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UucsenHo ucceoBaHo (hopMUPOBaHNe CBETOBBIX ITYJIb NIPH (pUIaMeHTaIln (PeMTOCEKYHAHBIX UMILY.IbCOB OJIK-
Hero u cpesiHero MK-amana3oHoB B KOH/IeHCHPOBAHHBIX cpejlax MPH aHOMAJbHOI JMCIepcHy TPYIIOBOil CKOPOCTH.
Ha npumepe puamMeHTanuy B 1IaBlIeHOM KBaplie MUKPO/KOYJIbHBIX MMITYJIbCOB Ha JIMHaX BoH 1,4; 1,8 u 2,2 MkM
MOIIHOCTBIO, GIM3KOI K KPUTHUECKOI MOIIHOCTH caMO(OKYCHPOBKHU, YCTAHOBJIEHO, UTO NIPH JNUCIIEPCHOHHON [THHE,
MHOTO 6OJIbIIIell U MHOTO MeHbINell JTHHBI caMO(OKYCHPOBKH, MOCJIeIYIONe CBeTOBbIe IMyau He oOpasytorcs. [Toka-
3aHO, YTO MUKOBAsS MHTEHCHBHOCTb B CBETOBBIX MYJIAX He 3aBHCHUT OT HaYaJIbHON WHTEHCHBHOCTH B MMITYJIbCE U OTIpe-
JleJISIeTCsT OPSIKOM MHOTO(OTOHHOCTH NPH FeHepalluu JIa3epHOil IIa3Mbl, BO3pacTas ¢ ero yBeinueHneM. B rmias-
JIeHOM KBaplIle THKOBasg MHTEHCHBHOCTh B CBeTOBOII IyJe cocTaBisgeT okoio 40 TBr/cM? mpu (IIaMeHTalluy MUK-
POJIZKOYIbHBIX UMITYJIBCOB Ha JyinHe BoHBI 1,4—2,2 MM, B CaF, mukoBas uHTeHCcuBHOCTH fgocturaer 120 TBt/ om?
pu (puIaMeHTANN UMITyJIbca Ha JJuHe BOJTHbI 3 MKM. CBeToBas IyJis SIBJISETCS KOPOTKOKUBYIIUM 0Opa3oBaHM-
€M, MHTepBaJ CYLIeCTBOBAHUS KOTOPOro cocTraBisger okoso 1 MM. HaiizeHo, uTo maMeHeHHe sHepruu JelcTBYIOIIe-
TO UMITyJIbCca Ha JJIMHE BOJHBI 3 MKM npu ¢unamenTanun B CaF, BimgeT Ha YHCJI0 CBETOBBIX IIyJb M He IPUBOIUT
K YBeJIMUeHUI0 UX BpeMeHU >KI3HU.

Knioueswie caosa: (I)I/IJ'IélMeHTaLII/IFIy cBeToBad IIyJid, (beMTOCEKyH}_'[HI)Iﬁ UMITYJIbC, aHOMaJIbHasA AUCIIEpCUs IpyIi-

noBoii ckopocri; filamentation, light bullet, femtosecond pulse, anomalous group velocity dispersion.

BBeaenune

CsetoBble Imynu — apKuil peHOMeH ABIEHUA caMo-
BO3/IefiCTBIA IIPU paclpoCTpaHeHNN (PeMTOCeKyH/HOTO
JIA3epHOTO M3JIyYeHUsI B HeJIMHeiHOil [ucneprupyiomiei
cpelie. B orimyme ot cxKaTHS CBETOBOTO ITyYKa IPH ca-
MO(OKYCHPOBKE W COKPAIIEHNS [JTUTETbHOCTH ONTHYe-
CKOTO WMITyJIbca TIpH (as3oBoii caMoMoay isinu, ¢Gop-
MIpOBaHWEe CBETOBOI IMyJN MPOMCXOJNT, corjacHo [1],
B pe3yJIbTaTe COBMECTHOI 1 COTJIAaCOBAaHHOI KOMIIpecCHn
JIa3epHOTO U3JIyYeHNs KaK B IPOCTPAHCTBe, TaK U BO Bpe-
menn. Tepmun «cBetoBast myasi» (CIT) Beenen B [1], rae
TIpHoceBbIM Ge3abeppallioHHBIM MeTooM [ 2] B mpubin-
JKEHIH BTOPOTO TIOPSIZIKA TEOPUHU JUCIIEPCHH TTOKa3aHa
BO3MOJKHOCTDH TPOCTPAHCTBEHHO-BPEMEHHOI KOMIIpec-
CHUW UMITYJIbCHOTO U3JIy4eHHs B ANCIIePTUpPYIOIeil cpese
¢ Ky6u4HOIl HenmHeTHOCTBIO. Heo6XomMbIM ycToBIEM
o6pazoBanns CII aBisercsa anoManbHag JICHepCns TPyI-
nosoii ckopoctr (AJII'C), xoTopas mogo6HO AndpakInm
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B IIPOCTPAHCTBE OCYIIECTBJISAET BO BpeMeHH (a30Bo-
aMIUTNTYIHYI0 KOHBepCHIo M3aydeHus. [Ipm atoMm cika-
THe U3JTyYeHNs U B TIPOCTPAHCTBE, M BO BpeMeHH JI0JIKHO
TIPONCXOJINTH OHOBPEMEHHO B IMIPOTIECCE €TO PACTIPOCTPa-
HeHUs B HeJMHeiHol aucneprupyioieii cpene. Cormac-
o ompegesnennio [1] x CII He oTHOCATCS 06pa3oBaHie
KOPOTKUX CyGUMITYJIbCOB B MIPOIECCE PACIIa/ia IMITYIbCa
U cyKaThe IyYKa KOPOTKOTO MMITYJIbca Ge3 COKpAaIleHsI
€ro JINTEJbHOCTU TIpU (PUTAMEHTAIUN B cpefle ¢ HOP-
MaJIbHOIL Jiciiepcueil rpynioBoil ckopoctu.

[Tpu dumramenTanmn heMTOCEKYHAHOTO M3IYYeHNUS
CII ¢popmupyioTcsd B o6beMe TTPO3PATHOTO AMIJIEKTPUKA
BCJIEJICTBIIE COBMECTHOTO MPOSBJIEHNUS TIPOCTPAHCTBEHHO-
BPEMEHHOI caMOMOTyJIATIuN (pa3bl CBETOBOTO TIOJIS, BbI-
3BaHHOI KeppOBCKOW HEeJMHEHHOCTbIO cpe/bl U HeJH-
HENHOCTBIO TIa3Mbl, HaBeleHHOI Mpu (HOTOMOHU3AINH,
a Takke a(pdeKTa BOJHOBON HECTAIIMOHAPHOCTH, KOTO-
DBIii BbI3bIBAET YBeJMYeHNe KPYTU3HbBI 3a/iHero (hpoHTa
cBetoBoil mysu. ITukosas unTeHcuBHOCTH B CII Hachl-
IaeTcs BeJieICTBHIE GaslaHCca KeppoBCKOil (hOKYyCHPOBKI
7 TIIa3MeHHOl 1e(hOKYCUPOBKI M3IydeHns B (pITaMeHTe
1 gocturaer 10 —10' Br/cM?. TIpn aTom motepn smep-
THH, CBSA3aHHBIE ¢ (DOTOMOHU3AIINEN, HEBEJIMKU 1 COTJIACHO
TPOCTBIM oTfeHKaM i miaa3Mbl CII mpoTs:keHHOCTHIO
1 MM He TPEBBINIAIOT JECATBIX [10Jiefi MUKPO/KOYJIA.

© 3amnosnas E./I[., JopmumonoB A.E., Kanaumos B.I1., 2016



Bricokas mpocTpaHCTBEHHO-BpeMeHHasI JJOKATN3AINs Oll-
tdeckoro n3aydenns B CIT oTKpbIBaeT HOBBbIE TePCIIEK-
TUBBI B Pa3BUTUN MeTO/IOB BpeMs-pa3pelieHHoil amar-
HOCTUKH U CHUCTeM Iepeayll Jia3epHOH 9HEPTUU BbICO-
KOl IJIOTHOCTH.

BosMo:kHOCTD  (hopMHUpPOBaHNS KBa3UIIEPUOIYe-
ckoii mocnenoBarenbHoct CII unciieHHO HCccTe0BaHA
B [3], Tae mokasaHo, 4TO ¢ yBeIWYeHWEM SHEPTUH MM-
MyJIbCa TPOMCXO/AT CIUSIHIE IETOYKN IyJIb U 06pa3o-
BaHIe B (prTaMeHTe MPOTSKeHHON 06IacTH C BBICOKOIT
MHTEHCUBHOCTHIO. KoMIbIoTepHOE Mo leTipoBanne hop-
MupoBanug TociaenoBateabnoctn CII mpu duramenTa-
IIUN B TJIaBJIEHOM KBapile (PeMTOCEKYHHOTO WMMITYJTh-
ca K-anamna3oHa, BBITIOJIHEHHOE B [4], OATBEpIKIeHO
9KCIEPUMEHTATBHO ABTOKOPPEJISIINOHHBIMI U3MEPEHNUSI-
mu [5]. [lnutenpHocTb mysu guameTpoM S50 MKM cocTa-
BHJIA OKOJIO /IBYX IEPHOIOB ONTHYECKUX OCIMJLISIINI
pu puTaMeHTaInl UMITYJIbca Ha JUIHHe BOJHBI 1,8 MKM.
CII gBasgercss KOPOTKOKUBYIINM 0OPa30BaHNEM C BBI-
COKOIT TPOCTPAHCTBEHHO-BPEMEHHOI JIOKAJIN3aIleil cBe-
TOBOTO TI0JI1, KOTOPOE BCJIE/ICTBHIE CIIEKTPATBHOTO C/ABH-
ra cMelaeTcsl K XBOCTY MMITyJIbca U auccunupyet. [lo-
cenyiolue MyJu BO3HUKAIOT B pe3yJbTaTe TOAKAYKH
9HepTuu ¢ nepejHero (poHTa MMITyJabca Mpu HaszoBoii
CaMOMOJTYJISIIIIH CBETOBOTO TIOJISI B YCJIOBUAX aHOMAJIb-
HOIl IMCTIepCHN TPYIIIOBOIl CKOPOCTH.

Oo6paszoBanue CII Hepa3pbIBHO CBSI3aHO CO CBEPX-
VIIUpeHneM CIeKTpa u3aydeHus u (GOPMIPOBAHNIEM U30-
JIMPOBAHHOI TTOJIOCHT BUIIMOTO CBETA B CYTIEPKOHTUHYYMe
[6]. B sxcnepumente CII permctpupyercs B AM3JIeK-
TPUKE MO0 KPACHOMY CBEYEHWIO PEKOMOUHAIMH HU3KO-
TeMIIepaTypPHOIl JTa3epHOIi TJIa3Mbl, KOTOpas TeHepHUpy-
eTCs TP MOHU3AINHN CPe/Ibl B CUTBHOM CBETOBOM TIOJIE,
U 10 TPOTSKEHHBIM TpeKaM pP3JIeeBCKOTO PACCETHUS
BU/IIMOTO cBeTa B cynepkoHTunyyMe [7, 8]. Ilpu o6pa-
3oBanun 1enoukn n3 CII Ha TpeKu BUAMMOTO CBeTa Ha-
KJTaJbIBAIOTCS 06JIACTH CBEYEHNS IJIa3Mbl, CO3/1aBaeMoil
nocaeayomuMn myaayMu. O6paiiasich K MpecTaBIeHH-
SIM O BOJIHOBOJHOM DEKIMe PACIIPOCTPAHEHUS U3JIyde-
Hug B QuiaaMente, aBTOPbI [9] MHTEPIPETHPYIOT TIPO-
TSUKEHHbBIE CBETSATIIECS KaHAJTBI PACCETHHOTO M3TyIeHUs
CymepKOHTHHYyMa Kak pgosiroxusyuime CII, macmtab
KOTOPBIX He MeHsIeTcd Ha PACCTOSHUHN B HECKOJBKO CaH-
TUMeTpoB. Ha ocHOBe permcrpaiuu MpoCcTPAHCTBEHHO-
BPEMEHHOTO pacHpe/iesieHls] WHTeHCHBHOCTH TIpH (hH-
JlaMeHTallMu B candupe UMIYJIbCca HA JJNHE BOJHBI
1,8 mxm B [10] mpennoskena Mojesib, COIJIAaCHO KOTO-
poii pactipenenente naTencusHoctn B CII mogo6HO Gec-
cemeBoMy. CII Kak pe3ysabTaT caMOOpPTaHU3AI[IH ONTH-
YEeCKOTO U3JIyYeHHsI B YCJOBUSX HEJIUHEIHOCTH U aHO-
MaJbHOI [UCHePCUU TPYIHOBOH CKOPOCTH YyCTOWYMBA
K BapbUPOBAHWIO HAYAJbHBIX MTAPAMETPOB JeiiCTBYIOIIe-
TO UMITyJIbca U 06pa3yeTcs KaK B CIIEKTPATIbHO OTPaHMU-
YEHHBIX, TaK U B (ha30BO-MOYJIHMPOBAHHBIX UMITYJIHCAX
[11], kKaK B KOJIMMHUPOBAHHBIX TTyYKaX, TaK U 1pu ¢o-
KYCHUPOBKe JTMH301l mjan akcukonoM [12].

BosmoxxHOCTD 06pasoBanna CII mpn ¢puramenta-
IIN7 BO BJIAKHOM BO3/yXe YNCJIeHHo nccaenoBana B [13]
JUIS U3JTy9eHns Ha JJInHe BOJHBI 3,1 MKM, KoTopas Je-
JKUT B HEIIUPOKOU 06JT1acT! aHOMAJIBHOIT AUCTIEPCUE TPYII-
MOBO¥I CKOPOCTH PACIPOCTPAHEHHS JIA3€PHOTO MMITYJIb-
ca B Boajtyxe BiaxxHocThio 10%. CorracHo pesyJsibratam

YHCJIEHHOTO MojienpoBaHus [8, 14] B uMmybce sHep-
rueit 100 m/Dx cpegnero K-auamnazona Ha J/IMHe BOJI-
HBl 3,8 MKM, OTHOcdIelica K mupokoil nmosoce AJ/[I'C
BJIAXKHOTO Bo3fayxa, ¢opmupyerca CII panreapbHOCTHIO
30 dc, pagmycom 250 MKM, MMUKOBOH WHTEHCHUBHOCTHIO
5-10' Br/cM?, KOTOpas MOKeT IepeHOCHTb IHEepTHIO
noTHOCTBIO cBbime 1 /[ /cM?. Bo3HHKHOBeHHe B BO3-
Tyxe pUIaMEeHTAINH TP PacIipoCTPaHeHNN C(POKYCIPO-
BAHHOTO WMIMYJbCHOTO W3JIyYeHUs Ha JJINHE BOJHBI
3,9 MM miposieMoHcTpupoBaHo B [15]. B HacTosiiee Bpe-
M 3KCIIepIMEeHTAJIbHBbIE UCCJeI0BaHNUA B BO3AyXe OU-
JaMeHTalmu B cpenHeM MK-amamnasoHe orpaHudmBa-
I0TCSI CYIIECTBYIOIUMH MCTOYHUKAMU U3JTydeHus. SIB-
JeHne (PeMTOCEKYHIHOI (pHIaMeHTAINl UMITYIbCHOTO
U3JIy4eHHs OTpefiessieTcsd eINHBIMI HeJIWHeiTHO-ONTH-
YeCcKIMH TIpolleccaMM, KaK B ra3aX, TaK W B KOH/EHCH-
poBaHHBIX cpefax [16]. MccrenoBanme dpumaMeHTAIIN
peMToCeKyHTHOTO HM3JAy4YeHNs Ha JINHAX BOJH OJIIIK-
Hero u cpefHero MK-nnamna3oHoB, KOTOpbIe Jieat B 06-
gactu A/ITC maBieHoro KBapia u psgaa (HTOPHUIIOB,
MO3BOJIUT YCTAHOBUTDH OOIIUEe 3aKOHOMEPHOCTH (hopMi-
POBAHUSI CBETOBBIX ITYJIb.

B HacTosmeit pa6oTe 4NCIEHHO MCCIeTOBAaHO (Hop-
MupoBanue nocaeoBaterbHocTn CII mpn dpramenTarmnm
(GeMTOCEeKYHIHBIX WMITYJTbCOB B  KOH/IEHCHPOBAHHBIX
cpenax. Pacemotpeno Bmugune A/[IC na o6pa3oBanie
nocaenyomux CII mpu ¢uirameHTanun B IJIaBIEHOM
KBapile MUKPO/KOYJTBbHBIX MMITYJIbCOB PA3JTHMYHON JIJIN-
Hbl BoJiHbl Omskuero MK-amamasona. BrepBble ycra-
HOBJIEHO, YTO B 3aBUCHUMOCTH OT COOTHOIIEHUST TapaMeT-
POB TIO/IO6USI, XapaKTePHBIX JIJIST IPOIECCa PACIIPOCTPA-
HeHUs u3iIydeHus 1o ob6pasoBanus dunamenta, A/[I'C
MOJKeT TIPEeTSITCTBOBATh (POPMIPOBAHUIO MOCTIEYIOMNX
CII. B nesgx momcka BOJHOBOJHOTO PeKHUMa PacIpo-
crpanenna ¢ posroxkuBymieit CIT paccmorpena ¢uia-
MeHTaIMsa B u3oTponHoM Kpuctamwie CaF, mmiyabcos
Ha JIJITHe BOJIHBI 3 MKM C dHepTueil HECKOJIbKO MUKPO-
JUKOYJIell I 3HAYEeHWSIMU TTIKOBOI MOITHOCTH, He3HAUN-
TEJIbHO MPEBBIIAIOIIMUA KPUTUYECKYIO MOIIHOCTD Ca-
MO(OKYCHUPOBKH.

Mogaeasr ¢puramMeHTanuu

B 4nciieHHOM MOJICJIUPOBAHUY UCIIOJB3YETCS TPU-
OJ/IKeHne MeJIeHHO MeHsmolneiicsa BoaHbl [17], B co-
OTBETCTBUU C KOTOPBIM ypaBHeHHe B Oeryiieii cucreme
KOOpAMHAT s orubatomeii nzayuenns A(r, t, z) Ha He-
cyleil yactore g B YCJOBUSAX aKCHAJIBHOII CHMMETPUH
umeet Buj 8, 18]:

2iky 22 A A+
0z
T 1 2 2\ 1 iot
+ J m(k (09 + Q) — (ky + kQ) )A(r,Q,z)e dQ+

2k3 7 2k 7
+ —=T|An,Al+—T""| An,A | —
1 [ k] ) [ pJ

— ik T [oN,A] — ikyoA. (1

3nech A(r,Q,z) — Mypbe-06pas ornbamomteir; Q = o —
— ®)p — YACTOTHBIIi CIBUT TAPMOHUKH CyIepKOHTHHYYMa
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Ha 4actoTe ® OT HecyIeil 4acToTsl my; k(o) = on(w)/c,

rae n(w) — AUCHEPCHOHHASA 3aBUCHMOCTD IUIABJIEHOTO
xBapia mwim CaF;, [19]; ¢y — ckopocTh cBeTa B BaKyy-

Me, ko= k(wy), k = 6k/60)\m0 Omeparop T =1—

1 0 .
— ——, ABJIAIONIUIICA Pe3yJbTaTOM ydeTa UJICHOB CJie-
[N ot

JYIOIEro MOPSAJKA MAJIOCTU B PA3JIOKEHUH BOJHOBOTO
omeparopa (8/6z — ik)?, nosposier B pamkax Mozemn (1)

paccMaTpuBaTh BOJHOBBIE MAKETHI, JJUTEIBbHOCTb KOTO-
PBIX COKpAIaeTcs BILIOTH /[0 OHOI ONTHYECKON OCIILII-
gammmn [17]. KeppoBckoe mpuparienne TOKa3aTess
TIPEJIOMJIEHUST Ay, BBIPAsKAETCS CBEPTKOIT

An(r,t,z) =
— A= I t,2) + g j Wt — I, t',2)de't, (2)

rae I = COnO\A\Z / (81) — MHTEHCUBHOCTD CBETOBOTO T10JI4;
1y — TTOKa3aTesb MPEJIOMIEHNS Cpeibl Ha Hecymleil Jac-
TOTe HUMITYJbCa; Ny — KOa(PUINMEHT KyOMUHON HesH-
HeITHOCTH TIpH KBAa3WUCTAIIMOHAPHOM WU3JIyYeHWUH; ¢
MapIUAIbHBIN BKJIAJ PAMAaHOBCKOTO OTKJIMKA.

DyHKINS 3aMa3abIBAIoNIer0 HeJTMHEHHOTO OTKJIH-
Ka MMeeT BU/T

2 2

h(t) = T2 exp(—t/7))sin(t/y), (3)
L)

rae ty U Ty — XapaKTepHble BpeMeHa HeJNHEeNHOro OT-

KJINKa. HpI/IpaH_[eHI/Ie IIOKa3aTeJisA IIpeJoOMJIeHNA, BbI-

3BaHHOe reHepauHeﬁ JIaSepHOfI TJIa3Mbl, OIIpeAesIAeTCA

o ¢opmy.te

4ne*N,(r,t)

(4)
20003,

An,(r,t) = —

rae m,, € — Macca u 3apA 3JEKTpOHa COOTBETCTBEHHO.
KOHHeHTpaHI/IH CBOéOZ[HbIX JJIEKTPOHOB Ng noza-
YUHAETCA KHWHETUYECKOMY ypaBHEHUIO

oN,

ot

rne Ny — KOHUEHTPAIlT HeliTpalbHBIX aTOMOB; V; =
L 2Af

U 2m, (o2 + v2)

MIMPUHA 3allpenieHHON 30HBI; V. — YacTOTa CTOJKHOBeE-
HUIl 2JIEKTPOHOB ¢ HeiiTpamamu. /[[1sg KBapma v ~
~ 10" ¢™'. Vpasnenne (5) He yuuTHIBaeT 3JIEKTPOH-
HOHHYI0 PEKOMOUHAIINIO, YacTOTa KOTOPOW COCTaBJISIET
6,7-10'? ¢'. CkopocTb TOJIeBOI HOHM3AINM W(A)
onpenengerca gopmymnoit Kemapima [20]. Cedenne Top-
MO3HOTO MOTJIONIEHNsT PACCYNTHIBAETCS CJEAYIONIM 06-
pasom:

= W(ADNy —N,) + viN,., (5)

— YacToTa JIaBUHHOI nonusaimu, U; —

_ kydne* v,
ng 0)(2)me ®g

(6)

Koadduiment ocsabieHnsi, BbI3BaHHBIN TI0OJI€BOIl HO-
Husarueil cpe/bl, UMeeT BU

a0 = EW(APNy =N 0). (D)

PaccMarpuBaeTcst KOJUIMMHEPOBAHHDII IIYOK CIIEKTPAJIb-
HO OTPAHUYEHHOTO MMITYJIbCHOTO U3JIYYEHUs TayCCOBOIl
dopmbr

2 2

r T
Alr,t,z=0 — 8
(r,t,z =0) = Ay exp 2?22 (8)

TJe dy U Ty — PaauyC MydKa M IMOJIY/JIUTENbHOCTD UM-
IIyJIbca 110 YPOBHIO MHTEHCHBHOCTH € '; Ay — HHKOBas
aMILIATYIa CBETOBOTO Mo, [TapaMerp 1o cBA3aH ¢ JIH-
TEJIbHOCTBIO UMITYJIbCA 110 TI0JI0BUHE BBICOTBI Ty 3, O0bIY-
HO U3MepsAeMOil B 9KCIIepUMEHTe, IPOCTBIM COOTHOIIE-
HIeM T, 5 = 24/In21.

JII 4YNCIEHHOTO pPeIleHnsl CUCTEMbI ypaBHEHHH
(1)—(7) ¢ navanbubIM yeaosueM (8) ucnosb3oBasics Me-
TOJl pacHIeNIeHnii, B KOTOPOM YPaBHEHHUS, OMHCHIBAIO-
e Aucrepenio U Anpakiuio U3/IydeHus Ha Kak/JIoM
mare 110 9BOJIOIMOHHON KOOpAMHATE Z, paccMaTpuBa-
JIICh OTHOCHTEIBHOTO YAaCTOTHOTO CIeKTpa orubaromieit
A(r,Q,z). ITO MO3BOJIMIO HCIIOJIB30BATH AUCIEPCHOH-
Hoe cooTHomenue n(®) HemocpejcTBeHHO B (opMe
Canmeiipa (Sellmeier) i onepatop 7' =1+ Q/wy, 3a-
[HUCAHHBI B CIEKTpaJbHOM mpocTpaHcTBe. Ha ocHoBe
pemenuit sagaun (1)—(8) wuccriegoBana Tpanchopma-
IS TTPOCTPAHCTBEHHO-BPEMEHHOTO PACTIPEIEIEHNST UH-
tencusnoctu I(7, t, z) B mponecce o6pasoBanus CII mpu
(puaMeHTaIMN B TIaBIEHOM KBapile (PeMTOCEKYHIHOTO
U3JIydeHns pasindHoil amuubl BosHbl u B CaF, many-
YeHUSA Ha JJIMHE BOJIHBI 3 MKM IIPU BAPbUPOBAHUH €TO
MOIIIHOCTH.

Bimsnue mucnepcun Ha ¢popMupOBaHHE
110CcJe/[0BaTeJIbHOCTH CBETOBBIX ITyJIb

Jlns mccseoBaHUS POJM JIUCTIEPCUU TPYTIIOBOI
ckopoctu B dopMmupoBanun tocenoBareabroctn CII
paccMoTpeHa (uaMeHTaIs B TIJIaBJIEHOM KBaplie (eM-
TOCEKYHHOTO W3JIy4eHUs Ha TpeX [JIMHaX BoJH 1,4;
1,8 m 2,2 MM, KoTopble jgexkar B obaactu A/ITC. Tlpu
3TOM, YTOOBI BBIIEJTUTD BJIUSIHIIE HA CBETOBBIE IIYJIH COG-
CTBEHHO auciepcnu rpymnmnoBoit ckopoctn (JITC), moy-
JUTHTEJIBHOCTD UMITYJIbCOB To, PAAUYC IYYKOB do U Tapa-
MeTp HesuHelHoCTH R = Py [Per, T Pogp = ragly —
HMKOBasA MONIHOCTD uasyderns ([y — HavyaIbHas WHTEH-
cuBHOCTD), P, = 3,77nn,/(2kin,) — KpuTHdeckas Mol
HOCTb caMO(OKYCHPOBKH, B3SAThI OJJMHAKOBBIMI [IJIST BCEX
JJITH BosiH. TpancdopMaiing M3JIydeHus: Tpu pacipo-
CTpaHeHHH ero /10 o6pa3oBaHus (uIaMeHTa 3aBUCHT OT
COOTHOIIEHNUS Mexcﬂy mapaMeTpaMu TO00us: /:[H(ppaK—
unoHHolt Ly = kaj w mucnepcuonnoit Ly, = t3/ky, mmm-
HaMM, a TakKe JJIMHOH caMooKycHpoBKH Lg. 3pech
ky = 3*k(0)/00|,, mapaMeTp, OIIpeJeNaolii Xa-
pakrep JATC: mpu ky >0 JATC cunraercs HOPMaJbHOII,
mpu ky < 0 — anomanbHO#. /[/mmHa caMO(OKYCHPOBKH
Ly paBHa pacCTOSHMIO CTallMOHAPHOII caModokycu-
pOBKH, paccuntaHHoMy 1o ¢dopmyse Marburger
[21, 22]. B mportiecce o6pasoBanusga CII cymiecTBeHHYTO
posib urpaet pedpakiisa U3IyIeHUS Ha HaBeIeHHOI
Jla3epHOH IIa3Me, CKOPOCTb TeHepallinl KOTOpOoil oIpe-
aensieT nopsiok Muoroporonnoctn K =|U;/hog +1],
rae | | — omepartop BbiieseHus mesoii gacti. Pacemar-
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PHUBAJIOCH U3JIyUYeHIIE ¢ IOy AJIUTETbHOCThIO 1) = 30 dc,
paamycoM mydka @y = 100 MKM 1 ¢ mapaMeTpoM HeJIu-
Heitnoctn R = 3, npu xoropom Ly = 0,42L 4. Ilpu unc-
JIEHHOM MOJIeTUPOBAHUY TPUHATO, YTO [IIA TLJIaBJIEHO-
ro kBapua 1y = 1,45, ny = 3,54 - 10716 cM? - Br !, g=
=0,18, 1y = 32 dc, 1o = 12,5 dpc, No = 2,1-10% cm>.
OcrajibHbIe TTapaMeTPbl M3JIyYeHUsT U CPebl, a TaKKe
KpuTepun 1mono0us HavaabHOIl cTagun dbuaaMeHTann
TIpUBe/IEHBI B TaOJIHIIE.

HapaMeprl H3JyY€eHus U IIJIaBJIEHOTO KBapua

Jl/ImHa BOJIHBI A9, MKM
[TapameTp
14 | 18 | 22

apamerp aucmepenn ko, dc® - em™!| —115,8 —626,5 —1487,8
HauanbHag mHTEHCUBHOCTD ),
I'Br/cM? 65 110 162
DHeprus UMy abcoB E, Mx/[x 1,08 1,8 2,7
Kpurnueckass MOIHOCTD
camodokycupoBku P, MBT 6,7 11,24 16,8
[Jlucnepcuonnas anuna Ly, cM 7,7 1,4 0,6
Jludpaxnnornas gmmHa Lgif, oM 6,4 5 4
JlnuHa caMooKyCHpOBKH Ly, cM 2,7 2,1 1,7
[Topsimox Muorodoronnoctn K 11 14 16

Pe3yIbTaTbl YNCIEHHOTO HCC/IeJOBAHTS IPEICTaBIIe-
HbI TOHOBBIMHU KapTUHAMH MTPOCTPAHCTBEHHO-BPEMEHHBIX
pacmpesiesieHnii WHTEHCUBHOCTH B JIOTApU(OMUUECKOI
mkane 1g(I(r,t)/Iy) m oceBbIMH TPOGIIAME HHTEH-
cuBHoct [(7 = 0,1) Ha psle XapaKTepHBIX PacCTOL-
Huit Z (puc. 1-3). B wusjiyyeHuu Ha [JINHE BOJIHBI
1,4 mxm  CII o6pasyeTcd Ha pacCTOSTHUH Zé:i?) =
= 2,18 cM, KOTOpOe HEMHOTO MeHbIlIe PACCTOIHUS CTa-
HHUOHAPHOI caMO(OKYyCUPOBKH Ly, BCJEJCTBHE YBeJIH-
YeHNs WHTEHCHBHOCTH MPH HeOGOJBIION KOMIIPeCCHn
umiyabca B yeaoBuax A/IIC, u 3HaunTeIbHO KOpoue
JUCIepcuonHoit Ly, n andpakunonHoil Lg AnuH.
O6pasoBanne CII ompenengerca 1O BO3HUKHOBEHHIO
B paclpe/ieleHI WHTEHCUBHOCTH Y3KOTO PacXO/IsIIe-
TOCSI XBOCTa, BBI3BAHHOTO abeppalimoHHoil aedoKycu-
POBKOIl mU3JIydeHHS B HaBeJIEHHOIl Ja3epHOll TLIa3Me
(puc. 1, 6). TIukoBasg MHTEHCHBHOCTH B ITyJie JOCTUTAET
Tpear = 48 TBr/cM?, ee JaMeTp TI0 YPOBHIO e co-
cTaB/seT 1,5 MKM, JUIHTETbHOCTD 1O YPOBHIO € ' OKOJIO
4 (e, yTO 6IM3KO K TIEPHOAY ONTUIECKUX OCIIHJLIAII.

1,0 0,0 —1,0 1,0 0,0 —1,0
t/ 1y t/ 1
a 6

1,0

Taxnm o6pazom, CII mpezacraBisger co6oil TpexMepHBIi
BOJTHOBOII TTaKeT ¢ MacmITaboM JIOKAJTH3AIH CBETOBOTO
moJigd, 6au3KkuM K JuimHe BoJsHbl [S]. CII gaBigercsa ko-
POTKO JKUBYIINM 06pa3oBaHueM, U HHTEHCUBHOCTD B Hell
6pictpo magaer (puc. 1, 6). Ilpu atoMm mocieymolue
myn He 006pa3yioTcs, TOCKOJIbKY Ha JJINHE BOJHBI
1,4 MKM BesmumHa mapaMerpa Ry CAUIIKOM Majia I
MOBTOPHON KoMIpeccun uMiyibca (puc. 1, 2).

B usnyuennu Ha gaune BoJHbl 1,8 MM CIT o6pa-
3yercsl Ha PacCTOSTHUH Z,g}l'?)i = 1,94 cM (puc. 2, a) u 3a-
TeM GbicTpo pacramaerca (puc. 2, 6). OaHako Ha 3Toii
JUTITHE BOJIHBI BeJIMUIHA MapaMeTpa Ry, 6OJIblile, 4eM Ha
1,4 mxM, 1 anomanbHbiil xapaktep /II'C mpossigercs
3HAYNTETHPHO CUJIbHee. Bciie/icTBIe aTOro Ha TiepeHeM
¢ponTe ummyabca mpoucxoaut kommpeccus CII mpnu
ero (a3oBoil caMOMO/yJISIIH, BbI3BAHHOI KePPOBCKOIi
HeJTMHEeITHOCThIO, W BO3HWKAaeT MaKCHMYM WHTEHCHBHO-
CTH. Y 3KHii IJIa3MeHHbBIH KaHasl, HaBeJeHHbBIIl 3TUM MaK-
CUMYMOM, BBI3BIBAaeT Je(POKYCHPOBKY OCTATKOB MEPBOii
CIT u Bcero xBocra umiyabca (puc. 2, 6). Ha pac-
CTOSTHUH Z,glu'?)z = 2,13 cM u3 3TOrO MakcuMyMa o0pa-
3yercss Bropass CII u comyrcTBytomuil eit mmpokuii
iasMeHHbIi kanan (puc. 2, 2). B o6enx 1mynaax mmko-
Basg MHTEHCHBHOCTb cocTaBisgeT okoino 40 TBr/cm?.
[unamerp CII yBesuuuncs go 2,6 MM, Torja Kak ee
JUTITEJBHOCTD COKpaTWiach 0 2,3 ¢c Mo cpaBHEHUIO
C COOTBETCTBYIOIIUMHU TIapaMeTpaMu Ha [IJTMHE BOJIHBI
1,4 mxm. Hesnneiinpiii #HaGer ¢asbl CBETOBOTO MOJS
B IIONIEPEYHOM CceYeHNN (bUIaMeHTa, BBI3BIBAIONINN pe-
doxrycupoBKy B pumamente [23], 3HaUNTETHHO MEHbIIIE,
4eM BO BpeMeHW, W He OKa3bIBaeT BAMAHUSI Ha (GopMu-
poBanme CII. B paccmatpuBaeMoM ciyuae apdekt pe-
(OKYCHPOBKH TIPOSBJSIETCS] B HEKOTOPOM MOJKATUU
KOJIeI[, OXBaTbIBAIOIIEM Y3KUil TJIa3MeHHbIH KaHas
(puc. 2, 6).

B usmyyenun na anmunHe BOMHBI 2,2 MKM BeJIMYMHA
mapameTpa ks, xapakrepusyiomiero /II'C, MHOTO Goibie,
yeM Ha JJIIHe BOJIHbBI 1,8 MKM, 11 oco6eHHO Ha 1,4 MKM.
[lucniepcuonHnas aauna Ly UMITyJIbca Ha JIJINHE BOJTHBI
2,2 MKM 3HAUUTEJbHO MEHbIIle PACCTOSHUS caModoKy-
cUpOBKU Ly, 1 10 o6pasoBaHus (puUIaMEHTa HPOUCXO-
JINT CHJIbHOE JUCTIEPCUOHHOE PACTLIBIBAHIIE UMITYJIbCa BO
spemenn (puc. 3, a). @opmuposanue CII 3ararusaer-
cs1, 1 oma obpasyetcst na pacctosunu Zy2 = 3,69 cm

]J.{(:'l 1y)
2,5
2,0
1,9
1,0
0,5
0,0
—=0,5
—1,0

2

CM™

I(r=0, t), TBr

1,0

0,0
L/ 1o

0,0 —1,0
L/t

G 2

Puc. 1. I/IMHy]I])C Ha JJUHE BOJIHBI 1,4 MKM B IJIAaBJIEHOM KBapIie. HpOCTpaHCTBeHHO’BpeMeHHbIe pacipejeneHna NHTEHCUBHOCTI

B norapudmueckoii mxane 1g(1(r,t)/1y)

u npoduab nHTeHcuBHOCTH Ha ocu (¥ = 0, t) Ha paccrosHun: Z = 2,17 ¢M — IPOHCXO-

JAUT yBeJInueHunue TTMKOBOIl MHTEHCUBHOCTHU B (l)I/IJIaMeHTe (Cl)y Zl(;j)

= 2,18 cM — o6pasoBanue cBerosoii mymu (6); Z = 2,2 cMm —

muccunanus mymn (8); Z = 2,3 ¢cM — yMeHblleHne UHTeHCHBHOCTH (2)
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-1,3
-1,0

_—05
= 00
© 0,5
1,0
I‘S___l-__ ) ) N P ) N
1,0 0,0 —1,0 1,0 0,0 —1,0
| t/ 1
a 6

1,0

0,0
t/ 1 L/ 1
6 2

Puc. 2. mnysabe Ha AnuHe BoJHBI 1,8 MKM B ILTaBjeHOM KBapiie. IIpocTpaHCTBEHHO-BpeMEHHDIE pacIpe/iesieHnsl MHTEHCUBHOCTH
B JiorapudMuvecKoii mKase lg([ (r,t)/[o) u npoduab uHTeHCUBHOCTH Ha ocu I(r = 0, t) Ha paccTosHUU: Z{,L’ﬁ = 1,94 cm — mpo-
ncxoaut o6pasoBanue neppoii cserosoit mymu (a); Z = 1,97 cm — pacnaz nyu (6); Z = 2,01 cM — 3apoxaenne Bropoii mysm (6);

(1,8)
Zbul,2

1,0 0,0 —-1,0 1,0 0,0 -1,0
t/ 1 t/ 1o
a o

= 2,13 ¢M — o6pasoBatue Bropoii my.m (2)

]}.{(Jr J{u)
& 2.5
S H20
m H15
oy 1,0
= H05
? 0,0
& —0,5
= —1,0
0,0 1,0 1,0 0,0 —1,0
£/ 19 L/ 1
6 2

Puc. 3. I/IMHy]I])C Ha JJUHE BOJIHBI 2,2 MKM B IJIAaBJIEHOM KBapIie. HpOCTpaHCTBeHHO’BpeMeHHbIe pacipejeneHna NHTEHCUBHOCTI

B sorapudmuieckoii mkane 1g(I1(r,t)/I)
[T JUCIEPCHOHHOE pacilibiBaHue uMmyJbca (a); Zéi’f)

= 3,69 cM — obpasoBanue ceroBoil mysm (6); Zy)7 =

u npodusib uHTeHCHBHOCTH Ha ocu [(r = 0, t) Ha paccrosauu: Z = 3,07 ¢cM — IPOUCXO-

Q2 3,7 cM — yBesn-

yeHne uHTeHCUBHOCTH B myJte (¢); Z = 3,95 cM — auccumnanmsa mymu (2)

(puc. 3, 6), KOTOpoe 3HAUUTETHLHO MPEBBIIAET PACCTOSI-
Hue caMo(poKycupoBKHU Ly Ha 270l AymiHe BosHbL. Benea-
ctBue morepeyroro ckatusi CII, BbI3BaHHOTO KeppoB-
CKOIl HeJMHEHOCTbIO, TMKOBas MHTEHCHBHOCTL B Heil
pocruraet 1., = 44 TBr/cv® (puc. 3, 6). Jlmamerp CII
COCTaBJIgeT OKOJIO 3,5 MKM, ee ajauTeabHoctb — 1,9 de.
Bropast CII Ha [/iHe BOJHBI 2,2 MKM He o6pasyercs,
TaK KaK WHTEHCHBHOCTb Ha TiepeJHeM (pOHTE MMITYJIbCa
YMEHDBIINIACH CTOJIb 3HAYUTENbHO TPU UCIIEPCUOHHOM
PACILTBIBAHUN €TO Ha HAYaTbHON CTAJNU PaclpocTpaHe-
HUS, 9YTO KOMIIpeccun Ipu (ha3oBoil caMOMOIY AN OKa-
3aJ10Ch HEJIOCTaTOYHO A1 ee popmupoBanns (puc. 3, 2).
ITpocrpancTBertast pehOKYCHPOBKa MPOSIBJISIETCS B 06-
pa3oBaHUK KOJIbI[A GOJBIIOTO JUaMeTpa B paclipejiesie-
HUU UHTEHCHBHOCTH B MONEPEYHOM CEUEHH.

W3 ananmsa NpUBeNeHHBIX Pe3yJbTaTOB CJIEIYeT,
YTO ¢ yBeJnueHueM JJauHbI BoJHbl AuaMeTp CII yBesi-
YIBaeTcs, a INTeTbHOCTD coKparaercs. VHTepBa, Ha
koropoM cyiectByeT CII ¢ BbIcOKOIT MJIOTHOCTBIO MOII-
HOCTHU, COCTaBJIIET OKOJIO 1 MM, UTO COOTBETCTBYET Bpe-
MeHU ee JXKU3HU OKOJIO O mc. MakcuMaibHAasd WHTEH-
custoctb B CII cocraasier oko1o Ipeqr = 40 TBr/cMm?
n caab0 3aBUCHUT OT JIJTMHBI BOJIHBI, Y4TO OOGBSICHSIETCS
MHOTOOTOHHOIT TeHepalneil Ja3epHOIl MJIa3Mbl, KOTO-
pag ipu K = 11—16 umeet noporosbiii Xxapakrep AJ/[T'C.

V3MeHeH1e ¢ pacCTOSTHIEM TTHKOBON WHTEHCHBHO-
cri Ha ocn dunamenta I,(r = 0, z) npuBeJeHo Ha
puc. 4. 3aBucuMoctdb Ipeq(r = 0, z) KpaTKO BOCIIPOU3-
BOINT cIreHapnil QopmupoBanng eamHcTBeHHONH CII

188

S0

), TBr/em*
® s
: T

[5=]
=
I

-"lf.'r'm[.'(r =0,

S
T

0 — P
1,5 2,0

3.5
Z, M
Puc. 4. VIsameHeHNe ¢ paccTOSHHEM THNKOBON WHTEHCHBHOCTH
Ha ocu (rmameHTa [, (r = 0, z) B ITaBIEHOM KBaplie IpH
dopmuposarnu CII B uMmy.ibcax Ha j/iuHe BoJHBI 1,4 (mTpu-
xoBasi kpuBas), 1,8 (crumomnas), 2,2 MM (IIyHKTUpPHas).
[TonmyamurenpbHocTs UMIyIbcoB 19 = 30 pe, paamyc mImydka
ay = 100 MxM, mapameTp HedmHeliHocTH R = 3

B UMITyJIbce Ha jAynHe BosHbl 1,4 MM, aByx CII — Ha
JunHe BoJiHBL 1,8 MKM, yMeHbllleHHe HHTEeHCHUBHOCTH
BCJIE/ICTBUE [IUCIIEPCUOHHOIO PACIIBIBAHUS MMILYJIbCA
7 TocJenyiolee o6pa3oBaHne OJHONW IMyJIH Ha [ITITHE
BOJIHBI 2,2 MKM. U3 npuBesieHHON 3aBUCHUMOCTH BU/HO,

3asosnasn E./l., JopmugonoB A.E., Kanaunos B.II.



yto A/II'C, Heo6xoaumas a1 popmupoBarus CII, mMo-
JKeT TIPEMITCTBOBATh X 00Pa30BAHUIO, €CJIU TUCTIePCH-
OHHAsA AJanHa Ly 3HAUUTEHHO MEHBINE PACCTOSHUS
caMo(oKycupoBkn L.

Biusinue MOIIHOCTH UMITYyJbCa
Ha (popMHpOBaHHE CBETOBBIX IIY.JIb
B Can

UYucnenHoe MojeupoBaHie (uiaMeHTallun ¥M-
MYJIbCOB PA3JMYHON MOIIHOCTH, OTM3KOIl K KpUTHYECKOIT
MOIIHOCTH caMO(OKYCHPOBKH, OPHEHTHPOBAHO Ha aHa-
JIN3 BO3MOKHOCTH TOJYYeHUS BOJHOBOJHOTO pesKHMa
¢ dopmupoBanneM ponroxkuBymmx CII, o cymiectBo-
BaHWM KoToporo 6buio 3asBieno B [9]. Beibop CaF,
B KavecTBe CPeJbl /JISI MCCIe0BaHUs 00YCIOBJIEH TeM,
YTO CIEeKTPATbHOE OKHO MPO3PAYHOCTH B HEM TTePEKPbI-
Bator Y- u UK-anmana3oHbl, pacumpss TeM CaMbIM
MOJIOCY [IJIMH BOJH B HCCJIEIOBAHUAX (DITaMeHTAIIH.
PaccmaTpuBaeTcst UMITYyJIbC Ha JIJIMHE BOJHBI 3 MKM,
Kortopag jexxut B obsact A/II'C, 4To HE06XOAMMO /IS
¢opmupoBarug CII. B CaF, mokasarensp mpesome-
Hust ng = 1,45, koadduimenT Ky6u4HOI HeMnHeiTHOCTH
ny, =1,9-1071 eM? - Br !, KoHmeHTpaimsa No = 2,45 x
x 10% cMm~3. Ha a/iHe BOJIHDBI 3 MKM KPHTHYECKAsT MOII[-
HOCTh caMmodokycupoBku P, = 50 MBT, mapamerp, or-
penesstonuii xapakrep AI'C, ky = —1053,6 (pc2 oM
mopsAgok MHorodotonHocTn K = 29 mpm mmpuHe 3a-
npeierHoit 3oubl U; = 10 2B [19]. /lna ucciaemoBanus
BJINSTHUSI COOCTBEHHO IHMKOBOIT MOIIHOCTH Ha (POPMUPO-

[}.“(1 z!n)
L 2.0
S H20
a H15
3 1,0
= §os
? 0,0
~ -0,5
' = B0
1,0 0,0 —1,0
t/ 1 t/
a 6 8 2
lg(1 /1y)
" R o
: 2 2,0
£ a H15
T OH1,0
' = HO05
: T §0.0
. —0,5
= ®_10
1,0 0,0 —1.0 1,0 0,0 —1,0 1,0 0,0 -1,0 1,0 0,0 —1,0
t/ 1y t/ 1o t/ 1 t/ 1o
0 e K 3
Puc. 5. Vmmoysabe Ha anude BoaHbl 3 MkM B CaF,. TIpocTpaHcTBEHHO-BpeMeHHbIe paclpe/le/ieHIs] NHTEHCHBHOCTU B JlorapidMii-
YecKoil mKae lg(I (r,t)/[o) u npoduab nHTeHcuBHOCTH Ha ocu [(r = 0, t) Ha paccTOAHUM: ZSJ1 = 1,34 cM — mpoucxoauT oGpa-

(G)

Barnne CII paccmaTpmBajioch M3JIydeHNe Ha JJINHE BOJ-
HBI 3 MKM IIPH OJIMHAKOBBIX 3HAUEHUIX TTapaMeTpa JJIn-
teabHOCTH 19 = 30 dc u paguyca myuka ap = 115 MKM.
B atoM ciydae aucnepcuoHHas AjauHa Lgis = 3,4 cM,
mucdpaxnuonnas Ly = 3,9 cM 11 BceX paccMarpu-
BaeMbIX UMITYJIbCOB. lcciemoBamich MMITYTbChl 9HED-
rueit 15,9; 10,6; 7,9 u 5,3 Mx/[X, A9 KOTOPBIX TMapa-
Metp HenuHeitHoctn R = 3,0; 2,0; 1,5; 1,0 u anuHa
camodorycupoBkn Ly = 1,64; 2,65; 4,2 cM; © cooT-
BETCTBEHHO.

[lnga  wmMmynbca ¢ mapaMeTpoM  HEJMHEHHOCTH
R =3, npm Kotopoil HavadbHAs UHTEHCUBHOCTH [ =
= 360 I'Br/cM?, TIpocTpaHCTBEHHO BpeMeHHble pacipe-
nenenus unrencusHoctn 1g(1(r,t)/Iy) u oceBbie mpo-
umn unrercuroctu [(r = 0, t) npuBegeHbl Ha puc. 5
Ui paja XapakTtepubix paccrosgHuit Z. Ilepas CII
o6pasyeTcs Ha PacCTOSHUN Zé?th = 1,34 cM (puc. 5, a),
COKpalleHne KOTOporo 1o cpaBHeHmio ¢ Ly = 1,64 cm
HEBeJNKO, ITIOCKOJBKY BJIMSHNE ANCHEPCHOHHON KOM-
TIpeccuu MMITyJIbca Masio ipu Ly;s = 3,4 cM. CienoM Ha
paccTosTHUM Zzgi?,z = 1,41 cm 3apoxaaercs propas CII,
MJIA3MEHHBIIT KaHal KOTOpoit JedoKycupyer IepByIo
(puc. 5, 6). Tlocne stux asyx CII, cyljecTByoOIMX
BMecTe Ha MHTepBaJe JJUHON okojio 2 MM (puc. 5, 6),
TMIKOBas WHTEHCWBHOCTh TajaeT 6ojiee yeM B 10 pas
(puc. 5, 2). Tperbss CII dopMupyercss Ha PacCTOSTHUH

Z,(,i; 5 = 1,84 cM, yeTBepTas mocjie MHOFOKPATHOTO CHIKe-
HUST MHTEHCHBHOCTH B (prtaMenTe (prc. 5, €) — Ha paccTost-
i Z) ,=2,25 em (puc. 5, ), TATas — Ha pac-

CTOSIHUU Zlfi? 5 =23,07 e (puc. 5, 3). 3HaUeHNsT NIKOBOIL
UHTEHCHBHOCTU [peq, B 0OpasoBaBmmxca CII 6amsku

soBanue nepgoit CII (@); Z;»), = 1,41 eM — 3apoxzaenue Bropoit CII (6); Zéig , = 1,52 M — cymecrBoBanue Bropoii CII (6);

3)

3)

7® = 1,68 ecm — nerpaganus nepsbix asyx CII (2); Zlgul 3= 1,84 ¢M — o6pasosanue Tperbeii CII (9); Zbul = 2,01 eMm — pacmap
CII (e); Z[<73) = 2,25 cM — o6pasosanue verseproii CII (k); Z,Sil 5 = 3,07 e — obpasosanme matoit CII (3)

ul, 4
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u cocraBisgior okoso 120 TBr/cm?, ux [uamMerp —
oxoJio 10 MM, mmuTeabHOCT — 6 e, Takmm o6pasoM,
B ¢mwiamenTe Ha gauHe okoso 1,7 cM  obpa-
30Bajiach TOCJIeI0BATENbHOCTh KOpOTKOKUBYImux CII,
Kask/ast U3 KOTOPBIX CYIIECTBYeT Ha UHTepBase He 60-
see 1 MM, uTo coorBercTByeT BpeMenu :xusuun CII mo-
paaka S5 1c.

PexxnMbl prmaMeHTaIn ¢ 06pa3oBaHieM HECKOJb-
kux CII B nmmysbcax Ha ajuHe BoJiHBL 3 MKM B Cal,
1 Ha JUTHHE BOJHBI 2,2 MKM B TLIaBJI€HOM KBapiie OJm3-
K. BmecTe ¢ 9TUM B UMMYyJibce Ha [IJITHE BOJHBI 3 MKM
9HEpTUs BBINIE, YeM Ha 2,2 MKM, W COOTBETCTBEHHO
6oupiire uncao CIT B mocemoBaTebHOCTH. BeecTBie
60J1ee BbICOKOTO TIopsiaKka MHorogortorHocTnH K B Cak,
Ha JJIMHE BOJHBI 3 MKM IHKOBas mHTeHCHBHOCTH B CII
BBINle, KPYTH3HA ee 3aHero (QpoHTa 6oJblle, YeM
B TIJIaBJIEHOM KBaplie Ha JiJInHe BOJHBI 2,2 MKM. [Tomy-
YeHHasd 3aKOHOMEPHOCTDb paHee yCTaHOBJeHA B [24] mpn
UCCJIEJOBAaHIY BJIMAHUA TapameTrpa K Ha TeHepaluio
CYNEePKOHTHHYYMA TPH (DUIAMEHTAIIMN UMITYJIbCOB Pa3-
JINYHON JIJINHBI BOJTHBI B TIABJIEHOM KBaplle.

Kopotxknit matepBas cymiectBoBanust CI1 o6yciios-
JleH KOHKYpeHIMell CUJIbHBIX HeJNHeIHBIX 3¢ @eKToB,
TAaKMX KaK C)KaThe MydYKa MpH caMO(OKYCHPOBKe, €ro
abeppaionnas 1e(hOKyCHUPOBKA IIPU BO3HUKHOBEHUU
JIa3epHON TLTa3Mbl, reHepalus KOTOPOil MMeeT TOpPOTOo-
BBIII XapakTep mpu 6osbiroil Beamunae K, 1, HaKoHeTI,
KOMIIpeccus UMITyJIbca BO BpeMeHU Tpu (as3oBoil ca-
MoMoayaain B cpesie ¢ A/[I'C npn 6osrboit BenmdnHe
mapamerpa ky. MoskHO ObLIO OKHIATb, 4TO ocjabJie-
Hue 3THX 3(OGdEKTOB TpH yMEHBIIEHUN 3SHEPTUU UM-
MyJIbca TIPUBE/IET K YBeJIUYEHUIO BPeMeHH CYIIeCTBOBA-
nus CII. Ograko 4uc/eHHDbIe HCCTeTOBaHUS (ITaMeH-
taiuu B Caly uMIiysibcoB Ha JiIMHE BOJIHBI 3 MKM IIpU
nmapamerpax HesnuHeitHoctn R = 2,0; 1,5; 1,0 mokasa-
JIM, 9TO C yMeHbIIIeHNeM 9HEPTUU WHTEPBAJ CYIIECTBO-
Bauug CII He Bo3pacTaeT, a yMeHBINAeTCI HMX YHCJIO
B TocraenoBaTesbHoctu. Tak, mpu R = 2,0; 1,5 obpa-
sytorcs Tpu Kopotko skuBymue CIT (puc. 6). ITpn nu-
KOBOIl MOIIHOCTH UMITYJIbCA Ppoqr, PABHONH KPHTHYECKOIL
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Puc. 6. MI3MeHeH1e ¢ pacCTOSHIEM IIMKOBON MHTEHCHBHOCTU Ha
ocut pumamenta . (r = 0, z) B CaF, npu dpopmuposanmu CII
B UMITy/JIbCaX Ha JTHHE BOJHBI 3 MKM ¢ sHeprueil 15,9 mMx/[xx
(R = 3,0) — crnonmnag kpusag; 10,6 mx/Ix (R = 2,0) — mrpu-
xoBasg; 7,9 Mx/[x (R = 1,5) — nyukrupHas kpusag. [Tomymim-
TeJBHOCTD UMITYJIbcoB 19 = 30 e, paguyc myuka ap = 115 MM

MOIIHOCTH €aMO(MOKYCHPOBKU P.,, U, cJIeJoBaTeslbHO,
mpu R = 1,0 CII He o6pa3syioTcs, HeCMOTpS Ha KOM-
TIpeccuio UMITyJIbca TIpH (Ha30Boil cCaMOMOIY IS B Cpe-
Jle ¢ KepPOBCKOIl HEJIMHEIHOCTDIO.

3akouenue

Dopmuposanne CII mpn demTocekynaHOIl Prita-
MeHTAI[ U3JydeHuss OiukHero u cpegHero MK-guma-
ma3oHoB B ycaoBuax A/[I'C aBisteTcss MHOTO(aKTOPHBIM
IIpPOIeccoM U oIpesieseTcd PyH/JaMeHTaIbHBIMI XapaK-
TEePUCTUKAMU U3JIy4YeHUS U Cpe/lbl, TAKUMU KaK JJINHA
BOJTHBI, JITUTEIBHOCTD W 9HEPTUS U3JIYUeHNd, TTapaMeTp
JITC ky u mmpuHa 3ampelieHHol 30HbI U; IU2JIEKTPH-
Ka, M3 KOTOPBIX BO3MOKHA (POPMYJIHPOBKA KPHUTEPUEB
ojI06us HavaabHOI crajuu ob6paszoBanust CII u reme-
panun JasepHoii miasmbl. B HacTosmeit pa6oTe qicaeH-
HO ucciaegosano Biauguue AJ/[I'C HenuueiiHoil cpesbl
U MOTITHOCTU MMITYJIbcOB Ha o6pasoBanue CII mpu ¢ura-
MeHTaIn B IaBaeHoM kBapie u CaF, uMmyibcoB anep-
rueil B HeCKOJIbKO MUKPo/KoyJeil. [IpoBesennblii ana-
JIN3 TO03BOJIAET cPOPMYINPOBATD CJIEAYIONINE BBIBOIDI.

1. Anomamprasg /JIT'C, Heob6XxomuMas I BpeMeH-
HOIi KOMIIpeccuu UMIyJibca 1pu obpasosannu ClII, B 3a-
BHCHMOCTH OT COOTHOTIIEHNS KPHUTEPHeB MOA00MST MOKET
Hapymath QopMmupoBanue mnociaegoBaresbHocTn CII.
B cayuae masnoit [AI'C, npu KoTOpoii JucliepCHOHHAI
nmmHa L gis MHOTO 60JTbITIe JITHHBI CaMO(OKYCUPOBKH Ly,
KOMIIpeccust UMITyJIbca TIPH (Pa30BOH CaMOMOIYJISIINT
OKa3bIBaeTCd HeJOCTATOUHOI 71 06pa30BaHUA CJIEIYIO-
mx CII B ux mocJsiezioBatesibHOCTH. B citydyae cuibHOi
ATC, npu kotopoil Ly, < Ly, yMeHblleHHe MTHKOBOM
WHTEHCUBHOCTH HMMITYJIbCA, BCJEICTBHE IUCIEPCHOHHO-
TO PACIIBIBAHUS 10 06pa3oBaHus (pUIaMeHTa, MpeTsT-
cTByeT o6pasoBanuio cieayiomux CII.

2. IMukoBas unteHcuBHOCTH B CII He 3aBHUCHUT OT
HayaJbHON MHTEHCUBHOCTU B UMILYJIbCE U OIIpe/IeIseTcs
mopsAaKkoM MHorodoToHHOCTH K Tpollecca MOHM3AIINN
TpH TeHepalny Ja3epHOH IIJa3Mbl, BO3pacTasg C €ro
yBelndyeHneM. B TuIaBjieHOM KBaplle HMUKOBas HHTEH-
cuBnocts B CII cocraBiser okono 40 TBr/cM® mpu
(punamentanun umnysabcoB GakHero MK-nnamasona
u MeHsietcst He GoJiee 4yeM Ha 15% mpu BapbUPOBAHUU
IINHBI BOJHBI OT 1,4 10 2,2 MKM 1, COOTBETCTBEHHO,
usmenennn mnapamerpa K or 11 go 16. B CaF, npn
uramernTan nMmyabca cpepHero MK-amamazona Ha
JUIMHE BOJIHBI 3 MKM, TIpu KOoTopoil mapamerp K = 29,
mukoBas unTencusHoctb B CIT octuraer 120 TBr/cM?
u MeHsietcsl He GoJiee yeM Ha + 10% mpu BapbUPOBAHUT
9HEepIUN MMITyJIbca B /B pasa.

3. CBeToBas myJi gBAgeTCSA IPOCTPAHCTBEHHO-Bpe-
MEHHBIM BOJIHOBBIM ITIaKeTOM, COJepPXKAIIUM HECKOJDbKO
ocimisuit  cBeroBoro mossa. Jumamerp CII Gamsox
K JITITHE BOJIHBI JIefiCTBYIONETr0 M3JIy4eHUs U yBeJIH4u-
Baercsl ¢ ee poctoM. /lmmutesnbHocts CII cokparaercs
C yBeJIMYeHUEeM /IJINHbI BOJIHBI U3JIyUYeHus.

4. CeroBasg IyJisd $IBJSETCS KOPOTKOXKUBYIIMM
o6pa3oBaHNEM CBETOBOTO IOJII B HeJMHEHHON cpene
¢ A/ITC. MnTepBai ee cyliecTBOBaHUS COCTaBJIAET OKO-
Jo 1 MM, 9TO COOTBETCTBYET BpeMeHU >KM3HU HECKOJIb-
KO TIHKOCeKYH[. lI3MeHeHme »Heprum JAeliCTBYIOIIETO
UMIIYJIbCA HA JJINHE BOJHBI 3 MKM IIpH (uUIaMeHTAInN
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B CaF, Bausier na uucno CII B mocsenoBaTelbHOCTH
7 He BIUGET Ha WX BPeMs JKU3HU.

[Torydyennbie B paboTe BBIBO/IbI, HAPSLY C Pe3YJib-
tTatamu [4—12], MOTyT cTaTb OCHOBOI aug popMysn-
POBKH 00TIINX 3aKOHOMEPHOCTE(T 06pa30BaHUsT CBETOBBIX
MyJIb B HEJTMHEIHBIX JUCIEePTUPYIONIINX CPeax.
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Formation of light bullets is numerically investigated during filamentation of near and mid-IR femtosec-
ond pulses in condensed media at anomalous group velocity dispersion. On the example of filamentation of mi-
crojoule pulses at wavelengths of 1.4, 1.8, and 2.2 um in fused silica at powers slightly exceeding the critical
self-focusing power, it is established that the subsequent light bullets are not formed if the dispersive length is
much bigger and much smaller than the self-focusing length. It is shown that the peak intensity in light bullets
does not depend on the initial pulse intensity, is determined by the multiphoton order of laser plasma genera-
tion, and increases with the order. In fused silica, the peak intensity in a light bullet makes about 40 TW /cm?
during filamentation of microjoule pulses at a wavelength of 1.4—2.2 um, and in CaF,, the peak intensity
reaches 120 TW /cm? for pulses at a wavelength of 3 pm. The light bullet is a short-lived formation existing on
less than 1 mm distance. It is found that the change in the pulse energy at a wavelength of 3 um during fila-
mentation in CaF, influences the number of light bullets and does not increase their time of life.

Buusinne napamMeTpoB (peMTOCEKYHAHOrO H3IydeHus: 6aukuero u cpeanero MK-auanasoHos... 191

4



