N3parensctBo «lomaka-XXI» nmpeacrasiseT HOBYIO KHUTY

GXEMOTEXHHKA CxeMOTeXHHKA AHAJIOTOBLIX U
AHMDJ;OBHX o
et aHaJIOFO-HI/I(l)pOBbIX IICKTPOHHBIX YCTPOUCTB
2-e M31aHue
=
ABTOp: I'.'. BoroBuu
HN3nareancTBoO: «domka-XXD»
ISBN: 978-5-94120-144-0
w YK 621.3.049.774.3
BBK 32.844.1
. Oo0neMm: 528 c.
o dopmar: 70x100/16
o Tupax 1500

Hara Bbinycka:  ¢espain 2007r.

OcaenieHbl CBOWCTBA U OCOOCHHOCTH MPUMEHEHHSI aHAJIOTOBBIX M aHAIOTrO-IU(POBBIX UHTETPATbHBIX
MHUKPOCXEM: OINEPALMOHHBIX YCHJIUTENIEH, KOMIIApaTOPOB, TAMMEPOB, (PUIBTPOB, TUHEHHBIX U UMITYJIbC-
HBIX CTaOWJIN3aTOPOB HAMpPsDKEHUs, KoMMyTaTopoB, MuUKpocxeM AL u ITATI, pa3nuyHbIX JaTYHKOB.

B kaure nHamum OTPAXKCHUC TTOCIICAHNC NJOCTUIKCHUS B AJIEMEHTHOM 63_36, npu 5TOM OCHOBHOC BHUMaA-
HHUE yJIEJIEHO CXEMOTEXHUYECKON peaau3aliy pa3IndHbIX (YHKIMA 3JIEKTPOHHBIX YCTPOUCTB. PaccmoT-
PCHBI CXCMBbI JIMHEUHOr0 W HEJINMHEUHOTO HpGOGpaSOBaHI/IH CUTrHAJIOB, UBMCPUTCIILHBIC U BBIYHUCIIUTCIIb-
HbIE CXEMbI, aKTUBHbIE JIEKTPUUECKHE (PUIBTPHI, TEHEPATOPHI U MEPEMHOKUTEIN CUTHAJIOB, CEIHAIH-
3UpPOBaHHbBIE YCWINTENH (ILIMPOKONOJIOCHBIE, U30JIUPYIOIINE, U3MEPUTENIBHBIE U Jp.), HCTOYHUKU OIOp-
HOTO HaNpsHKEHUS, pa3IMYHOro TUMA U POaHATIOrOBbIe H aHAOTrO-IIU(POBBIE TPE0OPa30BATEIH, CXEMBI
AATYUKOB TCMIICPATYPhbI, YCKOPCHUS, JaBJICHHU A, BJIA)KHOCTHU, MArHUTHOTO ITOJIA.

OrnasneHue

L0 0018 (O] 0.0 7 O TN 9

3333 D01 00 & 1 TN 11

I'napa 1. OHEPAHIMOHHBIE YCHUJIUTEJIN 13
1.1, OBIIME CBEIEHHS ...ttt ettt se et neene e ne e ens 13
1.2. neambHbIi OMEPAIIOHHBIA YCHUITUTEIID «...euveteeuteteeneenteeneensenseesseeseensesstensesseensesseensessesnsenee 15
1.3. OcHOBHBIE CXEMBI BKIIIOUCHHUS OTNIEPALIUOHHOTO YCHUITHTEIIS «.evvvveereenveernreeneesneeeeeesnneenneennes 16
1.3.1. I GEPeHINATBHOE BRITEOUCHHE ... eeeeveteteeeneeneeneeseasessenseneeseeneeseasessessenseneesessessessensenes 16
1.3.2. VIHBEPTUPYIOIIEE BKITIOUCHHE -.....cuveeurenreemrereantenteestenseemeentenseenseeseensesseensesseensesseensessesnsenne 17
1.3.3. HEMHBEPTHPYIOMICE BKITEOUCHHE ....cuvevremrenreentenueeneenseententesseensesseensesstensesseensesseensessesnsenee 18
1.4. BHYyTpeHHSS CXeMOTEXHHKA OTIEPAITMOHHBIX YCHITUTEICH ....cvcveveieeieierieeeieieeieeeceve s 19
1.4.1. TpeOOBAHUSI K OV ...ooviiiiiiiiieiieiieiesieeieeeeieseeeae e e .19
1.4.2. biok-cxemMa ONepanOHHOTO YCHIUTEM . ............... .20
1.4.3. CrangapTHas CXeMa ONEPALUOHHOTO YCHITUTEI . c..veuveurenrerurereeneenrenseesenseesesseeeensessnenne 23
1.5. Cxema 3aMeeHUs] ONEPALUOHHOTO YCHITUTEIIS ..euvveervreeureenereeieenireenseesireenseesneenseesseenneennne 24
1.5.1. BXoaHO€ COIPOTUBIICHUE CXEMBbI .
1.5.2. BBIXOJTHOE COTIPOTHBIICHUE CXEMBL.....eeuvverureeueerneeenneeanseensresseenneeaseessneenseesseesseessessneesnes 25
1.6. KOppEeKIHS YACTOTHON XAPAKTEPHCTHKH «.....veuveemrereemrenreenrentenseenseeseensesseensesseensesseenseseensense 26
1.6.1. YacTOTHBIE XAPAKTEPHCTHRHI OV ....iiiiiiiiiiiiiiieniieiesiteteste ettt sttt sttt 27
1.6.2. IT0"HASA YACTOTHAS KOPPEKIIHS .....cuveeeieniienrennientenieeitesteestestesinesseensessesusenseensensesueennesseesnenne 29
1.6.3. BHEIIHSS YACTOTHAS KOPPEKLIHISL ...c..covvenveenrenrienrenieententeestesiesinessteseessesuseseensessesseensesseesnenne 32
1.6.4. CKOPOCTD HAPACTAHMS ... .eevveenereenreenseeeneeennseeseesneeenseeanseenseessseenseesnseesseesseesseenseessesnneesnes 33
1.6.5. KOMIIEHCAIMST @MKOCTHOM HATPY3KH ..c.vvveeveeneeeeneeeneeaneeenseesseenseeaseessnesseesseesseessesseennee 34
1.7. IlapaMeTphI OTIEPAITHOHHBIX YCHITHTEIICH .....veveeuteiienientienienteetenteeutentesitenteeseentesseesesseesenee 35
1.7.1. TOYHOCTHBIE MTAPAMETPBL.......eervenveenennen. .35

1.7.2. lunamuueckue napamerpsl OY
1.7.3. IlapameTpsl, XapaKTepU3YIOLIME YCUICHUE CUTHAJIOB IEPEMEHHOIO TOKA.... .
1.7.4. DxcrutyaTalMOHHBIE MAPAMETPBI OV L..viiiiiiiiiiiiieriie et

1.8. THUIIBI ONIEPALIMOHHBIX YCHUITHTEIICH ..c.veuvinvientiieeiienieeienteeitete ettt et et bt eeesbeeteseeeseesbeenne e
1.9. Yiyumenue napaMeTpoB OLEPallMOHHBIX yCUIUTENEH



1.9.1. CHMKEHUE HATIPSHKEHUS CMELUCHUST HYJIS «.venvveeeeeneeeneeeneeeeneeensseenseesneeenseesseenseesnsesnneennee 53

1.9.2. IToBeimienue ycrounsoctu OV ................ .55
1.9.3. CHUKEHHE TOKOB YTCUKH ..........en.e. ..56
1.9.4. 3amuTa OMEePAMOHHBIX YCHITUTEIICH .....eeuvetieuterteetenieenienteetenteeseentesstentesueensesseeneesneesenee 57
1.9.5. TloBbImeHNe BEIXOAHOTO TOKA OV ...ttt 59

1.9.6. IloBblienue BeIxoAHOrO HanpspkeHust OV ..
1.9.7. Iloermenne Ovictpoaeiicteus OY

1.9.7. CHIKEHHUE HIYMA OV L.ooiiiiiiiiiiieiieiieeeeee ettt st siee st saeesnnee e .64
1.9.8. DkcniepuMeHTanbHOE onpeaeaeHue NapaMeTPOB OV ....ooiiiiiiiiiieiieiieeieeie e 65
1.10. OgHOTIONAPHOE MUTAHUE ONECPALUOHHBIX YCHUIUTEIICH ....vevveeveenveenieteeiieieeieesiesieeee e nee 67
1.10.1. OOIIIHC CBEIEHMS. .....eeuverveenrereeneesteeneenieestenseestessesssesseestensesseensesseensesseensesseensesseensessessenee 67
1.10.2. Cmemierre OV ¢ OJTHOTIOMSPHBIM ITHUTAHUEM .....cevverureenererueenureenieenineenseessseenseesineenieennne 68

1.10.3. BBeneHue UCKYCCTBEHHOM HyJIEBOU TOUKU
1.10.4. Pacmupenue AMHAMUYECKOrO AUaa30Ha ..

InaBa 2. ®YHKIIMOHAJIBHBIE YCTPOMCTBA HA ONIEPALIMOHHBIX YCUJIMTEJIAX

2.1. JluneiiHple aHANOTOBBIE BEIYUCIUTENBHBIE CXEMBI HA OV ..o 77
2.1.1. CXeMa MACIITAOHPOBAHMS. ....ccuveeerenteereenteentetesitenteestetessteseeseensesseenseaseesesseensesseesesseensens 77
2.1.2. CXCMA CYMMUPOBAHI «...cuveeuvenrenreterseenseeutentesstenseestensesstenseeseensesstensesseensesseensesseensesseensens
2.1.3. CxeMa HHTETPUPOBAHUS .
2.1.4. CxeMa JTUQDDEPEHIIIPOBAHHS ......c.eeverrerenrenrenrereetersensetensenteseeuessessessensenseseenessessessensensene

2.2. CXeMbI JIMHEHHOTO MPEOOPAZOBAHUS CHUTHAIIOB ... .evvevveeererreersessesssensenseessesseessesseessessesssenses
2.2.1.lcTOYHUKY HAaNPsHKEHUS, YIIPaBIseMbIe TOKOM
2.2.2. cTOYHHKH TOKa, YIPaBIIICMbIC HAPSHKEHUEM
2.2.3. VIHBEPTOPBI COTTPOTHBIICHI «....evvenveeneenteententesstenseentensesstenseeseesesseensesseensesseensesseensesseensens
2.2, THIPATOPDL ...nteeteteeitetteiteete ettt et eat et eat e besht et e e bt et e e bt et e eb e et e sbeenteebe e besbeenteabeenbenbeennens

2.3. AKTHBHBIC JIEKTPHUUCCKHE QHIBTPBI HA OV ..oviiiiiiieiiciieiieciieienie et see e
2.3.1. OCHOBHBIE ITOHATHS . ....cevvenveemtenreanrentenseensenstentesseenseeseensesstenseaseensesseensesseensesseensesseensenseensens
2.3.2. GunabTPB! HWKHUX YaCTOT ......
2.3.3. OuabTpHI BEPXHUX YaCTOT .....
2.3.4. [1o0COBBIE DHIBTPHI ......c..eenveneenee.

2.3.5. TI0TIOCHO-TIONABIISIEOIITAE (DHITBTPB ...cuvenveneneirreeuenteteneenteuteteeseseesensenseseenessessesenseneenes
2.3.6. Peanmmzaryst GUIBTPOB HA OIEPATHOHHBIX YCHITUTEIIAX «.cvoveveveverensennenreneeneneensensennens
2.3.7. Peanu3anys akTUBHBIX (QUIBTPOB HA OCHOBE METO/A TIEPEMEHHBIX COCTOSIHUA. ..........
2.3.8. DA3B0BBIC DHITBTPBI ...cuvveuvereenrereeenresseetesseesessaessesseessessesssessesssessesssessasssessesssessesssessesssense

2.4. VI3MECPUTEITBHBIC YCHITHTEIIH «..c..vnveeutereenseneteneenseensesseensesseensesseensesseensesseensessesssessessensesssense
2.4.1. UzmepuTtenpHbIil ycunutenb Ha oqHoM OV .
2.4.2. U3meputenbHblil ycunurens Ha Asyx OV ...
2.4.3. U3meputenbHblid yCHIIUTEIb HA TPEX OV .ot
2.4.4. [IpuMEHEHHE UBMEPHUTEIIBHBIX YCUITUTEIICH ....vveeevieneierieietieeieenieeeieenieeeeeeseeeenneesneeeneeas
2.5. CxeMBbl HETMHEHHOT0 MpeoO0pa30oBaHusl CUTHAIOB HA OV ...cccoiiiiiiiiiiiiiiieicneeieneeiee
2.5.1. JlorapupmMupyonye 1 SKCIIOHEHIIHATBHBIC TIPEOOPAZOBATEIIH .....evvenvenrrenrereeeneenseenenee
2.5.2. IIpenu3uoHHbIE BRIIPAMUTEIH HA OV Looiiiiiiiiiiiiiiiiiiiiiicicccicicctce e
2.6. T'eHepaTOPbl CUTHAMOB HA OV ...coiiiiiiiiiiieiiecie ettt sttt st
2.6.1. PenakcainOHHBIC TEHEPATOPHI ........c.nee....
2.6.2. 'enepaTopsl CHHYCOMIANBHBIX KOJICOaHUHA ..

2.7. AHATIOTOBBIC IIEPEMHOMKHUTEIIM ......eevverreenrenienrenieensesueetesteessesseessesseenesseensesneennesseennesseennenne

2.7.1. IlepeMHOXUTENb € YIPaBIIEMbIM CONPOTUBICHUEM KaHalla I10JICBOrO TPAH3UCTOpa ... 138
2.7.2. IlepeMHOKUTENN HA OCHOBE YIIPABIISIEMBIX HCTOUHUKOB TOKA.....ceuvveeureeneeereeeeneenneeeneees 138
2.8. N3MepUTETBHBIC CXEMBI HA OV ...ttt sttt st et 141
2.8.1. U3zmepenue 3apsiaa

2.8.2. VzsMepuTens aMIDIATY Il (ITAKOBBIC JETEKTOPBL) ...uvieueererrrereereeeesseesenseesesseensesseensenee 143
2.8.3. DOTOIICKTPUUCCKHUE UBMEPEHUS. ...cnvveneieeeeeneeeenreeueesneeenseeanseesseesseanseeanseesnsesnseesseenses 145
2.8.4. MOCTOBBIE U3MEPHUTEIIBHBIC CXEMBL.....c.uvieereenieeeureeneeesneeenseenseeeseesnseanseesnseesseesseesseesnses 147
2.8.5. VIBMEPEHHE TEMIICPATYPBL ...c.uveuveurireentenieententeententeeeenseessesteeseesseesesseemsensesssesseensensesanense 150
2.8.6. VI3MepeHNe AEHCTBYIOMIETO BHAUCHHUS ....couvenveemrereenrenreenrerteemeenseesressesstensesssensesseensesnenne 152

I'nasa 3. CHIEHUAJIU3UPOBAHHBIE YCUINTEJIN HA BA3E HHTEI'PAJIBHBIX OY160

3.1. HIMPOKOTIOIOCHBIC YCHITHTEIIH ....c.uveuveeurenreeseenseeneensesssenseentensesssensesnsensesssensesseensesssensesseenses 160
3.1.1. PaboTa TpaH3UCTOPHOTO YCHIUTEIBHOTO KACKA/Ia HA BBICOKUX JACTOTAX ..c.veevverveeneenne. 161
3.1.2. IlpuMeHeHNE ONEPALMOHHBIX YCUIUTENICH AJIs yCUICHUS paJli04acTOTHBIX CUTHAIO0B. 163
3.1.3. HlupokononocHsie OY ¢ 00paTHOI CBA3BIO 110 TOKY.... ... 164
3.1.4. Yeunutend TUQOEPECHIMATBHBIX JTHHU ...e.vveveerrereriietenreeiesseesiesseesessessensesssessessaenses

3.2. VIB0MUPYIOIIME YCUIMTEIIH «..euvenveeueenreenreseeseenseeneensenssenseestensesssenseeseensesssensesseensesseensesseenses

3.3. YVermmuTent KIACCa D ..ouiiiiiiiiiiiiiiici s
3.3.1. OOIIHE CBEIEHHUS .....evveerninrenieereneeneneeneneseentneseeesestesesesaesesnesesesseaeesenesaesesneseseesesesneneans
3.3.2. Buspl IUPOTHO-UMITYJIBCHOIN MOIYJISIIUU
3.3.3. CxeMOTeXHHKA BBIXOJHBIX KACKAJOB YCHIIUTETEH KNacca D .o..oovenieiiiniiiiiiiiicicnenne, 180
3.3.4. IIpOMBIIIICHHBIE THITBI YCHITUTEICH KITACCA D..ovveiiiiiiiiiiiiieiiieicccceceeeeeee 182
3.3.5. Ilomexu, HOpOKIaeMbIe YCHIUTEIAMH Kilacca D 1 60pb0a ¢ HAMH .......coveveeeveeenncenne. 183




I'1asa 4. AHAJIOTOBBIE KOMITAPATOPBI 1 TAUMEPBI

4.1. O0UIHE CBEICHUS O KOMITAPATOPAX ....veuvemrinrenrentenrerensersensensententesessessensensensentesessessensensensenes

4.2. AHaJOTrOBBIM HHTETPAILHBIA KOMITAPATOP -.eevvveeneeenreaneeannne
4.2.1. IIpuHIMIBI TOCTPOCHUS UHTETPATIBHBIX KOMIIAPATOPOB .. .
4.2.2. KoMmapaTopbl ¢ OJHOTIOJISPHBIM ITHTAHHIEM ......eoveeurenreererieeuenreesensessensesseneseensessnenne
4.2.3. CKOPOCTHBIE KOMITAPATOPBL.......cuvenreenreteententeensesseetesseensesteensesseensessesnsessesnsessesnsessesnsense

4.3. [IpUMEHEHHUE KOMIIAPATOPOB. .....cuvteurerierretienrerieesesteeresteessesseessesseessesseessesseessesseesesseesnense
4.3.1. JIBYXIIOPOTOBBIA KOMITAPATOD -.vveeuveerrreanreenureeueesneeeseesnseenseeasseesseesnseessessnsessssesnseesseenses
4.3.2. JIeTEKTOP HEPECEUCHUST HYTI «..venvrenrerreenreanrenienieennenseennenieens
4.3.3. CpaBHEHHE HANPSKEHUI TPOTUBOIIOJIOKHOM MOJISPHOCTH
4.3.4. MYTBTHBHOPATOPD ....veevventenutenreenieiesieenteeneeneesieensesseensesseens .
4.3.5. [IpumeneHne KOMIAPATOPa B KAUECTBE OV ...ocviiiiiiiiiiiiiiriieieeiieie ettt
4.3.6. 'eHepaTop, yIPABIIAEMBII HAIIPSIKCHHEEM ......oouvieureniiniierieiieienieeseentesnesieesnesueenesseennens
4.3.7. JIOTHYECKHUE MIEMEHTBL. ......covenrerrenrenneannenne
4.3.8. OTHOBHOPATOPBL ....evenvreererererereenrersessrenseessessesseessessaessesseens
4.3.9. 'eHepaTop BPEMEHHBIX 3aIEPIKEK ....vveererernreareernreeneenneeanees .
4.3.10. ILIUPOTHO-UMITYIBCHBIA MOIYTIATOP -...veeuvenreemrenneeneenseennenueeneensesssensesmeensesssensesseensesnenne
4.3.11. JIByXIOIYyTIEPUOTHBIA BBIIPSIMUTEIIB ....c.uvenveenrereenrenreenresieemeenseessensesseensesssensesseensesnenne

4.4. TTapaMeTPBI KOMITAPATOPOB....c...eetrerureerureenteerireeteesuneenseessseenseesseessaesnseesseeenseesssesnseessseensees

4.5. AHAJIOTOBBIC TAHMEDD ... .eevveeurieereeieenneeeteeseeeenseessseeseesnseeseesnseesseesnseesseesnseesnsesnseesseesnses
4.5.1. TABMEDP NESSS5 ..ottt
4.5.2. OCHOBHBIC CXEMBI BKITFOUCHHUS TAHMEDA. .c..veuveemrerienienieeienieeeenseetenteeseessessseseesseensesanenne
4.5.3. THUIIBI HHTETPATTBHBIX TAHMEPOB ....c..eeutetientetienterteentesteentesteesesseesesseensesseensesseesessesnsenee

I'nasa 5. JUHEMHBIE CTABUJIN3ATOPBI HAIIPSI)KEHU S 217
5.1. OOIIME CBEIEHUS ......eeeevveeenreeeeenreeeeereeeenreeeeereeeeireeeenaneeeennees

5.2. CxeMOTeXHHKA JIMHEHHBIX CTAOMIIN3aTOPOB HANPSHKEHUS
5.2.1. ba3oBas cxema JIMHEHHOTO CTAOMIN3ATOPA HATIPSIKCHHUS. ..c..venveenrenreerreeenneennenireeenseennes 218
5.2.2. lHTeTpanbHbIi THHEWHBIH CTAOUIN3aTOP HANPSIKECHHS .
5.2.3. CtaOunu3anust OTPULATEIBHBIX HATIPSIIKEHIT . ... ceuveveenteteenienieeienieeiteniesaeenseenseneesneennes
5.2.4. YMEHBIICHHE MTOTEPH B CTAOHIITHBATOPAX ....evvveerverervententeneeneetenueseesensentemessessessenseneenees

5.3. YCTOWYMBOCTD JIMHEHHBIX CTAOMIIM3aTOPOB HANPSDKCHUS ...
5.3.1. YCcTOWYHUBOCTD 71-p-N-CTAOMITU3ATOPOB.....c..eevveeveenreeeeneennes
5.3.2. YeroanBOCTE MITH-CTAOHITHBATOPOB .....couveeueeiienieieeiieieeitenteeitentesiteniesaeenbeeieeeeseeenees

5.4. OCHOBHBIE ITAPaMETPhI TNHEHHBIX CTAOMIN3aTOPOB HAIIPSIKEHHS. ...c..c.venvenvnrverreneereneennes 228
5.4.1. TOUHOCTHBIC MAPAMETPDL. ... .eeuteeureeneeesueeeseenneeaseesneeenseeanseesseesnsesssseeseesssesseesnseensessnseens 228
5.4.2. JINHAMUUECKUE TTAPAMETPBL. .. .eeureeneeesueeeeeeanreeseeseeenseeaseenseesseessseaseesssessseesnseessessnseens 229
5.4.3. DKCIUTYaTALIOHHBIC TTAPAMETPBL.c..euvenreemiereententeenterteestenseestenseestensesssessesmeensesssensesseenses 231

5.5. CxeMBbl BKITIOYCHUS TUHEHHBIX CTAOMIN3aTOPOB HATIPSIIKCHI «....eevvenveenrenveeneenresireneesneennes 232
5.5.1. TUIIOBOE BKITFOUCHHE ........eeouvinrieirenienreieeirenaeennesieeenesaeenneneenne ....232
5.5.2. YBenuueHue BHIXOAHOTO HAMPSHKEHU ................ ..232
5.5.3. IloBbIlIeHNE MAKCUMAJIBHOI'O BBIXO/AHOTO TOKA ..
5.5.4. CTAOMITMBAIIMS TOKA ......evitimeinieieeueetiereseeeeseeseeneeeeeseseeaeseeseemeeeeeseseeaesee e eneeaeenesaesneeennen 234
5.5.5. ICTOYHMK ABYXMOISAPHOTO HAMPIMKECHI «..cuvenvenreenreteententensrenteemtensesirensesseensesseensenseennes 234
5.5.6. CTaOuIu3aTop NEPEMEHHOTO HATIPSIKCHHS «...c..venverrenreeneenrenseeneeaneesesseeneenneas
5.5.7. OMUTTEepHBII TOBTOPUTEND C MAKCUMAIBHON Tiepeiaueii Toka B HATPY3KY ..
5.5.8. ITomyueHne NCKYCCTBEHHON OOIIEH TOUKH .....c.evverremrereeureeenieriennenneieeneniennens

5.6. IcTOYHMKH ONOPHOTO HANPSDKEHMUS. ...

5.6.1. IOH Ha CTaOMIUTPOHAX ...c.veenveveenreneennennenn .
5.6.2. IOH Ha HanpspKEHNUU 3ATIPELICHHOM BOHBI ...c..vevveeureieenienreesrenteestennesirensesmeensesseensesseennes
5.6.3. IOH Ha TOTEBBIX TPAHBUCTOPAX ..veuverrermrerermeenterseenseeseensesseensesseensessesnsesseensessesssensesnen
5.6.4. YeroiauBocTs MOH ...
5.6.5. ITapameTppl HCTOUHUKOB OIIOPHOI'O HANIPSKEHHU ..
5.6.6. ITpuMeHEHHE MIOH.......c..coiiiiiiiiiiiiiiiiice e
I'naa 6. UMITYJIbCHBIE CTABUJIM3ATOPBI HAIIPSI)KEHUA 260
0.1. OOILIME CBEIEHUS ......covenvneiieienieetese ettt sttt sttt s et s et ne e s s e s e enen 260
6.2. TIOHMKAFOITHIA UMITYJTBCHBIA CTAOHITHZATOP -...veevvenreenrenreenrenteestenteeseensesssensesseensesseensesseenses 262
6.2.1. CxeMa HOHIKAIOIIETO UMITYJILCHOTO CTAOMIN3aTOPA HAMPSDKEHUS «.c.evveevevcreereneennen 262
6.2.2. DnexkrpoMarautHeie npouecchl B moHmwKaomeM UCH ..., 263
6.2.3. Ilonwxkarone MCH ¢ CHHXpOHHBIMU BBIIPSIMUTENISMU...... ... 267
6.2.4. MuHOTO(Ma3HBIC ICH......ootieieeeecee e ... 268
6.3. TIOBBIIIAIOIINN UMITYTTBCHBINA CTAOMITHBATOD ..vevverveenreieententeeirenseeneentesetensesseensesieensesseenees 271
6.4. VIHBEpTHPYIOIIHH UMITYJIBCHBIN CTAOMIIHBATOP «....vovevervinrenreneeiieuenreneesenteieenteiesseneeneneennas 273
6.5. CocraBnbie cxeMbl MCH ... ....275
6.5.1. CXeMA KYKA..c..eeitiriiiiiiiieiieiieesee ettt 275
6.5.2. HecuMMeTpu4HBIH IpeoOpa3oBaTetb IEPBUIHON HHIYKTHBHOCTH ......c.veuveveererverennennen 277
6.0. VIHBEPTOPHBIE CXECMBL......eeuveeereeneeenueeeueenneeeseesnseeseesnseensesanseesseesnseesseesnseesssesnseessessnsessnseens 280

6.0.1. OOIIIHEC CBEIECHIS ......vvveeenvreeeeerreeeereeeaiteeeeaseeeasssesesseseaassseesssseseasssaassseeesssssessssesessssesanns 280



6.6.2. HeperyJIUPYEMBIC MHBEPTOPBL. ... ..eeueerueeereeernreanseesneeenseeanseesseesseesseeanseesssessseesseenseesnseens 281
6.6.3. Perynupyemble HHBEPTOPEI

6.6.4. OnHOTaKTHBIE UHBEPTOPHL......
6.6.5. PC3OHAHCHBIC HHBEPTOPDL. ... .cuteeuterteeutenteententeentesteessesseestensesssensesssensesssensesssensesssensesseenses
6.7. CETEBBIC HCTOUHMKH ITHTAHKS . ..eeeveeneeerireettenteenteesieeenteesseessaessseesueesnseessnesnseessneenseesneens 303
6.7.1. OOIIIHE CBEIEHHIS -......evevetentenienteieateatertentestentenesteeseseessesteneestebeebeseesententeneebeabeseeseneennas 303
6.7.2. IMnyibCHBIC CETEBBIC HCTOYHUKHU Ha 0a3e 00paTHOXOA0BOTO MPeoOpa3oBaTes ......... 304
6.7.3. Opranuszauust 0OpaTHON CBSI3H M0 BBIXOAHOMY HANPSDKEHHIO B CETEBBIX HCTOYHHKAX.. 308
6.8. IMITyTbCHBIC ICTOYHUKN Ha KOMMYTHUPYEMBIX KOHICHCATOPAX ...cevverveerrerveeneeresrensenseennes 313
6.9. KoppeKTOPBI KOIPDUIIHMECHTA MOIITHOCTH ....vvenvrenrereereenseesrensesssensesssensesssessesseessesseessesseenses 318
6.9.1. OOIIIHE TTOTOMKEHUS . .veevvenvenrenreesteteententesitesteestentesstenteeseesesssensesmtensesssensesmeenbesbaensesneennes 318
6.9.2. AnropuT™bl GOPMHUPOBAHHS KPHUBOKH BXOTHOTO TOKA......eveerrerreemeenresnrersesmeensesssensesneennes 319
6.9.3. Korrpomnepst KKM st ceteli ¢ IUPOKUM AUATA30HOM HATPSIKEHUH .....ovvevveneenenne. 323
6.10. JIPAMBEPDL ......eouviniiiiiiieiietieiiete ettt et et sttt et sttt et sas e b st be s b e et sae b st
6.10.1. OOIUME CBEIEHMS.....c..evetentenieneeieattatertetetestenteteaseseestesteseeneeteebeseetententeneeteabeseeseneeneas
6.10.2. CxemslI gpaiiBepoB OUIONSAPHBIX TPAH3UCTOPOB ...
6.10.3. [paiiBepbl MOII- 11 IGBT-TPAH3HCTOPOB .....eevveruiirieeniiniiniienieeienienieenie st sveennes
6.10.4. Muxpocxems apaiiBepoB MOII- i1 IGBT-TPaH3HCTOPOB .......ccvvevveeeerienieieniienieneeene. 329
6.11. YCcTOWYNBOCTE UMITYJILCHBIX CTAOMIIH3aTOPOB HAIIPSDKEHH ... ....333
6.11.1. OOIUIME CBEIEHMS. ....c.vevertententeneeiteteatertetetesteseeteesesaeseeententeteebe st e testesteneebeabeseeseneennas 333
6.11.2. YCTOMYMBOCTD UMITYJILCHBIX CTAOMIIN3AaTOPOB ¢ OOPATHOM CBS3BIO 110 HANpPsDKEHUIO . 333
6.11.3. YCTOMYMBOCTD UMITYJILCHBIX CTAOMIIN3ATOPOB C JAOMOIHUTEIBHONH OOPATHON CBSI3BIO IO TOKY JPOCCEIIS ..evvenverveenvenreenrereenneennes 336
6.11.4. Ocobennoctu ananmu3a ycroiunBoctd ICH ¢ ciunoBbMu TpaHC(hOpPMATOPaMI .......... 344
I'naBa 7. AHAJIOT'OBBIE KOMMYTATOPBI 349
7. 1. OOIIHE CBEHEHIIS ....c..veuveenrentienteteestenteeutentesstesteestensesssenseestensesssensesntensesssensesseensesasansesseenses 349
7.2. DIEKTPOHHBIE KOMMYTATOPBL ....c.veeuverieurereemrenteententeemsenseestensesssensteseensesenesseemeensesnensesseennes 350
7.3. KOMMYTaTOPBI Ha MOJECBBIX TPAHZHUCTOPAX ..vveuveenrerreemeerveententessrerseeseensesssensesseensesseensesseenses 350
7.4. IIpOMBIIUIEHHBIC AHAJIOTOBBIE KOMMYTATOPDL .. ..ecuvveeueeereeaneeeneresseenneeeseesneesseesneeenseeseeens 353
7.4.1. IIPOCTEHIIINE KOMMYTATOPBL.....cuvereeurereemtenreenrenieestenseestenteesrenseeseensessnessesmeensessnensesneennes 353
7.4.2. AHATOTOBBIE MYJIBTHUIUICKCOPDL....c..eeuteteemtereententeesterseestenseessenseeseensesssensesmeensesssensesseenses 355
7.4.3. MaTPUUHBIE KOMMYTATOPBL «.....eeuteteemtenteemtenreentenseestenseestensessaenseessensesssensesmeensessaenseseennes 358
T A4 OTITOPEIIC ...veveenteeuiesteeite sttt e sttt et ettt e et e bt e st e bt sate s bt eb e e be e st et e sate bt sbtenbesbeenbeebeentesaeennes 360
7.5. XapaKTepUCTUKH aHATOTOBBIX KOMMYTATOPOB ...ccuvverureertreanreenirerueenseesseensresneenseesnseesueens 362
7.5.1. Cratuyeckue XapakTepUCTUKU
7.5.2. JINHAMUYECKUE XAPAKTEPHCTHRH ....cevvenrermrenrenueenrenseenteaseensenseeneesseensesseessessesnsensessaensessees 364
7.5.3. DKCIUTYaTALIMOHHBIC TTAPAMETPBL...cuvenreemrereententeestenteestenseestenseemtensesssessesmeensessaensesmeenses 368
7.6. IlpuMeHEeHUE aHAIOTOBBIX KOMMYTATOPOB.... ....369
7.6.1. BnusiHre HEMMHEHHOCTH aHAIOTOBBIX KOMMYTATOPOB HAa MCKAKCHHS TEPEIABACMBIX CHUTHAIIOB ........veuveeeenreereeneeseeeneenseenensesneennes 369
7.6.2. 3amyra KOMMYTATOPOB OT HEPEHAMPSIIKCHUM] ....vverreeeeieeeieieeeieenieeeeeseeeeseesneeeneeenneens 371
7.7. YCTPOUCTBA BEIOOPKH-XPAHEHHS «...vevveevrenreenrenseentenseestenseestensesssesseemeensesssessesseensessensesseenses 372
7.7.1. CXeMBI YCTPOUCTB BEIOOPKH-XPAHEHHS........veeuverreeseeseeneensenssensesstensesssensesseensesseensessesses 372
7.7.2. OcHOBHBIE XapaKTEPUCTHKH YBX . ...iiiiiiiiiiiiiiiiiiitiiiecetee et 375
7.7.3. TIPUMEHEHHE YBX ..ottt ettt sttt 380
7.8. YerpoiicTBa Ha MEPEKITIOUAEMBIX KOHACHCATOPAX «..evverveeurereemrerseemeensenssensesseensesnenseseenses 382
I'nasa 8. HU®POAHAJIOI'OBBIE IPEOBPA30OBATEJIN 387
8. 1. OOIIHE CBEHEHIIS .....c..veuveeneentienteteeutenteeutenteestenteestensesstenseestenbesssenseeseensesssensesseensesseensesseensas 387
8.2. MapamneTbHBIC LIATT ......ooiiiiiiiiiiiiie ettt et 388
8.2.1. LIAII ¢ CYMMUPOBAHHEM BECOBBIX TOKOB ....c.uveeuteerueeeueeanseeseesnseenseeanseessnesnseesseesnsessnenns 388
8.2.2. Iapamensusiit LIAII Ha nepekmrouaembix koHAeHcaTopax (LIAIL ¢ cyMMUPOBAHUEM 3APSIIOB).....couveverreerinieererieeneenrenrenienaeennes 400
8.2.3. LIAII ¢ CyMMHUPOBAHUEM HAMPSIKECHII . .....eeveeuvereeirenieeiienienitenieeitenie sttt sie e seeenees 401
8.3. TTocnmemoBaTeITBHBIC LIATT........ocoiiiiiiiiiieiie et e et e
8.3.1. LIAII ¢ mMPOTHO-UMILYIbCHON MOXYJIsIMEi .
8.3.2. IlocnenoBarenbublil [TAIT Ha nepeKIIOUAEMBIX KOHACHCATOPAX «..veeveerrreeneeenreeneeesnneens 404

8.3.3. CuUrMa-AeIBTA-LIATL.....c.oiiiiieiieeie ettt et e e e seesnneens 405
8.4. NHTepdeiics mudpoaHaIoroBsx mpeodpazoBarTeneii....

8.4.1. LIAII ¢ mocinenoBaTeIbHBIM HHTEPHEHCOM ................ ... 411
8.4.2. LIAII ¢ mapauieTbHBIM HHTEPDEHCOM ....c.vevvieieiieieniieiienieeiienieeienieeieesieseeeteeneeseseeeneas 412
8.5. TIPUMEHEHHUE LIATL......couiiiiiiiiiiiiiiieee ettt s 414
8.5.1. OOPAOOTKA UMCEIT CO ZHAKOM .....uveuteeurenteemteseeneenseassenseeseensesssensesnsensesssessesseensesssenseseenses 414
8.5.2. [lepeMHOHUTENN U JCTTUTEIN AHATOTOBBIX CHTHATIOB......c.veeuverteenrenreenrerteeneensesssensesseennes 416
8.5.3. Arrentoarops! v uaTerparopsl Ha IAIT .................... ....418

8.5.4. Cucrembl IPSIMOTO CUHTE3a CUTHAJIOB ...... ....419
8.6. ITapameTpnl LIAIT.......ccoevieiiniiiiiinieiene ....423
8.6.1. CTATHYECKHUE MAPAMETPDL ..c.vvenveerrereenrenteenrenieeeenieeneesieeneensennne ...424
8.6.2. TouHOCTH BOCTIDOM3BEICHHS CUTHAJIOB IIEPEMEHHOTO TOKA.... ....425
8.6.3. JINHAMUYCCKHE TTAPAMETPBL. ... ceuveuteeuteteententeentesteestesseeseensesssenseensensesssensesneensesssensesseenses 426

8.6.4. LLLyMBI LTATL.....c.oiiiiiiiiiiiiiic e et s 427



I'nasa 9. AHAJIOTI'O-HU®POBBIE ITIPEOBPA3OBATEJIN

0.1, OOIIHME CBEIECHI ......c.ervitinrenrenrentettetiatensetestesteuteueeteseesestestentebeebesee s enteneeneebesbestenseneennenes
9.1.1. IIpouemypa aHATIOTO-IIU(YPOBOTO TIPEOOPABOBAHIS........cevnreereeerereenreneenreneeienrereenseeennes
9.1.2. ATICPTYPHAS TIOTPEUIHOCTDB. ... eeneveeneeesseeeneeeanseaseesseeenseeanseesseesnsessseeeseesssesnsessnsesssessnseens
9.1.3. lllyM KBaHTOBAHUA .............

9.1.4. Knaccudukarms ALIT

9.2. MapammemBHBIC ALIIT ...c..cccuiiiiiiiiieieiee ettt sttt st

9.3. TITocnenoBarenbHO-MAPAIIETBHBIC AL ...oooviiiiiiiicee e
9.3.1. Muoroctynenyatsie ALII
9.3.2. KonBetiepHbIe ALIT .......cccooiiniiniiiiniiiincecnceececeee
9.3.3. MHOTOTaKTHBIE TIOCIIEA0BAaTEIbHO-TTapasuiensHbie ALITT

9.4. TTocnemoBaTEIBHBIC ALIIT........ooiiiiiiiiiiieeiiee et et e e e es
9.4.1. AIIIT mocnenoBaTeaILHOTO CUeTa
9.4.2. AIITT MOCIIETOBATEIEHOTO MPHOITHIKCHIS ... vvvenvrerreneranseseessenseessensesssessesseensesseensesseenss
9.5. MHTerpupYIOMIAE ALIIL.......oouiiiiiiiiiiiee ettt st
9.5.1. AIIII MHOTOTaKTHOI'O HHTEIPUPOBAHUSL ......evevvenrenreeeenrenneenns
9.5.2. Curma-enbTa AL ....cocooiiiiiiiiiic e
9.5.3. IlpeoOpazoBaTeny HaNpsHKEHUE—YacToTa
9.6. THTEPDEHCHI ALITT ..ottt
9.6.1. OOIIIHEC CBEIEHU «...c.veveenrieuteteestenteeutentesitenteestentesstesteestensesssenseestensesstensesaeenbesssensesseenses
9.6.2. AL ¢ mapatenbHbIM HHTEP(EHCOM BBIXOTHBIX JAHHBIX .......eoverrirenrenrerrerenrersensenennes 461
9.6.3. ALIII ¢ mocnenoBaTeIbHBIM HHTEP(HEHCOM BBIXOIHBIX JAHHBIX ............. ....462
9.6.4. IlocnenoBarenbHbIi HHTEpdElic curma-nensTa AL ¢ mporneccopamu..... ... 463
9.7. TTapaMeTPhl ALITL.....cccuiviiiiiriiiiiiieeeecee et ....464
9.7.1. CTATHYECKUE TMAPAMETPBL -....eenvereeanrinnreienseerenseenenseeeenseenns .. 465
9.7.2. JINHAMUYECKHUE MAPAMETPBL. ... erveenrienreneenreerenreeaesseeneenneenns ....467
9.7.3. TILYMBI ALIIT......ceiieiiieeiie ettt ettt ettt st et eebeesaeeea 467
9.7.4. IlapaMeTpsl, XapaKTepU3YIOIINE KAa4eCTBO MPEeoOpa30BaHUs CUTHAIOB IIEPEMEHHOTO TOKa468
9.8. ITpUMEHEHHE ALIIL.......oiiiiiiiiiiiiiiieee ettt 471
9.8.1. CHCTEMBI COOPA JAHHBIX ...c.uverveemeeteenteteestenseentessesssesseestensesssenseessensesssensesseensesssensesseenses 471
9.8.2. KOIEKH ...c.eeeiieiiieiieeeiie ettt et sve et e eve e ...474
9.8.3. VI3MEPEHHUE DHEPTHH .......veenveeereenieenireenieenreenieens s ... 475
9.8.4. YrpaBiieHUE IBUTATEIISIMU TEPEMEHHOTO TOKA ....e.vveeurerureevrerieenseeeeeesiresseessneenseesineens 477
I'naBa 10. UHTET'PAJIBHBIE JATUUKH 484
10.1. JTATYHKH TEMIIEPATYPBI ...uvveerreeueeenreeereeneeenneeaseesseesseesseeanseesssesseessseessessssesnseessesnsessnsenns 484
10.1.1. MuTerpaibHble JaTYUKH TEMITEPATYPhl HA OUIOSAPHBIX TPAHZUCTOPAX ..vevvvevvereeeneennes 484
10.1.2. JIaT4nku TeMOEpaTypPbl C HHQPOBBIM BBIXOHOM .....oveverreeeneeneaneneeareneennas ....491
10.1.3. TemnepaTypHbIE KOMIAPATOPHBL......cverreerverreenvenne ....495
10.1.4. ToOYHOCTH TATYUKOB TEMIICPATYPHL....... ....496
10.2. laTanku yckopeHUs (aKCeIepoMeTpHl) ... ....498
10.2.1. OOLIME CBEICHMSM. ...c.venvneneeeeinreneeeeneeneeneeeeereneenens ....498
10.2.2. TIneHOYHbIE MBE30TEKTPUUCCKHE AKCETEPOMETPBI ....nvenvrenrereenrenreenrerieeseensenrensesseennes 499
10.2.3. O6beMHbIC HHTETPATIBHBIC AKCETIEPOMETPBI .....evvenrerreenrenreenrerseemeenseesresseemeensensrensesseenes 499
10.2.4. TloBepXHOCTHBIE HHTETPAJIbHBIE aKCEICPOMETPHI ... .500

10.2.5. TOYHOCTH HHTETPATBHBIX aKCEIEPOMETPOB............. ....507
10.3. JIaTYMKH JABICHHS .....cvvveeeereeeeereeeenreeaennnnns ....510
10.3.1. YCTpOHCTBO JATUMKOB JAABICHHS «..c.veouvenveenreeeennenneenneneens ....510
10.3.2. TOYHOCTb AATUUKOB JABTICHU «..cvverveenrenreneerneennenneenenseens ...514
10.4. JaT4uKA BIAKHOCTH (TUTPOMETPBI) ..vvenvennreneerieenvenneeneneens ...516
10.5. JIaTYHMKHA MATHUTHOTO TTOTIS. .. eeeuvvveeesereeeesreeesssseesnseseassseesssssesssssesssssseessssseesssseesssesesssseens 518
10.5.1. TIpuHOMIT AEHCTBUSA JATUMKA XOTUIA ....veuvereenrenreenrerteeneenseesrenseemeensesssessesseensesseensesseennes 518
10.5.2. UnTerpansHble qaTynku Xoa

10.5.3. [IpUMEHEHUE TATIAKOB XOJIIA. ... .eeuvenrerrerreetenseenserseentesseensesseensensesnsesseensessesssessesseenses
10.5.4. OcHOBHBIE XapaKTEPUCTUKU JATUUKOB XOJIIIA .vevveennreenreerirerieenureenseesinesseessneenseenneens 525




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


