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rpe AMCITIOBUE

HNansHedwni pocr 6AarococTOARHA COBCTCKHX JIoAeH Ha OcHOBe
yCTOIUHBOLO, DOCTYNATEABHOIO DAIBUTHA HAPOLHOIO X03ANCTBA, YCKO-
petns HAY4HO-1EXHHYECKOrO nporpecca M NEpeBOa IKOHOMHKH HA TyTh
pi1cuCHQAKANLHY, GoJiee PAUKOHANLHOTO HCNOJABL30BAHHWA TIPUHIBOLCTBEH-
aoto notenuuana CCCP, ecemepuofi 3KOHOMHH BCEX  BULOBR  Pecypcos
K yAyUlIEeHMA KaueCcTB2 PaGOTH — Tak  ONpeje]seTca B peleHHnx
XXVII cueana KIICC taapnan sapaua ApenaauaTol OATHIETKR.

[laaoMepHoe B BCECTOpOHHEE  COBEPIIEHCTBOBAHME  COLHAJMHIMA,
AajibHeRilee [UPONBHKEHHE COBETCKOro oO0LLeC1Ba K KOMMYHHIMY Ha
OCHUBE YCKOPEHHA COLHAALHO-3KOHOMHYECKOFO PAaJBHTHA CTPAHH COCTAB-
AQI0T eYTb HOBOH pepakudr Tlporpammel KoMMyHHCTHUECKOR nmaprHi
Coperckoro Cowosza. B suimOsnennu sroii Weropuyeckoll sajaus Kowm-
MYHHCTHUECKAS DAPTHA OTBONHT ORPEREIAIOUIYIO DOAB HAYUYHO-TEXHYU2-
cKOMy HOTEHIHaJy CTpallbt.

KopeHlbIM BONPOCOM YKOHOMHYECKOH CTPAaTEFHH NapTHH  ABJAECTCH
KapiHHAJABHOE YCKODEHUE HayyHO-TeXHHYecKoro mnpoipecca. IlpeacTont
OCYLIECTEHTE TeXHHYECKYI0 PeKOHCTPYKUHIO HAPOAHOrQ Xo3sficTBa H Ha
STOH OCHOBe Mpeofpa3oBaTh MaTepHadbHO-TeXHHYecKyio Gasy obuiecTma

OcHoBHbiE BANPaABJECHHA IKOHOMUYECKOTD H COUMAJBHOIO pa3BUTHHA
CCCP wua 1986--1990 roam ® na nepuony Ao 2000 roma ompenesstior
KOHKPETHBE [JIAHOBbIE 33AdHWS N0 PEAaNM3AUAM DPOTPAMMNLEIX  HeJded
KIICC,

BeemepHoe yCKODEHHE HayuyHO-TEXHHUECKOTO MpoIpecca  ABJAETCH
KN104eBOH NOJHTHYECKOH ¥ XO3aHcTBenHON 3aladeil.

Cpelln KOPeHHHX 334384 HayunO-TeXHHYECKOTO NpOrpecca H pasBHTHA
HaykKH OTMEYAOTCA CJACAYWUIHE., BHICOKHMMH TEMIAMH HapallWBaTh Mac-
WTA0W NPHMEHEHHA COBPEMEHHLIX BHICOKOIPOM3BOJAHTENLHEX SJEKTPOH-
HO-BLIYHC/AHTEJbHEIX MAIMHA gcex KA4cCceB; 0Gohee NMOAHO HCNOMB30BArh
Bpy paspafoTKE HOBOR TEXHHKH R TEXHOAOTHH MATCPHANH C 3apaHee
3a7aHHLIMH  CBOHCTBAMH, OCOSEHND APOFPECCHBHLIE KDHCTDYKUMOHHEIE,
B TOM YHC/AE CHHTETHYECKHE, HOMIO3HIHOHHEE, 00YCAOBAHBAIOULHE BHI-
COKuil 9KOHOMHYECKHA 2ekT B HAPOLHOM XO3AHCTBE; YCKOPHTH lepe-
CMOTp CTAHAAPTOB M TEXHHUECKHX yCAOBUM, OPHEHTHpPYR HX Ha BLICULIE
MHpopale ROCTHMEHHSA;, NPHAATL OPHOPHTETHDE 3HAYeHHE Pa3BHTHIO (HYH-
fLaMenTaNbHOH HAYKH; CYLUECTBEHHO [OBBICHTH YDOBEHb H DPe3YJbTATHB-
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HOCTE OTpacAeBOR HAYKH; PaclIHpHTE HeclielOBaHUA, Pe3yJbTATH KOTO-
phix TIO3BOANT OOECIEYHTS rayGokue KayecTBeHHBIe H3MEHEHHA B NPO-
HABGANTEIbHBIX CHJAX,  CO3AaHMe  NPHHIMOAAALHO  HOBHLY BH.10B
NPOAYKUHH, TEXHHKH B TEXHOJOTHH.

Gonbuwoe n noctosineoe shumatne KIICC yaeaser  BOmpocaMm -
JHIHOTO H KaNUTaJbHOro CTPOHTEBCTBA.

HaneueHo SHAYHTEABHO PaclIMpHTh MACTA0h HCOOAL3OBAHUSA 4
CTPONTEALCTBE NOJNMMEPHBIX, XHMHUECKHX H APYTHR COBpEMCHHBIX  KOH-
CTPYKUMOHHBIX MATEPHANOB, CYLIECTBEHHO YBEAHUHTh ofbemul paboT 0o
PEKOHCTPYKIHH H TEXHHYECKOMY [EepeBOOpYMEHHIO npeAnpuATHA 0pu-
MBILLACHHOCTH CTPOHTEJBHBIX MAaTEPHAIOB H CTPORKHAYCTPHI.

[MpeaycMaTpHBacTes 3HAUWTEALHOE YBEJHUCHHE BLIyCKa pporpec-
CHBHBIN [ACTHYECKMX MACC, XHMHUECKHX BOJIOKOH H PRA3 ApYTHX Bas-
UBlX XHMHUeCKHX MaTepuaioB, Hapawusawue TeMnoB pocTa XEMHEECKO
npoMbliieHnocTH OyfeT, B HACTHOCTH, cnocofCTROBATL YCKOPEHHIO Pas-
BUTHS MHAYCTPHAJAH3AUHH CTPOHTE/IRCTERA. B cBa3d € ITHM npPEACTOHT
nanpHefimiaa pafoTa ¥ MO COBEPIIEHCTBOBAHHMIO nowapHol GesaonacHociy
NPOM3BOJCTE, TPOMBILLIEHHNX GGBEKTOB, npeAnpuATHE TOProBaH, COOp-
THBHELX COOPYMCHHI H T. A.

HuTencudurauua pasBHTHA HAPOLHOrO Xo3sificrBa, MOBLILICHHE
YPOBHS COLMANBHOTO H SKOMOMYNECKOTO PashuTHi COIHANHCTHIECKOTO
ofllecTBa HAKJANGIBAIOT HA CHELHAmHCTOB, paboTawliux B ofnacTH mo-
wapHOii §e3cnaciioCTH, NOBHIUICHHYI: OTBETCTREHHOCTR OpH NPHAATHH
cooTBeTCTBYIOWMX pemennit. Hegoouenka nomapnofi onacHoctH 00LeEK-
Ta, PABHO KaK M ee TNCPeCLeHKE {nepecTpaxoBKa), MOMeT [NDHBECTH
K GOJbIIHM SKOHOMHMECKIM H COUHAJbHBIM [OTEpIM.

JiAs yCnelHoro NPHHATHA peuleHdsd B moGoi 0f7acTH YeI0BeYecKol
AeATeNBHOCTH, B TOM YHCJE W B 06JaCTH MOXAPHOH Ge30NaCHOCTH, oba-
saTepHn ueThipe yciopus. Heofxoaummo suath OGLEKT HCCACLOBAHWA.
Crenelb Mo3naHua o6bekTa GyAeT BO MHOTOM ONpPEAEnATh ycnex I pu-
HuTOro pelleHrsn B HanHom caysae O0BEKTOM  HCCAEAOBANNSA
ABAseTcH NoMaAp xak ¢uaudeckoe fpjense. Heolxonwmoe HETKO nped-
CTABJATb 1 €/, KOTOpHE CTABSTCH NpYM NPHNATHH DelIEHHd, B Kpn-
TepHH, NO KOTOPHIM OLEHHBAETCA  KANECTBO NOCTZBMERHOA  LeJH.
I nocAenHdM YCRORAEM NPHHATHS NPpaBHIBHOTO DEmIEHHA ABJIAETCA qer-
Koe UpeacTaBJeHHe TeX orpanuuen # fi, KOTOphle MOrYT BO3HHEHYTb
npe mpuAnTHR peuleHnit. Kak npasuso, OTpanBtedud LHKTYIOTCH 32-
nayamMu H YPOBHEM Pa3suTHsA OOULeCTBA HA COOTBETCTBYIOMAX sTanax.

Hacrosmas paGoTa NOCBANIEHA HCCACIOBAWHIO NEPBOLO yCAOBRH —
NPHHSTHIO TIPABHABHOLO Dellenus 1o ofecneueHdlo ROXapHoR Gezonac-
HOCTH OOBEKTOB HAPOZHOrO X03sficTBa.

BO3aMOXHOCTL NPOrHO3HPOBATh H3MCHENHE ONACHELX haKTOpOB MO-
Kapa AAs pea’bHHX OOLEKTOR MO3BQIAET IOLHATH pafoTH MO HeCJe-
AOB3HHIO MNOXKAPHOH OMACHOCTH MATEpHA/IOB, KOHCTpYKUHH H 06LEKTOB
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pa KauecTBEHHO HOBBIfL 3Tanm pasBUTHA, NHepelis OT CPARHHTENBHBIX
QUEHOK MOMKAPHON ONACHOCTH K €¢ NPOrio3y B peahibX YCAOBHAX IKC-
nleaTaL[HH.

HueHno O TakoM OYTH Pa3BHTHd B COBPEMEHHOH Hayke yKaanBa-
erca B craTbhe akazemuka A, Camapckoro «Coepemennas NpHEAZAHARA
MaTeMaTHKA W BHIMECAHTeAbHHE skcpepuMents (Kommyumer. — 1983, —
N 18, —C. 31—42).

Crana oyeBHAHCGH HeoOXOAHMOCTL Pa3paboTKH KAYECTBEHHO HOBHIX
MeT0on0B NPAHATHEA peleHHii B WX pealH3aU¥R, YTO HeH30eXno Hak/a-
AMBAET CBOA OTMEYATOK HA Halle NPeACTaBJAeHHE O HeaAX K enocobax
nosuAHHSA, HAa MCHXOJOTHIO YYEHBIX, Ha PA3BHTHE RAYKH B LEACM.

Bes pazpalorTk ¢ryHNAMEHTAJbHLIX HCCJIeIOBAHHH Hayka OHICTDO
CRATHBASTCA HA PeJbchl «I0J3yuero aMnupHamas. Yacto mposecTH rpaib
MmedAY ByRIaMeHTAJABMEME OpoGieMaMH H NpHKJadHeMH paspaforka-
MW HEBO3MOKHO IT0 ofllee HANPARJIEHHC PA3BHTHSA COBpeMesHOHR HayKH
HAXO/JHT CBOE OTPaXKeHue B8 paccmaTpHBaeMofi npobjeMe W BLIpAMKARICH
B nNepexole OT 3MIXPHYECKHX METOL0B HCCJAeAUBAHMA DA3BUTHA NOXKapa
K CO3XAHHID MATEMATHUECKHX MOjieleffl W NPOBeACHHI0 YHCAEHHBHIX 3KC-
MepHMENTOB,

B nacrosieft paboTe HA COBPEMEHHOM HAYYHOM YDPOBHE M3JNOMKEHH
OCHOBH DAacyeTOB TEPMOTA30AHHAMHYECKHX NAPaMeTPOB [0XAp4 B 10-
MellleHHAX PA3AUUHOTO HAZHAUCHHSA

ABTOpHl  BHIpa)kaloT GaarojapriocTe  JA-

A H. fxosneBy 32 LeHHEe coue’rb}: H 3ame}!11apﬂl:m Tzi:;laﬂi:ia;emn HPOQ):
) pu pe
LUEHIHPOBARUE PYKOMHCH,



fnasa 1. TEPMOOAMHAMUUECKUA AHANKM3 NOXAPA,
NPOTEKAIOLWLErQ B NOMELLLEHMM

1.1. MCXOAHBIE NONOEHHUA

[Moxap B nomewenns upencrasaser coGoit cnennduyeckuil npouec,
CONpPOBOXKAAIOUIMACH H3MEHEHHEM COCTABA H TAapaMeTPOB rasoBod cpe-
Abi, 3aMOJHALINGH noMelleRHdA. azopas cpefla B NOMELUEHHH ¢ HpoeMa-
Mn (OKHa, ABEpH W T.I ), COSIHHAIIWHMH eI0 ¢ HapyxHOH aTtMocdepoi,
KaK O0BEeKT HCCAeICBAHHA €CTb OTKpPHTAafA TEPpMOLHHaAMHYE-
cKas cHCTEMaA.

B rascBoil cpene, 3anonHA0MER Npy noXape TnoMewenwe, B Jo6oi
MOMEHT BPEMEHH COXPaHfeTcsl JIOKaJbHOE PaBHOBECHE.

Tazopyo cpeay c GoJblIOR TOYHOCTHIO MOXHOG PACCMATPHBATE KaK
cMech HAeasbHbix rasos OCHOBHble TepMOAHHAMHYECKHE DNapaMeTphl
COCTOfHHS Traza B KamLofl TOYKe OPOCTPAaHCTBA CBA3AHHW MeXay coboi
ypasienHeM Kuanefipona,

Cocrosgne razoBofi cpelsl MPH NeXape B HOMEIIEHNH XapaKTepH-
ayeTcd NOJAMH JIOKANBHLX TePMOIHHAMHYECKHX NAPAMETPOB COCTOSHHA.
Oanako cOCTOSMME rasoBOi CpPelbl NPH IOXAape B NOMEUIEHHH MOXHO
XapaKTePH3OBATE TAKMe d ¢ NOMOWDbK T4K Ha3HIBaeMHX CpelHe-
060beMHHX TEePpMOOHHAMHYCGCKHX NapamMerpoOB COCTO-
HH A, CBA3AHHLIX MexAy co00H ypaRlIeHHEM, BHITEKAKIIHM H3 yCJoBHA
CYLIECTBOBAHKA JIOKAJLHOrO paBHOBecHA, € HOMOWMBIO CpeaAneolBeMHEX
flapaMeTpoB COCTOAHHA MOXHO IMpOcAelHTh OOMHE  3aKOHOMEpPHOCTH
nporecca pa3BUTHA NIOXKAPA, BLIABHTL €F0 HaHOOJAee XapakTepHHe 0Co-
GeHnocTH o OOycJaOBIAMBawlUne HX DaKTOpH. 3HAHHE 3THX 3aKoHOMep-
HocTel HeoOXOAMMO DPH PelIeHMH PRAA HOPMATHBHO-TEXNHYECKHX H Ofe-
PAaTHBHO-TEXHHYECKHX 3alay, CBA3AHHEIY ¢ ofecneveHneMm  GezomacHoil
SBAKYALUHH JIoJeft H3 DOMEILeHHA B CJydyae BO3IHAKHOBEHHA noxapa;
pa3paboTKOH ONepATHBHHX MJAHOB TYUWEHHA, [JAHHPOBAHHEM CpelcTB
H TAKTHKH TYIUEGHHA, OLeHKOH (JaKTHUECKOH OFHECTOHKOCTH 3A4HuWH; npo-
Be/leHHeM MO apHO-TEXHHUECKON 2KCOEPTH3B H T. A.

OCHOBHBIMH  cpefdeoheMHBIME 1apaMETPAMH COCTOSHHA Ta3oBoh
Cpein HPH NOXape B NOMELIEHHM ABJAOTCA cpeaneofbeMHas teMmnepa-
typa Tw, CpeaAneofbeMHAA MNJOTHOCTb Pm, CPeAHeOOLEMHOE AaBACHHE
Pwm, CPEIHHe KOHUGHTpAlUHH KoMIoHeutoB rasoBod cwmecH (O COi; CO
H a1p.). PaceMoTpuym codepXanue 3THX DOHATHE.

1.2. CPEfAHEOGBEMHBIE MAPAMETPBI COCTOAHMA
TA30BOW CPEQLI B NOMELLEHHH

CpepHeofbemuan (IOTHOCTL. PaccMOTPUM OPOH3BONLHOE TIOMele-
#He ofbemMoM V ¢ NpOH3BOALHHIM KOMHWECTBOM npoevos {pHc. 1.1},
Byiem paccMaTpuBaTh HEKOTOPHIA (DHKCHPOBAHHEIH MOMEHT BPeMeHH RPO-
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Puc 1.1 Cxema noxapa & nose-
ujerut

; — orpaxpenne; 2 — npoemb; 3§ —
rop-iaf mavepdan; V — caoGopHnfl
obnem namsulennf; dV — sneMenTap-
g ofheM; G, — pacioa nociynaio-
mero 80383a8; G — PECXUL YXGIA-
wHy Ta30B; P = CKOPLC1h BRIFOPaHHA
matepHana; i, T.. T, — Temnepary-
Pl COOTBETCTBENHO JNORANLHARA, YXO-
AAUMR Fa308 H NCCTYTAIWeRrd BO3-
nyra

necca pa3BaTHA noxapa. Macca rasa, waxondmerocs B mOMemenun
B 9TOT MOMEHT BDeMEHH, COCTaBAfer seanduny m. [lonenus macey rasa
m Ha ofbeMm noMeuieHHA V, noayunm cpeAneoGLEMHYIO MJAOTHOCTE Pam,
kr/Md, T.e.
T (1.4

CpeareofnemHan MAOTHOCTL raopofl cpeasl eCTh Macca rasa, MoH-
XOAAWAACA N3 eLHBHHY CHOGOAROIC 00beMa ROMEIEHHA.

CpenneolheMHAA DNOTHOCTL Pm BHPR)KAETCH Hepe3s NOKAJILHBE 3HA-
YEHHA TUIOTHOCTH ChAeAYoWMmM o6pasoMm. [lyeTe & uHexoTopoli  Touke
NpOCTPaHCTBA BHYTPH NOMEUeHHs ILIOTHOCTD paBHa p. Toraa Macca
rasza, 8ak/IOYeHHAs BHYTPH sneMeHTapHOro obmema dV, cocraswT dm=
=pdV (cm. pue. L1). Ipounterpnposas 310  BHpaseHne, Haidem
MACCY BCErc rasa, 3aK/IOYEHHOrO B NGMELLeHHH:

m=( pdv. (1.2)
v

W3 ypaswennir (1.1) w (1.2) noayuum

1
Pm =" | pdV. (1.3

v

v
CpenneofineMHan NAPUMASLHAN AAOTHOCTE H KOHUEHTPAUWA KOMOO-
HelTa razorofi cpedbl. QOGO3HAYHM CHMBOJOM M1, MACCY [-TG KOMIUOHEH-
T2 CMECH, HAXOAAIMErocs B [OMEIUIEHHA B PacCMATPHBAGMLIT  MOMEHT
BpemenH. FlofeamB Maccy KOMNOHeHTa My Ha ofkem V  (oMeweHus,
NOTYYHM CPeiHeOGBEMHYI0 NAPUHAABHYIO OJOTHOCTh {-F0  KOMIOHGHT@
CMeCH

Omy =m/V. (1.4
AnanorueHo TOMY, KaK 3TO GLIJIO CAENaHO 1IpE BEIBOAE YPAaBHEHHA

(1.3), Momu0 RHpa3UTE cpenHeofBEMEYIO aPUHAAPHYIC MAOTHOCTD depes
JI0Ka/IbHEE 3HAYCHHS NapuMaleHOl OAOTHOCTH py:

1
Om; =75w dv, {1.5)
v



MeXay Pmt W Pm CYWIECTBYET NpOCTAH CBA3b, KOTOPAs BHTEKAET
A3 TOrO, 4TO Macca rajoBolt cpeik, 3ancaHswlefi NoMeuleHue, pasBHa
CyMMe MacC KOMIOHEHTOB, T, €.

n=3

z
i=1

My, (lcﬁ) .

Toe 2 — YHCAO KOMOOIEeHTOR, BXOOALLHX B Fa3osyk) CMeCh,
Tlojesus npasyio H JeByie dactH ypasHenus (1.6) Ha ofmem V,

RONYUHM

2
Pm = 2 Pmi- (1.7)
=1
CpeaneoleeMnoll KOHUEHTpanHel {-rO KOMIOHEHTA rasoBOf cpead
X: HA3LIBACTCHA QTHOLUCHHE MacCH KOMIICHEHTAa Hi KO peeft Macce cMme-
Ch, T.e. .
P

¥y = mylm=pmlpm. T T (1.8)
P -

Uz ypasmenrfi (1.6) n (1.8) caenyer

2
Mox=1 (1.9
=1
CoelneofbeMHoe NaBaenHe. Paiofbem ofbvem momemenus V wa
paemenTapume ofbembl dV (M. pue. 11), [lasienne B 3TOM 31€MEH-
TapHOM ofmeMe cocTasaser Bequunny p. B pasauuHelx TodKax npoct-
paHcTBa AaBJjeHHe B ofllem cAyuae pasHoe. CpenteofreMioe LaB/EHHE
Pm COpelienferca Mo QopMyne, adasorhunoil pmpamendw (1.3}:

|
o=\ pdV. (1.10)

vV

v

CpeaneoGnemnas TeMrepatypa. K nowaTaio cpeaHeo§BeMHON TeM-
TMepaTyphl Mb MPHJEM HCXOAS H3 YCJI0BHA CYLIECTBOBAHWMA JOKAJBHOTO
paBHopecus. CornacHe 3TOMY yCJOBHIO, OCHOBHHE ACKAJLHEIE N2PAMETPH
COCTOANMA TA30BOH CPefbl B KaxKA0H TOYKe [POCTPAHCTBA CBA3AHBI MEXK-

Ay coboii ypaBHehnem Knanefipona:

p=p/RT. (1.1

Buauasie BseleM TCHATHe cpeaHell raacBofl moctosHECH R.. Be-

AwunHy R, onpeiesuM, BOCTOMBbIOBABULACL  (GOpMYAOH, NONYYEHROH
B TEOPUH [A30BLIX CMeced:

z
Rpm= D% Ry {1.12)

i=l
AHajgH3 padlHYAHX cpell, BOIHHKAWUMX NpPH TOKape B MOMelle-
HHR, NO0KA3aJ, YTQ CPEAHAS rasoBas NOCTOAHHAS Rm H3MEHHeTCH B Ipo-
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gecce MOXKAPA OYEHb HEIHAYHTENbHO, MPHYEM €€ 3HAUEHHe Majo OT.H-
yaeTc OT ra3oBO# NOCTOAHHON AAS BO3AYXA,

YMHOMHM NPABYIO H J€BYW uacTH ypabMehus (1.11), ceasbiBawule-
ro MexJay coloil JoKalbHEE DAapaMeTpw cocToaMua, ua 4l

pdV = (p/RT)dV. (1.13)
{Ipasylo wacTbh YMHONHUM # pa3feNHM Ha cpeAnecSheMiOe NABJACHIE
Pm H CPELHIOIO FA30BYIO fIOCTOAHHYIO Rom:

pdV = I L I gy (1.14)

ITpounterpspyemM NpaBy:o H JA€BYI0 4aCTH  ypaBHEHES (1.14) no
BCCMY OGBEMY NOMEIIEHHS H 34TEM Pe3yJbTaThl NOZEAHM Ha OFbeM 10-

MEiUenHs;
1 5' Pm 1 j Rm p 1
—— V T —r—— —_— — —— | — ?
v pd el (R pm)'r dav 1. (1.15)
v v
C yuerem Bupamenns (1.3) n3 ampamenun (1.15) caeayer
[ L(( e fn)]
Pm R, |V V(Pm R ) T dV]. (1.186)
Cpassupan pumpawenne (1.16) ¢ ypasmennem (l.11), BBegem ofo-
3HaqeHHe
1 1 P Rn\ !
_Tm_ Vi( o R )TdV (1.17}
HIH
1 p R 1 —1
Tm=|—\{—"2|—4
[

Besauunna T.., onpesensedas no  qopmyae (1.18), maswsaertca
CpefHe0GBEMHCH TeMnepaTypol ra3oBoll cpealt B NOMEIEHHH.

Mexxy cpeiHCOObEMHBIMH NAPAMETPAMH Dm, Pm, Tm CYWECTBYET,
KaK 310 caedyer H3 ypasHenua (1.16), npoctas cesiap:

Pm = Pm/Rm Tm, (1.19)
T. €, TOUHO TaKafa :Ke, KAK H 08 JOKAJBHBIX napaMetrpoB ra3onoft &pe-

Au o, p, T. ¥Ypabrenwe (1.18) Gynem nasubath B AafbHeRmeM ycpei-

HEHIUMM YDABHEHHEM COCTOAHHA  CPEAM, HAXOASWIEACH NpH NOMKape
B MOMELILEHHH.

B ycnopusx peambhoro noxapa sHadeuna  1aBaeHHi B pasumix
TOUKAX MOMEUIEHHR OTJHYAIOTCH HEeIHaunTeNbHO. Haudodsitas pasuuua
AaBACHHH, KOTOPYIO MOMKHCG HabMOZaTe 0pd NOXape B MOMEIIEHHH,
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naMepsieTcs ANIlL AecATKAMH Mackajed. 3Ta DBeJHIRHA COCTABJALT Ag-
CAThIE AGRH UPOlUEHTA CPEedHero AaBjCHHA B NOMELICHHH, NO3TOMY B yc-
NOBMSX peaibloro nowapa pipmesl. Jlokameuile adadeHns rasoBo
OCTORHNOH TaKMKe MAJ0 OTJAHYAKTCH OT cpelsedl nocToAHHOR Rm, T. €
Rm/R==1. DT 03nauaeT, 4T0 cpeAneoGbeMNyo TeMueparypy Tm ¢ MO-
CTATOUHON MR HIDKEHepHOH OPAKTHKH CIETEWbio TOYHOCTH MOMHO OO-
peaensatTs mo HopMmyse

! 1 -1
To=|— \ —dV .
m v, T
4
Kag n3secTio, CPEAHEOfHLEMHYIO TeMnepaTypy MOMKHO ONDCASIATD
RO pasIMuHbLIM [paBHJamM # (QopMyaam. Hanpumep, 4acTo HCNCABIYET-

€A TOHATHE CPEAHEOGLEMHON TEMNEPATYpbl, OCHOBAHNOE HA CAELylolleM
cnocoele ocpefHeHus;

, 1
Tm e 7 STdV.
v

TIpH HEOAHOPONHOM TEMUEPATYPUOM ROJE cpeaneofbeMHAn Temne-
patypa Tn OyAer Mmenblle, qeM T:n. B ycaoBuAx peasibHHX GOEKAPOB
pasuaUa Mexay Tm M T;n MOMeT cocTasaate 5—10 %. doctomuciso
npaBuAa ocpefHeHuA TeMNEPaTypm N0 dopmyte (1.18) B ToM, 4iO
MEXAY Pmy Pm H Tm CYIIECTBYET CBA3h, LHPAXEHH2A YPABHEHICM
{1.19).

1.3. YPABHEHMUA MOXAPA

YpasHeHHA NOXApa ONHCHBAIOT H3MEHEHHA CPeNHEOOBLEMHBIX napa-
MeTpOB COCTORHMS ¢ TeUeHHEM BpeMelil (B [poLecce PAsSBHTHA NOMa-
pa). OTu ypaBHEHHS BHTEKIOT H3 OCHOBHWIX 3aKOHOB (PU3HKH: 32KOHA
COXpaHeHUsT MACCH M NepBOrD SAKOHA TePMOAMHAMHKH (33KORA COXpa-
HEHKA DHEPTHH).

a) Ypasnenue MatepHanrsore Oasanca. PaccmoTpim momeuledne
¢ 06bemMoM ¥ © NMpOU3BOJIbHBIM KOJIHYECTBOM MPOEMOB, COCNHHAIOUIRX
oObLeM MOMEUIEHHS € HADYHHBM BO3LYXOM (CM. puC. 1.1). B nponecce
noxapa B NOMEWEHEH WIMEHAKTCS  TEMNepaTypa, WIOTHOCTL R CyM-
mapuas Macca rasa. [lycTe B MOMEHT T Macca rasa COCTaBlAeT BeJu-
ukHy m=pn V. Ilo ucTeuycunu Masjoro HNTepBAJA BPEMEHH dt macca
r43a KIMEHAETCH HAa Madylo BenHuuy, panuyio d{pmV).

3a BpemMa dT Yepe3 CAWMM NPOEMBl BHTEYET HEKOTOPOE KOJHUECTBO
ra3a, a ueped ApyrHe NOCTYNWT HapysHui Bo3ayX. B nmpouecce moxa-
pa TRepALE HJAH KHIKHE FOpiotie BeWleCTRa NEPEXOAAT B ra3co6p4a-
HOE COCTORHHE.

MycTs B paccMaTPHBaeMblii MOMEHT T PacxOfl BO3AyXa paBen G,

. t (%

0w P f»we,caag G‘» [Ty é—-‘- ?uw

R W 04\1 R & ”
\5308%,444«& or X Ge '-crrd'C

Gro 6:3, o
W o~ leoraey

pacXol rasos paBe Gr, a CKOPOCTH BHTOPAHYS 1 — 370 Ko-
NNYECTBO CTOPaeMOTO MaTepHata, nepellelllero B ralceipasiuog cogio-
sHHE 3a EeAHHHLY BpeMenu. JIIf Majoro HHTepBaJa BpeMeHH dt HIM2-

ﬁr,,_,(ﬂ/)

neHHeM Beanunn Gy, Gr ﬂomno npedebpeys. Toraa KoAWGecTso
rx3UB, NOKHNYBIIHX [OMelUCHHE 32 Bpemd dt, BHpasutca xak GedT,
A KOJNYECTBO NOCTYNHBUIErO B NOMElIeHHE BO3LYXa 33 TO Ke BpeMa —
Godt. KosHuecTBO cropaemoro MaTepHana, Nepemieiulero B rasoobpas-
HOC COCTORHHE I TOCTYNHBIIErD B 06BeM  NOMeIleHHS 33 BpeMsd dT,
COCTABHT DeJAHYHHY PdT.

M3 sakoma coxpaneHHs Maccel BEITEKAeT CJAeAyIOLlee ypaBHeHHe:

a2{pm V) = Gy dt + Ppdt — G dr.
3To ypaBHeHue MOXHO NpPecGpasoBaTh K CAGAYIOUWEMY BHIY:

ad
d_t(va)zGB‘}"P_Gr- (1.20)

¥papuenne (1.20) nasupaeTcd ypaBHeHHeM MaTepHaNbHOTO GaJau-
Ca noMapa B NOMEHIEHHH,

Bo MHOTHX caydasx uaMenetHeM cBOGOIHOTO O6BEMa HOMEMICHHS
MOXHO nperefpeys (T. €. cyuTath, 4To V=const), B a1ux cayuanx
ypasuenne (1.20) npeofipasyeTcs X caelywileMy nuly:

d
VT =Gt b G

Vpaenenne (1.20) noaposAer yCTAaHOBMTL HEKOTOPHE OfLUlHe 33KO-
HOMEDHOCTH MpOlecca DA3BHTHA NOMADA B NOMELIEHHY € NPOEMAMH,
PaceMoTpeM An8 NpOCTOTH MoMap B mosemlednt npn V==const. Ilycts
3aBHCHMOCTD cpeddeobbeMHoil Temnepatypsl T OT BPeMeHH cOOTBET-
CTBYeT TOR, KOTOPA® noKasaHa Ha puc. 1.2. B nepsoM apadmkennn
OOHIYHO MOMKHQ CHHTATh, UTO CpesleofLeMHan IAOTHOCTb Pw OGPATHO
nponopuHoHanbHa TeMnepatype T, [cM. ypabuenne (1.19) anm ycpea-
HeHHHIX NapaMeTpoB], T. € pm~1/T,. Coriacio ypapmenmio (1.20),
MOMHO BHACAATL TPH PE/KHME DA3DHTHA Noxkapa. [eppofi pewum
peanusyercs Ha sTane GO3pacTa#uf_TEMNeDATYPH H ygysaﬂnﬂ MJI0THO-

_CTh. [Tpu aroMm pemume dpn/dt<<0. C yueToM 3TOTG O6CTOATEMsCTEA
us ypasuenua (1.20) caenyer, wro Gy+1p <Gy, T. €, KOJHYECTEO VXO-
IMIHX 4eped nmpoeMsl rasce Gofiblne, ueM KOJHIECTBO ROCTYNAIGLIEro
BOZAYXA BMECTE € KCJHYECTBOM MepelsAHY B rasoobpasioe coCTOd-
HHE cropacMbx marepanos, Paannuue” Tem anaulitenbHee, ueM Boiure
CKOPOCTL HapacTanus TeMnepaTypu B ofbeMe nomentennd, BTopo#
P € HM-—3T0 DEXKHM, NPH KOTOPOM TemmepaTypa (M IIOTHOCTB) rasa

B DOMEWEHHH R3MEHTIOTCH CO BPEMEHEM HE3HAUWTENBHO, T.e. dpm/dT=y
~0. Ilpn stom pexume HmeeM Got+= Gr. STor PERAM HA3BIBAWT
Koasucrayuonaprum  (HHOrAa ycranosusmuMes). Ilpn  weasscranuo-
HapnoM peXHME DAacXOL] YXOAAWNX ra3oe NPHOAM3MTENLHO papcH

WOy YA

}uwl’ 1 c-\tn“

~—
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Puc. 1.2, Pexcumot noxapa

! — pexiM HapacTaHua TemOepary-
pbi; I — «yCTAHOBHBIIMACA DeXHM2S
1] — pexum CHHMKEHHA TeMnepaTypu

g

=

I
e e ety e e s

cyMMe pacxola ROCTYMAKILEro BO3AyXa H ckopocTd Buropanan. Ha-
Kollel, TPeTHH peMEM—3TO PEXHM  CHHMCHHA TeMNepaTypH
{¥ MOBRIIIEHHA naoThocTH) rasa. [Ips TpeTbeM peXHUME dpmidt>0. U3
(1.20) caeayer, 410 Gy+ =G, T. e. KOJHWECTBO YXOAAUINX ra3on Gr
MeHblde, YCM KONHYESTHO NMOCTYNAOUero BO3LYXa BMECTE ¢ KOJHYecT-
BOM BHTOPaILHX BeUlecTB B eAHHHILY BpeMeui,

6) ¥papnenne Gananca KuCroOpona. PaccmartphBaetea TO XKe caMoe

nomemenne (cu. pHc. 1.1). Macca xuciopoaa mi B MOMERT T BHITHCJIA -

eTcs no dopmyae
my == pm V¥,
roe x, — cpenﬂenﬁ-beuﬂan KOHUEHTPALHA KHCHOPOAa B MOMEHT T.

o HcteueHWM MaJoro MPOMEXKYTKa DpeMend dT Macca Kucjopoaa
HU3MEHHETCS Ha MAaJylo BeMHYHNY, PaBHYIO: dm =d(pmVx1).

KommuecTso KHCAOPOAZ, H3PACKOLOBARHOTO 32 BpeM# dt ua rope-
HHe, COCTASHT BEeAHYHHY, PABHYIo myLidr, rae L, — macea KHCACPOAA,
HeOGXOMHMAS AJA CFOPAHHA eRHHHIUL MACCH  TOPIGUEro maTepHana,
Kr/kr;, 1) — KO HUHEHT MOJUOTHL Crepanis. KonuuecTeO KHCAOPOAA,
BOCTYNHBIIErQ BMECTE C HAPYXUBIM BO3AYXOM B nomelieHHe 9a BpeMs
dt, cocTapAT Beamunny, pasHyio Uoxisdt, rae Xyo — KOHUEHTPALHS KHC-
JopoAa B HapyKHOM BO3LyXxe (x2==0,23). Koandectso KHCIOPOAA,
ylIeLuIero M3 NOMELIeHHA BMECTE L NOKHAAKIINME NOMelleHne ra3jaMmi,
panto GexirdT, TRE Xir — KOHUEHTPAUHA KHCAOpOda B yXOAAUHX rasax.
KonieHTpaUss KHEIOPOAa B YXOAANIMX rasax 8 ofiieM CAyYae MOXKer
OTAHYATECH OT cpeiteobbemuofl. B peanbinix yCa0BHAX 7

xlp,"xl = < l!

T. e. Xir<¥; (OOHUHO OTMHUHE fu OT EAHHHUH He3RaUUTENLHOE) .
d (pm %y V) = G x5 dT— Ge X 1y dv — ¢, L, dv.

D10 ypaBHenHe MOMKHO NMPeolpa30BaTh K CAGAYIMIEMY BHLY:

d
—— (o X, V) == G Xya — Go iy Xy — ¥ Ly (1.21)

dt

Vpasuenne (1.21) naswBaioT ypaBHCHHEM fananca KHLIODOAA,

12

JleByw 4acte ypaBuewus {1.21) momuo
ypaeHenus (1.20) caexyomav ofpaszom:

npeofpaaceaTe ¢ yueTou

_L(pmxlv)=p V_d'l_f‘x..d_ dx,
dt mody U (pmV)=pmVT—E—
-+ %1 (Gg + P — Gp).

IMoAcTapaas noAyIeHHOE BHIDAMEHHE B ypasuenne (1.21), nonyunm
ypaBHeHne GanaHca KHCIOPOAA B CAEAYIOLUIEM BHIE:

dx,
a1 = Gy (¥15 ~ X)) -+ Gp 2y (1 ~—np) — v+ L),

PmV

mmﬂn){):;;;z:uenue Ganauca npopykra ropenun, [Ipn ropennn obpasy-

o 1€ X7 HENOBEKA MPOAYKTH, TaKHe, KaK YIAEKHCAHA ras

Jmsz(; okcunt yraepoda CO n 1. 1. B MOMEHT BpeMeHH T Macca Kakoro-
IPoAYKTa Cropandst B NOMeEUleHHH onpedeasercs no GopMyae

My ==0m Xa VI
rag x;—¢
pentcotbemuan KOHREHTDPANHA pACCMATPHEAEMOrC MPORYKTa Cropanys

3a BpeMH paBt—tOe dl: T p ¥YKT HH -
+ , Macca 3Tore npo
A¥KTA H3Me Cid Ha BeJH

dmy =d(pm %, V).

lM‘I;onuqecr;jo NPOAYKTA, KOTOpOe ofipa3yercA 3a Bpemsi dT, paBuo
gmp;HrP;ﬂriZHH;;ﬂKonuqecmo OpOAYKTa, 00pasywllerocs B pelyabTaTe
Macchl BelllecTsa. KoamdecTso mpoaykra, yxoasite-
O 33 BpemH dT C ra’av H3 NOMEUIEHHSA, PaBHO GrryrdT rne'x — KOH-
Ee;;g;ﬁnﬂ MPOAYKTA B yXOASUWIHX Fa3aX. Konuempahuﬂ ;}onyma

DAAILEX Ta3ax B oflIeM CAyuRe MOMET OTAHYATBC
eMuoll. O6m9H0 Xpr/xy=r,221. Hexotopoe m).)mqecnaosl ](::c:::ﬁzi}li(;::}e,:
MOTO NMPOAYKTA MONKET COLEPHATHCA B OKDYKAIOieH amocdaepepn no-
CTynNaTh B NOMEIUeHUE BMECTE CO CBEXHM BoaiyxoM. KomwuecTso npo-

AYKTa, NOCTynaloliero 3a BpeMs dT ¢ BO3LYXOM, COCTABJACT BEJIPHHII)!

PaBHyi0 GeroudT, TLe X33 — KOHUGHTPALMA TDOAYKTA B OK “
ot DyRawmel
Cornacho sakoWy cOXpameHHA MaccH, aareGpasueckas CyMMa [o-
TOKOB Maccst NPOAYKTa AOJKHA DABHATLCA

NPOAYKTA B HOMELLEHHH, T. €.

dlpm Xy V) = MLy dT -+ Gy X35 dT — Gy 1y 2,0 d1.
3T0 ypaBHeHHE MOXHO NpeofpasoBaTh:

H3MEHCHHK) MACCH 3TOro

d
o (Om 2g V) = WLy + X35 Gp — 1y X, G, (1.22)

VYpaseeiune (1.22) naamsaercs ypaBHenHem Gafsanca npoAyKra

c pa . C y‘{ h yp y-
HHA (
Fo HHA €TOM dBHe 1 20) €ro MOXHHO 3alnMcaTh B cJen
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ax, \ o — Xo) — Gp Xy (R — 1),
= (L, — X3 4 Gp (%o 2 r Xz (1
PmV — Y(Lyn— Xy B

Il Tex NPORYKTOB CrOpaHHs, KOTOpHE He cOlepmartcd B oxpymaﬂr:-
meit atmocdepe (umam HX cofepxaHie npeneSpeKHMO MAND), ypas
nue (1.22) ympoilaeTca W ApUHEMART CASLlyHlliA BHL
dx, , 1
— — Xy Gp (71, ).
=1 (Ly N — Xp) — X3 Uy 2 Up
b dt
r) ¥YpapHende Gananca WHEPTHOrO rdda. MuepTHpiMA RA3BIBAKOTCA
rasbl, He y4acTBYIOLUIHE B XHMHHYECKUX DpeakiufXx. TakHM T830M ABAR
‘ £ 1T=
eTcAl, HATpHMep, 230T. YDABHEHHE MaTepHAILHOrO GaaaHca ANA Hel
l 1AM
pam;uoro rasa BHBOAHTCA AHAJOTHYHO NPEALIAYLWIHM  YPABHCHE

H HMCeT CAELYOUAR Bul:
(1.23)

";_' {(Pm ¥s V) = Xg5 Gy — %3 13 G,
T

B [O-

THoro (RefiTpaabHoro) raza

— e06BEMBAA KOHUGHTPAUNA HHED 32 B 6O

rM}]é?uEx]iHH'cpan—KOHueHTDauHﬂ 3TOTO rasa B OKDPYMKAouEd aTMochep 1
+ 3B

-
= o [ X3 == KO3DDHIHENT, YYATHBAOWHKA paskdune KonlledTpauuf rasa B YX0R
—ar
[LHX Ta3ax u B noMeledti. )

C yuerom ypasueaun (1.20) ypaBuediue (1.23) Moxuo npeofpaso
BATh:
dxy
du
1) Ypaeuenue sHepraM. PaccmaTpHzaeMman OTKpbLITAR TEPMOJHHA-
I B 0O0-
MHYecKasT cHeTeMa, KOTOPYIo OpeicTaBaseT colol rasosas cpgnah[ o
0T -
MCIIEHUH, XaDAKTEPH3YeTCsl TEM, TG OHA i€ COBEpIUAET p:,,, 3Hep”m
LIMPEHNUA HAA APYToft TexHHYECKOH pa6oTel. KnizeTH4ecK Hfmm
BHAHMOTO ABMAEHHS 5TOH CHCTEMbl RPEHeOperKHMO Mafa 1o CPaB
c ee pHyTpeHucH SHEprHeH, )
BuyTpeuuns $HePrHA rasa, 3anOJnMIOUero NOMELEHNE, BLHHCIA
eTcs caelyoiinv o6pasom. Buaesum masblit ofbed dV B noMellenud
(cm. pres 1.1). Macca HaxoLsulerocs b MOMeHT T B ofbeme dv ;Z;a
pasra pdV, a BHYTpEHUAS SHEPTHA 3TOTO KOJMHUYECTBA ra3d — Cup .
)
H, BWYHC-
BuyTpenusia SHEpTHA Brerc rasa, HAXONALLETOCH B NOMEIIEHHH,
NASTCHA BYTEM WHTETPHPOBARUA:

U= pTdV.
v

emV =GB(1—3B—xg)——x.,lj‘—pra(ﬂa— )

Tax xak pT/R=p 1 co/R=1/{—1), r1e k=cp/cs, 10

1

=\ — pdV.

U—S k__lpV
v
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B npotiecce mowapa aTOMHOCT ra3a HECKOJBKO Mmensercd, 3wave-
HUE NOKA3aTeAsl an#abaThi & MOMET OHThL PASHLM B DasJMYHBIX Tod-
Kax ofipema noMewlenHd. QNLaKo B peadbHbiX YCAOBHAX 37O pasiHuHe
BECbMa HeBeaHKO. [lostoMy MomHO nprEATs, uTo k=const, u thopmyay
A% ONpeAeNeHBA BHYTPeHHell SHEDTHM 3aNHCATH B CJeLYIOUWIEM BHAE:

1
Um—— \ pdV =

E—1 r—1 FmV-
v

Visuenenne BHyTpeHnell SHEPrHR paccMAaTpHBAEMOH TePMOLHHAMH-
YeCKOR CHCTEMbl 32 BPEMA dT DaBHO:

dl) e P d{pm V).

Hsmenenne sHyTpenneli sHepruu paccMaTpHBaeMoldl cHereMuE 0O6Y-
CAOBACHO NOABOAOM TEINIOTH, BLLACAAIONEAC B pe3y’bTaTe COpEHHS,
OTBOAOM TENJOTH B OrPAKIACUIHE KOHCTPYKUHH H B3aHMOZeACTBHEM
5TOR CHCTEMBI C OKPYIKaoWel cpelol nyrem MaccooOMeHa,

Konnneetso temnote, enaennsuweficn ApH TOPEeHHH 3a Bpema dT,
pasto YynQldr, rae Qf,’ == TENJOTa Cropanusd, a 1) — KoxhduuueHT no-
HOTHI CTOpaHHA.

Koauuecrso rennorm, yuwemweis 3a BpeMa dt B Orpaxpanmiue
KOUCTPYKUKHH, paBHO Qwdt, rie Qw — Tennosoii [OTOK, T.€. KOJHYe-
CTBO TEMIOTH, MOJy4aeMOfl orpamicHneM 3a C€AHHHLY BpeMeHH,

[Moroxku maccw mepea KOBTPOABHYID MOBEPXHOCTL PACCMATPHBAEMOH
TEPMOMMHAMHYRCKOH CHCTEMB XapaKTepPHAYIOTCS TeM, YTO B HHX yaeas-
R4A KHHETHYECKAR JHEPrH® ra3a npeHcOPeHMO Maaa mo CPABHERUIO
C yaeabno# snTampnmer rasa. KpoMe Toro, Momuo npexetpeds yaeanb-
HOH NOTeHUHANBHON SHEPTHeN rasa B aTHX NoTOKax,

C yuerom Bcero ckasanHoro u3 NEpPBOTO  33aKOHA TEPMOAHHAMUKH

A0 OTRPHITOR TePMOLHHAMHYECKOH CHCIEMH  BHTEK2eT clenyomee
YpaBHEHHe"

|
k_ﬂld(pm V)=langdt—nQWdt—l-(Gnrs+¢tn—Grir)d1:',

Tae iachBT“ — BHTANBMHA RAPYMHOTO BO3IMYXa; b=ty Tp — sHTamBONA  yxO-
AAUMX  ras0B; [, — SHTAJNLAMA OpPONYKTOB rasedaKkanun  {nHponuaa, HCnape-
HH#) COPIOUHY MaTepHaJjos; TB—-remnepaTypa HAapYIXHOro BOJ4AYXA, :f‘l1 — TeuMne-
PaTYPa YXOLAUWHX ra30B; Cpre Cpp — TENJOSMKOCTH HAPYRKHOrO BOIAYXA B yx0-

DAUWINX Tasus
310 ypabueune npeofipasyerca R caedylomenmy BHAY:
1 d
E—1 g Pm V) =AU~ Qp+ Gy T, +
+wiu—Gv mpm Tm: (1-24)
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rze m = iplim = (Cpr Te)/(€pm Tm).
Otusuo m=1.

Ypamnenne (1.24) Ha2wBaeTcR YPaBHERHEM 3HePTHH NOXApa.

¢) Hauanehuie ycaosus, K patafibibid yoaonam OTHOCHATCA NaH-
HHe O DapaMerpax COCTOSHUA Ta30BOA CPels B MOMELICHHK nepea wo-
sapou, OHE 3aMACHBAIOTCA CACLYIOWAM ofpazom:

npd T =0
Tm=Tmet Pm=FPmai Om="0me Xi= Xia»

Miunekcom «0» OTMeueNH BCJHUMHu, OTHOCAUMHECH K YCROBHAM
nepes NoMapoM.

B cOBOKYRHOCTH YPaBHEHHA COCTOSHHA, MATEPHAJBHOIQ Gananca,
fanadca KHCAOpOAA, Gajalca TNPOLYKTOB TOPEHHS, Gananca HHERTHOIO
{a3a, SHEPTHH HayaJbHhie YCJOBHA LAMT O0llee MATEMaTHYECKOE OIH-
caine ROKApA B TNOMElleHHH. JTH YpaBHEHHT Ccodepiart caenyLAe
NepeMeHKLIE: Pm, Pm. Tm, XL X2, ¥3. THCAO AEHIBECTHLIX PABHD qHCTY
ypasnennfi. CneaosatenpHo, OTNMCAHHE  HOCHT 3aMKHYTHITL XapakTep.

B ypabHEHHN N0KAPA KDPOME [EPEMHCIEHHBIX NEPEMEHHEIX U BeJlH-
GMH, HIBECTHLIX M3 CIPaBOUHHKOB (Qﬂ, Ly, Ly, cps H T, 4.), BXOAST ellg
ueThipe geapunnel — Ga, Ge, Qw, P. Yrolu  paccuHTHIBATL TOXKAD
¢ NOMONSIO NOJAYHeHHLIX YpaBHENHH, HYXHO pacnosarathk dopMyaaMy
A7A BLIUHCASHHS YKABalHbIX YETHIpeX BeMHYHH.

BenuunHb PAacXOOB Tasa M BO3AyXa 3ABHCAT OT BHAA BEHTHAALAY
{NpHHYANTERLHAR HJIH ectecTsennan). EcAM DeHTUAALHMS NpHUYAHTENb
1128, 0 Ga # Go ONpELEAAITCS MO XAPAKTEPHCTHKAM BEHTHIATOROB
W CHCTeMbl BEHTHJAAUMH. EcAH BeHTHAAUHA  ABAAETCH €CTeCTBEHHOR
(oXua, DBEPH K T. 1), TO B 5TOM cayuae  BefHAHHLI G, u G saBHCAT
0T pa3MepoB H KOOPAHHAT MPOEMOB, OT cpeaHeoObhEMHEIX [1aPaMeTPon
COCTOANNA [a30BoH cpellsl B HOMCLIEHHH]

Gy =11 (Fyy 4i0 Pms Pm)
Gl‘:fﬂ(Fiv Yis Pm. Pm)o

rae Fy — ONOMAAM DPOCMOB: {; — KOOPAMHATH SeDXAHX M WHMHHX KPOMOR npo-
eMOB,

1.4. TA3COEMEH MOMELLEHWA C OKPYWAIOLLEA
CPEAON

B sToM naparpade paccmaTpHBaeTCA rasoocbMed NOMelleHHA C OK-
pyxatomel cpedoft Hepes MpoeM. B nauaJe u3jaraerca TeopHA MEpBOro
TpHGAMKeHUs, B KOTOPOH HCTOALIYETCH npeanoJokenHe o6 OIHOPOA-
HOCTH TEMIepPaTYPHHX H KOHLREHTPAUHOHHLIX noaeil B rasosoft cpene,
sanoanfiouwel noMewenHe, B TeopHH BTOpOTC npubAMAKenua y4RTHBA-
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4
YA 5,=8,-g5.h Brran=Pa-GPa ¥t
Sf
o LA

P B gt (B} __ T R =P8 (A-4)

B

ﬁ . — i - —
R~
FeJ
R =Pn*3Fnt Ruap=Fa*9pak

Pug. 1.3. Cxema nomewenun ¢ o
. 1.3, HUM NPOSMOM U PACADEOCAGHUE BHYT~
Penneeo u Hapyrenozo Gaanenut pacnp Y

eTcd HEOAHOPOIAOCTb TEMMNEepaTypHOTo noaa. TIpw yuere meolnopold-
HOCTH TEMOEPAaTYpPHOTO NOAR MoAydaiorcs Godee CAomHBEe (GOpMYJTbL
CreayeT, OLHAKO, OTMETHTB, YTO BO MHOTHX CAYYafnX TOUHOCTb, KOTQ-
pyw ofecleyHsaeT TeopHsa NepBOro NPHOAMMEHUS APH pacyere NOMKa-
pa, OKAa3LIBAETCA BAOJHE YAOBIETBOPHTENBUOMN.

PaccmMoTpem cHavwaaa pacnpesiefeHHe Jas/ieHHH 00 BEICOTe noMmeule-
wuA. [lyeTh AapnenHe Ha ypoBne Nara COCTABAAET BeJUYHHY Py (pHC.
1.3). Torsa naBaewne Ha paccToAHHH y OT noja GyHLeT paBHO!

]

p=rp -—b[gpdy.

rae g — yckopenue CBoGOAHOrD nafeHHs (
g=9,81 m/c?); p— .
# — KOOPJIHHATA, OTCUXTHIBAEMAN UT nOJA feth p— roKaNBHAA BAOTHOCTE:

C y4eToM YPABHEHHS COCTORHHA H NPCANOAQKEHHA OO OLNOPOLHD-
CTH TEMNEpaTypHOrQ H KOHUEGHTpPAUHOHHWHIX mojefi (t1.e. T==T,,, R=
==Rn) BlcOpHBEACIIHOE yPABHEHHE MOMKHO NPEOGPa3oBaTe K CAgdy-
KRIEeMY BHAY:

» Y
P & p
=1— R——-—— S‘—'—" dy.
151 m Tm 5 P
Pewenne 371070 HHTEr
PaALHOTO ypaBHEHHS 3aAlHCLIBAETC T
obpazoM. FyRE

. (1.25)
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B peanbHBX YCAOBHAX BHIOAHAETCS HEPABEHCTBO:
gy
RnTm
Hanpuvep, upy y=10 M, Tw=330 K, Rm=300 ILx/(kr K)
nMee

<1,

ay 9,8-10

RnTm [00-30

C yueToM cleaanubix savesanufi gopuyna (1.25) moxer Outh ynpo-
ulena B OpPefcTaBaeld B BHAS

P 1 —E_y (1.25a)
121 RnTm
s 3106 (QOpMYyaW CAeiyeT, 4TO pacnpeleleHke LapfAeHHd BHYTDH nO-
MeuienHs ABAAeTCH AHueliHRM BAOAb BepTHKZAH (T.e. BAOAL OCH ).
3HayeHHe CPeLHEOGHEMHOrO NaBJEHHA BBHYHCARETCR OyTeM HHATE-
FPHPOBAHNAS

&~ 10=3,

2k
| z gh )
= — — —Em yldy = 1 — ,  (1.28)
fm h 5‘91 (1 Ry Tmy) L pl( R T
o

rae 2k — BLICOTa NOMElERUA.

M3 conocTasjaendsn nochefitdx ABYX GOPMYN chenyer, 9TO CpeiHe-
cLeMHoe AaBaeHHe P, DEANHIYeTCs B MJOCKOCTH, OTCTOAlleRt OT noaa
Ha paccTONHHE, PABHOM TOJOBHHE BHICOTH MOMELIRHHA (tT.e. gm=nh}.

Ecnu B chopmyne (1.25) saMenuTs BeJWIHHY p| BHpameHueM, Bhl-
Texaoumy 13 (1.26), To nonyunres caepyowas fopmyna:

p = pm+grmh {1 —1), (1.27)

rie = pm/Bm T, y=y/h.

Ha ocuope ypasuenns {1.27) HeTpyaso mnogyyuts Qopuyas LA
pacxofoB Bosayxa Gy ¥ yXOAAMHX T2308 Gr npn moGoH [eOMETPHH
npoeMoB. B KauecTBe NpuMepa PaccMOTpHM BHAuaje noMelleHle ¢ 04-
HEM NpPoEMOM MPAMOYTOALHOR GOpMEL. luprna npoeMa pasHa b, wo-
OPAHHATH BepxXHero H nuXHerg Kpaecn apoevia paBHbI COOTBESTCTBEHHO
y1 W Yy DBucota npoema cOCTAaBNAET BEIHYHNY H=y—y, (cM.

pue. 1.3). i
Hapymuoe pacnpeledeHe OaBAeHHH pPuap ONHCHBaETCA (POPMYIOH

Prap = e+ g0a b (1 —y), (1.28)
rie pg — BaDyxHOe Jabrenve Ha ypoBHE, COOTBETCTRYICIIEM [OAQBHHE BHICOTL
nosmemenua (t e wpe y=h); T ,-— TeMnepaTypa Hapy}mBOro BO3AYXd, P, =
=pR/RaTG =~ MAOTHOCTSL HAPYXHOrO BO3AYXA

[Moaomente MJIOCKOCTE PABHHX AABJACHHA B KakAnll MOMEHT Bpe-
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MeHH ONPeleMifeTcy W3 YCJOBHH PABEHCTBA HAPYMHHOLO M BHYTPCHHETO
AADBJEHH#, T. € W3 ypaBHENH:

pm+gmh(l—y,) =p, 4 go, h (1 —-3,),
roe E.zy "’h _ Gedpd'iMeﬂliaﬂ HOOPOHEHATA NRUCKOCTH PaBHEIX ﬂ.aBﬂeHHﬁ.

Hsa 31010 Bblpa MHECHHA CASAYET, 4TO

- 1 K hd
Y = [ ]__ﬁ-

3aech H gance HCOOJAB3IYIOTCA CAEAywHiHe 0O03HAYSHHA; == {p,—
Pa)/Pa— OTHOLHTEIbHAY BEAHUMHA H3OLTOUHOro AABJEHHR B OOMelle-
iy (BeJMYENA 1 MomeT OuThb BPH N0KaDe KAK OTPHIATENBNOR, Tax
B BONOKHTEHBHOR);, P =pmn/Pa — OTHOWEHHe CcpeiHeolBEMHOM MAGTHO-
CTH rasa B (loMeUIeHDH K IJOTHOCTH HapYXHOH cpedkl; Ko==p./gp.hi —
Ge3pa3Mepliblil KOMNACKC,

PaceMoTpimM BO3IMOXHHE pemHMHn paboTwe npo-
ema. Ecmn y.<yy, T e ecis MIOCKOCTL paBHLiX RaBAGHHH paCHonosKe-
Ha I[HKE HHMKHCIC Kpas HpoeMa, TO 8 noMelleHHe BO3LYX N0CTYyNaTh
we Oyaer. B stoMm cayuae uepes mech npoem GyAeT BBITEKATH a3 M3
noveuleHnsa. Eenu oo go, T.€. €0/ RAOCKOCTL DPABHHX [aBjeHHl pac-
TmOJISHKEHA BHlllle BEPXHero Kpas npoema, TO B ITOM cJaydae Oyler Ha-
6A1014ThCH TOJBKO BTEKAHHE HapymHOro BO3Ayxa B nomelienue. Ha-
KOHCL, TPETH pexuM pealH3yercs, €cin y;<Iy,<Iy,. IIpH 3TOM pexu-
Me uyepe3 BepXuiw YacTh npoema Oyner YXOIHTh FOPSAYHE Tas H3
DOMELIEHHS, a Yeped HHAMHIOW 4acTh npoeMa OyAeT NOCTYnaTk BO3AYX
H3 OKpyXakmied cpeabt. B yacTHOCTH, ecad HHMHHE Kpafl npoema pac-
ROJIO.KEH Bbille cepefHHbl BHCOTH TNOVellelnd, TO TPeTHH pexnM Oy-
AeT peajiH30BBIBATBCA NPH YCJIOBHAX, KOTAA Pm<iPe, T €. UpH 1<0
HaoGopor, ecan BepXHHA Kpafi npoeMa pacnofoiKeH HHIKE Cepemiiud
BHICOTH OOMetlenHdd, TO TPeTHH pemHM DeanuayeTcs, KOTAA Pm > P,
T.e. npu m>=>0.

B npeaenzx uacrw npoeMma BHCOTOR dy, pacnofoXedHoft Ha pac-
CTOANNK ¢ OT nofa, ras OyleT BbLITCKAaTL H3 MOMEILEHHdA, C/]H BLINOJ-
HAETCA YCIOBHe

{1.29)

Ap’ = p— Puap = Pm — Pa + Bg (pm —pa) (1 —y) > 0.

Pacxon rasa yepes sTy YacTp NpoeMa COCTABHT BEJAHYHHY

dGp = bdyVQpAp' .
Tocne nogctanonbkn suauennii p u Ap’ noaywaercd clefyoman
topuyna.

dGp == by V' 2pm (1 - 6) pm — pa + &k (om — o) — 7)1

I
rae = L ¥1(370fl BeAHUHHOR MOMHONpeFelpeus NO CPABUCHHIO C eLHHH-
m m

mef},

o ——— 12
Bt grsngy
S mmrrug
Bcop

Ty L
. r



Moanmit pacxod YXOASMEX Ta30B NOJyMaercs NyTeM HHTECPH]O-
BaHAHA, T. €.

A ~
GG VB [[ako—(—pl = dg, ] (1.20)

rae §, — Ko3QOUUHEHT, YIHTHBAIOWNA BIHAKKE BASKOCTH rasa;

Gy =pg bh V 2gh ;s ¥y = yo/h.
3nauende HAMHETO Tpefena WHTErPHPOBauHs ¢ B dopmyne (1.30)
BLIYHC/AAETCH CAeAYIOWHM 06pasov:

n

apn 1 < Yu < 43 th—&T:E;
OPH Ua <01 6=
OPH Yy > Us £y = Y. {1.31)

AnanoruyseM oGpa3oM nosaywaerca dopMmynaa ANd  onpeledeHHs
pacxoia NocTynalowero B noMmellerHe Bosayxa. B npenenax dacta npo-
€Ma BHCOTOH dy, PacnOJOKEHHOH HA PAcCTOAKHH Y OT ToJa, BO3AYX
GyLeT mOCTYNaTh, ¢CAH BHOOJNHAETCA YCJOBHE

Ap" = puap — P = Pa— pm + hg (L — 5} pa — pm) > 0.
Pacxon BO3MyXa qepea STy YacTsL npoewla COCTABHT IIDH 3TOM CJE-
LyIOLLYIO BEJHYHHY:

dGBxV 2p, {Pa_Pm‘I‘gh (Pa — Pm) (i —BH bdg

[Mepexona Kk GespasMepHbiM nepeMenuniM P d &, noayuum dopMmyny

R N K, 71—
Gy =GDV1—51/ [: —y——]ﬂf'h—]dy.

[Tonunift pacxoa BosgyXa onpenefisercs nyTeM HHTErPHPOBAHAT!

G o
angncon_ﬁjl[l—'l—i—ﬂKo*‘y] dy, (1..2)
U

Tie E,B — RO3(PDHOHEHT, YYATLIBZIOMHUY BAHAHAE BATKUCTH BO3AYXA.

3nauetive BEDXHErO npciena HHTErPHPOBAHHS €y 34BHCHT OT NOGJO-
HMEeHHS [WIOCKOCTH paBRLX HABAEHHH M BBIYHCJASETCA NO CAEAYIOULIM
opmynam:

npH gy < gy < o a=1— 175 K

pH ¥y < 41 &=

npH y* > ya 2 = th1. {1.33)
20

C yuerom ycnonud {1.31) w (1.33) us ypasuennii (1.30) m (1.32)
BHTEKAKT CAedyioulhe GOPMyAb A Yo H Ve

a) apu (1 —y) (1 = B) > K, > (1 — g}l — B,

2 _ 3/2
==t VB =B (y2—1+f<0 a )

-

3 1—§6
9 - _ a2
w8l U=b (1—h-Ks) ¢ (e
6) npr nk, > (1 —gy)(1 —P)
~ 2 yraze Il n_
Vo= 3 EVEI—B [(92—|+Ko l—ﬁ) -
- n 32
""(yx'—l‘{‘Ko l—ﬁ) ]; (1.35)
'VB:O;
B} npH ﬂKocz-—Gz'—l)(l‘—ﬁ)
Yo =0;
9 ———ea " 3/2
tvn=—é—'§BV(1—-ﬁ) [(1—9’1—1(0}_3_5) -
- o \3/2
~(1-h—x =) (1.36)
rie

Yo =Go/Goi Vo =GylGy; Gy=p,tnV 2gh .

B kauectBe BTODOr0 NpuMepa paccMOTpHM NOMellesue ¢ IRyMA
NPOCMAMH, DACMONOMEHHBIME B2 pa3Hbix yporeax (pue. 1.4). Lleutp
BEPXHEFO MpOeMa DACNONOMEH HAa DACCTOAHHE yp OT TOJA2 NOMELEHHH,
d UCHTD HHMHErD — HAa paccTOA#HA y. BwcoTst Tax mpoemos (coot-
BeTCTBEHHO {1y 1 H)) Muoro menbine pacetosuus MEHKAY HHMH, T.e.
Hypyr—y m HiKys—1n. Tar xak soicornl NPOEMOB MaJBl 0O CPaB-
HEWHIO © PACCTOYHHEM MEXAY NpPOEMamH, TO ¢ ACCTATOYHON CTENeHbIO
TO'THOCTH MOMKHO npeHefpeds H: UEHHEM AABAEHHA N0 BHCOTE Kak-
40ro w3 orsepcTH. (UrpanHyHMcs paccMOTpEHMEM YCAOBHA, KOrZa oT-
CYTCTBYET BAUAHHE BeTpa,

Pacnpenienienne nasieduss BHYTDH noMelleAHs omucHBaeTcs pop-
Mynofi (1.27), a napymuoro — (1.28). INonomenye OJOCKOCTH PanHulX
Aapackuli onpenengelcd no hopMyae (1.29).

Ecan gy <\yy <z TO wepes pepxuni NpoeM BHITEKAOT rastl, & 4e-
Pe3 HHMHRI BTEKaeT CcBeXHNA BO3AYXK; nepenap MexAy BHYTPEHRHM

Y HADYXHHM A4BJEHHEM H3 yPOBHE BEPXMETO [DOEMa COCTABAFET Be-
AHYHAY, PABHYIO:

21



Y Y
=’?n*5'/’n("’:59 —Il';l( nap_P *Hﬁa("".%)
s e 22

LA

= )
II:_' T ?uap il R/ {h-.‘/;,
o
I

Puc, 1.4. Cxema nomewenus ¢ Jeyma npoemamuy u  pacnpedenenue
EHYTPEHREZ0 U HAPYHHO20 Oastenull

Bp" == po = pg - ghlya— 1 )(pe — om),

rae yz=yu/h (R — DONOBPNA BHICOTH TOMellLeiis),
Pacxon yxoasliux razos Gyler paBeH:

Go =5 FsV 20 Lpm — pg + 20 (pa —pm) Gz — D1, (1.37)

rae ; — KOSOHUNEHT, YYHTHLIBAWOUWHA CONPOTHBACHWE  BEpXHerc npoema; Fp —
nAoULAAL BEPXHETO LPOEMA,

[lepenaa MemAY HapysHHM H BHYTPEHHHM JABJEHHeM HAa YDOBHe
HHAHETQ NPOeMa COCTABJAET BEJHUHHY, PABUYIO:

Ap" = pg— pm + gh (1 — y))(pg — pm)-
Pacxon HOCTy'I!laIOLLIEl‘O BO3A¥Xa AAA npoeMa nJaolanbio F] paBen:

Go =8 F1 V 200 [pg — pm 4 gh (L — 5, Wog —pm)], (1.28)

rae fh=g/h — 6e3paIMepHan KOOPIMHATA LEHTPa HHIKHerc npoema; & — woadbdu-
UHesT CONPOTHBACHHA HHKHeErc npocua.

Ecau njockocTh paBHbX JaBReHHi PACNOJQKEHA HHMKE HUKHErQ
npoeMa, T.e. eclH Y <IY1, TO B 3TOM cAyvae uvepes ola npoeva §yler
BBITAJKHBATECA I[A3 H3 noMewlenHd. Popmyaw aaa Gr u G, Gyoyr
HMeTh caedyRmIHA BHA:

Go = & Fapa V 2t l/ﬁ(l e

+§1F1PaV28h ]/ pil—p) Ku ﬁ) +n— };(1-39)
Gp=0. (1.40)

— ‘]*
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Hakoseu, ecAy NAOCKOCTB PABHLIX AaBjeH#H JexHT BHUIE BepXHero
OTBEPCTHS, T €. ECAM ¥ >Ws, TO B 3T0M cAydae yepes ofia npoema Gy-
AeT NoCTynaTh B IOMetieHue ceemuil Bo3gyX. Popmyas aaa Gr k Ga
OyAyT HMETb BHA:

G = 0: {1.41)

—_— - a
GB=§,F1PQV2gh ]/(1—&)\! yl—Kn(T:B‘)"‘] +

+5, Fs.naV‘zg_h]/ H—"ﬁ)[l—';-z—Ko(T'_%] . (1.42)

[Tocne reclomUHX npeofipasonaunit opmyns (1.37)—(1.42) Mmox-
HO 3aTHCATL B CAEAYIOILEM BHJE:

a) npi (1 — g (i —B) > aky,> {1 — gad(1 — By
=0V Blak, + G — 10— | (1.37a)
Yo = o V=500 — ) — 2K 5 (1.38)

6) npu nK, > (1 —;1}(1 —B
=0V plaK, + (g, — N1 —pit+

+ = VBTaK, + o~ 10— Bl (1.39%)
e =0; (1.402)
'B) npu 2K, €— (72— 1)(1 ~P)
Yo=0; (1.41a)
(1.429)

B aTHX (OPMyaax HCROMB30BAHE CJAelylollHe 0003HAYEHHA;

B Fe )w ,

= Gp/Gy; = ; D=
e v/Go: Yo =0Gg/Gy (E;Fl

Gy == pg V‘?gh§1 Eo Fy Fa.

CylllecToeHHOE BJHAHHE Ha rascobMed NOMelledHst C OKPyKalouied
cpedoft Moxwer OKashBare BeTep. HToOH y4ecTh BRUAHHE BETPa, HEOH-
XOEHMO 3HATH 23POJHHaMHUecKHe Koshouuuents spannf. Cnocol yde-
Ta BJAHAHHY BeTpa HA rasoobMeH paccMOTPHM HA TPHMEDE MOMEUIEHHS
€ NBYMS NpoeMaMH, CX&Ma KOTOporo mokaszaHa wa pue. 1.4, [Ipeanomo-
HHM IIpH 3TOM, YTC HANPaBJeHWe BeTpa NEPNCHAHKYAAPHO CTEHE, B KO-
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TOPOH pacnoaoMen HIKWNE NpoeM, a BEPXHHA mpoem pPacnoJOMeH Ha
32EeTpenHoll CTOPOHE NOMEHIenun.

Bnrajay 0T noMeilenMa pacnpefenesde AaBJEHHA BLOJAb BEPTHKAH
{T.e. Ba0AL ocH y) onuceeaercy opmynoh (1.28). HapymHoe papie-
HHe OKDJO HHIKHErC OTBepcTHR GyHLeT paBHO:

. - pe W2
Paap = Pa-t 80, A (1 — g1 + K} 55—

rge W — ckopocTk BeTtpa, #jc; K — nepsufl  aspoldgasazeckiit wosddumuenT.
[lepenad MeXAy HAPYMHLIM W BHYTPEHHHM AABJEHHEM Ha YPOBHE HMIMKHEErO
NpceMa paBeH:

o - pg W4
Ap" == pg — pm + gh (1 — y)lpa — pm) -+ Ky 55—
Ecnn Ap” >0, T0 uepe3 nuXHHA NpoeM BTeKaeT BOIAYX.
Pacxoa nocTynaiolliero Bo3gyxa
Gy =EF, VQpa Ap”. (1.43)

Hapymuoe NaBNeHne OKGAC BEPXHETO NIPOEMa, PACNOAOKEHHOID Ha
33BETPEHNOI CTOPOHE, PABHO:
pa WE
2 L]

2
P2 = +ao b (1 1) — K,
rae Kz — BTOpOR aspoinHaMuuecxHR KORP(MHUKENT 3LaHHSA.
[Nepenaa mexay BHYTPEHHHM H HAPyXHbIM JaBJeHHeM Ha YPOBHE
EepXHEro NpoeMa paBe:
pe W2
2

Ecan Ap’ >0, 10 uepes BepXHHA NpOEM BLITEKAKT H3 HBOMELIEHNR I'O-
pRune raser, Pacxos yxojaiunx ra3op Gyaer paBed:

Ap" = pm— pa + gh (g2 — 1) (Pa — Pm) -+ K,

Ge==E, Fy V 20m Ap”. (1.44)

Ionyvennwe B 3»ToM  naparpacde 2asacHMocTH  Gol{pm, pm)
i Ge(pPm, Pm) DONOMHAKT chOPMYTHPOBAHHYK BLILE CHCTEMY Ypas-
HeHHE PasBHTHA noMapa. DTH 3aBHCHMOCTH HOCAT npHGAHMEHHHN Xa-
paktep. [lpy HX BHBOJEe HCNOJABLIOBAAOCH ACNYUlEHHe 06 OAHOPOAHOCTH
TEMNepaTypHOro noas B oGheMe NoMellenHA. Bnuanke (eoAHOPOLHOCTH
TeMIlepaTyPHOTO NOJAA YUHTHIBAETCH B TEOPHH BTODOro npubanmixeHds.

Hiuxe paccMaTpHBAIOTCH OCHGBHBIE NOJONKEHHA 3TOR TEODHH.

M3 sKkcnepHMeHTadbHHX JAHAHX CAEAYET, 9TC BO MHOTHX CJAydanX
pacnpefeienne TeMDEPATyP RO BHCOTE NOMEUIENHA MOMHO ANNPOKCHMH-
poBATL caeAywllell HyHKrILBHed:

T=Tm[1-|—a(l---;ly—)]—_l, (1.45)

glh
1,5
¥ih
T T AT !
=075 -0, =
;:i o=00,75: v ‘_L.S g,5 as= 45
;-2 ™ o0=0,3 0 |
ILB”_EA;T 3-\—\;—:5 t—1 _’ '0’5 0 +Ul‘5+’ "7’5*2
gassiiiuan . AU 7
821 + 9.Pm
0 060128091 411,213141546171,8
Tiyl/Tm Puc. 16, Pacnpedencnue dagae-

HUd RO @blcoTe NOMEUjeHUus Rpu
Puc. 1.5. Pacnpedetenue temne- PABAUYHEIX CTENEHAX HCOOHOPOD-
PATYR RO BHICOTE NOMEULEHUA NOCTU Temneparypor

rae 7., — cpenneobbemnan TeMNepaTyPa; h — nONOBHHA BHICOTH NOMSILENHS; Y —
KQOPAlkHaTad, OTCYHThIBAEMASA BAONL BEPTHKANH OT nojia NOMEUIEHHA; a—f(Tm)—-
IMNBPAUCCKER KONCTAnTa.

Ha pre. 1.5 npusenens B xavectse mpuMepa mpoduim teMmepatyp,
BHUKCAeHHBe N0 (opMyne {1.45) npi HecKOABKHX sHAYEHHAX MapaMeT-
pa d, XapakTepH3YWOUIEro CcTENEeHb HEOAMOPOAHOCTH TCMAEPATYPHOTO
noJs.

®opMyna, onHcHBAOWAR PacnpeleseHHe 1aBJSHHA NO BHCOTE NO-
Mellenus NpH yxasaudofl 3aBucAMocTH T (y), noayvaeTca MeTOAOM,
QHAMOTHYHBIM HCNOALIOBAHHOMY ([IpDH BhiBoAe dopmyan (1.27):

3 - _
P=Pm-tem gh[—%f—(l—l-a)y-l-% 92]. (1.46)

rae ﬁ-sy,’h- fe3paaMepHas KOGDIBHAETA,
Koop,ﬂnuara NJOCKOCTH, TAE AABJCHHE paBHO Cp&.ELHEOﬁ'b&MHOM}’,
OOPEACAALTCA U3 BEIPAKEHNH

i} __I—F—a_Vl—i—a‘Z 2 (a+3
e

rae Em = Y/h — KOOPAKRATA DAOCKOCTH CPEZHeOGBEMHOID XaBJeHUR,

Ha pre. 1.6 npeicTaniena B KaUecTse IPHMEDA 3aBHCHMOCTE BEAH-
9HHH (P—pPm)/(gPmA) ©T Gespasmepuoh KOOpJ.IHHaTbI_y OpH ABYX 3Ha-
YeHHRX napamerpa a.

Pacnpepenenne NIOTHOCTH N0 BHCOTE NOMEMIEHHS B paccMaTpHBa-
EMHX YCJOBURX ONHChiBaeTcs caedyioliefl dopuy.roi;

p=pmli +all =yl (1.47)
25



Ha ocuose dopmyn (1.48) u (1.47) ueTpyano NOJYuHTb ypaBHe-
Hua ana Ge v Gp mpu mobofi reoMerpud npoevos., Pacemortpum B Ka-
YecTnE npuMepa noMerigsie ¢ ABYMA NPOEMAMH, CXEMa KO10DOro yie
ofcymianace ¥ nokasana Ha pHe. 1.4, Pacnpeneneune pagiennii B OK-
pyxaowei cpere onuctipaerca hopuynrod (L.28), Tlonoweuue nagcko-
C1H paBHBIX AaBJeHHA B KaXKAWH MOMEHT BpeMEHH BhLIMHCANETCH 10
clenywomel gopvyne:

-~ 1—p, 1-—8 et cab
Yy == 1 ———aﬁ _‘_.__-.aﬁ l/l+ FRTETY T Ky,
(1.48)

roe _y.==y$lh—uoopnuua-ra NAOCKOCTH DPAaBHBIX AABAEHHI, Knnpa,'(gpﬂh).

Mpi y1<<y,<y: POPMYNH Aasi ONPELEA€iHA PACNOIOB  HMEHOT
BHA:

vr=d)l/ﬁll—f-a(l — ) [nxu+ﬁ3’—'§—“— b —p(l+

—

+a)1§z+—a2£35}= (1.49)
: R

- ]/{x_nxo—ﬁ—?wu-ﬁu +ali—5 7).
(1.50)

3Rece H ganee HCHOALSYIOTCR Te e ofiosnadelns, 4To i B dopuy-
faax (1.37a)—(1.41a).

[pu E*<_§, {p aTom cayuae yepez oba npoeMa H3 NOMeUleHUA
BHTA/JKEBAIOTCA Ta3n) (GOPMyAB Aag Pacx0LOB HMET BHA:

Tp == cpl/ﬁ.[l +all ——Qg)}{JIK0+BB—_§£-—‘+

- - I
A+l —p{t + a}] yz—i-'ﬁ?i y%}-l—-{g pd

P ]/ah +all —51)1[an+ﬁ%£~1+

«Hl—~ﬁ(1Jrr-.s)lél—i-—ﬁzi &f}: (1.51)
vg = 0. {(1.52)

Ecnu py=>y2, T0 uepes 062 npoeMa B HOMelICHHE NOCTYNAeT CBe-

26

wnfi posnyx. Tlpu sTOM yea0BRR (GOPMYJH ANR packoNOB SAMHCHBAIOT=
€A CACAYIORIAM 06pa30M:

Yo =0; (1.53)

-~ 3 _
g V {f_m-ﬁijf—{r—ﬁ(z+a>fyl—j§33}+

+u>]/{1 —nKo—ﬁS—i;f‘—ﬂ —B(l-+a)) yz——-‘?— &Z} (1.54)

ARaZoTHUHLIM 0O6pasoM NOMyuawTcs 3aBUCHMOCTH  Ga(Pm, Pm)
H Gr(pm, Pm)} NpU Apyrofi reOMeTPHH NPOEMOB,

fnasa 2. SKCNEPMMEHTANLHOE HCCNEQOBAHMKE
MOMCAPA B MOMELLEHMM

Jnn coslanus 3amKHyTOrO MaTEMaTHYECKOTO ONUCAHHS noxapa
B NOMeIleHHA Ha YPOBHE yCPeAHEHHBIX RO OGheMy TepMOJHNAMHYECKHX
1apaMeTPOB HeoOXOANMB CBENEHHS O TAKHX XapaKTepHCTHUECKHX na-
paMerpax NpOLecca, Hak pacXoIdne KOsbhHUHenTs npoeMOB, BOHOTE
CTODAHWA MATEDHAIOB TOXAPHON UATHY3KH, cTeneHb nepevelIuBauud
rason B oObeMe M Ap. Mmewilpecs ONHTHHE cBejieHRS O NHHAMHKE
noXapa B NOMEIleHMH $BAAITCH HELOCTATOUNO NOJAHEMMH H B paile
cliydaen MNPOTHBOPEHHBLIME, 9TC B H3BecTHOA mepe ofyCJOBAEHO pas3-
JHueM B KOHKDETHBIX 3anauaX, CTOABIINX TiePe] aBTOPAMH [pH paspa-
GOTKe METOLHK HCCAeAOBAHHA.

B uwacrositleii rnaBe H3MAaTAOTCA MeTOAHKA KCAePHMEHTAbHOTO
HCCAEAGBAHHA [I0MEPd, Pe3yTbTATH OMLITOBR H cpaBHEHHE MOJYICHHBX
JAHHBIX € TeOpHel.

2.1. METOAMUKA SKCTNEPMMEHTANLHOIO MCCNEAOBAHMA

DKCOEPHMEHTANLHOE (OMEMEHHE H YCIOBHA ONBITOB, JKCOEPAMEH-
Ta/IbLHOE HCCJEA0BANHE NPOUECCOR PA3BHTHA NOKapa NPOBOAHIOCH B MO-
MEII¢HHH, HMEBLIEM CREAYIOLLHE BHYTDEHHHME pasMepH. BHICOTY 2=
=38 M, WwEpHHY H AaHHY Gy=a:=>58 M (puc. 2.1), Tlnomase
NOBEPXHOCTH NOaa cocTapaana 33,64 M2 a ofbvew noMellcHua V—
=185,11 w® Creuw Guiay BLAOAHCHN U3 KPIcHOTs LHOMHYZ HA Ue-
MeNTHO-TeCUaHOM  pacTBGpe. BHYTpeHhHe cTopoun cTed oGAHHOBAHH
CHOCM OrfleyNopHore Kupnuda A0 BHCOTe 3,2 M. Toimmua cres pasus-
fack 0,53 M. Bepxwee mepekphiTHe BLIMOMHEHO B BHAe paMLl M3 CTadb-
HHX [MBEJNEPOB, OOAHUOBAHHOH CBEPXY M CHH3Y CTAJBHEIMH JAHCTAMM.
IlpacrpancTBo Memay AmcTaMH sanofneHo MHHEpanbhOR BaTol. Toa-
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Puc. 2.1 Feoserpuneckan cxem@ 38CnepuMenTaicHO0 HOMCUEHUA

3 2— ATePHAIOB NOMAapHo#t Harpya-
4 — OKOHHBIE [pOembl; 2 — naaTdopma BeCOB aas M -
Kif: J -— HaYanbLHBIA OUAr TopeHWd; 4— NATUMKH YCTPOHCTRA KOHTPOANS nepemele

HE QPOHTA MAaMEHH

LiiHa cjos BaTW paBusnace 0,18 v, Huxuaa nosepxnocts sT0ro nepe-
KpsITHA, 00palleHHA BHYTPb NOMELIeHHH, GLJIAa NOKPHTA CAOEM OTHe-
YEOPHOR WTYKATYPKH [0 MeTanamuveckodi cerke, Haa nepexpurtieMm na-
X04HAOCH IOMELIeHHe BTOPOrd 3Taxa,

DKCIEDHMEHTAIbHOR NOMEUICHHE MME0 JIBA OKOHHLIX NMpoesa, pace
NOJIOMEHHBIX JIPYT WAL JPYroM B cepeiuHe OLHOH W3 CTEH NOMEILEHHA,
Bricota xamzoro npoema nomewensd cocraramia H=11 u H 6oina
HEHIMEHHOH BO BCeX onmTax, OTcunTHBAEMas OT MOAA  KOOPUHHATA
HHMHETO Kpan BepXHero upoema yz=4,13 M, KoOpAHHaTAa BeEpxuero
KpaR BEPXHEr0 MpOeMa gon=0>5,23 M, KOODAMHATA HHMKHETO0 KPasm HIX-
HEro mpoema Yua=0,8 M, KOOPIHHATA BEPXHEr0 Kpas HIDKHErO NpoeMa
yu=19 M (cm. puc. 2.1), luphea xamnoro npoemMa BapbHPOBANACDH
OT ONHTA K ONMTY, MameneHHe WIHPHHE NpoeMa OCYMECTBJAAAOCH C To-
MOULKY KHPOWTHOM KAaAKH Ha UeMenTHOM pacriope. Ilp naenenun
WHPHEL POEMA NOJOXEHHE reoMETPHYECKOrO0 LEHTPA OKHA HE H3MEHN-
Jock (KN2AKa OCYILECTRAANACH CHMMETPHYHO C ABYX CTOPOH npoema).
Bce onmrsl ApoBeANIHCE BpH HAJRYHE ABYX OAHHAKOBLX MO pasMepam
npoemos. Haufiosbwas mrprHa npoemos coctapasma b=1,35 M, a ua-
uMeHbias — 0,36 .

Ha ofuoit r3 GOKOBEX CTEH IKCTEPHMEHTANBHOID MOMELICHHA KMeyI-
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€A JIBePHOH MpoeM, HEOGXOAHMULA Lus NOArOTOBKH ONEITOR. B Momeyr
Haualz ONHITOB ITOT MpOEM 3aKPHIBAJCH METalHUecKOH ABEPLIO.

Cropaemuwi matepuas pacnosaragcs ua NOBEPXHOCTH MAathopMat
RECOB, YCTAHOBACHHBIX B SKCOEPHMEHTANBHOM MOMEHIeNyH, [Tosepx-
HOCTh NASTHOPMB HAXOKHTACHE HA OLHOM ypoBHe ¢ nojaom. [lnowane
NOBEPXHOCTH OATOOPMEI cocTapasaa 10 M2 Iparpopma umena dopuy
kBallpaTa, CTOPOHA KOTOPOre §==3,16 . [aargopua pacnoaomkena
epelueli 4acTH noaa, paccTosHue 07aTQOPME OT ¢TEH NOMElIeHHs: [=
=132m (cu. pue. 2.1).

B nepsoii cepuu SKCNEPUMEHTOS HCNOMBbAOBAJNACE B KAYECTBE Cro-
PACMOro MaTepHa/la COCHOBAH JIpeBecHHA, Hpesecna npeacrasasia
cobOl cOpTHEE BPYCKH ceueines oT 25. (-4 Ao 36-10-* M2 n ofpesxn
ZOCOK  (OTXOAM NPOH3BOACTBA) ¢ NpuGANENTENEHO  TaKHM  ae, KaK
¥ OPYCKOB, NONepeyupiM cedemneM. Hpesecuua Bo mcex ommitax yKaa-
ARBAA4CH HA MIATYOPMe BECOB B ABa €10, B Humuui cnol ykaazupa-
JHCh OTXOAW np- 1380ZcTBa. BepXuufi caod npeleragasa cofod Tpu
pAAa COPTHHIX OpYCKOB yKAa3aHHLIX BHIe pasvepos. Macca stux Gpyc-
KOB COCTaBAANa B KaxAOM ONLITe npubausntensre 270 kr, Bpyckn
YKAAALBANHCE BO BCEX ONbLITAX OIHHAKGEQ MJIOTHO, MPAKTHYECKH OGes
aasopon, IlpumensiBwasca yxaanka APEBECHHBl MCKJI0YAJA BJMIHHE Ha
TPOLeCC PASBHTHA [O0MAPa B HAYaNBHON CTalHH CaydafHuX daKTOpOB,
00YCAOBJEHRRX FEOMETPHYECKOR CTPYKTYpOfl OTX0l0B TPOHIBOACTRA
AoCOK. [lpeBechua ywmagmBanach Bo prex ONEITaX PABHOMEPUBIM C0-
€M Ha Bcell noBepxuocTH 0AATHOPMBI BECOB, T.e. HA naoWaan 10 wm2

Bo sropoil cepuir onutos HCNOMB3OBANGCE B KAYECTBE CrOPAasMOro
MATEPHAAA Oprasuyeckoe CTEXJO {noanmernameragpuaar}. Oprasune-
CKO® CTEKJIO NPeACTABAAND COGOI OTXOAM €ro IPOH3BOACTEA B BHAE NO-
JIOCOK AMHHOA ot 1,3 a0 2 M ¢ NCOepedHEM cedenueM ot §-10 -4 no
310~ Mm% 371y noaockn PAcKI4ABBATHCD PABHOMEDHBIM CJIOEM HA Beeft
NCBCPXHOCTH OAATHOPMEl BECOB (T.e. Ha anomana 10 m?),

Konnueerso cropaemora MaTepHasa, 3arpyKaBIWErGCA NEpesd Kax-
AbIM GUHTOM B [UMEIICHHE, W MIHPHNA OKONHLIX NpoeMoB  yKazainl
Braba. 2,1,

Bee onwin Guim upomesenm B aeThee BpeMst npH Temneparypax
HAPYMHOro Bo3nyxa To==290--293 K u crabou BeTpe (CKOpOCTH BeTpa
HE NpeBwana | M.o-t),

Bo Beex oneltax wavamenmit ouap MoxKapa C€O3NABAACS B UgHTpe
€NoA cropaemoro Mmatepuana (cm. puc. 2.1). B kauecte Hauanbuoro
HCTOYHHKZ 33MUTaHHA HCNOAG3I0BAJCH BO BCEx onblTax Gaok u3 10 cran-
AapTubiX TaGJeTOK cyXaro ropouero, Inomaas 09ara IOpPeRiA  ITHX
TabJeToOK cOCTaBAAMG npubansurensno 0,002 M2, TENIOBAS MOMHOCTL —
oxoac 2000 Br npu spemenn ropexns oroso 10 mum,

DKCePHMEHTANLHOE NOMemere GBNIO OCHAWER0 RATUHKAMH 1 npH-
Gopamn 5as mamepenus TEMOCPATYD rasa B 45 r0YKAX BHYTPH nomewe-
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HUS, TEMIEPATYP YXOAALINX ra30n B 4 TOYKAX CEUEHAA K4KAOTO npoema,
TeMIEepPATYP NOBEpXHOCteH OrpamAcHHH B 54 TOYKAX, NJAOTHOCTH TEMNO-
BOrO H3JIy4YeHHR 4¢pe3 OKOMLEIE NPOEMB, MACCOBOA CKOPOCTH BHIOPAHHA
rOPIOYHX MaTepPHaJOB, MJIOWAJAH NOKApa W AHHEHLOA CKOPOCTH pacnpe-
CTpAHEeHHA JAMEHH NO IOBEPXHOCTH CJAOA TOPKUYero MaTepHana, pacnpe-
JeJCHHR CTATHYECKHX AABJGHHA N0 BLICOTE NOMeLleHHH, CKOpocTed B 00-
TOKE yXOARWIHX 9epes NpoeM rasod, CKOPOCTeH B IOTOXKE NOCTYNaloulero
BO34yXa, KOHUEHTpPAaLMi KHCAOpPOAAa H AnoKcHAa yraepoja CO; BHYTPH
TIOMELIeHHR, KOHUEHTPAUHUA KHCAOPOAA H IHOKcHAa yraepoaa CO; B no-
TOKE YXOARIIKX ras0s.

Hamepenne naomanny noxapa H JHHERHOA CKOPOCTH PacHPOCTPAHA-

HHS NJAAMEHH TIO NOBEPXHOCTH TOPIOYero matephaaa. [dun uH3mepenud
NJOMAIH NOXaPa H JAHHEAHON CKOPOCTH pacnpoCTpaHeHds NaaMesd HC-
NOAL3AOBANACh CHCTEMA LATYHKOB, YCTAHOBJAEHHEIX Ha MNOBEpXHOCTH FO-
PIOUETD MaTepHana BAOJEL YeTHIPEX JAyded, HauunaloUEXCA 0T pacnofo-
HEeHHOro B UeHTpe MIaThOpMLI BECOB WayajbHOro oyara Topenns (oM.
puc. 2.1}, MaTyuxu GolIM yCTaHOBJEHH BAOMAL KaMKAQIO Ayuya ¢ WAroM
0.2 M, Jarunkom #BNAJaCh Napa HAXOMAUMXCH AO0A  HEKTPHYECKHM
LANPRAMEeHBEM DasOMKHYTHIX KOHTAKTOB. PaccToadne smexly 5THMH KOH-
TAKTAMH Gu0 nofoOPAHO K3 GCHOBANHH COCUMAMBHHIX ONEITOB H CQ-
cTaBasiao 1,6 oM, Kaxaas napa KOHTakTOB OHijla BKJIOYENAa B Uenb
€ HCTOYHHKOM NOCTOSHHOTO TOKAa W HeoHOBOA namaod. [lpa noaxone
PPORTS DAMCHE K JaTUHKY BO3HHK3N2 NPOBOJHMOCTE BCIRACTBHE MOHH-
SalHA rasa naMeneM H OOYTIHMBAHHA FOPIOUEro Matepuana. B moment
3aMBlKAHHA 37EKTPHYECKON Memn 3aropanach HeOHOBAA JaMna Ha HHAA-
KaTOpHOHK maHeqaH. JTOT MOMeHT (HKCHPOBAJACA € NOMOLLBID YacoB C Ce-
KYHANOH KAJ0H. KOoOpAHuaTh pACIONOMENHS [BATHHKOB H3IMEDSJAHCH
nepel KasALM oablToM C MOMOULBIO METaJJH4YecKol JHHeRK: ¢ Muaad-
merpopoli wkadof. OWHOKE naMepeHuil KOCpAHAAT JATYHKOB He Tpe-
sbiane 0,5 %.

Mo _movee s pM, . R SRAIARIAMEHES, N AHRRM. .0 K AONTHHATAX. ShOHTA, o
OAaMeRd B Ka kAL MOMEHT BPEMEHU BHIUYHCAAAHCE MJOIlAnk NOXapa
B NiueliRad CKOPOCTh PAacnpocTpaHeHya NAaMelH No NOBEPXHOCTH NoJa.
[lpu sLiudcnesny NJoMARH NOXKapa HCNOJAb30Bajachk cAcAyouas Qop-
MyJa;

Fa =~ (et 00} ey dy), @.1)

rae ¢, &, Ji, & — goopauHaTH drpanita  naamMeNH, OTCIHTHBAEMble OT UEHTpE
naathopMsl BECOB BROJAE HEThIpeX Jayueit. M Fn— naomane noxapa, M2,

Ira opMyna COOTBETCTRYeT HMaunconlpasnofi qopvMe OCHOBAHHRA
fhakesa nmamenu (pne. 22). A OueHKH TOrPENrHOCTH  oOnpedede-
HHA paomlaj noMapa BCAeACTBHE CAyYaHHBX HCKaXKeHHH (GopMbl no-
BEPXHOCTH, OXBAYEHHOR OrHEM, MOKHO CPaBHHTB NAOIMAMAL, BEIUHCAEH-



Puc. 2.2. Onpedenenue gopmsi
L geAlNunel nACWudu ROXAPC
f — 3AAMBe; 2 -~ NpAMOYrOAbHHE, J—

pomG; €1, Oz, d), dz — H3IMEPEHHBIE KO-
opAniaTel GponTa NAaMeHd

Hywo no popumyae (2.1), ¢ MmIGMALIMH poMda H MPAMOYTOMbHHKE (CM.
puc, 2.2), COOTBETCTBYIOLIHX TeM Ke HeTHIpEM KoopAHHAaTaAM (POHTA

nAaMeHH, T. e
Fgy = (¢ + 2} (d; + do);
Fra=0,5{¢; + ¢3) (dy + ds).

H3 cpaBHeHHA MOXHO 3aKJIO4HTH, H4TO cayvyafiHasd NOCPEUIHOCTD,
CBA3AHHAA ¢ HENOJHOH ONPeReNcHHOCTLIO GOPME NOBEPXHOCTH NOMAPA,
fe Morfa npessimate 15 %.

HcenenopaHHe TEMNEPATYDHOIO MOAA RHYTPH NMOMEILEHHA K ONpeAe-
nenne cpenteofnemuoll TemnepaTyps rasa. Hccneposanne TemnepatTyp-
HOro MOJA BHYTPH NOOMELleHHA NPOH3IBOANJAOCH € [OMOLUIBIO 107 xpo-
Meb-AJIOMEIeBHX TePMONIEKTPHUECKHX TePMOMCTPOB, KOTOPHE MOLKAIO-
YanHch, K 3MEKTPOHHBIM ABTOMATHYECKUM TOTEHIMOMETPAM THIA I1111-09
rpaayupoBkn XA C npenesau uasepenni 0—1100°C, Tlpn stom 62
TepMOMETPa HCNOMbL30BAJKCh AJA H3MEPEUHA TeMUEDATyp Ha TParHiHbX
NOREPXHOCTAX (Ha MOBEPXHOCTAX CTeH, MOTOJKA, MONA, B CEUCHIHAX npo-
eMon), a 45 TepMOMeTpoB — BO sHyTpeHnelt obnacTy noMelleHHs. Pac-
NoJ0MKeHHe CMacB TePMOEKTDHUECKHX TCPMOMETPOB B2 NOBEPXHOCTAX
ROTOMNKA, CTEH H TOJA MoKasaxo na puc. 2.3. Ha noBepXHOCTH NOTOAKA
6L0 YCTAHOBJIEHO AEBATHALGATE, @ HA NOBEPXHOCTH NOJA JEBHTS TEM-
nepatypusx aatduxos. Ha ypoBHax yn=14 M; Yr2=29 ¥ =44 ™
6HI0 YCTAHOBACHO COOTRETCTBEHHO 7, 10 1 8 NOBePXHOCTHLIX LATYHKOB
TemnepaTypbl. 3HaueHHe KOODIMHAT, XAPAKTEPHIYIOUIMX  MONOKEHHE
Cracs TEPMOIEKTPHUECKHN TEPMOMETPOB HA MOBEPXHOCTAX orpaiaenni,
Euno x=z1=1,4 M, xa=2=29 M; xg==2a=4,4 m. IlaTurkn Temme-
paTV¥peL, YCTAHOBJEHHbBE HA TIOBEPXHOCTAX orpamgenuii, OulaH H3rOTOB-
neusl H3 XpOMelb-aJioMenesoll nponoaoKH QHAMETPOM 0,7 m.

Jlns namepeHust TeMOepatyphbi rasoes BO BHyTpenHeR OoOJaCTH moMe-
{lerHd GHUIH YCTAHOBJEHN HATYHKH B MATH TOPHSOHTAMBHEX CEMCHHAX
ROMElIeHHA, KOOPAHHATH KOTOPHIX Yrio=14 M} yra=29 M; #ra=23,65 m;
Yra=44 M B yrs=0,1 M. Pacnodoxenue STHX LATYMKOE B KaKAOM ro-
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Puc. 2.3 Cxema paszmewenusn cnages re

a NeeEePXROCTAX Oepﬂ-?ffda LA;
Ha n TOUWLX KOKCT

PMOIAEKT PUNECKUX TEPHOMET PO
PYKHUI nomewjenua Ha yposxax

a— 58 M (notonok); 6 — 4,4 m; 8—29 M, 2— 14 m; d—00 ( )
: A M, 8—00 m (mon

PH30OHTAABHOM CEUeHHH XapaKTepH30BAJOCE KOO

pi : PANHATAMH Xy ==Zyo=
=09 M; Xv2=2v2=2,9 M Xva=2y3= " -

49 M (cm 2

- ’ . puc. 2.4}, Hdaruux
€PaTypHl, YCTZHOBAEHHBIE BO BHYTPeHHeR obaacTy noMetite :
JIH H3TOTOBNEHH H3 XPOMelb-a/lIOMEReB0l N o

POBOJIOKH RHameT
ABTOMaTHYeCKHE NOTCHUHOMETPH  OCy o

o WECTBAANN 3ANHCHE 3HAYCHU
Hmm:iaryp C MOMEHTA Hauala npouecca pasBHTHA noxapa A0 oxonqu-l

CHEPUMEHTA. 3HaveliHe CpefHeolLeMHol Temite
Perensiiock caeaywoitim ofpazom. CHavasa
HBtd MOMENT BpemenH TEMNePaTyPHBE Moaa s
X NOMellenHs (MOA, MOTOJOK H CEYEHHA ¢ KO
Yra, Wrs). Ilin wamaoro FOPH3CHTANMLHOIO cey
sapHcuMoctef Temneparyp T ot KOOPAHHAT 1
SHAYEHHAN KOODAHHATH X, T. e
T(=, X3).

paTypu rasa on-
PaccMaTpHBAJIHCE B famH-
FPODH3OHTAAbHEIX CeyeHy-
OPAHNATAMY Yr1, Yrg, fr3,
€HUA CTPOHJIHCL TpaduKu
o e joF’} r.mm (HKCHPOBaHHEIX

» 00 Tz, x); Tz x2); T2, x3);

Ha pu
c. 25,¢ B
Ka4ecTBe 7pHMepa noka3lana COBOKYMHOCTB  TaKHX

¥ pa HE Hro==2, . ]J D
q) OB s COPH3QHTAALHOIG CeYeHHH = 2 9 M. 11 H DOCTDOCHHH
ltl 8):] P p
cn HIRCHHAA HHT €pnosigI sl
T paguk HCNOAB3DBANACE A HR an8 on CAeNeHys

l'EMnepal D B TORKAX, ])aCUOJIO)KBHHb]X ME}KI{Y [EMI]e])a!yiHHMH AaT-
y

YHKamH. 3atem
. YHC/EHHEM HHTErp&no
— p¥poBanHeMm onpesennn
. HA TeMOEpaTyp, COOTBETCTBYIOUIME KOOpAHHaTaM x—~(():b e
2 Ulpu sToM HenodszoBasach tbopmyaa B

3—8Ip

X2, X3,
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Puc. 25 Onpedeaetue cpeduei
Puc. 24. Cxeme pasmewenus TEMneparypel 2asd &8 30%“30'*'
cnaes TepMoIAeKTpuveckux rep- TQAGHOM Ceterull No METOoaM

MOMETPU8 G0 8ryTpenned 004d- g — auuelnoTo HHTEPNOAHDUBAHHA]
6 — ycpeftHenun ¢ yUCTOM BRAHUHHL
CTH  NOMEMERUR 30H OGCNYMIWEBAKHS OTAAbLHMX TEp-

! — OKGHHEIe OpCesMbl, 2 -— PECH MOMETPOB
I'A i .
— 1 —
T, = — a‘z] 2.9
! [ <31 bsv T 2) J

rie Fi — ocpefHeHHad no KOOPAKHaTe & TemMneparyha, (‘_OOTBeTcTBy'IOIIEfﬁ {-roft
xoopauHate X T10 HAAZeHABIM TaKHM ofipazoM CpPelHHM TEMOEpATYpaM Ti ctpo-
wica rpadHK _?:-i-,f(x).

Nps DOCTPOENHH 3TOro rpadHKa HCNONLACBANACH OUATH niuefinag WH-
Tepnonduna. 3aTeM Onpelensjach CPeAHAA TEMIepaTypa B paccMaTpu-
BaeMOM TOPH3OHTAIBHOM ceuedi ¢ TOMOUbLIO (b()pMy."lhl

O N 25
Tj_l:azng T (x) ’ "~

rae ‘T-]— CpPEeIHAA TeMMepaTypa B J TOM TOPH3OHTAALHOM CeYeHHH NOMellcHud, K.
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Io HafiZeHHBMIM CpesHHM 3HaYeHHAM Temnepatyp I, B ropHaoHTans-

HHX cedyeHHAX HoMelllenua cTpousicH rpaduk T,=f(y).
Cpeausa no o0beMy NOMEILEHHS TeMnepaTypa

2h

Tm=[‘*!—5:]—“dy} h (2.4)
2h J Ty

Tpn onpeaenenuu cpennell TeMmepaTypel B HHMKHAX TOPHIOHTAJDL-
HBIX CEYEHMAX NOMelleHHA, KOOPAHHATH KOTOPHX 0<Cy<C1,4 M, yuuThi-
BaNGch, HTO TeMIeparypa B Rpereaax typOyAeHTHOrQ (Pakesa RAAMCIH
NpaKTHYeCKH oavHakosa. TemnepaTypa B 30He MeXAy (akeJoM H cTe-
HaMy ompelensjack nyTeM JuvefHoll nHTepnoaausu. Pasvepu Qaxeaa
DNPeleNANHCE [T0 PE3YABTATAM HIMEDEHHT MJCWALH TOPEHMA H AAHKLIM
H3MepeHHA BucOoTH gaKeaa NJAaMEHH,

A OlleHKH BeJMYUHB BO3MOMHON OWIMOKH onpenefenHsa cpeiyci
no o0beMy TeMIepaTypw H3-3a AHCKPETHOIC XapaKTePa NAHHBIX HO TeM-
nepaTypHOMY fROJIC, NoJyYyaeMmbiX B ONLITe, ObLAY NPOAeSAHLl BhidHce:
HHA cpeaHedl TemnepaTypl Ge3 yuera TeMNepaTyp Ha TpaHHUAX 0OObheEMA
romeuensd. [Ipy atom HenonssoBadace caedyiouwian dopuyma Aas on-
pedcsieHHA cpeadefl TemmepaTypnl B FOPH3OHTAJILHOM CEUEHHHM noMe-
1ieHHA;

A W )al
= e 2.5
@y g (ﬁ Th (2.5

rae T —= TemuoepaTypa B k- TOuKe rOPH3CHTAABHOrG cededHs noMeuwlennsn, K,
Fh ~ BAOWAAL R IO YHACTKA NOBEPXHOCTH CEYEHHRA NOMEUleHKA, B LeHTpe KoToporo
HAXOAMACH NATYHK TEMNepaTypot

Dtoit QopMylie COOTBETCTEBYET CTYMEHYAaTCe pachpeleseHHe TEMIepa-
Typut B FOPH30HTANBHOM CEHEHHN MOMEWeHHR, NOKasaHHoe ga pHC. 2.5, 0.
Ha ocuose pesysbTaton Boluncsiedmit no dopmyne (2.5) crpomacs rpa-

UK 3aBHCHMOCTH 1, OT KOOPLHHATEL ¥ H BhiyncAAJach 1o dopMyne
(24) cpeasenpGpemuas TemnepaTypa. BTopodl MCTOA BHIMHC/IGHHA cpea-
Hefll no o6beMy TemOoepaTypnl 1aBaj 3aBbllielHbe Pe3y/bTaTl MO Cpab-
HEHHIO C MEePBLIM, OllHcaHHBIM Buiwle, na 6—8 %. M3 cpasvenus pesy.s-
TZTOR BLIMHEJEHHH ABYMA METOIAaVH, OADEREFIGIINMH apeneibHie 3Ha-
YCHHS TEMIEQATYPHl, MOXHO SAKMOUHTL, 9O NOFPELIHOCTh ONpedesedds
CpeaneoOBEMHON TEMNCPATYPW OepBbiM (OCHOBHLIM) MeToHdOM, ofyc-
JORJIEHHAST JHCKPETHLIM XADAKTEPOM ONHTHBEIA AAHHBLIX O TeMIepaTyp-
HOM noJie, fe Moraa npesniate 3,50 %.

¥Yenoeus paGoTe TeMOepaTypHHX JAATYHKOBR B DASIHIHNX [POCT-
PAHCTBEHHHIX TOYKAX NOMEUICHHA CYllecTseHHO oTaAMdanuch. Tepmomer-
DB, pachnoJomeunble pbiwe 2,9 M, HAXOAHJAHCL B 30HE CHJBHOTO 3a84bIM-
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JeHMH TpPAKTHUECKH B TeuedHe Beero onwrta. Ha noxasanms sThX
TePMOMETPOB BJHAHHEM pajaMalHd oT QaKena NNamMesd H XOJOLHHX
nopepxHocTel orpamieHHii MOXHO ObA0 nperebpedh. JTO NOATBEPIHAR
pe3ysbTaTh H3MEPEeHHH TeMNEPatyphl rasa TepMOMeTpaMH, cHabmensnbl-
Mi HMAMBAPHYECKHMH 3KPaHaMH H3 TOHKOW natynHoR donbra. Pesyib-
TaTH H3MEpPEeHHA B GAH3KOPACHOMOKEHHWX TOYKAX NpOCTpaHCTBAa Tep-
MOMETpaMH, 32UHIWeNHHMH OT DaAHALKH, H TEPMOMETpaMH Ge3 :-mpa;mn
Gblad NpaKTHYECKH OfdHaKoHsl (paanuupe ne npeswwano 9,5—1 %).
Ha moka3aHns TepMOMETPOB, PaCHOJOMEHHHX HA ypoBHe 1,4 M ¢ KOOD-
AHHATAMHE Xv1i=2vi=09 M # Xy3==Zv;=4,9 M, CYylIeCTBEHHOE B“JlHﬁHHe
MOTIa 0Xa35[BaTh paadauLua oT dakena ONAMEHH H OrpaaeHHH. ﬂ.m}
yoTpaHeHWd 9TOTO BAMSHHA NPHMEHANHCH SKPAHBL H3  METAJHUECKOH
oIy, )

[NorpemuocTs, ofycaoBaeHEAN TepMHYECKONW HHEDUHeR cnaes Tep-
MO3JEKTPHIECKHX TEPMOMETPOB, MOXKIO OUEHHTL M3 cJeaywoulero fa-
NAHCOBOrO ypaBHEHHA:

ar
7=m{Tf(t)—T]. {2.6)

. T — remneparypa cnas, K;
Tae f— BpeMd, OTCUHTEBAEMOE OT Hauana HOWARa, C; :
TI;. (!)-—Tpeunepa'rypa rasopolt cpenw, K; mw=aSicpV; o — koadduuHent Tenao

©0TAANY OT rasa K <namw, BT-M_g-K-l; 8§ — noBepaHOCTE cnaf, M?; V — o6bem
chas, M p— NACTHOCTL MAaTeépHata CRaf, K'-M~ ; €-— YAeNbHAR TEILNOEMKOCTD,
D/ (kr —2- K.

Pewenne ypaBHeHHa (2.6) sanuceBaeTcsl B CAEAYIOUIEM BHAC:

_ o omt
T=e™IC+m|T;t)e™dr),
roe C = KOHCTAHTAa, ONpeienseMas M3 HAYAJBHOre yCIoEHA (mpH (=0 T=T,).
Ha cTanns nwapacTadHA TeMnepaTyphl rasa sasHcuMocTh Ty(f) aas

BCEX NpPOBEJEHULIX ONLITOB MOJKHO AJd OLUEHKH nNorpemuocTedl B nep-
BOM nNpHOJIMKEHHR aNNPOKCHMHPOBATH (YyHKUHEHR cleAyloliero BHAA:

Tj=T0 ebtp (2.7)

-1
rie b — sMNHPHUYECKAA NOCTOANWHANA, C .

Ha (2.6) c yuetom (2.7) caenyer

...T.;._ — _.m'_+_b_ e—(ﬂ’H"b”' (2.8)
T m-+b  m+b
B onmrax peaiu30BajHCh YCAOBHA, NPH KoTopwx b=s2.-10-%¢c=!
n ma10-%-1, M3 asanusa clenyeT, 4TO NOTPEIHOCTh, OGYCJAOBAEHHAR
HHEPUHOHHOCTBK) CRAEE TEPMOMETPOB, HE MOrAa npenumau“2 %.
CymMapHaf NOTPERIHOCTL ONpEeAeseHHs CpenﬂeoG’behEHOH Temnepas
TypH rasa B MOMEUIEHKH CKJMaAbIB3afach H3 MOTpeliRocTel, 06yCA0BACH-
BHX AMCKPETHHIM XapakTepoM AaHHWX o TeMnepaTyphoM noae (3,5 %)
% BANAHMEM TepMuueckofl uuepuud cnaes (2 %}, morpelusocTed Tapn-
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Puc. 2.6. Cxema secousmepurens-
Ho20 fCTpoiicTaa

J — IKCOEPHMERTANILHOE  [OMEleHHe;
2 — npuGopHER OTCeK; J§ — OKOMHLle
npoeMul; 4 — nnathopma BEeCOB; 5 -
Mon  3KCMEPHMEHTANBHOrO  noMetne-
HHA; § — TpyGBl NpOTOUnOd orpamna-
IOUled BOAW; 7 - cuabdonbl; § — pe-
THCTPAPYIOWKMA  mpuop  ACP.1-01;
9 — DaTyMK naBAenHHs M3d; 10—
MawomMerp ofpasucendt MO

poBRu Tepmonap (1 %), norpemwwocteli H3MepHTEABHOR uacTH npudopa
DITI-09M (0,5 %) u ero mevatawinero ycrpofictea (0,5 %), norpem-
HOCTEH CYHTHIBAHMA MOKA3AHHH © Aunarpammiof neutel (0,15 %)}, no-
rpewoctedl, ofycaoBaenHbx BaMAnHeM pagwaunx (0,3 %), # He npe-
BHwaaa 6 %,

Hamepenwe MaccoBoii CKOPOCTH BHrOpaMHA MarTepuanos. Maccosas
CROPUCTL BHIrOpaHHA Onpelensnacs ARGQEPEHUMPOBANHEM 38BHCUMOCTH
MAccHl CTOpAaeMOro MaTepHata, BHIOPAIOUIETG NpH noxape 8 nomeule-
HAH, OT BPEMEHH. JTa 3IABHCHMOCTD YCTAaHABIHBAAACH OyTeM annpok-
CHMAUHH SKCMEPHMEHTAMBHLIX JAHHHX € NOMOWBO IBM ¢ Henoupio-
DAHHEM METONA napalosudeckoll HHTepnoOAANAH,

Macca cropaemux Martepna.ios H3MEDTNACE C NOMOIIBIG THAPABAH-
yeckux Becos, [laardopma srux pecos OMHPaJaCh HA 4eTHIPE CTAJbHLIX,
SANOAHCHHLIX MHHEPANLHEIM MACKOM CHILOHA (CM. prc. 2.6). B pe-
SyAwTaTe TAPHPOBAHHA BECON3MEPHTEBHON CHCTEMBI ¢ NOMOLILID KONT-
POJBHBIX IPY30B fbila  ycravoBJena AWHEHAA 3aBHCHMOCTH MeX1y
Maccofi 3aTpysaeMuLX Ha naatdopumy MaTePHAJIOR H AABJEHHEM B CHJb-
$oHaX B AHana3oHe rarpy3ok ot 150 ao 1000 kr.

Nanneqde B cuapdonax PETHCTPHPOBAJIOCH ¢ NOMOLIbLID 06pa3U0BHX
MaHOMeTpOB THNa MO m aanwchsasocs npudopom tHma ACPI-01, co-
€AHRHCHHBM ¢ AaruxoM tuna M3, [Ina ysenvuenns TouHOeTH H3me-

PeHHA HCNOMb30BAAHCH MANOMETDH C PASHLIME NpefeNlaMH H3MEePeHH -
160, 250 n 400 «I1a.

Beaeactane majocry BEPTUKAILHEX nepeMellennd maaTdopMu
B MPOUECCE H3MEHENHA MACCH BLITOPAIOIIEr0 MaTepHAZd GHUH Heana-
GHTENLHLE HHEPUHOHHBE NMorpemtocTd. Ol onpejenaiucs B CCHOBHOM
XaPAKTEPHCTHKAMH MAHOMETDHUECKHX NHHWA (TpyGxu Anamerpom 0,01 M
B navnofi oKoao 5 M) m Manomerpos. TapHpoBka cucremm MoKa3ana,
4TO NepHOA YCNOKOGHHA NPH MIHOBEHHOM BO3AHCTBHH Ha naaThopmy
cocrasaser 7—10 ¢ nas rpysa 10 kr. B poBeieHHBX OrHeBEIX 9Kcne-
PHMECHTAX CKOPOCTD H3MEHEHHA MACCH MaTepHaNos (T.e. CKOPOCTbL Bhi-
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TOpalHs) H3MEHAJAach €O BpeMeHeM NJABHO W COCTaRaAma A0 1 kr/c.
TIpH 3THX yCJOBHHX HHEDLUHOHHOCTHI) HIMEPHTEJBHOH CHCTEMBl MOKHO
6hI0 npeHetpeYL,

[Iaa Hckmoveuus Temnepartypoli morpewncetH O6bina npeaycMoT-
pena CTAOHAMIANMA TEMIEPATYPHOTO DEHRHME PalioTh CHAbGOHOE, A47
wero nocJeiine Ob/IH BOMEIICHH B BAHHY C NPOTOUHOR BOLOMH, UMeEKOLIER
NOCTOSHUYIO TeMIepaTypy.

Pava nnaTdopMsl Ohia BHUOJHEHA W3 CTaALHOTO ApOKaTa W 3allH-
[leHa OT TEmJOBOTO BO3AEHCTBHA NOKapa cJoeM acOeCTOBHX IAMT TOJ-
wuHOA 50 MM, NOKDPBITHIM CTAALHEIM JHCTOM TONMHEHOH 3 MM. Temnepa-
Typa paMel maaTdopMn KOHTPONEPOBAJACH B TIPOHECCE SKCHEPHMENTA
{80 BCex onmTax owa He npeseimana 100 °C).

CymMapHas [OrpellnoCTs B3BEWHBAHMA CropaeMolo  MaTepHana
B npolecce SKCHEPHMEHTa ONpelenslach B OCHOBHOM [OTPELIHOCTRIO
TapHpoBKH 1 He npesbimana 0,5 %.

H3mepenne DACXOA0B YXORAUMX ra30s # DOCTYNAIOWErQ BO3AyXa.
Pacxoan yXOAAIIKX U3 MNOMEIleHAs Ta30B M TNOCTYNAWINETO BO31yXa
onpefeaRAHCh BO pesyabTaTaM u3Mepenufi CKOpOCTEH M TeMnepartyp
rasa B ceueHuAX npoemor. Mameperne ckopocTell W TeMnepartyp rasa
B BepXHEM NpOeMe HPOW3BOAHJOCH B TEUEHIle BCETO SKCTICPHMEHTa B He-
THPEX PACHOJOMEKHEX MO BHICOTE TOYKZX ¢ KOOPAWHATAMH, OTCIHTHBA-
eMwMH OT HHKHCTO Kpas 2TOCC NpoeMa: yn,=0,14; 0,36; 0,61: 0,86 m,
B HUMHEM RpoEMe TOYKH, B KOTOPHIX APOUSBONH/HMCE H3MEDEHHA, HMEJH
KOOPAMHATH, OTCYMTLIBAEMBIE OT HHMHETO KPas 3ITOTO NpoeMa: fou=
=0,12; 0,38; 0,70 u 0,98 m.

CKOpOCTH H3MEDANHCH € TIOMOIULIO AATYHKOB, H3rOTOBNEHHHX H3
CTaMbHRX TpyDOK AuameTpoM 10—I4 MM B COOTBETCTBHH ¢ PEKOMeH-
LauHAMH, yKasauHeiMu B [1]. DTh ZaTyHkH ObIM NPOTAPHPOBAUS! B a3-
PONMHAMHYECKOM Kahaje, CKOpOCTh NOTOKA B KOTOPOM BapBHpOBANACH
of 2 10 5 M-c~! ¥ KOUTpOAHpOBaNach KPLIIBYATHM AHEMOMETPOM ¢ AO-
nyctumoll norpewstocteic 0,1 M-c~!. Tlpy TapupoBaHHA AATYHKOE B UDH
NpoBeLeHHH HCCAELGBANHI NpOLecca Pa3BHTHA NOXKapa AATUHKH CKO-
POCTH TOAKJIOYANHCh COCAMHHTENbHBIMA TPYOKAMH K  XKOJOKOJIBHLIM
anddepennyaibb ManoseTpaM Tena IIKO-3702, pagoTaiomuM B KOM-
naexte ¢ npuGopamu tina KCI-2 (kaace Ttouwdoctw 0.5) u mMeBilHM
npesent uavepensii or —50 no 450 Ia. PesysbtaTsl TAPAPOBKH MOM-
HG OMMCATh € NOTPEIHOCThIO He Gosiee 3,5 Y% QoOpMynoi caedyioulero
BHAA:

2Apy

W = Ka o RT, (2'9)

rie Py — GapoMmetpkueckoe fAamjewde, Ia: T -—Temnepatrypa raza, K; Apg—
nepenad zasaennfi B partdyAxe, [la: Ka — a3poAHHAMRYeCKHl KohdMUNeRT IaT-

gpKa; R —rasoBas DOCTORBHAN, Ilm](xr"l-l(_l): W = CKOpOCTb 0OTOKA, u-c™
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[Ipu ycranoBKe AATIHKOB B NpoeMaX NOMEIIEHHA, HCHONLIOBAHHOIG
RJIA HCCHICAOBAHHA TPOLECCA DAIBHTHA NONKADPA, BCE CORAMHHTENBHHE
TPYGKH OHJH NpONOMNKEHE C YKJIOHOM 5% W uMeas B BHXHER Touke
BOAOCGOPHHKH AJR NPeAOTBPailends o0Pa30BaHHA FHADABJIHYECKHX OpO-
60K BcileACTBHE KOHAGHCALHH BOAHHLIX NAapoB,

Ho pesyantatam HaMepeHHR A48 KamKA0r0 HKCHPOBAHHOLO MOMEH-
T4 BpeMEHH npollecca pasBHTHA 0OKApA BLUHC/NACE PACKXOAHAN (YHK-
UHA B 9ETHIPEX TOYKAX CEYCHHA KAXKAOIG NPOEMa ¢ NOMOULBI CJAEAYIO-
weR Gopmyan:

Pa
RT '
tle PW® — pacxommas QyeKuss, kru~° ¢!} p— ngotmocte rasa, Krem ™

3aTeM LJA KaMAOTO NPOEMA CTPOHJHCh C HCHOAb3OBAHHEM JHHEf-
HOH HHTEPNOJAUHH rpaduKH saBHCHMOCTef

pw = (g,
rae y“—KOODﬂHHaTB. OTCUHTLIBAGMAA N[O BeEpTHKaANH oT HHXNCHETO Kpasg 1poe-
Ma, M.
Tpr noctpoenuu rpaguyoB YIUTWEAAOCH, YTO BpH Yu=0 o yp=FH
CKOPOCTh paBHa HYMO, H, CAeN0BaTenbho, pw ==0. Kpome toro, zuaue-

HRA CKOpOCTed # packOfHHIX QYWKUMA B TOUKaX BEPXHETo OPOCMA C Ko-
OpAHHATAMH

pw = K, 2Ap; (2.10)

th =0,07 M, y;=0,008 m (2.11)
H B TOTKaX HHMKHEFO NPOeMa ¢ KOOPOHHATAME
yn=0,06 v; yp=1,04 m (2.12)
ONpedeNslich N0 BEJHUHHC Tependios AasBjedHd Apg pasebX TOJO-
BHHE H3MEDEHHOrO O/NKaHWHMH HateukaMH (cM. puc. 2.7), Ha PHC
2.7 B KadecTBe MPHMEDa OPHBeASHB NPOPH/N (BYHKLHG pacxoaa B npo-
EMax, HaGMOAARWIHECT B OAHOM H3 NPOBEJEHHLIX ONHTOB.

Pacxoas BO3lyXxa H rasoB ONPEACAAJHCE NyTeM YHC/IEHHOMD HHTe-
TPUPOBANHA PACXOLHOH (YHKUHH C MOMOHILI CJAELYIOWEH hOPMYIIL:

b
G = — ) .
9 [ w)i -+ (PwJ,+1] [!ln(,:+1) = i (2.13)
(=l
rae b~ wupnua npoema, M: (p¥) u {pW _—
: 1 p )H‘l pacxoaHsle QYHKIHH B TOY4KAK
€ KOOPAHNATAMA Yoy H Fpoey ) G = pacxuld rasa, Kric.
lorpemuocTn, obyc/OBAGHHBIE AMCKPETHMM XAPaKTEPOM ONHITHHX
LJAaHHHX © 110Je CKOPOCTEﬁ B CCUEHHAX npoeMos, GLlJA eBR2AHB raag-
HbiM 06pasoy ¢ HETOYHEIM YUETOM PACHPEAENeHHN CKOpOCTefl BOIU3H
TpaHHl poeMoB. UToGb OUSHHTE 3TH ROCPEWIHOCTH, REMUHCASMHCH TaK-
Me pacxoiH B8 NpeAnoacKenid, 49TO Ha rpaHHLax npoeMoe CKOPOCTD
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al nepaTtypa YXOAAIHEro rasa ONpeicaanacs N0 peiyaLTaTam HSMEPGHHﬁ
wHe

e 4‘&5&_ . TemnepaTyi? B CEYEHMAX TNPOEMa H PAcX0oda YXOAALINX T30B C NOMOLLLICG
o ,F_ _.4:1— —o::—_} CaeyoIe ClJOpN;yJ’lbl.
3 500 +
/+/ \\ Tyx ’——"ﬁ E [(pr)i =} (PWT)i-]_]] [yn(;+1) _yui]’ (2.14)
[ eng - ur \+ A i
! :"L I ﬁ rae Tyx — cpellHiA TeMNepaTypa YXOAAWero rasa, K; Gi‘ — pAacxoj rasa, yxo-
spoepamr] oy —;__‘__o\ ] AfEEro 4epes mpoed, Kro¢ ln {pwl);: (pwl); ., — NPOHIBEZEHHA NAOTHOCTH,
- \ CKOPOCTH W TEMMEPATYPH B TOYKAX C KOODAMHATAMH yp H Yn(j+q) CoOTBETCT-
s gt 200l F—Eapn \ BEHHG.
/ \ BunsuneM paimaumu or dakena niaMeHum H OrpaxcIleHuii HAa MOKa-
T 4o f \ 3dHHA TEPMOMETPOB, H3MEPABLUMX TeMNePaTypy ra3a B NPOEME, MOKHO
L / b npeHelpeur BCASACTBHE CHIBHOR 3aJLIMJICHHOCTH NOTOKA YXOASILEro
o ol 0 YR n:s o,lg_ I rasa. CyMMapHas TIOTPelIHOCTh H3MEPEHUA CPeAHel TEMUEpaTypbl yAo:
) Asfilero raza Ouia O6ycaoBjeHa TAABHHM 06pa30M HOTPEIIHOCTAMH
wime KB, T TAPHPOBKH RaTYHKOB TeMIepaTypsl H HX HHEpPUHOHHOCTBIO. Coraacho
‘fﬁc‘-f”“ ‘;m_ OLEHKaM, [OTPEHOCTL H3MEDEHHA cpPednell TeMIEpaTyps YXOAAWHX ra-
JoL ”'f,’,__°——7',_°_"_°_ 30B ne npennHiwana 2,5 Y.
/+ “:______-_ H3mepenne cpeaHeolbeMHOre MaGLTOUHOIG MABNCHHSA B RNOMELIERWA
R Y . /\+ + % H KOOPAHHATH NMAOCKOCTH PABHLX JHapaennd, Jns nsmepeduns waBHTOY-
B +\ HHX CTATHYECKHX AaBJeHHA OHJAH BBefleHW BHYTPhL NOMELIEHHS uepe3
2 &l Y Pue. 2.7. Dpoghusu remneparypol, CTeHY, GOKOBYIG PO OTHOLUEHHI® K CTeHe € NPOeMaMH, CeMb CTAMNbHBIX
ool P~ Miamy nepenados dasaenus 8 daruurdx TpyGOK OTGOpa Aapiexmii xuametpoM 10—14 MM. KoopamwaTe pacno-
tE sk I’ T —— —— 1 pacxodnbix gyukyud no geico- JIOMEHHA TOdeK OTGOpA JaBAEHHA HMeNH CASIYIOUHE 3HAYCHHS: x=
|_ i \) T¢ npoexos ) _ s =a3/2=2,9 M (ana Bcex Touek orGopa); z==0,5 ¥ (an% Bcex Touex
oL 5L o | 1 ] 1 1 @ — BEPXHAN  npoeM; O -~ HHAHA

02 84 06 o8 T4ns™  ppoem (onbit Ne 4, =12 MHH)

rasa pabHa CKOPOCTH B TOYKAX ¢ KOOPAMHATAMH, yKasauHmMH BLIDa-
wesdama (2.11) u (2.12) (7.e. B IpeAnonOXKeHHR OTCYTCTBHA yCJIOBHA
«npHAHNAHAA>), CpaBHeHHe DE3yablaToB PAcyeTos, BLINGANCHNEIX ABY-
M5 MeTOIaMH, [0KAa3an0, YTO DOTPEIIHOCTh 3IKCIEPHMEHTANBLHOrO Ollpe-
JleJeHHA PACXOL0B NOCTYNAKUIEro BO3AYXa H yXOAAUIMX ras3os, oGyc-
J0BJAeHHAS LHCKPETHHM XapakTepoM ZanHHX O NOJAX CKOPOCTEH H TeM-
pepaTyp B CEYEHHAX NPOEMOB, He MOTJA OPCELIIATL 3 %.

CyMMaphas TOTPEIIHOCT B3MEPEHH PacXOA0B MOCTYNAWLIEro BO3-
AyXa W YXOASMHX Ta3oR OMPEAeAAnach MOrPEUIHOCTRMH TAPHPOBKH AAT-
QUKOR TEMNEPATYP H CKOPOCTEHl, MOTpELIHOCTAMH, 00yCOBICHHDIMH ANC-
KPETHHM XapaKTepoM AZHHHX O [0IAX cKOpOcTell H TeMnepatyp, no-
TPElIHOCTAME U3MEPEHHS KOODPAHNAT NONOKEHNHA AATINKCB H PA3MEPOB
NpoeMOoB, NPHGOPHEIMH DOrPElIHOCTAMH (Manomerps rtHma JIKO-3702
b koungekte ¢ KCJ-2 u noresuunomerpm 3II[1-09), norpemnocTaMu
CUdTHBAHMA ¢ AHATPAMMHEIX JIEHT H MOTIa COCTABIAThL BETHIHHY, HE
npeptimaiomyio 7 % npu G>0,5 Kkr/c.

Hamepense cpenefi Temnepatrypsl yxoasuiero rasa, Cpeauss TeM-
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0160pa); #p15=0; Yp2=08 M; Yps=19 M; yu=3 M; pup=4 wu;
Yre=5 M; Ypr=058 M (rie y, — woopnaunara (-Tofl Toukn oTGopa
EaBJeHHH, OTCYHTHIBAEMAR [0 BEPTHKANH OT MOJA; CHCTEMA KOOPAHHAT
nokasaHa Ha puc, 2,1),

Tpy6ku ot6opa naBaeHnd OulTH MOAKJIOUEHE K KOJOKOJILHBEM AHd-
GepenunanbebM ManomerpaM THma JIKO-3702, paforamoiminv B KoM-
JIeKTe ¢ perdcTpupywomuMy npubopamu tHna KCJ-2 (xkhaacc To3HOCTH
05) ¢ npeneravu uamepenuit or —50 a0 =450 Ila. Bropas wamcpa
KAKAOrO ANupepeHIlHadbHOro MaHOMerpa Gblla COeLRHeHA ¢ TPyOKoli,
CBOGOAHHN KOHEL KOTOPOR HAXOAMJACA € HADYKHOH CTOPOHH TOR e
CTEHB MOMEIHEHHS HA YPOBHE, COOTBETCTBYIOUIEM DACTIONCKEHHID TOUKH
0TGOpa AaBleHHA BHYTPH NOMELIEHHUS.

Nugpdepenunaioibli MaHOMETP H3MepsJl DA3HHLY JABJeHHE CHa-
PY®R H BHYTPH NOMELIEHHS, T.€. BeJHUHHY Ap==p—p,, A€ p— 1aB-
JIeHHE BHYTPH NOMELIEHHR, a Py — HAPy:HOE JaBJeHHE Ha TOM Ke
yponie,

Mo peayapTataM H3MepeHHS A KAXKAOrO GHKCHPOBAHHOTO MOMEH-
Ta BPEMEHH NPOUECCca PA3BHTHA NOMKapPa CTPOMICH FPAdHK 3aBHCHMOCTH
H30LITOYHOTO AaBAeHWA AP OT KOOpA#HATH y. IlpH nocTpoeHHm storo
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