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AHHOTALUHNA

B kHure, sBJsOWeNcs CNPaBOYHBIM DYKOBOJACTBOM, DacCMOTpeH KOMILIeKc
BOIPOCOB, CBSI3aHHBIX ¢ J06bIYel, TPAaHCIOPTHPOBKOH M NepepaGoTKOil rasa. B nei
0XapakKTepH30BaHHl (hH3HUECKHEe CBOHCTBA Ta3OBBIX KOJJIEKTOPOB, MpHBEIEHH CBOM-
CTBa NPHPOAHBIX I'a30B M JIETKOJETYYHX YIJIEBOJOPOXHBIX XKHAKOCTEH.

Onucanbl NMPHGOPE H TIPHCNOCOGJEHMS AJISl HCCJEIOBAHHA PAGOTH CKBaXKHH H
rasoBhIX MECTOPOXKIEHHH H METOIHKa IpOBeleHHs HccJemoBaHHA. PaccMoTpeHH
BONMPOCH! YCTAHOBMBLIEHCSA W HEYCTaHOBHBiIeHcsA (PUJLTPALMH I'asa H METOAHKAa pac-
qeTa [BHXKEHUs r'a3a H Ia30KOHIEHCATHEIX CMeceH IO BEDTHKAJbHBIM H TOPH30H-
TaJpHEIM Tpy6aM. OcpellleHB! OCOGEHHOCTH GYPEHHSI Ta30BHIX CKBAXKHH, TEXHOJOTHA
H TEXHHKA JOGLIUH ra3a, TEXHHKA OTAEJNEeHHS rasa oT HedTH H OTGeH3HHHBaHH rasa,
TEXHOJIOTHsl mepepaGOTKH NMPHPOAHBIX Ta30B.

CreunasbHas rJaBa IMOCBsWEHa HH3KOTEMMEPAaTYPHEIM IPOLECCaM, CXKHIKEHHIO
MPHPOLHOrO r'asza, NOGbIYE H TPAHCNOPTY TeJHs.

IlaHel pacyeThl H OCBellleHa TEXHHKA CTPOHTENBCTBA Ta30NpPOBOAOB, GOPLOH ¢
KOppO3Hed, XpaHEHHS Ta3a B HA3eMHHIX M TMOA3EMHBIX XPaHHJIHILAX.

KHura npenxasHayeHa [/l HHIKEHEPOB H TEXHHKOB MO GypEHHIO Ia30BLIX CKBa-
XHH, 10GhIYe, MmepepaGoTKe H TPAHCMOPTY NPHPOAHOTO Tasa.



NPEOJUCJJOBHUE

3Ta KHHra npejHa3HadyaeTcs /s CTYAEHTOB H HHIKeHe-
pOB rasoBoil NMPOMEILIEHHOCTH. B He#t paccMoTpenw! pas-
JIMYHBle BOMPOCH! JO6bIYH, TPAHCNOPTA H NMepepalOTKH MNpH-
pomHoro rasa. OCHOBHOe BHHMAaHHe Y/JeJN€HO H3YYEHHIO
CBOHCTB YTIJIEBOLODOAOB H HCIOJb30OBAHHIO 3THX CBOHCTB
B pacyeTax ABHXKEHHJ rasa H ero nepepaGoTKH.

IIpy mOArOTOBKE pPYKONHCH AaBTOPHl CTaBHJH CBOe#
(leJIbl0 JaTh METOJHKY MNPOBEJEHHS HHKEHEeDHBIX pacyeTon
Mpy  TPOEKTHPOBaHIIH O06OpPyNOBaHHAA, HEOGXOAHMOro [
no6blud W TpaHcmopra rasa. Jas o6aeruenns pacueros
GO/BIIHHCTBO 3aBHCHMOCTEH MNpeACTaBJeHo B BHAe rpacdu-
KoB, Tabmuu u ¢opMya. B mnpuioxkenuu npuBemeHel Tad-
JHYHble 3HAYeHHs KO3((HIHEHTOB CBEPXCKHMAEMOCTH,
a TaKXe HeKOTopble TalJMHIE H3 OTYETAa KOMHTETa H3Me-
peHu#i AMepUKaHCKOH ra3oBOil acCOLHALHH.

B c¢Bsi3n ¢ HeLOCTAaTKOM BpeMEHH H MeCTa aBTOpaM
NPULIIOCh OTPAHHYHTH MAaTepHAaJ, HMEBIIHHACH MO KaXAoMy
BOnpocy. 3HauuTeNbHasl 4acTb MaTepHasa, NPHBEJIEHHOTO
B JlAaHHOH KHHure, Oblia ONMy6/JHKOBAHA paHee B Da3/HYHBIX
H3JaHHAX.

IlogrotoBka pykomucH OCYILIECTBJsiJack OGLIMMH YCH
JauaMH foktopa [, KaTia u Bcex coaBTOpOB.

J. KopHesnn NOATOTOBU/ TJaBH IO YCTaHOBHBIUEMYCS
H HeyCTaHOBHBIIEMYCsl JBHXKeHHIO Trasza, mo pa3paGoTKe
H 3KCIJIyaTallUH T'a30BEIX MECTOPOXKAEHHH H N0 H3MEePeHHIO
pacxoga rasa (raasu VIII, X, XI). }

P. Ko6Gasimii — ryiaBel Do COfepXaHHIO BOAHI B rase, 1o
OUYHCTKe, ocyllKe u mnepepaGotke rasa (ra. V, XIII, XIV,
XVI), a Takxke MaTepHasa 0[O BSI3KOCTH M TEIUIONPOBOJ-
HOCTH rasa.

®. I. TloeTTMaHH NMOATOTOBM/ IaBy MO pacyeram pac-
xoga M nasnenuii (ra. VII) npu gBHXKeHMH rasa mo Tpy-
6aM ¢ yueToM CXKHMaeMOCTH rasa M naparpag no GypeHuio
CKBaXHH.

Y. ®. YajiHayr nNOAroTOBHJ MaTepHas 1O pacuery
(a30BOr0 COCTOSHHSI U MO KapOTaXKy CKBAaXKHH.

J. A. Bepu u . P. Enen6aac moAroToBHJIH TJaBhl IO
TPAHCNOPTY H NMOA3EMHOMY XDaHEHHIO Tasa.

OcTaJbHbIE TJIaBEl M OKOHYATENbHBEIH BAPHAHT DYKOIHCH
eoimosiHeHH J{. JI. Katuewm,



NPEOUCTIOBUE PEJAKTOPOB

lMpexsnaraeMoe BHHMaHHIO YHTaTeNls B NEePEBOJE Ha pyc-
CcKHll A3bIK «PyKoBOACTBO no no6biye, TPAHCIOPTY H Mepe-
paGoTKe rasay, COCTaBJEHHOE TPYMNIOH -BHIHBIX CIElHaJH-~
croB CIIA mox o6mefi pemakiumein npog. . Karua, sB-
JseTcs MOHOrpacuel, leHHOH OCOGEHHO TeM, 4YTO B Hel M3
GOJILLIOTO YMC/IA TNEPBOHCTOYHHKOB cOGpaH BOEIHHO 06-
UIHPHBEIA MaTepHaJ/, HEOOXOAMMBIH AJs pellleHHs HHKEHep-
HBIX 3agad B 06JacTu A0GHIUH, TPAHCIOPTa H NepepabOTKH
NPUPOAHBIX H TONMYTHHIX Ta30B.

3T0T MaTepHas nojAo6paH TakuM o6pa3oM, 4TO KHHra
ABJISIeTCS1 HACTOJIbHBIM CIPABOYHBIM DYKOBOJACTBOM [Js LIH-
POKOro Kpyra HHIKEeHeDHO-TeXHMYeCKHX H Hay4yHLIX pa6oT-
HHKOB ra30BOH, HeTAHON H XHMHYECKOH NPOMBILUIIEHHOCTH,
a Takxe YyueOHBIM mnocoGHeM mns CTyAeHToB. Ddubiras
4acThb MNpPHBEJIEHHOrO0 B KHHre MaTepuasna ny6JHKyeTcs
B CCCP Brnepsbie. )

Ilpn cocTaBjesHH MOHOrpacuu aBTOPHI IOJb30BAJHCh
B OCHOBHOM AaMEDPHKAHCKHMH INepBOHCTOYHHKAMM: KYPHa-
JIAMH, KHHMraMH, JOKJafaMH OTIeJbHbIX HCCJaefoBaTes el
H OTYETaMH pAa3/JHYHBIX KOMHCCHI, KOH(epeHUHUH.

ITo KaxXaOMy M3 pacCMOTpPEHHHIX B PYKOBOJCTBE BOIPO-
COB HMeeTCst OOLIMpHasi OTeyecTBeHHas JHTepaTypa. Peile-
HHA MHOTHX 3ajady, BBHIIOJHEHHble B Halllelf CTpaHe, OTJIH-
4alTCSl He TOJbKO OPHTHHAJbHOCTbIO, HO H GoJsee riyGoKoii
TeopeTHYeCKOH MNpopaGoTKoH, OGOCHOBAHHOCTBIO U TOYHO-
cTblo, HecMOTpst Ha 9TO, MaTepHasbl MCCJIeIOBaHHH COBeT-
CKHX CIELHAJUCTOB COCTABHTEJSIMH pYKOBOACTBA He HC-
MOJb30BaHLL. YUHTHIBAsl 3TO H Helesecoo6pasHOCTb MOMO-
HeHHs1 OOGUIMPHOTO IepedyHs: HCMOJb30BAHHBIX aBTOPAMH
NepBOHCTOYHHKOB He MeHee OOLIHDHBIM NepedyHeM OTeyecT-
BEHHOH JIUTEpaTypLl, IPH PACCMOTPEHHH COMEPKAHHUS MOHO-
rpadHu MBI TMOCYHTAJNH HYIXKHEIM CHeJaTbh CCHIJIKH Ha OCHOB-
Hble, HauGoJsiee KPYNHble MJH ODHTHHAJbHBlE OTeYeCTBEHHbIE
pa6oTHl, BLILIEAIHE TJIABHEIM 06pa3oM M3 MeYaTH B MOCJEN-
Hee BpeMsi.

[Ipu noaroToBKe K HAaCTOSIEMY H3IAHHIO M3 IEpeBoja
MOHOrpadHH Ha DYCCKH{l A3bK Obl HCK/IOYEH HeKOTOpHI
TeKCTOBOH MaTepHaJ/, He MpPeACTaBJAAOIIMA HHTepeca /s
Hawux uuTaTened. Tak, Hampumep, B raaBe VII omnymen
pasiies, TNOCBSILLEHHbIH HCTOPHH TPYGONPOBOAHOrO TPAHC-
nopta rasa B CHIA, omnymwena raaBa XIX, nocBsimeHHas
oxpane Hefip B CIIIA u M3/10KeHHIO MPaBHJ 33aUIMTH Ipan
4acTHOH COOCTBEHHOCTH M T. I

KpoMe TekcToBOIO, B psifie IJaB ONYyIle€Ha H 4acTb rpa-
(Hueckoro MaTepuasa, HOCSIIEr0 YHCTO PEKJIAMHBIH HJIH
HJUTIOCTPDATUBHBIA XxapakTep. I103TOMy HyMepauus pHCYHKOB
B psjie IJaB HACTOSIIEro H3JaHUSl KHHIM HE COOTBETCTBYET
TakoBoil B opuruHagae (ra. VII, VIII, IX, XIII, XV1l),

6

HekoTopele pHCYHKM B OpHrHHAJe MOHOTpadMH TNpHBe-
JeHbl TaKuM 06pa3oM, 4TO 6e3 pacCMOTPEHHsl MepPBOHCTOU-
HUKOB OHH HesiCHW. B MOZOGHBIX cJayuyasaX B TeKCTOBYIO
4acTh IepeBOja BKJIOYeHH Heo6XOgHMble NOSACHEHHs, B3s-
THIE H3 NePBOHCTOYHHKOB. ‘

B mnpouecce mepeBofa u MOATOTOBKH ero K H3[JaHHUIO
pa3MepHOCTb BCEX YHCJOBBIX 3HAUeHHH, BCTpedalomuxcs
B TeKCTe, Ha rpadukax H B TabuaHlax, a TakXe pasMEpPHOCTb
BCEX pAacyeTHbIX (opMyn Obiia MNpHBEAeHa K MeTpHde-
CKOHl cHCTeMe eIMHML, HauGoJee PacnpOCTPAHEHHOH B Ha-
crosimee BpeMss B CCCP npu npou3BOACTBE TEXHHYECKHX
pacueTos.

Monorpacdus coctout u3 19 raas, Aaa KaX[10H H3 KOTO-
pbIX TpHBEfEH IlepedeHb HCIOJIb30OBAHHBIX NEPBOHCTOU-
HHKOB.

FnaBa 1 kHuru mnpeacraBasier co6ofl pasBepHyTOe BBe-
[eHHe ¢ KPAaTKUM H3J0XKEeHHeM TeX BOMpPOCOB, KOTOphble He-
06XOMMMBI s JYYUIero MOHHMAHUsI OCTANbHBIX IJ/aB.

B 3TO#l rsiaBe mMpHUBefEeHEl OCHOBHbIE CBeJEHHS O TeoJo-
rdd He(TSAHBIX U Ta30BBIX MECTOPOXJAEHHH H CAeJaH Kpart-
KHHl HCTOpPHYeCKHH 0630D MPOMEILIJIEHHOCTH TNPHPOJIHBIX.
rasos CIIIA.

Ilpu paccMOTpPEeHHH TeOJIOTHH He(TSIHBIX H Ta3oBHIX Me-
CTOPOXKEHHII OCHOBHOe BHHMaHHe Y/eJIeHO CTpaTHrpadHH,
HCTOPUYECKOii reoJIorHH, 06pa30BAHHIO JIOBYLIEK IS He(TH
H rasa, MPOHUCXOXIeHHIO H O0Pa30BaHHI0 3aJjexed HedhTH
H raza. PaccMoTpeHb! OCHOBHble He(Tera3OHOCHble paHONbl
CIIA u nana KpaTKasi XapaKTeDHCTHKA DpsAfid Ta3OBHIX Me-
cropoxpaenuil. [IpHBeieHB NMpHMepBl 0COGEHHOCTeH 3KCILTya-
Tauud HeMTSHBIX M Ta30KOHAEHCATHBIX MECTOPOXAeHH{
C paccMOTpeHHeM B CXEeMAaTHYHOM BHJe HA3eMHEIX COOpy-
}eHHH H COCTaBa INOJYYEHHOH INPOAYKIIHH,

B 3akuiouenue rsiaBbl NpHBEAEHb AaHHble O reoTepMHye-
CKHX TPajHeHTaX TOPHbIX NOPOJ, paclpejeseHHH TeMIepa-
TYpH TO CTBOJY B pafoTawliel H OCTAHOBJIEHHOH Ta30BBIX
CKBaXXUHAX, HEKOTOpble CBeJEHHs] O HAayaJbHBIX IJACTOBBIX
naBJeHHsAX B HeMTAHEIX M ra3osbix 3agexax CIIA.

Cnenyer OTMeTHTb, YTO TeMIEPAaTyDHOMY peXHMY IpoO-
NYKTHBHBIX IIJACTOB WM CKBaXXHH B 3TOH H IOC/eAYIOIIHX
rn1aBax yAeJeHO BecbMa HeGOJblIOe BHHMAaHHe. B T0 ke
BpeMsi TeMMepPaTYPHBIH PeXHM Ta30BEIX CKBaX{HH, HaseM-
HbIX COOpPYXEHHH H rasompoBOJOB MMeeT BeCbMa BaXHOe
3HAauYeHHe A NMPABUJIbHOH SKCILIyaTalli B IEPBYIO OYepelb
rasoKoHIEHCATHBIX MecTOpoxaeHuid. Kpome Toro, Tepmo-
MeTpPHYECKHEe HCCJeJOBAHHSI Ta30BblX CKBAXHH MNO3BOJSAIOT
ompejessTh psjf AONOJHHTENbHBIX BECbMa BaXHBIX mnapa-
MeTpoB, HanmpuMep 3(p(deKTHBHYI0 MOIIHOCTb IJacTa, pac-
npegeneHue AeOHTOB MEXAy TODH3OHTAMH H [P,



B raage 11 noxpo6HO paccMOTpeHb! CBOHCTBA He(TSHBIX
H Tra3oBHIX KOJUIEKTOPOB U MEeTOABI HX H3ydeHHus B JaGopa-
TOPHBIX YCJOBHSX, T. €. T€ BONPOCH, KOTOpble OGBIYHO OTHO-
caTes K (u3nKe naacta. BHauase npuBopaTcs oflnHe cBe-
JeHHsl 0 CTPOeHHH (PHKTHBHHIX TPYHTOB, MOPHCTOCTH TOPHBIX
MOPOJ H H3JOXEHO HEeCKOJbKO MEeTOLOB ee OINpejeseHHs .
Ilpu paccMOTpeHHH MeTOLOB ONpefesJeHHsl NPOHHILAeMOCTH
6o/bllIoe BHHMAHHE Y/Ie/leHO OMHCAHHIO0 SIBJEHHS NPOCKa/b-
3LIBaHHS1 rada NpPH HH3KHX fAaBJeHHAX (3¢dekrT Kinukep-
6epra). Ilpu paccMOTpeHHH OTKJ/OHEHHs (QHIbTPanuH rasa
oT 3akoHa JlapcH aBTOPH MOJbB3YIOTCS JBY4JIeHHOH (op-
MYJIOH H' [OKa3BIBAlOT 3aBHCHMOCTb Ko3(¢HuHEeHTa MaKpo-
1IepOXOBATOCTH OT NMPOHHUAEMOCTH H MOPHCTOCTH. B Kuure
npHBefeHo 60JbLIoe YHCJAO TPa(HKOB CKHMAeMOCTH Top-
HHX TOpox. PaccMoTpeHbl MeTonbl OmpeneneHHs KO3hdu-
UHEHTA 3JeKTPOCONPOTHBJEHHS MOPOA H CBS3AHHOH BOMHI
B KepHax. Dousbilloe BHHMaHHe yaeJeHO PacCMOTPEHHIO Ka-
MH/JISIPHOTO [aBJieHHs H paclpefelieHHI0 NMOp MO pasMe-
paM. IlokasaHo cooTHouwleHHe MexAy KO3((HIHEHTOM
35€KTPOCONPOTHBJIEHHS MOPOALI, KAMU/JISADHBIM [AaBJEeHHEM
H IIPOHHLAEMOCTBIO.

KpaTko paccMOTpeHBl MNMOHATHS OTHOCHTEJBHOH TpPOHH-
1aeMOCTH NpH GHJAbTpalluH ABYXGa3HLX CMeceil, NpuBeje-
Hbl O6IIHe CBe/leHHs O IJIACTOBBIX BOAAX.

B 3Tofi rnaBe OTCYTCTBYET MeTOJHKA OMNpejeseHUs1 Ma-
paMeTpoB [JIsi TPEIIHHOBATBIX INOPOJA H HE YKAa3aHO, 4TO
ompejesieHHe NapaMeTPOB IJIaCTOB IO KepPHaM XapakTe-
pUsyeT JHillb TOYeuHble 3HA4yeHHS, KOTOphble ¢ 6OJbIIOH
OCTOPOKHOCTBI0 MOXKHO pAaclpoCTPaHATh HA. BeCchb ILIACT.
KpoMe Toro, He paccMOTpeHa MeETOJAHKAa OMNpefeJeHHsl He-
OJHOPOMHOCTH TNOPOA. ABTODBI NPH pPacCMOTPeHHH (hHJIBT-
pauuu ABYX(a3HBIX cMecell He INPHBOAAT [AHHBIX O BO3-
MOXKHOCTH NPHMeHeHHs NPHBOAHMBIX 3aBHCHMoCTell K dHIb-
TpallHH Ta30KOHAEHCATHBIX cMecel, XOTA 3TOT BOIpPOC
HMeeT GOJ/blIOe 3HAYEHHE AJA MPAKTHKH.

3TH BOMpPOCH, a TaKxke MaTepHas, MpeACTaBJeHHBIH
B raaee ll, merasbHo paccmotpenbl B pa6orax [3, 6, 15,
19, 23, 241

B raaBe 111 paccmaTpuBaetcss ¢as3oBoe cocTosiHHe
NPUPOIHBIX Ta30BBIX CHCTeM. BHauase H3/M0XKeHHB [aHHbIE
O TMNOBefE€HHH MHAHBHAYAJbHBIX BELIECTB, YNPYrOCTH HX
napoB H mnpaBuao ¢a3. [anee paccMOTpeHo moBejeHHe
cMecell YrJeBOJOPOJOB NPH Da3/HYHBIX AABJIEHHSAX H TeM-
nepatypax. IIpH 3ToM OCHOBHOe BHHMaHHe yjaesneHO o6paT-
HOH (peTporpafgHOH) KOHIEHCALHH.

Onucanbl pacTBOPHMOCTb T'a30B B JKHAKOCTAX H IOBe-
feHHe GHHApHBIX, TPOHHHIX M MHOTOKOMIIOHEHTHHIX CMeceil,
a TaKXe HeHJea/JbHBIX CHCTeM. B 3ak/loueHHe NpPHBeREHB!
CBelleHH O KOHCTaHTax paBHoBecus (KO3duuueHTax
pacnpesesieHHs).

Bosbuine uccnenoBaHus ha3oBbIX paBHOBeCHH cMecelt
HHIMBHAYAJNbHBIX VIVIEBOLODOAOB BHINMOJHEHH B HHCTUTYTE
BHHUHUTAS3 [4, 12].

B rnase 1V nogpo6HO H3J0XKeHE CBOHCTBA NPHPOMHBIX
ra3oB M JIETKOKHIIALIHX YIJIEBOAOPOAHEIX XHakocTed. [lpu
PacCMOTpPEHHH MOJIEKYJISIDHOH TEODHH Ta3oB H KHAKOCTed
aBTOpPEl TNOJAPOGHO OCTAaHABJHBAIOTCS Ha YPaBHEHHAX CO-
CTOAIHHS, CKOPOCTSIX ABHIKEHHS MOJIeKYsa H AH((Y3UH rasos,
B TOM uHcJie JHGGY3HH B NOPHCTHIX CPEAax H XKHAKOCTAX.
OTk/IOHeHHe peaJIbHBIX I'a30B OT 3aKOHOB H/IealsbHOTO CO-
CTOSIHHSI OIHCHIBA€TCS C y4eTOM TE€OpeMbl COOTBETCTBEHHBIX
cocTtostHuil, I1pH 3TOM NMOApPOGHO paccMOTPEHBI CBEPXCHKHU-

MaeMOCTH TPHPOJHBIX Ta30B, BJMAHHE Ha HHX HeyrJe-
BOAOPOJHBIX KOMIIOHEHTOB H MeTOAHKAa OIlpele/ieHHs
NCEBAOKPHTHYECKHX TapaMeTpPoB 10  yAeJbHOMY  BeCy
rasa.

IlpuBeneHn maHHBlE, MO3BOJISAIOLIHE ONPENEATE MCEBIO-
KpUTHYeCKHe mapaMeTphl ¢paknuil «Cs+Briciie», «Cz+ Bric-
1He» MO 3HAaYEHUSIM HX MOJIEKYJSPHOIO H  YAEJbHOTO
Beca.

PaccMoTpeHo B/HsIHHE XHAKOH (a3bl M OTpHILATEb-
HOTO Kaxyluerocsi o0beMa XHAKHX KOMIIOHEHTOB B CMECH,

MeTOJb! ONpefle/eHHs] IVIOTHOCTH H CKHMAeMOCTH ILIAacTo-
BOH KHJAKOCTH, TOBEPXHOCTHOe HaTsIXXeHHe Ha TpaHHLle pas-
Jesa ra3—XKHUAKOCTh H XHAKOCTb—XKHAKOCThb. [Ipu ommuca-
HHH TepPMOAHHAMHYECKHX CBOHCTB MpPHBOIATCSA [IaHHBbIE
O TEMIOEMKOCTH, SHTaJbIIHH HHJBHAYaJbHBIX YIJIeBOLOPO-
OB H HX CMeCH, CKPHITOH TemnoTe napooGpa3oBanius, Tell-
JIOTe CrOpaHHs H TEIIOMPOBOJHOCTH YIJeBOAOPOJAOB M HX
cMeced NDH BBICOKHX M HH3KHX JaBJeHHAX. PaccMoTpeH
npeaaoxeHHei OpraHHKOM MeTOJ ONpefefeHHs] UCTHHHBIX
KPHTHYECKHX NapaMeTpoOB YrJaeBOAOPOAHBIX cMecefl. Pac-
CMOTpPEHbl METO/bl ONpeje/eHus BSI3KOCTH, NPHBEIEHE! JaH-
Hble O BSI3KOCTH I'a30B NPH BBICOKHX H HH3KHX [aBJ/eHHSAX,
MeTOAHMKa pacyeTa BSI3KOCTH Tra3oB MO MNCeBIOKPHTHYECKHM
napaMeTpaM H NMPUBOAATCA HEKOTOphble CBeJeHHS O BSI3KOCTH
WKHAKOCTeH.

B 3Toit raaBe cHcTeMaTH3HPOBAH GoOJbIIOH MAaTepHas Mo
CBOHCTBAM IPHPOAHBIX T'a30B H YIVIEBOAOPOAHBIX XKHIKO-
crefi, sBJsiouuiics coBMectHo ¢ Ta6ua I1. 1 neHHBM cmpa-
BOYHBIM MaTepHAJIOM.

B raape V paccMoTpeHa cucTeMa B0JAa — YIVIEBOAODPOBI.
IlpuBeeHb OCHOBHBIE (hA30Bbie COOTHOLIEHHS 3TOH CHCTEMbI
H J[aHHBle O BO3MOXHOH pacTBOPHMOCTH BOJABl H IPHPOJ-
HBIX ras3oB. PaccMoTpeHbl MeToqbl OMNpeje/ieHHsl BJAroco-
fepXaHHsl TPHPOJHHIX Ta3oB H BJHSHHE DPA3JHUYHBIX (ak-
TOPOB Ha 3TOT NMapametp. IIpHBeleHH NaHHble O B3aHMHOM
pPacTBOPHMOCTH BOABl M XHAKHX YrJeBojgopofoB. Paccmort-
peHb! CBOCTBa ra3oBbIX THAPATOB, YCJOBHs HX 006pa3oBa-
HHUSI U METOAHKA OIpefeNeHHs STHX YCJIOBHH ¢ MOMOILbIO
KOHCTAaHT paBHOBecHsi. KpaTKo H3/10:KeHH MeTOJnl IpeaoT-
BpalleHHst 06pa3oBaHHs THAPATOB.

XoTs1 M3/0XKeHHbII B 3TOH TIJaBe MaTepuas AJs 4UTa-
TeJsl H NpPeACTaBJseT LEHHOCTb, OH BCe Xe HMeeT DAL
CYIIeCTBEHHBIX HeNOCTAaTKOB. ABTOpPaMH HeJOCTAaTOYHO BHH-
MaHHS y[oeNeHO TNPHPOLe KpPHCTAJJOTHADPATOB, TJIABHBIM
oGpa3oM 06pasyeMblX KHAKHMH YIJeBOJOPOAAMH, & TaKKe
He NpHBeJEHbl TAHHbIE MO YCJOBHAM OOPa30BAHHA M PA3JIO-
JKeHHs THAPaTOB TMPH OTPHIATENbHHIX TeMIlepaTypax.
O6a st BOMpOca uMelT OGoJblloe 3HaYeHHE B IPaK-
THKe 3KCIUNTyaTauuk Ta30KOHJEHCATHBIX MeCTOPOXAeHHH.
B nmpuBegeHHOM MaTepHasle HMelTcd TNPOTHBOPedHBbIE
naunHele 06 o6pasoBaHHM ruapaTa H-6ytaHa. M3 puc. V.37
crenyet, 4yto H-0yTaH o6pasyeT THAPAThl, B TO BpeMs Kak
Hltakenb6epr mokasas HEBO3MOKHOCTb TaKOro 06pa3oBaHHs
(puc. V.32).

IlpeanonoxkeHHe O TOM, YTO Ta3oBble THApAThl BeAyT
ce6sd Kak pacTBOpPH Ta3oB B TBEPAHIX KPHCTAJJIHYECKHX
BelleCTBaX, T. €. B 3TOM OTHOUICHHH MOXOAAT Ha TBepable
pacTBOpHI, CNpaBefJHBO TOJNLKO B TNEPBOM NPHOJHIKEHHH.
ITosTomy pacuer ycnoBuil 06pa3oBaHHsi KPHCTAJJIOTHAPATOB
¢ TNOMOIIbID KOHCTAHT PABHOBECHS, OCOGEHHO NMPHMEHHTEJb-
HO K JXHDHHIM TIOMYTHHEIM Tra3aM, CONPSAXEH CO 3HAUHTENb-
HBIMH TOTpPelIHOCTAMH. DoJiee TOUHBIMH OKAas3BIBAOTCS pac-
ueThl, BBHIMOJIHEHHbIE 10 ONYGIHKOBAHHEIM B OTeYeCTBEHHOMH
H 3apy6exkHOH JHTepaType SMIHMPHYECKHM ¢(OpMYyJiaM HIH
rpaguKaM, NMOCTPOEHHBIM IO JAHHBIM 3KCIIEPHMEHTOB. YKa-
3aHHble NMPOGeJbl 10 HEKOTOPOH CTeNeHH BOCIOJHEHB! B pa-
6orax [21, 33].

Hu s stoit, vu B XVII riaBe He paccMOTpeHN EO3MOX-
Hble MecTa O0pa30BaHHS THAPATOB B CKBaXXHHAX H raso-
NpOBOJAaX H MeTOoAbl OCHapy:KeHHsi STHX MeCT.

FnaBa VI nocesimeHa H3MepeHHI0 H pacueTy (a30BBIX
COOTHOIIEHUH B YCJIOBHSIX PAaBHOBECHS MHOTOKOMIIOHEHTHBIX
cMecefl. ABTODAMH ONHCAHBI OCHOBBI CYLIECTBYIOUIHX MeETO-
JIOB ONpeje/eHHs COCTAaBa ra30BbIX H KHAKHX CMeceH, B TOM
uyc/e ¢ TOMOIbI0 HH3KOTEMIlepaTypHOH peKTH(HKAIHH,
Macc-CIeKTPOCKONMHH, HH(paKpacHOH CIEKTPOCKONHH, ra-
30BOH XpoMaTorpagHu, MeTOAbl ONpejeJeHHs COAepPKaHHs
requss H cepoBOmopofa. KpaTKo pacCMOTpeHbl MeTOMAbl HC-
cJIeJIOBaHusl CHCTEM Iap — XHAKOCTb B YCJOBHAX pPaBHOBe-
CHsl M TIPHUMeHseMas [Js 3TOro anmaparypa. Bosee nmoxpo6-
HO H3JI03KeHHl NMPHEMBl pacyeTa PaBHOBECHA CHCTEM Map —
EKHAKOCTL € NOMOWBLI0 KO3(GQHUHEHTOR pacnpelesieHH
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(KOHCTAHT paBHOBeCHs) [Js1 CJOXKHBIX cMecefl TpH BHICO-
KHX U HH3KHX JaBJIEHHSX.

HanoxeHel o6IHe NpPUHIHUIBEI KOPPEJNsIUMH KOHCTAHT
paBHOBECHSI C Ll€bi0 NPHMEHEHHs HX [Js pacyeTa MHOrO-
KOMIIOHEHTHBIX CHCTEM, HaXOASIIYXCA IIPH BRICOKHX [JaBJie-
HHAX, TMpHueM ocoloe BHHMaHHe yjeneHo Merony OpraHu-
Ka — BpayHa. :

MarepHan rnasb cogepKHT B ceGe 6OJbIIOE KOMHYECTBO
rpa(UKOB KOHCTAHT PaBHOBeCHs U rpadHKOB, HEOOXOIHMBIX
LNl ONpejeseHHs] [AaBJEHHA - CXOXKAEHHS, KOTopble OyayT
BecbMa MOJIE3HbI A YHTATes.

B nocnegneM pasnene riaBbl B 3JeMeHTapHOH ¢opMe
H3J1araloTcsi MPHHLHUIB! HCMOJb30BAHHS 3JI€KTPOHHBIX BBIUH-
CJHTEJNbHbIX MAlIHH J[JIsl PacyeTOB HCIapeHHs MHOTOKOM-
NOHEHTHHIX CMecefi.

[naBa VII mocBsueHa TrHapaB/IHYecKUM pacyeTaM Bep-
THKAJIbHBIX, TOPH3OHTAJILHEIX H HAKJOHHHX TPY6ONPOBOIOB.
Iloka3aHo, 4TO B OCHOBe 3THX PacyeTOB JIEXKHUT ypaBHeHHe
sHepreTuyeckoro 6asanca rasonposoga. IlpuBefeHH MeTo-
bl pacyeTa [aBJI€HHS B CKBaXKHHe, NMO3BOJAIIIHE YYHTHI-
BaTh H3MeHeHHe C TyOHHON 3HaueHHH KoaddunueHTa cBepx-
CKHMAeMOCTH U TeMIlepaTyphl rasa.

PaccMOTpeHEl  OCHOBHBIE — TOJIOKEHHSI  COBPEMEHHOrO
npeacTaBaeHHs o6 H3MeHeHHH Kos(pduuHeHTa rugpaBiude-
CKOTO CONPOTHBJ/IEHHS B 3aBHCHMOCTH OT MapPaMeTpoB NOTOKA
H 1IePOXOBAaTOCTH CTeHOK TPy6. IlpuBefeHBl pacueTHble
topmynn Befimayta, dupmel [Tanxennn, ®opaa ¢ cotpya-
HMKaMH, MeTOJ, peKOMeHAOBaHHbI KuallauHCTOM, a Takxke
¢dopmysa DepriocoHa, ¢ NMOMOLIbIO KOTOPOH MOMKHO YUHTBI-
BaTh NMpo(UJb TPacCel razompoBoja. IlpuBefeHEl (hOpMYJIH,
HeOOXOMHMEIe [JIl PacyeTa CJOXKHBIX Ia3oNpOBOJOB H AKKY-
MYJHpYIOLIEH CMOCOGHOCTH Ta30MpoBo/a.

B orpenshom maparpade paccMmaTpuBaeTcs pacueT ABH-
XKEHHA rasa OT 3a60s [0 YCTbsl IO CTBOJIY Ia30BOH CKBa-
KUHEL JlaHa KpaTKas XapaKTepPHCTHKA pacueTHbx (GopMyJ
Cwmurta, IloerTmanHa, KosseHnepa u BuHKAM M npuMenu-
MOCTb MOCJTeIHHX [ABYX /51 DacueTOB [BHKEeHHUs AByx(Pas-
HBIX MOTOKOB B CKBAaXHHAaX Ta30KOHIEHCATHHIX MeCTo-
pOX AEHHH.

Paccmotpen Takke Meton Cykkapa u KopHensa, nosso-
JIAIOWHHA yYNTHIBATE H3MEHEHHe TeMmepaTypul H Ko3hdu-
IMEeHTa CBEPXCKHMAaeMOCTH Tras3a B JBHXKYIleMcs IO
BePTHKAJNbHBIM TPy6aM ra3oBOM MOTOKe.

OtaenpHbifi Maparpad NOCBAAlleH METONAM THAPABJHYe-
CKOTO pacueTa BePTHKAJbHBIX M TOPH3OHTAMbHBIX TpyGo-
NPOBOAOB, TPAHCIOPTHPYIOIIHX Ta30XKHAKOCTHbIE CMECH,
Des kakux-in60 KPHTHUECKMX 3aMeuaHHii NMpHBEAEHA MeTo-
AMKa pacyeTa TOPH3OHTAJbHHIX TpPYGONPOBOIOB, INPeiJo-
xeHHas JIokxaproM u MapruHenan. JleTanbHO OMHCAH Me-
Toa Beprymuu, Tska n [NoerTmaHHa pacueta Takux Tpy6o-
npoBoaoB. PaccMOTpeHa MeTOmHKa pacyeTa BepTHKAJAbLHLBIX
Tpy6onpoBoaoB ((POHTAHHBIX H KOMIPECCOPHBIX JH(PTOB),
npensoxennas IloertmannoM u Kapnentepom. Ilpusenena
¢opmysa Ayfa Ais paciera NPOAYKTONMPOBOAOB. IlpuMe-
HeHHe KaX/0H M3 pacueTHbIX MeTOAHK WJIICTPHPOBAHO
MPHMepaMH.

Hanoxennwtit B raase VII Marepuas no rugpapuye-
CKHM pacyeTaMm TpyGONpPOBOJIOB L€HeH, HO HeJ0CTaTOUeH
s [PaBUIBHOTO pellleHHs] MHOTHX H3 BCTPedaiolHXcs
B IIPAKTHKE 3a7a4 5TOTO THIA.

ABTOpaMH He Y/eJeHO IOJ/IKHOrO BHHMAHHA HEH3OTep-
MHYECKOMY MNOTOKYy rasa B Tpy6ax. HecMoTps na To, uTo
B psiJi YPAaBHEHHH BXOAMT 3HAaueHHe CPefHell TeMIepaTyphl
MOTOKa, AJsl pacueTa 3TOro IapaMeTpa He NPHBEIEHO HH-
KaKHX peKOoMeHJauuHi. He paccMoTpeHbl Bompocm pacuera
rasonpoBOAOB MNMPH HEYCTAHOBHBLIEMCS peKHMeE, BJIHSHUA
MECTHEIX CONpPOTHBJIEHHH M B3Becell Ha INPONYCKHYIO CIO-
COGHOCTD TPYGONpPOBOIOB, OLEHKH MOrpPelHOCTEfl pacueToB
U TPAHHILL MPUMEHHMOCTH (HOPMY.JI.

Ilpn paccMOTpeHHH TedeHHs rasa B ra3OBBIX CKBaXKHHAX
aBTOPAMH He YUYMTHIBaeTCsl CKOINJeHue XKHIKOCTH Ha 3aloe,
B pe3ysbTaTe 4ero Hab/I0faeTcsi OTKJOHeHHE IeHCTBHTeJb-
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HBIX KO3((HLHEHTOBR CONPOTHBJAEHHS OT 3HaueHHfl, moJay-
YeHHBIX MIPH JBHKEHHH CYyXOro rasa.

Ipu sToM, KaK GblJIO MOKa3aHO paGOTaMH, MpOBeleHHBIMI
Bo BHMHMIA3 [29], k03 (PHUMEHTH COMPOTHB/EHHS IpH
JBHXEHHH Ta30XHAKOCTHBIX CMecell MO BePTHKAJbHBIM Tpy-
6aM B caydae HeGOJIBLIUrO CONEPIKAHHS KHAKOCTH B rase
CTAHOBATCA MeHbile KO3(P¢HIHEHTOB CONMPOTHBJ/EHHS, MOJY-
YeHHBIX NMPH ABHIXEHHH YHCTOTrO rasa Ge3 NmpuMecei.

3T0 XKe TOJOXKeHHe INOATBePKAAeTCs H MHOTOUHCJIEH-
HBIMH TIPOMBICJOBBLIMH  3KCNIePUMEHTAJbHBIMH  HCCJIEI0Ba-
HHMSAMH, TPOBeleHHBIMH Ha Ta3oBbIX cKBaXHHax CoBeTCKOro
Corosa.

B Cosetrckom Cowse s pacueTa [BHXKEHHS Traso-
JKHIKOCTHEIX cMecef MO BepTHKaJbHBIM TpyGam TIpHMe-

HAKTCA (HOpPMYNBl, OCHOBAaHHEle HAa TEOPHH 3prasaugra.
Pacuer mM(pTOB TIa3oKOHAEHCATHBIX CKBaXXHH PacCMOTpeH
B [19]

MiapaBmuueckum pacueTam rOPH3OHTaJbHEIX M HAKJOH-
HBIX Ta30NPOBOAOB MOCBsIeHbl pPaGOTHL MHOTHX COBETCKHX
ucenenopateneid. CBOAKAa OCHOBHBIX M3 3THX paGoT mNpHBe-
JeHa B MoHorpaguu [41], MOCBSILIEHHOH aHAaJHTHYECKHM
OCHOBAM TNPOEKTHDOBAHHS H SKCIIYaTallMM MarkcTpaJbHBIX
razonpoeofoB. B Kyfi6uwesHMM HIT BreinonHen aHamau3
CYLIECTBYIOIIHX OTeyeCTBEHHbIX M 3apyGeXHBIX MeTOIHK
pacueTa MpPONMYCKHOH crnocOGHOCTH ra3oNpOBOAOB, ITOKa3aB-
WHil, YTO HH OJHA M3 HHX He NpPHUMEHHMa [Js IIHPOKOTO
[HaNna3oHa KOHCTDYKTHBHBIX M SKCIIYaTALHOHHHIX OCOOeH-
HOCTeH ra3oNpOBOLOB U PEKOMEHJIOBAH METOJ, BOCIOJHSIO-
mui 3TOT HegocTaTok [10].

Jnst MpakTHKM 3KCIIyaTaunH He@TAHBIX H Ta30KOH[eH-
CaTHbIX MeCTOPOX/JEeHHH BOINPOCHl COBMECTHOTO JBHKeHHs
JKHAKOCTH U ra3a Mo FOPH3OHTAJbHBIM H HAKJOHHBIM Tpy6o-
MPOBOIAM HMEIT BecbMa GoJibllioe 3HAUEHHe.

ITostomy B CCCP mnpoBegeHnl M NMPOAOJIKAIOTCS IIHPO-
KHe Ja60paTOpHBle M MPOMBILJIEHHB e 3KCIEPHMEHTANbHbLIE
HCC/IEIOBAHUS THAPABJIHKH TAKHX TMOTOKOB.

Hapsany ¢ 3kcnepuMeHTaJbHBIMU MPOBEJEHBl H TEOPETH-
yecKHe HCC/EJ0BAHHUs, KOTOpble MO3BOJHJIH MOJIHEe paspa-
60TaTh TEOpHIO ABHIKEHHs Ta30MKHIKOCTHBIX cMeceil,

Pan paGor nocesaumeH pa3paGoTke MeTOLOB pacyeTa
JIBHXKEHHs1 Ta30XKHUAKOCTHHIX cMeceil nmo Tpy6ompoBomaM.
Auasnus, npuBefeHubiit B [11], mokasas, 4To K HacTOsAlLIEMY
BpeMEHH HeT [JOCTAaTOYHO HaJeXHOro MeTofa pacuera Tpy-
GONPOBOAOB, TPAHCMOPTHPYIOIINX Ta30XKHIKOCTHble CMeCH.

Hau6osee nmpuem/eMoll H3 NpeAsJOXeHHBIX K HacTosle-
MY BpeMeHH [JiA pacdeTa TOPH3OHTANbHBIX TPyGOMPOBOLOB
aBasercss Metonuka DBeptyuuu, Tska u Iloertmanna. Ilpu
pacxogHOM o0GbeMHOM Ta30COfEPKAHHH TeKylled cMecH
cBoille 959, MoKeT MCIOJb30BaThCa MeTonuka PuaHureHa.
IlpuBesenHasi B pyKOBOACTBe MeToauka JlokxapTta u Map-
THHEJUTH [/ TIPAKTHYECKHX PacyeTOB He IIPHMEHHMaA.

B otgeabHom maparpade raasel VI paccMoTpeHnl
npHeMbl pacuyera paGoThl, MoTpeGHOH A/ CXKATHA peasib-
HBIX Ta30BbIXx cMeceill. McnoJb3oBaHHe HMEIOMHXCA B KHHre
Tabiu W OMarpaMM SHTaJbIHSA—SHTPONHs obecredyBaeT
HaJJeXallylo TOYHOCTh TAKHX PAacyeToB.

B runase VIII H3noxeHbl NMpHeMbl H3MepeHHS pacxoja
raza. OCHOBHOe BHHMaHHe y[e€/J€HO H3MEepeHHI0 pacxoja Io
METONy CYXeHHus, co3laBaeMoro auadparmofi. IIpHBejeHH
ypaBHEHHs [BHXXEHHs dYepe3 CyKeHHe H OCHOBHEHE (opmy-
JBl [JIA BBIYHCJEHHS pacxoja peajbHOro rasa uyepes aua-

¢dparmy.
Jas ompesesieHMsi pacyeTHBIX K03((HLHEHTOB, BXOAH-

IHX B COCTaB 3THX (GOpMYJ, B NMPHIOXKEHHH K DYKOBOACTBY

MoMellleHE TaOJMHIEI, HCNO/b30BAHHE KOTOPBIX 3HAYMTENbHO
ynpouiaeT BbluHC/IeHHs. KpaTko omMHCaHbl MpaBHJa MOHTaxXa
pacxoxoMepoB, OGosee TMNOAPOOHO paccMOTPeHO BJIHSHHE
My/AbCalMd NOTOKAa Ha TOYHOCTb H3MepeHHs. JaHH peKo-
MEeHJAIMH [0 Y4eTy 3TOro sIBJIeHHs NPH 3aMepax pacxona
raza H mo OGBsA3Ke KOMIIPeCCOPOB MAJsl CHHXKEHHS NyJbCa-
LMK moTOKa. [IpHBeeHE! [aHHBlE O BJHSHHH XKHIKOH B3BeCH
B NMOTOKe ra3a Ha pe3yJnbTaThl H3MEpeHHs,



B CCCP usmepenue pacxoga MO MeTOAy CYXeHHI 0po-
H3BOAHTCS R COOTBeTCTBHH ¢ mpaBuaaMH 27—54 [26].
TeopHs H mMpaKTHKa H3MepeHHH pacXof0B Pa3/IHYHBIMH Me-
TofaMH MoApoSHO ocBelleHa B paboTe [16].

B nocnegunx maparpadax raaesl VIII mo Marepnasnam
30-x romoB paccMOTpeHbl MeTOJbl H3MEpEeHHs pacxoja rasa
C MOMOIIBK AHadparMeHHOro H3MepHTesNs KPHUTHYECKOro
TeuenHsi H MHEBMOMeTpHYeckoil TpyGKH (Tpy6ku IInToO); HO-
MOrPaMMBbl, YIPOIIAIOMIHe pacyeThbl NIPH HCIOJIb30BAHHH 3THX
METO/I0B, MpHBEAEHH R [15].

IFnasa 1X nocesimena Bompocam OypeHHs H HCCJENOBA-
HHsA CKBaXMuH., [lpuBefeHHBIfi MaTepHa/J NOKa3biBaeT, uToO
B CHIA Hapsagy ¢ OCHOBHBIM, POTODHHIM, A0 MOCJEeIHEr0
BpeMeHH MPHMEHseTCsl H yAapHO-KaHATHHIA cnoco6 6ypeHHs.

M3 Tpex HOBHX cnoco6oB 6ypeHHs, HAXOAAIIUXCA B CTa-
auu ucneltanuil B CIHIA, HauGosiee BaXHBIM H NMEPCIEeKTHB-
HbIM aBTOpPbl CYUHTAIOT TYPGHHHBIH croco6, WHPOKO NpHMe-
usiemni B CCCP. ABTOopn yKa3blBalOT, UYTO pasJjHyye
B 6ypeHHH. HeQTAHBIX H Ta30BBIX CKBAaXHH COCTOHT JIMLIb
B METOJA3X BCKPHITHSI IPOAYKTHBHOTO IJacTa.

B naparpade, mOCBSIIEHHOM NPOMBIBOYHBIM XKHAKOCTAM,
NpHBeIEHH NpeabsB/seMble K HHM TpeGOBaHHs, daHHble 06
d3MEHEeHHH MapaMeTpoB INIHHHCTOrO pacTsopa mnpu o6pa-
60TKe KapGOKCUMETHJIIE/TION030H, KBeGpaxo, KpaTKHe cBe-
[eHHsl 10 OYMCTKe [VIMHHCTBIX PACTBOPOB C MOMOILIBIO T'HJ-
pOUHKJOHOB. Tak e KpaTko omHcaHo GypeHHe C MPOAYB-
KOH 326051 BO3AYXOM HJIH Ta3oM, ¢ INDHMeHeHHeM a3pHpo-
BAHHBIX JKHJKOCTell, pPaccMOTpeHbl (DaKTOPhl, BJHAKLIHE
Ha CKOpOCTb 6ypeHHs.

IIpuBeneHHEII MO BceM 3THM BOIpOCAM MaTepHas fB-
JIIeTC CKOpee BBOJIHBIM K Kypcy OypeHHs CKBaXKHH H He
MOXeT ObITb HCIOJb30BAH B KadecTBe DYKOBOACTBA IpH
npousBoncTBe OypoBbix pa6oT. OH HHTepeceH TeM, 4TO
XapaKTepH3yeT COCTOsIHHE TeXHNWKH H TEXHOJOTHH IPOBOIKH
ckpaxun B CIIA.

Bce ocHOBHBIE BONPOCH! COBPeMEHHOrO GypeHHsl CKBaXKHH
nogpo6Hee PACCMOTpEHbI B KHHrax [22, 46, 47].

Hmemwefi Gosbilloe NpakTHYeCKoe 3HAaUeHHE, HO He OCBe-
LIEHHOH B PYKOBOJACTBe ClellH(HKe TPOBOAKH HAaKJIOHHBIX
CKBaXHH TYPOGHHHBIM CIMOCOGOM mocBsiieHa pa6ora [8].

PexuMbl GypeHHsi, O6ecreuyHBalOllHe BEICOKHe II0Kas3a-
TeJM NPOBOAKH CKBaXHH, A€TaJbHO paccMoTpeHbl B [40].
ITpOMEIBOYHBIM KHJIKOCTIM TIOCBSIIEHA TaKXKe [OBOJBHO
OOLIHpHAsl OTeuecTBeHHast suTepaTypa. OpHoit W3 mocren-
HUX sBasiercss paGora [50].

B sTofi Xe riaBe NaHO INpeACTaBJeHHe O TeXHHKe lle-
MeHTaXXa CKBAaXXHH H CBOHCTBAX HCMOJb3yeMBIX TNDH 3TOM
uementoB. OcBelnenpe coctossHks 3THX pabor 8 CCCP paHo
B [38]. B 3To#i xe rsiaBe H3/0XKeHB NPHHUHNB KHCIOTHBIX
06paGoTOK NMpH3aGOHHBEIX 30H H THAPOpa3peiBa miacra Ge3
YKa3aHHsl CHelH(HKH 3THX paGoOT [Js ra3oBbIX CKBaXHH,
OOIIHe TOJOXKEHHs1 OCBOEHHS H HCNBITAHHS CKBaXHH, IpH-
yeM OCHOBHOe BHHMaHHE y/le/IeHO TeXHHKe HCIBLITaHHs CKBa-
JKHH Ta30KOHIEHCATHOTO MecTopOoXaeHus. [locaemHuii Bo-
npoc noApoGHee ocBelleH B [4, 12].

Bropas momoBuHa rsaBel 1X mocBsilleHa KapoTaxky
CKBaXHH. PaccMOTpeHBl NpHHIHIE! 3JeKTPHYECKOr0 H pa-
JHOAKTHBHOTO KapoTa)a, BONPOCHl HHTepHpeTallUd [Ha-
rpaMM KaXyILIerocs H YAEJbHOTO 3JEeKTPHYECKOro COINpo-
THBJIEHHs, TIOTEHIHAI0B COGCTBEHHOH H BBI3BAHHOH MOJSIPH-
3allHH NOPOJ, AAHHBIX GOKOBBIX 3JEKTPHYECKHX 30HIHPOBA-
HHH, HHIYKIHOHHOrO KapoTaxXa H KOMOHHAaLHH JBYX
nocseIHHX MeTOxoB. - KpaTKo oOCBellleHH BOMPOCHI MHKpO-
KapoTaxa, B TOM YHcJle GOKOBOTO, raMMa-KapoTaxa W Heii-
TPOHHOTO raMMa-KapoTaxa. [IpHBeieHHBIH MaTepuant HILIIO-
CTPHpYeT INPHMEHEHHe 3JEKTPHYECKOTO H PaJHallMOHHOrO
KapoTaxa /s KOPPeJsillHd pa3pe30B CKBaXKHH, ONpefetie-
HHSl HacCBIIIEHHOCTH NMOpoa (JIIOHAAMH H NMOPHCTBIX H IPO-
HHILAEMBIX 30H.

HHTeprperanus pesyJbTaTOB reo@H3HYECKHX HCC/IEI0BA-
HHil pa3pe3oB cKBaXHH Gosee geTasbHO paccMoTrpeHa B [9].

HenocratkoM sroro paspena raasbl 1X sBaserca oTcyT-
CTBHE MAaTepPHaJOB IO TepMOMETPHYECKHM HCCIeLO0BaHUAM
ckBaxuH. TakoBoil Martepuas uanoxen B [23, 28, 31, 44].

naBa X mocBsilleHa pacCMOTPEHHIO ycTaHOBMBLIEHCS
H HEYCTaHOBMBIIeHCS (HABTPALUH rada B NMOPHCTOH cpefe.
Brauane paccMoTpeHa yCTaHOBHBIUAsCA pajuafibHas (QHILT-
pauus rasa mo 3akoHy JlapcH u C y4eTOM OTKJIOHEHHsI OT
3TOro 3aKOHA.

HeycranoBuBmasics  ¢QuabTpauus rasa ONHCHIBaeTcs
BECbMAa NMOAPOGHO C TAKHM PacyeToM, 4TOGBI 3TOT MaTepual
MOr ObITh yCBOEH CTYNEHTAaMH M HHXXeHepaMH, BIiepBbie
BCTpeyaoluMucs ¢ HuM. Ilocje paccMoTpeliMsi ypaBHeHHs
HEepaspbIBHOCTH M [AH(depeHIHANbHEIX YpaBHEHHH HeycTa-
HOBMBILETOCS JBHXKeHHs NPUBOMHTCA NMepexold K Ge3pa3mep-
HbIM nmapaMeTpaM. Jlanel o6llHe NMPEACTABJEHHA O PajgHyce
JPEHHPOBAHHSA H H3JOXKEHBl MeTO[bl pelleHHsi ypaBHEHHH
HEYCTAaHOBHBILEHCS (QHIbTPAIHH.

Ilpn 3TOM NpUBOAATCH pellleHHA aHAJHTHYECKHM INyTeM
C PAZOM [ONYIIEHHH MO METOAYy MOCJefOBaTeNbHON CXeMBI
CTAllMOHAPHBIX COCTOSIHHH, METOAOM KOHeYHBIX pasHocTeil
H rpaguyeckuM nyrteM. PaccMaTpHBalOTCsl TakKe pelleHHs
AH(depeHIIHATbHEIX yYpaBHEHHA Ha 3JIEKTPOHHEIX BBIYHCJIH-
TeJbHBIX MAaUIHHAX W BBIYHCJHTENbHBIX YCTPOMCTBAX, OCHO-
BaHHbIX Ha NpHHUMNAax aHajsorud. Ilocnemuuit pasmen 3toit
riaBhl TOCBSILEH OMNpejesIeHHI0 BEIPABHSABIUEroCs IMJaCTO-
BOTO JAaBJeHHs. JTa IJaBa NpeJCTaBJsieT HECOMHEHHBIH HH-
Tepec Ui OBICTPOroO YCBOEHHs MaTepHaJOB MO HeyCTaHO-
BUBILeHCA (QUIBTPALUH Trasa. :

M3 oreuecTBeHHBIX paGOT IO 3TUM BONPOCAM MOXKHO
ykasaThb Ha [l, 18, 20, 23, 25, 43].

B rsaBe X1 paccMaTpHBAalOTCA BOMPOCH HCCJIELOBAHHHE
CKBaXHH, pa3paloTKH H 3KCIJIYaTallHH Ia30BRIX MeCTOPOXK-
neHul. M3yoxeHb NMPHHLUMIBE HMCCAEIOBAHHH CKBAaXHH Me-
TOLOM TNPOTHBOMABJEHHS H BBIYHCJIEHHE WHIHKATOPHBIX
KDHBBIX T10 [aHHbIM HCC/IeJOBAHHs1 KepHOB. PaccMOTpeHD
MEeTOMHKA omnpefe/eHHs PajHyca JIPeHHPOBAHHS W BJIHSHHe
HEyCTAHOBHBLIEroCsl TedeHHsd 110 TOKa3aTeql0  CTeleHH
B cTeneHHOH ¢opMyJe. IlpHBeneHE MeTOAbl ONpejeseHHS
MPOHHIAEMOCTH MO KPHBBIM NAafleHHs] TaBJEHHs MOC/Ae Mycka
H KDHBBIM HapacTaHHs [aBJeHHs IOCJe OCTAHOBKH CKBa-
XKHHBl. PaccMOTpeHRl NpOHHLAEeMOCTb NpPH3aGOHHOH 30HHI
H OnpejejeHHe TPAjJHEHTA MJACTOBOTO pPa3BHTHA IpPH He-
CTallHOHApHO# ¢(HAbTpauHH. Dosbilloe BHHMaHHe yaeseHo
HCCJIEIOBAHHIO CKBAXXHH Ha NPHTOK B TedeHHe DAaBHBIX HH-
TePBAJOB BpeMeHH (TaK Ha3blBaeMble H30XPOHHHle HCCJIe-
JMOBaHHSA).

IlpuBonsiTca MeTOQHKA NepecdyeTa MAHHEIX, NOMYYeHHEIX
METOJOM TNPOTHBOJAABJEHHs, B H30XDOHHble HHIHKATOPHHE
KDHBLIE, TIONMPABKH AJs1 HHAHKATODHOH KPHBOH CTAGHJ/H3H-
POBAHHOH CKBAXKHHBI NMpPH H3MEHEHHH MJaCTOBOIO AABJEHHS
H pacyeT HHIHKaTODHBIX KPWBBIX MO MPOMBICJOBEIM [AHHHIM,
IIpH 3TOM OCHOBHOEe BHHMAaHHe aBTOpPbl YAENSIOT CTEEHHOH
dopmye.

B sTo#t Xe rsaBe KpaTKO pacCMOTpeHH BONPOCH OIpe-
JleJIeHHs 3aMacoB ra3a OGBbEMHBIM METONOM H IO NMafeHHIo
aBJjeHHs. B 3ak/oueHHe BeCcbMa KDPAaTKO H3JIOXKEHH HEKO-
TOpHle BOMNPOCH! KOPPO3HH H 06pa3oBaHus KOHYCOB 0GBOI-
HeHHs1 6€3 METOJHKH pacyera IOC/IeIHHX.

B nacrosmee Bpemsi B CoBeTckoM Col03€ NpaKTHUECKH
BCEMH CIIELIHAaJHCTAMH pasfensieTcsi MHEHHE O TOM, 4TO
(u3HueCKH HaHGoJiee NMPABHJIbHO INIPHTOK I'a3a OIHCHIBAETCA
ABYYJEHHOH (OpMYJIOH, B KOTOPOH# MepBBIA 4J€H Xapak-
TepH3yeT BJ3KOCTHble INOTEPH SHEPTHH, a BTOPOH HHep-
uHoHHHEe. PakTOp TYpOy/JEHTHOCTH B IOPHCTOH Cpeje, MoO-
BHAMMOMY, He HMeeT BaXHOro 3HadeHus. [lpu 3ToM w3
9KCIIePHMEHTAMbHbIX HCCJeOBaHHH H3BECTHO, YTO OCHOBHAs
4acThb HHEPIHOHHBIX IIOTE€Pb OTHOCHTCA HENOCPEeNCTBEHHO
K 326010 CKBaXKHHBL. B CBfI3H ¢ 3TUM MOXKHO CUHTATb, yTO
HeyCTaHOBHBLIHACA XapaKTep NPHTOKAd rasa OKa3blBaeT
BJIMAAHHE JIHWIb Ha TNEepBbIH 4JeH [BY4YJeHHOH (opMy.nl.
Kpome toro, B CCCP G6hlJIO NOJyd4eHO pellleHHe ypaBHEHHS
HECTAllHOHADHOH (HJbTPALlHH Trasa AJs CJaydas ABYYJeH-
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HOTO 33KOHa CONpPOTHBJEHHS, KOTOPOe MOKa3aJjo, 4ro Ipak-
THYECKH B KODOTKHe TNpPOMEXYTKH BPEMeHH, HCUHCJsieMble
HECKOJIbKHMH CEKyHJaMH, BTOPOH 4JieH [IBYYJIEHHOTO ypaB-
HeHHs CTAHOBHTCS NMOCTOSIHHBIM H He 3aBHCSAIIMM OT pajfuy-
ca JpeHHPOBaHHs CKBaXHHE. Takoe IoJsioxernHe 3HAYHTEJb-
HO YNpollaeT MeTOIHKY HCC/IENOBAHHA CKBaXKHH B OTJIHYHE
OT CJyyasl, KOrja IPHMeHseTcs CTeneHHast ¢opMyJa.

Kpome Toro, creneHHass (¢opMysa He HMEeT (hH3HUECKOro
CMBICJa, ABJSAETCS JHUIL NPAKTHUECKH NMpHeM/eMol (hopMoi
3aMHCH TOJyYaeMOil NPH HCCAECAOBAHHH 3aBHCHMOCTH MEXAY
NeGUTOM H 3a6GOHHBIM [ aBJIEHHEM.

Bosee TOro, mpu HCCIEeNOBAaHHH Ta30BBIX CKBAaXHH
BCTPEYalOTCsl Ha NPaKTHKe OCJIOXHEHHs, CBSi3aHHble C BbI-
HOCOM IXHIKOCTH H II€CKa, BbINajeHHeM KOHJEeHCaTa, Mpo-
pLIBOM KOHYCAa BOObl H ADYI'HMH (haKTOPaMH, KOTOphle OT-
paxaloTCcs Ha HHAHKATODHEIX KPHBBIX H MOTYT OHITh pac-
WIHQPOBAHbl ¢ IMOMOLIBI0 ABYYJIeHHOH (OPMYJEl, 4YTO
MPAKTHUECKH HeJNb3s CJe/aTb C NMOMOINbIO CTelleHHOH ¢op-
MYJIBL,

Hccnenosanue ckBaxHH B CoserckoM Colo3e NpoBO-
AMTCA CoriacHo coctaBneHHo#i Bo BHHMHMIA3 wuHCTpyK-
1M [13], B KOTOpPO# MOAPOGHO H3JIOXKEHbl METOM HCCJef0Ba-
HHsl CKBAXHH IIPH YCTAaHOBHBIEMCA pexHMe (DHJIbTPALHH
¢ NMpHMEHeHHeM JBY4J/eHHOH (GOpMyJ/bl H MeTOAbl 06paboTkH
KDHBBIX CTaGHJH3allHH H HapaCTaHHA [IaBJeHHs [Js omlpe-
JleJIeHHs1 TapaMeTpOB IJiacTa.

ABTOpEI PYKOBOACTBA He YJE/JHJH AOJIKHOIO BHHMaHHS
BOMPOCAM pa3palOTKH Ta30BbIX MECTODOXKAeHHH H pacro-
JOXeHHI0 CKBaXHH Ha HHX. [lo stomy Bompocy B CoBeT-
ckoM Cotoze no cpaBHeHuio ¢ CIIA nposegeHo 3Ha4HTeJBHO
Gospile  paGoOT, H Hall NMOAXOA K pelIeHHI0 3TOH 3ajaaud
KOPEHHBIM 06pa3oM OT/HYAeTcss OT aMepukaHckoro [1, 3, 15,
23, 25, 27, 28, 29, 30, 31].

Bonee neraseno, wem B CIIIA, y Hac TakXKe pelleHbl
BOIIPOCH! OMNpefeseHHs] 3al1acOB rasa IO NajeHHI0 AABJEHHA
C NpHMEHEHHeM /s STOH Ledd OMNBITHONH SKCIJIyaTalHH
M COCTaB/JeHHEM TMPOEKTOB OMNBITHOH 3KcmayaTauuu [15,
31, 32).

ConHasHcTHYeCKas cHcTeMa 3KOHOMHKH CCCP nossosser
6onee NMPABHJIbHO NMOAXOAHTb K PellleHHIO BCETO KOMILJIEKCA
npo6J/eMbl pa3paGOTKH MeCTOPOXK/IeHHH H 3KCIIyaTallHH ra-
30BBIX CKBAaXHH, DacCMaTPHBAas MJacT—CKBaXHHY—raso-
NpPOBOA — NMOTPeGHTeNb Ta3a KaK elHHOe LeJ0e H HCXO01d
H3 TOIUVIHBHO-3HEPTeTHYECKOTO $asaHca OTAeJbHBIX pPafoHOA
H CTPaHBI B L€JIOM.

['naBa XII nocsallena HeKOTOPBIM BOMPOCAM Pa3paGOTKH
He(TSHBIX ¥ Ta30KOHAEHCATHBIX MecTOpOXAeHHH. IIpuBens
OCHOBHl KJacCHMOHKAlLHH MeCTODOMK/JEeHHH, aBTOPbI MPHBOMAT
[aHHBle O PacTBOPHMOCTH ra3a B HedTAXx psAjga MecTo-
poxpneHuit CIIA, ycajgke, BA3KOCTH, NOBEPXHOCTHOMYy Ha-
TAXEHHIO Ha TPaHHue ¢ TBepnoil (a30ii ra3oHachILEHHBIX
HedTe#t, Kaxyuleicd NMJIOTHOCTH pPacTBOPeHHBIX r'a3oB, 06b-
eMHBIM KO3(¢uuueHTaM HedTell. M3n0KeHb OCHOBH MeXa-
HH3Ma H3BJedeHHs HedTed H3 MIacToB, PaGOTAIOUIHX NPH
BOJOHANIOPHOM H TPABHTAIlHOHHOM peXHMaxX, peXHMe pac-
TBOPEHHOTO Ta3a, a TakKke NPH HATHETAHHH B TNAACT BOJh
H rasa.

IlpuBeneHbl (ha3oBele AHAarpaMMbl MJACTOBBIX (HJIIOHIOB
psaa rasokoHaeHcaTHeix Mectropoxpaenuii CIIIA, nmpHHUIHIS
pacueTa COCTaBa IJACTOBOrO rasa MNMPH CHHXKEHHH IJ1aCTo-
BOro faBieHHs. ONHCaHB JaHHble MOJeJHPOBAaHHS Mpolecca
HaTHETAHHS CYXOro rasa B IIaCT NpH pa3paloTKe ra3OKOH-
JeHCATHBIX MeCTOPOXAEHHH (CaHK/IHHI-NIPOLECC) H CXeMBb!
OCYIIECTBJIEHHS STOTQ Mpollecca.

IlpuBeneHHEIH MaTepHaJ leHeH, HO HeNOCTaTO4YeH s
XapaKTePHCTHKH INpoGJeMbl pa3paGoTKH He(TAHBIX H Taso-
KOHJEHCAaTHBIX MecTopoxaeHHi B uenoM. B CoBerckom Colo-
3e pa3paGoTKa He(TAHBEIX H Ta30BBIX MeCTODOXIEHHH OCy-
LIECTBJASETCS Ha OCHOBE KOMILIEKCHOrO IpOeKTHPOBAHHSA,
YUYHUTHIBAIOIETO JaHHble MPOMBICJOBOH TeOJOrHH, THAPO-
NHHAMHKH, TePMOJHHAMHKH, NPOMBICJIOBOTO [€Ja H 3KOHO-
mukH [1, 3, 15, 17, 23, 30]. JlasbHelillee pasBHTHE MOJYYHIR
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TEeOpHs BOJOHANOPHOTO H YNOPHOTO PEXHMOB paGOTh Hed-
TAHBIX TacToB [49], Teopusi peXHMa DacTBOPEHHOro rasa,
HOBBIE€ MeTOMbl YBeJHUeHHs He()TeOTHauH.

B cBasu ¢ ortkpuitiem B CCCP psapga KpynmHHX raso-
KOHIEHCATHEIX MECTOPOXKAEHHH pa3pabaThBalOTCA H MOJY-
Yal0T WHPOKOE PacIpOCTpaHeHHe KaK MEeTOAbl HCCJENn0oBa-
HHsl Ta30KOHJEHCATHLIX CKBAaXHH M MX NpoaykuuH [12], Tak
H HayyHble OCHOBH Da3palOTKH TaKHX MECTOpOXJe-
nui [1, 19].

FnaBa XII1 mocBslleHa OMHCAHHIO MPOLECCOB MPOMBIC-
JIOBOH CeMapanuH MNPOAYKUHH TJIaBHHIM O6pasoM CKBaXHH
ra30KOHAEHCATHBIX MeCTOPOXKAeHHH W mporecca a6copOiH-
OHHOrO H3BJICUEHHs H3 ra3a TAXKeJHX KOMNOHeHTOB. Pac-
CMOTpeHbl TMPHHUHIHAJbHEIE CXeMBl 06paloTkH rasa Ha
[POMEIC/IE, TPUYEM OCHOBHOE BHHMAHHe YIeJeHO OMHCAHHIO
TNpOLECcCOB HH3KOTeMNepaTypHo# cenapauud. bosbras yacTts
rJ1aBH MOCBsillleHa Tpolleccy a6copOIHH.

UYuraremo 6yoyT MOJe3Hb! NMPHBEJEeHHble B KHHre ypaB-
HEeHHs, TO03BOJSIOIHe pPAacCUHTHIBATL Mporece a6copOiHH
MPH HAJHYHH B TOLLEM COPGEHTe KOMIIOHEHTOB, H3BJIEK agMbIX
u3 rasa. PaccmoTpenn pacueTHble MeTognl Kpemcepa-Bpay-
Ha, JIeouca-llleppyna, XoproHa-@paHkauHa, DamancTrepa
u ep6epra. IIpHuMeHeHHe KaXIOTO H3 METOLOB HJLIIOCTPH-
poBaHo npuMepaMu. Ilpusenennbit B raase XIII mare-
pHan MOXeT GObITh HCIIOJb30BAH /A DacueTOB IMPOLECCOs
He TOJBKO MacJsaHOH a6copOuHH, HO H a6COPOIHM JIErKUMH
CcOp6eHTaMH, TMO3BOJAIUIHMH YBEJHUHTh BBIXOJ lleJeBBIX
NPOAYKTOB, TNPOLUECCOB UYACTHUHOH CTaGH/aH3alHH Hedreil
MpPOAYBKOH HX CYyXHM ra3oM.

B raase XIV omnuceiBaercsa Ipouecc (pakUHOHHPOBKH
yraeBooponoB. IlpHBeneHHHe METOAE pacyeTa COCTaBa
H pacxoja MOTOKOB OCHOBAHEI Ha KOHIEMIHH TeOPeTHIeCKOH
Tapeskd. M3soxeH MarepHal, XapaKTePU3YIOUHH Mpolece
pacyeTa (pPaKIHOHHPOBKH GHHAPHBIX CHCTeM TIpagHueCKHM
MEeTOJ/OM, IPH KOTOPOM 3HEPreTHUEeCKHe XapaKTEePHCTHKH T0-
TOKOB B SIBHOM BHJe He HCIOJb3YIOTCHA, H METOLaMH, OCHO-
BaHHBIMH Ha HCMOJb30BaHHH (Da30BbIX H SHEPreTHYecKHX
napaMerpoB NOTOKOB. OINHCAHBI TPHHLHILI TpadHYecKOro
NpeACTaBieH s NePerOHKH TPOHHBIX CHCTEM H METOIHl pac-
YeTa (PAKUHMOHHDOBKH MHOIOKOMIIOHEHTHBIX cmeceH. Bosb-
1106 BHHMAaHHe YJAeJeHO onpejeseHHI0 K.IL . TapeJoK Me-
TOLAMH, OCHOBAHHRIMH Ha ydYeTe (PU3HYECKHX CBOHCTB
o6pabaThiBaEMbIX NMPOAYKTOB, H METOLAMH, YUHTHIBAIOUIHMH,
KpOMe TOro, MMHAMHKY IIOTOKOB Ha Tapeske. IToapoGuo
paccMOTpeHbl MPHEMBl pacyeTa pa3MepoB KOJIOHH, KOJIA4-
KOBLIX TapeJOK M HX pa3MellleHHs B KoJouHe. IIpencraBien-
HEIH MaTepHas HacbluleH rpadHkaMH H MOZOOPaH TaKHM
06pa3oM, yTO AdeT NpPaBHJIbHOe NPeACTaBJIeHHE O MEXaHH3-
Me pacCMaTPHBAeMbIX #BJEHHH HHOrQa Jaxe B yuiep6
yIO6CTBY TNpaKTHYeCKOro npuMeneHHs. Ilpn uTeHHH ria-
Brl XIV mnosesHo o6paTuTecs k paGoram [2, 34].

Taasa XV nocesmena npoueccaM HH3KOTEMIIepaTypPHOH
nepepa6oTKu ra3oB. JlaHa (asoBas XapaKTePHCTHKA CHCTEM
MeTaH—a30T, MeTaH—YIJEKUCIO0Ta, MeTaH—3TaH—IPOMNaH
H MHOTOKOMIIOHEHTHBIX CHCTeM IDH HH3KHX TeMIlepaTypax.
PaccMOTpeHH cXeMBl H DeXHM paGOThl YCTaHOBOK HH3KO-
TeMNepaTypHoll [e3TaHH3allH, [eNpoNaHH3aluH H fefyTa-
HH3aLHH TNPHPOAHOrO Trasa, TIOJy4YeHHs XKHIKHX TIa30B
POH3BOACTBA TeJHs H KHAKOro MeTaHa. BeceMa kpaTko
OCBelleHbl BOTMPOCH XPAHEHHS H TPAHCIOPTAa CHKHIKEHHBIX
rasos. COBpeMeHHOMY COCTOsHHi 3THX Bompocos B CCCP
noCBAllleHH pa6otsl [7, 14, 34).

B raase XVI npuBefieH MaTepHal, HeOOXOMMMBIA [/11
NPOEKTHPOBAHHS H KOHTDOJS PaGOTH YCTAHOBOK MO OCYLIKe
rasa 4 OYHCTKe ero OT cepoBonopona. M3 mMeTonoB ocyilku
HauGoJsiee MOAPOGHO OCBellleHO H3BJIEUEHHe BJIaTH M3 rasa
BOIHEIMH PAaCTBOPAMH [H- H TPHSTHJIEHTJIHKOJS, MOCKOJIBKY
STH TIPOLECCHl MMOMYYHJH ITHPOKOE PAcNpoCcTpaHeHHe B NPO-
MBIL/IEHHOCTH.

Onucanbl TaK¥Xe OCHOBEI IIPOLECCOB H3BJIEUEHH§ BJAarH
H3 Ta3a TBEPALIMH H XHIKHMH COPGEHTaMH.



[Tpu paccMOTpeHHH BONPOCOB OUHCTKH NPHPOJAHBIX ra3oB
OT KHUCJBIX KOMIIOHEHTOB OCHOBHO€ BHHMaHHe YJeJieHO NpH-
MEHEHHI0 AJI 3TOH LeJH BOIHBIX PacTBOPOB AMHHOB.

KpaTko paccMoTpeHB! KOPpO3us OGOpYINOBaHHA ra3o-
OYHCTHBIX YCTAHOBOK H METOABl MOJYYEeHHs 3J1eMeHTapHOMH
cepbl. MaTepuas 3T0# ryaBbl H306HIYyeT rpadHKaMH, xapak-
TepH3YIOIIHMH CBOHCTBA NpHMeHsieMbIX 1Ja 06pab0TKu rasa
a6copGeHTOB.

HenocraTkoM 3To rJiaBBl sBJsleTCs TO, YTO OHa He
COIEPKHUT CBeleHHil O HOBBIX NpoLeccax NMOATOTOBKH rasa
K TPaHCINOPTY H YTUJIH3allHH, KOTOpHe ycHellHo pa3paba-
THIBAIOTCS, KaK 33 py0exoM, Tak H B HalleHd cTpaHe.

InaBa XVII nocesuleHa pajbHeMy TPaHCHOpPTY rasa.
B Heit moapoGHo paccMarpuBaioTcs nefictByomue B CIIA
NpaBuJia NPOEKTHPOBAHHS M COOPYXKeHHS MAarucTpaJsbHBIX
rasonpoBOAOB, HX KOHCTPYKTHBHbIE 3JIeMeHTHL

IlpeacraB/eHbl TakXe OCHOBHBle MOJIOXKEHHS MeTOJO0B
34LIUTH TPYGONPOBOAOB OT KOPPO3HH, B TOM 4HCJe KaToi-
HOMH 3amHTH. 3HauHTeJbHBEI pa3fes IJaBbl MOCBALIEH KOM<
MPEeCCOPHBIM CTaHUHAM. B HeM omHcaHBI MpHHLHIE pacyeTa
KOJUIeKTOpOB, coOGpaKeHHs 10 moaGOpy KOMIpeccOpoB
H CHCTEM OXJIaXKIeHHUS.

IlpuBeaeHO omnucaHHe ras3opacnpejesUTebHHX CTAHUHI,
yCTaHAaBJHBAeMBIX Ha HHX Pery/faTopOB, ONOPH3AIlHOHHBIX
YCTaHOBOK M TOPOACKHX Tra3opaclpeje/HTesbHEIX ceTeil.
Hecmorps Ha T0, ytro B CCCP Hakom/JeH rpOMajiHbIil OMbIT
COOpYXeHHs [aJIbHHX H CBepPXAaJbHHX MArHCTpaJbHBIX TPY-
6onpoBOJAOB H MpaBHJa HX NPOEKTHPOBAHHS H COOPYXKEeHHs
OTJM4aloTcs OT aMepukaHckux [35, 36, 37], marepuan raa-
Bol XVII 1715 yutarens 6yner mpeicTaBJsATb HHTepeC,

InaBa XVIII noceslleHa noj3eMHOMY XpaHeHHIO MNpH-
poaHoro rasa. [TonpoGHO paccMOTpeHbl BONPOCHI H3MEHEHHs
rasonorpe6eHus GEHITOBBIMH M IPOMBIJIEHHEIMH OGBeKTaMU
B 3aBHCHMOCTH OT CE30HHBIX YCJOBHH H ADYrux (axTopoB
Ha npuMepax pasjudHux paiionoB CIIA, a Takxke nporHo-
3HPOBAHHS H3MeHeHHH B ra3onoTpelJieHHH W OIpejesieHHs
pexumMa paboThl xpaHusHILa. OCHOBHOe BHUMAHHE yieseHO
ONMHCAHHIO NPUHLHUIIOB CO3NAHHS XPAHUJHIL ra3a B YaCTHYHO
BbIPAGOTAaHHBIX F'a30HOCHHX H He(TEHOCHBIX IL1ACTaX,

IlpuBeneHBl reosOro-TeXHUYeCKHe TPeGOBaHUA. NMpedbsiB-
JideMble K TAKHM XpaHHWJHLIAM, TPeGOBaHHs, NpeabsaBJse-

Mble K 000PYNOBaHHIO CKBaXKHH, COCTABY Ha3eMHBIX COOpY-
KEeHHH.

Jana xapakTepHCTHKa MeTOLOB KOHTPOJS M DEryJHpo-
BaHHS paGOTbl NMOA3EMHOro XpaHHJHIA. KpaTKo OMHCAHHI
NPUHIMIE XPaHeHHs! Ta3a B BOLOHOCHHX CTPYKTypax, 3KO-
HOMHKa TOJ3eMHOro XpalleHHsl ra3a H CpaBHeHHe 3KOHOMH-
YecKHX MoKa3aTeJiell ra30XPaHUJIHLL PA3JIHYHBIX THIIOB.

ITockonpky npeicTaB/eHHBI# B 3TOH rJiaBe MaTepualf
OTpaXaeT MyTH pellleHHsl NPHHLUHMNHAJBHLHX BONpPOCOB IIPH
CO31aHHH MOJA3EMHBEIX XPAHWJHILI ra3a, OH 6yZeT WHTepeceH
uhraTelio. B To ke BpeMs B 3TOll rJaBe He INpHBeleH
MaTepHaJ MO -THAPO- HJM Ta30AMHAMHYECKHM OCHOBAaM CO-
30aHUA XPAHHJHIL ra3a Kak B HCTOLIEHHBIX He(TAHBIX, TaK
H BOJOHOCHBIX CTPYKTYpaX. B 3TOM HamnpaBJieHHH GoJibllHe
pa6oTe npoBenensl B0 BHHMHrase [5]. He ocBemwenn Tak-
e BO3MOXHOCTH XDaHeHHs OYHIIEHHOro rasa B 3a/exax,
3apaxkeHHbIX CepOBOJOPOAOM, XOTs 3Ta npobJeMa HMeer
GoJibilloe MPAaKTHYECKOEe 3HaueHHe.

B NoaroToBKe HACTOSILIEr0 W3JaHHS NPUHHMAJd yyacTHe
GOJBWOA  KOJJIEKTHB CrelHasdcToB. KaHA. TexH, Hayk
A. T. KoBa/eBbIM BHINMOJHEH NepeBOJ HA PYCCKURl A3BIK
raas III, XI u XII, kaua. texH. Hayk A. A. KouewkoBeM
rnaB II, IV u X (pemakrope: npod. A. C. BenuxoBekuit
1 kaHjp TexH. Hayk lO. Il. Koporaes), B. M. Boaoru-
HeiM — raas VI, VII, VIII, XIII, XIV, XV, XVI u XVII
(penakTopel: KaHA. TexH. Hayk [I. B. [lonomapes,
npod. A, C. Benukosckuit, I'. M. T'opeuenkos u 0. M. Mak-
cuMoB), M. A. ManbKoBhIM — nepBoii uyactTu raasel X
v raaeel  XVIII  (pemakrophl: KaHI. TexH. Hayk
I'. B. Ilonomapes, E. B. JleBekun, I. HU. Connatkun),
K. H. TpoMoBO# — NMpefuC/IOBHS aBTOPOB, I'JaBel I' M Npu-
70XeHHH (penakTop — KaHid. TexH. Hayk IO. Il Koporaes),
KaH[. TexH, Hayk lO. ®. MaxoronoMm —raaBel V (penax-
TOp — KaHa. TexH. Hayk IO. TI. KoporaeB) u kaupg. reos.-
muHep. Hayk M. K. KynmanoBuM-{ponosk — BTopoit uyactu
raasbl IX (pepakrop O. I'. Bapkanas).

B nepecueTe rpaUKOB M pacyeTHHIX MPHMEPOB B METPH-
YeCcKylo CHCTeMY elMHHI NpHHuMaju ydactde K. M. Tpo-
moBa, M. A. 3ekun, M. C. JIu u I'. A. 3oros. O6iee pe-
JaKTHPOBaHHe M OKOHYaTelbHasl MNOATOTOBKA IepeBO1A
K TleyaTH BBIMOJHeHH KaHIHAATAMH TeXHHYECKMX HayK
10. T1. KoporaeBuM u I'. B. TloHoMapeBbiM.

f0. Koporaes
I'. [Donomapea






FJIABA 1
OCHOBHLIE CBEJEHIA

————

—

TpHpoaHKI ra3 Hadaaud NPHMEHATb B NMPOMBILIIEHHOCTH
Gonee 130 Jer Hasag B AMepHKe H HECKOJNBKO COT JjeT
Hazag B Kwurae [I. 5]

Jlo6plua M TPaHCNOPT NPHPOAHOrO Ta3a COCTABJAIOT
6oJpluyio aoJio 5koHomukH CIIA. B cBfizu ¢ 3TuM ObLIK
CO3faHE MeTOABl INPOEKTHPOBAHUSA AOGBIUH, TPAHCIOPTA,
OUMCTKH OT NpHMecell H mnepepaGOTKH NPHPOJHOro rasa.

IpupoaHbIil T43 MpPeACTABASET COGOH CMech YIeBoL0poO-
J0B NMapadUHOBOTO pALAa, H3 KOTOPHIX OCHOBHYKI AOJIO CO-
craBaser meran (CHs) u Menbuiyio — sran (CoHg), npo-
nan (CsHg) u Gyran (C4Hyp) ¢ npumecbio Heyr/eBomopoA-
HHX KOMMOHEHTOB, T4KHX, KaK 430T, CEpPOBOJOPOL, Yyrie-
KHCJIOTA, TeJIHil 1 Maphl BOAKL

O NPOMBIILJAEHNHOCTH HPHPOIHOI'O T'ASA

Ilpuponublii ra3 3aJjeraer B NMopax FOPHBIX MOPOA JHOO
B CBOGOJHOM COCTOSSHHH (B YHCTO Ta30BHX MeCTOpOXKje-
HHAX), JHO60 B pacTBOPEHHOM BHie B He(MTH HJH KOHAeH-
cate. B 3TOM cnyuae oH MoOxeT GbITh NpeAcTaBJieH Kak
JleTydas 4acTb He(TH.

Bosblioe 3HaueHue nnA HHXKeHepa-ra3oBHKa HMeeT 3Ha-
HHe TeoJIOTHH H YCJOBHI 3ajeraHus npupoaHoro rasa. Tak,
HanpHMep, 3HaH{e NJAacTOBOH TeMIlepaTyphl H JaBJIeHHS He-
o6xoauMo AJsA NMojcyeTa 3amacoB ra3a B MJacTe H OLEHKH
NPOAYKTHBHOH XapaKTepDUCTHKH CKBaXkKHH.

HUHkeHepy 4acTO INPHXOAHTCH CpaBHHBATh CTOMMOCTb
Pa3JHYHLIX BHAOB TOIUIHBA, NMOSTOMY OH JOJKeH ObITb 3Ha-
KOM H C 3JIeMeHTaMH 3KOHOMHKH.

§ 1. KPATKHH HCTOPHYECKHH OYEPK O MPOMbBIIWJIEHHOCTH NPUPOJHOIO TFA3A

[Tpuponnuit raz 8 CIIA 6bin oTkpuT B 1821 1. BO Dpe-
JoHuu B wtate Heio-Vlopk ¥ nepsoe BpeMs HCIOJB30BaJCs
B KadyecTBe TOIUIHBA B NpHJEralOlIHX K MeCTOPOXAEHHIO
pafionax. B konue XIX BeKa m0 NOsIBJEeHHS 3J€KTpHYecKoH
JIAMIIOYKH H4KaJHMBaHHsA a3 INPHMEHS/CS AJs OCBelleHHs.
Ilpn 5TOM ra3oBble CBETHJbHHKH TOpesH Kpyrijble CYTKH,
TaK KaK 5To GBUIO felleBse, 4eM IJIaTHTb 3a TO, YTOGHl HX
racHTb H CHOBA 3aXKHraTh KaX[hiH Beuep.

B 1920-x u 1930-x rogax O6bJIO HOCTPOEHO HECKOJBKO
rasonpoBofoB GoJbLIOH NPOTAXKEHHOCTH AHAMETpoM 22—
24” ¢ pomycTuMbIMU AaBJeHuaMH 28,1—422 ar, coepuHsIO-
IIHe Ta30Bble MEeCTOPOXKMAEHHs C INPOMBIJIEHHBIMH paiio-
HaMu. Bosblioe KoJMUeCTBO ra3oNpoBOiOB GELIO MOCTPOEHO
cpa3y Xe nocie BTOpoi MHpPOBoil BoilHH. K 3TOMy BpeMeHH
yCleXH B CBapKe WM H3TOTOBJIEHHH TPYG IO3BOJHJM CTPOHMTH
E/aagnposonu auamerpom 30”7 ¢ AOMYCTHMBIM JaBJeHHeM 10

,3 ar.

IMocne 3aBepuieHuss CTPOMTENLCTBA pAfA HOBBIX TIa30-
NpOBOJAOB MNPHPOAHBIM Ta3oM OyayT obecnedeHbl MpPaKTH-
UeCKH BCe NpOMbIULeHHBle paitoHel CIIIA u 66sbluas uyacTb
Kanagu. B rta6n. I. 1 npencrarfennl cTAaTHCTHYECKHe 1aH-
Hble O DA3BUTHH [OOHYH W H3MEHeHHWHW Pa3BefaHHHX 3aNa-
coB raza CIUA ¢ 1920 no 1956 r.

B 30-x romax G66sbllas 4acTb MOMYTHOrO He(PTHHOrO
rasa BhIMyCKanach B BO3AYyX MJH CXkHranace B (axesax.
Tak, Ha kaxnom u3 MecTopoxaeHuit OkaaxoMa CuTH u Tap-
Hep Baanu 3a nmepuon ¢ 1930 mo 1934 r. 610 BHMymeHo
B BO34yx 28,3 mapa. m® rasa.

CoueraHue Takux (akTOPOB, KAK HU3KHe LeHH Ha ras,
TOCTENICHHLIH POCT B lleHe KOHKYPUPYIOLIHX BHLOB TONJHBA
H rapanTus GecriepeGOHHOro cHaGXeHHs ra30M 34 CueT KOH-

Tabauya 1. 1

CrarHcTHYeckne JaHHBE N0 HedTAHOH U TrasoBoil
npombimnenHocty CLIA

[pupoaumil ras, % Chpan HedTh U KGH-
MIADA. M? B AeHcaT, MJH., M3
Za
B rteyenune §§ Jlobnya B Te- 8
Fonel roxa samacu| 23 4YeHHe roga g‘g
Hako-| 9Y % = ga

noTpe: rx;er.; 8‘5’8 culpas | kou %3‘:’::0:«
o6ty a Gngﬂﬁe A Eé% Hegnx, nencat g:gg
1956 | 308,9 }291,0 [6733,2)58 664 | 405,7 | 55,0 5777,1
1955 | 286,5 | 266,3 |6335,1|56 414 | 384,6 | 50,9 | 5636,1
1954 | 267,0 [ 247,6 |5995,7|52695 | 358,8 47,7 | 5533,6
1953 | 261,6 |237,8 |5988,2 )49 966 | 367,4 | 48,0 5466,3
1952 | 244,7 1266,9 |5656,0 [ 47 046 | 358,7 | 45,15 | 5239,8
1951 | 225,6 | 211,2 |5488,7|46766|352,0 142,45 | 5118,1
1950 | 195,2 | 177,9 |[5256,0| 44 058 | 308,9 | 36,09 | 4695,9
1949 | 176,9 { 153,5 {5108,4 139497 289,2 | 31,48 | 3716,8
1948 | 170,1 {1458 |4924,0{40010|318,3 [ 29,09 | 4264,2
1947 | 159,4 | 129,8 |4699,1|337981294,1 | 25,44 | 3933,5
1946 | 140,0 | 114,1 |4547,5(30845|274,4 — 3821,4
1945 | 137,1 | 111,0 | 41854 |27 140]276,0 — 3311,1
1944 | 134,0 | 105,1 |3780,7|26163266,8 | — | 3331,3
1943 | 122,8 | 96,7 [3115,2|20820]239,0 — 3189,9
1942 | 104,8 | 86,46 3115,2{22 578 220,2 — 3192,8
1941 97,96| 79,641 3232,833 332 (223,2 — 3114,4
1940 94,33 75,33|2407,2|31149}{214,8 — 3024,6
1935 68,19 54,26 | 1755,8 |24 581 | 158,4 — 1971,5
1930 — 55,03 | 1302,7 {23711 ] 142,8 — 2152,2
1925 — 33,64| 651,4(26412(121,3] — 1351,4
1920 — 22,60| 424,8|34029| 70,27 — 1144,7
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cepBalMH OTKDPHTHIX HOBhIX MECTOPOXK/EHHH, a8 TAKKE y10B-
NeTBOPHTENbHAS OKYNaeMOCTb NepBLIX Ta30NPOBOAOE, CilO-
co6CTBOBAJIO B NMOCJEIHHE IOl GHICTPOMY DA3BHTHIO Ia3o0-
BO# npoMbiusieHHocTH [1. 25].

B rasoBoil NpOMEILJIEHHOCTH MOXHO BBbIJEJHTh INAThb
OCHOBHBIX OTpacJe.

1. BypeHHe H OTKpbITHe HOBHIX MeCTOPOXKAaenHH. Pa3sse-
J0uHOe GypeHHe SBJISETCS OCHOBHBIM CPeJCTBOM A€TaJbHOI
pasBeKH MecTOpoxpeHus. B Hacrosimee Bpems B CIUA
u3 Kaxabix 100 pa3BefdoOYHbIX CKBaXKHH, NMPOOGYPEHHHX Iid
HedTb U ra3, 38 HempoAYKTUBHBLIX, 52 na10T HedTh M 10 mpu-
POAHBIH ra3 WM ra3 ¢ KoHpeHcaroM. s ananusa noseje-
HUS CKBaXWMH NPH HX 3KCIIYaTalWd H H3Y4y€HHs TeoJsIorH-
YeCKOTO CTPOeHHs 3anexedl Heo6X0AHMO 3HaTb CBOHCTBA
HNPONYKTHBHBIX MJ4CTOB M HX pacnpefiesieHHe MO IUIOWIAAH
H MOLIHOCTH 3anexeid. DTH AaHHBle MNOJY4YalOT NMyTeM Ipo-
BejleHus Teodu3uuecKHX W THIDOJHHAMHYeCKHX HCCJeA0BA-
HUH CKBaXXHH H HUCCJeIOBaHHI KepPHOB.

2. Jofbua ra3a nONYTHO ¢ JKHAKHMH YIVIEBOAODOAAMH
HAH Ge3 HHX. D107 pasfes OXBaTHBaeT GOJbLIOH Kpyr
BONPOCOB, B TOM 4YHCJe TeOJIOTHIO, TeXHHKY M TEeXHOJOTHIO
pa3pafoTKu, mojcyer 3amacoB H AeGuToB rasa. Hampumep,
H3yYeHHe TedeHHs rasa B MOPHCTBIX CPeAax IMO3BOJseT ompe-
JeJIUTh TPOU3BOAHTEJBHOCTL KaJAOH CKBaXKHHBI Ha MeCTO-
poXJeHHH, Jo6bYy ra3a B LeJOM H3 IJacTa M XapakTep
HX H3MEHEeHHs BO BpeMeHH. DTH JaHHhe HeOGXOAHMMBI [Jd
MPOeKTHPOBAHHS r'a30NpOBOAOB.

3. OuHcrka ra3a H OTAeJieHHE XXHAKHX YTJEeBOAOPOAOB.
B sToM paspjese paccMaTpuBAlOTCS HPOEKTHPOBAaHHE H YC-
JIOBHSI paGoOTH cenapaTopoB AJs OTAejeHHs HedTH HJH
KOHJEHCAaTa HAa CKBa)XXHHAX, OTGEH3MHHBAIOLIHX YCTAHOBOK
IJIsl M3BJIeUeHHs ra3oBoro GeH3HHa H CXKHXKEHHOro Hedrs-
Horo rasa (T. e. mponaHa H 6yTaHa), YCTaHOBOK AJsl OYHCT-
KM r'a3a OT CepoBOLOPOAA H YIJIEKHCJOTHI H YCTaHOBOK AJis1
ocywku rasa. IIpH NpoeKTHPOBaHHWH paccCMaTpHBAalOT BO-
HNpPOCH MaTepHaNbHOI'O H 3HepreTHyeckoro 6anaHca, ¢asoBbIX
NpeBpallleHHil, ceMapauud H CKOPOCTH MPOLECCOB, NMPOHCXO-
LAIHX B YCTAHOBKAX.

4. TpaHcnopr rasa no MarHcTpajbHLIM Ta30NpOBOAAM
H pacnpepaejieHHe rasa. DTOT pa3jes OXxBaTbiBaeT 60JbIUOH
KPYr BOINPOCOB, CBSA3aHHBIX C NPOEKTHPOBaHHEM U PaboToi
OOGLIMPHO# CeTH Tra3oNpoBOAOB € KOMIPECCODHBIMH CTaH-
IUSIMH, KOTOpEe OfecredyHBaloT MOJadyy ra3a OT MeCTOPOXK-
JeHU#l K MpPOMBILUJIEHHBIM INOTPeOHTeJsIM H HaceJleHHbIM
neHTpaM. Bo MHOruX cayuasx AJs pacnpejesieHHs NMPUPOA-
HOrO ra3a B Tropogax HCMOJb3yeTCs MOJAePHH3HPOBaHHas
pacnpejenuTesbHasl CHCTeMa, CJyXKHBLIAsA PaHblue AJs pac-
npejeseHHsl HCKYCCTBEHHOTO rasa.

5. NoasemHoe xpaHeHHe ra3a. Tak Kak ra3oBhe MeCTO-
pPOXKIEHHS YacTO pAaclOJIOXeHH Ha OdeHb GOJbLIOM pac-
CTOSSHHM OT TNoTpefuTesell, TO [AJs MNOKDPBITHA CE30HHHIX
KoJieGaHUil B Harpyske ra3onpoBOAOB CO31al0TCA MOA3EMHbie
XpaHWJHIA Tra3a, pAacHoJOXeHHhle BOJH3H moTpebuTess.

Jas BceX yKa3aHHBIX MATH OTpaciell ra3oBOi NMPOMbILI-
JIEHHOCTH HeOoGXOAHMO H3ydyeHHe IIOBejeHHs ra3a IIPH BHI-
COKOM JaBJIeHHH.

Ilpu mnpoekTHpPOBaHHH TPYGONPOBOAOB, Ta30BhHIX CKBa-
KHH, H3MepUTeJbHBIX NPHGOPOB M OOGOPYAOBAHHA  AJs
n06bluM, TpaHCHOpPTa H TepepaGOTKH ra3a HeoO0XOQHMO
3HaTb (PU3HKO-XHMHYECKHe CBOHCTBAa rasa (MJIOTHOCTb, Bf3-
KOCTb, TEILUIONPOBOJHOCTb H TeloeMKocTh). Takxke GoJsblioe
3HayeHHe [OJ INPOEKTHPOBAHHS IepepalOTKH Tra3a HMeeT
H3yueHue (a30BOro NOBeJEHHS MHOTOKOMIIOHEHTHBIX CHCTEM.

ITpupoAHbIil Ta3 H BOJAA NPH BHICOKHX NaBJEHHAX MOTYT
06pa30oBbIBaTL TBepisle THapaThl Bhe (°C, KOTOpee OT-
JaraloTcs B Ta3oNpoBOAaX H COOPYKEHHAX H TeM CAMKIM
HapylWaloT peXHM HX paboTH. Takum o06pasoM, aJd pelue-
HHs BOMNPOCOB, PaCCMOTDEHHBIX B MATH OCHOBHHIX OTpac/fax
ra3oBoji NPOMBILIJIEHHOCTH, cJelyeT 3HAaTh COCTOsHHe IpH-
POLHOrO ra3a NpPH Das3JHUHbIX [A4BJeHHAX H TeMIepaTypax.

Ilpu pelleHHH TeXHHYECKHX MpPOOJieM OGBIYHO BLIAMNSAIOT-
¢ TPH OCHOBHBIX 3Talla: ONlpejleleHHe XapaKTepa (IpHPO-
Abl) peliaeMoil NpobJeMbl, IOJyYeHHe OCHOBHBIX HCXOOHBIX
NaHHBIX H Tocjelylollee HpoekTHpoBaHWe. Kak mnpaBuio,
HaHGosee ynoGHOH ¢OPMOM sBJseTcs CXEeMaTHyeckoe MHpO-
eKTHDOBaHHe.

§ 2. OBIIHE CBEJEHHS O TEOJIOTHH HE®TAHBIX U TA30BbIX
MECTOPO)XJIEHHU N

H3yuenue cTpoeHHs 3eMHOH KODH H CNMOCOGHOCTH cCJa-
FalommXx ee TNMOPOA AaKKYMYJHPOBaTh HePTb U a3 HMeeT
GosbllIoe 3HaYeHHe AJs1 HHXKeHepa, 3aHuMalwoulerocsa Ao6nyel
HPUPOAHOro rasa. 'eosiorus usyyaer Takxke NpouUecchl, NpH
KOTODHIX (OPMHPOBAJNHChL 3asexHd. MHorye H3 3THX mpo-
[eCCOB MPOHCXOAAT H 40 CHX IOP, YTO MO3BOJsET NPOBEPHUTh
cleNaHHbBIe TIPeaNoNOXeHHs 0 clocoGax o6pa3oBaHHs MeCTO-
POXKAEHHH.

CyuecTByer HeckoJbKo oTpacJieil reosoruu [I. 28, I 40—
I.45, 1. 51, 1.52, 1. 54]. Ux Ha3sBaHue cKJaabIBA€TCA H3 TAKHX
CJI0B, KaK re0 — 3eMJsg, NeTpa — MOPOAA, JHTOC — KaMeHb,
H cydduKcoB JIOTHS — H3ydeHHe HJH paccyXxieHHe, rpa-
¢us — onucanve. Pusuyeckas reoJorus — 3TO HayKa o Npo-
meccax, BJHSIOLIHX Ha 3€MHYI0 INOBEPXHOCTb, TaKHX, Kak
JeficTBHe BeTpa, BOABL, Jbga U aTMocdepbl. Hcropuueckas
reoJIOTHsl MbITaeTcs INPOCAeAHTb Ipouecchl, 0Gyc/J0BHBLIHE
cO37aHHe 3eMHOMN KOpbl, MPOHCXOXKAEHHE XKH3HH H 3BOJIIOLHUIO
pacTeHHH W KUBOTHEIX. CTDYKTYpHasl TeoJiOTHS TpPaKTyeT
METOJH, ¢ MOMOILbI0 KOTOPBIX ONpelessIoTCs MOJIOXKeHHe
1 dopMa pa3NMYHLIX 3B€HbeB 3€MHOH KODbl, H H3y4aeT CHJbI,
KOTOpble TpHBEJH K COBPeMEHHBIM YCJOBHAM 3aJeraHus
MOPOA Ha pas3JIMYHBIX INyGHHAX H Ha noBepxHocTH. CTpaTu-
rpadus packphiBaeT XapakTep, NOCJeNOBAaTeJbHYIO 3aBHCH-
MOCTb, paclipeesieHde H NPOHCXOXIeHHe OCaiOYHbIX MOPOA.

Heckosbko oTpaciefi 3aHuMaeTcs u3ydeHHeM NOPOA IO
THIy H Bo3pacTy. M3yueHueM Nopoj ¢ TOYKH 3peHHsA HX Xa-
paKrTepa U CTPOEHHs] 3aHHMaercs JuToJorus. IlaneoHTonorus
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KJaCCHUIHPYET CBeJeHHs O KH3HH B NpOLLIbie TeoJsOrk-
YeCKHE S3MOXM C MOMOLIBID H3ydYeHHs HCKOMaeMBIX MU MHKpO-
HCKON4eMKEIX OpraHu3MoB. MuHepasorus u mnerporpadus
HMEIOT feno ¢ OU3HUECKUMHM W XHMHYECKHMH CBOHCTBaMH,
Kjaaccuukanueil u onpegeseHHeM MHHePaJioB HJH TNOPOJX
H C HX TE€HEe3UCOM.

Cunemenrtanus [I. 58] — 310 mpouecc OTJOXeHHS oOcaf-
KoB. OcafouHne Mopoabl 06pa30Bajuch B pe3ysbTaTe 3TOro
npouecca. B ocHOBHOM HedTh M ras cojepxarcs B 0Cajfoy-
HBIX TTOopofax. [uaporeosorus WA reosoris rPYHTOBBIX BOJA
H3yyaeT 3aKOHBl JBHXeHus BOABI Yepe3 TMOPHCTHIE CPelbl
H TEeOJIOTHIO 3€MHOil KOpbl B OTHOLIEHHH CHOCOGHOCTH pas-
JIMYHKEIX TOPOJ NMPOMYCKATh BOAY.

FeobH3uka OcHOBaH4 Ha NpPHMEHEHHH 3aKOHOB (H3HKH
K 3amauaM reosoruu [l. 54, 1. 48]. Hanpumep, 3akoHbl pac-
npocTpaHeHUs YNPYTHX BOJIH, BEI3BAHHBIX €CTECTBEHHBIMH
NpHYHHAMH (HanpuMep, 3eMJIeTPSICeHHeM) HJH B3pDbIBAMH
NHHAMHTA, HCMNOJb3YIOTC HpH CeficMHYeCKHX MeTojax Mo-
MCKOB CTPYKTYp. OTpaKeHHe YNPYTHX BOJH OT IIOBEPXHOCTH
KOHTAaKTa II14CTOB ¢ PAa3JIMHYHEIMH (DHU3HYECKHMH CBOHCTBaMH
NO3BOJISeT OMpeJe/UTh I'PAHHLE IJACTOB M HaHeCTH HX Ha
kaprty. Jlns APYrHX MeTOIOB, OCHOBAHHHIX Ha MNPHMEHEHHH
onpefeieHHbIX CBOHCTB 3€MHOil NOBEPXHOCTH AJS H3yYeHHUS
3eMHBIX Heap, MCIOJb3YIOT MarHHTHble MOJISA, T'DABHTALHON-
Hble TIOJsS M 3JeKTpHuecKue cBoiicrBa 3emuu [I.7]. Dtu mMe-
TOABl OGLIYHO OCHOBAHHI Ha ONpefesieHHH aHOMaJHi B yC/o-
BHSX 3aJleraHusl MOPoJ B 3eMHOH Kope.



FeoxuMusa MpPHUMeHseT 3aKOHB XUMHH [Jf H3YYeHHs
reojorud 3emJau [l. 54]. OAHUM M3 BaXKHBIX METOLOB B MO-
MCK4aX He(TH M rasa sBJsETCH FeoXHMHYeCKHil MeToi aHa-
JIi34 MOYBHL

1. ACTOPHYECKASI TEOJIOT Ust
U HE®TETA30OHOCHBIE PAMOHDI

Hcropuueckas reoscrus [1. 4, 1.6, 1.28, 1. 42, 1. 50, 1. 51]
BOCCTaHABJMBAET MOCJeJ0BaTesbHbIE H3MeHeHHs B 3eMJe €O
BpeMeHH 06pa3oBaHHs ee TBepAOH KOPH. I'eonornueckuit
MacuiTa6 BpeMeHH 6Ll BBegeH AJs TOrO, YTOOH NOKa3arb
NepuoIH BPeMeHH, B TeueHHe KOTOPBIX HOPMHPOBAJIHChL pas-
JIMYHBIe MJ1acThl 3eMHOH Kophl. Touka, B KOTOpOil oxsaxje-

Puc. 1. 1. O6HaxenHe NOpOJ NEHCH/ILBAHCKOrO BO3pacTa
B CeBepHofi AMepHKe.
11— MopoAL NOCJENEHCHIBBAHCKOIO BO3pacTa: 2— nopojanl MNeH-

CHJIBBAHCKOr'0 BO3pacTa: J — IOPOAH AONMEHCHJIbBAHCKOro BO3-

pacra.

HHE MOBEPXHOCTH 3eMJIH NPHBEJO K BHIMAJEHHIO BOJBI, Ha
IKaJie TeQJOrHYecKoro BpeMeHH fBJIfeTCS HyJeBOH no OT-
HOUIEHHIO K Tpoleccy 06pasoBaHusl 0CaA0YHBIX nopoi. Pas-
MBIB MMOBEPXHOCTell FOp H BO3BHILIEHHOCTeH Moj JAeHCTBHEM
JOXKAS W BeTpa M INocielylollee 3anoJHeHHe MOHHXKEHHBIX
y4acTKOB pesibea M BMaJHH 5PO3HOHHBIM MaTepHaJioM fB-
JAI0TCA HanGoJee aKTHBHBLIMH MpOIleccaMH, BCJeACTBHe 4Yero
o6pasyloTcsi nmopucTele nopoAnl. IlogHATHE OJHHX YYACTKOB
3eMHOM MOBEPXHOCTH H ONyCKaHHe IPYIHX NMPOHCXOAAT B pe-
3y/JbTaTe [IBHIKEHHS 3eMHOH KOpbl, KOTOpble B HeKOTOpO#H
cTerneHd MOAOGHBL fIBJeHUsM, HabJlogaeMbIM ceffuac MNpH
3eMJIeTpACeHHAX.

I'eoxponosornyeckas tabanua (taba. I.2) npeacrtasaser
wKany reodoruyeckoro BpeMenH. [l 28, 1.50, L 51], pasge-
JIeHHY10 Ha 3pbl, NEpPHOAH H 3M0XH. Bo3pacT 3eMsu cocTas-
asier 4,5 MJpA. JieT, ero TPYAHO NpeICTaBHTh 4YeJOBeKy,
YYATHIBAsl, YTO ero CoOCTBeHHas KH3Hb MeHbile 100 Jer,
a NepHOA :KH3HH Ha 3eMJe cocTaBJsieT mpumepHo 5000 ner.

ITocne Toro kak Boja CKOHAEHCHpOBaJaCh Ha MOBepx-
HOCTH 3eMJIH, OHa 3aloJIHKW/A ee MOHHXKeHHBle y4acTku. Paa-
pyulMTeJbHAs CHJa BOABl H CHJA BOAHBIX MOTOKOB BJHSAJH
Ha pesbed 3eMHON MOBEPXHOCTH. DPO3HA TOpP, CHOC H OTJO-
KeHHe OCaJKOB B MOpPAX MPOHCXOAAT HenpephiBHO. Kpome
3TOr0 mpouecca, OTMeYalOTC MOCTOSHHBle KoJeGaHHsA 3eM-
HOH KOpbl. ¥YKa3aHHbIMH (akTOpaMH 0GbACHseTCs OTCYTCT-
BHE B HEKOTOPHIX TOYKaX 3eMJIH OCaJOYHbIX NOPOJ HEKOTO-
PBIX MEepHOI0B.

I'eosoraMu coctaBJsieHBEl KapThl 3eMHOH MOBEPXHOCTH, Ha
KOTOPHIX MOKAa3aHH COBpeMeHHble 'DaHHIBl O6HAXKEHHH oca-
JMOYHBIX MOPOJ, a TaKkKe PacrnosoKeHHs MOpeH, CyllecTBO-
BaBIIMX B TeueHHe PA3JHYHBIX re0JOrHYecKHX mepuonos. Ha

7
o)

Puc. 1. 2. Pacnonoxenne Mopeit MeHCHJIbBAHCKOrQ BO3-
pacta. Meskne MOpsl NMEHCHJIBBAHCKOrO BO3pacTa Han6o-
Jlee HHTePeCHH € TOYKH 3PeHHs MOCTOSHHOIO KoJeGaunys
B Hux ypoBHsa. Jlaxe 064acTH, npeAcTaBJeHHHE HA
KapTe Kak MOCTOSHHBIe o6nacTd Mops, (akTHYeCKH
MHOTO pa3 MOJHHMAJHCh H TNOrpyxanucb. Kak moka-
3aHO KOHTYPOM 3anaJHbIXx H BOCTOYHBIX WITATOB, KOH-
THHeHT Gbla mpeActaBjeH GoJbiiedi 061acTblo, 4em B
HAcTOsilllee BpeMsl, BCJeICTBHe 06pa3oBanusi rop B8
nocsenescubBackoM nepuoge [I. 51].
! — okeaunveckue o6JacTH; 2 — pacHoJloxeHHe HauGoJee IO+

cTOSHHKX o6aacTeli; - 3 — o6JgacTH, 3aTOMJEHHbHE B TeUeHHe
TONBKO OAHOH wacTH mnepuoda; 4 — HesaTofIdeMble OOJacTH
CYILX.

puc. I.1 n 1.2 npeacraBieHHl OGHaXKEHHs MNEHCHIbBAHCKHX
OTJIOXKEHHI H PacHoJioxKeHHe Mopeil B 5TOM MepHoae.
JokeMGpHiCKHA NepHOA OXBATbIBA€T MEPHOA BpeMenH
OT (GOPMHPOBAHHS 3eMJH NPHGAHIATENbHO [0 500 MJH. Jev
Ha3ag. ITopoarl, o6pa3oBaBiliHecd B 3TOT MEPHOA, AEIATCA
Ha TpH THna: 1) u3BepIKeHHLIE MPOAYKTH 3aCTHIBAHHS (Mar-
Mbl); 2) MeTaMoppHyYecKHe MopoiLl, KOTOPEIE H3MEHHJIH CBOA
XapakTep MoA [elicTBHeM BLICOKOrO [aBJeHHs H TeMMepa-
Typel, u 3) ocagounble, [IpuMepaMu H3BepIKEHHBIX MOPOL
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Tabauya 1. 2
leoxponoaornueckas rabauna

3pa Ilepuog 2roxa HedrerasonocHsle popMauuu
YeTRepTHUHBIR CoBpeMeHHasl (I/eACTOLEH) l
Manouen 10 | Penerro (Bentypa, Kanndopuus)
Muouen 15 Kpou Cnpuure, Jun Jleiik dpar (JIynauaua),
Kaitnoaoiickas Kermneman Xuic, Koanunra (Kanudopuus)
TperuyHbiit 70 Osnrowen 10 ‘
71 Souen 20 Kokdpuag (Konpo, Texac), Usmxa (Keitty,
Texac)
[Naneouen |
BepxHuii Mea 35 Jlauc
Monrana Byn6a#in (Boctounnit Texac) .
Huxunit Men 20 Konopazno Meca Bepps (Can XyaHn, Hoio-Mexuko, Kaiu-
JHaxkora dopHH)
Mesosoiickas Komanue Monpo Yok (JIynanana)
tOpa 40 BepxHuit
130 Cpenuuit
Huxunit
Tprac 35 Bepxani ®opt Cant [xon (Bpuranckas Koaym6Gus)
Cpennnii
Huxunit
Tepms 30 BepxHuit Xblororon _ Hosnomut (Kamsac, Okjaxoma,
Huxuui Texac), Pstc (BocTounmit Texac, Hbio-Me
xuko), INauxsuga Honomur (Texac)
[encunbBaHCcKHi Bupmxun
nepuog 30 Muccypu
He Moiin
Taseosofickas Moppoy Pu¢p (Ckapu Kayntu, Texac), Bap6suk (Ok-
quTep JIaXOMa)
300 Muccucunckuit Boumefiep -
nepuog 30 KHHIepxyK Muynran Crpeit Csnnc
JleBon 40 YoToKcKHiI Hanpu, Tpapepc (MuuuraH)
CHHEeKCKHU Jlenyk (AnGepra)
DpHKCKHA
Ancrepckuit bpsadopn ([lencunbpanus)
OpHckaHCKHA
Xennep6eprckuit
Cumyp 30 Kaiiranckuii
Huarapckuii
Mennuckuit
Oppoeuk 60 LiuHI HHATCKHi CumncoH (Oknaxoma)
MoxokeHckHt Buosa Curtu
YeseHck uit YUAKOKC
Kanagackuit Bpomaiin, TpenrtoH (Muyuran)
KeMépuﬁ 80 Osapkckuit Apb6akas Jlaiim (Okaaxoma CutH, Kansac)
Canr Kpokckuil
Axajckuit
Boko6cknit Tanecsusb Ditksudep (Fepcuep, UninHo#c)
[MpoTtepoaoiickas
Hoxkem6puit 4000
Apxeo3soiickas

Npusesarue. Ludpa yKka3wsaioT NpHGIH3KUIEIbH YO NPONOTKHTEIbHOCTE NEPHOLA B MJR. JET [t 28, I, 60, 1. 613
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SIBJIAIOTCA TPAHHT, KOTOPbIH 3acThiBaJ B 3eMHOl Kope Meln-
JIEHHO, M JiaBa, OBICTPO 3acThbIBIUAsi Ha TNoBepXHOCTH. Kpu-
CTa/JIMYeCKHi CJ/aHel H THeAC 06pa3oBajiHCh B pe3yJbTare
M2TaMop(HYeCKHX NPOLECCOB MNOA AEHCTBHEM TEeMIepPaTypbi,
naBJjeHus H BpeMeHH. OcafouHble NMOPO/bi BKJIOYAIOT MECKH,
neCYaHHKH, H3BECTHSKH, IOJOMHTHI H TIJIHHHCTble CJIaHIbi,
MHorue M3 MecTOpPOXKIEHHH 3Kese3a, HHKeJss, 30J0Td, KO-
6ajibTa M APyrHX MeTaJ/JIOB 3ajeraloT B NOPOAax AokemG-
PHHACKOro Bo3pacra.

Puc. 1.3. Ceuenue 1o CONSHOMY LITOKY Hed-
TAHOro Mecropoxienus COHHAITON (ﬂl)xeq;q;ep-
con Kayntu, Texac). ITOT COJISTHOH _IITOK,
pacrnoJioXeHHbii Ha 1ore Beiomont  (Texac),
HMEeT IIMJMHADHYECKOE COJIAHOE sApO AHaMer-
pom okono 1,8 «s. Ero mourn mnjockas Bep-
IIHHA T[OKpbiTAa TBEPABIMH MOPOAAMH, COCTOA-
IHMH TrJaBHHM 06GpazoM H3  [0JOMHTa H
aHTHApHTA, KOTOPble BCTpeyawTcss B CKBa-
JKHHaX Ha TrJy6uHe HeMHoruM Gosee 305 .
O6pazoBalus TPETHUHOTO MEPHO/A, HAaXOAsUIHECs

BOKPYr COJISHOrO IITOKA, OGbliH  TPUMOAHATHE
BEePTHKAJbLHBIM [ BHIKEHHEM N0HUMaOLUHXCST
cossiHBX Macc. bBoaee 20,7 maH. u®  HedTH
6bi10  A06LiTO CO CBoga H  CO  CKJOHOB

3TOrO KymoJsa.
1 — noxpHBawlliast nopopa; 2 — coibi
ueH; 4 -— OJAHOUEH; 5 -—— MHOUEH:

S50UEeH.

Kem6puiickuii mepHojx — nepBbii, B KOTOPOM OCaJKH
oxXapakTepH3oBaHe ~ ¢ayHHcTHueckH. [laneoHrtosornyeckue
HCCIEOBAHHS TIOMOTalT YCTAHOBHTb 3BOJIONHIO GOpM XKH-
BoTHEIX M pacreHufi. ITo mnosBJeHHIO HJIM HCYE3HOBEHHIO
¢aynnt #u ¢Jops AaHHON (opMbl OGBIMHO YCTAHABIHBAOT
BO3PACT NOPOJ.

OpJOBHKCKHA NMEPHOA XaPAKTEPH3YETCH fOSBJEHHEM Mep-
BBIX [103BOHOUHEIX. Béubiuas yacts CeBepHoil AMepHKH Ghija
B 3TOT mepHoA 3atomseHa. CpeiHss MOMIHOCTL OTJIOXKEHHH
Op/IOBHKA cocTaB/jsieT B AMNNaNaucKOH TeOCHHKAWHAJH CBbI-
we 1525 u, B FOxuol Orjiaxome — cBoitiie 3050 #.

CuiypHiicKuii, AE€BOHCKHH, MHCCHCHICKHH, TNEHCHIbBAH-
CKHi H MepMCKHl mMepHOIB TakKe BXOAAT B [aJie030HCKYIO
3py CHJypHIiCKHH ePHOJ H3BECTEH MO COJISHBIM OT/IOXKEHHAM
B Muunrane u Hbolo-Flopke. JleBOHCKHiI nepHOA XapaKTepH-
3yeTcsl OCTATKaMH KOpaJ/lJIOBBIX PH(OB H MOSBJEHHEM 4YeT-
BEPOHOTHX JKHBOTHBIX. B KOHIle KaXX[0ro H3 3THX TepHOJ0B
mpoHcxoiuaa ofnlas TPaHCTPECCHs MOopsA, COMPOBOXKAal0-
wasca GLICTPbIM H3MeHeHHeM (GOPM KH3HH. MHCCHCHTICKH
H TEHCHAbBAHCKHH MepHOAbl YaCTO HA3bIBAKOTCA KaMEHHO-

3 — naehcTo-
6 — oauronen; 7 —

2 557

yroJbHBIMH; B T€YeHHe ITHX MEpPHOAOB 06pa3oBanach GOJb-
Iasi UacTh yIJIEHOCHBIX MAACTOB. B nepmckuii mepuon mou-
Has TOJ/A O0CaN0YHBIX OTJIOXKEHHHA o6pa3oBaJsach Ha o6umKp-
HOH mJollajaM, BKJIOYAlOUeH 3amajHyl 4acTb TeXaca,
Hbio-Mexnko u 3anapHyo uwacth OKJaaxoMbl. Amnasnayckue
ropol opMHPOBAJIHCh B KOHIE T1a/1€030HCKOf 3PHL.

Me3sosoiickas spa HauMHaeTCi TPHACOBBIM NIEPHOAOM;
BEKOM XKH3HM pentuiui. K 3ToMy nepuoay ortHocsatcs He-
KOTOpLIE T'a30Bble 3a/€XKH, PacloJoXKeHHbe B LUEHTPaJbHOMH'
YacTH KOHTHHeHTa. Berpeuaromnecs B ApH3OHe B TpHaco-
BbIX OTJIOXKEHHIX OKaMeHesble JepeBbsl MOKA3bIBAIOT, 4YTO:
pasMmepnl jepeBbeB gocturanau 2,1 m B nuamerpe U 37,5 m
BoicoThl. HenaBHo oTkpoiToe rasoBoe Mecrtopoxjenue B. [Tnc
Pusep B Bpuranckoit KosiyMGHH conepKHuT ras B OT/I0Xe-
HHAX Tpuacoporo Boapacra. MesoBoit mepuoa xaparTepu-
3yeTCsl IMOsSBJEHHEM COBPeMeHHOH ¢uopul (nepeBbsl, BA3,
KJeH, 1Y H TONO/b), a TaKiKe HCUe3HOBEHHEM JHHO3aBPOB.

Tperuanoifi nepron. OTJIOKEHAS 3TOTO NEpHOAA  0OCO-
GenHo xopomllo Bbipa)KeHbl Ha noGepexne CIIA. ConsiHble
KynoJa no6epexbs MEKCHKAaHCKOTO 3a/iMBa BBLIXOAHJH HA
MOBEPXHOCTh (pHc. I.3). MecTopoxaeHHs GHTYMHHO3HEHIX
C/aHUEB B 3anajHbX LITATAX OTHOCATCS K TOMY [€pHOLY.

YerBepTHuHbifi TePHOA (COBpEMEHHbIH HJH M/eHCTOLEeHO-
Bhifl). CuHMTaloT, yTO BO3pacT ero paBeH 1 MJH. JeT. B stor
NIEPHOJ [IPOHCXOMJIO TOKPBITHE JEJHHKOM TeppHTOPHH. Ce-
BepHO# AmepHkH. TasHHe 3TOro Abja OCTABHAO JieJHHKOBLIE
HAHOCH B CEBEPHOH MOJIOBHHE KOHTHHEHTa. BesinKue o3epa
06pa3oBa/uCh B pe3y/bTaTe 3TOrO Mpolecca. ’

MowHocT, 0cafounbiX MOPOA 3eMHOf kopul B CeBepHoil
AMepHKe H3MeHsieTCs1 OT Hyas 10 12 ku u Gosee. Hayyenue
of6HaXKeHHH M3BEPKEHHbIX MOPOJ B BOCTOYHOfl yacTH Ka-
Hajbl M B TOpPHbIX DaiiOHaX MOKa3biBaeT, YTO 3TH 06/AaCTH
JAu60 HHKOT[a He MepeKphbiBaJHCh MOPEM, JHO60 0cajouHble
nopojbl B nocseaywoumeM O6buIH MOJHOCTBI pasMuTH. Ha
puc. 1.4 1m0 paHHBIM TeoJIOrHYECKHX HCCJeNOBAaHH{ [OKa-
3aHo fesenue tepputopun CUIA Ha pailoHH, nepcneKTUBHLIE
H GecrnepcrneKTHBUbIE B OTHOIIEHHH OTKPBITHA 3anexeil Hed-
TH M rasa. Ha 3Tofi kapTe mokasaHbl H3BecTHble HCQTSHbIE
H razosbie Mectopoxaenus CIIA, a Takke nepcrneKTHBHbBIE
06/1aCTH, KAaCCHOHIHPOBAHHDIE C TOUKH 3PEHHS BEpPOSTHOCTH
A0GbIYH B [IPOMBIIIEHHBIX MaciiTabax HE(TH H rasa.

dra Kaaccudukauus (cM. puc. l.4), caenanwnas Jlasu-
nom Yaiitom (David White), BuepBoie 6bi1a ony6aHKoBana
B 1934 r. u He3HauHTeJbHO HCOpABJEHA B [OCJAEAYIOLIHX
H3[laHHUSAX 3TOH KapThl Ha OCHOBe GoJiee [eTa/IbHOrO reoso-
FHYECKOTO KAPTHDOBAHHA H JAOMOJHHUTE/NbHHIX CBENEHHH 06
OTKDbITHH HOBbIX MeCTODOXKAeHHH He(dTH H rasa.

B sToli KnaccHHKauMH palioHE He(pTErasoHOCHOCTH
CHIA paageneHs! Ha uYeTbipe KaTeropHu: 6JaronpHsATHLIE,

HeHpdepeHnpoBaHHLle, HeGNaronpHsITHble H Gecrneperek-
THBHbIE.

BaaronpusiTHele palionm

BrnaronpuaTHbIME palioHamu sinJSIIOTCS NOKA elle Heno-
CTAaTOYHO pa3BejaHHbie MATEPHKOBbie 06JACTH, Ha KOTOPBIX
OTKpbITHl OTHe/bHbie HeGoJbliHe HeTAHbBle H ra3oBble Me-
CTopoXk aeHusi. B 3THXx palioHax HaMeyaeTCsi OTKpbITHE
6oJiblllefi 4YacTH HOBBIX MECTOPOXKAEHHi HedTH H rasa. Ilep-
CIEeKTHBBI OTKPbITHS HOBBIX MECTOPOXKIeHHH B caabo, pas-
BE/aHHLIX paHOHaXx OYeHb MEHSAIOTCS OT paHoHa K paiioHy.
He¢gTe v raz Moryt GuiTb HafifleHbl TOJIbKO Ha TaKHX IJO-
mansax, rae OGJarofpHATHble TeoJIOrHYecKHe YCJIOBHs coue-
TalTCs ¢ JOBYUIKaMH. Bo MHOrux 4acTsx TakHX MaJjopa3s-
BEJAHHBIX pafioHOB MepCNeKTHBbI OTKPHITHS He(TSHbIX
H ra3oBbIX MeCTODOXK/eHHH MOryT 0Ka3aTbCsl HeG/1aronpHsT-
HBIMH 110 TaKHM NIPHYHHAM, KaK OTCYTCTBHE IMOJIOXKHTE/bHBIX
TEKTOHHYECKHX CTPYKTYP HJIH OTCYTCTBHsl KoJJekTopor. Ha
JApPYTHX TJIOWIAAAX, BKJIOYaeMEIX B 3Ty KaTeropHi, He(pTb
M ras He Momnajud B JOBYIUIKH HJH YJETYUHJIHCh H3 HHX
B CBAI3H C MOC/JAEAYIOMIHMH JBHXKEHHAMH 3eMHOH KOPBbI HJH
OblJIH YHHYTOMEHb GoJiee no3fHuM MeramopduamoM, OpHa-
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Ko 66Jbilasi HacTb TaKMX ILIOMIAajeli Ha Kapre CUYHTAeTCs
61aronpUATHON /IS TOHCKOB TIPOMBIIILJIEHHBIX MECTOPOK/e-
HHH He(TH H rasa.

Henugdepenunposannbie pafioHs

dTa KaTeropHsi He pasjeleHa Ha GNaronpHATHHE W He-
GnaronpUsiTHele pafioHBl H BRJIOYAET GOMbIIYI0 4acTh 3ama-
Hoft dactn CIHA, KoTopass 6blia NOKpHITa MOTOKOM J1aBbl
HJIH MOULIHBIM YE€XJIOM MOJIOAbIX OCaJOYHBbIX OT/IOXKEHHH, ITH
OTJIOKEHHS CJIOXKEeHH NMOPOJaMH, KOTOPble MOTYT COAEpPHKaThb
HebTh M ras. K HeandbepeHUHPOBaHHBIM pafioHAM OTHO-
CATCA TaKiKe PafHOHbI CO CJOXKHBIM TeOJIOTHYECKHM CTpoe-
HHEM.

JIEHHOT0 COCrosiHHA JHOO 1oy 3emJiell, 1HGO Ha NOBEPXHOCTH
3eMJIM M OO6LIYHO TIOXO ftponHuaeMbl. Kpucrasinueckue
C/JaHlbl, THEACH M MpaMop, ABJSAIOIIHECS NOPOLAMH MeTa-
MopdHYecKoro THna, (GOPMHPOBANKCL MO AEHCTBHEM TEM-
nepaTypul H AaBJIEHHS H3 MarMaTHYECKHX OCaJ04YHbIX MOPOJ
Ha Goabmux ray6unax. Hedrts H ras pegko Berpeuarorcs
B MarMaTHYeCKHX HJH MeTaMop(HuecKMX MOpojaax, Tak Kak
OHHM HMEIOT HACTOJILKO MaJjlylo MOPHCTOCTb, UTO He(Th M ra3
B HHMX He MOTYT HaKalJIUBATbCsl B 3HAUMTENbHHX KOJHUYe-
cTBax. B Hacrosuiee BpeMs H3BeCTeH psif He(TSHLIX MECTO-
POXJEHHH, IPHYPOYEHHEIX K T0poaaM (YHIaMEHTa, 04HAKO
¢hOpMHPOBAJNHCh TAaKHE MECTOPOKIEHHS 3a cyeT GOKOBOH
MHCDAIlHH H3 COCeNHHX OCaJO4HLIX OTJ0xeHHA. Haunboaee
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Puc. 1.4. Kapra 61aronpHaTHbIX H HeG/1aronpHATHBIX

I — HedTAHEE H TrascoBbie MeCTOPOXKAEHHA:

KaK OaaronpHsiTHHle, Tak H HeGJAaroNpHATHHIE pPalloHm,
B KOTOpbIX HedbTb H ra3 He COHEPNKATCH B 3HAYHTEJNLHBIX
GpHACKOTO MepHoAa, GOJibIiHe BKJIOYEHHS

He6GaaronpuaThHbie paionb

Muorne pafionnt CILUA cuHTaloTcs He6JaronpHATHBHIMH
B OTHOWIEHHH He(TEra3oHOCHOCTH BCJEICTBHEe BLICOKOH CTe-
MeHH MeTaMOP{PH3OBAHHOCTH OCALOUYHBIX [IOPOJ H MaJoil
MOWHOCTH [1J1aCTOB-KOJIVIEKTOPOB, KOTOpble MOTYT cOjaep-
xaTb HehTb HIH ra3. HeGosbluve KomHuecTBa Hed)TH HJH
rasa Moryt OHTb HalJeHH B GyAylleM Ha TaKHX MJOWAAAX,
HO cefiuac 9TO M aJIOBePOSITHO.

BecnepcnekTHBHblE paiioHbl

BecrnepcnekTHBHBIME CUHTAIOTCA pPaHOHb, TAe T'PaHHTH
(MHTPY3HBH) H 6a3aibThl (IKCTPY3HBLI), KOTOpPbiE HMEKOT
BY/JKaHHYECKOe MPOHMCXOXJieHHe, 3aTBEPAe/]H H3 paciljas-
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KJaccHGHKALGN KOTOPBIX 3aTPYAHHTENLHA):
KOJIHYECTBAX;
MO3AHHX HHTPY3HBOB H BHICOKOMeTaMOP(HH3OBAHHLIX IIOPOA.

B OTHOUICHHH HedTerazaoHocHocTH paioHos CILA.

2 — GaaronpHATHEIE JIA pa3Befiki Ha HedTb H ra3 paloHB!, Tae OXHAaeTCHd HAaH-
GoJsiee BepOATHOE OTKPHITHE MecTOpOXAeHH{t HedTH H rasa; 3 — nepuddepenurposalinble paHoHH!,
AOYHHIX NOPOA M paHOHBl BYJKAHHYECKHX OTJOXEHHH HJH pPAfOHB( CJAOKHEIX TeOJOTHYECKHX

KOTOphI€ BKJIOYAKOT pa#loHB! oca-
CTPYKTYpP (K 3THM paflOHaM OTHOCATCS
4 — He6JTaronpHATHble pafioHb,

5 — GecnepcneKTHBHRe paflonbl BKJIOYAIOT [OPOAR ACKeM-

rJy60Ko OcajlodHEle NIOPOJH 3a/eralT B LEeHTpPe GacCeHHOB.
Hanpumep, Ha no6Gepexbe MeKCHKaHCKOrO 3aHBA HMEIOTCS
IKCIU1yaTalHOKHbIE CKBAXHHbI Iy GHHOH 6500 .

2. CTPYKTYPHA{ TEOJIOTHA.
OBPA3OBAHHUE JIOBYIIEK 1J11 HE®TH H rA3A
[I. 44, 1.52]

JlBHKerHe 3eMHOM KODH, 3PO3HA H IPOHEcCH OCAfLKO-
HaKOIIEHHsl CO3/JlaJiH CTPYKTYPbl, GJarofpHATHHE s Ha-
KOTJIEHHST HeTH.

HedTb 1 raz HMeloT MCHBIUHA yaesbHBLI Bec, yem BOAA,
H HAKalJIHBAIOTC B JIOBYLIKAX, COCTOSIIHX M3 MOPHCTHIX
TMOPOA, HaXONSUIHXCA MOJ HEeMPOHHIAEMBIMH HOKPLIBAIOLIH-



mu noponamu. O6bluHO  BOAA
NO/CTHAeT HeTsiHble H Ta30-
Bhe 3anexu. OGpasoBauHe
5THX JIOBYLUEK CBSI3aHO C pas-

JIHYNBIMH reoJIOrHYeCKHMHU
NpOLECCaMH.
HHorpna 06pa3oBEIBAJIHCL

CTpPaTHrpa(HuecKHe JIOBYIIKII,
rje HakornJeHHe IPOHCXOAHJ0
B TIODHCTOM  TPOCTPaHCTBe
[J1acTa BCJAEACTBHE HECTPYK-
TypHo# ocoGenHocTH. Tlocnen-
Hue  wuccaenoBaHus (I, 34,
135, 1.32] TIOKa3bIBaIoT,
4YTO THI 3aJeXH onpeness-
eTcs CoYeTaHHeM THAPOJHHA-
MHYECKHX, JIHTOJIOTHYECKHX
H TEeKTOHHUEeCKHX YCJOBHH.

AHTHKJIHHAJIb — CTPYKTYpA,

o6pa3oBaHHas TOIHATHEM H
neperHfoM TJacToOB (pHc.
1.5,a), saBnsercs HanGosee
6naronpHsaTHOH JIOBYHIKO
ana  o6pasoBaHHsa  3aJjexeli
He(TH H rasa.

CHHK/IHHAMb, W14 H3OTHY-
Tas KHH3y 4YacTb CKJalKH,

TaKXe MOXer
BYWIKOH  AJ1f

CJYXKHTb JIO-
HeTH TIpH

coG/IOleHHH  ompenesieHHbLX
YCJIOBHH,

[MpoaykTHBHLHE NJ1acThl
HHOTJla OCJIOXKHEeHE cO6pocom

1 06pa3yioT JIOBYIIKH Ha 0j-
HOH HWJIH ABYX CTOpOHax c6po-
ca (puc. 1.5,b). CBog moa-
HATHS1 MOXKeT GBbITb paspyilleH
3po3HeH, Pa3MBIT H TOKPBLIT
HeNpOHHIAeMOH ToJedl TNo-
poa (puc. L. 5, ¢), uro npuso-

Puc. I. 5. OcHOBHBIE THIILI
MJIACTOBLIX JIOBYIIIEK.

@ — NpoCThle aHTHKJHHAAH: [ -
ras, 2-—poga, 3 — uedTh, 8 —
JIOBYIIK2, O6YCAOBJAEHHAA HAJJHUH-
em c6poca: [ — HedTh, 2 — ra3,
3-- BoAa: ¢ — cTpaTurpaduueckas
AoBywKa: [ — Tefflsiopcku#t  Mep-
refb, 2 -— OCTHHCKHH Men, 3 -
HebTh, 4 — BOAa, 5 — neckH Bya-
6aliy, 6 — MeJI0BON TAHHHCTHIA cha-
Hel, 7 — H3BecTHAK JlmopaxKera-
yu; d — noByluka, obpazopeduasn
NPH  HECOTNaCHOM 3aJCeraHHH Ha
KPblle MOACTHAAOWEH MOPOAH:
! —Boaa, 2— HedTh 3 — MOACTH-
jnalpulas  nopoaa, € — JHTOJOTH-
Yyeckasa JOBylIKa, CBf3aHHas
H3MeHeHHeM NOPHCTOCTH H Mpo-
HHOAaeMOCTH B [IOTHBIX [MecKax,;
! — nnoTHwi#  necok, 2 — HedTb;
f — NOBYWIKH, CcBA3aHHBIE € CO-
JAAHOKYNONABHOH TeKTOMHKOH, [ —
BOJA, 2 — conk, NOKPHIBaO-
mas nopoda, 4 — HedTs, 5 — ras;
£ — auTHKAuHanL, ofpasoBaBuIas
JOBYIWIKH npu c6poce: [ — HedTh,
2 —ra3, 3 — soJa.
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JIHT K HecorjacHoMy HaIJacTOBAHHIO Pa3/IHUHBIX OTJIOXKEHHIT
1 o6pa3oBaHHIO cTpaTHrpadHueckol 3ajexH, Berpeuaorcs
TaKkKe 3ajexH, o6pa3oBalHele Ha KOMTAKTe MPOAYKTHBHOIO
miacta ¢ H3BepxKesubMH mopogamu  (puc. 1.5,d). Ecan
H3BepJKeHHble MOPOAL! GLIJH BHBETPCipl palbllie npoilecca
06pa3oBaHHsa 0cajkoB, HedTb MoxerT ObITh HaHAeHa Kak
B 0CaJ0YHBIX NMOPOAAX, TaK H B BHIBETPEHHbIX H3BepIKEHHHIX
Nopoaax.

JluTosoruueckas JoOByilKa o06pasyeTcss B TOM CJyuae,
€c/il MOPHCTOCTh H IPOHHLAEMOCTb YMEHbIIAIOTCS B OJHOM
YacTH M AOCTATOYHO BBICOKH B APYIHX UACTSIX TOrO e IJja-
CTa, B KOTOPBIX aKKyMyJHpyloTcss HedTh H ra3 (pHc. 1.5, e).
ITopHcTOCTL W MPOHHIAEMOCTb MeCKOB H MeCYaBHKOB CHJBHO
YMEHBIIAIOTCS B MPUCYTCTBHH [JIHH.

Ha mofepexbe MeKCHKaHCKOro 3ajJHBa CHJILHO Da3BHTa
COJITHOKYNOJIbHAsl TEKTOHHKA, € KOTOPOH ‘rakie CBSA3aHbl
MecTopoxaeHHs HedTu u rasa (puc, 1.5, ). Bo mHOrux
CTPYKTypaX, HMEIOIHX upe3BLIYa{HO CJOXKHOEe CTPOEHHE,
00yC/I0BJIEHHOE CcKJaAko06pa3oBaHHeM H HajlHuHeM cOpocoB
n B36pocoB (puc. 1.5, g), Takxke oTMeuaeTcs oO6pasoBaHHe
3ajexedl HedTH H rasa.

3. KIIACCH® HKAILLHA NIOPOI
[1.6, 1.7, 1. 14}

IMopoanl, koTopble BcTpeualoTCss NpH GyPEHHH CKBaXKHH,
MoryT GbITb KJacCHOHUMPOBAaHbI HAa 06GJOMOUHbIE H He-
o61oMounble, OGAOMOYHBIE NMOPOABI COCTOAT H3  HacTHH
HEKOTODHX paHee CyIIecTBOBABIIHX TOPOA H 3aTeM MOJ-
Bepriinxcs paspymennio. Heo6jioMouHble MOPOAK, TaKHe,
KAK H3BECTHSK WJAM LOJOMHTH, 00pa3oBajiHCh MyTeM XHMH-
YecKOTo OcCaXKJeHHs JacTHi B MOpcKoM GacceiiHe.

OcCHOBHBIMH OGJIOMOYHBIMH TIOPOJAMH ABJAIOTCA MNECKH
H TEeCYaHHKH, TJIHHBI, aJeBPOJIHTH], KOHTJIOMEpaTH H CJaH-
ibt, IlecKH M NecyaHHKH, COCTOSILIHE H3 OTAEeNbHbIX KBap-
UEeBLIX 3epeH, MOTYT GHTbL HAaCTOJbKO caao CLHeMeHTHPO-
BaHH, UYTO IpPH 3KCIUIyaTauHH MOTYT BHIHOCHTbCS BMeCTe
¢ HedTbo WM ra3zoM. [lecuaHHK — 3TO ocajfoyHas TOpHas
nopojaa, cOCcTOsLIasl H3 NMecka, CiueMeHTHPOBAHHOTO KpeMHe-
3eMOM, KaJIbLHTOM HJIH H3BeCThIO H OKHCJaMH Keue3a. Ilpe-
fenbHble pa3MepHl 3epeH necuaHHka — oT 0,06 no 2 mm.
YacTHib, HMeOLHe MeHLIIHE Pa3MEpH, OTHOCATCS K aJfieB-
PHTaM HJH, ec/JH OHH CBsA3aHbl, K aJjeBposHTaM. boJjee
KpynHBle yacTHUH (GoJjiee 2 mam) oTHOCATCS K rpaBHo. [aH-
HE COCTOSIT M3 uyacTHU GoJiee MeJIKHX, YeM aJIeBDOJIHThI,
H OOHYHO COAepIKaT aMOMOCHJIHKAT. [JIHHBI MOTYT GHITb
MSATKHe ¢ BBICOKHM COjlep:KaHHeM BOJH HJH TBepAble H CMa-
AuuEle — caaduel. CrnaHuel penko cojepxar HedTb H ras
B IPOMBIIIJIEHHEIX KOJHYECTBAX H SABJSIOTCA XOPOIWIHMH MO-
KPHBAWIIHMH TNopojgamu. Dosbiine mecrtopoxielns GHTY-
MHHO3HEIX C/1aHUeDB HMeIOTCA Ha 3amajHoM miarto. JloGblua
HedTH U3 HHX AOJKHA IIPOH3BOAHTBHCS He Uepe3 CKBaKHHBI,
a IaxTHHM CIOCOGOM.

Ocajounple TOpOAH, COZEpIKALIHEe HEKOTOPYIO 4acTb
yacTHil KpyTHee TMeckKa, Ha3blBalOT KOHTJIOMEeDaTaMH HJlH
6pexunsiMi. OkaTaHHHe 0GOMKH (ranbka) u Gojee Kpyll-
Hble $PaKUHH MOTYT COCTOATb H3 KBapia, H3BeCTHsKA
H MAarMaTHYecKHX HJH MeTaMopdHuuecknx mopox. OoauTsl —
9TO NOPOAH, COCTOSLIHE M3 MEJKHX KpPYIJIBIX YacTHi H3-
BECTHsKaA.

HeoGnomouHble 0cank# — 3TO TJIaBHHM 06pa3oM H3BeCT-
HAK, AOJOMHT H MeJ. M3BeCTHSK B YHCTOM BHAe NpeACTaB-
JieH KapGoHaToM KaJbiHsA HJH KaablHTOM. JlOoMOMHT — 3TO
JBOHHOH KapOoHaT KaJblHs U MaTHHs. ITOpHCTOCTb H mpo-
HHI1aeMOCTb HM3BeCTHAKOB H J0JIOMHTOB B OCHOBLOH Macce
Huzkne. OHH MOTYT OHTb NOABEPKEHH BHIIENaYHBAHHIO.
B peaysibTaTe BhillenaunBaHus 06pasyloTCa KaHali, Tpe-
LIHHBI, MYCTOTH H [a)ke KaBepHH, KOTOphie OGecNeyHBaloT
CO3JaHHe TPOMbIIJIEHHbIX 3aJexell HehTH U raza. Men sp-
JIIeTCA  PA3HOBHAHOCTBLIO MSATKOrO H3BECTHSAKA C HH3KOH
NPOHHIAEMOCTBIO H BHICOKOH NMOPHCTOCTbIO. COJb, aHTHAPUT
H THIIC TaKxKe OTHOCATCA K HeOGJOMOYHBLIM MOPOAAM.
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Muorue Mopoabl ABJIAIOTCS CMECbIO HJIH KOMOHHALHAMH
ONHUCalBblX THMOB. HM3BecTHAK M  [J0JOMHT BCTpedaloTcAa
13 BHAC MMOPOILI, Ha3biBaeMoii JOJIOMHTH3WPDOBAHHBLIM H3BECT-
HAKOM,

4. NIPOUCXO)XITEHHE H OBPA3SOBAHHE
3AJNIE)XXEW HE®TH H TA3A

BompocaM TpoHCXOXIeHH HedTH NOCBALIEHO MHOLO
pa6ort |1.4, 1.5, 1.6, 1. 32, 1.34, 1.35, 1.41, 1.45, 1. 47, 1. 54,
1.55, 1.56, 1.57], OaHako 3aKOHYEHHOH TEOPHH MPOHCXONK-

Puc. 1. 6. Cxema
BOJ IO NJacTy OT 06JacTH NMHTaHHsA 10 06-
JIaCTH pPa3sTpy3KH.

pervoHanbHOTO IABHIKEHUA

I — runcomeTpHuecKas  MOBePXHOCTb, 2 — YPOBEHb

Mops.

JleHusi HedTH 10 HACTOALIETO BPEMEHH TOKa He CyIlecTByeT.
B 3T0# KHHre MPUBOASTCS HEKOTOPHiE COrJIaCOBaHHLIE MOJIO-
JKEHHs1 O TIPOHCXOXKIEHHH HedTH.

OG6pa3siusl MOPCKHX 0CajKOB, OTOGpaHHble B MeKcHKaH-
CKOM 3aJHBe, COJep’KaT OPraHHYecKHe BeIleCTBA, KOTOPhHIE
BKJIOYAlOT MHOTHE H3 HedTSAHHX YrieBoaopojoB [I.55).
Copepxanue nedTH B OcCajgKax, Kak OHJO YCTaHOBJEHO
JaHHbIMH HccJefoBaHul, cocraBaseT 0,114—0,262 a/m3, HO
He TOJIHOCTBIO ACHA KAapTHHA HPOHCXOXKJeHHs YTJIeBOAOPO-
10B napadHHOBOro psja, BKMoYas NPHPOAHHH ra3. Ha
MPOTSXKEHHH Te0JIOTHYECKOTO BPeMeHH B HerslyGoKHX MOpSX,
HECOMHEHHO, ocaikpaercs GoJibilioe KOJHYECTBO OpraHHYe-
CKHX BeIIecTB, KOTOpble SBJSIOTCS HCXOAHHM MaTepHaloM
Ans oGpa3oBaHHs HedTH. [1o-BHANMOMY, AesaTeNbHOCTL GaK-
TepHil B gajbHelillleM NpeBpallaeT 3TOT MaTepHaj B yrJje-
Bonopoan [l.62]. TlocnefpoBaTe/bHOCTh NpeBpalleHus Opra-
HHYeCKOTO BelecTBa B HedTb MOxKeT OHITh BbISBJEHA IIPH
HCCJIeIOBaHHAX KEPOTEHOB, HaXOJHMHX B He(TAHBIX CJaH-
Hax HJaH GHTyMax.

Muorue aBTOpbl BBICKA3LIBAIOT pa3jidyHble BapHaHTHI
MPOHCXOMX JAEHHS] NMPHPORHOTO ra3a H HedpTH. HccienoBanue
ra3oB, PacTBOpEHHHX B HeTAX, TaK e KaK TAKeJNHX yrje-
BOJOPOAHBIX JKHAKOCTeH, AO0GHBaeMHX BMecTe C Ta3oM
(koHgeHcar), y6exxgaet B TOM, YTO HedTb H Ta3 ABJAAIOTCA
HENPepPLIBHEIMH uleHaMH OJHOTO psifia H HMelT OJHO U TO
e IPOHCXOXKAeHHe. Pa3/HdHs B yCIOBHSIX HaKOIUeHHs A4
ra3oBofl H XHIAKOH a3 NPHBOAAT K TOMY, YTO OHH MOTYT
AKKYMYJHDPOBATbCS B PasjuuHKX JOBYylUKax. Murpausio
HedTH H Ta3a K CTPYKTYPHEIM ¥ HeCTPYKTYPHHIM JIOBYIIKaM
OTHOCHTeJIbHO Jerko NMpencraButs [I. 32, 1. 34, 1. 35]. Hedrs,
co3faHHas B MaTepHHcKHX nopoaax [lI. 57, 1. 58], 6yzer crpe-
MHTbCSl 3aHSITb HanOojiee TMOBHILEHHYIO YacTb CTPYKTYPH
N0 Tex HOp, TOKa He JOCTHIHeT Gapbepa, CO3[1aBaeMOro
MOKPHBAIOUIHMH TOPOJaMH, HJH IPOIJIACTKa HH3KOH IIpo-
HutlaeMocTd. IIpouecc aKKyMYJSIHH JerKo TOHSITh, eCcjH
paccMOTpeTb MexaHH3M MONajaHusi HedTH B JOBYIIKY B CO-
OTBETCTBHH C THAPOJAHHAMHYCCKHMH YCJOBHAMH, CAeTaHHbIMH
Xbio6epromM (Hubbert). Xbio6epr mokasniBaeT, yTo ABHXKe-
HHe BOALI B GOJILIIHHCTBE OCAAOYHBIX IJIACTOB IPOUCXOAHT
OT OJHOTO BHIX0Aa MJacTa (0GJacTH HMHUTAHHSA) K APYroMy
(o61acTH pasrpy3KH) [1pH HAJMUHH PA3/JIHYHEIX OTMETOK BH-
xonoB (puc. 1.6). Tako#t mpomecc cosmaer ycnoBus, npu
KOTOPLIX HedhTb H ra3 MOTJH Obith NOCTaBJEHbH M3 Mare-



Puc. I.7. Tunbl He®TAHBIX W TagzoBHIX 34-
JeXel NPH JBHMEHHH MJacTOBHX BOJ.

a: 1 — raa, 2 — HedbTb, 3 — Boma: b3 1 -—ras, 2 —
Boja, 3 — HedTh; ¢; | — ra3, 2 — Boja, 3 — HedTb.

//70 /u\\ )

kpobne MaprupyOwWeen naacra

Puc, 1.9. CrpykTypHasa Kapra H reolo-

rHYecKuii npoduab HedTAHOR 3asexKH.

! — noposa, cayxalllas [OKPHIUKOR; 2 —
Boga: 34— uedthb.

ey

35
30
Puc. 1.8, BeprukanabHBIH pa3pes CTPYKTYPHOTo Hoca ¢ ofpasoBaHneM 15
HedTAHOH 3a/seXH B THAPOAHHAMHYeCKOH JoByiike [1. 34]. 0
W—Hed)'ng;aﬂ sane}x;(;il;ha YCJOBHHE HedTAHOH MOTeHIMaNl, paBHLlii 4 — v, Konyp HEQMEHOCHOCM:
Fle u=——hw; U = ———2; 2— abco/I0THAs® OTMeTKa OT YPOBHA MOpPs;, Qg H .
nJlO‘l?l.-,IOCTH coo aeTcraacH BORAH U HebTH: M, — cTatHYecKuid OBeHb BOALI PHC“ I" 10. Kapra hsomaxut Aaa
Po & HO BOABL W He@TH: fyp yp At HehTeHOCHOH YacTH CTPYKTYpH.

PHHCKHX MOpOA K JOByHIKaM, XbloGepT MOKasHBaeT jAaJee,
KaK TaKHe THAPOJHHAMHYeCKHe TMpOILeCChl MOTYT CO3/4aTh
sanexu HedTH WM raza W NPHBECTH K HAKJOHHHIM MOBEpX-
HOCTAM pasjena Mexnay BOJOH H HedTbIO HJIH Ta3oM
(puc. 1. 7). MoxHO HalTH 3aneXb HepTH Ha Kphile CKJIaj-
KH, KOTAa [ABHXKelHe BOABI NPOHCXOAHT B HHXKHell 4acTH
cTpyKTypet (puc. . 8).

5. METOAB! TPAYHYECKOTO H30EPAKEHHS
TEOJIOTHYECKHX JAHHBIX

CTpyxTyplible KapThl, KapoTaXHEe 1HaTPaMMH, Te0JoTH-
YeCKHC pa3pesbl H APyTHe /lauHHe, NojyyaeMble B Npollecce
OypeHus H HCCJENOBaHHS CKBAXKHH, ABJAIOTCS OCHOBOH AN
nonyuedns HHbopMauuH o $HOPMEe H CTPOEHHH HedTAHBIX
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Pruec. 1. 11. JInTosorHueckas KoJiOHKa W Mexa-
HHYECKHIl KapoTaxK. JIuTosornuyeckas KoJOH-
K# IIOCTPOeHa MO IIPOLEHTHOMY COjepKaHHIO
nopoi. BpeMs uHCTOH nNpOXOAKH Npeacras-
JeHo CHpaBa OT JINTOJIOTHYECKOIl KOJIOHKH.
OTMeuaeTcst HHU3Kas MeXaHHYecKash CKOpOCTb
NpOXOAKH uepe3 aHrHApHUTHL (okoso 1200 ).

!/ — poaoMHUT; 2 — nNecUaHHCTHIH MAOJOMHUT, J — aH-
THAPHT; 4 — NeCYaHO-TJIHHHCTBIE CJHAaHUb, 5 — Necox,
6 —— TJIMHHCTBIE CJaHUBbl; 7 — NpH3HaKH HedTH; 8 —-
NMPOAYKTHBHHHA NJact; 9 — XKeJATbIH KpHCTaJJHYe:
CKHR [A0JIOMHT; [0 — cMmeHa jodora; [! — xeATbll
KPHCTaMJIHYeCKH#  NOJIOMHT, nepexoldsuuft B nec-
YaHHCTHI  AOJQOMHT, [2 — XeJThle H Ccepble KpH-
CcTaAJHYECKHe AOJOMITBHI, TEPEXOoldfllHe B CJOHCThiE
NOJOMHTH; [3 — cepble H Gejble [NOJIOMHUTBI; [4—
GypeHHe Ha He¢pTH, o6paTHad TNPOMBIBKA CKBaXI-
Hbl; /5 — JOJIOMHT ¢ BKJIIOYSHHEM XaJbKOMHPHTA;
16 — cepbifi MEJKO3eDHHCTHH [JOJOMHT, HOPHCTOCTL
BHAayaJe HH3Kas, 3aTeM BbICOKad, cJeinl HedTH
OTCYTCTBYIOT; [7 — ciabGoHachllleHHBE MNOpH; /8 —
HacCbIUleHHbIH  KPHCTAJNJIHUECKHH  JOJIOMHT, Cephble
caaHubl, {9 — HacbIUWE@HHbIA  MOPHCTHH  [OJOMHT,
20 — pachillleHHbIH MAaJIONOPUCTHIH  LOJOMHT, 2/ —
npopafoTrka CTBOMA; 22 — HacbIUeHHBbIA 3epHHCTHA
MOPHCTBIA  NOJOMHT; 23 — XeJTblH  aurHIAPHTHHIA
ZOJIOMHT CO CJleaaMH HedTH.
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Puc. 1.12. CxeMaTvunas KapoTaxkuas jnarpaMmma,
jJamouasn COOTHOUIEHH: 3JIeKTPHUYECKHX Xapakre-
PHCTHK INPH pPAas3JHYHBIX JIMTOJOMHYECKHX CBOMCTBAX
MOPOJA.
! — Maabii nmotenuHas-zonn 167 AM: 2 — necuaHHK ¢ fpec-
HOH BOJOH; 3 — H3BEeCTHAK; 4 -— AaHrHAPHA. 5 — [JOJIOMHT;
6 — 1ecyaHHKk ¢ MHHepaJM30BaHHOH BOAOH (Mo MaJoMy no-
TEHUHAN-30HAY); 7 — To e TNo GOJbLIIOMY MNOTEHUHAA-30H~
ay 64”7 AM). 8 — mecok ¢ npHaHaKaMH HedTH; 9 — HaBeCT-
KOBO-TJHHHCTbIH cJaanen; [0 — wedTeHocHmit nJaacr, [I —
fmecok ¢ MHUHepaJH3osaduofi Bomoft.
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H rasoBHx 3aJjexed. O630prble KapTht NOBEPXHOCTH, NOKa-
3pIBAIOLI[HE HaNpaBJeHHe NPOGQHJAEH, MeCTOPacnoJoXeHHe
CKBa)KHH, JOPOTH, PeKH H T. [, ABJAIOTCA HCXOJHOH OCHOBOH

Hpuboie KC Mukpoxapomax
16" nomenuyuan-30nd 1°norenuuan - 3063

IS OTIHCAHHUSA [ aHHOH ra3oBOM ILIOLLA/H. q 50 717100 50 100
CTpyKTYpHBIe KapThl CTPOATCS OGLIYHO IO KPOBJE H NO- Kpubas il 15'epaBuenm-sond  2'notenuuan-30nd MpoHuya~
JI0IlIBe TMPOAYKTHBHOIO IJIACTA HJIH B HEKOTOPHIX CJaydasx ST 0 500 wop 0 50 100 emocto,mg
No olpeje/leHHOMY IeOJIOrHYecKOMY MapKHpPYIOIEeMY I1acTy, 20m8 [ R I ﬁm,
3a/IeraioleMy HeloCpe/CTBeHHO Hajl MPOAYKTHBHLIM TOPH- 2 ok S
aontom (puc, 1.9), KapTel H3omaxurt npeicTaBAsioT coGoi /(/ B bl F
KapThl H3MeHeHHs MOLIHOCTeH NJacTa HJH Ia30HOCHOH HJH ST =t
HedreHOCHO# ero yacTH (pHc. 1. 10). IIpn GypeHHH ckBaXHH I D, >11 _3_,1
Be/lyTCs pasjiHYHble GypOBLle XKypHaJjhl, B KOTOPBIX OTpa- 2 =
JKaeTcsl Bechb MpOLecC IPOXOAKH CKBaXKHH. BriGypeHHas /‘J ¢
nopoja H KepHbl HCCAEAYIOTCSA Ie0JIOTdaMH H PerHCTPHPYIOT- 74 ! [
¢ B KepHOBOM xKypHane (puc. L. 11). ? 8] ¢
[To nuarpaMMe CKOpPOCTH NMPOXOJKH TAKXK€ MOXKHO IIONY- 7d | I =
YUThH [leHHble CBejleHHs O MOIIHOCTH H TBepJOCTH NMPOXOJH- o D £, 1 1 £
MuIX niactoB, ITocsie OKOHUaHHsI GypeHHs CKBaXKHHHl mepej |- \ / LI
CnyckoM 0oGCafHOH KOJIOHHLI MPOH3BOASATCS 3JEKTPOKapoTax \ ) L L 2 —
H MHKPOKapoTa)k IyTeM CNyCKa B CKBaXKHHY DasJIHUYHBIX % AR L
30HA0B. ['aMMa-kapoTax HJH HEHTPOHHBLI KapoTax NpOBO- é/? e <
quTcs MM60 A0 cnycka oGcalHOH KOJIOHHBI B CKBaXKHHY, %3 T \3—
JH60 nocie crnycka ee, Ha puc. 1. 12 nokaszana cxeMaTuuecku %Z\Pz I,> I ' <
AuarpaMMa 3JIeKTpOKapoTaxa, a Ha puc. I.13 mpuBeaeHo |——f1— S —s pas = =—1
CpaBHeHHe [HarpaMMbl MHKpPOKapoTaxa ¢ [PYTHMH [aH- I S - 2 ]
HEIMH, | S 4/ AL 1P 1(‘([ +
\ 2 Iy R J
S Tl —
p . A P, i
uc. 1.13. TIpuMep MHKpPOKapoTaXHOH AMArpaMmsl ] i
[1.44]. Conporusaenne 6yposoro pacteopa R = ! { ! :
z 7 ——

= 0,9 npu 29,44° C.

§ 3. 3AJIE)XH NMPUPOJAHOIO I'A3A

B HauvanbHOM sTame pasBHTHS HeTAHOH NpPOMBIILLIEH-
noctH [1. 5] mpuponHbli ras B HedTh paccMaTpHBAJHCh Kak
He CBsI3aHHble APYT ¢ APYroM. DTO MHeHHe CJOXKHJOCh I10-
TOMY, YTO HEryGOKHe CKBaXKHHbl [JaBajJH HJH He(Tb, HIH
ras. C pasBHTHeM TeXHHKH YBe/HYHBaJach JyOHHAa CKBa-
KHH M Torja OGHapyXHJH, YTO NPHPOAHHIH ra3 OGHIYHO
COMYTCTBYeT HeTH, a TaKXKe CONEPKHT H IKHIKHE yrie-

BOJOPOMbl, KOTOPLIe BBIAENAIOTCS H3 rasa IIpH CHHXKEHHH
NaBJeHHs H TeMneparypbl. Jlanbuelilige pa3BHTHe MeTOLO0B
aHa/nM3a HedTH H rasa IO3BOJHJIO YCTAHOBHTb, UTO NPHPO-
HBIH ra3 H GOJbIMHHCTBO HedTed NMPHHAAJMEXKAT K yrJeBOaO-
ponam napagurosoro psaa. B ta6a. 1.3 npusoautcs coctas
He(TH, ra3a H HEKOTOPHX HeTEMPOLYKTOB.

Tabauya I. 3

KoMnoxeHTsl, BXOafillHe B COCTaB He(an

Touka Kune-
Haumenosanue 765";‘")""5;. TorapHast npoXyKLHs OcHosHoOH IUanason cofepianis
em., °C
ot ® — t t

Merau CH, —161,3 IMpuponuwil ras g o S
dran CyHg —88,6 To xe né E| ; 4
ITponan C4H, —42,2 [puponuniéi ras, nponan 5" = E E ' P
Haobyran i-C,H;, —12,64 Tazonun, Gyran g : g t ta
#-Byran n-C,Hy, —0,56 [asonun, MoTopHOe TOMJAMEO, GyTan ; 330: 5 R = °~=_5
IMenran CzH,, 32,22 [azonnH, MOTOpHOE TOMJIHBO 2 S = g1 ¢ = g
Fekcaunnt CgH,y, 62,78 ['a30/1HH, MOTOPHOE TOMIHBO = :’=§ El gl gl |8 g
lenranu C;Hqg 90,55 ['a30/1HH, MOTOpHOE TOMJHBO E = -§- g :é :é = ;
Okrann CgHyg 118,33 To xe 2 g| = o | o | e e
Hekann CyoHy, 173,89 MotopHoe TOMJHBO Sl gl &S| 2|2
Terpanekan C;;Hy, 254,44 KepocuHn, serxas rtonJuBHas Hedrh = g g §' §' g
Cexcanekan CygHy, 287 MuHepanbHOe  H30/IALHOHHOE — MacJo, = Eleleigs

TOMNJIHBHAS HedThb ¢ S
Tpuaxonran CgoHg, 457,22 Jlerkoe cMa3ouHoe Macsio, TAXKenas

TOMJIHBHAS HedTb
Terpakonran C,yHg, 542 CMa304HOe Mac/o, TAXKeNash TOMJIHBHAS

HedTh
Achansren CgoHyget- 648,89 Acdanwt, GyHKepHOe TONAHBO, GHTYM o
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Omxpsimue Mecmopoxdenud, 203s1
Puc. I. 14. llnarpamMma yBeqHueHHs TJAYOHHBl CKBAXKHH MO TOAaM.

I-—Cnuuan Ton; 2 — KaonHura (sanajHas); & — JIIKEeHHHMHIC,
7 — Coar Tpuuk; 8 — I'yyse I‘pHm(, 9 — Henapep:

13 — Beutypa ABe; 14— daplopaio
17 — Canta ®>3 Cnpuure; 18 — Jlonr BHu:
22 — CeMHHOJ;

6 — 'neun:
Xam6a; 12 — Jloct Coanxep;
Jlauc I'puuk; 16 — Bap063uk;

Baand; 20 — JoMHHIY33;

2! — Cm3KoBeD,

4—Tsp0; § — Xambua,

10 — Koplomnsr; 11—
(Kausac); 15—
19 — Kotton

23 — Plstc; 24 — KotToH

Bsssin: 25 — KerraeMsn Xunnc: 26 — Tepuep Baanu; 27 — OxxnaxoMa CHrtH; 28 — Po-

necca; 29 — Hcr Texac; 30 — Koupo: 3! — Bur Jlefik; 32 — Jlour Buu; 33 — Bentypa

Ape; 34 — Korrod Bsaau: 35— Kotrron Baand; 36 — Jlayaes; 37 — KoanaHdra Hoys:

38 — Bentypa Ase; 39 — Puo Bpaso; 40 — Apat: 41 — Ilertyc; 42 — Kpon, CnpuHre;

43 — Baukc CnsHp:, 44 — Jleayk; 45 — Beuuaym Cnatigep; 46 — Bect [IloiisoH;, 47—

Korap; 48 — Backo, Buukc; 49 — Hopt Koac Jienn: 50 — Buukce A#denn: 51 — Jlelix
BamuHrTon.

J6am @
-4

3961

Puc. 1. 15. CxemMa ROOGHIYH rasa H3 CKBaXHH
HeGoablllof TIMy6UHH Ha ra3oBOoM MeCTOPOXK-
nenun OCTHH.

] —ra3 B TNJLIBYHHHX TNecKax, 2-- NOBEpPXHOCTb
seMJH; & — rasopbifi cueTyHk; 4 — CHCTEMa c6opa
NpHPOAHOro Tra3sa.

CocTap raza % Moa. CocTaB rasa % MOJL
Asor. . .. .. 7,3 Hsobyrtau . . ... . .0l
MetaH, - - . . . .80,2 wu-6yTan , .. .. .. .04
ST8H . . oo -. 91 Hearanu4 ... .. .01
lpopas . ... . 2,8

1,7m3

Puc, 1. 16. Cxema ao6bluy HedTH H3 CKBaX<HH He-
GoJbILOf TYyGHHRL

2 — uedTh! § —- KOHTAKT HedTh = Bofa: # - TO-

BepXHOCTb 3€MAH; 5 -— Hacoc; 6 — npHpOAHKI a3 H3 JAbixa-

TeJIBHOTO KJanaHa pesepeyapa. COCTaB KOTOPOro mnpHBeleH
HHXe; 7 — cuipasi HedTb: 8 — B He(hTenporon.

1 —popa;

CocraB rasa % CocTap rasa %
AsoT. . . .. ... . Ilpora# , . ., . .. 23.7
Jpyokuch yraepoja . 0.5 ByTtaubl . . - . .. . 11,8
Mertan . ... ... .350 HeHTaHu.......26
STaH.‘,.',-.,l& Fekcalbit. o« » « » Ll



F1y6uHbL, Ha KOTOPBIX GBLIM OTKPHITH HaHGOJee KPYIHbIE
MecTopoxieHHs HedTH 1 rasa B CLUA, H cooTBeTcTByIOILHE
2aTbl OTKPLITHsL MoKa3arbl Ha puc. 1. 14 [I. 38]. Ha puc. I, 15
H [. 16 moKkasaHbl YCJAOBHS 3KCIyaTallM¥ (€PBBIX HEray6o-
KHX MEeCTODOXJAEHHH, Korjga jo6blua MNPHPOAHOro rasa
H He)TH ocyulecTBJsAach camocrosiTenbHo. K 1925 r, ray-
CHHH 3a/1€TaHHsl OTKPbIBAGMBIX MECTOPOXKAEHHH YBENHUH-
Jucb g0 1200 # u Gosee M 1aBJEHHS B HHUX JOCTHIJH
126 ar nau Boime. [TpH 5TOM NaBAEHHM MPHPOANBIH ra3 Gblil
pacTBopeH B HeTH B GOJILILOM KOJIHYECTBE, TaK YTO MOTpe-
GoBasioch yCTaHABJHBATL CENapaTopbl AJs COXPaHeHus Je-
TYYHX KOMMOHEHTOB HedTH (pHc. I.17). K sToMy Bpemenn
ra3o0€H3HHOBAS MpPOMBIIIEHHOCT:L AaKTHBHO M3BJEKa/Ja H3
NPHPOJHOro rasa OyTaH, NeHTaH, rekcaH, MenTal H BHICIIHE
KOMIOHEHTHl Ha HedTerazo6eH3HHOBBIX aGCOPGLHOHHBIX YC-
taHoBkax. K 1920 r, Hayanach 3KcmyaTaiHs MeCTODOXKe-
HH# ¢ BLHICOKHMH ILJaCTOBbIMH [AaBJEHHSIMH, W3 KOTOPLIX
Hapsaay ¢ ra3oM ROOHBasics GeCLBETHHI KoHApeHcar. Buuio

YCTaHOBJIEHO, YTO 3TO KOHAEHCAT M3 rasoBoit dasw, u Tep-
MHH «06paTHasi KoHpeHcauus» [I. 37} cran O61LENPHHATHIM.
Ha puc. I.18 nokasana cxeMa oTje/leHHs KOHAeHCATa OT
NpHpoaHOro rasa, B HacTosmee BpeMs GOJABLIIHHCTBO
OTKDBITHIX MECTOPOXKAEHHH CONEPKHT H HedTb M ras, OgHa-
KO MeTO/bl SKCIJIyaTaluHH He)TAHBIX H Fa30BBIX MeCTOPOXK-
ReHHH pa3/iMYHH, W aAMHHHCTDPATHBHBIE OpraHbl MO KOHT-
pomo pasfiessioT NMPOAYKTHBHBIE CKBaXKHHEL Ha HeqTsHble
H ra3oBble. CKBaXHHEI, falOlIHe KaK HedThb, Tak M ras,
YCJIOBHO pa3pensiioTcsi no rasoBoMy dakropy. Ha puc, 1.19
H B Ta6a 1.4 (no Moyarony) [1.49] nokazanbl oCHOBHHEe
HedrTerazoHocHble Gaccednbl CIUA, Onmucanme nepcnekTus
HeTerasonocHocTH CeBepHOH AMepHKH paHo bBesasom
[Ball, I.23], Heuuconom [Denison, 1.26] u Jlesopcenom
[Leworsen, I,46]. Huxe NpHBOAATCH KpaTKHE NaHHbE MO
HauGoJlee KPYNHbIM ['330BbIM M T330KOHAEHCATHLIM MECTO-
poxaenusim CILA.

Puc. 1. 17, CxeMa [106buM rasa u XHAKOCTH
H3 CKBAXKHHH. Jalolle# HedThb ¢ pacTBOpeH-
HBIM B HEH ra3oM, H WX COCTAB.

1 — XKHJAKOCTD, TNocTynawinaa H3 NJjacra

(0,23 »%):
2 — TOIOBKA CKBAaXHHBI:

3 —- cenaparop (P = 14 ar;
?=449C); 4—ras: 5— MHIAKOCTb: 6 — ra3onpiil
CYeTUHK (16 w3); 7-~—~rasa B c6opHyio JHHHIO:
8 — ToBapHas HedTs (0,159 x): 9 —ras, phinyckae-
Mbii B aTMocdepy (6,85 m3); 10 — B HedTenpoBoa.

Coctam nam B MoabHBX npoueHTax

Kupg-
:OS}; Taa ua | Taa | Tomap-
CocTap rasa Ha cenapa-j em- Has
ckpa- | TOPa & | KocTH | Hedrn
X KHHH
. e 2 s Meran . .....| 30 75,60 | 15,31 0,05
"""" & == 3ran ,, .. ...| 13,1 17,76} 35,54 1,35
| N Dponan . . . .. .| 94 | 519| 30/67] 503
Haobytan. .., . 1,8 0,27 4,15 2,15
#-Bytan ., ... 4.9 0,82 8.75 6.72
TleHTanw . ., , . 4,5 0,27 3,81 8,07
Tekcanw 4, ., . .| 36,0 0,00 1,77 76,63
Htoro. . .]100,0 100,0 | 100,0 100,0
-9
E] o
b S 3 =
4! 2 Ofw|l e
o @ =
CocTam 25 =a | Eedl =g
S8 | 258 E.5|0F
58 |Sge| X2 3
Meran . ., .. .| 74,4} 84,8} 18,9] 23,4
OraH . . . ... . 8,3 7,9 11,0] 18,2
Ilponan e 4,7 4,2 8,0 22,4 '
HsobyTan . , . . . 0.9t 0,5 3.0 5,6
#-Byran . . .., . 1,9 1.1 6,9 10,5
IleHTaRbH . . . . . 1,4/ 0.3 7,3 5,7 P
Tekcan H Gousee € 10
TAXeNbE YrjeBo-
Zopomsl . . . . 7.7 03| 44,9 3,0 >
JIBYOKHCE  yrue-
poga . . . ... 0,7l 0.8 1,2
Hrtoro . 1100,0{100,0 I100,0 l 100,0

2

Puc. I. 18. Cxema 106HIuH Fa3a M cocTaB ra3a M KOHAEHCA1a B MOJbLHBIX MNPOUEHTaxX NPH 3KCHAYAaTALHH KOHJEHCAaTHOM
CKBaXHHBI.

1 — ronoBKa CKBaMHHLI; 2 — rasoBas ¢asa maacta (p = 337a1#3% { = 121°F)); 3 — napnienne (p = 32,8 ar); 4 — KHIKOCTB;
TYpa 20,5° C; 6 == rasoeoiff cueTuwk (242 #%); 7 — Ha ra3o6eH3HHOBYIO YCTAHOBKY:

5 — Temnepa-

8 — wonnencatr (0,159 x3); 9— cOpoc 2,03 M3 rasa

B aTtMocdiepy; [0 — B KOHREHCATOMPOLY:L.



Puc. 1.19. Baxmnefiuue
ocanounble  6GaccefHbl B
CLJA. Ha3zsanue Gacceiina,
COOTBETCTBYWOLLECE HOMEDY,
apuBefeHo B Tabu. I.4.

Tabauya 1. 4
JaHHble H3BICKaHH# Ha HeTh M ras ocajo4Hblx GacceiiHoB

[=2]
- O6Bem
2 Ha3spaHHe GacceflHa ﬂno’?;‘z;nb, OTJIOXKe-
s é RUH, KM?
I ) Nplogker Caysx . . . . . 54 400 146 000
2 | Bect Operon . . ., . .. 57 000 146 000
3 | Cakpamento . . . . . . . 57 000 208 200
4 | Camunac . . . . .. . .. 7760 16 670
5 | Umnepuan Boaan . . . . . 7760 16 670
6 | Hopr  MoHTtana-MayuTun
$ponr . . . L. L. L. 4930 15820
7 | Cayr Llentpan MoHrana . . 5170 16 670
8 | Bur Xopu . . . . . . .. 7760 40 000
9 | Maygep Pusep . . . . . . 82900 400 000
10 \ Yuneron . . . . ., ., . 88 000 175 000
1l | Yuup Pueep . . . ., . . 6 470 25 000
12 | Bpumkep. . . . . . . . . 25900 83 200
13 | Yowaku . . . . . . ... 18 120 58 200
14 | ¥Ouura. . . . . ... .. 33600 74900
15 | Kosnopago Pusep . . . . . 48 200 108 000
16 | Bask Meca. . . . . . .. 31 100 74 900
17 Can Xyan . . . . ., . .. 31 100 66 500
18 | Hewsep . . . . . . ... 93 100 291 800
19 | Henasep . . . . . .. .. 20780 62 400
20 | Mapreux. . . . . . . . 111500 312200
21 | Anapapko . . . . . ... 116 500 375 000
22 } Cannua
23 | opecr Curn } ..... | 155500 | 150000
24 | Mak-Anecrep . . . . . . . 31 100 71900
25 | Met Texac . . . . . .. . 36 220 87 200
26 | Tand OmGefiment . . . . . 350000 | 1661000
27 | Muccucunu Basiu 85400 125 000
28 i Muccucunn Conr Hoym 54 400 175 000
29 | CaytBect Ixopaxus .. 31 100 74 900
30 | dnopupga . . .. . ... . 98 400 312 200
31 { Manunofic . . . . . . . . 95700 104 000
32 | Muuurau . . . . .. ... 72 500 104 000
33 | Annanawn . . . ... .. 243 500 872 000
34 | larrepac. . . ... ... 23 300 74900

l'azoeoe mecropoxkienne OCTHH pAcNONONKEHO B LEHT-
panbHoM MHuHrane, SIBJSETCS THMHYHLIM Ta30BLIM MECTO-
poxneHHeM Heboabluol ray6Hubi. Ha puc. 1. 20 nokasan
paspes Muunranckoro Gacceiina [1.59). B npoayktupHom
NJ1aCTe COAEPKATCH TaKkKe TJIHHHCTBlE NPOILIACTKH, cpefHsia
nopuctoctb ero 22%, a ppoHHNAaeMOCTb B 3anafHOil 4acTH
MeCTOpPOXKAeHHs1 Bhicokan. HavanbHoe cratHuecKoe naBieHue
Ha roJIoBKe. CKBaXuH paBio 36 ar, nsactoBas Temnepary-
pa 17°C. CoctaB rasa 3TOr0 MECTOPOXKIEHHA MNpHBeJeH
Ha puc. L. 15. 3 mecTopoxaeHus 6bi10 no6uito 180 MaH. a3
rasa, M NpH CHHXKEHHH NABJEHHA HA TOJOBKE CKBAMHHLI
no 20 ar MecTopoxeHne 6blo NpeoGpa3oBaHO B NOA3EMHOE
XpaHHUJHLLE rasa.

l'asosble mMecTopoxaeHna XviorotoH u INManxauga uaxo-
astca B Oaccefine AHanapko (puc. L. 19). T'asoBule 3aJexu
NpHYpOUeHH K [AOJOMHTAM NepMcKoro Boapacra. CocTas
raza npusened B taba. 1.5, CopepxanHe a3oTa yBEJHUH-
BaeTCs B MNpeleJax MeCTOPOXAeHHA B CEBEPHOM Hanpas-
JIeHnH,

Mectopoxenne Jlenyk B npoBuHuuH AnbGepra npu-
YPOUEHO K PUOOBLIM W3BECTHAKAM aesona, IlpoaykTumHule
ropuzonTel 12 H [3 cogepkat HedTb C pAaCTBOPEHHHIM
rasoM, cOCTaB KOTGDOro nokasaH Ha pHc. L. 17, a ropH3oHT
JI3 HMeeT TaKxe rasoBylo warnky. Pa3ssegannas nJjowaab
HeckoJbko Gosiee 8060 2a. MowwHocTh HedTelocHOTO nJacta
cocrasaser 11,5 m. IlopucrocTs cBsizana ¢ HajMuMeMm ny-
CTOT H TpEIIHH B [JOJOMHTH3HDOBAHHOM DH(pOBOM KOJIEK-
tTope. HauasbHoe nsacToBoe paBseHHe B ropusoHte [13
Ha ray6uHe 1600 x Obiio 133 a7, naactoBas Temnepary-
pa 67°C. HauaiabHoe paBjeHHe B ropH3oHTe 2 Ha ray-
Gune 1524 u 6o 123 ar, Temneparypa 65°C. Hegprs mocse
cenapauuH HMeeT ygaeabHbHi Bec 0,8348. Cocras rasa us
rasoBod wanku ropusonta I3 pgan B tabsa. 1.5, a cocras
HedTH — B Taba. L. 6.

Mectopox nenne Jiun Jlefik pacnonokeno B cesepHol
4yacTH nofepexbs Mekcukanckoro 3aiuBa B JIyHsHane
H uMeeT 13 rasoHocHBX nsactoB. OfpHa H3 3ajexei, 3ae-
rawomas Ha ray6une 2000 #, HMeeT ra3oBbill peXUM, JPyrue
3aJIeXH, 3ajerapoliie Huxke 2600 M, — BoJoHANoOpHBIA pe-
*kuM. Jluanaszon pgaBaeHuit ot 223 go 380 ar, auana-
30H TeMmnepatyp ot 54,5 mo 100,5°C. Huxke npurefenu
OCHOBHble JaHHble no nuaacty Ne 44 3toro Mecropoxae:
Hus (I. 56].



Nannne no naacty Ne 44 mecropoxaenus Jun Jleiix B Jlyuanane

Cpenusas rnyGuHa, e e e . ... .. 3453 Cpennsaa nmopucrocts, % . . . . . . . . . ... 28
[ny6uHa koHTaKTa Tas — BOfd, # . . . . . . . . 3482 CensaHHast Bofia, % . . . . .. .. ...... 25
YpeqnHpih Bec rasa . . . . . . . . . .. .... 0653 ¥YnmemHnifl 3anac rasa, Teic. #¥ea -m . . . . .. 590
TennoTBOpHOCTD, KK@A/M® . . . . . . . . . . . . 9350 [Mopcunrannas npopyKTHBHAA miowagb, 2a , . . . . 924
A6coMmoTHOe JaBseHHe B mJiacTte, am . . . . . . . 363 CpenHsisi MOWHOCTh RJACTA (MHOLeEH), # . . . . . 8
Temnepatypa B nuacre, °C . . . . . . . . . . .9167 O6neM nJacta, 2@+ M. o . o o « o o . . . . . . 7384
KosppHnueHT CBepXCKHMaeMocTd . . . . . . . . . 0,987  3anacw rasa, mapa. #3 . . . . . . . ... ... 435

Puc. [. 20. Teosoruueckuii paspes n-oBa MHuuran.

! — noKeMO6puilcku#t rpaHuT H T. A.; /! — neuwHaHut; [/ — Muccyput: IV — gepon; V — comp u

runc; VI — cunyp; VII — meanna; VII! — unarapa; /X — tpenToH; X — caHt nertep; X! — opno-

BHK; XII — KeMGpuii; X/l — 6uxkMentyan; XIV — norcmaM, XV — IHHHHHATbsIHCKAasd apKa (aH-

THRAHHANL, | — LlenTpanvHbld Buckokcuu; 2 — puun Beit; 3 — Hop Ileumumucyna; 4 — o03. Muyu-
raH; § — Mwuuuray; 6 — o3. I'ypou; 7 — Owurapuo.

Tabauya [. 5
CocraB NpUPOAHBX ra3oB B O0BeMHHWX (MOJbHBIX) mpoUeHTax psafa mectopoxienuit CHIA

MecTopoxaeHue (wtat)
XbloTOTOH Becr Kaye-
- B s Iun Jlet
(Oxmaxo- | ety [TAAYs 13 | Kuucensa | BAR-140 | (Tynama-
Texac)* ( Anp6epra)|(Jlyusnaua, ua)
Tand)
CocraB rasa dopManus
nepMCKH it |MBIBYHHBIE|  pepoy Me JIOBhI€ mecKH MecKH
JOJIOMUT necKu mecKu MHOIleHa | MHOLEHa
CayGuua, x
915 366 . 1525 — 2180 | 2120
Asor. . .. ... L. 15,5 7,3 7,41 0,24
JByoKHCb yrJjepoja. . . . . . — — 0,72 2,26 0,30 0,30
Fenmst . . . . . . . ... .. 0,58 0,4
Meran . . . . . .. .. ... 71,51 79,74 72,88 88,76 96,65 98,50
dran. . . . . ... ... .. 7,0 9,1 9,97 4,76 2,05 0,87
MNpoman . . .. ... .... 4,4 2,8 5,09 2,67 0,47 0,17
H3obyran . . . . . . . . .. 0,29 0,1 0,72 0,42 0,08 0,04
a-Byran . . .. o000 L L 0,7 0,4 1,76 0,21 0,09 0,02
HaoneHtan . . . . . . . . . . 0,02 0,1 0,99 0,38 0,02 0,01
lekcauwr . . . . . . . . . .. — 0,05 0,46 0,30 0,31 0,08
lenmanw . . . . . .. . ... — 0,01
100,00 100,00 100,00 100,00 100,00 100,00

# Ilpo6a rasa B3siTa W3 rasomn poBoAa.

[nacTH xapaxkTepH3ylOTCA GOJbLIOH NOPHCTOCTBIO H MPO- CocTap MNPHPOAHHIX Ta30B, CONEpXKAUWMX KOHAEHCAT,
nuaeMoctblo. [eosorHueckue Hoc/efoBaHHA Gazupylotcs  npHBeleH B Tabsa, 1.7, a cocTaB NONyTHHX ra3oB —
B OCHOBHOM Ha KapOTaXHHX HAHHHX BHOBb npoGypesHuix B Taba. 1.8,
ckBax#H, Cooras rasa npusejed B tabm. 1.5,

27



CoctaB miacToBHX HedTeil, COLEpXKamWUX pacTBOpeHHble rasbl B 0GbeMHBX (MOJIBHBIX) NpOLEHTax

Tabauya 1. 6

MecTopoxeHHe (IUTAT HAM NPOBHHUHA)
Jleayk 12 (Jleayk O3 | ITanoma Okaaxoma Popecca Keokyk Llynep
(Anp6ep- [(AnpGep- |(Kanndop- |Cutu Bunkokce| (JlyusHa- | (Oknaxo- | (dxon Conp)
Ta) Ta) HHS5T) (Oxnaxoma) Ha) Ma) (Apkansac)
Tay6una,
K OMIOHEHTE! 1525 | 1615 | 3230 | 1880 | 1812 [ 1228 | 2318
Jasneune, ama
125 | 134 | 328 | 185 | 183 | 1023 | 247
Temneparypa, °C
65 | e7 | i | s | s | s | e
+ '
Asor . . ..o e — — — — — — 1,00
JByokHch yraepoma . . . . . .. . . . — — — — — — 0,80
Meran . . . . ..., e e e e e e 28,6 30,3 55,8 37,7 40,88 25,60 42,85
K 11 1 10,9 13,1 5,81 8,7 4,53 8,88 6,60
Mpoman. . . ., . . .. .., ... ... 9,4 9,4 6,42 6,3 2,60 12,41 4,10
Haobyran. . . . . .. . ... . ... 2,5 1,8 1,31 1,4 1,25 1,93 364
w-Byran . . ... . ... 0. 4,4 4,9 3,97 3,0 1,82 7,56 '
TleHTaHB! . . . . . v v v v v v o ou . . 4,8 4,5 3,67 3,3 3,48 5,53 3,10
Tekcalbl . . . . . . . . . .. 39,4 36,0 2,61 39,6 4,43 38.09 3,83
Pemranw+ . . . . . . . .. ... — — 20,41 — 41,01 ” 34,08
100,0 | 100,0 | 1000 | 1000 ‘ 100,0 | 100,0 ‘ 100,0
Mosekynsipauft BEC . . . . . . . . L. 201 193 237 225 220 195 243
lentann -
yAeqbHRIH Bec XHAKOrO OCTaTKa, remra-
1 0,840 0,840 0,891 0,840 0,824 0,839 0,8759
Tabauya 1.7
CoctaB mpoiykTa KOHZEHCATHBIX CKBAXHH psga Mectopoxienufi CLIA B o6bemHbIX nponeHTax
MecTopoxaetkHe (wTaT)
Kpon
2 2 I y Jleit H
(J]ye-laa-l;-la- (J]ypl-?;l-la- (Ka:ﬂg:b(«)g— (E(;ESHT ?ﬂg::;;_ I(IJHI;HSSZII-( Heg'f";c (-?er;:;(c))
Ha) Ha) HHs) (Texac) na) Ha) (Texac)
I'ny6una nnacrta, #
Kounonentu 3100 | 3530 | 8240 | 2042 | 2860 | 3680 | 2120 | 2060
A6conoTHOe fapseHue, am
330 e | 810 | 314 | 274 | 886 | 212 | 269
Temnepatypa, °C
96,11 | 10000 | 12443 | n27s | se67 | 9944 | 1050 | 9389
Asor . . . ... ... — — — — — 0,24
JByokucr yraepoga . . . . . . . — 0,31 0,68 1,76 0,27 1,48 1,97
Meraw . ... ... ...... 80,95 91,32 74,55 85,11 84,35 91,36 86,27 90,74
Oran . . . ... ..o 4,47 3,42 8,28 5,04 5,62 3,5 6,30 4,35
MNMpoman. . . . . . ... .... 3,13 1,34 4,74 2,44 3,49 1,31 2,31 1,69
H3obyran . . . . . . e e e e 1,55 0,48 0,89 0,67 0,89 0,59 0,32 0,36
w-Byran . ... ... L. 1,77 0,41 1,93 0,73 1,19 0,34 0,62 0,54
WUsomentan . . . . . . . . ... 1,49 0,42 0,75 0,32 0,44 0,23 0,35 0,20
w-llentan . . . . . . . .. . .. — — 0,63 0,38 0,54 0,11 0,25 0,21
lekcanwr . . . . . . . .., ... 1,3 0,36 1,25 0,61 0,70 1,08 0,29 0,42
Femran -+ ., .. ..., . ... 5,62 1,96 6,3 2,94 2,51 1,08 1,49
YnearHeifl BeC JKHAKOrO oCTaTKa,
renTambi-+- . . . . . . . . . . . 0,7768 0,7967 0,7999 0,7906 — 0,7695 0,799 0,760
Monekynsipunil Bec, remTamm-f- . . 147 158 132 146 — 159,0 121 120
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Tabruya 1.8

CocTas nonyTHHIX rasoB, OTAeJEHHBIX OT He(TH WJHM KonAeHncaTa B cenapatopax, B o0beMHbIX NpOLEHTAX

MecTopoKAeHHe (TaT)
o] Kaue Kera- P Kaynen|p
Kha- - - -
xoua Rorr] (Fose.- Jenn | Keiru Ko Kap- | Dpar Xunno j?:c (Boc- (Ko
T - - - N - - -
(Oxkna- (233:) M:OX)H (Okna- xac) Kgﬁapac) (Texac)|suaua) “égg? 3Laz:) Hult ?ﬂg)
XxomMa) XoMma) HE) Texac)
KomnoHenTs
AGconoTHoE AaBJeHHe, am
6,75 | | — | 9 |35 ] 183 ] 25 | 155 | 358 [2,04 | 1,9 | 33
Temneparypa, °G
1944 | 40,55 | — | 28,89 | 17.22 | 18,33 | 24,44 | 38,33 | 64,44 | 33,89 | 21,67 | 20,55
Asor . . . . ... ... — 2,7 2,11 — — (1L 1,83 —
JIByoKHch yraepoma . . . . . . . — — 42 | — 0,60 0,70 041 — — — 0,80
CepoBomopox . . . . . .. ... — — 24| — — 6,8
Meran . . ... .. ...... 83,9 | 48,7 | 55,0 | 80,36} 92,25} 68,32| 90,06 | 92,76 | 83,19| 79,4 | 59,4 | 84,81
Oran . . ... L. 97| 156 7,51 11,88 4,14| 7,19 4,05| 3,03| 848 84 | 157 7,94
HOpoman . . . . .. .. ..... 39| 14,1 | 1404 519| 1,85 3,33] 1,51 1,36| 437| 46 | 156 4,13
Haobyran . . . . . . .. .. .. 1,7 3,3 26| 034 038 094 040§ 0,42 0,76 1,9 3,0 0,53
w-Byraw . .. .. ... L. 6,5 7,41 1,32| 041| 1,23 0,71 0,38f 1,68 2,0 36 | 1,07
Hsonentan . . . . . ... ... — 2,1t — 1 o10f 016 — | 0,18] 023} 057\ — | — 0,19]
wllearan . . . . . . . ... .. 0,5 3,0 48| 044 0,11 0,73 027 0,16} 0,32 3,7 271015
lekcamm . . . . . . C e e e 0,3 26 — 0,37| 0,07| 025| 0,18| 026| 063} — — 0,18
lemrammi 4+ . . . . . . . . . .. — 4| — — 0,03| 0,10| 0,111 0,99 ~— — — 0,15
100,0 §100,0 } 100,0 {100,0 |100,0 |100,0 (100,0 |100,0 [100,0 {100,0 |100,0 | 100,0
§ 4. TEMINNEPATYPA I'OPHbBIX MOPOJ
Temnepatypa mopon Bo3pacraer ¢ ray6Gusoir or 1,1 no Tabauya 1. 9
55°C ua 100 » rny6unn. Temnepatypa Ha rayGune 30,5 u Temnepatypa nopon Ha raybune 30,5 s nas pana
NpHHHMAETCs NPHMepHo PAaBHOH CpeJlHerofloBoil AJs JaH- mecropoxgenui CLIA u Kawnamm
HOTO pafioHa. DakTHUeCKH TeMmmepatypa Ha rayGuHe 30,5 #
NpeBHILIAET CpegHerofoBylo TteMmneparypy ua 1,1—5,5°C. T
B ra6n. 1.9 npuBeneHn TeMmepaTypw Ha rIyGuHe 30,5 M. Mecropoxaenus emne?(?wpa'
Temneparypa Moxer GHTL H3MepeHa MaKCHMAaJbHHM DTYT-
HHM TEPMOMETPOM B KOHTelHepe, PacCYHTAHHOM Ha BLICO-
Koe naBieHHe. PerucTpHpymolliie TeMnepaTypHeie npu6opw  Hopman ¥Yanc (ceepo-samafnas uacth) . 0
cnycKawoTcs Ha cranbHofl npososoke. Banm Opcranp (Vam  ®opr Canra Ixou (Bpuranckaa Konywm-
Orstand) [I. 61, I. 33] ana onpepenenus TeMneparypel OHA) . v v v v v i v e e e e 4,44
HCTIOb30Bas TepMoMeTp conporusJienus. B Hacroswee Ocrun Puan (lewrpasbHeit Muuuran) . . 8,32
BpeMsi MPHMEHSIOTCA TaKXe TepMoMeTphl, cnyckaemble Ha  Kankexd (Monumwoiic) . . . . . . . . . 11,11
KapOTaXKHOM KabeJe. OxkaaxoMa Curd (Oksnaxoma) . . . . . . 15,55
Hccnenosanne TeMnepatypHoro noas 3eMJu npeicrasas- JIH-Kaynrd (Hplo-Mexuko) . . . . . . . 19,40
€T uHTepec AJs OnpeleleHus Temnepatyphi maacros, Bo  Hblo-Opaean (Jlynauama). . . . . . .. 20,85
BPeMs 3aKauKH rasa WJIH BOABI B MJacT ¢ temneparypofi  Texac:
HHXe IJ1aCTOBOH MOXHO YMEHBIUHTb MJIaCTOBYIO TeMIepa- Hasappo Kayuts . . . . . . . . . 19,9
1ypy. Ilpn 3rom nuactoByo TeMNepaTypy, BepOATHO, HeJb- Puran Kaywrs . . . . ... ... 19,6
34 H3MeHHThb Gosblie yeMm Ha 1,1—I1, Ban 3anar Kaywn . . . . .. .. 20,66
Uupkynsanua 6yposoro pacrsopa Bo BpeMﬁ 6ypeHHs HJH BpayHeBHaB., . . . . .. . ... 22,8
JIBHXKEHHS HedTH HJH rasa BBepX MO CTBOJY CKBaX>XHHB XayCTOH . v . ¢ v o v v v v v v 20,66
Hapyllaer TeMnepatypHoe paBHoBecde, Ha puc. 1. 21 noka- Jloc-Amxenoc, Kanudopuua . . . . . . 22,60

33HO OTHOCHTEJbHOE CMellledHe TeMMepaTypHEIX I'DafHEHTOB
npH GypeHHH H 3KCnJyaTaudd cksakuuei. Ha puc. . 22 no-
Ka3aHO H3MEeHEeHHe TeMMepaTyphi B ra3oBoil CKBaXHHe MpHA
Da3THYHBEIX peXHMax ee PabOTHI H paclnpene/eHHe TeMIe-
paTyphi ¢ r1yGHHOA B COOTBETCTBHH C I€QTEPMHUYECKHM rpa-

nHeHToM, TeMmmepaTypa. mOBepXHOCTH CTBOVIA CKBaXUHh H,
cJlefloBaTeNIbHO, TeMllepaTypa HCTeYeHHs rasa Bo3pacraior
¢ yBeJHueHHeM Je6GHTa H BpeMeHH paGOThi MpPH JaHHOM
gdebure, Tlpy MakcumasibHOM Je6HTe raia reMmnepartypa Ha
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3a60e CKBa)KMHH MOHHXKAeTCH BCJEJCTBHE 3HAYHTENBHOIO
nepenaja AaBJeHns.

Tunuunble KPUBHE reoTepMHYecKoro rpajaneHta s Me-
cropoxnenut Kamidopuuu no ®penvy (French) 1. 31} npu-
Benennl na puc. L. 23 u 1. 24. Kpusnle reorepmHuyeckoro rpa-
AHEHTAa PAAA APYTHX MECTOPOXAeHuH aauwi na puc. L. 25.
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\ \
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2400
15 25 35 45 55 65 75
Temnepamypa,°c
Puc. 1. 21. CMmeuiende KpHBHIX TeMmIepa-

TYPHBIX T'pajHeHTOB INpH 6ypem~m H 3KC-
IiyaTallHH CKBaXXHHHL
1 — reoTepMHYeCKHH rpajaHeHT: 2 — M3MeHEHHe
TeMnepaTypbel B Oypsmefica cKkBauHe; 3 — H3Me-
HepHe TeMMepaTyphl B SKCHJyaTaUHOHHOH CKBa-
KHHe.
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Puc. 1. 22. TeMnepaTypHHe TpadueHTH
rasoBoft CKBaXKHHHI.

1 — TeMmepaTypa N0 reoT€PMHYeCKOMY Trpa-

IHeHTy, 2 — 3axkphiTa 3a 26 % 1[0 Hayana

HceneNOBaHKN; 3§ — ne6ut 46,6 Thic. MPJcyr-

xu no 3aTpyGHOMY NPOCTpaHcTRY; 4 — LeGHT

85 Thic. M *JcyTxu no 2Y/;Tpy6am: 5 — neGur

254 ThiC. ME/cyTKu MO 3aTPYGHOMY DpPOCTPaH-
CTBY.

B nepmckoMm Gaccefine 3anansoli wacTH Texaca u 10ro-Boc-
Tounofl uactH Hbro-Mexuko TteMnepatypHble TPALHEHTH
Koae6aorcss ot 2,22 no 4,44°C na 300 x. B Taba. 110
NpHBEAEHH MJaCTOBhiE TeMIEPATYPH M BEJHUHHBI FeoTepMi-
YeCKHX TPajHeHTOB pSAAa HedTsiHhIX H rasoBbiX MeCTOpPOX-
JeHuH,
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Puc. 1. 23. TI'eoTepmMHuecKHe TI'pajgHeHTH
mectopoxaenHii Jloc-Auxenoc.

1 — Canta &3 Cupunrc; 2 — CurHaa Xuaa, 3 —
Cuaa DBuy-Anamuroc; 4 — Bennc Tlnefta nenv Pefi;
5 — Buamunrton XapGop.
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mectopoxaennii Can Jlxxoakun Basmu.

1 — Backxo: 2 — Puo bpaso; 3 — KerrjeMeH Xuaiacy
4 — Koaaunra; 5 — Hopr DBeaprux.
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Puc. 1. 25. TemnepaTypHeie rpaguentH psi-
[a MeCTOPOXKAEHHI.

1 —Oxknaxoma CutH; 2 — CayT JIXeHHHHTC,
Jlyusnaua; 3 -— INluc Pusep (bputanckaa Ko-
aym6usa); 4 — Backo, Can JIxKoaknH Baamau.

Tabauya 1, 10

Maacroseie TeMnepatypol H reotTepMHYECKHE IpaJHeHTbI
HEKOTOpPBIX Heq)TﬂHbIX U rasosutXx MeECTOPOXACHHUH

Temne- | I'pa-
IUTat uau Cay- paty- | aMent,
MecTopomxpaenne NpOBHKIHS 6HHa, pa, °C Ha
M °C 100
Bocrounwiit  Te- [ Texac . . . . 1090 | 63,33 ] 4,02
xac, Byn6aiin
Bap63uk Oxunaxoma 854 | 50,0 | 4,02
IMauxsugn Texac . . . . . .| 9156 27,22{ 1,28
Monymenr,  Jlu | Hblo-Mexnko 1189 | 32,22 1,1
Kayuru
Jlenyk AnnGepra . . . 1613 | 67,22 3,84
IManoma—Cau Kamugopuus . . 3240 (124,44 3,16
JXKoakHH
Jun Jleiik Jlyuanauwa . . . 3678 | 99,44 2,1
Oxknaxoma Cutv |Oxkmaxoma . . . .| 1920 | 55,55| 2,08
Kapramxk Texac—Jlynauana | 1808 | 96,67 | 4,31
X bIOrOTOH OxksaxoMa 1010 | 32,22
Hopr  Tlerryc, | Texac 2119 {1050 | 3,96
bu Kaynrn
Cayr [xennnure | Jlyusuana . . . .| 3040 | 99,44| 2,56
®opr Canr [Ixkou | bpuranckas  Ko-
JayMGuS 1950 | 68,89 (. 3,31

§ 5. TPALIHEHTDBI JABJIEHUS B HE®TAHbIX U TA30BbIX MECTOPO)XAEHHAX

OtnokeHHs1 GOJBUIHHCTBA HedTAHBIX H TasoBHX 3aJe-
KeH B KOHEYHOM HTOre BHXOAAT HA NOBEPXHOCTb, B Takmx
acTaX HavaJbHOe jAaBJeHHe Ha KOHTaKTe HedTb — BOJA
MIH ra3 — BoJa PaBHO Be/JHYHHe FHAPOCTATHYECKOro CTOJ-
Ga BoBI, cuATasA OT YPOBHSl BHXO0/[a NOPOJ HA NOBEPXHOCTDb
B 06/1aCTH WHTaHHA [0 MJacTa MHHYC THAPOAHHaMHYeCKHe
notepu AasjerHs (puc. .6) Ha TyTH ABHKeHHs BOLBl OT
obaacTH MHUTaHHA A0 nJaacta. Jlaxe MHOrHe IJIacTH, O KO-
TOPHIX HEH3BeCTHO, COOGINAIOTCHA JH OHH ‘HEMOCPeICTBeHHO
C MOBEPXHOCTBIO, HMEIOT JaBJIeHUsl, KOTOPhle COOTBETCTRYIOT
3TOMy DpaineHTy. MaMeHeHHs1 B rpajyeHTe LaBJeHHS MOTYT
CHTb BHI3BaHL H3MeHeHHeM MHHePaJH3allHH BOABl H TeM-
nepaTtypu npu ABMXKeHWH BOjbL Ha puc. L 26 npusenenw
rpajiMeHTH AaBJeHHs, COOTBETCTBYIOLIMe IJIOTHOCTH COJe-
HOH BOJIH PA3MHYHOR MHHeDANH3allHH M TPeCcHOH BOAB NPH
17°C. KpuBnie /1] v IV paHel nas co/eHOH BOAB yielb-
Horo Beca 1,11 u 1,22 Ges TemneparypHO#l mompaskH.

OmHako Ha HEKOTOPHIX MECTOPOXKAEHHSAX MIaCTOBOE 1aB-
JeHHe OKa3HIBAeTCA aHOMaJIbHO BEICOKHM HJIH, Hao60poT,
aHOMAJbHO HH3KMM. Hanpumep, rasoBoe MecTOpOXIeHHe
XblOrOTOH HMeeT NTacToBOe [aBjeHHe HUXKe THAPOCTaTHYe-
ckoro (34 ar npu ray6use 1000 x). MuorouncieHuble Me-
CTOPOXKJEHUs, DacNoJOXKeHHEle Ha moOepexbe MekcHKaH-
CKoro 3ajauBa OT Puo-I'panie no Muccucunu B 30He OKOJIO
50 MHIb WUPHHOM MJIACTH HMeIOT aHOMAJbHO BHICOKHe
nasnenns [1.27, 1. 24], I'pagHeHTH HayaJBHOTO MJIACTOBOrO
LaBJleHHsl pAfla MeCTOPoXAeHud NpuBeneHbl Ha puc. [, 26,
9T aHOMaJIbHBle TPAAHEHTHl MOI'YT GHThb BCJEACTBHE BHICO-
KOTO 3Ta)a Fa30HOCHOCTH H YIJIOTHEHHS MOPOZ, OKPyKa-
IOUIHX NJaCTH, CcOAepXaline HedTh MJAH ras. AHOMajbHHeE
NaBJeHHs YacTO MNOKa3HWBAWOT, YTO IJIACTOBHE KHIKOCTH
CBA33HBI ¢ NJIACTAaMH, He HMeEIOLMMH BHXOZOB Ha NOBEPX-
HOCTb,
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Puc. L. 26, T'paanenTsl TAPOCTATHYECKOTO [aBJEHHS.

I --Kpon Cnpuure; 2 — Cayr JIxeHHHHrc; 3 — Casofi ®uan;
4 — Atioa; 5 — Kamepyn; 6 — Keun bBecc AWnenn; 7 — Manuna
Bunnenx; 8 — dxoHcone Bafioy; 9 — Bect JIshix Beppur; I — rpa-
DHEHT TOPHOrO naBnenusl; [/ — rpafHeHT HaBJeHHs IAsA NpecHol
8046l mpH 17° C; /1] — rpafHeHT InaBJIeHHA IJs1 MHHepPaJH30BaHHOH
BOAB YLeNsHOro seca 1,11 6e3 TemmepaTyphoH mompasku; [V —rpa-
JIWEHT AaBJeHHsl 1) MHHEPaJH30BaHHOM BOAW YIeJLHOro Beca 1,22
6c3 TeMnepaTypHO# nompaBkH; 10 — Caut Ta6pusab; 11 — Uoknei:
12 — Hct XekGeppn; I8 — Ben; 14— Hope )Kanepurr; 15 — Caur
Fabpusab; /6 — Cayr KpomaeH: [7 — JleHik BalluHrTOH. Puyapa-
COH M Bacc (ray6okHe ckBaxHHBI, 1220 ar, ray6uua 6300 ).

ll



I'JIABA 11

CBOIICTBA HEMTSAHBIX I I'A30BBLIX
ROJJERTOPOB

HedraHble # rasoBbie KOJJIEKTOPH CNOCOOHH COAEPKATL  CTbIO BBITECHSIOT BOAY H3 nop nuacra. Ocrasuiascs B NOPH-
B cefe JXHMIKOCTH W rasbl ¥ IPONYCKATb HX CKBO3b ceGs. CToil <pele BOJAa HAa3bIBaeTCsd CBsA3aHHOH, 3HaHHe NOPH-
JKHaKocTH M rasbl COLepXKaTcs B NOPax H TPellHHAX NMec- CTOCTH M AOJH TNOPOBOro ofbeMa, 3aHSITOro CBA3AHHOH BO-
YaHUKOB, JOJIOMHTOB, H3BECTHSKOB, CJNaHLeB, Mesaa H APYruXx  1oH, HeO6XOLHMO [JA MOACYeTa 3amacoB HedTH MJH rasaH
nopucThIX cpen. YacTb oflero ofbeMa NOPOABI,  NPENCTaB-  PelleHHs psia BONPOCOB IIPOEKTHPOBAHHA, DPa3pabOTKH H
JseMas NYCTOTaMH, Ha3blBaeTcsd MOPHUCTOCTbIO MOPOAB,  3KCIJYaTallHH MeCTOPOXKIeHHH.
CBO#CTBO MOPHCTOH CPesl NPONYCKATb CKBO3b (ceOs XKHIKO-
CTH W rash Ha3blBaeTc NpoHHLaeMocTblo, M3 npyrux
CBOWCTB NOPHUCTOH Cpeanl CJelyeT yKa3aTh Ha CIHocoOHOCTb
ee 'yJepKHBaTh B COCTOSHHH KaNHJJSPHOIO PaBHOBECHS He-
KOTOpoe KoJuyecTBO BoAbl. Kpome TOro, creiayer ykasaTb
Ha KpaiiHe CJIOXHYIO CTPYKTYPY NOPOBOro NpOCTPAaHCTBA,

Ilo cyiecTByIOIHM npeacTaBieHHIM HaKomJeHne HedTH
HJM rasa INPOHCXOAMUT B NMOPHCTOH cpele, NpeiBapHTENBHO
3anosiHeHHo# Bomxo#., IIpH 3TOM HedTb HJAM Ta3 He MOJHO-

[MopucrocTs, NPOHALAEMOCTb, He(TeBOAOHACHILIEHHOCTD
onpenensiorT o6BIUHO Mo oGpaslaM NOPHCTOH CPelbl, BbIpe-
3aHHBIM M3 KepPHOB, MONYYeHHBIX NPy OypeHHH ckBaxuH. Co-
JlepX aHue CBA3aHHOH BOAB MOXET ObiThb TaKxKe ONpelesIeHO
KOCBEHHBIM METOMOM IO KPHBBIM KallHJUISIPHOTO AaBJEHHS.
Hexotopble cBoficTBa mopoi B 30HAX, NPHJEralmolIHX K
CKBaXHHaM, MOTyT OHTb H3y4YeHH C TOMOLIBIO 3JIEKTPO-
KapoTaxa.

§ 1. CTPOEHHE NMOPHUCTBIX CPEN

Muorue moponbl, B YaCTHOCTH NECHYAaHHKH, CJOXKEHBI 13 Tpu m3yyeHHH NMOPHCTOCTH 3GPHHCTHIX MaTepHAsOB CHa-
OTZENBHBIX HacTHYeK, OOpa3ylOLlHX IKeCTKYI CTPYKTYPY daJja ONpeLeJsioT MOPHCTOCTh CPel, COCTABJEHHHX H3 cde-
BCJIeJCTBHE [eHACTBHSI TOPHOrO JaBJEeHHs BBIIUENEXALHX PHYECKHX YacCTHIL OJMHAKOBOTO pasMepa, YJOXEHHHX pa3-
NOPOZ, @ TaKKe HAJHYAA MeXAY HHMH LEeMeHTHPYIOLero JuunbiM o6pasoM. B rabm II. 1 » ma puc. II.1 nokasanu
MaTepuana. Pa3Mepn 3epeH NeCYaHHKOB OOMBUIMHCTBA NMO-  pa3inuHble BaPHAHTH YKJIAIKH OAHOPOLHBIX cdep, HMeElO-
pHCTHIX cpel Kosebmworcs B npenenax 0,06—2 mm, Yacto  muX mopuctocTh oT 2595 1o 47,6%.

NecYaHHKH COMepIKaT HEKOTOPoe KOJH4YeCTBO 6oJjiee TOHKO-
3ePHUCTOTO MaTepHaJla, Hanpumep IJIHH, KO-

TOpHE BJIHAIOT Ha NOPHCTOCTb W NPOHHLAE-

MOCTb 3THX NOPHCTHIX CPel.

7
Tabauya 11. 1
KosdpduueHTH! MOPHCTOCTH Cpeibl, MpeAcTas- 2
JeHHOW CcepHueCKHMH 4acCTHLUAMH pa3/MuHOl
YKJa IKH
Yucao a
Kosddu- | TOuek KOH- | paccrosn-
LUHEHT Mo~ TakKTa, HHE MeXAy
BBDH&HT YKJAaAKH PHCTOCTH, MpHXOoAA-~ CNOSIMH
JOJMH HXCA Ha ccbep ’
€/THH Hllbt OfHY
cdepy
Ky6uueckas . . .| 0,476 6 D* 2
OpropoMGHuecKas 0,3954 8 0,866 D
PomBosnpaabHas . | 0,2595 12 0,707 D
OpropoMbuueckas . | 0,3954 8 D e
TerparoHasbHas
cheHouganbHan . 0,3019 10 0,866 D pye. I1. 1. Tunu ynakoBoK cepHuecKHX 4YacTHI OJHHaKOBOrO RHaMer
PomGosapasbHas . 0,2595 12 0816 D , __ yy6uueckas Me 1; 6 — opropomGHueckasn Ne 2 CO CKBO3HOR WOpOfl; @ -— OpTO
p a —Ky ;
pomGuueckass Ne 2 ¢ 3aKpHITOM nopolt; 2 — poMGoaipannuas Ne 3; J— opTO
pom6uueckasa Ne 4; e — TeTparonainHas cdenonpanbHas Ne 5 co CKBO3HOA mopoii;
% — TeTparoHanbHas cdeHOHAaJnHas Ne 5 ¢ 3akphiTofl nopoft (/); 8 — Tetparo
* D— puaMeTp ChepHUECKHX 4YaCTHI. HaJbHasl €O CKBO3HOH mOpoH: u — pomGosAPasanHas MNe 6 ¢ OTKpuTOfi nopoH
Haunme B3ath H3 [I1. 49) K — pom6o3ppanbiasgs Ne 6 ¢ 3aKPHTON noOpoit, / ~— BHA CBepxy; 7 — BHR ClePefH,

32



B peasbHEIX NOPHCTHX CpelaX YacCTHIH MOTYT pachova-
ratecs 6oJee KOMINAkKTHO, 4eM 3TO NokKa3aHo B Taba. II, 1,
ZaXe [OpH  OTCYTCTBHH  ILleMEHTHDYIOWIEro  MaTepHa-
aa. TlecuaHHk Ha BHXoAax nJacta Buakokc (B ropax
Ap6aka, B Okaaxome) HMeer mopucrocTh 15% (npoHHLae-
MocTb 400—900 x3). DTOoT UecYaHUK He HMeeT LEMEeHTHpY-
Iolllero MaTtepHaja H paccHlaeTcs Ha OTAEJbHHE 3€pHa,
[ocJle TOrO Kak H3BJeKaeTcs u3 o6Ha)KeHHS.

IMopucrocTs o6pasua, NOMYYEHHOTO [OCAe BTOPHYHOA
YIAKOBKH 3TOro necka, pasHa 32,5—34%. 3to ykasuBaer
Ha TO, YTO YACTHUH B peanbHOM flecuYaHHKe YJOMKEHBl 0OCO-
6uM 06pa3oM, B pe3yJbTaTe 4ero HNOPHCTOCTH MOXET CO-
crasasate 15%. Takas cpaBHHTeNLHO HH3Kas NOPHCTOCTH
necka, no-BHAHMOMY, o6bsAcHAeTcA - QOPMOH H . pasMepaMH
OT/E/IbHEX YACTHI, NpOLEeccaMH HX CeIHMEHTalHH U del-
CTBHEM FODHOTo JaBJeHHS.

O xapakTepe BHYTPEHHEro CTPOEHHA He(TeCodeprKaurux
MNOPHCTHIX Opel MOXHO NPHMEPHO CYAHTL [0 BHeIHEMY
BHAY KepHOB, OTOGDaHHEIX NpH 6YypeHHH cKBaxuH, Ha
puc, I1.2 nokasaH BHeWHHA BHI KePHOB, OTOGPAHHBEIX H3
XapakTepHHX HedTecolepKallHX OTAOXKeHHM, a Ha puc. 1. 3
npeacrasieds GortorpadHi NoBepXHOCTH o6pas3lloB L0JO-
MHTOB XBIOPOTOH, HMEIOWHX pasjHyHHe NopHcTocTH [1. 36].

Ias nccneroBanus BHYTPeHHER CTPYKTYPHI KeDHOB Mo-
XeT OHTb NpHMeHeH CJelyIOUHA MeTold. KepHH Hachiia-
I0TCA  KakuM-AH60 MaTepHAJOM C HH3KOH TeMIepaTypoH
IJIaBJIGHHA (BOCKOM, IJ1aCTMAaccof, MeTaJ/IHUeCKHMH CIJa-
BaMi # Ap.). MaTepuas kepHa pacTBOpseTCH KHCJAOTaMH,
a OCTaBIIHACS HAaNOJHHTENb BOCIPOH3BOLHT BHYTPeHHee
npocTpaHcTBo nopHcroft cpean. Ha puc. 1.4 nokasanm
¢doTorpaduH xapaKTepHHX NOPHCTHX Cpel, 06paboTaHHEIX
nono6unM cnocobom. Ha puc. 1.4, a nokasaHo noposoe
MpOCTPAaHCTBO ob6pasla u3BecTHAKa ApGaka, OTO6pPaHHOTO
¢ ray6unn 1043,4—1044,6 # M3 CXBaXKHHH Ha MPOMHCJE
Cuanxka B Kansace. Il1acTMacca mokasaHa 37eCh 4YepHBIM
usetoM. IlycToTh mpeicraBasitor co6oit 06beM, paHee 3aHs-
THH H3BeCTHAKOBHM cKeseToM. CBeT/Ible OTTEHKH, HMelo-
uldecss B 60J/IBIIOM KoJiHYecTBe Ha (poTorpadpuH, cooTBeTCT-
BYIOT ([0 JaHHBIM aHa/lH3a) THIOCY H KBapuy. HekoTtopme
YaCTHUH 3TONO MaTepHaja MOKPHITH CJAOEeM NJacTMacchl,
YTO 3aBBIIIAET NOPHCTOCTL, ONPENeJAEMYI0 3THM METOJIOM.
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Ha puc. Il 4,8 nokasas Ttor e u3BecTHAK - Ap6axa.
O6beM, nepBoHayadbHO 3aHATHA H3BECTKOBHCTHIM MaTepHa-
JIOM, PacTBOPEH KHCJAOTOM M NpeicTaBteH Ha dortorpaguu
TeMHHMH ydacTkamu. IlopoBoe npocrpancTBo storo o6pas-
a HMeeT sYeHCTyo cTpyXTtypy. OnHako noao6GHas o6pa-
60TKa KEPHOB He SIBJAETCH YIOBJETBOPHTEIbHOH A5 H3Bé-
cTHAKa ApGakJ. :

Jeno B ToM, uto B 06pasue, NO-BHAMMOMY, HMEIOTCH
8 6OJBLIOM KO/JHYeCTBE HHTEBHIHBIE NOPB, KOTOPHE IpH
KHCJOTHOH 06paboTke KEPHOB pPa3pyILIaloOTCH.

Ha puc. II. 4, ¢ npeacrasiedo nopoBoe MpOCTPaHCTBO
necka Byn6adn ¢ mectopoxknenus Hcer Texac. Cersas
OKpacka Ha ()0TO COOTBETCTBYET IVIaCTMacce M jaeT Npef-
CraB/leHHe O CTPYKType NOPOBOrO IPOCTPAHCTBA KepHA.
UepHHii 1BeT COOTBETCTBYET nycroTaM, OGPa3oBaHHHM B
pesyinTate 06paGOTKH MaTepHajJa o06pasia NJaBHKOBOH
kHcnoTOH. M3 3Toro pucyHka BHAHO, uTo pacnpeje/eHHe
NOPHCTOCTH B NECYIHHKe Goviee PaBHOMEPHOe, YeM B H3Be-
CTHSKaX, DAacCMOTpeHHHX paHee. JlanHnle aHa/JH3a 3TOrO
KepHa OTCYTCTBYIOT, TeM He MeHee MOXHO CYHTaTh, 4TO
ITPOHHILaEMOCTbL €ro cocTaBHAa O6nl okoo 2100 xd, a no-
pHcTOCTh 259%.

Ha puc. I1.4,d u3obpaxena cTpyKTypa NnopoBoro mpo-
CTpaHcTBAa KepHa u3 omToXenHid Kmupdopk npomeicaa
H. Monaxenc B 3anagnom Texace. Benmil nper coomser-
CTBY€T IJ1acTMacce, KOTOPOH NepBOHAYaJbHO GHIO 3amoJj-
HEHO [IOPOBOE IIPOCTPAHCTBO KepHa. TeMHHH wseT cooTBer-
CTBYeT NYCTOTaM, 1€PBOHAYAIBHO 3aHATHIM H3BECTKOBHCTHIM
MarepHaJoM. OT/IHUHTENBHOR 4YepToll 3TOTNO o6pasua sB-
JIAETCS HA/NHYHe JIeHTOYHOM - (AJMHHHBIE H3BHJAMCTHE NOPO-
Bhle KaHaAbl) CTPYKTYPH MOPOBOTO [POCTPAHCTBA. BHLIO
0OGHApYXKeHo, YTo O6pasibl TaKOTO THIA HMEIOT HJIH OYeHb
HH3KYI0 NOPHCTOCTb, HJH BHOGlle He HMEIOT HHKakKo# 3¢-
($eXTHBHOH NOPHCTOCTH. :

Ha puc. II. 4,e nokasana cTpykTypa mopoBoro mpo-
CTpaHCTBa NeBOHCKOro o6pasuna, OTO6PaHHOrO H3 CKBaXH-
HH MpoMHICAa PyanepTod ¢ ray6uun 2610 s, DddekTuBHas
HOPHCTOCTb €ro 11,202:, a npoHxuaeMoctb 2890 0. Jetadn-
HO€ pacCcMOTpeHHe (oTorpaduu nokasHpaeT, YTO BHICOKOE
3HaueHHe MPOHHIAEMOCTH o6pasua SBJASETCH pe3yabTaToM
BHICOKOH CTeNeHH COOGIAEMOCTH ero nop.

Puc. 1I. 2. BuewHH BHA KePHOB H3 CKBaXHH.
4 — 6apTaecBMACKHA mecyaHHK, okpyr Kaupaewn, mrat OkaaxoMa

C ray6uHe 2242 M; b — peBoH, oxpyr JIu., mraT Helo-Mexrko, ¢

rayGuHu 3707 M; ¢ — Hexunt ®puo, okpyr Hpioeke, Texac, ¢ ray-

GrHul 2165 M; € — Ennenbyprep, okpyr Antod Texac, ¢ rayGHHB

3965 M; e — koHraoMepaT Boadxamn, oxpyr Kpoker, ¢ rayGHHH

1847 M; f— HHxKHHR wmHoODeH, okpyr KepH, Kanugopuus, ¢ ray-
6HHB 5150 M.
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Puc. 1I. 3. MonoMur XbiOrOTOH pas/HYHOH NOPHCTOCTH
(Bce dotorpaduu BHNOJHEHb B oJHOM Maciitale).

Jlannble aHasnH32 KepHCB

1 2 3 ! 4 5 6 7
0,49 7,27 9,67 110,25 13,29 16,6 | 23,6
1,17 ] 13,62 [ 168,0 | 634,0

TMopucrocTk, % . . . .
INMponunaemocts, #9 .| 0,073} 0,025| 0,645

Copepxanne CBSSaH- i
HoH sogbl, % . . . .| 85,0 64,0 17,8 28,5 25,4 11,4 12,8

8 — TpelunHa NOCTOANHOLO pa3Mepa; 9 — TPellilHa TNePeMeHHOro Pa3mepa.
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Puc. 1. 4. doTtorpadun cTpyKTYpsl NOPOBOTO NMPOCT-
paHCcTBa pasJH4YHbIX 06pasios.

@ W b— uaBecTHAR Ap6aka; ¢ — necok ByaGafta; b — uapect-
usk KaupdopK; e — KeBOHCKHMA u3s8eCTHAK.

3.




§ 2. ONPEAEJIEHUE NOPUCTOCTH

JlopucTocTh SKCTparHpoBaHHOI'O CyXoro o6pasua npen-
cTaBisfer c¢oGOH oOTHOLIeHHe o6beMa ero mycroT K
o6beMy Bcero ofpasua (4acto ymuoxkaercda Ha 100, uTo6H
NOJYYHTb 3HaYeHHe TIOPHCTOCTH B npoueHrax). IIpH ompe-
JAeJIleHHH TIGDHCTOCTH CJedyeT pasaHiaTh gBa ee BHaa: 3¢-
(EeKTHBHYIO  TOPHCTOCTb, PaBHYI0 OTHOLIEHHIO 06beMa TOJb-
KO OTKPHTHX 10p (6e3 yuyeTa 3aMKHYTBIX NOD) KO BCEMY
06beMy TOpPOAH, U AGCOMIOTHYIO TIODHCTOCTD, ONpefesseMyI0
OTHOLIeHHeM o6beMa BCeX NyCTOT (BK/AOUAs H 3aMKHYTHE)
K ofllleMy o6beMy mopoan. HecoorsercTBHe 3HaueHHH 3THX
BHIO0B (IOPHCTOCTH TNPHCYLe H3BECTHAKAM HAH JPYTHM .1O-
poaaM ¢ GoJbLIHM KOJIHYECTBOM LEMEeHTa, KOTODHe MOryT
HMeTb NMYCTOTH, He coobllaiolHecs Mexay coboil, Kak npa-
BHJIO, Da3HHILA 3HAYEHHH - 3THX BHUIOB IOPHCTOCTH eCJH
H uMeeTCs, TO OUeHb He3HAUMTeAbHas. -

[as onpeneneHHs. TOPHCTOCTH H TPOHHLAEMOCTH OGHIU-
HO IPHMeHsIoTcAa 06pasubl gHaMeTpoM 20—25 mm H mAHHOM
25—40 mm, nosyyaeMble H3 KepHOB, OTOGPaHHEIX BO BpPeMs
GypeHus ckBaxHH. TIpenBapHTeNbHO KEDHH 3KCTParHpylOT-
¢ 8 annapate CoKcleTa OpraHHYeCKHM PacTBODHTENEM
H BHICYUIHBAIOTCS,

O6wmHA o6beM o6paslua NOPHCTOR cpPeln MOKET OHTDb
onpefeteH Mo credyiollefl Meroxuke: 1) BasemmnsanHe cy-
XOTO KepHa; 2) HacChlllleHHe KepHa 110J| BaKYyyMOM. M HIKO-
CTbIO ¢ H3BeCTHOH NJOTHOCTbIO; 3) B3BelIHBaHHe HacbIllel-
HOMO KepHa,

[Mopucrocrs noacuatTuBsaercs no dopmysre
(o6veM nop) 100

Topucrocts =
P 0o6beM KepHa

__(Bec xHOKoCTH B mopax Kepua) 100 0
" (NJIOTHOCTb MHIKOCTH) X (06beM KepHa) [%].

ITpumenp.

Bec cyxoro kepna 19,810 2, Bec KepHa, HacHIeHHOro
TerpaxJiopstanoM, 22,413 2, mec XHAKOCTH B mopax KepHa
2,603 "2, NMIOTHOCTb KHAKOCTH Py = 1,600 2/cm®, O6wmHi
o6GbeM KepHa 9,05 cu3,

2,603 X 100 \
Iopucroets = 1600 < 9.05 = 17,96%.
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Pac. II. 5. [TnotHOCTb 3€peH mopoasl
M KEPHOB B LEJIOM.

I — necoKk: 2 — u3pecTHAK; 3§ — MIOTHOCTL
3eped MNOPOAH; 4 — MJIOTHOCTE KepHa B
uenoM.

[To naunHeM, noayyaemHM Mo 3TOMY MeToAy, Ompefe
aserca o6beMHBA BeC B 11eJ0M, a TaKKe IJIOTHOCTb 3€peH
TBEpAOro Teja, caaramwoulero Kepd. -Ha puc. II. 5 npuse-
JeHH THIMHYHble OaHHBEe [JOTHOCTH KepHOB, OTOGPaHHBIX
H3 MectopoxaenH#t OxJaaxoMH. M3 smoro pucynka BHAHO,
4TO MIOTHOCTb 3€PeH NMopPoAH cocTaBaser 2,67 2/cm3, a naor-
HOCTb KEePHAa B lleJOM B 3aBHCHMOCTH OT BEJHYHHH [TODH-
CTOCTH H3MeHsleTCs, - MPHHEMAasA [PH MOPHCTOCTH, DaBHOA
HyJI0, 3Ha4eHHe, paBHoe 2,67 2/cu3, IToT rpadHK No3soseT
yTBepXkaaTh, yTo 3HaudeHdd 3PdexkTysBHOH K aGCONIOTHOM
MOPHCTOCTH AJSl HCCAeLOBAHHBIX. 06pPa3loB NPaKTHUECKH
OJHHAKOBHL,

3Ta MeToNHKA ONpeAeNeHAs NMOGPHUCTOCTH TPyAOeMKa, HO
APH OTCYTCTBHH CNeLHaJbHONO 060DPYNOBAHHA MOXKET OHTo
HenoJb3oBaHa. DoJiee NPeQNOYTHTENBHE  3KCITPECC-MeToq b
OonpelefeHHs NOPHCTOCTH, MPHTOAHHE AJS MaCCOBHIX H3Me-
peHHii. B Hacrosiliee BpeMsi HMeeTcsl 60/blloe KOJHYECTBD
MeTol0B HcclefoBaHus KepHos [II. 4], Haubonee npocThiM
METOJOM ONpeldesaeHHss MOPHCTOCTH ABJASETCA MeTod, B KO-
TopoM ‘06beM TBepAOro Teda M3MePHeTcH € MOMOILBIO rasa.

OpHrMHa/NbHHH ~ MeTOA  ONpefedeHHs [OPHCTOCTH You-
6epHa — BantHHra HeoAHOKpaTHo  BHAoH3MeHsacs [IL
67, 1L 5).

Ilo. meTony Topuoro 6topo (puc. II. 6) o6bem TBEeprOro
Tes1a onpeletseTcs 1o pa3HHle 06beMOB BO3LyXa B KaMepe
BHICOKOTO JIaBJ€HHS TIDH OTCYTCTBHM H NIPH HaAWUHH B Hell
kepua. O6bem GoMGu H TpyGok Mexay kpaHamu C u B
onpefesaseTcs 3apaHee, a KOJAM4ECTBO BO3AYXa, COAEpXa-
uerocs 8 3ToM o6beMe NPH ONpefeseHHOM AaBJAeHHH (Io-
pagka 15 ar), HaMepsieTcs C MOMOILbIO ra30B0H GIOPETKH

]

T

Puc. 11. 6. TToposumerp TopHoro 6Gropo [I. 67].
/ — H3MepHTeNbHan KaMepa BBICOKOro JAaBJC€HHSA; 2 — raso-
Basi 610peTKa; 8 — OGIHA BHA H3IMEPHTENLHOR KaMepu; 4 —
rpy3osofi maHomerp.



npn aTtmocdepHoM nasieHuu. OOmuii o6beM KepHa ompe-

. LeJsieTcs ¢ TIOMOLIBIO PTYTHODO NHKHOMeTpa. TakuM obpa-
30M, MOPHCTOCTb KEPHA HAXOAUTCS KaK OTHOLIEHHE Pa3HH-
uH ofllero o6beMa KepHa M o6beMa MHHePaJbHOIO CKeJaera
K oflleMy 00beMy KepHa.

B noposuMerpe KoBe (puc. 11.7) [II. 55, IL. 5] o6wem
MHHEPa/JbHOrO CKejeTa KepHa M ero oOWMi O6beM onpefe-
JAI0TCS TeM e caMbiM NDHGOPOM, YTO H B NIOPO3HMeTpe
Topuoro 6iopo. Ilpr 3ToM o6wmii 06beM KepHa onperenser-
¢ MO pa3HHIlEe OTCYETOB LIKaJdhl MHKPONPecca C KepHOM
M Ge3 KepHa B M3MepHTe]bHOM KaMepe. Onperelienne npo-
BOJIMTCS NPH aTtMocePHOM NaBJeHHH.

k]

Puc. I1.7. Tlopo3umerp Ko6e {II-55].
1 — okyasip; 2 — rpy3oBoit MaHOMeTp; 3 — NoJBOA
raza; 4 — coo6uieHHe ¢ aTtmocdepod; 5 - cMOT-
poBoe OKHO; 6 — o6pa3ely NOPOAW; 7 — PTYTHas
eMKOCTb; & — Nnopulenexk; 9 — MHKpOMeTpHuecKas
lIKala MHKpoOnpecca.

O6beM MHHEDAJbHOTO CKeJieTa KepHa onpeaessencs no-
CPeICTBOM CXKAaTHS BO3/TyXa B H3MeDHTeJbHOH KaMepe
PTYThIO OT.aTMocepHOro AaBJeHHS] 10 HEKOTOPOro AasJe-
HHA, 3ajaBaeMoro npufopoM THIA [PY30BOrO MaHOMeTpa,
C KepHoM M 6e3 KepHa B M3MEDHTeJbHOH KaMepe, Pa3sHocTb
06beMOB PTYTH IO UIKaJde MHKDOITIpecca M 3HaueHHe oObeMa
razoBoii KaMephl TpH HYJEBOM OTCYETe MHKpOIpecca mo3BO-
JSIIOT paccyuTaTh 006beM MHHEpPaJbHOrO cKeJaeTa KepHa.
IMopucTOCTh NOACYMTHIBAETCS  aHAJOTHYHO NpeALIAYIIEMY
cIyyato.

B 3aBHCHMOCTH OT NPHPOAH NPHMEHSEMOro rasa 3Hauye-
HUA TOPHCTOCTH HECKOJLKO H3MEHSIOTCsS. 3To BLI3BAHO TEM,
YT0 pa3JMyHbIe Ta3bl MO-Pa3HOMY afCOPOUPYIOTCS Ha TBEp-
OA NMOBEPXHOCTH. B 3aBHCHMOCTH OT [ABJEHHS M TeMmnepa-
Typel. Han6osiee noAXOAsIIIHM ra3oM [Jsi 3TOH IeJH SIBJS-
ercs reJui, TaKk Kak OH He anacopbupyercs Ha TBepIoH
TNIOBEPXHOCTH M HMEET HaWMeHblllee OTKJIOHeHHe OT HJOealb-
HOTO rasa.

CyliecTByeT TaKk¥e MeTOL OMNpeleseHHss IOPHCTOCTH
KepHOB, OCHOBAHHHWA HA BJABJMBAHMH PTYTH B IIOPH Kep-
Ha, DTOT METOH CpaBHUTEJNbHO HETOUEH, OCOGEHHO MJs
KePHOB HM3KOM [POHHIAeMOCTH, TaK KakK PTYTh He IOJIHO-
CTBIO 3anoJiHseT HauGoJee y3Kk#e IODH KepHa NPH LaBJe-
mux 100 ar v 6ogee. Has 370R uwean npuMeHsloTcss npubo-
PH, aHajornyHble n306pamenHoMy Ha puc. II.7. Tlepen
3aNoJHeHHEM KepHa PTYThIO OH BaKyyMupyerca. Ilocse arto-
M0 PTyTh BBOAMTCS B KaMepy /O OMPEIeJeHHOTO YPOBHS
M oTMeuaencs TMOKaszaHMe MukpoMeTpa. [ajdee Haa ypoBHeM
DTYTH co3[aeTcs /[aB/eHHe ra3a H 4acTb PTYTH BXOAHT
B IIOPH KepHa.

YposeHb PTYTH ¢ NOMOLILIO MHKPONpecca CHOBA NPHBO-
IWTCA B llepBOHAyajbHOE NoJoxkeHHe. Ilo pasHOCTH oTcue-
TOB -H ‘OnpenessioT o6beM PTYTH, BoumlexwHii B KepH. O6-
WHA 06beM KepHA OMpelesseTcs NO pPa3HHLE IOKa3aHHM
MHKpOTIpeOca NIPH HAJIHYUH H OTCYTCTBHH KepHa B M3MePH-
TeTLHOH KaMepe.

B ta6a. 11.2 npuseneHb! pesy.abraThl onuTos Bypaafina,
Toypuest 1 Puueprca (Burdine, Gournay, Reichertz) [I1. 15]
10 OfpefesIeHHIO NIOPHCTOCTH KePHOB METOLOM BLABJIHBAHHA
pryta (npu nasiennn 100 ar).

Tabauya 11.2

O6beM noOpoOBOTO NMPOCTPAHCTBA KEPHOB, 3aMOJHEHHBIX
pryTbio npu pasienwunn 100 am

3anoa- 3anon-
Mporn: | poposo- Mpons- | roposo-
Ne uae- ro npo- Ne uae- ro npo-
KepHa MOCTh CTpaK- KepHa MOCTB cTpal-
o rasy, cTBa no rasy, CTBa
#0 p'r);blo, M0 PTYTHIO,
171C 17 76 190A 93 80
164C 86 69 174B 36 71
wia | o2 | R | sm | % | 6
261 0,5 6 B
174C 38 75 192A 1440 82
164B 41 78 1698 30 55
3I11A 67 53 17'51_),£I 2(2) g?
161B 7 72 29 2
17310 16 77 261B 0,01 60
163A 29 78 686 46 57
681 81 61 867 88 77
B e BB R
680 38 61
682 20 59 14564 112 80
826A 140 85 13302 5 68

IMpumesanue. Nannse pssaTu w3 [IL 15])

JlaHHHe, TpHBeleHHHE B 3TOH rabaulle, NOKa3LIBAIOT,
yTO 3HAYeHHA NOPHCTOCTH, ONpeleJeHHBle 3THM METOLO0M,
6YLYT ‘3aHHIKEHBI,

MeTo1 onpeleneHHs MNOPHCTOCTH MO NJOTHOCTH 3€peH,
C/1aralollliX KepH, COCTOMT BO B3BelIHBAHHH SKCTParHpoBaH-
HOTO H BBICYUIEHHOTO KePHa H H3MEPEeHHH ero obimero o0b-
eMa. O6beM MHHEPAJbHOTO CKeJeTa KepHa onpeaeiasercs
neseHneM Beca KepHa Ha 2,67. Tak Kak IJIOTHOCTb pa3JHy-
HbIX MHHEpAJOB pa3juyHa, TO BPeMd OT BPEMEHH ee 3Ha-
yeHye HEOOXOAHMO ONpefessTh 3KCIepHMeHTaJbHO.

B nsitu 1a60opaTOPHAX GLIIH NpOBENEHB TOUHbIE H3Mepe-
HHSl TTOPHCTOCTH IPYNNB €CTECTBEHHBIX H HCKYCCTBEHHHIX
obpasuos [I1. 22], Ha puec. II. 8 npencraB/ieHH OpaBHATENL-
Hble Pe3y/bTaThl STHX H3MepeHHi [Jis necuaHHka MpOHHIA-
eMocTblo 20 MO.

<
7.5]0‘1
O6pasey N3
= 1451
g Coednee snavenue 1 " '1
Smoll-— — - =N~ =11
K ‘
2 .
S 4351
130

I I on il 1omiIt1TIl

N Bz Bs \Cl &

Puc. II. 8. CpaBHeHHe pe3yJbTaToB H3MepeHHH
NOPHUCTOCTH, NPOBEIEHHEIX B MATH Pa3/JIHYHBIX Ja-
6opatopusx (II. 22

1. 2. 3, 4 u 5— cooTsercTBeHHo naGopatopur A, B, €

B E I— ra3; 1l — soma; 1/l — opraHHYecKas MHIs
KOCTh
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§ 3. IPOHUUBAEMOCTb U EE USMEPEHHE

IlpoHHLaeMOCTbIO Ha3bIBaeTCs CHOCOOHOCTb INOPHCTHIX
cpen NMpenycKaTh yepes cefst HHAKOCTH H rasbl. 3a eIHHH-
Iy NPOHHILAeMOCTH NpHHSTO AapcH. OmHa ThicsYHas Aap-
CH — MHJJIHAADCH.

-Tlponunaemocts K onpepessiercss H3 ypaBHEHHs

g 5—(”‘1”), (IL. 1)

AT\ dL
cmd
qu (—dL IEXICnach .
K:—A—(dp )' cm? 1 am = A2P¢H:

rie g — obbeMHas CKOpOCTb B cM3/cex; A — nuomwanp no-
MEepedyHoro CeYeHUsi KepHa B cm2; | — BSI3KOCTb XHAKOCTH

: |4
(raza) B ¢n3;yj — Nepenaj AaBJeHHs Ha eQHHHIY JJIHHEL

xepHa B ar/cx; K — nmpoHHnaeMocTs B J.

Kepu ¢ nonepeunbiM cedyenueM B 1 cu?2 u AJHHOA | cm
(puc. II. 9) uMeeT npoHHIAcMOCTb, PpaBHyW I 49, ecau
o6'beMHas (CKOPOCTh (HILTpPALHH BOIH (BA3KOCTh == 1 ¢n3)
coctaBasieT 1 cmd/cex noa nelicTBHeM Iepenaja AaBJ/eHHd,
paBHoro 'l ar.

Puc. 11, 9.

¢ —va—

TlponnnaeMocTs H3MepsieTca MyTeM NPONYCKAHHS JKHI-
KOCTH HJIM [a3a M3BeCTHOH BSI3KOCTH dyepe3 -06pasell ¢ H3Be-
CTHBIMH pa3MepaMH H H3MepeHHS O0BEMHON CKOPOCTH
Gu/IbTPANMH * MHAKOCTH WJIH la3a A flepenajga JaBJjeHHs,
nod  AEHCTBHEM  KOTOPOrO  MNPOHCXODMT  (HJALTPAIHS
(puc. 11.10). KepH BcTaBiseTcs B MJOTHO NOAOTHAHHYIO

)

T

Pyc. IL. 10. Hamepesne npoHHIaeMOCTH.
| — TepMOoMeTp; 2 — LIapHKONOJUIHNHHK; 3 — De3HHOBas TPOOGKa;
4~ ob6pasel; NOPOIBI,  § — HrOJbYATHI BEHTHAb: G.— COEIHHH-
TenbHas mydTa; 7 — BXoj BO3JAyxa; 8 — rpagyHpoBaHHasi TpyGs
Ka; 9 — Boja; 10 — peoMetp; II— ManoMeTp,

Pe3HHOBYO NPOOKYy Tak, u4ToOH He OBUIO 3a30Dd MEXIy
npobKkol H kepHoM. Ilepenan gasjeHHs H3MepsieTcs NO Ma-
HOMETpY, a CKODOCTb — AHadparMeHHbBIM DaCXOmLOMepOoM
HJIH (KOTZa CKOPOCTb CPaBHHTEJbHO MaJja) 1o CKOPOCTH
nepeMellleHHsl BO3AYIUHOTO Ny3EIpbKa B KaJUGPOBAHHON cTe-
KJISIHHOB TpyOKe. )

YpasHenne (II.1) wHanucano B auddepeHuHaNbHOR
dopmMe M nJs NpHBefeHUs K BHAY, YIOOHOMY AJs BBIYHC-
JIEHHS] TIPOHHLAEMOCTH, AOJMIKHO ObITh NPOHHTErPHPOBAHO.
B cayyae GHAbTpALHH KHAKOCTH o6beMHas CKOPOCTh IIO-
CTOSIHHE, TaK KaK IJIOTHOCTb €€ BO BpeMs IBHXEHHs IO
obpasly NMpaKTHYECKH He H3MeHsieTcs. [1o3TOMy npu nBHKe-
HHM MKHJIKOCTH B TNOPHCTOH cpefe, koria g, A, p H
noctosiHHbl, ypasuende (11.1) nmpuHHMaer BuI:

__K_API*Pz
e A

Js razoB oObeMHast CKOPOCTb § H3MEHSETCS ¢ U3MeHe-
HHEM [aBJIeHHS, H T03TOMY HEOOGXOAHMO MOACTABJNATh B
ypaBHeHnHe (II. 2) 3HaueH:de ¢, COOTBETCTBYyIOLIEE CPEIHEMY
1aBJeHHI0 B ofpaslle, HJIH TNPH WHTErPHPOBAHHH YPaBHEHHS
(II. 1) caemyer yuHTEIBaTh, 4YTO o0O6beMHass CKOPOCTb @
M3MeHsieTCSI B 3aBHCHUMOCTH oT pgaBJseHus. Ob6a Mmeroaa
[al0T OJHH H TOT XKe OKOHYaTe/bHBIH pe3y/bTaT, €CJIH ras
nogyuHsieTcsl 3aKOHaM HaeaJbHBIX rasos. [as nepesoaa
ofbeMa rasa npH cpelHeM [NaBJeHHH B O6GbeM ralda Ipu
aTMoc(epHOM J1aBJeHHH NPHMEHSIOT GopMyJ1y

P11+ P2
206

Ucnoabsys ypasHense (1. 2), noaygum

q (1. 2)

Q=g (L. 3)

KA
Q= oL iy (p% —pg) ; (1. 9

_ 2QL p pg [
= A(p%——pg) 1.

2000 QL p pg
= = [M0],
A(E—m)

rae K — nponuuyaeMocts b xd; Q — ofbeMHasg CKOPOCThb
rasoporo moroka B cm3fcex; L — nnuHa «xepHa B Cag
lL— BSI3KOCTH rasa B cn3; A — MJOWIalb [ONEPEYHOro ce-
YyeHHs KepHa B Cm2, p| — [HaBJeHHe HA BXOje B KepH B AT,
p2 — 1aBJIeHHe Ha BLIXOJA€ H3 K€pHAa B ar; Ps — Gapomer-
pHYecKoe JaBJeHHe B ar.,

B ta6.. 11. 3 npuBeeHbl JaHHbIE pacyeTa POHHIAEMOCTH
necyaHoro kKepaa c¢ nopuctocThio 18,2%. UTo6m moxasath,
YTO 3HAyeHHe TPOHUILAEMOCTH He 3aBHCHT OT CKODPOCTH
GUIbTPALUH, ONPeNesaN €€ NPH Y4eThpeX Pas3iHYHEIX CKO-
POCTAX GHIAbTPALHH.

Ecau 6bl cKOpoCTb ¢HAbTPAlldM CTata CAHMKOM 60Jib-
IIOH, TO NPOHHLAEMOCTb YMeHbIIHTach OW TNpPH pacyeTax
N0 NPHBEJASHHEIM BhllE ¢GOpMyJaM, Tak Kak B 3TOM Cay-:
yae ABHIKEHHe raza B obOpasue mepectasno OBl NOAYHHSThCH
sakony [lapcH.

CylecTByeT HECKOJMbKO NpHEOPOB IS  ONpeie/eHHs
NIPOHHLAeMOCTH KEPHOB C MHHHMAJ/bHBIMH 3aTpaTaMH Bpe
MEeHH Ha u3MepeHus H pacyeThl (puc. II. 11).

IlponHLaeMOCTh eCTeCcTBEHHBIX KePHOB CJedyeT H3MepsTh
KaK B HampaBJeHHH HAnJacToBaHHS, TaK H INePHeHIAHKY-
JISIDHO 3TOMY HanpasJeHHIO, [/ 4ero o6pasmbl COOTBETCT-
ByIOIIHM 06pa3oM BbIpe3aloTcsl H3 KepHOB (cM. pHc. I1. 2, a).
Ecau niacT cORepKUT IIHHHCTHE IPOCAOHKH, TO NPOHHIAe-
MOCTb B MEPNeHIHKYJSPHOM HaNJacTOBAHHIO HaNpaBJeHHH

HJIH

(11. 5)



Tabauya 11.3
Mpumep pacyeTa NPOHHLIAEMOCTH
PasMepn kepua: aamua 2,36 cm, auamerp 1,81 cm, maomans nonepeuysoro cewenss 2,58 cm?; 6apomer-
pHueckoe jAaBjeHue 763 mm pm. cm., Temnepatypa 20°C, P's_oa;;:O'OISI na3.

CKOP‘;‘;‘;’;;;:““” Tlepenap faBieHHs
2 2
Ne . - X .
onuTa MM 5;‘7; ¢m. nepenajn (pl pi)s % Mlg
nHa- JaBJlieHHs Pa2. Pes P1. X 10
$parma Ha pHad- | Q, cud/cex|mm pm. cm.\um pm. cm.|um pm. cm.
parme, n36. a6e. a6c.
MM 600. cm.
1 782 A 17 0,88 1,2 764 1545 1805 9,36
2 729 A 15 0,80 1,1 764 1492 1642 9,35
3 276 B 87 0,24 6,25 769 1039 488 9,44
4 180 B 54 0,15 3,95 767 943 301 9,57
Q 2000L0p2 s 5000 x 2,36 2
K=C—5—3 _ 76 __ ;36 X 0,0181 x 7602763 _ .
p?..pg' rae C Y = 358 760 = 19,20 10%

Py H p; AaHM B aGCONIOTHHIX MM pm. cm.

Puc. 11.12. O6wmmui sun npuGopa Xaccnepa aas H3Mepe-
HHSl TIPOHHILAEMOCTH LEJBHHX ecTecTBeHHbIX Kepuos [I1.43].

Puc. 11. 11. TIpuGop Aas onpefeneHus NPOHH-
11aeMOCTH KEDHOB To rasy.

a
6ydeT MeHbllle, 4eM NPOHUIAEMOCTD B HANpPaBJEHHH HamJsa- Puc. 11. 13. CxemaTtHueckoe u3obpawe-
CTOBaHHs. XapakTepHble faHHhe npHBeleHnl B Taba. 11. 4. HHe KepHOjJepxKaTeas npubopa Xaccne-
B ecTecTBeHHBIX KepPHAX H3BECTHAKA HJH JOJOMHTa (CM. pa [II.43].

PHC. 11.2,b) TNOPHCTOCTE MOZKET 6LITH B BHAE KaBepH HJH a — H3MEPeHHe IIPOHHIAeMOCTH B BEpPTHKaL-
MYCTOT PAacTBOPEHHs, KOTOPblE MOTYT ‘HE MONacTh B o6ipa- galgc_r*:lﬂ"ga?g;:;lgﬁgn:“gi"eﬁg;g;e:gzﬂﬂ;li
sell, B 3TOM cayuae HeoGXOAHMO ONpenensTh NOPHCTOCTh BO3AYX HH3KOrO NaBMEHHST (ANA CO3AAMHA
W TPOHHIIAEMOCTH AJfA BCEro oTo6paHHOrO KepHa. Ha noToka); 2.~ BO3AYyX BBRICOKOro AaBJeHHA (AnA
puc. 11. 12 w 11. 13 [I1. 43] noka3an npH6op ANs H3MePeHHs aaggggéh;‘ﬂmi); g.— ;ig:ixo‘é;n Ba:gyyﬁmx;as;x

‘ pa epy: 6 — 37—
MPOHHILAEMOCTH TaKHX 6CTECTBEHHBIX KepHOB (IO THOY MpH- pY6a: 8 meranuueckan Mpobka: 9 - cet-
6opa Xaccsiepa). Ka; 10 — De3HHORHWA AHCK.
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Tabauya 11. 4

ﬂaHHHe No NOPHCTOCTH H NPOHHIAEMOCTH KepHOB

IIpouH- Npoun-
n - - -
QO61eKT HCCIeA0BaHHA CT(?g:b, Mli):::?rh Q6BekT uCcaefAOoBaHHA ?&Pric. Mlloac?r-b
% M0 % Pr.
Bapraecsuiickuii necuanuk (Oksaxoma) 14,7 6,7 OonutoBhifl mecuanuk Pogecca (Jlyusuana) | 28,0 | 14,3
19,4 | 487 30,5 | 207
17,3 | 41,5 30,2 | 328
158 1 18,2 30,2 | 220
129 | 21,5 339 | 470
33,6 | 595
[Tecuanuk Benoficr (Mannnoiic) 16,7 t 87,5 gg'g gg‘l1
142 | 157 | ’
15,3 | 58,0 |
12,5 | 20,0 [Mecyanuk Tencaun (Bafomuur) 11,8 86
15,1 | 323 18,0} 53
14,0 | 189
Mecuanuk Kpomseasn (Oxaaxoma) 139 | 171 ﬁ:g gg
14,2 | 174 931 9,7
16,3 ] 366 19,1 | 99,5
10,8 | 51
A '
Hecuannx Kunpece (Mmmmofic) 137 30 MMecuaunk Jloc-Anxenoc 111 (Kamudopuus) g;ﬁ gz
16,4 | 249 25,6 1 119
20 | 74
19, 2
- EnenGeprep, mosmomur (Texac) 54 | 1285 Mecaanik Buakoke (Oknaxoua) 2?’;,2 1§§0
23,7 2158
[Mecuannk ®pHo (Texac) 22,4 | 1475 131 3
18,1 | 42,2 19,2 | 456
25,1 | 860
BuJikoke 18,1 | 155
[Tecuanux Karuenn (Kanugopuus) 13,9 | 965 {g’i 32?
14,1 | 425 21,9 | 1030
19,1 { 780
Mecuanuk Tnenn (Oknaxoma) 16,6 | 9,5 [Mecuanuk BynGaitn (Texac) 1521 560
16,3 10 26,8 | 2110
25,3 | 276
. 17,31 105
2 302 23,8 111
22,1 | 3390
27,7 859
Tlecuannk muoueHa (Jlyusuana) 36,1 | 578 20,0 | 341
33,2 { 1455
39,4 5
37,3 2?0 B penngopIcKHl necuaHHK 104 { 0,77
378 | 360 1261 167
342 | 980 1481168
32,2 | 1040 1421 27
16,7 | 55,8

{1pumevanue. JauHue basTa Ha [I1. 35, I1. 26, 11.41).

[lpucyTcTBHe TVIHHHCTOTO MaTepuaJa B KePHAaX BRI3HI-
BaeT OCJHOXKHeHHs TIPH H3MePeHHH npoHHuaeMoctH. [Ipu
CYLIKe TakKOTO KepHa TJIHHA (0COGeHHO GEHTOHHTOBAA) MO-
KeT COKPATHTbLCA B 00beMe H BO3AYXONDOHHIIAEMOCTb BHI-
CylleHHOTO KepHa GyideT Goublueff, yeM Morsa OH OHTb
npoHULaeMocTh ero no Boje. CJellyeT YuHTHIBaTh TaKiKe,
4TO B NPecHOl Boje IVIHHBEL Ha6yxaioT GoJblle, yeM B COJe-

46

#ofl. [ToaroMy npuMeHeHHe NPECHOA BOABI AJIS H3MepeHHs
TIPOHHIIAEMOOTH TVIHHHCTBIX KEeDHOB MOXET NPHBECTH K 3a-
HHXKEeHHBIM 3HayeHHAM npoHHiaeMocTH. B rta6a. 11.5 npa-
BeJeHnl jgauuble JIxoHctona u Dbucona (Johmston and
Beeson) [I1.39] no H3MepeHHIO NPOHHILAEMOCTH KaJH}OpHHI-
CKHX KepHOB, COlepKALIHX TIHRY.



Tabauya 11.5

TTpoHHIAEMOCTE eCTECTBEHHNX KepHOB NO BO31yXy, NpeCHOR W coseHoft Bone

TIpouunaemocTh, #0 |Oryomenne| 11ponUNAEMOCTs, 40 Oryomenue| [IPOHURACMOCTL, 40 |Oryomenpe] T1POHHLACMOCTD, 40 OTHOmenne
M poHHIae- TNpoHHL ae- TNpOHHIae- T 1| nponnyae-
no no MocTefi nmo no no MocTeli no no no mocteli 1o | 1o no | MocTeli no |
no cosies | mpec- |MPecHoA H no | come- | mpec. {MPeCHOA H | 1O | ¢gone.| ppece | MpecHofi H| no cose-| mpec.] npecuo#t u
BOSAY- | ‘hofi | HoA | CONEHOM |BO3RY-| yop | mon | COMEHOA | BOS- | yop | ‘yop | comeHoR | BOSAY-| won | woi | colenod
xy Boge | BoAe B%jlev Xy | Bope BoJle B‘,’,ze' RYXY | sope | Bome B%;Ie» XY | Boge | Boge B%/}ze,
CKBaXuHa A una B CKkBaXuHa B
Cueue::]-rol;:)%(;lgannaﬂ PS:::::( r:iopo}:la Cueue:ggg::annas Pgﬁz,:l:l%apgna
285 62 2,2 3,6 660 | 354 17 4,8 368 41 27 66 350 1 165| 115 70
481 228 | 11,0 4,8 655 | 340 26 7,6 445 | 70 62 89 4551 110| 105 95
123 82 59 7,2 680 | 342 38 11 221 28 1 83 29 625 85| 25 29
113 43 1,9 4,4 206 | 198 40 20 302 58 | 54 93 975 | 540 36 6.7
61 6,8 1,2 18 374 | 279 63 23 731251 08 32 "1550 | 1140 200 18,
36 0,4 0,1 25 1030 | 485 22 4,5 33| 45 50 111 565 | 5051 210 42
159 1,6 0,4 25 192 98 21 22 266 | . 69 50 72 6890 |5510] 330 6.0
72 2,3 0,7 30 211*% 65 48 74 616 | 230 | 168 73 5000 | 2980 155 5'2
310 5,0 1,5 30 625* 242 170 70 2621 25 35 140 875 | 495| 28 5'7
328 57 | 51,0 90 420 | 216 22 10 191 57 50 88 420 | 415} 101 24'
42 23 6,4 28 236 | 112 17 15 283 | 41 42 102 4250 {2510 34 14
24 24 { 16,0 67 260 | 129 56 43 130 34 33 97 3510 | 2160 84 3'4
51 16 | 56 35 322 | 168 29 17 304 ) 21 15 72 3140 |2100] 40 1.9
42 29 4,1 14 330 58 8 14 66 32 20 63 3120 {1950f 150¢1 7’7
35 17 2,7 16 560 | 240 56 23 611 17 15 89 1120 | 540¢. 135 25'
41 15 51 34 214 63 7 11 10 3 4 133 1870 | 10901 355 a3
22 14 4,0 29 715 | 437 15 3,4 521 20 20 100 3810 {3410 1170 34
46 16 57 35 470 | 305 27 8,8 50 221 54 25 1530 | 875| 125 14
92 89 | 12,0 13 535 | 267 11 4,1 117 37 26 70
178 40 6,4 16 405 | 217 14 6,4 230 | 134 70 52
20 12 29 24 325 | 186 14 7,5 14 9 5 55
14 59 1,8 31 270 § 101 34 34
9,8 6,1 2,8 46 470 | 240 59 25
25 13 3,5 27
14 9,9 3,5 35
36 22 3,5 16
104 6,7 2,1 31
88 11 2,3 21
438 360 4,9 1,4

* CueMeHTHpOBaHHHe o6pa3unl, laHubie B3sTh u3 (11.39).

§ 4. AIBJIEHHE NMPOCKAJIb3bIBAHHS TA3A

OGbLIYHO NPOHHIAEMOCTb H3MepseTca NpH GHIBTPAlHH
gepe3 KepH Bo3jyxa. B cBfi3aH ¢ 3THM menecoobpasHO pac-
CMOTDETh H3MEHeHHe CBORCTB Ta3oB B Ipouecce (GHAbTpa-
OHH HX TIPH HH3KHX AaBJEHHAX B KaMHAJASpaXx MaJblX pas-
Mepos. Ecau pasmep Kanmuanspa cousMepHM <o cpelHed
IMHHOA CBOGOJHOTO npobera MOJEKYJ, TO Tras. ABHKETCS
B STOM KanmuaJuasipe GbICTPee, 4eM 3To AOMKHO CJAE10BaTh
u3 3akoHa [lyasefins u [dapcu. TeopHs JAaMHHaPHODO ABH-
JKeHHs IPeanoJaraer, YTO CKOPOCTb JBHXKEHHSi Ha CTOHKe
TBEPAOTO TeJa paBHa HYJI0 H B CJIOAX ABHXKYILenocs rasa
HMeeTCsl HanpsiXKeHHe CIBHra.

Hcnombsys B kauecTBe MOJGJAH CTEKJASAHHHA KamHJaSp,
Kanuken6epr (Klinkenberg) [11. 44] suiBen ypasHeHHe, cBS~
3HBalollee TPOHHILAEMOCTb [0 a3y ¢ NPOHHIAEMOCTbIO 110
KHAKOCTH (MM Ta3y BHICOKONO [aBJEHHS), CDeIHAs AJHHA
CBOGORHOTO mpoGera MOJIeKYJ KOTOPOH 3KCIePHMeHTaJbHO

MaJnja:
!
K, =K, (1+4—:—),, (1. 6)

rae Kr — NpoHHUaeMOCTh 00 Tra3dy; Ky — nNpOHHLAeMOCTh
M0 ¥HJKOCTH HJM [0 Ta3y BhICOKON MJIOTHOCTH, A — cpes-
HeAsl JIJIAHA CBOGOJAHOrO Tipobera MoJeKyJ Ta3a TPH.- AaBJe-
HHH, NIPH KOTODOM H3MepSeTCs NPOHHLIAEMOCTb; ¢ — KO3h-
(GHIHEHT NPONOPUHOHANBHOCTH, NPHGIH3HTENLHO DaBHHIM
eJlHHHILe; r — pajHyC KalHLIapa,

Tak kxak cpefHsis AJHHA CBOGOLHOTO MmpoGera MoJeKyJ
JJs uAealbHbIX Ta3os o6paTHO NPONOPIHOHANLHA [aBJe-
HHIO, @ 3HAaYeHHe r COOTBETCTBYET OmnpeleseHHOR NOPHUCTOH

cpeze,
K.= Ky (1+ ) 1.7
pCp

rie b — koo HHUHEHT, NOCTOAHHHA AJA JAaHHOM CHCTEMM
ras — TBepJoe TeNo; pcp — CPelHee JaBJeHHe ra3a, QpHibe
TPYIOILETOCH Yepe3 NOPHCTYIO CPEAY.

Orcloaa cieayer, YTO NPOHHUAEMOCTh Mo ra3y ofpaTHo
NpONOpUHOHANBHA [aBJeHHI0 rasa. [To3ToMy 3aBHCHMOCTb
NPOHHIIAEMOCTH 06pa3na [0 ra3y OT BeJHYHHH, OO6DaTHOH
JlaBJIeHHIO Tas3a, ABJgeTca npsaMonanHedHo#. Ha puc. II. 14
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Puc. II. 14, TlpouHuaeMmocts obpa3ua mo
BO3JYXY NpH pasJHuHnx pAasieHusx [I1. 44].
TIpounnaeMocTs KHUILKOCTH  pa3ana

obGpaana no
23,66 m3.

npeicTaBieHa NOACGHAas 3aBHCHMOCTb, NoJyuyeHHas Kuun-
KeHGeproM majasa o6pasiua, HMelollero MPOHHUAEMOCTb 019
JKHIKOCTH, pasHylo 23,66 m0. D10oT rpaduk nokasbiBaer,
9TO JaBJeHHe a3a BJHSET Ha BEJHUYHHY IPOHHIAEMOCTH,
a TaKxe J0Ka3blBaeT CNPaBelHBOCTh INOJOXKEHHS O TOM,
y1o 3¢ (eKT NpockaNb3WBAHHA HMeeT MeCTo B cJyyae Ma-
0% pa3sHHIBI MEXAY opefHell AJHHOA cBoGOZHOTO npobera
MOJIEKYJ H AnaMerpoM mopsl. Heo6xoaHMO OTMeETHTb, 4TO
Bce TOYKH Ha puc. 1. 14 coorBercTBylOT nasJjenHo 1 ar,
T. €. YCJOBHA ONpejlesleHHs] NPOHHILAeMOCTH OGBIJIH B JaHHOM
c/yyae HeOOBIUHBLIMH, Pe3yJbTaThl 3THX ONHITOB NPHBeAeHb
Takxe B Tabu. I11. 6,

Tabauya 11.6
3HayeHHS NPOHHIIAEMOCTH KEpHA MO BO3AYXY NPH Pa3JHYHHX
3MayeHHAX AaBJeHHS
(npoHHIaeMOCTb N0 XKHAKOCTH 23,66 x0)

BennuuHa,|I[TpoHu- Bemuuhna,

Cpepee | ogpathan | nae- Cpeltee | o5parpag | [1pOHHUae-

RaBJIEHHE, | naprenHio,| MOCTh, || AABTIEHHE, | nagrenuio,]  MOCTB,
am 1/am M0 am 1/am HO

0,01036 96,56 290 1,57 0,636 26,79

0,01633 61,20 197 2,657 0,3764 25,22

0,05921 16.89 75,6 5,10 0,1961 24,62

0,1464 6,829 46,6 9,19 0,1088 23,93

0,799 1,251 28,6 20,01 ; 0,0499 23,65

Ipumesanue. Nauune B3arw u3 [II. 44]

Kanxayn u IOcrep (Calhoun and luster) [II. 17] nceae-
nosadH 3PbeKT NpocKasib3biBaHHA AJS DPasJHYHBIX Tas30B,
BKJIIOYasi MeTak, sTad H nponan (puc. II. 15 u II. 16). B ka-
decTBe MOPHCTOH CPeAbl OHH HCIIONb30BAJH GHILTD H3 CTeX-
Ja MHpPEeKC ¢ TMPOHHIAEMOCTBIO 10 KepocHHy 2,70 mO.
DKCTPAanoNHPOBAHHOE 3HAYEHHe [POHHIIAEMOCTH  3TOTO
¢uabTpa 1O pas3JHyHBIM TazaM cocrasuao (puc. II 15
# 11, 16) 2,75 mO0,

Tak Kak JaHHbe NPOHHIAEMOCTH HCIOAb3YHOTCS B INIpO-
meccax, MPOHCXOAMLINX B YCJAOBHSX, OTJIHYHBIX OT TeX, IIpH
KOTOpBIX OHa ‘W3MepsieTcs, KeJaTeJbHO HMETb 3HayeHHS
NPOHHILAEMOCTH JAJSl KHJAKOCTEA H Ta30B NPH AaBJIEHHSAX,
6/H3KHX K naacToBhiM !, [TpH noBbluieHHH AaBJeHHS [JHHA

1 Kpome TOro, ejaTeJlbHO 3HAThb H3aMeHeHHe MPOHHLAEMOCTH
B Npouecce paapaGo‘rKH MeCTOpPOXAEeHHA nNpH CHHXKEHHH JagJje-
BuR. — [lpum. ped.
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1/p (6enuuuna, 06pamnas cpednemy dabrenuto),lfam
Puc. 11 15. BinsAHue AaBJeHHs Ha NPOHHIAEMOCTH

NOPHCTOH cpeibl aas pasiuyHblx rasos [II. 17]
npu teMmneparype 25°C.
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1/p (Benuqura,06pamnas cpednemy dabnenuro), 1/am

Puc. II. 16. BiausiHHe fAaBJleHHss Ha NPOHHIAeMOCTh
NOpHCTOR CpeAbl AJs MeTaHa, 3TaHa H NpONaHa
[TI. 17] opu Temneparype 25°C.

1 — Meran; 2 — 3Tal; 3 — nponad.

cBoGOAHOTO mpobera MoJeKy. rasa yMeHnbmaercs. [losromy
pacxoj rasa yepe3 NOPHCTYIO cpely OyjleT MeHbuUIe pPacxoAa,
KOTOPHI JOJMKEH IM0JYy4aThCsl COOTBETCTBEHHO IIPOHHILAe-
MOCTH, H3MEPeHHOH NpH aTMOC(PEPHOM AaBJeHHH, TakK Kak
3¢ deKkT NpocKalb3bBaHHSA a3a YMeHbUIAeTCs ¢ YBeJHYye-
HHeM ero jaasieHHsa. CJenyerT NOMHHTb, YTO IPH HH3KHX
JNaBJeHHaX 3PdeKTHBHAS NPOHHIAEMOCTb MOPHCTOH Cpeibl
AJa8 TasoB H3-3a ABJEHHA NPOCKaNb3bIBAaHWUS GoJblie, yeM
TPOHHILAEMOCTh ee A XKHAKOCTeH.

IOctep ¢ corpyauukamu [II. 35] nccrenosann sBJeHHe
TMPOCKaJdb3bIBaHHA AJS DA1A KEPHOB, 0XaPaKTePH30BAHHBIX
3HaYEHHAMH NOPHCTOCTH H IIPOHHILAEMOCTH N0 BO3AYXY H 10
kepocuny. Ha pue, II. 17 npeacraBiensl pesyabTaThl HX
ONBITOB B BHAE 33BHCHMOCTH MOCTOSIHHOIt b H3 ypaBHeHHS
(I1. 7) 0T NPOHHLAEMOCTH KePHOB 10 KHAKocTH. Ha ocHo-
BaHUH 3THX SKCIIEPHMEHTOB HMH JaHa 3MIHDHUYecCKas 3aBH-
CHMOCTb

=077 K", (I1. 8)

OG6blYHO NPOHHIAEMOCTh 10 BO3AYXY H3MepSieTcs INIph
cpenHeM JaBJeHHH, HecKoJbko GosabmieM | ar. Mcnonbsys
3qayenuss b u3 puc. 11, I7 U 3naueHHe cpeaHero AaBJEHHA
pep(1; 1,5; 2,0; 2,5 u 3 ar), npd KOTOPOM NPOHCXOAHT Te-
YyeHHe BO3Jlyxa uyepe3 KepH, HaXOJHM BEeJHYHHY I[ONpaBoy-
HOTo Kosdpduuuenta. [Tpn yMHOXKeHHH 3TOro KO3 HEHTA
Ha BEJHYHHY IPOHHILAEMOCTH IO BO3JYyXY NoJyuyaeM 3Hauye-
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Puc. 1I. 17. 3asucuMocts KosdodHUHeHTa b OT NPOHHLAEMOCTH KepHOB = 7 ,&;,0\? /
N0 XKHAKOCTH. F S
. /010/
=/
HHe IIPOHHIAEMOCTH MJIS JKHAKOCTH HJH TPOHHLAeMOCTH 301 // P2
AN rasa OpH BbICOKOM [aBJEHHH, YTO HJJIOCTPHpYeTCs N /
rpajpukom puc. II. 18. Hanpumep, npu Ky =0,1 u0 u3 - "2
puc. II. 17 xosdduuuent b = 1,91 Tlpu pgaBienun, paBHou -
1 ar, umeem 0,001
K I I 0 0,2 94 66 08 40
p: 4 ~ K,
= = e e 6npabounsi ko3pPuyuenm m =
M=K, ST L8010 — 25 = 0343 o oruvenn m = e

Ilponnuaemocts no rasy ua puc. IL. 18 K = 0,291, a npo-
HHILaeMOCTb N0 XKHAKOCTH Ky = 0,343 X 0,291 = 0,1 4.
Kpusbie Ha puc. II. I8 cooTBeTCTBYIOT nepenagam aasJe-
HHS Ha KOHNax KepHa A p, pasubiM 0, 1, 2, 3, 4 ar aas
CJyyas NaBJEHHS Ha BBIXOJe H3 KepHa, paBhoro | ar.
Bonbmio#t pas6poc Touek ma rpaduke puc. II. 17 noxasbi-
BAeT, 4TO COMOOTaBJIeHHe KePHOB M0 NpPOHHIAEMOCTH He-
A0CTAaTOYHO TOYHOe. HanbGonee unesecoo6pasno AJas 3THX lie-
Jel HCNOJb30BaTh CPeJHHH [AHaMeTpP NOp, MOJYYeHHbIH 0
H3MEPEeHHAM KalWLIApHOro nasseHHs. K coxasenuio, onpe-
JeJieHHe KPHBBIX KaNHW/VIAPHOTO [aBJeHHS He BXOOHT
B o6bIYHYI0O MeTOAHKY aHa/in3a KepHoB. J11 oLeHKH 3pdek-
T2 NPOCKAJb3BIBAHHA 433 10 H3MEPESHHAM NPOHHLaeMOCTH,
OCOGEHHO I/l KEPHOB C HH3KHMH 3HauYeHHSMH NpOHHLae-
MOCTH, ONpe/le/leHHe MPOHHIAEMOCTH JKeJaTelbHO IpPOBO-
AUTb NPH ABYX KaK MOXHO MEHBIIHX 3HayeHHSX CPelHeno
daBneHHs. TIpH OTCYICTBHM TaKMX J2HHEIX CpeqHHi mompa-
BOYHBIA KO5QOHUHEHT MOXeT 6hITb moJdyueH u3 puc. 11, 18,
Csenyer, olHaKo, MOMHHTb, YTO NeHCTBHTENbHOE 3HAYEHHe
NONPaBOYHOTO KO3 (HUHEHTa /ST KOHKPETHBIX [OPHCTBIX
Cpell MoXeT OT/HYaTbCA OT 3TOr0 CPeRHEro 3HAYeHHs, 4TO
TNOATBepKAaeTCcs BO/bIIKM Pa36pOCOM Touek Ha puc, 11, 17.

3naveHnsa ko3P OHLUHEHTA b MOTYT 6bITb HCIOJB30BAHbI
019 BBIYHC/IEeHHS 3 PeKTHBHON TIDOHHLAEeMOCTH M0 BO3AYXY

Puc. II. 18. TTonpaBka X BO3AyXOnpoHHLA-
e€MOCTH Ha 3(deKT NpOCKa/b3bIBAHHS.

H DpPH JPYrHX 3HAauyeHHsAX cpeiHero AaBjeHHs. [lpu ompe-
AeJleHHH TIPOHHLAEMOCTH KepPHOB He II0 BO3AYyXy, @ MO Apy-
THM rasaM 3HayeHHe Kos(dHiuenta b ans 3Toro rasa Mo-
KET OblTh HAHOEHO M3 COOTHOWEHHS
bBoa.!I .
b

ras

)\80311

(I1. 9)

]
ras

rae A —cpelHss AJHHA cBOGOJHOTO Npo6era MoJeky..

Cpennne mHHB CBOGOAHODO Npoera MoJjeKyJ BO3AyXa
H IPYTHX ra3oB JO/XKHH OpaThCs NPH OJHOM H TOM e
[dBJIEHHH,

SlBseHHe npOCKa/b3LIBAHHS NpeX[e HAa3bBajoch KHy-
AHHOBCKHM HJIH MOJIEKYJISIDHBIM TeueHHeM. B H3ReCTHOM
CMBIC/Ie a3 YaCTHYHO JAHPOYHAHpYeT uepe3 MOPHCTYIO
cpeny. Ilpm MeHbwIMX JaBJeHHsX ras AHGOyHAHpYeT
Ha GoJiblilee pacCTOSHHE, YeM NPH BLICOKHX, H TeM CaMbIM
CIIOcOGCTBYET O6ILIeMy TedeHHIO ra3a uepe3 HOPHCTYIO cpedy.
SlB/eHHe NPOCKa/b3bIBAHHS B YCIOBHSX HEyCTAHOBHBLIErO-
€A TeueHHs rasa Hayyajocb BassnnckoM ©u ApoHOBCKHM
(Wallisk and Aronofsky) [II. 69].

§ 5. TYPBYJIEHTHOE TEYEHHE'

TIpu TeueHHH KHAKOCTH B NOPHCTOH Cpele OBBIYHO CKO-
POCTb NOTOKA MNPSIMO NPONOPLHOHA/NBHA Nepenaiy AaBie-
nus. Haunnas ¢ HexoToporo 3HaueHHst, yBesHueHHe CKOPO-
CTH nepeCTaeT COOTBETCTBOBATh YBEJMYEHHIO Nepenajfa AaB-

I DBoslee npaBHiibBO BMecTO TYPOYJEHTHOI'O TeYeHHS HA3KIBaTh
«buIbTPAUHR NPH HApYUIeHHH 3aKOHa Hapcu». — pum. pead.

JIEHHA Al XKHAKOCTH (HJIH PasHALH KBaJApaToB JaBJEHH:
aas rasa) (puc. I1.19). 210 sianeHHe G6bLlo OGHApyI)KeHO
Oc6oproM Peiinonbacom B 1901 r. npH Hec/nel0BaHHH Teye-
HHA XKHAKocTe B Ttpy6ax. OH npoBOAMJ CBOH KJacCH-
YeCKHe 3KCIepHMEHTHl Ha CTeKJSIHHBIX Tpy6Kax. B mnorok
BOJH, ABHXylle#dics no Tpy6kaM, 106aBis/och Kpacsllee
BellecTBO, B pesysbTaTe 3THX ONBITOB GbLIO yCTaHOBJIEHO,

43
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Puc. I1.19. 3aBHCHMOCTb CKOPOCTH OT ﬁepenaﬂa
JlaBJIeHHA NpH ABHXKEeHHH BO3JyXa uepe3 MeCYaHHK
Buakoke [I1.20] npu ¢ =155°C u p=1 ar.

YTO CTPYHHOE TeYeHHe BOAbI HMEeT MECTO A0 TeX IOp, IOKa
CKOPOCTb TEUEHHS NPSAMO TIPOMOPLHOHAJbHA Nepenagy AaB-
nenns. Haunnas ¢ MoMeHTa, Koria npoONopLHOHAJBHOCTD
33aBHCHMOCTH CKODOCTH TeYeHHs OT Nepenana AaBJeHHs Ha-
pywaercs, PefiHoabac 3aMeTHa Typ6yJaH3aLHIO [OTOKA.

K TaxoMy pexiMy, KOT@ CKOPOCTb TEUEHHs XKHIKOCTH B
Tpy6ax NpONOPUHOHAIBHA Nepenaly 1aBJeHHS, OGbIYHO ILPH-
MEHSIOTCS TEPMHHBI CTPYHHOe, JJAMHHAPHOE HJIH BSI3KOCTHOE
TeyenHe. Typ6y/eHTHBIM HA3bIBAIOT TEUeHHe, NPH KOTOPOM
Hapymaercs 3Ta NPONGPUHOIIANbHOCTD H KOra NPH TedeHHH
KHIKOCTH B Tpy6e HAuMHaeT Ha6MIOAAaThCs TYPGYJIH3ALHS
NOTOKA.

Puc. 11. 20. TeyeHHe uepe3 CYKEHHYIO 4acThb MOPOBOTO Ka-
Hana.

TeueHHe; b — mMepexomHOe
JIEHTHOEe TeYeHHe.

@ — JIaMHHapHOe TeueHHe, ¢ — Typ6y-

®enyep u Jloionc (Fancher and Lewis) [II.26] mpen-
CTaBHJIH JaHHble N0 TeYeHHIO KHAKOCTell B NOPHCTOH Cpeje
H YCTAHOBHJIH TY YK€ TEDMUHOJOTHIO JIAMHHAPHONO H TYPGYy-
JIEHTHOTO TeueHHs, VX naHHble npHBexeHbl Ha pHc. II. 21
B BHJE 3aBHCHMOCTH Ko3Gb(HlUUeHTa TpPeHHs OT uHcaa Peit-
HoJbaca. OTK/IOHEHHe 3TOH 3aBHCHMOCTH OT MPSMOJIHHeH-
HOH (COOTBETCTBYIOIEH Hak/JOHY 45°) NPH BBICOKHX 3Haue-
HHAX CKODOCTH TeYeHHs o03HayaeT Hauajo TypOy/JH3auHH
OTOKA.

Tlpu TeueHHH XXHEKOCTEH H ra3oB B INOPHCTHIX cpelax
TypOy/JH3aUHsA NOTOKA HACTYNaeT PaHblIe, YeM IPH TeUeHHH
B Tpy6ax. OAHaKO [Js CLEMeHTHPOBaHHBIX MOPHCTBIX Cpel
¢ OUeHb MaJBIMH Da3MePaMH TIOp H HH3KHMH 3HAaYEHHAMH
[POHHI[AEMOCTH TPYAHO BH3YaJbHO HA6/0J]aTh 32BHXPEHHS
WJIH Typ6y/JH3aLHIO B KaHa/jax MOPHCTOH cpeabl, XOTA AJd
TaKo# cpeln CYIIECTBYIOT Te e COOTHOWIEHHS Mexay Ile-
penajiom JaBJieHHs H CKOPOCTbio TedyeHHs. Ilpemsaraworcs
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pasJHyHble OGBACHEHHS NoBeleHdAs NOTOKa IpPH BHICOKO-
CKOPOCTHBIX pexxuMax TeuenHs [II. 3, IL. 30]

AnoMasbHO BHICOKHH 1epenald naBJeHHS o6YycCJIOBJeH
HHEPUHOHHBIMH CHJIaMH, [IPOSIBASIOIMMHACS] B KHIKOCTH,
buabTpyollefics No y3KHM KaHajaaM. B ycaoBusax JaMu-
HapHoro TteyeHHs (pHc. II.20,a) KHHeTHYecKas 3Heprus
JKHAKOCTH H 3Heprus [1aB/eHHs TpPH JIBHXeHHH ee H3 I B
2 u palee B 3 B3aUMBO nepexolsaT Apyr B apyra. Ilpu
BLICOKHX CKOpocTsAx ABHxKeHHs (pHc. II. 20, ¢) npespaiie-
HHE KHHETHYECKOH 3HEprHH B 3HEPTHI0 JAaBJeHHs NpH ABH-
JKeHHH H3 2 B 3 NMDOHCXOMHT He MOJHOCTBIO, IPH 3TOM KH-
HeTHYeCKas . 3Heprus YaCTHUYHO 3aTPayHBaeTcss Ha BHXpe-
BOe [BHXKEHHE XXHIKOCTH. DTa I[0Teps 5HEPrHH BLI3bIBAET
(3a cueT HHEPLHOHHBIX CHJ) NOBBIMIEHHOe TaJeHHe aBJe-
HHJ Ha vyacTHlUe TBepaoro TesJa B 2. Hekotopble aBTOpH
NPUMEHSIOT TEPMHH «TypOYyJeHTHOCTb» K COBEPIIeHHO 6ec-
HOPALOYHOMY TEeUYeHHI0 XHAKOCTH BO BPEeMEHH B NaHHOH
touke. Ilo 3TOMY onpeleseHHIO TeueHHe JKHIKOGCTH Ha
puc. 11.20, ¢ He MoXer 6biTb Ha3BaHO TYPGyJeHTHbM. Ecin
HMeeT MeCTO aHOMaJbHOe TeueHHe KHAKOCTH, Ha KOTopoe
3aTPayHBaeTCA [OBbILIEHHAs NOTePsl AaBJeHHd, TO B 3TOM
c/lyyae INPHMEHEHHE TepMHHa <«TypOyJeHTHOe TeueHHe»
MOXHO CYHTAThb CIOPaBENJHBBLIM. IIpOMEXYTOUHBIH cuydyan
(puc. 11.20, b) cooTBeTcTBYeT COCTOSIHHIO, IIPH KOTOPOM
YBEJHYEHHe CKOPOCTH IPHBOAHT K Y/IJHHEHHIO IJIOCKOCTH
cABHTAa MeXAy CJosaiMH 6e3 06pa3oBaHHs BHXPEBOrO [ABH-
XeHHs1, Tpe6yllero 106aBOYHOrO pacxona 3Hepruu. B Ha-
cToflllee BpeMs OOIIENPHHATO NPHMEHATb TEPMHH «TypOy-
JIEHTHOE TeUueHHe» K TaKHM YCJIOBHSM, NPH KOTOPbIX 3aBHCH-
MOCTb CKOPOCTH TeUeHHs XKHIKOCTH OT llepernajla JaBJeHHs
nepectaer GblTh JHHelfHOH (a B ciyuae TeueHHs rasa He
yAOBJETBOPsencs JHHeHasl 3aBHCHMOCTb CKODOCTH OT pas-
HOCTH KBAaApaToB fAaBJEHHM Ha KOHIAX KepHa).

Ypasuenne [Hapcu [II. 1], cnpaBennwsoe /s JaMHHAap-
HOTO TEYEHHS, He MOXeT GbIThb HONOJb30BaHO [Js OMHCa-
HHA TYpGyJenTHoro Teuenus. PopurefimepoM (Forscheimer)
6blJIO TIPEAJIOKEHO JABYWIeHHOe YypaBHeHHe, CBA3LIBAlOllee
nepenaj [AaBJeHHs CO CKOPOCTBIO TEYEHHS, CrpaBelJHBOe
Kak AJ5 JaMHHapHOTO, TaK H AJs TYpPOYJEeHTHOrO TeyeHHs:

—d v
71L—p=51<—+l39 o2, (1. 10)
rie p-—naasiaenue B ar; L — 1JHHa B cM; P — BA3KOCTb
B €n3; U —cCKOpPOCTb B cM/cex; K — nponHuaemoctb s 0;
p — IJIOTHOCTb B 2fcm3; B — Ko3(dHIIHEHT TypOYJIEHTHOCTH
B ar - cex?fe.

Ias rasoB 3TO ypaBHeHHe Jyullle BbipaxaTb depe3 Mac-

COBYIO CKOPOCTb —A-: pyU, TAK KakK /51 OAHONO H TOTO XK€

CceueHHs] IIOTOKA rasa ero MaccoBas CKOPOCTb [IOCTOSIHHA,
YTO [03BOJISeT HHTErpHPOBaTh 3T0 YpaBHeHWe, J3Jechb
W — MmaccoBas CKOpOCTb ABHXKeHHs B 2/cex; A — mJolaib
NoTNepeYHoro CEeYeHHs NOTOKa B cmZ:

1 W S LAY LAY
b =g The™ —KA+P T)- (I1. 11)
Tak kak
Mp
p—ZTR—T’ (1L 12)
TO

2
M W w\?
_W‘gpdp:l[&’_;”(_z) ”ldL, (11 13)

rie M — mostexynspHbIfl Bec; 2 — KO3DOHIHEHT CXKHMae-
MOCTH;, R —rasoBas nocrosHHasi; 7 — a6Cco/I0THas TeMile-

patypa.



Puc. 11. 21. JsHxKeHHe KHAKOCTeR H ra3oB uepe3 nmopucrhle cpeant [I1, 26].

Ne Iopu-
ofpas- INecuanuk CTOCTS,
I — HedTh, ua %
11 — Bona, (M0 aHHBIM
’0”09 111 — Bo3xyx Qenyepa — JlboHca); c
IV—-HedJ'n;(no.naHHuMKnoy?a); V —raz HemMeHTHpoODAHHHE
(no aauubiM TopHoro 610po).f — Koaddu-
— HHeHT  CONPOTHBAeHHsA, Geapa3MepHHfl; ._1 gp:ﬂg)’ggggﬁ:g : {g’g
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Puc. I1. 22. Onpegesenne npouuunaemoctd K u kospdumu-
euTa TypGyJeHTHocTH P A9 mecyannka Buskoke [II.22].

WHTerpupoBaiine 5Toro BhIpaNKeHHsT Mexay Toukamu 1
M 2 paet

M (p] —r})

2zRTu L (W/A)

Ha puc. II. 22 npegcrasiens gandule no GHABTPALHH
rasa, 06paGOTAHHEIe B COOTBETCTBHH C 5TOH (OPMYJIOL.
Ortpe3ok, oTcekaeMBIl TIPAMOH Ha OCH OpZMHAT, NaeT Be-
muunHy I[K, a HakJoH TNPsMON BHIpaxaer Ko3GhguuueHT
Typ6ynentoctd P. B rtaba. 1.7 npencTaBneHH 3HayeHus
Kosdduunenta TypOYJEHTHOCTH I/ HECKOJbKHX KepHO3,
noayyedHeie 3TuM cnoco6oM [II. 21]. Ha puc. II. 23 nane-
CeHbl 3HaueHust ko3 dHuHeHTa TYypOYJeHTHOCTH B 3aBHCH-
MocTH OT nposnuaeMoctu [I1. 42]. Ha sToM XKe pHCcyHKe
HaHeCEHbl JHHHH MOCTOSHHHIX 3HaYeHHH MOPHCTOCTH, MOJY-
yeHHBle H3 RaHHBIXx fHHyeka u Karua (Janicek and Katz)

{II. 37], ocHOBaHHBIX Ha 3aBUCHMOCTH Ko3dduuueHra Typ-
6YJEHTHOCTH OT NPOHHLAEMOCTH H NMOPHCTOCTH.

=W/AB/r+ UK. (L 14)

Tabauya 11.7

OcHoBHKE XapaKTEPHCTHKH HEKOTOPWX CHEMEHTHPOBAHHKIX 06p33l.l08

9,4x 1010 39 F/2
@="k  Ke=gp o7
B De /2
Kosd- Hopi-
3’;‘;}{;;’3 cr%g:b a, g Ilpornuae- D, Ly/L
Tun o6pasua CONPOTHE- o, en—2 1 mocth K, K, = 0,5), Ky
Nenns, |XOUR enu- i 40 oM
F HHLB
INecyanuk Buakoke 15,5 0,175 521108 2,70< 108 192 1,37% 107 1,64 1,26
17,4 0,158 4,00 108 1,01 108 250 1,65 107 1,66 3,48
16,6 0,160 6,76 < 108 3,26< 108 148 1,24 107 1,68 1,33
Tecuanux DBpomaiin 36,2 ¢,110 500101 | 9,19 107 2,0 2,16 108 1,99 1,05 .
36,2 0,110 4,17 101 | 6,563 107 2,4 2,34 108 1,99 1,38
62,5 0,030 1,08 1012 | 2,95 101! 0,093 6,04 107 1,36 0,00512
86,8 0,022 2,08 1012 | 6,43 1010 0,048 5,12 107 1,38 0,053
30,0 0,123 6,67 x 10° 1,44 % 107 15,0 5,30 108 1,92 1,95
TNecuanuk Bap6ank 39,1 0,150 9,09 x 109 4,30 107 11,0 5,18 108 2,41 0.901
34,8 0,163 2,82 109 1,14 107 35,5 8,85 108 2,38 1,62
Ilecuanuk CnpaGeppu 53,8 0,080 1,03 1012 | 6,56 10° 0,097 5,73 107 2,07 0,119
60,3 0,084 9,09 1012 | 571101 0,011 2,05 10° 2,25 0,00441
Iecyanux Ayrkpon 14,4 0,206 3,20 10° 2,33 107 31,3 5,74 108 1,72 0,310
14,4 0,206 4,78 10° 2,69 107 20,9 4,69 < 108 1,72 0,328
INecyannx Topneno 12,1 0,227 2,36 < 108 1,92 10° 424 1,93 107 1,66 8,11
13,4 0,228 1,97 < 108 1,57 % 10° 508 2,23 %107 1,74 10,0
Honomut Bpayu 49,8 0,143 2,13x 10° 2,05 107 47,0 1,31 107 2,66 1,19
— 0,160 2,656 10° 5,09 108 39,2
— 0,125 1,98 < 1010 | 1,06 108 5,4
64,7 0,095 9,803 1010 | 2,38 10° 1,02 2,20 108 2,48 0,111
70,2 0,095 1,33 1010 | 2,70 108 7,5 6,24 108 2,58 0,390
68,5 0,094 - 4,83 101 | 8,73x10° 0,207 1,02 108 2,54 0,0714
Hssecrusak Kauwon Pud | 142,56 0,051 8,203 1011 | 3,39 1010 0,122 1,03 108 2,69 0,0677
123,0 0,087 9,70 1010 [ 2,97 x 109 1,03 3,06 108 3,26 0,176

ITpumewanue. Janune Bantw u3 [11.21}
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Has cpaBHeHust nauubix GuabTpamuu B MOPUCTOH Cpejie
CO CKODOCTSIMH B YCJAOBHAIX TYPOYJEHTHOrO pexHMa (PHJb-
TPAalUHH 3TH KaHHbe ‘MOTYT GObITb TIP&ACTaBJeHb B BHIE
3aBHCHMOCTH Ko3dh(HlUUeHTa TPeHHA OT ydcaa PefHoswxca
noX06HO TOMY, Kak 3T0 mokasauo #a puc. II. 24 [II. 21].
Ipu sTOM KO3hdUUHENT TpeHUS OMpemessiercs H3 CleLylo-
HIEr0 COOTHOLUIEHHS:

64 p (p1— p2) A*

t=—5Tw (I1. 15)

rie f—kosbduuuent TpeHus, 6e3pazMepHas. BeJHUHHA;
p — NJIOTHOCTb KHIKOCTH HJH rasa B 2f/cm3; p — masJe-

»

2

uue B K[ /cM?; A — maomann, NONEpPeyHONo CeyeHHs1 MOTOKA

—1
B cM?, B — KoshduuneHT TypOyaenTHOCTH B cM ; L — nam-
Ha B cM; W — maccoBas cKopocTb MOTOKa B 2/cek.
Uucno Pelinoabnca onpexensercs H3 ypapHeEHHS

B WK

Re= {5y

(I1. 16)

rae K — npoHuunaemMoctb 8 MO,
HJIH T'a3a B Cna.

K =— BSI3KOCTE XKHIAKOCTH
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Puc. Il. 23. 3aBucumocrtb Ko3bhdHuHeHTa TYpOYJGHTHOCTH OT TPOHHIAEMOCTH
[2; 37, 2; 42].
I — nunus,

[11. 37].

HCOOJb30BAHHAN VIS KOPPENAlUMH HAaHHHX; [/ — JMHHH .pa3jHYHON NOPHCTOCTH
III — nopucroets 5%s D — ndonoMuT; L — H3BecTHAK;

8 — necyanuk,
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Puc. II.24. 3aBucuMocTh Ko3bduuHeHTa CONPOTHBJEHHS TpeHus oT uucaa Pefiwosbaca [II.21]
NpH [BHXKEHHH Hepe3 MOPHCTHIE CPenkl.

! — necyauuk Buakokc (Ne 1—3); 2 — necuanuk Bpoma#in (Ne 4—8); 3 —uecuauuk BapGauk (Ne 9--10): f— necyauuk CnpaGeppu (No 11—
12) 5 — mecuauuk AyTKponm (Ne 13—14); 6 — necuanux Topneao . (Mo 15—I6); 7 — gonomuT bBpayn (M 17—22); & —H3BecTHRK KanbOH
(Pud (Ne 23—24); 9 — noPHCTHe MeTalllHl.

IMpumep

Umeercs xepn nuaMerpom 18,5 msm, anuuolt 18,5 mm.
Ero nopucrtocts ~15,8%, npcuuuaemocts 250 sd. Paccuu-
TaTh. CKOPOCTH TeyeHHs BO3NyXa MNPH YCJOBHH, UTO JaBJe-
HHe ua BXOAe B Kepu cocrabJjser 6,8 ara, a abcomoTHoe
naBJeHHe Ha BhIXolde paBHo atmocepHoMy (1 ar). Temne-
patypa Bo3nyxa 24°C,

Pewmwenue ¢ noMombio ypasHenus (II. 14)

3uauenue Ko puuHeHTa Typ6yJentdoctd §  u3
puc. II. 23 pasHo 8,2X105 cu—!. Bssxocts Bo3nyxa

0,020 ¢n3, a xo3pHUHEHT CKHMAeMOCTH MoxXer OHTb
B3AT PABHEIM eIHHHLE,
TaxuM o06pasoM, [aHHble M3 pacyeTa  Cjefywolue:

M = 20 & |moas, p,2 —pg =4528 ar?, p =0,020 cn3, z=

cx3 . I
= 1,0, R = 82,06 —=g 3K » T=2972°K; L=185 cu.
Onpeneaunts W
_o82x.10s 2 /o
ﬁ - T——Gmo == 0,8096 am-cex /2,
2
A= f%& = 2,66 cm?,
Besuuuna 1°013-420 — nepepontofi  Ko3dduuueHT  Zo,
2 CM
am - cM® - cex?
Cxopocts teuennss W onpenensiem u3 ypapuenns (II. 14):

29 % 45,28 X 2,66 _
2% 1,0 X 82,06 x 297,2 X 0,020 W x 1,85

48

— %Jr %25 , 15,218 W2+ 4W — 1,935 —0,
W21-0,2628 W —0,1272=0, W =0,25 ¢/cex.
PeinaeM c nomomrio rpaduka (puc. II.24) u ypashe-
auit (II. 15) u (II. 16):
B=282x 105 cu™!, K=250 #3, A=2,66 cu?,
p = 0,020 cna.

82 % 105 W x 250 _
Re = 05526650000 — >80 Wi

_ (6,84 129
P= B2055 x 207 w2 0100464 e/,
pr—p;=068-—1=058 «l'/cme,
fe 64 x 103 981 x 0,00464 x 5,8 x 2,662
o 8,2 x 105X 1,85 W2
Pemenne HaxofuM MeTonoM noAGopa Beauuud W,
INpennonaras, uro W= 0,34 e/cex, 6yneM uMets Re =

=1,29, f=70,6. 3nauenne Re=1,0 asaaerca 6osee TOUHHIM
(puc. 11.24). Torna

8,17

3 -

1,0
W =—-=0,26 2/cex.
380 0 @/

CxopocTb, MOJIyYeHHasi 3KSINEPHMEHTAJbHO [Jd 3TOTO
cayuas, cocrasuaa 0,23 e/cex. DxcnepHMeHTaJbHOe 3Haue-
e P pamuatocs 10,1X 105 B to BpeMs Kak 3HaueHHe £,
nostyuensoe u3 puc, II. 23, cocramiser 82X105 cu—i



§ 6. COKMMAEMOCTb TOPHBIX NMOPOA

TMoponry, chaarawuie HedTeHOCHBHle M TA30HOCHLIE
11acThl, HCNBITBIBAIOT [AaRJEHHEe  BblleJexaliX [OPOJ,
a TakiKe [aBJeHHe IKUAKOCTeH WJIM rasa, ITH AaBJjeHiHs
MHOrO GoJIbllie, UeM AABJEHA4S, NPH KOTOPHIX OGBIYHO MPO-
BOAATCA JaBOpaTOPHBE 3KCHEDUMEHTHI, BJnsHue cxKHMae-
MOCTH TODHBIX NOpPOX HAa TOPHCTOCTH H MPOHHIAEMOCTDL
pe/ICTABJIACT HHTEepec iAJst TPHMeHeHHs pe3yJabTaTOB Ja-
GOpaTOPHBIX JKCIEPHMEHTOB K BONPOCAM He(PTenpoMbICJIO-
BOH MpaKTHKH.

Bonpochl C:XXUMaeMOCTH TFODHBIX NODPOA H BJAHSIHHE CHKMU-
MaeMOCTH Ha TOPHCTOCTb H INPOHHLAEMOCThb ObIJIH HCCJe-
nosann B paborax [IL. 19, I1.31, I1.27]. Ha puc. 25
[1I. 31] nokasaHa cxema npuGopa s ONpPeLeNeHHs CHKH-
MaeMOCTH TopHEX mopoAd. C nomowbio 3toro npubopa
MOMKHO Ompe/lessiTb CHKUMAeMOCThb INOPOJH TIIPH YBeJHUe-
HHH BHELHero [JaBJieHHA H COXpaHEHHH BHYTPHIODOBOTO
o6beMa mnopoabl atMocdepHoro AasjieHus. JKUAKoCTb, BLI-
KHMaeMas TPH 3TOM H3 KepHa, 3aMepseTcsl CTEKJAHHOIN
rpanyuposaHHoli Tpy6koi. [laHHble 3Toro TtHna GHUIH MO-
ayuensl Kapnetnrepom u Cnencepom (Carpenter and Spen-
ser) [II. 19] w npeacrasnenn #a puc. II. 26, HMuoraa ua-
6/1:01a10TCA  THCTEPe3HCHble  §IBJIeHHs, HHOTAA MeCuaHuk
BenerT cebsa kak ynpyras cpeia. B npenenax 33—63°C uu-
KaKoTO BJHAHHS TeMIlepaTypPhl Ha CXKUMAeMOCTh NOPOIbI
se obGuapyxeno. Xous (Hall) [II. 31] Takxke wusMepan
CKHMaeMOCTb TOPHBIX Nopold. Pe3y/bTaTh ero sxkclepHMeH-
TOB NpeicTasJedbl na puc. II. 27 B Bune u3MeHeuus enu-
HHIE 00beMa NOP NPH H3MeHeHHM NaBJjeHus Ha | ar.

Kpome Toro, ¢ novownsio npubopa, H306paseHHOro Ha
puc. II. 25, Xoan npoBopus CjaefyiOUIHe ONLITHI 1O Ornpe-
JeJIeHMIo CKHMaeMoCTH TOpHCTOll cpeabl. IlpH monaepxa-
HHH BHeIHEro naBJeHH:A Ha KepH nopsiaka 210 ar onpene-
JIS/1aCh PA3HALA MeXKI1Y KOJNHUSCTBOM JKHIKOCTH, B JeicT-
BHTEJLHOCTH TIOJY4eHHOH H3 KepHA4, KOraa [aBjeHHe Ha
}KHAKOCTE B KepHe yMenbwiagoch po 105--140 ar, u xouu-
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Puc. II. 26. CxumaeMOCTh

LaBnenue, am

necuaHuka Byua-

Gaifu npu 63° C [IL. 19].
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Puc. II. 25. Cxema npubopa nns onpefeneHus cikuMaemocTd mopox [II. 3I]

I — xau0OpoBaHHas CTeKAstHHad Tpy6Ka Majacro JHaMeTpa: 2--Kamepa BHCOKOro

AaBaeHUsl (BHYTDeHHHH Anamerp 127 mm, TOJNUIHHA CTEHKH

19 mua);

3 — MaHOMeTD;

4 — JIOCHTOBad OMpaBxka ¢ TOJAIIHHOK CTeHKH 6 MM, 5 — KepH; 6 — HAcoc ANA coasda-
HHA AYBJEHWA B KaMepe; 7 — HacoC IOJAA CO3NAaHHA HNAB/JEHHA B Kephe,

4 557
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labrenue o8muma, am

YeCTBOM XKHIKOCTH, KOTOpoe MOrJo Obl ObITh MOJYUEHO H3
KepHa TOJbBKO 3a CYeT ee CXHMaeMOCTH, 2DTo MocienHee
KOJIMYeCTBO X UIKOCTH MOXKeT OBITe PAacCUUTAaHO 110 AAHHHM
ee CXKHMAEMOCTH € Y4YeTOM MONPABKH Ha XHAKOCThb, Haxo-
nsamyiwocs BHe kepua, Ha puc, 11, 28 npusemensl peayib-
TaThl HccjedoBaHHH XejJa B BHIe KpHBOH, BbIpaxkawoluei
3aBUCHMOCTb yMeHbIIeHHsI eIHHHLBl TopOBOro o6beMa,
npuxoasmerocs Ha | aT pa3HHUB MeX1y BHeUIHHM Jas-
JieHHeM Ha KepH M [J4BJEHHCM Ha XXHIKOCTh BHYTPH KepHa.

50

Bausiuvie BHelllHero [aBJeHHsi Ha I[POHHLAEMOCTb Kep-
noR uccaenosasack ®arrom u Iesucom (Fatt and Davis)
[11. 27, B osrom cayuae, moawb3ysck npuGOpoM, aHaJo-
rHuHBIM Tpubopy, H3o6paxennoMmy Ha pue, I 25, aszor
npH atMochepHOM [aBJeHHH NPONMycKaaH dyepe3 CyxHe Kep-
HH, BCTaBJeHHble B ONpaBKYy H of6XaTble ¢ GOKOBOH mno-
BepXHOCTH BHEIIHHM faBJjeHueM. JlaHHble, NpHBEIeHHHE
Ha puc. II. 29, NOKasHBAIOT, 4TO NPH yBeJHUEHHH BHCLILHE-
ro A4BJeHHS TMPOHULAEMOCTh 3aMeTHO YMeHblUaeTcsl,



§ 7. KO3APOUUHEHT SJEKTPOCOMPOTHUBJIEHUIA MOPOJ

Meron u3MepeHust ko3P dULHEHTa 3JAeKTPHYECKOTO CO-
npotusjaeHus F  sgBAsiercsi OIHHM M3 METOAOB OLEHKH
CTPYKTYpBl MOPOBOrO  MPOCTPAHCTBA  MOPOJ-KOJJIEKTODPOR,
AToT Ko3pduuHeHT Opw1 onpeteaer Apuu (Archie) [II. 2]
KaK OTHOIIEHHE 3/IeKTpPOCOTPOTHBAeHHs Ky ofpasiia mopHc-
TOH cpedbl, HACHIUEHHOrO NPOBOASLIHM PACTBOPOM, K CO-
NPOTHBJAEHHIO 3TOrO e pacTBopa R, HMeWLIero Te XKe
pa3Meptl H popMy, uTo H obpasew NOPOILI:

Fe -2 (1. 17)
Ry

Tak kak TeueHHe 3JeKTPHUECTBA aHAJOTHUHO IMOTOKY
SKHAKOCTH WJIM ra3a ¢ BA3KOCTBbIO, paBHOH HYJIO, TO B 3TOM
coyuae AMAMETDP MOp HE sBJSETCS XapaKTepHOH BeJHYHHOH,
KaKoBoll OH sBasfeTcs, HanpHMmep, B ¢opmyae Ilyazefas
IJs cJayuasi TedeHHs Bs3KOH JKHAKOCTH, TakHM o6pasoM,
KO3 @HILHEHT 3JeKTPOCONPOTHBACHHA 3aBHCHT TOJNBKO OT
IJAHHBl NOp H OT TMOPHCTOCTH, 4 He OT IPOHHLAEMOCTH.
[lostomy 3HaHue KO3((HUHERTA  3JEKTPOCONPOTHBJACHHSI
M03BO/ASET PACCUHTHIBATL IJAHHY IOP OGPa3LOB MOPACTOH

CpOibL,
Inexmpodbt
r/”;— \'

//

Ommemp

Puc. I1. 30. K BuiBoy ko3ddruuenra
3/IEKTPOCONPOTHRIEH USL.

BesuuuHa  Ko3sdduuueHTa cONpOTHBJAeHH F  3apucit
OT AeHCTBHTeABHOH MIOLIANH NMONEePEUtoro CCYeHHsT HyCTOT
ofpasua H OT MJHHEL NYTH, OTJIHYHOH OT AJHHBE o6Gpasia
BCAeACTBHE HempsaMoauHelHocTH mortoka. Mz puc, 11. 30
BUIHO, UTO COMPOTHUBJEHHE 3aBHCHT KaK OT JJI0MafH ceue-
HHSl TIOp, OTHeCeHHOH K ofliell MIomaf¥ ceueHus o6pasna,
TaKk W OT IJHHBl MOp, OTHeCeHHOM K OauHe ofpasua. Ilpu
5TOM ' COMPOTHBJEHHEe OBpPATHO NPOMOPLUHOHAALHO MJOLLAH
NOMNEePEYHOro CeueHHsi MOp H NMpAMO IIPONOPUHOHANBLHO OT-
HOUIEHUIO AJHHBEL MOp K NJHHE KepHa.

[Maomwanb ceueHHsi mop, HOPMAJbHAS K HalpaBJ/eHHIO

NOTOKa, pPaBHA & COS G:aL'—e, Tax Kak MOPHCTOCTL PaBHA

®=a/1,0, To naowaar CceyeHHsi HOPMaJbHag K HampasJe-
Hu©O moToka, coctaBuT ®L/Le. HMcxoms W3 3TOTO, COMPO-
THBJIEHHE
2
Le Lo Le
Tl LT PLE
Or10 ypaBHeHHde OHJO BHBEIEHO He3aBHCHMO YHHCay-
epom (Winsauer) ¢ coaBtopamu {II. 72} u Koprennom (Cor-
nell) [II. 20}, Buwin (Wyllie) u Cmenraep (Spangler) BH-
BeAd aHAJOLHYHOe ypaBHeHHe, OCHOBAaHHOe Ha TOM, UTO
IoIaAL MOTNEPEUHOTO CeueHAsi TPONMOPLHOHAJIbHA I[OPHC-
TocTH, a He Beauuntie PL/Le.

(1. 18)
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5000

Puc. II.32. Duexrpuueckas cxema maas
H3MEDEHHA 3JeKTpPOCONpPOTHBAEHHs
[1I. 201

reHepaTop;

1 — 3ByKoBOH 2 — HCOBITYeMbti

Kepl; 3 — MAara3uH COMNPOTUBJEHHS,
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Puc. II. [lpubop pmas u3MepeHHs a0 530 100

3JEKTPOCONPOTHBIEHHA KEpHOB
[11. 201.
1 — socuroBas crofika; 2 — ¢erpoBas
npox/aajKa; 3 — IaTHHOBBIE 3JeKTDOAEI.

4*

{flpoHuuaemocms, md

flopucmocme

Pue, 11. 33. 3aBucuMOCTh KOS(PQOUILHEHTA 2MEKTPOCONPOTHBIACHHS KEDHOD MeK-
CHKaHCKOrO 3ajJHBa OT MOPHCTOCTH H mponuuaemocty [II. 2],

ol



3Hauenns Koo(GHUMEHTOB 3JeKTPOCOINPOTHBAEHHS TO-
pOIH U IIOPHCTOCTH MOTYT OBITE HCNOJAB30BAHH AJf OIIpe-
neneHnss Kosohduuventa ussuiucrocts  Le’L  o6pasuos
nopodkl. Tunyulble faHHble LA CUeMEHTHPOBAHHHIX TOPHC-
THX cpen npuserednt B Tabu. 11, 7, 3nanue kosdpduuuenta
H3BHIHCTOCTH OdYeHb BaXKHO AJAA TNOHHMAHHA  ABHXKeHHS
KUAKOCTeH H ra3zoB yepes TOPOBOE (IPOCTPAHCTBO MOPOIHL
I u3MepeHHs1 371eKTPOCONpPOTHBIAeHHs o6paslia mopo-
OBl 3T0T 0fpasell 3KCTPArupyercs, BEICYLUIHBAeTCd H HacH-
maercs 0,1 n. pactsopom KCl B IUCTHAAHPOBAHHOH BO1Ie.
[Ipubop 1/ H3MepeHHA 3JeKTPOCONPOTHBJIEHHA KepHOB
(puc. II. 31) cua6XeH NJAATHHOBEIMH 3JEKTPOIaMH, KOH-
TaKTHPYIOLIUMH C DAcTBOPOM, HACHLIAWOLIHM KepH. DJIeKT-
pHueckas cxeMa s H3MepeHHH  3JeKTPOCONPOTHBAEHHS
kKepHoB (puc. II. 32) cocTouT M3 3syKosoro reHepartopa
u MocTHKa YHTcToHa. Kosth®hHUHEHT 37eKTpPOCONpOTHBIEHHS
BRIYHTJAETCA KaK OTHOLIeHHe cONpoTHBJAeHus obpasua mo-
pPOObl K H3BECTHOMY CONPOTHBJEHHIO TaKOro e o6beMma
0,1 n. pactsopa KCI.
[Tpumep
O6pasen mopoaet AuamerpoM 1,84 cm H  IauHoii
1,65 cm, nacwimennsifi 0,1 H. pactBopom KCI, nmeer 1npH
remnepatype 27,3°C conpotusaende 715 om. Onpeaenitsb
KO3 HUHEHT 3JeKTPOCONPOTHBJAEHHA 3Toro o6pasua.
Pewenue
0,1 n. pacrBop KCIl npu remneparype 27,3° C umeer co-
nporusienue 74,3 om-m. TloaToMy KO3((HUHEHT 3J€KT-
POCONPOTHBAEHHS
F:715><n>< 1,842

PN 165 X743 198

3Hanne KoshdHUHEHTA 3AEKTPOCONPOTHBJAEHHS MOPOT
OYeHb BaXKHO NPH HHTepIpeTallHd AAHHBIX CONPOTHBJEHHS,

MOJNYYEHHBIX  NPH  3JGKTPOKAapoTa)ke  cKBaXXHH. Ha
puc. I1I. 33 npenmcrasienst nananie Apun [II. 2] aus nec-
YaHHKOB M3 CKBaXHH MeKkcukanckoro  3ajusa. Ha

puc. 11. 34 [I. 14] naHo BavsNde ileMeNTAIlUU TNeCKa H Be-

JHYHHB TIODHCTOCTH Ha 3HayeHHe I(O3¢)¢)HU.H€HT3 3/JIeKTpO-
COTIPOTHBJIEHHS.
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KO3 druenta 3jaeKTpucoupe:
THBJAeHHs F  OT MOPHCTOCTH
oJs MOPOA ¢ pasJ/HYHOH 1e-
meHTauuei [1. 14].
| — BBICOKOHEeMEHTUPOBaHbe, 2--
yMeDeHHO cleMeHTHpOoRaMuble; d -—
cnabo cueMeHTHpPOBAaliHbLie, 4 —
oyeH, cJaabo CUeMelITHPOBAHHBIE,
5 — HeClleMeHTHPOBAHHBtE;

poM6uueckas Yr/IaaAKa; 7 — rex-
caroHajJbHas yKAaAka: 8 — ky6u-
YyecKasli  YKJanka; 9 — ko3dpr-

LHEeHT UeMeHTallHH,

§ 8. CBA3AHHAA BOJA B KEPHAX

[Mpowecc HakonjgeHuss HedTH MPOHCXOAHT B OOJLUIAH-
CTBe cJAyyaes B MOPHCTHIX Cpeaax, NepBOHAYaJLHO 3amnod-
HeHHBIX BOAOH. B mpouecce HakomieHHs HedTy HAM rasa
HEKOTOpOe KOJHYecTBO BOAW 6yneT OCTaBaThCid B NOPHUC-
ToH cpeje. dta Boaa ‘HasbBaercsl cBsa3aHHOH. OO6beM no-
pUCTOH cpennl, 3aHATHI CBI3aHHOH BOAOI, Hac HHTepecyeT
C TOYKH 3PEeHUs] OLUEHKH 3a4mMacoB HedTH WJH rasa.

JeficTBUTebHOE coflepAaHHe CBA3aHHOH BOINB B Kepue
MOKHO Y3HaTh, eCIH OTOHpaTh KepH npi OypeHHH C IMu-
HHCTBIM PaAcTBOpOM Ha HedTaHOH ocHoBe. M3 paHHuX pa-
60T, TOCBSLIeHHEIX H3YUYeHHIO BOMpoca O CBs3aHHOH BOIE,
ciaenyeT oTMeTHTh pabortor Iluaa u IkoHeca (Pyle and
Jonec) [I1. 57] u Iuarxwoca (Schilthuis) [II. 63). Peay.b-
TaTel HX HCcaenoBaHufl npeacrasJedb Ha puc. 11. 35 B Bune
3aBHCHMOCTH BOJOHACBIIIERHOCTH KEpPHOB OT HX abcofaoT-
HOH TIPOHHULLAEMOCTH.

KosanyecTBo ¢Bsi3aHHON BOAH B MOPUCTOH cpene ompe-
dejsercs CBOHCTBAMH MOBEPXHOCTH TBepioH (askl H CH-
JaMH, BO3HMKAIOLIMMH Ha rpanuue pasiena ¢as. [lostony
BONpPOC O MeToAax OINpeleieHHs COAepXKaHHa CBA3AHHOM
BOJB B MOPHUCTHX cpelax OyAeT paccMOTpen nocie obCyx-
JeHHs BOTpPOCAa O INpUpOje sBJAeHHs CMauyHBaHHA.
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Puc. II. 35. 3aBHCHMOCTb comepKaHHd cBA-
3aHHO#l BOAB OT NPOHHUAEMOCTH KepHOB
M1, 63].

! — Anaxyak: 2 — ToMGonn, 3 — Boctounmi#t Texac.



§ 9. CMAYHUBAHHE NOBEPXHOCTH TBEPIABIX TEJI

[Toanoe cMauuBaHHe NOBIPXHOCTH HJH TIOJHOE €ro OT-
CYTCTBHE MOXKHO CPaBHHTE/bHO Jerko npeacraBuTb. [Ipo-
MEXYTOUHHE 3HAUEeHH CMauydBaHus TPeOYIOT YTOUHEHHS
N/ CBOEH KOJHYEeCTBEHHOH OLeHKH. 3a Mepy CMauHBaHHA
NOBEPXHOCTH TBEepAOro Tesda XUAKOCTBIO Ha rpaluue C ra-
30M HJAH JIpYrod HecMellHBaloWEeACs XHIAKOCTbIO NPHHH-
MawT yroJ, o6pa3oBaHHBIH NOBEPXHOCTbIO pa3zjesna XKHUI-
KOCTb — ra3z  (MHAKOCTb] — XKHIKOCTbg) C NOBEPXHOCTHIO
tepporo teqaa [II. 6, II. 29] (puc. II. 36). [ToBepxHocTHOE

v
Ve
Taz /
7

/4@—

%
T lepdoe ‘mens

s
77,

[1.36. ¥Yroa wmexay naByms ca-
Ha TeepaOH NOBEPXHOCTH Kak
Mepa CMauHBaHH.

T

Puc.
3aMH

HaTsAXKellHe Ha rpaHuHuax pasjesaa pasJaHuHbIX (baa Haxo-
JUTCA B DABHOBECHH 'B COOTBETCTBHH CO CJedyHUIHM BbIpa-
AKeHHEM:

S, 2 =S8, 7+ Sy rcos 0, (I1. 19)

r.T
rie Sr.p — NOBEPXHOCTHOE HaTAXKeHHe Ha rpaHdle ras —
TBEpIOe Telw; Su.r — INOBEPXHOCTHOE HATSKCHIE Ha rpaHil-
Ix KHAKOCTb — TBEpHOE Tes0; Six.r— NOBepXHOCTHOe Ha-
T#KCHHe 11a TpaHHLle JKHIKOCTh — ras; 0 — yroa cmauu-
BAHHUS.

Yron O Bhipaxkaer crenenb CMauHBaHHsi 110BEPXHOCTH
TBEpAOro Te/a, NpHYEM B cJydae MOJHOTO CMauHBaHHs
yrod, H3MepsieMbli B CTOPOHY cMauuBalouieif (a3,
pased 0°, a 1pH NOJHOM HECMauHBaHHH 3TOT YroJ pa-
e 180°. Ha puc. I1.37 uaaiocTpupyloTcs pe3ydbTaThl

Bosdyx
/5’050

7 NHzooxmaon:

f///é//// 7
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H3orBuronum

)
H3ooxmoH+u30KEUHDIun
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Puc. I11. 37. Crenenr cMmauuBanus YHCTOro KBapla

i1 6],

! — yron cMauydBaHMA; 2 -— BO3AVX; 3 — Bola; 4 -— H300K-
TaH, § — Y300KTaH -+ H30KBHHOJHH; € -~ U30OKBHHHJIHH.

a — noiHoe cMa4yupaHHe (yrosa cMawyuBanusa 0°); 6 — Bbi-

CoKas CcTelleHb CMadyuBaHHA BoOAOH (yros cMmauuBaHus 30°);

8 — OJIHHAaKOBOE CMayHBaHHe NABYyMs XHIKOCTAMH (yroJ cMa-

udBanua 90°); e — nM3KaA CTelleHb CMadYMBaHUsd BOJAOA W
BbICOKash MH3OKBHHOJIHHOM (YroJ ¢MayuBaHusa 153°),

Beunepa u Bapreana (Benner and Bartell) [I1.6, IL.7],
NOKAa3hwBaloUlHe, 4TO HeHCTBHTENLHO MOXKHO Hab.I101aTh
pa3JHuHble 3HauyeHUs YrJa CMauyHBaHHdA, Haxoasuluecs B
npepenax 0 — 180° [ToBepxHoCTH, cMauHBaeMble BOLOH, Ha-
3bIBAOTCA THAPOGH/LHEIMH, a HecMayiBaeMble — TUAPodob-
HBIMH. :

ToT ¢dakT, 4To BoAa XOPOIIO CMayuBaeT KBapil H KaJb-
LUHT, ABJSIeTCH NPHYHHOH HaaHuus B OoJbliMHCTBE HedTs-
HBIX MJAaCTOB CBA3aHHON BOALL. Ancopllius Ha NOBEPXHOCTH
TBepAOH (hasbl CJAOKHHIX OPraHHYeCKHX BellecTB, TaKHX, KakK
acdaabTh, H3MeHseT cmauuBaemocth [lII.40]. Tlostomy
HeKoTopble He®TsHble NMJACTH MOTYT COAepXKaTb MaJsoe KO-
JHYECTBO CBSA3aHHON BOABI HJAH BOBCe He COAepXkaTh ee,
Koraa XapaKTepUCTHKa CMauydBaHHsi NOBEPXHOCTH NOPOILI
H3MeHeHa BCJAEICTBHe OT/JAOXKeHHs Ha Hell TakuX BellecTs
u3 Heptn. Heo6xoauMO OTMETHTb, YTO B HEKOTOPHIX CJAY-
yagx BoJa MOXET OCTaThCs B NOPHUCTOH Cpele B Npolecce
AKKyMYJALUHH HepTH BCJAEICTBHe KOH(PUIYpPaLUHH NOPOBOTO
NPOCTPAHCTBA NMOPOJIH HE3aBUCHMO OT XapaKTePUCTHKH CMA-
YHBaHHsA TBeploH nosepxHocTH. [ToaaraloT, 4To B rasoHoc-
HBIX NJAaCTax nopojia CMoyeHa BOAOH U COAEPNKHT CBA3ai-
uyto Boay. XoK, Pazaca u Byn (Hough, Rzasa and Wood)
[TI. 36] ycraHOBHJH, YTO NPH HEKOTOPHIX YCJOBHAX Bola
e cMauuBaeT KOHYMK H3 HepxaBelollefi CTajgH, KOTOpHIA
OHM HCNOJMb30BaJNH [/ H3MePeHHs NOBePXHOCTHOrO HaTaXKe-
HHUsl BOJIbl HA TpaHHlle C MEeTaHOM IIPH IJIacTOBBIX TeMnepa-
Typax W AaBjeHHsaX. Bnosne BO3MOXKHO, YTO NPH onpene-
JIeHHBIX YC/IOBHAX BoJa He OyneTr MOMHOCTbIO CMAyuBaTh Ha
rpaHulle ¢ ra3aMy H NeCYaHHK.

Cao6sn u Bamwom (Slobad and Blum) [II. 64] npeaJo-
KHAM MeTOH onpejesNeHHs CMaydBaeMOCTH MOPHCTHIX Cpef,
CYUIHOCTb KOTOPOTo 3aK/io4aeTcs B CJeilyHOUleM: BoAa BHI-
TecHsieTcss He(TbioO H HePThL BHITECHAETCH Bo3dyXoM. 3Has
1aBJeHHs BhITeCHeHHs ! B 5THX [IBYX ONbITaxX, a TakXe 3Ha-
YyeHHs [OBEPXHOCTHOIO HATAXEHHs Ha TrpaHHUax pasgena
HedTb — Bola H HehTb — BO3AYX, MOXKHO ONpeNeJqHTb YHC-
a0 cMayuBauusgs W u3 COOTHOLIEHH:

cos0, ,

— = Pu o (I1. 20)
cos Gr. H pl". HGH. B '

rae 0, . — kaxyuufics yron cMauiBaHHs HAa TpaHHLe
Hepto—sona; B, — kaxymuiicn yron cMaunBaHHs Ha
rpaHiue ra3—HedTb;, Pu.s, Pr.w — LaBJEHHE BLITECHEHHH
COOTBETCTBEHHO [J/i CJyyaeB BBITECHeHHS BOIb HedTbio
H HedTH BO3AYXOM; O, . — MOBEPXHOCTHOE HATAXKEHHe Ha
rpaHuue ra3—HedTb; O, , — NOBEPXHOCTHOE HaTAXeHHe
Ha rpaHule HepTb—BoOIA.

Kaxyuwmniics yroa cMauMpadus TBepioH noBepXHOCTH
Bo1OM Ha rpaHuile ¢ Hedtoio 0, , MoiKer OBITb NOACYHTAH
u3 Buipaxenns (I1. 21] B npexnonoxennn, uto cos 6., =1,

T.e. He®Tb NOJHOCTbIO CMayHBaeT NOBEPXHOCTb TBepAoH
(asel Ha rpaHHie C BO3AYXOM:

cos B, ,=W. (I1. 21

Ilpu noanov cwvaunpanu® Boxoi 0 = 0° a uncio cma-
yupanug W ==1,0. [lpu npoMe:kyTouHOM CMauuBaHHH, KOTIA
0 =90°, W =0. B ra6a. Il. 8 npuBesenn 3HaueHus YrJon
CMAYUBAHHA, NOJVYeHHble NPH NOMOUIH HAHHOTO MeTona.
Caobsx v Bmom (Slobad and Blum) onpeneaunaun rtakixe,
yto o6paboTKa KepHOoB B J1afOpaTOpPHH MOXET NDHBECTH
K 3HAUHTEJNbHOMY H3MEIEHHIO HX CMauHBaeMOCTH.

I [laBneHHe BHITECHEHHS — 3TO MHHHMalbHOe LaBJeHHe, HeOl~
XOAMMOe [J BbITECHEHHS W3 DOPHCTON Cpeinl HecMadHBawolled
FHAKOCTbIO KHIKOCTH, CMAYMBJAIOUIEH [OBEPXHOCTh 3TOH cpenlhl.
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Tabauya I11.8

CmaunBaeMoCTh 00pasiioB pPasiHuHBIX NOpOR*

Jlasrentie phi- . JlaBnenue Bhl- .
» ST Pon I recwenn, | e | anh
kepHa Tun nopogst Ba- yroa || cepua Tun nopoan Klfem Ba- yron
BO3AYX— | HCTb— | Hus** | CMadu. BO3RYX—|HEPTb—| HYa** [ CMAUH-
nehTh BOOA Banus HedpTs | BOZa Bat i
BTL | Hepouckuit ussectusik| 0,455 | 0,427 0,84 33° || 1545 HMceKkyccTBeHHRIH 0,047 0,020] 0,37 68
BTN 0,476 | 0,434 0,81 36
BTO 0,437 | 0,420 0,85 31 1592 Kumpdopk 0,0501 0,017 [ 0,30 73
BTP 0,448 | 0,273 0,54 57 1593 0,038 0,022| 0,53 58
1588 IMecyanuk 9tc 0,060 { 0,022 0,33 71 1594 HM3BecTHAK 0,1111] 0,022} 0,18 80
1589 0,060 | 0,021 0,31 71 1595 0,203 | 0,032| 0,14 82
1590 0,060 | 0,022 0,32 71
1591 0,070 | 0,028 0,36 69 1620 [Tecuanuk Tencaun 0,060| 0,015} 0,22 78
1621 0,060 0,015 0,22 78
1542 Anyup (RA-1139) 0,049 | 0,017 0,32 72 1622 0,048 0,008 0,16 81
1543 0,049 { 0,020 0,36 69 1623 0,060 0,019 0,28 74
1544 0,048 | 0,028 0,52 59
* HcnmiTanHAM KePHOB Ha CMaYHBaeMOCTh MPeAIIeCTBOBaja OObIMHAs HX 5KCTPAKUHA XJOPOBOPMOM, 3a HCKJIOYeHHEM KepHOB H3

anyhja, KOTopble pereHepHpoBaJHCh HarpeBaHHeM uX Ao 760° C B TedeHHe 3 4.

#* TloBepXHOCTHOE HaTAXEHHE Ha rpaHule pasfiena BO3AyX — HedTs pasuo 24,9 dunfcm,

u3 [11.64.]

HedTb — BOZa —28,0 Juwj/cm. JaHHBE B3STH

§ 10. KATWJIJIAPHOE JNABJEHUE

Jas BHIACHGHHS HENMOJHOIO BbITECHEHHA MHUAKOCTH H3
nopucTofi <peasl HEOGXOAHMMO PACCMOTpeTh BONpPOC O TNo-
BEPXHOCTHOM HaTSXKEHHH HA I'paHHlle Paszfena KHIAKOCTb—
KHUAKOCTb WIH XKHAKOCTb — ra3. [loBepXHOCTHOe paTAXKeHHe
KHUIKOCTH Ha FpaHuie ¢ rasosofl ¢asofi uUsmepaercas MeTo-
JI0OM KanuJJAPHOTo NOAbEMa XKHAKOCTH B CTeKJASHHOA TPY6-
Ke MaJsoro auamerpa (puc. 11.38). Ecau xuakoctb cMauH-

A

-1

/2

Puc. 11.38. Onpenenerne noBepXHOCTHOIO
HanpsXKeHHsA  METOLOM KanuJaspHOro
nogbeMa.

1 —nap; 2-— XUOKOCTh: 3 — NJeHKa KHAKOCTH,

CMaYHBAKIaA CTEHKH Kalluaasipa; 4 -— HATHXKe-

HHe B 9TOH TOUYKe, & — MeHHCK; 6 — XHIKOCTh}
7 — CTeHKa Kanuaaspa.
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BaeT NOBEPXHOCTb CTEK/JSHHOTO Kanmua/adpa, TO OHA TNOgHHU-
MaeTcad B Tpy6ke. Bec cronfa KUIKOCTH, mpeBHIUAOLLEro
YpoBeHb CBOGOAHON NMOBEPXHOCTH, YpaBHOBeWIHBaeTCH cuia-
MH [TOBEPXHOCTHOIO HATAMKEHUS, NDPHUIOKEHHHIMH K IepH-
MEeTPY CMa4HBAHHA MOBEPXHOCTH KallMAAApa.

YpaBHeHHe PABHOBECHA 3aNHCHIBAGTCH B BHAe

cos Oa (2ar) = nr2h (p,. —p,) & (11. 22)

rle d— IOBePXHOCTHOE HaTiAXeHHe B OuH/cM; r— pajguyc
TPYGKH B cM; h-— BEICOTA KAaUH/ISAPHOTO TOAbeMa B CM;
Py M Pp— TWIOTHOCTb XHAKOCTH H Napa COOTBETCTBEHHO
B 2fcm®; @ — ycKopeHnHe cuabl TAXKecTH 980,6 cm/cex?;
0 — yros cMmauuBaHHA lOBEPXHOCTH KalHAAADPA IKHAKO-
CThIO Ha I'PaHHle ¢ cOGCTBEHHBIM napoM. B cayuae nosnoro
CMauyuBaHUA

Uro6el ©ipHBECTH YPOBEeHk KHAKOCTH B Kamuajaape [0
YPOBHA ¢BOGOLHON IOBEPXHOCTH KHAKOCTH Haa YPOBHEM
KUAKOCTH B Kanu/iaspe, HeoOXOAMMO CO3[1aThb HEKOTOPOE
naBneHde. BennuyHa 3TOro JaBJeHHst oOTpeAeaseTCA M3
COOTHOLIEHHU S

2rra = nr2hg (p, —

Po) == (p2—py) g, (.23
rie p — AdabJetne B [/cm?; g, — nepeBoaHoll Ko3dhunenT,
paBubtit 980,6 ¢ - cex?/e- cm.
W3 3Toro ypaBHeHHS MOJYIHM
2
P, =,
1 rgc
Pa3HoCTh fAaBJeHHS Dy — Pi HasbHBaeTcs KalHJJISPHLIM
fAanieHneM p.. ECaH yroJ CMauuBaHus KalWAAspa >KHIKO:
cTbi0 He paen 0°, To

Py =Py — (11. 29)

2q cos 0
c —_——— .
rg,
Korpa Ha XMAKOCTb B Kanu/ifApe AeHCTBYeT HEKOTOpOe
faBJeHHe, NoHHXKaWllee ee ypPIBeHL A0 YPOBHA CBOBOMHOM

TIOBEPXHOCTH, TO B 3TOM cJydae 1Ig obe CTODOHE MEHHCKA
HMEeTCs Pa3HoCTh AaBJIEHHH P .

(I1. 25)



Jas KanuaaspoB HeUHUJHBAPHUECKOR (HOPMbL KaluJasp-
HO€ jaBjcHHe MoxKeT ObiTh BBpaXkeHo uepe3 KPHBH3HY
MeHHCKA:

Pczi(—l‘ - —1) ) (11. 26)
g \R, " Ry
rie Ry 1 Ry — rnaBHble pafuychl KPUBH3HEL MEHHCKA, TTOKa-
sauHue Ha puc. 11. 39 [II. 47]

PaccmorpsM cayuafi, korna
nopucras cpeaa HachllleHa
XKHAKOCTBIO (puc. 11. 40).
Ilpu 3ToM Haua/ibHAs HaChl-
[IEHHOCTh KHAKOCTBIO COOT-
percrByer Juuuu A, Tlo3so-
MMM JKMIKOCTH BEITEKATh ue-
pes otsepcrae C. Ilpn ycra-
HOBJEHUH pPaBHOBECHS HAaCHl-
[IeHHOCTh MOPHCTOH  Cpenbt
JKHJIKOCTBIO 6yﬂeT COOTBET-
cTBoBaTh Kpupoil B. B Touke
C ¥ HHXe HachUEHHOCTDb
Kugkoern 6Gyaet pasha 100%.
TonbKO HEeKOTOphle KPYIHbIe
[NOpE, PACHOJOXEHHbBlE BHLIC
roukn C, GyayT coaepiKarb
KHIKOCTb, /s AaHHOTO pac-
npefeieHus TNop 1o pasMe-
paM KpuBas H3MEHEHHA Ha-
chiuleHHOoCTH HMeeT (opMmy,
yKa3aHHYIO Ha PHCYHKe. Bep
THKaJbHAg  9acTb  KpHBOH
npeactasasieT coboft  HachH-
LIeHHOCTD, 06YyCJ0BJIEHHYIO
BajyudeM HeNPEPBIBHLIX TIOP
maJjoro guamerpa. Kpome To-
ro, XHAKOCTb MOXeT YyAep-
JKUBATLCA B KPYMHHIX Topax,
COOGLIAIOMUXCA C KaHaJaMH,
paauychl KPHBH3HBI MEHHCKOB
B KOTOPBIX MaJbl.

K nacTosieMy BpeMeHH HPOBefeHO 60JbIIOE KOJIHYeCT-
BO KCCJ/eL0BAHHMA € HeJbI0 ONpeaeJeHlst CoNepKaHUa B Kep-
HaXx CBA3aHHOH BOALI METOLOM KalHJIADHONO JaBJeHUsd
[11. 47, 11,68, 11, 33, 11. 9, 11.70, 1L 51, 11. 34, 1I. 62, 11. 16}

Puc. 11.39. Paauycel kpH-

BHU3HBI MEHHCKA MexX Ay
aBymsa dactuuamy [l11.47].
1 — TBepAoe TeNo; 2 — XKHIKOCTb

Hacoiuy e HHocms A

Togucmas
cpeda

o0Bnenue
BITIECHE
wUuA

100
Haceryennocmo
wudrocmu, /o

Pic, 11.40. Pacnpenesenne XHUAKOCTH B
HOPHCTOH cpele TMoCJe ee JpeHHPOBaHHUS,

Tax kax mpomnecC BhITeCHEHHS BOJBI CXOAEH C MPOIECCOM,
KOTOPBIH TIPOHCXOAUT B IJ1acTe€ BO BPeMfA aKKyMYJANMH
rasa, To HHOrAa OH YIOMWHACTCA KAK METON BOCTIPOH3BEne-
HAA ycaoBui. Tunuuebfi npu6op AJa onpeneseHHs COmep-
HAHHS CBA3aHHOH BOIBl METOJOM KalHJUISPHOTO NaBJEHHS
noxkasan Ha puc. 1. 41. O6pasen noposkH, HaCBILEHHBL
BOMOM, IPUBOAUTCA B KOHTAKT C TOHKOH HOpHCTOH NJaCTHH -
Koil, NpeaBapHTeNbHO HachIUleHHOd Bodoll. B KaMepy mo-
JaeTrcd jaaBJ/eHHe BO3AyXa WM KaKoro-1HGo rasa, H Boia
HauyuHaeT BLITeCHATHCA M3 KepHa., Ilpd naHHOM naBJeHUH

6
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\
o1 IN
N
\
3 N
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Puc. 11.41. TIpubop ans onpefeneHdsi CcBA-

3aHHOH BOJLI METOAOM KanuijJgpHoro nasJje-

uua [1L.41].

1 — KepaMH4YecKan [nJacTHUKa, 2 - cocyl IJIs BoO-

Avl; 3 — cnoit Kannekca; 4 — Kepu; 5§ — JIOCHTOBaA

TPY6Ka; 6 — OTBEPCTHEe AJS BXOAA BOJH, HACbILEHs
HOH BO3AYXOM 1104 RaBJEeHHEM-

raza obpasen BbIAEPKHBAeTCH A0 AOCTHXKEHUS paBHOBeC-
HBIX YCJOBHH, TOC/Ae 4€ro B3BEUIMBAHHEM ONpeaesseTcs Co-
nepxaHue B Hem Boibl [Jlasnee ofpasen cHoBa moMellaerca
3 KaMepy u AapJeHHe ra3a ycTaHaBJuBaeTcs Ha Goviee BBICO-
KOM YypOBHe, ueM nipexne. Bona BbiTecHAeTCs H3 KepHa
ra3oM BHH3 A0 YPOBHS MNMOPHCTOH MJIACTHHKH NOA0GHO TOMY,
Kak Ha puc. 1. 38, 6 naBJeHue rasa NpHBOAHT K yMeHblle-
HUI0 BBICOTHI KaNWIsfpHOro noAbeMa, PasMepsl mop nop-
CTO#l MVaCTHHKH OOJKHBI ObITh OUEHb MaJbIMH, YTOGHI
YMEHBUIUTbL BO3MOXHOCTb BBITECHEHHS H3 HHX XKHAKOCTH
rasoM Jlaxke NP CPaBHUTENbli0 BHICOKOM jabienuu. Ha
puc. 11.42 npuBeneHbl THIOHMYYLIC KDHBLIC KanwaIAPHOTO
faBJenud, a Ha puc. 11.43 u B taba. 11.9 npeacrasaennbt
nono0Hble ¥Ke AaHHble AaA KepHos u3 ckB. A [[I. 68},
BCKPHIBILEHl MAoOUeH B JlyHsnaue.

Kax npasujo, KepHbl ¢ 6oJsiee BEICOKOH NPOHHIAEMOCTDBIO
UMel0T 60Jiee HHM3KHE 3HAaueHHs BOAOHACHIIEHHOCTH.

Ipu yBeanueHHuw daBJeHHS BO3JAyXa HJH YyBeJHYEHHH
KanuAJNspHOTO [aBJeHHS B KepHe €ro BOJOHACHIUIEHHOCTb
yMeHbIIaeTcs TOYHO TaK JKe, KaK 3To Hab/jiopaeTcs B HJaa-
CTe Mo Mepe yAaJeHHst OT yPOBHA CBOGOJHOH TMOBEPXHOCTH
poabl. O6bIyHO B JabopaTopHOH NpPaKTHKe MJd ONpeAeJeHHsA
KanuaasgpHoOTo [AaBJEHHA HCIOJb3YIOTCA BOAA W BO3AYX.
B maacTOBBIX XKe YCJIOBHSX KalidNJIspHOe JaBJEHHE BO3HH-
KaeT Ha IpaHulle pazjeja IJaCTOBOH BOJALI C NPHPOTHBIM
rasoM Bbicokoro AaBseHust, CoOOTHOWIeHHe KaluJJISPHBIX
JAaBJAeHHA H NQBEPXHOCTHEIX HATAXKEHHH HA 3THX TIpaHHLAX
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Puc. 11.42. Kpussie KamHAJSgPHOTO

JlaBJECHUA.
{IponH-
Kpu- Tlopu: | ae-
sLe | CTOCTR| moeTh TTopona
% P
1 22,8 | 175,0 IlecuaHuK
2 12,8 35,0 »
3 16,4 21,0 »
4 5,3 1 »
5 18,8 860,0 JoaoMuT
I 14,7 8 »
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Puc. I1.43. KpuBble KanuJisfipHOTO
nabfaeHust Aas KepHos cks. A[IL. 68].

Tabaruya 11.9
3HaueHnsi BOAOHACHILIEHHOCTH KeploB H3 cKB. A

Bricota BomonachitenHocThb, % o1 00be-
P “:g;a ma nop 0
g - preOMB i Hagne-
z £ [ceodon| mue, Ymoe-| mo Ki’;p;)nv pas
s ___f'} & HOlt no-| kI /cm?| TORY coJe- ans; HOCTh
s |E g BeDX- nepe- | HOCTH | yoro. | Mexay
¢ g Z HOCTH I‘OI-;KH BOLB | oM (3) n
s |53 £=\° BOiI'bln (S} 2 (3) 2)
1 291 17,61 23,8 | 4,13 89 71 74 +3
21 312] 29,3 22,6 | 3,92 28 23 23 0
3 1382 22,31 21,3 3,71 52 37 37 0
4 | 518 28,11 20,1 { 3,50 | 29 34 33 —1
5 | 250} 23,01 18,6 | 3,29 53 36 38 +2
6 63| 16,01 16,5 | 2,87 73 61 61 0
7 12556| 27,2| 15,5 | 2,73 36 28 28 0
8 23} 20,0 146 | 2,59 | 82 59 59 0
9 §319] 25,7 13,1 2,31 44 32 27 —5
10 {1830 31,11 122 | 2,17 19 20 19 —1
11 | 550 27,1 11,3 | 2,03 47 44 40 —4
12 11490 27,21 10,7 | 1,82 44 38 38 0
13 11118} 31,0f 10,1 1,89 30 25 24 —1
14 11730 32,6 9,8 1,75 27 23 24 -1
15 | 540} 27,9| 95| 1,681 35 29 27 —2
16 {1048| 28,6 9,1 1,68 36 34 25 —9
17 | 410] 27,51 838 | 1,61 38 37 35 —2
18 11960 27,4 8,5 1,61 33 34 34 0
19 12238 29,8 7,3 | 1,40 36 34 26 —8
20 j1120] 30,9! 6,7 | 1,33 32 28 30 +2
Cpen-
Hee | — | — — — 43 36 3B | —1,3

ITpumenanye. Ilannbie p3sitol w3 [11. 68].

pasieja aas yCJIOBHf{ mi1acra H JlaﬁopaTome AJad OAHOTO
H TOTO Xe KepHa paBHO

Peon Copycos O

p‘".naﬁ Ccnaﬁcos e.naﬁ

p. =p On €08 Oy _ _h‘_(P)K—Pr)nng
‘nn Cna6 % 1a6 €05 Qa6 10 g,

. (1.27)

rie p.— KanuaJspHoe AapjeHHe; A — BhICOTA pacrojoXxe-
HHA KepHa Hal YDOBHeM CBOGOLHOH [OBEPXHOCTH BOALI
B M; Py Pr — TJIOTHOCTb XKHAKOCTH H rasa B 2fcm®;
g/g.~ 1,0 efe (unpekch «mia» # «1al» OTHOCATCA COOTBET-
CTBEHHO K TJAACTOBBIM H 1a60PaTOPHLIM YCJOBHAM).

HanpuMep, Aas KepHa, oTOOPaHHOTO H3 ra3oBOTO IJa-
cra, pacnojoxentoro B 10 # Haj cBOCOIHBIM YPOBHEM KO-
TaKTa ra3—sola B TOPHCTOH Cpefe, NOTPe6OBaJOCh Obl
B 1a060paTOpPHH 1Js BOCIOPOH3BEJEHHs HACHILEIHOCTH Ka-
NMUJJISNHOTO NaBJAeHHS, PaBHOTO 1 ar,

Ap = IOIE 1:1 am.

Topuron # Mapwaaa (Thornton and Marschall) [II. 68}
BEIUMC/IMJH J1a00paTOpHEle 3HAUEHHA KalWIADHBIX AaBje-
HUfl A8 COOTBETCTBYIOUlEro TOJOMEHHA 'KepHOB Hal CBO-
GomHBIM ypOBHeM BOAB (cM, Tabia. I1.9), nmpeianoJoxKHB,
4T0 MAOTHOCTH BOAL H He@rtH paBHbl 1,076 u 0,508 efca’
W 4TO JaBJeHHe HA ypoBHE CBOGOIHOH MOBEPXHOCTH BOAH
pasuo 0,1 ar.

CoaepxaHue CBA3aHHON BOABL B KePHAX 3aBUCHT raas-
HHIM 06pa3oM OT HX HPOHHIAEMOCTH, BaxHbiy (pakTopoM
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Puc. 11. 44. 3aBuCHMOCTb COAEPKAHUS CBA3AHHOH BOJHL, onmpefeseHHO! MeTOAOM KalHJMAPHOTO AdBJEHHS,

fporuyaemoc ms, M3
-
3

Nporuyaemocms cyxo2g xepra, md

OT MNpouuuae-

MoCTH cyxoro Kepsa [l.36].
3HaYyeHHs BOAOHACBIIUEHHOCTH B3ATHI MDPH JaBJIeHHH BO3AYyXa 2,8 ar.
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Puc. 11.45. Tunnuisle KpHBHE Codepza-
HIs CBsf3aHHOH Bojgbl B 3aBHCHMOCTH OT
NPOHHIIaEMOCTH.

{ — Anaxyak [I11.63]; 2 u 3 — Muouen Jlynsna-
et [11.68 . 4 — BocToumniit Texac [II.63)
5 — necuanuk Temcnun  I1. 700 6 — JOJIOMHT
Xpioroton [1.36]; 7 — AOAOMHTH3HPOBAHHBIH H3-
pectusik Jleayk [IT.621,

TaKXKe SBJASETCS CTPYKTypa BHYTPEHHero TPOCTPAHCTBA IIO-

PUCTOH cpeibl.

Ha puc. 11. 44 npuBenensl peadyabTaThl ONHTOB IO OIpe-
JeJeHHX COomepXKaHnua CBsA3aHHOH BoAw B ofpasnax A0Jo-
MHTa METOAOM KanuJuisspHOTo AaBJjeHus. IlopHCTOCTh 3THX
KepHOB NpEeICTaBJIseT CO60H KOMOHHALHIO MEePBHYHOH MOPH-
CTOCTH H TOPHCTOCTH PacTBOPeHHs. B mHecyaHHKax comep-
JaHHe CBA3aHHOH BOABI CYLIECTBEHHO 3aBHCHT OT KoJuYe-
CTBa IMIHHHCTOrO MaTrepHaJja.

Ha puc. 11.45 naHbl THOHYHble KPHBbie 3aBHCHMOCTH
COMepKaHUs CBSI3aHHOM BOALI OT MPOHHIAEMOCTH MOPHCTHIX
cped A/ Pa3qHUHBLIX MecTopoxmeHid, CJelyeT MOMHHTh,
yTO KpUBHIE, NPHBEJEHHLIE Ha 3TOM DHCYHKe, AAIOT ycpel-
HeHHble 3HaYeHHs CBsidawHo#l BoAwl. Hecmotrps Ha TO, 4TO
pa3fpoc ToUEK Ha STHX KPHBHIX HECKOJbKO MeHblle, YeM
Ha rpaduke puc. 11, 44, n1a BCex eCTECTBEHHHX TIOPOAL 3TOT
pasbpoc umeer Mecro. Puuapacod, Ilepkunc u  Ocofa
(Richardson, Perkins and Osoba) {II59] noxasaau saus-
HHe  TeoJIOTHYECKOTO BO3pacTa MOPOA HAa XapaKTepPHCTHKH
KepHOB.

Ilas ompedesneHust 3aBHCHMOCTH KamHIAPHOTO JAaBsJe-
HHSI OT HACHILIEHHOCTH HYaCTO TPHMEHSIOT UEHTPHOYTY
{I1. 34, I1. 65, 1I. 50]. B sTOM Carydae UEHTPOGEXKHbIE CHIIH,
MPHJOWKEHHbE K MKHAKOCTH, ABJSIOTCS aHAMOTOM JaBJeHHd,
cosnasaeMoro rasom. Ha puc. 1. 46 [II. 65] nzo6paxen Kep-
HOJepXKaTelb, MPHMEHseMbll B 3THX SKCNepUMeHTaX, a Ha
puc, 11,47 naHa 3aBHCHMOCTb KOJHYECTBAa BOIBI, BbIUiE1-
el H3 KepHAa, OT BPEMEHH AJ# CKOPOCTH BPAULeHHA LEHT-
putyTH, COOTBETCTBYMIIIeH 1aBJEHHIO BO3AyXa 2,5 ar.
OGHUHO ONBITHl IPOBOAATCS NPH HECKOMLKHX BHIODAHHBIX
CKOPOCTAX BpallleHHsi UeNTpH(YrH B TEUCHHE BPEMEHH, JO-
CTATOYHOTO /IS TOJYYEHHs paBHOBECHs, XapaKTepH3ywolle-
rocsi NOCTOSHCTBOM KOJWUYECTBA BHTECHEHHOH 113 KepHa
JKUAKOCTH,

o7



Pnc. 11.46. KepHogep:xkareap IJaA oupeneSeHHs

KaludJ/JasApHOro JAAaBJEHHS ¢ MNOMOIIBK LEHTPH-
dyru {11.65].
I—HSOJIprlO].LlaSI KpPbIlKa; Z-Kopnyc KepHOAepXarTe-
nsi; 3 — CMOTDOBO€ OKHO; 4 — YIJOTHHTeJbHOE KOJbLO;
5 — oMOpPHLIA AHMCK; 6 — KOpnyc TpPYOKH,

T
AS)
g
§7.8 By ,
o ""24 »---o—o-—j: 3|
a= I/7 >
2 4 y.
316 L
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Bpema, y

Puc. I1.47. HamenenHe o61eMa Bojbl, BHIeAlIell H3 Kep-
Ha, BO BPeMEHH [LPH UEHTPUDYTHPOBAHHH €O CKOPOCTHIO
2300 o6/mun B cHcreMe Bojga — Bo3nyx [II. 65].

I— K= 1400 #d; 2 — K =1140 #9: 3 —K = 2710 #9; 4—K =
= 2210 xo.

Ha puc. I1. 48, Basitom u3 paborer Ciio631a, Uambepca
u [Tpuua (Slobad, Chambers and Prehmn) [II.65], cpaBHu-
BalOTCS pe3y/abTaThl, MOJYYEHHbIe ¢ MOMOLILIO NEeHTPHOYTH,
C pesy/bTaTaMH, IIONy4eHHBIMH METOA0M KaNlHJJISPHOTO
naBjaeHHs. B HeKOTOPHIX C/iyyasix B KauecTBe BEITECHSIOLIeMH
da3bl HCHOAB3YIOTCS HedTh WM APYTHe YI/IeBOAOPOIHEBIE
K HAKOCTH.

Mapke (Marx) [II. 50] npemoXHa MeTox OnpeneseHus
CKOPOCTH BpallleHHs LeHTpH]yrH, obecrneuHBalollleli BEITeC-
HeHHe KHIKOCTH H3 KepHa B YCJAOBHAX Na60PaTOpPHH, IKBIU-
BaJIeHTHOe BBITECHEHHIO ‘B mJacTe. KanH//aspHble KOHleBble
3¢ deKkTsl 1A MOLeIH H nsacTa OYAYT OAHHAKOBBIMH, €CJ/H
HMEeeT MeCTO COOTHOLIeHHe

a
hz—é—hm, (11. 28)
rae A, — BbICOTAa c6pa3lla, NOMeIIeHHOTO B UeHTPHGYTY;
h — BLICOTA MO/JE/H HJH Mjacta, @ — YCKOpPeHHe Ha LeHT-
pudyre; g — ycKopeHHe CHJBl TAXKECTH.

Korga koHiuesble 3¢ eKTH 3HAYHTE/bHBl, COOTHOLIEHHE
MeXIy BpeMeHeM { [/ NsacTa HJH (QH3HYECKQH MOJeqH
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Puc. 11.48. CpaBHeHHe XPHBBIX Ka-
NU/IIPHOTO A AaBJEHHS, NOJYydYeHHBIX
¢ NOMOUIbK UeHTPHPYTH M OObIY-
HBIM KanHMIApHBIM MeToaom [I1.65]
O6pasen Kposg=494 #md; &=225%.,
D=225%.
I —na uenrpudyre (i-fi oneit); 2 —Ha
nentpudyre (2-fi onmbT): 3 -— KamHJIAD-
HBHIM METOAOM.

# BpeMeHeM f, IJs UeHTPHPYrHPyeMoro obfpasia Moxer
GLITL ITOJYYEHO H3 BHIPAXKEHHSA

a\2
t=(E) £

Mapxkc nokasas, 4To npH UeHTPHPYrupoBaHHH obpasia
aaunoll 2,92 cm cO CKOPOCTbIO 525 06/mun (paccTosiHue OT
OCH BpallleHHs UeHTPHyrH A0 o6pa3ua pasHo 168 cu)
B MOMEHTH BpeMeHH, cBasanuHble cooTHowenueM (II.29),
noayyaercst Ta JKe TeKyllas HaCBULIEHHOCTb, YTO H MA MO-
Jenad fJHHOR 154 cm. OTHollenHe BpeMeH oIpeie/sieTcs
¢ noMombio popmys (11.28) u (11.29):

¢ a\2 h\2 154 \2
(2] - - e

BpewMs, 3aTpauHBaeMoe na UeHTpHdyruposaHue, B 2790
pa3 MeHblle BpeMeHH, HeOGXOLHMOTO [Js1 NPOBEJEHHS Ollbl-
Ta Ha o6pasile AauHON 154 cm. CKOPOCTb BpallleHHs LEeHT-
pudyru Beraucasgercs no Gopmye

(11. 29)

2 — 1118 X 10-°N?, (11. 30)
g
rie N — ckopocTb Bpaulesna ueHTpudyrs B o6/mux,
r — cpelHHH paauyc UEHTPHODYTH B cM,;
= 154 ! =525 06/ mun.

292168 x 1,118 X 10—°



§ 11. KAMWIJIAPHOE JABJIEHUE

Tapcean (Purcell) [II. 56} npensoxua MeTox H3MepeHHA
KaNnuJISIPHOTO MaBJ/IEHHsA NYTEM HATCHETaHHS B KePH PTYTH.
Tlpi 3TOM HCMOJAB3YyeTCs amnaparypa, nono6Has H300pa-
KenHoli Ha puc. I11.7. CooTHolIeHHe MeXKIY KalH/JIsPHBIMH
JanJeHHsIMH Ha TpaHulax pasjena pPTYTL—BO3AYyX H BO-
na—BO31YyX PaBHO

Kanu/JIsIpHOe AaBJjeHHe PTyTb — BO3AYX

KalHJAAsIpHOe AaBJEHHE BOfa — BO3RAYX
_ — 480 cos 140° 5
- 70 cos 0° -

(11. 31)

TakuMm o06pa3oM, ecsan jgas/jeHde PTYTH INIPH BHITeCHeHHWH
BO31yXa PTYThIO B D pa3 GoJblile HaBJeHHST BO3AyXa INIPH
BBITECHEHHH BOJABl BO3AYXOM, TO HACHIEHHOCTb KepHOB
COOTBETCTBYIOIIHMH ¢pazaMu (BO3/yXOM B INepBOM cJjyyae
H BOJOH BO BTOPOM cijaydae) MoXeT OBITh OJZHHAKOBOH,
kak sto BuHaHo u3 puc. 1I.49 [II. 56]. IlpeumyuiectsaMu
3TOTO MeToda SBJSIOTCS OBICTPOTA INPOBEJEHHs 3IKCIepH-
ME@HTa H BO3MOMKHOCTL CO3JaHHA BBICOKHX AaBaeHuH., Kpo-
Me TOro, OH MOXKeT OLITb NpPHMEHeH /sl Onpefe/eHHS Ka-
NHJISIDHOTO LaBJAEHHS Mo 06/0MKaM H HeOGOJLLIIHM KyCou-
kKaM KepHa. [To KpHBOH, COOTBETCTBYIOILIEH HarHEeTaHHIO
PTYTH, MOXeT ObITb PacCYyHTaHa NPOHHLAEMOCTb KepHa IO
caepyolel gopmyne:

S=100
ds
K = 10,66 C® 5 (I1. 32)
J P
S=0

rae K- npounuaemocts 8 #3; C — ko3dduuuenT, 3aBucs-
mufi oT Xapaktepa mopoabl (asa naacta Ilosakcd paseH
0,216, mast sepxHero mnecuanuka); ® — nopucrocte B %;

S — HacbimeHHocTs B %)  pc — KanWwlspHOoe [aBJeHue,
H3MepseMOoe MO AaBJeHHI0 HaTHeTaeMoH PTYTH, B ar.

Kosdpduunent C momer 6HITb OnpeieNeH 1O CTaHIapT-
HOMY o0pa3siny MopojiBl H 3aTeM HCIOJb30BaH A4S paGoTH
Ha HeGOJIbIIHX KyCO4YKaXx TOH Ke MOPOMLHL

3 2 103
) Y
& T a
S L §
Q
16 8 3
x g C8
S5 | xS
33 1 3
xR 42 635
< Q ;‘;Q
QY Q!
Sy s St
NSRS VAR
38 \ MY
T
2 HIRK, -
S 04 ] 2 §
= 3
< 9 "o 3§
0 20 LO=H,0+60 80 100 <
100 80 60~tg=~40 20 0

HacoryenHocmes wudxocmst

Puc. 11.49, CpaBHeHHe KpUBLIX KaNHJJASPHOrO masJe-
HHST [LAs  CHCTEM DTYTh = BO3AYX H BoJda — BO3AYX

Tlecuanuk dpro; K =170 »9, ©=26%.

§ 12. COOTHOWWEHUE MEXOY KO3®®HUHUEHTOM

AJNEKTPOCOINIPOTUBJEHHUHA NMOPOADI,

KAMUJAJSAPHBIM JABJIEHHEM

U MPOHHUAEMOCTbBIO

B03MOKHOCTb CYLIeCTBOBaHHA GYHKUHOHAJIBHOH CBSI3H
MeKIY KO3(pGDHUHEHTOM 3JeXTPOCONPOTHB/EHHN, KaTHAAsAD-
HHM JaBJeHHeM H TNPOHHLAEMOCTbIO 00yC/MOBJEeHA TeM, 4TO
BCE 3TH BeJHYHHBl ONPeleqsloTCsl pasMepaMH NMop H CTPYK-
Typoli noposoro mpoctpanctsa. KosdduuueHt snexrpoco-
NPOTHBJEHHST NMOPOAB cBsA3aH C 3¢ deKTHBHOH AaHHOH nop,
a Kanu/asipHoe HaBJjeHHe sBaAeTCs QYHKUHeHd pacnpelede-
HUA Top no pasMmepau. IToaToMy 3TH BeJHYHHB MOTYT GHITL
HCMO/IB30BaHBl A5 ONpele/eHHs] NPOHHUAEMOCTH, KOTOpast
B CBOIO ouepelb 3aBHCHT KaK OT AJMHHBL, TaK H OT AHAMeT-
pa mop. TlomoGHoe cooTHOLIEHHE OCOGEHHO HEOO6XOAHMO
B CJyyae, KOI'la HCIBITBIBAETCA HENOCTATOK B JaHHBIX MO
MPOHHLUAEMOCTH H KOTZa HMeloTCsl He6OoJbliHe 06JOMKH HH-
Tepecylolel Hac NOpPOJHL.

3akon Tlyazefinsi /s TeueHHs BS3KOH KHIKOCTH IO
Kanu/sipaM gaercsa B BHae

_ &De (— 4p) 11. 33

Y ST (1. 33

tae ve — S(QQdeKTHBHAs CKOPOCTb B NOPOBOM  KaHale;

D, — apdexTisHBl LHaMeTp NOpOBOTO KaHana; Ap; — me-

penan pasaenus; L. — sdpexTHBHAS AJHHA NOPOBOrO Ka-
Ha/Ma; [+ — BI3KOCTb XKHIKOCTH.

b dekTUBHAA NIOWAAL NOTOKA NPH TEYEHHH KHIKOCTH
6yfaeT Toll ke, 4TOo H 3¢ (peKTHBHAsA MJIOMIAAb NPH TEUEHHH
yepe3 obpa3ell 3JeKkTpHueckoro Ttoka. Kapman (Carman)
[1I. 18] BelpaxaerT 3OGEKTHBHYIO CKOPOCTb B BHIE

vL,
v, = = I 34
e @L ’ ( )
TAe U — CKOPOCTb, H3MepeHHasi Ha OCHOBAHUH oOLIHX pas-
MepoB o6pa3ia NMopoabl.

Heo6xonuMo OTMETHTB, 4YTO CYLIECTBYET MeH€e TOYHas
tbopMyna mas onpenenenuss 3¢pdeKTHBHON CKOPOCTH, KOTO-
pasi LIHPOKO NPHMEHsach KaK 10, TaK H T0c/e NOSBJAEHHS

v
JIIOMIOH  MPeanoNoKHI, 9TO Ue= D

pa6otTel KapmaHha,

[11. 18].

HenspectHroie BesnuuHbl De, Ue U L, MOTYT GBITH HCKJIIO-
ueHbl U3 3akoHa [lyaseisisg, ecqH BMeCTO HHX NOACTABHTb
HXx 3HauyeHus u3 dopmya (II. 18), (II.34), (II.25), Torna

(o cos )% (— A py)
© uFlgp?

. (I1. 35)
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TakuM 06pa3oM, CKOPOCTL TedyeHHsI uyepe3 MOPOBHE Ka-
Ha/jbl, B KOTOPBIX KamW/LISIPHOE JaBJcHUE paBHO P, 1AETCS
ypaBuenuem (l1.35). Hoas aop Taxoro pas3mepa OT BCero
KosuuecTBa mop cocrasasieT d®, O6beMHas cKOpPoCcTb Teue-
HHSI JKUAKOCTH HJM Ta3a uePe3 3TH MOPH
(s cos 0)* (— Apf) A

u FLplg,

rae A — miomank nonepeyHoro ceuesnusr oGpasia,

ITpu uurerpupoBanun ypashenust (II.36) noayuum o6-
IyI0 CKOPOCTh ABHIKEHHs MO mopaM Bcex pasMepos. Ilpu
3TCM CJelyeT NOMHHTbL, UTO P, 3aBHCHT OT HACHIUIEHHOCTH
wiad oT P B COOTBETCTBHUM € KPHBOH KaNHJJISAPHOrO 1aBJe-
HHA:

dQ = vAdd = dd,  (11. 36)

@
(o cos B)% (— Apf) A [ dD

2u FLg, p?
0

(11. 37)

§ 13. ABYX®A3HOE TEYEHHUE.

ITpu mo6bblue HedTH H3 NaacTa B NOPHCTOMH Cpeie Ipo-
HCXOIHT OJHOBPEeMeHHoe TeueHHe HedhTH u rasa. Ilpu pas-
pa6oTKe ra3oBBHIX NJAACTOB BMeCTe ¢ [a3oM ABHIKYTCS KOl-
nencat ¥ soga. Ilpocrefimuil cnoco6 uayuedus AByx¢asHo-
ro TeyeHHs COCTOHT B DPACCMOTPEeHHM ABHKEHHS [aHHOLL
da3pl B ycaoBHsIX ABYX$asHOro INOTOKA MO CPaBHEHHIO
C BHKEHHeM B Cjyuvae, ec/d 3Ta ¢a3a MOJHOCTBIO Hachiia-
eT NMopoBoe NMpocTpancTBo, OTHOLIEHHe NPOHHIAEMOCTH No-
poabl aas ofHo#t U3 a3 npu AByXPas3HOM TeueHHH K TIPO-
HHUAeMOCTH NOPOABl Aas 3TOH XKe da3pl mpu onHodasHOM
NOTOKEe HAa3BIBAETCS OTHOCHTENBHON [FPOHHLAEMOCTHIO.

H3yueHHIO COBMECTHOTO TeYeHHs B NMOPHCTOH cpele ABYX
H Gosee (a3 MoCBALLEHO 60JbLIOS KOJMUYECTBO HCCAENOBA-
uuil [I1. 8, 11. 11, I1. 12, I1. 32, II. 45, 11. 46, II. 48, II. 52,
I1.53, 11.54, 11.58, 11.61,11,74]. B nauHoM pa3siefe Jillb
KPaTKO PaCcCMaTPUBAETCA 3TOT BOTPOC.
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Puc. 11.50. Cxema mnputopa aas u3y-
ueHHs1 JOByXdaanoro rteuenus [II.54].

! — BbIXOA rasa; 2-— BXoJ rasa; J — Kepu;
¢ — B atMocdepy: &§ — Bxox uedbTH: 6 — dbap-
JyopoBas nNNacTHHKA. 7 — MCPHBLIT LUJHHAD,
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OG6blut0o /151 ONpPEeNeNeHHs UHCAEHHOrO 3HAUEHHS HHTE-
rpana TpebyeTcs rpaduueckoe HHTEPpHPOBaNHe.

Conocrasasis soipaxende (I1.37) ¢ 3akonom [Hapeu,
npeicTaBJeHHbIM ypasHeHHeM (I1.2), MoxHO onpeneants
NPOHHLAEMOCTh!

&
(g cos 0)? \ o
0

K= . (1. 38)
2Fg, ) p?

Ecan K sbvipaxeHo B MWAJHAAPCH, S B OuH/cM, TODH-
CTOCTb B JHOJSIX eJHHHUBl W [gaBjaeHHe B aTMocdepax, TO
ypasHenue (II.38) npumer sun:

o
__ 0,0494 (scos 6)> ( 42

K (11, 39)
2
F " 28

OTHOCHUTEJIbBHASI MPOHULLAEMOCTbDb

PaccMOTpHM oLHOBpeMeHROe Tedenne Anyx $ha3 B o6pas-
ue nopuctoit cpeawl (puc, I1.50). Ipu PuasTpauuu KuiIKo-
CTH B NMOPHCTOH Cpele, NMOJHOCTHIO HACBLILIEHHOH 3TOH KHA-
KOCTBIO, ONlpeledseTcs MPoHNLAaeMOCTh Ky 3TOH cpeanl 1as
JAaHHOH KHAKOCTH. TIpH COBMeECTHOM TeueHHHM B NMOPHCTOI
cpefe rasa M XHAKOCTH (BOIB HJH HedTH) L BHIYHCIe-
HHS TIPOHHLAEMOCTH CPelbl A5 KakKI0H H3 (a3 HCnodb-
3YIOTCA COOTBCTCTBEHHO M ¢ha3omble cKopocTh, Jlenenue
3THX (a30oBbIX TMpoHUuaeMocredl Ha Ky 1aeT 3HaueHHe OT-
HOCHTENbHBIX MPOHKUILAaEMOCTEH.

OcHoBHBIM GaKTOPOM, OT KOTOPOTO 3aBHCHT OTHOCH-
TeJIbHble TIPOHHUAEMOCTH, SIBJSIETCH HACHILEHHOCTL MOPOBO-
ro nmpocrtpaHcTBa ¢GHAbTpyloulnMucs dasavu, Ha puc. I1. 51
PEeACTABJIEHE THTHUYHblE KDHBBIE OTHOCHTE/BHBIX TPOHH-
1aeMOCTed AJs rasa H XHIKOCTH, OJHOBPEMEHHO (HALTpPY-
HOIIHXCS Yepe3 CUEeMeHTHPOBAHHABLC H 'HeClUeMEeHTHPOBaHHDIE
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Hacoiuennocmes wudxocmero,

Puc. 11.51. Kpusble OTHOCHTeJBHBIX NpOHHNAe-
MOCTeH ISl CLUEeMEHTHPOBAHIBIX M HeCLeMeHTH-
poBauubix neckos [lI.8].

2 — XHAKOCTb, J — CLEMEHTHPOBAHHBIfl; 4 —
HECHEMENTHPOLAHHBIR NecoK.

1 —ras;
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Puc. I1.52. Kpusbie OTHOCHTEeJLHOR RpOHHIAC-

MOCTH TpH BLITECHEHHH He(TH ra3oM MNpH pa3HbIX
nepenanax nasnaedus [II.54].

necyanukH. VM3 3THX KPHUBLIX BHAHO, YTO ras He 6yder ABH-
raTeCsl 40 TeX IOp, [10Ka ra3oHaCHILEHHOCTL He JOCTHTHET
BeJHuuHBL Topsinka 10—15%. HachlueHHOCTb JKHAKOCTBIO
NMOpPOBOr0 NMPOCTPAHCTBA, NMPH KOTOPON KHIKOCTh OCTAercs
ellle HeMmOABHKHOM, cocTasaser 30—45%. O6LiyHO cyMMa OT-
HOCHTE/JbHBIX MpPOHHLAeMOCTell, COOTBETCTBYIOUIHX olpeiae-
JIEHHOMY 3HaueHHI0 HaCHILIeHHOCTH, 3HAuHTEJILHO MeHblule
100%.

U3 apyrux BaxHbix $aKTOpoOB, BJIHAIOIIHX HAa Be/JHYH-
Hbl OTHOCHTEeNBLHBIX MpOHHLAEMOCTel, CjaeayeT yKasaTh Ha
XapakTep NOpHCTOH cpeiabl, CBOHCTRA caMHX (a3 H rpa-
auenT napaends. Ms puc. [I. 52 MoxHO 3aMeTHTb, YTO yBe-
JHYeHHE Mepenana 1aBJeHHsT MPUBOLHT K yMEHbIIEHHIO Ha-
CHILIEHHOCTH KepHa BHTecHseMOH kuakocTeio I Bpaysemtom

Fazonaconyennocmes, %o 0. nop
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Puc. II.53. Kpupbie oTHOCHTeJbHOH TNpOHHnae-
MOCTH MpH HaJHYHH M NPH OTCYTCTBHH CBA3aH-
Hoit Bonw [II.48]. :

I — ras: 2 —HedTn; 3 ~— 15—25 % cBsA3anHON BoAB; 4 —
Ge3 CBA3aHHOH BOLBL.

(Browell) u Katuem (Katz) 6ou1 npensioxeH He3aBHCHMBblil
MeTOJ TPAKTOBKH IBYX(ha3HOTo TeueHHs, BHOCALIMH SCHOCTH
B BOMPOC O BJHSHHH Mepenana jaBjeHuss HAa OCTATOYHYIO
HACBHILICHHOCTL NOpPHCTOH cpeabl kuakocTsio [II. 10]. Buausi-
HHe TperTbeH (asbl nokasano Ha puac. I1.53 [II. 48]

®arr (Fatt) [II. 28] npeasoxkun cetuaTyio Modeln CBsi-
3aHHBIX MeXZAy cobofi Tpy6OK pa3HLIX paiuyCcoB. DTy MoO-
ZleJib OH HCMOJIB30BaJ AJs HCCJIELOBAHHS KPHBBLIX KANMHJAAD-
HOTO JaBJeHHst H /151 OOBSICHEHHS SIBICHUS OTHOCHTEJILHOH
NpOHHILAEMOCTH.

§ 14. PACNPEAEJEHHE MOPUCTOCTH U NMPOHUUAEMOCTH

Baauec (Bulmes) [II. 13] wucmoab3osas craTHCTHYECKUE
MeTonbl 06paGoTKHY NaHHBIX aHaJH3a KepHOB NOJOMHUTH3H-
posansoro HasecTHsika PynaqeptoH. [as Jawo6oro HHTepBa-
73 3HayeHHH MOPHCTOCTH HMEEeTCsl ONpele/eHHOe BO3MOXK-
Hoe pacnpejeseHHe MPOHHIAEMOCTH, KaK 3TO MOKa3aHO Ha
puc. II. 54. Ha puc. I1. 55 npexncrassieHa KpHBas, BbIpaxa-
olllasi 3aBHCHMOCTb BEPOSITHON MNPOHHIAEMOCTH, TPEBHI-
waromed I s0, OT NOPHCTOCTH TOJIOMHTH3HPOBAHHOTO H3Be-
ctHsika Pynneprod. Tlogo6usie MeToabl aHa/H3a KepHOBOTO
marepHaja garoT 6oJiee [OJHYI0 OLEHKY MpPOJYKTHBHOTO
NOpOBOTO NMPOCTPAHCTBA MJacTa.

Mertoa oueHKH NMOPHCTOCTH 1O 06JIOMKAM TODOLB! MyTeM
Hoc/eloBaHUST KaK 3THX 06JOMKOB, Tak H 06pa3ioB MOpOTH
6ul1 paspa6orad Kartuewm, TapHepom, pummonm, Enan6acom

I IlpuBeneHHble BeJHUHHB OTHOCHTEJNBHBLIX NPOHHIaeMocTell
NoJlyueHbl H3 NPelNOoJOMKEHHs, 4TO AJA IBHXKEHHUA KaxIoH H3 das
cnpaBeldsHB 3aKoH [lapcH. IIpH HccsleloBaHHH ¢ PasHBIMH Nepena-
NaMH /aBJeHHSl H NPH HapYLIeHHH 3aKoHa J[apCH OTHOCHTENbHas
NMPOHHILAEMOCTh  GyleT H3MeHSAThCSl HHaYe, 4YEM 9TO CJejyeT H3
prc. II, 51 u II. 52, B 5ToM ciyuae nNpH MaJHX HachII[EeHHOCTHX
OTMEYAeTCA YyBeJHYeHHe OTHOCHTEJhHOR NPOHHUAEMOCTH NPH OJAHO-
BpeMeHHOM pocTe Koadduuuenta B B ypaBuenun (11.10). — Hpun.
ped.

fponuyaemocmes, M3
U,Ugl U,‘l]l ar 1.0 7|0 IQU 1000
i ’ iy L 1 J. 1 Nl ]

/Ll
’ %

/)

Puc. II.54. PacnpeneneHue [poHuiaa-
MOCTH B B3aBHCHMOCTH OT MNOPHCTOCTH
Aasi KepHos Beccon [II, 13],

61



LR A R R

o,
flopucmocms, %,
xRN 5 8 R ¥ S
~~
L gt

y 1 I}
99,999,595

| T TN N JNS SO |

11t
10 2030 50607080 90 99
Caﬁepmanue xeprob ¢ nposugaemocme,npeBoruargued 140,

00! 0,1, !

Puc, II.55. IlponenTHoe coaepikanHe KepPHOR € MpPOHH-
aeMOCTbIO, NpeBbilratolles; I #0, A/ AOJOMHTH3HDO-
BaHHoro H3BecTHsika Pyanepron [II. 13].

1 — Bropan 3sona (1883 anaansa KepHOB); 2 — TPeTbsl 30HA
(1372 aHanau3a KepHOB).
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Puc. II. 56. PaCnpeﬂeJleune
NMPOHHLAEMOCTH s oﬁpaauoa
[1I.41].

MOPHCTOCTH M
JOJIOMHTA

u Bepu [[.36]. 3toT MeToa OCHOBaH Ha aHaluse Kep-
HOBOTO MaTepHaJa HEeCKOJBKHX COTEH CKBaXKHH, TpobypeH-
HBIX Ha A0JOMHT XBbIOTOTOH. Bee KepHH 6bi1H pa3bUTH
reoJIOraMH Ha IIecTb KJaccoB, H KaXIbill KeDPH HecjaenoBal-
csi ¢ TOUKH 3peHHs ero KJjaccHPHKallud MO 3TOM IiUKaJje.
Jins Kaxpaoro KepHa ObIJIH H3MeDeHbl 3HaUeHHA TMOPHCTOCTH
H TIPOHMI@eMOCTH, oblLiasi 3aKOHOMEPHOCTb pacnpeieNeHus
KOTOpHIX ToKa3aHa Ha puc. II. 56.

PacnpesnenedHe KOPHCTOCTH AJsi o6pa3loB  DPas3iHUHBIX
Knaccos npusenedo Ha puc. 1I.57. Kpome Toro, 6ula ycra-
HOBJIeH HHIKHHH Tpejae] TNpoHHlaeMocTH, paBHbiil 0,03 xd,
NpH KOTOPOM TMOPOAY ellle MOXHO ObIO CUHTaTh HPOAYK-
tuBHofl. [ajsee Ha aQuarpaMmax pacnpefeneHHs o6pasuoB
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Puc. 11.57. Pacnpeaenesgue NopHCTO-
CTH KepHom mno KJaccaMm [II.36].

N0 MOPHCTOCTH AJsT BCEX THUIORB ONpejelieHn 3HAUCHHS HHXK-
Hero mpejeia MOPHCTOCTH, MPH KOTOPOM mopoda OuiJa npo-
NyKTHBHAs. AHAJIH3 3THX KeDHOBBIX JaHHBIX MO3BOJH NOJb-
30BaThCsl JaHHBIMM MOPHCTOCTH MeJKHX OGJOMKOB HapaBHe
¢ O6GBIUHBIMH KeDHaMH.

Hsyuenne pacnpesenenus nop no pasmepan [I1. 12, I1. 4]
HeCKoJbKO TpPOJHBaeT CBET Ha NPHPOAY NOP H HX Croco6-
HoCTb COAepkKaTbh NPOMBiLIEHHYI0 HedrTb. HHTepmperauus
NaHHBIX HCCJIeTOBAHHS KEePHOB C LCJABIO TpeNcKa3aHHd 10-
6blun HedTH BKJAKYAeT, TOMHMO ONpele/leHHs TOPHCTOCTH H
TIPOHHIIAE€MOCTH, TaKXKe U onpelele€HHe HX HACBHUEHHOCTH
[11. 24].



§ 15. IJIACTOBBIE BOJbl

Mopuctete cpennt conepxar Boay (B PasiHuHON CTeleHH
MHHEpaJIM30BAHHYIO) He3aBHCHMO OT TOTrO, NMPHUCYTCTBYIOT B
HHX HedTb M ra3 HJAM Her. HauGonee pacmpocTpaHeHHBIM
KOMIIOHEHTOM B IIJIAaCTOBBIX BOAAX #ABJAAETCA XJOPHCTHIH
HaTpHH, OCo6eHHO AJAs NOopoJ, OTJOXKEHHE KOTOPHX Ipo-
HCXOJAHJI0 B Mopckoll Bode. CocTaB mepBOHAYaJbHOH CBA3aH-
HOA BOAB B TODHCTOH cpefe OGBIYHO BIIOCJAEACTBHH H3Me-
HsieTcsl, YTO BBI3biBAaeTCs OTJIOXKEHHEM ©oJieH, IPHHOCHMBIX
TPYHTOBBIMH BoJaMH. [lacThl, HMeMoLIHe HeMOCPeACTBEHHYIO
CBA3b C TOBEPXHOCTBIO 3eMJIH, MOTYT COAepKaTh NPeCHYIO
BoAy. BhicokoMuUHepaJH30BaHHHE NJIACTOBHE BOIH TNpPHYPO-
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Puc. II. 58. Tpaduueckoe uzoGpaxeHue
6 — MoOpcKad BoOZa; & — mJjgacroBas

« — npecHad Boja;

YeHB! K M/1acTaM, 3ajeramlluM B6JAU3H TOPOJ, COldePiKalluX
pactopumMbie coau [I1. 66, I1.38]. B ta6a. II. 10 npusesenn
pe3y/bTaThl aHaju3a BOX NJacta ®pHo no aaHHbBM [[xec-
cera H [oabiaycena [11. 38].

CTHdd npeasoXH1 MeTox, NO3BOJAKIIHA HATMAIHO
CpaBHMBATb pPe3YJbTaThi aHaJH3a pas3auudnix Boa [II. 66]
Merton 3ak/ouaercs B HaHeCeHHH MHJUIHSKBWBANEHTOB OC-
HOBHBIX HOHOB, TIOJIOXKHTeJbHBIX HOHOB BJIEBO, a OTPHUA-
TeJbHHX BIPaBO, Kak moka3aho Ha puc. II.58. CxoaHbte 1o
COCTaBy BOAbl G6YyIyT HMeTb CXOZHBE TIO BHAY AHATPaMMbi,
4TO '06/1eriaeT HX paclo3HaBaHHe.

wp 5105 g 5 10 15 ¢
cg'9? . i Crcoy
0 g, Lso,0
Fel , 10 ¢oq
10 10
Nal cal ]
Ca0g 10010y
10|Mg 50410
2 10(co
0 10
Nd cl
Caf00 100HCO,
10|Mg NG\ sp410]
Feltd 0lcps
] Tro]

aHanu3a nJacTtoBbix Bog [II. 66].
Boza (Bafitmep), npomeicen Hua, Jlyusuaua;

e — njaacroBas Boga (Ilanakcw), mnpombicea Cyabdyp Baadd, Texac,d —0,1 # MgCly: 2—0,1 u.
NaCl: o — nnacroBass Boga (Ap6akn), npombicen Bilomep, Kansac;
Me = ake
8 — WKaJa ————A———; M — maacroBas BoAa (Jloma Hosa), mpombicen Cepen Cucrepc, Texac,
Tabauya 11.10
Xumuuecxuit aHaaus sop naacta Ppuo
Kpos- ng‘;"eo' Xumuueckuit cocran, %
51 oT 4
CkBaxuHa Mecropoxjenue Tay6una, & n.ne::‘:-ra, g};gcﬂsﬂ}f Nat lcat+ Mg++ a— | so— |Hco,— 25
M
Okpyr Crapp
Ne 5 Mak-Kunnei Can . . . ... 1258-—1260 | 777+| 483 }1,3802|0,1656|0,0073 | 2,4244| 0,0018]0,0214| 1
Ne 1 Pexsunec H.Can . .. .. 14161420 |1037 +| 383 | 1,3819{0,2444|0,0058 |2,5896| 0,0053|0,0116] 2
Ne 2 Buna Bo#in ., .. .. 786—790 488+ 302 |1,1921{0,0344{0,0090 |1,8764] Her |0,0842] 3
Ne 1 Xean Creiit H, Puncon. . . .| 1060—1062 | 70241 362 |0,7395(0,1268|0,0050 | 1,2696] 0,140010,0110] 4
Ne 1 Xenn Creiit H. Puucon. ., . .| 1407—1409 | 702+ 707 {1,0707;0,0933;0,0078 | 1,7923{ 0,0445(0,0078; 5
Ne 1 JI. Cnup Passen, ckB. . . .| 1648—1658 | 838+| 819 |1,4249|0,1842/0,0082 |2,5049| 0,0130| 0,0561| 6
Oxkpyr Kaubepr
Ne 1 Mapk Passen. ckB, . . .| 1591—1598 11157 465 1,3756| 0,2400) 0,0024 | 2,5300| 0,0160} 0,0201| 7
Ne 3 Kuur Panu | CHIHrcoH 1430 |1222 209 |0,8257|0,0738] 0,0035 | 1,4000{0,0111}0,0128; &
KaGe3a
Ne 7 KaGe3a CHAHrcoH 1734—1736 {1227 511 | 1,0634{0,1590]0,0010 | 1,9000{ 0,0054{ 0,0384| 9
Ne 31 Kusr Panu |[Crparron. . . . . 2034 1285 748 |0,5809|0,0195(0,0018 |[0,8750| Her | 0,1068] 10
[leco AHuo
Ne | Kunr Pany |CrpatTOH, , . . . 1882—1896 [1303 594 2,5551)0,8]68\ 0,0234 |[5,4500] » 0,0201] Il
Appaiio )
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Mpogonwenue tada. 10

Paccro- Xumuueckuil coeras, % '
KpoB- | suHe
CkBaxXuHa MecropoxaeHHe nyduna, x n.rxz]l';ra, :;E;E}]{:;f Nat lcat+ Mg'i' - cl— s0,~ (HCO;,— E
M I -
OKkpyr Hpwexec
Ne 1 AjficencH PasBen. ckB. . . .| 1820—1824 [1415 410 [1,9481]0,2148| 0,0091 | 3,4050] 0,0030; 0,0140| 12
Ne | Be66 ®aoyp baadd . . 2036 1963 ) 134 |2,5716{0,1026] 0,0241 | 4,1700] 0,0020| 0,0805} 13
Okpyr Can MMartpuuuo
Ne 2 B. E. Kupk [|E. Yaiir Ho#tar . . | 1727—1730 [15704| 160 |2,9282] 0,2925] 0,0589 | 5,1783] Her | 0,0148] 14

Ha

O’Konnep
O’Konnep
O’KoHHep

1
2
2
o A—4 O'Konnep
2

®. Xepa

pesepByapHOro

napka

Ne
Ne
Ne
Ne
Ne
Ne
Panu
Ne

Ne
Ne
Ne
HOTO

No
Ne

Ne
No
Ne
No
No
Ne
JieHn
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1 Hccekcon

1 Hccekcon

4 M. bpanu

1 Cnecex

2 DpBapic

B-1 ®op Beil

A-20 M. Panu

5 Kok6apH
1 Muanep

1 M3 pesepsyap-

napka

1 WimMuaT
1 KOnur

=

1 A. O. 2pauc
1 Mak KuHnei
1 I

1 Angpey
C-1 baekau
B-1 Monnep
1 Mettaep

16 C. bpayn. .
1 M. Mak ®ap-

B. Peiin-

| O’Konuep
O’KonHep
O’ Kounep
O’ Konnep
['pera

Xeificep

Paasegounasn
Paagenounas
leneno . .

B. Teneno
Mayp6po .
H. Jla Bopxa .

Jlonurta

MarHer

[Tuker Puax

Xamed
Bakeit
Jlaku
Jlaku
Jlaku

Ounx Oyiuen
Oaa Oyuten

Oaa Oytuen
Oax Oywen
Ouan Oyuren .
Oax Oywen .

Henbapu
Hen6apu
AHreToH
XacTtuHre
[Tnenxxep

CeHau [loHHT .

{ipumenanue. Daunbie BanTer 43 [11.38)

Jlyua . . .. ..

Yoxoneiitr bafioy .

Cenau [lounr. . .

Okpyr Pugpyaxuo

1440 [1130+] 303 |2,4402] 0,2345]| 0,0410
1367—1368 |1130+| 239 |2,4812]0,2022[0,0253
1523—1528 1130+ 399 |2,5900(0,1034;0,0115

1530 14794+ 50 |2,5217)0,1454| 0,0218

1666 1365 300 {2,7758] 0,0626| 0,0195

Okpyr KaaxayH
1662 0,0225

)1585 , 77 )2,4154'0,0984)

Oxpyr IIxeKCcOH

1400— 1404 (1390 101 §2,1271]0,1832( 0,0093
1662—1663 [1390 274 | 1,8229]0,1052| 0,0068
2024—2025 {1539 485 {2,3319] 0,06520,0123
1668—1675 |1518 159 |2,3290] 0,0934} 0,0232
15921595 {15688 11,5 |2,3616| 0,1314| 0,0307
1594 1590 55 12,1598 0,1680] 0,0119
1950—1951 |1602 349 |} 2,5643} 0,0900] 0,017
Oxpyr Baprton
1688 1674 14 [3,0583) 0,2352( 0,0376
1772—2080 (1570 513 | 1,9957| 0,0870| 0,0109
1678 1617 +| 61+]2,3100{ 0,2660] 0,0220
Okpyr Martaropaa
2502 2476 26 | 3,4965| 0,4350] 0,0450
2414 2350 64+ 1,9780/ 0,0896] 0,0174
2608—2610 12409 | 201 | 1,6968| 0,0244] 0,0059
27222723 {2409 313 | 0,4616/ 0,0064] 0,0028
28662867 2409 | 397 |0,6424|0,0052| 0,0051
Okpyr Bpasopus
3080.—3085 |26834-| 402 — — —
3085—3090 | — | 408 — — —
3080—3086 | — { 403 11,0750j0,0333} 0,0021
2963—2967 12683 4| 284 | 1,0779} 0,0098] 0,0021
3088—3091 409 | 1,4155]0,0137) 0,0064
3068—3092 410 0,7180] 0,0024] 0,0017
3480 2700 | 780 |2,9170] 0,2244| 0,0360
2015—2020 {1989+| 31+] 1,6625)0,0638f0,0112
1730 1708 +| 22412,7400; 0;1104; 0,0023
3227—3229 2714+ 482 | 1,7581] 0,1688] 0,0063
1867 1757 | 110 |3,8852| 0,1804 0,0322
2073+ {2000 46410,6890( 0,0253| 0,0072
198)—1981 {1972 9 |3,6262}0,1808| 0,0338
1978—1982 1972 10 ] 3,8899] 0,2005/ 0,0368

| 4,2900] Hor | 0,0110]
4,2500{Cnennt | 0,0122
4,2000f Her [0,0256

4,2000
4,4000

»
»

0,0244
0,0519

)3,9500) Her )0,0311)

3,6200
3,0000
3,7250
3,8000
3,9500
3,8000

4,1500

5,2000
3,2400
4,1000

6,2800
3,1636
2,6053
0,6560
0,9042

1,4600
1,8100

1,6450
1,5769
2,1276
0,9928
4,9951
2,6500
4,3800
2,9800
6,4000
1,0900

59927
6,4537

Her
0,0006
Het
0,0015
Her

»

0,0012

Caeaul
»

Her

0,0101
0,0050
0,0051
0,0112

0,0066

Cnenpt
0,0060
92,0151
0,0256
0,0037
0,0075
Her

»

»

»

0,0069
0,0037

0,0262
0,0344
0,0442
0,0488
0,0305
0,0183

0,0293

0,0817
0,0390
0,0290

0,0098
0,1647
0,1198
0,1159
0,1824

0,1348
0,1815
0,1507
0,1808
0,0580
0,0976
0,0921
0,0854
0,0183
0,0665

0,0244
0,0104
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16
17
18
19

20

21
22
23
24
25
26

27

28
29
30

31
32
33
34
35

36
37

38
39
40
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42
43
44
45
45
47

48
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I'JIABA 111

DOA30BOE COCTOIMHNE
NMPNPOJHLIX T'ASOBbLIX CHCTEM

[Ton TepMuHOM «NPUPOAHBIA ras» NOAPa3yMeBalOT CMeCh
JIeTYUHX YIJIeBOLOPOAOB H YIVIEBOJOPOAOB, HAXOAALLUXCS
B ra3oBoli (raze. Korna roBopsit 0 CXKHKEHHOM IDHDOIHOM
rase, To BbipaxKeHHe «NPUPOAHBIH ra3» OTHOCHTCA K KOMIO-
HentaMm B oMecH !, Korna rosopst o rasosoil wanke 8 mJaa-
CTe, TO MMEIOT B BHIY YIVIEBOLOPOAH, HAXOASALLHECH B ra-
30BoH (rase Hax HedThbio. B 3TOM cayuae rasoBas ¢asa Mo-
JKeT COAepIKaTb MOJEKY/bl HEKOTODbIX YI/1eBo0POAOB, Cylle-
CTBYIOIIHAX B OOGHYHBIX YCJHOBHAX B BHAE BBICOKOKMITAILIUX
KHUAKOCTEH 2,

[pouecc ucnapenuss KUAKOCTEH, NPOHCXOAAIHA B pe-
3y/IbTaTe yBeJHYeHHs JaBJeHHs, CO31aBaeMOTO rasoM, — sB-
JIeRHe, oObluHOe /1 YCJAOBHH HeDTSAHbIX MECTODOXKIEHUH,

3HaHHe (a30BoOTO COCTOAHHA YIVIEBOAOPOAHBIX cMecel Heol-
XOAHMO A/ NPaBH/JAbHOIO MOAXOMAA K HCHOJb30BAHHIO NPH-
POJIHBIX YI/IeBOAOPOAHHIX CHCTEM ra3 — XHAKocTb., Ilens
H3yyeHHS ()a30BONO NOBENEHHS CMeCeH COCTOHT B TOM, YTO-
6bl, 3HAA COCTAB CMECH, HMETb BO3MOXKHOCTb NPeABHAETh KO-
JIMYEeCTBeHHble COOTHOIIEHHsT XKHJAKOH W rasoBod (a3, Haxo-
ASUIMXCS B PAaBHOBECHM, NPH JIOGHIX 3HAUYEHHAX [JaBJEHHS
H TeMiepaTyphl. [lpaBuipHOe NPeACTaBJeHHE O TIOBEAEHHH
HHAMBUAYAJbHEIX  YIrJeBOJAOPOJAOB NOMOTAaeT NpPeacKa3aTthb
CBOACTBA BelleCTBa, HaXOASLErocs B OXHO(PA3HOM COCTOSA-
HHM. 3HaHHe MPUPOAb! MPOCTHIX oMecedl of/eryaer HaydeHHe
TIoBeeHHsT GoJsiee CAOKHBIX CHCTEM, K YHCIY KOTOPBIX OTHO-
CATCSA MPUPOAHBIE Ta3hl.

§ 1. HTHAUBHUAYAJIBHBIE BEUIECTBA. YNIPYIrOCTb NAPOB

HuauBuayasbHEle BEUeCTEA B 3aBHCHMOCTH OT TeMmepa-
TYPH H [JaBJIEHHSI MOTYT HAaXOAMTbCH B napooGpasHoM,
KUAKOM HIH TBEPIOM COCTOSHHH. Ecau BelecTBO HaXOAuT-
cd B 0XHO(A3HOM COCTOSIHHH, TO ero o6beM V Gyamer omnpe-
JeNaThbCsA TeMnepaTypod BelwectBa I W AaBjeHueM p. Ha
puc. II1. 1 [III. 66] mano coorHowenne pVT pna HWHIUBH-
AyaNbHOTO BEIIECTBA B MPOCTPAHCTBEHHOH CHCTEMe KOOp/AH-
Har. Pa3oBoe COCTOSIHHE BelecTBa Ha 3TOM PHCYHKe H3o6pa-
KaeTcs MOBEPXHOCTSMH cpe3a. BceaeacTsue TOro, 4TO MOJB-
30BaThCsl TAKHMH NPOCTPAHCTBEHHHIMH AHAarpaMMamu GoJee
CI0XKHO, YeM XABYXPa3MepHBIMH, OGBIYHO NPH H3YyYeHHH da-
30BOTO COCTOSIHHSI KOMIIOHEHTOB MPHPOAHOrO ra3a NnpUMeHs-
T TpabHKH 33BHCHMOCTH [aBJieHHe — 00beM (MPOeKIHs
auarpammbl puc. III.1 Ha naocKocTh ¢ OCAAMH HaB/eHHe -—
o6beM) npH nocrosHHo# TeMmnepartype (puc. I11.3) u nasae-
HHe — temnepatypa (puc. IIl.2) npu nocrosunoM oGbeMe.

Ycnopusi, NpH KOTOPHIX B OJHO H TO JKe BPeMs 4acTh
BElIECTBA MOMKET CYHECTBOBATh B [a3p06pa3HOM, a 4acTb
B KHIKOM COCTOSTHHH, BbIaesennt Ha puc. III. 1 nnomansio
HbCdl, Jluuuu, nposeleHHble BHYTPH 3TOH NJoOLLaAH, Na-
paJsieibHBl  VIOCKOCTH OCHOBAHMS JAHArpaMMbl, MO3TOMY
npoekuud auHuil CbH wnu Cdl Ha nn0CKOCTH ¢ KOODAHHa-
TaMH [aBJeHHe — TeMnepaTypa o6palllaloTci B OAHY KPH-
Bylo (HC wna puc. III. 2), uaBecTHyl0 Kak KpuBas nasJe-

| 3aech peub HAeT 06 AMeDHKAHCKOA TEePMHHOJOTHH. — [puwn.
ped.
2 OTH Ke YrjeBOAOPOAb! COJAEPKATCH B KOHJEHCATHHX rasax
H B OueHb HeDOJLIUHX KOJHYeCTBAX B OGHYHHIX NPHPOAHHX Tra-
3ax. — lIpum, peo.

5 557

LaBrenuve p,

111 1.

rpamma JasJieHHe — oGbeM — TeMmIepa-

Typa LJsi MHAMBHAYAJbHOTO BeL{eCTBA
. [1I1. 66].

Pxc. [TpocTpancTBeHHas  Aua-

1 — TBepAaoe cOcTOHHe; 2 — TBepAoe COCTO-

fAiHHe + XKHAKOCTb, 3 — XKHUAKOCTb, 4 — KHI«
KoeTb -+ nap; 5 -— nap;, 6 — TBepJoe COCTuUd-
HHe + nap.

65



o

fNaBrnenue —=

Temagepamypo ——s=

Puc. II1.2, MuarpaMma naB/ieHue —
TeMnepaTypa.

! — TBeplloe COCTORHHE: 2 — KHAKOCTS;

3 — nap; 4 — Tpollmas ToOuKa; § — cxa-

Tas KHAKOCTb; 6 — neperpeThifl nap HAH
ras.

HHSl HachillgHHOro napa. [loBepXHOCTb, COOTBeTCTByIOMLASN
OHOBPEMEHHOMY CYIeCTBOBAHHIO BeIECTBA B JKHIAKOM H
TBepAoM coctosiiud, BDHG npoektupyercs Ha puc. IIL 2
B Bule auRuu HD, a 0QHOBPeMEHHOro CYUIECTBOBAHMS TBep-
J0ro Tesa H rasa-— B Buae JuHHH HF. PaccMoTpum cocros-
HHUfA, Yepe3 KOTOpbie NPOHAET MeTaH, eC/H ero TeMnepaTypa
6yneT yBeNMUMBATLCH [IPH TOCTOSIHHOM JaBJEHHH Py
(pue. 1IL. 1). B rouke m Meran 6yleT HaAXOZHTLCS B TBEp-
[IOM COCTOSIHMH. B Touke n HauuHaeT 06pa3OBLIBATLCA KHI-
KOCTb, H NPH MOABEJIEHHH TemJsa NpPH NMOCTOSHHON TeMmmepa-
TYP€ W [aBJIeHHH MeTaH NpeBPal[aeTcs [OJHOCThIO B JKHI-
KocTh B Touke O. [lajbHelillee NoBHUIeHWe TeMnepaTyphi
COMPOBOKAAETCA YMEHbLIEHHEM IUIOTHOCTH XHAKOH (da3bi
0 TOUKH b, B KOTODOM HAuHHaeTCsi HCMapeHue MeTaHa.
[Tpouecc ncnapeHHs NPOHCXOAMT NMPU MOCTOAHHONH TeMmnepa-
Type M KOHuaercs B TOuke d, KOrxa BCA XKHAKOCTb Nepexo-
OHT B raszoob6pasHoe cocrosuue, JlajbHeHUIHHA NoIbEM TeM-
nepaTypbi MexAay d W g NPHBOAWT JHIIL XK YBEJHYEHHIO 06b-
eMa MeTaHa 6e3 Kakux-ju6o (aszoBLIX H3MeHeHH.

B touke H oaHOBpeMeHHO CYLIECTBYIOT BCe TPM (aabl.
[Tpn 3TOM HHIWBHAYAJbHBII KOMMOHEHT MOXKET HaXOAHTbCH
B DAaBHOBeCHOM TPex(a3HOM COCTOSIHHH TOJIbKO TIPH 3Haue-
HHAX MaBJEHHA M TeMIepPaTypbi, COOTBETCTBYIOLIHX 3TOH
TOUKeE.

JluHun, COOTBETCTBYIOI(HE MOCTOSIHHON TeMmepaType
(takue, kax abde na puc. I11. 1), Moryt 6biTh HaHeceHb KaK
usorepMui (puc. II1. 3) Ha rpaduke, BeipaxalomeM 3aBHCH-
MOCTb 06beMa OT paBJjieHuA. [laHHble H3MeHeHHS MJIOTHOCTH
HacbieHHbiX a3 (npeacTaBJAoOLMe BeJHYHHbI, OGpaTHbie
yaeJbHbiM o6beMaM) npusedeHbl Ha puc. I11. 4. Heo6xoauMo
OTMETHTh, 4TO MpPH YBEJHUEHHH TeMNepaTypbi YAe/bHbil
06beM JKHAKOH (hasbi yBeJHuHBaercs (MIOTHOCTh yMeHbIa-
ercs), a o6bem rasoo6pasHoil ¢askl, HA060DPOT, yMeHbIIa-
€rcA (MJOTHOCTb pacTeT), NMpHYeM B KPHTHYECKOH Touke C
HX YyaeJbHbie O0BEMbI H TUVIOTHOCTH CTaHOBATCH OAQMHAKO-
BhiMH, B TOuke, COOTBeTCTBYIOLIEH KPHTHUECKOH TeMmepary-
pPe M KDHTHYECKOMY J[AaBJIEHHIO, CTAaHOBATCS OJHHAKOBLIMH
H BCe ApyrHe cBOHcTBa 06Geux aa,

Ecan na rpaduxe puc. II1.4 npoBectu JHHHIO CpegHero
3HauyeHHA MJIOTHOCTeH HaCLILEeHHOrO XKHAKOCTbIO raza H Ha-
ChIIIEHHOH Ta30M XKHAKOCTH, TO 3Ta JIHHHS Nepeceyer KpH-
BYIO IJIOTHOCTH B KPHTHUECKOH TOuke. ITOT (PaKT H3BeCTeH
NoJA Ha3BaHHEM TMpaBHJa INpPAMOJHHEAHOro [HaMeTpa, a
MmeTonHKa npepaoxena KaisiereroM u Matuacom (Cailletet
and Mathias) B 1886 r. [I1I. 12]. U3syuenne aBjeHust H 06-
30p CBONCTB YIJIEeBOAOPOAOB B KPHTHYECKOH TOYKe CJesIaHbl
Ko6e u Jluunom (Kose and Lyan) [III. 38].
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1/ — HacpiuleHHan XHAKOCTb; 2 — cPeAHSS NJOT-
HOCTb; 3 — HAchllleHHHH nap; 4 — KpuTHYecKas
TOYKa.

HaunGonee BaxHbie CBOWCTBA MHAMBHAYANbLHBIX BellecTB
BbiDAXKAIOTCA KPHUBOH YNpyrocTH mnapa, npeACTaBJsOel
33aBHCHMOCTbL TeMINepaTypbli KHMEeHHs oT aaBjeHHs. MHAWBH-
AyasbHbIE YI/IeBOAOPOAbI BCTPEYAIOTCSl B PA3JIHYHBIX TEXHO-
JIOTHYECKHX MpONECCax HJAH B JaGOPaTOPHHIX MCCJIENOBa-
HUSIX, MOITOMY HEOGXOAHMO 3HATh  XapakTep KpHBHIX
yrpyroctu napa. Ha puc. II1. 5 u III. 8 npuseneHbi KpuBhie
YNpPYrocTH napa pas/H4HbiX JeTKHX yrJieBOJOPOAOB, BCTpe-
4aIOIHXCA B ra3oBOH MPOMBILJIEHHOCTH.
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§ 2. MPABHJO $A3

Ilpabuno ¢as, BrnepBole cGOPMYJIHPOBaHHOE YHaJap-
noM Tu66com (J. Willard Gibbs) B 1876 r. [II1. 14, 1IL. 21},
ABJASETC BaxKHEHIIHM HHCTPYMEHTOM H3yueHHs ¢$a30Boro
COCTOSIHHA. DTO NpaBHJO NPHMEHsAETCS K CHCTeMaM, Haxo-
NAIIHMCS B yCJOBHSX paBHoBecHs. CocTosiHHe DaBHOBECHS
MeXAY (a3aMu MOXKeT OBITb AOCTHTHYTO HJH MNyTeM [JH-
TeJbHOr0 BHIAEPXKHBAHHSA CHCTEMBI IIDH MOCTOSIHHBIX JAaB-
JeHHuAX H TemMnepaType, WIH NyTeM HHTEHCHBHOrO IepeMe-
IIHBaHHA cHcTeMbl. B ycnoBHsiX paBHOBecHs Kaxiaas ¢asa
CHCTEMBI OJHOPOAHA Mo cBoeMy coctaBy, OtiesnbHble KOM
NOIEHTH H3 ONHOH (a3wl B APYryio He nepexogar. B ra-
30B0il M HeMTSIHOH NPOMBILIIEHHOCTH 6OJIbLIOE KOJHYECTBO
CHCTEM ra3 — MKHAKOCTb NMpPAaKTHYeCKH HAXOAHTCS B COCTOs-
HHHM paBHOBecusd. Ho pmaxe ecsn cHcTeMa He HaXOAHTCA B
COCTOSIHHH PaBHOBECHS, 3aKOHBI, YNPAaBJSIOLIHE PABHOBECH-
€M, HAK/JaAblBalOT HAa CHCTEMY OMNpejeJseHlible OrpaHHYeHHs.
Ecnu pasnble ¢a3bl HaXoAATCS B PaBHOBECHH APYT ¢ ApYy-
roMm, TO TOBOpAT, uTO (a3bl HAXOAATCA B COCTOSSHHH NOJ-
HOr0 B3aHMHOTO HachIlleHHs.

[lpaBusi0o ¢as o6bIYHO BBIpa)Kaercss CJeYyIOLIHM YpaB-
HeHHeM:

C+2—~P=F, (1.

raie C — yuCi0 He3aBHCHMBIX KOMIIOHeHTOB; P — uucio
¢as; F—uHc/0 nmepeMeHHBIX BeJHYHH, HEOOXOAHMBIX AJA
onpefeNeHHss COCTOSTHHs CHCTEMBbl B YCJAOBHSIX paBHOBECHS,
HJIH YHCJIO cTeNeHell cBOGOAH.

Keiic (Case) [III. 14] ykaswBaj, - uro «npaBuiao ¢as
ABJSETCA NPOCTHIM CPeACTBOM pelLIeHHS] HEKOTOPbIX XHMH-
yeCcKHX H (PH3HYECKHX 3alay C NOMOIULIO NPOCTHIX aJjrebpa-
HUeCKHX OEHCTBHH» H YTC «YHCJO HE3aBHCHMBIX YpaBHeHHH
MOJKHO GBITh PaBHO YMCJY NepeMeHHbIX, 4TOObI H3 3THX
ypaBHeHHH MOXHO OblJO HAHTH 3HAYeHHS 3THX MNepeMeH-
Hbix», CreneHn CcBOGOABI AJSI CHCTeMbl YUHTHIBAIOT TeMIle-
paTypy, LaBjeHHe H cocTaB ¢pa3. [las cHcTeMbl, cocToslled
H3 ABYX HaH Gosee (a3, KOHLEHTpALHS BXOASILEro B Hee
KOMIIOHEHTAa He OTHOCHTCH K UYHCJy NE€pPeMEeHHEIX INIpaBHJa
$a3, XoTd KOHUeHTpalHs B [aHHOH ¢ale siBasieTcsl INepe-
MeHHO/ npaBHJa ¢as.

HinpuBHAYyasbHEIE BellecTBa, Haxoasiuvecs B Tpexdas-
HOM COCTOSIHHH, HMEIOT HYJb cTeneHeldl CBOGOIHI; 3TO CO-
CTOSIHHE BbIpaXkaeTcsl HHBAPHAHTHOH (€IHHCTBEHHOH) TpO#H-
Hoi TOukoH Ha coorBeTcTByBOUWEH auarpamMMe. UHauBHay-
aJibHble BelllecTBa, HaXOAslIHecs B ABYX(hAa3HOM COCTOSHHH
(nanpumep, nap ¥ XHIAKOCTb), HMEIOT OAHY CTeneHb CBOGO-
aul. Tak, Ha KpuBO# ynpyroctd napa (puc. 111.2) nasienue
WJIH TeMInepaTypa [OJHOCTbIO  ONpelelsioT COCTOsAHHE
cuctembl. Hanpumep, npu temneparype 38°C nponaH, Ha-
XOASIIHACA B PAaBHOBECHOM ABYX(pa3HOM COCTOSIHHH, HMeeT
naenenue 13,2 ar, mioTHOCTL XKHUAKOH ¢aswl cocTaBaser
0,477 2/cm®, a nnoTHocTh napoBoil ¢dasw 0,027 2/cmd. TIpu
STOM TNOBEPXHOCTHOE HAaTsXKeHHe Ha rpaHuue pasgena ¢as
paBHO 5,5 Ounfcm. [ina onpepneneHus BceX CBOHCTB CHcTe-
Mbl IIPH YCJOBHH, UYTO CHCTeMa [ABYX¢a3Has, LOCTATOYHO
3ajaTbCs OJHHM JIHWIb 3HaueHHeM TeMnepatypel. Heo6xo-
LHUMO OTMETHTb, YTO NpaBHJIO (a3 KacaeTcsl TOJNbKO NMPHPO-
Abl (a3 W He 3aBHCHT OT KOJIMYECTBA BelecTBa.

JByXKoMnoHeHTHbIE CHCTEMBI, HAXOASLIHECS B JABYX-
($a3HoOM COCTOSIHHH, HMEIOT fABe CTeleHH cBOGOAH. B 3ToM
cjyyae COCTOSHHE CHCTEMHBl OyaeT OINpelenaTbCsi TeMrme-
paTtypoll u naejeHHeM. [lJs1 onpejeseHHs COCTOSIHHA Tpex-
KOMIIOHEHTHOH CHCTeMbl, CYILECTBYIOLleH OLHOBPEMEHHO B
BHIle XHAKOCTH H Napa, HeoG6XOAHMO 3HaTb TeMIeparTypy,
naBJieHHe M Kakoe-TH6O INepeMeHHOe, XapaKTepH3ylollee
cocTaB ¢a3. IToH BeJHYHHOH MOXKeT GBIThb KOHLEHTpAlHs
OIHOTO0 KOMIIOHEHTa B Kako#-iu6o ¢ase M (uto ObIBaeT
yauie) OTHOIEHHe KOHLEHTPAIHH OAHOTO KOMIIOHEHTA K KOH-
LeHTPaLUH APYroro KOMNoHeHTa. [Las onpeleseHHst CHCTEMBI
NIPHPOJHOro rasa, COCTOSALIEr0 U3 CeMH KOMIOHEHTOB M Ha-
Xoasuerocss B ABYX(a3HOM cOCTOSHHH, TpeGyeTcs 3HaHHe
CeMH NepeMeHHBIX: TeMIepaTyphl, 1aBJeHHS H NATH 3Haye-
HHH KOHLEHTpau#H KOMIIOHEHTOB B Kakoi-au6o c¢ase.
OGbIYHO H3BECTHB TOJBKO [aBJeHHe H TEMIePaTypa MHOTO-
KOMIIOHEHTHBIX CMecell H HeH3BeCTHLI KOHLEHTpPalHH KOMIOo-
HeHToB B (pasax. IIpu onpenesnenuu ¢as3oBEIX COOTHOILIEHHN
CMeCH NO TeMIepaType H [aBJeHHIO ynoGHee HCXOAHThL H3
npeanoJioXKeHHsl, YTO CMeCH NOAYHHSIOTCA 3aKoHaM Hie-
aNbHLIX PacTBOPOB.

§ 3. HENNPEPbIBHOCTb NMAPOBOH H )XHJAKOH ®A3

TepMuHBl «nap» H «XKHUAKOCTb» yA0GHO HCNOJbL30BATD
1451 Toro, uToOBl pa3rpaHHuHTb 6ojee NJIOTHYIO a3y OT
menee miaoTiol. OQHAKO NPH KPHTHUYECKHX YCJIOBHAX Pas3HH-
a MeXAy NnapoBoll H XKHAKOH (azaMH HCye3aer.

B 1869 r. Tomac Augpnioc (Thomas Andrews) [III. 3}
NPOUYEN JIEKUHIO «O HENpPepLIBHOCTH razoo6pasHoro H XKHI-
KOT'O COCTOSIHHS BeLeCTBAa», B KOTOPOH YKa3al, YyTo «06bly-
HCEe Tra3oBoe COCTOsIHHe M OGHIYHOEe JKHAKOe COCTOSHHe
ABJSAIOTCS N0 CYLIECTBY pe3Ko OT[eJbHBIMH (POpMaMH MaTe-
PHH CYLIECTBOBAHHS OJHOTO H TOTO BeLIeCTBA H H3 OJHOrO
COCTOSTHHSI B [DYroe MOMHO I€DEBeCTH BEIUeCTBO NYyTeM
nocreneHHoro  Nepexofa 6Ges  paspbiBa HelpephIB-
HOCTH>.

B noatBepxpenHe 3TOH MEICJAH PAacCMOTPHM H3MEHEHHE
coctonHuss MetaHa (puc. III.2). B Ttoukax, sexammux Ha
auuun HC  (puc. 1[1.2), map ¥ XKUOKOCTb CYIUECTBYIOT
onHoBpeMenHo. Ecin ot 310ét cMecH B Touke bd oTBOAHTHL
Tem10, TO KOJHYECTBO XKHIKOCTH B cMecH OyaeT yBe/auuu-
BaThcd. Korja ke Becsl cMech NpeBpatHTCA B JKHAKOCTD,
TeMIepaTypa H4auHeT NOHUMKAaTbcs. [losTOMY BrnOJHE ecTe-
CTBEHHO, UYTO IJIOIIAAb, PACHNOJOXKEeHHAS Bbillle H JeBee
kpuBoB HC, cooTBeTCTBYeT XHAKOMY cocTosHHIO. O6aacTsb
W€, paclo/ioxeHHas 10 APYTYI0 CTOPOHY OT KpHBoH HC,
COOTBETCTBYET Napoo6pasHOMY COCTOSHHIO H HAa pHCYHKe
ofo3nauena Kak nap. Yto6bl NPOHAMIOCTPHPOBATL NQAONKE-
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HHE O TOM, YTO TEPMHHLI «Nap» H «KHIAKOCTb» CJAYKAT AJS
XapaKTePHCTHKH MeHee IUIOTHOH M GoJee nJaoTHOH a3
B CJyyae, Korja BelllecTBO HaxXxoJHTCS B [BYxdas-
HOM COCTOSIHHH, a He 1/ ONHCaHHA oAHOda3HOro cocros-
HHS  BelIeCcTBa, pacCMOTPHM XKHIKOCTb B Touke &
(puc. I11. 2} u noBepeHHe cHCTEMH NMPH U3MeHEHHH YCJIOBHI
no Tpaektopuu brfghqd. B Touke b cucTeMa Haxomutcs B
KHIKOM COCTOSTHHH. [IpH ABHXKEHHH CHCTEMBI IO Bhiille-
YyKa3aHHOH TPaeKTOPUH He HMeeTcs HUKAKHX (pa30BLIX H3Me-
Henni. Haxoaurcs sim BeluecTBo B TouKe d B COCTOSTHHH
napa? Ecau ha, To KakuM 06pa3oM XHAKOCTb H3 TOYKH b
nepexoAHT B Tnapoo6pa3Hoe cocrosiHHe B Touke d 6e3
KaKHX-MH60 H3MeHeHHH?

UTo6E  HJMIOCTPHPOBATH HENUPEPEIBHOCTL NAPOBOfi H
XKHIKo# (a3 B 3akpuTHueckoH o6snactH, Ha puc. III. 9 mpu-
BejeHa JHAarpaMma jaBJjeHHe — TeMmnepatypa p—1I, Ha Ko-
TOPoH a3l PaA3NHUAIOTCA HHTEHCHBHOCTBIO OKpackH. Uem
c1abee oOKpacka, TeM MeHee IUJIOTHOH sBJseTcs (asa.
Peskoe pasiuude B pasax Ha6/iofaeTcs JHWb BLOJAL KpH-
BOH U HCYe3aeT B KPHTHUYECKOH TOuKe.

CocTosHHC YHCIOTO BelleCTBA, HAXOASLIETroCs B 3aKpH-
THYeCKOH 0OJaCTH TIpH BBLICOKOM JaBJeHHH, ynoGHee Ha-
3BaTbh 0AHOGA3HEIM, TaK KaK NPHMeHeHHe TePMUHOB «Nap»
H/IH «XKHAKOCTb» 6€3 yKasaHHS 3HAUEHHH MNJAOTHOCTH HJH
APYrHX CBOACTB MOXKET NPHBECTH K 3abayxkaeHHo. B qb-



aacti Ha pHc. III.2, 0603HaYeHHOH «KHIKOCTb», BElECTBO
MOXKeT GHITb Ha3BaHO CXKATOH XKHAKOCTBIO, a TNpPH TeMIle-
paTypax, NpeBRHUAIOLIHX TeMNepaTyphl, COOTBETCTBYIOILHE
KPHBOH [aBJIEHHs HAaCBHILEHHOTO Napa, — NMeperpeTeiM Ina-
poM. OgHako o Mepe MPUOIHIKEHHS YCJOBHH, B KOTOPBIX
HaXOQHTCA BeleCTBO, K KPHTHYECKHM (KDHTHUYeCKas TeM-
nepatypa H [AaBJIeHHE) 3TH TeDPMHHBl CTAHOBATCA MeHee
onpejeseHHBIMH. TeDMHHB «ra3» H «nap» SBJSIOTCA PaBHO-
3HauHbIMH. TepMHH «Iap» MOXeT HMeTb 3HayeHHe, 0603Ha-
yaowee GJIH30CTh BellecTBa K KHAKOMY COCTOSIHHIO, a
TEePMHH «Tra3», Hao60pOT, OTAAJEHHOCTb COCTOSIHHS BelIecT-
Ba OT ycJoBui oGpa3oBaHHsl KuAKocTH. Huoraa rtepMuu
«Ta3» MCNOJb3yeTcsl [JIS Ha3BaHHS COCTOSIHHS BelllecTBa,
HaxomslLlerocsi IPH TeMIepaType Bhille KPHTHUYecko#, a
TepPMHH <«Nap» a8 0GO3HauyeHHsl COCTOSIHHSA BellleCTBA, Ha-
XOOsILErocsl INpH TeMInepaType HHXKe KDHTHUECKOH, T. e.
COCTOSIHHS, TIPH KOTOPOM BellecTBO ITYTeM IOBLILICHHA AaB-
JIEHHS MOXKHO NepeBecTH B XKHUAKOCTh.

Puc. II1. 9. HenpepriBHOCTL napoo6pasHore
H xuaxoro cocrosHuii {II1.28].

Adcomomuoce dabrenue, am

o : o i { L
18 38° 83 w9 204 260 316

_ Tennepamypa, °.

§ 4. PETPOIPAJLHBIE IBJIEHUSA

QOaHuM H3 TiepBbIXx ¢ a30Boe COCTOSIHHE CMECH BellecTB
B KpHTHYeCKOHl o6aact ucciegoBat Kionen (Kuenen)
B 1892 r. [II1.39, IIL. 28]. Ou m3yuun ¢asoBoe cocTOsHHE
CMecH YIJIEKHCJIOrO rasa ¢ MeTHaxnaopuaoM. Kionen 3ame-
THJI, 4TO H3MeHeHHs1 (a30BEIX COCTOSIHHH CMeceill BellecTB
OTJIMYAIOTCA OT HM3MeHeHHH (a30BbIX COCTOSIHMH HHIMBHAIY-
aJbHBIX BeIeCTB. DTH aHOMaJlbHble fIBJEHHSI OH HasBal
perporpaanbiMy [I11.28]. B xauecTBe MaocTpaudu Ha rpa-
¢uke puc. III. 10 nokasaHo u3MeHeHHe COCTOSIHUSA YrJe-

Labrernue —m

Temnepamypo —

Puc. III. 10. [Hduarpamma dasoBoro

COCTOSIHHSI CMECH.

BOAOPOAHOH cMecu. BuyTpu kpusoit ABCDITE cMech Haxo-
OUTCA B ABYX(asHOM COCTOSIHHH (Nap H XKHAKOCTb). Bhe
5TOM KPHBOH BeIeCTBO HaXOAHTC B OAHO(A3HOM COCTOSI-
HHH, YMeHbllleHHe [aBJieHHs NpPH TIOCTOSIHHON TeMINlepaType

oT ToukM K 10 TOuKH B He BBLISBIBAeT IOSIBJEHHE BTOPOH
¢daspl, a COOTBETCTBYeT 04HO(PA3HOMY COCTOSIHHIO BELIECTBa.
B Touke B, Ha3BaHHO# TOYKOH KHIIeHHS, B KHIKOCTH IIO-
ABJAIOTCS TYy3BIPBKH Mapa, HaxoAsIHecs B DPaBHOBECHH
¢ XKHUAKOCTbIO. [IpH pgaJjpHefilleM YMEeHbIUEHHH [aBJeHHS
cojepxaHHe napa Boapacraer, pocruras 20% no o6bemy
B Touke F. Touku KpuBoi ABC Ha3bIBAalOTCS TOYKAMH KH-
eHHs! CMECH.

C npyroil CTOPOHEI, yBeJHYEHHE [aBJEHHS TNDH MOCTOAH-
HOH Temmneparype OT Touku J 10 ToukH E Takxke COOTBeT-
CTBYyeT OAHO(A3HOMY COCTOSIHHIO BemecTBa. Hauunas ¢
ToukH E, B mapoBoii ¢a3e HauHHAOT 00pa3’OBBIBATHCA Ka-
NeJbKH KHAKOCTH, HaXOASIIHecs B DaBHOBECHH ¢ apOBOH
¢dasoit. JanbHeiiliee yBesvyeHHe 1aBJeHHs, HAYHHASA OT TOY-
K¥ E, NpUBOAHT K yBe/JHYEHHIO KOJHYECTBA MKHAKOCTH, KOH-
JeHCHpOBaBIleficsl U3 MapoBoi (asbl. YMeHbIIeHHe 1aBJeHHs
oT Toukd L 10 D Takike NMPUBOAHT K NOSBJEHHIO Kamnejex
XHAKOCTH B napoBoil ¢ase, Kpuass EJDC na3niBaercs KpH-
BOH TOueK pOCH. YMeHblIeHHe faaBJeHHss OT TOYKH M
10 ToukH C [PUBOAUT K BHE3aNHOMY H3MEHEeHHI COCTOs-
HHs BellecTBa. M3 ognodasnoro cocrosHus B TOuke M
BemecTBO nepexoaut B touke C B AByXdasHoe, cocTosee
npumepHo Ha 509 u3 mapa u Ha 50% H3 KMAKOCTH. ITO
nosayyaetcss I[OTOMY, 4YTO CBOHCTBA Napa BAOJb KPHBOM
ToYeK POCHl H CBOHCTBA KHIAKOCTH BJOJb KPHBOH TOUYeK
KHIEeHHs MEHSIOTCS TaKHM 06pa3oM, YTO CTAHOBATCS B TOY-
ke C opMHakoBhIMH. Touka C HasblBaeTcsi KPHTHYECKOH
Touykoil cMmecH. DH3HUECKH KPHTHUECKYIO TOUKY HaHTH OYeHb
TPYAHO, H TOSTOMY 5Ta TOuYKa GHICTpee HaXoAuTCs rpadu-
YeCKH KaK TOYKa repeceuyeHHsi KPHBBIX TOUEK KHIEHHS H TO-
YeK pOCHl C JIMHHSIMH ITIPOLEHTHOrO COAEPIKAHUA KHIKOCTH
B CMECH.

CxKaTHe MHAMBUAYaJbHHIX BellleCTB, HAaXOJAAIIHXCH B Ma-
pooGpa3HOM COCTOSIHHH, A0 KPHBOH [aBJeHHS HaCHIeHHO-
ro napa nNpuUBOAMT K O6Pa30BAaHHIO KamneseK XHIKOCTH, T.e€.
NoBEJEHHE CHCTeMH OT TOYKH J 10 ToukH E sBasercs
OGBIYHBEIM /1 HHAMBHAYasnbHOro BemecTsa. HeoGbIYHEIM
ABJSETCA TOBEJEHHe CMeCH BeILEeCTB MNpPH Nepexojie H3 Tou-
ku L B Touky G vepes Touky D. B aTom cayuae B orsivume
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OT HHAMBHAYAaJbHBIX BeIeCTB NMpPH CHHXKEHHH [aBJIeHHA U3
napoBoil (asel o6pasyercs KHAKOCTb. SIBJeHHe oGpasoBa-
I1Ms] JKHAKOCTH IIPH H30TEPMHYECKOM DaCILIHPEHHH OJHO(a3-
HOTO BelIeCTBAa Ha3bIBaeTCs DETPOTrpajHOH KOH/JeHCalHeH
[IT1. 28]. Tlpu pacwupeHuH oT Toyku D g0 J MaKCHMaJbHO
yBeJHUHBAETCS TPOLEHTHOE COJepXKaHHe XHAKoH (a3 B
Toyke ( TIpH JaHHOH TeMnepaType cHcTeMbl. [IpH ganb-
HelfllleM YMeHbIIeHUH J[aBJieHHS! KHAKas ¢$asa HauHHaeT
HOPMaJIbHO HCHapAThCH LEJHKOM, Nepexois B Touke E B
napoByio ¢asy. Bo BpeMs yBesHueHHsl AaBJeHHS B CMeCH
or Toukd G g0 D npH nNOCTOSHHOH TeMnepaType XKHjAKas
¢dasza TaxkKe HcrnapsaeTcs. DTOT NMPOLECC HCNAPEHHS JKHAKO-
CTH, NPOUCXOASALIUA TNpPH MOBHIUIEHHH [aBJEHHS, Ha3bIBaeT-
csl peTpPOrpajHLIM HCNapeHHeM. DTOT TePMHH NpHMeHsieTcs
NpUH HCIIADEHHH IKHIKOCTH, TNPOHMCXOAsAIleM B Ipouecce
CXKaTHSl CHCTEMBl I1ap — XHAKOCTb, TepMHHaMH «peTpo-
rpagHasi KOHAEHCAlUsI» H «DETPOrpajHOe HCIapeHHe» MOXK-
HO XapaKTepH30BaTb H H306apHUECKHH Npouecc A1 CMeCH,
B KOTOPOM H3MeHeHHe ()a30BOro COCTOSIHHA OGPaTHO H3Me-
HeHHIO (a30BOro COCTOSIHHMS, HMEIOLIEro MecTO NpPH TeXx XKe
YCJAOBHAX [Js MHAMBHAYasbHoro BelllecTBa. Ha puc. III. 10

samtpuxosaHuas nuomaas CDIGC npeacraBasier coGolt
€[HHCTBEHHYI0 O6JACTb J[HarpaMMbl, COOTBETCTBYIOILYIO
PeTPOrpajgHLM siBJEHHSM.

B BemecTBe, HaxoasueMcss BOJH3H KPUTHYECKOH TOUKH,
NPOHCXOAHT H3MeHeHHe LBeTa. DTO sBJEHHe H3BeCTHO IOJ
Ha3BaHHeM KpHTHueckoli onanecrenuud (III.70]. Buaumo,
MOJIEKYJISipHasl arperauusi, XOTsl W HEIOCTaTOYHA [Js pas-
JeseHHs cMecH Ha ¢haspl, BCe Ke BBI3EHIBAeT paccesiHHe
cBera. [IpH yMeHbLIEHHH [AaBJEHHS OT 3HaueHHs, COOTBET-
CTByIOIero OAHO(A3HOMY COCTOSIHHIO, 1O [aBJEHHS, COOT-
BEeTCTBYIOLEr0 [PaHHYHOH KPHBOH BOJH3H KPHTHUYECKOH
TOYKH, CHCTEMAa OKpAlIHBaeTcs B KPacCHOBATO-KOPUYHEBHIH
IBeT B NPOXOASIlEM CBeTe HJIH B CBETJIO-TOJY0OH LBeT B
OTpa)KeHHOM cBeTe. B HeGoJbuHX npedejax H3MeHeHHs
JlaBJieHHs] OKpacka coxpaHsiercs B ofeux ¢dasax. CpaBHH-
TeJbHO GoJiee MHTEHCHBHO OKpallleHBl CMecH, COAepiKaliue
6osee  BLICOKOKHNsLHe yrieBoiopoabl. HHTeHCHBHOCTD
OKDAaCKH fABJseTcs HaHOO/blledl NMpPH KPHTHYECKOH TeMIe-
paType H elle MoxeT Ha6moaaTbCs TIPH TeMIlepartype, OT-
JHYaoelcs OT KpHTHUecKoH Ha 17—22°C.

§ 5. PACTBOPHUMOCTDb IA30B B )XUAKOCTSIX

B nuTepatype MMeloTCA AaHHBIE O pacTBOPHMOCTH raso-
06pasHbBIX KOMIIOHEHTOB B KHAKOCTAX. [Ipu onpeneseHuu
pPacTBOPUMOCTH Ta30B HMCMapeHHeM XKHAKOCTell NpeHebpera-
s, OaHako 6BUIO YCTAaHOBJEHO, UTO JIETY4eCThbIO JKHAKOCTH
NpH BHICOKHX [aBJEHHSX INpeHebperath He/b3si M, CJ€10-
BaTe/IbHO, B 9TOM CJyyae HeOGXOAMMO pacCMaTpHBATh CO-

cTaB o6eux ¢as cuctemnl. JJo 1896 r. Bumnapa (Villard)
{IT1. 72] npoBen yHHKaJ/bHBIE SKCIIEPUMEHTHl, B KQTOPBIX OH
na6mionan ucnapende 6poMa, Hoga u napaduHa npu mo-
BHILIEHHH [aBJIEHHs, CO3[1aBaeMOro MetaHoM, ao 280 ar.
OTH SKCNIEPHMEHTHl YKa3blBa/JH Ha BO3MOXHOCTb pacTBOpe-
HHSl KMAKOCTeH H TBepAblXx Tesl B rasax. Mepram u KoGe

(Markham and Kobe) npuBoasT cBejeHus o pacTBopu-
MOCTH ra3oB B MHAKOCTSIX NPH HH3KuX aaBaenusx [I11. 41a].
B paGote Iday u Kaskuua (Dow and Calkin) [III. 18]
HCC/IeI0BAHA DACTBOPMMOCTb MPHPOAHOTO ra3a B HedTH.
Usyuennio pacTBOPHMOCTH MeTaHa B PA3MHYHHIX YIJIEBOO-
POIOHEIX XKHAKOCTAX MnocesimeHa pa6ota Csmxka u Jlecu
(Cage and Lacey) (IIL.59]. ®poaux (Frolich) ¢ coasto-
paMu onpeje/sJH pPacTBODHMOCTb MeTaHa, BOAOpOAa H
a30Ta B pas/HyHBIX XKHAKHX cMecsx [I11. 20]. Ckou (Schoch)
C COaBTOPaMH HCCJEAOBaJ BJHSHHE XHMHYeCKOH IIPHPOAHI
pacTBOpHTeNs Ha DacTBOpHMOCTb MeTaHa [III. 65].

§ 6. BHHAPHBIE CMECH

Ha puc. III. 11 nokasaHo noBegeHHe BceX BO3MOXKHBIX
cMecefl CHCTeMbl MeTaH — 3TaH MO AaHHHIM DBuiomepa, [amu
u Ilapenra ({II1.8], Ha puc. II. 12 noBegeHne cHCTeMH
MeTaH — nponad no AaHHeM  Csmxka, Jlecw, Ckaadema
[II1. 58], a Takxke Axepca, Biopuca u ®aiipunaga [III. 1],
a Ha puc. III. 13 cucteM sTaH — rentad no AaHHbM Kes
[II1. 30]. KpuruueckHe TeMmnepaTypu [ABYX HHAHBUAYaJb-
HBIX BENIeCTB COEAMHAIOTCS KDHBOH, mNpoxoasiiell uepes
KPHTHYECKHE TOYKH, COOTBETCTBYIOLIHE Pa3/IMYHBIM CMeCAM
9THX [BYX BeuecTB. KpHBBIE JaBJieHHs] HAaCHIEHNOro napa
H oru6aiomasi KpHBasi KPHTHYECKHX TOYeK OrpPaHHYHBAIOT
o6nactb ABYX(asHOr0 COCTOSIHHS [AJii BCEX KOHUEHTpauHil
cMecell ABYX BeIIeCTB.

Heo6xoanMo ykasaTb, uTo o6sacTh JByx¢dasHoro co-
CTOSIHHSI CMecCk, COjepXKallleli CpaBHUTEJbHO He6oJblIoe
KOJIHYeCTBO OJHOrO KOMIOHeHTa, Ha rpaduxe THna
puc. I1I. 11 npeacraBasiercsl y3Ko# noJocoi, OrpaHHYyeHHOH
COOTBETCTBYIOUIMMH KPHBBIMH. DuHHapHas cMech, COCTOS-
Iasi TPHMEPHO H3 OJHHAKOBBIX KOJHYECTB KOMIIOHEHTOB,
CYIIeCTBEHHO pacllHpsieT CBOM IpaHuuH. JluarpaMMa AByX-
(da3Horo cocTosiHusl GMHApHOH CMeCH KOMIOHEHTOB C pe3Ko
OT/JHYAIOIIHMHCA TeMIepaTypaMu KHIeHHs pacnpocTpaHs-
eTcsl Ha Gosee WMPOKYylo o6sactb. [losToMy 1sa cMeced,
COAepKalIUX MeTaH, AMarpaMMbl IBYXx($asHOro COCTOSHHSA
p—T 6ynyTt Goslee MIHPOKHMH,

KpHTHueckoe paBjeHHe CMeCH Bbille KPHTHYECKHX
LaB/ieHHH BXOAAIIHX B Hee HHAHBHAYAJBHEIX KOMIIO-
HeHToB. Ha puc. III. 14 npeacraBiensl oru6aioniye KpHBble
GYHapHBIX CHCTeM, cojepxamux MeraH. UeM Gosbiue pas-
HMIla B TOYKaxX KHMEHHsl JByX BeIleCTB, TeM Bhile OyiaeT
NOJHMMAThCA KPHTHUECKOe AaBJeHHe GHHApHOH CHCTEMBI MO
CPaBHEHHIO C KPHTHYECKHMH [aBJIEHHAMH OGOMX KOMIIOHEH-
ToB. CMecH MeraHa c¢ gexkaHoM [III. 60] 6yayr HaxomuThbcs
B JBYX(}asHOM COCTOSHHHM IIpH AaBJjeHusx Beume 350 ar.
Hannble P3asa u Karua [IIl. 57] nokasuBaiot, uto aByx-
¢dasnas o6sacTb CMecH MeTaHa C YrJIeBOAOPOAHOH ¢pax-
nHe#d, BBHIKMNalollell B HHTepBase TeMmnepatyp 297—309°C
(MOJIeKy/IIpHEIH Bec 247), MOXeET IpPEeBHICHUTh [1aBJEHHS
700 ar. Orubaomue KpHTHYeCKHe KDHBble AJSI PasfHUHBIX
6HHApHBIX CHCTeM AaHH Ha puc. I11. I5.

OG6BIYHO TPHHATO INPeACTAaBJATbH AaHHble (a30BOro CO-
CTOSIHHSI GHHApHBIX CHCTEM B BHJe H30TepM Ha gHarpaMme
[aBjeHHe — COCTaB CHCTeMbl HJIH H3006ap Ha J[dHarpamme
TeMIepaTypa — COCTaB CHCTeMBl, KaK 3TO CjieJaHO /4
GuHapHbix cucteM Ha puc. III. 16, II1.17 u IIL 18. 3nave-
HHMS TIJIOTHOCTH HACBHILEHHHX Napa H XHAKOCTH CHCTeMb
sTaH — rental, nosaydyenHne Keem (Kay) [II1.30], npuse-
aeHw Ha puc. 111, 19,



ng

100

> > N
) % = =) &’ '"é

Adconmomroe doBnenue,am

(%)
<

20

10

70
%CHy % Cyts 7 <o
st Y]
60 2 0 97,50 2,50 3 A\
g 3 o 92,50 750 A4 ; :§>
S 4 o 8516 14,84 3 /f\
Wepl__3 0o 70,00 30,00 X
3“0 § o 5007 49,98 /
L 7 o 30,02 69,98 4 / // 9
S 40 8 o 14,98 85,02 =
S g o 500 9500 f :/’ / if K
- — 100, 00
% l—O iy Oeuﬁafau/’aq;' ‘wpu- ) / 1 A / AA
x 30 MUYecKUx MOYeX
§ AV V4
§ 20 s A /] /
< # z
10 o///7 /
O// g/;
&1 o QA (/'/’a———%é
PEs
gl&(] ~140 -120 ~100 ~80 ~60 -40 =20 a 20 40
Temnepamypa, °C
Puc. III. 11. OuarpamMma ¢asoBoro coctosnusg cmecefi MeraH — staH [IIL. 8]
au LY
mana
X
90 Sow 3 70,72
345N, AN 6 ‘978
1 80 ST 7 614
T INE SEVAR IR WP L 1
// M 20 /7 J ,}/" ’,:,; i,{u‘ 10 Hi?E'ﬂ’mHH
1/ \ /fﬁ&/ 3 )
L1 12 S , YTy ‘ T\
/ / [ 60 N f},({ ,‘/ X A
/\/ \\ g '}? /":'( < I . | \\
t o{fL \ & 7/ ox 4/ | I
§ \ P /A VAR R
n§ 1A a N I F ] R
(N U/ ! g : x/"/ < { ) ”";5
x x o |
AVaRrAN| Lo A
1Ly ‘ S\ A/ L
AT NP A B
AR /IN AT
S/ L/« N 5 A A 1/
HNAVRL ARV 208~ ; e i I A
7/ 17 Jk SN A e
W & / ’ ) %"
Vi L/ Af,Qb Iﬂk /x;/x‘ N s P
// L ,/ /// e //x:/’!;"‘//x’lx xy)/'x
% A 1:‘;:'4?«*
f 0

Temnepamypa,°C

Puc. III. 12, Ouarpamma ¢asoBoro co-
cTosiHMA cMecefl MeraH — nponan [IIL
58, III. 1, IIT 53].

Temnepamypa, °C

Puc. II1.13. [Auarpamma ¢asoBoro cocTofiHH cMeced
stan —renrtan [II1. 30).

77



A
| [

Abconromsive BaBnerue am
3
|
N—

1000
S00
8§00
g
w700
3
3 [ \ \
Sooo [ [}
[
< \
500 4
S \ \
Seo0 :
S //\\—\\ N\
S300 1 AN
/e \
200 o &
[ /7\\ \O‘L
100 HAZE e
™

<
s N:C \\?:
o

0 CI SS%\:\G" =) \

~100 1 100 200 300 400 500
Temnepamypa,®C

Puc. III. 14, Oru6awuipe KPHTHUECKHX TOYEK
6UHADHHIX cHeTeM, cojiepxaux Meran [I11.57].

140

V/

130

110

~
[
=

2 8
\\\

S

)

\ \
\
60 3 1.‘
AR\
50 t
]
AREEN = Nl
40 ]
%\)
N ATV,
NIAY, N '
2 NIASY/ /§ <
& N & 9
VAR o //é"?/ g0
10 / 517 L ®
/ Q:v,///
g 1 .
-180 -120 -60 0 60 120 180 210
Temnepamypa,°C

Puc. 1L 15. Orudatomuc KPHTHUECKHX TOYeK a4
pasauyHeix cuctem [I. 16, 1. 17, 1. 9, III. 62, 1. 2,
II1. 17, II1.7, IIL. 8, III. 48, III. 43].

78

Puc. III. 17. lnarpamMa temmepaTypa — COCTaB JJisi
CHCTeMHl MeTaH —— 3TaH.

I — HacblllleHHasi XHJKOCTh; 2 — HacullledHbld nap; 3 —
TOUKA POCHl; 4 — TOYKA KHNeHUsA. AGCOMIOTHbIE NaBJeHus B aT:
F—63; 11 —49. 111 —14; IV—7, V=235 VI-—2L

Habnenue, am

\\Q
N

100 <
|

"o - . e -

/8
]

s/ ] |
N
Aarav

40

3u

=

A

@ / /
10
)
0 6,2 0% 0,6 0,8 10

Mononvie donu memana

Puc, III. 16, JAnarpamma [aBJeHHe — COCTAB

1

40

20

1 U
&~ [
<< <

1
[~
<

1]
A AN A

Temnepamypa,°C

!
Co
<D

~100

-120

-140

paa cuerembl MeraH-—nponan [I11. 531

— KpMBasi TOYeK KHIEHHs; 2 — KPHBas TOUYeK po-
col; J— orubaiowiasl KPUTHUECKHX TOUEK.

7 7

N
N\

m\w > \
L

14

\\4:
™.

J
1 0>

™~

[

0 10 20 30 40 50 60 0 80 890 100
) Meman, % mon



100

80
7%
80 \’3’0\
OV%‘}’ \
Al
70 1
o/ ol 11
TN
o Y/ WAV

50

40 /
S
w5
V7
20 /

Ab6conromuoe dabnenue, am

\\\ <
NN
N
SN
—

el
)|

N
IRANE
\\

RIAVSNNN
NN

1
Y
/
10 .8 /] //%OC//
e
0 s

6,4 0,6 0.8 18
Jmar, % mon

Puc. III. 18. JuarpaMma aaBjeHHe — cOCTAB [JI3
cucreMbt 3taH — rentan [II1. 30].

300

H-Tenman

250 @“‘_\\\
VR NN
M‘\‘x\\ \\\
&4 \?\:‘“\ kN
022% ™| N ‘Y
SR
TSONCY
ANAYINN
RN AW
ONAN N
[ A AN

4 g1 02 a3 04 05 06 07
llnommuocms, 2/cm

2397

200

o)

o

/.

Te»fnepamypa, °c
S
<
\}\'

50

\

Puc. III. I9. TlnotHocTh a3 AJst CHCTEMbl 3TaH —
rentan [II1. 30].

§ 7. TPOHHBIE H MHOTOKOMIMOHEHTHBIE CUCTEMDbI

TpoliHEle CHCTEMH SBJISIIOTCS NMPOMEKYTOUHBIMH MEXAY
GHHADHHIMH H MHOTOKOMIOHEHTHBIMH H NOTOMY HMEIOT He-
KOTOpPHIE€ JOMOJHHTEJbHEIE CBONCTBA IO OTHOLUEHHIO K Iep-
BbiM H 06/1aJaK0T yXe B HEKOTOPOH CTENMeHH CJOXHOCTEHIO
TOC/Ie JHUX.

V3 TpoliHEIX cHCTeM HauGOJBIIMHA HHTEpeC NpeacCTaBJs-
10T CHCTeMBEl MeTaH — nponad — neHtaH [III. 133] u MeraH
6ytan — pekad [III. 51, III. 52], nayuennoie Cenxewm, Jlecu
{Sage and Lacey) u coasropamu. da3oBoe cOCTOsHHE
TPOHHBIX CHCTeM IIPH IIOCTOSIHHEIX [aBJEHHH M TeMIepa-
Type yno6HO H306paxaTh B BH/E TPEYrOJBHHIX OHATrpPaMM.
Takne anarpaMMbl JJsl TpeX 3HayeHHH AaBJieHHsl NPHBeje-
Het Ha puc. II1.20. DTH AmarpaMMBE NMOKa3HBalOT, YTO yBe-
JIHUeHHe [aBJeHHs IPHBOAHT K COKpallleHHI0 ABYX(a3HOH
o6nactH. Oru6arwoliie KPpHTHYECKHe KPHBHIE AJs PA3JHYHBIX
CHCTeM, XapaKTePH3YIOUIUXCH NapaMeTpoM, YHCJIEHHO paB-
HEIM OTHOWIEHHIO KOHUEHTPAuMH IIpONaHa K CyMMapHoH
KOHUEHTPAauUK TIIpomaHa M  [eHTaHa, TpHBeleHH Ha
puc. III. 21. imarpamMma paBseHHe — cOCTaB AJisl 3TOH CH-
CTeMel pHBeAeHa Ha pHc. II1. 22

Ilpn muccnenoBaHHH CHeTeMBl MeraH — GyTaH — JeKaH
Pumep, Ceqx u Jlecu (Reamer, Sage and Lacey) [III. 52]

NPHBOAUJIH SKCEDHMEHTH NpPH JaBJEeHHH H TeMmIepaType,
JNOCTHrAIOUIUX JAaBJeHHH M TeMIepaTtyp, CYLIECTBYIOLIHX
B Ta3oBBIX ILJaCTax BHICOKOro nasiendsi. IloBeneHne sroi
CHCTEMBl HJJIIOCTDPHPYeTCs [JHarpaMMaMH, INPHBEJEHHBbIMH
Ha puc. II1.23, II1.24 wu III.25. CymecTByer JiMib He-
Gosibtiioe 4HCA0 Pa30BEIX AMArpaMM [Jsl CJOXHBIX cMeced,
MOCTPOEHHEIX HA OCHOBAHHH 3KCNEPHMEHTAJbHBIX AaHHBIX
B (popMe KOJIHYECTBEHHOIO COOTHOWIEHHMS XKHJKOCTH H rasa,
HaXoldslHXcsl B parHomecHH. Ha puc. II1.26 npenacrasne-
Ha pauarpaMma, noiaydyeHHasd KartueM, Buukowm, IlaBuaom,
HCIOJIL30BABLIHMH [UJIsl ee COCTaBJIEHHs] BH3yasbHule HaGJi0-
JeHHs 33 110BeJeHHEeM CMecH IIPHPOAHOrO rasa C HPHPOA-
HBIM Ta30/HHOM, NOMELIEHHOH B KaMepy CO CMOTDPOBHIM
okHoM. CocTaB cMecel, MCNOJB30BAHHHIH TNPH MOCTPOEHHH
YKa3aHHOH Bbil€ QMArpaMMbi, a TaKXe AMArpamM, NPHBO-
OMMBIX HHXe, naercsa B ta6a. II1.1 [III. 29, 1. 37]. ®azosoe
NOBEJIeHHe CMeCH YrJeBOAOPOAOB, OTOODaHHHLIX H3 ra3oBoi
CKBaXHHE, omnpepensiock Bakmn u Jlafitdpyrom (Buckley
and Lightfoot) [III. 11] ¢ momouikio cenapatopa. Pesy.s-
TaThi 3THX 3KCIIEDHMEHTOB, BbIPAXKAMUIUX KOJHYECTBO KOH-
JeHCHPOBaBLIeHCsl XHAKOCTH, NMpeACTaBJeHb Ha pHc. I11. 27.
H3yuenne ¢da3oBoro moBeneHHs mpo6 KoHAeHcaTa M HedTH
6yneT paccMOTPEHO HHUXKE,
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BHHK H| Jlajir. | HAYT H [ coap.
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Conep:xanne, % wmod.
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§ 8. AHOMAJIbHBIE CUCTEMBI

Onpeaeferkbie CMECH BCLIECTB HMEOT AHarpaMMe ¢a-
30BOr0 COCTOSIHMS, OTAHYAOLIMeCcs! OT THIHYHBIX AHArpamMm
Takoro poaa. Hanpumep, 3T cMecH Moryt o6pasoBHBaThb
1Be JKHAKHe (pa3bl HAM MOTYT HMeThb JKHAKOCTH, BELIeNS-
JOLMe fPH HCApeHWH Maphl TOTO Ke COCTaBa, YTO H JKHA-
KOCTb, H TIO3TOMY BHIKHNAIOW{He NPH NMOCTOAHHOH Temmepa-
type. IlocieanHe cMecH ONHCHIBAIOTCS KAaK a3e0TPONHHe
(MHHHMYM WJH MaKCHMYM TeMNepaTypH KumeHus). Kaac-
CHUECKHM TpPHMEpPOM 3THX cMeceHl #BJSIOTCS CHCTEMH BO-
J1a — yraesofOpPOAH H BOJa — 3THNOBHH CIHPT.

HOuarpaMmbt, OTJAUYHBIE OT HAeanbHBIX, 00pPa3yiOT TaKHe
CMecH, Kak 3TaH — yraekucauii rasz [I11. 40] u auerunen —
sTaH uaW aueruneH — stHaex [III. 43]. Ha puc III. 28
npejcTaBlieHbl  AaHHHe (a30BOrO  COCTOSIHHSI CHCT@MBI
3TaH — 3THJeH — auetuaed npu 4,5° C aas Tpex GHHApHBIX
cMecefl, ABe U3 KOTOPHX SIBJSIOTCSl a3€0TPONHBIMH.

Hedte npu ee meacdalbTH3aUHH C NMOMOLUBIO NPONAaHa
pasgensiercst Ha ABe xuiakHe dasbr [I. 13]. Katu ¢ coasto-
pamu [II1. 73] nyteM po6aBneHHs NpPONAHAa K CHCTeMe NpH-
pOAHBIi rasz — HedTb NOJAyuanH [ABe KHAKHe ¢as3H. bor-
kuH, Pumep, Cemx u Jlecu [III. 10] npu uccnegosanuu da-

30BOr0 COCTOSIHHSI ABYX KANHGODPHHHCKHX HedTel IONYUHIH
HECKOJIbKO WHAKHX ¢as.

Beiinayr u DBpeanu (Weinayg and Bradley) [III.75]
Hab/ofanH HeoOhuHOe () a3oBOe IOBEAEHHEe NPHPOAHOH
nnacroBoii cMecH (puc. II1.29). Ilpu mocrosinHo# TeMme-
paType HHXe KPHTHYecKO#l W paBHoH 71°C KoJHYecTBO
KHUAKOH (asHl CcHayajna yMeHBUIaeTCsi, 3aTeM AaHOMaJbHO
yBeJHYHBAeTCsl H MOC/e 3TOr0 HauHHaeT HOPMaJbHO yMeHb-
warbes. Befinayr u Bpeanu Hassaiu 310 aHoMaJbHOe IO-
BeJeHHe CHCTeMH BO30GHOBJSIOLEHcS KOHAeHcauHed HH
ucnapeHueM. Cocrar 3stolf cucteMn (Taba. III. 1) xapak-
TepH3yeTCs BBICOKHM COAep)KaHHeM [poNaHa H STaHa.
AHoMa/bHOE TOBeJeHHe CHCTeMbl MOXeT OHITb, NO-BHIH-
MOMY, OGBSCHEHO HaMeYamolHMCsl 06pa3oBaHHeM BTOPOH
XHAKOH ¢asbL

Bitneprc (Eilerts) ¢ coasropamu [lil. 19] naGawonanu
o6pasoBanne BTOPOi XHAKoi hasu npu —54° C 1ns cMecH,
rueowell cocras, mokasaHHui B Ta6a. III. 1. Ilpu stom
cMech HaXo[MJach MPH TeMmIlepaType HHXKe CBOeH KpHTHYE-
ckOl TpH AaBneHusix 77—87 ar.
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Monbubie donu quemuneng

Puc. III. 28. ®a3osoe papHOBeCHe CHCTEMH 3TaH — 3THJeH — aueTHaeH npH 4,5°C
[1I1. 43].

A6conioTHoe AaBlieHHe B a7, uHppPbl HA KPHBHX B aT.
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Puc. I11.29. Huarpamma (azoBoro cocCTOsiHHA, XapakTep-
Has AJd NpHpoaHod yriaeBojopojaHolt cmecu [III. 75]

§ 9. KOHCTAHTDBI PABHOBECHA

Onpene.nemie q)330B01"0 COCTOSIHHSt  YIVIEBOAOPOAHBIX
cvecel OCYIL{ECTRASIETCH € NOMOLIBIO KOHCTAHT DaBHOBECHH
CHCTEMDLI XKHAKOCTL — Map. KoHcTaHTa paBHOBECHSA

K=4, (111. 2)
X

rie y — MOJsIpHAn [10Js1 KOMIIOHeHTa B napoBofi (ha3se;
X — MOJISIDHast 0JIs1 5TOTO e KOMIOHEHTa B XKHAKON ¢a-
3e, HaXoauleHcs B PAaBHOBeCHH C NMapopoll ¢asoh.
KoHCTanThi PAaBHOBCCHSL COOTBETCTBYIOT [AAHHOMY AAaB-
JICHHIO H Temiuepatypc. Bo MHOrHX cMecsix NMpH AaBACHUH,
3HAYUTC/ALHO MCHbLIEM KPHTHYECKOro, KOHCTAHTW pPaBHO-
BeCHsL Aaa GOJLUIMHCTBA KOMMOHEHTOB He 3aBHCSIT OT CO-
crana ¢as.
Y
Ouent BaXHLIM ARJSACTCA TOT (AKT, 4TO OTHOMIENHe

B8 JIOBOJbHO UIAPOKOM HHTEpBaJe H3MEHEeHHs YCJIOBHH
He 3aBMCHT OT cocTasa cMecH. BriepBhle KOHCTAHTLI paBHO-
Becust GblIH HCMOABL30OBAHL Aas pacdetoB DpayHoMm, Co-
YyAEPCOM M HX KoJeramH no MHUYHraHCKOMY YHHBEDCHTCTY
B 1937 r. [III. 67]. Jlbiouc u JIwK npessoXUHIH METOd NMpPH-
MeHeHHs Je1yyecTH (¢yreTHBHOCTH) [/ oOlpejes]eHHs
YCJOBHH PaBlOBCCHs CHCTeMBI nap — :uakoctn [I11. 411

Jas  onpencdacHuss (a3oBOro COCTOsSIHHS cMecell  Be-
LIECTB MCNMOJLIYIOTCA 3akonw Payas u JlanbroHna. dada
NAHHOT'O KOMMOHCHTA CHCTEMbl, Haxoasliciics B AByX-
(b&3HOM CCOCTOSIHHH TPH MOCTOSIHHEIX 3HayeHHsIX TeMrepa-

Typb[ H LanJICHHUS:
yP = xp, (I11. 3)

rage P — ofiliee naB/icHHe CHCTEMBI; p -— JaBJEGHHC Hachl-
UieHHOro NMapa AaHHOTO KOMIOHEHTa,

IIpeo6paszosanue ypasHcHus (III. 3) npuBoAHT K BHI-
paXeHHIO 3TOro 3aKoHa 4Yepe3 KOHCTAHTy paBHOBeCHS:

y__ P __
T =D = K. (I11. 4)
3akon Payass umecr asa Hepocratka: [) Hexkoropule

CMOCH BelecTB 3HayHTeJbHO OTK/JAOHMAWTCA OT 3TOro 3a-

&4

KOHa BCJIEJCTBHE HX XMMHYECKOH MPHPOABI; 2) 3TOT 3aKOH
NPUMEHHM /s CJydasi, KOra TeMIeparypa CMecH HHXKe
3HAYEHUH KPHTHYECKHX TeMIepaTyp BCEeX BXOAAILIHX B Hee
KOMIMOHEHTOB; YMPYroCTh [APOB CMeCH AOJIKHA OHITL H3-
BecTHa. BesejgcTsue TOro, 4TO KpHTHYecKas TeMmepaTypa
veTaHa pasHa —82°C, 3akoH Pay/si odeHb PEIKO MOXKeT
6HTL NPHMeHeH [Js MPHPOJHBIX Ta3oBbiX CMeced, cojep-
Wmauux metadH, dna cMmecefl nponasa, 6yTaHOB, MEHTaHOB
H T. A. 3akoH Payas crnpaBelJUB TNpH TeMneparypax
10 66° C 1 abCOMOTHLEIX AaBJeHHsX A0 7 aT.

Eciu B 3akoHe Payasi 3ameHHTbL AaBjeHHe Ha Jiery-

4ecTb, TO pacTBOPb! MOTYT GLITh paccMOTpeHb  Kax
HAeaJbHbIE:

xf; = yfy, (II1. 5)
rae fL — JIeTy4YeCTL 2KHAKOro HHAHBHAYAJLHOTO KOMIO-

HeHTa NpPH PaBHOBECHBIX 3HAYEHHSIX JaBJeHHS H TeMMepa-
Typbl; [y -— MeTyyecTb MapooGpa3HOro HHAHBHAYAJbHOTO
KOMMOHEHTa NMpPH PAaBHOBECHLIX 3HAYEHHAX JaBJIeHHS H TeM-
nepaTypbi.

Hneanbnble KOHCTAHTE paBHOBeCHs GLIIH MOJy4YeHb HA
ocHoBaHHH paBeHcTBa [II1. 67]
LA f-L . (111. 6)
Xy

briio  HaliaeHo, 4TO JeTy4ecThb MOXHO ONpeledsiTh
3KCTPAno/aHpoBaHHeM H /s o6JacTH TeMmeparyp, MpeBbl-
alolHX KpHTHYeckHe. JletydecTbh onpejaensieTcs H3 fAaH-
uux pVT no clenyoWHM TepMOAHHAMHYECKHM ¢opMyJaM.

OnpeaeJsienne seryqectis:

K=

p

]nf:Inp—p%, \ (RT—V)dp, 1L 7)
0

P
rje R — rasoBas MocTosiHHasi; T — aGCcoMOTHAs TeMrnepary-

pa; V— yienpunii o6nem.
ITo BHIpAXKCHHe PaBHO3HAUHO CJEAYIOUIEMY PaBEHCTBY:

RTd (In f) == Vdp. (I11. 8)

Ilpn nocrosiHHOM TeMneparype, KOoraa APYrHe BHAL SHep-
FHH, KPOMe TenJa H KOMIDECCHH, MOTYT He TMpUHHMArLcd
B pacyeT, JIeTy4ecTh MOXKET ONpeAcaAThCsl H3 BLIPaXKeHHR
CGOGOAHOH 3HEPrHH

dF = Vdp = RTd (In f). (I11. 9

Bripaxkenune (II1. 7) uau (II1. 8) Moxer 6wiTh npHBe-
ACHO K (opme, yAoOHOH A5 pacyera JETYyYeCTH MKH/KHX
H ra3oo6pasHbiX Bel(ecTs, rpad)HYecKHM MeTOAOM:

p

Inf=Inp— .]—plgdp, (I11. 10y

rae 2 — Ko3hQHUUHCHT CKHMAEMOCTH.

Ha puc. II1. 30 npusesena o6o6uieHHas AHarpamua Je-
TY4YeCTH NMPHPOAHBIX ra3oB, Ha KOTOPOH JaHBl 3HA4YEHHS
[\'oacp?muuema akrusHoctu {III. 25], paBHoro otHOWe-
HHIO [/p MDH Pa3NHYHEIX 3HAYEHHsX NMPHBEJEHHBIX AaBJEHHH
H TeMnepaTyp. JTH 3Ha4YeHHs JIeTy4eCTH MOTyT GHITh HCMOJb-
30BaHM AAS1 ONMpeJeleHHs MACAJbHHX KOHCTAHT paBHOBe-
cug (I11. 671,

Ecin nMeioTcst 3Ha4eHHS! KOHCTAHT PasHOBECHSs!, SKCIePH-
MEHTaJILHO onpeje/IeHHEe MO COCTaBY MapoBOH H KHAKOA
$as, To OHH MOryT GLITb HCMOJB30BAHE BMECTO HAEAJbIbIX
KOHCTAHT paBHoBecHsd. Pa6ora Karua u Xermyra (Kalz
and Hachmuth), ony6aukosannas s 1937 r,, 6nJaa nocss-
LicHA H3yYeHHIO KOHCTAHT PABHOBECHS /151 CHCTEM MPHPOL-
HBEil ra3 — He(Th.

Ha puc. II1. 3] npuBefeHo cpaBHeNHe KOHCTaHT M0 3a-
KoHy Payns ¢ 3KcnepHMeHTa/bHEIMH KOHCTAHTaMu paBHOBe-
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lcegdonpusedenrnoe dasaenue
Puc. III.30. Jleryuecrtn

cusi. Ha atoM rpaduke npeacrasJennl ganHbe AJS CHCTeME
NpHPOAHBIA Tra3 — HedThb NpH TeMnepatype 49°C, a TakXe
JaHHble 1/ GHHAPHOA CHCTEMBl MeraH — MpoMaH, B3sThle
u3 pa6otw Cemxa H JleCH, 1 A/ CHCTeMH 3TaH — TelTaH,

(byreTHBHOCTL) NPHPOAHBIX Tazos (IV. 16, III.25]
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Abcoatotroe dasaenue, am

Puc, I11.31. CpasHeHne sakona Payas ¢ akcrepH-
MEHTAJbHO H3MEPEHHBIMH KOHCTAaHTaMH PaBHOBeCHH
nupu 49°C [III, 27].

I — wmeran; 2 —>sTan; 3 - npouan: 4 — GyTaun; 5 — nen-
TaHbl; 6 — rexcaubl; 7 — renTaHul; § —-renTaubl +, 9-- 0O
daHusiM  Cenxa u JlecH; /0 — Mo HaHHbiM Kes; {{— g

3aKoHy Payasa. )

38> C !111. 58].

! — MeTan; 2 — nponau.

B3sithe y Kes. B sorapud)mHueckHX KoopjiHHaTax 3aKoH
Payas npeacrasasietcsi NpsiMLIMH JHHHAMH € Ko3(hdHUHCH-
TOM NpPOMOPUHOHAJILHOCTH, DPAaBHLIM — |, H MPOXOASLHMH
uyepe3 3HaueHHEe MA4ABJEHHS, DABHOrO [aBJeNnHo HachlilieH-
Horo napa mnpH npuuastof Ttemnepartype. Jasa nponaHa
U 6yTaHOB NPH [aBJEHHAX HHXKEe NaBJCHHA HaCHILLECHHOrO
napa 3KClieDHMeIFTa/lLHLIE KONCTAHTLE PaBHOBECHS OTJIH-
4aloTca oT 3akoHa Payas. [1pH papaeHHax, NpesbILaOLHX
JMABJEHHST HAacCLILLeHloro napa, 3KCMepPHMeHTaJbHble KoH-
CTAHTH PABHOBECHS CXOASITCA B OMHON Touke mpH K = 1.
Tak, nas npofMaHa B MeraHe NpH aandedHn 70 ar H TeMm-
neparype 49° C 3HaucHHe AeHCTBHTENLHOH KOHCTAWTH paB-
HoBecust pasuo 0,6, B To Bpemsi Kak 3akon Payns naer
3HavenHe, pasHoe 0,24. ITogoGuplil xapakTep BJHSHHA AaB-
JIeHHs1 NMOAYEPKHBACT, YTO KOHCTAHTLI PaBHOBeCHS H3Mells-
10TCS B 3aBHCHMOCTH 0T coctaBa (a3 i 3HaYHTEJBLHO OTKJO-
HgoTea ot 3akoHa Payas. Temneparypa 49°C npesnimiaer
KPHTHUECKHe TEMIEpPATYpH 118 MeTaua W 3Tana, No3ToMy
NpoBeeHHBIE [/ HUX JHHHH Ha OCHOBauHH 3akowa Pay.s
HeHaJeXHB [PH BCeX 3HAUCUHSX AABJEHHS.

JIs Jyuuiero MOHMMaHH€st KPHTHUCCKUX sipjednll H aso-
BLIX H3MEHEHHH MOMKHO MOJL30BaTLCS AatHLIMH MOBEASHHS
GuHapHo#t cucrempt, Ha puc, 111.32 npeseacHa KpHBas KOH-
CTaHT papHOBECHs /Js MeTaHa i npomaHa mpu 38° C. Jta

KpHBasa MOCTPOGHAa MO JaHHLIM HCCJICA0BAIMS  CHCTEMLE
MeTaH — nponan (cM. rpabuku Ha puc, I1I1. 12, IIL. 16
u ll1.17),

Ias  onpeiedcHus coctaBa (a3 TPOMRHBIX CHeTeM,

NOMHMO TEeMIepaTyps H [aBJeHHA, TpceOycrcsi 3HaTh Be-
JHYHHY TPETLEH TMCPEMEHHOH, B KauceTBe KOTOPOH MOXET
6LTh HCHOJL30BAH NapaMeTp, XapaKTepu3ylolmuit cocras
cMecH, DTO MO3BOAMT MOJYUHTL TOUKH JABJCHHI CXOAH-
MOCTH, KakK mokaszauo Ha puc, III. 21 uan III. 25.

Ho racrosmero BpeMeHH HCcaenoBaHo 6oabLuioe 4HCAO
NPOCTLIX YIJIEBOAODOAHBEX CHCTEM, COIEPKAUIHX MCTaH.
TlostomMy HMeercsi 1OCTATOUYHOE KOJHHCCTBO JAHHHX Mg
PELUEHHS] BOMPOCOB, CBf3aHHLIX C TaKHMU CHCTCMaMH.
MHorue BONpOCH, cBA3aHHHE € 0ojee CAOKHHMH CHCTE-
MaMH, MOryT ObiTh peIIeHL ¢ MOMOLULIO H3YdCHHs moseae-
HH§ GHUAPHLIX H TPOiHBIX cHcTeM. Jlanunie a5 CaOKHBIX
CHCTGM M METOALI ONEHKH 11X KOHCTAHT paBHOBECHS H3J10-
KeHul B riaase VI
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I'JIABA 1V

CBOIICTBA NPUPOJIHLIX I'A30B
1 JETRHX YTJAEBOIOPOIHLIX RHIKROCTE

3naHHe cBONACTB M MOBeleHHs NPHPOAHOrO rasa, Oylb
TO YHCTHH MeTaH HJH CMeCh JIeFKHX YrieBoAOpPOAOB (ua-
¢To ¢ A06aBKaMH HeyrJeBOAOPOAHBIX Ia30B — a3cTa, yrie-
KHCJIOTH H CepOBOJ0OpOJa), No3BoJsseT Gojee palHOHAJBHO
pewiaTh BONPOCH €ro A06biud, nepepaboOTKH H TpaHCHoOpTa.
KOMMOHEHTH NpHPOAHOro rasa OOBYHO HAXOAATCS B razo-
0o6pasHoM COCTOSHHH, HO HHOrAa MOTYT CYLIECTBOBATH
KaK XHIKOCTH HJH TBepible tesna. Hanbosee BaxxHuM sB-
asiercs Bonpoc O ¢as’soBOM COCTOSIHHH, B KOTOPOM Haxo-
ISTCA KOMIOHEHTH MpHpoAHOro rasa. B artoit raase 6yayr
‘PaccMOTpeHH  clieylolllde CBOHCTBa NpPUPOAHEIX Ta3os H
HX KOMIIOHEHTOB;

Ko3hduuHeHT Anddy3uu;

KO3 (HLUHEHT CKUMAEMOCTH ra3oB;

NJOTHOCTb Ta30B H XKHIKOCTEH;

NIOBEPXHOCTHOE HATSKEHHe;

TepMOJAHHAMHYECKHE CBOMCTBA:

a) TemJI0eMKOCTh,
6) ckpuitas Temsiora napoo6pa3oBaHHs,
B) 3HTAJbIIHS CMECH;

TEMJIOTBOPHAA CMOCOOHOCTD;

npeaesbl BOCIJIAMEHSEMOCTH;

KPHTHYECKHE CBOHCTBA;

BA3KOCTb;

TEeNJIONPOBOAHOCTD,

CocTaB MNpPHPOOHLIX ra30B HEKOTOPHX MeCTOPOXKAeHHH
npuBedeH B Tabsa. 1.5 u I.8 Meroaw anamusa rasos mpH-
BelleHbl B riaBe VI B CBfASH ¢ pacCMOTpeHHEM paBHOBECHS
CHCTeMBl KHIKOCTb — nap. B odfilem mo cBoeMy cocrasy
NPHPOAHBE Ta3bl CXOAHH MexAay coboi. Hna GosbuiHHCTBA
rasoB KOHUEHTPALUMH KOMIOHEHTOB H3MEHAIOTCA B AOBOJb-

HO Y3KHX npenxenax. Ucnoaws3osanue yAeJBHOro Be€Ca rasa 20 50 60 70 80 90 95

B KayeCTBe XapaKTepH3YIOLIero napaMerpa 3aBHCHT OT TO-
ro, HacKOJbKO rassl cXOAHB mo cocraBy. Jleratckuif, Tyk

98 99 995

998 %)

98,8

%

995

504

A ,

06w ee codepwanue, % mon.

u Tpanpu (Legatski, Tooke and Grundy) [VI.57] manu pyc [V, 1. Jluneiinas auarpamma AJs ompefeseHHs OTHOCH-

AnarpamMy, Ha KoTOpofi cocras JioGOro rasa BLIPAXKACTCH regpHOro  yAedbHOTO

npsaMo# sunueit (puc. IV. ).
dusnyeckue
B 1abs, I1. I (cM, mpuJoXKeHHe),

CBOMCTBA UHCTBHIX YIMIEBOAOPOMOB A2HBL __ yeraw: 2 — stam:

Beca MO COCTaBy TMPHPOAHBIX Tras3ob

[IV.57].

3 — nponaH; 4 — 6yTaHbl; & — meHTaHB; 6 —
apo6a 3; 7 — npoGa 4; 8 — npoGa b.

§ 1. MOJIEKYJISIPHASI TEOPHUSI TA30B U JKUAKOCTEH

CeoficTBa rasoB M KHAKOCTeH OGYCJOBJEHB! MPHPOIOH
MOJIEKYJ H CHJ MeXMOJIeKyJspHoro BaauMopelficTBua. Ku-
HeTHuecKas TeopHs ra3os, padpaboraHHas B XIX B. Jlxo-
yaem, KaaysuycoM, BoabuMaHom u MakcBessioM, Tpakrtyer
rasoBoe COCTOSIHHE KAaK «COBOKYIIHOCTH MOJIEKYJ, KaXKiuasd
H3 KOTOPHIX IBHKETCH B NMPOU3BOJBHOM HalpaBJeHHH, NPH-
ueM [BHMKEHHE OJAHOH MOJIEKYJH COBEPIUEHHO He KOHTpO-

86

JUPYETCH CHJIAaMH APYTHX MOJEKyJ, HeCMOTps Ha TO, 4TO
KaK CKOPOCTb, TAK M HamnpaB/eHHe ee [BHXKEHHS MOryT
pe3Ko MEHATHCS BCAKHE pa3, Koria oHa CTajJKHBaercd ¢
Opyroil MoJIeKyJOH WJH yaapsetcd O CTeHKH cocyna»
(IV.45]. B mepBoM npuOGJHMKEHHH ra3 MOXHO paccMaTpH-
BAThb KAK COBOKYMHOCTH YAaCTHL, HE HMeIOIHX 00beMa H He
B3aUMOIEHCTBYIOIHX MeXAy coGoit. [ToBereHHe rasos mpu



HH3KHX [aBJEeHHAX COrJIacyeTcs € TeOpHeH, OCHOBAHHOH Ha
3THX MPOCTHIX MpeanoJoxenusnx. [locrenento, no Mepe Ha-
KOMJIEHHs] [OAHHBIX O HECOOTBETCTBHM MeXAY TeopHeil u
nabuio/1aeMBIM NIOBEIeHHEM DeasibliblX Ia3oB, 3TO NMpernoJo-
JKeHHe BHAOU3MeHsJochb. [Ipu 3ToM GoJee TOUHO YUHTHI-
BaJcg O6beM MOJIEKYJ H CHJ MEeXMOJeKYJsgpHOro B3aHMO-
ndefictBus. [lo3lHee cOBpeMeHHAss MeXaHHKO-CTATHCTHUe-
CKag Teopus, PAa3BUTAs Ha OCHOBe KBAHTOBOH TEOPHH MO-
JIeKyJl, YCTAHOBHJA CBS3b MeXAy Bcell COBOKYNHOCTBIO
CBOHCTB rasoB H CHJ MEXMOJIEKYJAPHOrO B3auMopgeli-
creua [IV. 41].

Uto6pl CBS3aTh KOJHYECTBO OJHOTO BEIECTBA € KOJIH-
4yecTBOM APYroro, B TEOPHH MaTepuUk OBLIO HCMNOJNB30BAHO
NOHATHe MoJssa. Macca ofHOro atoMa Kucaopona Owia
NPOU3BOMBHO MpHHATA 3a 16 (Mosp kucaopoaa O, 3a 32),
4 OTHOCHTEJIbHAsi Macca APYTHX 3/JEMEHTOB HJd MOJEKYJ
6nisa ompesfeseHa KAK HMX ATOMHBIE HJH MOJIEKYJApHHE
Beca. 3aKOH ABOrapio yCTaHaBJHBAeT, YTO paBHhle 0OBEMEI
Pa3JHYHBIX rasoB [IPH OJHHAKOBOH TeMmepaType W OJHHA-
KOBOM [4BJIEHHH COJepXkAaT OAMHAKOBOE UHCJO MOJIEKYJ.
310 uucao paBHo 6,02)X1023 mMosexkya B | 2-mM046 BelecTBa
(32 2 kucnoposa) Ipn 0°C  u aTrMocdepHOM  [aBJEHHH
(22 414 ¢m?). 1 Ke-moae kucaopoaa secut 32 000 2 H COCTOHT
13 10007<6,02)<1023 = 6,02 10%® monexy.,

1. YPABHEHHE COCTOSdHUS

lazoBbifl 3aKOH, CBA3BLIBAIOILHUH [ aBJeHHe, TeMIlepaTypy
H o0beM /s rasa, B KOTOPOM He YYHUTHIBAOT 06beM MO-
JIEKYJl H npeneGperaoT CHIAMH MEXKMOJEKY/ISIPHOrO B3aH-
MONEHCTBHA, H3BECTEH KaK YpaBHEHHE COCTOSHHA HIcCaJb-
HOTO WJTH COBEpPUIEHHOrO rasa;

pV =nRT,

rie p — fnaeJjeHue; V — o6beM; n — uucao Modaeir; R — ra-
3oBag mnoctosHHas; T — alcomoTHas Temneparypa. 3Ha-
ueHHe Ta3oBOH MOCTOAHHOH R NpPH pa3iuYHBIX Pa3MepHO-
CTAX [AaBJIeHHsd, TeMrepaTypsl H o0kemMa M[pHBeleHO
o taba. IV. 1, Tlpu naBsenun, GIU3KOM K aTMOC(HepHOMY,
NcBeJeHHe ra30B MNOAUHHAETCS 3aKOHaM HAeaJbHOro ra-
33, TaK 4TO [aB/ieHHe HJH 00BbEM CHCTEMB MOTyT OHTh
MOJCYUTAHBL MO NAHHBIM 3HAYEHHAM TeMIepaTypbl M MacChl
Ilpu 2toM oTHOcHTespHas owwxGKa GyaeT cOCTAaBJATL He
Gonee 5%. B Tex cayuasx, koraa tpebyetca Gojee TOU-
HB{ TOACYET MJH €CJH ra3 HaXONUTCS TPH BHICOKOM faB-
JIEHHH, ypaBHEHHE HIeasbHOTO rasa HENPUMEHHMO.

(v. 1

Tabauya 1V. 1
KoHcraHTHh rasoBoro 3akona
pV =nRT
3Hauenust R /s pasiuuYHHX pasMepHoOcTe

P PaaMepHoCcTB ==
il I Rl B
am °K(°C 4 273,16)| 0,082055
psia °R (°F + 460) Ky6. ¢yTb 10,73
byH1/KB. dyT |°R (°F - 460) Ky6. ¢yrer |1545,0

R ana Bosgyxa, korga n =1 ¢ynry

°R (°F 4 460)

yHT/KB. YT | KyG. byTsl l 53,2

Hcnonbays pannele no pVI-CooTHOWEHHIO [as  WH-
IMBHAY2JbLHBIX YIVIEBOLOPOAOB H [J51 MPHPOAHBIX Ta30B,
MOKHO ONpeleJHTb HX OTK/JIOHEHHE OT 3aKOHOB HIEAJBLHOro
raza (6uGmuorpacdus no sTomy BONpoCy gaercd s paBoTax
[1V.61, IV. 80, 1. 2, 1. 9)).

CyluecTByioT ABa OOBLIYHO MpPHMeHSEMBIX MeTOAa NpH-
BCEeHHs YPAaBHEHHA COCTOsSHHA HIAeanabHbix rasos (IV.1)
K BuAy, yldoOHoMy ans onpefnedenus pVT (cooTHouleHmnit
peaapiipix ra3zoB). OOMH H3 HHX COCTOHT B TOM, UYTO B
yPaBHeHHe COCTOSIHHA HJeaJbHEIX ra30B BBOAHTCA KO-
(hHLHEHT CXKHMAEMOCTH 2:

pV =2nRT. (IV. 2

10T ra3oBHE 3aKOH sBJAseTcd o6IUM Aas mobiix ra-
308. Ko3dphHUHEHT CKHMAEMOCTH SBISETCH (hYHKUHEH TeM-
nepaTtypel, /[aBJeHHs H COCTaBa rasa M BbIpa)kaercs B
33aBHCHMOCTH OT 3THX MePeMeHHHX rpadHuecKH WJIH aHAJH-
THYECKH.

Meron onpemesieHHa KO3(h(HILHEHTA CXKHMAEMOCTH MO
rpapukaM Oyler AeTaJbHO H3J0XKEH B COOTBETCTBYIOIIEM
pasfese . Heo6xoAHMO OTMETHTb, 4TO B TeXHHYECKHX pac-
yeTax HCIOJb3yeTcsd O0OHIYHO UMEHHO STOT MeTOod AJsS omnpe-
NeseHUs KO03b(hHIHEHTA CXXUMaeMOCTH rasa,

Jlpyro#t MeTon peaJbHHX COOTHOMIEHHH Ta3oB 3aKJio-
YaeTcss B TNPHMEHCHHH YpaBHEHHA COCTOSIHMS, YUHTHIBAKO-
ero co6CcTBeHHbIH 06BeM MOJIEKYJl H CHJIBl MOJIEKYJISIPHOTO
B3aHMoAeHCTBHA. Takoe ypaBHEHHE COCTOSIHHS peasibHbiX
razoB Bncpbbie O6bi0 faHO Bau-gep-Baaascom B BHIE

(p+§2)<v-—b)=RT. (Iv. 3)

B 3TOM ypaBHeHHH b — co6cTBEHHHII 0O6BEM MOJEKYN
rasa; a@— CHJa TDUTSAXKEHHH MOJeKyJ. 3HaueHHs KOH-
cTauT @ ¥ b ypaBHenwus Ban-mep-Baanbca npuesenm 8
tabu. IV. 2,

B cBoe BpeMs Gp10 NpeioKeHo HECKOJNbKO BHAOB YpaE -
HEHHSI COCTOSIHHA peasNbHBX Ta3oB, IMPHYEM KOHCTAHTH
B 3THX YPABHEHHAX BBIYHC/ISAIHCH Ha OCHOBAHHH SKCIepH-

MEHTA/NbHBIX  [JaHHbiX. YacTo TNOME3YIOTCH YypPABHEHHEM
Butty — Bpunxkuena (Beattie — Bridgeman) [IV.7,
1V. 90],
RT ¢ b
S QRS
a
4 (1 — V')
—_——— (IV. 4)

3T0 ypaBHeHHe XOpOWIO CONIACYETCS C 3KCHepHMeHTaJb-
HBIMH [JAHHBIMH [JIs a30B, TUIOTHOCTH KOTOPHIX HE MpeBHl-
uraeT ABYX TpeTeH OT IJIOTHOCTH ra3a IpH KPHTHYECKHX
ycaosusx. B ypasuenuu (IV. 4) a, b, ¢, Ay v By sBasior-
C# TOCTOAHHBIMH [J1s [JAHHBIX KOMIIOHEHTOB HNpPHPOIHOrO
rasa (cM. taba. IV, 2),

Benenuxr, Ye66 u Pabun (Benedict, Webb and Rubin)
[V, 10] namu ypaBHeHHe COCTOSIHHS JIErKHX YIJeBOJOPOAOB
B BHAE

p=RTd+ (BORT—.AO—%) 42+ (bRT — a) 4+

+ acds + S (14 1a e, (IV. 5)

rae d — moJApHas MJIOTHOCTb, a napamerpht Ag, Be, Co, 4@,
5,c, o B Y ABJIAOTCH BeJHuHHAMH, MOCTOSHHBLIMA IJIA HH:
NUBHAYaJbHLIX BemecTB. lis cMecefl STH mapaMeTpl sABJdA-
0TCA (QyHKUHMell cocTaBa CcMecH. 3HaueHHs STHX Mapamer-
POB AJd PA3NMYHLIX UHAMBHAYAJbHHX YIJEBOAOPOAOB H

1 Cwm. pasaea <«CxHMaemMOCThb NPHPOAHOro rasax. - lTpus.

pea.
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Tabauya 1V.2

Kospdhuuuentsl aasi WHAMBUAYaNbHBIX  YIIE€BOJOPOROB
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MNpuMeyanve: [1pu pacyere KO3OULHEHTOB NMPHHATH CJeAYIOUIHE Da3MEPHOCTH:

HEKOTOpHIX NPYrHX ra3os npuBeldeHn B TaGa. 1V.2, [as
OMpeje/ieHHs] YHC/IEHHBIX 3HaueHHH 3THX NapaMerpoB s
CMeCH yrJIeBOJOPOAGE MNOJBb3YIOTCA CJAEIYIOLMMA  (PopMy-

JIaMH:

Be =", By, (1V. 6)

Ao = (Y, uiA:,)%, (V. 7)

Co= (Y, xCd%)% (1V.8)

b= (Y xb/?)°, (1V.9)

= (Y xa/)% (1V. 10)

c= (Y xC/)’ (IV. 1)

a= (¥ xa/)? (V. 12)

1=} x;?)" (1V. 13)

rle X — MOJsIPHble [0JH KOMIIOHEHTOB B cMeCH, a By i,
Ap,i W T. 1. — YHC/IOBHle 3HAuEHHH KOHCTAHT COOTBETCTBY-
IOLIHX KOMIIOHEHTOB.

Ecan cMech yruieBogopoioB COCTOMT H3 GOJBLIOTO dHC-
Jla KOMIOHEHTOB, TO TMOJACYHTHIBATH MaPaMeTPH CMCCH MO
NpHBEEHHbIM Bblille (QOPMYJaM BCJEJCTBHE HMX TPOMO3[-
KOCTH He AIBJIAETCA HAHJIYYLIHM METOAOM.

Maptun u Xoy (Martin and Hou) [1V, 59] BbiBesu ciiox-
HOe, HO HaJeXHOe ypaBHEHHe COCTOSTHHA HHAMBHLYyaJbHbIX
yrJe30A0pOA0B. DTO YPaBHEHHE BK/OYAET [eCATb KOHCTAHT,
YHCJIOBbIE 3HAYEHHA KOTOPHIX MOTYT OBITb MOJyYeHH M0
KDHTHYECKHM [aHHbiM pVT M Mo HaknOHY KPHBOH ympyro-
CTH mapa B KPHTHuecKOH TOuKe,

DTH ypaBHEHHS COCTOSIHHA MO3BOMAKT 3KCTPANOJHPO-
BaTb [aHHble, MOJyyaeMbie 3KCMEPHMEHTAJNbLHO, H Mpelcka-
3biBATh OTKJIOHEHHE TNOBEJIEHHs 3THX ra30B OT 3aKOHOB
HA€aNbHOTO rasa. DTH YpaBHEHHs SIBJSIOTCA MaTeMaTHye
CKOH OCHOBOH A/ MNpPEACKAa3aHHA TePMOAHHAMHUYECKHX
CBROHCTB CHCTeMbl B Buie pVT-cooTHolenud,

BeiBon ypaBHeHHI COCTOSHMS, OCHOBAHHBIH Ha MexaHu-
KO-CTAaTHCTHYeCKOH Teopun [1V.41, 1V.12], npeanosaaraer,
YTO MNPHYHHOH OTKJIOHEHHsI peaJbHBIX Ta30B OT 3aKOHOB
Hlea/JIbHOTO ras3a SABJAETCH HAJNHYHE CHJI MEXMOMeKyJsap-
HOrO B3aUMOJeHCTBHA.

YpaBHeHHe COCTOSIHHA € BHPHAJBHBIMH KO(dHIHEHTaMH

p¥ B _C . D
z-—l—!-v—!-—v*z—f-"ﬁ (V. 14

RT —

naer Koyp(QHUHEHT CHHMAEMOCTH B BHIe CTENEHHOrO ps-
na. B stom ypamuenun B, C u D HasbiBaioTcsi COOTReT-
CTBEHHO [BOHHBIM, TPOHHBIM H YEeTBEPHBIM DBHPHAJLHBIMH
KoapunueHTaMu, BupuanbHble KO3(hQHUHEHTE SABJSIOTCH
(byHKUHER TONBKO TeMNepaTypbl H 3aBHCAT IMaBHHIM o0pa-
30M OT MOJIEKYJISIPHBIX B3aUMOJEHCTBHH, B KOTODHIX OMIHO-
BpEMEeHHO YYaCTBYIOT COOTBETCTBEHHO jBe, TPH M YeThlpe
Moutekyspl, OnpefeniaTh BiipHaJbHble KO3(hD(HUHCHTH U KO-
3 (UUHEHTH CKUMAEMOCTH MOXHO GoJsiee TOYHO JIHIIb IS
ra3oB, COCTOSILUMX M3 MPOCTHIX MOJIEKYJ, TaKHX, KaK Kuc-
J0pox u a3oT [1V.36). Ha cHcTeMb! nPHPOMHEIX ra3oB ypas-
Henue (1V.14) noka He O6HIO pacnpocTpaHeHo. MeTognl
CTATHCTHYECKOH MEXAHHKH MOTyT OHITb C yCneXOM HCHOJb-
30BaHBl /I ONpeJeseHHs TaKHX CBOHCTB, KaK MJOTHOCTS,
BA3KOCTb H TeNJONPOBOAHOCTD.

2. CKOPOCTb OBH)XEHUA U HJTHHA
CBOBOIHOIrO MNMPOBErA MOJIEKYJ

Monexysnsl MHIMBHAYaJbHBIX Ta30B HMEIOT IUMPOKui
NMpefiesl CKOPOCTeH M ABHXKYTCA BO BCEBO3MOXHBIX HAINpaB-
Jgenusx. Pacrnpenesnenne MOJeKys [0 CKOPOCTAM HX JBH-
JKEHUs BrHepBele  Obi0 gano  Makceemtom  (Maxwell)
(1V.45, IV, 89]. KauecTBeHHO 3TO pachpefelseHHe MOKasaHo
Ha pue, IV. 2.
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Puc. 1V.2. Pacnpesefienne MoJekyn o
[1V. 89]

1 — HauGonee BePOATHAA CKOPOCTb; 2 — CPEJHAA CKOPOCTb; 3 —
CpelHeKBAADATHYHAA CKOPOCTb.

CKOpOCTAM

B 3aBHCHMOCTH OT KOHUEHTPAUHH WJH IUIOTHOCTH rasa
€ro MoJekynsl OGylyT NPOXOAHTL GoJbliiee HAH MeHblilee
paccrosiuve, npexje 4YeM OHH CTOJKHYTCA C APYTHMH MO-
JeKynaMu. TlocKoMbKV H3BeCTHO pacnpeleseHHe MoOJeKyd
MO CKOPOCTSIM, H3BECTHO M COOTHOIIEHHE MEXAY UHCIOM
MOJIEKYJl H PacCcTosiHHeM, NPORJAEHHBIM € JAHHOH CKOpO-
creio. CpellHee paccTOsIHHE, KOTOpPoe MDPOXOAHT MOJeKyJa
MeXAY ABYMS CTOJKHOBEHHSIMH, Ha3blBaeTcsl CpeiHed mJIH-
HOH cBOGOAHOrO mpchera MOJEKy.Jl.

Uanmen u Kayaunr (Chapman and Couling) [IV. 24]
danu caefywouyo GopMyay aas cpeiHel IJHHBL CBOGOJ-
HOro npofera MoJIeKyJ:

. 1 _ 0,225

N2y 2 Nog2 '’

rie X —cpeaHsia JauHa cBOGOAHOTO IpoGera MoJeKyd
B ¢cm; N —uncao Mosekyn B | cm?;, ¢ — gMaMeTp Moue-
Kyaot B cm. Ilpu BriBoZe 3TOIl (pOpMyJsBl Mpennosaaranoch,
YTO MOJIeKYyJa npejcTaBJjseT Co60H riaikuil ynpyrufl wiap,

JuaMerp MoJieKyJb BOJOpOda, HalimeHHbli UanMeHoM
u Kayaunrom, pasen 2,73)10-8 ¢m. Tak Kak 0pu Hop-
MaJbHblX ycoBHAX (Temnepatype 0°C u ngaBieHun 1 ar)
B OIHOM MoJie rasa coflepxurca 6,02)X1028 Mosekya, a
o6beM OfHOrO Moss paBeH 22,414 cm?, 1o B | cm3 uyncao
Monekya coctaBuT 2,68 10'9. Tlostomy cpenausis AauHa
cBo6ofHOro mpoGera MoOJeKyJ NpH JaBJjeHHH 1 ar

0,225
A= —
2,68 x 1019 % 2,732 % 10—16

(V. 15)

= 1,12 x 1075 cm

(1V. 16)

HOnas Bogopoda B | ¢M3 mnpu HOPMaNbHBLIX YCJOBHAX
(0°C u | ar) ofuiee YMCJO CTOJKHOBEHHH B CEKyHAy CO-
craBaster 2,05 102, a yacToTa CTOJNKHOBEHHS OJHOH MO-
Jaexyast 1,55X101° B | cex. BpeMs MeXAy CTOJKHOBEHHSIMH
paBHa, 6,6X10-1 cex [IV.24). CpenHass AaMHa CBOGOIHOTrO
npoera MoJieKy,l He 3aBHCHT HH OT MacChl MOJEKyJIbi, HH
OT TeéMmepaTyphbl, ecAH TeMIepaTypa He BJHSET Ha JHAaMeTp
MosieKyJanl. Tag, cpeanas AnuHa cBoGomHoro mnpoGera Mo-
JIeKyJ1 AJs BCeX rasoB NPH aTMoChepHOM [aBJIeHHH CO-
craBasfer mopaaka 1075 cm, uto B 200—400 pas 6Godblie
LuaMeTpa MoaeKysa {(cM, Ta6a, IV.3). Dror daxr sBasercs
060CHOBAHHEM XaOTHUYECKOTO /BHMXGHHSI MOJIEKYJ [PH Bbi-
Boge ¢opmyan (IV. 15). CpeaHsas namHa cBOGOAHOTG Mpo-
Gera MOJIEKYJl 3aBHCHT OT YHCJa MOJEKYJa B JaHHOM 06Db-
eMeé H s HAeaJbHBIX ra3op fBjsercs oGpPaTHO Mmpomop-

HOHaMbHOl AapieHuto. I1pu nasaenun 100 ar cpennss aju-
na csoGoanoro mpoGera MoJeKyJs, pacCcuHTaHHas 0o ¢op-
myne (1V.15), craHOBHTCA COH3MepHMOiT ¢ /AHaMeTpPOM
Mmosexkya. CaegoBaTennHO, 3Ta (OpMyJaa CIpaBefJHBA
TOJNBLKO 0OpPH ManblX 3HaueHHsX [daBaeHus. Ilpy aaBjeHHH
0,01 mm pr. c7. cpeansis AnuHa cBoOojHoro mpolera Mo-
Jlekys gocTHraeT 1 cm.

Tabauya 1V. 3

3HaueHHsl [HAMETPOB H cPelHUX aaun csoCogHoro
npoCera MOJEKya

Cpeansas AJHHA CBO-
6oaHoro mpoGera A,

cm X 108
Jnamerp |——o
Bemecrso o BRIUHC/IEH- ;;,.
A Haa*¥ npu HBIX
HOpManbHHX | Tege-
YCAOBHAX HHA
(0°C u 1 amm)| rasa
MeTan 3,35—3,88 | 0,75—0,56 | 0,64
Sran 3,54—3,81 | 067—0,58 { 0,40
Iponan 4,21—4,42 |0,473—0,430| 0,28
u-Byran 4,5—4,82 10,415—0,362
STHaeH 3,70—3,35 |0,614—0,749
TTponHaeH 4.02—4,32 | 0,52—0,45
Bopopoxn . 2,57—-273 | 1,27—1,125] 1,45
Asor . . . 3,36—3,68 | 0,74—0,62 | 0,83
Tenuit . . 1,90 2,33 2,33
Yraekucawi ras 3,996 0,53 0,53
* | aHrCcTPEM (1&) = 10—8 cun.
0,295 0,225 x 1016 1
= R = e To X e = B X 1070 X o e eny-

yas, KOrga A BbipaXaeTcs B €M, a ¢ B aHrcrpeMax (M X 10"8).

MouJiekynnl  yrieBoJOPOAUB CJIOXKHee MOJEKYJ BOAOPO-
Ja, H MO3TOMY HMX JHaMeTp TOUYHO He wu3BecTeH. Pasumie
MEeTOAbl H3MepeHHs JHaMeTpa MOJeKyJ YIieBoAOPOLHbIX
raszoB AalT pasiuuHble 3HaueHus. B rtabn. IV. 3 sHauenus
BLIUMCJIEHHBIX CPeIHHX JJHH cBoGoAnoro mnpobera MoJe-
KyJl pAcCYHTAHBl MO NMpPHBeJeHHbIM B 3TOH TabaHle 3Haue-
HUAM JAHaMeTpoB MoJekya. CpelHss AJHHA CBOGOAHOTO
npoGera MoJsieKy/l MpH JaBJjeHHH, OTJIHYUHOM OT aTMocdep-
HOro, MoxeT OblThb HaljeHa NyTeM [e/leHHs cpefHed IJH-
Hut cBOGoJHOro mpofera MoOJeKys Mpu aTMochepHOM AaB-
JIeHHH Ha aGCojloTHOe JaBjeHHe, BHIpaXeHHOoe B aTMoO-
chepax.

Ha puc. I1. 16 npuBeleHnl 3HayeHHs MPOHHIAEMOCTH
MOPHCTOH cpefbt AJs pasnauyHbiX rasoB. OmbiThl, Ha OCHO-
BaHMH KOTOPBIX MOCTPOeH 3TOT rpadmk, Gojee OTUETIHBO
[OKa3biBAOT COOTHOUIeHHe MJHH cBoGoaHOro upofera Mmo-
JIeKyJl pas/HyHbIX Ta3oB, YeM JaHHble, MpHBe/JeHHble B
ta6a. 1V. 3. INoncuurniBas A, B ypasHenuu (I1.7) ans pas-
JMYHBIX Ta30B, B3atbix H3 pHc, II. 16, MOXHO BbIpa3HThL
JUIHHE cBOGOJAHOrO mpoGera MoOJeKy/a ¢ MOMOMIBIO C/efylo-
LEr0 COOTHOLIEeHHS:

by _ M

B, 0y (IV. 17)

3Hayenust AaMH CBOGOAHOro mpo6era MOJeKyJ, omnpeje-

JgsfeMble Ha OCHOBaHHH JaHHBIX [0 TEYeHHI0 rasa (CM.

ta6na, IV.3), paccunrniBannce no cdopmyae (IV.17), Ipu

3TOM 3HaueHHe A 1Jf reJHs PHHHMaJ0Cch KaK CTaHAapTHOE.

B Ta6a. 1V.3 nokasaHo yJOBJAETBOPHTEJNbHOE COOTHOLIEHHE

MeX/y BbIUHCJAECHHHIMM 3HAUEHHSIM# A H 3HAUYEHHAMH, MO-
JIyUeHHBIMH H3 OMLITOB MO TEYEHHIO rasa.
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3. A1UePY3HUA TA30B

Ecnu gBa HHAHMBHAyaJbHHIX rasa MPHBECTH B COMNpPHKOC-
HOBEeHHe, TO MOJIeKyNbi OJHOrO rasa OyAyT MPOHHKATb
B 06JaCTb, 3aHATYIO APYTHM rasomM, H Ha0GOpPOT. DTOT Mpo-
1ecc, MOCPEACTBOM KOTOPOTro rasoBasi cpeja CTaHOBHTCA
OJIHOPOJHOH MO COCTaBy, HasbiBaeTcs AH(¢y3Hel.

IMpoueccut aHbdy3un HmeloT GoJbliioe 3HayeHHe B He-
KOTOpPHIX o06JacTX Tra3oBol mnpomsiliyieHHocTH. [lpouece
AU y3HH, HanpuMmep, onpeaenasieTr BpeMs, HeoOGXOAHMoe
JUIsl MIOJIHOTO CMellleHHsl ABYX ras3oB B Ja6opaTOpHHIX yCTa-
HOBKax BbICOKOro AaBJjeHHs, Ecau B mopucroit cpene mpo-
HCXOJHMT BHITeCHEHHE OJHOro rasa JApPYrHM, TO MOJIEKYJsp-
nast AMddy3Hsa BbI3biBaeT CMelleHHe 3THX ra3oB Ha rpa-
HHLe HX pasfieqa. Ecau ras aBHxercst uepe3 MOPHCTYIO
cpely, MOBEPXHOCTb KOTOPOH CMOYCHA MKHJKOCTBIO, HOCTH-
XEeHHe paBHOBECHS MEXJy rasonoil M KHAKOH dasamu 3a-
BHCHT OT mpolleccoB AH(pPy3HH.

e X —

Puc. 1V. 3. Cxema npuGopa ana uccae-
JN0BaHHA npouecca AHGDDY3IHH,

Kozdduunentot mucbdysHH MoryT OHTb ompefeleHbl Ha
npH6ope, CXeMaTHYeCKH H306paxkeHHoM Ha puc. IV.3. Co-
cyn I 3amosHeH YHCTBIM BOZOPOAOM, a COCYH 2 CMECHIO
BOJAOpPOJA C YIVIEKHCJbIM Tra3oM. MoJlekysbl yrieKHCJA0ro
raza 6yAyT CTPeMHTbCs mepeliTH B cocyn ! mo TpyOke, co-
ellHHsIOMeH 3TH cocyanl. Ecau pasMepsl cocyoB 3HaYHTeL-
HO 6oJbule pa3Mepa COeAHHAOLMEH WX TPYOKH, HempepbiB-
HO mnepeMelHBaeTcs COACPMKHMOe COCYMOB JIsT moijepka-
HHS OJHOPOAHOTO COCTaBa Fa3a Ha pasHbIX KOHLAX TPyOKH,
To npouecc AHpGY3HH YIIeKHCAoro rasa G6yAeT YyCTaHOBHB-
wtuMest, Takod npouecc aHddY3HH OUHMCBIBAETCA CAEAY-
I0LHM ypaBHeHHeM (3akOH PHKa):

dn_ _pa,

dt dx
rae n—-4YHCJIO MOJEKYJ AH(GQOYHAHPYIOLIErO KOMIIOHEHTa;
f{— Bpemst; A — nuowaAb;, ¢-— KOHUEHTpauus AudQyHIH-
pYIOLIEro KOMIOHEHTa; X — PacCTOsIHHE, HAa KOTOpoe Mpo-
Hexomut gudGysusa; D — kosdpduument muddysuu,

Mpumep. Kospduuuenr aucbdysun CH“O, B BOROpO-
ne npu 100°C pasen 0,341 cm?/cex [IV.25]). Onpemenuts
ckopocrb AH(dysun npu 100° C wepes Tpy6ky ¢ nomepeu-
HBIMH pasamepaMH 2X2 mm H JJHHOH 2 cm, ecan B cocyne [
konuenrpamuss C1Q, B Bomopone cocrtaBasger 0,1% wmoua.,

a B cocyne 2 koHuenrpauus C!4O, B Bomopoxe pasua 1,0%:

(1V. 18)

dn dc \ 02x02
it DA o (0,341 cm?/cex) X (T M /CM) X
0,009 x 273 . 1o
m MO/lb/CM = 2,0 X 10 MO/lb/CeIC.

Ecau nuddysus npoucxomur ¢ GoOabmWOH CKOPOCTHIO,
npouecc MoOKeT ObITb HEYCTAaHOBHBLIHMCS, TaK KaK KOH-
LeHTpauHa AHbGOYHAHPYIOIHX MOJEKYJ Ha pasHbIX KOH-
ax TpyOGKH HempepblBHO H3MeHseTcsA, Torja npHMeHseTcs
BTOpOH 3akoH PuKa 148 HEyCTaHOBHBUIErocs Mpolecca
Auddysnu:

dan 9%

=D —

& =D3a- av. 19
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Kosdduuuent auddysuH Moxer ObITL YCTaHOBJEH MO
nopegedno Mosekya [IV.5, IV, 24, 1V.39]. [Twiaunesn Aa-
eT BhpakeHHe A Koddduuuenra aHdPysHH npH aTMoO-
cepHOM LaBJEHHH B C/EAYIOLIEM BHAe:

0,0043 7% (L4 L\
M, " Mg
D= = s , (1V. 20)
(Vig—Vvg)ye

rie T — a6comorHaa temnepatrypa B K (273+°C); M4
H Mp — mosnekynsapuble peca raszoB A u B; Va u Vp—
MoJsipHbie 00beMbi ra30B B TOYKe KHIEHHS MPH HOPMaJlib-
HOM JaBJeHHH B cm3/mons; P — ofuee pgaBjeHHe B ar;
D — xosbduunent mudpPysuu rasa B cm2/cex.
Kospduuuenr auddysun ofpaTHo mnporopLHoHaIeH
LaBJeHHl0, T. €. MpoH3BeleHHe Ko3(pdHUHeHTa AHPbY3HH

Ha TMJIOTHOCTb JAaeT [MOCTOSIIHYI0 BeUuHHy. JHayeHHe
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Temnepamypa,°K
Puc, 1V.4. DBuusnue temnepartypbl Ha

Ko PuUHEeHT AHbDY3HH NpH aTMOoCchepHOM
JLaBJEHHH,

1 — camonuddysus H,y 2—C10, 8 CO:z-

H,; 38— C¥0,; B CO,; + C3Hg ¢ — camonud-
dysua CO.

oKa3aTeJ/s cTerneHH abCOMOTHOH TeMnepaTyphl B ypaBHEHHH
(IV.20) s3aBucHT OT THOA MOJeKyJbl, as yopyrux mo-
JeKkyJa cdepHyeckolt GOpPMBI NOKasaTeJb CTENEHH paseH 3/o.

Yoy u Maprun (Chou and Martin) [IV.25] usyuanu
nHbbhysuo yraekucaoro rasa, cofepxautero CH, s cme-
cax CO; — Hz u CO2 — C3Hs. PesyabraThl sTHX HCcaeno-
BaHHH npu p= 1 ar, npeacraBieHHble Ha puc. IV. 4 B BR-
A2 3aBHCHMOCTH Koddduuuenta auddysun or TeMiepary-
pbl, MOKAa3bIBAIOT, YTO 3Ta 3aBHCHMOCTb TaKad e, KaK H
camoaHdpdy3us Bogopoaa [IV.39]. B raba. 1V.4 pgauwm 3ua-
YyeHH KO3(h(HUHEHTOB AH({(DY3HH AJS HEKOTOpblX rasos
npH arMocepPHOM A aBJEHHH,

Jaunune Yoy u MapTHHa, npedcTaBiaeHHble Ha pHe, IV. 5,
NCATBEPXKAAIOT, YTO mpou3BeAeHHe KoadhdHuHeHTa nuddy-
3UH Ha [UIOTHOCTb €CTb BEeJHUMHA MPaKTHYECKH [OCTOSH-
Hast. PesyabTaTbl HCCJAeJOBaHHS 3THX e aBTOPOB, HPHBe-
Zennble Ha puc. IV, 6, UAMIOCTPHPYIOT BJAHAHHE COCrasa
GuHapHOH cHcTeMbl Ha KosdduuHeHT anuddysuu. U3 npy-
rux pa6Gor B 5TOf o0O6JacTH cJjedyeT OTMeTHTb paGoty
Hxedpuca n Opukamepa (Jeffries and Drickamer) [IV. 46}
nas cucremsr Meran — TCHz (mecto oanoro aroma sogo-



Tabauya 1V 4

bl
)
3uauenus xoad HuHeHToB AHDY3UH rasoB 5\.‘7 30
NpH aTMOCHEPHOM RaBJICHUH §]§ I]
£25 ¢
Cucrema T, °C D‘[;(:/L?::Ky’ =
a
<20
Bomgopon B Bozayxe . . . . . . 25 0,410 3
Bomopon B BOmOpome . . . . . . 0 1,29 3 .
CO, B BO3ZYXE . . . . . .. . 25 0,164 15 M
CO, B MeTane . . . . . . . . 0 0,147 ] %(}5
Meran B Bo3gyxe . . . . . . . 0 0,196 ] A0
Bogopor B CO,. . . . . . . . 0 0,53 ()/‘f
Bomopox B Metame . . . . . . 0 0,63 E 10 =
Bomopoz B sTame . . . . . . . 0 0,46 3 | /
OxraH B BO3AYXE . . . . . . . 25 0,060 3 L=’ C™%028 Copecen
Bensos B BO3liyxe . . . . . . 25 0,088 8. 5§ = x L8
CU0, B C20,+CHg: SN
Monbune % CgHg 20,3. . . . 100 0,0054 3
44,1, ... 100 0,0051 =0
77 100 0,0047 0 gz 04 0,6 0,8 10
Cl40, B C120,+Hy: Monenan Jona Hypunu CyHg
Mosbnpe % Hy: 21, . . . . . 100 0,0073
568 . . ... 100 0,0113 Puc. 1V. 6, BausnHe KoHueHTpauuu Ha
734 .. ... 100 0,0144 Kospduunent auddysun [1V, 25],
936 . . ... 100 0,0244
Merau B mMerame . . . . . . . 19 0,214
* Nauune B3sars u3 [IV.5, IV.25, IV.121a].
{00 “To
30 [~ lx
A T~ 0
8] < S X
Sa x,,,0936 Ly 0,936 o0 :‘*‘C\A\a\g{
29 i ; E \A\X ? ~.
:rg Ré‘g . X,
& ~
RIS - ~ ~
8520 E 4 ™ ~
SN Py ' N STk
N ‘ 40 5 ~
DS Ky, =0,734 xu,=0,734 ‘e °050°¢, ~
® x — l‘——«)——tﬁ i I s "2506' ~a
33 %y,=0,568 | Xy, =568 20 20¢
<210 T Ty
e
R 22=0,210 Xp=0,210 >,
< o [ OOt o .
2% g 100 200 300
é’f“ Habnenue, am
0 Pue. IV, 7. ﬂH(bCPySHﬂ B cucreme CH,—
02 4 6 8§ U 700 200 TCHs [1V. 46).

MonbHas anomuocme, M0Ab[1 Habrenye, am

Puc. 1V. 5. Kosdduunenr auddysuu CO; B cucreme C20; 4 Hp
npu temmnepatype 100°C [IV. 25].

Puc. 1V.8. Kosdpduuuent aubdy3uu B chcreme
Metad — H-rekcan [IV. 22].

I — wmeran npu 21°C u | ar; 2 — merau npu 21°C u
8 ar; 3 —rexcan npu 21°C u 1 ar.

2 03
3 1
8 \
S§ g2 RN
8§
S8
Is 2
3 ¥ g1
83
8 132
1~ o LN
S al 1 [ —
0 020 040 0,60 0,80 100

Becobas donn eexcara

)



Tabauya 1V .5

3uauennn koapdHuMeHTOB nHGDY3UH YIIIEPOJOPOAHBIX Ta3oB No PHKY

Kosdduuuent aaddysun*, cmz/cex X 104

Temneparypa, *C

HanMenoBanue 21,1 l 37.8 I 711 l 104,4
BecoBas joas
o | o | o oo | o | o 1,0
Hasaenue 1,03 am
Meran B H-rexcane e e 0,0417 0,2725 0,0572 0,3571
n-Tekcan B MeTaHe . . . . « . » 0,0476 0,0072 0,0633 0,0101
SraH B H-TeKcaHe . 0,0320 0,1100 0,0430 0,1402
n-Tekcad B srase . 0,0361 0,0105 0,0467 0,0143
[MponaH B H-reKcaHe 0,0162 0,0369 0,0271 0,0594
x-T'ekcan B nponane 0,0180 | 0,0079 0,0293 0,0134
Jasaenue 4,2 am
MeTan & H-rekcane 0,0044 0,0885 0,0090 0,1070 0,0177 0,1457 0,0258 0,1800
n-I'ekcay B MeTraHe 0,0106 0,0006 0,0153 0,0013 0,0235 0,0029 0,0308 0,0045
3TaH B H-TEKCaHe . . 0,0027 0,0271 0,0055 0,0330 0,0090 0,0454 | 0,0163 | 0,0579
n-Tekcan B 3tame , . 0,0062 0.0007 0,0090 0,0015 0,0140 0,0028 | 0,0188 | 0,0053
ITponan B w-rekcae 0,0014 0,0083 0,0034 0,0128 0,0078 0,0207 0,0126 0,0288
#-Tekcan B mpomnaHe 0,0029 0,0005 0,0053 0,0014 0,0096 0,0036 0,0288 0,0126
* Jlavubie praTh w3 [1V.22}
poaa 3amuMaeT TPHTHA) (puc. 1V.7), a Take AaHHble -
Orepua u Maptuna (O'Hern and Martin) [1V.62] u Tam- A
mepxaysa H [Hpukamepa (Tummerhaus and Drickamer) W N \\
[1v. 99]. \ SN
Cemx u Jlecn H3Mepsiin Ko3hGdHUHeHTH Aubdy3Hn 100 \\ LN
H-TeKCaHa W TelTaHa B Napax MeTaHa, 3TaHa M NpONaHa . e —
[IV.21, 1V.22 1V.23]. T'pabukn, npeacTaB/eHHble Ha N AN
puc, 1V.8, nokaswBaiwr, uTo Ko3hduinent Anddy3un Me- AN \\\ N L
TaHa B H-TeKCaHE NPSAMO NPOHOPILHOHAJNEH KOHIEHTPALHH NN \‘\’\’*-
nocsennero. B va6a, IV.5 npencrasneHbl 3HaueHHs KO3d- < \ @
¢uunentoB Auddy3HE YrIeBOIOPOAHBIX Ta30B, 3 > = i,"%‘\——"
Hans onpenenenus kospduuHenta AHDPY3HH OTAEJIBHO- = T Ll X Ny
ro KOMIOHEHTa B MHOTOKOMIIOHEHTHOH CMECH MOXHO [0Jlb- 2,0 < M
30BaThesl ypaBHeHHeM Yuaka [IV. 96] Q > e
1—ya ® SN A W Y
DA = ’ (IV. 21) N ‘\‘\ !‘
yB/DAB+yC/DAc+yD/DAD+... \\ \\ \“
, \ \
rae D ,— cpennesddextuBHbll Ko3dhduuHeHT AndDYy3HH - - — +
koMrnoHeHta A B ciaoxuofi cMecH; Dap— kK03bdHUHENT ) "1
. M
naddysnH kommnonenta A B cMecH KoMnoHentos A H B; ! m e v
D 4 ¢ — xospduunedtr auddysHn koMnoHnenta A B cMecH \\ ‘\'\\“L
komnonentos A u C; y— MOJBHBIE KOHUEHTPAIHH, AN niHE.
Hupekcwn A, B, C ¥ T. 4. OTHOCATCSI K KOMIIOHEHTAaM K\ vj&t~
rasaA,B,Cur I | — ! |
g2 =~ 2
4. CMEILEHUE TA30B B BOMBAX "0 072 04 06 08 10
BbICOKOro JABJIEHHA Foo Fuy

CMmeuteHne rasoB B GoMG6ax Nmog AaBJeHHEM GHJIO H3Y-
yeHo CmutoM (Smith) [IV.84]. On paccuntwiBan aubhy3nw
MeKIy HHXKHeH H BepxHell yacTsIMH cocyda N0 METORHKE,
npeayoxenHod Jlommuarom, Ha pue, 1V.9 mana sasuch-
MOCTb OT fAaBJjeHHs Bejuudun Fp — Fy, roe Fr v Fy—
MOJIbHbIE [OJIH KOMIOHEHTa COOTBETCTBEHHO B HIDKHEeH H
B BepxHeil yacTsix 6OMGH.

Pacuetsl npoBOIHJHCL AN CTAHAAPTHOIO COCYyAa BHICO-
to#i 81,3 cm. Kosadduuuent anddysun Aas rejus B MeTaHe
6ua B3AT paBHHM 0,564 cM?/cex, a nas 6yraHa B BO3AyXxe
0,081 cM?/cex, BupaBHHBaHHE KOHIEHTPAIHH rasoB COOTBeT-
crByetr BeauunHe Fp — Fy = 0. 3TH QaHHHE [0Ka3BIBAIOT,
YTO AJIsl NOJIHOTO CMELIeHHs yrJIeBOJOPOAHHX rasoB ¢ MOJE-
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Puc. 1V. 9. CMeuleHde ra3oB B UHJAHHADH-

YeCKHX COCyAax MOCPeACTBOM AHGPGY3HH
1v. 84].

[ — renut — metat (Dy = 0,564)

3 2— 6yTaun —
Bo3Ayx (Dp = 0,081)

KyJaMH GOJBIIHX pasMepoB TpebyeTcs [POAONIKHTENBHOR
BDEMS, €c/d JBE YaCTH cOCyla OblIH 3amoJIHEHH [epBO-
HauaJbHO PAa3HHIMH rasami. B JeficTBATeILHOCTH NPH LOCTH-
JKEHHH TOMOTEHHOCTH HPH HarHeTaHHH OMHOTO KOMIOHEHTa
B COCYM, 3aHSTHIH IPYTHM KOMIIOHEHTOM, cMeuteHue Gyjer
NPOHCXOMHTh GuLicTpee, yeM TakxXe 6yaeT cnoco6CTBOBATh
HaJIHYHe ecTecTBEeHHLIX KOHBEKIHOHHBIX MOTOKOB, TeM He Me-
Hee [/l YCKODEHHsI CMelleHHsl rasoB, HATHETaeMBIX B COCYL



0co6eHHO NpH pafoTe ¢ BHICOKHMH AABJEHHSAMH, KeJAaTeNbHO
HETeHCH(HUHPOBATL [epeMellliBaHHe, HanpHMep, OyTeM
HarpeBaHHs1 HHXKHeH 4acTH cocyaa.

5. IH®dY3HA B NOPHUHCTLIX CPEJAX

Bonpoc o aub¢hys3HH B NMOPHCTHX MAaTepHajgax BO3HHK
B CBSI3H C sIBJEHHEM NPOCKaJb3biBaHusi !, B mopficteix cpe-
nax AudQysHs MeHblle, 4eM R OTKPHITOM MPOCTPAHCTBE,
H3-33 COMNPOTHBJICHHH, BH3HBA4EGMBIX DPa3BeTBJEHHOH CEThbio
kananoB. O'Tepu (O’Hern) [1V.62] Ha oCHOBaHHH ONHTOB
1o aH(Qy3HH YrIeKHCaoro rasa uepes MOPHCTHA obpasell,
NOJYYEHHBI CIEKAHHEM MeTaJslJIHieckoro Mopomka (mo-
pucrocts 0,398), BouHCAHA KOYPPHUHEHT, YYHTHIBAIOLIHH
mipbdysnio B nopucTol cpede (OTHOWweHHe Ko3(dHIHEeHTA
Inddy3nn B cBOGOZHOM MPOCTPAHCTBE K KO3(HUHEHTY
muddysun B mopHcroit cpeme?). 3tor KodIDGOHUHEHT Ans
JaHHOro o6pasiia BHCOKOH NPOHHIlAEMOCTH NPH atMocdep-
HOM [aBJeHHH oKaszaJjcs pasHbiM 3,94. Tpouecc xuddyann
B MOPHCTOH Cpelle TECHO CBA3aH C TAKHMH NapaMeTpaMH,
KaK cpeIHsii QJHHA cBOGOJHOro mpofera MOJIeKyJ H pas-
mepH nop mopHctoit cpedbt, [losToMy caepyerT OXHAATH,
4TO ¢ pPOCTOM [AaBJeHHS KO3(hGHIHEHT, YYHTHBAIOIHH
ocoBenHocTH AHMGY3HH B NOPHCTOH cpexe, OyAerT yMeHb-
maThes.

6. KO3®GULUEHT AH®®Y3HH FA3A
B JKHJKOCTAX

Vaitnk (Wilke) [IV, 95] cBsanBaer KosdduuHeHTs AHD-
dyadu 105 rasa B KHIKOCTSIX ¢ KOMIIEKCOM

— =°K. 2,

D K -cex/cm?-cn3

KaKk GYHKILHIO MoJsipHOro ofbeMa ¢ Ko3dGhHUHeHTOM pac-
TBOPEHHs B KauecTBe mapaMerpa.

Kospduunent nuddyann rasa Aas xKuakocrel s 104—10°
pas MeHblie Ko3(pdHuHCHTOB AHGODY3HH MAJsi Ta30B OPH
I ar. CyujecTByollee NpaBHJIO, YTO NPOH3BEAEHHC KO3(d-
¢duunenta auddy3HH Ha nuoTHOCTh (asnl ecTh Be/JHYHHA
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Puc, 1V. 10. Kosddunnentn auddysuy
nponaHa B KepocuHe [IV. 38]

! CM. cOOTBEeTCTBYHOUWHA paszen B TJaBe

2 370 OTHOIIEHHEe AaHAJIOTHYHO OTHOIMIEHHI EKTPOCOMPOTHI-
JIeHH KHAKOCTH B KakKOM-TO o6beMe K 3JIEKTPOCOMPOTHBJEHHIO
TOH Ke $KHAKOCTH, HacHIaioleil o6pasely NOPHCTOH CpeAbl TOTO
®e obnema,

11, — fApum, ped.

NPaKTHYECKH [OCTOSIHHASI, MOXKeET GBITL rpy6o NpHEMIEMBIM
IpH Oepexofe OT razoo6pasHbix CHCTeM K XHAKHM. Haupu-
Mep, 1451 Bofopoaa npu 25°C u | ar

1,4 X 2 X 273

Dp = —55100 % 298

= 0,000012 2/cm-cex,

a 1as BoxopoAa B Bone npH 25° C, Dp = 0,0000099.

Beanunna kosdpduunenta muddysun agn psga opra-
HHYECKHX BellecTs B GeH30/1e H B METHJOBOM CIOHPEe
npr 15°C koseGaercs B npefenax ot 0,78 X 10-% no
2,64 X 10-5 cm?/cex.

Tabauya V.6

3HaueHH KO3ddunHeHTOB AHDY3UK METaHA B KHIKHX

yraesogopojax*
How
Monap-[¥Ysenn-| & <
TeM- Hasa YyeHHe g:‘x
JKHAKHE YraeBomopon ;1;5:: Mlelgél:a 06,’:231‘? :§:§§
°C B XKHA- | KOCTH , mg§
KOCTH % 25(5
Hsonenran ., . . . . . .. 30 |0,1068]| 6,15 13,3
d-Ilewtan . ., . . . . . .. 30 {01016} 543 | 13,2
w-Tekcan ., ., .. .. .. .| 30 ]0,1098} 4,45 | 102
IIukaorekcan ., ., . . . . . 30 10,0638 3,14 4,7
w-lemran . . . . .. .. .| 30 [00960| 3,74 836
bBensonm . . . . . .. .. .| 30 |0,0403| 226 5,47
Kepocwn . . . . . ... .| 30 10,0956| 215 3,33
. v v v v . v ... .| 60 ]00760| 1,91 5,38
Hedru:
Baprsecsuiickas . . . . .| 30 |0,0895( 1,6 1,71
Cyrepnanackas . . . . . . 30 |0,0856| 1,5 L1l
CmakoBepckast -, . . . . . .| 30 |0,0886| L2 0,71
Bpeadopackas . . . . . .. 60 10,0777 1,681 483
N 30 [0,0883] 2,11 3,03
* [lo gauvom Xuazna u Jleeu (Hill and Lacey) [I1V. 38].
60
o :*/@2
S 0
X0 S
X 7
U‘ 20 30\0.—20 22
3 265015 21 |
3 s
g: 10 CENGL!7
110N -
§ 8 ~i2
< 5 24 > ‘6?
5 n,r
c% 4 = 140\15\
3 3 =
3
iR 2 16
8 ™~
O ™~
&) AN
x g 10
Qo5 0,1 4,5 1 ’ 5 10 50
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Puc. IV. Il. Coornourenne Mexay Kos(pdrHIHEEnTOM
IH(p(y3HH MeTaHa, BA3KOCTBIO JXHAKOCTH H TeMile-
parypon [IV. 38].
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Jlecn (Lacey) c coasropamu [IV.38, IV.69] uamepsiin
K03 PHuMeHTH AH(PPY3HH MEeTAHAa H MNPOMdHA B KHIAKHX
yraesogoponax. Ha pue. IV.10 npeacrasiensr  ko3pdH-
HHeHTs AHGbOY3HH nponaHa B KepocHHe, a B Taba. IV.6
npHBeAeHsl 3HaueHHs koddpduunenrtoB audpdysuu Merana
B PA3/IHUHBIX JKHIKOCTSIX.

Ha puc. IV.1l npeldcraBieHa 3asHCHMOCTb KO3(dH-
gyuenra Auddy3uH MeTaHa OT OTHOIIGHHS BSI3KOCTH
KHAKOCTH K Beanunne (1,8 —28)%3, rpe {— TeMnepary-
paB °C.

Cenx (Sage) c coasropamu [IV.74] usyuanu kospdu-
uHentht auddysHn B cHcTeMax MeTaw — JleKaH, MeTaH —
NeHTaH H MeTaH — Genasi HedTh B INHPOKHX Npefenax H3-
MEHEHHsl TeMIepaTypbl, HaB/JeHHS H KOHIEHTpalHH MeTaHa
(puc. 1V. 12),

Puc, 1V, 12, BansHaue MOJIGKYJsIpHOTO Beca MeHee JeTydero
KOMMOHenTa Ha KoadHuHeHT nuddysHH MeTaHa B XKHIKOH
taze npu 70 ar [IV. 74].

1 — MeTaH = H-MeHTaH; 2 — MeTaH — H-JeKaH;

cBeTsiasi HedTh.

3 — MmeTan —
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§ 2. COKUMAEMOCTb NPUPOAHBIX 'A30B

Hccenepopanuss pVT — cooTHOMEHAs Ta30B OpPH OaBJe-
Hugx Beime 200 ar 6eiH HayaTel AHApPBIOCOM H AMaraTtoM
(Andreus and Amagat) eme B 1870 r. [I.9]. Cuare#r IOHr
(Sidney Young) [IV.97] npoBea uccleloBaHHe MO Ompe-
JeJeHHIO YAeNbHBIX 00bEMOB HachHUEHHBX napoB 30 uH-

;

CTBIX BELIECTB OJIg ONpeAe/IeHHs] H3MCHEHHST OTHOIIEHH A "T

Pa6ora Awmarara amas stunena [IV.4], ony6GaukoBaHHas
B 1892 r., u pa6Gora IOura mas usomenrana [IV.75] namm
HEeHHBle CHeleHHs O CXKHMAaeMOCTH YTJIEeBOIOPOAHHIX Ta3os.
Bapenn u Po6Geprcon (Burell and Robertson) B 1916 1.
HCCJIeOBAJH CXKHMaeMOCTb NPHPOAHBIX Ta30B HPH HeBbi-
cokux pasnenusnx [IV. 18], PaGorm Koyna, Jlionca u Be-
6epa (Cope, Lewis and Weber) [IV. 28] u Bpayna, Cayaep-
ca u Cwmura [IV. 15], nposenennnie okoso 1930 r., Bh3BasH
TOBBIUGHHBI HHTEpeC K BONpPOCY CXKHMaeMOCTH Tra3oB,
B stom xe roay Depanx u [xkomcon (Berwald and
Johnson) [IV. |1] ycraHOBU/IH OTKJAOHEHHEe MOBefeHHs NMpH-
poaHoro ra3a ot 3akoHa boitasa, a Cemx u Jlecw uceneno-
BaJH 00hEMHOE MNOBeJeHHe HHAHBHAYAJbHBIX YIJIEBOLOPO-
nos (1,16, 1,17, IV.76] 1 ux cMeceil, B YaCTHOCTH MeTaHa
u srada [IV,77], npu temneparypax or 21 mo 237°C u npH
napiennd g0 700 ar. OTK/JIOHEHHS NOBEJEHHS MPHPOIHEIX
rasoB OT 3dKOHOB HACaJbHHIX Ta30B, YCTaHOBJIGHHHE Ha
OCHOBAHHH HCCJeJ0BaHHH, npoBeaeHHHX XoakoMGoM, CTeH-
aunrom u Katuem (Holcomb, Standing and Kazt), (IV. 14
IV. 60, IV. 87], 6b1IH NpHHATHE B KauecTBe BPEMEHHOTO CTaH-
IapTa aMepUKaHCKOH acCOUHAUHH [PHPOAHOrO Ta30JHHA
[TV.60]
,, Cemx u Jlecu (Sage, Lacey) u apyrme [L.16, 117,
1V, 76] HcciienoBanu noBefeHHe YIMIEBOAOPORHBIX Ta30B HA
OCHOBAHHMH [@HHBIX OCTATOUYHBIX MaPUHAJBHBIX 0GHEMOB.

1. TEOPEMA COOTBETCTBEHHBIX COCTOSIHHUH

Teopema COOTBETCTBEHHEIX COCTOSIHHH, NpeANOKeHHasl
Ban-nep-BaasibcoM, siBaisiercs uacThio ero TeOpeTHuECKHX
06paGOTOK COCTOSTHHA ra3oB H KHAKOCTEH, HayaTas C MO-
MCHTa ONy6/IHKOBaHHA ero Tesncos B 1873 r. Teopema sra
TJaCHT, YTO [BA BeLECTBA NPH COOTBETCTBYIOMHX YCIOBHAX
6yayT HMeTb NONOGHHIE CBOHCTBA B 3ABHCHMOCTH OT HEKO-
TOPLIX OCHOBHBIX CBOHCTB, TAKHX, KAk KPHTHYeCKoe papJe-
HHE M KDHTHYecKas TeMmnepatypa. Hanpumep, mpm TeMmme-
peType, paBHOH yABOGHHOH KPHTHUECKOH TeMIeparype,
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H NPH AaBJeHHH, B YeThpe pa3a NpeBHILAIONIEM KpHTHYe-
cxoe, MeTaH H 3TaH 6YyAYyT HMeTb OJHO H TO Ke 3HaUeHHe
ko3 }HIHeHTa 2, YUHTHIBAIOUIEr0 OTKJAOHEHHE OT 3aKOHOB
HIeaJJbHOTO ra3a. Takoe cpaBHeHHe mpHBefeHo B Tabu. I1V.7,
H3 KOTOPOH BHAHO, UTO pa3/HUHE B CKHMAEMOCTH COCTaB-
aaet Beero 0,3%. OTHoweHHe TeMIepaTypel K KPHTHYECKOH
TeMIlleparype (B AaHHOM cJyuyae paBHOe 2:1) HaswiBaercs
npusBeaeHs#ol Temneparypoi T,. TouHo Tak XKe oTHOWIEHHE
NaBJeHHA K KPHTHUECKOMY MNaBJEHHIO HasbiBAaeTCs MpHBE-
JIeHHBIM 1aBJieHHeM pr, TakuM o6pa3oM, TeOpeMa COOTBeT-
CTBEHHBEIX COCTOSIHHH yCTaHaBJIHBAeT, UTO MPH OJHHAKOBBLIX
NpHBeJeHHEIX AaBJeHHSX H TeMIepaTypax pas/HuHbie yrie-
BOAOPOAnl §yAyT HMeTb OAHHAKOBHIE KO3GGHIHEHTH CXKH-
MaeMOCTH.

Tabauya 1V.7
CoOTBETCTBEHHBIE COCTORHHH METaHA W 3TaHa

HaumenoBaHHe Metan 37an
KputHueckas TeMmneparypa, °K. . . .| 191,0 305,4
YiapoeHHasr KpHTHYeCKass TeMIepary-

pa, °C. . .. . . ... .. .. .|3820 610,2
KpHuTHueckoe naBseHue, am . . . . . 47,14 49,5
YueTnepeHHOE KpPHTHUYECKO® [aBJ/ieHHe,

am . . .. . e e e . ... .| 1885 198,3
Kosdpduuuenr CIKHMaeMOCTH npH

YABOEGHHOH KPHTHUYECKOH TeMIleparype

H Yy4YeTBepeHHOM KpHTHYECKOM [aB-

JEHHH . . . & v v v o o o o e 0,959 0,962

Ha puc. 1V. 13 cpaBHuBatwoTca KO3 HUHEHTH CXKHMae-
MOCTH /s JIETKHX YTJIEBOAOPOAOB NapadHHOBOrO psafa. XoTs
B O6LIeM AJs HHAHBUAYa/JbHHX KOMIOHEHTOB KPHBble pac-
nosaraloTcs GJH3KO K APYT APYTY, DacXOXAEHHS MeXAy
HHMH BHIIE TeX, KOTOPHE MOIJIH OHTb pe3yJbTaTOM 3KcIe-
PHMEHTAJbHEIX OUIHGOK,

I BHuHCAeHHs $a30BOrO COCTOSIHHS HHAHBHAYAJIbHOTO
BEIECTBA C BLICOKOH CTENEHbI0 TOYHOCTH CJELyeT NOJIb30-
BaThCsl HAJEKHBIMH S5KCIEPHMEHTA/JbHEIMH MAHHBIMH HJH
6osiee TOUHBEIMH COOTHOLICHHSIMH,

Ha puc. 1V, 14 npeacrasieHsr KO3G(HUHEHTH CRKHMAae-
MOCTH A4 Merana [I. 2],
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2. MPUPOJHBIE I'A3bl

[Tpupoanbie rasbt B OCHOBHOM COCTOSIT H3 MeTaHa C pas-
JIHUHBIMH KOJIMYECTBAMH 3TaHa, NponaHa, 6YyTaHOB H T. .
Pat6ora Kes (Kay) [IV.54] naeT BO3MOXHOCTb NPHMEHHTb
LJIs1 CMecel ra3oB TeOpPeMy COOTBETCTBEHHBIX COCTOSIHHH.
OH npeanoXH/1 BMECTO KPDHTHUECKHX [aBJeHHH H TeMmepa-
Typ, NPHMEHSIOIAXCH [JsT HHAHBHAYAJbHEIX KOMMOHEHTOB.
HCHOJ/b30BaTh CpeAHEMO/bHEIE KDHTHYECKHe AaBJieHHUs # TeM-
MepaTyphl Aas cMeceH razoB. DTH CpelHEMUJbHEIE CBOACTBa
H&3bLIBAIOTCS MCeBAOKPHTHYECKHMH [1aBJEHHAAMH M MCEBIO-
KPHTHYECKHMH TeMnepatypaMu cmeceil . DTH maB/jeHHS H
TeMnepaTypbl MOJOGHO TOYHEIM KPHTHUECKHM MOFYT NpHMe-
HSITHCS AJ51 CPABHCHHS COOTBETCTBEHHBIX cocTostHHil. [TceB-
JOKDHTHUECKAsl TOUYKa He HMeeT (DH3HYECKOTO CMEBICAA,
a SIBJISIeTCsl JIHUIb TMPHOJHKEHHOH TOUKOH, B KOTOPOH CXO-
OATCS HM30XCPHl HA JHarpaMMe JaBJieHHe — TeMIepaTypa.
BaxHbM gBiasercs To 06CTOATENLCTBO, 4TO 3TH H30XOPHI
npsaMoaHrelib. Pue. IV, 15 wamoctpupyer cnpaBeasHBOCTb
3TOro MOJIOXKEHHS IJs CMecH, cocTosilel uz 70% mMeraHa
u 30% mon. 6yrama. Ha rpacduke puc. IV.15 nokaszauo
TAaKXe MNOJOXKeHHe HCTHHHOH KPHTHYECKOII TOUKH CMECH.

CpaBHenHe KO()PHUHCHTOB CXKHMAEMOCTH METaHa, Noay-
UCHHLIX MO NPHBeJECHHBIM [ABJIEHHIO H TeMnepaType, ¢ KO3p-
(HUHEHTaMH CXKHMAaeMOCTH NPHPOILHLIX la30B H CMECH Me-
TaHa ¢ sraHoM [IV. 77] nokassiBaer, uTo KpHBble A/ MeTaHa
6oJlee COOTBETCTBYIOT KPHBLIM AJis1 NPHPOLHHX ra3oB.

Tabauya IV.8

Pacyer MIOTHOCTH MPHPOLHOrO rasa MO ero COCTaBy,
npepcTaBjeHHOMY B TaGauue, npu gasieduu 70 am
H Temnepatype 32°C

Pacyer NMCeBAOKPUTHYECKOHR TOYKH
. Kpuruye- KpHaTHYe-
[=% CKasl TeMne~jCkoe RaBne-
KoMnoHeHT ”:{O:;' 2o patypa HHe, am
Aosaa ga 3 [
Y %»: 3 °. o Iy
o3 [3) B o
Ez| = =~ > [y >
Yriekucanii ras 0,0040| 44| 0,17|305,4 1,2{ 75,2 | 0,30
Meran . 0,9432| 16 | 15,09|190,5| 179,2} 47,1 |44,42
Dran . . 0,0390; 30{ 1,17]305 11,9 49,51 1,93
IMponan . 0,0117] 44| 0,51{370 4,3143,21 0,51
H3o6ytan . 0,0008( 58| 0,04|408 0,4 36,9 | 0,03
#-Bytam . . . 0,0013[ 58| 0,07{425 0,6 38,6 | 0,05
1,0000 17,05 197,6 47,24
IIpnBeAennOe paBiienue p, = ;D; = %: 1,48.
Ipusepennan remneparypa 7, = T 78482 1,54

Te 1977

¥Yaensnuil Bec rasa no Bosayxy = 17,05/29,0 = 0,588,

Hs puc. IV.16 npy p, = 1,48 u T, = 1,54 naxopaum z=0,872.

Ko3hdhHUHEHT CXKUMAEMOCTH 2, OMpefiesieHHLIA MPH  9THX YCJO-
puAx CrusencoM u Ppuamasom (Stevens and Freidman) [IV.60]
pasen 0,875.

IlnoTHOCTL PHPOAHOTO rasa

PSS : 70 15 1705 1 558 o

<«NCEBAOKPHTHYECKHFi»

I Yacto Hapaay € TepMHHOM
— [Tpum. ped.

NMPHMEHAIOT ‘CpenHerHTH‘leCKHﬂ’.

y Hac

7 557

Juarpamma, uszo6paxenrast Ha puc. IV. 16, a 6uiia mno-
JyUeHa Ha OCHOBAaHHH HaHHBIX Ha 1941 r. [IV.87] nas cme-
cedl rasop mpu nasjendd A0 700 ar. CpaBHeHHe 3TOll AHA-
rpaMmbl ¢ Goaee no3aHumH [IV. 60] nokasaso, uto OTKJOHE-
1He e npesbimaer *1,2%. MeTozHKa pacuera MJOTHOCTH
NPHPOAHOIO ra3za no KoshdHIHEHTY CKHMaeMOCTH, HaleH-
HOMY M3 auarpammbl {puc, IV.16) nmas npupomHoro rasa
LaHHOrMO COCTaBa, HAMOCTpHpYercs taba. IV. 8.

Ha puc. 1V. 16 npuBeeHbl pe3y/bTarH ONBITOB MO H3Y-
yeHHI KO3(h(}HUHEHTA CXHMaeMOCTH MeTaHa, NMpoBeleHHbLE
Keannecom u Temau (Kvalnes and Gaddy) [IV. 53] npu
nasaeHHH oT 700 mo 1400 ar, Oasa ynoSerBa B Taba. 1V.9
NpHBeJeHbl 3HAUEHHs KPHTHUECKHX AaBJeHHA H TeMmepaTyp
HEKOTOPHIX KOMIOHEHTOB MPHPOLHOrO rasa.

JuarpamMa Ha puc. 1V. 17 [IV.83a] nossossier cyAnTh
06 OTKJOHEHHH COCTOSIHHSI MPHPOAHOIO rasa OT 3aKOHOB
H1eaJNbHOTO ra3a NMpH OaBJdeHHH, 6JH3KOM K aTMOCthepHOMY.
U3 stoff mHarpaMMbl BHAHO, YTO OTKJ/OHEHHe Aaxe TMNpH
TaKHX MaJsblX 3HauYeHHAX MHABJEHHs CylleCTBeHHOe, s
OYeHb TOYHBIX HCCJAeJOBAHHH COCTOSIHHSI HHIHBHIYaJIbHBIX
Ta30B MOrYT OLITb HCMOJIb30BaHbI fanHble Mak Kerra, Cuab-
6ep6epra B Kyo (Me Ketta, Silberberg and Kuo) {IV. 83],
npejacrasJieHHble Ha pHe, IV. 18, Jlas cuecelf rasos, Haxo-
OSiUMXCS NpH fAaBjeHKax HuxXe 800 mm pr. cT., 06BEMEL
MOJKHO NMPHHHMATH MO NPaBHJIY aAXHTHBHOCTH.

Tabauya V.9
KpHTHueckHe cRoficTEa KOMMOHEHTOB MPUPOLHBIX rasop*

Mose- | Rrean | wocuos

KowMrnoHeHT Huit | TeMne-| nasne-

BeC P‘“.'}'(P‘" H;*;{
Meran . . .. .. 16,041 190,50 | 47,1
1C4v:): (I 30,07 | 305,41 49,5
Mponan . . . . .. .. ... 44,09 | 370,0 | 43,2
H3o6ytan . . . . . . .. 58,121 408,2 | 37,0
w-Byran . . . ... ..., 58,12 | 425,21 38,5
W3onenran . . . . . . 72,15] 461,0 | 33,8
n-IlenTan . 72,151 469,7 | 34,2
HUaorexkcan 49%* . . . 84,16} 489,6 | 31,5
Wsorekcan 60 . . . . . . . . . 84,161 498,0 | 30,9
n-Tekcan 68. . . . . . . . .. 84,161 508,0 | 30,8
Hzonenran 79 . . . . . . . 98,181 521,2 | 29,2
Hzorentan 90 . . . . . . 98,18| 531,2 | 28,0
H-Tentam 98. . . . . . .. 98,18 5404 | 27,8
H3zookran 110 . 114,22 555,2 | 26,5
HU3ookran 116 . . . . 114,22 566,3 | 27,4
#-Oxran 126 . . . 114,22 569,5 | 25,3
#-Howan . . .. . .. ... 128,25] 5952 | 23,2
A 53 <: ) : S 142,281 616,2 | 21,4
TemHH « . ¢ v v v o o v v v . 4,0 5,0 2,3
Boaayx . . . . . . . ... 29,0 | 132,2 | 383
A30T - v v v h v e e e e 28,02] 1258 | 34,4
Kucomopo . « « .« .« . . . 32,0 | 1542 | 51,0
VriaekHcapfi Fa3 . . . 4 . . . . 44,011 304,2 | 75.1
CepoBOMOPOZ - . . . . . . . . .| 34,08]373,6 | 914

mssmu n3 [1.15]
** TeMnepatrypa kumeuus B °C.
97
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2. BIHAHHE HEYTJIEBOJOPOJiHbIX
KOMIIOHEHTOB

[lpupoxauble rasel yacto B GOJBLIMX KOJHYECTBAX cOAep-
KAT YIVIEKHCJBIH a3, a20T H cepoBoaopod B cBA3H ¢ 3THM
PACCMOTPHM BJIHSIHHE HeyTJIeBOLOPOJHLIX Fa30B C TOUKH 3pe-
HHSI TIDUMEHHMMOCTH TEODEMbl COOTBETCTBEHHBIX COCTOSTHUH
K TpHpoAHbiM rasam. Hccaeposauust pVT-cooTHOLIEHHH
I CMECH METaHa ¢ a30TOM npoBoauauch Keficom u Bapk-
com (Keyes and Burks) [IV.55], a ans npuponroro rasa,
conepxauero 8,5 u 18,8% Moa. asora, DitneprcoM, KapJ-
coiom u Maaneucom (Eilerts, Carlson and Mullens)
[1V. 301

B ra6a. IV. 10 npusenenbl ZaHHHe aHalH3a HEKOTODPHIX
NpUHPOAHLIX ra3oB, a B Taba. IV.1l cpaBHHBaIOTCA KO3d-
(AMHEHTH CXKHMAeMOCTH 5THX Tra3oB, ONpelelcHHble N0
NpHBEJEHHBIM [IaBJEHUSIM M TeMmnepaTypam {(C HCNOJb30-
BaHHeM JHarpaMMmbl pHC. IV.16), co 3HauCHHSIMH 3THX
KC3((PHUHEHTOB, ONpeleJeHHbIMH 3KCICPHMEHTaJbHO,

Tabauya 1V.10
CocTaB NpYpPOIHBIX rasos, cogepXamux asor*

HanMeHOBaHHe Tas | las 2 las 3
Yoeanunit BeC . . . . . 0,643 0,675 0,706
INceBaoKpHTHYECKHE:

temnepatypa, ‘K . .|208,4 201,8 193,3

AaBncHHe, am . . .| 46,8 45,9 44,5

Mousipable gosmm:

30T o . w4 4 e 0,0069 0,0855 0.1884
METAH ¢ & « o = + . 0,8771 0,8077 0,7169
STAH - o o o o o o -+ 0,0649 0,0598 0,0530
OpPONIAH & « o & o - 0,0322 0,0297 0,0263
M306yTaH . . . . . 0,0076 0,0070 0,0062
H-6yTan . . . . . . 0,0058 0,0053 0,0047
H30MEHTAH . . . . . 0,0021 0,0019 - 0,0017
H-TICHTAH . . . . . . 0,0012 0,0111 0,00099
rekcanw, 135—56*% .| 0,00070| 0,00063 0,00058
rekcadhbi, 56—35 0,00036| 000033 0,00029
rentadu, 35—17 0,00034| 0,00031 0,00028
rentanel, 17—11 0,00012 0,00011 0,00010
OKTaHBl M BbiCillHE 0,00068| 0,00062 0,00056

* Nannpe B3sTw u3 [IV.30)
** JlaBlieHHe HACBMIEHHOTO napa B MM pm. ¢m. npH 0° C,

Tpononxenne taba. IV, 11

KosbhduigeHT CXKUMACMOCTH 2

”/K\)?‘Cﬂtl)-e ras 13 0,7% N, ras 2: 8,5% N, ras 3: 18.8% N,
naBJje-
e ] senebr |pacuer.| sxenepi |pacuer.| srcencor:
HBbI HBIH HBblfl
Temneparypa 37,8°C
98 10,812 0,8213 10,832 0,8443 10,855 0,8706
112 10,797 0,8044 (0,816 0,8299 | 0,843 0,8596
126 10,782 0,7896 0,805 0,8188 10,832 0,8518
140 10,773 0,7805 {0,795 0,8102 0,825 0,8461
210 10,785 0,7901 {0,810 0,8210 (0,838 0 8584
280 10,858 0,8600 | 0,880 0,8864 0,910 0,9193
350 (0,852 0,9516 | 0,960 0,9750 {0,996 1,0031
Temneparypa 87,8°C
98 10,896 0,9097 0,911 0,9234 10,922 0,9401
112 10,888 0,9009 |0,903 09171 (0,917 0,9362
126 |0,872 0,8943 | 0,898 09125 (0,912 0,9333
140 (0,875 [ 0,8899 (0,892 0,9097 (0,910 | 0,9317
210 0,876 0,8932 0,899 0,9164 [0,918 0,9437
280 | 0,927 0,9356 0,947 0,9577 10,970 0,9849
350 (0,998 1,005 1,012 1,0196 (1,033 1,0459
Temneparypa 137,8°C
98 10,941 0,9557 0,952 0,9640
112 10,938 0,9516 |0,946 0,9625
126 10,935 0,9486 0,948 0,9615 | 0,952 0,9748
140 0,932 0,9472 | 0945 0,9612 |0,952 0,9761
210 10,939 [ 0,9571 (0,953 | 0,9733 [0,970 | 0,9928
280 10,980 | 09830 (0,998 1,0068 (1,012 1,0269
350 | 1,022 1,0384 | 1,050 1,0547 | 1,064 1,0754

*IKene pUMeHTaNbHhle NaHHble B3ATHl H3 [IV. 30],

Tabauya V. 11

CpaBHeHHE PACCUHTAHHBIX U IKCMEPHMEHTANBLHO

onpe neJeHHbIx* 3HaueHUH Ko3hMHULHEHTOB ¢ YMAEMOCTH
rasos, COCTaB KOTOPbIX mpyvBeneH B Taba. IV. 10

Ko3hhullHEHT CHHM2EMOCTH 2

nﬁ)ﬁf}?(;e ras 1; 0,7% N, | l'as 2; 8,5% N, | ras 3; 18,89 N,
Rapoe-
HHE, Ipacyer-| SKCTIEDH- |pacqer | SKCMEDH- [ho0ger.| sKCmepn-
am HE MEHTaJlb- Hbl ME€ HTaJlb-~ HBIH MEHTaJ1b-
HBLH HbH HBH
Temneparypa 0°C
98 10,685 0,6885 10,715 0,7270 10,748 0,7747
112 | 0,658 0,6593 0,692 0,7024 10,736 0,7557
126 [0,640 | 0,6433 |0,676 0,6871 0,720 0,7410
140 0,634 0,6369 [0,668 0,6797 10,713 0,7343
210 0,687 0,6981 {0,717 0,7258 | 0,750 0,7720
280 10,802 0,8103 (0,822 0,8287 0,853 0,8660
350 10,932 0,9333 10,942 09443 (0,970 0,9736

100

W3 rtada. 1V, 11, pu1HO, UTO 3HaYeHHS KoO3(hdHIHEHTOB
CHKHUMaeMOCTH, ONpefe]eHHble NyTeM pacueTa NpPH BLICOKHX
TemnepaTypax M HeGOJBIIMX [aBJieHHsX, NpHMepHo Ha 2%
MeHbUIe 3HaueHHH, MOJYYEHHBIX 3KCINEePHMEHTasbHO,

Pumep, Ouanme, Cemx u Jlecu (Reamer, Olds, Sage
ard Lacey) [I1V.72] ucciemoBanu cxxHmaeMocTh cmecell
MeTaHa M YTJEKHCJOro rasa npu Temneparype or 37,8
oc 237,8°C u npu aAasienud Ao 700 ar. 3HaveHHs Ko3d-
QIUMEHTOB CHHMAEMOCTH npH Temneparypax 37,81 137,8° C
rpusenessl B Taba. IV, 12. CpasueHHe KO3 (HIMEHTOB CHKH»
MaeMOCTH, olpene/leHHbIX JKCnepHMeHTanbHo (Tatn. IV.12)
naa rasop, cofepxkauux He Gosmee 1—2% Moa. CO,,
¢ Ko3hpOhUUHEHTAMH CXKHMaeMOCTH, PAcCUHTAHHLIMH 1O
NpUBeNCHHBIM JAaBJEHHSIM H TeMNepaTtypam, I[OKa3bBaer
IOCTATOYHO Xopolllee corsacwe 5THX AaHHHIX. [lpu 6oaee
BHICOKOM npoueHTHOM cogep:xaHud COjs B rase paznuune
CTAHOBHTCSl CYIIeCTBEHHBIM.

Kosd¢uuueHThl CXKHMAEMOCTH AJs1 CMeCH MeTaHa o
ccposonopoda (puc. 1V.19) wmccnenosann Pumepom, Cea-
seMm H Jlecu [IV.73]. Ouu Xe DpPUBOASAT 3HAUEHHS yAe/b- -
X 06bHEMOB CMeCH METaH—CepOBOAOPOA INIPH  BLICOKHX
KOHUEHTpaUu1saXx MeTaHa B cMecu (Taba. IV, 13).



Tabauya {V. 12
3nauenys KooahHUNEHTOB CKUMaeMOCTH® 1as cmeceil

MeéTraHa W YrJekucJ/oro rasa

KoshdHuHEHT CKHMaeMOCTH 2

Hasne-
Hie, BeCOoOBBIe NOJH MeTaHa
o 0 0,0852 0,19912 0,3583 0,6685
Temneparypa 37,8°C
0 1,000 | o000 | 10000 | 1,0000 | 1,0000
14 0941 | 9510 | 09606 | 09685 | 09760
28 0875 | (ago5 | 09202 | 09372 | 09525
42 0,798 | gg437 | 08788 | 09063 | 0,9296
5 0,704 | 07830 | 08360 | 0,8754 | 09075
70 0,580 | 07160 | 07920 | 0,8451 | 0,8869
87,5 | 0315 | 06262 | 07350 | 0,8084 | 0,8634
105 0255 | 05388 | 06830 | 07738 | 0,8428
122, 0272 | 04715 | 06402 | 07460 | 0,8259
140 0,299 | 04438 | 06100 | 0,7243 | 0,8131
175 0,355 | 04565 | 0,5890 | 0,7041 | 0,8027
210 0,411 | 04958 | 06055 | 0,7103 | 0,8081
245 0465 | 05247 | 06400 | 0,7335 | 0,8260
280 0519 | 05921 | 06820 | 0,7702 | 0,8565
315 0,572 | 06433 | 07276 | 08130 | 0,8937
350 0,624 | 06947 | 07755 | 0,8584 | 0,9363
420 0,727 0,7976 | 08752 | 0,9531 1,0291
490 0,828 | 08982 | 09745 | 1,502 | 1,1240
560 0926 | 09995 | 10745 | 1,1469 | 1,2187
630 1,023 | 11012 | 1,1752 | 1,2448 | 1,3130
700 1,116 | 1,2035 | 1,2785 | 13414 | 1,4078
Temneparypa 137,8°C
0 1,000 | 1,0000 | 1,0000 | 1,0000 | 1,0000
14 0979 | 09834 | 09872 | 09901 | 09931
28 6,957 | 09668 | 09747 | 09805 | 0,9866
42 0,934 | 09503 | 0,9625 | 09713 | 0,9805
56 0912 | 09339 | 09507 | 09627 | 0,9749
70 0,889 | 09179 | 09397 | 09545 | 0,9699
87,5 | 0862 | 08987 | 09263 | 0,9453 | 09649
105 0,835 | 08810 | 09145 | 09379 | 09608
1225 | 0810 | 08643 | 09040 | 09313 | 0,9583
140 0787 | 08487 | 08950 | 09267 | 0,9572
175 0,750 | 0,8247 | 08820 | 09217 | 0,9588
210 0729 | 08125 | 08763 | 0,9226 | 0,9650
245 0,720 | 08100 | 08778 | 09289 | 0,9759
280 0724 | 08154 | 08865 | 09404 | 0,9914
315 0737 | 08290 | 0,9020 | 09571 | 1,0109
350 0759 | 08483 | 09223 | 09788 | 0,0337
420 0818 | 0,8992 | 09721 | 1,0306 | 1,0848
490 0,883 | 09592 | 1,0310 | 1,0877 | 1,1423
560 0952 | 1,0243 | 1,095 | 1,1495 } 1,2030
630 1,023 | 1,021 | 1,1610 | 1,2148 | 1,2672
700 1,091 1,605 | 12268 | 1,2817 | 1,3350

* Jlannne B3aTh 43 [1V. 72]
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Puc. IV.19. Kosdduuuenrsl cxumaemocri
I CHCTeMhl MeTaH — cepoBogopona [IV. 731,

Tabauya 1V. 13

Mouababte ofbemnl cmeceil MeraHa W cepoBojopona™

MounbHH{l 06beM CMeCH, cH3/MOAD

Ilapne- | MPH 4,4°C | npu37,8°C | npu 71,1°C |npu 137,8°C
P:;,{:& MonbHas fons MeTaHa B cMecH
08 | 09| o8 oo | o8| 09| as oo

14 1617 11625 | 1837 | 1844 {2053 | 2060 |2475 | 2480
28 772 | 782 892 | 900 [ 1009 | 1015 {1229 | 1232
42 491 | 501 [ 573 | 586 | 660 | €66 | 813 817
56 348 | 360 | 421 | 434 | 485} 493 | 606 | 610
70 263 | 277 | 327 | 335 ] 381 | 393 | 481 486
87,5 194 | 211} 252 | 261 | 298 | 306 | 382 386
105 150 | 169 | 202 | 211 243 251 | 316 321
122,5 122 § 138 | 167 177 204] 213 | 269 274
140 103,5(117,5142,8 | 152,5[ 176,41 184 | 234 239
157,5 91,4|103,5} 124,91 134,2|154,8 | 162,5| 206 212
175 83,4 93,7{111,5|120,6]138,0| 145,6 | 186,1 | 190,6
1925 77,71 86,4]101,51109,8[125,2(132,7 | 169,0|179,9
210 73,4 80,9| 94,0|101,3|115,1]122,0}155,0}160,0
245 67,31 73,0| 83,5| 89,5(100,7|106,1]134,0]1386
280 63,21 67,6 76,0] 81,0 90,3 954(119,01123,5
315 +60,1| 63,8| 70,8 75,11 82,9 87,3|107,6|111,8
350 57,81 61,0 67,0{ 70,8 77,5 81,1 99,0(102,6
420 54,61 57,6| 61,8 64,7 69,8 72,8| 87,0 90,0
490 52,21 54,3| 58,21 60,4 64,5| 67,0| 787 81,2
560 50,5 52,2| 55,5 57,4| 61,0 63,0| 72,7} 75,0
630 49,01 50,51 53,3} 55,11 60,5| 60,01 68,21 70,2
700 47,7| 49,11 51,6 53,1| 55,8| 57,4| 75,8| 66,4

* Nanswie B3atel us [V, 731
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4. NICEBAOKPHTHYECKHE NMAPAMETPHI TENTAHOB
M BOJIEE TSDKEJILIX KOMIIOHEHTOB

TekcaHbi, rentaibl H 6ojee Ts¥KeJble KOMIIOHEHTH Na-
padHHOBOrO psifia Kak HOPMAJLHOTO, TaK H H30MEpHOro
CTPOEHHS MOTYT HaXOAHThCa B NpHpoxHOM rase, [lpu dpak-
UHOHHOM pasje/leHHH Takie WHAHBUAYa/JbHblEe KOMIOHEHTH!
TPyIHO BbIAEJHTb B YHCTOM BH/E, H NOITOMY 4aCTO OHH
COGHPaIOTCA B BHAE XKHIAKHX (pakuHi, A1 KOTOPHX 3aTeM
ONpefeaioTCsl  yAeJbHbIH M MOJCKyJaspHbH Beca, Ke#
(Kay) [IV. 54] npemsioxun MeToL onpefe/eHHs NCeBAO-
KPHTHYECKHX NapaMeTpoB KHAKHX Yr/1eBOLOPOMAOB, AONOJ-
HeHHbifi BnociefictBHu CmutoM W Bartconom (Smith and
Watson) [V.86], ans npuMeHeHHs KOTOPOro HeOG6XOMMMO
8HATh HAKJOH KPHBOH TOYeK KHNEHHS, 2 TaKKe MOJEKy-
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Puc. 1V.20. TIlcenZoKpHTHUECKHe [ABJEHHA

AJia TenTaHoB -+ BLICLIHE

H  TeMnepaTyphl

JMAPHLIA H yAeJbHBIH Beca KuaxocTH. [TorpeGoBasoch npo-
BeJleHHE pAfa MHKPOAHCTHIALHI (pakuud KOHAEHCATOB,
COIepKaulux rentan H 6oJee TsaXKedble YrJeBOAOPOAb A1
coctasaenns rpaduka (puc. 1V.20), ¢ nomommsio Kotoporo
MOXKHO ONpelleiiTh B3aHMHYIO CBA3h MEXAY [CeBIOKPH-
THYECKMMH CBOHCTBAMH H MOJIEKYJNSIPHBIM H YAeJbHbIM Be-
camu. CuHTaercs, 4TO NpPHMEHeHHe 3TOro rpadura AJd
NeHTaHOB -+, reKCaHOB + H renTaHOB 4 sABJAseTCA yHOBJe-
TBOpHTebHHIM !, Crengunr M Karu (Standing and Katz)
[1V. 87] ucnonbsosanu stor rpaduk Ans CpaBHeHHs KO-
(HILHEHTOB CKHM2eMOCTH HaChilleHHbIX NapoB yraeBOLo-
POLHLIX KHIAKOCTEH MOJIeKyJsipHOro Beca o 157,

[MceBROKPHTHYECKHE napaMeTpn OOBINHO NPHUMEHSIOTCS
L/ pacyera MCeBIOKPHTHYECKHX CBORCTB NMPHPOJHOrO rasa
nofo6HO TOMY, KaK KPHTHUeCKHE TeMIepaTypel H JAaBJeHHA
HCNO/IL3YIOTCA ¢ TOH JKe HeJblo AJs HHIMBHAYaJbHHIX KOM-
NOHEHTOB,

' TlenTaH 4, rekca --. TrentaHs - 0603HAYAIOT MeHTAHH
H GoJjee TaXenne YIVIEBOJAODOABI, FeKcaHHl M Gonee TsOKeJble, Tell-
TaHbl W Gonee Tsxeabe, — [Ipum. ped.
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5. ONPEOEJNEHHE NCEBAOOKPHTHYECKHX
NMAPAMETPOB NO YAEJIbHOMY BECY TA3A

H3BecTHO, uTO npHpomHble rasnl OJH3KH 10 COCTaBY
[IV.57]. IlosToMy MOXKHO OXMAaTbh, YTO NPHPOJHLIE rasbl
no KpahHeH Mepe B Tpejejax OJHOTO MeCTOPOXKIAEHHA
JOJIXKHBI HMeTh TaKOH cOCTaB, yTO6Ll HX NCEBLOKPHTHYECKHE
TeMnepaTypa H AaBJeHHe SBJSJIHCh (DYHKUHEH yJeJbHOro
Beca rasa. Ha puc. 1V. 21 [IV. 60] npuBeneHL nceBiOKPHTH-
yecKHe NapaMeTpbl B 3aBHCHMOCTH OT YJeJbHOro Beca aJs
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Puc. IV. 21. TlceBaokpHTHueckHe CBOHCTBa

NPUPOJHBIX Ta30B MecTopoxaeHHs OkxnaxoMma
Curu [IV. 60].
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Puc. 1V. 22, IlceBroKpHTHYECKHe CBONACTBa NpH-

poaHbix rasoB [I, 2].

1 — yraeBopopoanne ra3w  (IV. 3); 2+ cMech rasoB
[1.2];, 3= NPOAYKUHA raSZOJKOH}IeHcaToprlX CKBaXHH
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rasoB C IIPOMBICAA U Ta30/IHHOBOTO 33BOLA MECTOPOXKIEHHs
Oxnaxoma Cutu. Kpeme Toro, 6bl10 yCTaHOBJEHO, YTO €C/H
raso cogep:xKaTt MeHee 2—39Y HeyrJIeBOZOPOAHEIX KOMIIO-
HEHTOB, 3HAUeHHs MX MNCEBAOKPUTHUYECKHUX MapaMeTpoB JIO-
¥KaTcl Ha OJHY KDUBYIO NMPH BbIPAXKeHHH B 3aBHCHMOCTH
oT yaeasHoro Beca {l. 2, IV. 60, 1V, 87].

KonaescaTHble rasbl, cOJepiKalilHe BBICOKOMOJIEKYJIAP-
Hble KOMIOHEHTHI, YBEJIHYHBAIOIIHE UX YAEJbHBIH Bec, HMEIOT
KpPHBLIE 3aBHCHMOCTH MCEBIOKDHTHYECKHX MapaMeTpoB OT
yIeJBHOT0 BeCa, HeCKOJNbKO OTJIHYHEIE OT KPHBBIX, COOTBET-
cTBytolux cyxuMm rasam [I.2]. KanudopHuiickas acconua-
uus nmpupoaHoro rasoauHa [IV.3] npuusna njs npakTHue-
CKOTO [MOJIb30BAHHS COOTHOLIEHHE MEXAY OTHOCHTEJNbHBIM
yI1eJbHBIM BECOM Ta3sa 10 BO3/1YXY H €ro NCeBIOKPHTHUECKH-
MM mapaMeTpaMH, KOTOPOe HJIIOCTPUPYeTCs TrpadHKOM
(puc. 1V.22),

Jnsa rasoB, KOTOpble MOAYHHAIOTCA 3aBHCHMOCTH, IDHBe-
geHHo# Ha pHc. IV. 22, KosdduuueHT CXHHMaeMOCTH HJH
MJOTHOCTL ABJSIOTCA (DYHKUMEH yIenbHOro Beca rasa, TeM-
nepaTypel ¥ JaBjaeHHs. 3aBUCHUMOCTE IJIOTHOCTH IPHPOI-
HOTO Ta3a B (YHKIHH TEMMEPATYPHBIX NaBJI€HHA HpEACTaB-
nena Ha puc. 1V. 23. CnegyeT OTMETHUTb, YTO ICEBAOKPHTH-
yeCKMe MapaMeTphl /s Ta30B C OTHOCHTEJBHBEIM YIEMbHBIM
Becom 0,7 u 0,8 COOTBeTCTBYIOT KOHIEHCATHBIM Ta3zaM.

6. BJHAHHE )KXHAKOH <$A3bl

ITpu u3yueHuu pVT-coOTHOIIEHHH HEKOTOPEIX HPHPO-
HbIX ra3op GLIIO OGHAPYIKEHO, UTO NMPH OMpele/CHHBIX yCJo-
BHAX CHCTEMA COCTOHMT M3 ABYX (a3, HO KO3(pdHIHEHT CKH-
MaeMOCTH BCeii CHCTEMLI HMeeT IPH STOM TO XK€ 3HauyeHHe,

YTO M IPH O/IHO(A3HOM COCTOSHHH. a5 u3yueHHs Bompoca
MPHMEHEHNst KO3PQHUHEHTa CXKHUMAEMOCTH AJa onperedne-
HHA MJIOTHOCTH ABYX(a3HOH CHCTEMBbl MpPH BLICOKHX AaBJe-
HHAX ©bl10 mpoBegeHo pVT-ucelenoBaHHe cMecH IMPHPOA-
HOTO rasa W NpHPOJHOro razonuHa. Pasosas guarpamma
15 Tako#l cMecH mpHBeieHa Ha puc, 1V, 24. Ha neil umetor-
cd Bce Te XKe 06JacTH, YTO H Ha JHarpaMMe [/ rasa BLICO-
KOro [aBJjeHHs. BuusHHe NPHCYTCTBUA HeGOJBIIOTO KOJH-
yecTBa CXKUXKeHHOH ¢a3pl Ha OGINYH MJIOTHOCTH CHCTEMH
npeiacrabager GoJbLIOH HHTepec AMA NPOBEJEHHA pPacyeToB
(a30BBIX COCTOSHUH.

B ta6a. IV. 14 cpaBHHBaOTCA pacCyHTaHHblE H 3KCIEPH-
MEHTaJbHO H3MepeHHble 3HaueHHs IJIOTHOCTH .J/isi CMeCH
NPHPOIHEIH ra3 — NPUPOLHLIHA ra3o/uH., Boluucnenus mpous-
BOIHJUCH B NPEINOJOXKEHHH, YTO [IJs1 MOACUETA IJIOTHOCTH
MOXKHO I0JIb30BaThcs YpaBHeHHeM coctosuus [IV. 2], Bkmwo-
yawleM Ko3QQHUHEHT CKHMAaeMOCTH.

B srtoii Tafauue 3HayeHHss OGHEMHOIO MPOLEHTHOro CO-
JLepxkKaHHsl XKHAKOCTH B3ATHI M3 (PA30BOH AHArpaMMel, MpH-
BeleHHoi Ha pHe. IV. 24, AHann3 JadHHEIX NPHBEIEHHEIX
B taba. IV. 14, noka3weBaert, yto ¢opmyaa [IV. 2], Bkaoua-
omas Koah@dUuHeHT CXKHMAaeMOCTH, MOXKeT IMPHMEHATLCS
I/ pacyeTa IJIOTHOCTH CMeCH B 0gHO(a3HOH o6sjacTH (BHI-
1le KpPHBOH TOUYEK KHIIEHHA), Ha HeOOJbLUIOM Y4acTKe ABYX-
(dazHoi o6nacT (HMXKe KPHBOH TOYEK KHIEHHA) H BO Bcel
nByx{a3Hoit o6macTH NpH BEICOKHX TeMmIepaTypax, Koria
CHCTEMA COJEPKHT He6OJbIIOe KOJHUYECTBO XKHIAKOH ¢a3bl,
O6nactb, A5 KOTOPOH 3TH pacyeTbl MOT'YT MPOH3BOAHTLCA,
OrpaHHYeHa 3HaUEHHAMH HCTHHHOM NpHBeLeHHOHN TeMImepa-
Typhl, paBHoit 1,05 u Bblle.

UccnenoBanne $Ha3oBOro COCTOSIHHS CHCTEMBI MeTaH—
fyTaH TakXKe MOKa3blBaeT, YTO MNPH BEICOKOM [JaBJIEHHH
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Tabauya IV, 14

CpaBHenye BBIMHCIUTENbHBLIX H 9KCIIEPHMEHTANLHO
H3MepeHHbIX 3Ha4eHHH NNoTHOCTel XKHIKOCTH B ofHOda3Ho#
W aByxdasHoii cucremax®

BhyucIeHH Be 3KCne PUMEHTAJIBHO
3HaYEHHs H3MEePEHHbIE 3HaueHHs
A6comort-
HOe
AapJieHne [JOTHOCTE, | MJOTHOCTD, conep)xa;ue
z 2/cm® e/cm® HUAKOY
daset, %

Temreparypa 4,5°C, NceBronpHBefieHHas Temnepatypa 1,13,
MCTUHHAf NpHBefeHHas Temneparypa 0,91

202 0,628 0,380 0,376 OnHogasHast
177 0,569 0,367 0,366 »
172 0,556 0,364 0,361 60,5
153 0,511 0,353 0,320 43,2
105 0,43 0,287 0,204 20,7
47 0,680 0,083 0,082 6,6

Temneparypa 31°C, nceponpuseneHHas Temmepatypa 1,21,
UCTHHHAA NpHBefeHHas Temnepartypa 0,995

203 0,658 0,339 l 0,334 OnnodasHas
190 0,633 0,330 0,326 »
189 0,631 0,328 0,323 46,7
184 0,662 0,324 0,314 41,7
177 0,609 0,319 0,300 38,3
147 0,558 0,289 0,246 28,0
99 0,542 0,200 0,157 l 15,2
68,5 0,660 0,114 0,103 8,9

Temnepatypa 71°C, nceBionpuBenenHad temneparypa 1,40,
HCTHHHA# NpHBelleHHasA TeMneparypa 1,13

196 0,728 0,256 0,263 Onnodasnas
194 0,727 0,254 0,263 3,9
183 0,718 0,242 0,246 16,1
161 0,705 0,217 0,216 16,7
135 0,706 0,181 0,176 14,1
104 0,738 0,13 0,132 9,9
67,3 0,815 0,079 0,082 5,1

Temneparypa 93,5° C, ncenonpusefienHas Temneparypa 1,49,
HCTHHHAs NpHBeJeHHast TeMnepatypa 1,20

207 0,788 0,235 0,243 Onnodasnas
184 0,774 0,213 0,221 1,4
158 0,769 0,208 0,215 1,5
157 0,764 0,184 0,188 9,4
136 0,769 0,158 0,159 8,7
114 ° 0,787 0,129 0,130 7.4
91 0,814 0,100 0,102 59
75 0,842 0,079 0,082 4,7

* anusle B3aTH u3 [IV. 601,

ofuas NJIOTHOCTb CHCTeMbl, cojlepxaliell OTHOCHTENBLHO He-
60/IbIlIOe KOMHUECTBO KHJKOH (hasbl, MOXKeT GBITb pacCuH-
TaHa B IPeJNOJIOXKEeHHH, YTO 5Ta CHCTeMa HAaXOJUTCA
B OAHO(A3HOM COCTOAHHH. IDTO OOBACHAETCA TeM, YTO
B 3THX yCJIOBHUAX pa3HHNA NapuHaJbHbIX 06beMOB NapoBOH
H XuJKoit (a3 HesHauuresnbna., Cllef[oBaTeNbHO, TOT (akT,
YTO YaCTb CMeCH HaXOJHTCA B XHJIKOM COCTOSHHH, He OKa-
3bIBaeT 6OJILLIOTO BJHAHHA Ha OOLIyI0 MJIOTHOCTh CHCTEMBL

IlpuMeHATh yKa3aHHOe [ONyLleHHe HAJ0 OCTOPOKHO,
YUHTHBAs MNOJOXKEHHe CMecH Ha ¢a3oBoft JgHarpamMe,

OnHako npH naBieHHsX, nmpesbilianomux 70 aT, KOrga TeM-
l1epaTypa Bblllle KDHTHYECKOH TeMIepaTyphl CMeCH, NpHCYT-
CTBHe KHIAKOH (a3pl MpH COAEPIKAHHH, lle MPeBLILAIOeM
109%, NO-BHAUMOMY, He BJIHleT Ha pacueT CpeiHeld MJoOT-
HOCTH CMeCH METO/JOM, OCHOBAaHHLIM Ha IIPUMEHEHHH K03(-
(U HeHTa CKMMaeMOCTH.

7. OTPHUATEJIbHbI KAXXYUWHUNCSA OBBLEM
KUAKHUX KOMIIOHEHTOB

Ilonatue 06 orpHuaTeNBHOM KaXyllleMCs oGbeMe
XKHIKOCTH, PacTBOPeHHOH B rase BBICOKOTO NaBJeHHs, CTa-
HOBHTCS SICHBIM M3 JaHHBIX, MOJNYyYaeMBIX [PH HayueHHH
CxxuMaeMoCTH rasa [IV.52]. Onun M3 aBTOpOB npu mnogro-
TOBKe OMNbITA ¢ NPUPOJIHHIM ra3oM B GoMGe BBICOKOI'O gaBJe-
HHfl 3aMeTHJl ero HeoGmualiHoe MosefeHve. [aa mpu Temile-
parype 24° C u nassiennn 140 ar, He cofepKalHi KUAKOCTH,
Gun oxnaxgen po 0°C, ITocne storo ua 6oM6H  6bLIO
H3BJeueHO OKoso 0,5 2 XKUAKOCTH. Jalee TeMmmeparypa
B GoM6e 6blna BHOBB mogHata o 24° C, Ilpn sToM gaBie-
yHe B 6oM6e mogHanNOCh g0 1442 ar. OTclona caenyer, 4TO
€CJIH H3BJIEYEHHYIO XKHAKOCTh CHOBa 3akauaTb B 6oMGy,
TO jaBjleHHe B Hel OyjneT yMeHblaThesi, Buil MpoBeseH
TaK¥e 3KCIepUMeHT B 60MOe C CMOTDOBBIM OKHOM, B KOTO-
poil comepxanoce npu Temnepatype 37,8°C M [gaBlieHHH
140 ar 0,859 Monb merana. Bytan ua pacueta 0,141 e/morb
3aKauuBancsa B GomOy, IpH 5TOM TeMneparypa B Heil Hof-
JepxuBanach pasroit 37,8° C. Korna 3akauka 6yrana 6elia
3aKOHYeHa, jaBleHHe B GomGe cHusunoch go 134 ar, npu
5TOM CMeCh MeTaHa M 6yTaHa B GomGe HaXOAHJIach B OJIHO-
tasHoM cocrosHHH. B cBA3M ¢ 3TMM npejcrapfiser HHTe-
peCc nuarpamMa, npHueefleHHas Ha puc. IV.25, nocrpoennas
no paunHbiM Cemxa, Xukca u Jlecu [IV.62] ans cucreMut
Meran—6yTtan [IV. 52]. B npegenax niomanu I 6yTan umeer
OTpHUATe/bHHH Kaxymuiica o6beM, T. e. OfMH MeTaH TNpH
TeX XK€ 3HAYEeHMAX TeMNepaTyphl M JaBjeHUs O6yjer 3a-
HHMaTb o6beM Gosbluuii, yeM B cMecn ¢ GyraHoM, ByTam
BIHSIET Ha CHJBl B3aHMOJIEHCTBHA MeXJAY MOJeKyJaMH Me-
TaHa TaK, 4TO o6neryaerca Hx cOauMKenHe APYr ¢ ApYyrom.
B npenenax mnomaan 2 snaueHHe Kaxyiterocs o6bema ua-
MeHSIeTCA OT HyJs A0 3HA4YeHHS, COOTBETCTBYIOILETO YUCTO-
My XHIKOMY 6yTany. M, HakoHel, B mpemenax miomanu 3
Kaxymuiics o6beM OyraHa B Tra3zoBOl (ase MNpeBbllaeT
TaKOBOH jas xuAKCH ¢asbl, Ilpun naBnenuH, GaH3KOM
K aTMochepHOMY, O6beM TaKUX KOMIOHEHTOB 8 Ta30BOH
tbese npubianxkaercs K 06beMy HIeadbHOTO Taaa,
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Puc.
cMecd Metan — Gytan [III, 62, 111, 63, 1V, 52],
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8. BJIUSAHHE MOJIEKYJIAPHON fIPUPOJ bl
BELWIECTBA HA COKHMAEMOCTDb

OTk/IoHeHHe NOBeJeAnsl Ta30B OT TeOpeMBl COOTBET-
CTBEHHBIX COCTOAHUHA, a TaKXKe BO3MOKHOCTb CYUIeCTBOBA-
HHUA SIBJEHHA OTPHULATENbHBIX KAXYIIMXCA OGBLEMOB OPH
pACTBOPEHEHM JIDYTHX YIJIeBOAOPOJOB B MeTaHe MNOKA3H-
BAlOT, 4YTO MOBeJeHHeM MOJIeKy/] YNpaBJAT CHJbl Mex-
MOJIEKYJISPHOTO B3aHMOAEHCTBHS H uTO MNOTpe6yercs Ha-
KOMJIeHHe OMNpejesleHHOro KONHYeCTBa 3HAHHMH, mnpexje
ueM BONPOC O NpPeJcKa3aHHH OOLEeMHOro MOBELCHHA KOM-
[IOHEHTOB OyJeT PellleH OKOHYATeNIbHO.

Yro6el 0XxapakTepH30BaTh OTKJOHEHHe NOBejeHHS MoJe-
KyJ peajbHOM KMIKOCTH OT MOBeJeHHS MOJeKya COBep-
wenHo# xujgkoctd, Ilursep (Pitzer) [IV. 68] nmpemnoxun
BBeCTH NapaMeTp HeCOBEpLUeHCTBa 7, DTOT NapaMeTp SB-
nsierca (yHKUMeH ynpyroctH napa Ps, COOTBETCTBYIOLIETO
3HAUGHMIO NPUBEJEHHON TeMmepaTypbl, paBHoMy 0,7, u
(YHKUHel KDHTHUECKOTO NABJEHHS Pet

P
n=lg 5 —1

s

(IV. 22

Ha puc. 1V.26 npexacraBileHa 3as3HCHMOCTb Kos¢du-
IMeHTa CKHMAaeMOCTH OT NapaMeTpPa HEeCOBepIIEHCTBA [
p43JMUHBIX 3HaueHuil npuBelleHHoH Temnepatypel. I'paduk
NOCTPOEH [/l NPHBEJEHHOro AaBseHus, pasroro 1,6.
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Puc, 1V. 26. 3asHcuMoCTb KO3 (HIHEHTA CHHU-
MaeMOCTH OT napamerpa HeCOBepILEeHCTBA NPH

pr = 1,6 [IV.68).
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9. bYHKIUHH KO3ddHUHEHTA C)KHMAEMOCTH

YacTo B TepMOJMHAMHUYECKHX pacyetax Tpefyercs 3HaTh
(yHKIUMOHANBHYI0O 3aBHCHMOCTL KO3GDHUHMeHTa CXKuMae-
MOCTH OT JaBJeHHsd M TeMnepaType. 3HaueHHs Koadohu-
IHEHTa CHKHMAaeMOCTH, npuBejleHHble B Taba, II.2, 6blnn
paccuntaHel no pguarpaMme puc. IV. 16, noctpoenno#
B KDYNHOM Maciurabe.

B npunoxennn palorcs clepyomue ¢yHkuun (B BHIe
TAGJHLL M B TpaHyecKoM BHJE).

Ta6amia II.2: ko3(pdHuUHeHTH CXKHMAeMOCTH TPHPOA-
HBIX Ta308.

Pr
Ta6a. I. 3: ~[zdp,.
0,2

Pr
-
Ta6n. Il. 4: S‘ dp. .
p,
0,2

0,2 0,2
o v,
Ta6a. I1. 5.5 2dp, nu J Edp"
Pr 174
Pr
Ta6a. T1. 6: | 2*
> APy
0
Pr

Ta6n. 1. 7 ”')2
- AR 'fo(*z— ap,.

) 3
Ta6n. I1. 8. | 0,54 g z/p,
Pr ! + B (Z/p’ )2 dpr

10. JUATPAMMA C)XHMAEMOCTH
IPUPOOHBIX FA30B

HHorna Heo6XOAMMO BBIPA3HTH CXKAMaeMOCTb NpPHPOI-
HBIX Ta30B 10 ¢opMe, OOHYHO NpPHUMEHAEMOH JJs BHpa-
KEHHS CHKMMaeMOCTH KHAkocTell, B sToM cayuae CxH-
M2eMOCThb ras3a ofpelenseTcss CJAeAyOIIHM pPaBEHCTBOM:

c V.

=" Vop (IV. 23)
Tpy6 (Trubeg [IV.93] onpenensier nceBaonpHBedeHHYIO

cxumaemocth C,, npousBeneHHeM Cg - Pe, sBIAIOIHMCA

6eapasMeproil BenuunHOH. 3HauenHa C, OH BBHIUHGIAA NO
Ko hHUHEeHTaM CKHMaeMOCTH NPHPOJHBIX rasos
(puc. IV.16) na OCHOBAHMH CJEAYIOLIETO COOTHOIUEHHS:

C,=Copp=— ———. (IV. 29)

Ha puc. IV.27 u IV.28 npuBeaeHn KpHUBble 3aBHCH-
MOCTH TCEBIDTPHUBEIEHHON CXHMaeMOCTH OT NpHBeJeHHOR
T¢MOepPaTypel M NPHBEIEHHOTO JABJAEHHS,

ITpumenp.

Tpe6yercsi onpefeNuTh CHHUMaeMOCTh NPHPOJHOIQ rasa
yhenbHoro Beca 0,65 npu masnemnn 101 ar n Temnepa-
Type 68° C.

Tas ymenvHoro Beca 0,65 umeer Tc.=208°K u pe =
= 45,6 ar (cM. puc, IV.22):

68 - 273 101
T’. = —W = 1,65, pf = 45;6 = 2,22,
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Puc. 1V. 27. Cxnmaemoctb NpHpoanbix razos [IV. 93]

M3 puc. 1V.27 no panswmim Tr u pr maxoaum Cr = 0,51,
0,51 efl. o6beMa
Cqg= g5 = 00112 {en. obweMa) X (am)

11. MJIOTHOCTb XHUAKOCTEH

I10THOCTb MHAMBHAYAJbHHIX COEIHHEHHH B XXHAKOM CO-
CTOSHMHM NPH yBEJHYEHHH TEMIepaTypbl yMEHbILAeTCs, [pH-
HMMAs [IpH KPHTHYecKol TeMmepaType 3HaueHHe [JIOTHOCTH
napa (puc. IV. 29). AHanorHyHo sToMy H3MeHseTcA H
IJIOTHOCTb CMECH MKHMAKOCTeH (3HayeHWs IJIOTHOCTEH HH-
JMBHIYaJbHEIX COGJIHHEHHHA B XKHMIKOM COCTOSIHMM CM. B
[IV.1]). Ha puc. IV. 30 npuselleHa NJIOTHOCTH MpomnaHa B
3aBHCHMOCTH OT Temnepatypet [1.2].

B na6GopaTopHEIX HCCJAEJOBAHHAX [VIOTHOCTH JKHUAKO-
cTell O6BIYHO H3MEPSIOTCS C MOMOILBIO apeoMeTpa HJH IHK-
HoMeTpa. TeMmepaTypHble MONPAaBKH K IUIOTHOCTAM KHA-
KocTell Ans NpHBefeHHs K KakoH-in60 CTaHAapTHOH TeM-
nepaType, Harmpumep 20° C, MOXHO HaWTH B CTaHIaPTHHIX
rabmuax [IV. 1], UaauBuayanbHee YrieBOAOPOAB B KHI-
KOM COCTOSIHMM (HAmpHMep, NEHTAH M TeKCaH) IpH KOM-
HATHLIX TeMIIepaType M JABJCHUH HMEIOT NOUTH A IHTHBHEIE
06beMHl L.

In0THOCTD YrIeBOAOPOAHBIX  KHAKOCTEH MOXeT OBITh
paccyuTaHa Mo HX COCTaBY H MJIOTHOCTAM BXOASIIMX B HHX
komnonentos [IV. 88, 1. 19, 1. 2. Ilpn stom npeamona-
raetcs, 4yTo OGBbEMH NpONaHa H Gojee TAXKENHX YIVIEBOJO-
ponos npH Temneparype 155° C agmuTusHble. 3Has mioT-
HOCTb CMeceH KMIKOCTeHd, COojeprKallluX MeTaH M Gojee TH-
XKeJlble YIVIeBOLOpOLE NpH rtemneparype 155°C u nasJe-
Hup | aT, MOXHO BBIYHC/JHTH KaXyMYKOCSd NJIOTHOCTb pac-
tBopenHoro MeraHa. Ha puc. IV. 31 npuseneHn 3HaueHHs
KaXxylleics: NJOTHOCTH MeTaHa M 3TaHa, PaCTBOPEHHBIX
B YIVIEBOZOPOLHBIX >KHAKOCTSIX, B 3aBHCHMOCTH OT HX IpO-

! O6beMbl CcMecell METAHOBBIX € apPOMaTHYECKHMH YIVIeBOJAO-
POAIAMH He ABJSIOTCA BIOJHe ajAAHTHBHHIMH, — [Ipum. ped.

Puc. 1V.28. CxuMaeMOCTb NPHPOJHLIX Ta-
308 (IV. 93],

HEHTHOTO COJ@PXKaHus M MJOTHOCTH (pacTBopHTens. [1puMep
pacueTa MJIOTHOCTH KHIKOCTH IO ee COCTaBy NPHBEAEH B
ta6a, 1V.15. Tlpn pacTBOpeHHMH a3oTa B XHAKOCTH NAOT-
Hocreio 0,68 2/cm3 ero Kaxymasicss NJAOTHOCTH COCTaBJSIET

0,48 efcm3,
Tabauya 1V. 15
Mpumep pacueTa NJIOTHOCTH KHUAKOCTH MO ee COCTABY,
npu naejenud 112 am u Temnepatype 49° C

Moasp-| Mmoe- Inor- 2
Has | yviap- HOCTB S
KomnoHeHT gonst | ypn | Moam | xum- X
KHJ~ pec KOCTH, "§
KOCTH afem? <
Yraekucawii ras ., 0,0029| 44 0,13((0,420){ 0,31
Meran 0,2943] 16 4,731(0,320)| 14,77
Sran 0,05101 30 1,53 ((0,485)] 3,16
INponan . 0,0356} 44 1,567 | 0,5072| 3,09
H3o6yTan . 0,0167f 58 0,9710,5625, 1,72
H-0yTaH . 0,0275] 58 1,60]0,5836] 2,75
INentanu 0,1463} 72 | 10,55} 0,6270| 16,80
Tekcann . 0,1283] 86 | 11,05)0,6630; 16,70
Tentauul + . . 0,2974] 196 | 58,30 0,8500] 68,50
Meran +. . . .. 90,43 127,80
dran  +. . . . 85,70 113,03
Mpoman+. . . . . . 84,17 109,87
TlnorHocerk Merad Cy - = 90,43/127,8 = 0,708 2/cM3
InorHocTh 3TaH C; - =85,70/113,03 = 0,757 2/cu?
TlnorHocTk nponal Cg -}- = 84,17/109,87 = 0,768 e/cm?
TlnorHocts npu 15,5°C u 1 am = 0,708 2/cm3
TlonpaBKa Ha JaBJ€HHE K MNJOTHOCTH NMPH fAaBjeHHH 112 ama

(puc. 1V.32) cocrasnser --0,010, nostomy nJoTHoCTb BMecro 0,708
6yner 0,718,

TTo nsotHocru 0,718 u Temnepatype 49° C HaxoAHM MJOTHOCTH
cMecH, pasHyio 0,691 (pHc. IV.2a),

TakHM 06pasoM, DJOTHOCTb NPH Temneparype 49° C H faBJeHHH
112 am cocrasaser 0,691 2/cms.

Hpu mewanue, Janpue p3aTH H3 [IV.50].
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Puc. 1V.29. Opro6apuveckas nJOTHOCTb KuMAKOCTed H nmapos [I. 2]

A —cmech 8 % moa. CHs u 92% C;He npu aGcomorHoM AaBJAeHHH, paBHOM 26—52 am; B — 50,25 mo Becy C,Hgu 4975%
n=C;Hye; € —19,2% 1m0 Becy CHa4 u 80,8%CeHy, TPH aGcomoTHOM naB/ieHHH, paBHOM 170—175 am; D — 7,15 %no secy ClH 4
u 92,85 %n-C;Hy, npH a6comoTHOM JIaBJIeHHH, DaBHOM 60—74; E — B3ATO M3 CTAHAAPTHHX He®TAHHIX Tabuuu, F —7,15% mo
secy CH,w 02,85Y% CsHy mpu aBcomorHoM paBienHn, paBuom 210 am; G — 9,78 % mo secy C:Hy u 90.22% n-C,Hyg /{1 —
rasonut; [ — HedTb; J — HedThb MecTOpoxkAcHHs KOnpoe HepeMeHHOro coctaBa npu 172--216 ar; K—8% mno Becy rasa
B HedTH MecTopoxzAeHHs mpu L==5,11%no Becy rasa B HedTH npombicia CaHTa (CCnpuHTC IpH aGCOMIOTHOM AABJIEHHH,
paBHOM 148-—180; M —BepeTeHHOe Mac/J0 H3 NeHCHJIbBAHCKOMH HedTH npu arMochepuom namdenus; N — 4% no Becy CHy
B 6ecuBeTHOM MacJe IpH a6COJNIOTHOM JaBJeHHH, paBHOM 136—170; O — OKJaXOMCKOe CMa304HOe MAacJOo NpPH aTMochepHOM
JaBJIEeHHH; P — KeTT/IMAHCKHA KOHZeHcaT npu 38-—58 ar; I— Bola; 2 — GeH30uJ; 3 — HHUKJIOTeKcaH; 4 — popekad;
5 —yHleKaH; 6,— AekaH; 7 — HOHaH; § — H-OKTaH; 9 — H-renraH; I0 — nAHH3ONpONuA; Il — AHH306yTHN; 12 — H-TeKcaH; [§ —
N-nieHTaH; [ — uaoneHTaH; 15 — #-6ytan; 16 — usoGyran; I7 — NPOEHJeH; I8 — MponaHu; ]9 — aTaH; 20 — 3TH/CH,
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Kawywascs nnomnocms npu 15,5°C
ulam,zjcm3

Xapakrep BNHAHHS JaBJeHHS Ha IJIOTHOCTh MKHIKOCTH
3aBHCHT OT {IJIOTHOCTH caMo# KuAxoctH. [Ipu 3ToM, gem
MeHpllle TJIOTHOCTL JKHAKOCTH HJIH yeM GJHKe ee TeMile-
patypa K KpHTHYeckoH, TeM GoJjplle €€ CKHMAaeMOCTh.
Ha puc. IV.32 pana nompaBxa NJIOTHOCTH Ha JaBJeHHE
B 3aBHCHMOCTH OT ILIOTHOCTH XHAKocTd mpu 15,5° C. Tpy6
[IV.93a] npemnoxus aumarpaMMy Ansl oNpeleJeHHS CiKH-
MaeMOCTH TJIaCTOBBLIX YIJIEBOLOPOAHHX IKHAKOCTeH (puc.
1V. 32c). 3naveHnst nceBIOKPHTHIECKHX TapaMeTPOB  MoO-
ryT GbITbL B3sTH H3 puc. IV. 32a u IV. 32B.

Puc. IV.31. Kaxylasica nJaoTHoCTe MeTaHa H 3Tada
{Iv, 88, L 2].
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12. MAPUHAJIBHBIE OBbBEMBI

MapuyuaasHEM 0GBEMOM KOMIIOHEHTAa HasblBaeTcsi Ha-
Mehetne o0beMa CHCTEMBI IPH 10GaBJEHWM K Hell eXHHUILbI
MaccH 3TOro KOMmOHeNTa. [lapunanbHbl 060beM 3aBHCHT
OT TeMIepaTyphl, JaBJeHus U coctaBa ¢aswl [1V. 78], [Tpea-
CTABJISIET HHTePeC CpaBHeHUe HapUHaJ/bHEX O6BLEMOB OIpe-
JeJeHHHX KOMIIOHEHTOB B cMecsax pasHoro cocrasa. Ouc,
Ceax u Jlecu [IV.65] npeacraBuau OaHHbBEe O NapLHaJL-
HHX o0beMax #-0yTaHa U H-TekKana npu 137,5°C (puc.
1V.33 u 1V. 34) B ¢yHKUMM OT AaBJEHHS H KOHLUEHTpALHH
6yrana B GuHapHofi cucreMe. ITo s™uM rpadukaM MOXHO
HeNoCpeACTBEHHO PAcCUUTHIBATL MJIOTHOCTh KHAKOH (hasnt
npu 137,5° C.
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Puc, 1V.33. Mapinanbubiil o6bem gekaHa mpu 138° C B cu-
creMe #-Gyrau-gekau [IV, 65]. laBnenne B ar: [ — 70;
2 — 140; 3 —210; 4 — 280; 5§ — 420; 6 — 560; 7 — 700.
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Puc. 1V, 34. [Mapunanbubil o6bem k-6yrama npu
138°C B cucreMe H-Gyran — gekan (IV. 65]. dasnae-
HHe HacwbilleHHs B ar: [ —70; 2 — 140; 8 — 210;

4 — 280; 5 —420; 6 — 560; 7 —700.
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fipemep

PaccuntaTh MIOTHOCTb UAKOCTH, coctosiiedi nz 0,463
MOJbHHX poseit GyraHa # 0,537 MoabHBHIX mOJed aexkana
npu Jasnenun 280 ar u TeMmnepatype 137,5° C (Ounac, Cenx
u Jlecu [IV.65] onpenennyu sKCrnepUMEHTaJbHO OJA 3THX
ycaoBul 06beM | M046 3TOH cMecH paBHBIM 165,2 cm3/moas).

Pemenune

" Ucnonways nmapunansubie oobeMet (puc. IV. 33 n 1V. 34),
HAXOLUM CJelyIolee.

IMap- Ilpoussefe-
HUaJbHBIH HHe
¥Yraepojo- M::;' 06BeM NMpPH | MoJbHAR
poas fona 2185)7?27:1 H |nonnX nap-
» LHaJAbHBIH
cmd/monb 06BeM
n-ByTan 0,463 113,3 52,5
Hexau 0,537 209,8 112,7
CyMMma 165,2

Besnunna 165,2 TOUHO COOTBETCTBYET SKCIEPHMEHTaJb-
HOMY 3HayeHH1o. HMcmosb3ys KaKyuidecsi MNMJAOTHOCTH HH-
JUBHAYaJbHBX KOMIIOHEHTOB C MONpPaBKaMH Ha TeMmepa-
TYpYy ¥ AaBJEHHS CMeCH, HaXOOUM:

Yraepopo-| Modb- | Moueky- ITnzI;;ocrb
POREI Has S5t pHBIH Mouau 15,5¢ C CM3/M0Ab
JOJIs1 Bec o/emd
Byran 0,463 58 26,9 0,6844 46,1
Y 774 105,4
Jekan 0,537 144 1073 0,7341 G5

Takum o6pasowm, npu 15,5°C n arMocthepHoM naBsenud

NIOTHOCTb paBHseTcs TEi= == 0,689 2/cm3, [lonmpaBka Ha
p 151,5 p

nasiende (puc. [V.32) pasna 0,024. [lnoTHocTh mnph
15,5°C n paBnenun 280 ar pasHa 0,713 e/cud [lo stod
IVIOTHOCTH, H 1O pa3HOCTH TeMnepaTyp (puc. IV.29) Ha-
XopuM mioTHocte mpu 137,5°, paBuyio 0,605 efcud. ¥ pennb-
HHH looﬁAbgM 165,2 ¢cm3/moab COOTBETCTBYET IJIOTHOCTH, PaB-
HOH 16520 = 0,63 2/cms,

Taknm 06pa3oM, MJIOTHOCTb KHUAKOCTH, BBHIUACJEeHHas
nogo6HHM MeToqoM, Ha 49 HHXKe MIOTHOCTH, MOJYUYeHHOR
SKCIepUMEeHTAJbHO.

13. XAPAKTEPUCTHYECKHHA ®AKTOP
YIJIEBOLOPONLOB

YrneBoaopoAH, HaXOAANHeCd B MJIacTe B Ta3oo6pa3HoM
COCTOSIHHHA, KHUMNfIHe A0 65° COCTOST M3 METAaHOBHX Yr-
JIeBOAOPOJOB, a KHUNsAlHe NMpu GoJiee BHCOKOA TeMmeparty-
pe, Tak¥e H M3 apoMaTHUeCKHX M Ha(TEHOBHX YIJIeBOLO-
ponos. Ilpn cTaHOapTHOM aHa/MH3e TAaKHUX YIJEBOAODOMHLIX
XKHIKOCTeH ONpefessioT Npejesbl KHMeHHs, yAejbHHe Be-
ca 4 MHOTAa MOJIeKYJSpHEIEe Beca.

Cmut n Barcon (Smith and Watson) [IV.86] npenJo-
XKUJIH XapaKTepHCTHUecKHH (haKTop YIrJIeBOJOPOAOB B CJe-

AyouieM Buie: 3

K VT
081618 (v2° - 0,00826)
rie K — xapakrepucruueckufl ¢paktop yraesogoponos; T —
cpefHss Temneparypa kunmehns B °K; v, — yaesbHuIf

BeC XKuAxocTH npH 20° C (GepeTcs N0 OTHOWEHUIO K YAEJb-
HOMY Becy BoAbl npu 4° C unn B 2/cu3).

(IV. 25)
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Puc. 1V.36. CooTHolleHue MeXKAY MOJIEKYJSPHLIM BeCOM, XaPakTepPHCTH4eckKMM (PAKTOPOM, HJAOTHOCTBIO M TeMmepa-
Typoit Kunenus [IV.86, I 2].

Ha puc. 1V.35 [[.2] nawo cooTHolleHHe MeXAy IJoT-  JewHast Ha puc. 1V. 36, naer coorHoiledne Mekay TeMne-
HOCTBIO H TeMnepaTy'poﬁ KHIEHHa AJs8 Das3JIN4HbIX KHUIAKO-
CTeﬁ, a TakKiXe IpOBeAeHbl JIHHHH NNOCTOAHHDBIX 3HaueHHH
xapaxtepuctuyeckoro ¢akropa K. Inarpamma, npencras- HEIM BecoM, YHeJbHEM BecoM H Koadduuuentom K.
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§ 3. NIOBEPXHOCTHOE HATSI)KEHHE

B paszene o kamumanspHoM [JaBJeHMM TOKa3aHO, 4TO  Tpollecc o6pas3oBaHMs NeHb H XapaKTep npolecca KHIeHHs,
HeloJiHoe BHITeCHEHHe JKMAKOCTH M3 [OPHCTOH cpeAbl Bhl-  KOrAa Nap M JKHJAKOCTb HAaXOASITCA B TeCHOM KOHTaKTe.
3biBaeTCsl AeficTBHEM KamuuansipHuX cui. Hannunem noBepx- [ToBepXHOCTHOE HaTsKeHHe, BO3HHKAlOllee Ha IOBEDX-
HOCTHOrO HaTSXKEHHs OGBSCHIIOTCH TakHe S$IBJCHHA, Kak  HOCTH Dasjena JKHIKOCTH H Iapa, BLI3BIBAETCS Da3HuHEM
) MOJIEKYJISIDHBIX CHJI B Nape M B JKHAKOCTH M OTCYTCTBHEM
paBHOBeCHsl 5THX CHJ Ha IOBEPXHOCTH pa3fena.

Us pannux pa6or mo ompeleneHH0 NOBEPXHOCTHOIO Ha-
TSXKEHUS] IJACTOBHIX HedTel, colepKallHX DacTBOPEHHBIH
ras, cjaenyer orMetuTs paGoTy. Buuepa u Ilapkxapcra
(Becer and Parkhurst) [IV. 8].
OgHHUM M3 MeTOLOB oOlpesese-
HHSI TTOBEPXHOCTHOTO HaTSXKeHHA
SBJSETCSI METOA OTphIBa KOJIb-
na (puc. IV. 37). CymHocTb
3TOrO MeTOJa COCTOMT B TOM,
uTO AN OTpblBa KoJsblla OT IO-

Puc. 1V, 37. Ounpepgenenue BepXHOOTH pasfena AByX a3
NOBEPXHOCTHOTO HaTAXe- /1o AA HeOOXOANMO NPHJIOKHTL CHIY,
HHS  MeTOJOM  OTpBIBA [PONGPUHOHAMBHYIO  YABOEHHOH

KOJIbl1a. JJIMHEe OKPYXKHOCTH Kosbua. Ta-

kUM 06pa3oM, NOBepPXHOCTHOE
HaTsiKeHHe  BHIpaxKaeTcs  Kak
CHJa, JeACTBYIOLlAsl Ha edMHHLe
LJuHBL (B Ounfcm).
Kannanspusli meTon ompefe-  pyc. V. 38. Onpe-
|- X - A JIeHs TMOBEPXHOCTHOTO HATAXKE-  jajeype  TMOBEPXHOCT-
e ———) nust [eM. puc. 11 38 B GOPMYANY 010 waTsIKEHHS Me-
= ————— (I. 22)] ocHoBaH Ha M3MePEHHH  1onoy Bucsgell KarlH.
— ——— ——— —— BLICOTH  MOABheMa KHAKOCTH B
 —— —— KanuaasipHo#t rpy6ke. HenocraTkom 3Toro Meroia sBJser-

_____
35
I \34f6<8%,3$§g\
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I~ 1oayon; 2 — Gensos; 3 — nuu3cOytHa; 4 — 6yTeH-2; § — 6yTeH-1; 6 — WponmuaeH; 7 — aleTHAeH; 8 —

STHJIEH.

CMauMBaHUsA CTEHOK KaMHMJIApa HCCHAeayeMOH KHAKOCTbIO,
B cayyae MOMHOrO CMaYHBaHHS XKHAKOCTLIO MOBEPXHOCTH
Kanuaaspa cos®= 1 u naMepemus craHoBsiTCH Haxek-
HBIMH.

HaunGonee npeanouTHTeNLHHIM METONLOM U3MepeHHs Mo-
BEPXHOCTHOTO HATAMXKEHHS fABJsETCS METOJA BHCsuell KalJw,
TaK KaK OH 3aBHCHT TOJLKO OT [JIOTHOCTH JKHAKOCTH H
pasmepoB Kamiu H He 3aBHCHUT OT yIrJla CMAYHBAHHS KHI-
KOCTb® TBepAoH nosepxHocTH (puc. IV.38). Bes npume-
HsleMas A 3TOr0 MeTOda annapatypa MoKeT GwITh Mo-
MelleHa B cocyle Buicokoro Jasiaends [IV.36, IV. 44l
DopMyna AJs TOACYCTa MOBEPXHOCTHOTO HATSKEHHS NpH
H3MEPEeHHH N0 3TOMY METOAY MOMKET GLITh HANHCAHA B BHIE

gd?
S="F (px—"Fr)

tlle O-— MOBEDXHOCTHOE HaTsKeHHe; d, — MAKCHMAJLHbIM
nuaMeTp kamau (pHe. IV. 38); g — ycKopenwe cHabl TH-
KeCTH; H — nocTosiHHas BeJMYHHA, sBJAsIomIascs (yHKUHEN
oThelleHHs1 do/de, Toe d, onpemensercs ci0oco6oM, Io-
Ka3aHHbIM Ha puc. V. 38.

3navenna H.B 3aBucuMoctu or ds/d. npupenensl B pa-
6ore ®Popaxena (Fordhan) [IV. 33l

IloBepxHOCTHOE HaTfAKeHHE HWHIMBHIYaJbHBIX KHIKO-
CTedl Ha rpaHulle C apOM ¢ DOCTOM TeMNepaTyps yMeHb-

116

(1V. 26)

maercsl, JOCTHras 3HAYEHHS, PABHOTO HYJIO TNPH KpHTHUe-
ckoii teMneparype {puc. IV.39, IV.40) [IV.49]. Kaxnas
Tpynna yrieBoJ0POJOB HMeeT CBOIO KDHBYIO 3aBHCHMOCTH
(puc. IV.41) noBepXHOCTHOTO HaTsXeHHs OT MPUBeICH-
Ho#l TeMnepatypsl [IV. 49].

Beiinayr u Karu (Weinaug and Katz) [IV.94] uccie-
JI0BaJH TOBEPXHOCTHOE HATSXKEHHE CMecH MeTaH—Mpomad
npH pasHHX TeMIepaTypax B 3aBHCHMOCTH OT JAaBJieHH4
(puc. 1V.42). Ha puc. IV. 43 mnpexacraBned rpadHk, H4
KOTOpPOM COBMELIeHb AHarpaMMa JaBJleHne — TeMMepaTypa
H 3HAYEHHS [OBEPXHOCTHOTO HaTsKeHHs, HaduWHas ¢ 110
BEPXHOCTHOrO HATsAXKEHHs, DaBHOTO Hymo Ha oOrHGalomed
KPHBOH KDUTHUECKHX TOYEK.

ITpu naBeHHAX, MeHbLUIMX KpHTHueckux Ha 14 a7, mno-
BepXHOCTHOE HATsXKEHHEe METaH-NPONaHOBHX CMeceH COCTaB-
asiet Menee 0,5 Oun/cm. Befinayr 0 KaTil paccuHTbIBAJH Tak-
e TNOBepXHOCTHOE HaTsi)KeHHe MeTaH-MPOMAaHOBbIX cMmeced,
HCMONIL3YA 3HAUEHHs Mapaxop WHAHBHAYaJbHHIX KOMIIOHEH-
TOB Mo (opMyne

d d d
c‘h:Pl(xl-[éK——yl—ﬁ;)—{—Pg(szi'—yzx
K
dn) .
_ 1v. 27
Xa) e (
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Puc, IV. 41, 3aBHCHMOCTb NOBEPXHOCTHOTO HATAMXKEHHS YIJEBOJAOPOJAOB OT NPHBEAEH-
HOoH TeMnepaTypw [IV.49]).

I — n3onapadunel; 2 — HOpMasnbHbe NapadHHbL; § — cMecH YIVIenoLopolos; 4 — GeH3od; § — Toayod.

rae Py, P; — napaxopul OTIebHbIX BeIleCTB HJIH KOMIOHEH-
TOB B CMECH; X], X2 — MOJIbHbIE J0JIH KOMIIOHEHTOB B YKH[-
koil ¢ase; dx — NJIOTHOCTL Kuaxoi $asel B 2/cm3; My —
MOJIEKYJSIDHBIH BeC MHUAKOH ¢asbl; 41, y2 — MOJbLHBIE AOJH
KOMIOHEHTOB B NapoBoil ¢ase; dn — MIOTHOCTH MapoOBOi
dase B 2/cm?; Mp — MoJexkyJspHHH Bec mMapoBoi ¢ashi;
O — MOBEPXHOCTHOE HaTsXKeHue B OuH/cH.

Hnnekcw 1, 2, ... 0603Ha4aloT MHMBHAYAJbHbIE KOMIIO-
HEHTH B CMeCH.

3HauyeHHs Napaxop KOMIOHEHTOB HJH CMecell MOryT
GHTb WJIH ONpelesieHbl MO CTPYKTYype MOJIeKYJ KOMITOHEH-
TOB, HJHM PacCYMTAHBl 0 3HAYEHHAM MOBEPXHOCTHHIX HATH-
WeHHA HMHOMBUAYaJbHBIX  BelecPB  NpPH  aTMochepHBIX
YCJOBHSAX,

3HaueHHd mapaxop HHAMBUAYaJbHBIX BEUeCTB TPHBeIe-
#el B Taba. IV. 16.

Puc. 1V. 42. TToBepXHOCTHOE HaTsXKeHHe B CHCTEMe
TaH-—nponan [IV. 94],
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Puc. 1V. 43. TloBepxHOCTHble HATAMXKEHHS CHCTEMb
MetaH—npoman [IV. 94),

Tabauya 1V.16

3naueHus mapaxop MHAMBHIYAJbHBIX KOMMOHEHTOB®

Komnonent IMapaxop Komnonent ITapaxop
Meran , ., . . 77,0 n-Tentan . . . 312,5
dran . ., . . 108,0 a-Oxtan . , . 351,56
IMpomau . . . . 150,3 drunen . ., . . 100,1
Hsobytan . . . 181,5 Auetnnen . . . 88,6
n-Byran . . | 189,9 pornien . . . 139,9
Hsonenran . . 225,0 Bomopon . 34 (npn6au-

3UTEJIBHO)
x-TleHran . . 231,5 Asor . 41 (nputau-

3HTEJbHO)
n-Tekcan . . . 271,0

* HNannnie B3sTe u3 [1V.94].

Buiin onpeiesieHsl mapaxopbi TeNTaHOBOH H Gosee Ts-
XKesHX ¢ppakuuii HedTH. TH NaHHBIE COBMECTHO ¢ JAHHBIMH
A MHIHBUAYaJeHBIX  KOMIOHEHTOB  NPUBCHEHBl Ha
puc. 1V, 44.

MeTon pacyeTa MOBePXHOCTHOTO HATSXKEHHS HCIIOJIB3O-
Ban{ [JI PABHOBECHBIX CHCTeM HedThb— NPUPOAHHI ras3.
Peayabraibi 5THX pacuetos [IV. 48] coBMeCTHO ¢ naHHBIMH
lisapua (Schwartz) [IV. 81] u Hdxoneca (Jones) [IV. 47)
mpuBeneHsl Ha puc. IV.45. CpaBHeHHe paccunTaHHbBIX
H 3KCIeDPHMEHTAJIbHO H3MepPEeHHbIX 3HAUeHHH MOBEPXHOCTHOrD
HaTSDKEHHS! CHIPOH HedTH MOKas3biBaeT, 4TO NMPH TeMIMepa-
Type 48,3°C u naBneHnu 189 ar u3aMepeHHOe 3HaueHue
coctasasietr 1,1 Ounfem, a paccyuransoe 0,85 Ounjcm
{1V, 50]. B Hacrosimiee BpeMst MOMXHO GHThb TBEPAO yBEPeH-
HHM B TOM, YTO YIJIGBOAOPONHAS XKHAKOCTb, KOHIEHCAT HJIH
HeQTb, HaCHILEHHble NPHPOLHHIM Ta30M NDH IJIaCTOBOM
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Puc. 1V. 45, TloBepxHoCTHOe HaTs)KeHHe HedTel
[1V. 48],

1 — 3kcnepHMmedTasNbHEle RaHHbie [lsapua mpu  31°C;

2 — 3KcMepHMeHTaNlbible RaHHme J»koHca npu 35° C;

3 — pacuernble jgaHnwie Crennunra W Karuna npu 49°C.



naBneduu Gosee 210 ar, 6ynyT HMeThb MOBEPXHOCTHOe Ha-
TaxeHHe 2 Gunfcm uau MeHee. B ta6a. IV. 17 naercs npu-
Mep pacyeTa MOBEDPXHOCTHOMO HaTsIXKeHHS MO 3HAaYEHHSM
napaxop.

Ta6auya 1V.17
Pacyer noBepxXHOCTHOTO HATSKEHHS NO Napaxopam

[pu temneparype 30°C u naBneHun 56,5 am cMmech MeraH —
MponaH HMeeT cJefyiouiye CBOHCTBA B MapoBOH H XHAKOH
cdazax.

CaolicTBa JXupxaa daza [TapoBas ¢aza

MosbHast noasi MeTaHa . 0,255 0,672
MosbHas ponst mponana 0,745 0,328
MonekyasipHbIH Bec 36,9 25,2

[notHoCcTh, 2/cM3 0,4200 0,0807

3HaueHHe mapaxopa AJs MeTaHa paBHO 77, a AJs mpo-
naHa 150,3.

0,42

0,0807
o =TT (——— 0,255 —

25,2

0,42

36.9 0,672 ) -}- 150,3 (56—,9 X

0,0807
X 0,745 — 350 0,328) = 1,176, ¢ = 1,91 Qun/cn.

DKCIIepPHMeHTa IbHO M3MepPeHHoe MOBEePXHOCTHOE HaTsKe-
HHe 171 3THX ycJI0BHH paBHO 2,14 Quufem [IV. 94],

[loBepxHOCTHEIe HATAMEOHHS I/ HHAHBHAYAJLHEX Be-
IeCTB MPUBOASTCA B TabaHnax AMepHKaHcKoro HedTAHOFO
uicrutyTa [I. 15]. TloBepxHocTHoe HaTsKeHHe CMecell Be-
wecTs OHJIO YCTAHOBJEHO C MOMOIIbI0 NPHBEHEHHBIX [MO-
BOPXHOCTHBIX HaTsxeHui [IV. 13].

[ToBepxHOCTHBIE HATSXKEHHS BOALL HA TPaHHUE C MPHPOI-
HEHM ra3oM B DaBHOBECHHX YCJOBHSIX MOJNYUeHBI XOKOTTOM
(Hocott) [IV. 42) u Xyrom, P3asa u Byazom (Hough, Rzasa
and Wood) [II. 36). [daHHble HX 3KCTEPHMEHTOR HJJIOCTPH-
pytwoTtest pue. IV, 46,
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Puc. IV. 46. 3aBuCHMOCTL MOBEPXHOCTHOFO HATHIKEHHS
BOAE Ha IpaHHlE ¢ MeTaHOM H NPHPOAHBIM Fa3oM OT
naBnenus [II. 36, IV.42).

1 MOBEPXHOCTHOE HATSI)KEHHE
HA TPAHHILE PA3JAENA XHIAKOCTb — XHAKOCTb

Ha rpanuue pasgena AByxX xuikux (a3, HanpuMmep BO-
Aa H HedTb MM BONA M KOHJEHcaT, HabJiofaercs mMoBepx-
HOCTHOE HATSIKEHHE,

Xaccad, Hunbcon u Kanxayn (Hassan, Nielsen and
Cathoun) [IV.37] HccemoBanu MOBEPXHOCTHOE HATSXKeHHe
HHIMBHLY aJBHHIX YIJIeBOLOPONOB HAa DPaHHle ¢ BOJOH B 3a-
BHCHMOCTH OT TeMepaTypn H AaBjesusi. Ha puc. IV, 47
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Puc. IV. 47. TloBepxHocTiOe uaTsiKeHHe BOAbI Ha
rpanHile ¢ HHAMBHAYAJbHBIMH YIJIEBOLOPOAAMH MNpH
49° C [IV.37).
3 — H-TIeHTaH;
H-OKTaH.

1 — nponan; 2 — x-6yray; 4 — H-rekcaf; § —

NpeicTaB/AeHH DPe3yJbTaThl HX OMHITOB, MPOBEASHHHIX MNP
Temnepatype 48,8° C. YBesuueHHe [aBJeHHs NPUBOIHT
K YMeHbIUIEHHIO MOBEPXHOCTHOIO HaTsXKeHHs. XOKOTT
[IV.42] wuccaenoBas NOBEPXHOCTHOE HATsIKEHHE MeXAy
BOJAOH H Pa3JHYHBIMH He(dTSMH, HaCHILIEHHBIMH MPHPOLHBIM
rasom (puc. IV.48). BospacTanHe NOBEpPXHOCTHOIO HAaTH-
MEeHHs1 ¢ POCTOM JaBJieHHs B 3TOM cJydae oGbAcHsercd
yBeJIHYeHNeM KOHLEeHTPAalHH pacTBOPeHHOro rasa, T. e, J0-
0aBseHHeM B CHCTeMY YFJIeBOJOPOIOB HH3KOrO MOJEKYJAp-
woro Beca. [locsle TOrO Kaxk [aBJIGHHE LOCTHTHET AaBJIEHH:

HacCbllieHHsl, IPH ﬂaane}“{meM yBequeH}m YMEHBIIUTCA
MOBEPXHOCTHOC HATsKeHHE,
by

Q,% 35 T
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Puc. IV.48. TloBepxHocTHOE HaTsIXKeHHe BOAM
Ha rpaHulle ¢ HedTSIMH, HaCHIEHHBIMH MPHPOA-
HeiM razowm [IV. 42].

I~ naBnende Hacoiuedust; 2 — edts Koupoe
77°C; 3 — nedtb Amaxyak npu 81°C.
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§ 4. TEPMOOUHAMHUYECKHE CBONCTBA

3aKkoHbl TepMOAHHAMHKH LIHPOKO MPHMEHSIOT NPH Ompe-
JeJeHHH CBOHCTB YIJIeBOAOPOAOB. Hampumep, BJAHsHHE
NaBJleHHsl HA SHTAJIBIHIO rasa MoXeT OHTb PACCYHTAHO M9
ndandeiM pVT. CkpuiTas Temjora Mapoo6pazoBaHts MOKET
OMTb OmpefesieHa MO HAKJOHY KpPHBOM YMPYroctu mnapa.

yJAeJbHasl TelJOTa ra3oB H JKHAKOcTeH, Temiora mapoo6pa-
30BaHHsl, BJIHsSHUE NABJEHHS Ha SHTAJLIHIO CXKHMaeMBHX
KoMmoHeHTOB. C MOMOIIBIO JHarpaMM 3HTaJbIHg — 3HTPO-
mus AJs MTPUPOIHHX Ta30B MOMKHO ONpeaessiTe HaMeHeHue
TeMIepaTyphsl NPH PaCHIHPEHWH rA30B HJAH 0oGpaTHMYylO pa-

Haubonee BakHWMHM ABJAAIOTCA CJeLyiOlMe CBOHCTBa:  GOTY MPH UX CIKATuH.
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Puc. 1V. 49. YnenbHas Tem10eMKOCTb Yr/eBOAOPOJHBIX Ta30B MNpPH
atMocepHoM aasJenuH {1V, 16].
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Puc. IV. 50. YnmenbHble TemnoeMKOCTH YrieBOXOPoIHEX xuakocredi [II1. 25).
I —3TaH; 2 — nponaH; 3 — H306yTaH; 4 — n-6yTaH; § — H3ONEHTaH; 6 — H-TIEHTAH; 7 — H-TeKCaH.

1. TENJIOEMKOCTb

CaojicTtBo BeleCTBa, KOTOpOe MO3BOJIAET CYAHTh O KOJH-
yecTBe Telaa, T!pe6y10111erocsi AJI MOBHIIIEHHSA HJAH TMOHH-
JKEHHA ero TeMIepaTyphl, Ha3biBaeTcd ero SHTaJbnuel-1.
ﬂJIﬁ 0I['H0¢)a3HOI‘O COCTOfIHHA BellecTBa H3IMCHEHHE 3HTAJb-
NMHH B 3aBHCHMOCTH OT H3MEHCHHUA TeMIepaTyphl T u pas-
JIEHHA p onpeneJiseTcs ypaBHEHHEM

2 2
ol
Iy—1, = cpdT+ (5’;) dp.
1 1 T

BiHsiHHe Ha 3HTAJLIHIO TOJBLKO TEMIEpaTyphH BHpa-
Waencsi yAeNBHOH TeIIOeMKOCTbIO TPH MOCTOSIHHOM [aB-

(Iv. 28

JIGHHH Cp:
af
€, = (Cﬁ,)p. (IV. 29)
BinsiHHe TOABKO MaBneHdsi BHIPAXKaeTcs ypaBHEHHeM
oH av
(‘%)T: V_—‘T(ﬁ)p’ (1V. 30)

rae V — o6bem.
df
Jns uaeanbHEIX ras’os g;) r= 0. Tns peadbHux ra-
30B M3MEHEHHEe 5HTAJbIIHK TNPH H3MEHeHHH JaBJieHHs BHIpa-
}KaeTcs yepe3 Ko3pOHUIHCHT CXKHMAeMOCTH 2;

OH\  — RT: oz
(6,] )Tz"p_(aT),,‘ (1v. 31)

YaenbHble TeNIOEMKOCTH Ta30B W KHAKOCTell ompefe-
JAI0TCA 3KCNIEPHMEHTANLHO Ka/lOPHMEDPHUECKHM METOI0M,
KaK TIPaBHJIO, IPH aTMOC(epPHOM IaBJOHHH. YileJbHLie Teil-
JIOEMKOCTH Fa30B H XHIKOCTeH, COCTOSIINX H3 HECJOKHHIX
MOJIGKYJl, MOTYT GhITh OIpeJeJeHH MO CNEKTPOCKOMHYECKK M
JaHHbIM.

YiensHas TemnoeMKoCTb LIS UPAPOAHEIX TA30B Tpd
aTMOC(EepPHOM MaBJIGHHH 3aBHCHT OT TeMIepaTyph H OT
YZeJbHOrO WJH MoJeKyasipHoro Beca rasa. Ha puc. 1V. 49
u V. 50 npuBegeHbl yaennHbe TEMIOEMKOCTH [a30B # KHA-
KOCTell To JaHHbIM HecaenoBaruii Bpayma m XoaxomGa
(Brown and Holgomb) [III, 25, 1V. 14, 1V. 16]. YaennHuii
Bec MPHPOAHOrO rasa HCIOJb3YeTCs JJsi ONpefelieHAs Teye-
HHSl JIMHHH yIenbHOH TemJoeMKOCTH mapos. [IpH ompenene-
HMH  YHeJbHOH TeNJOeMKOCTH MapOB  BhICOKOKHISIINX
XKHUIKOCTell TpefyeTCs 3HaThb TOJbLKO XapaKTepPUCTHYECKHl
¢akrop yraesomoponos [I. 8]. ViennHas TemaoeMKocTh
XKHIKHX YIJIeBOJOPOAOB MOMKeT GhbITh OTpefesieHa Mo JHa-
rpaMMe, npuBefeHHol Ha puc. IV. 50, nas yero Heo6XomuMO
3HaTb ero HaHMeHOBAaHHe HIHM YAC/LHLIHA Bec.

2. BJIHAHHE JABJIEHHSA HA 3HTAJIBIIHIO
H YO EJNBHYIO TENNJTOEMKOCTH

BansiHHe maBJieHHs Ha 3HTAJBIHIO MOXHO HAiTH M3 3a-
KOHAa COOTBETCTBEHHHIX cocroswuil, Tak Kak BJMsHHe MAaB-
JleHust onpelle/isieTcs NPH NOCTOSHHOM TeMIepaType, To IJs

5TOH LelMH YAOGHO MOJB30BAThCs BLIpaKeHHeM L —7 . Ha
pHC.

IV.51 no namnmim DBpayna [IV.16] naercs 3asuca-
Al
MOCTb BeJHYHHH —_T"' OT IIpPUBOASHHOIO [NaBJIEHHSA npa

pa3NMUHEIX TeMIepaTypax. DTa JIuarpaMMma, TDHMeHHMasa
JUIs IPHPOJHBIX [a30B, NMOCTPOEHAa Ha OCHOBAHHH KO3(pdH-
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Puc. 1V.5]. BiausHHe HaBJeHds Ha SHTaJbIHIO mpHpoAHbix rasos [IV. 16].

IMCHTOB C:KUMaeMOCTH, B3ATHIX M3 mHarpaMMsi puc. 1V. 16,

dz
Ecan (57) MOJIOKHTEJNLHO (uTO ObiBaeT NPH 3HAUCHHH
p

npuBeyieHHOro TasJjexua ot 8 go 10 ar wau npx abcosoT-
HHIX faBJeHHAX 1o 350 ar), TO SHTaNBLNMA rasa yMeHbIna-
eTci TMPH CXATHH rasa H, HaoGOPOT, YBeJHYHBAETCH MNpH
ero pacmupenuu. CJef0oBaTe/NbHO, TMONOXKHTeJbHble 3Haye-

Al
HHA  BeJHUHHBI i ABJAIOTCA sHTaJbNHel, mnorJoulaeMoi

NPH paculMpeHHH rasa, Tak Kak A =I,—1I.
Jlns cMeced Ta30B NpPH mepexoje K NPHBEAGHHBLIM yC-
JIOBHSIM TOJIb3YIOTCST HCeBAOKPHTHYECKHMH JaBJEHHSIMH H

2
TeMnepatypamil. EciM Gy OTpHUATeALHO IS TA30B MpH

BHCOKAX JgaBacuusx (puc. IV.16), To npH pacmHpeHud
rasa TeMIepaTypa YBeJHUHBaeTCs.

Anmuctep (Edmister) [IV. 29] onpesgensier BaHsAHHe 1aB-

Al

JIeHusl, HACMOJb3ySA HECKOJbKO OTJHYHOEe BLIDAXKaHHEC T‘:
c

B KOTODOM BMeECTO [eHCTBHTEJNLHOH TeMnepaTypu Oepercd
nceBAOKpHTHYeCKas (CM. nuHarpammy Ha puc. IV. 52),
Kosdduunent Jxxoyns—Tomcorna v [IV. 91] Bripakaercs

B BH]IeE
ﬂ

122

H3MeHeHHe TeMmepaTypsl TNPH pacilMPeHHH rasa, fpo-
HCXoAfllee MPH OTCYTCTBAH MepegayH TellJa HIH paboTH,
YUHTHIBAET BJMSHHE [aBJCHHA Ha SHTAJBIHIO ¥ YIEJILHYIO

TeIJIOEMKOCTD!
av
r(%) v
4

p=——F-
‘p

Jaa onpenesnenns Koabduuuerra Jlxoyns — Tomcona
AamucTepoM Oblia TpelsoXeHa o6ollieHHas JAHarpaMma
[1V. 29]. Cenx u JlecH ompefe]H/H 3HAYEHHe 3TOTO KO3(-
GuUHeHTa A/ HEKOTOPHIX YrJaeBogopoioBs. s MeraH-mpo-
MaHOBEIX CMeceH 3TOT Ko3dguuueHT Onhu ompeaedeH ba-
neHxonbuepoM, BoTkuHoM, Cemkem, Jlecu (Badenholzer,
Botkin, Sage and Lacey) [IV. 17]. Ha puc. IV. 53 mpex-
CTaBJeHb MaHHble 3THX aBTODOB JUIA CMeCH, cojepiKallei
75,52% Bec. MeTaHa.

VnenbHas TEMJIOEMKOCTh NDH NMOCTOSAHHOM JaBJICHHH 1/
peaJbHLIX Ta30B 3aBHCHT OT JaBJeHHA 1, Ha puc. IV. 54
IpHBeenbl KPHBLIE 3aBHCHMOCTH TellJIOBMKOCTH Cp OT TeM-
nepaTypbl MPH Pas/HYHLIX 3HAYEHHAX AaBJEHHA [Js CMeCH,
cocrosimel u3 85,4% mos. Merana u 14,6% Mo nponasa
[Iv. 17].

(IV. 32)

I D10 O6CTOSTENLCTBO HEOOXOJIMMO YUHTHIBATL IIPH pacyeTax
Tensgonepelayd u ne6utoB. — fipum. s8ed. ped.
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Puc. 1V.52, Buusinne HaBJeHHS H TeMnepaTypsl Ha SHTAMBAHIO NPHPOAHHIX razos [IV. 29]

UTo6H He €OCTaBJATb MHOMX I'padHKoB, NOLOGHHX 3TO-
My, OTJIHUAWIIHXCA OT T'a30B Pa3JIHUHOH MJIOTHOCTH, DIMH-
crep [IV. 29] npexcraBus rpadHKH B HECKOJLKO HHOM BHJE,
a MMEHHO B BHJe 3aBHCHMOCTHA Cp OT NpHBEAEGHHHX AaB-
JenHss H Temmepatypnl (puc. IV.55). dror rpaduk nosso-
AeT ONpefeNiTh Cp NPH JAHHBIX [aBJACHHM H TeMmeparype
IJ1A Fa30B pPa3JHYHOrO YAEJBHOIO Beca.

YneqbHas TeMIOEMKOCTh IPH HNOCTOSHHOM oOfbeMe Cyp
CBASLIBAGTCH € YMeJBHOH TeMJOEMKOCTBIO NPH NOCTOSHHOM
NBJIEHHH /S HIeaNbHBIX [a30B CJHefYIOIIHM BHIpame-
HHeM:

¢, = ¢y + R =cy -+ 1,9 [kas/moas - °C].

Cp
OTHOWeHHe YAEJbHHIX TemnoeMkocTell K = . HCnoJb-
vV

3yeTcs NpH pacyerax afHabaTHYecKoro cikaTus rasos. s
HIeaNbHHIX T'a30B agHafaTHYeCKHil npolecc 3anHChiBaeTcs
B BuJie

pVE — const,

3HavenHs OTHOMIEHHS TenuoeMKocTell K 413 mapos yrie-
BOMOPOJOB NPUBEACHH Ha puc. 1V. 56, a nig wHAHBHAYAMD-
HEIX YrieBOAOPOLOB NpH aTMOCHEPHOM [aBJeHWH B TabJ.
II. 1,
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Habrenue, am

Puc. 1V.53. 3nauenus koadouuneuros Axoyna—Tom-
CoHa JUIA MeTaH-NPONAaHOBOA  CMecH, cojepxaruieil
07552 noselt no mecy (854%wos) wmerama [1V, 17].
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Puc. 1V.56. 3uayenns OTHOLUlEHHs TeijoeMkocrell K aas mapos yraesogoponos [IV. 29]
(nyTe ompegenenns K mokKasam Ha AMarpaMMe CTPEJIKOR).
1 — MeTaH; 2 — 3TH/JEH; 3,— 3TaH: 4 — NPOIHJEH; 5 -- nponaH; 6 — W306yTHJAEH; 7 — H30GYTaH;
§ — 2-GyTen; 9 — n-GyTaH; [0 — u3oneHTaH; Il — N-TeHTaH; 12 — Genson: I3 — KHH3OMPONMJ, 14—
N-TekcaH; 15 — H-renTaH; [6 — OMH306YTHA H H-OKTaH.

124



125

6 810
Cp TpH

4

3
i

3

2

0,304 060840

0,2

flpuBedenrnoe dabnerue p

0,10

Do WOH[rDN 9Dy

0.02 0,030,04 0,06

0,01

1
]
T
SN N
020054&0\ AN R CRNANEE
00/}/4/ ;\ OTon%r'/bvq/Q\ﬂb(% Q/
.w /,\/: j\\ . omw/npux,, SN NN Mm“ T/u/,
7277 NAVEE WAVANII A WAEARY
Wy A/ \ NN NN // AUAUAWANAN
\\\\\\\\\\ A Oy M\/ // // N ///..// ////
> :
BZ AN NIASEINAN A N
=1 I e ™~
Lo . 7/.//,[ ” .!/A 7/ 7////4 ///// // 7
e S S e e AR S NS SANEA S
B S s S /!//// N /r/./ N /// A/ //
_ ~N ] )H///M// ANDNUANAVE VA A
QJJQ//”/H/; /”/////// N /r/ //// // /
SH oINS (ﬂ// NSNS R~ //
B\ &P B2 N N N SVAN N J N //
Nl NN N NN N\
AMO_‘ITQMUQ/// WA ///, WY NN R
BECIEENN NN NN h RGN
R AN RN R AR AT RN
SR ) /
e _s/ﬂ/)//u NSNS NN
oOQ\.,\O ) /// SRR ////,/,w/// ™ N - //
N\,
N /W/C D N\ ¥ q ///
O\ \ AN N N N,
%W . N l/,/ '/// '/ J/
NN NN AN
NN, N\ NN N AN
AN //h// /m N N SAUN A
AANNNNY \NUNNANIN
NN\ N NN //////
L NN RN NN,
) S o O 9 o S © 3 ™M N QR 9 ¥ M o w XN S
S S® 3 ¥ 5 S . S S I g w,w,w,w,w, =

JIaHHOM JaBJIeHHH MHHYC Cp NpH aTMocdepHoM naBnaeHHu) [IV. 29}
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3. CKPBITASl TENJIOTA NAPOOBPA30BAHHA

CkpbITas TeloTa HJH HTaJbIHs NapooGpa3oBaHus s
YHCTHIX BelleCTB — 3TO SHepnHs, HeoGXx01uMas AJs HCMape-
HHSl @IHHHIB BellleCTBA NPH MOCTOSIHHBIX JaBJEHHH H TeM-
neparype. OHa cBsi3aHa C KpPHBOH yNpyrocTH napa ypaa-
HeHneM Knaysnyca — KnanefipoHa

dp Al AS

d
rie E%;—Hax.non KpHBOii ynpyrocth napa; AJ — ckphl-

Tas TemjaoTa NapooGpa3oBaHusi, NpHpallleHHe SHTAJbIHHA
npu u3MeHeHun ¢aszoBoro coctosHHs; T — aGconioTHAas
temnepatypa; 4V — npupaimenne o6beMa npu napooGpaso-
BaHun; AS — NpHpalleHHe 3HTPONMHH NPH Napoo6pasoBaHHH.

Our (Young) {IV. 97] BuYHCAHN 3HAYeHHs CKPHITOH
TeNJOTH NMapooGpa30BaHus [Jsi TPHAUATH YHCTEHX BeLIECTB,
IJ1s1 KOTOPHX HM OBIIH MOJIydeHH 3HaYeHHs yNpYrocTH mna-

dT = TAV — RV>» (V. 33) pa M naoTHoCTH (as.
1
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Puc, IV.58. 3aBHCHMOCTh 3HTAJBNMA NEeHTaHa OoT TeMmlepaTyph u JaBJjenus [IV. 56].
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Puc. IV. 59. CxprlTas Tennora mcnape-
HHSl HHAHBHAYaJbHHX BewecTs [II1. 25].

——
"—
/

I — n-pmonexaH: 2 — H-YHIEKaH; 3 — r-geKau.

4 — H-HOHaH; 5 — H-OKTaH: 6 — H-renram;
7 — H-reKcaH: 8 — H-TIeHTaH; 9 — M30NeHTaH.;

e

10 — #-6Gyran; 11 — usobyraH; lZ—r;ponan; \ \
i S o RN SR FANERNST
. Y (e Tl
' | IANY
0 \. RN
=50 0 =50 100 150 200 250 300 350 400
Temnepamypa,®C

I'papukn Ha puc. IV, 57 uanoctpupylorT yBeaHueHH:
SHTAJLIIHH BellecTBa NPH ero HarpeBahuu. [Js uHcTOrO
BELIEeCTBA 3TO yBeJHUSHHE 3HTAJILIHH MPOHCXOLHT MO JHHHH
ABCD, Orpesok AB cooTBeTcTBYeT 3aTparaM Telsa Ha Ha-
rpeBamHe XKHAKOCTH, oTpesoK BC — 2atpataM MOABOLAHMOTO
Teljia Ha MepeBog KHUAKOCTH B nap (cKpelTast TeMaoTa)
u orpesok CD — Ha HarpeBanue napa. Kosanuecrso Tensa,
HeOGXONHMOE [Jis HaTpPeBaHHT KHAKOCTY HJH Trasa, onpe-
JesisieTcs MO OT/AEABHBIM TEJOEeMKOCTSIM COOTBETCTBYIOLIHX
da3. CkpuTas TemsI0oTa OTHOCHTCS K TOH Temmepatype Te,
npH KOTOPOH paccMaTpHBaeMoe AaBJeHHe DPaBHO NaBJEHHIO
HaCHILEHHOTO NMapa.

B KpHUTHUECKOH TOUKe CKpBITas Temjora obpaiaercs
B HYJb, TaK XaK NpH GoJjiee BHICOKHX TQMNEpAaTypax yxe He
NPOHCXO/UT H3MeHeHHst $Ha30BOrO COCTOAHHA BewecTBa. Ha
puc. 1V.58 npusenenn: paunuie Komua n Bpayna [IV. 56],

Al

T
H TemnepaTypn Ads newrtaHa. M3 storo rpaduka BHIHO,
410 yMeHbIIeHHE CKPBITOH TeMJIOTH Napoofpas3oBaHis H 06-
pallleHHe ee B HYJb COMPOBOXIAMOTCHA DE3KAM H3MEHEHHEM

Al
T

MmoKa3biBawlilne 3aBHCHMOCTb BEJIHYHHBI OT \J1aBJCHHA

BEJIHYHHBI A BCULIECTBA, HAXOAALIErocs B 0,[[}{0(1)83'

HOM COCTOSIHHH, UTO [0 CYILIeCTBY BO3MeEILaCT OTCYTCTBHE
Af

OK‘prTOﬁ TemJaoTh. BenaHunHa _T" A CK‘prTO}':I TEMJOTDI

9KBHBaJeHTHa NPHPALIEHHI0 SHTPONHH MNPH napoobpasoBa-
uun AS

Ilns cMeceli npouecc mapooGpa3oBaHHs HE MPOHCXOMHT
IPH TOCTOSHHBIX TemMepatype M nabnaeHuH (puc. IV.57).
Unrepsaa remneparyp ot Te no T3 coorpercTByer npejenaM
TeMlepaTyphl KHMewnss cMecH. TIpH nepexoje M3 TOYKH F
B Touky ( Temsio 3aTpauMBaeTcs He TOJLKO #a Mapood-
pa3oBaHMe, HO TAKXKe H Ha MOBHILIEHHe TEMIIEpaTyDH CMecH.
B 3THX yCJOBHAX OueHb TPYJAHO ONPENENHTb TOYHOE 3Ha-
YeHMe CKPBEITOH TemsioTsl napooGpasobains. HeoGxoauMo
TakaKe yKas3aTb, YTO B 3TOM C/y4de BO3MOXKHO CYLIeCTBOBA-
HHe KHAKOH (assl H NpH TeMmeparype, MApeBHWAIOLLEl
KPHTHUECKYIO TeMnapaTtypy T4,

Ha puc. IV.59 npeacraBjieHbl KPHBble 3aBHCHMOCTH
CKPBITOH TeVIOTH Mapoofpa3oBadist OT TeMIepaTypel RIS
HHAHBHAYanLHEX yriesotopoaos [111.25], a #a pue. V.60
1aHa 3aBHCHMOCTb MONSPHOH SHTPONHH NapoobpasoBaHHA

HHHBHyaNbHLX YIJ1eBOJI0POAOB OT IPHBEICHHOH TeMme-
patypu {1V. 29]
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Puc. IV. 60. MosnHast SHTpPOMHS mapooGpa3oBaHus yraesogopoaoes [II1. 29].

1 -~ H-OKTaH; 2 — H-renTal ¥ AQHH306YTHJ;

¥ JUU30nponua; § — GeH30a. ILUKJIOrexkcan

nponuJaeH; 8 — nponaH; 9 — 3THJEH;

4. THATPAMMDBI 3HTAJIbITUHU

BecbMa pacnpocTpaHeHHHMH SIBASIIOTCS  [AHATPaMMB,
BHIDaXK al0lIHe 3aBHCHMOCTDb SHTAJbIHM OT SHTPOIMHHU, AaBJe-
HUSL MJIH TeMnepaTypH. Bosbiioe npuMeHenune s peuieHHA
3ajauy TeyeHHs Mapa MOJyYuna gHarpaMma Mosbe 3HTaMh-
nus — 3HTponusA. CBoGoAHOe pacLIMDeHue napa, Hanpumep,
NPH HCTEUEHHH 4epe3 APOCCesib MPOHCXOAUT NMPH MOCTOSHHOH
suranenui, Al = 0. AgunabarTnueckoe ofpaTHMOe paciuiupe-
HHe H cxaTHe MPOHCXOASIT NPH MOCTOSIHHOH 3SHTPOMHYU
AS =0,

Bpays (Brown) [IV.16] nocTpoun guarpaMMul 3SHTafb-
MAS — SHTPOMHA TNDHPOJHBIX Ta30B, HCIOJAb3Ysl 3HAYEHHA
YANbHBIX TeHJ'[OEMKZ);Teﬁ (no rpadury puc. IV, 49), 3na-

YeHHs OTHOMIeHHs 7~ (u3 puc. IV.51) u 3HaueHus oTHO-

wetinst f/p (u3 puc. VIII. 29), pVT — cooTHoweHHA 6bi1a
B3STH M3 AHarpaMmul puc. [V. 16.

Ha puc. V. 6] gaHbl H30TepMbl NPHPALIGHHA SHTDPOMHA
MPHPOAHBIX ra30B. JlHarpaMMbl SHTaJbIHA — SHTPOMUS A4

128

3 — H-rekcaH; 4 — H3OMEHTaH M H-DEHTaH
4 Gyreusl; 6-— u3o6yran M H-Gyran; 7 —
10 — srau; 11 — MeraH.

NPHPOAHHX Ta30B yaenabHoro eeca 0,6, 0,7 u 0,8 (mo BoO3-
AyXy) MpHBeAeHbl COOTBETCTBeHHO Ha puc. IV. 62, 1V, 63
u IV.64. 3HaueHHUs MCEBAOKPUTHUECKOH TeMIEPaTyphi H AaB-
JIeHHS, MPHBEeJEHHbie Ha 3THX AHarpaMMax. COOTBETCTBYIOT
B OCHOBHOM YIJIGBOAOPO/HBIM Tra3zaM. Y /esbHEIE Beca Ta3ns
npuasTh npH 0° C 1 atMocdepHom aasnenun. Ha puc. IV, 65
npHBej€eHa AHarpaMMa Aas Tason yAennHoro meca 0,7 co-
aepxaugero 10% Mon. azora. [TceBLOKPHTHYECKHE YCHOBHSA

Al
B3ATH [/ YKa3aHHOH cMecH, HO AJs 7 H AS Gbiau
HCMOJb30BaHbl JHAaMpaMMBl [Jifl  YTJEBOAOPOAHLIX [a30s,
TIpuBegeHHbie [HArpaMMBl MOXHO HCOOJIb30BATh At Onpe-
NeNeHHa H3MEeHeHHsS| TeMMepaTyphl Tra30B NPH HX pacliupe-
HHH M CHKAaTHH, a Takxe s ONpeleseHHs O06paTUMOH
paGoThl PACIIMPeHUsT HIIH CHKAaTHS.

ITpumenp.

ExecyTouHo wuepe3 japoccesib MPOHCXOAHUT HCTEUEHHe
1,026 man/m3 (npuBesmenHbiX K TeMmeparype 15,5°C u nas-
Jendo I arm) npupogHoro rasa npu TeMmnepaType 60°C;
yaeasHbtd Bec rasa 0,6. [Ipn stoM gaBneHde nazaeT c 56
ao 28 ar,
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Puc. 1V. 61. MsoTepMul HameperHs sirponun npupoiinx razos [1V. 16].
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OnpenendTh.

i. ViameneHue TteMmepaTypel ra3a MpPH HCTEYEHHH.

2. MakcuMaJbHyo paboty, KoTopast 6yJeT moJydyeHa Mpu
pacirupeHry rasa 6e3 HCMoJb30BaHUs TelJa.

3. HU3MeHeHde TeMmnepaTypbl rasa NpH ero oGpaTHMOM
a11alaTHuecKOM DaClIHPeHHH,

Pemeunne
H3 puc. IV. 62 naxonnm:

1) npn pasnenuwu 56 ar u 60°C [ = 342 kaa/e - Moas,

npu nasiennu 28 ar u [ = 342 remmeparypa paBHa
49°C;

2) npu 56 ar 1 60°C S = —6,55 kaafe-° C, npu 28 aT
n S = —6,55 remneparypa 10°C, a [ = —44 kaafe -moas.
Torma —A/ =1, —1I,=2342 — (—44) =386 «kaa/moars.

Takum oGpa3om, paGora pasHa —A[ =386 xraxa/moas;
1 . c. = 637 kxaaf4.

1026000 386
MouHocTb == 937524 % 637 = 1089 x. c.,

rae 23,75 — o6beM 1 moss rasa mpu aTMocdepHOM faBJe-
nud 1 15,5° C (oM, ta6a. 1V. 1).

ViaMeHeHue teMmmepartypH Napa NpH ero pacCHMIpeHuH,
KPOMe TOTO, MpeICTaBJeHO AHarpaMMamu (puc. V.48, V.49
1 V. 50) B cBsI3H ¢ onpeneseHHeM ycJoBHH ruapartoofpaso-
BaHudd,

JluarpaMMa 1aBJeHue — 3HTAJbBNUS AJs MeTaHa Oblia
noayyena Merreio3oM n Xapaom (Matthews and Hurd)
[111.42], nns srtana — Bapkablo, Banentusom n Xapaom
(Barkellw, Valentine and Hurd) [IV.6], a1s mnponmana —
weesegopatensaMy kommanud lensn auBesnonMeHT u - Aas
6yrana [lpunraom, [Dpuuxaysom u Hopkom (Prengle,
Greenhaus and York) [IV.71] (puc. IV.66 —1V.69).
M3 3»TMX DHCYHKOB BHAHO, YTO STH JAHarpaMMbl SBJSIOI-
¢l pasiAMYHBIMM s pasHeX rasoB. Ha sTux gHa-
rpaMMax HaHEeCeHbl JIMHHH TOCTOSTHHON 3HTPOMHH S, ofbe-
Ma V u temneparyphn. C NMOMOILIO 3THX AHArpaMM MoxeT
OblTh GBICTPO pellleHa 3ajaya O TeYCHHH ra3a MPH NOCTOsH-
HOM 3HayeHHH |/ MJM NPH NOCTOSHHOM 3HadeHuH S.

JluarpaMMbl 3HTaJbLINHA — TeMnepaTypa AJst WHAHBH-
AyaJbHHX BeuiecTB GBUIM NMoJaydedb Jamucrepom (Edmis-
ter) [1V. 29], Makcsensom (Maxwell) [I. 10] n npyrumu.
Dra gmappaMMma [aeT COOTHOIIEHHe HTAJBIHSA — TeMmepa-
Typa — naBJenHe [JIsT YHCTHX BeliecTB, a TaKke MOXeT
OLITH HCHOJb30BaHa MJs CMecefl 3THX Bel(ecTB.

IlTpamep

OnpesennTsb, CKOMBKO BhACAMTCs Tensa. [Ipu nepesone
28 500 #m3/4 merana npu pasienuu 70 ar ¥ TeMmmeparype
38° C B HACHILEHHYIO XKHAKOCTb NpH AaBiaenuH 1,75 ar.

Pemenne

s puc. 1V. 66 npu 70 ar u 38 C [ = 218 kaa/e. Ilpu
nasaenun 1,75 ar rtemmepatypa pasHa 155°C, a [ =
= 14 kaafe. YpenwHuil pacxoa Temna pased —A/ = —g =
= 218 — 14 = 204 kax/e. OTciona ofliee KOJHYECTBO BH-

8300
AGNHBLIErOCs Tella 53 == 16 X 204 = 3,9 X 108 kxan/4, rae

16 — MoneKyJnspHHH Bec MeTaHa.

5. SHTAJABIIUA CMECEH

Puc. 1V, 57 unmoctpupyet GoJiee CIO0XKHYIO 3ajauy omnpe-
eJIeHHs] CKDHITOH TemIoTH mnapoo6pa3oBaHHsi CMeCH, Tak
Kd4K TeMmepaTypa B Ipouecce HCrmapeHHs HaMeHsiercs, Ha
puc. 1V. 70 npuBenens paHnble Pukana u Bpayna (Fekula
and Brown) aJis CMeCH JIMTPOWHA € Ta30JIMHOM YAeJbHOTO
Beca 0,72, CloXKHOCTh ONpejelieHHsl TeloTh napoobpaso-
BAHHSI CMECH 3aKJIUYaeTcss TaKKe U B TOM, YTO KHAKOCTH
4acTG COAePKAT pacTBOpPeHHBle Ta3bl NMpH TeMnepaTypax
BHILE MX KPHTHYECKHX TeMmepaTyp. ODHTaJbIHs OTHOTO
KOMIIOHEHTA 3aBHCHT OT APYrHX KOMIOHEHTOB CMeCH H OT
€ro KOHUEeHTpaluHH. [To3TOMY AJf OLEHKH SHTAaJbIMH CMecH
CYULECTBYIOT TOJIBKO NPUGJHIKeHHble Meronn {IV. bl]

138

IMapunajpias HTaJIbIKs BeliecTsa /1 onpesiessercs Xax
M3MEHeHHe SHTAJbIIMM CHCTeMEl [PH JA0GaBJIEeHHH eIHHHIb
BeliectBa /:

ol g

11 == _a—,_i_ ?

— 1

rae [} — mapuuajbHas 3HTaAbNHs  BeliectBa [ B

cHcTeMe; M — KOHLeHTpauusi Beuiectsa /; /s — 3HTAJBNHSA
CHCTEMH.

Jas mamocTpaldy 3aBHCHMOCTH MapuualibHOH IHTANb-
WM BelliecTBAa OT COCTaBa CMeCH # OT ero KOHLEHTpauHua
na puc. IV. 70a npuBedeHa mapuHasbHasi SHTaJbNHA MeTa-
Ha B Tpex OHHapHBIX cMecsix mo naHHbM Cenxa, Osaica
1 Jlecu [IV. 791

Muanep (Miller) usmepua TemIOTy pacTBopenHs GyraHa
B pacTBOPHTeJe NpH TeMNepaType BHILE H HHXKe KPHTH-
ueckoi TeMnepaTypw Oyrawa (puc. 1V.71)  Temnora
pAacTBOpEHHs 3aBHCHT OT KOHUeHTpauun OyraHa, Kpueas
3aBHCHMOCTH TeILIOTH PACTBOPEHHsI OT TeMIlepaTyphl, CO-
OTBETCTBYIOLLAS] MOCTOSTHHON KOHLEHTpAlHH, MPejcTaBJseT
co60H MIaBHYIO KDHBYIO, MPOXOASLIYIO Ycpe3 KPHTHYECKYIO
TemmepaTypy JJs GyTaHa.

[IbiTaduch paccunTaTh NApLHaibHbe sHTambmuH [IV. 19,
IV. 70] JlerkMX YreBO10OPOAOB, HO 3aKOHYEHHOH CHCTEMB
pacyeTa sHayeHHil SHTaNbMHH He yHadoch, cosaars. [Tosto-
My JAaHHble [0 COOTHOLIEHHIO 3HEprTHi NpH nepexoje sele-
CTBa M3 OMHOTO (HAa30BOTO COCTOSHHS B APyroe MOTYT Oullb
OYeHb LeHHBIMHU.

CyliecTBYIOT [Ba MeTOAA OMpPEleseHHs SHTAJBIHHA CMe-
ceit. Tlo mepeomy MeTony (Merony XoskomGa u DBpayna
[1I1. 25] mpeamoJaraercsi, 4TO BJIHSHHe KOHUEHTPAUHH HE
yuHTHIBACTCA, BTOPOH Meroa OCHOBaH Ha HCMOJbL30BAHHH
nmarpamm [lerepca (Peters) [IV. 67] u Makcseana (Max-
well) {I. 10] aJs 3HTaJAbN#A WHAMBHAYAJLHBIX KOMIOHEHTOB,
M3 KOTOPHIX COCT2BJIeHa CMeCh. OJHTA/bIHA CMECH PacCuH-
TBIBAGTCS] TO SHTAJBLIHAM COCTABJANUINX e¢ KOMIOHEHTOB.

XoskoMmG 1 Bpayn 3a ucxogHyo BHOpa# TOUKY, B KO-
Topol#t faBJenHe W TeMmepaTypa °C paBHBI HYJIO. dHTalb-
MHH JKuIKOCTeH, HaxomsdlyXcs MpPH TeMmiepaType BHIIE
Hysas (NpH LaBJeHHH, PAaBHOM HyJI0). NpeACTaBJeHH Ha
puc. IV. 72, JluarpaMMa NOCTpoeHa Ha OCHOBAHHH yIJIbHEIX
temaor (cm. puc. 1V.50) u comocrasjieHHs 3aBACHMOCTH
3HAYEHHH SHTAJBNHA OT TeMmepaTyp KHIIeHHs Npd aTMo-
coeprom aasaeuny [111. 25]. Ouranbnus cMecu onpelesaercd
NyTeM CYMMUDOBAHHs IHTaNbLMHA KOMIOHEHTOB, MPOMOPLHO-
HaJbHO MX KoHuLenTpauusm. [TompaBka 3HTaJibmu¥ Ha AaB-
JieHie onpejesseTcs MO AparpavMme pHC. IV. 73 Ha ocnoBa-
HAM [daHHHX YAeJbHOTO Beca KHAKOCTH, TeMnepatypol
M [LaBJEeHH .

Jlia razoB OCHOBHBIM COOTHOILIEHHEM SIBJASIETCSH NpEBBI-
menue sHTadpnuu ero npu 0°C # aTMocthepHOM HaBJeHHH
Haj 3IHTAJbIIHed XKHAKOCTH MpPH TeMMeparype (°C) n nas-
JoHHH, paBHHX Hymo (puc. 1V.74). Orta nuarpamma mo-
CTpOeHa C YYETOM BeJHYHHH Al, 3aTpauHBaeMoH Ha ucra-
peHHe, PacCUHTHBAGMOH 10 KOHCTAHTaM DaBHOBECHA € no-
Molblo ypaBrenus: Ban-Todda

(V1. 34)

3TOH

d(lnk) Al
T = pTE - (1v. 35)
BaugHHe TeMmmepaTypbl ONpefessercs Mo yAeabHOR
TemioeMkocTH napa (puc. IV 49), a BauauMe [KaBjenHs

onpejpeseTcst Mmo 3HayeHHAaAM -—-——7—,-

(puc. TV.51).

[Tpumep

100 moJap cMmecH, cocTosimeid H3 63,7% Mos. MeTaHa
" 36,3% MoJ, H-GyTaHa, HAXOAATCS B OJHO(A3HOM COCTOsI-
Huy npu Temneparype 121°C u papaenaun 141 ar. Cwmech
npofnycKaeTcs uepes TemIoOGMEHHHK W NMonajaeT B cemapa-
Top ¢ temnepatypoii 21° C u nasiedneMm 28 ar, rae u3 Hee
or6upaercs 67 moJ. napa (88,3% mou. merana) u 33 M04b
wunkoery (13,8% Mmoo, merana),
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Puc. IV.70. DurajbnHa CMecH rasoJHHa M KePOoCHHAa YJeNbHOTO meca 0,72, otuecenmnas x 0°C H  atmocdepuomy
NaBJEHHIO. ’

BHYKCJIMTD TENJOTy, BEUIEIAEMYI0 B TelJOOGMEHHHKE.

PemenHne

TToab3ysce muanpaMmoii XosaxomOa u BpayHa, HaxoauMm
suTajbnHio cucTembl nmpu 121°C u 141 ar, a Takke 3H-

TaJbTHIO NapoBOH M XKMAKoRk ¢as B cenaparope npu

TeMIe-

patype 21°C u aGcomoTHOM AKaBaeHHH 28 ar. PasmocTh
STHX BEJHYHMH JaeT Telllo, BhUAsIOIeecs B TenJIoOGMeH-

HHKe.

Pacuer NCeBJOKPUTHYECKHX CBOHCTB 1/ CHCTeMB JO
TemmooOMeHHMKA M WA napoBod ¢asel B cemaparope,
a Taxxe MJOTHOCTH yI/EBOZOPOJHOH XKHAKOCTH B cenapa-

TOpe CHEAYIOLIHH.

. g
@ 2q | Cucrema go TenJo-
gi‘ 5 ‘: Emoh ke Ilap B cemaparope
= 3 \§Q - %
& ] U
YrJaepono- gi‘ gE 2 |ucesno-|E s 2 |nceso-|nceso-
poanl o9 |23 ® KPHTH-| = 2,°] w KPHTH-|{ KPHTH-
22 |og | « ag%| o
I I vecKan|w < | o yeckasn| yeckoe
B 5 T g, Temne- {984 | & Temne- | gaBJe-
Sl Z‘ za pa‘r7ypa o & | paTypa] HHe
& |38 85| w7 |BEE] gx| oTe | PR
Meran 190 47,3 121 | 30,2{0,883| 168 41,7
0,63
n-Bytan | 425] 38,7 0,363 154 | 14,010,117 49,7 4,5
275 | 44,2 217,71 46,2

30
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< g

0 20 40 60 80 100
BecoBoe codepwonue memana

Puc. 1IV. 70a. Ilapunajsbnas sHTaNbNHA
MeraHa B rasoBbix cMecax [IV.79]

1 — cacTeMa MeTaH—3TaH; 2 — CUCTeMa MeTaH—
OyTaH; 3 — CHCTeMa MeETaH—W@HTaH.
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Puc. IV. 71, Tlapuuanpnas Tennorta pacTBopenus H-6yTaHa mpu 28 aT B PaCTBOPHTENE C MO-
JekynspHbiM BecoM 145 [IV.51].

I — KpUTHuecKas TeMnepaTypa uHCToro Gyrawa; 2-—uncio Modtefi GyTaha B XHAKOCTH Ha Moab pac-
TBOpHTENS.

ﬂpHBeﬂ.eHHble TeMnepatTypa H HasJjieHHe:
JJisi OHCTeMh! O Tem1oo0MeHHHKa

394 141
Tr =FE= 1,43, p, = = 3,18;

IJiA mapa B cenmapaTope

294

2 0,60
T, =577 = 135 pr = 35,2 = %07

JKunxocts B cenaparope:

¥Yraesogopoas Hng}r;i ; S TEs % MOJ. nn;::;j,cb“ | em3/moav
Meran 0,25* 13,8 2,21 8,84
Byran 0,584 86,2 50,1 86,0
52,31 94,84

* U3 puc, IV.31 52,31/94,84 = 0,552 z/om?

I'as 1o Tennoo6MeHHHKa

TlpeBnlienne 3SHTANbIHH Napa Haj 3HTalbNHeH XHI-
KocTH mpu teMnepatype 0°C M naBJieRHH, DaBHOM HYJIO
(puc. 1V, 74):

63,7 X 2150 = 137 000 xas

36,3 X 8500 = 209 000 xas
346 000 xax
Bumsnue nasnenns (43 pue. IV. 51) ___AT_1= 2.,5.

— Al = 2,5 394 = 985 xas/mnoaes.
446 000 ka2 npH faBJeHHH, PABHOM HYJIO, H TeMOeparype
121°C munyc 98500 xas npu 121° C u aGcomoTnoM nasJe-
HHH OT Hyas no 141 na 100 mosefi paBro 347 500 kaa.
I'as u3 cenaparopa [P [HaBJIEHHH, DABHOM HYJMO (pHC.
IV. 74)x ®
0,883 X 67 X 1260 = 74600 xaa

140

45700 xas
0,117 X 67 X 5830 = 155300 %z

BangHne paBJeHHA: — .AT] = 0,58

— Al = 0,58 X 294 = 171 xas; —171 X 67 = —
— 11420 xaa/mors 120 300 — 11 420 = 108 880 xaa.

KunkocTs 3 cenapaTopa: 21° C npu AaB/IeHHH, PABHOM
dymo (puc. IV.72):

MeraH 0,138 X 33 X 297 = 1350kas . . . . . . 73 e
18750 kax 1650 &
6y'ra1-1 0’862 X 33 X 660 = m S et e 2793 2

Bunauune nasyenus (puc. IV, 73):
1210’9 — [ = 3,24 kaasfe;
Ip — Iy = 0,32 xasfe,
Ip-— Iy =0,32 X 1723 = 550 «aa.

DHTadbnHs XKHAKOCTH paBHa 20100 - 550 = 20650 xaa.
TensoTa, BrjeJseMass B TemIoo6MeHHHKe, COCTaBHT
347500 — 108880 — 20650 = 217970 xaa.

MakcBes1 NOCTPOM AHArpaMMEl, B KOTOPBIX HTAJbIHS
MHIMBHIYaJbHEX KOMIOHEHTOB JaHa B 3aBHCHMOCTH OT
TeMnmepaTypst H jasienHs (puc. IV.75). Jlasa KHmKHX
cMecell MHIMBHAYaJbHBIX KOMIOHEHTOB CMPaBeIJMBO Opa-
BHJIO ajHTHBHOCTH. JlJA mapoB Xe 3To OpaBHao Gosee
CTIPaBeJ/IHBO B HHTEpBaJe JAaBJeHHH OT wyas Ao | ar, ueM
NpH AaBJeHnH, 60JblleM aTMoceproro. MaMenenre sHTa/b-
MMH YHCTOTO Napa B 3aBHCHMOCTH OT JaBJeHHS MOXeT
6LiTh HafileHo [yTeM HHTepNOJIALMH [Harpamm Mo cpea-
HeMy MOJeKyJAspHOMY Becy cMecH. EciaH KOMMOHEHT Ha-
XOHTCA B XmakoH (ade, xoTA TeMmepaTypa ¥ JaBJIeHHe
COOTBETCTBYIOT NBYX(pasHOMY COCTOSHHIO, 3HTAJbIHA KHA-
KOCTH OUpee/seTcss MO JIMHHH «HaChIIUeHHAs XKHIKOCTH®
TIpM IaHHOH TewnepaTtype.
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AaBJCHHM MO CPADHEHHIO C SHTANLMHEH JKMAKOCTEH MpH jlaBAeHMM M Temmepatype (B °C). paBHHX
mymo [II1. 25].
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JEeHHSA 1O CPABHCHUIO € HX 3HTaJbIHel

Puc. IV. 73. HsorepMuueckoe H3MeHeHHE 3HTANLINH

lp=lp, xan/?

-25 =2
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XKHJAKHX YrJeBONOPOAOB B 3aBHCHMOCTH OT JAas-
npH nasneHuH, pasHom Hymo [III. 25].
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Puc, IV.

Cpenmuit MOJIeKY/IAPHBII BeC CMECH O TemIoOGMeHHH-
ka — 31,3, rasa B cenaparope — 20,9.

CMech 10 Temnoo6MeHHHKA.

HHTepnonauua BAHSAHHA 1 aBieHHs MeXJAy 3TaHOM H

POTIAHOM.
I, kaajep
JlaBnenue, am
sTal nponas
0 225 214
141 182 146
43 68

144

o 20 48 60 80 100 126
Tegmneparrypa, °C
a

74. Tlpupauienne 3SHTAJbNHH TNapoB YIVIEBOJOPOAOB TpPH
C SHTAJbIHEH JKUMIAKOCTH MpPH AABJEHUH
1 — Metan; 2 -- 3TaH, 3 - KpomaH; 4 — u306yTaH; 5 — GyraH;

1,3

140 (68 — 43) 4 43 = 45,3,

3130 x 45,3 = 142000 xaas,
705000 — 142,000 = 563000 xas npu 121°C u 141 am.

Ilpumep

PewnTs mpenpiiymuii npEMep ¢ HOMOUIBIO AHArPaMMEL

Makcesesra. Mcxognasa TouKa XHAKOCTH TPH TeMmiepary-
pe —94°C,
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JNlaHHO¥l TeMmepatype u aTMochepHoM HABAEHHM MO CPABHEHHIO

H temnepatype (°C), pasueix HyJqw [II1. 25

6 — H3omeHTad; 7 — MeHTaH; & — rekcad; 9 — remrtaH; [0 — OxTad,

orox pic; lzegngo?r]er;{:xa nph la3 n3 CEHBP;BTC;F’):: npu 21°C n \ JKunk ocTb U3 cenapatopa mpu 21°C
¥YrneBoopoas
ynes0 wHC0 THC 10
MoJeit 2 kaafe kax MoJeit e Kaafe kas Mo el @ Kan/e kan
Meran 63,7 1020 245 2500001 59,2 946 189 | 179 000 4,5 74 141 10 400
Bytan 36,3 2110 217 | 455000 7,8 455 165 750001 28,5 1655 78 129 100
100,0 3,130 705000| 67,0 | 1401 2540001 33,0 ‘ 1729 139 500

I'a3 u3 cenaparopa,
HHTeproNsunst BJHSHHS ABJEHUS MeXIy METaHOM H
3TaHOM,

I, kar
Japnenne, am
MeTan 3Tal
0 188 179
28 180 163
l 8 16

4,9
12.0 (16—8) + 8 = 10,8,
1401 X 10,8 = 15000 ka.,

10 557

254000 — 15000 == 239000 ka2 npu 21°C u 28 am.
563000 — 239000 — 139500 = 184500 kaa.

TakuM o6pa3oM, B Tensioo6MenHHKe Bhieneno 184 500 kaa
TenJa.

Ha puc. IV.76 —1V. 80 mnpexncraB/ieds CcOcTaBJEHHH?
Iletepcom muarpaMMbl NAapUHAJBHBIX 3HTAJNBIHIA KOMIOHEH-
TOB OT MeTaHa 0 MPOMAHa, ecli OHH HAXONATCA B CMeCH
[IV.67]. DHTanbnus cMecH paBHA CyMMe MAapUMAJBHLIX 3H-
T4JMbMHA KOMIOHEHTOB. UToObl HAfTH  pa3HHLy MeXAy
SHTAJBNHEH CMECH W SHTAJbIHEH HCXOMHOH TOYKH MKUIKO-
cti npu —94°C, HeoGXOMHMO CYMMHPOBATH IPOH3BEMEHHS
ZHTAJbNHA KOMIOHEHTOB HA HX BecOBOe COAepKaHHe B
cmecH. IIpH 3TOM 3HAueHHs SHTAJBNHA HAXOAATCA HA AHa-
FPBMMAax 10 3HAYCHHSIM MOJIEKYJSIDHBIX BECOB HJH MO cpel-
Hefl MOJISIPHOH TOUKe KHNEHHS.
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Puc. 1V. 76. Buranbnua stunena [[V.67].

TyuxTHpHble JHHHH HABJEHHS OTHOCATCA K YHCTOMY KOMMOHEHTY. TIYEKTHpDHBIe JIHHHH SHTAJBIKH OTHO-
CATCS K HeTO4HOH O6JacTH. By - cpelHeMONbHAs TOUKA KHIEHHS XHakok dasn; MW —

MOJIEKYJSADHBIY BeC.
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Puc. IV.77. 3uranwnus Merana [IV.67].

TlysxTHpible JHHHM RABJAEHHS| OTHOCATCS K YMCTOMY KOMMNOHEeHTY. TIYRKTHDHEle JHHHH 3HTaJbMHH XKHIKO-
CTi#4 OTHOCATCA K HCTOUHON 06MacTH, BL — CDe/lHeMOJpHAd TOuka KHNeHHs muAxof dasw; MW — mome-
KyJnapebpill Bec.
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FIyHKTUPHBIE JHHHM [ABJCHHH OTHQCATCA K YHCTOMY KOMNOHEHTY. IIYHKTHDHEIC JNMHMU &~ SHTAJBIMH 3MHAKOCTH
OTHOCATCS X HeTOUHOH o06JacTH. BL' — cpeAileMOJIbHAA TOUKA KHOEHHS XKHAKOH dasni; MW — MoneKynsipubll Bec.
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Puc. 1V 79. Dutanbnus nponuieHa [V, 67].

ITyHKTHpHBe JHHHH JMABACHHS OTHOCATCS, K YHCTOMY KOMUOHeHTY. ITyHKTHDHbie JHHHH 3SHTaJbIHM JKHA-
KOCTH OTHOCATCA K HeTouHOH o6nacTH, Bj — CPeHCMOJbHAs TOYKA KHIECHHH JKHAKOH dasw; MW = moig-
KyJIsApHHH Bec.
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nyHKTHDHb{e JIHHHH RaBJIEHHS OTHOCATCHA K YHCTOMY KOMIIOHCHTY, nyHKTl‘IDHbIE JIHHHH 3HTAAbIIHY XKHIAKOCTH

OTHOCATCA XK HeTouHOH ofJacTH.

B — cpeRlHeMOJbHas TOUKA KMHOCHHA XKHUAKOH dase; M W — MoJteKkyJisipHLIH Bec.

§ 5. TEJIOTBOPHAS CIHIOCOBHOCTb!

Tem1oTB0pHOH C€NOCOGHOCTLIO NPHPOJAHOro rasa Hasbl-
BAeTCsl TeMN0, BEIAEJEHHOE NPH CrOPAHHH ENHHHULL 00b-
eMa rasa B ONpeleJeHHbX ycaoBuax. Meran mpu 155°C
H aTMoChepHOM [aBJEHHH HMEeT TeNJOTBOPHYlo cmoco6-
HocTe 8890 kkaa/+3 B cayyae, ecqu FODeHHe MeTaHa Mpo-
KCXOMHT B BO3JyXC. ITa BCJHYMHA TEIJIOTBOPHOH cnoco6-
HCCTH oOmnpefelsieTcs KOJHYECTBOM TENJad, BbiJeHBIIErocs
IPH OXJAaXIEHHH TPOAYKTOB cropaHus ao 155°C u npu
KOHJeHcauHH ofpa3oBaBuiefica BJAarH, H M3BeCTHAa Kak 06-
Ilas WM MOJHAs TEMJOTBOPHAS CIOCOGHOCTb, 3HAyeHHs
TeNJIOTBOPHOH CHOCOGHOCTH H HHAMBHAYAJbHLIX YI/EBOJO-
poaos npusefensl B Taba. I 1.

Cropanue 1 M0oas MeTaHa HPOMCXOAMT Mo Caeldyrouled
XUMHYECKOH peaKlHH:

CH, (r) -+ 20, (r) — COq (r) -+ 2H,0 (x) -+ 211 xxaa

(IV. 36)

Tak kak ckpuiTas Tem10Ta mapoo6pa3oBaHHs AJsl BOLH
npu 15,5°C u armocthepuom nAasnenud paBHa 0,685 kkaa,
To AJs 2 moas Boanl 18X2X 0,685 = 21,0 xkaax:

2H,0 (%) = 2H ;0 (r) — 21,0 kxaa. (Iv. 37)

CkaaznbiBas soipaxenus (IV.36) u (IV.37), noayyum
KOJIMYECTBO TENJa, BbiJEMUBIIErocss NPH CrOPaHHH MeTaHa,
Ge3 yuera BBHLEJEHHs TemJa 3a cYyeT KOHACHCALHMH Mapos
BOJBL:

CH, (r) + 20, (r) - COq (r) -+ 2H,0 (r) -+ 189,4 «xxaux.

(IV. 38)

1 Ten/oTBOPHYI0 CHOCOGHOCTh NPHHATO OOGHIYHO Ha3bLIBATL Tels
noTolt cropaudd. — llpum. eed. ped,

1ou

Besuyuna temnorBopHO cnocobHocTH 1 M3 MeraHa nph
15,5°C u atrmochepHOM AaBJEGHHH ONpEAeNeHa B Hpeino-
JIOXKEHUH NPUMEHHMOCTH K HEMY 33aKOHOB HJeallbHBIX rasos
nyreM neaenus 211 kxasa ua 0,02375 m3/mons, yTo nHaer
8873 xkxas ma 1 »3 uieaabHoro rasa. Meran npu 155°C
M at™MoctepHOM [aBJeHHH HMeeT KOo3(h(HUHEHT CXKHMAaeMo-
cti 0,998 (puc. 1V.18), mostomMy oOmas TemjaoTBOpHas
cnocodHoctb 1 M3 MeTaHa paBHa

8873 5
0,008 = 8890 xxan/m3.

MeTo/iKa H3MEPEHHst TEMJIOTBOPHOHK CIOCOBHOCTH mpH-
POAHOrO rasa M NpUMeHsieMasi MpH 3TOM anmnaparypa omi-
caubt B [1V.2]. Ha puc. IV.8] cxemaruueckH H3o6paxeH
BolAsiHOH KasopuMerp. IIpuHuMn OEACTBMA STOrO KajoOpH-
MeTpa COCTOHT B TOM, YTO raaz C ONPEAE/EHHOH CKOPOCTbIO
CXMraeTCs B KaMmepe CropaHuA, BBIleJsAs TeIJo, KOTOpoe
HAeT Ha MNOBLIIEHHE TEMNEPATYphi HPOXoAsALled yepes Ka-
aopumerp BoAb. CKOpPOCTb UHPKYJASUHH BOALI OMpEJeJser-
CSl B3BCIIMBAHMEM BOJBL, MNpOLIEAIIeH Yepe3 KajJOpPHMETP
3a onpeleNeHHbH NPoMeXYToK BpemeHH. CKOHAEHCHPOBAH-
Has BoAa cobupaercs B MepHHKe. Boaayx ana moansepxka-
HHsA ropenus mopaercs Ha 40% Goubiue TpebyeMoro Teope-
THueCcKH. B pacuer o6uiefl TemyaoTBOPHOH cHOCOGHOCTH cie-
AyeT BBOAMTbL MONDABKY, YYHTHIBAKIIYI0 BJaXHOCTH BO3-
JyXa ¥ UCIBITYEMOro rasa.

JI1a M3MepeHHs TenJOTBOPHOM cMOCOBGHOCTH ra3oB B ra-
30NPOBOAAX NPHMEHSIOTCS PETHCTPHPYIOLIME KaJOPHMETPH
HempepbiBHOro jedcrsus. OpHaxko KaJauBpYOTCs 3TH OPH-
GopE ¢ MOMOILULI ONHCAHHOTO Bhillle BOASIHOro KaJlOpH-
MeTpa,



TensoTsopHast ¢NMOCOBHOCTH HDHPORHOTO 333 MOXET
€blThb NOJCYHTAHA IO TENJOTBODHHM <CHOCOGHOCTSM BXO-
ASUIHX B HEro KOMIIGHEHTOB H cocraBa rasa (ra6a. II 1)
B IIPeANOJIOKEHHH, YTO NPHPOJAHEI ra3 mOJAUHHsercs 3a-
KOHaM HJeaJbHOTO rasa MM IO TPaBUJIY aJIHTHBHOCTH
o6bemoB. B ta6a IV. 18 mpuBeleH Takoi pacuer B npe-
TOJIOXKEHHH aAAHTHBHOCTH OGBHEMOB KOMIIOHEHTOB.

Tabauya 1V.18

Pacuer TennorsopHoit cnocoGHocTH npHpomHOro rasa
H3BECTHOro COCTaBa

Tenno-naopd-
MonsipHele HAH Hgf‘:b clx(]g;go- 936(],";:;:, ﬂ-recnnnoci-
KOMHOHeHT 06 beMHBIE HEHTOB IIpH cOGHOCTh rasa,
AONH 1,(:%.:55:151, H KKGA/ M3
KKaa/m3
Azor . . . .. 0,023 0 0
Meran . . . . 0,887 8890 7890,0
Oran . . . . . 0,056 15650 877,0
Ilpoman. . . . 0,021 22600 475,0
Hao6yran ., . 0,003 29440 88,3
#-Byran . . . 0,006 29590 177,6
Ilentann . . . 0,004 35100 140,4
1,000 9648,3

TaxuM 06pa3oM, TeNJIOTBOPHAs CIOCOGHOCTb rasa NpH
aGcomoTHoM Aasnenud 1,033 u temneparype 15,5°C pasua
9648 xraa/m3. Hanpumep, npu abcomoTHoM AaBuenud 1,029
H Temnepatype 15,5°C Tem10TBOpHAS CIOCOBHOCTB TOFO Ke

1,02
raza 6yler paBHa {033 9648,3 = 9633,7 xras/md,

Ecau npuponHbiit ras HaceiuleH mapaMH BOAW IPH TEM-
neparype 15,6°C u naBnenuu 762 mm pr. €T., TO BENIHYHHA
TeNJIOTBOPHOH COCO6HOCTH 6YLEeT

62 762 —
9648,3 T2 7 13

760 760 = 9500 kkxaa/M3.

Ecau 8 kamnanx 10 4 raza conepxurcs 1,8 2 (0,1 soab)
BOAH, TO 0611ast TEIJIOTBOPHAS CMOCOGHOCTH TAKOro rasa
%pu abcomornoM aasienn 1,033 u temmepatype 155°C

yaer

9648,3 10

0 (0,1 % 0,0238) = 9648,0 kxaa/m3.

Hangd (Zapffe) [IV.98] mocrpoun puarpamMmy 3aBH-
CHMOCTH TRIVIOTBOPHOH CIOCOGHOCTH MHPHPOAHHIX [asos OT
ux ylenbHoro seca (puc. IV.82). Ha arom pucyHke pasHble
JYHHH COOTBETCTBYIOT DPA3JHYHOMY COACPXKAHHUI0 HHEPTHO-
ro rasa.

1. MPEJEJbI BOCIJIAMEHAEMOCTH

Ilpu onpeneneHHOM COOTHOLIEHHH BO3AYyXa H NPHPOAHO-
ro rasa B cCMecH OHa 6yjeT €nocofna BOCHIAMEHATHLCH, BbI-
JLelssi TemJao, KOTOpOe NOHJAeT Ha HarpeBaHHe T[J1dBHBIM
o6pa3oM MNPOAYKTOB CcropadHs. [loBnillieHHe TEMNEpaTyphl
ra3oB NpHUBELET K YBEJHUYEHHIO [aBJeHHs, 4TO B CBOIO OyYe-
pelb MOXeT HpHBECTH K B3pbiBy. HeobxoauMmo, 4TO6b!
KaxIHi pa6oTaolitil B 06/1aCTH ra3oBoil NPOMBILIJIIEHHOCTH
3HAN Tpedestsl BOCIJIAMEHSIEMOCTH H OblJ 3HAKOM C Mpo-
ueccoM ropenus [IV. 35, IV, 58, IV, 27, IV. 82].

Ypasnenue (IV. 36) nas ropeHdst MeTana He PaCKpPHIBaeT
CYLIHOCTH MEXaHH3Ma XHMHUYecKoH peakuuH, MeTaH ¥ BO3-
AyX He pearupymor MexAay Co6o# 10 Tex IOp, MOKa HET
HCTOUHMKA BoCIiaMeHeHHs. EcH TakoH HCTOYHHK HMEeTcs,
BGCIJIAMEHEHHE NMPOHCXOAHT NPH ONDejesNeHHBIX COOTHOLIE-
HHfIX BO3AYXa H MeTaHa.

RO UUGROD F ¥ ¥
T L T o e e

MABOOOD

Puc. 1V. 81. CxeMa aMepHKaHCKOrO BO-
asaHoro Kajopumerpa [IV. 2]
! — BONOCJAHB; 2 — CTOK BOMdB; 3 — TEPMO-
MeTDH IJIS H3MePeHHA TeMllepaTypu BOIH
nocTynaoliel, oTxonsllefl; 4 — CMOTpPOBOE
CTeKJ0; & — OTBOAHAs TPyGKa: 6 — BHIXOMI-
HOft BoOMdoCAHB; 7 — BXOA BOAH; &8 — mjac-
THHE [J8 TepeMellMBaHHA: 9 — ycTpoHicTBo
Ui PeryJHpOBKH pacxona BoOAH: [0 — Ipe-
HaXXHHA KpaH; [/ — BHNYCK CKOHAEHCHPO-
paBlieifc BOABI: [2 — NepXaTeNb TOpeJIKH;
13 — pacnpl/IHTeAb  TNJaMeHH: 4 — BO3AYX;
15 — ropenka: 16 —raa; 17 — HroAbuaTHH
BeHTHJb: I8 — ofBonnas JHHHA: [9 — K Mep-
HOMY cocyny; 20 — Bosayluuasi py6awka:
21 — Bonganas py6aumka; 22 — KOHAEHCATOP:
23 — kaMepa cropaHHf: 24 — TeDMOMETp Ha
Buxoe;, 25 — perysasTop TArH; 26 — cGOPHHK
NMPOAYKTQR CropaHHA.

191
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Ydenonori Bec

Puc. IV. 82. CBaA3p MexJy TemsnoTBOpHOH cnocob-
HOCTBIO, YIEJBHBIM BECOM H COJIEPIKAHHEM HHEPTHBIX
razos [IV. 98],

BoAOHACHIUIEHHOCTh OTHeceHa K 762 mm 800. cr. m 15,5° C.

Jibwuc 1 ¢on Eabe (Lewis and vom Elbe) [IV.58,
IV. 35] manu cienyloliuii BOSMOXKHHN MOPSAOK XHMHUYECKOH
peakuHun:

HCHO -}~ Oy —> cBo6onHbie pagukanu — OH, (IV. 39)

OH - CH, = H,0 -\ CH,, (IV. 40)

CHg -+ Oy - OH -- HCHO, (IV. 41)
OH -+ HCHO -» H,0 + CHO, (IV. 42)
CHO - 0, -> CO-- HO,, (IV. 43)
CHO + Oy - M — CHO, - M, (IV. 44)

CHOj 4 HCHO —» 2CO + H,0 - OH. (IV. 45)

Uro6e mpouecc TOpeHHs Hawascs, HCTOYHHK BOCIJame-
HeHHS NEPeBOJHMT HeKOTOpoe Kosnuectso MeraHa (CHy)
B cBOGOJHBIE DajHKaJkl, KOTOPbIE B CBOIO Ouepeflh OKHCJA-
torca g0 Qopmanpaeriaa (HCHO) u OH. Pagmnkan OH
pearupyer ¢ MeraHoM no ypasHennwo (1V.40) u Boccra-
HaBJIMBAETCA MO ypaBHeHHio (1V.45) 1o UenmHOH peaKuHH.
[onoGHbie Ke peaKUHH OGBACHAKT HPOUECC rOpeHus Apy-
ruxX yresogopoaos. OJAHAM H3 YCJOBHH, MpH KOTOPHX HE
6yleT TOpeHHs, sBJAseTcs paspylieHue pajaukasaos OH 1o
TCTO, Kak OHH cyMewr mpopearuposate ¢ CHy Uacto mpu-
YUHMHOH pa3pylieHHs pajHukajos OH suBisercs Teeppas mo-
BEPXHOCTb.

CKOpPOCTh XHMHYECKOH peakuMH MOXeT ObiTb paccMOT-
peHa B CBeTe CKOpoCTeH ABHIKEHHs H YHCJIA CTOJKHOBEHHS
MoJieKyJ/1. Boo6lie roeops, HNpu ompejeseHHBIX YCJIOBHAX
CKOPOCTb DeakUHH MOXKeT OHiTh H3Mepeila, HO LIKajia Bpe-
MeHH JOJIKHA BLIPAZKATLCS B MHKPOCEKYH1aX
((1: 1000000 cex). CxopoCTb PeaKIHH Pe3KO BO3PACTAET NMPH
yBeJHYeHHH TeMnepaTypnl. [IpHMepHO MOKHO CYHTaTh,

152

YTO CKOPOCTL PEaKUHH BO3PacTaer BABOE NMPH YBeJHUEHHH
TeMnepaTyph Ha Kaxaeie 15°C,

CylnecTBylOT st KaXKABIX AdHHBIX YC/AOBHI fABa Ipe-
lle1a BOCIIJIaMEHAEMGCTH cMeceH BO37yXa H razoofpasubix
roptounx peiiects. HHmxHHA npeges cOOTBETCTByeT MHHH-
MaJbHOH KOHUEHTPAUHH TOpIOvero raia, mpH KOTOPOH ro-
pcHHe emie BO3MOXKHO. Bepxmuil mpenesn coorsercTsyer
MaKCHMyMy 3TOH KoHueHtpaunu. B rta6a Il | npusesenwt
3HayeHHsl HHXKHAX H BepXHHX MpeesoB BOCIJIAMEHSIEeMOCTH
HI{ITHBHAYANbHLHX YIJIeBOLOPOAOB B Bo3ayXe. s MeraHa
B BO3AyXe 3TH INpeesbl COOTBETCTBYIOT KOHIEHTDAUUAM
51 15% Moa. mam 06., 18 NpPONaHa — KOHUEHTPaUHAM
24 u 9,5%.

s ra3oBeIX cMecell HIMMHHA Tpelen BOCTIaMeHSIEMO-
CTH MOXKeT OHTb JIeTKO MOACYHTAH MO HHIKHHM IpefesaM
BOCIUIAMEHsIEMOCTH KOMMOHeHTOB [1V. 27] npu momown cie-
nyole GopMyJb:

ny ngy ng
, +N2+ N, = 1, (IV. 46)
raie HMHpekcn 1, 2, 3 oTHOcsATcs K KoMmmouednTtam 1, 2, 3;
fl — cofepiKalHe KaxKJOro KOMIIOHEHTA B CMecH IIPH HHXK-
HeM IIpejiese BOCIJIAMEHSIEMOCTH B MOJSPHLIX HJIH O6BEM-
HEX MNpoueHTax; N — HHKHH{ Tpeaesa BOCIJIaMEeHAEMOCTH
K2XIOTO KOMIOHEHTAa B YHCTOM BHJEe B MOJAPHBIX HJH
08beMHBIX NPOLEHTAX.

[Mpumep

BhIUHCANTD HHXKHHH npejes BOCMJaMEHSEMOCTH TMpH-
poaHoro rasa, cocrosmero H3 92% o6. CHy 55% Cslis
n 2,5% o06. CsHs.

Pemwenune

OG6o3HaunB yepe3 x MPOLEHTHOE CONEPKAHHE Ta3a B CMes
CH ra3 — BO3YyX, HMeeM

92,0 x
5,0

55%  25x
300 ta37 =1

185x+4 1,71 x+ 1L,05x =1,

Takum o06pa3oM, HUKHHH Tpefes BOCH/JAMEHIeMOCTH
JNAHHOE cMecH raszos paBHsietca 4,7% 06. raza B cMecH
C BO3/lyXOM.

3aBHCHMOCTb TIPEJeJIOB BOCIVIAMEHSIEMOCTH OT JaBJe-
HHs fada Ha puc. 1V.83 n IV.84. U3 puc. IV. 83 suano,
UTO NPH NaBJEHHAX HHgKe 50 mm pT. cT. CMECH NPHPOAHOTO
rasa c Bo3ayxoM He BocmnaMenswortcss. [Ipn  naBnennsnx
BHIIE aTMocdepHOro (puc. IV.84) yBenuuyeHdwe ero mpH-
BOJHT K Pe3KOMY YBEJHUEHHIO BEPXHEro mpelesa BOCMIA-
MeHsseMocTH. XapakTepHo, uto cMech 40% mMoJ. nponana
u 60% wmos. Bo3pyxa, ofpasylwiascs B pe3yJeTaTe CMe-
LIEHHS C TPONaHOM TopsA4ero BO3JAyXa, HOCTYNAKWIIETO H3
KOMIpeccopa mHoj JaBjeHHeM 42 ar, TOPHT (e3 B3pHBA,
packanass TpyObl 10 BHIZHEBO-KpacHOro uBera. [JoGaB/jeHHe
K CMeCH TOpIOYero rasa c BO3JyXOM HHEPTHHIX KOMIIOHEH-
TOB, HamPHMep a30Ta WJH YIVIEKHCJOTO I'a3a, KaKk 3To BHI-
Ho H3 puc. IV.85 u IV.86, NpHBOAHT K H3MEHEHHIO Mpe-
JesoB BoclJaMeHseMOCTH. [IpH 3TOM Kak HHXHHH, Tak H
BEPXHHH mpele/bl BOCIIAMEHSEeMOCTH MNOBBIIAKNTCS, YTO
06BbACHSIETCA YAaCTHYHBIM yMeHbLICHHEM KOHUEHTDAUHMH KHC-
J0pOJAa B CMecH INpH [00aBJeHHH K HeHl HHEepPTHOro rasa.

[Mpouecc ropeHusi MoKeT NMpOTekaTb HPH CPABHHTENLHO
MeJJIEHHOM pPacrnpoCTPAHeHHH BOJIHB TOPEHHs1 W HPH Ghi-
CTPOM pacHpocTpaHeHHH [eTOHAUHMOHHOH BoJHE [IV. 58]
BosiHa ropeHHs pacnpocTpaHsieTcs 3a cueT Temonepefayt
H JHQQY3HH MexXay ropsuiedl cMecblo ¥ HEBOCHJIAMEHHB-
IIEMCSl TOIVIHBOM. JleTOHAUMOHHblE BOJHBEl — 3TO yAapHhHIe
BOJIHIBL, KOTOpble 00pasyloTcsi 3a CHUeT peaH3auHH 3HEpTHH
xumudeckol peakuuH. [Ipw . atMocepHOM [aBJEHHH CKO-
pOCThb pacirpocTpaHeHHst QPOHTA BOJHbBI TOPEHHST COCTAB.ISIET
nopsigka 0,3—2,4 m/cex. HukHee 3HaueHHe 3THX CKOpO-
crefl mpACylle YIJeBOAOPOAAM NPHPOAHBIX T'a308, a8 Bepx-
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Puc, IV. 84, Biustnue yBeJHUYeHHs J1aBJIeHUsS Bbi-
ure atMocepHOro Ha
MOCTH CMeceHd TpUPOAHEI ra3 — posnyx [IV, 84].
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COfepIKAalHX PasHble KOJHUECTBA a30Ta H yIMeKueaoro rasa [1V. 58]

Codepxwanue xucnopoda 8 crecu, Y,
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Puc. 1V, 87. VinpoluenHoe mpefcTaB/eHde O Pa3BHTHH Y/ap-
HOM souranl [IV. 40].

Hee — BOJOPOAY. DTH CKODOCTH AOCTaTOYHO Majkl H J0-
MycKaloT BH3yasJbHOe HabJIOfleHHe 33 pPacnpoCTPaHeHHEM
EGJIHEI TOpeHHs.

B HeKoTOpHIX NpoLeccax TOPeHHA CKOPOCTh Pacmpoct-
paHeHHS BOJIHB TOPEHHS, O6Pa30BAHHOH HCTOYHHKOM BOC-
ni:aMeHeHHsl, Pe3Ko YBeJIHUMBaeTCs, [OCTHras 3HauyeHHs,
XapaKTepHOTO A/151 AeTOHAUHOHHOH BOJHHL Hauunasa ¢ srto-
r'o MOMEHTA, CKOPOCTh OCTAeTCS CPaBHHTEbHO NOCTOAHHOM.
CKopocTh pacHpoCTPaHeHHs! JETOHAllHOHHOH BOJHH TOpe-
aka (900—3000 m/cex), B HECKOJLKO Da3 MPEBHILAET CKO-
POCTL 3ByKa B BO3JlyXe IIPH KOMHATHOH TteMmeparype., Ha
pec. IV.87 cxemaTHueckd M300pa)KeHH pa3BHTHe BOJHEI
IOpeHdst U Nepexof €e B- JeTOHALHOHHYI YAAPHYIO BOJHY.
HeBocniaMeHUBILASICS CMeCh TOPIOYEro rasa ¢ BO3JIyXoM
CXHMMaercid HerloCcpeICTBeHHO BMEPedd 30HB TOPeHHs, Kak
noxasano Ha pHc. IV.87,a. YBenuuenue 1aBJIE€HHS INPUBO-
JMT K yBeJHYEHHIO TeMIepaTypHl, YTO B CBOIO OUYepeib yBe-
JIHYMBAET CKOPOCTh PeaKlMH, ¥ BeJHUEHHe CKOPOCTH PeaKlHH
O Mepe NPOABHIKEHHS (POHTA TOPEHHs IPOHCXOAHT MO
TexX TOp, NOoKa He MOCTHTAlOTCSl YCJOBJS, H3BECTHHIE MOJ
Ha3BaHHeM @Qpoura ynapa (puc. IV.87, 8). 1ot ¢poHT
ynapa WM AETOHAlMOHHAs BOJIHA DACnmpOCTPAaHAETCs C BHI-
CuKO#l, HO NOCTOSIHHOH CKOPOCTBIO IO TeX MOop, MOKa OH
THOJANePKHBACTCS SHEPTHeH, BLIAEJAIEHCH B pe3yJbraTe
XHMHYeCKO# peakuwuu, {ig MHOTHX cMeceH NMPHPOAHEIX Ta-
30B C BO3IYXOM CKOPOCTb PAcCNPOCTPAHEHHs BOJIHLI TOPEHHs
HE JocCTHraeT 3HauyeHHH, JOCTATOYHO BHICOKHX MJs cO3[a-
KM AeroHauuoHHOH BOJHEBL Ilpemennl KoHumeHTpauud, mpu
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KOTOPHIX BO3MOKHO

p JETOHALUOHHOE TOpeHHe, NpHBeICHH
B taona. IV, 19.

Tabauya 1V, 19

CopgepxkauHe TONJIHBA,
% 06.
CMmech
HH2KHHH BepxHuil
npeaea npefed
Hy — Bo3myx 18,3 59
2 — Oy 15,0 90
CyHy — O, 3,2 37
i-C4Hy — O, 2,8 31
CyHy — Oy 3,6 92
C,H. — Bo3myx 4,2 50
NH; — O, 25,4 75

Hpumeqanue. Jaunne B3aTh u3 [IV, 58].

I‘o‘peHue CMeCH ra3 — BO3AYX B KOMHATHBIX YCJIOBHX,
Ja¥Ke KOTJa He JOCTHraercs AETOHAHOHHAs CKOPOCTb, MO-
JKEeT NMPUBECTH K MOBLIICHUIO JABJEHHUS, BHI3LIBAIOLIETO 3HA-
uyKTeNbHEIE pa3pyweHds. Bosee cepbe3nnie mochieacTsHA
BLI3LIBAIOTCS IIPH IepepacTaHHHd BOJHEI TOPEHHs B JAE€TOHa-
HHOHHYIO BOJHY M o0pasoBaHuH (poHTa ynapa.

2. OMPEAEJIEHUE KPUTHYECKOTIO JABJIEHHS
H TEMHOEPATYPbI

I1py H3ydeHHH a30BOTO COCTOSIHHSI CMeCH MOTYT IIO-
Tpe6oBaThCS SHAYeHHs HCTHHHBHIX KDPHTHYECKOH TeMrepary-
phl M KpuTHYecKOro AasjeHusa. CMuT H Barcom (Smith amd
Watson) [IV.86], Kapera u Karu (Kurata and Katz)
[1. 2, IV. 52a] u Opranuk (Organik) [IV. 66] npennoxu-
J METOAb! OMpPEeNeNeHHS 3THX KPHTHYeCKHX csoiictB. Hu-
e ONMHCBIBAETCS MeTOJ OIpeesieHHs] KPHTHYECKOro naBJe-
EHS M KPUTHYECKOH TeMIepaTypHl, mpeijoxenHuH OpraHu-
KOM. DTOT METOM 3aK/IUaercs B BHITHC/ICHHH CPEJHEMOJIb-

HOIl TOUKM KumeHds 8 M ¢peHeBEeCOBOTO MoJIeKyJIsPHOTO
Beca W, cMecd C HOCJeIYIOIIUM HAXOXKIEHHEM KpHTHYe-
CKMX ycJoBHE mo puarpamme pue. IV.88. Moxer mnorpe-
6oBaThCa Hemosb3oBanue puc. [V. 89 1as HaxokieHHs Io-
MPaBKU K cpeHe00beMHEIM TOYKAM KHIIeHHs, a TakXe NpH-
meHeHne puc. 1V, 36,



Mpuwmenp [l

PaccudTaTh KPHTHYECKYIO TeMNEpPaTypy H KPHTHUECKOe
JaBJIeHHe NPOAYKIHH CKBaXKHHH, €C/H H3BECTEH ee COCTAaB.

V. 66]

Cocras NPOAYKUUHN CKBAaKHHbI

Pasronka kommnonentra C;Hig -} us cenapatopHodt xun-

KOCTH [aja C/lefyIIide Pe3ynbTaThl (yAeNbHRIH BeC 3TOrO
KomnoHeHTa npH 15,5° C pasen 0,7805 e/cm?).

|

IlnoTHOCTD,

Pasronka DpakuaH 2/cM?
|
. a3 u3 cena- JKuakocTb TIpoayKuu ]
Kounonens P " pematreel o mec. Havasibeas Touka Kunenus 80°C 1 0,7425
- BrikunaHHe, %:C
9i° 2 0,7436
CO, 0,0229 — 0,0145 20 100°C 3 0,7503
CH, 0,6383 0,0173 0,4106 30 110°C 1 07572
CH.H, 0,1187 0,0136 0,0802 40 121°C 5 0.7678
C;Hy 0,0972 0,0338 0,0739 50 137°C 6 0,7796
i-C4H10 0,0199 0,02 10 0,0203 60 1540 C 7 0’79 1 O
n-CaHy, 0,0398 0,0460 0,0421 20 1gc 5 08054
i-CsHys 0,0136 0,0336 0,0209 80 204°C Ocratok 0,8423
n-CsHys 0,0136 0,0382 0,0226
CyHya 00116 01026 0,0450
C,Hy4 + Buicurne 0,0244 — 0,0155 Hpumeuanue, Haknon kpusoiél pasronku 10—90% pas-
(ras H3 cenapa- HﬁeTigo"lgso C/%. CpeaneoGveMHas TeMmmepatypa Kume-
TOpa) HUS .
C,H,; - suiciune — 0,6939 0,2544 Pewenue
(KHAKOCTD H3 Ce- . Pacuer cpenHEMOJBHBIX H CPEJHEBECOBBIX CBOHCTB
naparopa) TSIKEJIOTO 0CTaTKa,
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Kpumuueckag memnepamypa,®C

Puc, 1V, 88. I'paduk ana onpegeneHnsi KPHTHUECKHX TeMIePaTyp R KPHTHUECKHX MaBJeHUH

CJOXKHBIX

cMeced [1V. 66].
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Harnow kpubod paseonku ASTM 10-90 7., °C/7,

Puc. 1V.89. TlonpaBku K cpeaneoGheMuBIM TemnepatypaM Kunenus [IV. 86; 1. 2]

1

LudpHl Ha KPUBHIX 06GO3HAYAIT cpefHeoGbeMible TeMneparyphl KHnewHs B © C.

Iis pacyetra B u W, NPOAYKUMH CKBaXKHHBLI H3BeCT-
HOrO COCTaBa B NEPBYI Ouepeln KeNaTeJbHO ONpPeNe/HTh
3TH BeJHYuHbl Aas ¢pakuuu C;His -+ B rase u XKuakocTH
H3 cenapatopa. MoxHo NpHHATh, uyto Opakuus CrHis +
MUIl CemapaTopHOro ra3a HMeeT CBOHCTBa  HOPMAJIbHOLO
okrana: B =399°K u W, =114, Idas onpenenenus B
H W 3rofi Ke dpakuuu M3 cemapartopHOil XHIKOCTH pe-
KOMEHAYIOTCs1 JABa MeToAa. [lepBblli MeTom COYyXHT AJs
rpy6o#, Ho OLICTPOH OmEeHKH 3THX cBoiicTB. ag 6oJiee TOY-
HBIX pacyeTOB peKOMEHAYeTCsi BTOPoH, HeCKoJbKo OoJiee
CJIOXHBH H TpyloeMkuil Merof. CorjiacHo nepBOMy MeTo-
Ay npeAanoJiaraetcs, 4ro B NpHGIH3HTeNLHO paBHO Cpel-
Hed apHQMeTHYeCKOH H3 CPeIHHX TeMIeparyp KHIeHHs H
uto Wo mus dpakuun CsHis -+ cymectByrouux B npupole
cMmece MOXeT ObITL ONpejejieHO HelOCPeACTBeHHO Mo Ha-
KJIOHY KDPHBOH Pa3rOHKH H Ha OCHOBAHHH CpelHero 3Haue-
HHR XapaKTepPHCTHYecKoro dakropa.

Cpeansisi apudMmeTnyeckas M3 CPeIHHX TeMIepPaTyp KH-
NeHHst onpelensieTcss H3 Auarpammbl puc. 1V, 89: uHakion
KpuBoit pasronkn 10--90% = 1,83°C/%, cpemneo6nemuas
Temnepatypa Kunesus pasua 150° C, nmompaBka K cpejaHe-
of6beMHOH Temnepatype KuneHus pasHa —I12°C. Cpeauss
apucdMeTHYeCKass H3 CPeIHHX Temrnepatyp kunenus 138°C.

CuienoBatespio, B pasusiercst 138 4 273 = 411°K.

3Hauenne W, Kak yKasaHo Bbllle, ONpeessieTcss IO
HAKJIOHY KPHBOH DPAa3roHKH H No CpeJHeMy 3HAyeHHI0 Xa-
pakrepucruyeckoro ¢akropa. Ilocsienuuit Moxer 6bITL Hal-
ZeH u3 puc. 1V.36 no ussectHolt miotHocTH (0,7805 2/cm?)
H cpelHeKy6HueCKol TeMnepatype kunenus. Ilo puc, IV. 89
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Puc. 1V.90. CpeaneBecoBoii MoJIeKyJIsIpHEIA BeC He(TAHBIX
dpaxwnit (Cy4) [1V. 66).

cpenHeKyGHueckast TeMIepaTypa
CIefyIolHM 06pa3oM.

Cpeansist o6beMHas TeMnepaTypa KuneHHds pasna 150°C;
NoupaBka K CpefHeoGHEMHON TemmepaType KUIEHHS paB-
Ha —5° C

CpeaHgkyOuyeckass Temmepatypa xumenms 145°C.

KHIEAHs  onpenedsercs
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PacyeT CpeflHeMONBHBIX H CPEJHEBECOBLIX CBOHCTB KOMIOHEHTA IeNTAHbl -- CenapaTopHON KHAKOCTH
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Puc. IV. 91, DxBuBa/NeHTUble MOJIEKY.IApPHBE Beca Hed-
TAHBIX (pakuuil U KoMmioHedTos rasa [IV. 66

Hs puc. 1V. 36 cpeaHee 3HaueHHe XapaKTepHCTHYECKOTO
¢dakropa paBHo 11,7. Ha ocioBaHHM 3THX AauHBIX BEJHUYH-
Ha W, MoxeT ObiTb OnpeleieHa no aHarpaMMe, npef-
craBaeHHo# na puc. 1V. 90, Ma sToil auarpaMme daHbl
3HadyeHdst W,, B 3aBHCHMOCTH OT Hak/IOHAa KPHBOi pasroH-
Kl /S Pas/MHuHBIX 3HAUEHHE XapakiepuctHyeckoro ¢dax-
Topa. (IDTy AHarpaMMy MOXKHO MNPHMEHATb TOJBLKO A5
¢pakunn CsHjs+ NpHPOZHOTO KOHAEHCATHOTO rasa M Jer-
KCH ChipoH HedTH W HeJb3s npHUMeHaTb aast dpaxiuii Cs+-,
Co+ u 1. A.). U3 puc. 1V. 90 unaxomum M., = 151

2. Bropo#i meton pacwera sJasercss Gosiee TOYHBIM, Tax
KaK B 3TOM CJyyae TsKeJbie OCTATKU pa36HBAIOTCH Ha Pl
NpOM3BOJILHO  BLIOpaHALIX  ¢pakuuit. CBoficTBa Kax10#
dpakuHd onpedessioTcss H CYMMHPYIOTCS, YTO JaeT B HTO-
re cBoficTBa BCCTO OcTaTka B ledoM. ITomoGHLIE pacuer

npuBoauTca B ta6a. IV.20. B s3to#t Tabauue B KoJoHkax
3 H 4 naHb 3HauGHHA CPe1HHX TeMIEepaTyp KuIeHHs, B3s-
THIX U3 KPHBOH Pa3ToHKH AJSI AECsITH MPOH3BO.JILHO BLIGpaH-
HbIX (ppakuuil.

3HaucHHA XapakKTePHCTHUECKOro ¢akropa IJas KaxIoi
¢pakuur (KoadoHKa 6) B3gTel M3 puc. IV.36 no skcnepu-
MEHTAJbHO ONpefe/NeHHBM 3HAUCHHSIM [IOTHOCTH H cpel-
HHM TEeMII2paTypaM KHMeHHs ¢paxiuil. Bcnenacrsue TOrO,
YTO XapaKTepHCTHYecKHe (aKTOpbl MOYTH MOCTOSIHHH M
6mu3ku K 11,7, 370 Xe 3HayeHHe OHJIO MPHHITO H JUIS
AeBAATOH M JecaTod ocTaTOuHLIX (pakuHuil. Becosoe comep-
KaHHe Kaxkaofl (pakuMH (KOJOHKA 7) MOXKHO BHIPA3HTh
B BECOBHIX [OJISIX CENapaTOPHOH XHAKOCTH B LeaoM (KO-
JOHKa 8) YMHOXKeHHEM Beca Kaxjao#l (pakuHH HaA OTHO-
wenne 0,6939/78,05, T. e. Ha OTHOLIGHHE BECOBOH NOJH
¢pakuun C;Hj + k obieMy Becy 3T10H (pakuuu. B xo-
JIOHKe 9 3TH BECOBHiE [JOJH BLIPAXKEHBl B BHAE CyMMapHbLIX
BECOBBLIX J0Jiell Bcell cenapaTOPHOH XHAKOCTH.

Hanee ctpoutcst rpadux 3aBHCHMOCTH Jorapapma al-
CGMIOTHOH Ccpefiell TemMmepaTyphl KHMeHHA (KOJIOHKa 4) OT
CpeJHEro COfepiKaHus KakIOH (PakiHH, BHDAXKEHHOTO B
BRCOBHIX MNponeHtax (kodorka 10) (puc. IV.92). IToay-
yegHas Ha puc, 1V.92 Bnoame npsiMas JHHHSA NPOXOAHT
yepes BCe TOYKH M IKCTPAMOJNHpyeTcs 10 3HAUEHHs, COOT-
sercTBylomero 100%, M cpelHsa TemIepaTtypa KHIEHHs
OCTABILHXCSA JEBATOH H AecsiTofl (pakIHui onpejensercsa no
3TOH 3KcTpamoaupoBaHHOH npsimofi. 13 rpaduka caenyer,
4TO HX 3HayeHHs1 paBHH cOOTBeTCTBeHHO 475 u 494° K. Tlo
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Puc. 1V.92, Kpusas pasronxu ¢ppaxuuit C;+ cena-
pPaTOPHOH JKHAKOCTH (fo/yJioTapAdMHuecKHit rpa-
¢uk) [IV.66].

1 — octatok Ne 9; 2 -—- octatok Ne 10.

STHM 3HAUEHHSIM OMNpefesseM IJOTHOCTH, MOJIEKYJ/IsSpHbIE
Beca M SKBHBAJIEHTHEIE MOJEKYJSpHble Beca 3THX (dpakuuil.

DKBHBAJIEHTHBI MOJIEKYJ/SPHBIH Bec KaxKA0H (pakuuH
(komonka 11) moxHO HaliTu H3 Auarpammer puc. IV.91
Mo cpelHell TeMiepaType KHICHHS H XapaKTePHCTHYECKOMY
¢axkTopy AaHHOH (pakuuH. 3aTeM BLIYUMC/sieTCsl CpellHeBe-
COBOH 3KBHBAJIGHTHBIH MOJIEKYJIPHEIH Bec BCETO0 KOMIOHEH-
ta C;Hys + (Am) myTeMm [ejleHHs CYMMH KOJOHKH 12 Ha
o6uuii Bec KoMmoHeHTa (cM. KonoHky 7), W = 1355
CpeaHeMoJsisipHAst — TeMNepatypa  KHMEHHs  KOMIIOHEHTa
C;Hj6 -} ompenensiercsi NyTeM JeJleHH CYMMH  KOJIOH-

KH 15 Ha CyMMy KOJIOHKH 14, B = 411°K. 11, Omnpene-

fettrie BesuuuH B 1 Wy, AJA TPOAYKIMH CKBaXHHH faH-
HOrO COCTaBa.

IToj06HO TOMy, KaK OBIH OTpeflesennl CBOHCTBA KOM-
rionenta CsHig+, MOTYT OHITb BBIUMCJACHLI H 3HaueHHs B
u W, ans Bcell NMPOAYKUHMM CKBAXKHHHL. DTOT pacyer npu-
pedaen g taba, V.21

B kosonkax 1-H 5 [aHbl 3HayeHHs BECOBBIX H MOJsAP-
HBIX J0Jell KOMIOHeHTOB NPOAYKUHH ckBaxHHbL ITocaen-
HHE TMOJIYUEHH H3 NepPBHIX C HCMONB30BAHHEM MOJEKYJAD-
HHIX Becos, MPHBEeJEHHHX B KOJOHKe 4. B xosoHke 2 npell-
CTaBJeHH 3HAYEHHS 3KBHBAJEHTHBIX MOJEKYJSIPHBIX BECOBR
yrJAesolopOAOB, BK/AOYAash H 3HAYCHHE [Js1 KOMIIOHEHTA
C;His 4+, Bblunciennoe B taba IV.20. 3nauenue W, ans
NMDOAYKUMH CKBAaXKHHBL ONpENENsAETCss KaK CyMMa 3Haue-
uuil, NpUBeJEHHBIX B KoJMOHKe 3, W pasHo 60,1. 3nauenue B
onpenenseTcss Kak CyMMa 3SHAaueHHH KOJOHKH 7 H DaBHO
155° K.

3, Ompe/eseHHe KPHTHUECKOTO JABJGHHS H KPHTHYECKOH
TeMIepaTypHl H3 Auarpammbl puc, 1V. 88,

Ucnoabays mosyueHHbe Beue 3Hauctus Wm = 60,1 8

B=155°K mno auarpamme pHuc. IV. 88, ompenensem KpH-
THYECKHE MapaMeTphl JaHHOH CMeCH.

A6COMOTHOe KPHTHYECKOE [aBJeHHe Po=235; KpPHTH-
ueckas temneparypa T = 26,6° C.

AGcosoTHO® KPUTHYECKOE [aBJeHHe, ONpe/esieHHoe Mo
HETIONHBIM SKCIIEPHMEHTAMBHEM JAHHEIM JUIsl TIPHBeJCHHOH
BLINIE CMeCH, HaXoAATcsa B mpedenax 210—224, a KpHTH-
veckas TeMuepatypa B mpedcaax 10—-24°C.

ITIpu TMpHMeHeHHH YTIPOLIEHHOH METONHKH COOTBETCTBHE
MCM(Yy pAacyeTHBIMH H 3KCIEPHMEHTANLHRIMH  3HA'ICHHIMH
HEYI0BJIETBOPHTENBHO [JIsT KPHTHYECKOrO IaBJeHHs H BMOJ-
He yIOBJMCTBOPHTEJBHO JUIA KPHTHYECKOH TeMIepaTyphl.
ITo ynpouwennoii Metoanke W = 64, a B = 155°K. 3mu
3BAYeHHSM HapaMeTpPOB CMECH COOTBCTCTBYIOT CJIEAYIOIIHE
KPHTHYECKHE YCJI0BHsA: aGCoMIOTHOE JaB/eHHe pe = 258,
T. =21°C.

Ilnst cMeced, COCTOfIIMX M3 TAKHX KOMIIOHEHTOB, KaK
MeTaH, 5Tad ¥ T, A, HO He COJAepKalHX KOMIOHCHTA
C-His+, mMeToaMKka pacueTa SHAYMTEJDLHO YNPOILAeTCs.

Tabauya IV. 21

Pacuer B u W, AJS NPOJYKUMH CKBaKHHM H3BECTHOTO COCTaBa
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DKBHU~ JedcT- Temme-
BaJIeHT- BHTEJb-
Beco- wuti | T1ponsBenenue|Hbiit MO~ Monb- | patypal  [IpouspegeHue
BLie Mose- |kosonoK 1 u 2| nmegy- | HBIE § KHIE | yononok 5 u 6
KoMmoHeHT JOJH Kyasp- napHEb| AOTH H.Hﬂ,
HHL{i BEC BeC K
1 2 3 4 5 6 7
COy 0,0145 44 0,64 44 | 0,0095| 194 1,8
Cy 0,4106 16,04 6,60 16,04 0,7371| 112 82,7
Cq 0,0802 | 30,1 2,42 30,1 |0,0766| 184 14,1
Cq 0,0739 | 44,1 3,26 44,1 |0,0482| 231 11,1
-C, 0,0203 | 54,5 1,11 58,1 |0,0101| 262 2,6
n-Cy 0,0421 58,1 2,45 58,1 {0,0209| 272 5,7
i-Cg 0,0209 69 1,44 72,2 |0,0084| 301 2,5
n-Cg 0,0226 | 72,2 1,63 72,2 10,0090| 309 2,8
i-Cg + n-Cq e .. ... ..] 00450 i 85 3,82 86,2 |0,0150{ 366 5,4
C, ¥ BIme (M3 cenapatopworo rasa) .| 00155 | 114 2,23 114 |0,0039( 398 1,6
C; H Bhllle (U3 CemapaTopHOH #HIKO-
CTH) . .+« v v o v i e e e e 0,2544 |135,5% 34,5 119,5 | 0,0613} 411* 25,2
Bcero. 1,0000 W, = 60,1%% 1,0000 B = 155,5° K*
* B3sTh M3 pacueTa, npupeAeHHoTo B Tabda. IV.20. _
** [Ipn mojcyere No ynpoujenHol MeToj@Ke DOJYYEHO W/m = 64, B = 155,5*K



§ 6. BA3KOCTb

Ilpu u3yueHUM TeUeHHsI YrAEBOJOPOMAHBIX MKHAKOCTEH H
razop no Tpy6aM M B HOPHCTHIX CPEAax HJAH B OOuIEM CJay-
yae MPH H3YYCHHH HepeHOCa KOJHYECTRa NBHXKEHHs, HabJio-
JAaeMOoro mnpH TEeYeHHH XHJAKOCTeH M Tra3oB, HEO0OXOAHMO
3HaTh HX BA3KOCTb, BiHsIHHe BS3KOCTH Ha TeueHHe XKUJIKO-
CTeH H ra3oB OCOGCHHO BaXXHO NMPH H3YYeHHH GHABTpALHH
B HedTAHBHIX NJacTax, TaKk Kak B OTOM CJyyae TeieHHe
NpeHMyllecTBEHHO sBJSETCS JAMHHApDHBIM M Hepermaj JaB-
JIeHHsI TMPOMOPLHOHANEH Ba3KocTH. IIpH namuHapHOM Teue-
HHH BSI3KOCTb ONpPeJENsIeTcss H3 COOTHOLIEHHS

re 14U (IV. 47)

& dy
rae N— ko3pdUUHEHT BA3KOCTH MM aGCONIOTHAS BA3KOCTH
B 2/CM ' Cex; T — HanpsiKeHHe CABHra Ha eIHHHIY IUIOIIa-
JH B IJIOCKOCTH, NMapaJjJjelbHO#l HampaBJeHHIO JABUIKEHHS,

d
B I'fcm?; dy — TPAaMeHT CKOPOCTH B MJI0CKOCTH, MepneH-

JUKYJNAPHOR K IUIOCKOCTH CABHTA, B CM[ceK - CM; g¢— Ie-
pecueTHEl Koadduument (cm2/I') X (cmfcex?),

Brepsbie moHaTHE BS3KOCTH  GBJIO  MOCTYJHPOBAHO
HewoToHoM, a mosaHee MpoOBepeHO sKCmepuMeHTanbHo [lya-
3efiJleM Jas TeyeHus KHUAKocTell mo kamwanspam [IV, 123].

3a enunuuy aGCcOMIOTHOH BA3KOCTH INpHHAT nyas (n3),
HUMewmHi pa3MepHOCTb 2/cm - cex. Epunuua, B cTo pas
MeHbHIas Nya3a, — CaHTHNya3, B ThicA4y pa3 MeHplias —
MWILJIHNYa3, B MHJUIMOH pa3 MeHblass — MUKpomya3, Bo-
La npu temmeparype 20°C umeer Bsizkocth 1,0 cna.

KuneMartuuecKasi BS3KOCTb UHCJIEHHO DaBHA OTHOUIEHHIO
aGCoMIIOTHOH BSI3KOCTH JKHAKOCTH K ee IJIOTHOCTH:

Y m— = — = CCm. (IV. 48)

ITo BA3KOCTH MKUAKOCTEH, TEKYIIMX N0 KaNHJIsPHHM
KaHanaM ToOX fefiCTBHEM THJAPOCTAaTHYECKOro J1aBJieHHd,
MOMHO ONpeN