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I'eomexaHMKa OCHOBAHUSA BBHICOTHBIX 3IaHUI M COOpPY:KeHMH: MeToInuecKrue yKa3aHus K
BBITIOJIHCHU IO KprOBOl"O HpOGKTa 10 JUCHUIIJINHE «FeOMexaHI/IKa OCHOBAHUA BBICOTHBIX 3)IaHI/II\/’I
u coopyxenuii"/ Coct.Ilerpoa 1.B. -Uebokcaps: YN (P) MITY, 2022, 107c.

MeToaudecKue yKa3aHusi COOTBETCTBYIOT TOCYIaPCTBEHHBIM 00Pa30BaTeIbHBIM
crangapram crnerranbHocTd 08.05.01. CTpoUTENnbCTBO YHUKAIBHBIX 31aHUN U COOPYKEHUN
no crneruanu3anuu «CTpOUTENIbCTBO BHICOTHBIX U OOJIBIICTIPOJIETHBIX 3/IaHUN U
COOPYKEHHUI».

[{enp MaHHBIX METOIUYECKHUX YKa3aHUN — yrIIyOUTh 3HAHUS CTYACHTOB TI0 TEME
«"eomMexaHnKa OCHOBAHUS» U OKa3aTh UM MOMOIIIb [P BBIIIOJIHEHUU KyPCOBOU pabOTHI.
Mertoandeckue yka3aHus IpeIHa3HAYCHBI IS CTYICHTOB JHEBHOM (hOpMBI 00yUIEHUSI.



BBEJIEHUE

IIpennaraeMslil MpakTUKYM MpeAHA3HAYEH VIS BHINOIHEHUS IpaKTHYe-
CKUX 3aHITUH TIO OMPEACICHUI0 U OIEHKE HaMpsKEHHO-IePOPMHUPOBAHHOTO
COCTOSTHHS HETPOHYTOT'O W HAPYIIEHHOTO FOPHBIMHU BBIPAOOTKaMH IOPOJHOTO
MAacCHBa, a TAKXKE MapaMeTpoB Ae(HOPMUPYEMOCTH ¥ IPOIHOCTH.

Ilens maHHBIX 3aHATHH COCTOUT B YIIyOJCHHUH M KOHKPETH3AaIWHU 3Ha-
HUM, TONTY4EHHBIX CTYACHTAMM Ha JIEKIUSAX MO JAAHHOMY KypCy, a TaKXke B
MIOJTYYEHHUH NPAKTUUECKUX HABBIKOB PacyeTOB IPH MCIIOJIb30BAHUU THX Me-
TOZIOB U IIpU 00pabOTKE Pe3ynbTaTOB U3MEPEHUM.

Kaxnoe 3ansiTue BKiIo4aeT B ceOsi: 1eb 3aHATHsI, OCHOBHBIE (hru3nye-
CKHEC MPCANOCBUIKN pacCMaTpUBACMBIX METOJ0B, METOAUYCCKHUE U TEXHOJIO-
THYECKHEe OCOOCHHOCTH pealu3alliy 3THX METOJOB Ha IMPAKTHUKE M KOHKpPET-
HBIE TIPUMEPBI U 33/1a4H, HAIISIIHO B () pax WILTIOCTPHUPYIOIINE TIpeiarae-
MBIl MaTepuall.



1. OIPEJIEJIEHUE HAINPSI)KEHUIA HETPOHYTOI'O IIOPO/THO-
'O MACCHUBA

3anamue Nel

1.1. Onpenesnenne HanpsizKeHWii MOPOJHOr0 MaccuBa B miatdop-
MEHHBIX perHoHax

Ilenb 3aHATHS: 3HAKOMCTBO C PaCYETHBIMH METOJIaMU M PUOOpETEHHE
HABBIKOB B OIPE/ICIICHUH HANPSDKEHUH B ITAT(OPMCHHBIX PETHOHAX.

Obwue nonodicenus u pacuemusle Memoobl ONpedeieHUs Hanpsice-
HUL 8 NOPOOHOM MAccuse

Jnist perienust 3a1a4 TOPHOTO MPOU3BOJICTBA JOCTATOYHO OIPEICICHHS
HaIpsDKeHUI B IIOPOJHOM MAacCHBE Ha YPOBHE: 30HAJIBHOTO, JIOKAJIBHOTO U
3JIEMEHTAPHOTO.
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Puc.1.1. PacueTHas cxema K OIleHKe HampspkeHuit mo merony A.H. Jlunnunka.

[Tonb3ysck METOAOM reoJuHaAMUYecKoro paionupoBanus [1], mpen-
CTaBJISIETCS] BOBMOXHBIM CHCTEMATU3UPOBATh YUACTKUA 3€MHOM KOPBI C BbIJe-
JIEHUEM 30H TPeo0Iaaroiero CxKaThus, PaCTsHKCHHUS M CABUTA U TIOJOUTH K
pacueTy HanpsDKEHHH B 3THX 30HAX C YYETOM CICHM(DUKKA MOBEICHHS B HHX
MTOPOTHOTO MAaCCHBA.

1. B Tex pernonax, rae MOPOJHBII MaCCHB HAXOJUTCS B 30HAX PacTs-
JKCHUS WU, XOTS OBI, HE TIOJBEPKCH aKTHBHOMY TOPHU30HTAIBHOMY CIKATHIO
TEKTOHWYECKUMHU CHJIAMH, HAIMPSDKEHHOE COCTOSHUE TOPOJ MOXKHO OICHH-
Bathb 1o meroay A.H. lunnuka [puc. 1.1]:



0,=JH; axzay:ﬁyH, (1.1)
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raBHble Hanpsbkenus; H — kosQduumenT nonepeunoit gegopmanumu.
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Puc. 1.2. PaccmarpuBaemMble pa3pessl AJ1s pacueTa HanpspKeHuH
B HETPOHYTOM IIOPOHOM MAacCHBE.

Ilpumep 1. Paccuurtath pacnpejielieHue HANpsHKEHUN B HETPOHYTOM
TIOPO/THOM MacCHBE MECTOPOK/ICHHS TIPH YCIOBHAX, YKa3aHHbBIX Ha puc. 1.2.

Pacyer npom3BomM 1o KaxaoMy paspesy depe3 100 M u ctpoum rpadux
pacnpeneneHus HalpsDKeHNH B HETPOHYTOM HOPOJJHOM MaccuBe (puc. 1.3).
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Puc. 1.3. Paciipenenenue HanpspkeHUH HETPOHYTOTO TOPOJHOTO MacCcUBa
MECTOPOXKICHHS B paCCMaTPUBAECMBIX pa3pe3ax.



3aoaua 1. Nano: riybuna paccmorpenus (H), husnko-mexanngeckne
napamerpsl (V> # ) mopoanoro maccusa (ta6im. 1.1).

Tabnuya 1.1
BapwuanT | ['myou- I'ny6uHa 1 06BbEMHEII Bec, y , | T'mybuna u xoapduuent
Ha, /e Iyaccona, H

H,m H, H, H; H, H, H;

V1 ) Y3 Hy Ha Hs

1 0— 400 100 300 400 100 300 400
2,64 2,90 3,29 0,32 0,32 0,26

150 350 500 150 350 500

2 0-500 2,93 2,15 5,10 0,28 0,26 0,14
3 0600 200 400 600 200 400 600
2,32 3,27 2,97 0,30 0,35 0,38

250 500 700 250 500 700

4 0-700 2,79 2,66 4,03 0,30 0,08 0,22
5 0800 300 600 800 300 600 800
2,60 | 2,70 4,70 045 | 028 0,20

350 500 900 350 500 900

6 0-900 2,85 2,60 2,60 0,35 0,30 0,25
400 700 1000 400 700 1000

7 0-1000 3,20 2,67 2,54 0,24 0,30 0,29
p 01100 450 800 1100 450 800 1100
2,60 3,25 5,00 0,26 0,27 0,19

500 900 1200 500 900 1200

i 01200 2,90 3,70 3,15 4,00 0,30 0,25
550 1000 1300 550 1000 1300

10 0-1300 2,60 2,87 4,70 0,30 0,22 0,20

OrnpenenuTh: pacrpeaenecHie HanpsHKEHUH HETPOHYTOrO MOPOJIHOTO
MacCcWBa W TO pe3yJbTaTaM pPacdeTOB IOCTPOUTH Tpaduk pacrpenereHus
HaIpsHKEHUH.

2. B paiioHax, B KOTOPbIX OPOJHBIA MAaCCUB HAXOAUTCS B 30HaX C¥Ka-
THS WK CIIBUTA, JJIS pacueTa HampsDKeHUH MOXHO B3aTh Metox BHUMMU [2],
[IOCTPOCHHBIN HA KOHUEMIUHU O MPEeIbHO HAMPSHKEHHOM COCTOSIHUU MOPOJ-
HOT'O MacCHBA.

T'opu3oHTaIBHOE CXKATHE 3eMHON KOPBI CO3ACT YCIOBHS Uit Aedop-
MUPOBAaHUS €€ YacCTH, NpUJIETAIONIed K 3eMHOM MOBEPXHOCTH, U YCTAHOBIIC-
HUS TIPENISTHHO HAMPSHKEHHOTO COCTOSIHUS B MTOPOJHOM MAacCCHBE.



BOmm3u 3emHON moBepxHOCTH BenwmuuHy 0 | (puc. 1.4a) mpuHMMAaioT
PaBHOW MPOYHOCTH MacCHBa Ha CXKaTHe ¢ y4eToM KoddduimeHTa cTpyKTyp-
Horo ocnabnenus 0 ,. Ha roy6une H ,, (puc. 1.46) 0= yH ,, + 21 ., THe
T yax — BEJIMYMHA CONPOTHUBIICHUS MOPO CABUTY IO MACHOPTY MPOYHOCTH B
YCIIOBHAX UEATbHOMN npounocTy Ha Tyoune H ;. Ycnosue Kynona — Mopa

C I[OCTaTO‘-IHOﬁ TOYHOCTBIO MOXKET 6I)ITI) 3aJaHO B BUJIC YpPaBHCHUS BJIJIUIICA
(puc. 1.5)

BB riek - p)
16K 2
me B =p-yH;p=yH K =T ,,./0,— xooddumment, 3aBucsmmii OT
IIPOYHOCTHBIX CBOMCTB MOPOJHOIO MACCHBA, & TAKXKE OT BO3MOXKHOIO YIIPOU-
HEHUS C YBEINYCHHEM ITyOHHBI.

, (1.2)

I'naBHbIe HanpspkeHus 01, 0, u 0 3 ONpeNeNnsioT no popmyIe:
O =yH+2150,=yH+T1; 05=H. (1.3)

OTH 3aBUCHMOCTH CIIPaBEIJIMBEI TSI OIICHKH HANpsDKEHUH B 001acTH
HpeieILHOr0 COCTOSAHMS MacchBa 10 rayouns! H ,, (puc.46, H ,, — roy6una,
Ha KOTOPOI MMeeT MECTO HACTYIICHHE HUIACaIbHOI IUIaCTHIHOCTH). Bemmuan-
Ha H ,, OpHEHTHPOBOYHO MOKET OBITH IPUHSATA (0,3+ 0,5)H ..

Ha rny6une H , mactynaer ruppocraruueckoe HanpskKeHHOE COCTOS-

HHE, T.C.
0;20,=05=yH . (1.4)
Bemuunna H ., 10 koTopoii ycTaHAaBIMBAOT IMAPOCTATHYECKOE pac-
IpeesicHIe HaIlpsDKEHW, 3aBUCUT OT TeMIiepaTyphl (Tadn. 1.2) m cpemHei

MIPOYHOCTHU IMOPOAHOI'O MACCHBA.

Tabnuya 1.2

H3MeHeHre TeMITepaTyphl { ¢ YBETHUYCHUEM TITyOuHbI H

H, km 1 10 50 100
t, °C 30 300 1500 3000

W3BecTHO, 4TO OOJBLIMHCTBO MOPOJ UMEET TEMIIEPATypy ITUIABICHHUS
He 6onee 1500°C.



[Toxa3zaTtenemM HEOOXOTUMON BETHYMHBI HANIPSDKEHUH MOXKET CITY>KUTh

Cpeansisd BCIMYMHA HaHpiDKeHI/Iﬁ 0 KOTOpasda 3aKjIrovdcHa B CICAYIOIIUX

cp

npenenax:
min max
o<y, <0 (1.5)
rac
1 H 1 H
Uz‘naxz_ocm+K00m+ Hn}z l+_KUcwc+ Hmz+ H,Jgl- = 1.6
L, ‘”HZ LRI LPRAU : RN
H 1 0 H,O
al -—AH——/\H +yH,)o- L 1.7
B M 2(VAV)HHHa (1.7)

max

min
T.€. BEJIMYMHBI 0 cp nuo cp COOTBETCTBYIOT CIIydyasaM NPEACIbHO HAIIPSAKCH-

HOTO ¥ YIPYTroro MacCHBOB.
Ecnu HanpspkeHnst B MaccuBe (POPMUPYIOTCSI TOPH30HTAIBHBIME CHJIA-
MU HHTEHCHBHOCTH

0,=0g -b0, (1.8)

rae A0 — cpenusis BenuuKHa NpHUpPAIIEHHS HAIPSDKEHUHN 110 TIIyOUHE, TO 3Ta
max min
BenmunHa A0 Gymer memsThes B mpezenax or 0 10 0, -0, . Ilpu yBe-

nuuennn A0 OT Hysis 10 HEKOTOPO# BemuuHbl A 0 ' Touka M, sBistomasics
MaKCHMAaJIbHBIM 3HaY€HHEM TOPU3OHTANBHBIX HalpspkeHud (puc. 1.6), Oymet
«CKOJIB3UTBY T10 3MMI0PE BIUIOTH /10 36MHOUM NoBepXHOCTH. Touka M okaxercst
Ha 3¢MHOM MOBEPXHOCTH, €CJIU BennurHa A 0' Oyzer crnenyromieii:

bo'=gm- ;(ocp—sz). (1.9)

Koopannary Touku makcumyMma H,, ompenesstor u3 BIpaKeHHS:

max _ d HMD 1 H‘,,
Ao =g (p - yHg)Hl— H;H_E(OC"’C+ p)H—;, (1.10)
pzom+(yHm+Kam—om)%, (0<ag <bg!). (1.11)

IIpn panbHeinem yBenwdennn A0 10 HekoTOpo BeawduHbl A"
TOPU30HTAJIBHBIE HAMPSDKEHHUS HAa 3€MHON MOBEPXHOCTH OyAyT y)K€ MEHbIIE



BeIMYUHbI [ 1 NOCTCIICHHO YMCHBINAIOTCA OO0 HYJIA. Bennuvna A" , CO-

corc
OTBETCTBYIOLIAA HYJICBOMY 3HAYCHUIO TOPU30OHTAIBHBIX HaHpH)KeHI/Iﬁ Ha 3€M-
HOM TMMOBEPXHOCTHU, ONPECACTIUTCA U3 BBIPAKCHUA

no_
Ao =0,

max l
- - H - 1.12
2y P ( )

Ilpn panpHeiimeMm yBenudeHun A0 10 KOHEYHOM BENTUYMHBI
Ao"=0 (r;ax -0 qrﬁin , COOTBETCTBYIOIIEH MNPEACTABICHUIO TI'OPU30HTAIBHBIX
HalpspKeHUU HeTpoHyToro maccusa 1o A.H. JIMHHUKY, 3110pa rOpU30HTAIIb-
HBIX HanpsKeHuit 0 , GyneT usmeHsaTbes ot amropbl 0 = YH | coorsercTryto-
e rMapOCTaTUUYECKOMY PAaCHpEAEICHHUIO HAIPSKEHUH B HETPOHYTOM Mac-
CHUBE JI0 BeW4uHbl 0 | = A yH .

I'ny6una H, mpasomeprocty pemenns A.H. JluHHMKa, KaK ITPaBuIIo,

HeOoubInasg. Tak, CTaTUCTHKA TOPHBIX yOApOB CBHUACTENBCTBYET O TOM, YTO
yKe Ha TyOuHax paspabotku H = 700 M Benmunna A = 0,7. OtpaGoTka Hed-
TSAHBIX MECTOPOKICHUH IMOKas3ana, uTo yxe npu H =2 kM A = 0,85. Ecim

H , e mpesbimaer 5 kM, To npu onpeaencHun 0 z,;m o popmyne (1.7) ary

BCJIMYMHY MOKHO BBIYUCIIUTH C I[OCTaTO‘-IHOﬁ TOYHOCTLIO, IpUHUMaAA H AN 0:

; 1
0o = EyHe. (1.13)

Ipumep. Vcxonnsle 3nadenus napamerpos: H,= 25 xm; H ,, = 15
kM; Hy=1xwm; 0, =30 MIla; K= 4. [Ipu s1ux ycnosusax 0 ;;ax =382 MlIla;
Ao'=54 MIla; Ag" =69 MIla; Ac" = 69 MIla. Ecniu A0 wusmensiercs ot

HyJ1s 10 54 MIla, Touka M CKOIB3HT IO IpeaeibHoi kpusoii ot H ,, 10 3eM-

HOM MTOBEPXHOCTU.
ITpu usmenenuu A 0 or 54 1o 69 MITa ropU3OHTANILHBIE HANPSIKEHHS

Ha 36MHOM MOBEPXHOCTH yMeHbIIAOTCA OT 0 ., = 30 MIla no nynsa. [anee

HMeEeT MECTO paclpe/ieleHue TOPH3OHTAIBHBIX HANPSKEHUH B MAacCHUBE I10
A H. JIuHHUKY.
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Dl udkoe cocronmue

Puc. 1.4. PacyetHast cxeMa K OIIEHKE HANPSHKEHHUH B 30HAX CHKATHS.

=

Puc. 1.5. Anmpokcumariysi macrnopTa npoYHOCTH.

3aoaua 2. Jano: 0 o — mpeen MpovIHOCTH HOPOJT Ha OJJHOOCHOE CIKATHE;
H,.— rIyOnMHa, Ha KOTOPOM MMEET MECTO HACTYIUICHHE HJICATbHOW TIIaCTHY-
HocTH; H , — rmybuHa, Ha KOTOpPOM YCTaHABIMBAETCS THAPOCTATHYECKOE pac-
npenenenue Hanpspkenuit; K — xoadduuuenT, 3aBucsimii 0T NpOYHOCTHBIX
CBOICTB IOPOAHOTO MaccHBa; [ ,,, — BEIWYMHA COINPOTHBICHUS IIOPOJ CABUTY
IO MAaCHOPTy MPOYHOCTH B YCJIOBUSX IMPEIENIbHON IIACTUYHOCTH Ha IIIyOUHE;
0 | — aKTUBHAA CHJIa, IEHCTBYIOMIAs B TOPU3OHTAIBHON TTocKoCTH (Tadm. 1.3).
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Puc. 1.6. Cxema popMHpOBaHHS HANPSDKCHUH B MACCHUBE TOPHBIX MOPOJT.

Tabauya 1.3
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Ne H ..., kM H., kM 0o, Mlla 21 s K
MlIla
30 5
1 15 30 150 225 3
10 5
2 15 25 5 100 >
3 15 30 225 5
4 15 10 100 5
5 10 10 100 5

BEIMOTHATE: OIEHUTH TJIABHBIE HANPSDKEHHWS W TOCTPOUTH Tpaduk
pacIpeaeneHus HarpsDKeHUH.

Sanamue Ne2

1.2. Onpenesnienne HANpPsi’KeHU i MOPOTHOT0 MacCHUBAa
B TOPHO-CKJIATYATBIX PerHOHAX

OO0mee HamNpsHKEHHOE COCTOSIHHE ITOPOJHOTO MAacCHBa B TOPHBIX
pErroHax MPEACTaBISIETCS B CIICAYIONIEM BUIE:

0=0,t0pt0yg, (1.14)

rae 0y — HanpsbkeHHs, 00YCIOBICHHBIE COOCTBEHHBIM BECOM ITOPOJ JI0 T10-

BEPXHOCTH; U p — HaNpsHKCHUS O] JielcTBUEM penbeda; 0 7 — TeKTOHHYe-
CKHE HAMPSHKEHUS.

BeieneHo Tpu 06iacTH MaccuBa, B KOTOPBIX XapakTep pacrpesee-
HUS U BETMYMHA HANPSHKEHUHN UMEIOT KaueCTBEHHOE Pa3lInuue:

»  NOpOJIHBIN MAaCCHB B TOPHBIX CKJIOHAX BBIIIE X OCHOBAHUH;

»  TIOpOJHBIA MacCHB IT0]] OCHOBaHUEM TOp, Ha IITyOMHAaX, HE NIPEBBHI-

HIAFOIUX UX BBICOTY;

»  NOpOJHBINA MAaCcCHB Ha ITyOWHax OOJIbIIE BBICOTHI TOP.

B nopogHoM MaccuBe BBILIE X OCHOBAHUI HANPSKEHHE HE COOTBET-
CTBYeT BECy HAJCTAOIINX MOPoA. B meHTpanbHOW YacTH MO BEPIIMHONW 00-
pa3yeTcsl 30Ha IOHMKEHHBIX HANPSLKEHUH. DTO CBS3aHO C TEM, YTO YacTb Ha-
TPY3KH TIepepacipenesisieTcsl B IPUKOHTYPHBIE YacTH TOPHI, TI€ 00pa3yloTcs
30HBI [TOBBIILIEHHOTO JaBJICHMUS.

B HmkenexkanieM MacCHBE CYILIECTBEHHOE Iepepaclpeic/ieHUue Hampsi-
XKEHUH IPOMCXOMUT JO TIyOWH, HE TMPEBBHIMAIONIMX BBHICOTY rop. Ham-

11



Ooupllice BIMSHUE pelibepa MpOSBISIETCSI B MPUKOHTYPHBIX YacCTAX CKIOHOB
TOp ¥ B HIDKENEXKAIleM MAacCUBE, B HEMIOCPEICTBEHHON OJIM30CTH OT OCHOBA-
HUI 27IeMEHTOB peibeda.

Ha rimy6uHax, peBBIMIaloIuX BEICOTY TOp, 00pa3yeTcs 30Ha paBHBIX,
HO TIOBBIIICHHBIX HANPSDKECHAH.

[Ipumep. B kauecTBe npumepa paccMOTpUM XalJapKaHCKOE MECTOPO-
KIICHHE, PacIlojOKEHHOE B 30HE BBICOKUX NpeAropuii Anas. B penbede yka-
3aHHOM 00JacTH BbLAENsAETCS XailapkaHcKas JOJNWHA IMMPHHOW 10 4 KM,
Npe/ICTaBIsIIoNIas co00it 0IHO U3 3BEHbEB OOLIMPHOW BHa UHBL. AGCONIOTHAS
BbicoTa cocTaBisgeT 1500 — 1900 m. C ceBepa ykazaHHas I0JIMHA OTpaHUYEHA
xpebTom KarpaH, mpocTuparomumcs B IIUPOTHOM HAMpPaBJICHUH, C aOCOITIOT-
HeIMA oTMeTKaMu 110 3000 M. C rora Takke B ITMPOTHOM HAIPaBIICHUH IPO-
CTHpaeTcs TPOMajHasl I3BECTKOBas rpsiaa Xomka-AdkaH ¢ aOCONIOTHBIMHU OT-
metkamu 10 5000 M. Ha BocTOKe MECTOpPOKIEHUS TOpbl pacnoiaraiTcs Ay-
TOH.

PynHble moss MECTOPOXKAEHUS pacIonararoTcs BOJIb F0KHOTO CKIOHA
1 1oJ mogHoXKbeM xpebta Karpan mo riry6uns! nopsinka 1000 m. Maccus mo-
POJI BBILIIE OCHOBaHMSA XpeOTa MCHBITHIBACT BIMSHHUE TOJIBKO €ro CKIOHOB, a
HIDKEJIeKAIINH MacCHB — BIUSHAE penbeda Bceir MecTHOCTH. [1oaTOoMy ompe-
JIETUM TPaHUIB! 00JACTH MaccHBa, HAXOISIIETOCs IO BIUSHHEM IPHUMBI-
KalOIIMX K MaCCHBY JIEMEHTOB pelibeda.

X 0 -X

Puc. 1.7. K pacuery Hanpspkenuil B rope Karpan Bbliie ee OCHOBaHUSI.

Xpebet Katpan mmeeT mpoduib, Onu3Kwii K TpeyronbHoMy (puc. 1.7).
Beicota or ocHoBanus xpebra h=600 M, mmpuHa ocHoBanust a=4500 wm.
HanpspkeHunst B 30HE B3aMHOTO BIIMSTHHSI CKJIOHOB PAaCCUMTBIBAIOTCS 1O (hop-
mynam [3]:

0 p* yy(/l - 2£tg3ﬁ);
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0 ,,=1,(1-2e1g8) (1.15)
T oy = 2y6tgp |

rae /' — o6beMHbIit Bec IOPOJL; X, Y — FOPH30HTAILHAS M BEPTHKAJIbHAS KOOP-
JIMHATHI UCCIIETyEMOI TOUKH;
- 1+ A tg’a

31g’B1ga + 31gP + 1g°ftg’a + cign
BIIMSIHMS CKJIOHA; 0 — YToJl HaKJIOHA CKJIOHA K TOpH30HTY; A — koa(duuu-
€HT OOKOBOTO pacropa B HOPOJIHOM MAacCHBE.

Pacuer HampspkeHMH B HIDKeNexarieM MaccuBe noa xpedtom Katpan
npousBoautcs [3] mo popmymnam (puc. 1.7):

— YroJl, ONpEeAe SN 30Hy

Cpz ol vo 2= ipt s Pl 2 e )l ) 22+ )]

p-x x

0,,=0 +a?=yH+PK,; (1.16)

rpquzPH(0+s+n),

- yh - X X
rne P- (—_); K=Cn+xf+x¢; 0=arctg=t; = arctg =% ;
m{C- x H
C . .
n= -2arctgH—; 0 px30 py>T pxy — CyMMapHbIE HANPSDKEHUS B HUDKEJIEKA-

meM Maccuse xpeoTa KaTtpas, 00ycioBieHHbIe COOCTBEHHBIM BECOM TTOPOJ
. . H
BIMAHUEM XpeOTa; 0y ;0 ), — HanpsiKeHMs OT COOCTBEHHOIO Beca CTonda

1OpoJl B PaBHUHHOW MECTHOCTH; 0O f 50 f — HalpshKEHUs IO0J JeUCTBUEM

xpeOta Karpawn; /# — Beicota ropsl Katpan; H — riry0MHa 0T OCHOBaHHMS TOPBI;
C — ropusoHTaIbHAsA KOOPAUHATA UCCIEAYEMONH TOUKH MAacCHBAa OTHOCUTEIb-
HO BEpIIUHBI TOpbI; X;, X, — FOPU30HTAIBHBIC KOOPIMHATHI OTHOCHTENIBHO
TIOZTHOKBSI TOPBI.
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Puc. 1.8. PaciipenieneHue BepTUKaIbHBIX HANPSDKEHUI B MaCCHUBE TIOPOJL
Xai1apKkaHCKOTr0 MECTOPOXKICHHUS:
— — — — HampsbKeHus cornacHo runotese A.H. Jlunauka;
— HampsDKEHHs ¢ y4eToM BiusHus Xp. KatpaH.
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Puc. 1.9. Dnrops! TOpU30HTAIBHBIX HAIPSKESHUH
Ha Pa3HbIX NIYOUHAX MECTOPOXKICHHH:
a) AeCTBYIONINE B MEPHMOHAILHOM HAIPaBICHHUH;
0) B IMPOTHOM HaIpaBICHUH;
— —— — HanpsbkeHus cornacHo runorese A.H. Jlunnuka,
— HaNpsDKEHHS C yIeTOM BIMSHHUSA penbeda.
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Puc. 1.10. K pacuery HanpspKkeHHH Mo IeHCTBUEM
PaBHOMEPHO paclpeeIeHHOH Harpy3KH.
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Puc. 1.11. O0Ouwmii BT KOHTYpa 00JaCTH BIUSHUSA pelibeda
Ha HaNpsDKEHHOE COCTOSHUE MAacCHBa.
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Puc. 1.12. 3onbI BiusiHUS penbeda Ha HANPSDKEHHOE COCTOSTHHE
HIDKETIEXKAIEro MacCuBa B palioHe XalaapkaHCKOTO MECTOPOKAEHHUS:
— —— — KOHTYpBI BIIMAHHUSA penbeda Ha BEPTHKAIbHBIC HAIPSHKCHUS;
— KOHTYPBI 30HBI BIUSIHUS penbeda Ha TOPU3OHTAIBHBIC HAMPSHKSHNUS,

— PYAHBIE NTOJIA MECTOPOKIACHUS.
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0 ,, - HampsbkeHWs nop nelicteueM xpebra Karpaw;

P .
0y, = HanpsKeHus Moj AeHcTBHEM XpeOTa Xomka- AuKaH,;

P .
0 . - HampsDKEHHS MOJ ACHCTBHEM rop Ha BOCTOKE MECTOPOIKIACHHUSL.
Puc. 1.13. Bnusuue penbeda MECTHOCTH Ha TOPH30HTAIbHBIC HANIPSHKEHHS
B MaccHBe IOPOJI:
a) HaNpsDKEHUs, NEeHCTBYOIINE B MEPUIMOHAIBHOM HANPaBICHHN;
6) HampspKEHUs1, ACHCTBYIONIME B IIMPOTHOM HaIPaBJICHUH.

Ha ocHOBe mpou3BeneHHOr0 pacdyera MOCTPOEHBI KOHTYPBI 30H BIIHSA-
Hust xpeOta KaTpaH Ha HamnpspkeHHOE COCTOSHHE HIDKEIEXallero MacchBa
(puc. 1.13). Kontyp obxactu BnusHUs XpeOTa Ha BepTUKAIbHbBIE HAIPSKEHUS
nmeer Qopmy oBana. ['myOouna BmustHus nocturaetr 4000 M, a mmpuHa 110
2550 M ot ocu, mpoxoasmmei yepe3 Bepumay, Wik 300 M OT TOAHOXbS TOPEHI.
KonTtyp 30HBI BIusHUS XpeOTa HAa TOPU3OHTAIBHBIC HANPSDKEHUS TPH KO3~
¢unuente 6okoBoro pacmopa (mo A.H. [unauky) paromy 4 =0,32, umeer
6oiee croxxHy0 GopMy u B mpUHY pacmpoctparsercs g0 5000 — 5300 m ot
TIOZTHOKBSI TOPBL.

Jlanee mpousBeneM OLIEHKY BIHSHUS XpeOTa Xo/pKa-AdKaH, pacroso-
xenHoro B 4000 m roxuee Karpana. lllupuna rpagst cocraiser 20000 M, a
cpennsas Beicota 1600 M. PacueT HanpsikeHHid B MacCUBE U MOCTPOEHUE 30HBI
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BJIMSIHHUS XpeOTa Ha HANpPsHKEHHOE COCTOSIHME MAacCHBa MPOU3BOIAMINMCH Kak
JUIsE pABHOMEPHO PAacCIpe/ielIeHHOW MOBEPXHOCTHOI Harpy3ku no Gopmyiam
(1.16).
B o0mem cirydae 31meMeHTsI penbeda MOKHO NMPEACTABUTH Kak TTOBEPX-
HOCTHYIO Harpy3Ky, JICHCTBYIONIYIO HA HIDKENIeXKamuit MaccuB (puc. 1.10).
Hanpsoxenuns B mo0oi Touke P(x,;y) onpenensrorces mo GopMyiam:

ol= 5[2(01- az)+ sin2¢ - sin202],

07 = %[2(u1—a2)+ sin2a, - sin20 ), (1.17)

P
17 = —(cos2a - cos2a
Xy 2’_[( 1 2):

re 0 ¥ — ropusoHTaNbHbBIE HANPSKEHHS B PACCMATPHBAEMON TOUKE TUIOCKO-

ctu; 0 | — BepTUKaIbHBIE HANPSUKEHMS; [ xpy — KacaTeJIbHbIC HAIPSKCHNUS.

Takoe pacnpeneneHre Harpy3Kd MOXKHO MPEICTAaBUTh KakK JEHCTBHUE
TOpBI, UMEIOILEH TPSIMOYrOJIbHOE CeYeHHe BBICOTOM /1 M 1mupuHOM a. Ha puc.
1.11 mpuBoanTCa oOmMi BHI KOHTYpa OONacTh BIMSHHS penbeda Ha Hamps-

a
YKCHHOE COCTOSIHHE MaccHBa TPH Y = 1 u kosddunmenre 60KOBOTO pacropa

0,3.

Teoperndecku BIUsIHUE penbeda MOTHOCTHIO 3aTyXaeT TONbKO Ha Oec-
KoHeuHOCTH. [loaTOMY IpH omnpeeIeHny TpaHul] 00IacTH BIMSHUS penbeda
B KauecTBE KPUTEPUS MPUHUMAIIOCH YCIOBHE, YTO BHE ATOW 00JacTH Hamps-
KCHUSI IPEBBIMIAIOT PacUeTHBIE MEHEE yeM Ha 5%.

Ha puc. 1.11 xoutyp AGEG orpannunBaet 00s1acTh BIMSHHUS penbeda
Ha BEPTUKAIbHBIE HANPSDKEHHS U MMeeT (GopMy ONM3KYIO K 3JuTHIcy. Makcu-
MaJlbHasi ITyOuHa BiusiHUSL H, HaX0AWTCS 1MoJ IIGHTPOM OCHOBaHHs peibeda.
Koutyp ABCDEFG, orpannunBaromuii oosacts BIUSIHUS penbeda Ha TOpH-
30HTa/IbHbIE HANpPsDKCHUS, MMeeT Oonee cioxkHyo ¢opmy. Ilon nenTpom
OCHOBaHHMS IITaMIIa INTyOMHA €ro BIMSHHS HAa TOPHU30HTAIBHBIC HANPSHKEHUS
MEHBIIIE, YeM Ha BEPTUKAJIbHBIE. B mmpuHy 001acTh BIUSHNSA pacIpoCTpaHs-
ercsi Ha ropas3no Ooisbimee paccrostHue. [loaTOMy IpH CpaBHUTEIBHO He-
OoJIBIINX TIIyONMHAX BIMSHUE pesibeda Ha BEJIHMYMHY TOPU30HTAIBHBIX HaIlps-
KEHUH TposBIseTCS B OONBIICH CTENEHW, YeM BepTHKAIbHBIX. OOmmi
koHTyp ABCDEFG 0603HauaeT 00s1acTh BIUSHUS peiibed)a Ha HAIPSIKCHHOE
COCTOSIHHE HMXKEJIEXKAIleTo MaccuBa. BHe 3TOro KOHTypa MacCHB IpakTHue-
CKHU HE MOJBEPraeTcsl BIMSHHUIO penbeda U €ro HalpsHKEHHOE COCTOSHHUE CO-
OTBETCTBYET PaBHHHHOW MECTHOCTH.
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B PCAIbHBIX YCIIOBHUAX BEPTUKAJIBHOEC CCUCHUC T'Op HE NMPAMOYTOJIb-
HOE, a, KaK MpaBmiIo, OJU3KOoe K TpeyroibHoMy. OqHako B o0rieM Bujae 00-
JACTh MAacCHBa, HAXOMIAIIETOCS IO/ BIMSHHUEM penbeda, MMEeT TaKylo Ke
¢dopmy, kak Ha puc. 1.11.

YcraHOBIIEHHBIE OCOOCHHOCTH JIAlOT BO3MOXKHOCTH IPEICTaBUTH 00-
IIyI0 KapTHHY paclpelesicHus HalpsDKEHUH B YCIOBUSAX TOPHUCTOH MECTHO-
ctu. Jlanee ocTaHOBUMCS Ha ONpEAETICHUN HANpPsHXKEeHUH B MaccHUBe NpH Aei-
CTBHHM HanboJiee XapaKTepHBIX IeMeHTOB penbeda. Ha puc. 1.12 npusenens
KOHTYpBI obnacTell BIHMSHUS peibedpa Ha BEPTUKAIBHBIC U TOPU3OHTAJIbHBIC
HapsHKECHUA B HUKEJICKAIIEM MacCCHUBE. B FJ'[y6I/IHy MacCCHBa 30Ha BIIUSIHUS
Ha BepTHKaJbHBIC HanpspkeHUs gocturaet 20000 M. MakcuManbHas mupuHa
9TO# 30HH HaxonuTcs Ha riryonre 8000 M u coctaBmsger 3800 M OT TOAHOXKBS
TPSIBI, TO €CTh HE 3aXBaTHIBACT PYIHBIC ITOJISI MECTOPOKICHUS. BrmstHue rpsi-
IIbI Ha BEIMYMHY TOPU3OHTAIBHBIX HAMPSDKECHUH PACTIPOCTPAHSIETCS B TITyOH-
Hy Ha 17000 M, a B mmpuHy 110 27000 M, TO €CTh OXBATHIBAET PyIHBIC TTOMS.

CriejoBaTenbHO, HIDKENIEXKAIUH MaccuB MOpoja Ha XaiJapKaHCKOM
MECTOPOXKICHNU HAXOAUTCA B 30HC B3aUMHOT'O BJIMAHHUSA Xpe6TOB KanaH )51
Xomka-AukaH. BennurHa BepTUKAIBHBIX HANPsHKEHUH 0 , 00yclaBIuBaeTcs
BiustHAeM Xpebta KarpaH, a TOpH3OHTANBHBIX, NEHCTBYIOMNX B MEPUIHO-

HalbHOM HamnpasieHuu 7 , — BnusHEEM 00oux xpe6ToB. Ha ropuszonTtansHbie

HalpspKeHUs], AEHCTBYIONIME B MIMPOTHOM HampaBieHuu 0 ., OyayT okasbl-
BaTh BJIMSHHE TaK)Ke TOPHI HA BOCTOKE MECTOPOKICHNUS.

ITo dopmynam (1.15) ObLT MPOU3BEACH PACUYET BEPTUKAIBHBIX HAIPS-
JKEHHH B CKJIOHE TOPHI BBIIIE OCHOBaHUSA, a Mo (opmynam (1.16) B HmKene-
XKaIlleM MacCHBE C y4eTOM BIUsHUA xpedra KarpaHn.

Onropsl HaNpsDKEHWH Ha pasHBIX IIyOMHAX HpHBOIATCS Ha puc. 1.13.
Jlnst cpaBHEHUS IIPUBEEM HANPSHKEHHS, COOTBETCTBYIOIINE JAHHBIM INTyOHHAM
OT JTHEBHOM ToBepxHOcTH coriacHo runotede A.H. [unnuka. U3 puc. 1.13
Cllellyer, YTO BepTHKaIbHbIE HAaNpsDKEHUS Kak B ckiloHe xpeOTa KarpaH, Tak n
B HIDKEJISKAILIEM MacCHBE NPaKTUYECKH COOTBETCTBYIOT BeCy CToj0a Mopoa
110 IHEBHOI TTIOBEPXHOCTH (U .= JH ) .

Pacuer ropn3oHTaNBHBIX HAIIPSHKCHUH, NEHCTBYIONINX B CKJIOHE Xpeo-
ta Katpan Bblle ero ocHoBaHus, ponsBoawics no ¢popmynam (1.15). B uu-
XKeJIekKalleM MacCUBE TOPH30HTAIBHBIC HANPSDKEHUS, ISHCTBYIOIINE B MEPH-
JMOHAIIBHOM HaIpaBJICHUH, C YIeTOM BIUsHUA XpebTa KaTtpan onpenersiiuch
o ¢opmynam (1.16), a mox aevictBueM rpsasl Xomka-Adkal mo hopmysiaM
(1.17).

Ha puc. 1.9 npuBeneHsl 3MIOpHl TOPU30HTAIBHBIX HAINPSKEHHUH, I10-
CTPOEHHBIX JUISl pa3HbIX TIyOnH. W3 rpadmKoB cremyer, 4To ropU30HTAIbHbIE
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HaTpsDKEHUS. He cOOTBETCTBYIOT rumnoTe3e A.H. /lurnnka. B maccuBe Bbime
OCHOBaHHMs XpeOTa Ha rpaHHuIe CKJIOHA HANPSHKEHHUs HE 00palllatoTCsi B HYJIb,
a IPUHAMAIOT MIPAKTHYECKN TaKHe K€ 3HAYCHUS KaK MO BEPIINHON (Ha Iiry-
oune 400 M ot Beprmmas 31 — 32 kr/cM?). B HIDKenekaneM MacCHBE Ha IIIy-
6une 100 M oT ocHOBaHUs XpeOTOB HANPSDKEHMS 0] TIOAHOXKbEM B 3,2 pasa,
a moJ BepIIMHON B 2,3 pa3a Oombmie, yeMm no rumote3e A.H. [uaauka. Ha
ryoune 1000 M yBelMueHHE HANPSHKCHUI COCTaBIISICT, COOTBETCTBEHHO, B
2,0 m 1,12 pa3a (puc. 1.9a).

AHaJIOTHYHBIA XapakTep HMeEeT paclpeeficHue TOpPHU30HTAIbHBIX
HaTpsOKCHUH, AEHCTBYIOIIMX B LIMPOTHOM HANpPAaBICHHWH, HO HUX BEJIMYMHA
HECKOJIPKO MEHBIIIE, BBHY TOTO, YTO HEMOCPEACTBEHHOE BIMSIHUE OKa3bIBa-
IOT TOJIBKO TOPHI, PAaCIOI0KEHHBIE Ha BOCTOKE MecTOopoxaeHus (puc. 1.96).

Pynnble nosist B HUKeIeKallleM MAaCCUBE PACIIONIOKEHBI MOJ MOMHO-
)kpeM xpebta Katpan mo rimy6unsl nopsinka 1000 M 1 HaXoAaTcsl B 30HE HaW-
OOJIBIINX KOHLEHTPAIMi FOPU3OHTAIBHBIX HANpsHKCHUH. BennunHbl Harps-
KEeHUH oOyclaBiMBaroTCs BiIMsiHUEM XxpeOToB Karpan, Xomka-AukaH, ropa-
MH, PacrojiOKEHHBIMHA Ha BOCTOKE, U MOTYT OBITh NPEICTABJICHBI B CIIEAYIO-
IeM BUJe:

g,,=AH +0;’1+052+u0f;

VT RN AT AR (1.18)
rae 7 py — CyMMapHble HANpPsOKEHHs, JEWCTBYIOUIME B MEPHIUOHAIHLHOM
HalpaBJICHUU, o p,x — CYMMAapHBIC HAIIPAKCHUA, Z[eﬁCTByIOIlIPIe B IIUPOTHOM
HamnpasieHuy; 0 51 — HanpspKkeHus moj nerictBueM xpedra Karpan; 0 52 -

HATIPSKEHUS O] IEHCTBIEM Ipsiabl Xomka-Aukan; 0 ¥ — nanpsikenus, o0y-

CJIOBJICHHBIE BiMsHUEM Top Ha Boctoke; H = 0,24 — xosppumment Iyacco-

- H .
Ha; A = W — ko3 uumentT 60koBoro pacropa; / — oOGbeMHBIH Bec T0-

pox; H — rmyOuHa OT motHOXKBS TOp.

Ha puc. 1.13 mpuBogmstcs rpadukd H3MEHEHHS TOPHU3OHTAIBHBIX
HaTpsDKeHUH ¢ rryonHoN. Ha HanpshkeHns B MEpUANOHATIFHOM HaIrlpaBlIeHUH
no rayounsr 600 M HambOounblee BIMAHUE OKas3biBaeT xpeber Karpan. Be-
JIMYMHA JONOJHUTENbHBIX HampsbkeHud Bo3pacraeT ot 10 mo 30 kr/cm?. Ha
riyouHax 600 — 1000 M HanboJbIee BIMsIHAE OKa3biBaeT Xpeder Xomka-Ay-
KaH, JOTIOJIHUTENBHEBIE HAMPSHKEHHUS OT KOTOPOTo coCTaBisioT 30 — 52 kr/em?,
BnusHne rop Ha BOCTOKE OOYCIABIMBAETCS TOJBKO OOKOBBIM PacCIOpOM

Lo P ucocrasnster 3 — 7 kr/em’.
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CyMmmapHbIe pacdeTHble HampspkeHus Ha rryomnax 100 — 300 m co-
crasisior 3,4 — 2,8 A V1 | a ma rny6une 1000 m —2,1A/H | 10 ects ¢ yBemmue-
HUEM TIyOWHHI BIHsAHUE penbeda ymenbpmaercs. CyMMapHBIe HaIpsHKEHUS,
JIEUCTBYIOIIME B IIMPOTHOM HANpaBJICHUH, HECKOIBKO MeHbIe. Ha rirybnnax
100 — 300 m ux BemmumHa paHa 2,7 — 2,24 VH | a ¢ Bospactanuem rinyGume!
10 1000 M — 1,564 VH

[TpoBeneHHbIE pacyeThl MMOKA3aId, 4TO (POPMUPOBAHUE HATIPSHKEHHOTO
COCTOSIHMSI MaccuBa I0po/] Ha MECTOPOXKJICHUSIX B TOPHBIX pailoHaX B 3HAYM-
TEJILHOH CTeleHn 00yCIaBIUBACTCS BIUSHUEM pelibepa MeCTHOCTH.

3aoaua 1. Nano: Ilopoansiit MaccuB ¢ penbedom (h,a ) , XapakTepu-
CTHKaMH (V ,u) U TIyOMHOH PaccMOTpEHHS (H ) . Ompenenuth pacmpenene-

HUE HAPSHKCHUN (U 220 x>0 | B mopomHOoM MaccuBe (Tabu. 1.4).

Tabnuya 1.4

Ne H, M H, M 0, rpag Vs o’ H

1 30 1000 15 2,0 0,17
2 350 1200 20 2,2 0,18
3 400 1300 25 2,3 0,19
4 450 1400 30 2.4 0,20
5 500 1500 35 2,5 0,21
6 550 2000 40 1,8 0,22
7 600 2500 30 1,9 0,23
8 650 3000 35 2,0 0,24
9 700 3500 25 2,1 0,25
10 750 4000 30 2,2 0,18
11 800 4500 35 2.3 0,19
12 850 5000 40 2.4 0,20

3anamue 3

1.3. Pacyer npupoaHOii METAHOHOCHOCTH YI0JILHOIO IJIACTA

ITocne oleHKN HaNpsHKEHHOTO COCTOSIHUS ITOPOJTHOIO MAacCHBa MECTO-
POXKICHUS MPOU3BOIAT PacueT NMPUPOAHONH METAHOHOCHOCTH YTOJIBHOTO IUIA-
CTa, KOTOPBIH CIyXXUT B AaJbHEHIIEM IJIsl pacueTa ra30Boro OanaHca J00bId-
HOTO y4acTKa, a TakKe AJISl OLEHKH BHIOPOCOOIIACHOCTH YTOJIFHOTO IUIacTa,
KOTOpast He00X0J1Ma JJIsl BBIOOpa CHCTEMBI pa3pabOTKH YroJIbHOTO IUIacTa u
MIPUMEHEHHS IPOTHBOBBIOPOCHBIX MEPOTIPHUSTHH.
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Pacuem npupoouoﬁ MEMAHOHOCHOCMU )20/IbHO20 naacma

ITpuponHas METaHOHOCHOCTh YTOJBHOTO IIIACTa ONpPEAEISIETCS MO
cienyrouieit popmyie [4]:
JUISL YTJIed ¢ BBIXOJIOM JIeTyuuXx 110 21%:
0.00038357° - AT + B|P
z ( ) <+ [IP,  wm/t; (1.19)
1+(C- 0,0021727)P,
JUTSL yTIIeH ¢ BBIXOJIOM JieTyuux Oonee 21%:
_ 15,53(C- 0,00218T)P,
1+(C- 0,002187)P,
rae 7 — Temneparypa ra3a B yroJbHOM IUIAaCTe Ha pacCMaTpHBaeMOil riryOuHe
(IpUHMMaeTCsl PaBHOI TeMmIlepaType OKpYy)Karolied mopojsl), rpai.; 4 — Ko-
a¢¢urnmenT mo tadn. 1.6; P. — naBueHne Traza Ha JIOOOM PAaCCTOSHUH OT TIO-

BEPXHOCTH OOHaXKeHWs IUIacta Briryob maccuBa, MIla; /7 — oOmas mopu-
crocth yruis, M/1; C — koo duuuent mo taon. 1.6.

+IIP, \p/r, (1.20)

Tabnuya 1.5
[Tokazatens Mapka yris
A T oC K K r
O6mas nopucrocts I, m*/T 0,140 | 0,084 | 0,10 [ 0,092 | 0,087 | 0,092

O6beM mop, kotopwli moxer| 0,096 | 0,058 [ 0,068 | 0,062 [ 0,059 | 0,062
OBITh 3aMOJTHEH BOJOH Gy, M/T
3 1,52 1,34 1,35 1,30 1,26 1,23

O6wvemnbiii Bec |/ |, , /M

DubTpyromuii 006eM gy, M/T 0,045 | 0,012 | 0,026 | 0,014 | 0,012 | 0,016
Koadurment copbiumm kucmo-| 0,4 0,6 0,8 1,0 1,2 1,4
pona yriaem K¢

O6wvem mop, moctymHbii mmsa| 0,065 [ 0,039 | 0,048 | 0,043 | 0,046 | 0,043
MPOHUKHOBEHHSI OaKTepHaIbHOM
CYCNEH3HH qe, M/T

Ob6wvem mop, moctymubii mmsa| 0,040 | 0,020 | 0,015 | 0,020 | 0,015 | 0,018
MPOHUKHOBEHUSI PacTBOPOB II0O-
JTuMepa Gu, M/T
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Tabnuya 1.6
DOmmuprgeckne K03 QUITHeHTH

Conepxanue A B C Copnepxanue A B C
JeTydnx, % JETYIux, %
1 2 3 4 1 2 3 4
3 0,17 15,77 0,87 21 0,09 5,05 0,28
3,5 0,16 [ 43,63 0,37 22 0,077 4,99 0,27
4 0,15 13,70 0,36 23 0,076 4,90 0,27
4,5 0,15 12,92 0,36 24 0,076 4,80 0,26
5 0,14 12,25 0,36 25 0,076 4,71 0,26
5,5 0,14 11,66 0,36 26 0,074 4,62 0,25
6 0,14 11,55 0,35 27 0,074 4,53 0,25
6,5 0,13 10,68 0,35 28 0,073 4,44 0,24
7 0,13 10,27 0,35 29 0,072 4,35 0,24
7,5 0,13 9,89 0,35 30 0,071 4,26 0,23
8 0,12 9,54 0,34 31 0,071 4,16 0,23
8,5 0,12 9,22 0,34 32 0,070 4,07 0,22
9 0,12 9,03 0,34 33 0,069 3,98 0,22
9,5 0,12 8,65 0,34 34 0,069 3,89 0,21
10 0,12 8,40 0,33 35 0,068 3,79 0,21
11 0,11 7,93 0,33 36 0,067 3,70 0,20
12 0,11 7,51 0,32 37 0,067 3,61 0,20
13 0,11 7,14 0,32 38 0,066 3,52 0,19
14 0,10 6,80 0,31 39 0,065 3,43 0,19
15 0,10 6,49 0,31 40 0,065 3,34 0,18
16 0,10 6,21 0,30 41 0,064 3,24 0,18
17 0,10 5,95 0,30 42 0,063 3,15 0,17
18 0,09 5,70 0,29 43 0,063 3,06 0,17
19 0,09 5,47 0,29 44 0,062 2,97 0,16
20 0,09 5,26 0,28 45 0,061 2,88 0,16
[Ipumepsr:

1. Mapxka yrus: kamennsii K, o6mas mopucrocts 11=0,092 m*/t, co-
nepskanue neryaux 3,0%, obvemmbli Bec 1,30 T/™M°, A=0,17, B=15,77,
C=0,87, P=0,8 MIla, T=25°. OmnpegneneHo: npupogHas METaHOHOCHOCTb
X=5,8 M*/1 (Tabm. 1.5).

2. Mapka yrus: 6ypeiii OC, o6mias nmopucrocts I1=0,10 Mm%/, comep-
xanue neryunx 10%, oowbemublii Bec 1,35 1/M°, A=0,12, B=8,40, C=0,33,
P,=1,0 MIla, T=30°. OnpezeseHo: MpUpoaHas METAHOHOCHOCTh X=4,16 M*/T.
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Onpedenenue Kpumuueckoil 2iyounsl, Ha KOMOPOU 603MOIHCHO
npoAeNeHUE 6HE3ANHBIX 6bIOPOCOE Y2 U 2434

Kputnueckas riay0rHa NposIBICHHS BHE3AITHBIX BEIOPOCOB YIUIS M ras3a
[5] ompenensercs ¢ mMOMOMIBEI0 HOMOTPaMMBI U 110 (popMyIie:

Hp=H +¢(PAB'PA), (1.21)

rae H — rmyOuHa pa3paboTKH yroJpHOTO IUIACTa, M; P - k03¢ duruenr, 3a-
BHUCSIIIUI OT yriia BHyTpeHHero Tpenus yris; Py, P,z — AeiicTByolnEe CUilbl B
YTOJIFHOM ILIACTE.
Bxonsmue B nanHyto gopmyiry napamerpsl P,y i Pg BEIIUCISIOT cite-
IIYIOITIM 00pa3oM.
Py=Ppr+t0H . (1.22)

3nauenue P,p ompenensercs U3 HoMorpammsl (puc. 1) mocie BhIYHC-
JICHUsI HeCyIell crocOOHOCTH YrOJNBHOTO IIAacTa C Y4ETOM €ro HEOJHOPO.-
HOCTH:

MH:alq_ﬂl_m_yl(a2+,[32n), (1.23)
rae 01,05, P, 8, — kodpduuuents no Tabn. 1.7; g — npuBeIeHHas MPoY-

HOCTb IJIAcTa; ), — KO3(QOUIHMEHT, 3aBUCAIINH OT yIia BHYTPEHHETO TPEHHUS

yIIIst; M — MOIIHOCTb YTOJIBHOTO IUIacTa, M; A — YUCIO ITa4eK, CIararoIinx
YIOJIbHBIH IJIACT.

Tabruya 1.7

bacceiin, mecto- 3Ha4yeHus: KOdQPHUIIMEHTOB

poxacHue al ﬁl yl a2 ;82 ¢
Honenxwuit, [Tap- | 0,17 6,9 0,35 0,25 1,40 10

THU3aHCKOE

Ky3uenuxuit 0,26 114 1,0 0,10 1,60 3,5
Kaparangunckoe, | 0,19 6,6 0,85 0,16 1,46 10

BopkytuHckoe

C moMOIIBI0 HOMOTPaMMBbl M MOJYYEHHOTO 3HaueHUs My mocpen-
CTBOM BOCCTAaHOBJICHHS NMEPHEHIMKYIAPa K OCH abcIuce 70 MepecedeHus ¢
COOTBETCTBYIOIIEH KPUBOW OIpeAensoT 3HaueHue P,z m paccuntsiBaior Hjp.
Ecn H>Hj, yronpHsIi m1acT OTHOCAT K ONACHBIM 110 BHE3AITHBIM BRIOpOCaM;
ec H<Hj, yroJpHBIH mJIacT OTHOCAT K HEOITACHBIM MO BHE3AIHBIM BBIOPO-
caM yIJyIsl | rasa.

OKOHYATENBHOE 3aKIIIOYEHNE O BBIOPOCOOIIACHOCTH YTOJIBHOIO IJ1acTa
JIeNaroT MOCJIE OLIEHKH €r0 COCTOSHUS B MECTE BCKPBITHS.
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Puc. 1.13. Homorpamma as1s OIIeHKH BBIOPOCOONIACHOCTH YTOJIBHBIX TUIACTOB:
1 — Jonbacc; 2 — BopkyTtuHckoe, Kaparanauackoe; 3 — Kys0acc.

OMEHKKI ebtépocoonacuozo COCMOAHRUA Y20IbHO20 niiacma

6 . mecme e2o0 6CKpblmus

[TporHo3 BHIOPOCOOMACHOCTH YrOJNBHOTO IUIACTA B MECTE €ro BCKPBI-
TUS TPOM3BOAAT IyTEM IMOjcYeTa Mokaszarelsi I Ui COOTBETCTBYIOIIETO
YTOJBHOTO MECTOPOXKACHUSI WK OacceiiHa Ha OCHOBAHUH JIaHHbBIX Ta0m. 1.8.

VYronbHbIH Oac- Pacuetnas gpopmyna 3Ha4YeHUE MTOKa3aTels
CeiH, MecTopo- BBIOPOCOOIACHOCTH, TIPH
JKICHHE KOTOPOM IUTaCT OTHOCST
K OTIaCHBIM IO BHE3AIl-
HBIM BBIOpOCaM
Kysnerkuit II.=P,— 14 2 0
Kaparangunckuit 614
1, = (1,4- 0.91gw ) P- TN 73 L2 105
2 2
Houneukuit, Bop- Ilpn naBnenuu rasa B
kytuHckuii, Ho- pa3BeOYHON CKBa)KMHE
punsckuid, Ipu- He Gonee 10 kre/cm?
MOpbe, Caxa-
JIMHCKUI

* W — BakHOCTB yriist; A P— maBiieHne ra3a Ha KPOMKe 3a001.

Ha ocHOBaHMHM MONTy4YeHHBIX 3HAYECHUH MOKa3aTens BBIOPOCOONACHO-
CTH AENAIOT 3aKJII0YeHHe 00 OMacHOCTH YTOJbHOIO ILIACTa IO BHE3AIHBIM
BBIOpOCAM YIJISL | ra3a, 4TO CIY)KUT B JalbHEHIIeM OCHOBAaHMEM Ul BEIOOpa
CHCTEMBI Pa3pabOTKH, a Takke O HEOOXOIMMOCTH HPOBEACHHS NPOTHBOBHI-
OPOCHBIX MEPOIIPHUATHH IPU BCKPHITUH YTOJIBHOTO IIACTa U €T0 Pa3padoTKe.
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IIpumepsr:

1. Mapka yrusi: kamenHbiid K, riryouna pazpadorkun H=250 M, xoaddu-
LIMEHT, 3aBUCAIIMM OT yIja BHYTPEHHErO TPEHHUS 9 =10, xo3ppurmeHTs 7 |
=0,17, 1=6,9, ¥1=0,35, 0 ,=0,25, f,=1,40. MOIIHOCTh YroJHHOTO ILIACTA
m=2,5 M, YUCJIO Ta4eK, CIararmlluX YTOJbHBIH IUIACT N=2, MpHUBEJCHHAs
MPOYHOCTh Iiacta q=5. [lelicTByromas cuna B yroidpHoM macte P,z=30
ompeneNsercss Mo HOMOTpaMMe B 3aBUCHMOCTH OoT M. Ompeneneno, 4to
H<H; (250<255), T.e. paccmarpuBaemMas TIIyOnHA HEBRIOPOCOOTIACHA.

2. Mapka yrist: Oypsrii OC, rimyouna paspaborkn H=500 M, 9 =3,5, 0
=0,26, =114, y,=1,0, 0,=0,10, ,=1,60. MOIHOCTb yrOJLHOTO ILIACTA
m=2,0 M, 91CJI0 MayYeK, CJIaralolux yroJbHbIN TIacT n=1, mpuBeIeHHAas MPOY-
HOCTb Iiacta q=3. [eiicTByromas cuia B yroiabHoM 1uiacte P,s=35 onpenensi-
eTcs 10 HOMOoTpamMMe B 3aBUCHUMOCTH OT M,. Omnpeneneno, uto H>Hj
(500>350), 3HaunT, paccMaTpruBaeMasi rIIyOrHa BHIOPOCOOTIACHA U HEOOXOIMMO
MIPEAYCMOTPETH CIIOCOOHI IIPEIOTBPAIIICHHUS BEIOPOCOB YIJISL U Ta3a.

3amauda 1. JlaHO: mapaMeTpsl YTONBHBIX IIACTOB (Tabm. 1.8).

Tabauya 1.8
[Toxazatensb [TapameTpbl
Mapka yris A T K r
O6mas nopucrocts I, M/t 0,140 0,084 0,087 0,092
CojaeprkaHHUe JIETYIHX, Yo 5 10 15 20
A=0,14 A=0,12 A=0,10 A=0,09
B=12,25 B=8,40 B=6,49 B=5,26
C=0,36 C=0,33 C=0,31 C=0,28
O6wemuslii Bec / y , /M 1,52 1,34 1,26 1,23
JlaBnenue raza P, MIla 0,8 1,0 1,20 1,3
Temnepatypa raza T, rpau. 25 35 40 45
I'my6una pa3zpabortku H, M 300 500 600 700
Koapdurmentsr: ] 11 12 13 14
| 0,17 0,20 0,26 0,19
By 6,9 7.0 11,4 6,6
v, 0,35 0,40 1,0 0,85
a, 0,25 0,30 0,10 0,16
B, 1,40 1,45 1,60 1,46
MOIIHOCTH [JIaCTa M, M 2,0 2,5 3,0 3,5
Yucno mayex n 2,0 3,0 3,5 4,0
[IpuBeeHHast NPOYHOCTh 3,5 4.0 5,0 6,0

OnpenenuTs IPUPOAHYI0 METAHOHOCHOCTDH IIACTOB U BBIOpOcoomac-
HOCTB MX Ha PacCMaTPUBAEMBIX TITyOHWHAX.
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2. 9KCIEPUMEHTAJIBHOE ONIPEJIEJIEHUE HAIIPSI)KEHUA HE-
TPOHYTOI'O IOPOJHOI'O MACCHUBA

3anamue Nod
2.1. OnpeneneHue HANPsKEHNH MeXaHMYeCKMMH MeToAaMM
2.1.1. Onpedenenue nanpasxceHuii 6 Maccuge Memooom paszpy3Ku

Henp paboTer: 3HAKOMCTBO ¢ (PU3WIECKOI OCHOBOW M TEXHHKOH IPO-
BE/ICHHSI U3MEPEHUH (B ABYX MOAN(DHUKALUIX) HANPSDKCHUH B IIOPOJJHOM Mac-
CUBE METOJIOM Pa3rpy3Ku KEpHa ¢ LIEHTPaJIbHON CKBaXXKMHOW. Pemenue 3amau.

Obwas xapaxmepucmuxa memooa. MeTo pa3rpy3Ku OTHOCUTCS K a0-
COJFOTHBIM METOAaM HM3MEpEHHs HANpPsDKCHWH B TMOPOJHOM MaccuBe. Dusm-
YEeCKUI CMBICT METOAA PasTpy3KH 3aKJIIOYAETCS B TOM, YTO IPU OTICICHUH
o0pasia mopons! (WM Kakoi-mmbo ero 4acTH) OT OKPY)KAIOIIEro MaccuBa,
HaXOJIIETOCS] B HANPSDKEHHOM COCTOSHHM, MPOWCXOJHUT YIPYroe BOCCTa-
HOBiIeHHEe (opMmbl 3TOro obpasua. BosHukaromme mpu 3ToM nedopManui B
o0pasiie OyayT paBHBI 110 BEIMYMHE M MPOTUBOIOIOKHBI 110 3HAKY TEM Iepe-
MEIIECHHUSIM, KOTOPhIC MPOU30ILTH OBl B 3TOM 00pasiie MpU HArpyKEHHH €ro
JCHCTBYIONMMH B JAHHOM MECTE MacCHBa HANPSHKEHUSMHU (TIPH YCIOBHH OT-
CYTCTBHSI Heymnpyrux aedopmarmii). Hanbomee 9acTo MCIONB3yeTCsS METOX
pasrpy3ku KepHa C LEHTPaJbHOW CKBAKMHOM, UMEIOLINI 1BE OCHOBHBIE pa3-
HOBHJHOCTH.

Gz 7/
——
/////
. /5 /

Puc. 2.1. Cxema n3MepeHuit HaIIPsHKEHUH 110 METOLy Pa3rpy3KH KepHa C
LIEHTPaJIbHON CKBaKMHOM.

_\.\\\\\

N2

~

A\

26



B obmiem ciydae mpomecc pasrpy3KH MacCHBa B 3TOM METOJIE TEXHO-
JIOTHYECKH BBINIOJHSACTCS CIENYIOIUM o0pa3oM. B HampaBneHuu, OpHeHTH-
POBOYHO COBIAJAIONIEM C HaNpaBJICHHEM MACHCTBUS OJHOTO W3 TJIaBHBIX
HanpsbKeHUH (TJIaBHBIM 00pa3oM BJOJb CIOMCTOCTH MaccuBa), OypHUTCs 1IeH-
TpanbHas paboyasi ckBaxkuHa nuaMeTpoMm d. ¥ juuHOM .. (YkazaHHOe BbIlIe
TpebOBaHNE K HANpPABICHUIO HM3MEPUTENBHON CKBa)KMHBI HEOOXOIMMO ISt
MIPUBEICHUS TPEXMEPHOI aHATMTHYECKOH pacueTHOH 3agadd K IUTOcKoi). B
CKBR)XMHY Ha PacCTOSHHH l, OT ee yCThs MOMEIaeTcsi M3MEPUTEIbHBINA TIPH-
60p (puc. 2.1). Pasrpy3ka MaccuBa MpOM3BOAMTCS ITyTeM pa30ypHBaHHS BO-
KPYT' LEHTPAILHON CKBa)XWHBI KOJBIEBOM IIENH C MOMOIIBIO CIEIHAIBLHON
OypoBoii KOpOHKH. B pe3ynbTrare OT MaccuBa OTIENseTCs] KepH JuaMeTpoM dy
u 1yuHOH li. Benuuuner di 1 1 onpenenstorces: MpOYHOCTHIO KEpHA U BHIOMpPA-
I0TCSL TaK, 4TOOBI KEPH HE Pa3pyILIMIICS MPH pasrpys3Ke.

1. Memoo pasepysku KepHa ¢ YeHMpAIbHOU CKBANCUHOU npu degop-
Momempuyeckux uzmepenusx. B ropHbIX Iopojax cpeqHel U HUXKe cpelHen
MIPOYHOCTH, B KOTOPBIX MEPBOHAYAIBHBIN pacnop JaTynka HaNpsHKEHHH Mo-
XKET BBI3BATh pa3pylICHHE CTCHKN CKBa)KHHBI, 8 TAKXKE B CBSI3U C TEM, 4TO Ta-
KH€ TOPOJBI, KaK IPAaBUIIO, XapaKTEPHU3YIOTCSl SIBICHHSIMH IUIACTUYHOCTH
(ocano4HBIE TIOPOJIBI), TPAKTHUKYIOTCS U3MEPEHNUS TIEPEMEIIICHNsI CTEHKH 11eH-
TpaJbHON CKBa)KMHBI BCIIEJICTBUE Pa3rpy3KH ¢ MOMOIIbI0 nedopmomeTpos. B
JTAaHHOW MOIU(HKAIIMH METOIa Pasrpy3KH IapaMeTpbl CXeMbl M3MEPEHHS B
OOJIBIIIMHCTBE CIy4YaeB BEIOUPAIOTCs ciieayromuMu: dy — B cpeaseM ot 150 mo
300 mM; I — B cpeareM ot 50 cm (st cnaboro u cpemHero yris) a0 160 cm;
d. 00brgHO BeIOMpacTcs okono 40 mm; 1. 2 4,5dy; 1, = 1,5d«.

[lepemerieHunss KOHTypa CKBa)KHHBI U3MEPSIOTCS C MOMOIIBI0 MHOTO-
KOMIIOHCHTHOTO CKBKHHHOTO jedhopMoMeTpa [6] B 4eThIpEX B3aUMHO Mep-
MIEHIUKYJSAPHBIX HanpaBieHusax 1 — 1,2 — 2,3 —3 u 4 — 4 10 OTHOWIEHHIO K
MIPOU3BOJBLHO BBIOPAHHBIM TOPH3OHTAIBHOW — X W BEPTHKAIBHOH — Y OCAM
koopauHart (puc. 2.1).

Meronuka u3mMepeHuil.

1. B ropuzoHTanbHO# BeIpaO0TKE BIOMpAETCs TOYKa H3MEPEHHS, y/a-
JSIETCSl OTXKAThIA CIIOW TOpPOJBI, Pa3MEYalOTCs IOJIOKEHHE LEeHTPAIbHON
CKBa)XKMHBI U KOOP/IMHATHI Ocell. BypuTcst u3mepuTenbHas CKBaXKHHa.

2. [IpousBoauTCs NpOBEPKa TEH30METPUUECKON alnapaTypbl U CHATHE
MOKa3aHUH C TEH30JaTYMKOB JedopmMomeTpa B CBOOOJHOM COCTOSIHUH
ALAL AL A,

3. C moMoIIpi0 TOCBUTOYHBIX IITAHT Ae(OpMOMETp yCTaHABIMBAETCS
Ha PacCTOSIHUH |, B N3MEPUTEIBHON CKBAXHWHE W TEH30JaTYMKH OPHEHTHUPY-
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I0TCSI COTJIacHO cxeme Ha puc. 2.1. CHUMatoTcs mokaszanust nehopMoMeTpa B
CKBakuHE A, Ay, Az, As.

4. Ilytem pa30ypuBaHHS KOJBIIEBOW INEIH MPOM3BOIUTCS pasrpy3ka
kepHa. Yepes 5 — 10 MEHYT mTocyie pa3rpy3Kd CHUMAIOT KOHTPOJIBHEIE MTOKa3a-
HUS ¢ lepopMoMeTpa.

5. Ilocne pa3rpy3ku 1eopMOMETp BBIIEPKHUBAIOT B CKBAKUHE B TEUe-
HHe 2 — 3 JyacoB, HEOOXOIUMBIX JJIsl pacueTa 00OpaTHOW IMOJI3y4YecTH, MO Mpo-

LIECTBHU KOTOPBIX CHUMAIOT TI0Ka3aHus ¢ nedopmomerpa A I, A ;, A ;, A :1 u
JeopMOMETP U3BIEKAIOT U3 CKBaYKHHEL.

6. KepH u3BieKkaroT U3 CKBaKMHBI, U3 HETO U3TOTOBJISIETCS HE MEeHee 5-TH
00pas1oB, Ha KOTOPBIX B JA0OPATOPHBIX YCIOBUSIX OLPEAEISIOT YIIPyrue Xapak-
Tepuctuky opoast 0 ¢» 0, E,V, G.

7. IIpou3BOASAT pacueT IIaBHBIX HanpspkeHuid 0 u 0, M UX Hampas-
nenus (yron 0 ) OTHOCHTENBHO TOPH3OHTANBHOM OCH Ha OCHOBAHWH CyIIE-
CTBYIOLMX PEIICHUH KPaeBbIX 337a4 TEOPUHU YIPYTOCTH M IITACTUIHOCTH VIS

NepeMeIIeHni KOHTypa KpyroBOro BbIpe3a B IIOCKOCTH IPH JEWCTBHU Ha
HET0 HOPMaJIbHBIX HANPSDKEHUH B 3TOH IIOCKOCTH!

01D:_£D uz_ulul.
0,0 ad H(W”Z)i 2c0s20 BB’ @b
_uptuy - 2u

rJe U; — IepeMelleHns KOHTYpa CKBaXXHMHBI [IPU Pasrpy3ke KepHa BIOMb 1-TO
HanpaBJIeHUS U; = A, - A;)K ;3 d=(d\+dr+ds+ds)/4 — cpennuil nuamerp LeH-
TPaJIbHOW CKBa)XKUHBI; d; — 3HAUCHUE AWAMEeTpa CKBA)XXKUHBI B i-OM Hampasiie-
HUH d; = |4; - A; K, ; E — Moxgyns FOnra nmopogst; K; — rapupoBouHsIit K03¢-
¢unmeHT s i-ro TeHzonaryuka aedopmomerpa; B — momnpaBouHslit koad-
(UIMEHT, YYUTHIBAIONIMI BIMSHHUE IOJI3y4eCTH IIOPOABI B IIPOLIECCe pasrpys-

KH.
B ciryqae mimockoneopMIUpOBaHHOTO COCTOSIHUS

B0 (1-w )2[ -
B=1-v?2- + 1-expl- whe ", 2.3
4r(2-a) 4 p( g ) 23)
rme t — Bpema pasrpyskd, 0 w0  IapaMETpHl  IIOJI3YYECTH,

w= (1- a )H ;B = 5F(1— a ); I'(W) — ramma-¢pyukius; ¥V — xoadduimeHt
ITyaccona.

JIyist IpOBEpKM KauecTBa IMPOBEJCHHBIX M3MEPEHHH NMPHUMEHSIOT Clie-
JIyIOIllee COOTHOIICHHE:
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u; + Uz = Us + Ug. (24)

Ecnu 3T0 COOTHOLICHME HE BBINOJIHSACTCSA, M3MEPEHHUS HEOOXOIMMO
MIOBTOPUTH B IPYTrON LIEHTPAJIBHON CKBaXKHUHE.

Ilpumep. B pe3ynpTaTe U3MEPEHUN NEPEMELLICHNS KOHTYPa CKBaXKHHbI
10 METOJIMKE Pasrpy3KH KepHa C EHTPATbHON CKBRKUHOM IOJTyUYEHBI CIIE/y-
IOIINe JaHHbBIE:

1.u;,=0,27 MM, u;=0,54mm, u;=0,51mm, u;=0,30Mm

2.d;=46,234 mm, d,=46,250 mm, d; = 46,366 MM, d; = 46,162 MM

3. Bpewms pazrpy3ku t = 180 muH,

4. XapaKTepuCTUKH MOPObI, TIOJIYUYSHHbIE C IOMOILBIO KEpHa!

E =1,32x10*kr/cM% ¥ =0,27; 0 =0,88; 0 =0,0075c".

Pewenue.

1. KoHTpOosb KauecTBa S3KCIIEPUMEHTAIBHBIX TaHHBIX:

0,27 +0,54=0,51 + 0,30 = 0,81 MM — JaHHBIE KAYECTBEHHBI.

2. CpenHuil HCXOAHBIA AUAMETP CKBAKUHBI:

dc = (d1 + dz + d3 + d4) / 4= 46,253 MM.

3. Yrox Mexay ocbto X U HampaBlieHueM aencTBus 0 ; :

920 = (u,+ u, - 2u) M, - ,) 0,778, 0 =18°55",

4. Pacuer xoaddunmenta B cormacHo (3):

300,00757°(1- 0.88)710800) " (1- 200,272

B=1-(0,27)+ +
4r(2- 0.88) 4

1 exp|- (1- 0.88)" %% 10,0075(1- 0.88) 108001 | = 1,068.

5. Pacyer BeM4MHBI ITIaBHBIX HANPSKCHUI:
- 1,3200% 0 0,054-0,0270, 1

7 4m,625 i 2c0s18%55' 0 1.068°

0, =65,5kr/cM?, 0 5, =42,6 kr/cM>.

6. Koodpumment pacriopa A = 0,/0, =0,65.

1. Memoo Xacma. TlpuMeHseTCs TIaBHBIM 00pa3oM B MPOYHBIX TOP-
HBIX TIOpOJaX, KOTOpbIe 03 pa3pyIIeHHs MOTYT BBIICP)KATh IEPBOHAYAIB-
HBIA pactiop U3MEPUTEIBEHOTO JaTYHKA JABICHHUS.

Mertonka u3mMepeHuil.
1. B mecre m3mepenunii npoOypuBaeTcsi cKkBakuHa auamerpoMm d. = 26

0,027+ 0,054 ¢

MM.

2. B ckBaxuHy 10 tpeOyemoii riayounst 1, = 0,5 M BcTaBisercs aat-
YUK HalpsHKeHHH. J[aT4nuk pacmupaercst B CKBaXKMHE TaKUM 00pa3oM, 4TOOBI
B HEM BO3HMKIM HAIPsDKCHUS, NPEBBILIAIOIINE OXHUAACMbIC HANPSHKCHHS B
MaccHBe Ha JJAHHOM Y4acTKe, IPOU3BOAATCS pasrpy3ka (di = 87 MM) u u3me-
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peHue HampspkeHus 0 4 Ha gaTtduke. Jlanee aHanOTHYHBIE ONEPAIMU IPOU3-
BonsiTCs Ha paccTostHnsAX 10 u 20 cM BriryOb MaccuBa OT IEpPBOHAYAIBHOTO
MecTa H3MEpEHHs MPH TI0BOPOTE JaTunKa Ha yron B = 45°(um 60°) B Kax-
JIOM ClTy4ae OTHOCHTENILHO €T0 MpEeAbIIyHIero nonoxeHus. IIpousBomsr us-
MepeHue HanpsokeHuid 0 p U 0 ¢ . Pacder riaBHBIX HaNpsHKEHUH U yriaa Mex-

ay g 1 nu J'IIO6I>IM BI:I6paHHI>IM HalpaBJICHUEM, OT KOTOPOIro BCACTCA OTCHUET
Harnpasienust 0 5, u 0 o, IPOM3BOAUTCS 10 CienyroIuM Gopmynam.
s B =45°

0]’2:%§UA+0Ci\/%[(UA-UB)2+(UB-OC)Zlg;thG -

20 - (o 4+ o)l o -0 )

TIPH BHIMOTHEHHH ycIoBus €0S26 / (U 4™ 0 C) >0,

[penBapUTEIbHO MATYMKH HAMPSDKCHUI TapuUpyOT MyTeM MpoBee-
HHSI QHAIIOTHYHBIX U3MEPEHUIl Ha KepHEe TOPHOMH MOPO/bI C TAKHMMH XKe pa3-
MEpaMU U CBOMICTBAMHU IIpUM HArpy>KEHHHM €ro B IIpecce N0 HaIpsKEHUH
(~600 xr/cM?) 1 cHKeHnH HArpy3Kku (~ 10 400 kr/cm?).

[TorpemHocTs MeTOAA PA3TPY3KM KEpHA C LEHTPAIbHOM CKBa)KMHOM
coctaBiser * 20%, oOmme 3aTpaThl BPEMEHH Ha OJHO M3MEPEHHE COCTaB-
JISIFOT B cpefHeM 2+ 4 yaca.

3anamue Ne5

2.1.2. Hccneoosanue Hanpa)ceHHo20 COCMOAHUA NOPOOHO20 MACCU-
64 MemoOOM OYPOBHIX CKEANCUH

Hens 3ansatus: Puznyeckue npeanocbuiku meroxa. OcobOeHHOCTH
JIBYX Moau¢uKanuii Meroa OypoBbIX CKBaXHH. [Iopsiiok n3MepeHus u Tex-
HOJIOTHYECKHE 0COOSHHOCTH IPH KaXKaoi Moaudukamuu Merona. Paccmorpe-
HUE KOHKPETHBIX IPUMEPOB MO IPUMEHEHUIO METO/1a.

M 8f g8 o X

a
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Puc. 2.2. Crenens u XapaxkTep }:[eq)OpMI/IpOBaHI/IH CTCHKH CKBA>XHWHBI B 3aBUCHUMOCTH
oT ko3 durmentTa pacropa A (a) ¥ OT BpeMeHH CTOSHHUS CKBAXHHEI (6, B).
OO0111as XapakTepucTHKa MeTo1a. MeTox OypOBBIX CKBOKHH OTHOCHUTCS K
aOCOIIIOTHBIM METOAAM M3MEPEHHUs] HANpsHKEHWI B MaccuBE TOPHBIX mopon. B
AaHHOM Merone nedopMaris CKBaXWHBI (IIONEpPEYHAs] WIA TPOAOJBHA),
TIPOMCXOJIAIIAs TTOCTIE ee OYpEeHUst, CBsI3aHHAs! C U3MEHEHNEM HAIPSHKEHHOTO CO-
CTOSIHMSI MacCHBa M 0OYCIIOBJICHHAsI KaK YIIPYTHMH IIPOLIECCAMH, TaK M SBJICHU-
SIMH TIOJI3y4EeCTH, u3MepsieTcs aeopmomerpamu. dusznyeckasi CyIHOCTb JlaH-
HOT'O METO/Ia 3aKJIF0YaeTCsl B TOM, UTO T0CiIe TIPOOYPUBAaHHS CKBKUHBI B J1AJThb-
HEHWIIeM B pe3yJsbTaTe BIMSHUA JCHCTBYIOIIMX B MAacCHUBE YIPYTHUX HaIpsike-
HHH, a B 0Ca/I0YHBIX TIOPOJaX, IJIaBHBIM 00pa3oM, B Pe3yJbTaTe SIBJICHUS M0JI3Y-
YeCTH, KOHTYp CKBaXHHBI OymeT medopmupoBartses. [Ipudem crerens nedop-
MHPOBaHHS U XapakTep AehopMaruy CTEHKH CKBAKUHBI 3aBUCAT OT BEJINYHHBI
koa(uumenta pactopa A (puc. 2.2). C pocToM BpEMEHH B OPOAAX C INIACTH-
YEeCKHMH CBOWCTBaMH Jie(hopMalisl CKBOKUHBI BO3PACTAeT, IIPUYEM CTEIICHb U
XapakTep pocTa ae(pOopMaIMy TaKKe 3aBHCAT OT BelnduHEl A (puc. 2.2). Usme-
psis u3MeHeHne neopMali BO BpEMEHH, MOJKHO PacueTHBIM IIyTEM IOIyqnTh
3HAYEHHs HAITPSDKEHUH, SBISIOMMXCS IPHYMHOM 3TOTO M3MEHEHUSL.
Cyl1ecTByYIOT J1B€ MOJIM(UKAIMK 3TOI0 METOAA.
1. Memoo 6yposvix cK8axcuH ¢ UCHOIb308aHUEM NepeMeweHUl.
Meroauka u3mepenuid. [locne OypeHust CKBaXHUHBI 00BIYHOI OYypOBOi
KOJIOHKOHM BJOJIb HAaIpaBJIECHHS OJHOTO M3 TJIABHBIX HANPsDKEHUH (Hampumep,
BJIOJIb CIIONCTOCTH) W 00pabOTKU €€ MOBEPXHOCTH CIIEIHAIBbHON KOPOHKOMH, B
Hee ITOMEIAeTCs] MHOTOKOMIIOHEHTHBIH ITONepeyHbIi 1ehopMOMETp, KOTOPBIN
OPHEHTHPYETCSI OTHOCHTENBHO ITPOWU3BOJIBHO BBIOPAHHOW CHCTEMBI OTCYETa
TaxK, 4TO TEH30JaTIUKH pacronararoTcst oz yriiamu

nm n
§,=0:;0,=0+ 5;93 =0+ n otHOcuTenbHO ocu X (puc. 2.2). B MomeHt

BPEMEHH ty TI0 YETHIPEM HAIPaBICHUAM CHUMAIOT IEPBOHAYAILHBIC OTCUETHI C
nedopmomerpa uj(ty). Yepes meprox Bpemernn A t, ompenenseMblii BpeMEeHEM, B
TeYeHHe KOTOPOTO 3aBEpIIAcTCs B OCHOBHOM MHTEHCHBHOE Ie(OpMUPOBAHHE
CKBa)KHHBI BCIIEACTBHE Non3ydectd (A t =1+ 2 yaca), CHUMAIOTCS OKa3aHUsI
¢ nedopmomMerpa 1o TeM ke HampasiIeHHusM uj(t;). B pesynbrare aToro ompesne-
JISIETCsI IePEMEILICHUE KOHTYpa CKBaKUHBI, BRI3BAHHOE TT0JI3y4ECThIO:

A Uj(t) = U,j(tl) — U,j(to), _] = 1, 2, 3, 4 (25)

KauecTBo npoBeieHHs U3MEPEHUI ONPEAEISIETCS CIEAYIOIIMM 00pa3oM.
Ecmu BRIONHSIETCS YCIIOBHE
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_p U@+ 8 Uy @) - b Us @0+ A UL @)
B U @)+ AU, @)

TO U3MEPEHUS CUUTAIOTCS KAUECTBEHHbBIMHU.

Janee, ucrnonb3ys pe3yNbTaThl MATEMATUYECKON TEOPUH YIIPYTOCTH U
IJTJACTUYHOCTH, IOJYYEHHBIE IJI NMEepEMENIEHUsI KOHTypa KpyroBOro OTBep-
CTHs B IJIACTUHE, MOJIBEPKEHHOM ACHCTBUIO HANpPSKEHUM, PacCCUUTHIBAIOT
BEJIMYMHBI U HaNlpaBJICHUs JEUCTBUS TJIaBHBIX HAIPSKEHUN B MacCUBE B 30HE
nm3Meperus. C ydeToM SBICHUS MON3YyUYECTH IepeMelIeHHe KOHTYpa CKBaKH-
HBI B PaJHajJIbHOM HAIMPaBJICHUHN CIEAYIOIMINM 00pa30M 3aBHCHUT OT BPEMEHHU:

[100< 10% , (2.6)

1-a D 1-0
U(z)_ﬂE WD B - i expope) D(l A)cos29% 2.7
4F @ 1-a Dl—a

Pemenne cucteMbl ypaBHEHHUH, COCTaBICHHBIX IS BETHUMH Uj(t), u3-
MEPEHHBIX B TPEX j-bIX HANIPABICHUSX, TO3BOJISET MOIYYUTH CICIYIOIIUE BbI-
paKeHus:

i E(1-0¢) O AU,-AU,D
O1p% - -0 _ l-a HAUIJ'AUzi—2 IH;
3do0 (577 -ty ) Bcos26
0 + - 0
g = larcthA Uit8U,- 20Uy +kmg;
2 g AU,-AU, 0
1={pu b UL+ AU+ 0 UL Beos28) Ao UL - M UL+ [0 UL+ 8 UL Beos 28]
2(1-a)1- 2 )’ I-a
—€Xp( whty " )- exp(-mpn ")),
3B - ! ‘
rnem = (1-a)""; B =0(1-0); R— paguyc CKBaKHHBI; IOCTOSHHBIHA KO-

s¢dument K BoiOupaercst cinexyromuMm obpasom: ecinu npu K=0 A<l, To
K=0; ecmt mpu K=0 A>1, 1o K=1.

Ilpumep.

B pesynbraTe nusmMepeHuss METoJI0M OYPOBBIX CKBXHMH B YTOJILHOM ILIa-
cre Ilpoxomnseckuit (Jlonbacc) ¢ xapakrepuctukamu: E = 1,14x10* kr/em?;
V. =0,34; 0 =0,75; & =0,0078 " momydeHHI CIEAYIOUNE PE3YALTATEL C
MOMOIIBI0  M3MepUTENbHON anmaparypel  UMJ-2A: bup = 15%10™ cm;
Du, =15%10" em; Dug = 16%10* em; Duy = 15%10* cm. CxBakuHa AUAMET-
pom d. =46 MM M rry6mHO# | = 3 M ipoOypena mox yriom 10° K TOpH30HTY ¢
asumyToM 37°. Bpemst Mexy CHATHEM IMOKa3aHui ¢ aedopmomerpa A t =t
— to = 1 gac. BeraucnnTh BENWYMHBI M HAIPABICHUS TJIABHBIX HaNpsDKEHUH,
JICHCTBYIOIINX B 30HE U3MEPEHHUSL.
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Pewenue.
1. [TpoBepka kauecTBa U3MEPEHMIA coriacHo (8):
A =3,3% <10 %, T.e. Ka4eCTBO H3MEPEHHIA XOpOILIEE.

2. VYron wmexay ocbto X U HampaBieHuem 0, mpu K = 0
6 = 22,5% cos 26 = 0,707.

3. Koaddunuent B, yuursiBaromuii siBieHne noia3ydecTd, pasex 1,04.
4. Koodppument 6okosoro pacnopa pasen 4 = 091, Tak kak 1 <1,

npuanMaem § = 22,57 .
5. Benu4uHBI TJaBHBIX HAMPSDKCHHN ONPENEIIIOTCS CICAYIOLIMM 00-
pazom:

0,,=-1,77(31 £ 1,47); 0, =-57,5 kr/em’;0 , =-52,3 xr/cm’.

6. TIpoBepKa IpaBHILHOCTH pacueto A = 0,/0, = 52,3/57,5=091.

1I. Memoo 6ypoebix cK8aMNCUH C UCNONL30BAHUEM CKOPOCHel nepeme-
WeHUs KOHMYPA CKBAICUHDbL

JlanHast MouduKanys MeTo/1a OypOBBIX CKBaYKHH [0 METOJIUKE M3Me-
peHMI aHAJOTHYHA MPEAbIIyNICH MOIUGbHUKAIMK METOAa. PasHuIa 3aKiova-
€TCsl B TOM, YTO JUISI pacueTa AEHCTBYIOIINX HANpPsDKEHHHM HCIIOIB3YeTCs CKO-
POCTb MEpEMEIIEHHS TI0 j-My paJHaIbHOMY HalpaBIECHUIO, B KOTOPOM IPOMU3-
BOJATCA M3MEPEHHUs] C MOMOIIBI0 MHOTOKOMIIOHEHTHOTO aedopmomerpa. B
9TOM CIilydae MmokaszaHus aedopmomerpa u;(t) o TeM ke HalpaBJICHUSIM B TPU
PaBHOOTCTOSIIMX JAPYr OT Apyra MOMEHTa BpeMeHH: ti, tiv, tia (puc. 2.2B).
Torna ckopocTH nepemenieHus, 00ycIOBICHHBIE TTOJ3y4eCThI0 TOPHOM MOPO-
JIBI, II0 TPEM j-bIM HAIIPaBJICHUSIM OIPEIEISIIOTCS:

vl(ti) = [3A ”I(A tl)_ Aul(A tz)]/(4A Z) > (2.8)
V2(ti) : [3A uz(A tl)_ A uz(A tz)] /(4A [) ; V3(fi) - V](ti) > (29

rae

Bu,(t)) = uty ) - u(t;);bu;(Bty) = u(ty, ) - u(ty);

Mty=ty = t0ty =ty -t 0t = Dty = Aty

ITpu 3TOM JIOJKHO BHITIOJNHATLCA yeiosue A << ¢,

[Tocne cHATHS MEPBBIX MOKa3aTeNel ¢ qeopMomeTpa (u;(t;)) IpOU3BO-
JIITCSI TIPOBEpKa Ka4EeCTBEHHOCTH IOJyYEHHBIX AAaHHBIX 10 (opmyie (2.6).
Jlanee, mocne pacuera CKOPOCTEH NMEPEMEIECHHH MO j-M HAIPaBJICHHUSAM C TI0-
Mopto Gopmyi (2.8), paccUnTHIBAIOTCS BEIMUUHBI yIia 0, yKa3bIBarolero
HarpasJIeHUE JICHCTBUS INIaBHBIX HANpsDKeHUH, KoadduipeHT OokoBoro pac-
1opa A ¥ BEJIMYHMHBI TJIABHBIX HANPSDKEHUH G U G, MO CleayrumM (Gopmy-
JaMm:
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0 A
0 = Liarctgt 27352 gy = o (2.10)
2 0 -
V{1 vlBeost} AV - vo]+ [+ 1] Beos28): (211
EX [ Vy-V, O
0,,5 ~——— W+ Vot —2 L o 2.12
12 1.5d -0 H b2 BCOSZBH ( )
- 2_ -

p-1+ 20 2")3 20) exp(-mp 7 ):. (2.13)

3anamue Neb

2.13. Onpedenenue nanpaxceHuit 6 NOPOOHOM Maccliée no KoHeep-
2eHYUU 6BIPAOOMKU

Ienb paboTel: PackpbiBaeTcss METO] MPUOIMKEHHON KOJIMYCCTBEHHOMN
OIICHKU HANpsKEHHOT'O COCTOSHUSI MacCHBa MOPOJ 32 30HOHN BJIMSHUS BbIpa-
6otku. IlepBuunoll mH(pOpMammer CiIyXaT MepeMemleHHss KOHTypa BBIpa-
OOTKHM, BI3BAHHBIE ITOJABUTAHUEM 33005,

&, r, 2
: 100 A N

v 1

L] i

|
e

u

) e e
) 8 1 2 o ael

Puc. 2.3. Cxema Kk onpeeieHUI0 KOMIIOHEHT BEKTOPOB NEPEMEIIEHHS.

PaccMmarpuBaemblii METOJ] MPUOJIMKEHHOW KOJIMUYECTBEHHOW OIIEHKH
HATIPSHKCHHOTO COCTOSIHHSI MAacCHBa IOPOJ 32 30HOW BIMSHHS BEIPAOOTKH
OCHOBAH Ha NPUHIUIE BO3MYIICHHS HANPSHKEHHOTO COCTOSIHMSI MaccuBa IO-
PO TIPH TIPOXOAKE BEIPAOOTKHU.

[ToAroToBKY M BBINOJHEHUE U3MEPEHUH B MEPUOJI TEXHOJIOTUYECKOTO
LUKJIa OCYIIECTBISIOT CJACAYIOIIUM 00pa3oM.

B HemocpencTBeHHO# OMM30cTH OT 32005 BHIPAOOTKH TO 3aJJaHHOM
cxeMe BBIOYpHBAIOT MIMyphl. IlyTeM yapTpa3ByKOBOTO KapoTaka IIITypOB
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OTIPEICTISIIOT TIIyOUHY 30HBI HABEACHHOI (TEXHOJIOTHEH MPOXOJKH) TPEIHHO-
BatocTu. Ilo CKOpOCTSIM YJbTPa3BYKOBBIX BOJIH OLICHUBAIOT JTUHAMHYECKUMN
MOJyINb ynpyroctd u kodddumuent [Tyaccona mopoa. B mimypax nemocpe-
CTBEHHO 3a 30HOH TPEIIMHOBATOCTH 3aKpEIUIsIoT penepbl. st npenoxpate-
HUSI OT TOBPEXICHUH B TIpOIiecce MTPOXOJKH BEIPAOOTKH PETepbl HECKOIBKO
3arayossiioT B IIITYPBL

[Monyuenne nepBrYHON MHAOPMALIMH O TIEPEMEICHUIX BO3MOXKHO B
JIBYX BapUaHTax.

B mepBoMm — oHy cepuio MIMypoB (PO3eTKY) YCTaHABIMBAIOT Y 32005
BLIpa6OTKI/I N OCYHICCTBJIAIOT U3MEPECHMA HA KAXKJIOM HIare rnoJABUraHus 336051
JI0 TeX TOp, TOKa Penepbl He OKAXKYTCS 3a 30HOU BiMsHHS BbIpaOboTKU. CyM-
MBI NPUpAICHUN TepeMeleHni, 3aQUKCUPOBAaHHBIX Ha KaXJOM Ilare, Ciy-
AT UCXOMHON MHpOpMAaIHeil Ui pacyeTa HaNpspKeHUH. BapuaHt npuMeHnM
B MAacCHBAax KpPENKHX TOPHBIX MOPOJ B YCIOBUSAX MAJIOW CKOPOCTH perakca-
IHH.

Bo Bropom ciyuae, Korja nepeMerieHus IPOUCXOIT elle ¥ BO Bpe-
MEHHU JUIS BBIACIEHUS M PETMCTPAallUd MTHOBEHHO YIPYIMX CMEIIECHUN Ha
y4acTKe, IJe OIIyTUMO BIMSHHE 32005 BIPAOOTKH, 000PYIYIOTCS HECKOJIBKO
PO3ETOK C MHTEPBAJIOM, PABHBIM IIAry MOJBUraHus 3a00s | 3a TexHOIOTHYE-
ckuit k. Cautas 30HY BIUSHHS TOpSIKa 4a, KOMMYECTBO PO3ETOK Oyder
He Oormee n = 4a/l.

Hckomble 3HAYCHUS YIIPYTUX CMEIMICHUH MOyYal0T KaK CyMMbI H3Me-
PEHHBIX TIEpEMEILICHNI 10 BCEM PO3eTKaM cpasy Iocie yxoja 3adosi Ha pac-
cTosiHKe. Pe3ynbTaThl U3MEPEHUH HHTEPIIPETHPYIOTCS C UCIIOIb30BAaHUEM pe-
IICHUS YIPYTOW 3ajaudl Uil KPYroBOW BBIPAOOTKH B YCIOBUSAX OOBEMHOTO
HaMpsKEHHOTO cocTostHus [7] (popmyna 2.14):

Ml-y 0,40 2
Un:“IJXDEI ply*t0- Ux_E’”+#Da_+
E qltu 2 1+ q 2 r
14 a*flo -0, . 0
far- — 4 41- g |—1i——Zcos2 +1 _sin2f [
H 3 | ﬂ)4H 5 ¥ 1 (2.19)

rae U, — nonHble paguaibHbIe TepeMelleHns] KOHTYpa BhIpaOOTKU MO AeH-
cTBHeM BHelmHeil Harpysku; £, [l — momynb ympyroctw u kod(QuueHT

II acCcoHa; @ — paanuycC BbI a6otku; 7 x>0 ,,0 ;,T . — KOMIOHEHTHI TEH30pa
H y V.

HaIPsDKEHUN B HETPOHYTOM Maccuse; 7 0 — MOJIIPHBIE KOOPAUHATEI B IIJIOC-
KOCTH TIOTIEPEeYHOro ceueHus (puc. 2.3).
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Hpunumas [ .= 0 u 3anuceiBas (2.14) 11 10NOTHUTEIBHBIX TIEpEMe-

menuil (BBI3BAaHHBIX 00pa3oBaHHEM BHIpaboTKH) Tpu 7= a,0,=0 u

8, = 1/2 monyuaem cucTeMy AByX THHEHHBIX ypaBHEHMH HA 0 ys 02

2 = - - - .
_(_MV : 2(1 V)Uy (1 ZV)UZ, (2.15)
EU, _ (, _ )
a(1+V) - (1 )Uy+2(1 V)Uz, (2.16)

pelieHre KOTopoil UMeeT BU;
0 v,z " a(1+ v )(3_ 4y ) 2(1 4 )Uz,s * (1 P )U6,2 .
BenmuuHsl nepeMenieHnii KOHTypa BBIpaOOTKH B BepTHKaIbHOM U, 1
ropu3oHTaabHOM U, HampaBJiCHUAX MPEACTABISIOT COOOH CyMMBI M3MEpEH-
HBIX ynpyrux nepemenieHuit Uy 110 onrcaHHOM BBILLIE CXEME U NIEPEMEILIEHUN
U,, peaJlN30BaHHBIX B IUNIOCKOCTH 32005 10 YyCTAHOBKH PEIIEPOB:

Ue = Uue + U?S; u = ng + U32 . (218)

(2.17)

CornacHo [7] B mockoctr 3a60s mepemerienus: U, coctaBisttor 30 —
40% ot n3MepeHHbIX. Toraa, npuOIMKeHHO, MOKHO NPUHATE U, = 4/3 U,
U.=4/3 U,..

HawuGonee noaxopsiiye ycnoBus sl IPUMEHEHHUsI METO/1a UMEIOTCS B
BbIpabOTKaxX KOMOAIHOBOM MTPOXOJIKH.

KoneuHast BenmMuMHA CMEICHUI MOPOJHOTO KOHTYpa CEYEHHs BbIpa-
OOTKM CKJIAJIBIBACTCS M3 JIByX COCTaBJISIOUIMX: 1) OOYCIOBIEHHOH ynpyrum
neopMIpPOBAaHUEM MTOPOA B YIPYTOH 30HE BIMSHUS BBHIPAOOTKH BCIIEICTBHUC
W3MEHEeHHUs HaNpsDKEHUH B Topoax M 2) 00yCcIOBICHHON pacIupeHneM (pas-
PBIXJIEHHEM) ITOPOJ B IIPEJIENILHOM 30HE, OKpY Karoulel BEIpaboTKy

u=u +u, (2.19)

1. [ng BeIpaOOTOK KPYIJIOTO CEYCHUS, MPOUICHHBIX B OJHOPOHBIX
MOpo/ax, CMEUIeHHE KOHTYpa Ha TpaHUIle YIPYrol W mpeaesibHOM 30H ompe-
JensieTcst mo (popMysiaM TEOPHH YIPYTOCTH C YISTOM JMHEHHON MOI3y9YeCcTH

I+ p
U,=ua T(Hy -0, )RL, (2.20)
rae 0 — ko3¢ UIMEHT, XapaKTepU3YIONINA U3MEHCHHE MOIYJS YIPYTOCTH
3a c4eT JMHEHHOM MOoI3ydecTH NopoJ] B YIPYroi 30He, 0 KOTOpPOMY OIpese-
JIIETCSI COCTABJISIONIAS U; CMEIICHUI KOHTYpa BEIPAOOTKY:
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up = EML, (2.21)

rae R, — paanyc MpeaessHoOM 30Hb1; Ry — paanyc Beipabotku; 0 R, — Bemudu-
Ha paJuaibHOI0 HANPSDKEHHS B IIPEIEIIbHOM 30HE.
Bropast cocraBnsromasi cMeIeHN KOHTypa CEYeHHUs BBIPAOOTKH 3a
CYET Pa3pBIXJICHUS MOPOJ B 30HE MPEAEIBHOIO COCTOSHUSI ONPEEISeTCs 110
dbopmyie:
(Rf - Rg) mK,,
T; 0K, = K., -1, (2.22)
0
rne K, — cpenHuid KoaQHUIUEHT pa3phIXJIEHUs TOPOJ B TIPEIENIbHOI 30HE.
OpueHTHPOBOYHO KOIPPHUIHEHT K, MOXKHO ONPEAEITUTD UCXOIS U3
CIIEAYIOLIMX COOOPaXKEHUIA: 1O MPeIBAPUTEIBbHBIM JAHHBIM, HA KOHTYPE He-
3aKpETUICHHOH BBIPA0OTKH MaKCUMaIIbHBIH KOI()(GHUINESHT pa3phIXJICHHS J10-
cruraet 1,18; mpu HamIYUM Kpenu Ko3QPHUIHUEHT pa3phIXJICHUSI Ha KOHTYpe
YMEHBIIAETCsI

Uy

i L -
Ky LI8- 008 50K, = K- 1. (2.23)

C ynaneHueM OT NOPOJHOIO KOHTYpa, BCIEACTBHE yBeNWYEeHHA U, ,
k03(hdunreHT pa3peixyieHus yosiBaeT (puc. 2.4).

Kp

4!2

1,1

1.0 e - s - TC,
200 400 600 go0 61“ A

Puc. 2.4. 3aBucumocts K, B mpenenspHOl 30HE OT pa3IuiHbIX HAPSHKEHHH.

TIpuGTIKEHHO JUT OPHEHTHPOBOYHBIX pacuetoB Bemmumny 0K,

MOJKHO OTIPEJIEIIUTH 10 POopMyIIe:
20R, I
MK, = MK —E OE ) (2.24)

»30R,
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3anamue Ne7
2.2. OnpeneJieHne HANIPSIZKEHUH reopu3nyecKMMH MeTOAAMU

Onpedeﬂenue NROJIH020 meHn3opa Hanpﬂofceuut? 3 nopm)mm maccuee
U KOHmMPOJib 3a UX U3MEHEHUEM.

Ienp 3aHATHS: 3HAKOMCTBO C OCOOCHHOCTSIMH 3aJlauyd OMPEICICHUS
MIOJIHOTO TE€H30pa HaNpshKeHW. PaccMoTpenne GU3NIecKoi CYyITHOCTH U Me-
TOAUYCCKUX OCHOB NPUMCHECHHUA YJIBTPA3BYKOBOT'O METOJIa UIA PCIICHUA NJaH-
HOM 3a1auyn. PelieHne KOHKPETHOTO pUMepa.

OO0mas xapakTepucTuka Merona. [ onpeneneHus MOTHOTO TeH30pa
HATPSDKCHUH B MACCHBE TOPHBIX MOPOJT OBIBAET TOCTATOYHO 3HATH BEIIMYHHBI
Y HampaBJIEHUs! JEUCTBUSI TpeX IM1aBHBIX HanpspkeHuit 01,0, U 0 3, T.e. MaK-
CUMAaJIbHBIX HaNpsKEHUH, JACHCTBYIOIIMX BOJb OCEH CHUCTEMbl KOOpJMHAT,
BEIOPaHHOW TakK, YTO B ATHX HAMpPAaBJICHUSAX BCE KacaTeNbHBIC HANPsKEHHUH
paBHBI Hyr0. Hanbonee omepatnBHBIM, BeChbMa HAJIe)KHBIM W Hambolee da-
CTO HCIIOJIb3YEMBbIM Ha MPaKTUKE, SIBISETCS YIbTPAa3BYKOBOM METOJ OIpee-
JICHHUS HATIPSDKCHUH B MaccuBe. B kxadecTBe HH)OPMATHBHOTO MapaMeTpa s
YKa3aHHBIX ueneﬁ B TaHHOM MCTOJC NPUMEHACTCA BCJIMYNHA CKOPOCTHU IIPO-
JIOJBHOW BOJHBI V,. Bo3MOXHOCTh 1 HEOOXOIMMOCTh NPUMEHEHUS YJIbTpa-
3BYKOBOI'O METOJ1A ONPEACIAIOTC KPUTEPUAMU:

1. Ommnbka Metoa:

i="_""%, 2.25
0 (2.25)

rne 1= 1,445In(d ¥V, /11.) uudopmarusroCTs B GUTaX (IBOMUHAS JOrapHd-
MuYeCcKas eIMHUIA Gum, pUMeHseMas B Teopun uadopmaruu. N = log, n);

AV, — npupoct 3mauennit ¥, npu HarpyxeHH#u o6pasia U3 TAHHOH MOPOIBI

JI0 pa3pyUIaroUIUuX HampsiKeHWi; [/, — CTaTUCTUYECKH 3HAYMMOE pPa3Inyuue
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CKOpOCTH B 00pa3liax W MacCHBE BCIIEJICTBHE HEOIHOPOIHOCTU (HU3MUECKUX
CBOWCTB HIOPOJI ¥ OTPELIHOCTEH J1a00PATOPHBIX U LIAXTHBIX U3MEPEHUIA.
2. Koapdpumuent nadopmaTusHocTH MeToaa 'l

=00 o (2.26)

rae 0 . — HanpsKeHHe, 0 KOTOPOro MPOMCXOIUT 3aMETHOE M3MeHeHHe p ;
0 ¢y — IPEEI IPOYHOCTH IIPU OJHOOCHOM HAarpy>KeHHU.

Bemuuuna 1 06bI4HO OleHHMBaeTCs 110 TpadukaM 3aBucumoctu ¥y ot

JIaBJICHUS! TIPH OJJHOOCHOM C)KaTHU 00Pa3LioB B J1a0OPATOPHBIX YCIOBHUSX.

Pexomenoayuu no npumeneHuio u 803MOACHOCMU YIbMPA3EYKOBO20
Memooa KOWmpOJiAl.

1. MeToa MoxeT IpuMensThes, ecan 1 2 0,5. B aToM ciy4ae:

a) ecnn 0 < 257 30%, METOZ JA€T JOCTATOYHO HANEKHBIC CBEICHHS
0 T0JI€ HAIIPSDKEHUN B MacCHUBE;

6) ecm 207 30 < § < 50%, BO3MOXHA Ipy0ast KOJNUIECTBEHHAS Xa-
PaKTepUCTHKA TIOJS HANIPSDHKCHUH B MAaCCHBE,

B) ect 0 > 50%, BO3MOYHA JIMIIb KAYECTBEHHAS XapaKTEPUCTHKA
10JI1 HAIIPSDKEHUH.

2. Ecmm 1 < 0,5 (t.e. V), mama), npumeneHue yabTpasByKoBOro Me-

TOJa HeLeIecooOpasHo.

3. C nomomplo yIbTPa3ByKOBOTO METOAa BO3MOXKHO OIPEACICHUE
HalpaBJIeHUH ISHCTBHA INIaBHBIX HANPSDKEHUH M KOJIMYECTBEHHOE Ompejielie-
HHE BEJIMYUHBI ITIABHBIX HANPSDKCHUH.

Memoouxa nposedenus yibmpasgyKo8vix UsMepeHuil.

OmnpezeneHne TeH30pa HaNpsHKEHUI MPOU3BOAUTCS METOJOM IPO3BY-
YHBaHMA Ha HaOJMIOAATENbHBIX CTAaHLMAX B U3y4aeMOM YYacTKe MacCUBa, Ipe.-
CTaBILIIOIINX COOOH M3MEPHUTENIbHBIE LIITYPHl M CKBAKUHBI, IPOOYpPEHHBIE B
KPOBJIC M CTCHKAaX BBIPAOOTKH MO CXEMaM, TPEICTaBICHHBIM Ha puc. 2.5. Hau-
Oorree yacto npuMenseTcs cxema (0) (puc. 2.5). V3amepeHus: Mpom3BOAATCS 32
npeJiesiaMy BIUSIHUSL BBIPAOOTKH Ha I10J1€ HalpsDKEHHUH, B CBSI3H C 4eM Ti1yOu-
Ha N3MEPHUTENBHBIX IYPOB | BEIOMpaeTcs U3 ycaoBus

NG

e R — paauyc BoIpaGoTkH; 0 — ommbka MeTona B %. MUHMMANIbHOE pac-
CTOSTHHE MEX/y IIITypaMH BeIOnpaeTcs He MeHee 40 cM.

I3 Rﬁﬂ— 1%, 2.27)
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Puc. 2.5. Cxema 11 HU3MEpEHUs] CKOPOCTH IIPOIOJILHOM BOJIHBI B TIOPOJHOM MacCHUBE.

1. Onpedenenue HanpagneHus OelcmeUs 2NA6HbIX HANPANCEHUIL.
BcnencrBue 3aBUCHMOCTH CKOPOCTH YIIPYTHX BOJH OT MEXaHMYECKUX HaIpsi-
JKeHHH, B MacCHBE TOPHBIX MTOPOA HaOII0JaeTCcs aHN30TPOIHS CKOPOCTEH (Hc-
KJIFo4as ciaydail THAPOCTaTHYECKOTO HANPSHKEHHOTO COCTOSHHMSA), BBIpaXKaro-

Lascst B TOM, 4TO MHAMKaTpuca ckopocteit ¥, B mMaccue (3aBucumocts Vp

OT yIJ1a) MpeJICTaBIsIeT COOO0H IITUIICOUI.

Pe3ynpraTamu ynbTpa3BYKOBBIX M3MEPEHHH SIBISIFOTCS WHIMKATPHCHI
ckopocTeii ¥, B IIOCKOCTSIX KPOBIM M CTEHOK BRIPaGOTKH (pHc. 2.58). Mak-
CHUMYMBI 3JITMIICOB CKOPOCTEH COOTBETCTBYIOT MPOEKIMSM MaKCHMAaJIbHOTO
TJIAaBHOTO HAIpsHKCHUS HA YKa3aHHBIE INIOCKOCTH. B ciryyae TpexcKBaXMHHOM
CXeMbI NPO3BYYMBAHUSI OPHEHTALMSI OCEH JIUIMICA U BEJIMYHMHBI CKOPOCTEH,
COOTBETCTBYIOIIUE SKCTPEMAIBHBIM TOUKAM 3JUIUICA, ONPEAEISIETCS CIeAYI0-
ITIM 00pa3oM:

b= %“rctgHZVisz leillibi-vll eos

nax " \/(Vlezz cos2¢ )/(1/12 cos’¢ - Vi sin? ¢ ) ; (2.29)
Vinin = \/(VleZZ cos2¢ )/(Vz2 cos®¢ - V> sin’§ ), (2.30)

rae Vi — u3MepeHHble 3HAUEHUs] CKOPOCTEH MO TPeM HAMpPABICHHUAM MEXAY

uimypamu (puc. 2.5); o - Yrojl MEXIy OOJBIIONW OCBIO 3JUTUICA U TOPHU-

30HTAIILHOI OCHIO BHIOPAHHOI OCH KOOp/IMHAT.

I1o U3MEPEHHBIM U pacCUUTaHHBIM UHAMKATPUCAM CKOPOCTEH B
KPOBJIE BBIPAOOTKY M OJHOH M3 €€ CTEHOK MOXKHO TIOJTyYHTh HANPABJICHUS U
BEJIMYMHY BEKTOpPA CKOPOCTH, COOTBETCTBYIOIIETO HANOOIBIIEMY IJIABHOMY

HOPMaJIEHOMY C’KUMAIOIIeMy HanpsbkeHuio 0 3 (cM. puc. 2.58).

a = arccosﬁ Vnax em JCOS B '/\/Vn%a”p + anax,(p sin” f ﬁ; (2.31)
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g = arccosﬁVmaXKp Osina '/\/Vnz]a“p + V2 onsin’ B 'ﬁ; (2.32)

y = arccosHVmaXKp Osin f /\/Vnzla“p + V2 sin’p H; (2.33)

Vi = Vit Viaensin® B . (2.34)

max maxcm

TakuM jxe 00pa3oM IpU MCHOJIB30BAHUY MOJYYEHHBIX 3HAYCHUH Vinax
U Viin BO BCEX TpeX KOOPAWHATHBIX IIOCKOCTSX BBIPAOOTKH MOXHO MOJNY-
YUTh HAIPABJICHUS U BEIWYHMHY JBYX IPYTHX BEKTOPOB CKOPOCTH, COOTBET-

CTBYIOIINX TJIABHBIM HaNpsDKeHUs M 0| u 0 , . OxHako Hanboee TOYHO MOXK-

HO JIMIITh OIICHUTH BETMYNHY MAaKCUMAaJIbHOTO TITABHOTO HANpshKeHUA U 3.

2. Onpedenenue Genuuunvl 21AGHbIX Hanpsxcenui. Y IbTPa3BYKOBbBIE
H3MEpEHUs SIBISIFOTCS OTHOCUTENbHBIME. J[iis onpesieneHus abCoONOTHOI Be-
JIMYMHBI HAMPSHKEHUH HEOOXOJMMO UMETh TAPHUPOBOUYHYIO 3aBUCHMOCTH CKO-

poctu V), or manpsokenus 0 B BHe TpapMKOB MM KOPPEJISIMOHHEIX YPaB-

HeHuil. Takylo 3aBUCUMOCTB, KaK MPaBHJIO, ITOJYYalOT B JaOOPATOPHBIX yCIIO-
BUSIX TIPU OJTHOOCHOM JABJICHWH 00pa3lloB M3 MCCIEAYEMBIX TOPHBIX MOPOJ C
UCIIOJIb30BaHUEM HCIIBITATENIbHBIX MAIIMH C MpesesoM HarpyxkeHus P2 50 T,
IIPY OJTHOBPEMEHHOM HM3MEPEHHH CKOPOCTH MPOJOJIBHBIX BOJIH IO OIHOW U3
METOJUK, PaccMOTpeHHbIX B 3aHATHM Nel. Jlns wm3roroBieHus oOpasloB
OOBIYHO KCITOJB3YETCS KEepH pa3BelouHOro OypeHus. Pa3mepsl 00pasiioB
JOJIKHBI YAOBJICTBOPATH CICAYIOIUM YCIIOBUAM!

a) MAHUMAaJBHBIN pa3Mep oOpasma HomkeH He MeHee deM B 10 pa3
MIPEBOCXOJUTh MAKCUMAIbHBIA pa3Mep HEOZHOPOAHOCTH (I MEIKO3EPHH-
cToif mopoasl 2r = 40+ 60 mm; 1= 100+ 150 mm);

6) r/A>125;1/} >3, rme r u 1 — paguyc u amuHa obpasma; A —
JUINHA BOJIHBI.

DKCIePHMEHTATBHO HOTyYeHHAs 3aBHCHMOCTh V) 0T 0 ¢ IOMOIIBIO
KOPPENAMOHHBIX METOAOB [8] MOXeT OBITh BBIpaXKCHA B BHJEC aHAJIUTHUC-
ckoit pynkmmm V), = f(0 ), 4ro ropasgo ymoOHee TpH TPAKTHYECKOM FHC-

MOJIb30BaHUM.
ITomydeHne TapupPOBOYHBIX 3aBUCHMOCTEH BO3MOYKHO TAKXKE M HETO-
CPEACTBEHHO B MAacCUBE IPH COBMECTHOM HCIIOJIb30BAaHUU OJHOTO M3 abco-
JIOTHBIX METO/OB OIpENENICHHs] HaNpsDKCHUH (TTIaBHBIM 00pa3oM MeToja
pasrpy3KH).
Ipumep. B pesynprate ynbTpa3BYKOBBIX HM3MEPEHHH B BBIpabOTKE
IIHAMETPOM 4 M, TIPOJIOKEHHOM B MaccuBe M3 necdanuka (V' = 2,67 r/cm’) Ha
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rryoune H = 120 M, Ha 3aMepHO# CTaHIIUU TIO0 TPEXIIITYPOBOH CXeMe ToTyde-
HBI CTIEAYIONINE 3HAYeHUSI CKOPOCTEH MPOJIOJIBHBIX BOJIH.

OOBeKT Vi, M/c V,, M/c Vs Mm/c
CreHka 3520 3340 3210
Kposist 3840 3520 3650

B naGoparopuu Ha o0pa3nax HOJydeHO cleayroniee KOppesHoOHHOe
ypaBHEHHE B nuamasoHe m3mepenus: P or 24 no 48 xr/em; V), or 2000 10
5000 m/c;

010 3 52 0

0 =19,437Inpl,212010 Vp + (1,212 010 Vp -1gn. (2.3%)
o0 0o

Ornerka ommoOku Metona: 0 = 20%.

OnpenenuTs He0OXOAUMYIO TITyOHHY U3MEPUTEIBHBIX IITYPOB M Ta-

PaMETPOB MaKCUMAJIbHOT'O C)KUMAIOMIETO HAIIPSXKCHU S o 3.

Pemenue.
1. TnyOuHa M3MEpHUTENBHBIX IITYPOB, COTMIacHO Gopmye (2.27)

10/ 11z 748+
lzzg/m 1@ 2,483

B TekToHOQHM3MYECKOM METO/IE NPHMEHSIOTCS JBa METOJMYECKHX
IpueMa: U3y4eHHEe OMOPHBIX pa3pe30B MOJNEH M IeTalbHOE IUIOMAIHOE Kap-
TUPOBaHUE.

MeToxa ONOpHBIX pa3pe30B OCHOBBIBACTCSA HA HAYAIBHOM 3Tale U3yde-
HUSI MECTOPOXKIeHHsI. BbIOpaHHBIE pa3pe3sl JOKHBI YAOBIETBOPATE CIEAYIO-
IIMM YCJIOBHUSM: PacIloyIaraThCsl BIOJIb WM MONEPEK I'eHEepaIbHOTO IMPOCTHU-
paHUsl CTPYKTYpBl M COJEp)KaTh TOPHBIE BBHIPAOOTKH, CKBAXXHHBI HIIH €CTE-
CTBEHHBIC OOHAYKECHUSI, O3BOJISIONINE MPOU3BOIUTE CTPYKTYPHBIE HaOIrO/E-
HUSL 1 OTOMpaTh 00pa3lbl HYKHOTO pa3Mepa B HEOOXOIMMOM KOJHMYECTBE,
WIN OBITH TUIIMYHBIMH JJIS1 HCCIIEyeMOT0 OOBEKTa.

JlerasipHOE TUIONIaHOE KapTHPOBAaHHE OOBIYHO MPOBOAUTCS HA JIO-
KaJIbHBIX y4YacTKaX (TOPHU30HTHI MOJ3EMHBIX BBIPAOOTOK, Kapbepbl, XOPOIIO
OOHa)XCHHbIE y4YacTKH). OTHW pabOThl TNPOU3BOIATCS B  Macmradbax
1:100;1:1000; 1:2000; 1:5000 1 1:10000 1 103BOJISIIOT COCTABUTH CIIECI[AAJIN-
3MPOBAHHBIE TEIOTO-CTPYKTYPHBIE KapThl, KOTOPBIE BKIIIOYAIOT JAHHBIE O CO-
cTaBe, (anuaTbHONW MPUHAICKHOCTH, CTEIICHU M XapaKTepe Pa3audHbIX I0-
pox, HHPOPMANHUIO O CTPYKTYpe MacCUBa (CIOUCTOCTh, CTPOCHNE KOHTAKTOB,
MaKpo ¥ MUKPOCKJIa[4aTOCTb, Pa3JIOMBbI, TPEIIMHOBATOCTH H JP.).
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Ilo BEISIBIICHHBIM Ha OIIOPHBIX MU yYaCTKaX, OXapaKTHUPOBAHHBIX B 1€-
TJIPHOM MaciiTabe, 3JIeMEHTaM CKJIAJ0K MOXKHO PEKOHCTPYHPOBaTb OCH
HaIpsHKEHUH.

PackpsITHE TpHpoasl ¥ MexaHn3Ma 0(OPMIICHUS HanpshKeHHO-Aedop-
MHPOBAaHHOT'O COCTOSIHMSI HETPOHYTOTO MOPOJHOTO MaccuBa Oasmpyercss Ha
CIIeAyIONIMX MoJoKeHusX. [Ipeobnaganue oHUX HaNpsHKEHUH Hag APYTHMH
BBI3BAHO pa3HbIMU NpuurHamu. Iloj neificTBHeM BHEUIHMX CUJI TEKTOHUYE-
CKOH Ipupoab! ojiee caadble y4acTKH 3eMHOU KOPBI pa3pyIIaroTcs. ITo mpo-
ABJISIETCS 00pa30BaHUEM IUINT, METabJIOKOB, OJIOKOB pa3iIMYHBIX paHToB. I1o-
BEPXHOCTH KaK C()OPMUPOBABIIMXCS, TaK U MPOPACTAIOIINX PA3]IOMOB Kaue-
CTBEHHO OTpPaXKalOT pa3pylIAIONIAEe HANPSHKEHHWA, HO MX 00pa3oBaHHME BO3-
MOXHO TIPU ONPENEIICHHBIX KOJIMYECTBEHHBIX COOTHOIICHUSIX BHEIIHUX CHII,
IMPUIOKEHHBIX K PacCMAaTPUBAEMOMY IOPOAHOMY MaccuBy. BosHukmme ot
HarpsDKeHUS TOBEPXHOCTH MPEJCTABIISIOT cO00H CpeJHUI YpOBEHb HaIpsDKe-
HUil, BOCIPUHUMAaEMBbIX cUCTEeMO# O10k0B. Eciau onpeaenuts 3TOT cpeqHui
YPOBCHL TJIaBHBIX HaHpH)KeHHﬁ, OPUCHTAIIUIO UX HaHpaBﬂeHHﬁ, TO HUCIIOJIb-
3ys MX B Ka4eCTBE TPAHUYHBIX YCIOBHUI IS pacCMaTpUBAaeMOi CHCTEMBI OJ10-
KOB, MOKHO YCTaHOBHTb XapakKTep MEpEepaclpeneieHus] 3TUX HaNpsuKeHUH
BHYTpU OJIOKOB M BIOJIb MX KOHTAKTOB C yUETOM CTPYKTYPHBIX, Aedopmanu-
OHHBIX, IIPOYHOCTHBIX OCOOEHHOCTEH BXOAAIINX B HAX MOPOJI.

3anamue Ne8

2.3. PexoHCTpyKI S MOJ1eif TEKTOHHYECKUX HANPsIAKeHN i
no meroay M.B. I'30Bckoro

Brienenne GII0KOB 1O MPHUHIUITY OT OOIIET0 K 9aCTHOMY B y3JI€ pas-
JIOMOB IIPUBOJUT K OLIEHKE HAIPSHKEHHOTO COCTOSIHHUS HETPOHYTOI'O MOPOJ-
HOTO MaccHBa B 00beMe OJI0Ka, B KOTOPOM PACIOI0KEHO MECTOPOKICHUE.
HanpshkeHHOE COCTOSIHUE B 3TOM OJIOKE YCTaHABIMBAIOT Pa3IMYHBIMH METO-
nmamu. HanpaBieHue AEWCTBUS TJIaBHBIX HANPSHKCHUN B OJIOKE MOXHO pe-
KOHCTPYUPOBATh MOCPEACTBOM aHAIN3a BBISBICHHBIX Pa3phIBHBIX TEKTOHUYE-
CKHX HapyIIeHHui B ero ooseme [9].

B mopomHOM MaccuBe 00pa3oBaBIIHECs HAPYUICHUS B MPOIECCE BO3-
JercTBus cxumaromux cui Pi>P,>P; opueHTHpoBaHbl 10 OTHOLIEHUIO K HUM
cnexyromumM oopaszom (puc. 2.6). OTHOCHTENFHO HATIPABICHUS ICHCTBUS MU-
HUMAIILHOW CHJIBI P; 00pa3yroTcs IBe CHMMETPHYHbBIE IIOCKOCTU Pa3phIBOB.
Iepecekasich, OHA 00pPa3yIOT B HANpPABJICHUH JICHCTBUS CUiIbI P, 00mIyto Jn-
Huto Ab. B TexToHHMKe Takas mapa HMOBEPXHOCTEH HapyIIEHHH Ha3bIBaeTCs
conpspkeHHBIME. K HUM oTHOCSTCS COPOCHI, CIBUTH, B3OPOCHI.
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Puc. 2.6. ComnpsixeHHbIE IOBEPXHOCTH Pa3phIBHBIX HAPYILLICHUI! B IUIaHE.

ITostomy, eciu ycTaHaBiauBaeTcsi (HaKT HAIMYHS COMPSIKCHHBIX II0O-
BEPXHOCTEH HAPYIICHUI, 3HAYUT 3TUM CaMbIM OJHO3HAYHO YCTAHABIHMBACTCS
HarpaBJIeHUE JCHCTBUS MPOMEKYTOYHOTO TJIABHOTO HAIPSKEHUs 0, — CKa-
THE BIOJb JIMHUH TIEPECEYCHHUS MMOBEpXHOCTEeH HapymeHnit. Ocu MaKCHMAalIb-
HOTO (0;) 1 MUHIMAJIBHOTO (03) TJIABHBIX HANPSHKCHUH OJHO3HAYHO OIperie-
JISTFOTCSI, KaK OMCCEKTPHUCHI CMEXKHBIX YITIOB, 00pPa30BaHHBIX COMPSHKCHHBIMHU
MOBEpXHOCTAMU (pHUC. 2.7). DTU yIIBI, KaK MPaBUIO, HE PaBHBI, T.K. COMPs-
JKCHHBIC TPEIIUHbI, BCICACTBHE MPOTUBOACHCTBUSA CHI BHYTPCHHETO TPEHUS,
HE SBJISIFOTCS TUIOCKOCTSIMH, BJIOJIb KOTOPBIX JCUCTBYIOT MaKCHMAaJIbHBIC Ka-
CaTeNbHBIC HAMPSIKCHUS Tmax. DUCCEKTPHCA OCTPOrO YINIA MPEICTAaBISIET CO-
60i1 ock 0/, a TYTIOTO — 0.

Puc. 2.7. Cxema k onpeneneHnio OPHEHTALUH TTIAaBHBIX HAIPSHKCHUI
M0 OPHUEHTAINHN COIPSKEHHBIX TTOBEPXHOCTEH pa3phIBHBIX HAPYIICHHUI.
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Taxum 06pa30M, BBIABJIAA COIPSAXCHHBIC HAIPSAXKCHUA, KaK pE3YyJIbTaT
MEXaHHYCCKOTI'O BOSHCﬁCTBHH BHCIIHUX CHUJI HA MaCCUB, MOXHO YCTaHOBUTH
TJIaBHBIC HarpasieHus (puc. 2.8)

a) Copoc
ci@)
0= yH,;
= 0= M /ﬁ[(l+ ﬁ)yH— ch/c];
©2(n) 1
03= ﬁ_[yH_ Uc.wc]'
0) HagBur

cyn)

21} alzﬂyH+Uc.7lc;
0,= pl(te By + 0,

o 0,z yH.
B) CnBuru
o2xm)
1 0= [ByH + 0 o /u {1+ p);
- 0,=VH;
on 0= [yH - 1o o) /[u(1+ BB = (1+sinp)/(1- sinp).

Puc. 2.8. Cxema neiicTBHS TTIaBHBIX HANIPSHKCHUI OTHOCUTEIBHO 30H cOpoca,
HaJIBUTA, CJIBUTA.

Cépoc. [lns copocos yron maneHus 6omnbiue 45°, a yroa MexIy Iioc-
KOCTSIMU COIPSDKEHHBIX HapyLIEHUH — OCTphIA. MakCUMaJIbHOE HAIPSHKEHUE
B 9TOM ClIy4ae JEHCTBYET B BEPTUKAIBHOMN IUIOCKOCTH, MUHUMAJIBHOE- B I'O-
PHU30HTAJIBHOW U HAIIPABIEHO MNEPIEHANKYIISIPHO OCU IEHCTBHUSA G»,

Hagsur. Jlns HagBuroB yroj mmaaeHus MeHbine 45°, yrom mexmy
IUIOCKOCTSIMH CONPSIKEHHBIX HANPSKEHUH KpyTo. B BepTHKanbHOM MIOCKO-
CTH JIe[ICTBYeT MUHUMAJIbHOE HANPSHKEHHE, B TOPU30HTAIBHON — MAKCUMaIlb-
HOE Oj.

Cneur. Ilpu ciBurax MakCHUMajgbHOE U MHUHHMMAJIBHOE HAIPSDKEHUS
JIEUCTBYIOT B TOPU3OHTAJIBLHOM IIOCKOCTH. VIX OpHEHTALMIO OMpPENessatoT Mo
yIjaam MeXy IUIOCKOCTSIMU CONpPsDKEHHBIX HapylueHuid. IIpomexkyTouHoe
HalpsDKEHUE AEUCTBYET B BEPTUKAJIBHOM MJIOCKOCTH.
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3anamue Ne9

2.4. PajionupoBaHue NOPOAHOT0 MacCUBA MeCTOPOKAEHUS 110
YPOBHIO HANIPSI’KEHHOT'0 COCTOSIHUS

]_IGJ'IB 3aHATUA! O3HAKOMUTH C HOBBIMU IMOAXOAAMMU 1O OLICHKE HAIIps-
KEHHOI'O COCTOSIHUA IMMOPOJHOI0 MacCrBa.

PajlionnpoBaHue MIaXTHOrO IOJISL MO YPOBHIO HAIPSKEHHOIO COCTOS-
HUS TOPOJHOTO MAacCCHBA IIO3BOJSET I0-HOBOMY PAacCMOTPETh  PACKOIKY
IIaXTHOTO MOJIS; TOCIIEJ0BATEIbHOCTh U MOPAJOK €ro 0O0paboTKH; CHCTEMY
MIOJITOTOBKH; BBIOOP CHCTEMBI Pa3pabOTKH. ITO MOXKET OCYIIECTBISTHCS ABY-
Ms myTsmu. IlepBelif — ompeneneHre OPUEHTUPOBKU U BEIUYMHBI INIABHBIX
HarnpspKeHUH B 0JIOKAaX MCITOJIb30BAaHHEM MHHHUMYMa MHCTPYMEHTAJIbHBIX Ha-
OJIFOJIEHNH; BTOPOM — OIpe/ielieHne OPUEHTUPOBKH U COOTHOILEHHMS TJIaBHBIX
HaIpsDKEHUI C y4eTOM KHHEMaTHUKH B3aHMMOJIEHCTBHs OJIOKOB 0e3 IpoBene-
HUSI UBMEPEHUM.

2.4.1. Ilpozno3uposanue 30Ha1bHOI U NOIMANHOU OUECHKU COCHOA-
HUs nOPOOHO020 maccusa mecmopodcoenuil Tanv-1llana

Ha ocHOBe yCTaHOBIIEHHBIX 3aKOHOMEPHOCTEH 30HAJILHOIO pacnpese-
JICHUS TOPU30HTAIBHBIX CHUJI CKaTHA 110 HAIIPABJICHUIO EHCTBUSA, B3aUMOCBS -
3M CKJIAZUaTOCTH M PA3PBIBHBIX CTPYKTYP BBICLIETO MOpSIKA ¢ HU3LICH, yHa-
CIIEJOBAaHHOCTH XapaKTepa TEKTOHHMYECKOTO JBUKEHUS 36MHOM KOPBI Ha Tep-
purtopun Tsanp-lllans pa3paboTaH NPUHLIUN 30HATBHOTO M IMOITAMHOTO
MIPOrHO3UPOBaHUs NOpogHoro Maccusa [10].

CyIIHOCTh NPHHIIMIIA 3aKIIOYAETCSl B TEOJOTHIECKON OIIEHKE COCTOS-
HUS IOPOJTHOTO MACCUBA B Mpefenax CKIaadaToil 30HbI, 3aT€M FOPHO-TE0JI0-
TMYECKON OLEHKE B IIPEJeNIaX MECTOPOXKIECHNUSI, U HAKOHEL, B TOPHO-TEXHOJIO-
THYECKOH OlleHKe BOJIM3W TOPHON BHIPAOOTKH.

Hampumep, TrOpHO-reOMETpUYECKUMI M KUHEMATHYECKUN aHaJIU3
CKJIA[UaThIX U Pa3pbIBHBIX HAPYILIEHUN B IpEIeiiax MECTOPOXKACHUS Xainap-
KaH TOATBEPAWIN HAIMYHE OTHOCHUTENBHO CTaOMIBHOTO IOJISI HAIPSHKEHHO-
J1e(OpMUPOBAHHOTO COCTOSHHMS, KaK CIEICTBHE NTPEEMCTBEHHOCTH Pa3BUTHS
T€0JIOTHYECKOH CTPYKTYphI FOKHO-TSHBITAHCKOHN CKJIaM4aTOM 30HBI, TJIaBHAS
TEHJICHIUsI KOTOPOTO B TEYEHUE BCEro neprojaa (HOpMHUPOBAHUS CTPYKTYPEI
MECTOPOXKJICHNUS OblIa 00YCIIOBJIEHa HAPSDKEHUEM TOPU30HTAIBHOTO CKATHS
B cyOMepuauaHalbHOM HampaBieHHMH U BiusHMeM HOHO-TsAHBIIaHCKOTO
rIIyOMHHOTO pa3ioma (puc. 2.9).
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Puc. 2.9. A3umyThl HaripaBiieHUs! IEHCTBUSI INIaBHBIX TEKTOHUYECKHX, SKCIIEPUMEH-
TaJIbHO U3MEPEHHBIX TOPU3OHTAIBHBIX HAIPSDKCHUH Ha ydacTKax (a), I3MEHEHHE Bep-
THKaJBbHBIX ¥ TOPHU30HTAJIBHBIX HANPSDKEHUI ¢ rryouHoit (0) Ha y4yactke FOxHoM
IT1aBUKOBOM rOpPBI U 30HBI BIMSAHUS pelibed)a Ha HAPSHKEHHOE COCTOSIHUE HIKENeKa-
LIETO MaccuBa B paiioHe Xai1apKaHCKOI0o MECTOPOXKIEHHS: Py IHbIE OIS MECTOPO-
*knaeHust; Beicota Karpana h = 600 M, ocHoBaHus a = 4500 M; Xomka AdkaHa
h=1600 M, a =20000 m; paccrossare Mexay HuMu 4000 M; --- KOHTYPBI BIUSHUS pe-
nbeda Ha BepTHKAJIBHBIE HAPSDKEHUS; (B) — KOHTYPBI 30HBI BIHMSHHUS pebeda
Ha TOPU30HTAIILHEIE HAIPSDKCHUSL.
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3. CTPYKTYPHAA PA3JIPOBJIEHHOCTbD, JEOOPMAIINOHHBIE
M IIPOYHOCTHBIE CBOMCTBA IIOPOTHOI'O MACCHUBA

Sanamue Nel0

3.1. CTrpykTypHasi pa3apo0JieHHOCTh NOPOIHOT0 MACCHBa
H ero onpejeaeHue

Lenp 3aHATHA: O3HAKOMHUTBH C AJIEMEHTaMH JieopMaluy MOPOAHOTO
MacCCHBa U CITI0COO0aMHU HX H3yUYECHUSI.

Taxue smeMeHTH AedopMaIi Iopo, Kak TPEIHHOBATOCTh, N3THOBI,
CKIIAJIKA U CMEIICHUS, 00pa3yIoTCsS B PEe3yIbTaTe Pa3IHYHBIX 3K30TCHHBIX U
SHJIOTEHHBIX IPOIIECCOB.

K 3K30r€HHOMY THIy OTHOCSTCS TaKHUE€ CTPYKTYPbI, KOTOpbIE BO3HHK-
JM TJIAaBHBIM 00Opa3oM Oylarojapsi AESTEIbHOCTH BHEIIHMX ITOBEPXHOCTHBIX
T'e0JIOTHYECKUX areHTOB (BBIBETPHUBAHUE, OTOJI3HN).

OCHOBHBIMU BHJIaMH JIBIKEHUS IIPU 00pa30BaHUU IK30TEHHBIX (HOopM
T€O0JIOTUIECKOI CTPYKTYPHI CUUTAIOTCS TEKTOHIMYECKHE.

1. Cknaoku u cknadouamote napywenus [11 — 13]

Hamnbomee mmpoko pa3BUTHIMU (OPMAMU TEKTOHHYECKUX CTPYKTYp B
3eMHOU KOpe SIBILIOTCS CKIIAJKK U CKIaaJaTeie Hapymenns. CKilaggaTeie Ha-
PYLICHHSI XapaKTEepU3YyIOTCsI OOJIBIINM pa3HOOOpa3ueM cBoMX (GopM M Hpej-
CTaBIISIIOT CO00# Oolee cI0KHBIE, YeM MOHOKIIMHAJIH, HApYIICHHS IEPBHYHO-
'O 3aJIeTaHus CIIOUCTHIX TOJIIII.

I'eonoruyeckas kapTa, OTpaXkaromasi CKJIag4aToe 3ajeraHue CIOMCThIX
TOJIII, TAKXK€ XapaKTEePU3yeTCsi CBOMMU OCOOCHHOCTSIME. DTa HEOJHOKPAaTHAS
MTOBTOPSIEMOCTh OJHOBO3PACTHBIX CJIOEB B HAIPABICHHH, ITONEPEYHOM HX
npoctupanuio. [IoBTOpeHHE CI0eB SBISCTCS BIOJIHE 3aKOHOMEPHBIM H 3aBH-
CHUT OT TIOCJICJIOBATEIFHOCTH HAIUIACTOBAHMS U TIIyOMHBI 3PO3HOHHOTO Cpe3a
CKJIaJ4aTol CHCTEMBI.

B kaxmoi ckilazke paszaMyaloT cliexyromue sjaeMeHTsl (puc. 3.1):
KPBUIbS, OCh, OCEBYIO ITOBEPXHOCTb, 3aMOK (CBOJ, MYJIbJa), IIAPHUD, SO,
yroJ CKJIaJKH, NEPUKIMHANG (LIEHTPUKIMHAIb) WM 3aMbIKaHUe, IJIHHY U
IIMPUHY CKIIAZOK.
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Puc. 3.1. DeMeHTHI CKIIAJIOK: a — pa3pes; 6 — IUIaH; 6,2 — OJOK-AuarpaMmma.

KpbuibsiMi Ha3bIBatOT OOKOBBIE YaCTH CKIIAIKH, TIPEICTABISAIONINE CO-
0011 KaKk OBI CKJIOHBI IO 00€ CTOPOHEBI TIepernoda.

OneMeHThl 3ajeraHus MIacTOB Ha KPBUIbSX CKIAJOK OINpPEEIISIOTCS
TaK ke, KaKk ¥ B MOHOKJIMHAJIbHBIX CTPYKTypax.

Och CKJIaJIKU — TePMUH, HE UMEIOIIUN CTPOTO OJJHO3HAYHOT'O CMBICIIA.
B.B. benoycoB cuntaeTr ocblo CKIaJKH JIMHUIO IEPECEUEeHUs] 0CEBOIl MOBEpX-
HOCTH C MOBEPXHOCTBIO 3€MJIHM (Ha MECTHOCTH) M HPOEKLHIO €€ Ha TOpH-
30HTAJIBHYIO TOBEPXHOCTH (Ha reokaprte). I[lo H.M. BysmoBy ock — 310 mpoek-
LSl IapHUpa CKIIAJKU HAa TOPU30HTANbHYIO TUIOCKOCTh. I'.JI. Arupei ockro
CKJIQZIKW CUHMTAET JIMHUIO MEPECEUYCHHUsS OCEBOM ITOBEPXHOCTH C IOBEPXHO-
CTBIO IIIACTa, APYTUE aBTOPHI — JIMHUIO IIEPECEUEHUs] OCEBON MOBEPXHOCTH C
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TOPU30HTAIBLHOM TUIOCKOCTBIO. M3 3THX ompexneneHuii 6onee MpearnoYTuTeNb-
HBIM MpeJcTaBisieTcs omnpeneneHue B.B. benoycoBa, 1mo KoTopoMmy ocCbiO
CKJITQZIKH CJIEAYET CUMTATh MPOCKIMIO Ha TOPU30HTAJIBHYIO IIIOCKOCTb, JIH-
HUIO MEPECEUEHHs 0CEBON TIOBEPXHOCTH C MOBEPXHOCTHIO 3eMin. Ha reoso-
TMYECKON KapTe oceBast IMHUS COBIA/IACT C JIMHUEH, COeTMHSIONIEH MecTa 3a-
MBIKaHUS CKIIATOK (cM. puc. 3.1).

OceBasi TIOBEpXHOCTH (OceBasi IJIOCKOCTH) — BooOpakaeMasi MOBEpX-
HOCTb (TJIOCKOCTB), TPOXO/SIast Yepes MIapHUPbI CKIAZ0K U Jessias CKiIaj-
Ky (YTOJI CKJIaZIKH) Ha IBE PAaBHBIC YACTH.

Yron ckianku — yroi, 0Opa3oBaHHBIN MepeceYeHeM KPbUIbEB MPU UX
MIPOJIOJKCHNH KAacaTeNbHO 3aMKOB CKIIAJIOK.

3amox (mepernd) — nmuHUS meperuda, moryyaemas Mpyu IpoIoHKEHUH
KPBUIBEB CKJIQJKH JI0 WX B3aWMHOTO IEepeceyeHus. B aHTHKIMHAIBHBIX
CKJIaZIKax 3aMOK Ha3bIBAIOT €IlI€ CBOJIOM, B CHHKJIMHAJIBHBIX — MYJIbJIOH.

apHup — BooOpaskaeMasi JIMHUS TIEPECEUCHUST OCEBOM MOBEPXHOCTH C
MIOBEPXHOCTHIO KOHKPETHOTO I1acTa (KpoBiel mim nopomsoi iacra). Cre-
JIOBaTEJIbHO, MIAPHUPOB MOXKET OBITh CTOJIBKO, CKOJIBKO CJIOEB YYacTBYIOT B
cxiazke. lllapHup 0OpUCOBBIBAET KOHTYpP CKIIQJIKU B MPOJIOJILHOM HampaBlie-
HHUM ¥ TIPEACTABISAET CO00M AyrooOpa3HyIo JHHHUIO. B KOMIUIEKCHBIX CKIaj-
Kax HIApHUPBI MPEACTABISIIOT COO0M BOMHHUCTYIO JIMHUIO, KaK PE3YNbTaT I0-
TIOJTHUTEIBHOTO N3rHOAHMs IIJIACTOB B HAIPaBJICHNH, TTOTIEPEYHOM K 00IIEMY
IIPOCTHPAHUIO KPBIIbEB CKJIQAOK. Takue IapHUpHl HA3bIBAIOT YHIYJIUPYIO-
IMMH (BOJIHUCTOCTB) (cM. puc. 3.1).

Snpo — BHyTpeHHsIS YacTh ckiaaku. [loHsTre B Kakoi-To Mepe ycioB-
HOE W 3aBUCUT OT TJYyOMHBI 3PO3MOHHOTO Cpe3a U OT MOpP(OJIOrHYEecKOro
TUNA CKIIaAKK (AaHTUKIMHAIb WA CHHKJIMHAIE).

3aMBIKaHNE — OKOHYAHMS CKJIaJOK B MECTax MOTPYKEHWS WIN B3IbI-
MaHHS OIApPHIPOB CKIIAIOK IMOA (WK Ha) TIOBEPXHOCTH 3eMITH (IO MIIH Ha TO-
PHU30HTANBHYIO INIOCKOCTH). 3aMBbIKaHHUE JUIS aHTUKIMHAIBHBIX CKIAZOK (TIpH
MIOTPYXEHNH) Ha3bIBACTCS NMEPUKIMHAISIMH, ISl CHHKJIMHAIBHBIX (TIPU B3IbI-
MaHUH) — HEHTPUKIUHAISIMHU.

JmHa — paccTosiHME BIOJIb OCH CKJIAJKU (B MPOJOJIEHOM CEYEHHH)
MEX/1y 3aMbIKaHHSMH CKJIaJ0K B M300pKEHHOM Ha T€0oKapTe cpe3e 3eMHOM
noBepxHoct. CliefoBarelibHO, MO AJMHOW CKJIaJKH MOJpa3yMeBaeTcs OT-
HOCHTENbHas, a He a0COIIOTHA JUTMHA CKIIA/IKH.

[Inpuaa — HanbombIlee PAcCTOSHHUE IONEPEK OCH CKIAAKH MEXKIY
BBIXO/IaMH OJJHOMMEHHBIX CIIOEB Ha €€ KpBUIbSX, N300pakKeHHOH Ha COBpe-
MEHHOM cpe3e 3eMHOH noBepxHocTH. ClenoBaTenbHo, IIMPHHA TaKkKe MOHS-
THE OTHOCHTENIFHOE, 3aBUCSIIEE OT NIyOHMHBI S)PO3NOHHOTO Cpe3a MECTHOCTH
1 OT MOP(OJIOTHYECKOTO THIIA CKIAJIOK (CM. puc. 3.2).
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Puc. 3.2. Mopdonornyeckne TUIIBI CKIAIOK B pa3pese — a, O, 8 U B IUTaHE — &:
a) 1 — npsimasi, 2 — HakJIoHHas (Kocast), 3 — OMpOKHUHYyTas1, 4 — Jexayas,

5 — IIepeBepHYTHII aHTUKIIMHAIIB;

6) 1 — OTKpBITast OCTPOYTOJIbHAS, 2 — OTKPBITAst OOBIYHAS, 3 — M30KJIMHAIIbHAS,

6) 1 — BeepoobOpasHas, 2 — CyHay4Has (KopoOJarast) ¢ IIMPOKUMH TUIOCKMMH 3aMKaMHU
Y KPYTBIMH KPBUTBSIMHU:
rpebHeBuaHbIC (3) (aHTUKIIMHANN) U KWIEBUIHBIE (2) (CHHKINHAIN)
MEXIy CYHIyYHBIMH CKJIaJKaMu;
2) 1 — nuHeiiHas, 2 — OpaXuCKIIaAKa, 3 — Kynodi, 4 — Jama.

Mopdghonocuueckue munvt ckiadok. I1o MopgonoruueckuM npu3HaKam
CKJIaIKU JIEJIATCS, MPEXIe BCETro, Ha AHTUKIMHAJIBHBIC U CHHKJIMHAIBHBIC.
AHTHKIMHAIB — CKJIAJIKA BBITYKJIOCTBIO BBEPX, AP0 KOTOPOH CIIOKEHO HaW-
Oonee apeBHuMH Toponamu. CHHKIMHAIL — CKJIaJKa BOTHYTOCTHIO BHH3,
SIIPO KOTOPOU CIIOKEHO HamboJiee MOJOABIMH IOPOJaMHU. DTH JBE (HOPMBI
CKJIAJIOK B CKIIQMYaThIX KOMIDIEKCAX BCETIa COMPSDKEHBI IPYT C IPYTOM.

JlanmpHelHmas THMU3anys CKIaI0K MPOM3BOAUTCS: 1) 1O HAKIOHY Oce-
BOW MTOBEPXHOCTH K TOPH30HTY (pHC. 3.2a); 2) MO pacroiIoKEHHIO KPBUTEEB OT-
HOCHUTEJIBHO OCEBOM moBepxHOCTH (pHc. 3.26) u mo dopme 3amka (puc. 3.26);
3) O COOTHOIIEHUIO JUTMHBI K MUpUHE (pHC. 3.22).

B wacTHOCTH, CKIaIKW BBITSHYTHIC HA3BIBAIOTCS JTMHEHHBIMH, IMEIO-
LIye B IUIaHE OBaJIbHYIO (hopMy — OpaxuaibHbIMU (OpaxucKiIaaku, OpaxuaH-
TUKIIMHATIH, OPaXUCHHKIIMHAIH ), €CITH CKJIAAKH B IDIAHE UMEIOT KOJIBIIe00pa3-
HOE 3aMBIKaHWE, a B pa3pese MmapaboNndecKuil MIapHUp, TO Ha3bIBAIOTCS KYy-
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noJyiom uiu vamei. Ilo IUPHUHE BbIXO/a IJIACTOB HAa KaApTE MOXKHO CYJIUTH 00
OTHOCHTEJILHOHN KPYTH3HE UX MafieHus; OoJiee y3KOH 110JI0Ce BBIXOJOB OJIHOTO
W TOTO K€ IUIacTa COOTBETCTBYET Oojiee KPyToe KPBUIO CKIAaaKH WM Oolee
kpyTtoii mapuup (puc. 3.3 a, 6, 2). I[loaToMy Ha 3aMBIKaHUSIX CKJIAAKH, TOE
YTOJI MafeHus IUTaCTOB 3HAYUTEIILHO MEHBIIE YIIa MaJICHNs TUIACTOB Ha KPBI-
JBSIX, TOJIOCHI BBIXOJIOB MIMPOKUE (OCOOSHHO Yy JIMHEHWHBIX cKiagok). Llnpo-
KHe NOJIOCH! Oy/IyT U B Apax MHOTHX (OCOOSHHO MPSMBIX) CKJIAJIOK, TaK KaK Ha
nepern6ax (B cBoJax M MyJIb/iax) JIeHyJalHsl Cpe3aeT MoJocy (CIBOSHHYIO HO-
JIOCY ), 3HAUUTETHHO TPEBBIIIAIOIITYI0 MOIITHOCTH cIos (puc. 3.3).

apHup cxiaaku Bcerza Morpyxaercs B CTOPOHY Bbixoja Oojiee Mo-
JIO/BIX TIOPOA. Brome mapHUPOB OYeHB PEKO MPOUCXOAUT ONMPOKUIABIBAHUE
cioeB. CiieoBaTeNbEHO, Ha yYacTKaX MOTrPYKEeHH [MIAPHUPOB CKIIAIO0K JIydlle
BCETO M ONpEeJeNsieTcs] CTpaTurpaduueckas 1mociaej0BaTelbHOCTh OTIOKECHUH
Y THII CKJIAJIOK.

JlanbHeiiee cpaBHEHUE pa3pe3a OTIIOKEHUH 00J1acTH MOTPYKEHHUH C
IOCJIEI0BATENIbHOCTBIO HAIJIACTOBAHMS TONMI JIFOOOW CpeiHel 4acTH CKiaj-
KM, TIO3BOJIACT BBIACHUTH HATMYNUE WU OTCYTCTBUEC ONPOKUJAbIBAHUA TJIACTOB.
OTcro/ia cieyer, 4To MecTa MOrpy>KeHUsl IapHUPOB CKIIIOK (KaK Ha reolio-
THYECKOH KapTe, TaKk W Ha MECTHOCTH), SIBISIOTCS HamOojee Ba)KHBIMH,
«Y3JIOBBIMUY» YYacTKaMH Ul pacIiM(POBKH CKIaI4aTON CTPYKTYPHI.

Puc. 3.3. 3aBucUMOCTH DIMPHUHBI BBIXO/A TJIACTOB OT yIila HAKIIOHOB KPBUILEB (4, &) U
LIAPHUPOB CKIAMIOK (0), @ TaKXKe OT TITyOUHBI 3PO3UOHHOTO cpe3a penbeda (6).
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ITo MexaHn3My 00pa30BaHKsI MOXKHO BBLICIUTH CKIAJKH ITPOIOIBHOTO
U TIONEPEYHOr0 U3ruba, CKOIBKCHUS WIIN CKaJIbIBAHUS, TeUeHUs (puc. 3.8).

MexaHu3M 00pa30BaHMs CKIAAKH NPOAOIBHOTO HM3THOa CBOXUTCS K
n3rudy IuiacTa, paccCMaTPUBAEMOr0 Kak IUIACTHHA, 1OJ JCHCTBUEM JaBICHUS
(cxartust), HaNpaBJICHHOTO OOBIYHO HOPMANBHO K IUIOCKOCTH IUIacTa. OTH
CKJIQZIKM PA3BUBAIOTCSl B 30HAX COKPAICHUS 36MHOI KOpBI, CO3JaBasi 30HBI
8610POCO8 U HAOBU208.

CkJaky monepeyHoro u3ruba oOpasyroTcst MOj JeHCTBHEM BepTH-
KaJIbHBIX CHJI, HMCIOLIMX B Pa3HBIX MeCTax pa3iMiHyl0 UHTEHCUBHOCTb. Ta-
KOro THIIA CKJIaJKH HanboJiee paclpoCTpaHeHbl B 00JaCTH PACIIUPEHHUS WK
pacTsHKEHHS 36MHOU KOPBI, T.€. B 30HAX Pa3BUTHS COPOCO8 U PA3IOMOS.

CKIIagKy CKOJIBXKEHHS WM CKaJbIBaHMS BO3HUKAIOT B TEX CIIydasX,
KOT/1a ITPOUCXOAT 3JIEMEHTAPHBIC CMEIIEHHS BJIOJb MHOTOYHCIICHHBIX TIJIOC-
KOCTEH — CHCTEM CKOJBKEHUS (WM CKAJIBIBAHMS), B PE3YJbTaTe Yero IIacThl
pUOOPETAIOT KPUBOJIMHEHHBIE OUepTaHUs, HATTOMUHAIOIINE U3THOBI.

CkJa Ky TeYeHUs HOSBIISIIOTCA B IIOPOJax € BechbMa ClladbIM COIPO-
TUBJICHHEM JiepopMannuy, NOITOMY OHH MOTYT NPHHUMATH JIto0yI0 hopmy B
3aBUCHMOCTH OT YCJOBHI HCIBITHIBAEMOIO JaBJICHHS CO CTOPOHBI OoJjiee
YCTOWYHBBIX OKPY>KafOIIUX ITOPOJ.

CroxHble WM KOMOWHHPOBAHHBIE CKJIAJAKA BO3HHUKAIOT IPH yCIOBUH
HEOJHOPOAHOCTEH HANPSHKEHUH M MEXaHWYECKUX CBOMCTB MOPOI.

3aoaua. Tlo vHANBHUIYANEHON KapTe:

1) ompenenuTb SNEMEHTHI CKJIAJOK M DJIEMEHTHI 3ajJeraHus IIacToB
(a3uMyTBI NaJIeHns], YIIIbl NaICHUS 1 MOIIHOCTH IUIACTOB) HA KPBUIBSX CKJa-
J0K;

2) IOCTPOUTH OCEBBIE JIMHUU CKJIAZIOK Ha T'€0JIOTHYECKOH KapTe H Io-
Ka3aTh UX TIOJIOKEHUE Ha pa3pesax;

3) maTh XapaKTEPUCTHKY MOP(OIOTHIECKUX TUIIOB CKIIAJIOK;

4) onpeneUTh YToJI MOTPYXKEHUs! (MM B3bIMAHU) IIAPHUPOB U yKa-
3aTh NEPUKIMHAIN ¥ HEHTPUKINHAIHN CKIA0K;

5) MOCTPOUTH TEOJOTUUECKHH pa3pe3 U HOPMAJIBHYIO CTpaTHrpaduye-
CKYIO KOJIOHKY C yKa3aHHEM JINTOJIOTHUECKOI U cTpaTurpauyeckoi mocie-
JIOBaTEJIBHOCTH OTJIIOKEHWH M MCTHHHBIX MOIIHOCTEH WX, B3STBHIX W3 pa3pesa
WK ONpeJeNIeHHBIX 10 (opMmysie (Bce onpenesieHne MPOU3BOAMUTCS B TIpelie-
JIax 3aJaHHBIX JTMHAN pazpesa).

2. Pa3spuignvle napywenus

C pa3pbIBHBIMH HapyIICHHSMH CBS3aHBl MHOTHE BHJIBI MTOJIE3HBIX HC-
KOImaeMbIX. YacTo OHM CIyKaT MPOBOJHHUKAMHM, IO KOTOPHIM ITOJHHMAIOTCS
BBEPX MarMaTH4ecKHe MacChl, paCTBOPHI M T'a3bl C MUHEPAJILHBIMU BEIECTBA-
MU, He()Th ¥ IPUPOAHBIN ra3, NOJA3EMHBIE BOJBI PA3JIMYHBIX THUIIOB.
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ITosToMy mpaBuibHas pacmuppoBKa HPUPOABI Pa3phIBOB HMEET
OTPOMHOE 3HAuU€HHUE, KaK C TOUYKHU 3PEHHUS] TEOPUHU, TaK W MpakTuku. Kpome
TOTO, pa3phIBHBIC HAPYIICHHUS (CO CMEIIEHHEM) BCErla COMPOBOKIAIOTCS Ha-
PYIIEHHEM CIUTONIHOCTH TIOPOJI, 9aCTO KOPEHHBIM 00pa3oM BHIOM3MEHSIO-
IIMX CTPOCHHE, KaK HEOONBIINX YYaCTKOB, TaK U OTPOMHEIX oOyacTeid. PaB-
HBIM yCIIEXOM pa3phIBHBIC HAPYMICHUS BUAOM3MEHSIOT U MPOCTPAHCTBEHHOE
MOJIOKCHUE KOHKPETHBIX PYAHBIX TE U PYMOHOCHBIX (HE(TEHOCHBIX W T.JI.)
cTpykTyp. IlosTOMy COCTaBISIIOIIMIA WJIM YUTAIOLUIUI EOJOTHYECKYI0 KapTy
(TTOMCKOBUK-CHEMIIIMK WIJIM TEOJIOT-Pa3BeAUUK, THAPOTEOJIOT U JIp.), B CBOEM
MIPEACTaBICHUH MOXET CO37aTh MPaBWIbHYIO MPOCTPAHCTBEHHYIO MOJIEINb
TEOJIOTHYECKOTO CTPOEHHSI MECTHOCTH, TOJBKO TPH YCIOBHU MPaBUIBHOU
pacmugpoBKH MPHPOIBI PA3PHIBHEIX HAPYIICHUH.

UreHne reolornyeckoil KapThl ¢ pa3phIBHBIMU HapYLICHUSIMH BCErna
HEOOXOIMMO HAaYMHATH C BBIACHCHHS 3JICMEHTOB 3aJIeTaHUs IUIACTOB M WX
MOIITHOCTEH (CIIOUCTHIX TOJII), YYACTBYIOIIHUX B CTPOCHUU paiioHa.

KnaccudunupoBats pa3pbsiBbI MOKHO Ha OCHOBE TpPEX HPUHIIMIIOB:
MIPOUCXOKACHUS, B 3aBUCHUMOCTH OT XapaKTepa AeHCTBYIOINX CHII, H MOP]O-
sorun. Yare rpynnupyoT mo Mop(hoJOTHUYESCKUM Ipu3HaKaMm. B ee oCHOBY
TIOJIOXKEHO J1Ba KpUTEpHs: 1) HampaBJieHHE B3aMMHOTO TIEpEeMEIICHUs OJIOKOB
MIOPOJI, Pa30PBAaHHBIX HAPYIICHUSMH H 2) yroJi HAaKJIOHA TOBEPXHOCTH Iepe-
menieHus. [1o 3TuM npu3HakaMm BBIIAENSAIOT MSATh TJIABHBIX TPYII Pa3pbIBHBIX
HapyIIEeHUHA: cOPOCHL, B30POCHI, HAJBUTH, CABHTH W Pa3OBUTU. Y TIEPBBIX
YeThIpEX THUIIOB MEPEMEIICHHE OJIOKOB MPOMCXONT BJIOJIb TOBEPXHOCTU pa3-
pBIBa, B TMOCJIETHEM - IEpEeMeIleHHe OJOKOB IPOHMCXOIHWT B HAIPABICHUH,
MEePIEeHINKYSIPHOM K TIOBEPXHOCTH pa3pbiBa. PasmuyaroT clieayromme
OCHOBHBIE 3JIEMEHTHI Pa3phIBHBIX HapyIlIeHuu (puc. 3.4).

3. I'pynna copocos u 636pocos

1. CmecTHTeNnb — MOBEPXHOCTh MJIM TUIOCKOCTh Pa3pbiBa, M0 KOTOPOH
IIPOMCXOUT JBIKeHNE Macc. OH MOXKET OBITh BEPTUKAILHBIM, FOPU30HTAIIb-
HBIM WA HaKJIOHHBIM, POBHBIM HJIM HEPOBHBIM.

2. Yron HakioHa (majenus) paspbisa — yroan 0, 06pa3oBaHHBI MEX-
JIy CMECTHUTENIEM ¥ TOPU30HTAIILHON MOBEPXHOCTBHIO.

3. Bioku (00Ka MM KPBUIbS) — YyYACTKH TIOPOJI, Pa3ICiICHHBIC CMECTH-
TeneM (TIOBEPXHOCTBIO pa3pbiBa). [1o HampaBlIeHHIO WX B3aMMHOTO OTHOCH-
TENBHOTO IEePEMEIICHNS 10 CMECTUTEIII0 PA3INYaroT MOAHATHIA M OIYILCH-
HBII O0Ka (0JIOKH, KPBUIBS). Y B3OpOCOB M COPOCOB pa3IMyalOT TAKXKe JICHKa-
YWid U BUCSYMA OJTOKH (OJIOKH, KpbUTbs) (cM. puc. 3.4; 3.5; 3.6).
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Puc. 3.4. HopmanbHblii (cornacHblii) cOpoC U €ro 3JIeMeHTHI:
de, ds, 4., A,, — AMIUTUTY/IB CMEILCHUS;
a. — cTpaturpaduueckoe, d, — BEpTHKaJIbHOE, ¢, — TOPU3OHTANIbHOE (3USHUE),
@, — HaKJIOHHOE (110 CMECTHTEJI0), 0 — YroJl HaKJIOHA IIacTa,
8 — yroin HaKJIOHa CMECTHTEIS.

Puc. 3.5. B306poc u ero 31eMeHThI:
ac, ds, 4., a,, — AMIUTUTYIBI CMeIIeHns (M. puc. 3.4),
0. — YroJI HaKJIOHA IUIacTa,
8 — yroJ HaKJIOHa CMECTHUTEIIS,
a. — TOPU30HTAJIbHASL aMIUTATY/Ja CMELICHHUS B30poca WK MepeKpHITHE (CABaNBaHUE).

4. AMIIMTYZABI CMEUIeHUs! OJI0OKOB OTHOCHTENBHO APYT Apyra. Pazmm-
4aloT CJICAYIOIUE aMILUIUTY AbL:

a) cTparurpaduueckylo — d., pacCTOSIHUE MEXAY NepeMelIeHHBIMU
0JI0KaMH, M3MEPEHHOE M0 MEPIEHIUKYISPY K OIHOM U3 MOBEpXHOCTEH Map-
KHPYIOLIETO CIIOS;

0) BEpTUKAIbHYIO — @4 , PACCTOSTHAE MEKITY OTHONMEHHBIMHU TOUYKaMHU
Ha KpPBUIBSX pa3pbiBa (KPOBIH MM MTOJOIIBEI) MapKUPYIOLIEro IiacTa, u3Me-
PEHHOE B BEPTHUKAIbHOM HAIPABJICHUU;
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B) FOPU30HTANIBHYIO — @, , PACCTOSHHUE MEXIY OJHOMMEHHBIMU TOYKA-
MH Ha KpBUIbSX pa3pblBa, CHPOCKTHPOBAHHOE Ha TOPHU3OHTAIBHYIO IIIOC-
KOCTb. Y cOpPOCOB 3Ta aMIUTHTY/la Ha3bIBaeTCs 3USHHUEM, Y B30pOCOB — mepe-
KPBITHEM MW CIIBANBAaHHEM;

I') HAKJIIOHHYIO — d,, , TIOJHYIO, WM aMIUIUTYAY 1O CMECTHTEIIO, T.€.
paccTosiHAe MeXIy OJHOMMEHHBIMH TOYKAMH Ha KPBUIbSX (OJIIOKOB, OOKOB)
Pa3pbIBOB, M3MEPEHHOE 110 TNIOCKOCTH CMECTHTEIIS.

Bce nepednciieHHbIe 2JIEMEHTBl MEXIy COOOW HaxOomsTCs B Ompele-
JICHHO# 3aBHCUMOCTH (cM. puc. 3.4; 3.5):

a, - aH[bin(J -a),a

. = a,sind ,a, = a,losd .

6

Kpowme Toro, ammmutyzna copoca (B30poca) OOBIYHO BEISBIAETCS cama
c000# 1 MpH MPAaBUILHOM MMOCTPOSHUH TEOJIOTHUECKUX CTPYKTYP Ha paspese,
TaK KaK HaXOIUTCS B MPSIMOW 3aBUCHMOCTH OT YIJIOB MAJCHHUS CMECTUTENS U
CJIIOUCTOCTH (TaJICHHS ) IJIACTOB.

BepTukanpHas aMIUTUTYy[a CMEUICHUS NPH yCIOBHU COXPAHCHUS IO-
CTOSIHCTBA MPOCTHPAHMSI MIOPOJ B CMEKHBIX OJIOKaX ONMPEAeIACTCS IO 3aj10-
JKCHHUIO IIJIaCTa WKW IO Ppa3sHOCTHU BBICOTHBIX OTMCTOK JIMHUH IMPOCTUPAHUS
IUIACTa, MPOAOJIKEHHBIX C OJHOTO OJIOKA Ha JPYroi Mo KPOBJIE WIH 10 TOJI0-
mBe KOHKpeTHOoro ciost (cM. puc. 3.6). Koneuno, mocnenHuil ciay4ail BcTpe-
yaeTcs Haubosee peako. Yaile moiab3ylOTCes METOAOM 3aj0KeHHs (MacIiTa-
OOM 3aJTOJKEHU ).

Puc. 3.6. OnpeneneHue BepTHKAIBHOW aMILIATY 6 CMEIIeHHs ( ¢ )

Pa3phIBHBIX HapymieHu# (copoca, B30poca), Io TMHUASAM IPOCTUPAHUS IUTacTa (a)
H TI0 3aJI0KeHUIO (0).

Pa3pbiBHOE 3ay10)KE€HHE BEPTUKAILHBIM CMECTHUTENIEM Ha KapTe M300-
paskaercsi B BUJIE PSIMOIA JINHUH, He 3aBUCHILEH 0T popMbl penbeda. [1pu Ha-
KJIOHHOM I10JIOKEHUHM CMECTUTENS XapaKTep BbIXO/A €€ Ha JHEBHYIO IIOBEPX-
HOCTb aHAJIOTMYEH HAKIOHHOMY IUIACTY M PacIO3HABAaHHE HAIIPABICHHSA Ia-
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JIEHUS. U APYTUX 3JEMEHTOB pa3pbIBHBIX HAPYLIECHUM Ha KapTe MOAYMHEHO
TEM K€ IpaBUIaM, KOTOPBIC OMPCACIIAIOTCA MPU ONMPEACIICHUN MaJCHUA Ha-
KJIOHHBIX IIACTOB (CM. TIpaKTHIECKHe 3aHAThsA 6,7,8).

I'pynna naosuzos. HamBur MOXKHO paccMaTpHBaTh KaK IOJIOTHH B30poC
CO 3HAYUTENILHOM TOPU3OHTAIBHOM aMIUTUTY0H nepemerienus (puc. 3.7).

ST TV fpgpenre

o  Euce St ts
o s
AL,

Puc. 3.7. HaaBur u ero 3JeMeHTHI.
(Ctpernka yka3bIBacT HalpaBJICHHUE JIBUKCHHUS Mace).

Hapgpur mmeer Te ke 3JIEMEHTHI, 9TO M B30POC, TOIFKO K Ha3BaHISIM
KpBUIbEB (OJI0KOB, OOKOB) TOOABIAIOTCS €Ile CI0Ba — «HAIBUHYTHIN» (BUCS-
YHii) WIA «IIOJHAIBUTOBEII (JIeKaunii). Y HaJBUTa aKTHBHBIM SBISICTCS BU-
csunit 60k. Ecii akTUBHBIM SABJISETCS JISKaUUi OOK, TO TaKOW HAJBUT Ha3bl-
BaeTCsl MOAABUroM. Tak Kak HaJIBUTH CBSI3aHBI OOBIYHO CKIIAMYAaThIMU JBIIKE-
HUSMH ¥ CKJIaJIKaMH, TO B OOJBIIMHCTBE CIy4YaeB SIBJISIOTCS MPOIOTBHBIMU
CTPYKTYPaMH, MapauICIbHBIMUA OCSAM CKIIAIOK.

I'pynna co6u206 — 3TO MHOTOYMCIICHHBIE Pa3pbIBHBIC HAPYILEHUS C
mepeMenieHneM OJ0KOB B TOPHU3OHTAIHHOM HAIpaBICHUH, BBI3BAHHBIC NIEH-
CTBHEM TOPHU30HTAIBLHON Tapsl cuil (puc. 3.8).

CMecTHTeIh MOXET OBITh TOPH30HTAIBHBIM, BEPTUKANBGHBIM H Ha-
KJIOHHBIM.

Tun pa3peIBHOTO HAPYIICHHS HA TE€OJOTHYECKON KapTe OMpEAeisieTcs
CJIEIYIOIIMMH TPU3HAKAMHE:

1. CuBur ot cOpoca, B30poca ¥ HaJBUra OTJIMYAIOT MO PACCTOSHHIO
MECXKIY COOTBCTCTBYIOIIMMU TOYKAMU B IEPEMECIICHHBIX 6J'IOKaX. HpI/I CIABUIC
9TO pacCTOsTHHE OO0 OJUHAKOBOE HA 000MX KPBUIBSX, THOO0 pa3Hoe.

2. Copoc oT B30poca ¥ HaJBUTA OTIMYAIOT TI0 HAMPABJICHUIO HAKIIOHA
CMECTHUTEIIS [0 OTHOIICHUIO K BHcAYeMy (WIH Jexademy) Ooky. Eciu cme-
CTHTENh HAKJIOHEH B CTOPOHY JIeXkadero 0JIoKa, To — copoc.

3. YV HajgBura ropu3oHTANbHAS aMIUTUTYa CMEIICHUS MHOTO OOJIBIIIE,
4yeM y B30poca, U CIIe/l BBIXOZa Ha MOBEPXHOCTH ero Ooiee M3BMIHCT. Kpome

57



TOTO, MPOCTUPAHHWE HAJABUTa OPUEHTHPOBAHO TMApaUIeTHLHO MPOCTHUPAHUIO
OCH CKJIAJIOK (TIPOIOJIbHASL CTPYKTYpa).

4. PazgBury, Kax MpaBUIIO, BHIITONHEHBI TAKOM.

Bospact HapyIIeHHs ONpeneNnsoT B COOTBETCTBHH C BO3PACTOM Iepe-
CEKAaeMbIX U MOKPBIBAIOIINX Pa3pblB NOPOJ. 3A€Ch, KaK U MPHU aHAIU3E HECO-
TJIACHH, PYKOBOJCTBYIOTCS IIPABHJIOM: TO, UTO IIEPECEKAET, MOJIOXKE Iepece-
KaeMmoro.

[Ipu moctpoeHuu paspesa Mo reokapre ¢ pa3pbiBHBIMU CMELICHUSIMH
PYKOBOJICTBYIOTCSI TEMH >K€ OOLIMMHM TpaBHJIAMH, YTO M TIPH IHOCTPOCHUHU
CKJIAZIOK ¥ HAKJIOHHBIX cJloeB. HO 31€Ch HY)KHO yUUThIBaTh HAlpaBlICHUE U
YTOJI TaJieHusI CMECTUTEIS M MIPH MOCTPOSHUN pa3pes3a MEepBBIM Ha TPOQHIIh
HAHOCAT CJell CMECTHUTENS W TOJBKO IMOCJe, C YIeTOM HAKIOHA, aMIUTUTY
CMEIICHUN ¥ MOIITHOCTEH IIACTOB, HAHOCST JINTOJIOTHIO.

Puc. 3.8. brok-auarpaMmma ciBura: a, B — IpaBblii CJBUT, O — JIEBBIN C/IBHT.

3amaua. [1o MHANBHAYATBHON FEOIOTHUECKON KapTe MPOYUTATh KapTy,
OIIPENIeNTUTh THITBI M 3JIEMEHTHI 3aJIeTaHuUsl PAa3PBIBHBIX HapYIICHHUH.

Jst yCIeImHoro BEIIOJIHEHHS 3aJaHusI HEOOXOIUMO:

a) OMPEACIUTH DIIEMEHTHI 3aJIeTaHHsl U MOLIHOCTEH IJIaCTOB, y4acTBY-
IOIIUX B CTPOCHHH paiioHa;

0) OMpeACUTh 3IEMEHTHI 3aJIeTaHUs U IEMEHTHI CMELICHHST Pa3phiB-
HBIX HapyuieHWd. BBIpasuTh WX B YHCICHHBIX 3HAUYCHUSIX, HCIIOIB3Ys
MacuTad reoJorn4ecKon KapThl;

B) OIPEIEIUTH TUII U BO3PACT Pa3phIBHBIX HAPYIICHUH;

) COIOCTAaBUTh XapaKTep BBIXOJA Pa3pBIBHBIX HApYIICHUH C penbe-
(oM MecTHOCTH;
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JI) COCTaBHUTh T'EOJIOTHYECKUHM pa3pe3 C Y4eTOM BEIWYHMH aMIUIATYT
CMELICHUH pa3pblBOB M UX TUIOB. Ha xapTe u B pa3pe3ax JOJDKHBI OBbITh TO-
Ka3aHbI TAK)KE U MOBEPXHOCTH HECOTTIACHOTO 3aJIETAHUSI COOTBETCTBYIOIUMH
YCIIOBHBIMH 3HAKaMHU.

4. Tpewyunut 6 20pHbIX NOPOOAX

Ilenp 3aHATHS: TOCTPOEHUE IUArpaMM TPELIMHOBATOCTH U TIONEH
HanpsKeHUH.

I'naBHBIM yci0BHEM palbOThI MPHU M3YYEHHUH TPEIIMHOBATOCTH TOPHBIX
MOPOJL SIBJSIETCSI MACCOBOCTh 3aMEPOB U onpeneneHui. Jns aToro Heooxoau-
MO B KaXIoM oOHakeHWH (KaHaBe, B mypde, Kapbepe H T.I.) IPOH3BOIUTH
10 BO3MOKHOCTH OOJIBIIE 3aMEPOB, PETHCTPUPYS OYKBAIIBHO KaXKIyO TPEIIH-
Hy. Habnronenne Hax TpeIMHOBATOCTHIO, 3aMEPHI SJIEMEHTOB UX 3aJICTaHUs U
UX CTaTHUCTHYeCKas 00paboTKa OBIBAIOT HEOOXOMUMBI KaK IS PacIIn(QpOBKU
TEKTOHMYECKOW CTPYKTYPBhI OCaI0YHOMN TOJIIM, TaK W JUIS PEIICHUs TPaKTh-
YEeCKUX 33J1a4, TAKUX KaK BbISBJICHUE NPe00IIaatoinX HapaBieHUH PyAHbIX
TeJl, MPUYPOUYCHHBIX K ONPE/IeNICHHBIM CHCTEMaM TPEIINH, BBIOOp pallMOHANb-
HOW CHCTeMbl pa3pabOTKU MOJIE3HBIX HCKOIAEMbIX, M3y4YE€HHE HWH)KEHEPHO-
T€OJIOTHYECKNX CBOWCTB MOPOJ] MIIM MX KOJJIEKTOPCKUX CBOIMCTB KaK BMECTH-
T He)TH | Ta3a, MOJ3EMHBIX BOJ U T.1.

Meroauka paboThl HaJ MaTepUalIOM 3aKIII0YaeTcsi, MPEXIE BCETro, B
€ro cTatuctudeckoil 00padorke. CyIiecTByeT psii METOJOB CTaTUCTUYECKON
o0pabotku. [IpocTeiimmM 1 MUPOKO pacIpOCTPaHEHHBIM METOJIOM CTaTUCTH-
4ecKOW 00pabOTKH SIBISETCS COCTABIEHHE TaK Ha3blBAEMOH «po3bl Jua-
rpaMm» (puc. 3.9). OHa CTPOUTCS CIEAYIONUM 00Pa3OM.

BrruepunBaeTcss Kpyr WK MOTYKPYT MPOU3BOJIBHOTO panuyca. I'pary-
UPYIOT Ha MHTEpBAILI 5 nim 10° 1 4epe3 cepeMHbl FHTEPBATIOB MPOBOJIAT pa-
muycel. Ha kpyr HaHOCAT ycpeaHEHHBIE JaHHBIC O MaJCHWH WIN MPOCTHPA-
HUM TPEIIWH (PyIHBIX W, JMHEHHBIX CTPYKTYp M T.A.). st aToro obmiee
YHUCIIO TPEIUH (PYAHBIX XKWl U Ap.) npuHuMaercs 3a 100% U BBMHCIAIOT
NPOLIEHTHOE COJIep)KaHHE TPEUIMH ¢ ONWU3KUMH a3uMyTaMH HajeHus (Miu
NIPOCTHPaHUs) Ul Ka)XIOro BBIOPAHHOTO HMHTepBaja Kpyra. B mpusToM
MacuiTabe Ha COOTBETCTBYIOIIMX pajJMycax Kpyra, HauMHas OT IIEHTpa, OT-
KJIaABIBAIOT OTPE3KH, MPOMOPLUOHAIBHBIE TPOLEHTY TPEIIMH JaHHOTO
HanpasieHus. COeANHUB KOHIIBI 3THX OTPE3KOB, MOTYUYAIOT «PO3y TPEIIHHY,
BHYTPH «pP03a» 3aIITPUXOBBIBAETCSL.
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Puc. 3.9. Jlnarpamma «po3a TpemnuHOBATOCTHY.

AHAJOTUYHO CTPOHTCS M «po3a-AHarpamMmay Ul YIIIOB MaJeHUS Tpe-
e (WM IpOYUX JHHEHHBIX CTPYKTYp), HO TPH 3TOM HCIOIB3YETCS JINIIb
YEeTBEPTAs YaCTh KPYTa, TIOCKOJIbKY YIJIBI MajieHus uzmepsirores ot 0 10 90°.

MertoJ cocTaBiIeHUS! «PO3bI TPEIIMHOBATOCTH MPOCT M HATJISACH, HO
HUMEECT CyLHeCTBeHH];Iﬁ HCIIOCTATOK, COCTO}I[III/Iﬁ B TOM, 4TO HC JacCT BO3MOXK-
HOCTH ITOKa3aTh OJHOBPEMEHHO a3UMYT U YroJI MaJeHUs] TPEeUMH (U JApYyrux
JUHEWHBIX CTPYKTYp) Ha OFHOM auarpamme. [y yCTpaHEHHS 3TOTO HEIO-
craTka TpuberarT K 0ojiee CIIOKHOMY CITOCOO0Y — COCTABJICHHIO KPYTOBBIX
WM TIOJFOCHBIX IMarpaMM TpemmHoBaroctei (puc. 3.11).

[MomocHBIE AMarpaMMBl OTPAXKAIOT a3UMYT W YTOJl TaJeHHs TPEIIUH U
YHCII0 3aMepoB. M3 HECKOIBKMX BUIOB KPYTOBBIX AMarpamm Haubojee yno0-
HOW SIBIISCTCS JAMArpaMma, COCTaBJICHHas Ha paBHOIUIOMIAIHOW CeTKe
Bansrepa-llImuara (puc. 3.10), npeacrapistoiieii coO0W MPOEKIUio Jambep-
Ta BEpXHEH mosycdepsl Ha 3KBaTOPHUANIBHYIO IIOCKOCTh. Ha Takyro rpamyu-
POBaHHYIO CETKY B BHJIE Kpyra quaMeTpoM 20 cM (TIpeBapUTEIbHO HAKICCH-
HYIO0 Ha KapTOH Wi (aHepy) HaKJIaJIbIBaeTCsi BOCKOBKA (KaJibka) ¢ Hpovep-
YeHHOW Ha HeH OKPYXHOCTBIO TOTO JK€ IHaMeTpa; Ha OKPYKHOCTH CTaBST
IITPHX, 0003HAYAIONINN HYJIb WM ceBep (Hagano oTcuera). Kampka cBoOogHO
BpallaeTcs BOKpYT mTH(Ta B HeHTpe ceTKH. Ha KajibKy BMECTO 3aMEpEeHHBIX
IUTOCKOCTEH TPEIInH, KOTOphIEe M300paXkaiarch Obl Ha ceTke B (hopMme THHUHA
OOJIBIIUX KPYTOB, YTO OBLIO OBl HEBO3MOXHO ITPU OOJIBIIOM KOJIMYECTBE 3a-
MEpOB, HAHOCST TOJILKO MPOEKLUK TOYEK MepeceueHus ¢ BepXHeH moiycde-
poii Hopmanielt K TiockocTsM TpentuH (puc. 3.11). Takum obpa3om, Kaxaas
TpEIrHA U300pa3uTCs Ha quarpamme Toukoi. [Ipu HaHeCeHUH TOYKH, XapakK-
TEepU3YIOIICH AIEMEHTHI 3aJIeTaHus TPEUIUH (a3UMYT U YTOJ MaJIeHHS), COB-
MeIlaeM MECTO HyINISA KaJdbKi ¢ NA(POi Ha OOJBIIOM KpPYyTe, COOTBETCTBYIO-
mel a3uMyTy MajeHHsl TPEIIMHBI, U CTaBUM TOYKY Ha BEPXHEH ITOJIOBHUHE
LEHTPAIFHOTO MepHaMaHa (paanyca) CETKH OKOJIO IU(PBI, COOTBETCTBYIO-
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et yry nanenus tpermH (puc. 3.11 a, 6, 8). Ilpu 3TOM TOYKH, TaAAIOIINE
Ha JIMHHUIO GONBLIOrO KPYyTa, T.€. TPELIMHBI, MMEKIME BepTUKanbHoe (90°)
MajiecHue, MOTYT C pPaBHBIM IPAaBOM HAHOCHUTHCS Kak Ha OJHY CTOPOHY
00MBIIOTO KPyTa, TaK M Ha €ro MPOTHUBOIOJIOKHYIO CTOPOHY, IIOTOMY YTO Y
BEPTHKAJIbHOMW TPEUIMHBI, TPOCTUPAIOIIEHCS, HAlPUMEp, ITMPOTHO, NMEIOTCS
IIBa a3MMyTa MajeHus: Ha ceBep, T.e. 0° mox yriaom 90°, 1 ¢ TakuM ke OCHOBA-
HueM Ha tor, T.e. 180° mog yrmom 90° (puc. 3.11 ). ToUkM ke TOPU3OHTATIb-
HbIE OYAYT JOXXKUTHCS BOKPYT LIEHTpA.
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Puc. 3.11. Tpadapet ¢ muarpamMmoit st HAXOKJICHUS a3UMYTa YIJIOB TPEIIHH:
a) a3. max 160°< 15,
6) a3. mag 40°< 75,
B) a3. nmaz 340°< 60,
r) a3. mag 225°< 90.

B pe3synbrare HaHeceHHsI BCEX 3aMEPOB JJAHHOTO OOHAXKEHUSI MOJTy4a-
€M TOYEUHYIO (TIOJIIOCHYIO) AUarpaMmmy.

ITocTpouB Ha KajbKe TOUECUHYIO AUAarpaMMy BCEH CyMMBI 3aMEpOB, 3a-
TeM ee 00padaThIBAIOT C LIENBIO NMPOBEICHHS M30JIMHUN INIOTHOCTH TPELIHH.
s 3TOrO0 KaubKy HaKIaABIBAIOT HA TpadapeT, pasrpadieHHbI depe3 | MM
(10 MmMm) B Buzie KBagpaToB (MIUUITMMETPOBas Oymara), Ha KOTOPOM Ipodepde-
Ha okpykHOcTh ¢ d = 20 cMm. COBMECTHB TOYEUHYIO AMArpammy ¢ Tpadape-
TOM, TOACUYHUTHIBAIOT KOJIWYECTBO TOYEK B PA3IMYHBIX yYaCTKax IUIOIIAIH
JIarpaMMBl, TOJIB3YSCh ISl 3TOTO APYTUM IIa0JIOHOM — NPSIMOYTOJIbHUKOM
n3 BarMana (puc. 3.11) ¢ BeIpe3aHHBIM B HEM KPY)KKOM JTHaMETPOM 2 CM, 4TO
cootBerctByer 0,01 miomaan nuarpammel. [11a6moH ¢ Kpy)KKOM nepeBura-
10T MOCJIEZ0BATENIFHO 110 TOPHU30HTAIBHBIM PsiiaM Y3JI0B (YIJIbl CAHTUMETPO-
BBIX KBaJPaTOB) TaK, YTOOBI KaXKbIi1 YTOJI MOMaaai B LCHTP KPY)KKA U B IIE€H-
TpE 3alUCHIBAIOT YHUCIIO TOYEK, MOMABIINX B KPYKOK. HekoTopele ToUkH mpu
NIepeIBI)KEHNN A0I0Ha MTOBTOPSIFOTCS O 2 — 3 pa3a, HO BCE PaBHO MX HYX-
HO CUHMTATh M BKIIOYATh B CYMMY TOYEK, 3allMCHIBAEMYIO B CMEKHBIX Y3JIaX.
[lpn >TOM TOYKH, IOMABIIME HA JHMHHUIO OKPY)KHOCTH IIa0JIOHA (Mayoro
KPY’KKa), Hy)KHO CUNTATh JIBE 33 OJIHY.

Jlyist mojcyera TOYEK-TPEIUH, JISKAIUX HA OKPYXKHOCTH Kpyra-tpa-
(apera i BOJIM3M Hee, MpUMEHseTCsl ocodast nepudepudeckas madbaIoH-T1-
Helika ¢ IBYMS TaKMMH K€ KpyXkamu Ha koHmax (puc. 3.11 e), paccrosHue
MEXAY LIEHTPaMH KOTOPBIX paBHO 20 cM, M IPOPE3bIO MOCPEANHE IS IBUIKE-
Hust 1o mtudTy. Ero craBAT Ha HEHTp IMarpaMMBbl, HO Tak KakK TOTIa KPY>KKH
Ha KOHIaX JMHEWKN BBIMIYT HAIOJOBUHY 3a MPEIEIbl IUarpaMMbl, TO KOJIU-
YECTBO TOYEK OINPENEISIOT M0 CyMMe B O0OMX KOHIAX KPY>KKOB JIMHEHKH.
Ecnu sxe y3en TpaHcmapaHTa JIOKUT HE Ha CaMOil OKPY)KHOCTH, a HEMHOTO
BHYTPH €€, TO JIMHEIKY NepeBUratoT Mo npopes3u (He cHuMast tudra) u oj-
HUM W3 LIEHTPOB YCTAaHABJIMBAIOT Ha y3ell. Torjma repecuer TOYEK BEeIETCs
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OTJENIBHO YIS KaXKIO0TO Takoro y3ia. [1o nudpaM B y3/iax M yKa3bIBAIOIIHM
MIPOLIEHTHOE COJEPKAHHUE TPEIIMH B KAKJIOM U3 HUX, CTPOAT JUArpamMmy H30-
JIMHUM MJIOTHOCTH TpelUH. MeToJ MOCTpOEHUs] M30JIMHUM aHAJIOIMYeH I10-
CTPOEHUIO TOPU3OHTAJIEN TONOKAPTHI UM CTPYKTYPHOU KapThl.

3agaua: [locTpouTh po3bl U MOJIKOCHBIE AUATPAMMBI.

3anamue Nella
3.2. MeTOZIbI HSy‘{eHl/Iﬂ TpeIIII/IHOBaTOCTl/I HOpO)]HOFO MacCcuBa

HCHB 3auaTus: O3HAKOMUTH C CYIECTBYIOIIUMH METOAAMH HU3YUYCHUA
TPEIIMHOBATOCTH ITOPOIHOTO MAaCCHBA M UX KOJMYECTBEHHON OIICHKH.

CymiecTByeT HECKONBKO METOAOB M3YUEHHSI CTPYKTYPHBIX OCOOEHHO-
CTel TPEIMHOBATOI0 MacCHBa FOPHBIX MOPOJI B 3aBUCHMOCTH OT LieJed U 3a-
Jlad uccieqoBaHus. MeTopl ClielyeT pas/ieiuTh Ha KOCBEHHBI 1 HEeIocpe-
CTBEHHBIM.

K KoCBEHHBIM MeTO/aM OTHOCATCS (DOTOrpaMMETPUUYECKHH, YIIbTpa-
3BYKOBOH, IITH(OBON IMEKTPOKAPOTAXK, aKyCTHUCCKUIN KapoTax, (poTokapo-
Tak. KocBeHHbIe METOBI, KaK IIpaBUJIO, JAIOT KAYCCTBCHHYIO OLICHKY TPCIIH-
HOBATOCTH M OXBATBIBAIOT OOJIBIINE YUYAaCTKH MAaCCHBOB TOPHBIX OPOJI.

DOTOrpaMMETPUIECKHUI METOA OIEHKH TPEIIMHOBATOCTH pa3paboTaH
B 1957 rogy. Meroarka 3amMepoB ocHOBaHa Ha pabore AByMs (POTOTEOI0IH-
TaMH ¥ pa3paboTaHa JJIsl OTpe/eNICHNs ITMPHHBI PACKPBITUS TpemuH. Makcu-
MaJIbHOE PacCTOSHUE, IIPU KOTOPOM MOXKHO OIPENCNIUTh IMUPUHY TPELLIHUHBI
6onee lcm, cocraBisier 200 M. Tpenunsl mupuHOi Menee 0,5 c¢M, He OXBa-
YEHHBIC 3aMEPOM, C TPYJOM NPOCICKUBAIOTCS ¥ HE UIPAIOT CYIIECTBEHHON
poJM BO BCEH COBOKYMHOCTH MaKpOCKOITHYECKOH TPEIMHOBATOCTH U B Ma-
JIOM CTENEHM OTPaKaroTCsl HAa CTPOEHHH MaccuBa. ChEMKY MOXXHO BECTH C
paccrostanst 100 M. DoTorpaMMeTpUIecKUii METOT OIICHKH TPEIIMHOBATOCTH
o0bekTHBEH M HanekeH. OH pa3paboTaH Uil OTKPBITBIX TOPHBIX paboT B
YCIIOBUSIX THEBHOTO OCBEIICHUS M 3P ()EKTHBEH NPH ChEMKE TPEIIHHOBATOCTH
00JIBIINX OOHAXKEHHUH MPOCTOH KOH(UTYpaLIUH.

HckyccTBeHHOE OCBEIleHUE, 00s3aTeNIbHOe ISl MTPUMEHEHHsT (oTo-
IpaMMETPHH, B TIOA3EMHBIX YCIOBHUSIX PE3KO YXYy/IIAeT Ka4eCTBO CHUMKOB B
pe3ysbTare CIUIONIHOM KOH(UIypalnuy LEJUKOB 3a CUET IOSIBJICHUS] TEHEu.
JIOCTOMHCTBOM  (hOTOTPAMMETPHUIECKOTO METO/A SBIAETCS BO3MOXKHOCTD
OXBAaTUTh OJHOBPEMEHHBIM 3aMEPOM OOJBIIYIO MIIOIA[s OOHAKEHUS MacCH-
Ba. B ycroBHsX KaMepHO-CTOIOOBOW CHCTEMBI 3TO JIOCTOMHCTBO OTIAIacT,
MIOCKOJIbKY /IS OTPaKEHHsI MHTEHCUBHOCTH TPEIIMHOBATOCTH 110 YYacTKY I10-
TpeOyeTcsl CTONBKO CTOSHOK, CKOJIBKO OINOPHBIX IEIUKOB. [ onpeneneHus

63



TpPeX CHCTEM TPEIIMH YUCIO CTOSHOK HPHUAETCS YABOHTH, YTO B KOHEUYHOM
CYETe PE3KO MOBBICUT TPYIOEMKOCTh padoT.

CymHOCTb yIbTPa3BYKOBOTO CIIOCO0a M3YUEHHS TPEIINHOBATOTO Mac-
CHBa 3aKJIIOYAETCS B TOM, YTO B OKPY’)KAaIOIEM T'OPHBIE BBIPAOOTKH MaccHBE
poOypHUBAIOTCST CKBAKUHBI, CTEHKH KOTOPBIX UCCIEAYIOT C IOMOIIBIO CBETO-
BBIX JIydeH u 3epkai. st 3TOH ke LelH MPUMEHSIOT YJIbTPa3BYKOBBIE BOJI-
HBI, KOTOpPBIE TIOCBUIAIOTCS CIIEIMAIBHBIM PUOOPOM — PedIIEKTOCKOIIOM TIep-
NeHUKYJSIPHO OCH CKBaXKHMHBI. M300paxkeHue, moyyaeMoe Ha OCLHILIOrpa-
(e, maeT BO3MOXKHOCTh OINPEACINTh CTENeHb HApYIIEeHHOCTH nopoj. Paanyc
neiicTBus mpubopa BOKPYI CKBaKMHBI COCTaBsAeT He MeHee 1,5 M. Metox
JIEKTPOKApOTaka OCHOBAH HA TOM, YTO TPEIIMHOBATHIE MOPOMABI 00JIANar0T
MCHBIINM YAENBHBIM M OTHOCHUTEIBHBIM COIPOTHBICHUSIMH, OOJBIIEH 3IICK-
TPOTIPOBOJHOCTHIO. 3HAsI 3aBHCHMOCTb MEXIY OTHOCHTEIBHBIM YIEIBHBIM
COIIPOTUBIJICHUEM M MHTEHCHBHOCTH TPEIMHOBATOCTH MOYKHO BBIACINTH HAU-
OoJiee MHTEHCHUBHBIE 30HBI TPELIMHOBATOCTH. TpeIIMHOBATHIE TTOPOJIBI 00Ja-
JIar0T OOJIbIIEH IOIIOMIAIOMEH CIIOCOOHOCTBIO 10 OTHOIIGHHIO K JIPYTHM
BOJIHAM.

AXyCTHYECKUI KapoTax SIBJISETCS IEPCHEKTHBHBIM METOJIOM ISl BbI-
SIBIICHUSI TPEIIMHOBATHIX Iopoa. HamOompiee pacmpocTpaHeHne B MOCIEN-
Hee BpeMs nomydun (GoTokaporak. OH MO3BOJSET BBIIBUTH TPEIIMHBI pa3-
JIMYHOTO POJIa, 30HBI MHTEHCHUBHOW TPEUIMHOBATOCTH ITyTEM MOCIIEI0BATEIb-
Horo (ororpadupoBanus gepes 10 — 15 cm.

InndoBoii MeToN M3y4eHHs TPEIIMHOBATOCTH 3aKIOYAETCs B TOM,
YTO IPH OCMOTpe HUIM(OB TOPHBIX ITOPOJ] NOA MHKPOCKOIIOM IO TIpejyiarae-
MBIM aHAIUTHYECKUM (POopMysiaM MOXKHO KOJHYECTBEHHO OIICHHTh UHTEHCHB-
HOCTh MHKPOTPEIIMHOBATOCTH MOPOA. AHAJIN3 MIOCTPOCHHBIX Npoduiieil Mu-
KPOTPEIIMHOBATOCTH ¥ MaKpOTPEIIMHOBATOCTH TOPHBIX TOPOJ ISl paccMar-
pHBaEMOTO ydJacTKa IT0Ka3all, YTO MaKpOTPELIMHOBATOCTh, 3aMepsieMast 00bId-
HBIM KOMIACHBIM METOJIOM, HAaXOJIUTCS B TECHOW KOPPEIALHMOHHON 3aBHCH-
MOCTH OT MHKPOTPEIIMHOBATOCTH. TakuM 00pa3oM IOKa3aHa BO3MOKHOCTH
nepexofia OT MHKPOCTPYKTYPbI K MakpoCcTpyKType. TodHOCTh numdgoBoro
METO/1a 3aBHCUT OT TECHOTBI CBS3M MUKPO- U MaKpOTPEIIUHOBATOCTH, M103TO-
MY HE JJIsl BCIKUX M3YYEHHBIX CTPYKTYP MOXET OBbITh HCIOJIb30BaH.

K rpynme HemocpenCcTBEHHOTO HM3YyY€HHs TPELIMHOBATOCTH CIEAYET
OTHECTH KOMITACHBIH METOJI C Pa3sHOBHIHOCTSIMH OCTJIBIX M MAaCCOBBIX 3aMe-
poB TpemmH. MeToJq MaccoBBIX 3aMEPOB TPEIIMH OCHOBAaH Ha HEMOCPE.-
CTBEHHOM 3aMepe 3JICMEHTOB 3aJeraHus TPEIINH B CKBAXUHAX, HE TpHOeras
K M3MEpEeHNI0 KoMmacoM. /Iyt mpocMoTpa BHYTPEHHNX MOBEPXHOCTEH CKBa-
XKUH aMeTpoM oT 37 mo 400 MM ucnonb3yercs mpudop PBI1-456. Ha ocHo-
BaHHMHU NPOU3BEICHHBIX 3aMEPOB ObUI ClIeJIaH BBIBOJI, YTO PACKPBITHE BOJIOCS-
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HBIX TPEIIMH MPOUCXOIUT B T€YCHUE 4 — 6 MECSILIEB M 3aBUCHT OT PACCTOSHHUS
JI0 TIOBEPXHOCTH OOHaXkeHHs. METOI MacCOBBIX 3aMEpOB JUIS HU3y4YeHHs
CTPYKTYpPbI MaccHBa OOJBIINX OOHAKEHUII HE IPUTOAEH, TIOCKOIBKY CIIOKCH
U TPYIOEMOK, IMEET OTPaHWIEHHOE ITPUMEHEHHE.

VY4uThIBasl JOCTOMHCTBA W HEJOCTATKH PACCMOTPEHHBIX METOJIOB TIPH
HaJIMYNKM OOHaKEHWH MacCHBa TOPHBIX IOPOJ, OCHOBHBIM CPEICTBOM 3aMme-
POB TPEIIMH SBJISETCS TOPHBII KOMITAC, B MATHUTHBIX CpellaX OH MCIOJIb3yeT-
Csl CO CHeUUalbHBIMU MPUCIOCOOJICHUSIMUA — JIMHEWKOW M BH3UPOM (COJIHEY-
HBIM KOMITacOM) WJIH rupoTpentuaomepom ['T-3.

W3yueHue TpeUIMHOBATOCTH IJIsl Pa3IMYHBIX 33124 TOPHOTo Jielia Ipe-
CIIeyeT LeNb TPOCTPAHCTBEHHOTO OIPEAEIECHHS IUIOCKOCTEH OCIabIeHUs.
N3ydeHneM TpeIHOBATOCTH AOJDKHO OBITh YCTaHOBJICHO:

*  OCHOBHBIC M BTOPOCTETICHHBIE CHCTEMBI TPEIIHH;

*  yHAENBHBIA BeC KaXXIOU M3 CHCTEM B OOIIEH Macce TPEInH;

*  TPOCTPAHCTBEHHBIE YIIIBI MEXIY CHCTEMaMU;

*  WHTEHCHUBHOCTbH TPEUIMHOBATOCTH M XaPAKTEP pa3MELICHUS,

*  IIMpUHA TPEIIMH U XapaKTep 3al0JIHUTEIIS 1 BUJI MUHEPAJIOB;

*  TEHETHYECKHE OCOOCHHOCTH TPEIHH;

*  CBS3b MEJIKOI TPEHIMHOBATOCTH C KPYIHBIMHU I'€0JIOr0-CTPYKTYp-

HBIMH 00pa30BaHMSIMHU.

[oneBbie HaOJIONEHUSI MPOM3BOMASAT B IOJEBBIX M OYUCTHBIX BBIpa-
0oTkax, Hrypgax, €CTECTBEHHBIX OOHAKEHMSX Ha MOBEPXHOCTH, Kapbepax U
T.I.

PynHoe (mmaxTHOE) mMoJie B 3aBHCUMOCTH OT TEKTOHHYECKUX OCOOCHHO-
CTell paiioHa pa30MBaeTCS Ha YYaCTKH, PACCTOSHUE MEXITy KoTopbiMu 150 —
200 M. YgacTtku 3aMepoB MOTYT OBITE paBHBI 20%30 M mmr 10%x10 M.

KonmuecTBo 3aMepoB C 33aHHOM CTENCHBIO HAJEKHOCTH M OLEHKU
NIPUHAJJICKHOCTH BBIOOPKH T'€HEpallbHOW COBOKYITHOCTH, ONPENEISIOTCS U3-
BECTHBIMH METOJIaMH MareMaTHueckoil cratuctuku. Ilpum stom criemyer
HUMETh B BUAY, YTO OIIMOKA B W3MEPEHUH ITPOCTUPAHUS TPEUIMH 3aBHCUT OT
yIJIa TTaZieHUs! TPEeIUH:

. _ sinmy
smm, = W’ (31)
rae M; — ommOKa B ONPENENEHUH YITIa NajeHus, Tpam; 0 — cpenHuil yrom
TIaJICHNs TPELIMH B CUCTEME, TPajl.

Herpyano BuzeTb, YTO IpU BEPTUKAIGHO MaJAIOMIMX TPEIHMHAX
omuOKa B ONPENESNICHUH IPOCTUPAHUs SBISIETCS MHUHUMAJIbHOW M paBHA
ommbKe onpeaecHus yria nagenus. [Ipu 0 = 30 u 10° ommbka B onpeaere-
HHUM NPOCTHPAHUS TPEIIMH OBICTPO YBEINYNBACTCS U IIPEBOCXOIUT OMIMOKY B
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OTIpeNieIeHU BEPTUKAIBHBIX TPEUINH COOTBETCTBEHHO B 2 u 5 pa3. ITostomy
B CHCTEMax TPELIMH C yriamu nafeHus menee 30° HEOOXOAMMO MPOBOAUTH
OoJbIee YMCIIO U3MEPEHUH UX 3JIEMEHTOB 3aJIeTaHUH, PYKOBOACTBYSICH KPH-
TepueM CTBIOZCHTA, C IEhI0 MOITYICHUSI PABHOTOYHBIX U3MEPEHUH TP U3Y-
YCHUU W OIICHKE TPEIIHHOBATOCTH TOPHBIX TOPO/I.

HeobxomuMo wW3MepsATh W YYUTHIBATH BCE TPEIIMHBI IPU OLICHKE
YCTOWYMBOCTH MACCHBOB TOPHBIX mopoji. [Ipu omucanum xapakrepa moBepX-
HOCTH TPEIIUH CIEAYET yKa3bIBaTh BOJHHUCTAS MIOBEPXHOCTh MJIM POBHAS, IIIS-
poxoBaras WK TJiajJgKasd, 3aloJIHCHa I/IHq)I/IHBTpaHI/IOHHBIM MarepuajioM WiIn
MOCJICIHUI OTCYTCTBYET, a TAKXKE YKa3aTh HA3BAHHUE 3AIOJIHAIONIET0 MaTePH-
ana (KaJbITUT, KBapIl, OKUCIIHI JKee3a U T.1.).

Kamepansaas 00paboTka 3aMEpOB TPEIINH CKIIAIBIBACTCS M3 OIpeie-
JICHUS. OPHCHTHPOBKHU TPCIIMH W WHTCHCHBHOCTH TPEIIUHOBATOCTH. Kame-
paibHas 00paboTKa MOJIEBBIX M3MEPCHUN MOXKET HMPOU3BOJIUTHCS PAa3IHIHBI-
MH CIIOCO0aMHU:

* 10 pO3€ TPEIIUH;

*  mo meroxay npodeccopa Tappa;

*  Ha CeTKax KOHUYECKUX MPOEKIUH, mpetoxkeHHbIX [nuTiem;

*  Ha PaBHOYIOJIbHBIX, CTEpEOrpaMUECcKUX CETKaxX, IPUMEHSIEMbIX B

TOJIAPHOM U DKBATOPUAJILHOM BapUaHTAX;

*  Ha PaBHOBEIHKHX CETKaX, NMPHMEHSAEMBIX B TMOJSIPHOM M IKBATO-

pUaJIbHOM BapHUaHTaXx;

*  Ha CeTKaxX PaBHOMPOMEXYTOYHOH MPOEKIHH B TOISPHOM H DKBa-

TOPUAIFHOM BapHaHTAaX;

*  Ha OpPTOTrpapUUECKUX MOSIPHBIX CETKAX;

*  Ha IPSIMOYTOIBHBIX CETKaX.

[MocTpoeHre po3 TPEIIMH BBISBISCT OTHOCHTEIEHOE KOJIMIECTBO TPE-
IIMH TI0 a3UMYTY, HO COBEpIICHHO He AU dHepeHIUpyeT N0 YIITy MaJacHuUs.

IIpu obOpaboTke TpemH Ha auarpamme mnpodeccopa Tappa B ogHy
Ipymnny oObEAUHAIOTCS TPCIIUHBI C PA3IMYHBIMHU YTJIaMH U HAIPaBICHUSIMH
nageHus. Cerka KoHHYeckux mpoekiwii [nurna u3-3a HeyJoO6CcTB paboTHI C
HEW He Hauula MHUPOKOro MpUMEHEHUs. 113 paBHOYTOIBHBIX, paBHOILIONIA -
HBIX ¥ PaBHOIIPOMEKYTOYHBIX TPOCKINI CETOK HauOoIIee pacpOCTPaHEHHBI B
TCOJIOTHH W TOPHOM JeJie DKBAaTOPHUANBHBIE CETKH. DKBATOpHANIbHAS CETKa
crepeorpaduvecKkux MpoeKuii (cetka Bynbga) mumpoko mpuMEHSIeTCsS Mpu
aHaJIN3¢ YTIIOBBIX COOTHOIICHUH MEX Ty TUIOCKOCTSIMH OCTIa0JICHUS.

Br16op TOro MM MHOTO BHJA JUArpaMMBI AJIsl CTAaTUCTHYECKOH obpa-
OOTKH TpelmuH 00yCIOBJICH XapaKTepoM perraeMoit 3amaun. Hanbomnee yno0-
HOW IMarpaMMOH JJIS ONpEeNeNiCHHs CPEeTHHUX HIIEMEHTOB 3aJIeTaHus TPEIIUH
ABJISIETCA MpsMOYToyibHas auarpamma (puc. 3.12). B M30IMHHAX TOKa3aHO
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pacrpenieneHue TPeyH Mo 3JIeMeHTaM 3aeranus. OTHOCUTENBHO KPYTOBBIX
JIarpaMM IMpoIece CriaakuBaHUs METOJOM CTaTUCTHYECKOTO «OKHA» Ha Ips-
MOYTOJNBHON JuarpamMMe TNPOM3BOAMUTCS JOBOJIBHO TPOCTO 0€3 M3MEHEHHS
pa3MepoB «OKHa» IPH HEPEXOE OT MOJIOCH K MOJI0CE MEXAY IIHMPOTAMH.
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Puc. 3.12. Crarucrudeckast 00paboTKa TPEUIMH Ha MPSMOYTOIBHOHN JHarpaMmme:
I, I, III, IV — cuctemsl 3JIeMEHTOB TPEILUH, BBISIBJICHHBIX
Ha JI’xe3Ka3raHCKOM METOPOXKICHUU.

BriepBrie KOMMYECTBEHHBIN aHAIN3 TPEIINH OBLT TpuMeHeH B 1943 r.

[Ipu paccMoTpeHHH BOIPOCa O POJIM YIPYTUX BOJH B Iepuoj 00pa3o-
BaHUS TPEIIMHOBATOCTH OBUT MPUBEACH TPa(UK YacTOTHl TPEUINH B TIaBHOM
cucreMe. Bois TOpU30HTAIBHON OCH OTJIOKEHBI PACCTOSHIES 10 HEKOTOPO-
My HalpaBJICHHIO, & BJOJb BEPTUKAIBHONH OCHM — YacTOTa TPEIIMH IJIaBHOW
CHCTEMbI Ha €AMHMILY JIHHBL [locTpoeHHbIH rpadyk HaITOMHUHAET BOJIHOOO-
Pa3Hy 0 KpUBY0. DTOT rpadK 4acTOT IOMOT BhISIBUTH Ba)KHBIC OCOOCHHOCTH
IIpoIiecca €CTeCTBEHHOM TPEIIMHOBATOCTH.

KonugecTBeHHbIi aHanM3 OBUT MPUMEHEH IPU U3yYSHUH MUHEpaIn3a-
UM HHTPY3UU TPAHOANOPHUTOB B HeHTpansHOM TsHb-1llane. MHTpy3un Obin
pa30UTHI CHCTEMaMU TPEIINH Ha OTJeNbHBIC OoKH. 3ydeHne xapakrepa Imy-
Tell IBMKCHUS PACTBOPOB IO3BOJIIIIO CAETATH BHIBOJ O PACCESTHHOM ITOTOKE
pacTBOPOB, KOT/Ia KaXKAbIH 3JIEMEHTapHBIN OJIOK MOPOALI UCIIBITHIBA aKTHB-
HOE JeHCTBUE PAaCTBOPOB CPa3y C HECKOJIBKHUX CTOPOH. [l OLIEHKU TpeIu-
HOBATOCTHU MOPOJ OBLIIM MCIIOJIBb30BAHBI HpO(bI/IJ'[I/I TPECUIMHOBATOCTH, I'I€ T10
ocu a0CIMCC OTKIIA/IBIBAINCH JUTMHBI MapIIPYTHBIX XOJ0B B METpax, a 1o op-
IUHAT — YaCTOTHI TPEIINH, T.€. KOJMYECTBO WX B CAMHHUIIEC JITHHBI a3UMYTalIh-
HOTO TIEPECEUYCHUsI TaHHOTO TeoylorHuecKoro tena. Jamee Ha mpoduie Tpe-
IIMHOBATOCTU B OMPEICICHHBIX YCIOBHBIX 3HAKaX OBUIO HAHECEHO MUHEpa-
moobpa3oBanue. ComocTaBIieHHE HWHTCHCHBHOCTH TPEIIMHOBATOCTH C JIOKA-
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JM3aluell MeTacoMaTUUeCKUX MPOSBICHUM B UHTPY3UU BCKPBUIO CBSI3b pac-
TPECKUBAaHUA MacCcCUBa C COOTBECTCTBYIOIIMMHU MHTCHCHUBHOCTAMU MHUHECpAIN-
3aIiM, YTO 3HAYNTEIBHO OOJIETYaeT YCIHENIHOE BBIIONHEHHE DPa3BEIOYHBIX
pabor.

JInist n3ydeHus: MeNKOH TPEIIMHOBAaTOCTH TOPHBIX ITOPO] ObLT Mpeaso-
JKeH METOJ] MacCOBBIX 3aMepoB. VIHTEHCHBHOCTD TPEIIMHOBATOCTH OBLIO pe-
KOMEH/IOBAHO OMpEENATh METOIOM U3MEPEHUS YAENbHOM TPEIMHOBATOCTH
10 TPEM B3aUMHO NEePIEHIUKYIISIPHBIM HalpaBIECHUSIM, IPUBA3BIBAS OCH K 3a-
JIETaHUIO TJIacTa MM HE3aBUCUMO OT HETO.

Y enbHyI0 TPEIMHOBATOCTh OMPEEIIAIOT KaK YUCIIO TPEHMH Ha 1 M.
KonnuecTBeHHOM XapaKTEpUCTUKOM TPEIIMHOBATOCTH TOPHBIX MOPOJ CIYKUT
YZAENBHOE PACTSHKEHHUE. Y IENBPHOE PACTSIKEHHE ONpEEIsieTCs] KaK MpPOLEHT-
HOE OTHOILIEHWE o0beMa INPUOTKPHIBAHUI B TpEUIMHAX, OOBIYHO 3aIlOJIHEH-
HBIX KaKUMH-JIMOO MHUHEpaJIaMH WIN YacTHUIAMH ITOPOAbI, KO BCeMy 00BEMy
MOPOJIBI, COAEPIKAIIEH 3TU TPEIUHBI.

Brul BBeZieH MoKas3aTenb TPELUIMHOBATOCTH, OMpPEeNsieMblil KaKk OTHO-
IICHHE TUTOMAIN TPEIIMH K IUTONIaN paccMaTpuBaeMoro ydactka. Ciemyer
OTMETHUTb, 4YTO IMpeajiaracMas KOJIMYCCTBECHHAsA OLCHKA TPEIIMHOBATOCTU
ynoOHa [UId ee ydera Mpu OypoB3pHIBHBIX, TAMIIOHAXKHBIX paboTax, B THIPO-
JIMHAMHKE TOJ3EMHBIX BOJ, IZle Hapsiay C MPOCTPAaHCTBEHHONW OPHEHTHPOB-
KOM TpemuH 0co00e MECTO 3aHMMAeT IIMPHHA PACKPHITHS TpeuuH. B reome-
XaHHUKE TPEIIMHOBATOCTh XapaKTepU3yeT CTEeNEHb PacdJICHEHHOCTH MacCHBa
TUTOCKOCTSIMH OCJIa0JICHUS], TPOYHOCTH KOTOPOTO HE 3aBHUCHUT OT IIMPHHBI pac-
KPBITHUS TPELIHH.

[MpennoxeH o0bEeMHBIH KOIPPHUIUESHT TPEIIMHOBATOCTH, ONpeJelsie-
MBIH KaK KOJIMUECTBO TPEIIMH Ha 1 M IpH 3aMepax B TpeX HAIPaBICHUAX (TI0
MIPOCTHPAHUIO, MTaJICHUI0 ¥ MOIIHOCTH IIaCTa) C BHIBEACHUEM CPEIHMX 3Ha-
YeHHH IS KaXIoi Touku HabmroxeHuil. Ho mpm aTom MeTone ydera TpeuruH
BenmmunHa Kodddunmenta 00beMHOM TPEIIMHOBATOCTH 3aBHCUT OT PaccTos-
HUSI TPEIIUH OTHOCHUTEIILHO 3JIEMEHTOB 3aJICTaHMS.

Haubonee pacnpocTpaHEHHOW OIEHKOW WHTCHCUBHOCTH TPEIIUHO-
BaTOCTH SIBJIETCSI YUCIIO TPELIUH Ha €AMHUIY IJIUHBL. PekoMeHIoBaHO ee
OTIpEJIeNIATh Ha TpaduKe-KBaapaTe, U PACCTOSHUS 3aMEPSTh M0 HAPABICHUIO
HOpMAaJIM K cliefjaM TpeluH. PaccmaTpuBaeMblil METOIL HCXOOUT U3 TOTO, YTO
CTEHKa OOHA)XEHMS MHPEACTABISIET cOOOW MACaTbHYI0 BEPTUKAIBHYIO IUIOC-
KocTh. [IpocTrpanue 3TOH IUIOCKOCTH HMPHUHUMAETCS 3a MPOCTHpaHHE OOHa-
XKEHUsI, JUTMHA — 3a JUIMHY OOHa)keHHs. Bce 3aMepbl TpelnH OTHOCATCS K JIU-
HHUM TpocTHpaHus oOoHaxeHns. Criocod rpaduka-kBagpaTa obsafaer ciemy-
IOUIUMHU HEJIOCTaTKaMHU:

*  MOTPELIHOCTb B ONPEAEICHUU I'yCTOTHI TPEIUH Bo3pacTaeT B 10 —
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20 pas;
d BBICOTa OOHAKEHUS U YCTYIM4aToCTh O6Ha)KeHI/I§I HE MPpUHUMACTCA
BO BHUMaHHE.
Jlns ydera BBIABICHHS KOHTYpa OOHaXKEHHs Ha I'YCTOTY TPEIIUH ObLIO
HPEIUIOKEHO TYCTOTY TPELIMH ONPeessaTh 0 0000IEHHOH hopMmyIe:
r= Ny ,
Lsing [siny + Hcosy [sing + Acosa

(3.2)

rae N, —uucio (aKTHYeCKHX 3aMepoB TPCIIUH Ha BBICOTY OOHAXKCHUS,
H — rny6una obHaxeHus, M; L — irHA 0OHAXKEHUS, M; /i — BEICOTa OOHaXe-
HUSI, M; . — YTOJI IAJICHUsI TPEIHH, TPaJl; ¥ — YroJ MEXIy MPOCTHPAHUEM Tpe-
IIMH ¥ IPOCTHPAHUEM OOHAXKCHUS, TPA/L.

®dopmyna (3.2) crnoxHa, MOJNB30BaHHE €0 TpeOyeT OONBIINX 3aTpar
BpeMeHH. B To ke BpeMms mpsiMoe HOMOrpadupoBaHHE e¢ 3aTPYAHEHO TEM,
YTO OHA CONCPKUT 6 HE3aBUCHMBIX TEPEMEHHBIX M BKIIOYACT CUCTBHS
Pa3HBIX MTOPSAAKOB (CIIOKEHUE U YMHO)KEHHE).

JIyist 3aMepoB TpEeIuH B BEIpAOOTKaX MpeaoxkeHa Ooiee mpocras Gop-
MYJ1a OIpPEAEICHHS IYCTOThI CUCTEMbI TPEILHH:

L 33
sind (siny ’ (3-3)
rne [, — ICTHHHAS TYCTOTa CHCTEMBI TPEUIHH; /; — TYCTOTa CUCTEMBI TPEIINH
[0 HAIPABJICHUIO BBIPAOOTKH; 0 — yrojl MajeHUs] CHCTEMbI TPEIUUH, TPal.; y —
YroJl MeXIy NPOCTUPAHNEM CUCTEMBI TPELIMH U a3UMYyTOM BBIPAOOTKH, TPaI.

O/HaKO OCYIIECTBJIATh W3MEPEHUS] PACCTOSIHUN MEXAY TPEIMHAMH
M0 a3UMYTY JOBOJIGHO CJIOKHO W3-32 M3MEHYMBOCTH KOHTYpa OOHAaXKCHUS U
HEOOXOAMMOCTH 3aMepa TPEIIMH APYTHX CHCTEM, JIeKALIMX BHE 3a/JIaHHOTO
HanpasieHus. OOBYHO B 00HAXKEHUAX 3aMEPSIOTCS HOPMAIbHBIE PACCTOSHUS
MEXIy CIeAaMH TPEILHH.

Belpakast HCTHHHOE pacCTOSIHME MEXIY TpEIIMHAMH Yepe3 u3Mmepe-
HHUSL, OCYIIECTBIISIEMBIE B TNIOCKOCTH OOHaKEHHUS, TOJTydaeM

sinf§ [sind

siny

[

ucm

= Lusu (3.4)

re f/ — OCTPBI Yroil MeXJIy MPOCTHPAHHEM OOHAKEHHS M MPOCTHpPaHHUEM

M3y4aeMOW CHCTEMBbI TPELHH, TPaj.; 0 — Yroil NaJeHHs H3y4aeMOH CHCTEMBI

TPEIINH, TPaJ.; Y — OCTPBIA yroJi MeXIy IPOCTHPAHUEM IIFIOCKOCTH OOHaKe-

HUSI 1 HATIPaBJICHUEM TPEIIUH (MX CJIeaMH) B INIOCKOCTH OOHA)KEHHMS, TPal.
K dopmyie (3.4) HE0OX0AUMO ClIeNaTh CleIyoNINe 3aMeaHHs.
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Ecnu BeipaboTka TpoijieHa BKpEeCT MPOCTHPAHHUsS HM3y4aeMOW CH-
cTeMbl, T0 / = 0 1 u3MepsieMOe 10 HOPMAJIH PACCTOSHUE MEKITY TPEIIHHAMY
SIBIISIETCS] NICTUHHBIM.

B ciyuae coBmazseHus MpOCTHPAHUS INIOCKOCTH OOHAKEHUS C IPOCTH-
panueM TpemuH (5=0), WIn Ipu rOPpU30HTAIFHOM 3ajieTaHny TpenH (6= 0)
¢dopmyna (3.4) TepsieT cMBICI M HEOOXOJMMO IIONB30BATHCSI BBIPAKEHUEM
Lyem = 1y 5500 g - ), rme 0 — yron majieHus miockocTH OOHaXKEHHUS, TPajl.

[TockonbKy 3aMepbl TPEIIUH HOCST MAcCOBBIA XapakTep, TO K03hdu-
IIUEHTHl WHTEHCUBHOCTH TPEIIMHOBATOCTH JOJDKHBI OTBEYATh TPEOOBAHUSIM
MIPOCTOTH B OOpaIleHNH, WHBAPHAHTHOCTH B KOJMYECTBEHHOM BBIPaKCHUH,
HEOOX0ANMOH TOYHOCTH.

JIng KOITMYeCTBEHHOM OLIEHKM MHTEHCHBHOCTU TPEIUHOBATOCTH MO-
KeT OBITh UCIIOJIb30BAHO HECKOJIBKO KO PHUIIUEHTOB!

1. JIuneitnplii K03QPUIHEHT UHTEHCUBHOCTH TPELIMHOBATOCTH, TIOKa-
3BIBAIOIIMI OTHOIICHHWE €AWHUIIBI JJIUHBI K CPEJHEMY PACCTOSHHIO MEXITY

1
TpeumHamu W = ;

2. InomaaHo#t ko3 GHUIMEHT, MOKA3bIBAIOIINA OTHOIICHUE SIUHHIIBI
IUTOIIAM K TUIOIIAIM, 3aKIF0UCHHON MEXAY ABYMsI MMapaMd CHCTEM TPEIIHH
1

3. O0beMHBIN KOIPPUIIMECHT UHTCHCUBHOCTH TPEIIUHOBATOCTH, ITOKa-
3BIBAIOIIMI OTHOIIICHUE CIUHMILI 00beMa K 00BEMY YCPEIHEHHOI'O CTPYK-

1
TypHoro 6moka W = 7

JIuHEeHHBIH ¥ pexe MIomaaHoH K0d(PHUINEHTH HHTEHCUBHOCTH Tpe-
IIMHOBATOCTH HCIIOJB3YIOTCS JJIsl CUEHKH Pa3ApoOJEHHOCTH MAacCHBa IpH
pacueTe yCTOMYHBOCTH KPOBJIU BEIPAOOTOK, OTKOCOB OOPTOB KaphepoB U JIpY-
X 00BbEKTOB, paCCMATPUBAEMBIX B 33J]a4ax 10 CXeMe MOIYILIOCKOCTH.

OO0beMHBIN K03(pPUIIMEHT HHTEHCUBHOCTH TPEIIMHOBATOCTH HCIIONb-
3yeTcs IpH pacyeTe Ha IPOYHOCTh LEIHKOB Pa3IMYHOrO Ha3HAYEHHMs, JIO-
KaJIbHBIX TPEIIMHOBATHIX MACCHBOB Ha CABHT, CXaTHE U T.I. [IJI1 OKOHTYpH-
BaHUS CTPYKTYPHOTO OJIOKa B MPOCTPAHCTBE YACTO JOCTATOYHO TPEX CHCTEM
TpemnH. CTpYKTYypHBIH OJIOK, B OOILIEM, MPECTABJISCT HENPAaBWIBHBINA Ha-
KJIOHHBIN napautenenunea. O0beM ero paBeH MPOU3BEICHUIO IUIOMIAAN HOP-
MaJIbHOTO CEYCHHUS Ha ITMHY OOKOBOTO pedpa M BBIPAKACTCS Yepe3 U3MEPEH-
HBbIC BCJIMYUHBI
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. L0
Ve —7F"—— 3.5)
sing 'Ocosd,
rae l;, [, I; — cpemHee u3 M3MEPEHHBIX PACCTOSIHUA MEXy TPEIIMHAMH B CH-
creme LIT u III COOTBETCTBEHHO, M; (' — OCTPBIi yroj MEKIYy HOPMAISIMH K
mwiockoctsm 1 u 11, rpan.; 0, — yrom HakioHa ocHOBaHHMS (CHCTEMA TPEIIUH
[II) ocHOBaHuMs cTpyKTypHOTO OJIOKa, Tpaj.

B kauectBe WITIOCTpAllUU MOXXHO MNMPHUBECTU METOAUKY IMPOCTPAaHCT-
BCHHOI'O 1/1306pa>1<eH1/1;1 HMHTCHCUBHOCTHU TPCIIMHOBATOCTU PYAHOI'0 TEJIa HaA
JIke3ka3raHCKOM MECTOPOKACHWH. B mpenenax pymHBIX 3ajiekeil BBIOMpa-
JUCh TUIOmAAKK 3aMepa 20%20 M, Ha KOTOPBIX OMPEAeISUTUCH: YToJl MajeHus,
MIPOCTHPAHNE U PACCTOSIHUE MEXKAY TPEIIMHAMH KaKI0H cucteMsl. Beero Ha
MECTOPOXXKICHHH OBIIO0 3amMepeHo okoio 30000 TperuH.

Craructnueckast 00paboTKa TpelyH 3aKioJanach B cienyromem. Ha
MIPSIMOYTOJIBHYIO CETKY, TJIe IO TOPH30HTANBHON ocH yepe3 10° oTiioxeH a3u-
MYyT JIMHUY IIPOCTUPAHUS TPEUIVH, a 110 BEPTUKAIBHOU OCH — YIroJ IaJIeHus, B
BHJIE TOYEK HAHOCHINCH BCE TPEIIMHBI, OTHOCAILINECS K JaHHOM IUIOIajaKe
3amepa. [Ipy moMomy CTaTHCTHUECKOTO OKHA PE3yJIbTaThl 3aMEPOB CIIIAXKH-
BaJIMCh U 1TO JAHHBIM CIJIaXKMBAHUA NIPOBOJMUIIUCH U30JIMHUU TINIOTHOCTU TPEC-
IKH. DTO MO3BOJIMIO BBISBUTH TPU CHUCTEMBI TPEIIMH M CPEIHUE IUIS CHCTe-
MBI — YTOJI TAZCHUSI U IPOCTUPAHMUAL.

CpenHue pacCTOSHHS MEXIy TPEIIMHAMH B CHCTEME OIpPENeISIOTCS
1o opMyam:

o e+ .+10

cp nl >

/I - Wb+ 1+ 4y (3.6)
cp n, s .

11l 1l v yis
g W BT T
cp

1

b
ns
rae l,- — pacCTOAHUEC MCKAY TPCHIMHAMU, M: /1 — KOJIUMYECTBO 3aMCPOB.
3aTeM JUIsL Ka)KHOﬁ IUIOIAaAKN 3aMepa 6I)IJ'II/I BBIYHCJICHBI O6T>€MI)I
YCPEIHEHHOTO CTPYKTYPHOro GJ10Ka:

[yl il
V= M‘ (3.7)
sing ' Ocosd ,,
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OO0beMHBIH KOIQ(UIIMEHT HHTEHCUBHOCTH TpeuuHoBaTocT (W) BbI-
pakascsl B BUE

(3.8)

UTes

Puc. 3.13. laTeHCUBHOCTH TpeuHoBaTocTH 3aiexu [lokpo 4g.

[Mony4yeHHble MHTEHCHBHOCTH TPEUIMHOBATOCTH IO 3TOM (opmyiie Ha
KaKIOH TUIOIIAKe 3aMepa OTHOCHJIUCH K €€ LEHTPY. BbIYucisisi HHTEeHCUBHO-
CTH TPEIIMHOBATOCTH ISl KAXK/I0H TUIONIA/IKY 3aMepa U HAaHOCS Ha IUIaH UX Y-
CJIOBBIC 3HAYCHWS, TOJTyYalOT TOJIC YUCIOBBIX 3HAYCHUI WHTEHCUBHOCTH TpE-
nMHOBaTOCTU. JlaHHOE mMoJie 00JamaeT BCEMH CBOWMCTBAMH T€OXHMHYCCKOTO
TI0JI51, YTO TO3BOJISIET HATJISIAHO U300pa3nuTh €ro B M30uHuUsX (puc. 3.13).

[TocTpoeHHBIC IUTAHBI MHTEHCHBHOCTH TPCIIHHOBATOCTH SIBJISIFOTCS
MPOCTPAHCTBEHHO-TEOMETPHUYECKUME TpadMKaMU ¥ TO3BOJISIOT B KaKIOM
KOHKPETHOM MECTE ONPE/ICIUTh CTENEeHb Pa3ApOOJCHHOCTH TOPHBIX TIOPO/I.

anamue Nello

3.3. MeToanKa NPOrHO3UPOBAHUS MPOYHOCTH
TPELNHOBATOT0 MOPOIHOT0 MaCCHBA

Leanb 3aHATHSI: 03HAKOMUTH C METOJMKOM POTHO3UPOBAHHS IPOYHO-
CTH TPEIIMHOBATOrO IIOPOAHOTO MacCHBa Ha MPUMEPE KOHKPETHOTO MECTOPO-

JKJICHMSL.
[IpornosupoBanue MPOYHOCTH TPELIMHOBATOIO MACCHUBAa COCTOUT M3

MOCJICA0BATCIIBHOT'O PEHICHUS CICAYIOMINX 3a4a4:
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*  aHaJM3a CTPYKTYPHBIX OCOOEHHOCTEH MacCHBa TOPHBIX ITOPO/I;

*  POTHO3UPOBAHMS MHTEHCUBHOCTH TPEUIMHOBATOCTH;

*  NPOTHO3UPOBAHHS MPOYHOCTH TPEHIMHOBATOTO MAaCCHBA.

Henpa 3emiu sIBJISIFOTCSI CJIOXHBIM KOMILJIEKCOM T€OXUMHYECKUX I10-
Jel, UMEIOMMX CIIOKHOEe CTpoeHHe. Kakaas MaTepuanbHas YacTHLA WA
TOYKa 3TOTO IIOJs obJiafaeT ONpeneleHHBIM, TOJBKO € NMPUCYLIMM CBOW-
CTBOM, OyZb TO BBIp@)KEHHE MOIIHOCTH, HHTEHCUBHOCTHU Je(hOpMaIiH, OpY-
JICHeHWsI, MEXaHHYECKON NPOYHOCTH U T.A. JIF000e CBOHCTBO FE€OXMMHYECKO-
IO MOJISl B KaX/IOW €ro MaTepuaibHOM TOYKE MOXET OBITh BBIPAXKEHO (YHK-
uueii Buga P = f(x,y,2,t) . [eoxumMudeckoe 10Je XapaKTEPU3yeTCs YCIOBH-
SMH KOHEYHOCTH, OJHO3HAYHOCTH, HEIPEPHIBHOCTH U IIABHOCTH, COBOKYII-
HOCTH KOTOPBIX COCTaBIISIET TOBEPXHOCTH TOMOTPadHIECKOTO MOPSIIKA.

CraTHCTHYeCKOe U3YYCHHE HCXOIHBIX IaHHBIX SBISIETCS ONHHM W3
CHOCO0O0B MO3HaHMS OOBEKTHBHBIX 3aKOHOB JICHCTBUTENLHOCTH. B mpornecce
CTaTUCTUYECKOTO M3YYEHUs! SIBICHHH BBISBIIIFOTCSI CTATUCTHUECKHE 3aKOHO-
MEPHOCTH, HMEIOIIHME CHITY ISl BCeH MacChl OObEKTOB HJIH SIBIICHHIA B LIEJIOM,
B TO BpEeMA KaK B OTACJIBbHO B3IATOM SABJICHMU OHU MOI'YT HC IPOABHUTHCH.
PaccmatpuBaeMoe KOHKpeTHO JIKe3Ka3raHCKOe MECTOPOXKICHHE MOKET OBITh
NPENCTaBICHO T'€OXUMHUYECKHM II0JIeM C HMHTEPECYIOIMMH Hac XapakTepu-
CTHKaMH OTHOCHTEIBHOW Ne(pOpMHPYEMOCTH TOPHBIX IOPOA M CTEICHBIO
opyneHeHus. Vcrmonp30BaHHE METONA YCPEAHEHHUs] Ha ONPEACICHHBIX ILUIO-
aJKax W CriaKHBaHUE MPH MOMOIIM CTaTUCTUYECKOTO OKHA ITO3BOJISIOT
BCKPBITh 3aKOHOMEPHOCTH PACHpeIelIeHHs] HHTEHCUBHOCTH TPEIMHOBATOCTH
U OPYICHEHHS KaK XapaKTEPHCTHUK MeOXMMUYECKOro mois. Takum obpaszom,
paccMaTpuBaAC€MbIC COBOKYIMHOCTU MHTCHCHBHOCTU TPCUIMHOBATOCTU U OpY-
JCHEHUsI MOTYT OBITh BBIDQKCHBI B HM30JHMHHUAX C YHCIOBBIMH OTMETKaMH
0T00HO TOMOrPaUIECKUM TTOBEPXHOCTSIM.

W3yuyeHne TpemMHOBATOCTH PyIHBIX 3ayexedl Ha J[Ke3kasraHCKOM
MECTOPOXKICHUHU MO3BOJIMIIO YCTAHOBHTH TPH THUIIA TPSILMH: IPUPOKICHHYIO
TPEHIMHOBATOCTh, TPEIIUHBI CKOJIa ¥ TPELINHBI OT TOPHOTO JIaBJICHUSI.

TpemuHbl OT TOPHOTO JaBJIeHUs, KaK MPaBUJIO, HOCST JIOKaJbHBIN Xa-
paktep ¥ HaOnoaaTcs Ha J[)ke3ka3raHCKOM pyJHHKE Ha MOBEPXHOCTAX He-
KOTOPBIX LIEIUKOB. B pe3ynbrare HaHeceHUs Ha NPSAMOYIOIbHYIO JUarpammy
u cratactudeckoir 00padorkn 4000 TpemuH OBIIIO BBISIBICHO HECKOJIBKO CH-
creM TpenuH (cM. puc. 3.14). Ha ocHOBaHMM quiarpaMMBbl 1 00pabOTKH 3aMe-
POB paccTOSHUI MEXly TpeIIMHaMK cocTaBieHa Tabm. 3.1.

['eHe3uC TPELIMHOBATOCTH PYyIObl OCAJOYHOrO Komiuiekca JIxes-
Ka3raHCKOW CBUTHI mpencTaBisieTcs cienyromuM. Cucrema tpemus Il sB-
JISIeTCsl TPELIMHAMHU CIIOMCTOCTH WJIM HAIlJIaCTOBAHMs, KOTOpas oOpa3zoBaHa
IIPY BBIMAZCHUU OCaJKa W3 MOPOA000pa3yIoIIero BelecTra. B ganpHeeM
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B PE3YIbTATC TECKTOHMYCCKUX IMOABUKEK, BBI3BAHHBIX COKPAIICHUEM obbeMa
0Ca/I0uHbIX TOPO/I, IPOU3OIILIN PA3IOMbI U (DJIEKCYpHbIE HAPYILICHHMSI.

[IpocTupanne TEKTOHHYECKHX HApYIICHUH C IMOYTH BEPTHKAIBHBIM
nagenueM (rpax.) onpenensuiin U.C. Aroskun, K.M. CatnaeB u coTpyaHHUKH
JI)xe3Kka3raHcKoro pyJaHUKA.

Tabauya 3.1
DJIeMEeHTHI 3aJIETaHusl CUCTEM TPEIINH
Cucrema TpemuH [IpocTupanue, [Nangenue, CpenHee pacCTOsiHUE B
rpaj. rpaf, cHucTeME, M

I 10-20 85-90 0,54
190 — 200 85-90

I 0-10 0-10 0,54
180 — 190 0-10

11 220 -230 85-90 0,79
40 - 50 83-90

v 265 —280 82 - 87 1,12
90 — 100 78 — 83

ConocTaBieHe 3THX NaHHBIX U OPHEHTHPOBKU M3MEPEHHOH IMOBCe-
MECTHO TPEIIMHOBATOCTH PyHbl (CM. Tabn. 3.1) TOKa3bIBalOT, YTO CHUCTEMBI
tpemuH I, III, IV tecHO cBsizaHbl ¢ (hIeKCypHBIMU 30HAMU H, MO-BHIUMOMY,
SIBIISIFOTCS] TEKTOHMYECKOTO MPOUCX0kAeHHUA. OCOOCHHOCTBIO CHCTEM TPEIIUH
I u IV sBasiercs OTCYTCTBHUE CIEIOB CKOJBKEHHS, ITyOMHA PacTIpOCTPaHEHHS
1 PacCTOSHUS MEXKAY TPELIMHAMH 3aBUCAT OT MOITHOCTH CJI0S. DTO OOBSICHSI-
eTcsl U3TNOOM CJI0EB, KOTOPBIN COMPOBOKAAICS 00pa30BaHUEM DPaANAIbHBIX
TpelyH, T.e. TpewuH cucreM | u IV sBIsOTCS paspbIBHBIMH, PacHpoCT-
paHEHUe KOTOPBIX OrPAHUYMBAETCS MOIIHOCTBIO C10€B. YacTOTHI pa3phIBHBIX
TPELIMH B M3ru0aeMoM cjoe OyaeT TeM OoJibIlie, YeM MEHbIIE MOIIHOCTh U
MIPOYHOCTH c0s. TakuM 00pa3oM, U3rud MATH CIOEB Pa3NUYHbIX 110 MOIIHO-
CTH ¥ MO MPOYHOCTH OYAET CONMPOBOXKIATHCS PAa3IUYHON MHTEHCHBHOCTBIO
TPEUINH B KaXIOM CJIO€, YTO OOBSACHICT OTHOCHUTEIFHOE CMEIICHHE TPEIIUH
OT CJIOSI K CJIOI0, CO37aBasi MofoOue «KUPIUYHOW Kiaakm». PopMUpoBaHHE
paavaibHBIX Pa3lIoMOB, CIEA0BAaTENbHO, U cucTeM TpewwH I u IV npoucxo-
JUIO B TEYEHUE JUIUTEJIBHOIO MEPUOJA, IIPU 3TOM IIO31HUE HAPYIICHUA Ha-
KJIaJpIBasch Ha Oojee pannue. K Gosee MO3HNM TEKTOHWYECKUM Hapyllle-
HUSIM Ha PYJHOM nosie JKe3Kka3raHCKOro MECTOPOKIACHUS CIELYET OTHECTU
TpewmuHbl cucreMsl III. IlocnenHsas ceder claoM HAIUIACTOBAHMS, OTIUYASCH
OO0JBIION BBIIEP)KAHHOCTBIO KaK 0 IPOCTUPAHUIO, TaK U TI0 MaJCHUIO HE3a-
BHCHMO OT MOIIHOCTH CJIOSI.

Mopdonorndeckue 0COOCHHOCTH TpemWH pazauyHbl. Cuctemsl 1 u
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IV, kak mpaBuio, 0e3 ciel0B CKOJIbKEHHUs, C HATEKaMU OKHCIIOB JKeJe3a U
cynbUAHBIX PYA (XaIbKONUPUT, OOPHUT, nUpUT). OTCYTCTBHE B TPELIMHAX
TJIMHACTOTO MaTepHuaita W OOpO37 CKONBXKEHHUS CBHIECTEIBCTBYET O Pa3phIB-
HOM XapakTepe TPEIIHH 3THX JIBYX CHCTEM.

Tpemunst cuctemsr 111 uMeroT 60pO3/BI CKONBKEHUS, TIUHKY TIPUTH-
panusi. bosiee moyoryue TpenMHbI 3TOM CHCTEMbI HHOTIA BHIIIOIHEHBI KaJlbIU-
ToM M KBapueM. Mopdonorndeckue ocodbeHHocTr TpeuuH cucremsl 11 cBu-
JIETEIBCTBYIOT O CKOJIOBOM ITPOMCXOXKACHUH 3TUX TpeuH. ['opu3oHTaIbHAs
cucrema TpeuuH Il yacTo MMeeT pikaByr0 OKpacKy WIM 3all0JHEHA KajblM-
TOM 1 pexe kBaprieM. Haubosee pa3sutsl cuctems! TpemmuH I, I u III, xoto-
pBIe 00pa3yIOT CTPYKTYPHBIA OJOK B (hopMe pOMOHMYECKOW MPU3MBI, ITOJIO-
KeHHoM Ha Gok. O6beM ee pasen 0,26 M. Msydenue cTpykTypsl Jkeskas-
TaHCKOTO MECTOPOX/ICHHS TIO3BOJIMIIO OOBSICHUTH BBIXO/ Herabapura oTOMBa-
eMoii pyapl. KpynmHOKyckoBast py/a, peBbIIIAIOIIas yCTaHOBICHHBIH KOHIM-
nuoHHbIN pasmep 400x400 mM, o gannemv UI'J] AH Kasaxckoit CCP, pac-
npeaensercs cnexyronmm oopazom: 400 — 700 mm — 56,8%; 700 — 800 MM —
11,1%; 900 — 1200 mm — 27,1%; 1300 — 1800 mm — 5,0%.

CormocraBiicHHE JaHHBIX Pa3MEPOB CTPYKTYPHOro Oioka (cM. tadim. 3.1)
¢ npuBeneHabiMu maHHbIME WT'JIT AH Kazaxckoit CCCP moka3siBaeT X0po-
mee coBmajeHue. llocnenHee OOCTOSTENBCTBO MO3BOJSAET OMPENEIATH IS
TPEIIMHOBAaTOr0 MaccuBa, PAacUJICHEHHOI'O TpeMs M Oojee cucTeMaMH Tpe-
IIMH, 00BEM CTPYKTYPHOTO OJIOKA M PacCTOSHUSA MEXIy TPEIIMHAMH IO pa3-
BaJly MaccuBa FOPHBIX ITOPOJ B ClTydae OOpYIIEHHS €ro WK COTPSICATeILHOTO
B3pBIBa, UCIIOJIB3Ys XOPOIIO MOAMEYEHHYI0 3aKOHOMEPHOCTB, YTO pa3pylle-
HHE MAacCHBa MPOUCXOIMUT B OCHOBHOM MO MMEFOIMMCS TUIOCKOCTSIM 0Ciad-
JICHUSL.

HenocpenctBeHHblli 00Mep CTPYKTYPHBIX OJIOKOB ITO3BOJHT HCKIIIO-
YUTh BECbMa TPYJOEMKYIO CTATHCTHUECKYIO0 00pabOTKy TPEIIMH M HaAEXKHO
OTIPEIETNTh CPEHNI 00BEM CTPYKTYpHOTO OJIOKa.

IIpocnosuposanue mpewunosamocmu pyoHvlx men Jice3xaseaua.
MHoOro4uciIeHHbIe UCCIIEAO0BaHUS TPEIMHOBATOCTH MTOKa3aJH, YTO OPUEHTH-
POBKa TPELIMH B NMPOCTPAHCTBE IOIYMHSICTCS ONpPENEICHHBIM 3aKOHOMEPHO-
CTSIM: CBSI3aHa CO CTPYKTYPOW MECTOPOXIICHHUSI WM C KPYITHBIMH TEKTOHUYE-
CKMMH HapyIICHUsIMU. 3HAUUTEIHHO OoJiee TPYAHYIO 3a7ady Mpe/CTaBIIseT
MIPOTHO3UPOBAHNE HHTCHCUBHOCTU TPELIMHOBATOCTH.

Jna pemeHus 3ToH 3amadunM HEOOXOMMMO HAMTH TaKyr Xapakrte-
PHCTHKY, KOTOpasi CBSI3aHa C TPEIIMHOBATOCTHIO M KOTOPYIO MOXKHO OIpeze-
JIUTH 10 OTPaOOTKH MECTOPOXKICHHS, HAIPUMED, IPH T€OJIOTHUECKOH pa3Bell-
ke. B ycnoBusix [Ike3xka3raHCKOr0 MECTOPOXKICHUS TaKOW XapaKTePUCTHKOM
SIBUJIOCH OPYAEHEHHUE CEphIX MECYaHMKOB. B HacTosmee BpeMs CyIecTBYIOT
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JIBE€ THITOTE3bI, TOJKYIOUIUE MO-pa3sHoMy oOpa3oBaHue J[e3ka3raHCcKoro me-
CTOPOXKJIEHUS: TUTIOTE3a THIPOTEPMAILHOTO TeHEe3UCa U TUIIOTE3a 0CaI0UHO-
ro TeHEe3uca.

TpyZHOCTBIO B MPOTHO3UPOBAHWN MHTEHCHBHOCTH TPELIMHOBATOCTH
SIBIISIETCS. HEONpPEAENEHHOCTh T'eHe3uca J[e3Ka3raHCKOro MECTOPOXKACHHUS.
Cy1iecTByeT NpeIooKeHNe, YTO OPYJIEHEHUE CEPhIX MECYaHUKOB MPOUCXO-
JIMJIO B BUJIE 3aMELICHUS 3epeH KBaplia U 3allOJIHEHUSI MEXK3EPHOBBIX MYCTOT
pynHeiM  MuHepaioM. [lociiemHee NOCTYXKWIO OTIPABHBIM TYHKTOM B
MIPOTHO3UPOBAHNUM MHTEHCUBHOCTH TpEIIMHOBAaTOCTH pyn JIke3kaszraHa. MH-
TEHCUBHOCTH TpOIlecca 3aMEIIeHUs] U 3alOHEHHS IMyCTOT PYJIHBIM MHHEpa-
JIOM, a TakKe (PU3UKO-XUMUIECKHE TIPOIIECCHI, CBA3aHHBIE C 3THUM, 3aBHCAT OT
[IOPUCTOCTH U MUKPOTPELIMHOBATOCTH CEPOro necuyanuka. Ecnu uexonuts u3
TUAPOTEPMAIIBHOTO TPOUCXOXKIECHUSI MECTOPOXKACHHUSI, TO TPEILUHBI SIBHIIUCH
TEMHU MYTSAMH, [0 KOTOPBIM, KaK M0 KaHajlaM MOCTYNall MUHEPaIu30BaHHbIE
PacTBOpHI, U CBSI3b MHTEHCUBHOCTH TPEIIMHOBATOCTU C OPYACHEHUEM CTaHO-
BUTCS MOHIATHON. B cilydae paccCMOTpEHHS MECTOPOXKJIEHUSI KaK 0CaJ0YHOI0
MIOPUCTOCTh U MUKPOTPEIIMHOBATOCTh CEPBIX MECUaHUKOB CITIOCOOCTBOBAIU
MPOLIECCY DJMUTeHe3a W TEePepaclpe/IeNICHUI0 BEIIECTB BHYTPU OCAJA0YHON
TONIH. DTOMY CIIOCOOCTBOBAJIA MOBBIMICHHAS MOPHCTOCTh CEPHIX IECUaHH-
KOB OTHOCHUTEJIBHO APYrux nopo. MccienoBanusMu yCTaHOBIIEHA CBSI3b MU-
KPOTPEUIMHOBATOCTH ¢ MakpoTpemuHamu. CleroBaTenbHO, K MecTaM Oolee
HapYIICHHBIM OyAeT MpUypoYeHO Hanbollee HMHTEHCUBHOE opyaeHeHne. Kpo-
M€ TOrO, MPOIIECCHl 3aMeIlleHUs] B CEpOM MMECUYaHUKe U TepepacnpeaesieHus
MUHEPAM30BaHHBIX PAacTBOPOB, IO-BUIUMOMY, BBI3BAJIM MEXaHUUYECKYIO
HEOJHOPOJHOCTh CEPBIX MECUaHUKOB, YTO B JalibHEWIIEH TEKTOHUYECKOH Jie-
SITEIBHOCTH O0YCJIOBWIIO Pa3IMYHYI0 MHTEHCHBHOCTH TpeuiuHoBaroctr. O0a
MIPEACTABICHUS O TEHE3UCE MECTOPOKAECHMS HE MPOTUBOpEYAT MOAMEUEHHON
CBSI3M MHTEHCUBHOCTH TPELUIMHOBATOCTH C HMHTEHCUBHOCTHIO OpPYAECHEHHS.
UccnenoBanue CBsI3M MHTEHCHUBHOCTU TPEUIMHOBATOCTH ¢ MHTEHCHUBHOCTBIO
OpYICHEHUs, MPON3BOAMIOCH ITOYTH O BCEM OTPabOTaHHBIM M HAXOSAIIAM-
cs B KCIUTyaTanuu 3anexam. C 3Tol 1enbio Oblia MPOU3BeIcHa TeOMETPU3a-
LUl OpYJIEHEHUS U TPEIIMHOBATOCTU PYAHBIX Ten J[e3kas3raHa.

B xone sToit paboThl OBUIO OMpPENENIeHO, YTO JaHHBIE Pa3BEIOYHOTO
OypeHHsI TIPH ONPECICHHON cxeMe 00pabOTKU XOpOIIO KOPPEIUPYIOTCS C
MAHHBIMH JKCIUTYaTallMOHHOTO omnpoOoBaHus. KoppensIuoHHYIO CBS3b HH-
TEHCUBHOCTHU TPELUIMHOBATOCTH M WHTECHCUBHOCTU OPYACHEHMS IO HEKOTO-
PHIM PYIHBIM 3aJI€KaM yCTaHOBUTb HE YAAOCh M3-32 MAJbIX IJIOLIAAEH OT-
paboOTKM W YPEe3BBIYAHO PENKOH W HEPaBHOMEPHOH T'e00ropa3BeqodHOMN
CeTU CKBaXHH. Pe3ynbTaThl KOPPESIIMOHHOTO aHajIn3a M0 OCTalIbHBIM 3aJie-
’KaM TIpUBeeHb! B Tab. 3.2.
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HOCKOHBKy TPCHINHBI 3aMEPAIMCH B LICJIMKaxX, TO 6])1_]'[]/1 HNCCJIICA0OBAHbI
(dakTopbl (IIPOAOIIKUTEIBHOCTE PabOT B Kamepe, OTpabOTaHHAs IUIOIIAIb,
rITyOMHA TOPHBIX PaboT), KOTOPBIE MOTYT TOBIHATH HA MHTCHCHBHOCTH Tpe-
nmHOBaTtocTd. CoCTaBlieHHAs MHOTO(AKTOPHAS CTaTUCTHYECKas TalnuIa 1mo
OTMEYEHHBIM TOKA3aTEeNsIM BBIIBUIIA, YTO B 3aMEPICMYIO TPEIIHHOBATOCTh HE
BXOJVJTU TPEIIUHBI OT TOPHOTO HAaBICHHSA, T.€. OTCYTCTBOBAJIA CBS3b MEXKIY
OmpeNeIsIeMOil WHTCHCUBHOCTHIO TPEIUHOBATOCTH, TIIYOMHOW paboT, oTpa-
OOTaHHOW TUTOMIA/IBI0 U MPOJOJDKUTEIBHOCTEIO OYUCTHBIX paboT B Kamepe.
W3 nanHbIX Tabm. 3.2 BUAHO, 9TO MEXAY MHTEHCHBHOCTHIO TPEHIMHOBATOCTH
1 UHTEHCUBHOCTHIO OPYACHEHUS CYIIECTBYET KPHUBOJIMHEHHAas CBsI3b. OHAKO
esecoodpasHee Il BCETO0 MECTOPOXKACHUSI HMETh OJHO ypaBHECHUE, CBS3HI-
BaloIlee MHTEHCUBHOCTH TPEUTHHOBATOCTH (W) ¢ opyaeHeHHeM (c).

B xome wuccrenoBaHmii OBUIO YCTaHOBJICHO, YTO Takas CBSI3b CY-
IIECTBYET B BUIIE

W= f(qe),

rjae ¢ — cpeqHee cojiepKaHie MEeTallIa 110 3aJIeKH, METPOIIPOIICHTHI.
Tabauya 3.2

CBsI3b MHTEHCHUBHOCTH TPCHIMHOBATOCTU C OPYJACHCHUEM

[IaxTa, 3aeXb, Koppemnsiimonnoe | YpaBHeH#e CBsI3U HHTEH-
nayka, TOPH30HT OYHCTHBIX PaboT OTHOILICHUE CHBHOCTH TPEIIHHOBATOCTH
W ¢ opyneHenuem *
IlaxTa Ne 31 — 32, 0,47 W=0,4c"
3anexb «Ilokpo-7», rop. 180 m 10<c<50
IllaxTa «ITokpo», 0,80 W=0,19 c*
3anexb «Ilokpo-8», rop. 230 m 10<c<70
IlaxTa Ne51, 3anexnb «Kpecto-9», 0,51 W = 0,80 c*
BEPXHASA U HIDKHSS NTAUKH, 6<c=<30
rop. 320 m
IllaxTa «IToxpo», 0,70 W= 0,98 ¢
3anexs «Ilokpo-7», rop. 260-300 m

PaccMoTpuM BiHsSHHE C W TEKTOHHKA HAa WHTCHCHBHOCTH Tpe-
muHoBaroctd (W). Ha wMecropokaeHuMH uMeeTcss psii KPYNHBIX —TeK-
TOHHUYECKUX HApyIIeHUH (30HBI JPOOJICHHMS), JOCTUTAIOIINX ISTUMETPOBOM
MotrHocTH. Ha puc. 3.14 nokasaHa cBsI3b MEXIY YUCIOM KPYIHBIX TEKTOHU-
YECKUX HapylIEHHH W WHTEHCUBHOCTHIO TPEIIMHOBATOCTH. TEKTOHWYECKHUE
HapyLeHs MIPUYpOYeHbl K MHBApHAHTHBIM JIMHHAM ITOBEPXHOCTH MHTEHCUB-
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HOCTHU TPECHIMHOBATOCTH. CHIKEeHNE MHTEHCUBHOCTH TPECHIMHOBATOCTH 00b-
SICHACTCA TEM, UYTO DHEPrus, BbI3BaBlIasd TCKTOHUKY, B OCHOBHOM IIONIJIa Ha
oOpa3oBaHNe KPYITHBIX HapYIICHW W B MEHBIICH Mepe — Ha oOpa3oBaHHE
MEJIKOM TPEILMHOBATOCTH.

YMeHbIlIeHNEe HHTEHCUBHOCTH TPEUIMHOBATOCTH C YBEIMUCHHUEM CPE/l-
HETo OpyJeHEHHs 3aJIeKH, KaK I0Ka3all aHaJIu3 MaTepHajoB reOMETpU3alny,
CBSI32HO CO CPEJIHUMHU MOIITHOCTSIMHU U TEKTOHHUYECKOH HapyIIEHHOCTHIO 3aJie-
e, KOTOpbIe ONpe/ieIeHHBIM 00pa30M MOBJIMSUI Ha 00OTaIllEeHHOCTh MECTO-
pOXIeHus.

Habmronaemast oOpaTHasi 3aKOHOMEPHOCTh — YMEHBILEHHE CpenHel
WHTEHCUBHOCTH TPEIIMHOBATOCTH — CTAHOBUTCS MOHSTHOH, TaKk Kak MPOTHO
IUTACTOB B pe3yJIbTaTe COKpAlIeHus 00beMa HHTPY3uBa mogobeH mporudy Oa-
JIOK, 3aIIEMJICHHBIX 110 KOHIIAM.

JpyruM (akTopoM, CHIDKAIOIMM CpPEAHIO MHTEHCHBHOCTH TPELIH-
HOBATOCTHU 3aJIeXeH, SBUIIOCH OpyAeHEeHUe. BiusHue cpepHero conaepikaHus
MeTallIa 10 3ajeXkH (C ) Ha CPEIHIOK MHTEHCHBHOCTh TPELIMHOBATOCTH W

moKa3aHo Ha puc. 3.15.

Puc. 3.14. CBs3b MeXAy YHCIOM KPYIHBIX TEKTOHUYECKUX HapyIIeHUH (IIyHKTHD)
U MHTCHCUBHOCTBIO TPEIIMHOBATOCTH.

Wzobpaxxennsie Ha prc. 3.16 3aBucumoctr W OT cofiep>kaHus C BBIpa-
’KEHHOT'O B METPOIIPOLIEHTaX, MOXKHO MPEICTaBUTh OAHUM ypaBHeHHeM. [l
3TOTO 3aBUCHMOCTb, TIPEJICTABICHHYIO B 00IIIEM BUJIE,

W= f(ce)
MO’KHO 3aIIiCaTh B BUIE N1apabOIMIecKOil KPUBOM 110 IBYM apryMEeHTaM:
— — 2+ byt b
W= (@ + aye + ay)c™® et

rae K03 OUINEeHTH @; U b; Ipu ¢ HEOOXOAUMO OTIPE/ICITHTb.
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Jis kaxnoro koddguireHTa clielyeT COCTaBUTh 10 TPU YpaBHEHUS
THMA:

=2 = -
ac ta,ctay =0,

1 COBMCCTHO X PCIIUTD, MMOJACTABJIAA JAaHHBIC YaCTHBIX ypaBHeHI/Iﬁ CBs3U U3
Tabu. 3.2 U CpejHKe COIEePIKAHUS 3aIEKEN C .

Taxum o6pa30M MOJY4YaroT CBA3b MHTCHCUBHOCTU TPEIIMHOBATOCTU C
coziep)KaHHeM MeTajlla B pyle B BHIE:

W=u [[cﬂ 5 (39)

rne W — MHTEHCHBHOCTh TPEUIMHOBAaTOCTH PYJHOTO Tena B JIIOOOH ToYKe,

0,015 X
paBHass ———— ; V; — 00beM CTPYKTYypHOTo OJIOKa, M’; ¢ — HHTEHCHBHOCTb

i
OpPYACHEHUA 11O OTACIIbHBIM CKBaXXMHAM, METPOIIPOLICHTEI;

0,0035¢% + 0,054¢ + 0,773;
0,002082> + 0,0605¢ + 0,876;

a
B

C — CpeiHss MHTEHCHUBHOCTH OPYJCHEHHUS, METPOIIPOLIEHTHI.
[TomyueHHOE ypaBHEHHE YIOBIETBOPSIET CIACAYIOIINM YCIOBHSIM:

_ ow
1. Eciiu cpenHee coepkaHue 1o 3ajJeKu ¢ yOBIBAaeT, TO 0__ BO3pac-
c

TacT.

2. YactHble ypaBHEHHUS CBs3H W=f(c) UMEIOT BBIMTYKIIBIA XapakTep,
y—
<0.

dc

3. Vpasuenme geiictutensHo mpu O0< B <1, 0<c<50 u
0< <247,

ITomyuennas ¢opmMymna MpUrogHa u A APYTHX 3alieKel, He yKaszaH-
HBIX B Ta0in. 3.2, eciM UX YacTHBIC YPaBHEHUS CBSI3U YJOBIETBOPAIOT OTMeE-
YeHHBIM BBINIE ycioBwsaM. Jlimst ymoOcTBa monb3oBaHus ¢opmynoit (3.9)
npeyaraercs Homorpamma (puc. 3.17).

[TporHo3upoBaHye TPEIIMHOBATOCTH II0 T'EOJOTOPa3BEJOYHBIM JaH-
HBIM MMeEET OOJBIIOe MPaKTHYeCKoe 3HaYeHHUE, TaK KaK IO3BOJISIET OLCHUTH
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MPOYHOCTH KPOBJIM U LIETUKOB C YUE€TOM TPEUIMHOBATOCTH €Ilie IO OTPaOOTKU
3aje)el, YTO OYeHb BaYKHO MPU ITPOCKTUPOBAHUH MaPAMETPOB CHCTEMBI pa3-
paboTKwH.

£a
<=
Ly}

o
=)

10

L A i J

0 50 100 150 200 250
[nyduna, m

Puc. 3.15. BiusHue cpesHero couepkKanus MeTala 1o 3ajiexu (C )
HA CPEIHIOI0 WHTEHCHBHOCTH TPEUIMHOBATOCTH ( J¥/ ) B 3aBUCHMOCTH OT TTyOHHBEI:
| — MHTEHCUBHOCTb TPELIMHOBATOCTH; 2 — HHTEHCUBHOCTD OPYACHEHHS.

%::Lzl /3 /‘:'

/) 10 J 40
OpydeHeHue, MemponpoyeHmsb|

Gy £ o

NHmMeHcusHoCMb
mpeuiuHoeamoecmu

Puc. 3.16. 3aBECUMOCTh HHTEHCUBHOCTH TpernuHoBaToctd (W) oT opyaeHeHus (¢):
1 —3anexsb «Ilokxpo 7a»; 2 — 3anexp «Kpecto — O»; 3 — 3anexs «Ilokpo — 7»;
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4 — 3anexsb «Ilokpo-8».

27 9 45 790 152025 30 3//#47 5552.”
/ V' 4% /l// 4P
/? < 1AM // |1 /
23 '}‘ S 1Y 4 ,——-/ | 13
/ ’7} ™ ////
// Pk /// /
2 Sy o B
‘\“‘Q L1 L]
E , // /‘/ /;‘r‘\:\/ ‘—’/.—/’T
A P AN (7 A/ gl |
fy/ A LA HH - Easi 19
wl2A X144 / i i
77 /AT
[ A = T 15
WP ¥
d : lr\ raaveiia - 2
" Hi f 15— ;
2 3457901520 30 35 4@ 45 S0
¢

Crena nu%naaﬁaﬁuo

_| ombem
c _"—} C

¢

Puc. 3.17. Homorpamma onpeneneHus HHTEHCUBHOCTH TPEIIMHOBATOCTH
0 OpYICHEHHIO.

Hpornosnponanne MPOYHOCTH TPECIIUHOBATOT0 MaCcCHBa

ITpu paccMOTpeHHHU TPOYHOCTH MACCHMBOB FOPHBIX MOPOJ HEOOXOAUMO
YUHMTBIBaTh BIIMsIHUE MaciuTabHoro ¢akropa. [loaToMy B KauecTBe MCXOIHOM
MOCBUIKM TIPHM PEIICHUH 33/1a4d 0 ONPEIENICHHIO NMPOYHOCTEH TPEIIMHOBA-
TBIX MacCHBOB HEOOXOJMMO COOIIOIEHHE HX T€OMETPHUECKOTO U MEXaHMUYe-
CKOT'0 ITO100us.

C mo3unuii CTaTUCTHYECKONW TEOPHH MPOYHOCTH MACIITAOHBINA 3P PEeKT
OIIpEeIeIISUICS COBETCKMMH M 3apyOeKHBIMH yueHbIMHU. Bee oHM paccmaTtpuBa-
JIM M30TPOITHBIE TBEp/bIE TeNa, I'/le B KAYeCTBE MEPBUYHBIX J1e(OPMHUPYEMBIX
9JIEMEHTOB BBICTYIIAIOT KPUCTAJLIBI, 36pHA, HMEIOIIIE TPUMEPHO OJIMHAKOBBIC
pa3Mepbl BO BceX TBEP/BIX TEIaX U OAWHAKOBOM JINTOJIOTMYECKON Pa3HOCTH.

B TpemmHOBaTEIX MaccuBax pa3Mephl 3JIEMEHTapHO AehOopMupyeMon
€AMHHILBI — CTPYKTYPHOTO OJIOKa — HE SIBJIAIOTCS MOCTOSIHHBIMH. MexaHude-
CKasi MPOYHOCTh MacCHUBOB 3aBHCUT HE TOJIBKO, OT a0COJIIOTHBIX pa3MepoB, HO

81



U OT Pa3MEpoOB DJIEMECHTApHO IehOPMHUPYEMBIX CIUHHI[ OT WHTCHCHBHOCTH
TPEUMHOBATOCTH, BBIPAKECHHON Yepe3 JIMHCHHBIH, IUIOMAIHON WK 00BhEeM-
HBI KO3 uureHTH. B camom mene, cnemys 3akoHy MacmTabHOTO 3 deKTa,
OMOpPHBIA HeNnK o0BeMoM Vi, OoJjbIIeM dYeM APYroil LennKk 0O0beMOM
Vo,(Vi > V,), nomxken o6nagaTh MEHbLIEH MEXaHHYECKOH MPOYHOCTRIO. M Tak
OHO U €CTh, €CJIM pa3Mephbl CTPYKTYPHBIX OJIOKOB B 00OMX MacCHBax OJWHA-
koBbl. Eciu ipu V) > V, pasmepsl cTpyKTYpHBIX OJIOKOB B IEPBOM MACCHBE —
h, mensme, yem Bo BTopoM — Ay (fy < hy) , mmm A > h, | To mpouHOCTH OMOP-
HBIX IICJIUKOB OyAyT NPUHUMATH CIICAYIOIIAE BO3MOXKHBIC COOTHOILICHHS:
01<0,,0,=0,,01>0,.C 3TOi 1IeNBbIO HA OJHOOCHOE C)KaTHE OBLIN HC-
MBITAHBI O00pa3Ibl U3 SKBHBAJICHTHBIX MATCPUAIOB KYyOHUECKOW (hOPMBI, HO
pasHbIX pa3smepoB: 10x10x10 cm u 30x30%30 cM. IIpouyHOCTH HA OAHOOCHOE
cKaTHe MOHOJIMTHBIX 00pa3ioB mepBbix cocraBwia 1,0 MIla, Bropeix — 0,4
MIla. ITocnie 3TOr0 OBLIM U3rOTOBJICHBI CTPYKTYPHBIC 00pA3Ilbl 3TUX JKE pa3-
MEpPOB C pa3INIHON HHTEHCHUBHOCTHIO TPEUIMHOBATOCTH. [10CKOIBKY TIPOYHO-
CTH MOHOJIUTHBIX 00pa3IOB OTIMYAIOTCS APYT OT APYTa, TO Ui yA0OCTBa CO-
MOCTaBJICHUS B TaOI. 3.3 MpHUBEICHBI OTHOCHUTEIBHBIC CHIDKEHHS UX MPOYHO-

0
CTn H M 7 HB 3daBUCUMOCTH OT MHTCHCUBHOCTU TPCHIMHOBATOCTH.
K

Tabnuya 3.3
Pe3ynbTaThl HCIIBITAaHHUHA CTPYKTYPHBIX 00pa3IoB Ha CKaTHe

HHTeHCcHB-- Konuuectso OTHOILIEHNS TPOYHOCTU CTPYKTYPHBIX 00pa31oB
HOCTB CTPYKTYPHBIX Ha CKATHE K MOHOIUTHOMY
TPENMHOBA-  |OIOKOB B 00- Pa3mep ob6pasma Pasmep o6pasia
TOCTH pasue 10x10x10 cm 30%30%30 cm

2 8 0,95 0,65

3 27 0,90 0,60

5 125 0,75 0,45

10 1000 0,40 0,25

Takum 006pa3oM, MPOYHOCTH MAaCCHBA 3aBHCUT HE TOJNBKO OT abCOMIOT-
HBIX pa3MEPOB MAacCHBOB, HO M OT Pa3MepOB OJIOKOB MOPOJI, CIIATAIOIINX €To,
T.€. OT OTHOIICHHUS WX Benu4uH. [loaToMy roBoputh 0 MacmtadbHoM 3¢ dexre
B TPEIIMHOBATOM MAaCCHBE TOPHBIX IOPOJ MOXXHO TOJBKO BECbMa YCIIOBHO,
IIOCKOJIbKY OTCYTCTBYET MEXaHHYECKOe I000Me B CHIIy OTMEUYEHHBIX 00CTO-
SITENBCTB.

[TpuMeHUTENbHO K CTPYKTYPU3UPOBAHHOMY MAacCHBY ‘‘MacIITaOHBIN
3¢dekT” MOXKHO OBUIO OBl BBIPa3UTh TaK: MPOYHOCTH OJHOTO OOJIBIICTO
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00BeKTa 0, MEHBIIEe MPOYHOCTH Apyroro 0 2(0 1< 0,), ecii OHH UMEIOT
OJIMHAKOBBIE MO pa3MepaM CTPYKTYpHBIC OJIOKH.

XapakTepHOi 0COOEHHOCTHIO Ae(hOpMaIMi TPELIMHOBATOTO MacCHBa
SIBIIICTCS TO, YTO pa3pyllIEHHE €ro MPOHCXOJUT KaK 10 TOTOBBIM IOBEPXHO-
CTSIM pazjieia — TPEMHAM M HOCUT W30MpAaTeNbHbIA XapaKkTep, Tak U ¢ XpyI-
KUM pa3pylIeHHEeM CaMUX CTPYKTYpHBIX OiokoB. IlpexcraBmenue o mpou-
HOCTHBIX CBOWCTBaX TPELIMHOBATOI'0 MACCHBAa IOIYYalOT IO OTJAECIBHBIM BBI-
OOpOYHBIM 3aM€paM HHTEHCHBHOCTH TPEIIMHOBATOCTH, IO HCIBITAHHAM
MIPOYHOCTH Ha CXKATHE, CABUT U T.I., KOTOPBIE HOCAT CIIydaifHBIA XapakTep,
TaK KaK HUYEro He U3BECTHO O 3aKOHOMEPHOCTSAX U3MEHEHUS MEXAHUYECKUX
CBOWCTB MaccHBa B MECTaX NCCIIEIOBAHMS.

Hcnonb3ys BepOSITHOCTHO-CTATUCTHYECKYIO TEOPUIO NMPOYHOCTH [2],
OBbUIO MOJYYEHO BBIPAXKEHHE MPOYHOCTH TPEHIMHOBATOTO MAacCcHUBa TOPHBIX
HOPOJ:

. B
min T T (3.10)
N3

rane 0 min — MHHHMMAaJIbHAsA IPOYHOCTH TPCIIMHOBATOIr0 MacCHBa, MHa; B -

0y =0

MIOCTOSIHHAs BEIMYMHA ISl TPEIIMHOBATOTO MACCHBAa KOHKPETHOTO MECTOPO-
KICHUS, UMEET Pa3MEPHOCTh HampspkeHus, MIla; N — 4ucio CTpyKTypHBIX
0JI0KOB B MaCCHBE.

Jns mpaktudeckoro wucmonb3oBaHuS ¢Gopmynsl (3.10) HEoOXommmo
onpenenats 0 iy 1 B. OTH MOCTOsSHHBIE BENWYMHBI JUI1 JAHHOTO MAacCUBa
MOTYT OBITh OHpEnENEHB! IPH Pa3pyLICHUH TPEIIMHOBATHIX HPU3M THIPO-
JIOMKpaTaMH, B pe3yibTaTe caMOOOPYIIEHHUS IIETNKOB B TIOA3EMHBIX TOPHBIX
BBIPa0OTKaxX WM MO OOPYIIEHHIO Y4aCTKOB IPH OTKPHITON pa3paboTKe, ¢ Hc-
MOJTb30BAaHUEM METO/a OOpaTHBIX pacdeToB. [yt ompeaeneHus MPOYHOCTH
TPEIIMHOBATOI'0 MACcCHBA JIOCTATOYHO JBYX HATYPHBIX MCIBITAHUH, WIIH OJHO
HaTypHOE HCIIBITAaHWE W OJJHO caMOOOpYIIEHHEe, OXBaThIBAIOIICE, KaK MPaBH-
J10, OOJBIINIA Yy4acTOK M Hambosiee ociaOJcHHBIA TpeuuHamu. Dopmysa
(3.10) mpuroHa JyIs OMPEACICHUS CPEIHEH MPOYHOCTH TPEIIUHOBATOTO TOP-
HOTO 00BEKTa Ha CXKaTHe, CIBHT, Pa3phIB, a TAKXKE JUIA ONpPEIEICHUS CLEIUIe-
HUS MacCHBa TOPHBIX MOpo. /111 HOBBIX MECTOPOKACHUIT, HEe MMEIOIINX aHa-
JIOTOB 10 TEOMEXaHMYECKUM CBOMCTBAM, MOKHO HCIIOIb30BaTh CTPYKTYpPHBIC
00pasipl OrpaHUYCHHBIX Pa3MEpOB, W 3aTEM HMX HCHBITaTh B 1a0OPaTOPHBIX
ycnoBusix. Beranciiennsie mo ¢opmyne (3.10) mpoyHOCTH AAIOT XOPOUIYIO
CXOJIUMOCTH C OTIBITHBIMH JaHHBIMU (Ta01. 3.4).
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Tabnuya 3.4

Pe3ynbraThl cpaBHEHHUS KCIIEPUMEHTAITFHON POYHOCTH Ha CYKAaTHE
C BBEIYHCJICHHOM

IlopsinkoBeiit  |Yucno ctpyk-|IHTeHCUBHOCTD | DKkcnepuMeHTans- |Boruucnennas
HOMeEp SMITUPH- |TYPHBIX OJIO- |TpeMHOBATO- |HAs IPOYHOCTH, % |MPOYHOCTH, %o
9YecKoii mpoy- [KOB B 00pa3- |cTh
HOCTH e (N)

1 8 2 153 170

2 27 3 119 123

3* 64 4 100 100

4 125 5 88 86

5 216 6 79 76

6 343 7 72 70

7 512 8 66 65

8 729 9 62 61

9* 1000 10 58 58
IIpumeuanne. O0paszen umeet ceuenue 30x30 cm.

B Tabun. 3.5 npuBeneHs! pe3yabTaThl COMOCTABICHUS CLEIUICHUS Mac-
CHBA, BBIYUCICHHOTO 1O popmyiie (3.10) u mo smmuprueckort popmye [3]

K
K =

" ean?
I

rae K — cremieHue B MoHonute, 26,5 Mlla; H — BeicoTa oTKOCa, M; [ — pac-
CTOSIHHE MEX]y TPELMHAMH, M; a = 6.

B tabmn. 3.6 mpuBeneHBI pe3yNbTaTH MpeAeTbHON IPOYHOCTH HA U3THO
IU W] , TIOJTy9eHHBIE IIPU TIepepacueTe MpeaeTbHBIX MTPOJIETOB NCXOAS U3 JTaH-
HBIX MOJICJIMPOBAHUS M PACUCTHBIM ITyTeM 1o opmyuie (6).

B Tabn. 3.4, 3.5, 3.6 nopsaxoBble HOMEpa SMIMPHUECKON TTPOIHOCTH
MaccuBa OTMEUYEHbI 3BE3/I0YKaMH, JaHHbIE KOTOPBIX HCIOJIB30BAIKMCH IMPH
ONpEIEIICHUU [U W] u B.

B kauectBe mnpuMepa METOAMKH IPOTHO3UPOBAHUS HPOYHOCTHBIX
CBOHCTB TPEIIMHOBATOIO MacCUBa MIPUBEICHO IIPOrHO3UPOBAHUE NPEIEIbHOM
Hecyllel CIIOCOOHOCTH MEXIyKaMepHbIX HEeIHKOB J[)ke3Kka3raHCcKoro MecTo-
pOXaeHus, pa3pabaTehiBaA€MOro KaMepHO-CTOJI00BON CHCTEMOH.

84



Tabnuya 3.5

PeSyJIbTaTLI CpaBHECHUS DKCIIEPUMEHTAIIBHBIX 3HAYCHHMN CIOCIIJICHUA
C BBIYHMCJICHHBIMH

Hopsn- |[Otnome- |Cuemmne- |Bei-  |[lopsin-  |Otnome- |Cuemte- |Byramc-
KOBBIH HUE Bbl- |HHME Mac- [|4MC- |KOBBII HO- |HUE BBICO- |HHE Mac- |JIE€HHOE
HOMED COTBI cuBa, JeH- |Mep sMnu- THI OOpTa K|cuBa, cuere-
sMmupHu- (Ooprak |ompenme- [Hoe — |pudeckodl |cpemmHeMy |ompene- |HHE
YecKOM  [cpenHeMy|/eHHoe MO |cuen- |mpo4yHo- ([pasmepy |n1eHHOoe — (Mmaccu-
NIPOYHO- (pa3Mepy |IMIupude-|lIeHHE |CTH JJIeMeH- |10 3MIH- (Ba,%
CTH JJeMeH- |ckoit pop- |[Maccu- TapHbIX  |pHUUECKOM
TapHbIX |myne, %  [Ba, % bioxos tdopmyrre,
OJIOKOB N) %
)
1 10 192 282 12 120 96 92
2 20 166 178 13 130 95 91
3 30 133 144 14 140 93 90
4 40 124 127 15 150 91 89
5% 50 116 116 16 160 91 88
6 60 112 110 17 170 89 87
7 70 107 104 18 180 88 86
8 80 104 101 19 190 88 86
9 90 102 98 20 200 87 86
10 100 100 96 21% 300 82 82
11 110 98 94
Tabruya 3.6

P C3YyJIbTaThl CPABHCHUS SKCIICPUMCECHTAJIbHBIX 3HAYCHHMN MMPOYHOCTU
Ha U3TH0 C BEIYMCIICHHBIMU

IlopsinkoBsiii  |OTHOLICHKE MuTencus- OkcnepuMeHTalb- |PacueTHas mpe-
HOMEp 3MIIH- |TPEIIMHOBATOTO |HOCTh TPEIH- |Has MpeAeNbHas |AesbHas Mpod-
pHruecKoi [poJIeTa K MO- [HOBAaTOCTH IIPOYHOCTH Ha OCTh, Ha U3THO
TPOYHOCTH HonutHOMY /L |L/a n3rud TU el %o 10 450l %

1* 0,70 27 49 49

2 0,75 15 56 55

3 0,78 10 61 60

4 0,82 6 67 66

5 0,90 5 81 69

6" 1,0 1 100 100

ITpoYHOCTE LEMUKOB 3aBUCHT OT MHOTUX (PakTOpPOB, B TOM 4HCIE OT
OTHOIIECHHS BBICOTHI LIENIMKA K €r0 MHUPHHE (TaK Ha3bIBaeMbIH KO3 GHUINCHT
IlepHa), MHTEHCHBHOCTH TPEIIMHOBATOCTH, A0COJIOTHBIX Pa3MEpPOB CaMoOro
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nenuka (MacmTaOHbIN 3P QEKT), HATHUKS IPOCIOEB CIa0bIX OPOJ, yIiia ma-
JICHHS 3aJISKH, CIIOC00a BEJCHUS OUMCTHBIX Ta60T u 1.4. [ToaTromy ncnosns3o-

BAHNC HATYPHBIX JAHHBIX IS OIIPEACICHUA g ,,,32] u B aBiugercs napeanovYTr-

TEJBHBIM, TaK KaK B 3TOM CITy4ac YUHUTHIBAIOTCS BCE (DaKTOPHI.

B 1abun. 3.7 npuBOAsATCS TAHHBIC ABYX CIy4YaeB CaMOOOPYIICHUS MEXK-
JyKaMEPHBIX IEIUKOB, BRIOPAHHBIX MPOU3BOJILHO U3 JOCTATOYHO OOJIBIIIOIO
YKciia pa3pylICHUH IeJIMKOB, HMEBIINX MeCTO Ha J[)ke3Ka3raHCKOM MeCTOpO-
KJICHUH, KOTAA [EIUKH HCIBITHIBAIN JIABICHHE BCEU MACChl BBIIIEIIEKAIIUX
MOPO/I.

Jlns onpenencHUs MOCTOSHHBIX [0 W] u B HeoOXoauMo pemmuTh CH-
CTEMY U3 JBYX JIMHEUHBIX ypOBHeﬁ, TMOJACTAaBJIAA 3HAYCHHSA B BBIPAXKCHHUC
(3.10). B pe3ynbTare momydaroT [0 ,m] =17,15 MIlau B = 87,6 MIla.

Tabnuya 3.7

dakTrueckue 3HAUCHUS IPOYHOCTH TPECIIUMHOBATHIX IICJINKOB
IIPYU CaMOOOPYIICHUN

ITokazarenu IaxTeI
“Kpecro-3ananx”’ Ne 55
Pasmepsr nenuka, m:
BBICOTA 11 22
IMpUHA 4,5 1,7
OTHOUIEHHE BBICOTHI 1IEJINKA K €ro MUpPHUHE 2,45 3,1
I[Tonepeunoe ceyeHue, M> 20 50
Cpennuii pa3Mep CTPyKTypHOTO GJIoKa, M 1,5 0,5
IIpounocts nenuka (c) Mlla 39,0 214

3Hasg M30MOIIHOCTU PYIHBIX Tel MO JaHHBIM TIe0JI0ropas3BelOYHON
CEeTU, MHTEHCHBHOCTH TPEUIMHOBAaTOCTU B IUIAHE, OMpPEAEIAEMYIO MO COAep-
XaAHUIO MEJM B METPOIPOLIEHTaX, IOCTOSHHBIC BEINYMHEI [0 ;.| U B, MOXHO
MIPOTHO3UPOBATH IIPOYHOCTh MEKTYKAMEPHBIX IEIMKOB, MIPOEKTHBIC IMapa-
METpBl KOTOpPBIX n3BecTHBI. [yt atoro mo ¢opmyne (3.10) BbUHCISITHCH
MIPOYHOCTH LEJIUKOB auaMeTpoM 8 M. [ToCKOIbKY MPOEKTHOE pacIioyioKeHHe
MEXIyKaMEpHBIX IEJTMKOB BO3MOXKHO B JIIOOOH TOYKE DPYJHOTO Teja, Io-
CTOJIbKY PYJHOE TEJIO MOXKHO paccMaTpUBaTh KaK CIUIOIIHOE IOJIe MeXayKa-
MEpHBIX IIEJMKOB, TMPOYHOCTh KOTOPBIX OTHECEHa K MEeHTpY. Mcmomp3ys
MIPUHIUIIBI TEOMETPUN HeJNp, IMojie 3HAYCHWH MPOYHOCTEH MaccHBa MOXKHO
0TOOPa3UTh TPa(UIECKH B M3OIUHHSX MIPEACTHHBIX HANPSDKCHUH.
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Ha puc. 3.17 npencrasiieH TUIaH U30JIMHUAN TMPOYHOCTEH IETUKOB 8 M
IS pynHBIX 3anexen «Kpecte — 4 — 1.

Puc. 3.17. [1naH n30MUHUN IPOYHOCTH MOJACPKUBAIOLINX LIEIUKOB
(mmametp nenmka 8 M) 3anexu «Kpecro —4 — 1».

[InaHel W30IMHUN HPOYHOCTEH MEXKIYKAMEPHBIX LEIMKOB HMMEIOT
MIPAKTUYECKOE 3HAYCHHE, TOCKOJIbKY MO3BOJIIOT C HAUMEHBIIUMHU MOTEPSIMU
MeTaJula PacHoiI0KHUTh MEeXKAyKaMepHbIe U MaHeJIbHbIE (MAaCCUBHBIC) IEITHKH
Ha PYAHOM IIOJI€, 3apaHee BBIIBUTH 30HBI BO3MOXKHOTO CaMOOOpYILICHUS H
BBIMTOTHUTG 3()(HEKTUBHBIE MEPONIPHUATHS IO YCHIICHHIO HECYIeH CIOCOOHO-
ctr nenukoB. COrlacHo MmIaHaM U30JIMHUH MPOYHOCTEH MEXIyKaMEpHBIX 1ie-
JIMKOB, CTAHOBUTCS OYEBHIHBIM PACIIONIOKECHUE MEKAYKAMEPHBIX HEIHKOB B
MecTax ¢ HauMEHbIIeH MPOYHOCTHIO, CIEOBaTENbHO, C 00jee BBICOKUM CO-
JiepxkaHueM MeTamna. PacnonoxeHne MEXIyKaMEpHBIX LETUKOB B MECTax C
HaMMEHBUIEH NMPOYHOCTHIO U B HanboJjee TPEUIMHOBATHIX YyYacTKax PYIHOTO
Tena, HO ¢ MPOYHOCThIO He MeHee 26,0 Mlla yBennuuT UX MOAATIMBOCTE U
YMEHBIIUT [JAaBJICHUE BBIIENEKAIIEH TOMMU. AHaIN3 MPOCTPAaHCTBEHHBIX
rpaduKoB MPOYHOCTEI MEKAYKAMEPHBIX 1IEJTMKOB MTOKA3bIBAET, YTO B 3aIlajl-
HoW wactu 3amexu «Kpecro-4-1» u «llokpo-Cesep 3-II» menmecooOpazno
OCTaBIATh MEXIyKaMEpHbIE IENWKH auamerpoM 5 M. HaoOopot, B 30HE
(IteKCyphl TTOAJECPIKUBAIOLINE LEIUKH NPAaKTHYECKH HE 00J1afaloT Kodhdu-
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LIUEHTOM 3araca yCTOHYMBOCTH.
[Iporuo3upoBaHre NPOYHOCTH TPEIIMHOBATOIO MACCHBA OCYILECT-
BISIETCS B JIBA DTala M0 CIETYIOLEN cXxeMe:
v yCTaHABJIMBAETCS MCKOMAs CBSI3b MEXKIY OPYICHEHHEM 3aJIEKH U
MHTEHCUBHOCTBIO TPEIIMHOBATOCTH, MOCNIE YETr0 OCYLIECTBISAETCA
IIPOTHO3 MHTEHCHBHOCTHU TPEIUHOBATOCTH;

v/ 10 JIAHHBIM MHTEHCHUBHOCTHU TPEIMHOBATOCTH U PasMepaM 00bek-
TOB OCYHIECTBIISIETCS MPOTHO3 IPOYHOCTH TPELUIMHOBATOIO MAaCCHU-
Ba.

Jnst JxKe3ka3raHcKoro MECTOPOXKACHMsI INPOTHO3UMPOBAaHUE WHTEH-
CHUBHOCTH TPEHIMHOBATOCTH OCYIIECTBIEHO IO JAHHBIM OPYAEHEHHS CEPBIX
MIECYAHUKOB.

VYcTaHOBIIEHHE KOPPEISALUOHHOW CBSI3H MEXAY OpPYICHEHUEM M HH-
TEHCUBHOCTBIO TPEIIMHOBATOCTH MOXET OBITH OCYIIECTBIEHO JUIS MHOTHX
PYOHBIX MECTOPOXKACHMH YEpHBIX U IIBETHBIX METAlJIOB KakK THJI-
pOTEpMAaNbHOro, TaKk U 0CaJOYHOI0 FeHe3Hca.

OCHOBHBIE CTPYKTYPbl U (POPMBI JHJOT€HHBIX MECTOPOXKICHUH, KO-
TOpBIE ONAarONPHUATCTBYIOT HCIOJNB30BAHUIO Pa3pabOTaHHON METOIVKH, SB-
nstotes [2]:

1. MecToposkieHHsI CO CKJIQAYaThIMU CTPYKTypaMu: pyIHbBIC TUIACTEL,
coryacHsle IacrooOpasusle 3anexu (Mupranumcaii, Kaparay, Jlxe3kasras,
Bricokoropckoe, JlebsnxnHckoe, Boponmosckoe, Ayspbaxosckoe, Capa-
HOBCKO€ MECTOPOXKAEHHSI Ha Y paJie); MEXIUIACTOBBIE MECTOPOXKICHUS B KPbI-
JBSIX CKIAJOK ¢ (OpPMOIl pYIHBIX TENl B BHJE IJIACTOBBIX KWJI, IIACTOBHIC
opynenensie opekunn (ITokpoBckoe B 3abaiikanbe, Aypaxmar B CpenHeit
Aszun).

2. MecTOpoXIeHHs C Pa3pBIBHBIMU CTPYKTYPaMH:

v\ MECTOPOXJEHHUS B 30HAX KPYIHBIX COPOCOB B BHUIE KHUIOOO-
pasHbIX 3anexeild, cinoxHbIX xwil (Cagon Ha KaBkase, mecropo-
xnaeHus ['oproit Hlopun — Temup-Tay, Tamraronsckoe, Kasckoe,
Ieperemesckoe, [laneiMckoe);

v MECTOPOXIACHNUA B MaJOAMIUIMTYAHBIX CIABUTaXx H B36pOC3.X B
BHJIE JKMJI CO CJIOKHBIM pacrpeenieHueM pyaHbix cTonooB (Kymy-
okyH Ha Anrtae, KpacHopedenckoe Ha CHXOTI-AJHHE);

v\ MECTOPOXJIEHHs B MaJOAMIUIUTYIHBIX COPOCAX CIOKHBIX JKHII C
pa3BETBICHUSIMH, 30HBI U y4acTku apobnenus (Yaysait B Oepra-
HE).

3. MecTopox/IeHus ¢ TPEIMHHON CTPYKTYPOM:

v\ NPOCTHIE M PA3BETBIAIOIIME XKUJIbI, IPUYPOUCHHBIE K TPEM U Ue-
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TeipeM cuctemam TpeunmH (Kabyta Ha Anrtae, Koukapr Ha
VYpane);

v\ MECTOPOXICHHS B MEIKUX TPEIIUHAX Pa3pbiBa, PYOLOBbIE HKHIIBI,
npocteie xumisl (Kapacyk, bamakcuno B Xakacun);

4 MECTOPOXJIACHHNA B Y4aCTKax W 30HAX Pa3BUTHUA MUKPOTPCUINHOBA-
TOCTH WM KIHBaXa pa3pbiBa (MecTopokiacHue TopOanbkeil B
Bocrounom 3abaiikainse).

[Ipn oTCYTCTBUM CBA3M MEKAY OPYACHEHHEM U MHTCHCUBHOCTBIO TpE-
IIMHOBATOCTH, ITOUCK TAKOBOM MOKHO OCYIECTBUTH 11O JPYTHM MOKA3aTeIsIM
Te0JIOTOPa3BEAOYHOr0 OypeHus, HamnpuMep, IUIOTHOCTH. B ciydae, ecnu
CBSI3b MEX/y NOKA3aTeIsIMHU I'e0J0ropa3BeJOYHOr0 OypeHHs: U MHTEHCHBHO-
CTBIO TPEIIMHOBATOCTH YCTAHOBUTH HE YAACTCs, IPOTHO3MPOBAHHE HPOYHO-
CTH TPEIIUMHOBATOT'O MacCHBa MOXKHO HpI/I6J'II/I)KCHHO OCYHICCTBJIATH 11O MaTe-
pHanaM KepHOBOTO aHAJIM3a WM 10 JaHHBIM 3aMepa TPEIIUH B OOHaXKSHHUSX
MacCHBa FOPHBIX NMOPoJ. B mocieanem ciydae MCHONb30BaHUE TaHHOW METO-
JVKH BO3MOXKHO TaKKe B TMIPOCTPOUTEIHCTBE MPH U3YUCHUH MacCHBOB TOp-
HBIX TIOPOJI, Ha TOPHBIX 00BEKTaX.

[IporHo3upoBaHue NPOYHOCTH TPEUIMHOBATOTO MACCHBA BO3MOXKHO
JUIL MECTOPOXIICHHH, pa3padaThlBaeMbIX IOJ3EMHBIMH WIA OTKPBITBIMHU
criocobamu. J{i1st 3TOro HeOOXOANMO ONPEAEIIUTD UCXOJHbIE TapaMeTpsI (op-
MyJBl (6), COTIacCHO KOTOPOH B MHTEPECYIOLIEH TOUYKEe IOIy4yaroT 3HaueHHE
MPOYHOCTH TPELIMHOBATOr0 MaccuBa. HaHeceHMeM 3HaueHHMH NPOYHOCTH
TPEIIMHOBATOTO MacCUBa I10 ONPEAEICHHOM CeTKE MM IO MPOQHIIIM, MOXKHO
MONYYUTh TI0JI€ 3HAYEHUH MEXaHWYECKHX XapaKTEPUCTHK (COMPOTHUBIICHHE
C/IBUTY, CXKaTHIO, PACTSDKEHHMIO, CLEIICHHIO), KOTOPOE MOXHO H300pa3uTh B
W30JMHUSX, TOCTPOMB, TakMUM 00pa3oM, rpado-reoMexaHmdecKne MOAEIH
TPEILIMHOBATOrO0 MacCcHBa.

Takum oOpa3zoM, pazpaboTaHHas METOAMKA OLIEHKH WHTCHCUBHOCTH
TPELIMHOBATOCTH MO3BOJISIET JOCTOBEPHO OIPEAEIATh 00BEMBI CTPYKTYPHBIX
6JIOKOB 1O JAaHHBIM ITOJIEBBIX M3MEPEHUI M CTPOUTH FOPHOI€OMETPUUYECKHE
rpaduKu CTPYKTYpHOH pa3apoOIeHHOCTH MacCHBa. DTO MOXKET OBITH MCIIOINb-
30BaHO HE TOJBKO B TOPHOAOOBIBAIOIIEH MPOMBIIIIEHHOCTH, HO M B THIPO-
CTPOUTENBCTBE U B IPYTHX OTPACIAX, HMEIONIMX JIEJI0 ¢ MACCHBAMH T'OPHBIX
TIOPOI.

[IporHo3upoBaHue MPOYHOCTH TPEIIUHOBATHIX PY/I 110 JAHHBIM T'€0J10-
ropa3BeA0YHbIX paboT MO3BOJSIET HA CTalMHM IPOEKTHUPOBAHMSI, HE BCKPHIBAs
PYZAHYIO 3aJieXb, UMETh JOCTOBEPHOE IPEACTAaBICHHE 00 HMHTEHCHBHOCTH
TPCIIMHOBATOCTHU, IMPOYHOCTU TPCUIMHOBATBHIX MACCHUBOB, YTO OYC€HbL BaXHO
IpY BBIOOpE HANpaBJICHUS TOPHBIX padoT. OmnpenereHne MPOYHOCTH TPEIIH-
HOBAaThIX MAaCCHBOB IO JABYM MCIBITAaHHMSM IO3BOJISIET COKPATUTh OOBEM HC-
TBITAHUH U TIOJIyYNTh HAACXKHBIE TaHHBIC IIPH pacdyeTe Ha yCTOWYNBOCTh Mac-

CHBOB T'OPHBIX MTOPOJ.
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3anamue Nol2

3.4. OnpenesieHue ynpyrux XapakTepucTUK OPOJHOI0 MAacCHBa
AMHAMMYECKUMH MeToJaMu

Henpb 3aHATHA: 3HAKOMCTBO C Pa3HOBUIHOCTSIMU JIUHAMUYECKUX MeE-
TOAOB U TEXHOJOTUYECKUMH OCOOEHHOCTAMHU psiia MeTO/I0B. Pemenue 3amaqy
U PacCMOTpPEHNE KOHKPETHBIX TPUMEPOB.

Obwas xapakmepucmuxa OUHAMUYECKUX Memo008 UCCAe008aAHUs
20PHBIX NOPOO

VYrpyrue napaMeTps! TOPHBIX MTOPOI MOTYT ONPENENATHCS B IBYX pas-
JIMYHBIX BPEMEHHBIX peXHMax: 1) MpH CTaTHUECKOM INPHUIOKEHHH BHELIHEH
narpysku P(f) = const (rue t — Bpems); 2) NP1 IMHAMHYECKOM MPUIIOKEHHH
BHEILHEH HATPY3KHU [0 ONpejeieHHoMy 3akory P(1) = f(7).

Kak B 1abopaTopHbIX, Tak U B IOJIEBBIX YCIOBUSX HanOoJee 4acTo uc-
MOJIBb3YIOTCSl aKyCTHYECKUE METO/IbI, OTHOCSIIMECS] K 3HAKOIIEPEMEHHBIM, Ma-
JIOAMITIMTYAHBIM TUHAMHYECKUM MeTojaM. [IpH HCIoNIb30BaHNM aKyCTHYe-
CKHX METOAOB HE MPOHCXOJHUT Pa3pyLICHUS] MHUKPOCTPYKTYPHI MOPOIbI (3a-
KPBITHE TPEIH, TIOP | T.II.); CBSI3b MEXAY HanpsokeHuwsMu ¢ 1 medopmanu-
sMU ¢ TIOJHOCTBIO COOTBETCTBYET 3aKOHY ['yka, M B MaJlol CTEeNeHH IpOsiB-
JISIeTCsI BIMSIHUE TIPOIIECCOB IUTACTUYHOCTH. B CBSI3M ¢ 3TUMM NPUYMHAMH TH-
HaMUYECKHE MOJAYJH (T.e. ONpelesieHHble IMHAMUYECKUMH METO/aMH) Bce-
IJla MPEBBIIAIOT 3HAUYCHUSI CTATUYECKUX MOJYJIeH yrnpyroctu (B cpeaHeM Ha
20 -30%).

K ocHOBHBIM 71a00OpaTOPHBIM aKyCTHYECKHMM METOAAaM OTHOcATCS: 1.
Pe3onancHble, 2. IMIyJIbCHBIE YIIBTPa3BYKOBBIE.

1. Pe3onancnuvie memoowvi. B 3THX METOAAX U3MEPSETCS PE3OHAHCHAS
4acTOTa COOCTBEHHBIX KOJEOaHWIl ONpENeICHHOrO THIa 00pa3loB T'OPHBIX
noposa. B pe3oHaHCHBIX MeToJax NIpH HCCIIETOBAHUM TOPHBIX ITIOPOJ TpH-
MEHSIOTCSI B OCHOBHOM CJICAYIOIHME THITbI KOJIeOaHu.

IIpooonvhvie konebanus obpasya. YacTOTHBIN AWAa3oH OT COTEH
TepIl 0 COTEeH Kuiorepir (CM. onmucanue Jadoparopaoi pabotel Ne2 B [8]).

Hszeubnvie xonebanus. YacTOTHBIN nHana3oH — ASCATKA U cOoTHH [11 —
Hanbonee ymoOHBII METOJ MCCIICNOBAaHMS B HU3KOYaCTOTHOM JHAara3oHE.
MeTtoarka n3MepeHus] pe30HAHCHBIX YacTOT MPH M3TUOHBIX KOJeOaHUsIX 00-
pa31oB U3 TOPHOI MOPOAk! sicHa u3 puc. 3.18 a. CoOcTBeHHAs 4acTOTa U3rHO-
HBIX KoJeOaHMi oOpa3sia TopHOI MOPOABI CIEAYIONIMM 00pa3oM CBsi3aHa C
uckoMmbiM MoaysieM FOura E u motHocTteto P 06pasia.
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Puc. 3.18. briok-cxema Juist I3MepeHuUs Pe30HAHCHBIX YacTOT IPH U3THOHBIX Koyieba-
HHSIX 00pa3LoB U3 TOPHOi Opob! (a); K03 GHUIIHEeHTH (OPMBI 3aBUCSIINE OT HOMEpa
mosl (6): 1 — obpaserr; 2 — 3aKUMHOE YCTPOUCTBO;

3 — MarHUTHBIA MaTepHual; 4 — 3JIeKTPOMAarHUTHBII MPeoOpa3oBaTelb;

5 — HCTOYHUK MOAMArHMYMBaHUS; 6 - KOMMYTHPYIOIIUI OJI0K; 7 — TeHEpaTop 3BYKO-
BOI1 9acTOTHI; 8 — ocmyutorpad; 9 — camommcer; 10 — gacroromep;

11 — MUNTUBOIBTMETP.

_ TR, |E
212 \p

n
rae [ — nnuna obpasua; R, — paaumyc MHEPIMY MOMEPEYHOTO CEUeHHs 00pas-

bl

Ha: 1 obpasua ¢ IpIMOYTroIbHBIM CEUCHUEM R, = h/ V12, rae h — ronmu-
Ha o0Opaslia B HampaBJICHUH W3rH0a; ISl CTEPXKHS C KPYIVIBIM CEUCHHEM
R,=d/4, rne d - muamerp cedennus; B, — koddduuuent Gepmbl, 3aBUCA-
1wt 0T Homepa Mozbl (em. puc 16): 1= 0,59686; B, =1,4942; f3=2,5002.
Pazmepsl 00pasma BBIOMPAIOT TakMM 00pa3oM, YTOOBI OTHOIICHHE
IUTOIIAM BHEITHEH MMOBEPXHOCTH BCEro oOpasma S k ero o0bemy V ymoie-
TBOPSIIO YCIIOBHIO
S/V~0,1cm™ (3.11)
Ilpumep: PaccuntaTh quHamMuueckuid Momxyns FOHTa ans oOpasma u3
mmabasza (p = 2,83 r/m°) mmnoii 1 = 10 cM ¢ KBagpaTHBIM CEIEHUEM, €CIIH Ya-
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CTOTa M3THOHBIX KojeOaHWUW TpeTbel MOJBl OKaszajach paBHoW 6222 I'm.
OnpeaenuTs YacToTy MEPBOr0 pe30HaHca o0pasiia.
Pewenue 1. Onipenenenne TOMMIUHBI 00pa3ma:

2
£: M: 0,1 cm'; A= %: 0,41010™2% .

14 Wl 07-

2. Pagnyc nHEpIUN morepevHoro cedeHus o0pasma:
ho_ 41007

J12 3,46

> L1900 m.

3. Aunamuueckuit monynp FOwnra:

4,2
£,z 29S8 4300 e
n RIAIBI‘l

4. YacroTa nepBoit MOAbIL:
-3 2 10
7z 3,140,190 _2[1(0,597) 8,43[!103 - 364 I'n
200 2,83010

11. Hunynscuule y1ompa3zeyKogsie Memoost
Jna onpenenenus nuHaMmudeckoro moxyns IOnra E, moxyns chasura
G u koo ¢punmenra [lyaccona V Ha oOpasnax WiIM B MacCUBE M3MEPSIOTCS

ckopoctu pacnipoctpanenus npoponbhbix Cp, monepeunsix Cs u penees-

ckux Cp BonH. Ecnv ycioBHst U3MEPEHHUs CKOPOCTEH YIIPYTMX BOJIH Ha 06-
pasnax OJIM3KH K yCIIOBHSAM B HEOTPAaHUYEHHOM MacCHBEE

F2 1250 12 2+ 4 ;13 4r, (3.12)

rae / — gmuHa 00pasia; 7 — paAnyc MOIepeyHoro ceueHus o0pasia; A — IInHa
BOJIHBI B 00pasile, TO JUHAMHYCCKHE YIPYTHe MapamMeTpbl TOPHON MOPOJIbI
OMPENICISIOTCS CIEAYIOIUM 00pa3oM:

_0,5-(C,/Cp)?

E:CﬁpM;G:Cép;v_ -
1-v 1- (C,/Cp)

(3.13)

HpI/I HU3MECPCHUAX Ha o6pa3uax UMITYJIbCHBIM YJIBTPAa3BYKOBBIM MCTO-
JIOM HCIOJIB3YHOTCA B OCHOBHOM CJICAYIONIUE MECTOJAUKHU U3MEPCHUA: a) METO-
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JKa mpo3ByunBanus (puc. 3.19); 6) MeToanKa MPOIOJIBHOTO MPOGHINPOBA-
nus (puc. 3.196).

a) Memoouxa npo3eyuuganus TTIOAPOOHO OMICAaHA B ONMUCAHUH JTabopa-
TopHOH paboTsl Nel, B [2].

0) Memoouxa npodoavrozo npogunuposanus. B 1aHHOM citydae cKo-
POCTH pa3lMYHBIX BOJH Ompeaensiorcs no rojorpadam (puc. 3.19r), ko-
TOpBIE CTPOSITCA METOAOM Koppensauuu BoiH (puc. 3.198). B stoMm ciyuae
MOXXHO HAJIS)KHO BBIIICJIUTH B BOJIHOBOM IIaKeT€ KaK IMPOJOJIbHBIE, TaK IO-
MIEpEYHBIE M PENEEBCKUE BOJHBIL, U onpeaenuts ux ckopocts Cs,Cp . B nan-

HOM cCJ1y4a€ NOorpeurHoCTb I/IBMGpeHI/Iﬁ OIMPCACIIACTCA CIACAYIOINM O6pa3OMZ

i, cV12
C Jid(l+ dy(I+ 2d)

(3.14)

rae [ — oOmias 6a3a u3MepeHuil (arHa 00pasia); d — mar npoGUIMpOBaHHMS;
0t — TIpelieNbHOE OTKJIOHEHWE BPEMEHHM MpoOera BOJHBI OT OCPERHSIOMIEH
npsiMoit Ha romorpade (ot = 0,2+1,0 MKC) (puc. 2r).

Jlist GONBIIMHCTBA TOPHBIX IIOPOJ, MMEIOIMX Moayis FOHra Bblme
snauennit 2,0-10° + 2,5-10° kr/cm® cripaBeuIMBa CleayIomas SMIMPUYECKast
3aBUCHMOCTb MEXIy cTaTHdeckuM E, n nuHamuueckuMm E, Moaynsmu ympy-
TOCTH:

E, = kE, +b, (3.15)
rae K., = 0,83; b, = 0,97-10° kr/cm? ,

Ipumep. MeToaom mpoaosibHOro npoduaupoBanus npu mare d = 0,5
cM Ha o0pasiie u3 usBecTHsKa (p = 2,58 r/cM’), BRIPE3aHHOTO U3 CTAHIAPTHO-
ro KepHa ¢ = 32 MM, ¢ IOMOIIIBIO TOCTPOCHHUS rof0rpadoB MOTyUCHEI 3HAYE-
uus ckopocteit Cp = 4750 m/c; Cg = 2770 m/c. Onpenenuts: 1) MUHAMAIL-
HYI0 COOCTBEHHYIO YacTOTy aKyCTHYECKOro rnpeoOpasoBarelisi; 2) HeoOXou-
MYIO JUTMHY 00pa3ua; 3) BEIMYUHBI CTATHYECKUX MOAYJIeH ynpyrocty; 4) mno-
IPEIIHOCTh U3MEPEHHS CKOPOCTH.
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Puc. 3.19. Metonuka npo3BydrBanus (a), IpoaoiIbpHOr0 podunupoanus (6),
BOJIHOBBIE MAKeTH! (B) U rogorpadsl BoiH: 1 — mpecc; 2 — CTaNbHOM HUIMHAD; 3 — U3-
JydaTens; 4 — MPUeMHHK; 5 — reHeparop; 6 — ocumiiorpad; 7 — ycunutens; 8 — nepe-

XOJIHbIC IPOKITAAKK

Pemenue: 1. U3 yenosus (3.12) onpenenseM [y :

allp=af/Cp= @f/2Cp = 1,25; frin = 300 kTt
2. Ha ocuoBannu (3.13):

V= {(4,75/2,77)2 - 2‘/2{(4,75/2,77)2— 1‘ = 0,24;
E, = (4,752 00°2,58010%(10+ 0,24)(1- 0,48)/(1- 0,24) = 49200' = 5,02010° H/™%;
G, = (2,77)° m0°(2,58010° = 198010 H/™M?
3. Tak xak E, > 2,5 00> kr/cm? npumenseM dopmymy (3.15):
E, = (5,02[1105 - 0,97010°]/0,83 = 4,88010° kr/cM;
E,- E

0F = 22 —m00= 28%
Eo

4. nuna obpasna Ly,

Np=Cp/f=12800% M [, = 4)p= 515002 =5 cm.
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5. Iorpemrocts u3Mepenus ckopoctd Cp | cormacho (3.14):
] 4,7500° 13,4

100°° 7500 8,46 100 = 9%

3 (54+0,5)m0°2(5+ 1) '

0,5

£}

9C .

P

JIns yMeHBIICHHs TIOTPENIHOCTH YBEITHYMBAEM JUTHHY 06pasna 1o 7
cM, Torma 0Cp/Cp = 5% .

Sanamue Nel3

3.5. OnpeneJieHne MOPUCTOCTH U BOAOHACBHIIICHHOCTH FOPHBIX opox (u-
SUYECCKUMU METOAaMHU KOHTPOJIsA

Henab 3anaTHA: 3HAKOMCTBO C METOANKOM M3MEPEHUH.

KonndaecTBeHHBIE XapaKTEPUCTHKH TOPUCTOCTH U BOJIOHACHIIIICHHO-
cti. K OCHOBHBIM (PM3MUYECKUM XapaKTEPUCTUKAaM H CBOHCTBAM IOPOIHOTO
MaCCHBa MOKHO OTHECTH: YIPYTHE W MIPOYHOCTHBIC XaPaKTEPUCTUKH, TPEIIU-
HOBATOCTb, IOPUCTOCTh, BOJJOHACHIIIIEHHOCTD.

[TopucrocTb ropHOI MOPOABI KOJIMYECTBEHHO XaPAKTEPU3YETCS:

1. KoaddunmeHrom ob111ei MOPUCTOCTH (TOPUCTOCTD):

Ky =Vg/V:000% . (3.16)
2. Koo dummeHTom npuBeIeHHOMN MOPUCTOCTH

£ =V, /Vp1100% | (3.17)

rane Vi; — o6beM Beex mop B o6pasue; Ve — obmmii 06beM aGCoOIIOTHO CyXO-
ro obpasua; Vr — o0bem TBepHOi (asbL.
B npakTuxe kouTpons onpeaensior K .

[TopoBoe MPOCTPAaHCTBO MOKET OBITH 3aMOTHEHO (DIFOMIOM (KHUIKO-
CTBIO WIIH T'a30M), B YaCTHOCTH BOJOH. [10/1 BIaXKHOCTHIO (BOIOHACHIIIIEHHO-
CTBIO) TIOPOJbI TOHUMAETCS COJCPKAHHE B 00paslec BOJBI, YAAIsIeMON W3
HEro MPH BBICYIIMBAHUY JIO TIOCTOSHHOTO Beca. BIaKHOCTh KOJHMUECTBEHHO
XapaKTePU3YETCs:

1. BecoBoii BIIaXKHOCTBIO:

W=P/P,. (3.18)
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2. O0BeMHOMN BIaKHOCTBIO:

Ny = Vil Vogp (3.19)

rne P, V, — Bec u 00beM BoabI B 00pasiie; P.. — Bec ckenera o0pasna; Vo, —
00BeM Bcero oopasiia.

BriaxxHOCTBH 1TOPO/IBI B OCHOBHOM 00YCIIOBIIEHA TIOPUCTOCTBIO TIOPOJIBI
U CTENEeHBIO HACBHIIICHUS TOP BOAOH, KOTOpas XapakTepu3yercs: Kodpou-
[IMEHTOM BJIQYKHOCTH (BETUYMHOMN BOJIOHACHITIICHNS)

K,=WIWy=ny, Ky, (3.20)

rae W — peanbHast BIQXKHOCTh TIOPOBI; W)y — MOJIHAS BIaXKHOCTH IMTOPOJIBI IIPH
JIaHHOM MOPUCTOCTH.

1. Onpeodenenue nopucmocmu zopnwvix nopoo. HambGonee mmpoxoe
MIPUMCHEHHE MPU ONPEICIICHUN TOPHUCTOCTH TOPHBIX MOPO HEIOCPEACTBCHHO
B MaccHBe IpH OOJBIIOM 00BEMe M3MEPEHHUH TIONYYHI METOH aKyCTHIECKOTO
KapoTaka, OCHOBAHHBII Ha IPUMEHEHUN (OPMYITBI «CPETHETO BPEMEHI:

t = (1 K )t e, 0K, (3.21)
501041

1/C, = (1= K}/ Cppt K 1C, (3.22)
rae s u Cp — BpeMs U CKOPOCTH PacIPOCTPAHEHHS MPOAONLHOM BOJHEI B

nopucroii nopoxe, f;,Cpr — BpemMs M CKOPOCTb IPOJONbHBIX BOJH B
TBepaoi ase; . ,C,. — BPeMs M CKOPOCTb BOJIH B KHIKOCTH.

3uas Bemmuunbl ckopocreiit Cp, C,. u Cr MOKHO onpenenuts K03 (-
¢unment nopucroctu Ki:

K= CoolCr- Cpl/lCplCr- Okl (3.23)

Benmunna Cp ompenensiercss HENOCPEACTBEHHO B PE3yJbTATE Kapo-

TXHBIX M3MepeHuii B Maccuse. HauGonee croxuo onpenenuts ckopocts Cr

(ckopocth mpu K7 = 0), T.K. €e BEeIWYMHA 3aBUCUT OT COCTaBa MOPOJIbI, THIA H
CTEMeH! [IEMEHTAIIUH, TTIOTHOCTH OTAENbHBIX TBEPIBIX KOMIIOHEHTOB U IPYTUX
HPUYKMH U MOXET KOJIeOAThCs [JIsl OT/ICIBHBIX PA3HOCTEH B HIMPOKUX MPEEIiax.

Onna u3 meromuk onpenenenus Cr crenyromas. W3 peipaxenus (3.21) cnemy-
er:

Kp=(be-bep)/be, - bep)= aTbe- B, (3.24)

rne At; = 1/C; /1= 1/C; — unrepBanbHOE BpeMs PaCIpPOCTPAHEHHUS BOJIHBI B
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i-oii ¢aze; / — paccTosHHE MEXIy HM3TydaTesleM M IPUEMHHUKOM B KapOTaxK-
HOM cHapsijie; A 1 B — NOCTOSHHbIE KO PUIIUESHTHI.
Memoouka usmeperuii. B KOHTPOIBHON CKBaKWHE HA ONPEICICHHBIX

rIyOMHax Z;, ¢ KOTOPBIX OTOHMpaeTcs KepH, H3MEPsIeTCs HHTEPBaIbHOE Bpe-
ms At (Z j) , a B TabopaTopuy HA JaHHOM KEPHE OIPEACISIETCS] COOTBETCTBYIO-
i Ko3(UIUEHT MOPUCTOCTH KH(Z j ) IlonyuyeHnHsle 3HaueHUs At(z b ) u

KH(ZJ'J JUTA KOKI0I'0 KEpHA BBICTABJIAIOTCA B BUAC TOYEK B CUCTEME KOOPAU-

Hat {At (Mxc/M; K, (%)}, oIrydeHHbIE 9KCIIEPUMEHTAIBHBIE TOUYKH 3KCTpario-
JIMPYIOTCSI, COTJIACHO BhIpaXkeHUIo (3.24), npsmoit uHuel, KoTopas IpoaoII-
KaeTcs JI0 MepecedeHust ¢ ocbio Af. 3HaueHne Afr, COOTBETCTBYIOIIEE TOYKE
nepecedeHust 3Tor npsAMoii ¢ ockio At (tipu K, = 0), COOTBETCTBYET 3HAYCHHIO

Cr=1/0ty (puc. 3.20).
ﬂaﬂee, HCHOJIb3Yys IMOJYYCHHOC 3HA4YCHUC CT , U3MCpAS B pa60‘{I/IX
CKBA)KMHAX C TOMOIIBI0 aKyCTHYECKOTO KapoTaXka CKOpOCTh PAacHpo-

CTpPaHEeHHs NEPBOro BCTYIUICHUsSI BOJHBI Ha KaIOW TIIyOHMHE, C MOMOILBIO
(opmyEl (8) pacCUUTHIBAIOT IOPHCTOCTH MACCHBA BJIOJB pazpesa.

Puc. 3.20. OnpezneneHue UHTEPBANBHOIO BpeMEHU At, COOTBETCTBYIOILETO
ko3¢ duireHty nopucroctu K, (a); manetka Juist HHTEPIPETAIUH PE3yIbTaToOB
6oJbIIoro 00beMa u3MepeHHuii (0).
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IIpumep. B MaccuBe mecHaHUKa METONOM aKyCTHYECKOTO KapoTaxa
UCCIIeyeTCsl IOPUCTOCTh MaccuBa. [yl KepHOB, OTOOpPAHHBIX U3 KOHTPOJIb-
HOM CKBaXXHHBI, ITOJYIEHBI CICIYIOINE PE3YIbTATHI:

Ati, MKC, M 230 241 250 265 279 295
Kai , % 6 8 10 16 17 20

B paboueii ckBayKMHE M3MEPEHBI CIIEMYIONINE 3HAUCHUS! CKOPOCTH Ha
Pas3IMYHBIX TITyOHHAX Z; !
800 850 900 950

Zj , M
C, M/c 2842 3040 4018 3760

Cxopocts B Boge npuHsiaTa paBHOU C, = 1500 m/c. TTocTpouts ycpen-
HEHHBIHN pa3pe3 MaccuBa 1o ko3ddunmenty nopucroctu K.
Pewenue 1. B cucreme koopaunat (At, K,) moctponm 3aBHCHMOCTH

A I(ZI-) = f[Kn(Zl-)] B BUJIE NIPSAMOIA, TaK 7K€, KaK Ha puc. 7,a.
2. Omnpenensiem Aty ipu K, = 0 — Aty = 213 mke/m.
3. Ckopocts B TBepoit pase Cr = 1/8ty = 4700 m/c

4. PaccunteiBaem K H(Zj) o popmysie (3.23).
800 850 900 950

Zj- , M
Kpylz,) 31 25 8 12

5. Ctpoum paspe3 maccusa 1o K, B mpegenax z = 800 — 950 m.

II. Onpeoenenue 6000HACBLIEHHOCHU 20PHBIX NOPOO 8 Mdccuee.
OO0beM BOIBI B TOpax MOPOABI OKa3bIBAET HEMOCPEACTBEHHOE BIIMSHHE HA
YZIENBHOE 3JIEKTPUIECKOE COMPOTUBIICHHE TOPOJIBI p. i1t GONbIIMHCTBA TOP-
HBIX TIOpOJ| CIPAaBEIJIMBA CIEAYIOIasl AMIMPHUYECKAs 3aBUCHMOCTh MEXIY
yZeJIBHBIM CONIPOTHBIIEHHUEM MOPO/BI IIPU YaCTUYHOM HACBHIIEHUH TIOP BOAOI
p U YAEIbHBIM COIPOTHUBIECHHEM TOM K€ MOPOJb! NMPH IOJTHOM HACBHIIECHUU
IOp BOJIOH Py

p=p, KX, (3.25)

CreneHb MONMHOTO HACBILEHUS I0p BOJOI, a CIeZ0BATENbHO H oy, 3a-
BUCHT OT CTETIEHU IOPUCTOCTH MOPOJBI U OT XapakTepa caMoil MOpOABbI, T.e.
OT ee CIIOCOOHOCTH CMa4MBaThCS W 3aIEpXKHUBATh BOXY, YTO ONPEACIIACTCS
¢dakxTopoMm opmarmm moponsr P, Kpome Toro p,, ectecTBeHHO, OyIeT ompe-
JIENSITBCS YACIBHBIM COTTPOTHBIIEHHEM CaMOM BIIarH p:
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Pr=Pybs (3.26)

®akrop dopmanuu P, omnpeznensiercss K0d(QQGHUINESHTOM MOPHUCTOCTH
Ul JaHHOW TIOPOJBI M CTPYKTYPHBIMH U (PU3HKO-XHMHUYECKHMHI OCOOEHHOC-
TAMH 3TOW mopobl. Kaxplil Kiacc mopoja MMeeT CBOI (DYHKIMOHAIBHYIO
3aBUCHMOCTb Py oT K. 1 IpakTH9ecKoro onpenesneHns Py 4acTo IpUMEHsI-
eTcsl CIEAYIOIas aHATUTHIECKast 3aBUCHMOCTb:

Py = alK,', (3.27)

rae mapaMerpsl @ < 1 ¥ m 3aBUCAT OT THIA MOPOBL. TaK, s U3BECTHAKOB H
necuaHukoB a = 0,62; m = 2,15; ans peixubix popmanuit a = 0,81; m = 2; Tak-
K€ MOT'YT IPUHUMAThCS 3HaUeHus a = 1; m = 2 (dpopmyna Apun).

VY aenbHOe COMPOTUBIIEHUE BJaru p, MOXKET ObITh U3MEPEHO WIIH HETo-
CPEJICTBEHHO B MAaCCHBE CKBOKHHHBIMH PE3UCTHBHMETPaMH, WU B Jlabopa-
TOPHBIX YCIIOBHSAX.

OcymiecTBIIsIsI OTHOBPEMEHHO Ha KaXKIOH HCCIIeqyeMO TIyOHHEe Treo-
JIOTHYECKOTO pa3pe3a aKyCTHUSCKUH U AIIEKTPUICCKUHA KapOTaXX CKBAKHUHBL,
T.C. ONpenemss OTHOBPEMEHHO CKOPOCTb PACIPOCTPAHEHHS IPOIOIBHBIX
BoJH C, ¥ yIEIBHOE AJIEKTPUUYECKOE COMPOTUBICHUE MOPOABI P, IPH U3BECT-
HbIX BenmunHaX Cr U p, MOKHO ONPEAETATh KOA((UIMECHT BIaXKHOCTH OPO-
IIbl B MaccuBe Ha ocHoBaHuu (3.25), (3.26) (3.27) no cienyromiei Gopmyie:

K25 Pn ap
‘ P K)'p K"p

n

(3.28)

Ipumep: B cxkBaxkuHe (CM. MpPEABLIYIINI NMpUMEpP) MPOBEICH HA TEX
ke MIyOnHaX 3JIEeKTPUUECKUI KapoTax, B Pe3yIbTaTe KOTOPOTO MOIYYeHO

800 850 900 950

Zj , M
plz;) omm 14,15 7,35 35,8 28,4

B naGoparopuu onydeHo yienbHoe COpOTUBIIEHHE BOIBI Py = 0,043 oM M.

Onpenenuts KO3(POHUIMEHT BIAXHOCTH W OOBEMHYIO BIIAYKHOCTH Ha
9THX TOPU30HTAX.

Pewenue. Ins necuanuka a = 0,68; m = 2,15. 3nauenus K, B3s1HI U3

HpEeNBIAYIIEro IpuMepa, obbeMHas Biaxksocts 7, = K, 0K;000% . Pe-
3yJIBTATHI pacueToB 1o ¢opmynam (3.25) — (3.28) cBeeHbI B TAOHILY:
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z, w [800 [850° Jooo  Joso -
Kylz,) {031 {025 Jo.08 [012 [K,[z;] |16 [028 [043 [0.39

Pz, ] [841 [134 [1545 [667 [n,[z]% [#96 [56 [344 [4.68

800 |850 {900 (950

B cnyuae Oompmoro o0beMa H3MEpEHHH, KOraa Ha KOHKPETHOM
o0bekTe m3BecTHH! 3Hauenus Cr, 0, ¥ BEIOpaHA BENMYMHA M, IS YIIPOLIE-
HUsS IIpoLecca MHTEPIPETAaluU PE3yJbTaTOB M3MEPEHUH MCHOJb3YHOTCS Ia-
netku. Ilametkn peACTaBIIAIOT CO60[71 JIMHUW PAaBHOTO HACBIIICHUA — CC-
MEHCTBO MPSAMBIX, IOCTPOCHHBIX B CUCTEME KOOPJAUHAT < p=tmn tJ , KOTOpbIE

BeepooOpa3HO UCXOIAT U3 OxHON Touku A= At coorBercTBYyIOMIEH HyIe-
Boil mopuctoctu (K, = 0) u 3Hauernto C = Cr macta (puc. 3.206). Haxnon u
B3aMMHOE PACIIOJIOKEHHUE JINHUIA PAaBHOI'O HACHIIICHUS 3aBUCAT OT THIIA ITOPO-
Ibl U CONPOTHBIICHHS IUIACTOBOM BOABI, T.€. UL KXKAOr0 palioHa C pa3yud-
ueiMu f, 1 Cr MPUMEHSIOTCS CBOM MAJIETKU. DKCIIEPUMEHTAIIBHO MOJTyYeH-

-l/m(

HBIC 3HAYCHUA A t(zj) up Zj) HAHOCATCA HA NAJICTKY U, B 3aBUCHUMOCTHU

OT TOTO, B KaKOH €€ CEeKTOp MomnaaaeT Touka, MOKHO Cpasy e CIeNaTh BEIBOJ
o Tune QIIoUaa, 3a0HSONIETO MOPOBOE MPOCTPAHCTBO HA JAHHOH TIyOHHE.
Tak, ecnu Todka MoMajaeT B cekTop Mexay mnpsambimu K, = 100% u K, =
50%, TO TOpPHI 3aIIOJHEHBI BOIOM, €CIM TOYKa IOmagaeT B cekrop or K, =
30% mo K, = 10%, To IOpPHI 3aIOIHEHBI Ta30M, €CJIH TOYKA JIOKHTCA B CEK-
top mexay K,=30% u K, =50%, B ciaydae MCCIEN0BaHUS KOJUIEKTOPCKUX

MAacCHBOB, MOXHO CJIEIaTh MPEIIIOJIOKEHHE O HATMYHMH B TUIACTaX Ha JaHHBIX
riryOMHax He(TH.

3anamue Nel4
3.6. O6pab6oTKa pe3yJbTATOB U3MEPEHUIH

Heas 3anaTus: OBrageHne HaBRIKAMH 00paOOTKH Pe3ysIbTaTOB Mpsi-
MBIX PaBHOTOYHBIX M KOCBEHHBIX M3MEpEHMH, oOecrieunBaronied ux 3amaH-
HYIO TOYHOCTb PE3yJIbTAaTa.

[MocenoBaTebHOCTE OMnepalyii Ipu 00pPadOTKE MPSIMBIX PABHOTOY-
HBIX W3MEpPEHUH paccMOTPUM Ha IpHMepe clieayrouell 3ampaun. Haiitn «wc-
TUHHOE» 3HAYCHHE PE30HAHCHOW YacTOTBI MPAMOPHOTO CTEPXHS IO pe-
3ynpTataM 18 usmMepeHuii B HeM, CBeJICHHBIMU B Tab. 3.8.
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1. OmpenenseM cpenHee apu(PpMETHUECKOE H3MEPSEMOW BEIWYHHBI,
SIBJISIFOLIIEECs] HanboJiee BEPOSITHBIM €€ 3HAUCHUEM:

- 1¢ 191,221
= =¥ = 225502 10,623 kI
f n;f T kI

Tabnuya 3.8

Ne | Hoka- | 5,007 | §2mo7| ¢ Sl | gm0 §200°
W3- 3aHUS . K . 1
Me- qacTo-
pe- TOMeE-
HU | pa

1 2 3 4 1 2 3 4

1 10,625 +2 4 10 10,625 +2 4

2 10,623 0 0 11 10,632 +9 81

3 10,624 +1 1 12 10,629 +6 36

4 10,606 -17 289 -13 10,619 -4 16

5 10,639 16 256 14 10,618 -5 26

6 10,628 +5 25 16 10,625 +2 4

7 10,616 -7 49 16 10,620 -3 9

8 10,618 -5 25 17 10,623 0 0

9 10,620 -3 9 18 10,631 +8 64

Cymma 191,221 7 897

2. BoblumcnseM chydaiiHble OTKIOHEHHs 0; pe3ynbTaToB M3MEpeHMii

f; ot cpennero f o popmyie:
0;= fi- f

1 3alMCBIBAEM WX B TpeThei rpade tabi. 3.8. Beruncisiem 3HaueHus 0 2

[ mza-

MUCHIBAEM WX B YETBEPTOil rpade Tad. 1.
Benuuuna 0; XapaKkTepusyeT MOTPEIIHOCTh OTAENBHBIX H3MEPEHHIA.
Jlns pesynbraToB uaMepeHuii 4 u S 51- AMEIOT HauOOJbIINEe 3HAYEHHUS,

MO3TOMY B JalibHEHIIEM HEOOXOAUMO MPOBEPHUTH, HE COJCPIKAT JIU OHHU TPY-
0011 TOrpenIHOCTH.

3. BoluncisieM OICHKH CPEIHHMX KBaJAPATHYCCKUX OTKIOHCHHIl pe-
3yJbTATOB U3MEPEHUIT CITyyaiiHOW BEIMYMHBI f U CPEAHETO apH(METHICCKOTO

f:
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n 18
5, = l/(n-l)z 57 = 1/(18-1)2 87 = 72,600 * kI
i=1 i=1

6,28, /3n=72600"/18= 17200 «Tu,

4. TIpoBepsieM «HOPMAJIBHOCTBY pacIpeesieHHs pe3yIbTaTOB H3Mepe-
HUil. AITOpUTM NPOBEPKH TUIIOTE3bl 0 HOPMATIBHOM PACHpEAEICHUN 3aBUCUT
0T 4ncia pe3ynbTaToB HabmroxeHuil. Tak, mpu n > 50 Takas mpoBepka ocyIe-
CTBIISIETCS C UCTIONB30BaHneM Kputepus x* [8]. Ilpu n < 15 mpuHamIekHOCTh
Pe3yJIbTaTOB K HOPMAIBHOMY paclpenesieHuio He nposepsioT. [Ipu 50 > n >
15, Kak 3TO UMEET MECTO B HAIlEM CIydae, JUIsl TIPOBEPKU «HOPMAIBHOCTI
pe3yIabTaTOB U3MEPEHUIl MOXKHO BOCHOJIB30BATHCS CIEAYIOUIMM dJIEMEHTap-
HBIM NpHEMOM. Pe3ynbTaTsel U3MepeHuil rpynnupyeM B BApHALMOHHBINA psif

10 Mepe nux B03paCTaHI/I$[ U 1 KAXI0T0 3HAYCHUSA f; paCClII/ITLIBaeM (byHK'
wo z, % ;- 7)/8 , (rabn. 3.9). Taxxak o= fir, /5= fio fu= fo = fis m
fs = f11, 10 B TAbM 3.9 n=13.

Tabauya 3.9
fi 10,606 | 10,616 | 10,618 | 10,619 10,620 | 10,623 | 10,624
z; -2,34 -0,96 -0,68 -0,55 -0,41 0 0,13
i 10,625 10,626 | 10,623 10,631 10,632 | 10,639
z; 0,27 0, 68 0,84 1,1 1,23 2,2

Teneps Touku Z;, f; HaHeceMm B koopauHatax {z, f} (puc. 3.21). ITo-

CKOJIBKY OHH TPYNIHPYIOTCSI BAOJIb MPAMON JIMHUH (pa3dpoc OTAEIBHBIX TO-
YeK OTHOCHUTEIILHO MPSMOM HEBEIHK), TO PACIPEAEIECHHE PE3yIbTaToB U3Me-
PEHUIT MOXXHO CUNTATh HOPMAJIBHBIM.

5. 3amaeMcs 3HA4EHHEM HAaJCKHOCTH PE3YNIbTaTOB HM3MEPEHHH, TO

€CTh JIOBepPITeHI)HOﬁ BEPOATHOCTBIO PS TOTO, YTO HCTHHHOC 3HAYCHUC U3MC-
psAE€MOil BeNMUYMHBI MONAJAeT B JaHHBIA JOBEpUTENbHBIA uMHTEpBanl. [lycTh
P =095,

6. Ilo Tabnuue KpUTHYECKUX ToueK pacrnpeneneHus CrbrojeHra [§]
s ypoBHs 3Haummoctn ¢ = 1= Py = 1-0,95= 0,05 u gncna cremeneit co-

oompt K = n-1=18-1= 17, naxonum koapduument Croronenta fs = 2,11,
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Puc. 3.21. I'paduueckoe n300paxeHne pe3yabTaTOB U3MEPEHHUH.

7. HaxomuM TpaHMIBI JOBEPHUTEIBHOTO HHTEpBajia (IOrPEIIHOCTh pe-
3yJIbTATOB U3MEPEHHUIA):

VRN 2,11017,20107% = 36,2920 kT,

8. [IpoBepsieM pe3ynabTaThl UBMEPEHUI: 4 U 5 — He SBJISIOTCS JIU OHHU
rpyobiMu omrOKaMu. [IJist 3TOro BOCIOJIB3yeMCsl Paclpe/ieiCHHEM BeTHYHHbI
Buma V = (fmax - f)/(5f wm V = (f- Jimin]/0 . @yHKIME X pacmpe-
JICNICHUS, OTPEJIENIEMbIE METOJAMU TEOPUU BEPOSTHOCTEH, COBIIAIAI0T MEX-
Iy co00ii U sl HOPMAJIBHOTO PACTIPEACICHUS PE3yIbTATOB U3MEPEHHI MPO-
tabynuposanbl. [lo Tabmuie V = Flg,n) [8] mns ypoBHS 3HAYMMOCTH
q=1-P;=1-095=0,05 wu uucna wusmepernit n = 18 Haxomum
Vp=Voos= 2,557 C mpyroit CTOpOHBI,

_ 10,623 - 10,606

vz (7 fulie, e 2345,
- 10,639- 10,623 _
V5 = (fmax - f)/df = W— 2,203

IMockonbky V4 <Voos u Vs5<V(95T0 HET HOCTATOUYHBIX OCHOBAHHIA

cuutath, uto pesynbratel [y = 10,606 kT'u u fs5 = 10,639 «I'n spisrorcs
rpyObIMu OomuOKaMu. Eciiu OBl BBIYMCIICHHOE 1O ONBITHBIM JITAHHBIM 3HAue-
HHUE V; OKazaloch OOJbIIE V, , TO CYUTAETCS, YTO COOTBETCTBYIOIIMH pe-
3yNIbTaT U3MEPEHUil SBIsiETCS] TPY0Oil OMIMOKOH U TOJDKEH OBITh MCKIIIOUECH
[pu AajbHEUIIeH 00paboTKe pe3yabTaTOB H3MEPCHHU.
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9. OxOHYAaTeNbHBIA UTOT PE3yJIbTATOB U3MEPEHUH 3alMChIBaEM B Clle-
JYIOLEM BHJE:

f=10,623 KFH((S? = 17,2007 k[ 7= 18) uin

S =10,623 +£0,0036 kI'u (n = 18; P = 95%).

10. OmpezensieM OTHOCUTENBHYIO TOTPEIIHOCTh PE3yITATOB U3MEpe-
HUN ¢ = (Af/f)Dl00= (36,292[[10'4/10,623)[]100: 0,034% .

Obpabomka pe3yriomamos KoceeHHvlx usmepenuti. KoCBeHHBIMH Ha-
3BIBAIOT TAKHUEC W3MEPCHUS, MPU KOTOPBIX HCKOMas HM3MepsieMas BEIUYMHA

OTIpeNeNsIeTCs] BEIYUCICHISIMU 110 PE3yJIbTaTaM MPSMBIX H3MEPEHUN BEIHYNH
a, b, ¢ ..., cBI3aHHBIX ¢ X HM3BECTHOM ()YHKIIMOHAIBHON 3aBUCHMOCTHIO:

x= f (a,b,c)_ Auroput™M 00pabOTKU A KaXKIOH CepuM HU3MEPEHHBIX Be-

nu4uH (a, b, ¢, ... ) TaKOB e, KaK JUIs MPSIMBIX PaBHOTOYHBIX W3MEPEHUIL.
[Tpu sTOM 1 BceX M3MEpSEMBIX BEIMYHH 33JaeTCs OJHO M TO )K€ 3HAUCHHE
HagexHocTd P,. CpenHee 3HaueHHe X ompezelsiercs Kak (YHKIUS OT cpel-

HHX 3HauyeHui a, b, ¢, ..., T.e. x= f (a,b, c) . I'paHuIBI TOBEPUTEIBHOTO HH-

TepBana Juis pe3yJibTaTa KOCBEHHBIX H3MEPEHHH ONPENEINIOT Mo hopMyIie:

b= \/(3f/0a)2Aa2+ (a7 70606+ (3f/0c) 0+ ...,

rz[eaf/aa R af/ab, 0f/ac , ... — YaCTHbIC MPOHM3BOIHBIC (YHKIIUH
x= f (a,b,c) IO TIEPEMEHHBIM a, b, C, ... COOTBETCTBEHHO; TIPOM3BOIHEIE BEI-
YHCIISIFOTCS [IPU @ = a_; bz=biczc.

3ao0aua. JlorapudMUYEeCKH NEKPEMEHT 3aTyXaHHs TOPHOM TOPOIbI
OTIPENIENAETCS PE30HAHCHBIM aKyCTHYECKHM METOJOM ITyTeM M3MEPEHHs pe-
30HaHCHOI! yacToThl fy 06pasua u 4acToT f; U f5, IpH KOTOPBIX BEIHMYUHA
AMIUIATYJBl  COCTAaBIseT ]/+/2 ~ OT 3HAa4eHMs TpH  pEe30OHAHCE

§=n(fy- fi)l 1. Pe3ynbTaThl U3MEPEHUH U MX HOIPEITHOCTH COCTABIISIOT:

fo=5000Tu, Afy=30Tw; f,=4780 T; Afi=20Tu;

f,=5250Tw; Afy=50Tw; T =3,14, A1 =0,0016.

OHpe,[ICJ'II/ITL a0COIIOTHOE 3HAYEHHE O C y4ueTOM HOFpCLHHOCTeI;‘I HU3ME-
PEHUA U OTHOCUTECIIbHYIO IMOTPEIIHOCTD & PE3YJILTATOB 1/13MepeH1/1171.
3,14(5250- 4780

P Lo =nlf- ) o
elenue (f2 fl) 1o 5000

= 0,295 .
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200 =i do o fan 20 - Rl o - )
-6

9’866 (2500~ 400) + ﬂ[zz% mo° - 22,85 m06)+

25110 25110 om0

+ M(znssmo6 - 2285 Dlo"’]
625010
3.6 =0+A06=0,295¢ 0,009 .
0,009

4.6=06/8 = =—2100= 3%
95

i

3anamue Nel5
3.7. Onpenesienue kodppunuenta GuabTpauuu

Ilens 3aHATHS: 03HAKOMHUTH C METOOM OIpeAeicHUs KoddduimeHTa
(bUIBTPaLK OPOIHOTO MAacCHBA.

Obwee nonoscenue. Koapouunenr dunprpaunu Ky, HeoOXoaum s
BCEX PacyeToB, CBSI3aHHBIX C JIBU)KEHHEM ITOJI3EMHBIX BOJI, © MOXET OBITh I10-
JIy4eH HeMOCPEACTBEHHBIMH HAaOJIOJCHUAMH B TOJIEBbIX ycioBusx. Cyiie-
CTBYeT HECKOJBKO METOJIOB olpeaeneHnst Koddduimenta (uibTpanuy.
PaccmoTpum oawH u3 Hux [14].

Memoouka nposedenusi usmeperuii. [IpoOypHUBaOT TpH CKBaXKUHBI H
YCTaHABJIMBAIOT B HUX OTMETKH BOJBI (puc. 3.22).

Puc. 3.22. K onpenenenunio HarpaBieHUs JBIKCHUS BOIBI IO TPEM CKBAKHHAM.

IIpeanonoxuM, 94TO0 OTMETKH YPOBHS BOJBI B TpeX CKBaxuHax 24,0;
23,0; 22,0. Toraa Ha nuHuu AC HaxoAAT TOUKY, B KOTOpPOH YpOBEHb BOJIBI
HaxoauTcs Ha otMmeTke 23,0. Jlunus B/, cnemoBaTensHO, OyJeT MpencTaB-
JSITh COOOM JIMHUIO THUAPOU3OTHIICHI, a MEepHeHAuKysipHas ed jauHus AE —
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JUHHIO TOKa. Ha jJMHUU Toka MpoOypHBAIOT JABE CKBAXKUHBI M HAOIIOIAIOT 32
CKOPOCTBIO JIBHXKCHHUS BOJbI. ECIIM paccTosiHUE MEXIy CKBKHHAMU [, ypOB-
HU BOJIbI B CKBaxkrHaX h; u h, U BpeMst IBIKEHHUST BOJIBI t, TO CKOPOCTh JIBH-
KeHus OyaeT

V=1t
U CKOPOCTH (DPMIIBTpALU
q=10n/t= Ky(h-hy)/l

TJIe 71 — IOPUCTOCTD B JIOJSIX €JMHUIIBL.

Otcrona MOXeT OBITh ToTyueH K.

J1yist 3aMepoB CKOPOCTH JIBMKEHHUS BOABI IPUMEHSIOT KOJIOPUMETpUYe-
CKUH, AJMEKTPOIUTUYECKUHN, XUMHUYecKUi MeTonbl. Tak, XUMUUECKUuil MeTof
3aKJII0YAETCs B ONPE/IeIeHNH KOHIIEHTPAIIMK PacTBOpa COJIM B HAOIIOIaTeNb-
HOMW CKBa)KMHE XMMHYECKHM aHaJIM30M. B KauecTBe pacTBOPUMOIO BEIECTBA,
BBOJIMIMOTO B ITyCKOBYIO CKBa)KHHY, Yallle BCETO HUCIOIB3YIOT XJIOPUCTHINA Ha-
TpUil, XJIOPUCTHII KaJIbLIUK WM XJIOPUCTHI aMMOHUI.

3apava. Jlano: ypoBHm Boael B ckBaxuHax (h;; h,), ckopoctp
¢ubTpanun (q) U paccTosHAE MEXOy ckBaxxwmHamu (/) comepxarcs B TaOII.
3.10.

Tabnuya 3.10

No I, m h;, M h,, M g, M/c
1 15 10 8 5
2 20 11 9 4
3 25 12 10 3
4 30 13 11 2
5 35 14 12 1
6 40 15 13 0,5
7 45 16 14 0,4
8 50 17 15 0,3
9 55 18 16 0,2
10 60 19 17 0,1
11 65 20 18 0,05
12 70 21 19 0,01

Omnpenenuts kKodpdunueHT GrabTpanud — K.
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