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B3AUMOCBA3b MOBPEXXAAEMOCT KOMMYTALMOHHBIX AMMAPATOB
1 SNEMEHTOB CXEM EKTPUYECKUX COEQUHEHWIA

N.B. Kpmeosa, A.B. LLmownos

TOMCKUM NOAUTEXHNHECKMIA YHUBEPCUTET
E-mail: faharlv@mail.ru

[TpennoxeHo npumeHeH1e K03 dULUMEHTa B3aUMOCBA3M ~ OfpeeneHHbIM 06pa3oM HOPMUPOBAHHOM Pa3HOCTL YCITOBHOM 1 6e3yCrioB-
HOVI BEPOATHOCTEM MOBPEXAEHNS KOMIOHEHTA CXEMb! STIEKTPUYECKMX COEANHEHII OTHOCUTESBHO APYTUX ~ [I18 Y4ETa BIIASHIMS KOMITO-

HEHTOB CXeMbl [1pn X OTKa3e Ha paCCMaT,OMBaeMb/IZ 06bEKT.

ITpu pacuerax mokasaTeneil HameXKHOCTH pacyeT-
Horo oobekTa (PO) B KaxmoM 13 BapMaHTOB CTOUT 3a-
Jlaya yueTa BJIMSHUS TIOBPEXAAeMOCTU KOMMYTAIIMOH-
HBIX amnmaparoB Ha rokasaTtenu HaaexHoctu PO. Bo-
IPOC O IIyOMHE IOBPEKIAEMOCTH KOMMYTALMOHHBIX
anmapaToB IIyTeM I1OCJIEN0BATEJIbHOIO Pa3BUTHUS aBa-
PUU IIPY 3TOM B HACTOSILIEE BPEMS 10 KOHIIA HE PEILEH.
PexomeHnpgauyu Ha 3T0T cueT B [1] mpemomnpenesitoT
(baxTHUECKM UTEPALIMOHHYIO (DOPMY OTpaHUYEHUS TTy-
OMHBI yyeTa MOBPEXIaeMOCTH KOMMYTALMOHHBIX arl-
1apaToB IIPH 3aJaHHON TOYHOCTU WM CTEIICHU BIIUS-
HUS1 Ha TToKazatenu HanexxHoctu PO. Hampuwmep, ecimn
MIpU y4yeTe TOBPEXIAEMOCTH KOMMYTALIMOHHBIX arlra-
paToB, KoTopbiMi PO HemocpeacTBeHHO MOIKIIOUEH K
cxeMe, MokasaTenu HajexHoctd PO yBennumBaioTcs
0oJIbllle YCTAHOBIEHHOW HOPMBI, TO CJIEOyeT YYecTb
MOBPEXAAEMOCTh CIIEAYIONIEr0 YPOBHS KOMMYTAIIMOH-
HBIX amlapaToB, KOTOPHIMHU IOIKIIOUEHBI K CXEMeE
3NIEKTPUUYECKUX coeluHeHMI cocenHue K PO anemen-
Thl U T.J., TIOKA yBeJIMYEHUE TMOKa3aTeNell He CTaHeT
MeHbIIIe 3alaHHON HOpMbI. B [2] pekoMeHayeTcs st
OTPaHWYEHUS] BIMSIHUS MOBPEXIAEMOCTH 3JIEMEHTOB
Ha PO ucnonb3oBaTh KO3(PQGHUIMEHT CBSI3U, KOTOPBIiA
OTIpEeIENSIeTCSl TPOU3BEIEHNUEM YCIOBHBIX BEPOSTHO-
CTell MOBPEXAECHUS KaXIOro IOCIEAYIOIIEr0 KOMIIO-
HEHTAa MPU TIOBPEXACHUN TPEAbIAYILETO KOMIIOHEHTa,
pa3MelIeHHbBIX MeXITy MHTEPECYIOLIMMU 3JIEeMEHTaMU B
HarpaBJieHUU pa3BUTUS aBapuu. Kak BeposSTHOCTb KO-
3¢ OULIUEHT CBSI3M IPUHUMAET 3HAYSHUS MEXIY HyJIEM
u equHUIER. OTbICKaHKE €r0 HOPMUPOBAHHOTO 3HAYE-
HUsI VTS TIOCTABJICHHOM 1Ie/I BeCchMa MPO0IeMaTYHO,
MOTOMY BO3MOXHOCTb €TI0 MCTIOJIb30BaHUS LISl pacyeTa
nokazateieit HagexHoctn PO mo-mpexHeMy MoXeT
OBITh OLIEHEHA TOJIbKO UTEPATUBHBIM MTYTEM.

[Tpennaraercs a4 uesei yyeta BIMsSHUS Ha TToKa-
3atenu PO moBpexaaeMoCTH COCETHUX 3IEMEHTOB ye-
pe3 KOMMYTallMOHHBIE aaparhl KCIOIb30BaTh KOA(-
(UIMEeHT B3aMMOCBSI3U [3], MpeacTaBsoIIMiA coboi
Pa3HOCTb YCJIOBHOM M 0€3YCIIOBHOW BEpOSITHOCTEN,
HanpuMep, COObITHS MOBPEXIEHUS 2J1EMEHTA CXEMBbI,
OTHECEHHOM K HEKOTOPOI HOPMHUPYIOLIEH BEJIMUYMHE.
JaHHbIA K03 DULIMEHT B OTIMYME OT KO3(PPUIIMEeHTa
CBSI3W MMEET KaK OBl €CTECTBEHHOE HOPMMPOBAHHOE
3HAYECHUE, PAaBHOE HYJIO, MOCIE KOTOPOTO OH CTaHO-
BUTCS OTpUIIaTeNbHbIM. [TyTeM pacueToB koahduiu-
€HTa B3aMMOCBSI3U JUIsl TUTTOBBIX CETEBBIX CXEM M pac-
MPENYCTPOMCTB, @ TAKXKE UTEPATUBHBIM MYTEM MOXHO
MOATBEPANTb UHTEPECYIOLIEE HOPMATMBHOE 3HAUEHME
Ko bulMeHTa B3aUMOCBSI3H.
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IpumMep pacyera BAMSHMS TMOBPEXKIAEMOCTU CO-
CEJIHUX 3JIEMEHTOB U KOMMYTAIIMOHHBIX aIlmapaToB ¢
UCIIOJIb30BaHMEM CITPABOYHBIX NAaHHBIX TIOKa3al Ho-
BOJIBHO XXECTKYIO CBS3b 3JIEMEHTOB C X KOMMYTAITHOH-
HBIMKM anmapaTaMd  (Ko3(p(GUIMEHT B3aMMOCBSI3H
0,02...0,4), ¢ mocnenyroUMMHU 3IE€MEHTaMU, MOAKIIIO-
YeHHBIMU Yepe3 JaHHbIE KOMMYTAL[MIOHHBIE allNapaThl,
cHxkaetcs 1o 0,01; co cneayouyM ypoBHEM KOMMY-
TAllMOHHBIX aNMapaToB CTAHOBUTCS OJM3KUM K HYJIIO
0,0001...0,005; a ¢ 6onee nepuepuitHbIMU KOMITOHEH-
TaMU — OTpULATENbHBIM. DTOT (haKT 0OOCHOBBIBAET
M3BECTHOE TIPAKTUYECKOE TpeIoKeHNEe YINTHIBATDL B
pacyeTax CTpYKTYpHOI HaJleXXHOCTH KacKaJHOe pa3By-
THE MOBPEXACHUI B OCHOBHOM 4epe3 MOC/Ief0BaTe Ib-
HOE MOBPEXIEHUE IBYX KOMMYTAI[MIOHHBIX arlapaToB.
Hirke mpuBeneHs! BRIpaXXEHUS JUIST PacUeTOB BETMUMH
K03(hdUIIMEeHTa B3aUMOCBS3HM, KOTOPHIE MOXHO WC-
TI0JIb30BaTh TIPM OTpENeIeHUH TIoKa3aTes el HaleKHO-
CTH cxeM. Borpochl yueta BIUSHUS JaTbHUX MTOBPEXK-
JIEHUII B CETM Ha TOBPEXIAEMOCTb MHTEPECYIOLIEro
3JIeMEHTa TPU TI0CeI0BaTeIbHOM Pa3BUTUM aBapuu
TPAKTHIECKN BO3HUKAET, KOTZIa MCTIOMB3YIOTCA B Kade-
CTBE KOMMYTalIMOHHBIX aIiapaToB BEIKTIoYateny. [1o-
3TOMY NMPUBOAMMBIE (DOPMYJIbI OYIyT KacaThbCcsl B3aUMO-
CBSI3U BJIEMEHTOB W BBIKJIIOYATENIEH, XOTS MPUHIIUTIM-
aJTbHO OHU CTPaBeIJIMBBI U JUISI CTydaeB UCIOJIb30Ba-
HUS OTIAEIUTENCH U BHIKITIOUaTeNIeil Harpy3Ku.

KoaduimeHT B3anMoCBI31 MEXIY 3JIEMEHTOM 341 U
BBIKJTIOUATeNIeM (34—I), COEOUHSIOIINM 2JIEMEHTHI 31 U I:

plan/(on —i)] - p(on) )
|p9[3ﬂ /(an—1)] —p(eﬂ)|

rae p(a1) u plaa/(an—i)] Ge3ycnoBHasd U ycaoBHas (13-
3a MOBPEXIECHUSI BHIKIIOYATENS (34—i) BEPOSITHOCTU
aBapuiHOTO MPOCTOSI 31, p,[a4/(aa—i)] TO Xe camoe,

4to U p[aa/(a1—i)], HO BKCTPEeMaTbHO-BO3MOXHAS T10
YCITOBUSIM HOPMUPOBAHUS, TIPU STOM:

plon/(on—i)] =
1 npu p[aa/(an —i)] >0 u p(an) > p(an —i),

s[on,(an —1)] =

_ ) _pQn) . .
=<—————mpu p[an/(an —i)] <0 u p(an) < p(or —i),
p(an—i)

0 npu p[on /(o1 —i)] <0. (2
BepositHOCTD p(3.1) onpenessieTcs Mo BbIpaKeHUIO
0 "

m(T,,) +Aw,,m(Ty),

o1

plan)=k,w
A®,, — TI0 BBIPAXEHUIO
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e @), ; U @), — mapameTpbl MOTOKOB MOBPEXIECHUI
BBIKITIOYATENS (21—i) B CTATHYECKOM COCTOSTHUU M TIPH
OTIePAaTUBHBIX MEPEKIIFOUYEHHUSIX, KOTIa MOBPEXIAIOTCS
OJIHa U3 Nepubepuii ¢ JyroracUTeIbHON KaMepoil BbI-
kmouarenst (IT'K) u toneko AT'K, a,, ;1 a,_,, — BeposT-
HOCTH TIOBPEXICHMS BHIKIJTIOUATeNs (31—i) TIpU OTKITIO-
YEeHUM MOBPEXIEHUI COOTBETCTBEHHO Ha 3JIEMEHTAX i
" a1, @ U @, — COOCTBEHHbIE MapaMeTpbl MOTOKOB
TIOBPEXIEHNI COOTBETCTBEHHO Ha BIIEMEHTax i M i,
1; — YMCJIO 2JIEMEHTOB, MOAKIIOYEHHBIX K JIEMEHTY i,
3a UCKJTIOYEHHMEM DJIEMEHTA 34, 1; — YUCIIO DJIEMEHTOB,
MOAKJTIOUEHHBIX K BJIEMEHTY Jj, 32 UCKJIIOUeHHEM 3JI-
€MEHTa 91, @’; — MapaMeTp MOTOKA MOBPEXIECHMUI Bbl-
Kimodatesns (i—j) B CTaTHIECKOM COCTOSTHUH 1 TIPH OTIe-
PATUBHBIX MEPEKIIOYCHMSX, KOTIa TTOBPEKIAETCS Tie-
pudepus ¢ AT'K, obpaiieHHas K 3AeMeHTY i, @', , — TO
3Ke camoe JUTS BBIKJTIouatesnst (a1—k), Ho ¢ OBPeXAeHN-
em niepucepun ¢ 'K, obpaieHHOi K 3JIEMEHTY 54,
a.j, @, , — BEPOATHOCTH MOBPEXKIECHMS BBIKJIIOYATENS
(i—j) TIpM OTKITIOYEHUM TIOBPEXKICHUI Ha 3JIEMEHTE J,
BBIKITIOYATeN IS (24—Kk) TIPU OTKIIIOUEHUH MTOBPEXIECHUI
Ha SJIEMEHTE K, MOAKITIOYEHHOM K 3IEMEHTY 91, @)
@] — COOCTBEHHBIE MTApaMeTPhl OTOKA MOBPEKACHUI
COOTBETCTBEHHO Ha ateMeHTax j u k, m(T.), m(T..),
m(T) — cpenHue TIPONOIKUTEILHOCTA aBapUIHOTO
PEMOHTA 3JIEMEHTA 32, BHIKITIOUATeNs (31—i), OTCOEMH-
HEHUSI OT 3JIEMEHTa 3J1 €T0 MOBPEKISHHBIX BBIKITIOUA-
Teel, k, — KoapPUILMEHT HEYCIIEIHOCTH aBTOMATHU-

YECKOIo IMMOBTOPHOI'O BKIIIOYCHUA 2JICMEHTA 3.

KoadduimeHT B3auMOCBSI3M MEXIY 3IeMEHTaMU
94 Y I, COEIMHEHHBIX BLIKIIOYATEIEM :

pan/i)— p(an)

s(an,i) = - s
|p,(on/) = p(on)|
i
rae p(on/i)= p(3+)l) — YCIIOBHAs BEPOSTHOCTD aBa-
p(

pHﬁHO]‘O TIPOCTOS SJIEMEHTA 31 ITPU YCJIOBUN aBapHﬁHO-

TO COCTOSTHMSA 2JIeMeHTa I, p(anxi)=| X, +a,, (o +Aw)+
+a,_, (0 +Aw,)|m(T",,_) — BEepOSTHOCTb COBMECTHOTO
MOBPEXIEHHOTO COCTOSTHUS 3JIEMEHTOB 34 U I, OTIpejie-
nsiemas caydasyvu nospexaenust 1K Beikmoyaress B
CTaTMIECKOM COCTOSTHMM W TIPH OTIEPATHBHBIX ITepe-
KIIOUeHMIX (IIepBOe cjlaraeMoe), Ipu OTKJIIOYEHUH
MOBPEXAEHUSI Ha OOBEAMHSEMBIX BBIKJIIOYATENEM
3JIEMEHTOB 34 U [ (BTOPOE U TPEThE CIaraeMbie).

Brraucnenune xo3pguieHTa B3aMMOCBS3M IOB-
PeKIaeMOCTH I10 BeIpaxKeHuIO (1) MeXIy 31eMEHTOM U
OJIHMM U3 €ro BBIKJIIoUaTesIeil, MOXET OBITh YIPOIICHO
MyTeM UCIIOIb30BaHUSI CBOMCTBA MHBAPUAHTHOCTHU KO-
3¢ duieHTa B3aMMOCBSI3M B OTHOIIEHWM Harpablie-
HUS OIIpefieNieHus, T.e. s[a4,(24—i)|=s[(i—a1),91].

Boipaxxenue mias Koa¢@duiMeHTa B3aMMOCBI3U
s[(i—an),a1] OymeT:

pl —on)/oa]— p@i —on) _
|p3[(i—3ﬂ)/3ﬂ]—p(i—9ﬂ)|

s[(i—oan),91] =

Zp[(i—afz)/aﬂ]—p(i—aﬂ) 4
plizon) p(i—on)
p(an)

ComoctaBnenue (1) u (4) mokasbIBaeT, 4To OTMaja-
€T HeO0OXOMMMOCTb BEIYMCIICHHS YCIOBHOM BEPOSITHO-
ctu pl[(i—a1)/34], T.K. OHa SIBISIETCS BEPOSTHOCTHIO
TIOBPEKICHUS BBIKIIOUATENS @, TIPH OTKIIOUEHUH
MOBPEXICHUI Ha 3JIE€MEHTaX, KOTopas 3amacTcs B
CIIPaBOYHOM JIUTEPATYPE.

[Ipermy1iecTBO BhIUUCIEHUS KOA(DDUIIMEHTa B3a-
MMOCBSI3M MEXTY BBIKJTIOUATENIEM U JIEMEHTOM TI0 BbI-
paxeHuto Tva (4) 10 cpaBHEHMIO ¢ BbIpaxkeHueM (1) B
0oJIbIIelt CTETIEHN CKa3bIBACTCS, SCITM MEXIY MHTEepe-
CYIOIIIMM BBIKJTIOYATeNeM M 3JEMEHTOM Pa3MEIleHO
HECKOJIbKO TIPOMEXYTOYHBIX BBIK/IIOUaTeNneit B ceTu. B
3TOM Cllyyae YCJIOBHAsl BEPOSITHOCTb TMOBPEXIECHUS
paccMaTprMBaeMOro BBIKJIIOYATENSI TIPU YCJIOBMH, UTO
TIOBPEXICH 3JIEMEHT, BBIUMCIACTCS MyTeM TepeMHO-
SKEHUS CTIPABOYHBIX BEPOSTHOCTEH MMOBPEXIEHHS BCEX
TIPOMEXYTOYHBIX BBIKIIOUATeN e, BKIJIIOYas paccMma-
TPUBAEMBIIA, T.€.

pili—(—1)]/oa} = @y 2) T sy

Hampumep, mns koabdulineHta B3aMMOCBS3M
MEXIy BeIKJTIOUaTeneM (i—j) 1 2leMeHTOM 3J1 MpU Ha-
JIMYUM TTPOMEXYTOUHOTO BBIKJIIOUaTessl (i—34) MO BbI-
paxeHuio (4):

G =r]= (i)
A== o= 1)

— YCIOBHAS BEPOSTHOCTD IIOBPEXIECHUSI BHIKITIOUATE]TS
(i—j) BTOpOTO YPOBHS (105ICa) OTHOCUTEIBHO MOBPEX-
JEHHOTO 3JIeMeHTa 3J1 OyIeT MPOM3BeICHIEM IBYX BE-
poATHOCTEl oBpexneHus p|(j—i)/a1]=a_a, .
DKCTpeMabHOEe 3HAUEHME 3TOH Xe BEpOSTHOCTU
;| (j—i)/aa] ans ueneit HopmupoBaHus KoadduimeHTa
B3aMMOCBSI3U TIPH 3TOM OTIPEIENIAeTCS aHAJTOTHIHO (2)
HECJIOXHBIM BbIpaxkeHueM p,[(j—i)/24]=p(j—i)/p(31),
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ecau pl(j—i)/24]=p(j—i)>0 u p(j—i)<p(a4), mpuyem 310
3HaYEHME BO MHOTHX CITydasix OyleT Majio OTIMYaThCs
OT 3HaUeHMI aHAJIOTUYHBIX SKCTPEMaJbHBIX 3Haue-
HUii, HanpuMmep, oT p,[(i—ar)/a4]=p(i—ar)/p(34).

Ecim obcyxmaeMblii K03 GUIUEHT B3auMOCBSI3U
OTPEIETUTh MTPU OOPATHOM TMOPSAKE apTyMEHTOB, T.€.
T0 BBIPAKEHUIO

. Ploa/i—j)]— p(on)
s[on, (i - /)] = — :
|p,[oa /(i = )= p(on)|
TO YCJIOBHAsI BEPOATHOCTh OYIET BBIYMCIIATBCS MO BbI-
an* (i —
paxennio ploa/(i—j)]= p[_—(,])],
pi—J)
BEPOSITHOCTb COBMEILIEHHUSI TIOBPEXAECHUI MHTEPECYIO-
HIMX 3JEMEHTa 31 W BBIKJIIOYATeNsl i— HEoOXOAMMO
BBIUMCJISITH IO KOHKPETHOM CXeMe MX CoeiMHEHus. B
KOHKPETHOM CJlyyae IpuMepa JaHHas BEepOSTHOCTh
COBMEIIECHWS OTPENETUTCS COBMECTHBIM TOBPEXIE-
HUEM TpEX JIEMEHTOB 34, i, j U IABYX BBIKJIIOYATENEN
(31—i), (i—j) moBpexIeHUEM IEPEMBIYKU M3 TPex
3JIEMEHTOB, I0Ka3aTeI KOTOPOH MOTYT ObITh Haine-
HBI C TIOMOIIbIO BBIPAXKEHUI THTIA:

puIeM

pn3 _ 0 0
O =az 5(a, 0 +@, )+
0, 0 0
+a1_y(ay 303 + y_3) + a3 _,a;_,0,,

a BEPOSATHOCTDb aBapHITHOTO TIPOCTOS TIEPEMBIUYKU Kak
aBapuitHoro npoctosi PO:

3 3
P’ =0""m(T,,;)",

Iae m(T" ) = m(Tlu)’ m(T2"), m(T;), m(Tlm),
& m(T,"), m(T3*), 0,5m(T L")

BKcTpeMaibHOE 3HAYEHUE BEPOSITHOCTH aBapuii-
HOTO TIPOCTOS TSI PacCMATPUBAEMOTO CITydass MOXET
OBITb OMpeeIeHO MO BhIpaXeHuIo (2).

Takum obOpazoM, ompenencHue KoddduimeHTa
B3aMMOCBSI3U TOCNIEAHNUM CIIOCOOOM C HampaBieHHEM
apIyMEHTOB Ha IIEPBOM MeECTe IIOBPEXIAeMOCTh
3IIEMEHTA, a Ha BTOPOM — BBIKJTIOUATEIs TpeOyeT IOMOoI-
HUTEJIbHBIX BRIUKMCIIEHWIA, YACTh U3 KOTOPBIX (MTOKa3aTe-
JI TIEPEMBIYKH U3 TPEX 2IEMEHTOB) BeChMa 00bEMHA.

[ToaToMy BO Bcex ciydasx, KOrhaa HEOOXOIMMO
HalTH K03 PUIIMEHT B3aMMOCBS3H TT0 TTOBPEXKIAEMO-
CTH MEXIy SIEMEHTOM M BBEIKJTIOYaTeNIeM, CIEeAyeT M-
10JIb30BaTh (POpMYIY 3TOro Koad@uiiMeHTa ¢ Hampa-
BJICHHEM apTyMEHTOB Ha MEPBOM MECTe MOBpexXae-
MOCTb BBIKJIIOUATEIsl, @ HA BTOPOM dJieMeHTa. B ciyyae
ornpeaeneHUsT K03(PUIMEeHTa B3aUMOCBI3U MEXIY
TIOBPEXIAEMOCTSIMHE IBYX 3JIEMEHTOB MOIOOHOM peKo-
MEHIAIINK TaTh HeJIb3sl.

Ha pucyHke nipesictapiieHbl 3HaueHUS KO GhULIMEH-
TOB B3auUMOCBSI3M S(A,D) a1 Tpex KOMIIOHEHTOB A:
TpaHcgopMaTopa (IIyHKTHD), CEKUMM (CIUIOLIHAS JIM-
HUS), TMHUM (Tpux-myHKTrp). Ha ocu abeumce 0603-
HAYeHBI KOMIIOHEHTHI (3TEMEHTHI ¥ KOMMYTAI[IOHHEIE
anmapatbl) D B mopsinke ynaneHus1 BIyOb cxeMbl. Ipa-
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(buueckoe M300paxeHue KOMMYTAlIMOHHBIX alNapaToB
Ha OCM TIpeACTaBIeHO B BUAE KBaApaTHBIX CKOOOK, a
3JIEMEHTOB MEXIy HUIMU B BUIe TOPH30HTAIBHOI (pUTyp-
HOM CKOOKM, OXBaTBIBAIOILIEH TaHHBIH 371eMeHT. O003Ha-
yeHust KomroHeHToB D: O — otnemmTens, B — BoIkiioga-
tenb, T — Tpancdopmarop, C — cexims, JI — muHMSL.
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PucyHoK. KospgpuumeHTbl B3aMMOCBA3N A1 TPEX KOMITOHEHTOB
parmeHTa cxembl

W13 pucyHKa BUIHO, 4TO KO3(DMOUIIMEHT B3aMOCBSI-
31 2JIEMEHTa A C TIepBBIMU TpeMsl KOMITOHeHTaMu D B
MOPSAKE YAAJNCHNST MMEeT TeHICHIMIO HEIPEPHIBHOIO
yMmeHbIneHusl. OmHAKO, TIpY OLIEHKE B3aMMOCBS3M Ha
CBSI3U C YETBEPTHIM KOMIIOHEHTOM, KOTOPBHIM SIBJISIETCSI
CEKIIMs, MIMEET MECTO HapyllleHHe Ha3BaHHOW TEHJIEH-
MK B BUie BHIOpoca. PacueThl M aHamM3 MOKA3bIBAIOT,
YTO MOJ00HbIE BHIOPOCHI MUMEIOT MECTO TAKXKeE TIPU AaJTb-
HeIIeM yIaJeHu KOMIIOHEHTOB B TTyOb CXeMbI OTHO-
CHUTEJIBHO 3JIeMEHTAa A, eCIT TaKUM KOMITOHEHTOM SIBJISI-
eTcsl CeKlsl. B 1ieoM Xe TeHASHIUSI K YMEHBIIEHUIO
Ko dULIMeHTa B3aUMOCBA3H C yIAICHUEM APYT OT Apy-
ra KOMIoHeHToB A 1 D coxpaHsieTcs, 1 BBIOPOCHI, 00-
YCJIOBJIEHHbBIE CEKLIUSMU, UMEIOT MECTO Ha (hOHe OTpHU-
LATeJIbHBIX, B TOM YMCIe OMM3KMX K OTpUIATEIbHOI
eJIMHULIE, 3HAUEHUSIX KO3 duIMeHTa B3aMMOCBSI3H.

KosnuyecTBeHHBIN aHaNIU3 1MOKa3al, YTO BBIOPOCHI
00YCJIOBIEHBI 00Jiee BBHICOKOM HameXHOCTbIO CEKLUU
M0 CpaBHEHUIO ¢ ApyruMu KomroHeHTamu. Koaddu-
IIMEHT B3aMMOCBSI3M MeHee HaleXHOro ¢ Oojee Ha-
JIeXHBIM OTHOCUTEJTEHO BO3pacTaeT, a 6ojiee HameXXHO-
ro ¢ MeHee HaJeXHBIM Hao00POT OTHOCUTEIbHO
yMeHblaeTcs. bojiee moBpexnaeMblil 31eMEHT CBS3aH
0oJiee CUIBHO C MeHee ToBpexkaaeMbIM. [ToaToMy noB-
pexieHue HaleXHOro 3jeMeHTa 0ojiee JO0CTOBEPHO
PacIpoCTpaHUTCS Ha HEHATEXHBIH 3IeMEeHT, 1 Ha000-
POT. DTOT PUHIIAII UCTIONB3YETCS B TIPAKTHKE OTBIIE-
YEHUsl HETATUBHLIX BO3MYLIEHUI (TTOBPEXIEHNS, aBa-
PUITHOI TOTepH, OTKA3a) OT MHTEPECYIOLIMX OOBEKTOB
MyTeM OKPYXEHHUSI X KOMIIOHEHTaMU 0oJiee BOCTIpU-
MMYMBBIMU K HETaTMBHBIM BO3MYLIEHUSIM (MOJHME-
OTBOIBI, MPETOXPAHUTENN, 3AIIUTHOE OTKIIOUECHUE,
pa3psimHuKy). bonee moBpexmaeMbie 31€MEHTHI CXEMbI
SBJISIOTCSA KaK Obl TAKAMU KOMIIOHEHTaMH, KOTOpbIE
OTBJIEKAIOT TIOBPEXIEHUS OT O0siee HATEeXKHbIX.



TexHm4eckune Hayku

CnenoBaTenbHO, MPU pacyeTe JOMONHUTETbHBIX
MapaMeTpoB MOTOKA MOBPEXIEHMS SIEMEHTOB 3a CYET
MOBPEXAEHHUS KOMMYTAlIMOHHBIX aIllapaToB, Cileao-
BaJjio Obl OXUAaTh 3¢ heKTa CHUXEHUST 3TOr0 A0MOJ-
HUTETTBHOTO MOKA3aTels, eCIN pacIpOCTpaHeHHE TI0B-
peXmeHWs UIET OT BeChbMa YacTO IMOBPEXIAEMOTO
3JIeMeHTa, ¥ Ha000pOT, 3(PdeKTa MOBLILIEHMS JOMOJI-
HUTEJILHOTO MOKa3aTelsl, eCIIU PacIpOCTPaHEHUE TTOB-
peXIeHMs UIET OT MEHee YacTo MOBPEXIaEMOTO KOM-
noHeHTa. JIpyruMu clloBaMH, BIMSHUE TIOBPEXICHUS
BBICOKOHAIC)XHOTO 3JIeMeHTa Ha TOIONHUTEIBHYIO
MOBPEKIAEMOCTh MHTEPECYIONIET0 00BEKTa Yepe3 TI0-
CJIeIOBATEIbHOE PACTIPOCTPAHEHME MOBPEKIAEMOCTH
KOMMYTAlLIMOHHBIX arapaToB JOJKHO YYUTHIBATHCA C
0O0JIBLIMM YAEJIbHBIM BECOM, TI0 CPABHEHUIO C BIUSTHU-
€M TOBPEXICHUSI MEHEee HaJeXHOro 3jJeMeHTa. AHa-
JIM3 TIOKA3BIBAET, YTO 3HaYeHWs Koa(duimeHra B3a-
MMOCBSI3M MEXIY MHTEPECYIOIINM OOBEKTOM M TIOB-
PEXIEHHBIM 3JIEMEHTOM B CXeMe HUKAaK HE TPOTHBO-
PeyuT (YHKIIMS Ha3BAHHOTO YAENbHOTO Beca. To ecTh
3HaueHMs JOMOJHUTEIBHOIO ITapaMeTpa MOToKa UHTe-
pecylolero 00beKTa (371eMEHTa) 3a CUET MOBPEXASHMUS
BBIKJTIOUATENS CIEMyeT YMHOXATh Ha 3HA4eHIS K03(-
(uIMeHTa B3aUMOCBSA3H MEXIY WHTEPECYIONIMM |
JIPYTUMU KOMITOHEHTAMH B CXeMe, HaXONSIIMXCS Ha
Pa3IMYHOM YIAJNCHUM OTHOCUTEIbHO MHTEPECYIOIIETO
obwekra. CnenoBatenbHo, hopmyia (3) gomKkHa OBITh
YTOUHEHA B BUIE:
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[TpuyeM mpu pacnpoCTpaHEHUU MOBPEXIAEMOCTH
Ha OTHaJCHHBIC KOMITOHEHTH YIeNbHBIC Beca B BUIE
K03 (PUIMEHTOB B3aMMOCBS3M MOTYT OBITH OTpHIIA-
TENbHBIMU 1, TAKAUM 00pa3oM, COCTABIISIIOIINE C TaKK-
MM YIOEJbHBIMU BecaMy OYIyT yMEHbIIATh NOTOIHMU-
TeJIbHBIN MapaMeTp MOTOKa MoBpexaaeMoctu Aw,, C
yaaJleHWeM BIJIyOb CXeMbl TIOBPEXKIaeMbIX KOMIIOHEH-
TOB, UX BKJIaJ B A®,, paCUCTHOTO 3IEMEHTa CHIKACT-
CsI, OTHAKO He B TOM CTETIeHHM, KaK 3TO OBITO OBI C yde-
ToM KoadduuueHTa ca3u [2]. boiee Toro, npu mos-
PEXIaeMOCTU Ha yoajeHHOW mnepudepun IOMONHU-
TeJIbHBI TTapaMeTp TIOTOKA MOBPEXKAAEMOCTH C YIETOM
KoahduLMeHTa B3aMMOCBSA3M CTAaHOBUTCSI OTpMILIA-
TEJLHBIM 1 YYET 3TOM MOBPeXIaeMOCTH 00YCIOBIHBA-
€T HEKOTOpOEe CHIXEHHWE TTOKa3arTesis IMOBPeXIaeMo-
CTH PacuyeTHOTO 3JIeMEHTa. AHATM3 M PacueThl IMOKa-
3bIBAIOT, YTO NpUMeHeHue Kod(ddulMeHTa B3aUMO-
CBSI3M HauOoJiee JJOTUYHO M €CTECTBEHHO IMO3BOJISIET
y4ecThb BIUSIHUE Mepr(eprun Ha MOBPEXIaeMOCTh pac-
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YeTHOTO KOMITOHEHTA CXeMBbl. [Ip1 3TOM He HaKJIajibl-
BAETCSl HUKAKUX OTPaHNYEHUIA WK YCIOBUI Ha TITyOu -
Hy nepucdepu, B TOM YKCIIe TPU MOBTOPHBIX LIMKJIAX,
YKa3aHHbBIX B KOJIbLEBBIX U CIOXKHO3AMKHYTBIX CETSIX.
EcrecTBeHHOE orpaHuuyeHHe TIyOMHBI Mepudepun
MOXKET OBbITh MCIIOJIb30BAHO 10 JOCTIKEHMIO KO3 du-
LIIEHTOM B3aMMOCBSI3M OTPHUIIATEBHON €TUHUIIB.
CrnenoBateibHO, KO3(hGUIMEHT B3aUMOCBSI3U, B OTJIM-
YKe OT APYrUX KpUTepueB, HauboJjee afeKBaTHO yuu-
THIBAET 3aBUCHMOCTb TMOBPEXAAEMOCTU PACUETHBIX
00BEKTOB OT MOBPEXKTAEMOCTH TepH(EPHIHBIX KOM-
TIOHEHTOB 1 He TPeOYeT YCTAHOBICHNMS NCKYCCTBEHHBIX
HOPMMPOBAHHBIX 3HAYEHHIA.

BbiBogpbl

1. KoadduimeHt B3auMOCBSI3U, TPUMEHEHHBIN UL
000CHOBAaHUS CTENEHM BIMSHUS Ha TIOKA3aTelIn
HAJEXHOCTA KOMIIOHEHTOB CXeMbI SJIEKTPUYECKUX
COeIMHEHMI 4epe3 IMOCNeIoBaTebHO Pa3BUBAIO-
HIYIOCS TIOBPEXKIaeMOCTh KOMMYTALIMOHHBIX aTlIa-
paToB OT oYara Ha mepudepuy B HaNpaBICHUH K
MHTEPECYIOLIEMY DIIEMEHTY,

- BBISIBUJI HE yYMTBIBAEMOE paHee CBOMCTBO
HAJEXHOCTH CHCTEM DJIEMEHTOB, OOBLEIN-
HEHHBIX KOMMYTalIMOHHBIMU arapaTaMy,
coctosiiee B 3(heKTe OTBJICUYCHUSI IOB-
PEXIAEMOCTH MHTEPECYIOIIUX KOMITOHEH-
TOB BCJEACTBHME IOBPEXIAEMOCTH APYTHX
KOMITOHEHTOB;

- TI03BOJIMJ TIPOM3BECTH yYeT CTETIeHU OTBJIe-
YeHUsI TIOBPEXJAeMOCTH WHTEPECYIOLIMX
KOMITOHEHTOB 3a CUET MOBPEXIAeMOCTH ApY-
TUX KOMITOHEHTOB Yepe3 KOMMYTAI[IOHHEIE
ammapaThl, UCHOJb3Yd KO3 UIIMEHT
B3aMMOCBSI3U KaK MHOXMUTENb K IOTMONHHU-
TENbHBIM TIapaMeTpaM TI0TOKOB MOBPEXIe-
HUSI UHTEPECYIOLIEro KOMIIOHEHTa 3a cyYeT
TOBPEXIEHUST KOMMYTALIMOHHBIX arapaTos;

- TIOATBEPAUT MHTYUTHBHO TIPUHSITYIO IUIS
MPAKTUYECKUX PACUETOB HANEKHOCTH CXEM
ANIEKTPUYECKUX COENMHEHUH MocienoBa-
TeJbHYI0 MOBPEXIAEMOCTh KOMMYTAI[MOH-
HBIX amnmapaToB B KOJWYECTBE, KaK MpaBu-
JI0, He Ooee IBYX.

2. Hawubonee 3¢ dekTnBHO MpUMeHeHHe KodPhuim-
€HTa B3aMMOCBSI3HU B CJIOKHBIX CETSX, T.K. He TpeOy-
eT aHaJI13a X TOMOJIOTUMU.

3. OrpuuateibHbll Ko3(hOULMEHT B3aUMOCBA3U
CBUJIETEJILCTBYET O MOBBIIICHUM 3aIlaca HalexXHO-
CTH Ha TepudepuitHBIX KOMIOHEHTaX NP IOB-
PEXICHUSIX.
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