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1 Kparkue cBejeHns N3 TeOpUW HAJEXKHOCTU

Yposenb 6esonacHoctu noséros (BII) n addexrusnocrs (D) skc-
IUIyaTalu CaMOJIETHOI'O HapKa B 3HAYUTEIBLHON Mepe OIPEJIesIsiioT-
csl HAJIE2KHOCTBIO, YKUBYIECTBIO U SKCILUIYATAITMOHHON TEXHOJOTUTHO-
CTBIO CUCTEM U ArperaToB CaMOJIETa U CAMOJIETA B IIEJIOM KaK CJIO2KHOMN
CHCTEMBI.

[ox HAIEKHOCTHIO TEXHUYUECKOTO U3JEUs MOHUMAIOT €ro CBOIi-
CTBO COXPAaHATH BO BPEMEHU B YCTAHOBJIEHHBIX IIPEJIEJAaX 3HAYECHUS
BCEX MAPaMETPOB, XAPAKTEPUIYIONUX CIOCODHOCTH BBITOJHIATL TPE-
OyeMmble (DYHKIIUU B 3aJ@HHBIX PEKMMAX U YCJIOBUHAX [IPUMEHEHUS,
TEXHIUIECKOTO OOCIIy KUBaHUs, XPAHEHNUsI U TpaHcnopTupoBanus. Ha-
JIEZKHOCTD SBJIsIETCST OOODIIEHHBIM CBOMCTBOM, KOTOPO€E B 3aBUCUMOCTU
OT HA3HAYEHUs 00BEKTA U YCJIOBHIT €ro MPUMEHEHUsI COCTOUT U3 COUe-
TaHUs CBOUCTB 6@30TKA3HOCTH, JOITOBETHOCTH, PEMOHTOIPUTOJIHOCTH
u coxpansiemoctu [1]. Hanpumep, jyisi HeBoccraHaBInBaeMbIX (Hepe-
MOHTHPYEMBIX) OOBEKTOB OCHOBHBIM CBOHCTBOM MOXKeT ObITh 6e30T-
Ka3HOCTb, & JJIsi BOCCTAHABINBACMBIX (DEMOHTUPYEMBIX) 0OObEKTOB —
PEMOHTOIIPUTOTHOCTD .

Moz »xuBydecTnio [1| mOHHMMAIOT CBOMCTBO OOBEKTA, COCTOSIIIEE B
€ro CroCOOHOCTH ITPOTUBOCTOATE PA3BUTUIO KPUTUIECKUX OTKA30B M3-
3a JIeHEKTOB U MOBPEXKJCHUN MIPU YCTAHOBJIEHHON CHCTEME TEeXHUYe-
CKOro OOCJIy>KUBAHUS U PEMOHTA, WJIM CBOMCTBO O0ObEKTa COXPAHSITH
OTPAHUIECHHYIO PAOOTOCIIOCOOHOCTD IIPU BO3JCHCTBHAX, HE IIPETyCMOT-
PEHHBIX YCJIOBUSMU SKCILIyaTAIUN, U CBOMCTBO OOBEKTA COXPAHITH
OrpaHUYIEHHYI0 PabOTOCIIOCOOHOCTD MIPHU HAJUIUU 1ePEKTOB UM I0-
BPEXKJIEHU OIPEJEJIEHHOIO BUJIA, & TaKXKe IIPU OTKa3e HEKOTOPLIX
koMIoneHToB. Hampumep, coxpanenne HecyIet CliocOOHOCTH dIeMEH-
TaMU KOHCTPYKIIUU IIPU BOSHUKHOBEHUU B HUX YCTAJIOCTHBIX TPEINH,
pa3Mepbl KOTOPBIX HE IIPEBBIINAIOT 38/ [aHHbIX 3HAYEHUI.

[ox sKCILTyaTAITHOHHON TEXHOJIOTUYIHOCTBIO TOHUMAIOT ITPHCIIO-
COBJIEHHOCTDb HM3/IETHs K BBIIOJTHEHUIO PA0OT 10 €r0 TeXHUIECKOMY
O00CJIy2KMBAHUIO U PEMOHTY.



B kadecTBe 0000MIEHHOTO OKA3aTEsT HAAEIKHOCTU CUCTEMbBI UJIN
u3Jeus B [EJ0M IIPUHUMAIOT BEPOSATHOCTH BBIIOJTHEHUS TOCTABJIEH-
HBIX 3a/la1 B YCTAHOBJIEHHBIE CPOKU U IIpU CO6JIIO,ZL€HI/II/I IIpaBUJI 9KC-
wiyararnun. OYeBUIHO, 9TO peajn3yeMas B KOHKPETHOM U3Je/INH Ha-
JEKHOCTDH 3aBUCUT OT KOHIIENIIUN U KAveCTBa Pa3pabOTKU, KYJIbTYPbI
[IPOM3BOJICTBA, U [IOCJIE/LYIONIEil TPAMOTHON SKCILIyaTalluu 0 HEKOTO-
POTO NPEJIEIBHOIO COCTOSHUS.

OHUM U3 YAaCTHBIX [TOKa3aTesell Ha/IEXKHOCTH CUCTEMBI UJIU U3J1e-
JInd B IEJIOM ABJIFETCA BEPOATHOCTD 6630TK&3H0ﬁ pa6OTbI B Te4deHue
3aJIaHHOrO cpoka. OTKa3 CUCTEMBI — 9TO CJIyUaiiHOE COOBITHE ee Tie-
pexojia m3 paboToCIOCOOHOIO B HEPAOOTOCIIOCOOHOE COCTOSTHHE.

[Tosinenne B mporecce sKciyaTanuun 1edeKToOB U OTKA30B CHU-
creM W arperaroB JierarejabHoro ammapara (JIA) u obycioBienHast
3TUM IIPOIECCOM HEOOXOIUMOCTD BBIOJIHEHUST OOJIBIITOI0 00bEMa pa-
00T 110 UX MPELYPEKICHIIO, BBISBICHUIO U YCTPAHEHUIO TPUBOIAT K
YBEJIMUEHUIO POCTOEB JIA 1 COKpAIEHUI0 BPEMEHU €r0 UCIIOJIb30Ba-
HUsl 110 HpgMOMY HasHadeHuio. C JAPYyroil CTOPOHBI, STOT YKe MPOIIECC
OTIPeJIEJIsIeT CYIIECTBEHHYIO YaCTh 3aTpaT HA TEXHUIECKOE O0CITYKU-
Banme mapka JIA. Tax, sHaunTe bHAS MO TPYAOEMKOCTH YacTh Pa-
0OTHI HHYKEHEPHO-TEXHUIECKOTO cocTaBa apuanpeanpustuit ['A u qa-
creit BBC npuxonurcs Ha BblllojiHeHne paboT, CBSA3AHHBIX C IIPOBEP-
KOl mCIpaBHOCTHU, PabOTOCIIOCOOHOCTU U MIPABUIBLHOCTUA (DYHKIIMOHU-
POBaHUsSI TeX WM WHBIX CHCTEM W arperatoB JIA, a Tak»ke C BbISIB-
JICHHEM BO3HHKaIOIIIMNX B HUX HeI/ICHpa,BHOCTefI. HaI/I6OJIlea,5{ JaCTb
BpeMeHn pocTost JIA mpuxonuTcst Ha MOUCK HEUCIIPABHOTO SJIEMEHTA
B OTKazaBllIeil cucreme.

To u apyroe Bmecre B3siToe (IPOCTOM U 3aTPATHI HA TEXHIYECKOE
00CIIy?KUBAHNE) ¥ OIPEJETISET, B OCHOBHOM, SKOHOMIYECKYIO 3 dex-
TUBHOCTBH HCIIOJIB30BaAHNA CaMO.HéTHOFO ITapKa.

B 10 ke Bpemst mojasiistiorniee OOJIBITUHCTBO C/IYYaeB JIETHBIX IIPO-
UCIIECTBUAN MJIM BOSHUKHOBEHUS MPEIIOCHIIOK K HUM TaK WMJIA WHAYE
TaKyKe CBS3AHO C BOSHUKHOBEHMEM OTKA30B CHCTEM U arperatos JIA,
T. €. C UX HEJOCTATOYHON HaJIE?KHOCTHIO, XKUBYYECTHIO M SKCILJIyaTa-
[IMOHHON TEXHOJIOTMIHOCTBIO.

Tecnast cBs3b OKa3aTe el HAAEKHOCTU C IPDEKTUBHOCTHIO IIPH-
MEHEHUsI CAMOJIETHOI'O TapKa CBUJIETEIHLCTBYET O TOM, 4TO B ODIIEM



caIydae 3a/1avda HOpMUPOBaHUS U obecriedeHnsT HaJE>KHOCTU HE MOYKET
paccMaTpUBATLCS KaK CAMOCTOsITe/IbHas. FKE pelrerne, TOYHO Tak Ke,
KaK pelleHne 3a/1a4 110 HOPMUPOBAHUIO 1 00ECIIeUEeHNIO JIPYTUX XapaK-
TEPUCTUK U3JIEJINs, JOJXKHO OCHOBBIBATLCS Ha MCCJIemoBaHnn P dek-
TUBHOCTU CaMOJIETHOI'O IMapKa, C IPUMEHEHNEM METOJIOB OITUMUBAIINN.

Taxast curyarust TpebyeT caMoro HpUCTAJILHOIO BHUMAHHUS K BO-
[pocaM obecliedeHrsI HaIé>KHOCTH CACTeM, arperaros u JIA B 1esom,
HadWHas C CAMBIX PAHHUX 9TAIOB IPOEKTHpOBaHusi. ['pydbIe mmpocte-
Thl B 0DeCIeUeHNHN HAJIEXKHOCTU Ha PAHHUX dTallax IMPOEKTUPOBAHUS
SIBUJINCH OCHOBHOW NPUYHHON MPEKpAaIleHusi PaboT IO IEeJIOMY PSILy
npoekToB JIA, a B psijie ciiydaeB moTpebOBaji BHECEHUsI PaJIUKAJIb-
HBIX M3MEHEHUI B KOHCTPYKIMIO JIA y»Ke B X0le ero cepuifHoro mpo-
n3BojcTBa. CreleHb ¥ Ka4eCTBO IPOPabOTKU BOIIPOCOB HAIEXKHOCTH,
JKUBYYECTH U KCILIYaTAIMOHHON TEXHOJOTMIHOCTU Ha dTale IIPOeK-
TUPOBAHUSI WU3MEJINS OIPEIEsISIOT KaK CJIOXKHOCTDb, JJINTEIbHOCTh U
CTOUMOCTB €r0O JIOBOJIKH, TaK W, B 3HAYUTEJIbHONU Mepe, 3(hPeKTuB-
HOCTB €r0 IOCJIEIYIONIeH IKCILTyaTaIIN.

B nocieaaue roger mpobiiema obecriedeHns HIEKHOCTA TeXHITIe-
CKUX cHcTeM BCE 6ojiee BLIXOAUT Ha IepBblil mian. CeroaHs: 3aiada
obecrreuennst HAEKHOCTU PACCMATPUBAECTCS KaK BarKHEHITNI aciekT
IIPOEKTUPOBAHUSI, a IIPOrpaMMa 0becIevueHnsT HaIEXKHOCTH CTAHOBUT-
CsI OPraHUYIECKON M CYIIECTBEHHON YaCThIO IPOIECCOB IMPOEKTUPOBa-
HUS, UCIIBITAHNM, JOBOJIKHU, TPOU3BOACTBA U SKCILIyATAITMN N3/IE/IHA.

Obecneuenne HaIEKHOCTH BKJIIOTAET:

1) BbIsIBJIeHHE BCEX BUJIOB BO3MOXKHBIX OTKA30B U3/IEJIUST U X BO3-
MO>KHBIX ITOCJIEJICTBUI;

2) ycTaHOBJIEHHE MIPUYUH OTKA30B;

3) IIaHUpOBaHUE ¥ MPOBEICHNE MEPOIPUSTHI, OrPAHIIUBAIOIIIX
YHUCI0 OTKA30B JI0 MPUEMJIEMOTO YPOBHSI.

OcHOBHBIE 3312491, PeIaeMble JIjIsI 00eCcIiedeHusT HaJE2KHOCTH TeX-
HUYIECKON CHCTEeMBI Ha dTalle IPOEKTUPOBAHUS, MOKHO YCJIOBHO pa3-
JIeTUTH Ha TPU TPYIIIILL:

1. IIpoekTrpoBamne cucTeMbl ¢ TPeOyeMbIM YPOBHEM HAIEKHOCTH
IIyTeM IIPOBEJICHUSI:

— CPaBHUTEJIBHBIX OIEHOK PA3JIMUHBIX CIIOCODOB obecIiedeHnst Ha1eK-
HOCTH KOHKPETHON CXEMBI;



— CPaBHUTEJIBHOI'O aHAJN3a BAPUAHTOB CXEM.

2. O6ocHOoBaHuEe TPEOOBAHUI 110 HAMEKHOCTH (HOPMUPOBAHUE Ha-
JIEXKHOCTH) K OCHOBHBIM 3JIEMEHTAM IIPOEKTUPYEMOI CHCTEMBI.

3. Boinosinenne KOHTPOIBHBIX PACYETOB HAJIE2KHOCTU BHIOPAHHOTO
BapnaHTa CXEMbI CUCTEMbI.

OdeBuIHO, KaxkJasd M3 yKa3aHHBIX TPYII 334 I[PEeJIoJiaraer
CYIIIECTBOBAHUE OIIPEJIEJIEHHBIX TIOJIX0JI0B U METOJIOB aHAJIN3a HAJEXK-
HOCTH TEXHUIECKUX CHCTEM.

2 OOmas xapaKTepUCTUKa METOoda

MeTom CTPpYKTYPHBIX CXeM IpeIHa3HAYEH JJIsl aHAIn3a 0e30TKAa3-
HOCTHU OTHOCUTEJILHO IIPOCTBIX CUCTEM U 10 CBOEH IIPUPOJIE IPUHAITIE-
KHAT K (DOPMAILHO-MATEMATHIECKUM METO/I[aM aHAJIM3a CXEMHOI Ha-
jgéxuoctu. To ecTb OH He paccMaTpuBaeT M HE yYUThIBaeT pusmde-
CKYIO TIPUPOJIy OTKA30B B CUCTEME, & OIEPUPYET TOJIHKO CTATUCTUYE-
CKUMH (BEPOSITHOCTHBIMI) XaPAKTEPUCTUKAMH ITOTOKA OTKA30B (TaKu-
MU, KaK MHTE€HCUBHOCTDL IIOTOKa OTKa30B, ITapaMeETp IIOTOKa OTKa30B,
HapabOTKa HA 0TKa3, BEPOATHOCTH 6€30TKa3HON paboTe! u T. 11.) Kaxk-
JBI CTPYKTYPHBIN 3/IEMEHT (DYHKIIMOHAJIBLHON CHCTEMBI PacCMaTpH-
BaeTCd 31eChb KaK «‘{éprIIU/I AIUK», IJId KOTOPOI'0 BO3SMOXKHBI JIMIITH
JIBa TEXHUYIECKUX COCTOsIHUS: UCIpaBeH (paboToCIoCcOOeH) Nl Henc-
npaseH (HepabOTOCIIOCOOEH ), a TAKYKE U3BECTHBI XapaKTEPUCTUKU WH-
JIMBUJIYyaJIbHBIX TIOTOKOB OTKA30B JIEMEHTOB.

Taxum obpasom, pabora, IO CYIIECTBY, BEIETCI CO CXEMOHN CucTe-
MBI U AIIPUOPHBIMHU XapPAKTEPUCTUKAMU HAJIE2KHOCTU dJ1eMeHTOB. Ta-
KOt IIOAXO0 OIIpaBJdaH Ha PpaHHUX CTaIudX IITPOCKTUPOBaHUA (KOF,ZL&
HATYPHBIA 9KCIIEPUMEHT HEBO3MOKEH) JIJIsi AaHAJIN3a HAJIEKHOCTH CH-
CTeM C OTHOCUTE/IbHO CTabUJIBHON 3JIeMeHTHON 6a30ii (masibHeiinmast
OTPabOTKA OTJIEJILHBIX JJIEMEHTOB B CMBIC/IE UX HAJEKHOCTH IO TEM
WM WHBIM NPUYUHAM 3aTPYJIHEHA, & XapaKTEPUCTUKU HAJIEXKHOCTU
9JIEMEHTOB U3BECTHBI 110 PE3yJIbTaTaM MAaCCOBBIX UCHBITAHUNA U DKC-
IIyaTaiuu B COCTaBe CI/ICTeM—HpOTOTI/IHOB). K TaKNM CucreMamM OTHO-
CATCsA IMTHEBMO- U THAPOCUCTEMBI Ha OCHOBE yHI/I(bI/H_H/IpOBaHHbIX y3J10B
U arperaroB, TOIUIMBHBIE CHUCTEMBI, 3JIEKTPOCXEMBI, PaJIMO3IEKTPOH-



HOoe obOpyZloBaHMe W T. II. B 3TOM cilygae MeTO ] HCIIOJIb3yeTCsT KaK
almmapar aHajau3a HaJEXKHOCTU B XOJe CHHTe3a IPUHIUINAJILHON CxXe-
MbI CHCTEMBI (pellieHre BOIPOCOB O HEOOXOIUMOCTHU J1yOIMPOBAHMS 1
KPaTHOCTHU DPE3ePBUPOBAHUSI 9JIEMEHTOB) U JJIsi CDABHUTEILHOTO aHa-
JIn3a BapuaHTOB IIPpUHIUIINAJJIBHBIX CXEM.

B ciayuae ncrosib3oBaHMs B CHCTEME HOBBIX (pa3pabaTbIBAEMbIX
ITapaJljiIeJIbHO C CI/ICTeMOﬁ) QJIEMEHTOB METO/ IIO3BOJIZET YTOYHUTD UJIN
chOopMyJIMPOBATH BHOBb TEXHUYIECKHE TPEOOBAHUS K HAIEKHOCTH (T. €.
POHOPMUPOBATH HAJIEKHOCTH) ITUX 71eMeHTOB. Takum obpa3om, pac-
CMATPUBAEMbIIi METOJ MOXKET, B IIPUHIIAIIE, 00ECIIEUNTh PEIIeHNe BCeX
TPEX MEePEYNCIEHHBIX I'PYII 33/1a4, 110 KpaliHeil Mepe, Ha paHHUX CTa-
JMSX IPOEKTHUPOBAHMUSI.

OFpaHI/I‘{eHI/IE{ Ha IIpUMEHEHNEe METO/[a BBITCKalOT U3 TeX JOITyIie-
HUI, KOTOPBIE MOJIOXKEHBI B €M0 OCHOBY M COBOKYIIHOCTH KOTOPBIX CO-
CTaBJIsIET MOJIEIb HAIEKHOCTH, PACCMaTPUBAEMYIO HUKE.

3 Mogeap HaJEKHOCTU

Merton cCTPYKTYPHBIX CXeM 0a3upyeTcs Ha, CAELYIONUX Oy IIEeHN-
ax:

1. JTA paccmarpuBaeTcs Kak MepapxuiecKas CUCTeMa, 00JIaIato-
1Al KOHEYHBIM YHUCJIOM TI0JICUCTEM, OIPEJIESIEHHON CTPYKTY PO
U CXeMO# MEXKCHCTEMHBIX (PYHKIIMOHAJbHBLIX CBgA3eil. B kawe-
CTBE IOJICUCTEM PACCMATPUBAIOTCH (DYHKIIMOHAJIBHBIE CHCTEMbI
u arperarbl JIA. CxemMa MeKCHUCTEMHBIX CBsI3€il U CTPYKTypa
CUCTEMBI 33/IaHbI OIHO3HAYHO.

2. Kaxmas cucreMa, B CBOIO OYepellb, PAaCCMAaTPUBAETCS COCTOSI-
el U3 OTJAEIbHBIX IIOJCUCTEM W OTBEYAET BBINIEC(HOPMYIUPO-
BAHHBIM TPEOOBAHUSIM.

3. [l KarK10T0 971eMEHTa U CUCTEMBI B IIEJIOM JIOIyCKAIOTCS JINIITh
JIBa, BOBMOKHBIX TEXHUUECKUX COCTOSTHUs: PabOTOCIIOCOOHOCTH
b0 oTkKa3. Besikash BOBMOXKHOCTh YACTUIHOTO (DYHKITMOHUPO-
BaHUA BCEil CUCTEMBI MM €€ 3JIeMCHTOB MCKJIIOYACTCS.



4. Tlpenmonaraercs, 94TO BCe CIIyUaiiHbIe COOBITUSI OE30TKA3HOM Pa-
6OTBI 9JIEMEHTOB HE3aBUCUMBL. 10 €CTh OTKa3 OJIHOIO JeMeHTa
CHUCTEMBI HEe CKa3bIBAETCsI Ha pabOTOCIIOCOOHOCTH (HE BJIEUET OT-
Ka3a) JIPYTUX JEMEHTOB.

5. Cumraercst, 9TO B KaXK/IbIii MOMEHT BPEMEHU MOYKET ITPOU30HTH
TOJIBKO OJIUH OTKa3, T. €. BEPOATHOCTH IMONJIAHUS JBYX Mjin 0O-
Jiee OTKA30B HA OJIMH 3JIEMEHTAPHBIH 0TPe30K Bpemenu At 61u3-
Ka K HYJIIO.

6. IlompasymeBaeTcsl, ITO CHCTEMBI I X 3JIEMEHTHI IIepeT KayKIbIM
OYepeIHbIM PabounM IUKJIOM (HAIIPUMED, TIOJIETOM) UMEIOT Ofl-
HO U TO Ke cTabmJIbHO TexHu4ueckoe cocrosinue. To ecTh sjieMen-
ThI CUCTEMBI JITOO HE «CTAPEIOT», JINOO UX CBOMCTBA IOJIHOCTHIO
BOCCTAHABJIUBAIOTCS IIPU MEXKITOJIETHOM OOCITyKUBAHUH.

7. Cuuraercsi, 9TO BEPOSITHOCTL OTKa3a JII000r0 3J1eMEHTa 3aBUCUAT
TOJILKO OT JUIUTEJLHOCTH Pabovero 1uk/a (HalpuMep, moJéTa)
U He 3aBUCUT OT €ro NpeJBapUTeIbHON HapaboTKu (Hampumep,
B IIPEJIBIIYIIIX MOJETAX).

8. Ilpexamosaraercsi, 9To MOCIEI0BATEILHOCTh OTKA30B DJIEMEHTOB
He BJIMSET HA CyMMAapHYI0 paboTOCIIOCOGHOCTh CUCTEMBI (CBOii-
CTBO MOHOTOHHOCTH ).

9. IMompasymeBaercsi, 4TO CUCTEMA COCTOMT (CO37A6TCs1) MPEUMy-
IIIECTBEHHO M3 <«CTapbIX» 3JIEMEHTOB, XapaKTEPUCTUKU 0Oe30T-
Ka3HOCTHU KOTOPBIX M3BECTHLI 110 OIIBITY HUX 3KCILJIyaTallul B CO-
CcTaBe CUCTEM-TIPOTOTHUIIOB WMJIM 110 Pe3ybTaTaM CTEHJIOBBIX HC-
IbITAHUIA.

10. B kauecTtBe KpuTepusi HaJIEKHOCTU CHUCTEMBI OEpeTCs BEpPOSIT-
HocTh P(7) 6e30TKa3HOil paboThl 33 BpeMsi T pabovero IuKJ/a
(HapuMep, 3a BPeMsl BBIOJHEHUsI [IOJIETHOIO 3a/[aHMUs).

W3 mepedncieHHbIX JOMYIEHUN CJIeIyeT, 9TO MOIe/Jb 00Jiagaer
OOJIBIIION IUPOTOH, IPUMEHNMA K CUCTEMAaM PAa3JUIHON IIPUPOIHI U
He TpebyeT CIenuaJbHON MHPOPMAIUNA O IPUPOJIE CUCTEMBI M XapaK-
Tepax OTKa30B.



Ho stu npenmyiiecTBa MOMIE/IN OJTHOBPEMEHHO SBJIAIOTCS €€ CJia-
OBbIME MeCTaMU U HAKJIAJIbIBAIOT OIDAHUYEHUs Ha €€ IIPUMEHEHMUE.

HeitcTBurenbHo, u3 gonyiennii 1, 2, 3 u 8 ciaeayer, 9TO B CUCTe-
Me BO3MOXKHO JIUIIb KOHEYHOE MHOYKECTBO TEXHUYECKUX COCTOSHUI
(6ysieBa Mogiesb). OYEBUHO, UTO JIOIYIIEHUE MOXKET OBbITH CIIPABE]I-
JIUBBIM JIUIIb [JIsi OTHOCUTEJBHO MPOCTBIX 110 CTPYKType CUCTEM 0e3
dyHKIMOHAIBHOH n36bITOYHOCTH. TO €CTH TOJIBKO JIJIsi TAKUX CHCTEM,
rJe KaXKJbIfl 9JIEMEHT BBIOJIHAET OJHY CTPOTO OINpPeIe/IEHHYI0 (DyHK-
IMIO U CBA3aH C MUHUMAJIbHBIM YUCJOM JIDYTUX JIEMEHTOB.

Hameko He Besikasl cucTeMa OoTBedaeT ycjiopuio 4. Permrast Borpoc
0 IPUMEHIMOCTH MeTo/ia (MoJesn), HeoOXOAUMO PACCMOTPETH TPHPO-
Jly, XapakKTep U IIOCJIEJICTBUS KazKJI0r0 OTKa3a C TOYKU 3PEHUs YJI0-
BJIETBOPEHUS STOMY JOIYIIEHUIO, KOTOPOE OJIHOBPEMEHHO SIBJIAETCS U
OCHOBHBIM OI'DaHMY€HMEM Ha IIpUMEHEHUHEe MeTOo/1a.

Homymienne 7 (MapKOBCKasi MOJIEJb) TaKKe CIIPABE/INBO JATIEKO
He OJId BCAKOI CUCTEMBI U He JJIgl BCAKOT'O IIepuoga eé QKCILJTyaTalluu.
Honymenns 4, 5, 6 1 7 B COBOKYITHOCTH COOTBETCTBYIOT MOJEIH IIPO-
creiiiero (IyacCOHOBCKOIO) MOTOKa OTKa30B. [locsiennuii xe siBjsier-
cs TIPUEMJIEMOIl MOJIEJILIO PEAJIbHOTO IMOTOKA TOJBLKO HA dTale HOP-
MAaJIBHOI SKCIIyaTarun cucteMbl. Kak ciencTsie Momesnb (1 MeToJ)
HeIIpuMeHUuMa JIJIsd aHaJIn3a Haﬂé)KHOCTI/I Ha 9TallaxX IIpI/Ipa6OTO‘{HbIX
U U3HOCOBBIX OTKA30B B CUCTEME.

4 OcHOBHBIE 3Tallbl OIIEHKN 0E30TKA3HOCTU
BapuaHTa CXeMbI

[Ipu ucrosib30BaHUN METO/IA IPECIIELYIOTCS CIIEYIOIINE TIEJIU: 1O~
JIyYUTh yPaBHEHUE HAJIEXKHOCTH CUCTEMBbI (T. €. aHAJIMTUIECKYIO 3a-
BUCHMOCTH BepOSTHOCTH Ge30TKa3Hoil paborel P(7) cucremsl or mo-
Kazarejieil 6e30TKA3HOCTU JIEMEHTOB), IPOU3BECTU KOJUYECTBEHHY IO
OIEHKY BeIMYIUHBI P(7) ¥ HAMETHTH IyTH TOBBIINICHUs HAJIEKHOCTH
cxeMbl. [Ipu 3TOM B paboTe MOXKHO BBIIEIUTH PsIf CAMOCTOATEILHBIX
U OTHOCUTEJIbHO HE3aBUCUMBIX 3TAIIOB:

1. ®opmupoBanue (11 U3yUeHne) CTPYKTYPbl CUCTEMBI U €€ OCHOB-
wvbIX dynkimit. Oupesenenne PyHKINA SJIEMEHTOB. YsicCHeHUe (DYyHK-
[IMOHAJIbHBIX CBsI3eil MeXK/1y 3JIEeMEHTaMHU.
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2. CTPYKTYPHBII aHAJIN3 HAJIEXKHOCTU CXEMbI U MTOCTPOEHUE JTha-
IPaMMBbI (CTPYKTYPHOI CXeMbl) G€30TKa3HON PabOTHL.

3. BeiBos ypaBHEHHUsT HAJIEKHOCTU CXEMBI.

4. KonmiaecTBeHnast OIfeHKa BEJIHTIHIBl BEPOATHOCTH OE30TKA3HOM
paborsl cucrembr P(T).

5. BersBitenne ciaboro B cMbiciie P(T) 3BeHa CXEMBI.

6. Brecernne n3menenuit B cxeMy € IeJIbIo HOBBIeHus P(7).

Huzke paccMaTprBaroTCst METOIOJIOTUS 1 COJlepXKaHue paboThI IPU-
MEHHUTEILHO K KaXKJOMy U3 9Tanos 1-4.

5 Amnanu3 QyHKIMOHAJIBHBIX CBsI3€il MeX Iy
3JIeMeHTaMu (ITaIl

Hesibio laHHOrO 3TAlIa B AHAIU3E HAJIEKHOCTH CUCTEMBI SIBJISETCS
YSICHEHUE CJIeJIYIONIUX BOIIPOCOB:

1. KakoBo Ha3HadeHre CHCTEMBI U KAKUe KOHKPETHO TEXHUYECKUE
3aJa4M OHA JIOJKHA, PEIlarTh’!

2. KakoBa cTpyKTypa CHCTEMBI, T. €., U3 KAKHUX JJIEMEHTOB OHA
COCTOUT U KaK 9TU DJIEMEHTBI CBA3AHBI MEXKIy COOOM?!

3. KakoBo HazHaueHMe KaxKJIOTO 3JIeMEHTa !

4. Kakoro pojia 0TKa3bl BO3MOXKHBI B KaKJ[OM dJjieMeHTe?

TO €CTb Ha JaHHOM 3Talle YACHAIOTCHA (byHKHI/II/I CHUCTEMBI B II€JIOM,
POJIb KaXKJIOTO €€ dJIeMEHTa B BBIIOJHEHUH STUX (QPYHKIUN, a TaKXKe
XapaKTep BO3MO2KHBIX OTKa30B.

[Ipu peasibHOM IPOEKTUPOBAHUK HOBOW CHCTEMBI I€JIb ITA JOCTHU-
raeTcsl B Xojie MpopaboTKu CTPYKTYPBI CUCTEMBI, T. €. B IIPOIecce pas-
pabOTKN TEXHUYECKOrO 3aJl[aHusi HA IPOEKTUPOBaHUE U pPa3pabOTKu
€€ NMPUHININAJIBHOMN, & 3aTeM MOHTaXKHOM CXEMBI.

[Ipu ananze HaJEKHOCTH 3aJAHHOIM CXEMbI, KAK 9TO MMeeT Me-
CTO B J1aDOPATOPHBIX pabOTax, JAHHBIN Tal pabOThl CBOJNTCS K BHU-
MaTeIbHOMY U3YUYEHUIO CXeMbl U €€ TexHudIeckoro onucanus. Ocoboe
BHUMAHUE JIOJI?KHO ObITH 0OPAIIEHO Ha, IIPUPOJLY BO3MOXKHBIX OTKA30B
QJIEMEHTOB U COOTBETCTBUE CXEMbI JOIIYIICHHUIO O HE3aBUCUMOCTU OT-
ka30B. HecMoTpsi Ha KaXKyILyIocs IIPOCTOTY, TOT STAIl OIPEIEsdeT
ycIex paboThl B IEJIOM.
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6 IlocTpoeHue CTPYKTypPHOI CXEMBbI
HAa/IEXKHOCTU CUCTEMBI (dTam 2

CrpyKTypHasi cxeMa HaJIEXKHOCTH, WU JAuarpaMMa Oe30TKA3HO
paboThI cucTeMBbI — 3TO rpadudeckoe n300parkeHne B3AMMOCBSI3U CO-
ObITHil, cocToAmUX B 0E30TKa3HON paboTe cUCTEMBI B IIEJIOM U OT-
JIeJIbHBIX €€ diemeHToB. Jlnarpamma 6e30TKa3HON PabOTHI CTPOUTCH
Ha OCHOBE CTPYKTYPHOI'O aHAJIN3a HAJMEXKHOCTU CUCTEMBI.

CTpyKTypHBIIl aHAJN3 HAJAEXKHOCTU COCTOUT B BbISICHEHUH BJIU-
SHAS OTKA30B JIEMEHTOB Ha pabOTOCIOCOOHOCTHL Beeil cucrembl. Ha
PaHHUX 3JTallaX IIPOCKTHUPOBaHUA OH OCHOBBIBACTCsdA Ha JIOTHYIECKOM
UHXKEHEPHOM aHaJIi3€e TPUHIUIOB (DYHKIIMOHUPOBAHUS CUCTEMBI C y e~
TOM (byHKHI/IOHa.HbHOFO Ha3Ha4Y€HUd 3JIEMEHTOB U UX BSaHNIO‘Z[efICTBHﬂ.
To ecTb B OCHOBe TAKOI'O aHAIU3a JIEXKAT WHXKEHEPHbIE IIPeJCcTaBiie-
HUg O paboOTe CUCTEMBI, 3PABBIfl CMBICJI U IIOMCK OTBETa Ha BOIPOC:
«Kak moBenér cebst cucremMa, ecIn OTKAa3ad JIEMEHT 47 ».

esib anam3a — oTBeTUTH Ha BOIIpOC: «Kakme 0TKa3bl 9JIeMEHTOB
WM UX KOMOUHAIIMY IPUBOJST K OTKAa3y cucreMbl?». Vau Ha0bOpOT:
«IIpn Kaknx KOMOMHAIIIAX PabOTOCIOCOOHBIX JIEMEHTOB COXPAHSIET-
cs1 paboTOCIIOCODHOCTH CUCTEMBI? ».

[TosiciuM 9TO Ha YHIPOIIEHHOM IIPUMEPE.

IIpumep. 1 Iposecmu cmpyxmyproill aHGAUS U NOCMPOUMs Jua-
epammy bezomrasnoti pabomovl 0Af CUAOGOTE YCMAHOBKYU CAMOAEMA,
cocmosuets u3 deyx deuzameneti, ¢ MOUKU 3PEHUA HADEHCHOCTIU Bl
NOAHEHUA CAMOAEMOM 00e60T 3a0ayu.

Cucrema cocTouT U3 JABYyX pabOTAIINUX MAPAJIIEBHO 9JIEMEHTOB
(mBurareseit Nel u Ne2). DjieMeHTBI OJIHOCTHIO HE3ABUCUMBI JIPYT OT
JIpyra, T. €. OTKa3 OJHOIO M3 HUX HE BEJET K OTKasy Jpyroro. Cxema
[TO3BOJISIET UCIIOJIB30BATH JIJIsl AHAJIN3a, HAJIEKHOCTH METOJT CTPYKTYP-
HBIX CXEM.

C TouKM 3peHUsi YCIENTHOTO BBIMIOJIHEHUsT DOEBOI 3aJ1asu OTKa3
JIIO60TO U3 IBUTATENEH TIPUBOJNT K €€ HeBBIOHEHUI0. To ecTh ¢ Tod-
KM 3peHusi D OTKa3 JII0O0Io U3 JBYX 3JIEMEHTOB IPUBOIUT K OTKa3y
cucreMmbl. 1 HA060poT: cucrema pabOTOCIIOCOOHA C TOYKU 3PEHUs O
JINIITb TIpU 6€3yCI0BHON pabOTOCIIOCODHOCTH 000X DJIEMEHTOB.
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Ecnu o6o3nauTh ciydaitnoe cobbiTre 6€30TKa3HON paboThl CUCTe-
Mmbl depe3 C, a ciryJaiinbie coObITUsi 0€30TKa3HO PaboThl ABUTraTE e
cooTBeTCcTBEeHHO Uepe3 D1 u Do, TO ycjioBHE HOPMAJbHOIO (DYHKIINO-
HUPOBAHUS CUCTEMbBI MOYKHO 3AIIMCATh B CJEIYIOIIEM BHJIE:

C:DlﬂDQ,

rine C — ecrb nepecedenne cobbiruii D u Do, i B BUJE qUarpaMMbl
06e30TKa3HOIi PabOTHI:

[C]) — [D1] — [D2] (1)

YUTAEMOIl CJeIYIONUM 00pa30M:

Cucrema paboraer 6€30TKA3HO |, €Cu

‘,HBI/II‘aTeJIb—l paboTtaer 6€30TKA3HO ‘ u

‘ JBurarenn-2 paboraer 6€30TKA3HO ‘

Takum o6pa3oMm, cucTeMa, COCTOSAIIAs] U3 HE3ABUCUMBIX 3JIEMEH-
TOB, CBA3AHHBIX (byHKHI/IOHaJIbHO TaK, 9TO OTKa3 .)'IIO6OFO N3 HUX BbI-
3bIBAET OTKA3 BCell CHCTEMBbI, OTOOParKaeTcss CTPYKTYPHOU CXeMOM ¢
ITOCIEIOBATEILHBIM COUYETAHNEM COOBITHIT 6e30TKa3HON pabOTHI dJIe-
MeHTOB. B 0ob11eM ciytiae CTpYKTypHas cXeMa HaJEXKHOCTU TaKO CHU-
CTEMBbI UMEET BU/I:

Chnenyer obparuTh BHUMaHHE Ha TOT (PakKT, 4TO cucrema ¢ Qu-
3UYECKU TAPAJIIEIBHO pabOTAIINMU 3JIEMEHTAMEI OTODParXKaeTcs B
JIAHHOM CJIydae JUarpaMMOil C ITOCJIEIOBATEIbHBIM COYeTaHUEM CJIy-
JafiHbIX COOBITHI NX OE30TKA3HOU pabOTHI.

s oHOI M TOW K€ CXEeMbl CHCTEMbI BUJI JUAIPAMMBI MOXKET
OBITh PA3JIUIHBIM B 3aBHCHMOCTH OT acCIleKTa aHAJIU3a HaJIEXKHOCTH,
T. €. B 3aBUCUMOCTH OT 3aJIa9i, KOTOPYIO B JIAHHOM CJIydae CHCTeMa
JIOJIPKHA PEIaTh.

[Tosichmm 3TO Ha TIpEMeEpe.
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IIpumep. 2 Ilposecmu cmpyxmypHoll aHGAU3 HAIEHCHOCTIU U NO-
cmpoums duazpammy 6e30mKra3HoT pabomovs Mot sce CUCmembl, Mo
u 8 npumepe 1, ¢ mouku 3penus obecneuenus 6e30NacHOCMU NOAEMA.

B cnyuae oTkaza 1000T0 OMHOTO W3 ABYX JABHUTAaTEedl 9KHUIIAXK BbI-
HY2K/JIEH [IPEKPATUTD BBITIOJHEHNE TIOJIETHOTO 3a/IaHMsI, HO UMeeT BO3-
MOXKHOCTb BEPHYTBCS Ha 0a3y WM COBEPIIUTH ITOCAJKY Ha 3aIllacHO
aspojipoM. To ecTb ¢ Touku 3peHusi BII nmpu oTkase olHOrO W3 JABYX
JBHUTaTEell cucTeMa B IIEJIOM OCTaéTcst paboTOCIIOCOOHOM. YCa0BUEM
OTKa3a, CUCTEMBI C 9TON TOUKHU 3PEHUsI SBJISIETCs] OJIHOBPEMEHHBIN OT-
Ka3 00oux JIBHUraTesei.

CrpyKTypHast cxeMa HaJIE?KHOCTH B 9TOM cJIydae Oy/1eT UMeTh BU/I:

(3)
—>H

N 9YnuTaThCd:
Cucrema pabotocrocobHa |, ecyiu

Jlurarenb-1 paboraeT 6€30TKA3HO | MK

JlBurarennb-2 paboraer 6€30TKA3HO |.

Takum obpaszoM, cucrema, COCTOSIAA U3 HE3aBUCUMbBIX 3JIEMEH-
TOB, CBABAHHBIX (DYHKIIMOHAJIBLHO TaK, YTO M30JUPOBAHHBINA OTKA3 JIIO-
0OOro M3 HUX HE BBLI3LIBAET OTKA3a CUCTEMbI, 0TOOPAYKAETCs JTrarpaM-
MOt 6e30TKa3HOI PabOTHI ¢ MapaJslIeTbHBIM COYeTaHneM COOLITHI Oe3-
OTKa3HOIl paboThI 37eMeHTOB. B 00I1eM ciyvae CTPYKTypHas CXema
HaJIEYKHOCTH TAKON CHUCTEMBI MMeET CJIETYIONTN BT

l::l
L

B camowm ob1meM ciiydae CTPYKTypHasl cxeMa, KaKoi-Iubo peasib-
HOIl CHCTeMBI MOXKET COAEpP:KaTh yUAaCTKHM KaK C IMapaJlIebHBIM, Tak
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U C IOCJeJIOBATEIbHBIM coueTanueM cobbiTuit. Hampumep, cucrema
[IOXKAPOTYIIIEHNs, COCTOsINAs U3 KoMaHHoro 0joka K u JByX onu-
HAKOBBIX Iapa/iieJibHO cpabareBatomux oreryrmureaeit 07 u Oo,
KaXKJI0T0 M3 KOTOPBIX 3aBEIOMO JIOCTATOYHO MJIs JUKBUIAINHI OYa-
ra moxapa, Oyzier oToOpaXkaThCst CTPYKTYPHON CXeMOii, TpUBeIEHHOM

[€]) —
(5)

(1) (I1)

HH>Ke:

B zakmiouenne HeobxoauMo eIié pa3 MOogIepKHYTh, YTO 3aJI0N0M
yCIexa MpH COCTABIEHIN CTPYKTYPHOM CXeMBI SIBJISTIOTCST 9ETKUE TPeI-
CTaBJIEHUs O HA3HAYEHUU, CTPYKTYPE U paboTe CUCTEMBI.

7 ?paBHeHI/Ie HA/IEXKHOCTH CUCTEMBbI (CXEeMBbI)
sram 3

ypaBHeHI/IeM Haﬂé)KHOCTI/I CXEeMbI Ha3bIBaCTCA aHAJIUNTUYICCKOE BbI-
paKeHre BepOsATHOCTH 0e30TKa3HOil pabOThI CHCTEMBI depe3 XapakTe-
pUCTUKU GE30TKA3HOCTHU €€ CTPYKTYPHBIX JIEMEHTOB.

PaccMoTpuM mopsiiok oty deHnst ypaBHEeHNsT HaIE2KHOCTH Ha y7Ke
pa3paboTaHHBIX HpuMmepax 1 u 2.

IIpenronoKnm, 9T0 HaM H3BECTHBI BEPOSITHOCTH CJIyYailHBIX CO-
ObITHiT 6€30TKA3HOI PaboThl apuraresieit Dy u Dy B Tedenne BpeMeHH
BBITIOJTHEHUST ITOJIETHOIO 3aJJaHMsd. O603Ha,qI/Il\I 9T BEPOATHOCTH Ye-
pe3 P(D1) u P(D3) (B nureparype BO3MOXKHBI TaKyKe 0003HAUEHUST
P(D;);, nmu P;(7), n04épKUBAIONIHE CBSI3b 9TUX BEPOSITHOCTHBIX Xa~
PAKTEPUCTUK C BPEMEHHBIM HHTEPBAJIOM T ), & BEPOSITHOCTH OE30TKa3-
Hoit paborsl cucremsl yepe3 P(C) nim P(C),, win P(7).

Torma syist crpykrypHoit cxembl Tuma (1) — mociaesoBaTeIbHOE
coderaHne COOBITHI, KaK CJIeJyeT U3 TEOPHU BEPOSITHOCTEIL:

P(C) = P(Dy)P(D2)
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i, B o01eM ciydae (2) Takoil cXembl:

EC.HI/I B TaKoOIi cxeMme Bce JIEeMEHTBI OJMHaKOBbBIE, T. €.
P(A;) = P(A) = const,

TO

P(C) = [P(A)]".

BamernM, uto mockoabKy P(A) < 1, To mpu mocseoBaTebHOM
coYeTaHNM COOBITHUI BCeria

P(C) < P(A),

T. €. HEeJIb3sl MOJIYUYUTh CUCTEMY C HAJEXKHOCTBIO OOJIBbINei, 9eM Ha-
JIEYKHOCTD IJIEMEHTA.

st crpykrypHOii cxembl THna (3) — mapasieabHOe COYeTaHUe
cOOBITHIA,

P(C) = P(D1) U P(Dy)

i, B obmeM ciydae (4) Takoil cucremsr:
P(C) = |J P(4). (7)

Bripazkenue (7) ne Bcerja ymobuo mjist paborsl. st ero nanapHeiinero
peobpa30BaHusT UCIOJIL3YEM CJISIYIONUN NCKYCCTBEHHBIN TPUEM.

Breném B paccMmoTpenue cobbitus Dy u Do nononnuTebubie (T. e.
POTHBOIIOJIOKHBIE, JIOTNOJIHSIONIUE JI0 [OJTHON IPYIIIbI) K COOBITHSIM
Dy u Dy. OueBuno, 410 cobbiTisi D 1 Dy COCTOSIT B OTKA3€ COOT-
BETCTBEHHO JsiBuTaTeseit 1 u 2.

Torma

C(orkasz apyx msurareneit) = Dy U Dy

P(C) = P(Dy)P(Dy). (8)
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[TockoJibKy JJ1s1 TIOJIHBIX TPYIIT COOBITHIT

P(C+C)=P([C)+P(C)=1

P(D; + D;) = P(D;) + P(D;) = 1,
TO ¢ yueToM (8)
P(C) = P(D1)P(D3) =1 - P(C) = [L = P(D1)][1 — P(Dy)].

Orcrona
P(C)=1—[1—-P(Dh)|[l — P(D2)]

i, B 00mieM cirydae (4) CHCTEMBI C ITapajlIe/IbHBIM COUeTAIeM CO-

ObITUil:
n

P(C) =1~ ]I - P(4)] (9)
=1

BaMeTnM, 9TO €CJIM B TAKOW CHCTEMe BCE JIEMEHTHI OJUHAKOBBI, T. €.
P(A;) = P(A) = const,

TO

P(C)=1—[1 - P(A)"

Taxkum 06pazom, napaJuiesibHOe codeTaHne CoObITHI (pe3epBUpOBaHe
9JIEMEHTOB) MO3BOJIIET MOy dnTh cucreMmy ¢ P(C) > P(A), 1. e. naér
BO3MOXKHOCTB CO3/[aTh HAJEKHYIO CUCTEMY M3 HEHAJIEXKHBIX SJI€MEH-
TOB, ITO, COOCTBEHHO, YaCTO U SIBIISIETCS 3a/1a49€il IPOEKTHPOBAHS.

Beipaxkenusi (6) u(9) gaooT BO3MOXKHOCTH COCTABUTH yDABHEHHE
HAJIEXKHOCTH B BEPOSITHOCTSIX JIIsL CTPYKTYPHOH CXeMBI JII0O0ro BH-
na. IMocienoBarenbHocTh (OPMUPOBAHKS TAKOIO YPABHEHUSI IIOKA-
JKEM Ha IIPHMepe CHCTEMbI [OKapPOTYIIEHNs, CTPYKTYyPHAasl CXeMa KO-
TOpoii paccmoTpena Boire (5):

[€]) — [1] — 1] -

Bynem pacemarpusarh cobbitue C' (cucrema paboTociocobHa), cocTo-
SAIMUM U3 TocaenoBaTeIbHoro codetanust coonituit I u II. Cobbrtue 1
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ozHavyaeT paborocrocobHocTh KoMananoro oioka K. Cioxuaoe cobbl-
tue I ozHagaer paboTOCIIOCOOHOCTD JIIOOOTO W3 ABYX WMJIA OOOUX Or-
HeTyIIuTesei.

Torga B coorsercrBun ¢ (6)

Uz (9) u yuamresas, aro P(O1) = P(02) = P(0O),

PUI)=1— f[u — P(0)] =1-[1-P(O)>
=1

OxoHYaTETHHO
P(C) = P(K){1 —[1 - P(O)]*}.

()‘{GBI/I,HHO7 C IIOMOIIBIO aHaJIOTUYIHBIX paCCy)K,Z[eHI/Iﬁ MO>KHO 3allnucaThb
P(C) nnst cKOJIb yrOAHO CJIOXKHOI CTPYKTYPHON CXEMBI.

8 OHeHKa MHTEHCUBHOCTHN OTKaAa30B CUCTEMDbI
gepe3 MHTEHCUBHOCTHU OTKa30B 3JIeMEHTOB

Osnako ucnosib3oBanue BoipazkeHuil (6) u (9) it IpaKTUIECKUX
PacIETOB HAJEKHOCTH OOBIYHO 3aTPYHEHO CJIELYIOMNM 00CTOSTE b
crBoM. B mpakTuke UCHBITAHUI U SKCIUIyaTallid SJEMEHTOB B Kate-
CTBE XapaKTEPHUCTHK UX 0€30TKA3HOCTH HCIIOIb3YIOTCSI HE BEPOSTHO-
cru P(A;), a UHTEHCHBHOCTb IIOTOKa OTKA30B 3JIEMEHTOB A;(t) mim
napaMeTp MOoToKa OTKa30B wj(t).

DOusuvuecKnii CMBICT 3TUX XaPAKTEPUCTUK OE30TKA3HOCTHU ITPOIIIE
BCEr'0 MOHATDH U3 PACCMOTPEHHs UX CTATHCTHIECKUX aHAJIoroB \*(t) n
w*(t), HauboJjiee MPOCTO OUPEJIE/ISIEMBIX U3 OIIBITA.

NHTeHCHBHOCTD PACIIPe/Ie/IeHIs] BEPOSTHOCTEl OTKA30B (MHTEHCHUB-
HOCTH [IOTOKA OTKa30B) A(t) ompeJie/iseTcs: BbIpaXKeHueM:

AW) = Jim AT = lim o SR
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3necb N — 00lee YUCI0 UCHBITHIBAEMBIX WJIA SKCILUIYATHPYFOIIIX-
cst ayteMeHTOB; At; — WHTEpPBAJ BPEMEHU, JJIsT KOTOPOTO OIEHUBAETCS
0E30TKA3HOCTD JIEMEHTOB; N; — THUCJIO 9JIEMEHTOB, OTKA3aBIINX K MO-
MEHTYy BpeMeHu t; Hadaya waTepBana At;; An; — 9HUCIO 37€MEHTOB,
OTKa3aBINX Ha UHTEepBase At;.

[Ipu orparmaeHHOM 00bEME UCIBITAHUN OOBITHO CIUTAIOT

A(t) ~ N (8).

Takum obpazom, A*(t) ecTb YacTOTa OTKA30B 9JIEMEHTOB (OTHOIIIE-
HHE YuCjia OTKa3aBIIHUX 3JIEMEHTOB K YHCJIY IIOCTaBJIEHHBIX Ha MUCIIbI-
TaHWs) B €IMHUILY BPeMEeHH Ha BpeMeHHOM uHTepBase At;. OueBn-
HO, HCIIOJIb30BaHue A(t) B KauecTBe XapaKTEPUCTHKH 0€30TKA3HOCTH
3JIEMEHTOB OCOOEHHO yI00HO IIPU IIPOBEICHUN CTEHIOBBIX UCIIHITAHUIA,
KOIJIa OTKA3aBIIINE SJIEMEHTBI HE BOCCTAHABIMBAIOTCS (HE PEMOHTHPY-
IOTCsI U HE 3aMEHSIIOTCsI), & IPOCTO BBIOBIBAIOT U3 UCIIBITAHUIA.

B nporiecce sxciuryaranun JIA, Korja oTKa3aBIIie 3JIEMEHTHI pe-
MOHTHUDYIOTCS (BOCCTAHABIMBAEMbINH OOBEKT), HAPAOOTKH JIEMEHTOB
K JIAHHOMY KOHKDETHOMY MOMEHTY BDPEMEHH t; MOIYT CYIIECTBEHHO
pasndaThes (CUTyalsi PABHOCUJIbHA UCIBITAHUSIM, B KOTOPBIX JIe-
MEHTbI Haua/Iu paboraTsh B pasHoe BpeMst). B 9ToM cirydae HCIoab3o-
Banue (ompejeienne) A(t) B KauecTBe XapaKTePUCTUKN GE30TKA3HO-
CTH 3aTPY/IHEHO M MCIIOJIL3YETCs JIPyrasl XapaKTEePUCTHKA: TapaMeTp
HOTOKa 0TKa30B w(t), onpeiesisieMblil BbIparXKeHHeM

wit) = lim w(t) = Jim Ejﬁit (10)
i=1ti
Snecs N — oblee 9UCI0 OJHOTUIIHBIX 9JEMEHTOB, HAXOIUBIINXCS B
SKCILIyaTAIH (CTOSAIINX HA CAMOJIETaX U CTOSIBIINX PaHee, HO CHATHIX
BCJIEJICTBHE UX OTKA30B); M — YHUCJIO 371eMEeHTOB U3 N, OTKAa3aBIINX K
paccMaTpHBaeMOMy MOMEHTY BpeMeHU; ¢; — HapaboTKa (HaJ€T) sye-
MEHTa K PacCMaTPUBAEMOMY MOMEHTY BPEMEHHU.
Takum obpaszoM, w*(t) ecTb 4YHCIO OTKA30B, IPUXOJSIIEECs HA
eJIMHUILY BPEMEHU HapabOTKM BCero mapka sjueMeHToB. [Ipu Gosbimom
YHCIIe SKCIUIYATUPYIOIIUXCS SJIEMEHTOB OOBITHO CUUTAIOT



Jlerko mokazarb, uto A(t) u w(t) — 4acTo JOBOJIILHO GJIU3KHE 110
CMBICJIy U BeJIMYUHE XaPaKTEPUCTHKY IOTOKa 0TKa30B. [ljist 9TOro me-
penuiieM Boipakerue (10) B cieayromem Buje:

WH(t) =

n . n
Yiiti Nt

31ech m — YUCI0 OTKA3ABIINX 3JIEMEHTOB; te, — CPeJHUil HAJIET 3J1e-
MEHTOB C HaJdaJla JKCIJIyaTalldu HapKa.

B 1o ke Bpemsi, ecjim onpeiesisith A*(t) Ha BpeMEHHOM UHTepBaJie
(0,t;), T. e. 3a BCE BpeMsi IIPOBEJICHUST UCIIBITAHUIT, TO TOIYyYUM IPU
Ani:n, niZOI/IAti:ti

n

" Nty

A(t)

* R
To ectb w*(t) = XN (tep).
st ssemenToB co crabo MeHstoreiics dbyukimeir A(t), a nMeHHO
TaKOIl XapakTep 3aBHCHMOCTH MMEET MEeCTO Jyisi GOJIBIIMHCTBA 3Jie-
MEHTOB B II€PUOJ| HOPMAJIBHOIN SKCILIyaTAIIH,

A*(t) = X*(tep) ~ const.
Tora MOXKHO CIUTATH, ITO
w(t) = A(t). (11)

DT0 06CTOATENHCTBO AT BO3MOXKHOCTDH IIPH aHAJM3e HaJIEKHOCTH
ucnob3oBaTh A(t) u w(t) Kak paBHO3HAUHBIE XAPAKTEPUCTUKU, HE
Jlestast MexKJLy HUMU Pas/Indusl.

Bamernm Takzke, 4To napamerpbl A(t) u w(t), kak u P(t), sBisor-
Csl TOYEYHBIMU XapPaAKTEPUCTUKAMU HAJIEXKHOCTH dJIEeMEHTa, T. €. Xa-
PAKTEPU3YIOT ero 6E30TKA3HOCTb B JIAHHBIE MOMEHT BPEMEHH.

C yderoMm CKa3aHHOIO IEJECOOOPA3HO BMECTO BbIpazkenuii (6) u
(9) nosyuuThb Jyisi 060MX BAPUAHTOB COEJMHEHUS SJIEMEHTOB IPSMbIE
Beipazkenust P(C) gepes \;(t) nm w;(t).

B obmem ciaydae (T. e. HE3ABUCUMO OT PEATHHOTO BUJA 3aKOHA
dyHKIUN pacipeieeHust BepodTHOCTH 6e30TKa3HO! paboThl BO Bpe-
MeHHU) JIJIsi HEBOCCTAHABJIMBAEMOI'O JIEMEHTa TeOPHsl HAJIEKHOCTH |2,

20



c. 40] maér cirenyornLyo 3aBUCHMOCTh MEK Ly BEPOSITHOCTBIO ero 0es3-
oTKa3HOI paborbl P(T) U MHTEHCUBHOCTHIO OTKa30B A(1):

P(r)=e" Jo Moy, (12)

Boipazkenue (12) gacto Ha3bIBAIOT OCHOBHON (opMyJIOit Teopun Ha-
JIEYKHOCTH.

Cuwnrast BpeMsi 7 (1o/1éTa) MaJIbIM 110 CPABHEHHIO C OOIIUM Bpe-
MeHeM CJIy2KObl (CyMMapHBIM HAJIETOM) € 9JIEMEHTa, & 3aBUCHMOCTH
A = A(t) Ha oTpeske T MOJIOTOi 1 GJIU3KOM K JIuHeitHoi! | 3aMeHnM B
(12) A(t) Ha A = A, = const. Torma

P(1) = e Aer™,

YTO COBIIAJAET ¢ (DOPMOIT 3aIlMCl BEPOATHOCTU O€30TKA3HOM pabOThI
MIPU 9KCIIOHEHITUALHOM 3aKOHe €& pacrpeieIeHusT

P(t) = eV, (13)

To ecTb moryiienusi 0 MajOCTU T U A = const PaBHOCHJILHBI IIPUHS-
THUIO JJId 3JIeMEHTa KCIOHEHIIMAJILHOI'O 3aKOHA Paclipe/iesieHus

P(t)y=F(t)=1—e".

Qusmyaeckn ITO JOMyIIeHNe O3HAYAeT, 9T0 P(T) 3aBUCAT TOJIBKO OT
JJIATEIBHOCTA PAbOYEero IMUKJIA T U He 3aBUCUT OT IIPEIBAPUTEIbHOM
napaborku t. Ilociemmee coorBercTByeT paHee cOPMYIUPOBAHHOMN
Mojiesn HaJIeKHOCTH. Packiia piBast Boipazkenue (13) B psi Taitiopa,
nMeeM

1
P(T) =e M = 1—/\T+§(/\T)2—...,
W, C y9eTOM MAJIOCTH BEJIMYNH A U T,
P(r)~1- Mt (14)

Beipaxkenusi (13) u (14) naroT BOBMOXKHOCTH HEIIOCPE/ICTBEHHOI'O BbI-
qucaenus: Pj(7T) depe3 HHTEHCHBHOCTH OTKA30B JIEMEHTOB \;(t) wmin,

'To ecTnb, paccMaTpuBas Mepuos] HOPMAILHOM SKCILIYATAIIMH I€MEHTa.,
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¢ yaerom (11), — 4yepes3 BeJIMUMHBI IAPAMETPOB IOTOKOB OTKA30B 3JI6-
MEHTOB wj(t).

Ecyin Teneps nojcrasuth Boipaxkenust (13) u (14) B panee nosty-
vennnle (Gopmynsl mast Gesorkasnoctr (6) u (9), TO MBI IOIydaeM
BO3MOYKHOCTB 3allMCATh ypaBHEHUE HaJIEYKHOCTU HEIIOCPEJICTBEHHO B
MHTEHCUBHOCTSIX OTKA30B 3JIEMEHTOB.

Hnst cucrembr Tuma (2) — nocseoBaTebHOe COUeTaHne COObITH
B CTPYKTYPHO# CXeMe — IOJIY9IUM:

n n n
PC)=[PA) =[[e N = Lo " =T~ Ap7 + 1,
i=1 i=1

n
P(C)=1-Agt=1-7> A (15)
=1
Mot cucremsr tumna (4) — mapasulesbHOE COYeTaHne COOBITHI B
CTPYKTYPHOII CxeMe — MOJIyYUM:

P(C)=1- f[[l - P(A)] =1- ﬂ[l —e N =1- lE[Aﬂ
i=1 =1 =1

njm, OKOH4YaTeJIbHO,
P(C)=1-7r"DT] N\ (16)

s naabHEHAmUX pacCyzKJAeHUH BOCIIOJIB3YeMCH JTOKA3bIBAEMOit
B TEOpHUHU HAJEKHOCTU TeopeMoii UepTuHiieBa, KOTOpasl IJIACHUT: €C-
AU BEPOAMHOCTNU OMKA3068 JOCMATMOYHO O0ADWO020 YUCAL PYHKUUO-
HAALHOLL INEMERNOB, COCMABAAIOWUL CUCTNEMY, OAA MAAO20 BPEME-
2 mo eepoammocms bezomxasnoti pabo-
mot 8Cel CUCMeEMdL NOOYUHEHG IKCOHEHUUAALHOMY 3aKO0HY. 1O ecTb

HU T USMEHAIOMCA NUHETUHO

P(C)=eT¢ =~ 1-7Ac, (17)

rae )\C — HMHTEHCHUBHOCTDL IIOTOKa OTKAa30B CHCTEMDLI B II€JIOM.

2 A Takoe JOITyIeHIe IPHEMIIEMO J/Isl MAJIOr0 T HPH JII000M 3aKOHE PacIpee-
JIEHUsI BEPOsiITHOCTEH DE30TKA3HOM PabOTHI 9JIEMEHTOB.
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Conocrasienne Boipazkenuii (15) u(16) ¢ Beipaxkenuem (17) naer
cJIeJIytomee: Jyist CTpyKTYPHOI cxeMbl Tuna (2) — I0C/Ie0BaTeIbHOe
codyeTaHue COOBITHIA:

Ao =D A, (18)
=1

JUIsE CTPYKTYPHO#H cxeMbl Tura (4) — napaJsuielbHoe CoYeTaHne COObI-

THUH:
n

Ao =7 (19)
i=1

Dopmyist (17) u (18) siBisitorcst ocHOBHBIME pabounmu GopMyIia-
MH, T. K. JaIOT BO3MOXKHOCTH C(POPMHUPOBATH ypPaBHEHUE HAJIEXKHOCTH
CXEMbI HEIIOCPEJACTBEHHO B MHTEHCHUBHOCTAX OTKa30B 3JIEMEHTOB.

Tak, 11 paHee pacCMOTPEHHON CTPYKTYPHOR CXEMBI IIOXKApOTY-
nrernst (5) ypaBHEHHE HAJIEKHOCTHU TIPU TIPEXKHEN JIOTHKE paccyKJe-
uuii (Boiaenenne cobbiruii I u I1) Gymer nosydeno ciepyomum obpa-
30M:

JIJIsT TIEPBOTO COOBITUST A = AK;

JIJIS BTOPOTO cOoObITHS B cooTBeTcTBUu ¢ (19) Afp = T)%;

JUI CUCTEMBI B 1eJIoM (Ioc/Ie/10BaTeIbHOe codeTanne coobrruii
u II) B coorBercrBum ¢ (18)

Ac = Ar+ A1 :)\K—I—T)\ZO,
ypaBHEHNe HaJEXKHOCTH CHCTeMBI B coorBeTcTBUE C (17)
P(C)=1-Acm=1-7(Ag +705) =1 - 1Ak — (TX0)%

[Tosb3ysiCh TOM Ke JIOTUKOl, 09EBHHO, MOXKHO C(DOPMUPOBATEH ypaB-
HEHNe HaJIE2KHOCTHU JIjIs CTPYKTYPHOU CXEMBI ITPOU3BOJIBHOTO BUJIA.
BelnosiHenne ciie/yomero sramna, T. €. KOJINYeCTBEHHAsl OICHKA
BesinauHbl Po(T), 09€BUIHO, HE IPEJICTAB/ISIET IIPUHIUIIUATIBHONR TPY/I-
HOCTH.
Besmumnna HapabOTKK cucTeMbl Ha OTKa3 B coorBercTsun ¢ (10) u
(11) ompegensieTcst OUEBUIHBIM COOTHOIIEHUEM:

1
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E/PaKTMHeCKOG 3agaHne Nel
€TOJ], CTPYKTYPHbBIX CX€eM

ITleap paboThI: 03HAKOMJIEHUE C OJHUM U3 IIPOCTEHUIITNX METOJIOB
aHa/IM3a HAJIEKHOCTH CUCTEM — METOJOM CTPYKTYDHBIX CXeM — U
0TpabOTKa HABBIKOB €r0 NPUMEHEHUs IIPHU TPOEKTUPOBAHUU.

Samauu paboThI:

1. YacHUTb CTPYKTYpY U XapakTep MOIYIIEHUN, MOJOXKEHHBIX B
OCHOBY M€TOjIa, CTPYKTYPHBIX CXEM, OCHOBHBIE OI'DAHUYEHUS HA IIPU-
MEHEHUE METO/Ia, [TOC/IEI0BATEIbHOCTh U COEPIKAHNE OCHOBHBIX 9Ta-
[IOB OIEHKU 0€30TKA3HOCTU CUCTEMBI 110 JAHHOMY METOJLY.

2. OTBeTUTH HA KOHTPOJIBHBIE BOIIPOCHI.

3. Boinosinuth pacyer 6e30TKA3HOCTH U HAPaOOTKU Ha OTKA3 3a-
JAHHOI'0 BapuaHTa CTPYKTYPHOU CXEMBI.

KoHTpoJibHBbIE BOITPOCHI

1. Kakue OCHOBHBIE I'DYIIIBI 38/1a7 PEIAIOTCs B MPOIECCe aHAIN3a
un oTpabOTKM HAJEKHOCTH CUCTeM U arperatos JIA B mporecce
IPOEKTUPOBAHUSI ]

2. YYuUTBIBAET JIU METOJ, CTPYKTYPHBIX CXE€M IPUPOIY U XapaKTep
OTKA30B 3JIEMEHTOB?

3. KakoB dpusniecknii CMBIC/T JOMyIEHNsT O HE3aBUCUMOCTH OTKa~
30B 3JIEMEHTOB B cucreme?

4. YUIuTBIBAIOT JIN MOJIENb HAZIEKHOCTH U METOJ, CTPYKTYPHBIX CXEM
BEPOSITHOCTH OJTHOBPEMEHHOI'O OTKa3a JABYX 1 0OJiee 3JIEeMEHTOB !

5. MoxXKHO Ji¥, B IPUHIUIE, KCIOJIb30BATHL METOJ JJjisl aHAJIN3a
HaJIEKHOCTH CTATUYECKHM HEOIPEIE/IMMOI CHJIOBOH KOHCTPYK-
muu’?

6. B kakux ciydasx xapakTep OTKa3a IJIEMEHTa BJIMSET Ha BO3-
MO2KHOCTB IipuMenenusi merona? IlpuBectu npumep.
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10.

11.

12.

13.

14.

15.

MoXHO JI MCIHOJIBb30BATh METOJ JIjIs aHAJIN3a HAJIEXKHOCTH CHU-
CTEeMBbI Ha dTalle MOABJIEHUsI B Heifl M3HOCOBBIX OTKA30B, T.e. HA
srare eé «crapenusi»? Jla? Her? Ilouemy?

[IpouunTaiiTe ciemyroIiue CTPYKTYPHbIE CXeMbl HAJIEXKHOCTU CHU-

[c) — [ |
— 3] —

>—> —>—>—> —>
—>—>—>

Kakoit cTpykTypHO#l cxeMe COOTBETCTBYET BbIPaXKEHUE

CTEeM:

P(C) = P(A1)P(A2)P(A3)?

Kakoit cTpyKTypHOI cXemMe COOTBETCTBYET BbIpaKeHUe

P(C) = P(Ay) + P(As) + P(A3)?

Kakoit cTpyKTypHOIl cxeMe COOTBETCTBYET BbIPAXKEHUE

P(C) =1—-[1 = P(A][1 = P(A)][1 — P(A3)]?

KakoB crarucrmaeckuii anasor nmokasarens A(t)?
KakoB crarucruiaeckuit anasor mokasaress w(t)?

[Touemy npu aHaim3e HAJAEKHOCTH YACTO He JIETAIOT PA3HUILY
Mex 1y xapakrepuctukamu A(t) u w(t)?

Kakoit cTpyKTypHOIl cXemMe COOTBETCTBYET 3alliCh

P(C) =1—717% (A1 Xa)3)?
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16. Kakoit cTpyKTypHOil cxeMe COOTBETCTBYET 3aIUCh

Ao = A1+ A2+ 72037

17. Kakum ob6pazoM CBsi3aHbI MEXKIy COOOM ITapaMerp IMOTOKa OTKa-
30B CUCTEMbI W U BeJndnHa eé HapaboTku Ha otka3 Tork (C)?

SajaHue

1. CocraBurh ypaBHEHHE HAJIEKHOCTHU, OIEHUTH BEJIMIMHBI BEPO-
ATHOCTH Oe30TKasHOil pabornl Pr(C) n mapabOTKH Ha OTKa3
Tork(C) nyisi 3a1laHHOTO BapuaHTa CTPYKTYPHOIl CXeMbl IIpH
JUIATEILHOCTH PAbO9ero IuKJa:

7 =1 u (Bapuanter 1-6),
T = 2 u (BapuanTel 7—14),
T = 3 4 (Bapuanrsr 15-22).

MurencuBHOCTH OTKA30B 3JI€MEHTOB IIpuBEJJICHbBI B Ta6J’II/ILL€.

Ne smemenTa i(t), a !
1 0,04
0,05
0,06
0,07
0,08
0,09

O T W N

2. IlucbMeHHO OTBETHUTH HA CJIELYIONINE BOIPOCHL:

e MOoxKHO JTi TOBBICUTH HAPAOOTKY CHUCTEMBI Ha OTKAa3 BJBOE
3a CYET MOBBIIIEHUsT HAJIEXKHOCTH 3jeMenTa HoMep 17 Ecim
MO2KHO, TO KAKOMW IIPH 9TOM CTaHeT 0e30TKa3HOCTH CHUCTe-
MBbI?

e Kakoii (B 1pejese) 6E30TKA3HOCTH CHCTEMbI MOXKHO J10-
OUTHCA TAKUM ITYyTEM, €CJIU BO3MOXKHOCTU COBEPIIIEHCTBO-
BaHUs JIEMeHTa HOMeD 1 He OrpaHuYeHbI?
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BapuaHTBI CTPYKTYPHBIX CXE€M

Bapwuant 1

€)-0— —E— — 4=

—>.—>

Bapwuanut 2

>_>—>¢—>—>—>¢
—>—>—>

Bapwuaut 3

1 1
Bapwuaut 4

Bapwuant 5

1
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Bapwuant 6
—>—> —>a—>

BapwuanT 7

>_>—>—>—>¢—)—>¢

—>@—>

Bapwuant 8

>—>—>@—> —>—>—>
! 1
—>—>—>

Bapwuaut 9

>—>—>¢—>—>—>~L—>

— 2| ———

Bapwuanut 10

>—>—>¢—>—>~L—>~L—>—>~L—>@
—>—> —>—>

28



Bapuant 11

ch-E— —E—,— —0—
1 1 1 1
—Bl—" =B

— [3]—

Bapwuaut 12

S ~M-,~E~ ~E-
1 1 1 1
l—>@—>l — [3] —
— [2] —

Bapwuanut 13

> —>\L—>_)l—)l—>4)
l—>_)l —>—>@—>

— 4] —

l

BapuanT 14

>_>—>—>—>~L—>—>¢
¢_>_>¢

—>@—>
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Bapwuant 15

—HI 2] — [ —"

Bapwuanut 16

>_)l—>@_>_)—> — [3]
— 1]~ [2]

Bapwuaut 17

l—>.—l l—>.—>

Bapwuanut 18

>_>\L—>_>_>H\L
—>—>—>@—>

Bapwuanut 19

l_}._}l L@
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BapwuanTt 20

>_>l—>_>_>_>_)
INGINT }

Bapuant 21

> —>i—>_>@—>l—>l—>—>l
—>—>—> —>H

Bapwuaut 22

>—> —>—> — —>—> —)i_)_)

et tapd et
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[MpakTnyeckoe 3agaHne Ne2 .
Ananns HaJde2KHOCTHI CuCTeMbl CaMoOJIeTa
Ha JdTaIlle IIPOEKTUpPOBaHNA

Iesb paborhl: nprobpeTeHne CTYIEeHTAME MPAKTHIECKUX HABBI-
KOB aHaJn3a HAJIE2KHOCTU CUCTEM CaMOJIETA Ha dTAIe ero MPOeKTUPO-
BaHUs.

Samauu paboThI:

1. UccnemoBanre TpUHITAIINAIBLHONR CXEMBI.

2. CocraBjieHre CTPYKTYPHBIX CXEM CHCTEMbI U PACUET IOKa3aTe-
Jel HaJIE>KHOCTH.

3. OreHka pe3yJsibTaTOB AHAJIM3a U YCOBEPIIEHCTBOBAHUE ITPUHIIN-
[MAAJTBHON CXEMbI CHCTEMBI.

UccaengoBanme mpuHOINNUAIBHON cxeMbl. [lo morydentoii B
3a/IaHUY IPUHINIAAILHO CXeMe yCTPOHCTBa Uil CHCTeMBbI (CM. puc. 1—
15 B IIpu. 1 [3]) u Bpemenu nosiéra CTYAEHT CAMOCTOSITEJILHO OLpe-
JlesisieT TUI caMoJIéTa (ecyii OH He OUpeJie/ieH B 3a/IaHNUN ), OCHOBHBIE
YCJIOBUS €r0o 3KCILIyaTallUud, pelraecMble UM 3aJa9i U AHAJIUIUPYET
BJINAHNE Pa3JIMIHBIX TUIIOB OTKa30B ,ZLaHHOfI CucreMbl B IE€JIOM Ha
pesysnbraThl m0s16Ta (KaracTpoda, morepsi caMoséTa, aBapus, HEBbI-
IIOJIHEHUEe 3a/laHNsd, BBIHY2K/IEeHHasd IMOCaJKa 1 T,[L)

Jlastee TpOBOIMTCS aHAJIN3 BO3SMOXKHBIX OTKA30B KaXKJIOI'O 3JIEMEH-
Ta cucreMbl (0OPBIB, 3aKJIMHUBAHNE, KOPOTKOE 3aMbIKAHUE U T.JI.), UX
BJIMSIHEE HA PAOOTOCIOCOOHOCTH CUCTEMBI U UCXO/I 1oJiéTa. Pe3ynbra-
ThI UCCJIEJIOBAHUI CBOIATCS B TAO/IUILy U OOCYXKJIAIOTCS C MPEoIaBa-
TeJIeM.

CocraBiieHUE CTPYKTYPHBIX CX€M CHUCTEMbI U PACUET IIO-
KazareJjieii HaJAE>KHOCTHU. [[0CKOJIBKY OJHUM U3 YCJIOBHUI BO3MOXK-
HOCTH [PUMEHEHUS MEeTOJ/Ia CTPYKTYPHBIX CXEM SIBJISI€TCH HAJIMYHE Y
3JIEMEHTOB TOJILKO OJHOT'O BHJIA OTKA3a, U3 PE3yJILTATOB aHAJM3a Ha
[IEPBOM 3Talle CTYJEHT BbIOUpaeT JBe KOMOMHAIIMA OTKA30B, IIPUBO-
JSIIAX K JIBYM HanboJjiee TAXKETbIM TOCTIEJICTBUASM, U COCTABISIET CO-
OTBETCTBYIOIIUE CTPYKTYPHBIE CXEMBI.

[Tocste mpoBepKu CTPYKTYPHBIX CXEM IIPEIIoaBaTeIeM CTYISHT IIPO-
BOJIUT PACUET IOKa3aTeseil Ha EKHOCTH: BEPOSITHOCTH OE30TKA3HOM
paboThl cUCTEMBI 38 BpeMsi HOJIETA U HAPAOOTKU Ha OTKA3.
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BosznuknoBenue pa3inaHOro BUIa OTKA30B KaKJIOI0 9JIEMEHTA, IIPU-
HUMaeM PABHOBEPOSITHBIM B COOTBETCTBHUU ¢ Tabsurnei B [lpui. 2.

Onenka pe3yJbTAaTOB aHAJIN3a U YCOBEPIIEHCTBOBAHUE
NPUHIUNHAAJIBHON cXeMbl cucTteMbl. Kak 3aHmKeHHbIe, TaK U 3a-
BBIIIEHHBIE [TOKA3ATEIN HAJIEXKHOCTH 110 CPABHEHUIO C 33JJAHHBIMU T'O-
BOPSAT O HEONTUMAJLHOCTH UMeIoIeiics cucrembl. V3mensis crenennb
pPEe3ePBUPOBAHNUS WJIM KOJTUYECTBO JIEMEHTOB B CXEME U IIPOCUUTHIBAS
IIOKa3aTeIn HAJIEKHOCTU 110 U3MEHEHHOU CTPYKTYPHOI cxeme, CTy-
JIEHT JIOJKEH JIOOUTHCsI COOTBETCTBHS PACUYETHLIX ITOKa3aTesjell Ha-
JIEXKHOCTU CHCTEMbI 33JIaHHBIM ToKa3aTessiM. OKOHYATebHBIN Bapu-
aHT CIAETCHd Ha IIPOBEPKY IIPEIoIaBaTelIo.

NcexoaubiM JOKYMEHTOM IPU OIEHKE PE3YJILTaTOB aHAJN3a SIBJIf-
1oTcst « ABualonnble npasuiay [4]. B nepsom npubimKeHUNn MOXKHO
BOCITOJIb30BaThCA YCJIOBHBIM DPA30UEHUEM CAMOJIETa HA IIOICUCTEMBI
U CTATUCTUYECKUMU JJAHHBIMU 110 HApabOTKe Ha OTKa3 10 TabJsule
B Ipwi. 3. st ciyuaes aBapuu (morepu camosiera) U KaTacTpodbl
HapabOTKa Ha OTKA3 yBEJIUINBAETCH Ha JIBA U TPU HOPSIKA COOTBET-
CTBEHHO.
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ITpunoxkenne 1. IlpuniiunuaibHble CXeMbI
CHCTEM

Puc. 1. Cxema ruapaBimaeckoil CUCTEMBI TOPMOYKEHHS KOJIEC:

1 — runpoakkyMyasaTop; 2 — peIyKIMOHHBIN KJalaH; 3 — 0OpaTHBIN Kja-
maH; 4 — MaHOMETD; 5 — 3apsiIHBII MTyIEP; 6 — BHIK/IIOYATE/h THIPABIIU-
qecKwuil; 7 — Jpoccesib; 8 — TOPMO3HAas KaMepa; 9 — THIpOITapHUPHI;

10 — syrekTporuapapndecknii KpaH; 11 — 94eITHOYHBIN KJtanaH;

12 — coenuHeHME TPYOOIPOBOIOB
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Puc. 2. Cxema xanaja TaHrazka CHCTEMBI yIPABJICHUA: 1 — PydKa yIpaBJe-
HUS;, 2 — TAra; 3 — Kadajaka; 4 — KPOHIITEHH; 5 — MeXaHu3M TPUMMEpPHOIO
addekra; 6 — 3arpysounsbiit Mexauusm; 7 — APY; 8 — Gycrep; 9 — pyneBas
MallliHa, aBTOIMMIOTA,

Puc. 3. Cxema kamasa ympaBieHust pyJsIMH HaIpaBJIeHus: 1 — HOXKHOM
IIOCT YIPAaBJIEHUS; 2 — TAra; 3 — Kadaaka; 4 — KPOHIITENH; 5 — MeXaHU3M
TpuMMepHOro 3ddekTa; 6 — 3arpy304HbI MexaHU3M; 7 — Oycrep;

8 — pyJieBas MaIllHa, ABTOMMIOTA,
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Puc. 4. Cxema kanaia KpeHa cUCTEMBI yIIPaBJIEHUs: 1 — pydKa yIIPaBJICHHUS;
2 — rgara; 3 — Kadajka; 4 — KPOHINTEWH; 5 — MeXaHU3M TPUMMEPHOTO
addekTa; 6 — 3arpy309HbIil MexaHu3M; 7 — Oycrep; 8 — pyJieBasi MAIUHA
aBTOIINJIOTA

Puc. 5. Cxema nuranust KaMep JBYXKaMEPHOTO THJIPOYCUTUTEIST:

1 — BxomHOIT ppIYar; 2 — OPYKUHHBIE TATH; 3 — 3JI€EKTPOCUTHAJIN3AIINS 3a-
KJIMHUBAHUA 30J0THUKA; 4 — KJIATAHBI IEPEKIIOUEHNS THAPOCUCTEM;

5 —30JIOTHUKOBBII pacIpesenTe/b; 6 — IMUINHIP THAPOYCUTUTES;

7 — IITOK C MOPIIHSIMU; 8 — COoeIMHeHne TPyOOIpoBoI0B; 9 — TpybompoBo-
abl; 10 — xécrkue TATH
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Puc. 6. Cxema BO3myImHO#M crcTeMbl yIIPaBICHAS 3aKPhIIKAMI: 1 — 3aps-
HBII TTYIEP; 2 — DUIbTP; 3 — BO3IYIIHBIH 6aJIIOH; 4 — MaHOMETD;

5 — kpaH; 6 — 0OpaTHBII KJIalaH; 7 — 30JJOTHUKOBBIN paclpeIe/InTe b,

8 — komrpeccop; 9 — crpapimBaoImit KjaanaH; 10 — aBTomMaT JaBJIeHUT,;
11 — syreKTpOMarHuTHBIN KJtartaH; 12 — BO3yIHBIN UanHIp; 13 — coenu-
HeHme TPyOOIIPOBOIOB

Puc. 7. Cxema Bo3mymHO# cucTeMbl ylIpaBIeHUs TPEIKPbUIKaMu: 1 — 3a-
paaHbIl mTynep; 2 — GUWIbTP; 3 — BO3AYIIHBINA 6aIoH; 4 — MaHOMETD;
5 — KpaH; 6 — obpaTHbIil KjIammaH; 7 — TPyOOIpoBoO; 8 — KOMIIPECCOD;

9 — crpaBnuBatomuii Kiaman; 10 — aBromMat JaBienus; 11 — BO3IyIIHBIN
nurHap; 12 — 3JIeKTPOMArHUTHBIN KjanaH; 13 — coeauHenne TpyOOIpoO-
BOJIOB
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Puc. 8. Marucrpasb Bbitycka u y6opku 60pToBoro tpama: 1 — pese jgas-
JIeHUusi; 2 — TUAPOYCHINTEND; 3 — rujaponiapaup; 4 — obpaTHBIN KIalaH;
5 — TUAPOIUJIMHIDP 3aMKa Tpara; 6 — 3JeKTPOMArHUTHBIN KJIAIaH;

7 — Jpoccesib; 8 — THUAPOAKKYMYISITOp; 9 — manomerp; 10 — 3apsaaHblii
mrynep; 11 — crpaBimBatomuit Kiranas; 12 — coeguHenne TPyOOIIPOBOIOB;
13 — cnuBHOI KpaH

Puc. 9. Ilpuanunuanbaas cxema TOPMO3HO#M cucTeMbl: 1 — TOPMO3HOE KO-
JIECO; 2 — WHEPIWOHHBIN JATYNK aBTOMATa TOPMOYKEHUs; 3 — JIPOCCENb;
4 — 3JIEKTPOMATHUTHBIN KpaH aBTOMATAa TOPMOXKEHHUS; 5 — PEIyKIIMOHHBIIH
KJIallaH TOPMO2KeHusl; 6 — OOpaTHBIN KJIAllaH CJINBA; 7 — COEINHEHUE TPY-
6OIIPOBOJIOB; 8 — COEMHEHNE JJIEKTPOCETU
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Puc. 10. Cxema Bo3yIIHON cHCTEMBI TOPMOXKEHUST KOJIEC: 1 — 3apsiHBII
mTynep; 2 — GuiIbTp; 3 — BO3AYIIHLIN 0aJI0H; 4 — MAaHOMETD; 5 — 3JIEK-
TPOTUIPABINIECKIIT KpaH; 6 — obpaTHbIl KaamaH; 7 — TpyOOIpoOBO/I;

8 — xommpeccop; 9 — puabrp; 10 — aBromaT mapaenus; 11 — TopMo3HAas
Kamepa; 12 — peIyKIMOHHBIN KjalaH; 13 — coenuHaenue TpyOOIPOBOIOB
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Puc. 11. TpuanunuanpHas cxema CUCTEMbI YIPABJIEHUST CBEPX3BYKOBOI'O
caMoséTra: 1 — pyuka yIpaBjeHHUs; 2 —3arpy304HOe YCTPOUCTBO; 3 — Me-
XaHU3M TPUMMEPHOro 3dderTa; 4 — UCIOTHUTEBHBIH MEXaAHU3M CACTEMBI
VIIYUIIIEHUS YCTOWYIUBOCTHA U YIIPABJISIEMOCTH; 5 — TUJIPOYCHIUTEIb;

6 —XkécTkas TATa; 7 — UCHOJHUTEJIHHBIH MEXaHU3M CHCTEMBI TPACKTOPHO-
T'0 yIIpaBJeHus; 8 — MEeXaHU3M OTKJIIOUEHNs UCIOJHUTEILHOIO MEXaHN3MA,
9 — MexXaHW3M OTpDaHHYEHUs IIPEeJIeJIbHBIX DPeXKUMOB; 10 — KPOHIITENHHHI;
11 — npykuHHas TdATa
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Puc. 12. Cxema perynupoBaHusi CBEpX3BYKOBOI'O BO3/LyX03a00PHUKA:

1 — garunk yuciaa M B ropie; 2 — perysisiTop IEeHTPAIBLHOTO TENIA;

3 — pyuHOe ympasJyieHne; 4 — JaTYNK MOMIAaXKa; H — IEHTPAIbHOE TEJO C
MEXaHU3MOM PETYJUPOBKH; 6 — MATYUK «CPbIBa»; 7 — CHCTEMa, yIIPABJICHAE
3amyckoM; 8 — maTumk uuciaa M mosera; 9 — HaTYMK MOJIOXKEHHST CKad-
Ka; 10 — perynsiTop nmepemycKHbIX CTBOPOK; 11 — meperycKHbIe CTBOPKH C
MEXaHU3MOM YIIPABJIEHUSI

Puc. 13. Cxema HacocHoit mojaum TOILUINBA K JABUATATENIO: 1 — TOIIMBHBIC
6akuy; 2 — mepeKavYnBaoINIne HACOChL; 3 — PACXOJHbIN 6aK; 4 — caMOJIETHBIHI
TOJIKAYMBAOIINAN HACOC; D — JBUTATEIbHBIN TOIKAYNBAIOIINIA HACOC;

6 — orceunoit kyianan; 7 — GuIbTP; 8 — OTCTONHUK; 9 — CIUBHON KJIAIaH;
10 — manomerpsr; 11 — obpaTHblit Kiianan; 12 — coeaunenne TpyOOIPOBOIOB
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Puc. 14. IpuanunuanbHast cxemMa BBICOTHOTO 3aIlyCKa: 1 — aKKyMyJIsaTOp-
Has barapest; 2 — KHOIIKA 3aIyCKa; 3 — JIEKTPOIPEIOXPAHUTEND; 4 — Kuc-
JIOPOJHBIN KpaH; 5 — KUCJOPOAHBIN O6aJIIOH; 6 — KUCTIOPOIHBIA PEIyKTOP;
7 — obpaTHBI KJalaH; 8 — HacOC IIyCKOBOI'O TOIUIMBA; 9 — Oak IIyCKOBOTO
rormBa; 10 — KarTymka 3axkuranus; 11 — 6ak pabodero TOIINBA;

12 — nacoc paboyero TommBa; 13 — pblYar yupaBjeHUs JBUTATETIEM,;

14 — dopcyuka pabodero tomnusa; 15 — HOpCyHKa IYCKOBOIO TOILJINBA;
16 — xucmopomnast dpopcynka; 17 — cBeda 3JIeKTPO3aKUTraHust; 18 — KoOp-
IIyC IIyCKOBOTO BOCIIJIAMEHHUTEJIS
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Puc. 15. Tlpunrnunmanbaas cxeMa TOIIMBHON CHCTEMBI JIBY XKOMIIOHEHTHOT'O
CTAapTOBOTO yCKOpHuTesst: 1 — 6ak roprodero; 2 — 6ak OKHCIUTEIIST;

3 — MarucTpaJibHbIi TPyOOIIPOBOIT; 4 — OTCEYHON KIIAllaH; 5 — 3alIpaBOYHBIIMA
TpyOonpoBo; 6 — ApeHaKkHbIit TPpyOonpoBo; 7 — cuiibdom; 8 — ditanieBbie
coenunenusi; 9 — Typbonacocuslit arperar; 10 — oOpaTHBIi KJaaH;

11 — apenakHBII KJIallaH
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ITpunoxkenne 2. [lTapamMeTpbl MOTOKA OTKA30B
3JIEMEHTOB CUCTEM

HawnmenoBanue semenTa wx 108,971
1. O6mue 371eMeHThI CUCTEM
Pyuka ympasmenus 0,2
Hoxknoit moct ynpasieHus 0,3
WcnomHuTe/IbHBIN MEXaHU3M CACTEMbI 5,0
VIIydIeHusT YCTOMYIMBOCTH U YIIPABJISIEMOCTH
VcnomHuTeNbHBIN MEXaHIM3M CHCTEMBbI 4,0
TPAEKTOPHOI'O yIIPABJICHUS
MexaHM3M OTKJIIOYEHUS UCIIOTHATETHHOTO 1,0
MEeXaHU3Ma
MexaHU3M OrpaHUYEHUS MPEJIETHHBIX 2,0
PEXKUMOB
Mexanusm TpuMMepHOTO 3ddeKTa 1,0
3arpy3o4uHoe ycTpoiicTBO 0,5
ABToMaT perysmpoBaHus yCcuanit 2,5
PyneBas mamuna aBronmiora 3,0
TopmoszHast Kamepa 0,4
2. DJIeMEHTBI TUAPABINIECKON CHCTEMBI
I'mapoycunurens 5,0
IMununap rugpoycumnTess 0,5
30JIOTHUKOBBII pacipeIeInTe/ b 2,0
ITok ¢ moprHIMH 0,2
Pene maBnenus 0,6
I'mapoakkymyasaTop 0,5
TlM'uapomapaup 1,0
Kianan mepekroueHns TUIPOCACTEMBI 0,2
BriktogaTess rujipaBindecknit 0,1
YeJtTHOUHBIN KJIalIaH 0,3
Hpoccenn 0,2
OobpaTHbIi KIanaHn 0,5
SapsiaHbIL ITYIIED 0,1
Penyxnumonnsrit Kyraman 0,2
ManomeTp ruipaBInIeCcKUi 0,05
CnuBHOI KpaH 0,05
CrpaByBalomuii Kyiamas 0,2
Tpy6omposos rumpocucTeMbl, 1 M IOTOHHBIH 0,01
Coemuuenne TpyOOIPOBOIOB THIPOCUCTEMBI 0,1
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IIponomxenne

Haunmenosanue ssiemenTta

wx 108, 41

3. DJIeMEeHTBI BO3JIYIIHON CUCTEMBI

ABTomar naBjieHUS 2,2
Bozaymnraerit 6asumon 1,5
Bosmymuabrit mummHIp 1,5
30JI0OTHUKOBBI PACIIPEIETUTEH BO3/ LY IITHOTO 2,0
[IAJTAHIPA
Bozaymasriit puibTp 1,0
CrpapauBalomuii KiamaH 0,8
Sapsi bl MIITYIIED 0,3
OObpaTHbIi KIanaHn 0,5
ManomeTp BO3IyIIHBII 0,2
Penyxknumonnsrit kraman 1,0
Bozaymraeriit Tpyborposost, 1 M mOroHHbII 0,02
CoeuHeHne BO3IYIIHBIX TPYOOIPOBOIOB 0,2
4. DJIeMEHTHI JIEKTPOCUCTEMBI
DJIEKTPOTUIPABINIECKUIl KpaH 0,5
DJIEKTPOMATHUTHBINA KJIAITaH 0,5
MueprimonHbIil JATYNK aBTOMAaTA 0,4
TOPMOKEHUS
DJIEKTPOCUTHAIN3AIS 32K TMHUBAHUS 0,3
30JI0THUKA,
CoenuHeHne 3JIEKTPOCETH 0,05
5. Taru, KpOHIITEHHBI, PbIYaru
2Kecrkast Tsara 0,05
IIpyxunnast Tsra 0,1
Kponmrreiin 0,04
BxoHoit peraar 0,05
Kagaska 0,05
6. Cucrema ympaBJieHUsT BO3/LyX03a00PHUKOM
Cucrema ymupaBJIeHHUs 3aIlyCKOM 10,0
[enTp. TEI0 C MEXAHU3MOM PEryJIUPOBKU 8,0
Perynarop nenrpasbHOro Tesia 1,5
Pyumoe ynpasnenune 2,0
IIeperyck. cTBOPKH € MEXaHU3MOM YIIPABJI. 2,0
Perynsrop mepenyckHBIX CTBOPOK 1,5
Harauk yuciaa M B ropie 0,8
Harauk anciaa M mosera 0,5
JlaTYuuK IOJIOXKEHUS CKaIKa 1,0
Harauk mommazka 0,5
Hardauk «cpbiBay 1,0
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Oxkonyanue

Haunmenosanue ssiemenTta

wx 108, 41

7. TormBHAS cucTeMa, CUCTEMa 3aIycKa,

JBUTATEJIS
TonymBHbIE OaKHU

IIepekatinBarorme HaCOCHI
Pacxommbiit 6ax
CaMOJIeTHBII MTOIKAIUBAIOIINI HACOC

JBUraTeIbHBIN MOJKAIUBAIONINN HACOC

Bax roproaero

Bak oxkuciurens
TypbonacocHslit arperat
Hacoc pabodero Tomamsa
Hacoc myckoBoro Tomnnusa
AxkkywmyssitopHast barapest
Kucmopoansrit 6astmon
Kwucmopoansrit peaykTop
®dopcyHKa pabOIEro TOIINBA
®DopcyHKa IIyCKOBOI'O TOILIHBA
PopcyHKa KUCTOPOTHAS
Kucmopoanbrit 3/1eKTpoKpaH
Kopryc myckoBoOro BocIiaMeHnuTe st
Orceunoit kianan

OuibTp

OrcroitanK

CnuBHO# KpaH

Mamometp

O6parHbIil KIamax
MarucrpaJibHbIi TPyOOIIPOBO/T
BamnpaBouHbIil TPYyOOIIPOBO/T
JpenazkubIit TPyOOITPOBO.T
Coenunenne TpyOOIPOBOIOB
Cwibdon

®ranHIEeBOE COEUHEHNE
JlpeHaXKHbIi KJIamaH

Kuonka 3amycka
DJIEKTPOTIPEIOXPAHUTETH
Katymka nanpszkenns

CBeua 371eKTpO3aKUraHust

5,0
2,0
3,0
2,0
2,0
5,0
10,0
20,0
10,0
12,0
1,0
0,5
1,0
0,5
0,5
0,5
2,5
0,05
0,1
1,0
0,5
0,8
0,05
0,1
0,1
0,05
0,05
0,5
0,5
0,1
0,2
0,01
0,5
0,8
1,0
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ITpunoxxenune 3. Hapaborka Ha oTka3

MMOJICICTEM CAMOJIETA

Hapaborka na orkas,

TToacucrema [IPUBE/IIAs K
HEBBITIOJTHEHITIO
samansx 1076

1. Ilnanep:

- KPBLIO 8,6

- drozessk 6,9

- omiepeHune 8,7

2. CujoBasi ycTaHOBKA.

- aBuraresn (¢ BO3AyX03ab0PHUKOM U

CHCTEMOIi BBIXJIONA) 0,65

- TOILIUBHAs CUCTEMA 0,1

- CHCTEMa 3aIlyCKa 6,8

3. BanérHo-mocagounnie ycTpoiicTBa:

- maccu 0,08

- MeXaHU3aIus 0,1

4. Cucrema yupaBJIeHUs 0,3

5. [InnorarkHO-HABUTAITMOHHOE 000DY/IOBAHIE 3,4

6. DeKTpoobOpyIOBAHIE 0,5

7. Pagmorexuuueckoe 060pyaoBaHue 0,6

8. Dueprocucrema:

- THIPOCUCTEMA 0,9

- BCY 4.4

9. Cucrema >Xku3HEODECIIEUEHUSI:

- KOHJIMITMOHUPOBAHUE 1,1

- KHCJIOPO/IHAS CUCTEMA, 3,4

10. Cucrema 3amuThbr:

- 110C 6,8

- IPOTUBOIOXKAPHAS CUCTEMA 8,6

11. IIpoume cucreMbr 0,2
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