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An'rya"urHocrb reMbl Al{ccepra IIU u

B pavmax upr,rrurofi B crpaHe 3uepreruqecrcofi crparerlall Ha nepl4oA Ao

2035 roAa oco6ufi r{Hrepec rpeAcraBJr.rrer pa3Bl,Irkt e pacrpeAenennofi reHepaIII4H

Ha ocHoBe noso6HoBJIf,eMbIX r,Icror{HI4KoB, B r{acr't-Iocrl,I, BerpogHepferrrr{ecKl4x

ycraHoBor (B3V). lloerrureur4e oHeproaQ$er<rznHocrl4 B3y Bo3MoxHo rlyreM
noBbrrueHz.rr SHepfeTr{r{ecKhx xapaKTepr4cTHK OI4:TFIXpOHHbIX reHepaTOpOB npl,l

onrr{Mr43arlr4r4 vrx KoHcrpyKTr{BHbrx napaMerpoB. llepcnexrnBHblM TI,ITIoM

sneKTpr4rrecKr{x cLrHXpoHHbrx reHepaTopoB.sBJl.'Ilollc.s TlrxoxoAHble feHepaTopbl,

IIpI,lMeHeHI4e KOTOpbIX IIO3BOJI-IOT I{CKJIIOqI4Tb Z,OIIOJIb3OBaHI4O MOXaHI4TIOCKI4X

peAyKTopoB kr npeo6pasosarelefi ABrrxeHLIt n B3y, rlro rIoBbIIIIaer I4x

HaAexHocTb r4 cHI4x{aeT KaIlLrT€LJrbHbIe I4 3KCnnyaTiarIII4OHHbIe 3aTpaTbI.

C 4pyrofi cropoHbr, Anq npuBoAHbrx 3neK'r'porexHl4r{ecKl4x KoMIIJIeKcoB

HaxoAtT IxLIpoKoe npIIMeHeHHe CIIHXpOHHbIe ABI4faTenI4 C

BblcoKo3Heprerr{qecKl4Mrr rrocrosHHbIMI4 MarHLrrat\rkr. B .Iacrnocrl4, TI,IXoxoAHbIe

cLrHXpoHHbre ABrrrareJrl4 r4ononb3yrorct s rlaHeliHoM MarHI4TosJIeKTpI4qecKoM

rrpr{BoAe (JIM3|I) noprxHe.Bbrx KoMrrpeccopoB 14 Llacocoe. B erux KoMrlneKcax

TaKxre HaMeruJracb ycrofi.runaq reHAeHrII4-s K neo6xoAuMocrkl IIoBrIIITeHI4Io

MorrlHocru u yBenr4rreHr4ro pa3Br4BaeMoro yaunvt. llosrlrueHue HaAexHocrl4 14

TCXHOJIOfI4I{HOCTI,I 3NEKT]POTCXHI,IqECKO|O KOI]MIIJIOKC&I CHIDKEHI4C CfO

ce6ecronMocrrr, 3Aecb ralixe, B UeJroM Aocrrllaercfl 3a cr{er I4cKrIorIeHI,It

MexaHLr3MoB nepeAaqv vr rrpeo6pasoBaHu-s ABI4xeHI4s) a gro B cBoro oqepeAb

AenaeT 3aAar{y npoeKTI,rpoBaHufl 3neKTpoMexaI{HrIecKofo npeo6pa":oBaTeJIt

)KecrKo noArrr{HeHnofi rpe6oBaHr4.rrM Harpy3KI4. Y.lel ceoficrn c)KI4MaeMoFo ra3a

B KoMrrpeccopHbrx afperaTax, 3aKoHa ABI4X{eHUIS nOplIHq KOMnpeCCOpa

o6ycnannLrBaer Heo6xoAr4Mocrb pa":pa6orKu HoBLIX MeroAoB npoeKTl4poBarLrfl.

KoHcrpyKqufi cunxpoHHbrx. Marxr{H c eos6yxAeFlueM MarHI4THoro rloroKa or
IIO CTO.f, HHbIX MA|HI4TOB.

Ha ocHoeaHuu BbrrrIeII3JIoxeHHofo, cqI,ITaIo, rrro reMa AI4ccepraIII4oHHat
pa6ora TaresocsHa A.A., nocB.strIeHHafl pa-:pra6orxe, oIITIaMTI3aIILIoHHIIM

MeTOAaM paCqeTa r{ npoer(TLrpoBaHnfl cI4HXpoHl{bIX MaIITLTH C IIOCTO.SHHbIMI,I

MafHr4TaMr4 B COCTaBe SneKTpOTeXHr,rqeCKI4X KOMIIJIeKCOB tBIqeTCq aKTyalrHOfr

r4 npeAcraBJlter nayuHlrfi 14 npaKTl4.Iecrufr LIHToPr3rc.



Kparrcar xapaKTepllcrrrxa paOorrt

Bo eneAeHHI{ AaHa KparKaq xapaKTepl4crux:il AI'IccepraIIHoHHofi
rrpeAcraBJreHbr aKTyaJIbHocT'b, Ilenu V 3a1aqr uccJIeAoB aHnfl, o6rerr u

r4ccJreAoBaEyrfl., MeToAoJlorvrfl, u MeToAbI HccJIeAOl3AHVIfl,; OnpeAeJIeHbI

paoorbl:
rrpeAMer

HayrrHat

HoBr{3Ha pa6orbr 14 BblHocuMbre Ha 3arrlrrry Hayrt:lFlble rloJlor{eHr4fl; npr4BeAeHbl

cBeAeHrrf, o pe€uru3ar\vrvr rr BHeApeHLrn nonyrIeHIIbIX pe3ynbTaToB, allpo6a\uu
pa6orbr yr ry6ILIKaUI4f,x; rIpI{BeAeHa crpyKrypa v KparKoe coAepxaH}Ie

AIIccepTaIIIzII{.
B uepnofi rrase Arlcceprarlr4r{ npeAcraBJreHbr cBeAeHI4{ o coBpeMeHHoM

cocro.rrHrru krccneloBaHr{fr ckIHXpoHHbrx MaITII4H c Irocro-sHHbIMI4 MarHuraMvr, vrx

rrpoeKTr{poBaHrrr4 vr pa:pa6orrra. Als rr4xoxo.n,Hblx MarHI4To3neKTpI4rIecKI4x

MarrrrrH rrpeAnolreHa rnaccuQuKarlr4.a nycKoEtbIX u gKcrIJIyararIrroHHbIX

SHepfeTr{lrecKr4x xapaKTepyrcTr4K, npeAcTaBJItK)rIIux IAHTepeC npv peIxeHIII,I

3aAaq orrTI,IMI{3aIIZr{ SneKTpLrqeCKHX MaIIII4H C TIOCTOf,HHbIMI,I MafHI4TaMI4 I.nfl.

reHeparopHofo v liBururenbHofo pe)Kr{MoB pa6oTbl. Ha ocHose cocTaBJIeHHbIX

SynxquoHzurbHbrx cxeM B3y z JIM3II onrlcaH o(irexr I4ccJIeAoBaHvrfl, B cocraBe

oneKTporexHr4rrecKofo KoMrIJIeKca. lloxasaHo, rr'lo oAHI4M 143 [epcneKTLIBHbIX

HATIPABNE:H.]1,^fi' gWg'ETC' I,ICIOJII3OBAHI4E TI4XOXOIIHIIX MAIHKTTOSICKTPI,IqECKI,IX

ABr4rareJrefi Bo3BparHo-nocrynarenbHoro ABTDKeHI4I B cocraBe npI,IBoAa

AJTT4HHOXOAOBO|O rroprrrHeBofo KOMnpeCCOpa l..Irfl, O6eCUe.IeHUs CpeAHI4X V

BbrcoKr4x 4aueHrafi oAHofi cryrreHbro. Tpa4uuI4oHHo rIprIMeH.aeMbIe

rkr4paBnr4qecKr4e nprrBoAbr o6la4aror p-flAoM orpauuueuvrit, cBt3aHHbIX c

rroBbrrrreHHbrMlr rpe6onauz.au K TeMneparype oKpyxarcqefi cpeAbl Lr

fepMerr{qHocrr4 cLIcreMbI. B cBfl3r4 c o:fI4M, paspa6orr<a MoITIHbIX

MarHrITogleKTpLrqecKI4x 4nraraterefi, c orHocu'reJlbHo JIefKo peanl43yeMblM

ynpaBJreHr4eM cyrqecrBeHHo paulrvrpflror o6racrl,I [pI{MeHeHLI.l KoMnpeccopHblx

arperaroB. Bue4penue JIM3II oAHocryneHr{arbrx nopIxHeBbIX KoMnpeccopoB

.sBrr.fl ercf, nepcrreKTkrBHblM Ang aBToHoMHbIX tloABuxHrrx o6texroe.
B srofi rJraBe BbrnoJrHeHa rlocraHoBKa 3aryasu I4caneAoBaHnfl. B paMKax

co3AaHrrr HoBbrx HayqHo-o6ocnonaHHbrx rexHr4tleroKl4x peureuufi no paspa6orre
MeTOAOB rrpoeKTtrpOBaHr4.f, TT4XOXO.qHbIX Mar'rfI4TO3[eKTpUqeCKI'IX MaIIIIIH

BparrlaTenbHofo vr Bo3BpaTHo-nooTyrraTeJlbHofo I.BriDKeHLrfl., pa6orarorqrax B

cocTaBe ycraHoBoK feHeparlr4r{ sneKTpl4qecKofr eueprul4 14 gJIeKTponpI4BoAa.

[enr pa6oru 3aKrroqaerc{ B co3AaHr4r4 rr coBepueHcrBoBaHI4I4 TI,IXoxoAHbIX

CI{HXpOHHbIX MafHLITOSneKTpI4TIeCKVX MaIIII4H: TIOIIbIIIIeHVLT VX gHepfeTI4r{eCKI4X

norasarelefi, cnprNieHurLr uacoora6apuTHbrx rtora3arerefi, MI,IHIrMI43arJvrv

BpeMeHHbrx 3arpar Ha orrrr{Mlr3arlurc KoHcrpyKrlv ji ruxoxoAHblx MaIrIlIH.

Bo nropofi rJraBe npeAcraBJleHa MeroAonorl4rlecKaf, cxeMa

npoeKTl4p oBaHr4fl, TI4XOXOAHbIX CI4HXpOHHbIX Maf FII{TO3IeKTpI4qeCKI4X MaITII{H C

BbrAeJreHLreM rrpeABapr.rTenbHofo r4 [oBeporlHofo 3rlt?IIoB pacrleTos. PaccN4oTpeHa

MareMarvlrecKar $opvrynupoBKa sap.a.tr4 oIITrrMI43aUIru rI4xoxoAHbIX

cr4HxpoHHbrx Marrrr4H c nocro.sHHbrMr4 MarHl4Tar\nra (CMIIM), pa6orarcIullx B

ABI4fareJIbHOM reHeparopHoM pe)fl4Max. flonyveuu aHaJrvru.r'ecKl'Ie



Bbrpa)KeHvfl, 
^nfl, 

pacqeTa Mr4Hr4MyMa oTHocHTeJIrb,HbIX sneKTpI,IqeCKLIX noTepb
Tr{xoxoAHoro ckrHxpoHHofo ABHfareJrr c rocroqHHbrMr,r MarHkrraMr4 (CAIIM) an"
cr{Hycor,rA€urbHofo vr Hecr,rHycor{AnJrbHofo 3aKOHoB ABI4x{eHLIfl LIHAyKTopa,

anrrpo Kcr,rMr4pyeM o f o Ko HerrHbrM rrr,r cJroM rrr eH o B p fl [a @yp r e.

llolyveHo petlreHu e 3a1aqr4 onrr4Mr43arlr4r4 KoHcrpyKTt4 BHbrx rapaMerpoB
rrrxoxoAHux CMIIM, yAoBnerBopf, roqee Kprrrepr{ro MaKcr4ruamuofi yAenrHofi
nrrxo4Hofr MorrlHocru B pexuMe reHeparopa r4 MriaKcr.rMaJrbHoro pa3Br,rBaeMoro

yAenbHofo 9neKTpoMafHr4THoro yavrrLrfl, B pexIIMe ABI4raTeJIfl, c BbIBoAoM

Kpr4Teplr€LJrbHbrx coorHorrronuit [o AByM EI,93&BI,ICZMrIM nepeMeHHbIM:

OTHOIIIeHUIIO BbIcOTbI IIOcTo'HHOTO MarHI4Ta K BLICOTe BO3AyIIHOfO 3a3opa 14

orHoIrIeHI{rc Maccbl aKTI{BHoit ,ractu BI{TKoB o6rvrorr<u K Macce rocro.f,HHbrx
MATHI{TOB.

B rperrefi r"rtaee [peAcraBJreHbr noAxoAbr K ]:lacr{ery MarHr,rrHoro norq Arfl
ocecl4MMerpl4rrHofr 14 TpexMepHofr 3a[aril4 MafHl4Tt)crarvKvr MeroAoM KoHer{HbIX

oJreMeHToB (MKD). B sroM HanpaBneHr4r4 aKT)'iaJrbHocrbro u ilpaKTurlecKofi
3HaTII4MOCTbIO TBJI'IOTC.q aJrfopIITMbr, rro3BOnflK)rrlkre COKpaTr4Tb BpeMeHHbre

3arparbl, a rarcKe cHr43r4Tb rpe6onankrf, K arrnaparHofi .racrn rrepcoHanbHblx
KoMrrbrorepoB (rpe6onaHrrf, K rleHrparrbHoMy npoqeccopy, o6leruy naMrrr,r Ha

xecrKoM ALrcKe Lr O3y). Aeroporr,r rpeAJrox{eH <perynxpnufi gJreMeHr)),

npeAcraBnxroqlrfi co6ofi urecrrryronbHr,rK (nrocrcar 3a4ava Anr KoHcrpyrqrafi
MarHr4THbrx cr4creM c oceeofi czuverpuefi) rrlru rxecrr4rpaHHyro npr43My

(rpexvrepuax zaaaua) nogsor.f,rorqufi LrcKrrorrr4Trb, gTarr cocraBJreHns, Marpr4r\
sJreMeHToB. !.ttx paccMarplrBaeMbrx cnyqaeB 3arrlrcaHbr ypaBHeHr4{ rrepe3

o6revuue L-roop4zHarbr ($yurqur MarHrrrHoro rroroKa pr BeKTopHoro

MarHr{THoro noreHrluua).llpe4noxeHHbre aBTop(:)M aJIropr4TMbI I4crronb3ylorc.rr

lpor,l3BoAurer.flMr4 yHr.rBepcaJrbHbrx nporpaMMax pacqera 3neKTpoMafHr{THofo

IIOJIf,.

Hecra6unbHocrb vr HeoAHopoAHocrb cnoiicrn rocroflHHbrx MarHI4ToB

npr{BoAHT K HapyueHr{ro czMMerpr,rr{ DneKTpuqecro4x Marrrr{H. .{nx yrvreubllreHl4.rr

6ueuus, u nn6pagvrv BaJra npr4 oKpyxrHbrx cKopocr-sx Bpau{eHwfl prH4yrropa,

pa4uurbHbrx ycr4Jrlrfi, 4eficrByrorrlkrx Ha onopHbre rroArrrurrr:a:zK:a, co3Aaroqr4e

AonoJrHr,rreJrbHbre norepr4 Ha rpeHrze B Tuxoxo.{Hbn.K CMIIM npeAnox{eu cnoco6
n ycrpoficrBo AJr-f, r{crrbrraHr4r o6pasqoB BbrcoKoKoopur4Tr{BHbrx rrocrorHHbrx
MafHr4ToB B ourrruofi naprurr4 rro Kpr4Teprto o4uuaxonofi o6levtrrofi
HAMA|HI4IIEHHOCTI4.

B .rerneprofr rJraBe Ha ocHoBe perrreHur.fl 3a!.a-su onrl{Mrr3allzr4
npeAcraBJreHo o6ocnosaHze 6asoBbrx KoHcrpyr<qnfi TI4xoxoAHbIX cI4HXpoHHbIX

MarHr4Tog[eKTpuqecKr4x reHeparopoB c rrocror]rlHbrMr4 MafHr,rraMr,r (C|IIM)
MoAynbHoro rrrrra u o6rquv wrnutnpurrecKl4M MilrHZTonpoBoAoM. Ha ocuoee

paspa6oraHHbrx MaKerHbrx o6pa:qon rr4xoxo,r[Hbrx C|IIM npor43BeAeHa

IrpoBepKa rrpeAJroxeHHbrx MeToAr4K rr MareMarrrrrecKl4x rrroAelefr pacrreTa r4x

rrapaMerpoB. llponepxa [poBoAr4nacb rro paorrerHblM rraaccora6aprrrHbrM

KOHCTpyKTHBHbTM napaMerpaM MafHr4THbIX Cr4CTeM, a raKxe SHepfeTr4qeCKUX

IIoKa3areJIflM pr xapaKTepl4crnKaM (y4enruar Bbr)(oAHa.fl MorqHocrb, BHerrrH{.f,



TI{xoxoAHbIX CAIIM B cocraBe an[aparHo-I43Mepr4TeJrr,Horo KoMnJreKca rro
r4crrbrTaHr{ro Br3Koy[pyfr4x cBoficTB 3Jr&oToMeporB

xapaKrep?rcrr4Ka feHeparopa, ocraroqHbrfi MoMeH:r). f,rr cfllM MoAynbHofo
Tr4rra BbrrroJrHeHa orIeHKa BrrLrflHI{Ifl BeJrr4qlrHbr BO3AyIxHofo 3a3opa I4 BblcoTbr

nocrotHHblx MarHr{ToB Ha ero oHeprerr,rqecKue rroKa3arenr4. ilttx C|IIM c
o6rqr,rl,r III4JII,IHApI4.recKIZM MarHI4TorIpoBoAoM IroKa3aHO, rrro Haurraenrruufi
MOMeHT CTpafzrBaHnfl, MOXHO nOryrIHTb B TOIVI QJIyr{ae, eCJII4 OTHOIXeHI4e

Kolr,rqecrBa rra3oB, npr{xoAflu\vxafl. Ha rroJrroc r{ Sasy, npeAcraBlxer co6ofi
repr4oAr4rrecKyro gpo6r.

B uqrofi rJraBe [peAcraBJIeHbI pacrrerHbre nerpaMerpbr MafHr4THbrx cr4creM

MarHr4TOSn eKTp LrqecKofo rrpr4BoAa oAHocTyneHqaTofo
KoMnpeccopa. llpe4cranJreHbr MareMararrecKrre Mo,4enr4

r4 c cn eA o B aHLrs. QT aTwqe cKvrx v Al1 rHal'dvrl'e c Kr4 x x alF, aKT e p IdQTId.K u
e epraQur<a r1lz'fl Ha p a:p a6 oraHHbrx r4x M aKeru ux o 6p a3 rlax.

B ruecrofi rJraBe rlpeAcraBJreHbl npr4Hrr-u4[br c)pfaHr43arllrr4 cr,rcreM
yrIpaBneHI'It gJIeKTporexHI4qecKr4MH KoMrureKcaMr4 c rr4xoxoAHbrMr4 CMIIM,
peanlz3yloulze 3aAaHHbIe rexHr4rrecKr4M 3aAaHr4eM pe)Kr4Mbr pa6orrr. Ats
Tl4xoxoAHrrx C|IIM MoAyJrbHoro rr{rra [peAcraBJr,eHa aAanrr4BHa-a ueftpocereBat
MOAeJIb CI4CTeMbr ynpaBneHVrfl, yl{LrTbrBaroulafl cB.opocTb BparrleHr4f poTopa r4

xoeQQuqueHr 3arpy3Ku npr4 o6ecueqeuuu 3al:aHHoro ypoBHr BbrxoAHoro
Hanpf,xeHr4.fl. Parpa6oraHa HMr4TarIr4oHHa.rr MoAenb v onpeAeneHbr

AI{HaMI{qecKI4e xapaKrepkrcrr4Ku C|IIM MoA\/JrbHofo rurra. llpone4eua
nepzQraraqzx pe3yJlbraroB MareMarrreecKofro MoAenr4poBaHufl rryreM
conocTaBJreHLrfl. c pe3ynbTaTaMkr 3KcneprrMeHTaJrbErofo r4ccJreAoBaHkIfl MaKeTHofo
o6pasqa CAIIM Anfl nprlBoAa uaxoxo4uofi ropuruenofi KoMnpeccopHofi
cryneHl4. Vcranonreuo, rrro crerreHb l)acxoxAeHr,r.{ pe3ynbraroB
MareM arl{rl e cKoro MoAen rlp o BaHLrs, C MIIM Lr kra c ne lo B a're Jrb cKr4x r{ crrbr t asuit
He npeBbllxaer 5%. Blr-uueuo, rrro aAex:rBarHocrb MareMarrrr{ecKofo
MOAeII4pOBAHUtT Ar4HaMr4qeCKr4X XapaKTepr4CTr4K no3BoJr.fler BOClpOr43BOAr4Tb

3aAaHHbIe TeXHI4qeCKI4M 3aAaHr4eM napaMeTpbr, COCTO.sHr4e U nOBeAeHr4e

Tl4xoxoAHrrx CMIIM c Aocraro.rHofi Ans nocraBJreHHbrx uelefi Tor{Hocrbro.
llpe4roNeua crpyKrypHar cxeMa cr4croME,r ynpaBneHr4r CAIIM Arfl.

I4crIbITaHI,It peonoflrqecKr4x csofrcrs 3JracroMepoB, pealrl43yror\afl gap'anurtfi

3aKoH ABI{xeHI,{fl, rrplzn<u Horo IrrroKa, 4eficrnyroqero Fra olbrrHui o6pa:oq
3JIaCTOMepa 14 KOHTpOnUpyrcqafl reMnep arypy B TepMoKaMep e.

B 3aKJIrorreHHIr rlpeAcraBJreHbr ocHoBHbre pe3ynbrarbr u BbrBoArr rlo
Ar{ccepraquouuofi pa6ore.

B upunox(eHuqx npeAcraBJreHbr nonyrreHHr,re rrarer{Tbr Ha uso6pereuza,
cBl4AerenbcrBa Ha perucrparlkrro nporpaMM, aKTbI o6 ucnoJrb3oBaHvrv LI

BHeApeHZU pe3ynbraroB paoorbr, a TaKXe MeroAr4KI4 pacrrera, rrporoKonFr

ruuefiHoro
rroprxHeBofo

CAIIM rnn
rrpoBeAeHa r{x

r{c rrbrTaH r{r4 r4c cn eAyeM brx 3n eKTpr4rr e cKHX M auHH.



B 4racceprarlrloHHofi pa6ore Tareeocsna A..A. noryqeHbr HoBbre Hayr{
o00cHoBaHHbIe

3Harrr4TeJlrurrfr

coBepIxeHcTBoBaHI,II4 SneKTpOTeXHI4qeCKr4X KOMIJTeKCOB rr CI4CTeM Ha OCHO

TI4xoxoAHrrx CMIIM. Hayvnat HoBI43Ha ocHoBrrbrx rroJroNesrafi 14 BbrBoA

AkrccepTarlr4oHHor{ paooTbr 3aKrroqaeTc{ B cneAyrolleM.
1. Pa:pa6orau o6rqzfi uoAxoA K co3Aar{r4ro rr4xoxoAHbrx CMIIM,

KOTOpOM COBMeCTHOe perIeHrre ypaBHeH.kru, orrr4cbrBarollr4x cocrofH
gneKTpoMarunrnofi I4 MexaHl4.IecKofi qacreir, ocHoBblBaerc-f, Ha rrclroJlb3oBaH

I{TeparI4BHoro npoqecca, yrorrHrroqefo sa4auHrrfi B KaqecrBe HarIaJIbHo

IIp I4 O Jrr4 )K eIII.dfl , 3 aKO H A B r{ )K e Hr4r r4 HAyKT Op a.

2. Paspa6orau MeroA pacqera KoHcrpyKTr4BHbrx flapaM
MarHI4rHbIX cI4creM TI.IXoxoAHrrx CflIM, r<oroprrii ocHosrrBaercr Ha perxeH

3a4ar{u ouTI4M€LrIbHoro ynpaBJIeHVf, tIpr4 KoTopbIIvI o6ecnequBaeTcf, MuHr4

OTHOCUTEJIbHbIX rlorepb (MaKcr4MyM KlI,4 gneKTpoMexaHr4rrecK

np eo 6pas o n auzr) Anfl 3 ap.aluHo ro 3 aKo Ha ABr{x{e Hr.rifl 14 HAyKTop a.

3. Pa":pa6oraH MeroA orrrr4Mr,r3arllrrr KoHorpyxqafi MafHlrrHbrx cr4

Tl4xoxoAHux CMIIM, r<oropufi ocHoBbrBaercr H BbrBoAe ypaBHeHr4it, Atts
He3aBHCpIMbIX nepeMeHHbIX, A I4MeHHO OTHOIUeI{\4I4 BeJII4ril4HbI BO3AyIUHO

3€Bopa K Bblcorbl rrocrotHHoro MarHVTa v orHorrrr3Hktvr Maccbr aKrznnoZ .I

BI4TKOB o6uorrcH K Macce nocro-rrHHbrx MarHr,lToB, rrpr4 Koropbrx o6ecne.{u
MaKcuMyM Kpr,rrepr4fl orrrr4M€urbHocrlr yAelrrrofi nrxo4Hofi Mo

(yAerrrHoro oneKrpoMarHLrrHoro ycunux).
4. llpe4noxeH rroAXoA K pacrrery MarHr,ntHoro roJr-fl Anr KoHcrp

MarHI{THsIX cl4creM Tl{xoxorHux CMIIM Mero.n,oM KoHer{Hbrx gJreMeHToB

BBeAeHI4eM TpeXMepHOfO (pefynflpHofo 3JreMeHT'a)), rlo3Bonrrcqr,rM BbIBec

peKyppeHTHble cooTHoIrIeHVfl U aBTOMarr43r{pOBaTb npoqecc cocTaBJreH

uo6alrnofi CJIAV Ant pacqera BeKropHoro MarFrr,rrHoro noreHrluana B y3n
Tpr.raHfynrqnouuofi ceTH.

5. llpe4noNeH crroco6 vAerrTvrELrKarILr 14

BbIcoKoKogpIIIITI4BHbrx Ilocro.f, HHT,IX MafHHToB B orrbrrHo fi napruu no
o4zHar<onofi o6terranofi HaMarHI'IqeHHocrur, ocyqecrBJrrrb prx nrr6opxy
c 03 AaHr4fl rkr xoxoAHrrx CMIIM.

6. llpe4noxeHbl rrpr4Hrlr4n yrpaBrreHr4r r?rxoxoAHrrvr CIIM n c

rIpI,IBoAa oAHocryrleHqarofo rroplrrHeBoro KoMrrpeccopa, cQopvrynr4poBaHH

Ha ocHoBe pelxeHut 3a4a'tv orrrr4Mr43arlr4r4, rro3BoJrrroqr4fi o6ecneq
nau6 orrruzfi KII! sn e Krp oMexaH r4q e c Ko ro np e o 6p as o n an r4fl oHeprvr4.

7. flpe4noxen cnoco6 ynpaBneHnfl cl-llM MoAynbHoro rzrna
cocraBe Berpo3Heprerzvecrofi ycraHoBKt4, peanr43oBasnufi Ha ocHo

rpeoopa3oBallvrfl

Hayvnan HoBH3nra

TexHr,rqecKr4e perxeHr4r, BHeApeHr,le KoTopbIX BHOC

BKJTaA B p€r3BtrTr4e Teopr{[ 3neKTpoMexaHr{qecKo
oHeprrzr4 B TrrxoxoAHbrx CMIIM, a raKxe

B
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ir

c

V

o6pasq

Kpr4repr4



HefipoHHoit ceru, Iro3BoJltloulufi cra6r4nr43r4poBarb BbrxoAHoe HanprxeHr.re

3aBl{ct4Mocrr4 or cKopocrrr Berpa ll roeQ$urlr4eHra 3arpy3Kr4.

Creueur o6ocuoeaHHocrr{ rr AocroBepHocrr{
HayrrH brx rroJro?KeH uit u Bbtr BoAoB

[ocronepHocrb kr o6ocHosaHHocrb HayrrHbrx noloxeuufi kr BbrBo

IIp eACTaBJreHHbrX B Ar{ C C epT ArIVr\ TTOATBepXA aeTcr, :

- KOppeKTHbrM npr,rMerreHr4eM Anfl TeopeTurrecKux BbrBoA

co oTB eTcTByroqef o M aTeMaTr4qe cKoro allilap T a;
- KoppeKTHofi rocraHosrofi gKcrreprlMeHToB r4 rrpr4MeHeHr4eM noBepeHH

IzI3MepI{TeJIbHbIX IIpuO opOB ;
- coBrIaAeHI4eM Lr Aocraro.ruoff cxoAr,rMocrbrc pe3yJrbraroB pacr{era

sKonepr4MeHTaJrbHbrx AaHHbrx;
anpo6aquefi ilpoMexy'roqHbrx Lr oKoHrrareJrbHbrx pe3ynb

Ar4ccepraquonuofi pa6 orrr.

flparcruuecKar 3HaqrrMoc'rc pa6orrr

Peeynrrarrr pa6oru BHeAperrbr 14 r4crroJrb3yrorcf, Ha npaKTr4Ke.

1. Paspa6orauuufi

MarHI{THIIX crlcreM oneKTpoMexanuqecKr4x [peo6ltasonarenefi c rocro{HHbr
MarHlrraMu, pa6oraroql4x B ABrlrarenbHoM 14 reHeparopHoM pexr4Max, Ha ocHo
ycraHoBneHHbrx aHaJwrrkrsecKr4x nupaxeHufr B3eruMocBq3r4

napaMerpoB CMIIM c oHepre)Tr,rqecKr4Mr4 rrox:a3arerrflMkl

rlcnonb3oBarbcr Anfl 3aAarr orrrr4Mrl3arlr4r4 Tr4xolKoAHbrx CMIIM B

BerpoSHepferl{qecKHx ycraHoBoK MaJroI4 3Hepferr{\:r4vrrpvBoAHbrx KoM[JreKco

Anfl Koropblx Ba)KHIIM rBfi-flel]c-s o6ecre.{eH[r: 3aAaHHoro rexHl{qecK
3AAAHLTCM 3AKOHA,IIBIIXEHII'.

2. ZgroroueHHbre MaKerHbre o6pasrlrr rr4xoxoAHbrx CM
pa3.IlurrHoro KoHcTpyKTr,rBHofo r4crloJrH eHvrfl

anfopr{TMoB yrlpaBrreHlr\ B ToM r{r{cJre c
cr4cTeM.

MOfyT racnoJrb3oBaTbc.rr AJrt oTn

rrprrMeHeHl4eM r,rHTeJrneKTyanbH

a Pa:pa6oraHHoe rrporpaMMuoe o6ecrerrreHr4e Anr [poeKTrzpoBaH
Tr4xoxoAHbrx CMIIM Mox{er 6urr 14 crroJrb3oBaHo Anfl npor43BoA
sHeprosQQexrznnrrx B3Y naalofi MorrlHocrra (ao 30 xBr), a raKlxe Anfl. npv
AJII{HHOXOAOBbTX [OprXHeBbrX KOMnpeCCOpOB U HaCOQOB C ylyr{Uer{HbrM
uaccora6apurHbrMlr rroKa3areJr.f, M t4 r{ xapaKTepr4 crrrKaMr.r.

MeTOAr4Kr4 rrpOeKTr4pOBaHr4t

nporpauuHufr
kr pa:pa6orrz

KOMIIJIeKC,

OIIITLIMZUIbHbIX

peanr43yro

KOHCTpyK

KOHCrpyKTr.rBH

paooTbr Mox



Jlu.{Hsrfi BKJTaA cor{cKareJrfl B pa:pa6olKy HayqHofi npo6"rreMbr,
anpo6aqur padorbr n rroATBep?KAeHue

ony6"rr urcoBaHuq ocrroBH brx rroJroilKeH u fi pa6orut

llolyveuHble B pa6ore pe3ynb'rarbr rBJr.srcrcrr ocHoBuofi qacrbrc Hayr{HbIX
I4I,IccJreAoBareJrbcKux pa6or no paspa6orKe MeroAOB rrpoeKTr{poBaHvs.ucarHTega
OTITI4MILIIbHbIX roHcrpyrcqufi TlrxoxoAHbrx cr4HxpoHHbrx Marur,rH B cocraoe
SneKTporexHI4qecKI4X KOMIIJIeKOOII KOHKpeTHOUO Ha3HarIeHI4fl, CO3AaHr4fl
MaKerHbIX o6pa":qon 3neKTpLIqecKLIX Marxr4H Lr vccne1oBaHr4e r{x [ycKoBbrx I4

3KcrInyaraIII4oHHbIX xapaKTepr{crrrK Ha paspa.6oraHHbrx 14crrbrrareJrbHbrx
CTEH.IIAX.

Anropy [pI{HaAne)KI4T IIocr€rHoBKa vr pertreHne 3aAarr orrrr4Mi43ar{r4r.r
rapaMerpoB TI{xoxoAHbIX CMIIM, o6ocuoeaHvre a paspa6orKa MeroAoJrorr,rv trx
rIpoeKTI4poBaHkrtr, yAoBnerBop.f,Iorqzx rpe6onaHr4rlir rexHr4r{ecKoro 3a1aH;,71fl.

flo rerrre npeAcraBleHuofi Ar4coeprar{r4r,r aBTopou ony6Jrr4KoBaHo 67 pa6or,
B roM rrr,rcJre, 3 uouorpa$uu, 17 crarefi B p,occuficrux perleH3r4pyeMbrx
x(ypHanax, BXoAtIru4x B neperleHb BAK PO, 12 qa'refi n sapy6eNHbrx H3AaHvrflx,
r4HAeKOr4pyeMbrx MexAyHapoAHbrMr4 6asaNru WoS 14 Scopus, a raKxe 15
rIareHToB P@ ua rzso6pere Hr4fl. Lr rrorre3Hbre MoAenr4.

B Al4ccepraqzouHofi pa6ore cAenaHbr Bce ueo6xo4zuue ccbrJrKr4 Lr

orMerreHbr pe3ynbrarbr r{crroJrb3oBaHLrf, Hayr{Hbrx pa6or, BbrrroJrHeHHbrx aBTopoM
II4TIHO I{ B COaBTOpCTBe.

Bce pe3yJlbrarbl, cocraBJrf,rorrlr4e Hayr{Hyrc HoBt43Hy ALrceepra\w u
BbIHOCI4MbIe Ha 3aIIII{Ty, IloflyrreHbl aBTopoM Jrr{rIHO.

3aue.rarufl rro Arrccepraqnonuofi pa6ore

flo co4epxaHr4ro Ar4ccepraquoHnofi pa6orri r4Meercr p-f,A 3aMe\aHufi u
BOrrpocoB:

l. B 1naceprar\krv paccMorpeHbr Bonpocbr
reHeparopoB Ha lzHefiuyto aKTI4BHyro Harpy3Ky. IJ.anpzvrep, npr4 onrvMprsarfLrpr
rl{xoxoAHux C|IIM no KprlrepI4lo MaKcI4MyMa KIIA paccMarpvBaercfl roJrbKo
0AI4H'IacrHrrfi cttyuafi. arcrusuofi Harpy3Kr{. llovevr;r He paccMarpr4Barorcq 6olee
o6uue ctyuau? lB qerovt, reHeparopbr B o6racru ualofi sHeprerznu pa6oraror
Ha Bblnp.f,Ml4TenbHyrc Harpy3Ky, Kc)Topafl, flBIrfl,eror HeJrr4uefiuofi r4 He rrucro
axrznuofi. Eulo 6tr noJre3Ho orleHHBarb pa6ory reHeparopoB Ha
Bbrnp{Mr4TeJrbHyro Hafpy3Ky.

2. llpz aHanvse cocro-sHzr v nepcrreKTl4B pasBr4'wrfl Tr4xoxoAHbrx
cI4HXpoHHbIX MaIrII4n 6omuroe BHr4r\4aHrre yAenfle:t'cfl aHanu3y KoHcrpyKtluit u
paspa6otaHHbrx MareMarllqecKl4x MeroAoB. Ha nrofi B3rJrrA, aneAoB€Lno 611 3Aecb
AaTb aH,LIII43 CocTOtHLI.f, V IIepCIIeKTI4B pe-3BzlT'.wfl MeToAoB I4ccneAoBaHl4fl
cIzHXpoHHbIX MarrII,IH, TaK KaK B pa6ore BbrrroJrHeHa 6olrlrax palota ro

paSorrr cr4HxpoHHbrx

coBepIIreHcTBOBaHI4IO MeTOAOB pacqera rr4xoxoAHbrx cr4HXpoHHbIX Marxr4H.



3. llpz paspa6orre MareMar?F{ecKoro onvaaHvrs. cr4HxpoHHbrx Marrrr4H He

Bcer-Aa -scHbr AonyudeHr4r, npr4Hrrbre ilpu zccJreAoBaHLrv. Hanpuuep, [pLI
onpeAenenvra KIII rr4xoxoAHnx C|IIM no (2.25) He yr{r,rrbrBarorc{ rroreplr B

QTaurLr, Koropble rpl4cyrcrByror B paccMarpraraevofi CMIIM. Ha uofi B3rJrf,A,

Heo6xo4uMo orll4cblBarb Bce rrpllHf,Tbre AonyuleHvfl B flBHoM BVAe u npr4BoAr4Tb

orIeHKy rax noa4eftcrBr4fl. Ha pe3ynbrarbr.

4. Ha crp. II7,e cl4creMe ypaBHeHr4ir(2.82) rpeAcraBJreHa oKBr4BarreHrHat
rrHAyKrr4BHocrb L_s o6rraorxz rKop{. O4uaxo, Anfl r4ccJreAyeMofo cfllM
MoAynbHofo rklla Aont HH.4yKTIzBHoro colporr4lBrreHnfl paccesHr4r n o6ulevr
LIHAyKTI4BHoM conporrlBrreHpril 6y4er 3Harrr.rre.flruofi Lr erofi nenz.rzHofi
upeue6perarr HeJrb3.rr. B Ar{cceplarlur4 He ror(lHrerc.s, KaK 6yaer yrrreHa
yKa3aHHag HHAyKTHBHOCTb B 3KBITB€rrreHTHOM 3Haqr3Hr4r.,r r4HAyKTr4BHOCTI4.

5. Knaccz$krKarlufl cIaHXpoHHbIX MarrruH c Bo3BparHo-[ocryrrarenbHbrM
ABI'IXeHI4eM LICXOAI4T v3 pa3AeneHkIfl. Lrx IIo Ha3HarIeHZrO. Ha nrofi B3rJrqA, 6Onee
qenecoo6pa3Ha rlacczSuKalll{r vaxo1fl r43 KoHc:fpyKTLrBHbrx LrJrr4 pe}Kr4MHbrx
oco6enuocrefi (naupl4Mep, KoporKoxoAoBbre r,r AnrrHHoxo4oerre), KaK ero 6rrlo
cAenaHo n pa6ore An.a czHXpoHHbIX MaIur4H c BparqareJrrHbrM ABrzlKeHr4eM.

6. Bnerunrae xapaKrepLrervrKtr C|IIM (ctp. 180, przc. 4.I0, 4.13, 4.19)
6ruo 6u y4o6nee [peAcraBI{T6 B orHocr{TeJrbHbrx eAuHr.ruax, KaK Ha pnc. 4.20.
Atts MaIITI4H c MaTHI4TaMI{ Ha noBepxHocrrur r.rHAyKTopa, npr4BeAeHHbIe
xapaKTepLrcrlrKlr AoBonbHo MflrKr4e. Cutrcuax 3aBrrcr4Mocrb BbrxoAHoro
HanptxeHl4{ cBl4AerenbcrByer o 6omruov zHAyKTZBHoM corrporr,rBrreHr4v
o6uorru .f,Kopt, rITo, KaK IIpaBr4Jro, He xapaKTepHo Arq reHeparopoB c raKr4M
I4HAyKTopoM. llpe4craeJleHHble B n.6.1 MeroAbr vr cr4creMa y[paBneHr4q
npeAHzt3HarleHbl Anfl CfIIM MoAynbHoro rr4rra" OAuar<o 3Aecb npzBeAeHbr
TOJIbKO rIpI{MepbI OCqZnJrOlpaMM Harrpfl}KeHns\ v He flcHo HacKoJrbKo yAaeTc.rl
cHI43I4Tb HoMI{H€LlbHoe Iz3MeHeHI4e Hanprx{eHne leHeparopa. Taxxe He rcHo,
KaKI4M o6pa:orra 6y4er ocyulecrB lrflTbcfl crla6uttuza\Lrfl. HanprxeHr4t
reHeparopos c o6tr1Lrv. r\vnvHApr4qecKzM MarHr4TonpoBoAoM npr4 t43MeHeHr,ru

narpysxra?
7. B AHccepraIIHH npl4 perrreHr4rz 3a4alv onrr4Mr43arlur4 B KaqecrBe

KpI{TepI4eB olrrl4M€urbHocrr4 rrpr,rH-f,Tbr MaKor4MyM KIIA, Mr4HrrMyM

orHocI{TeJIbHbIX norepb, Mr,rHrlMlI3ar\r4fl. KoHcrpy.Krlr4r4 rro naccora6apr4THbrM
rloKa3areJlflM. TorAa Anq oIITHMIz3arIr4Lr ueo6xo2quuo ucrroJrb3oBarb MeroAbr
MHoroKpl{repl4ulrlbHofi uapauerpr4rrecKofi onrnua3ar\r4pr. llpz erovr uaz6olee
npocrblM flBlrflercfl cnoco6 cBeAeHr4r MHoroKprr:repzanrHofi 3a1arilr K

oAHoKptlrepl4zlnbHofi (cxanxpuofi). C)Auaxo, ur3 reKcra Ar4ccepraqzz (rnana2) ye
lr c eH cno c o 6 p eureHr{f, 3a4arilr o rrrr,rM rr3 arlnr{ Ko H cl' pyKrlr4r4 CMIIM.

8. B rexcre AI4ccepraIIVV He o6cyx4arorcr orpaHpr-r'eHprr, paspa6oraHHbrx
MeroAoB npoeKTulpoBaHl4s v pacqera rrzxoxoAHrrx CMIIM. llosrouy He rcHo,
HacKonbKo yHI4BepcanbHbIMI4 flBnflrOTCfl npeAna.faeMbre MeToAoJlofr,rqecKr4e
pelrreHl{.fi. Ecru rv orpaHZr{eHI,I.s Ha Ar4arr€BoHbr r43MeHeHr4fl ocHoBHbrx
rrapaMerpoB paccMarpr4BaeMbrx CMIIM? BosMoxuo ru o6o6rqeHze u
npr4MeHeHrze ronyqeHHbrx MeroAr4K Ha Apyrr4e KoHorpyKqzz cMIIM?
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9. Ha vrofi B3urflA, [peAno]KeHHbre aBTopoM MeroAbI orITI4MI,I3aIIIII4

Tr,rxoxoAHrrx CMIIM Mo)r(Ho 6ulo 6rr ncnorb3oBarb Arfl pacqeracepuu MaIuuIH

Ha ocHoBe olpeAeneHr4q o6qero Bo3Mo)KHoro Al{ana3oHa napaMerpoB v

s H ep r err{q e c Kux x ap aKr ep vrerLrK p azp a6 arbl B ae MbItK C MIIM.

CooreercrBue coAeplnaHuq,[rcceprallru
[ac[opry uayunofi c[eqrraJttbHocru.

fiuccepra;qux coorBercrByer rracnopry cneqz€LnbHocrl4 05.09.01

<SlexrpoMexaHr4Ka u 3neKTpr4irecKr4e auaparbl) u orBerlaer cneAyIouII4M

nyHKTaM nac[opTa cneIII4€uIbHocTI{ :

l. Paspa6orKa HayqHbrx ocHoB co3AaHrnf, pr coBeplxeHcrBoBaHl4q

SneKTpLIqeOKI,IX, 3neKTpOMeXaHI{r{eCKU.K

3neKrpr{rrecKl4x anraparon (uyurr 2);
[peo0pa3oBareJleI4

2. Paspa6orr<a MeToAoB aHaJlla3a vI cI4HTe3? npeo6pasoearerteft

oneKTpr4rrecrofi LI MexaHrr.recKofi oHeprl{u (nyHrcr 3);

3. Paspa6orKa rIoAXoAoB, MeroAoB, anropl4TMoB u nporpaMM,

o6ecneqzBaloqlzx npoeKTrrpoBaHl4e, lFIaAe)KHocrb, KoHTponb 14

ALlafHOCTr4Ky QyHrqraontrpoBaHkrfl. oreKrpt4rlecKl4x,
gneKTpoMexaHuqecKlrx [peo6pas onarerefr: kt oJIeKTpI4r{ecKI,IX au[ap aroB

B npoqecce gKcnnyarar\vrv, B cocraBe pa6ovux KoMrIJIeKcon (nyHrr 5).

3arcrroqeHIre

,{zccepralluoHHa{ pa6ora Tareeocqua y't.A. o6la4aer Hayunofi Lr

npaKTr4rrecxofi 3Harrr4Mocrbro u npeAcraBr-ser co6ofi 3aKoHrIeHHyro HayqHo-

r<nann$uxarluroHHyro pa6ory, B roropofi ilonyrleHbl HoBbIe HayrIHo-

o6ocnosaHHbre rexHr4qecKue perueH:afl, 14 paspa6or:Krl, HMeroull4e cyqecrBeHHoe

3HarreHr4e Infl gJreKTporexHr,rqecKofi 14 gJleKTposHeprerl4rrecKoil orpacJll4 B

o6racru ao3AaHurfl, kr coBeprrreHcrBoBaHr4rl TI4xoxoAHbIX cI4HXpoHHbIX

3neKTpl4t{eCKLIX MaIIII,IH C IOCTO'HHbIMI4 Ma|HI4:TaMI'I C IIeJIbIO IOBbIIIIeHI4-[
gHeprerlr.recrofr e$Qer<rznHocrr4 3neKTporexHl4r{ecKux KoMrIneKcoB Ha prx

ocHoBe. B Alrcceprarlr4r,r [peAcraBJreHbl MeroAbI no npoeKTl4poBaHl4ro

rrrxoxoAHbrx CMIIM npeAHzr3HarreHHbIX Anfl pa6oru B reHeparopHblx Lr

IIprrBoAHbIX gneKTpOTeXHI{qeCKI,IX KOMIIJIeKCaX.

Anropesepar Ar,rcceprarlr4r4 n nolsofr Mepe o'rpaxaer coAep)KaHue pa6orrt.

fiuccepraqut coorBercrByer nacnopry (]neqnarF,Hocrl4 05.09.01 -
<3ner<rpoMexaHlrKa r,I 3neKTpprqecKrre annaparbl) I,I Tpe6onauaslt nynxra 9

<floroxeHra.fl o [pucyxAeH:ar4 yrreHbrx ,crelreHefi)) flocraHoeIreHr4fl

flpanrarenbcrBa Poccuficxofi @e4eparJVLr or 24 cenrx6px 2013 r. Ns 842.

Pesyltrarbr rrccneAosaHrafi o6 o cuonaHbl, AocrToBepHbI u anp o6upoBaHbl Ha

rou$epeurlr4rx pa3nI4r{Hofo ypoBH.[ Lr ceMl,I.Hapax. Yponeur kr o6levt
ny6nzraqzfi aBTopa, orpax{arcqr4x ocHoBHbre nonyqeHHble pe3yrlbrarbl,



coorBercrByer rpe6oBaHl,l{M nyHKroB 11 n 13 <l[IoloNeHr4q o npucyxAeH4Ll
)rqeHbIX crenenefi>> lIocrauoBJIeHLIt flpanurelbcrBa Pocczficrofi (De4epaqu1r or
24 cesrs6pt20l3 r. Ns 842.

Ilpe4craureHHa.f, Ancaepraqzx <MeroAbr rrpoeKTrdp oBaHLrfl n paspa6orrca
TI4XOXOAHbIX CI{HXpOHHbIX MafHI4TOSIeKTpr4rreoKLrx MarIrr4H B COCTaBe
3neKTporexHI4rlecKlax KoMrIneKcoB)) orBer{aer rpe6onanr4flM, ycraHoBJreHHbrM
<<floroxeHus o npucyxrAeHvrzr yrreHbrx creuenefi>>, yrBepxrAeHHbrM
fIocrauoBJIeHI4eM flpanzrerbcrBa Poccurficrofi (De4ep a\uu or 24 ceHix6p.a 2013
r. Ilb 842, a ee aBrop, Tareeoc.sH An4pefi A;rexcau4poBrrq, 3acnyxr4Baer
rlpl4cyxAeHufl' yueuofi crerIeHLI AoKTopa rexHzr{ecKr4x HayK no cnerlr4aJrbHocrrl
05. 09. 0 I - <3rer<rpoMexaHuKa H oJreKTpr{rrecKr{e alraparbr)).

OQuqzanrurrfi orrrroHeHT,
upoQeccop raQe4pu <3lerrpoMexaHr4Ko),
@e4epanrHoro rocyAapcrBeHHoro 6rcgxerHoro
o 6p as oaareJrbHof o yqp ex{A eHr4r Bbrcurero o 6p as o BeLHLrfl

<VQuvrcrufi rocyAapcrBeHHrrfi aeuaqvouurrfi
T e xHkr qe c xufi , y uunep c r,rre D),
AOKTOp TeXHr4rIeCKr4X HayK, .4OrIeHT

Carrapon Po6epr Pa4ralonzu

fiara: <5> Ma.s 2022 r.

,{orropcr<a{ .4uc cep ralJtrfl. 3 arrlurrleHa no c[eqr4arrbrro cru 0 5 . 1 3 . 0 5 - < Sleueuru
u ycrp ofi crBa BrITIH cJII{TeJIbs ofi rexn Lrnkt u c r{creM yrrp aBJr e H r.rfl )

OfEOy BO <YSzucr<ufi roayAapcrseHHrrfi
aBl4arlproHnrrfi rexn u\e crcuir yHr4B ep cuTer)
450008, r. YQa, yn. K.Mapxca, L. 12.

Ten. +7 (908)350-23-12
e-mail : sattar .rb@gmail. co
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