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BBeneHue

Kputuyeckne napameTpel — KpUTMYECKAs Temnepatypa, KpUTUYECKOe AaBreHne, KpUuTudeckas nnot-
HOCTb (MM KPUTUYECKNI OOBbEM) — ABMAIOTCA BaXHbIMN (PUINKO-XMMUYECKUMU XapaKTEPUCTUKAMMK YUCTOro
BeLuecTBa. Kputnyeckas Touka onpeaensieT BEPXHIOW rpaHuLly CyLiecTBoBaHuA aByxdasHon obnactu. Kpu-
TUYECKME KOHCTaHTbl UCNOMb3YIOTCA BO MHOTUX KOPPENALMAX B Ka4eCTBE napaMeTpos npuseaeHus. NHdop-
MaLMs 0 KPUTUYECKUX NapameTpax AaeT BO3MOXHOCTb MOCTPOUTL YPaBHEHUE COCTOSIHUA BELLECTBA, paccyu-
TaTb C NPMEMNEMON TOYHOCTBIO NO TEOPUM TEPMOANHAMUYECKOTO Noaobus ero Tennoduanyeckme CBOMCTRA,
HafeXHO 3KCTPanonMpoBaTb B 06MacTk BbICOKUX TEMMEPATYP PesynbTaTel HU3KOTEMNEPATYPHBIX U3MEPEHWI
MOBEPXHOCTHOTO HATSHXKEHWA, AABNEHUA U NMOTHOCTU HaCkIWEHHOro napa. Tomac Oaybept noctaBun KpUTH-
Yyeckue CBOMCTBA Ha NEPBOE MECTO B NPEANOXKEHHON UM nepapxuu Tennouan4ecknx CBOWCTB BeLectsa [1].

Kputuyeckas Touka »unakoctb—nap Obina oTkpbiTa 6apoHom ae na Typom B 1822 r. [2]. C Toro speme-
HU, B TedyeHue noytn 200 nert, NPOBOAATCA U3MEPEHMUSA KPUTUYECKUX napaMeTpoB BeLlecTs. OgHaKo Yucro
BELLECTB, A8 KOTOPbIX KPUTUYECKUE KOHCTaHTbI ONpeaeneHbl 9KCNepUMEHTanNbHO CPABHUTENBHO HEBENUKO.
OLEHKM 9KCNEPTOB PA3HATCA, TaK Kak 6a3bl JaHHbIX HEPEAKO COAEPXKAT HE TONMbKO SKCMEPUMEHTAaNbHbIE AaH-
Hbl€, HO U pe3ynbTaThl pacyeToB. B cepum 0630poB, NOAroTOBNEHHbIX kKoMuccuein UIOMAK no TepmoauHaMmmke
1 onybnukoBaHHbIX B 1995—2015 IT., B KOTOPbIE BKMIOYEHBI TONBLKO PE3ynbTaTbl U3MEPEHUN, KpUTUYECKas
Temneparypa npuseaeHa npubnuantensHo ans 1000 BewlecT, kpuTu4eckoe aaeneHne — ans 800 coeau-
HEHWN, a KpuTMyeckass NnoTHOCTb — ana 500 sewect [3]—[14]. Takum o6pasom, NonyYeHUe HagexHbIX
9KCMEPUMEHTArbHbLIX AAHHbIX O KPUTUYECKUX CBOMCTBAX MHAMBUAYANbHbLIX BELLECTB ABNSETCA aKTyallbHO
3agaven.

B HacTosiLLEee Bpemsi KpUTUYECKME NAapaMeTpbl UCTIONb3YOTCA ANsi XapakTepUCTUKN Kak CTabunbHbIX Be-
LLIeCTB, TaK U BELLECTB TEPMOHECTAOUMbHbIX, T. €. BELLECTB, TEPMUYECKOE Pa3NOXeHNEe KOTOPbIX HAYUHAETCA
npu Temneparypax, MEHbLUMX KPUTUYECKOIA. oA KpUTUYECKON TOUKOW TEPMOHECTabUNBbHOTO BELLIECTBA NOHU-
MaIoT rMNOTETUYECKYIO KPUTUYECKYIO TOUKY, KOTOPYIO JAHHOE BELLECTBO MMENO Obl B OTCYTCTBUE PA3NOXEHUA.

M3MmepeHne KpuTMYeckux CBOMCTB HeCTabuIbHbIX BELLECTB Npeanonaraet npuMeHeHne crneumanbHbiX
meToauk. [nasHoe TpeboBaHuWe K MeTogukam — Manoe Bpemsa HaxoxaeHus obpasua uccrneayemoro Belue-
CTBa NP1 OKOMOKPUTUYECKUX TemrnepaTtypax, YTo CHXaeT ero Tepmopasnoxenue. Meroauka [15] npegHasHa-
YeHa B NepByIo ovepeab A58 UBMEPEHNUA KPUTUYECKMX NapaMeTPOB TEPMOHECTAOUNbHLIX BELLECTB, XOTS C €€
MOMOLLIbI0 MOXXHO U3MEPATb KPUTUYECKNE KOHCTAHTbI U CTabUINbHbIX BELLECTB.



rOCT P 8.980—2019

HAUWOHANBbHBLIA CTAHOAPT POCCUUNCKOW ®OENLEPALUUM

FocynapcTBeHHas cuctema o6ecneyeHUA eAUHCTBA U3MEPEHUN
CTAHOAPTHbIE CMPABOYHbIE JAHHbIE
Kputnuyeckue Temnepartypbl U KpUTUYECKNE AABFIEHUA TePMOHECTabuNbHbIX BellecTs

State system for ensuring the uniformity of measurements. Standard reference data.
The critical temperatures and critical pressures of thermo unstable substances

Dara BBeaenus — 2020—03—01

1 ObnacTb NpUMeHeHUs

Hacroswumin ctaHaapTt pacnpoCTpaHAETCA Ha CTaHAApPTHbIE cnpaBoyHbie AaHHble (CCL) 0 KpuTUYECKUx
TeMmneparypax u KpUTUiecknx AasneHusix 90 TepMuYeckn HeCTabunbHbIX BELLECTB U 9 CTAOUNbHLIX BELLECTB.

CTtaHaapTHble CNPaBOYHbIE AAHHbIE O KPUTUYECKOW TemnepaType U KPUTMYECKOM AaBrieHUU opraHuye-
CKMX U SNEMEHTOPraHUYECKUX COEANHEHUIH HAWAYT LUMPOKOE NMPUMEHEHME B Pa3fUYHbIX 0ONacTaxX Hayku u
TEXHUKU, B NEPBYIO 0YEPEb, B XUMUYECKON N HEPTEXMMUYECKON NMPOMBILLIIEHHOCTH, (bapMaLeBTUKeE.

2 OCHOBHbIE NONOXeHus

Meroauka usmMepeHuss KpUTUYECKON TemnepaTypbl U KPUTUYECKOro [aBfieHUs BELLUECTB, KOoTopas uc-
nonb3oBanachk B HacTosLwen paboTe, geTanbHO M3noxeHa B [15], N03TOMy npuseaem TONbLKO NpeaenbHO Kpa-
TKO€ onucaHue 31Ol MeToanku. Miccnegyemas >maKkocTb 3anonHAeT (PToOponnacToBbii CTaKaHYMK ¢ TOHKUMU
CTEHKamu, KOTopble CNy>XaT AN nepefayn AaBreHus. [JaBneHne CHapyxu CTakaH4ymka co3faeTcs NnpeccoM u
U3MepsieTca MaHOMETPOM. BHYTpuM cTakaHumka HaxoguTCs M3MEpUTESbHbIN 30HA — NAATMHOBAs NPOBOMOKA
avametrpom 0,02 MM W anuHON (1—3) cM. 3oHA Cny>mT OAHOBPEMEHHO HarpesaTenem U TEPMOMETPOM CO-
nNpoTuBneHusA. Ha 30HA NOJalOTCA OAWHOYHBIE MPSMOYrOMbHBIE UMMNYMbLCLI HAMPSHKEHUS OT reHeparopa; Bo
BpPeMSi UMMNynbCa NPOMCXOAMUT HarpeB 30HA4a NpoTekatoLMM TOkOM. HanpsxkeHne umnynbca noagbupaercs Ta-
Kum 06pa3oM, YTO K KOHLYY UMMynbCca 30HA U CIION XMAKOCTU BOKPYr HEr0 HAarpeBaloTCA 40 TeMneparypsbl 4o-
CTWXXMMOTO Neperpesa; NPOUCXOANT BCKUMAaHME XuakocTu. Bpems or Hadana umnynsca Harpeea 40 MOMEHTa
BCkunauua cocraengaert ot 0,01 mc 4o 1 MC. B MOMEHT BCKUNAHWUA PE3KO U3MEHSAIOTCA YCNOBMA TENNOOTAa4n
OT 30HAA B XXMIAKOCTb, YTO NPUBOAMUT K BOSHUKHOBEHWIO BO3MYLLEHNSA TeMMepaTypbl 30HAa. MOMEHT BCKMNaHus
N aMnnuTyga TeMnepaTypHOro BO3MyLLUEHUS (PMKCMPYIOTCA SNEKTPOHHOW annapatypoii. Temneparypa 3oHaa
B MOMEHT BCKMMaHWA ONpeAEensieTcs no ero conpoTuBrneHunio. B pesynsrate usMepsieTca temneparypa, npu
KOTOPOW HAYMHAETCA BCKUNAHKUE XWAKOCTU NPU 3aAaHHOM AaBNeHun (Temneparypa AOCTMXKUMOro neperpesa
XNUAKOCTHM). B onbiTax uaMepsercs 3aBMCUMOCTL TeMNepaTypel AOCTUXUMOrO Neperpeea oT AaBMNeHUs — nu-
HUSA JOCTUXKUMOTO neperpesa. Mpu yBenUYeHUn JaBNeHns NUHUA JOCTUXKMMOrO NEeperpeBa 3akaH4YMBaETCs B
KPUTUYECKOIN TOUKE.

C pOoCTOM [ aBreHus CBOMNCTBA >XMAKOCTW U napa CONMKatoTCA, U aMnnuTyaa TEMNEPaTypHOro BO3myLLe-
HWsA nagaert. [laBneHue, npu KOTOPOM aMnUTyAa OTPULATENBHOTO TEMNEPaTYPHOro BO3MYLLEHWNSA CHUXKAETCA
[0 YPOBHS1 YyBCTBUTENbHOCTU ycTaHoBKkM (103 K), NpMHMMAaeTCcs paBHbIM M3MEPEHHOMY 3HAUYEHUIO KpUTUYE-
CKOro AaBnenns pfl', a TeMmneparypa BCKUMaHWSA Npu 3TOM AaBMEHUN — N3MEPEHHOMY 3HAYEHMIO KPUTUYECKOI
Temnepartypel 7. ONbIThbl G XOPOLLIO MCCEA0BAHHBLIMU XWAKOCTAMI NOKasanu, 4to BenuumrHel o u T Bceraa
MEHbLLE UCTUHHbIX 3HAYEHNI KPUTUYECKOTO AABNEHUS P, U KOUTMYECKON TeMnepaTypel 7. Paspa6oTtaH MeToa
BBE/JEHUA NOMPABOK K N3MEPEHHbIM 3HAYEHUAM KPUTUYECKUX NapameTpoB, KOTOPLIA No 3HaueHnam p7' v T7
MO3BONSAET PACCUNTATb BEMUUUHBI P, 1 T,

M3paHue ocpuumanbHoe
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HeonpeaeneHHOCT U3MEPEHUSI KPUTUYECKMX NapaMeTpoB Obinu AeTanbHO paccMmoTpeHsl B [15]. AnA
HW3KOMOMNEKYNSAPHbIX HEACCOLMMPOBaHHLIX COEAMHEHUI OTHOCUTENMbHAA HEONMpPeAENEeHHOCTb TUNa A Ans ns-
MepeHUst KPUTUYECKoro gaeneHus cocraensert 0,01, a Ana U3MEpPeHUsa KpUTUYeckoi Temneparypsl — 0,001.
HeonpeaeneHHocTb TMNa b oueHmBaetca B 0,02 ans kputuyeckoro aasneHus u 0,009 AN KPUTUYECKON TeM-
neparypbl. TakuMm 06pazomM OTHOCUTENBHASA pacLLUMPEHHAs HEONPeAEneHHOCTb U3MEPEHUS KPUTUYECKOro AaB-
nenus paeHa 0,03, a uamepeHus kputudeckor Temnepartypsl 0,01 npu goseputenbHon seposTHocTu 0,95.

[ns BewecTB ¢ BOAOPOAHbLIMU CBA3AMU U BBICOKUM aLEHTPUYECKUM dpakTopoM ( = 1) oTHOCUTENnbHan
HeonpeaeneHHOCTb TUNa A ANs U3MEPEHUS KpUTMYECKOro AasneHus coctasnset 0,01, u oTHOCUTENbHAA He-
onpeaeneHHOCTb TUNa A ana uamepenus kputudeckon temneparypol — 0,001. HeonpeaeneHHoCTb Tuna b
paBHsieTca 0,03 ana kputuyeckoro aasnexus u 0,014 ana kputuyeckon Temneparypbl. CnegoBaTenbHO OTHO-
cuTenbHas pacLUMpeHHas HeONpeaeneHHOCTb M3MEePEHNUS KPUTUYECKOTO AaBneHus pasHa 0,04, a nsmepeHus
KpuTu4eckon Temneparypbl — 0,015 npu goBeputensHon BepoaTHOCTH 0,95.

O6Gpa3sLbl MccneaoBaHHbIX BeLecTB Oblu npuobpeteHsl y dupm Aldrich, Sigma, Fluka, Alfa Aesar un
apyrux. O6pasubl HEKOTOPbIX BELLECTB Oblnn CUHTE3MPOBaHbI B IHCTUTYTE opraHuyeckoro cuHtesa YpO PAH
(MOC). YncToTa uccneaoBaHHbIx 06pa3LOB B COOTBETCTBUM C cepTudmkataMmu pupm-npon3soautenei npu-
BeaeHa B Tabnuue 2.

M3MepeHusi KpUTUYECKOW TEMNEPATYPbl U KPUTUYECKOTO AaBMEHUS C MOMOLLbLIO MeToauku [15] nposo-
OUNNCb Kak Ansa cTabunbHbIX, TaK U AN HECTabUMbHbIX BELECTB. BOMNbLUMHCTBO MCCNEA0BaHHbIX BELLUECTB
ABMANUCH TEPMUYECKU HecTabunbHbeIMU. KpuTuyeckne CBOWCTBA CTAaOWUMbHLIX BELLECTB U3MEPSNUCH C Lie-
Nbl0 NPOBEPKM MPUMEHMMOCTU pa3paboTaHHOTO METOAA K KOHKPETHOMY FOMOMOTMYECKOMY Psily U OLIEHKU
peansHOi NOrpeLlHOCT U3MEPEHUIA. [ToNyYeHHbIE 3HAYEHUS] KPUTUYECKUX CBOMCTB OblnNM CONOCTaBMnEeHbl C
NUTEPATYPHLIMU AaHHBIMKU 4Nsi CTabUNbHLIX U HECTabUNbHBLIX BeLecTB B [16]. Bbino noka3aHo, 4Yto pesynbra-
Tbl, MOSTy4EHHbIE C MOMOLLLIO MeToAukM [15], B npegenax NorpewwHoCcTU U3MepeHnin CoBNaaatoT ¢ JaHHbIMU,
nony4YeHHbIMK B HanGonee aBTOPUTETHLIX naboparopusx. ATO CBUAETENLCTBYET O BLICOKOW HAZIEXKHOCTM pas-
paboTaHHOro MeToa M3MepPeHUin KpUTUYECKUX CBOICTB BELLECTB.

B tabnuue 1 npuBeaeHbl CTaH4APTHLIE CMPABOYHBbIE AAHHBIE O KPUTUYECKOW Temneparype u Kputuye-
CKOM [aBNeHUN psaa OpraHMYeckux BelecTs. [nsA nogaBnsAloLwwero YMcna BeLwwecTe 9T JaHHbIE NOMyYeHbl
€4WHCTBEHHBLIM METOAOM — C MOMOLLbLI0O METOAUKM [15], Tak Kak ApyrMe U3BECTHbIE METOAUKU U3MEPEHUA
KpUTMYECKUX NapaMeTpoB TEPMOHECTAOUNBHBIX BELLECTB HE MO3BOSAIOT NPOBECTU HEOOXOAUMBIE USMEPEHUA
13-3a CUMbHOIO Pa3NOXEHNUSA STUX BELLECTB B NPOLIECCE U3MEPEHUIA. [N CpaBHUTENBHO HEGOMLLUIOrO Ynucna
COEANHEHNI UMEIOTCA 9KCNEPUMEHTASIbHBIE JaHHbIE, MONYYEHHbIE APYTMMU METOAAMM. Pe3ynbrarbl 3TUX 9KC-
NEPUMEHTOB YYNTbIBaNUCh Npu paspaborke Tabnuubi 1.

Bewlecrea pacnonoxeHsbl B Tabnuue 1 B nopsigke, KOTopbii Obin ucnonb3osaH B 063opax [4]—[14]. Pac-
CMOTPUM KPaTKO OTAEeNbHbIE FOMONIOrMYECK1e psabl.

HopmanbHble ankaHbl

AnKaHbl OT MeTaHa A0 H-AeKaHa BKIIOYUTENbHO CTabunbHbl B KPUTUYECKON TOUKe. Bee Bonee Tshxenbie
H-ankaHbl HecTabunbHbl [4]. PekomeHayemble 3HaYEHUs KpUTUYECKMX napameTpos H-ankaHos H(CH,) H ¢ n
oT 1 o 18 npuseaeHsl B 0630pax [4], [14]. PaspaGoTunkamm Obinm n3mepeHsl KpUTUYECKaA Temneparypa u
KpuTUyeckoe AaBneHue H-ankaHoB C YMCNOM aTOMOB yrnepoaa B Monekyne ot 19 go 36 [17], [18]; no3aHee
aHanorm4yHble n3mepeHus Obinu BbINOMHEHbI ANs H-ankaHoB C YUCNOM aTtoMoB yrnepoaa 40, 44 v 60 [19]. B
[19] 661N NpeanoXxeH HOBbIN, Bornee TOUHLIA METOA pacyeTa NonpaBokK K 3HAYEHNAM KPUTUYECKMX NapaMeTpoB,
M3MEPEHHbIX METOAOM UMNYNBLCHOIO Harpesa. C MOMOLLLIO 3TOT0 METOAA pe3ynbTaTthl U3MEPEHUI, onybnuko-
BaHHble B [17], [18], Obinn nepecunTaHbl. YTOUHEHHbIE TakKuM 06pa3oM 3HAYEHUS KPUTUYECKUX NMapaMeTpoB
H-ankaHoB npuBeAeHbl B Tabnuue 1.

H-ANKNNUWKNOreKcaHbl

TepMuyeckas cTabuNbHOCTb LMKIIOTEKCAHOB B >XMAKoN chase Mano uccneaosaHa. B uenom yuknoan-
KaHbl MEHee YCTOMYUBLI, YEM UX auuknuyeckme aHanorn. OQHaKo UMKNOreKCaH ABNAETCA NOMHOCTLIO HeHa-
NPsXEHHLIM BELLECTBOM, CKOPEe BCETO, LIMKMOIeKCaH 1 METUILUMUKIIOTEKCAH CTabuNbHbI B KPUTUHECKON TOUKE.
Kputnyeckue cBOWCTBA 3TUX ABYX BELUECTB MHOTOKPAarHO U3MEPANUCb pasHbiMu asTopamu. Moabopky pe-
3ynbLTaToOB U3MEPEHUI MOXHO HaiTu B ob3opax [7], [14]. C nomowpbio MeToaukmn [15] naMepeHbl KpuTuye-
cKas TeMnepartypa u KpUTUYECKoe JaBMNEeHUe H-ankunuuKnoreKkCaHoB OT LMKNOrekcaHa Ao OyTunuuknorek-
caHa [20]. Kpome TOro, kputudeckas TemMneparypa HeCKONbKUX H-ankunUMKNOrekcaHos Obina namepeHa B
[21], [22]. OueHka KpUTUIECKUX CBOWCTB 3TUM-, NPONUI- N BYTUNLMKNOreKCaHoB, NPMBEAEHHLIX B Tabnuue 1,
caernasna ¢ y4etom pesynoraros [201—[22].

2
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AnkunHadTanuHbl

HadbranuH crabuneH B kputnyeckomn Touke. Ero kputuyeckme CBOMCTBA XOPOLLO U3MEPEHbI; pe3ynbTaTbl
3TUX U3MepeHuit cobpanel B 063opax [5], [14]. OaHako ankunHadTanuHbl HeCTabunbHbl B CBOMX KPUTUHECKUX
Touykax [23]. C ucnonb3osBaHnem Metoanku [15] Obinu U3amMepeHsbl KPUTUYECKAs TEMNEPATYPa U KPUTUHECKOE
JaBneHue naTu ankunHadgranuHoB [24]. Kpome Toro, AMBpoy3 namepun Kputudeckue TeMmneparypbl 1-MeTun-
HadpTanuHa u 2-meTunHadranuHa [23]. BUncoH n coasTopbl [25] uamepunu gaBneHWe HacbILEHHOro napa
1-meTunHadTanMHa u paccuuTanu KpUTUYECcKoe AasreHue nyTem SKCTPanonsAumMm nonyvyeHHbIX AaHHbIX 40
KPUTMYECKOW TemnepaTtypbl, U3MEPEHHON AMOPOY30M. PesynsraTtel U3MEPEHUI KPUTUYECKUX CBOWCTB 1-Me-
TUNHaTanuHa U 2-meTunHadgranmHa B npegenax norpeLwHoCcTu M3MepPeHUin CornacyloTes ¢ AaHHbIMK pa-
6ot [23], [25].

Monuuuknuyeckue apomaTuvyeckue yrnesoaopoabl

B paborte [26] paspaboTunkamm Gb1nv M3MEpPEHbI KPUTUYECKNE NAapaMeTPbl NATU NONULMUKIUYECKUX apo-
MaTu4eckux yrnesogopoaa. Bee nccnegoBaHHele BeLLECTBA pa3naraTcs B KPUTUMECKON TOYKE.

Ouonbl

Bce auonbl HecTabunbHbl B KPUTUYECKON Tovke. KpuTuyeckas temneparypa u KpuTudeckoe aasne-
Hue aunonos HO(CH,) ,OHcn=3,4,5,6,8,9, 10, 12 ObInKn U3MepeHbl B [27], @ KpUTMYECKUE NapameTpbl
2,2-gumeTtun-1,3-nponasauona — B [28] Mpynnow BuncoHa Obinu namepeHsl KpUTMYeckue ceoiictea 1,3-npo-
nanguona, 1,4-6ytangvona u 1,6-rekcaHguona [29]—[32]. PexoMeHayemMble 3HAYEHUA KPUTUHECKUX CBOICTB,
npuBeaeHHsble B Tabnuue 1, AaHbl C Y4ETOM BCEX UMEIOLLMXCA IKCMEePUMEHTANbHLIX JaHHbIX.

OSTUNEHINMKONKN

Srunenrnmkonu H(OCH,CH,),OH o6pasyioT roMonornieckuin psg, BCe YNeHbl KOTOPOro pasnararoTcs B
KPUTUYECKON Touke. Kputuueckue napamerpbl STUMEHITIMKONER naMepsinuce B paborax [33]—[35]. Kputuue-
CKMe KOHCTaHTbl 3TUNEeHrnukonen namepsanuce Takke B [30], [36]—[39]. B [40], [41] namepeHbl AaBneHus Ha-
CbILLEHHbIX NapoB AWNITUNEHITIMKOMA U TPUETUNEHITNIUKONS, U Pe3ynbTaThl UBMEPEHUI NpeaCcTaBneHbl B BUAE
ypaBHeHWs. PekoMeHayeEMbIe KPUTUYECKNE CBOMCTBA B Tabnuue 1 onpeaeneHsbl C y4eTOM gaHHbIX padot [30],
[33]—41].

MeTunoBble a(hMpbl XUPHbLIX KUCFOT

HavanbHble YneHbl FOMOMOMMYECKOro paaa METUNOBLIX 3ChUPOB H-askaHoBbIX kucnot C H,, ,O,CH3
cTabusbHbl B KPUTUHECKOW TOUKE, O HAKO Bonee Tspkenble 3upbl HECTAOUIBbHBI; Tak METUN 3TAHOAT U METUN
neHTaHoat crabunbHbl NPU OKOMOKPUTUYECKUX Temnepartypax [42], [43], HO MeTun renTaHoar yxe HecTabu-
neH [44], a meTun aoaekaHoar GbICTPO pasnaraerca npu kputudeckon temneparype [23]. C nomoubio [15]
BbIMOMHEHbI U3MEPEHNA KPUTUHECKOW TEMNEpPaTypbl U KPUTUYECKOTO AaBneHus acpuposcn=6,7,8, 9,10, 11,
12, 14, 16, 18 [28], [45]. PaHee Obina usMepeHa KpuTUieckasa Temneparypa metun rentaHoara [44] u metun
AogekaHoara [23]. Pesynbrarbl 9Tux paboT yuTeHbl NpU onpeaerneHnn peKOMeHAYyeMbIX 3HAYEHUI KpUTuJe-
CKNX CBOWCTB.

Takke Obinu M3MepeHbl KPUTUYECKUE NAPAMETPbI YETLIPEX METUNOBLIX 3(UPOB HEHACBILLEHHBIX XUpP-
HbIX KUCAOT: MeTUN oneara [28], meTun nuHoneara, METUI NUHONIEHATa U METUN apykara [46].

Otunosbie 3¢ npbl H-aNKaHOBbIX KUCIIOT

Mogo6bHo cuTyaumMm BO MHOTUX APYrMx roMONOrMyeckux psfaax, HeCKONbKO NMepBbIX YNEHOB psaa aTu-
N0BbIX 3(PUMPOB H-ankaHOBbIX KUCMOT CTabUNbHbI B KPUTUHECKOW TOYKE, HO, HAUYMHAsH C HEKOTOPOrO YreHa,
BCE coeAuHeHUsi ¢ 6onbLIelt MONSIPHOW MAacCoW HeCTabunbHbl. OTUN 3TAHOAT CTAabUNEeH B KPUTUYECKOW TOY-
ke [42], Toraa kak aTun OKTaHOAaT pasnaraeTcs npu OKOSIOKPUTUYECKUX TemnepaTtypax [44]. Pesynbrarbl us-
MEPEHUIA KPUTUYECKON TEeMNEPAaTypbl U KPUTUYECKOTO AABNEHUS 3TUNOBLIX 3UPOB H-aNKaHOBbLIX KUCNOT
CHon_1O,CoHs ¢ n =10, 11, 12, 14, 16 npeacTasnexsl B [47].

Aunstunossble 3¢pUpsLI AMKAPOOHOBBLIX KUCHOT

BeposTHO, BCe AN3TUNOBbIE 3¢hUPbl AMKAPOOHOBLIX KUCNOT HECTAOUNbHBLI B KPUTUYECKON TOuKe. B [48]
Habnioaanoch pasnoXeHue Anatun bytaHauoaTa BO BpeMA U3MEPEHUA KpUTMYeckon Temnepartypobl. B [49],
[50] n3amepeHbl KpUTUYECKUE CBOWCTBA AUITMN ITAHAM0ATA C NOMOLLbIO cneunanbHbIX METOA0B, 3HAYUTESNbHO
YMEHbLLAIOLLMX pasroXeHne uccrneayemoro Beliecrsa. Mcnonbaya [15], BbINONHEHbI U3MEPEHUA KPUTUYECKOW
TEeMneparypbl M KpUTUHECKOTO ABIIEHUS ANITUINOBLIX 3ChUPOB ANKAPGOHOBLIX KUCIOT CoHsO,C Hy 4O,CoHs
C YyMcnom aToMOB yrnepoaa B MatepuHckon kucnote n= 3, 4, 5, 6, 8, 10 [51]—[53]. Npu onpeaenexHnn peko-
MEHAYEMbIX 3HAYEHNI KPUTUYECKUX CBOICTB AnaTUn GytaHauoata Obinv NpUHATLI BO BHUMaHUe pe3ynbraThbl
nsMmepeHuii [48] n [49].

Anundaruyeckne cuMmeTpuitbie npoctbie 3¢pupbl H(CH,),,0(CH,) H

CBefieHns1 0 TEPMMYECKON CTabUNbHOCTU NPOCTLIX 3(PUPOB B KPUTUHECKON TOUKE AOCTATOMHO NPOTUBO-
peuuBbl. ABTOpbI [54] Habnoganu TepMUUYECKOE Pa3fnOXeHNe AUSTUNOBOrO achupa npu OKONOKPUTUYECKUX

3
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Temneparypax. [na gunponunosoro acupa B [55] He obHapykeHa 3aBUCUMOCTb KPUTUUECKON TeMNepaTypbl
OT BPEMEHM U3MEPEHUI, YTO yKa3biBano Obl HA pa3noXKeHue BELLECTBa, B TO BpeMs Kak B [56] 3adpukcnposaHo
N3MEHeHue Kputuyeckon Temnepartypbl ¢ 533 oo 535 K, korga Bpemsa npebbiBaHua obpasua B KpUTUYECKON
TOYKE yBENMUMBANOCh ¢ 6 A0 15 c. B [57] HUYero He roBOPUTCSA O TEPMUYECKON CTAabUNLHOCTU AMGYTUNOBOTO
admpa, KpUTU4ECKNe CBOMCTBA KOTOPOrO OHU M3Mepsnun. BbinonHeHbl U3MepeHns KpUTUYECKUX NnapameTpoB
AWUrekCcMnoBoro, AMOKTUNOBOrO 1 auaeuunoBoro acupos [58].

Tpurnuuepugbl

HacbiweHHble Tpurnuuepuabl C3Hs[C Hy 1 Osl; HE ABNAIOTCA 04eHb NPOYHLIMKM BellecTBamu. Usme-
psig TENNOEeMKOCTbL TpunaypuHa (n = 12), astopsbl [59] 06Hapy>xunu, 4To Ha BO3ayxe TPUMNAypUH Ha4YMHAN pas-
naratbeqa npu 423 K. B atmocdhepe a3ota OHU CyMenu U3sMepuTb TENNOEMKOCTb TpunaypuHa 4o Temneparypbl
523 K; ogHako npu 443 K Habniogancs usnom Ha 3aBUCMMOCTU TENSTIOEMKOCTU OT TEMNEPAaTypbl, YTO FOBOPUT
06 usmeHeHusax B obpasue npu Temneparypax Bbiwwe 443 K. Kputnueckasa remneparypa Tpurnuuepuaos, us-
MepeHHas pa3paboTuMkamu, nexut B uHTepBane 836—925 K; MOXHO NpeanonoXuTb, YTO TPUIMUUEpUabl
WHTEHCMBHO pa3naraloTcsi NPy OKOJIOKPUTMYECKUX Temnepatypax. Pesynsratbl U3MepeHuit KpUTUYECKMX na-
pameTpoB 4YeTbipex Tpurnuuepuaos [60] npuBeaeHsl B Tabnuue 1.

ApomaTtuveckue C-H-O coeguHeHmns

Kputuyeckne napaMeTpbl AE€BATU apOMATUYECKMX BELLIECTB, MOSEKYbl KOTOPbIX COAEPXXaT arOMbl yrne-
poaa, Bogopoda M kucnopoga, Obinum usmepeHbl ¢ UCNONb3oBaHUeM metoauku [15] B pabote [28]. PaHee
U3MEPEHUA KPUTUYECKMX CBOMCTB NMPOBOAUMUCE NULWbL ANS ABYX BewecTs: 6eHsanbaernaa [9] u peHunme-
TaHona [61]. JaHHble aTux paboT yuuTbiBaNUCL NPU onpeaeneHuu pekoMeHayeMbiX 3HAYEHUN KPUTUYECKUX
CBOWCTB YKa3aHHbIX BELLECTB.

OpraHnyeckue cepocoaepxauime sewecrasa

Paspabotymkamn Obinu usMepeHbl KpUTMYEecKas Temnepatypa M KpUTUYecKoe AaBfeHue AUMeTUun-
cynedokcnaa [62]. AumeTuncynbokcna He OTHOCUTCA K YuCny CTabunbHLIX BELECTB, NO AAHHBIM MHOMMX
aBTOPOB AMMETUICYNbMOKCUA pasnaraeTca yxe npu temneparype HopManbHOro kuneHus (462,5 K). B [63]
YCTaHOBUINY, YTO AMMETUACYNbOKCUA HAUMHAET pa3naratbCa npu Temneparype 468 K. AsTopbl [64] Hawnu,
YTO TEMMEepaTypa Hayana pasnoxeHua AMMeTuncynbokcuaa cocrasnaet 472,55 K. 3tu tTemnepartypsbl 3Ha-
YUTENBbHO HUXKE KPUTUYECKON TeMNEPATYpPbl, U3BMEPEHHOW paspabotunkamu (718 K).

AsoTcogepxalime LMKNUYecKue coeaAUHEHUNA

MupuanH 1 ero Nnpon3BoaHbIE HECTAOUIbHBI B KPUTUYECKON TOUKe. ABTOPLI [65] ykasbiBaloT, 4To o6pas-
ubl MpUauHa, 2-, 3- u 4-MeTUNNUPUANHOB, a TaKke 2,.4- U 2,6-aUMETUNNNUPUANHOB ObICTPO U3MEHANU CBOW
LBET MPKU OKONOKPUTMYECKUX TEMNEepaTypax, XoTsl 3TO He BCerga COMpoBOXAAanoCb U3MEHEHUEM KpUTu4e-
ckoi Temnepatypbl. C nomMoLbio [15] 6binMu U3MepeHbl KpUTUYECKME CBOMCTBA 2-, 3-, 4-METUNNUPUAUHOB U
2-meTun-5-aTunnupuaunHa [66].

B [62] Takke usmepeHbl kputudeckme napameTpsl 1,4-, 2,6-aumMeTUNNUNEPa3MHOB U kanponaktama. Us-
BECTHO, YTO NuUnepasuH pasrnaraerca B KPUTUMECKON TOUKE; TEM HE MeHee, aBTopbl [67] u [32] nsmepunu kpu-
TUYECKUe CBOMCTBA MunepasnHa, Mcnonb3ys cneuuansHole Metogbl. MOXHO € BLICOKOW AONei BEPOATHOCTU
npeanonoXuTb, YTo 1,4- 1 2,6-gMMETMNNUNEPAa3snHbl TAKXKe HECTabUMNbHbI B KPUTUHECKON TOUke. IHTEHCMBHOE
pa3noxeHue Kkanponakrama npu temneparypax sbiwle 550 K Habnioganu [41] BO BpemsA U3MepeHuin aBneHus
HacblLLEeHHOro napa.

®PeppoLeH 1 ero Nnpou3BogHbIe

B [68] namepeHsl kputudeckue napameTpbl deppoueHa, H-6ytundeppoueHa, 1-auetundeppoleHa u
6eHsoundeppoueHa. PeppoLieH — AOBOSIbHO CTaBUNLHOE COEAMHEHME, OHO BbIAEPXKMBAET HArpeB B Bakyyme
0 500 °C 6e3 pasnoxeHusi. OaHAKO ero Npou3BOAHbLIE HE TaK cTabunbHbI; asTopkl [68] Habnoganu cylle-
CTBEHHOe pasnoxeHue 1-auerundeppoueHa n 6eHsonndeppoueHa.

TeTpaankokcucunaHbl U TeTPAANIKOKCUTUTAHbI

SKCnepUMeHTanbHbIE 3HAYEHUS KPUTUMECKUX KOHCTAHT TETPaAanKoOKCUCUAHOB U TETPAankoKCUTUTAHOB
C NUHEWHBIMW ankunbHbIMW Lienovkamu uamepeHsl u onybnukosaHbl B paboTax [69], [70]. Kputudeckue na-
pameTpbl 3TUX COEAUHEHUI C Pa3BETBIIEHHbIM CTPOEHUEM anKurbHbIX Lenovek npeacraBnedsl B [71] u no-
MeLleHbl B Tabnuue 1.



FOCT P 8.980—2019

3 Tabnuubl cTaHAAPTHLIX CMPABOYHbLIX AaHHbIX O KPUTUYECKUX TEMMepaTypax
W KPUTHMUECKUX OABMEeHUSX UHAUBUAYanbHbIX BelecTB

Ta6nuya 1— CTaHaapTHble CrpaBodHble faHHbIe O KPUTUHECKOH TeMnepaType U KpUTUYECKOM AaBNEHUN UHOUBU-

AyanbHbIX BelecTB

BewecTso Xumuyeckas dopmyna Pe MMa . K
HopmanbHble ankaHbl
HonagekaH CH3(CH,)47 CH5 1,17 £ 0,05 757 £ 10
OitkosaH CH3(CH,)4g CH5 1,08 + 0,05 769 £ 10
leH3iiKo3aH CH5(CH,)4g CH3 1,04 + 0,05 77910
[okosaH CH5(CHy)oq CH3 0,986 + 0,05 787 £ 10
TpukosaH CH3(CH,),q CHy 0,921+ 0,05 791+ 10
TeTpakosaH CH5(CH,),, CH4 0,871+ 0,05 801+ 10
lekcakosaH CH5(CH,),, CH4 0,814+ 0,05 819+ 10
OxTako3aH CH3(CH,),5 CH3 0,750 + 0,05 836+ 10
TpuakoHTaH CH3(CH,),g CH3 0,690 + 0,05 850 + 10
[excaTpnakoHTaH CH3(CHy)34 CH3 0,580 + 0,05 888 + 15
TeTpakoHTaH CH3(CH,)3g CH3 0,523 + 0,05 904 + 15
TeTpaTeTpakoHTaH CH3(CH,)4, CH3 0,482+ 0,05 919+ 15
[ekcakoHTaH CH3(CH,)sg CH5 0,360 + 0,05 974 £ 15
H-ATNKUILMKIOreKcaHb!
Liuknorekcan CeHio 4,08+ 0,05 5536+ 0,5
MeTunuyuknorekcaH CgHy1CH5 3,48 + 0,02 5722+0,2
STunupmkrorekcaH CgHy1CoH5 3,13+ 0,05 606,5+ 0,5
MponunuumknorekcaH CeHy1C3H, 2,86+0,10 631,01
ByTunyuknorekcaH sH11C4Ho 2,53+ 0,05 650+ 2
AnKUnHadTanHel
1-MetunHadTanvH C4oH7CH3 3,57+0,10 772+ 1
2-MeTunHadTanuH C4oH7CH3 3,30+ 0,10 7611
1,3-OumMeTunHadpTanuH C4oHs(CH3), 2,74 + 0,08 772+ 8
1,4-OumeTnnradpranut C4oHe(CH3)o 2,79 +0,08 778+ 8
2-3TunHadTanmH C4oH7CoHg 2,79+0,08 7638
Monuumuknnieckne apomMaTu4eckue yrnesofopoas!
AueHadTeH CiaH10 3,70 0,1 8208
®riyopeH CysH4o 3,18+ 01 836+ 8
AHTpaLeH CiqH40 3,17+ 01 894+ 9
DeHaHTpeH Cq4H10 3,25+ 0,1 893+9
Mupex CisH1o 3,03+ 0,1 974 £ 10
Ovonel

1,3-MponaHauon HO(CH,)30H 6,4+0,1 722+ 3
1,4-ByTaHguon HO(CH,),OH 58+04 725+ 2
1,5-MNeHTaHauon HO(CH2)50H 4,00+0,16 731+ 11
1,6-l'ekcaHauon HO(CHZ)GOH 37+03 738+ 4
1,8-OkTanauon HO(CH,)gOH 2,70+0,14 752+ 11
1,9-HoHanguon HO(CH,)qOH 2,40+0,10 760+ 11
1,10-Oekanguon HO(CH,),oOH 2,20+ 0,09 770 £ 12
1,12-Ooaekanguon HO(CH,),,0H 1,93 £ 0,08 798 £ 12
2,2-Anmetun-1,3-nponaHgunon HOCH,C(CH3),CH,0OH 42+0,2 687 + 10
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lpodomxeHue mabnuypi 1

BelectBo Xumunyeckaa copmyna P, MMNa .. K
STUNEHTNNKOMK
MoHOSTUNEHMMMKONb HOCH,CH,OH 8,2+0,3 7207
AnsTuneHrnukonbs H(OCH,CH,),OH 48+0,3 75010
TpusTUneHrnnKkons H(OCH,CH,);0H 3,45+ 0,20 79012
TeTpasTUneHrmmkons H(OCH,CH,),OH 2,7+02 815+ 12
[MeHTasTUNEHrNNKoNb H(OCH,CH,)sOH 2,13+ 0,09 842+ 13
[ekcaaTUNeHrnnkonb H(OCH,CH,)sOH 1,82+ 0,07 868 + 13
MeTunoBsble ahnpbl KUPHBLIX KUCNOT
MeTtun rekcaHoat CgH140O5CHj4 2,88 +0,09 61216
MeTun rentaHoart C4H,50,CH5 2,563 +£0,08 627 +2
MeTun oktaHoaT CgH450,CH4 2,34 £ 0,07 646 + 6
MeTun HoHaHoaT CgH470,CH4 2,06 £ 0,06 665+ 7
MeTun pekaHoart CyoH190,CH5 1,93 £ 0,06 6757
Metun yHaekaHoat Cq4H51O5CH4 1,75+ 0,05 6947
Metun fgoaekaHoar C4oH230,CH4 1,52+ 0,05 M1+2
MeTtun TeTpagekaHoart C14H270,CH4 1,32+ 0,04 7307
MeTtun rekcafexkaHoar C46H3105CH3 1,17 £ 0,04 760+ 8
MeTun oktagekaHoar CygH350,CH5 1,08 £ 0,04 785+ 8
MeTun oneart CygH330,CH5 1,21 £ 0,04 777+8
MeTun nuHonear C4gH510,CH5 1,24 £ 0,04 778+ 8
MeTun nuHoneHart CygH290,CH5 1,44 £ 0,04 7798
Metun spykar CooHy105CH4 0,960 £ 0,03 817+ 8
3TunoBkIe apUpbl H-anKaHoBbIX KNCOT
OTvn pekaHoar C10H190C5Hsg 1,74+ 0,05 6877
OTnn yHaekaHoar C41H5105C5H;5 1,52+0,05 7017
3TN pogekaHoaT C5H550,C5H5 1,37 £ 0,04 7187
3Tun TeTpagekaHoaT Cy4H570,C5H5 1,27 £ 0,04 7407
OTun rekcagekaHoaT C46H3105C5H5 1,15 £ 0,04 7678
OnaTtunosble adupbl 4UKapbOHOBLIX KUCMOT
OunaTtun nponaHguoar C,H50,C5H,0,C5H; 2,7+01 652+ 7
Anatun GyTangnoat CoH50,C4H,4O,C5H5 2,301 666+ 7
AusTun neHTaHgunoar CoH50,C5HgO,CoH5 2,13+0,06 6837
AusTun rekcaHaunoar CoH50,CgHgO,CoH5 1,89+£0,10 6977
AusTun oktaHaunoar CoH505,CgH5,0,C5Hg 1,57+ 0,05 7237
dnaTtun gekangnoar CoH50,C 1gH160,C5H5 1,37 £ 0,04 7407
AnudaTtnyeckne CUMMETPUYHBIE NPOCTEIE 3UpPhI
[n-H-rekcunoBblii achup CgH430CgH 15 1,44 £ 0,04 665+ 7
On-H-okTUNoBLIA acup CgH470CgH, 5 1,19 £ 0,04 7237
Aun-H-peumnoBblil 3chup C40H210C 4gHo4 1,03 £ 0,03 768+ 8
Tpurnuuepuasl
MMuyepwnn TpuokTaHoar C5H5[CgH 50515 0,83 £0,03 836+ 13
MMuuepna TpuaekaHoar CsH5[CqgH1905)5 0,75+ 0,03 864 + 13
MMuuepwng TpuaoLekaHoar C3H5[CyoH305]5 0,65 +0,03 899+ 13
MMuuepwng TpuTeTpagekaHoar C3H5[Cq4H2705]5 0,61+0,02 925+ 14
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BelyecTBo Xnmuueckasa opmyna pe, MMa T, K
Apomatuyeckme C-H-O coeanHeHns
deHnnMeTaHon CgHsCH,OH 43+0,1 714+ 3
4-(MeTundpeHun)meTaHon CH;CgH,CH,OH 3,61+0,10 7197
BeH3oiHasa kucnoTta CgHsCOOH 4531010 755+ 8
2-MeTun6eHsoiHas Kncnota CH3CgH4COOH 3,92+0,12 763+ 8
3-MeTunbersoitHas kucnorta CH3CgH4COOH 3,86 +£0,12 7718
4-MeTun6eHsoiHas kncnota CH3CgH4COOH 3,80+ 0,10 7758
2-KapbokcubeHsansgerng CHOCgH,COOH 480015 864 + 9
BeHsanbgerng CgHsCHO 441+0,10 6937
4-MeTunbeHsanbaerua CH3CgH,4CHO 3,80+ 0,10 712+ 7
OpraHuyeckue cepocofiepxallne coefjuHeHns
OumMeTuncynbgokeng OS(CHj), 513 +0,15 7187
AsoTcofepxalyne coefuHeHNns
2-3TunnupuanH C/HgN 3,81+0,11 628+ 6
3-3TunnupuguH CHgN 419+0,13 6517
4-3TUnnNupuanH C/HgN 419+0,13 653+ 7
2-MeTun-5-sTunnupmaunH CgH44N 3,25+0,10 656 + 7
1,4-OumeTunnunepasuH CgHq4N, 3,73+£0,M1 606 + 6
2,6-OumeTunnunepasunH CeHq4N> 3,80+ 01 646+ 6
Kanponakram CgHyNO 466014 8018
®deppoLieH U ero NPou3BogHble
®deppoueH CqoH1oFe 3,61+0,10 785+8
H-ByTundeppoueH Ci4H gFe 2,18 £ 0,09 784 £ 12
1-AueTundeppoueH CyoH oFe0 3,28+ 0,13 847 + 13
BeHsoundeppoueH Cy7H14Fe0 1,59 £ 0,06 886 + 13
TeTpaankoKCMTUTaHbl U TeTpaarnkokcucunaHsl
TeTpan3onponokcMTUTaH TI[OCH(CHs),l4 1,15 £ 0,04 641+6
TeTpa-TepT-6yTOKCUTUTAH TI[OC(CH3)3]4 1,07 £ 0,03 6577
TeTpan3sonponokcucunax SI[OCH(CH3)514 1,31 £ 0,04 587 +6
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4 Yucrtota nccnegoBaHHbIX 0Opa3LOB BelwecTB

B COOTBETCTBUMU C cepTucukatamm nponssoaurTens

Tabnuya 2— YucToTa UccrnefoBaHHbLIX 06pa3sLioB BELLECTB B COOTBETCTBUM C cepTUdKaTaMu NpOU3BOAUTENS

BelecTBo Mpoussogutenes MeTop aHanusa YnctoTa (mon. %)

H-HoHaaekaH Sigma-Aldrich X" 99,9
H-OWKO3aH Sigma-Aldrich X 99,9
H-eHaiiko3aH Sigma-Aldrich X 99,9
H-[Joko3aH Sigma-Aldrich X 99,9
H-TpUKo3aH Sigma-Aldrich X 99,9
H-TeTpako3aH Sigma-Aldrich X 99,9
H-[eKkcako3aH Sigma-Aldrich X 99,9
H-OKTako3aH Sigma-Aldrich X 99,8
H-TpuakoHTaH Sigma-Aldrich X 99,9
H-['eKkcaTpuakoHTaH Sigma-Aldrich X 99,9
H-TeTpaKoHTaH Fluka X 98,7
H-TeTpaTeTpaKkoHTaH Aldrich X 98,9
H-'ekcakoHTaH Aldrich X 98,4
LinknorekcaH Fluka X 99,5
MeTunuukrorekcaH Aldrich X 99,6
3TunumknorekcaH Fluka X 99,5
MponunuuknorekcaH Aldrich X 99,7
ByTunuuknorekcaH Aldrich X 99,6
1-MeTunHadpTannH Alfa Aesar X 99,2
2-MeTunHadpTanuH Alfa Aesar X 99,5
1,3-OumeTunHadptanuH Aldrich X 99,6
1,4-OumeTunHadptanuH Aldrich X 994
2-OTunHadpTanuH Aldrich X 99,9
AueHadpTeH Alfa Aesar X 98,0
®nyopeH Alfa Aesar X 98,1
AHTpaLeH Alfa Aesar X 99,5
®eHaHTpeH Alfa Aesar X 98,0
MupeH Alfa Aesar X 98,3
1,3-MponaHavon Aldrich KX2) 99,9
1,4-Bytangunon Alfa Aesar AKX 99,9
1,5-MeHTaHguon Alfa Aesar AKX 99,9
1,6-l'ekcanguon Aldrich AKX 99,9
1,8-OkTaHguon Alfa Aesar AKX 99,9
1,9-HoHanguon Aldrich AKX 99,9
1,10-OekaHauon Aldrich AKX 99,9
1,12-Jopnekangnon Aldrich AKX 99,9
2,2-AnmeTnn-1,3-nponaxguon Aldrich X 99,9
MoHO3TUNEeHrnuKkonb Sigma-Aldrich X 99,86
OdnaTtuneHrnukonb Sigma-Aldrich X 99,5
TpUSTUNEHNUKONb Sigma-Aldrich X 99,7
TeTpasTUnNeHrnuKonb Sigma-Aldrich X 99,1
[MeHTasTUNEHrNNKoNb Sigma-Aldrich X 97,8
[ekcaaTUNeHrnnkonb Sigma-Aldrich X 98,1
MeTun rekcaHoaTt Alfa Aesar X 99,9
MeTun rentaHoat Sigma-Aldrich X 99,8
MeTun oktaHoaT Alfa Aesar X 99,1
MeTun HoHaHoaT Sigma-Aldrich X 98,9
MeTun pekaHoar Alfa Aesar X 99,9
MeTun yHgekaHoaTt Alfa Aesar X 98,6
MeTun pogekaHoart Alfa Aesar X 99,1
MeTun TeTpagekaHoat Alfa Aesar X 99,4
MeTun rekcagekaHoart Sigma X 99,9
MeTun oktagekaHoar Alfa Aesar X 98,7
MeTun onear Aldrich X 99,8
MeTun nuHoneat Sigma-Aldrich X 99,9
MeTun nuHoneHar Sigma-Aldrich X 99,4
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BewecTso MpoussoguTens MeToa aHanusa YucroTa (mMon. %)
MeTun apykat Sigma-Aldrich rx 99,4
3Tun fekaHoat Alfa Aesar rx 99,7
OTuUn yHaekaHoat Alfa Aesar rx 98,6
3T1un gogekaHoat Alfa Aesar rx 99,8
3Tun TeTpagekaHoat Alfa Aesar rx 99,4
3OTuUN rekcagekaHoat Alfa Aesar rx 98,5
[ustun nponaHavoar Sigma-Aldrich X 99,8
Ouatun 6ytanguoar Sigma-Aldrich X 99,8
Onatun neHTangnoar Alfa Aesar X 99,6
Onatnn rekcaHguoat Sigma-Aldrich rx >99.9
Ounatun okTaHgunoar Alfa Aesar X 99,5
Ounatun gekanguoart Sigma-Aldrich X 99,7
[n-H-rekcunoBblil agup Alfa Aesar X 99,3
[n-H-oKTUnoBbIn acpup Aldrich X 99,2
An-H-geyunoselii acoup Alfa Aesar X 98,7
[Muuepua TpuokTaHoat Alfa Aesar X 99
TCX 100
Muuepua TpuaekaHoar Alfa Aesar rx 100
Muuepua TpnaoaekaHoat Alfa Aesar TCX 100
Muuepua TputeTpagekaHoat Alfa Aesar rx 100
TCX 100

deHnnMeTaHoN Fluka X 99,9
4-(MeTundpeHun)metaHon Lancaster rx 99,9
BeHsoliHaga kucnoTa Fluka rx 99,4
2-MetunbeHsoitHasa kucnorta Aldrich X 99,9
3-MeTunbeH3oiHasa kucnorta Aldrich X 99,9
4-MeTtunbeH3oiiHas kucnoTa Fluka rx 99,8
2-Kap6okcubeHsanbgerua Alfa Aesar X 97,4
beHsansgerng Aldrich rx 99,9
4-MetunbeHsanbaerna Lancaster X 999
AumeTtuncynbdokeni Sigma-Aldrich rx 99,9
2-3TUNNMpUAnH Alfa Aesar X 99,7
3-OTunnupungunH Alfa Aesar X 99,5
4-JTUnNnnMpugunH Alfa Aesar X 99,5
2-MeTtun-5-aTunnupuauH Alfa Aesar X 976
1,4-OumeTunnunepasnH Sigma-Aldrich X 99,9
2,6-AumeTunnunepasunH Sigma-Aldrich rxX 99,8
Kanponaktam Sigma-Aldrich rx 99,09
deppoueH Fluka rX 99,9
H-ByTundpeppoureH ABCR rx 99,7
1-AuetundeppoLieH ABCR rx 99,9
BeHzoungeppoueH Acros Organics X 99,0
TeTpan3onponoKcUTUTaH noc9 mmcd 99,9
TeTpa-TepT-6yTOKCUTUTAH noc fvc 99,8
TeTpansonponokeucunaH noc nvc 99,9

1) I'X — rasosas xpomatorpagus.

2) KX — raso-xuaKocTHas xpoMmartorpacus.

3) TCX — ToHkocnoitHas xpomarorpadus.

4) CuHTe3, ouncTKa M aHanns o6pa3LioB Bbini BeINOHeHE B MHCTUTYTe opraHindeckoro cuiTesa YpO PAH nog py-
koBogcTBoM tO.I" ATnyka.

5 MMC — npoToHHas MarHuTHas cnekTPOCKOMMS.
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