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BBEJEHHWE

dusuka 1acTa Kak OTpaciib HAyKU O HEe(TSHBIX, TA30BBIX M FA30KOHJICHCATHBIX MECTOPOXKICHUIX
nMeeT Oosiee YyeM MONyBeKOBYHO McToputo. OCHOBHBIE MOHATHS Kypca «DPusnka mmacta» 0azupyroTcs Ha
M3YYCHUU TaKHUX MPeaIMeToB, Kak «Pusnkay, «Dusznueckas u KowionaHas xuMusn», «Hedrerasompomsicio-
Bas IrcoJiorusd u ruAporcoiorus»,, «MexaHnKa TOPHBIX IOPO», «DU3NKO—XUMHYECKIE IMpoueCChl MacCoIIC-
peHoca B MOPUCTHIX cpenax» u T.1. OCHOBHEIE 3aJlaul, KOTOPhIE pemaTcsa B Kypce «Dusuka miactay - 3To
n3y4eHrne (UIbTPAIIMOHHO-EMKOCTHBIX CBOWCTB TOPOI-KOJUIEKTOPOB, OCOOEHHOCTH W 3aKOHOMEPHOCTH
JBHOKCHUS B HHMX IUIACTOBBIX JKUIKOCTEH, B3aWMOJCHCTBUE UX MEXAy COOOH M MOPOBOH MOBEPXHOCTHIO
KOJUISKTOPOB B Pa3IHYHBIX TOPHO-TCOJIOTHUECKUX U TEPMOOAPHUECKUX YCIOBUSIX.

CoBpeMeHHBIN WHXeHEep-He(PTIHUK, 3aHUMAIONTUICS PallMOHAIBHON pPa3pa0d0TKOil HETIAHBIX U Ta-
30BBIX MECTOPOXKIACHUH, JOIHKEH XOPOIIO 3HATH T€0JIOTHIECKOE CTPOSHHE 3aIeXKH, e€ (PU3NIECKHe XapaKTe-
PUCTHKH (TIOPUCTOCTD, IPOHHUIIAEMOCTh, HACKIIIEHHOCTh U JIp.), (PU3UKO-XMMHYECKUE CBOMCTBA HEPTH, Ta3a
Y BOJIBI, HACKHIIIAIOIINX TTOPOJIbI, YMETh IPAaBHIBLHO 00pab0TaTh U OLIEHUTH JaHHBIE, KOTOPBIE TIOTYUYESHBI IPU
BCKPBITHH TIACTA U TIPH €T0 MOCIEAYIONIel dKCIUTyaTalud. DTH JaHHBIE TTO3BOJISAT ONPEAeTUTh HadalbHbIe
3arachel yriIeBOIOPOJIOB B 3ajiesku. OHU HEOOXOJUMBI sl OOBEKTHBHOTO TPEICTABICHHS O TIPOLIECCax, Mpo-
HCXOSINUX B IUIACTE MPHU €ro pa3paboTKe U HA Pa3IHYHBIX CTAIUSIX dKCIUTyaTanuu [5].

OCHOBHOI1 IeJIbI0 BEHITIOHEHUS MPAKTUYECKUX 3aHITHH SABISETCSA M3yYeHHE OCHOBHBIX (DM3MUYECKUX
CBOMCTB KOJIJIGKTOPOB HE(TH ¥ ra3a, OOYYCHHE CTYJCHTOB METOJaM pacyeTa OCHOBHBIX CBOWCTB KOJIJICK-
TOPOB M HACBIIIAIOIINUX UX (DIIFOUJIOB.

MeTtoaudeckre yKa3aHHs MO MPOBEACHHUIO MPAKTHYECKUX 3aHATUH MpeTHA3HAYCHBI JIJIS TeopeTHYe-
CKOH TIONTOTOBKH CTYACHTOB OakajaBpuaTa HampaiieHus moarotoBku 131000 «HedTerazosoe memno».



1. PACYET ®U3UKO-MEXAHUYECKHUX CBOMCTB U IOCTPOEHUE ITACIIOPTA
INPOYHOCTH

MexaHndyeckne CBOHCTBA XapaKTEePU3YIOT ITOBEJICHUE TOPOJI IPH BO3ACHCTBUH CHIIOBBIX HArpy3o0K.

K 6a30BbIM (OCHOBHBIM) MEXaHHYECKUM CBOMCTBaM TOPHBIX IIOPOJ] OTHOCATCSI MOIYJIb IIPOJOJILHOM
ynpyrocta (Moxynb HOnra) E, k03((dUIMEHT OTHOCHTENBHBIX MomepeyHbIX Aedopmarmii (Kod(pPUIreHT
ITyaccona), mpeziesibl MPOYHOCTH TPU CHKATUH Gy M PACTSHKEHUH G,

ITox mpenenoM MpOYHOCTH NOHUMAIOT MPEAETbHOe HApsHKEHHE, IIPH KOTOPOM 00pa3el ropHOi 1o-
POABI pa3pyIIaeTCs:

6 = —, (1.1)

rae P — paspymarorias Harpy3ka, MH; F' — miomiaapr IomepedHoro ceueHus oopasiia, Ha KOTOPYIO ACHCTBY-
eT MPHIIOKCHHAS HATPY3Ka, M-

[IpoyHOCTH Ha pacTsHKeHHE 3HAYUTEIHHO HIDKE MMPOYHOCTH Ha ckartue. [Ipenen mpouHocTr Ha cka-
tre B 5—8, a unorna u B 10—40 pa3 Beiie mpenena MpOYHOCTH Ha pacTsHKEHUE.

J7ist mpakTUYeCKUX pacueToB (€cid HE M3BECTHHI JAHHBIC UCIBITAHUN MOPOJ HAa PACTSKEHUE) Tpe-
JIeJI IPOYHOCTH Ha PACTSKEHUE OMPEIENSIOT M0 Ta0IuIIe:

Tabruya 1.1
OTHOCHTEJbHBbIE 3HAYEHHUSI MPOYHOCTHBIX MAPAMETPOB MOPO.
Ilopona Op/Ocxc Gyar/ O Tens/Ocne
I'panut 0,02-0,04 0,08 0,09
Ilecuanux 0,02-0,2 0,06-0,2 0,1-0,12
M3BecTHSK 0,04-0,1 0,08-0,1 0,15
WM 1o popmyiie
G, =010, (1.2)
CJICAOBATCIBbHO:
o = f 10, (1.3)

r/ie f — KpernocTh MOPOIbI.
Monyne ynpyroctu £ — Ha3biBaeTcs KOd((UIIMEHT, paBHBIA OTHOIICHUIO HOPMAaJbHOTO HAIpshKe-
HUS K OTHOCHUTEILHOM IMHEWHOH yrpyro# nedopmartim:



E=Z, (1.4)
€

r7ie ¢ — IeUCTBYIOIIee HAIPSHKEHHE; € — OTHOCHUTENbHAs JTMHEeHHas yrpyrast AeopMariys.
Koaddumment nonepeunsix negopmanmii (koadpdunuent Ilyaccona) v ycraHaBIMBaeT OTHOLICHUE
MEK/Ty ONIEPEYHOH U MPOIOIBHON OTHOCUTEIBHBIME Je(OpMAIHIMH

8n0n€p€lll-lbl€

V=—"7--—"—"", (1.5)
8np000ﬂbubze
Koadpdunuent Ilyaccona ans OONBIIMHCTBA TOPHBIX MOPOJ u3MeHsieTcss B uHTepBasie oT 0,16 mo
0,35. IIpenensr uzmenenus 0,1-0,45.
B ciyuae eciin € He U3BECTHO pacyeT MOJYJIsl YIIPYTOCTH TOPHOM MOPOIbl MPOU3BOJIUTCS 110 3HAUE-
HUSM CKOPOCTH YIIPYTOM BOJTHBI;

U p+v)(1-2v)]
(1-v)

rae U — CKOpOCTh YIIPYTO# BOJIHEI, p, — INIOTHOCTH TTOpoAbI, v — kKodddumment [lyaccona.

B cBsA3M ¢ HammuueMm TPEUIMHOBATOCTHU, IPOYHOCTL MAaCCUBA I'OPHLIX MMOPOI 06I)I‘IHO MCHBIIIC, YEM
OTJICIBHOTO CIIATaloIIEro 3TOT MAacCHB CTPYKTYpHOTo Ojioka. C YBEITMYEHUEM CTEIEHU TPEHIMHOBATOCTH
MIPOYHOCTHBIE XaPAKTEPUCTHKH MAaCCHBa TIOPO]] YMEHBINAIOTCS, a Je(OpMAIIHOHHBIE YBEITUINBAIOTCS.

Ji momy4eHnst MpOYHOCTH XapaKTEPUCTHK MAacCHBa Yepe3 MPOYHOCTh 00pa3IoB B PacyeThl BBOIAT
KO3 (UIUEHT CTPYKTYPHOTO ociadieHus: K. (OTHOIIEHUE MPOYHOCTH MOPOJBI B MAacCCUBE K MPOYHOCTH B
CTPYKTypHOM OJioke). 3HaueHne K. MOXHO OPUEHTHPOBOYHO MPHHHUMATH B 3aBUCHMOCTH OT CTEIIEHU Tpe-
IIMTHOBATOCTH.

(1.6)

Tabauya 1.2
Paccrosinue meskay NoBepXHOCTSMH 0cj1a0JieHUs IIOPOAbI
CpezHee pacCTOsHUE MEXKITY TIOBEPXHOCTSIMU OCITA0JICHUS IOPOJIBI, M Koadpdumment Kc
boiee 1,5 0,9
or 1,5 mo 1 0,8
or 1 100,5 0,6
ot 0,5 10 0,1 0,4
menee 0,1 0,2




KoaddurmeHT anutenbHOM MpoUYHOCTH & MOKAa3bIBAET YMEHBIIIEHHE TPOYHOCTH MOPOJIbI B pe3yiIbTa-
TE YBEJIMYCHMS JUTUTCIBLHOCTU BO3JCHCTBUA Harpy3ku. OH paBeH OTHOIICHUIO Tpejeiia MPOYHOCTH MpHU
CTaHJIAPTHBIX UCHBITAHHUSX K MPENeNy JIUTSILHOW MPOYHOCTH TOPHOM MOPOABI (IIPY UTUTEIBHOM BO3ZCH-
CTBHMHU HArpy3kH). 3HaYCHUE KOAPPHUIMEHTA [UIUTEIHLHON MPOYHOCTH & PEKOMEHIyeTCsl MPUHUMATE YIS T10-
PO ¢ XPYIIKUM XapaKTepOM pa3pylieHus (TPaHUThI, KBAPLMTHI, IIECYAHUKH C KBAPILIEBBIM IIEMEHTOM M T.II.)
pasubm 0,5-0,7 [7].

[Ipenen MpoOYHOCTH MOPO B MACCHBE HA JJIUTEIILHOE CXKATHE:

Reye =Ccye K-8, (1.7)
IIpenes mpoyHOCTH TOPOJ B MACCUBE HA JUIUTEIBHOE PACTSKEHUE:

R,=c, K, &, (1.8)

Koaddumment xpenoctu nopozast mo K.M. [IpoToapskoBy onpenensiercs o popmyiie:

GCJIC
f=2e (1.9)

TAC Oy — MPEACI IPOUYHOCTHU HA OAHOOCHOE CXKaTHE.

B oranume oT BHEIIHEro TpeHHs, MO KOTOPHIM ITOHUMAaIOT COMPOTHBICHUE B3aNMHOMY TepeMelie-
HUIO KOHTaKTUPYIOUIUX TeN, BHYTPEHHEE TPEHUE — CONPOTUBIIEHNE, BO3HUKAIOIIEE IPH OTHOCUTEIBLHOM I1e-
PEMELICHUH OTIESIbHBIX MUHEPAJILHBIX 3€PEH B TOPHOM MOpoe Mpu ero AeOpMHUPOBAHUH.

[o aHanoruu ¢ BHEITHUM TpeHUEM O K03(D(OUIIMEHTOM BHYTPEHHETO TPEHHS MOHUMAIOT OTHOIIIE-
HUE CUJI TpeHUs F; K BeTMUYMHE HOpMaIbHON HAarpy3ku Py

F
=" =tg0, 1.10
Sm P g9 (1.10)

H

VYron ¢= arctg(f;) Ha3bIBAIOT YIJIOM BHYTPEHHETO TPEHUsI. YTOJ BHYTPEHHETO TPEHUs clelyeT OTIu-
4aTh OT KaXXyIIErocs yriia BHyTPEHHETO TPEHMS, WIN yIJla BHYTPEHHETO COIPOTUBIIEHUS, KOTOPBIH Haxo-
JUTCSI paCUETHBIM MyTeM Kak arctg(f) (rue f— koadduuuent kpenoctu nopof o [potoapskory K.M.)

VYTo1 BHYTpEHHETO TPEHHS HAaXOIAT SKCIEPUMEHTAIBHBIM ITyTeM (METOJJOM KOCOTO Cpe3a WM Toclie
CTaOMJIOMETPUUECKUX UCTIBITAHUH 00Pa3LiOB FOPHBIX MTOPOJ IO MACHOPTY MPOYHOCTH IOPON)

ITony4yaemsble 3HaYEHUS (@ 3aBUCAT OT METOJUKU UCIBITAHUN U BEITMYMHBI JCHCTBYIOIINX HArpy30K.
[MosTOMY pe3ynbTaThl SKCHEPUMEHTOB MOTYT OBITH HCIIOJIB30BAHBI TOJILKO TIOCNIE TIIATENHHOTO aHaIu3a
pacyeTHOM CXEMbl U METOJ1a UCIIBITaHUH [2].



[Ipu pacdere TOpHOTO NaBIeHHUSI HEOOXOUMO 3HATH 3HAYEHHE MUHUMAIIBHOTO K03 umreHTa BHyT-
pPEHHEro TPEeHMUS, MPHU KOTOPOM BEIIMYMHA TOPHOTO JIABJICHUS, KaK MPAaBUII0, MAKCHUMAJIbHA.
Jis ynpouieHHOTro pacdera Ko (GUIMeHTa TPEHUs 10 3HAUYCHUSM MPOYHOCTEH 00pa3IoB HA OHO-
OCHOE CHKATHE Gy M PACTSIKEHHUE G, MOXKHO HIPUMEHSATH (OPMYITY.
Sewe —O)p )

tgQ = 15 , (1.11)
Ocxe TO,

IMocTpoenue nacnopTa MPOYHOCTH

[Macmopt mpovHOCTH TpeAcTaBisieT coboil rpaduyeckyio 3aBHCUMOCTh MEXAY KacaTelbHBIMH U
HOPMAaJIbHBIMH HaNpsHKEHUSMH, IPH KOTOPBIX MPOUCXOANT paspylieHue mopoasl. ITo macnopTy nmpouHoctu
TOPHBIX MTOPOJT OOBITHO OTPEAETISIOT YTOJ BHYTPEHHETO TPEHHSL.

[MacmopT NPOYHOCTH MOKET OBITH MPECTABIICH AaHAMTUYESCKU B BHJIE TAPa0OIIbI.

tz\/(cp —cs12csl7 —2Jcp‘c7p +ch)+ccml, (1.12)

=0, -120+C, (1.13)
rAe T — CONmpoTuBIEHUE nopoj cusury, Mlla, 6, — HanpspKeHUs, ACUCTBYIOIME NEPIEHIUKYISIPHO K II0-
BEpPXHOCTH pa3pyieHusi, MIla; ¢ — yron BHyTpeHHero Tpenus, rpax; C — cuerenue, Ml]a.

s rpaduyeckoro onpeneneHns HaupsHKeHUH B INIOCKOCTH B JI0OOM TpeOyeMOM HalpaBICHUH HC-
MOJIB3YIOTCSL Kpyr Mopa BMECTO aHaITMTHYECKUX PACUETOB.
[TacriopT MPOYHOCTH F'OPHBIX OPOJ B YCIOBUSAX OJHOOCHOTO CIKATUSA U PACTSKECHHUS.

HJIM B BUJIC HpHMOﬁ JIMHUH:
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Pucynok 1.1 — ITaciopT mpoYHOCTH FOPHBIX IOPOJA B YCIOBUAX OJHOOCHOIO CXKATUS U PACTSKCHHUS:
Gex — NPEMEN NPOYHOCTH IIOPOJ IIPU CHKATHM; G, — MPEJEN MPOYHOCTH NOPOJ Ipu pacTskenuu; C — cUerieHue opoA; ¢ — yroiu
BHYTPEHHETO TPEHUSI.

HacnopT IMPOYHOCTHU I'OPHBIX TOPOA B YCJIOBUAX ABYXOCHOT'O CKATHUA U PACTAKCHUA!

@© 90-—
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Pucynoxk 1.2 — [laciopT mpo4HOCTH TOPHBIX IOPOA B
YCIIOBHUSIX JABYXOCHOTO CHKaTHS M PaCTSHKCHUS

ITony4yeHHbIe pe3yabTaThl 3aHOCATCS B TAONIHUILY:
Tabauya 1.3
IMacnopT NPOYHOCTH FOPHBIX MOPO/ B YCJOBHAX OHOOCHOTO M IBYXOCHOI'0 CKATHI M PACTSIIKEHH i
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ITpu 0IHOOCHOM HarpyxeHuH o0pasiua
3Ha4YeHHs] POYHOCTHBIX XapPAKTEPUCTHK EnuHuIa n3MepeHust 3HaueHne
ITpenes IpOYHOCTH MOPOJL IPU CIKATHHU Oy MIla
IIpenen npoyHOCTH MOPOJ IIPU CIKATUUG,, Mlla
YTroj BHYTPEHHETO TPEHUS I'panyc
Cnerurenne C MIla
[Tpu nByX0CHOM Harpy»eHuu odpasmna
Yrou caBura o, rpaj PacyeTHble HaNPsSDKEHUSI Enunnia m3mepeHus 3HaueHue
30 HOPMAJIbHBIC HAIPSKECHUS MIla
KacaTeJIbHBIC HAPSKCHHUS MIla
45 HOPMaJIbHBIE HAIIPSKEHUS! Mlla
KacaTelIbHbIC HalPsHKEHHS MIla
60 HOPMAJIbHBIC HAIPSKESHUS MIla
KacarellbHbIe HAPSDKSHUSI Mlla
3adaua 1.1

B Tabnuiie 1.4 npuBeneHbl UCXOAHBIC JAHHBIC JJIs ONMpPEIEICHUs (PU3NKO-MEXaHHMUECKUX CBOMCTB U
MOCTPOEHUS NACIOpPTa MPOYHOCTH. PaccumTaTh mpeaesbl NPOYHOCTU IPU CKATHU U PACTAKEHUU, MOAYJIb
YIOPYTOCTH, MPEAEbl MPOYHOCTH MOPOJ B MACCHBE NPU JUIMTEIBHOM CKATHUM U PACTSHKEHUH, ITOCTPOUTH
MacHopT MPOYHOCTH B rpapuuecKoM U TaOJIMYHOM BH/AX.

Tabruya 1.4
I/ICXO}IHLIC AaHHBbIE IJI oNIpeae/ICHUs (l)H3HKO-MeX3HI/I‘leCKHX CBOJCTB M MOCTPOCHHUE Mmacmnopra npo4-
HOCTH
Bapu- | Ilnor- Kospdumu- | Kospdumm- | Cropocts Koapdumment
aHT HOCTb eHT €HT Kpero- | ympyroi JUTUTEIIEHOM
noponsl, | Ilyaccona CTH TIOPOA BOJTHBI, M/C MPOYHOCTH
Kr/m*
1 2250 0,23 9 4800 0,70
2 2270 0,26 11 4900 0,79
3 2290 0,22 10 4950 0,72
4 2310 0,27 13 4850 0,80
5 2330 0,28 15 5100 0,82
6 2350 0,30 14 5000 0,86
7 2370 0,29 17 5050 0,84
8 2390 0,25 12 5150 0,81
9 2410 0,24 15 5200 0,76




10 2430 0,23 11 5000 0,72
11 2450 0,24 12 5300 0,75
12 2470 0,28 16 5200 0,77
13 2490 0,27 14 5250 0,79
14 2510 0,29 12 5350 0,81
15 2530 0,21 13 5500 0,83
16 2550 0,26 11 5600 0,77
17 2570 0,22 10 5650 0,80
18 2590 0,28 15 5550 0,83
19 2610 0,29 18 5400 0,79
20 2630 0,25 19 5700 0,81

Pacyer u noctpoeHue nacnopra NPOYHOCTH BBIMOJIHUTE NPH 3HAYEHUAX yTia CABMra MOpoJ B ycTa-
HoBke o = 30, 45, 60°.
Koaddumument crpykrypHoro ocnabnaenust npuaaTs paBHbIM 0,6.

2. PACYET NIOPUCTOCTHU I'OPHBIX ITIOPO

Hanuuue mop u mycToT B MOPOE HA3BIBACTCS MOPUCTOCTHIO. [lopucTOCTh HeTEeCcoAEepKAIIMX TOPOT
xapakrepuzyercs Ko3(hGUIMEHTOM TOPUCTOCTH.
Koaddumnmentom nopucroctu (m) Ha3pIBae€TCS OTHOIIEHHE CYMMapHOTO 00beMa mmop B odpasie (V;)
K BUIUMOMY 00beMy 3TOro ke oOpasua (V):
=1, @.1)
KoagdurmeHT nopucTocTy BeIpaXKaeTcs B A0JISIX €AUHUIBI WIIA B TIPOICHTAX K 00beMy o0pasia.
Onpenenenne ko3 dUIMeHTa MOPUCTOCTH HEOOXOAUMO JUTSl OICHKU 3amacoB HE()TH M U3YUYCHHS
poIieccoB (GUIBTPAIMH B TIOPUCTOH cpefe.
PaznuyaroT mopHCTOCTh MOPOJIBI CIETYFOIIUX BHJIOB:
1) o6mast (abconroTHasI, (PU3MUYECKAs WM TOJHAS) MTOPUCTOCTh BKIIFOUAET 00BEM BCEX IOpP B 00pa3-
e, T.€. CBA3aHHbIe MEeXKIy c0o00ii (cooOIaronuecs) 1 He CBSI3aHHbIE (M30JIMPOBaHHbIE) MOpbl. OO0IIas mopu-
CTOCTb OMpENENSETCS Pa3HOCThI0O MEXIy 00BEeMOM 00pasiia U 00hEMOM COCTAaBJISIONIMX €ro 3epeH. Jlis
onpeaencHus Ko3QUIMEHTa 00IeH TOPUCTOCTH MOJIB3YIOTCS COOTHOIICHUEM
—— (2.2)
\Y
2) OTKpPBITasi IOPUCTOCTh WIIM TIOPUCTOCTh HACHIIICHUS, BKIIFOUAIOIIAs BCE COOOIIAONIUECT MEKITY
c000# MOPBI, B KOTOPbIC MPOHUKACT TAaHHAS YKUIKOCTH (ra3) MpH 3aJaHHOM JaBJieHWH (Bakyyme). He yuuThI-
BalOTCSl T€ TMOPHI, B KOTOPBIE HE MPOHUKAET MXHIKOCTh TPU paccMaTpUBACMOM JABIICHHU HACBHIIICHUSI.
OOBIYHO B KaYECTBE HACBIMIAIOIICH KUIKOCTH MCIIOJIB3YETCsl KEPOCUH (XOPOIIO MPOHUKAIONIUI B TIOPHI U HE
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BBI3BIBAIOIINH pa30yXaHHs IJMHUCTHIX YAaCTHL) U HACBIIEHHE MPOMCXOAMT MOA BakyyMmoM. s ompenesne-
HUS K03 (UIMEHTa OTKPBITON MOPUCTOCTH HEOOXOIUMO HANTH OTHOIIEHHE 00beMa OTKPBITHIX B3aUMOCBSI-
3aHHBIX MIOP K 00BEMY 00pasia.

OOBeM OTKPBITHIX B3aMMOCBSI3aHHBIX IIOP ONpENeNseTcs Mo cleayomei Gpopmyie:

y PP (2.3)

on
Px
rae P — Bec Ha Bo3ayxe oOpaslia, HaChIIIEHHOTO KEPOCHHOM, KT; P, — Bec CyxXoro oopasia Ha BO3IyXe, KT;
P« — INIOTHOCTH KepocuHa (716 kr/m’), Kr/m’.

V, =k (2.4)

rne P, — Bec B KepocuHe 00pasiia, HACHIIIIEHHOTO KEPOCHHOM, KT.

3) nuHamudeckas (3QdekTrBHAS) TOPUCTOCTD, BKIIOYAIOIAS TOJIBKO Ty YacTh MOPOBBIX KaHAJIOB,
KOTOpasi 3aHsITa MOABUKHOM KHUIKOCTHIO B Mpolecce GUIbTPAIMK MPH MOTHOM HACHIIIICHHUH TTOPOIBI JKHI-
KOCTEI0. He yuuThIBaeTCs mpu 3ToM 00beM CyOKamMUIIPHEIX mop (muamerpoM Meree 0,0002 MMm) u mop, T11e
KHUIKOCTDh YACPIKUBACTCA MOJICKYJIAPHO-IIOBEPXHOCTHLIMU CHUJIAMMU. I[I/IHaMI/I‘-IeCKaH IMOPUCTOCTE B OAHOM U
TOM k¢ 00pa3ile He MMEET MOCTOSHHOTO 3HAYCHHMS, a U3MCHSACTCS B 3aBUCHMOCTH OT Iepernajia JaBICHUs,
CKOPOCTH (DUITBTPAIIUK U CBOHCTB YKHIKOCTH.
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3adaua 2.1

Paccunrats ko3 duiueHT o0IIel mopuctocTr 00pasia Mmopoabl M0 UCXOAHBIM JTAaHHBIM, MIPEICTaB-
JIEHHBIM B Ta0mune 2.1.
Tabauya 2.1
Hcxoanble 1aHHbIE /151 ONpeieIeHusl
Ko3(ppuumenTa oduIell MOPUCTOCTH

Bapuant O6véMm  oOpasma, | OOBEM
e’ COCTaBIAIONIMX  3€-
pen, cM’®

1 10,78 8,94

2 11,26 9,48

3 15,48 13,97
4 9,84 8,59

5 6,48 5,94

6 5,89 4,68

7 6,42 5,27

8 7,51 6,38

9 6,59 5,09
10 8,48 7,46

11 7,26 6,09

12 9,57 8,18

13 10,31 8,41

14 11,02 9,59

15 9,64 8,53

16 6,47 5,92

17 5,62 4,86

18 7,83 6,98

19 6,91 5,99
20 9,72 8,07

12



3aoaua 2.2

Paccuutath KOB(I)(I)I/II_[I/ICHT OTKpBITOfI MMOPUCTOCTH 06pa3ua mopoAbl MO0 MCXOOHBIM NAaHHBIM, IIPEI-

CTABJIEHHBIM B Ta0uIie 2.2.

Hcxoansblie JaHHBIE JJIA ONIPeEieJIeHUs
KO3((PUIMEHTA OTKPHITON MOPUCTOCTH

Bapuant Bec cyxoro | Bec Ha Bo3myxe oOpasua, | Bec B kepocune obOpasia,
obpa3na Ha BO3- | HACBIIIEHHOTO HACBIIIEHHOTO KEPOCHHOM,
Jayxe, T HOM, T r
1 25,8 27,9 20,1
2 25,9 28,3 21,0
3 25,6 28,6 21,3
4 25,7 28,5 22,0
5 26,1 28,9 21,8
6 26,3 29,1 22,3
7 26,4 29,2 22,2
8 26,5 29,3 20,9
9 25,9 28,9 21,5
10 25,8 28,8 21,6
11 25,7 28,7 21,7
12 25,1 28,1 22,3
13 25,2 28,2 22,0
14 25,9 29,0 20,8
15 26,5 29,5 20,9
16 26,6 29,6 21,0
17 26,9 29,5 21,1
18 27,8 30,1 21,3
19 27,4 30,2 21,5
20 27,1 29,8 21,8

13
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3. PACYHET IPOHULTOAEMOCTH I'OPHBIX ITIOPO/J

[IpoHHIIaeMOCTh KOJUIEKTOpa — TapaMeTp, XapaKTepU3YIOIUi ero CrocoOHOCTh MPOMYCKaTh JKU-
KOCTh WJIM ra3 Mpu nepenaje AapieHus. Kak ¥ mopucTocTsh, MPOHUIIAEMOCTh HE MOCTOSHHAs BEIUYMHA U
H3MEHSIETCS 10 MIOIIAAN UIACTa U 110 HAIJIACTOBAHUIO.

B npornecce skcmmyaTanuy HeQTAHBIX U Fa30BBIX MECTOPOXKICHUN BO3MOXKHA pazauyHas GUiIbTpanus
B HOpHCTOfI cpeac )KI/I)Z[KOCTGI‘/’I M Ta30B WM UX CMeCed — COBMECTHOE JBUXCHUC He(i)TI/I, BOABI U Ta3a HIJIN
BoAbI 1 HepTH, HEPTH W ra3a WM TOJIBKO He(YTH Wi rasza. [Ipu 3TOM MPOHUIIAEMOCTh OJTHON U TOM K€ MO-
PHUCTOM cpelbl Ul NaHHOH (a3bl B 3aBUCHMOCTH OT KOJIMYECTBEHHOI'O M Kau€CTBEHHOIO cocTaBa (a3 B HEl
Oyzer paznuuHoi. [ToaToMy ISt XapaKTEpPUCTHKH MPOHUIIAEMOCTH TIOPO HehTecoaep KallluX IIacToB BBe-
JCHBI TOHATHSI a0COMOTHOH, (ha30BOM M OTHOCUTEIBHOM MPOHULIAEMOCTH [4].

[Ton abGcomoTHON MPHUHATO MOHMMAaTh HMPOHULAEMOCTH MOPUCTOM Cpeabl, KOTOopasl ompenesieHa NpU
HaJUYHMH B HEH JTUIIH OJHOW KaKO# MO0 (pa3sl, XUMUIECKH HHEPTHOM 110 OTHOIIECHHUIO K TTOPOJIE.

®dazoBoii (3¢exTuBHOIN) HA3BIBAETCS MPOHULIAEMOCTH MOPOJ AJsl JAHHOTO ra3a WM KUIKOCTH IpHU
HAJIMYMU WK JBIDKEHUU B IIOpaxX MHOTO(a3HbIX CHCTEM.

OTHOCHUTENIFHON MTPOHULIAEMOCTBIO TIOPUCTOM Cpeabl Ha3blBaeTCs OTHOIIEHHE 3()()EeKTUBHON HpPOHHU-
LAEMOCTH 3TOU CpeAbl Isl JaHHOH (a3bl K aOCONMIOTHOM.

st OLeHKH MPOHULAEMOCTH TOPHBIX MOPOJ 0OBIYHO MONB3YIOTCSA JIMHEHHBIM 3aKOHOM (PUIIBTPAaLuU
Hapcu, Mo KOTOpoMy CKOpOCTh (pUIBTpaLMU XKHUIKOCTH B HMOPUCTOH cpele MPONOpLUOHAIBEHA T'PaiUueHTy
JaBJICHHUS U 00paTHO NMPOMOPIHOHANIEHA JHHAMHYECKON BI3KOCTH:

=@ _k AP (.1)
F n AL
IJIe v — CKOPOCTh JIMHEHHOM (UIbTpamuy, M/c; O — 06BEMHBIH PAcX0/l JKUIKOCTH B eIUHUILY BPEMEHH, M/C;
1 — IMHAMHYECKas BA3KOCTh KUAKOCTH, I1a-c; F — miomans ¢punsTpamuu, Mm°; AP — nepenan aasiesus, [la;
L — nniviHa mopucTOi cpebl, M.

B 3TOM ypaBHEHHH CIOCOOHOCTH MOPOBI MPOIYCKATh KUAKOCTH U Ta3bl XapakTepusyercs Kodpdu-

LUEHTOM HPONOPLUHOHATIBHOCTH K, KOTOPBIH HAa3bIBAIOT NPOHUIAEMOCTHIO!

k= M (3.2)
F-AP
3a eIMHMIY NPOHMIAEMOCTH B | M’ TpPHMHHMMaeTCsl NMPOHMIAEMOCTh TaKOH TOPHCTOMH Cpebl, MpH
(unpTparum yepes oopasel; KOTOPOr TUIOMIA b0 1 M2, unHO# 1 M U nepenaze nasienus 1 [1a pacxox xuua-
KocTH Bsi3kocThIO 1 ITa‘c cocraBager 1 M3/C, COOTBCTCTBCHHO IOJYYHUM CJICAYIOUICC YPABHCHUC!

1T = 107° (M3/c)~ 1073 (Ha -c)~ 1072 (M)

=10"2m? =1 mxm?, (3.3)
107w )-10%(TTa) v

14



DuznyecKuil CMBICI Pa3sMEPHOCTH KOAPPHULMEHTAa TPOHULIAEMOCTH — 3TO BEJIMYMHA IUIOMAAN cede-
HUsI KAHAJIOB [TOPUCTOM CPEAbl TOPHOI MOPOBI, 10 KOTOPBIM MPOUCXOAUT QPHUIbTpanys (IIIOUI0B.

3.1. PACYET CPEJJHEH IPOHUIIAEMOCTH IIJTACTA IIPU JINMHEWHOW ®UJIbTPAIIUA
JJIs1 U30JINPOBAHHBIX 30H

[ImacT cocrout, KaKk MpaBUIIO, U3 OTAEIBHBIX MPOIUIACTKOB, IO3TOMY OOIIas IPOHUIIAEMOCTH IIIacTa
(kyp) oLleHHBAETCS € y4€TOM NPOHULIAEMOCTH MIPOILIACTKOB U HANpaBiieHus QUIbTPALIUH.

Crnou M y4acTKH pacIojloKeHbl MapamienbHo. JIomycTuM, JUIMHA U HIMpUHA Y HUX OAMHAKOBBIE, a
MOIITHOCTH IPOIIIACTKOB (BBICOTHI) Pa3IWYHbl, BUA QMIBTPALIN JINHEHHBIMN:

PI/ICyHOK 3.1 — Jluneiinas q)HJIBTpaL[I/IH B ITIaCTC, COCTOSIIEM U3 HECKOJIbKUX U30JIMPOBAHHBIX MMPOIJIACTKOB paSHI/I‘{HOﬁ MOINHOCTH U
MIPpOHUIAEMOCTHU

Cpeanm IIPOHHUIIAEMOCTD IIJIaCTa OUCHUBACTCS BBIPAXKCHUEM!

Sk
fpp = —— | (3.4)

rae kpp — CpenHssl MIPOHULIAEMOCTh ILIACTa, M%; ki — IPOHHLIAEMOCTD i-TO IIPOILIACTKA, M’ /i — MOLIHOCTD
(BBICOTA) i-TO TIPOTLTACTKA, M.

3.2 PACUET CPEJHEN MPOHUIIAEMOCTH ILJTACTA ITPY TOPAU3O0OHTAJIBHO-
JUHEHHOU ®NUJIbTPALIUHU 51 NU30JIUPOBAHHBIX 30H

Cnou w y4acTKH C pa3iMYHOW MPOHHUIIAEMOCTHIO PACIOJIOKEHBI MapaIIeIbHO-TTOCIEI0BATENHHO,
BU (QDUITBTPAINH TOPU30HTAILHO - JTMHCHHBIHN:
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PI/ICyHOK 3.2 — Jluneiinas (1)I/IJ'II>TpaIII/I5[ qepes 11acT, HMMEFOIINI HECKOJILKO MTOCIIEI0BATEITHHO PaCoJIOKECHHBIX 30H pa3n1/1qH0171 apo-
HULIACMOCTU

CpeIIHHH IIPOHNIAEMOCTD IIJIaCTa OUCHUBACTCS BBIPAXKCHUEM!

LL“', (3.5)
2]

7 2 2 :
rae knp — CpeaHss MPOHUIACMOCTD IJIACTa, M ki — NPOHUIAEMOCTH IMPOIUIACTKOB, M Li — [JIMHA 1-T0 1Ipo-

%np =

I1acTka, M; Logy, — 00MIas JIMHA Tu1acta, M; Logy = 2 Li, M.

3.3. PACUET CPEJHEM NPOHUIIAEMOCTH IVIACTA ITPH PATMAJIBHON ®UJIHTPAIIUA
JJIs1 130JINPOBAHHBIX 30H

Ciou ¥ yyacTKY NPEACTAaBISIOT cOO0M HUINHIPUIECKHE IPEHUPYEMbIE 30HbI, H30JUPOBAHHBIC MEXKILY
co0oii. Ecnu paauyc ckBaXMHBI 0003HAYHUTh — R, @ paAnyC KOHTypa MUTaHU — Ry, CpEAHSISI IPOHUIIAEMOCTh

nj1acta OIICHUBACTCA BBIPAKCHUCM!
1ol R
_ Rc
k, =—— </ _ (3.6)

np ’
In R;
i R,
-1k

1

z 2 2 C
rae kpp— cpenHsisl MPOHULAEMOCTD IUIAacTa, M"; kj — IPOHULIAEMOCTh 30H, M™; R; — paanyc i-Toi 30HbI, M; R, —
panuyc CKBaXUHBI, M; R — paanyc KOHTypa ITUTaHUs, M.

16
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Pucynok 3.3 — Paguanpnas GuiibTpaiys yepes miact, UMEIOIINH HECKOIbKO KOHIIGHTPUIECKH PACTION0KSHHBIX 30H PA3IHMYHON
MPOHUIAEMOCTH

3adaua 3.1

PaccunraTh CpeiHIOI MPOHUIIAEMOCTh HEOJAHOPOIHOTO ILIACTA, UMEIOIIETO i-H30JUPOBAHHBIX IPO-
ITACTKOB MOIIIHOCTBIO /1, C IPOHUIIAEMOCTHIO k; 1711 TOPH3OHTAIBHO-JIMHEWHON (DPMIBTpAIH TI0 HCXOTHBIM
JITaHHBIM, IIPEJICTABICHHBIM B Ta0uIe 3.1.

Tabruya 3.1

Hcxoanble 1aHHBbIE JJIS1 pacuyeTa NPOHULAEMOCTH IUIACTA, COCTONAIIET0 U3 HECKOJIbKHX

HM30JUPOBAHHBIX MPOIJIACTKOB PA3JIHYHON MOIIHOCTH (M) 1 ponnnaemoctu (M/1)

Bapuant 1 2 3 4 5

N; v | kM | hem | kMl | b | kWL | bem | kIl | hem | kmT
1 22 [ 100 | 2,1 |50 34 [200 | 1,8 [180 | 1,9 |30

2 3,5 150 2,7 |200 |38 |30 52 [ 160 | 2,6 | 270

3 2,6 1190 |39 [280 |37 |90 6,1 [310 | 3,1 190

Bapuant 6 7 8 9 10

N; v | kM | hv | kML | b | kWL | hem | kT | hom | kmIT
1 1,2 | 60 32 [ 140 | 3,1 |230 |[1,5 [260 |32 |60

2 1,6 | 150 |39 |160 |[6,1 |260 |40 |19 |14 |350

3 1,1 1210 |34 [210 |22 |90 1,6 320 |68 | 480

Bapuant 11 12 13 14 15
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=2
=

ki | v | kml | v | kemfl | hov | kemll | B | komll
38 350 | 1,7 | 260 |28 |80 1,7 180 | 2,7 | 510
3,1 180 | 1,9 120 | 3,8 [ 310 |49 |360 |39 |420
57 1270 |29 110 | 4.9 190 [ 3,8 |280 |12 |90
apuaHT 16 17 18 19 20
ki | v | kwl | v | kemfl | hov | kemll | B | komll
5,6 |30 3,1 80 1,7 |70 2,5 | 60 2,1 50
8,1 190 | 58 [210 |53 [310 |29 120 | 5,1 150
43 | 80 6,4 |230 |38 170 | 3,7 180 | 1,9 | 250

=2
=

N N - I S e

3adaua 3.2

PaccunraTh CpeHIOI MPOHUIIAEMOCTh HEOAHOPOIHOIO IIACTA, UMEIOIIErO i-M30JUPOBAHHBIX IPO-
IJIACTKOB JUIMHOW L;, C TIPOHMIIAEMOCTBIO k; JUTSI CIydasi TOPU3OHTAIBLHOW (DUIBTPAIMY 110 UCXOHBIM JaH-
HBIM, IPEJICTaBIICHHBIM B Ta0uIie 3.2.

Tabauya 3.2
Hcxoanblie JaHHBIE /IS PacyeTa MPOHUIIAEMOCTH IUIACTA, HMEIOIIEro HeCKOJIbKO MOCIeI0BATEIbHO
PACIOJIOKEHHBIX 30H PA3JIHYHOH MPOHUIIAEMOCTH

Bapuant 1 2 3 4 5

N; Liv | kil | Lim | km{ | Ly | kvl | Lim | kM| Lim | kml
1 25 [100 [ 115 |50 [301 [200 [ 80 [180 |80 [30
2 48 [ 150 |65 [200 [379 |30 [42 [160 |12 [270
3 180 [ 190 [ 120 | 280 [215 |90 [50 [310 |42 [ 190
Bapuant 6 7 8 9 10

N; Liv | kil | Lim | km{| Ly | kvl | Lv | kM| Lm | kml
1 15 |60 [220 [140 [42 [230 [ 70 [260 | 142 | 60
2 42 [150 [ 49 [160 [ 195 [ 260 [90 [ 190 | 160 [ 350
3 240 [210 [ 15 [ 210 [48 |90 [35 [320 |8 [480
BapuasTt 11 12 13 14 15

N; Ly [ lewT | v [ lomT [ Ly | lowT [ Tm | kol [ Tm | lomT
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115 | 350 | 150 | 260 |25 80 49 | 180 | 40 510
39 180 | 120 | 120 | 110 | 310 | 54 | 360 | 60 420
15 270 | 220 | 110 | 65 190 | 90 | 280 |90 90
apuaHT 16 17 18 19 20
Lv | kwI | Liv | kol | Ly | k| Liv | oM | Liv | kM
280 | 30 34 80 180 | 70 80 | 60 82 50

120 | 190 | 49 210 | 150 | 310 |90 | 120 | 39 150
90 80 118 | 230 | 120 | 170 | 40 | 180 | 27 250

v || —

W=7

3adaua 3.3

PaccuuTaTh CpenHIOI0 MMPOHHUITAEMOCTH HEOAHOPOIHOTO IIIACTa, MMEIOIIETO i-IMIMHIPHIECKUX JIpe-
HUPYEMBIX, H30JUPOBAHHBIX 30H, €CIIM PAJANYC CKBAKUHBEI R., paiuyc KOHTypa MUTAHUS Ry, pPaadyChl Ape-
HUPYEMBIX 30H R; U ¥ UX NMpoHUIaeMocTH k; ykazanel B Tabmuie 3.3. s BapuantoB 1-5: R.= 0,1 M, R, =
840 m; i BapuanToB 6-10: R.= 0,15 M, R, = 640 m {ns BapuanToB 11-15: R.= 0,18 M, R,= 720 m [{ns Ba-
puanToB 16-20: R.= 0,20 M, R, = 820 M. [Ipu pacderax B kadecTBe R mpuanMaercs R..

Tabauya 3.3
Hcxoanble 1aHHBIE 1JISI pacyeTa MPOHUIIAEMOCTH ILIACTA MPH
paguaJdbHOH (PUILTPALUM AJIS1 M30JIUPOBAHHBIX 30H

Bapuant 1 2 3 4 5

N; R |kl | Rm | kL | Rm | kvl | Rom | kil | Rom | komL
1 200 | 100 | 110 | 50 180 | 200 | 140 | 180 | 110 | 30

2 300 | 150 | 280 | 200 | 410 | 30 520 | 160 | 280 | 270
3 400 | 190 | 315 | 280 | 620 | 90 720 | 310 | 328 | 190
Bapuant 6 7 8 9 10

N; Rov |kl | Rm | kL | Rm | kwl | Rom | kwJl | Rom | koml
1 40 60 70 140 | 45 230 | 140 | 260 | 160 | 60

2 80 150 | 140 | 160 | 120 | 260 | 450 | 190 | 190 | 350
3 150 | 210 | 410 | 210 | 350 | 90 500 | 320 | 210 | 480
Bapuant 11 12 13 14 15
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Rm | kml | Rm | kml | Rm | kml | Rm | kml | Rim | kmll
115 | 350 | 90 260 | 140 | 80 60 180 | 310 | 510
260 | 180 | 150 | 120 | 410 | 310 | 140 | 360 | 350 | 420
310 | 270 | 160 | 110 | 620 | 190 | 280 | 280 | 390 | 90

apuaHT 16 17 18 19 20

R | kWl | Rm | kwl | Rv | kwl | Rm | kml | Rom | kIl

220 | 190 | 310 | 210 | 120 | 310 | 130 | 120 | 500 | 150
340 | 80 460 | 230 | 180 | 170 | 260 | 180 | 600 | 250

N N - I S e

4. AHAJIM3 TPAHYJIOMETPUYECKOI'O MEXAHUYECKOI'O) COCTABA ITOPO/bI

I'panynomerprnueckuM (MEXaHMUECKHM) COCTaBOM ITOPOIbI Ha3bIBAIOT KOJIMYECTBEHHOE COJIEPKAHNE
B [TOPOJI€ YaCTHI] pa3IMYHOr0 pa3Mepa, BBIPAXKEHHOE B BECOBBIX MTPOLIEHTAX.

I'panynomeTpuueckuii aHaIU3 MO3BOJISIET OLEHUTH CTENEHb TUCIEPCHOCTH MUHEPAIbHBIX YACTHLL,
cJIararolux ropHyto nopony. Ilecku u cinabocreMeHTUPOBaHHbIE IECYAHUKY JIETKO [OJBEPIatoOTCs pasesne-
HUIO 3epeH 1o GpakiusiM. ClieMEeHTHPOBaHHBIE Pa3HOCTHU TPAHYJISIPHBIX KOJUIEKTOPOB U3YYaroT Mo HutMdam
o]l MUKpockornoM. MHoraa mpuberaroT K Je3uHTerpauuy (pa3pyLIeHuIo) KOJUIEKTOpa 10 3epeH.

I'panynomerpruueckuii aHaau3 MO3BOJIET OLEHMBATH Majieoreorpaguyeckue yciaoBUS OTIIOKEHUS
MOpoJI, T.€. YCTAHOBUThH YCIIOBUSI (POPMHUPOBaHUS OTIOXKEHUH 00JIoMouHOro Matepuana. OT cTelmeHu Awuc-
MEPCHOCTH OOJOMKOB IMOPOJ 3aBUCST MHOTHE CBOWMCTBAa MOPUCTOH cpelbl (IOPUCTOCTH, NPOHULAEMOCTH,
yZenbHasi HOBEPXHOCTb, KAWJUISIPHbIE CBOKCTBA U T.A.). OT pa3MepoB YacTUI] TPaHyJIIPHON CPelbl 3aBUCUT
KOJIN4YECTBO He(TH, OCTalolleiics B IUIACTE IOCJIE 3aBEpILCHM Ipoliecca pa3paboTKU B BUJIE IUICHOK, IIO-
KPBIBAIOIINX MOBEPXHOCTHh 3€PEH HMJIM LEMEHTHPYIOUIMX KOMIIOHEHTOB Cpeibl, WK B (opMe KalMUIIPHO
yZAepKaHHOW HedTH.

JlaHHBIE TPaHYJIOMETPUU B HE(TETIPOMBICIOBON MIPAKTUKE UCIIOJIB3YIOT AJs IOAOOpa ONTUMAIbHBIX
KOHCTPYKUUH (QUIBTPOB CKBaYKUH LIS PHIXJIBIX TUIACTOB (B YaCTHOCTH B CEHOMAaHCKHX BOJI03a00PHBIX CKBa-
xuHax 3anagHoil CuOMpH, SKCILTYaTHPYIOIIMX C1a00CHeMEHTHPOBAaHHbIE TECUAaHUKH).

MexaHnuecKkuil cocTaB MOPOJ ONPENEISIOT CUTOBBIM aHAIM30M C pazMepamu sueek cut 10; 7; 5; 3;
2;1; 0,5,0,25, 0,1 u 0,05 mm. IIpr HANMMUKK B TOPOJE KOJUIOUIHO-TUCIIEPCHBIX MUHEPAJIOB IMPUMEHSIOT Ce-
JTUMEHTALMOHHBIN aHAIN3.

Pe3ynpTaThl aHanmM3a rpaHyJIOMETPHUECKOrO COCTaBa MOPOJ M300pakaloTcs B BUAE rpadukoB (pu-
cyHOK 4.1, 4.2):
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PucyHok 4.1— KprBas cyMMapHOTro rpaHyJIOMETPHYECKOTO COCTaBa 3ePeH IOPOJIbI
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Pucynok 4.2 — KpuBas pacupeneneHus 3epeH mopoasl o pasmepam (1) u rucrorpamma (2)

Crenens HCOTHOPOAHOCTH HECUEMEHTHPOBAHHOTO HIJIH CJIa6OCI_IeMeHTI/Ip0BaHHOFO KOJIJICKTOpa
(mecka) xapakTepu3yeTcsi OTHOIICHHEM AMaMETPOB YacTHUI] C ONpeesICHHBIMA CyMMaMH Macc (pakmmii: dgo
u d]()

d
_ %60
QLreoo. = d > (41)
10
rie deo 1 dyy — COOTBETCTBEHHO, IMAMETPhI YaCTHUII, KOIU4eCTBO KoTophix 60 u 10 % B HaBecke.

3aoaua 4.1
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Omnpenenuts K03 PUIEHT HEoOHOPOXHOCTH, 3()(eKTUBHBIN AnameTp necka Hedrecomepkanx
HOPOA U noAo0paTh pazmep wwenei GuibTpa, cayXamero s OrpaHU4YeHHs necka. JlaHHbIe CUTOBOTO U ce-
JMMEHTAalMOHHOTO aHaln3a MpuBeaeHbl B Tadmuue 4. 1.

Tabnuya 4.1
IlaHH])Ie CHUTOBOTIO 1 C¢IMMCHTAIIMOHHOI'O aHAJIN3a
Ne Pa3Mepbl 0TBEpCTHIA CUT, MM
/i MHHUMAJIBHOE — MAaKCHMaJIbHOE 3HAYCHHE Macca HaBecky, I'
BapHaHTEI BapHAHTEI
1 2 3 4 5 1 2 3 4 5
1 0,05-0,025 {0,12-0,06 [0,14-0,04 0,13-0,09 0,16-0,1 0,5 0,04 0,5 0,5 0,75
2 0,1-0,05 0,16-0,12  {0,24-0,14 0,27-0,13 0,3-0,16 6,5 9,96 (9,5 11,5 10,75
3 0,3-0,1 0,24-0,16  {0,26-0,24 0,29-0,27 0,34-0,3 14,5 6.0 12,5 11,5 10,5
4 0,5-0,3 0,34-0,24  ]0,34-0,26 0,39-0,29 0,38-0,34 [15,5 4,0 13,5 12,5 11,5
5 0,7-0,5 0,4-0,34 0,38-0,34 0,41-0,39 0,42-0,38 10,0 |21,5 7,5 10,0 12,0
6 1-0,7 0,9-0,4 0,78-0,38 1,11-0,41 0,94-0,42 13,0 8,5 6,5 4,0 4,5
BapHaHTEI BapHAHTEI
6 7 8 9 10 6 7 8 9 10
1 0,1-0,02 0,1-0,06 0,16-0,09 0,16-0,11 0,18-0,12 10,6 0,09 (04 0,7 0,8
2 0,18-0,1 0,19-0,1 0,21-0,16 0,24-0,16 0,24-0,18  |6,1 9,26 9,5 10,5 9,75
3 0,32-0,18 (0,29-0,19 [0,26-0,21 0,28-0,24 0,3-0,24 12,3 5,8 13,7 19,8 12,2
4 0,43-0,32 10,32-0,29 ]0,39-0,26 0,39-0,28 0,39-0,3 14,1 4,3 13,0 10,5 10,9
5 0,62-0,43 (0,49-0,32 [0,57-0,39 0,55-0,39 0,58-0,39 12,0 17,5 6,8 8,7 12,5
6 1-0,62 0,98-0,49 [0,82-0,57 1,17-0,55 0,87-0,58 3,3 8,8 6,9 4,2 4,9
Ipooonscenue madauyol 4.1
No Pa3meps! 0TBepCTHIi CUT, MM Macca HaBeckH, T
/i MHHUMAJIBHOE — MAaKCHMaJIbHOE 3HAYCHHE
BapHAHTEI BapHAHTEI
11 12 13 14 15 11 12 13 14 15
1 0,08-0,03 {0,14-0,08 ]0,23-0,11 0,18-0,12 0,16-0,11 [0,64 0,11 0,5 0,9 1,1
2 0,19-0,08 (0,19-0,14 (0,27-0,23 0,27-0,18 0,27-0,16 7,8 7,26 (9,1 10,9 8,76
3 0,39-0,19 {0,33-0,19  (0,34-0,27 0,36-0,27 0,35-0,27 |15,1 6,8 13,0 {9,9 11,3
4 0,58-0,39 (0,42-0,33  [0,49-0,34 0,43-0,36 0,53-0,35 13,1 4,7 12,1 11,2 10,4
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5 0,71-0,58 [0,57-0,42 [0,63-0,49  [0,57-0,43 0,67-0,53 [11,5 [145 [57 |94 11,8
6 0,94-0,71 [0,96-0,57 |0,78-0,63 1,08-0,57 084-0,67 |28 |81 |60 |48 |44
BapHAHThI BapHAHThI
16 17 18 19 20 16 17 18 19 20
1 0,1-0,03 |0,13-0,08 [0,18-0,09  [0,19-0,13 0,18-0,12 (0,59 [0,15 [0,8 1,2 1,4
2 0,18-0, |0,19-0,13 |0,24-0,18  |0,27-0,19 025-0,18 |68 [8.07 |89 [97 [9.23
3 0,27-0,18 |0,27-0,19 |0,31-0,24  |0,36-0,27 036-025 [123 |69 [132 [9.4 11,9
4 0,48-027 |0,33-027 |0,43-0,31 0,4-0,36 045-036 |14,7 |49 128 11,6 |10,9
5 0,70-048 |0,47-0,33 |0,65-0,43  |0,71-0,4 0,69-0,45 [10,7 [138 [59 |97 11,3
6 0,87-0,70 |0,91-0,47 |0,83-0,65 1,02-0,71 0,74-0,69 (3,5 |74 |56 |41 |45

23




Tabauya 4.2
Tabauna pacyeTHBIX JaHHBIX

o MaccoBasg  KOHIICH-
Pasmeprl  |Cpennuit nuamerp Macca |CymmapHas Macca g )
N . |lg Tpanus (monst) ¢pak-|CymmapHas MaccoBasi KOH
OTBEpPCTUH |yacTHIl (paKuuii, HaBECKH |HAaBECKU o
depi 3031 neHtpanus Y Cpi-100%
CUT, MM depi m;, T > m,T C - 100%
mi
oTr |(mo
1 |2 3 4 5 6 7 8
d,+d " "

d; |d; 1z i}g mj my

2 ! 2 m; 2 m;

dz + d3 lg m, ny + ny

d; |ds —_ d m; m;+ m;

2 »? 2m; 2 m;
d |dy, |——L g m; myt myy . m; :

d. .
2 cpi z ml' Z mi
e, di+1 +di+2 Ig —_ mp+  moe + M m;i my+m, +...+m; +m;

i+ i+ i+
' ! 2 dcpi+] ' M+ z m; z m;




Xop pereHus 3a/1a4u:

1. Mcnonp3yst nqaHHble TaOIUIb 4.2 CTPOUM KPHUBYIO CYMMapHO-
r0 rpaHyJOMETPHYECKOT0 COCTaBa 3epeH nopoAsl. Jjist 3Toro mo ocu op-
JMHAT OTKJIaJbIBaeM HapacTalolIfe BECOBBIC MIPOICHTHI (JaHHBIE Tpadbl
8 Tabmura 4.2), a Mo ocu abCIuCe Jorapu(pMbl AXAMETPOB YACTHI] - Tpa-
¢a 4 Tadbmuue! 4.2 (pucyHok 4.1);

2. Ilpu noctpoeHnn Tpaduka pacupeaeicHusl 3EpeH IecKa I0
pasMepaM (pUCYHOK 4.2) 1Mo ocH abCIHCC OTKIAIBIBAIOT AMAMETPHI da-
CTHII, & 10 OCH OPJIMHAT - COAEPKaHUEe KaXI0i (Ppakuu B UCCIeayeMOit
ropoie 1o Becy (rpadwt 7 u 3 Tabmuisl 4.2);

3. IIpoananu3upoBaTh NMOMYUYEHHBIE KPHUBBIE, TO00paTh QHIBTP
Y c/IeTIaTh 3aK/II0YeHre 00 OTHOPOIHOCTH aHATU3UPYEMOTO TTeCKa.

Ha xpuBoii rpaduka cymMmMapHOro rpaHyIOMETPUYECKOTO COCTa-
Ba 3epEeH MTOPOJIbI:

1) Touka 1, cooTBeTCTBYIOMmAs pa3Mepy OTBEPCTHS CHUTA, Ha KO-
TopoM 3azaepxkuBaercs 10% Oonee kpynHbIX ¢pakuuii, a 90% Oonee
MEJNKUX (paKiuii IPOXOAUT 4yepe3 cuTo. [lepneHauKyIsp, OmyIIeHHbIA
13 3TOM TOYKU Ha OCh a0CIWcC, TaeT AnaMeTp 3epeH mnecka dyy, Mo KOTo-
pOMy ompezensieTcs: pa3Mep Ieseil GUIIbTpa, CIyKaero st OrpaHnye-
HUS KOJIMYECTBA MECKa, MOCTYMAIONIETO U3 TUIacTa B CKBOXKUHY. Pazmepsr
OTBEPCTHIA Pa3INYHBIX (GUIBTPOB M (GOPMYIIBI X OTIPENEICHUS PUBEIE-
HbI B TaOue 4.3;

2) Touka 2, cootBercTByIomas 60% cyMMapHOMY BECOBOMY CO-
ctaBy (Ha pucyHke 4.1), Bkito4as Bce OoJjiee MeIKue (QpaKIud, MUCIIONb-
3yeTcs s oTpeaenieHus KodhGuimenTa HeoTHOPOTHOCTH Mmecka dgo;

3) Touka 3, cooTBercTByIomas 10% cymMapHOMY BECOBOMY CO-
CTaBy, BKJIIOYas BCE Oojiee Menkue (hpakiuu, JaeT TaK Ha3bIBaeMbIN d(-
(hbeKTUBHBINA TUaMeTp JacTHIl riecka d.

Jnst mocTpoeHUsT KpUBOW B TOMyJOorapuMuUuecKoM Maciutade
(pucyHok 4.1) o ocu aObCIKCC OTKIJIABIBAIOT HE TUAMETPBI YACTHIL, a UX
norapr(Mbl WM BETUYHUHBI, TPONIOPIIMOHANBHEIE ToraprudMam. B Hauae
KoopauHAT ctaBAT o0brgHO umcno 0,001, a 3arem, mpuanMas 1gl0 pas-
HBIM TPOM3BOJIBHOMY OTPE3KY, OTKJIAJBIBAIOT 3TOT OTPE30K B MPAaBYIO
CTOPOHY TPU—YETHIPE pa3a, Jiejas OTMETKU U CTaBsl MPOTUB HUX TIOCIIE-
moBatenbHo gncna 0,01; 0,10; 1,00 u 10,00. PaccTossHuS MEXIy KaXKIbI-
MU JIByMS METKaMM JEJIAT Ha JAEBATh YacTed MPONOPLHMOHAIBHO JIOTa-
pudmam uucen 2, 3,4,5,6,7,8u 9.



B nepBom uHTEpBasie OT Havana KOOPIUHAT, BBIACICHHBIE OTPE3-
Ki OyJIyT COOTBETCTBOBATH AMaMeTpaM dvactuil pasmepom oT 0,002 mo
0,009 MM, Bo BTOpoM — oT 0,02 1m0 0,09 MM, B Tpetbem — ot 0,2 mo 0,9
MM, B YETBEPTOM — OT 2 10 10 MM.

Hampumep, ecnmm ipunsaTh, uto 1g10 = 1 — cooTBEeTCTBYET OTpE3-
Ky AnuHO# 4 cM, To 1g2 = 0,301 Oyzer cooTBETCTBOBAThH OTPE3Ky 4 CM-
0,301= 1,2cm, a Ig9 = 0,954 Oynmer COOTBETCTBOBATH OTPE3KY
4 cm:0,954= 3,82 cM.

VYka3aHHbIC OTPE3KH OTKJIAJBIBAIOT IO OCHU aOCIKCC OT Hayvaja
KOODJMHAT M OT KaXKIOW METKH, OTPAaHHYUBAIONICH OTPE30K JTUHOU
4 cm.

Tabauya 4.3
Pa3mepsbI mieneii pa3au4HbIX 3200 HBIX GUILTPOB

AOconroTHOE 3Ha-

HanmenoBanue otBepctuil punbsTpo |Dopmyra onpeneneHus qerme

IMupuna OpSAMOYTONBHBIX — ILIENEH
LIEJIEeBUIHBIX QUIBTPOB, MM

JuameTp KpyriasIx OTBepCTUH (uIIb-
Tpa, MM

[uameTtp 3epeH rpaBusi B I'paBUIHBIX
¢$uIbTpax, MM

2%dyp

(10...12)*dg,

OtnHomrenne dgo/d1o XapakTepusyeT Kod(QPHUITMEeHT HEOTHOPOTHO-
cTH mecka. Jljs COBEpIICHHO OHOPOAHOTO IIECKa, BCE 3epHA KOTOPOTO
PaBHBI MeXy COOOM, KpHUBasi CyMMapHOTO COCTaBa BBIPAYKAETCS BEPTH-
KAIBHOH TpSIMOW  JIMHHWEH, a KOIPOHUIIMEHT HEOTHOPOIHOCTH
k= deo/d1=1. KoappuumeHT HEOTHOPOIHOCTH MOPO HEDTIHBIX MECTO-
poxnenuii Poccun xonednercs B npenenax 1,1+20.

5. PACYET OCTATOYHOM BOJOHACBIIIEHHOCTH

[peamonaratot, uTo A0 GOPMHUPOBAHKS HEPTSIHBIX U TA30BBIX 3a-
JeKer B Iiactax Haxoawiack Boaa. HedTh u ra3 mpu MUrpanuu BbITEC-
HsUM BoAy W3 tuiacta. OJHAKO MOJIHOTO 3aMENIeHUs HE MPOMCXOIMIIO,
4acTh BOJIBI OCTaBajach B MOpax. JTy BOAY HA3bIBAIOT OCTATOYHOU (CBS-
3aHHO). KolnyecTBeHHOE Cojiep KaHue CBA3aHHOM BOJIbI 3aBUCHUT OT (pu-
3MYECKHX CBOMCTB M COCTaBa MOPOJBI, CTPYKTYPhI TIOPOBOIO MPOCTPaH-
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CTBa, YJCJBbHON MOBEPXHOCTU M Tak aanee. CBs3aHHAS BOJA CYIIECTBEH-
HO BIHSCT Ha (pa30BbIC MPOHUIIAEMOCTH MOPOJIbI i1 HE(PTH, BOJBI U Ta-
3a, Ha CMa4MBaeMOCTh MOPOJ], HHTEHCUBHOCTh KAIMJUIAPHBIX H aJICOPO-
[IUOHHBIX SIBJICHUH, HA TIOJHOTY BBITCCHEHHMsS HedTH u3 riacta. Jlius
OTIPEICIICHHsI OCTATOYHON BOJOHACHIIICHHOCTH HCcmonb3yioT OCT 39-
204-86 «HedTs. MeTox 1a00paTOPHOTO OMPEIEICHUs OCTATOUHOM BOJIO-
HACBHIILIEHHOCTH KOJIJIEKTOPOB HE()TH M ras3a 1o 3aBUCUMOCTH HACBILICHUS
OT KalWJUIIPHOTO JABIICHHSD».

OcrtaTo4Hasi BOJOHACHINIEHHOCTh B JIAOOPATOPHBIX YCIIOBHAX
OTIpefeNsieTcs, B OCHOBHOM, METOaMH LEHTPU(YTUPOBAHUS U METOIOM
MOJTYITPOHHUIIAEMBIX MEMOpaH.

HentpudyrupoBanue — 370 OBICTPHIH W IPOCTOH METOMA, B OCHO-
BE KOTOPOTO JIS)KUT BO3JeHCTBUE Ha 00paszeln LHEeHTPOOESKHBIX CHJII, BO3-
HUKAIOIIUX TIPU BPAICHUH KEPHA B IICHTPUPYTE.

Jlst mpoBeneHrss paboThl MCMONB3yIoTes meHTpudyra OC-6M,
PC-6 (Makc. ckopocth Bpamienusi 6000 06/mun). Pe3ynbratsl neHTpUdY-
THPOBaHMsI TAKXKE MO3BOJIIOT W3YUUTh paclpelielieHHe B KepHE HOp 10

pasMepam.
KoagduimeHT Bog0HACHIIIEHHOCTH OpeIesieTcs o Gopmyiie:
K M -M, 51
BO > ( . )
M, -M,

rae M,, M, - Macca Cyxoro KepHa U Macca KepHa I0CJIe HACKHIIICHUS BO-
noii; M - Macca KepHa nocie NeHTpru(yTrupoBaHusl.

Meron m3mepeHus kKodh(GUIHEHTa BOJOHACHITICHHOCTH TTOPOIBI
METOZOM MOJIYIIPOHUIIAEMBIX MeMOpaH OCHOBaH Ha JPEHHUPOBAHHH IIO-
JIBIOKHOTO (ronjia U3 00pasia MmopojIbl 4epe3 MONYyIMPOHUIIAEMYO MEM-
OpaHy B pe3yibTare co3aHus U30BITOYHOTO JIABJICHUS B KaMepe KaIlui-
nsapumeTpa. OOpazer Mopoasl TOABEPracTCs BO3ACHCTBHIO TABICHUS W3-
BECTHOW BEJIMYUHBI B TCUCHHUE OINPEACICHHOIO BPEMEHHU, HEOOX0IUMOT0
JUTS CTAaOMITU3aI[i BOJOHACKHIIIEHHOCTH o0pasna. [1lo okoH4YaHWU 1uKIia
3amuChIBaeTCI M3MEHEHHE Beca o0paslia M ero yAelbHOTO COIPOTHBIIE-
HUS, TIOCJIE YEro OIepalus MOBTOPSAETCS Mpu 00Jiee BBICOKOM JIaBJICHHUH.
Ora mporieypa HO3BOJSET HAMPSIMYIO MOCTPOUTH 3aBUCUMOCTh BOJIOHA-
CBHIIIEHHOCTH 00PAa3IoB OT KAIMMJUBIPHOTO JaBICHHMS.
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YcTaHOBICHHE 3aBUCUMOCTH MEXTY OCTATOYHOM BOJOHACHIIICH-
HOCTBIO U KallWJUISIPHBIM JIaBJICHUEM IPEJCTABISICT 3HAYUTEILHBIA NHTE-
pec Ui XapaKTePUCTHKH KOJJIEKTOPCKHUX CBOMCTB mopozabl. OHa Mo3Bo-
JSIET KOCBEHHBIM MyTEM MPHONMKEHHO OLICHUTh COZCPIKaHHE OCTATOY-
HO# (CBSI3aHHOI) BOJBI B HEPTEHOCHOH MOPOJIE, a TAK)KE BBEISICHUTH Pas-
MepHI Iop (TOYHee paguyCchl MEHHUCKOB) M UX 00BeMHOe ydactue (B 00-
meM o0beMe MOp), YTO paclIMpsieT M JOMOJHAET 3HAHWUE O TMOPOBOH
CTPYKTYpE TOPOJIBL.

3adaua 5.1

Onpenenuth 00beM BBITSCHEHHOW BOJBI M3 0O0paslia MOPOJHI,
MPU Pa3TUYHBIX 3HAYCHUSAX KAMWUISIPHOTO JTABIICHHS, UCTIONB3YSI METOJ
MONYMPOHHUIIaeMbIX MeMOpaH. OIeHUTh MUHUMAJIBHYIO OCTATOYHYIO BO-
JIOHACBIIIEHHOCTh W TOCTPOUTH KPUBYIO PACHPESIICHUS TIOP M0 MX pa3-
Mepam Ui uccaeayeMoro oopasia. XapakTepucTHKa UCCIIEAYEeMOro 00-
pasua: koadounment obmeit nopucrocta m=20,6 %; KodhuUIHEHT OT-
KPBITOM MOPUCTOCTH m,=19,40 %; yAenpHas MTOBEPXHOCTh
Sy=505 em/em’; KO3 UITUCHT aOCOJIFOTHOM ~ MPOHUIIAEMOCTH
k=0,385 MKMZ; mHAa obpasma  L=4,6 cM; auametrp obpasma d=3,1 cm.
HcxonHble naHHbBIE TPUBENEHEI B TabmuIe S.1.

Tabauya 5.1
Pe3yabTaThl ONBITHBIX TAHHBIX

Kanumnsproe gaBienue P, MM.pT.cT | IToKa3aHms GIOPETKH, CM
Ne BapuanTs! 3aganus

1 2 3 4 5 1 2 3 4 5
1 11,5 |85 7,1 9,4 12,7 14,600 |3,400 2,840 |3,760 |5,080
2 21,5 [155 14,1 16,4 [22,7 14,600 |3,400 2,840 |3,760 |5,080
3 31,5 [25,5 |24,1 |264 (32,7 4,340 (3,140 |2,580 |3,500 |4,820
4 40,5 35,5 (34,1 |364 [42,7 14,080 2,880 |2,320 3,240 |4,560
5 50,5 [45,5 44,1 464 52,7 (3,820 (2,620 [2,060 [2,980 [4,300
6 70,5 [65,5 64,1 664 |72,7 (3,560 (2,360 [1,900 [2,720 |4,040
7 80,5 [75,5 74,1 764 82,7 (3,300 [2,100 |1,840 [2,460 |3,780
8 100,5 |95,5 94,1 [96,4 [102,7 |3,040 {2,091 |1,790 |2,300 |3,520
9 120,5 [115,5 |114,1 |116,4 [122,7 (2,780 |2,070 |[1,716 [2,271 |3,102
10 |150,5 |145,5 [144,1 [146,4 [152,7 12,760 [2,040 1,704 |2,256 |3,048
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Ilpodonocenue mabauyol 5.1

Kanmngpraoe nasnenue P,, MM.pT.CT

|H01<a3aH1/m BIOPETKH, CM°

Ne Bapuants! 3a1anus
6 7 8 9 10 6 7 8 9 10
1 9,8 6,2 134 |11,1 10,2 (3,920 2,480 |5,360 (4,440 (4,080
2 17,8 13,2 (23,4 21,1 (20,2 (3,920 |2,480 |5,360 (4,440 |4,080
3 27,8 (23,2 (334 |31,1 30,2 [3,660 [2,220 |5,100 [4,180 (3,820
4 37,8 1332 1434 (41,1 40,2 3,400 [1,960 14,840 (3,920 [3,560
5 47,8 (43,2 |53.4 (51,1 50,2 |3,140 [1,700 4,580 |3,660 (3,300
6 67,8 632 (734 |71,1 70,2 2,880 [1,540 (4,320 [3,400 (3,040
7 77,8 73,2 (834 |81,1 80,2 2,620 [1,380 4,060 [3,140 (2,780
8 97,8 93,2 ]103,4 [101,1 ]100,2 ]2,460 |1,294 3,800 (2,880 [2,520
9 117,8 |113,2 1123,4 [121,1 ]120,2 [2,394 |1,209 |3,228 (2,696 |2,482
10 |147,8 11432 |153,4 |151,1 [150,2 (2,352 |1,168 [3,216 (2,664 |2,448
No Bapuants! 3aganus
~ 1 12 13 14 15 11 12 13 14 15
1 10,7 19,6 6,1 7,4 8,3 4,280 3,840 2,440 (2,960 |3,320
2 20,7 |18,6 |12,1 13,4 153 4,280 (3,840 [2,440 |2,960 (3,320
3 30,7 (28,6 (22,1 |234 253 4,020 [3,580 |2,180 [2,700 (3,060
4 40,7 [38,6 32,1 (334 353 |3,760 (3,320 1,920 |2,440 (2,800
5 50,7 48,6 42,1 |43,4 45,3 [3,500 ]3,060 (1,660 ]2,180 (2,540
6 70,7 |68,6 [62,1 634 653 [3,240 (2,800 1,400 [1,920 (2,280
7 80,7 78,6 72,1 1734 [753 (2,980 2,540 [1,310 [1,660 |2,020
8 100,7 (98,6 92,1 [93,4 1953 12,720 (2,420 |1,250 |1,500 (1,860
9 120,7 |118,6 |112,1 |113,4 |115,3 2,591 (2,356 |1,186 (1,438 |1,814
10 |150,7 [148,6 [142,1 ]143,4 [145,3 2,568 [2,304 |1,164 [1,376 |1,792
No Bapuants! 3a1anus
~_|16 17 18 19 20 16 17 18 19 20
1 10,8 12,7 12,1 |9 10,3  [4,320 |5,080 [4,840 |3,600 |4,120
2 20,8 22,7 22,1 19 20,3 (4,320 |5,080 4,840 (3,600 4,120
3 30,8 (32,7 (32,1 |29 30,3 [4,060 14,820 (4,580 |3,340 [3,860
4 40,8 (42,7 42,1 [39 40,3  [3,800 4,560 ]4,320 (3,080 |3,600
5 50,8 52,7 [52,1 149 50,3 13,540 [4,300 4,060 [2,820 |3,340
6 70,8 [72,7 (72,1 |69 70,3 [3,280 14,040 (3,800 2,560 [3,080
7 80,8 82,7 |82,1 |79 80,3 [3,020 |3,780 (3,540 2,300 [2,820
8 100,8 [102,7 [102,1 |99 100,3 (2,760 |3,520 [3,280 (2,240 |2,560
9 120,8 |122,7 |122,1 |119 120,3 2,617 [3,087 2,983 (2,192 2,489
10 |150,8 |152,7 |152,1 [149 150,3 2,592 [3,048 2,904 [2,160 2,472
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XoJ pelieHus 3a/1a9u:

1. lns pereHns 3aga4d HE0OX0AUMO 3aMOJIHEeHNEe Ta0IuIbI 5.2.

3anonHeHue cTonbna 3: KOJMYECTBO BOJBI, BHITECHSEMOH U3 00-
pasia, moIyJaeTcsi BBIMUTAHUEM ITOCIIEIYIOIEro 3HAYCHUs OT MPEeIbIIy-
IIETO.

3anonHenue ctonodua 4: 3a 100% npuHMMaeTcs 3HaYeHHE PaBHOE
00bEMY OTKPBITBHIX MOP, T.€. IEPBOHAYAIBLHOE KOIUYECTBO BOJBI, MOTJIO-
eHHOW TopaMu oOpasma (tabmuia 5.3). Mcxoas w3 3TOro 3Ha4YCHUS,
MOJICUUTHIBACTCS TPOLIEHTHOE COJEpKaHUE BOJBL, COOTBETCTBYIOIICE
Ka)XIOMY 3HaYE€HHUIO CTONIONA 3.

Tabauya 5.2
PacueT ocTaTOUHOI BOTOHACHIIIIEHHOCTH
O0beM BeITEC-| OOBEM OCTaB-
HEHHOW W3 00pas3-|meiics B oOpasie
Kanuisipaoe Pasmepbl
ABJICHIIC » Iloxazanus , 112 BOJIBI BOJIbI PaJyCOB
Ne A | 6ropeTkH, cM % oT % or
MM.PT.CT. 3 3 HOp T, MKM
cM obbema |[cMm o0bema
op op
1 2 3 4 5 6 7
1
10
Tabauya 5.3
KonundyecTBo BOABI, NOTJIONIEHHOI TOpaMu 00pa3na
[Tapamerp Howmep BapuanTa
1 2 3 4 5 6 7 8 9 10
IepBoHavanbHOE

xonmuectso Boxsl|1,947 |1,447 (1,215 1,617 (2,197 | 1,704 | 1,084 |2,330 1,920 | 1,755
B 1opax oOpasia

IMapametp Howmep Bapuanra

11 12 13 14 15 16 17 18 19 20

ITepBoHavansHOE
konuuecTBo Bojwl (1,831 11,634 (1,033 11,260 (1,420 (1,858 (2,197 2,104 |1,574 (1,811
B 1opax oOpasia
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3anonHeHue cToydna 5: 06bEM ocTaBineiicss B 00pasiie BObI BbI-
CUUTBIBACTCA IMOCJICAOBATCIIbHBIM BEIUYUTAHUEM U3 IICPBOHAYAIIBHOI'O KO-
JMYECTBA MOTJIONIEHHON BOJIBI KAXKAOTO 3HAYCHUs CTOJI0A 3.

3amoHEeHNE CTOJOMA 6: pacCUYUTHIBACTCS MPOIICHTHOE COAepIKa-
HUE JIIS KQXKJI0TO 3HAYCHHMSI CTOJIONA 5.

3amonHeHue crondna 7: paauychl MEHUCKOB, YCIOBHO, OTOX-
JECTBJICHHBIE C PaJilycaMu 10p, ONpeaessiFoTes mo gpopmyie Jlamnaca:
_2-c-cos0

By

ra€ 6 - HNOBCPXHOCTHOC HATAXKCHHUE BOABI Ha TI'paHUIIC C BO3AYXOM,

v , 5.2)

o =84 H/M; 6 - kpaeBoii yron m30upareIpHOTO cMaduBaHusA, O =25 °;
Py - KanmauspHoe gaBierne, H/v".

Bripazum Py B H/M? Ha OCHOBAHNHM COOTHOIICHNS: | TeXHUYECKas
atMochepa = 735,6 Mm.pr.cT. = 98066 ITa = 98066 H/™M>, Torma

98066

1 mm.pm.cm. = ~1333 H/m>, (5.3)

b
2. Hanmcanue BbIBOJa C yKa3aHHEM 3HAY€HUS MHHUMAaIbHON
OCTAaTOYHOW BOJIOHACBHIIIEHHOCTH, XapaKTEPH3YIOIIeH COAep)KaHUe CBS-
3aHHOM (PETUKTOBOM) BOJBI B JAHHOM 00pa3slie.
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Pucynok 5.1 — 3aBHCMMOCTB OCTaTOYHOHM BOJOHACBHIILIEHHOCTH OT Karlujl-

JIAPHOT'O JaBJICHUA
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6. PACYET YJEJbHOM MOBEPXHOCTH
HE®TECOJAEPXKAIIUX MTOPO/J
YaenvHONW TOBEPXHOCTHEO HA3bIBAETCS CyMMapHas CBOOOIHAsS
MOBEPXHOCTh YaCTHIl (MJIM MOPOBBIX KaHAJOB) B eAMHHIIE 00bEMA MOPO-
161, COTITacHO OTIPEICIICHUTO:

Syo

=§,M2 /a? (6.1)
rae F - cymmapHast cBOOOIHAsI MOBEPXHOCTh YacTHLl (MJIM MOPOBBIX Ka-
HAJIOB) TTOPOJEI, M V - 06BEM TIOPOJIbI, M.

Tax xak 3€pHa, ciararome HeTeconepKalLyo IOPOIY, U TOPo-
BbI€ KaHaJlbl MMEIOT HEeOOJBbIINE pa3Mephl, TO yAETbHas MOBEPXHOCTh
MOET JOCTHraTh OFPOMHBIX pazMepos (70...350 Thic. M>/M), UTO 3HAUH-
TEJIbHO OCJIOXKHSET 3aJady HauOojiee IOJIHOTO H3BJIEUEHHA HePTH H3
TIacTa.

VY aenbHas MOBEPXHOCTH - BAXKHBINA MapaMeTp HeTecomepKalix
nopof. [lo 3HaYeHUIO yaenbHON MOBEPXHOCTH MOXHO CYAMTBH O APYTHX
napaMeTpax Iuiacta (MMOPUCTOCTH, MPOHUIIAEMOCTH, PaclpeAeIeHHH 0P
0 UX pa3MepaM), OCTATOYHOM HeTEHACHIILIECHHOCTH.

VYaenbHas NMOBEPXHOCTh HEOAHOPOIHOTO MO MEXaHHMYECKOMY

COCTaBy IecKa onpeaensercs no Gpopmye:
6-(1-m) 5
100 d;

1

a8i 6.2)

Sy{) zkyg .

rae ky, = 1,2... 1,4 - x0o5QpQUIMEHT, yUNTHIBAIONMI yBEIUYEHUE yIETb-
HOH MOBEPXHOCTH 3a CUET HEMIApOBUIAHOW HOPMBI 3épeH (MEHBITHE 3HAa-
4yeHust k OepyTcs A OKaTaHHBIX 3€peH, a OoiblIMe - M YIIIOBaThIX,
3HAYUTENFHO OTJIMYAIOIINXCS OT 3€peH MIapoBUIHON (Popmbl), Ag; - ToIIs
Beca JaHHOW (pakunu mecka, %, d; - CpeIHUN TuaMeTp JacTHIl, Xapak-
TEPU3YIOIIUX AaHHYIO (PPaKIUIo, ONpeesieMbli o GopmyIe:

(6.3)



rae di' u d;’”’ — Onvpkaiiime pa3Mephl OTBEPCTHI CUT, XapaKTepU3yIOIIHe
JMaHHYI0 (PAKIHIO, CM.

Jnst ompeneneHust yaeabHOH MOBEPXHOCTH cIab0OCLEMEHTHPO-
BAaHHOTO TIECYaHHWKa, 0€3 €ero pa3pylmieHHs HCIONb3YIOT (GOopMyITy
K.I'. Opkuna [8]:

Sy =ci-m: % , (6.4)

rae C - ko3 UIMEeHT, 3aBUCAIIHA OT Pa3HOPOJHOCTH YaCTHUIl TIECKa; A
onuHakoBbIX yacTuil niecka C;=4330, aas OOBIYHBIX HOPMAJBHBIX Ya-
ctun necka C; = 3530/

Jns BeipakeHus Sy, B cM’/cM® BemmumHa m GepéTcst B HOISX
€IMHUIIEI, a kK — B MKM”.

lunpaBnnyeckuii paanyc MOPUCTON CPEIBI OTPEAETISETCS UCXOS
W3 NaHHBIX 00 YICIBHOH OBEPXHOCTH ITOPOIBI TTO hopMyIIe:

5o M

= (6.5)

yo
Uepes 3HaueHUE yAEIbHOW MOBEPXHOCTU MOXKHO OIIEHUTH MpPH-
OMMKEHHYIO BEJIMYMHY CPEIHEH TOJIIMHEI (7p) «IIJIEHKH» IOTPEOEHHOM
(ocTaTo4HO!) BOABI, Tperoiaras paBHOMEPHOE pacmpeielieHHe BOJIbI
[0 TIOBEPXHOCTH 3€peH (MPaKTUYECKH TaKOTO0 PaBHOMEPHOTO pacrpeie-

neHus He ObIBaeT) 1o opMmyiie:
S,-m

Fop =t (6.6)
?7100-S,,

Jiist OBICTPOTO OMpeeNeHnsT yIeIbHOH MOBEPXHOCTH MOTYT CO-

CTaBISTHCA CHEIUANBHBIC MANETKU-TpaduKH (pUCyHOK 6.1), mpu mocTpo-
€HUHU KOTOPBIX Kodhdunment C, mpuHAT paBHBEIM 3530.
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Pucynok 6.1 — I'paduk st ompeiesieHust yaeabHON MOBEPXHOCTH IECYaHO! MTOPOJIBI 10
MOPUCTOCTH ¥ IPOHUI[AEMOCTH.

3adaua 6.1

OnpenenuTs yAeIbHYI0 TIOBEPXHOCTh HEOAHOPOAHOH (TI0 Mexa-
HUYECKOMY COCTaBY) IECYaHOM MOPOJbI, UMEIOIICH CIeAYIOIInN (ppak-
LIMOHHBIA cocTaB (Tabmuia 6.1).

Tabauya 6.1

Hcxonnble TaHHBIE 1JIS1 pacyeTa y/AeJbHOMH MOBEPXHOCTH
HeTecoaepKaluX MOPO/

MaccoBoe  conepikaHue

DpaKkIMOHHBIN COCTAaB MOPObI, MM ¢pakumit B mopoze,
(% macc.)
Bapuant 3ananuit
1 2 3 4 5 1 2 3 4 5
0,08- 0,078- 0,076- 0,074- 0,072-
0,142 0,163 0,137 0,123 0,118 AT B4 39
0,142- | 0,163- 0,137- 0,123- 0,118-
0,207 0,210 0,198 0,195 0,182 31128 131126 133
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IIpooonscenue madauyot 6.1

MaccoBoe  comepxaHHe
DpaKkIMOHHBIN COCTAaB MOPObI, MM ¢pakumit B mopoze,
(% macc.)
Bapuant 3ananuit
1 2 3 4 5 1 2 3 4 5
0,207- | 0,210- 0,198- 0,195- 0,182-
0,273 0,262 0,256 0,271 0,213 1518118122 16
0,273- | 0,262- 0,256- 0,271- 0,213-
0,315 0,311 0,299 0,317 0,284 7 i 8 1 12
6 7 8 9 10 6 7 8 9 10
0,07- 0,068- 0,066- 0,064- 0,062-
0,108 0,116 0,109 0,121 0,101 3735|3335 |36
0,108- | 0,116- 0,109- 0,121- 0,101-
0,179 0,182 0,182 0,209 0,173 3131126129 | 28
0,179- | 0,182- 0,182- 0,209- 0,173-
0,209 0,226 0,246 0,268 0,227 1921125 120 21
0,209- | 0,226~ 0,246- 0,268- 0,227-
0,294 0,321 0,322 0,318 0,301 BB ]16 )16 15
11 12 13 14 15 11 |12 | 13 | 14 15
0,06- 0,058- 0,056- 0,054- 0,052-
0,111 0,095 0,108 0,107 0,101 37138 139 140 14l
0,111- | 0,095- 0,108- 0,107- 0,101-
0,169 0,157 0,175 0,167 0,179 26 28 129130 | 24
0,169- | 0,157- 0,175- 0,167- 0,179-
0,207 0,213 0,226 0,239 0,215 221120119 720
0,207- | 0,213- 0,226- 0,239- 0,215-
0,284 0,298 0,305 0,318 0,297 5Bz 15
16 17 18 19 20 16 |17 |18 |19 | 20
0,05- 0,048- 0,046- 0,044- 0,042-
0,124 0,129 0,099 0,125 0,102 pal o ol s
0,124- | 0,129- 0,099- 0,125- 0,102-
0,171 0,181 0,172 0,198 0,187 25127129130 129
0,171- | 0,181- 0,172- 0,198- 0,187-
0,238 0,224 0,254 0,264 0,243 222021120 19
0,238- | 0,224- 0,254- 0,264- 0,243-
0,321 0,301 0,338 0,302 0,308 128 6 > 6
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Tabauya 6.2
KosdduumeHT OTKPHITONH NOPUCTOCTH MeECKa

ITapametp Howmep BapuanTa
1 (2 (3 (4 [5 [6 [7 |8 |9 10

0,19{0,180,21{0,20[0,17/0,16]0,21[0,23(0,24{0,25

Kosddurmenr oTkpoITOii HOpH-
CTOCTH IIECKa, 1.1

Howmep Bapuanra

11 (12 (13 (14 (15 (16 (17 |18 |19 |20

Koo duipent oTkpeITOil mOpu-
CTOCTH IECKa, 1.eJ1

3adaua 6.2

0,23(0,24(0,26(0,21{0,19(0,24{0,21(0,22(0,23 (0,20

OnpenenuTs yASTHHYI0 TOBEPXHOCTH CIIa00CIIEMEHTHPOBAHHO-
ro MecuaHuKa, He puberas K ero pa3pylIeHHIO A TOJTy4YeHUs] MEXaH!-
YECKOI'o cocTaBa. PaccuMTarh ruapaBiIMdecKuil paauyc NOPUCTOM cpenbl
Y OLEHUTh NPHUOIIKEHHYIO BEIMYHHY CPEIHEH TONIIUHBI «IICHKI
OCTaTOYHOU BOJIBI.

Tabauya 6.3

Hcxoanble TaHHBIE U1 PacyeTa yaeJbHOi MOBEPXHOCTH
¢J1200CIeMEHTUPOBAHHOTO MeCYAHUKA

Koadpdurm- Koadpdurpent Koadpdunuenr, Ocraroynas

Ne  Ba- | eHT oTKpBITOH | abcoirOTHOU 3aBUCAILUI OT | BOJOHACHI-

pHaHTa | IOPHCTOCTH MPOHUIIAEMOCTH | Pa3HOPOJHOCTU IEHHOCTH Sy,
m, JOJI.C/. k, x> yacTuil rnecka, C; %

1 25 1,8 3530 15

2 24 1,6 4330 12

3 23 1,7 3530 11

4 22 1,2 4330 10

5 21 1,5 3530 6

6 20 11 4330 9

7 19 1,9 3530 11

8 18 2,1 4330 14

9 17 1,8 3530 18

10 16 2,3 4330 13
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IIpooonicenue mabauywt 6.3

Koappuru- Koapdurnpent Koadpdunuenr, OcraroyHas

Ne  Ba- | eHT OTKpbITOW | aOCOIFOTHOU 3aBUCSIIAA OT | BOJOHACHKI-

puaHTa MOPHUCTOCTH MIPOHULIAEMOCTH | Pa3HOPOAHOCTH IEHHOCTD Sy,
m, 10J1.¢/. k, MEM® yactul necka, Cy %

11 17 2 3530 14

12 18 2,2 4330 18

13 19 1,4 3530 15

14 20 1,6 4330 13

15 21 1,7 3530 9

16 22 1,3 4330 8

17 23 1,8 3530 11

18 24 1,9 4330 14

19 25 2,1 3530 12

20 26 1,5 4330 10

7. AHAJIN3 YIIPYTUX CBOMCTB I'OPHBIX ITOPO/I

Ha cocrostHue muiacra, pexxuM ero paboThl CyIIECTBEHHOE BIIUS-
HHE MOTYT OKa3bIBaTh YIIPYTHe CBOWCTBA KOJUIEKTOPA U COEPIKAIINXCS B
HeM (QIronI0B.

Yrpyrocts HOpoJ M KHUAKOCTEH MPHHATO XapaKTEPU30BaTh KO-
s umumenTaMu cxxuMaeMocTH (00BbEMHOH yIIpyroctn). PazmmdaroT Tpu
ko3 duIIMeHTa CRUMAEMOCTH TTOPOJ: KOIPPHUIUEHT C)KUMAEMOCTH TLIa-
CTa, IOp M TMOPUCTOH cpedbl. B Teopuu ympyroro pexuma pa3paboTKH
HEe(TAHBIX M TA30BBIX 3aJeXel HanOoJblIee PacHpOCTPaHEHHE IOy IHIT
KO3 PHUIIUEHT CKUMAEMOCTH MOPUCTOM cpeabl ([.), KOTOPBIi ompenens-
eTcst o popmyie:

1AV,

BC_VO-AP’

(7.1)

rae P Ko3QUIMEHT CKUMAEMOCTH MOPUCTON CPEIpl, XapaKTEepU3yeT H3-
MEHEHUs1 00beMa MOPOBOTO IIPOCTPAHCTBA B €AMHMIIE 00BbEMA TOPOABI IPU
M3MEHEHWH JIaBIIeHHs Ha euHuLLy, I1a'; AV, - n3MeHeHne oGbema mop npu
M3MEHEHHH JaB/ieHns Ha AP, M’; Vy- HauabHbIi 00beM I1acTa, M

B HedrenpoMbIcI0BO MpaKTHKE 4acTO MOJIB3YIOTCA KOG UIM-
eHTOM ympyroémkocTy miacta (B ):
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*

B :m'Bolc+Bc' (7.2)
rae m - xoddunmeHT mopucrocth; Py - KOIPPUIMEHT CKUMAEMOCTH
MJIACTOBOM JKHUIKOCTH, MMa'.

Ypyrue cBoHCTBa FOPHBIX MOPOJ U KUJKOCTEHN BIUAIOT HA MPO-
Lecchl MepepacnpeaesieHns NaBIeHHUs B TIACTe BO BPeMs IKCILTyaTaluu
MECTOPOKACHUS. 3amackl YHNpyrol SHEPIUH, BBICBOOOXKAAIOIIMECS MNPHU
CHIDKCHUH IUIACTOBOTO JABJICHHUS BEOYT K JOIOJHUTENLHOMY BBITECHE-
HUIO KUIKOCTHU M3 MJIacTa B CKBaYKHHBI.

Jns onpenenenus o0béMHOr0 Kod(duirenTa HehTH B 3aBUCH-
MOCTH OT JaBJICHUA U TEMIIEPaTyphl UCTIOIb3YIOT CIEAYIOIINI rpaduK:

b, -
\\_”__"1‘17‘377,5 K
1,06 =
T,.=361 K
S —
1,04 —— T 3K
d o
B <~ T T, =3275 K
1,02 —
b, wll K
|
1 !
! ‘\"'\ H f 1
~——— | T,=2885K
i .
0 4 SE, 12 16 P,,, Mila

Pucynok 7.1 — I'paduk 3aBHCUMOCTH 00BbEeMHOT0 K03 duIeHTa HeTH OT JaBICHUS U
Temmeparypsl [8].

Jns ompeneneHus tekymiero koaguirenta HedTen3BIedeHus,
BCJICJICTBUE YIPYTUX CBOMCTB CPebl, HEOOXOUMO ONPEACIUTh COOTHO-
MI€HKUEC NCKOMOTO 3araca HC(bTI/I, BBITCCHACMOI'O M3 IJ1aCTa I10JQ Z[CI‘/'ICTBI/I-
eM yrpyrux cud, (7.3) k o0umM HadansHeIM 3anacam Hedru (7.4):

AV, =B -V-AP, (7.3)
F-hom-(1-8
Visannan. = ’Z ( “), (7.4)

nin
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3aoaua 7.1

Omnpenenuth Tekymui ko3 dunreHT HeQTen3BICUeHUs, IPH T1a-
JCHUW TJIACTOBOTO MAABJICHHUS B 3al€XH 1O AAaBJICHHs HACHILICHHUA. 3a-
JIeXKb, OTPAaHMYCHHAsT KOHTYPOM HE(TEHOCHOCTH, UMEET pa3Mephl U Ta-
paMeTpsl, IpencTaBiieHHbIe B Ta0ume 7.1. [8]

Tabnuya 7.1

Hcxoanble 1aHHBIE 1JIS1 pacyeTa KoJIMYecTBa He)TH, KOTOpoe
MOKHO J00BITh U3 32JI€:KU 32 CYET YIPYTUX CBOMCTB Cpeabl

<3 < § o N R % s S ’Ejm

5 3 S S| Ex | € ax | 55E

S D) Sw| 3E < o | & .| 8 . e 2=

= 3 EE g = Bl 5 d| 22 Z oY

B S 2| 93z | BEZ N SRR = =SS

apuanT | 7 2| o o= 28| 55| 55| &2 § 5=

2%l 27 |27 ES| €3 |28 52| Eis

g = 5| 8= 28 | a & = =3 3

=] =] 1 = S E ) =2 ==

g 5 = 8 5 ° | E B I 88g

= = = N = &z %2 5 O
1 16 12,3 16,7 5,2 340 0,19 10,2 1,9
2 20 | 121 | 164 | 51 | 343 |021 | 105 2
3 25 11,9 16,1 5,0 346 0,18 10,8 2,1
4 31,3 11,7 15,8 4,9 349 0,17 11,1 2,2
5 39,1 11,5 15,5 4,8 352 0,21 11,4 2,3
6 48,8 11,3 15,2 4,8 355 0,2 11,7 2,4
7 61 | 11,1 | 156 | 49 | 358 | 0.6 | 12 2.5
8 76,3 10,9 16,0 5,0 361 0,23 12,3 2,6
9 95,4 11,3 16,4 5,1 364 0,21 12,6 2,7
10 97,8 11,7 16,8 5,3 367 0,22 12,9 2,8
11 100 12,1 17,2 5,4 370 0,19 13,2 2,9
2 102 | 125 | 17,6 | 55 | 373 | 0,18 | 13,5 3
13 105 12,9 18 5,6 376 0,17 13,8 3,1
14 107 13,3 18,4 5,8 379 0,16 14,1 3,2
15 110 13,7 18,8 5,9 378 0,15 14,4 3
16 113 14,1 19,2 6 377 0,16 14,7 2,8
17 116 | 145 | 196 | 61 | 376 | 0,07 | 15 2,6
18 119 14,9 20 6,3 375 0,18 15,3 2,4
19 122 15,3 20,4 6,4 374 0,19 15,6 2,2
20 125 15,7 20,8 6,5 373 0,2 15,9 2

(98]
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8. ONPEJAEJEHUE TEPMUYECKUX CBOMCTB FOPHBIX
MOPO/T

Tepmuueckue (Temnodu3nveckue) CBOHCTBa HeTeCcomepKAIIIX
MOPO/I U TIACTOBBIX KHUKOCTEH UMEIOT OOJNBIIOE 3HAYCHHUE TS PEIICHUS
TEPMOJJTHAMUYECKUX 3aJ1ad, CBS3aHHBIX C MOJCUETOM 3amacoB HedTH U
rasa, MpOTHO3MPOBAaHHEM TEMIIEpPaTyphl (DIIOMIOB Ha yCThe HOOBIBaIO-
IIUX CKBa)KWH, OLICHKON (DMIBTPAIIMOHHBIX IMAPaMETPOB ILIACTA, TEPMH-
geCcKoli 00paboTKOM MPOAYKTUBHBIX TOPHU3OHTOB [3].

Temnogusndeckue CBOHCTBA MOPOJ U KUAKOCTEH XapakTepH3y-
FOTCSL yIENbHOH TermnoeMKOCThio (C), KO3 PUIIMEHTOM TEIUIONPOBOIHO-
ctv (A) ¥ TeMIepaTypONPOBOAHOCTHIO ().

VYienbHas TEIUIOEMKOCTh - KOJIMYECTBO TEIUIOTHI JUIS HarpeBa
€JIMHUIIBI MACChI TOPOTbI (KUIKOCTH) Ha 1 rpamyc.

c=99

5 8.1
Mdt @1

rae C - yaenpHas TeTI0eMKOCTh, Jx/(kr-rpax); dQ - KOMU4ecTBO Terio-
TBI TIEpeiaBaeMoe opoe (Kuakoctu) 3a Bpemst dz, Ix; M - macca mopo-
IBL, KT.

KoadduieHT TermmonpoBOIHOCTH - MOKAa3bIBAET HA CKOJBKO
3¢ (}HEeKTUBHO IaHHOE TEJIO MPOIMYCKAET TEIIO IIPH YCTaHOBHBIIEMCS Pe-
x)uMe. YUCIIEHHO paBeH KOJUYECTBY TEIUIa, MPOXOIAIIEMY B TIOPOE de-
pe3 eIUHHUILY TUTOIIAAN B SMHHUIYY BPEMEHH MPHU TPATUCHTE TEMIIEPATy-
pBI PAaBHOM €IMHUIIE:

A= d—QdT , (8.2)

S-dt-—

dx
rae A - kodpdurueHT TermtonpoBoaHOCTH, BT/(M Tpan); dQ - komnaecTBO
epeHocHuMoro Terma 3a Bpems df, JIx; S - momans ceuenus, m>; d7/dx -

IpagveHT TeMIIepaTyphbl, rpajy/M.

Koaddumment temmeparyponpoBOIHOCTH (2) - CIYXKHUT Mepoi
CKOPOCTH, C KOTOPOW TOPHUCTAsl Cpejia mepeiaeT N3MEHeHNEe TeMIepaTy-
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PBI C OIHOW TOYKH B JAPYTYIO U CBS3aH C KOA(PPUIHMEHTAMH TEIIOMPO-
BOJAHOCTH U YJI€IbHON TEIIIOEMKOCTBIO CIEAYIOIIEH 3aBUCUMOCTBIO:
A
a= s
C Py
e a - K09QUIMEHT TeMIepaTypONPOBOIHOCTH, M/C; Py - IUIOTHOCT
TIOPOJIBI, KI/M".

Temnodu3ndeckne CBONCTBA TOPHBIX MOPOJ OMPEACIIIOTCS dKC-
MEPUMEHTAIFHO U aHATUTHYECKHMH METOJAMH.

TennoeMKoCTh HACHIIIEHHOH MOPOABl MOXKHO OIPENeNUTh II0
MPUHIUITY aJTUTHBHOCTH (B 3aBUCUMOCTH OT HACBIICHHOCTH TOPOJ CO-
OTBETCTBYIOIIUMH KOMIIOHEHTAMH M TETUIOEMKOCTH MOPOJT U KaXJI0TO U3
KOMITOHEHTOB) [6].

CHn(T): [m(pH Sy Cy tPg S 'c@)+pcn ccn][1+00007(T_300)]’
(8.4)
rae Cy, - TeII0EMKOCTh HACBIMIEHHOTO miacTa, JIk/(Kr-rpam), m - Ko3d-
(UIHMEHT TOPUCTOCTH MOPOIBL; Sy, S, - COOTBETCTBEHHO KOA(PPHULINEHTEI
HedTe- U BOJOHACBIIIEHHOCTH MOPO/IbI, 1 - abconroTHas Temmeparypa, K;
Pers P U Pp - COOTBETCTBEHHO TUIOTHOCTH CYXOH MOPO/BI, HE)TH U BOJEI,
kr/M’, Ce, Cy 1 C, - COOTBETCTBEHHO TEIIOEMKOCTH CYXOH TOPOJIBI,
He()TH 1 BOJBIL.

B uccnenyeMbIx WHTEpBanax MapaMeTPOB HHTEPIOISIIMOHHBIC
(dbopMyIbl Ui onpeAeneHus] KO3(PPHUIUEHTOB TEIUIONPOBOIHOCTH TOPOA
B 3aBUCHMOCTH OT COBMECTHOT'O BITUSHHS (HAaKTOPOB UMEIOT BH/I:

a) JUTS 9KCTPAaruPOBaHHBIX OTHOCUTENHFHO CYXHUX MECUYAHHKOB TO-
puctoctbio 13-18% mpu 5 < Py, < 55 MlIla, 0,1 <S5, < 1.0

AMP,..T,S,)

(8.3)

[i{eRd

P S
- ~|1,22+0,15- In=* |-(1,39-0,0013-T)- 1,15+o,03-—“1 ,

cn § B

(8.5)

rae Py - BcecropoHHee aapneHue, [1a, Ag; U Ay — K03 PULIMEHTHI TETI-
JIOMPOBOIHOCTH CYXOM M HACBIIEHHOU mopoAsl npu Py, = 0,1 MIla, 7=
300 Ku S, = 0 Br/(m'rpan).

0) A7 BOJOHACKHIIICHHBIX MECYaHUKOB B TOM K€ MHTEpBaye MOo-
pHUCTOCTH
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AMP,.T,S,)

[i{eRd

: ~1,07-(1,45+0,0015-7)- 8%, (8.6)

Hac

rae ko3¢ dunuent 1,07 yduTeiBaeT BIMSHHE IUIACTOBOTO NAaBJICHHS HA
TETIONPOBOJHOCTb.

B) JUIA 3KCTParvupoBaHHBIX OTHOCHTEIBHO CYXHUX H3BECTHIKOB
nopuctocThio 18-26% mpu 300 < 7<450K, 0<S5,<1,0

w ~(1+0,7-5,)-(13-0,001-7),  (8.7)

cn
T') JUIS BOJIOHACKIIIEHHBIX H3BECTHIKOB

7\‘(p(fc’T’S@)

. ~0,9-(1,18+0,0006-T)-(0,56 + 0,44 S, ), (8.8)

Hac

rae koadouipent 0,9 yduThIBaeT BJIMSHUE IUIACTOBOI'O JABJICHUS Ha
TEIUIONPOBOTHOCTb.

OTKIIOHEHHE PAaCUSTHBIX 3HAYCHHH TEIUIOMPOBOIHOCTH TOPOI OT
JKCIIEPUMEHTANBHEIX 10 dopmyre (8.5) u (8.6) He npebrmaior 10%, a
o popmysie (8.7) u (8.8) -7%.

VYaenpHas TEIIOEMKOCTh 00paslia ONpeneisieTCs U3 ypaBHEHUS
TEIUIOBOTO OayiaHca:

com-(ty—t)=my -(t=1))+¢,-(t—1,), (8.9)

CJICO0BATCIIbHO, YACIbHAA TEINIOEMKOCTh 06pa3ua:

c=(t_t1)'(ml+cl), (810)
m-(t, —t)
Koo HUIMeHT TeMIepaTypolpoBOIHOCTH  OHPENEISETCs 110

hopmyie:
a=K-o (8.10)

rae K - xoaddunment, 3apucsmmii ot GopMbI U pazMmepa Temna; (- Kodd-
(GHULIUEHT TeMIIa OXJTaXKICHUS.
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t, B t.c”
Pucynok 8.1 — Fpé(an TeMIIa OXJIAXKIEHHSI.

[Tocne nmomereHus HarpeToro odpasiia MopoAbl B BOJIY C ITOMO-
IIbI0 TepMOcTaTa (GUKCUPYIOTCS MMOKa3aHUs TalbBaHOMETpa U Bpems (TI0
CEKYHIIOMEpY). 3aTeM ONpPEneysTIOT Pa3HOCTh TEMIIEpaTyp 0 Mexmay TeM-
neparypaMu oOpasiia U BoJbl 7. Jlanee aiis nmeproja OXJIaKACHUS CTPOST
rpaduk 3aBucumocty In 0, ot Bpemenu 1. [lo pa3HocTH NBYX MOKa3aHUN
Ha MPSAMOJIMHENHOM y4acTKe KpUBOM HaxoAsT 3HaueHue ¢. Tak, s 1u-
JIMHAPA JUIMHOU L 1 pannycoMm R:

K= L : (8.11)

2.4048) (n)
[ + R
R L
Koaddumment remna oxmnaxneHus onpenensieM mo Gopmyse

0= ]nel —In92

=7

: (8.12)

Koaddurment TemmeparyponpoBOTHOCTH CBsi3aH ¢ KO3 (UIIMCH-
TOM TEILTOMPOBOJHOCTH M YICTbHON TEMIOEMKOCThIO 3aBHCHMOCTHIO (8.3).

a=r (8.10)
C Py
OTCrOga
A=a-c-p,, (8.11)
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3aoaua 8.1

[To manHBIM 72a00pPAaTOPHOTO HWCCIEIOBAHUS OMPEACTUTH YACITh-
HYI0 TEIUIOEMKOCTbh, TEMIIEPATYPOIIPOBOTHOCTh U TEILIONPOBOTHOCTh 00-
pasia mopobl M0 UCXOAHBIM JaHHBIM, IPUBEACHHBIM B Tabmuie 8.1 [1]

Tabauya 8.1

Hcxonnble faHHBIE JJIS ONIpeieIeHUs yaeJbHOM
TeMJI0EMKOCTH, TEMIIEPATYPONPOBOAHOCTH M TEMJIONPOBOIHOCTH

3HayeHHUe napamerpa

HaumenoBanue napamerpa BapuaHTsl 3a1aHui

1 [ 2 ] 3] 4] s

st koo duireHTa yaeIpHOM Te0eMKOCTH (C)

1 Macca obpa3ua nopoast m, T 135 124 |114 105 |97
2 Macca Bozbl B KaJJOpUMETPE M, T 220 224 |229 (233 [238
3 VYnenpHas TEMIOEMKOCTh MaTepuala Kajo-

pumerpa ¢, JLx/(kr °C) 346 1360 (374 |389 [405
4 Temnepatypa BoAbl B KaJOpUMETPE 0 MO-

MerieHus obpasma ¢;, °C 1 13 14 15 16
5 Temneparypa obpa3ua 10 IOMEIIEHHUS ero

B KaJIOpUMeETp &5, °C

66 67 67 68 69

6 YcraHoBHBIIAsICS TEMIEPATypa BOABI IIOCIIE

noMmenieHus obpasna B kanopumetp t °C 27 28 28 29 29
7. II10THOCTH TOPOEL Py, +10°, Kr/m® 244 (2,51 (2,59 [2,67 (2,75
Jnst koo duieHTa TeMIIepaTyponpoBOIHOCTH (2)
1 Paznocts Temmeparypsl, °C

- 0; (mony4ena npu r; = 60 ¢) 57 |56 |55 (54 |53

- 0, (mony4ena npu r; = 416 ¢) 37 136 (3,6 (3.5 |34

Janua obpasua L, cm 3,6 |37 13,7 (3.8 3.9
3 Pannyc obpasua R, cm 2,6 2,7 2.8 2.8 2.9
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Ipooonocenue mabauyor 8.1

Haumenosanue napameTpa

3HavyeHue mapamerpa

Bapuanrsl 3aanuit

6 |7 [8 B [10

Jliis koshdunmeHTa yaeapbHOM TeII0eMKOCTH (C)
1 Macca o6pasia nopoasl m, T 100 103 106 |109 112
2 Macca Bozbl B KaJIOpUMETpe m;, T 243 1248 (253 1258 (263
3 VYienpHasi TEMJIOEMKOCTh MaTepHaia Kajo-

pumerpa ¢, Jlx/(xr °C) 393 [381 369 [358 348
4 Temneparypa BOZbI B KaJOpUMETPE 1O IIO-

5 t;,°C

MCHCHITT 0Dpastia by 17 s v 18 |17
5 Temneparypa oOpaslia 10 NMOMELICHUS €ro

B KaJlopuMeTp #,, °C

69 70 71 71 72

6 VYcranoBuBILIasicst TEMIIEpaTypa BOJIbI IOCIE

nomMerneHus oopasua B kagopumetp £ °C 30 30 31 32 32
7. [InotHOCTH OPOIBI Py -10%, kr/m® 2,83 (2,72 (2,61 |2,50 2,40
s xosdpunmeHTa TeMnepaTyponpoBOIHOCTH (a)
1 Pasnocts Temneparypsl, °C

- 0, (nonyuena npu r; = 60 ¢) 52 150 (49 (48 |48

- 0, (mony4eHa npu r, = 416 ¢) 33 33 3,2 3,1 3,1

Munna obpasua L, cm 40 (41 41 |42 |43
3 Paauyc o6pasua R, cm 3,0 3,1 3,0 3,0 2,9
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Ipooonocenue mabauyor 8.1

Haumenosanue napameTpa

3HavyeHue mapamerpa

Bapuanrs! 3a1anuit

1m_ |12 13 [14 |15

Jnst koo duieHTa yaebHO Te0eMKOCTH (C)
1 Macca o6pasia nopoasl m, T 115 119 123 126 130
2 Macca Bozpl B KaJIOpUMETpe m;, T 268 274 279 285 290
3 VYienpHas TEIJIOEMKOCTh MaTepHana Ka-

nopumerpa ¢, Jhx/(kr °C) 337 1341 (344 |347 |351
4 TeMneparypa BoIsl B KajJopuMerpe 0

0 t;, °C

HoMelleHus obpasua t;, 16 15 14 13 "’
5 Temneparypa o6pasla 10 HOMEILEHHS ero

B KaJlopuMmeTp #,, °C

73 74 74 75 74

VcraHOBHBILAsICS TEMIIepatypa BOJbI IO-
6 clle TIOMeIIeHnsT o0pasna B KaJopuMerp f

°C 33 34 34 33 32
7. |IInotHocts mopomet py, +10°, kr/m’ 231 (233 (235 [238 |2.40
Jnst koo duIeHTa TeMIIepaTyponpoBOIHOCTH (2)
1 Pasnocts Temneparypsl, °C

- 0; (nonyuena npu 1, = 60 ¢) 48 149 [50 |51 |52

- 0, (mony4eHa npu r, = 416 ¢) 3,0 3,0 2,9 2,8 2,8

Hnuna obpasua L, cm 44 145 |46 |47 |48
3 Panuyc obpasma R, cm 2,9 2,8 2,8 2,7 2,6
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Ipooonocenue mabauywr 8.1

3HavyeHue mapamerpa

HaumenoBanne napameTpa BapI/IaHTBI 3a;[aHI/II7I

16 [17 J18 |19 [20

st koo duireHTa yaeIpHOM Te0eMKOCTH (C)

1 Macca o6pasia nopoasl m, T 134 138 142 139 136
2 Macca Bozbl B KalOpUMETpe m;, T 206 302 308 314 320
3 VYienpHas TEIIOEMKOCTh MaTepHana Ka-

nopumerpa ¢, Jhx/(xr °C) 354  [358 |361 365 369
4 Temneparypa BojIbl B KalOpuMeTpe 0

0 t,°C

nomelieHus obpasua #;, 13 14 15 16 17
5 Temnepatypa obpasiia 0 ITIOMEIIEHUS ero

B KaJIOpUMETp 5, °C

72 71 69 68 67

VYcranoBuBIIasicss TEMIEpaTypa BOABI IO-
6 clie TIOMeIeHUs] 00pasia B KaJOpuMeTp 7

°C 31 30 29 29 28
7. [InoTHOCTH OPOJBI Py -10°, kr/m’® 2,42 245 (247 2,50 (2,52
Jnst koo duIeHTa TeMIIepaTyponpoBOIHOCTH (2)
1 Paznocts Temmeparypsl, °C

- 0; (nosnyvena mpu 1 = 60 ¢) 54 |55 |56 |57 |58

- 0; (nonyuena npu 1, = 416 ¢) 27 (27 (26 |27 |28

Jnuna obpasna L, cm 4,8 4,9 5,0 5,1 5,2
3 |Paamyc obpasua R, cm 2,6 126 |27 |27 |28
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