YK 614.841
I.I". Tpeeybos, kmn, suxnaoauy, YI[3V

JOCJIIKEHHS 3AJIEXKHOCTI MIHIMAJIBHOI EHEPTII
SAITAJIIOBAHHA BI/{ TEMIIEPATYPHU

(ITpencrasiieno a-pom TexH. Hayk B.M. Kowmsik)

PosrnsiHyTo BIUIMB TeMIepaTypy HaBKOJMIIHBOTO CEPEOBHINA Ha
MiHIMQJIbHY €HEprito 3amajtoBaHHsA roptodoi pedoBuHH (Enmin). 3a
pe3ynbraTaMu OOpOOKM EKCIIePUMEHTATBHUX Ta JOBITHUKOBUX JIaHUX
OTpHMaHa BIJIMOBiIHA MaTeMaTHUYHA 3aJICKHICTh. [loKka3aHO 3HIKEHHS
Emin 31 301IBIIICHHSIM TEMIIEPATYPH.

IHocranoBka mnpoOiaemu. [luTaHHS BHU3HAUEHHS 1MOBIPHOCTI
3aMajifOBaHHs MapOIOBITPSHOI CYMIII 3aBK/IU € aKTyaJbHUM. Bigomo, 110
TOpIHHA HE BUHUKAE€ HABITh 3a HAsABHOCTI CyMIIIl TOPIOYOi PEYOBUHU 3
MOBITPSIM, OCKUTBKH TPEThOIO HEOOX1THOK YMOBOIK) BUHHUKHEHHS TOPIHHS €
HAsIBHICTH JKepera 3alajioBaHHs. Y TOM K€ yac, 1 I OCTaHHS yMOBa He
BUKJIMKA€E TIOSBU TOPIHHS, SKIIO E€HEpris JpKepena 3amalioBaHHS Maia.
ToOTo icHye nesika MiHIMaJIbHA €HEPTis JHKEpelia 3aralfoBaHHs 3a sIKOT BXKe
HE MOKE€ BUHUKHYTH TOPIHHS HAaBITh 3a HAMOUIBII MOXKEKOHEOE3MEUHOT
KOHIIEHTpAIlli TOPIOYOi PEUOBUHU B CYMIIIIl 3 MOBITPSAM (CTEXIOMETPUYHOT)
1 TOMMUPUTUCA Ha BeCchb 00’€M TOproYoi cyMimii. Aje 3a OUIbIIUX
TeMIEepaTyp HABKOJIMIIIHHOTO CEPEIOBUINA 3HAYEHHS MIHIMAJIbHOI eHeprii
3aMajlfOBaHHsT MOJKE€ 3MEHIIYBaTUCA, IO OyAe BH3HA4YaTH CTYHIiHb
301JIBIIICHHS TTOXKEXXHOT HEOE3MEKHU.

AHaJi3 OCTaHHIX [IOCATHeHb Ta mnyOJikamiin. MeToaukowo
BU3HAYCHHSI Enjp KOPCTKO pETJaMEHTYEThCS THUCK TPU BUIPOOYBaHHI
(101,3 xIIa) Ta mpononyerbest BU3Hauatu Enin 32 HOpManbHOT TeMnepaTypu
[1] abo TemmepaTypHy 3aJIe)KHICTh B 1HTEpBaii Temrepatyp 298 — 423 K 3
marom 25 K [2]. HasBHicth 3HWXKEHHS Enjp 3a OUTbIIUX TeMIieparyp
HABKOJIMITHBOTO CEPEOBUINA MIATBEP/KYIOThH JIaH1, HABEJEHI B IHCTPYKITIi
[2] Ta nmoBimHuky baparoBa A.H. [3], omHak Taki JaHI BCTaHOBJICHI JIMIIC
JUIsL  IeKUTbKOX pedoBHH. Cyasuu 3 yChOro TiepeBa)kHa OUIBIIICTh
JIOBITHUKOBUX JIAHWX BCTAHOBJICHA 3a METOJUKOIO [1]. AJie 3a Temmneparyp
oubmmx 3a HopMmaibHy (273 K) Enin 3MeHIIyeThbcs, M0 BHU3HAYaAE
30UIBIICHHST TOXKEXKHOT HeOe3neku. ToMy JOBITHUKOBI JlaHI HE 3aBXKIU
B1JI00paXkaroTh peajibHy MOKEKHY HEOE3eKy roprovoi peHOBHHH 32 YMOBU
HAsSBHOCTI JAHOTO JiKepeia 3araltoBaHHs.

ITocTtanoBka 3ajavi Ta ii pilleHHs. 3BaXalOUd HA BHUKJIAJICHE
BUIIle, OyJI0 MPOBEACHO AOCIIKEHHS I BCTAHOBJICHHSI 3AIEKHOCTI Enin
Bil TeMIlepaTypd. 3 METOI BCTAHOBJICHHS BIUIMBY TEMIICpAaTypH Ha
MO>KJIMBICTh BUHUKHEHHSI TOPIHHA B Pe3yJIbTaTI il JKepela 3analtoBaHHs
Oynu mpoBeneHl AOCTIAN IO 3aMalfOBAaHHIO TOPIOYMX MapOMOBITPSHUX
CyMimie 1CKpoBUM po3psioMm eHeproemuictio 0,7 ta 1,0 mJ/x 3a
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temmnepatyp 288 1 298 K ta HopMasibHOro aTMOC(HEPHOTO THUCKY.
ExcniepuMeHnT OyB MpoBeJEHUN 3a METOJMKONO: Y TOPU3OHTAIbHIN
BUOYXOBIW  TpyOl  po3TalioByBajacs  pPO3paxyHKOBA  KUIBKICTh
nociipkyBaHoi piguau. KiabKicTe piiuHM oOupaacs y BIAMOBIIHOCTI A0
CTEX1OMETPUYHOI KOHIIEHTpallii JJii CTBOPEHHsS B peakliifHOMy 00’emi
HalOUThII BUOYXOMOXekoHeOe3nmeuHux yMoB. [loBHOTa BHIapoByBaHHS
KOHTPOJIIOBaNacs Bi3yaldbHO. PIBHOMIpHICTh PO3TIKaHHs, BUMAPOBYBAHHS 1
CTBOPCHHsI TIApOIOBITPSHOI CcyMimii  3a0e3medyBanacsi OOCpTaHHIM
BUOyx0BOi TpyOu. Ilicist KO)KHOTO MOCHiAy BHUKOHYBAJIM MPOAYBKY TpyOu
HOBITPAM JUIsI BHUJAAJICHHS NPOAYKTIB TOPIHHS W YTBOPEHHS YHCTOTO
MOBITPSHOTO CEpeloBUIa. 3BaKalOUW Ha Te, IO 3a pEaJbHUX YMOB
(HasBHICT, TU(Y31HHMX YCKJIQJAHEHb Yy TOTOBIM TOprOYid cyMilli)
3amnajeHHs 1 3ropsiHHS 0araTux CyMillei BIOyBa€ThCs JIETIIIE, MPOBOIUIUCS
JIOJIATKOB1 IOCIIIM 32 301IbIIIEHUX KOHIIEHTPAIlIN BiJl CTEXIOMETPUYHOT.
JlocnikyBaii  MOKJIMBICTh  3allalliOBaHHSl  alleTOHY, TIICHTaHY,
reKCaHy, LHKJIOTeKCaHy, 130MpPOMUIOBOTO CIUPTY. YCl JOCTIIKYyBaHi
PEUYOBMHHU 3a TEMIIEpaTypol0 CrHajlaXy BIJHOCSTBHCS A0 KJAcy MOCTIHHO
HeOE3MeYHUX JIETKO3aiMUCTUX PIJIMH, AUB. Ta0u. 1. Skio 3a Temneparypu
298 K 3anantoBaHHs Oyn0 BIA3HAYEHO JUIsl yCiX BUIIPOOOBYBAHUX PEUOBHH
(Tabin.1), To 3a Temneparypu 288 K — B ymoBax aociiay BiOyIOCS JIUIIIE
npy BHUINPOOYBAHHI TMEHTaHy. BiJCyTHICTh 3amajeHHs LHMKIOKI€KCaHy
MOXHa TIOSCHHTH SIK TOTIpIICHUMH yMOBaMHU BHITAPOBYBAHHS, TakK 1
OUIBILIOI0 TEIMJIOEMHICTIO. 3alajloBaHHs NMEHTaHy 3a temneparypu 288 K
B110yJI0CS JIMIIIE 3a ONTUMAaJIbHOI KOHIeHTpalii — 3,8 % (3a po3paxyHKOM
VIS TICHTAHY Qe = 2,60 %). MOXKHA TIpUAHSTH, 0 B YMOBaX JOCIHIITY
SHEpris 3anajlroBaHHA MeHTaHy 3a Temrepatypu 288 K ckmana 0,7 mIIx.

Tabnuusg 1 — Bnactusocti roprounx piaus [3] ta pezynsratu gociaigy (T = 298 K)

KonuenTpartiiini mexi
Temnepa| Temrepa MTOIITUPEHHSI TIOJIYM ST Py - Emin 3a
Ew | Typa | Typa PEHI MM A P ™ Pl o i, | i
PeuoBuna : ) JOCITi0
M/[x| cnanaxy, | KHTIIHHS, m/JIx
3a . M, MJx
ten, KW | T, K . 3a JJ0CTiI0M
JIOBITHUKOM
1,0 34-98
AnieToH 0.7 255 330 2,7-13,0 45-94 0,41 | 0,39
1,0 13-6/4
I'excan 0.7 250 342 1,24 -7,5 18-58 0,25 | 0,22
1,0 13-77
[ukiorexcan 0.7 256 354 1,3-7,8 15-57 0,22 0,4
1,0 13-77
[TenTan 0.7 229 309 1,47 -7,7 1769 0,22 0,2
I3ompominosu| 1,0 2,3-6,0
# cmpT 0.7 287 355 2,2-12,7 33-52 0,65 | 0,59

* - 3HAUEHHS OTPUMaHI IUIIXOM anpokcumManii ganux pociiny O(E,;) KkBaIpaTHIHOIO 3aJIEXKHICTIO.

Ockinbku 3a Temneparypu 288 K miis AocCiipKyBaHUX PEUYOBUH HE
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BJIaJIOCS BCTAHOBUTH MIHIMaJbHY €HEPTil0 3amajatoBaHHs, OyJia MpoBeaeHa
anmpoKcUMallisi OTPUMAHOI 3aJIEKHOCT! 3BY)KCHHSI KOHIICHTPALIMHUX MEX
MOIIUPEHHS MoIyM’si. Buxoasuu 3 Toro, 110 3a €Heprii Kepesia 3anajieHHs
MEHIIIO] 32 €HEPril0 HACUYEHHS IS 3aJIeKHICTh Ma€ MapabOJU4YHUN BUJ,
ampokuMmariiss Oyja TpoBeleHa KBajpaTuyHoo (yHiiero. Tabmuis 1
MOKa3ye, 1o 32 00pOOKOIO pPe3yNbTaTiB JIOCTITY OTPUMaHI aJeKBaTHI JaHi
BIJIHOCHO JOBITHHUKOBUX [3].

JlJis BCTAaHOBIIEHHS 3arajbHOr0 XapakTepy 3MiHU JaHOTO MapaMeTpy
MOKEXHOI HeOe3MeKu ISl PI3HUX PEUOBUH Oylu MNPUNHATI BUKJIAACHI
HIDKUE y3arajJbHeHHs. XapakTep JaHOi 3aJIe)KHOCTI BUBHAYAETHCS BIIHOCHO
710 MIHIMAJIBHOT €Heprii 3anaifoBaHHs PEUOBUH 32 HOPMAJIbHUX yMOB. [[it0
JoKepenia 3analloBaHHs MOKHA PO3TIIIHYTH SIK KOMIIEHCAIlII0 TeMIIepaTypu
CEepeIOBUINA, IO BIIPI3HAETHCA BiJ TeMnepaTypu camocnanaxyBanus (T..).
Tomy MOKHA IPUIHATH, IO 32 TEMIIEPATYpPH camoCHalaXxyBaHHs JIJIsl BCIX
rOpPIOYMX PEYOBHH MiHIMaJbHA €HEPrisl 3alajioBaHHS HAOIUKAETHCS [0
0 m/Ix. SIkmo BBaXkaTu 1€ €IUMHUM (AKTOPOM BILUIMBY TEMIIEpaTypu Ha
3MiHY MiHIMaJbHY €HEpPril0 3amallfOBaHHs, TO 3aJEKHICTh MOBUHHA MaTH
XapakTep JHIMHOI, M0 BIAMOBIIAE XapaKTepy AOCIITHOI TeMIepaTypHOi
3aJIEKHOCTI MIHIMAJIbHOI €Heprii 3amaitoBaHHs OeH3ouy [2].

3a pe3ynabTaTaMu 00OpOOKH JOCHIIHUX Ta JOBITHUKOBUX PE3YyJIbTATIB
Oyna OoTpUMaHa HACTyITHa MaTEeMaTHYHA 3aJIeKHICTh, M0 XapaKTEpU3ye
MIHIMQJIbHY €HEpPTii0 3alajieHHd Tra30noAi0HOI TOprY0l pPEYOBUMHHU 3a
pi3HHUX Temrepatyp (B Jlala3oHl TEMIEPATYP BiJ TEMIEPATYPH IUIABICHHS
710 TEMIIEPATypH CaMOCIajJaXyBaHHs IaHOI TOPIOYO] pEHYOBUHU):

T-273

L=2l5 ) . 1
Tee—273) """ @

Emin = E(r)nin 1-

ne  Enin —MiHIMambHaA €HEpris 3alafoBaHHS TOPIOYOi PEYOBHHU 34
JaHUX TeMIEepaTypHUX yMOB, M/IXk;

E’min — MiHIMaJbHA €Heprisi 3amajtoBaHHsA TOPIOYOi PEYOBMHH 3a
HOPMAaJIbHUX YMOB, M/[K;

T — ¢dakTuHa TemnepaTypa HaBKOJMIIHBOTO CEPEAOBUINA IS SIKOT
BU3HAYAETHCS MiHIMAJIbHA €HEPTis 3anaitoBaHHs, K;

T.. — TEMIIEpaTypa caMocajiaxyBaHHs JaHOI TOprY01 peuoBHHH, K.

Ha puc.] HaBeneHi oTpuMaHa pO3paxyHKOBAa 3aJICKHICTh JJIs
OpraHiYHUX PEYOBHH Ta €KCIEPUMEHTANIbHI JaHl 3MIHU MIHIMAJIbHOI €Heprii
3alajlOBaHHA  OpraHIYHUX PEYOBHMH Y  BIAHOCHUX  KOOpAMHATAX
(TeMrepaTypa BIJHECEHAa JI0 TeMIEepaTypyd caMOCHallaxyBaHHS JIaHOi
roproYoi peYoBMHM Ta (akTUUYHA MiHIMAJIbHA €HEpTrid  JKepesa
3arajgoBaHHS BiJTHECEHA 10 MIHIMAJIBLHOI €HEprii JpKeperna 3amajieHHS 3a
HOpMaJbHUX YMOB). fIK TMoOKa3aHO Ha puc.l po3paxyHKOBa Ta JOCHITHA
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3aJIEKHOCTI 100p€e KOPEITIOIOTh.

Egin

E min
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0,2
0,1

0 S

0 0,1 0,2 0,3 04 05 0,6 0,7 08 0,9 1

y=-0,01x +1,01 t/t,.

Puc.1. Xapakrepucrtuka 3miau Epin Bi TeMnepatypu AJisg OpraHiuHUX PEYOBHH:
= - 32 PO3PAXYHKOM; A - 32 TOCJIIJIOM.

KpiMm 3a3HaueHux yMmMOB, MiHIMajbHa €HEpris 3amajeHHs MOBUHHA
3aJIekaTH B1J TEIIOEMHOCTI ra3o-, Mapo- Ta MUJIOMOBITPAHOI cymimni. 3a
YMOBU BHU3HAUECHHS Ta BpaxyBaHHS IIi€l 3aJ€XKHOCTI MOXHA YTOYHHUTH
OTPUMAaHUN MATEMATUYHUNA BUPA3.

BucnoBku. 1. 3a 30uUIblIeHUX TEMIEpaTyp HAaBKOJUIIHBOTO
CEpellOBHUIIA 3HAUYCHHS MIHIMAJIbHOI €HEeprii 3amajroBaHHS 3MEHIINYEThCS,
10 BU3HAYA€E 301IBIICHHS MMOKEKOBHUOYXOHEOC3MEKU.

2. OTpumaHa MaTeMaTH4YHa 3aJIKHICTh JO3BOJISE MPOTHO3YBATH 32
3MIHM TEMIIEpaTypy HABKOJIHUIIHBOTO CEPEJOBHUINA 3MIHY TOXKEKHOI
HeOe3MeKkn, 10 BUHUKAE BHACHIAOK Jii JDKepesda 3amajeHHs Ha
MapoMOBITPSHY CYMIIl, [0 MICTUTh TOPIOYI PEUYOBUHH OPraHIYHOTO
MOXO/IKEHHSI.

3. Po3paxyHkoBa MaTeMaTH4YHa 3aJI€KHICTh Ma€ JIHIMHANA XapakTep,
IO CIIBNAAA€ 3 EKCIEPUMEHTAIBHUMU PE3yJIbTaTaAMU.
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