MIK51BC16D (K5016BKO01) OHOKpUCTAIBHBIM MUKPOKOHTPOJLIEP C
MOJIICPIKKON KPUNTOTPAQUIECKUX aJITOPUTMOB, KOHTAKTHOTO M O€CKOHTaKHOTO
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1.00mas unpopmaumst

Muxkpocxema mnpezacTaBiseT coO0i crennanu3upoBaHHbIA KOHTPOJUIEP C ABYMsI THIIAMU
uHTepdeiica, nrorapnuaeMplii o KMOII TexHonoruu, u npeaHa3HaueHa Juis UCIOIb30BaHUs B
3alIMIIEHHBIX CHCTEMax B KauecTBe OAHKOBCKOM KapThl, CHCTEMBbl 3aILUIIEHHOIO JOCTYIIa,
KOTOpBbIE TPEABABISIIOT BBHICOKME TpeOOBaHMS K CTENEHH 3aIlluThl WHGOpMALUU  OT
MOIIIEHHUYECKUX NECUCTBUIL.

1.1. OcHOBHBIE XapAKTEePUCTUKM:

* Hurepdeiichi:
* beckonTtaktHblif unTepdeiic B coorBeTcTBUU ¢ [SO 14443-2.3 4 Tun B:
* Hecymas gactora 13,56 MHz £7KHz,
* Ckopoctb oOMeHa nanabMu 10 424 Kout/c.

» Kownrakrhsiit nuaTepdetic B coorBerctBuu ¢ ISO 7816 ¢ mognepxkoit mporokosos TO u T1.

* IlporpamMHasi naMATh:
* Macounoe [13Y o6vemom 256 Kobaiit
* Cpok xpanenust uapopmanuu: 10 ger

* JHeproHe3aBUCHMAs 110JIb30BATEIbCKASl NAMSATh:
* OoOweMm: 16 Koaiit
* KonunuectBo umkioB nepezanucu: >100 000

* Cpok xpanenust uapopmanuu: 10 et
* [loGaiitHbIi nocTyn ais cuuthiBanus D13V
* [locTpaHuyHbIl pexuM 3anucu/cTupanus ot 4 1o 128 Gaiit

e 128 GaiiT 00/1aCTH 3aIIUTHL:
- 64 OaiiT — anmapaTHO 3aIIUIIEHHAas OT MOIU(UKAIIUK 00JIaCTh NaMITH
- 64 GailT — anmaparHoO 3alIMILIEHHas OT CTUPaHUs 00JIaCTh MaMsITH

* TunoBoe BpeMsl CTUpaHMsI CTPAHUIBI 2 MC
* TunoBoe BpeMs 3alMCH CTPaHUIIBI 2 MC

* 6 Kbaiit — ocHOBHOEe O3V HaHHBIX.

* Broinmonusiemplii HaOOp MHCTPYKLIMHA COBMECTUM CO CTaHIApTHBIM mporeccopoMm 8051 c
JOITOJTHUTEIIBbHBIM Ha60pOM KOMaH, OIITUMHU3UPOBAHHBIM JIA HpI/IMeHeHI/Iﬁ B CMapT-KapTax.

*  OnTUMHU3UPOBAHHASA APXUTEKTYpa C YCKOPEHHBIM BBINOJIHEHUEM MHCTPYKIMHI — B CpEeAHEM, B
3 pa3a MeHbIlIE TAKTOB Ha MHCTPYKLUIO, YEM B CTAaHJApPTHOM MUKpOKoHTposiepe 8051

* Konrtpomnep mpepsiBanuii ¢ 10 BekTOpamu MpepbIBaHUN U 3 ypOBHSMHU TpPHUOpUTETA IS
paboThI B peIKUME peaTbHOTO BPEMEHH.

* Teneparop Ha 6aze DAIIY nns moBwIIICHWS BHYTpeHHETo TakToBoro curHana LITY mo 30
MI'g
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* JlBa 16-pa3psanbIx TaliMepa.

¢ CucremMbl 0€30MACHOCTH M 3AIIUTEI:

Mukpocxema obecrieurBaeT XpaHeHHe YHUKAILHOTO HOMEpa MUKPOCXEMBI pa3MepoM § OaiT.
AKTHUBHBII MeTaJIMYECKUI IIINT,

[IpenycMoTpeHa BO3MOXKHOCTH OJOKHMPOBKM KpPHCTAUIA HA PA3IUYHBIX CTaJAHUAX MPOU3BOJICTBA
TPAHCTIOPTHBIM KOJIOM (KIJIFOUOM), HCKJIFOYAIONIAM HECAHKIIMOHHPOBAHHOE BHECEHHWE B YHII
W3MCHEHUI WM CYUTHIBAHUE COJCPIKaIIeiics B HEeM HH(DOpMaIny;

HcKkar04eHO YTeHHUE HpOFpaMMHOﬁ naMsTH BHCIIHUMHU KOMaHIAMU,
AnnapaTHaﬂ CHUCTEMA 3alllUThI: CBECTOBOI'O U3JIYUCHHS, ITIOBBIIICHHOT'O HAITPSIKCHUSA.

Monynb ynpasnenus namsteio (Memory Management Unit) ¢ kKoHTposieM oOpallieHns 3a TpaHuIei
naMsITH.

* (OcHOBHBIE 0JOKH MHKPOIIPOIIEccopa:

AnmapaTHO-TIpOrpaMMHBIH reHeparop ciydainsix ancen (I'CH);
Amnmapartsbiii yckoputens i BeinonHenus: Dual Key Triple DES (3DES) u T'OCT 28147-89;
MonynsipHbIii conporieccop it padoThI ¢ orepanaaMu pazmepom 10 4096 GuTos;

Monynp Beruucienust KoHTposasHoi cyMMbl (CRC) B cootBercTBuu ¢ ISO 3309

CTOHKOCTD K KJIMMATHYECKHM M YJIEKTPHYECKHM BO3IeHCTBHAM:

Mukpocxema Mo CTOMKOCTH K YIbTPapUOIETOBOMY U PEHTTEHOBCKOMY H3JIYY€HHIO COOTBETCTBYET
craugaptam [SO 14443-1 u 7816-1.

MI/IKpOCXGMa M0 CTOMKOCTH K QJICKTPOMArHUTHBIM MOJAM, CTATHUYECKOMY OJJICKTPUUYCCTBY
cootBeTcTBYeT cTangaptam ISO 14443-1 u 7816-1.

Muxkpocxema (B TOM YHCII€ B KOPIIYCHOM HCIIOJIHEHHH) 00JIaZlaeT CTOMKOCTHIO K BO3JIEHCTBHUIO
MEXaHMUYECKUX M KIMMAaTHUeCKHX (akTopoB, npuBeaeHHbIX B ISO 14443-1 n 7816-1
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2. Onucanme apxXuTeKTypbl

Ha pucynke 1 npuBenena 01nok-cxeMa MUKPOKOHTPOJLIEPA.

/S
MacouHoe 3chnay OSVV ) I .
n3y 16 KEaiit 6 Kbawnt MoaynapHblit conpoueccop
LA 256 KBaiit (XRAM)
Mogaynb uHTepdeiica 1501443
TMn A, Tun B
2 -
B 56 6aiiT O3y @ @ @
Mogaynb ynpasneHua namatbio (MMU)
9 WHTepdeiic <::> UART ISO
101 [ BBOAA/BbIBOAA 7816 ﬁ
dunbTp c " N uny 8051
Y xema 03Y 512 6aiit (IRAM)
CLK [} BX0AHOM <::> cuHXpoHmusaumm [\ V K Akcenepatop
4acToTbl wnposaHua
FOCT 28147-89/TDES
RST [] CeHCcopbl CUCTEMbI 3aLLUTbI E @ @ @ @
1 cxema GpopmuposaHms cbpoca
Brok CRC l'eHepaTo
Talimep Talimep 1SO/IEC o q:ﬁnbs(
VDD 0 1 13239/ i
Perynatop HanpaxeHua nuTaHua CRC-32
VSS

Puc. 1 biaok-cxema MUKpOKOHTpOJLIIEpA.

2.1. 10my

[Tporieccop coBMECTUM MO CHUCTEME KOMaHJA C MHKpokoHTposiepom 8051 u umeer Habop
JIOTIOTHUTEIBHBIX KOMAH/| YIIPaBJICHUS PaCIIMPEHHON NaMSThIO.

Hcnone3ys BcTpoeHHBIN reHeparop ¢ PAIIY, BHyTpeHHMIl TakTOBBI CHHXPOCHTHAI
nporpammupyercs g0 30 MI, HE3aBUCHMO OT BHEIIHETO0 TAaKTHUPYIOMIETO CHUTHAJA.
MUKpOKOHTpOJUIEp HMEET ONTHMHU3UPOBAHHYIO APXUTEKTYPY C IIEPEMEHHBIM BpEMEHEM
BBITIOJTHEHMSI KOMaH/I ¥ BRITIOJTHICT MHCTPYKITHU 70 3 pa3 ObicTpee cTtanmapTHoro 8051 mpu Toi
e TakToBoW yactoTe. [Ipomeccop moxer agpecoBarbess K 8 MOalT mamsTH mporpamm u 8
MO6aiiT namMsTH JaHHBIX.

2.2. llamoATh.
Muxkpocxema umeer 256 Koaiit nmons3oBatensckoro I13Y, 6 K6aiita ocnoBonoro O3V,
128 GaiiT obacT perucTpoB creruanbHbiXx Gyakuii (SFR) u 16 K6aiita DCIII3Y.

Mukpocxema uMeeT MaMsATh 00JacTH 3alUThl pa3MepoM 128 Gaift, koTopas BKIIIOYAET B
ceost:
- 64 OaiiT — anmapaTHO 3aIIUIIEHHAs OT MOIU(UKAIIMU 00JIACTh MAMATH
- 64 GaiiT — anmaparHO 3allMIIEHHAas OT CTUPaHUS O0NAaCTh MaMATH JJIs anmapaTHOM
OJIOKHPOBKH  BO3MOXXHOCTH  TIE€perporpaMMupoBaHusi  obmacteii mamsatu  EEPROM,
OpraHM3alM¥ CUETYMKOB JIOCTYIIa M MeEXaHW3Ma 3allUuThl Ha CTaAusIX IPOU3BOJACTBA U
TPAHCHOPTUPOBKH.
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2.3. MoayJib ynpaBJieHusl NaMsIThI0
Monyinb yrpaBieHHs MaMsIThIO 00ECTICUNBaET KOHTPOJIb BBIXO/IA apecOB 3a TPaHUIIbI
naMsaT 1 oToOpaxkeHue namsatu nporpamm Ha ICIIII3Y u O3Y.

2.4. MoayJsib npepbIBaHUii

Monyns  npepbiBaHuil  noanepkuaeT 10 MCTOYHMKOB  NpepbIBaHUM, BKIIIOYas
Hemackupyemoe mnpepbiBanue NMI, kortopoe BbI3bIBacTCA IpU CpabaThIBAHUM MEXaHU3MOB
3aIUTBHIL.

Bce wucrounuku mnpepsiBaHuii kpome mpepsiBaHus NMI moryr ObITh mporpaMMHo
oTkimtoueHbl.  IlpepbiBaHus ~ OOCIY)KHMBAaIOTCSI ~ IPOLECCOPOM B COOTBETCTBUU  C
3alpOrpaMMHUPOBAHHBIM IIPUOPUTETOM.

2.5. Taiimepsl

JIBa MHTErpUpPOBaHHBIX 16-pa3psAHBIX TaliMepa UMEIOT CTPYKTYPY M PEXKUMBI pabOThI B
COOTBETCTBUHU C apXUTEKTypoil MukpokoHTpoiuiepa 8051. Kaxnaeii Taiimep MoxkeT OBITH
3alporpaMMHUpOBaH Ha pPabOTy OT BCTPOEHHOTO TeHepaTopa TaKTOBOM YacCTOThl WJIM OT
BHEIIHETO TAaKTOBOTO CHUTHanma. TaiimMepbl paOOTalOT HE3aBUCHUMO OT  COCTOSIHUS
MHUKPOKOHTpOJIJIEpa (AKTUBHOE COCTOSIHUE WJIM CISIIIUN pexuM). Brixoa M3 crsmiero pexuma
MUKPOKOHTPOJIIEpa BO3MOKEH IO MPEPHIBAaHUIO OT TaiimMepa.

2.6 becKOHTaKTHBIN (Paan0YacTOTHbINH) HHTEpdeiic

BeckoHTakTHBII UHTEpdeiic (MUTaHHe OT PaJnOYaCTOTHl M PaJIU0YaCTOTHBIH HHTEepdeiic
CBSI3M)  TO3BOJIACT  OCYIICCTBUTh  OCCKOHTAaKTHBI ~ OOMEH  MHpOpPMAIMA  MEXKIY
MHUKPOKOHTPOJUIEPOM M CuuThIBaTeNneM MHQpopmauuu. [Iuraroniee HanpsokeHne u nHGopManus
IPUHUMAETCS AHTEHHOM, KOTOpasi COCTOMT W3 KATyIIKH HHAYKTUBHOCTH, HEMOCPEICTBEHHO
HOJKIIOUEHHON K KOHTposiepy. beckoHTakTHBIN HHTEpdelic obecrieunBaeT:

* HWurepdeiic B coorBercTBuM ¢ [SO 14443 i A/B.

* Hecymas yactora 13,56 MI'u + 7 KI'g

» 256-6aiiTHbIi Oydhep oOMeHa TaHHBIMU

* Ckopocts niepenauu 10 424 k6ut/cex B pexxume B

* OO6ecneunBaeTcs mapajieiabHas padora 6eckoHTakTHOTO HHTepdeiica u LIITY.

2.7. UuTepeiic BBOAa-BHIBOA.

Wutepdeiic BBoa-BbIBOIa obecrieunBaeT nepenauy gaHHbIX Mexay CBUC u unTepdeiicHbIM
ycTpoiicTBOM (ycTpoicTBOM uTeHHs KapT). KoHTakTHBIN nHTEpdeiic obecrneunBaer:

* KoH(urypamus KOHTaKTOB U MOCIeI0BaTeNIbHBINA HHTEpdeiic B coorBeTcTBHH ¢ ISO 7816

* VYHUBepCalbHBII AaCHHXPOHHBI TpPUEMONEpPEAaTYNK OOECIeUYnBAET MOCIeI0BATEIbHBIN
untepdeiic ISO 7816 ¢ monaepxkkoii mporokosnoB T=0 u T=1.

* Jluanas3oH HaNpsHKECHUM TATAHUA:

* 5B+10% (Knacc A)

* 3B+ 10% (Kinacc B)
* BHemHUN TaKTOBBIN CUTHAT CUHXpOHU3auu: oT 1 1o 10 MI'm.
* Buyrpennuii TakroBslii curnan LITY no 30 MI'n.
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* Tox nmorpebnenus < 15 MA mipu 5.5B u TakroBoii gacrore LIITY He Gonee 24 MI'1.
* 3ammTa OT JIEKTPOCTATUYECKOTO MOTEHIIHAIa HE MeHee 4kB.

WuTtepdeiic BBoga-BbIBOIA OMpeAEIsieT cocTosiHue copoca B cootBeTcTBUU ¢ ISO. Jloruka
IPUEMHHMKA CUHXPOHU3UPYETCs BHEIIHEH 4acTOTOH, a JIOTMKa MepelaTunKa CUHXPOHU3UPYETCs
CHUCTEMHOM 4acTOTOM.

[TopTs! BBO/IA BBIBOAA UMEIOT BcTpoeHHBIe Pull-up pesuctopsl. [IpuHIMaeMblii ¢ BHEITHUX
BBIBOJIOB CHTHAJI (PMIIBTPYETCS OT UMITYJIbCHBIX TIOMEX M BHIOPOCOB HAIPSKEHHS.

Yrenune mnopTroB uHTepdeiica ompenensercss HHCTPYKUMSAMU  MHUKPOKOHTpOJUIEpa.
WMHCTPYKIIMM MHUKPOKOHTpOJUIEpa MO3BOJSIOT MPOU3BOAUTH YTEHHWE HEMOCPEICTBEHHO C
BHEIIIHET0 BbIBOJIA MJIU U3 PETUCTPOB MOPTA.

[Tpu xaxaoM M3MEHEHHWH COCTOSHHS Bxona mHTepdeiica ¢ "1" na "0" ycranaBimBaercs
COOTBETCTBYIOLIMH (prar u popmMupyeTcs 3arpoc Ha MIpepbIBaHUE, €CIIU OHO PA3PEIICHO.

WuTtepdeiic BBoa-BbIBOAA MO3BOJSET aNllapaTHO OPraHW30BaTh BBIAAYY MHPOPMALIUU HA
HOPT 110 CUTHATY MEPENoIHEHUs Taiimepa.

2.8. YHUBepcaIbHbBIH acuHXpoHHbIi npuemonepenaruuk (UART).

UART o0ecnieunBaet nocienoBaTenbHy0 nepeaady JaHHBIX MEX1y MUKPOKOHTPOJIEPOM
Y BHEIIHUM YCTpOKCTBOM. [IpueMonepenarunk noaaepKuBaeT NoJay 1yIUIEKCHBIN U AYIIJIEKCHBIN
pexuM mnepenayd. llomHonmymiekcHas mepenaya OCYIIECTBISIETCS C HCIOJB30BaHHUEM JBYX
JWHAKA BBOJA-BBIBOJA. [IpMEMHHMK TIO3BOJIIET OCYIIECTBISTH KOHTPOJIb TMApUTETa, HAIWYHE
KOJUTM3UH, IIENOCTHOCTH (peiima u nepenonHenue FIFO.

[MIpuemuuk wumeer FIFO  npusHATBIX naHHBIX Ha dYeTwlpe Oaita. Pasmep Oydepa
nepefaTyuka CocTaBiseT oAuH Oaifir. CKOpoCTh Mepenadyd MOXKET MEHSTbCS B IIMPOKHX
npejenax MocpeCTBOM MPOrpaMMUPOBAHMS OJUHHAALATH OUT MpEeABAPUTEIBHOIO JIEIUTENS C
ko duuuentom naenenus ot 16 1o 2047. MakcumanbHasi CKOPOCTh Mepesiaun cocTaBisieT 625
k0o mpu BXOAHOM yacToTe cunxponusaiuu 10 MI'.

UART oOecneunBaeT 3ampoc Ha MOBTOPEHHE MOCJIEIHEro MepeJaHHOr0 CHMBOJIA NPHU
oOHapyKEHHH OIUOKH IMPHEeMa B COOTBETCTBHH € MPOTOKOJIOM repeaaun ISO7816-3 (T=0).

UART 1no3BossieT mporpaMMHpoBaTh CKOPOCTh OOMEHa, MPOBEPKY MapUTeTa, KOJIHMYECTBO
CTOMOBBIX OWT, TIOPSIIOK Tepeiayn OUT JaHHBIX, MTOJIIPHOCTH TAHHBIX U YCIOBUS ()OPMHUPOBAHUS
pepbIBaHUSL.

[lepenatomuit u npunuMatonuii peructpsl UART TakTUpyrOTCS BHEIIHEH TaKTOBOM 4acTOTOM,
ynpasisomas jgoruka UART TakTupyercss CUCTEMHOW TaKTOBOW 4acTOTOH, I'eHepHpyeMoin
CXEMOU CHHXPOHHU3ALIHH.

2.7. Baok noacuera CRC
Jns  yckopeHuss TpPOBEPKH LEIOCTHOCTH NPUHHMAeMbIX U TepefaBaeMbIX JIaHHBIX
MHUKPOKOHTPOJIIEP UMEET OJIOK Mo/icYeTa KOHTPOJIbHOM CyMMBI coriacHo crtannapty 1SO3309.

2.8. I'eHepaTop ciy4yaiiHbIX YHCeJI.
AnmnapaTHbIN TeHepaTop CllydallHbIX YUCell MpeAHa3HaueH Ui GOPpMUPOBaHUS CIydaiHON
MOCJIEI0BATEIbHOCTH OaMT.

2.9. CxeMa CMHXPOHHU3AINH
['eneparop cxeMbl CHHXPOHHU3AIMH BBITIOJTHEH Ha 0aze cucTteMbl ()a30BOM aBTOMOICTPOUKH
gactoTel (DAITY) u obecneunBaeT paboTy sapa KOHTpOJUIEpa U MepuepUuiHbIX YCTPOICTB ¢
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3arporpaMMHpPOBAHHON TakToOBOM uyactoTod n0 30 MI'm. I'enepatop Moxer paboTarh Kak B
CUHXPOHHOM PEXHUME C CHHXPOHHU3aLMeN 110 BXOJHOW 4acTOTE, TaK U aCHHXPOHHO.
MUKPOKOHTPOJUIEP HMEET PEKHUM MOHMKEHHOTO MOTPEeOJCHUs, B KOTOPOM OTKJIFOYACTCS
CHCTEMHasi TaKTOBAsl 4YacTOTa JUIsl MPOLECCOpa U 4acTH NnepudepuiiHeix cxem. B aToM pexume
TaliMepbl MOT'YT CUHXPOHU3UPOBATHCS CUCTEMHOM TaKTOBOM 4aCTOTOM WM BHEIIHEH TaKTOBOU
yacToToi. BBIXOA W3 chdmero pexuma MPOU3BOJUTCA MO CIEIYIOLUM COOBITHUSAM —
o01IecuCTeMHBIN cOpoc, MpepbIBaHKE OT TaliMepa WK OT UHTepdeiica BBO1a/BBIBOA.

2.10. Akceaeparop mmdpposanus no 'OCT 28147-89 u DES
Akceneparop npenHa3HaueH Ajs mu@poBaHusi 64-6UTHOroO 6J10Ka JAHHBIX B COOTBETCTBUU
c anmroputmamu ['OCT 28147-89, DES u 3DES.
[Ipn mmudppoBanuu mno anroputmy ['OCT 28147-89 mno3BonsieT 3arpyxkath TaOIHILy
NIEPECTAaHOBOK. Y CKOPUTEIb MOXET paboTath B pexume 16 payHnoB (Wi BeIMHCICHUS
MMUTOBCTABKH) WU 32 payHJIOB.

2.11. MonyasipHblii conpoieccop

Moy sipHBINA COIPOIECCOp 0OECIIEYMBACT BBITOJHEHHE apU(PMETHUECKUX ONEpamui 1mo
MOJIYJIFO HaJ orniepanaamu pazmepom 110 4096 out. [IpeanasHadeH uisi peaau3aiiy CIeTIyOIIX
KPUNTOrpagUUECKUX aITOPUTMOB:

* Beoruucnenue u nposepka D111
* ludposanue / pacummdppoBaHre JaHHBIX MO anroputMmy RSA.

2.12. 3ammTa nndopmanun
MukpokoHTposuiep oOecreynBaeT CIeAYIONIHe BUBI 3alIUThl HHPOpPMAIMK OT (HU3HUECKUX U
JIOTUYECKUX aTaK:
* MOHHMTOPHUHT BHENTHEW TAKTOBOM YaCTOTHI M MUTAOIIETO HAMPSIHKEHUS.
* KoHTposb 10CcTyma K MaMsaTH TPU IIOMOIIH OJI0KA yIPaBJICHUS U 3aIUThI TAMSTH.
* Merammzaius o0JacTel MAaHHBIX KpHCTaUla M CHElHalbHble CUTHAJIbHBIC CIOM IS
ONpeIeTICHUs MONBITKU 30HANPOBAHUS BHYTPEHHUX KOMIIOHEHTOB U CUTHAJIBHBIX JIMHUM.
* Moayns MacKMpOBaHHS TOKa MOTPEOJIEHHST Ha OCHOBE T€HepaTropa CIy4YalHBIX 4YuCeN s
nporuBojeiicTBus aHanu3y (SPA/DPA-arakn).
* Jlatuuk cBeta

2.13. MoayJib MACKHPOBAHUS TOKA MOTPedIeHusI

Monaynp MackupyeT TOK MOTpeOsieHuss paboToil  JIOKHOrO TOKOBOIO  KITHOYA,
YIIPABJISIEMOT0 OT T'€HEpaTopa MCEBAOCIYyYalHBIX YHCEll. ['eHepaTop NCEeBAOCITYYaHBIX YHCEI
OCHOBaH Ha CJBHMIOBOM PErHCTpe C JIMHEHHOW OOpaTHOW CBsA3bI0O C OOJBIIMM MEPUOJIOM
noBTopeHus. MHMImanu3amus reHeparopa IMCEeBAOCIYYaliHbIX YHCEN BO3MOXKHA OT reHepaTopa
CIIy4aiflHOTO YHcIIa.
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3. [MocTraBka

MI/IKpOCXCMa IIOCTaBJIACTCA B BUJC ‘{I/IH-MOILYHeﬁ Ha JICHTC.
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Pucynok 2. JlunieBas cTopoHa 4YuI-mMoayist
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Pucynok 4. PacnionoxeHue 4yuI-Mo/1ysieil Ha JeHTE.



