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1. CITHCOK BOilPOCOB ,U:JUI CAMOilO):(rOTOHKH 

I . Krraccmp11Kau.11.s1 ropHhIX rropo.n. no npoHCXO)l()].eHH10. CaoiicTaa ropttbIX 
oca.u.oqtthrx nopo.n.. Tepp11rettttbie 11 Kap6ottaTHbie ropttbie nopo.U.bl. 
MtrnepanorMqeCKl1M 11 rpatty110MeTpJ1C1eCKHi1 cocTaB rropo.n.. 

2. Knaccmp11Kau.11.s1 roptthrx rropo.n. no THIIaM KOJIJieKTopos. T11nbl u.eMeHT 
ropHbIX nopo.n.. <l>opMa 11 OKaTaHHOCTb qacnn-'. TipH3HaKH nopO,lI,hI- KOJIJieKTopa 
He<PTH .11 ra3a. 

3. Tiop11cTOCTb, Kaseptt03HOCTb 11 rpem,11HosaTOCTb. KnaccmfrnKaU.IDI 
nopo.n.KonneKTopos no pa3MepaM noposbrx Kattanos. Ko3cpcp11u.11eHThI nonttoi1, 
OTKpbITOH, 3cpcpeKTl1BHOH 11 ,lJ,11HaMHl!eCKOH nopHCTOCTH. 

4. TipommaeMOCTh ropHbIX nopo.n.. Cnoco6b1 onpe.n.eneHFUI npoH11-
u.aeMocT11 ropttbIX rropo.n.. Tip.116opb1 ,lJ,JI.sJ onpe.n.enett11.s1 a6comoTttoif rrpott11-
u.aeMOCTH. BepTHKaJibHa.sJ .11 ropH30HTaJibHa.sJ npott11uaeMOCTh. 

5. Karr1111JI.s1pHbie csoi1cTsa 11 ocTaTO'iHa.sJ so.n.ottach1m,ettttocTh nopo.n.. 
CTp)'I<Typa nycTOTttoro npocrpattcTBa. lfaBHJil1CTOCTb 11 rrpoToqttoCTb rropoBhlX 
KaHaJIOB. CTp)'KTypHbIH K03<P<PHu.HeHT. 3<P<PeKTHBHhIH ,lJ,HaMeTp. r.11.n.paBJIJ1CleCKHH 
pa.n.eyc rrycTOT. Pacnpe.n.enett.11e rrycTOT no pa3MepaM B ropHoif rropo.n.e. Y.n.enhHM 
noaepXHOCTh ropHhIX rropo.n.. 

6. MeTO.lJ.bI 11ccne.n.oaatt11.s1 CTp)'KT)'pbI nopo.n.-KoJieKTopoa. Tipo1.:1HoCTb. 
Tsep.n.ocTh. YrrpyrocTb. 1Tu:acT11qttocTh. C)l(HMaeMOCTh. Ha6yxaeMOCTh. TeK)"ieCTh. 
Ko3cpcp.11u.11ettT o6oeMHOH ynpyrocTH ropHbIX nopo.n.. MeTO.lJ.hI orrpe.n.enettmr 
MexaHfflfeCKHX CBOHCTB ropHbIX rropo.n.. Hanp.sI)l(eHHOe COCTOSIHHe ropHhlX rropo.n. B 
Mace.Hae. HopManbttoe 11 KacaTeJibHOe ttanp.s1)1(eIDU1. 

7. Harrp.s1)1(eHHOe COCTO.slHHe ropHbIX nopo.n. B OKOJIOCKBa)l(HHHOM 
npocTpattcTae. IlnacToaoe .n.aaneHHe. fopttoe .n.aanettHe. 3<P<PeKTHBHOe .n.asnett11e. 
,[(ecpopMal(HOHHbie rrpoueccb1 B npo.n.)'KTHBHhIX nnacTax np.11 11x pa3pa6oTKe. 

8. AKycT11qecKHe caolicTBa ropttbIX rropo.n.. Tipo.n.onhttbie 11 nonepel!HI>Je 
BOJIHhI. Ko3<P<l>11u.11eHTbI OTpa)l(eHIDI 11 3aryxaHH.S1. <l>aKTopb1, snIDIIOm.11e Ha 
aeycTw-1ecK11e CBOHCTBa ropHbIX nopo.n. (.n.aaneHHe, TeMrrepazypa, ttacbIIIJ,ettttocTI>, 
CTp)'KT)'pa H TeKcTypa roptthrx nopo.n.). 

9. CocTaB rrp11po.n.HhIX 11 IIOil)'THhIX raJoa. OcttoBHbie csoiicTsa ra3a. 
ITu:OTHOCTh. BH3KOCTb. Kp11T11qecKHe 11 np11se.n.eHHhie napaMeTpbI ra3a. 
Ko3<P<PM:WieHTbI csepxc)l(HMaeMocTH ra3a. 
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10. 3aBHCHMOCTh CBOHCTB ra.Ja OT ero COCTaBa, )laBJieHH.Sl 11 TeMrrepaTyphl. 

B naroco.n;ep)l(aH11e ra.Ja. CocTaB 11 CBOHCTBa ra.JOKOH,n;eHcaTHhIX cMeceii. 

11. HeqneHaChII.I.J.eHHOCTb H MeTO,[(hI ee orrpe.n:enemrn: . CocraB HecpTH. <l>H3HKO­

XHMWiecK11e, TeITJIOBbie H 3JieKTPHqecKHe CBOHCTBa IIJiaCTOBOH ttecpTH. I1JIOTHOCTb. 

B.Sl3KOCTb. 

12. PacTBOpHMOCTb ra.JOB B Hecpn1. 3aKOH reHp11. Bm·UIBHe ra.JOHa­

ChIW.eHHOCTH Ha cpH3HKO-XHM11qecKHe CBOHCTBa HecpTH. ,[(aBJieHHe HaCbIW.eHH.sl. 

C)l(HMaeMOCTh, o6oeMHhIH K03cpcpwu,11ettT H yca.nKa Hecpn1. KpHBa.Sl pa.3 ra.JHposaHIDI 

nnaCTOBOH HecpTH. 

13. CocTaB rrnacTOBhIX BO.[(. ITnoTHOCTh. BH3KOCTh. C)l(HMaeMOCTh. 

TepMlflfecKoe pacurnpettHe. MHttepaJIH3ar.uui. PacTBOpHMOCTh rrp11po.n:tto1x ra.JoB B 

rrnacToBoii Bo.ne. BJIH.S1ID1e .n:aBJieHH51 H TeMneparyphI tta cpH3WiecKHe CBOHCTBa 

rmacTOBhIX so.n. CocTo.snrne ocTaTOl!Hoii so.n;11 B npo.n:yKTMBHhIX KonneKTopax. 

14. IlosepxHOCTHOe Han1)1(eHHe Ha rpattm.i:ax pa.J.nenos cpe.n;. 

CMaq1rnaeMOCTh ropHbIX nopo.[(-KOJIJieKTopoB HecpTH H ra.Ja. r11.n:pocpH1IhHhie H 

rn.n:pocpo6HDie roptthie nopO.lJ.hI. 

15. 11cTO-lfHHKH nnaCTOBOH 3HeprHH. <l>H3WiecKHe OCHOBbI BbITeCHeHIDI 

HecpTH H ra.Ja H3 nopHCThIX cpe.n:. CHJibI, .n:eiicTBYJO~He B nnacTe B rrpor.i:ecce 

BbITeCHeHIUI HecpTH H ra.Ja BO.[(OH. MexaHH3M BbITeCHeHIDI HecpTH BO.[(OH 113 

cp11KTHBHoro rpyttTa. MexaHH3M BbITectteHIDI HecpT11 so.n;oli H3 peanbHOro rpyHTa. 

16. I1pHMeHeH11e IlAB .[(Jl5! IIOBbIIIIeHH.sl HecpTeOT.[(alf.H. IlosepXHOCTHO­

aKTHBHbie sew.ecTBa (ITAB). <l>H3HKO-XHMWieCKHe OCHOBhI IIOBbIIIIeHIDI OT)J.aqff 

KOJIJieKTOpOB. 3KcnepHMeHTaJibHbie HCCJie.n;oBaHHSI rrpou.eccos BbITeCHeHH.Sl HecpTM 11 

ra.Ja so.n;oii. Ko3cpcp11u,HeHT BhITecHemrn. 

17.CospeMeHHbie HanpaBJieHIDI MCCJie,n;osaHHH B o6naCTH cp113HKl-I HecpT.SIHOfO 

H fa.JOBOfO IIJiaCTa .llJl5! perneHH.sl 3a.n:aq IIOB:blllieHH.Sl HecpTeOT.n;aq11 KOJIJieKTOpOB. 



2. 3A,L(AHHE ):(JJJI BLIIIOJIHEHHJI PACq ETHO-l l'A<P.11'-lJ!,LKun 
PAl>OTLI 

PacqeT ,ue61na <l>MJibTpymmeikH )J(H,llKOCTH ,unH pa3JJHlfHbIX BH,llOB 

rropHCTOCTH 

1. 0QeHKa ,ue6HTa :>KH,llKOCTH rrpH JJHHeHHOM pe)J(HMe paBHOMepHOH 

<t>mlb TpaUHH 

PaccMOTpHM cnyqaii cy6KaI1I1JIJUipHoii 

paBHOMepHaSI H npoXO,llHT qepe3 BCJO 

cy6KaIDIJIJUIPHYJO nopHCTOCTb. 

<i>HJlhTpaQHI1, T.e. 

nn01.1~a,uo o6pa3Qa, 

<i>MJibTpaQHSI 

11Me10mero 

,l(e6HT )J(H,llKOCTH npH m·IHeHHOM pe)J(HMe OQemrnaerCSI ypaBHeHHeM )J,apc11: 

M 
Q=k ·F-

np L µ· 

r,ue knp - npOHHI.\aeMOCTh, M2; 

Af> - nepena,u ,uaBJieHMH, Ila; 

µ - BH3KOCTb, IIa•c; 

L - ,llJIHHa, M. 

3a,naqa 1 

,[{aH K)'6HK nopo.z:u,1 pa3MepoM lOxlOxlO CM, HMeIOmH:H rrpOHHQaeMOCTb knp, 

qepe3 KOTOphIH <l>HJJoTpyeTC.sJ )1(11,lJ.KOCTh npH rpa,uHeHTe ,uaBJieHMH (.1P/L). 

Onpe,uenHT.b ,ue611T )IQI,[(KOCTH. 

OueHKa ,ne6HTa iKHAKOCTH npu <J>HJibTpauuu qepe3 ttepasttoMeptto­
npouHuaeMhiii KOJIJieKTop 

IlpOHHI\aeMOCTb )J(H,llKOCTH npH <i>HJihTp~HH qepe3 KaTIHJJJI.sJP OQeHHBaeM H3 

COOTHOllieHHH ypaBHeHHH ,[{apc:tt: 

fjp 
Q =k11p.i:.at1 ·F -L 

µ· 
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H Ilyaibemr: 

F·r 2 ·M 
Q= ' 

8 ·µ ·L 
(3) 

OTKy,n:a: 

(4) 

r,n:e k np.Kan - npoHH:u:aeMOCTb rrpH cpHilb'Ipa:QHH )l(H)J.KOCTH qepe3 KaIIHnIDip, M
2
; 

F - rrnoll(a,n:1> cp11nhTpal(RH, M2
; 

!J..P - nepena,n: ,n:asneH1u1, Ila; 

µ - B.S13KOCTh, Ila. c; 

L - .n.1nrna, M. 

Ilocne npeo6pa3osaHIDI K03cpcp11:u:11eHTa rrpoHHu,aeMoCTH H pa,n:eyca Kan11JIID1pa K 

0)1.HOH pa3MepHOCTH IIOnyqHM 3MilHpHqecKoe ypaBHeHHe )J.Il.SI ou.eHKH 

K03cpcpHI(HeHTa npOHHI(aeMOCTH npH qrnnoTpau,i-rn )l(lf)J,KOCTH qepe3 KamrnIDip: 

0 6 2 
k np.KOn == 12,5 I r (5) 

,[(aH Ky6HK nopo.LU>I pa3MepoM 1Ox1Ox10 CM, HMeI-Oll(HH npom-1u,aeMOCTh knp' 

qepe3 KOTOporn cpHnorpyeTCj{ :>KH)l;KOCTh Bj{3KOCTbl-O npw rpa.n.HeHTe ,n:asneHl{j{ 

(!J..P/L). B 3TOM ey611Ke Cyll(eCTsyeT o,n:HH Kani-mAAp .n.waMerpOM DI(. Ha CKOJihKO 

ysen.HqHTC.H CYMMapHhIH ,n:e6HT rrpH npoqHX paBHhIX napaMe'Ipax J..t 11 !J..P/L? 

3. OI(EHKA ):(El>HTA JKH,l(KOCTH IlPH <l>H.JlhTPAI(HH qEPE3 

TPEW:HHOBATLIH KOJIJIEKTOP 

,[(onycTHM, B Ky6HKe c cy6KaIIIUIJUipHOH npomm,aeMOCTbl-0 BMeCTO Kattana 

HMeeTCH Tpell(11Ha s.n.onh scero o6pa3l(a wapHHOH Lmp' BhICOTOH hmp· 

Ou,eHHTh npoHHu.aeMOCTh Tpell(HHhI (ll(em1) )l;Jijl )l(H)l;KOCTH, cp11JihTpYI-Oru.ei:fcj1 

qepe3 o6pa3eu,, MO)l(HO, HCIIOilb3Yj{ COOTHOIIIeH11e ypaBHeHHH EyccHHeCKa 11 ,[(apcH: 



12·µ·v·L M= mp 

li ~p 
(6) 

v·µ·v·L 
6J' = mp 

k np.mp. 

(7) 

r.n:e knp.mp - rrpOHHIJ,aeMOCTh rrpH HaJJHqHH TpeUJ,HHOBaTOH cpHnbrpau,IDI, M
2

; 

v - JIHHeifHaH CKOpOCTh ,l{BH')l(eHIDI )l(H,l{KOCTH, Mi c; 

dP - nepena.n: ,n:aBnemrn, Ila; 

µ - BSl3KOCT.b, Ila. c; 

Lmp - .n:mrna Tpell.UfHbI, M; 

hmp - BbICOTa TpeUJ,HHhI, M. 

IlpHBe.l{SI rrapaMerp.bl K 0.l{HOM pa.3MepHOCTH B e,n:HHHIJ,ax H3MepeHID1 

tteqnerrpOM.blCJIOBOM reonorHH, IIOnytIHM 3MIIHpHtieCKOe ypaBHeHHe ,!{AA ou,eHKH 

K03cpcpHIJ,HeHTa rrpoHHIJ,aeMOCTH rrpH Tpell(HHOBaTOH cpHnhrpau,HM: 

knp.mp = 84,4·105 
• h

2 
• (8) 

)J;aH Ky6m< nopo,n:o1 pa.3MepoM 1Ox1Ox10 CM, HMeIOUJ,HM rrpott11u,aeMoCT.b knp, 

qepe3 KoTop.brn cpHnoTpyeTc.s1 )l(~KOCT.b rrpH rpMHeHTe .n:aaneHHSI (LlP/L). B 3TOM 

ey6MKe 6y.neT cymecTBOBaTh o.ntta TpemHtta nrnpHHOM LTp, BhICoToii hTp. Ha 

CKOfilKO yaeJIHlJHTC.SI C)'MMapHI>IH .ne6HT npH npotJMX paBHhIX napaMerpax µ H 

AP/L? 

Hcxo,nHhie ,n:aHHhie npe,n:cTasnetthI B Ta6nHu,e 1, HMeJOUJ,He cne.n;YIQI.UHe 

o6o3ttaqeHH.SI: 

knp - npoHJiIJ,aeMOCTh npH cy6KaTIHJIAApHOH cp1rnhrpau,HH, MKM2; 

µ - BSl3KOCT.b )l(~KOCTH, Mila 
0 
c; 

8 



Li.P/L - rreperra.n. .n.aBneH1u1, Mila/M; 

NK - 1-rncno KamrnilllpoB; 

Lmp - .n.mrna T}JeI.I.UIH, CM; h mp - BbICOTa T}JemHHbI, MM; 

Ta6nm~a 1 



1 C:l.VJJ.11.1.1,a. ~ 
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Ta6mui:a 3 

B I 2 3 4 5 6 7 8 9 JO 11 

*. 11 13 17 20 15 14 16 11 17 9 20 

µ 2,0 3,0 1,4 1,8 1,6 2,2 2,0 2,1 1,3 1,6 1,7 

tJP/l 0,24 0,25 0,31 0,32 0,3 0,26 0,31 0,32 0,33 0,35 0,3 

N1 3 2 I I 2 2 2 I 2 l 2 

Dk 0,25 0,26 0,27 0,28 0,3 0,3 1 0,29 0,28 0,18 0,2 0,26 

Lmp 10 10 10 10 10 JO 10 10 10 10 10 

h,,.,, 0,23 0,22 0,21 0,23 0,19 0,22 0,23 0,25 0,26 0,27 0,28 

B 12 13 u 15 16 17 18 19 20 21 22 

""' 
17 9 16 18 19 15 12 13 8 12 10 

µ 3 2,8 2,2 1,1 1,3 l,l 1,8 1,6 1,3 3 2,5 

tJPIL 0,28 0,31 0,4 0,28 0,35 0,37 0,39 0,4 0,3 0,32 0,33 

Nt I 2 3 2 I 2 I 2 2 3 2 

DA 0,26 0,3 0,18 0,19 0,21 0,22 0,23 0,25 0,25 0,16 0,3 

L,,.,, 10 10 10 10 10 10 10 10 10 10 10 

h"'I' 0,23 0,24 0,22 0,2 0,26 0,26 0,28 0,29 0,21 0,28 0,27 

B 23 24 25 26 27 28 29 30 31 32 33 

k,., 11 15 9 18 13 14 10 II 13 17 13 

µ 3 1,5 2 1,3 3 1,2 1,4 1,8 2 2,2 2,8 

AP/l 0,35 0,3 0,36 0,31 0,28 0,26 0,3 0,24 0,22 0,23 0,3 

Nt 1 3 2 I 3 2 1 1 2 1 2 

D• 0,27 0,28 0,24 0,16 0,15 0,22 0,23 0,24 0,33 0,28 0,18 

L,,.,, 10 10 10 10 10 10 10 10 10 10 10 

hmp 0,28 0,23 0,22 0,21 0,23 0,19 0,22 0,25 0,25 0,26 0,22 
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4e6oKcapcKHH HHCTHTyT ( <Pmrna.11) <Pe,D.epaJibHOfO 
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yqpe)l(,lJ.eHH51 Bb!Clllero o6pa30BaHH51 «MOCKOBCKHH 
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