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Onpeneﬂeﬂne NMPUBECIACHHOIO IJIACTOBOI'0 JaBJICHUSA

Teopernyeckue cBeieHUs

[lon mprBeneHHBIM MJIACTOBBIM JIABJICHHUEM NMOHMMAIOT TaKOE PACUETHOE JaBJIECHHE,
KOTOpPO€ OTHECEHO (MPHUBEICHO) K KaKoW-1100 (UKCHPOBAHHOM OISl JAHHOTO MECTOPOXKICHHS
riryOuHe. JI7s MECTOpOXKIeHHI C BOJOHANOPHBIM JIBIDKCHHEM YIOOHO MPHBOAMTH (PaKTHUECKH
3aMepeHHOE B CKBAKMHAX IUIACTOBOE JABIIEHHE K IUIOCKOCTH MEPBOHAYAIBHOTO BOAOHE(DTSHOTO
koHtakta (BHK). 3Hanme mnpuBeneHHOTrO IIacTOBOTO JaBJICHHS HEOOXOIMMO HE TOJIBKO IS
HAyYHO OOOCHOBAHHOTO TpoIlecca pa3pabOTKH MECTOPOXKIEHHUS, HO M JUIsl pPEHIeHHS MHOTUX
BOIPOCOB PALlMOHAJIBHOM 3KCIUTyaTallUd CKBAXXMH C YYETOM peajbHOI0 M3MEHEHMs B IpoLecce
OKCIUTyaTallil  SHEPreTUYEeCKOT0 COCTOSHUS 3aleXH B  OKPECTHOCTH  JOOBIBAIOIIMX U
HarHeTaTeNIbHbIX CKBaXMH. M3 ycClIOBMI MNpOSBIEHHUS BOJOHANOPHOIO JBUKEHHS CIEAYET, 4TO
Pra>Prac-

Beenem cienyromme 0603HaueHUS:

H..« — paccTosiHue OT yCThs CKBaKMHBI 10 IepBOHa4aibHOro nojoxxenus BHK, wm;

H..w— paccTosiHUE OT YCThsI CKBOKUHBI 10 TOYKH 3aMepa AaBICHUS Psaw (MII1Q); Pranp—
MIPUBEICHHOE K IUIOCKOCTH MIEPBOHAYAIIBHOTO BHK
miactoBoe aapieHue, Mlla.

Ecnu Tekylee IUIacTOBOE [aBIEHHE HW3MEHSETCs Jake B 2 pa3a IO CPaBHEHHUIO C
NepBOHAYAILHBIM, TO IJIOTHOCTh HeTH MeHsieTcs He Oosee, yeM Ha 3% (TIpH TUIOTHOCTH Pun
= 750 kr/m®). Ilpu Gonbluel MIOTHOCTH HepTH (pur> 750 xr/m’) pasamma 3a cuer
W3MEHEHHUsl IUJIaCTOBOTO JaBlieHUs CTaHOBUTCS MeHblie 3%. Iloatomy mpu pacuerax B
001acTH JaBICHUN P>PuacMOKHO HCIIONH30BATh MOCTOSIHHOE 3HAYEHHE TNIOTHOCTH TJIACTOBOM
He(TH.

B 3aBUCHMMOCTM OT KOHCTPYKLHH CKBaXHH M HMX MECTOIOJOXKEHUS Ha CTPYKType
BO3MOJKHBI CJIETyIOLME BAPUAHTHI:

Hzanm<Hphk " Hzam>Hguk
B riepBoM ciydae MPHBEICHHOE ILIACTOBOE TABJIGHHE
Poump = P3am + (Hpuk - Hzam)pHIT g 10

Bo BrOpoMm cirydae
-6
Poump = p3am - (Hzam- Hpa)pHIT g 10



1. 3ananue
4.1 lannble Ui pacyeToB (1o BapuaHTaM) i 3aAad | u 2 HaxoasTcs B Tabmiwuie 1

3angaua 1.
PaccuuraTh npuBeleHHbIE MJIACTOBbIE IaBJIEHHS B CKBAKMHAX.

Taoanna 1

IMapameTpbi BapuaHTsbl ycJ10BUs 321244

CxBaxxuHA 1 2 3 4 5
Hpni, M 1750 1640 1780 1820 1680

H.ony M 1610 1670 1865 1740 1620

Paav, MIla 15 14,3 13,7 16,2 13,1
Pun, Kr/m’ 805 803 810 812 807

Otser, Mlla 16,1 14,06 13,03 16,84 13,58

3anaua 2.

Jns ycnoBuil mpenpiaynie 3aJaul OLUEHUTh BIUSHUE W3MEPEHMs IUIOTHOCTU IUIACTOBOM
HepTM Ha TPUBEICHHBIC IIJTACTOBBIC JIABJIICHUS, €CIM BO BCEX YKa3aHHBIX CKBAXHH
3aMEpPEHHOE JaBJIECHUE BO3POCIIO U COCTABIISIET:

B CKB. 1 — 1,3 psav; B CKB. 2 — 1,45p 5aw; B €KB. 3 — 1,6 P 55 B CKB. 4 —
1.1 psav; B CKB. 5 — 1.2 p 5.

MeToauka perieHus 3a1a4u.

Ha MEPBOM 3TaIll€ paCCUUTaTb NPUBCACHHBIC IUIACTOBBIC NABJICHUA Puunp, ACIIOJIB3YS IJIIOTHOCTHU
M1acTOBOM HEPTH (Pun) YKa3aHHbIE B TAOJIMIIE 3a7a4d
Nel, a 3aMepeHHbIE TABIEHHS P 5oy PACCUUTATH O YCIOBHIO 3a/1a4H.
Ha BTOpOM 3Tane BHIUKCIUTD HOBbIE 3HAUEHUS INIOTHOCTH TUIACTOBOU He(TH
p'unC YYETOM M3MEPEHHUs MIACTOBOTO JaBIIEHUS 10 cienytomiei popmysre:

Pl Lui

e ——

1_BP3aM _P3aM

raepun — INIOTHOCTH IIACTOBOM HedTH, Kr/M° (6epeTcs u3 3agaun Nel);
B.— xoodduument cxumaemoctu Hedrr, 1/MIla (npuaumaercs pasusiM 1*¥107° 1/Mma);
Paw - PACCYMTAHHOE II0 YCIIOBHIO 3a1a4n Ne2 nasnenue ,Mlla;
Psav- 3aMepeHHOE naBiieHue, Mma (6epercs u3 3agaun Nel).

Ha  Tperbem  JTame  ompenenuTh  NPUBEACHHBIC  IUIACTOBBIC  JIABJICHUS
P nanp, MCTIONB3Y IBETUUUHBI H i Hav 13 3aaun Nol 1 paccuuTaHHbIC U1 COOTBETCTBYIOIIMX
CKBAXKUH P say U P HiL.



Ha nociennem 3Tame CpaBHUTHh NPHUBEIACHHBIC IUIACTOBBIEC JABJIEHUS, pAaCCUMTAHHBIE Ha
MEPBOM U TPETHEM 3Talax, U BEIYUCIUTh OTHOCUTENIBHYIO OIIUOKY O:

_ Bump — P
Rinnp

0 *T100%.

BBIBOHZ H3MEHEHHE TUIOTHOCTH IIIACTOBOM He(l)TI/I IIprU U3MCHCHHUM ILIaCTOBOI'O JaBJICHUA BJIIMACT
Ha MPUBCACHHOC IMJIAaCTOBOC JAaBJICHHUC.



OmnpenesieHue qaBJeHUs1 HACBIIEHUS HE(PTH ra3oMipu t <ty,.

Teopernyeckue cBeieHHS.

SKCHJIyaTaIII/ISI IIO6I>IBaIOHII/IX CKBAXHH CBA3aHa C USMCHCHHUECM TCMIICPATYPhI B IMPOLCCCC
NobeMa MPOAYKLUHU KaK BCIEICTBUE TEIUIOOOMEHA C OKPYXKAIOIUMH TOPHBIMH MOPOJIaMH,
TeK U Uu3-3a pabOThl OTACIBHBIX 3JEMEHTOB TIOTPYXKHOTO 000pya0BaHUs (TIOTPY>KHOTO
JIEKTPOABUTraTeNsl B YCTAHOBKE IOTPY>KHOTO LEHTPOOEKHOTO Hacoca). YUHUThIBaHHUE
BJIMAHUA TEMIICPATYypPhl HA OABJICHUC HACBIIICHHUA (P,.,ac) MO3BOJCT CYHICCTBCHHO IMOBBICUTH
TOYHOCTh pacyeTa TEXHOJIOTHYECKUX MPOLECCOB A0OBIYM HEPTH.

Pacuer naBneHus HachIIEHUS B 3aBUCUMOCTH OT TeMreparypbl (P ;) IpH MOCTOSHHOM
KOJINYECTBE PACTBOPEHHOTO0 B HE(PTH ra3a MOKHO BbUMCIUTH HO (opmysne M.J. Ilroda,
1O.H. benoga, u B.II. [Iponuyka, eciu U3BECTHO COJEpKaHUE B paCTBOPEHHOM ra3e METaHa U
azora

P =P . t- (1)

Hac t Ha 701.8
c 9,157 Ty yar0.8ya

rie Pua— AaBieHne HaChIIEHUs MIAaCTOBOM HE(TH ra30M MpH IUIACTOBOM TeMmeparype  tu,
MIla; t- Tekymas temnepatypa, °C;Iloyv— Ta30HACHIILIEHHOCTh IUIACTOBOM He(pTH,
XapaKTepU3YIOIascsl OTHOLIEHHEM o0beMa rasa (IpUBEIEHHOIO K HOPMAJIbHBIM YCJIOBUSM),
PacTBOPEHHOTO B HE(TH, K Macce JErasupOBAHHON HE(PTH, M’/T; Yy ,Ya— COOTBETCTBEHHO
COJIepKaHHWEe MEeTaHa M a30Ta B ra3e OAHOKPATHOI'O pasrasMpoBaHMs IUIACTOBOM He(pTH B
CTaHAAPTHBIX YCIOBUAX, O €IHHUIIBL.



1. 3apanue
4.1 lanHble 151 pacdyeToB (M0 BapuaHTaM) 3agadd | Haxonsarcs B Tabmune 1

3agaua
PaccunTaTh 1aBJ/ieHUe HACHINIIEHUSI HEPTH

Taoanua 1
BapuanTsl ycji0oBusA 33124
ITapameTtpsl 1 2 3 4 5
Texkymas 50°C 52°C 49°C 54°C 53°C
TeMieparypa, t
IlnacroBas
IEMHepaTypa, 82°C 80°C 84°C 88°C 85°C
1

JdaByienune
HACBIIICHUA NIPU 11,2 12,2 11,8 11,0 10,8
IJIACTOBOII t,
P, MIla
I'azoconep:kanue 78,5 76,5 78,0 77,1 78,5
NJ1aCTOBOI M /v’ /M’ M /M? /M /M
HedrTu, G,
ILioTHOCTH 854 840 851 845 836
JerasMpoBaHHON Kr/m* Kr/m* Kr/m* Kr/m* Kr/m*
HedTH, Pus
Conepxanue
MeTaHa B rase 0,622 0,634 0,598 0,612 0,654
1pH C. Y,y
Conep:xkanue
a30Ta B rase npu 0,027 0,019 0,022 0,025 0,028
C. YsYa

Orser: 9,8 10.96 10.3 9.41 9.3

MlIIa

10™ Gg
r‘OM= - T __
Ter

MeTtoauka pelieHust 3a1a494
[IpenBapuTenbHO HEOOXOIUMO TIPUBECTH PA3MEPHOCTH Ta30COACPKAHUS TUIACTOBOM HEPTH
G, x pazmepHocTH Gopmyds (1). st 3TOro UCMONB3YIOT CASAYIONIYIO 3aBUCUMOCTb:

rane 10°~ kodpduument mepeBoma IUIOTHOCTH, BHIPAXKEHHOM B KI/M’, B ILIOTHOCTb,
BoIpakeHHYIO B T/M°; Ter =293,15(TeMneparypa pu CTaHAAPTHBIX YCIOBHSAX);
T,= 273 (Temneparypa npu HOPMAIBHBIX YCIOBUSX ).

OnpenenyuB ra3oHACHIIEHHOCTh, MPUCTYMAEM K OIPEIEJICHUIO JaBJICHUS HACHIIICHUS
HeTH ra30M Ipu TeKylien Temneparype mo gopmyse (1.1).



Onpenesienue 00beMHOT0 KO3 PuiuenTa

Teopernyeckue cBeieHMsI.

3.1. OnpeneanTs BIMsIHHE TEMIIEPATYPbI HA IVIOTHOCTH HedTH.
[110THOCTH HE(TH B 3aBHCHMOCTH OT TEMIIEPATyphl MOXKHO PAacCUMTATh UCXOIS U3
oTpesieNIeHUs] TEPMUYECKOTO pacIlIupeHust HeQTH:

1

1
T

L1
tJ

pu (6) =P 1+ay(t-20)

€ Pu Pu ( t )— wioTHOCTH HepTH MpH 20°C U P TeMIepaType t COOTBETCTBEHHO, KI/M’; Oy
- KO3(p(QUIMEHT TEepMUYECKOr0 pacIIUpeHuss He(pTH, 3aBUCHUMOCTBIO KOTOpPOIO OT
temneparypsl B nuanazoHe ot 10 mo 120°C mMokHO npeHeOpeuyb W pacCUMTHIBaTh €ro I0
dhopmynam:

2,638 (1,169 — p, *10?), ecnu 780< p, < 860 kr/m’

a= 1073 * )
1,975 (1,272 - p. *¥107), ecnu 860 < p, <960 kr/m*

Bausinue coJlepKaHusA rasa Ha
u3MeHeHue o0bema  HedpTH  NIpH
NMOCTOSTHHBIX TeMIlepaType U 1aBJeHHH.

Jnist pacTBOpeHus: B HepTH ra3a He0OX0AUMO MOBBICUTD JIaBJICHUE U IIPUBECTH CUCTEMY B
paBHOBecHE. YBEJIMUCHUE JIaBJIICHUS YMEHbBIIIAeT 00heM He(TH, paCTBOPEHHE XK€ B HEH rasa
YBEIUYMBAET €ro. DT JIBa MpoLecca MPOTUBOMOIOKHOTO U3MEHEHH 00beMa He(hTH MOXKHO
y4ecThb pa3esibHO BBEACHUEM ABYX Pa3WYHBIX KOA((UIMEHTOB: CKUMaeMOCTH He(pTH U
«HaOyxaHus ee.

O6beM HeTH IIpU PACTBOPEHUHU B HEW rasza Mpu MOCTOSHHBIX TeMIlepaType U JAaBIICHUU
ra30HaCHIIIEHHOCTHIO , pACCUUTHIBAIOT IO (OpMYIIE:

. V=V (1+4h L), , 3)
rae V - o0beM ¢ He T IIpy MOCTOSTHHBIX JIaBIIEHUH U TEMIIEPAType B CUCTEME;
H

I'— oTHomeHne oOBeMa Ta3a, pPaCTBOPCHHOro B He(TH, NMPHUBEICHHBIE K CTaHIAPTHBIM
YCIOBUSAM; 4,, — KOIPPUIMEHT u3MeHeHusT o0bema He(TH W3-3a U3MCHEHUS ¢¢
HACBHIIIIEHHOCTH Ta30M:

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

TJ1€ PusPr- IWIOTHOCTU HEDTHU U raza, pacTBopsieMoro B Hedru, npu 20°C u 0,1 MITa, kr/m’.
Koadduument 4,. paBeH OTHOIICHUIO

Aar_ P
=—5)
Prx
TJIEPr — KAKYIIASACS IUIOTHOCTh ra3a, PACTBOPEHHOTO B HEPTH, KT /M.
I[Ipu >ToM HedTh C paCTBOPEHHBIM B HEH Ta30M pacCMaTPUBAIOT KakK pacTBOpP,
MOTUUHSIONIMNACS TPaBUITY aJAMTUBHOCTH (2IUTHUBHBIN — IMOJy4aeMbIil ITyTeM CIIOXKEHHUs):



Var m | mr (6)
S Prx
Pu
rie m,, m,— Macchl He(TU U rasza, KOTOPHI JOIKEH OBITh PACTBOPEH B HEW,

KI'; Pu - INIOTHOCTH He(l)TI/I IIpU OaBJICHUH U TEMIICPATYPEC B CUCTEME, KI' /M3.

O0beMHBIH KO3 PULIHMEHT HePTH.

W3menenune o0beMa HepTU B pe3ynbTare ASHCTBUS IIACTOBBIX JAABICHUS U TEMIIEPATYPHI,
PacTBOPEHHOIO ra3a, XapakTepusyercsi 00beMHbIM KO (HULIUEHTOM.
O0bemMHbIH K03 PuuueHTh — 3TO OTHOIIEHHWE O0BbeMa HEPTH B IUIACTOBBIX YCIOBHUSX
V. K 00beMy 3TOHM ke HedTH mociie OTAeleHHs ra3a Ha noepxHoctu. OObeM HedTH B
IUTACTOBBIX YCJIOBMSIX HPEBBIIIAET OOBEM JEra3sMpoBaHHOW He(PTH H3-3a MOBBIILICHHON
IUIACTOBOM TeMIlepaTypbl U COAEpkKaHMs OOJBIIOTO KOJINYECTBA pPacTBOPEHHOI0 Ta3a.
Ho BBICOKOE IUIACTOBOE JIaBJICHUE
00yCJIOBIMBAaCT HEKOTOPOE CHIDKCHHE oObeMa HedTtn u3-3a ee cxxkumaemoctu. [loatomy
OpU CHIKEHUM JaBJIEHUs OT IUIACTOBOIO JO JIABJCHUS HACBHILEHHUS IPOUCXOIUT
yBEJIHUYEHUE JIaBJICHUS Heptu. [lpum  gocTmwkeHHH
JaBJICHUs] HACBIEHUS W3 He(TH HAUMHAET BBIJIENATHCS PACTBOPEHHBIH Ta3, 4TO BEIET K
yMeHbllIeHuIo ee o0bema. Ha ymenbiienne oobeMa HeTH BIUSET U CHUKEHHUE TeMIIepaTyphl
OT TUIaCTOBOW 40 TeMmmepaTypsl Ha noBepxHoctd. [lpu pacyere 00BEMHOro
kodp¢uumenTa o0beM  JerazupoBaHHOM HedTH  ompenensercs B CTaHIAPTHBIX
ycnoBusax(atMochepHoe AaBICHUE U temneparypa 20°C). O6bemHbII
kodp¢uuueHT o00byHO u3MeHsercs ot 1,05 mo 1,4.M3BecTHBl HEPTH, Yy KOTOPBIX
00beMHBIN K03 uLmeHT qocturaet 3 u 6osee.

O6bemMHbI K0d(DPHIIMEHT HEDTH MOKHO paccuuTaTh 1Mo GopmyIe:
b =1+ ML+ oy (t—20)—6,5* 107p, (7) roe p — naBieHue, |
°C.
Jis HedTel B MIACTOBBIX YCIOBUSAX OOBEMHBIN KOI(PPUIIMEHT B MIEPBOM MPUOIMKEHUHU MOKHO
OTpeNeauTh TI0 popMyIie:
b =1+ 3*10°T,. (8)

4. 3ananue
4.1. Jlannsle s pacueTos (10 BapuaHTaM) IS 3a7a4d | HaXOAATCs B TaOIMIE
L;
4.2.  Jlaunble ms pacyeToB (10 BapMaHTaM) [l 3aa4d 2 HaXOAATCA B Tabuuue 2;
4.3.  Jlaunble mis 3ama4n 3 (110 BapuaHTaM) B3STh M3 PELICHUM 3a1a4d 1 u 3.

3agaua 1
Haiitu mnotHocts Hedptu CpeTeHCKOro MECTOPOXKIEHUS TYJIBCKOTO TOPU30HTA MpH
temmeparype (cM B Tabmmie 1 cBO BapwaHT), eciu IUIOTHOCTH ee npu 20°C paBHa (cM B
tabiuue 1 cBoil BapuaHT), U HEPTH KHIHOBCKOTO T'OPH30HTA TOTO K€ MECTOPOXKACHUS MPU
temmeparype (cm B Tabmure 1 cBoif BapuaHt), ecnu IUIOTHOCTH ee mpu 20°C paBHa (cM B
Tabnuie 1 cBol BapuaHT).

Taoauna 1

BapuanTsl ycjioBus 3a1a4u
ITapameTpbl 1 2 3 4 5
Temneparypa 68 70 66 69 67
TYJIBCKOTO
ropu3onTa, °C




[lnoTHOCTBIIPH 849 846 845 848 844
t=20°C, xr/m’

Temmeparypa 73 75 72 73 74
KBIHOBCKOT'O

ropu3oHTa, °C

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

OTBeT: TynbCKUI 816 813 820 815 819
KBbIHOBCKHH, 859 860 858 852 85
KT, M°

MeToauka perieHus 3a1a4u.

Jns HedTH Tymbckoro Tropu3oHTa 1o Qopmyne (2) ompexpenseM kodhduimeHt
TEPMUYECKOTO pacmupeHus HepTtu a,, a mo Qopmyne (1) HaXomaT ee IUIOTHOCTH TPHU
3aJJaHHOM TeMIepaTtype , Hanpumep - p, ( 68 ) u T.1.

AHAJIOTUYHO JUTst He(TH KBIHOBCKOTO TOPU30HTA.

3amaua 2.

[Ipu mpuroroBiaeHUH MpoObI MIIACTOBON HEPTHU cenapupoBaHHAs HEPTH MIOTHOCTHIO (CM B
tabmuue 2 cBoil Bapuant) npu 20°C u atMochepHOM JaBIEHUH CKUMAIOT J0 IIACTOBOTO
naBieHus (cM B Tabiuie 2 CBOM BapuaHT) U HArpeBaroT JO IJIAaCTOBOM TemrepaTypsl (CM B
Tabnuie 2 cBOM BapuaHT). 3aTeM 3Ty He(Th HACBIIIAIOT MOMYTHBIM I'a30M IUIOTHOCTHIO (CM B
tabnuie 2 croit BapuanT) nipu 20°C u 0,1 MIla 1o razoHachIeHHOCTH (CM B TaOIuIEe 2 CBOM
BapuaHT) (0OBeMBl Tra3a, pacTBopsieMoro B HedTH, W HepTu mnpuBeaeHsl Kk 20°C u
atMochepHOMy aaBiieHUI0). OnpenenuTs HACKOJIbKO yBenuyurcs oobem 0,5 kr HedTH u3-3a
PacTBOPEHHOIO B HEH ra3au KaXyLIyIOCs INIOTHOCTh PACTBOPEHHOIO rasa.

Taoauna 2
BapuaHThI yc10BuS 3a1a4H
IMapameTtpbi 1 2 3 4 5
[TnotHocts  HedTUP. 883 889 884 886 887
JKI/M°
IImacToBoe maBiieHUE 12,7 12,9 12,7 12,5 12,6
Prr, MITa
[ImacroBas 26 27 25 26 27
TemMneparypa tu, °C
[ImoTtHOCT, Ta3a P, 1,4 1,7 1,4 1,5 1,6
Kkr/m’
r%7OI§aCBIH_IeHHOCTLF0, 24,1 26,2 24,3 25,7 26,0
M~ M
OrtBert: VBenuueHue 33,94* 38,38* 34,07* 37,14%* 33,16%*
3
oobpema HePTHAV, M 1070 1076 1076 1076 1076
Ortser: Kaxyuryrocs 560,9 6513 562,2 583,7 708.,0
IJIOTHOCTD Pry, KI/M’

MeTtoauka pelieHust 3a1a494
B cootBercTBUU ¢ hopmyroii (3) cHavyana HY>KHO onpeaenuTh o0beM HedTH 0,5 KT mpH
IUIACTOBBIX JABJICHUHU U TEMIIEpATYpE.
YMmeHblIeHHe 0o0beMa HeTH H3-3a CXKaTUs ee 10 AaBiieHus (cM B Tabmuie 2 cBOU
BAapHaHT) MOKHO OTIPEJICTUTH IO (hopMyIIe:
AV, _ muy

= — *PBu pn
Pu

J

10



)

rae pu.— mwiotHocts Hedtr mpu 20°C u 0,1 Mna, kr/M*; B — KOO(PQUIMEHT CKUMAEMOCTH
He(TH, IPUHAT paBHBIM B, = 6,5%10™ Mna™; p.,— miacrosoe nasnenue, MlTa.

VYBenuyeHue yBenuueHus oobeMa HepTH M3-3a HarpeBaHus ee JI0 IJIACTOBOM TeMIIEpaTyphl
COCTaBHT:

AVI=  * g, (tw - 20)(10)

rne o,HaiTH 1o gopmyne (2). P

Taxkum oOpazom, 00beM HedTH Mi(/}C;OZI Q/,S +K£{;pv_1'_WT?Pﬂx JTaBJICHUH U TEMIIEpAType COCTaBUT:
9

rae Va=m,/ pa H H p t
Koaddunuent u3MeHeHus: o0bema HePTH A 13-32 U3MEHEHUS
€€ HACBIIIECHUS Ta30M PAaCCUUTHIBAIOT 0 popmyiie (4).
VYBenuuenue o0bemMa HE(PTU K3-3a paCTBOPEHUS B HEM raza COCTaBUT:
AV =V, -V =V A I, .(12)
Kaxcymryrocst IIIOTHOCTh PAaCTBOPEHHOTO ra3a ONpeaessoT u3 Gopmysl (5)
)\'Hl' =P

Prx

3amaua 3
Jlns ycnoBuii 3agaun 2 paccuuTath 00beMHbIN K03 uieHT Hegtu mno Gopmynam
(7) u (8).
Otsetsor: 1BapuanT: b= 1,057, b=1,072; 2 Bapmant: b = 1,1, b =
1,07; 3Bapuant: b =1,05,b=1,07; 4sapuant: b =1,06; b =1,08;
Sapuant: b=1,056,b=1,07.
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OmnpenesieHne MJIOTHOCTH He()TH B IIACTOBBIX YCJIOBHSAX.

1. Teopernueckue cBeaeHusl.

IlnoTHOCTL— OTHOWIEHHME €€ Macchl K o0bemy npu Temmeparype 20°C um armochepHOM
JIABJIEHHUH, KOTOPOE U3MEHSETCS B MIMPOKKX npezenax or 600 no 1000 kr/m>. onpenensior ee
C TIOMOIIIBIO APEOMETPOB, NMUKHOMETPOB WJIM Becamu Bectdais.

B npakTuke NOAB3YIOTCS OTHOCHTEIBHOM IIIOTHOCTBIO, KOTOpas YHCIEHHO paBHA
OTHOLICHUIO TIOTHOCTH HE(PTH K IUIOTHOCTU JTUCTUIUIMPOBAHHON BOJBI IPU TEMIIEpaType
4°C.

[11OTHOCTh TUIACTOBOM BOABI BCErZa HIDKE JEera3upoBaHHONM HedTH, YTO OOBsACHSIETCA
yBEJIHUEHUEM ee 00beMa B IJIACTOBBIX YCIOBHUAX 3a CUET PaCTBOPEHHOTO rasa.

[To mnoTHOCTH MacTOBbIE HEPTU JENATCS Ha!

- JIeTKHe ¢ MI0THOCThI0 MeHee 0,850 r/cm?;

- TsDKeJIble C IJIOTHOCTBIO Ooutee 0,850 r/cm’.
Jlerkue He(pTH  XapaKTEePU3YHOTCS BBICOKMIMT'a30COIePKaHUEM,
TSOKEIIBIE — HU3KUM.
[TnoTHOCTH HEDTH ¢ PaCTBOPEHHBIM B HEH ra30M MOXHO PacCYMTaTh MO HopMyIie:

PHI 1 z
by + pL0)

)

2. 3aganue
4.1. JlanHble U1 pacyeToB (IO BapuaHTaM) JUIA 3a1a4u | HaxosTcs B
IpaKTHYECKol padore 3.

3amaua 1.
Jis ycrmoBuit 3amad 2 u 3 (cMm mpaktuueckas pabora Ne3 cBOil BapuaHT) pacCUHTATh

IJIOTHOCTH HE(TH B IUIACTOBBIX YCIOBUSX.
OrtBethl:1BapuanT: p. = 867 kr/M°’, pu= 855 Kr/M’;
2BapUaNT: Py = 847 KT/M°, pur = 872 Kr/M;

3BapuaHt: p, = 874 xr/M°, p. = 858 xr/m;

4papuant: p, = 872 Kr/M’, pua = 856 Kr/m’;

5BapuaHT: Py = 879 Kr/M°, pur = 868 KI/M’;
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4.1.

Omnpeaesienue K0O3IPPUIMEHTA C:KUMAEMOCTH rasa.

1. Teopernueckue cBeaeHmsl.

HedTtsapie ra3bl MOAYMHSIOTCS OCHOBHBIM (DM3MYECKHM 3aKOHAM COCTOSHUS HICaTbHBIX
ra3oB, HO C HEKOTOPHIMH OTKJIOHCHUSMH OT HHX. JIJI1 OIIEHKM CTENEeHW STHX OTKJIOHCHHH
KO3 PHUIMEHT CKUMAEMOCTH Ta3a Z, KOTOPBI IMOKa3bIBAE€T OTHOLICHHE 00BEMOB PEAIbHOTO U
UJICANTFHOTO Ta30B IPH OJHUX M TEX K€ JABJICHUAX M Temueparypax. YucieHHOe 3HaueHHE
3TOro Ko3(uIenTa A pa3HbIX YCIOBUH ONpeAeseTcs: IKCIEPUMEHTAIBHBIM [Ty TEM.

Jini  cMecu  YrIeBOAOPOMHBIX  Ta30oB  BEIMYMHA Z  3aBUCHUTOT  HPUBEICHHBIX
CPEAHEKPUTHYECKUX AABICHUNA U TEMIIEPATYPHI:

=£pa_6 (1)
pIp
Pcp kp.
Tpa6
Tn =T (2)
p Cp.Kp.
rac Pepsp = Z (YPwp) 4 Tepap =Z (YTp),

rze y— o0beMHOE Co/iepKaHue ra3a JJaHHOTO YIJIEBOJIOpO/ia B IOJSAX €AMHUIIBI;
Pwp U Tip — COOTBETCTBEHHO KpUTHYECKHUE JaBiieHue U Temneparypa B [1a u K.

IIpu oTCyTCTBUM NAHHBIX O COCTaBE€ raza MOXHO JUIsl TNPHOIMKEHHBIX PACUETOB Pepip U
Tep.pMOXKHO TIOJTB30BAThCS Tpadukamu win (opmynamu Victomuna A.3., BBIpaXAIOIIUMH
3aBHCHUMOCTb CPEAHEKPUTHYECKUX MJABJICHUNH WM TEMIIEPATyp OT CPEJHEH OTHOCHUTEIBHOMN
IUIOTHOCTH Ta3a:

Pepsp = (4,937 — 0,464p,.,,)10°, MI1a, 3)
TCP.Kp = 17195 pl‘.OT + 97, K' (4)

Haitng pepap ¥ Tepap Mo popmynam (1.1) u (1.2), MoxHO ompenenutb z 1o Qopmyie
Hcromuna A 3.:

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

2. 3ananue
Jlannbie st pacueToB (10 BapuaHTaM) I 3a1a4n | HaxozsTes B Tabnuue 1.
3agaua 1.

Onpenennts K03()p(HUIUEHT CKUMAEMOCTH Ta3a B IUIACTOBBIX YCJIOBMSX, €CJIM H3BECTHO,
9TO aOCOJIIOTHOE IUIACTOBOE JIaBJIEHUEPns,IUIacTOBas Temmeparypa T, 0THOCUTEIbHAS
IUIOTHOCTH Ia3a (110 BO3AYXY) Pr.or- COCTAB ra3a npuBesieH B Tadnuie 2.

MeToauka pemenus 3aga4m.
CpenHeKkpuTHYECKHE TaBJICHUS M TeMmIeparypa ompeaenstorcs no ¢opmynam (3) u (4).
[IpuBeneHHbIe HaBICHUE U TEMIIEpaTypa onpeaensroTcs mo popmynam (1) u (2).

3. Kos(hpuuuenT cxkuMaeMOCTH ra3a Onpeaesior 1o dpopmyie (5)

Taoanua 1
BapuaHThl yc10BUSA 3a1a4K
ITapameTpsl 1 2 3 4 5
AOCOIIIOTHOE IIIaCTOBOC 12 10 11 12 11
nasnenue, P,,, MIla
[Tnacrosas 328 312 318 322 324
TeMreparypa, 1, K
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OtHocuTesnbHast 0,841 0,839 0,840 0,842 0,841
IUIOTHOCTB Ta3a, Peom.

OtBeT 0,69

Tabauna 2CocTtaB raza v CpelHEB3BEIICHHBIC KPUTHUECKUE JaBICHUS U TeMIepaTypa.

KoMnoneHnT Oo6beMHOe P, y Tops y
bl coJepskaHue MII P, K T
J0JIH eTUHHUIIbI 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
C;H; 0,09 4,34 0,30 370 33,4
C4H10 0,04 3,87 0,15 425 17,0
CsHi; +B 0,04 3,40 0,14 470 18,8
)X 1,0 - 4,54 - 236,6

Pacuer Bsi3kocTH He(pTH

Teopernyeckue cBeieHUs.

Bsskocte HeTH W BOJBI 3aBUCHUT B OCHOBHOM OT COCTaBa yIJIEBOJOPOAOB He(dTH,
TEMIIEpAaTypbl W KOJMYECTBA pPACTBOpPEHHOro Trasza. llpu OonpmioM razocopepxkaHUU
JMHAMUYecKasi BS3KOCTbM, IUIACTOBOM HEPTH MOXKET ObITh MEHbIIE BA3KOCTH BOABI (M= 1
mlla*c mpu t = 20°C). Ecimu pu= 15 — 20 mlla*c, cymecTBEHHO 3aTpyJHSAETCS M3BJICUYCHUE
HedTH U3 TwiacTa 1 Hedreoraaya cokpamaercs 10 10 — 15%. B OMTYMHHO3HBIX MOponax
W MOKET JIOCTHraTh
10 £15 TIla*c. B »TOoM cnyuae wu3BieYb HE(PTh MOXKHO TOJBKO NpPU BO3AECHCTBHU
TEIUIOHOCUTENSIMU (T1apOM U TOpsiuelt BOAOK).
Ecnu B HedTH conep uTcs OONBIIOE KOJMYECTBO NapaduHa W CMOJI, OHA NpHOOpeTaer
peoJIoTHYecKre CBOMCTBA HEHBIOTOHOBCKHUX XKHMIKOCTeH. s ¢unbTpanuu Takux HedTel B
MOPUCTOM cpene HEOOXOIMMO BO3JCHCTBUE TPaJMEHTOB JaBICHHS, MpPU KOTOPHIX
JOCTUTAIOTCSl B KaNWUISpax HANpsOKeHHs], TMPEBBIIIAIONINE JUHAMUYECKOE HaNpsuKeHUe
C/IBMTa.

Bs3kocTh macToBBIX BOJ B OCHOBHOM 3aBUCUT OT TemmepaTypsl. JlaBneHue,
MUHEpAIN3alus, KOJIMYECTBO PACTBOPEHHOTO ra3a Majo BIUAIOT HA HMX BS3KOCThb, U TIO3TOMY
ee 3HaueHus1 00bIYHO HaxoauTcs B mpeaenax 0,5 — 2,0 mITa*c.

Pacuer BA3KOCTH JerasupoBannoii Hegru npu t = 20°C
B mpakTtuke mo0bprau HepTH HE BCerJa MOCTaTOYHO MH(OPMAIMA O HEKOTOPBIX CBOHCTBAX
He()TH — BA3KOCTH My. Js onenku Baskoctd Hedru mpu 20°C ucnons3yrorces Gopmynsl M.
JIlyHIOIIKHHA:
0.658:p,,> 2
__0:886_pHI[ Ipu O,845<pﬂﬂ< 0,924,
5 &)
0,456-p,;~ 2
PO =0.833 py,Z 1D 0,78 S pu< 0845,
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I7I€ My 20 — OTHOCUTENIbHASA JUHAMHUYECKas (110 BOJE) BA3KOCTb JAETa3MPOBAHHON HEPTH HpHU
20°C u atMoc(hepHOM JIaBICHUU W20 = IMIIa*c; py,—OTHOCHTENIBHAS MIIOTHOCTh
nerasuposannoit Hepu npu 20°C u 0,1 ml]a.

Bsskocts gerasuposanHoii Hedru npu 20°C onpenensgercs:

Mg 20 =M 20 Mas20(2)

Pacuer BA3KOCTH Jera3upoBaHHoil HepTH
npu Jdoil Temneparype

3aBUCUMOCTH BSI3KOCTH JIETa3MPOBAHHON HEPTH OT TeMIepaTypsl BeipakaeTcs popmymoii N.1.
JIlyHIOLIK1HA: 1

po=_(p )*Q)
Ht Htl
c .
T/1€ Mu ¢ - OTHOCHUTENbHAs (10 BOJIE) TUHAMHYECKAs BSI3KOCTh JeTa3MpOBaHHON
He(TH Mpu MCKOMOU Temrmeparype t;
Mu ¢ - OTHOCHTENbHAs (10 BOJIE) JMHAMHUYECKAs BSI3KOCTh Jera3upoOBaHHON HEDTH

IIPY U3BECTHOW TeMIlepaType ti;
a — Ko pULHEHT, onpeaessieMblil o Gopmyue:

a= 4)
1+ b(t— tPlg(cpuye?
b,c— K0d>(Q(UIMEHTH, 3aBUCAIIME OT BA3KOCTH JETa3sHPOBAHHON He(TH U

BBIYUCIIACMBIC T10 CIICAYIOIIUM 3aBUCUMOCTAM:

b=2,52*107 1/°C,e=10 npu p,>1000; (5)
b=1,44*10° 1/°C,c =100 npu 10< p, < 1000; 7)
b=0,76 * 10° 1/°C,c = 1000 npu p,< 10. (8)

1. 3aganue

4.1. Taunble s pac4eToB (10 BapHaHTaM) [JIs 3a1a4 | HAXOAATCs B TaOJHIIE
1.
4.2. Jlansble 1uis pacdeToB (0 BApHMAHTAM) IS 3384 2 HAXOIATCS B TaOJIHIIE
2.
3amaua 1

Paccunrarh BA3KOCTb JIera3supoBaHHON HE(PTU YPMaHCKOIO MECTOPOKICHHUS.
Ta0auna 1

ITapameTsl BapuanTsbl
1 2 3 4 5
PHA 0,85 0,794 0,911 0,885 0,798
Ortsert, mIla*c 17,52 2.01 94.83 25.14 2.19
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3agaua 2

Paccuntarh BSI3KOCTH JlerasupoBaHHON HeDTH MPH t,; = 35. 3HAUCHUE Wy 20
B35Th U3 CBOETO BapHaHTa 3ajauu 1.

Taoauna 2
ITapametpsl BapuaHThbI
1 2 3 4 5
trur 42 39 46 40 38
OTtser
Pemenne
N3 pemenuss mpeaplaymeld 3aJayd  M3BECTHO 3HAYEHHUE My 20 (Ma 20 = 16, 39).

[IpenBaputensHo paccuuthiBaeM Koddduuument a mno dopmyne (1.4), npuHHMas
ko3 urmentsr b,cB coorBercTBuM C (1.7):

1
- 3. 2 =0,935
1+1,44+ 10 ~(35-20) lg (100 *16,39)
ITo hopmyne (1.3) BbIUMCIIAEM OTHOCUTENBHYIO BSI3KOCTh JETa3UPOBAaHHON He(YTH

Pu3s _ E%)' * (100 * 16,35)0,935= 10,13

WM BSI3KOCTh JIETa3UPOBAHHON HEPTH TIPH t,, = 35
We3s = 10,13 * 1mlla *c = 10,13 mlla *c.

OnpeaeneHue NOPUCTOCTH, IPOHNULIAEMOCTH U y/AeJIbHON MOBEPXHOCTH
He(TecoepKaALUX MOPO/I.

TeopeTnyeckue cBeieHUsl.
[Tox MOPHCTOCTHIO TOPHBIX TIOPO]T MOHMUMAIOT HAIMIKME B HEH MyCTOT (TIOp, KaBEPH, TPEITUH U
T.J1.), HE 3aMOJTHEHHBIX TBEPABIM BellecTBOM. [IOpHCTOCTh ompenensier CnocOOHOCTh TOPOIbI
BMeIath B ce0s HePThH (Ta3, BOIY).
[To mpOUCXOKACHUIO TIOPBI U IPYTHE MYCTOTHI B IOPOJIC MOIPA3ICIISIOTCS Ha!

1) MepBuunbie — 06pa3oBaHHBI B MOPSIAKE OCAJKOHAKOIUIEHHS M (POPMHUPOBAHHMS
nopoabl. K HUM OTHOCATCS MyCTOTBI MEXIY 3€pHAaMU M 4YacTULAMU IOPOJBI,
IPOMEKYTKH MEX[JY IUIOCKOCTSIMM HACJO€HUs, ITyCTOThI, O0Opa30BaBIIMECS IOCIE
pasnoxeHus: opranu3MoB. [lepBuyHasi MOPUCTOCTh OOBIYHO HAOIIOAAETCs B IECKax,
IIECYaHHUKAX, KOHTJIOMepaTax U T.11.;

2) Bropuunbie — 06pa3yroTcs B chOPMUPOBABIIMXCS MOPOJIAX B PE3yJIbTaTe JUarcHesa.

K HHM oOTHOCATCS TOpBI pPAcCTBOPEHMs, TPEUIMHBI, BO3HUKIIHNE B CBS3U C

COKpalleHHEeM TMOpOoAbl (IOJOMUTH3AIINA), TPEIIMHBI W IYCTOTBHI, CBSI3aHHBIE C

KpUCTAJUTM3allMeN, TPEUIUHBI, BEI3BAHHBIC TEKTOHMUYECKUMU SIBICHUSIMU, TPEUIUHBI U

MyCTOTHI, CBS3aHHBIE C SPO3UOHHBIMH MPOIIECCAMHU.

Bropuunas mopucTocTh 00BIYHO HAOMIOaeTCS B KapOOHATHBIX MOPOJaxX (M3BECTHSIKH,

JOJIOMUTBI | JIP.)
[TopucToCcTh 3aBUCHUT OT B3aMMHOIO PACIOJIOKEHUS M YKIAJIKH 3€peH, (OPMBI 3epeH H
CTETNIEHH WX OKATaHHOCTH, CTENEHH OTCOPTUPOBAHHOCTH YACTHII, CIAralolux MOPOLIY,
HaJU4Ms [IEMEHTUPYIOLIEro MaTepualia U T.J. B MPUPOJIHBIX YCIOBHUSAX IUIOTHOCTH OOBIYHO
Kosie0JeTcs B 3HAYUTENBHBIX Mpefeniax, T.K. 3epHa MOPOAbl UMEIOT pa3luyHble OYepTaHus,
Mo3TOMYy Oo0Jiee KpyIHBIE TMOPHI MOTYT OBITH 3alOJHEHBI 0OJiee MEJIKUMHU 3epHaMu WU
LEMEHTHPYIOIINM BEIIECTBOM.
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IIpouunnaemocTts ABIISETCS BaXHEHILIUM apaMeTpoM, XapaKTepU3YIOLUIUM
KOJIJIGKTOPCKHE CBOWCTBA TTOPOJIBI.
IIponuaeMoOCTHI0 TOPHOH MOPOAbI HA3BIBACTCS CHOCOOHOCTH €€ MPOIYCKATh KUIAKOCTH
win ra3. Opgu mopoasl (TAMHBI) MOTYT HMETh OONBIIYI0 TOPUCTOCTh, HO MAIyIO
MIPOHHUIIAEMOCTh, IPyTHe (M3BECTHSIKN) — MAIYIO IIOPUCTOCTh, HO BBHICOKYIO TIPOHUIIAEMOCTb.
Mesx 1y TOPUCTOCTHIO U IPOHUIIAEMOCTHIO HET (PYHKIIMOHATHHON 3aBHCUMOCTH.

[Iponumnaemocts ompenensieTcss pasmepom mop. [loutu Bce ocamodnbie MOpoJbl (TIECKH,
MECYaHUKH, KOHTJIOMEPAThI, W3BECTHSAKH, JOJOMUTHI) B OONbIIEH WIM MEHBIIEH CTerneHU
npoHuaeMel. HO TIWHBI, IJIOTHBIC W3BECTHAKA M JIOJIOMHTHI, HECMOTpPS HMHOT/A Ha
3HAYUTENbHYI0 TOPUCTOCTh, TMPOHUIIAEMBI TOJBKO MJIsi ra3a WU TOJNBKO MPHU OOJIBIINUX
rpaJveHTax AaBJiCHUSI. ITO 00YCIOBIECHO CyOKaNMMLISPHBIMHU pa3MepamMu Top.

3.1. VaeabHas NOBEPXHOCTH MOPOALI — BEJIWYMH, paBHAas CyMMapHOU
MOBEPXHOCTHU YaCTHULl, IPUXOslIelics Ha eAuHuIly o0bema oOpasia.

N3-3a HEOONMBIINX pa3MepOB OTAEIBHBIX 3€pEH M OONBIION MIOTHOCTH MX YHAKOBKU 00IIas
IUIOIIAAbh TIOBEPXHOCTH IIOPOBOTO IPOCTPAHCTBA TOPHOM MOPOJIBI JOCTHTACT OTPOMHBIX
pasmepoB. [loacuMTaHo, 4YTO TOBEPXHOCTb 3€peH MPAaBUIBHON cdepuueckoil Gopmbl
pasmepom 0,2MM, comepKamumxcs B 1M 0JHOPOHOTO MECKa, COCTABIISET OKOJI0 29276 M.
YaenpHas MOBEPXHOCTh HedTecoaepiKalux Mopoj HEPTSIHBIX MECTOPOKICHUN, MMEIOIIUX
HNPOMBINIIEHHOE 3HAYEHHUE, KONeOIeTcs B MHUpokux npeaenax — or 40000 mo 230000 m*/m’.
[Topozbl, UMEIOLIKME YAEIbHYIO MOBEPXHOCTH Gosee 230000 M*/M°, HEMPOHMIAEMBI WM
c1abonpOHHUIIAEMBI(TIIMHBI, TIIMHUCTHIE ITECKH, TIIMHUCTHIC CIAHIBI U T.1I.).

1. 3anauue
4.1. launble ms pacdeToB (10 BapHaHTaM) 3a1a4k 1HaXoaATCs B TabamIe

1.

4.2.  Jlaunble ms pacdeToB (10 BapMaHTaM) 3a1auk 2HAXOAATCS B TaOIMIIE
2.

4.3. JlanHble a1 pacueToB (10 BAPUAHTAM) 3a]a49d 3 HAXOAATCS B TAOJIHUIIE
3.

3apaua 1
Onpenenuth ko3 dummreHT odIIeH moprucTocTH 00pasia Mopoasl m, eciu 00beM 00pasia
V,, a 00beM 3epeH B oOpasiie V.
KoaddutmenT nopuctocTu onpenensieTcss COOTHOIICHUEM:

Vo —V3
m=____ (])
Vo
Taoanna 1
ITapamerpbl Bapuanrel
1 2 3 4 5

Vo, cM’ 2,42 2,35 2,46 2,37 2,40

V, M’ 2,02 1,98 2,04 2,01 2,01

OtBet:% 16,5

3anaua 2

Omnpenenuts KO3(PQPHUIUEHT aOCOMIOTHOM MPOHUIIAEMOCTH MOPObl IYTEM IPOIYCKAHUS
BO31yXa yepes obpasen. JnnHa oOpasua L, muiomane ero nonepeynoro ceuenus F. Jlapienue
nepea U 3a 00pas3lioM COOTBETCTBEHHO Pi U P2. BA3KOCTH BO3ayxa B (YCIOBHSX OIBITA) M,
o0beM Bozayxa V(ripu aTMoC(epHOM JIaBJICHUH ), IPOIIEAIIETO Yepe3 oOpaser] 3a Bpems t.

Koaddumment abcomorroit npornmaemoctu K onpeaensercs mo Gpopmyie:
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K = ZHLP3V g 210_4 )

—FP—P5t—
Taoauna 2 1 2
ITapamerpbl Bapuanrel
1 2 3 4 5
L, cMm 2,8 2,5 2,7 2,4 2,9
F, cm® 5,1 5,0 5,1 4,8 5.1
p1, [la 1,3*10° 1,2%10° 1,1*10° 1,1%10° 1,3*10°
p2, [la 10° 10° 10° 10° 10°
n, mIla*c 0,018 0,017 0,016 0,015 0,018
t,c 180 170 185 176 181
V., e 3600 3600 3600 3600 3600
OTBeT: 0,573*107"*
3amaua 3

OnpenenuTts yAeIbHYIO MOBEPXHOCTh CIa00CHEMEHTUPOBAHHOTO NIECYaHUKA C TPOHUIIAEMOCTBIO
k wu nmopucrocTeio m.

HpI/I6J'II/I)I(eHHO YACIbHAAg MOBEPXHOCTH SynOHpe,I[CJ'IHeTCSI paCYCTHBIM IIYTEM B 3aBUCUMOCTH OT k

1 m 1o popmyre:

M emB)
k
r7ie ¢ — Ko3hHUIHMEHT 3aBUCSIINNA OT Pa3HOPOIHOCTH YacTHIl recka, ¢ = 0,353.
Taoauna 3
ITapa- Bapuanrsl
MeTphI 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
OrTBer, 27800
M2/

Onpenenenune ko3gpGuuneHToB HedTe-, BOXO- U
ra3oHaChIIEHHOCTH MOPOAbI.

TeopeTnyeckue cBeieHUsl.

CopepxaHue B yCTOTaX TOPHBIX MOPOJ HEPTH, ra3a U BOJbI HA3bIBAETCS HACBHIILIEHHOCTHIO.
CreneHb HaCBIIIEHHOCTH IYCTOT, BbIpakaemas Koddduuumenramu Hedre -, razo - U
BOJIOHACBIIIIEHHOCTH - OJMH U3 TJaBHBIX IapaMeTpOB, KOTOPBIM YUYHUTHIBAETCS MpHU
OIIpEICIEHNH HayalbHbIX M TEKYIIUX 3aracoB He(TH M raza, KodpdHuIHeHTa HePTeoTIaun
wiactoB. OT HAaChIIEHHOCTH BO MHOIOM 3aBHCHUT Ipoliecc MHorodasHoW ¢(uiapTpauuu B
IIOPOBOM IIPOCTPAHCTBE.

Kosddunment HedTeHACHIIEHHOCTH — 3TO JA0Jds o0bemMa IyCTOT B TOpPHOM TOpOJIE,
3all0THEHHOM He(Thio. M3MmepsieTrcs B NpPOIEHTaX WIM JO0JNSIX EIWHHUIBL. AHAJIOTHYHO
onpenenstoTcs K03(PGUIIUEHTHI Ta30 - U BOJOHACHIIIEHHOCTH.

OobmenpunsTas METOIMKa KOJIMYECTBEHHOTO
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ompenesieHus  He(Tera3oBOIOHACKIIICHHOCTHOOPA3IIOB
MOpOJ] OCHOBAaHA HA HM3MEPEHHHU MOTEPHU MAcChl 00pasiia u 00beMa OTOTHAHHOM M3 HETO BOJIBI
MOCJIe PKCTPAarMpOBaHUsS B YIIIEBOJOPOIHOM pacTtBope. OOBEMBI cojepikalieiicss B o0pasiax
MOpO/Abl BOJABI W HEPTH OMNPENENAIOTCS IpH IMOMOLM anmapaTta 3akca. Mcnonesys atu
JaHHBIC, BBIYUCISIFOT KO3 PHUIIMEHTHI HeBTE -, Ta30 - U BOJOHACHIIIIEHHOCTH IO CICAYIOIIHM
dbopMmyam:
kod(purmeHT HeTEHACHIIIICHHOCTH

Su _ VH x
K02 (UIIMEHT BOJIOHACHIIIICHHOCTH Pn
Vs * pr, mG
S= —(©2
B mG
KOA((HUIIMEHT ra30HACHIIIICHHOCTH
Sr =1 — (Subu + S:sbs) 3)

B stux gopmynax V, u V, - 00beMBbI comepIKaleiics B oopasie HeGTH U BOIBL, CM™;p,—
IJIOTHOCTB TIOPOJBI, I/cM’; M— K03()(QUIMEHT IIOPUCTOCTH, I0IM eauHuIbl; G — Macca
KUJIKOCTH COJIeprKaIieiics B oopasiie, T; by, by — 00beMHbBIE KO3PPUITCHTH HEPTH U BOHI,
JIOJTU €IUHUIIBL.

1. 3anauue
4.1.  Jlannble 1ig pacueToB (110 BapuaHTaM) 3a/1a4u 1 HaxoAsTcs B TabuuLe
1
3agauya

Onpenenuts KO3QPUIUEHTH HedTe -, Ta30 - U BOJOHACBHIIIEHHOCTH MOPOJbI, B 00Opasie
KoTopoil copepxurca HedhTh V,, Boga V,; coaepxkamasics B oOpasue macca kugkoctu G;
IUIOTHOCTH TOPOZBI Pn; KOAPPHUIHUEHT MOPUCTOCTH M; 00BbeMHbIe K03(duumeHTsr HePTU U
BOJEI by, by.

Taomauna 1
ITapameTpsl BapuaHnTs!
1 2 3 4 5
V., cM® 4.44 4,23 4,56 4,68 4,35
V,,cMm? 4 3,8 4,1 42 39
G,r 92 94 90 91 92
Pu, T/CM’ 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
bs 1,03 1,02 1,01 1,03 1,04
Ortser: S, 38,6% 39.4%
S, 34,8% 35.4%
S 17,9% 21%
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OmnpenesieHue HepTEOTAAYM IJIACTOB IIPH BOJAOHANIOPHOM pesKMMe

IKCILIYAaTAUMU He(PTAHOMN 3aJI€5KH.

TeopeTnyeckue cCBeIeHUA
HcrounnkaMu sHEPTUHM 00ECTICUMBAIONIEH JBUKCHUE JKHJIKOCTH W Ta30B B MPOIYKTUBHBIX
TIacTax, sIBIISIETCS COOCTBEHHAS TUIACTOBASI SHEPTHUSI M SHEPTUs, MOJIaBaeMas U3BHE — IyTEM
HardeTaHMs B IUIACTHI IO BLICOKUM JaBJICHHEM KUIKOCTEH M Ta30B.

OCHOBHBIMU UCTOYHHKAMHU TJIACTOBON YHEPTHH CITYKaT:

SHEPTHUsI Haropa IIaCTOBOM BOBI (KpaeBOW MJIH TOJIOIIBEHHOM );
SHEPTHsI PACHIUPEHHS CBOOOTHOTO Ta3a (Ta3a ra30BOM MIAIKH);
SHEPTHs paCHIMPEHUs] PACTBOPEHHOTO B HEPTH raza;

SHEPTHS YIPYTOCTH KHUIKOCTH U TIOPOIBL;

SHEprus Haropa HeTH (TpaBUTAIIMOHHASI SHEPTHS).
[TnacToBas sHEprHsi pacXoAyeTcs Ha COBEpUICHHE PabOThI IO MEPEMEIICHUIO KUIKOCTEH U
ra30B U MOABEMY UX Ha [IOBEPXHOCTb.

Pexxumom paboThl 3ayexell Ha3blBaeTCs IOSBIEHHE IPE00Jalaroliero BUAa IUIACTOBOM
SHEpPIuu B Iporecce pa3pabOTKU. DHEPreTHUeCKOoe COCTOSHUE 3alIe)KU — IVIaBHBIM (akTop,
OTpaHUYMBAIONIMKA TEMIBI €€ pPa3paboTKM U TOJHOTY u3BIedYeHUs HepTu u rasza. llo
npeo0iajaroeMy BHIY S3HEPrUM pPas3jiMyaloT CIEAYIOIIME PEeXUMBbl pabOoThl HE(TAHBIX
3ajexKen:

BOJIOHAIIOPHBIN;
YNIpYTuid;
pacTBOPEHHOTO Ta3a;
ra30HanoOpHbI;

rPaBUTALUOHHBII;

CMCUIaHHBbIC.
[Ipu peanbHOM pazpabOTKE MECTOPOKICHHI B OCHOBHOM HMCIIOJIB3YIOTCSI CMEIIAaHHBIC
pEKUMBL.

3amanue
Jlanubie 1715 pacueToB (10 BapuaHTaM) 3a1auu |
HaxomATCA B Tabauie 1;
JlanHbie 17151 pacueToB (110 BapUaHTaM) 3a/1a4uu 2
HaxonasaTcsa B Tadmure 2.

3agaua 1
IMapameTpbl He(TsIHOM 3a/ie;KM ¢ BOJOHAMOPHBIM PEKHMOM
ompeneieHbl B
pe3yJibTaTe HCCICNOBAaHUS O0pa3loB KEPHOB M Teodm3mueckuMu Metojnamu. [Ipu sTom
yCTaHOBJIEHO. UTO cpeqHee KOMUYECTBO CBSI3aHHOM BOIBI S, U HEPTEHACHIIEHHOCTHS, B
Ha‘-IaJ'II)HBII\/JI HepI/IOI[ 3KCHHyaTaIII/II/I COOTBCTCTBCHHO

paBHBl (CcM cBOM BapuaHT B Tabmune 1). B Xxone »skcrulyatanmuu 3ajexu CpeaHss
BOJIOHACBILIIEHHOCTh CTajla yBeauunBatbes. Yepes 6 et oHa ObUia paBHA (CM CBOW BapuaHT B
tabnuue 1) a uepe3 9 net — (cM cBoit BapuaHT B Tabmuile 1).

Onpenenuth cpeTHUN POIEHT HEPTEOTHAYH ISl YKa3aHHBIX TIEPUOJIO0B BPEMEHH.
MeToauka pemieHust 3aa4u.

Koadduuument Hedreornaun B 3aBUCHIMOCTH OT CPEIHEH BOJOHACHIIIECHHOCTH MTOPOJIBI S Ha
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JaHHBI MOMEHT HaXOAHUM 10 dopMmyIie:

Kor 5 -5
_. 5 (D
~—100-S
rae uucautenb (S, — S) — KOJWYECTBO BOJBI, MOCTYNHBIIEH B 3aJieXKb BMECTO TaKOIO K€
KoJmdecTBa A00bIToN HeTH, a 3HaMeHaTenb (100 — S) - HavanpHBIN 3anac HeTH. Benuannbl
Se S BBIPAKEHBI B IIPOLIEHTAX.

ITyctb Se= 12% u S,= 88%. T.k. cpenHsas BOAOHACHIIIEHHOCTh CTaja yBEJIWYUBATHCA, TO
yepes 6 seT S= 52%, a uepe3 9 ner — 69%.

CnenoBarenbHo, HePTeoTAaua 1o hopmye (1) cocraBut:

yepes 6 ner
_ 52-12 = 0, 455 wiu 45, 5%
yepes 9 ner or %00_1
1 =0, 648 unu 64, 8%
69-12
°orl J00-12
Taoauma 1
BapuaHThl ycji0BuUs 32124
IMapameTpbl 1 2 3 4 5
HedrenacoleHHOCTh 81 92 94 86 90
Su
BononacheieHHOCTES 19 8 6 14 10
B
Ssuepes 6 ner 48 54 56 50 51
S, uepes 9 ner 52 66 69 61 63
Otset:

3amaua 2
Hedrsanas 3anexsp, sKkciTyaTupyemasi pu BOAOHAMIOPHOM ABM)KEHUU, UMEET
CPaBHUTEIBHO OAHOPOJHBIN cocTaB mopoA. TpeOyercss MpuOIMKEHHO OLIEHUTHh HedTeoTaauy
ATOM 3aJie)kH Uil JABYX IEpUONOB BpeMeHH. K KOHIly mepBOro meproaa Io0bYa HepTH
0.cocraBnsana4000 m’/cyr(cMm cBoii BapuanT B Tabmuie 2) u Boasl Q,1000 m*/cyT(cMm cBoi
BapuaHT B Tabmuie 2). K xoHIy BTOporo mepuona moObrda coctaBimsuia Hehptu Q,= 1000
M’/cyT(cM cBOM BapuanT B Tabnuie 2) u Boasl Q, = 4000 M’/cyT(cM cBOM BapuaHT B TaOIMIE
2). U3BecTHBI BA3KOCTH HE(PTHU U BOJIBI B IJIACTOBBIX yClOBUAX: m, = 7,3 mlla*c u pu, =1
mlla*c; oObemHble kO3 uIMEeHTs! HepTH U Boabl: b, = 1,1u b~ 1 (cM cBOH BapuaHT B
Tabnwue 2).
MeToauka pemeHus 3a1a4m.

[Ipu 0THOBPEMEHHOM MPHUTOKE B CKBAKWHY HE(TH U BOJBI MPOILIEHTHOE COJEPKAHUE BOIBI
B I0OBIBAEMOM CKBaXMHE OyIeT

C=100 _© 2)
Qu+0Qp
IIpoueHTHOE cozlepIKaHNe BOIABI  3ABHCHT OT  BEJMYHMHBI dazoBbIX

nponunaemocredt Kyvks, BA3KOCTBIO pyHip, M 00BEMHBIX KOd(¢uimeHTos by, u
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b, (HEhTH ¥ BOIBI) M MOKET OBITH OIPEICIICHO U3 BRIPAKCHHS

C= ]_|1_(H (3)

k
rme M — Kl?)a(l)LI)HuHeHT, 3aBHCSIIUNA OT (U3UYECKUX CBOWMCTB TUIACTOBBIX IKHJKOCTEH,
BHIPZAGTCA COOTHOIICHHEM:
M= 4)
My by

IIpu pw= ps u by = b, xodPPumenrr M = 1. Yem Oonble BI3KOCTh U
00beMHBINA KOA(pGUIMEHT HePTH (IpU HEM3MEHHOM M, U bg), TeM MeHbIlle 3HaUeHHE UMEET
koa¢ppunmeHt M.
HedteoTnaua 3aBUCHT OT cojepkaHHs BOJBI B 100bIBa€MOM KuUIKOCTH U K03 duimenta M.
Wwmest 5Ti 17151 CpaBHUTEIBHO OJJTHOPOAHOTO KOJUIEKTOPA, MOYKHO OTIPENIENUTh HeTeoTaauy (B
%) o rpacuky (puc 1).
[IpensapurensHo HaxoaaTcsiCuM o Gpopmynam (2) u (4).

[ns mepBoro nepuona:

C =100
M= -1
10° *1
7,3
10
Jns BTOpOTO Nepuona:
C2: 100 — 80%
4000
1000 +4000

Bemnunna M nis BTOpOTro Iepuojaa OCTaeTcsl MpekHew, paBHOW 1/8, T.K. pmu u b, He
M3MEHWIUCh. [ onpenenenus HedreoTauu Mo nMepuoaaM UCHOIb3YI0T Tpaduk (cM puc 1),
Ha KoTopoM OT Touku 20% Ha ocu abcuucc MpOBOASTBEPTUKAIL J0 MEpPeceyeHus] ¢ KPpUBOM
M= 1/8. Ot HaiineHHOH TOYKH TIPOBOIUTCS TOPU3OHTAIb BJIEBO M HAa OCH KOOpIMHAT
HaxomaT HedTeoTrnauy s nepBoro nepuona Ko = 25%. Taxxke HaxomsaT HedTeoTmady
st BToporo niepuojia Ko, = 47%.
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Puc. 1.2, 'papux sasucamocTy sedreorna-
4H OT COlePMaHsa BOAL B JoluBaeMolt Mua-
KOCTH AR pasHuiX 3HagcHufl M

Taoauna 2
BapuanTsl
IMapameTpbl 1 2 3 4 5
Q. 1, M/cyT 3500 4100 4800 3900 4200
Q. 1, M’/cyT 500 700 800 600 800
0. 2, M’/cyT 500 700 800 600 800
Q.21, MP/CyT 3500 4100 4800 3900 4200
M, MITa*c 7,5 7,6 7,8 7,4 7,0
M, MITa*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
OtBeT
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