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OmnpenesieHue NPUBEIEHHOTO MJIACTOBOIO 1aBJIEHUsI

Teopernueckue
cBe/leHHs

[Tox mpuBeIEeHHBIM IUIACTOBBIM JABJIICHUEM MOHUMAIOT TAKOE PACUETHOE JIaBJICHUE,
KOTOpO€ OTHECeHO (TMPUBEIEHO) K KakoW-muO0 (DUKCHUPOBAHHOW Ui JaHHOTO MECTOPOXKICHUS
riyoune. [ MecTOpOKJIeHUH C BOAOHAMOPHBIM JBMKCHHEM YIOOHO MPUBOAWTH (DaKTHUECKU
3aMepeHHOE B CKBa)KMHAX IUIaCTOBOE JABJIEHHWE K IJIOCKOCTH MEpPBOHAYAIBHOTO BOAOHE(TSIHOTO
kontakrta (BHK). 3HaHuwe mpWBEICHHOTO ILIACTOBOTO JABIICHUS HEOOXOAMMO HE TOJBKO IS
Hay4yHO OOOCHOBAHHOTO Tpolecca pa3pabOTKU MECTOPOXKIEHHUS, HO M IS PELIEHUS MHOTHX
BOIIPOCOB PALIMOHAIBHON JKCIUIyaTalluM CKBAXXUH C YYETOM pPEaJbHOIO M3MEHEHUS B IIpoliecce
JKCIUTyaTallid  JHEPreTUYEeCKOrO0 COCTOSHUSA 3alie’kKM B OKPECTHOCTH  JIOOBIBAIOIIUX U
HArHETATENbHBIX CKBAKHUH. M3 yCIIOBMH NMpPOSBICHUS BOJOHAIIOPHOTO JABUYKEHHS CIEAYET, YTO
prm>pﬂac-

Beenewm crienyromue 0003HaYSHUS:

Hpgux — paccTosiHME OT yCThsI CKBaXKUHBI 10 IIEPBOHAYaIbHOrO Mnosoxenus BHK, m;

H,av— paccTosHUE OT yCThs CKBAKUHBI 10 TOYKH 3aMepa JaBICHUS Paay (MIIa); Pyynp—
IIPUBEACHHOE K INIOCKOCTH [IEpPBOHAYAIIEHOTO BHK
nnacroBoeaaniaenue, Mlla.

Eciu Tekyiiee IuiacToBoe JaBI€HHE HW3MEHSAETCS Jake B 2 pa3a IO CPaBHEHUIO C
NepBOHAYAIILHBIM, TO TUIOTHOCTh He(hTH MeHsieTcsl He Oosee, yeM Ha 3% (IIpH IUIOTHOCTH P air
= 750 KI‘/M3). [Ipu OGompmieir 1uiotHOcTH HeptH (P> 750 Kr/m®) pa3HHIla 3a CYET
W3MEHEHUsl IJJaCTOBOrO JAaBiieHHsl cTaHOBUTCA MeHblne 3%. Ilostromy mnpu pacuerax B
00JacTl /1aBJIEHUH P>PuacMOKHO HCIIOJIB30BATh IOCTOSIHHOE 3HAUEHUE IIJIOTHOCTH
IJIaCTOBOM HEe(PTH.

B 3aBucuMOCTM OT KOHCTPYKLUMH CKBaXHMH M HMX MECTONOJOXKEHHUS Ha CTPYKType
BO3MOKHBI CIICIYIOIINE BAPUAHTHI:

Hzam<Hpuk u Hzam>Hpuxk
B niepBom cityuae NpHBe/ICHHOE ILIACTOBOE aB/IgHHE
Pnanp = P3am + (Hpuk - Hzam)pHIT g 10
Bo BropoMm ciyuae

Pamnp = p3am - (Hzam- Hea)pHIT g 10



1. 3ananue
4.1 JlanHble A5 pacyeToB (M0 BapuaHTaMm) Juist 3a1a4 1 u 2 Haxoxsarcs Brabdmue |

3agaua 1.
PaccuuraTh npuBeeHHbIE IVIACTOBBIE JABJICHNUS B CKBAKHHAX.

Taoéauna 1
IMapameTpsbl BapuaHThI yci10Bus 321241
CkBakuHa 1 2 3 4 5
Hpng, M 1750 1640 1780 1820 1680
H;ay, M 1610 1670 1865 1740 1620
Psan, MIla 15 14,3 13,7 16,2 13,1
PHm, Kr/m° 805 803 810 812 807
OtBet, MIla 16,1 14,06 13,03 16,84 13,58

3agaua 2.

Jns yclioBuiM mpeaplayleld 3a1a4d OLICHUTh BIIMSHUE W3MEPEHHs TUIOTHOCTH IJIACTOBOM
He()TU Ha TPUBEACHHBIC IUIACTOBBIC JABIIEHUS, €CIM BO BCEX YKa3aHHBIX CKBaXXUH
3aMEpPEHHOE JJaBJICHUE BO3POCIIO U COCTABIIACT:

B CKB. 1 — 1,3 psay; B CKB. 2 — 1,45p 55y; B CKB. 3 — 1,6 P 30v;B CKB. 4 —
1.1 psam; B CKB. 5 — 1.2 P 33y

MeToauka peuieHus 3ajia'n.

Ha nepBom 3Tamne paccuutaTb IIPUBEACHHbIE IUIACTOBBIE JABIEHUS Prnp,ACIONIB3Ys IUIOTHOCTH
wiacToBoil HehTH (Pun) yKaszaHHbIC B TaOJMIE 3a1a4d
Nel, a 3amepeHHbIE JABICHUS P 3ay PACCUUTATD IO YCIOBUIO 3a/1a4H.

Ha BTOpoM 3Tane BHIYNUCINTH HOBbIE 3HAYEHMSI INIOTHOCTH IUIACTOBOW HeTH
P'HNC YYETOM U3MEPEHUs IIJIACTOBOIO IaBJIECHUS 110 ClIeayroei Gpopmyie:

P —
=l lzam  — Usam

ri€Pun — IVIOTHOCTH IJIACTOBOM HEPTH, Kr/m° (6epercs u3 3anaun Nel);
Bu— ko3ddunment cxumaemoctd Hedtu, 1/Mlla (mpuHHMaeTcs paBHBIM 1*10'31/Mna);
P sam - PACCYHTAHHOE IO YCITOBHIO 3amaun Ne2 nasnenue ,MITa;
Psaw- 3aMepeHHoe naBieHue, Mna (6epetcs u3 3agauun Nel).

Ha  Ttpernbem rame  ONpPENEeNUTh  INPHUBEACHHBIE  IUIACTOBBIE  JAaBJICHUS
P'nanp,ucnionb3yssBeTMYUHbI H gt a3 3a1aun Nel 1 paccyuTaHHBIE U1 COOTBETCTBYIOIIUX
CKBKUH P san " P HiI.



Ha mnociegnem 3>Tame cpaBHUTh NpPHUBEICHHBIC IJIACTOBBIC IABJICHHS, pPacCUMTAaHHBbIE Ha
MEPBOM U TPETHEM 3TaIax, U BHIYUCIUTh OTHOCUTEIBHYIO OMIMOKY O:

!
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BLIBOJI: W3MEHCEHHE IIOTHOCTH ILIaCTOBOM He(bTI/I IIprU U3SMCHCHUU ITUIACTOBOTOAABJICHUS BJIMUACT HaA
IMPUBCACHHOC IJIACTOBOC AABJICHUC.



Onpenenenue naBJjieHUs HacbleHus: HeTu razomnpu t <ty

Teopernueckue
cBeJleHusl.

3KCHJ’IyaTaL[I/I$I HOGBIB&IOH_II/IX CKBAXHH CBs3aHa C ©BMCHCHUCM TCMIICPATYPhI B IPOLECCC
HoJbeMa MPOJAYKLUU KaK BCIEICTBUE TEINIOOOMEHA C OKPYXKAIOIUMH FOPHBIMHU MTOPOJIAMH,
TEK W Wu3-32 PabOTHl OTAETHHBIX 3JEMEHTOB IOTPYKHOTO O0OpyI0BaHUS (IIOTPYKHOTO
JJIEKTPOJBUTATENIl B YCTAaHOBKE IOTPYXKHOIO ILIEHTPOOEKHOro Hacoca). YUHUThIBaHUE
BJIMAHUA TEMIICPATYpPbl HA JAaBJICHHUC HACBIIICHUA (Pﬂac) MO3BOJIACT CYHICCTBCHHO IOBBLICUTDH
TOYHOCTh pacueTa TeXHOJIOTHYECKUX MPOLECCOB 100bUN HEPTH.

Pacuer naBiieHus HacbhlEHUsI B 3aBUCUMOCTU OT TemnepaTypshl (Pua t) IpU MOCTOSHHOM
KOJINYECTBE PAaCTBOPEHHOTO B He(PTU ra3a MOKHO BblYMCIUTH 1o Gopmysne M./, Ilroda,
IO.H. benosa, u B.II. [Iponuyka, eciiu U3BECTHO COJIEpPKaHUE B PACTBOPEHHOM I'a3e METaHA U
a3oTa
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rae Pyac— JaBICHNE HACKIIIEHUS TUTACTOBOM HE(PTH Ta30M MIPH IUIACTOBOM TemriepaType Uy,

MIla; t- Tekymas Ttemmeparypa, °C; I'pn— Tazo
COOTBETCTBEHHO COJIEp/)KAHME METaHa M a30Ta B Tra3e OJHOKPATHOIO pasra3upoBaHUs

MJIACTOBOM HE(PTH B CTAHJAAPTHBIX YCIOBUSX, TOJIA €TUHUIIBI.



1. 3ananme
4.1 JTannble ans pacueroB (10 BapuaHTaM) 3amayu 1 Haxojsrces B Tabnuue 1

3agaua
Paccuntarh n1aBJjieHHe HAChIIeHUS HedTH

Taoauna 1
BapuanThl yc/ji0Busl 321a4H
ITapametpsbi 1 2 3 4 5

Tekywmas 50°C 52°C 49°C 54°C 53°C
TeMmieparypa, t
IlnacroBas
TeMImeparypa, 82°C 80°C 84°C 88°C 85°C
tin
daBJienune
HaChIIEHUs IPH 11,2 12,2 11,8 11,0 10,8
IJIACTOBOII t,
Pyac, MIla
I'azoconep:xanue 78,5 76,5 78,0 77,1 78,5
IJIACTOBOIA Me/Me MM MM MM oM
Hepru, G,
ILioTHOCTH 854 840 851 845 836
JIerasupoBaHHOi kr/m® Kr/m° Kr/™m° Kr/M> K/M>
HeTH, Py,
Conep:xanue
MeTaHa B raze 0,622 0,634 0,598 0,612 0,654
MPH C. Y,Vu
Conep:xanue
a3oTa B rase npu 0,027 0,019 0,022 0,025 0,028
C. Y,Ya

Otser: 9,8 10.96 10.3 9.41 9.3

MlIIa

oo og
Fou= Ter
Pun* T

MeToauka peuieHus 3a1a4u
[IpeaBapuTenbHO HEOOXOAMMO TIPUBECTH PA3MEPHOCTh Ta30COAEPIKAHMS TJIACTOBOM HeTH
G, K p%MeBHOCTH ¢dhopmynel (1). 11 TOT0 UCMONB3YIOT CIEIYIONIYIO 3aBUCHMOCTb:

rre 10%- K03 pUIMEeHT mepeBosia IUIOTHOCTH, BBIPAXEHHOM B Kr/M°, B IUIOTHOCTS,
BBIPAKECHHYIO B /M, Tex =293,15(remMnepaTypa pH CTaHJIAPTHBIX YCIOBHSIX);
T,= 273 (Temneparypa Ipu HOPMAJIbHBIX YCIOBUSX).

OmnpenenyB ra30HACBHIIIEHHOCTh, MPHUCTYNAaeM K ONPEACICHHUIO JaBJICHUS HACBIIICHUS
HedTH ra3oM mpH TekyIien Temmneparype mo dpopmyse (1.1).



OmnpenesieHne 00beMHOT0 KO3 puueHTa

TeopeTuvecKkue CBeIeHHS.

3.1. Onpeneants BAMSIHHE TEMIIEPATYPhI HA IVIOTHOCTD HedTH.
[InoTHOCTH HE(TH B 3aBHCHMOCTH OT TEMIIEPATYpPbl MOXKHO PACCUMTATBUCXOJS U3
OTIpeIeIeHUs] TEPMHUUECKOTO PACHIMPEHHS HEPTH:

[]

(1)

pu () =pu \
H+Ug(0-00)

1€ Pu P (T )— moTHOCTS HedTH mpu 20°C K IpH TeMepaType t COOTBETCTBEHHO, KI/M; Oy
- KO3(pQUIMEHT TEPMUYECKOTO paCIIUpEeHuss HePTH, 3aBUCHUMOCTBIO KOTOPOTO OT
Temiieparypbl B auanasone or 10 go 120°C MokHO mpeHeOpedb W PacCUUTHIBATH €r0 I10
dbopmynam:

2,638 (1,169 — p, *10%), ecuu 780< p, < 860 kr/m®

o,= 102 * (2)
1,975 (1,272 - p, *10®), ecim 860 < p,, < 960 kr/m’

Biausinme  cogep:kaHMsi  raza  Ha
u3MeHenne odbema  HepTH  NpHU
NOCTOSIHHBIX TeMIlepaType U 1aBJIeHHH.

Jlns pactBOopeHusi B HEPTH raza HEOOXOAMMO MOBBICUTH JAABJICHUE U IPUBECTUCUCTEMY B
paBHOBecHe. YBeIWYCHHE AAaBICHHUsS YMEHbIIaeT 00beM He(TH, pacCTBOpPEHHUE K€ B HEHl rasa
YBEJIMYUBAET €ro. JTHU JIBa MpoIecca MPOTUBOMOIOKHOTO U3MEHEHUs 00beMa He(hTH MOKHO
Y4€CTh pa3/IelIbHO BBEICHUEM JIBYX PA3THYHBIX KOIP(HUIIMEHTOB: C)KMMAEMOCTH HEPTH U
«HabyxaHus» ee.

O0beM HepTH MU PACTBOPEHUM B HEW Ta3a NpU MOCTOSIHHBIX TeMIIepaType WIaBICHHUU
ra30HaCBIIEHHOCTBIO) , pACCUUTHIBAIOT O (hOopMyIIe:
*
. V=V [(1+% L), (3)
rae V. - o0beM ¢ HeTu Ipu MOCTOSHHBIX JaBJICHUH U TEMIIEPaType B CUCTEME;
H
I',— oTHomeHue oOwveMa rasza, pacTBOPEHHOTO B HE(TH, NMPHUBEAECHHBIE K CTaHAAPTHBIM

YCIIOBUAM; )u,,z - KOBq)(I)I/II_II/IeHT W3MEHEHHS 00beMa He(bTH n3-za H3MCHCHHA C€C
HaCBhIIIICHHOCTHU I'a30M:

Aar = 102 [4,3 + 0,858 p,+5.2(1 — 1,5T,*10°)I,*10°-3,54p,*107] ,

TII€ PusPr- TUIOTHOCTH HeTH M ra3a, pacTBopsieMoro B HeptH, ipu 20°C u 0,1 MI]a, kr/m®,
KoadduuneHT 4,, paBeH OTHOILIECHHIO

I7iePrk — KAXKYIIascs IUIOTHOCTh ra3a, paCTBOPEHHOTO B HE(TH, KT M,
IIpu sTOM HepTH C pacTBOPEHHBIM B HEH Ta30M paccMaTpUBAaIOT Kak pacTBOD,
MOUMHSIOIIUICS TPaBUILY alTUTUBHOCTHU (a1 TUTUBHBINA — MOTy4YaeMbIi IIyTEM CII0KEHHS):

Vir=—d H

(4)



alal 5 ok
: (6)
rae My, M— Macchl HeTH M ra3a, KOTOPbIM J0/KEH OBITh PaCTBOPEH B HEH,
KT Py - IUIOTHOCTb He()TH IIPU JABICHHH ¥ TEMIIEPATYpE B CHCTEME, KT /M .,

O0bemubIil KO3YPPuuenT HedTH.

N3menenue o0bema HeTU B pe3ysbTaTe JACHCTBUS IIACTOBBIX JaBJICHUS U TEMIEPATYpPHI,
PacTBOPEHHOI'O Ta3a, XapaKTepU3yeTcsi 00beMHBIMKOA (D (DHUITHEHTOM.
Oo0bemMublii Ko3(ppuuueHTd — 3T0 OTHOMmICHHE 00beMa HE(PTH B IJIACTOBBIX YCIOBUAX
V,uz K 00beMy 3TOH ke HeQTH Mociie OTHEeNeHHUs rasa Ha noBepxHocTH. O0beM HepTH B
IUTACTOBBIX YCJIOBUSX MPEBBIIIAET O0bEM Jera3upoBaHHOW He(DTH U3-3a TOBBIIICHHOM
IUTACTOBOM TEeMIIEpaTyphl U COAEPKAaHUS OOJBIIOTOKOIMYECTBA PACTBOPEHHOTO rasa.
Ho BBICOKOE IJIACTOBOE JIaBJICHHE
00yCJIOBIMBAET HEKOTOpOE CHMXKEeHHEe oO0bema He(TH u3-3a ee cxxumaeMoctu. [Toatomy
OpU CHIJKEHHWM JIaBJICHHS OT IUIACTOBOIO JIO JABJICHHUS HACBHIIICHUS] MPOUCXOAUT
yBEJIUYEHUE JTaBJICHUS Heptu. Ilpm  nmoctmxeHun
JTABJICHUS HACBIIEHUS U3 HE()TU HAYMHACT BBIICISATHCS PACTBOPEHHBIM Ta3, 4TO BEAET K
YMEHBIICHHUIO ee 00bema. Ha ymMeHbIieHne o0beMa HeTH BIUSET U CHU)KEHUE TeMIepaTyphl
OT IJIACTOBOM 10 TemmepaTypbl Ha moBepxHocTH. [Ipu pacuereoObeMHOro K03 duiueHTa
o0beM jerasupoBaHHOW HedTH ompenensiercs B CTaHAAPTHBIX ycioBusax(atMochepHoe

JaBJIeHUEe U temreparypa 20°C). OO6beMHBI

koopduuueHt o60bpraHO m3Mensercss ot 1,05 go 1,4.M3BecTHBI HEPTH, Yy KOTOPBIX
00beMHBIN KO UIMEeHT gocTuraeT 3 u OoJee.

OO0beMHBIH K03 PHUITEHT HEPTH MOKHO PACCUUTATH 110 (OPMYJIE:
b =1+, JI0+0a,(t-20)-65%* 10'4p, (7)rme p — naBnenue, N
Jlnst He(Tel B MIACTOBBIX YCIOBUSAX 00BEMHBIN KOI(DOUIMEHT B IEPBOMIIPHUOIIMKEHIH MOKHO
OIPENEIUTH TI0 hopMyIie:
b =1+ 3*10°r,. (8)

4. 3ananue

4.1. Jlaunble ansa pacyeTos (II0 BapuaHTaM) IS 3a4a4u | HaXoasATCsa BTabIuUIe

1;
4.2. JlarHbIe U1 pacyeToB (110 BapuaHTaM) IS 3aJ1a4u 2 HaXOAATCs BTa0wIe 2;
4.3. Jlaunble ans 3anaun 3 (0 BApUaHTaM) B3ATh U3 pelieHuil 3aqad 1 u3.

3apgaua 1
Haiitu tumotHOCT HedTn CpeTeHCKOro MECTOPOXKICHHS TYJIBCKOTO TOPU30HTA TIpU
temneparype (cM B Tabiuie 1 cBoM BapuanTt), eciau ioTHocTh ee pu 20°C paHa (cM B
tabinue 1 cBoil BapuaHT), 1 HEPTH KHIHOBCKOTO TOPU30HTA TOT'0’KE MECTOPOXKACHUS MPU
temreparype (cM B Tabmune | cBoil Bapuanrt), eciu mwiIotHOCcTh ee npu 20°C paBHa (CcM B
Tabnuie 1 cBoW BapuaHT).

Taoauna 1

BapuaHThI yCJIOBHS 321a4H
IMapamerpbl 1 2 3 4 5
Temneparypa 68 70 66 69 67
TYJILCKOTO
ropusonra, °C
[lnotHOCTRIIPH 849 846 845 848 844
t= 20°C, kr/m°




Temmeparypa 73 75 72 73 74
KBIHOBCKOT'O

ropusonta, 'C

HHOTHOCTBHpIéI 893 894 892 895 891
t=20°C, xr/m

OrtBeT: Ty IbCKHH 816 813 820 815 819
KBIH03BCKI/H7L 859 860 858 852 85
KT, M

MeTtoauka penieHus 3a1a4u.

Hns HeTH TYyIbCKOrO TOpu30oHTAa 10 ¢opmyne (2) ompenensseM Kod(hUIHMESHT
TEPMUYECKOT0 pacimpenus HedtH a,, a mo ¢opmyie (1) HaXomsIT ee IJIOTHOCTh HPH
3aJJaHHOM TemmepaType , Harpumep - o, ( 68 ) u T.1.

AHaNornyHo 1y1st HeTH KbIHOBCKOTO TOPU30HTA.

3agaua 2.

[Tpu nmpuroToBiIeHUU NMPOOHI MIACTOBON HE()TH cermapupoBaHHAs HE(PTH MIOTHOCTHIO (CM B
tabmune 2 csoii Bapuant) npu 20°C u atMoc(epHOM HABIEHMU CXKHUMAIOT 10 ILIACTOBOTO
JaBieHus (cM B Tabiuie 2 CBOM BapHaHT) M HAarpeBaroT [0 IUIACTOBOW TeMIlepaTypsl (CM B
Tabnuie 2 cBOil BapuaHT). 3aTeM 3Ty He(Th HACBHIIIAIOT MOMYTHBIM T'a30M ILUIOTHOCTHIO (CM B
tabuuie 2 coit Bapuant) npu 20°C 1 0,1 MIla 10 ra3oHaCHIIIEHHOCTH (CM B Ta0auLE 2 CBOM
Bapuant) (oObeMbl Tasa, pacTBopsemMoro B Hedru, u HebTu mnpusenensl Kk 20°C wu
aTMocgepHOMY JaBiIeHui0). OnpenenuTh HaCKOJIbKO yBenmnuutes oobeM 0,5 kr HedTH m3-3a
pPacTBOPEHHOIO B HEH Ta3au KaXKyIIyIOCs MJIOTHOCTh PACTBOPEHHOTO rasa.

Tabéauna 2
BapuaHThI yci10Bus 321241

IMapameTpbi 1 2 3 4 5
HJIOT,?OCTB HeTUPy, 883 889 884 886 887
JKI/M
ITnacroBoe naBieHue 12,7 12,9 12,7 12,5 12,6
P, MlIla
ITimacroBas 26 27 25 26 27
Temreparypa ty;, °C
[notHOCTE  Ta3a P, 1,4 1,7 14 15 1,6
Kr/M°
T"azonaceimesHocTsl 241 26,2 24.3 25,7 26,0
M3/M3
OTBeT: VBenuuenue 33,94* 38,38* 34,07* 37,14* 33,16*
o6bema HedTHAV, M° 106 1076 1076 1076 1076
Ortser: Kaxymryrocs 560,9 651,3 562,2 583,7 708,0
MJIOTHOCTD Prg, KT/M

MeToauka pelieHus 3a1a4M
B cootetctBUU ¢ dhopmyroit (3) cHavyana Hy)KHO ornpenesiuTh 00bem Hedtu 0,5k npu
TUTACTOBBIX JABJICHUU U TEMITEpaType.
YMmensblieane oobeMa HeTH U3-3a CKaThs ee J0 JaBieHus (cM B Tabnuie 2CBOM
BapHAaHT) MOXKHO OIPEJICITUTH I10 (1)opMyJ1e:H
H

AVy =- — *By pn ©)]
Ug I
rae py— wiotHocts Heptu mpu 20°C u 0,1 Mia, kr/m3; By — KOXPPULHEHT CKUMAEMOCTH
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He(TH, TPUHSAT PaBHBIM f, = 6,5*10'4 Mna'l; Pus— T1acTOBOE NaBienue, Mlla.
YBenuueHnue yBenudeHus o0bemMa HeTH M3-3a HArpeBaHUs €€ /10 TUIACTOBOMTEMITePATypPhI
COCTaBUT:
T
AVi——  * ay (t,, — 20)(10)
u
rie ayHaiTH o gopmyse (2).
Taxkum o6pasom, 00beM HEPTH MACCOH 9/5 K U IJIACT X JaBJICHUU UTEMIIEPAType COCTABUT:
pasom, (i Mygeold 5, K {1pH IKICTOBH patyp
H H p

rae Va=My/ pu.
Koaddurnment u3MeHeHuss oObema HedTH Y/ 13-32 U3MEHEHUs
€CHACBHIIICHHS Ta30M PACCYUTHIBAIOT IO opmyrie (4).
YBenudenue oo0bema He(hTH U3-3a paCTBOPEHUS B HEH ra3a COCTABHT:
x N
AV =V -V, =V L I, .(12)
Kaxxy1iyrocs IiI0THOCTh pACTBOPSHHOTO T'a3a onpenesisitoT u3 popmyibi (5)

;\’ = JF_
Urk
3agauya 3
Jliia ycnoBui 3aiauu 2 paccuutaTh 00beMHBIN Koddduiment Hedhtu nogopmynam
(7) m (8).
Otgertsr: 1 BapuanT: b =1,057, b=1,072; 2 Bapuant: b = 11, b =
1,07;3Bapuant: b =1,05,b=1,07; 4papuant: b =1,06; b =1,08;

SBapuant: b =1,056,b =1,07.

11



Onpenenenue MIOTHOCTH HeQTH B MJIACTOBBIX YCIOBHAX.

1. Teopernueckue cenennus.

ILI0THOCTh— OTHOLICHHE ¢ Macchl K o6bemy mpu temmeparype 20°C u armocdepHOM
JaBJICHUH, KOTOPOE U3MEHSETCs B IUPOKUX mpeaenax o 600 mo 1000 KI/M°. OTIPEIICTISIOT €€
C TIOMOIIIBIO apEOMETPOB, MHUKHOMETPOB HIIM Becamu Bectdaits.

B nmpakTtuke TmMONB3YIOTCS OTHOCHTEIBHOW IUIOTHOCTBIO, KOTOpas YHUCICHHO paBHA
OTHONICHHUIO TUIOTHOCTH HEe(TH K TUIOTHOCTH IUCTHILIUPOBAHHOW BOJBI MPH TEMIIEpaType
4°C.

[InoTHOCTP MACTOBOW BOJBI BCEr/la HUXKE JEra3upoOBaHHOW HEPTH, YTO OOBICHAETCS
YBEJIMUEHUEM €€ 00beMa B IUIACTOBBIX YCIOBHX 32 CYETPACTBOPEHHOTO rasa.

HO IINIOTHOCTH I1JIAaCTOBBIC He(bTI/I JCIISITCA HaA.
3.
- JIETKHE ¢ I0THOCTRIO MeHee 0,850 r/cm”;

- TsDKeJble ¢ InIoTHOCTRIO Oomee 0,850 r/eps.
Jlerkue HEPTH  XapaKTEPU3YIOTCS BBICOKMMIa30CO/ICPIKaHUEM,
TSDKEJIbIE —HU3KHM.
[TnoTHOCTh HEPTHU C PACTBOPECHHBIM B HEH Ta30M MOXHO PacCcYUTaTh odopmyrie:

Pur = ()1)
00y + 0o

2. 3apanue
4.1. Jlanubie 1ist pacueToB (10 BapuaHTam) JUJIs 3a7a4u | HaxXOASTCSIB
MpaKTU4ecKon padore 3.

3amaua 1.
Hnsa ycnoBuit 3amau 2 u 3 (cM mpaktuueckas paborta Ne3 cBoil BapwaHT) paccUMTaTh

TUIOTHOCTh HE()THU B IUIACTOBBIX YCIIOBHUSX.
OtBetbl: 1 BapuanT: pyr = 867 KF/M3, pur= 855 KF/M3;
2BapuaHT: pyr = 847 KF/M3, Pur = 872 KF/Ms;

3BapuaHT: pyr = 874 KF/M3, pur = 858 Kr/M3;

4BapuaHT: pyr = 872 KF/M3, pur = 856 KF/M3;

SBapuaHT: pPyr = 879 KF/M3, Pur = 868 Kr/M3;
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4.1.

Onpenesnenne ko3ppuuneHTa C:KUMAEMOCTH rasa.

1. Teoperuueckue cBeneHms.

HedTtsaple ra3bl MOAYMHSIOTCS OCHOBHBIM (PM3MYECKMM 3aKOHAM COCTOSIHUSI HCalIbHBIX
ra3oB, HO C HEKOTOPHIMH OTKJIOHEHHSIMU OT HUX. [/ OLEHKHM CTENEHM 3TUX OTKIOHECHUH
KO3 PHUIMEHT CKUMAEMOCTH Ta3a Z, KOTOPbIH IMOKa3bIBAE€T OTHOLICHHE 00BEMOB PEAIbHOTO U
U/ICANTFHOTO Ta30B NP OJHUX M TeX )K€ JABJICHUSAX W TeMmeparypax. UYucieHHOe 3HaueHHE
3TOr0 K03 HUIIMEHTAAIIS PA3HBIX YCIOBHH ONPEAEIseTCsl SKCIIEPUMEHTAIBHBIM ITyTEM.

JInt  cMecu  YIrIeBOAOPOIHBIX  Tra3oB  BEIMYMHA Z  3aBUCHTOT  IIPUBEICHHBIX
CPEAHEKPUTHYECKUX AABICHUN U TeMIIepaTyphl:

U
pnp=—->20 1)
Hep.xp.
_Ipab
Tg —
P (2
ep.xp.
rae Pepsp = Z (YPxp) M Tepap =X (YTkp),

rze y— 00beMHOE COIepKaHte ra3a JaHHOTO YIJIEBOIOPOAA B OMIAX €IHMHULIBI;
Pip U Typ— COOTBETCTBEHHO KPUTHYECKHE AaBiIcHKUE U Temneparypa B Ila n K.

ITpn oTCYTCTBMM aHHBIX O COCTAaBE ra3a MOXHO ISl INPHOJIMIKEHHBIX PACYETOB Peprp U
T,p.(pMOXKHO TIONIB30BaThC TpadukamMu uwin dopmynamu McromuHa A.3., BBIpaKaroLIUMU
3aBUCUMOCTb CPEIHEKPUTUYECKHX JAaBJICHUH WM TemIreparyp OT CpeJHed OTHOCHTEIbHOM
IUIOTHOCTH Ta3a:

Pepacp = (4,937 — 0,464p,.,.)10°, MITa, 3)
Tepap = 171,5 pror + 97, K. 4)

Haiing pepap U Tepap 10 dopmynam (1.1) u (1.2), moxHO ompenenutb Z mo ¢dopmysie
HcromuHa A.3.:

Z=1-107(0,76 T, — 9,36 Typ +13) (8 — Pup) Pup- (5)

2. 3ananme
JlanHbIe 17151 pacueToB (110 BapuaHTaM) Jis 3a1aun | HaxoasaTcs B Tabnuie 1.
3anauva 1.

Onpenenuts KOdh(GUIUEHT CKUMAEMOCTH Ta3a B IUIACTOBBIX YCIOBHSX, €CIM M3BECTHO,
YyTO aOCONIOTHOE IUIACTOBOE JaBJICHUEPyy IU1acToBast Temieparypa Ty,,0THOCHTENbHAS
TUIOTHOCTH Ta3a (10 BO3AYXY) Pr.or- COCTAB ra3a mpuBeieH BTadmuie 2.

MeTtoauka penieHusi 3a1a4m.
CpenHekpuTuyecKre NaBJICHUS M TeMmreparypa ompenelsitores mo dopmynam(3) u (4).
[IpuBeneHHbIE TaBICHUE U TEMIIEpaTypa onpeaesstores mo dopmymnam (1) u (2).

. Koadpunment cxxumaemoctu rasza onpenessitor mo ¢popmysie (5)
Ta6auna 1
BapuaHTsl ycoBus 321244
ITapameTtpbl 1 2 3 4 5

AOCOJIIOTHOE IIACTOBOE 12 10 11 12 11
nasnenue,P,,;,, MIla

IInacroBast 328 312 318 322 324
temrepatrypa, 1y, K
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OtHocuTenbHAS 0,841 0,839 0,840 0,842 0,841
IUTOTHOCTB Ta33, P o,

OtBeTr 0,69

Tadauua 2CocTaB raza u cpeHEB3BEIICHHBIC KPUTUUECKHE TaBJICHUS U TEMITepaTypa.

Komnonenr Oo0bemHoE Py, y Twp y
bl coepKaHUuEe 0 MII Pyp, K Twp
eIUHHNIbI a MII K
a
CH, 0,75 4,73 3,55 190 143,0
C.Hs 0,08 4,98 0,40 305 24,4
C3Hs 0,09 4,34 0,30 370 33,4
C4H10 0,04 3,87 0,15 425 17,0
CsHyp, +B 0,04 3,40 0,14 470 18,8
z 1,0 - 4,54 - 236,6

Pacyer Bsi3kocTH HepTH

Teopernveckue cBeIeHUS.

Bsskocth HeTH W BOABI 3aBUCHUT B OCHOBHOM OT COCTaBa YIJIEBOJOPOJIOB HE(TH,
TEeMIepaTypbl M KOJIMYECTBA PpAcTBOPEHHOro rasa. llpum OosblIoM razocoiep)kaHuu
JMHAMAYECKas BS3KOCTbWy, TUIACTOBOM HE(TH MOXXET OBITh MEHBINE BS3KOCTH BOIBI (M= 1
Mmlla*c mpu t = ZOOC). Ecimu py= 15 — 20 mlla*c, cymecTBeHHO 3aTpynHSAETCS M3BJICUCHUE
HedTH U3 TUacTa u Hedreoraaua cokpamaercs 10 10 — 15%. B OuTyMHHO3HBIX TOpOAax
WMy MOJKET JOCTUTaTh
10 £15 Ila*c. B »toM ciyuae wu3BieYb HEPTH MOKHO TOJBKO TIPH BO3JACHCTBUU
TEIUIOHOCUTEISIMU (ITApOM U ropsiueit BOJOM).
Ecnu B HepTu comepxutcs 0OJbIIOE KOIMYECTBO MapaduHa M CMOJ, OHAa IpuoOperaeT
peoJIoTNYeCKUe CBOMCTBA HEHBIOTOHOBCKHUX XHAKocTel. g ¢unbTpanuu Takux Hedrel B
HOPUCTOM cpene HEOOXOAWMO BO3JCHCTBHE TpPaJMEHTOB JaBJIEHUsS, IPH KOTOPBIX
JOCTUTAIOTCS B KAaMWUIAPAaX HAMpsDKEHHsI, MPEBBIMIAIONINE JUHAMHYECKOE HAampsHKeHNe
C/IBUTA.

Bsi3kocTh  MIacTOBBIX BOJ B OCHOBHOM 3aBHCHT OT Temreparypsl. JlaBieHwue,
MHUHepaJIn3alus, KOJIUYEeCTBO paCTBOPEHHOIO ra3a Majlo BIUSIOT HA HX BSI3KOCTb, U IOITOMY
ee 3Ha4YeHHs 00BIYHO HaxoauTes B mpenenax 0,5 — 2,0 mlla*c.

Pacuer BA3KOCTH JerazupoBaHHoi HedpTu npu t = 20°C
B npaktuke mo0bam HepTH HE BCerga AOCTaTOYHO WHGOPMAIMK O HEKOTOPBIX CBOMCTBAxX
HE(PTH — BA3KOCTH Wy. IS OLIEHKU BA3KOCTH HEPTU MPH 20°C ucnonb3yrores popmynst N.1.
JyHromkuHa:

0 O
0,000-0
L —Hl 0,845<p,,,< 0,924
H2p D,DDD—DHHD pu o, Pur< U,924,
1)
0.000-Ony" =
LU T .
HIR g0, 0 PHO8 = puc 0845,
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TJI€ My 20 — OTHOCHTEIbHAS TUHAMUYECKast (TI0 BOJIE) BSI3KOCTh Jera3upoBaHHOWHEPTH TpU
20°C u atMoc(hepHOM NIaBICHUH Py = IMIla*c; py,—OTHOCHTEIBHAS INIOTHOCTH
Jiera3upoBaHHON HEPTH MpH 20°C 1 0,1 mITa.

Bsi3kocTb nerasuposanHoil nedru mpu 20°C onpeensiercs:

Pu 20 = Mg 20 . mus20(2)

Pacuer BsI3KOCTH 1era3upoBaHHOI HePpTH
npu JwodoiTemneparype

3aBUCUMOCTh BA3KOCTH JIETa3uPOBAHHON HEPTH OT TemrepaTypsl BoipaskaeTcsidopmynoi 1.1.

JyHromkuHa: 0
—_ a
po=_ (r )'Q)
Ht Htl
c

TI€ Myt - OTHOCHUTENbHAA (110 BOJIE) TUHAMUYECKAs BSI3KOCTh JIEra3supOBaHHOM
He()TU TIPU UCKOMOU TemmepaType t;
Wu t - OTHOCHUTENbHAs (110 BOJIE) AMHAMUYECKAs BSI3KOCTh Jera3upoBaHHOWHEDTH

[IPY U3BECTHOM Temneparype ti;
a — KO3 PHUIMEHT, ONpeACISIEMBI IO popMyIIe:
a= (4)
b+ L 0=-Dp OO0 DJeno
b,c— ko3bduireHTb, 3aBHCAIIME OT BA3KOCTH JEra3MpoOBaHHONW He)TH U
BBIYHUCIISIEMBIE 110 CIIETYIOIINM 3aBUCHMOCTSIM :

b=252*10"° 1/°C,e=10 mpm p,>1000;  (5)
b=144%*103 1/°C,c =100 mpm 10< p, <1000; (7
b=0,76*107 1/°C,c = 1000 mpu p,< 10. (8)

1. 3apanme
4.1. lannsle s pacueTos (10 BapHaHTaM) 11 3a1auu | Haxoxsarcs Brabmune 1.

4.2. Jlansble 1714 pacueToB (110 BapuaHTaM) IS 3a1a49u 2 HAXOAATCs BTabmuie 2.
3anaua 1

Paccunrarh BA3KOCTH Jera3upoBaHHON HEPTH Y PMAHCKOTO MECTOPOKIACHHUSL.
Taoauna 1

ITapamersl BapuaHTtbl
1 2 3 4 5
PHA 0,85 0,794 0,911 0,885 0,798
Ortser, mlla*c 17,52 2.01 94.83 25.14 2.19
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3agaua 2

PaccuuTaTh BsI3KOCTH nerazupoBaHHOi HedTH npu t,, = 35. 3HaueHne My 20
B34ATHh U3 CBOCTO BapI/IaHTa 3aa4uu 1

Taoauna 2
IHapamerpbl Bapuanrtbl
1 2 3 4 5
L878) 42 39 46 40 38
OtBer
Pemenne
W3 pemieHus npeAplAyIIed 3adadd M3BECTHO 3HAa4YeHHE My 20 (Mw 20 = 16, 39).

[IpenBaputenbHo  paccuuThiBaeM kKoddduiument a mo  dopmyne (1.4), npurumas
ko3 dunuentsr b,c coorBercTBum ¢ (1.7):

U
a = =0,935

0+0,00+ 00~ S(00-00) 00 (000 * 00,00)
[To ¢popmyae (1.3) BbIUKCIIIEM OTHOCUTEIILHYIO BSI3KOCTD J€Ta3upOBaHHON He()TH
g 35 = ﬁ * (100 * 16,35)0,935= 10,13
WM BSI3KOCTh JIera3upoBanHoi Hedtr nipu ty,; = 35
Mu3s = 10,13 * Imlla *c = 10,13 mlla *c.

OnpeneneHue MOPUCTOCTH, MPOHNULIAEMOCTH U YAeIbHOHNOBEPXHOCTH HeTecoaep Kaux
opoa.

Teopernveckue cBeIeHUS.
[Toa mOpUCTOCTHIO TOPHBIX MOPOJT MOHUMAIOT HATUYKME B HEW MycTOT (TIOp, KaBEpH, TPELIUH U
T.J.), HE 3aMOJIHEHHBIX TBEPABIM BellecTBOM. [IOpUCTOCTE ompenensieT crnocoOHOCTh MOPOIbI
BMeIIaTh B ce0st HeTh (Ta3, BOAY).

[To mpoucxoxaeHUIO MOPBI U IPYTHe MyCTOTHI B IOPO/IE MOAPA3AEIAIOTCS Ha:

1) MepBuunbie — 06pa3soBaHHBI B MOPAAKE OCANKOHAKOIUIEHHS M (DOPMHPOBAHMS
nopoabl. K HUM OTHOCATCS MYCTOTHI MEXIY 3€pHaMU M 4YacTULIAMU IOPObI,
IPOMEXYTKH MEXIY IUIOCKOCTSIMM HAcJIOEHHUS, MyCTOThI, 00pa3oBaBILHECS MOCIe
pasnokeHusi opranu3moB. IlepBuuHas mopuCTOCTh OOBIYHO HAOMIOAAETCS B IECKax,
necyaHuKax,KOHIJIoMepaTax u T.J.;

2) Bropuumble — 00pa3yioTcs B COPMHUPOBABIINXCS MOPOAAX B PE3yNbTaTe IUATeHE3a.

K HuUM OTHOCSTCS TOpBI paCTBOPEHMSI, TPEILIMHBI, BOZHUKILINEB CBSA3H C COKPALLIEHUEM

NOpOAbI (OJIOMUTH3ALMs), TPEIIMHBI U IIyCTOTHI, CBA3aHHBIE C KpUCTAJIIU3aLUEH,

TPELMHbI, BbI3BAaHHbIE TEKTOHUYECKUMH SIBICHUSMM, TPEIIMHBI U IYCTOTHI,

CBSI3aHHBIE C SPO3MOHHBIMUIIPOLIECCAMH.

Bropuunas nopuctocts 00bI4HO HaOII0JaeTCs B KapOOHATHBIX MOPOJax (M3BECTHSIKH,

JOJIOMHTBHI U JIp.)
[TopucTocTh 3aBUCHUT OT B3aUMHOIO PACIHOJIOKEHUS M YKIAAKU 3€peH, (OpMbI 3epeH H
CTENEHM MX OKATaHHOCTH, CTENEHU OTCOPTUPOBAHHOCTH YACTHI], CIArarmlux MOpoay,
HaJIMYUsl IEMEHTUPYIOUIEro Marepuaia U T.J. B HPUPOJHBIX YCIOBHUSAX IMJIOTHOCTH OOBIYHO
KoJIeOJIeTCsl B 3HAUUTENBHBIX Mpeaenax, T.K. 3epHa MOpPOJbl UMEIOT pa3IMyHble OYepTaHUs,
no3ToMy OoJiee KpyHHBIE MOPbl MOTYT OBITH 3allOJIHEHBI 0OJee MEJIKHUMH 3epHaMH WM
LEMEHTUPYIOIIUM BEILIECTBOM.
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IIponnnaemocrs SIBIACTCS BAKHEUILINM [1apaMeTPOM, XapaKTEPU3YIOLIUM
KOJUIEKTOPCKUE CBOMCTBA IMOPOBI.
IIpoHnaeMoCTHI0O TOPHON MOPOJAbI HA3bIBAETCS CHOCOOHOCTh €€ MPONYCKaTh JKUAKOCTH
wii ra3. OmHu mopoabl (IVIMHBI) MOTYT HMMETh OOJBINYIO IOPUCTOCTh, HO MAajylo
IPOHUILIAEMOCTh, ApPYrue (M3BECTHSIKU) — MAJYIO MOPUCTOCTb, HOBBICOKYIO MPOHHUIIAEMOCTb.
Mex 1y HOPHCTOCTBIO U IPOHHUIIAEMOCTHIO HET (DYHKIIMOHATIBHON 3aBUCHMOCTH.
[Iponuuaemocts ompenensercs pazMepom nop. [loutu Bce ocanouHble MOpPOIbl (IECKH,
NECYaHHUKH, KOHTJIOMEpPAaThl, U3BECTHSKH, IOJOMHUTHI) B OOJBIICH MM MEHBIIEH CTENEHH
npoHunaemsl. Ho TIMHBI, IJIOTHBIE W3BECTHSAKM M JOJIOMMTBI, HECMOTpPs MHOIZJA Ha
3HAYUTEIbHYIO IOPUCTOCTh, NPOHHUIIAEMBI TOJBKO Ui ra3a W TOJBKO NpU OOJBIINX
rpajveHTax AaBjIeHUs. ITO 00yCIOBIEHO CYOKaNMUIAPHBIMU pa3MepaMHu Iop.

3.1. VaeinbHas mnoBepxXHOCThL NOPOAbI — BEJIMYUH, paBHAs CyMMapHOM
MOBEPXHOCTHU YaCTUL, IPUXOJAIIeHica Ha eAMHUIY o0bema oOpasiia.

W3-3a HEOONBIINX pa3MEpPOB OTACIBHBIX 3epeH U OOJBINON TUIOTHOCTH UX YHAKOBKH 00Iast
IUIONIA/Ib TOBEPXHOCTH MOPOBOTO IMPOCTPAHCTBA TOPHOM MOPOJABI JOCTUIAeT OTPOMHBIX
pasmepoB. [logcuuTaHo, YTO MOBEPXHOCTH 3€PEH TMPABUIBHOW CQepudecKoil (OpPMBI
pazmepom 0,2MM, coepKaIuxcs B M OJHOPOJIHOIO MECKA, COCTABISET OKOJIO 29276 M”.
YienbHas TOBEPXHOCTh HedTecomepiKalmmx MopoJ HEPTSIHBIX MECTOPOKICHHUHN, HMEIOIINX
MIPOMBIIIUICHHOE 3HAYCHHE, KoyeOaeTcss B mupokux mnpenaenax — ot 40000 mo 230000 Mo/,
Ilopoasl, MMEIOMIHE YACIbHYI MoBepxHOCTH Gomee 230000 Mm%/M°, HempoHHLAEMbI WIH
ca0onpoHHUIaeMbI(TIHHBI, TTIMHUCTHIE TIECKH, TTIMHUCTHIE CIAHIIBI U T.11.).

1. 3aganue
4.1. Jlaunble juis pacyeToB (0 BApUAHTaM) 3a/1a4n 1 HaXoasATCcs BTabIuLe

1.

4.2. Jlaunble o pacyeTos (II0 BapMaHTaM) 3aa4l 2HAXOIATCS BTAOIHIE
2.

4.3. Jlaunble 114 pacyeTos (110 BapHMaHTaM) 3aJaul 3 HAXOAATCS BTAOIHUIIE
3.

3apaua 1
Onpenenutb K03PGUIUEHT 0011 MOPUCTOCTH 00pa3iia Mopoabl M, ecauodbeM obpasia
V,, a 00beM 3epeH B oOpasiie V.
Koaddurment noprctocTu onpeaensercsi COOTHOIIEHUEM:

Lo — U3
m=___ (1)
o
Taoauna 1
IHapamerpsbl Bapuanrtbl
1 2 3 4 5

Vo, oM 2,42 2,35 2,46 2,37 2,40

Vs, oM’ 2,02 1,98 2,04 2,01 2,01

OtBeT:% 16,5

3apaua 2

Onpenenuth ko3¢ dUIKUEHT aOCONMIOTHOW MPOHUIIAEMOCTH MOPOJbI IyTeM MPOMYCKAHUS
BO3/1yXa 4yepe3 oOpazen. JnuHa obpasnua L, miomaas ero nonepeuynoro cedenus F. /laBnenue
nepes U 3a 00pa3lioM COOTBETCTBEHHO Pi1 M P2. Bs3kocTh Bo3myxa B (YCIOBUSIX OIBITA) W;
00wveM Bo3ayxa Vy(mpu atMochepHOM JaBIIEHUH), IPOIIEAIIETro Yepe3 oOpaserlr 3a Bpems t.

Koaddunuent abconotHoit npoHunaemoctH K onpenensercs mo gopmyie:
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jijDDDB* ED_D

k=__ 7 ° " 2
T\ [ N
O
Taoauna 2
IHapamerpsbl Bapuantbl
1 2 3 4 5
L, cM 2,8 2,5 2,7 2,4 2,9
F, cm® 5,1 5,0 5,1 4,8 5.1
py, Ila 1,3*10° 1,2*10° 1,1*10° 1,1*10° 1,3*10°
p2, Ia 10° 10° 10° 10° 10°
n, mlla*c 0,018 0,017 0,016 0,015 0,018
t,c 180 170 185 176 181
Vy, eM’ 3600 3600 3600 3600 3600
Otser: 0,573*10™
3agaua 3

OmnpenenuTh yaelbHYI0 MOBEPXHOCTh CIA00CIIEMEHTHPOBAHHOTO ITeCYaHKKa CIIPOHUIIAEMOCThIO K
U TIOPUCTOCTHIO M.
[TpubmKeHHO ylenbHas ITOBEPXHOCTh Sy,0NpeesIeTcs] PaCIeTHBIM IIyTeM B3aBUCUMOCTH OT K
u M o ¢popmyre:

Syx = em \/—DQ(3)

rae ¢ — KO3 GUIMEHT 3aBUCAIIMN OT Pa3HOPOHOCTH YacTHII Iecka, ¢ = 0,353.
Taoaunma 3

ITapa- Bapuaunrtsl

METpbI 1 2 3 4 5

K, M* 2,5%10* 3,1%10™" 4.5*10" 2,9%10™ 4,0%10*
m 0,25 0,27 0,21 0,26 0,23
Orser, 27800
Mo/

Omnpenesienune ko3 puuneHToB HedTe-,BOIO- U
ra30HACBIIEHHOCTH MOPOIbI.

TeopeTuvecKkue cBeieHHsI.

ConeprkaHue B IycTOTaX FTOPHBIX MOPOJ HEPTHU, Ta3a U BOJbl HA3bIBAETCS HACHIILIEHHOCTHIO.
CrerneHb HACHIIIEHHOCTH IyCTOT, BbIpakaemas KodpduiueHtramMu HepTe -, razo - Hu
BOJIOHACBIIIIEHHOCTH - OJUH U3 TJAaBHBIX IapaMETPOB, KOTOPBIA YUYMUTHIBAECTCS IPH
OTpe/ieNIeHNH HayaJIbHBIX M TEKYIIMX 3amacoB He(TH M Trasza, kKoddduiuueHTa HedTeoTIaun
wiactoB. OT HACHIIEHHOCTH BO MHOIOM 3aBHCHT Mpoliecc MHOrogasHoi ¢uibTpanuu B
MIOPOBOM ITPOCTPAHCTBE.

Koadduurent HedreHACHILIEHHOCTH — 3TO A0 oO0beMa MYCTOT B TOpHOH mOpoje,
3aMoJTHeHHON He(Thio. M3mepsieTrcs B TPOIEHTAaX WIH JOJSIX EAWHUIBL. AHAJIOTHYHO
onpenenstoTcst KO3PGUIMEHTH Ta30 - U BOJAOHACHIIIICHHOCTH.

OOmenpunsTas METOAMKA KOJINYECTBEHHOTO
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ompezeneHuss  He(Tera3oBOJOHACHIIIEHHOCTHOOPA3IIOB
MIOPOJT OCHOBaHA Ha M3MEPEHUHUIIOTEPH MacChl 0Opa3iia U 00beMa OTOTHAaHHOW M3 HErO BOJIBI
MoCJie IKCTPArupoOBaHUsl B YTIEBOIOPOAHOM pacTtBope. O0BeMBbI comepikaiieiics B oOpasiax
MOpOJBl BOJABI M HE(PTH ONPENENISIIOTCS TPU IMOMOIIM ammapara 3akca. Mcmomsdys 3Tu
JaHHBIC, BBIYUCIISIOT KOAPPUIIUEHTHI HEPTE -, Ta30 - U BOJOHACHIIIICHHOCTH IO CJICIYIOIINM
dbopmymnam:
K03 purmeHT HepTEHACHIIIIEHHOCTH

L[] =
S =
H DH

K02 PUIHEHT BOJIOHACHIIIEHHOCTH —1)

00

DB * DH
S=____ (2
B L0

K02 PUIHEHT ra30HACKHIEHHOCTH
S;=1—(Suby + Sgby) (3)

B stux popmynax Vy u Vg - 00beMbI coepikaiieiicss B ooOpasie HeQTu u BOIILI,CMS;[)“—
IUIOTHOCTB TOPOBL, I/CM>; M— K03 PHUIHEHT TOPUCTOCTH, JOIHU ¢AMHHLb]; G — Macca
KHUJIKOCTH CoJieprKariieiics B oopasiie, T; by, by — 00beMubIe K03 uineHTs HE)TH U BOJIBI,
JIOJTH €JIMHUIIBL.

1. 3apanme
4.1.  [lanHble A1 pacueToB (10 BapuaHTaM) 3a1adn | HaxoasTcs Bradiuie 1

3amaua
Omnpenenutd K03 GUIMEHTH HepTE -, Ta30 - U BOJOHACHIIIEHHOCTH IOPOJBI, B 00pasie
KoTopor coaepxutcs HehTh Vi, Boga Vg, comepkamascs B oOpasie macca kujnkoctu G;
IUIOTHOCTH TIOPOZBI Pyn; KOIDOUIUMEHT MOPUCTOCTH M; 0ObeMHBIE KOXPPHUIUEHTH HEDTH U
BOIbI Dy, Dy

Tao6auna 1
ITapameTpbl Bapuanrtsl
1 2 3 4 5
Vy, oM 4,44 4,23 4,56 4,68 4,35
V,,om® 4 3,8 41 42 3,9
G, T 92 94 90 91 92
P, T/eM® 2 2,1 1,9 2,2 2
m 0,25 0,24 0,23 0,22 0,21
by 1,2 1,1 1,3 1,2 1,1
b, 1,03 1,02 1,01 1,03 1,04
Ortser: Sy 38,6% 39.4%
Se 34,8% 35.4%
Sr 17,9% 21%
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Onpenenenne HegTeOTIAYH NJIACTOB IPH BOJOHANIOPHOM peKUMe

IKCILIYATAUMHU He(PTAHOH 3aJI€HKH.

TeopeTnyeckue cBeleHUs
HUcrounukamu SHECPTrUun 06€CH€‘{HBaIOH1€I>'I ABWIKCHUC KXUJAKOCTU W I'a30B B INPOAYKTHBHBIX
I1acTax, SBJSETCS COOCTBEHHAs IJIACTOBAsI SHEPTUsl U DHEPTHUs, MOjJaBaeMas U3BHE — IyTEM
HAar"u€TtaHus B 1JIACThI 11O BBICOKUM HaBJICHHUEM )KI/IIIKOCTGI\/JI H ra3oB.

OCHOBHBIMU HCTOYHHUKAMH I1JIaCTOBOM SHEPIUU CIIyKaT:

SHEPrus Hallopa IIaCTOBOM BOABI (KpaeBOM MU MOAOUIBEHHON);
SHEprus pacIIupeHns CBOOOJHOro ra3a (ra3a ra3oBoil mankm);
SHEprus paclIvpeHus: paCTBOPEHHOI0 B HEPTH rasa;

SHEPrus YIPYrOCTH KUJIKOCTH U TIOPOJIBL;

9HEprus Haropa HeTH (TPaBUTAIMOHHAS YHEPTHS).
[TnacToBast sHEprust pacxoAyeTcs Ha coOBepLIeHHE pabOThI O MEPEMELICHHUIO KHUJIKOCTEN 1
ra3oB U MOABEMY HX Ha MOBEPXHOCTb.

Pexxumom pa0oThbl 3ayiexkel Ha3blBaeTCsl MOSBIEHUE MPEo0JIafaolero BUjaa IUIACTOBOM
PHEPTUU B Iporecce pa3paboTKH. DHEPreTHIeCKOe COCTOSHUE 3alIe)Kd — TIIAaBHBIN (hakTop,
OTPaHMYMBAIOLINI TEeMIIBl €€ pa3pabOTKW U IOJHOTY H3BiedeHus Heptu u raza. Ilo
npeo0iasaroneMy BUAY SHEPTrUM Pa3IndaloT CIEAYIOINE PEKUMBI pabdOThl HE(TIHBIX
3ajexeil:

BOJIOHAIIOPHBII;
ypyruu,
pPacTBOPEHHOI'O I'a3a;
ra30HaIlOPHBIN;

IrpaBUTALMOHHBIN;

CMELIaHHBIE.
IIpu peanbHOl pa3paboTKe MECTOPOXKICHUI B OCHOBHOM HCIIOJIb3YIOTCSICMELIIaHHbIE
PEXKUMBI.

3amanue
Jlannble s pacyeToB (110 BapuaHTam) 3a1a4u 1
HaxomaTcsd Bradaume 1;
Jlannble a5 pacyeToB (110 BapuaHTaM) 3aJauu 2
HaXoJATCs BTaduue 2.

3apgaua 1
Ilapamerpbl He(TAHOH 3aJI€5KM € BOJOHAIOPHBLIM PEKHUMOM
ompeaejieHbl B
pe3ysibTaTe HCCleA0BaHUs OOpa3loB KEpHOB M TeopHU3MYecKUMHU MeTogamu. [Ipu sTom
ycTaHOBIIeHO. UTO cpemHee KOJMYECTBO CBSA3aHHOW BOIBI S, M HE(PTEHACBHIIICHHOCTHS, B
HaYyaJIbHBIN [IEPUOJL IKCILTyaTallud COOTBETCTBEHHO

paBHBl (CM cBOW BapwanT B Tabmuie 1). B Xxome »dKkcmmyaTanuu 3alekd CpeaHss
BOJIOHACBIIIIEHHOCTH CTalla YBeIHUMBaThCs. Yepes 6 et oHa Oblia paBHA (CM CBOM BapuaHT B
tabmuie 1) a yepes 9 et — (cM cBOM BapuaHT B Tabmwuie 1).

Omnpenenuts cpeTHUN MPOIEHT HEPTEOTAAUN AJIs yKa3aHHBIX MEPUOOB BPEMEHHU.
MeToauka pelieHus 3a1a4M.

KOBCP(I)I/II_II/IGHT HC(I)TGOTI[an/I B 3aBUCHUMOCTH OT CpCI[HGfI BOAOHACBIIICHHOCTUIIOPOAbL S Ha
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JTAHHBIF MOMEHT HaXxOAUM 10 (opmyIie:
0 =0
Kor= * (1)
ogo-=0
rae yucnutensb (Sg — S) — KOJIMYecTBO BOJBI, MOCTYMUBIICH B 3aJ€Kb BMECTO TaKOTO JKe
KonuecTBa 100bIToN HedTH, a 3HamMeHarenb (100 — S) - HayanbHbIH 3anac HeTH. BenununHb

SgH S BBIpaXXEHBI B MPOIICHTAX.

[Tycte Sg= 12% u Sy= 88%. T.x. cpemHsisi BOJOHACBIIIEHHOCTh CTalla YBEIHMYUBATHCS, TO
gepes 6 net S,= 52%, a uepe3 9 ner — 69%.

CremoBarenbHo, HedTeoTnaua o dpopmyste (1) cocraBut:

uepes 6 et Koo =0, 000 wm 00, 0%
of " Doo-
uepes 9 ner 1 KOO =[], 000 wmm 00, 0%
g 00-0
ol Soo-oo
Tao6auna 1
BapuaHTBI ycJ10BHS 321291
ITapamerpsbl 1 2 3 4 5
HedrenacwimeHHOCT 81 92 94 86 90
Su
Bo1oHACHIILIEHHOCTHS 19 8 6 14 10
B
Sguepes 6 et 48 54 56 50 51
Sg uepes 9 et 52 66 69 61 63
OtBer:
3anauya 2

Hedtsnas 3anexp, skcIutyaTupyemasl Ipu BOJOHAIIOPHOM JIBM)KEHUH, UMEET
CPaBHMUTEIBLHO OJTHOPOJAHBIN cocTaB mopol. TpedyeTcs: npubanKeHHO OLEHUTh HedTeoTnauy
ATOM 3aJIeXH Uil ABYX IepuoaoB BpeMeHH. K KoHIly mepBoro mepuoja 1o0Obya HedTH
QcocraBnsma4000 M3/CyT(CM cBOU BapwaHT B Tabymie 2) u Boabl Q1000 M3/CyT(CM CBOM
BapuaHT B Tabmuue 2). K xoHuy BToporo mepuona jaoosrua cocraBisia Hepru Q,= 1000
m/cyr(cM cBoif Bapmant B TaGmuie 2) u Bomel Q, = 4000 m%/cyr(cm cBOil BapmaHT B
tabnuie 2). I3BecTHBI BA3KOCTH HE(TH U BOABI B IJIACTOBBIX yCIOBUAX: M, = 7,3 mlla*c u
e = 1 MIla*c; o6beMHubIe KO3 GHUIIEHTH HehTH U BoasL: b, = 1,11 b= 1 (cM cBo¥i BapuaHT B
tabnure 2).

MeTtoauka pelieHus 3a1a4M.

[Ipu 0THOBPEMEHHOM MPHUTOKE B CKBAXKMHY HE()TH U BOJIBI IPOIICHTHOE COAECPIKAHUE BOJIBI
B JJ0OBIBA€MOM CKBOXKHHE OyAeT

c=p0n _° 2)
g tlip
[IporieHTHOE coJiepKaHue BOJIBI 3aBHCHUT OT  BEIUYHUHBI (ha3oBbIX
nporunaemMocteit Kynky, BI3KOCTBIO MyHs U 00BEMHBIX KO3(duImeHToB by u

by (HedTH ¥ BOBI) U MOXKET 6BITLj?Il'Ipe,£[eJ'ICH0 U3 BBIPAXKEHUS

Cz —— Up
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©)

rie M — koddduimeHT, 3aBUCAIUNA OT (PU3NYECKUX CBOWCTB IUIACTOBBIX >KHJIKOCTEH,
BBIPAXKAETCSI COOTHOIIICHUEM:
B /B
M= 4)
Ua Uy
IMpu py= ps u by = by xoddpdummenr M = 1. UYem Oosplie BA3KOCTh H
00beMHBIH KO3(hGUIMeHT HeT (IpU HEM3MEHHOM Wy U Dy), TeM MeHbIlle 3HAYCHUE UMEET

koaurment M.
HedreoTnaya 3aBUCUT OT copep:kaHUs BOJBI B 10OBIBAEMOM KUIKOCTH U K03 duumenta M.

Wmest 3TH 1711 CPAaBHUTENIBHO OJJHOPOJHOTO KOJUICKTOpA, MOYKHO OHpENeNUTh HedreoTaauy
(B %) no rpacduxky (puc 1).
[penBapurensHo HaxoasTcsiCuM o popmynam (2) u (4).

Jns mepBoro nepuoja:

C,=100 —————=20%; ~ 4000+1000
M= -
103 » 1
7,
10
g Broporo nepuopa:
C,=100 — =80%
40
00
1000+4000

Benmuunna M 1y BTOpPOro IMEpuoja OCTAaeTCs NpexHeH, paBHo#t 1/8, T.x. py u b, He
U3MCHWINCH. [ onpeencHus HeQTEOTAa4YH 10 MEPUOIAaM HCIIOIb3YIOT rpaduk (cMm puc 1),
Ha KoTopoM oT Touku 20% Ha ocu abCUMCC MPOBOJSTBEPTHKANID J0 IMEPECEUCHUST ¢ KPUBOM
M= 1/8. Or HaiiieHHO! TOYKH TIPOBOIUTCS TOPU30HTAIb BJIEBO M HAa OCH KOOPAMHAT
HaxonaT HedreoTmauy mis nepBoro mepuona Kepg = 25%. Taxke Haxomar HedreoTmady
s Broporomnepuoaa Ko, = 47%.

Mo %

80

. l /////
|t

40

=

M
i

e S ——

0 20 40 60 80 S,,%
Pac. 11,2, I'padux 3asucamoct nedreorna-

4H OT COAEPKAHHA BOAL B J0OLIBAEMON MKA-
KOCTH JAR pasHbiX 3HaqcHufi M

Taoauna 2

Bapuanrtsl
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ITapameTpbl 1 2 3 4 5
Qu1, M/cyT 3500 4100 4800 3900 4200
Q. 1, M/CyT 500 700 800 600 800
Qu2, M/cyT 500 700 800 600 800
Qaz21, M/CyT 3500 4100 4800 3900 4200
s, MITa*c 7,5 7,6 7.8 7,4 7,0
u,, MIa*c 1,0 1,1 1,0 1,1 1,0

b 1,06 1,0 1,05 1,1 1,05
B, 1,0 1,0 1,0 1,0 1,0
OTtBeT
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bessepxas, E. JI. MoposoBa, T. H. Bunuuenko [u np.]. - KpacHospck: Cubupckumii ¢enepaibHbIi
yauBepcuret, 2019. - 190 c. - ISBN 978-5-7638-4238-8. -Tekc : »yeKTpoHHBIH // DIEKTPOHHO-
ouommoteuynas cuctema IPR BOOKS : [caiiT]. - URL: https://www.iprbookshop.ru/100073.html (maTta
oOpatenus: 01.09.2021).
- Pexxum noctyna: ais aBTOpu3Hp. MOJIb30BaTENICH
3. Kpen, B. T'. Mammnsl u obopyaoBanue razonedrenpoBooB: yuebnoe mocoome / B. I'. Kpem, A. B.
Pynauenxo, B. A. IlImypeirun. - 4-¢ usn., crep. - Cankr-IletepOypr : Jlansp, 2018. -376 ¢. - ISBN 978-5-8114-
2395-8. - Tekctr : onektpoHHeli // Jlawe:  anekTpoHHOOMOMMoTewyHas —cucrema. -  URL:
https://e.lanbook.com/book/104949 (nata oOpamenus: 15.06.2020).
- Pexxum noctyna: qs aBropus. [lonp3oBartenei.
4. TTerpaxos, /1. I'. PazpaboTka He()TSAHBIX U Ta30BBIX MECTOPOKACHUN [ DNEeKTpOHHBIN pecypc] : yueonuk / JI. I'.
ITerpakos, /I. B. Mapgamios, A. B. Makciotun. - DnekTpoH. TekctoBble nannbie. - CII0. : HammnonanbHbIi
MUHEPATbHO-CBIPhEBOH YHUBEpCUTET «I opHBIi», 2016. — 526 ¢. — 978-5-94211-753-5.
-Pexxum noctyna: http://www.iprbookshop.ru/717 03.html
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