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[IpezacTaBiieHbl pe3yIbTaThl SKCIEPHMEHTOB 110 YIPABJICHHIO IIOJIOKEHNEeM W JUTHHOI o61acTu (puiaMeHTannm
PeMTOCEeKYHHBIX JIa3ePHBIX MMITYJbCOB Ha arMocdepHOil Tpacce aamHOi 150 M ¢ HCIIOJIB30BAaHHEM Pa3JINYHOI
HAYQJIBHON IIPOCTPAHCTBEHHOH (POKYCHPOBKE 1 J1e(OKYCHPOBKH IIyYKOB PA3INYHOTO paguyca. Ilomydeno pacmpe-
neserre (GUIAMEHTOB BOJIb 06JacTH (DUIAMEHTAI[MN, N3MEPEHbl 3aBUCUMOCTH JUIMHBI 06/1acTH (QHIaAMEHTAINH OT
3HAUEHUs] YMCJIOBOIl alepTyphl IyYKa, ero HaYaabHOIO PAJANYCa M MOIHOCTH MMILYJIbCA. 3apPeruCcTPHPOBAHDI AMUC-
CHOHHbIE CIIEKTPbI CBEYEHMSI MUIIEHeHl Pa3JMYHBbIX MaTepHasoB, IIOMEIIEHHBIX B 06/1acTh (UIAMEHTAIUH, Y/aJIeH-
HOIl OT MCTOYHHUKA M3JIy4eHUsI.

Kntouesvie caosa: naseprnoe usiydenne, (eMTOCEKYHAHBII HMILyJIbC, CaMO(OKYCHPOBKA, (DHUIAMEHTAINS,
arMocdepa, ¢dokycupoBra, medoxrycupoBka, cmektp; laser radiation, femtosecond pulse, self-focusing,
filamentation, atmosphere, focusing, defocusing, spectrum.

ITpo6sema yupaBieHus: TOJOXKeHUEM 06JacTH
MHOKECTBEHHOI (bUIaMEHTAIIMN Ha MPOTSIKEHHDBIX aT-
MOC(EpHBIX Tpaccax sBJSETCS aKTYyaJIbHOH /S TaKuX
3a71a4 arMocdepHOil ONTUKYU, KaK AUCTAHIIMOHHASA [U-
arHOCTHKA aTMOC(EPHBIX KOMIIOHEHTOB C HCIOJb30Ba-
HUEM METOJWKUA MHOTOYACTOTHOTO 30HIAMPOBAHUSA 3a
CYET TeHEePAIUU ITHPOKOMOJOCHOTO GEeJIOTO0 CBEYEHUS
u3 obmactu dumiamenrtanuu [1, 2], TpancmoprupoBka
yepe3 aTMocdepy BbICOKOMHTEHCUBHBIX (pUIaMeHTaIu-
OHHBIX U MOCTHUIAMEHTAIMOHHBIX KaHAJIOB, HMUCCH-
OHHDBIIl CIIEKTPAJIbHBI aHAJIN3 YJAJTEHHBIX MHUIICHEH
NPy TeHepalmuu Ha HUX IJIa3MEHHBIX o4aroB [3—35].
Panee [6, 7] MbI mpoBoaMIM WCCTEMOBaHMS (PUTAMEHTA-
I[MM TUTABATTHBIX JIA3€PHBIX HMITYJIbCOB C HAYAJbHBIM
panuycom 7y = 0,175 cm Ha 30-M Tpacce U TepaBaTTHBIX
HUMITyJTbcOB pagumycoM 7y = 1,25 cm Ha 100-M Tpacce.

B mnacrosmeii crartbe npejacraBiieHbl pe3yJbTaTbl
9KCIIEPUMEHTOB TI0 YNPABJEHUIO TOJOXKEHUEM O6JACTH
(uraMeHTaIl TEPABATTHBIX UMITYJIbCOB TIEPBOI rap-
mormnkn Ti:Sapphire-naszepa (MTeTBHOCTD UMITYIBCOB
1t =30 ¢c, aHeprus B ummysabce g0 82 M/Ik, paanycs
nyuka 7y = 2,5; 1,25 u 0,625 cm (o yposuio e 2),
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yacroTa caegoBanust mmmyabcoB 10 I'm Ha Tpacce aum-
Hoit 150 M). DKCIEepPUMEHTBI MPOBOAUINCH Ha CTEHJIE
NOA CO PAH. Cxema 3kcnepuMeHTa IIpe/ICTaBJIeHA
Ha puc. 1.

[TpocrpancTBenHast PoOKycupoBKa Win JedOKyCu-
POBKa JIa3€PHOTO IIyYKa OCYIMIECTBJISLINCH C TOMOIIBIO
Tesieckona 5, cocrosiero u3 ¢okycupywouero (f; =
=100 cm) u gedoxycupyiomero (f» = —50 cM) 3epkau,
nyreM usMeHenust Gasbl (PacCTOSHUA MEXKIY 3epKaja-
Mu) Teneckona. Basa, paBHag 50 ¢M, COOTBETCTBOBasa
KOJUTUMUPOBAHHOMY TIyYKy. YMeHbinerne 6a3nr gedo-
KyCHPOBAJIO IIy4OK, YyBeJaumdeHue — (HOKYCHPOBAJIO.
ITocie1oBaTeIbHOCTD PACIIONOKEHUST 3€PKAJ TIPUBO/IN-
Ja K YMEHDBIIEHHIO Ha4yaJbHOTO paJmyca IIydKa 7o
B 2 pasa npu f; — fo, 160 K TAKOMY K€ €ro yBeJude-
Huto opu f, — fi. B akcnepuMeHTtax MpOBOAMIACH Pe-
rucTpanus Havyasna objactu (puIaMeHTaly, ee KOHIA
u pacnpejenenus QUIaMeHTOB BHyTpu obJactu (uia-
MEHTAIl! ¢ HOMOIIBIO MOABIKHOTO sKpana 3. Komm-
4yecTBO (DUJIAMEHTOB OIPeIe/IsIOCh 10 0XKoraM Ha (o-
tTo6yMare. IIpoBogmioch m3MepeHne CIeKTPOB CBEYEHUS
TBEP/JOTENbHBIX MHUIIEHel /7, MOMEeIIeHHBIX B 06J1acTh
punmamenTarum.

Ha puc. 2 mpeacraBieHbl TOJTOXKEHHE Ha Tpacce
obacti puJaMEHTAIMU ¥ PacIpeie/ieHne B Heil KOJIH-
YyecTBa (PUIAMEHTOB NP PA3IMYHON HAUYaJIbHOH (OKY-
cupoBke u J1edOKYyCUPOBKE IIYYKOB PAa3IUIHOTO Ha-
YalrbHOTO paJWyca TIpH TEeJeCKONMPOBAHUHM ITyYKa
(puc. 2, a, 6). B ciyyae HeTeJeCKONUPOBAHHOTO KOJI-
JUMHpOBaHHOTO Tiydka (puc. 2, 6)  €IMHCTBEHHBIM
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Puc. 1. Cxema akcmepumenta: { — Ti:Sapphire-ymasepusiii xoMIuiexkc, AIHTENbHOCTh UMIyJabca T = 50 ¢c, sHEPrust MMILyJIbCA
E <82 m/Ix, P<1,5TBr, qauna Boanbsr A = 800 HM, yacrora noBropenus umiysabco v = 10 I'; 2, 3, 9, 10 — noBopotHble IL1a-
CTUHBL; 4 — U3MEPUTENb JINTETLHOCTH UMITyJIbca (aBTOKOpPpeaATop); 5 — Teteckomn; 6 — medokycupyiontee 3epkano fi = —50 cm;
7 — dokycupyiouiee zepraio fr» = 100 cM; 8§ — nepemennas 6asa tesneckona (paccrosiHue Mexay 3epkanamu B = 50 ¢M cooTBet-
CTBYET KOJTMMUPOBAHHOMY TyuKy); /1 — usMeputeap sueprunm mmmyabca OPHIR-IT; 72, 15 — CCD-kamepa ANDOR-Clara E
¢ o6bextnBoM HELIOS-44M 2,58, dorokamepa Pentax K-3 (25 MII) ¢ MakpooGbexktiBoM Pentax100MacroWR; 13 — moaBuskHbIi
9KpaH JIJIsI PETUCTPAIMH TOJIoOKeHus obsactu (punamenrtaiuu; 14 — obsactb pumaMmentanu; /6 — HENOIBUKHBIN 9KPaH B KOHIE
Tpaccer; 17 — o6pasupl TBepaorenbhbix Mumeneii (Al, Cu, Fe, Na); 18 — cunexkrpomerp Maya-2000PRO. Ha ¢parmente — more-
pedHas CTPYKTypa HeTeJeCKONMMPOBAHHOTO IyuKa ¢ 7p = 1,25 cM

~ 107 ro = 2,5 cM, E = 40 M/Ix 20 ¢ ro=1,25 cM 10 70 = 10,625 c™, E = 40 m/x
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Puc. 2. Pacnpenenenue (GuaaMeHToB BAOJAb 061acTu (DUIAMEHTAIMU TIPH PasauuHoil (okycuposke (nedoxycnposke) myuka pa-
muycom: a — 2,5; 6 — 1,25; 6 — 0,625 cM

Croco60M cMeNieHusT 06JacTh (UIaMeHTallud OT HC-
TOYHUKA M3JIY4YEHUSI SIBJISIETCS YMEHbIIEHUE HAYaIbHOI
sHeprun (MomgaocTn) uMiyabca. OQHAKO, KaK BHAHO
13 CPaBHEHUS KPUBBIX, YMEHBIIEHNe sHepTruu O6osee
ueM B 2 pasa NIPUBOAUT K He3HAUMTETbHOMY (HECKOJIb-
KO METPOB) yJaJeHHIO Hadajia (PUIaMeHTallu, HO CO-
MIPOBOKIAETCS CYIIECTBEHHON TMOTepeil B KOJIUYECTBE
unamentoB. C yMmeHbIilleHneM (OKYCHOTO PacCTOSHUS
(puc. 2, @) Havano m Kowen o6mactu QuIaAMEHTAIMHI
CIIBUTAIOTCSI B CTOPOHY WCTOYHHMKA uaiydenus. [ledo-
KYCHDPOBKa NPHUBOAUT K CMeENIeHUI0 o6acTi (puiaMeH-
TalUy OT UCTOYHUKA.

Hauaso dusaMeHTaum COOTBETCTBYET COBOKYII-
HOMYy (DOKyCcy JBYX KOMIIOHEHT — TeOMEeTPUYECKOMY
Qoxycy Teseckomna U HeTMHEHHOMY (DOKYCYy — AMCTAH-
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UK KoJIIarca my4yka npu ero camodoxycuposke. I'eo-
MeTpuveckuii (Qoxyc paccuuTbiBaercsi 1o GopMmyJe
F.=(fi + fLXfi + f» — B)™', rne B — 6asa Teneckomna.
Hemmmeftaeiit ¢oxyc Haxoanmtesa mo dopmyre Mar-
burger [8]:

FN = 0?734LR [(]]1/2 — 0,852)2 _ 0,0219]71/2,

rne Lg = nro2/ A — mamHa Pases;, A — qimHa BOJIHBI
JazepHoro msaydenust; 1= Py/P. — oTHOCcHTeJbHAs
MOIIHOCTh HUMITYyJIbCa; Py — MOIIHOCTD WMILYJIbCa,
P., = 3,772>/8nngny — KPUTHUYECKAsh MONIHOCTb CaMo-
(pokycHpoBKH, 1y — TTOKa3aTeab MPEJOMJICHUS CPEDI,
1y — K0a(hdUINEHT B HEJWHEHHON M00aBKe K TOKa3a-

temo 1upenomaenus (arg Bosgyxa u A = 800 HM
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P., = 3,2 TBr). Toraga coBokyinblii GoKyc, T.e. KOOp-
JMHATY Havyasa (pUIaMeHTalny, MOXXHO OIIPEe/IenTb 10
dopmy.ie

Zﬁ] =F./(1 + F./Fy).

Ha puc. 3 npe/craBieHbl 3aBUCHMOCTH II0JIOKe-
HUSI Hadasla ¥ KOHIA o6jactu (pujaMeHTalum oT Ccre-
meHn  (HOKycupoBKU U JAe(DOKYCUPOBKU TIyYKa /IS
JIByX pajinycoB Iy4koB. V3 cpaBuenus rpaduKoB BUj-
HO, YTO UPH 33JaHHOU HHEPIUU HUMITYJIbCA JAMATA30H
U3MEHEHUsI TOJIOXKEHMsT 06sacTu (puIaMeHTanuu st
nyyka ¢ GOJIbIIMM HavyaibHbIM paguycoM (puc. 3, @)
mupe, yeM s yskoro mydka (puc. 3, 6). IIpu atom
KaK [Tl TIepBOTO, TaK W JJII BTOPOTO MYYKOB YMEHb-
IIIeHHe PACCTOSIHUSI TeOMeTPHUYecKOll 1epOKyCUpPOBKU
OPUBOAUT K yAaneHuio o6iacti ¢GuiaMeHTaluu OT
MCTOYHWKA JIMIIb JI0 ONpE/eJeHHBIX ee 3HAaYeHUH, Ipe-
BBINIIEHNE KOTOPBIX TPUBOJUT K PE3KOMY COKPAIICHUIO
JUTMHBI 06J1aCT (PUTaMEHTAIlNN W 3aTeM K IIOJTHOMY ee
NCYE3HOBEHUIO.

55T
s4F —=— Hauano
s3F —o— Komnerg

521
o1r
50 Hilt b t
497
48[
477
461
457

440 30 60 90 120 150

Jucranuus, M

basa reneckoma, cm

a

—u— HayaJjio

| —eo— Koner
53 e

e
51*}.{ 5 N
B
e
481 ™
471
46
457

KosnumupoBaHHbIil myuox

Basa reneckomna, cm

0 30 60 90 120 150

Jlucraniusi, M

6

Puc. 3. Tlonoxenne Havanta 1 KoHI[A oOacT (pUIAMEHTANH

B 3aBUCHMOCTH OT creleHU (DOKYCHPOBKM U Je(OKYCHPOBKH

nyuka (u3MeHeHus 6a3bl TEJNECKONA) /IS JA3EPHBIX MYYKOB

¢ pagnycamu 2,5 (a) n 0,625 cm (6). DHeprus mMIyIbca —
40 m/Ix

Jlannoe o6CTOSATeNbCTBO WTIOCTPUPYET pPUC. 4, Ha
KOTOPOM TMpeJICTaB/IeHa 3aBHCUMOCTb JJIMHBI 06/1acTi
(umaMeHTalMM  OT 3HAYeHWs] YWCJAOBON — amepTypbl
(NA =ry/F,) a1 pasmu4HbIX SHEPruil MMIIyJabca

M HAYaJIbHBIX PaJMyCOB JIA3€PHOTO My4Ka. Buano, 4rto
YMEHBIIEHNE YNCTOBON amepTypbl MPHBOAUT K YBEJH-
YEHWIO TPOTSAKEHHOCTH HA Tpacce 06JIACTH, 3amONHEH-
HOl (puaMeHTaMu, HO JIMIIb JIO OIPE/JENEHHbIX ee
3HaueHui, 06YC/IOBIEHHBIX HAYAIbHBIM PAJIMYCOM ITy4-
Ka u sHeprueii (MOIHOCTBIO) UMITYJIbCA.

o ry=2,5c™m, E =60 m/x
—e—2,5 cM, 40 m/Dx
o 1,25 em, 60 m/Ix
1,25 cm, 40 m/Tx
—8—(,625 cM, 40 m/x
—A—(,175 cM, 5 M/Ix
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Puc. 4. /lnimna o6Gnactun ¢QuiaMeHTanuym B 3aBUCHMOCTH OT

3HAUEHMS YMCJIOBON amnepTypbl s PA3JUYHBIX HHEPTUil MM-

MyJbCa U HAYAJIBHOTO pajuyca mydyka. TpeyroapHUKN — gaH-

Hble PaboTh [S]

0,0020

Ha puc. 5 npezcraBiena 3aBUCHMOCTD JJIUHBI 06-
Jact (pusaMeHTallMi OT HAYaJbHOTO pajuyca KOJIU-
MUPOBAHHOTO IIy4Ka /I PA3JIMYHBIX JHEPTUi Jasep-
HOT'O UMILYJIbCa.
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Puc. 5. Jmuna ob6aactu (puiaMeHTAlMd B 3aBHCHMOCTH OT
HAYaJIbHOIO PAIYCa KOJIMMUPOBAHHOIO IyYKa IPU Pas/Iny-
HBIX HEPrHUSX HMILYJIbCa

Bbuti 1poBejieHbl SKCIIEPUMEHTDI 110 JINCTAHITNOH-
HOMY WMHIYIIMPOBAHUIO ILJIA3Mbl HAa MHUIIEHSX, I[OMe-
IIEHHBIX B 00/1aCTh (pUIaMEHTAlMN MyYKa, W MJEeHTH-
uxanmy uX 2JEMEHTHOTO COCTaBa 110 SMUCCHOHHBIM
CIIEKTpPaM CBe4YeHUsl. 3aperuCTPUPOBAHHDIE CIIEKTPbI
cBeuenuss o6pasnos Merannos (Al, Cu, Fe, Na) na
paccrosiiun 50 M OT MCTOYHMKA u3jaydeHus: 16 ans
KOJUTMMHIPOBaHHOTO Trydka c¢ aHeprueii 40 m/[x mpen-
CTaBJIeHBI Ha puc. 6.

MHoskecTBeHHas1 (pyIaMeHTANusI Ja3ePHbIX MyYKOB PA3JIMYHOrO /IHAMETPA B BO3/AyXe Ha Tpacce AmmHOi 150 M 53
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Puc. 6. CuexTpbl cBedeHus pasinyuHbiX o6pasuoB MerawtoB (1 — sxeneszo, 2 — amoMunuil, 3 — Meab, 4 — HOBapeHHas COJb)
B obsactu (punamMenTanuu Ha pacctossnuu SO M OT UCTOYHHMKA M3JTydeHUs 16 18 KOJIUMUPOBAHHOTO ITy4Ka

IKCIEPIMEHTDI IO (PUTAMEHTAINH JIA3ePHBIX IIy4-
KOB B BO3/lyXe NOKa3aJi, 4TO BapHalus pajuyca Iryd-
Ka U ero HayajbHas (POKYCHPOBKA MO3BOJISIOT 3ddeK-
THBHO YIPAaBJSATH HOJOKEHHEM 006JACTH MHOXECTBEH-
HOH (uiaMeHTaluM Ha TpaccaX Macmraba COTeH
MetpoB. IIpm aToM nedokycupoBKa IIyuka Kak crocob
yaanenus: obaactu uIaMeHTANN OT UCTOYHUKA MMe-
€T TIpe/ieTbHbIe YPOBHH, 3aBHUCAIINE OT pajuyca IydKa
U €ro MOIIHOCTH, HPEBBIIIEHNE KOTOPHIX IIPUBOANT
K IpeKpameHnio (puIaMeHTarun. YIupaBiasgeMas Quia-
MEHTAIUs JIa3epHOTO IyYKa I03BoJjsieT (OpMHPOBATH
Ha 3a/]aHHOM PACCTOSTHMM OT MCTOYHMKA 3HAUEHMsS WH-
TEHCUBHOCTEIl ONTHYECKOTO IOJIsI, JOCTATOUHbIE IS
MH/IyIIUPOBAHNUS IJIa3Mbl HA MUIIEHSX /IS TIPOBE/ICHUS
aHa/IN3a UX 3JeMEHTHOTO COCTaBa.

Pab6ora BbImosHeHa TpPH (DUHAHCOBOW TOMOIIN
Poccuiickoro maywnoro ¢onga (cormamenne 15-17-
10001). Vi3MepeHUsS CHEKTPOB CBEYEHUS TBEPAOTEJIb-
HBIX MUIleHell moajaep:kanbl TpantoM PDODOU Nel4-
28-02023 ocpu-M.
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D.V. Apeksimov, A.A. Zemlyanov, A.N. Iglakova, A.M. Kabanov, O.I. Kuchinskaya, G.G. Matvienko,
V.K. Oshlakov, A.V. Petrov. Multiple filamentation of laser beams with different diameters in the air at
a 150-meter path.

Results of experiments on controlling the position and length of the filamentation zone of femtosecond la-
ser pulses at atmospheric paths 150 m long using different initial spatial focusing and defocusing are presented.
The distribution of filaments along the filamentation zone is found, the dependences of the length of the fila-
mentation zone on the numerical aperture of the beam, its initial radius, and pulse power are measured. Emis-
sion spectra of the illumination of targets of various materials, placed in the region of the filament far from the
radiation source, are recorded.
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