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B nmoxnazme mpuBOAATCS pe3yJIbTaThl IKCIEPUMEHTATBHOTO MCCJEA0BAHUS YCJIOBUN (POPMUPOBAHUST BBICOKO-
Hanpassernnoro cynepkonrunyyma (BCK) B razoo6pastoM a3ore IpHM HaKauKd UMITYJIbCOM U3JIydeHHs Ha JJIHHE
BostHbI 950 HM ¢ juurenbHoCTbIO 70 (be u aneprueit o 7 M. M3mydenne Hakayku POKyCHPOBATIOCH B Ia30BYIO
Kamepy cdepuueckuM 3epkanoM ¢ F = 75 ¢cM B ycaoBusix aGeppaiuu (yros najieHusi U3JydeHUsl Ha 3epKajio —
150). TlokasbiBaercst, 4TO CyIIECTBYET ONTUMAsbHAs SHepPrust Hakauku 4,5 M/[K u gasienue raza 3 atm. Crek-
tpasbHblii cocraB BCK oxsarbiBaer auanason or 350 go 1000 uM. Pacxoaumocts usiayuenust BCK asaserca au-
¢pakimoHHo#l 1 [ Beero msTHAa Gesoro 1Bera cocraBiser ~ 1 Mpag. Makcumanbhas sHeprusi usnydenusi BCK
cocrasasgna 17 Mr/Ix.

Knouesvie cnosa: dumaMent, CynepKOHTHHYYM, abeppaiionHas (GOKyCHpOBKa, UMITYJIbC U3JIYIEHHUs, JJIMHA
BOJIHBI, pacxoanMocTh; filament, supercontinuum, aberration focusing, radiation pulse, wavelength, divergence.

BBeaeunne

C paspurneM (heMTOCEKYH/HBIX JIa3ePOB MOBBICHJICS MHTEPEC UCCJEN0BATENEN K M3yYEHUIO HEJTUHEHHBIX MPO-
1[ECCOB B TA30BBIX CPeJaX, MPOMCXO/SIINX MPU KOJIUMHUPOBAHHOM WK C(OKYCHPOBAHHOM B3aMMOJENCTBUU Jia3ep-
HOTrO M3JIy4eHuu co cpejnoit. OJHUM U3 TAKUX MPOIECCOB SIBJSiETCsT (DUIAMEHTAIlMs], KOTOPasi MPeJCTaBJseT co6oi
YCTOWYMBYIO IUHAMUYECKYIO CBETOBYIO CTPYKTYPY, CYNIECTBYIOIIYIO 3a cyeT GanaHca MEXIy KeppoBCKOil (okycu-
POBKOI M3JydyeHHs ¥ ero edOKyCHpPOBKOIl Ha co3/1aBaeMoil mia3Me. B pesysbTrare pacnpocTpaHEeHUsI TaKOil CTPYK-
Typbl (popMupyercs maasMeHHbiii kanan (masMenHas Huthb, (uiament) ¢ auamerpoM 50—100 MKM, KOTOPbIi MO-
JKeT PacTpoCTPaHATLCSA Ha GoJbllie paccTogHusg. bamanc KeppoBckoil (POKYCHPOBKH ¢ AM(PPAKIHOHHBIMU U ped-
PAKIIMOHHBIMU TIPOIECCAMU HA IJIa3Me OrPAHUYUBAIOT U CTAOUIM3UPYIOT B (pUIaMeHTe WHTEHCUBHOCTD U3JyYEHIUS
(1010 Br/cm?) n konmentpammio sxexrponos (10'%—10'% em™). Braromaps tomy, uto (umament mossosser
TPAHCHOPTUPOBATH BLICOKOMHTEHCUBHBIE JIa3€pPHbIE HMMITYJIbCHI Ha OOJIbIINE PACCTOSHUS, K HEMY IIPOSIBJSETCS
60JIBIIIOI MHTEpeC ¥ccaeqoBareseii. DTOT MHTepeC O0OYCJIOBJIEH BO3MOXKHOCTHIO NMPHMEHEHUS 3TOTO SIBJCHUS B 06-
JIACTAX JUCTAHITMOHHOTO 30HANPOBaHMA aTMocdepsl, reHepanun T n3mydeHns, 3amycKoM paspsSaHUKOB U MHOTHX
JIPYTHX.

BosiHoBoiHOE pacipocTpaHeHre U3JIyYeHUs] HaKauKu B (duiaMeHTe MpUBOAUT K 3(D(HEKTUBHON TeHeparun Ko-
nuveckoro cynepkontuayyma (CK) n Boicokonanpasiennoro BCK. Tlepsbiii ¢Bsizan ¢ MHOroo6pasneM HeJTUHEHHO-
ONTHYECKNX MEXAHW3MOB, 33/eiCTBOBAHHBIX B (DOPMUPOBAHNN MIMPOKUX creKkTpoB usiyudernss BCK u omnpenessio-
X COBOKYIHOCTb €ro CBOHCTB. BTopoii cBs3an ¢ ucnosnb3oBanueM uaiaydeHuss BCK B pa3jnyHbIX NPUIOKEHUSIX
JIUCTAHIIIOHHOTO MOHUTOPUHTA OKPY:KAIOIIEil CPeIbl M UCCJIEJOBAHUSX ObICTPOINPOTEKAIONINX TIPOIIECCOB.

BosIbIIMHCTBO 3KCIIEPIMEHTAIbHBIX M TEOPETHYECKUX PaboT, TTOCBSIIEHHBIX 3TUM SBJIEHUSAM, OTHOCUTCS K CJIy-
Yaro (puIaMeHTaIuN KOJIJIMMUPOBAHBIX U C(OKYCHPOBAHHBIX OCECHMMETPHYHBIX TaycCOBBIX My4koB [1—6]. B pa6o-
Tax [7—22] 6p110 TIOKA3aHO, YTO BHeceHWe (Pa30BBIX MCKAKEeHWN MpH (HOKyCHPOBKe (PEMTOCEKYHHOTO JIA3ePHOTO
N3TyYeHNs, MOXXeT IPUBOAUTH K PAa3INYHBIM IOJIE3HBIM U BpeAHBIM addekram mpn ¢duaamentannu. Hambosee
MPOCTOil MeToJ[ co3/Manusi (PA30BbIX MCKAKEHWIT 3aKJIOYAETCs BO BHeceHme abeppanuil mpu (POKyCHPOBKE 3a CUer
HakgoHa (hoKycupyioniei uH3bl win chepuyeckoro 3epkana. B 6oapimnHCTBe 3THX PAGOT M3YdYaIOTCs XapaKTepHbIe
0COOEHHOCTH ¥ TIapaMeTpbl (puaaMeHTta, 0OyCJIOBIEHHBIE PACIpeeJeHIeM CBETOBOTO IIOJisI HA OCHOBHOW YacToTe.
[Ipu atoM oTMeuaercst, 4TO (DUIAMEHT PACIIAJAETCS HA JBE YaCTH, PACCTOSHHUE MEXKIY KOTOPBIMH 3aBHCHUT OT yTJia
MaJIeHusT My4YKa HaKaYKu Ha JUH3Y uin ¢okycupyioiee 3epkano [11]. 11 Tonbko B HekoTopbixX paborax [17—22]
YKa3bIBaeTcsl Ha TO, YTO B OIPEJEJEHHBIX YCJIOBHAX MPOUCXOANT (POPMHUPOBAHME [IBYX (PUIAMEHTOB, PacHpOCTpa-
HAIOIINECS IO/l YIJIOM JAPYT K JAPYTY, B KOTOPBIX MokeT Bo3Hmkathb BCK 6esoro mBera. B pa6orax [18—22] mpnu
abeppannoHHON (HOKYyCHPOBKe (PEMTOCEKYH/HOTO JAa3epHOTO My4yKa B aTMOC(hEpPHOM BO3AyXe ObLIN HaHJeHBI yCJIOo-
BUA I yCTOWYNBOTO (POPMHUPOBAHUS /IBYX IIYYKOB 6€JOTO cBeTa. DbLTo mokasaHo, 4yTo (hOpMUpOBaHNE U3Ty4EHHS
BCK 1poucxoauT 3a OCHOBHBIM (DUIAMEHTOM B JONOJHUTENbHOM caabo ceersmeMcst Gpunamente (mocrdumamente)
¢ amuHoit ~ 100 cM u nomnepeyHbiM pasmepoM ~ 0,3 MmM. Ha 3TOM yuacTke HPOUCXOAUT IIOCTENEHHAs TPAHC-
¢opManusg CHeKTPaJbHOTO COCTaBa M3JAYYEHUS OT JJMHHOBOJHOBOW HAKAaYKM /10 KOPOTKOBOJHOBOW YacTH CIIEKTpa
~ 350 M. Ilocme atoro yuactka uznydenne BCK pacmpocrpansiercsi 6e3 WMeHeHHS CIEKTPATbHOTO COCTaBa IO
3aKOHY AUMPAKIIMOHHO OTPAaHUYEHHOTO myyka. /[aHHOe u3sydeHue CymecTBEHHO oT/mdaercs: oT Konudeckoro CK,
BO3HUKAIOIIEro B 6e3abeppaiinoHHOM (DUIAMEHTE: OHO HUMEET PACXOAMMOCTb OJU3KYI0 K AuPAKIIMOHHOMY Ipe-
Jleqty, TUHENHYIO TTOISIPU3AIiio 1 60Jiee KOPOTKYIO AJIUTEIbHOCTD OTHOCUTEIHHO UCXOHOTO u3irydeHns Hakavku [ 18].

Hacrosimasi pa6ota mocssiiieHa 1moucky ycioBuit ¢opmupoBanus udnyuernss BCK npu abepparmonnoit ¢hoxy-
cUpoBKe (HEMTOCEKYHIHOTO JIa3€PHOTO W3JIY4YeHUs ¢ JIHHOW BoJHBI 950 HM B ra3oo6pa3HOM a3oTe NPH IOBBIIIEH-
HOM [IaBJICHUU.
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AnmapaTtypa U MeTOHKa 3KCIEPUMEHTOB

B skcmepumenTtax ucmosb3oBasach Ti:Sa smaseprHag cucreMa, KoTopas (opMHpoBasa H3Iy4YeHUs ¢eMToce-
KYHIHOH JuTeapHOCTH. B coctaB xoMiiekca BxomaT Ti:Sa 3ajaiomuii TeHepaTop ¢ HEMPEPHIBHBIM JIa3€POM HaKau-
KH, ONTHYECKUH CTpeTdep, OJUH PEreHepaTHBHBIN W JBa MHOTONPOXOAHBIX YCHJIUTEIS C MMIIYJbCHBIMU Ja3epaMu
HAKAaYKM Ha JJIMHE BOJHBI 532 HM, KOMIIpECCcOp Ha ABYX AMPAKIMOHHBIX pelieTkax. [lapamerpsl BBIXOIHOTO U3-
JiydyeHusi ObLIM CJIEAYIOIUMU: LEeHTpadbHass AjauHa BoiHbl 940 HM, maurenbHOCcTh mMIyJbca 70 dc, aHeprust [0
7 m/Ix, nuamerp nyuka 15 mM. JlazepHas cucrema paborasia ¢ 4acToToii ciaemosanus umiy abcoB 10 T'ii. Brixognoe
ussyderue GbLIO JUHEHHO OJIAPU30BaHO (rOPU3OHTATIBHO).

JlazepHbIil My4ok (HOKYCHPOBAJICS B METAJJIMYECKYIO Ta30BYIO KaMepy C BHYTPEHHHM JMaMETPOM 3 CM, HaIoJI-
HEHHYIO TI0CJIe ee OTKAYKW a30TOM HpH AaBieHNn oT 1 1o 4 atM. OKHa KaMephl 3aKpPBIBAJINCH MJACTHHAMHA U3 IIJIaB-
JIEHOTO KBapIia, yCTaHOBJIEHHBIMH TOA yrioM 10°. B akcmepmMeHTaxX MCIONB30BAJOCH JBe KaMephbl ¢ BHyTPEHHel
nmnoit 83 u 298 cM. DoKycupoBKa MYyYKa OCYIIECTBJSIACH CHEPUUECKUM 3€pPKaJoM ¢ (DOKYCHBIM PACCTOSHUEM
F =175 cm. Insa co3pannsg abeppalliOHHBIX YCJIOBUI IyYOK HAIPABJSAJICA HA 3epKajo IO yIJaoM mageHus 15°, Tak
JKe KaK B HAIINX NPeAbLAyImuxX pa6orax Ha Bo3myxe [17—21]. Ha Bbixome M3 KaMepbl MCCJEIOBANCH MTapaMeTpPhl
oxHoro 6esoro ayda BCK. Jlyu mpoxoamn depe3 amadparMy AnaMeTpoM 3 MM, KOTOPBIH TOYHO COOTBETCTBOBAJI
pasMmepy Gesioro nisgTHa. {5l OTCEueHMsT HAKAYKKM BBIXOJHOE U3JIyYeHHe U3 KaMepbl 06pe3ayioch ONTHYECKUM (PHIIbT-
pom C3C—24, mbo quajIeKTPUIECKUM 3epKajaoM ¢ obaactbio npomyckanus 400—850 uwM.

Jlna u3MepeHns CIEKTPATbHBIX MapaMeTPOB U3IydeHHs nucnombsoBaicsa cnekTpomerp HR4000 dupmbr Ocean
Optics, pa6oratonmit B ananazone 193—1100 uM co crexTpaibHbiM pazperterneM (.75 HM. DHeprus mydyka Hakad-
ki u npeoGpasoBanHoro uznydennss BCK usmepsiines usmepuressivu motutaoct u sueprun Gentec u Ophir. Pas-
Mepbl IyuKa 6eJioro I[BeTa OIpeaessinch o (ororpadusM Ha 3KpaHe HA PA3JIMYHBIX PACCTOSHUSX OT BBIXOJHOTO
oKkHa KaMmepbl. lIpocTpaHcTBeHHOE pacnpezeseHrne MHTeHcHBHOCTH m3nydeHnss BCK m myyxka Hakauky B JajbHel
30HE OTIpeIesIAIoch ¢ moMoIibio mpoduaomerpa SP620U.

Pe3y/ibTaThl 9KCIEPUMEHTOB U HX 00CYK/I€HHE

Kaxk 6p110 panee oTMedeHO, pu aGeppalioHHOI (POKYCHPOBKe Ja3epHOTO My4Ka B BO3AyXe (DOPMUPOBATICH
nBa anajgornunbix Genbix myuka BCK, pacxomsiuxcst mox yriom 1,4° orHocurenpro apyr apyra [18—22]. B pan-
HOii pa6oTre, B azore Tak ke GbLIO BO3MOXKHO (hOPMHUPOBATH [[BA MyYKa, OJHAKO HAJUYUE KaMepbl CO3[[aBAJ0 TPY/-
HOCTb /IJisl OJTHOBPEMEHHOTO MX BbIBOo/a. [loaToMy mcciieoBaicst TOJIbKO OJUH MYYOK.

Ha mepBoM artame 6bLin MCCIeIOBAaHBI TIOPOTOBBIE YCJIOBWSI BO3HUKHOBEHHS ITyyKa 6EJIOTO I[BETa TIPU M3MeHe-
HUU 9HEPTUU HAKAYKHW. DBLIO MOKa3aHO, YTO B JIMHHON KaMepe C JaBJeHHeM a30Ta 3 aT™M IpH IMOBBINIEHUH dHEP-
UM HaKayku A0 3,5 M/[’K TOSBJISIOCH TATHO KPAacHOTO I[BeTa. 3aTeM MpH JOCTIKeHWHN sHeprun 3,7 M/[XK B aTOM
NATHE Ha OCU BO3HUKANO HATHO GEOro 1[BeTa ¢ JMaMeTpoM B 4 pasa MeHbine kpachoro (puc., a). C panbHeifinmm
pocToM sHeprum Hakauku g0 3,9 MK auamerp msATHa 6esOro I1IBeTa YBEJIMYMBAJICS B /[BA Pasa, a KPacHOe MSITHO
BOKPYT mnepexoauio B xenroe (puc., 6). U uakouen, npu sHepruu 4,2 M/[K BCe NATHO CTAHOBUJIOCH GEJbIM
(puc., 6).

a 6

Junamuka gopmupoBanus usayderuss BCK B 3aBUCHMOCTH OT 9HEPrUM HaKayku B Kamepe ¢ junHoil 298 em: E, = 3,7 m/lx (a),
E,=3,9MIx (6), E, = 4,2 Ml)x (8). P =3 arm

JlasibHeiiee MOBbIIEHNE SHEPTUHM HAKAYKH [TOKA3aJI0, YTO CYIIECTBYET ee ONTHMajbHas Beiamdymna 4,5 MJK.
IMocse MPoOXOK/IeHNST ONTUMAIBHON dHEpruy HAaKauyku sHeprust udayudennss BCK cHmkamach u Ha sKpaHe HAOMOIA-
Jach o6paTHast KapTHHa — OT 6eJIoro IiBeTa K KPAacHOMY BILIOTH 0 ucuesnoBenuss BCK. MakcumanbHast sHeprust
uznyuernss BCK cocraBnsiia 17 mx/>x. [lns KOpoTkoii KaMepbl OonTHMajibHas 3Heprus Hakayku Obuia 3,9 m/Ixk,
mpu 3ToM Hambosbinas sHeprus naaydenus BCK cocraasana 8 mx/[x.
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UccaenoBanue asneprun usnydenus BCK B AmuHHON KaMepe Il Pa3nYHBIX JaBJI€HUN a30Ta MOKA3aJ0, YTO
rerepainsgs BCK Bosuukama mpu maBiaeHun 6osee 1,5 aT™, 3areM JoCTHTaMa HamOOJbIIeil BEJUYHHBI TPU 3 aTM
1 MOCTETIEHHO CHIKamach M0 4 at™. OTMeTHM, 9TO /IS KOPOTKOI KaMepbl HanboJbiras sHeprust BCK tak ke moc-
TUTAJIACh TIPH JABJEHUH a30Ta 3 aTM.

Wccnenosanue crekrpanabioro cocraBa BCK mokasano, 4To B ONTUMANbHBIX YCJIOBUSX CIEKTP 3aHUMAET BCIO
o6acTh OT Hakayky M0 350 HM, IpH 3TOM HAGTIOZAETCS €ro IIy6oKas aMIUIUTYAHAS MOJYJISIINS.

Wccnenosanne mpoctpaHcTBeHHOI cTpyKTypbl myyka BCK B ganbHeil 30He Mmokasaso, YTO €r0 pacXoJuMOCTb
HaXOAUTCSA B o0acTu AUGPAKIMOHHOTO Tpe/iesia /I TayccoBa MydKa

3akouenue

B pa6ote mpoBeseHB! dKCHEpUMEHTANbHbBIE NCCJEI0OBAHNUS 3HEPTeTHYECKHUX, CIEKTPATbHBIX W IPOCTPAHCTBEH-
upix mapamerpoB usaydenuss BCK B razoo6pasuom azore mpu abeppainoHHON (HOKycHpPOBKe (HheMTOCEKYHIHOTO
My4YKa HAKAYKN B 3aBUCHMOCTH OT SHEPIUU HAKAYKW, JABJIEHUS ra3a W yCJIOBUI 3a)kuranus QuiaMeHTa B ra3’oBOI
kamepe. OCHOBHBIM BBIBOJIOM PaGOThI sIBJsSieTCsT TO, 4To s (popMupoBanus usiyueHust BCK cymecrByior gocra-
TOYHO Yy3Kue O0JIACTH [aBJIEHHS a30Ta W HHEPTUU HAKAYKHU JazepHoro myuka. IlokasaHo, 4to mpu (OKyCHpPOBKE
JIa3epHOTO MydYKa cheprniyecKnM 3epkajoM ¢ F = 75 c¢cM B KaMepy JMWHON 83 ¢cM HamOOJbINAsg SHEPTUS U3TyIeHUS
BCK cocraBasia 8 Mr/[’k. YBenndeHune [JMHBI KaMepbl 0 298 cM TIPUBOAMIIO K MOBBIMIEHWIO SHEPTHS M3JIyYCHUS
BCK mo 17 Mr/[x. MBI cunTaeM, 4TO 3TO CBS3aHO C yBeJMYEHHUEM JJINHBI HOCT(PUIAMEHTAINOHHOTO KaHajla, B KO-
topoM tpoucxoaut ¢opmupoBarre BCK. Oguako mist o6enx KaMep KOPOTKOBOJHOBOE KPbBLIO CIIEKTPA U3JIydEHUS
BCK goxommmo go 350 um. Pacxomgumocts usmydenuss BCK st Bcero 6eioro msitHa B jajibHell 30HE COCTABJISIET
1 mpaz.

®DunancupoBanue. Padora BbINOJHEHA B paMKax rocszajanuss MUHUCTEPCTBA HAYKHM U BbICHIEr0 06PA30BAHUS
P® (FWRM-2021-0014).
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The report presents the results of experimental study of conditions for formation of a highly directional
supercontinuum (HDS) in nitrogen gas when pumping by radiation pulse at wavelength of 950 nm with dura-
tion of 70 fs and energy of up to 7 mJ. The pumping radiation was focused into gas chamber by spherical mir-
ror with F = 75 ¢cm under aberration conditions (the incidence angle of radiation on the mirror was 15°). It is
shown that there is optimal pumping energy of 4.5 mJ and gas pressure of 3 atm. The HDS spectral composi-
tion covers the range from 350 to 1000 nm. The HDS radiation divergence is diffractive and for the entire
white spot is ~ 1 mrad. The HDS maximum radiation energy was 17 uJ.
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