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Buecen KommreToM 1O TEXHHMYECKOMY HOPMHUPOBAHHWIO, CTaHAAPTU3AUU U
ceprupukammu HIT «ABOK».

HNPEINCJIOBHUE

B crpaBoyHoM mocoOuu M3NI0KEHBI OCHOBHBIE 3aKOHBI TEPMOJIUHAMUKH HJ1€ATBHBIX
ra3oB U CMECEH, UCTOIb3yEeMbIe B TEXHUKE BEHTWISIIMU U KOHIMIIMOHUPOBAHUS BO3/1yXa,
JaHbl  OMPENEJICHUST OCHOBHBIX IApaMETPOB BIAXKHOTO BO3AyXa W PpPacu€THHIC
3aBUCHMOCTH JUIsl UX BBIYHCICHUS ¢ mpuMepamu pacuéroB. [logpoOHO paccMOTpeHBI
MOCTPOCHHS TPOIIECCOB TEIIOBIAXKHOCTHOW 00pabOTKM BIaXHOro Bo3ayxa Ha J-d
nuarpamme. [lpuBeneHsl TaOIMIBI 3HAYCHUH JABJICHHUS HACHIIICHHOTO BOJSHOTO Tapa
HaJT TOBEPXHOCTHIO JIbJIa M YWUCTOM BOJABI, a TaKKe 3HAYCHUN BIAroCOICpP>KaHUS
HACBIIIEHHOTO BIIAYKHOTO BO3/IyXa Mpu 0apomerpudeckoM aasiennn 99 u 101 kl1a.

K cranmapry npwioxkensl J-d numarpaMMbl BIIQKHOTO BO3IyXa IS MHTEpBaia
temmieparyp ot -40 mo +60 °C wu 3HaueHus Biarocojepkanus a0 30 T/Kr c.B. IpH
6apometpuueckom nasiennu 99 u 101 klla. IIpu moctpoenun J-d nuarpamm macmtadsr J
u d BEIOpaHbI TaKUM 00pa30M, YTOOBI MOTYUYHUTh HIMPOKOE pabodee MoJie st TOCTPOCHUS
MPOIECCOB M3MEHEHMsI MapaMeTPOB BIAXKHOTO BO3JIyXa Haubosiee XapakTepHBIX IS
CUCTCM BCHTWJIEIIMKW W KOHAWIOHWOHUPOBAHHUA BO3AyXa IKHUJIIBIX, O6IIICCTB€HHI>IX u
IMPOMBIIIJICHHBIX 3IIaHI/H\/JI.

B cnopaBoyHOM nocoOMM MCHOJIB30BaHbl HEKOTOPbIE pacuETHbIE 3aBHUCUMOCTH U
TabIuaHbIe MaTepuaibl U3 cpaBouyHnka ASHRAE.
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Hacrosmee CIIPaBOYHOC ocoOue SIBISETCS HepBOﬁ B OTEUYECTBECHHOM IMPAKTHUKE
MOTIBITKOM CUCTCMATU3UPOBATL OIIPCACICHUA U paC‘{éTHBIC 3aBUCHUMOCTH OCHOBHBIX
napaMeTpoOB BJIAJKHOI'O BO34yXa W HNPHUBCCTU UX B COOTBCTCTBUC C MCKIAYHAPOIAHBIMU
CTaHJapTaMHu.

CHpElBO‘-IHOC rmocooue NpeaAHa3HAYCHO JId CICHUAJIMCTOB IO MPOCKTUPOBAHULO,
HaJIaAKEC M OSBKCIUTyaTalluh CUCTEM BCHTUJIAIMU W KOHAUIHWOHUPOBAHHA BO3JyXa U
CTYACHTOB BBICIIIHUX y‘-IC6HBIX 3aBEJICHUM.

COJEP)KAHUE

1. OCHOBHBIE TTOJ0KEHNS TEPMOJIMHAMUKH HICAIbLHBIX Ta30B

1.1. OcHOBHBIE TTOHSITHSI

1.2. MneanpHBIN Ta3

1.3. CBoiicTBa ra3oBbIX cMecel

2. Cyxoli BO3JIyX

3. Boxa 1 BoasHOH 1map

3.1. O6MeE MOJOKEHUS

3.2. OCHOBHBIC TapaMeTPhl BOAbI ¥ BOASHOTO Hapa

4. Braxuplil BO3AVX

5. J-d ntmarpaMma BJIAXKHOT'O BO3JIyXa

5.1. Onpenenenrie mapaMeTPOB BIAKHOTO BO3JIyXa C TOMOIIbIO J-d IruarpamMmebl

5.2. YTIIOBO# K03 WIMEHT JIy4a Impoliecca Ha J-d auarpamme

5.3. ITocTpoeHue MpoOLECCOB M3MEHEHUS COCTOSHMS BJIAXKHOI'O Bo3ayxa Ha J-d
AuarpaMme

5.3.1. HarpeBanwe ¥ OXJaXKIEHHWE BJIAXKHOILO BO3JyXa B IIOBEPXHOCTHBIX
TEILI0OOMEHHHUKAX

5.3.2. U3MeHenne coCTOSHUS HEHACKHIIIEHHOIO BIAXKHOIO BO3AYXa OPU KOHTAKTE C
BOJIOH
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5.3.3. YBaaKHEHHE BIAKHOTO BO3yXa IIAPOM

5.3.4. Ocyiienne Bo3ayxa aacopoeHTaMu

5.3.5. OcyuieHue Bo3ayxa abcopOenramu

5.3.6. Ilporiecchl cMeNIeHus pa3anYHbIX MacC BO3/yXa ¢ Pa3HBIMU ITapaMeTpaMu

5.3.7. UW3meHeHue COCTOSHHMSI BO3IyXa B IOMENICHHUAX C TEIUIO- |
BJIArOBBLICIIEHUSIMUA

6. YciioBHBIE 0003HAYECHUS

Ipunoxenue 1. JlaBieHue HACBHILIEHHOIO BOJSHOIO Hapa HaJ ITOBEPXHOCTHIO
apaa (t < 0) u yncroii Bojbl (t > 0), kma

Ipunoxenue 2. Biarocojaep:kaHue HACBHIILIEHHOIO BJAXKHOTO BO3JyXa IIPH
OapoMeTpuueckoM aasiieHuu 99 kma

Ipunoxenue 3. Biarocojaep:kaHue HACBHIILIEHHOIO BJAXKHOTO BO3JyXa IIPH
OapoMerpuueckom Jasieaun 101 knoa

IIpunoxenue 4. J-d nuarpaMmbl BJIaKHOTO BO3AYXa

1. OCHOBHBIE ITOJIOKEHUA
TEPMOJAUHAMUKU UAEAJIBHBIX
I'A30B

1.1. OCHOBHBIE ITOHATUA

Tepmoounamuueckoii cucmemoll Ha3bIBA€TCSI COBOKYITHOCTh MaTE€PHAIBHBIX TEN B
OTpaHWYCHHOW O0JacTH TPOCTPAHCTBA, SBIAIOMIMXCA OOBEKTOM HW3YUYEHUS W
HaXOSIIMXCSA BO B3aMMOJICHICTBUM C OKPY>KAIOIIEH CpesIon.

Cucrtema  oTgensieTcs  OT  BHEIIHEW  Cpelbl MaTepualbHOU UIU
BooOpaxaeMOW MOBEPXHOCTHIO - cpaHuueil cucmemol, KOTopasi MOXKET OBITH
3aKpbIimoil, T.e. HENPOHUIIAEMOMN JJIA BEIIECTBA, WIH OMKPbIMOIU, €CIH TpaHUIa
CUCTEMBI MPOHUIIAEMAa sl BEIIECTRA.

PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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Eciu rpanvna CHUCTCMbI HCIIpOHHMIACMa IJid BCUICCTBA U HE OOIIYCKACT oOmeHa ¢
oxpyncaromeﬁ CpGI[Oﬁ KakKk TeHHOTOﬁ, TaK H pa60T01"4, TO TakKasd TCPMOIHNHAMUYCCKAs
CHUCTCMA HA3bIBACTCA usoﬂupoetmuoﬁ.

Cucrtema Ha3bIBACTCS HEU3OIAUPOGAHHON, €CIU OHA JONMYCKaeT OOMEH C BHEIIHEH
CpeaoH U TEIIOTOM, U paboTOM.

Cucrema, uMerom@asi BO BCEX CBOMX YacTAX OIHOPOIHBIA COCTaB U (PU3UYECKHE
CBOMCTBA, HA3bIBAECTCSI OOHOPOOHOIL.

OnHOposHas TepMOJMHAMHYECKas CHCTEMa, BHYTPU KOTOPOH HET TOBEPXHOCTH
paznena ¢as3, Ha3bIBACTCS 20.MO2EHHOU.

Cuctema u3 1ByX i 6onee a3 Ha3bIBACTCS 2emepO2eHHOIl.

[IpuMepoM rOMOTeHHON CHUCTEMBI SIBJISETCS aTMOC(HEpPHBIH BO3AYX, COCTOSAMIMHA M3
CMECH Pa3IMYHBIX Ta30B U BOASHOIO Iapa, a I€TEPOre€HHON CUCTEMBI - TyMaH, KOrja
Hapsy € ra3oBOil (a3oi B cucTeMe MPUCYTCTBYET KHJKasl (B3BELICHHBIE KAIlJIM BObI)
WK TBepAast (KpUCTaIIbI JIbJa) (a3bl.

TepMmoarHaMHuUeCKass CUCTEMa OIMCBIBAECTCA PAJOM TEPMOAMHAMUYECKUX BEJIMYHH,
XapaKTEepPU3YIOIINX €€ CBONCTBA.

HpI/I YCTOI\/'ILII/IBOM COCTOSIHUU CHUCTCMBI 3THU BCIIMYUHBI HA3BIBANOTCA napamempamu
COCMOoAHUA.

BHympeHHue MMapaMeTpbl XapaKTCPUIYIOT BHYTPCHHCC COCTOAHUC CUCTCMbI, K HUM
OTHOCATCA JaBJICHHUEC, TCMIICpATYypa, 00BeM U Aap.

Buewrnue napaMeTpbl OHNPCACIAIOT IOJOKCHHUEC CHCTCMBI (ee KOOp)II/IHaTLI) BO
BHCIIHUX CHJIOBLIX IOJISIX U €€ CKOPOCTD.

BHyTpeHHue mnapamMeTpbl NOAPA3IEISIIOTCS HA UHMEHCUGHbIE W IKCHMEHCUGHDbIE.
WHTEeHCUBHBIE - 3TO TE€ MapaMETPbl, BEIUYMHA KOTOPBIX HE 3aBHCHUT OT Pa3MEpPOB WU
Macchl CHCTEMBI, HalpuMep, AaBlieHHE, TEMIepaTypa, YyIENbHbIH 00beM, yJelbHas
TEIJIOEMKOCTb.

HapaMeTpLI COCTOSIHUS, 3HAYCHHA KOTOPLIX OIPCACIAIOTCA CyMMOﬁ napameTpoB
COCTOSIHHS COCTaBILAIOIINX 4YacTei YCJIOBHO p%ﬂeHeHHOﬁ CHUCTCMBI, HAa3bIBAIOTCA
OKCTCHCHUBHBIMH. HpI/IMepOM OKCTCHCHUBHBIX IMApaMCTPOB COCTOSAHUS SABJISAFOTCA 00BeM U
mMacca.

I[J'Iﬂ XAPAKTCPUCTUKU KOHKPCTHBIX YCHOBHﬁ, B KOTOPbIX HAaXOAUTCA HJaHHasA CUCTEMaA,
WK IIponecca, uaymero B CUCTEMC, 00BIYHO HeO6XOIII/IMO 3HaTb TaKWC HMHTCHCHUBHBLIC
napaMeTpbl COCTOAHUSA, KaK YI[CJILHHﬁ O6’bCM, JaBJICHHUC, a0COJIIOTHAS TEMIICpaTypa.
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Yoenwvuwtit 06vem v - 310 OTHOIIEHHE OOBEMA K €ro Macce, T.c. 00bEM €IUHUIIBI
MacChl

: (1.1)

rae V - 00beM, 3aHHUMaeMbIii CHCTEMOM, Mo ;
m - Macca BEIISCTBA CUCTEMEI, KT.

Macca BemiecTBa, colepiKamiascs B €IUHHIIE O0beMa, WM BeJIMYWHA, OOpaTHas
yAeIbHOMY 00bEeMY, Ha3bIBACTCS HJIOMHOCHbIO (P, Kr/M> )

Vow (1.2)

/lagnenue - OTHONIEHWE HOPMAJIbHOM COCTABJISIONIEH CHIIBI, JIEMCTBYIOIIEH Ha
3aJlaHHYI0 MIOBEPXHOCTb, K IJIomaau 3toi nosepxHoctu (P, Ila = H/MZ)

p-B
5 (1.3)

rae Fu - HopmanbeHas cocrasisironias cuibl, H;

S - momaak MOBEPXHOCTU, HOPMAJILHOM K IEHCTBYIOIIEH CHUJIE, M2,

Temnepamypa (T, K) - BenuunHa, XapakTepu3yolas cTeleHb HarperocT Tena. OHa
npeCTaBisieT co00i Mepy cpeHell KHHETHYECKOH SHEPTHH MOCTYNATEIbHOTO JIBHKEHUS
MOJIEKYII.

B Hacrosmee BpemMs HCHONB3YIOTCS — TeMmIepaTypHas 1ukana llenscus u
TepMOAVHAMHUYECKAsl  IIKaJa TEMIEPAaTyp, OCHOBAHHAs Ha  BTOPOM  3aKOHE
TepMOAVHAMUKHA. Mexy TemiepaTypaMH, BbIpaXeHHbIMM B KenbBHHAx M rpamycax
[enbcus, nMeeTcst ClIeAyoIee COOTHOLICHUE

PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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T,K=273,15+t°C. (1.4)

3amMeTuM, 4YTO TIApaMETPOM COCTOSHHUS SBJSETCs aOCONIOTHAs —TeMIeparypa,
BhIpakeHHas B KenbBUHAX, HO rpaayc aOCONIOTHOM IIKallbl YMCICHHO PaBEH T'PaLycy
mkansl [enbcus, Tak uro dT = dt.

CocrosiHne TepMOHHHaMquCKOﬁ CHCTEMBbl MOJXET OBITh PAaBHOBCCHBIM U
HCPaBHOBCCHbBIM. Pagnosecnbim Ha3BIBAIOT TaKOE COCTOSIHUE CUCTCMBI, IIPpU KOTOPOM BO
BCEX TOYKaX ee 00bema Bce napamMeTpbl COCTOAHUS U (bI/I3I/I‘{eCKI/IC CBOMCTBA OJUHAKOBBI
(I[aBJIeHI/Ie, TEMIICpaTypa, YI[CHBHBIﬁ 00beM U I[p.), MHBIMH CJIOBAMH, CUCTEMA HaAXOAUTCA
B mepmodunamuuecxom paenoeecuu, cCiv 11pyu U30JII0UU €€ OT BO3JCHUCTBHUS BHEIIHEH
CpCAbl NMMapaMETpPbl COCTOAHUSA CUCTCMbI HC U3MCHSATIOTCHA.

1.2. UIEAJIBHBIN I'A3

IIpocrass roMoreHHas cucCTEMa B PaBHOBECHOM COCTOSHMM XapaKTepU3yercs
ONpEIEICHHBIMA 3HAUYEHUSMU MapaMeTpoB cocrosHus v, P u T. VYpaBHenue,
YCTaHABIIMBAIOIIEE CBS3b MEXAY JaBJIE€HUEM, TEMIEpaTypodl M yAeIbHbIM O0BEMOM
CHUCTEMBI, Ha3bIBACTCS MEPMUUECKUM YPACHEHUEM COCMOAHUA N UIMEET BU]

F(P,v,T)=0. (1.5)

CocTositHuE CHUCTEMBI BIIOJIHE ONPENETSAETCS 3aJaHWeM JIBYX M3 yKa3aHHBIX
nmapamMeTpoB, T.K. JJIOOOM W3 TpeX MapaMeTPOB SBIICTCS IJIs KaXKJOTO PaBHOBECHOTO
COCTOSIHHSI OJTHO3HAYHOUW (PyHKITMEH IBYX 3aAaHHBIX. [[03TOMy MOKHO 3amucarhb, 4To

P=f1(v, T); v==1 (P, T); T=13 (v, P).

Tepmudeckoe ypaBHEHHE COCTOSIHMS Ta30B IPU MaJbIX JaBJICHHUAX IPUHAMAET
pocToe BeipakeHue. Eciau no nsmepeHHpIM 3HaueHusM P, v u T paccuuraTts Benuuuny P
x v /T, To monyuum

limp—>0

P
T =Const =Rr. (1.6)

PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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Koncranta Rr Ha3bIBaeTcs 2a3060it nocmoannoii 1 UMEET A KaXA0ro rasa cBOe
3HavyeHue. OHa npencTaBisieT co6oi padoTy 1 Kr ra3a npu NOCTOSHHOM JaBJIEHUH U MPU
U3MEHEHHUU Temneparypel Ha | rpamgyc. Mcnonb3ys NOHSTHE Ta30BOHW IOCTOSHHOM,
YPaBHEHUE COCTOSIHUS MOXKHO 3aIlliCaTh B BUAE

Pv=Rr-T. (1.7)

I'a3, cocrosiHME KOTOpPOTrO TOYHO OMNUCHIBaeTcs ypaBHeHHeM (1.7), Ha3bIBaeTcCs
u0eanbHbiM, 3 CaMO YPABHEHUE - MEPMUUECKUM YPAGHEHUEM COCMOAHUA UOEANbHbIX
2a308, unv ypasHeHuem Knaneiipona.

I[J'IH m KI' UACAJIBHOTO I'a3a YPaBHCHUC COCTOSAHUA UMCECT BU/L

PV=m-Rr-T, (1.8)

rae V - o0beM rasa, M.

YMHOXkast 00e 9acTh YpaBHCHUA (&) Ha MOJICKYJIIPHYIO MacCy [, MMOJIyYUM
PVu:].L'Rr'T, (19)
rae Vu =V U- 06LCM, 3aHUMAaEMbII OJHUM MOJIEM rasa.

Monem unmm Kuaomosiem Ha3bIBa€TCSI KOJIMYECTBO raza, Macca KOTOpOToO B
KHJIorpaMmax 4McCJICHHO paBHa €ro MOHGKyJ'IHpHOﬁ Macce.

IIpoussenenue p - Rr = R HasbBaercsa ynueepcanvnoit 2azoéoit nocmoannou. Ee
3HA4YEeHUE NMPH HOPMAIBHBIX YCJIOBHUX A 1 KMoib jroboro raza pasHo 8314,41 Jx/
(xmomp-K).

Kaxnplii wmpeanbHbli Ta3 XapaKTepU3yeTCsl TakXKe YJEIbHOW TEmI0eMKOCTHIO.
Tennoemkocmoplo Ha3bIBAETCS KOJIMYECTBO TEIUIOTHI, KOTOPOE HYXKHO IOABECTH K Taszy
WIM OTHATH OT HEro Uil M3MeHeHus Temneparypsl raza Ha 1 °C. Ilox yodenwmnoii
Meni0emMKoCmpl0 2a3a TIOHUMAIOT OTHOUICHHWE TEeMJIOThl, MOJYYEHHOM equHULEeH
KOJINYECTBA BEIIECTBA MPH OECKOHEYHO MaJIOM M3MEHEHHUHU €r0 COCTOSTHUS, K H3MEHEHHIO
TeMIIepaTyphbl.

TemmoeMKOCTh  SBIISETCA (I)YHKHHCﬁ nponoecca H HC BXOOUT B YHUCII0
TCPMOAUHAMHWYCCKUX IMaApaMCTPOB.

Paznuuaror MacCCOBYIO U O6’BCMHyIO TCIIJIOEMKOCTH.

TemnoemMKoCcTb, OTHECEHHYH0 K 1 Kr ras3a, Ha3bIBalOT YOeAbHOU MAcCCO60U U
o6o3Hauarr ¢, JHx/kr-K.

PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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TemnoemMKoOCTh, OTHECEHHYIO K 1 M Tasa MIPU HOPMAJBHBIX (DU3MUYECKUX YCIOBHSIX
HA3BIBAIOT Y0e1bHOll 00beMHOl M 0003HAYAIOT C', I[)K/M3 ‘K.

Mexny yka3aHHBIMHU YJIETbHBIMU TETNIOEMKOCTSMHU CYIIECTBYET 3aBUCUMOCTh
c=c'"-v0,
rze v() - yAeIbHbIH 00beM Tra3a Mpu HOPMAIBHBIX YCIOBUSIX.

TemnoemMKocTb, OTHECEHHYI0 K | KMOJIb ra3a, Has3blBAIOT YOEnAbHOU MOJbHOU U
0003Ha4aroT ¢y = W - ¢, KJx/(kmonb-K).

TemmoeMKOCTh 3aBHCUT OT XapakTepa Impornecca. B TCPMOANHAMUKE 0OJIbIIIOE
S3HAYCHUC UMCHOT YJCJIbHAA TCIIOCMKOCTHL IPU MOCTOAHHOM o0BeMe Cy (u3oxopmm
menJlOEMKOCmb), paBHast OTHOIICHUIO KOJINMYCCTBA TCIIJIOTHI K U3SMCHCHUIO TCMIICPATYPhI
raza B Iponecce mnpu nmoCToOAHHOM 063eMe, " yJACJIbHad TCINIOCMKOCTb P INOCTOSIHHOM
HAaBJICHUH Cp (u306apmm menﬂoeMKocmb), paBHasgd OTHOLICHUIO KOJIMYCCTBA TCIUIOTHI K
HU3MCHCHUIO TCMIICPATYPHI I'a3a B IMIPOLECCE IIPU MOCTOSAHHOM J1aBJICHHUU.

JUis upeanbHOTO Tasza CBA3b MEXAYy H300apHOM M M30XOPHOM TEIIOEMKOCTIMHU
omnpenensercs ypaBHeHueM Maiepa

¢p-cv=Rr,
WIH
ucp - pey = R = 8314,41, JIx/(xmonb-K).

VY enbHbIe TENIOEMKOCTH MIEANbHBIX Ta30B Cp U Cy, B OOILEM CIy4ae IpeICTaBIIAIOT
co00i cloXxHbIe (YHKIMM TEMIIEPaTyphl, O3TOMY B pacyeTax HCIOJb3YIOT CpeIHUe
3HAYEHUsl YJIENbHBIX TEMJIOEMKOCTEH, OOBIYHO 3a/JaHHble B TaOauMuHOW (opme ams
OINpEeIECNICHHBIX 3HAa4eHUW TeMmreparyp. CpeaHell yJIenbHON TEIIOEMKOCTBbIO JAHHOTO
Ipolecca B MHTEpBaJE TeMIepaTyp OT t] 40 t2 Ha3bIBalOT OTHOLIEHHE KOJIMYECTBA
TEIUIOThl, NEPEJAaHHOIO B IIpoliecce, K KOHEUHOM pa3HOCTH Temmeparyp t2 - t].
Meroauka onpenesenus CPEeAHNX 3HAYEHUH Cp M Cy U IPUMEPHI pacyeTa IPUBEIEHbI B

[2].

3 NEPBOT0 3aKOHA TCPMOAUHAMUKHA CICAYCT, YTO TCIJIOTA, ITOABCACHHAA K pa6oquy
TCIIY, 3aTPAYUBACTCA HA U3SMCHCHUC BHYTpeHHCﬁ OHCEPIUU U Ha COBCPIICHUC pa60TBI.

Buympennasa snepzua - 3710 >Heprus, 3akiioueHHas B cucteMe. OHa COCTOUT U3
KMHETUYECKOW DSHEpPruu, BpalllaTeIbHOTO U KOJEOATEeNhbHOTO [BUKEHHUS MOJEKYII,
MOTEHIMATBHON 3HEPruM B3aUMOJECHCTBUS MOJIEKYJ, HSHEPrUM BHYTPUATOMHBIX U
BHYTPUSIEPHBIX JBUKCHUI YaCTHII U JIP.

PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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BHyTpeHHss sHeprus sBIseTCs OJHO3HAYHON (PyHKIMEH BHYTPEHHHUX IMapaMeTpoB
COCTOSIHMS (TEMIIEPATYPBHI, TABIEHUS) U COCTaBa CUCTEMBI.

Jl7is yOpolleHusT pacueToB TEPMOJIMHAMUYECKHX MpoleccoB Y. ['mGO6coM BBeneHa
¢byHKIUA J A58 m KT Macchl, Ha3bIBaeMasl JHmanvhuel u 1 ans 1 Kr Macchbl, Ha3bIBaeMast
Y0envHOol IHmanvnueil.

OHTanpnus J OTHOCUTCS K OSKCTCHCHBHBIM napameTpaMm, T.K. €€ BCIMYHUHA
InpomnopuuoHajJibHa Macce.

VYaenbHas SHTAJIBNMA 1 MPEACTABISAET COOOM CIOXKHYIO (YHKIHMIO U MOXKET OBITh
BbIpakeHa popMyIIoit

1=u+ Py,
TZIC U - y/IebHAsl BHYTPCHHSISI DHEPTUS Ta3a.

ITockonbky Bxonsmue B (GOpMylly BeIMYUHBI U, P W Vv sBiIsAIOTCA mapaMmeTpamu
COCTOSIHUS, TO U CaMa yJIeJIbHAs SHTAJIBIUS TakxKe OyJIeT MapaMeTpoM COCTOSIHHUS.

@OU3NYECKUil CMBICT JHTAJBIHH COCTOMT B TOM, 4YTO B HU300apHBIX MpoOIEccax
W3MEHEHUE DSHTAIBIIMKM PABHO KOJMYECTBY TEIUIOTHI, IMOIJIONIEHHOW WM OTJAHHOM
CHUCTEMOI.

VY aenbHas SHTAJAbIUA HACAJIBHOIO ra3da, TaKKC KaK U BHYTPCHHAA SHCPIUs, ABJISICTCA
(IJYHKL[I/ICI‘/’I TOJIBKO TEMIICPATYPhI U HEC 3aBUCHUT OT o0bema u JaBJICHHA.

B TepmonunamMuke He TpeOyeTcs 3HaHHE aOCOMIOTHOIO 3HAUEHHs HHTAJBIINY,
[I03TOMY €€ OTCYMTBHIBAIOT OT HEKOTOPOro YCIOBHOrO Hyiss. Ui uaeanpHOro rasa
IIPUHSTO CUUTATh 3HTAJIBIIMIO PaBHOM HYyI IO Ipu Temneparype t) = 0 °C.

[Tpupamienyre >HTaNbIUU Ul JIFOOOr0 Mpoliecca U3MEHEHUS COCTOSHUS HIeaTbHOTrO
rasa B mpezenax oJHOW (a3l (ra3o00pa3zHOMN, KHUIKOM MM TBEpAOH) ompeaesnsercs 1o

bopmyie

All2=12-11=

%' (L _T1).

Ecnu cuurarse, uro it = () = 0, TO HTaJIBIMS raza nmpHu Temieparype t

Buanec-nnaqos, T30 4 & pokymenTax: 9
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o e kr. (1.10)

@®opmyna (1.10) noka3piBaeT, 4TO yZesIbHAs DHTAJIBIUS HMJICATBHOIO Ta3a YUCIEHHO
paBHa KOJIMYECTBY TEIUIOTHI, KOTOpas MOJBEJeHa K 1 Kr ra3a npu HarpeBaHuu ero ot 0
°C no temnieparypsl 1 °C npy NOCTOSSHHOM JJaBJICHUU.

1.3. CBOMCTBA I'A30BBIX CMECEM

Ilon za3oe0it cmecvro TOHUMAIOT MCXAaHUYCCKYID CMCChb OTHACJIBbHBIX TIa30B, HC
BCTYHAOIINUX MCKAY co00M HM B KaKHe€ XHMHYCCKHE pcaKknuu. Ka)KZ[BIﬁ ra3 B CMECH,
HE3aBUCUMO OT APYTIHUX I'a30B, MOJHOCTBIO COXPAHACT CBOU CBOICTBA U BEACT ceOs Tak,
Kak eclii Obl OH OJWH 3aHUMaJl BECh 00BEM CMECH.

Bce pCaJIbHBIC Ta3bl B JMWAIIa30HC TEMIICPATYP, XAPaKTCpHOM [JIsI CUCTEM
KOHAWIIMOHUPOBAHUA BO34yXad, U aTMOC(bepHOM uad  OIM3KOM K HEMY JaBJICHUU
MOJIHOCTBIO IMOAXOAAT IOJ IMMOHATHEC UACAIIBHOI'O ra3a, O3TOMY KaXObIH OTIEIbHBIN ras,
BXOJAIIUN B CMECCh, CYNTACTCA UACAJIbHBIM I'a30M.

Tak xak cMecCh COCTOMUT M3 HECKOJIBKHX KOMIIOHCHTOB, TO €€ COCTOAHHC HC MOXCT
OBITh OIPCACIICHO JIMIIb JABYMS IIapaMEeTpaMu, H HeO6XOI[I/IMBI JAOIIOJIHUTCIIbHBIC
BCJIMYHHBI, XapaKTCPUIYIOIIUC COCTAB CMCCH.

OOBIYHO COCTaB CMECH HUACAJIIBHBIX Ta30B 3aJal0T MACCOBBIMH OOJISIMU  gj, T.€.
OTHOIIIEHMEM MacChl KOMIIOHEHTa CMECH mj K MacCe BCEM CMECH Mcm

gl =

11

Mar; g2 =

Mz
m,.

e 2n=

fmy,

LY

[Ipu aToM m] + m2 + ... + mp = mewm;

PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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MNuorma cocras

gl+g2+..tgm=1

CMECHU

3aaaroT 00BEMHBIMH JO0JIIMHU

napuuasbHOro 0ObeMa KOMIOHEHTa Vi kK 00beMy cMmecu Vem

IIpu sTOM

I =

Vl +V2+ +Vn=VCM;

ri+r+..+rm=1.

1i,

T.C.

OTHOIICHHUEM

Ionx napuyuansnbim 06vemom 2aza NTOHUMAIOT 00BEM, KOTOPBIN 3aHUMaJ ObI ATOT Tras,
ecnd Obl €ro TemIieparypa W JaBJICHHE COOTBETCTBOBAIM TEMIIEPAType W IaBICHHIO

CMECH.

CoortHoIieHHe MCKAY MaCCOBLIMU U 00BEMHBIMU KOHIOCHTpalUAIMH UMCIOT BU

¢ b2Y

PaapaboTka v akcnepTtuaa

BuaHec-nnaqos, TIO
8 (985) 760 -61-43
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50048

[lo 3akomy /Jlanemona oOmee naBlieHHE WICANBHBIX Ta30B Pcyv paBHO cymMme
MapIyaibHbIX JaBICHUHN OTJIEIBHBIX Ta30B Pi, COCTaBISIONINX CMECh,

PcmMm=P1+P2+...+Pn=

I

Sz
1

Ilox napyuanvnvim O0asnenuem NOHNMAIOT TAKOE JIABIEHUE, KOTOpOE MMeN Obl ras,
BXOJILINI B COCTaB CMECH, €CiIM Obl OH HaXOAMJICS B 3TOM >K€ KOJMYECTBE, B TOM K€
o0BbeMe U MpH TOHl ke TeMIrepaType, YTO U B CMECH.

(1.11)

JIJ'ISI OTACJIIBHBIX KOMIIOHCHTOB M i1 CMECU B ILCJIOM CIIPaBCAJIMBO YpPaBHCHHE
Knaneiipona

PiVem = miRiTew; (1.12)
PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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PecmVem = memRemTem. (1.13)

Ecnu mpocymmupoBath ypaBHeH#ue (1.12) mo BceM KOMIIOHEHTaM, TO TIOTy4YUM

Vem
I
Pi
1 =Tcm
I
Zmi 'E;.
] (1.14)

CornacHo 3akony JlanpToHa (1.11) neBbie yactu ypaBHenuit (1.12) u (1.13) paBHsl,
CJIeIOBATENBLHO, PABHBI M TIpaBbie. Toraa, MOKHO MOYYUTh CIEAYIOIee BRIPAKCHHUE TS
ra3oBOM IIOCTOSHHOW CMECH:

Rem =
I
ZE:‘ B
T (1.15)
Win, eciiv 3a71aH 00bEMHBIN COCTAB CMECH, TO
Rem =
1
>
TR (1.16)

[TonsiTHE yHUBEpCAIBHOM ra30BOM MTOCTOSIHHOW pacpOCTPAHIETCS U HA CMECH
n1R1 =p2R2 = ... = unRn = pemRem = 8314,41 JIx/(xkmomnp K).

Ecnu u3BecTHa BenMYMHA Ta30BOM MOCTOSIHHON CMECH, TO CPEOHAA MOJEKYAAPHAA
Mmacca, TpesICTaBISIoNIasi COOON yCIIOBHYIO BEIMYUMHY U OTHOCALIASICS K TAKOMY YCJIOBHO
OJIHOPOJIHOMY Ta3y, y KOTOPOI'O YHCJIO MOJIEKYJI U 00I1asi Macca paBHbI YHCITy MOJIEKYJ U
Macce CMECH ra30B, ONPEIENSIETCS U3 BBIPAKEHUS

Hem =

GuaHec-nnaqos, T30 4 e gokymenTax: 13
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8314 41
R, (1.17)

HapIII/IaJIBHOG AAaBJICHUC ra3da B CMECHU MOXXHO OIPCACIINTD:

- 4epe3 MacCoBbIE JI0JM - U3 ypaBHeHUs Kitaneiipona

Pi=

m; B Ty
v':h't = Pcemegi

Ri
Rﬂ'ﬂ = Pemrgi

Kar
Ky (1.18)
- yepe3 00beMHBIC JI0JU - U3 3aKoHa boits-MapuoTra
Pi=Pcm
1L'ri

Vo =1 - Peu. (1.19)

3HaYCHUS YACTbHBIX TEIUIOEMKOCTEH ra30BBIX CMECEH OIMPEICIIAIOTCS MO CJICLYFOIIUM
dbopMmyam:

- CMECh I'a30B 3aJjlaHa MaCCOBBIMU JOJISIMU

CveM =gl "Cyl t 22 ¢cy2+ ...t 8n " Cyn=
n
Zgi Cois

1 (1.20)

CpcM =81 "Cpl + g2 Cp2t ... T gn " Cpn=

PaapaboTka v akcnepTtuaa PasmelleHne pexnams
t b BuaHec-rnaHos, T30 4 e pokymenTax: 14
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Z gi I I:pi;

1 (1.21)
- CMECh T'a30B 3a/1aHa 00BEMHBIMU JIOJISIMU

c'vem=r1-cvl+rcv2+..+m-cvn=

1 (1.22)

c'pem=r11-Cc'pl +12:C'p2 + ...+ - C'pn =

I
. !
g1 i
1
A,Z[I[I/ITI/IBHOCTB o0peMa U BHYTpeHHeﬁ OQHCPIHUH PII[eaJ'IBHofI ra3zoBoM cMmecHu

npeaonpeacisiCT 3To CBOMCTBO U JJIA OHTAJBIINKU CMECHU

JoM=J1+th+...+Ja=

DI,

1
Torna mist yaenbHBIX BEJTUYHH SHTAIBIIAN
icM=grir+tgrig+...+gnin=
n

Zgiii;

I (1.23)

2. CYXOH BO31YX

ATMOc(hepHbI BO31yX MpeICTaBiseT cOOON cMeCh HE B3aUMOJCHCTBYIOIIUX MEXKIY
co00i Ta30B, BOSHOTO Mapa U Pa3IuYHbIX 3arpsA3HUTENCH (AbIM, MbLIb, IPOMBILIUICHHBIE,
TPAHCHOPTHBIE U APYTHE Ia30BbIe BEIOPOCHI).

PaapaboTka v akcnepTtuaa PasmelleHne pexnams
t b Buanec-nnaqos, TIO 4 » poxymenTax: 15
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CMech Ta30B, colepKalluxcs B aTMOCHEpHOM BO3ayXe, 0€3 BOISHOTO Mapa u
3arpsi3HUTEIICH HA3BIBACTCS CYXUM 8030YXOM.

CocTtaB cyxoro Bo3ayxa OTHOCUTENBHO cTabuiieH (Tadm. 1), oqHaKO B 3aBUCUMOCTH OT
BpPEMEHH T'0Ja, FeorpapuuecKoro Mmox0KeHHsl, BLICOTHI MECTHOCTH M TIOTOJIbI BOZMOKHBI
HEeOOJIbIIINE U3MEHEHHUS KOJIMYECTBA HEKOTOPHIX KOMIIOHEHTOB.

Taoanma 1

Cocras cyxoii yactu armocgepHoro sozayxa 1

HaumenoBanne kommnonenta | Xumuueckoe obo3nauenue | Comeprkanue mo ooremy, %
Azot N2 78,084
Kucnopon 02 20,9476
Apron Ar 0,934
VTeKkucibsIi ra3 CO2 0,0314
Heon Ne 0,001818
Ienmi He 0,000524
Meran CHg 0,00015
Bonopon H2 0,00005
JIByOKHUCH cepsl SO2 ot 0 10 0,0001
O30H 03 1-10°

PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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HaunmenoBanue KOMIIOHEHTA

XuMuueckoe 0003HaUEHUE

Copepxanue 1mo oobemy, %

Kpunton Kr 1-10™
Kcenon Xe 8- 10'6
Pagon Rn 6 - 10'18

33)13.‘-161‘/’1 pacucTa ra3oBbIX CMCCCﬁ, B T.4. U CYXO0ro BO31ayXa, SABJIACTCA OIPCACIICHUC
ra3oBou HOCTOHHHOﬁ, MOJICKynﬂpHOfI MacCChbl, INIOTHOCTH U YIACJIBHOI'O 061,eMa,
YACIBbHBIX TEINIOEMKOCTEN U APYrux BCJIWMYHH Ha OCHOBC 3a/IaHHOT'O COCTaBa CMCCHU.

I[J'IH CyXOro BO3AyXa YKa3aHHBIC BCIIMYMUHBI OMNPCACIAOT HAa OCHOBC ypaBHCHI/Iﬁ n
COOTHOIIICHUM I UASaIbHOIO rasa.

MonbsHas Macca ra3oB, COCTaBJIAIOIINX CYXOﬁ BO3yX, IIO IIKAJIC yrnepona—l2 paBHa

28,9645 Kr/KMOIb.

I'a3zoBas moctosiHHAS IS CyXoro Bo3ayxa R¢ moxeT OBITH OomnpeaciicHa 1o (bopMlee

riae R - yHuBepcaibHas ra3oBas moctostaaast, Jx/kmois K;

M

il

Hc - MOJIbHasA Macca CyXoro Bo3ayxa, KI'/KMOJIb.

RC:

831441
25,9645 = 287,055,

2.1)

[ImoTHOCTB CyXO0ro Bo3ayxa pc B KI/M° 1 ero YACIbHBIA 00bEM MOKHO ONIPENICTUTH U3

ypaBHeHus Knanelipona

¢ b2Y

PazpaboTra W aKcnepT1aa
buaHec-nnaqos, T30
8 (985) 760 -61-43
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pc=
Pl:
BT, —3483
Pl:
T 2.2)

rae Pc - naBnenue cyxoro Bo3ayxa, klla;
Tc - Temneparypa cyxoro Bo3ayxa, K.

VienbHBIE MAacCOBBIE TEIUIOEMKOCTH CYXOTO BO3JyXa Cp.c M Cy.c 3aBUCAT OT
TEeMIIepaTypbl. 3HAUEHUS CpelHEN YJeNbHON TEeINIOEMKOCTH IPU MOCTOSHHOM JaBJICHUU
cyxoro Bo3ayxa 101,325 klla aig onpeneneHHOro MHTEpBaJIa TEMIIEPATyp NPHUBEIACHBI
HIDKE B Ta01. 2.

N3 Tabn. 2 BumHO, 4TOo B WHTepBaje Temmeparyp oT -40 mo +60 °C ynenmpHYIO
TCINIOEMKOCTD CYXO0ro Bo3ayxa IIpH NOCTOAHHOM JAaBJICHUU MOXXHO CUUTATh HOCTOSIHHOM:

cp.c = 1,006 xJLx/(xr-K).

MaccoBas ypaenbHas TEINIOEMKOCTh TIPH TOCTOSTHHOM O00BEME MOXKET OBITh
onpeneneHa no Gpopmyne Maiiepa

Cv.c = cp.c - Rc = 1,006 - 0,2871 = 0,7189 xJx/(xrK).

YAeNbHYI0 SHTAIBIHIO CYXOro Bo3ayxa KJDK/KT MPU pa3iMuHBIX TeMIIepaTrypax
MOXHO omnpeaenuTs 1o ¢opmysie (1.10):

ic = Cp,c ‘t= 1,006t (23)

3. BOJA U BOASIHOMU TIAP

3.1. OBIIUE ITOJIOXKEHUA

Boga, kak u mo0oe apyroe BelecTBO, MOXKET HaXOAUTHCA B TBEpAOM (J1e1), 5KUIKOM
(Boma) u razoo0pa3HoM (TIap) COCTOSHUAX, & B 3aBUCUMOCTH OT COOTHOILICHUS TaBICHUS
U TeMIIepaTyphl - OJHOBPEMEHHO B IBYX U AK€ B TPEX COCTOSHUSX.

PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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Takum o0pa3oMm, BoJga MOXET OBITh TOMOT€HHOM CHCTeMOH (Jied, BoAa, Map) u
reTeporeHHou cucremon (map - Boja, Bojia - JieJl, map - Jieli, nap - Boja - Jiex).

Kaxnas romoreHHass 4acTb IeT€pOTr€HHON CHCTEMbl, OTpaHUYECHHAs MOBEPXHOCTHIO
paszzena u XxapakTepHu3yoIascs OMHAKOBHIMU (PU3NYECKUMU CBOMCTBAMHU BO BCEX CBOUX
TOYKaX, Ha3bIBaeTCs ¢ha3zoil.

Daz06bim nepexo0om HA3ZBIBACTCS MPOLIECC, COMPOBOKIAIOIIMICS 3aTPaTOM TEIIOTHI
U M3MEHEHHEM 00beMa, B KOTOPOM MPOUCXOIUT HM3MEHEHHE arperaTHOro COCTOSHUS
BemecTBa. Ilepexon BemecTBa U3 OAHOM (pa3pl B JAPYryl0 HPOMCXOJUT YEpes3
MOBEPXHOCTH pazjena ¢as.

[lepexon BemiecTBa M3 TBEPAOTO COCTOSHHUS B JKUJKOE HA3bIBAIOT MIdAGIEHUEM, W3
TBEpPIOro B Tra3oo0pa3sHoe - cydaumayueii, W3 SKUJAKOIO B Ta3o000pa3Hoe -
napooéopazoeanuem. OO6patHsbie IPOLIECCHI COOTBETCTBEHHO HA3bIBAIOT
3ameepoesanuem, oecyonumayueil U KOHOeHcayue.

B cBoro ouepenp, mporecc mapooOpazoBaHUS peanu3yeTcs B BHJIE HCIAPEHHS U
KHTICHUS.

chapeuuem Ha3bIBaACTCsA Hap006pa3013aHHe, KOTOpPOC MPOHUCXOAUT TOJIBKO C
MMOBCPXHOCTHU KHUIKOCTH. Kunenue - nmponecc npeBpamcHud KUJKOCTHU B I1ap, KOTOpBIfI
MPOUCXOAUT HC TOJIBKO C MOBCPXHOCTH KUIKOCTU, HO U BHYTPHU HEC, T.C. 3TO IMPOLCCC
Hap006p330BaHI/I$I BO BCEH Macce KUJIKOCTH.

Fa3006pa3Ha;1 (1)333 BOJIBI B 3aBUCUMOCTHU OT TEMIICPATYPhI U JABJICHUSA MOXKCT OBITH B
BUJC CYyXOT'0O HACBIIICHHOTO, IICPETPETOr'0 U BJIAKHOT'O HACBIIICHHOTO I1apa.

Cyxoii HacvluyeHHblll nap - 3TO Tap, HAXOASILMICA B PaBHOBECHOM COCTOSIHUH C
KHUIKOCTBIO Ha TpaHUIle pasaena (a3, He COAepIKaIINid YaCTHIl KUAKON (asbl.

Ecnu x cyxoMy HachllIEHHOMY Napy MOABOAUTH TEIUIOTY, TO €ro TemiiepaTrypa Oyaer
BO3pacTaTh M TIap CTAHOBUTCS nepezpemsim. Pa3zHOCTh MeXIy TemIeparypoi
MepEerpeToro napa U TEMIEpaTypol CyXOro HACHIIICHHOTO Iapa Ha3bIBAeTCs CTEICHBIO
neperpesa.

HeperpeTLIITI nap ABJISICTCA HCHACBLIIICHHDBIM. HpI/I JaHHOM JaBJICHHH €TI0 INNIOTHOCTb
MCHBUIC INIOTHOCTH CYXOI'0 HCHACBIIIICHHOTO I1apa, a YIleJ'ILHHﬁ 00BeM OOJIbIIIE.

Bnaswcnwii nap sSBnseTcs TeTEPOreHHON CHUCTEMON, KOTOpask MOKET OBITh JBYX- WM
TpexdazHOu.

Taoéanmna 2

PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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Wnrepsan  Temmeparyp,| -40.. | -20.. | 0..19 [20..29(30 ... 39]40 ... 49| 50 ...
°C 21 1 59

3naueHus cpc, Kx/| 1,0057 | 1,0058 | 1,006 | 1,0061 | 1,0063 | 1,0064 |1,0066
(xr-K)

IIpu temneparype Bbime 0 °C u gaBnenun Oosbme 0,61 klla (s mmockoit
MOBEPXHOCTU pasfena (a3) BIaKHBIA Map COCTOMT M3 BOJSHOTO IMMapa W BOJIBI; TPH
temmneparype 0 °C u naBnenuu 0,61 klla BrakHbIl Map COCTOUT U3 BOASTHOTO Tapa, BOJIbI
u npna, a npu temreparype Hmke 0 °C u maBnenun mensiie 0,61 klla - u3 BoasiHOTO
napa u JbJa.

VYKa3zaHHBIE BBIIIE IMAPaMETPhl XapaKTEPU3YIOT MPOUHYIO HIOUKY BOIBI, KOTOPOH
cootBercTByeT namieHue 0,61 xlIla u rtemmneparypa 0,01 °C. B TpoiiHOW Touke
BHYTPEHHSS SHEPIUs, HTAIBINSA U SHTPONHS BOABI YCIOBHO MPHUHUMAIOTCS pPaBHBIMHU
HYJIIO.

3.2. OCHOBHBIE TAPAMETPbBI BOJAbI U
BOJIAHOI'O ITAPA

Boga, xkak u Bce KameJbHBbIE KUAKOCTH, MPaKTUYECKH Heckumaema. [loatomy mms
BOJbI, HE HAXOSIIEWCS B COCTOSHUHM HACBIIICHMSI, PUHUMAIOT YAEIbHBIH 00bEM VB,
paBHBI yIeTbHOMY 00BEMY B COCTOSTHUHM HACHIIICHUS V'B.

3HaueHUS YACIBbHOT'O o0beMa BOJIbI B COCTOAHHWH HACBIMICHUA IMPHUBCACHLI B TaoII. 3

[4].

WN3menenne ynenpHOoro oObeMa V'p B auamazone Temrepatyp or 0 mo 50 °C
coctaBnsgeT 1,2 %. [loaToMy I MpaKTUUECKUX PACUETOB MOXKHO CUMTATh YJEIbHbBIN
00BEM MTOCTOSIHHBIM U PAaBHBIM CPEIHEMY 3HAUYCHUIO

VB=V'Bcp. =
00010002 +0 0010121
p = 0,001006 M /xr.
Tab6auna 3
PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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Temnepatypa t, °C| Y nenbubiit 00beM V's, | Temmepatypa t, °C | Y aenbHbIl 00beM V'p,
MO/KT MO/KT
0 0,0010002 40 0,0010078
5 0,0010000 45 0,0010099
10 0,0010003 50 0,0010121
15 0,0010008 60 0,0010171
20 0,0010017 70 0,0010228
25 0,0010029 80 0,0010292
30 0,0010043 90 0,0010361
35 0,0010060 100 0,0010437

B sTom ciyuae minoTHOCTB BOJBI pg = 994,04 Kr/MC.

CpenHue 3HAYeHHUS YJEIbHOH MAacCOBOW TEIUIOEMKOCTH BOJBI B HWHTEpBaje
temmeparyp ot 0 1o 100 °C usmensrores ot 4,179 no 4,217 xIx/(kr-K) [4]. B pacuerax
CUCTEeM KOHJUITMOHUPOBAHUS BO3TyXa MPUHUMAIOT

cep. B = 4,186 kJx/(kr-K).

CocTOosiHHE CYXOro HEHACBIIIEHHOIO Iapa OINpEAeseTcsl OJHUM IlapaMeTpoM -
JaBJICHUEM HACBHIIIEHUS, KOTOPOE SIBJIIETCS (PYHKIMEH TOJIBKO TEMIIEpaTyphbl.

JlaBneHue HACBHIIIEHHOTO BOASHOTO Mapa HaJ MIOCKOW MOBEPXHOCTHIO BOJIbI WIIH JIbJ1a
MOJKHO OTpene’uTh 1o ¢popmynam 3.1 u 3.2 [3] wiu o Tabmure mpuaoxeHus 1.

JUis HachIAIOLIENd YNPYrOoCTH BOASHOIO IIapa HaJ IIOBEPXHOCTBIO JIbJa IIpH
temmeparype ot -100 1o 0 °C:

PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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In(Py) =

G
T =Cy+C3T +C4T2 + C5T3 + CT* + C7InT, (3.1

rac PH - JaBJICHUC HACBIIICHHOI'O BOAAHOIO I1apa Ha/l TIOBEPXHOCTHIO JIb4A, Ha,
T=t+ 273,15 - abcontoTHas TemriepaTypa 1o mkane KenpBuHa;
C1=-5,6745359 - 10%;
C2 = 6,3925247;
C3=-9,677843 - 1073;
C4=6,2215701 - 1077;
C5=2,0747825 - 107,
C6 =-9,484024 - 10713,
C7=14,1635019.

Jl5is HachIAIONIeH yHIpyrocTH BOJSHOTO Mapa HaJ MOBEPXHOCTHIO YUCTOW BOABI MpHU
temnepatype ot 0 g0 200 °C:

In(Py) =
G
T +C9+CioT +C11T2 + C12T3 + C13MnT, (3.2)
rxe C8 = -5,8002206 - 10°;
C9 = 1,3914993;
C10 = -4,8640239 - 102;
C11=4,1764768 - 10™;
C12 =-1,4452093 - 10°%;
C13 = 6,5459673.
b Sumecnnaron 190 | 4 b aveniors posnau 2
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JIJ1sl MH)KEHEPHBIX PacyeToB 0oJsiee YA0OHBIMHU SBISIOTCS (OPMYJIbI, IPEJIOKESHHBIC B
paborte [7].

Jlns  Hachlamoouieil ynpyrocTd BOASHOTO Tapa HaJ IOBEPXHOCTBIO JIbAa IPHU
temneparype ot -60 o 0 °C:

Pa=exp

18,74 -115,72
23377 +0.881t (3.3)

Jl5is HachIIAIONIeH yHIPYyTrOCTH BOJSHOTO Mapa Haj MOBEPXHOCTHIO YHUCTOW BOABI MpHU
temnepatype ot 0 go 83 °C:

Pa =exp

16,57t 115,72
23377 +0,997t (3.4)

OTtMeTuM, 9TO B MHTEpBaJIe TeMiiepaTyp oT -5 a0 -60 °C 3naueHus Py, momydeHHbIE
mo dopmyne (3.3), ormuyarorcs oT TaOaM4HBIX B mpenenax oT 0 go 0,00046 xIla. B
uHTepBaiue temneparyp oT 0 1o 43 °C mMakcumaibHas pa3HOCTh MEXKIY 3HaUYCHUSIMH Py,
MOJTy4eHHBIMHU 110 popmyde (3.4), u TabnnynbiMu He npesbimaet 0,0017 kI1a.

MonbHast Macca BOJIbl M BOJSIHOTO Tapa Mo IIKaje yriepoaa-12 paBHa
pn = 18,01528 kr/KMo1b.
3HavYeHHE Ta30BOM MOCTOSIHHOM JIJIs1 BOASTHOTO Tapa

Rp=

8314,41
18,01528 = 461,520,

A=
e E

Cyxoii HachIlIEHHBI Map MpH 3HAYCHUAX TEMIEepaTypbl M JaBIICHUS, XapaKTEPHBIX
JUI CUCTEM KOHAMIIMOHUPOBAHUS BO3]yXa, HE3HAYUTEIBHO OTKJIOHSETCA OT IOBEICHUS

PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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UJealbHOrO Ta3a, 4YTO TMO3BOJISIET MCHOJIb30BaTh ypaBHeHue Kianmeiipona st
ornpeaeneHus yaensHoro oobemMa U mIOTHOCTH napa. Hampumep, npu t = 0 °C ngaBrnenue
Haceimenus P = 611,2 Ila, Torna:

46152 273,15
6112 — 206,26 MO/KT;

o = 0,00485 kr/v>.
DKcriepuMeHTabHbIE TaOMUYHbIE 3HAUEHUS V'l HACBHIIIEHHOTO BOJASIHOTO Mapa B
uHTepBaie Ttemmepatyp ot -60 mo 160 °C mnpuBenensl B [3], a mad ycIOBUU

KOHJIMIIMOHUPOBAHUS BO3IyXa - B TaOII. 4.

3HavYeHUS CpEeAHEH YIeTbHON TEIMIOEMKOCTH HACBHIIMICHHOTO BOJSHOTO Tapa TpH
MTOCTOSIHHOM JIaBJICHUH T10 JaHHBIM [4 ] MpUBEICHBI B TAOJI. 5.

Jns nuanazona temmeparyp oT MuHyc 50 go 50 °C yaenpHyK TEMI0EMKOCTh
HACBIIIEHHOTO BOSHOTO Mapa MPUHAITO CYUTATh IOCTOSTHHOW U paBHOMN

cp = 1,86 kJLx/(xrK).

VYaenpHash SHTAJIBIUSA CYXOTO HACHIIIIEHHOTO BOJHOTO Mmapa ig npu tg > 0 °C
onpenenseTcs mo Gpopmyiie

in:iB+I‘:CpB'tH+I‘, (35)
/€ ip - PHTANBIHA KUIIAIIEH Boabl, KJK/KT;
CpB - Y/€/IbHas MACCOBAsl TEIIOEMKOCTb BObI, KJUk/(krK);
I - yJenbHas TeIIoTa Napooopa3zoBanus, KJIK/Kr.

Yoenvnoii mennomoii napooﬁpmoeanu}l Ha3bIBACTCA KOJHMYCCTBO  TCIIJIOTHI,
3aTpavyrBaCMOC Ha IIPCBPAIICHUC B I1ap 1 xr BOJBEI, HarpeToﬁ 0 TEMIICPATYPbI KUIICHUS.

VYaenebHas TemioTa MapooOpa3oBaHUA T SABISETCS  (QYHKIHMEW TeMIeparypbl
HACBIIEHUS U Ui Tuana3zoHa temmneparyp ot 0 o 60 °C xopomio anmpoKCUMHUPYETCs
JIMHENHOM 3aBUCUMOCTBIO

r=2501 - 2,36ty (3.6)

B 1abn. 6 mpuBeneHs 3HaYCHUS T IO JaHHBIM [4] 1 o hopmyiie 3.6.

PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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[Ipu temmeparype tu < 0 °C ynenbHas SHTAIBIUA CYXOTO HACHIIIEHHOTO Mapa
omnpexaensieTcs mo hopmyie

in = ¢Px - ron0 + rey6, (3.7)
r7ie CPy1 - yIenbHasi MaccoBasi TEIIOEMKOCTD Jibaa, KJx/(kr-K);
rmr0 = 334,11 x/x/Kr - ynenpHast TerioTa miaBieHus ibaa npu ty = 0 °C;
rcy0 - yJeIbHas TemIoTa CyonuManuu abaa, KJK/Kr.

OKCIIEpUMEHTAJIBHBIE  3HAUEHUS YIEJIBHOM DSHTAIBIIMM CYXOTO HACBIIEHHOTO
BOJSIHOTO IIapa B HHTepBaiie Temnepatyp ot -60 1o 160 °C npusenens! B [3].

3HaueHUE YIEIBHON DSHTANBIIMM IEPErpeToro BOASHOTO IMapa OIpPEAEseTcs 0
YPaBHEHHIO

i = ig.n + cp.n(t - th), (3.9)
TJI€ 1H.11 - Y/A€NbHAs SHTAIbBIIUS HACBIILIEHHOTO BOJASHOIO napa, kJIx/Kr;
cp.n = 1,86 k/Ix/(xrK) - ynenbHas cpeHss TEMIOEMKOCTb IIEPETPETOTO Mapa;

Taoanma 4

YaeabHbIH 00b€eM U ILIOTHOCTD HAaCBIIEHHOI'0 BOASAHOIO IMapa

V nenbHbIi 00BeM V', MO/KT
[aBrnenue [1moTHOCTH P,
Temnepatypa 3
o HACBILIECHUS KI/M” 10 Ta0II.
t°C Py, Ta To ypasHeHHIo 3]
H» Tabom. [i] yp 9 =
Knaneiipona
-50 3,94 26145,0 26139,0 0,0000382
-40 12,85 8376,3 8373.8 0,0001194
-30 38,02 2951,6 2951,6 0,000339
-20 103,26 1131,3 11314 0,000884
PaapaboTka v akcnepTtuaa PasmelleHne pexnams
t b Buanec-nnaqos, TIO 4 & pokymenTax: 25
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V nenbHbIi 00BeM V', MO/KT
[aBrnenue [1moTHOCTH P,
Temnepatypa 3
o HACBILIECHUS KI/M” 10 Ta0II.
t°C Py, Ta To ypasHeHmIo 3]
H» Tabo. [3] yp 9 =
Knaneiipona

-10 2599 467,14 467,29 0,002141

0 611,2 206,14 206,26 0,004851

5 872,5 147,03 147,13 0,00680

10 1228.,0 106,33 106,42 0,00940

15 1705,5 77,898 77,98 0,01284

20 2338.8 57,773 57,85 0,01731

25 3169,2 43,351 43,42 0,02307

30 4246,0 32,889 32,95 0,03041

35 5627,8 25,213 25,27 0,03966

40 7383,5 19,521 19,58 0,05123

45 9593,2 15,256 15,31 0,06555

50 12349,9 12,029 12,08 0,08313

Taoauna 5
PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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Temmnepartypa t, °C 0 10 20 30 40 50 60

VieneHasg  TENIOEMKOCTh  Cpm,| 1,864 | 1,868 | 1,874 | 1,883 | 1,894 | 1,907 | 1,924
k/x/(kr-K)

tr ¥ tyg - TeMIepaTypa COOTBETCTBEHHO IIEPErPETOro U HACHIILEHHOT o mapa, °C.

4. BJIA’KHBIN BO31YX

B TepmoaunaMuke atMocdepHbIii BO3yX paccMaTpUBAIOT KaK CMECh, COCTOALIYIO U3
CYXOro BO3/yXa U BOJASHOTO Mapa, KOTOPBIH MOKET ObITh B MEPErpeToOM, HACBIIIEHHOM
WIM B CKOHJIEHCUPOBAaHHOM B3BELICHHOM COCTOSIHUM B BUJE KalEJIBHOTO WIH JEISHOTO
(mpu oTpuILIaTENbHON TeMIepaType) TyMaHa.

Ilocnennee cocTosiHHE SBISETCS HCYCTOﬁQHBLIM " U3y4dacTCsd 0OBIYHO pu pelICcHNN
HCEKOTOPLBIX CIICHHUAJIbHBIX 3a/1a4, HAlIpUMEpP, B XOJIOJUIBLHON TEXHHUKE.

[Ipu pacuerax cHUCTEM BEHTHISIMU M KOHIUIIMOHUPOBAHUS aTMOC(EpHBI BO3IyX
CUMTalOT OMHAPHON TOMOTEHHOW CMEChl0, B COCTaB KOTOPOW BXOMAAT CyXOH BO3IAYX U
BOJISIHOM Iap.

CMech cyxoro Bo3ayxa ¢ NMEepErpeTbIM BOJASHBIM IIApOM HAa3bIBAETCSI HEHACHIULEHHBIM
611a)CHBIM 6030YXOM, A CMECHh CYXOrO BO3/lyXa C HACBIIIEHHBIM BOJSHBIM IIApOM -
HACLIWEHHBIM 611aHCHBIM 6030yxoMm. 1Ipu dTOM yCllOBHE HACBIIECHHUS pacCMaTpUBAETCS
KaK PaBHOBECHOE COCTOSIHUE MEXAY BOISHBIM I1apOM BO BJIAKHOM BO3[yX€ U BOJOW B
KHUJIKOM WiIn TBepIoH (a3ax NMpH OJMHAKOBOHM TemIepaTrype Ha IJIOCKOH MOBEPXHOCTH
paszzena.

Taoanma 6
VY aenbHas TemI0Ta Mapoodpa3oBaHus T,
kJK/KT
Temneparypa ty, °C [TorpemnocTs, %
[To nanubiM [4] [To popmymne 3.6
0 2501 2501 0
PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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VY aenpHas TEmIOTa Mapoodpa3oBaHus T,
kJK/KT
Temneparypa ty, °C [Torpemnocts, %
[To manHBIM [4] [To popmyme 3.6
1 2498.6 2498.6 0
2 2496,3 2496,3 0
3 24939 24939 0
5 2489,2 2489,2 0
10 2477.,4 24774 0
15 2465,7 2465,6 0,004
20 2453.,8 2453.,8 0
25 2442.0 2442.0 0
30 2430,2 2430,2 0
35 24184 24184 0
40 2406,5 2406,6 0,004
45 2394,5 2394,8 0,013
50 2382,5 2383.0 0,021
¢ b2Y ranecrmaron 130 | 4 nopramm 28
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VY aenpHas TEmIOTa Mapoodpa3oBaHus T,
kJK/KT

Temneparypa ty, °C

[To nanubiMm [4]

I[To popmyne 3.6

[Torpemnocts, %

55

2370,5

2371,2

0,03

60

23584

23594

0,06

KonndectBo BOASHOrO mapa BO BIAXHOM BO3JyXe H3MEHSETCs OT Hyls (Cyxoi
BO3/yX) 0 HEKOTOPOI'0 MaKCHMAJIbHOTO 3HAUYEHUs, KOTOPOE 3aBUCHUT OT TEMIIEpaTypbl U
0apoMeTpUYecKoro JAaBJCHHMS, W B TMpoLeccax KOHAWIMOHUPOBAHHUS OOBIYHO HE
npessimiaet 3 ... 4 %.

HOBTOMy C JOCTAaTOYHOM IJI1 TEXHHUYECKHUX pacuceToOB TOYHOCTHIO BJIAXKHBIN BO3YyX
MOXXHO CUHMTaTb HACAJIIBHBIM TIa30M, KOTOpBIﬁ HNOAYHUHACTCA BCEM 3daKOHaM CMCECH
HACAJILHBIX I'a30B, XOTA B psAAC CIIYy4acB HeO6XOI[I/IMO YUUTBIBATh PCAJIbHBIC CBOMCTBA
BOASAHOIO Mapa.

TCpMO,Z[I/IHaMI/I‘-ICCKI/Ie CBOMCTBa CyXoro BO3JlyXa HW BOJAJHOI'O Iiapa pPa3JIMYHBI,
MMO3TOMY CBOMCTBA BIIAXKHOTO BO3yXa 3aBUCAT OT €TI0 KOJINUYCCTBECHHOI'O COCTAaBa.

B TexHHMKe BEHTUISIMU W KOHIUIIMOHUPOBAHHWS CBOMCTBA BIAXHOTO BO3QyXa
XapaKTepU3yIOTCs CIEIYIONIMMH OCHOBHBIMU MapaMEeTpaMU: meMnepamypa no cyxomy
mepmomempy t, enazocooepycanue d, omnocumenvnasa 61axicHOCHMy ©, RIOMHOCHY P,
memnepamypa no MOKpomy mepmomempy tv, memnepamypa mouKu pocwl tp,
oapomempuueckoe oagnenue Pg, yoenvnana mennoemkocms C U yOenbHaAs IHMATbRUA
J (3mecb M pgamee WHCMONB3YIOTCS OOO3HAYEHHUS, TMPUHATHIE B KOHIAUIIMOHUPOBAHUHU
BO3/yXa).

CormacHo 3aKOHY I[aJ'IBTOHa, GapOMeTpI/I‘{CCKOC AABJICHUC BJIAKHOT'O BO3AYyXa paBHO
CYMMC NapuHuaJIbHBIX JlaBIICHUM CyXO0ro Bo3ayxa 1 BOAAHOI'O I1apa

P6=P¢ + Pq. (4.1)
Bemnuunsl P, Pc u P usmepstor B I1a win kl1a.

Temnepatypa u OGapomeTpuueckoe IaBlieHHE aTMOC(PEpPHOro BO3/AyXa 3aBHCAT OT
BBICOTHI Ha/l YPOBHEM MOPs, FeorpaguecKoro pacroiokeHus: U NOroJHbIX ycnoBuid. Ha
YpPOBHE MOpsA B KauecTBE CTaHAAPTHBIX HpuUHATHL [3]: Temmeparypa 15 °C n
6apometpuueckoe nasienue 101,325 klla. 3nauenus remnepatypsl 1 6apOMETPUIECKOTO

PazpaboTra W aKcnepT1aa
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JaBJICHUSA JUIsl CTaHHapTHOM atmocdepsl Ha BbicoTe OT -500 mo 20000 M MOXXHO
BBIUUCIIUTH 110 popmynam [3]:

P6=101,325 - (1-2,25577 - 107 - Z)>*%, (4.2)
t=15-0,0065 - Z, (4.3)
rne Z - BBICOTa HaJl YPOBHEM MOPSI, M;
P - 6apomeTpuueckoe nasienue, klla;
t - Temneparypa Bo3ayxa, °C.

HapLII/IaJ'IBHBIe JaBJICHUA CYXOro BO3AyXa W BOAAHOI'O IIapa, BXOAAIIHUX B COCTAaB
BJIA’KHOI'O BO3AyXa, MOKHO OIIPCACINTDL B ITa mo YPaBHCHUIO KﬂaHCﬁPOHaZ

Pc =
M, R, T
Voo (4.4)
PH:
M BT
Voo (4.5)

rae Mc - Macca cyxoil 4acTu BIIaKHOTO BO3yXa;

M - Macca BOJISIHOTO Mapa BO BJIQXKHOM BO3/YXE€;

V - o601t 00beEM CMECH;

T - abcomoTHast TeMmeparypa cmecu, K.

[Ipu TemiaoBnaXHOCTHOW 00pabOTKE W W3MEHEHUH CBOWCTB BIAXXHOTO BO3yXa
KOJIMYECTBO €ro CYXOW 4YacTHh OCTaeTCsl HEM3MEHHBIM, IMO3TOMY IpPH PACCMOTPEHUU
TEIUIOBJIA)KHOCTHOTO COCTOSIHUSL BO3/yXa MPUHATO €ro MoKa3aTelu OTHOCUTh K 1 Kr

CyXOM YacCTH.

Macca BoasiHOTO T1apa BO BIQXKHOM BO3yXe€, MPUXOASINAsICS Ha 1 KT MacChl CyXOH ero
YaCTH, HA3bIBACTCS 6/1A20CO0EPHCAHUEM BILANHCHO20 8030YXa

GuaHec-nnaqos, T30 4 e gokymenTax: 30
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My
M,

r

T CE. (4.6)

st (1 + d) xr BmaxHOTO BO3/ayXa, T.€. I CMECH, coepkaIiei 1 Kr cyxoro Bo3ayxa
udkr BOAAHOIO Mmapa, ypaBHCHUSA COCTOAHUA UMCIOT BU/:

Pc-V=R¢- T; (47)
Pr[ : V =

4 T
1000 (4.8)

PaznenuB nepBoe ypaBHEHHE HA BTOPOE, U MOJCTaBUB 3HaueHus Re¢ u Ry, momyunm

d=622
A
P =62k ~F e (4.9)
N3 ypaBHeHus (4.9) MOXHO MOITYYUTh 3aBUCUMOCTh
Pn =
P, d
bld+d (4.10)

Kax BHUJIHO, IIAapLOUAJIBHOC OABJICHUC BOJAHOI'O IIapa B HCHACBIIICHHOM BJIA)KHOM
BO3yXC IIpHU OIPCEACIICHHOM 6apOMeTpI/I‘IeCKOM JaBJICHUKU OJHO3HAYHO OIIPCACIIACTCSA
BJIAroCoaCpKaHuCM 1M HC 3aBUCUT OT TCMIICPATYPBhI.

PaapaboTka v akcnepTtuaa PasmelleHne pexnams
t b Buanec-nnaqos, TIO 4 » poxymenTax: 3]
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OmuocumenvHoll 6J1AHCHOCHbIO 3030yxa HAa3bIBACTCA OTHOUICHHUC IIaplUaJIbHOT'O
AABJICHUA BOAAHOI'O I1apa, COACPIKAIICTOCA BO BJIA’JKHOM BO3AYXEC 3aJaHHOT'O COCTOSAHUA,
K MapouajJbHOMY JABJICHUIO HACBIIICHHOT'O BOASHOI'O I1apa Mmpu TOM XKe TEMIICPpATypE:

0=
E

=100

E 4.11)

I[aBJ'ICHI/Ie HACbIIICHHOT'O BOAAHOIO IIapa HaJA IMOBCPXHOCTHIO BOJAbI WJIM JibJad Pu
OTIIMYACTCA OT AABJICHUS BOAAHOIO IIapa B HACBIIICHHOM BJIA)KHOM BO3OYXE€ PH.H Ipu TOM
JKC TEMIICpaType. 39TO CBS3aHO C TEM, 4YTO B IIPUCYTCTBUU HMHCPTHOI'O Ira3da, KOTOPbBIM
SABJIICTCA CYXOﬁ BO3AYX, PAaBHOBCCHOC IaBJICHUC BOASAHOI'O IIapa HaA CBO60,HHOI>1
MMOBCPXHOCTHIO BOABI 3aBHUCUT HE TOJIBKO OT TEMIICPATYpbl, HO U OT 06]]161"0 JaBJICHUA
BJIAJKHOI'O BO3JyXa. HOCKOJ’II)Ky Ha BOOY BOBﬂeﬁCTByeT JOITIOJIHUTCIIbHOC OaBJICHUC
CyX0ro Bo3ayxa, TO JOJDKHO YBCIHMYHUTLCA AABJICHUC HACBIIICHHOT'O BOASAHOI'O IIapa BO
BJIAJKHOM BO3JYyXC. O,I[HaKO y,[[eJ'IBHBIﬁ 00BeM BOJAHOI'O IIapa 3HAYUTCIBHO Ooublre
YACIBbHOTI'O o0BbeMa BOJBI, 1 €CJIM AABJICHUC )KHI[KOﬁ (baBBI BO3pacCTaCT MPOIIOPLHHUOHAIBHO
YBCIMYCHHIO JaBJICHHA BO31yXd, TO JABJICHUEC HACBIIICHHOI'O BOASHOI'O I1apa U3MCHACTCA
HC3HAYUTCIIBHO.

B o0mem ciydae naBieHHE HACHIIIEHHOTO BOJSHOTO Tapa B MHOTOKOMITOHEHTHOM
cucteMme (HampuMep, B aTMOC(EpHOM BO3/1yX€) MOXKHO paccuuTaTh o ¢popmyie [1]

Pou=Pu -y, (4.12)

re ¥ - Koppektupymomas (yHKIUS, 3aBHCSIIAs OT COCTaBa CyXOM 4acTH Mapora3oBOi
CMecH, ee OOIIeTo JaBJIeHHsI, TEMIIEPATypPbl U arperaTHOr0 COCTOSTHUS BOJIBI.

3HaveHus GyHKIIUH )y TPUBEIEHBI B IpwJI. 6 [1].

B nuanazone temmnepatypsl ot -40 no +50 °C u gaBnenun 100 xlla oTHOCHTETBHAS
MOTPEIIHOCTh PU ONpPEAENCHNH JaBICHHUs HACBHIIIEHHOTO BOJSHOTO Mapa B BO3Ayxe 0e3
yueTa KodpduIUeHTa y HOCUT CUCTEMAaTUYECKUI XapakTep 1 He npesbimaet 0,55 %.

HOBTOMY IIpHu pacyeTax CUCTEM KOHIUIUOHUPOBAHUA BO3yXada MOXHO CUHHUTATb, YTO
Pnu =Pu.

VYaenbHas 3HTAIbIUS BJIAXKHOTO BO3yXa OOBIYHO HCIOJIB3YETCS B BHJE ypaBHEHUS
(1.10), moaTOMY B TE€XHHUKE KOHIUIIMOHUPOBAHUS OOUICTIPUHSATHIM SIBIISIETCS CIEAYIOIIee
OTIpe/IeTICHUE: YOenbHAA IHMATbRUA 61AHCHO20 6030yXa J - dTO KOIUYECTBO TEIUIOTHI,
coliepkaiieecss BO BIIQXXHOM BO3QyXe MpHU 3aJaHHBIX TeMmIepaType U JaBIICHUH,
OTHECEHHOE K | KT cyXoro Bo3ayxa.

PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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3HT3.JIBHI/I$I CMCCH I'a30B paBHA CyYMMEC JHTAJIBITANA KOMITIOHCHTOB, BXOJAIINX B CMCCh.
CHGI[OBB.TGJ'IBHO, YACJIbHAd OHTAJIBIIUA BJIAKHOI'O BO3JyXa MPCACTABICT CYMMY
JHTAJIBITANA CyXOoro Bo3ayxa 1 BOAAHOI'O I1apa.
J=Jc+Jn-d, (4.13)
rac JC - YACJ/IbHAs SHTAJIbIINA CYX0r'0 BO3AyXa, KI[)K/KI" C.B.,

I - YACJIbHAs SHTAJIBIINWA BOASHOTO I1apa, KI[)K/KF II.

C yuerom 3aBucumoctedl 2.3 u 3.5 gopmynbl [uig pacdeTra SHTAIBIUU BIIAXKHOTO
BO3JyXa UMEIOT BUJ:

- IJI1 HCHACBIIICHHOT'O BO3yXa

J=cc-t+(r+cpm-t)

1000 (4.14)

- I HACBIIICHHOI'O BO3QyXa

JHZCc‘tH+(r+Cpn'tH)

1000 (4.15)

st nuamasona temmepatyp oT -50 mo +50 °C B paborte [2] mpemioxkeHa
3aBHCUMOCTH!

J=1,006 - t + (2500,64 + 1,86 - t)

d
1000, xTx/xr c. B. (4.16)
Bonee Tounsie pe3ynbratel qaet Gopmyna [3]:
J=1,006-t+ (2501 + 1,805 - t)
PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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A

1000, xx/xr c.B. (4.17)

3a HyNeBYIO TOUKY NMPHUHSATA SHTAIbNUA cyxoro Bo3ayxa (d = 0) npu temmneparype 0
°C.

VYpasaenue (4.17) MOKHO 3amucaTh B CIEIYIOIIEM BHIE:
J=(1,006 + 1,805d) - t + 2501d = ¢ - t + 2501d, (4.18)

rae ¢ = 1,006 + 1,805d, x/Ix/(K-xr c.B.) mpencrasiser co00il TEMI0EMKOCTh BIAXKHOTO
BO3/lyXa, OTHECEHHYIO K | KT CyXOl ero 4acTH.

B HeHachIIIEHHOM BIIQXKHOM BO3yXC BOISHOM nmap HaxoauTCd B MNEPECrpeTOM
COCTOsIHHNU, T.C. €ro TEMIICpaTypa BbIINIC TCMIICPATYPbI HACBIIICHUA. Ecau BmaxkHBIN
BO3YyX OXJIAXKIAATbh 0e3 U3MCHEHHS AABJICHUA, TO KOJHUYCCTBO COACPIKAIICTOCA B HCM
BOASAHOI'O I1apa 6y2[eT OCTaBaTbCA HCU3MCHHBIM, CJICHOBATCIILHO, MPOLECC OXJIAKIACHUA
6YI[CT HUATHA NIPU IMOCTOAHHOM BJIAIOCOACPIKAHUUN U MMaplHUaJIbEHOM JIaBJICHUU I1apa. Taxkoit
mponecc MOXKET MPOTEKATh A0 TCX IIOP, IIOKA TCMIICPATYpPa BO3AyXa U Mapa HC IIOHU3UTCA
A0 TCMIICPATYPbl HACBIMICHUSA, T.K. IIPU JaIbHEHIIIEM OXJIaXKICHUHU BO31yXa H3 HCro
HA4YHCT BBIIIAAAaTh BJjiara B BUAC KaIICJIb UJIHW UHCA.

Temneparypa, COOTBETCTBYIOIIAs COCTOSHUIO HACBIIIEHUS BJIAXKHOTO BO3AyXa INpU
3aJJaHHOM 3HAU€HHM BJArOCOAEP)KAaHUS MM TMapIHaIbHOIO JaBJICHMS, Ha3bIBAETCS
memnepamypoii mouku pocevl. Temneparypa TOYKH pOCBI SBISIETCS IPENEIbHON
TEMIIEPATypoOl, O KOTOPOM MOYKHO OXJaXJIaTh BIJIAXHBIA BO3AYyX IPH IOCTOSSHHOM
BJIAroco/iep>kaHuM 0e3 BbINaIeHUS KOHJCHCaTa.

3HadeHUS TCMIICPATYPbl TOYKH POCHI IPHU U3BCCTHOM IIapliMaJIbHOM IaBJICHUHU MOKHO
OIPECACIIUTL IO IMPUITIOKCHUIO l niu, ¢ JOCTaTOYHOM MJIs HHKCHCPHBIX pPacyCTOB

TOYHOCTBIO, BBIYUCIUTD 1O (hopmyram [7]:

pu temneparype ot 0 o -60 °C

tp=
233.77P, +11572
18,74 -0,881P, (4.19)
npu temnepatype ot 0 1o 87 °C
tp=
PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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2337 7nP, +11572

16,5? _U,gg?lﬂpn (4‘20)

e tp - TeMreparypa Touku pocsl, °C;
PH - mapuuanbsHOE 1aBIeHUE HACBHIILIEHHOTO BOJASHOrO napa, klla.

3ameTHM, 4YTO B MHTEpBajie Temneparyp ot 5 jgo 87 °C pacyeTHble 3Ha4eHHA tp
OTIMYAIOTCA OT Ta0NMUHBIX He Oonee, yeMm Ha 0,02 °C, a B untepBaine ot 0 g0 -40 °C He
6ounee, yem Ha 0,03 °C.

PaCCMOTpI/IM 3aMKHYTYIHO CHCTCMY, B KOTOpOﬁ HEHACBIIICHHBIM BIIAXKHBIM BO3YyX
KOHTAaKTUPYCT C OTKpLITOfI MMOBCPXHOCTBIO BOIBI.

HauanbHble mapameTpsl Bo3ayxa: t1, J1, d1, Pul, @1.
Hauanbnas TeMneparypa BOJbI B IOAJOHE tpl <tw] <t].

Cucrema TCILJION30JIMpOBaHa OT Oprxca}omeI?I Cp€abl MU HC HMECT IMOTCPhL WA
HOCTyHJ’ICHI/Iﬁ TCI1LJIa U3BHC. 06mee JAaBJICHUC BO3yXa B CUCTCMC HC U3MCHACTCA.

T.x. TeMneparypa BO3IyXa HE paBHa TEMIIEpaType BOAbI, a NapLUaIbHOE AABIICHUE
HACBILIEHHOI'O0 BOJASHOIO Iapa HaJ NOBEPXHOCTBIO BOJBI BBHIIIE, YEM B HEHACHIIICHHOM
BO3/yX€, TO MEXIy BO3IyXOM M BOAOH OyAeT MATH MpoIecc - TEIIo- U MaccoOOMeHa,
HampaBJICHHBIA B CTOpPOHY OoJjiee HM3KOrO IOTEHIMajia, T.C. HCHapeHHe BOAbl U
OXJIAKJEHHUE BO3/yXa.

Hpouecc mpoaoJKacTCd 10 TEX MOp, IMOKa HEC BBIMJIET Ha CTaI_II/IOHapHHﬁ PCKUM.

Ha HUCIApCHUC BOABI Tpe6yeTc;I TCILIO (CKpLITa}I TCIIJIOTAa Hap006p8.30BaHI/I}I), KOTOpPOC
BHA4YaJIC TIOCTYIIACT OT BO3AyXa U BOABI.

OpHako uepe3 HEKOTOPOE BpEMS TEMIIEpATypa BOABI JOCTUTHET TAKOI'O YPOBHS, KOTJa
TEIUIO, NEPENABAEMOE OT BO3/lyXa K BOJIE, YPABHOBECUTCS C TEIIOM, 3aTPaulBaEMbIM Ha
UCTapeHHe BOJIbL, U €€ TeMIieparypa OyJIeT OCTaBaThCs MOCTOSHHOM, paBHOH twm.

T.x. cuctema TCIION30JIMpOBaHa OT BHEIITHEH CpeAabl, TO AAJIBUIC B ITPOLECCCE TCIJIO- U
MaccooOMeHa 6yI[eT IIOHMUKATBCA TOJIBKO TEMIICpATypa BO34yXa IIPU OAHOBPEMCHHOM
YBCIUYCHHUHU €TO BJIAroCOACPKaHUA U OTHOCHUTEIbHON BIaXKHOCTH.

M3MeHeHne COCTOSHMS BJIAKHOIO BO3JyXa 3aBEpUIMTCS, KOIZJa €ro TemIiepaTrypa
CTaHET paBHA TEMIIEpPAType BOBI U BO3AYX CTAHET HACHIIEHHBIM, T.€. {2 = tg = tm.

[lpouecc HachllleHHs BO3/AyXa, B KOTOPOM OTCYTCTBYET B3aMMOJCHCTBHE C
OKpYXXalollel Cpeloil, B TEPMOAMHAMUKE HA3bIBAIOT HPOUECCOM AOUADAMHO20
HACLIUEHUA.

PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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B pesynbrarte Takoro mporecca NpOUCXOAUT CIEAYIOLIee:

- BJIAaroCoJACp:KaHrC BJIAXKHOTO BO3AyXa YBCIUYHUBACTCA OT HAYaJIbHOI'O d] A0
KOHCYHOTI'O dH, COOTBCTCTBYIOIICTO HACBIIICHUIO IIPU TEMIICPATYPC tM;

- DHTAJBIUSA BO3AyXa Bo3pacTaeT oT J1 A0 Ju, COOTBETCTBYIOIIEH HACBHILICHUIO NPU
TEMIIEpAType tM, 32 CUET PHTAJIBIINU UCTIAPUBLIEICS BOIBL, Jw.

ITpu ¢pukcupoBaHHOM 3HaUECHUM OAPOMETPUYECKOro JaBieHUs 3HaueHus Ju, dg u Jw
ABISIOTCS (DYHKLIMEH TOJBKO TeMmepaTypbl tv, KOTOpYHO HPUMYT BO3AyX M BoJa B
pe3yabTaTe aaMabaTHOro Ipolecca. JTa TeMIeparypa M SIBISETCS TeMIepaTypoin
MOKpPOI'O TEPMOMETPA.

Temnepamypa MmoKpozo mepmomempa - 3TO TEMIIEpaTypa, KOTOPYIO NpPUHHMAET
HCHACBIIEHHBIN BJIaKHBIA BO3YX C HavyajdbHBIMH napamerpamu J] u d1 B pe3ynbrate
annabaTHOrO TEIUIO- U MAaccOOOMEHa C BOJOW B JKHIKOM WIIM TBEPIOM COCTOSIHUH,
UMCIOIICH TMOCTOSHHYIO TEMIIEpaTypy tw = ty MOCTE JOCTHIKEHHS UM HACBIIICHHOTO
COCTOSIHUSI, YIOBJICTBOPSIOIIETO PABEHCTBY

Ju=J1+(du-dl) cw - tm, 4.21)

rae cw = 4,186 - ynenpHas TEI0eMKOCTh BObI, KJ[x/Kr-°C.
Pasnocts Ju - J1 0OBIYHO HeBenWka, MOITOMY MpoIlecC aauadaTHOTO HACKHIIICHUS
YacTO HA3bIBAIOT U303HTAIBIIUIHBIM, XOTS B IEUCTBUTENBHOCTU Jg = J1 TOJBKO MpH tm =

0.

Temmnepatypy MOKpOro TepMOMETpa IpU U3BECTHBIX 3HAUCHUAX d] mim J1 ¥ t] MOXKHO
OIIPENIENIUTH 10 (PopMyIaM:

J1 =1,006ty +2501dy + (4,186d1 - 2,381dn) - tm, KJ[K/KT C.B.; (4.22)
d1 =

(2501-2381, ) d, —1,006(t, -t )
2301+ 1,805t - 4,136t , KI/KT C.B. (4.23)

B ypaBuenusx (4.22) u (4.23) no nBa HewsBeCTHBIX (tm M dm), OJHAKO KaKIOMY
3HAYCHUIO ty MPH 3aJIaHHOM 0apOMETPHYECKOM JaBJICHUH COOTBETCTBYET TOJBKO OJIHO
TabmuuHoe 3HayeHWe dy, TIOPTOMY YpaBHEHHS JIETKO PEHIalTCS  METOJOM
MOCJICIOBATEIBHBIX TIPUOIMKECHUH.

GuaHec-nnaqos, T30 4 e gokymenTax: 36
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Jlis  ympoieHuss pacueToB B TPUIOKEHUSX 2 W 3 TPUBEACHBI 3HAUCHUS
BIIATOCOJIEP>KaHUsl HACHIIICHHOTO BIIAXKHOTO BO3AyXa MpH 0apOMETPUYECKOM JAaBICHUU
99 u 101 kIla.

Ilnomnocmes énax;cnozo 6030yxa pg B Kr/M> MPEJCTaBISCT COOON OTHONICHHUE MAaCChl
BJIQKHOTO BO3/1yXa K 00bEeMY:

M, My
vV 4.24

3HaueHus pg BBIYUCIIAIOT 110 popMyJiam:

pB = 3,483
i} —1,31?P—n
T T; (4.25)
pB =
P, (1+d)
0,2871T(1+1,6078d)" (4.26)

riae Pg - GapomeTpudeckoe naBieHue Bo3ayxa, klla;
Pn - napumansHOe naBineHue BoAsSHOro napa, klla;
d - B1arocojepxaHue BIaXXHOTO BO3yXa, KI/KT C.B.;
T =1t+ 273,15 - aGcomoTHas TemnepaTypa Bo3ayxa, K.

Yoenvuuiii 06vem enasricnozo 6030yxa Vg TPUHATO ONPEAENATh, OTHOCS O0BEM
BIIQYKHOTO BO3/yXa VB K Macce Cyxoro Bo3myxa Mc

VB:

PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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W

=

1+d
P . (4.27)

Ota BeIMYMHA OTJIMYAETCS OT YJEeNbHOro 00beMa V's, OTHECEHHOTO K oOIel macce
BJIQXKHOT'O BO3/yXa

VB ~=

-Iiurk

Vg

1+d. (4.28)

[IpuBeneHHbIE BBIIIE pacyeTHbIE 3aBUCUMOCTH, a Takxke TaOiaula JaBlieHUs
HACBILIEHHOT'O BOJIIHOTO Mapa HaJl IOBEPXHOCThIO YUCTOM BOABI U Jiba (MpuiioxeHue 1)
W TabIubl 3HAYEHUH BIIArOCOAEPAHMSI HACBIIIEHHOIO BIIAXHOIO BO3JAyXa IMpuU
O6apomerpuueckoM gaieHud 99 u 101 «klla (mpunoxenuss 2 u 3) MO3BOJSIOT
aHAJIMTUYECKH ONPENIeNsITh TpeOyemMble mapaMeTpbl BO3AyXa MPH JBYX 3a/aHHBIX.

[Topsiiok BeIUKMCIIEHUH paccMOTpeH B npumepax 1.1 ... 1.4.
[Tpumep 1.1.

JaHo: TtemmepaTypa Bo3lyxa MO cyxoMmy TepMomeTpy t = 24 °C; OTHOCUTEIbHAs
BIaXHOCTH @ = 50 %; 6apomeTrpuueckoe napnenue Pg = 99 klla.

Onpenenuts: SHTanbnu0 J, Brarocojepxanue d, Temneparypy TOYKH POCHI tp,
TeMIIEpaTypy MOKpPOTro TepMoMeTpa ty, MapiHalibHOE JaBJICHWE BOJSHOTO mapa Pp u
IUIOTHOCTD BJIQYKHOTO BO3/yXa Pg.

Pemenue.

1. ITo mpui. 1 HaxoAMM 3HAYEHUE MAPLMAIBHOTO JABJIICHUS HACBIIIEHHOTO BOISHOIO
napa npu t = 24 °C:

Py = 2,9851 I]a.

GuaHec-nnaqos, T30 4 e gokymenTax: 38
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2. ITo popmyne 4.11 onpexnensiem napuuaibHOE AaBIEHUE BOJISHOTO Mapa:
Pu=0¢ -Pa=0,5-2,9851 =1,4926 xlla.

3. ITo dpopmyie 4.20 BeIUUCIsIEM 3HAUCHHE TEMIIEPATyphbl TOUKU POCHI:
tp=

23377 In 14926 + 115,72
16,57-09%71n 14926 = 12,946 °C

(o mpui. 1 tp = 12,947 °C).
4. o ¢hopmyne 4.9 BeIYHCISIEM 3HAYCHUE BIIATOCOICPKAHUS:

d=622

14926
99-1,4926 = 9,521 r/kr c..

5. OnpenensieM 3Hau€HUE YIEIbHOM 3HTANBINU 110 popmydie 4.17:

J=1,006 - 24 + (2501 + 1,805 - 24)

9,521
1000 = 48,368, kI[K/KT c.B.
6. 3HaueHuWe TEMIIEpaTypbl MOKPOTO TEPMOMETpa  OMpEACNIieM  METOJIOM

MOCTIeIOBATENbHBIX NpUOMMKeHnid. [lig  yCcKOpeHHsT BBIYUCIEHHH BOCIOJIB3YeMCs
MPUOIM>KEHHBIM BBIPa)KEHUEM:

tmM =
T -25d
1L,01s =
48,368 - 2,54
1015 (4.29)

PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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3amaemcs 3HaueHusMu ty = 18 °C u ty = 17 °C, mo tabnuie mpui. 2 HaXOIUM
3Hauenus du(18) = 13,2458 r/kr ¢.B.; du(17) = 12,4189 r/kr ¢.B.

Brruncisem:

tM =

48,368 — 2513 2458
L0135 —15,03 < 18 °C;

tM=

48368 - 25124185
1015 = 17,065 > 17 °C;

Kak BumHO, 3HaUeHHE ty ACHCTBUTEIHHO HAXOIWTCS B MHTEpBasie Temreparyp 17 ...
18 °C, mpuueM ouens 6au3ko k 17 °C.

3amaemcs 3HaueHueM ty = 17,01 °C; mo mpwit. 2 Haxoauwm 3Havenue dy = 12,427 r/kr
C.B U IIPOBEPSIEM PaBEHCTBO MO (opmyie 4.22:

J1-V=1,006-17,01 +2,501 - 12,427 + (4,186 - 9,521 - 2,381 - 12,427) -

17,01
1000 = 48,367

Elx

FITC 'E.

CnenoBatenbHO, AeHCTBUTENBHO ty = 17,01 °C.

7. o popmyne 4.25 BeIUUCISIEM IIJIOTHOCTH BIAXKHOTO BO3yXa!

pB = 3,483
49
28715 1317
PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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1, 4926
297,15 = 1,154, ko’

ITpumep 1.2.

Jlano: TemriepaTypa Bo3ayxa no cyxomy Tepmomerpy t = 33 °C; ynenbHasi SHTAIbINA
J =60 x/Ix/xr c.B.; 6apomeTrpudeckoe nasieaue Pg = 101 kIla.

Onpenenutb: OTHOCUTEIBHYIO BIIAXKHOCTH (o, Biarocojiepxkanwe d, Temmeparypy
TOYKH POCHI tp, TEMIEpAaTypy MOKPOro TepMOMETpa ty, MaplHalbHOE JIaBICHUE
BOJIIHOTO Tlapa Py M IJIOTHOCTH BJIAXKHOTO BO3/YXa Pg.

Pemenue.

1. Ucnionb3ys popmyiy 4.17, onpenensiem 3HayeHue d:

d=

1000¢T - 1006t)
2501+ 1,805t —

1000060 - 1,006 33)
2301+ 180533 = 10,467 r/xr c.B.

2. ITo dopmyne 4.10 BerauciseM 3HaueHue P

PH:

101-10,467
622 +10,467 = 1 671 «ITa.

3. Ilo npuit. 1 HaxoAUM 3HaYEHUE MAPLMAIBHOTO JABJICHUS HACBIIEHHOTO BOISHOIO
napa npu t = 33 °C:

Pu =5,0343 kl]a.

4. ITo popmyne 4.11 onpezaensieM OTHOCUTENbHYIO BIaKHOCTh BO3yXa!

(P:

PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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L1671 100
50343 ~ 33 %.

5. ITo mpuit. 1 Hax0UM 3HaUYE€HUE TeMIepaTyphl TOUkH pockl pu P = 1,671 klla:
tp = 14,7 °C.
6. MeTooM TOCJIEI0BATENBHBIX MPUOIIKEHUH ONpenesieM TeMIIepaTypy MOKpPOTO
TepMomeTpa. 3amaemcs 3HadeHusMH ty = 20 °C u ty = 21 °C. Ilo tabmune mpui. 3
HAXOJIUM 3HAUCHHUS

du(20) = 14,7448 r/xr ¢.B.; du(21) = 15,7070 r/kr c.B.

tm1l =

60 -2514 77448
1,015 = 22,80 > 20 °C.

Beruncnsiem no opmyne 4.29:

tM2 =

60— 2,5 157070
1,015 =20,43 <21 °C.

3HaveHHE ty HAXOIUTCS B 3aJIaHHOM WHTEpBaje Temneparyp ommxe k 21 °C.

3amaemcs 3HaueHueM ty = 20,84 °C, mo npwi. 3 HaxoauM 3HaueHue dg = 15,5494 r/kr
C.B. ¥ TIpOBEpsIeM PaBEHCTBO 10 Gopmyiie 4.22:

J1=1,006 - 20,84 + 2,501 - 15,5494 + (4,186 - 10,467 - 2,381 - 15,5494)

2064
1000 =59,996 ~ 60 kJX/Kr C.B.

7. 1o popmyne 4.25 onpenensieM MIOTHOCTh BIAKHOTO BO3/1yXa:

ps = 3,483
PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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101

306,15 1317

1671

06,15 = 1,142 Kkr/v>.
[Tpumep 1.3.

Jano: TemnepaTtypa Mokporo tepmometpa ty = 17 °C; oTHOCUTENbHAS BIAXKHOCTD (P =
20 %; 6apomeTpuueckoe nasienue Pg = 99 klla.

Omnpenenuts: yAETbHYIO SHTATBINIO J; Barocoaepxanue d; TemmnepaTypy Bo3yXa Io
CYyXOMY TEPMOMETpY t; MapluagibHOe JaBleHHE BOASHOTO napa Py u TemnepaTypy TOUKH
POCHI tp BIAXKHOTO BO3yXa.

Perrenue.

I[aHHafI 3aJada SABIACTCA OI[HOﬁ U3 HauboJjiee CI0KHBIX Ji1 pacducTra, T.K. HET
AHAJIUTUYCCKUX SaBHCHMOCTeﬁ, CBA3BIBAIOINX ABA 3aJaHHBLIX ITapaMcETpa.

1. ITo npui. 2 HaxooUM 3HAYEHME BJIArOCOAEPIKAHMS HACHIIIEHHOTO BO3yXa IIPH tm =
17 °C:

dg = 12,4189 r/kr C.B.

2. Beraucisiem 3nayenue sHTanbnuu Ju(17 °C)

Ju=1,006- 17+ (2501 + 1,805 - 17)

12,4184
1000 = 48,5427 xJx/kr c.B.

3. Beruucnsiem 3nauenue suTansnuu npu ty = 17 °C u d = 0 r/kr C.B.:

Je=Ju-

d 4,186 17
1000 = 47,6589 xJIx/kr c.B. 1000.

4. 3HaueHue SHTAIBIUU JJII UICKOMOW TOYKU HAXOAMUTCS B WHTEpBaie oT 47,6589 no
48,5427 xJIx/xr c.B.; d - ot 0 1o 12,4189 1/kT C.B.
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5. I[anbme 3aavdy pemacM MCETOAOM MOCICAOBATCIIbHBIX HpH6J’IH)KCHPII>i. 3anaeMc;1
3HAYCHHUECM

J1=

47,6089 + 48 2427
2 =48, 1 xJIx/Kkr C.B.

Brruucnsem 3nauenue d1 mo hopmyiie, moaydeHHON U3 GopMybl 4.22:

d1 =

I =-1006t, -2.501d +0,002351d -t
0,004186t,, =

43.1-1006-17 - 250112 4189 + 0,0023581-12 4182 17
0,004186- 17 = 6,197 r/kr c.B.

ITo hopmyne 4.10 BerunCIIsIEM 3HAUCHUE:

Pn=

996,197
622 + 6,187 = 0,9766 «Ila.

ITo hopmyne 4.11 onpenemnsiem:

Pnu. =

0,5766

0,2 =4,8830 «Ila.
[To mpun. 1 HaxoaUM COOTBETCTBYIOIIECE 3HAUCHHUE TeMIiepaTypsl: t = 32,46 °C.
Brruncisem:

J1=1,006 - 32,46 + (2501 + 1,805 - 32,46)

PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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6,197
1000 =48,52 > 48, 1.

3amaHHOe 3HAa4YeHWE J| HECKOJBKO MEHBIIE pPACUYeTHOrO, MO3TOMY (haKTHUECKHE
3HAYEHUs TEMIIEPaTyphl t] U Biaarocoepkanus d| JOIKHBI ObBITh HEMHOTO HIXKE.

JlanbHeilinee npuOImKkeHue ynoOHee BBIMONHATh, UCHONB3YS TEMIIEPAaTypy CYXOro
TEPMOMETpA.

3amaemMcs 3HaueHueM: t1 = 32,24 °C.
[To mpun. 1 maxoaum:
Pr.u = 4,8235 klla.
Brrancisem:
P =4,8235- 0,2 =0,9647 klla;

d]1 =622 -

09647
95 - 05647 = 6,1207 r/kr C.B.

J'1=1,006 - 32,24 + (2501 + 1,805 - 32,24)

61207

1000 = 48,097 xJx/kr c.B.
Omnpenensem 3HadeHue J1 o popmyie 4.22:

J1=1,006 17+ 2,501 - 12,4189 + (0,004186 - 6,1207 - 0,002381 - 12,4189) - 17 =
48,095 xJx/Kr C.B.

3Hayenud J'| U J] mpakTUYECKW COBMANHU, T.€. 3aJaHHOE 3HaueHue t] = 32,24 °C
SIBJISICTCS] IPABUIIBHBIM, U OKOHYATEIIBHO MOJTydaeM:

J1 =48,097 xIx/kr ¢.B.; d1 = 6,1207 r/kr ¢.B.; P = 0,9647 xlla; tp = 6,45 °C.

[Tpumep 1.4.
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JlaHo: sHTanpnus BHYTpeHHero Bo3ayxa J = 60 KJDx/kr c.B. oTHocuTelbHas
BIaXHOCTB @ = 50 %; 6apomeTpuyeckoe nasienue Pg =99 klla.

OnpenenuTs: TEMIEPATypsl t, tp, tm; BIarocoaepKanue d u mapuuanpHOE NaBICHHUE
BOJSHOrO napa Pp.

Pemenne:

Hacrosmas 3amaya He WMeeT MPSMOTO PEIIeHHs], IOCKOJIbKY B dopMynax ans ¢ u J
KOJIMYECTBO HEU3BECTHBIX OOIIbIIIE, YEM YUCIIO ypaBHeHUH. [losToMy 3a1ada MokeT OBITh
pelleHa TOJBKO METOAOM IOCIeN0BaTeNbHBIX NpuobnuxkeHuii. [IpuBeneHHas B npumepe
METOJIMKA MO3BOJISIET PEIIUTh 337a4y ¢ HAMMEHBIINM 00bEMOM BBIYUCIICHUH.

1. Bagaemcst AByMs IPOM3BOJIBHBIMU 3HAUYEHUSIMU BIIarocojaepkanus. Yem Onmke 3TH
3HAYEHUS OKAXKYTCS OT ACHCTBUTEIHHOW BETUYMHBI M 4Ye€M MeEHbIIe OyJeT pa3HOCTh
MEXIy HUMH, TEM CKopee OyAeT pelieHa 3aaaja.

[Tpunumaem: d1 = 10; d2 = 13 r/kr c.B.

2. ITo dhopmymnam 4.10 u 4.11 BeIYUCIIAEM COOTBETCTBYIONINE 3HAUCHUS MAPIIUATBHOTO
JaBJICHUS BOASHOTO Napa:

Pl =

9910
b22+ 10 =1,5665 klla

Pm2 =

9913
622 +13=2,0268 Ila

Pu1=3,1330 klla; Py2 =4,0536 xIIa.
3. Ilo mpuit. 1 HaxoAMM 3HAYEHUSI TEMIIEPATYPHI CYyXOr0 TEPMOMETPA:
tal = 24,81 °C;
ta2 = 29,19 °C.

4. BrruncisieM 3HaY€HUS DHTAJIBIINH:

PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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J1=1,006 - 24,81 + (2501 + 1,805 - 24,81)

10
1000 = 50,4167 xJIx/xr ¢.B.;

J2=1,006 - 29,19 + (2501 + 1,805 - 29,19)

13
1000 = 62,5631 xJIx/KT c.B.

Kax BUIHO, 3aJaHHOC 3HAUCHUEC SHTAJILIIMN HAXOAUTCA B HHTCPBAJIC:

50,4167 <60 < 62,5631.

5. C momompl0 JIMHEWHOW WHTEPHOSAINA HAXOIUM TMPHUOIMKEHHOE 3HAYCHUE

BJIAaroCoACpKaHus:

(32,5631 =607 (13-10)
625631 -504167  =12,3669 r/kr c..

6. C y4eToM HEeIMHENHHOM 3aBUCUMOCTH SHTAJIBIIUU OT BJIArOCOAEP KAHUS IPUHUMAEM:

d = 12,345 r/kr c.B. ¥ TOBTOPSIEM BBIYUCIICHHUS IO ITyHKTaM 2, 3 u 4:

Pn=

99-12,345
622 +12,345 = 1,9266 xI1a;

P =1,9266 - 2 =3,8533 klla;
t=28,32 °C;

J=1,006 - 28,32 + (2501 + 1,805 - 28,32)

12,345

1000 = 59,996 xJx/kr c.B.

PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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3Ha4yeHWEe OSHTANBIIUU TNPAKTHUECKH paBHO 3amaHHoMy J = 60 k/[x/kr c.B., T.c.
3Ha4yeHus d ¥ t COOTBETCTBYIOT HCKOMBIM.

7. ITo npui. 1 HaX0aUM 3HAUYEHUE TEMIIEPATYphl TOUKH pockl ipu Prp = 1,9266 klla:
tp = 16,9 °C.

8. 3HaueHue tm OnpezensieM METOAOM MOCIeI0BATENbHbBIX NMPUOIMKEHUN TaK ke, Kak
B nmpumMepax 1.1 u 1.2, mo3ToMy NpOMEKYTOUHBIE PACYEThl HE IPUBOIUM.

3anaemcs ty = 20,57 °C; mo npun. 2 HaxoauM dg = 15,6031 r/kr c.B.
Brruncisem:

J1=1,006 - 20,57 + 2501 - 15,6031 + (4,186 - 12,345 - 2,381 - 15,6031)

2057
1000 = 60,016 ~ 60 kJIx/kT c.B.,

T.e. tm = 20,57 °C.

5. J-d TMATPAMMA BJIAJKHOT O
BO3YXA

S.1. ONPEAEJIEHUE ITAPAMETPOB BJIA’KHOI'O
BO3YXA C IOMOWBIO J-d IMAT'PAMMDbI

Hcnons3ys cucreMy ypaBHEHUH, BKIIFOYAONIYO 3aBUCUMOCTH 4.9, 4.11, 4.17, a Takxke
¢ynkuuoHansHyo cBs3b Py = f(t), JL.K. Pam3un nocrpoun J-d auarpammy BiakHOTO
BO3[yXa, KOTOpas UIMPOKO TpPUMEHSETCS B pacyerax CHCTEM BEHTWIILMHU U
KOHJIMIIMOHUPOBAHUS BO3AyXa. OJTa JuUarpaMma MpeACTaBIsIeT co00W rpaduyecKyro
3aBUCHUMOCTh MEXJYy OCHOBHBIMHM Iapamerpamu Bo3ayxa t, ¢, J, d u Pp npm
oTpeieIeHHOM 0apoMEeTpHUYECKOM JaBJIeHUH Bo3tyxa Pg.

[TocTpoenue J-d auarpammel oipoOHO omrcaHo B padorax [3, 6, 8].

CocTrosiHue BI@XXHOTO BO3JyXa XapaKTepHU3yeTCs TOUKOM, HaHeceHHoW Ha moie J-d
auarpammsbl, orpanndeHHoM uHuer d = 0 u kpusoit ¢ = 100 %.
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[TonoxeHne TOYKHU 3alaeTcs TIOOBIMU JIBYMSI MapamMeTpaMu W3 TMSTH, yKa3aHHBIX
BBIILIE, & TAKXKE TEMIIEPATYPaMH TOUKH POCHI tp ¥ MOKpOro TepMoMeTpa ty. Mckimouenue
cocTaBisAoT coueranus d - Prpu d - tp, T.K. Kax1oMy 3Ha4€HHIO d COOTBETCTBYET TOJIBKO
OZ1HO Tabu4YHOE 3Ha4YeHue Py v tp, u coueranue J - ty.

Cxema OMPCACIICHUA ITapaMCTPOB BO3yXa IJIA 3aJaHHOH TOYKHU 1 IpUBCACHA HA pHUC.
1.

[Tonw3ysicy J-d nuarpammoii B mpui. 4 W cxemoil Ha puc. 1, pemuM KOHKPETHbIE
IIpUMeEpBl Il BceX 17 BO3MOJKHBIX COUETaHMM 3aJaHHBIX HAYAJIbHBIX I1apaMETPOB
BO3/yXa, KOHKPETHbIC 3HAYCHHUS KOTOPHIX yKa3aHbl B Ta0J. 7.

Cxembl pelleHHII M IOJIy4E€HHBbIE peE3yJbTaThl MOKa3zaHel Ha puc. 2.1 .. 2.1

H3BecTHBIE napaMeTpbl BO3AyXa BbIICJICHBI HA pPUCYHKAX YTOJIICHHBIMU JINMHUSIMU.

5.2. YIJIOBOM KOO OUIMEHT JIYUA
INPOLECCA HA J-d AJUATPAMME

Bo3moxHOCTE 6BICTPOro rpaduyeckoro onpeneaeH s napaMeTpoB BIaXKHOIO BO3yXa
SIBJISICTCS] BAXKHBIM, HO HE OCHOBHBIM (DAKTOPOM TP MCTIOJb30BaHuM J-d mtuarpamMmmsl.

B ke

| - 9
i

4

tlll’
@=100%

Puc. 1. Cxema onpenesieHus mapaMeTpoB BJIAKHOT0 Bo3ayxa Ha J-d nmarpamme

Taoauma 7
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W3BecTHBIE MapaMeTphl BO3LyXa

Howmep
PR t1, °C | o1, % dlé;/'Kr J1, kIx/kr ¢.B. | P, klla | tp1, °C | tul, °C
2.1 30 50 - - - - -
22 32 - - - - 12 -
2.3 24 - 10 - - - -
2.4 28 - - - 2,0 - -
2.5 26 - - 38 - - -
26 33 B} - - - - 20
2.7 - 25 - - 1,6 - -
2.8 - 50 - 60 - - -
2.9 - - 8 64 - - -
2.10 - - - - - 10 22
2.11 - 30 15 - - - -
2.12 - - - - 2,2 - 24
2.13 - 25 - - - 14 -
b ranecrmaron 130 | 4 nopramm 50
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N3BecTHBIE MapamMeTphl BO3yXa
Howmep
pUCyHKa
t1, °C | o1, % dlé I];/KF J1, kx/kr c.B. | Pp, kIa | tp1,°C | tul, °C
2.14 - 55 - - - - 20
2.15 - - 9 - - - 23
2.16 - - - 62 1,2 - -
2.17 - - - 60 - 8 -
o = 50 %
& =30°C
£ =92 wlw/rr
b =22 °C - _
a = 00 %
1= 65 o x e coB.
tor = IB.ELC-*._ Fa
Pu=212rNz
d =13.683 rfer c.a.
Puc. 2.1.
PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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g =295%
t=32C
£ = B0 xw/a
tw=19,2°C
= 100%
Jy=55,1 ke
Tm = 12 °G 'ﬂm
F.
Pn = 1,4 KMa
dr =894 rfkr c.e.
Puc. 2.2.
g =52.5%
i =24 C
£ =73 vll=kr
t‘i'= TT|4°E
1'_'—-_.___
o =100%
Ji= 49 6 k0w /vr ¢.8.
Ip'= IS.?“G
Pa
Pr=157 kMNa
i =10 1/Kkr ¢.8.
Puc. 2.3.
i = 53 %
t=28°C
€= B7 wlx/wr

o = 20,8 4C
T ~—
= 100 %

1y =609 ex/kr c.B.

ta=17,5 "C
Pl'
1 “ P =2kMa
de= 12 83 r/ur c.b.
Puc. 2.4.
PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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t1=26 G pr=22%
E = 56 wlw,kr
tw=134 *'C
J1 =38 g lx/rr c.a
=26 "C
P
Pau=0,74kMNa
di = 4,66 r/kr c.a.
Puc. 2.5.
¢ =30%
L=33C
£ =84 wllwwr
ter = 20 =5
=100 %
=131 .]-=5?1E Kﬂ*;"lﬁr C.B,
F’n
pnl = 1-.5 Kﬂa
d= 98,62 rfkrc.e.
Puc. 2.6.
o= 25 5%
t1=37.3 ‘C
E=91 glw/e
to = 21,7 °C
$=100%
Jhi=63,8 el .8,
bom 14 90 w e e
Fﬂ
Pu =1,6 kfla
i =10.21 rf¥r c.e.
Puc. 2.7.
PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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q}l-ﬁf}%

th=28,4°C

€ =87 w0 /wx

tw = 20,6 °C

tw =169 °C

P.= 1,93 klMa
o= 12,33 rfer c.e.

Puc. 2.8.
b=43,2 o o =14%
E =92 xOw/xr
i =21.8 °C
p =100 %
1= 64 ek fkr c.e,
tw = 10.3 °C
Pﬂ
Pen=126kMNa
o= B rfer c.e.
Puc. 2.9.
=13,3%
=442 *C v
E=92 k= rr
tw =22 *C
o= 100 %
=10 <C Ji =646 xerca,
=
P.=123kNa
d=7,81r/¥rc.e.
Puc. 2.10.
PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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1:=41°C ¢ =30%

£=108 el /wr
"
o = 25,7 °C -~ .
¢ =100 %
Jo= 7909 e Ox/vr ¢.B.
t =199 °C e
Pa
Poi=233 kMa
di=18r/frc.e
Puc. 2.11.
o= 36,5 %
ts=36,3 °C
£=101 k0w /kr
Tt =2'q- DC
p =100 %
ter= 19 C Ji=72.8 eOx/er c.B.
Pa:=2 2kMa

d: = 14,14 r/kr c.6.

Puc. 2.12.

@ =25 %
t1=37,3 °C

£ =91 ellw/wr
=217 °C \
- |
g = 100 %
1 =63 T wlnjwr c.B.
to =14 °C

=

P = 1,6 kMNa
dv=10,21 rfer cB.

Puc. 2.13.
PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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@ =55 %

ti= 26,6 =C "'\‘}

£ =84 o fwfur
fur = 20 =0
p =100 %
Jo= &8 kM wr ©.B.
for = 1'3.3 i P.
Pa=132xMa
dv= 12,28 rfxr ..
Puc. 2.14.
t=44,9 <C ¢ =149 %
E =97 k= /ur
i =23 °C
'-'-"—l-_-_
=100 %
Ji = 6B 4 e lw/kr o,
tar = ]E.T -'C K‘u' Ilf
P
Pm = i.d'1 Kl'la.
oy =9 rfkrc.B.
Puc. 2.15.
th=42,1°C ¢ =145%
£ =88 «fx/ur
ta=213°C
--q’.____‘_‘__
g =100 %
1= 62 kllw/xr com.
=97 °C
P
Pe=1.2kMa
o = 7,64 r/kr c.B.
Puc. 2.16.
PaapaboTka v akcnepTtuaa PasmelleHne pexnams
g bE Buanec-nnaqos, T30 4 & pokymenTax:
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=13 %
=422 "0
E =87 el xr
tur = 20.? "'E
ip = 100 %
Ji = 60 eflx/er ¢.a.
L =8 °C B,
Pw = 1,07 kNa

di= 6,87 r/kr c.B.

Puc. 2.17.

B PE3YJbTATC HArpCBaHUA, OXJIAKIACHHA, OCYHICHHUA WK YBJIAXKHCHHUS BJIAXKHOI'O
BO3aAyXa HM3MCHACTCA C€ro TCINUIOBJIA)KHOCTHOC COCTOSHHUC. HpOHCCCBI HU3MCHCHUA
I/I306pa}KaIOTC5I Ha J-d JuarpaMme IIpsAMbIMH JIMHUAMHU, KOTOPBIC COCAWHANOT TOYKH,
XapaKTCPU3YIOINEC HAaYaJIbHBIC U KOHCYHBIC COCTOSHHA BO3ayXaA.

OTH JIMHUW HAa3bIBAIOTCS JIYYAMU HPOUECco8 W3MCHEHHsI COCTOSIHHUS BO3JIyXa.
Hanpasnenne syya mpomecca Ha J-d jgumarpamme  OmpenensieTcss — yei068biM
Kodppuuyuenmom €. Eciim mapameTpsl Ha4abHOTO COCTOsIHMS Bo3nayxa J1 u dl, a
KOHEUYHOTO - J2 1 d2, To yrioBoii ko duimeHT Beipakaercs oTHomenueMm AJ / Ad, 1.e.:

&=

I, -1
dy —d; - 100. (5.1)
Benuunna yriosoro koagdunuenta usmepsaercs B k/k/kr Bnaru.

Ecnu B ypaBHeHuu (29) yucnurenb U 3HaMEHATeNlb YMHOXKUTh Ha MAacCOBBIH pacxo]l
oOpabaTeiBaemMoro Bo3ayxa G, Kr/4, To MOIy4YHM:

':']-2_‘]-1)'[3
(dy-d) G, 1000 =

GuaHec-nnaqos, T30 4 e gokymenTax: 57
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i

W (5.2)

rae: Qm - MOJIHOE KOMMYECTBO Teria, MepeJaHHOe TPU U3MEHEHUU COCTOSIHHS BO3/AyXa,
kJK/4;

W - KoIn4ecTBO BJIard, NMNEPCAaHHOC B IIPOLCCCC USMCHCHUA COCTOSAHUS BO3AyXa, Kr/d.

B 3aBucumoctu ot cootHomenust AJ u Ad yrinoBoit koappUIHUEHT € MOXKET U3MEHATh
CBOM 3HaK M BeJn4uuHy 0T 0 110 + oo.

Ha puc. 3 TIOKa3aHbI JIYYH XapaKTCPHBIX W3MEHEHHMI COCTOSIHUS BJIaKHOI'O BO3yXa U
COOTBCTCTBYIOIIHUEC UM 3HAUCHUS YITIOBOT'O KOB(I)(I)I/IL[I/ICHTB..

1. BnmaxHblii BO3MyX C HadalnbHbIMH mnapameTpamu J1 u dl HarpeBaercs npu

MOCTOSIHHOM BJIarOCOJCPKAHUU 10 TTapaMeTpoB Touku 2, T.e. d2 = d1, J2 > J1. Yrnosoit
KO3 QULMEHT JTy4a Mporecca paBeH:

II_IE

d:-: - dl - 1000 = +oo0.

E = =
d = const

CoywieHwe Yo naxHaumua (5‘9
i -

Puc. 3. YraoBoii ko3¢dunuent Ha J-d ruarpamme

PaapaboTka v akcnepTtuaa PasmelleHne pexnams
t bEY Buanec-nnaqos, TIO 4 » poxymenTax: 58
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Taxkoit mnmponecc OCYHICCTBJIACTCA, HaIrpumcep, B TTOBCPXHOCTHBIX
BO3yXOHArpeBarejisiax, KoOrga TCMIICpaTypa W OSHTAJIbIKA BO3AYyXa BO3pPACTAlOT,
OTHOCHUTCJIbHAA BJIA)KHOCTb YMCHBIIACTCA, HO BJIAroCOACPKaHNUC OCTACTCS ITOCTOSIHHBIM.

2. BnaxxHplif BO3AyX OJHOBPEMEHHO HArpeBaeTCs U YBIAXKHSAETCS M MpUOOpeTaeT
napameTpsl Touku 3. YrioBoi koadduuueHt mayda mporecca €3 > 0. Takoit mpouecc
IIPOTEKAeT, KOrJa MPUTOYHBIM BO3IyX ACCUMWIMPYET TEIUIO- M BIIArOBBIACICHUS B
IIOMEILEHUH.

3. BrnaxHbIil BO3MyX YBIQXHSETCA IPHU NOCTOSHHOW TeMIlepaType 0 MapaMeTpoB
Touku 4, €4 > 0. IIpakTHyecku Takoil IMpPOLECC OCYILIECTBISIETCd NPU YBIAXKHEHUH
IIPUTOYHOT'O WJIM BHYTPEHHETO BO3/yXa HACHIIIIEHHBIM BOJSHBIM IIAPOM.

4. BnaxHbIi BO3YX YBJIAKHACTCA W HArpC€BACTCA C IMMOBBIIICHHUECM OSHTAJIBIIANU 10
napaMeTpoOB TOYKHU 5. Tak Kak SHTaJIbIUI U BJIaroCoACPKaHUEC BO3yXa YBCIIMUUBAIOTCH,
TO €5 > 0. OObIYHO TaKOU nponecc NpoUucCXoduT IMpU HCIIOCPCACTBCHHOM KOHTAKTEC
BO3yXa C OTEIICHHON BOJIOM B KaMCpax OpOLICHUA U B I'padupPHAX.

5. H3MeHeHHE COCTOSIHUS BIIQXXHOTO BO31yXa MPOUCXOAUT IIPU IIOCTOSHHOM
sHTaNBIMU J6 = J1 = const. YTioBoi ko3¢ duireHt Takoro yda npouecca €6 = 0, T.k. AJ
=0.

Hpouecc HW303HTAIBIIMHHOTO YBJIQ)KHCHUS BO3yXa I.IPIpKynHL[PIOHHOfI BOOOM HIUPOKO
HUCIOJIB3YCTCA B CHCTCMAX KOHAUWIIUOHUPOBAHHA. On OCYHICCTBJIACTCA B KaMCpax
OpOLICHU HUJIN B allraparax € opomaeMoﬁ HacaJKOM.

HpI/I KOHTAKTC HCHACBIICHHOT'O BJIAXXHOT'O BO3/yXa C MCJIIKUMU KaIlJIsIMU WJIA TOHKOH
IUICHKOM BOJBI 0e3 OTBOJla MJIM IIOABOJIa TCIUIA M3BHC, BOJA B PC3YyJIbTATC HCIIAPCHUA

YBJIQXKHACT U OXJIAXKIAACT BO3AYX, an/I06peTa$1 TEMIICPATYPy MOKPOI'O TCpMOMCETpA.

Kak crenyer u3 ypaBHeHus 4.21, B oOumeM ciay4yae yrioBol Ko3(p@HUIMEHT Jryuya
IIpoLecca Mpy U303HTAIBIIMITHOM YBIIAXXHEHUH HE PABEH HYIIIO, T.K.

€6 =

J 6 I 1
ds = - 1000 =ty - cw = 4,186 - tu,
rae cw = 4,186 - ynenbHas TEII0eMKOCTh BObI, KJ[k/Kr-°C.

JlelicTBUTENbHBIA N309HTABITMUHBINA TIPOIECC, TPU KOTOPOM € = () BO3MOKEH TOJIBKO
npu ty = 0.
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6. BrnaxHplii BO3AYyX YBIAXKHSIETCS M OXJaXKIaeTcs A0 Touku 7. B atom ciyyae
yraoBoit koaddurment €7 <0, T.k. J7 - J1 <0, a d7 - d1 > 0. Takoii npouiecc mpoTeKaeT B
(OpCYHOUYHBIX KaMepax OpOIIEHUS TPU KOHTAKTE BO3AyXa C OXJIAXKIECHHOW BOIOH,
UMEIOIIEH TeMIlepaTypy BbIIIE TOYKU POCKI 00pabaThIBAEMOTO BO3IyXa.

7. Bnaxsbplii BO3AyX OXJaXJIaeTcs TMpPH MOCTOSHHOM BJIAroCOJEpXKaHUH 10
napameTpoB Touku 8. Tak kak Ad = d8 - d1 =0, aJ8 - J1 <0, To €8 = - . [Ipouecc
oxJlaxkieHust Bozayxa npu d = const TPOUCXOAMT B TOBEPXHOCTHBIX
BO3AYXO0OXJIAZUTENSIX IPU TEMIIepaType MOBEPXHOCTH TEIJI000MeHa BBIIIE TEMIEpaTyphbl
TOYKH POCHI BO3/lyXa, KOI/1a HET KOHJCHCALMH BIIATH.

8. Braxkusri BO3YyX OXJIAXKIACTCA U OCYIIACTCA O MapaMCTPOB TOUKHU 9. BBIpa)KeHI/IC
YTJIOBOTO KOB(I)(pI/II_II/IeHTa B OTOM CJIy4ac UMCCT BUI:

€9 =

IQ_II
dy —dy . 1000 =

— AT
= Al - 1000 > 0.

OxJnaxkieHue ¢ OCyIIKOW MPOMCXOJUT B KaMepax OpOIIEHUS WM B MOBEPXHOCTHBIX
BO3/IyXOOXJIAMUTENAX IIPU KOHTAKTE BIIAXKHOTO BO3AyXa C JKUAKOM WM TBEPIOMN
ITOBEPXHOCTHIO, UMEIOLIEH TEMIIEPATYPy HUKE TOUKH POCHI.

OTMeTHM, 4TO TIPOIECC OXJIAXKIACHHUS C OCYIIKOW MPU HEMOCPEICTBEHHOM KOHTAKTE
BO3JyXa M OXJIAKJICHHOW BOJbI OIPAHUYEH KacaTeJIbHOW, MPOBEACHHOM M3 TOYKH | K
KpuBoil HackIieHus ¢ = 100 %.

9. I'mybokas ocylika U oxJaXJIeHHue BO3ayXa A0 napameTrpoB Touku 10 mpoucxoaut
IpU OPSIMOM KOHTAKTE BO3AyXa C OXJIAXJEHHBIM aOCOpPOEHTOM, HampuMep, PacTBOPOM
XJIOPUCTOTO JIUTUS B KaMepax OpOIICHHMS WM B allaparax C OpOIIAEMOW HacCaIKOH.
VYrnosoit koaddurment €10 > 0.

10. BrnaxHsbIil BO3AyX OCylIaeTcs, T.€. OTIAET BJary, IpH MOCTOSIHHOW SHTAJIbIIUU 10
napameTpoB ToukH 11. Beipaxkenue yriioBoro ko3dduirenta umeet B

€11 =
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In—
i =41 - 1000 = 0.

Takolf mpouecc MOXXHO OCYIIECTBUTH C IOMOIIbIO PAacTBOPOB aOCOPOEHTOB HIIU
TBEPIBIX aJCOPOEHTOB. 3aMeTUM, YTO pealbHbI mpouecc OyneT HMEeTh YIJIOBOU
kodpduuueHt €11 = 4,186t11, rae t11 - KOHeUHasl TeMIlepaTypa BO31yXa IO CyXOMY
TEPMOMETDY.

W3 puc. 3. BUAHO, YTO BCE BO3MOKHBIE M3MEHEHHUs COCTOSHUS BJIAXKHOTO BO3yXa
pacnonaratorcs Ha moje J-d auarpaMMbl B YETBIpEX CEKTOpaxX, TPaHUIAMH KOTOPBIX
sprsroTess nuHUM d = const m J = const. B cekrope I mporeccel mpoucxomsT c
YBEJIMYECHUEM SHTAJIBIIUMU U BJIArocojepxanus, nosromy 3HaueHus € > 0. B cekrope II
MIPOUCXOAUT OCYIICHUE BO3yXa C YBEIMUCHUEM SHTAIbNNU U 3HaueHus € < (. B cexrope
[II mpouecchl UAYT C yMEHBLUIEHUEM SHTANBIIMK U Biarocoaepxanus u € > 0. B cexrope
IV mpoucxoast npoueccsl yBIaXXHEHUs BO34yXa C MOHWKEHUEM SHTAJIBIINU, TO3TOMY € <
0.

5.3. HOCTPOEHHUE ITPOLECCOB UBMEHEHUAA
COCTOSAHUA BJIAKHOI'O BO31YXA HA J-d
AUATPAMME

5.3.1. HarpeBaHue u 0XJ1a’KAeHHE BJIA’KHOI0 BO31yXa B IOBEPXHOCTHBIX
TEIJI000MEHHHUKAX

HarpeBaHHe BJIA?KHOI'O BO3JJyXa IPHU €ro KOHTAKTC C CYXOﬁ IMOBCPXHOCTLIO, 1509 (S 7011 (S5
Ooiee BBICOKYIO TEMIICPATYPY, IPOUCXOAUT IIPU IMMOCTOAHHOM BJIAarOCOACPKAHUU.

Ecnu u3BecTHO HauyanbHOE COCTOSIHME BO3JyXa (To4ka 1), TO HOBOE €ro COCTOSIHHE
nocje HarpeBaHus Ha J-d nquarpaMme onpenenuTcs Kak Todka nepeceueHust JMHuM dl =
d2 = const u nuHUM u3z0TepMbl t2 (puc. 4). And TOUKM 2, Tak *e Kak M AJS TOYKU 1,
MOKHO ONpEAETUTh BCE HEOOXOAMMBbIE MapaMeTpbl M, B YaCTHOCTHM, HayaJbHOE U
KOHEYHOEe 3HaueHus ’HTanbnuu J1 u J2. 3Has pa3HOCTh J2 - J1 M KOJMUYECTBO CyXOro
BO3/yXa, KOTOpO€ HAaJ0 HarpeTb B eIuHMIy BpeMmeHHu, Gc, KI/4, MOXKHO OIIPEIeNIUTh
KOJINYECTBO TEIUIOTHI, HEOOX0AUMOE Il HarpeBaHus Bo3ayxa Qr:

Qr=Gc-(J2-7J1).
Hanomuum, uto Ge - Macca CyXoil 4acTu BO3/yXa, paBHas

Ge =
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1+ d
1000

rac Gp - Macca BIIQXKHOTO BO3yXa.

[Tpu oXaXJAEHUW BIIAKHOTO BO3JyXa B TMOBEPXHOCTHBIX BO3AYXOOXJIATUTEISX 0
TEMIEpPaTyphl t3 BbILIE TEMIIEPATYPhl TOYKU POCHI tp, IpoLlecC n300paxaeTcs auHueH d3
= d1 = const (puc. J).

KonndecTBo TeroThl, OTBOAMMON OT BO3AyXa MPH OXJAXKICHUHU OT COCTOSHHS 1 10
cocTosIHUA 3, onpenenseTcs no Gopmyine

Qx =Gc - (J1-1713).

OTO KOJIMYECTBO TEIJIOTHI COCTAaBIISIET PaCUCTHYO XOJOAOIIPOU3BOAUTCIBHOCTD
MMOBCPXHOCTHOT'O BO3AYXOOXJIAAUTCIIA.

di=d:2=const

Puc. 4.

d=ds:=const

Puc. 5.
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Eciu oxnaxaeHue BIaXKHOTO BO3yXa OCYLICCTBIIICTCA OO TCMIICPATYPLBI, KOTOpAsd
HHUKC TEMIICPATYpPbl TOUYKU POCHI, TO Ha MMOBCPXHOCTU BO3AYXOOXJIAAUTECIIA MPOUCXOAUT
YaCTU4YHas1 KOHACHCALWA BOAAHOIO MMapa, HaXOAAICTOCS BO BJIA’JKHOM BO3AYXC.

B pa6ore [10] paccMoTpeHbI iBa MpeeNbHBIX CIydas TaKoro mpolecca.

[lpn mOCTOSIHHOW TeMIlepaType OXJaXKIAloUleld CTEHKM HM3MEHEHHE COCTOSHHUS
BO3/1yxa u300pakaercsi Ha J-d nmarpamme NpsiIMOM JIMHUEH, COCIHMHSIOMICH TOYKY
HAyaJIbHOTO COCTOSIHMSI BO3/yXa C TOYKOM Ha JIMHUM HACHIIIEHHWS IPH IMOCTOSHHOMN
TeMmIepaType HOBEpXHOCTH tyy (puc. 6).

O,[[HaKO TCMIICpaTypa OXJIaXKJaI0IIeH MOBCPXHOCTU MOKCT CUUTATHCA IMOCTOSSHHOM U
OJNM3KOM K TEMIICPATYPC XOJOAWJIBHOI'O arcHrTa ta TOJBKO B BO3YyXOOXJIAAUTCIIAX
HEMMOCPCACTBCHHOI'O UCITIAPCHUSA C MCIHBIMU T'JIAAKUMHU TPY6I(3.MI/I.

Bropoii mnpenenbHBI Cilydaii BO3MOXEH, €CIM TEIUIOBOE COIPOTUBIICHUE Ha
Hapy’KHOW OpeOpeHHON MOBEPXHOCTH OIU3KO K HYJIIO, T.€. TEMIIEpaTypa NOBEPXHOCTH tr
paBHa TeMmieparype Bo3ayxa tg. Torma B Hawasne mponecca Temmeparypa tp BbILIE
TEMIIEPATYPhI TOUKU POCHI tp, U OXJIAKACHUE BO3MyXa MPOUCXOIUT O€3 €ro OCYIUCHHMS.
Taxoli mponecc nzobpaxkaercs Ha J-d nuarpamme auHuel d = const 10 ee nepecedeHus ¢
nuHuen HacelueHus. [locine 3TOro HaumHaeTcs KOHJEHCALMs BJIard, M IPOLECC
OXJIQXKICHMS U OCYILICHHS BO3yXa UIET 110 JIUHUU HACBIILICHMUS.

HpI/I OOJIBIION MOBCPXHOCTU OXJIAKACHUA TEMIICpATypa BBIXOAALICTO BO3AYyXa 6y2leT
HpI/I6J'II/I)KaTLC$I K TEMIICPATypC XOJOAUIIBHOI'O arcHTa:

ta
di = de=const
Gi :l =
Puc. 6.
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PacueTHyl0  XOJIOZONPOU3BOIUTEIBHOCTh I[OBEPXHOCTHOTO  BO3TYXOOXJIAaTUTENS
OIpeNeIIAoT 1o hopMyIie

Qx=Gc - (J1 - Ja).
Maccy CKOHIEHCHMPOBAHHOM BJIard BHIYMCIISIOT MO (OpMyJIe
Ms = G¢ - (d1 - da).

PaccMOTpeHHBIX NpeienbHbIX CIy4aeB B JACHCTBUTEIBHOCTH HE ObIBaeT. PeanbHbIi
IIPOLIECC U3MEHEHMSI COCTOSIHUS BO3AyXa B BO3AYXOOXJAAMUTEJE MPOTEKAET IO KPUBOM,
paclojOKEHHOW BHYTPH TpeyrojibHuka 1-P-A, U oOTHOCUTENBHas BIJIAXKHOCTH
OXJIaXJIEHHOTO Bo3/1yXa 00bI4HO MeHbIIe 100 %.

5.3.2. U3MeHeHHe COCTOSAHUA HEHACBHIIIEHHOI'0 BJIAKHOI0 BO31YXa IIPH
KOHTAaKTe ¢ BOAOH

B KOHIWIMOHMPOBAaHMHM BO3[yXa MIMPOKO HCHOJIB3YIOTCS ammaparbl, B KOTOPBIX
BO3JyX B3aUMOJICHCTBYET C IUICHKOW WMJIM PACHbUICHHBIMHU KaIUIIMU BOJbl, UMEIOIIUMU
pa3IMyYHyI0 TEMIIepaTypy.

OOBIYHO TMpenrnoyiiaraloT, YTO HEMOCPEICTBEHHO HaJl MOBEPXHOCTHIO Kamellb WU
TUICHKH BOJBI HAXOJUTCS TOHKUHM CJIOW BO3/1yXa, MOJHOCTHIO HACHIIMICHHBINM BOASHBIM
apoM ¥ UMUK TeMIepaTypy, paBHYIO TeMIIEpaType BOJIbI.

B sTom ciyuae mporiecc Temio- 1 MaccooOMeHa MEXIy BIKHBIM BO3yXOM M BOIOU
MOXHO paccMaTpWBaTh KaK TMPOIECC CMENICHHS OCHOBHOTO TIOTOKa BO3AyXa C
HACBIIICHHBIM BO3yXOM HaJl TOBEPXHOCTHIO BOJIBI.

Ucnonw3ys ykazanHoe mnpeamnonoxenue, A.A. Toromun [10] cdopmymupoBat
MpaBWJIO, Ha3bIBa€MOE 3aKOHOM TMPSAMOM JIMHUW: TPU B3aUMOJCHCTBUHM BJIAXKHOTO
BO3[lyXa C BOJOH, UMEIONIEH MOCTOSIHHYIO TEMIIepaTrypy, U3MEHEHHE €ro COCTOSHUS
n3o0paxkaercss Ha J-d gmarpamMMe TPsSMOM, TPOXOMSIIECH dYepe3 TOYKYy HadaJIbHOTO
COCTOSIHMSI BO3/yXa W TOYKY Ha JUHHM HackimeHus (¢ = 100 %) c temmeparypoi,
pPaBHOM TeMIIepaType BOIBI.

[Ipu OonblIO MOBEPXHOCTH M JIJIUTEILHOM BPEMEHHM KOHTAKTa IMpOLEecc
MpOJODKAaeTCd 10 TeX IMOp, MOKa BO3AyX HE CTAaHET HACHIIIEHHBIM U HE MNpPUMET
TeMIIepaTypy BOJBIL.

Best o0nacTh BO3MOKHBIX M3MEHEHUH MapaMEeTpoB BO3/AyXa HAYaJbHOTO COCTOSHUS,
3amanHoro Ha J-d mmarpamme Toukoi A, orpaHwumBaercs mpsmMbiMd AB u AC,
MPOBEACHHBIMA M3 TOYKH A KacaTelbHO K KpWBOW HackimeHus (puc. 7). [Ipu 3TOoM B
3aBHCHUMOCTH OT TeMIIEpaTyphl BOABI MOXKHO BBIACIUTH CIIEAYIONINE 30HbI.
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3ona 1. TemmepaTypa BOxbl HIKE TeMIeEpaTypbl TOUYKH pOChl 00pabaThIBAEMOIo
BO3ayXa. B pesynbrare B3aMMOAEWCTBHSA BIAXXKHOIO BO3AyXa C BOJOM Takou
TEMIIEPATYPbl YMEHBINAIOTCS: SHTAJIBINSA, TEMIIEPATypa U BIArocoJep)KaHuEe BO31yXa,
T.€. IPOUCXOJAT IMPOLECCH] OXJIAKIACHUS U OCYLIEHHsI BO3yXa.

3oHa 2. Temmeparypa BOAbl paBHa TeMIlepaType TOUKHM pocbl. B 3TOM mpouecce
YMEHBILIAIOTCS SHTAJIBIINSA U TEMIIEpaTypa BO31yXa IIPHU IOCTOSHHOM BJIarOCOACPKAHHUH.

3oHa 3. Temneparypa BOABI BBILLIE TEMIIEPATYpbl TOUKH POCHI BO3AYyXa, HO HUKE €r0
TeMIepaTypsl 1o Mokpomy Tepmomerpy. IIpu oOpaboTke BO3ayxa yBETUUHMBACTCS €ro
BJIarOCOJIEP’)KAHUE, HO YMEHBIIAIOTCS ODHTAJIBINA M TEMIIEPATypa, CIEJOBATEIbHO,
BO3JyX YBJIQXKHIETCS U OXJIaKIACTCS.

3ona 4. Temneparypa BoAbl paBHAa TeMIEpaType BO3AyXa MO MOKPOMY TEPMOMETPY.
Taxoii nmpoiiecc Ha3bIBAIOT aAMA0ATHBIM YBIAKHEHUEM BO3AyXa UPKYJIUPYIOIIEH BOJOH.
DTO €QUHCTBEHHBIM peanbHBIM MIpolecc, MpU KOTOPOM TeMIeparypa BOAbl OCTAETCA
MOCTOSIHHOM.

3oHa 5. Temneparypa BoAbl BbILIE TEMIEPATYphl BO31yXa 10 MOKPOMY TEPMOMETDY,
HO HWXKE €ro TeMIeparypbl IO cyxoMy TepMmoMerpy. IIpm koHTakTe ¢ Takoil BoAOM
BJIarOCOJIEP’KAHUE W DHTAJIBIINSA BO3JyXa BO3pPACTalOT, a €ro TEMIEparypa MO CyXOMY
TepMOMETpy cHIKaeTcs. OHAKO, MOCKOJIBKY IPOLECC YBIaXKHEHHUS COINPOBOXKAAECTCA
pPOCTOM DHTAIBIUHU, TAKOW MpOLECC CIEAYET CUMUTATh IIPOLECCOM YBIAXKHEHUA H
HarpeBaHusl.

3oHa 6. TemnepaTypa BOJbl paBHa TEMIIEpaType BO3/yXa IO CyXOMy TEpMOMETpY. B
TOM CIy4yae IPOUCXOAUT POCT BIIATOCOACPNKAHWS M DHTAJIBIMU BO3AyXa, a €ro
TEMIIEPATypa [0 CyXOMY TEPMOMETPY OCTAETCS OCTOSTHHOM.

3oHa 7. TemmepaTypa BOIbI BBIIIE TEMIEPATYPHl BO3AyXa IO CYXOMY TEPMOMETPY.
IIpouecc npoTekaeT Tak ke, Kak B 30HE 6, HO OAHOBPEMEHHO IPOUCXOIUT MOBBIIIEHUE
TEMIIEpATypbl BO3AYyXa.

B peanpHbIX ammaparax pacxoa BOABI U MOBEPXHOCTh KOHTAKTa MMEIOT KOHEUYHbIE
3HA4YEHUs, U TeMIepaTypa BOJIbI B Mpollecce TEIIo- U MacCOOOMEHa HE MOXET ObITh
MIOCTOSIHHOM (KpoMe peknMma aguabaTHOTO YBIaKHEHUS).

[TosToMy (hakTHUECKHE MPOLECCH U3MEHEHHs COCTOSIHUS BJIQXKHOTO BO3AyXa IPHU €ro
00paboTke BOJOW H300paKkalOTCsl KPUBBIMHM JIMHUAMH, HANPaBIECHHBIMH M3 TOYKH
HA4aJIbHOTO COCTOSIHUS BO3AyXa K TOYKE Ha KPHMBOW HACBHIIIEHMS, COOTBETCTBYIOILEH
KOHEYHOM TeMmmeparype Bonbl. Ilpuyem oOTHOCUTENBHAs BIIAXHOCTh BO3/1yXa,
BBIXOZSILErO U3 KOHTAKTHOIO anmapara, IpakTu4ecku pasHa 85 ... 95 %.
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Puc. 7. Bo3Mo:KkHbI€e NIpouecchbl B3aUMOeiCTBUS BJIAKHOI0 BO3AyXxa H BoAbI: 1 ... 7 -
30HBI MIPOLIECCOB

5.3.3. YBJaKkHEeHHE BJIAKHOT0 BO31yXa MApOM

VBIaxxHeHHue MMPUTOYHOI'O0 WJIM BHYTPCHHCTO BO31yXa HACBIIICHHBIM BOASAHBIM IIAPOM
AOCTATOYHO HIUPOKO UCIIOJIB3YCTCA B COBPEMCHHBIX YCTAHOBKAX KOHAUIITMOHUPOBAHUS.

Bripaxkenue yrinoBoro ko3dduimenTta jyda mpoliecca YBIaKHEHHs BO3yXa MapoM
MO>KHO TOJYYHTb, UCIIONIb3YS YPaBHEHUS OaaHCOB TEIUIOTHI U BJIArH.

[Ipumem, 4YTO HayanpHBIE MapaMeTpel Bo3ayxa - J1 M dl, a KOHEuHBIe MOocie
yBnaxHeHus - J2 u d2. KommuecTBo cyxoil yacTtu yBinaxkHsemoro Bosayxa - Gc¢ u
KOJIMYECTBO HACBIILEHHOTO napa - Gy, €ro yAelbHas SHTaIbnus - J.

VpaBHeHus 6aaHCOB TEIJIOTHI M BJIarM UMEIOT BH/I:
Ge J1+Gn-Ju=Ge-J2;

Ge-
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Pazgenus MEpBOC YPABHCHUC Ha BTOPOC, U MNPOU3IBCAA COKpAlICHUA, IIOJTYUUM
BBIPAKCHUC IJId YIJIOBOI'O KOB(I)(I)I/IL[I/ICHTB.I

™
Il

IE_JI
dy=d; . 1000=1p.

HOCTpOGHI/Ie mpouecca Ha J-d JuarpaMme IoKasaHO Ha puc. § I/ICXOIIHBIMI/I JaHHBIMH
SABJIAIOTCA HA4aJIbHOC dl, 1 KOHCYHOC d2, BJIAroCcoacprKaHue O6pa6aTHBaeMOFO BO3ayXxa,
€TI0 KOHCYHAsA (2 OTHOCUTCJIbHAA BJIAXKHOCTDb U YACJIbHAA SHTAJIbIIMUA IIOAaBACMOI0O IIapa
Jm.

[Ipr OTCYTCTBMM TEXHOJIOTUYECKHX MIaHHBIX C JOCTATOYHOH TOYHOCTBIO MOMHO
npuHATh Ji1 = 2680 xJ[x/KT.

[Toctpoenne mporecca HaYMHAIOT ¢ HaHeceHus Ha J-d nuarpamme TOYKH 2,
XapakTepu3ymomieil TpeOyemble MapaMmeTpbl MPUTOYHOTO WM BHYTPEHHETO BO3AyXa.
UYepez Touky 2 MpOBOIAT Jyd Mpolecca € YriaoBbIM KoddduiueHToM & = Jp 10
nepeceueHus: ¢ nuHuerd d] = const. [lonmydyenHas Touka 1 xapakTepusyeT mapaMmeTpbl
BO3/yXa JI0 €r0 YBIaXKHEHUSI.

KonnuecTtBo mapa, Tpebyemoe i yBIa)KHEHUS BO3AyXa, PaBHO:

GH:

G-: ' (dﬂ B dlj
1000 , Kr/4.

OTmeTHM, Y4TO MPOLECC YBIAXHEHHS MapoM MPOTEKAET ¢ HEOOJBIIUM IMOBBIILIEHUEM
TEeMIIepaTypbl BO3AyXa.

Hampumep, eciiu d1 = 0,4 r/kr ¢.B. u t = 20 °C, To mocne yBnaxueHus 10 d] = 6,4 r/kr
Cc.B. Temmeparypa Bo3ayxa t2 = 20,9 °C.

5.3.4. Ocymienue Bo31yxa aJcopOeHTaMHu

[Ipy HEOOXOAMMOCTH TIIyOOKOTO OCYHIICHHS ¥ OJHOBPEMEHHOTO HAarpeBaHUs
BJI&YKHOT'O BO3/lyXa B TEXHUKE KOHIUIIMOHUPOBAHUS IPUMEHSAIOT TBEPAbIC IOIVIOTUTEIN
Biard (azcopOEHTHI), KOTOPHIE MO3BOJSIOT MOJIYYHTh IPAKTHUECKH CYyXOW BO3IYX.
TakuMu MOTJIOTUTENSIMU MOTYT OBITh AaKTUBUPOBAHHBIN YToJb, CHIIMKAreib, aTIOMOTeb
U ap.

PaapaboTka v akcnepTtuaa PasmelleHne pexnams

t bEY Buanec-nnaqos, TIO 4 & pokymenTax: 67

8 (985) 760 - 61 - 43 reklama.complexdoc.ru



basa HopmatuBHOI nokyMeHTarun: www.complexdoc.ru

Paccmotrpum moctpoenue mporecca ancopOruu Ha J-d gmarpamme. Jlns BeIBoga

BBIPQ)XEHUS YTJIOBOr0o Kod(dduimeHTa Jryya mporecca aJcopOLuy 3aruiieM ypaBHEHUs
OajaHca TEIUI0THl U BJIaru:

Gc-J2=Gc J1-Gn-cp-12-q- Gn+420Gn;

Ge -
dﬂ
1000 = Ge -
dl
1000 - G,

rae G - KOJIMYEeCTBO BOJSTHOTO Mapa, KT, CKOHJICHCHPOBABIIIErocst B ancopoepe;

CB - YACIIbHAaA TCIIJIOEMKOCTb BOJBI,

g - pacxon TeIUIOThl Ha HarpeBaHue ajacopbenta (mpuammaetrcs 420 x/[x/kr
a7coOpOMPOBAHHOM BIIaru);

420 - ynenbHas TemjaoTa cMauuBaHusl, KJX/Kr arcopOupoBaHHOM Blary;

J1, d1, t1 - HavanpHBIE MTApaMETPHI BO3AYXa;

J2, d2, t2 - koHEeuHBIE TapaMeTpbl Bo3ayxa. Pa3genus mepBoe ypaBHEHHE HAa BTOPOE,
rocJie Mpeodpa3oBaHMil MOTYyIUM

¢=1000
IE_II
dg_dlz

G, t, —q- Gy +420G,

-Gy — g 12+ q-420=cp - 2 = 4,190,

Takum 06pazom, yriioBoit kodhPHUIMEHT Tyda mporecca OYeHb OJIM30K K U309HTAIIbIIe
J1 = const, T.e. ocymieHHue BO3IyXa aJCOpPOSCHTOM TMPEACTABIAECT COOOW MPAKTUYECKU

anuabaTHBIA TpoIlecC, HAMPaABICHHBIH B CTOPOHY, MPOTHUBOMIOJIOXKHYIO MPOIECCY
anabaTHOTO yBIAKHEHUS BO3/1yXa BOJOK.

PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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B mpouecce ocymenus TeMmieparypa BO34yXa 3HAUMTENbHO BO3pacTaeT W, B
3aBHCUMOCTH OT HA4aJIbHOT'O COCTOSIHUS, MokeT focturath 40 ... 50 °C u Oonbe.

C nmocTtaToyHOM 17 MPAKTUYECKUX PACUETOB TOUYHOCTHIO KOHEUHYIO TEMIIEpaTypy
BO3/yXa t2 MOXKHO OIPENeTUTh 1Mo popmyie

=1t +

rdy—d,

Cp 1000

EX

£=Jn

Puc. 8.

re T - yJAenbHas TemoTa nmapooOpa3zoBaHMs, Bbluucisemas no ¢opmyine (3.6) mpu
TemImeparype Bo3ayxa t1;

cein = 1,006 + 1,805d1, x[x/(xr-K) - yaenpHas TEMI0EMKOCTh BIAXKHOTO BO3/yXa.
[Toctpoenue mporiecca Ha J-d nuarpamMmmMe moka3aHo Ha puc. 9.

Ha J-d JUarpaMMe HAHOCAT TOYKY 1, XapakTepU3YIOIIyI0 HayalbHOE COCTOSHUE
BJI&JKHOT'O BO3QyXa dlutl.

3Has TpeOyemoe 3HadeHue Biarocojep:kanusi d2 B TOUKe 2, BBIUUCIAIOT KOHEUHYIO
TeMIepaTypy Bo3Iyxa t2 ¥ yIriaoBoi KoapdHUIMeHT yya nporuecca € = 4,19t2.

PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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UYepes Touky | mpoBOAST Jyu mpoliecca 0 mepeceueHus ¢ iuHued d2 - const u
MOJIy4aloT TOYKY 2, MapaMeTpbl KOTOPOM XapaKTEpU3yIOT KOHEYHOE COCTOSIHUE BO3/yXa
J2,d2, 2.

Eciu IMMOJIYYCHHOC 3HAUCHUC t2 3HAYUTEIBHO OTKJIOHAETCA OT pacy€THOro, TO
MMOCTPOCHUC MTpOoLECCa MOKHO IMMOBTOPHUTH, UBMCHHUB UCXOJAHOC 3HAYCHUC 2.

KonmnuecTBo Biaru, OTBOIMMOI OT BO3ayXa B ancopOepe, Kr/4, ONPenelsioT IO
bopmyie

Gr[:

l:‘T-: {dl B dﬂj
000

MunnmanbHoe 3Hauenne d2 moxet ObITh 0,03 I/KT C.B.
5.3.5. Ocymenue Bo3ayxa abcopoeHTaMHU
JIJIss oCcyIIeHHs BIQYKHOTO BO3JyXa C MOHIKEHUEM SHTAIBIHH MPUMCHSIOT JKUIKUE

MOTJIOTUTEINN BJIaru - a0COpOEHTHI.

e=4,15t:

t: +—u

Ji

fa

Puc. 9.

Hawnbonbiee MNPUMCHCHUEC B CHCTEMAX KOHIWIHOHHUPOBAHHA BO3AyXa IOJYYUIA
BOJIHBIE pacTBOPHI cosier xiopuctoro kaneius CaCl2 + 6H20 u xmopuctoro mutust LiCl.
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Oco0eHHOCTh YKa3aHHbBIX PAaCTBOPOB 3aKJIIIOYACTCA B TOM, 4YTO IIpU PpPaBHBIX
TEMIICpATypax MAaBJICHUC HACBIIMICHHOTO BOJAHOTO IIapa B HNOTPAaHWUYHOM CJIOC HaJ
MOBCPXHOCTBIO paCTBOpAa HUIKC [HaBJICHHA HACBIMICHHOTO BOJAAHOI'O IIapa HaxI
MMOBCPXHOCTBIO BOJBI.

[IpumeHeHne KHUIKUX COpPOCHTOB TIO3BOJIIET  OCYIIECTBIISATH  HENPEPBHIBHYIO
pereHepanyio pacTBOpa M MOJIy4yaTh OCYIIEHHBIH BO3AyX OTHOCHUTEIBHO HU3KOU
TeMIepaTypbl, T.K. B KOHTYp PELUPKYJIALUU PaCTBOpPa KPOME OCYIIUTENs (KOHTAaKTHOTO
afmapara) MOTyT ObITh BKJIIOYEHbI KMUITATHWJIBHUK (U1 BOCCTAHOBJIECHUS KOHLIEHTPAIMH
pacTBopa) M oXxJaauTenb (Ui OXJaXIEHWsS pacTBOpa Iiepea Iojaded ero B
BO3AYXOOCYILIUTENb).

: = const

Puc. 10.

Perynmupysi creneHb OXJIaXKICHHUS JKUIKOTO COpOEHTa, MOXKHO OCYIIATh BO3AYX C
MOBBIICHHEM Temmeparypsl (Jya 1-2 puc. 10), uzorepmuuecku (nyud 1-3) um c
MOHWKEHUEM Temnepatypsl (yu 1-4).

N3oTepMuueckoe oCylIeHNEe BIaXKHOIO BO3/lyXa MO>KHO IIPOU3BECTH ITPU OJJMHAKOBBIX
HayaJbHBIX TEMIIepaTypax BO3JAyXa M OpolIamplero pacteopa. Ilpuuem pacxon
MOCJIETHETO JIOJDKEH OBITh TaKUM, YTOOBI TEIUIOTa KOHJEHCALMM BOJSHOTO Iapa M
TEIUI0Ta pa30aBiICHUsI HE3HAYUTEIHHO TOBBIIIAIN TEMIIEPATypPy PacTBOpa.

JInist oCyIIeHus! BO3yXa C MOBBIIIEHUEM TEMIIEPaTyphl pacTBOP AOJDKEH UMETh Ooiee
BBICOKYIO TEMIIEpaTypy, 4YeM 00padaTbIiBaeMblii BO3/yX, OJHAKO TPH ATOM YIPYTOCTh
BOJSIHOTO TIapa HaJ IOBEPXHOCTBIO pAcTBOpa JOJKHA OBITh MEHBIIE YIPYTOCTH
BOJSIHOTO ITapa B OCYLIA€MOM BO3/yXE€.

GuaHec-nnaqos, T30 4 e gokymenTax: 71
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JUia ocymieHus BO3QyXa C OJHOBPEMEHHBIM IIOHM)KEHHEM €ro TeMIIepaTypbl
HE00X0uMo, 4TOOBl TemIeparypa pacTBopa Oblla HUXKE, YeM NpU H30TEPMUUYECKOM
nporecce.

BaMeTI/IM, qTo a6COp6CHTBI OCymaroT BO3AYyX HC TakK FHY6OKO, KakK TBCPAbIC
MOTJIOTUTCIIM, HAIIPUMCP, KOHCUYHOC BJIAIOCOACPIKAHUC BO3JyXa IIpHU MNPUMCHCHHUU
pacTBOpa XJIOPUCTOTO JIMTUSA HC MCHECC 1 r/kr c.B.

t:l 2

Puc. 11.

5.3.6. IIpoueccol cMemieHus: pa3jJIMYHbIX MacC BO31yXa ¢ pa3HbIMU
napaMeTrpaMu

B cucremax KOHIUIIMOHHPOBAHWS OYEHb YACTO OCYIICCTBIISCTCS CMEHICHHE IBYX
MOTOKOB BO3/yXa C pa3IMYHBIMH Ha4aJbHBIMH TapamMeTpamu. [Ipearmonoxum, 4To
cmemmBaroTcs G (Kr) BIAKHOTO Bo3ayxa ¢ mapamerpamu J1, d1, u G2 (Kr) BIaKHOTO
BO3JyXa ¢ mapamerpamu J2, d2 (puc. 11).

B oOmem ciyuae, komudecTBO cyxoro Boszayxa Gge (kr), comepxkamerocss B G (Kr)
BJI&KHOTO BO3/IyXa MOXET OBITh BHIPAXKCHO OTHOIICHUEM:

Ge=
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G

m, KT.
Tormga, 6anaHc Biaru, y4acTBYIOIIEH B MPOIlecCe CMEIICHUS, UMEET BUI:
Gel - d1 +Ge2 - d2 = (Gel + Ge2) - d3,
rae d3 - BrarocojepkaHue CMeCH.
AHaJOTUYHO MOYKHO 3aMKcaTh ypaBHEHUE /TS TEIUIOBOTO OaaHca:
Gel - J1 +Ge2 - J2 = (Gel +Ge2) - 13,
rae J3 - SHTaIbIUs CMECH.
[IpencraBuM ABa MOCIEIHUX BBIPAKEHUS B BUJIC:
Gel(J1 -J3) = Ge2(J3 - J2);
Gel(dl - d3) = Ge2(d3 - d2).

Pazgenus NEpBOC YypaBHCHHUEC HA BTOPOC, MMOJIYyUHUM:

II_IE
dl_d3:
13_12

2

B koopaunatHOU cetke J M d 3TO BBIpakeHHE MpPEACTaBISET CO0OM ypaBHEHHE
MpsIMOM, POXOsIIel yepe3 3aaanHble Touku 1 u 2. Benuuunsl J3 u d3 - koopauHaThl
TOYKH CMECH 3, JiexKaller Ha mpsamoi 1-2.

[Tonoxenne Toukm 3 Ha mpsAMoM 1-2 ompenensroT mMyTeM JAelieHHs oTpe3ka 1-2 Ha
YaCTH B OTHOUIEHUMU:
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IElrn:l
i3

3 U

IElr-:2
IElr-:E .

U3 ypaBHeHI/Iﬁ MAaTCPHAJIBHOI'O U TCIIJIOBOT'O OajaHca MOXKHO MMOJYYHUTh 3aBUCUMOCTD:

<

AHAJIUTUYECKU 3HAYECHUS BIAroCOAEpKaHMUs M SHTAIBIIUN CMECHU CIIEIYeT ONpeeIiATh
no opmynam:

d3 =

Gy dy+Gydy
Gl-I-Gn:E ,

£

3=

G 00T,
IEl'n:l-I-Gn:E |

B npaktuke KoHAMIIMOHUPOBaHUS Bo3yXxa 3HaueHuss G u G¢ oTiMyaroTcsi 0ObIYHO Ha
I ... 2 %, mo3TOMY HEKOTOpbIE aBTOPHI MPEAJIArat0T BECTH MOCTPOEHUS U pacyeThl MpH
CMELICHUH BJIAJKHOI'O BO3[yXa, UCHOJbB3Yys 3HaueHHe (3, OJHAKO B HEKOTOPBIX CIy4asixX
9TO MOYKET IPUBECTU K 3HAYUTEIbHON NOTPEIIHOCTH.
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IIpu mocTpoeHnu npouecca CMEIeHNs 11 X0JI0JHOrO NEPUOAA rofa Touka cMecH 6'
(puc. 11) moxeTr oka3zaTtbcsi Hmke kpuBoil ¢ = 100 %, T.e. mpouecc cMelIeHHS
COIIPOBOXAAETCS KOHACHCALMEN YaCTU COAEPKAIIETr0Csl B CMECH BOASIHOTO Tapa.

Bmecre co CKOHIEHCHMPOBABLIMMCS BOJASHBIM IAapOM M3 BO3JyXa YWIET 4acTh TEILIA,
paBHas Qkon.:

Qkon. =

o
1000 - ty - e

rae Ad = d's - d6 - KoIMYeCcTBO BBIIEIMBIIETOCSI KOHAEHCATa, I/KT C.B.;
tm - TEMIIEpaTypa KOHJEHCaTa, paBHAs TEMIIEpaType MOKporo tepmometpa, °C;
Cyx - TEIJIOEMKOCTh KOHaeHcarta, KJx/kr-°C.

W3 TtemioBoro 0OanaHca CJICAyeCT, UYTO OHTAJBIIMA BO3JyXa IIOCJIC BbIIIAACHUA
KOHJACHCATa YMCHbIIIACTCH, T.C.:

Je=1T6 -
Fils |
1000 - tM * CK.

VYuyureiBas, 4ro BenuuuHa Ad OOBIYHO OYEHb MaJjla, B MPAKTUYECKUX pacyeTax
MOCJIEHUM CJIaraéMbIM MOKHO IIpeHeOpeys U cuuTaTh, 4to J6 = J'6.

5.3.7. I3MeHeHne COCTOSIHUS BO3yXa B IOMELIEHUAX C TEIJI0- U
BJIATOBBIJICJIEeHUSIMHA

B o0miem citydae npu IpOEKTHPOBAHUU CHCTEM BEHTWIIALIMU M KOHAMIIMOHUPOBAHUS
BO3JyXa HEOOXOJMMO YYUTHIBATh MOCTYIIEHUE B IOMELIEHUE TEIJIOTHI, BJIar, MbUIA U
ra3oBbIX BPEIHOCTEH.

O[[HaKO Ipu BBIACJICHUU TbLJIM W T'a30B TCIUIOBJIAXXHOCTHOC COCTOAHHUC BO3AYyXa
O0OBIYHO HE M3MEHSETCS. HOBTOMy PACCMOTPUM NPOUECCC U3MCHCHUA COCTOAHUA BO3yXa
B IIOMCIIICHUH C TCIIJIO- U BJIArOBBIJACIICHUAMMU.

HcrounnkaMu BBIJEICHUS SIBHOM M CKPBITOM TEIJIOTHI SIBJISIFOTCS: TEXHOJOTHYECKOE
o0opyJOBaHUE, JIOAM, OTrPAXIAIOIINE KOHCTPYKLMH, HWCKYCCTBEHHOE OCBEIICHUE,
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COJIHEYHasl paJuallys, CUCTEMA OTOIUIEHUS U TEIUIOTa OT MOCTYIAIOLIETO B MOMEIEHUE
napa M ucHapsrolencs BoAbl. YacTb TEIUIOTBI MOXET TEPATbCS Ha HarpeBaHue
MOCTYNAIOUIMX B IIOMEIIEHUE MAaTEepUaOB U MPOAYKTOB U YEpPE3 Orpa)kJarolue
KOHCTPYKLIUH.

OZHOBPEMEHHO B IOMEIIEHUU BBIJEIAETCS BOJSHOM IAp OT TEXHOJOTHYECKOTO
000pyIOBaHUS U OT JIIOJIEH, a TAKXKe Blara CO CMOYEHHOW MOBEPXHOCTHU C TeMIepaTypoil,
OJM3KOI K TemIepaType MOKpOro TEpMOMETPa BHYTPEHHET O BO3/yXa.

He ocranaBnuBasicb Ha METO/aX pacyeTa OTAEIbHBIX COCTaBHBIX YacCTEH TEIUIOBOIO U

BJIa>XHOCTHOI'O 68.J'IaHCOB, 3allMimcM B O6IJ_I€M BUJAC YpaBHCHHA IJid OIPCACICHHUA
M30BITOYHBIX TEIUIO- U BJIArOBBIJCIICHUI:

Qu36 = Qs + Qu + Qu - Qmor,

rae Qs - cyMMapHO€E KOJIMYECTBO SIBHOM TEIUIOTHI;

Qmn - cyMMapHO€E KOJIMYECTBO MOJTHOM TEIUIOTHI;

Q1 - HOIHBIE TETUIOBBIAEIEHUS OT JIOCH;

Qmnor - TEMJIONOTEPU NOMELIEHUS.

Bennuuna Qn onpenensiercs o popmyie:

Qn = Gn - in,

rrae G - KOJIMYEeCTBO BBIJCIAIOUIET0Cs 0T 000pY/I0BaHUS BOJASHOIO Mapa;

i1 - yJeJIbHas SHTAJIBINUS BOASHOTO Mapa.

KonnyecTBo n30bITOUYHOMN BIIark B MOMEIICHUN HAXOJUTCS U3 YPaBHEHUS:

Gg = Gn + G + Ge.m,

rae G - BIaroBbIAENIECHUS OT JIOACH;

Gc.mm - KOJIMYECTBO BIIAard, UCHAPSIOIIEHCS CO CMOUYEHHOU MOBEPXHOCTH.

ITycts t2, J2 1 d2 - HOpMUpyeMBbIe TapaMeTphbl BO3LyXa BHYTPU MOMEILECHHS.

st accuMuAuy (TOTJIONIEHHST) BBIJCISIONICHCS B MIOMEIIEHUH TEIJIOTHl U BIIArd B
MOMEIIeHNEe HeoOXOIMMO I0/1aBaTh MPUTOYHBIN BO31yX B KoiuuectBe Ge, UMEROIIUI

Oosiee HU3KHUE 3HaYeHMS napameTpos J1, d1, t].

3anumieM YpaBHCHUA Oananca 1o TCILTY U IO BJIare:
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Ge - J1 +Quzo = Ge - J2;

Ge -
I::11
1000 + Gg=Ge¢ -
dz
1000

PaznenuB mepBoe BeIpakeHHE Ha BTOPOE, MOCIE COOTBETCTBYIOIINX MpeoOpa3oBaHuit
MOJYYMM YTJIOBOM KOA(QUIMEHT Jyda Tporecca €, XapaKTepU3YIOIUi H3MEHEHUE
COCTOSTHUSI BII&YKHOTO BO3[yXa B IOMEUICHNUH C TEIUIO- U BIIATOBBIICIICHUSIMH:

8:
IE_II
dy = d; . 1000 =

hcs
G, -

Qo+ Qo+ Q= Qe
GI[+GI[J'[+GI:1T

[TomyunB 3HaU€HHE € U3 TEIMJIOBOTO M BIAXHOCTHOTO 0ajaHCOB MOMEIICHUS, MOXKHO
MOCTPOUTSH Tipoliecc Ha J-d nuarpamme.

Ha J-d nuarpamMmMe HaHOCHM TOUYKY 2, XapaKTepU3YIOIIYIO MMapamMeTpbl BHYTPEHHETO
BO3/lyXa, KOTOPbIE OMPEENISIIOTCS 110 CAaHUTAPHBIM MU TEXHOJOTUYECKUM TPeOOBaHUSM
Y 3aJ1a10TCsl OOBIYHO 3HAYEHUSMHU t2 U (02, U OTpeeseM 3HaueHus J2 u d2.
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Puc. 12.

Yepes TOUKY 2 MPOBOINM JIyY MPOIECCa C U3BECTHBIM YTIIOBBIM KOY(D(DUITUEHTOM € 0
HepecedeHus C JIMHUEH Kakoro-Jimdo 33JaHHOTO MapaMeTpa IpUTOYHOro Bo3ayxa J1, di,
t] WM @] W ToilydaeM TO4YKYy 1, JJIsI KOTOpO#l ompenenseM Bce yKa3aHHBIE BHIIIE
napameTpsl (puc. 12).

Accumunupymoias CHocOOHOCTh MPUTOYHOIO BO3AyXa IO TEIJIOTE M IO Bjare
OTIPEIEISAETCS COOTBETCTBEHHO Pa3HOCTHIO dHTANBNUK J2 - J1 u Bmarocoaepsxanuii d2 -
d1.

TpebyeMoe KOMMIecTBO MPUTOYHOTO BO3/IyXa MOKHO HANTH 1O (hopMyiaMm:

Gc=

aas
I,-1,.

9

Gec=

G

dy = d; . 1000,
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6. YCJIOBHbBIE OBO3HAYEHUA

C |ymenmpHas MaccoBas TETNIOEMKOCTh JIx/(xr-K)

¢' |ymenbHas 0ObeMHasi TETIIOEMKOCTh I[)K/(M3'K)
Cu |yaenbHas MOJbHAas TEIUIOEMKOCTb k/[x/(xkmonb-K)
Cy |M30XOpHAas TEIJIOEMKOCTh KI[)K/(M3-K)
Cp |M300apHas TEIIOEMKOCTh kJx/(krK)
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Cp.c |yA€NbHAs MaccoBas TEIUIOEMKOCTh CyXOro BO3/1yXa kJx/(kr-K)
Cv.c |yaenbHas 00beMHas TeIIOEMKOCTh CyXOT0 BO3/IyXa K[[)I(/(M3~K)
Cp.s |yA€NbHAsg MAaccoBas TEIIOEMKOCTb BOJBI kJx/(kr-K)
Cp.n |yJlelbHAs TEMJIOEMKOCTh HACBIIIEHHOrO BojasHoro mapa npu| KJDx/(kr-K)
MTOCTOSIHHOM JIaBJICHUU
Cp.1 |YZ€NbHas MaccoBas TEIMJIOEMKOCTb JIbJa kJx/(xrK)
d |BmarocojepskaHuE BIAXKHOTO BO3/IyXa I/KT C.B
Fu |HOpMasbHAsI COCTABIISIONIAS CHITBI H
gi [MaccoBas 1oJis
J  |oHTanmpOUA JIx
1 |yH&enbHas SHTAJIbIUS JIx/KT
lc |yZenbHas SHTAIbIUS CyXOro BO3IyXa kJx/kr
in |yZAenbHas SHTAIBIHS CYyXOro HACBIIICHHOTO BOASHOTO Tapa kJx/kr
Iz |[SHTAJIBIUS KUIISAIICH BOIBI KJK/KT
in.m |YJENbHAS SHTAIBINS IEPETPETOTO BOISHOTO TMapa kJ[x/kr
g |YIBbHAS SHTAIBINS HACBIIIEHHOTO BOASHOTO Mapa kJK/KT
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M |Macca cyXoy 4acTH BJIQXKHOTO BO3/IyXa

Mp |Macca BOJISIHOTO Tapa BO BJIIAXKHOM BO3JTyX€E

m (Macca BelllecTBa KT
Mcy |[Macca CMECH KT

mj |Macca KOMIIOHEHTa CMECH KT

P |naBnenue H/m? (ITa)
Pcy |00OImee naBineHne cMecu uiealibHBIX Ta30B ITa

Pi |mapumanbHOE AaBIE€HHE OTIEIBHOTO ra3a ITa

Pc |maBnenue cyxoro Bo3myxa I1a

Py |naBneHue HACBIIIEHHOTO BOJSHOTO Tapa ITa

Ps |bapoMeTrpuyeckoe TaBiICHHE Ila
Pn.n |HaBieHue HACBILIEHHOTO BOASHOTO Napa ITa

Rr |ra3zoBas mocrositHHas JIx/(xr-K)
Rc¢ |razoBas mocTosiHHAs U CyXOTO BO3yXa JIx/(xr-K)
Ry |razoBas mocTostHHas BOASHOIO mapa Jx/(xr-K)
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R |yHuBepcanbHas ra3oBas MOCTOsTHHAS Jx/(xmomb-K)
r |yAenpHas TEIIOTa MapoodpazoBaHus kJ[x/Kkr
0 |yJ€IbHas TEII0Ta MJIaBJICHUS JbAa kJ[x/kr
Tcy6 |YZA€NbHAs TEIIOTa CyOIMMAaLUY JIba kJ[x/kr
ri |oOBeMHas moJIst
S |momaas MOBEPXHOCTH, HOPMATBLHOM K JEHCTBYIOIIEH CUle M’
T |abcomoTHas Temneparypa K
Tc |TemmepaTypa Cyxoro Bo3ayxa K
ty |TemmepaTypa HaceimeHus °C
tn |TeMmmepaTypa nmeperperoro napa °C
U |yZenbHasi BHYTPEHHSSI SHEPTUs raza JIx/kr
V |o6bem M
Vm |00BbeM, 3aHIMaeMbIii OJJHUM MOJIEM ra3a
Vi |mapuuanbHbIii 00beM KOMIIOHEHTA M3
Vem |00beM cMecu o
PaapaboTka v akcnepTtuaa PasmelleHne pexnams
t b E Y Buanec-nnaqos, TIO 4 & pokymenTax: 82

8 (985) 760 - 61 - 43 reklama.complexdoc.ru



basa HopmatuBHOI nokyMeHTarun: www.complexdoc.ru

V |yIoensHBIH 00beM MO/KT
VO |yIeNbHBIH 00BEM ra3a MPH HOPMAITLHBIX YCIOBHSIX M3 /kr
Vg |yA€TbHBIA 00BEM BOJIBI MO/KT
V's |yAeNnbHBIM 00bEM BOJBI B COCTOSIHUY HACBILICHUS M3/kr
Vi |YIENbHBIN 00beM BOASHOTO Mapa MY/Kr
¢ |OTHOCHTENbHAS BIAYXHOCTH BO3AyXa

p |MIOTHOCTH Kr/M
Pc |TUIOTHOCTBH CYXOT'O BO3JIyXa Kr/M
Pp |TUIOTHOCTH BOJIBI Kr/M
Pn |TUIOTHOCTB BOJISTHOTO Tapa Kr/M
I |MONEKyJSIpHBIN BEC KMOJTb
Wem |CpemHsisi MOJIEKYJISIpHAs Macca

Lc [MOIIbHAs Macca CyXoro BO3ayxa KI/MOJITb
Ui |MOJBbHAsl Macca BOJASHOTO Tapa

X |koppekTupyromas QyHKIISI

PaapaboTka v akcnepTtuaa PasmelleHne pexnams

t bEY Buanec-nnados, T30 4 B poxymenTax:
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YCJIOBHBIE OBO3HAYEHMUSA

B |BOJa IL.I |[IEPEerpeThId map
r |ras3 C |cyXoi BO3ayX
a1 |nen CM |CMECh
H |HACHIIICHUC cy0 |cyOmmmanus
H.IT |HACBIIIEHHBIN Map 1 |IOpPSJIKOBBII HOMEP KOMITIOHEHTa
0 |[HOpMasbHBIE YCIOBHS P  |M30XOpHBII mporece
n (map vV (u300apHBIi mpoIecc
1 |[JIaBJICHHE

Ipuaoxenue 1

JlaBJieHHEe HACBIIIEHHOT0 BOASIHOIO mapa
HA/l NOBEPXHOCTHIO JbAa (t < 0) U yucToOM
BoabI (t > (), klla
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Hecsateie moan,°C
Temnepatypa

°C
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

-40 0,01285(0,01270]0,01256(0,01242(0,01228|0,01214/0,01200(0,01186]0,01173]0,01160

-39 0,01438(0,01422|0,01406(0,01390(0,01375|0,01359|0,01344/0,01329/0,01314/0,01299

-38 0,01608/0,01590(0,01572(0,01555|0,01538]0,01520(0,01504|0,01487{0,01470/0,01454

-37 0,01796|0,01776(0,01757(0,01737/0,01718]0,01699|0,01681|0,01662{0,01644/0,01626

-36 0,02004/0,01983(0,01961(0,01940(0,01919|0,018980,01877|0,01856{0,01836|0,01816

-35 0,02235/0,02211{0,02187(0,02163|0,02140(0,02117|0,02094|0,02071{0,02049|0,02026

-34 0,02490(0,02463|0,02437(0,02411{0,02385|0,02359|0,023340,02309|0,02284|0,02259

-33 0,02771(0,02742|0,02713(0,02684(0,02656|0,02627|0,025990,02572|0,02544|0,02517

-32 0,03082{0,03050(0,03018{0,02986|0,02954(0,02923{0,02892|0,02861|0,02831|0,02801

-31 0,03424/0,03389|0,03353(0,03318|0,03284(0,03249|0,03215/0,03181{0,03148|0,03115

-30 0,03802|0,03762(0,03723]0,03685|0,03646(0,03608|0,03571|0,03534(0,03497/0,03461

-29 0,04217/0,04173(0,04130(0,04088|0,04046(0,04004|0,03963|0,03922|0,03881(0,03841

-28 0,04673|0,04625(0,04578]0,04532|0,04485|0,04439|0,04394|0,04349{0,04304|0,04260
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Hecsateie moan,°C
Temnepatypa

°C
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

-27 0,05174/0,05122(0,05070{0,05019{0,04968|0,04918|0,04868|0,04819(0,04770(0,04721

-26 0,05725|0,05668(0,05611(0,05554|0,05499|0,05443|0,05389|0,05334(0,05280/0,05227

-25 0,06329(0,06266|0,06204(0,06142|0,06081(0,06020{0,05960/0,05900{0,058410,05783

-24 0,06991(0,06922|0,06854(0,06786(0,06719(0,06652|0,065860,06521]0,06457|0,06392

-23 0,07716(0,07641|0,07566(0,07492|0,07418(0,07345(0,07273|0,07202|0,07131|0,07061

-22 0,08510(0,08427/0,08345(0,08264|0,08184|0,08104|0,08025|0,07947/0,07869|0,07792

-21 0,09378|0,09287(0,09198|0,09109{0,09021{0,08934/0,08848|0,08762|0,08677(0,08593

-20 0,10326(0,10227(0,10130(0,10033|0,09937|0,09841|0,09747|0,09653{0,09561|0,09469

-19 0,11362|0,11254(0,11147/0,11041|0,10937|0,10833/0,10729|0,10627{0,10526|0,10426

-18 0,12492/0,12375(0,12258|0,12143|0,12028|0,11915/0,11802|0,11691{0,11580/0,11470

-17 0,13725(0,13597/0,13470(0,13344|0,13219(0,13095|0,12972|0,12851|0,12730/0,12611

-16 0,15068(0,14928|0,14790(0,14653|0,14517|0,14382|0,142480,14116|0,13984|0,13854

-15 0,16530(0,16378|0,16228|0,16078|0,15930(0,15783{0,15638|0,15493|0,15350/0,15208
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Hecsateie moan,°C
Temnepatypa

°C
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

-14 0,18121(0,17956(0,17792/0,17630(0,17469(0,17309/0,17151|0,16993|0,16838|0,16683

-13 0,19852|0,19672(0,19494/0,19317(0,19142|0,18969|0,18796|0,18625(0,18456|0,18288

-12 0,21732(0,21537/0,21344(0,21152(0,20961|0,20773|0,20585|0,20400{0,202160,20033

-11 0,23774(0,23562|0,23352(0,23144|0,22937|0,22732|0,22529|0,22327(0,22127|0,21929

-10 0,25990(0,25760]0,25533(0,25306|0,25082(0,24860(0,24639|0,24420|0,24203|0,23988

-9 0,28394/0,28144|0,27897(0,27652(0,27409(0,27168|0,26928|0,26691|0,26456|0,26222

-8 0,309980,30728(0,30461(0,30195|0,29931{0,29670/0,29410(0,29153|0,28898|0,28645

-7 0,33819/0,33527(0,33237|0,32949|0,32664|0,32381|0,32100(0,31821{0,31545|0,31270

-6 0,36873|0,36557(0,36243|0,35932|0,35623|0,35316|0,35012|0,34710{0,34411|0,34114

-5 0,40176|0,39834(0,39495|0,39158|0,38824|0,38492|0,38163|0,37837(0,37513|0,37192

-4 0,43748(0,43378|0,43011{0,42647|0,42286(0,41927(0,41572|0,41219|0,40869|0,40521

-3 0,47606(0,47206|0,46810(0,46417|0,46027|0,45639|0,45255|0,44874|0,44496|0,44120

-2 0,51772(0,51341/0,50913(0,50488|0,50067(0,49649(0,49234|0,48822|0,48414|0,48008

PaapaboTka v akcnepTtuaa PasmelleHne pexnams

t b E Y Buanec-nnaqos, TIO 4 & pokymenTax: 87

8 (985) 760 - 61 - 43 reklama.complexdoc.ru



basa HopmatuBHOI nokyMeHTarun: www.complexdoc.ru

Hecsateie moan,°C
Temnepatypa
°C
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9
-1 0,56267|0,55802(0,55341|0,54883|0,54428|0,53977|0,53529|0,53085{0,52644|0,52206
0 0,61115]0,60614(0,60116(0,59622(0,59132(0,58646|0,58163(0,57683(0,57208|0,56736
0 0,6112 10,6157 | 0,6202 | 0,6247 | 0,6292 | 0,6338 | 0,6384 | 0,6430 | 0,6477 | 0,6524
1 0,6571 10,6618 | 0,6666 | 0,6714 | 0,6763 | 0,6811 | 0,6860 | 0,6910 | 0,6959 | 0,7009
2 0,7060 | 0,7110 | 0,7161 | 0,7212 | 0,7264 | 0,7316 | 0,7368 | 0,7421 | 0,7474 | 0,7527
3 0,7580 | 0,7634 | 0,7688 | 0,7743 | 0,7798 | 0,7853 | 0,7909 | 0,7965 | 0,8021 | 0,8078
4 0,8135 10,8192 | 0,8250 | 0,8308 | 0,8366 | 0,8425 | 0,8484 | 0,8544 | 0,8604 | 0,8664
5 0,8725 10,8786 | 0,8847 | 0,8909 | 0,8971 | 0,9034 | 0,9097 | 0,9160 | 0,9224 | 0,9288
6 0,9352 10,9417 | 0,9483 | 0,9548 | 0,9614 | 0,9681 | 0,9748 | 0,9815 | 0,9883 | 0,9951
7 1,0020 | 1,0089 | 1,0158 | 1,0228 | 1,0298 | 1,0369 | 1,0440 | 1,0511 | 1,0583 | 1,0656
8 1,0728 | 1,0802 | 1,0875 | 1,0950 | 1,1024 | 1,1099 | 1,1175 | 1,1251 | 1,1327 | 1,1404
9 1,1481 | 1,1559 | 1,1637 | 1,1716 | 1,1795 | 1,1875 | 1,1955 | 1,2035 | 1,2116 | 1,2198
10 1,2280 | 1,2362 | 1,2445 | 1,2529 | 1,2613 | 1,2697 | 1,2782 | 1,2868 | 1,2954 | 1,3040
¢ b2Y ranecrmaron 130 | 4 nopramm 88
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Hecsateie moan,°C
Temnepatypa
°C
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9
11 1,3127 | 1,3215 | 1,3303 | 1,3391 | 1,3481 | 1,3570 | 1,3660 | 1,3751 | 1,3842 | 1,3934
12 1,4026 | 1,4119 | 1,4212 | 1,4306 | 1,4400 | 1,4495 | 1,4591 | 1,4687 | 1,4783 | 1,4880
13 1,4978 | 1,5076 | 1,5175 | 1,5275 | 1,5375 | 1,5475 | 1,5576 | 1,5678 | 1,5780 | 1,5883
14 1,5987 | 1,6091 | 1,6195 | 1,6301 | 1,6407 | 1,6513 | 1,6620 | 1,6728 | 1,6836 | 1,6945
15 1,7054 | 1,7165 | 1,7275 | 1,7387 | 1,7499 | 1,7611 | 1,7725 | 1,7839 | 1,7953 | 1,8069
16 1,8184 | 1,8301 | 1,8418 | 1,8536 | 1,8654 | 1,8774 | 1,8893 | 1,9014 | 1,9135 | 1,9257
17 1,9379 | 1,9503 | 1,9627 | 1,9751 | 1,9876 | 2,0002 | 2,0129 | 2,0257 | 2,0385 | 2,0513
18 2,0643 12,0773 | 2,0904 | 2,1036 | 2,1168 | 2,1301 | 2,1435 | 2,1570 | 2,1705 | 2,1841
19 2,1978 | 2,2116 | 2,2254 | 2,2393 | 2,2533 | 2,2673 | 2,2815 | 2,2957 | 2,3100 | 2,3244
20 2,3388 | 2,3533 | 2,3679 | 2,3826 | 2,3974 | 2,4122 | 2,4272 | 2,4422 | 2,4572 | 2,4724
21 2,4877 12,5030 | 2,5184 | 2,5339 | 2,5495 | 2,5652 | 2,5809 | 2,5967 | 2,6127 | 2,6287
22 2,6448 | 2,6609 | 2,6772 | 2,6935|2,7100 | 2,7265 | 2,7431 | 2,7598 | 2,7766 | 2,7935
23 2,8104 | 2,8275 | 2,8446 | 2,8619 | 2,8792 | 2,8966 | 2,9141 | 2,9318 | 2,9495 | 2,9672
¢ b2Y ranecrmaron 130 | 4 nopramm 89
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Hecsateie moan,°C
Temnepatypa
°C
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9
24 2,9851 | 3,0031 | 3,0212 | 3,0393 | 3,0576 | 3,0760 | 3,0944 | 3,1130 | 3,1316 | 3,1504
25 3,1692 | 3,1882 | 3,2072 | 3,2263 | 3,2456 | 3,2649 | 3,2844 | 3,3039 | 3,3235 | 3,3433
26 3,3631 | 3,3831 | 3,4031 | 3,4233 | 3,4435 | 3,4639 | 3,4844 | 3,5050 | 3,5256 | 3,5464
27 3,5673 | 3,5883 | 3,6094 | 3,6306 | 3,6520 | 3,6734 | 3,6949 | 3,7166 | 3,7383 | 3,7602
28 3,7822 | 3,8043 | 3,8265 | 3,8488 | 3,8713 | 3,8938 | 3,9165 | 3,9393 | 3,9622 | 3,9852
29 4,0083 | 4,0315 | 4,0549 | 4,0784 | 4,1020 | 4,1257 | 4,1495 | 4,1735 | 4,1975 | 4,2217
30 4,2460 | 4,2705 | 4,2950 | 4,3197 | 4,3445 | 4,3694 | 4,3945 | 4,4197 | 4,4450 | 4,4704
31 4,4959 | 4,5216 | 4,5474 | 4,5734 | 4,5994 | 4,6256 | 4,6519 | 4,6784 | 4,7050 | 4,7317
32 4,7585 | 4,7855 | 4,8126 | 4,8399 | 4,8672 | 4,8948 | 4,9224 | 4,9502 | 4,9781 | 5,0062
33 5,0343 15,0627 | 5,0911 | 5,1197 | 5,1485 | 5,1774 | 5,2064 | 5,2356 | 5,2649 | 5,2943
34 5,3239 | 5,3537 | 5,3835 | 5,4136 | 5,4437 | 5,4740 | 5,5045 | 5,5351 | 5,5659 | 5,5968
35 5,6278 | 5,6590 | 5,6904 | 5,7219 | 5,7535 | 5,7853 | 5,8173 | 5,8494 | 5,8817 | 5,9141
36 5,9466 | 5,9794 | 6,0122 | 6,0453 | 6,0785 | 6,1118 | 6,1453 | 6,1790 | 6,2128 | 6,2468
¢ b2Y ranecrmaron 130 | 4 nopramm 90
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Hecsateie moan,°C
Temnepatypa
°C
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

37 6,2810 | 6,3153 | 6,3498 | 6,3844 | 6,4192 | 6,4542 | 6,4893 | 6,5246 | 6,5601 | 6,5957
38 6,6315|6,6674 | 6,7036 | 6,7399 | 6,7763 | 6,8130 | 6,8498 | 6,8868 | 6,9239 | 6,9612
39 6,9987 | 7,0364 | 7,0743 | 7,1123 | 7,1505 | 7,1889 | 7,2274 | 7,2662 | 7,3051 | 7,3442
40 7,3835 | 7,4229 | 7,4626 | 7,5024 | 7,5424 | 7,5826 | 7,6229 | 7,6635 | 7,7042 | 7,7452
41 7,7863 | 7,8276 | 7,8691 | 7,9108 | 7,9527 | 7,9947 | 8,0370 | 8,0794 | 8,1221 | §,1649
42 8,2080 | 8,2512 | 8,2946 | 8,3382 | 8,3821 | 8,4261 | 8,4703 | 8,5147 | 8,5593 | 8,6042
43 8,6492 | 8,6944 | 8,7398 | 8,7855 | 8,8313 | 8,8773 | 8,9236 | 8,9701 | 9,0167 | 9,0636
44 9,1107 | 9,1580 | 9,2055 | 9,2532 | 9,3011 | 9,3493 | 9,3976 | 9,4462 | 9,4950 | 9,5440
45 9,5932 19,6427 | 9,6923 | 9,7422 | 9,7923 | 9,8426 | 9,8932 | 9,9439 | 9,9949 10,0462
46 10,0976{10,1493(10,2012{10,2533{10,3056(10,3582|10,4110/10,4641|10,5174|10,5709
47 10,6246(10,6786(10,7328(10,7873{10,8419]10,8969(10,9520({11,0074{11,0631{11,1190
48 11,1751|11,2315|11,2881{11,3449(11,4020{11,4594|11,5170{11,5748{11,6329(11,6913
49 11,7499|11,8087|11,8678|11,9272|11,9868|12,0467(12,1068(12,1672(12,2278|12,2887

PaapaboTka v akcnepTtuaa PasmelleHne pexnams
t bEY Buanec-nnaqos, TIO 4 » poxymenTax: 9]
8 (985) 760 - 61 - 43 reklama.complexdoc.ru



basa HopmatuBHOI nokyMeHTarun: www.complexdoc.ru

Hecsateie moan,°C
Temnepatypa

°C
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

50 12,3499(12,4113|12,4730{12,5349(12,5971{12,6596|12,7223|12,7853|12,8486(12,9121

51 12,9759|13,0400(13,1043(13,1690(13,2338{13,2990(13,3645|13,4302|13,4962(13,5624

52 13,6290(13,6958|13,7629|13,8303|13,8980(13,9659|14,0342(14,1027|14,1715|14,2406

53 14,3100(14,3797|14,4496(14,5199|14,5904|14,6613|14,7324(14,8038|14,8755(14,9476

54 15,0199(15,0925|15,1654|15,2387|15,3122{15,3860|15,4601(15,5346(15,6093 (15,6844

55 15,7597|15,8354|15,9113|15,9876|16,0642(16,1411|16,2184(16,2959|16,3738(16,4519

56 16,5304(16,6093/16,6884/16,7678(16,8476|16,9277|17,0082(17,0889(17,1700{17,2514

57 17,3331(17,4152{17,4976(17,5803|17,6634|17,7468|17,8305|17,9146(17,9990|18,0838

58 18,1689|18,2543|18,3401(18,4262(18,5126{18,5994|18,6866|18,7741(18,8619(18,9501

59 19,0387|19,1276(19,2168(19,3065/19,3964|19,4867|19,5774|19,6685|19,7599(19,8516

60 19,9438|20,0362|20,1291|20,2223|20,3159(20,4099|20,5042(20,5989|20,6940(20,7894

Ipuiaoxkenue 2

PaapaboTka v akcnepTtuaa PasmelleHne pexnams

t b E Y Buanec-nnaqos, TIO 4 & pokymenTax: 92
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basa HopmatuBHOI nokyMeHTarun: www.complexdoc.ru

Biiarocoaep:xanue HACHIIIEHHOT O
BJIA;KHOT'0 BO3/1yXa IpH
0apoMerpuuyeckoMm aaBjieHun 99 klla

Hecsareie moau, °C
Temnepatypa
°C
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9
-40 0,0807 | 0,0798 | 0,0789 | 0,0780 | 0,0771 | 0,0763 | 0,0754 | 0,0746 | 0,0737 | 0,0729
-39 0,0903 | 0,0893 | 0,0883 | 0,0873 | 0,0864 | 0,0854 | 0,0844 | 0,0835 | 0,0826 | 0,0816
-38 0,1010 | 0,0999 | 0,0988 | 0,0977 | 0,0966 | 0,0955 | 0,0945 | 0,0934 | 0,0924 | 0,0914
-37 0,11290,1116 | 0,1104 | 0,1092 | 0,1080 | 0,1068 | 0,1056 | 0,1044 | 0,1033 | 0,1022
-36 0,1260 | 0,1246 | 0,1232 10,1219 0,1206 | 0,1192 10,1179 | 0,1166 | 0,1154 | 0,1141
-35 0,1405 10,1389 |0,1374 | 0,1360| 0,1345|0,1330|0,1316 | 0,1302 | 0,1287 | 0,1273
-34 0,1565|0,1548 | 0,1531 | 0,1515|0,1499 | 0,1483 | 0,1467 | 0,1451 | 0,1435 | 0,1420
-33 0,1742 10,1723 10,1705 | 0,1687 | 0,1569 | 0,1651 | 0,1634 | 0,1616 | 0,1599 | 0,1582
-32 0,1937 10,1917 | 0,1896 | 0,1876 | 0,1857 | 0,1837 | 0,1818 | 0,1798 | 0,1779 | 0,1760
-31 0,2152 10,2130 { 0,2108 | 0,2085 | 0,2064 | 0,2042 | 0,2021 | 0,1999 | 0,1978 | 0,1958
PaapaboTka v akcnepTtuaa PasmelleHne pexnams
t bEY Buanec-nnaqos, TIO 4 & pokymenTax: 93
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basa HopmatuBHOI nokyMeHTarun: www.complexdoc.ru

Hecsareie moau, °C
Temnepatypa
°C
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9
-30 0,2389 10,2365 | 0,2340 | 0,2316 | 0,2292 | 0,2268 | 0,2244 | 0,2221 | 0,2198 | 0,2175
-29 0,2650 | 0,2623 | 0,2596 | 0,2569 | 0,2543 | 0,2517 | 0,2491 | 0,2465 | 0,2440 | 0,2414
-28 0,2937 10,2907 | 0,2878 | 0,2848 | 0,2819 | 0,2790 | 0,2762 | 0,2734 | 0,2706 | 0,2678
-27 0,3253 10,3220 | 0,3187{0,3155| 0,3123 | 0,3091 | 0,3060 | 0,3029 | 0,2998 | 0,2968
-26 0,3599 | 0,3563 | 0,3527 | 0,3492 | 0,3457 | 0,3422 | 0,3387 | 0,3353 | 0,3319 | 0,3286
-25 0,3979 | 0,3939 | 0,3900 | 0,3861 | 0,3823 | 0,3785 | 0,3747 | 0,3709 | 0,3672 | 0,3635
-24 0,4395 10,4352 | 0,4309 | 0,4266 | 0,4224 | 0,4182 | 0,4141 | 0,4100 | 0,4059 | 0,4019
-23 0,4852 10,4804 | 0,4757 | 0,4710 | 0,4664 | 0,4618 | 0,4573 | 0,4528 | 0,4483 | 0,4439
-22 0,5351 10,5299 | 0,5248 | 0,5196 | 0,5146 | 0,5096 | 0,5046 | 0,4997 | 0,4948 | 0,4900
-21 0,5897 10,5840 | 0,5784 | 0,5728 | 0,5673 | 0,5618 | 0,5564 | 0,5510 | 0,5456 | 0,5404
-20 0,6494 | 0,6432 | 0,6371 | 0,6310| 0,6249 | 0,6189 | 0,6130 | 0,6071 | 0,6013 | 0,5955
-19 0,7147 10,7079 | 0,7012 | 0,6945 | 0,6879 | 0,6813 | 0,6748 | 0,6684 | 0,6620 | 0,6557
-18 0,7858 [ 0,7784 10,7711 | 0,7638 | 0,7566 | 0,7495 | 0,7424 | 0,7354 | 0,7284 | 0,7215
¢ b2Y Gravacmaon T30 | 4 bnogamae 04
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basa HopmatuBHOI nokyMeHTarun: www.complexdoc.ru

Hecsareie moau, °C
Temnepatypa
°C
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9
-17 0,8635 | 0,8554 | 0,8474 | 0,8395 | 0,8316 | 0,8238 | 0,8161 | 0,8084 | 0,8008 | 0,7933
-16 0,9481 | 0,9393 | 0,9306 | 0,9220 | 0,9134 | 0,9049 | 0,8965 | 0,8881 | 0,8798 | 0,8716
-15 1,0403 | 1,0307 | 1,0212 | 1,0118 | 1,0025 | 0,9932 | 0,9840 | 0,9749 | 0,9659 | 0,9570
-14 1,1406 | 1,1302 | 1,1199 | 1,1096 | 1,0995 | 1,0894 | 1,0794 | 1,0695 | 1,0597 | 1,0499
-13 1,2498 | 1,2384 | 1,2272 | 1,2161 | 1,2050 | 1,1941 | 1,1832 | 1,1724 | 1,1617 | 1,1511
-12 1,3684 | 1,3561 | 1,3439 | 1,3318 | 1,3198 | 1,3079 | 1,2960 | 1,2843 | 1,2727 | 1,2612
-11 1,4973 | 1,4839 | 1,4707 | 1,4575 | 1,4445 | 1,4315 | 1,4187 | 1,4060 | 1,3933 | 1,3808
-10 1,6372 | 1,6227 | 1,6083 | 1,5940 | 1,5799 | 1,5658 | 1,5519 | 1,5381 | 1,5244 | 1,5108
-9 1,7891 | 1,7733 | 1,7577 | 1,7422 | 1,7268 | 1,7116 | 1,6965 | 1,6815 | 1,6666 | 1,6519
-8 1,9537 11,9366 | 1,9197 | 1,9029 | 1,8862 | 1,8697 | 1,8533 | 1,8371 | 1,8209 | 1,8049
-7 2,1321 12,1136 | 2,0953 | 2,0771 | 2,0590 | 2,0411 | 2,0233 | 2,0057 | 1,9882 | 1,9709
-6 2,3253 12,3053 | 2,2855 | 2,2657 | 2,2462 | 2,2268 | 2,2076 | 2,1885 | 2,1695 | 2,1507
-5 2,5345 12,5128 | 2,4913 | 2,4700 | 2,4488 | 2,4279 | 2,4070 | 2,3864 | 2,3659 | 2,3455
¢ b2Y ranecrmaron 130 | 4 nopramm 05
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basa HopmatuBHOI nokyMeHTarun: www.complexdoc.ru

Hecsareie moau, °C
Temnepatypa
°C
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9
-4 2,7608 | 2,7373 | 2,7141 | 2,6910 | 2,6681 | 2,6454 | 2,6229 | 2,6005 | 2,5783 | 2,5563
-3 3,0054 | 2,9801 | 2,9550 | 2,9300 | 2,9053 | 2,8807 | 2,8564 | 2,8322 | 2,8082 | 2,7844
-2 3,2698 | 3,2425 | 3,2153 | 3,1884 | 3,1616 | 3,1351 | 3,1087 | 3,0826 | 3,0567 | 3,0310
-1 3,5554 | 3,5258 | 3,4965 | 3,4674 | 3,4385 | 3,4099 | 3,3814 | 3,3532 | 3,3252 | 3,2974
0 3,8636 | 3,8317 | 3,8001 | 3,7687 | 3,7375 | 3,7066 | 3,6759 | 3,6454 | 3,6152 | 3,5852
0 3,8640 | 3,8923 | 3,9209 | 3,9496 | 3,9785 | 4,0076 | 4,0368 | 4,0663 | 4,0960 | 4,1258
1 4,1559 | 4,1861 | 4,2165 | 4,2472 | 4,2780 | 4,3090 | 4,3403 | 4,3717 | 4,4033 | 4,4352
2 4,4672 | 4,4995 | 4,5320 | 4,5646 | 4,5975 | 4,6306 | 4,6639 | 4,6975 | 4,7312 | 4,7652
3 4,7993 | 4,8337 | 4,8683 | 4,9032 | 4,9382 | 4,9735 | 5,0090 | 5,0447 | 5,0807 | 5,1169
4 5,1533 15,1899 | 5,2268 | 5,2639 | 5,3013 | 5,3389 | 5,3767 | 5,4148 | 5,4531 | 5,4916
5 5,5304 | 5,5695 | 5,6087 | 5,6483 | 5,6881 | 5,7281 | 5,7684 | 5,8089 | 5,8497 | 5,8907
6 5,9320 | 5,9736 | 6,0154 | 6,0575 | 6,0998 | 6,1424 | 6,1853 | 6,2285 | 6,2719 | 6,3156
7 6,3595 | 6,4037 | 6,4482 | 6,4930 | 6,5381 | 6,5834 | 6,6290 | 6,6749 | 6,7211 | 6,7676
¢ b2Y ranecrmaron 130 | 4 nopramm 96
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basa HopmatuBHOI nokyMeHTarun: www.complexdoc.ru

Hecsareie moau, °C
Temnepatypa
°C
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9
8 6,8143 | 6,8614 | 6,9087 | 6,9563 | 7,0042 | 7,0525 | 7,1010 | 7,1498 | 7,1989 | 7,2483
9 7,2980 | 7,3480 | 7,3984 | 7,4490 | 7,4999 | 7,5512 | 7,6027 | 7,6546 | 7,7068 | 7,7593
10 7,8122 | 7,8653 | 7,9188 | 7,9726 | 8,0268 | 8,0812 | 8,1360 | 8,1912 | 8,2466 | §8,3024
11 8,3586 | 8,4150 | 8,4718 | 8,5290 | 8,5865 | 8,6444 | 8,7026 | 8,7611 | 8,8200 | 8,8793
12 8,9389 | 8,9989 | 9,0592 | 9,1199 | 9,1809 | 9,2424 | 9,3042 | 9,3663 | 9,4289 | 9,4918
13 9,5551 (19,6187 | 9,6828 | 9,7472 | 9,8120 | 9,8772 | 9,9428 ({10,0087{10,0751{10,1419
14 10,2090(10,2766(10,3445/10,4129(10,4817|10,5508|10,6204(10,6904/10,7608{10,8316
15 10,9029(10,9745(11,0466(11,1191{11,1920|11,2654|11,3392|11,4134/11,4881|11,5632
16 11,6387|11,7147|11,7911{11,8680(11,9453{12,0231|12,1014/12,1801{12,2592{12,3388
17 12,4189(12,4994/12,5805{12,6620{12,7439(12,8264|12,9093|12,9927|13,0766|13,1609
18 13,2458(13,3311{13,4170{13,5033(13,5902|13,6775|13,7654(13,8537(13,9426|14,0320
19 14,1219|14,2123(14,3032(14,3947|14,4867(14,5792(14,6723|14,7658(14,8600(14,9546
20 15,0498|15,1456(15,2419|15,3388(15,4362|15,5341|15,6327(15,7318|15,8314/15,9316
¢ b2Y ranecrmaron 130 | 4 nopramm 07

8 (985) 760 - 61 -43

reklama.complexdoc.ru



basa HopmatuBHOI nokyMeHTarun: www.complexdoc.ru

Hecsareie moau, °C

Temnepatypa
°C
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9
21 16,0324|16,1338|16,2358(16,3383/16,4414{16,5451{16,6494|16,7543|16,8598(16,9659

22 17,0726|17,1799(17,2878(17,3964|17,5055|17,6152|17,7256|17,8366|17,9483(18,0605

23 18,1734/18,2870|18,4012|18,5160|18,6315/18,7476|18,8644(18,9818(19,0999(19,2187

24 19,3381(19,4583|19,5790(19,7005|19,8227(19,9455|20,0690(20,1933|20,3182|20,4438

25 20,5701|20,6972/20,8249|20,9534|21,0826(21,2125|21,3431|21,4745|21,6066(21,7394

26 21,8730(22,0074|22,1424|22,2783|22,4149|22,5522|22,6904|22,8293|22,9689|23,1094

27 23,2506(23,3926|23,5354|23,6790|23,8234|23,9686|24,1147|24,2615|24,4091|24,5576

28 24,7069(24,8570(25,0079|25,1597|25,3123|25,4658|25,6201|25,7753|25,9313|26,0882

29 26,2460|26,4047(26,5642|26,7246|26,8859(27,0481|27,2111|27,3751(27,5400(27,7058

30 27,8725(28,0401|28,2087|28,3782|28,5486|28,7200|28,8923|29,0655|29,2398|29,4149

31 29,5911|29,7682|29,9463|30,1253|30,3054(30,4864|30,6684(30,8515|31,0355(31,2206

32 31,4066(31,5937|31,7819(31,9710(32,1612|32,3525|32,544732,7381|32,9325|33,1280

33 33,3245|33,5221|33,7209(33,9207|34,1216|34,3236|34,5267|34,7309|34,9362|35,1427

PaapaboTka v akcnepTtuaa PasmelleHne pexnams
t bEY Buanec-nnaqos, TIO 4 » poxymenTax: 98
8 (985) 760 - 61 - 43 reklama.complexdoc.ru



basa HopmatuBHOI nokyMeHTarun: www.complexdoc.ru

Hecsareie moau, °C

Temnepatypa

°C
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

34 35,3503|35,5590(35,7689(35,9799(36,1921|36,4054|36,6199|36,8356|37,0525(37,2705
35 37,4898|37,7102{37,9319|38,1548|38,3789(38,6042(38,8307|39,0585|39,2875|39,5178
36 39,7494|39,9822(40,2163|40,4516|40,6883(40,9262|41,1655|41,4060(41,6479|41,8911
37 42,1356(42,3815(42,6287|42,8772|43,1272|43,3785|43,6311|43,8852(44,1406|44,3974
38 44,6556(44,9153145,1764|45,4388|45,7028|45,9681|46,2350(46,5033|46,7730(47,0442
39 47,3169(47,5912(47,8669|48,1441|48,4228|48,7031|48,9849(49,2682|49,5531|49,8395
40 50,1275|50,4171|50,7083|51,0011{51,2955|51,5915|51,8891|52,1883|52,4892|52,7918
41 53,0960(53,4018|53,7094|54,0186(54,3295|54,6422|54,9565|55,2726|55,5904 (55,9100
42 56,2313|56,5544|56,8793|57,2059(57,5344(57,8646|58,1967|58,5306|58,8663(59,2039
43 59,5433|59,8846(60,2278(60,5729(60,9199(61,2688|61,6196|61,9724|62,3271|62,6838
44 63,0424/63,4030(63,7656(64,1303|64,4969|64,8656|65,2363|65,6090({65,9838|66,3607
45 66,7397/67,1208(67,5040(67,8893|68,2768|68,6664|69,0582|69,4521{69,8483|70,2466
46 70,6472|71,0500{71,4550|71,8623|72,2719|72,6837|73,0979|73,5143|73,9331|74,3542

¢ b2Y ranecrmaron 130 | 4 nopramm 99
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basa HopmatuBHOI nokyMeHTarun: www.complexdoc.ru

Hecsareie moau, °C
Temnepatypa

°C
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

47 74,7777\75,2035(75,6318|76,0624|76,4954|76,9308|77,3687|77,8091(78,2519|78,6972

48 79,1450(79,5953(80,0482(80,5036(80,9616|81,4221|81,8852|82,3510(82,8194|83,2904

49 83,7641(84,2404|84,7195|85,2012{85,6857|86,1729|86,6629|87,1557|87,6513|88,1497

50 88,6509(89,1549(89,6619(90,171790,6844/91,2001|91,7186|92,2402(92,7647|93,2922

51 93,8228(94,3564|94,8930(95,4327|95,9755(96,5215(97,0705(97,6228|98,1782|98,7368

52 99,299 | 99,864 (100,432{101,004|101,579{102,157|102,738{103,323|103,912{104,503

53 105,099(105,697(106,299/106,905{107,514|108,127|108,743(109,363(109,987/110,614

54 111,245(111,880(112,518|113,160({113,806|114,456|115,109(115,766(116,428117,093

55 117,762|118,435(119,112(119,793/120,478|121,167|121,861|122,558|123,260{123,965

56 124,676|125,390(126,108{126,831{127,558{128,290/129,026(129,766(130,511{131,261

57 132,014(132,773|133,536(134,304|135,076{135,853|136,635(137,422|138,213(139,009

58 139,810(140,616(141,427(142,243|143,064|143,890(144,721(145,557{146,399(147,246

59 148,097/148,955|149,817(150,685|151,558(152,437]153,321(154,211{155,106(156,007

PaapaboTka v akcnepTtuaa PasmelleHne pexnams

t bEY Buanec-nnaqos, TIO 4 & pokymenTax: 100
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basa HopmatuBHOI nokyMeHTarun: www.complexdoc.ru

Hecsareie moau, °C
Temnepatypa

°C
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

60 156,914|157,826|158,744(159,668160,598(161,533(162,475|163,423|164,376(165,336

Ipuioxenue 3

Buarocoaepxkanue HaCbIIIEHHOT O
BJIAZKHOI'0 BO31yXa NpPH
Oapomerpuueckom aaBiaenun 101 klla

Hecsteie poau, °C
Temneparypa

°C
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

-40 0,0791 | 0,0782 | 0,0773 | 0,0765 | 0,0756 | 0,0748 | 0,0739 | 0,0731 | 0,0722 | 0,0714

-39 0,0886 | 0,0876 | 0,0866 | 0,0856 | 0,0847 | 0,0837 | 0,0828 | 0,0818 | 0,0809 | 0,0800

-38 0,0990 | 0,0979 | 0,0968 | 0,0958 | 0,0947 | 0,0937 | 0,0926 | 0,0916 | 0,0906 | 0,0896

-37 0,1106 | 0,1094 | 0,1082 | 0,1070 | 0,1058 | 0,1047 | 0,1035 | 0,1024 | 0,1012 | 0,1001

-36 0,12350,12210,1208 | 0,1195|0,1182 | 0,1169 | 0,1156 | 0,1143 | 0,1131 | 0,1118

-35 0,1377 (10,1362 | 0,1347 | 0,1333 | 0,1318 | 0,1304 | 0,1290 | 0,1276 | 0,1262 | 0,1248

PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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Hecsareie moau, °C
Temnepatypa

°C
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

-34 0,1534 10,1517 | 0,1501 | 0,1485 | 0,1469 | 0,1453 | 0,1438 | 0,1422 | 0,1407 | 0,1392

-33 0,1707 | 0,1689 | 0,1671 | 0,1653 | 0,1636 | 0,1618 | 0,1601 | 0,1584 | 0,1567 | 0,1550

-32 0,1899 | 0,1879 | 0,1859 | 0,1839 | 0,1820 | 0,1801 | 0,1782 | 0,1763 | 0,1744 | 0,1726

-31 0,2110 | 0,2088 | 0,2066 | 0,2044 | 0,2023 | 0,2002 | 0,1981 | 0,1960 | 0,1939 | 0,1919

-30 0,2342 10,2318 | 0,2294 | 0,2270 | 0,2246 | 0,2223 | 0,2200 | 0,2177 | 0,2154 | 0,2132

-29 0,2598 | 0,2571 | 0,2545 | 0,2519 | 0,2493 | 0,2467 | 0,2441 | 0,2416 | 0,2391 | 0,2367

-28 0,2879 10,2850 | 0,2821 | 0,2792 | 0,2763 | 0,2735 | 0,2707 | 0,2679 | 0,2652 | 0,2625

-27 0,3188 10,3156 | 0,3124 | 0,3092 | 0,3061 | 0,3030 | 0,2999 | 0,2969 | 0,2939 | 0,2909

-26 0,3528 10,3492 | 0,3457 | 0,3423 | 0,3388 | 0,3354 | 0,3320 | 0,3287 | 0,3254 | 0,3221

-25 0,3900 | 0,3861 | 0,3823 | 0,3785 | 0,3747 | 0,3710 | 0,3673 | 0,3636 | 0,3599 | 0,3563

-24 0,4308 | 0,4266 | 0,4224 | 0,4182 | 0,4140 | 0,4099 | 0,4059 | 0,4019 | 0,3979 | 0,3939

-23 0,4755 10,4709 | 0,4663 | 0,4617 | 0,4572 | 0,4527 | 0,4482 | 0,4438 | 0,4395 | 0,4351

-22 0,5245 10,5194 | 0,5144 | 0,5093 | 0,5044 | 0,4995 | 0,4946 | 0,4898 | 0,4850 | 0,4802

PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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Hecsareie moau, °C

Temnepatypa
°C
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9
-21 0,5780 | 0,5725 | 0,5670 | 0,5615 | 0,5561 | 0,5507 | 0,5453 | 0,5401 | 0,5348 | 0,5296

-20 0,6366 | 0,6305 | 0,6244 | 0,6185| 0,6125 | 0,6067 | 0,6008 | 0,5951 | 0,5893 | 0,5837

-19 0,7005 | 0,6938 | 0,6873 | 0,6807 | 0,6743 | 0,6678 | 0,6615 | 0,6552 | 0,6489 | 0,6427

-18 0,7703 | 0,7630 | 0,7558 | 0,7487 | 0,7416 | 0,7346 | 0,7277 | 0,7208 | 0,7140 | 0,7072

-17 0,8464 | 0,8385 | 0,8306 | 0,8228 | 0,8151 | 0,8075 | 0,7999 | 0,7924 | 0,7850 | 0,7776

-16 0,9293 10,9207 | 0,9122 | 0,9037 | 0,8953 | 0,8870 | 0,8787 | 0,8705 | 0,8624 | 0,8543

-15 1,0197 | 1,0103 | 1,0010 | 0,9917 | 0,9826 | 0,9735 | 0,9645 | 0,9556 | 0,9468 | 0,9380

-14 1,1180 | 1,1078 | 1,0977 | 1,0876 | 1,0777 | 1,0678 | 1,0580 | 1,0483 | 1,0387 | 1,0291

-13 1,2250 | 1,2139 | 1,2029 | 1,1919 | 1,1811 | 1,1704 | 1,1597 | 1,1492 | 1,1387 | 1,1283
-12 1,3412 11,3292 | 1,3172 | 1,3053 | 1,2936 | 1,2819 | 1,2703 | 1,2588 | 1,2475 | 1,2362
-11 1,4676 | 1,4545 | 1,4415 | 1,4286 | 1,4158 | 1,4031 | 1,3905 | 1,3781 | 1,3657 | 1,3534

-10 1,6047 | 1,5905 | 1,5764 | 1,5624 | 1,5485 | 1,5347 | 1,5211 | 1,5075 | 1,4941 | 1,4808

-9 1,7535 | 1,7381 | 1,7228 | 1,7076 | 1,6925 | 1,6776 | 1,6628 | 1,6481 | 1,6335 | 1,6191
PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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Hecsareie moau, °C
Temnepatypa
°C
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9
-8 1,9149 | 1,8982 | 1,8816 | 1,8651 | 1,8488 | 1,8326 | 1,8165 | 1,8006 | 1,7848 | 1,7691
-7 2,0897 | 2,0716 | 2,0536 | 2,0358 | 2,0181 | 2,0006 | 1,9831 | 1,9659 | 1,9487 | 1,9317
-6 2,2791 | 2,2595 | 2,2400 | 2,2207 | 2,2016 | 2,1825 | 2,1637 | 2,1450 | 2,1264 | 2,1080
-5 2,4841 | 2,4629 | 2,4418 | 2,4209 | 2,4002 | 2,3796 | 2,3592 | 2,3389 | 2,3188 | 2,2989
-4 2,7059 | 2,6829 | 2,6601 | 2,6375|2,6151 | 2,5928 | 2,5707 | 2,5488 | 2,5271 | 2,5055
-3 2,9456 | 2,9208 | 2,8962 | 2,8717 | 2,8475 | 2,8234 | 2,7995 | 2,7759 | 2,7523 | 2,7290
-2 3,2047 | 3,1779 | 3,1513 | 3,1249 | 3,0987 | 3,0727 | 3,0469 | 3,0213 | 2,9959 | 2,9707
-1 3,4846 | 3,4556 | 3,4269 | 3,3984 | 3,3701 | 3,3420 | 3,3141 | 3,2864 | 3,2590 | 3,2318
0 3,7867 | 3,7554 | 3,7244 | 3,6936 | 3,6631 | 3,6327 | 3,6027 | 3,5728 | 3,5432 | 3,5138
0 3,7870 | 3,8148 | 3,8427 | 3,8709 | 3,8992 | 3,9277 | 3,9564 | 3,9853 | 4,0143 | 4,0436
1 4,0730 | 4,1027 | 4,1325 | 4,1625 | 4,1927 | 4,2231 | 4,2537 | 4,2845 | 4,3155 | 4,3468
2 4,3782 | 4,4098 | 4,4416 | 4,4736 | 4,5058 | 4,5383 | 4,5709 | 4,6038 | 4,6368 | 4,6701
3 4,7036 | 4,7373 | 4,7712 | 4,8053 | 4,8397 | 4,8742 | 4,9090 | 4,9440 | 4,9793 | 5,0147
¢ b2Y ranecrmaron 130 | 4 nopramm 104
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Hecsareie moau, °C
Temnepatypa
°C
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9
4 5,0504 | 5,0863 | 5,1225 | 5,1588 | 5,1954 | 5,2323 | 5,2693 | 5,3066 | 5,3442 | 5,3819
5 5,4200 | 5,4582 | 5,4967 | 5,5354 | 5,5744 | 5,6136 | 5,6531 | 5,6928 | 5,7328 | 5,7730
6 5,8135 (15,8542 | 5,8952 | 5,9364 | 5,9779 | 6,0196 | 6,0616 | 6,1039 | 6,1464 | 6,1892
7 6,2323 | 6,2756 | 6,3192 | 6,3631 | 6,4073 | 6,4517 | 6,4964 | 6,5413 | 6,5866 | 6,6321
8 6,6779 | 6,7240 | 6,7704 | 6,8171 | 6,8640 | 6,9112 | 6,9588 | 7,0066 | 7,0547 | 7,1031
9 7,1518 | 7,2008 | 7,2501 | 7,2997 | 7,3497 | 7,3999 | 7,4504 | 7,5012 | 7,5524 | 7,6038
10 7,6556 | 7,7077 | 7,7601 | 7,8128 | 7,8658 | 7,9192 | 7,9729 | 8,0269 | 8,0812 | §,1359
11 8,1909 | 8,2462 | 8,3018 | 8,3578 | 8,4142 | 8,4708 | 8,5279 | 8,5852 | 8,6429 | 8,7010
12 8,7594 | 8,8181 | 8,8772 | 8,9367 | 8,9965 | 9,0567 | 9,1172 | 9,1781 | 9,2394 | 9,3010
13 9,3630 | 9,4254 | 9,4881 | 9,5512 | 9,6147 | 9,6786 | 9,7428 | 9,8074 | 9,8724 | 9,9378
14 10,0036(10,0698(10,1364/10,2033{10,2707|10,3384/10,4066(10,4751{10,5441|10,6135
15 10,6833(10,7534/10,8240(10,8951{10,9665|11,0384|11,1106(11,1833|11,2565|11,3300
16 11,4040|11,4785(11,5533|11,6286(11,7044|11,7805{11,8572({11,9342(12,0118|12,0897
¢ b2Y ranecrmaron 130 | 4 nopramm 105
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Hecsareie moau, °C
Temnepatypa
°C

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

17 12,1682|12,2471|12,3264(12,4062/12,4865|12,5672|12,6484|12,7301|12,8123|12,8949

18 12,9780|13,0616(13,1457(13,2302(13,3153|13,4008|13,4869|13,5734|13,6604 (13,7480

19 13,8360(13,9246|14,0136(14,1032|14,1933(14,2839(14,3750(14,4667|14,5588|14,6515

20 14,7448|14,8385|14,9328|15,0277|15,1231(15,2190{15,3155|15,4125{15,5101|15,6083

21 15,7070{15,8062|15,9061{16,0065|16,1074/16,2090/16,3111(16,4138{16,5171(16,6210

22 16,7255(16,8305|16,9362(17,0424|17,1493|17,2568|17,3648(17,4735|17,5828|17,6927

23 17,8033(17,9144/18,0262(18,1386(18,2517|18,3654|18,4797(18,5947|18,7103|18,8266

24 18,9435(19,0611{19,1794/19,2983(19,4179|19,538119,6591{19,7807{19,9030{20,0259

25 20,1496/20,2740(20,3990|20,5248|20,6512|20,7784|20,9063|21,0349(21,1642|21,2942

26 21,4250(21,5565|21,6887|21,8217|21,9554|22,0898(22,2250(22,3609|22,4976|22,6351

27 22,7733|22,9123|23,0521|23,1927/|23,3340|23,4761|23,6190(23,7627|23,9072|24,0525

28 24,1986|24,3455|24,4932|24,6418|24,7911|24,9413|25,0923|25,2442|25,3969(25,5504

29 25,7048|25,8601/26,0161|26,1731|26,3309(26,4896|26,6492(26,8097|26,9710(27,1332

PaapaboTka v akcnepTtuaa PasmelleHne pexnams
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Hecsareie moau, °C
Temnepatypa

°C
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

30 27,2964/|27,4604(27,6253|27,7911|27,9579|28,1255|28,2941|28,4636|28,6341 (28,8055

31 28,9778(29,1511{29,3253|29,5005|29,6766|29,8537/30,0318(30,2109{30,3909(30,5720

32 30,7540(30,9370|31,1210{31,3061|31,4921(31,6792|31,8673|32,0564|32,2466|32,4378

33 32,6300(32,8233|33,0177(33,2131|33,4096(33,6072|33,8058|34,0055|34,2064 34,4083

34 34,6113|34,8155|35,0207(35,2271|35,4346|35,6432|35,8530|36,0639(36,2760|36,4892

35 36,7036(36,9192|37,1359(37,3538|37,5730(37,7933|38,014838,2375|38,4615|38,6866

36 38,9130(39,1406(39,3695|39,5996|39,8310|40,0636|40,2975|40,5327(40,7691|41,0069

37 41,2459(41,4863(41,7279|41,9709|42,2152|42,4608|42,7078|42,9561|43,2058|43,4568

38 43,7092(43,9630(44,2182(44,4747|44,7327|44,9920/45,2528|45,5150(45,7786|46,0437

39 46,3102(46,5782(46,8476|47,1185|47,3909|47,6647|47,9401|48,2170(48,4953|48,7752

40 49,0566(49,339649,6241(49,9101|50,1977(50,4869|50,7777(51,0701|51,3640(51,6596

41 51,9567|52,2555|52,5560(52,8580(53,1618|53,4671|53,7742|54,0829(54,3934|54,7055

42 55,0193(55,3349|55,6522|55,9712{56,2920|56,6145|56,9388|57,2648|57,5927|57,9224
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Hecsareie moau, °C
Temnepatypa

°C
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

43 58,2538|58,5871|58,9222|59,2592{59,5980(59,9386|60,2812(60,6256|60,9719|61,3201

44 61,6703/62,0223(62,3763(62,7323(63,0902(63,4501|63,8119|64,1758|64,5416(64,9095

45 65,2794(65,6514(66,0254(66,4015(66,7796|67,1599|67,5422|67,9267|68,3132|68,7020

46 69,0928(69,4859(69,8811(70,2785|70,6781|71,0800|71,4840|71,8903|72,2989|72,7097

47 73,1229(73,5383|73,9560(74,3761|74,7985(75,2232(75,6504|76,0799|76,5118|76,9461

48 77,3828(77,8220|78,2636(78,7077|79,1543|79,6034/80,0551|80,5092(80,9659|81,4252

49 81,8870(82,3514/82,8185(83,2882(83,7605|84,2355|84,7131|85,1935|85,6765(86,1623

50 86,6509|87,1422|87,6362|88,1331(88,6328(89,1353|89,6407|90,1489(90,6600(91,1741

51 91,6910(92,2109(92,7338(93,2596(93,7885(94,3203|94,8552|95,3932|95,9342(96,4783

52 97,026 | 97,576 | 98,129 | 98,686 | 99,246 | 99,809 |100,376(100,945{101,518(102,094

53 102,674(103,257|103,843/104,433|105,026(105,622{106,222|106,826(107,433|108,043

54 108,657/109,275|109,896/110,521|111,150{111,782|112,418|113,057|113,701|114,348

55 114,999|115,654|116,312{116,975|117,641(118,312{118,986|119,664/120,347|121,033
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Hecsareie moau, °C
Temnepatypa
°C
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9
56 121,724(122,418|123,117(123,820(124,527|125,238|125,954|126,673|127,397|128,126
57 128,859(129,596|130,338(131,084(131,834/132,590(133,349|134,114|134,883|135,656
58 136,434]137,218|138,005/138,798|139,595140,398|141,205/142,017|142,834/143,656
59 144,484/145,316(146,153/146,996|147,844|148,697|149,555/150,419|151,288|152,162
60 153,042]153,927|154,818(155,715(156,617|157,525|158,438|159,357(160,282|161,213
IIpuaoxkenue 4.
J-d 1marpamMmbl BJIa’KHOT0 BO31yXa
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