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HaumeHnoBanmne TUCIHUILINHDI

CrnennanbHbli pu3NUeCKNH NPAKTHKYM

00béM qucnumInnel, 3E/ak.4.

6 3E (216 4ac.)

Conepxanue

JUCHHUIINHBI

HasBanmue pa3aesioB (TeM) AU CHUNITHHBI

Conepxanue pa3ienoB (TeM)
AUCHUILINHBI:

IIpuGopsl, TEeXHUKA U MeTOAbI
IKCIEPUMEHTA U JUATHOCTHK.

¢pusuueckoro

Mopenn "
JKCIePUMEHTA.

METOAbI BBIYHCJIHUTEJIBHOTO

CucremMnl
BBIYHCJICHUH

H METOAbI AHAJIMTHYICCKHUX

AKTHBHBIE U TTACCHBHBIC METO/IbI IMArHOCTHKHY (30HIBI,
SHEPreTUYECKHE AHAJIM3aTOPhl 3apsDKEHHBIX YaCTHI);
CBY gmarHoctHdeckne MeToabl  (pe3oHaTOpHasd,
uHTEP(HEPOMETPHSI, CIIEKTPAILHBIN COCTAaB U3ITyYCHUS);
Onrtuueckast CIIEKTPOMETpHUst (MOJENH paBHOBECHS,
pazuanvoHHbBIe MPOLECCH B IDIa3MEHHBIX CHCTEMax);
WNmnenancHas CHEKTPOCKOIUS (M3MepeHus
aMIUTUTYTHO-4aCTOTHBIX u (ha30-9acTOTHBIX
XapakTepucTuk  obpasuop);  OIIP-criekrpomerpus
(MeTozmpl  aHANH3A, aHamu3  (OTOOMOIOTHY ECKUX
IPOLIECCOB, ONpPEAETICHUE BEIMYMH U KOHCTaHT
OOMEHHOrO  B3aWMopeiicTBMS  HWOHOB);  Macc-
creKTpoMeTpus (METO/IBl aHaNN3a, BPEMS-TIPOJIETHBIE,
KBaJpYyNOJbHBIE W MarHUTHbIE  aHAJIN3aTOpPHI);
PenrtrenoBckast criektpoMerpust ( METOIBI aHAIW3a,
CIUIOIIHOW ¥ JIMHEWYaTHI CHEKTp)

Merton «BOASHOrO Melikay; MeToJ 4acTull B STUEHKE;
Meton MonTe-Kapio.

CucremMBbl ¥ aNTOpPUTMbI CHMBOJIBHOW (@HAJTUTUYECKOH )
MateMatukd (CUCTeMBl CHMBOJBHOW MAaTeMaTHKH |
SI3BIKM TIPOrPaMMHPOBaHMST BBICOKOTO YpoBHS Maple,
MatLab u MathCad, Simulink); Merons! pemenns
OOBIKHOBEHHBIX I depeHnInanbHbpIX  ypaBHEHUH,
MHTETPaJbHBIX YpaBHEHUN

HaumeHnoBanmne TUCIHUILINHDI

KoMnbioTepHbIe TEXHOJIOTHH B HAYKE H
o0pa3oBaHumn

O0béMm nucunmiunebl, 3E/ak. 4. 6 3E (216 uac.)
ConepxaHue THCHUILINHBI
HasBanmue pa3aesioB (TeM) AU CHUNITHHBI Conepxanue pa3ienoB (TeM)
AUCHUILINHBI:
YuciieHHO-aHAJINTHYECKHE TTAKeThI IlonaTe o 4YMCIEHHO-aHAIUTHYCCKUX ITaKeTaX.
INakerst Maple, Mathematica wu MathLab,
HpI/IMepr nporpaMMmMpoBaHusl C | IPUHIUAIIBI MMOCTPOCHHA, I10JIB30BAaTCIBCKUEC
HCIIOJIB30BAHHUEM YUJICHHO-AaHAJIUTHYICCKHUX 0COOEHHOCTH.
MAKeTOB

BBenenne B WEB-nu3aiin

[Tpumeps! TpOrpaMMHUPOBAHUS C UCTIONB30BAHUEM
YHJICHHO-aHAJTUTHYECKUX MaKETOB Maple,
Mathematica u MathLab. Merox MonTe-Kapso.
MognenupoBanue CITy4aiHBIX Oy X TaHUH.
PerynsapHoe u croxacTH4eckoe [BHKEHHE B
aACUMMETPUYHOM BHXPE.

IIpuembr u mporpammel 11 WEB-au3aiina,

IMPUMCPBHI. COBZ[aHI/Ie QJICKTPOHHBIX y‘lC6HHKOB.




TexcToBbIe MpoLECCOPHI

Hepapxuueckasi OpraHusanms
NPOTOKOJIOB M PACHpPOCTPAHEHHbIE
NMPOTOKOJIOB

CeTEBBIX
CTEeKH

CraHaapTbl M TEXHOJIOTHM MHOKECTBEHHOI0
J0CTYNA JOKAJIbHBIX ceTei

Opranuszanus MesKceTeBOro B3aumMOoJAeiicTBHUSs
Ha ocHoBe TexHoJioruii TCP/IP

CeTH MHTErpajibHOI0 00CTY:KMBAHUS

CeTn moaBUKHOI IU(PPOBOH CBSI3U

KOMl'lI:-lOTepHOG MOA€C/JIMPOBaAHME MPOLECCOB U
CHUCTEM

[IporpammupoBanue B TeX u LaTeX. [Ipuauumnsl,
KOMITOHOBKa TeKcTa, Habop Gopmyi, TaOmum u
PHUCYHKOB.

Mopnens ypOBHEBBIX MPOTOKOJIOB B3aMMOCBSI3H
OTKPBITHIX cucTeM. [IpobieMbl TPOEKTHpPOBAHUS
cereil. Ha3HaueHwe ypOBHEBBIX MPOTOKOJOB.
Cea3p  Mexay ypoBHsMu.  Kiaccudukarms
CeTeBhIX (DM3MYECKUX W JIOTUYECKHX TOIMOJOTHH.
Wurepdeticel  pusmyeckoro  ypoBHs.  Bumsl
MOAYJISIUMK, MpPUMEHSEMbIE B  MPOTOKOIAX
(m3mueckoro ypoBHA. Meronsl OOHApYXEHHS U
WCIIPaBIIEHNS OIMMOOK aHAIOTOBBIX M IU(POBBIX
curtanoB. CuHXxpoHHOe yrpasieHue. [IpoTokonsl
YPOBHS 3B€HA TAHHBIX.

O630p cranmaproB IEEE 802.x. Cucrema
anpecauuu, ucnonb3dyemas B cranpaptax IEEE
802.3-802.11. Obpadorka komnmusuii B Ethernet.
Ouenka nporryckHoi crocodHoctr cetu Ethernet
IPHU HCIOJIB30BAHUM KaJAPOB Pa3IMYHON JUIMHBI
OrpannueHusi, HakaasiBaeMble Ha ceTb Ethernet
pasnuyHbIMH THHamMu cpensl. CTaHOapTel U
texHonornn Fast Ethernet, Gigabit Ethernet.
OrpaHndeHus] JOKaJIBHBIX CETEBBIX TEXHOJOTHI
KaHaJIBHOT'O YPOBHSI.

KnaccoBas cucrema anpecauun B IPv4, eé
OCHOBHBIE€  JIOCTOMHCTBA M  HEIOCTaTKH.
TexHomorust  GECKIACCOBOIO  pacrpeleseHUs
aapecoB (CIDR). IIporokon ARP. IIporoxon
DNS. ®opmar makera IPv4. Obmas crpykTypa
TaONUIBEI MApIIPYTH3ANHANA. ANTOPUTMBI paboTHI C
MapIpyTHOH TaOMUIled TpPH HCIOIB30BaHUU
kmaccoBoit ampecartuu u CIDR.  IIpotokomst
tpancnoptHoro yposHs UDP u TCP.

KommonenTsr ISDN. Yposens 1 ISDN. Yposens 2
ISDN.

Cern momBmxHOW cBsi3M B craHmapre GSM.

ApXHTEKTypa ceTH GSM. CpaBHeHHE
HATrpy304HOI CIOCOOHOCTH METOJIOB
MYJIBTUTUIGKCUPOBAHHS ~ CHCTEM B COTOBOM

tenepormn FDMA (AMPS), TDMA (GSM),
CDMA.

OCHOBHBIC ITOHSTHUS TCOpUU MOJCIINPOBAHUS,

COBPEMEHHOE COCTOSIHHE u o0mas
XapakTepUCTUKa  NPOOJeMbl  MOACTHPOBAHUS
WH(POPMAITIOHHBIX IIPOLIECCOB.
Meroponoruueckass OCHOBAa  MOJEIHPOBAHMSL
Hcnons3oBanue MOJIETTUPOBaHUS npu
HCCIIEIOBAHUN u MPOECKTUPOBAHUH

I/IH(l)OpMaLII/IOHHLIX CUCTECM.




HaumeHnoBanmne TUCIUILINHLI

HNHocTpaHHBIH A3BIK B PO ecCHOHATBHOU

AeATeIbHOCTH
O0béM nucunmiunebl, 3E/ak. 4. 6 3E (216 vac.)
ConepxaHue THCHUILINHBI
HasBanmue pa3aesioB (TeM) AU CHUNITHHBI Conepxanue pa3ienoB (TeM)
AUCHUILINHBI:
I'pammaTuka OcHOBHBIE rpamMMaTHYECKHE CIIOCO0BI

CTHIHNCTHKA AHTJIHIICKOI0 A3bIKa

Teopust n npakTHKa HHGOPMALMOHHON
00padoTKM TeKcTa

IIpakTHKa BeieHUs JMCKYCCUI B 1€JI0BOM
o0uIeHUuHU

Teopml U IMPAKTHKA PasBUTHA HABBIKOB
MUCbMEHHOI KOMMYHUKaIUU

MOCTPOEHUs aHTAMKCKOro s3bIKka: affixation, word
order.

I'pammatudeckue kareropuu: tense-forms of a
verb, passive and active voice, finite and non-finite
forms of a verb, modal verbs, conditionals (0, 1, 2
and 3), comparison.

UYactu peun: nouns, pronouns, adjectives, adverbs,
determiners, prepositions.
[Ipennoxenue: simple,
sentences.

compound, complex

BBIpaSI/ITeJ'IBHBIe CpcacTBa aHTJIMMCKOTO SA3bIKA.
CTUIIHCTHYCCKHE HpI/IéMLI.
(I)YHKLII/IOHaHLHLIe CTHUIIN

CoBepILICHCTBOBAHWE  HABBIKOB  ONpeeNCHUS
CTPYKTYPBI M1 OCHOBHOM Ml OpUTHHAJIA.
CoBepILICHCTBOBAHWE  HABBIKOB  OINpeEJeNCHUS

KOMMYHHKaTHBHOﬁ HaITpaBJICHHOCTU OpUT'MHAJIA.
COBepH_IeHCTBOBaHI/Ie HaBBIKOB CEMaHTHYCCKOU

KOMIIPECCUM  OpWUTHHANA JJIS  COCTABJICHHS
BTOPUYHOTO opHUruHama (pedepara 1581051
AHHOTAIIVH ).

COBepILICHCTBOBAHNE HABBIKOB  OMepanuii ¢
OCHOBHBEIMH CMBICIIOBEIMH OJIOKaMH.
CoBepIilieHCTBOBaHNE HaBBIKOB gETKOr0
COONIOZICHUST ~ aJropuTMa AHHOTHPOBAHHS |
pedepupoBaHHsL.

[IpakTika HamucaHus pedepaTHBHON CBOJIKK Ha
OCHOBE HECKOJIBKHMX OPHIMHAJIOB, CBA3aHHBIX
MEeXITy co00i TeMaTHYIECKH.

CoBepIIeHCTBOBaHHE YMEHHUH JenaTh BBIBOJ,

3aKIIOYEHHE Ha OCHOBE OTpedeprpOBaHHBIX
OpHUTHHAJIOB.

1.  Developing a Delivery Style.
2. Exchanging Opinions.

3. Examine Ideas.

4. Dealing with Facts.

5. Using Visual Aids.

6. Comparing.

7.  Persuading.

1.  Punctuation.

2. Introductions. Conclusions.
3. Abbreviations.

4. Background to Writing.

5. Selecting Key Points.




HaumeHnoBanmne TUCIUILINHDI

CoBpemenHble npodJeMbl (PU3MKH

00béM qucnumInnel, 3E/ak.4.

2 3E (72 yac.)

Conepxanue

JUCHHUIINHBI

Ha3zBanmue pa3aesioB (TeM) AU CHUNITHHBI

Conepxanue pa3ienoB (TeM)
AUCHUILINHBI:

JJIeKTpOHHAasl Teopusi npoBoanMocTH. Teopus
CBePXNPOBOIUMOCTH

Teopusi cBepxreky4yecTH

IIpoGsembl IUIa3MEeHHOH acTpPOPuU3UKU

KBanroBasi TEeOpusi MarHeTu3Ma

IK30THUYECKHE COCTOSTHUS BelieCTBa

Knaccudeckass Teopust mpoomumoctd [pyne u eé
HefocTaTKu. Teopust BBIPOKAECHHOTO DJIEKTPOHHOTO
raza @epmu. Teopust kBazuuactul] bioxa. Paccesnue
KBasuuacTHll B Kkpuctaymie. IloBepxHocTs Depmu.
OHeprerndyeckre  30Hbl  bpummosHa.  Meranisl,
MOTYINPOBOJHUKY U AUDJIEKTPUKU: 3aIPEIICHHBIE 30HBL.
Dpdexr Xomma. Dddexkr Meticcaepa. Teopema
Jlannay: CBEPXIPOBOJIHUK KaK H/IeaNIbHBIH
nuaMarsetuk. YpasHenue Jlonmonos (1935). Teopus
I'ma3bypra — Jlanmay. CBepXIpOBOIHHUKH TIEPBOTO U
BTOpOro ponoB. Buxpu AOpukocoBa. KBaHTOBaHue

MarHuTHOTO TIOTOKA B CBEpXITPOBOTHUKAX.
KymepoBckue mapsr (teopus bapmuna — Kymepa —
Mpuddepa - Boromo6oBa). Kputnueckas
TEeMIIepaTypa, BBICOKOTEMIIEPaTypHBIE
CBEPXITPOBOTHUKH. TyHHenpHbIE KOHTaKTHI
CBEPXIPOBOAHUKOB! 3¢ eKThI JIxo3edcona.
CKBU /1.

Omerter I1LJI. Kammmer ¢ sxupkum remweM  (1938).
®dazoBasg nuarpamma cocrossHui miis  He. Onbitel
AHxnponukamBuwiia. OOHTAHUPOBAHUE, TEMITCPATYPHBIH
Hacoc. boze — xoHAeHcalys, TEOpUsl CBEPXTEKYUECTH
Jlannmay. Bropoii 3Byk. Buxpessie cocrosaus B He 11
(ombiTHI Baiinena).

3Be37pl Kak IUTa3MEHHBIC 00pa3oBaHus. MarHUTHBIC
OJIs 3Be3/ ¥ TanmakTuk. [Ipobiema aquHamMo. AKKpeIws.
MarHuro-poTaldoHHasl ~ HEyCTOMYMBOCTh.  JIXKeThl.
Kocmuueckue 1yun cBEpXBBICOKUX SHEPTH.

[Tapamarnerusm u nuamarsetusm. 3akoH Kropu u ero
ob0bsicHeHue 1o JlamkeBeHy. DeppoMarHeTH3M: 3aKOH
Kropu Beiicca. Teopust  ¢deppomarHernsma
letizendepra. deppoMaraHuTHbIC HOMEHBL. CIIMHOBBIC
BOJHEI B  MAarHeTMKax B  KBa3HKJIACCHYECCKOM
mpuOIMKEeHUU: ypaBHeHHe JlaHmay JIndrmma.
MarHuTHbIE — TOAPCEIICTKH, aHTU(EPPOMATHETH3M.
Temneparypa Heena. Tomonoruyeckue COIUTOHBI
HaAMarHu4eHHOCTH. LlumuHIpuyeckne BO30YXKICHUS
Bemasuna — Ionskosa.

Kunkue KPUCTAJLJIBL. CerHerodIeKTpUKU u
CErHETOMArHeTHKH. KommosutHeie MaTepHualibl
((peppodnCKTpUKH, MAHTAHUTHI). ICKTPOJMHAMHKA
MaTepHualioB C OTpULATENbHBIM IoKa3aTeaeM
TpeJIOMIICHUs (JIeBBIE Cpenbl). MapTeHCHUTHI, MaMSTh

¢opmel. KBasukpucrayuisl. @oTOHHBIE KPHCTAIUIBL.




HaumeHnoBanmne TUCIUILINHLI

Du3MKa HeJIMHEHHBIX NPOLECCOB

0O0béM qucnumannel, 3E/ak.4.

4 3E (144 uac.)

Conepxanue

JUCHHUIINHBI

Ha3zBanmue pa3aesioB (TeM) AU CHUNTHHBI

Conepxanue pa3ienoB (TeM)
AUCHUILINHBI:

BBenenue

I'uapoauHaMuyecKne BOJHBI

IIpocTbie BOIHBI

Hepapxus noHATHII yCTOHYMBOCTH
Teopemsbl JIssmyHoBa

CrnexkTpajabHas TeopHst

Coautonsl KopreBera — 1e Bpusa (KaB)
KBasununeiinas reopus
JleHrMIOPOBCKHIl KOJLJIAIC
TpexBo1HOBOE B3auUMoOelcTBHE
Pe3onancel

KaHI/IJIJIHpHO-FpaBI/ITaIII/IOHHbIe BOJIHBI

Pore m mecro HenmHeWHbIX 3¢dexToB. Jluneiinsie
2JIEKTPOMATrHUTHBIE BOJIHBI.

I'’l- u MI'A - Bomuel. HenuneillHocTh B
TUAPOJUHAMUYECKUX MOJEISX.
[Ipocteic  HeMWHEHWHBIC BONHBI  (OMPOKHIBIBAHUE,

(a3oBoe nepeMenInBaHue).
YcroitunBOCTh ClIEKTpalibHAs, JIMHEHHAs, (popmabHasi,
1o JIanyHoBYy.

1-as u 2-aq Teopemsl JIssmyHOBA.

Criextp konebanuii, nunHeapusanus MI'J] ypaBHeHUI.
Ponb HeonHOpOAHOCTH.

Hucnepcusi, ypaBHenue KaB. CpoiicTBa COIUTOHOB
KaB.

KBasununelinas reopus.

JlenrmropoBckuii Komanc.

TpexBoNHOBOE B3aUMO/ICHCTBUE.

Pe3onancshl B cl1aOOHEIMHENHBIX CUCTEMAX.

KaHI/IJ'IJ'IHpHO-l"paBI/ITaHI/IOHHI)Ie BOJIHBI.

HaumeHnoBanmne TUCIUILINHLI

BeI4uC/IUTEIBHBIN IKCIIEPUMEHT B QHU3HKe
CJI0KHBIX CHCTEM

O0bém qucunnannbl, 3E/ak.u. 8 3E (288 uac.)
ConepxaHue THCHUILINHBI
HasBanmue pa3aesioB (TeM) AU CHUNITHHBI Conepxanue pa3iesnoB (TeM)
AUCHUILINHBI:
MaremaTuueckKoe MOJIeJTMPOBAHHE u | CranoBieHne MOHATUS BBIYHCIIUTEIILHOI'O
BBIYHCIHTEIbHbIH JKCIIEPHMEHT OKCIIEDUMEHTa B XOIE Pa3BUTUS H3MEPHUTECILHO-
BBIYUCINUTCIIbHBIX KOMILJIIEKCOB. PasButne

MeTtoabl MOACJIUPOBAHUSA OAHOMEPHBIX CUCTEM

BBIYHCIIUTCIIBHOI'O 3KCIICPUMCEHTA B (1)I/I3I/IK€ CJIOKHBIX
CUCTEM.

Bri6op ¢busmueckon MOJIEIIN. IocTpoenue
MaTeMaTHIeCcKOH MOJIEIIH. Pazpabotka
BBIYUCIIUTEIBHOTO aIropuTMA. Pa3pabotka
MIPUKIJIAJIHOTO IIPOrPAaMMHOTO 00ECIICUeHHSI.

[IpoBenenne  BBIYMCIUTENBFHOIO  OKCIIEPUMEHTA.

Amnanms PE3YIbTATOB YHUCJICHHBIX 3KCIICPUMCHTOB,
COIIOCTABJICHHUEC C pe3yiibTaTaMu HaTypHBIX
OKCIICPUMCHTOB.

Kunerndeckoe omnmcaHne KOJUICKTHBHEIX SIBICHHU B

0OECCTONKHOBUTENBHON IIa3Me. YpaBHeHHe Bmacosa.




MeTtoanl MOACJIMPOBAHUSA H

TPeXMepPHBIX CHCTEM

ABYMEPHBIX

HcciaenoBanue mapaMeTpoB  IIA3MEHHBIX
cHCTeM W yCKOpHTeJell 3apsKeHHbIX 4YacTHI
NOCPeICTBOM BBIYUCJIHMTEIBHOIO
JKCIePUMEHTA

Moaenu reHepanuu MHOTO03aps/IHBIX HOHOB B
S P ncrouyHHKAX

PemieHne  KMHETHMYECKMX  ypaBHEHMH  METOIOM
npeoOpa3oBanHuid. UmWclieHHOE pelIeHHe ypaBHEHHUS
BrnacoBa. MeToxn «BOISTHOTO MELIKay.

Meron vacTHL A OAHOMEPHBIX AIEKTPOCTaTHUECKUX
MIPOLIECCOB B IIIa3Me.

OOmas cxema wMeroxa dYactuil. DopMupoBaHue
HAYaJgbHOTO  pacCIpefeNIeHUus] 4acTul. AITrOpUTM
OHOMEPHOI0 MOJEIUPOBAaHUA METOAOM 4YacTUIl B
sueiike. IIpuMepsl MOAEIMPOBAHUS  OJHOMEPHBIX
IUTa3MEHHBIX CUCTEM.

OpHoMmepHast 3JIEKTPOMAarHUTHAasT MOJENb ILIa3MBbL.
UucneHHOe pellleHHe YpaBHEHUM ABMKEHHS YacTHI[ B
JJIEKTPOMArHUTHOM MIOJIE.

KonnekTuBHOE yCKOpEHHE HMOHOB PENSATUBHUCTCKOTO
IUIa3MEHHOTO CTyCTKA.

Merto/ yacTu1l B STUEHKe ISl IBYMEPHBIX M TPEXMEPHBIX
INEKTPOCTATUUECKUX MTPOLECCOB.

Oransl pa3paboTKH CI0XKHBIX porpamM. OO1mas cxema
MeToa 4YacTWll B s4Ueiike JUIs JBYMEpPHBIX W
TPEXMEPHBIX JIEKTPOCTaTUIECKUX Moaeneil. [Ipumepsl
MOJIEIUPOBAHUSI TPEXMEPHBIX IIa3MEHHBIX CUCTEM.

IlocTanoBKa BBIYHMCIIMTEIIHLHOIO OKCIICPUMCHTA.
HpOBeI[eHI/Ie BBIYUCIIUTCIBHOT'O OKCIICPUMCHTA
«Yz[epxcaHI/Ie U  HarpeB IUIasMbl B  OTKPBITBIX
MArivTHbBIX JIOBYHIKax B YCJIOBHAX pPCE30OHAHCOB H
ABTOPE30HAHCOB». O6HIaH CXEMa 3KCIICPpUMCHTA.
I[I/IaFHOCTI/IKI/I B BBIYUCJ/IUTCIIBHOM SKCIICPUMECHTC.

DJieMeHTapHble TMpolecchl, mpotekaoume B OLP
asme. Bpemst KM3HM HOHOB. UHWCIEHHBIE MOJAENH
renepauuu M3U.

Pacuer 3apsinoBoro cocrosaus M3U B OLIP mna3me.

HapaﬂHeHBHHe BBIYHCJICHUA B MOACINPOBAHNN
MJIa3MCHHBIX IPOLECCOB METOIOM YaCTHUIL B syeiike.
BI/I3yaJ'II/I3aHI/IH ABWIKCHHA 3apsKCHHBIX YacCTUIl B

Bricokonpou3BoauTebHbIE MeTOoAbI
<~ QJICKTPUYCCKHUX W MArdvMTHBIX TIOJIIX Pa3JIMYHbIX

BbBIYMCJICHUH. o
MMPOCTPAHCTBEHHBIX U BPEMCHHBIX KOH(l)I/IpraHI/II/I.

Metoanl BHU3YyaJIM3alUU MOJEJIUPYEMbIX

MPOIIECCOB.

HaumeHoBaHMe THCHUIITHHBI PenssTuBHCTCKASA 3JIEKTPOHUKA

O0béM qucuumInael, 3E/ak.4. 4 3E (144 4ac.)

ConepxaHue THCHUILINHBI

HasBanmue pa3aesioB (TeM) AU CHUNITHHBI Conepxanue pa3ienoB (TeM)
AUCHUILINHBI:

BBe]IeHI/Ie B Hpe]lMeT IlonsiTue «CHJIBHOTOYHaA PEIATUBUCTCKAA
OJICKTPOHHKA». KOMMyTaHI/IH OOJIBIIINX TOKOB.

HUcrounukn BBICOKOI'0 HaIPAKCHU A
CHJIBbHOTOYHBIX ycxopnre.neifl 3JIEKTPOHOB.

IS

(I)OpMI/II)OBaHI/Ie UMITYJIbCOB HaIPAKCHU A
CHJIBHOTOYHBIX ycxopnreneifl 3JIEKTPOHOB.

CHUIIBHOTOYHBIE BBICOKOBOJIBTHBIE KOMMYTaTOPbl —
Ppa3psIHUAKH.
CHUIIBHOTOYHBIE YCKOPUTENIH 3JEKTPOHOB, UX TUIBI U
apameTphbl.

JlnmiHHBIE JIAHUU. OnuHouHas u JIBOMHAS
(dhopmupyrone TUHUN. KoakcuansHbIC THHIH.




I'enepanusn
CHJIBHOTOYHBIX
3JIeKTPOHHBIX My4koB (PIII).

n TPaHCMOPTHPOBKA

PEIATUBUCTCKHUX

I'enepanus U TPAHCIOPTHPOBKA
cwibHOTOYHBIX POII (mpoxoJkenue).

JAuarnocruka napamerpos POII

IIpobaemsl renepanun PIII MukpocekyHIHOI
AJIHTeTbHOCTH co CcTa0MJIBHBIMH
napaMeTpamu.

BspbiBHas amMuccust 37€KTPOHOB. B3pbIBOOSMHUCCHOHHBII
katoa. [IpenenbHbIil TOK TPaHCHOPTUPOBKU aKCHAIBHO-
cummMmeTpugHoro Tpyodaroro POIT B BakyymHOI TpyoOe

KoakcuanpHblii 1uoA ¢ MarHuTHOM — HM30JIALUEH.
IIpenenpHbIl TOK BaKyyMHOrO AMOAA. Y CTOMYMBOCTH
TOKa  TPAHCIOPTHPOBKH.  BupTyanbHBII  KaTon.
JIMOKOTpOHHAs! HEYCTONUUBOCTb.

MeTonpl MarHOCTHKK SHEPTUH JJIEKTPOHOB, MOIHOTO
TOKa, MPOGUIIS INIOTHOCTH TOKA, IUTY-YyTJIa TPACKTOPHil
3NIEKTPOHOB

BpemenHas u mpocTpaHCTBEHHast AWHAMUKA Tpoduiis
rwrotHocTy Toka POIN, mpuamnst. [lytn crabunmzarmm:
MHOTOOCTPHUHHBIA KaToZ, MarHUTHas MpoOKa, METOJ
OblcTpoii  MarHWTHOW Kommpeccud. [lomepedno-
JIE3BUMHBII B3PBIBOIMUCCUOHHBIN KaTOA.

HaumeHnoBanmne TUCIHUILINHDI

Puznyeckne NPUHIMIBI YCKOPEHHUS

0O0béM qucnumInnel, 3E/ak.4.

4 3E (144 4ac.)

ConepxaHue THCHUILINHBI
HasBanmue pa3aesioB (TeM) AU CHUNITHHBI Conepxanue pa3ienoB (TeM)
AUCHUILINHBI:

BBenenue

OcHOBHbBIE MeXaHHU3MbI
3apsiKeHHBIX YaCTHII

YCKOpeHUs:

Onucanue ycKOpPsieMbIX YaCTHIL

JluHeliHble yCKOpUTEIH

Hukanyeckne ycCKOpUTeIu

BCTpe'-IH])Ie MYYKH YaCTUIl U HAKONMHUTE/JIbHbIC
KO0JIbIIA.

VYckoputenu 3apsDKEHHBIX YACTHI[ KaK HMHCTPYMEHT
M3Yy4eHHs] 3aKOHOB MPUPOAbL. PazmuuHble NpUMeEHEHHS
YCKOpUTENEH 3apsHKEHHBIX YacTUL. OHepreTHYecKas
IIKajga sSBICHUH MuKpomupa. OOmas XapakTepuCcTHKa
YCKOPUTENEH: YCKOPUTENIN HU3KOM SHEpPruu, CperHen
SHEPIUU U YCKOPHUTENH BBICOKUX 3Hepruil. OCHOBHBIE
TUOBI  YCKOPUTENEH: JIMHEWHBIE U  IUKIUYECKUE
yckopurend. OCHOBHBIE XapaKTEPUCTUKH YCKOPSAEMBIX
yactul]. COBpeMEHHBIE YCKOPUTEH.

BricokoBOnIBTHOE YCKOpEHHUE. WNupyknuonHoe
yckopenue. IIpuHIMI ~ PE30HAHCHOTO  YCKOPEHUS.
AprtodaszupoBka. YcmoBue Bekcnepa. LukmoTpoHHBII

aBTOPE30HAHC. I'mpoMarauTHbII aBTOPE30HAHC.
JlazepHbie MeTonb! yckopeHust. KonnekTuBHbIE METOABI
yckopenus. JlazepHo-mna3MeHHble MeToAsl. Meron
BCTPEYHBIX ITy4YKOB.

®as3oBoe  mpocTpaHCTBO.  Da3oBBIE  TPAEKTOpUU
yckopsiembix  uactul. CemapaTpuca. AKCENTaHC.
®DokycHpOBKa 4acTull. CunbHas (>xecTkas)
(okycupoBKa.

OcHOBHEBIE THUIIBL JIMHENHBIX YCKOpHTEIIEH.

VYcroitunBocTh OpOUT ycKopsieMbIx yactui. da3zoBble
KoJieOaHMs B IMHEHHOM PE30HAHCHOM YCKOpPHTEIIE.

Huknorpon. berarpon. beratponHble KoneOaHUS.
MHuxpoTpoH. CHHXPOTPOH. CunxpoazoTpoH.
@®a30TpoH. JIBMKEHHE 4YacTHLl B MNEPUOAMYECKHUX

CTpykTypax. Pe3oHaHcel. CHHXPOTPOHHOE U3IydEHHE.
KBanToBble ¢(iaykTyaunu usmydenus. BimsHue mons
IIPOCTPAHCTBEHHOI'O 3aps/a.

CBeTUMOCTb. Mertoast JJIEKTPOHHOTO u
CTOXaCTUYECKOI 0 OXJIaXKICHUS. Konnaiinepsl.
Bonbmioit axpoHHbIA KomIaiaep.




HaumeHnoBanmne TUCIUILINHDI

dusnveckne MeToAbI JUATHOCTUKH

00béM qucnumInnel, 3E/ak.4.

4 3E (144 uac.)

ConepxaHue THCHUILINHBI
HasBanmue pa3aesioB (TeM) AU CHUNITHHBI Conepxanue pa3ienoB (TeM)
AUCHUILINHBI:

3o0H10Bas TUATHOCTHKA.

MuxKpoBoJHOBAasI AUATHOCTUKA.

JlazepHasi TMArHOCTHKA.

Mertonbl  TUATHOCTHKH — (PU3UYCCKUX  IAapaMEeTpPOB.
OOUHOYHBIA DJIEKTPUYECKUH 30HJ. DJIeMEHTapHas
TEOpHUs DJIEKTPOHHON M MIOHHON YacTel BOJIIbTaMIIEPHON
XapaKTEepUCTUKU 30HAA B OTCYTCTBUM MAarHUTHOTO
IOJIA.

JBoiiHOW  anmexkTpudyeckuil  30HA.  KoHcTpyknuun
AJIEKTPUYECKUX 30HI0B. CXEMBbI 30HIOBBIX U3MEPEHUH.
OMUTUPYIOLIUHA HIEKTPOHBI 30H].

OrmpeneneHue  TeMIEpAaTypbl U KOHIEHTpaUUU
SJEKTPOHHOW  KOMIIOHEHThl  IUIa3Mbl.  3OHAOBBIE
HU3MEPEHUS B CMECSAX ra30B U B AJIEKTPOOTPULIATENbHBIX
razax. 3OHJOBbIE HM3MEPEHHUs MapaMeTPOB IUIA3MBbl,
HaXOJAIIEMCs B  MarHUTHOM  IIoje. Brusnue
HaIpaBJIEHHbIX TIOTOKOB 3apsDKEHHBIX YacTUI[ Ha
pe3yNbTaThl 30H0OBBIX U3MEPEHUH.

M3mepenue mnoreHIMana Iia3Mbl MO IUIa3MEHHBIM
myMaMm W C  HCIOJIb30BAHUEM  TEPMO3OH[A.
«Pe3oHaHCHBII» 30HA. ABTOMaTHU3alMs 30HIOBBIX
n3MepeHuil. MarHuTHBIN 30H: KpaTKas TEOPHsl, CXEMBI,
TOYHOCTb U3MEPEHHUS MTapaMETPOB TIIa3MBbL.

[IpoBoaMMOCT, U [URNIEKTpUUECKAs] MPOHUIIAEMOCTH
IUIa3Mbl B BBICOKOYACTOTHOM  1ojie. Biusnue
TEIUIOBOI'O JIBIKEHUS! 3JeKTpoHOB Ha BU-cBolicTBa
miasMmel.  YcioBue — ciaboro  BoszgedictBus  BU
3JIEKTPUYECKOTrO MOJISI Ha apaMeTphl IJI1a3MBbl.
DIJIEKTPOJUHAMUYECKHE  CBOMCTBA IUIa3MBlI,
HaxoJsmielicss B MarHutHoMm mone. OOopymoBanue,
HCIONIb3YyEMOE JIJISl JTUATHOCTUKHU NapaMeTpoB ILIa3Mbl
MHKPOBOJTHOBBIMH MOJIsSIMUA. CBOWCTBA PE30HATOPOB
colepKallluX IUIa3MEHHYI0 cpeny. Pe3oHaTopHas
JIUarHOCTHKH MapaMeTpOB ILIa3Mbl.

Pacrpoctpanenne = MHUKpOBOJIH B IUIa3MEHHBIX
BOJIHOBO/IaXx. BOJHOBOJHAs JAMarHOCTUKA MapameTpoB
J1a3Mbl. 30HIMPOBAHKE IIJIa3Mbl TyYKaMHU MUKPOBOJIH.
Pacnpocrpanenue MHKPOBOJTH B mIa3Me.
Hcnonb30BaHue NpOXOASIINX U OTPa>KEHHBIX BOJH JIJIS
JIMarHOCTHKHU MapaMeTpoB Iia3Mbl. OTceuka BOJH Kak
CpEelICTBO IMAarHOCTUKUA. MUKPOBOJIHOBAS
nuHTEpdEPOMETPHSL.

MeTo/bpl UCCIeIOBaHUS TApaMETPOB PA3IMYHBIX CPEJ C

BH3yaIH3aluen TIOJISL. Hnrepdepomerpus c
Busyanusamueil nonsa. TeHeBoe QotorpaduposaHue.
Wnreppepomerpus c (oTORIIEKTPUY ECKOH

peructpanumeil. Tunsl nuaTepdepomerpoB. Jlnarnoctuka
IO TIOBOPOTY INIOCKOCTH TOJISIPU3AIINH CBETA.

Mertoabl TUarHOCTHKHU 110 paccesHUIo cBeTa. PaccesHue
JNEKTPOMAarHUTHBIX BOMH B Iasme.  Crektp
(GuyKTyallMu  IUIOTHOCTHM  4YacTUIl B  IUIa3Me
(u3oTepMuuecKass M HEU30TepMHYECKas IUIa3MBI).
Henuneitnpie nponeccel. TexHuka sKcrepuMeHTa IO
HCCIIEJOBAaHUIO PACCESHUS CBETA B IUIA3ME.

Ttapk 3¢ddeKkr B HOCTOSHHOM W MHKPOBOJHOBOM

TI0JIAX. I[OHHJIGPOBCKOG h  Jpyruc MCXaHU3MbI




Kopnyckyasipuasi TuarHocTuka.

VIIUPEHUS CHCKTPalIbHBIX IUHHUHA. CBs3b Tpoduis
CHEKTpPaJIbHBIX JIMHUA C [apaMerpaMy  IUIa3Mbl
OrmpeneneHde  AJIEKTPOHHOHM — TEMIIEpAaTypbl IO
WHTEHCUBHOCTU CHEKTpabHBIX JUHUU. TopMO3HON U
PEKOMOWHAIIMOHHBI ~ KOHTHHYYMBL.  J[narHocThka
NapamMeTpoB IJIa3Mbl 10 HENPEPBIBHOMY HU3IYYEHHUIO.
OnTryeckast XpOHOTpaQust IIa3MBbl.

MGTO,HI)I HCCIICAOBAHNA TTOTOKOB 3HCPTUH U3 IIJIA3MBI.
I/I3MepeHI/IH IIOJIHBIX IIOTOKOB 4YaCTHII. MarsuTHEIe
AHAJIN3aTOPbL IIOTOKOB 3aPSKCHHBIX qacTul.
QHGKT‘pOCTaTI/I‘IeCKI/IG AHAJIN3aTOPbI DHEPIru MOHOB U
DJICKTPOHOB. Macc-aHanu3 HOHOB ILIa3Mbl. AHam3
napaMeTpoB IOTOKOB HGﬁTpaHBHBIX qacTul. MeTOZ[I)I
perucTpalu  KECTKOro HM3Jy4CHUSI H3 IIJIa3MbL
3OHHI/IpOBaHI/IG IJ1a3MBbI ATOMHBIMH IMy4YKaMHu.
HCCH@Z{OB&HI/IG DJICKTPUYCCKUX Imojlel B IUIa3Me C
MOMOUIBIO ITYYKOB 3aps’KCHHBIX YaCTHULI.
QHGK’I‘pOCTaTI/I‘IeCKI/Ie AHAJIN3aTOPbl SHEPIruu MOHOB U
DJICKTPOHOB. Macc-aHanu3 HOHOB ILIa3MbI. AHam3
napamMeTpoB IIOTOKOB Heﬁ’I‘paJ’IBHHX HaCTHIg

MGTO,HI)I perucTpanyu  KECTKOro HM3JIy4CHUS U3
IIa3MBbI. 3OHHI/IpOBaHI/IG IJIa3Mbl ATOMHBIMHA ITyYKaMH.
HCCJ’I@HOB&HI/IG DJICKTPUYCCKUX Imojle B IuIa3Me C
TIOMOLIBIO ITYYKOB 3apsPKCHHBIX YaCTHII.

HaumeHnoBanmne TUCIUILINHDI

Du3uKa ra3oBbiX pa3psaaoB

O0béM qucuunannbl, 3E/ak. 4. 5 3E (180 uac.)
CoaepxaHue THCHUILINHBI
HasBanmue pa3aesioB (TeM) AU CHUNITHHBI Conepxanue pa3ienoB (TeM)
AUCHUILINHBI:

Beenenune. CamocTosiITe/IbHBII pa3psj.

Tneromuii papsa.

Jyrosoii pa3psin

Hckposoii paspsig

Koponnblii pazpsia.

Bricoko4yacTOTHBII pa3psia

Hp060ﬁ U 3aKUT'aHUC CAMOCTOATCIIBHOI'O paspsiza B
MNOCTOAHHOM, OJHOPOAHOM  DJICKTPUYCCKOM  IIOJIC.
H3meHenne Toka pa3psaga BO BPCMCHMH. HOTGHHI/IaJ'I
3aXXKUraHusl.

Pacripeniennenne  mapaMeTrpoB  paspsia IO JUIMHE
paspsaHoro mnpomexytka. BAX Tieromero paspsaa.
Omnpenenenne ycIoBUHA 3aKUTraHus! TIICIOIIETO pa3psa
n ero nogaepxanus. Karomweli ciaol  wu
MOJIOKUTEIBHBIA ~ CcTOJNO  Tieromero  paspsja.
[lepexonnsie obmactn, AU y3MOHHBIE IPOLECCHI,
KOHTPAKIMS, CTpaTU(PUIIMPOBAHNE H T.1I.

I[yFOBBIe paspdaabl U OCHOBHBIC TIIPOLIECChI B HUX.
O6pa3OBaHI/IG 1 INHAMHWKa pa3sBUTUS JIABUH.

UckpoBoii pa3psa  (y1aBuHa,
BO3HHMKHOBEHMS. MOTHUSA

CTpuMep), KpuTepuit

BAX
B

Koponnsiit  pazpsa. Kpurepuit 3axxuranus.
KOpOHHOro  paspsaa.  KopoHHbIl  paspsn
BBICOKOBOJIBTHBIX JIMHUAX NEepeay.

BricokouacTOTHBIN pa3psin

BY - emxoctHoil pa3psaa. Kpurepuii 3axuranus. BAX -
BUYE pa3psna. Jse d¢opmer 2BYE. BY
MHAYKUMOHHBIN pa3pan. Kpurepuil saxuranms. BAX

paspsja.




OnTuyeckuii paspsg

CBY-pa3psn

OO0mmue cBoiicTBa M NMPUHIUIBI COOTBETCTBHA

ra3oBbIX Pa3psi/ioB

I1i1a3MeHHBIE TEXHOJIOTHH. 3aKII0UYEeHHE

OnTuueckuii paspsn. Kpurepuit 3axuranus.

CBY - mpoboii, mpenensHele pd s 1podost.
VYpaBHeHnne kuHeTHkd uHoHM3ammu CBU-paspsna.
OyHKIMS pacnpeAencHus YacTul 1o Heprusiv B CBY
paspsne. CBY-pa3zpsin B pe3oHaTOpE.

[TpuHIMITE TOIO0US pa3psIOB.

Ilma3sMeHHBIE  TEXHOJOTHUU. Pa3p;m},1 B Jla3epax
HCPCPLIBHOT'O HeﬁCTBHH.Fa3OBBIe JIa3€pPhbI. HpI/IHHI/IH
reHepaluy, OCHOBHBIC IIPOLICCCHI. HpaKTI/I‘IGCKaSI
peajin3anys ra3oBbIX JIa3CPOB - IBC MOJACIIN.

HaumeHnoBanmne TUCIUILINHDI

MaremaTtu4yeckue MeTOAbI B pu3nKe

00béM qucnumInnel, 3E/ak.4.

4 3E (144 uac.)

ConepxaHue THCHUILINHBI

HasBanmue pa3aesioB (TeM) AU CHUNITHHBI

Conepxanue pa3jienoB (TeM) TMCHUIINHBI:

TeH30pbI B TPEXMEPHOM €BKJIHA0BOM
MPOCTPAHCTBE

TeHz0psI IEPBOTO M BTOPOTO PaHroB. TeH30p BTOPOTro
panra kak adduaop. OnpezneneHue TeH30pa
MIPON3BOJILHOTO PaHTa. 3aKOH ITPpeoOpa3oBaHMs
KOMITOHEHT T€H30pa ITPOU3BOJILHOrO paHra. TeH30pHas
anrebpa. AHTUCHMMETpUYHBIE TeH30pbl. [Tomyuenne
WHBApPHAHTOB C TIOMOIIHIO aHTUCUMMETPHYHBIX TEH30POB.
Cummerprunsiii apdunop. Paznoxenne addunopa na
CUMMETPHYHYIO U aHTUCUMMETPUYHYIO YacTH.

Tenzopusie nons. AnddepeHimpoBanne TeH30pa Mos.

JInHeliHbIC NPOCTPAHCTBA

AXCHOMEI TUHEHHOT O MPOCTPAHCTBA. B3anmublie 0a3uCHL.
KOHTpaBapI/IaHTHI)IG 1 KOBAPUAHTHBIC BEKTOPHI.
T€H30pHO€ MMPOU3BCACHUC JIMHCHHBIX MIPOCTPAHCTB. Bbasuc
B TCH30pPHOM IIPOU3BCICHNU. KOOpI[I/IHaTBI TCH30pa.

AddnHHOE IPOCTPAHCTBO 1 H3MEPEHUI

Toueuno - BekTopHas akcuomartuka aduHHOTO
npocTpaHcTBa. AddUHHAS KOOpANHATHAS CHCTEMA.
[IpeobpazoBanue adhduaHOrO penepa. OOIIEE MOHATHE O
TeH3ope. 3a/1a4a TeH30pHOoro neuncieHnsi. OCHOBHbIE
olepaIy TEH30pPHOW alreOphl: CI0KEHNE TEH30POB,
YMHOXEHHE TeH30pOB, CBEPTHIBAHUE TEH30pa, Ollepaus
MIOZICTAHOBKH MHJIEKCOB. OpHeHTalus B 71-MEPHOM
adGUHHOM MIPOCTPAHCTBE.

EBKIHMI0BO NPOCTPAHCTBO N H3MePEeHUIi

[MonsiTne 00 eBKINIOBOM IIpoCcTpaHCTBe. TeH3opHas
anredpa B €BKIMIOBOM IIPOCTpaHCTBE. TeH30pHas
anredpa B €BKIMIOBOM IPOCTPAHCTBE.
OproHopMupoBaHHbIii perep. COOCTBEHHO €BKIIHOBBI
mpocTpaHcTBa. IIceBaOeBKINIOBEI IPOCTPAHCTBA.
JIByMepHOe NCEeBAOEBKINI0BO IPOCTPAHCTBO. Bpamenue
OPTOHOPMHUPOBAHHOTO PEMepa B MCEBIOEBKINI0BON
miockocTd. 3Mepenue miomanaei u yrios Ha
IICEBIOEBKIINIOBOM I1ocKkocTU. TpexmepHoe




TICEBIOCBKIIMIOBO MPOCTPAHCTBO MHJEKCA 1. n-MepHOE
TICEBIOCBKITUIOBO MMPOCTPAHCTBO HHACKCA 1.
OpTOroHATBHEIC U TICEBI0-OPTOrOHAEHBIE
npeoOpa3oBanus. KBasnaddunnas n apdurnas rpynmst
npeoOpa3oBaHuid. [ pynmna KBa3uaABMKEHHUH U TPpyIITa
JIBIKCHUH B €BKIIUIOBOM MPOCTpaHCTBE. M3MepeHue
00BEMOB B BEIIECTBEHHOM EBKJIMIOBOM IPOCTPAHCTBE.
[oHsTHE O TeOMeTpUIeCcKOM 00BeKkTe. JInHelHbIe
TCOMETPUUYCCKUE OOBEKTHI B a)(PHTHHOM U CBKIIUIOBOM
MIPOCTPAHCTBAX.

Juddepennnpyembie MHOrooopa3usi 4 TeH3opbl | OnpeneneHne MHOrooOpasusi. TeH30psl HA MHOTOOOpa3uH.
Mertpuueckuil TeH30p B BEKTOPHOM IpocTpaHcTse. Ilone
METPHYECKOr0 TEeH30pa Ha MHOrooopasuu. Kacartenasnoe
apUHHOE MTPOCTPAHCTBO.

PuMmaHOBBI IPOCTPaHCTBA U MPOCTPAHCTBA PumanoBo npocrpancTBo. EBKINI0BO IPOCTPAaHCTBO R,
adgdunHOIl cBSI3HOCTH KaK YaCTHBIN Cllydall puMaHOBa IPOCTPAHCTBA.
HeeBknnoBel npoctpancTBa. Mi3amepenue 00beMOB B
puMaHoOBOM npocTpaHcTse V. [IpoctpancTBo addunaHOM
CBA3HOCTU.

Anmnapat adconoTHOro guddepeHnupoBanus ITapastenbHbIA NEPEHOC BEKTOPA B IPOCTPAHCTBE
auaHON cBI3HOCTH. AOGCOMIOTHBIN Mu(depeHITran u
abcoroTHast mpon3BoHast. AOCOMIOTHOE
muddepeHnpoBanre B pUMaHOBOM IIPOCTPAHCTBE V.
Kpussle B pumaHoBoM mpoctpascTse V,. ['eonezndeckue
B PUMaHOBOM ITPOCTPAHCTBE V.

TeH30p KPUBHU3HBI TeH30p KpUBU3HEL, €r0 CBOMCTBA ¥ FEOMETPUUYECKUM
cmblc. KpuBusHa piMaHOBa IPOCTPAHCTBA B TAHHOM
TOUYKE B JAHHOM JBYMEPHOM HampaBiIeHUH. TeH30p
KPUBU3HBI B ClIy4ae JBYMEPHOrO0 PUMaHOBA IPOCTPAHCTBA
V>. IIpocTpaHCTBO MOCTOSTHHOM KpuBH3HBL. KoH]popMHOE
COOTBETCTBUE PUMAHOBBIX IPOCTPAHCTB.

HanmeHoBaHMe M CHUILIMHBI Teopus aroMHOro sigpa
O0béMm nucunmiunebl, 3E/ak. 4. 4 3E (144 gac.)
CoaepxaHue THCHUILINHBI
Ha3Banue pa3nenoB Conepxanue pa3jienoB (TeM) TMCHUIINHBI:
(TeM) M CHMITHHBI
Tunel B3auMoeiicTBUi DneMeHTapHbIe U (yHIaMEHTaJIbHbIE yacTUlbl. OOmmas xapakrepucruka 4
yacTul 1 aaep THIIOB B3aHMOZ[eI>iCTBPIH QJICMCHTAPHBIX YaCTHUILl: CWIBHOI'O, SJICKTPOMATrHUTHOT O,

¢11a060r0 ¥ rpaBUTALMOHHOr0. MacuTadbl (pu3ndecKux BeNW4rH (IHEPTHH,
paccTosiHuit) B siiepHOl (pusnke u pU3HUKe d7IeMeHTapHbIX YacThl]. CTaObuiibHbIe
HecTaOmIbHBIE siapa. Marudeckue siapa. V30Tonsl 1 13oMephl. DHEPTHsl CBSI3H
snep. Pasmeps 1 ¢popma siep. MeTozipl X ONpeaeeHus..




SAnepHbie MoneJin.
IIpupona siAepHBIX CHIL

HeiiTpon

Knaccudukanms sinepusix mozeneit. Kanensaast Mozens siipa. @opmysia
Baiiizexkepa. O6onodeunas Mmoens sapa. O0o0meHHas Moaemb sapa. Moenb
KBapKOBBIX MEIIKOB 11 siaep. KoporkoaelictBue. KBanTOBBIE OOMEHHBIE
BHUpPTYyasIbHbIE Npouecchl. [Inonnas teopus FOkaBel. Bkiarouenue apyrux
CKaJIIPHBIX 1 BEKTOPHBIX Me€30HOB. COBPEMEHHBIH MOX0JT K OOBSICHEHUIO
MeXaHHU3Ma SIIEPHOTO (CHIIBHOT0) B3aUMO/ICHCTBYS. [ TIOOHBI M KBapKH.
JleWTpoH B MpHUOIIKEHNH LIEHTPAIBHBIX CHJI. [leWTpoH B MpuOImKeHnn
TpexMepHOH MepHoO# cdeprueckoii ssmbl. [IpobeMa aelTpoHa ¢ yaeToM
HEILIEHTPaJIbHOr0 XapaKkTepa SAepHbIX CHIL.

SAnepHble peaknuu.

3apsigoBasi cCHMMeETpHA
CHWJILHBIX B3aUMOJEHCTBHI

OcHOBHBIC IOHATHS U onpeenieHus. OOMre CBOWCTBA SIIEPHBIX PEAKITUIA.
Yupyrue u Heynpyrue siepHbie peakuuu. [Iporieccsr JeneHus U CHHTe3a Saep.
[psiMbIe, pe3oHAHCHBIC M HEPE3OHAHCHBIC PeaKIuy. Peakiinu cppiBa, MMOIXBATA,
3axBata u ap. DorosaepHbIe, ICKTPOSACPHBIC PEAKIINH U JIP. 3aKOHBI
COXpaHCHHUS B SJCPHBIX peaknusix. Anbda - pacman. OcodeHHOCTH anbda -
pacmana. [IpoxokaeHre YacThIl Yepe3 MOTEHITHATLHBIN Oapbep (TyHHETbHBIH
a¢¢exT). bera - pacnan. DHepreTHYSCKUA CIIEKTP 3JIEKTPOHOB B TIporiecce Oera
- pacmagma. MeTtoss onpeelieHus Macchl HeTpuHo. DepmueBckue u ['amoB -
TemnepoBckue nepexonsl. 'amma - pacnan. Sxepras uzomepus. I dexr
Meéccbayapa. M3mepeHne KpacHOTO CMEIICHUS.

YpaBuenne JIupaxa.

HoasipusanuoHHas
MaTpHULA IVIOTHOCTH

Mertpuxka ITaynu u MeTpuka beépkeHa B mpocTpaHcTBE MUHKOBCKOTO.
VYpasHenue Jupaka aist HepMHOHOB B PEIITHBUCTCKOM KBAHTOBOM MEXaHHKE.
Paznmunbie npencrasnenns (popmel 3anncu) ypaBHeHust Aupaxa. CoiicTsa o-
Mmatpun Jupaka u y-marpur ¢on Heiimana. CriviH Kak IMPKYISIHS TOTOKa
SHEPIUU B MOJIE BOJIHBI 21IEKTpoHA. CIUPaNbHOCTh U KUPAJIBHOCTD.
JIByxKoMITOHeHTHast (POPMYIHPOBKa ypaBHeHHUs [lupaxa.

PensTuBncrckas reopus
KBAHTOBBIX NEPEX0/10B.

MeTO}IbI BBIYHUCJICHUSA
MATPUYHBIX JJICMCHTOB

PenaruBuctckast KBaHTOBasi TEOPHS BO3MYILIEHUN JUIsl YaCTUL] CO CIUHOM.
O6mas dopMyna Ayt BEpOSITHOCTH TIEpeX0/1a MOJISIPU30BaHHOTO (hepMHOHA U3
HAYaJIbHOTO COCTOSHUS B KOHEUHOE COCTOSIHUAE B PE3YJIbTATE B3aUMOACHCTBUSL.
S—marpuna. [narpammsr @elinmana. O0mue GopMysts! i1t BEpOSTHOCTEH
pacriazia moJsipu30BaHHbBIX ()EPMHUOHOB M CEYCHUI paccestHuUs TTOSPU30BAHHBIX
1 HENOJISIPU30BaHHBIX (DEPMHOHOB HA JIPYIHX YacTHNAaX U sapax. Gusndeckue n
Heu3nUecKre pacXoquMOCTH.

PensTuBncrckas reopus
paccesinns. @opmyna
Mortra. ®opmyJia
Pozenburora

PensTuBHCTCKAsT KHHEMATHKA ITPOLIECCOB paccestHus. MeToabl yuera SHEepTud U
HMITyJIbCa OT/Ia4M YacTHIl U saep mMuineHu. JlaboparopHas cucrema, cucrema
LIEHTPa Macc ¥ MPOU3BOJIbHAS cucTeMa oTcyera. Dopmyra s

1 depeHranbEHOro 1 IOJTHOTO CeUYEHHUH pacCcessHNs PENITHBUCTCKUX
(hepMHOHOB Ha NPOM3BOJIBLHOM IOTeHIMalNe. PaccesHne HEMoIIpU30BaHHBIX
PETSATUBUCTCKUX TOYEYHBIX 3JIEKTPOHOB HEMOABMKHBIM KYJIOHOBCKHM IIEHTPOM.
®opmyna Motra ans cedeHus paccesHus. IlpenensHelii nepexon K
HEpEeJITUBUCTCKOMY CITy4aro U rnoiydenue ¢popmynst Pesepdopaa. PaccesHue
PENSATUBUCTCKUX TOYSYHBIX 3JIEKTPOHOB Ha IPOTOHAX C YYETOM HX CTPYKTYPBHI.
DJNEeKTpUYeCcKUii U MarHUTHBIN QopM-pakropsl. Popmyna PozenOmora.

I'pynnosoii nogxon k
KJIACCH(PUKAIINY YACTHIL.

MyabTHILIETHI YaCTUI B
rpynnax SU(2), SU(3),
SU4)

CrabwiipHble 1 HecTaOWIIbHBIE YacTHIBL. Pe3oHaHchl. [lepBbie MOMBITKH
KJaccu(UKamy 3JIeMEHTapHBIX YaCTHI] TT0 UX MaccaM U CITHAM.
CoBpeMeHHBIN OAX0A K KiIacCH(UKANY YacTHIl, OCHOBAHHBIN HA MX
B3aMMOJICHCTBUSIX. DileMEHTapHbIE U (DyHIaMEHTaIbHbIE YacTHIBL. Anredpa
reHepaTtopoB yHUTapHBIX rpynn SU(N). @yHaaMeHTanbHble, CONPSDKEHHBIE,
NIPUBOAVMBIE U HenpuBoAMMEIe npeacraieHus rpynn SU(N). Cxemsl FOnra.
MynbTHIUIETH! HYKJIOHOB, CKaJISIPHBIX ¥ BEKTOPHBIX ME30HOB, OApPHOHOB U




0apHOHHEIX pe30HaHCOB. MaccoBsie cooTHomeHus. Mopgens @epmu - SJHra 1
mozaens CakaThl.

Cna0oe B3auMoJelcTBHE.

Teopusa ®epmu. IlpaBuino
or6opa ®epmu u I'amoBa -
Tennepa

IoneITKK 00BICHEHUS HCIIPCPBIBHOI'O SHECPTECTUYCCKOI'O CIICKTPA 3JICKTPOHOB,

N
HCITyCKaeMbIX B Iporeccax 3 - pacraza siiep. PaznnuHbie HHTEpIIpETauy
atoro sBieHus. I'mnoresa Iaynu. AHanorus ¢ 3J€KTpOJUHAMHKOM.
I'amunpToHNan cnaboro B3anmozercTsusa. OcHoBsl Teopun Depmu (V-

I
BapuaHT) ' - pacnana sep.

Hecoxpanenue P-ueTHocTu.
V - 24 B3aumoneiicTBue.
JucKpeTHbIe CHMMETPUH

O06o06menne Teopun Ha cirydail cynepnosuiuu S, V, A, T, P - BapuanToB IpH
coxpanenuu P - yetHocTu. HecoxpaHeHne NpOCTpaHCTBEHHON YETHOCTH.
Ipenckazanus JIu u Slara u sxcnepuMenT By. TlepBble HONBITKH 00BSICHEHUS
HECOXpaHEHUs! P -4eTHOCTH JIByXKOMIIOHEHTHOCTBIO 0€3MacCOBOr0 HEHTPHHO.

Tok - TokoBas Teopust
¢J1aboro B3aumMo/ieiicTBusl.

®uzuka HeliTpuHo. Macca
HEHTPHHO M HelITPUHHBIE
ocuuuisinuu. Mozaenb
Baiin0epra - Canama

O06o0mIeHre Ha Bce YacTHIBL. [lMaroHanbHbIC ¥ HEIMArOHAJBHBIE TPOIECCHI.
Yron Kabu660. YHUBEpPCATFHOCTh KOHCTAHTHI CIIa00T0 B3anMoaeicTBus Gr.
JupakoBckue, BeiineBckue u MaliopaHOBCKHE HEUTPUHO. DNEKTPOHHEIE,
MIOOHHBIC U TaYOHHBIE HEHTpHHO. JlenToHHKIC yrcia. Pa3muaHble 3aKOHBI X
COXpaHCHHUS.

Hp06neMa MacCChI HGﬁTpHHO. CnocoOrI ee OKCIICPUMCHTAJIbHOT'O OIPEACIICHUS.
HeﬁT‘pI/IHHBIG OCIHMILIAIMHU U UX maccmbnxaum. TEOPETI/I‘IECKI/IE CICACTBUA 1
CpaBHCHUEC C SKCIICPUMCHTAJIbHBIMA JTaHHBIMU. ATMOC(l)epHBIe, COJIHCYHBIC,
TaJJAKTHYCCKUEC U KOCMUYCCKHEC HeﬁT‘pI/IHO.

HaumeHnoBanmne TUCIUILINHDI

Kiaaccnueckasi m KBaHTOBAasI TEOpHUs MoJasA

00béM qucnumInnel, 3E/ak.4.

4 3E (144 uac.)

ConepxaHue THCHUILINHBI

Ha3Banue pa3nenoB
(TeM) IMCUMTJIMHBI

Conepxanue pa3ienoB (TeM) TMCHUIINHBI:

MeToa KOrepeHTHBIX
COCTOSIHHI B KBAHTOBOM
OITHKE

KBanTOBast TeOpHst HIEKTPOMArHUTHOTO ITOJISI B TIOIEPEYHOM KaInOpOBKE.
I'aMuIIbTOHNAH 3JIEKTPOMArHUTHOTO OIS C 3a/JaHHBIM BHEITHUM HCTOYHHKOM.
VYpasHenus Sura — @enpamana. KorepeHTHBIE cOCTOSHUS U1t (JOTOHOB U MX
TIPUMEHEHNE JUIsl pelieHns ypaBHeHui SInra — @enpaMana B cirydae 3aJaHHOIO
HCTOYHHKA (TTyaCCOHOBCKOE pacIipeeeH e YHCeN pacipeaeaeHus (JOTOHOB).
®opmyna S1.b. 3enpaoBuya Uit BAKYyMHOU aMIDIHTYAbI (hoToHOB. Onmcanue
JIeTeKTopa (POTOHOB M YCIIOBHE KOI'€PEHTHOCTH B ONTHKE. MoJIeb JeTeKTopa
I'may6epa — Apexku. CTpyKTypa MaTpulpl IDIOTHOCTH 1o ['mayoepy.
[MapranpHas MaTpHLa IIOTHOCTH AETEKTOpA B MPUOIIMKEHUH HETIPEPHIBHOTO
cnekrpa Baiickona — Buraepa (teopust 3atyxanust). Y paBaenue ["aiitinepa s
BpPEMEHH JKU3HHU BO30YKJIEHHOI'O aTOMa M CABHI'a CIIEKTPAJILHBIX JIMHHH.
Mogens nazepa mo ['mayoepy. @opmysa I'mayoepa ais CKOpocTH cueTa
(hOTOHOB.

O0001mEeHHbIe KOT¢PEHTHBIC
COCTOSTHUS

I'pynmoBass mHTEpHperanys KOTepeHTHBIX COCTOSHHH Ha IPUMEpE TpPYIIIEI
leiizenOepra — Beiinsa. VYcinoBue NOMTHOTHI KOTEPEHTHBIX COCTOSIHMH —Kak
ciencreue nemmbl llypa. O6o6mennsle korepentHsie coctosHus (OKC) mms
npousBonbHON rpynnsl JIn. Teomerpuueckas unntepnperanusa OKC Ha s3bIke
paccnoenuil. JleiictBue omeparopa npeacrasieHus Ha OKC. Ilomnora OKC.
MaxkcumanbHasi CTanpoHapHasi nomanredpa um ycioBue Ommsocta OKC
KBa3MKJIACCHYECKOMY COCTOSIHMIO (BBIOOp MIIQJIIEro BEKTOpa B KavyecTBe




Bakyyma). Merox opout A. KupusioBa 1 KorepeHTHBIE COCTOSIHUSI.

OO6o0meHHble  KorepeHTHble cocTosHust it rpymsl  SU(2).  Peanmzaus
CnuHOBbIE KOrepeHTHbIe HETIPUBOAMMBIX TIpeacTasieHuit rpynmnsl SU(2) Ha mpocTpaHCTBE MOIMHOMOB.
COCTOSIHUS Br160p BakyyMHOr0 BEKTOpa M HOPMHUPOBKA CIIMHOBBIX KOT€PEHTHBIX COCTOSHUH
JUISl TIPOM3BOJILHOTO Beca. BeramciieHne cpeiHuX M0 KOrepeHTHOMY COCTOSTHHIO
JUISl OCHOBHBIX CITMHOBBIX OIIEPaTOpOB.

[IpumeHeHne  CHMHOBBIX ~ KOT€PEHTHBIX ~ COCTOSHHM  UII  OIHMCAHUS
JIOKAJIN30BAaHHBIX BO30OY)KAECHHH B (peppomMarHeTvkax. |'aMUIBTOHHAH MOJENH
leiizenOepra n ero ycpemHeHHE 1O CIIMHOBOMY KOTEPEHTHOMY COCTOSIHHIO B
npuommkeHny  craboil  aHm3orpornmu. HenpepwlBHBIA mpenen M ypaBHEHUE
Jlanmay — Jludpmmna. Jlomenusle crenku brmoxa — Heems. [IByxmepHbie
MarautHele Buxpu bemaBuHa — IloisikoBa W TONOJOTMYECKWH 3apsa. YUer
CIIMHOBOIO  OOMEHa  4YeTBEpTOro  Mopsiika B  MOJEIH  H30TPOITHOIO
¢deppomarneruka [eizenbepra — Tsa0mukoBa. Tomonmornueckrue BO30OYXKICHUS B
TPEXMEPHOM MarHeTHke HereizeHOeproBckoro tuma (Moaens Paaneesa - DHIA).
OrieHka sHepruu Bo30yKAeHHs Yepe3 HHIeKC Xorda.

HauMenoBaHue QU CIUILIHHBI BBenenne B KBAaHTOBYI0 TCOPUIO IOJIA

O0béMm qucnuniaunbl, 3E/ak. 4. 4 3E (144 4ac.)

Conep:xkanue a1 CHUIITUHBI

Ha3panue pazaeJioB Conep:xkanue pa3enoB (TeM) TUCHUNIUHBI
(TeM) TUCHMILIUHBI

OcHoBHBIE Heo6xoauMocTs mprMeHEHHsI CHIeHUaTbHBIX METOIOB B KBAHTOBOM
NPeACTABJICHUS 0 TEOPUH paclpeneseHHBIX CUCTEM B CBSI3U C HETPUMEHUMOCTBIO TEOPUHU
KOrepeHTHBIX BO3MYIIEHHUH (OTCYTCTBHEM MaJbIX mapamerpoB). Minmoctparus
COCTOSTHMSAX yKa3aHHOUW CUTyalliu Ha IpUMepax: JIOKaJHn30BaHHBIC BO30OYKICHHUS B

Cpcaax, CBCTOBBIC ITYUKHU (ﬂasepH), COJIMTOHEI B KBAHTOBOH
XpOMOANHAMUKE (HI/IBKOBHCpFCTI/I"ICCKOC HpI/I6HI/I)KCHI/IC).
KBa3ukmaccuueckoe HpI/I6J'II/I)KCHI/IC u 1/N—pa3no>i<eHHe Kak CIIOCOOBI
BBCICHUA KOT'CPCHTHBIX COCTOSIHI/Iﬁ, pacCMaTpruBaACMBbIX KaK
3(1)(1)6KTI/IBH06 HpI/I6HI/I)KCHI/IC IIpU OMMUCAHUUN KBAHTOBLIX MPOTSXKCHHBIX
00BEKTOB. KOFCpeHTHLIe COCTOSIHUSI Y BEHBIICT-aHAJIN3.

KorepenTtnsie coctossHus | ['ayccoBckue BomHoBbIE akeTsl LIpeaunrepa kak cocTosHMS,

B HEPEJISTHBUCTCKOM MUHUMH3UPYIOIIKE TPOU3BEACHUE HEONMPEIEICHHOCTEH KOOPUHAT U
KBaAHTOBOIi MeXaHUKe UMITYSTECOB. KOrepeHTHBIE COCTOSIHYS KaK COOCTBEHHBIC ()yHKITHH
orepaTopa YHUUTOXKEHUS. Y HUTAPHBIN onepatop cMelieHus Beins.
Ionomopduoe npencrasinenue baprmana — Curana — @oka. [lomHora
KOI'€pEHTHBIX cocTossHui. [lepexon oT n-mpencTaBieHus K z-
npeacTaBiieHuo. HopMallbHO-TTOp 0k AaroIue OnepaTophl B roIoMopd-
HOM NIPECTaBICHUU U UX IPUMEHEHHE JIsl PEUICHUS OTepaTOPHBIX
ypaBHeHUI. KorepeHTHbBIE COCTOSHUS JUIsI ClTydasi MHOTMX CTEIEHEH
CBOOOJIEL.




HaumeHoBaHNEe TUCIHUIJIAHBI Teopml JICMEHTAPHBIX YaCTHIl 1 KBAPKOB

O0bém qucunnannbl, 3E/ak.u. 5 3E (180 uac.)

ConepxaHue THCHUILINHBI

Ha3Banue pa3aenoB
(TeM) IMCUMTJIMHBI

Conepxanue pa3jienoB (TeM) TMCHUIINHBI:

BBenenue B Kypc.
IIpocreiinme KBAaHTOBbIE
MO/IeJIH CTPYKTYPhI
aTOMHBIX siIep

[IepBrie mpencraBienus o cTpykType yactull. CoctaBHble MOAENU. ONBITHI
Pesepdopma. [Tnanerapras moxens atoma. Monens MBanenko -I efizenoepra
JI71s1 aTOMHBIX SIZIEpP, COCTOSAIIUX U3 HEUTPOHOB U MPOTOHOB. OnrcaHue
CTPYKTYpHI sII€p B paMKaxX HEPEJIITUBUCTCKON KBAHTOBOM MEXaHUKH. SaepHble
¢dopm-daxroper. CTpykrypa siaep /p-o0oimouku. PenstuBuctckas Teopus
paccesHUS 3JCKTPOHOB Ha sypaX /p-000JI0YKH M SKCIIEPUMEHTATHHOE
onpeJesIeHUE paciipeieieHus sIIepHO MaTepHH.

DeHOMEHO0JI0rnYecKoe
ONMCaHHUE CTPYKTYPbI
3.]IeMeHTaprIX qJacTul

BrIcOKk0O2HEpreTHIECKOE pacCEesHUE IEKTPOHOB HA TOYEUHBIX ITPOTOHAX.
®opmyna Mortra. IIpoToH kKak NpoTskeHHas 4acTHLA. J{MpakoBCKUil 1
[MayneBckuii hopM-pakTopsl. FIX CBS3b C INIOTHOCTBIO pacIpeie/ICHHs
JIEKTPUUYECKOT 0 3apsi/ia U MarHUTHOro MoMeHTa. @opmyina PosenbmroTa.
OmnpiTel XogmTaarepa 1Mo 3KCIepruMeHTaIbHOMY OIPEIEIEHHIO CTPYKTYPHI
MIPOTOHA. DJIEKTPUIECKHI M MarHUTHBINA (OpM-(paKkTOpbl TPOTOHA U HEUTPOHA.
Wx ¢usmueckuii CMbICT U SKCIIEpUMEHTAIbHOE onpeeneHue. Omucanne
CTPYKTYpPbI ME30HOB U TUIIEPOHOB.

Henuneiinbie Mojgen
TeOpHH MoJieil U YacTuIl.
CocTaBHbIE MO/I€JIU YACTHUIL

OnucaHue XapakTepUCTHK YaCTUL] B paMKaX HETMHENHBIX TEOPUIL.
YacTuieno100HbIe pelIeHns HeJIMHEHHBIX YpaBHEHUH KaK 00pasbl
MPOTSKEHHBIX YacTHL. JIOCTUTHYTBIE PE3yAbTAaThl B ONMUCAHUN CBOMCTB YaCTHUI]
U TOJIEH, TPYAHOCTU HeMUHEWHBIX Teopuil. Moaenu ®epmu - fInra nu OxyHs -
Cakatsl. AToMHBIE Mozienu ['onaxabepa n @pumnia. Onucanue BHYTpeHHEH
CTPYKTYpbI YaCTHII C TOMOIIBI0 HOBOTO ypaBHeHus [Jupaxa (1971). KBapkosble
Mojenu. YHutapHsle cummerpun. Cummerpus SU(3). Beenenune cnivHa.
Cummerpus  SU(6). MaccoBbie COOTHOIICHUS. [ ITy00KO-HEYIIPYToe IIEKTPOH -
IIPOTOHHOE paccesHue. CKEWINHT U ero HapymieHue. [lapTonHas Moaens.
KBapxku B ponu naptoHoB. L[BeTHbie kBapku. Benrkoe oObeaiHeHME.




HaumeHnoBanmne TUCIUILINHLI

dusuka Jia3epos

0O0béM qucnumannel, 3E/ak.4.

4 3E (144 uac.)

CoaepxaHue THCHUILINHBI
Ha3zBanmue pa3aesioB (TeM) AU CHUNTHHBI Conepxanue pa3ienoB (TeM)
AUCIHHUILINHBI:
INnanapHsIii JUDIIEKTPUIECKUI BOJIHOBOZI.

I[m.neKTpnqecxne ONTHYCCKHE BOJTHOBOABI.

Hennneiino-onTuyeckue 3¢p(eKThl B BOTOKOHHBIX

CBETOBO/AX, 3JICMEHTHI H YCTPOHCTBA C HX
HCIO/Ib30BAHUEM

Jlazepsi

HaHpaBJ’IHeMBIe BOJIHBI. I[I/ICHGPCI/IOHHOG YpaBHCHUC
IJIaHAapHOI'0 BOJIHOBOJA.

DPPeKTh KOMOUHAIIMOHHOTO W BEIHYKICHHOTO
KOMOWHAIIMOHHOTO PACCESHUS B BOJIOKOHHBIX
ceeroBogax. BKP nazepsl u ycunurenu, OCHOBHbIE
CXEMBI U 00JIACTH MTPUMEHEHUS.

J'[a3ep},1: TBEPAOTCIIbHBIC C OIITHYECKOI HaKa‘lKOﬁ,
Ta30BbIC, MMOJYIPOBOAHUKOBBIC.

CBOICTBa JTa3€pHOrO M3JIYUEHHUS.

PYKOBOJUTEJIb OII BO:

Jupextop UOUT

(%h Jo3a O.T.

Homxnoctb, BYII

IMoxmuce

damumug U.0.




