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1. IEJIX OCBOEHHUS YYEFHOU JUCHUILJIMHBI

HGJ'II)IO OCBOCHU y‘le6HOI>'I JUCHUITIINHBI Inasmennvie ycmanosxku  SIBISETCS YCBOCHUC

OCHOBHBIX TOJIO)KEHUHM (PU3MKHM BBICOKMX SHEpruil, Oosiee y3k0 — (U3UKU TOKAMAKOB, B TOM
yucie: oOlMe CBOMCTBa TOKAaMakOB, pPa3HOBUIHOCTH TOKAMAaKOB, 0030p KOHCTPYKIHU
TOKaMaKOB, XapaKTEPUCTUKH, KUHETUKA U TMHAMUKA YCTAHOBOK TUIIA TOKaMaK.

3anaya U3ydeHus: AMCUUILINHBI «]I[1a3MeHHbIE YCTaHOBKMY — MOJy4Y€HHUE TPEICTABICHUS O
TUMAaX TUIA3MEHHBIX YCTaHOBOK, OCOOEHHOCTSX WX (YHKIIMOHUPOBAHHSA W OCHOBHBIX
XapaKTepUCTHKAX, IPUMEHEHNHN U MIEPCIIEKTUB HOBBIX pa3pabOTOK IIa3MEHHBIX YCTAaHOBOK.

2. MECTO YYEFHOM JUCIAILIJIMHBI B CTPYKTYPE OOII BO

Juctunnuna «Ilnma3MeHHble yCTaHOBKMY» OTHOCUTCS K YacTH «JlMCHMITUHBI IO BBIOOPY»
6moka b1 (b1.B./IB.08.02) OOII BO 14.03.02 «fnepHble ¢pU3MKa U TEXHOJOTHUM» U SBISAETCA
yacThio mpodeccuoHanbHoro Moayns. «llma3MeHHbIe yCTaHOBKM» H3ydaeTCss Ha UYETBEPTOM
Kypce B CEJbMOM CeMeCTpe 00yUYCHHUS.

[lepeyeHb IUCHMIUIMH, YCBOCHHE KOTOPBIX CTYACHTAaMH HEOOXOIUMO JUISI H3yUCHHS
JAHHOM TUCIIUTUTHHBL:

2.1. O6mme Kypchl (U3UKU ¥ MAaTEMAaTUKU B 00bEME CPETHEH ITKOJTBI.

2.2. Kypcsl pusuku mia3mel, PU3UKH BBICOKUX INIOTHOCTEH SHEPTHH.

3. KOMIIETEHIIUXN CTYAEHTA, ®OPMUPYEMBIE B PE3YJIBTATE
OCBOEHMSI YYEBHOW JUCHUILIMHBI / OXHUJIAEMBIE PE3YJIbTATHI
OBPA3OBAHUA W KOMIIETEHIIMM CTYJAEHTA 110 3ABEPHIEHUU
OCBOEHUS MTPOT'PAMMBbBI YYEBHOM JUCIUITIIUHBI

KomnerenTHocTHass Mojnenb cooTBeTcTByeT TpeboBanusm OC BO HUAY MUDU mno
HarnpasieHuio oArotoBku 14.03.02 «SnepHbie Gpu3MKa U TEXHOIOTUNY.

JlaHHas [OUCHMIUIMHA CIOCOOCTBYET (OPMHUPOBAHMUIO CJCAYIOIIMX KOMIICTCHITUH,
npexycmorperabix OOIT BO mo wampasnenuto moarotoBku 14.03.02 «SnepHbie ¢usuka u
TEXHOJIOTHH:

OIIK-1 — ymeHue HWCTHOIB30BaTh 0a30BbIC 3HAHUS €CTECTBEHHOHAYYHBIX JHUCIMIUIMH B
npohecCHOHANbHOM  AEATeTbHOCTH, MPUMEHSITh METOIbl MaTeMaTHMYeCKOTO aHaiu3a |
MOJEIIUPOBAHUS, TEOPETUUECKOTO U SKCIEPUMEHTAIIBHOTO UCCIIEOBAHUS.

[TK-1 — crnocoOHOCT UCTONB30BaTh HAYYHO-TEXHUYECKYIO0 HH(OPMAIIHIO, OTCUECTBEHHBIH
U 3apyOeKHBIN OMBIT IO TEMATHKE MCCIIeI0BaHNs, COBPEMEHHbIE KOMITbIOTEPHbIE TEXHOJIOTHU U
MH(OPMALIMOHHBIE PECYPCHI B CBOCH TIPEAMETHON 00IaCTH.

[1K-3 — roTOBHOCTH K MPOBEIEHUIO (PU3NYECKUX IKCIIEPUMEHTOB IO 33JJaHHOW METOIMKE,
COCTAaBJICHUIO OMNUCAHUS IPOBOJMMBIX MCCIEIOBAHUNA, OTYETOB, AaHAIU3y pE3yJbTaTOB U
MOJIFOTOBKE HAYYHBIX ITyOIHKaI[Hi.

[IK-6 — cnocoOHOCTh K KOHTPOJIO COONIOACHUS TEXHOJOTUYECKOW JTUCIUTIIUHBI H
o0ciyKuBaHUSI 000pYyIOBAHUSI.



IIK-19.1 — roTOBHOCTH pa3pabaThiBaTh CIIOCOOBI MPUMEHEHHUS SIEPHO-IHEPTETHUCCKUX
YCTaHOBOK, 3JIEKTPOHHBIX, HEUTPOHHBIX U MPOTOHHBIX MYyYKOB, METOJ0OB IKCIEPUMEHTAILHON
(GU3MKY B pEIICHUN TEXHUYECKUX, TEXHOJIOTHUECKUX M METUIIMHCKUX MTPOOIEeM.

B pesynbrare ocBO€HUS AUCHUIIIMHBI CTYIEHTBI JOJKHBIL:
3HaTh:
31. OcHOBBI TEOpUU (PU3UKU TOKAMAKOB
32. PexxuMsbl yJiep:KaHus IU1a3Mbl B OKCIIEPUMEHTAaX C JOMOJHUTEIbHBIM HarpeBOM;
33. MeToabl JONOJHUTEIBHOTO HArpeBa IJIa3Mbl.
Ymern:
V1. ITonp30BaTbcs COBPEMEHHBIMH METOJaMH 0OpaOOTKH JAHHBIX SKCIEPUMEHTA, OLIEHUBAThH
MIOTPEUIHOCTH PACYETOB U KCIIEPUMEHTOB.
Baajgern:
B1. HaBelkamu camMmoOpranu3anuu U CaMoOOyUYeHUS;
B2. HaBbikamu myOIMYHON pedH, apryMEHTAIINH, BEICHHS TUCKYCCHH;
B3. IIporpammubiM oGecrieueHueM st paboThl ¢ pU3MUecKoi U TeXHU4Yeckoi nHbopMmalueil u
OCHOBaMH MHTEpHET - TEXHOIOTUH.

4. CTPYKTYPA U COJEP)KAHUE YUYEFHOM JUCIUAILIMHBI

Cemectp| Tpymoewm- OO6mmmii Jlexuun, [IpakTny. JK3., CPC, ®dopma
KOCTb, 0o0BeM Kypca, yac. 3aHATHA, yac. qac. KOHTpPOJIA,
KpeIuT yac. yac. Ok3./3a4er
7 3 108 36 36 27 9 3K3aMEeH
OO6mmast TpyJ0eMKOCTh JUCIUIUIMHBI COCTABISIET 3 KPEAWTOB, 108 4acos.
Bunp! yueOHOH NesITeNnbHOCTH, Texyuuii Arrecra- | Makc.
. BKJIIOYAsi CAMOCTOSTEIILHYIO paboTy KOHTPOJIb st Oamt
Ne Passien yueGHOi MCIMIIMHE § CTYIICHTOB M TPYIOEMKOCTb (B 4acax) | ycrmeBaeMoc | paszena |3a pa:-
n/a E [pakr. 46, TH (Hedens, (nedens, nen
Jlexmmun 3aHATHS/ paboThI Gopma) ¢opma)
CEeMHHApHI
7 cemecTp
1 | IIpuHIUnuanbpHas cxema 1 2 2
ycraHoBKH «TokaMaky
2 | Cuenapuii mIa3sMeHHOTO 2 2 2
paspsiia
3 | Omuueckuil pexum: 3 2 2
OCHOBHBIE OCOOEHHOCTHU H
XapaKTEPUCTUKH
4 | O6nactp pabounx 4 2 2 3
apaMeTpoB COBPEMEHHBIX
TOKaMaKOB
5 | Ilpomueccs! meperoca B 5 2 2 13, 5 Hezenst 5+5
IU1a3Me TOKamaka KOHCIIEKT Kontp.
JeKIui paboTta
6 | L-moma 6 2 2
7 | H-mona 7 2 2
8 | RI-mona 8 2 2




9 | PexxuMel ¢ BHYTPEHHIM 9 2 2
TPAaHCTIOPTHBIM OApHEPOM

10 | T'ubpuaHbIC PEKUMBI 10 2 2 I3, 10 nenens 5+5
KOHCIIEKT Konrp.
NeKImit pabota
11 | Tlpeaen mo MIOTHOCTH 11 2 2
12 | TIpeaen o naBiIeHUIO 12 2 2

miasMmel. Pe3ucTuBHas Moja,
cTabuIM3upyeMasi CTCHKOM
(RWM)

13 | Ilpenen mo naBlIeHUIO 13 2 2 A3
mr1a3Mel. Heoknaccnaeckuii
THPHUHT MOJIBI

14 | Harpes u reHepanus Toka ¢ 14 2 2
TIOMOILBEO AJICKTPOHHO-
LMKIJIOTPOHHBIX BOJIH

15 | Harpes u reHepanus Toka ¢ 15 2 2 KOHcriekT | 15 Henens 5+5
TTOMOIILI0 HUKHETHOPUTHBIX JIEKLIUH Kontp.
BOIH pabora
16 | VloHHBII TUKIOTPOHHBIN 16 2 2
Harpes
17 | Nmkeknus HERTpaTbHBIX 17 2 2 13
aTOMOB
18 | Ynpasnenue norokamu 18 2 2 koHcriekT | 18 memenms | 5+15
SHEPIUU U YACTULL JIeKIUI Uror.
crnava /I3
Bcero: 36 36 50
DK3aMeH 50
Htoro 3a 7 cemectp: 100

IIporpamma mucuumiaunbl "'[lnazMeHHble ycTAHOBKH"

Tema 1. OCHOBHbBIEC OHATHUA U ONIPEICTICHUS

[IpunnunuaneHas cxeMa ycTaHoBKM «Tokamak». CieHapuil IUIa3MEHHOTO —pas3psna.
OmMuyeckuii pexxuM: OCHOBHbIE OCOOCHHOCTH U XapaKTepucTUKu. O6macTs pabounx mapaMeTpoB
COBPEMEHHBIX TOKAMaKOB.

Tema 2. [lepeHoc 3HEpruu U YaCTHUIL

[Tpomeccel mepeHoca B TUIa3Me€ TOKaMaka: HEOKJIACCHYECKHH TPaHCHOPT, KOIPPHUIHMECHTHI
nepeHoca, OyTCTPEn-TOK, HEPEIICHHBIE BOIIPOCHI.

TypOyneHtHblii  TpaHcnopT. TpaHCmopT dYacTHIl:  BIMSHHE  HEOKJIACCHUYECKOTO U
TypOyJIEHTHOTO MEPEHOCOB Ha (OPMHUPOBAHKE MPOGUIIS TIIOTHOCTH, IEPEHOC TPUTHS, TIEPEHOC
npuMecel, yrpaBiieHue MpoQuiIeM TNIOTHOCTH OCHOBHOM TTa3Mbl M TIPUMECEH.

DJEKTPOHHBIN TEIUIOBOM TPAHCTIOPT: METOMBI HCCIEAOBAHNUS, Pe3YyIbTaThl UCCIICJOBAHUIA.

Honnblit TernoBoil TpancmopT. [lepeHoc MOMeHTa BpallleHHs: TOPOHUIATbHOE BpalleHHE,
MEepPEeHOC TOPOMUIATBLHOIO MOMEHTA, MOJIOMJAIBHOE BpallleHHWE Iia3Mbl. Pe3ynbrarsl aHaan3a
0e3pa3MEepHBIX aPaMETPOB: HEPEIICHHBIE BOIIPOCHI.

Tema 3. PexxuMebl yiepkaHust 11a3Mbl B 9KCIIEPUMEHTAX C JIOTIOJIHUTEIIbHBIM HAarPEBOM.

L-mona. H-moma. OcHoBHBIe ocoOeHHOCTH pexkumoB ¢ H-momoit. Mexanusm L-H nepexona.
ELM — rpanuynbie JIoKan30BaHHBIE MOABL: Kiaccudukanus ELM, pons ELMs, Teopust ELMs.
Bpewms ynepskanus mia3mel. H-Moa B TokaMake-peakTope: HepelleHHbIE 3aJauu.

RI-mona.

Pexxumbl ¢ BHYTPEHHUM TpPAHCIOPTHBIM OapbepoM: UCHOJIb3yeMas TEPMHUHOJIOTHUS U
KJaccu(uKaIus BHyTPEHHUX TPAHCIIOPHBIX 0apbepoB.




Mexanusm popmupoBanusi BTb. Ynpasnenue BT B peansnom Bpemenu. BTh B ycnoBusx,
YAOBJIETBOPSIONIMX TpeOOBaHUSAM peakTopa. B3auMopeicTBHe BHEUIHET0 M BHYTPEHHETO
TPAHCIIOPTHOTO OaphepoB. BHyTpeHHNE TpaHCTIOPTHBIE Oaphephl: HEPEIIICHHBIE BOTIPOCHI.

['uGpunHbIe PEKUMBI.

Tema 4. PaGota BOM3M npeAenbHBIX TApaMETPOB

IIpenen no minorHoctu: nosisnenue MARFE, orpeiB nuBepropa, H-L nepexox, nsaMeHnenue
xapakTepucTuk H-Momb1, CphIB paspsiga Mpu AOCTHXKEHUU MPEASTHHON MIIOTHOCTH, YIAEP:KaHHE
TUTa3MBI TIPH ITIOTHOCTH, OJIM3KOM K MPEACITbHOM.

[Ipenen mno faBimeHWIO TuTa3Mbl.  Pe3WcTwBHAs Moja, CTaOWIM3Upyemas CTEHKOM.
Heoknaccuueckuii TUpUHT MOJIBI.

Tema 5. MeTopl T1OITOMHUTEIBHOIO HArPEBa IJ1a3Mbl

HarpeB u reHepanusi Toka ¢ MOMOIIBIO 3IEKTPOHHO-IUKIOTPOHHBIX (DIl) BomH. OCHOBHBIE
3aKOHOMEPHOCTH H  OCOOCHHOCTH  HCIIOJNB30BAHHS  JJICKTPOHHO-IIUKIOTPOHHBIX  BOJH.
DddextuBHocTh reHepaiuu IL[-Toka. MeToIbI onpe/ieieHrs BETUYUHBI T€HEPUPYEMOTO TOKA.

CpaBHEHHE OCTHTHYTHIX 3HAUC€HUH >(PPEKTUBHOCTH T'eHEpPAIMU TOKA C MPEICKa3aHUSIMHU
teopur. Ponb 3amepThIX 4YacTUIl B CHWIKEHWW TEHEpaluu TOKa. JOCTOMHCTBA M HEIOCTAaTKH
MeTO/1a reHepaunu Toka ¢ moMmoupio Jll-BosH. [Ilpumenenne D1l-HarpeBa reHepanuu Toka.

Harpes u renepanus Toka ¢ HOMOIIbIO HUKHETUOPUIHBIX BOJIH. OCHOBHBIE 3aKOHOMEPHOCTHU
U OCOOCHHOCTH HCIIOJIb30BAHUS HWKHETUOPUIHBIX BONH. Vcmonb3oBaHHE HMKHETHOPHIHBIX
BOJIH B COBPEMEHHBIX IKCIIEPUMEHTAX.

Wonnbiii nukinorponHsii HarpeB (MIPH): mexanusMm pacnpocTpaHeHuss BOJIH B ILIa3Me,
obmactu npumenenust MLPH.

Nuxekuus HeUTpaJIbHBIX ATOMOB: MEXAHU3M B3aUMOJICHCTBUSA MMyYKa HEUTPAIBHBIX aTOMOB C
MJ1a3MOM, MEXaHU3M Te€HEPAIMK TOKa, MPUMEHEHHE NHXKEKIIMOHHOTO HarpeBa U TeHepaluy TOKa.

Tema 6. [Iporieccel B mepudepuifHO# 1miazme

VYrpaBieHue MOTOKaMU DHEPTUM U YacCTHUIl: ocoOeHHOcTH mepeHoca B SOL, ycTpoiicTBo u
pexuMbl pabOThl NHMBEpPTOpa, BHIOOpP MaTepuana MEepBOM CTEHKU M JAMBEPTOpa, yHAajeHHE
TeJINEBOU 30JIbI.

3akiouenne. MexXayHapOAHBIA TEPMOSAEPHBIA SKCIEPUMEHTAIbHBIM PEaKTOP-TOKAMAK
(UTOP, International Thermonuclear Experimental Reactor) — cneayromuii mar.

5. OBPA3OBATEJIBHBIE TEXHOJIOI'MA

[Tpu peanuzanuy pa3IUYHBIX BUJOB YueOHON pabOTHl B paMKax Kypca MpeayCMOTPEHO
HCIIOJIb30BaHUE CIIEAYIOMNX 00pa30BaTeIbHBIX TEXHOJIOTHIl:

1. Jlekuuu TPOBOAATCS C NMPUMEHEHHEM MYJIbTUMEIUNHBIX CPEACTB OOyYECHHsI B BHJIC
npe3eHtanuu PowerPoint, ¢ 1menpio B Hambosee cXaTOM KOHIEGHTPUPOBAHHOM BHIIE CHENATh
0030p MPOHIECHHOTO MaTepuaja ¢ YKa3aHHEeM B3aUMOCBS3M MEXIy paslielaMu TUCIUTIINHBI,
OCBEILIEHHEM OCHOBHBIX M3YYEHHBIX IOJAPA3ENIOB, a TaKXke Il (OPMUPOBAHUS y CTYACHTOB
0011ero MpeCTaBICHUs O MECTe TUCIUILIMHEI B 001meM nepeune aucuuraud OOIT BO 14.03.02
«Snepubie Gu3MKa U TEXHOIOTUUY U O POPMHUPYEMBIX ITOUM TUCITUTUIMHON KOMITETCHITUSX.

2. Ha npakTHYeCcKUX 3aHATHSIX, [IaBHBIM 00pa3oM, U3y4aroTcs METObl OLIEHOK U PacyeToB
XapaKTEPUCTHUK IIJIa3MEHHBIX YCTAaHOBOK.

Jns 3akperieHus JIEKIMOHHOTO M IPAKTMYECKOro MaTepualia IpealararoTcs 3ajayu,
peleHre KOTOPBIX MPEAIoaraeTcs B paMKax caMOCTOSTEIbHOM paboThI CTyIEHTOB.



3. JlomamHue 3ajaHus BBIAAIOTCS NMPENOAABATENIEM CTyIEHTaM Ha MPAKTHYECKOM 3aHATHH
4, 5, 10 13, 17 nenmenb. CopaepkaHUEM [OMAIIHETO 3aJaHUsSl SIBJISIETCA pPEUICHUE 3a7a4
cTyneHTOM. Temaruka 3ajad HampaBiI€Ha, B OCHOBHOM, Ha 3aKpeIUICHME IPONIECHHOIO
MaTtepuana. JlomalHue 3ajaHus B NMCbMEHHOM BHJIE CHAIOTCS IPENOAABaTeNI0 B TEUYECHHE
ceMecTpa Ha MPOBEpKy. 3aliuTa JOMAalIHUX 3aJaHui mpeaycMoTpeHa Ha 18 ydeOHoll Henene
ceMectpa. [Ipuém 3agannil BO3MOXKEH KaK B PYKOIIMCHOM, TaK U B [IEYaTHOM BH/IE.

6. OIIEHOYHBIE CPEJIACTBA JJIA TEKYIIEI'O KOHTPOJIA
YCIEBAEMOCTH, ITPOMEXYTOUHOH ATTECTAIIMA IO WTOIAM
OCBOEHMA JTUCIMIIVIMHBI 1 YYEBHO-METOJAUYECKOE OBECIIEYEHHUE
CAMOCTOSTEJBbHOM PABOTHI CTYJIEHTOB.

Kontponb ycBoeHusi MaTrepuana CTyJAeHTaMHu ocymiecTBisieTrcs Ha S5, 10, 15 Henmensx B
BUJIE€ KOHTPOJIBHBIX PaloT.

Texymuii KOHTPOJIb IOCEIIAEMOCTH IPOBOJUTCS TMOCPENCTBOM IPOBEPKU HAIUYUS
KOHCIIEKTA JIEKLIUH.

DK3aMeH MMPOBOJAUTCS B TPATUIIMOHHOHN dopme — o Omeram. Kaxkapid OMIIeT Coaep uT
JIBa TEOPETHUUYECKUX BOMPOCA M OJIHO MTPAKTUUYECKOE 33JaHNE, aHATIOTHYHOE TOMAIIHUM 33a7a4yaM.

7. YYEBHO-METOJUYECKOE n NH®OPMAIIMOHHOE
OBECIEYEHUE YYEBHOM JUCIIUITLINHBI

A) OcHOBHas nuTeparypa:

7.1 T'nyxux B.A., bemskoB B.A., MwuneeB A.b. ®DU3UKO-TEXHHUYECKUE OCHOBBI
YIPaBISIEMOTO TEPMOSIEPHOTO CHHTE3a. YueObHoe mocobue st By30B. 2006.

7.2 Mupnos C.B. ®usnueckue npouecchl B IUIa3Me TOKamaka. M.: DHeproatroMusnar,
1985.

7.3 KamomneB b.b. OcHoBbl ¢usuku mmasmbl Tokamaka. M3n-so BUHUTU, cepus
«®u3nka mia3mei», T.10, 1.1, M., 1991.

7.4 Kupnesa H.A. CoBpemeHHbIe uccienoBanus Ha ycraHoBkax «Tokxamak». M.: MUDU,
2008. — 188 c.

7.5 backo M. M. ®u3nueckrne 0CHOBbI HHEPLUAIBHOI'O TEPMOSIEPHOTO CUHTE3a: YyeOHoe
nocobue. — M.: HUAY MU®DU, 2009, 172 c.

b) lononuuTenbHas nureparypa:

7.6 'anneeB A.A., CaraeeB P.3. Bonpocsl Teopun mia3mel. M.: Atomuznar, 1973, Boim. 7.

7.7 Auapees B.®., Tnectposckuii FO.H., JIeicenko C.E., Pazymona K.A., Cymkos A.B. //
BAHT. Cep. Tepmosinepnsiii cunres. 2000. Boin 1. C.116.

7.8 B.M. Jleonos, ®u3uka maa3msl, 20 (1994) 381.

7.9 Anukae B.B. u np. ®usuka mnasmel 26 (2000) 991.

B) nporpammuoe obecnieuenue u UHTEpHET-pECypCHI:

http://www.phd4s.ru, pasagen MaremaTuka, 3JIEKTPOHHBIA KypC MO MaTeMaTHYECKOMY
aHanmu3y «/luddepennmanbHoe ucuucienue», pazpadoranusiil kadeapoit BM HUAY MUDU:
http://80.250.160.82/index.php.




8. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHMUE YYEBHOU
JANCHUITVINHBI

Mynstumenuitnas  ayautopust  (JI-315).  KommbioTepHblii  kimacc, OCHAIIEHHBINA
KOMIIBIOTEPAMH C BbIX0I0M B IHTEpHET, a Tak)Ke MPUHTEPOM, CKAHEPOM, KCEPOKCOM:

— Core Dual 2,4 MI'; (2009 1.) - 15 mmr.

— IIpunrep HP LJ P3005 DN (2009 r.) - 1 m.

— Cxanep HP SJ 4370 — 1 mr.

— HoyT0Oyx Samsung (2008)

— IIpoextop ACER X1260 (2008)

[Iporpamma coctaBieHa B cooTBercTBuH ¢ TpeboBanusimu OC BO HUAY MUDU no
HanpaBneHuto mnoarotoBku 14.03.02 «SgepHbie (u3uka U TEXHOIOTHUW», YTBEP>KICHHOTO
VYuenbsim copetom HUAY MU®U 31.05.2018 1.

ABTOp:! npenojasarenb babans C.A.

Penenszent  k.d.-M.H.. morenr, Xmenpauiknii J1.B.

[Iporpamma omoOpeHa Ha 3acenanuu_kadeapsl SaepHoit QU3MKK U CIeNTEXHOIOTHI
I., IPOTOKOJI No




