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Onucanue 3aK0OHA Nepexoaa KOJIUYECTBEHHbIX U3MEHEHHUI B Ka4eCTBEHHbIE
/-pyHKRuusiMm.

(Ha npuMepe rOMOJIOT'MYECKUX PAI0B XUMHNYIECCKUX COCI[I/IHeHHﬁ)

JlaBHBIM-Z1aBHO (hrstocodbl ObUTH HE TOJIBKO (ritocodamMu, HO U MaTeMaTHKaMHM.
Hampumep, Apucrorens, I[ludarop u Ilmaron. Temeps xe dumocodpus u
MaTeMaThKa — OTACJIbHbIE HAYKH, U UX IPEICTABUTENIM YaCTO OTHOCATCS IPYTr K
IpYry BECbMa CKEIITHYECKH.

OgHuM W3 BaXHEHIIMX MOJOXKEHUH (uiiocopuu sBIsSETCS yTBEpKACHOUE O
CYILLECTBOBAHHMH 3aKOHA MEPEX0/1a KOJUYECTBEHHBIX U3MEHEHUI B KaUYECTBEHHBIE.
[ToHsITHE «KOMUYECTBO» SIBISETCS, HECOMHEHHO, IPEAMETOM MaTeMaTUKu. OJIHaKO
MaTEMaTUYECKOTr0 OMMCAHUS ATOrO 3aKOHA JI0 CUX MOP HE MPEIOKEHO.

B xuure "Antu-lropunr" B pasmgene "uanexrtuka. KosmuectBo u kadectsBo."

®.OHrenbc NpuBEN TpUMEpP MEpexoja KOJIMYECTBEHHBIX HM3MEHEHHH B
kadectBeHHble [1, ¢./20-121]: «... uaér pedb O TOMOJOTMYECKUX psaax
YTIAEPOJUCTHIX COCIMHEHUM, M3 KOTOPBIX YXKE OYEHb MHOTHE H3BECTHBI U W3
KOTOPBIX KaXKJ10€ UMEET CBOI0 COOCTBEHHYIO airedpandeckyro ¢hopMyily COCTaBa.
Ecnau Mbl, Kak 3TO IPUHATO B XMMUHU, 0003HAUYUM aToM yriepoaa depe3 C, aToMm
BOJIOpoza uepe3 H, atoM kuciopoja yepes O, a 4ucio 3aKITI0YAOIINXCS B KaXKIOM
COCIMHEHUH aTOMOB yTJIEpo/ia uepe3 N, TO Mbl MOYKEM TIPEICTaBUTh MOJICKYIISIPHBIC
(bOpMYJIBI TSI HEKOTOPBIX M3 3THUX PSJIOB B TAKOM BHJIC:

ChHan+2 - psim HOpMaNbHBIX TTapa(UHOB.
CihH2n+20 - psig mepBUYHBIX CIIHPTOB.
CnhH2,02 - psii OAHOOCHOBHBIX YKHUPHBIX KUCIIOT.

Ecnu mMb1 BO3bMEM B BHAEC TpUMEpa MOCICTHUN W3 ITHUX PANOB U TPUMEM
nocienoBaTeabHo N =1, N =2, N =3 u T. ., TO OTYyYUM CJICAYIOMUN pPe3yTbTaT
(oTGpackiBast ©3OMEPHI):

CH,0; - mypaBbunas kuciora — Touka kum.100°, Touka miasi. 1°.
C3H40; - ykcycHas kuciora 118°, 17°.

C3HsO; - mponroHoBas KMCIOTa 140°, -



C4HgO, —maciasHast Kuciora 162°, -
[¢]
CsH1002—BanepuanoBas KuciaoTa 175°, -

U T. 1. 10 C30HeoO2 — METUCCUHOBAS KUCIIOTA, KOTOPas pacIuIaBiIsieTCs TOJIBKO MPpU
80° 1 He UMeeT BOBCE TOUKHU KUTIEHUS, TAK KaK OHAa BOOOIIE HE MOXKET yJICTy4IUThCS,
HE pa3pylIasch.

31ech Mbl BUAUM, TaKMM OOpa3oM, LETbI psii KAYECTBEHHO PAa3INMYHbBIX TEI,
00pa30BaHHBIX TMPOCTHIM KOJWYECTBEHHBIM MPUOABICHUEM 3JIEMEHTOB, MPUTOM
BCEr/la B OJHOM M TOM >X€ OTHOIIEHUH. B Hambosnee 4yuMCTOM BHUAE ATO SIBICHHE
BBICTYIIA€T TaM, I'ZIE BCE COCTABHBIC 3JIEMEHTBHl M3MEHSIOT CBOE KOJMYECTBO B
OJIMHAKOBOM OTHOILIEHUM, KaK, HaIpuMmep, B HopMaibHbIX mapapuHax CnHon+o ;
caMblii HU3KUH U3 HUX MeTaH CH;—rTa3; BBICUIMI K€ U3 U3BECTHBIX I'€KCaJeKaH
C16H3s—TBEpHOE TENO0, 00pa3zyroliee OCCIBETHBIC KPUCTAJUIBI, IUIaBsuecs mpu 21°
Y KUIBIIHUE TOABKO mpu 278°. B TOM M IpyroM psae KaXAblii HOBBIM YJICH
oOpazyercss npuOaBiennem CHj, T.e. OJHOTO aToMa yIJepoJa W ABYX aTOMOB
BOJOPO/Ia, K MOJIEKYJISIpHOU (hOpMYJIE MPEABIIYIIEro YieHa, U 3TO KOJIMYECTBEHHOE
U3MEHEHUE MOJEKYJIApHOU (opMysbl 00pa3yeT KakIblii pa3 KayeCTBEHHO
OTJINYHOE TEJIO.

Ho »Tu psanbl mpeacTaBisioT TOJBKO OCOOCHHO HATJIAIHBIN MpUMEp: MOYTH
MOBCIOAy B XUMHUHU, HAampuMep Ha pPa3IMYHbIX OKHUCJAX a30Ta, Ha Pa3IMYHBIX
kucinoTax ¢ochopa uim cepbl, Mbl MOKEM BUACTH, KaK “KOJMYECTBO MEPEXOIUT B
KauecTBO’, U 3TUM MHHUMO 3allyTaHHOE “‘TYMaHHOE MpejcTaBieHue ['erens”, Tak
CKa3aTbh, MOXKET OBITh HAI[YITaHO B BEIlaX U SIBICHUSIX...».

C momenTa myOnukanuu 3Toil kauru @.OHrensca nponuio nouytu 150 ner, B
TEUEHHUE KOTOPBIX ATOT MPUMEP pPACCMATPUBAIICI, OOCYXAAJICSI U LUTUPOBAJICS
dbunocodamu, MaTeMaTUKaMU U XUMUKaMu. EMUHCTBEHHOE, YTO HE OBLJIO CEIaHO
- 3TO MaTEMaTUYECKOE OMMCAaHNE JaHHOTO MpUMeEpa.

[TonpoOyem omnucaTh 3aBUCHUMOCTb TEMIEPAaTyphl KHUIICHHS psAa H-aJIKaHOB
(mpyroe Ha3BaHUE - psJ HOPMAJIbHBIX MapauHOB) OT YKCIAa aTOMOB YIiepoJia B
modnekysipaoit nenu (Nc).

[Ipu onucanny HEOOXOIMMO YUUTHIBATH cieaytollee. Bo-nepBbix, onuchIBaromas
(GyHKIHS TOJKHA OBITH JUCKPETHOW, MOCKOJBKY aprymMeHT Nc (uucrno amomos
yIJIepoAa) MOKET MPUHMMATh TOJIBKO HeompuyamenvHble yeiavle 3HaueHus. Bo-
BTOpBIX, O0JacTh ompeaeneHus (QYHKIUM JOJDKHA pacmojiaratbCs Ha Bceil
NOJIOKUTENbHOW — yucinoBod  momyocu  (1SNg<co),  mockonbky — AJiMHA
YIJ€BOJIOPOAHOM 1IeMH TEOPETUUECKH HE OTPaHUYEHA U MOKET ObITh OYEHb BEJIMKA



(Hanpumep, y nosuMepa). B-TpeTbux, NOCKOJIBKY paccMaTpuBaeMas 3aBUCUMOCTh
Monomonna (cM. HWxe puc.l), HO B HeKoTopoil e€¢ oOJacTu HezamemHo
MIPOUCXOIUT IMOSIBJICHUE HOBOTO KAUECTBA - HAUMHAETCS KUHEHUE C PA3I0OHCEHUEM,
onuchiBaromias (GyHKUUS JIOJDKHA HUMETb CKPOIMYI CUHZYIAPHYI0 TOYKY TpU
HEKOTOPOM KpUTHYECKOM 3HaueHuu aprymeHTa Nc=Ny, wim, Apyrumu ciioBaMu,
TOUYKY YCIPAHUMO20 pa3pwleéa 1-20 poda (korna rpenensbl GyHKIMH CTpaBa U cleBa
OT TOYKH pa3pbiBa PaBHbl U HMMEIOT KOHEYHbIE 3HA4Y€HUs). TaKuM CBOKWCTBOM
001a/1at0T BEPOATHOCTHBIE /[-QyHKIIMHU, YHUKATIbHBIE CBOWCTBA KOTOPBIX MOAPOOHO
OIMCaHbl B KHUT¢ aBTopa [2, rmaBa 7]. JIas onucaHus 3aBUCUMOCTEH TeMIIepaTyp
KUIEHUS] OPTaHUYECKUX COCIMHEHUU OT JJIMHBI YTIIEBOJOPOJHOM IENMu BhIOpaHA
BEPOSITHOCTHAS /[-pyHKIIUA

)
J(t) = t(l-t ; (1)
roe [ — JI-pa3BEPHYTHIN apryMeHT, A - TOMOTOIUYECKHI TI0KA3aTellb CTEIIEHH.

PaccmaTpuBaemble 3aBHCHUMOCTH OIKCBHIBAIOTCS (DU3MUECKON JIOKAJTU30BaHHOU
dbyHKUMEH BUAA:

T=(T,, —T,) - t(%) + To; )

rac TO - TeMIICpaTypa KUIICHUSA IICPBOro 4iCHa rOMOJIOTHYCCKOIO psaa, Tm -

IpeJiesibHasl TEMIIEPATYpa, NPU KOTOPOW MPOUCXOAUT IOJHAS TEPMOAECTPYKIUSA

OpPraHU4YCCKOro COCAMHCHUSA, T— TEMIICpATypa KHIICHUA YJICHA T'OMOJIOTHYCCKOTO

psiJia C 9HCIIOM aTOMOB yriepoa B uem IV, ¢ ¥ XapaKTepu3yeMoro /[-pa3BEépHyThIM

napameTpom

_ N¢—No |

t - )
Ng—Ng

)

rac NO - HHMCJIO aTOMOB YTJICpOAa B LICIIH IICPBOI0 YiICHA TOMOJOTrHYCCKOTO psAaa,

Nk - YMCJIO aTOMOB YIJICPOJa B LOCIH YJI€HA T'OMOJIOTHYCCKOI0 psAad, HAYMHas C

KOTOPOI'O IMMPOUCXOAUT KHUIICHUC C PA3JI0HCEHUEM.

Ecmun moacraBute B dopmyny psga u-ankaHoB CpHanep 3Hauenme Nc=0, T0
“HyneBbIM” WIEHOM psga okasbiBaeTcst Bomopox (Hz), torma To=20,35 K
(temneparypa kumnenuss Bomopona) U No=0. Beipaxkenue s pa3BEPHYTOrO
JIOKAIN30BaHHOTO apryMeHTa IPUMET BUI:



Nc—No _ N¢
= = (4)

t =
Ni—No N

[To manHbBIM, B3ITHIM K3 “CripaBouHnka XxuMuka” [3] s Bogopoia v H-aJIKaHOB
¢ guciaom atomoB yriepoaa oT N¢c=0 mo N¢=35, MeTrogoMm mociem0BaTEIHHBIX
NpUOJIMKEHUN pacCUMTaHbl 3HAYEHUSI TapaMETPOB, BXOMASIIUX B ypaBHEHUS (2) U
(4), a Ttakke BenuunmHa Kod(uIMEHTa NMHeiHON koppenanuu R? mexny
CIIPABOYHBIMU M PACUETHBIMU 3HAYCHUSIMU TeMIIEpaTyp KHUMeHus. Pe3ynbrarbl
pacd€ToB MPEACTABICHBI B Ta0M. 1.

Tab6m.1. [TapameTpsl huznyeckoit /[-GyHKIINHU, ONMUCHIBAIOIICH 3aBUCUMOCTh
TEMIIepaTypbl KUIICHUS H-aJIKAHOB OT YKCJIa aTOMOB yriiepojia B MoJiekyiie (rpu
P=760 MM pT.cT.).

No Ni To, K | T, K a R?

0 17 20,35 1414 0.915 0,9996

BunHo, 4TO KOppemnsius MEXIy CHPaBOYHBIMU M PACUETHBIMHU JAHHBIMU OYCHD
xopomas (ko>QQuUUUEHT Koppensuumu R? ONM30K K €IUHHUIE), TO €CTh
MoKa3aTelbHO-CTeneHHas /[-hyHKIus (2) XOpOIIo OMUCHIBAET PacCMaTPUBAEMYIO
3aBHCUMOCTb, UTO BUIHO TaKXKe U3 puc.l.
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Puc.1. 3aBucuMOCTh TEMIIEPATYPBI KUIIEHUS H-AJIKAHOB ITPU HOPMAJIbHOM
JIABJICHUH OT YMCJIa aTOMOB YTIJIEPOAa B MOJIEKYJIE:

1- cnipaBouHbIe nanHbIe U3 [3]; 2 - pacuéT mo dhopmyie (2).

PaccmatpuBaemasi (pyHKIUsSI SBISE€TCS JAUCKPETHOW, W pacu€THbie 3HAYCHUS
MOKa3aHbl HA PUCYHKAX CIUIOUIHOW JIMHUEW HWCKIIOYUTENBHO IJI HAIJISIAHOCTH.



Bemnunnaa Tn=1414 K (1140,85°C) siBiisieTcsi, OYE€BHIHO, TEMIIEPATYPOU NOJIHO20
nUpoaU3a H-aTKaHOB M0 YPABHEHHIO PEaKIINU:

CnH2n+2 —nC +(n+1)Ho.

Bwmecrte ¢ Tem, B 00macTu Maibix 3Ha4eHU# Nc (B caMOM Hadajie roMOJIOTHYECKOro
psina) HaOMIOIAI0TCA BBICOKAS MTOTPEIIHOCTh onucanus: 2,26% miis merana, 6,88%
115 aTana, 3,42% nna nponana u 2,03% quis 6ytana. J{na x-ankaHOB ¢ OOJIBIIIEH
JUTMHOM MOJICKYJIBI MTOTPEITHOCTh OMKMCAHUs CYIIIECTBEHHO HIbKE - mopsiaka 0,5%.
UToOBl BBISICHUTH MPUYMHY TaKUX OTKJIOHEHUH OBLIO MPOBEICHO CpPaBHEHHE
CIIPAaBOYHBIX JAHHBIX U3 MSTHU Pa3HBIX JIMTEPATYPHBIX UCTOYHUKOB (Tabdi.2). Jlus
yI00CTBa CpaBHEHHSI BCE TEMITepaTyphl IpuBeAcHBI K mKkaje KensBunaa. M3 Ta651.2
BUJIHO, BO-TIEPBBIX, YTO OOJIHIIIMHCTBO aBTOPOB CTAPAIOTCSA HE IPUBOJIUTH JAHHBIE O
TEMIEpaTypax KUIECHUs H-aJIKAHOB C YMCJIOM aTOMOB yriepoja Oombire 17-20,
MOCKOJIbKY Yy HHUX HaOMIoJaeTcs KUIICHHE C  pasiodceruem. Bo-BTOpBIX,
pacxokJaeHUEe JAHHBIX IS MEPBBIX ISITH YJICHOB Pslia B Pa3HBIX JIMTEPATYPHBIX
HMCTOYHMKAX He mpeBbimaeT 0,2% - nia metana, 0,016% - nis atana, 0,061% - nis
nponana, 0% - qisa Oyrana u 0,049% mis nentana. To ecTh, 3TH PacXOXKACHUS
ropas3z0 MEHEe 3HAYUTENIbHBI, YeM OTKJIOHEHHE PE3yJbTAaTOB pacyéTa mno gpopmyie
(2) oT cipaBOYHBIX JAHHBIX.

Tabnuna 2. Temneparypsl kurieHus: H-aakaHoB (pu P=760 mm pT.cT.).

Yucno Temneparypa kunenus, K, o 1aHHbBIM UCTOYHHKA
aTOMOB
yraepoa b 3] [4] [5] [6] 7]
MOJIEKYJIE
1 111,57 111,65 111,45 - 111,42
2 184,52 184,55 184,55 - 184,52
3 231,09 231,05 230,95 - 231,08
4 272,65 272,65 272,65 - 272,65
5 309,22 309,25 309,25 309,1 309,22
6 341,89 341,85 341,85 341,9 341,89
7 371,58 371,55 371,55 371,58 371,58
8 397,82 398,75 398,75 398,9 398,81




[Tpogomxenue Tabdm.2.

9 423,95 422,65 423,85 423,95 423,94
10 447,15 446,15 447,15 447,27 447,27
11 469,04 467,65 468,95 469,04 469,13
12 489,15 487,65 489,45 489,43 489,43
13 508,55 507,15 503,15 - 508,62
14 526,67 525,65 524,15 - 526,74
15 543,75 543,65 541,15 - 543,89
16 559,94 560,65 553,15 559,94 560,2
17 575,85 576,15 576,15 - 575,71
18 590,55 590,15 603,15 - 590,53
19 603,15 603,15 - - 604,7
20 615,85 - - - 618,27
21 631,55 623,65 - - -
22 643,15 649,15 - 3 :
23 655,15 639,65 - - -
24 667,15 659,55 - - -
25 - 663,45 - - -
26 - 672,95 3 . .
27 700,15 683,75 - - -
28 - 685,65 - - -
29 - 694,95 - B :
30 730,15 - - - -
31 739,15 - - - -
32 748,15 - - - -
35 774,15 - - - .




JlanpHENIINI aHAJIN3 BO3MOXKHBIX ITPUYMH TAKOTO MOBEICHUS PACCMATPUBAEMOMN
(GyHKIMU MTO3BOJISIET CAENATH CIASAYIOINIEE MPEANON0KEHHE.

CDOpMy.Ha, HCIIOJb3yCMas JId OIMMCAHHUC T'OMOJIOTHYCCKOIO psaa H-aJIKaHOB -

CnH2n+2, 0TpaxKacT JIMIIb 'OMOJIOTUIO XUMuvecKkozco cocmaesa uX MOJICKYJI, HO HC

YUUTBIBACT cmpykmypy modekyi. [Ipu 3anucu ¢popMysbl TOMOJIOTHYECKOTO psiia H-

AJIKAHOB B BUJIE CH3-(CH2)q-CH3, riae (] - 9McI0 METHICHOBBIX 3BE€HBEB B
MOJIEKYJIE H-aJIKaHa, Cpa3y K€ CTAaHOBUTCS SICHO, YTO TPEOOBAHHE 20MOI02UU
CMpYKmypsl BbIHYKIAET OTOPOCUTH M BOJIOPOJ, U METaH KaK HAYaJIbHbIC YJICHBI
psana. HavanbabeiM (“HyJ€BbIM™) 4YJI€HOM pslia, O0O0JaJalOMUM U XUMHUYECKOH, U
CTPYKTYPHOW TOMOJIOTHEM, SIBJISIETCS 3TaH (CFO). Cootsercrerno, No=2. Hixke

MNpCaACTaBJICHBI PC3YyJIbTAThI paC"IéTOB, HpOBGI[éHHBIX C y‘{éTOM BBIINICHU3JIOKCHHOTI'O.

Ta6n.3. PesynpraTel pacuétoB ¢ staHoM (CoHs) B kadecTBe “HyseBOro” ujieHa
TOMOJIOTHYECKOTO Psijia H-aJIKAHOB.

Ne 3] [4] [5] [6] [7]
MCTOYHHKA
To 184,52 184,55 184,55 184,52 184,52
Tm 1464,4 1457,5 1455,8 1463,6 1462,4
No 2 2 2 2 2
Nk 19 19 19 19 19
a 1,1111 1,1111 1,1111 1,1111 1,1111
R? 0,9999 0,9998 0,9996 0,9999 1,0000
&% 0,62 0,69 0,68 - 0,65
(012 C2Hs)

BugHo, 4TO mpu TakoM BapHaHTE Pacu€ToB, MOTPEIIHOCTh pacuéra IjIs JTaHa
ymensbinaercs B 10 pa3 (¢ 6,88% mo 0,62-0,69%), a k03pdUIIMEHT KOppesiuu
Bo3pacraer ¢ 0,9996 10 0,9999 (npu pacuére nmo ganueM [3]).

BaxkHo ormeTuTh em€ oauH MOMEHT. M3BECTHO, YTO TeMIieparypa KUIIEHUS
JKUJIKOCTEW CHIJIbHO 3aBUCUT OT jAaBlieHus. [IpoBeneHa mpoBepka MPUMEHUMOCTH
dbopmybsl (2) TpU JABIEHUSAX, OTIWYAIOUIUXCS OT HOPMalbHOTO. JlaHHBIE O
TeMmrepaTypax KHUIEHUs H-aJKaHOB MPHU Pa3IMYHBIX JABJICHUSX B3SIThl U3 KHUTH



J.P.Cramna “Tabmuiel qaBiIeHHS TapOB WHANBUIYAIBHBIX BemiecTB” [4], a maHHBIC
0 KpUTHYECKHX TeMmrieparypax — u3 kuuru H.b.Bapradrtuka “CnpaBodHuk mo

TETUIOQU3NUECCKUM CBOWCTBAM Tra3oB M kuakocted” [7]. PesymbraThl pacdéroB
IpejCTaBlIeHbl B Ta01.4 U Ha puc.2.

Tab6:.4. BiusiHue naBieHus Ha BEJIMYMHBI TAPaMETPOB, BXOSAIIUX B YpaBHEHUE
(2) AJ11 TOMOJIOTUYECKOTO Psiia H-aJIKAHOB.

JlaBienue 10 MM pr.CT. 100 MM prT.cCT. 760 MM pT.CT. Kputnueckoe
To 130,25 153,85 184,55 305,5
Tm 1320,1 1344,1 1457,5 1384,6
No 2 2 2 2
Nk 28 21 19 14
a 1,0500 1,1111 1,1111 1,0220
R? 0,9997 0,9999 0,9998 0,9998

® 10 MM PT.CT.

TIEHII'! l{

0100 MM PT.CT.

A 760 MM PT.CT.
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Puc.2. 3aBucumMoOCTh TEMIIEPATYPBI KUIICHUS H-AJIKAHOB OT YHCJIa aTOMOB yIJIEpOJa
B MOJIEKYJIE IIPY Pa3HbIX AABJIEHUSAX: TOYKH - CIIPABOYHBIC JAHHBIE; CILTOIIHBIC
JUHUY - pacy€T no dopmyne (2).

Bunno, yto Qopmyna (2) cmpaBemivBa B IIMPOKOM HHTEpBaJe JaBICHUU.
HeoxunanubiM siBiieTcst (akT, YTO OHA CIHOpaBeIiMBa M JJI KPUTUYECKHUX
TEMIIEpaTyp, MOCKOJIbKY Pa3HbIE YIEHBI TOMOJIOTHYECKOTO PSI/Ia H-aJIKAHOB UMEIOT
pas3Hble BEJIMYMHBI KPUTHUYECKUX JaBieHui: Hanpumep, y 3taHa (C,Hg) Px=41,14

Oap, a y rekcazgekana (CigHzs) Pxk=16,2 6ap. HampoTuB, 0kH1aeMbIM SBJISIETCS TOT



daxT, 9T0 Kpumuueckoe uucio aTOMOB yriiepona B Mosekynax H-aiakaHoB (Nk)
YMEHBUIAETCS C POCTOM JIaBJICHUA. POCT aBiIeHUs NPUBOIUT K POCTY TEMIIEPATYPBI
KHUIICHMUS, a €€ pOCT YBEIUYMBACT BEPOSITHOCTh TEPMOAECTPYKLUU MOJIEKYJIbI
YIIEBOAOPOAA, TO €CTh SBJICHUE KUNEHUA C pPa3l0dCceHuemM CTAHOBUTCS
XapakTEPHBIM U1 MOJIEKYJI C MEHBIIEH JUIMHOMN YIJIEPOIHOM LIETIH.

AHanoruyHelie paC‘{éTBI IMPOBCACHBI JII TOMOJIOTHYCCKOTO psda CIIMPTOB,

ormmceisaemoro popmyioit H-CnHons1OH. Tanusie B3a1e1 13 kauru I.P.Camna
“Ta0auIpl JaBJICHUS TApPOB WHIMBHIYAIbHBIX BemecTB” [4].

Ta6:1.5. BiusiHue naBieHus Ha BEJIMYMHBI TAPAMETPOB, BXOSIINX B YPABHEHHE
(2) ny1st TOMOJIOTUYECKOTO Psijia CIUPTOB.

Hasnenune | 10 MM pT.CT. 100 mm pt.cT. | 760 MM pT.CT.
To 270,85 308,05 351,55
Tm 1313 1287 1222
No 2 2 2
Nk 40 24 13
a 1,118 1,270 1,500
R? 0,9996 0,9995 0,9994
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Puc.3. 3aBucumocTs TEMIepaTypbl KUIIEHUS CIIUPTOB OT YKCIIa aTOMOB YIJIepoJia B
MOJIEKYJI€ TP Pa3HbIX JaBICHUSAX: TOYKH - CIIPABOYHBIC TAHHBIC; CIUIONTHBIC
JMHUY - pacy€T no dopmyne (2).



Bunno, uro ¢gopmyna (2) cnpaBeqiuBa B IMIMPOKOM MHTEpBAe NAaBICHUN W i
TOMOJIOTUYECKOTO psiZia CIIUPTOB.

AHajornyHbie paC‘-IéTBI IMPOBCACHBI IJII TOMOJIOTHYCCKOIO psjda H-aJIKWJIAMHWHOB,

ormuceiBaemoro dopmyioit H-CnHonsaNH2. Tannsie o temneparypax xumerus

IpY HOPMAJILHOM JaBJICHUM B3sATHl U3 “CrpaBoyHuka xumuka” [3] u u3 xHuTH
J1.P.Cramna “Tabnuiisl JaBacHHs MapOB MHIUBUAYaIbHBIX BemiecTs” [4].

Tabmuna 6. [Tapametpsl GpyHkiuu (2) 11 psaaa #-aakuaamMuHoB (P=760 mm

pT.CT.).
No Ni To K | TmK a R?
1 15 265,65 | 1512,3 | 1,37 | 0,9997
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Puc.4. 3aBucuMOCTh TEMIIEPATYPBI KUTICHUS H-AJIKWIAMUHOB OT YMCJIa aTOMOB
yriiepoja B MojiekyJje: 1 - cipaBouHbIe TaHHbIE; 2 - pacu€T mo Gopmyre (2).

Bunno, uyto ¢dopmyna (2) chnpaBeniauBa M Uil TOMOJOTMYECKOTO psiia H-
AJIKMJIAMUHOB.

PaccMmoTpeHHble TIpUMEpPBI MOKa3bIBAIOT, 4TO BeposTHOCTHas /{-byHkuus (1)
JNEUCTBUTENILHO  SIBJISIETCS. MaTeMaTHYECKMM ONMCAHMEM 3aKOHa IIepexoja
KOJIMYECTBEHHBIX M3MEHEHHM B KadyeCTBEHHbIE. POCT HJIMHBI yriiepoJHOM LEenu
OpPraHUYECKUX COEIMHEHHUI BBIIIE HEKOTOPOTO KPUTUYECKOIO 3HAYEHUS IPUBOIUT
K Heoueguonomy (TMOCKONBKY 3aBUCHUMOCTh Ty OT Nc octaérest moromowmot)
MOSIBJIEHUIO Y HUX HOBOI'O CBOMCTBA - KUNEHUIO C PA3I0HCEHUEM, YTO C BBICOKOU
TOYHOCTBIO M OITUCBHIBAETCSI paccMaTpuBaemMoit /[-pyHKIue.



JIist m3ydeHus: MpUBEIEHHOTO BBINIE MPUMEpPa C TOYKU 3peHHs (Huimocockux
Kateropuii "ycmotuiuueocms" u "uzmenyusocms" , paCCMOTPHUM MOJIPOOHEE CBOMCTBA
BeposiTHOCTHOM /[-pyHkumu (1). UtoObl 3Ta ¢yHKIus Obuta rpaduuecku
npefcTaBUMa Ha BCel 001acTu  OmnpeneacHus (OStSOO), paccMoTpuMm €€

IpeCcTaBICHUE KaK PYHKIMH /[-CBEPHYTOTO JIOKATM30BAHHOTO apryMEHTa!

[a-(l—x)]
y=(5) "7 ®
t
rae X = t-l-_l .

OueBHUIHO, YTO 3Ta (DYHKUUSA CMpYKmypHO yCTOWYMBA - €€ M3MEHEHHUS MOTYT
IPOUCXOAUTH TOJIBKO 3a CUET U3MEHEHUI TOMOTOMMYECKOIrO MOKa3aTeNsl CTENEeHU
d. U o510 moaTrBepxkmaeTcs MAaHHBIMH pHC.5, T/I€ TI0Ka3aHO W3MEHEHHE
BEPOATHOCTHOM /[-QyHKIIMHU JJIs1 TOMOJIOTMYECKOTO Psiia CHUPTOB MPH U3MEHEHUHU
nasyieHus. Bunno, uro ¢yHkuMs usmensercs comomonuyecku (0e3 cMemeHus eé
KOHIIOB). B ciydae, korja roMoTONMYECKU MMOKa3aTeab CTENEHU d NMPaKTHYECKU
HE U3MEHSETCS IIPU U3MEHEHUH JIaBJICHUS, KaK 3TO ObLIIO OOHAPYKEHO JUIS psijia H-
aJIKaHOB, (DYHKIUSI CTAHOBUTCS UHBAPUAHMHOU - BCE TOUKH JIOKATCS MPAKTUYECKU
Ha OJIHY KpUBYIO (puc.6).

1
0.8
0.6 7

J / ® 10w prcT
04 7
0100 s preT

0.2 “n A 760 noa pr.CT.

0 T

0 0.2 0.4 0.6 0.8 1
X

Puc.5. VI3amMeHnenue BeposTHOCTHOU /[-(DyHKIINH TeMIepaTyp KUTIEHUs
TOMOJIOTHYECKOTO PsiJia CIUPTOB MPHU U3MEHEHUU JABJICHUS: TOUKH - CIPABOYHBIC
JIaHHBIC, TMHUH - pacuéT mo popmyie (5).



0,8 /
0,6 /

0,4 / ® 10 MM pPT.CT.

A Pxpur.

0,2

Puc.6. MI3MeHeHne BepOsITHOCTHOU /[-(PYHKIIMM TeMIepaTyp KUIEHUs
TOMOJIOTMYECKOTO PsAJla H-aIKAaHOB IIPU U3MEHEHUH JaBJICHUS: TOUKH -
CIpaBOYHbBIC TAHHBIC; JIMHUH - pacyéT 1o Gopmysie (5).

Takum o00pa3om, BeposiTHOCTHas /[-GyHKuuA (D) HaAMISIAHO JAEMOHCTPUPYET
ouanekmuieckoe €IUHCTBO YCTOWYMBOCTH W H3MEHUYHBOCTH: OHA CMPYKMYPHO
YCTOWYMBA U 2oMomonuyecku W3MeHuYuBa. Hanuume TOJIBKO comomonuueckoco
MoKa3aTelis CTETIeHU 00YCIOBIMBAET €€ IBOJTIONMOHHBIN (MOHOTOHHBIN) XapakTep.

BrlmensnoskeHHoe MO3BOJISIET CAeNaTh BBIBOA: Beposmuocmuas /I-¢pynkyus (1)
ABNAEMCA MAMEMAMUYECKUM ONUCAHUEM CKPBITOTO nepexo0d KOAUYeCmeeHHbIX
U3MEHEeHUL 8 KauecmeeHHble.

HarnsagaeiM npuMepoM SIBHOTO nepexoda KOAUYECHBEeHHbIX U3MEHEHUU 8
KauecmeeHnHvle MOXKET CIY>KUTh SIBJICHUE allbTepHALlMU, HAOII0JaeMOoe, HallpuMep,
JUI. TEMIIEPATYP TUIABJICHUSI TOMOJIOTUYECKUX PSIIOB OPraHUYECKUX COEAUHECHUM.
Paznenienne 3TuX psiAOB HA TPYIIbl COEAUHEHUN C YETHBIM U HEUYETHBIM YHCIIOM
aTOMOB yIJIEPOJA MPOSIBIAETCS HE TOJBKO B TEMIIEpATypax IUIABJICHUS, HO U BO
MHOTHX JIPYTUX CBOMCTBAX.

OueBHUIHO, YTO SBJCHHE AalbTEPHAIMM H3BECTHO IOCTATOYHO JABHO, a
NyOJIMKALMK, TOCBAIICHHBIC TAHHOMY SIBICHHIO MOSBISIOTCS 10 HACTOSIIErO
Bpemenu [8 - 10]. Ho 10 cux mop HUKEM He MPeNJI0KEHO MameMamuieckoe
ONUCAHUE DTOTO SBJICHUSL.

Y CTaHOBIIEHO, YTO 3aBUCHMOCTb TEMIEPATYPbl IUIABICHUSA T'OMOJIOTHYECKUX
PSANOB OpPraHMYECKUX COCOUHEHHM OT 4YHCIa aTOMOB YIVIEpOJA OIHMCBIBACTCS
BEPOATHOCTHOM JIOKAJIIM30BAHHOM (PyHKIIMEH, TpeICTABIIAIONIEH cOO0H CyMMy ABYX
JTUCKPETHBIX /[-pyHKIIMi:



y = My (t1) + Op(tp) = |t1|[(1_7?1)u] + k- {(—tz)[a'(l_tZ)]}[b'(HtZ)], (6)

N—Ng \"
rae ty = (Nk_l\?o) , t,,=N—Ng;; u=

Q |_n

N, Ny, N, — Tekyliee, MUHUMAJIBHOE U KPUTHYECKOE YHUCIO aTOMOB YIriepoaa B
pagukane Moyekyisbsl; N, - 4HCIO aTOMOB YIJIEpOJa, ¢ KOTOPOr0 HA4YMHAETCA
aJIbTEpHALINS,

trm - tl'IJl 0

y:

tl'IJl max— trm 0

Chnor tun ¥ Cunmax — MUHEMaIbHOE, TEKyIIee U MAaKCHMAaIbHOC 3HAYCHUS

TCMIICPATYPHI IINIABJICHUA.

Oyukims [l (t;) B bopmyie (6) COAEPKUT MymayuonHwlil TIOKa3aTeab CTCICHN
U, UMCIOIUN HeuémHuoe 3HaueHue, U B HEKOTOPBIX CIIydasiXx UMEET aHAIUumu4eckoe
nPoOoJIICeHUE 61160, TI0ITOMY €€ OCHOBaHME OepéTcs Kak MOAYJb apryMeHTa |t |,
KOTOPBIN MPEICTABISET COO0U cmeneHHyo hyHKyuro.

Oyukius [, (t,) B dopmyse (6) ommchiBaeT BKIan aabTepHanmu. [lokaszatenu
CTENICHU MPEJCTaBIEHb B BHUJE HECOKpATUMBIX Jpoded a/b u u =c/d nns
BBITIOJTHEHHSI YCIIOBUS WX HeYéMHOCMU, U WX COCTABISIIOIINE pa3HECEHBI B
dopMynax s OOECTCUeHUs] BBIMOJIHCHHUS MPABWJIBHON TIOCIICIOBATEIBHOCTH
ornepanuii B mporpamme Excel.

Tumnbl 1 GopMyJIbl paCCMOTPEHHBIX TOMOJOTHUECKUX PSJIOB IPEICTABICHBI B
TaoJ1.7.

Tabsn.7. 'omonoruyeckue psipl OpraHuYeCKUX COeTMHEHHM

Ne I'omonornuecknii dopmyna psaga HcTounnky TaHHBIX
psiza psn
1 H-AJTIKaHbI CnHane+2 [8 ¢.35-36]; [10c.177]; [11]
2 H-AJIKHUITAMHHBI CnHan+1NH2 [3]; [4 ¢.9-13]; [12 ¢.299-302];
[13, AmunbI]
3 JIukapOOHOBEIE HCOO(CH2)NCOOH | [8 ¢.337]
KUCIIOTBI
4 MonokapO0oHOBBIE CnH2n+1COOH [3]; [11 c.326]; [8 ¢.242]; [14,
KHCJIOTBI c.453]; [13, Kap6GoHOBBIC
KHCJIOTHI|




Ta6:m1.8. TeMneparypsl JIaBICHUS H-aJTKAHOB.

N¢ ty, °C Nc tr, °C N¢ trs, °C
1 -182,48 13 -5,2 24 50,6
2 -183,27 14 5,863 25 o4
3 -187,69 15 9,93 27 58,9
4 -138,35 16 18,17 30 65,8
5 -129,72 17 21,98 31 68
6 -95,32 18 28,18 32 70
7 -90,61 19 32 35 74,6
8 -56,8 20 36,8 50 92,1
9 -51 21 40 60 98,9
10 -29,66 22 44 70 105,25
11 -25,9 23 47,5 100 1154
12 -9,595

Ta611.9. TemnepaTyphbl MUIaBJICHUS H-ATKUJIAMUHOB.
Nc trn, °C Nc tyn, °C Nc ton, °C
1 -94 7 -23 13 27
2 -80,6 8 -1 14 37
3 -83 10 17 15 36,5
4 -50,5 11 16,5 16 46
6 -19 12 27,5 18 52,9
Ta6m1.10. Temnepatypsl M1aBIeHUS AUKAPOOHOBBIX KUCIIOT.
Nc thn, °C Nc thn, °C Nc trn, °C
0 189,5 4 153 8 134
1 133 5 105,5 9 110
2 183 6 140 10 126
3 97,5 7 108 11 112

Tabn.11. TemnepaTypsl I1aBJI€HUS MOHOKAPOOHOBBIX KHCIIOT.

N, tos, °C N, ton, °C N, tom, °C

0 8,4 8 12,5 16 61
1 16,6 9 27 17 69,6
2 22 10 29 18 66,5
3 7.9 11 44 19 75,5
4 -34,5 12 445 21 74
5 2 13 58,3 24 84
6 10,5 14 52

7 16 15 62,9




Pe3ynprarsl

OTIpEICIICHUS

METOOOM

napaMeTpoB pyHKIuU (6) mpuBeAeHBI B Ta0.7.

IIOCICAOBATCIIbHBIX

npUOIKEHU N

Tabm.. [TapameTps! /[-dpyHkimn (6) pacCCMOTPEHHBIX TOMOJIOTUYECKHUX PSIIOB.

Ne psina 1 2 3 4
N, 0 0 0 4
N, 2 1 2 -4
N, 2 1 0 0

to, °C -185 -94 11,03 -33,5
tm, °C 133,5 116 189,4 182
k -0,045 0,045 0,403 0,063
m 3,127 6 0,555 1
n 1 1 1 1,133
a 9 7 1 11
b 11 17 1 19
c 15 15 39 1
d 11 11 91 1
R? 0,9995 0,9984 0,9965 0,9863

Hwxe Ha pucyHKax MpejcTaBieHbl CIPAaBOYHBIC JAaHHBIE (TOUYKH) M PE3yJIbTaThI
pacu€toB mo dopmyie (6) (MyHKTHpPHBIC JTUHUW), a TaKKE CTEICHb KOPPEISIIHH

MCXKAY HUMHU U JJIMHA PACCMOTPCHHBIX PSAIOB.
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Puc.7. 3aBrucuMOCTb TeMIiepaTyphl TUIABJICHUS H-aTKAHOB OT YMCJIa aTOMOB
yriiepoja B MOJIEKYJIE U KOPPEJISIIUS MEK/Ty CTPAaBOYHBIMU U PACUETHBIMU
3HAYCHUSIMH TeMIIepaTyp IJIaBJICHUSI.
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Puc.8. 3aBucuMocTh TeMIiepaTyphl TUIABJICHUS H-ATKUJIAMUHOB OT YUCJIa aTOMOB
yriiepoaa B MOJIEKYJE U KOPPEISIIUS MEKy CIPAaBOYHBIMU U PACUETHBIMU
3HAYCHUSIMHU TEMIIEPaTyp IJIaBJICHUSI.
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Puc.9. 3aBucumocTb TeMIiepaTyphl IUIABICHUS TUKApOOHOBBIX KUCIOT OT YHCIia
aTOMOB YTJIEPOJA B PAIUKAJIE U KOPPEJSILUSA MEKY CIPABOYHBIMU U PACUETHBIMU
3HAYEHUSMH TEMIIEPATyp IUIABJICHUS.
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Puc.10. 3aBucuMOCTh TEMIIEPATYPHI IJIABJICHUS MOHOKAPOOHOBBIX KHCIIOT OT
YHCJIa ATOMOB YIJIEPO/IA B PAAUKAJIE U KOPPEIALUS MEXKIY CIPABOYHBIMU U
pPacUETHBIMU 3HAYCHUSIMU TEMIIEPATYP IUIABJICHHUS.



W3 naHHBIX PUCYHKOB BHUIHO, YTO /{-pYHKIIMH XOPOLIO OIHUCHIBAIOT JaKe
MHOJcecmeeHHble ABHbIE TIEPEX0/Ibl KOJIUYECTBA B HOBOE KayeCTBO.

CaoiictBa anvmeprupyrowux /{-byHKunid (Kak ¥ CBOWCTBA NIPYTrUX THIOB /[-
byHKIHIT) MoapoOHO OIKCaHbI B KHUATE aBTopa [2].
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