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He npo xumuio

Introduction

Ecnn 6bl 9 3HaM, 4YTO HanNMcaHue 3Toro oT4éTa NoTpebyeT CTOJ/IbKO XXe BpeMeHW, CKoJIbko obpaboka
OaHHbIX, s 6bl ABaxAbl 3alyMancs, npexae 4YeM HauyMHaTb Booblle. Ho geno HavaTto, [neno
3aBeplleHo, a MOTOMY HanucaTb Haado.

Yob!
Bo-nepBbix, BCEM OrpoMHOE cnacubo.

HeTt, npasaa. [elictBuTenbHo cnacmbo. YTO CTONLKO NlOAEA COrnacaTca yyacTBoBaTh B
B6eccMbIC/IEHHbIX, Ha NEepBbIt B3rNa4, pacCTaHOBKAaxX TEMNepaTyp KUMEHUs AN BeLecTB, 0 KOTOpPbIX
OHW BMEpBbIe CbIWAT -- 3TO 3aMeyYaTe/bHO.

B uéM 6bis1 CMbICT 3TUX AENCTBUIN?

Pa3symeeTcd, BoBCe He B TOM, yTO6bl OUEHUTb YbW-TO MO3HAHUS B XUMUKU. A B TOM, 4yTObbI nonyynTb
OTBETbl HA HECKOJIbKO BOMpPOCOB:

1. Moryt au awauv, nNpakTMyecKu HE 3HAKOMbIE C PeAMETHOU 061acTbio (B _AaHHOM C/ydYae --
XUMMEN), BbICKa3bIBATb O HEN Pa3yMHbIE KOJIMYECTBEHHbLIE CY)KAEHMS, OCHOBbIBASACL JIMllIb HAa
UHTYNLIMU M 00LIE0NUCATEbHbIX AaHHbIX?

2. MOXXHO /i1, ncrnosib3ysi METOALI MALUMHHOIO 06YYEHUS, CBECTU ITU OLIEHKN BOEANHO?

3. MOXXHO /i cAe/1aTh 3TY OLUEHKY TOYHEE, YeM AAET MPOCTOE YCPEAHEHMUE PE3Y/ILTATOB?

4. MoxHo i eé caenarb TOYHeEEe, YeM TOYHOCTb CaMOro CUJIbHOIO 3KcrepTa B rpynmne?

5. MoXHO /i, AaB 3KcrnepraM /AO0MNOJHUTELHYI MHEBOPMALINI, YBUAETb M3MEPUMOE VJIYYILIEHUE
TOYHOCTU PE3YIbTURYIOLIEN OLIEHKU?

6. [11r0C Koe-Kakme nornyTHbIE HabaaeHUs

3a4éM BCE 3TO HYXHO?

MHe [aBHO Xo4yeTcs co34aTbh cucteMy ana 3pdEeKTUBHONO 06bEeAMHEHUS Pa3PO3HEHHbIX 3HaHUMN
rpynnel noger B pabotatowee uenoe. Mo BO3MOXHOCTM 6onee adpdpekTMBHYIO, YEM rOsI0COBaHME.
CnocobHy0 MNPUMHOCUTb MNpPaKTUUYeCKY rMoJibly CBOMM Mofnb3oBaTensM. Hanpumep, BbipabaTbiBas
BHATHbIE MOJENM MPOUCXOAAWMX B CTpaHe UM MUPE MPOLLeCCOB, OCHOBbIBASACbL Ha O6pPbIBOYHbIX
NOHUMAHUAX YYACTHUKOB.

OpHako 37O -- 3a4a4a YyAOBULLHOW COXHOCTU. M npexae, 4yeM NbiTaTbCs €€ NoHaAKycaTb, HEMJ0X0
6bl noTpeHupoBaTb 3ybbl Ha poACTBEHHOW mnpobneMe nonpouwe. SACHO Xe, YTO eCciM He yaacTcs
pewnTb €&, To 1 3a 6bonee cepb&3Hyto 6paTbCa HET CMbICAA.

A 4TO MOXeT 6bITb Mpolle, YeM NpOCTas perpeccus TemnepaTyp KuUNeHus, C OAHOM-eAMHCTBEHHOM
BbIXOAHOW NepeMeHHOW, AeTaslbHO ONMMCaHHOM B CpaBOYHUKAX?

BoOT Tak n poanncsa aToT 3KCNEPUMEHT.

Mepenaém xe K ero pesyabTaTam.

Ho cHayana 06 yyacTtHukax

Bcero s pasocnan (4yepes Bcc) 34 npurnawenuns. U3 aTux TpuauaT YeTbIpEX:
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e 4 yenoeka (12%) oTBeTMAM OTKa3oM

e 19 (57%) cornacunmnce rnoy4dactesoBaTb

e 11 (33%) "3aTpyAHUANCHL C OTBETOM"

M3 cornacuemnxcsa 19-tm B nepBoM payHae otBeTunm 13 yenosek (38% OT uncna npurnawénHbix) m
BO BTOpoM 11 (33%). MeHblue, 4eM A oxuaan, HO AOCTaTOYHO Ans Habopa CTaTUCTUKW.

Hu ogHoro npodeccMoHanbHOro XuUMMKa cpean OTBETMBLLUMX He 6bl1o. o poAy 3aHSTUIA OHM
pasfenunnch cneayrolmm o6pasom:

e [IporpaMMuUCTbl: 8 yenosek
e MeanuuHckue paboTHUKU: 2
e Ousnku: 1

e [loMmoxo3sirkun: 1

e Pop 3aHATUN Hen3BecTeH (HO He XMMnsa n He pusmnka): 1

11 n3 13-TM y4aCTHUKOB 6bIN MyXUMHaMK (XOTS B NpurnaweHumn mx éoio 21 ns 34-x).

1. MoryT num noan, NnpakTUYECKU He 3HaKOMble C XMMUeun, genartb
OCMbICJIEHHbIE NpeAcKa3aHua TeMnepaTyp KuneHus?

Kak BbIACHWAOCb, MOryT, UM 3a4acTylo Ha yauBleHue npuandble. M3 13 OTBETOB JAeBATb
CTaTUCTUYECKM SBHO '"3KcnepTHble", ewé Tpu -- Ha rpaHu CAyyamHOCTW, W JUWb OAMH
MasIoOMHMOOPMATUBHbIN.

3ajava cTtosinia NpocTas: nornaaes Ha GopMysy M HasBaHMe XMMUYECKOro BelwecTBa, "aoragatbcsa" o
ero TeMnepaType KUneHus.

BOT TMNMUHBIN rpadmK NpeackasaHHbIX TeMnepaTyp NPOTUB UCTUHHbIX:
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Participant 8, r=0.49, p=0.0074

400 e

200 o

H3 &
i &hﬁchrﬁ!ﬁ“"‘m M
H
fﬂﬁgmgnﬁmaoe / LEHEOE
HCIF2 ”/’ o / E1BH12

=]

-200 oSe2

-100 ] 100 200 300 400 500
BFP

Cepblli MYHKTUP -- UCTMHHAsA 3aBMCUMOCTb. KpacHas 4depTa -- SIMHElHash annpoKCUMaunsa OLUEHOK, C
pO30BOW OLEHKOW MOrpeLHoCTn Ha ypoBHe 98%.

a, 60NbWMHCTBO UM "MMMO", pa, HakNoH panék oT eAuMHUUbl, Aa €eCTb "CKJIOHHOCTb K
1 p I I 1
3aHuxeHun". Ho! TeHaeHUNA-TO NepeaaHa BepHO!

O6paTuTe BHMMaHWe Ha UMGDEPKM B BEPXHEM JIEBOM YIIy.

F - 3TO BenuuyMHa Koppensaumm no [upcoHy. Fpybo roBopsi, OHa MNOKAa3bIBAET, KaKyk A0
W3MEHEHUs TeMmnepaTypbl KUMEHUA Mpu rnepexode OT OAHOro BellecTBa K APYroMy oTpaxatoT
npeackasaHnsa yyactHuka. 49% -- 3TO OYEHb HEM0Xo.

A p -- BEPOATHOCTb NOJSYUYUTb TaKyl >Xe, WIn Jyyllyl Koppensiumto, cnyvyanHo pasbpocaB TOUKM Mo
rpadpuky. p = 0.0074 peMOHCTpUpyeT, YTO, HECMOTPS Ha CepbEé3Hble KONIMYECTBEHHble MpOMaxw,
OLUEHKW ydyacTHuka 6blnM OTHOAb He 'reHepaTopoM Cny4yamHbIX 4ducen" ITO BCE-TAaKM WMMEHHO
3KCMNepTHOEe MHEeHWe, NyCTb M C KOJIMYECTBEHHbIMM MorpewHoctamMm. OueBMagHO, Yy CpeaHero
06pa3oBaHHOIro 4yesoBeka AOCTAaTOYHO XMMUYECKOM U DU3MYECKON UHTYMLMKU, YTOObl MO HasBaHUIO U
dopmMyne Bewectsa x0T 6bl rpy60 NPUKUMHYTbL €ro TeMnepaTtypy KuUneHums.

Jivwb y ogHoro w3 y4yactHukoB ( N° 12) BenuumHa p coctaBuna 0.57 (n Het, 310 6blIAa HE
AoMoxo3saika). 3Has 4enoBeka JIMYHO, S He JAyMak, 4TOo OH oTnucanca Hayraa. Ckopee
AEeNCTBUTENbHO "uUrpan, HO He yragasa HM oaHOM 6yKBbl":
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Participant 12, r=0.11, p=0.57
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Haunnyudwnii xe pesynbtaTt nokasan y4yactHuk N9 c daHTacTnyeckmm p = 2*%10712;
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Participant 9, r=0.92, p=2e-12
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HET, 3TOT 4Ye/slIoBEK HE XMMUK U HE C|3VI3VIK. lMpocTto, NO ero cnoeamMm, MOMOI/I0 XOXAEHWEe Ha

ONIMMNMaAbl B LUKOSIbHOM BO3pacTe U "He OUEHUBAaTb KaXKAbi¥i MyHKT B OTAE/IbHOCTH, a A€1aTb 3TO B
CpaBHEHMU <> CrpyrnnupoBaThb rasbi, XUAKOCTH, N BCE OCTa/IbHOE M MOTOM CPaBHMBATb UX MEXAY
cobou <> Ha nHerike Temrnepatypsbi". NpoCcTON Noaxoa, a Kakon pesynbrtaT!

[Mone3Ho cBecTu B Ta6J'IVIL|,y napaMeTpbl OLEHOK BCEX YHYACTHUKOB:

CpepHasa CpepgHee CpepgHasa CPF AHee
abcontoTHasa|[Tpéx a6contotHas || PEX -
YUyacTHUK|(owmnbKa B |[cMnbHeuwmx|(p owunbKa B cuanHeumux
rpagycax OWMn6OK B norapupmax OLMOOK B
Lenbcua Lenbcuax KenbBuHos norapupmax
KenbsuHoB
[o 58 850  |ead omas  [pSos |
B 84.7 243.2 [2.1e-6 ||0.258 llo.558 |
1 ||[70.5 343.2 ||3.4e-6 |[0.198 |lo.630 |
|7 88.7 358.3 |se-6 |[0.243 l0.743 |
11 |101.0 |297.8 |2e-4 |[0.407 1553 |
8 167.2 398.4 10.0074[1.152 3.917 |
3 1159.7 \|464.3 l0.018 |(0.923 \l4.064 |
la 1181.8 |1091.8 10.026 |{0.294 11.063 |
2 [101.0 1359.1 [|0.035 |[0.278 l0.834 |
10 149.5 |596.9 lo.11 [j0.392 |1.246 |
l6 1157.6 \|740.4 lo.11 [[0.343 |1.059 |
o [[123.3 361.6 .22 |j0.348 l0.891 |
[12 ||99.7 |l454.9 lo.57 |j0.284 ||1.046 |
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“Cpep,Hee H117.7 ||445.8 H “0.405 “1.393 H

[MocMOTpeTb Ha COOTBETCBYHOLUME KAPTUHKMN MOXHO 34€eCh.

2. MO>XHO N1, UCNOJNb3YS MeToAbl MAalULMHHOIO 06yyeHusn, cBeCTu 3TN
OLleHKM BOeAMUHO?

YuunTbiBasi, 4TO NPOCTOE YCPEeAHEHME -- 3TO YACTHbIN CNy4yaln JIMHENHOM perpeccmMmn, a OHa -- YacTHbIN
cny4dan MHormx 6onee cepbEésHbiX anropMTMOB, OTBET OYEBUAHO MOSTOXKUTENbHbIN.

Ho 3To Teopwusi. Mpu NpoBepke e Ha MNpakTUKe, HECMOTPSl Ha BMAMMYIO MPOCTOTY 3aaayu, 6bi1o
066UTO Heckosbko yrnoB. O6 KOTOpbIe Mbl Ceiyac 34eCb U NMOrOBOPUM.

2.1. O6paboTka gaHHbIX

BONbLWMHCTBO METOAOB KaK CTaTUCTUYEeCKMX, TaK M MaAWMHHOMo 06ydeHus 4yBCTBUTENbHbI K
BbibpocaM. BnaoTb 40 TOro, 4Yto ogHa CUbHO "AypHas Touyka" MOXeT c/ioMaTb BCE, eC/iM He MPUHSATb
Mep.

MoaToMy nepBoe, 4To A caenan -- 370 obpe3an BbIbpocbl. TemnepaTypbl HUXe -269 6biun
yCTaHoBNeHbl B -269, a Bblwe +907 -- B +907. [a, ykasaHue B YC/OBUSAX TeMrepaTyp KWUMNEHMUs
renms u umHka 6b110 HAaMEKOM Ha AOMYCTMMbIM AMana3oH 3Ha4YeHWi, HO, BUOAMMO, HAaMEK MOoNy4nscs
C/INWIKOM TyMaHHbIM. N60 6b1in n +2000 ang "ctpawHoro" CSe,, 1, TeMnepatypbl HWxe -300 ana

psaga rasoB. S 3TO OTMeYal HEe paAu MNOXMXMKATb, @ CKOpPEe KaK XapaKTepucTuky pasHoobpasus
obpa3oBaHui B TakoM, Kasanocb 6bl, TpagMUMOHHOM Bonpoce. OueHb XOTenocb 3TO pasHoobpasune
"3anpsyb B TeNexKy", Hexenu BoBJeYb B CNOp.

[MponyLleHHbIX AaHHbIX MOYTU He 6bin10. Tam, roe He yaaBanocCb MOJYYUTb WX 3HaAYeHUd OT
Y4aCTHUKOB, OHU 3aMEHANNCb CpEAHUM MO BCEM OCTAJ/IbHbIM Y4aCTHUKaM.

3aTteM Bce TemnepaTypbl O6bliM NepeBeaeHbl B norapudmbl KenbBMHOB. Kak pagu 6onbliero
dun3myeckoro cmbicna, Tak WM 4YTobbl AOMOMHUTENBHO "CXKaTb" [aHHbIE, YMEHbLLIWB BIUSHUE
noTeHuUManbHbIX BblbpocoB. OTCloAa M panee BCe AENCTBMS, B TOM 4uC/le CpaBHEHMe owunbok
anropnuTMOB, BE/INCb B 3TOM CUCTEMe KOOpAMHAT. Xenawwme B3rNsHYTb Ha CBOM OLEHKW B HEW
npuraawatTcs croaa.

A pansblie -- knaccnyeckun supervised learning.

BoT y Hac eCTb WCTUHHble 3HadveHus napameTpa (Label), n ectb oueHkn ydactHukos f0...f12,
paccMmaTpuBaeMble Kak features:

Label f f2 4 fi 2

6.050205 5950643 5976351 6.049733 6001415 6333220
5874031 5780744 5733341 6436150 5.645974 5834871
5227358 5497168 5556825 5159055 5267858 5332719
6.109248 5976351 &171701 5730744 6001415 6.047372
6.025866 6.049733 6112097 6161207 6.755769 6.023448
OT meTona TpebyeTcs, NOrnaAeB Ha 3TU [aHHble, YCBOUTb CKPbITYI0 MPYHKLUMOHAbHYIO 3aBUCMMOCTb

Mexay METKON W CbM‘-IaMM, M BNOCNEACTBMM MUCNOMb30BaTb €& angd npeackasaHna TeMmnepartyp
KUMeHUs eLlé HeBUEHHbIX BELWECTB TOJ/IbKO M0 OLEeHKaM Y4YaCTHUKOB.

Pa3syMeeTcs, 34eCb TOXe eCTb TOHKOCTWU.

MepBbIi BONPOC -- @ KakMe anropuMTMbl y4acTBoBasaum B 3abere?
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1. MpocToe ycpeaHeHMe OUEHOK BCeX YYacTHMKOB. 51 ero odopmun kak "class AvgRegressor()" ans
eanHoobpasunsa nHTepdencos. PasymeeTcs, 3T0 BeCbMa TYynoW perpeccop, KOTOpbI Ha camoM fene
(AOYTN) HNUEMY He yunTCH.

2. Heckonbko nuHerHbix perpeccopoB ElasticNet un3 sklearn.linear_model, ¢ napameTtpamu,
BbICTaBJIEHHbIMK, B 06LEeM, Hayraa.

3. RandomForestRegressor u3 sklearn.ensemble ¢ 1000 gepeBbeB, C KpUTEPUEM MUHUMMU3ALUU
abcontoTHOM cpepHen owmnbkm ("mae"), a He eé kBaapaTa. OnaATb Xe, ANs Bsllen cTabunbHOCTM Ha
ManbiX U CUIbHO 3alYMNEHHbIX AaHHbIX.

4. StackingRegressor oTTyaa e, KOHEYHbIM perpeccopoMm kotoporo 6bi1 RandomForestRegressor,
@HaNormyHbI BbIWWEYNOMSAHYTOMY, @ ABYMS MPOMEXYTOYHbIMKM -- ABa WTyku ElasticNet, nepsbin c
BbICOKOW perynsapusaunen B L1, BTopon -- B L2.

MoyeMy He HEMPOHHbIE ceTU? Ha xopowo 3aTabynMpoBaHHbIX AaHHbIX Random Forest BbiCTynaeTt He
XyXe (a Ha ManbiX 3ajavax [Aaxe YyTb Jyylwe) HEMPOHHbIX ceTel. Ero mpouecc pelweHus NoHsTEH
yenioBeKy, B OT/IMUYME OT ceTel. M, Kak U CETU, OH ABNSAETCA YHMBEPCAsIbHbIM annpoKCMMaTopoM, TO
€CTb MOXET onucaTth /1106y 3aBUCUMOCTb.

KoHeyHo, Random Forest He yMmeeT caM co3gaBaTb duunm. Kpome TOro, OH Xyxe crnpasisieTcs C
npobnemMamm, B KOTOPbIX MMEETCS HETPMBMAlbHbLIN "AanbHUIA" NOPSAOK MeXAy 3/1IEMEHTaMU AaHHbIX
("namnouka" u "BbIkOYaTeNb" Ha OAHOM U TOM Xe KapTuHKe). Ho B HaweM cnyyae BCE 3TO He
HY>XHO, rMnosaTomy Random Forest (nnn ero 6nuskune pOACTBEHHUKN Bpoae
GradientBoostingRegressor) -- 04HO3Ha4YHO CaMblii CUbHbBIN annNpPoOKCMMaTop AN AAaHHOM 3a4aun.

EcTb y aTOro Mertoza, OAHaKo, ofAHa OCOGEHHOCTb, CyllecTBeHHas A/ Hawero cniy4das. Random
Forest He yMeeT 3KCTpanonuMpoBaTb 3a nMpedenbl YBUAEHHbIX MM JAaHHbIX. TO €CTb, ecnu
HaTpeHUpOBaTb €ro Ha ronyboMm y4yacTke BOT Takoh npobnembl, TO 3a €€ npeaenamum OH BblAacT
OpaHXeBYyl "Mosouky":
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N addekT "monoukn", K COXaNEHUIO, MOXET MPOSIBUTLCS YXXE& BHYTPM 3HAKOMbIX AAHHbIX MpU
NPUGNMXKEHUM K UX KpasiM, OCOBEHHO, eCnM MNOTHOCTb TOYEK TaM HeBbiCOKa. YTo npuBedéT K
CUCTEMATMYECKOW OWNbKe ANS KpaeBblX AaHHbIX. MIHOrAa 3TO HECYLEeCTBEHHO, HO Yy Hac-TO ToYek
BCero 29, n Xo4yeTcs NMosy4YnTb MakCMMasibHO KayeCTBEHHbIE MpeAcKa3aHusa ans HMX ansa scex. Kak ¢
3TMM 60poTbCa?

CrtaHgapTHbil  MeToh npocT. Ecnm Bbl 3HaeTe, 4TO J[aHHble WMEKT TpeHa, Hago ero
annpoKCMMMpoBaTb HY BOT XOTS 6bl JIMHENHbIM perpeccopoMm, BblYecCTb MNpeacKa3aHus OHOro U3
OaHHbIX, U 3aTeM HakatTuTb Random Forest noeepx pesynbTtatoB. CobcTBeHHO, StackingRegressor
MMEHHO 3TO M AeNaeT, 3a UYTO M MPUHAT B KOMaHAy.

Ho B AaHHOM c/ydyae MOXHO MOCTYynUTb Mpouwe W MNoaydnuTb faxe J'Iy‘-lU.IMVI pesynbTtaT. [lepepn
TpeHMpOBKOVI RandomForest-a s BbluMTald M3 AaHHbLIX WX cpepHee 3Ha4dYeHue, B3ATO0E 10

http://tung-sten.no-ip.com/Texts/Misc/BoilingPointsExp/Text.htm 7116


https://faculty.ist.psu.edu/szw494/publications/NNRF.pdf

6/2/23, 10:57 PM

BK/IIOYEHHbIM B TPEHWMPOBKY Yy4yacTHMKaM. A nocne npeackasaHusl 3TO 3HayeHue, pa3yMeeTcs,
obpaTHO K AaHHbIM gobasnsercs.

Mpo obyuyeHne n npeackasaHue. Touek-To Bcero 29, Kak BOO6LIE MOXHO Ha TakoOM MasjioM 06béme
OLEHUTb KayecTBO 06yUYeHUs 1 ero ownbKm?

OTtBeT -- B codeTanmmn Cross Validation n Bootsrapping. Nopsgok 4encTBuii Takom:
1. Bepém Hawm N = 29 ToUueK u cnyyarHo uckn4yaem ns Hux k << 29 (obbiuHO g 6pan k = 2)

2. N3 octaBwuxcs 29-k Bbi6bopko c mnoBTOpeHuMeM Habupaem cnyuyamHo 29-k. To ectb Aa,
HEKOTOpbIE TOYKM MOryT MOMNacTb B AaHHble ABa M 6onee pa3. A HEKOTOpble He MnonacTb BOBCE.
Knaccuuyecknii bootstrapping.

3. TpeHupyeM C Hynsa KaxXAabl M3 HawuX perpeccoposB (CO BCEMM TaHUAMMW MPO BbIYET CPeAHEro u
T.M.) Ha BbIbOpKe C Npeablaywero wara.

4. HaTpeHupoBaB, 3anpallMBaeM nUxX NpefckasaHuns Ans OT/IOXEHHbIX B CTOpoHy k = 2 Touek.

5. CpaBHMBaeM npeackasaHuss C WUCTUHOM, BbIYUCASIEM A1 KaXAoro abConoTHYH Ownbky u
3anoMmHaeM eé (ans Kaxkaoro perpeccopa)

6. MNMosTopsiemM unkn 1-530ak T = 512 pas.

7. Bbluncnsem cpegHee, cpepekBajpaTuuHbI pas3bpoc O M CTaHAAPTHYK OWKBKYy pesynbTaTa.
MocnenHsas, Kctatu, oueHunsaeTcs kak € = o/V((N/k)-1). B 3HameHaTtene N, a He uncno TectoB T,
obpatmnTte BHUMaHue. N60 KONMYecTBO MHGOPpMauun B perpeccope GUKCMPOBAHHO M onpeaensercs
06béMoM aaHHbiX N. 'poMagHoe e konmnyecTBo TectoB T moTpebHO BCero NvWwb ANS nojyyYeHus
BO3MOXHO 60Js1ee KaueCTBEeHHOM OLEHKN CTaHAApPTHOMO OTK/IOHEHUS O.

OTO 45 OUEHKM MOrpewwHoCTU perpeccopoB. [as noctoeHus rpadumkoB € "HamnydywumMun" oueHKamu
ANA KaXxaoro M3 BeLecTB MOBTOPSEM TO XE CaMoe, TOJIbKO BMECTO C/ly4yalHOM Bblibopku B .l
nocnegosaTtensLHo nepebupaemM Bce BewecTBa No odepeaun, nmes, adpdektmeHo, k = 1.

BoT Tak.

Yto nonyumnock? O6 3TOM B cneaytoweM pasgene.

3. Mo>XHO N caenaTtb 3Ty OLeHKY TOYHee, YeM AaéT NpocToe ycpeaHeHue
pe3ysibTaToB?

[a! He o4yeHb, npaBaa, HaMHOro, HO Aa.

N 3To cyulecTBeHHO. [pocToe ycpedHeHue -- 370, (aKTUYECKM, FONoCOoBaHMe. To, 4YTO MOXHO
nonyunTb pesysbTaT 6onee TOYHbIN, YKa3blBAeT, YTO MO KpalHeW Mepe AJIA HEKOTOPbIX 3aaay
CYLLECTBYIOT Nydllne cnocobbl MOCTPOEHUS MPaBUIbHOIO PELLEHUS, HEXENM rOJIOCOBaHME.

Ho k uudpam. BoT Tabnuuka, cpaBHMBawLas MNOrpewHOCTM perpeccopoB Ha nepBoM Habope
AaHHbIX:

|Regressor “Standard Error ||Average of the worst three errors |
|Average  |(0.226 + 0.037 | 0.606 |
[E12 [0.220 £ 0.034 [0.566 |
[E21 0.237 0.033 | 0.582 |
[E33 10.238 +0.036 |0.597 |
RF 0.165 + 0.026 |0.407 |
Istacking  ||0.242 +0.037 | 0.581 |

(OWwK6KM BbipaxeHbl B norapudmax KenbsuHoB. T.e., 0.2 o3HauaeT ownbky ot e %2 ~ 0.82 go e0-2
=& 1.22 pa3 B KenbBuHax)
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Average -- 3TO TO, Yero MOXHO AOCTUrHYTb MNPOCTbIM yCpeaHEeHMEM Mo yvyacTHukam. E12, E21, E33 --
pasfniMyHble fuHenHble perpeccopbl. A RF -- 3T0 Haw Rangom Forest. TlMobuBwuin npocrtoe
ycpeaHeHue npumepHo B 1.4 pa3sa.

DTOo, Ha cCaMOM fJene, He CUIIbHO MHOro. f Hagesisica Ha nydwuii pesynbtaT. He oyeHb 6onbluas
pasHuUa roBopuMT O TOM, 4YTO 6OJblIAs 4YacTb Hecornacusl ydaCTHUKOB ornpeaensnacb BCE-Taku He
pasfIMYNEM UX MEHTasIbHbIX MoAeNeln Toro, YTo M KakK KUMWUT, a NpoCcTbiMK WyMamu "c notonka". N6o
MoAenu, Aaxe B3aMMHO MpPOTMBOPEYMBbLIE, BbIYJIEHUTb U CBecTu BoeauMHo Random Forest ymeer,
nvwb 6bl OHM camm cebe He npoTMBOpeYunn. A BOT WYM Npeacka3aTb HEBO3MOXHO, M B obLieM

Cydyae HeT fyywero MeToa AN ero YCTPaHeHWUsl, YeM 4S4yFo—Bofee—4eM—Fyree akKypaTHoe
ycpeaHeHue.

3aHATHO, 4YTO MHOrMOC/NIOMHbLIA perpeccop CnpaBwACS C 3ajayelt He Jydwe OAHOC/ONHOro. Mbl
KOCHEMCS eLé 3To 0COBEeHHOCTH.

A cenyac -- KapTuMHKW. [peackasaHus NpPOTMB peanbHOCTU ANa  KaXAoro W3 COoeANHEHWUN,
npeobpasoBaHHbIie ANs NPUBLIYHOCTU 0bpaTHO B Llenbcuu.

CHauana npocTtoe ycpeaHeHue (ronybas nuHus nsobpaxaert coboi MCTUHHYIO 3aBUCUMOCTD):

600

400

Predicted BoiligPoint
Pl
=]
[=]

=200

=100 0 100 200 300 400 300
BoiligPoint

Random Forest:
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BbirnagmMt oaHo3Ha4vHo npusaTHee. Ewé pa3 oTMedy, 4To owmnbKa cpaBHMBanacb B % MOrpewHocTn B
KenbBuHax, Tak 4to MetaH CH, cneBa u napauetamon CgHgNO, cnpaBa -- 3TO HETOYHOCTMU

NpPUMepHO OAHOro nopsaaka.

4. MO>XHO Ny caenaTtb OLleHKY TOYHee, Y4eEM TOYHOCTb CaMOro CUJIbHOIro
3KcnepTa B rpynne?

BOT TyT HauMHaTCA TOHKOCTU. MOM Hamnyywmin oTBET -- "nHoraa".

Ha nepsoM Habope AaHHbIX 3TOro He cnayudunocb. CpeaHsas owubka camMoro sydylero sKcnepTta
coctasuna 0.149, B To BpeMsl KakK JAy4lnin MawmnHHbIA MeToa Aan 0.165 £ 0.026. Bpoae kak xyxe,
XOTS NOrpeLwHoCTb U3MepeHus gonyckaet obpaTtHoe.

B 4yém Random Forest cmor mobuTb fy4ywero 3Kcnepta -- TaK 3TO B YMEHbLUEHUWM TPEX CaMblIX
cepbé3Hbix owmnbok. [1ng skcnepTta mx cpegHee coctasuno 0.505, a ana mawumHHoro obyyeHus --
0.407.

A I'IpOﬁOBaJ'I BblIKNAbIBAaTb M3 JAaHHbIX CaMOro CWJibHOro, cCaMoro CwuJbHOro + camMoro cna6oro,
noNoBMUHY  CaMbIX cnabbix akcnepToB. Pe3ynbTaTr BCAKMUIA pa3 OKa3blBaJsiICA OAMHAKOBbIM:
npeackasaHne ¢ Ka4eCtBoOM Ha ypoBHE CaMOro CUJibHoOro B BbI60pKe. B npeaenax norpewHocTu.

Mo Bcei BMAMMOCTM, TMMNOTE3A O TOM, YTO OCHOBHbIM 3/1IEMEHTOM HECOr/laCusi 3KCNepToB 34ecCb 6bin
C/yYyaWHblA WyM, BepHa. M Hy>XHO BblYepnaTb O4YeHb MHOMO 3TOro lWyMa, 4Tobbl CTaTb Nydle
NyJliero v3 WHAMBWUAYanbHbIX npeackasaTeneil. Ha nepBoM Habope AaHHbIX 3TO caenatb He
yOanoch.

Ho yaanocb Ha BTOpoOM, U 06 3TOM ceiydac 6yaet nogpobHee.
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5. Mo>XHO NN, AaB 3KcnepTaM AONOJIHUTEJIbHYIO MH(POPMALUIO, NONYUYUTDb
M3MepuMmoe yJyvyleHne TOYHOCTN 06 beANHEHHbIX OLLeHOK?

OtBeT -- "Aa, n c oburutenbHom cunon!™

[ns 3TOro aKkcnepmMMeHTa yYacTHUKWM 6blIn ClyYalHO pa3aeneHbl Ha aABe rpynnbl. MepBas (control)
noslyymsia NpocTo Habop BELEeCTB A/l OLLEHKM, MOXOXMIA Ha NpeablayLwmii.

Btopoit rpynne (treatment) 6bivM BblAaHbl UCTUHHbIE TeMMepaTypbl KUMEHUS BELIECTB B MNepBOM
Habope, npocbba C HUMU 03HAKOMUTbLCS, MJIOC Habop NpaBuW/l, MOMOralLKUX B OLEHKE.

S Hagesnca xoTa 6bl NpocTo O06HapyXuTb XOTb Kakon-To 3ddekT oT o0byuyeHuss 3sKCnepTosB.
Pe3ynbTaTbl, 04HAKO, NPEB3OLLIN BCE OXMAAHUSA:

KoHTponbHasa lpynna c obyyeHunem
Mapamerp rpynna (treatment)
|Cpe,u,Hﬂﬂ abcontoTHana ownbka B rpagycax Lienbcua ||151.2 ||80.6 |
|Cpe,u,Hee TPEX CUNbHENLWMX oWwmnboK B Llenbcuax “506.2 ||317.2 |
|Cpe,CI,HF|FI abcontoTHana owmnbka B orapudmax KenbsrHOB ||O.542 ||0.182 |
CpegHee Tpéx cunbHelwmx owmnbok B norapmdmax
KEeNbBUHOB 1.640 0.520
|Cpe,ﬂ,Hﬂﬂ olwmnbKa camoro nyyliero aKkcrnepTa, B Llenbcusax “131.1 ”65.1 |
CpegHsana owmnbKa camoro ny4ywero aKkcnepTa, B orapndpmax
KebBUHOB 0.301 0.147
CpegHee TPEX CUNbHENLWNX OWMBOK NyULLEro SKCnepTa,
Lenbeun 527.5 308.8
CpefHee TPEX CUIbHENLLNX OLLIMBOK /lyYLLIero sKcnepTa B
norapnpmax KenbsrHoB 1.000 0.517
CpegfHAa owmnbKa npeacKasaHusA, Noay4eHHOro MeTo40M

+ +

YCpeaHeHNA 0.372 £0.061 0.124 £0.023
[To e ana RandomForest l0.28940.051  [[0.133+0.024 |
[To e ann Stacking-perpeccopa l0.292+0.044  |[0.120 +0.020 |

Kak BmgHo, BTopas rpynna (c obyyeHnem) oborHana nepeyto no BCEM NapamMeTpaM C KOJIOCCAsbHbIM
oTpbIBOM!

Uto ewé niobonbiTHEE, perpeccopbl BO BTOPOM rpynne rnokasasiu pe3ysbTaT CyLWecTBEHHO
nyuywun (0.120 £ 0.020), yem ouyeHka caMmoro nyuwero sakcneprta (0.147). lMoxoxe, 4YTo
obyyeHne, yCTpaHMB LWYMbl, NMOBbLICMNO BHYTPEHHIOI KOFE€pPeHTHOCTb MoAesiel YYaCTHUKOB -- U TEM
CaMbiM [a/l0 BO3MOXHOCTb 06beAnHUTb MX B HEYTO CyWECTBEHHO 6onee cunbHoe. MHOrOCIOMHbIN
perpeccop, Noxoxe, 3TUM TYT Xe BOCMOJIb30BaJIcHa, YTobbl cnerka oborHath gaxke Random Forest.

TakmMm o6pa3oM, MOXHO CUYMTaTb AOKa3aHHbIM, YTO MPM HEKOTOPOM (HE CUJIbHO BbICOKOM) YpPOBHE
06y4yeHnsa y4aCTHMKOB MOXHO OTBETUTb MOJIOXMUTENBHO N Ha Bonpocbkl N4 n N25.

Ho npueeny eweé napy nto6onbITHbIX KAPTUHOK.

BoT npeackasaHma MetongoM Random Forest Ans KOHTPOABHOM rpynnbl U AN Fpynnbl ¢ obydeHnem.
CHavana KOHTpO/b:
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PasHuua BuAHa 6e3 BCAKOM CTAaTUCTUKM!]
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BOT cpaBHeHMe KayecTBa NpeAcKasaHWi YyYacTHMKOB A0 WM nocne obydyeHusi. MyCcTb M Ha pasHbIX
OaHHbIX, CTO/b 3HAUYUTESIbHbIE OT/IMYMS SIBHO FOBOPSIT B MNOJb3y 3ddekTa oT 0by4eHus.

[Vuacthuk ||p-value ao obyuenus |[p-value nocne |
lo ll0.22 /|0.0035 |
11 13.4e-6 |1.2e-7 |
2 10.035 l|9.5e-9 |
l4 10.026 |7.8¢-8 |
12 l0.57 |4.9¢-8 |

B vacTHOCTM, Yy ydacTHMKa N°12 p ynydwunnca ¢ ManooTnmMunMbiX oT wyMma 0.57 no ybumncrtBeHHOro
4.9%10°8. Bon kakas NnpuUaATHas KapTUHKa Tenepb:

Participant 12, r=0.82, p=4.9e-08

G600
500 T
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=100
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6. Pa3zHoe (MHOrga cMelwHoe)

HauHéM c TOro, 4to BO BTOPOM JartaceTe A Aonyctun oneyaTtky. [ns 6pomomertaHa CH3Br sa
HapucoBasn B Tabnnuke CTpyKTypHyto ¢opmyny 6pomoBogopoaa HBr. Bot aTo:

H—Br

BMecTo npaBu/ibHOro BOT 3TOrO:
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OAHaKo HUKTO He noXanoBancs, oueHKN 6biam ycnewHo BbicTaBneHbl U 06paboTaHbl. [103TOMY Kakoe
KOHKpPETHO BELLEeCTBO MMeN B BUAY KaXAbli U3 YYaCTHUKOB, BUAMMO, OCTAHETCS yxe TanHon. KoaH.

Eweé. BblaaHHble y4YacTHMKaM BelLecTBa MOXHO OTCOPTMPOBaTb MO cpeAHen OLKWOKE, KOTOPYH OHU
OOMNYCTUMIM B OLIEHKE UX TeMnepaTtyp KuneHus. MNpeanosioxXnTenbHo, YeM Bbllle owmnbka, TeM MeHee
WHTYUTMBHO TMOHATHO CpeAHEeMy Y4YacTHUKY 3TO BewecTBo. [lonb3ysicb 3TUM METOAO0M, MOXHO
KOJIMYECTBEHHO OXapaKTepun3oBaTb CTeMNeHb "330TepPUUYHOCTU" COEANHEHUNN AN YYaCTHUKOB.

OTCOpTUpPOBaHHbIE pe3ynbTaTbl AN NepBOro Habopa He 0Cco60 YAUBNSIOT:

CpeaHan
owunbKa, nor- OHa XKe B
dopmyna HassaHue KenbBuHbI npoueHTax
C,HsOH JTaHoO/, 3TUNOBbIN (OH *Ke 0b6bIYHbIN) cNnpT 0.015 1.50%
CH3CHOHCH3 M3onponunosbii cnupt 0.017 1.70%
CH30H MeTunoBbIN CNUPT, MeTaHOoN 0.017 1.73%
N306yTHNOBbLIN cnnpT, 2-MeTunnponaHon-1,
(CH3),CHCH,0H  y306yTaHon 0.020 2.02%
CHCIF, OundTopxnopmetaH, ppeoH R-22 0.057 5.90%
(CyHs),0 OnsTnnosbin 3dup, oH ke NpocTo adup 0.057 5.91%
CgH10N40; KodbeuH 0.069 7.15%
Junxnodoc, ocHOBHOW A4, B O4HOMMEHHOM
C4H7Cly04P cpeacTBe OT HACEKOMbIX 0.077 7.99%
CgHgNO, Mapauetamon, aueTaMmHodeH 0.081 8.47%
C13H180, M6ynpoden 0.084 8.81%
CeHe Benson 0.096 10.05%
CeHgOg AckopbuHOBasn KMcnoTta, BUTaMuH C 0.103 10.83%
ByTaH, OH e HopMasbHbI 6yTaH, 1-6yTaH,
C4H10 Hepas3BeTBAEHHbIN byTaH 0.111 11.74%
AsH3 ApCcuH, rmapua MbllbAKa 0.114 12.10%
CigH12 TeTpaueH, HadTaueH 0.126 13.44%
HBr Bpomosogopos 0.133 14.23%
AMMMaK, OTBEYAET 33 3aMnax HalaTblpHOro
NH3 cnupta 0.144 15.49%
CH30CH3 LMMeTunoBbIit adup 0.158 17.09%
HCI Xpoposoaopoz, 0.190 20.97%
CSe, Cenenug yrnepoaa 0.212 23.68%
cs; Cepoyrnepog, cynodug yrneposa 0.222 24.88%
MeTaH, raBHbIi KOMMOHEHT NPUPOLHOTO
CHy rasa 0.264 30.24%
CH3Cl XnopmeTaH, metun xnopug, ¢peoH R 40 0.338 40.25%
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Oumetuncynbdug, TMobucmeTaH,
ncnosb3yeTcs A1A NPUAAHUA MEP3KOro
(CH3),S 3anaxa npMpoaHoOMY rasy 0.343 40.92%
CHsl NogomeTaH, meTtnnmogma, 0.354 42.47%
CoFs MNepdTopsTaH 0.357 42.84%
CaF10 MNep¢dTopbyTaH 0.357 42.93%
CClyF, OunxnopandtopmeTtaH, ¢ppeoH-1, ppeoH R-12 - 0.461 58.60%
HI NopoBogopos, MogmcTblit BOAOpOA, 0.495 64.12%
Takn pa, >3tunosbin cnupt CyH5OH -- camMoe 3HakoMmoe Hapoay BewecTtso! HacmoTps Ha

nHaAnBMAyanbHble ownbku, goxoamswme o 30-40 rpagycos, cpepHsa owunbka cocTaBuna BCero
1.5%, T.e. 5 rpaaycos.

CnenoM 3a 3TU/IOBbIM MJIOTHOM rpynnoﬁ cnenytoT ewé Tpu cnmpTa ¢ BeCbMa CKPOMHbIMU owmnbkamu.

YansutenbHoiM obpa3oM, poaHble bpatba dpeoH R-22 (CHCIF;) n dpeoH R-12 (CCIyFy) 3aHanu

MO3MUMM MOYTU B MPOTUBOMOJIONKHBLIX KOoHUax Tabnuubl (5.9% un 59%). A 3aTpyaHsOCb 3TO
O6BbACHUTD.

HaumMeHee e 3HAaKOMbIM ANs BCEX BELW,EeCTBOM, 04eBMAHO, okKa3sasncs nogosogopos HI, npo ceoiicTea
KOTOPOro, Noxoxe, BoobLle HUKTO HMYEro He 3Hajn. XOTS B COBETCKOM LUKOJSIbHOM y4YebHuMKe XnMmum
npo Hero Boobuwe-To pacckasbiBaeTcs (YX0Xy, YX0XY, yxoxy!)

YTo ewé? MOXHO OTCOPTMPOBATbH YYACTHMKOB He Mo MxX owmbke, a NO KONMYeCTBY MH@OpMauuu,
KoTopyto Random Forest cMmor usBneyb M3 MX OUEHOK AS19 MOCTPOEHUS LENOCTHOM KapTUHbI. DTO
OXapaKTUpU3YyeT He CTONbKO TOYHOCTb MPEeACTaB/IEHUA YYACTHUKOB, CKOJIbKO BHYTPEHHIOK
HENpPOTUBOPEYMBOCTb OHbIX (HanpuMmep, 4YenoBek MOr oueHuBaTb B PapeHrentax, a He Llenbcusax,
nnn BoobLLe NOMEHATb 3HaK, HO 3TO 6binun 6bl BeCbMa MHMOPMATUBHBLIE MOAENN).

[na nepsoro Ha6opa AaHHbIX PE3YJibTaTbl OKa3a/IMCb TAaKOBbI:

YyacTtHUK iBKnapg +

f9 0.371 0.0037
f5 0.097 0.0016
f3 0.084 0.0014
f12 0.067 0.0010
f10 0.062 0.0009
f1 0.056 0.0008
7 0.055 0.0010
f4 0.043 0.0007
2 0.038 0.0004
fo 0.036 0.0005
f6 0.034 0.0004
f11 0.033 0.0003
f8 0.025 0.0003

YyacTtHmk N2 9 B oamHouky pan 6onblwe TpeTu Bcel mHdbopMmaumm ana obbeaAnHEHHOM Moaenw.
YOMBUTENbHO, HO MNpeacTaBfieHMsa ydyacTHmka N 12, HecMOTpsa Ha KosioccalbHble abContoTHbie
OWnBKM, OKasanmncb Aasneko He cCaMbiMU MaslOMHMOOPMATMBHbLIMK, 3aHSB YETBEPTOE MECTO B CMMCKE CO
cBonMun 6.7% BKNaaa.

7. 3aknovyeHue

http://tung-sten.no-ip.com/Texts/Misc/BoilingPointsExp/Text.htm 15/16



6/2/23, 10:57 PM

I'I0|<a3aHo, 4TO KakKk MWHUMYM B ,D,aHHOVI 3aja4e BrnoJiHe BO3MOXHO cCBeaeHnMe HETOYHbIX,
3aWYyMNEHHbIX W ManouMHMOpPMaTUBHbBIX MpeacKa3aTeflbHbIX MoAener rpynnbl fAEA B eAUHYI0
Moaenb, obnapawwyto 6onblien npeackasaTesbHOM CUAOW, YeM W MPOCTOe YyCpeAHEeHWEe MHEHUW
YYaCTHUKOB, U YEM MHEHME CaMOro CU/IbHOro 3KCNepTa B rpynne.

KauecTBo 06beANMHEHHON MOAENM, MOXOXE, TEM BbllE, YEM YMHEE U 06pa30oBaHHEE YYaCTHUKW.
Fpy60 roBops (M onpenenéHHo He UMEes B BUAY HUKOrO U3 NPUCYTCTBYOLWMX!), 06beAnHEHNE MHEH WA
OVNETAHTOB MOPOXAAEeT CUHTETUUYECKOrO AMUJIETAHTA, @ 06beANHEHNE MHEHUIA SKCNEPTOB, NYCTb AaXe
pesKo ApYyr C APYroOM HEeCOrnacHbiX, UMEEeT MNOoTeHUMan AaTb 4TO-TO 60Jlee YMHOE, YeM KaxAbli M3
3KCNepToB MO OTAE/bHOCTY.

M ewé pas Bcem cracmbo!

8. aHHble (AN Kenarwwmx NoOBTOPUTb U NPOBEPUTD)

Habop BewlecTB NnepBoro Typa (C TeMnepatypaMm KUMeHUS).

OTBeThl Y4acCTHMKOB MepBoro Typa.

Habop Bewlects BTOPOro Typa (C TemneparypamMmm KMNeHus).

OTBeTbl Y4acTHMKOB BTOPOro Typa.

CKpUAT, UCMOAb30BaHHbIN A9 06paboTku AaHHbIX.
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