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BBepneHne

Kputnyeckne napametpbl — KpuUTUYECKas Temnepartypa, KpuTuyeckoe fasneHune, Kputuveckas nsaoT-
HOCTb (MU KpUTUYECKUi 06beM) — SABNAKTCA BaXHbIMU PU3NKO-XMMNYECKMMWN XapaKTepucTukamum YMCToro
BewecTBa. Kputnyeckan Touka onpegensieT BEPXHIOW rpaHuLy cyllecTBoBaHuA AByxdhasHoi obnactu. Kpu-
TUYECKME KOHCTaHTbl UCMOJb3YOTCA BO MHOTMX KOPPeNnsAunax B KayecTsBe napameTpoB npusegeHus. VHgop-
Maunsa 0 KpUTMUYECKUX napameTpax faeT BO3MOXHOCTb MOCTPOUTb ypaBHEHME COCTOSHMUA BelecTBa, paccyu-
TaTb C NpUemaemoli TOYHOCTbIO N0 Teopun TepMmoaMHaMuyeckoro nogobus ero Tennodusnyeckne CBONCTBa,
HafeXHOo 3KCTpanosnpoeaTb B 06/1aCTb BbICOKUX TeMnepaTyp pesysbTarbl HU3KOTEMMNEPATYPHbIX U3MEPEHWA
NOBEPXHOCTHOrO HaTSXEHUSA, AaBNeHUs U NJIOTHOCTU HacbIWeEeHHOro napa. Tomac faybept noctaBun Kputu-
yeckue CBOWCTBa Ha NepBoe MECTO B NPeANIOXEHHOW UM mepapxuu Tennouanyeckux cBoOncTB BellecTsa [1].

Kputnyeckasa Touka XnMAKOCTb— nap Obla oTKpbiTa 6apoHom e na Typom B 1822 r. [2]. C Toro Bpeme-
HW, B TedyeHune noytn 200 fieT, NPOBOAATCA U3MEPEHUS KPUTUYECKMX napamMeTpoB BelecTs. OfHakKo 4uc/o
BELLECTB, A/1 KOTOPbIX KPUTUYECKNE KOHCTaHTbl OnpefesieHbl 3KCNepUMeHTaNIbHO CPaBHUTENbHO HEBEJIUKO.
OLEHKN 3KCNEePTOB Pa3HATCH, TakK Kak 6as3bl JaHHbIX HEPEAKO cofepXaT He TO/IbKO 3KCNnepuMeHTallbHble faH-
Hble, HO 1 pe3ynbTaTbl pacyeToB. B cepun 0630p0oB, NOATOTOBAEHHbLIX KOMUccuein MKOTMAK no TepmognHamuke
n ony6nnkoBaHHbIX B 1995—2015 rT., B KOTOpPblE BK/IHOYEHbI TOMILKO pe3y/sibTaTbl U3MEPEHUI, KpuTuyeckas
Temnepatypa npusegeHa npu6nusutensHo ans 1000 BewecTB, kpuTuyeckoe pasrneHune — ans 800 coepu-
HeHuli, a KpuTuyeckas nAoTHocTb — Ans 500 BewecTB [3]—[14]. Takum 06pa3om, NOSyYeHWE HaLEXHbIX
9KCMEePUMEHTa/IbHbIX AaHHbIX O KPUTUYECKUX CBONCTBAX MHAUBUAYaAsbHbIX BELLECTB ABASETCHA akTyasbHOW
3apavei.

B HacToslLLee BpeMsA KpUTMUYECKMe napameTpbl UCMONb3YTCA A8 XapakTepPUCTUKN Kak CTabunibHbIX Be-
LLecTB, Tak U BelecTB TEPMOHECTabMU/bHbLIX, T. €. BEWECTB, TEPMUYECKOE pa3/ioXeHNe KOTOpbIX HavyMHaeTca
npu TemnepaTtypax, MeHbLMNX KpUTUYEeCcKoi. Mog KpUTMUYECKON TOYKON TepMOHecTabunbHOro BewecTsa NoHu-
MalT rMNOTETUYECKY KPUTUYECKYIO TOUKY, KOTOPYH flaHHOE BELLeCTBO MMeS0 Obl B OTCYTCTBME PAa3/I0XKEHUS.

N3mepeHne KpUTMUYECKNX CBONCTB HeCTabuibHbIX BeLWecTB npegnonaraet NpMMeHeHue cneumanbHbiX
mMeToAuK. [NaBHoe TpeboBaHMe K MeToAMKaM — Masioe Bpems HaxoxjeHus obpasua uccregyemoro selle-
CTBa MpU OKOJIOKPUTUYECKUX TemMNnepaTypax, 4To CHUXaeT ero TepmopasnoxeHve. Metoguka [15] npegHasHa-
YyeHa B NepByl0 ouvepedb ANA U3MEPEHUS KPUTUYECKMX NapaMeTpoB TEPMOHeCTabunbHbIX BELWECTB, XOTS C ee
MOMOLLLLIO MOXHO U3MEpPATb KPUTUYECKNE KOHCTaHTbl U CTabu/bHbIX BeLecTs.
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State system for ensuring the uniformity of measurements. Standard reference data.
The critical temperatures and critical pressures of thermo unstable substances

JNata BBegeHna — 2020—03—01

1 O6nactb NpPMMeHeHUs

HacTosiwunii cTaH4apT pacnpocTpaHAeTCsl Ha cTaHgapTHble cnpaBoyHble gaHHble (CC) 0 KPUTMUYECKMX
TemnepaTtypax u KpUTMYecknx gaBseHusax 90 TepMnYeckn HecTabusibHbIX BEWECTB U 9 CTAOU/IbHbIX BELLECTB.

CTaHpapTHble cnpaBoOYHble faHHble O KPUTUYECKON TemnepaType M KpUTUYECKOM faBfIEHUM opraHuye-
CKUX N 3/1EMEHTOPraHNYeCKNX COEAUHEHMWI A HanAyT WKNPOKOe NPUMEHEHUE B Pas/iMyHbIX 06/1acTAX Hayku u
TEXHWKWN, B MEPBYI0 o4epedb, B XMMNYECKON N HE(PTEXMMMNYECKON NPOMBbIWIEHHOCTU, hapMaLeBTuKe.

2 OCHOBHbIE MOOXEeHUS

MeToAuka W3MepeHUs KPUTUYECKOl TemnepaTypbl M KPUTMYECKOrO [aBfieHWs BeliecTB, KoTopas uc-
nonb3oBanacb B HacTosweli paboTe, geTanbHO n3noxeHa B [15], NnosaTOMy nNnpMBeAeM TONbKO NpefesbHO Kpa-
TKOe onucaHue 3Toli meToauku. Wccnepgyemas XMAKOCTb 3anosiHAeT (ITOPON/AAcTOBbI CTakaHUYMK C TOHKMMMN
CTeHKaMu, KoTopble CayXxaT A1A nepefayn fasneHus. [laBneHne cHapyxu ctakaHuymka co3faeTtcs npeccom u
n3mepseTcs MaHOMeTpOM. BHyTpu cTakaHuuMka Haxo4uTCA U3MepuUTeNbHbIN 30H4 — naaTuHoBas NPOBOJIOKA
anameTtpom 0,02 mm n gnuHoit (1—3) cm. 30HA4 CNYXWUT OAHOBPEMEHHO HarpeBaTesieM M TEPMOMETPOM CO-
npPoTMB/IEHUA. Ha 30HA NOAATCA OAMHOYHbLIE MPAMOYTOfibHbIE WUMMY/bLCbl HAMPSAXEHUs OT reHeparopa; BO
BpeEMSA MMMy/NbCa NPOUCXOAUT HarpeB 30HA4aA NpoTekawwym TokoM. HanpsxeHne nmnynbca nogbupaetcs Ta-
kKuM 06pasom, YTO K KOHLY MMNyfbca 30HA W C/0 XUAKOCTU BOKPYF HEro HarpesawTcs A0 Temnepartypbl 40-
CTMXMUMOTO neperpesa; NPOUCXOANT BCKUMaHMe XNUAKOCTU. Bpems OoT Hayana uMmnynbca Harpesa 4O MOMEHTa
BCKMNaHusa coctasnset ot 0,01 mc Ao 1 Mc. B MOMEHT BCKMNaHUA Pe3Ko U3MEHAKTCA YCNOBUA TENI00TAAUYMN
OT 30HJa B XXWAKOCTb, YTO NPUBOAUT K BO3HUKHOBEHMWIO BO3MYLLLEHUS TeMnepartypbl 30H4a. MOMEHT BCKMNaHus
M amMnauTyga TemnepaTypHOro BO3MyLLeHUA OUKCUPYOTCSA 3/EeKTPOHHOIM annapaTypoi. TemnepaTtypa 30H4a
B MOMEHT BCKMNaHWA onpefesnifgetca Mno ero ConpoTUBEHU. B pesynbtarte nsmepseTcsa temnepartypa, npu
KOTOPOI HauyMHaeTCs BCKMNaHMe XUAKOCTU Npu 3af4aHHOM gaBfieHuun (Temnepartypa AOCTUXMMOIO neperpesa
Xnakoctu). B onbiTax namepserca 3aBUCMMOCTb TemMnepaTypbl 4OCTXMMOrO neperpesa OT AaB/eHUA — -
HNA [OCTUXUMOro neperpesa. lNpn yBennyeHnn faBneHUs NVHUA OOCTUXMMOIO neperpesa 3akaHumMBaeTcsa B
KPUTUYECKOW TOoukKe.

C pocTom faB/ieHMsA CBOCTBA XUAKOCTU U napa conwxarTcs, 1 amnanTyga TemnepatypHoro Bo3mylue-
HMA nagjaet. [laBneHne, nNpy KOTOPOM amnauTyga oTpuLaTesibHOro TemMnepaTrypHoro BO3MYLLLEHNA CHUXaeTCcs
[l0 YPOBHSI YyBCTBMTE/IbHOCTU ycTaHoBkM (10~3 K), NnpuHMMaeTcsi paBHbIM U3MEPEHHOMY 3HAUYEHUID KpUTMYe-
CKOro faBfieHns p™, a TemnepaTtypa BCKAMAHWA NPy 3TOM AaB/IEHUN — U3MEPEHHOMY 3HAYEHMWI0 KPUTUYECKON
Temnepatypbl T™ OnNbITbl C XOPOLLO UCCNEA0BAHHBIMU XUAKOCTAMM NoKasanu, 4to BesinuynHbl p™ u T™ Bcerga
MEHbLUEe NCTUHHbIX 3HAYEHUI KPUTNYECKOTO AaBfieHNa pCc W KpUTMyeckoli Temnepatypbl Tc. Pa3paboTaH meTop,
BBE/lEHMA MNOMNPaBOK K U3MEPEHHbIM 3HAYEHUAM KPUTMYECKUX napamMeTpoB, KOTOPbIA MO 3HaYeHusAm p™u TE
NMo3BONAET paccunTaTb BENUYUHBI pcun Tc.

M3paHne oduymanbHoe
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HeonpepeneHHOCTU U3MepeHUs KPUTUYECKUX napamMeTpoB Oblin AeTanbHO paccMoTpeHbl B [15]. AnA
HN3KOMOJIEKY/IAPHBIX HeacCoLMNPOBAHHbIX COENHEHN OTHOCUTEe IbHAaA HeonpejesieHHoCTb Tuna A A5 us-
MepeHusa kputudeckoro gaenenns coctasnseT 0,01, a gns namepeHusa kputuueckoh Temnepatypbl — 0,001.
HeonpepeneHHocTb Tuna b oueHnBaetca B 0,02 ona kputuyeckoro gasneHus u 0,009 ona KpUTUYECKOW TEM-
nepatypbl. Takum 06pa3oM OTHOCUTE/IbHASA paclinpeHHas HeonpeneeHHOCTb N3MEePEHUS KPUTMYECKOro faB-
neHus pasHa 0,03, a nsmepeHus kputudeckon Temnepatypol 0,01 npu goBepuTenbHoit BeposaTHocTM 0,95.

[na BewecTs ¢ BOAOPOAHLIMN CBA3AMU U BbICOKMM aLEeHTPUYECKUM hakTopom (0o > 1) oTHOCMTENbHAaNA
HeonpeAeneHHoCTb Tuna A ANA U3MepeHus KpUTUYecKoro fasneHns coctasnsaet 0,01, n oTHocUTENbHAA He-
onpeAeneHHocTb TMna A AN M3MepeHusa Kputuyeckol Temnepatypoel — 0,001. HeonpegeneHHocTb TMna b
paBHseTcsa 0,03 ana kputuyeckoro gasneHunsa n 0,014 gns kputuyeckon temnepatypbl. CnegoBatesibHO OTHO-
cuTenbHaa paclwvpeHHas HeonpefeneHHOCTb U3MepPeHus KpUTuyeckoro gasneHusa pasHa 0,04, a nsmepeHus
KpuTuyeckon Temnepatypbol — 0,015 npu goBeputenbHoin BeposaTHocT 0,95.

O6pasubl nccrefoBaHHbIX BewecTB 6bin npuobpeTteHbl Yy dmpm Aldrich, Sigma, Fluka, Alfa Aesar n
apyrux. O6pasubl HEKOTOPbIX BelwecTB OblM CUHTE3UPOBaHbI B VIHCTUTYTe opraHuyeckoro cuHtesa YpO PAH
(MOC). YuctoTa nccnegoBaHHbIX 06pa3L,0B B COOTBETCTBUN C cepTudhmkaTtamm OUpM-NponM3BoanTenein npu-
BefeHa B Tabnuue 2.

M3mepeHus KpuTuyeckol TemnepaTypbl U KPUTUYECKOro AaBfieHMs C MOMOLLbI0 MeToamku [15] npoBo-
OWNNCb Kak gNns ctabunbHbIX, Tak U 415 HecTabubHbIX BelecTB. BOMbWMWHCTBO MCCNef0BaHHbIX BeELWecTB
ABNANNCbL TEPMUYECKN HecTabuibHbIMU. KpuTuyecknme cBOWCTBaA CTabubHbIX BeLeCcTB U3MEpsnuchb C ue-
Nbl0 NPOBEPKN MPUMEHMMOCTM pa3paboTaHHOro MeToAa K KOHKPETHOMY FOMOJIOTMYECKOMY PAAY W OLEHKU
peasibHO MOrpPeLWwHOCTN U3MepeHuin. NMosydyeHHble 3HaYEeHUST KPUTUYECKMX CBOWCTB OblIM COMOCTaBMAEHbI C
nNTepaTypHbIMU AaHHBIMWU 415 CTAbW/IbHbIX U HECTabubHbIX BewecTs B [16]. bbl/1o nokasaHo, YTO pesy/bTa-
Tbl, MOJSIy4YEHHbIE C NMOMOLLbLI0O MeToAuKM [15], B npedenax NorpewHocTn M3MepeHnin cosnagatT C faHHbIMY,
Nnosly4eHHbIMU B Hanbosiee aBTOPUTETHbIX nabopaTopmnsax. ITO CBUAETENbCTBYET O BbICOKOM HaAEXHOCTUN pas-
paboTaHHOro MeTofa U3MEPEHUA KPUTUUYECKUX CBOICTB BELLECTB.

B tabnuue 1 npuBefeHbl CTaHAapTHble CMpPaBOYHble AaHHble O KPUTUUYECKON Temnepatype u Kkputuye-
CKOM faBfieHun pafa opraHn4yeckux sewecTs. [ nofasnaoWero yncna BeLWECTB 3TWU AaHHble MNoJy4YeHsbl
€[VMHCTBEHHbIM METOA0M — C NOMOLbI MeToAuku [15], Tak Kak Apyrne WU3BeCTHble MeTOAUKN N3MEPEHUS
KPUTMYECKUX NapameTpoB TepMOoHecTabunbHbIX BELWECTB HE NO3BOMAKT NPOBECTU HEOOXOAMMbIE U3MEPEHUSA
M3-3a CUNILHOTO pasfioXeHnsa 3TUX Bel,ecTB B npouecce nsmepeHuii. na cpaBHUTENbHO HEBONbLIOrO yncna
COeAVHEHNII MMEKTCS 3KCNepuMeHTallbHble faHHble, MOyYeHHble APYTMMU MeTodamu. Pe3ynbTatbl 3TUX 3KC-
NepUMEHTOB y4nUTbiBaIUChL Npu paspabdoTke Tabnuubl 1.

BeuiecTBa pacnosioxeHbl B Tabnuvue 1 B nopsgke, KOTOPbIA 6Gbln Mcnonib3oBaH B 0630pax [4]—[14]. Pac-
CMOTPUM KpaTKO OTAEesNbHble TOMOJSIOrnyeckne paabl.

HopMasibHbIe ankaHbl

AnkaHbl OT MeTaHa [0 H-AekaHa BK/UYMTeNbHO CTabusibHbl B KPUTUYECKON Touke. Bce 6onee Tsxkenblie
H-ankaHbl HecTabunbHbl [4]. PekoMeHayeMble 3HAYEHUA KPUTUYECKUX napameTpoB H-ankaHoB H(CH2)MH c n
oT 10 18 npuBefeHbl B o630pax [4], [14]. PaspaboTunkamu Obian M3MEpPEHbI KpUTuyeckan Temnepartypa u
KpUTUyYeckoe faBfieHUe H-asikaHOB C YMC/IOM aTOMOB yriepofa B Monekyne ot 19 go 36 [17], [18]; no3gHee
aHanornyHble nM3mepeHnsa ObIIn BbINOJSIHEHbI A1 H-aflKaHOB C YMC/IOM aToMOB yrnepoga 40, 44 v 60 [19]. B
[19] 6bin NpepnoXxeH HOBbLIM, 60Mee TOUHbIN MEeToA pacyeTa NoNpPaBoOK K 3HAYEHUAM KPUTUYECKUX NapameTpos,
N3MepeHHbIX MeTOA0M MMMNY/bCHOrO HarpeBa. C NOMOLLbI 3TOr0 MeToda pesynbTaTbl U3MepeHuii, ony6auko-
BaHHble B [17], [18], 6blAN nepecunTaHbl. YTOYHEHHbIE TakuM 006pa3oM 3HAYEHUS KPUTUYECKUX NnapamMeTpoB
H-afikaHOB npuBefAeHbl B Tabnuue 1.

H-AJTKW LLUKJTOTeKCaHbl

Tepmnuyeckasa cTabunibHOCTb LMKNOrekCaHoOB B XUAKol hase mano uccrnegosaHa. B uenom umknoan-
KaHbl MeHee YyCTOW4YMBbI, YeM WX auukanveckue aHanorn. OAHaKo LUKIOrekcaH SBASETCHA MOJSIHOCTbI0O HeHa-
NPSHKEHHbIM BELLEeCTBOM, CKOpee BCEro, LMKNOrekcaH u MeTuIuMKIorekcaH ctabunibHbl B KOUTUYECKOWN TOUKE.
KpuTnuyeckne cBoiicTBa 3TUX ABYX BeLEeCTB MHOFOKpaTHO M3Mepsi/iuCb pasHbiMW aBTOpamu. Moabopky pe-
3yNbTatoB M3MEpPEeHUin MOXHO HalTum B o630pax [7], [14]. C nomowbio mMeToaukn [15] n3mepeHbl KpuTuye-
ckas TemnepaTtypa W KpuTmyeckoe [aBfieHUE H-afKULWKIOreKkcaHoB OT LiMKAorekcaHa Ao OYTUALMKAOrekK-
caHa [20]. Kpome TOro, kputuyeckasa Temnepatypa HECKOJSIbKUX H-aNKuAuuKNorekcaHos Oblna u3MepeHa B
[21], [22]. OueHKa KPUTUYECKUX CBOWCTB 3TWUA-, MPONUI- U BYTUALUKIOreKcaHoB, NPUBEAEHHbIX B Tabauue 1,
caenaHa c yuyetom pesynbtatoB [20]1—[22].
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AnknnHapTa/IMHbI

HadtannH ctabuneH B KpUTMYECKON Touke. Ero Kputnyeckme CBOMCTBA XOPOLIO M3MEpPEHbI; pe3ynbTaTbl
3TUX M3MepeHnin cobpaHbl B 0630pax [5], [14]. OgHako ankunHadTannHbl HeCTabuAbHbl B CBOUX KPUTUYECKUX
Toukax [23]. C ncnonb3oBaHmem meToaukn [15] 6bIIM M3MEpeHbl KpUTUYecKass TemnepaTypa M Kputmyeckoe
AaBneHue nATN ankunHadTanmHoB [24]. Kpome Toro, AM6poy3 nsmepun Kputuyeckme temnepaTtypbl 1-metun-
HadTannHa 1 2-meTunHagTanuHa [23]. BuncoH u coasTopbl [25] M3mepuan gaBneHUe HacbIUWEHHOro napa
l-meTunHadTanMHa u paccumTanum KpUTUYyeckoe AaBfieHUEe MyTeM 3KCTPanonAauuMyM NOsyYeHHbIX AaHHbIX [0
KPUTUYECKO TemnepaTtypbl, M3mepeHHOoW AMOpoy3oM. PesynbTatbl M3MEPEHUii KPUTUYECKUX CBOINCTB 1-Me-
TUHagTaNMHa 1 2-meTunHadTannHa B npegenax MorpelwHoCcTM M3MepeHuid coriacylTcs ¢ AaHHbIMU pa-
60T [23], [25].

MNMonvumknmnyeckne apomatuyeckme yrnesonopoabl

B pa6oTe [26] pa3paboTunkamm 6bI/IM U3MEPEHbI KpUTUYECKME NnapaMeTpbl NATU NONULUKANYECKMX apo-
MaTuyecknx yrnesogopoga. Bce nccnegoBaHHble BellecTBa pasnaraldTcs B KPUTUUECKOW TOUKe.

Anonel

Bce gnonbl HecTtabunbHbl B KPUTUYECKOW Touke. KpuTuyeckas Temnepatypa W KpuTuyeckoe paasrie-
Hue anonoB HO(CH2)nOH c n = 3, 4, 5, 6, 8, 9, 10, 12 6bIn1 namepeHbl B [27], a KpUTUYECKNE napameTpbl
2,2-pumeTnn-1,3-nponaHamona — B [28] M'pynnoli BuncoHa 6binyn M3MepeHbl Kputuvyeckne ceonctea 1,3-npo-
naHauona, 1,4-6ytaHguona u 1,6-rekcaHauona [29]—[32]. PekomeHayemble 3HAUEHUSA KPUTUUECKUX CBOWCTB,
npvBeAeHHble B Tabnuue 1, gaHbl ¢ y4eTOM BCEX UMEOLWUXCS IKCNEPUMEHTasIbHbIX AaHHbIX.

STUNEHTINKONU

ATtunenrnukonn H(OCH2CH2)NnOH o06pa3yloT roMo/IOrMYecknii psifi, BCce YneHbl KOTOPOro pasnarawTcs B
KpuTnyeckon Touke. Kputnueckme napameTtpbl 3TUNEHININKOMEA udmepanucek B pabotax [33]—[35]. Kputuue-
CKMe KOHCTaHTbl 3TUMEHTNMKONen namepanucb Takke B [30], [36]—[39]. B [40], [41] n3amepeHbl gaBneHnUs Ha-
CbILLEHHbIX NapoB AUATUNEHINIUKONA WU TPUETUNEHININKONA, U pe3ynbTaTbl MU3MEepPeHWn npeacTaB/ieHbl B Buae
ypaBHeHUSA. PekomeHAyemble KpuTuyeckue cBONCTBa B Tabnuue 1 onpegesieHbl C yYUeTOM AaHHbIX pa6ot [30],
[33]—[41].

MeTunnoBble 3dmpbl XUPHbIX KACNOT

HauasbHble 4/fieHbl TOMOJIOTMYECKOro psifa MeTUN0BbIX 3(IMPOB H-afikaHOBbIX kucnoT CnH2n 10 2CH3
CTabunbHbl B KPUTUYECKON TOUKEe, OAHAKO 60/1ee Taxesnble aupbl HECTAOWU/IbHbI; TaK METU 3TaHoaT U MeTun
neHTaHoaT CcTabu/ibHbl MPU OKOMIOKPUTUYECKUX TemnepaTtypax [42], [43], HO MeTun rentaHoaT y)Xe HecTabu-
neH [44], a meTnn pogekaHoat 6bICTPO pasnaraeTcs nNpu KpuTuyeckoit Temnepatype [23]. C nomoubio [15]
BbINO/THEHbI M3MEPEHUS KPUTUUYECKOW TeMnepaTypbl U KPUTUUECKOTo AaBneHus agpupos c n=6,7, 8,9, 10, 11,
12, 14, 16, 18 [28], [45]. PaHee Gbina M3MepeHa KpuTMyeckass TemnepaTtypa MeTua rentaHoarta [44] n meTun
popekaHoata [23]. PesynbTaTbl 3TUX pabOT yuYTeHbl Npy ONpeAeneHnn PeKOMEHAYEMbIX 3HAYEeHUl KpuTuye-
CKMX CBOICTB.

Takxe OblIN M3MEPEHbl KPUTUYECKME NapaMeTpbl YeTbipex MeTUsI0BbIX 3(PUPOB HEHACIWEHHbIX XUp-
HbIX KUCNOT: MeTUN onearta [28], MeTun nnHoneara, MeTUN NIMHOMIEHaTa U MeTun apykata [46].

aTnnoBble ahnpbl H-a/IKaHOBbIX KUCMOT

Mogo6HO cuTyauum BO MHOTMMX LPYrMX FOMOJIOTMYECKUX psAfax, HECKONbKO MepPBbIX Y/IEHOB psaja 3Tu-
NOBbIX 3(QMPOB H-a/IKAHOBbIX KUCNOT CTabusibHbl B KPUTUYECKONM TOYKE, HO, HayuMHasi C HEKOTOPOro 4sieHa,
BCE COeAMHEHUs C 60Nblieli MOMISAPHOM Maccoit HecTabuabHbl. ITUN 3TaHOAT CTabuneH B KPUTUYECKOW TOu-
Ke [42], Torga Kak 3TuN OKTaHoaT pasfnaraeTcs MpyM OKOMOKPUTMYECKUX Temnepatypax [44]. PesynbTaTbl U3-
MEPEHUN KPUTUYECKOW TemnepaTtypbl M KPUTUYECKOTO AaBNE€HUSA 3TUNO0BbIX 3(DUPOB H-askaHOBbIX KUCMIOT
AnA2n-1n 27275 ¢ no= 10, 11, 12, 14, 16 npeacTasfieHsbl B [47].

AnatnnoBble agupbl ANKAPOOHOBbLIX KACNOT

BepoAaTHO, BCe AU3TMN0BbIE 3dMpbl 4UKapOOHOBbLIX KUCNOT HECTabusibHbl B KpUTMYECKol Touke. B [48]
Habnoganocb pasnoxeHne agnatun bytaHgnmoata BO BpeMsi USMEPEHUS KpUTMveckoi Temnepatypbl. B [49],
[50] namepeHsbl KpUTUYECKME CBONCTBA ANATWUA 3TaHAmoaTa C MOMOLbI cneunanbHbiX METOL0B, 3HAYNTENBbHO
YMEHbLUAWLIMX pa3foXeHne nccaegyemoro Beulecrtsa. Vicnonb3ysa [15], BbINOMIHEHbI U3MEPEHUSA KPUTUYECKONA
TemnepaTypbl U KPUTUYECKOTO AaBNEHUS AUITUNOBLIX 3hUPOB ANKApPOOHOBLIX kncnoT C2H50 2CnH2n_40 2C2H5
C yncnoM aTOMOB yrfepoja B MaTepuHCKol kucnote n = 3, 4, 5, 6, 8, 10 [51]—[53]. Mpu onpegeneHnn peko-
MEHAYEMbIX 3HAUYEHU KPUTUYECKMX CBOMCTB AM3TUN ByTaHamoaTta Obliv MPUHATHI BO BHMMAaHWE pe3yfbTaThbl
n3mepeHunii [48] n [49].

AnudaTtrnyeckne cMMMeTpUUHbIe nNpocTtble acmpbl H(CH2)NO(CH2)nH

CBefeHNsa 0 TEPMUYECKOW CTaBUNBLHOCTM NPOCTbIX 3QMPOB B KPUTUYECKOW TOUKE AOCTATOYHO MPOTUBO-
peumBbl. ABTopbl [54] HaGnwgann TepMUYEeCcKoe pas/ioXeHue AUITUIOBOro adhupa npu OKOOKPUTUYECKMX
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Temnepatypax. Ana gunponunoBoro agupa B [55] He o6HapyXeHa 3aBUCMMOCTb KpUTMUYECKOI TemnepaTypsbl
OT BPEMEHU U3MEpPEHUIA, YTO yKa3biBaso Obl HA pa3noXxeHne BewecTBa, B TO BpeMs Kak B [56] 3adpukcupoBaHo
n3MeHeHne Kputunyeckoli Temnepatypbl ¢ 533 go 535 K, korga Bpems npebbiBaHnA obpasua B KpUTUYECKOM
TouKe yBenuumeasnocb ¢ 6 go 15 c. B [57] HUUYEro He rOBOPUTCA O TEPMUYECKON CcTabubHOCTM AUBYTUIOBOTO
adupa, KpuTMyeckue CBOWCTBA KOTOPOrO OHW M3MEepPsnn. BbINONHEHbl U3MEPEHUS KPUTMYECKUX napaMmeTpoB
OWUTeKCMI0BOro, AMOKTUIOBOIO U angeuniosoro agupos [58].

Tpurnuuepugbl

HacblleHHble Tpurnuuepuabl C3H5[CnH2M 10 2]3 He ABNsilOTCA OYeHb NPOYHLIMKU BeliecTBamu. M3me-
psAs TENN0EMKOCTb TpuiaypuHa (n = 12), aBTopbl [59] 06HapyXunim, 4To Ha BO34yXe TpuaaypuH HauyMHan pas-
naratbcsa npu 423 K. B atmocdepe asota OHW CyMenun u3MepuTb TENSI0EMKOCTb TpunaypuHa 4o temnepartypbl
523 K; ogHako npu 443 K Habnwpganca n3noMm Ha 3aBMCUMOCTU TEMSI0OEMKOCTW OT TemnepaTypbl, YTO FOBOpUT
06 n3mMeHeHunsx B obpasue npu Temnepatypax Bbiwe 443 K. Kputnueckass temnepartypa TpUrianuepugos, ms-
MepeHHasi paspaboTumkamu, NexmT B MHTepBasie 836—925 K; MOXHO npeanonoXuTb, YTO TpUrAULepPUAb
WHTEHCMBHO pas/faralTcsa Npuv OKOIOKPUTUYECKUX TemnepaTtypax. Pe3ynbtartbl n3MepeHuii KpuTudeckmx na-
pameTpoB yeTbipex Tpurauuepuaos [60] npuseaeHsl B Tabnuue 1.

ApomaTtunyeckue C-H-0 coeguHeHus

KpuTuyeckne napaMmeTpbl A€BATM apoMaTUUYEeCKMUX BELLECTB, MOJIEKY bl KOTOPbLIX COAEPXAT aTOMbl yrie-
poda, Bogopoga W kucnopopga, 6blv M3MepeHbl C UCMONb30oBaHMeM MeToaukm [15] B paboTte [28]. PaHee
N3MEPEHNS KPUTUYECKMX CBOWCTB MPOBOAUMNCL NUWb ANSA ABYX BewecTB: 6eH3anbaernga [9] u gpeHunve-
TaHona [61]. JJaHHble 3TMX pPabOT y4yuTbIBA/INCb MPU ONpPeAesIEHUN PEKOMEHAYEMbIX 3HAYEHUIA KPUTUYECKUX
CBOWCTB yKa3aHHbIX BELLECTB.

OpraHuyeckune cepocojepxaliye BelecTsa

PaspaboTumkamun 6blIM M3MEpEHbl KpUTUYECKas TemrepaTypa U KpUTUYECKOE [JaBfieHUe AUMETUs-
cynbpokcuga [62]. AumeTuncynbqoKCuL He OTHOCUTCSA K YNCNY CTabubHbIX BELWECTB, MO AaHHbIM MHOIMMX
aBTOPOB AuMeTuncynbgokcug pasnaraeTcs yxe npu Temnepatype HopmanbHOro kunenusa (462,5 K). B [63]
YyCTaHOBMW/N, YTO AUMETUNCYNbGOKCUA HaunHaeT pasnaratbcs npu temnepaTtype 468 K. ABTopbl [64] Hawnu,
4YTO TemnepaTtypa Hayana pasfioxeHus gumeTuncynocokcmpga coctaBnseT 472,55 K. 3tn temnepatypbl 3Ha-
YNTENbHO HWXKE KPUTUYECKOW TemnepaTtypbl, U3MepeHHoli pa3paboTynkamu (718 K).

A3oTcogepxalline LNKInyeckme coeanHeHnsa

MupngnH N ero Npon3BoAHblE HECTAOU/IbHbLI B KPUTUYECKON Touke. ABTOpbI [65] ykasbiBaloT, 4TO o6pas-
upl NMpunguHa, 2-, 3- n 4-MeTUNNUPUANHOB, a Takke 2,4- 1 2,6-4UMeTUNNUPULNHOB ObICTPO U3MEHSIN CBOWA
UBET NpU OKOJIOKPUTUYECKUX Temnepartypax, XOoTs 3TO He Bcerja COMNnpoBOXAa/ioCb W3MEHEHUEeM Kputuye-
ckoli Temnepatypbl. C nomoubio [15] 6bIIM N3MepeHbl KpUTUYeckne ceoictea 2-, 3-, 4-MeTUNNUPULUHOB ©
2-meTun-5-aTunnupugnHa [66].

B [62] TaKkXe n3MepeHbl KpuTuyeckne napametpol 1,4-, 2,6-gumeTnnnunepasnHoB 1 kanponakrama. W3-
BECTHO, YTO NuMepasuH passiaraeTcs B KPUTUYECKOIN TOYKE; TEM He MeHee, aBTopbl [67] u [32] nsmepunu kpu-
TUYeCcKMe CBOICTBa nNunepasunHa, UCNosib3ys cneuunanbHble MeToabl. MOXHO C BbICOKOW foseli BEpOATHOCTH
npeanonoXuTb, 4to 1,4- n 2,6-gumeTnnnunepasmnHbl Takke HeCcTabuibHbl B KOUTUUYECKON Touke. VIHTEHCUBHOE
pas3fnoxeHne kanposakTtama npu temnepatypax Bbiwe 550 K Ha6nwganu [41] BO BpemMs U3MepPEHNn gaBneHns
HacbIWEHHOrO napa.

®deppoueH 1 ero npon3BoAHbIe

B [68] n3mepeHbl KpuTuUyeckne napameTpbl eppoleHa, H-6yTundeppoueHa, l-aueTundgeppoueHa u
6eH3omngeppouyeHa. PeppoueH — [OBONLHO CTabubHOE coefuMHEHNEe, OHO BblAEPXKMBAET Harpes B Bakyyme
Ao 500 °C 6e3 pasnioxeHusi. OfHaKo ero NpPou3BoAHble He Tak CTabGu/bHbl; aBTopbl [68] Habnganu cyue-
CTBEHHOE pa3snoxeHune l-aueTundeppoueHa n 6eH3oundeppoLeHa.

TeTpaas/IkOKCUCUMIaHbl U TETPAA/IKOKCUTUTAHbI

JKCnepuMeHTasibHble 3HAYEHNSA KPUTUYECKMX KOHCTAHT TeTpaaslkOKCUCUTaHOB 1 TeTpaaskOKCUTUTaHOB
C IMHERHbIMN aNKUNbHbIMU LenoyYkaMn nU3MmepeHbl U ony6/amMkoBaHbl B paboTtax [69], [70]. KpuTtuyeckme na-
pameTpbl 3TUX COEAMHEHUI C pa3BeTB/IEHHbIM CTPOEHMEM ankuibHbIX Leno4vyek npeacrtasneHsl B [71] u no-
MelleHbl B Tabnuue 1.
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3 Tabnuubl CTaHAAPTHbIX CMPABOYHbIX AAHHbLIX O KPUTMYECKUX TemMnepaTypax
N KPUTUYECKUX AaB/IEHUSIX UHANBUAYA/IbHbIX BELECTB

Ta6nuuya 1— CraHgapTHble CNpPaBOYHbIE AAaHHbLIE O KPUTMYECKOW TEMMEpaType W KPUTUUYECKOM AaBMEHWN UHAVBU-

[ya/bHbIX BELLECTB

BelLiecTBo

HoHapgekaH
Oinko3aH
leHaliko3aH
Joko3aH
Tpwvko3aH
TeTpakosaH
"ekcako3aH
OkTako3aH
TpwakoHTaH
["ekcaTpvakoHTaH
TeTpakoHTaH
TeTparteTpakoHTaH
"eKkcakoHTaH

LinknorekcaH
MeTunupuknorekcaH
STnnumknorekcaH
MponunuuknorekcaH
ByTtunumknorekcaH

1-MeTunHadptanvu
2-MeTtunHadTanmH
1,3-AnmeTunHadpTasIMH
1,4-AnmeTunHadpTanuH
2-3TnnHapranuH

AueHadoTeH
®iyopeH
AHTpaueH
®eHaHTpeH
MupeH

1,3-Mponaxapon
1,4-BytaHguon
1,5-MeHTaHgmon
1,6-I'ekcaHamon
1,8-OktaHgnon
1,9-HoHanguon
1,10-AekaHgvon
1,12-OopekaHgnon

2,2-AinmeTnn-1,3-nponaHamon

Xvmmndeckast chopmyia

HopmasibHble ankaHbl

CHS(CHZ)—H CH3
CH3(CH2)18cH3
CH3(CH219cH3
CH3(CH22cH3
CH3(CH2)2LcH 3
CHLICH9),, CH,

CH3(CH224cH3
CH3(CH2)26 cH3
CH3(CH228cH3
CHYCH )™ cwy,

CH3(CH23BcH3
CH3(CH242cH3
CH3(CH2XBcH3

H-AKWUILMKIOreKCaHbl

C6Hi2
C6HUCHs3
C6HuC2H5

C6H11C4H9
AnknnHagTasIMHbI

CI10H7CH3
CI10H7CH3
CroH6(CH3)2
CoH6(CH3)2
C10H7C2H5

Ci2Hio
310
C14H10
C14H10

C16H10

Adnonel

HO(CH2)30H
HO(CH2)40H
HO(CH2)50H
HO(CH2)60H
HO(CH2)80H
HO(CH2)aOH
HO(CH2)100H
HO(CH2)120H

HOCH2C(CH3)2CH20H

pc, Ma

1,17 +0,05

1,08 +0,05

1,04 £0,05
0,986 + 0,05
0,921 +0,05
0,871 +0,05
0,814 +0,05
0,750 £0,05
0,690 + 0,05
0,580 + 0,05
0,523 + 0,05
0,482 + 0,05
0,360 *+ 0,05

4,08 £0,05
3,48 £ 0,02
3,13 0,05
2,86 +0,10
2,53 0,05

3,57 +0,10
3,30 0,10
2,74 + 0,08
2,79 +0,08
2,79 0,08

MonMumKIUeckme apoMaTmyeckme yriesogopoas

3,70 £0,1
3,18 0,1
3,17 +0,1
3,25 +0,1
3,03 +0,1

6,4 0,1
58+04
4,00 +0,16
3,7+0,3
2,70 +0,14
2,40 +0,10
2,20 £ 0,09
1,93 +0,08
4,2 +0,2

rcK

757 + 10
769 £ 10
779 = 10
787 £ 10
791 + 10
801 + 10
819 + 10
836 + 10
850 + 10
888 + 15
904 + 15
919 +£15
974 £ 15

553,6 +0,5
572,2+0,2
606,5 0,5
6310+ 1
650 +2

772+ 1
761 + 1
772 £8
778 8
763 £8

820 +8
836 £8
894 +9
893 +9
974 + 10

722 £3
725 +2
731+ 11
738 £4
752 £11
760 + 11
770 + 12
798 + 12
687 £ 10
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MpoponxeHne Tabnuubl 1

BeluecTBO

MOHO3TWUEHTINKOSb
OunatnneHrnvkons
TpUaTUNEHTINKONb
TeTpasTuneHrNnkonb
[eHTasTUNEeHINNKO/b
[ekcasTUNeHrNNKoNb

MeTun rekcaHoar
MeTtun rentaHoart
MeTunn oktaHoar
MeTun HoHaHoaT
MeTtun gekaHoart
MeTtun yHaekaHoat
MeTtun gogekaHoar
MeTtun TeTpagekaHoar
MeTtun rekcagekaHoat
MeTtun okTagekaHoat
MeTtun oneat

MeTtun nuHonear
MeTtun nuHoneHar
MeTtun apykart

3TN gekaHoar

Tnn yHAekaHoat
Tun gopekaHoar
OTnn TeTpagekaHoaT
3TnN rekcagekaHoar

[vnatnn nponaHguoat
Anatun 6ytaHgnoat
Ouatun neHtaHguoar
[natun rekcaHgvoar
Avatun oktaHguoar
Avatun pekaHamoatr

[Ou-H-rekcnnoBblii acmp
[OV-H-0KTVNOBBI agoup
[Oy-H-peumnnosblii admp

nuuepng TpuokTaHoat
nuuepng TpygekadHoar
nuuepng TpugonexkaHoar
Fnuuepng TpuTeTpagekaHoar

Xummnueckasi chopmyna

ITUNEHTNIMKONN

HOCHZ2CHZ20H

H(OCH2CH2)20H
H(OCH2CH2)30H
H(OCH2CH2)40H
H(OCH2CH2)50H
H(OCH2CH?2)60H

—

NEEFRIN w3
NTRIN 21 53
NgN15N2An3

C9HI/02cH3
N 10* 9@ 21*+3
C11H2102CH3
C12H2302CH3

C14H2702CH3
N 167 3170 2~x3
N 187 35@2/1*3

N 187 31N 2 A3
c18412 2cH3

C22H41° 2CcH3

AN 9/\ NN

CLUH2102C2H5
C12H2302C2H5
C14H2702C2H5

N 167310 21\ 2x15

pc, Mra

8,2 +0,3
4,8 +0,3
3,45 £ 0,20
2,7 %0,2
2,13 £0,09
1,82 £0,07

MeTuoBble 3hUPbI XUPHBIX KACIOT

2,88 +0,09
2,53 +0,08
2,34 £ 0,07
2,06 + 0,06
1,93 +0,06
1,75 +0,05
1,52 +0,05
1,32 £0,04
1,17 +0,04
1,08 £0,04
1,21 £0,04
1,24 £0,04
1,44 £0,04
0,960 + 0,03

3Tn0BbIE 3(IMPbI H-a/TKAHOBBIX KUCOT

1,74 £0,05
1,52 +0,05
1,37 £0,04
1,27 £0,04
1,15 +0,04

JuaTtnnoBble advpbl AMKapBOHOBLIX KACIOT

C2H502C3H202C2H5
C2H502C4H402C2H5
C2H502C5H602C2H5
" 2HEOrCe*-8" 2/ 246
C2H502C8H1202C2H5
C2H502C10H1602C2H5

2,7+0,1
2,3+0,1
2,13 +0,06
1,99 £0,10
1,57 +0,05
1,37 £0,04

AnncaTtnyeckme CMMMETPUYHbIE MPOCTblE 3chmpbl

AGATIMGAT3
CgHAOCgHA
C10H210C10H2L

Tpurnuuepngpl

C3H5[C8H1502]3
AN 109N N3
('3H5[C12H230 213
C3H5[C14H270 2]3

1,44 £0,04
1,19 +0,04
1,083 +0,03

0,83 £0,03
0,75 +0,03
0,65 +0,03
0,61 £0,02

Tc, K

720 £7

750 £10
790 + 12
815 + 12
842 + 13
868 + 13

612 +6
627 2
646 +6
665 +7
675 +7
694 +7
711 *2
730 7
760 +8
785 +8
777 +8
778 £8
779 £8
817 +8

687 +7
701 £7
718 £ 7
740 7
767 £8

652 7
666 +7
683 +7
697 +7
723 7
740 =7

665 +7
723 7
768 +8

836 + 13
864 + 13
899 + 13
925+ 14
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BewecTtBo

deHnnmeTaHon
4-(MeTundeHun)MeTaHos
BeH3oiHasn KucnoTa
2-MeTunbeH3oiHas kucnorta
3-MeTnnbeH3oiHasn kucnota
4-MeTnn6eHs3oliHas KucnoTa
2-KapbokcmbeHsanbaermy,
beHzasbgervg
4-MeTunb6eHsanbaerng,

JumeTnncynbchokena

2-9TUNNnpUanH
3-StunnupungnH
4-2TnNNnpuanH
2-Metun-5-atnnnupunavH
1,4-AnmeTunnunepasviH
2,6-AnmetnnnunepasviH
Kanponaktam

deppoLeH
H-ByTundeppoueH
1-AueTtundeppoueH
BeHsoundeppoueH

TeTpan3onponokcuTuTaH
TeTpa-TepT-6yTOKCUTUTAH
TeTpavsonponokcucunaH

Xvmmnueckas chopmyna pc, MMa

ApomaTuyeckme C-H-0 coegnHeHus

C6H5CH20H 4,3 +0,1
CH3c6H4CH 20H 3,61 +0,10
C6H5COO0H 4,53 +0,10
CH3c6H4COOH 3,92 +0,12
CH3C6H4COOH 3,85 +0,12
CH3C6H4COOH 3,80 +0,10
CHOCG6H4COOH 4,80 +0,15
CBH5CHO 441 +0,10
CH3C6H4CHO 3,80 +0,10

OpraHuyeckme cepocofepkatine coeuHeHns

OS(CH3)2 5,13 +0,15
AsoTcofiepXallise coeauHeHNs
c7h9n 3,81 +0,11
c7h9n 4,19 £ 0,13
c7h9n 4,19 £0,13
C8Hh N 3,25 +0,10
c6bh 14n2 3,73 £0,11
c6h 14n2 3,80 +0,11
C6H1INO 4,66 £0,14
deppoLieH 1 ero Npon3BoHbIe
CiOHiOFe 3,61 £0,10
CMHigFe 2,18 £0,09
Ci2Hi2FeO 3,28 +0,13
CiTHi4FeO 1,59 +0,06

TeTpaasikoKCUTUTaHbl 1 TeTPaasIKOKCUCUNaHbI

T[OCH(CH3)2}4 1,15 + 0,04
Ti[OC(CH3)3}4 1,07 0,03
SI[OCH(CH3)24 1,31 +0,04
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Te, K

714 £3
7197
755 8
763 +8
771 £8
775 +8
864 9
693 +7
712 £7

718 +7

628 £6
651 +7
653 +7
656 +7
606 +6
646 +6
801 +8

785 +8
784 + 12
847 + 13
886 + 13

641 +6
657 +7
587 6
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4 YucToTa nccnegoBaHHbIX 06pa3L0oB BeWECTB
B COOTBETCTBUM C cepTupukaTtamu rnponssBogutens

Ta6nuuya 2— YuctoTta MUccnefoBaHHbIX 06Pa3LOB BELLECTB B COOTBETCTBUM C cepTudmKaTaMmn Npou3BoanTeNst

Beluectso MpounssoanTeNnb MeTog aHanmsa YucToTta (Mon. %)
H-HoHagekaH Sigma-Aldrich rxX1> 99,9
H-3iko3aH Sigma-Aldrich rx 99,9
H-FeHalko3aH Sigma-Aldrich rx 99,9
H-[Jok0o3aH Sigma-Aldrich rx 99,9
A-Tpuko3saH Sigma-Aldrich rx 99,9
A-TeTpako3aH Sigma-Aldrich rx 99,9
A-l'ekcako3aH Sigma-Aldrich rx 99,9
A-OKTako3aH Sigma-Aldrich rx 99,8
s-TpUakoHTaH Sigma-Aldrich rx 99,9
A-lekcaTprakoHTaH Sigma-Aldrich rx 99,9
A-TeTpakoHTaH Fluka rx 98,7
sA-TeTpateTpakoHTaH Aldrich rx 98,9
s-I'eKkcakoHTaH Aldrich rx 98,4
LinknorekcaH Fluka rx 99,5
MeTtunumknorexkcaH Aldrich rx 99,6
ATnnumkiorekcaH Fluka rx 99,5
Mponunyuknorekcax Aldrich rx 99,7
ByTunumknorekcaH Aldrich rx 99,6
1-MeTtunHadranvH Alfa Aesar rx 99,2
2-MeTunHadTanvH Alfa Aesar rx 99,5
1,3-AnmeTunHadpTanvH Aldrich rx 99,6
1,4-AnmeTunHaddTasmH Aldrich rx 99,4
2-OTnnHadTanvH Aldrich X 99,9
AueHadTeH Alfa Aesar rx 98,0
dnyopeH Alfa Aesar X 98,1
AHTpaueH Alfa Aesar rx 99,5
deHaHTpeH Alfa Aesar X 98,0
MupeH Alfa Aesar rx 98,3
1,3-Mponaxayon Aldrich MKX2> 99,9
1,4-bytaHguon Alfa Aesar MHKX 99,9
1,5-MeHTaHguon Alfa Aesar KX 99,9
1,6-F'ekcaHgpon Aldrich KX 99,9
1,8-OkTaHgnon Alfa Aesar KX 99,9
1,9-Honangwon Aldrich KX 99,9
1,10-AekaHgnon Aldrich KX 99,9
1,12-onekaHamon Aldrich KX 99,9
2,2-AnmeTunn-1,3-nponaHaunon Aldrich rx 99,9
MOHO3TUNEHI/INKOSTb Sigma-Aldrich X 99,86
[vatnneHrnvkonb Sigma-Aldrich rx 99,5
TpUaTUNEHrNNKonb Sigma-Aldrich rx 99,7
TeTpasTUNEHIIMKOMb Sigma-Aldrich rx 99,1
[MeHTasTUNEHTNNKONb Sigma-Aldrich rx 97,8
[ekcaaTUNEHINNKONb Sigma-Aldrich rx 98,1
MeTtun rekcaHoar Alfa Aesar rx 99,9
MeTtun rentaHoar Sigma-Aldrich rx 99,8
MeTtun oktaHoar Alfa Aesar rx 99,1
MeTun HoHaHoat Sigma-Aldrich rx 98,9
MeTtun gekaHoar Alfa Aesar rx 99,9
MeTun yHaekaHoaT Alfa Aesar rx 98,6
MeTtun gopekaHoar Alfa Aesar rx 99,1
MeTtun TeTpagekaHoar Alfa Aesar rx 99,4
MeTun rekcagekaHoat Sigma rx 99,9
MeTtun okTagekaHoar Alfa Aesar rx 98,7
MeTtun oneart Aldrich rx 99,8
MeTun nuHonear Sigma-Aldrich rx 99,9
MeTun nuHoneHar Sigma-Aldrich rx 99,4
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BewecTtso MpoussoauTenb Mertopg, aHanm3a UuctoTa (Mon. %)
MeTun apykar Sigma-Aldrich X 99,4
3Tnn gekaHoar Alfa Aesar rX 99,7
311N yHaekaHoaT Alfa Aesar rX 98,6
Q1un gogekaHoar Alfa Aesar rx 99,8
3tun TeTpagekaHoar Alfa Aesar X 99,4
OTWn rekcagekaHoar Alfa Aesar X 98,5
[vatun nponaHgnoar Sigma-Aldrich rX 99,8
[natnn 6yTaHamoar Sigma-Aldrich X 99,8
[natun neHtaHgmoar Alfa Aesar rx 99,6
[natun rekcaHgmoar Sigma-Aldrich rX >99,9
[Onatun oktaHgmoar Alfa Aesar rX 99,5
[vatnn pekaHguoar Sigma-Aldrich rX 99,7
[n-H-rekcnnosblii agmp Alfa Aesar rX 99,3
[n-H-0KTWMOBbI 3dhup Aldrich X 99,2
[un-a-peunnosblin admp Alfa Aesar rX 98,7
Fnvuepug TpruokTaHoaT Alfa Aesar rX 99
TCX3) 100
Fnvuepug TpuaekaHoar Alfa Aesar rX 100
nuuepng TpugoaexkaHoar Alfa Aesar TCX 100
nuuepung TpuTeTpagekaHoar Alfa Aesar rX 100
TCX 100
deHnnmeTaHon Fluka X 99,9
4-(MeTundpeHunn)MeTaHon Lancaster rX 99,9
BeH3oiHas kucnioTa Fluka rX 99,4
2-MeTnnbeHs3oliHas KucnoTta Aldrich X 99,9
3-MeTnnbeH3oiHas kucnota Aldrich X 99,9
4-MeTnnbeH3oiHana kucnota Fluka X 99,8
2-Kap6okcmbeHsanbaerns Alfa Aesar rX 97,4
BeH3anbaerng, Aldrich X 99,9
4-MeTtunbeH3anbaerng Lancaster rX 99,9
OvmeTtnncynbcokeng, Sigma-Aldrich X 99,9
2-3TUNNNPUAnH Alfa Aesar rX 99,7
3-OtunnupngnH Alfa Aesar rx 99,5
4-2TUNNUPULANH Alfa Aesar X 99,5
2-MeTtun-5-atnnnupuanH Alfa Aesar rx 97,6
1,4-AnmeTunnunepasuH Sigma-Aldrich X 99,9
2,6-OumeTunnunepasmH Sigma-Aldrich rX 99,8
Kanponaktam Sigma-Aldrich rX 99,99
deppoueH Fluka X 99,9
A-byTundeppoueH ABCR X 99,7
1-AuetundeppoueH ABCR X 99,9
BeHzonndeppoueH Acros Organics X 99,0
TeTpan3onponokcuTuTaH hoc4) MMC5) 99,9
TeTpa-TepT-6yTOKCUTUTaH HOC nvic 99,8
TeTpansonponokcucuiaH HOC nvc 99,9

1) 'X — rasoBas xpomarorpadusi.

2) KX — ra3o-xuakocTHas xpomarorpadus.

3) TCX — TOHKOC/0Has xpoMarorpadus.

4) CyHTE3, 0UnCTKa U aHasIM3 06pasLoB Obl/IN BbINOSIHEHbI B VIHCTUTYTE opraHuyeckoro cuHtesa YpO PAH nog py-
koBogcTeoM HO.I. ATnyka.

5) MMC — NpOTOHHaA MarHUTHasi CNeKTPoCKonus
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