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AnHoTanus

IIpennoxen dbuzmdecknii MeXaHU3M TOCTHKEHNSI CHHXPOHU3MA JIJIs1 TeHEPAINH Tepareprio-
BOTO M3JIyYeHU MEeTOIOM ONTHYECKOTO BBIIPSAMIICHUA B KOJIIMHEAPHOI reoMerpunt. JlazepHblii
UMIIyJIbC IPHU PAaCHPOCTPAHEHWH B OJHOOCHOM KPHCTAJI/Ie, JOIMUPOBAHHOM IBYXYPOBHEBBIMHA
PE30HAHCHBIMU IIEHTPAMM, B peKUMe CaAaMOMHAYIIMPOBAHHON MPO3PAvYHOCTH YMEHBINAeT CBOIO
TPYIIOBYIO CKOPOCTH 70 ($a30BOM CKOPOCTH TEPArepIiOBOTO M3JIyHUeHUsl, YTO MPUBOIUT K BbI-
TMOTHEHWIO CHHXPOHM3MA. lIporecc rermepannu COMpOBOXKIAETCI MOy IAHeil Tpoduist OnTu-
YeCKOT0 MMIIYJIBCA M CABUTOM €ro CIeKTPA B KPACHYIO 00IaCTh.

KuroueBbie cjioBa: TepareprioBoe M3JIy<ueHne, CAMOMHIYITHPOBAHHAA TTPO3PAYHOCTD.

BBenenue

UccnemoBanus cocobOB reHeparuy W31y YeHns] TeparepiioBoro JIuama3oHa 4acror
B HACTOSINEE BPEMs TPHUOOPEIN CYIIECTBEHHYIO HAYUYHYI0 W MPAKTUYECKYIO 3HAUM-
MocTh [1]. Meroz onTu9ecKoro BBIMPSMIEHNS [2] OCHOBAH Ha TeHepalny Teparepro-
BOTO M3JIyUeHHUsI KAK PA3HOCTH KPAWHUX YACTOT CHEKTPa (PEeMTOCEKYHIHOrO JIa3epHOrO
UMITYJIbCA B KBAJIPATHIHO-HETHHEHHOM KpUCTALIe. YeaoBueM 3(h@GeKTUBHOTO POTeKa-
HUS JJAHHOTO TPOIECCA ABJSAETCS PABEHCTBO IPYIIOBON CKOPOCTH JA3€PHOTO UMITYITHCA
u (pa3oBoil CKOPOCTH TEPAreprioBOTO CUTrHAJA. J[aHHOE YCIOBHE CUHXPOHU3MA B KOJ-
JINHEAPHOM DEYKUME BBITIOJTHAETCA B OCHOBHOM JJIs1 TIOJIYITPOBOJHUKOR THIA, APCEHUIA
rajijidst U T. M. B caydae ke QU3JIEKTPUIECKUX KPUCTAJIOB, 00JIaIA0NnuX 6’ 0IbITuMu
BEJINYMHAME HEJIMHEITHOCTH, TAKUX, HATIPUMED, KAK HHODAT ¥ TAHTAJAT JIUTHS, IPYIINO-
Bas CKOPOCTH ONTHYECKOIO MMITYJIbCA MPEBBINIAeT B HECKOJIBKO pa3 (ha30ByI0 CKOPOCTH
TepareproBoro. 3/ech reHepanus IPOUCXOAUT B Y€PEHKOBCKOI reomerpuu [3, 4]. dns
MOJIyY€HUsT TEPATEPIIOBOTO U3JIyYeHUs ¢ TJIOCKUM (DPOHTOM OOBIYHO WCIOJIB3YIOT JTHOO
Moudukanuo npoduis HHTEHCUBHOCTH MMIYIbCA (MMITYJILCHI ¢ HAKJIOHHBIM (DpOH-
tom) [5], mubo crnenuanbHO BBIPAIIEHHBIE KPUCTAJIBL € IIEPUOIUYECKO MOyJidiueit
HeuHeiHOi BocpunManBocTH [6].

N3BecTHO, 9TO U3MEHEHHE CKOPOCTH CBETOBBIX HUMILYJIBCOB MOXKET SIBUTHCS CIIEJI-
CTBUEM WX B3aMMOJIEHCTBUA C PE30OHAHCHOW Cpesoii, HAIpUMEp, B PeKMMaxX CaMOWH-
IYIUPOBAHHOM MM 3JIEKTPOMATHUTHO-UHIYIIHPOBAHHON npo3padunoctu. Ilennio HacTo-
AIIei paboThl ABISETCS MCCACTOBAHNE TTPOCTEHINEH MOIEIN TaKOr0 B3aWMOIEHCTBUL,
KOIJIa B KBaJPATUIHO-HEJUHEITHON Cpe/ie HMErOTCsl IPUMECHBIE JIBYXYPOBHEBBIE ATOMBI.
[Ipu gocTaTOYHO BBICOKONW HHTEHCUBHOCTH MMITYJIbCA BO3MOXKHO €r0 PACIPOCTPAHEHHE
B PEXKMME CAMOMHIYIIMPOBAHHOM TIPO3PAYHOCTH [7], M, KAK CJIeJCTBHE, YMEHBIIIEHNE ero
rpymnnoBoit ckopoctu. Takum 06pa3oM, TPyMNoBast CKOPOCTH OMTHYECKON HAKAYKH MO-
JKEeT CPaBHATHCSA ¢ (Ha30BOM CKOPOCTHIO B TEparepIioBOM JIHUamna3oHe B KOJJIMHEAPHO
PEOMETPHUH PACIPOCTPAHEHUS.
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1. HeauHeliHble BOJHOBbIE YPaBHEHUS

PaccvoTrpum mporiece TeHeparium TepareprioBoro M3Jayd9eHus MeTOIOM ONMTHYECKOTO
BBITPAMJIEHNS B KBIPATHIHO-HETMHEHOM KPUCTAJIIIE, COAEPIKAIIEM MPUMECHBIE JIBYX-
YPOBHEBBIE ATOMBI € JUMOJHLHBIM MOMEHTOM MEPexo/ia d M PE30HAHCHON YacTOTOH wy .

[IycTp Ha BXOME JA3€PHBI UMIYJIbC MOIAPU30BAH B IJIOCKOCTH HEOOBIKHOBEHHOI
BOJIHBI, & €r0 PACIPOCTPAHEHUE MPOUCXOIUT B ILIOCKOCTHU, MEPIEHIUKYIAPHON K ONTH-
9ecKOil ocu 01HOOCHOTO KpucTasia. [Ipu takoit reomerpun B Kpucrasie OyJaeT mpucyT-
CTBOBATH TOJIbKO HEOOBIKHOBEHHAS BOJIHA.

DJIEKTPUUECKOE TOJIE UMIYJIHCA MPEICTABUM B BHUIE CYMMbBI €r0 ONTHUYECKON F, u
TepareproBoii K7 KOMIIOHEHT:

E=F,+ Er. (1)

Onruyeckuit UMIYILC, COMEPIKAIIUI TOCTATOYHO MHOTO Komebanuil, obiamaer Xoporino
BBIPAXKEHHBIMHU HECYTIeil 9acTOTON w, BOJHOBBIM YHCIOM k ¥ OrHOAoMme ¢, Tak ITO
MO2KHO 3aIUCATh

E, = (2, 1)@ F) L k. (2)

HO.HHpI/IBaLU/IOHHbH'/’I OTKJIUK BKJIIOYAET B Ce6ﬂ YEeThIpE OCHOBHBIE COCTABJIAIOIINE!:
P=P,+ Pr+ P, + Pg. (3)

rne P, u Pr — nuHeiinble 9acTH HEPE3OHAHCHBIX TOJIAPUIAIMOHHBIX OTK/IUKOB B OTITH-
YECKOM U TePAreproBOM JIMANA30HAX YACTOT COOTBETCTBEHHO, P,; — 94acTh HEPE30HAHC-
HOT'O HOJIAPU3AIMOHHOIO OTKJIMKA, COOTBETCTBYIOIIAd KBAaIPATUYHON HEeJIUHEHHOCTH, a
Pr orBevaer 3a pe30HAHCHOE B3AMMOIEHCTBHE C ABYXYPOBHEBO# CHCTEMOI.

JI7T OMTUYeCcKOTO MMMYIbCa W TOMAPU3AMMOHHOTO OTKJ/IMKA HA COOTBETCTBYIONTHUX
YaCTOTAX BOCIOJIB3YEMCST TTPUOJIMIKEHUEM MeIJIEHHO MEHSIIONUXCS orubarommux. B stux
YCJIOBUAX BOJTHOBOE ypaBHEHUE MOXKHO PACIIENUTh Ha JIBE YaCTH, COOTBETCTBYIOIINE OIl-
TUYECKUM ¥ TeparepuoBbiM (Oim3kuMm K HyJjeBbiM) yacroram. Kpowme roro, s noss
TepareproBOro CUrHaJa TPUMEHUM MNPUOINKEHNe KBA3WOJHOHAIIPABJIEHHOTO PACIPO-
crpanennus [8].

Cucrema HeJIMHEHHBIX BOJHOBBIX YPABHEHWI, OMUCHIBAIOIIAs JUHAMUKY UMITYJIHCOB
7 COCTOAHME CPebl, UMeeT BU]T

(O oY wo 0?1 B
Z<8t+(vgvT)8§)bETw+ 5 8C27(1R70, (4)
OEr O?Er O3 Er 0 9
- — by = =0.
S o T —br el =0 )
oR . 2dyW
E =iAR+1 T, (6)
ow  id o, .
5 = WR-vRY, (7)
Bommossle ypasnenust (4), (5) ONHCBIBAIOT JUHAMUKY HMIYILCOB. 3I€Ch Uy, Ng U
wy = —0%*w/0k? — rpymnmoBas CKOPOCTh, TPYTITIOROH MOKa3aTe/h TPeJOMIeHIS W KO-

sddunment mucnepcun rpynnosoit ckopoctu (JIT'C) onTuyueckoro UMImyabca B CIydae
OTCYTCTBUs IPUMeCceil cOOTBETCTBEHHO, Fp — 1ojie HU3KOYacTOTHOrO (TeparepioBoro)
UMITy/IbCA, U7 — €ro JUHEHas CKOpoCTh, ( = z — vpt, MOCTOSHHBIE 7], 0 3aJaf0T I0-
TJIONIEHNE W AUCTIEPCHIO B TEPAreproBoM Juana3one, K03 UInenTs b, by OMUCHIBAIOT
HEeJIMHEeHHOe B3aMMOJEHCTBIE MEXKIY ODEMMHW KOMIOHEHTAMN.

Vpasuenus Bioxa (6), (7) onuchBaOT IUHAMUKY COCTOSHUS MPUMECHBIX [EHTPOB.
Baecb R = pigexpli(wt — kz)], W = pag — p11 — UHBEpCUs HACEJEHHOCTE, KOTOPbIE
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BBIPAYKAIOTCS Yepe3 COOTBETCTBYIOIINE 3JIEMEHTHI OMEePATOpPa MATPHUIIBI MJIOTHOCTH p,
g = 2nNdwng/ng, N — KoHIeHTpanus npumeceil, A = wy —w — OTCTPOiiKa OT pe-
zonanca. CauraeMm, 9T0 JJIUTEIBHOCTh UMITYTHCA HAMHOIO MEHBIIE BCEX XapaKTEePHBIX
BpPEMEH peJIaKCallii.
VcioBueM OCYIECTBIIEHNST YCTOWIUBOTO PEKUMA CAMOUHIY ITUPOBAHHOM MTPO3PATHO-
[ee]

CTH $IBJII€TCsl PABEHCTBO BPEMEHHOI I1/I01Aa/ 11 ONTUYeCKOro umiyibea 6 = 2d/h / P dt

—oo
TUCITY, KPATHOMY 27, KakK 9TO CJeJyeT W3 TeopeMbl miomaseil. B atom ciyvae dopma
UMITYJIBCA COXPAHSETCS] MPU PACITPOCTPAHEHUHU, & €r0 TPYMIOBAast CKOPOCTH MCIBITHIBA-
et 3ameierre. TakuM 0Opa3oM, yCI0BHE CHHXPOHU3MA JIJIs TEHEPAIUH TePArepIioBOro
U3JIyYeHHs MOYKHO MEPENucaTh B BUE

v/ (1+ qr /(A*75 + 1)) = vy, (8)

rae 7, — JJIATEeIBHOCTh UMIYJIbCA, Vpy — (pa3oBas CKOPOCTH TEPAreproBOTO CUTHAIA Ha,
sagannoii wacrore. Kak ciemyer us (8), mepecTpoiika TeparepiioBoil 4aCTOThI MOMKET
OCYIIECTBIATHCA U3MEHEHUEM JTUTETHLHOCTH JIA3€PHOTO UMITYIHCA.

2. PeByJIbTaTbI YUCJIEHHOIro MoJeJIMpOBaHUA

s manbHERIero uceae0Banns BOCIOIb3yeMCs YACAEHHBIM MOJIETUPOBAHUEM CH-
crembl (4)—(7). B kadecTBe KPHCTANIMYECKOH MATPHUIIBI PACCMOTPHM HHOOAT JIHTHSL.
3mecy vg/vpn ~ 2 [9]. Iycrs onrmdeckuit uMmyIne uMeer suepruio 60 Mk, mam-
respHOCTE 100 e m gnmunay Bomabr 700 HM. CUnrtas MOMEpEYHBIH THAMETD PABHBIM
1 MM B IPENOJIOKEHNHU, 9TO MONEePEeYHOe PACIpeeeHre HHTeHCUBHOCTH UMeeT rayc-
cOB Mpoduiib, a BPEMEHHOE — BUJ THIEePOOJINYeCKOr0 CeKaHca, HaiileM, 9T0 MUKOBasd
HHTeHCHBHOCTD papHa 26 TBt/cm?. Tlpu yKa3aHHBIX AIATEIBHOCTAX JaHHAS BeJTMIHHA
He TTPEBOCXO/IUT MPeJIes /It OTITHYecKOro mpobos B Hrobare autus. IIycTh aumonabHbIii
MOMEHT Pe30HaHCHBIX Tepexoon pasen d = 107¥ CT'CD. Torga BpemMenHas MIomIaIh
MMITYJIbCA COCTABUT B TOUHOCTH 27 . Yesosne (8) must wactorst 1 TT1r BeIMONHSAETCS TTPH
KOHIIEHTPAIMK OpUMecHBIX atoMoB N = 3.3 - 1018 cm =3,

B nporiecce sBosonuu (puc. 1) MOXKHO BbLIEIUTD JABE CTAIUU: IIEPEXOHYIO U ACUMII-
TOTHYeCKyt0. B Hagase nmepexomoi craann Ja3epHblil UMITYJIbC, 3aMeJIAsICh, TOCTUTAET
CUHXPOHM3MA N HAYMHAETCS TeHePAINsi TePareprioBOro U3AyIeHns B BUAe OUITOISAPHOTO
CUTHAJA. DTOT MPOIECC COMPOBOXK/IAETCS CHILHON MOMyJsiiiieil Mpoduis onTudecko-
ro mMmysiabca. B manbHeiimeM 3TOT MPOIECC OCTAHABJIMBAETCS W MPOWCXOIUT PACIal
ONTUYECKOTO U TEPATrePIIOBOIO UMITYJILCOB HA JBA JABYXKOMIIOHEHTHBIX UMITY/IbCA MIPU-
MEPHO PaBHOW aMILTUTY/IbI, PACIPOCTPAHLIONINXCS 6e3 3aMeTHO# MOIyaanun npoduis
(acumnrornueckas craaus). [lepsas napa UMIyJIbCOB YBEJINIUBAET CBOIO CKOPOCTH OT-
HOCHUTETHHO UCXOJHOI, & BTOpasi yMeHbImaeT. OTMeTnM, 4To ObICTPHIH UMITYIIHC TJINHHEe
MEJIIEHHOTO U ciadbee BO30yzKIaeT cpeiy, MOITOMY OyIeM Ha3bIBATH ero HEePe30HAHC-
HBbIM, a 0OoJiee KOPOTKWII U MeJJIeHHbBIH — pe3oHaHCHbIM. OQOpa30BaBIIHECS UMITYIbCHI
JIEMOHCTPUPYIOT COJIUTOHONOAO0OHOE TOBEIEHNE.

Ha mporiecc remepariny cuabHO BJHsSeT 0OpaTHOE JAEHCTBHUE TEPArepiioBOTO M3Iy-
YeHWs Ha TMOPOAWBINMN €ro ONTHYeCKHit UMmyabc. JactoTa mocieHero B pe3ysabrare
MCTIHITHIBAET CABUT CBOErO CTMEeKTpa B KpacHyio oOnacth. Janubiii addexr mpuBoaut
K BBIBOJIy CUCTEMBI U3 PE30HAHCA C MPUMECHBIMU EHTPAME U yMEHbIEeHUIO P dHeKTus-
HOCTH TeHeparyy 3a CYeT HapylieHus cuaxponun3ma. CHekTp TepareproBoro CUrHaJA
TakKe 1eOPMUDPYETCs, CMEIAsch B 00/1acTh 00JIee HU3KUX 9acTOT. ITO CBIA3AHO KaK
C TIOTJIONIEHWEM B KPHUCTAJLIe, Tak U ¢ medopmariieil OnTHYeckoil HaKadKm.

B ciydae, Korzma ma BXOJe B Cpe/ly ONTHYECKHH UMITYJIHC MMEET OTPUIATEILHYIO OT-
CTPOIiKyY OT pe3onanca (w > wy ), 3bdEKTUBHOCTH MeHepaIMU MOXKHO HOBBICUTH (puc. 2).
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Puc. 1. IIpocTpamcTBeHHO-BpEeMEHHAS SBOIIONNAS MOY/IsI OTHOAONEN ONTUIeCKOT0 UMITY/IbCa,
TIOJIS TEPATEPIIOBOTO UMITY/IHCA W MHBEPCHAU HaCeJeHHocTei (cmesa). AvMnmryast ¢ u Er HOp-
MupoBaHBl B coorHomennn 1:1 m 1:100 Ha HaYaIbHYIO BeJIMYUHY MOJIS MMITYIbCA HAKAIKM.
Cnpasa npuBeIeHbl CIEKTPBI ONTHYIECKOTO (IITPUXOBad JUHAA — CIIEKTD HA BXOJE B CPEIy) U
TeparepIioBOr0 MMITY/ILCOB MOCje mpobera B cpeze 1.5 Mmm

[Tpu 3TOM MMTYJIBC, UCIBITHIBAS KPACHOE CMEIEeHNEe HECYINel YaCTOThI, BXOIUT B PE30-
HAHC C JIBYXYPOBHEBOI cucTemoii. Kak moka3any BEIUUCIEHUS ONTUMAJIbHAS BeJIMINHA
OTCTPOKY JTOJIZKHA COCTABJISATH MOPSAKA He OOJee TPOIEHTa OT PE30HAHCHONW 4acTOThI
nepexonoB. IIpu OOMBINX 3HAYEHUAX OTCTPONKN TMPOIECC TeHEPATINH TOBOILHO OBICTPO
MEPEXOIUT HA ACUMIITOTHIECKYIO CTANI0, 9TO BJIEYET 33 COOOH yMEHBIIEHIe TePEeKAYKN
SHEPTHN B TEPareproBblil TUATA30H.

Ha puc. 2 npuBeneHo cpaBHeHNE BIWSHUS B3aUMOIEHCTBUSI ¢ PE3OHAHCHBIMY TTPU-
MecsaMu Ha 3(PEeKTUBHOCTL reHeparun. B ciydae 9mcToro Kpucraaia SHEPTUH Tepa-
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Puc. 2. DHeprus reHepupyeMoro TepareproBOTO W3/Iy9eHns B 3aBUCUMOCTH OT TIpobera B «Hn-
CTOM» KpHUCTAJIE (C/IeBa) M TP MOJat9e UMITYIbCa ¢ OTPUIATETHHON OTCTPONKON Ha KPUCTALT,
cozmepKammii Pe30HAHCHBIE TpUMecH (CrIpaBa)

PepPIOBBIX UMITYJTECOB JOBOJIBHO MaJibl, a 3((MEKTUBHAS NeHepalys BO3MOKHA TIPU PAC-
npocTpanenun He 6osee I, ~ 50 MKM. AHAIOrWYHO [2] MBI BBEJIW JJIMHY KOP€PEHTHOTO
B3anmMogeiictust I, = we/QU/(ng — munz). B caydae e KpucTamna, JTONAPOBAHHOTO
PE30HAHCHBIME IeHTpaMu, 3P OEKTUBHOCTh BO3PACTAET HA MOPSAJIOK. B mpuBemeHHOM
npumepe 3deKTUBHOCTL mpeobpasopanus coctasuiaa ~ 1074 mpu [, ~ 1 MM, uTO
COIMOCTABUMO C KCIOJb30BAHUEM HMMITYJIbCOB C HAKJIOHHBIM (DPOHTOM B TOM K€ KDPH-
crasuze [10].

3akJiroueHne

B macrosmeit pabore mokasano, 9TO pE30HAHCHOE B3ANMOJIEHCTBUE J1a3epHOTO WM-
yJIbCa HAKAYKY C TPUMECHBIME JIBYXYPOBHEBBIMHU ATOMAMU MOYXKET ObITh UCIOIb30BAHO
JUTs Peasin3aluyd CHHXPOHM3MA /i 3MGEKTUBHON T'eHePAIui TePArepPIoBOro U3Jyde-
HUS B KoJTHHEapHO reomerpun. OUTHYECKUIT UMITYJIbC B PEXKUME CAMOUH/LY THPOBAH-
HOW MPO3PAYHOCTH 3aMeJIsieT CBOIO I'PYIIMOBYIO CKOPOCTH 70 (ha30BOH CKOPOCTH Te-
pareprioBOT0 M3JyYeHUs, UYTO MPUBOJUT K JIOCTHXKEHWIO CUHXpOHW3MAa. B 1ensax mo-
BhimeHnst 3 MEKTUBHOCTH TEHEPAInd TPEIJIOYKEHO UCIMOJIB30BATH BXOJIHON MMITYIIHC
¢ HebOoJIbIIOl (MOPs/IKA J0JIU [POIEHTA) OTPUIATEIbHONR OTHOCUTEIBHONW OTCTPONKOI
or pezonanca. OCHOBHBIM TAPAMETPOM, MO3BOJAIONIAM PErYIUPOBATL YACTOTY TOJIY-
YaeMOr0 TepareproBOro CUTHAJA, ABJIACTCA yKe He 9aCTOTa MMITYJIbCA HAKAYKHU, & €ro
BpEMEHHas JUINTeTHHOCTE. Takum 00pa3oM, BBIOOD YaCTOTHI ABYXYPOBHEBBIX TIEPEXOIOB
B MPUMECHBIX ATOMAX JOCTATOYHO MPOU3BOJIeH. B KayecTBe mpumeceit BMOHE MOTYT BbI-
CTyHaTh HE TOJbKO IPUMECHBIE HOHBI, HO 1 HAHOCTPYKTYPbI, IPEUMYIIECTBOM KOTOPBIX
ABJIAETCH OOBINAA BEJININHA JUTOJIHHBIX MOMEHTOB ME€PEX00B.

Crenyer oTMeTHTh, YTO MPEAJIOKEHHBIH MEXaHU3M JOCTUKEHUS CHHXPOHU3MA He
OTPAHUYUBAETCS TOJHKO ONTHYECKUM BBIMPSIMIEHUEM W B TMPUHITANE MOXKET OBITH WC-
MOJIL30BAH JJIsT IPYTUX HEJINHEHHO-ONTHYEeCKUX MPOIECCOB CIMEKTPAILHOTO Mpeobpa3o-
BaHUA.

Pa6ora Boinonnena npu dbunancosoii noagepxkke PO®OU (npoekr Ne 09- 02-00503-a),
A.H. Byrait Takxe 6aarogaput 3a (HUHAHCOBYIO TMOAIEPKKY DOHI HEKOMMEPUECKHUX
nporpamum «/luHacTtusis.

Summary

A.N. Bugay, S.V. Sazonov. On Realization of Phase Matching Condition for Terahertz
Generation via Optical Rectification under Condition of Interaction with Resonant Impurities.
A physical mechanism for achieving phase matching in collinear geometry for generation of
terahertz radiation via optical rectification is proposed. A laser pulse propagating in uniaxial
crystal doped with two-level resonant impurities can lower its group velocity to terahertz phase
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velocity under a self-induced transparency regime. The generation is accompanied by an optical
pulse modulation and red shifting of its spectrum.

Key words: terahertz radiation, self-induced transparency.
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CasonoB Cepreit BiagumupoBud — 10KT0p (DU3NKO-MATEMATHIECKAX HAYK, BELY M
Hay4HbI corpynHuk Poccmiickoro naydgnoro nenrpa «KypwarosBckuili muCTHTYT»; mpodec-
cop MOCKOBCKOro aBHAINMOHHOTO MHCTUTYTA (TOCYZAPCTBEHHOrO TEXHUHYECKOTO yHUBEPCUTETA ),
r. Mocksa.

E-mail: sazonov.sergey@gmail.com



