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IIpakTuyeckoe 3anaTue Ne 1.
Hcknovenne BO3MOKHBIX BLIOPOCOB U Olpe/ieJieHHe FPAHUI JOBEPUTEIBLHOT0
HHTEpPBaJIa ISl CPeIHero B 3aJJaHHOM BbIOOpKe

Ilen» pabompr: 0OCBOUTH METOAUKY CTATUCTHUECKON 00pabOTKU pe3yabTaTOB KOHTPOJBHBIX
U3MEpEHUI MapaMeTpoOB KayecTBa JeTalleH.

@Dopmynupoeka 3adauu: I1ycTh B pe3yipTaTe peaju3alidl HEKOTOPOIo TEXHOJIOTHMUYECKOrO
mporiecca TOJMYYCHHBIH IPH HEU3MEHHBIX 3HAYCHHMAX YHPABISIOMIMX (HaKTOPOB Iapamerp,
pacripeniensercsi, HeKOTOpbIM 00pa3oM (IeHepajbHasi COBOKYIMHOCTh). [l BEIOOpKH 3HAYEHHH W3
TeHEPaJIbHON COBOKYITHOCTH BBIXOJHOTO MapamMeTpa MCKIIOYUTH BBIOPOCHI, ONPEICIUTh YHCIOBbIC
XApaKTEepPUCTUKH BBIOOPKH, IOCTPOUTHh JOBEPHUTEIbHBIM MHTEpBal JUIsl MaTEeMAaTUYECKOIO
oxunanus. ['padudecku NpoUIUTIOCTPUPOBATH PE3yabTaThl pabOTHI.

Memoouka évtnonneHus padomot.

1. Onpenenuth Hanuuue “BbIOPOCOB” B MPEACTABIEHHOMN BHIOOPKE M IIPU HAJTMYUU TaKOBBIX
UCKJIFOUUTh UX U3 JAJIbHEHIINX PacyeTOB.

OGpaGorka BeIGpocoB’ ormcama B MCO 5725-2. B KauecTBe BHIOPOCA PacCMaTpHBAIOT
pe3yiabTaT, KOTOPbIM T0CTaTOYHO CHJIBHO OTJIMYAETCS OT BCEX JPYTUX Pe3ybTaToB, HCHOIb3YyEMbIX
JUIsL JAIBHEWIINX HMCCIENOBAaHMM. B 3aBUCMMOCTM OT THIA paclnpenclieHus, KOTOpOMY
NPUHAJIEKAT pe3ylbTaTbl HAONIOJEHHWM, pe3yiapTaT, KOTOpPBIH KakeTcs BBIOpOCOM, B
nercTBuTenbHOCTH MOXeT uM He ObiTh (MCO 5725-2 pekomenayer ypoBHU noBepus 95% mis
BBIOPOCOB, KOTOpbIe Ha3bIBalOT "KBazuBbiOpocamu'", u 99% s BBIOPOCOB, KOTOPHIE HA3BIBAIOT
"cTarucTruecKuMu BeIOpocaMu'). st KOHKPETHBIX OOCTOSATENBCTB BBIOOP 95%-HBIX M 99%-HBIX
YPOBHEH J0BEpHUsl 03HAYACT, YTO OJUH pe3yabTar u3 20 u oquH pe3yibrar u3 100, COOTBETCTBEHHO,
MOT'YT OBITh OLIMOOYHO HCTOJKOBaHbL. (CJ€l0BaTENbHO, 3TOT €AUHCTBEHHBIM pE3yJbTaT MOXKET
IIPOU30MTH CIIydallHO, a YpOBEHb J0Bepus, ycraHoBieHHbli B HMCO 5725-2, moxer He
COOTBETCTBOBATh KOHKPETHBIM TpeOoBaHUsAM. OH MOXXET IPEJCTaBIsTh CTENEHb MPUEMIIEMOCTH,
KOTOpasi HEOCTAaTOYHA JUIsl HEKOTOPBIX LEJIEH.

B Tecrax, ucmonb3yeMbIX s ONpEAENeHUsT Haluuus WM OTCYTCTBHUS BBIOPOCOB,
IIPEeAIIoNIaracTcs, 4TO Ppe3yJbTaThl PaclpelesIeHbl B COOTBETCTBUU C pacnpezeneHuem [aycca
(HOpMasIbHOE paclpeleleHle) Wik, MO0 KpaliHell Mepe, B COOTBETCTBUUM C YHHMOZJAJIbHBIM
pacripenenenueM. CieoBaTellbHO, Mepe]l BHIIOIHEHNEM JTI000ro Tecta, 0COOEHHO TecTa, KOTOPBIN
TpeOyeT MCIOJb30BaHUsl OOJIBIIOTO KOJIMYECTBA PE3YJIbTAaTOB, JOJDKHA OBITH CJellaHa NpOBEpKa
9TOTO MPEATIOJIOKECHHUS.

s onpenenenust BIOpoca (MpOBEpKH MUHUMAJILHOTO 3HAYEHHS B BHIOOPKE) 3aIUIINTE BCE
3JIEMEHTHI BBIOOPKHM B MOPSJIKE BO3pacTaHUs X 3HaueHHH. Omnpenenute BEIMYMHY KPUTHUECKOTO
3HAYEHMs IJIs1 OTpeIeTIeHUsI BBIOpoca 1o popMmyiie
r,=22"%

Xp =% ,
rae: Xi, X2, Xn — 3HaU€HUS IEPBOr0, BTOPOTO U MOCIEIHEr0 FTEMEHTOB BEIOOPKH, PACIONIOKEHHBIX B
MOPSAJIKE BO3PACTAHUSI 3HAUECHUH.

CpaBHuUTE BENUYMHY I1p C KpUTHUECKMM 3HadeHueM (tabmuma 1.1). B cimyuae, eciu I
MEHbIIIE KPUTHUYECKOTO 3HAYEHHUS - X1 HE SBISIETCS BBHIOPOCOM, a eCiu g OOJbIlle KPUTHUYECKOTO
3HAYEHUS - X1 SABJSETCS BHIOPOCOM M €ro HEOOXOAMMO MCKIIOYUTH U3 JajbHeHmux pacueros. s
orpeJiesieHus! BEIOpoca (MPOBEPKH MaKCMMAaJIbHOTO 3HAYECHHUSI B BBIOOPKE) 3aIUILIUTE BCE SJIEMEHTHI
BBIOOPDKM B TMOpSAJKE YOBbIBaHMSI WX 3HAYEHUN M TMOBTOPUTE pacdeT AJisi OINpeNeieHHs] Haludus
BbIOpOCa.

1P 50.1.061-2007 Crarucriaeckue MeTomp. [IpakTHYecKoe PYyKOBOICTBO 110 Heronb3oBannio IOCT P
NCO 5725-2-2002 npu m1aHAPOBAHHH, BBIMIOJTHEHUH M CTATUCTUYCCKOM aHaIM3e MEKIa00paTOpHOM
MTOBTOPSIEMOCTH W BOCIIPOM3BOJIUMOCTH PE3YJIETATOB



Tabmuua 1.1. Kputndeckue 3HaueHus 151 IPOBEPKH BHIOPOCOB (IKCTPEMAIbHOE 3HAUEHUE)

Yucno JoBepurenbHas
OTBITOB | BEPOSITHOCTH P
0.95 0.99

3 0.941 0.988
4 0.765 0.889
3) 0.642 0.780
6 0.560 0.698
7 0.507 0.637
8 0.554 0.683

2. OnpenenuTb XapaKTepPUCTUKH BEIOOPKH.
Ha ocHOBe aHanmM3a 3HA4YCHUH, MPEICTABICHHBIX bl BHIOOPKE BBIIBUTE M 3aIUIIATE
CIIEAYIOIINE €€ XapaKTEPUCTHKH:
e MHUHHMAaJIbHOE M MaKCHMalbHOE 3HaUYeHHe BEIOOpKH X(MiN) u x(max);

e MOAy BBEIOOpKH (x) (Hamboiee yacTo BCTpeUaroIeecs 3HaYCHHE BEIOOPKH;
e pa3max BBIOOPKH 1O opMmyIie:
R=x(max)-x(min);
e cpenHee apupMETHIECKOE 3HAYCHUE BEIOOPKH 110 hopmyoe:
1 n

)_(:H’;Xi

I7Ie: Xj — 3HAUEHUSI JIEMEHTOB BEIOOPKH, N — KOJIMYECTBO JIEMEHTOB B BHIOOPKE.
e BBIOOPOUHYIO IUCIIEPCHIO 1O hopMyIIe:

Dzé-zn:(xi —X)?

rJIe: X; — 3HAUEHUS DJIEMEHTOB BBIOOPKHU, N — KOJIMIECTBO 3JIEMEHTOB B BHIOOPKE.

3. Onpenenuth 3HA4YCHHs] BEpXHEW W HIDKHEH TpaHUIl JTOBEPHUTEIHLHOTO I/IHTepBana2 L
3aIaHHON  JIOBEPUTEIBHOM BEpPOSITHOCTH (B COOTBETCTBUM C 3ajJaHueM). JloBepUTEIbHBIM
WHTEPBAJIOM HA3bIBAIOT MHTEPBAJ 3HAYCHUIA X, B KOTOPOM B OTCYTCTBHE CHCTEMATHYECKHX OIMIMOOK
C 3aJaHHOW BEPOSTHOCTHIO P HAXOJWTCS HEW3BECTHOE HWCTHHHOE COJICPIKAHUE OMPEILIIIEMOTO
KoMIoHeHTa. OOBIYHO JOBEpUTENbHBIE MHTEpBaNbl paccuuThiBatoT i P=0,95. HWuorma
WCIIONB3YIOT 3HAueHUsi JoBepuTenbHOM BepositHocTd P=0,90 wmmu P=0,99, a nna wnauOoinee
OTBETCTBEHHBIX aHanu3oB aaxke P=0,999. [locnennee o3Hayaer, YTO BEPOSATHOCTH HAXOXKICHUS
WCTUHHOTO 3HAa4YeHHWs (m) HW3MepseMON BEIIMYMHBI BHE TPAHUI] MHTEpPBaNAa (TaKk HA3bIBACMBIN
ypoBeHb 3HaunMOCTH ) He TipeBbIcUT 0,001, T. €. OyJIeT MeHee OJJHOTO MIaHCa U3 THICSYH.

[Tonme3ysack Tabmuiei 1.2, BBIMAIIUTE 3HAYCHHWE NPOICHTHBIX TOYEK t-pacipe/eICHUs
Creronenra (t, = ).

Tabmuua 1.2. IlponieHTHBIE TOUKH t-pacnpeneneHusi CTbIOICHTA.

v JloBepurenbHas
BEPOSATHOCTH P
0.95 0.99
1 6.314 31.82
2 2.920 6.965
3 2.353 4.541
4 2.132 3.747

2TOCT P 50779.22-2005 (MCO 2602:1980) Crartucruueckue MeTonbl. CTaTHCTHYECKOE IPEICTABICHHE
naHHBIX. ToyeuHas OleHKa U IOBEPUTEBHBIN HHTEPBAN JIJIS CPEITHETO



S 2.015 3.365
6 1.943 3.143
7 1.895 2.998
8 1.860 2.896

Onpenenute 3HAYCHHUS BEPXHEH Oy mcaeit ®LrpaHI/IH JIOBEPHUTEIBHOTO MHTEpPBaa I10
dhopmynam:

0, =x+12

D
H
n
- t-vD
QO =X-1—
H
A/n
rae: X - cpennee apu)METUYIECKOE 3HAYEHHME BHIOOPKH, th - MPOLEHTHBIE TOYKU t-pacrpeae/IeHHs
Creronenra, D — nqucnepcus, N — KOIMYECTBO 3JIEMEHTOB BEIOOPKH.
4. OToOpa3uTh Ha TpaduKe BCE DIIEMEHTHI U XapaKTEPUCTUKUA BHIOOPKH.

B pe3ynbrate npojenaHHoi paOGoOThl BCe MOJIyYEHHBIE BETUYMHBI HEOOXOIUMO HAHECTU Ha
rpad UK, IMEIOLIHNIA B, TPEICTaBICHHbIN Ha puc. 1.1.

I
o — Bribpoc (ecmr TakoBoil 1MeeTc:)
6 — |
st — ~
L ——x(Imax) - MakcIMalIbHOe 3HaTeHITe BEIOOPKIT
x(max) f------ o, ( ) 1
o]
st o e )
- >‘ X; — BIIeMeHTBI BEIOOPKIT
45+ © -
o
O, ol i
4 - = ®) ., - BepXHII rpaHIIIa JOBEPHUTEIPHOIO HHTepBala
)
)
350 K
X 7 — B
o "\R‘ R - pasmax BEIOOpPKIT
3 % 9~ X - cpeme apIMeTITMECKOe SHAUSHIIS BEIGOPKII
25| -
e, | €0, - o rparma JOBePUTENLHOTO HTepBATa
a- b -
15f ~
: 8 . _
X(lllﬂl)l ------- > ¢——— X(min) - MIHIIMATBHOEe 3HAYTeHITe BEIOOPKIT
|

Puc. 1.1. I'paduk: s51eMeHThI U XapaKTEPUCTUKU BHIOOPKHU.



Ta6mn. 1.3. VicxonHble JaHHBIE AJIs1 BBITOJHEHHUS PaOOTHI

Ne Bribopka P

1 53,3; 59; 55,6; 50,3; 60,1;59,9; 54,5 0.99
2 1,1;15;1,2;1,2;15;1,9;1,7;1,0 0.99
3 56; 58; 50; 56; 59; 54; 58; 70 0.95
4 11,2;10,9; 13,0; 12,0; 11,6; 11,2 0.95
5 108; 110; 90; 112; 130; 128; 119; 120 0.99
6 34; 36; 35; 36; 37; 31;50; 34 0.99
7 0,2;0,6; 0,3; 0,2; 0,14; 0,58; 0,6; 0,4 0.95
8 44, 45; 48; 41; 35; 47; 40 0.99
9 1;3;4;2,1;5;3;4 0.99
10 17; 20; 14; 15; 19; 24; 11; 16 0.99
11 12.85; 20.03; 23.68; 36.18; 21.16; 17.57; 12.42 0.99
12 14.89; 14.36; 22.36; 13.36; 25.78; 28.19; 12.25 0.99
13 27.03; 27.18; 29.87; 26.89; 13.08; 35.33; 39.98 0.95
14 3.75; 15.21; 4.17; 8.62; 6.27; 5.23; 4.51 0.99
15 10.17; 20.29; 12.33; 19.68; 16.62; 15.57; 22.44 0.99
16 34; 48.5; 47, 46; 53; 49; 50 0.99
17 20.29; 22.31; 17.56; 19.68; 18.65; 10.17; 16.62 0.95
18 135; 169; 147; 164; 154; 150; 158 0.99
19 18; 17; 19; 19; 20; 17; 16 0.99
20 11,2; 11;11,9; 15; 13; 11,8; 12,7 0.99
Ipumep.

3aganme: B pesympraTe peanm3amMM  HEKOTOPOTO  TEXHOJOTHMYECKOTO — IIpoliecca
MOJIYYEHHBIM TIPU HEM3MEHHBIX 3HAUEHUSAX YMPABIAIONIMX (AKTOPOB MapaMmeTp, pachpeensercs,
CJIEIYIOLIUM 00pa3oM.

Bri6opka
34 48,5 47 46 53 49 50

Jlnis BBIOOpKM 3HaYEHUH U3 TeHepalbHOW COBOKYITHOCTH BBIXOJHOTO IapaMeTpa UCKIYNUTh
BBIOPOCHI, ONPENIEIUTh YUCIOBbIE XapAKTEPUCTUKN BHIOOPKH, IOCTPOUTH JI0BEPUTEIbHBIM HHTEPBAI
Ui MareMaTuueckoro oxuganus. JloepurenbHas — BeposTHocTh  P=0,95. [I'paduuecku
IPOMILIIOCTPUPOBATE PE3YJIBTAaThl PAOOTHI.

Pemenne
1. 3anumem Bce IeMEHTHI BHIOOPKHU B TIOPSIKE BO3pACTaHUsS UX 3HAUCHUH.
34 46 47 48,5 49 50 53

Ornpenenum BeIMUYMHY KPUTHIECKOTO 3HAUCHUS ISl OTIpeIeIeHHs BbIOpoca o hopmyiie
_ X, =X

r10 -
Xy =% ,

r7ie: X1, X2, Xnp — 3HAUEHUS IEPBOT'O, BTOPOTO U TIOCIIEIHEr0 AIEMEHTOB BEIOOPKH, PACIIONIOKEHHBIX B
MOPSIJTKE BO3pACTaHHS 3HAUCHUH.
. 46-34
¥ 50-34
CpaBHUM BENTUYHHY I19 ¢ KPUTHUYECKUM 3HaueHueM u3 Tabnuibl 1.1. [{nst BeiOOpKHu U3 cemu
anemeHToB U P=0,99 - r1p=0,637. Tak kxak riy Oosbiie kputuueckoro 3HadeHus 0,637, x;=34
SIBJISIETCSL BEIOPOCOM.

=0,906




3amnuiieM Bce IEMEHTHI BBIOOPKH B MOPSAIKE YOBIBAaHHS UX 3HAYCHUH.

53 50 49 48,5 47 46 34
OHpeI[CJ'II/IM BCIIMYMHY KPUTHYCCKOI'O 3HAYCHUA JIA OIIPCACICHUA BBI6pOC3:
o 5058 g
46-53

CpaBHUM BENUYHHY I1g C KPUTUYECKUM 3HAUYECHUEM U3 TaOnuibl. J[is BEIOOPKU W3 IIECTH
aneMeHToB U P=0,99 r13=0,637. Tak kak rip MeHble kputuyeckoro 3HadeHus 0,637, X;=53 He
sBIsieTcs: BeIOpocoM. Ciie1oBaTeNbHO, BCE AJIEMEHTHI BBIOOPKH SIBIISIFOTCS TIPEICTABUTEIIBHBIMHU.

2. OnpeienuM XapakTepUCTUKH BRIOOPKH.

e MuHHMMaIbHOEC U MAKCUMaJIbHOE 3HaUEHHE BEIOOpKH X(MiN)=46 u x(max)=53.

X
e Moga BBIOOPKM — HamboJee YacTo BCTpEyarolieecss 3HaueHUE BBIOOPKH ()

OTCYTCTBYET.
e Pasmax BbIOOpKH R=x(max)-x(min)=53-46=7.
e Cpennee apupmMeTHIecKoe 3HAYCHNE BHIOOPKH:

7:3-in =%-(48.5+47+46+53+49+50)=48.917
n

i=1
’

rZe: Xj — 3HAUCHHS ODJIEMEHTOB BBIOOPKH, N — KOJHYECTBO 3JCMEHTOB B BBIOOpKE (TOcCIe
HCKJIFOYEHHS BBIOpOCA).

e BriGopounas aucnepcus:

D= 1 . Z (x. — X)? = %-[(48, 5-48,917)° + (47 —48,917)% + (46— 48,917)° +
n 5=
+(53-48,917)% + (49—48,917)° + (50— 48,917)°] = 0,786

rac: Xj — 3HAYCHUSA DJICMCHTOB BI)I60pKI/I, n — KOJINMYECTBO DJICMCHTOB B BBI60pKC.

3. OmpenenuM 3HaueHHUs BEpXHEH W HUKHEHW TpaHMI] JOBEPUTEIHLHOTO HHTEpBaja s
3aIaHHON TOBEPUTENbHOU BeposiTHOCTH P=0,99.

[Tonb3ysice Tabnumeit 1.2, wHalizem 3HadeHHE TPOIEHTHBIX TOYEK t-pacmpeeeHUs

Crprozenra (t, = 3,143). Onpenenim 3Ha4YCHHUS BEpXHEH Oy HUKHEN ® L rpaHMI] TOBEPUTEIBHOTO
WHTEpBaja no Gopmynam:

®, = 7+ﬂ:48,917+wz49,48
Jn 7 |
O, =48,917 - 3143 -0.785 _ 4g 35

% |

rae: X - cpennee apu(h)METUUECKOE 3HAYECHUE BBHIOOPKH, 1, - MPOIEHTHBIE TOYKH t-pacrpeieieHus]
Creronenra, D — qucnepcus, N — KOJIMYECTBO 3JIEMEHTOB BEIOOPKH.
OTto0Opa3uM Ha rpaduke Bce 3JIEMEHTHI U XapaKTEepUCTUKU BbIOOPKH (puc. 1.2).



T
Xmax : Pasrax Buidopku
L7 | DR
| Bepxnag zpanuya
: 9 9 dobepum. uHmenbaia
| W7
/A
47 <\ (epedura Puc. 1.2 DJIeMEHTBI u
435 [ " len, e XapaKTEPUCTHKH BHIOOPKH
HECEN 48917
47 J
T Huxuaa eparuya
46 + dobesum uHmesbaia
Xmin ,
|
|
|
|
|
. o I -
{ Brigpoc
[

IIpakTuyeckoe 3ansaTue Ne 2.
BoisiB/IeHH e BEPOSITHOCTH MOSIBJICHUS 3aJaHHOT0 YHCJIa OPAKOBAHHBIX JAeTajeil npu
H3rOTOBJIEHUH MAPTHUH J1eTaJeil

Ilenv padomei: OCBOUTH OIHY U3 METOAMK aHAIN3a TEXHOJIOTMYECKOI0 IIpoLecca.

Dopmynuposka 3adauu: Ilyctb B pe3ynbrare peajn3allid HEKOTOPOTO TEXHOJIOTUYECKOTO
mpolecca BBISABIEHO, YTO BEPOATHOCTh MOSABICHMS OpakoBaHHBIX JeTanei cocramiser P%.
Onpenenutb BEpOSITHOCTh MOSIBICHUS HE OoJiee I OpakOBaHHBIX JeTaliel mpyu 00paboTKe MapTHH U3
AeTanel o ToMy e TeXHOJIOrn4eckomy rnporeccy. M3 maptuum ans KoHTposast Oepercst BBIOOpKa U3
N meTajeit.

Memoouxa évinoinenus padomeot.

1. Ompenenute BEpPOSITHOCTh COOBITUS, HpPU KOTOPOM B BBIOOpKE (N — KOJUYECTBO

AJIEMEHTOB BBIOOPKH) OyAeT MPUCYTCTBOBATH ONpPEAETECHHOE KOJIMYECTBO OpaKOBaHHBIX 00pa3lloB
(r — xomuuecTBO OpaKOBaHHBIX 00PA3IOB) 1O hopMmyire:

p(Y =1) {fj PPy

ny_ n!
(rj_rl(n—rﬂ

Toraa BepoSITHOCTh HAJIMUMSL B MAapTHH He OoJiee I' AeeKTHBIX 00pa31oB Oy1eT paBHa:

P(r<.)=R+B+..+P,

rze: p — NpoueHT opaxa,

Tabu. 2.1. VicxomHble TaHHBIC JUTsI BBIMIOTHEHUS PaOOTHI

Ne |P,% |n |r Ne | P,% |n |1
1 |2 30 |3 11 | 4 52 |1
2 |3 50 | 2 12 |1 40 | 2




3 |4 50 |1 13 |2 54 |3
4 |1 54 |2 14 |3 68 | 2
5 |2 48 | 3 15 | 4 24 | 2
6 |3 62 16 | 6 12 |1
7 |4 20 | 2 17 | 2 42 | 2
8 |1 52 |1 18 | 3 64 |1
9 |2 20 | 2 19 |1 55 |3
10 | 3 34 |3 20 |1 28 | 3

Ipumep.

3aganue: IlycThb B HEKOTOPOM TEXHOJIOTMYECKOM IIporecce moirydaercss P%=2 Opaka.
bepercs BpIOOpKa W3 N=14 He3aBUCHMBIX neraneil. Haiinure BEepoOsSTHOCTH TOTO, YTO B ITOM
BEIOOpKE OyzeT He Oosiee yem =1 OpakoBaHHas ACTATb.

Pemenne
OmnpenenuM BEpOSITHOCTh COOBITHS, TIPU KOTOPOM B BbIOOpKE (n=14) OyZeT npucyTcTBOBaTh
TOJIBKO OJIMH OpaKOBaHHBIN 0Opaszer o Gopmye:

p(Y =r)=m- " (- p)’

(nj_ n!

T rt(n—r)!

rJie: P — MpOIEHT Opaka, a r rk(n—r)!
4y 14 141 13414 14
1) 1:@4-1! 14131 113! 1

14 |
P :( 1 j-0.9813 .0.02! = %0.9813 .0.07* =14-0.769-0.02 = 0.215

OHpeI[eJ'II/IM BEPOATHOCTH TOT'O, UTO B 3TOM BBI60pKe HEC OKaXCTCA 6paKOBaHHLIX JieTaje.

0 141.0!

BepositTHOCTE HasIM4Ks B MapTHUH HE OoJiee 0HOTO NeeKTHOTo 00Opasiia:

14 !
R :[ J'0.9814 _ 1% 98 21.0.93% =0.754

P(r<1)=P,+ P, =0,754+0.215=0.969

IMpakTnyeckoe 3ansaTHe Ne 3.
OneHka KoJHYECTBA JIeTajleil B 3aJaHHOM JI0NycKe B BRIOOPKe U3 N AeTaJieii

Ilenv pabomel: 03HAKOMUTBCS C OJHOM W3 METOJIUK CTATUCTUYECKOTO aHaJIn3a
TEXHOJIOTMYECKOTr0 Iporiecca

@Dopmynuposka 3adauu: I1ycTb B pe3ynbTaTe peaqn3aldyd HEKOTOPOTO TEXHOJIOTHIECKOTO
poIiecca BBISIBICHO, YTO COBOKYITHOCTh H3MEPEHHBIX Pa3MepOB JeTajel Mo JIHMHEHA HOPMATbHOMY

pacnpenenenuio ¢ napamerpamu 4, O . OleHHTh KONMYECTBO peTanel, GaKTHUecKHil pasmep
KOTOPBIX TOMAJ B MOJI€ JOIYCKa 3aJaHHOTO pa3Mepa B BBIOOpPKE U3 N JieTanel.

Memoouxa évinonnenus pabomeot.

1. ITpeobpa3zyiiTe pa3mep AeTaiu K HOpMUPOBAHHOW BeIHUKHE N0 (hopmynam:

u = %A u,=22"#
o (o2



rae: Xi. X2 — MakKCUMaJIbHOC M MHMHHMAJIbHOC 3HA4YCHHE pa3Mepa ICTallu, H - MaTeéMaTHu4C€CKOC

O’KHMJIaHHE CIIy4YalHOHN BEJINYMHBI, o . JUcnepcus BIOOPKHU.
2. Ucnonp3ys TabmuuHble 3Ha4YeHus (Tabuuia 3.1), ompepenuTe IUIOIMIAAb IO KPHBOI
HOPMaJIbHOTO PAacIpeAeIeHUs C y4eTOM I'PaHMI] JOIyCKa Ha pa3Mep.

Ta6mn. 3.1. Jlons ruiomaay 1mo KpuBoii HOPMAJIBHOTO PACTIPEICITICHHUS.

U |0.00 [0.01 0.02 0.03 [0.04 0.05 0.06 0.07 0.08 ]0.09
0.0 {0.50000{0.50399|0.50798{0.51197|0.51595|0.51994|0.52392|0.52790|0.53188|0.53586
0.1 |0.53983]0.54380|0.54776|0.55172]0.55567|0.55962|0.56356|0.56749|0.57142|0.57535
0.2 |0.57926(0.58317|0.58706|0.59095|0.59483|0.59871|0.60257|0.60642|0.61026|0.61409
0.3 10.61791]0.62172|0.62552|0.62930|0.63307|0.63683|0.64058|0.64431|0.64803|0.65173
0.4 10.65542|0.65910|0.66276|0.66640(0.67003|0.67364|0.67724|0.68082|0.68439|0.68793
0.5 |0.69146]0.69497|0.69847|0.70194|0.70540|0.70884 |0.71226|0.71566|0.71904|0.72240
0.6 |0.72575]0.72907|0.73237|0.73565|0.73891|0.74215|0.74537|0.74857|0.75175|0.75490
0.7 10.75804|0.76115|0.76424|0.76730|0.77035|0.77337|0.77637|0.77935|0.78230|0.78524
0.8 |0.78814/0.79103|0.79389|0.79673]0.79955|0.80234|0.80511|0.80785|0.81057|0.81327
0.9 10.81594/0.81859|0.82121]0.82381|0.82639|0.82894|0.83147|0.83398|0.83646|0.83891
1.0 ]0.84134|0.84375|0.84614|0.84850(0.85083|0.85314|0.85543|0.85796|0.85993|0.86214
1.1 ]0.86433|0.86650|0.86864|0.87076|0.87286|0.87493]0.87698|0.87900|0.88100|0.88298
1.2 10.88493/0.88686|0.88877]0.89065|0.89251|0.89435|0.89617/0.89796|0.89973|0.90147
1.3 10.90320(0.90490{0.90658]0.90824(0.90988|0.91149|0.91309|0.91466|0.91621|0.91774
1.4 10.91924|0.92073|0.92220]0.92364|0.92507{0.92647]0.92786|0.92922|0.93056|0.93189
1.5 10.93319|0.93448]0.93574|0.93699|0.93822|0.93943|0.94062|0.94179|0.94295|0.94408
1.6 ]0.94520/0.94630|0.94738]0.94845|0.94950{0.95053]0.95154|0.95254|0.95352|0.95449
1.7 10.95543|0.95637]0.95728|0.95818|0.95907{0.95994 |0.96080|0.96164|0.96246|0.96327
1.8 10.96407|0.96485|0.96562]0.96638|0.96712|0.96784|0.96856|0.96926|0.96995|0.97062
1.9 10.97128|0.97193|0.97257]0.97320/0.97381|0.97441]0.97500/0.97558|0.97615|0.97670
Ilpumeuanue: llpuBeneHHbie B TaOJHIle 3HAYCHHWs JONMW IUIOIMIAAM TOA KPHUBOM
HOpMAaJIbHOT'O pacnupeaciICHUA JaHbI JJISL pPasMEpoB OO0JIBIIINX 1501048 PaBHBIX
MaTeMaTHYeCKOMYy OXUJaHUI0. B cnyuae, korma B Xxojae ompeaeneHuss mo ¢opmyne
HOPMHMPOBAHMS CIIy4alHOW BEJIMYMHBI NOJIY4AE€TCsl OTPULATEIBLHOE 3HAYEHUE, TO peanbHas
JOJISl TJIOWIAAM TIOJ KPUBOM HOPMAIbHOTO pacmpeneneHus Oyaer ompenensThes kak (1-
3Ha4YeHHE TAOJIUIBI 0€3 ydyeTa 3HaKa).

3. [lpuBeauTe TEOMETPUUYECKYIO HHTEPIPETAINIO PEIICHHS 33Ja4H.
4. OneHnTe KOJIMYECTBO JIeTalIeH, MOMABIINX U HE TOMABIINX B MOJIE IOITYCKa Ha pa3Mep.

Tabmn. 3.1. icxonHble JaHHBIE AJIs1 BBITOJHEHHUS PaOOTHI

Ne | H 4 pasmep | n Ne | H 4 pasmep | n

1 (30,75 [0,3 31,, | 100 11 (161 [025 |12 |80
2 2886 [03 |29,z |30 12 (30,14 [005 |3092 |56
3 [13.95 [0.03 [140; |70 13 [ 43,05 [ 004 | 43?2 |45
4 1793 [0.04 [18414 |20 14 (112 [02 11%4 | 100
5 [161 [0,05 |12 |75 15 1382 [014 |389% |60
6 |3014 [005 |30 |68 16 | 10,05 | 0,015 |[10™" |40
7 |1425 [0.03 |[149% |50 17 [143 [002 |1492 ]100




8 |18.14 |0.04 1822 | 60 18 | 18,18 | 0,02 1822 | 60

+0,14 +0,14

9 63,74 |05 64.953 70 19 | 15,9 0,2 169> 70
10 | 53,91 | 0,2 54918 20 20 14791 0,2 48.0.18 20
Ipumep.

23
3aganue: COBOKYIIHOCTb W3MEPEHHBIX pa3MepoB JeTaneil (3agaH pasMep 016

HOJYMHEHA HOPMAJILHOMY pacIipeeieHuio ¢ napamerpamu # =22.92(mm), 9 (Mm)=0,05. Ouenure
KOJIMYECTBO JIeTalel B 33JJaHHOM JoIycke B BbIOOpke 3 N=40 neTaneit npu yclIOBUU, YTO pa3Mephl
pacnpeziesieHbl 10 HOPMaJIbHOMY 3aKOHY.

Pemenne

[Tpeobpasyem pa3mep AeTanu K HOPMUPOBAHHOM BeTMYHHE 1O popMysiam:

X, — X, — 1
Ul — l—'u , U ) = 2
(o3 (o2
rae: Xi. X — MakKCMMaJIbHOC 1 MUHUMAaJIbHOE 3HAYCHHUEC pa3Mepa ACTalll, /Ll - MaTEMATHUYCCKOC
OXKHJIaHKeE CAydaiHoi Benuuunbl, O - nucrepcus BBIOOPKU.
rpaHI/IHBI HWHTCpBAJIa:
23-22.92 22.84-22.92
U =242 15 e
0.05 0,05
I/ICHOJ'H:BYH TaOJINYHEBIE 3HAUCHUA, OIPCACINM ILIOoIIaab IIOI KpHBOﬁ HOPMaJIbHOTO

pacrpesieNieHust ¢ y4eToM TpaHull jomycka Ha pasmep. s U, =16 tabnmunoe 3Hauenue 0,945,
aist U,=-16 rabnuunoe 3Hauenue 0,055. HUroro 0,945-0,055=0,905 wumu 90,5%.
CnenoBarenbHo, (90,5/100)*40=36 neraneil momamaroT B 3aIaHHOE TOJIC JOITYCKA.

-1.6

4% | 3%

e /45 % 735;\\ -
< |

-1 2 = 0 7 2 5
bz=16 UFE16

Puc. 3.1. 'eomeTprdeckast HHTEpIPETALINS PEIICHUS 3a1a4H.

IpakTuyeckoe 3ansaTue Ne 4,
HNnentuduxanus perpecCHOHHON MOJEIH MPOLEcca 110 NOCAeA0BATEIbLHOCTH
JIKCIEPHUMEHTANBbHBIX TOYEK

Ilenv pabomwi: O3HaKOMIIEHNE C METOIMKON MOCTPOECHUS PETPECCUOHHBIX MOJIEIEH.

Dopmynuposka 3ad0auu: 11o 3a7aHHON COBOKYITHOCTH IKCIIEPUMEHTAIBHBIX TOUEK BHIOpPATh
BUJI PETPECCUOHHON MOJICIH U BHITIOTHUTH UICHTHU(PUKAIIUIO €€ TTapaMeTPOB.

Memoouka évitnonnenus padomot.

1. JInst uaeHTHPUKAIUN PETPECCHOHHON MOIETH HEOOX0AUMO ONPEISTUTh KO UITUEHTHI
PErpecCMOHHONM 3aBUCUMOCTH. B KadecTBe perpecCMOHHOM MOJEIM B paMKax MPAKTHYECKOMN
paboThI IPUHSAT MMOJIMHOM BUJIA:



y=b,+b,-X, +b,-X,

Kosdduuuents by, 0;,0, onpenensiores no cnenyromum sasucumoctsm:

b =Z(Xil_il)'(yi_y)'Z(X‘Z_XZ)Z_Z(Xiz_iz)'(yi_y)'Z(Xil—il)-(Xiz—iz)
| Z(Xil_il)z'Z(X‘Z_22)2_<Z(Xi1_yl)'2(xiz_xz))2

b, = 2 (%2 =%a)- (% =¥)- 2 (% = %) = 3 (% = %) (%, =¥)- 2 (X = %) (X1 = %)
2 > (i —Xl)z (X, —22)2 _(Z(Xu ~%)- (%, -%,)

bo :y_bl')_(l_bZ'XZ

3HaueHUs (YHKIMOHATBLHOW MOJCIM TMPU 3HAYCHHUSIX aOCIHCCHI,

SN~—"
N

2. Omnpepenure

COOTBCTCTBYIOIIUX 3HAYCHUSIM a6CI_II/ICCLI OKCIICPUMCHTAJIbHBIX TOYCK.

3. Omnpenenute 3HAUYCHHE “HEBA3OK~ I KaXIOW OSKCIIEPUMEHTAIBHOW TOYKH U

(GyHKIIMOHATBLHOU MOJIeNH 110 hopMyIie

rae: Yj — 3HAYeHHE OPAUHATHI DKCIIEPUMEHTAIBHON TOYKHM B COOTBETCTBUH C 3amaHueM; F(Xj) —
3HaYeHHe ypaBHeHuss Y= F(X;) mpu 3HAYCHHUSAX Xj, COOTBETCTBYIOIIMX 3HAYCHUAM aOCIHCC

A, =Yi _F(Xi)

AKCIIEPUMEHTAILHBIX TOYCK.
4. OnpenenuTe YUCICHHOE 3HAUCHUE HOPMBI ['aycca o ¢popmyie:

Il (30 = [0 -F oo

5. OmpenenuTe YUCIEHHOE 3HaUEHUE HOPMBI YeOnlleBa mo ¢popMmyie:

i=1

|f]| = max|A,;| = max|Y; = F(x,)|

Tabmn. 3.1. VicxonHble AaHHBIE AJIsl BBIIIOJHEHHS PabOThI

Ne Bap x1; X2 y
1 (4;4) (20;4) (4;4) (20;4) 2.13; 2.51,; 2.88; 3.12
2 (1;2) (20;2) (1;10) (20;10) 1.6;2.71;4.4;6.91

3 (5;2) (24;2) (5;2) (24;10) 2.23;2.05;1.94;1.79
4 (7;12) (20;12) (7,12) (20;1) 11.2; 8.8; 4.5; -0.29
5 (10;12) (2;12) (10;12) (2;10) 1.59; 1.78; 2.12; 2.51
6 (11;2) (30;2) (11;2) (30;10) 2;5;13.8; 23.6; 47.6
7 (15;22) (2;22) (15;22) (2;10) 2.5;6.2;9.7; 13.2

8 (21;28) (10;28) (21;28) (10;14) |1.7;3.9;4.2;4.3

9 (1;3) (16;3) (1,;3) (16;10) 8.1,9.2;9.9; 10.1

10 (18;29) (20;29) (18;29) (20;10) | 2.41; 3.6; 4.12; 5.86
11 (6;2) (7;2) (6;2) (7;10) 2.5;6.2;9.7; 13.2

12 (8;12) (11;12) (8;12) (11;10) 15.42; 13.14; 12.35; 10.72
13 (1;9) (20;9) (1,;9) (20;14) 11.2; 8.8; 4.5; -0.29
14 (16;26) (2;26) (16;26) (2;1) 1.59;1.78; 2.12; 2.51
15 (19;2) (7;2) (19;2) (7;10) 1.7,3.9;4.2,4.3

16 (3;2) (2;2) (3;2) (2;10) 8.1,9.2;9.9; 10.1

17 (31;27) (20;27) (31;27) (20;10) | 2.5;3.1;4.5;5.9

18 (5;12) (20;12) (5;12) (20;1) 0; 0.5; 2.05; 3.2

19 (18;20) (20;20) (18;20) (20;10) | 0.45;0.52; 0.87; 1.12




| 20 | (1;11) (2;11) (1;10) (2;10) | 0.45; 0.95; 2.02; 2.65 |

Ipumep.

3aganue: I[lo 3agaHHON COBOKYITHOCTH OKCIIEPUMEHTAIBHBIX TOYEK BHIOpaTh BUJ

PErpecCUOHHOM MOJIENIN U BBIIOJIHUTH UACHTU(DUKAINIO €€ TapaMeTPOB.
x1; x2 y

(4;2) (20;2) (4;4) (20;4) 2.13; 2.51; 2.88; 3.12

Pemenue.
Jlist uaeHTHUKAIIMN PErPECCUOHHON MOJIETH OIpeneanM Kod()PHUIHEHTH perpecCHOHHOM
3aBHCUMOCTH. B KauecTBe perpecCHOHHON MOETH IPUHUMAEM ITOJIMHOM BU/IA:

y=Db,+Db,-X, +b, X,

KoadpurmenTst bo, bl, b2 OTpeiesIsieM IO CIICTYIOIIUM 3aBUCUMOCTSIM:

bFZ(Xu—?l)-(yi—V)-Z(X- —X )Z_Z(Xiz_XZ)'(yi_7)'Z(Xi1_il)'(xi2_22)
Z Z -X,) (Z(Xu—fl)‘Z(Xaz—?z))

b :Z(Xiz -y): Z Z Xy =%,) (Vi =¥) 2 (X —X) (Xi, =X,

2 Z X) Z —X, 2_(2()('1 Xl)'Z(Xiz_XZ)

b, =-5,625 b, =0,344; b, =325
y=-5,625+0,344-X, +3,25-X,

Ompenenum  3HayeHUsT  (QYHKIIMOHAILHOW  MOJENM TPU  3HAYEHHUSIX  aOCIIHCCHI,
COOTBETCTBYIOLIMX 3HAUYEHUSM aOCLUCCHI SKCIEPUMEHTAIbHBIX Touek. OmpenenuM 3HauyeHUE
“HEeBSA30K” JUISl KaXJIO0M SKCHEPUMEHTANIbHOM TOYKHM M (DYHKIMOHAIBHOM MOAenu o Qopmyse

A, =Y. —F (X o

P ( '), rae: Yj — 3Ha4eHHWe OPAMHATHI IKCIEPUMEHTAIILHOH TOYKH B COOTBETCTBHH C
3aganueM. F(X;) — 3Hauenue ypaBHeHust Y= F(X;) mpu 3HaYE€HUSIX Xj, COOTBETCTBYIOIINX 3HAYCHHUSIM
a0CITMCC DKCIIEPUMEHTAIBHBIX TOYEK.

N

S~—"
N

x1 4 20 4 20

x2 2 2 4 4

V sker. 3 8 9 15

V Mmon 2,29 7,95 8,79 14,45
AY 0,71 0,05 0,21 0,55
AY? 0,5041 0,0025 0,044 0,3025

OHpCIleJ'II/IM YHUCJICHHOC 3HAYCHUC HOPMbI Faycca oo (I)OpMyJ'IeI

1= S = S Foo -

J(38-2,29)2 +(8—7,95)? + (9-8,79) + (15—14,45)? = 0,924
OHpCI[CJ]I/IM YHUCJICHHOC 3HAYCHUC HOPMbI I’IC6I>II_I_IGB8. 110 (I)OpMy.TIC

|f || = max|A;| = max|Y, - F(x)|=0,71

IIpakTuyeckoe 3anaTue Ne 5.



OnTumuszanus uejieBoil (PYHKINH B COOTBETCTBUHM € 32JaHHBIM YCJIOBHEM C Y4€TOM
3aJJaHHbIX OrPaHUYeHUI

Henv pabomoi: O3HAaKOMHUTHCS C TpadUUECKHMM METOJIOM PEIICHHs 3aJa4d JIMHEHHOU
oNnTUMU3ANNY QYHKIIUU OTKIIMKA, 3aBUCAIIEH OT IBYX (DaKTOPOB.

Dopmynuposka 3adauu. OnpenenuTh ONTUMAIbHOE 3HAYCHHE IICJICBOM (DYHKIIUU TIpH
3a/IaHHBIX OTPAHUYCHUSX.

Memoouka évitnonnenus padomot.

1. CocraBbTe 11€N€BYIO (PYHKIUIO B COOTBETCTBHH C 331aHHBIM yCIIOBUEM.

2. CocTaBpTe cCHUCTEMYy TPaHUIl U OrPAHUYCHUN, OIMHUCHIBAIOIIUX OOJACTH JOMYCTUMBIX
3HAYEHUH 1eNeBOW (PYHKIIMHU B COOTBETCTBUU C 33IaHHBIM YCIIOBHUEM.

.3. [Toctpoiite rpaduk, Ha KOTOPOM HAHECUTE BCE IPAHULIBI U OIPAHUYEHUS, COCTABIICHHBIE
BIIL 2.

4. TlocTpoiiTe LeIeBYI0 PYHKIHIO C TPOU3BOJILHBIM €€ 3HAUCHHUEM.

5. Tlepemenias meneByr0 (QYHKIMIO MapalieIbHO caMol ceOe B HampaBlICHUU ONTUMYMa,
HaWJUTE TOUKY PEIICHHUS.

6. B ciydyae HELENOUYMCIEHHOIO pEIICHUS OIpPENEIUTEe TOUYKY PpELIeHHs C LEIbIMU
3HAYEHUSIMU KOOP/AMHAT.

7. Onpenenurte 3Ha4CHUE 1ENEBON (DYHKIMH B TOUKE PEIICHUSI.

Ipumep.

3aganue: CocTaBUTh IUIaH BBINYCKa, OOECIEUMBAIOLIMI MaKCUMAJIbHYIO CTOMMOCTH
MPOJYKIIMH. Y4YacTOK BbITycKaeT JBa Tumna BajoB: Baad Nel u Banm Ne2. Oba Bana M3roTaBIMBAIOTCS
W3 TpyTKa, 3amackl KOTOporo Ha ckiane coctaBisitor 30 M. Jlns mpomsBoacTBa Bama Ne 1
HeoOxonumo 380 MM mpyTka, a ans Bana Ne 2 - 420 mm. Ha usrotoenenue Bana Ne 1 Heo6xoamumo
1,08 ct.u., a Ha Baxt Ne 2 — 0,98 cr.u. OGopynoBaHue Ha ydacTke umeeT (oHJ BpeMeHU 82 CT.u.
[Ipenmpustie He MoXeT mpojaTh Oonee dem 72 BanoB Nel u 30 BamoB Ne2 B cyrtku. llena
n3rotoBieHHoro Baia Nel cocrasnser 620 py0., a Basta Ne2 - 710 pyO.

Pemenne.

O6o03HauuM uckomoe KoiuuecTBo u3aenuil Ban Nel uepe3 Xji, a HCKOMOE KOJUYECTBO
menenuii Ban No2 uepe3 X, Chopmupyem I1eneByl0 (QYHKIHIO, MO3BOJSIONIYIO ONPEAETUTh
MaKCUMaJIbHYI0 CTOMMOCTh MPOAYKIIMU. YUHUTHIBas, 4yTO 3a OAHO wu3zaenue Bal Nel BO3MOXKHO
BbIpyuHTh 620 py0. To 3a X1 n3nenuit Bas Nel: 620-X;. 3a onHO nznenue Baj Ne2 MOXKHO BBIDYUHUTh
710 py0. cnenoBatenbHO, 3a X, u3aenuit Bai Ne2: 710-X,. OkoHuaTenbpHO 1eneBas GyHKIUsS Oyner
HMMETh BUI:

Z(X,, X,) =620- X, +710- X, —> max

Cdopmupyem cucteMy OrpaHHYEHUH MO CBIPHIO, 3aJalOMIMX O00JacTh JAOMYCTHUMBIX
peneHui.

Orpanuuenue 1o npyTky. /JlaHHOe orpaHUyYeHUe MOKa3bIBAET, YTO MPHU PACXOAE MPYyTKa IpH
pou3BOACTBEe ofnHOTO mM3aenus Banm Nel - B kommdectBe 380Mm/1000=0,38 M, a Takxke mpwu
MPOU3BOJICTBE oHOTO M3aenust Ban Ne2 - B kommdectBe 420 mm/1000=0,42 M ob1iee KOJIUYECTBO
pacxoqyeMoro TpyTka HE JODKHO TmpeBbicuTh 30M, wWMeromuecs Ha CKiame, T.e.

0,38-X,+0,42- X, <30.

OrpannyeHue 1o TpydoeMKocTH. JlaHHOe oOrpaHMdYeHMe TIOKa3bplBaeT, 4YTO IpHU
TPYIOEMKOCTH M3rOTOBJIEHHs OJHOrO m3fenus Bax Nel - 1,08 cr.4., a Takke npH TPYAOEMKOCTH
M3rOTOBIIEHUS oHOTO m3aenus Baji Ne2 - 0,98 cr.4. o0mmas Tpy10eMKOCTh HE JIOJKHA MPEBBICUTH

82 cr.u., T.e. 1,08- X, +0,98- X, <82.
OrpanudeHue 1o KoJIU4ecTBy U3Aenuil. 3ech HE0OX0AUMO PETYCMOTPETh 4 OrpaHUYEHUS,
MOKa3bIBAIOLIMX BO3MOXKHOCTb peanu3anuu usgenuii, .e. X, <72. X, <30, a Taxke orpaHu4eHHUs,



MOKa3bIBAIONIMX HEBO3MOXKHOCTh M3TOTOBJIEHHS OTPHUIATEIBHOIO KOJIMYECTBA u3ienuid, T.e. X; =20
u X,20.

Hapucyem B mpou3BoJIbHOM MaciiTa0e CUCTEMY KOOpPJIMHAT, B KOTOPON TOpPU3OHTaIbHAas
0Ch OyJeT 3a/1aBaTh KOIMuecTBO n3aenuid Bast Nel (X1), a BepTUKaNIbHAs OCh - KOJTMYECTBO M3CITUMA
Banx Ne2 (Xz). B nmaHHOM cucTeMe KOOpPAMHAaT HApUCYyeM BCE TpaHMIbl M OrpaHUYEHUS,
MIPEABAPHUTEIILHO TTOMEHSB 3HAKH < M > Ha =:

1) 0,38-X,+0,42- X, =30
2) 1,08-X,+0,98- X, =82

3) X, =72
4) X,=30
5) X, =0
6) X, =0.

B Takom Buje Bce ypaBHEHMs IIPECTABISIIOT COO0M ypaBHEHUS MPSAMBIX JIMHUU U UX JIETKO
BBIUEPTUTH, ONPE/IEIUB TOUKU UX IIEPECEUCHHSI C OCIMU KOOPIUHAT.
Hapucyem neneByto (yHKIUIO BHYTpU OOJacTH JOMYCTHUMBIX 3HaueHWid. Jlins 3Toro

samenuMm  ypaBHenue muenesoil  dymkmmum  Z(X, X,)=620-X,+710- X, >max wua
Z(X,, X,)=620-X,+710- X, = p u npupasusiem p=30000 (kK MPOM3BOIBHOMY IIEIOMY YHCIY).

HJ’IS[ OTBICKAHHUA Tpe6yeM0ro peH_IeHI/I}I HapPICOBaHHy}O I_ICJ'IeBYIO (1)YHKLII/II—O 6y,H€M HepeMemaTL
HapaJIJICJII)HO CaMOﬁ ce6e BHpaBO Hu BBer IJIA OTBICKAHUSA max Uik BJIEBO U BHU3 IJIsI OTBICKAHUS
min.
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Puc. 5.1. Ontumu3zanus neneBoit GyHKIIMU

Kak BUJIHO U3 pHCYHKa, MAKCUMaJIbHOE 3HaU€HUE 11eJeBOM (DyHKIUHU, TPH KOTOPOM OHA HE
MOKMHET O0JIACTh JOMYCTUMBIX 3HAYCHMH OyAeT NpUOTU3UTENHO B TOYKE C KOOpIAMHATAMHU

(54;30). JlamHas Touka oOpa3oBaHa IepeceueHueM JAByX orpanuuenui:  X,=30 wu

1,08- X, +0,98- X, =82. Tloxcrasus 3T 3HAYEHHS B UENEBYI0 (DYHKIMIO, HAWHIEM PpEIIEHUE
noctaBieHHoM 3anaun (54780 pyoO.).

Bapuanrsr 1,11
CocTaBUTh CYTOUHBIN IJIaH BBITYCKA MPOAYKIMH, 00ECIEYNBAIONINN MaKCHUMAIbHYIO IEHY
npoxaykiuu. llex msroraBiamuBaer Banbl (ueHa 150 py6©) m BTynku (uena 29 py6). B mpormecce
MEXaHWYECKOH O0O0pabOTKH UCIOJNB3YIOTCS TPU BUJA CTAaHKOB: TOKapHbBIE, (pe3epHble W
nuudoBanbHble. Banm o6padarsiBaercs 12 MUH. Ha TOKapHOM CTaHKe, 6 MUH. Ha (pe3epHOM CTaHKE



u 5 MuH. Ha numgoBanbHOM. Brynka oOpabareiBaeTcss 6 MUH. HA TOKQpHOM CTaHKe, 8 MUH. Ha
¢dbpeszepHoM cTaHke W 5 MUH. Ha nutMdoBaIbHOM cTaHke. CyTouHbI (DOHJ BpEMEHHU TOKApHOTO
cranka 520 muH., ppezepHoro 450 MuH., TUTU(HOBATLHOTO 295 MUH.
Bapuaunrts1 2,12
CocCTaBUTh CYTOUHBIN IJIaH BBITYCKA MPOAYKIHUU, 00ECTICUUBAOIINN MAaKCUMAIbHYIO IICHY
MPOJYKIMK. YYacTOK M3roTaBiuBaeT kopryc B coope Nel u kopmyc B cOope Ne2, mieHa KOTOPBIX
cocraBisier 550 pyd u 752 py6 coorBerctBeHHO. Ha xoprmyc Nel waper 8 Brynok, 28 raek u 18
6onToB M24x60. Ha xopnyc Ne2 unet 4 Brynku, 18 raek u 12 6onroB M24x60. Ha cknane 3amac
BTYyJ0K coctasisier 400 mr., raek — 4500 mT. u 2500 60oaToB M24%60.
BapuanTtsi 3,13
CocTaBuTh IJIaH BBIYCKa MPOAYKLHHU, OOECIEUNBAIOIIMNA MaKCUMalbHYIO mpuObUib. Llex
M3rOoTaBJIMBAET JIBa TUMa u3genui: usaenue A u usgenue b. Ha onHo m3nenue A tparurcs 1 kr
ctamu 45, 4 xr C13 u 6 xr cranu 35XI'CA. Ha onno uznenue b tpatutcs 3 kr cranu 45, 1 xr C13 u
2 kr cramu 35XT'CA. Lena 1 kr cramm 45 - 360 py6., Ct3 — 230 py0., cramu 35XT'CA — 480 pyo.
Ha cknage umeercs 3amac cranu 45 na 42000 py6., cranu 3 Ha 35600 pyO., ctanu 35XI'CA Ha
48000 py6. Cebecroumocth m3nenus A cocrasisieT 183 py06., m3gemus b — 137 py6. OtmyckHas
ueHa u3genus A — 289 py0., uzgenus b — 193 py6.
Bapuanrsi 4,14
CocTaBuTh IJIaH BBITYCKA MPOAYKIHUU, OOECICUNBAIOIINNA MaKCUMabHYIO NMpuObUIb. Llex
pacroJyiaraet Tpemsi BUJaMu ChIpbs: ctaib 45 - 15 kr., craB BKS8 - 11 kr., meas - 6 kr. Ha onHo
ceepiso yxonut 0,1 xr cranu 45, 0,16 xr BK8 u 0,07 xr mequ. Ha oqun pesen yxoaut 0,4 Kr cranu
45, 0,05 xr BK8 u 0,1 kr meau. [IpuObuth oT peanusanuu 0JHOTO CBepiia cocTamiseT 29 pyo., a
OJIHOTO pe3ua 56 pyo.
Bapuantsi 5,15
CocTtaBuTh IJIaH BBIMYyCKA MPOAYKIMH, O00ECNEUYUBAIOIIMI MaKCUMaIbHYIO MPUOBLI.
VY4acTok M3roTaBIMBAET ABa THMA U3AETUI: nepexoqHuk u mrynep. Ha nepexonnuk tpaturcs 0,05
kr ctanu 45, 0,02 xr C13 u 0,02 kr mequ. Ha oqun mryuep tparurcsa 0,04 xr cranu 45, 0,035 kr
Ct3 u 0,015 memu. Ilena 1 kr cramu 45 - 40 py6., Ct3 — 30, py0., menp — 180 py6. Ha cknane
umeercss 3amac cranu 45 nHa 4200 py6., cramu Ct3 Ha 3560 py6., menu Ha 6800 pyo.

CebecrouMocTh mepexonHuka cocrasisger 10 pyO., mTynepa — 7 py0. OrTnyckHas IieHa
nepexoanuka — 17,9 py6., usnenus b — 14,8 py6.
BapuanTtsi 6,16

CocTaBuTh IJIaH BBITYCKA MPOAYKIHMH, OOECHEUMBAIOUIMM MaKCHUMaJbHYI IPHOBLIb.
VYyacTok pacrmoyiaraeT Tpemsi BUAaMH ChIpbs: ctainb 35 - 150 kr., crmmaB BK8 - 90 kr., mens - 10 kr.
Ha onny ¢pesy yxomut 0,3 kr cranu 45, 0,16 xr BK8 u 0,1 xr meau. Ha onun pesent yxoaut 0,3 kr
cramu 45, 0,02 xr BK8 u 0,04 xr meau. [Ipubsuis oT peanusanuu ogHOU (Gpe3bl cocTaBisier 39
pyo0., a onHoro pesna 21 py6.

Bapuants1 7,17

CocTaBUTh CYTOYHBIH IJIaH BBITYCKa MPOIYKIIMU, 0OECTIEUMBAIOIINI MaKCHUMAJIbHYIO LIEHY
npoaykuu. Llex nzrorasnusaet Baisl (1ieHa 190 py0.) u BTynku cnennanbbie (1ieHa 120 py6.). B
nporecce MeXaHn4eckoil 00pabOTKMU MCIONB3YIOTCA TPH BUAA CTAHKOB: TOKAapHBIE, (hpe3epHbIEe U
unuiidoBanbHble. Ban oOpabareiBaeTcst 7 MMH Ha TOKAPHOM CTaHKe, 9 MUH Ha (pe3epHOM CTaHKE U
6 MuH. Ha nuMdoBaIbHOM. BTysnka cnenuanbHas oOpabareiBaeTcsi 13 MUH Ha TOKApHOM CTaHKE, 5
MUH Ha (pe3epHOM cTaHKe U 5 MUH Ha uuiMdoBanbHOM craHke. CyTouHbI (OHI BpeMeHH
ToKkapHoro ctanka 680 mMuH, ppeseproro 450 muH, numpoBansHOro 330 MuH.

BapuanTtsi 8,18

CocTaBuUTh MJIaH BBINYCKAa KPOHIUTEHHOB M IOJBECOK B CMEHY, OO0eCIeYMBAIOIIHIA
MaKCUMaJbHYI0 BbIpyuky. OTmyckHas neHa kpoHmreiiHa — 110 py06., moasecku — 180 py6. dus
KpoHIuTelHa ucnoabs3ytoT 0,7 m yronka Ne30 u 0,3 M, nmoasecku — 0,56 m yrosnka Ne30 u 0,5 M
yrosika Ne4(. Ha ckiane B Hamuuuu yrojika Ne30 — 300 m, yrosmka Ne4O — 400 m. 3arotoByieHO
JeTaneu sl U3rOTOBJICHUS KPOHIITEHHOB — 40 KOMILJIEKTOB, MOABECOK — 60 KOMIUIIEKTOB.

Bapuanrtsi 9,19



CocTaBuTh IJIaH BBITyCKa MPOAYKIMH, OOECMEUMBAONINA MAaKCUMAIbHYIO TPHUOBLIE.
VY4acToK U3roTaBIMBaET JIBa TUIA U3aeaui: uaenue A u uzaenue b. Ha onno uznenue A tpaturcs
1 xr cranu 45, 4 xr ctanu 3 u 6 kr cranu 35XI'CA. Ha ogno usnenue b tparurcs 3 kr cranu 45, 1
kr ctanu 3 u 2 kr ctanu 35XM. Ilena 1 kr cranu 45 - 40 py6., cranu 3 — 30 py06., cranu 35XI'CA —
52 py6. Ha cknane umeercs 3anac cranu 45 va 6200 py0., cranu 3 - Ha 5560 pyo0., cramu 35XT'CA -
Ha 4800 py6. CebGecroumocth u3nenuss A cocrtasisier 18 py06., uzaenus b — 250 py6. Ormnycknas
ueHa m3aenusa A — 389 py0., uznenus b — 403 py6.

Bapuanrsi 10, 20

CocTaBUTh CYTOUHBIN IJIaH BBITYCKA MPOAYKIHUU, 00ECTICUNBAOIINN MAaKCUMAIbHYIO IICHY
MPOAYKIIMKM. YYacTOK H3TrOoTaBiauBaeT 3amtyiiku (meHa 60 py0) m camyHbel (neHa 99 py6). B
nporecce MEXaHn4eckoi 00pabOTKH HMCIIONB3YIOTCS TPH BUAA CTAaHKOB: TOKAapHBIC, (pe3epHbIE U
uuiidoBanbHble. 3araynika oopadaTeiBaeTcss 2 MUH. HA TOKQPHOM CTaHKe, 2,2 MHUH. Ha ()pe3epHOM
cranke u 0,5 muH. Ha cBepiuiIbHOM. Kopnyc camyHa oOpabarteiBaercss 4 MUH. HA TOKaPHOM CTaHKE,
3,1 MuH. Ha ¢pe3epHOM cTaHke U 1,5 MHUH. Ha cBepawIbHOM cTaHke. CyTo4yHbI QOHJ BpeMeHU
TOKapHoro cranka 520 MuH., ppesepHoro 450 MuH., CBEpIMIBLHOrO 595 MUH.

IIpakTnyeckoe 3ansTHe Ne 6.
Pa3padoTka anropurma nocrpoenusi 3D-monenu geraju - Tejia BpaneHus

Ilenv padompr: O3HAKOMUTBHCS C NPUMHUTUBAMHM M MeToJaMM mocTpoeHus 3D-moxenu
JIETaI — TeJla BpallleHusl.

@opmynupoeka 3adauu. PazpaboraTh anroput™m noctpoenus 3D-mozenu aeranu Tena
BpanieHus B cucreme KOMITAC.

Memoouka évtnonneHus padomot.

1. Usyuuts yeprex neranu. [IpousBecTH aHanu3 ee KOHCTPYKTHBHOW (POPMBI, BBIIBHUTH
aCUMMETPHUYHBIE 2JIEMEHTBI, ONIPENEIUTH UX MOJIOKEHHE.

2. BpiaBUTH MeTOABI (ONEpanuu) IMOJYyYSHHS BBISBICHHBIX JJIEMEHTOB, W OOBEIWHUTH
3JIEMEHTHI B TPYIIBI 110 BO3MOXKHOCTU (POPMHUPOBAHUS 3a OJHY ONEPALHUIO C YYETOM OCHOBHOTO
METO/]1a TIOJYyYEHUs JIEMEHTOB JeTanu «Bpamienuem».

3. Ha ocHOBe aHanmm3a MOCTPOUTH 3CKU3bI, OMPEEIAIONINEe OCHOBHBIE pa3Mepbl MOAETH U
(hopMy PIIEMEHTOB JIETAJIH.

4. BBISBUTD MJIOCKOCTH, HA KOTOPBIX OyIyT CTPOUTHCS ICKU3BL, C YIETOM NPeoOpa3oBaHMs B
nocneaytomeM 3D-Monenu neranu B MPOEKIIMOHHBIN YepTeX U B YIPABIISIONLYI0 IPOrpaMMy JUIst
cranka ¢ UITY (tokapnoro ¢ UITY cranka uimm TokapHo-(ppe3epHOro oopadaThIBAIOLIETO LIEHTPA).

5. Onucarb anropuT™ MOCTPOCHUS JETAIH.

Ilpumep.

3aganme: CocTtaBuTh anroputM mnocTpoeHuss 3D-mozenu kpbeimku. YepTek KPBIIIKA
npuiaraercs (puc. 6.1).
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Puc. 6.1. McxoaHbliil yepTex KpbIIKH (3a7aHKeE)

Pemenne.

1. Jeranp Tuna nucka (puc. 6.1), Tak Kak AJIMHA MEHbLIE HApYKHOTO nuameTpa. B kpsiiike
UMEeTCsl CTYNEeHYaToe OTBEPCTHE, COCTOsINee M3 LMIMHIPUYECKHUX, IUIOCKUX (TOPLEBBIX) M
KOHUYECKHX 3JI€MEHTOB ((acok) 0e3 acCUMEeTpUYHBIX AiieMeHToB. HapykHas MOBEpXHOCTh TakkKe
ABJISICTCA CTYNEHYAaTOM M COCTOMT M3 LMIMHJPUYECKHX, MJIOCKUX U KOHMUYECKUX AJIEMEHTOB 0e3
ACCUMETPUYHBIX 3JIEMEHTOB. ACHMMETPHUYHBIMHU 3JEMEHTAMU SBIISIOTCS YEThIPE CTYNEHYATBIX
oTBepcTus Ha (haHIle KPbILIKH, PacoI0XKeHHbIe o]l yrioM 90 rpaycos.

2. OCHOBHOE TEJIO JIeTall MOXKET OBITh MOJYYEHO BPAIICHUEM CEUEHMS KPBIIMIKH BOKPYT
OCH, TIOATOMY B OJIUH 3CKHM3 OOBEAMHSAEM DJIEMEHThI OMMCHIBAIOIINE HAPYKHBIA KOHTYpP M KOHTYp
OTBEPCTHS, @ TAKXKE€ OCh, BOKPYT' KOTOPOI 3TO cedeHHe HEOOXOAMMO BpallaTh JJIs MOIy4YEeHUs Tena
netanu. Takke HELUEHTpPaJbHOE OTBEPCTUE BO (PJIAHIIE KPBILIIKM MOXKET OBITh MOJYYEHO 32 OIHY
Olepalfio BpALEHUs, MO3TOMY BO BTOPOW JCKU3 OOBEAUHSIEM 3JIEMEHTbI, ONUCHIBAIOIINE
MIOJIOBUHY KOHTYpa OTBEPCTUS U OCb, BOKPYTI' KOTOPOH OyJaeT MpOMU3BOAUTHCS BpallleHHE CEUCHUs
MIpU BBIpE3aHUM OTBepcTUs (puc. 6.2).



lh

Puc. 6.2. DOckusbl JUIsl OCTPOEHMSI OCHOBHOIO Teja JETajly BpPALICHUEM W BBbIpE3aHUs
HEIIEHTPAJILHOTO OTBEPCTHS BHIPE3aHUEM BpAICHUSI.

3. C yderom mpeoOpazoBanus B mnocienywomeM 3D-momenu aeranu B IPOEKIIMOHHBIN
YepTe)K W B YNPABISIIONIYI0 TporpamMmy st cranka ¢ YIIY BeiOupaem [uis mepBOro 3CKM3a
KoopauHaTHYIO ockocTh XOY, ochk AeTanu JomHKHA coBMaaath ¢ ocbio OX, BTOpoil acku3 Oynem
CTPOUTH JTMOO B TOH K€ TUIOCKOCTH, 100 B miockoctd XOZ, oHM B TaHHOM Clly4ae paBHOILICHHBI,
TaKk KaKk OTBEPCTHUS CHUMMETPHYHBI M PACIOJIOKEHbI moj yriaoM 90 rpan., neTalb Ha MOMEHT
MIOCTPOCHHSI OTBEPCTUH Tarke ocecuMMmeTpudHa. CTpouTcsi OyAeT OJHO OTBEPCTHE, OCTAbHBIC
MOJIYYMM TIPH ITOMOIIH ofepanuu "MaccuB 1Mo KOHIICHTPUYECKOU ceTKe" .

4. AnropuT™ MOCTPOECHUS JETAIIN:

e Ha wiockoctr XOY CTpOUM 3CKH3 CEYCHHS KPBIIIKH (IIEPBBIN ICKU3);

e [IpU OMOIIM onepauuu "Bpamienue" noiayyaeM OCHOBHOE TEJIO JI€Talu;

e Ha mockocth XOZ cTpouM 3CKH3 CeueHHsl OTBEpCTUsl (BTOPOW 3CKM3), pacrioyiaras
€ro B COOTBETCTBMM C 3aJlaHHBIMHM DPa3MEPaMU 10 OTHOLIEHUIO K KOHTYPY JETalH
(718,5);

e IIpu NMOMOIIM onepanuu "Bripe3aTs 31eMeHT BpalleHus" MOoIy4aeM OJJHO OTBEPCTHE B
Tese JeTalu;

e IIpyM NOMOIIM omnepanuu "MaccuB MO KOHIEHTPUYECKOW CETKE" MOIy4aeM 4YeTbIpe
oTBepcTus (BbIOOP OOBEKTOB - OTBEPCTUE, MAPAMETPHI - OCh HAPYKHOW MOBEPXHOCTH
JIETaJIH, KOJIMYECTBO DJIEMEHTOB - 4, HallpaBJIEHWE CETKH - KOJIBIIEBOEC);

e s noxydeHus MIIX neranu BBOIMM B COOTBETCTBYIOILIEE OKHO MaTepHall AETaId
Crasnp 45 u nony4yaeM pacyeTHble MapaMmeTpbl (KpaTKO): Maccy AETald, ee 00beM,
LEHTpP Macc U JIp.

IpakTuyeckoe 3ansaTue Ne 7.
Pa3pa6oTka aaropurma nocrpoennst 3D-moae1u KOpnycHoOM AeTaan

Llenv pabomwsr: O3HAKOMHUTBCS C TPUMUTHBAMU M MeTogaMu mocTtpoenus 3D-monenu
KOpIIYCHOU JI€TaH.

@Dopmynuposka 3adauu. Pa3pabotars anroput™m noctpoenus 3D-monenu KoprycHOM
neranu B cucteme KOMITAC.

Memoouxa évinonnenus pabomeot.

1. U3yunth ueprex neranu. IlpomsBecTu aHanm3 ee KOHCTPYKTUBHOU (DOpMBI, BBISIBUTH
aCUMMETPUYHBIE HJIEMEHTHI, ONPEAETUTh UX MOJOKEHHUE.

2. BoissBUTH MeTOnbl (OMepaluu) IMOTYYEHHs! BBISIBIECHHBIX 3JIEMEHTOB, U OOBEAUHUTH
AJIEMEHTHI B TPYMIBI 110 BO3MOXKHOCTH (POPMHUPOBAaHUS 3a OAHY omepanuio. Ha ocHoBe aHanmmza



IMOCTPOUTHL 3CKHU3bI, OMPCACTIAOMNUC OCHOBHBIC pasMEpbl MOJACIIN H (bOpMy QJIECMCHTOB ACTAaJIl C
Y4ETOM OCHOBHOT'O METO/]Ia TIOJTy9YEHUS 3JIEMEHTOB JieTain «BrijaBmuBaHuem.

3. Ha ocHOBe aHanm3a KOHCTPYKIUH JCTaIH MOCTPOUTH ICKU3bI, ONPEICISIOIINE OCHOBHBIC
pasMepbl MOJIENU ¥ (POPMY IIEMEHTOB JCTAIIH.

4. BBISBUTH MJIOCKOCTH, HA KOTOPBIX OyIyT CTPOUTHCS ICKU3BI, C YIETOM MPEOOpa3OBaHUS B
nocienyromeM 3D-Moxenu neTany B MPOSKIMOHHBIA YEPTEK M B YIPABISIONIYIO TPOrpaMMy JIJIst
cranka ¢ UITY (0OpabaThiBaromero HeHTpa).

5. Onwmcatp anropuT™ MOCTPOCHUS ICTAIH.

Ilpumep.

3aganme: CocTaBUTh anroput™m mnoctpoeHuss 3D-mozenu Kpwimku. YepTesk OCHOBaHUS
(bpe3epHOl TOJIOBKH MPHUIIAraeTCsl.
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Puc. 7.1. Ucxonnplii yepTexk OCHOBaHUS (3aaHNE)

Pemrenne.

1. Jleranp kopmycHas (puc. 7.1), umeeT QopmMy HEMpaBUIBHOTO IIECTUTPaHHUKA. B
OCHOBAaHMM HMEETCA CTYNEHYAaTO€ OTBEPCTUE, COCTOSIICE W3 MUIMHIAPUYECKHX, TUIOCKUX
(TOpLEBBIX) M KOHUYECKHX 3JeMEHTOB ((pacok) 0e3 acCHMETpPHUYHBIX 3JEMEHTOB U (PacOHHBIN
KOJIBIIEBOM Ta3 C TOM K€ OChI0, YTO U LEHTPAIILHOE OTBEPCTHE. ACUMMETPUYHBIMHU 3JIEMEHTAMHU

SABIAIOTCS Ba oTBepcTusi 20 M KoHMYeckoe. Takke B JeTald HMEETCS 4YeThlpe CKBO3HBIX
CTYIEHYATBIX OTBEPCTHS, PACIIOIOKEHHBIX MO yrilaM OCHOBaHHS (CUMMeETpHs 2X2).

2. OCHOBHOE TeJO JeTalld MOKET OBbITh MOJIYYEHO BbIIaBIMBAHUEM CEUEHHUS OCHOBAaHUS Ha
nmuHy 142 Bnons ocu X, MO3TOMY B OAMH 3CKU3 00BEIUHIEM JIEMEHTHI OMUCHIBAIOIINE HAPYKHBIN
KOHTYp aAetanu. HeneHTpaibHble OTBEpCTHS B JETalIM CKBO3HBIC, MOITOMY OHM MOTYT OBITh
MIOJTyYEHBI 3a OJHY OIEPALMIO BBIPE3aHHs BBIIABIUBAHUEM, TIOATOMY BO BTOPOH 3CKHU3 00bEANHSIEM



AJIEMEHTHI OMMCHIBAIOIIME YeThlpe oTBepcTus 9 u orBepctue 20 M 3CKU3 Uit 0Ope3Ku
[IECTUTPAHHOTO KOHTypa. Tak Kak (hacOHHBIA KOJBLEBOM Ma3 M CTYNEHYaToe IEHTPAJIbHOE
OTBEpPCTHE HMEIOT OJHY OCb, BOKPYI KOTOpPOH HX cedeHHs] HeoOXOIuMO BpallaTh OO0beAUHSEM
ACKHU3bl CEUCHHH Ma3a U OTBEPCTUSI H OChb, BOKPYT KOTOPOH Oy/IeT MPOU3BOAMTHCS BpPAIICHUE STHX
CEYCHMI B OJMH ICKU3 (TpeTuii). B ueTBepThIil 3cKHU3 00BEIUHAEM ICKU3bI YII1yOIeHUNH OTBEPCTHAX
9 (BeaepxkuBaeM pasmepbl 133 u 85), Tak Kak OHU UMEIOT OJMHAKOBYIO TNIyOMHY. B mocnennmii
(IATBIN 3CKU3) BKIIOYAEM 3CKU3 KOHMUECKOTO OTBEpCTHS (pHC. 7.2).

L o O E:l
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1-11 3ckus 2-0U 3CKU3 3-i1 3cKu3

O O
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4-i1 acku3 5-i1 3CKU3
Puc. 7.2. Dckussl muist moctpoenust neranu «OCHOBaHHUEY

3. C yuerom mnpeobOpazoBaHusi B mocieaywomeMm 3D-Moxenu aetand B MPOEKIIMOHHBIN
YepTeXk M B YIPABIAIOINYIO MporpamMmy s ctanka ¢ YITY BwIOupaeM [jisi MEpBOrO JCKH3a
KoopanHaTHYIO TuIocKocTh ZOY, 4TOOBI TUIOCKOCTH € HAuOOJBIIMMHU Ta0apUTHBIMH pa3MepaMu
OBUTH TOPU3OHTABHBIMH, IJIOCKOCTh CAMMETPHUH JETATH B 3TOM Cllydae OyJeT BepTUKAIbHAS U OCU
OTBEPCTHM W Ta3a TOXE, YTO ITO3BOJUT MPUMEHHTH oOOpadareiBatomuii 1ieHTp ¢ UIIY nmns
W3TOTOBJIIEHHS JeTanu. J{Js BTOPOro 3CKM3a BHIOMpAEM BEPXHIOIO TUIOCKOCTh JeTand. Tak Kak
KOJIBIIEBOM Ia3 M LIEHTPaJbHOE OTBepcTHE Oy/IeT MoiydarTh, Bpallas CEYeHUs BOKPYT 0OIeill ocu
3THX 3JIEMEHTOB, TO 3Ta OCh JOJDKHA 110 HANpaBJIEHUIO COBIAAATh ¢ ockio OX, TpeTuil a3cku3 OyaeMm
cTpouTh 00 B TutockocTH XOY, mubo B urockoctr XOZ, OHU B JIAHHOM ClTydae paBHOIEHHBI, TaK
KaK OTBEPCTUS CUMMETPUYHBI. YETBEPTHIM ICKHX OyIeM CTPOUTH Ha TOW K€ IUIOCKOCTH, YTO H
BTOPOH, TaK KaKk IMEHHO OT ATOU IJIOCKOCTHU 3a/iaHa riIyOnHa 3THX oTBepcTHil 9 mm. [14ThIi ScKu3
CTPOUM Ha TOH K€ IIIOCKOCTH, UTO ¥ YETBEPTHIH.

4. ANITOpUTM MOCTPOCHHUSI I€TAIIH.

e Ha tuiockoct ZOY cTpouM 3CKU3 CeueHUs AeTainu (NMEpBBIA ICKHU3), IPH STOM JTHHHUS

IepeceyeHmsl IIOCKOCTEW CUMMETPUHN JETANIN AOJKHA COBMAIATh ¢ ocbhio XO;
e 1pu momomu onepanuu "BeimaBnuBanue” (B IBYX HampaBJieHUSAX Ha paccTosiHue 71)
II0JIy4a€M OCHOBHOE TEJO JETalH;



e BbhIOMpPaeM BEPXHIOIO MJIOCKOCTD JIETaIM M Ha HEW CTPOUM 3CKHU3 Ul 0OpE3KU KOHTYpa U
JIeTaIl U BBIPE3KU OTBEPCTHUIl (BTOPOH ICKU3);

e [Ipu nomouwy omnepauuu "Beipe3aTh 37€MEHT BbIIABIMBAHUEM' IOIy4aeM HapyXKHbIN
KOHTYp JI€Talli U OTBEPCTUS;

e Ha miockoctd XOZ cTpouM 3CKH3bl CEYEHHUH LIEHTPAJIBHOI'O OTBEPCTUS U KOJBLEBOI'O
nasa (TpeTuit 3CKH3), OCh 3CKH3a JOJDKHA COBIAJATh C IFIOCKOCTHI0 CAMMETPHH JICTAIIH);

e IIpu IoMouUM onepanuu "Bripe3aTs 37€MEHT BpalleHUs" MOJIy4aeM OTBEPCTHE U a3 B
TeJe JeTallu;

® Ha BEpXHEW MJIOCKOCTU JETAJIM BBIIOJHSIEM 3CKHU3 YIIyOJIEHUH B YEThIpeX OTBEPCTHSIX,
TaK 4TOOBI UX OCH COBIAAAIH C OCSIMHU OTBEpCTHil ©9;

e [pu NOMOIIM omnepauuu "BeIpe3aTb 31€MEHT BbIJABIMBaHUEM' Ha TIIyOMHY 9 MM
I10JIy4aeM 4EThIPE OTBEPCTUS;

® Ha BEpXHEH IUIOCKOCTHU JAETaad BBIIOJHAEM 3CKHU3 KOHMYECKOIO OTBEPCTHUS (IIATHIM
ICKH3);

e 1pu nomomu omnepauuud " Beipe3arh sneMeHT BbIIaBiIMBaHHEeM'" Ha TIIyOUHY 38 MM,
YCTaHOBUB yTroJl KOHyca 2 rpal. Mojay4yaeM KOHHYECKOE OTBEPCTHUE;

e it nonydenust MIIX netanu BBOJMM B COOTBETCTBYIOLIEE OKHO MaTepuan aerainun CU13
U TOJIy4aeM pacueTHbIe MapaMeTphl (KpaTKo): Maccy JAeTaiu, ee 00beM, HEHTP Macc U Jp.

IIpakTuyeckoe 3anaTue Ne 8.
Pa3zpa6orka anropurma nocrpoenusi 3D-moeiu cOOPOUYHOI eTMHUIIBI

Ilenv pabompri: O3HAKOMUTHCS C NPUHLUIAMU IOCTPOCHUSI COOPOYHBIX E€AMHHIL,
HaJIOKEHUSI MO3UILMOHUPYIOLIUX COMPSKEHUMN.

@opmynuposka 3adauu. Pazpabortarh anroputMm mnoctpoeHus 3D-monmenu cOOpodHOM
enuaUIbl B cucteme KOMITAC.

Memoouxa évinoinenus padomeot.

1. U3yunts ueptex cOopouHoit eauHuibl. [IponsBectu aHanu3 ee KOHCTPYKTUBHOU (POPMBI,
B3aMMHOE DACIIOJIOKEHHE JeTanel, BBIABUTH HEOOXOJUMOCTh HAJIOKEHMS MO3UIIMOHUPYIOLINX
conpx)KeHHﬁ3.

2. BbIsIBUTH NOCIENOBATENBHOCTh pa3MeIleHHs jJeTalell B cOOPOYHON eAMHUIE C TOYKH
3peHus MPaBUIBHOCTU U YA00CTBA HAJIOKEHUS MO3ULUOHUPYIOLIUX CBSI3EH.

3. IlogpoOHO onKcaTh aNroOpuTM CO37aHUs COOPOUHON €ANHUIIBL.

Ilpumep.

3ananme: CoctaBUTh anropuT™ nocrpoenust 3D-monenu coopounoit equHuIbl «CHEMHUKY.
Yeprex cOOpOUHON €TUHUIIBI TPUIIAraeTcs.

3 K NMO3UIUOHUPYIOIINUM  COIPSIKCHUAM, OIPCACIICHHBIM 06pa30M (l)I/IKCI/Ipy}OIIII/IM OJJUH 00BEKT OTHOCHUTEILHO
APYroro, OTHOCATCA: COBIIAJCHUC, KaCaHUC, COOCHOCTb, MNApaJUICIbHOCTb, HNEPINCHAUKYIAPHOCTH, PACIIOJOKCHUC
QJICMCHTOB Ha 3aJaHHOM PpAacCCTOAHHU, PACHOJIOKECHHUE JDJICMCHTOB IIOJA 3aJaHHBIM YTJIOM, CUMMETPUS, 3aBUCUMOC
TIOJIOXKCHHUC. COprDKeHI/Iﬂ MOT'YT HaKJIaJAbIBATbCs, PCAAKTUPOBATLCA W YAATIATHCA HE3AaBUCUMO APYT OT Apyra.
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Puc. 7.1. Ucxonnsiit ueptex cOopounoi eaunuipl «CbeMHUK». 1 — TpaBepca; 2 — 6onr (2
mT.); 3 — BUHT; 4 — py4Ka; 5 — Konb1o; 6 — msara; 7 — mrudt (2 mwr); 8 — mrudr (2 mr).

Pemenue.

1. bazoBoii geTanbio, KOTOpas ONpeeNsieT MOJI0KEHNE BCEX OCTANIbHBIX JleTalel,
BKITIOYCHHBIX B COOPKY, SIBIIsieTCs TpaBepca |. B kadecTBe y3110B MOTYT HCIIOIB30BAThCS pydKa 4 C
KOJIBLIOM 5 (COOCHOCTB, KacaHue), BUHT 3 C py4ykod B cOOpe (COOCHOCTb, pacloJIOKEHUE Ha
PacCTOSIHUMN), MOXKHO JIJIsl yI0OCTBA IMMOCTPOCHUS MOJIENTH TIPEABApUTENLHO cOOpaTh BUHT 3 C MATOM
6 (coocHOCTb, KacaHuWe) W JBYyMs IITHUPTaMU 7 (COOCHOCTb, PACIIOJIOKEHHE Ha PACCTOSHHM).
TpaBepca umeer (hopMy HENPaBUIHHOTO IIECTUTPAHHUKA C OTBEPCTHSIMH, HAa HEE HA/IO HAJOXHThH
MO3UIIMOHHBIE CBSI3U (MApajIeIbHOCTh ¢ KOOPAWHATHOM IIOCKOCTBIO, cUMMeTpusi). boater 2 (2
IIT.) JOJKHBI OBITh COPUEHTHPOBAHBI B TpaBepce | TpH IMOMOIIM COMPSHKEHUH COOCHOCTH W
COBIIAJICHUS, @ ITU(THI § MPU MOMOIIN CONPSHKEHUH COOCHOCTH M CUMMETPHYHOCTH, BHHT 3 B
TpaBepce 1 JomKeH OBITh COPUEHTHPOBAH B TpaBepce | MpHU MOMOIIM CONPSHKEHUN COOCHOCTH M Ha
PaccTOSIHUU.

2. [TocnenoBarenbHOCT TIOcTpoeHUs 3D-Moxenu cOopounHol ennHUTIBEI «ChEMHUK.

V3L

e BHHT 3 Cc pyukoil 4 ¢ KoJbLIoM 5 (OTAeNbHbIN (aiin cOopkH);
e TpaBepca | ¢ 6ontamu 2 u mrudramu § (2 mr.).

®aiin obureit coopku: TpaBepca 1, BUHT B cOope, msita 6, mrudr 7 (2 wr.).

3. AIropuT™m HOCTPOEHUSI MOJIENH.

V3en 1:

e co3zaarh daiin «Coopkay;

e 00aBUTh KOMIIOHEHT «BHUHT»;

e 00aBUTHh KOMIIOHEHT «py4yKa», HAJIOXKUTh CBSI3U COOCHOCTb U PACIOJIOKUTh Ha
PacCTOSIHUY;



I[OGaBI/ITI: KOMIIOHCHT «KOJIBII0», HAJIO’KUTH CBA3U COOCHOCTHh U KaCaHUC,

BOWTH B CBOHCTBA MOZICIIN U BBECTH HOMED y3Ji1a U €TI0 HAUMCHOBaHUEC.

Vien 2:

co3nath (aiin «Coopkay;

N00aBUTH KOMIIOHEHT «TpaBepcay;

N00aBUTH KOMIIOHEHT «00JIT», HAJIOXKHUTH CBSI3H COOCHOCTh U COBIIAJICHUE,

N00aBUTh KOMIIOHEHT «IITU(T», HAJIOKUTHh CBSI3M COOCHOCTh U CHMMETPUYHOCTD;
MIOBTOPUTH JICHCTBHS CO BTOPBIM IITUPTOM;

co3naTh MaccuB W3 Oonta M JBYX WTHU(TOB, CHUMMETPUYHBI OTHOCHUTEIHHO
IIJIOCKOCTH CUMMETPHUH TPaBEPCHI

BOWTH B CBOICTBA MOZICIIN 1 BBECTH HOMED y3J1a U €0 HAMMCHOBAHHUCE.

Coopka:

N00aBUTh KOMIIOHEHT «¥Y3el 2» U HaJIO0XKHUTh CBS3M MapalieIbHOCTh C
KOOPJMHATHOMU MJIOCKOCTbIO, CHAMMETPHS;

n00aBUTh KOMIOHEHT «¥Y3el 1» W HAIOKHTh CBS3M CHMMETPHYHOCTH U
pAacMoJIOKUTh Ha PACCTOSIHUU;

00aBUTh KOMIIOHEHT «IISTa» U HAJOXKUTh CBSI3U COOCHOCTDb U KacaHUE;

N00aBUTh KOMIIOHEHT «IITU(PT 8» U HAIOXKUTH CBSA3M COOCHOCTb M PACIOJIOXKUThH Ha
pPacCcTOSTHUU; IOBTOPUTH JCHCTBHS CO BTOPBIM IITH(PTOM;

BOMTH B CBOWCTBA MOJEIM ¥ BBECTH HOMEP COOpPOYHOM E€IWHUIIBI U €€
HAaNMEHOBAHUE;

CO3/aTh aBTOMATHUYECKU CHEIU(PUKALIUIO.



