NMPOrPAMMA

LmKna nabopaTopHbIX paboT MO KOMMNbIOTEPHOMY MOAENMPOBAHMIO B (DU3NKe

OU3UKA KOJIEBAHUU

AHHOTALUNA

[penonaBanue ¢u3uku Konebanuii (kak OAHOTO U3 pa3/ieNioB Kypca oOreill Gpu3nku) MOXKHO B
3HAYUTEIHHOI Mepe MepeBecTH Ha NCIOIh30BaHNE HOBBIX MH(POPMAIIMOHHBIX TeXHONOTHH. LlenTpansHoe
MECTO B MIPEIaraéMoM IOAX0/Ie 3aHIMAIOT JabopaTopHbIE pabOTHI C UCIIOIB30BAaHIEM CIIEIHAIBHO Pa3-
paboTaHHBIX AJISl ATOH eI MOJASIHUPYIOIMX KOMIBIOTEPHBIX IporpamMm. [Ipociyiiias JeKIKU Mo CooT-
BETCTBYIOIIEMY Pa3Jelly, CTyI€HTHl MOTYT IPHUCTYIIATh K BBIITOJHEHHIO TabopaTOpHBIX padoT. [omomHu-
TENBHBIA TEOPETUUECKUI MaTepran K KaXIoi J1abopaTopHOH paboTe CTyAEHTHI MONYydJaloT MPH MpeaBa-
PUTETHHON CaMOCTOSTENFHON MOATOTOBKE K 3aHATHSAM, M3ydas BXOJAIIEE B COCTaB KOMIUIEKCA CIICLH-
anpHOE yueOHoe mocobue «Pusnka koiedanuit». [locodue comepkuT Taxke MaTepuall, Ha OCHOBE KOTO-
poro mpenojaBareiab MOXKET (pOpMHUPOBATH KOHKPETHBIE HHANUBUIyaIbHBIE 3a1aHus (Y4eOHOTO U Hccle-
JIOBAaTENbCKOTO XapaKTepa) sl CTyCHTOB.

Monenupyiomue KOMIOBIOTEpHBIE TMPOrPaMMBI MIPEACTABISAIOT COOOW HE MPOCTO 3IEKTPOHHOE
JIOTIOJTHEHHE K TPAIUIIOHHOMY y4eOHHUKY, a MO CYIIECTBY CBOETO POJa HACTOIBHYIO TAOOPAaTOPHIO IS
MHIUBHIYaJIbHON WHTEPAKTUBHOW pabOThl yYalIerocsi ¢ MaTeMaTH4ecKOW MOJIENbI0 H3ydyaeMoro (u3u-
YECKOT0 ABJICHHUA. B 3TOM acmeKkTe MOAEIHPYIONINe MPOrpaMMBbl TPUHIIUIIHAIBHO OTINYAIOTCSA OT TPaIu-
IIUOHHBIX KOMITBIOTEPHBIX 00YyYarome-KOHTPONHPYIOINX MPOrpaMmM, TaK Kak UMEHHO MIPH MOAEIHPOBa-
HUHM (U3UYECKUX SBICHUI MO-HACTOSIIEMY HCIOIB3YIOTCS MPENOCTaBIsIeMble KOMITBIOTEPOM YHUKAJb-
HBIE BO3MOXXHOCTH. PaboTa ¢ MomenupyonmMy IporpaMMaMi BO MHOTOM CXOZHA C HEOONBIINM Hayd-
HBIM HCCJIEIOBAHHEM, B KOTOPOM CTYACHT HI'PAET aKTUBHYIO POJIb.

B y4eOHOM 1MOCOOMH HPUBOISTCS KPATKUE TEOPETUUECKHE CBEACHHs M0 M3ydaeMbIM (U3Mue-
CKUM SBJICHHSAM, ICTAJbHO OIMCHIBACTCS MPHHATAsS MaTeMaTHYeCKas MOJETb SBICHUS U yCIOBHA €€
MPUMEHIMOCTH K pealbHBIM CHCcTeMaM, (pOpPMYyIHPYIOTCS 3aJadyd U MPEIBAPUTEIFHOTO PEIICHUS H
KOHKPETHBIE 33[JaHusl ISl SKCIIEPUMEHTAJIbHOW pabOThl HAa KOMITBIOTEpE.

B KOMIIBIOTEpHBIX TpOrpaMMax MOJIENHPYIOTCS pa3HbIe CHOCOOBI BO30YXKIEHHS KoJeOaHWH
(cobcTBeHHBIE, BRIHYXK/ICHHBIE U MapaMeTpUiecKue KoieOaHus) B CPABHUTENBHO MPOCTHIX JTUHEHHBIX H
HEJIMHEWHBIX MEXaHWYECKHX CHCTEMaxX M WX 3JIEKTPOMATrHUTHBIX aHaiorax. /s MomennpoBaHUS BbI-
OpaHBI IO BO3MOXKHOCTH XOPOIIIO 3HAKOMBIE MEXaHWYECKHE CHCTEMBI, TOCTYIHBIE HETTOCPEACTBEHHOMY
3pUTENBHOMY BOCHPUSTHIO. VICIONIb30BaHME TAKMX HATJISIHBIX IIPUMEPOB 00JIeryaeT MoHUMaHue 00X
3aKOHOMEPHOCTEH K0JIeOaTeNbHBIX IPOIIECCOB.

Bce Monenupyromme mporpaMMbl ITO3BOJIIOT OJHOBPEMEHHO C OTOOpaKeHHUEM JBIDKEHUS (H-
3HYECKOW CHCTEMBI CTPOUTH I'paMKH BPEMEHHOW 3aBUCHMOCTH OIMCHIBAIOIIMX CHUCTEMY IE€PEMEHHBIX
(yrma OTKJIOHEHHS W YIJIIOBOW CKOPOCTH), MONydaTh (ha30BYIO TPAeKTOpHIo M cedeHus llyankape, oro-
OpakaTh dHEpreTHYeCKHe MpeBpameHus npu Konedanusax. I paduueckuii criocod oToOpakeHUs pe3yib-
TaTOB MOJIEJIUPOBAHUsI 00JIerdaer ycBoeHue 0O0JIbIIMX 00bEMOB MOJTy4aeMoil nH(popManmu.

Crpykrypa yue6HOTO mocobust «Pu3uka konebaHni» U KOMIIBIOTEPHBIX NMPOrpaMM KOMIUIEKCa
JIOITyCKAeT pasHylo MIyOWHY W3ydeHHs MaTepraia — OT O3HAKOMHUTEIBHOTO C AUHAMIYECKUMH HILTIOCT-
panusaMHy BIUIOTH 10 YIIIyOJIEHHOTO M3yYeHHS C CaMOCTOSITEIBHBIM BBIIOJTHEHHEM TEOPETUYECKHUX 3aja-
HUHM ¥ TOCTaHOBKOHM BBIYMCIUTEIHFHOTO SKCIIEPUMEHTA Ha KOMITBIOTEpE. DTUM 00ECIeUnBACTCS BO3MOXK-
HOCTB aJaNTalliy KA K YCIOBHSIM Pa3HBIX BY30B B 3aBHCHMOCTH OT MOJTOTOBJICHHOCTH CTYIICHTOB H
MMEIOIIIETOCs B PaCIOPsHKEHUN YIeOHOTO BpEeMEHH.
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COLEP>XAHUE LINKIIA JIABOPATOPHbIX PABOT

BBegenne. lIpegmer reopumn Kos1eb6aHmnA.

Knaccudukanus xonedanuii mo pa3HeIM NpU3HAKaAM: KHHEMAaTUYECKH — I10 Xapak-
TEpy 3aBUCUMOCTH OT BPEMEHHU XapaKTePU3YIOUINX (PU3NYECKYI0 CHUCTEMY MHEepeMEeH-
HBIX; JUHAMHYECKA — M0 XapakTepy (U3NYECKUX MPOIECCOB U DHEPTETUUYECKUX Tpe-
BpaIlleHUH; KiIacCU(UKAIHS TI0 CIIO)KHOCTH KOJICOATSIILHBIX CHCTEM (B 3aBUCUMOCTH OT
YyucIa CTEeMeHeW cBo0OobI); Kiaccu(HKaIUs MO Croco0y BO30YXACHUS — COOCTBEH-
HBIC, BEIHYKICHHBIE, TapaMeTpUUYecKue KOoIeOaH sl U aBTOKOJIeOaHMsI.

Tema 1. Cob6cTBeHHbIe KOIeOaHMsI B JIMHEHHbBIX CUCTEMAX.

VYcroitunBoe MoJioKeHHEe paBHOBECHS. MoIen JTUHEHHBIX KOJIeOaTeIbHBIX CUCTEM
— MEXaHMYECKUH NPYKUHHBIM OCLUMIUIATOP U 3JIEKTPOMArHUTHBIA KOHTYp. Judde-
peHIMaNbHOE ypaBHEHHE JUHEWHOro ocimuiitopa. [lapamerpsl ociuisaropa (codct-
BEHHAs 4acTOTa, KOAPPHUIMEHT 3aTyXaHus1, J0OpoTHOCTE). O0IIee penieHne ypaBHeHHS
CBOOOJHBIX KoJeOaHUH. 3aKOHOMEPHOCTh YOBIBaHUS aMIUTUTYZAbl. BpeMms 3aryxaHus.
Jlo6poTHOCTE. AMIUIMTY1a M HadajibHas (a3za M UX OINpeJleIeHUue U3 HayalbHbIX YCIIO-
Buil. Kputnueckoe 3aTyxanue. Anepruoanueckuil (HekosebarenbHblii) pexxum. dazoBoe
IPOCTPAHCTBO JIMHEHHOro ociuuistopa. da3oBble TpaeKTOpUM KOHCEPBATUBHOM M
JIVCCUIIATUBHOM CHCTEM. OHEpreTHdYeckue INpEeBpalleHuss NPH COOCTBEHHBIX KoJle-
6anusx. [lorennmanbHas siMa v (pa30Bble TPACKTOPHH.

o Jlabopamopnas paboma 1. COOCTBEHHbBIE KOJEOAHUS JIMHEWHOTO MPYKHHHOTO OC-
uUIsITOpa (KoJIeOaHus B OTCYTCTBUE TPEHHMS, 3aTyXaHUE MTPH BI3KOM TPEHHH, arie-
PUOAMYECKUIN PEKUM).

Tema 2. CobcTBeHHbIe Kos1ebaHmns B ANCCUNATHBHbBIX CUCTEMAX C
HEJIMHEHHbIM TPDEHNEM.

MexaHnnueckasi MOJeNIb — MPY>KUHHBIN OCHUIUIATOP C CyXUM (KYJIOHOBCKHUM) Tpe-
HueM. MneanusupoBaHHas Z-XapakTepUCTHKa CyXoro TpeHus. 3oHa 3actosd. KycouHo-
nuHelHOoe MTuddepeHIaIbHOe YpaBHEHHE U METO/I MIO3TATHOTO CIIMBaHus (“‘pumnaco-
BbIBaHUS ) perieHui. OCOOCHHOCTH 3aTyXaHUs KOJICOAHWW MpU CyXoM TpeHuu. Pazo-
BbIE€ TPAaGKTOPUM OCLUIUIATOPA C CyXHUM TPEHHEM. DHEPreTUYECKHE IPEBpAILICHUS U
nuccunanys sHeprur. OTHOCUTENbHAs POJb BSI3KOTO TpeHHs. 3aTyXaHue KoJjeOaHMit
IPU OJTHOBPEMEHHOM JEHCTBUU CYyXOT'O U BSI3KOT'O TPEHUSI.

o JlabopamopHas paboma 2. Ilpy>XMHHBII OCHUJUIATOP C CYXUM M BS3KUM TPEHHUEM
(3aTyxaHue KoieOaHUl NP CyXOM TPEHUU U MPU OJHOBPEMEHHOM JIEHCTBUU CyXO-
T'O U BSI3KOTO TPEHUSA).
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Tema 3. Cob6cTBEeHHbIE KO/1I€baHNsI B CMCTEMaxX C HEJTMHEHHOH
BOCCTaHaBJ/INBarOLEH CHITIOHN.

dusnueckuil 1 MaTeMaTU4ecKuil MasTHUKH. JuddepenmanbHoe ypaBHEeHHE MasT-
HUKa. [{[UKIMYHOCTB yIJIOBOM mepeMeHHOU. Pa30Boe MPOCTPAHCTBO KECTKOIO MasiTHU-
Ka, €ro TOTIOJIOTHUS U JIeJIeHHue Ha 00J1aCTH, COOTBETCTBYIOIIHE JABIKECHUSIM PA3IHIHOTO
xapakrepa. Cenaparpuca. Ocobpie Touku (azoBoro mpocrpanctsa. Konebanus ¢ ma-
JBIMU U OOJIBIIMMH aMIUIMTYAaMU. 3aBUCUMOCTb NE€pHO/a KoJIeOaHUH OT aMIUTUTYIbI.
JIumuTanuoHHOE ABMXKEHUE 110 cenaparpuce. IlepeBopoTsl u Bpamenus mastHuka. da-
30BBI MOPTPET KOHCEPBATHBHOTO MAasTHUKA. BiHsHWE BA3KOTO TpEeHUS Ha (a30BbIe
TPAEKTOPHH.

o JlabopamopHas paboma 3. COOCTBEHHBIE KOJICOAHHUS M TEPEBOPOTHl MAsSTHUKA B
moJie TsDKEeCTH (Malible KoJieOaHUs; KOJCOAHUs TP MPOU3BOJILHBIX OTKJIOHCHHSIX U
NIEPEBOPOTHI; 3aBUCUMOCTH MEproia KojeOaHWid OT aMIUTUTY bl M OT SHEpruu; (da-
30BBIN MOPTPET KOHCEPBATUBHOW M JIMCCHIIATUBHOW CHUCTEM; CIIEKTP KOJICOaHHU C
OOJBIIMMH aMIUTUTYIAMH ).

Tema 4. BoiHy)xgeHHbIe KOJ1e6aHNs JIMHEHHOIo OCYUN/IIATOPA IpH
CHHYyCOMAa/IbHOM BHELIHEM BO34EHCTBHM.

CunoBoe U KHHEMaTU4YeCKoe BO30YKECHUE BBIHYKICHHBIX KoJeOaHuid. MexaHuue-
CKasg W JJCKTPOMAarHWTHAas MOJIENH BBIHYXKICHHBIX KojebOanuii. [IuddepeHnumansHoe
ypaBHEHHE BBIHYXJIECHHBIX KoJleOaHui ocumiuiaTopa. YacTHoe pelieHne He0AHOPOIHO-
IO ypaBHEHHS U yCTAaHOBUBIIHUECS BBIHYXKICHHbIE KoieOaHus. Pe3oHaHCHBIE KpHUBbBIE
(aMmIuUTYIHO-4acTOTHAs U (ha30-4acTOTHAs XapaKTePUCTHKH). Pe30HaHC CKOpPOCTH.
Bnusinue tpenus Ha GopMy pe30HAHCHBIX KPUBBIX. DHEPTeTUYECKUE TPEBPAIICHUS IPU
yCTaHOBHBIIUXCS KojieOaHUsX. OCOOCHHOCTH YHEPreTHYEeCKUX NMPEBPAICHUNA MPH KH-
HEeMaTH4ecKoM B030yxJaeHuu. OOliee pelieHue HEOTHOPOJHOTO ypaBHEHHUS M Iepe-
XOJIHBIE MPOIIECCHI. Y CIIOBUE OTCYTCTBUS MEPEXOAHOTO Mpoliecca. Pe3oHaHC B OTCYTCT-
Bue TpeHus. IlepexomHbie Mporecchl B YCIOBUSX PE30HAHCAa W BAAJIM OT PE30HAHCA.
buenus. PaznoxxeHne mepexoqHOro Mporecca Ha yCTaHOBHUBIIUECS BBIHYKICHHBIE KO-
nebaHusl ¥ KojiebaHusl Ha COOCTBEHHOHM udacTtoTe. Da3oBble TPACKTOPHH IMEPEXOTHBIX
nporeccoB u ceuenus [lyankape.

e JlabopamopHnas paboma 4. BpIHyXJ€HHbIE KOJEOAHUS JUHEHHOIO OCLMIUIITOpA
IIpU CUHYCOMJAILHOM BHEIIHEM BO3ACWCTBUU (YCTaHOBHUBIIMECA KOJIeOaHUs; pe3o-
HAHC; MEePEeXO/HbIe MPOLECChl U BbIAETICHHE KoieOaHUul Ha COOCTBEHHOHN 4acTOTE;
HHEPreTUUECKUE MPEBPALICHUS IPU KHHEMAaTHYEeCKOM BO30YKICHUU KOJeOaHuil).
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Tema 5. BoiHy)xgeHHbIe KOJ1€6aHNSI IMHEHHOIO OCYN/IIATOPA MpPH
HEeCHHYCOHNAAa/IbHOM BHELUHEM BO34EHCTBHH.

MexaHuueckass MOJENIb TOPCUOHHOTO NPYXHUHHOIO OCLIIIIATOPA C MPSIMOYTOJIbHON
BPEMEHHOMN 3aBUCHUMOCTBIO BHEIITHETO MOMEHTA U €€ AJIEKTPOMarHuTHBIA aHajior — Ko-
ne0aTenbHbI KOHTYP C MPSIMOYTOJIbHBIMHU UMITYJIbCAMU BXOJHOIO HanpsbkeHus. Jud-
(depeHIMaTbHOE YpaBHEHHE OCLMILUIATOPA. ['apMOHMKU BHELIHEH CUIIBI U FapMOHUKHU
oTKIMKa ocumsTopa. [IpeodpasoBanue GpopmMbl BXOJHBIX UMIYJIHCOB OCHMIUISTOPOM
KaK pe3yJIbTaT CEJIEKTUBHON peakluy OCIMIIATOpPAa Ha OT/EIbHbIE TAPMOHUKU BXO/IHO-
ro Bo3JeiicTBusA. BoiHyX/1eHHBIE Koje0aHMs Kak COOCTBEHHbIE KOoje0aHHs OKOJIO yepe-
JYIOLMXCSl CMEIEHHBIX MOJI0KEHUH paBHOBECHs. Y CTaHOBUBIIKECS KOJICOAHUS U Tie-
pexoansle npornecchl. Pezonancel. CnekTpanabHas U BpeMEHHasi KapTUHbBI PE30HAHCHOMN
packauku ocuuisaTopa. OCHWIISIAA TPU OOJBIINX M MANbIX MEPHOAaX BHEIIHETrOo
BO3/IEUCTBHs. DHEpreTHYecKre NPEeBPALCHUs B YCTAHOBUBIINXCS KOJIEOAHUAX U Tepe-
XOJHBIX MPOIECCaAX.

o JlabopamopHnas paboma 5. BBIHYXJICHHbIC KOJICOAHUS TPH HECHHYCOHJIATHHOM
BHEIIHEM BO3/CUCTBUU (CTyNEHYATasi KyCOYHO-IIOCTOSIHHAS BHELIHSS CUIIa; Mpeo0-
pa3oBaHUE OCHUIUIATOPOM CIIEKTPa BXOJHBIX MPSMOYTOJIbHBIX UMIYJIECOB B CIIEKTP
YCTAaHOBUBIIUXCS KOJICOAHUI Ha BBIXOJIE, PE30HAHCHI, TIEPEXOIHBIC MPOILECCHl MPH
Pa3HBIX COOTHOIIEHHUAX MEXK]y MEePUOJaMH COOCTBEHHBIX KOJICOAHUN M BHEIIHETO
BO3JICHCTBHSI).

Tema 6. lMapamerTpnyeckoe Bo36yageHne KONebaHni JIMHEHHOIo
ocynIITopa.

Mexanuueckas MOZENb TUHEHHON CUCTEMBI C TapaMeTPHUECKUM BO30YKIeHUEM —
TOPCUOHHBIN MPYKUHHBIM OCHUIUIATOP C MOAYJIUPYEMBIM MOMEHTOM MHEPLIMH POTOPA,
U €ro 3JEKTPOMarHUTHBIN aHaJIOT — KO0JIe0aTEeNbHbIM KOHTYP C MOLYyJIUPYEMON MHIYK-
TUBHOCTHbIO KaTymiku. [lapamerpuueckoe Bo30yXkJe€HUE MPU MPSMOYTOJIbHOM 3aKOHE
Monysuuyd. dusnueckue NpUYMHBI 1aApaMETPUYECKOTO PE30HAHCA. YCIOBUSA M OCO-
OCHHOCTH TMapaMeTpuyeckoro Bo30yxaeHus kosebanuil. [lopor mapamerpuyeckoro
B30y kneHus. [luddepeHnuansaoe ypaBHECHHE KOIeOaHUH OCIUILIATOPA C MOIYJISIIH-
el mapamerpa Mo KyCOYHO-IIOCTOSHHOMY 3akoHY. O1ieHka nopora Bo30y>KJIeHUsI Ha OcC-
HOBE DPHEPreTUYECKUX CcooOpakeHuil. HeorpaHMYEHHBIM POCT aMIUIUTYAbI TIPU peE30-
HAHCE U peXHUM IapaMeTpuuecKkol pereHepauuu. [lapamerpuueckue pe3oHAHCHI BbIC-
HIMX MOPSIAKOB. YacTOTHBIE MHTEPBAJIbl HEYCTOMYUBOCTH PABHOBECHOIO COCTOSIHUS OT-
HOCUTEJIBHO MapaMeTpUdecKoro Bo30yxkaeHus. BnusHue TpeHUs Ha MHTEpBajbl HEyC-
TOWYMBOCTH. OCOOEHHOCTH PE30HAHCOB HEUETHBIX U YETHBIX MOPAAKOB. CHEeKTpaIbHbIHI
COCTaB CTAI[MOHAPHBIX KOJEeOaHWH Ha TPaHHIIAX WHTEPBAIOB MapaMeTPUYECKOTO BO3-
Oy >KIEeHMsI U B PEKUME TapaMeTPUUECKON pereHepaluy.

o JlabopamopHas paboma 6. IlapameTrpudeckoe Bo30YyKIeHHE KPYTHIBHBIX Kolieha-
HUI 1pY MEePHOAMYECKON MOAYJISIIIMA MOMEHTA HHEPIIMA TOPCUOHHOTO MPY>KUHHO-
ro OCHMWILIATOpA (CKAauKoOOpa3HbIe M3MEHEHUS MOMEHTa WHEPIUH; IapaMeTpude-
CKHUH pe30HAHC U CTAI[MOHAPHbIE KOJIeOAaH!s Ha TPaHUIaX MHTEpBaIa HEYyCTOHYMBO-
CTH; py4YHOE YIpaBJIeHHE U3MEHEHUSIMA MOMEHTA WHEPIIHN ).
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Tema 7. MapameTpnyeckoe BoO36yxaeHne JIMHEHMHOIro OCYM/IIATOPa
npH nN1aBHOH (CHHYCOMAAa/IbHOM) MOZYISLUNN NTapaMeTpa.

dusnueckue NPUYMHBI POCTa AMIUIMTYAbI M OLIEHKA [opora Bo30yKIE€HHs Ha OCHO-
BE PHEpPreTuuecKux coodpaxeHui. [IporpeccuBHBIi pOCT aMILTUTY bl IPU PE3OHAHCE U
CTAallMOHAPHBIN PEXHUM MapaMmeTpuyeckor pereHepaiuu. [uddepeHnnansHoe ypaBHe-
HUE€ TOPCUOHHOI'O0 OCHWIIATOPA C CHUHYCOMJAJIBHBIM paJUalbHbIM ABUKEHUEM I'PY30B
poropa u ypaBHeHHe MaTbe. YacTOTHBIE MHTEPBAJIbI MAPAMETPUUECKOTO BO30YKACHUS.
BinsiHue nuccunanyy HEPruy Ha LIMPUHY MHTEPBAJIOB MAPAaMETPUUYECKOM HEYCTONYN-
BocTU. Pe3oHaHChl BhICIINX MOpsaKoB. CIeKTpabHBIN COCTaB CTAllMOHAPHBIX Koyeba-
HUI Ha TPAHMLIAX UHTEPBAJIOB HEYCTOMYMBOCTH U B PEKUMAX PETCHEPALIUN.

o JlabopamopHas paboma 7. [lapameTpudeckuii pe3oHaHC MpH IJIaBHOW (CHHYCOH-
JAJIbHOM) MOJYJIILIMM MOMEHTa MHEPLMHM TOPCHOHHOIO MPY>KUHHOTO OCLUILIATOpA
(pexuMbl pocTa aMIUIUTYAbl M TapaMETPUYECKOW pereHepalnuu; HCCIeI0BaHuE
CIIEKTpa CTAIMOHAPHBIX KOJICOAHU).
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