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7. 3SAJAYU OITUMU3ALIMN B KOHCTPYUPOBAHUU U

TEXHOJIOTUHA PAJITMODJIEKTPOHHBIX YCTPOMCTB

7.1. PacueTHble COOTHOIIEHUS U (POPMYJIBI

Tabmuma 7.1
Bripaxxenue Howmep | Beipaxenue Homep
F(x;,....x,) — ext 7.1 0 < Ojpon 7.2
QjZQjLLOH 7.3 Ximin < X < Ximaxs izl,...,l’l 7.4
m m
F=%agq. 75 |Ya=1; 0<a;<I 7.6
]21 J J i=1
m
F= 7.7 Ma=1 7.8
J=1
' a %
Q] Q] aj =— ][ o]
q =———~= 7.9 o 7.10
. —Q; > a :[%]
J Q]e QJ j=1 J
F— max 7.11 oF / 0x,=0 ..., OF / 0x,=0 7.12

[Ipumeuanus. 1. Beipaxenuem (7.5) Taba. 7.1 monp3yrOTCs MPU BHITIOJIHEHUH YCIIO-
Bus (7.6), BeipaskenueM (7.7) — ycnosus (7.8).

2. Ilpu BBINOJIHEHWM HOPMHUPOBKM IOKa3aTesed MO COOTHOIIEHUIO (7.9) ycnoBueM
ONTUMAJILHOCTH PEIICHU sBIsieTcs BeipaxkeHue (7.11).

7.2. IlosicHeHue mapaMeTopoB

F —  meneBass (pyHKUMS — MaTeMaTHYECKOE BBIpAaKEHHE, 10 3HAYCHHIO KO-
TOPOTO CYAST 00 ONTUMAIBHOCTU KOHCTPYKIMHU WK MIPOLIECCa;

X1yenes Xn — ONTHUMH3UPYEMbIE NTAPAMETPbl — MapaMeTpbl, 3aMETHO BIIMSIOUINE Ha
3HaYeHue QyHKIUU F;

n —  KOJIMYECTBO ONTUMU3HUPYEMBIX IaPAMETPOB;

ext —  MUHUMYM WIH MakcuMyM GyHKIuH £ Boipaxkenus (7.1) B 3aBUCHUMO-

CTH OT TOTO, YTO SIBISETCS JIyYIIUM C TOYKH 3PEHUS TEXHHKO-
HKOHOMUYECKHUX CBOMCTB KOHCTPYKIUH WM IPOIIECCa;

X, oo X, — MHHAMAIBHOE M MAKCHMAILHOE JIOMyCTHMBIC 3HAUCHHS [-TO ONTHUMHU-

3upyeMoro napametpa; i =1,..., n;

O; — j-H TEeXHUKO-3KOHOMHYECKHH IoKazarenb (Jajee, MOKa3aTellb), SB-
JSIFOIIMKACS BaXKHBIM, HO HE BOILEIINM B IeNIeBYI0 QyHKIHIO F' 1 3a-
BUCSIIIMNA XOTSI OB OT OAHOTO ONTHUMH3UPYEMOTO TIapaMeTpa U3 Yuciia
Xloeees Xn 5

Ojron — JIOITyCTUMOE 3HAa4YEeHHE j-TO MOKa3aTelsis, He BOIIEIIIEr0o B COCTaB Iie-
nesoit ¢pyHkun F (mpenacrasiser co00i BEeCTBEHHOE YHCTIO);



2
—  0e3pa3MepHOE HOPMHPOBAHHOE 3HAUCHUE j—TO MOKA3aTes;

J
o . —  BecoBo# koo GuuueHT j—ro nokazarend (0 <a;<1);

J
m — KOJIMYECTBO pacCMaTPUBAEMBIX TIOKA3aTeNeH;

i . :

Qg-) —  Tekymee (B i—M BapHaHTE) 3HAYCHHE j—TO IMOKA3aTes;

* .
Q j —  KpUTHYECKO€ (JOIyCTUMOE) 3HAUE€HUE j—TO MOoKa3aTes;
Q je IKCTPEMATBHOE, HO PEATbHO TOCTIKUMOE 3HAYCHHE j—T0 MMOKA3aTes,
a ;[%] —  abcod0THOE 3HAYeHUE BECOBOr0 KOA(PHIlMeHTa j-ro moxkasaress, yKa-

3aHHOC 3aKa349YMKOM M BBIPA)KCHHOC B ITPOICHTAX.

7.3. TunoBble npuMepsbl

IIpumep 7.1. POV Brimoudaer Tpu cocTaBHBIX dneMeHTa (61moka). Tpebyercs meto-
JIOM JWHAMUYECKOTO IMPOTHO3UPOBAHUS OMNPEACIUTh KOJIUYECTBO PE3EPBHBIX 3JIEMEHTOB
KaXJI0ro BHAA, 00ECMEUMBAIONINX 3aJaHHBIN YpOBEeHb HajaexkHocTu PDY, a muMeHHo: s
BEPOSITHOCTH OTKAa3a ¢ B TE€UEHHUE 33JaHHOIO0 CyMMapHOI'0 BPEMEHHU paboThI t; JOHKHO BbI-
noiaaTees yeiosue ¢<0,025; cymmapHas CTOMMOCTh pe3epBHpPYEMOro ycrpoiictBa 1]

JOJKHA OBITh MUHUMAJIbHOU. BeposTHOCTH OTKa3a U CTOMMOCTb, MIPUXOASIINUECS HA OJUH
aneMeHT (0JIOK), MpUBeIeHbI B Ta0M. 7.2.

Tabnuia 7.2
IeMEHT BepositHOCTh OTKa3a CTouMOCTb dJIEMEHTA,
DJIEMENHTa, ¢ . Hi (ycn. en.)
1 0,2 5
0,1 4
3 0,15 3
Pemenue. Cxema yCTpOMCTBA C YUETOM pe3€pBUPOBAHUS NTpUBEACHA Ha puc. 7.1.
1 2 3
— | ' | [
I
7'1 I/'2 rjs
1 2 3

Puc. 7.1. Cxema pacyera HaJie:KHOCTH yCTPOICTBA

Kak cnenyet u3 ycnoBus npumepa, B KauecTBe 1esieBoit GpyHkuuu F Beipakenus (7.1)
paccMaTpuBaeTCsi CyMMapHas CTOMMOCTb pPE3EpBHUPYEMOro ycTpoicTBa, T.e. F'= 1. On-
TUMaJbHOMY PEIIeHUI0 OyAeT COOTBETCTBOBATH ycioBue L[ — min .

TexHuKO-5KOHOMHYECKUM TOKa3aTeneM ();, HE BOLICAUINM B LEJIEBYI0 QyHKIMIO F,
SABJISIETCS YPOBEHBb HAJIEKHOCTU PE3EPBUPYEMOro yCcTpoiicTBa. B 3TOM kadecTBe paccmar-
puBaeTcs BEpOSITHOCTh OTKa3a yCTPOMCTBA 3a BpeMs t,, MpUYEM JOJKHO BBIMOTHITHCS
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orpanuueHue (7.2) , B HamreMm ciny4dae ycnoue ¢ <0,025. OntumMusupyeMbIMU mapaMeTpa-

Mu x,(i=1,...,n) BeIpaxkenus (7.1), Kak cieayeT U3 YCIOBUS IIpUMEpPa, SIBIISIFOTCS BETUIUHBI
r, i=1,...,3 (cMm. puc. 7.1).

[Ipu peanwmszanuu MeTOJa JMUHAMHYECKOTO MPOTPAMMHPOBAHWS HA TIEPBOM Iare B
aHaJIM3 BKJIFOYAaeM 3JIeMEHTHI 1-ro u 2-ro BUIOB. Jlaiee paccmMaTpuBacM BapHaHTHI pellie-
HUH, TTOJTYYE€HHBIX U3 3JIEMEHTOB 1-T0 U 2-r0 BUIOB, U CTPOUM Tadd. 7.3.

Tabmuma 7.3
XapaKTepUCTUKU XapakTepUCTHKU JJIs 3J1€MEHTA BUia 2
JUISL DJIIGMEHTA r. =0 r.o =1 r.=2 r, =3
Buja 1 2 2 2

0,1/4 0,01/8 0,001/12 0,0001/16
" =0 0,2/5 0,3/9 0,21/13 0,201/17 0,2001/21
r =1 0,04/10 0,14/14 0,05/18 0,041/22 0,0401/26
r, =2 0,008/15 0,108/19 0,018/23* 0,009/27%** | 0,0081/31%***
r=3 0,0016/20 0,1016/24 0,0116/28 0,0026/32%*:* 0,0017/36

B siueitkax ta6ma. 7.3 uHdopmarus, 3anucaHHas B BUJI€ MPOCTON ApoOH, 03HaYaeT clie-
Jyroliee:

YUCIIUTENh — CYMMapHasi BEPOSITHOCTh OTKa3a 3JIEMEHTOB 1-r0 ¥ 2-T0 BUJIOB C y4ETOM
Pe3EPBUPOBAHKA, | , ;

3HaMEHaTeJIb —CyMMapHasi CTOMMOCTh 3JIEMEHTOB 1-ro M 2-TO BHJIOB C YYETOM pe3ep-
BUpoBaHus, [ E
b

3HaueHUs q,, M i |» TOJICYUTAHBI 110 dbopmynam

r+1 ri+l r,+l r o+l o+l o+l
1 g 2T T 1T T
1 2 1 2 1 2

0, =1, d+r)+1, (+7,),

— KOJIMYCECTBO PC3CPBHBIX JICMCHTOB COOTBCTCTBCHHO 1-ro u 2-ro BHUOB.

41’2 =q

rne 1,71,

N3 tabn. 7.3 BUAHO, UTO B aHAJIM3 Ha BTOPOM IIare CiaeAyeT BKIIOYHUTH SUEHKH (Bapu-
aHTHI), TOMEUYCHHBIC 3HAKaMU «*».Kakaplli U3 3TUX BapHaHTOB Ha BTOPOM Iirare OyJeT pac-
CMaTpHUBAThCS KaK OJIHA KOMIOHEHTa. [IpuuemM, siaelika, MOMEUYeHHAs Kak «***%y) ¢ mamoii
CTETICHBIO PUCKA MOXXET M HE BKJIFOYATHCS B JATBHEUIINI aHAJIA3, IIOTOMY YTO MPUMEPHO
MIPU TOM K€ CTOMMOCTH OHA 3aMETHO YCTYyTaeT ssuerke «***) 1o ypoBHIO HAJEKHOCTH.

B nanHOM ciydae u3 T1abm.7.3 1y aHalM3a HA BTOPOM Iare B3SITHI YETHIPE SUCHKH.
[Ipu BOBHUKHOBEHUU COMHEHUH B JJOCTATOYHOCTH BBHIOOpA siUEEK IS JAIbHEUIIIETO aHaJu-
3a Tabs1. 7.3 no/wkHa Obu1a OBITH MPOJO/IKEHA BHU3 (IpU 7y = 4) 1 BIpaBo (P r, =4) U C

Y4E€TOM 3TOr'0 BHIOPAHbI BAPUAHTHI AJIs JAIbHEHUIIEro aHaIK3a.

Ha BTOpoM 1iare B aHanu3 BKJIIOYAEM AJIEMEHT BUJA 3 U CHOBAa pacCMaTpPHUBAEM JIBE
KOMITOHEHTBI, & UMEHHO: COBMECTHOE PEIICHHE 10 IeMeHTaM | U 2, T.e. SuehKH, TOMEYCH-
HBIE 3HAKAMH «*», W DJIEMEHT BHJA 3.

3aTeM cTpouM TabJIUIly C yYE€TOM OTMEUEHHBIX IBYX KOMIOHEHT (Tabm. 7.4).



Tabmauua 7.4

XapaxreprcTixu BapuanTs! u3 tabma. 7.3
e p— " =2; ry =1 " =2; r, =2 =3 ;=2 r1=2; 1,=3
BUJA 3 0,018/23 0,009/27 0,0026/32 0,0081/31
ry =0 015/3 0,168/26 0,159/30 0,1526/35 0,1581/34
ry =1 0,023/6 0,041/29 0,032/33 0,0256/38 0,0311/37
ry =2 0,003/9 0,021/32 0,012/36 0,0056/41 0,0111/40

Nudopmarus tabn. 7.4 nmomyyeHa ¢ UCTONb30BaHUEM (HOPMYIT
7, +1 7, +1 r +1'
N23~ 9y ~Nhp*4y  ~Npdy  Fhotdy o o

H1,2,3 :Hz :H1,2 +H3 -(1+I"3),

rac r, — KOJUYCCTBO PE3CPBHLIX 3JICMCHTOB 3-ro BUAA.

3
N3 tabn. 7.4 BUIHO, 4YTO ONTUMAIILHOMY PEIICHUIO OTBEUAET BapUAHT (sTueiiKa)
ro=2,r,=1;r,=2.
1 >0 2 >3
IIpu »TOM CcymMMapHasi CTOMMOCTb PE3EPBUPYEMOIrO0 YCTPOMCTBA cOCTaBisieT 32
yCI1. €/I., a BEpOSITHOCTh O0TKa3a ycrpoiictea ¢ =0,021.

Hpumep 7.2. [Ipennpusitue noayduio 3aka3 Ha u3rotosienre 1000 meyaTHbIX TIAT.
OTU U3enusi MOTYT ObITh M3TOTOBJICHBI IByMs TEXHOJIOTHYeCKUMU criocobamu. [Ipu usro-
TOBJICHHH TIEPBBIM CIIOCOOOM 3aTpaThl S ISl MPEANIPUSATHS PABHBI

S, =2+04x, +0,3xf yeIL. e,

a TIPU U3TOTOBIIEHUU BTOPHIM CIIOCOOOM

2
52 =1+1,2x2 +O,1x2 yCIL. €.,
Tae X, X, — KOJNMYECTBO MEYATHBIX TIIAT, H3TOTOBJICHHBIX COOTBETCTBEHHO Mep-
BBIM M BTOPBIM CIIOCOOaMHU.

TpeOyeTcst ompenenuTh, CKOJIbKO IUIAT CJIEIYyET M3TOTOBUTH KAXKIBIM U3 CIIOCOOOB,
yTOOBI CyMMAapHBIE 3aTPaThl IPEANPUSITHS ObLITH MUHUMAIbHBIMH.

Pemenne. 1. V3 ycnoBusi mpumMepa BUIHO, YTO B KayecTBe lieJeBOM (PyHKIUU F BbI-
CTYNalT CyMMapHBI€ 3aTpaThl MPEANPUATHS HAa M3TOTOBJICHUE MAPTUU MEUYATHBIX IUIAT B
konudecTBe 1000 mt. [IpryueM JOKHO BBIIOIHATHCSA YCIOBUE

F:S1 +S2 —min.
2. TeXHUKO-D)KOHOMHYECKHX II0Ka3aTeleil, Ha KOTOPbIE HAKJIAABIBAIOTCS OrPaHUYEHUS

Buja (7.2) unu (7.3), B JaHHOM clly4ae HeT.

3. OnTUMU3HPYEMBIMH TApaMETPaMHU SIBISIOTCS X HX, .

CornacHo ycCJIOBHIO ITpUMEpPA HA MapaMeTphbl X, M X, JIOJKHEI OBITH HAJIO)KEHBI OT-
paHUYCHHUS

X, +x, =1000, (7.13)
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X 15X, >0. (7.14)

4. C yuerom 3arpar S B S , lenesas byHnkuusa F npeacrapisieTcs: Yepe3 ONTUMH3U-

pyemble TapaMeTpbl X | U X, BBIPAKEHHEM

F=8 +8, =2+O,4x1+0,3x2+1+1,2x +0,1x% =3+04x, +03x +12x. +0,1x% . (7.15)
1 2 2 1 1 2 2

5. MaremaTtru4deckas MOCTaHOBKA 3aJa4Ml COCTOUT B OMMpCACICHUN TaKHUX 3HAYCHU U .Xl

W X, , IPH KOTOPBIX LeseBas ¢bynkuus (7.15) munumaneHa npu yenoBusx (7.13) u (7.14).

6. CHauana HaiiileM peleHue 3aJjaui YUCTO aHAJTUTUYECKUM CIIOCOO0M, CBOJIS HCCIIe-
JIOBaHUE Ha YCJIOBHBIA SKCTPEMyM (QYHKIHMH F K MCCIEIOBAHUIO Ha O€3yCIIOBHBIN IKCTpe-
MyM (QYHKIIUH

F, =3+04x, +03x% +12(1000-x,)+0,1(1000—x )>.
1

Oyukmus  F | TonydyeHa TyTEeM IOJCTAHOBKH B ypaBHEHHE (7.15) BbIpaxkeHus

X, =1000—x1 , HaiiienHoro u3 ycnosus (7.13).
Haiizem craliiOHapHYIO TOUYKY xT Gyukpn F | ¥3 ycroBus dF ) / abc1 =0.
a’Fl /dxl =0,4+O,6x1 —1,2—0,2(1000—x1):O WITH
0,8x1 —-200,8=0,

*
OTKy/a X =251.

CiieoBaTenbHO, x; =1000— x; =749

’F
% * (V)
Tak kak —2(x1’x2) >0, o pyukuus F (cMm. (7.15)) B HaWJACHHBIX TOYKAX MMEET
X
1
MUHUMAaJIbHOE 3HAUYCHUE.
7. Haiinem pelieHue 3agauu METOJIOM CiIydaiiHOro noucka Ha OBM [1, c.244 |.
Pesynbrarel pemenus npu mare noucka £2=0,0001:

X =251,06; X, =748,94; F=76002,6.
C y4eTom 1eN0YNCIEHHOCTH BETNYUH X, M X, NpHHUMaeM
=251; x =749.
201t

X
1ont

Kak BuanM, 3Tv 3HaY€HUsI COBMANIAIOT C pe3yJbTaTaMH PELICHMUS, TOJYYEeHHBIMU pac-
YETHO-aHATUTUYECKUM CIIOCOOOM.

IMpumep 7.3. POC nerarenpHOro ammapara BKJIOYaeT deTbipe Onoka. OTKa3 0JHOTO
u3 HUX npuBoguT K oTkazy POC B uenom. [Inst nosbimenust HagexHoctn POC moxer uc-
MIOJTb30BAThCS Pa3ICIbHOE PE3ePBUPOBAHUE 3aMEIIEHUEM IS Kakaoro 0ioka. C mo3uimii
3akazunka (morpebutens) POC BaxHEHITUMU SIBIAIOTCS TaKM€ TEXHUKO-3KOHOMUYECKHE
HoKa3aTeNu, KaK HaJeKHOCTh (BEPOATHOCTh 0€30TKa3HOM paboThl P 3a 3aJaHHOE Bpems),
macca M, rabaputel V' u croumocts C. 3HAUUMOCTh HAJEKHOCTU COCTABJISIET MPUMEPHO
100%, maccel — 80%, rabaputoB — 60%, croumoctu —30%.
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TpeOyeTcst onpenenuTh, Kakoe YUCIIO PE3ePBHBIX OJIOKOB KaXJI0r0 THMa HE0OX0IUMO
MPEeIyCMOTPETh, YTOOBI B COBOKYITHOCTH OOECIEUNUTh ONTHUMANbHBIC (JTy4IllHe) 3HAUYCHUS
yKa3aHHBIX TEXHUKO-dKOHOMHUYECKHX mokazarenend st POC B uenom. B tabn. 7.5 mpuse-
neHa nHopMmaius o OJ0Kax.

Tabmuma 7.5
biok 3HauCHUs XapaKTEPUCTUK, MPUXOISIIMXCS HA OJIUH OJIOK
Hanexnocts( P, ) | Macca (ml. ), kr | O0Bem (vl. ), M CroumocTts (c¢;)
1 0,93 2,3 3 75
2 0,80 1,0 5 45
3 0,99 2,5 3,5 35
4 0,95 1,5 4,2 62

B T1abn.7.6 npuBeneHsl KpuTudeckue (MpeAenbHO AOMYCTUMBIE) 3HAYEHUS TEXHUKO-

*
HKOHOMUYECKHUX IMOKa3aTeneu Q ] , YKa3aHHbIC 3aKa39YNKOM.

Tabauma 7.6
IToxazaTenn P M, xr V, e C, yci. eq.
3HaueHue 0,9 30 50 1000

Pemenue. 1.Tak kak 1o ycCioOBHUIO NpUMEpa B TOW WM MHOW CTENIEHU Ba)KHBI BCE 4e-
ThIpE TEXHUKO-3KOHOMHUYECKHE ToKazaress, TO chopmMupyeM leneByro (yHKIHUIO B BUIC
BbIpaxeHus (7.5).

[Tonyuum F=0LPPO +OLMM0 +OLVVO +OLCC0, (7.16)

e o I BECOBOM Koaduument j-ro mokazarens, j— P, M,V ,C.

Nunexe «0» o3HaydaeT, 4to OEpyTCs HOPMHUPOBAHHBIC 3HAYEHUS COOTBETCTBYIOIIMX
TEXHUKO-3KOHOMUYECKUX TMOKa3zarened. DTH 3HaYeHUs ISl TeKyllero (i-ro) BapuaHTa pe-
nieHus OyieM OIpeeNsaTh Mo BeipaxeHuto (7.9).

HopmupoBaHHbIe 3HaU€HUs TEXHUKO-3KOHOMHUUYECKUX nokazareneid P, M, V, C Bkito-
YyeHbI B meneByto ¢yHknuto (7.16). Oqnako Ha camu nokaszarenu P, M, V, C n1omKHBI ObITH

HaJoXeHbl orpannyeHus. C ydyeroM (pU3MYECKOM CYIIHOCTH 3THUX IOKa3aTesied U JTaHHBIX
Ta0J1.7.6 BUJ 3TUX OTPAaHUYECHUN JOJIKEH OBITh TAKUM:

P>0,9; M<30«&r;V<50 qv>; C<1000 yer. en.
2. BecoBbie k03 punmeHTsr oL ; byskmum (7.16) ompeaenum HMCXOAs W3 3HAYUMO-

CTU TEXHUKO-DKOHOMHUYECKHX TOKa3aTeseil, yKa3aHHOMW 3aKa3uuKoM, U yciioBus (7.6).
Jlnst mojcuera 3HaYeHUN QL j BOCIOJIb3yeMcsl BeipaxkeHueM (7.10).

[MTonmyuum o, ~0,37; o M ~0,3; o, ~0,22; a, =0,11.
3. Jlus moacdyeTa HOPMUPOBAHHBIX 3HAYEHUW MOKA3aTEJIed HMCIOJIb3YEM BBIPAKECHHUE
(7.9). Hast storo onpenennm Q je U1l Kaxxaoro 3 Hux. Jist nokazarened M, V u C npu-

MEM 3HAa4YeHUsI, COOTBETCTBYIOIIUE CIIyYar0 OTCYTCTBHUS PE3EPBHBIX OJIOKOB.
[Tonw3ysachk naHHbIMH Ta0J. 7.5, HAX0AUM
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Me =7,3kr; Ve =15,7 ,HM3 ; Ce =217 ycn. en.
Jlnst mokazatens P (BepoaTHOCTH 0€30TKa3HOM paboThl) MpuMeM Pe =1.

4. HeTpy1HO yCTaHOBUTH, YTO ONTHUMHU3UPYEMBIMU MapaMeTpamMH B IaHHOM IpUMEpe
OyAyT SIBISTBCS: 7, — KOJMYECTBO PE3EPBHBIX 0J10KOB Kaxxoro tuma, i=1,..,4. YcraHo-

BHUM Ha rl - ,r4 orpanuuenus suna (7.4).

VYuuTeIBass 0COOCHHOCTH PE3CPBHUPOBAHNA, ACHO, 4YTO rimin =0. 3naueHus rimax

*k % *k
HaiIeM MCXO0/Is M3 TOro, YTOOBI He ObLIM IpeBbilieHbl 3HaueHuss M , V' u C |, ykaszaH-
Hble B Ta0:1.7.6. [lomyuum

*
My M -M, 30-73
P M) e 20710 98759,
Imax m, 2,3
AHaJIOTUYHO r ") =11; r (€) =10.
Imax Imax
B kauectBe Flmax 'PUHMMAEM MEHbIIEE 3HAYCHUE M3 TPEX MOIYYEHHBIX, T.C.
"lmax ~
IIpuMeHsst pacCCMOTPEHHBIN IMOAX0, HAXOAUM ¥y max =6; "3 max =9;r Amax =8.
5. IlpencraBum Tekyume 3HaueHust P, M, V u C yepe3 oNnTUMU3UPYEMBIE MTapaMeETPhI
rl ,...,r4 .

Jlornueckas cxema (MO,Z[CJ'IB) pacd€Ta HaJAC)KHOCTH POC ¢ Y4C€TOM PC3CPBUPOBAHUA

MMEET BUJI, IOKa3aHHbIN Ha puc.7.2.
bynem cunrtath, 9TO OCHOBHBIC W PE3EPBHBIC MJIIEMEHTHI OJUHAKOBBI, & PE3EPB HATPY-

JKEHHBIH.
Wcnonb3ys npueMbl aHanuza 6e30Tka3HocTd POY npu Hanmuuum pe3epBUpOBaHUS 3a-

MEIIIEHUEM C Harpy>KeHHBIM PEXUMOM pPabOTHI pe3epBHBIX AmeMeHToB [, ¢.203 — 205],
MOy YUM

r. +1 r +1 4 r. +1
P=(1-(1-p) 1 )ull=(1-p,) 4 H=TTA-(1-p )7 ).
i=1

1 2 3 4
— — — I —
| I | | I |
l"l l"z r3 l"4
1 2 3 4

Puc. 7.2. Jlornueckast cxema pezepupyemoro POC

Hns mokazareneit M, V, u C o4eBUAHBIM SIBISICTCS CIEAYIOIIEE:



4 4 4
M= Zmi (1+r.); V:ZVZ. (+r);  C= ZCZ. (1+7.).
i=1 i=1 i=1
6. YTOUHsIEM yCIIOBHE ONTUMAIbHOCTH 1Sl BeIpaxkeHus (7.5). Tak kak B HEM UCIOJb-
30BaHbl HOpMUpOBaHHbIE 3HaueHus M, V, u C, TO yCJIOBHEM ONTUMAIBHOCTHU SIBIISICTCS
F—max.
7. Peaniuzyem MeToj ciiyyaiiHOTO noucka [ 1, c.244 — 248].

PeBy.]'II:-TaTBI PCUICHUA Ha 9BM ¢ Y4€TOM HCJIOYUCICHHOCTU IMapaMETpPOB I"l ,...,7”4

TAaKOBBbI:

r =1; r =2; r =0; r =I.
1 2 3 4

Ipumep 7.4. JIns uzrorosieHus Hecymux KoHCTpykimii POY tpex tumos (A, B, C)
HEOOXOAMMO BBITIOJTHUTh MEXaHUYECKHE, NEKTPOXUMHUYECKHE, MOHTaKHO-COOPOYHBIE pa-
60Thl. CpeiHue 3aTpaThl BpPEMEHH, IPUXOIAIINECS HAa OJHO M3JEIMe KaXJI0ro THIIA 110 Ka-
XKJI0MY THUITy paboT, yka3zaHsl B Ta0n. 7.7. B Heil ke yka3zaH oOumii Mmecsiunblil poHx pado-
Yero BPEMEHH IO KaKJOMY BUAY padoT, a TaKKe MPUObUIb OT pealu3allii OJJHOTO U3EIIH.

Tabnuua 7.7
3aTparbl BpeMeHH (4en.-4), OO0t MecsYHbII
Bun padot NPUXOSIINECS Ha OTHO U3JIEIIHE donn pabouero
A B C BpEMEHH (4e.-4)
1. Mexanuueckue 5 1 3 1408
2. DIEKTPOXUMHUYECKHUE 4 2 1 704
3. MoHTaxHoO- 3 4 2 880
cOOpoUHBIC
[TpuOsuts (YCiu. ex.) 10 14 12

Tpebyercs onpenenuTb, CKOJbKO M3AETUN U KaKOro BHJA CIEAYyeT U3rOTOBUTH MpE-
NOPUATHIO B TJAaHHOM MecsIie, YTOObI MPUOBLIL OT peanu3anuu Obuia MakcuManbHoi. [1o roc-
3aKazy MpeAnpusITUE TO0HKHO U3roToBIATh HE MeHee 100 uznenuit Tuna A B Mecsiil. Ha u3-
TOTOBJICHUE APYTUX U3EIUIA HE UMEETCSl HUKAKUX OTPaHUYCHHM.

Pemenue. 1. [Ipeanonoxum, 4To OyAeT U3TOTOBICHO X | CAMHHIL THIIA A, X, —Tana

B, x, —tuna C. Torga a1 U3roTOBJICHUS TAKOTO KOJIWYECTBA U3ICIUN Tpe6y10Tc;1 3aTpa-

3

TUTH 5x1 X, + 3x 5 U€I.-1 HA BHITOIHEHNE MEXaHUIECKHUX pabor.

Tak xak o0muii MecstuHblid (HoHA pabodero BpeMEHH JUIsl UX BBIMOJHEHUS HE MOXKET
npesbiaTh 1408, JOMHKHO BBINOIHATHCS OTPAaHUYEHHE

5xl +x2 +3x3 <1408.

AHaJIOTUYHBIE PACCYXKIEHUS OTHOCUTEIHLHO BO3MOXKHOCTHU BBIMIOJHEHUS JICKTPOXHU-
MUYECKUX U MOHTaKHO-COOPOUHBIX pabOT MPUBEAYT K HEPAaBEHCTBAM

4x1 +2x2 +X 4 <704 ; 3x1 +4x2 +2x3 <880.

ITockonbKy eXeMeCsYHO TpeAnpUusITHE 00s53aHO M3roTaBiuBaTh HE MeHee 100 uzme-
Ui THNAa A ¥ KOJIMYECTBO U3TOTaBIMBAEMBIX U3/ICTUN HE MOXKET ObITh OTPUIIATEIBHBIM, TO
JIOJKHBI BBITIOJIHSITHCS TAKXKE YCIIOBUS
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X, >100; X, >0; X >0.

Cymmapnas npu0bLib [1 oT peanuzanuu x, usnenuit tuna A, x ., usaenuii Tuna B u

1 2

x3 n3nenui tamna C:
H:10X1 +14x2 +12x3 .

Takum 06p330M, MaTCMaTHYCCKasd IIOCTAaHOBKA 3aJa4i TaKOBa: UMCCTCA CUCTEMaA

5x, +x, +3x, <1408;
4x, +2x, + x; <704,

(7.17)
3x, +4x, +2x,; <880;
x, 2100
YeTBIPEX JINHCHHBIX HEPABEHCTB C TPEMsl HEM3BECTHBIMH X |,...,X; U JIMHEHHas IeJeBas
(QYHKIHS OTHOCHTENBHO TUX JKE IIEPEMEHHBIX:
F=T1=10x +14x, +12x,. (7.18)

TpeOyeTcss HalWTH TaKWe HEOTPUIIATEIbHBIC 3HAYCHHS IMEPEMEHHBIX, paccMaTpUBae-
MBIX KaK ONTHMH3UPYEMBIC TTapaMETPhI, IPU KOTOPhIX GyHKIWMS (7.18) mpuHIMaeT MakcH-
MaJbHOE 3HaUEHUE, HO MIPHU 3TOM BBIMOJHSIOTCA orpanndeHus suaa (7.17).

Tak kak Qyskius (7.18) comepKUT TOIBKO JUHEHHBICE HEPABEHCTBA, CHOPMYIUPO-
BaHHAs 3aja4a SIBISICTCS 33Jladeil JIMHEHHOTO MPOTPaMMHUPOBAHUS U MOXKET OBITh pericHa
METOJIOM JIHHEWHOTO MPOTPAMMHUPOBAHUS.

Opnako moaoOHBIE 3a7aud MOTYT OBITH PEIIEHBI M METOJaMU HEJIMHEWHOTO MpPOo-
rpaMMHpoOBaHus. PemmM chopMyTupOBaHHYIO 3a/ladyy METOJOM CIIy4ailHOro TMOHMCKa Ha
OBM [1, c.244 — 248].

LeneBast pyHkums onpenensiercs BoipaxkeHueM (7.17). OyHKIMH, 3a4ar01HUE OTPaHHU-
YeHHe, OMUCHIBAIOTCS IEPBBIMU TPEMsI HEpaBeHCTBaMH cucTeMsbl (7.16).

AHanornyHo npumMepy 7.3 ompenesnsieM OorpaHUYeHUs, HAKJIaAbIBaeMble Ha ONTUMU3H-

pyemble MapaMeTpbl X, X, H X .
Pe3ynbrarhl pemieHuss ¢ y4eToM IICJIOYMCIICHHOCTH ONTHMHU3HPYEMBIX IMapaMeTpoB
X | 55X 3 TAKOBBL:

x, =100; X, =0; x3=290.

7.4. 3amaun Uisi CaMOCTOSITEIBHOTO PEIICHUS

7.1. Tlpennpusarue nonayuusio 3aka3 Ha uzroroBiieHue 1000 3IEKTPOHHBIX HU3MEPH-
TeAbHBIX TPUOOPOB. OHU MOTYT OBITH U3TOTOBJIEHBI TPEMSI TEXHOJIOTMUYECKMMH CIIOCOO0aMHU.
[Tpu M3roToBICHUH MEPBBHIM CIOCOOOM 3aTpaThl S AJIs MPEANPUATHS PABHBI

S; =100+ 2x;+ 1,5x,> ycren.,
l'IpI/I HU3TOTOBJICHHUHA BTOpBIM CHOCO6OM

S,= 150 + 1,5x, + 1,2x,° yemen.,
IIpHU U3rOTOBJICHUHU TPCTHbUM CHOCO6OM
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S3=200+ 1,3x; ycn.en.,
TZ€  Xi, Xz, X3— KOJIMYECTBO IPUOOPOB, U3TOTOBJIEHHBIX COOTBETCTBEHHO NEPBbIM,
BTOPBIM U TPETHUM CIIOCOOAMH.

Tpebyetcs onpeaenuThb, CKOJIbKO MPUOOPOB ClIeTyeT U3TOTOBUTH KaXKIbIM CIIOCOOOM,
YTOOBI CyMMAapHBbIE 3aTPaThl IPEANPUATUSI ObUIM MUHUMAJIbHBI. 3a/1auy PElIUTh YUCTO aHa-
JUTUYECKUM CIIOCOOOM.

7.2. Pemutsh 3amauy 7.1 metogom ciyvaitHoro novcka Ha OBM, ncnomnb3ysi peKoOMeH-
Januu padoTsl [3].

7.3. JInsi U3rOTOBICHUSI M3MEPHUTEIBHBIX MPHOOPOB TPEX THUIOB (0003HAYMM HMX Kak
A,B,C) HeoO0X0IMMO BBIMOJHUTh MEXAHHUYECKHE, MOHTa)KHO-COOPOYHBIE M PETYIUPOBOU-
Hble padoThl. CpeHue 3aTpaThl BPEMEHHU, NPUXOASIIMECS Ha OJAUH MPUOOp Ka)xJI0ro THUIa
Mo Ka)xJ0My BUIY paloT, yka3aHbl B Tabn. 7.8 . B Hel Takke ykazaH oOUIuil MECSYHBIN
¢doHa pabouero BpeMeHH Mo KaKI0My BUAY padoT, a TaKkkKe MPUOBLTb OT pean3aiuy OTHO-
ro npubopa.

Tabnuna 7.8
3aTparbl BpeMEHHU (4e.-4), OO0mmii MecsTYHBIN (OHT
Bun pabot MPUXOJISIIAECS HAa OJIUH TPUOOP pabouero BpeMeHH (4e.-9)
A B C

1. Mexanuueckue 25 55 32 2816

2.MoHTaxxHo- 40 30 64 2012

cOOpOYHBIC

3.PerynupoBounsble 16 8 30 880

[TpuObLb, yeu.en. 27 21 38 —

Tpebyercs onpenenuTb, CKOIBKO MPUOOPOB U KAKOT0O BUAA CIIELyeT U3rOTOBUTH IPE-
NPUATHIO B JAHHOM Mecslle, YTOOb! MPUObLIL OT peanu3anuu Obula MakcuMaiabHou. Ha u3-
rOTOBJIEHUE NMPUOOPOB KaXJIOT0 BUAAa OTPAHUYCHMSI HE HAKIAIbIBAIOTCA. 3a1ady pPELIUTb
AHAIUTUYECKUMHU [IPUEMAMU.

7.4. Pemnts 3amauy 7.3 B IPEIONIOKEHUH, YTO MO TOC3aKa3zy NPEINPUSATHE JOTKHO
W3TOTOBUTH TPHOOpHI BUI0B A,B,C COTIacHO JJaHHBIM Tab. 7.9.

Tabmuma 7.9
Bapuant | 2 3 4 5 6 7 8
l'oc3aka3 Ha m3-| A - 50 80 - - - 100 100
TOTOBJICHUC B 100 80 - - 50 200 - -
puOOpoB C - - - 30 10 - 50 -

[Tpouepk B Tabn. 7.9 o3HauvaeT, 4YTO HA JAHHBIN THUIT TPUOOpPA HUKAKUX OTPAHUYCHHH
HE HAJIOKEHO. 3a/1ayy pelIUTh AHATTUTUYECKUMU TPUEMAMH.

7.5. Pemnts 3a1auy 7.3 METOAOM CllydallHOro nmoucka Ha 9BM, ncnoib3ysa pekoMeH-
nanuu padotsl [3].

7.6. Jlns BapuaHTa, yKa3aHHOTO IIPENOJAaBaTEIeM, PEIIUTh 3a7a4dy 7.4 METOIOM Ciy-
yaitHoro rnoucka Ha OBM, ucnons3ys pekomenaanuu paboTtsr [3].

7.7. MeTtogomM AMHaAMUYECKOr0 IPOrpaMMUPOBAHHUS ONPEIEIUTD, ¢ KAKUMU IIPOU3BOL-
CTBEHHBIMH JIOITyCKaMH JOJDKHBI OBITH MapaMmeTpsl 37eMeHToB R,L u C, 94To0bI IIpH TapaH-
TUpoBaHoW BeposTHOcTH 0,95 obecneunBanoch TpeOOBaHUME K TOUYHOCTH BBIXOJHOTO
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nmapamMeTpa y, a CyMMapHast CTOUMOCTB 3JICMCHTOB IIPpHU 3TOM OblIa MUHUMAaJIbLHOM. Mare-
MaTH4YCCKasa MOJCIIb U BBIXOJHOI'O IMapaMeTpa.

y =100+ 15R—-10L -5C+7RC

rae R — B8 Omax, L — B MkI'H, C — B nD.
HoMuHanbHble 3Ha4€HUS TapaMETPOB JIIEMEHTOB:

R=1000m; L=20wmxl'n; C=220nd.

Tpe60BaHHe K TOYHOCTH BBIXOOHOI'O IIapaMeTpa:
A
5(X) <10%.
Yy

3aTparhl, TPUXOALIMECS HAa KaXKJbIA MPOLICHT MOBBIIIEHUS TOYHOCTH MMapaMETPOB
AJIEMEHTOB, YKa3aHbl B Ta0. 7.10

Tabmuua 7.10 IIpu pemennn 3anauum
3arpaTsl, IPUXOAAIINECS HAa KayKIbI y4€eCThb JIACKPETHOCTH
DNeMEeHT IIPOLIEHT IIOBBILICHUSA TOYHOCTH MIPOU3BOACTBEHHBIX J0-
rapamerpa, yCi.eJ. IIyCKOB, yCTaHaBIIUBae-
R 1,5 MBIX Ha MapaMeTpbl pe3u-
L 16 CTOpPOB M KOHIEHCATOPOB.
C 4,5

7.8. Pemmts 3amauy 7.7 MeTOOOM CiydalHOro rnoucka Ha 9BM, ucnons3ys peko-
MeHaIuu padoTsI [3].
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