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BBEJIEHUE

Kpurnueckue nmapaMeTpsl — Kp UTUYECKAsT TEMIIEP ATy pa, Kp UTUUECKOE JaBJIEHUE, Kp UTHYECKas
IUVIOTHOCTb — SIBJITFOTCS OJHUMU U3 BaKHEHNIIMX (PUIUKO-XMUMHYECKUX XapaKTEPUCTUK YHUCTOrO
BerecTBa. KpUTHt eckast ToUka OIIp €[ENIsIET BEP XHIOK I'PaHULYy Cy IeCTBOBaHUsA ABY X(pa3HOi oOnactu.
Kpurnueckne KOHCTaHTBI MCIONB3YIOTCS BO MHOIMX KOpPpelIsLUsX B KayeCTBE I1apaMmerpoB
npuBeneHus. MHpopManusi 0 KpUTHUECKUX IapaMeTpax [aeT BO3MOXKHOCTb NOCTPOUTH Y paBHEHHE
COCTOSTHMSI BEIIECTBA, PacCUUTarb C MOPUEMIEMONU TOYHOCTBIO IO TEOPHUM TEP MOANHAMHY €CKOTO
nomobusi ero TemiopU3NIeCcKe CBOWCTBA, HAASKHO SKCTPANoOJMPOBaTh B OO0NACTb BBICOKHX
TEMIIEPaTyP p €3y JIbTaTbl HU3KOTEMIIEP aTy P HbIX U3 MEP €HUI MOBEP XHOCTHOTO HATS’K€HUA, 1aBJICHUS U
IUTOTHOCTH HAChIIIIEH HOro Tiapa. MznoxeHHble cooOpakeHus: nmo3poyiwiu Tomacy Jlay OepTy mocraBuTh
KP UTHYECKHE CBOMICTBA HA MEPBOE MECTO B P €VIOXKEHHONW MM Hep ap XHU TeIIo(U3UI €CKUX CBOWCTB
BemecTna [1].

H3mepeHuss KpUTHUECKUX MApaMeTPOB YHUCTBIX BEILECTB BeayTcs yxe moutd 200 ner ¢
MOMeHTa OTKpbiTusi B 1822 r. GapoHoM ne ja Typ OM Kp UTHYECKO# TOUYKH KUAKOCTh-TIap [2]. OmHako
YUCJIO BELIECTB, [ KOTOPBIX KPHUTHYECKHE KOHCTAHThI OINPEAENeHbl 3KCIep MMEHTAIBbHO
CpaBHUTENIbHO HeBENMKO. OLEHKM Pas3MYHBIX 3KCIEPTOB PAa3HATCA, T.K. 0a3bl JAHHBIX HEPeEIKO
COJIep KaT He TOJIbKO HKCIIEP UMEHTAJIbHBIE TaHHbIE, HO U P €3y JIbTAThI P a3JIMYHBIX OLIEHOK U PacyeTOB.
B cepumn 0030poB, noarorosieHHsix komuccuein MIOITAK no Tep MoanHaMuke U Omy OJIMKOBAHHBIX B
1995-2009 r.r., B KOTOpBI€ BKJIIOUEHBI TOJbKO pE€3yJIbTaTbl U3MEPEHUM, KpUTHUYECKasd TeMIeparypa
npuBeneHa ana 810 BewrecTs, kpuruueckoe AaBieHue — s 605 coeauHeHUi, a KpUTHUECKas
TUIOTHOCTh — 11 466 BewrecTs [3-13]. Takum oOpa3om, mosy UeHHe HAEKHBIX 3KCIEP UMEHTaIbHBIX
JAHHBIX O KP UTUY €CKUX CBOMCTBAX MHJ MBUY AJIbHBIX BELECTB SIBJISIETCS aKTy aJIbHOM 3a7a4eil.

B nocnegHue roapl Kp UTHUYECK M€ TIap aMeTpP bl CTANI U UCTIONIb30BaThCs AJIs Xap aKTep UCTUKU Kak
OOBMMHBIX, CTAOWIBHBIX COENWHEHHH, TaK U COCAMHEHHH TepMOHECTaOWIbHBIX, T. €. BELIEeCTB,
TEP MMYECKOE PAa3JIOXKEHHE KOTOPBIX HAYMHAETCS NPHU TeMIepaTypax, MEHbIIUX KpUTHYecKOl. B

Y IIOMSIHY THIX BBIIIEe 0030pax [3-13] u Apyrux MHOTOYHCIEHHBIX PadoTax Moj KpUTHIECKOH TOUYKOM
6



Tep MOHECTaOWIBHOTO COEJJMHEHHS] TMOHMMAIOT THIOTETHYECKY ) KPHUTHYECKYIO TOUKY, KOTOPYIO
JAHHO€ BEIIECTBO MMeNO OBl B OTCYTCTBHE pasioxkeHus. IMEHHO 3TO OmpeAeNieHue Kp UTHYeCKOM
TOUYKH HeCTab WIIbHOTO coerlMHEeHUs Oy ZIET HCTIONb30BaThCs HAMM B HacTosimie i padore.

H3mepenne KpUTHYECKUX CBOWCTB HECTaOWIbHBIX COEAWHEHWH IpEAnojaraer npuMeHeHHe
CrelMATbHBIX METOAMK. I 1aBHOE TpeOOBaHME K TAKMM METOIAMKAM — Majioe BpeMs HaXOdXKIeHUs
oOpa3sua ucciaemay eMoro COeIMHeHMsI TP BBICOKUX TeMrepary pax. PaspabotaHHas Hamu «M eTomuka
9KCTIEp MIMEHTAIBHOTO  OTpPEENeHUs] KPUTUYECKOH TeMmeparypbl W KPUTHUECKOTO  JaBJieHHs
uHauBuAy anbHbIX Bemects 'CCCH MDD 163-2010» [14] npenHasHaueHa B MEPBYIO OdepeAb IJIs
W3MEpEHUsI KPUTUYECKUX MapaMeTPOB TeP MOHECTAOWIBHBIX COEMHEHUH, XOTd OHA MOAXOAMT U IS

CTaOWUJIbHBIX BEIECTB.

OCHOBHAA YACTDb

Meroauka W3MEpEHWs] KPUTHYECKOM TeMmeparypbl U KPHUTHYECKOTO IaBJIEHHA
BEILECTB, KOTOpAash MCIIONb30Balach B HacTosiliedl paboTe, OETATBHO H3JIOKEHA B pyKomucH [14],
MO3TOMY IIp UBEEM TOJIbKO MPENENbHO KpaTKoe ONMcaHue 3Toil Meroquku. Mccneny eMas XK HAKOCTb
3aronHsAeT (TOp OIUIACTOBBIM CTAKAHYMK C TOHKMMHM CTEHKAMH, KOTOpBIE CIy»KaT Ui TIep efadd
nasJyieHus. JlaBjaeHUe CHApy KU CTAKaH4YMKa CO3JAaeTCsl IPECCOM U M3MepsIeTcss MaHOMETp oM. BHy Tpu
CTAaKaHYMKA HAXOJWTCS W3 MEpUTEIbHbI 30HI — IUIATHHOBas mpoBojioka auamerpom 0.02 MM u
usoM (1-3) cM. 30HI Cily )KUT OTHOBPEMEHHO Harp eBaTesieM U Tep MOMETpOM compoTusiieHus. Ha
30HA TOJAIOTCA OJUHOYHBbIE IPSIMOYTOJIbHbIE UMIIYJIbChl HANPSI)KEHWSI OT TEHeparopa; BO Bpems
HMITy JIbCa MPOMCXOHUT HArpeB 30HJA IPOTEKAIINNM TOKOM. HampsikeHue uMITy Ibca nonadHpaercs
TakuM 00pasoM, 4YTO K KOHIy HMIIyJIbCa 30HI U CJIOH >XUIKOCTU BOKPYT HErO HArpeBaroTCs 10
TeMIIepaTypbl AOCTIDKMMOTO TIeperpeBa; IpOHMCXOOUT BCKUIMAHHE JKUAKOCTH. Bpemsa or Hauama
HMITy JIbCa HarpeBa 10 MOMeHTa BekunaHus cocrasiysieT oT 0.01 1o 1 mc. B MOMeEHT BCkumaHusi pe3ko
U3MEHSIOTCS YCJIOBUSI TEIUIOOTAAYU OT 30HAA B JKMAKOCTb, YTO NPHBOAUT K BO3HUKHOBEHHIO

BO3My IEHHsT TEMIEPaTy pbl 30HAa. M OMEHT BCKHIIAHWs W aMIUTUTY 1a TEMIIEp aTyp HOro BO3My LICHUS
7



(buxcupy ercsl 371eKTpOHHOM anmapaty poi. Temmeparypa 30HIa B MOMEHT BCKUIIAHUS OIp €IS eTCs
IO €ro COmpoTUBJIEHMIO. B pesynbrare M3Mepsercsa Temmeparypa, NPU KOTOPOH HauMHAETCS
BCKHIIAH M€ JKUJIKOCTH TP M 33JJaHHOM JaBJIe HUH (Te€MIIepaTy pa JOCTIDKHMOTO IIep erp eBa xuakocri). B
OIIbITaAX H3MEPSICTCA 3aBUCHUMOCTb TEMIIEpATyPbl NOCTIDKUMOIO ne€perpesa OT HNABJICHUA — JIMHUA
AOCTXKUMOT'O IIEP €rp €Ba. Hp Ny BEJIMUCHUU JABJICHUS JIMHUA JOCT MDKUMOTO IEP €rp €Ba 3aKaHYNUBACTCA
B Kp UTHYECKO 1 TOUKE.

C pocToM faByieHHs CBONCTBA XKUAKOCTU U Iapa CONIDKAIOTCS, M aMIUTUTY 1a TEMIIEP Ty p HOTo

BO3MyIIeHWs mangaer. JlaBiaeHue, npu KOTOPOM AaMIUIMTYZAa OTpPHLATEIbHOIO TEMIIEPaTy pHOTO
BO3MYy LIIEHUs] CHIDKAETCSA O yPOBHS Uy BCTBUTENILHOCTU Y CTAHOBKU (10_3 K), npunumaercsi paBHbIM

I3MEPEHHOMY 3HAYEHMIO KPUTUYECKOTO NaBlIEHWs p', a Temreparypa BCKUNAHWS OPH 3TOM
HaBIEHUH — W3MEPEHHOMY 3HAYEHHMIO KPWTHY4ecKOW Temmeparypbl 7.". OmbITBl ¢ XOpOWIO

HUCCICAOBAHHBIMH JKUJAKOCTAMM IIOKasajlH, 4YTO BCJIMYHHLI pén u Tcm BC€raa MCEHBIIC HMCTHHHBIX

3HAUEHUNM KpUTHYECKOro IaBJIEHUs p,. M KpuTHIeckoil Temmeparypbl [,. Paspaboran meroxn

BBEIEHHUs MOMNPaBOK K U3Mep €HHbIM 3Ha4 €HISIM Kp HTHYECK HX ITap aMeTp OB.

Jnsg HU3KOMONEKYJIIPHBIX HEACCOLIMHP OBAaHHBIX COGAWHEHUH TMOrp eLIHOCTh H3MEP CHUS
KP MTHYECKOTO JIaBJI€HUs1 COCTaBisieT 3 %, a MOrpemHOCTh W3MEPEHUs KP UTHYECKOI TeMIeparypsl —
1 %. JIns BelecTB C BOAOP OAHBIMH CBSI3SIMH U BBICOKUM areHTp ndeck M daktopoM (0 >1) — 4% u
1.5 %, COOTBETCTBE HHO.

bonbwas yacte 0Opa3LOB MCCIENOBAaHHBIX BemiectB Obuta mpuoOpereHa y ¢upm Aldrich,
Sigma, Fluka, Alfa Aesar u apyrux. OOpa3ubl HEKOTOPBIX COEJHMHEHHI ObUIM CHHTE3HPOBAHbI B
HHcturyTe opranmueckoro cunresa YpO PAH (MOC) non pykosoacrBom ax.H IO Arayka;
obpasupl MeTidenmicunokcanos obutn npenocrasiieHbl M. A. Cumsarusoii, E.E. Crenanosoii u I[1.B.
HBaHOBBIM 13 M OCKOBCKOI TOCY J1ap CTBEHHOI aKaJXeMHUU TO HKOM XUMHU4YECKOH TexHonorud um. M B,
JlomoHocoBa (MUTXT); 06p a3ibl AU THIOBBIX 3¢ HP OB JHKap OOHOBBIX KUCIOT OBLIH Mp €1OCTaBJIE HbI

EJI. Kpachbix u3 Camapckoro rocy aapcrBeHHOro texHudeckoro yHnmusepcurera (CI'TY). Bonbpuoe



BHUMAaHHE yIe/SUIOCh YHCTOTE MCHONb3YeMbIX 00pasuoB. JIo M mociae MPOBENEHUs OIBITOB IO
M3MEPEHMI0 KPUTHYECKHUX CBOICTB uyHucTOTa OOpasuoB Ompeaesyiack METOZaMu  ra30BOH
xpomarorpadpuu (I'X), sxunxocTtHON xpomarorpadum (KX) u sAepHOro MarHHUTHOTO PpeE30HAHCA
(SIMP). HUcnonp3oBanuck xpomarorpapsr Shimadzu GS-HA, Merck-Hitachi u SIM P-criektp ometp
Bruker DRX 400. CooTBeTCTBY OLIME U3MEP SHHsI TP OBOAWINCh B THCTUTY Te Op raHU4 €CKOTO CUHT €32
YpO PAH. /Ins nogasnsitowiero uncia oOp a3os conep kaHue OCHOBHOTO BerecTa Obuto Boie 99 %
¥ MaJI0 MEHsLJIOCh B IP OLIECCe M3MEPEHHs KPUTHUECKUX CBOHCTB. Uucrora 0Opa3LoB HCCIeNOBaHHbIX
coenuHeHuil np uBeneHa B I1p unoskenuu (Tadmn. 2).

H3smepeHnst KpUTHHYECKON TeMIeparypbl U KpPUTHYECKOrO JAaBJIEHHWS] C MOMOINBIO METOAUKH
I'CCC MD 163-2010 mpoBogwinch Kak st CTaOWIbHBIX, TaK M Ui HECTAOMIBHBIX BELIECTB.
BOJBIIMHCTBO MCCIENOBAHHBIX COENWHEHHH SIBJSUINCH TePpMUYECKH HecrabwibHbIMHU. Jls
CTAa0WIBHBIX COEAMHEHWI MOTPEIIHOCTh W3MEPEHHS KPHTHUECKUX IapaMeTpoB P €MIOKEHHBIM
aBTOpaMM  METOAOM OOjbIle, YeM MOrPENIHOCTb M3MEPEeHHs TPaAULHOHHBIMH  METONaMHy,
BKJIFOUAIOIINMU IIUTeNIbHOE Tep MocraTupoBaHue [3]. [TosToMy kpuTHUYECKHE CBOICTBA CTadMIbHBIX
BEIECTB I3MEPSJINCh JIMIIb C LEIbI0 MNPOBEPKH MNPUMEHMMOCTH pPa3pabOTaHHOTO MeToAa K
KOHKPETHOMY TOMOJIOTHYECKOMY PsiJly ¥ OLEHKH peajibHO#M morpemHocty m3mepennii. B Tabnuue 3
(cm. TIpunosxxeHue) mosy YUeHHbIE 3HAYEHHS KPUTHYECKHX CBOWCTB CPAaBHHBAIOTCS C JIMTEPaTyp HHIMA
JAaHHBIMH U1l CTa0 WIBHBIX M HECTAOWIbHBIX COemMHEeHMA. [l cTabWIbHBIX BELIECTB JIMTEPATy P HbIe
JlaHHbI€ B35ATHl, B OCHOBHOM, 13 0030poB [4, 5, 7, 9] n mpencraBisaroT coboil pesybTaT y p eAHEHHS
Hanbosiee HAAEKHBIX HKCIEPUMEHTAIbHBIX MNAHHBIX, MOJYYEHHbIX Ppa3JIMYHbIMH aBTOPaMH C
HCTIOJIb30BAHHEM Pa3JIMYHbIX METOAMWK. J[1s1 HecTaOMIbHBIX COCAMHEHHMH MAAHHBIX O KP UTHYECKUX
CBOHCTBaX ropas/il0 MeHbIIE M3-32 BBICOKOIl CIIOKHOCTHM COOTBETCTBYOHMX m3MepeHuil. Tabnuna 3
MOKA3bIBAET, YTO pe3yJbTaThl, NOIydeHHble ¢ momompio meropuku ['CCCH MDD 163-2010, B
npefenax MnorpemHoCTH U3MEpP €HUi COBIAAIOT C JaHHBIMH JPY I'MX aBTOP OB. DTO CBHAETENILCTBY €T O

BBICOKOM HaJI€>KHO CTH p a3pabOTaHHOTO HAMH METOZA M3MepP €HHI KP HTHIECKUX CBOHMCTB BEILECTB.



B Tabauue 1 mnpuBemeHbl CTaHAAPTHBIE COPABOYHBIE O KPHUTHYECKOHW TeMreparype u
KP UTHYECKOM I aBJIEHUH TOJBKO HECTAOMIbHBIX COSTUHCHUNA. JIJIsi MO aBJIAIOIIEro YHCIa BEIECTB 3TH
JaHHBIE MOJTy YeHbl €HHCTBEHHBIM MeTOZOM — ¢ momombio meromuku I'CCCH M3 163-2010, T.k.
APyTHE M3BECTHbI€ METOMMKH W3MEPEHHS KPUTHYECKHX TMapaMeTpoOB  Tep MOHECTa0 MIbHBIX
COENMHEHMI HEe MO3BOJISIIOT TP OBECTH HEOOXOMHUMbIE M3MEPEHUS H3-3a CWIBHOTO Pa3JIOKEHUS] 3THUX
BEIIECTB B mMpoLecce m3MepeHuil. J[nsi cpaBHMTENbHO HEOONBIIOrO 4YHC/IA COSHUHEHUH HMEIOTCS
SKCIIEp UMEHTAJIbHbI€ JaHHBIE, TOJy YeHHbIE JIPYTUMH METONaMH. Pe3yJbTaThl 3THUX 3KCIEP HMEHTOB
Y UATBIBAJIUCH ITp U pa3padborke Tadm. 1.

CrnpaBounble paHHble B Tabm. 1 crpyrmmmpoBaHbl 1O TOMOJOTHMECKUM psiiaM WIH
COENUHEHMSIM C OJTM3KOM CTPY KTypoil. Ha3sBaHus BeIecTB mp MBEJEHbI, B OCHOBHOM, B COOTBETCTBUM C
HoMe HKJ1aty p oit MIOITAK; ncnonb3yr0Tes Takke U Tp UBHAJIbHbIE Ha3BaHusA. PaccMOTp MM OTAENbHBIE
TOMOJIOT Y€ CKUE P SIIbL.

HopmanbHble ankaHbl. AJKaHbl OT MeETaHa O H-JI€KaHA BKJIOYUTENBHO CTa0WIbHBI B
KpUTHYECKON Touke. Bce Oojee Tskenble H-ankaHbl HecTaOwibHbI [4]. PesynbTarhl m3mepeHwmii
KP UTUYECKUX TMapaMeTPOB H-aJIKaHOB TMPUBENEHbI B HAmUX padotax[16, 17]. IlonyuyeHnpie B 3THX
paboTax gaHHbIE OTIMYAIOTCA He3HAUuTeNbHO. B Tabmuirel kpurudecke CBOMCTBA AlIKaHOB AAHBI B
COOTBETCTBUH ¢ paboToii [17], T.K. OHA sABJsAeTcs Oosee MO3AHEN, U B HEW YUUTHIBAIOTCS PE3y JIbTaThl
np eabIay el p aboTEL

1-Ankennl. Hanuunue nBOMHONW CBS3M B MOJIEKY JJax 1-aJKe€HOB CHIDKAET WX TEP MUY ECKY O
cTabHUIbHOCTh. TONMBKO ISITh MEPBBIX 1-aJIKEHOB CTaOMIIbHBI B KPUTUYECKON TOUYKe, 1-renreH u Oonee
TSDKEJIbIE AJIKEHBI SIBJIFOTCS HecTaOwibHbIMU [8]. Pe3ypTaThl M3MepeHus] Kp UTHYECKUX CBOMCTB 1-
ankeHoB ¢ nomortbio Metoauku [CCCIA M3 163-2010 6butu omy Onukosasbl B padore [18].

OaHOOCHOBHbIE KApPOOHOBbIE KHCJIOTHL. B TOMOJOTHYECKOM pSIy OJHOOCHOBHBIX
Kap OOHOBBIX KHCJIOT C HOPMAaJbHBIM CTPOEHHEM QJIKIIBHOTO PaauKalia BCe COCAMHECHHUS SIBIISTFOTCS
HecTaOWIbHBIMU B Kpurmieckoi Touke [19]. Kpurudeckas Temmeparypa M KpUTHUECKOE NaBJICHHUE

ATUX COEOUHEHHM, M3Mep EeHHbIE TP €NJIOKEHHBIM aBTOPaMHU METOAOM, Omy OMuKoBaHbl B padore [20].
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JU1st 5TaHOBOM, MeKCaHOBOM M OKTAHOBOMN KHCJIOT UMEIOTCS SKCIIEp UMEHTAIbHbIE JaHHBIE, COOp aHHBIE
B 0030pe[9]. Kpwurmieckne mnapameTpbl 3TUX KHCIOT mnpuBeneHbl B Tabm 1 ¢ yueros Beex
VIMEIO IITUXCS TAHHBIX.

/IByxocHOBHBbIe KapOoOHOBbIe KHCMIOTBL C 0OJbINOH BEPOSTHOCTHIO BCE ABYXOCHOBHBIE
Kap OOHOBBIE KUCIOTHI C JIMHEMHBIM CTP OCHHEM aJIK WJIbHOTO paguKajia HeCTad WIbHBI B Kp UTUUECKO I
touke. Ilo kpaiiHeit Mepe, mo ganHbiM Degussa AG [21] Tepmudeckoe pa3iioKeHre MO eKaHIUOBOM
KUCJIOTBl HauWHAETCs npu Temneparypax nopsaka 500 K, Ttorga kak KpUTHUECKHE TEMIIEPaTy P bl
HCCIIeIOBAHHBIX HAMU KM CJIOT Jiexkar B nuanazone (851-862) K [22].

DeHUTATKAHOBbIE KHCJIOTbI, UCCICAOBAHHBIE HAMH, HECTAOWIbHBI MPU OKOJIOKDP HTHYECKUX
TeMmreparypax. Pe3yibTarel U3MEpPEHHH KPUTHYECKUX KOHCTAHT (DEeHWIANKAHOBBIX KHCIOT
ory OJMKOBaHbI B Hareli padote [23].

CaoxHble 3(pupbl JIHKAPOOHOBBIX KHCIOT. Tepmuueckas CTaOWIBHOCTh 3(UPOB
avkap OOHOBBIX KHCJOT CpaBHUTENbHO HeBbICOKa. Ilo nmanueiM Illtepna u Kaa mumerunokcanar
HAUMHAET pasjararbcs yoke npu temneparype 473 K [24]. Kpurndeckas TeMepary pa UCCIeA0BaHHbIX
HAMU JUMETWIOBBIX W IVATWIOBBIX 3(UPOB JauKapOOHOBBIX KHCIOT m3Mensiercs ot 639 K no
696 K [25, 26], mosToMy ¢ OONbIIOH [dONed yBEPEHHOCTH MOXHO YTBEpPXIarb, YTO BCE O5TH
COETMHEHNs HeCTaOWIbHBI B KPHUTHYECKOM Touke. M3 mccnenoBaHHBIX HAMH JTUMETHIIOBBIX 3(HUpOB
AuKap OOHOBBIX K UCIIOT JaHHbIE APY I'HX aBTOP OB UMEIOTCS TOJILKO ISl UM ETWIIOK cajiara [9,24,27,28]
u mumMeruiMaionara [29]. OgHako B onbitax PerHo [27] u Berepa [28] 6e3 coMHEHHs M OHCXOI IO
CWIbHOE pasjokeHne auMerwiokcanara. B omerrax Illrepna u Kos [24] Biausanue pasnoxkeHus Ha
TIOJTy YU€HHBbIE pPe3yJbTaThl ObUIO MeHee 3HAYMTEIbHBIM, HO TMOJHOCTBIO HCKJIKOYHTL (HaKTop
pasJIoKeHHe UM, NMO-BUIUMOMY , He y Aanock. [Tostomy B Tabn. 1 mp uBeneHb! Kp UTUHECKUE Hap aMeTp bl
AUMEeTIIOKCaJiaTa, Mojy YeHHbie ¢ momoinpio Meronuku I'CCCII MO 163-2010. Jlanueie pabotsi [29]
AJIsl TUMETUIIMaJIOHaTa y YTeHbl np U coctaBieHuu Tabm. 1. IIp uHATH BO BHUMaHUE TaKXKe pe3y JbTaThl

M3Mep eHMsl Kp UTHUECKO 1 Te MIIep aTyp bl IVTIWIOY TAHANOATa, MOy UeHHble Poancom [9].
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Bensoatnl Bce uccnenoBannbie Hamu a¢up bl OeH30MHOM KHCIOThI (OeH30aThl) HecTal IIbHbI
B Kp utuueckoil Touke. CKOpOCTh pa3fokeHuss MeTIUIOeH30aTa NP KPUTUYECKOH Temmeparype elne
CpaBHUTENBHO HeBenuKa, 4To mno3Bomwio Crwiry u coasropam [30] M3MEpHUTb KpUTHYECKY O
TeMIeparypy 3TOro coemuHeHus mpu ckopoctu Harpesa 0.333 K/c. Onnako yoxe misa stunbeHsoara
OHM He CMOIJIM IIPOBECTH HEOOXOAMMble M3MepeHHs. Pe3ynbTaTel M3MepeHMH Kp UTHHECKOH
TEMIIEPATypPhl U KP UTHUECKOro JaByieHus OeH3oaToB ¢ momombio Meroauku 'CCCH MO 163-2010
Obutn omy 6vikoBanbl B padote [31]. Janneie Ctuma u coaBTopoB [30] yuTeHBI IpU COCTAaBJIECHUU
Tabn. 1.

®ranarbl.  Kpurmieckas Temmepatrypa uccnemoBaHHeIX  (ramatoB (772 K-886 K)
3HAYUTEIbHO I EeBOCXOAUT TEMIEPaTypy, IPU KOTOPOW HAYMHAETCS WX TEPMUYECKOE P a3JIOKEHHE
(525-575) K [32]. OxcnepuMeHTanbHble [JaHHBIE O KPUTHYECKMX MapameTpax (ranaros
ory GIMKOBaHbl B Hawe i padore [33].

1-AnkaHoybl HeCTaOWIBHBI B KPHUTHHECKOH TOUKe, HauMHas ¢ |-meHTraHona. Pe3ysbtarel
M3MEPCHUN KPUTHYECKOW TEMIEparypbl M KPUTHYECKOTO [aBJIeHMsA 1-alKaHOJNOB C MOMOLIBIO
metonuku 'CCCJI M3 163-2010 6putn omy O6mrikoBaHbI B padoTte [34].

®ennaankanoibl. V3sectHo, uro (eHmwiMetaHon u 2-denun-1-sTaHon HecTaOWIbHBI B
KpuTHdeckoit Touke [35,36]. MoxHo oxuparb, uto Oojiee TskeNble (HEHWIANKAHOJNBI, HMEoLIHe
Oomee BBICOKYK KpPUTHUECKYIO TeMIepaTrypy, TakXKe pasjaraloTcs TpPH OKOJIOKP UTHUYECK UX
Temniepatypax. Pe3ynpTaThl M3MEPEHHH  KPUTHYECKUX TMapaMeTpoB  (PEHWIANKAHONOB €
ucnonb3oBanneM wmeronuku ['CCCJH MD 163-2010 onyOnukoBanbl B Hameir pabore [37]. B
crarbe [35] mpuBeneHbl KpUTHUYECKas TeMIeparypa M KpUTH4eckoe naBieHue 2-(peHuwn-1-3TaHona.
OTH TaHHBIE Y YTEHBI NP cocTaBjieHuu Tabm. 1.

MuoroaTtomuble cnHPTbL. CUIIbHBIE BOAOP OOHbIE CBA3H MEXIY MOJIEKYJJaMH MHOTOATOMHBIX
CIIMPTOB MPUBOIAT K TOMY, YTO 3TU COEAMHEHHA HMEIOT BBICOKHE KpUTHYECKHE TEeMIIeparTypbl,
KOTOp bl€ 3HAYUTEHHO TP EBBIIAIOT Mpenen CTabWIBHOCTH Y Ka3aHHBIX BeiecTs. [Ipeanp mHUMauch

MHOT'OYHCIICHHBIC TONbITKH H3MEPUTh KPUTHYECKHE CBOMCTBA MHOTOATOMHBIX CHHPTOB [9], omHako

12



OHM He BCerna ObUIM YCINEIIHBIMH H3-32 CHJIBHOTO Pa3lIOXKEHUs 3TUX COEIMHEHUH NpH
OKOJIOKp UTHYECKUX Temreparypax. Pe3yibTaTbl UW3MepeHUil KpUTHYECKOH Temmeparypel U
KP UTHYECKOTO JaBJeHUs] MHOTOATOMHBIX CIIMPTOB ¢ Hcmosb3oBanueM Meronuku I'CCC MO 163-
2010 omy 6nukoBanel B pabotax [38, 39]. [Ipu cocrapnenun Tabdna. 1 Mpl y4uTBIBAIN JaHHBIE APY TUX
aBTOp OB, coOp aHHbIe B 0030pe [9].

H-AnxkuaGensonbl. B romonormieckom  psagy  w-ankwibensono  CgHs(CH,),H

CTaOWIbHBIMU B KPUTHYECKON TOUKE SIBJISIFOTCS YeThIp€e MEPBBIX coenuHeHust or Oensona (n=0) no
npomwidensona (n = 3). Kpurudyeckue cBOMCTBA 5 THX BEIIECTB XOp OLIO U3y YeHsl [5]. bonee Tsxkenble
romojioru Tepmuuecku HecraOwibHel [40]. Kpurmdeckue mnapamerpbl OeH30ma, TOlIyoda U
STIIOEH30J1a OBUTH W3 MepeHbl HAaMH C I1eNbio npoBepku mp mMeHumocTu Meroauku FCCCI M3 163-
2010 x rOMOJOTMYECKOMY psly H-aJKWIOEH3010B. M3MepeHHble HaMHU 3HaY€HMsl KpPHUTHYECKUX
MapamMerpoB XOPOLIO COTJIACYIOTCS C JaHHbIMM Apyrux aBTopoB (cm. Ilpunoxenue, Tabin. 3).
ByTunOeHson pasnaraeTcss CpaBHUTENIbHO MEJIEHHO NPH OKOJIOKP HTHYECKUX TEMIIepaTypax; ero
KpUTHYECKHE CBOWCTBA M3MEPSUINCh pasHbIMU HccnemoBaresiMu [5]. Kpurudaeckne KOHCTaHTHI
Oy TunOeH3oJ1a, npuBeneHHbie B Tabn. 1, oCHOBaHbI Ha HaHHBIX U3 0030pa [5] U pe3ysibTarax HALIUX
mMepennii. Kpurideckue mapamerpbl 6osee TskenbIX aik wibeH30ioB [41] mosy 9eHbl ¢ 1Mo MOLIbIO
Meronuku ['CCCII M3 163-2010.

H-Anxkunuukiiorekcansl. TepMirdeckas CTabWILHOCTD IUKJIOTEKCAHOB B XKUIKOI (pase Maio
uccnenoBaHa. B 11enoM, IUKIIOaNKaHbl MEHee yCTOWYMBBI, YeM WX alMKiIndeckue aHajaoru. OnHako
LIMKJIOTEKCAH SIBJISIETCS TIOJTHO CTHIO HEHAIP SDKEHHbIM COETUHEHHEM M, CKOpee BCero, LMKJIOTeKCaH U
METUIILMKIIOTEKCAaH CTa0WIbHBI B KPUTHYECKOM Touke. Kpuruueckue CBOICTBA 3THUX JBYX
COENUHEHUH MHOTOKPAaTHO M3MEPSINCH pa3HbiIMU aBTOpamu. [1ombopKy pesyJbTaroB H3Mep CHUid
MOJXKHO HaiiTu B o030pe [7]. [To3aHee kpuTHdecKkasi TeMIep aTy pa HECKONIbKUX H-aJIKWILMKIIOT€KCAHOB
Obuta n3mep era M opToHOM 1 coaBTopamu [42]. Hamu ¢ momompio meroguku [ CCCA M3 163-2010
M3MEPEHBl KPUTUYECKAs Temreparypa U KPUTHUYECKOE MABJICHHUE H-aJKWILMUKIOI€KCAHOB OT
IMKJIOreKcaHa g0 OyTwinukinorekcana [43]. Kpuruueckue CBOMCTBA  3TWI-, MNPOMAI- U

Oy TWILMKJIOTEKCAHOB, NpuBeneHHble B Talm. 1, ecTh pe3ynbTar ycpenHeHus AaHHbIX pador [42] u
[43].
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n-JlnaMuHoOaNKaHbL. B romonormaeckom psiny #-IMaMUHOAIKAHOB 1,2-THMaMHMHO3TaH U BCE
NOCNIENY IOIME WIEHbl psifa SABIIIOTCS TepMOHeCTaOMIbHBIMHU [44]. Pe3ysbTaThl  U3MEp €HHUM
KP UTHYECKUX TApaMeTPOB H-AHAMHHOAJIKAHOB ¢ Hcrojb3oBaHueM Metoauku I'CCCO MDD 163-2010
omy 6nukoBaHbl B pabote [45]. PaHee kpwuTHUeCKHe CBOICTBA ObUIM HM3MEPEHbl TOJNbKO ans 1,2-
auamuHo3TaHa [11,44]. Tabnuua 1 cocTaBieHa ¢ y YeTOM 3 THX U3 Mep €HU M.

TeTpaankokcucHIaHbl. AJKOKCHCHIAHBL, MOJIEKY JIbI KOTOpBIX comepkar rpymmel SiIOCH;
wim SiOC,Hs, pasnaratorcs mpu Temneparypax Bbiie 475K, m TepMuueckas CTadHWIbHOCTb

AJIKOKCHUCWJIAHOB Y MEHBIIAETCS C Y BEJIMYEHHEM AJTHHBI aJIK WIbHOI 1ienouku [46]. B cooTBeTcTBUM C
HALIMMH M3MEp EHUSIMU KP UTHY €CKasi TEMIIEP ATy Pa HUCCIEAOBAHHBIX TETP aANKOKCHCIWIAHOB JIEXKUT B
auanasone ot 558 K 1o 849 K [47]. ITostoMy MOXHO Np €IMOJIOKUT, YTO BCE HMCCIIENOBAHHbLIE HAMU
TETP AAIKOKCUCHJIAHbI  TIOABEP KEHbI PAa3JIOKEHHI0O NPH OKOJOKpUTUYECKMX Temmeparypax. Paunee
BarepcoH u SIHr M3Mepuid KpUTHUECKY IO TEMIIEPaTypy M KpUTUYECKOE AABJIEHHE TETPaMETOKCU-,
TETPA3TOKCH- W TETPanp ONnokcUCWIaHOB [48]. AHanu3 BCeX HMEIOIUXCA 3KCIEP MIMEHTAIbHBIX
JAaHHBIX O KPHUTHYECKUX CBOWCTBAX TETPaANKOKCHCIIAHOB, MpOBEACHHBIN B pabotax [13, 47], Hamen
OTp aXeHUe B COOTBETCTBY fowei uactu Taba. 1.

TeTpaaakokCHTHTAHbI He O0JIaNalOT BBICOKOH TepMuueckoi crabuibHoCThIO. Hampumep,
TEp MUUECKOE pa3iioxkeHHe TeTp aly TIOKCUTHTaHA HAOJII0aNIoch yoke mpu TeMneparypax 523 K [49]
u 553 K [50]. Kpurnueckue TeMnepaTypbl HCCIEAOBAHHbIX HAMH TETP AAJIKOKCUTUTAHOB 3HAYH TEIbHO
Boite — ot 647 K o 882 K [51]. Pa3y MHO mp €AMNOJOKHTb, YTO BCE 3TH COCAMHEHHsT HeCTaOWIbHbI B
Kp uTHdeckoil Touke. Kpuruueck e CBONWCTBA TETP AaJIKOKCUTUTAHOB, HACKOJILKO HAM HU3BECTHO, paHee
HE U3 Mep SLIIUCh.

MeTuadenmicunokcanbl. M3 3Toil IpyInbl BELIECTB, paHee MCCIEIOBAIUCH KPHUTHYECKHE
CBOWCTBA I'eK CaMeTIII ANC WIOKcaHa [13], kp uTHueckue map amerp bl OCTAIBHBIX COESTUHEHUH TOJTY YEHBI
ToJIbKO ¢ oMotneio MeTonuku 'CCC I MO 163-2010 [52].

Pa3zuble coeguHeHmsi. Kpurnueckue mnapaMeTphbl CKBajaHa W3MEPSUIMCh HAMH C T0MOILBIO
metonuku [CCCJI M3 163-2010 [53] u @oHHMIep xay 3ep HOM U COABTOpaMu MeToZIoM rnoToka [54]. B
pabote [53] HaMHu MOKa3aHO, YTO pe€3yJIbTAThl M3MEPEHUI, MpHUBENEHHbIE B Crarbe [54], BepOATHO
HCKaK €HBbI Pa3JIOKEHUEM CKBaJlaHa B mporiecce onbITOB. [1osToMy B Tabn. 1 mpuBeaeHs! kp UTHYECKUE
CBOICTBa CKBajlaHa B COOTBETCTBHMM C pabotoit [53]. Kpuruueckne KkOHCTaHTBI M-Tep QeHua,
ToJTy YeHHble Hamu [17], Omm3ku k pesyibTaraM Peiirepa, HO 3HAYUTENBHO OTAMYAIOTCA OT JAHHBIX
Mangens u OBOanka [5]. Cxopee BCero, mocjaeaHNe aBTOPbI MCHOJIb30BAIM HEAOCTATOYHO YUCTHIE
obpasupl, modToMy mnpu coctaBjieHun Tabn. 1 nannbie Manpens u OBOaHKa HE y4MTHIBAINCH.
Kpurudeckue cBoiicTBa (peHona m3mepsArTcs ¢ 1899 r., omHako m3-3a €ro pasioXeHus IpH

OKOJIOKD UTHYECKUX TEMIepaTypax TMOJy YeHHble AaHHbIE AOCTATOYHO mpotuBopeuuBsl. Ilombopka
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pe3y IbTaTOB M3Mep eHuil np uBeneHa B 0030pe [9]. Pesy nbTarhl u3mep eHMil Kp UTHYECKIX T1ap aMETP OB
¢enona ¢ nomompro Meroguku I'CCCIO M3 163-2010 ony 6nnkosansl B pabore [37]. Kpuruueckas
Temneparypa (peHona, W3MEpEeHHas HaMH, XOpOIIO COIJlacyercss ¢ JaHHbIMH Pamuca [S5] u
AmOpoy3a [56]. Kpuruueckoe naBienue ¢eHonma, cooOmenHoe Xepuem wu Hoiikupxom [57] u
Henanya [58], B o0omx ciyd4asx NpenCTaBISETCS 3aBBINEHHBIM H3-3a BEPOSTHOTO P a3JIOKEHHs
¢enona B mponecce u3mepennit. [Tostomy B Tabn. 1 kpuruueckas Temreparypa JaHa B COOTBETCTBUU

c 0030poMm [9], a kp uTHUECKOe aBJIEHHE — B COOTBETCTB UM C HAIIMMHU M3Mep eHusiMu [37].
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Tabnuma 1. CtaHmap THeIE CIIp aBOYHBIC JAHHBIE O KP UTHIECKO I TeMITep aTy P € U K UTHIECKOM

AaBJICHUU WHAUBUAY AJIbHBIX BEIIECTB

Berecrso Xumuaeckast hop My jia p./Mlla T, /K
HopmanbHeie ankaHbl
Hownanexan CH;(CH, ), CH; 1.16 £ 0.02 755+ 8
Diiko3an CH;(CH, )4CH; 1.08+002 | 768+8
Cemsiikosan CH;(CH, )y CH; 1.03£002 | 778+8
Jloko3aH CH;(CH; )5, CH; 0991+002 | 786+8
Tpukosa CH;(CH, ),,CH; 0.915+0.02 | 790+ 8
Terpaxosan CH;(CH,),, CH; 0.871+002 | 800+8
Iekcaxo3an CH;(CH, ), CH; 0.795+0.03 | 816+ 12
OxTako3aH CH;(CH, ), CH; 0.744+0.03 | 824+ 12
TpuakouTan CH3(CH2)28CH3 0.636£0.03 | 84312
Texcarp HaKOHTaH CH;(CH, ),,CH; 0.472+0.02 | 872+12
1-AnkeHbr
1-Tpuneuen CH, = CH(CH, ),,CH; | 1.73+0.03 6737
1-Terpazenen CH, = CH(CH, ), CH; | 159+003 | 6917
1-IlenTaneueH CH, = CH(CH2)|2CH3 1.54+£0.03 705+ 7
1-Texcaneen CH, = CH(CH, }5CH; | 1394003 | 718+7
1-Terranenen CH, = CH(CH,),CH; | 1342003 | 73427
1-OxTanenen CHy = CHCH  ksCH; | 1304 003 | 74847
1-Homazenen CH, = CH(CH, ),¢CH; 1194002 | 755+8
1-Diikosen CH, = CH(CH,),CH; | 114201 | 772+ 10
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IIponomxenue Tabamuie 1

Bemectso Xmvmeckast GopMmy sia p.Mlla 1. /K
OZXHOOCHOBHBIE K ap GOHOBBIE KHCIIOTHL
JranoBas (y KCy CHast) CH;COOH 5.80=0.17 590+ 6
T'excaHoBas (karp OHOBas1) CH3(CH2)4COOH 3.38=0.10 655+ 2
OxranoBast (Karp HioBasi) CH3(CH2 )GCOOH 2.87+0.1 693 +2
VY HpekaHoBas (y HICIMIOBAS ) CH3(CH2)‘)COOH 2.13+0.06 728+ 7
JonekaHoBast (y1ay pHHOBast) CH;(CH, ), COOH 1.93 + 0.06 743+ 7
TerpanexkanoBas (MUp HCTHHOBAs) CH3(CH2 )12000H 1.64 = 0.05 763+ 8
Herrazexanopas CH3(CH,);;COOH | 157005 | 777+
Texcapexanopast (IATbMHTHHOBAS) CH3(CH,)4COOH | 1491005 | 785+
T'enranexanoBast (Map rap UHOBast ) CH;(CH, )1 sCOOH 1.37+0.04 792+8
OxTranexaHoBast (Creap MHOBast) CH3(CH2), ¢, COOH 133+ 004 803 + 8
Diiko3aHoBast (ap axuHOBAs) CH3(CH2 )ISCOOH 120+ 0.04 820+ 8
Hoxosanosas (GereHosast) CH3(CH2)20 COOH 1.11+0.03 837+8
JIBY XOCHOBHBIE Kap GOHOBBIE KUCIOTHI
By tannvoBast (stHTap Hast) HOOC(CHZ)ZCOOH 6.59+ 030 851 +£20
Tlenranmuosas (ro1y Tap oBat) HOOC(CH2)3COOH 4.27+0.20 840+ 13
TexcaH HoBas (aIUMHHOBAs) HOOC(CH,),COOH | 385+015 | 841+ 13
T'errranavoBas (muMen uHOBas ) HOOC(CHZ)SCOOH 3.28+0.13 842 £ 13
OxTannnoBast (cy Oep uHoBast ) HOOC(CH2)6 COOH 2.97+0.12 843+ 13
Honarnuosas (asenauHoBasi) HOOC(CH,),COOH | 272+0.11 | 844+13
JlexannoBas (cebawmoBas) HOOC(CH, ,COOH | 250+010 | 845+ 13
Jlonexannnosas HOOC(CH 2)10COOH 2.15+0.09 859+ 13
Terpanexannuosas HOOC(CH,),,COOH | 1.90+0.08 | 862+ 13
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IIponomxenue T aOmurp! 1

Bemectso Xumiraeckas (opmy na P Mlla T. /K
DeHMTaNKa HOBBIE KUCIIOTHI
DeHWI3TAHOBASA C¢HsCH,COOH 395+0.14| 766+ 8
3-Qeswmp OnaroBas CeHs(CH,),COOH 3.46+012| 776+8
4-OermnGy TanoBas CeHs(CH, ); COOH 3214011 783+8
5-DenmnMeHTaHOBAs CoHs(CH,),CO0H 295010 | 790+ 8
6-DenunreKcaHoBast C¢H;5(CH, ); COOH 260+ 009 | 794+ 8
7-DEHUNTEeNTAHOBAs C¢H;(CH, ), COOH 247+£0.09| 798+ 8
Croxupre 3¢Hp bl uKap GOHOBBIX K UCIIOT
JIuMeTHI> TaHA HoaT ( IMMeT HIIOKCaIaT) CH;00CCOOCH; 406+£0.12| 639+6
JlMeTH IIp onaHAHo At (AMMe THJI MaJIOHAT) CH3OOC(CH2)COOCH3 36+0.1 648 £3
Jumetnnby TaH HOaT CH;00C(CH,),COOCH; | 3-06£0.09| 6627
JIUMeTuI eH TaH uoat ( IUMET HIITITy Tap at) CH3OOC(CH2)3COOCH3 277+0.08| 6827
JlumeTunrex can MoaT( JUMeT UlauIar) CH3OOC(CH2)4COOCH3 250+£008| 692+7
JluMeTwirenTaHauo ar (A1 Me TUIII IMeNIaT) CH3OOC(CH2)5COOCH3 237007 7117
JlnMeTIoKTaHn noat (I uMeTwicy 6epar) CH3OOC(CH2) «COOCH; [230£0.07| 723£7
Jumernnaexannuoar (aumermicebak ar) CH3OOC(CH 2)8COOCH 3 | 208£0.06| 7427
JIudTH IIp OTTaH oAt (I MO THII MAJIO HAT) C,H500C(CH, )COOC,Hs | 267008 | 652£7
JuTin 6y TanmuoaT C,H;00C (CH2)2C00C2H5 220+004 | 6657
JIMDTHIIIIEHTAHAMOAT (UMD THIITITY Tap at) 021—1500(:(CH2)3CQ()C2H5 211+004| 6837
JIMSTHIT EKCAHAMOAT (¥ THIIAL UITAT) C,H500C(CH,), COOC,Hs [ 2.05+0.04 | 696+ 7
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TIponomkenue Tabnuupt 1

Berectso Xumueckas hop My 1a | pe/MIla T, /K
Dup b1 GeH30HHOIT KHCTOTBI
M ernnbenzoar CsHsCOOCH; 37+03 699+ 4
Orunbensoar C4H;COO(CH, JCH, 3.05+0.09| 700+ 7
[p ormnbensoar C¢HsCOO(CH, ), CH; 2.60+0.08] 710+7
By Tuntemsoar CsH;COO(CH, );CH; 240007 7257
TenTun6 enzoar CsH;COO(CH, ), CH; 219+ 007 | 736+ 7
Texcunbensoar C¢HsCOO(CH, );CH; 198006 7487
Doupsr 1,2-6erzonmkap GoHOBOIT ((TaneBoif) KHCIOTHI
Jlumerindranar CsH,|COOCH; ], 277+0.1 | 772+9
Jlpsrindranar CeH,[COO(CH, )CH;], | 226008 | 776+ 9
Tunponundranar CoHu[COO(CH,),CH;], [ 1904007 78420
Juby tundranar CeH, ICOO(CHZ) CH;JZ 1.66+0.06 | 797+9
JuneHtunranar C(,H4ICOO(C ) CH3] 143+005| 811+9
Jurekcungranar CeHy lCOO(CH2 )< CH- JZ 134+005| 8179
Jurentundranar CeHy lCOO(C 6 CH3] 1.24+0.04| 830+9
Jlwokrindrarar CoH,|COO(CH, ), CH, |, [ 1.08+0.04 | 840%9

6uc(2-Dtuirexcin)pranar
Juuonundranar
Huneunndranar

Jlny e ranar

CH4[COO(CH; )CeH |,
CeH, [COO(CH, ) CH ,
CoH,|cOO(CH, ), CH; |,

CeH, |COO(CH, ), CH; ),

1.07+0.04| 835+9
1.02+004 | 858+9
0.94+0.03 | 870+ 10

0.89+0.03| 886+ 10
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IMponomxenne T abnurm! 1

Bemectso Xumeckast hopmy na p./MIla I.K
1-AnkaHombI
1-Tp unexanon CH;(CH, ), CH,O0H 179+ 005] 732+7
1-Terpanexanon CH;(CH, ), CH,0H 167+005| 7437
1-TlenrazexaHon CH3(CHy);3CH,OH | 1604005 | 757+8
1-Texcaexanon CHy(CH ) ,CHOH |1 464004 | 770+ 8
1-TenranexkaHos CH;(CH, ),sCH,0H 1.35+004| 780+ 8
1-OxTangexaHoN CH;(CH, ),,CH,0H 128+£0.04| 790+ 8
1-3iiko3aHoxn CH3(CH2),8CH20H 1.15+£0.03 | 808+8
1-Jloxo3anon CH3(CH2 )20CH20H 1.07+0.03 | 8278
DeHUIaIKa HOMBI
2-@enun-1-sTaHon CgHs(CH,),0H 39+0.1 | 723+3
3-®enmr-1-nponanon CeHs (CH2)30H 346+ 010 732+7
4-®enun-1-6y Tanon CgHs(CH, )4OH 307+£0.09| 746+ 7
M HOroaroMHbI€ CIIHP ThI
1,2-I1p OmaHaHoO (ITHIIEHTIIHKOJIb ) HOCH,CH,0H 820+03 | 720+ 10
3-Oxca-1,5-TTenranauon
(TMBTHII EHITHKOJTh ) H(OCH,CH, )2 OH 477+02 | 753+ 10
3,6-luokca-1,8-okTaHauon
(Tp ¥ THICHT T HKOITB) H(OCHzCH2)30H 330+ 0.1 | 797+ 12
3,6,9-Tpuokca-1,11-y Hanekanauon
— H(OCH,CH, ), OH 3.20+0.1 | 800+ 12
1,2,3-TIponanp o (ruuep Hx) CH,OHCHOHCH,0H [ 7°+02 |850%13
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Iponomxenue Tabnuup 1

Bemecrso Xuvmdeckas Gopmy a | p./MIla | 7. /K
1-AKUIOEeH3 0Bl
By Tiberson C4H5(CH,);CH, 289+ 0.04 | 660.5+0.5
Tlentun6enson C¢Hs(CH,),CH; 2.58+0.08 675+7
Texcmbenson CgHs(CH,)sCH3 235+007 | 695+7
Cenmun6enson CgH;(CH, ) CH,4 2144006 | 708+7
Oxrunbenson C¢Hs(CH,),CH,4 1.98 £ 0.06 725+ 7
HewmnGenson CeHs(CH, ) CH; 1.72+£0.05 752+ 8
Vugenmnd enson CoH, (CH, )y, CH, 1.64+£0.05| 763+8
TpunermnbeH3on C¢Hs(CH,);,CH, 1.54+0.05 790 £ 8
H-AJIKIJILHKJIONeKCa Hbl
DTUILUKJIOTEK CaH C¢H;;(CH, )CH; 3.25+0.1 607+0.5
TIp onmnumk norexca CgHy,(CH, ),CH; 286+009 | 63105
By tunuuknorexcan CéHll(CH2)3CH3 2.56+0.08 | 653+0.5
H-JlnaMuHO ajiKaHbl

12-lamimosras NH, (CH, ), NH, 6.71+0.01 [ 613.1+03
1,3-/TuaMHHO ITp OnaH NH, (CH, );NH, 5.59+0.17 632+6
1,4-TnaMuHOOY TaH NH, (CH; )4 NH, 4.54+0.14 6517
1,6-/luamMutorexcan NH, (CH, )s NH, 359+0.11 | 685+7
1,8-JIHa MUHOOKT 2 NH, (CH, )5 NH, 2804008 | 71247
1,9-JT11a MMHO HOH aH NH, (CH, )oNH, 263+008| 726+7
1,10-]Tsa Moz excas NH (CH; )i NH, 2434007 | 736=7
1,12-JTsa MmFonIo AeKar NH, (CHy )i NH, 201+006| 767+8
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[Tponomxkenue Tabmurpr 1

Bemecrso XuMu4ecKas p./Mlla 1. /K
bopmy 1a
TerpaankOKCUCHITaHBI
TeTp aveToKCHCHIIaH SilOCH; |, 2.88+0.05 [ 563.0+0.5
TeTpasToKcHCHIAH Si[O(CH,)CH;], | 2.05+0.05 | 5922+05
Terpanp orokcHcHan Si[0(CH,),CH; |, | 14x01 648 + 1
Terpaby TOKCHCHTAH SilO(CH,);CHs, | 110+003 | 682+7
TeTp aneHTOKCUCHIAH Si[O(CH2)4CH3]4 0.89 + 0.03 714 + 7
TeTparekCOKCHCHIAH Si[0(CH,)sCH;], | 0.79+0.02 | 757+38
Terparenrokcucun an Si[O(CH2)6CH3]4 0.74 + 0.02 7718 £ 8
Terp aokTOKCHCHIAH Si[O(CH2)7CH3]4 0.66 = 0.02 812+ 8
T eTp aHOHOKCHCIIIaH Si[O(CH,)gCH;], | 061+0.02 | 830+8
TeTpaneLoKCucIIaH Si[O(CH,)gCH5], | 0.60+0.02 | 849+8
TerpaankOKCUTUTA HBI
TerpasTokcururaH Ti[O(CHz)CH3]4 1.40 £ 0.04 647+ 6
T eTp anp ONOKCHTHTAH Ti[O(CH,),CH;], | 1.15£004 | 685+7
T erpaGy TOKCHTHTAH Ti{O(CH,);CH;3 ], | 1024003 | 7197
TeTp aneHTOKCUTHTAH Ti{O(CH ), CHs), | 001003 | 75138
TeTparekCOKCHTUTAH Ti[O(CH,)sCH3], | 0.78+0.02 | 780+8
TeTparenrokcUTHTaH Ti[O(CH,)¢CH;], | 0.73+0.02 | 808+8
T eTp a0KTOKCUTUTAH Ti{O(CH,),CH;], | 0.66 + 0.02 831+8
M etund eHIIICHUITOKC aHbI
[ eKcaMeT I UC WIIOKCaH l((jH3 ); Silzo 1.92 +0.01 518 + 1
1,1,3,3-Terpamerun-1,3-nud e Hunmuc unokcan l(CH3)2(C6H5 ﬁiJZO 1.73 £ 0.04 750 £ 8
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TIponomxenune Tabmurpr 1

Bermectso

Xummaeckas hopmy na

p./Mlla 1. /K

1,3-Aumetnn-1,1,3,3-rerp ad eHUII MC UIIOKCAH
yuc-2,4,6-Tpumernn-2,4,6-

Tp U SHITLIFKIIO TP HCIIIOKCA H
mpanc-2,4,6-Tp umernn-2,4,6-

TP M) EHUILMKIO TP UCHITOKCAH

l[(cHa)ceHs),siLo

yuc-[(CH; X CHs BiO];

mpane-[(CH; CgHs ﬁiO]3

1.38+0.04| 893+9

134+003| 824+38

1.29+0.03 [ 839+8

Paznble coenuHe Hust

2,6,10,15,19,23-T'ekcamernn TeTp ako3aH
(cxBanan)

1,3-Mudenrnbdenson (v-tep hernn)
DeHON

Buc (1 -LUKIOTIEH TaI HEH ) /KeN €30

(deppouen)

C3oHe,
CeH{CH.CHs

CsHsFeCsHs

0.70£0.03

22+0.1

5.67+0.17

3.63+0.1

822+ 12

882+9

6942+02

785+ 8




3AK/IIOYEHUE

C nomoupro metomuku I'CCCH M3 163-2010 m3mepeHbl KpuTHYECKas TeMIieparypa u
KpuUTHYeCkoe naBjieHuEe 144 BewecTB, NpUHAAIEXKALMX K Pa3IMIHBIM KJIacCaM XUMUYECKMX
coeniHeHmnil. H3MepeHMss BBIMOJHEHbI HA BBICOKOYHCTBIX oOOpasmax. Yucrora oOpasuos
KOHTpP OJIMpOBajlaCb METOJaMU Ta3OBOH, JKUAKOCTHON xpomarorpaduu M SIAEPHOTO Mar HUITHOTO
pe30oHaHca. BOJIBLIIMHCTBO HUCCIIENOBAHHBIX COeUHEHUI SIBJISIIOTCS TE€P MUYECKH HECTaOWIbHBIMH, T. €.
UX PAa3JIOKCHUE HAYHMHAEICA TMPHU TEMIeparypax HWKE KpUTHUECKOW Temmeparypbl Jlid
TIOJABJISFOIIETO YHC/Ia BELIECTB U3MEP €HUsI KP UTHUECKUX CBOWCTB BBITIOJIHEHBI BIIEPBbIC U OCTAIOTCA
€IMHCTBEHHBIMHU, T.K. KP UTUUECK € KOHCTAHTbI 3TUX COCAUHEHHN HE MOTY T OBITh W3 MEpP €HbI JIPY THMH
METOAaMU, P a3BUTBIMU K HAaCTOSAIIEMY BPEMEHU.

ITpuBeaeHs! CTaHOAp THBHIE CIIP AaBOYHBIE JAHHBIE O KP UTUUYECKOM TeMeparype U Kp UTHIECKOM
naBiaennu 136 wHAMBUAY albHBIX BemecTB. [Ipu pa3paboTke CraHmapTHBIX CHPaBOYHBIX JAaHHBIX
Y YUTBIBAINCH BCE UMEIOILLIUECS B JINTEPATYPE PeE3yJbTaThl U3MEPECHUN KPUTHUECKUX CBOWMCTB 3THUX
BELLECTB.

PaspaOoTanHple CTaHOapTHBIE COpaBOYHBIE MOaHHBIE O KPUTUUECKOH TeMmmeparype H
KPUTUYECKOM [ABJIEHUM OPTaHMYECKUX M DIEMEHTOPTaHMYE€CKUX COEJMHEHUH HAWAyT LM OKOe
NpUMEHEHHE B pPa3IMYHBIX OONACTAX HAyKW M TEXHUKH, B TEPBYIO OYepeldb, B XUMHYECKOH M

He() TEXUMHYECKOI TP OMBILIIE HHOCTH, (hap MaLl€BTHKE.
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TTPUJIOXKEHUE

Tabnuma 2. ConepkaHue OCHOBHOTO BEIIECTBA B 00 a3Iax Ip M N3Mep eHITX KP UTHY eCKUX CBOMCTB

Yucrora/%
Ho ITocne
BemectBo IIpomsBomurens | Meron | m3meperus | usmepeHus
AQHAJIM3Q | KPUTHYECK. | KP UTHYECK.
CBOICTB CBOICTB

n-ITenran Sigma-Aldrich Irx 99.9 99.9
n-I'excan Sigma-Aldrich Irx 99.9 99.9
n-T'enran Sigma-Aldrich rxX 99.9 99.9
n-Honanekan Sigma-Aldrich X 99.9 99.8
H-DiiKko3aH Sigma-Aldrich X 99.9 99.9
n-I'emiikozaH Sigma-Aldrich I'X 99.9 99.9
n-Jloko3aun Sigma-Aldrich rx 99.9 99.9
n-Tpuxosan Sigma-Aldrich I'xX 99.9 99.9
n-Terpako3an Sigma-Aldrich I'xX 99.9 99.9
n-I'excaxo3an Sigma-Aldrich I'xX 99.9 99.9
n-OKTako3aH Sigma-Aldrich Ix 99.8 99.8
n-TpuakoHTaH Sigma-Aldrich I'xX 99.9 99.8
H-I"excaTp HakOHTaH Sigma-Aldrich rx 99.9 99.8
1-Tpuneuen Sigma-Aldrich X 99"
1-Terpaneren Sigma-Aldrich I'X >99!
1-ITenraneuen Sigma-Aldrich I'X o8’
1-I"excapeneH Sigma-Aldrich I'X 99!
1-I'enranenen Sigma-Aldrich X 99!
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IIponomxenue T abmuup 2

Yucrora/%
Ho ITocne

Bemectso TIpomssoautens | Meron | usmepenus | usmepeHus

aHAJIM3a | KPUTHYECK. | KP HTUYECK.
CBOIICTB CBOICTB

1-Okranenen Sigma-Aldrich | X 97"

1-Honaneuen Sigma-Aldrich I'xX 97'

1-Diikozen Sigma-Aldrich | I'X 90"

OTaHOBas KUCIOTA Aldrich X 99.95

I'excanoBast kuciaora noc? I'X 99.5

OKTaHOBasl KUCIOTA noc? X 99.7

VY HIeKkaHOBas KHCIOTa Aldrich X 99.92

JlonekaHoBasi KUCIIOTA Aldrich I'X >99.99

TerpanexanoBast KHUCIOTa Aldrich X >99.99

ITenTazexk aHOBask KUCIOTA Fluka X >99.99

I'excazekaHOBass KUCIOTA Aldrich X >99.99

I'enTan eKkaHOBasT KUCIOTA Fluka X >99.99

OxTazexaHoBasi KMCIOTa Aldrich X >99.99

DIK03aHOBas KUCIIOTA Aldrich X >99.99

Jloko3aHOBast KHCJIOTa Aldrich I'X >99.99

ByTangnosast kucnora Fluka I'X 99.9 99.9
SAMP 99.3 95.7

Ilenrannuosas kucioTa Aldrich I'xX 99.9 99.8
AMP 99.7 99.0
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TIponomxkenue T abmuipt 2

Yucrora/%
Ho Tlocne
Bemectso IIpoussogurene | Meron | usmepeHus | M3Mep eHus
AHAIM3a | Kp UTHYECK. | KP UTHYECK.
CBOICTB CBOICTB
I'excanguoBas kuciora Riedel I'X 99.9 99.3
AMP 99.9 99.5
I'entanaunoBast kucioTa Aldrich I'X 99.9 99.9
AMP 99.9 99.9
OxkTaHnnoBast KUCIOTa Sigma I'X 99.9 99.9
AMP 99.9 99.9
Honananosast kucioTa Fluka I'X 99.8 99.8
SAMP 99 .4 98.5
JlekaHITHOBasi KMCIIOTA Aldrich X 99.9 99.9
SMP 99.9 99.9
JlomexaHmuoBast KUCIIOTa Aldrich I'X 99.9 99.9
SAMP 99.9 992
TerpagekananoBast KMUCIOTA Aldrich I'X 99.4 99 .4
SAMP 99 .4 99.4
DeHITITAHOBAS KHCIOTa Aldrich I'X 99.58 98.90
3-DeHuIp ONaHOBast KUCIOTA Aldrich X 99.71 97.68
4-OenusOy TAHOBAsE KHUCIIOTA Aldrich X 99.63 98.45
5-®eHmIneHTAHOBAS KHCIOTA Aldrich I'X 99.85 98.52
6-DenunrekcaHOBask KUCJIOTA HoC? I'X 99.40 99.35
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Iponomxkenue Tabmuip 2

Yucrota/%
o ITocne
Betectso MpousBonurens | Meron | usmepenust | u3mep eHust
aHANM3a | K UTHYECK. | KP UTHYECK.
CBOWCTB CBOJCTB
7-DeHWIrenTaHOBas KUCIOTA HocC I'X 99.95 99.95
JluMeTwis TaHa noat Fluka I'X 99.99!
JluMeTus rp onaHuo aT Aldrich I'X 99.6'
JumetuOy TaHg HoaT Fluka X 98.7'
JluMmeTHi neH TaH MoatT Fluka X 99 4!
JluMeTHIreK caHa uoaT Aldrich X 99.98!
JIuMeTHIIre IIra Hano at Aldrich X 99.9!
JIMMETHIIOKT aH HOAT Aldrich X 99!
JuMeTwin exangnoat Aldrich I'X 99 40"
JIM3 T IIp OTIaHz HoaT Crry? SIMP 993 99.3
Tl 6y TaHAHOAT Crry’? AMP | 995 99.5
JI¥ THII TIe HTA HIHOAT crry’ SMP | 998 99.7
JIVBTHIIT €KCAHTHOAT crry’ SIMP | 998 99.8
M etunbenzoar Aldrich X 99.9 99.9
SAMP 99.9 99.9
Orunbenszoat Aldrich X 99.9 99.9
SAMP 99.9 99.9
TIp omnGenszoat Aldrich X 99.9 99.9
SMP 99.9 99.9




IIponomxenue T abmuup 2

Yucrora/%
Ho ITocne
Bemectso IIpoussoaurens | Meron | usMepeHus | usMepeHus
aHaJIu3 a KPpUTUYECK. | KP UTHYECK.
CBOIICTB CBOICTB

by tunbensoar Aldrich rx 99.9 99.9
SMP 99.9 99.9
IenTmnb ensoar Alfa Aesar rx 99.0 99.0
AMP 99.2 99.1
I'excunbeHsoar Alfa Aesar X 99.8 99.8
AMP 99.6 99.5
JumvermndTanar Eastman X 99.97' 99.9
AMP 99.9 99.9
Jutundranar Eastman X 99.95' 99.9
SAMP 99.9 99.8
Junp orungtanar HocC X 99.9 99.9
AMP 99.9 99.8
JluGy Trndpranar Eastman X 99+! 99.8
SAMP 99.9
Junexrunpranar HnocC rx 99.9 99.7
SAMP 99.8 99.9
Jurexcundranar HoC? rx 99.9 99.9
AMP 99.9 99.9
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Iponomxkenue Tabmuip 2

Yucrota/Y%
o ITocne
BeruectBo Ipowmssopurens | Meron | usmepeHus: | usmepeHust
aHANM3a | K UTHYECK. | KP UTHYECK.
CBOICTB CBOWCTB
Hurentmwidranar HUocC KX 99.9 99.9
SAMP 99.9 99.9
Juoxtundranar noc? KX 99.7 99.5
AMP 99.9 99.8
Ouc(2-Otwrekcun)pranar HoC’ KX 99.1 98.9
AMP 99.9 99.9
JlnHonmngranar noc? KX 99.9 99.8
AMP 99.9 99.9
Tuneuungranar noc? KX 99.7 99.9
SAMP 99.9 99.9
Juy Hoetpngragar HOoC? KX 99.8 99.9
AMP 99.9 99.9
1-Tpupexanon Aldrich I'X 97!
1-Terp anexanosn Aldrich X 97"
1-ITenTanex aHON Aldrich I'X 99+
1-I"excamexaHOJI Aldrich I'X 99!
1-T"enTag ekaHo Aldrich I'X g’
1-OxTanexaHon Aldrich I'X 99!
1-Diiko3aHon Aldrich I'X 98"
1-Toxo3aHon Aldrich I'X 98!




IIponomxenue T abmuup 2

Yucrora/%
Ho ITocne
Bemectso IIpomssoaurens | Meron | u3smepeHus | U3Mep eHUs
aHaNM3a | KpUTHIECK. | Kp UTHYECK.
CBOIICTB CBOICTB
2-®ennn-1-3TaHON Fluka I'x 99.9 99.8
SMP 99.9 99.9
3-®exm-1-np omasomn Aldrich Ir'X 99.7 99.4*
AMP 99.6 99.5
4-®enmn-1-6y TaHon Aldrich Irx 99.9 99.9
AMP 99.9 99.9
OTUIECHTTUKOIb noc? X 99.86
JIM3THN @HITHKOJTh HoC? I'X 99.2
Tp s THNEHT T UKOTh HnocC I'X 99.1
T eTp a3 TUIEHT THKOITb Hoc? X 98.1
T nuuep vH noc? rx 99.89
benson Aldrich X 99.8'
M etunbenzon (Toity 0J1) Merk rx 99.9
Ortunbenzon Merk X 99.9 99.9
by tunbenson Aldrich rx 99.6 99.6
Ientmnbenson Aldrich rx 99.2
I'excunbenson Fluka rx 99.9
I'enrun6 enson Fluka rx 99.3 99.3
OxTunbenson Aldrich rx 99.0
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IIponomxkenrie T abnuript 2

Yucrora/%
o TTocne
Bemectso IlpomsBopurens | Meron | usmepeHus | U3Mep EHHA
AHATM3a | KpWUTHYECK. | KP MTHYECK.
CBOJICTB CBOIICTB
HerwnG enson Fluka X 98.2
VHneumn6 eHson Aldrich I'X 99.5 995
Tpunerpnde H301 Aldrich X 99.0 99.0
Iuknorekcan Fluka I'X 993 99.2
M eTunmukIoreKcaHn Aldrich I'X 99.7 99.5
DTUILUKIIOreK CaH Fluka I'X 99.7 993
[p omwiuk ToreK can Aldrich I'X 99.8 99.6
By TriumkIorekcan Aldrich I'X 99.6 99.6
1,2-lnaMUHO 3TaH Fluka I'X 99.9 99.9
SAMP 99.9 99.9
1,3-/luaMuHO Ip onax Aldrich I'X 99.5 100
SAMP 100 100
1,4-TnaMunoby TaH Aldrich X 99.7 99.7
SAMP 99.9 99.9
1,6-luaMHUHOT EKCAH Sigma I'X 99.9 99.9
SMP 99.8 99.9
1,8-Jlna MUHOOKTaH Fluka I'X 100 99.8
SMP 99.9 99.8
1,9-Tpia MUHO HOHaH Aldrich I'X 100 100
SMP 99.9 99.9
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[Tponomxkenue T abnuiipt 2

Yucrota/%
o ITocne
BemectBo IIpowssonurene | Meron | usmepeHus | u3mepeHus
dHaJIn3 a Kp UTUYECK. | KP UTHICCK.
CBOICTB CBOICTB

1,10-/InaMuHOT €KaH Aldrich I'xX 99.8 99.8
AMP | 100 100
1,12-lna MUHOO ACKaH Aldrich I'X 100 99.8
AMP | 99.8 100
T eTp aMeTOKCHC WIaH UOoC’ AMP | 99.9 99.9
TerpasTokCHCHIaH UOoC’ AMP | 99.9 99.9
T eTp anp ONOKCHUCHIIAH UOC’ AMP | 99.9 99.8
Terpaly TOKCHCHIIAH UOC’ AMP | 99.9 99.9
T eTp aNeHTOKCUCHIIAH UOC’ AMP | 99.9 99.9
TeTpareKCOKCHCHIAH UOC’ AMP | 99.8 99.7
T eTp arenToKCHCHIIaH UOC’ AMP | 99.9 99.9
T eTp aOKTOKCHCHITAH UoC’ AMP | 99.9 99.9
T eTp aHOHOKCHCHIIAH UoC’ AMP | 99.9 99.8
Terp afeloKCHCHIaH UoC’ AMP | 99.9 99.9
TeTp asTOKCHTHTAH UOoC’ AMP | 99.9 99.9
T eTp anp ONOKCHTHTAH UoC’ AMP | 99.9 99.8
Terpaly TOKCUTHTAH UOC’ AMP | 99.9 99.9
Terp arleHTOKCHT HTa H UOC? AMP | 999 99.9
TerparekCOKCUTUTAH UOC? SAMP | 99.8 99.8
TeTparenToKCUTUTAH UOC’ AMP | 99.9 99.7
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TIponomxkenue T abmuipt 2

Yucrora/%
Ho Tlocne
Bemectso IIpoussogurene | Meron | usmepeHus | M3Mep eHus
aHaJIu3 a KPp UTHYECK. | KP UTUICCK.
CBOICTB CBOICTB
TerpaokTokcutuTa HoC AMP 99.9 99.9
T eTp aHOHOKCHTHTAH HoC? AMP | 99.9 99.9
TeTpaneLoKCUTHTaH HoC? SAMP | 99.9 99.9
T eKCaMeTHIITHC HITOKCaH MHTXT’ X 99.4
1,1,3,3-Terpamerun-1,3-
Jti(h €HIJT IVIC MITOKCa H MUTXT?® I'X 992
1,3-Aumernn-1,1,3,3-
Terp ath HIII HCHIOKCaH MMUTXT’ rx 99.2
yuc-2,4,6-Tpumernn-2.,4,6-
TP N EHUITLIMKIIO TP UCHIIOKCAH MUTXT’ I'X 99
mpanc-2,4,6-Tpumerun-2,4,6-
TP U EHUITLIMKIIO TP UCHIIOKCAH MHUTXT’ X 99
CxBanaH Aldrich I'X 99.9 99.9
AMP 99.9 99.9
Hadranus Aldrich rx 99!
m-Tep pernn Aldrich rx 99!
Denon Fluka X 99.9 99.1°
AMP 99.9 99.9
®DeppoueH Fluka SAMP 99.9 99.9
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! Marmzie dup My 2 3 o
Hautbre ¢ I-TIp OM3BOAuTeNs. ~ MucTuTy T Op ranmueckoro cunresa Y pO PAH. ~ Camap cxwit
“ o 4 5
TOCY Jap CTBEHHBII TeXHUYECKui y HuBep cureT.  Conepkanue 1-Terpanona < 0.6%. - M ockoBckas

rocy Aap CTBEHHasl akajemusl TOHKOH XUMUecko i Texnonorus um. M.B. JlomoHo coBa.

6 Conep xanue BozbI < 0.9%.

41



Tabnuua 3. CpaBHeHHUE p €3y IbTATOB M3MEP eHI i KP UTHIECKUX CBOMCTB BELIECTB C IIOMOLIBIO

meropuku 'CCCA M3 163-2010 u murep aTy p HbIX JaHHBIX

Bemectso p.Mlla T./K

Meronuxa Jlurepary pHble M etonuka Jlurepary pHBIC

rcccamon JIAaHHbIE IrCCCaAMO JaHHbIE

163-2010 163-2010

CrabunbHbIE BelecTBa
n-Tlenran 336%0.10 3.3710.02 [4] 467+£5 469.71£0.2 [4]
n-I'excan 3.021£0.09 3.025+0.02 [4] 5055 507.6+0.2 [4]
n-T'enran 2.7310.08 2.7410.03 [4] 5375 540.2+0.3 [4]
n-Jlexan 2.08+0.03 2.11£0.05 6166 617.710.6 [4]
Bona 22.36+0.67 22.12[15] 64416 647.3 [15]
Hadranuu 3.9610.12 4.05%0.05 [5] 74717 748.4%0.5 [5]
Benson 4.8510.07 4.859+0.006[5] |562£6 562.05+0.07 [5]
M erunbenson 4.09+0.12 4.108+0.010[5] |588£6 591.75+0.15 [5]
Drunbens o 3.60£0.11 3.609+0.010[5] | 6146 617.15+0.1 [5]
Iuksorekcan 4.0610.12 4.081+0.03 [7] 5516 553.8+0.2[7]
M eTHITIMKIIOTeKCaH 3.47%£0.10 3.48+0.02 [7] 569t 6 572.1+0.2[7]
VY KCy CHast KHCITOTa 580%0.17 5.78+0.02 [9] 590t 6 590.7+1[9]
T ep MOHECTaOMIbHbIE BEILECTBA

n-T'enragexan 1.331£0.04 1.341£0.2[4] 73217 73612 [4]
By Tun6enzon 2.90%0.09 2.8910.04 [5] 660t 7 660.510.5[5]
OTHUIEHITKOTIb 82103 82+041[9] 720+ 10 71916 [9]
T'excanoBas xucnora | 3.36x0.10 338£0.1[9] 652+7 655+2[9]
OxTanoBast KUCI0TA 2.85+0.09 287+0.1[9] 690+ 7 693 +2 [9]
JlumeTu Majio HaT 3.53x0.11 3.610.3[45] 649t 6 647+ 3 [45]
2-Oenmi-1-3TaHOI 3.85%+0.12 3.9910.08 [35] 720+ 7 723.5+£2[35]
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