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OBECIIEYEHME 3AIIIUTHI OBA OT BHEIITHUX U
IMAPA3SUTHBIX BO3JENMCTBUIA

3ALYNTA 3BA OT MEXAHUYECKNX BO3QEUCTBUNA

Buabsl MexannyeckKux Bo3aeiicTBuii Ha DBA

Bce Bunpl POA mnoaBepraroTcsi BO3JICUCTBHIO BHEIIHUX MEXaHUYECKHUX
HAarpy30K, KOTOpPbIE€ TMEPEHAOTCS K KaXJIOW JeTald, BXOASAIIEH B
KOHCTPYKIMIO. MexaHndyeckue BO3ICHCTBUS MMEKT MECTO B padoTarouieit
POA, eciu OHa yCTaHOBJIIEHAa Ha MOJBH)KHOM OOBEKTE, WJIM TOJBKO IpPHU
TPAHCIIOPTUPOBKE €€ B HEpaboyeM COCTOSHUU, KaK B CIy4yae CTallMOHAPHOM
Y HEKOTOPBIX BUJOB BO3UMOMN POA.

Ha tpancnoptupyemyro OBM B mpomecce ee  IKCIUTyaTaluu
BO3JICUCTBYIOT BUOPALIM, YIAPHbIEC HATPY3KHU U JINHEHHbIC YCKOPEHMS.

I'apmonuueckue euodpayuu XapakTepu3ylOTCs 4YaCTOTOW, aMIUIUTYIOMH,
YCKOpPEHHEM.

Yoapnwvie nacpysku xapaxtepusyroTcs YHMCIOM OJMHOYHBIX YAAPOB HIIU
ux cepuell (OOBIYHO OrOBAPUBAIOT MAaKCUMaJbHOE YHUCIO YAapoB),
JUINTEIbHOCTBIO YJAPHOTO HMIIyjJbca U ero (opMoil, MIHOBEHHOM
CKOPOCTBIO IIPH yAape, NEPEMELICHUEM COYAAPSIOINXCA TEIL.

Juneiinvle yckopenua XapakTepU3yIOTCs YCKOPEHUEM, MJIMTEIIbHOCTBIO,
3HAKOM BO3JCHCTBHS YCKOPEHUS.

Bo3nukaromue mnpu BUOpauMsX, yaapax M YCKOPEHHSIX IEperpy3Ku
OLICHUBAIOT COOTBETCTBYIOIIMMHU KO3 PUIHMEHTAMU.

JUisl yMEHbILIEHHsI BO3JEHUCTBUS BUOPALMIA U yJIaPOB MUKPOIJIEKTPOHHYIO
BBIYMCIIUTENBHYIO anmnaparypy YCTAHABIMBAIOT HAa aMOPTHU3ATOPbI WIH
IIPUMEHSIIOT AeMII(PUPYIOLIHE MATePHAJIBI.

BosnelicTBue JIMHEUHBIX YCKOPEHUH DKBUBAJICHTHO )EEAUUEHUIO MACCHl
anmapaTypel M IpHU 3HAUUTEIbHOW JJIMTEIBHOCTH BO3AECUCTBUSA TpedyeT
YBEJIMYEHHUS [IPOYHOCTU KOHCTPYKIIUH.

AMOPTHU3aTOPBI OT JIUHEHHBIX NIEPETPY30K MPAKTUYECKU HE 3AIMULIAIOT.

Kak mnoka3piBaeT ONBIT JKCIUIyaTalUM TpaHCHOpPTUpYyeMbIX OBM,
HauOosblllee pa3pyllaollee BO3JECHCTBUE HA KOHCTPYKILHUIO OKa3bIBalOT
BuOpauuu. Kak mpaBwio, KOHCTPYKIMsS — ammapara, BbLIepiKaBllas
BO3JICIICTBHE BHUOPAIMOHHBIX HArpy30K B OMNpPEIEICHHOM YacTOTHOM
JIMAIla30He, BBIICPKUBACT yJApHbIE HATPY3KH WM JIMHEHWHBIC YCKOPEHUS C
3HAYUTEIBHO OOJIBIIMMH 3HAYEHHUSIMU COOTBETCTBYIOIHUX TAPAMETPOB.

IlonsiTHe BUOPOYCTOMYMBOCTH M BUOPOIIPOYHOCTH.

B ortHomenun koHCTpykuumu OBA  paznuuaroT ABa  MOHATHS:
BHOpaIMOHHAS YCTONYNBOCTHh U BUOPAIIMOHHASI IPOYHOCTb.
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Bubpauyuonnas ycmoituuéocms — CBOWCTBO OOBEKTa NPH 3aJJaHHOU
BUOpAIMU BBINOJHATh 3aJaHHbIE (DYHKIIMM M COXPaHSATh 3HAYEHHUS CBOUX
[apaMeTpPOB B MPEIETaX HOPMBI.

Buébpayuonnasa npounocms — TPOYHOCTh TPU 33JlaHHON BUOpanuu U
IOCJIE MpEeKpalleHus ee. Bo3aencTBue TpaHCIIOPTHOM TPSACKH CKJIAIBIBACTCS
U3 yZapoB U BUOpaIui.

Brenenue amoprtuzatopoB mMexay OBA u 00bEeKTOM B KauyeCTBE CpPEJbl,
YMEHbIIAIONIEH aMIUIUTYy HEepeaaBaeMbIX KOJeOaHUW U yAapoB, CHUKAET
JnercTByronme Ha OBA MexaHM4YecKue CWIIbl, HO HE YHUYTOXKAKT HX
ITOJIHOCTBIO.

B HekoTopbix ciydasx oOpa3oBaHHAas C BBEJCHHEM aMOPTU3aTOPOB
pPE30HAHCHAsl CUCTeMa BJIEYET 3a COOOW BO3HUKHOBEHHE HHU3KOYACTOTHOI'O
MEXaHUYECKOTO PE30HAHCA, KOTOPBIM MPUBOAUT K YBEIMUYCHUIO aMILUIUTYIbI
kosebanuit OBM.

IHonsaTue JKECTKOCTH " MEXAaHHYEeCKOH MPOYHOCTH
KOHCTPYKIIMH

I[Ipu paspabotke koHCTpyKiuu OBM  HeoOXomuMo obOecreyuTh
TpeOyeMyIo sKeCTKOCTb 1 MEXaHMYeCKYI0 MPOYHOCTD €€ YIIEMEHTOB.

Kecmkocmy KoncmpyKyuu €CTb OTHOILICHHWE JEHUCTBYIOLIEH CHIIBI K
nedhopMarii KOHCTPYKIINH, BRI3BAHHOM 3TOW CHIION.

1100 npounocmuvio KOHCMPYKYUU TTOHUMAIOT HAarpy3Ky, KOTOPYIO MOKET
BbIJIEPKATh KOHCTPYKLHUS 0€3 OCTaTOYHON AedopMaluy WIH pa3pyLICHUS.
[loBbIIEHNE MPOYHOCTH KOHCTPYKUMH OBM cBfi3aHO € ycuJeHHEM ee
KOHCTPYKTUBHON OCHOBBI, NPUMEHEHHUEM pebep KECTKOCTH, KOHTPOBKHU
O0onToBBIX coeauHeHH W T. A. Oco0oe 3HaYeHUWE HMEET TMOBbIIICHUE
MIPOYHOCTH HECYIIUX KOHCTPYKUMU M BXOJAIIMX B HHUX Y3JIOB METOJAMHU
3aJIMBKU M OOBOJIAKMBAaHUs. 3aJMBKa IMEHOMATEPUATIOM IO3BOJIIET CHETIaTh
y3€JI MOHOJIUTHBIM IIPU HE3HAYUTEIIBHOM YBEJIMYEHUU MACCHI.

Bo Bcex cmydasx Henb3s JOMycKarh OOpa30BaHUS MEXaHHYECKOU
K0JIe0aTEeJIbHON CUCTEMBI. JTO KacaeTcsl KPEeIIeHUsI MOHTaKHBIX MPOBOJIOB,
MHKPOCXEM, KPAHOB U APYTMX 4aCTEH, BXOAAmMX B OBM.

AMopTHu3auus KOHCTpyKuun JBA

Omua w3  >((EeKTUBHBIX  METOAOB  TMOBBIMICHUS  yCTOWYUBOCTHU
KOHCTPYKIIMM MHUKPODJICKTPOHHOW  BBIYMCIIUTEIIBHOM amnmaparypbl, Kak
TPAHCIIOPTUPYEMOM, TaK W CTAIlMOHAPHOM, K BO3JCHCTBHUIO BUOpaIui, a
TAaKKe yIAapHBIX W JMHEHWHBIX HArpy30K — HCHOJB30BAHUE aMOPTU3ATOPOB.
JlelicTBue aMOpTH3aTOPOB OCHOBAaHO HA JAeMI(HUPOBAHMU DPE30HAHCHBIX
4acToOT, T. €. MOIVIOUIEHWM YacTH KoJeOaTelbHOW 3HEepruu. Armmaparypa,
YCTAHOBJICHHAs Ha aMopTu3aTopax, B OOIIEM CclIydyae MOXKET ObITh
MPE/ICTaBlIEHa B BUJIE€ MEXAHWYECKOM KOJeOaTelIbHOW CHCTEMbl C HIECTBhIO
CTeneHsIMH CBOOOABI: COBOKYITHOCTBIO CBSI3aHHBIX KOJEOAHMM, COCTOSIIUX
U3 JIMHEWHBIX MEPEeMEIECHUN, U BpAIATEIbHBIX KOJEOAHUN MO KaxAoW W3
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TpEX KOOPIUHATHBIX OCEH.

JPPeKTUBHOCTH aAMOPTH3ALMM XapakTepusyercss KodIGGuuueHToM
AUHAMUYHOCTH WJIM MepeAavyH, YMCIOBOE 3HAUYECHHE KOTOPOIO 3aBUCHUT OT
OTHONIIEHUS  YacTOThl  JAeWCTByrommx  BuOpanmid f Kk  yacroTe
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Puc. 1 OcHOBHBle CXeMbl PacnoJo:KeHusi aMOpPTH3aToOpoB (B wanpasJs-
1o11eit)

aMOPTU3UPOBAHHOU CUCTEMHI .

[Ipu pazpaboTke cXeMbl aMOPTU3aLUU HEOOXOJAUMO CTPEMHUTHCS K TOMY,
YTOOBI CUCTEMA MMEJIa MUHMMAJIbHOE YHCJI0 COOCTBEHHBIX YACTOT U YTOOBI
OHM ObUIM B 2—3 pa3a HM:Ke HaMMeHbIeill 4YacToThl BO3MYIIAKOIIEH
CUJIBI.

Jlis  aMOpPTU3MPOBAHHOM ammapaTrypbl CIEQyeT KakK MOXHO OOJbIie
yYMEHBIIaTh COOCTBEHHYIO YacTOTY, a JUIsl HEaMOPTU3HUPOBAHHOM, HAIIPOTHUB,
yBEIMYMBATh, NPHOIMXKAs €€ K BEepPXHEH TpaHUIle BO3MYINAIOIINX
BO3JECHUCTBUN WJIN NIPEBBIIIAS €€.

CxeMbl pa3MellieHUs AMOPTHU3aTOPOB

KonctpynpoBanue cucrembl amoptusanuu POA 00bIYHO HauyWHAETCS C
BHIOOpAa THINA AaMOPTU3aTOPOB M CXEMbl HX pas3MelieHus. Bovioop
aMOpPTHU3aTOPOB  MPOU3BOJAT HMCXOJs M3 JIONMYCTUMOM Harpy3kd U
MpeNeNbHbIX  3HAUYCHWW  TapaMeTpoB,  XapaKTEPU3YIONMUX  YCIOBHS
skcmryatanu. K TakuMm — mapaMmerpaM  OTHOCSITCS:  TeMmIiepaTypa
OKPYXAIOIIEH Cpejibl, BIAKHOCTh, MEXaHUICCKHUE HATPYy3KH, MPUCYTCTBUC B
aTMoc¢epe mapoB mMacia, TM3eIbHOTO TOIUIUBA U T. II.

Bp160p cXeMbI pacmoyioKeHUsT aMOPTU3aTOPOB 3aBUCHUT TJIABHBIM 00pa3oM
OT PpACIIOJIOKEHUS ammapaTypbl Ha HOCUTEIC W YCJIOBHHA JHHAMHYECKOTO
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Bo3nericTBus. Ha puc. 1 mpencraBieHbl OCHOBHBIE CXEMBI PACIOJIOKEHUS
aMopTU3aToOpoB Ha Ojoke. BapuaHT a NOBOJBHO YACTO HCMOIB3YETCS IS
aMOpTH3allMM CPAaBHUTEIBbHO HeOONbIIMX 1O radbaputam OsokoB. Takoe
pacmnoyioKeHHEe aMOPTU3aTOPOB YAOOHO C TO3WUIUNA OOIIeH KOMIIOHOBKHU
O0JI0KOB Ha OO0BEKTe. BIOKM MOXHO pacroioXuTh B HEMOCPEICTBEHHOMN
omu3octu Apyr oT Apyra. OJHAKO TPHU STOM PACIIONIOKEHUU aMOPTU3ATOPOB
MPUHIUNHAIBHO HEBO3MOXKHO MOJMYYUTh coBMajieHue nentpa tsokectu (L[T)
c wnentpom Macc (LUM) wu, crnemoBarenbHO, HUKOrJa HE MOJIYYUTh
palMoHaIbHOM cUCTEeMbL. T0O e MOKHO CKa3aTh MPO BApUAHT pa3MENICHUs 0.
BapuanTt pasmenieHus 6 MO3BOJSET MOJYYUTh PAlMOHAIBHYIO CHCTEMY,
OJIHAKO TAaKOE pAaCMOJOXEHUE aMOPTU3aTOPOB HE Bcerjaa yaoOHO mMpu
pasmenieHun Ha o00bekTte. Kpome TOoro, mnpu TakoM pa3MEIICHUU
aMOPTU3aTOPOB HEPALIMOHAIBHO UCIOJIB3YyETC 00beM, OTBOAUMBIN st POA
Ha oObekTe. PazMelienre Tuna 2 u 0 sBJISETCS pa3HOBUAHOCTHIO BapUaHTa B
U UCHOJIb3YeTCSd B TOM CiIyyae, €Clid JIMIeBas MaHedb OJloKa pa3MeniaeTcs
BOIM3U aMmopTH3aTopa, PacIoIOKEHHOTO CHU3Y. Pazmenienue
aMOPTHU3aTOPOB, IMPEJICTABICHHOE HA pUC. |, e, UCMOIB3YETCS] B CTOCYHOM
anmaparype, korjga Beicora POA 3HauuTenbHO 0oJbie TIyOHHBI U IIHPUHBI
cTOWKU. YUTOOBI OCNaOuTh KoJieOaHUs CTOMKH BOKPYT OCeM X W Y, CTaBsT
JIOTIOJIHUTEJIHHO JIBa aMOPTHU3aTOPa CBEPXY CTOMKH.

3ALATA 3BA OT KIIMMATUYECKUX BO3QEWACTBUA OKPYXXAIOLYEN
CPEfbI

Breimie  paccmaTpuBamuch  OCHOBHBIE — KIMMaTH4ecKue  (akTOpHI,
OKa3bIBAWOIME BIUSHUE Ha padorocnocodHocTh OBM B mpouecce ee
sKkcrutyaTanuu. [Ipu 3TomM oTMedanoch, 4To BUA BO3ACHCTBYIOMIETO (DaKTOpa,
a TaKKe ero HWHTCHCHMBHOCTh W CTENEHb BIUSHUS 3aBUCAT OT THUIIA
KIIMMaTHYECKOH 30HBI ¥ BBICOTHI Ha/l yPOBHEM MOPSI.

PaccMoTpuM OCHOBHBIE HAmpaBiICHHsS BO3ACHCTBUS KIMMAaTUYECKUX
(hakTOpOB U MEPbI OOPHOBI C HUMH.

Biausinne kKJIMMaTH4YeCKHX (l)aKTOpOB HA KOHCTPYKIHUIO

Binusinue knumatuueckux (PaKTOpoB Ha KOHCTPYKIIMOHHBIE MaTepHUaIbl
BBIPAJKAETCA TJIaBHBIM O0pa3oM B BO3HUKHOBEHHMH IPOLIECCOB KOppo3uu,
MOTEPEe  MEXAHWYECKMX U  JUAJIEKTPUYECKUX  CBOWCTB, HW3MEHEHUHU
AJIEKTPOIPOBOIHOCTH U T. 1. Peakuiust Ha Bo3aelCTBYIOLUH (haKTOp, CTENEHD
U CKOPOCTh H3MEHEHHMS CBOWCTB KOHCTPYKIIMOHHOTO MaTepuajia B
3aBUCUMOCTH OT €ro Impupojbl pa3nuyHbl. [Ipouecc koppo3uu y meTamioB
MMEET XHMHUYECKYI0 WM DJIECKTPOXUMHUYECKYIO MPUPOAY, HO IMPUYMHA BO
BCEX CIIly4asX OJMHAKOBA: TEPEeXOj KOPPOAUPYIOIIETOo MeTaia B Oojee
cTabWJIbHOE TIEPBOHAYAIBHOE COCTOSIHHE, M3 KOTOPOTrO OH OBLI TMOJIYYEH C
3arpaToil Oosnbioil sHeprun. [Ipoiecc KOppo3uM Bcerja CBs3aH C OTHayei
SHEPIruM, YTO YKa3bIBa€T HA CaMOINPOU3BOJIbHBIA XOJ peakuuu, T. €. 0e3
3aTparbl SHEpruu u3BHE. [lporecc XUMUUYECKOW KOppo3uu mHpoTeKaer 0e3
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yuactus Biaru. IIpu 3JeKTpOXMMHUYECKON KOPPO3UU PACTBOPEHUE METailia
(BO3HMKHOBEHHE HOBBIX COCIMHEHUI ) MPOUCXOAUT C YYACTUEM AJICKTPOJIUTA,
T. €. BOJIBI.

PaznuuaroT TpM BHAa KOPPO3MHU: PAGHOMEPHYIO, HEPAGHOMEPHYIO,
MENCKPUCMATIUYECKYIO.

IIpu pasrnomeprnoii xoppo3un MpoLecc PaCHPOCTPAHIETCS MOCTEIEHHO OT
OTJEIbHBIX KOPPO3HPYIOLIUX MECT 10 BCEU MMOBEPXHOCTU METaIA.

Hepasnomepnaa Koppo3usi OrpaHHYMBAETCS OTACIBHBIMU MECTaMU MU
BO3HUKAET, HAIIPUMEP, BCIECACTBUE HAPYIICHUS 3aIIUTHOTO MOKPBITHUSI.

Koppo3sus mesrckpucmannuueckana xapakTepusyercsi IPOHUKHOBEHUEM B
riiy0b MeTajla IyTeM pa3pblBa CTPYKTYpPbl U PACHPOCTPAHEHHEM BJOJb
I'PaHUlLl KPUCTAIIIOB.

Hanuuue B atMmocdepe KHCIOT, Ienoueil, coJsieid B OOJBIIMHCTBE
CIIy4aeB yCKOPSET MPOLIECCHl KOPPO3HH.

Bo3zneiictBue arpeccuBHOM aTMocdepbl Ha HU3OJSIMOHHBIE MaTepHaIbl
BBIPA)KAETCA B TOIJIOIIEHUM WMHU BJArd, YXYJAIIEHUU IUDJIEKTPUUYECKUX
CBOICTB ¥ IIOCTEIIEHHOM Pa3pyILIECHUN.

N3051IMOHHBIX MIACTMACC, HE MOTJIOMIAIONIUMX BIIArd, HE CYILIECTBYET.
KonnuecTBO MpOHUKILEH BlIard U BpeMs €€ MPOHUKHOBEHHUS HEOJUMHAKOBBI
JUISl pa3IMYHBIX MaTEpPHUAIOB.

[IporvikHOBEHNE BIard B W3OJAIMOHHBIE MaTEpUAIbl MOXET OBITh
Kanuanapnoe u oughghyzuonnoe.

Kanunnapnoe TpPOHUKHOBEHWE HMEET MECTO B CiIyyae HaJIW4Yus B
Marepualie rpyObIX MUKPOCKONMMYECKUX TOpP, TPEUIUH U JAPYTrux AeGEeKTOB.
Tak kak B MHKPODJICKTPOHUKE MPUMEHSIOT TOJIBKO BBICOKOKAYECTBEHHBIC
W30JISIUMOHHBIE MaTepuaibl, TO OHU MPAKTUYECKH CBOOOJIHBI OT TaKUX
ne(EeKTOB.

[ToaToMy B AaHHOM clly4ae CYIIECTBEHHO OoJiblliee 3HAYCHUE HMEEeT
npouecc Oughghyzuonnozo TPOHUKHOBEHUS, KOTOPBIM 3aKiO4YaeTcs B
3al0JIHEHUM TPOMEXYTKOB MEXKIY MOJIEKyJIaMU MaTepHhalia MOJIEKYyJIaMU
BoAbl. IIpu 3TOM mnepemMenieHMe MOJIEKYJ BOJBI NMPOUCXOJUT B CTOPOHY
MEHBIIIEH UX KOHIIEHTpauu. Takum o0pa3oM, MpH MOBLIIICHHON BIAKHOCTH
MOJIEKYJIbl BOJIbl TMPOHUKAIOT BHYTPh MaTepualia, a B CYXOH Teriou
atMocepe — U3 Marepuana. B nepBoM ciiyyae UMEET MECTO MOIJIOIIeHHe
BJIard, BO BTOPOM — BbIChIXaHHE.

[lormomenure BIark JOUANEKTPUKOM BEAET K  YMEHBIICHUIO €ro
CONMPOTHUBJICHUS, YBEIUYEHUIO JUAJEKTPUUYECKUX TNOTEepb, HaOyXaHHUIO,
MEXaHUYECKUM MOBPEKICHUSIM.

Ilnecnegvie cpudKu Kaxk OJVH U3 CUJIbHEUIINX OUOJIOTrMYECKUX (PaKTOpOB
TaKK€ MOTYT OTPHUIATENbHO BO3JEHCTBOBATh Ha PabOTOCIOCOOHOCTH
anmnaparypsl. JJs pa3BUTHA TUIECEHH HEOOXOAMMBI OOJIbIIAsS OTHOCUTEIbHAS
BIaXHOCTBh Bo3ayxa (80— 100%) u remneparypa 25—37°C.

Takue ycnoBUsI €CTECTBEHHBI ISl CTPaH C TPONUYECKUM BIIaKHBIM
KJINIMAaTOM, OJIHAKO OHM MOTYT BO3HUKHYTh MCKYCCTBEHHO B IOMEIICHUSIX,



IJie SKCILTyaTUPYEeTCs arapaTypa.

Cpenn MarepuanoB, TPUMEHSEMBIX B MHUKPOIJEKTPOHHOW ammaparype,
HaumOoJbIIee BO3/CHCTBUE IUIECEHb OKAa3bIBA€T HAa TE€, KOTOpPbIE HMMEIOT
OpPraHUYECKYH OCHOBY.

Cnoco0b! 3alIUTHI OT BO3AEHCTBUS ATrPEeCCMBHOM BHEIIHEH
cpensl

MokpbITUA

JUiss  3aliuThl  MOBEPXHOCTM METAIMYECKUX U HEMETANIMYECKUX
MaTepUaJiOB OT arpeCCUBHOM BHEIIHEW CpeAbl IPUMEHSIOT Pa3IUYHbIC
ROKpblmMusa, KOTOPbIE 10 HAa3HAYEHUIO JIEIAT Ha TPU TPYIIBL: 3auiumnble,
3aUUMHO-0eKOpamueHvle N CneyuaibHole.

3awummnsie TOKPBHITHS TpEAHA3HAYEHBbl [UIS  3alUThl JAeTajed oT
KOpPpO3UH, CTapeHMsl, BbICBIXaHWsS, THUEHUS M JPYrMX IPOLECCOB,
BBI3bIBAIOIIMX BBIXOJ1 allIapaTypbl U3 CTPOSL.

3auyumno-oekopamugnvie TOKPHITUS Hapsay C OOECIEUEHHEM 3alUThI
JleTajeyd NPUIa0T UM KPACUBbIM BHEITHUN BU/IL.

Cneyuanvnvle TIOKPHITUS TNPUAAIOT TIOBEPXHOCTH JeTajeil ocoOble
CBOMCTBA WJIM 3aIIMLIAIOT UX OT BIUSHUS OCOOBIX CpE/l.

ITo cmoco0y mosryyeHust Bce NOKPBITUS Pa3IEIsOT Ha Memaniuyeckue u
HememanuyecKue.

Memannuueckue TIOKPBITHSI — TIOKPBITHSA, HAHECEHHBIE TOPSIYUM
cnocoboM, ranbBaHWYecKue, AUPQGY3MOHHBIE M  METAJUIMYECKHE Ha
JUDJIEKTPUKAX.

Hememannuueckue TIOKPBITUST — TIOKPBITUA  JIaKaMH, 3MaJISIMHU,
I'PYHTOBKaMH, a TaK’K€ MPOTUBOKOPPO3UOHHOE MOKPBITHE IJIACTMACCAMH.

Bb160p TOro MM MHOTO BHJIAa MOKPBHITHS B Ka)0M KOHKPETHOM Cilydae
3aBHCUT OT MaTepHalla JeTaiy, €€ PyHKIMOHAIBHOIO Ha3HAYEHUsI U YCIOBUN
IKCIUTyaTal1H.

Jlns1 60pBOBI C necHesbiMU 2PpUOKAMU TIPUMEHSIOT TPH CTIoco0a:

croco0 1 — ucnonap30BaHNe MaTEPHANIOB, HE CKJIOHHBIX K 00Opa30BaHUIO
Ha HUX IUIeCeHM (NPUMEHEHHE JTOr0  METOJa  OrPaHUYMBAETCS
BO3MOYHOCTSIMU BbIOOpa MaTepHUAIIOB);

cnoco0 2 — M3MEHEHUE BHYTPEHHEro KJMMara B anmnaparype, UMeroulee
1eJb JUIIUTH TUIECHEBBIE TPUOKH OJIaronpusTHON 0a3bl Uil pa3BUTHS (31€Ch
rJIaBHBIM 00pa3oM TpeOyeTcsi MPUHUMATh MEpPbl K CHH)KEHHUIO BIIAKHOCTH
BO3/lyXa, TaK KakK CaMoOpa3orpeB KakK OTIEIbHBIX MHUKPOCXEM, TaK U
MOJIHOCTBIO BCEHM ammaparypbl NOYTH ABTOMATHYECKU JIMIIAET TIPUOKHU
0JIaronpusATHON TEMIIEPATYPhl);

cnocod 3 — po0aBieHME B COCTaB Jlaka WIM 3SMajlM, KOTOPBIMU
HOKPBIBAIOT MOBEPXHOCTh JI€TalEeH, ClEUUAIbHBIX XMUMHUYECKUX BEIIECTB —

(GyHTUITIUIOB.
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MepMeTusaumsa oTAENbHLIX 3fIEMEHTOB, Y3NI0B, YCTPOWCTB MMM BCewn
MaLLUHbI

I[Ipu »oromM cmocobe  3amuUTBI B 3aBHCHMOCTH  OT  CTEIICHU
YYBCTBUTEIIPHOCTA T€X WM HWHBIX JJIEMEHTOB WJIM Y3JIOB K BO3JICHCTBHIO
arpecCUBHON Cpelbl U OT WX KOHCTPYKTHUBHBIX OCOOCHHOCTEH MPUMEHSIOT
pa3IuYHBIC CHOCOOBI T'epPMETH3allid, OTIUYAIOIINECS KakK METOJI0M
HCIOJIHEHHS, TaK U CJI0KHOCTBIO U CTOMMOCTBIO.

N3BecTHBI CTOCOOBI TEPMETHU3AIUHN C TIOMOIIBIO:

a) M30JIAIIMOHHBIX MaTePUAJIOB;

0) HEPOHMIIAEMBIX JIJIsl TA30B 000JIOUEK.

3611141/{7’}’261 uzoenuti USOJIAYUOHHBIMU Mamepuaitamu.

DJTa  3alldTa MOXET  MPOU3BOJIUTHCA  HPORUMKOU,  3ATUBKOIL,
00601aKUBAHUEM VI ONPECCOBKOIL.

Ilponumka w3enuil COCTOUT B 3AMOJHEHUU MUMEKOLIUXCS B HUX KaHAJIOB
ANEKTPOU3OISALMOHHBIM  MartepuaioM. OOHOBPEMEHHO C 3alOJHEHUEM
KaHaJIOB TIPU TIPOMMUTKE Ha BCEX DJJEMEHTAX KOHCTPYKIMU oOpasyercs
TOHKHUM HW30JIALMOHHBIM  CJOM, 3al[UIIAIoMi HUX OT BO3JCHCTBUSI
arpeccuBHOM  cpefpl.  OJHOBPEMEHHO C  3alIUTHBIMH  (QYHKIMSMU
MPONMMUTOYHBIM MaTE€pHUal IMOBBIIAECT SJICKTPUYECKYIO MPOYHOCTh H3JEIIHS,
CKPEIUIIET MEXAHUYECKH €ro OTAECIbHBIE 3JIEMEHTHI, BO MHOTHUX CIy4Yasx
yAy4YlIaeT TEIUIONPOBOAHOCTh. [IpONMUTKY OCYIIECTBIAIOT MOTPYKEHUEM
W3AENUN B KUJIKUU M30JSIMMOHHBIN Martepuan. [locne u3Bnedyenus uznenus
Marepuan oTBepaeBaeT. [Ipouecc OTBEpKIEHUS MOXKET HMPOUCXOAUTH IPH
HOPMaJIBHOM  TEMIIEpaType WIM C BHEWIHUM 1ojorpeBoMm. llpwm
HCII0JIb30BAHUU MOJTUMEPHU3YIOIIUXCS MPOIMUTOYHBIX MaTepuaioB
HEO0OXOJIUMO MPUMEHSTH CIICIIMAIbHBIC YCKOPUTEIIU.

[Ipu repmeTusanuu 3anuekoi Bce CBOOOHBIE TIOJIOCTU B U3JCIHH, B TOM
YUCIIE W TPOCTPAHCTBO MEXKIY DJJIEMEHTAMU W KOPIIyCOM, 3aJMBaIOT
AJICKTPOU3OJSALMOHHBIM ~ MAaTEPUATIOM, KOTOPBIM  IIOCII€  OTBEPIKICHUS
o0OpasyeT I0CTaTOYHO TOJICThIN 3aIIUTHBINA CIIOH.

3alMBKYy M3JIE€JIUS MOXHO IPOU3BOAUTH B €r0 MOCTOSSHHOM KOPIyCe WJIU
HCIIOJIB30BaTh JUISl ATOTO CIICHAIbHBIC pa3beMHBIC (OPMBI, KOTOPBIC TTOCIIE
OTBEPKICHUSI MaTepHraia yIasiiOTCA.

I'epMetuzanust o66orakueanuem 10 TEXHUKE HCIOJHEHHUS aHAJIOTHYHA
Onepaluy MPONUTKH, OJHAKO 3/I€Ch HCHOJIB3YIOT BSI3KHE HW30JISIIUOHHbBIC
MaTepHabl, 00JaaloNIue XOPOoIIeH aare3nueil K meMentam usnenus. Cioin
MaTepuaia, o0pa3yromerocs Ha TOBEPXHOCTH JETaNCH, CPABHUTEIHHO TOJICT
(oT gosel A0 HECKOJIbKMX MWUIMMETPOB) W HAACKHO 3alllMINAET HUX OT
BO3/ECHUCTBUS arPECCUBHOMN CpeLbI.

3awuma uzoenuii HenponuyaemvimMu 015 2a308 000JIOUKAMU.

D10 Hanboree COBEPIICHHBIN CIOCOO 3aIIUTHI Y3JI0B U yCTpoicTB DBM,
Tak Kak Kpome 3(PPEKTUBHON 3alTUThI OH MOXKET 00J1aJ1aTh BO3MOXHOCTHIO



pasrepMeTH3alyy B MPOU3BOACTBEHHBIX YCIOBUSIX U MPH IKCIUTyaTallUU.

VYcnoBuss HOpMaiabHOM pabOThl M3ACNMMA, 3alMUIICHHBIX BaKyyM HO-
IUIOTHOM repMeTH3aliei, 3aBUCAT He TOJbKO OT KayecTBa repMeTH3aluu, HO
U OT 3alIUThl OT arpeCCUBHBIX KOMIIOHEHTOB, BXOJAIIWX B MaTe€pUaibl U
cpemy 3ammiiaeMoro odnema. Beimenenue cBOOOAHBIX MOJEKYT BOIBI U
JPYTUX arpecCUBHBIX BEIIECTB B T'E€PMETH3UPOBAHHOM OO0bEME H3IENus
MOXXET CBECTH K MHUHUMYMY 3(G(EKTUBHOCTh  BAaKyyMHO-TUIOTHOM
repmerm3aruu. I[lpu  pa3paboTKe TEpPMETUYHBIX KOPITYCOB  CJEAyeT
YUYHTHIBATh  YCIOBUS OKCIUTyaTalldd ¥ TPEXKIEe BCErOo HM3MEHEHHE
0apOMETPUYECKOTO [aBJICHUS, BHEITHHE MEXAHWYECKUE BO3ACUCTBUS U
BO3MOYKHBIC ITEpPEIajbl TEMIIEPATYPHI.

BakyyMHO-TIJZIOTHAasE ~ TepMeTH3aluss MOXKET OBITh  BBITIOJIHEHA  C
Hepa3beMHbIMU Y PA3BEMHbIMU TIIBAMU: TIEPBYIO UCMOJB3YIOT JIJISl 3aIIUTHI
MajorabapuTHBIX Y3JI0B M YCTPOMCTB, BTOPYIO — JJisi CPaBHUTEIIbHO
Oonpmx  OJOKOB, TpeOyrommx NPOPUIAKTHUYECKON  TMPOBEPKU U
HY’KJIAIOIIUXCSl B CMEHE €€ OT/IENbHBIX 3JIEMEHTOB.

HepazbemHble TepMeTHYHBIE KOHCTPYKIIMH  JENA0T CO  IIBaMHU,
BBIMIOJIHAEMBIMU TAWKOW, CBAPKOMW, KIJICMIKOM, 3aJIMBKOW, CKJIECHBAaHUEM WU
3aMa3Koi CrelUaAIbHBIMU KOMIIayHIaMH (T€pPMETUKAMU).

B pazvemupix TEpMETUYHBIX KOHCTPYKIUSAX MEXAY COCAUHSIEMBIMHU
JETAISIMH (KOPITYCOM ¥ KPBIIIKOW) TTOMEIIAIOT 3JIACTUYHYI0 TIPOKIIATKY, a B
TepMETU3UPYEMBbIii 00BEM — BJIATOTIOTIIOTUTENh, HATIPUMED CHUITUKATEb.

VYcnoBue HEMPOHUIIAEMOCTH TAaKOTO TEPMETHUYHOTO COCIUHCHHS —
COXpaHEHUE BO BCE BpPEMs €ro CIyKObl KOHTAKTHOIO JABJIEHHS MEXIY
MPOKJIAIKON U COCTMHSICMBIMU MTOBEPXHOCTSIMHU. [TpumensroT
MeTa/UIMYecKue (M3 CBUHIIA, ATFIOMUHUS, KPACHON MEIIN) U HEMETAITNICCKUE
(Hanmpumep, pe3UHOBbIE) Tpokianku. Ilpu  cTArMBaHMM  BUHTaAMU
METaNIMYECKHE MPOKIAIKU AePOPMUPYIOTCA, B HUX MOTYT BO3HUKHYTh
HaMpsDKeHUs, TMpeBbIIAoMe mpeaen Tekydectd. [Ilpu ucnosib3oBaHUU
PE3UHOBBIX TPOKIATOK YIUIOTHEHHUE JIOCTUTAETCS JACUCTBHEM OCTAaTOYHBIX
ynpyrux nedopmaruii.

OBECIMEYEHUNE MNOMEXOYCTOUYNBOCTH 3BA

Hanexxnocte u pocroBepHOCTh paboTel OBM 1 cuctem 3aBUCIT OT HX
MIOMEXO3alIMIIEHHOCTA 10 OTHOLICHUI0O K BHEIIHUM W BHYTPEHHUM,
CIIy4YallHBIM M pPEryJisipHbIM nomexaM. OT MNpaBUIIBHOTO PELICHUS 3a]a4yu
o0OecriedeHus TOMEXOYCTOMYUBOCTH AJIEMEHTOB U y3510B DBM 3aBuCAT Kak
CPOKH pa3pabOTKH M3TrOTOBJICHUS M Hamaaku DBM, Tak U HOpMalbHOE €e
(G YHKIITMOHUPOBAHHUE B MPOIIECCE IKCILTyaTaIl|H.

HpI/I‘II/IHI)I BO3ZHHUKHOBCHHUA ITOMEX

Ilomexout nyisi BBIYUCTUTEILHOTO YCTPOWCTBA SBJISICTCS BHEIIHEE WITH
BHYTpEHHEE BO3JCHCTBHE, TMPUBOAAIICE K HMCKAKECHUIO JHUCKPETHOU
uHpopMan BO BpeMs €€ XpaHEHHMs, MNpeoOpazoBaHUs, 0OpaOOTKH WIH
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nepeavu.

Tak kak wuHbOpMaINMOHHBIE CUTHAIBI B DOBM HMEIOT 3JIeKTPHUYECKYIO
MPUPOJTY, TO MPU KOHCTPYUPOBAHUH HEOOXOIUMO YUUTHIBATH TIOMEXH TOM JKe
MPUPOJIBI, KaK HanboJIee BEPOATHBIE UCTOUHUKH UCKAXEHUSI HH(MOpMAITUH.

CymiectByeT OOJBIIIOE YHMCIIO Pa3IMYHOTO pojaa TMOMEX, B OOJbIIeH HIIH
MEHBIIIEH CTEMEeHH OKa3bIBAIONIMX BIUSHUE Ha paboOTy JIOTUYECKHUX,
3alIOMUHAIOIINX U IPYTUX yCTpoucTB DBM.

Knaccudmkaumsa nomex

[Tomexu MoOryT ObITh KJAACCHPUUHMPOBAHBI IO HPUUUHE HABCOCHUS,
xapaxkmepy nposejenus 1 nymu pacnpocmpanenus (puc. 2).

Momexu 8 36M
Y Y
mepy npo-
flo xapanmepy npo Nlo npuyune wabe - | 70 nymu pacnpocm-
Adnenus /4 w
denus paKHenus
H YA HXp0-
e W B e B W e
c8ras Jayuy
Momexv 8 yensx
cBazu < Hﬁﬁgggifﬁﬁﬂﬂ <l |l  Turuw cbasu
Hecmadunerocmu & 7 . o0
8-cucmemax anexm |= il G Gl d
ponumanus
[ansBanuyeckas | | Yenv anexmpo-
Umnynscrere nome - céras ULt
xu 8 cucmemax -
S/1€KmMpPonumanHus > [fenu 3asemnenuu

Puc. 2. Knaccudukanus nomex 8 9BM

B OBM wuaie Bcero MoryT HMCHOJIb30BATHCS MOTEHUUAIBHBIE CHUCTEMBI
AJIEMEHTOB, B KOTOPBIX COCTOSAHUS «1» U «0» KOAUPYIOTCS COOTBETCTBEHHO
BBICOKUM (HU3KUM) U HU3KHUM (BBICOKHMM) YPOBHSIMU HAIIPSIAKEHUS.

[Tomexa, HakaaabiBaeMasi Ha JTU HAOPSOKEHUs, MPUBOJUT K
OLIMOOYHOMY Cpa0aThIBAHUIO CXEM, KOTJla €€ aMIUIMTyJa yCHJIMBAETCS IO
Mepe pacnpoCTpaHEHUs BJIOJb LIETIOYKH AJIEMEHTOB U CBSI3€H MEXIy HUMHU.
JonycTumMoe HampsiKEHHWE MOMEXH Ha BXOJI€ AJIEMEHTAa PaBHO aMILUIUTYIE
CUTHaJa, OTCYMTAHHOTO OT YpoBHS U] win U! (B cllydae KOJUPOBaHUS
COCTOSIHUSL «1» BBICOKMM MOTEHIMAJIOM, a COCTOSAHHS «0» — HU3ZKUM
MOTEHIIUAJIOM), KOTOpPBIA TMPUBOJUT K TOSIBICHUIO HA BBIXOJIE DJIEMEHTa
CUTHajIa paBHON aMILTUTY/IbI.

Ortcroa MakCUMaJIbHO JIOMTYCTUMOE 3HAYEHUE MOMEXH Ha BXOJIE AJIEMEHTa
JUUIS HU3KOT'O U BBICOKOTO YPOBHEH COOTBETCTBEHHO
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+ 0
Uno,w = Vnap - Umax >
- 1
Umw = Umin - Vnop >
rae V,, — HampsHKEHHE, IIPH KOTOPOM MOIYJb KOd()GHUIMEHTa yCUIICHUS

AJIEMEHTA 10 HANPSHKEHUIO paBeH eAUMHUIE (MOpor cpabaThIBaHUS SJIEMEHTA).

OcHoOBHbIe NMPUYUHLbI, Bbi3biBalOLWne NCKaxxeHnsda curHanoB

OcHo6Hble npuuuHbl, BHI3BIBAIONINE WCKAXCHHS CUTHAJIOB TIpU
NPOXOXKJICHUU UX 10 1ernsM DBM, cnenyromue:

a) OTpaXEHHsI OT HECOIVIACOBAHHBIX HArpy30K M OT Pa3IMYHbBIX
HEOJHOPOA-HOCTEH B IMHUSIX CBSI3U;

0) 3aTyxaHWE CHUTHaJOB TMpPU  HOPOXOXKACHUH HUX 1O  LEMsIM
MOCJIEI0BATEIbHO COEIUHEHHBIX 3JIEMEHTOB;

B) yXyAlleHue (PpPOHTOB M 3aJ€p>KKH, BO3ZHUKAIOIIWE TPU BKIOYECHUU
HArpy30K C pEaKTUBHBIMH COCTABIISIOIINMU;

r) 3aJ€p>KKA B  JIMHUW,  BbI3BaHHbIE  KOHEYHOH  CKOPOCTHIO
pacmpoCTpaHeHHs CUTHAIIA;

1) MEPEKPECTHBIE OMEXHU;

€) mapa3uTHas CBS3b MEXKAY OJJIEMEHTaMH 4Yepe3 IeNd MHTaHus U
3a3eMJICHUS;

) HaBOAKH OT BHELIHHX DJIEKTPOMArHUTHBIX HOJEH.

CreneHp BIUSHHS KaKIOTO U3 MEPEYHCICHHBIX (DAaKTOPOB HA MCKaXKECHUE
CUTHAJIOB 3aBUCHUT OT XapaKTEPUCTHUK JIMHUM CBSI3H, JOTHYECKUX DJIEMEHTOB
U CUTHAJOB, a TaKK€ OT KOHCTPYKTHBHOTO BBIIMIOJIHEHUS BCEH CHUCTEMBI
DJIEMEHTOB U CBs3ei, T. €. DBM.

MpuynHbI pocTa BNUSIHUS NOMeX

boprba ¢ momexamu mnpuobOpeTaeT Bce OONBINYIO aKTyaJlbHOCTh H3-3a
CIIEAYIOIIUX PUYHH.

1. DOHeprernueckuii ypoBeHb HH(POPMALMOHHBIX CUTHAJIIOB HMEET
TEHJEHUUIO K YMEHBUIEHUIO (ITOBBILICHHE YaCTOThl M CHI)KEHHE IMeperaja
HaIpsDKEHUI), a DYHEPreTUYECKUid YpPOBEHb BHEIIHHMX I[OMEX HENPEPBIBHO
YBEIINYMBAETCHI.

2. VYBenu4eHUE B3aUMHOIO BIIMSHUSA DJJIEMEHTOB U3-32 YMEHBUICHUS
rabapuTHBIX pa3MEPOB aKTUBHBIX 3JIEMEHTOB U JIMHUW CBSI3M MEXAY HUMHU, a
TaKK€ YBEJIMUYECHUS IJIOTHOCTH UX Pa3MELICHUS.

3. Bo3pacTanue ypoBHS IOMEX HM3-3a YCIOKHEHUSI CUCTEMbI, B YACTHOCTH
YBEJIMYCHHS] 4YHCJIa BHEIIHMX YCTPOWCTB, KOTOPBIE COJEpKAT OO0JbIIOE
KOJIMYECTBO 3JIEKTPOMEXAHUUYECKUX Y3JI0B.

4. BHenpeHue BBIUYMCIUTEIBHOW TEXHHKH BO BCe CGepbl YETOBEYECKOM
NEATEIIBHOCTH.
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IToaxoanl K olleHKe MOMeX U CIOCO0LI UX CHUKEHU A

NMomexu B curHanbHbIX npoBoAHUKaXxX

CBsa3u mexay sneMeHTamMu OBM MOXKHO BBITOJTHAKOTCS Pa3IMYHBIMU
criocooamu:

1) nst cCpaBHUTENBHO MEJIEHHBIX YCTPOMCTB — B BHJIE MEYATHBIX WIIU
HABECHBIX MPOBOIHHUKOB,;
2) B YCTpOMCTBAaX C MOBBIIIEHHBIMH CKOPOCTSMU pPabOThl — B BUJE

[I€YAaTHBIX IOJIOCKOBBIX JIMHUM, «BUTHIX nap» (Ou(uiIspoB), B KadyecTBe
00paTHOTO MPOBOJIHUKA — «3EMJISIHBIX IUIACTUH», CPABHUTEIBHO OOJIBIIOIO
CEYCHUS LIMHBI IUTAHUS.

[Ipu rpynmupoBKe »>JIEMEHTOB IO y3JaM U OJloKaM MEXIy HHUMHU
oOpasyercss OOJbIIOE YHUCIO JJIEKTPUUYECKUX CBsI3€i, KOTOpPHIE MOXHO
pa3eNnTh Ha DJIEKTPUYECKU «KOPOMKUE» Y DIIEKTPUUYECKU KOSTUHHDLE.

OJIEKTPUYECKA  «KOPOMKOUW»  HA3bIBAIOT  JIMHUIO  CBA3W, BpeEMs
pPaCIpOCTPAHEHUSI CUTHAJIA B KOTOPOM MHOI'0 MEHbIIe 3HAYEHUs MIEPEIHETO
(poHTa IepeaaBaeMoro 1o JMHUU UMITYJIbCA.

CurHas, OTpa)XE€HHBI OT HECOIVIACOBAHHBIX HArpy30K B JTOM JIMHUU
CBA3U, JOCTUTAET UCTOYHUKA PAHBIIE, YEM YCIEET CYLIECTBEHHO U3MEHUTHCS
BXOAHOM  mmmyibc. CBolicTBAa  TakoM  JIMHUM  MOXHO  OIHACATH
COCPEA0TOYEHHBIMM COIIPOTUBJICHUAMH, EMKOCTBIO U UHYKTUBHOCTBIO.

ONEKTpUYECKN «OJIUHHAA» JMHUS CBA3U XapPAKTEPU3YETCS BpPEMEHEM
pacnpocTpaHEeHMs CUTHaJIa, MHOT'0 001bIIMM (PPOHTA UMITYJIbCA.

B 5T0l JIMHUM OTpaXEHHBIM OT KOHL@A JMHUU CHUTHAIl NPUXOAUT K €€
HayaJly 1Mocjie OKOH4YaHusi (pOHTa UMITyJIbca U HCKaxaeT ero (gopmy. [lpu
pacdyere TakMe JIMHMM  CIIEAyeT pacCMaTpuBarb Kak JIMHUM C
pacnpeneJeHHbIMH ITapaMEeTPAMMU.

B UC, suelikax W MOAYISX CBSI3M, Kak IMPaBUJIO, 3JIEKTPUYECKU
«KOpOTKHE». B 0Oosee KpynHbIX KOHCTPYKTHBHBIX eauHunax OBM B
OCHOBHOM JJIEKTPUYECKU «JIJIMHHBICY.

Jlonsi «ITMHHBIX» CBSI3€M B MAalllMHAX C POCTOM HMX OBICTPOAEUCTBUS
pacTeT Kak CIeACTBUE POCTa ObICTPOICHCTBHS.

B coBpemennsix ObicTpoaeiicTByromux WMC cBepXBBICOKOTO YpOBHS
MHTETpallii MHOTME IIMHBI HEOOXOJIMMO paccMaTpUBATh KaK <«JUIMHHbBIE)
CBS3U.

Ilomexu 6 (KOPOMKUXY» CBA3AX

[Tpu aHanmu3e MpoueccoB Mepesadyn CUTHAJIOB 3JIEKTPUUYECKU «KOPOTKYIO»
JUHUIO CBSI3M MOXXHO TPEJICTaBUTh B BUJE DKBUBAJCHTHOH CXEMHI,
COJIEpIKaIIeil cocpea0TOYeHHbIe HHAYKTHBHOCTh I éMKOCTh (OMHYECKUM
CONPOTHUBJIEHUEM MPEHEOPEratoT).

[Tapa3uTHyio CBSI3b MEXIY ABYMS «KOPOTKHMM» JIMHUSMHU TaKKe€ MOKHO
NPEJCTaBUTh KaK CBA3b Yepe3 COCPeI0TOYEHHYI0 B3aMMHYI0 €eMKOCTb U
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B3aMMOUHAYKTUBHOCTb.

B 3aBucuMOCTH OT r€OMETPUYECKUX PA3MEPOB CEUCHUN JIMHUN, UX JUIUHBI,
JUDJICKTPUUYECKUX CBOWCTB M3O0JLILMOHHBIX MATEPUAIOB TOT WJIM WHOMN
napamMeTp JWHUM MOXET OKa3biBaTh OOJIbIIIEe BO3JCHCTBHE HA IMPOIIECCHI
Iepelayd CurLajga, 4eM Bce ocTaiubHble. lcxoas w3 mnpeanonoxeHus
npeo0Iaanusi TOTO WM WHOTO MapaMeTpa, PacCCMOTPUM BIIHMSHUE KaXKIIOTO
Y3 HUX B OTJIEJIBHOCTH Ha Nepeaavdy CUTHAJIOB.

Hnoyxmusnulii xapaxmep cueHaibHOU C8531U.

3a/iep’KKy  paclpoCTpaHEHHs CHTHAJla B JIMHUM  CBSI3M  MOJKHO
paccMarpuBaTh Kak H3MEHeHuEe (OpMbl CUTHaAa, T.e. KaK BO3JEHCTBHUE
IIOMEXH.

ODKBUBAJICHTHAsI CXE€Ma COEIWHEHUA JABYX 7dJeMeHToB 1 u 322 nns
WHIyKTUBHOTO XapaKTepa CBSI3M MPEJICTaBIeHa Ha Ha puC. 3, a.

7 t
| - ———

Puc. 3. IHIyKTUBHBIN XapaKTep «KOPOTKON» JINHUU CBSA3U
a — DKBUBAJICHTHAsI cxema; O — BpeMeHHas AuarpaMma

[Ipn nogaye Ha BXOJ CXEMbl CTYNEHbKU HaNPsKEHUA aMIUIATYA0N Upgyx
COCTOSIHUE CXEMbl MOXET ObITh onKcaHo JudpepeHurnanbHbIM YPaBHEHUEM
U = u6x2 + [L(RSbUCl + Rst )] (du /dt) *

[Ipu 3TOM HampsKEHUE Ha BXOJ€ BTOPOIO AJIEMEHTa

6b1x1 6x2
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R -t
— 6x2
ust - Ueblxl R R l-er s
6x2 + 6bix1
rue L
T=—":.
RexZ + RSbl}Cl

Tak kKak B MUKPOIJIEKTPOHHBIX 3JIEMEHTAaX, KaK MPaBUJIO, BBIOJHICTCS
cooTHomeHue R, << R,,, TO

-t

u ~U l—e®

6x 6bix1

u
L

T ——

R

OneMeHT 32 cpabaTbiBaeT, KOIJAa HAMNPSHKEHUE Ha €ro BXOAE Uy
JOCTUraeT nopoza cpadamwvieanus V., T.€. C HEKOTOPOW 3aJCPKKOH T,
(puc. 3, 6). 3agepkka MOXKET OBITH OTIpe/ieJIeHa KaK TOKa3aHo BHIIIIE.

Ecan npusATh Upy = Viop = Upn/2, T0 T, ® 0,71 = 0,7 L/R 0.

Jost yMeHbIIIeHUsI 3aJ1ePKKH HEO0X0IMMO YMEHbIIATH
HHAYKTUBHOCTh JIMHMUM M YBEJUYHUBATHL BXOJHO€ COINPOTHUBJIEHHUE
3JIEMEHTOB.

B OBM Tperbero u mocieayroumyx MOKOJEHUNH HCHOJIb3YIOT 3JIEMEHTHI,
BpeMsl MEPEKIIOYEHUs (3a7epKKa) KOTOPBIX COCTaBIISIET JIOJAU U €IUHUIIBI
HaHOCEeKyH. JKenaTenbHO, YTOOBI 3a/lep)KKa, BHOCHMAS JIMHUSIMH CBSI3H,
COCTaBJIslJIa Malylo, B XYAIIEM ClIy4yae€ COU3MEPHUMYIO, YacTb OT BPEMEHH
MIEPEKITIOUYECHUSA JJIEMEHTOB.

6x2

Emrxocmuviii xapakmep cuenanbHoll cés3u

OKBUBAJICHTHAsE CX€Ma Ui pacyeTa peakUuu CUTHAIBHOM CBS3H,
HMMEIOIIEH EMKOCTHBIA XapaKTep, Mpe/ICTaBICHa Ha puc. 4.

—————— - Em—
2
—{———+o—e -
Resix 1 b C
TRIR

)

r-—————ﬂ—-

Q

uﬁx 2
Ug

biX1

RBx.?

b o

Puc. 4. EMKOCTHBII XapaKTep «KOPOTKOW» JIMHUM CBSI3H (IKBUBAJIEHTHAs
cxeMa)

B cootBetrcTBUM ¢ 3akoHOM Kupxroda nmeem
Um;txl = uexZ + R (u8X2 /Rex2 + Cdust /dt)

[Ipu 5TOM HampsiKeHUE Ha BXOJI€ BTOPOIO AJIeMEeHTa

6bix1
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R il
— 6x2
ust - Ueblxl R R l-er s
6x2 + 6bix1
FIIG r= C RR)CZR(?E;IXI .
Rst + RBhL‘Cl

C ydetoM TOTO, 9TO (Kak ObTO 0TMEUeHO) Ry << Ryy, TO

BiausaHue eMKOCTH  CUTHAQJILHOW  CBSI3M AHAJOTMYHO  BJIUSHUIO
WHAYKTUBHOCTH CUTHAIBHOW CBSI3M W BBIPAXKACTCSA B 3aJCPIKKE BKIIFOUCHUS
Harpy>KeHHBIX cxeM (cM. puc. 3, 6).

THapaszumnole emMkocmHas U UHOYKMUBHASL CE8A3U MENHCOY CUSHATIbHBIMU NPOBOOHUKAMU

C yMeHBIICHHEM T€OMETPUUYECKUX Pa3MEpPOB SJIEMEHTOB U TOBBIIICHUEM
IUIOTHOCTA MX pPa3MEIIEHUs MeKAY CHTHAJIbHBIMH NPOBOAHUKAMHU
BO3HHKAIOT eMKOCTHAs M HHAYKTHUBHAS CBS3M.

[Ipy mnepexsoYeHUH »SIEMEHTOB [0 CHTHAJIBHBIM LEHSAM IPOTEKAIOT
UMITYJIbCHbIE TOKH C KPYTHIMH (POHTaMHU, KOTOpBIE BCIEACTBUE HAIHYUS
Napa3uTHBIX CBsA3eW HABOASAT HAa COCEAHHUX CHUTHAIBHBIX IMPOBOIHHUKAX
nomexu. IlocnenHue mpu onpeneneHHbIX YCIOBUIX MOTYT BbI3BaTh JOXKHOE
cpabaTbIBaHUE 3JIEMEHTOB CXEM.

HeoOxoaumo, 4ToOBI 3Hau€HHE NOMEX HE NPEBBIIIANO JOIYCTUMOIO
npejena.

PaccmoTpum fBe 1enu, BBIMOJTHEHHBIE IO TI€YaTHOM TEXHOJOTHUH,
UMeIoIMe OO yJyacTOK /, HA KOTOPOM OHHU PacIojararoTcs MapasuienbHoO
IpyT apyry Ha pacctosnuu d (puc. 5, a).

a) g 48
‘v

U
g]_ﬁdxz

Puc. 5. Ilapa3uTHble eMKOCTHasI U HHAYKTUBHAS CBSI3U MEXIY «KOPOTKUMI)
JIMHUSIMH CBSI3U

Ha »ToM ywacTke MexAy HUMH HMEIOTCS B3auMHble e€MKocThb C;, U
WHIYKTUBHOCTb M 5.

B cmywae mpeoOnamaromiero BIHMSHUS e€MKOCTHOW CBSI3HM  MEXKIY
CUTHAJIBHBIMU IEMsMU JUIsl OOECIeUeHUs] HaJIe:)KHOW paboThl SJIEMEHTOB
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OBM Heo0x01UMO yMEHBIIATh BBIXOJHOE CONPOTHUBIICHHUE, AJUHY CBS3EH U
WX  CEUYEHHUs, YBEJIUYUBATH (DPOHT UMIYIBCOB H  KOIPPUIUEHT
MIOMEXOYCTOWYMBOCTH 3JIEMEHTOB, PACCTOSHHUE MEXAY JHUHUSMH CBS3H,
IIPUMEHATh M30JLSILAOHHBIE MaTEpHabl C XOPOLWIMMH JUAJIEKTPUYECKUMHU
CBOWCTBAMM.

B cnywae mpeoGnamatomiero BIHSHUS B3aMMHON MHAYKTHBHOM CBS3U
MEXIy CUTHAJIBHBIMU IETSIMU HEOOXOMMO YMEHBINIATh JUTMHY TICTICH CBSI3H,
aAMIUTUTYJbl TOKOB, YBEIIMYUTH IOPOT CpabaThIBaHUS DJIEMEHTOB, (DpOHT
MepE1aBa€MbIX UMITYJIbCOB, PACCTOSIHUE MEK/1y POBOIHUKAMU CBSI3EH.

B o6mem ciydae B 1ienmu — MNPUEMHHKE HABOAKA — BO3HUKAIOT Kak
€MKOCTHAasl, TaK U UHIYKTUBHAsl [IOMEXH.

[Ipy >TOM eMKOCTHasi HABOJAKA H3MEHSECT MOTEHIHAJ BCel JIMHUU
CBSI3M, 3 MHAYKTUBHAS CO3/IA€T PA3HOCTH MOTEHIMAJIOB MEKIY BXOJAOM U
BbIX0/JI0M JINHUMU.

Tlomexu npu COCOUHEHUU DJIEMEHMO8 «ONUHHBIMULY CEAZIMU

Ompadicenusi 6 «ONUHHBIXY TUHUSX CEA3U

DNEKTPUYECKHA  «JUIMHHYIO» JIMHUIO CBSI3W TPU  pacuerax CxeMm
paccMaTpUBalOT Kak OJHOPOAHYIO JIMHUIO C pachpeaesieHHoN eMkocThio C, 1
WHIYKTUBHOCTBIO L,. [lepexomnbie mpolecchl B TaKUX JUHUSIX 3aBHUCAT OT
XapakTepa mepernaga HampsKEHUS Uyx Ha BXOJIC€ JUHUU W COOTHOIICHUS
BOJTHOBOTO CONPOTHBJICHUS JIMHUU Z), BBIXOJHOTO COINPOTHUBJICHUSA Z;
reHepatopa UMIYJIbCOB M BXOJHOTO COIPOTHUBIICHUS Z, HArpy>KEHHOI'O Ha
KOHEI JIMHUM dJIEMEeHTa (puc. 6).

a
) s L — 5
@ *7{;2 g ;:' ] U&mx(t)
| Ug, (t) Zy

Puc. 6. DxkBUBaneHTHas cXema Iepe/iadn Mo «IJTMHHONY JIMHUU CBA3U

N3 Teopun «JIMHHBIX» JIMHUN W3BECTHO, YTO €CJIM JIMHUS C BOJIHOBBIM
CONPOTUBIICHUEM Zj HArpy>KEHA Ha CONPOTUBICHUE Zy, U Zy= Zy, TO TAKYIO
JIMHUIO HAa3bIBAIOT CO2IACOBAHHOM.

Ecmu zy#z,, nuHHUIO HA3bIBAIOT HecozlacoeanHou. llpu >TOM BOJIHA
HaNpsHKEHUs], JOCTUTHYB KOHLA JINHUU, OTPaXaeTcsi OT HETO.

OtpaxkeHHas BOJIHA, JOCTUTHYB Haudalia JJUHUM, 3aTyXaeT Npu z,=z,. Eciau
Z,#7y, BOJIHA BHOBb OTpa)kaeTcs (0T Hauaja JIMHUH).

[Iporecc moodepesHOr0 OTPaKEHUS BOJHBI HATPSHKEHHS OT 000UX KOHIIOB
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JUHUM CBSI3U TPOJOJIKACTCS A0 TEX IOp, NOKa aMIUIUTYAa OTPaKEHHOU
BOJIHBI HE YMEHbIIUTCS 10 Hyds. OTpakeHHbIE BOJIHBI HaIPSHKEHUS
HaKJIa/IpIBAIOTCS Ha MaJarolue, U B UTOre (opMa BXOJHOTO HaIPSDKEHUS
MOJKET CYLeCTBEHHO MCKA3UThCSA. AHAJOTUYHBIC SIBICHUS IMPOUCXOMIST U C
BOJIHOM TOKA.

OTpaxkeHUsT BOJIH HANpPSDKEHUST W TOKa MOTYT OBIThb HE TOJBKO OT
HECOTJIACOBAaHHBIX HArpy30K Ha KOHIAX JIMHUWA, HO © OT Ppa3IUYHbIX
HEeOOHOpOOHOCmell B HEW CAMOM.

PaccmoTpenHbie mpoIecchl MOTYT BBI3BIBATh BEIOPOCHI HATIPSIKCHHSL.

JiIs1 yMeHblIeHUs1 BJAUAHMA BbIOpPOCca Ha napamMeTpsl HarpykeHHbIx MC
B KAauyeCcTBE HArpy3Kd HCMONB3YIOT auoabl LIOTTKM Kak JuHaAMHYECKHe
HENWHEWHbIEe conpoTuBieHus. [lo Mepe BO3HHUKHOBEHHS Mapa3uTHOTO
BbIOpOCa OJMH M3 JUOJOB HAaYMHAET OTKPBIBAThCS IO TEX TOp, MOKa €ro
CONPOTUBJIEHUE HE CTAHET NPUOIM3UTENBHO PaBHBIM  BOJIHOBOMY
COIPOTUBJICHUIO JIMHUU (APYTro JUOJ CMEIEeH B OOpaTHOM HalpaBiICHUU U
npeaHa3HadeH JJis raiieHus oOpaTtHoro BblOpoca). B pesynbrare sHeprus
BbIOpOCa MOIJIOUIAETCSA, YTO BEAET K MOBBILICHUIO YCTOMYMBOCTH pPabOThI
NC. Ocobenno >¢pdekTuBHO UCoNb30BaHue au00B IIIOTTKH I TTTHHHBIX
(o 1 ™M) nuHHMA cBsi3ei, OOBIYHO BBIMIONHIEMBIX OUbMIIpOM. 3ameHa
oudunspa oAMHOYHBIM MPOBOAOM C auoaoM LIIOTTKM Ha KOHIE MO3BOJISET
YMEHBLIUTH TPeOyeMO€e KOJIMYECTBO KOHTAKTOB pa3zbeMa, s'YeiKku, cy00IIoKa,
0JI0Ka U T.A.

Hapa3umele HABOOKU 6 «OJIUHHBIXY JTUHUAX CEA3U

Ecnu nuHUM CBSI3U MEXIy dJE€MEHTaMH HE DKPaHUPOBAHBI, TO AJIEKTPO-
MAarHuTHbBIE MOJS, BOSHUKAIOUIME MPU MPOXOKIAECHUUA MO0 HUM HMITYJIbCHBIX
BBICOKOYACTOTHBIX CUTHAJIOB, HE JIOKAJIN30BAHBI U B TOW WJIM MHOW CTEIECHU
B3aUMOJICUCTBYIOT Mexay coOoil. [lpu 3TOM Ha JUMHUAX-TIPUEMHHUKAX
BO3HMKAIOT TIAPAa3UTHBIE CUTHAIIBI, (hOpMa U aMIUIUTYJa KOTOPBIX 3aBUCAT OT
XapaKTEPUCTUK JTUHUU-TIPUEMHUKA U JTUHUU-UHIYKTOPA, BEIMYMHBI UX CBSI3U
MeXay coOo#, MapaMeTpoB IMEpeAaBacMbIX CHUTHAJIIOB M CTEMEHU pac-
COTJIACOBAHMSI CaMMX JIMHUM. AMIUIMTYJAa W JJIMTEIbHOCTh HAaBEICHHOW Ha
JMHUU-TIPUEMHUKE MOMEXH MOKET OKa3aThCsl TAKOM, YTO BBI3OBET JIOKHOE
cpabaThiBaHUE HArpy>KEHHBIX HA HEE DJIEMEHTOB.

N3BecTHO, UTO TOABKO MPU MOJTHOM COIIACOBAHUU OOCUX JIMHUI UMIYJIbC
HABOJIUMOTO HAIpPSHKEHUS MMEET MUHHUMAaJIbHBIE aMIUTUTYLy U JJIUTENb-
HOCTh. PaccorynacoBaHue JUMHUU-TIPUEMHUKA HAa OJHOM M3 €€ KOHIIOB
MPUBOJUT K YBEJIMUCHUIO aMIUIUTY/IbI U JUIUTEIbHOCTH HABOAUMOM TTOMEXH.

Memoovl pazeooKu «ONUHHBIXY JUHULL CE53U

B ObICTpOEHCTBYIONINX CUCTEMAX, B KOTOPBIX 3aJ€piKKa OMpeesieTcs
TOJIBKO 3aJIep>KKaMH B IEMSAX CBA3EH, OCHOBHYIO MPOOJIEMY MOXKET COCTaBUTh
cnocoo pazeo0xku nuHui Mexy otaebHbiMU VC.

B nacTosiiee BpeMs CyIlIeCTBYET TPH €CIOCO0a Pa3BOAKU: pAOUaiIbHblil, C
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RPOMENCYMOYHBIMU OMEOOAMU, KOMOUHUPOBAHHDLIL.

IIpu paouanvnom cnocobe pazeooxku, xorna xaxayro WMC-Harpysky
noakiaodaloT K MC-uCTOYHMKY CHUrHajga WHIMBUAYAJIbHOW CBS3bIO, BCE
BXOJIbI JIOJDKHBI OBITH COIJIACOBAHBI C BOJHOBBIM COMPOTHUBIICHUEM JIMHUU
CBSI3H.

Kpome Ttoro, WMC-ucTouyHMK cuTrHajga JAOJKHA MMETh BBIXOJHOE
COIIPOTUBIICHHUE, PaBHOE Zp/n, TA€ h — YHCI0 HarpyxeHHbIX Ha Hee C (mu
Harpy3ouHas cnocobnocts 1C).

IIpu OonbmoM n norpedyercs MC-HCTOYHUK CUTHANA C HEJOCTHKHUMO
MaJIbIM BBIXOJIHBIM COMPOTUBIICHUEM.

Jpyroii HEOCTAaTOK paguabHOTO CIIOCO0a — HEOOXOIUMOCTh HAIUYUS
OTACIIbHOM JIMHUM CBA3U JUId KaXaoW Harpysku. Ilootomy paauanbHbIN
METOJ PEKOMEHIYIOT TOJBKO I n=1.

IIpu cnocobe pazeooku c npomesricymounvimu omeooamu, xorna MC-
Harpy3ku NOAKJIIOYAOT K CBs3u-Maructpanu u panee K HMC-HCTOYHHKY
CUTHajla 4epe3 KOPOTKHE MPOBOAHUKH, Harpy3ouHble MC mOMKHBI UMETH
BBICOKHE BXOJIHbIE COMPOTHUBIICHUS, WHAYE OHU OyIyT MEperpykartb JTUHUU
CBSI3H.

Komounuposannutii cnocod odbecniednBaeT COTjIacOBaHUE B JIFOOOM TOYKE
JUHUU CBSA3M MYTEM pPa3BOJKH CHIHAJOB Ha HArpy3KH, pa3MELIEHHBIE IO
pPa3HbIM HAPABICHUSM.

[Tpu 5TOM YKCIIO MPOBOIHUKOB MeHbIIIE, YeM P PAAHAIBEHOM CIIOCO0E, a
BBIXO/JITHOE CONPOTUBJIEHUE UCTOYHHUKA CUTHAJIOB JIOITYCKAETCs CPAaBHUTEIBHO
BBICOKHM.

Ecnu Ha AuHUM CBSI3W HAXOAATCS Bcero ABe Harpy3ku, To MC-uctouHuk
CUTHAJIa MO>KHO [TOMETUTH B JIFO00M TOUKE BJOJIb HEE.

HaBogku no uensam nuTaHMA U MeToabl UX YMEeHbLUeHUuA

DJEeKTpUUECKOe OOBEIMHECHUE JIOTMYCCKHX U JPYrHX 3jieMeHToB DOBM
OCYIIECTBIISIOT CBSI3SIMH JIBYX BHIOB: CUCHATbHBIMU U YeNAMU RUMAHUSL.

[To cucnanvuvim ceésazam uHbopMalMs TEpEacTCs B BHJIE HMITYJIbCOB
HaANPSDKEHUS U TOKA.

Hlunbvt numanusa ciyxatr s TOJIBEICHUS JHEPTrUU K DJEMEHTaM OT
HU3KOBOJIBTHBIX HCTOYHUKOB MTOCTOSTHHOTO HAIPSKCHUS.

[Ipy WCMONB30BAaHUM OJHOTO MCTOYHHMKA HANPSDKCHUS IUTAHUS K
9JIEMEHTaM IIOJBOJUTCS C TIOMOINBIO JBYX IPOBOJHUKOB: TPSIMOTO H
oOpaTHOTO.

YacTo Ha 3JIEMEHTHI HEOOXOAMMO IT0/IaBaTh HAINPSKCHHE OT HECKOJIbKUX
UCTOYHUKOB C pPa3HBIMH HOMHHajIaMH. B 3TOM ciydae i yMCHBIICHUS
KOJIMYECTBA IIWH MHUTaHHUS OOpaTHBIC MPOBOJHUKH OOBEIUHSIOT B OJHY
IIMHY, KOTOPYIO COCJMHSIOT C KOPIYCOM MAallMHBI M Ha3bIBAIOT MIUHOW
«3eMany.

B crarHyeckoM COCTOSIHMM 110 [ENSIM [UTaHHUS  POTEKAIOT
CTAallMOHAPHBIC TOKH, BBI3BIBAIOIINE IMAJCHUC HANPSIKCHUS Ha JJICMEHTaXx.
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Heo0xoaumo, 4To0bI 3TO NaicHUe HANPSKEHUSI COCTABIISIIO MATYIO YacTh OT
HOMUHAJIa UCTOYHUKA HAIIPSKEHUS.

IIpu padote 6;10kOB U ycTporicTB DBM, Kor/ma mporCXOIUT BHIKIIOUECHHE
OIHMX DJIEMEHTOB M  BKIIOYEHHE JIPYTHX, BO3HHUKAET  Hpoyecc
nepepacnpeoeyieHus moKoe.

Tox morpebieHrs MO IIMHAM TUTAHUS U3MEHSIETCS, YTO MPUBOAUT K
HEXEJIATEIIbHBIM HAOCHUAM HANPANCEHUA N RAPAZUMHBIM HABOOKAM.

B macmtabax KpymHOTo ycTpoiicTBa (HampuMmep, CTOMKH), U3MEHEHHE
TOKAa B IIMHE T[HUTAHUS  BCIEJICTBUE MEPEKIIOYEHUS  DJIEMEHTOB
HE3HAYUTEIBHO, TaK KaK JJISl 3TOW IMIMHBI B JIIOOO MOMEHT BPEMEHU YHUCIIO
BKJIFOUEHHBIX JIEMEHTOB MOXHO CUUTATh IPUMEPHO OJMHAKOBBIM.

NHoe mpoucxoauT B MIMHAX TUTaHUs, MOABOMSIIMX SHEPrut0 K Ooliee
MEJIKUM YCTPOMCTBaM (perucTpam, cueTdyukam, 6iokaM dhopmupoBaTesieii u
T. 1.). B »3TomM ciyyae miepekIlOYeHHUE BJIEMEHTOB MNPUBOAMUT K
3HAYUTEILHOMY U3MEHEHUIO TOKA MOTPEOICHUS OT UCTOYHUKA HAIPSKEHUSI.

Tak Kak IIWHBI TMTAHUS HMMEKOT [APA3UTHYIHD EMKOCTHYW U
HHAYKTUBHYK CBSI3b C CHUTHAJIBHBIMM IIIMHAMH, TO B 3aBUCUMOCTH OT
3HAQUYEHUS 3TOW CBSA3M W IEpernaja HanpsHKEeHUs UM TOKa MPU MEePEeKI0YECHUH
AJIEMEHTOB Ha CHUTHAJIBHBIX CBS3SIX HABOJATCA CPABHHUTEIBHO OOJBIINE
noMexu. [Ipu onpenieneHHBIX YCIOBUSAX 3TU MOMEXU MOTYT BbI3BaTh JIOMKHOE
cpadaTbIBaHHe CXEM.

Kpome Toro, wu3smeHeHue TOKa B IIMHE MHUTAaHUS MNPUBOJUT K
BO3HUKHOBEHUIO B HEU nepexoonozo npouecca. Ilocneanee oOycCIOBIEHO
TE€M, 4YTO LIMHA NUTaHUS, KAaK W Jro0as CUTHAJIbHAs CBsA3b, OOJazaer
€MKOCThIO0, MHAYKTUBHOCTHIO, BOJIHOBBIM COINPOTHBICHUEM U PA3TUYHOU
CTENEHBIO COTJIACOBAHUS HAa KOHIIAX.

[lepexonupiii mpoliecc B IIMHE MUTAHUS MPUBOAUT K KOJCOAHUIO
HaIPsKEHMS, IPUIIOKEHHOTO K 3JIEMEHTY, YTO U3MEHSET, C OJJHON CTOPOHHI,
PEXHM ero padoThl, a C IPYroi — napameTphbl BEIXOAHOTO CUTHAJA.

JInsi yMEHbIIEHHS HAaBOJIOK, CBSA3aHHBIX C IaJCHHEM HaIpsKEHHUS Ha
IIMHAX TUTAHUS U «3EMJISD» U IEPEXOITHBIMU MPOLECCAMU B HUX, UCIIOJIB3YIOT
pa3InuHbIE METO/Ibl. PACCMOTpPUM HEKOTOPHIE U3 HUX.

Ilpumenenue unousudyanrvuwix cenaxcusarwux konoencamopos (MCK)

HCK ycraHaBIMBalOT MEXAYy IIMHAMU [HTAaHUS U «3EMIS»
HEIMOCPEACTBEHHO BO3JIE TOUEK MPUCOEIUHEHHUS FJIEKTPOHHOIO YCTPOMCTBA K
TUM IMHaM. Bylyuu 3apsKeHHbIM 10 3HAYEHHUsS] MCTOYHUKA HAIpPSKEHUS,
NCK sBasiercss kak Obl MHAMBUAYaJIbHBIM HCTOYHMKOM IHTAHUS CXEMBI,
MaKCHUMAaJIbHO MTPUOJIMKEHHBIM K HEl (hU3UYECKH.

B MukposnexkrpoHHol anmaparype wucnodib3ytorca asa Buga HCK,
YCTAHABJIMBAEMbIE  HEMOCPEJCTBEHHO Yy  KaXJIOM  MHUKPOCXEMBI U
yCTaHABJIMBAaEMble Ha TPYIIy MHKPOCXEM B Mpelesiax OJHON s4YelKH,
moxyJisa, TO3.

Ilepsviit mun HCK npenHazHaueH B OCHOBHOM ISl «CTJIa’KMBaHUS»
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UMITYJIbCHBIX TIOMEX B MOMEHT NEPEKIIOYEHUS MHUKPOCXEMbl 3a CYET
JIOKAJNIM3alMKU 1IeH MpoTeKaHusi OpockoB ToKa B 1enu mukpocxema — MCK.
B kauectBe Ttakux WMCK wucnonb3yioT o0O0bMHO oO0Jajaronige Majou
COOCTBEHHOW MHYKTUBHOCTBHIO KEPAMUYECKUE KOHECHCATOPHI.

Emkocte C UCK BbIOMparoT, Mcxoas U3 YCJOBHS PaBeHCTBA 3apsa,
HAKaIUIMBa€MOr0 KOHJEHCATOPOM 3a BpEMs NEPEKIIOUYEHUS MHUKPOCXEMBI,
3apsiy, IEPEHOCUMOMY BBIOPOCOM TOKA 32 BpeMsl IEPEKIIFOUCHUS AJIEMEHTA.

[Ipy 5TOM WH3MEHEHHE HANPSIKEHUST HA KOHJEHCATOPE He H0JIZKHO
NpeBbIIATH HEKOTOPOTO  Hamepe] 3aJaHHOr0  3HAYEHHUs, PaBHOIO
JIONyCTUMOM TTomMexe 1o muHe nutanus. OTcroaa

C>> Alz s A=kl

CK603 9

rae Al — MaKCUMQJIBHOE 3HAQYEHHWE IEPEMEHHOM COCTABIISIIOIIEN TOKa
NOTPeOICHUS; T - ITTUTENBHOCTh PpoHTa nepekitoueHust; Uy, — HaNpsiKeHue
JIOIYCTUMOM UMITYJIbCHOM ITOMEXHW HA IIUHE MUTAHUSA; /50 — BBIXOJHOW TOK
KOPOTKOTO 3aMbIKaHHSI MUKPOCXeMbI; k — K03 dULIUeHT, 3aBUCAIIIUN OT TUTIA
cxemsl (Hampumep, ais TTJI-cxem k=0,33).

Bmopoi mun HCK, a)
YCTaHAaBIINBAEMBbI Ha rpyniry Do
MHUKPOCXEM, IpeIHa3HauYCH JUIst ”
KOMITIEHCAllU1 OPOCKOB TOKA B CUCTEME L
DJIEKTPOIUTAHUSL. Jt10 OOBIYHO

AIEKTPOIUTUICCKUE KOHJICHCATOPHI
OOJBIION €MKOCTH, 00€CIIeYHBaIOIINE

HCKJIIOUCHUE PE30OHAHCHBIX SIBIICHUN B
LEIISIX MMTAHUS. 5)
Bri6op emxoctn MCK storo Ttuma Oan'®
MPOBOJSAT, UCITOJIb3Y sl BBIPAKEHUE B
4L L
C =
rne L, R — WHAYKTUBHOCTH U

COIIPOTHUBJICHUC HIWH ITUTAHUWA.
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OTOT  METOJA  3aKjIoyaeTrcs B I
YCTaHOBKE JIOTIOJTHUTEIILHBIX
MepeMblYeK B IIMHAX MUTAHUS U
«3eMJIsD», KOTOPbI€ YMEHBIIAIOT IJIUHY
OOIIUX YYaCTKOB MPOTEKAHUSI TOKOB
aneMeHToB. Ha puc. 7 mpencrasieHbl
TPU BapuaHTa COCJAMHEHUS AJIEMEHTOB
IIMHOM MHUTaHUS U «3eMJis». B epBoM
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Bapuante (puc. 7, a) mepekIoueHue emMenTa, Hanpumep J12 (u3meHeHue
TOKa TOTPEOJICHUS] CXEMbl), MPUBOJAUT K BO3HUKHOBEHHUIO Mapa3UTHOU
HAaBOJKMA B OCTQJIbHBIX OJWHHAIIATH D3JIEMEHTAaX 10 IIMHE NUTaHUS U
«3emisi»y. Bo BTopom BapumanTte (puc. 7, 0) 3Ta momexa B XY/IIEM Ciydae
BO3JICMCTBYET TOJIBKO HA YETHIPE AJIEMEHTA, a B TPEThEM BapuaHTe (puc. 7, B)
nomexa emie Oojee YMEHBIIAETCs 3a CYeT BBEICHHUS JOMOTHUTEIBHBIX
nepeMblyeK (pacrapasuieIuBaHus ).

Hcnonvzosanue memaninuuecko2o 1ucma 6 Kayecmee «3eMiuy

DTOT METOJ] MPUMEHUM JJIS JIEMEHTOB BTOPOT'0 YPOBHS KOHCTPYKTHUBHOM
uepapxuu IBM (cy60110K0B, OJIOKOB, MMaHENICH) U 3aKJIFOYAETCS B YCTAaHOBKE
B OTH KOHCTPYKTHUBHBIC DJIEMEHTHI CPABHUTEIBHO TOJICTOTO METAITUYECKOTO
JUCTa, K KOTOPOMY TPHUITANBAIOT 0OpaTHBIE MPOBOJIa OT BCEX 3aKPEIJICHHBIX
SYEEK WA MOJYJIEH.

Hcnonvzosanue cniouwiHvix Memaiiudeckux I’lpOK]lClaOK 6 Kavecmee UuiuH
numaHus

DTOT METOJ MNPUMEHUMM B CIy4ae UCIOIb30BaHUS MHOTOCIOMHBIX
MEeYaTHBIX IJIaT JJIS YCTPOUCTB cBepXObIcTpoaeicTByomux 9BM. B Takux
I1aTax OTJEIbHBIE CIOM U3TOTOBIISIIOT ¢ MAKCUMAJIBHO OOJIBLION IUIOIIAIBIO
MeTajla U NPUMEHSIOT UX B KaU4€CTBE IUMH NUTAHUA (3TH CIOM Pa3MEIIA0T
BHYTPHU  MHOrOCJIOWHOM miaTtel). [lpm  HCIONB30BaHMM  CIUIOIIHBIX
METANIMYECKUX  CJIOE€B  3HAYUTENBHO  YMEHBINAKOTCI  COOCTBEHHOE
WHAYKTUBHOE COMPOTUBIICHUE IIMH MUTaHUs, OOLIME YYacCTKU MPOTEKaHUs
TOKOB PAa3JIMYHBIX JJIEMEHTOB M YBEJIMYHMBACTCS B3aMMHAs €MKOCTb MEXKIY
LNIMHAMHU TUTaHUS.

NMpumeHeHne akpaHoB B IBM

[Ipyu nOpOXOXKIEHUM MOUIIHBIX CHUTHAJIOB MO LENSAM CBS3U MOCIECIHUE
CTAHOBSITCSI UCTOUYHMKAMU DJICKTPOMArHUTHBIX TOJIEH, KOTOpbIE, MepeceKas
JIpyTUE€ LENu CBSI3M, MOTYT HABOJWUTh B HHUX JIOMOJHUTEIbHBIC MOMEXH.
HcTtouynnkamMu SJIEKTPOMArHUTHBIX  TOMEX MOTYT OBITh TaKXKe MOIIHBIC
MIPOMBIIIJIEHHBIE YCTAHOBKHU, TPAHCIIOPTHbIE KOMMYHMKAIIMHU, JABUTATEIIN U
T.1.

YcTpoiicTBa, YYBCTBUTEIBHBIE K CTAaTUHYECKHMM MArHUTHBIM  IOJISIM
(Harpumep, MarHWTHBIE SJIEMEHTBHl C PA30MKHYTHIM MarHUTOIPOBOJIOM),
MOT'YT HEYCTOMUYHUBO pabOTaTh J1a’Ke OT TAKUX CIAOBIX MOJEH, KAK MATHUTHOE
rojie 3emin. s Toro 4TroObl JIOKAIM30BaTh, I'I¢ 3TO BO3MOXKHO, ICHCTBHE
VMCTOYHHKA MOJIEW WM CaM MPUEMHHK IOMEX, UCITOJb3YIOT SKPAHBI.

Ilo npuHOMIY  JedCTBUSL  pPA3IUYalOT  9JeKmpocmamuueckoe,
MazHumocmamuyeckoe N 31eKmpoMazHumHoe SXPaHUpPOBAHUA.

Anexmpocmamuieckoe IKPAHUPOBaAHUe
DTOT BHUJI SKPAHUPOBAHUS 3aKJIFOYAETCS B IIIYHTUPOBAHUH OOJIBIIIEH YaCTH
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(M Bcel) mapa3uTHOM €eMKOCTH €MKOCThIO Ha KopIryc (puc. 8).

Cag
AR

B) f/ Cf 82\

TS A

Puc. 8. Cxembl 371€KTpPOCTATUYECKOT0 SKPAaHUPOBAHUS

[IycTh eMKOCTHasi moMexa HaBOJUTCA Yepe3 MapasuTHYK eMKOCTb Cap
MEKy IPOBOJHUKAMHU A (MCTOUYHHMK HABOJIKM) U B (IIpueMHHK HaBOJIKM).

Ecnu xopnyc ynaneH Ha Takoe pacCTOSIHUE, YTO €MKOCThIO MEXKAY HUM U
IIPOBOJHUKAMHM MOYXHO IpeHeOpeub (puc. 8, a), TO momexa He Oyner
0CIa0JIATHCS.

B Tom cnydae, xorna skpaH, COEAMHEHHBIH C KOPITyCOM, PAclojararoT
BOJIM3U MPOBOAHMUKOB (pHC. 8, 6), mryHTUpYyomas eMKocTh Cpp YMEHbBIIAET
aAMILTUTYAY OMEXHU.

Eciu Cpp << Cpp , TO HampsiKE€HUE HABOJUMOMN IMMOMEXH CHUYKAETCS B
C AB/ CBO pas.

Ecnu e skpaH pacnonoXuTh MEXIy MPOBOJAHHKAMHU TaK, KaK MOKa3aHO
Ha puc. 8, B, TO ToMexa ele 0oJiee YMEHBIITUTCS 32 CUET YMEHBIIICHUSI CaMOi
napa3suTHOU eMKOCTH Cag.

Ha ocHOBaHMM W310KEHHOIO MOXHO CYUTaTh, 4YTO JSKPAHUPYIOLIUU
adpdexT  3a3eMICHHOTO  METAUIMYECKOTO  JIMCTAa  3aKJIF0YaeTcs B
IIYHTUPOBAHUW HA KOPMYyC OOJbIIEH YacTH TMAapa3suTHOW EMKOCTH,
MMEIOIIENCS MKy UCTOYHUKOM U MPUEMHUKOM HaBOJOK.

B kayecTBe MeETAJUNIMYECKOrO JIMCTA, COEIMHEHHOTO ¢ KopmycoMm OBM,
CIIy>KaT JleTalld IIacCH, KapKacoB; OOIIMBKU CTOEK, MaHesed, cyOO0JIOKOB,
KacCeT, CIelUalIbHbIC JTUCTOBbIE METAJUTMYECKHUE MPOKIAJKA Ha MOHTOKHOM
CTOpOHE IIaT, OJIOKOB, CyOOJIOKOB; PKpaHHBIE CIUIOLIHBIE METaJUTMYECKUE
CJIOM B MHOTOCJIOMHBIX MEYATHBIX IJIATaX U T. 1.

C uesblo yjay4ylieHusi IKPAHUPOBKHU 0CO00 YyBCTBUTEIBHBIX K TOMEXAM
uenen (Hampumep, Ui Nepeadyd CHHXPOUMITYJbCOB) Ha 00EHUX CTOPOHAX
MEYaTHBIX IUIAT CHUTHAJIbHBIE M 3a3€MJICHHBIE OKpPaHHBIC MPOBOJIHUKHU
YepeayroT TaKUM 00pa3oM, 4TOObI MPOTUB CUTHAIBLHOMN JIMHUHU, TMPOXOAIICH
C OJIHOM CTOPOHBI IUIaThl, BCErJa paclojarajach 3a3eMJICHHAs JIUHUS C
JPYTOi CTOPOHBI TIaThl. [Ipu 3TOM Kak[asi CUTHAJIbHAS JIMHUSI OKA3bIBAETCS
OKPY>KEHHOM TpeMs 3a3eMJICHHBIMU JIMHUSMH, B pe3yJbTaTe€ uYero
JOCTUTAETCS HE TOJMBKO A(()EKTUBHAS dKPAHUPOBKA CUTHAIHHOW JTUHUHU OT



23

BHCIIHHUX IIOMCX, HO M JIA IIOJIC3HOI'O CHI'HAJIa oOecrneunBaeTcs HOI[O6H3,5[
BOJIHOBOAY LCIIb OT UCTOYHHUKA OO HAI'PY3KH.

Maenumocmamuueckoe IKparuposearnue

MarauTocTaTU4eCKUe 3KPaHbl UCIIOIB3YIOT ISl 3aIUTHI YyBCTBUTEIBHBIX
Lenel, JJIEMEHTOB W  YCTPOHUCTB OT MOCTOSSHHOTO W MEIJICHHO
M3MEHSIONIETOCs IEPEMEHHOTO MATHUTHOTO MOJI.

B »TrOM cilyyae HMCTOYHMK WM IPUEMHHUK HABOJAKHM 3aKIIOYAlOT B
CIUIOUTHOM KpaH, U3rOTOBJIICHHBIN U3 (PEpPOMArHUTHBIX MaTEPUAJIOB.

Ecnmn B TakoW 5KpaH 3aKIIOUYEH MCTOYHUK HABOJKH, TO MArHUTHBIE
CUJIOBBIC JINHUY 3aMBIKAIOTCS B HEM U J1AJIE€ HE PACIIPOCTPAHSIOTCH.

Ecmn B 3KpaH 3akilOYEH TNPUEMHHMK HABOAKH, TO CHJIOBBIE JIMHUU
MAarHUTHOTI'O MOJISI HE MPOHUKAKOT B MOJIOCTh JKPAHA.

DnekmpomazHumHoe IKPaHuposanue

IlepemeHHOE  BBICOKOYAaCTOTHOE  JJIEKTPOMAarHUTHOE  IOJIE  IIpU
IPOXOXACHUH Yepe3 METAUIMYECKUH JUCT JUO0O0 NEepIEeHIUKYJISPHO, JINOO
II0JI HEKOTOPBIM YIJIOM K €ro IUIOCKOCTH HAaBOJWUT B 3TOM JIMCTE BUXPEBBIE
TOKH, I10JI€ KOTOPBIX OCJIa0JIseT JeHCTBUE BHEIIHETO MoJisd. MeTalmnyecKui
JIMCT B JAaHHOM CJIy4ae SIBIIACTCS 2J1eKMPOMAZHUMHBIM IKPDAHOM.

[IpumepoM 3JE€KTPOMAarHUTHOTO SKpaHa CIYXHUT OOIIMBKA CTOEK
BBIYHCIIUTEIbHBIX YCTPONCTB.

[IIupokoe pacrpocTpaHeHue B TexHHke DOBM Hamum sKpaHUpOBaHHBIE
IPOBOJA, KOAKCHAJbHbIE Kal0enM M «BUTHIE» Iapbl MPOBOJAHHKOB
(Oudumnsaper). Mepoit s3¢ppexTuBHOCTH HCTIONB30BaHMS OUUISIpa B KaueCTBE
CBA3M MEXKIY DJIEMEHTaMU II0 CPAaBHEHHUIO C OJWHOYHBIM IHPOBOJOM B
JTAHHOM clly4ae OyJeT KpaTHOCTh YMEHbIIEHUS! UHAYKTUBHOCTH.

OBECIEYEHUE TEILJIOBBIX PEXKUMOB KOHCTPYKIU
IBA

TEIJIOBbIE PEXXUMbI U UCTOYHUKN BbILQEJTIEHUA TEIJIA

Hacrosimee wu Oyayiiee MHKPO3JEKTPOHHOM ammapaTypbl CBS3aHO C
UCTIOJIb30BaHUEM OONBIINX MOIIHOCTEH MPU CPAaBHUTEIBHO MalbK 00beMax.
DTO NPUBOAUT K PE3KOMY YBEIMYEHHUIO IUNIOTHOCTU MOUIHOCTH PACCESHUS, A
CIEOBATENIbHO, M INIOTHOCTU pacceuBacMor TerioThl. [lodtomy mnpu
KOHCTPYUPOBAaHMM MHKPOIJIEKTPOHHOM ammapaTypbl 0co0oe 3HayeHue
npuoOperaer pa3pabOTKa METOAOB OTBOJA TEIUIOTHI, PEryJUpOBaHUS U
KOHTPOJISI TEMIIEPATYPBI.

Tennosoit pexicum O010Ka DJICKTPOHHON BBIYMCIMTEIHHOW ammapaTypbl
XapaKTEepU3yeTCsl COBOKYIIHOCTBIO TEMIIEPATyp OTHEIbHBIX €ro TOYEK —
memnepamypHoviM nOJIEM.

Ecnu temneparypa B 111000ii U3 TOYEK 0JI0Ka HE BBIXOJHUT 3a JIOIyCKaeMble
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MPEAEIbI, TO TAKOW TEIJIOBOM PEKUM HA3bIBAETCS HOPMAJIbHBIM.

B 3aBucuMocTH OT CTaOMIBHOCTH BO BPEMEHHU TEIJIOBOW PEXHUM MOMKET
OBITH CMAUUOHAPHBIM VU HECIAUUOHAPHBIM.

HeusmeHHOCTH TEMIEpaTypHOTO IOJS BO BPEMEHHM XapPAKTEPU3YET
CMAUUOHAPHBLIL PEHCUM.

3aBUCUMOCTh TEMIIEPATypPHOrO TOJISI OT BpPEMEHU XapakTepHa IS
HeCMayuoOHapPHO20 PelHcUMa.

OTOT pexuM HUMEeT MeCTO B TeX CiIydYasX, Korja coOCTBEHHas
TEINIOEMKOCTB aIllapaTra COM3MepHUMa ¢ KOJIMYECTBOM TEILIOTHI, BBIACIISIEMON
npu pabore. OOBIYHO HECTAMOHAPHBIA PEKUM HMEET MECTO NpHU
OJIMHOYHBIX ¥ KPATKOBPEMEHHO MOBTOPSIOIIMXCS TEIVIOBBIX HArPy3Kax.

[Io xapakTepy HalpaBIICHHOCTH TEIUIOBOTO IOTOKA  Pa3AeIsitoT
mepMoaKmueHvlie U mepMOnacCuHble SIIEMEHTBI.

Tepmoakmugnsle dIEMEHTHI CIIyKaT UCTOYHUKAMU TEIUIOBOM DHEPTUH, a
mepmonaccugHvle — €€ IPUEMHUKAMMU.

MnyTU NMNEPEHOCA TEIJIOBOU 3HEPIvN B AMNIMAPATYPE

[lepeHoc TeMmIOTHI OT HArPETOrO Tela K XOJIOJHOMY (MM K OKPY Karomlei
Cpelie) MPOUCXOINT 3a CUET MEn10NPOBOOHOCHU, KOHBEKUUU T MEN108020
u3iyueHus.

Tennonposoonocms — TmipoliecC OOMEHA TEIUIOBOM DSHEPrued MExXIy
HaXO/SIIMMHUCS B  CONPUKOCHOBCHWHM TEJIaMA WJIM  YacTSIMH  Tel,
00yCIIOBJICHHBIN B3aUMOJICHCTBUEM MOJIEKYJI U aTOMOB 3THX TEll.

Koneekuyus — nepeHoc SHepruy MaKpOYaCTHIIAMHU T'a3a WIIN KHUIKOCTH.

Ilepenoc mennomol usnyvyenHuem TPOUCXOTUT 3a CUET MPEBPAIICHUS
TEIUIOBOM SHEPTUHU B SHEPTHUIO U3ITYUYCHUs! (JIyUUCTasi SHEPTus).

B peanbHBIX YyCIOBUSX TEIJIOOOMEH OCYIIECTBIISETCS OJHOBPEMEHHO
JBYMSI WA TpeMs BUJAMH, YTO JEJIaeT MPAKTHYECKH CJIOKHBIM TOYHBIN
pacueT TemreparypHoro nois. [loaTomy Ha mpakTHKe pacueT MPOBOIUTCH,
KaK TMpaBujo, s ogHoro HambOosee 3(hPEeKTUBHOTO BUIA TEIIIOOOMEHa, HE
IpUHAMAas BO BHUMaHHUE BCE IPyTHE.

Texnuueckass peanu3amysi CHCTEMBbI OXJAXICHUS MHUKPOIICKTPOHHOU
BBIUMCIIUTENIHHON ammapaTypbl MOXKET OBITh OCYIIECTBIEHA MO OJHOMY U3
CIoco0OB, MPUBEICHHBIX HA puUC. 1.
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Puc. 4.56. CriocoObl 0OXJIaXKI€HUSI MUKPOAJIEKTPOHHOM anmnaparyphl:

a — OXJIaXKJIEHUE TEIIONPOBOIHOCTHIO; O — €CTECTBEHHOE BO3AYIIHOE B
repMETU3UPOBAHHOM KOPITyCE; B — ECTECTBEHHOE B HEr€pMETU3UPOBAHHOM
KOpIyce; I, 1 — HNPUHYAUTEIBHOE BO3AYIIHOE B TEPMETU3UPOBAHHOM U
HErepMETU3UPOBAHHOM KOPITYCE; € — €CTECTBEHHOE KUJKOCTHOE; )K—
NPUHYIUTEIBHOE )KUJKOCTHOE; 3 — UCIAPUTENIBHOE; U — U3IIyYEHHUEM;

K — ocHoBaHHOE Ha 3 dekre [lenpThe;

1 — crenka npubopa; 2 — UHTErpajibHas CXxema; 3 — TemI00TBOI; 4 —
neyaTHas Iiara

Cnoco0bI OXJIaXIeHUS MOTYT OBITh OXapaKTEPU30BaHbl KOIhhuyuenmom
mennoomoauu [B1/(M2 «rpaj)]|, 3Hau€HUs] KOTOPOTO VISl PA3JIMUHBIX CUCTEM
OXJIaXJICeHUS MPUBEICHBI B Ta0I. 1.

Tabnuna 4.4
Cucrema oxXiaX 1€HUS Koaddunument rermnoornaum K,
Bt/(M2 . °C)
EcrecTrBennas, Bo3ayniHas, 2-10

U3JIyYEHHEM
[IpuHyuTEnbHAsA BO3AYIIHAS 10-150
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EcrecTBennas xuakocTHas 200-600
[TpunyauTenpHas KUJIKOCTHAS 300-3000
Ucnapurenbnas 500-120000

Jlns  cranuMoHAapHOM  DJEKTPOHHOM  BBIYMCIIWTEIBHOM  aIlapaTrypsl
UCIIOJIb3YIOTCS. B OCHOBHOM CIOCOOBI OXJaXKIEHHS TEIIONPOBOIHOCTHIO,
BO3JYIIIHOE €CTECTBEHHOE W NPUHYAUTEIBHOE, a TAKXKE INPUHYAUTEIBHOE
BO3AYIIHOE C  JIONOJHUTEIbHBIM  OXJIAKICHUEM  KUJIKOCTBIO B
TpyOONpOBOJAX.

Hepez{aqa TCIJIOTHI TEIJIONPOBOAHOCTBIO

[Ipouecc mepemaund TEIUIOTHI  MENIAORPOGOOHOCHIBIO  OODBICHIETCS
OOMEHOM KHHETHYECKOM DHEpPrueil Mexay MOJIeKyJIaMHi BeEIIecTBa U
muddy3ueit 2IeKTPOHOB.

O6a »Tu sBIEHUS HMMEIOT MECTO B TEX Ciyyasx, KOrja Temmeparypa
BEILIECTBA B PA3JIMUHBIX TOUKAX Pa3IMYHA WIM KOT/1a KOHTAKTUPYIOT JABa Tea
C pa3JIMYHON CTENEHbIO HArPEBa.

s YBEIIMYCHUS s pexTUBHOCTH TerioooMeHa yTeM
TEIUIONPOBOJHOCTH HEOOXOJMMO YBEIUYMBAThH IUIONIAAb TEIIONPOBOISIICH
MOBEPXHOCTH, YMEHbBIIATh MyTh NEpeAauyd TEIUIOTHI (HampuMmep, TOIIIUHY
CTEHKH ), UCTI0JIb30BaTh MaTepUalbl C BBICOKOH TEIUIONPOBOIHOCTHIO.

Ilepenaya TemyI0Thbl KOHBEKLIUEH

EcTtecTBeHHOE " npnHyautTenbHoOe BO3AyLWHOe oxnaxpaeHue

OTU cnocoObl OXJIaXAeHUs] Hanbosee MPOCThl U JOCTYMHBI, TaK KaK BCE
ayeMeHTbl MUKpo-DBM HaxoasTcss B 00beMe, 3al0JIHEHHOM BO3yXOM HWJIU
WHEPTHBIM T'a30M.

Tenmora OT HAarpeTbIX KOPILyCOB MHUKPOCXEM IIEPENAETCA OKpYKarollen
atMocepe 3a cueT ecmecmeeHHOoUl  KOHeekyuu. DPHEKTUBHOCTD
€CTECTBEHHOTO BO3JYIIHOIO OXJAXIACHUS TeM Oojblle, 4yeM OoJblie
Pa3HOCTh TEMIEpATyp MEXIAY KOpPIyCOM M OKpPYXarolleh cpeloil U 4em
OoJibliIe TUIOIIA/Ib TOBEPXHOCTH KOpITyca.

Bonpuioe 3HaueHHE TakKe MMEET IUIOTHOCTh OKPYXKAIOLIEH Cpeabl, MpU
YMEHBUIEHUM KOTOPOM OTBOJA TEIUIOTBI OT IOBEPXHOCTH KOpIlyca
YMEHBIIIAETCS.

[IpuHUMN OXNa)XAEHUSI €CTECTBEHHOW KOHBEKIIMEW OCHOBAH HA TOM, 4YTO
CJIOM BO3AyXa (WM APYrod Cpelbl), HArPEBAsCh OT BBIAEISAIOLIETO TEIUIOTY
Kopryca v o0Jiajiass BCIEJICTBHE ATOTO MEHBIIEH TUIOTHOCThIO M OOJIbIIEH
KMHETHMYECKOW DSHEprueil, NepeMellaroTcsi BBEpX M 3aMelarTcs Oojee
XOJIOIHBIMU c10AMHU. Uem 0osble 00beM 3aMelaeMoro Bo31yxa, TeM Jyulle
TerooOMeH. D(PPEeKTUBHOCTh TEIIOOOMEHAa €eCTECTBEHHON KOHBEKIIMEH
3aBUCUT OT MECTa PACIOJIOKEHHUS DJIEMEHTOB B o0beme MamuH. Tak, npu
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BEPTUKAJIBHOM PACIIOJI0KEHUU STYEEK C MUKPOCXEMAMU BO3QYIIHOMY IOTOKY
HUYEro He MpPEMnsSTCTBYeT M TEeIUIble CIOM BO3AyXa OBICTPO 3aMEHSIOTCS
X0JIOAHBIMU. [IpH TOpHU30HTATIBHOM PACIOI0KEHUU TUIAT AYEEK CMEHA CIIOEB
BO3JlyXa 3aTPyJHEHA, BCJIEICTBHE YErO0 HArPEB AJIEMEHTOB MPOUCXOIUT B
OombIIel creneHu. B Xy/mem noloKeHUH HaXOASTCS DJIEMEHTH B BEpXHEH
4acTH KOpIyca MAIMHBI, TaK KakK 3J€Chb 3aMELIECHUs TEIUIbIX CJIOEB
XOJIOAHBIMA ~ IPAKTUYECKH HE  MPOUCXOJUT M HUX  OXJAKJIEHUE
OCYUIECTBIISIETCS TOJIBKO 3a CUET TEIUIOOTAAUN YEPE3 XOIOIHYIO KPBIIIKY.

KadecTBO  €CTECTBEHHOIO  BO3AYLIHOTO  OXJAXIECHHS 3aBHCHT  OT
MOIIIHOCTH BBIJEJISIEMON anmapatypoid BO BpeMs padOThl B BUJE TEILIOTHI,
(dbopmMbl U TAOAPUTHBIX Pa3MEPOB KOPITyCa U TUIOLIAAN €r0 MOBEPXHOCTH.

Viayumienue — OXJaXKIEHUS  MOXHO  MOJYYUTh  MCKYCCTBEHHBIM
yBeJMYeHHEeM IUIOMIAM TIOBEPXHOCTH KOpIyca, HalpuMep BBEIECHUEM
CHEeIUalIbHBIX pedep — paouamopos.

CyluecTBEHHOE YJIYUIIEHUE TEIJIOBOTO PEXUMA JOCTUTAETCS BBEACHUEM
CHEUUAIIbHBIX G6CHMUJIAUYUOHHBIX OmMEepcmuil B JHE W KPBIIIKE KOpIlyca
MaluHel. B 3TOM cilydyae B MallMHy HW3BHE MOCTYIAKOT XOJIOJHBIE CIIOU
BO3/lyXa, KOTOPBIE BBITECHSIOT TEIUIBIE CIOM YEPE3 OTBEPCTUS B KPBIIIKE.
[Tpy HEoOXOOUMOCTH TaKHe€ OTBEPCTUS CIEAyeT MpeaycMaTpuBaTh U B
OOKOBBIX CTEHKax KOpIlyca MamluHbl, OGOpMIIssi UX B BHUAC JKAJTIO3M.
D¢ PeKTUBHOCTD HCTIONB30BAHMS KATIO3M W BEHTWISIIMOHHBIX OTBEPCTUH
NajaeT ¢ YMEHbBIICHHEM JaBJICHUS OKpYXalolero BO3ayXa, T. €. C
YBEJIMYEHHEM BBICOTHI HaJ YpoBHEM Mops. Tak, eciii Ha ypoBHE MOps
YMEHBIIIEHUE MEPErpPeBa 3a CUET IPUMEHEHHUS Kajto3en oueHuBaercs B 33%,
TO Ha BBICOTE 6 KM HaJ YPOBHEM MOpsI OHO yMeHbIaercs 10 15%, Ha BeicoTe
12 kM—10 6%, Ha BBICOTE CBBIIIE 12 KM KaJIF03U HE YMEHBIIAIOT MIEPETPEB.

[Ipy npunyoumenvhom BO3AYLIHOM OXJAXIAEHUU TEIJIOOTBOJI OT
BHYTPEHHHX TMojocTel kopmyca OBM ocyiecTBisieTcss ABUKYUIUMUCS
MOTOKaMH BO3/yXa, 00BEM M CKOPOCTb JIBHIKEHUSI KOTOPBIX OIPEACIISIOTCS
CHELUaIbHBIMH YCTPOWCTBAMH, KaK IPAaBUIIO, BeHTHJIsATOPpamMH. [Ipu stom
OXJIAXKIAIOTCS 2JIEMEHMbl, 6bLOENAIWUE MENIOMYy, U HPOMENCYMOUHbIe
menjionocumenu, HanupyuMep BOJIa, MCIOJIb3yeMas JUIsl OXJIaXAEHUS 0C000
TEIJIOHATPYKEPTHBIX Y3JIOB.

Yem HMxKe TeMIiepaTypa OXJIAKJIAIOIIEro BO3/lyXa M BbIIIE CKOPOCTb €ro
JBUKECHUS, TeM dPPEeKTUBHEE TPUHYAUTEIHLHOE BO3AYIIHOE OXJIAXKICHHUE.
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OBECIHHEYEHME HAJTEKHOCTH 3BA

OCHOBHbBIE XAPAKTEPUCTUKU U TTAPAMETPbI HALQEXXHOCTHU

IHouaTHE HAZEKHOCTH

OnuH 13 OCHOBHBIX NapaMeTpoB DBM — HaJeKHOCTh — 3aBUCHUT KakK OT
HAJIe)KHOCTU HCIIOJIb3yeMOM 3JIEMEHTHOM ©0a3bl, Tak U OT NPUHATHIX
CXEMOTEXHUYECKUX M KOHCTPYKTOPCKUX PEUICHUU. YUYHUTHIBAs 3HAYUMOCTH
coppemeHHoi BT B denoBeueckod JAESITENBHOCTH, TpeOOBaHUS K €€
HAJICKHOCTH IMOCTOSHHO IOBBIIIAIOT. JTO CBSI3aHO C TEM, YTO OT NPABUIBHOU
pabotsl OBM 3aBUCAT XOJ BBINOJHEHHUS TEXHOJOTMYECKOTO IpoIlecca,
JIOCTOBEPHOCTD TOJy4EHUSI PE3yJbTATOB PAaCUETOB, HAJEKHOCTb CHUCTEMBI
XKU3HEeoOecneueHus: B MeAUIMHE, KOCMUYEeCcKoro anmnapara u T.4. [loatomy
BOI[pOCAaM  IOBBIIEHMs HaaexkHocth OBM  Ha Bcex Jramax ee
MPOEKTUPOBAHUS U MIPOU3BOJICTBA yAEAETCA caMOoe OOJbIIOE BHUMAHUE.

ITon naoescnocmvbio NOHUMAIOT CBOMCTBO M3/ENIHS BBIMOJHATH 3aJaHHbIC
byHKUMM, COXpaHss CBOU OKCIUTyaTal[MOHHBbIC IOKa3aTelid B 3aJaHHBIX
npenenax B TeYEHUE TPeOyeMOoro MnpoMexyTka BpEeMEHU WU TpedyeMoi
HapaOOTKM TpU  COONIOACHUM  PEKUMOB  OKCIUTyaTalldd,  MPaBUI
TEXHUYECKOTO 00CITy)KMBaHUsI, XpPaHEHUSI U TPAHCIOPTHUPOBKH.

HanexHOCTh — 3TO CII0KHOE€ KOMIUIEKCHOE IIOHSATHE, C IIOMOILIBIO
KOTOPOTO OILICHUBAKOT TAaKWE BAKHEMIIME XAPAKTEPUCTHUKU W3ACIIHM, Kak
paboTOCIIOCOOHOCTD, AOJATOBEYHOCTh, 0€30TKa3HOCTh, PEMOHTONPUIOAHOCTb,
BOCCTAHABJIMBAEMOCTb U JIP.

B nmro60ii MmomeHT BpeMeHn DBM MokeT HaXOAUThCS B UCHPAGHOM VU
HEeUCnpagHom COCTOSIHUU.

Ecrm OBM B  1aHHBIM MOMEHT BpPEMEHM YJIOBIETBOPSAET BCEM
TpeOOBAHMSIM, YCTAHOBJICHHBIM KaK B OTHOILIEHHHM OCHOBHBIX MapamMeTpoB,
XapaKTEepU3YIOUIMX HOPMAJIBHOE BBIIIOJIHEHUE BBIUYMCIUTEIbHBIX MPOLIECCOB
(TOYHOCTH, OBICTPOACUCTBUE M JIp.), TAK U B OTHOIIEHUH BTOPOCTETICHHBIX
napamMeTpoB, XapaKTepU3YIOIIMX BHEUIHUN BUJ U yAOOCTBO SKCILTyaTalluH,
TO TAKO€ COCTOSIHUE HA3BIBAIOT UCHPAGHBHIM COCHOAHUEM.

B coorBercTBUM € OTUM OIPENCICHUEM HEUCHPAGHOEe COCHMOAHUE—
coctosstHue OBM, mpu KOTOpOM OHa B JIaHHBII MOMEHT BpPEMEHU HE
YIOBJETBOPSET XOTS OBl OJHOMY M3 3THUX TPEOOBAHHM, YCTAaHOBIECHHBIX B
OTHOILIEHUH KaK OCHOBHBIX, TaK U BTOPOCTENIEHHBIX IapaAMETPOB.

He xaxxmast HEeMCHIpaBHOCTh MPUBOJMUT K HEBBINOJHEHUIO DBM 3agaHHbBIX
¢bynkuuii. Hanpumep, oOpa3zoBaHue BMSTHH WM PXKABUYMHBI Ha KOpIIyCe
MAIlMHBI, BBIXOJ U3 CTPOS JAaMIIOYEK MOJCBETKU HE MOTYT IPEMSITCTBOBATH
skcruryatauu OBM. IlosToMy miisi OIEHKM HAAEKHOCTU CUCTEM BBEJICHBI
MIOHATHSL «PADOMOCNOCOOHOCHIbY) N KOMKA3.
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PaborocnocoOHOCTB, 0TKA3. Buabl 0TKa30B

Pabomocnocobnocms — COCTOSSHHE W3JAEIHs, IIPU KOTOPOM OHO
CHOCOOHO  BBINOJIHATH  3aJaHHble  (YHKUMM  C  [apaMeTpamy,
YCTaHOBJICHHBIMU TPEOOBAHUSIMU TEXHUUECKON JTOKYMEHTAIIUH.

Omka3z — coObITHE, COCTOAILEE B TMOJHOW WIM YacTUYHOW yTpare
paboTOCIIOCOOHOCTH CUCTEMBI.

Tak kak He BCsiKasg HEMCIPABHOCTh NMPHUBOAUT K OTKa3y, TO Pa3iMyaroT
HeUCnPAeHOCHU OCHOBHbBIE U 6MOPOCHIENEHHbLe.

TonbKO OCHOBHBIE HEMCIIPABHOCTH MPUBOJSAT K 0TKa3y.

BropocTteneHHble HEMCIIPaBHOCTH HA3BIBAIOT dedheKmamu.

Ilo xapaxmepy uzmenenus napamempos 00 MOMEHMA 803HUKHOBECHU
OTKa3bl JIEJST HA 6He3anHble U HOCHENneHHble.

Buezanuwie (xatactpouyeckue) OTKa3bl BO3HUKAIOT B pE3yJIbTaTe
MTHOBEHHOT'O M3MEHEHHMsI OJHOTO WJIM HECKOJbKUX MapaMeTpOB 3JIEMEHTOB,
U3 KOTOpBIX TocTpoeHa OBM (0OpbIB Wil KOPOTKOE 3aMbIKaHUE).

VYcrpanenue BHE3alHOTO OTKa3a MPOM3BOASAT 3aMEHOM OTKa3aBLIETO
aneMeHTa (0J10Ka, yCTPOKWCTBA) UCIIPABHBIM WIIM €70 PEMOHTOM.

Ilocmenennvie (napamMeTpUueCKHE) OTKa3bl BO3HHMKAIOT B PE3yJbTaTe
MOCTENIEHHOT0 M3MEHEHHUs IMapaMeTpoOB »JJIEMEHTOB JO TeX IMop, IIOKa
3HaY€HHE OJIHOTO M3 MapaMeTPOB HE BBIMAECT 3a HEKOTOpPbIE MPEIEbl,
OTIpEEIISIIONIME HOPMAJIbHYIO pabOTy 3JEMEHTOB - (CTapeHHE 3JIEMEHTOB,
BO3JICHCTBHE OKPYXKAIOIICH Cpebl, KOJEOaHUs TeMIepaTyphl, BIAKHOCTH,
JABJICHHS, YPOBHS paJvdallil W T. 1), MEXaHWYECKUE BO3ICHCTBUS
(BuOpanuu, ynapsl, meperpy3Ku).

YcTpaneHue mocTeneHHOro 0Tka3a CBS3aHO JIMOO C 3aMEHOW, PEMOHTOM,
PEryJIMpPOBKOM MapaMeTpOB OTKA3aBIIErO 3JEMEHTA, JUOO ¢ KOMIEHCauuen
3a CYET U3MEHEHHSI IAPaMETPOB APYTHX AIEMEHTOB.

Ilo xapakmepy ycmpanenusa OTKa3bl JACIAT Ha ycmouuuevie WU
camoycmpanaouwuecs.

JInst yCcTpaHEHUs] yCmou4uewvlX OTKA30B OINEpaTop, OOCITY>KUBAIOIIUMA
OBM, 10m%&EeH OTPEryIupoBaTh UM 3aMEHUTh OTKA3aBILIUM 3JIEMEHT.

Camoycmpanaowueca 0TKa3bl UCYE3aI0T 0€3 BMEIIATEIbCTBA OMEepaTopa
U TIPOSBIIAIOTCS B (DOPME cHOA WU nepemercaouiezo omKasad.

C6011 — OTHOKPATHO BO3HUKAIOIINNA CaMOYCTPAHSIIOIIUIICS OTKA3.

Eciu Heckonbko cOoeB cienyloT Apyr 3a APYyroM, TO HMEET MECTO
nepemedcaouuiicsa OmKas.

Otka3 Tuma c6ost 0coOeHHO XapakTepeH 1t IBM.

[TosiBieHne cOOEB OOYCIOBIMBACTCS GHEWIHUMU W GHYMPEHHUMU
(dakropamu.

K enewnum ¢pakmopam otHOCATCS KONeOaHUsS HANPSKEHUS MUTAHUS,
BUOpanuu, TeMmieparypHbie  kojeOaHusa.  CHneuualbHBIMU  MEpaMu
(craOunu3anuy NUTAHUS, aMOPTHU3ALUS, TEPMOCTATUPOBAHUE U JP.) GIUAHUE
9MUX hakmopos moxcem ObIMb 3HAYUMENbHO OCNIAONEHO.
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K enympennum ¢hakmopam otHocsSTCS (QIyKTyallUOHHBIE KOJEOaHUS
apamMeTpoB 3JIEMEHTOB, HECHHXPOHHOCTb PaOOThI OTIEIBHBIX YCTPOMCTB,
BHYTPEHHHE IIYMbI U HABOJIKH.

Ecau B ODBM BoO3HHMKaeT cpa3y HECKOJIBKO OTKAa30B, TO MO UX 63AUMHOU
C6A3U PA3NUYAIOT He3asucumble OTKa3bl (BO3SHUKHOBEHHE UX HE CBSA3aHO C
MPEAIIECTBYIOIIUMHU OTKa3aMu) U 3aeucumsle (MOSBICHUE UX BBI3BAHO
OTKa30M B IIPEABIIYIINIA MOMEHT BPEMEHHN ).

Ilo snewsnum nposagieHuaM OTKA3BI IEIAT HA AGHbIE U HEAGHDbIE.

HAenvie omkazpl 0OHAPYKUBAIOTCS MPU BHEIIHEM OCMOTpE, a HesABHble
OMKa3bl — CIICIUAIBbHBIMU METOJIAMU KOHTPOJISL.

OcHOBHBIE IKCIIyaTAIHOHHbIE CBOMCTBA IBA:
0€30TKa3HOCTh, PEMOHTOCHOCOOHOCTb, JOJITOBEYHOCTH U
COXPaHAEMOCTh

Hapabomka — T1pOJOIDKUTENIBHOCTh (WK 00beM) palbOThl H3JEus,
u3MepsieMasi BpeMeHeM, [IUKJIaMU, IepUoaMu U T. II.

B npouecce skcmtyaTaliiid WJIM UCTBITAHUS WU3JCNHUSI B 3aBUCUMOCTH OT
€ro Ha3HAUYEHUS Ppa3IMYalOT CYTOUYHYIO WJIM MECSYHYI0 HapalOoTKy,
HapabOTKy Ha OTKa3, CPEIHIO HApaOOTKy J0 MEPBOro 0TKa3a, rapaHTUHHYIO
HapabOTKy | T. I.

CyrouHas M MecsyHasi HApaOOTKU OIEHWBAIOTCS BpeMEHEeM (IMKJIaMH,
NepHoJIaMu ), KOTOPOE U3JENIHE MPOPadOTalIO B TEUCHHE CYTOK MJIM MECSIIA.

Hapaboomka na omka3 — cpeHee 3Ha4yeHUE HAPAOOTKU PEMOHTUPYEMOTO
U3JIENIUSI MEXIY OTKa3aMH.

Ecnu nHapaboTka BeIpakeHa B €IMHUIIAX BPEMEHHU, TO UCTOJIb3YIOT TEPMUH
cpeonee gpems 0e30mKa3HOoI padomaol.

[lon cpeoneit napabomkoit 0o nepeozo omkaza TOHUMAIOT CpEIHEE
3HaUYCHHE HApaOOTKHU W3/CNIUM B TAPTUU J0 MEPBOr0 OTKa3a.

JIsi HEpEeMOHTUPYEMBIX HW3JCJIUM ITOT TEPMUH PABHO3HAYEH IOHSITHUIO
cpeoneil HapadbomKu 00 omKa3a.

I'apanmuiinaa napabéomka npencrapiser coooi HapabOTKy U3AeNus, 10
3aBEepIICHUS KOTOPOW HW3rOTOBUTENIb TapaHTHPYET U O0eCredyrBacT
BBINIOJIHEHUE OIPECICHHBIX TPEOOBAHMM K U3JEIUI0, MpPU YCIOBUU
COOJIOJIEHUsT TIOTpEeOUTEIeM MPABWII IKCIUTyaTalldd, B TOM YHCIJIE MPaBUI
XpaHeHHUs] W TPaHCTIOPTHUPOBKU. CpOK TapaHTHH yCTaHABIMBACTCS B
TEXHUYECKON JOKYMEHTallMM WM JOTOBOpPaX MEXKIy HW3TOTOBUTEIIEM U
3aKa3YUKOM.

be3omka3znocmplo Ha3bIBAIOT CBOWCTBO M3JEIUS COXPAHITH CBOIO
paboTOCIIOCOOHOCTh B TE€YEHHE HEKOTOPOW HapabOTKU 0€3 BBIHYKICHHBIX
nepepbIBOB. be30TKa3HOCTh U3MEPSAETCA 8 eOUHUYAX_HAPAOOMKUL.

Pemonmocnocoonocmos — cBoiictTBo OBM, 3akmouaromieecs B
MPUCIIOCOOJICHUN K MPEAYNPEXKICHUI0, OOHAPYKEHUIO U YCTPAHEHUIO
OTKAa30B W  HEUCNPABHOCTEH  MyTeM  MPOBEJACHUS  TEXHUYECKOIO
0OCITy>KHBaHUS U PEMOHTOB.
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Jlonzoseunocmps — cBoiictTBo DOBM coxpaHsaTe paboToCrOCOOHOCTH 10
npeoeIbHO20 COCMOAHUA C HEOOXOAUMBIMU TIEPEPhIBAMU JIJISl TEXHUYECKOTO
0OCITy>KHBaHUS U1 PEMOHTOB.

Ilpedenvnoe cocmosnue ONPENEISIETCS TEXHUYECKOW HENPUTOIHOCTHIO
OBM wu3-3a cHmwkeHuss dSPGEKTUBHOCTH WU TpPeOOBAaHUN TEXHUKHU
0€30MacHOCTH U OTOBAPUBACTCSA B TEXHUYECKON JOKYMEHTAIIHH.

Coxpanaemocms — CBOWCTBO W3JEIUSl COXPAHATH SKCILIyaTalMOHHbBIE
ITOKA3aTEIN B TEUCHHE 3aJaHHOIO CPOKA XPAHEHHUsI U TIOCIIE HETO.

Haoesxcnocms  kax couemanue ceolicmé 0O€30TKa3HOCTH, PEMOHTE-
CIOCOOHOCTH, JOJTOBEYHOCTH W COXPAHSEMOCTH M CaMH OSTH KauecTBa
KOJIMYECTBEHHO XapaKTEPU3YIOTCS PA3IUYHBIMU (DYHKIUSIMH U YHUCIOBBIMU
napameTpamu. [lpaBuibHBI  BBIOOp  KOJIMYECTBEHHBIX  MOKa3aresei
HajexkHOCTH OBM  1o3BoJisIeT OOBEKTUBHO CpaBHUBATh TEXHUYECKUE
XapaKTEPUCTUKU PA3JIUYHBIX BBIYMCIUTEIBHBIX CHCTEM KaK Ha JTare
NPOeKmMUpoB8anus, TaKk W Ha dTane sxkcnayamayuu (MPaBUIBHBIN BBIOOP
CUCTEMBI 3JIEMEHTOB, TEXHUYECKHE OOOCHOBAHMUS PaOOTHI MO IKCILTyaTallu
1 pemoHTy 9BM, 00beM HEOOX0AMMOTO 3aIIaCHOTO UMYIIECTBA | JIp.).

HNHTEHCHMBHOCTDH O0TKAa30B. Fpa(lmqeacaﬂ 3aBUCUMOCTD
HHTCHCUBHOCTH OTKAa30B OT BPEMCHHU (KpI/IBaH ZKN3HU I/ISI[eJII/IH)

[Ipomecc BO3HWKHOBEHUs OTKa3oB B OBM 00bIYHO oOMHMCHIBacTCS
CJI0’KHBIMU BEPOSITHOCTHBIMU 3aKOHaMu. [[lo3ToMy B MHKEHEpHOW MPaKTUKE
JUISL OLIEHKH HaJe)KHOCTH DBM BBOAST KOJNMYECTBEHHBIE XAPAKTEPUCTHUKH,
OCHOBaHHbIE HA 00Pa0OTKE IKCIIEPUMEHTAIBHBIX TAHHBIX.

PaccMoTpuM  OLEHKY  HAaAEKHOCTA  HEPEMOHTUPYEMBIX  CHUCTEM.
[IpuBeneHHBIE XapaKTEPUCTUKU BEPHBI U JJII PEMOHTUPYEMBIX CUCTEM, ECIIU
UX paccMaTpUBaTh JIs ciydasi A0 IEPBOro OTKa3a.

[Iyctp Ha wucHbITaHHUS TOCTaBJIEHA NapTHs, coiepkamas N TOJHBIX
u3genui. B mporecce MCNBITAHUM HEKOTOpask MX 4acTh, Hanpumep Ny,
BBIXOAUT M3 cTposi. Torga kK MOMeHTY BpeMmeHu t; octaercsa N(t) u3genuil.
OueBuIHO, YTO

N(ti) =N - N1

OtHolIeHUE

Q(t)=Ni/N

XapaKkTepU3yeT 4acmomny omiKa306 (CTAaTUCTUYECKYIO) B JAHHOM OIIBITE U
ABJISIETCS OLEHKOU meopemuueckon 6epoamHocmu 6vlxo0a W3 CTPOs
W3JIeIIUsI, CTPOTO€ BBIPAXKEHHE /I KOTOPOU BBITVISIAUT CJICAYIOIIUM 00pa3oMm:

ERTONEA
o) = 1]\}££1 N
Bennuuna P(t;), paBHas

_ _ . N-N,
P(t)=1-Q(t) = P,)= hmT

Ha3bIBACTCA meopemutwcxoﬁ eepoamnocmosio 0e3omKaznoil paﬁombt 141
XapaKTCPU3yCT BCPOATHOCTb TOI'O, YHTO K MOMCHTY t; HE HpOHBOﬁIICT OTKasa.
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Hamportus, BenmuuHa Q(t)) paBHa BEpPOSTHOCTH TOr0, YTO K MOMEHTY t;
MIPOU30MIET OTKA3.

Cmamucmuyeckan 6eposasmHoCmy 0€30MKA3HOU padomvl HAXOIUTCA
IIPY KOHEYHBIX 3HAYCHUSIX N:

N-N,

N

BepositHocTh 6€30TKa3HOM PabOThI CUCTEMBI MOXKET OBITH OINpEeieHa U
JUIsi TIPOU3BOJILHOIO HHTEpBajia BpemeHu (tj; t;), T. €. HE C MOMEHTa
BKJIFOUCHHS CHCTEMBI, KaK pacCMaTpUBaJIOCh paHee. B aToMm ciydae roBopsT
00 yCIIOBHO# BEepOSATHOCTH Oe30TKa3zHO# pabotel P(t;; t;) B mepuon (t;; to),
uMes B BHUJY, 4TO B MOMEHT BpeMeHH t; (B Hayaje HapaOOTKH) cCUCTEMa
HaxXOJUTCS B pa00OTOCIIOCOOHOM COCTOSIHUHU.

Ycnosenaa seposmnocms P(t;; t;) onipenensieTcs OTHOIIEHUEM

P(ti; ) =P(t)/ P(t1),

rae P(t;)) u P(t;) — cooTBeTcTBEHHO 3HAUYCHHS (YHKIIUH HAJEKHOCTH B
Hayvase (t;) u koHIe (t;) HapaOOTKH.

B kadectBe moOKaszarens HaJIEKHOCTH HEPEMOHTHUPYEMBIX CHCTEM
UCHIOJIB3YIOT TAKXKE MAOMHOCMb pAchnpedeneHus Hapadbomiku 00 OmKaza
f(t).

IInomunocmuiro pacnpeoenenus napavomku oo omkasza f(f) HazpIBarOT
POM3BOHYIO 10 BpeMeHHU oT (pyHKIMHU oTkaza Q(t):

=400 __dPw

dt dt

Orcrona BuaHO, uyTo BenuuuHa f(t)dt xapakrepusyeT O0€3yCIOBHYIO
BEPOSITHOCTH TOTO, YTO CHCTEMA 0053aTEeIIbHO OTKAXET B MHTEPBAJIC BPEMEHHU
(t; t+dt) npu yciaoBuUM, 4YTO B MOMEHT BpEMEHHM t OHA HaXOoJujach B
paboTOCIIOCOOHOM COCTOSTHUU.

HauGonee pacnpocTpaHEeHHBIM KOJIMYECTBEHHBIM nokasaresieM
HAJIC)KHOCTU SIBIIICTCS UHMEHCUGHOCHb OMKA308.

Humencusnocmes omkazoe \(t) NpencTaBisieT YCIOBHYIO BEPOSITHOCTh
BO3HMKHOBEHHS OTKa3a B CHCTEME B HEKOTOPHIII MOMEHT BPEMEHH HapaOOTKHU
P YCJIOBHUH, YTO JIO 3TOTO MOMEHTa OTKa30B B CHCTEME HE OBLIO.

Benuuuna A(t) orpezaensercs OTHOIIEHUEM

1= f) Pey=_22 - B _dnidr

P=

P(dt P N-N,

OueBuHO, YTO BenuuuHa A(t)dt XapakTepH3yeT YCIOBHYIO BEPOSTHOCThb
TOTO, YTO CUCTEMA OTKAXXET B UHTEpBajie BpeMeHH (t; t+dt) mpu ycnoBuu, 4to
B MOMEHT BPEMEHU t OHA HAXOAWJIACh B pAOOTOCIIOCOOHOM COCTOSIHUU.

BepostHocTh 0e30TKa3HOM paboThl cBsizaHa ¢ BBeawduHaMu A(t) u f(t)
CJICYIOIMMU BbIPAKEHUSIMHU:

P(t) = exp{— ji (t)dt}
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P(t)=-[ f(t)dt

3Hast OAHY M3 XapakTepucTuk HajaexkHoctu P(t), A(t) mmu f(t), moxHO
HaWTH JBE Ipyrue.

Eciu  HeoOXoAMMO  OLIEHUTh  YCJIOBHYIO  BEPOATHOCTh,  MOYKHO
BOCIIOJIb30BAThCS CIEAYIOIIUM BbIPAXKEHUEM:

153

P(t,;t,) = exp —j,a, (t)dt

4

[IpaBmwiibHO MOHUMATh (PU3MUECKYIO IPUPOY U CYLIHOCTh OTKa30B OYEHb
BaXXHO 11 0OOCHOBAHHOM OLIEHKHM HaJ€KHOCTH TEXHUYECKHX yCTpoucTB. B
IOPAaKTHKE HKCIUTyaTallMd MOCJIEIHUX Pa3InyaloT TPH XapaKTepPHbIX THIIA
OTKa30B: npupabomounvle, 6He3anHvle U OTKa3bl U3-3a u3Hoca. OHU
pa3nuyaroTcs (QU3MYECKOW MNpPUPOJON, crocodamMu NpenynpexaeHUus U
YCTpAaHEHUS] H TMPOSABIAIOTCS B Pa3IMYHBIE MEPHOABl AIKCILTyaTaIllH
TEXHUYECKUX YCTPOMCTB.

OTtka3pl ynOOHO XapaKTepU30BaTh «KPUGOU MHCUZHWY) W3JIENUS, KOTOpas
WUTIOCTPUPYET 3aBUCUMOCTh MHTEHCHBHOCTH MPOUCXOISAIINX B HEM OTKa30B
A(t) oT BpeMenu t. Takas uneanuszupoBanHas Kpusas st OBA npuBesneHa Ha
PHUCYHKE.

A\

=

%

t, t, #; ¢

Puc. 1

Ona xapakTepusyeTcsi TpeMs SBHO BBIPAXEHHBIMH  IEPUOJIAMH:
npupabotku I HopMmanbHOM kcrutyataruu 11 u uznoca II1.

Ilpupabomounsie omkazvr HaOMOa0TCS B mepBblid mepuox (0 - t))
skcruryaTtauu OBA. OHM BO3HMKAIOT, KOTJIa YaCTh JIEMEHTOB, BXOJISAIINX B
coctaB DBA, aBnsroTcst 1160 OpakOBaHHBIMHU, JINOO UMEIOT HUZKUH YPOBEHb
HaZekHOCTH. OHM MOTYT OBITh TaKXKe CJICACTBUEM HEKAYECTBEHHOTO
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BBITIOJIHEHUS COOPOYHBIX ONepanuii U OmKUOOK B MOHTAXE.

@du3nyecKuil cMbICA MPUPAOOTOUYHBIX OTKA30B MOXKET OBITh OOBSICHEH
TE€M, 4YTO DJIEKTPUUYECKHE U MEXaHUYECKHE Harpy3Kd, MPUXOIIIMecs Ha
KoMnoHeHTel OBA B npupabOTOUHBIM MEpPUOJ, MPEBOCXOIAT UX
IIEKTPUUYECKYIO " MEXaHUYECKYIO IIPOYHOCTb. ITockonbKy
IPOAOKUTEIBHOCTD Mepuoia npupadbotku OBA omnpezensercs B OCHOBHOM
WHTEHCUBHOCTBIO OTKa30B BXOJSIIMX B €€ COCTaB HEKAuYeCTBEHHBIX
3JIEMEHTOB, TO MPOAOJDKUTEIBHOCTh 0€30TKa3HOW pabOThl TAKUX JIEMEHTOB
OOBIYHO CPABHUTEIHHO HU3KA, MIO3TOMY BBIIBUTH M 3aMEHHUTH UX yAaeTcs 3a
CPaBHUTEIIBHO KOPOTKOE BPEMSI.

B 3aBucumoctu oT HazHaueHus OBA nmnepuoa mnpupabOTKH MOMKET
MPOJIOJIKATBCSA OM HECKOAbKUX 00 comen 4acog. Uem Oonee OTBETCTBEHHOE
u3Jieaue, TeM OoJibllie MPOJOJDKUTEIBHOCTh 3TOro nepuona. llepuon
NpUPabOTKU COCTABIISIET OOBIYHO 00U U eOUHUYbl NPoyeHma OT BPEMEHH
HOPMaJIbHOM 3KCIUTyaTtanuu DBA BO BTOPOM Iepuoe.

Kak BuUgHO U3 pHUCYHKA, YYaCTOK «KpHBOM ku3Hn» OBA,
COOTBETCTBYIOIIUI MEeproay pupadoTKu I, mpenctaBiasHT co00i MOHOTOHHO
yObIBatonyo (pyHkuuio A(t), KpyTH3HAa KOTOPOH H MPOTSKEHHOCTH BO
BPEMEHU TE€M MEHbIIIE, YEM COBEPILIEHHEE KOHCTPYKIHS, BbIIIE KaYECTBO €€
U3rOTOBJIEHUS W 0oJiee TILATEIbHO COOJIOIEHBI PEXUMBI HPUPAOOTKHU.
[leppon npUpaOOTKM CUMUTAIOT 3aBEPILICHHBIM, KOIJld HWHTEHCUBHOCTh
otkazoB OBA mnpubnuxaercs K MUHUMAIBbHO JTOCTHXKMMOW (IJIs1 JAHHOM
KOHCTPYKIIUU) BEJIMYUHE A, ITO TPOUCXOIUT B TOouke t; (T. €. 1o
ucreueHuu Bpemenu 0—t,).

[Ipupa®oTouHblE OTKa3bl MOTYT OBITH CIIEACTBUEM KOHCTPYKTOPCKHX
(HanmpuMep, HeyJayHas KOMIIOHOBKA), TEXHOJOTMYECKUX (HEKaYeCTBEHHOE
BBITIOJTHEHHWE COOpPKHM) MW JKCIUIyaTallMOHHBIX (HApYIIEHUE PEKUMOB
npUpabOTKU) OLIMNOOK.

Buezanuvie omka3zet HaOMoONAaOTCS BO BTOpoil mepuox (t—tp)
sKcIuTyaTauuu JDBA.

OHU BO3HUKAIOT HEOXHUIAHHO BCIEACTBUE NECUCTBUS psAla CIy4alHBIX
dbakTopoB, H NpPEayNpeauTh WX MOpUOIMKEHHE MPAKTUYECKH  HE
IpEJCTaBIsIeTCs BO3MOXKHBIM, TeM Oojiee, 4TO K 3TOMYy BpemeHH B DOBA
OCTalOTCSl TOJBKO IOJHOLICHHBIE KOMIIOHEHTBI, CPOK HM3HOCA M CTapeHUs
KOTOpBIX ellle He HacTynuia. OQHaKoO M TaKHe OTKa3bl BCE K€ MOJAYUHSIIOTCS
OIPEJECICHHBIM 3aKOHOMEPHOCTSIM. B 4acTHOCTH, YacToTa MX MOSIBICHUS B
TEYEHUE JOCTATOYHO OOJBUIOr0 MPOMEXKYTKAa BPEMEHM OJHMHAKOBA B
OJTHOTHUIHEIX Kj1accax DBA.

Du3nyecKuil CMbICJ BHE3AMHBIX OTKA30B MOXKET OBbITh OOBACHEH TEM,
YTO TOpU OBICTPOM KOJMYECTBEHHOM HW3MEHEHUU (OOBIUHO — pE3KOM
YBEJIMYEHHUH) KaKOro-mubo mapaMerpa B KOMIOHeHTax OBA mpoucxonsr
KAUECTBEHHbIC HW3MEHEHUs, B pe3yJbTaTe€ KOTOPbIX OHHU YTPauUBaIOT
MOJIHOCTBIO UJIM YaCTUYHO CBOM CBOMCTBA, HEOOXOIUMBIE I HOPMAJILHOTO
(GyHKUIHOHUPOBAHUS anmnaparyphl.
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K BHezamubiM oTkazam DBA oTHOCAT, Hanmpumep, TPoOOoil TUIIEKTPUKOB,
KOPOTKHE  3aMbIKaHUS TPOBOJHHMKOB, HEOXHUIAHHBIE MEXaHUYECKHE
pa3pylIeHUs 3JIEMEHTOB KOHCTPYKIIMH U T. II.

[Tepuon HopmanbHOM HKcrutyatauuu OBA XapakTepu3yercs TeMm, 4YTO
HHTEHCHMBHOCTb €€ 0TKAa30B B UHTEpBaje BpeMeHU (t;—t;) MUHMMAaJIbHA |
uMeeT MOYTH MOCTOSHHOE 3HAYeHHUe A, ~ const.

Benmnunna Ay, TeM MeHblle, a uHTepBan (t; — t;) TeM OoJblie, Yem
COBepIlieHHee KOHCTPYKIHs DBA, BbIllle KauecTBO €€ M3rOTOBIIEHUS H OoJee
TIIATENIBHO COOJIOJIEHBI PEXKUMBI JKCIUTyatanuu. llepuon HoOpMalbHOU
skcruTyatanu DBA 00meTeXHUIeCKOT0 Ha3HAYCHHUSI MOXKET MPOJO0KATHCS
JECATKH ThICSY 4YacoB. OH MOXKET XK€ MPEBBIIATh BPEMS MOPAIbHOIO
CTapeHHUs anmnapaTrypsbl.

[IponomxurensHocTs nepuona Il orpannuuBaercs 11 OBA u3HocoMm n
€CTECTBEHHbIM CTapeHUEM ee IJIEMEHTOB. DTO MPOUCXOJUT B TOUKE t; (1O
HMCTEUECHUM BpeMeHUu t;—t;). BHe3amHbie OTKa3bl MOTyT OBITH CIEACTBHUEM
TEXHOJIOTUYECKUX (HAmpuMep, MPU UCIOIb30BaHUU KOMIOHEHTOB DBA co
CKPBITHIMU U HE-BBISBJIICHHBIMU B TIEPHUO]] MPUPAOOTKH HEUCTIPABHOCTAMHM) U
AKCILUTyaTallMOHHBIX (HAallpuMeEp, U3-3a MePerpy30kK) ommooxK.

Otka3zpl B pe3ylbTaTe€ W3HOCA W OTKa3bl, BBI3BAHHBIE CHApPEHUEM
MaTepHalioB, HAOMIOAAIOTCS B TPeTHil mepuoj (t;—t,) skcruryatamuu OBA.
OnHu B OOJBIIMHCTBE CIy4YaeB SBISIOTCS 3aKOHOMEPHBIM CIEICTBHEM
IIOCTEIIEHHOIO M3HOCA M €CTECTBEHHOTO CTAPEHUS HCHOJIb3YEMBIX B
anmaparype MaTepuajoB M JJEMEHTOB. 3aBHCIT OHU TJIABHBIM 00pa3oM OT
IPOJOJKUTENBHOCTH SKCILTyaTalluu U «Bo3pacTtay JDBA.

Cpennuii cpok cCiy>kObl KOMIIOHEHTAa /10 HM3HOCA — BeJIMYMHA OoJiee
OMpe/ieNIiCHHAsl, YeM BpeMs BO3HUKHOBEHHUS MPUPAOOTOUYHBIX U BHE3AIHBIX
OTKa30B. MX TMOSBICHHE MOXKHO MPEIBUAETh HAa OCHOBAHUHU OIBITHBIX
JIAHHBIX, TIOJIYYEHHBIX B PE3yJIbTaTE UCIIBITAHUN KOHKPETHOM anmaparyphl.

Du3nvecKuil CMBICJ O0TKa30B U3-32 U3HOCOB MOXET OBITh OOBSICHEH TEM,
YTO B  pe3yJbTaTe€ MOCTENEHHOTO MW  CPAaBHUTEIBHO  MEIJICHHOTO
KOJIMYECTBEHHOTO H3MEHEHHMS HEKOTOpPOro mapameTrpa KOMIOHeHTa JOBA
ATOT MAPAMETP BBIXOAUT 3a MPEAEIIbl YCTAHOBIEHHOTO JOMYCKa, BCIEACTBUE
Yero KOMIIOHEHT IOJIHOCThIO WM YacTUYHO YTpPAauMBaeT CBOU CBOMCTBA,
HEOOXOAMMBIC I HOPMAJIBHOTO (PYHKIIMOHMpPOBaHUA ammaparypsl. [lpu
M3HOCE MPOUCXOAUT YACTUYHOE Pa3pyLICHUE MATEPHUAIIOB, IPU CTAPEHUH —
W3MCHCHHE WX BHYTPEHHUX (PU3MKO-XUMUYECKUX CBOUCTB. [locmemnue
HOCST, KaK MPaBUJI0, HEOOPATUMBIN XapaKTep.

K orkazam B pe3ynpTare HM3HOCA OTHOCAT NMOTEPIO UYBCTBUTEIBHOCTH,
TOYHOCTH, MEXaHUYECKUN U3HOC JIeTanen u np. VX HacTyIuieHHue CBS3aHO C
pe3KuM Bo3pacTaHueM A. Yyactok (t,—t;) «kpuBoi Ku3HH» DBA,
COOTBETCTBYIOIIUN TEPUOJY H3HOCA, MPEACTaBIACT COO00M MOHOTOHHO
BO3pacTaronryro  QyHKIHIO, KpyTH3HAa KOTOpOMl TeM MeHblie (a
MPOTSHKEHHOCTh BO BPEMEHH TeM OoJibliie), 4eM Oojee KaueCTBEHHBIS
MaTepualbl ¥ KOMIUICKTYIOUIME W3/eNIUs UCIOJIb30BaHbl B anmnaparype (T. €.
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4yeM MEHEe MHTEHCUBHO OHM pa3pyllaroTcs). 3aBepiuaercs nepuos usHoca Il1
(a BMeCTe C HUM IMpeKpallaeTcsi W SKCIUTyaTallds anmnapaTypsl), Korjaa
MHTEHCUBHOCTh 0TKa30B OBA nmpuOau3uTcs K MakKCUMAaJbHO JIOIMYCTUMOW A
JUISL TAHHOM KOHCTPYKLUMHU. DTO IPOUCXOIUT B TOYKE t3 (IO HCTEUEHUU
BpEMEHU t)r—t3).

B 3akiroyeHue OTMETHM, 4TO BCE IEPEUYMUCIICHHBIE BUIBI OTKA30B HOCSAT
CIIy4alHbIN XapakTep.

CTPYKTYPHASI HAOEXHOCTb

CmpykmypHnas HaoexcHochb T000r0 PajrodJIeKTPOHHOrO arapara, B
ToM unciie 1 OBM,— ero pesynbTupyromas HaJeKHOCTh IPU U3BECTHOM
CTPYKTYPHOU CXE€ME€ M M3BECTHBIX 3HAUEHHUAX HAJEKHOCTU BCEX IJIEMEHTOB,
COCTAaBJIAIOIINX CTPYKTYPHYIO CXEMY.

I[Ipy »>roM mMOA dSJIeMEHTaMM TMOHHMMAIOTCS KaK  HHTErpajibHbIE
MUKpPOCXEMBI, PE3UCTOPbl, KOHJIEHCATOPbl H T. II., BBIIOJHIIOUIUE
onpeeneHHble QYHKIMU U BKIIOYEHHbIE B OOLIYIO 3JIEKTPUUYECKYIO CXEMY
OBM, Tak ¥ 37€MEHTBI BCIIOMOTaTEIbHBIE, HE BXOASUIUE B CTPYKTYPHYIO
cxemy OBM: coequHeHus nasiHble, pa3beMHbIE, JIEMEHTHI KPEIUICHUS U T. 1.

HanexHocTh yKa3aHHBIX 3JIEMEHTOB JOCTATOYHO MOAPOOHO H3JIOKEHA B
cneuuanibHOW Jnutepatype. [lpu nanpHellieM pacCMOTPEHHHM BOIPOCOB
HajexkHocTh DOBM Oynem MCXOIuTh M3 TOTO, YTO HA/EKHOCTh 3JIEMEHTOB,
COCTaBJSIIOIIMX CTPYKTYpHYIO (3JIEKTpuYecKkyro) cxemy OBM, 3anana
OJIHO3HAYHO.

KosnyecTBeHHBIE XapaKTepPUCTHKH CTPYKTYPHOH
Hage:xHoctu DBM

JIng uX HaxXxOoXKACHUS COCTaBIKIIOT CTPYKTYypHYHO cxemy OBM wu
YKa3bIBAIOT JIEMEHTHI YCTPOHCTBA (OJIOKU, Y3JIbI) U CBSI3U MEXKYy HUMHU.

3areM MpOU3BOAAT AHAJM3 CXeMbI U BBIJCISIIOT T€ €€ 3JIEMEHTHI U CBS3H,
KOTOpbIE  OMNPENEISIIOT BbINOJHEHHE OCHOBHOW (YHKUMH JIaHHOTO
YCTPOMCTBA.

Jlasiee W3 BBIACIICHHBIX OCHOBHBIX 3JIEMEHTOB M CBSI3€H COCTaBIIIOT
(GYHKIMOHAIBHYIO (HAJEKHOCTHYIO) CXEeMy, INpUYEM B HEHl BbBLIEISAIOT
3JIEMEHTHl HE MO0 KOHCTPYKTUBHOMY, a MO (PYHKIIMOHAIBHOMY MPU3HAKY C
TaKUM  pacyeroM, YTOObl KaxaAoMy (YHKIHOHAJIBHOMY  3JIEMEHTY
o0OecrieunBagach  HE3aBUCHUMOCTb, T. €. 4YTOObBl ~ OTKa3  OJHOIO
(YyHKUHMOHAIBHOIO 3JIEMEHTA HE BBI3bIBAI HM3MEHEHHS BEPOSTHOCTH
MOSIBJICHUS OTKa3a y IPYroro — COCEIHETO (PyHKIIMOHATIHHOTO AJIEMEHTA.

[ToaTOMY mpu COCTaBIEHUU OTIEIBHBIX HAJEKHOCTHBIX CXeM (YyCTPOMCTB
y3710B, OJIOKOB) MHOT /1A CIEAYET OOBEAUHITh T€ KOHCTPYKTUBHBIE 3JIEMEHTHI,
OTKa3bl KOTOPBIX B3aMMOCBSA3aHbl, HO HE BIMSIOT Ha OTKa3bl JPYTUX
AJIEMEHTOB.

Onpenenenrue KOJMYECTBEHHBIX IMOKaszaTeled HaaexxkHoctu OBM ¢
MOMOIIBIO CTPYKTYPHBIX CXEM JaeT BO3MOXKHOCTh PEIIATh BOMPOCHI BHIOOpA
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HamOoJiee HAACKHBIX (YHKIMOHAIBHBIX JJIEMEHTOB, Y3J0B, OJOKOB, W3
KOTOpBIX cocTouT DBM, Hanbonee HajeKHBIX KOHCTpYKIMNA TO3, maHeneu,
paMm, CTO€K, MyJbTOB, TyMO, pPalMOHAIBHOIO TOPSAIKA OSKCIUTyaTalluH,
npoduiakTuku 1 pemonta IBM, coctaBa u konmmuectsa 3UII.

[Ipy mnoOCTpOCHUM HAIEKHOCTHBIX CTPYKTYPHBIX CXE€M MCIIOJIB3YIOT
nocinedosamenpHoe, napaiieibHoe WU NOC1e006amelbHO-napaiilenbHoe
BKJIFOUEHUE JIEMEHTOB

a) J) 6)

By(t) |
_P Falt) - j— Palt)
|
|
|
|

PZ (t) Pz (ﬂ

-

-

N
£
r__...

-

| Pn(t)
I m ﬁ(m,—.fﬂ pz i)
m
b, (8
pim,(t) [

Puc. 2. CxemMbl nocieaoBaTeIbHOTO (), mapajuieabHoro (0) U napauiesbHO-
MIOCJIEIOBATEILHOTO (B) BKIIOUYCHHUS SJIEMEHTOB B HAJIC)KHOCTHOM
CTPYKTYPHOMU cXeMe

[Ipy mocaenoBaTeILHOM BKIIOYCHHH DJIIEMEHTOB (puc. 2, a) s
HaJeKHONU paboThl cXembl HeoOxoauma pabora BcexX (YHKIIMOHAIBHBIX
DJIEMEHTOB.

Torna BeposTHOCTH, 0Oe€30TKa3HOW pabOTBI CXeMmbl OyJIeT paBHa
MIPOU3BEJICHUIO BEPOATHOCTEH 0€30TKa3HOW pabOThl BCeX (YyHKIIMOHATHHBIX
3JIEMEHTOB:

P(t) = R(OF0)..F, (1) = ﬁB(t) ;

IJI€ N — YKCIIO DIEMEHTOB HAJIE)KHOCTHON CXEMBL
Jlnst cinydas SKIOHEHIMAJILHOTO paclpeseleHus HapaOOTKH IO OTKa3a
P.(t) = exp[- A.t] cpennee Bpems HapaOOTKH Ha OTKA3 COCTABMT:
1

>4
i=1

JIng napyroro mpoOCTEHIIEro ciydas IIOCTPOCHUS CTPYKTYPHOU CXEMBI
NapaJIeIbHOT0 COCIMHEHUS JEMEHTOB (puc. 2, 0) BEPOSITHOCTH OTKa30B
JUISL KQXJI0I0 U3 DJIEMEHTOB, BXOAIIUX B CXEMY,

Qi(t) =1 = Py(1).

T =
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OTtka3 Bceil cxeMbl OyJeT MMETh MECTO TOTJ/Ia, KOTJa OTKAXKYyT Bce
3JIEMEHTHI, T.€.

Q(=a1(t) qa()... Qu(®) = [T[1- 2]

I'Jle T-4MCIIO0 NapajulIeIbHO COEIMHEHHBIX 3JIEMEHTOB.
[Ipu 5TOM BeposTHOCTH 0€30TKa3HOM pabOTHI BCEW CXEMBI

P()=1-0(0) =1~ [11- R ()

JUIsl SKNOHEHLIMAIBHOTO paclpeesieHus] HapaOOTKU J0 OTKa3za CpeaHee

BpeMsl HapaOOTKH Ha OTKa3 COCTABUT
T=l+i+...+i.
A 22 mA
B oOmeMm ciiyyae mpu cMeIIAHHOM MAapaJjljieibHO-NOC/Ie10BATeILHOM
COEJIMHEHUHU DJIEMEHTOB (pHUC. 2, B) CIeAyeT HAaWTH BEPOSITHOCTh 0€30TKA3HOM
paboThl IS KaXJA0W M3 LENOYeK MapauiesIbHO BKIIOUYEHHBIX AJIEMEHTOB, a
3aTeM Uil Bcell cxembl. Uil cXembl, NpPUBEICHHOW Ha pHC.2, B,

PE3YIBTUPYIOIIAs BEPOSITHOCTh OE30TKa3HON PadOTHI

P() = H{l -T10-2, (r))}

J=1

METO/AbI NOBbILWEHUS HAOEXHOCTU

MeTo/bl TOBBIIEHUS HAJIEAKHOCTU MOKHO Pa3ACiUTh HA CHPYKMYPHbIE U
ungpopmayuonnole.

CTpyKTypHBIE€ METO/bI MOBBIIICHUS HATECKHOCTHU

AOCOMIOTHONW  HANEKHOCTH  TEXHUYECKUX  YCTPOHCTB  JTOOUTHCS
OPUHLUIINATBHO HEBO3MOXKHO, @ MAaKCHUMaJIbHO TMOBBICUTH IOKa3aTelu HUX
HA/I)KHOCTHU (B COOTBETCTBUU C YPOBHEM PA3BUTUSA TEXHUKH) PEaIbHO, U 3TO
ABJISIETCS BAKHEMIIEM HAy4YHOM M TEXHUYECKOW 3amade. I[loseimenue
ypOBHS HajieXKHOCTH DBA mocTuraercs mpexae BCero yCTpaHeHUEeM MpUYHH,
BBI3BIBAIOIINX B HEH OTKa3bl, T. €. CBEJACHHEM K MHHUMYMY (WM TIOJHOU
JVKBUJAINH, €CIH 3TO BO3MOXKHO) KOHCTPYKTOPCKHX, TEXHOJOTHMYECKUX H
OKCIUTYaTaI[MOHHBIX OIINOOK.

3HAYUTENHFHOTO TOBBIIMICHUS HaAeKHOCTH OBM mocturaioT cozmanueM
HOBBIX 3J7eMeHTOB. Tak, npumenenne VC it mOCTpOEHHsI OCHOBHBIX Y3J10B
OBM (peructpoB, CyMMaropoB M Jp.) HPHUBEJIO K 3HAYUTEIBHOMY
HOBBILIEHUIO HAJIEKHOCTU MAIllMH TPETHEr0 U YETBEPTOrO MOKOJICHUH.

OpnHaKko TMOBBIIIEHUEM HAJECKHOCTH 3JIEMEHTOB PACCMOTPEHHBIMHU BBIIIIE
METOJJaMH HE YAAETCs B HACTOALIEE BPEMs MOJHOCTHIO PELIUTh MpoOIeMy
NOCTPOEHHUsI HaJeKHbIX OBM, 4TO BBI3BAHO 3HAYUTENIBHBIM OINEPEKEHUEM
pocTa CIIOKHOCTH BHOBBH paspabarbiBaeMbix OBM, OonbmmmMu 3atpaTamu
Opu  TOJIYYCHHH  DJIEMEHTOB  BBICOKOM  HAAECKHOCTH, a  TaKke
CYLIECTBOBAHMEM DJIEMEHTOB, HAJIEKHOCTh KOTOPBIX JOBOJIBHO HHU3Ka U
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TPYJIHO MOJAAeTCs MOBBIIIEHUIO (YCTPOICTBA BBOAA U BbIBOAA HUH(OpMALIUU
u ap.).

[TosToMy OaMH W3 MyTed MOBBILICHUS HaJle)kHOCTH DBM — @6edenue
CXEMHOU U30bIMOUHOCIU.

Pazpaborka mMeromoB cuHTea OBM, oOnagaromux — 3aJlaHHOM
HAJIC)KHOCTBIO, CBOJUTCS K HAXOMNCOEHUI0 ONMUMALbHOU U30bIMOYHOCU.
IIpr 3TOM OCHOBHOE — COTJIaCOBAHME METO/Ia MOBBIIEHUS JTOCTOBEPHOCTH C
HauOoyiee BEPOSATHBIMU OIIUOKAMU, TMOSBJISIOIMIUMUCS B  Pa3lIMYHBIX
ycTpoiictBax OBM.

OmuH  uU3  BUJAOB CXEMHOM  H3OBITOYHOCTH —  CHIPYKMYPHOE
pe3epeuposanue, TPEANOJATAONICE BKIIOYEHUE B CXEMYy YCTPOWCTBA
JIOTIOJTHUTEINIBHBIX ~ 3JIEMEHTOB, KOTOPBIE MO3BOJIAIOT CKOMIICHCUPOBATH
OTKa3bl OT/ICJIbHBIX YAaCTeH YCTPOMUCTB U 00ECTICYUTH €r0 HAJCKHYIO padoTy.
Ho pesepBupoBanue 5>(PGEKTUBHO TOJBKO B TOM Clydyae, Korja
HEUCIPABHOCTH SIBJIAFOTCSA CTATUCTUYECKH HE3ABUCUMBIMH.

B OBM BBOA CTPYKTYpHOW H30BITOYHOCTH MPOM3BOJIAT MO CJICIYIOMICH
CXEMe€: BXOJHBIC CUTHAJIBI MTOCTYMAIOT HA N JJOTUYECKUX CXEeM, Mpudem n> Kk,
rae k — 4ucio JoruYecKux CXeM B Hepe3epBUPOBAHHOM cxeme. BuixomHbie
CUTHAJIBl BCEX N JIOTMYECKUX CXEM JAJIEE€ MOJAKT HAa PEIIAIOIIMN JJIEMEHT,
KOTOPBI COTJIACHO (DYHKITMM PENICHHS IO STUM CHTHajaM OIpeaemseT
3HAYEHHUS BBIXOJIHBIX CUTHAJIOB BCEU CXxeMbl. OYHKIMSA PELIEHUS] — MPABUIIO
OTOOpaXEHUs BXOJHBIX COCTOSHUM PpEIIAIOIIEro 3JIEeMEHTa Ha MHOXECTBO
€ro BBIXOJIHBIX COCTOSIHUU.

[Ipocreiimnii u Hanbonee pacnpoCTpaHEHHBIN BUA (DYHKIMHU PELICHUS —
«3AKOH 0ONBUMUHCMEAY, NI MANCOPUMAPHbLI 3aKOH.

B Takom caywae pemaroniMii  3MeMEeHT  OObIYHO  Ha3bIBAIOT
MAaKOPUTAPHBIM 3J1eMeHTOM. PaboTa Ma)KOpUTApHOTO 3JIEMEHTA COCTOUT B
CIEAYIOIIEM: Ha BXOJbl 3JEMEHTA IMOCTYNAKT JBOWYHBIE CHUTHAJIBI OT
HEYETHOTO KOJIMYECTBA MJACHTUYHBIX JJIEMEHTOB; BBIXOJHON CHUTHA
JJIEMEHTAa NPUHUMAET 3HAYEHUE, PABHOE 3HAYCHUIO, KOTOPOE IPUHUMAET
OOJIBIIMHCTBO BXOHBIX CUTHAJIOB.

Haunbonee mmpoko UCMoib3yrOT MaKOPUTAPHBIC AJIEMEHTHI, paboTaronue
10 3aKOHY «2 u3 3». B 3THX 35IeMEHTaxX 3HAY€HUE BBIXOJHOTO CUTHAJIA PABHO
3HAYEHHUIO JIBYX OJMHAKOBBIX BXOJIHBIX CUTHAJIOB.

Kpome TOro, W3BEeCTHBI Ma)XOPUTAPHBIE SJIEMEHTHI, PabOTaIOIIUE IO
3aKkOHy «3 u3 5», «4 u3 7» u T. 1. CxemMa MaKOPUTapHOIO DJIEMEHTA,
paboTaromero mo 3aKoHy «2 u3 3» W TOCTPOCHHOTO W3 JIOTMUECKUX
anemeHTOB U 1 MJIN, ocHOBaHa Ha BBIPAXKEHUM Z = XX, XoX3+X X3 U UMEET
BU/I, U300paKEHHBII Ha puc. 4.
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Puc. 4. Cxema Ma)XOpUTApHOIO 3JIEMEHTaA «2 U3 3»

[Io cmocoOy BKIIOUEHUS PE3EPBHBIX DIEMEHTOB (PYHKIIMOHATBHBIX
YCTPOHCTB  pa3iMyalOT TPHM BHAA pe3ePBUPOBAHMA. HOCHOAHHOE,
3ameuyeHuem U cKoip3auiee.

IIpu nocmosannom pe3epBUPOBAHUM NPEANONIATAOT, UYTO JIOOOM
OTKAa3aBIIMM 3JIEMEHT WUJIM Y3€Jl HE BIMSIET Ha BHIXOAHbBIE CUTHAJBI U TIO3TOMY
€ro NpsiIMoro o0Hapy:KeHusi He MPOU3BOIUTCS.

[locrossHHOE ~ pe3epBUpoBaHME  Hauboyiee  pacnpocTpaHEHO B
HEBOCCTAHABIMBAaeMbIX  ycTpoiictBax. Kpome Toro, oHO sBisercs
€IMHCTBEHHO BO3MOXHBIM B YCTPOWCTBax, I/I€ HEAOMYCTUM Jake
KpPaTKOBPEMEHHBIH MepephIB B padoTe.

[TocTosiHHOE pe3epBUPOBAHME BBOJUTCS WM C TOMOIIBIO PEHIAIOIIETO
Onmoka, Wi B BUAE OJHOTHUIHBIX 3JIEMEHTOB WM OJIOKOB, BKIIFOUEHHBIX
IOCJIEI0BATENbHO, MapajyieIbHO WM, HalpUMep, COIJIacHO 3aKkoHaM k-
KPAaTHOM JIOTUKH.

B kauectBe pemaromero 610Ka MOKHO HCIIOJIB30BaTh Ma)KOpUTapHBIE
AJIEMEHTHl C TMOCTOSIHHBIMU WJIM NEPEMEHHBIMH BECAMM, KOAUPYIOIIME —
JNEKOJMPYIOIME yCTPOMCTBA M CXEMbl U3 JIOTUYECKUX DJIEMEHTOB
NI HE.

[Ipu pe3epBUpOBAHUU 3ameujeHuem TpPEANONATacTCs OOHApYKeHHe
OTKA3aBIIET0 3JEMEHTa WM Yy3Jla U MNOAKJIIYEHUS] MCIPABHOIO.
3amMeleHne MOXeT IPOUCXOIUTh MO0 agmomamuiecku, IN00 8pyUHYIO.

Pe3zepBupoBaHue 3aMEIICHHEM HMEET CIEIyIOIIME JAOCTOMHCTBA: IS
MHOTHX CXEM IpH BKIIOYEHUH PE3EPBHOIO 00OpYyIOBaHHS HE Tpebyercs
JIOTIOJTHUTEBHO PEryJIHpPOBaTh BHIXOJHBIC TAPAMETPHI, BCIECICTBUE TOTO YTO
AIIEKTPUYECKHE PEKUMBI B CXeME HEe MEHSIOTCS, pe3epBHAs ammapaTrypa 10
MOMEHTA BKJIIOUEHHUS B pabOTy 0OBIYHO 00€CTOYEHA, YTO MOBBIIMIAET OOIIYIO
HAJIOKHOCTh CHCTEMBI 3a CYET COXpaHEHHsS pecypca DIEeKTPOHHBIX
YCTPOMCTB, KpPOME TOrO, SKOHOMHTCS DHEPIrHs HMCTOYHHKOB MHUTAHUS,
UMEETCSI BO3MOXKHOCTb HCIOJIb30BAaHUSl OJHOTO PE3EPBHOIO 3JIEMEHTa Ha
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HECKOJIbKO paboyuX.

BcenencrBue €JI05KHOCTH ammaparypsl Il aBTOMAaTHUYECKOTO BKIHOYEHUS
pe3epBa pe3epBUPOBAHHUE 3aMEIICHUEM I1eJIeCO00pa3HO NPHUMEHSTh K
KPYIHBIM OJIOKaM U OTJIEIbHBIM (PYHKIIMOHAIBHBIM YacTsiM DBM.

[Ipu cronv3auwem pesepBupoBaHUU JIOOON pPE3EPBHBIA DIEMEHT MOXKET
3aMemaTh J1000i OCHOBHOM JJIEMEHT.

JInst  OCylleCTBIEHUS 3TOrO PE3EPBUPOBAHUS HEOOXOJAMMO HUMETh
YCTPOMCTBO, KOTOPOE€ ABTOMATHUYECKH HAXOJUT HEUCHPABHBIA BJIEMEHT M
MOJKJIFOYAET BMECTO HETO PE3CPBHBIM.

Jl0CTOMHCTBO Takoro pe3epBUPOBAHHMS B TOM, 4YTO NPU HACATBHOM
aBTOMAaTHUYECKOM YCTPOMCTBE OyJleT HAauOOJBIIUKM BBHIUTPHIII B HAICKHOCTH
[0 CPABHEHHUIO C IPYTUMU METOJAMH PE3CPBUPOBAHMUSI.

OJIHaKO OCYILIECTBICHUE CKOIB3SIIETO PE3EPBUPOBAHUS BO3MOKHO JIUIIb
IIPY OJHOTHITHOCTH 3JIEMEHTOB.

NudopmannmoHHble MeTOIbI MOBBINICHUS HaAe:KHOCTH JBA

OcHoBHOE mpuMeHeHHe UH(GOPMAIMOHHBIE METOAbl HAaxoIAT B
BBIYMCIIUTEILHON TEXHUKE. Peanu3yroTcs OHU B BHUIE KOPPEKMUPYIOUW UX
K00086.

Ha3znauenne »THMX KOJOB COCTOUT B TOM, 4YTOObI OOHApYyX UBaThb U
UCIIPaBIIAThH oIUOKU B DBM 6e3 npepwisanus ux pabomei.

Koppektupyromue Koasl NperycMaTpUBAlOT BBEIECHHWE B MAIUHY
HEKOTOPOH M30BITOYHOCTH.

Paznuuator  eépemennyro U npocmpancmeennyr0)  M30BITOUHOCTD.
Bpemennasa uzovimounocms XapakTepusyercs HEOJHOKPATHBIM pPELIECHUEM
3aa4yu. [lomydeHHbIE pe3ysIbTaThl CPABHUBAIOTCS, U €CJIM OHU COBMA/IAIOT, TO
JIeJIaeTCsl BBIBOJI, YTO 3a/1a4ya pelieHa mpaBmibHO. BpemMenHas n30bITOUHOCTD
BBOIUTCS B DBM NporpaMMHBIM ITyTEM.

Ilpocmpancmeennana u3061mMoOUHOCMb XAPAKTEPU3YETCS  YAJIMHEHUEM
KOJIOB YHCEJl, B KOTOPbIE BBOASAT JOMOJHUTEIBLHO KOHTPOIbHBIE Pa3psi/Ibl.

Cytb  oOHapy>XeHMsI U  MCIOpaBIEHUS  OMIMOOK C  TOMOIIBIO
KOPPEKTUPYIOIIUX KOJOB COCTOUT B clieAytonieM. B KoHeUHOM MHOXKeCTBE A
BBIXOJIHBIX CJIOB YCTPOMCTBA BBIACISAIOT MOJIMHOXKECTBO B pazpewennvix
K00oebix cioe (T. €. B — A). DT ciioBa MOTYT NOSIBUTHCS JIMILIb B TOM
cily4ae, eciii Bce apU(PMETHUECKUE U JIOTHUECKHUE OINEepalvy, BBIIOIHSIEMBbIE
OBM, ocymiecTBIsA0TCS TPaBUIIBHO.

Tornma oueBumuo, uro mnoamHOXkecTBO A — B=C(A\B=C) Oyzner
XapaKTepU30BaTh 3anpeujeHnbvle Kooosvle cnosa. 1locienHue MMET MECTO
TOJIBKO NpU HATUYUU OUUOOK.

Jlanee Bce ciioBa Ha BBIXOJIE YCTPOWCTBA aHanu3upyror. Hampumep, ecinu
CJIOBO b; OTHOCHUTCSA K TMOJAMHOKECTBY pa3pelICHHBIX KOJIOBBIX CIIOB (T. €.
b < B), To 3T0 03HauaeT, 4TO MpPOLECC UAET HOPMAJIbHO; CJIOBO b; CUMTAIOT
IPaBUIBHBIM U €r0 MOXHO JIEKOJUPOBATD.

Ecnu Ha BBIXOZE yCTpPOMCTBA MOSIBISETCSA 3alPEIIEHHOE KOJOBOE CIIOBO
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ci(ci < C), TO 3TO CBUIETENHCTBYET O HATMYUU OMIMOKHN M OHA (DUKCUPYETCH.

Jns  ycTpaHeHuss OOHApYKEHHBIX TakuM OO0pa3oM OmHOOK Bce
3anpenieHHble KOJOBBIE CJIOBA pa3z0MBaroTCs Ha rpynnbl. Kaxaon Takoi
rpynIie CTaBUTCSA B COOTBETCTBUE TOJIBKO OJJHO Pa3pelI€eHHOE KOJIOBOE CIIOBO.
[Ipn pexoAMpOBaHWM 3alpPEIICHHbIE KOJOBBIE CIIOBA C; ABTOMAaTHYECKH
3aMEHSIIOTCS pa3pelIEeHHBIMU KOJOBBIMH CJIOBAMHU U3 TOM T'PYMIIbl, K KOTOPOH
MPUHAIIEKUT C;.

Takum 00pa3oM, KOPPEKTUPYIOIIUE KOJbl B COCTOSIHUM HE TOJBKO
oonapyscueamp olLIMOKY, HO U YCMPAHAMb UX.
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