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INPAKTUYECKAS PABOTA Ne 1

OIIPEAEJIEHUE JE®@OPMAIINOHHBIX XAPAKTEPUCTHUK I'OPHBIX
IHOPOJ

Ilenv  pabomwsr —  OBIaJEeHUE  METOJUKON  JIaOOpaTOPHOrO  OMpPEIEICHUS
neOPMAITMOHHBIX XaPAKTEPUCTUK CKATHHBIX MOPOJI CTATUYECKHM METOJOM MPUMEHUTEIBHO K
pacueTram MpoIecCOB TOPHOTO MTPOU3BOICTBA.

3aoanue
N3BecTHSK
Hanpsixenue, Jeopmanus (107)
MIla TPOAOJIbHAS nonepevHas

5 0.000 0.000
10 0.500 -0.125
15 0.750 -0.188
20 1.000 -0.250
25 1.250 -0.313
30 1.500 -0.375
35 1.750 -0.438
40 2.000 -0.500
45 2.250 -0.563
50 2.500 -0.625
55 2.750 -0.688
60 3.000 -0.750
65 3.250 -0.813
70 3.500 -0.875
75 3.750 -0.938
80 4.000 -1.000
85 4.250 -1.063
90 4.500 -1.125
95 4.854 -1.213
100 5.503 -1.376
105 6.503 -1.626
110 7.901 -1.975
115 9.738 -2.434
120 12.053 -3.013

Memoouka skcnepumenma

1. Ha wucneiTeiBaeMblii oOpazeny B ¢opMme ImHApa (KepHA) WIM MPHU3MBL C
napajuieIbHBIMA TOPIIAMH YCTaHABIMBAIOTCS JATUYUKU MIPOJIOIBHON U MOTIepedHoi TedopMarim
(TeH30/1aTYMKU CONPOTHUBICHHUS WJIM HMHIUKATOPHl 4YacoBOro THUMa). M3MepsioT BBICOTY U
wionaae obpasma S; ompenensioT 0a3y W3MepeHud (B TMPOJOIBHOM HampaBieHUH L u
nornepevyHoM HamnpasieHuu d).

2. O0pa3er ycTaHaBIMBAIOT Ha TPECCE M NMPOU3BOIAT €r0 CTYNEHYATOE HarpyKeHHe.
Bennuuna npenenbHON Harpy3Kku onpeaessieTcss IPOYHOCTbIO TOPHOM MOPOJIBI IPH  CHKATHH UIIH
HA3HAYAETCS B 3aBUCUMOCTH OT KOHKPETHO peIIaeMOi 3a1a4H.



3. Ha kaxno0ii cTynenu HarpyxeHus: pukcupyercs 3HaueHue Harpy3ku Pi, H (unu xrc) u
NOKa3aHMs NapHBIX JaTYMKOB MPOJOJIBHOM U MONEepeuHon AedopMaru.

4. Tlocne npoBeaEHUS SKCIEPUMEHTA BBIYUCIISIOT:

* HaNpPsDKCHUS! HA KaXKI0# CTyIeHH HarpyxeHus oi = PIS;

* yCpemHSIOT TOKa3aHWs Map JAaTYUKOB U BBIYUCISIIOT OTHOCHUTENIBHYIO MPOJOIBHYIO
nehopmaruio:

&= AL/L
Y OTHOCUTEJIBbHYIO IIONIEPEUYHYIO AehopMaIiio
Adi/d.
5. Pe3ynbTaThl BEIYMCICHUH 3aHOCSTCS B TAOJHUILY.

6. ITo pe3ynbratam NpOM3BOIUTCS MOCTPOCHUE Irpaduka nedopmaluy H3BECTHSKA.
Omuodxa! OmunoKa cBsi3u.

AHanu3z u evluucienue 0epopmayuoHHBIX XAPAKMEPUCMUK

O6mas nedopmariys TOPHOU MOPOJIBI CKIIAJIBIBAETCS U3 YIPYTOW M IJIACTUYECKOM 30HBI.
Hanpspkenue, npu koTopoM ympyras (JinHedHas) nedopmainus MEepexoAuT B IJIACTHYECKYIO
(HemuHEIHYI0) nedopMalnio, Ha3bIBACTCS npedeom ynpyeocmu. JIns 1aHHOW TOPHOU MOPOIBI
3TO COOTBETCTBYET HaMpsbKeHUIO 6y = 90 MIla.

Yupyroe nedopMUpOBaHHE MOPOABI COOTBETCTBYET JUHEHHBIM ydacTKaM rpauKoB U
OMHCHIBAETCS MoJAyleM ympyroctd u Koddduuuentom Ilyaccona. BeiOupaem Ha rpaduke
3aBeZIOMO JUHEWHbIN ydacTok. [Ipunumaem o1 = 40 Mlla; 62 = 80 MIla. DTum HanpsKeHUAM

(mo Ttabnuile) COOTBETCTBYIOT nedopMaliu MPOJOJIbHBIE: €1 = 2,010° u & = 4,0:10%;
nonepeunsie Adi/d = 0,5-102 u Ad2/d = 1,0-1073.

Brraucnsiem:

MOOyJIb ynpyzocmu

6,-0c;  (80-40)-10°

E= 3
€,—¢ (4.0-2.0)-10"

= 20-10°TIa = 20,0 I'T1a.

ko3gppuyuenm Ilyaccona
_Ad,/d-Ad;/d  (1.0-05)-10°

14 = =
€, — 8 (4.0-2.0)-10

[Tnactrueckas aedopmarust mposSBISIETCS HA HEMTMHEHHOM y4acTke rpadukoB ot 6y = 90
Mlla no [c] = 120 MI]a.

Mooyns naracmuunocmu:
£ _ [c]l-6,  (120-90)-10°

. - —=4,0-10"Tla=4,0TTla.
€oom — € (12,053—4,5)-10

Mooynb obweit oeghopmayuu onucHIBaeT BCIO AehOPMAITMOHHYIO KPUBYIO:

6
E o = [o] _ 120 10_3 ~10,0-10°TTa =10,0I la.
g0 12,010




151 OMHOPOAHBIX U30TPOIHBIX IIOPOJ YIIPYTHUe XAPAKTEPUCTUKU CBSA3aHbI CIEAYIOIIUMU
COOTHOUICHUSAMU.

Mooynwb cosuza:

c. E _ 2010
2(1+v) 2(1+0,25)

=8,0ITla.

Moodynb o6vemnozo cocamusn:

E 20-10°

K = = =133TTla.
31-2v) 3(1-2-0,25)

HedbopmarimoHHbie XapakKTEPUCTUKU OMPEACIISIOT YHEPrOEMKOCTh Pa3pyILIEHUs TOPHBIX
MOPO/I.

Yoenvnan snepzoemxocms paspywienus oannoit nopoowvt (U3BECTHSIKA) C y4E€TOM €€
IJIACTUYECKOTO 1e(hOPMUPOBAHUS COCTABHT:

A 6 (120-10°%)°
2B,y 2:10,0-10°

Ecnu Obl nmanHas rophHas mopoja paspyliajgachk 4YUCTO ymnpyro (0e3 miIacTUdecKou
negopMaInm), TO YHEPTOEMKOCTh €€ pa3pyLICHHUs COCTaBHUIIA Obl BEJTHUUHY:

=720-10° Jlx/m® = 720 xJlx/m>.

2 642
A o0 _ (120-10°)

0 =—= =360-10° Iox/m® =360 xJhx/m .
YT 2E T 2.200-10° a A

Takum 06pa30M, IMMOTCPHU HA MIIACTUYCCKOC ,I[e(l)OpMI/IpOBaHI/Ie MOopoaAbl COCTABJIAROT:

Agi— A" 42 = 720 — 360 = 360 kJTx/M° wim 360/720-100 % = 50 %.



IMPAKTUYECKAS PABOTA Ne 2
OIIPEJEJIEHUE TEH30PA HANIPSI)KEHUI

1. UICXOHBIE JTAHHBIE

2 3 4

40 20 40 50 20 50 60 20 60 70

45 40 15 20 50 15 45 60 15 20

50 50 20 50 60 45 50 70 20 50
7 8 9

40 30 40 50 40 50 60 50 60 70

35 40 30 25 50 40 20 60 50 20

30 50 25 40 60 20 60 70 20 70
12 13 14

40 20 40 50 30 50 60 40 60 70

40 40 45 20 50 45 10 60 75 15

55 50 20 65 60 10 50 70 15 90
17 19 19

45 25 80 50 50 70 60 55 60 70

20 80 15 30 70 25 30 60 35 45

50 50 30 50 60 30 50 70 45 50
22 23 24

40 10 40 50 10 50 60 15 60 70

55 40 75 55 50 80 20 60 85 45

50 50 55 50 60 20 50 70 45 50
27 28 29

40 30 40 50 30 50 60 30 60 70

60 40 45 60 50 55 20 60 65 45

50 50 60 50 60 20 60 70 45 60
32 33 34

40 40 40 50 40 50 60 50 60 70

80 40 95 10 50 05 75 60 75 45

55 50 10 05 60 75 10 70 45 30
37 38 39

40 20 45 50 20 55 60 20 65 70

35 45 15 45 55 15 40 65 15 40

50 50 45 60 60 40 70 70 40 80
42 33 44

40 28 40 50 33 50 60 22 60 70

45 40 94 45 50 24 45 60 44 45

21 50 20 33 60 20 51 70 20 59
47 48 49

90 20 40 80 20 50 10 20 60 66

70 40 15 45 50 15 45 60 15 55

88 80 45 13 10 45 33 66 55 77

2. IOCTAHOBKA 3AJTAYA

2.1. HaiiTu riiaBHbIE 3HaU€HUS G1, G2, G3 TEH30pa HAIPSKEHUI



Ox Txy Txz
Tyx Oy Tyz
Tzx Tzy Oz

pemuB KyOn4eckoe ypaBHEHHE
ci®-Jici — Jooi?— J3=0,
rae Ji, J2, J3 — MHBapuaHTHI TEH30pa HAPSKEHUI:
J1= ox+oy+ oy

Ox Txy Oy Tyz _ Oz Tzx
Jo = Tyx Oy Tzy Oz Txz Oy
= Oy Oy — Gy Ox— Ov - Gr + oy + Toocr + T2
=Ox " Oy—0z"Ox— Oy " OzTTxyTTxzxTTyz,

Ox Txy Txz
J3 = Tyx Gy Tyz =
Tzx  Tzy Oz

— 2 2
=Ox ' Oy Oz +2"l7xy"l7xz"fyz = Ox"Tyz-Oy "Txz-0z"

2.2. I'maBHbBIC HANIPSKCHHS YCTAHABIIUBAIOTCS 110 (hOpMYyJiaM
o3 =2 -(P/2)*° -cos(a/3) + Ji/3 ;
c1,2 = —2 -(P/3)%5 -cos(a/3 £ m/3) + /3 ;

03 <02<01,
e P=323+J,;

cos(o) = q/2 - (P/3)%?;

q=Jd1/3+ (2 - (1/3)? +1) +J3.

2
Txy -



IMPAKTUYECKAS PABOTA Ne 3
BEPOATHOCTD PAZPYHIEHUA 11O KOHTYPY BBIPABOTKH

1. UCXO/JHBIE JAHHBIE

S_ =100 tc/m? S_ =140 tc/m? S_ =175 tc/m?
Howmep e Howmep O Howmep O

3a/[aHHS Scu =150 Tc/m? 3a[aHH SGA =200 Tc/m? 3a/1aHuA Scu =255 1c/m?

Gex, TC/M? O O, TC/M? O Gex, TC/M? o
TC/M? TC/M? TC/M?

1 1000 800 21 1300 800 41 1050 600
2 1100 750 22 1350 600 42 1490 490
3 1200 600 23 1300 500 43 1550 560
4 1300 700 24 1350 850 44 1600 800
5 1100 750 25 1400 450 45 1500 560
6 1200 600 26 1470 530 46 1550 870
7 900 800 27 1000 730 47 1000 620
8 950 750 28 1500 920 48 1500 740
9 900 600 29 1470 1000 49 1530 765
10 850 400 30 990 345 50 1170 800
11 800 550 31 1000 785 51 1430 600
12 750 600 32 1150 815 52 1040 640
13 900 450 33 1175 875 53 1100 700
14 1100 500 34 1500 450 54 1325 615
15 1250 400 35 1400 600 55 1400 550
16 800 350 36 1000 850 56 1340 820
17 1100 850 37 950 560 57 890 450
18 1200 800 38 1400 510 58 1430 770
19 1000 500 39 1240 440 59 1320 660
20 950 450 40 1170 400 60 1230 570

2. HIOCTAHOBKA 3ATAYA

O1eHUTh BEpOSITHOCTh OOPYIICHUN HAa KOHTYpPE BBIPAOOTKH U CAENaTh COOTBETCTBYIOIIHE
BBIBO/IBI

AHaJIUTHYECKOE yCTIOBHE OTCYTCTBHS Pa3pyIICHHH Ha KOHTYpE BBIPAOOTKH OLIEHHWBAETCS
HEpPaBEHCTBOM

oex — 07 >0,

TI€ Ocx — CPEAHEE 3HAUEHHUE Mpeiesia MPOYHOCTH TOPHOM MOpOoabl Ha cxkatue, MIla;

On — CpeIHee 3HAa4eHUE TIJIABHOIO MAKCHUMAJbHOI'O HAIPSKEHUS, IEHUCTBYIOLIErO Ha
KOHType BeIpaboTku MlTa.

Benuunna HanmpspKeHUN Ha KOHTYpPE BBIPAOOTKH MOXKET OBITh IPUOIMKEHO paBHOM

oz =Ko v H,

rie Ko — ko3 duuneHT KOHIIEHTpaluu HaMpsKEHHI;

Y — 06BeMHEIH BeC TOPHBIX opoa Ku/m3;

H — rny6una 3anoxeHnus BbIpabOTKH, M.

BeposiTHOCTh pa3pymieHuii Ha KOHTYpe BBIPAOOTKH, BBIpRKEHHAs B JOJNSX TEpUMETpa
MocJieHel, COCTaBIsIeT



A
W=05-05-n- [e" du,
0
rae A — ¢pyHKIMs 6€30MacHOCTH;

— 2 2 2\05
A=-1/n" - (V, —V;)™
rae N; — ko3 UIMEHT 3anaca;
N3 = Gcew/ O,

rae V, — kod(pQUIHEHT BapHaluu Mpesiera IPOYHOCTH IIOPOJ] Ha CHKATUE

V, =S, /6ex,

C.

rae S, — cpelHee KBaJpaTUYHOE OTKIOHEHHUE IIPeieia NPOYHOCTH TOPHOM ITOPO/IbI HA CHKATHUE;

V_ — ko3¢ dueHT Bapuaiy BETHYHHBI Oy,

GJ
V, =S, /ox,

rac SG — Cp€aHeC KBaApaTUYHOC OTKIIOHCHUC TJIABHOTO MAKCUMAJIBbHOTO HAIIPAXKCHUA,
a

JeMCTBYIOIIETr0 Ha KOHTYpe BbipadoTku, Ml]a.



IMMPAKTUYECKAS PABOTA Ne4
IIpoexTHpOBaHHE MO/I€JH MOPOTHOT0 MACCHBA METO0M IKBHUBAJIEHTHBIX
MaTepHuaJoB

Heap padoThl — M3ydyeHUe TEOPUH U MPUOOPETEHHE MPAKTUYECKUX HABBIKOB MOAOOpa
HKBUBAJICHTHBIX MAaTEPUAJIOB JIJIsl MOJICTUPOBAHUS TOPOJHOTO MacCCHUBA.

Kparkasi teopus

Jlist obecriedeHust aIeKBaTHOCTH (PU3NIECKON MOIeH TpeOyeTcsi 00eceunThb o 10oue
MOJIENIM ¥ HaTypbl. Pa3nmuyaror ciieayromnme OCHOBHBIE BUIBI TIOJJOOUSI.

1. T'eomerpuueckoe momodue peamu3yercss B TOM Cllydae, €ClIH MOJEIb, MBICIEHHO
pa3MeIleHHass B HM3y4acMOM OOBEKTE, IOJIHOCTHIO COBMANACT C HUM IPH pPaBHOMEPHOH ee
nedopmanyu. ITO 03HAYACT, YTO BCE KOOPIUHATHI X, Y, Z U JIMHEHHbBIC pa3Mepsl | TOIKHBI OBITH
U3MEHEHBI B OJIMHAKOBOE YMCIIO pa3 10 CPaBHEHUIO C HATYPOHi, T. €.

|
LTI PRI, 10N oS (1)

X vy, z, |

H H H(i)

3nece HMHAEKC (M) COOTBETCTBYET MOJENM, a HHAEKC (H) — HM3y4yaeMOMY OOBEKTY
(natype). Koncranra C Ha3pIBaeTCsl MHOKUTENIEM MJIM MAaCIITaO0OM MOAEIUPOBAHMSL.

2. Kunemarnueckoe mnonobue TtpedyeT, uyTOObl BCE BpPEMEHHBIE HMHTEpBAJIbI ObUIN
U3MEHEHBI 110 CPAaBHEHHUIO C HaTypoil B OJJUHAKOBOE YHCIIO Pa3:

t i
"2 =C.. @
H(i)

~t

3. [lonobue pusnyeckux sABIEHUN COCTOUT B TOM, YTO BCE MPOLIECCHl B MOJIETH U HAType
OIMUCBIBAOTCA OAWMHAKOBBIMH YPAaBHCHHUAMU, KaK IO q)opMe, TaK 1 110 COACPIKAHUIO. HaHpI/IMep,
nonodue Cuil, BBI3BIBAIONIMX TMOJOOHBIE MEXAy COOON MBIIKEHHUS, CIeAyeT U3 CHUCTEMbI
ypaBHEHU I

PM - ’YMVM - YMIS’ (3)

rae P — cuna;
Y - 00ObEMHBIH BEC;
V — 00beM, mpeIcTaBIeHHBIN Kak Ky0 JIMHeWHOro pasmepa l.
[TonenuB MOYIEHHO JaHHBIE YPABHEHUS

P N
2

MOy YUM:

Cp = Cy CIS; (5)



rae Cp, Cy, C| — cooTBeTCTBYIOIIHE MACIITAOBI MOJCIIUPOBAHHSL.

Otcrofa cineayeT BakHOE 3aKJIIOYEHHE: MPUMEHHUTEIBHO K YCIOBHUSIM MOJI00Us, J1r000e
Quzuueckoe coomunouienue MOHCHO 3AMEHUMb AHAIOZUYHBIM COOMHOUIEHUEM MACUIMA008
MOOeUPOBaAHUAL.

VYpaBuenue (4) MOKHO peoOpa3oBaTh K BULY:

PM PH
15y ©

YMM yHH

3nmech B JIE€BOM W MPaBOM YacTH ypaBHEHHUs HAXOAATCs Oe3pa3MepHBIE COOTHOIICHUS,
KOTOpBIE HAa3bIBAIOTCS Kpumepuimu noodobus. OTcioa cielyeT BaXHBbIA BBIBOA: RoOdoOue
Quzuueckux  aenenuli 6 Modenu u  Hamype  obecneuusaemcs - PaeeHCMEOM
COOMmeemcmeyruux 6e3pasmepHvlx KOMOuHayuil — Kpumepues noooous.

PaccmotpuMm coorHomeHue nonodus cun (6). Ecanu B 3TOM ypaBHEHMM INPOM3BECTU
sameny P / I2 = [6], To momyunm:

o). _lol.

— Ok 7
’YMIM yHIH ( )

rae [o] — mo0oi mokaszaTenb, UMEIONIMA Pa3MEPHOCTh HANPSDKEHHsS, HApUMEpP, MPOYHOCTD,
MOJyJIb YIIPYTOCTH U JP.

AHanmm3 3TOro COOTHOIICHHS MOKA3bIBAET, YTO B OOBIYHBIX YCIOBHSIX MOJEIb HE MOXKET
OBITh M3rOTOBIIEHA M3 TOTO € Marepuana (HampuMep, TOPHBIX IOPOJ), YTO U HATypa.
JIelCTBUTENBHO, €CJIIM TPUHATH OJWH M TOT K€ MaTepuan, TO €ro CBOWCTBA, HaIpUMED,
POYHOCTh U 0OOBEMHBIH BeC OyIyT OAMHAKOBEI, T. €. [6]w = [0]u ¥ Yu = Yu. Ho TOrAa u3 ycnoswust
noao6us (2.1) ciemyer, 4To pazMepbl MOAETH U HATYPbI TAKXKe AOJKHBI ObITh paBHBIMH (ly = 1u),
yTo abcypaHo. Takum oOpa3om, /Uisl CO3aHUs MOJEIN TPEOYIOTCS CHEenUanbHO MOA0OpaHHBIE
MaTepuaibl, 00eCIeYnBaIOIINE COOTBETCTBYIOIINE YCIOBHS MOA00MS (METOJ SKBHBAJIEHTHBIX
MaTepUasoB).

[IpoexkTupoBaHre MOAENU HAUMHAETCS C BBHIOOpA U OMNpeAeNeHHS MaclTaboB
MoJiepoBaHus. B kauecTBe MCXOIHBIX BbIOMparoTcs 2 — 3 (u3myeckue XapaKTEepUCTUKH,
UMEIOINEe HE3aBUCHMBIE pPa3MEpPHOCTH. Y CTaHABIMBAECTCA HMX MaclTad MOAETUPOBAHUS,
Hanpumep, Cj u Cy 1 1Mo HUM YCTaHABIIMBAIOTCS BCE IPYTHE, TPeOyeMbIe JUIsl CO3TaHUS MOJICIIH,
COOTHOIIIEHUS, HATIPUMED,

- mactta6 cun Cp = C,CP3;

- macirad maccel Cm = Cpf Cg (3mech Maciitad yckopeHus cBoooaHoro najaenus Cg = 1);
- macmTab Hanpsxenuit Co = Cp/ C2 = C,Cy;

- MacITab BpeMeHH onpeaenutcs u3 cootnomenns Cq = C) /Cé u Cr = CY2;

- macmra6 ckopoctu Cy = Ci /Ci = C /C*? = C*2 u np.

Bce Oespasmepnsie mnokazatenu Tumna kodpdunumenta Ilyaccona, koaddunmenta
MCIIOJIb30BaHUS IIITYPOB U T. M. OCTAIOTCS HEU3MEHHBIMHU.

Baxneiimeld 3agadeil MOJETUPOBAHUS SBIIETCS 10000p KOMNOHEHMO8 MOOeu,
o0ecreunBarOIUX HYXHBIH Ha0Op ee CBOMCTB. PemieHue 3Toi 3a1auM BKIIIOYAET CIEAYIOIIHNE
9Tanbl. B 3aBHCHMOCTH OT KOHKPETHOTO COJEp)KaHUSI MCCIEeIOBAaHMA HA3HAYAIOTCS KPUTEPHU
reOMETPUYECKOro, KHHEMAaTH4YeCKoro u ¢usuueckoro monobusi. W3yuatorcss TpeOyemble
CBOWCTBA HATYpHI, T. €. TOPHBIX MOPOJI, U OMPEICISIOTCS COOTBETCTBYIOIINE XapaKTEPHCTUKU
MaTepuaiga MOJETH. YCTaHABIMBAETCS TAaKOE COYETaHHE KOMIIOHEHTOB MaTepuaia MOJEIH,
KOTOpO€e 00ecreurBaeT 3a/1aHHbIi Habop ee CBOMCTB.



Peanmzanuss mocnegHero 9rtamna  OOBIYHO OCYIIECTBISIETCS CIEAYIONIMM  00pa3oM.
VYcranaBnmuBaeTcsl OOIMIMI BUJ YpaBHEHHUS 3aBUCUMOCTH JAaHHOW Oe3pa3MepHON KOMOWHAITUH

(kputepust mozo6us) Y OT JOJIEBOTO WM MPOIEHTHOTO | COJEpX aHUSA I-TO KOMIIOHEHTA.
[TpocreiimyM BUAOM TaKOr0 YpaBHEHUSI MOXKET ObITh (DYHKIIMSL:

K= b1X1j + bzij + ...+ boXpl. (8)

CocraBnsercs MaTpulla SKCIEPUMEHTa U TMPOBOJIATCSA J1aOOpaTOPHBIE ONPECICHUS
CBOMCTB MaTepvajia B 3aBUCUMOCTH OT COJEpP)KaHHS Ppa3IMYHbIX KOMIIOHEHTOB. MeTonamu
KOPPEJSAIUOHHOIO aHaInu3a ONpPEACIIOTCs 3HadeHus kodddumnmento bi. Ilo momydeHHOMY
YPaBHEHUIO OMPECIISICTCSl COUeTaHNE KOMIIOHEHTOB Xij, 00€CIICYNBAIOIINX 33JAHHYIO BEIIMINHY
kputepus K.

Onpenesnenue napaMeTpoB Mo/JeH M NOA00P IKBMBAJIEHTHOI0 MaTepHuaJia

e Onucarb UCXOJIHBIE JaHHBIE U CPOPMYITUPOBATH 3aJaHHE.

e Omnpenenutb COOTBETCTBYIOIIMK MAacIITad MOJEIMPOBAHUS IO MPOYHOCTH WU
YOPYTrOCTH TOPHBIX MOPO/I.

e JlogoOparp coctaB Mojenu (IPOIEHTHOE COJACp)KAaHHE HAMOJIHUTENS - IECOK U
BSDKYIIETO — napaduH) 1Mo MpUBeICHHOMY B 33JaHUU TPa(UKYy.

e Paccuutarh B COOTBETCTBUHU C 3a/IaHMEM CBOMCTBA MOJYYEHHONW MOJEIIH.

e (Cnenatb BBIBOJBL.



INPAKTUYECKAS PABOTA Ne 5
MaremaTn4yeckoe MOJeJTHPOBAHHE U OLIEHKA Ka4YeCcTBAa KOHTYPHOI'O
B3pPbIBaHUSA

Heap pabGorbl — wW3yYeHHE TEOpPUM U MPUOOPETEHUE TNPAKTHUYECKUX HABBIKOB
CTATUCTUYECKOTO MOJICTMPOBAHUS M OLEHKH KauecTBa KOHTYPHOTO B3pBIBAHUS IPH MPOXOIKE
MOJI36MHBIX BBIPAOOTOK.

Kparkas Teopus

KonTtypHoe B3pbpiBaHME€ TpU NPOBEACHUH BBIPAOOTOK MPUMEHSIOT C  LENbI0
MaKCHUMAaJIbHOTO MPUOIMKEHUsT (DAKTUYECKOTO KOHTYpa BBIPAOOTKM MPOEKTHOMY CEUYECHHUIO.
HeoOxoaumMocTh 3TOr0 00yClIOBI€HA CAEIYIOLIIM.

1. VBenuueHue W3IMIIKA cedyeHUs - «mepedopoBy». Ilpum OosbmioM yBenHYEHHUH
(dakTUYecKOro KOHTypa BBIPAa0OTKH 110 CpPAaBHEHHIO C TIPOEKTHBIM CEYEHUEM TpedyeT
nepepacxona 6eToHa win 3a0yTOBKH NPU BO3BeACHUHU Kpernn. Kpome Toro, yBenuuenue oobema
B30PBAHHOM MOPO/IBI MPUBOAUT K POCTY MPOJIOJKUTEIIBHOCTH €€ TOTPY3KH.

2. YMmeHblieHne (HaKTHUIECKOT0 KOHTYpPA MO CPABHEHUIO C IIPOCKTHBIM CEYCHHUEM TpedyeT
MOBTOPHBIX B3PBIBHBIX pa0OT WIM PYYHOH pa300pKU BBICTYMAIOMIMX YacTel KOHTypa
BeIpaboTKH. [Ipu HEyHOBIETBOPUTENHFHOW OPTaHU3AIlMH B3PBIBHBIX PAa0OOT MOTYT HPOSBIATHCS
OJIHOBPEMEHHO 00a (pakTopa — mepedopsl U HEJOOOPHI.

3. Hapymenue TpemmHaMu 3aKOHTYPHOTO MaccHBa. bpH3aHTHOE [eiicTBHE B3pHIBA
pacrpezienisieTcsi paBHOMEPHO BO BCE CTOPOHBI, B TOM YHCJIE, B HANPaBIECHUU MPUKOHTYPHOTO
MaccHuBa. DTO IPUBOJIUT K €ro 0CIa0JIeHUIO U BO3MOXXHOCTU BbIBAJIOB IIOPOJIBI.

4. WV3naumHAS M3JI0OMaHHOCTh  (DAKTHUECKOrO CEYEeHHUS MPUBOAMT K  BBICOKOH
KOHIIGHTpAllMM HANpsOKEHUHA Ha KOHTYpE BBIPAOOTKH. ITO (COBMECTHO C HapylI€HHUEM
TpelMHAMU 3aKOHTYPHOTO MaccuBa) TpedyeT Bo3BeAeHHs 00Jiee MOIIHBIX U IOPOTHX KPEMei.

TexHonoTMsI KOHTYPHOTO B3pPBIBAaHMS HANpaBJICHA HA TO, YTOOBI 3a CYET CIEIHAIBHO
MOJJ0OPaHHBIX KOHCTPYKIIUI 3apsiIOB U CTEMEHEH 3aMe/ITIeHNs, TapaMeTPOB PACTIONIOKEHHUS IIITYPOB
00eCIIeunTh KaK MOXHO 00Jiee pOBHBIM KOHTYP BhIPAOOTKM ¢ MUHHMAIBHBIMU OTKIOHEHUsMH. [Tpn
TOM COOTBETCTBYIOIIAs METOAMKA BEIEHHS padOT WM BCIOMOTaTeNbHBIE MEPONPHUSITHS
CITIOCOOCTBYIOT COXPAHEHHIO CIUIOITHOCTH MPUKOHTYPHOTO MAaCcCHBA.

Ilpeosapumenvnoe okonmypueanue 3aKirovaeTcs B oOpa30BaHUU WIENU MO KOHTYPY
BBIDAOOTKM  IIyTeM OJHOBPEMEHHOTO B3pBIBAaHHS B MEPBYI0  OYepeab KOMIUIEKTa
OKOHTYPHUBAIOIIUX IIMYpoB. B pe3ynbrate mo KOHTYpY BeIpaOOTKH 00pa3yeTcsi OTpe3Hasl LIelb,
KOTOpast SKPAaHUPYET 3aKOHTYPHBIN MAaCCHB OT JICHCTBHS B3phIBa OCHOBHBIX 3apsI0B PHIXJICHUS B
OTOOMHBIX U BPYOOBBIX ILITypax.

Ilocneoyrowee Konmyphoe 63pviéanue NPEAYCMATPUBACT WHUIIMHPOBAHUE 3aps/IOB B
0ObIYHOM TOpsiiKe (BpyOOBBIE, OTOOWHBIE W OKOHTYpPHUBAIOIIUE), HO TMPH BBIOIHEHUU psla
CIelUaIbHBIX TPEOOBaHUM:

L4 THIATCIIbHAA PA3METKa U 6ypeHHe IOITYPOB HAa JIMHUU KOHTYpPa BBIpa6OTKI/I;
L4 YMEHBIICHUC PACCTOSAHUA MCKAY KOHTYPHBIMU LIITYpPaAMU;

L4 YepCaAOBAHUC 3aPAKACMbBIX U XOJIOCTBIX HIITYPOB 110 JINHUW KOHTYpPAa,

L4 MMPUMCHCHUC CIICIIUAJIbHBIX KOHCTPYKLII/Iﬁ 3apaa0B.

s obecrieyeHust IIIaJKOro KOHTypa OYEeHb Ba)XKHO OJHOBPEMEHHOE WHULMHPOBAHHE
OKOHTYPHUBAIOIIKX IIYpoB. B 3TOM citydae poHT B3pbIBHO BOJHBI BCe OO0JIbIIE TPUOIMKAETCS
0T cdepudeckoro (IMpu B3pbIBE OJWHOYHOIO 3apsija) K IJIOCKOMY. DTO NPUBOAUT K Ooiee
OJTHOPOJHOMY PaCHpeesICHUIO HAPSKEHUH B CEYEHUsIX, apaljIeNIbHBIX ocH 3apsina. [loatomy
C LIEJIBI0 OJJHOBPEMEHHOCTH MHULIMUPOBAHUS OKOHTYPHUBAIOIIMX LIMYPOB HUCIIOJIB3YIOT BapUaHT
MeTO/1a MOCIeIYIOIIer0 OKOHTYPUBaHUS, IPECTaBIEHHBIN Ha puc. 1.
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Puc. 1. [IpuHumnumanbHas cxeMa MocieyIOIero OKOHTYPUBAHKS TOPHO BBIpaOOTKH POAOILHBIMHU IIITypaMu:
1 — nenTpanbHas yacTb 3a00s1; 2 — CJIOH MOPOJIBI, OTOMBAEMBIH OKOHTYPHBAIOIIMMHU Iy PaAMH;
3 — OKOHTYpHBAIOLIKE LIITypPbI; 4 — BpyOOBBIE M OTOOIHBIE (BHYTPEHHHUE) LIITYPHI

D¢ dexTuBHOCTE OYPOB3PHIBHBIX Pa0OT MPU MPOBEACHUU MTOI3EMHBIX TOPHBIX BEIPaOOTOK

OLICHUBAIOT PSIIOM MOKa3aTeNen.
Koagpduyuenm uznuwixa ceuenus (puc. 2) XapakTepu3yeT KadyeCTBO OKOHTYPHBAHHS

TOPHOH BBIPAOOTKH U onpeaensercs no Gopmyie:

S
K.HN.C.= -2, (1)
SB‘I
rae Spp— IUIOMIAb ONEPEYHOTO CEYCHHUS BEIPAOOTKH B IMTPOXO/IKE;
SBq — IIomaab IOIICPECYHOro CCYCHU BLIpaﬁoTKI/I BUYCpHC.
VYBenuueHue NpOEKTHBIX Pa3MEPOB TOPHBIX BBIPAOOTOK B IPOLECCE UX IPOXOJIKU HE
JIOJDKHO TIPEBBINIATh BEIMYNH, YCTAHOBICHHBIX TpeboBanusMu CHull (tabu. 1).

Puc. 2. Cxema k onpeneneHnio K03 PUIMEeHTa U3JINIIKA CEYSHUS:
1 — xoHTYp BBIpAOOTKHM BUEpPHE; 2 — KOHTYpP BEHIPAOOTKH B IPOXOJKE;
3 — HenoOopEI ceueHusi; 4 — nepeOOpbI ceueHus



JonmycTtumoe yBeiuyeHue

NONePeYHOro ceyeHHsl FTOPHBIX BLIPAGOTOK

Tabuuma 1

JlonycTrMoe yBeqrYeHne NONEepPEeYHOro CeueHHMs
TOPHBIX BBIPAOOTOK, %, IPH KaTETOPUH
[TonepeyHoe ceueHne ropHbIX
2 (ko3¢ pummente kpenoctu mo [IpoToaBIKOHOBY)
BEIPAOOTOK BUEpHE (TI0 IPOCKTY), M
TOPHBIX OPOJ
-1V (1-1,5) | V-VIII(2-9) | IX-XI(10-20)
CTBOJIIBI MIAXT
o 20 4 7 10
Ot 20 mo 40 3 5 8
Boiee 40 2 3 5
I'opu3oHTANbHbIE, HAKJIIOHHBIC M BEPTHUKAJIBHbBIC BRIPaOOTKH
Jo 8 5 10
Ot 8 o 15 4
Bomee 15 3

CBepxHOpMaTHBHbBIE TEPEOOPHI CEUEHUN HE YUUTHIBAIOTCS IIPU COCTABICHUU CMETHI U HE
OIJIAUMBAIOTCS 3aKa3uukoM. Ha mpakTuke Npu NpPOXOJKE TOPU3OHTAIBHBIX BBIPAOOTOK C
npumeHenreM bBP B ckanpHbIx nmopogax BenuuuHa KUC cocrasuser 1,15-1,2 npu HopmaTuse
1,08-1,1.

K uucny npyrux tpeboBaHuii K OypOB3pBIBHBIM paboTaM IpH MPOXOAKE MOJ3EMHBIX
TOPHBIX BBIPA0OTOK OTHOCAT: MHMHUMAJIbHOE HApYLIEHHWE 3aKOHTYPHOIO MAacCHUBa, KpEmu U
KOMMYHHKAIM, KOMIIAKTHBI HaBal TMoOpoabl B 3a0oe (TOPH3OHTANbHBIE BBIPAOOTKH),
MUHMMaJIbHBIN pacxo] OypeHHsl, BBICOKME MOKA3aTeld HMPOU3BOJUTENHLHOCTH U 0€30IaCHOCTU
BBITIOJTHEHMSI padoT.

BaxuelimuM TpeboBaHueM sIBIsieTCs OoOeCleYeHHEe IJIaJIKOro KOHTypa BBIPAOOTKH IpU
MuHEMyMe K03 duumenta nznumka ceuenus: (KMC). DPppexTHBHOCTE KOHTYPHOTO B3PHIBAHHS
[I0CJI€ B3pbIBA MOXKET OLEHMBATHCS BU3YaJbHO II0 HAJIMYHUIO CJEIOB ILIYPOB Ha KOHTYpe
BBIPA0OTKH. Tak, manpumep, cornacao CHull 32-04-97 «TonHenw >kene3HOAOPOKHbBIE H
aBTOJIOPOXKHBIE», KpUTepHEeM 3((HEKTUBHOCTH MPUMEHEHUSI KOHTYPHOTO B3PbIBAHHS CUMTAETCS
«HaJIU4Me CJeI0B IIMYPOB HAa YacTU OOHAXKMBLIEHCS NMOBEPXHOCTU TPYHTa B BBIPAOOTKE MpHU
KOHTYPHOM B3pBIBAaHMH, HE MeHee, 75 %». OIHaKo Naxe Takas OLEHKAa SBISIETCS AOCTAaTOYHO
CyOBEKTUBHON B CHJIy HPAKTHUYECKOH HEBO3MOXHOCTHM TOYHO 3a()MKCHUPOBATh 3THU ClENy Ha
OOHa)XEHUHM TOpOJ peanbHOl BbIpabOTKH. bojee TOUHYI0 M OOBEKTUBHYIO OLEHKY MOKHO
MOJIYYUTH C MIOMOILBIO HHCTpYMEHTapus (ppaKkTaibHONU F€OMETPUH.

OcHOBHOE MOJI0)KEHHE (PPaKTaIbHOW T€OMETPUU COCTOUT B TOM, YTO €CIIM OECKOHEUHO
U3JIOMAHHbBIE W, CJIEI0BaTEIbHO, HUT/E HE AU(QepeHLrpyeMble KpUBbIE HWHBAPUAHTHBI K
MaclITaOHBIM MpeoOpa3oBaHMSM, T. €. CaMOMOAOOHBI, TO OHM 00JaNAOT JPOOHON
Pa3MepHOCTBIO, CTPOro OOJIBIIEH TOMOJIOrHUECKoil pazMepHocTH. BennunHa 3Tol QpakTanbHOM
pasmepHocTH (pazmepHocTu @. Xaycrnopda) XxapakTepu3yeT cTeleHb U3JI0MaHHOCTH KpHBoil. B
HacToslIee BpeMsl yOeAUTENbHO J10Ka3aHo, YTO TaKWe KpUBbIE, KaK OeperoBble JIMHUU, penbed
MECTHOCTH, OuepTaHUs OOJaKOB SBISAIOTCA (ppakTanbHbIMU OoOBekTamMH. K 3TOMY ke Kiaccy
00BEKTOB, OYEBHJIHO, OTHOCATCS JIMHUM KOHTYypa TOpHBIX BbIpaboTOk. CreaoBarenbHO, HX
(dpakTanbHas pa3MepHOCTh Of MOXKET CIYXUTh KOJHMYECTBEHHOW MEPOH TEXHOJOTHYECKHX
HEPOBHOCTEW KOHTYpa U B 3TOM KadeCTBE — OLIEHKOM BeIMYMHbI KO3 (dULlMEeHTa KOHIEHTpaluu
HaInpsHKEHUH Ha TOPHOM BbIpabOTKeE.

[Tockonpky KO3 GUIHMEHT KOHIIEHTPAIMK HANPSHKEHUH HAMpsIMYIO 3aBUCUT OT CTEICHH
HEPOBHOCTEH KOHTYpa T'OPHOM BBIPaOOTKH, HEOOXOJUMO J1aTh €My KOJMYECTBEHHYIO OLIEHKY.
Jlist 3TOTO MCHOJb3yeTcs BennunHa Kodddurmenta popmel Beipabotku (Circularity):

ks = 4nS/P?, (2




rze S — rIomazab ce4eHus: BBIpaOOTKH B IPOXO/IKE (IKBUBAICHTHOE CEUCHNUE);
P — ee nepumerp.

JlaHHBINA TTOKa3aTeNIb MOKET UCITOIb30BaThCS ISl KOJIMYECTBEHHON OLICHKH HEPOBHOCTEU
KOHTYypa BbIpaOoTKu. [l ompeneneHuss S mpou3BOAUTCS MOCTPOCHUE MPOEKTHOTO (TIAJKOTO)
KOHTYypa BBIPAOOTKH TakuM 00pa3oM, 4TOOBI €ro IJiomajap Oblla SKBHBAJCHTHA PEATbHOMY
CEUYCHHUIO BBIPAOOTKM B Tpoxojake (KoHPOpMHOE oToOpakeHue). Torma, yduThiBas paBHYIO
BEPOSTHOCTh OTKJIOHEHUS PEAbHOI'O CEYCHHs BHIPAOOTOK OT € KOH()OPMHOTO OTOOpaKeHHS,
IIoHIa/lb S OCTaeTcsd HEU3MEHHOW. A ee mepumerp OyleT Tem Oolbllie, YeM BBIIIE CTENECHb
HEpOBHOCTEH KOHTypa. VcTUHHBIH niepuMeTp ceyeHHs BbIPAaOOTKM (KaKk OECKOHEYHO
U3JIOMaHHON KPHUBOH) ompeaeiautcs ee (pakranbHoi pasmepHocThio Or. [nHa nuuum B ee
(dpakTanbHOM MpencTaBIeHUH (IEPUMETP BBIPAOOTKH B TIPOXOJIKE) ONPEICTUTCS YPAaBHCHHEM:

P: = Po (Po/8)* 1, (3)

r7ie O — IpUHATast TOYHOCTH (I1ar) U3MEPEHUs — OTIPENIEISIETCSl XapaKTepOM pelIaeMoi 3aauu;
Po — IpOEKTHBIH NIEpUMETP BHIPAOOTKH KaK F€OMETPUYCCKHU MPABUIIBHON (DHUTYPBHI.
Takum 00pa3oMm, B KadyecTBE Mepbl HEPOBHOCTEH KOHTYypa BBIPAOOTKH MOXET OBITH
MPUHAT (paKkTaIbHBIN KO3PHUIHEHT POPMBI:

ki =——. (4)

N3 ¢opmynsl cremyer, 4To YeM Oojee m3pe3aH KOHTYp BBIpaOOTKH, TeM Ooiblle ee
nepumetrp P u Tem MeHblie QpakranpHblii KodpduiueHT (opmbel. Ha ocHoBe HaTypHBIX
U3MEPEeHUH W MMHUTAIOHHOTO MOJAEIHPOBAHMS YCTAaHOBJICHA HAJEKHAs CBsI3b KOd((UIMEeHTa
KOHIICHTpAIlUX HaIPsDKEHUH ¢ hpakTaabHbIM KOG OUIHEHTOM (POPMBI BBIPAOOTKHU:

K =1,1 q(P) k%%, (5)

3neck BenuunHa MHOXHTENs ((P) 3aBHCHT OT MPUHHUMAEMOTO YPOBHS HAIEKHOCTH
pacuetoB P: ipu P = 85 % - (0,85) = 1,44; nipu P = 95 % - ¢(0,95) = 1,96; npu P =99 % -
q(0,99) = 2,66.

Onucanne KOMIBIOTEPHOM CTATUCTHYECKON MO/Ie/IH

JIuer «Bxom»

BBoasrcs napameTpsl BBIpaOOTKH B IMTPOXOJKE.

BBoa koopaMHAT KOHTYpHBIX mITypoB (cTonbist B, C).

B cronbue «Inmyps» 1udpoit «1» oTMedeHsl Te IIypsl, cliel 0T KOTOPBIX OCTaJCs Ha
KOHTYpE BbIpaOOTKHU TOCJ€ B3pbIBa (OMPENESIOTCS C MOMOIIBI0 FEHEPATOpa CIYYalHbIX YUCEN
[0 COOTBETCTBYIOHIEH mporpamme). [Ipoune mmypsl OynyT MMeETh OTKJIOHEHHS B CTOPOHY
3aKOHTYpPHOT'O MaCCHBA.

JIner «Boixom»

BreiBonutes Bes HeoOxoaumasi HHGopMaIus 1o pe3yabTaTaM pean3aliy MporpaMMsl.

JIner «KoHTyp»

Pe3ynbrathl cnyyaiiHol peann3anuy MporpaMMsl ¢ rpadUuecKuMu OCTPOCHUSIMH.

JIner «@pakrajbHas pa3MepHOCTD)

O06paboTka JaHHBIX pealn3aliy MPorpaMMbl U OrpesiesieHre PpaKkTaaIbHOU pa3MEepHOCTH
JIMHUU KOHTYpa BBIPAOOTKU B POXOJIKE (KOMITBIOTEPHAS pealln3alis METO1a «LUPKYIS»).



JIner «Crtatucrukay»

[Ipeqna3znauen s GUKcCAUU  PE3yIbTATOB KaXKJAOW peamu3alud MpoTpaMMbl U
BBIYHCIICHUS] CTATUCTUYECKUX XapPaKTEPUCTHUK.

Jluct «IIporpamma»

[Iporpamma peanuzanuu MeToa CPEIUHHBIX CMEILIEHUN /ISl TeHEPUPOBAHUS TPOTPAMMBI
Ha3HAYCHHS KOOPJMHAT CEUCHUSI BBIPAOOTKHU B ITPOXOJIKE.

MeToanuyeckne yKa3aHusl K BbINIOJTHEHUIO IPEKTUYECKON padoThl

e Onucarb UCXOJIHBIE JaHHBIEC U CPOPMYIUPOBATH 3aJJaHHE.

e Jluct «BBoa». BBecT ucxoHble JaHHBIE B COOTBETCTBUU C 3aJaHUEM (3aKpallleHHbIC
STUCHKH ).

e Jluct «Bpixon». YCTaHOBUTH KypcOp Ha CBOOOIHYIO SUEHKY M, HAXKHMas KJIABHILY
«Deletey», npocMoTpeTh pe3ynbTaThl pabOThI MOIEIIH.

o Jlucr «Cratuctuka». BBoms B cromberny «Kirod» COOTBETCTBYIONIUI HOMEP
peanuzanuu, 3aQUKCUPOBATH MOJIYYCHHBIC pe3yiabTaThl (CM. MHCTPYKIIMIO IMOJIB30BATEIS).
[Iponenats 10 ureparuid.

e 3adukcupoBarh (pacmedyararb WJIM CKOIMKUPOBATh Ha OTIEIBHBIM JIUCT) PE3yJbTaTh
mucta «CTaTUCTUKA

e [loBTOpUTH AAHHYIO MPOLENYPY C JIPYTUMH BXOJHBIMH TapaMeTpamu Moneiu (B
COOTBETCTBUHU C 33/IaHUEM).

o s xaxaoro Habopa BXOIHBIX JAHHBIX BHIYUCIIHUTD:
= Benuuuny ¢paxranbHoro koadgduimenta Gopmsl BEIpaOOTKH - ypaBHEHUE (4);
= 3HaveHne Kod(hdUIMeHTa KOHIICHTPAI[MN HAMPSKCHU Ha KOHTYpPE BBIPAOOTKH — YpPaBHCHHE

(5). Ipunsats ypoBens Hagexunoctu P =95 % - q(0,95) = 1,96.
e [lo pe3ynbraTam po3bIrphilia MOAEINU COCTABUTH CBOJHYIO TaOIUIy PE3YJIbTATOB.
e CpaBHUTH NOJIYYCHHBIC PE3YJIBTATHI U CAEJIATh BHIBOIBI.



