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PaccMOTpeH HOBBIN THII CHELMAJILHOIO CBETOBOJA, MO3BOJIAIOMIEIO IPOBOAUTH KOHTaKTHYIO M HEKOHTAKTHYIO
KOAryJILMI0 CTEHKH KaHAJIOB OMOTKaHEH ¢ Pa3jMYHOM JUIMHOI Y4YacTKa JECTPYKLMM C MHCIIOJIb30BAaHUEM I
TOCTABKH M3JIy4eHNs] CTAHAAPTHBIX TOPLEBBIX ONTHYECKUX BOJIOKOH. [TyTeM MonenmmpoBaHus okasaHa BO3SMOKHOCTD
(hopMHpOBaHKs PAa3IMYHBIX MHAMKATPHIC HAIPABJICHHOCTH BBIXOIHBIX IIy4YKOB /Ul KOHYCHOU U ChepHIecKoil BbIeMKI
Ha Topue oOJydaress. MeTogamu HpPOGUIMPOBAHHOIO POCTA IOJIYYEeHBI camHUpOBBE KANWUIAPHbIE HACAIKU C
OCEBBIMHU IOJIOCTSIMH B Ka4deCTBE OTPAKAIOIINX JIEMEHTOB. DKCICPHMEHTAJIBHO IIOKa3aHA KOAryJisilusi COCYHOB
nedeHn npu 30-CeKyHIHOU SKCIIO3WIMH JIa3ePHOTO M3ITydeHHss MOIMHOCThI0 10 10 W ¢ mymHO# BosHB 1.064 um.
O6:y4aTesm ¢ candupoBbBIMU HacaJKaMH 00JIa[al0T BBICOKO HaIEKHOCTbIO, BOCIIPOU3BENEHHEM (DOPMBI CBETOBOTO
TOJIsA, IPOCTOTON KOHCTPYKIMH ¥ BBIPOBHEHHBIM TEILIOBBIM HPO(IIeM B Iponecce poTOTEPMUIECKOTO BO3[CHCTBHUSL.
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BBepeHune

B 1menoMm psge MEIMLIMHCKMX METOIUK HPHUMEHSeTCS
Jla3epHas AECTPYKLUs, NPU KOTOPOIl CBETOBON BBOAUTCSA
B KaHaJIbl OMOJIOTMYECKHMX TKaHEd, a BO3[EHCTBUE OKa3bl-
BacTCSl Ha OKpY’Kalolle TKaHU. MeTonpl Jla3epHoil Kop-
PEKLMU M XUPYPIrHMU KaHAJIOB BOCTPEOOBaHBI B T'HMHEKO-
soruu [1,2], yposoruu, oTopHHOSapuHronoruu [3], cocy-
mucroit xupypruu [4,5], cromaronorun [6] W Ap. Kak B
OTKPBITHIX, TaK ¥ B 3HIOCKONUYECKUX omnepamusx. OmHoi
U3 KJIIOYEBBIX 3a/1ad SIBJIICTCS TOBBIIICHAE TOYHOCTH M
KOHTPOJIST BO3NCUCTBUS BO BpeMsi MPOLETYPbl OOTyYCHUS.
Ba)kHO TOCTATOYHO WHTEHCHBHO BO3/ICHCTBOBATh HA OOBEKT
I TosTydeHuss Tpedyemoro 3¢¢exTa, HO NpH 3TOM HE
HOIyCTHTH YPE3MEPHOrO MOBPEKICHHS, KOTOPOE IOBJICYET
ocnoxuenwus [7). Hanpumep, npu Jia3epHO# KOAryJsiliy BeH
HEIOCTaTOYHAs /10332 MpPU OOJIYYCHHH MOXET IPHBOIUTH K
peKaHAJIM3aIMy IPOCBETa BEHBI, & MPU M3JIUIIHEH TIOTHO-
CTH MOIIHOCTH KOHTAKT TKAaHEW C pacKaJeHHBIM CBETOBO-
IOM — K IOCJICONEPAIMOHHBIM OCJIOKHEHHSIM, THITHYHBIM
IUIS1 OKOTOBOl peakiu: pyOIIeBaHUIO, CTEHO3Y, CTPUKTYpaM
u mp. [8,9].

Jns mepBbIX omepanyii 3HAOBEHO3HOH abnAnuu ObUIH
UCIIOJIb30BaHbl IPOCTHIE BOJIOKHA C TOPLIEBBIM BBICBEUMBA-
auem [10,11]. Taxe ¢ BBICOKOI BEPOSITHOCTBIO mepdoparnu
CTCHKH OT TPSIMOTO KOHTAKTa M CBSI3AHHBIX C 3TUM OCJIOXK-
HEHUI OHM TOKa3aJn XOPOIIMH TepaneBTUYCCKHI d(PeEKT.
Ui yMEHBIICHUs] OCJIOKHEHUII IMo3ke ObuM pa3pabora-
Hbl paJaJIbHble CBETOBOMBI, CONCpIKAIAE MPU3MaTHICCKHIEe
AJIEMEHTBl B CBOCil KOHCTPYKLMH M BBICBCUMBAIONINE JIa-
3epHOE M3JIydeHHE B OOKOBOM HAIpaBJICHHMHM Ha CTEHKY
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Bennl [12,13]. Kpome ToOro, misi 3aluThl OT W3bsI3BJIC-
HAI U Tmepdopaluyl TPUMEHIMCh BOJIOKHA C IMApPOBUM-
HbIM pacIIMpEHUEM, MO3ULIHOHHUPYIOLIIUE TKaHb 000JI0UYeK
OTHOCHTEJIBHO H3JIyvaomeil miomanku [14] u camopac-
KPBIBAIOIMMICS JICIIECTKAMH Ha MUCTAJbHOM KoHie [13].
Taxxe 111 00TydeHNs] KaHAJIOB IIPUMCHSIIACH BOJIOKOHHEIC
UHCTPYMEHTHI ¢ AudQy3HON AuarpaMMoil HampaBJICHHOCTU
U3JTy9CHUS], PeaN30BaHHEIC PAsHBIMH CIIOCOOAMH — Kak
(GopMUpPOBaHHEM CY)KCHHsS Ha OKOHYaHHU KBapIEBOTO BO-
JIOKHA, TaK 1 HAaHECEHHEeM paccerBaroIux obosouek [16,17].
Ilo cpaBHEHMIO ¢ pagHaIbHEIM BOJIOKHOM I (y3HOHHOE
obecrneynBaeT B pe3ysIbTaTe JTydllle BEIPOBHEHHBII TEIUIOBOI
npo¢uiIb, YTO CO3AACT PAaBHOMEPHOE pacHpenesicHHe Ha
OoJbIIeM MPOTSKEHUH BIOJIb OCH B TEUYEHHE OCYILECTBJIC-
HUS BO3[EUCTBUSL

CseToBojl JO/KEeH 00JamaTh CBOicTBamu, obecrevuBa-
IOMUMH ONTHMAaJIbHOE IIPOTEKaHHE TOTO WM HHOTO IIpo-
ecca J1a3epHOro BO3ACHCTBUS C COXpAaHGHHEM B TedeHHUE
OIepaIyy CIIOCOOHOCTH K IIepefade M3JIyYeHHs, COOCTBEH-
HOM XMMUYECKOH MHEPTHOCTBIO M OTCYTCTBHEM JAETrpajiallii
B YCJIOBUSIX IIOBBIIIEHHOH TemmepaTypbl. Heoxiaxgaemblii
HOPUHYAUTEIBbHO 00Jy4aTelb BCEerda HMMeEeT TeMIepaTypy
CYIIECTBEHHO BHIIIEC TEMIICPATYPHl CPEMNEL, 3aMOJTHAIOMICH
kaHan. Tak, Ipu [JOBOJBHO YMEPEHHOM KOaryIupyrolieM
BO3/ICHICTBIU Ha BEHO3HBII COCY] C IIE/bI0 €ro CKIJIEPO3HPO-
BaHUSA CaM CBETOBOJ PabOTACT B ’KECTKOM PEKUME KOHTAKT-
HO# JasepHOU xupypruu. Psn mcciemoBaresieil mosaraer,
9TO TEMIIEPaTyphl Ha KOHTAKTE ONTHYCCKOTO BOJIOKHA U
KpoBH B cocyne MoryT pocturath 1200 °C ¢ obpa3oBaHuemM
IUTa3MEl, 9TO OJIM3KO K Temreparype AedopMarui KBap-
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IEBBIX CTEKOJI, IPUMEHSICMBIX IIPH U3TOTOBJICHUM CBETOBO-
nos [18,19,1].

B Hacrosmieit paboTe mpenjiaraloTcsi HoBble 00JTydaTesT
¢ candupoBBIMH HAacagKaMH C OTPAXKAIOIMMH OCEBBIMHU
3JIeMEHTaMH [IJIs1 KOaryJsliy KaHajoB OpraHu3Ma. OTO
CTaJI0O BO3MOXKHBIM C BBIPAIIMBAaHUEM TOHKOCTCHHBIX Ka-
NIJUTIPHBIX KPHUCTAJUIOB candupa ¢ MOTUGHUIMPOBAHHOM
¢dopmoit okordanus [20,21]. BHyTpeHHHE TOBEPXHOCTH Ka-
NHJUTAPOB, C(HOPMUPOBAHHBIE B MPOIECCe BBHIPANIWBAHMS,
00JIaal0T ONTHYECKIM Ka4eCTBOM IIOBEPXHOCTH M 00beMa,
YTO IMO3BOJIICT C MUHUMAJIBHBIMH IOTEPSIMH IepeIaBaTh
U peoOpa3oBEIBATE pacpenesiCHIe U3JIyYeHUS] B COOTBET-
cTBHH ¢ 3afaueit [22,23]. 3akpbIThie KaMLIAPhl C BHEIIHAM
AMaMETPOM He Ooyiee 2mm C OTPaKAIONIMMH BBIEMKaMH
U TIOJIOCTSIMH TPENCTAaBJISIOT cOOO HPOCThIC HACAIKH HA
CTaH/APTHBIC TOPIEBbIC BOJIOKHA. OHM MMO3BOJISIOT IIepepac-
NpeIeMTh TUIOTHOCTh SHEPrid H3JIyYeHUs] Ha TOBEPXHO-
CTH KOHTaKTa HACaJKd M HPOBOIUTH OOJIyYeHHE IJTABHBIM
pacnpenesieHieM H3JTy4eHHs] TPOTSHKEHHON 001aCTH CTEHKH
KaHaJIa.

[lokazano, 4to I ABYX (OPM OTpPa’KalOIIMX BBIEMOK
B (¢opMe KoHyca M B (opMe Hoychepsl MPOUCXOTHUT
(opMIpOBaHME CYNIECTBEHHO pa3JIMYaIONIMXCH pacIpere-
JICHWI TUIOTHOCTH MOIIHOCTH HM3JTy4YCHHs], BBICBEYABAECMO-
ro B mepemHioro noiychepy. B ciaydae xonyca ¢opmu-
pyercsi MPEeUMYyLIECTBEHHO KOJIBIEBOE PACIIPEICIICHAE, C
HAIIPaBJICHHOCTBIO HM3JIyYCHHS] Ha CTCHKH KaHajla C UIU-
HON Koaryjsimu no Smm. B ciydae cheprdeckoil BeI-
€MKH JOTIOJIHUTEJIbHO PACKPBITHIA 110 YIVIy OCEBOIl MYYOK,
paccesiHHBIL B cpele, 3aloJHSIOMEH KaHall, (pOopMHpyeT
CBETOBOC TIOJIE HEMOCPENCTBEHHO Iiepen oOJIydaTesieM C
BBICOKOI IUTOTHOCTBIO JHEPIHH B TMperesiaX HEeCKOJIbKUX
MIJUIAMETPOB BIOJIb OCH JUIS M3JIyYCHHS C IJIMHOU BOJ-
HBl 1.064 um. DKCHEepIMEHTAIPHO MOKa3aHa BO3MOXHOCTb
NPUMEHEHHsI CBETOBOIOB IS KOArYJISIIMM KaHAJIOB KaK 3a
CYeT INPSIMOTO TOIJIOMCHHUS JIA3EPHOTO H3JIyYCHHS] CTEH-
KaMH KaHajla, TaK ¥ IOCPEICTBOM TeIUIONepenadn Mpu
TIOTJIONICHUY M3JTyYeHHUsI CPeNoi, 3amoHsoniel kanai. [le-
pepacripenesicHre Tervia cardupoM mo3BossieT 3(h(HEeKTUBHO
3aIIUIIaTh BOJIOKHO, M30eXaTb INPUTOpaHUs CBETOBOJA U
CTEHKH COCya NpPU CXATHH, NPOXOXKIEHUH HCKPHUBJICHHON
¢dopmel 1 Op. Marepuasl Hacaaky MO3BOJISAET CYLIECTBEHHO
YBEJIMYUTD UANa30H UCIIOIb3YyeMOH MOIIHOCTU M3JIyYeHHs
IJI1 TIOBBIICHUSA HANEXKHOCTH IIPOBEICHUS HPOLENypsl B
nosHoM oObeme. [Ipu 3TOM HCKIIOYMTEsIbHAs MPOYHOCTD
U MHEePTHOCTb canHpoBOil HACAOKK MO3BOJIAET 0e3 KaKuX-
00 M3MEHEeHHl (PU3MUYECKHX U ONTHUYECKUX CBOICTB BbI-
gepxuBath Temnepatypel 1o 2000°C, 4yro rapaHTupyer
OTCYTCTBHME MOBPEXICHUA HHCTPYMEHTA U CHIDKAET PUCK
OCJIO}KHEHHI II0CJICONePAIMOHHOTrO MIepHoa.

BblpalwmBaHue n3 pacnnasa cancgupoBbixX
KanunnsapoB ¢ OTpaXxalowWwmnm 371eMeHTOM PopMbl

1 M3roTOBJICHUS] CHICHMAJIbHBIX CBETOBOINOB C camldu-
POBBIMM HAacCaJKaMH HCIIOJIB3YIOTCS KPHCTAJUIBL, MOJTydae-
MBle MeTonoM mpodummpoBanHoro pocra CremanoBa/EFG
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(edge-defined film-fed growth) [24,25]. Meron mo3BoJsieT
BBIPAIINBAaTh KPUCTAJUIBl B BHJIE€ TOHKOCTEHHBIX TPYOOK C
BBICOKAM Ka4eCTBOM HEOOpabOTaHHBEIX MOBEpXHOCTEH. B oT-
JI4YKEe OT APYTUX METOAOB BBIPAIlBAHNA U3 PACILIaBa 3[€Ch
UCIIOJIb3yeTCs CIELUaIbHOE IpHUCIOocobeHne — (opMo-
oOpa3oBaresb, B KOTOPOM UYepe3 IIEJIeBOM KaHal paciulaB
W3 THUIJIA TOTHAMACTCS TOA ACHCTBHEM KaNWJIISPHBIX CHII
K ero pabodell OBEPXHOCTH, C KOTOPOW M IPOU3BOAUTCS
BeIpammBaHue. IlneHka pacmaBa pacTekaeTcss MO 3TOH
MIOBEPXHOCTH, TaK 4TO Kpas (opMooOpa3oBaTesisl OrpaHIyH-
BaIOT IONIEPEYHOE CEUCHME PACTYIIEro kpucrasuia. Kpome
TOro, pa3paboTaHBl pa3IMYHbBIE BapUAHTH METOHA, KOTO-
pble MO3BOJIAIOT U3MEHATD TONEPEYHOE CeYeHUE KpHUCTalIa
HETIOCPENICTBEHHO B IIPOIecce ero BeipamuBanus [26,27).

CandupoBele HaCafKM CHEHUAJIBHBIX CBETOBOIOB IPEN-
CTaBJISIIOT COOOI 3aKPHITHIE KAMMJLIAPHL, B KaHAJIE KOTOPBIX
pacrioaraloTcsi KBapIieBble BOJIOKHA, TOIK/IIOYCHHBIC K HC-
TOYHHKY Jla3epHoro u3iaydeHus. CarngupoBasi Hacaaka M30-
JIIPYET BOJIOKHO OT KOHTAKTa C TKaHbIO, a TAKXKE NIpeodpasy-
€T CBETOBOE pacIpe/ieJIeHue Ha BBIXOfle 00IydaTesis 3a cueT
(OpMBI, KOTOPYIO MMEET OKOHYaHHE HACaIKH (€€ MOHOJIUT-
Hast 9acTh). [IpemiaraeMelit HAKOHEYHHK KalMLISIPa COCTOUT
13 TpyOYaTOil M1 MOHOJIMTHOM YacTeil, B IOCIIEHEH nMeeTcst
oTpakaomuil seMeHT (opmbl. HapyXHEII 1 BHYTpeHHHI
mameTpsl TpyOku coctaistioT 2.0 u 0.7 mm coOTBETCTBEH-
Ho. B mporuecce BblpamyBaHus OCYIIECTBJIAJICA HEPEXON
c TpybuaToil 4YacTH Ha MOHOJIUTHYIO 4YacTb M OOpaTHO
c o0pa3oBaHHEM B MeCTe Ilepexofa BHYTPH KpHUCTasula
BBIYKJIOH moBepxHocTH. Kak Obuto ToKasaHo panee [22],
c(eprIIHOCTD 3TON MOBEPXHOCTH OJIM3Ka K CAMHMIIE, CIICHO-
BaTEJIbHO, OHA SIBJIICTCSI CBETOCHJIBHBIM OINTHYECKAM 3JIe-
MEHTOM Uil TIPOXOMSIIETO 4Yepe3 HAKOHEYHWK JIA3EPHOTO
W3JTy9eHHs, pasMbiBasi rayccoB ITydok. Korma omrtmdeckoe
TOPLIEBOE BOJIOKHO C OCEBBIM CBEYCHHEM pacIojIaraeTcsi B
KaHaJle HAKOHEYHHKA, [IJIs1 CO3/1aHUs KOJIbLIEBOTO BBIXOTHOIO
ITy4YKa HEOOXOOMMEl IPEJIOMJIAIOINE U BCTPEYHBIE OTpaXa-
IoIye 3j1eMeHThl. [l 3Toi Lesm Ha Tople candupoBOro
HakOHEYHMKa (POPMHPOBAIOCH YIJIyOJICHHE OMpENCIICHHON
reomerpu (puc. 1).

ToprieBy0 BEIEMKY MOYKHO MOJTYYUTh Pa3IMIHBIMA CIIOCO-
6amu. IlepBoIit cocob 3akiroYaeTcsi B BHIPAIIMBAHUN KpPH-
CTaJIJ1a, KOTOPBII IMEET Iepexoy Ha TpeOdyeMol UIMHE ¢ MO-
HOJIUTHOH YacTH Ha TPyO4aTylo 4acTb, UM (POPMUPOBAHUU
1apooOpPa3HOro ra30BOr0 BKJIIOYEHHMS, AUAMETP KOTOPOTO
COIIOCTaBUM C JUAMETPOM KaHaia B kpucrauie. C momo-
IIBIO TOIOJHUTEIBHON MEXaHWIeCKOH 0OpabOTKH IMOJIOCTH
MOTYT JIMOO OTKpPBIBATBCS, JTMOO OCTaBAaThCS 3aKPHITHIMH.
Berpeunstit aneMenT GopMEl, KOTOPHIA OyneT paboTaTh Kak
oTpa)kaTesb, UMEET B 3TOM Ciydae (GopMmy moirychepsl ¢
IMaMEeTPOM, PaBHBIM JHaMeTpy KaHana (puc. 1,a).

HpyruM croco6oM NOTyYeHUs] HAaKOHEYHUMKA C OTpaka-
IOIIEil TIOJIOCTBIO SIBJISICTCSI OBICTPBIA OTPBIB (ICKAHTAIHS )
pactymeil TpyOku oT ¢opmoobpasoBaTesii B Ipolecce
BeIpamuBanus. [Tocne peskoro nogbema KpucTalia paciuiaB
3aXOMUT B KalMJUTAPHBINA KaHaN, 3aKpblBasi €ro, Mpu 3TOM
Ha Tople KpHucrauia (opmupyercss KOHHYECKas BBIEMKa
(puc. 1,b). PocToBbie MOBEPXHOCTH KpUCTAILIA (BHYTPEHHUI
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Spherical reflecting

\ cavity

Hemispherical b
channel bottom
Closer capillary Conical reflecting

cavity

Puc. 1. Cxemsl 1 $h0oTO candMpOBBIX 3aKPHITHIX HAKOHCIHUKOB C OTPAKAIOMINM JIEMEHTOM CEepHIecKoil (a) u KoHmaeckoi (b) Gpopmbl u

CBCTOBBIC PACIIPE/CIICHHsT 00JTy4aTeseii Ha MX OCHOBE.

KaHaJl, KOHYCHasl IUIOCKOCTb, a TakKKe BHEIIHSS LWJINH-
IpUYecKasi IOBEPXHOCTh) OOJIAMAI0T BBICOKAM ONTHYECKIM
KayecTBOM. Kpome TOro, oTcyTrcTBHE HapyIIEHHOTO IpH-
TTOBEPXHOCTHOTO CJIOSI, XapakTEPHOTo [JIsi MEXaHWYECKH
00pabOTaHHBIX KPHUCTAJUIOB, 3HAYMTEJIHO CHIKACT PHCK
TEPMOXMMHUYECKOTO TMOBPEKICHHS U MOBBIIIAET HAISKHOCTb
HaKOHEYHMKA. B omnmcaHHBIX criocobax MoJIoCTh (popMupy-
eTCs B Ipoliecce BRIPANIMBAHNsA, HO €€ TAKKe MOXKHO IOJy-
YUTh MOCPEICTBOM MEXaHMYECKOH 00pabOTKM MOHOJIMTHOH
YacTH KpHCTaJLIa, IIPH 3TOM Ka4yeCTBO TaKOil N3rOTOBJICHHOMN
cepryuecKoil MM KOHMYECKOW MOBEPXHOCTH OyneT cyime-
CTBEHHO YCTYyIaTh IIOBEPXHOCTH, 00pa30BaHHOW HENocpen-
CTBEHHO B IpOLIECCE BhIpallMBaHUs. biaromapsi BEICOKOMY
MOKa3aTeN0 TpeJIOMJICHUs cardupa MOJIOCTh JeHCTBYEeT
KaK IMpeJIOMJIAIOIUA U OTpaXKarolUi 3JIEMEHT KaK B BO3-
AayXe, TaKk M B ONTHYECKH IUIOTHOM Cpelie, CyHIeCTBEHHO
BJIUSISl HA PE3YJIbTHUPYIOLNIEE YIIIOBOE paciperiesiecHHe MyYKOB
(puc. 1,4, b).

Mpeo6pa3oBaHne onTU4YECKNX MYy4YKOB
candmpoablmu KanunnnapHbiMun oﬁnyanenﬂMM Cc
oTpaXxalowWmuM 3/1IeMeHTOM hopMbl

[IpeoOpa3oBanue U3JTy4eHUs, 1OCTABIIAEMOIO KBapLeBBIM
BOJIOKHOM, PAcCIIOJIOKEHHBIM BHYTPH Can(upoBON HaCaIKH
C OTPaXKAIOLIUM 3JIEMEHTOM (OpPMBI, UCCIIENOBAIOCH C IIO-
MOIIBI0 METOIAa YMCJICHHOTO TPEXMEPHOTO MOICIIMPOBAHHUS
murpain GpotoHoB B cpene TracePro. B panHOoM ciy-
Yae MPUMEHSUIOCh NPHOJIIDKCHIE TeOMETPUYCCKON ONTHKH,
IIOCKOJIBKY aHaJIM3 B3aUMOMEICTBHSA CBeTa M HAKOHEYHHKA
OCYIIECTBIIAJICS B MacIiTabax, 3HAYMTEIbHO MPEBBIIAIOINX
IUIMHY BOJIHBI n3itydenus. I1pu MonenmupoBaHuu paccMaTpu-
BaJIOCh M3JTy4eHUE C IIMHOM BoytHbI 1.064 ym, 9yTO COOTBET-
CTBYET OMHOMY M3 HamboJjiee 9acTO MPUMEHICMBIX I 00b-
€MHOH KOaryJIsliiy TKaHeil HCTOYHHUKOB JIA3€PHOT0 U3JIyde-
HUST; 1J1s1 BBIOPAHHO! JITMHBI BOJIHBI U3JTyYCHUS MOKA3aTeNlb
npesIoMIICHHs U KO3 GHUIMEHT MOTJIoNIeH s ([0 MOIIHOCTH )
candupa cOCTaBISIIOT COOTBETCTBEHHO 1.76 (1171 0OBIYHOrO
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Onrudeckne napameTpbl PACCMAaTPHBAEMBIX CPeJL: MOKasaTesib Ipe-
JomieHust (1), KO3(hOHUUMEHT IOIVIOMEeHNsT (U,), NPUBEICHHBINA
koa(hdurment paccestaus (Us), haxrop anmsorpormu (g) [28]

Cpena n Ua, mm ! ul,mm™! g
Candup 1.75 0.00003 -

Bopna 1.327 3.6 - 1

Kposb 135 08 58 0.95

ayya) u 10.6mm~!. [umsapudeckas dacTh 0OITydaTes
UMella HapyXHbIi AauameTp 2mm. Kanan, 3amosHeHHbIH
BO3AyXOoM, nMesl auaMeTp 0.7mm U OKaH4YMBAJICH IOJY-
cepriecKoii TOBEpXHOCThIO. PaccMaTprBaiach KOHRYECKast
BbIEMKa C M3MCHSIOLIMMCS YIJIOM 2)p obpasyromueil (yriiom
npu BepimHe) KoHyca oT 30° mo 120°, a Taxxe BbIEMKa
C WM3MCEHSIOIMMCST pagumycoM ckpyrienus r ot 0.35 no
I mm. PaccrosiHme mo ocu MeXIy OKOHYaHHEM KaHasa
U BEpIIMHOH OTpaKaloLIEro 3JIeMEHTa He HM3MEHSJIOCh U
cocrapisuio 0.35mm. B panmHOit pabore 711 JOCTaBKA
U3JIy4eHHUs NPUMEHSeTCs MHOTOMONOBOE KBaplLl/KBaplieBoe
OIITHYECKOEe BOJIOKHO C JAuaMeTpoM cepaueBuHbl 300 um
¢ uncioBoil aneprypoit NA =0.22. MopesbHbIi IIy4oK Ha
BBIXO[C BOJIOKHa HMeEJI COOTBETCTBYIOLIEE IayCCOBO pac-
npefesieHue, IIe MaccuB ObUT 3amaH JIydaMH, MMEIOUMU
pPaBHYIO HEpPIrui0 W B3BCLICHHOE IOJIOXKEHHe. PaccMarpu-
BAJIOCH NIPOXOXKIEHHE JIyuell J1MO0 B CBOOOTHOM IPOCTpaH-
cTBe, JMOO B BOMHOI cpele WM Cpefe C IapaMeTpamu
KPOBH, ONTHUYECKUE XAPAKTEPUCTHUKHA KOTOPBIX JJIS IJTMHBI
BoyiHEL ¥ = 1.064um pansl B Tabiuue. IIpeobpasoBanue
rayccosa Iy4ka B OCEBOM HAlIPaBJICHHU PacCMaTPHBAIOCh
B IUIOCKOCTH aHAJIN3a, YIAJICHHOM OT Topua obirydarelis Ha
paccrosiHue [, 5 = 0.5 mm (puc. 2, a).

Ha puc. 2, b—e nokasansl pe3y/IbTaThl YHCICHHOTO MOZIe-
JINpOBaHUsA IpeoOpa3oBaHUs rayccoBa ITyyka OJHOW M TOH
JKE PACXOMMMOCTH HacaIKaMH C KOHHYECKOH BBIEMKOH H
BBICMKOH B (popMme momycdepbl. Bce HaKOHEYHMKH HMEIOT
OCEeBYIO KOMIIOHEHTY IIydka Ha [OHUCTAJbHOM KOHLE U J0-
TOJTHUTEJTIPHO OCBEINAIOT CTCHKY KaHajla 4epe3 Ipuiiera-
IOIyI0 OOKOBYIO ITOBEPXHOCTH, IPU 3TOM (hopma BBIEMKH
CYLIECTBEHHO BJIMSET Ha JIOIO SHEPIUH, OTPAKAEMYIO B
O6okoBoMm Hampasiennn. Ha puc. 2,0 m 2,d moka3aHsl
npodIUT TPONOJIBHBIX PACHPENCICHAN OCBEIICHHOCTH HA
CTeHKe KaHajla AuaMeTpoM Dc = S5mm [ Hacajok co
cepriecKoil U KOHMYECKOH BBIEMKAMH COOTBETCTBEHHO,
TeOMETPHN KOTOPBIX ITOKa3aHbl Ha Bpeskax. OTpesok S —
IymHa o0JIydaeMoil 00J1acTH, OIpenesseTcd MO YCTaHOB-
JienHoMy mopory B 0.2 1JIsi NPHBEIEHHONW MHTEHCUBHOCTH
U3JIydeHUst [T Ha BHYTPEHHEH CTCHKE KaHajla BIOJIb OCH
obJyvarers.

Hus chepudeckoil BRIEMKH CTEIICHb € KPUBU3HBI MTpaK-
TUYECKM He BJMAET Ha HHTEHCHUBHOCTb M IPOTSIKCH-
HOCTb OCBEIIACMBIX YYaCTKOB CTCHKH KaHajla M COCTaBJIACT
S ~ 2.5mm. PopMa 1 UHTEHCUBHOCTb OCEBOT'0 Iy4YKa I
9TUX OOJydaTesleil TakkKe H3MEHSeTCs HE3HAUMTEeJIbHO C
MONEPEYHBIM Pa3MEPOM ISITHA IO MOJYBBICOTE MaKCUMyMa
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uHTeHCHBHOCTH B mpemenax 0.60-0.8 mm (puc. 2,5, ¢).
O6utydaTenb co cepuueckoil BbleMKoil Oynet 3¢dexrrBen
IUI TEPMUYECKOTO TOBPEKACHUS CTEHOK KaHajla IpeuMy-
IIECTBEHHO 3a CYeT Nepefaydl BbIICIAIOMErocs Tema oT 3a-
MOJIHSAIOIIEH KaHaJl cpefbl Iepesl KOHIMKOM 00JTydaTes, Ie
CO3/1aeTCs MaKCUMaJIbHAsA IUIOTHOCTh MOIHOCTH M3JTyYCHHSI.
IIpn sToM pagmyc KpWBH3HBI 711 3TOH (OPMBEI TOPIIEBOH
TIOBEPXHOCTH MOKET BBIOMPATHCS C TOUKHM 3PEHHST IPOCTOTHI
nsrotosJieHnsi. be3 Mexanmdeckoii oOpaboTkn B mporecce
pocTa MOJIy4aloT paguyc KPUBHU3HBEI IaHHBIX ITOBEPXHOCTEH
PaBHBEIM palyCy BOJIOKOHHOI'O KaHajla, 4TO B HallleM ciTydae
coctasiyiseT r = 0.35 mm.

Y oOmydaTenss ¢ KOHHYECKOH BBIEMKON BHJIHA CHJIb-
Hasl 3aBHCHUMOCTb IIPOCTPAHCTBEHHOI'O pacIlpelesIeHUus HH-
TEHCUBHOCTH HW3JIy4eHUs] OT yIjla IIpHM BEpIIMHE KOHYyca
(puc. 2,d, e). Ilpu mManbx 2y CBET B OCHOBHOM ITPOXOIUT
yepe3 TOPIEBYIO MOBEPXHOCTh HAKOHEYHMKA ITOH YIJIOM K
ocu ~ 2y, 00pa3yss paBHOMEPHBII KOJIBLICBOM MyYOK. Takoi
ITy4OK OyZieT MOTJIomaThes CPEloi BHYTPH ITPOCBETA KaHaa
nepeq oOydaTesieM U IMPaKTHIECKU HE CO3[aBaTh OOKOBOIO
myyka. YBenuuenue 2y po 60°-90° mpuBomut K obpazo-
BaHMIO [BYX KOJIBIICBHIX 30H OOKOBOT'O OOJTydCHHS, YBEIH-
YCHUIO JUTMHBI OCBEIacMoil 00JIacTH Ha CTCHKE KaHajla U
00IIeMy COKpAIICHUIO MUIMHBI ITYTH JIydeil B cpefe BHYTpHU
kaHaa. JlampHeiimee yBenmueHue 2y 1o 120° mpusomut
K YMCEHBIICHUIO 00JTy4aeMOl IUIOIIAAH; BBIXOTHOH Iy4YOK B
PaBHBIX [I0JIIX MPOXOAMT 4epe3 OOKOBYIO LIUIMHAPUYECKYIO
MOBEPXHOCTb HAKOHEYHHKA U B NPsSMOM HampasJiieHuu. [lo-
JIy4YeHHBIE Pe3yJIbTaTHl MOKa3bIBaIOT, YTo 2y = 60 ° obecne-
YHMBACT JIydniee codeTaHne OOJIBINON IUIONIAN OCBEUICHHS,
yTo Hambojiee A(PQPEKTUBHO MPETOTBpAIIacT MEPerpeB BO
BpeMsl SKCHO3WIMM, a TaKXKe 00eCHeYMBacT IOTJIOMICHHE
SHEPTrUM CTEHKOH KaHaja 3a CYET KOPOTKOW IUIMHBI IyTH
npoxoxneHus Jydeir. [Ipu aToM nmHa obiryvaemoil obJia-
cti KaHana S ~ 4mm. Takasg xoH¢uryparus oOydaTens
ONTHMaJbHA [UIA BO3/IECHCTBUS Ha TKaHM KaHajla IyTeM
MIPAMOTO TOTJIOIIEHUS U3JTyYCHHUS €r0 CTCHKaMH.

KonmdecTBeHHyI0 OLIEHKY OOIIel IUIONaAX BbICBEYMBA-
HUSI IPOU3BOAINJIN TI0 YCTaHOBJICHHOMY rtopory B 0.2 st I.
OO0mas Iomans U3JTyvaromeil TOBEPXHOCTH 00JTydaTests ¢
KOHMYECKOH BbleMKoii 2y = 60° cocrapiseT ~ 4.4mm?.
s obmyvarenss co cdepryeckoil BeleMkoi r = 0.35 mm
IIomamb cBeTsmeiicss mopepxHocTd 1.2 mm?. J{ys mpakTH-
YECKOr'o MCHOJIb30BaHUA TAKXKe IPOBECHA OLICHKA CHIDKE-
HHUS MHTErPajbHOTO MOTOKA SHEPIUH, JOCTHUralolmeil BHYT-
pPeHHEH NOBEPXHOCTH KaHala MPH YBEJIMYCHUH JUaMeTpa
npocBeTa KaHayma (puc. 3). DTh 3HAYCHHS TAKKE 3aBUCAT
OT CJIOKHON (hOPMBI BBIXOTHOTO ITy4Ka, XapakTepa aHW30-
TPOIHOTO PACCESIHUS W TIOTJIOMAIONINX CBOICTB JKUIKOCTH
BHYTpH KaHasa. [lolydeHHBIE 3aBUCHMMOCTH IOMOTAIOT BBI-
OpaTb COOTBETCTBYIOINYIO 03y OOJIy4EeHUs], SKCIIO3ULHIO U
CKOPOCTb pabOThl HHCTPYMEHTA.

Hna paccmaTpuBaeMoit [UIMHBI BosHBL ¥ = 1.064um B
KaHaJle AuamMeTpoM 6 mm, 3alojHEHHBIM KpOBBIO, TOJIBKO
HECKOJIPKO TIPOILICHTOB IIOTOKAa JHEPrHU HOCTHTaeT CTe-
HOK. Tem He MeHee KOIMYECTBO SHEPIHH, HAIPaBJISAEMOM
BOJIOKHOM, PasMEUICHHBIM B can(upoBOM HAaKOHEYHHKE C
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Punc. 2. PesysbraTel Moze/MpOBaHHUsl MPEOOPA3OBAHKS I'dyCCOBA IydKa OJHOM U TOM K€ PACXOMMMOCTH HAaCaIKaMH C BBIEMKON B (opme
nosychepsl U C KOHHYECKOH BBIEMKOIL (@) cxema oOuydaresist 1 00O3HadYCHHS MOfeupoBaHusi, (b) U (¢) MPOROIBHOE PACIpPECIICHHE
MHTCHCUBHOCTH W3JIyYCHHSl HA CTCHKC KaHAJa AMAMCTPOM 5mm U IMONEepedHOe PaCIpefiesCHHEe B IUIOCKOCTH aHAIM3a Ui OOJIydarelis
co ceprdeckoil BoleMKoi, (d) U (e) TO e st obJydaTesnst ¢ KOHHYECKOH (OpMOil BBIEMKM IIPH PAa3HBIX 3HAYCHHSIX YIJIa KOHyca H
C(HEPIYIHOCTH OTPAKAIOIINX BEIEMOK, BO BCEX CIIydasiX MOJIONKCHHE IUIOCKOCTH aHaymsa [, i = 0.5 mm.

KOHYCHOIl BBICMKOH, BBIIIC, YeM y OJIMHOYHOI'O TOPIIEBOTO TaK K€ KaKk M o0Jydareiab co C(HEephUyYeCKONl BBIEMKOI,
BOJIOKHa C 4mcyioBoil ameptypoit NA =0.22. Ilocnennee, obecrieunBaeT CBETOBOI IMOTOK B KaHaJIe AuaMeTpoM 4 mm,
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Puc. 3. CHmkeHHe MHTErpaJIbHOrO MOTOKa Yepe3 CTCHKY KaHalla,
3aII0JIHEHHOTO KPOBBIO, IIPH YBEJIMICHAN JHaMeTpa KaHaia Ui 00-
Jly4aressi ¢ KoHMdIecKkoil BeieMKoit 2y = 60 ° (W), co cdepudeckoit
BeieMKO# r = 0.35mm (o) u s omuHOYHOTO BosIoKHAa NA = 0.22

(%)

KOTOpBEII He mpeBbmaeT 1% OT wW3IydaeMoro mOTOKa.
Y obmydarenst ¢ HakoHe4HMKOM 2y = 60° mpm Oospmom
NPOCBEeTe KaHajla BE YacTH BBIXOAHOTO JIyda, KaK YIIOMH-
HaJIOCh BHIIIE, HAKJIAJBIBAIOTCSA APYr Ha Opyra Ha CTEHKE,
00pasysi TOBOJIBHO OHOPOIHYIO U BBITSHYTYIO OCBELICHHYIO
00J1acTh, MPOTSKEHHOCTb KOTOPOIl IJIABHO BO3pacTaeT C
yBeJIMUCHUEM JHaMeTpa 00JIy4aeMoro KaHasa.

O6nyuyeHne cpparMeHTOB TKaHel eCTeCTBEHHbIX
KaHasioB MeyveHu

Pabota npemaraempix can@upoBbIX HAKOHEYHHKOB MPO-
BEPSUIACh B SKCIIEPIMEHTAX CO CB&KUMH 00pa3niaMy CBUHOM
MIEYEHU ex Vivo, B KOTOPOi 00beM KOaryJIMpOBaHHON TKaHU
BU3YyaJIbHO OTJIMYAETCs OT 00beMa HEKOaryJIMpOBaHHOH TKa-
HH, 4TO yIOOHO 11l OLIEHKH IUToIaaeit BosneiicTus. B aToit
paboTe Mbl pacCMOTPEJIH CTATHYECKUH PEKUM BO3[EHCTBHYS,
KOIja TOJIOKEHUE HAKOHEYHUKA OCTaBaJIOCh MOCTOSIHHBIM.
Ha mnpakTtuke Takxke 4YacTo NpHMEHSeTCA IUHAMHYECKOE
o0JTyueHEe C TepeMelneHineM (OTTATUBaHUEM) O0JTydaTerts
JMOO0 ¢ TOCTOSTHHOM CKOPOCTBIO, JIMOO C TIOMIArOBOM arl-
wmkarmeil. [Ipun BeIOOpe pabodero muama3oHa MOIIHOCTH
Jla3epa MBI YYUTHIBaIH psil (DaKTOPOB, OCHOBAaHHBIX Ha
pes3ysbTaTax MpeiBapuTeIbHBIX IKCIEPUMEHTOB. bhiio ycra-
HOBJICHO, YTO KOAryJisiiusi OOpasoB IEYCHW HAYMHACTCS
11 30-ceKyHIHOH SKCHO3MIMHU MPU IJIOTHOCTU MOIIHOCTH
1—2 W/mm?. CriefoBaTeNbHO, TIPH TIOTy4eHHBIX PaHee 3Ha-
YeHHsX TIoMIazell BhicBeYrBaHus okoso 4.5 mm? u 1.2 mm?
719 obJiyyaTesiell C KOHHMYECKOH M C(epHuecKoil BBIEM-
KaMH [HMana3oH MHHUMaJIbHOW MOIIHOCTH HEIpPEPBIBHOIO
JIa3epHOro BO3MEHCTBUA HaxoguTcd B mpenenax 4.5—9.0
n 1.2—24W coorBercTBerHo. [anee, korma candupoBblii
HAaKOHECYHMK HAXOMUTCS B HEMOCPEICTBCHHOM KOHTAKTE C
TKaHbIO, TeIUlonepenadya BHYTPH TKaHM W MEXKIY HEOXJIa-
JKTAaeMbIM HAKOHEGYHHKOM W TIPIUICTAIONEH TKaHbBIO CIIO-
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coOCTBYeT JIOKQJIbHOMY IOBBILICHHIO TemiepaTypsl [28].
DTOT (aKkT CHWKACT MHHHMAJIbHBIA YPOBEHb MOLIHOCTH,
HeoOXOMUMBIH U1 HOJTydeHHs oObeMa TpyOuaToi Koary-
JIMPOBaHHOM TKaHH. HakoHen, ObUTH ycTaHOBJICHB paboune
nuarnasoHsl MomHoctH 6—10W (koHMYecKast BbIEMKa) U
2—6W (chepudeckast BbleMKa) [JIs IByX THIIOB HAKOHEY-
HHKOB JISl CTATUYECKOTO PEKUMA.

XapaxTepHble H300payKeHHst 00pasIoB TKaHEH MOCIIe BO3-
neiictBusa Jlasepa B TeueHue 30s moka3zaHel Ha puc. 4.
IlepBasi 4acTb SKCIIEPUMEHTOB COCTOsJIa B KOAryJIsALUX
MApeHXUMBl TICYCHH CJIETKA INPIKaThIM OOKOBOW ITOBEPX-
HOCTBIO oOiyuareneM. [ mpemoTBpallleHus] BBICHIXAHUS
MICYCHH ee MMOBEPXHOCTh opoIasiack Bomoil. O6beM Koaryiu-
POBAaHHOH TKaHHU YBEIWYMBAJICA C YBEJIMYEHHEM MOIIHOCTU
Jlasepa 3a CYET IOIVIONICHHSI M3JIyYCHHs, a NPU BBICOKOU
MOIIHOCTH KOATyJISIlisi BO3HHUKAJIA TAKKe M3-3a Ieperpesa
HeusJIyyaoleil yactu candupoBOro HakoHeuHuKa. bosee
Toro, 30-ceKyHIHas SKCIIO3MIIMS IPH HCIIOJIb30BAHHOM MOII-
HOCTH Bbile 6 W HpUBOAMJIA K IIOSIBJICHUIO CEPOrO CJIOS
YaCTHYHO KapOOHH3MpOBaHHOU TKaHW. HecMoTps Ha TO, 4TO
TeMIlepaTypa TKaHH, IpUIeraoleil K HAKOHEYHHUKY, CIyCTs
HECKOJIPKO CeKYHJ M 10 KOHIA AaNUIMKAIM{ IPEBBIIAET
100 °C, BBI3BIBast ee 00€3BOKUBAHUE U OOYTJIMBAHHUE, PE3KO-
IO TOBBIIICHUS TEMIIEPaTyphl HAKOHEYHHKA BO Bpems (op-
MHPOBaHUS YSPHOro MOTJIONIAIONIETO CJIOST He MPOUCXOIHUT.

g obsydaTesnss ¢ KOHMYECKOH BBIEMKOH ¢ Ipeumyle-
CTBEHHO OOKOBOW JMarpaMMoil HalpaBJICHHOCTH B Pe3yJib-
TaTe BO3[EHCTBUSA N3jyueHneM MoHocThIo 10 W B TeueHne
30's oOyryIeHHBIC YYaCTKH MTPOSIBJISIIOTCS] B BA/IC PACCESTHHBIX
BKJIIOYEHHI 10 BceMy oObeMy TKaHH, He 00pasysl JIOKaJIb-
HBIX 0YaroB JIABUHOOOpa3Horo noruoruenus (puc. 4,a). O6-
JIACTb KOAryJIsilii M YaCTHYHON KapOOHM3ay 00JTyqaTesis
C KOHMYECKOH BBIEMKOH HMEeT CUMMETPUYHYIO LUUIMHIPHU-
YecKyio popMy ¢ TommumHOH okosto 2.0—2.4 mm npu Bo3nei-
ctBur 14—16 J/mm?. B 4acTHOCTH, Koary/siys HA4MHAETCS
mpu 11.8 J/mm?, a kap6oruzammsa — 1pu 34.8 J/mm?,

Hna obmydaTena co cgepudeckoil BHIEMKOW, H3JIydaro-
IIEero B IPSIMOM HaIpaBJICHUH, Oosiee SIBHO OIpenesIseTcs
YChIXaHHE W HavyaJibHas CTaiusi KapOOHHM3aIMH TKaHU YiKe
[P HUCIIOJIb30BAaHUM M3JIy4eHHs MOIIHOCTBIO 6 W mepen
U3JIydaloluM TopuoM (puc. 4,¢), HO NpU 3TOM TaKKe
He NPOMCXOOUT IleperpeBa HakoHeyHHKa. Takum obpasom,
o0a BapHaHTa HAKOHEYHMKa OoJiee Hafle)KHO 00ECIICUNBAIOT
CIJIKCHHBIA POCT TeMIepaTypbl B HIMPOKOM HAra3OHe
MOIIHOCTH U3JTy4eHHs U 00ECIeUNBAIOT PABHOMEPHYIO Tell-
Jootaady. Kpome Toro, HabmogaeMoe o0pa3oBaHUE y4yacT-
KOB OOYIJICHHOH TKaHM IpPH OIPEHesIeHHBIX YCIOBUSIX BO3-
ICUCTBUS HE COIPOBOXKIACTCH KAKUM-JIMOO MOBPEKICHUEM
HAKOHEYHUKA. DTO MOATBEPAKAAET CIIOCOOHOCTb UHCTPYMEH-
TOB BBIICPXKHBATDh KCCTKHE YCJIOBHSI SKCIUTyaTalldH, TaKue
KaKk IIOBBINICHHE Temreparypsl TkaHu Bbmre 240°C, n
MOTUEPKUBACT €ro MPEUMyLIeCTBa [JIs1 IPAKTHYECKOro MpH-
MEHCHHSI, B YACTHOCTH JIOJITOBEYHOCTh M TEPMOCTONKOCT.

JU1 3KCIepUMEHTAJIBHOTO MOATBEPKICHUS CIIOCOOHOCTH
MpeUIaraeMoro canpupoBOro HaKOHEYHHKA KOaryJIMpoBaTh
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Puc. 4. Koarymsiuyss (parMEHTOB IICYEHH C KCIIOJIb30BaHUEM Cal(MPOBBIX HAKOHCYHHMKOB [BYX THIIOB B CTaTUYHOM PEKHME:
(a) xoarynmipoBaHHas HapeHXUMa MEYEHH I0cie OOJTydIeHHs] MPYDKATEIM OOKOBOM MOBEPXHOCTHIO HAKOHEYHUKOM C KOHMYECKOU BEIEMKOM
u (b) KoaryJmMpoBaHHasi IIPH MOIMHOCTH H3iydeHusi 10 W CTeHKa BEHO3HOIO COCyJa IeYCHH, HAIOJHEHHOIO BONOI: CEYCHHE BIOJIb OCH
00JTydaresst ¥ B IONCPEYHOM HANPABJICHAN B IUIOCKOCTH OKOHYAHMS HAaKOHCYHHKaA CO chepudeckoil BeIMKOIL; (¢) u (d) — TO e mys
HAKOHEYHMKA CO C(epruyecKoil BHIEMKOI NpH MOMHOCTH m3iydenus 6W. HavanbHbii InmameTp KaHajda 5mm, HEpephelBHOE JIa3epHOe
manydenne (y = 1.064 um) B Tevenue 30 s, CTpesIKAMH YKa3aHO MOJIOXKEHIE TOPIA HAKOHEYHHKA.

€CTECTBEHHBIE KaHAJIbl ObLIM MCIIOJIb30BaHbl 00pasIpl Meve-
HU C TPyO4YaThIMH OTBEPCTHUSIMH, OTHOCSIIIUMHUCS K COCY-
aucToi cucreme. JIJisi 3amo/THEHUsT KaHAJIOB TIEYEHU BOMIOM
o0Opasupl mepen OOJydeHHEM IMOJIHOCTBIO IMOTPYXaJluCh B
IMCTUJIMPOBAHHYIO BOMY IPH KOMHATHOM Temreparype. B
tedenne 30s mpu momHocTH sasepa 6 W (chepuaeckas
BoleMka) U 10 W (koHHMYeCKasi BbleMKa) OBUIO MPOBEICHO
o0JTyueHre pa3HBIX KaHAJIOB C AMAMETPOM IIpocBeTa oT 3.5
o 8.0 mm, Ipu HEMOTBIKHOM IIOJIOKEHNM HAKOHCYHUKA B
cocyre.

XapakTep Te4YeHUS JIa3epHOU KOAryasilud [JJs ABYX
TUTIOB HAKOHEYHUWKOB NPHHIMITNAJIBHO oTn4aercs. s
HAaKOHEYHMKA C KOHMYECKOH BBIEMKOW pe3yJIbTUPYIOIMiA
00beM KOAryJIMpOBAaHHON TKAaHM PACIpPENesIeH BIOJb Ka-
Hana (puc. 4,b). JlazepHasi Koaryjsimus B 3TOM Cilydae
NPUBOIUT K CYXEHHIO KaHajla B OOJIACTH BO3IEHCTBHS,
CJIEOBATENIbHO, IHaMeTpP IPOCBEeTa KaHalla YMEHBIIASTCS 110
CpPaBHEHHUIO C TEPBOHAYAJIbHBIM 3HaYCHUEM. DTOT d(dekT
UCIIOJIb3YeTCs IS JICYCHUS] BAPUKO3HOTO PACIIMPEHHs BEH
¥ ObUT MPOIEMOHCTPUPOBAH B 3JKCIepuMeHTe. B KaHaimax
¢ D¢ < 5mm mocsie 3aBeplICHHs] BO3JEHCTBUS KOaryJiu-
pOBaHHAas TKaHb OXBAaThIBAET HAKOHCYHHK, B PE3yJIbTaTe
gero mpocBeT coctapisier 2 mm. Karanasr ¢ Oompmmm Dc
HE CKUMaJIMCh IIOJIHOCTBIO MOCJIE KOAryJIsilliH, OCTaBJIsis
BOJIHBII 3230p MEXKJIy CTEHKOH KaHajla M IOBEPXHOCTHIO
candupa. B aToM cilydae paguanbHOE pacIpeiesicHue Ko-
aryJIMpoOBaHHOU OOJIACTH CYNIECTBEHHO OTJIMYAJIOCh W3-3a
OIMOKHM TO3WIMOHMPOBAHUS HAKOHEYHHKA BHYTPU KaHaua.
OI[HaKO SHAYMTEIIbHOTO IMOBPEKIACHUA TKaHeﬁ, BBI3BAHHOI'O

IIeperpeBoM B MeCTax HENPaBUJILHOTO PACIIONIOKEHUs, He
HaOJII0AAJI0C.

JJ1 HaKOHEYHMKA CO CheprIECKOil BEIEMKOM ITPOMCXOINT
OoJiee MHTEHCUBHOE IIOIVIOLICHHUE M3JIy4eHHS B OrpaHUYCH-
HOM O0beMe MPOCBETa KaHajla Iepel HAaKOHEYHHUKOM, BOjIa
B HEM 3aKHIaeT 4epe3 HECKOJbKO CEKyH] IOCiIe Hadvaia
o0OurydeHus. Ilocsie 3TOro NpoucXomuT Koarymsys u kapoo-
HHM3alMsl TKaHEeH 9TOro yvacTka KaHaja, a MPOCBET KaHasla
CylecTBeHHO yMeHblIaeTcs. [lomepednoe ceuenne odyacti
KOAryJIl1Y ITOKa3bIBAeT, YTO OHA IPOMCXOIUT Ha MEHbIIYIO
[JIyOuHYy U3-3a Hajmuus Oojiee BBIPaKEHHOI'0 KapOOHU3MPO-
BAHHOTO CJIOST, MTOTJIOMIAIONIETo nu3inydeHue (puc. 4,d).

O6cyxpeHue

PaccMoTpeHbl HaKOHEYHUKH oOuryyaresieil B (opme carl-
(UPOBHIX KAIMWLIAPOB C OCEBOHM OTpa)KaloIeH IOJIOCTHIO,
KOTOPBIE MOTYT OBITh KCIOJIb30BAHBI JJIA KOHTAaKTHOU H
BHYTPUTKAHEBOH JIa3epHOI Tepanmuu U XUpypruu. MeTomsl
BBIPAIIMBAHUS IIO3BOJIAIOT IOJTy4aTh (opMy camduposo-
ro ONTHUYECKOr0 3JIEMEHTa, TOTOBYID K HCIIOJIb30BaHHAIO
0e3 Kakoi-JIMbo MexaHHMYeCKOW OOpabOTKH, YTO COXPaHSIET
MIPOYHOCTh ¥ MHEPTHOCTh KOHTAKTHOW HAacajku 0OJTydaTesist
IIpYU MMOBBIMICHHBIX TEMIICPATYypaXx.

I[Ipu pabore c OOBYHBIM KBaplEBHIM BOJIOKHOM Ha-
KOHEYHHK, B 3aBHCHMOCTH OT ()OPMBI OCEBOW BBIEMKH,
CO3aeT KOJIBLEBOM MMydoK win auddysHO paccessHHOE B
HAalpaBJICHUU BIEpe] CBETOBOE IOJIe, KOTOPbIE MOTYT OBITh
HCIIOJIb30BaHbI Ha MPAKTUKE I 06J'[y‘IeHI/IiI Pas3JIMIHbIX
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CCTECTBEHHBIX KaHAJIOB B JKMBBIX TKAHAX VIS IIeJed Jia-
3epHOil Teparmu. KosplieBoil my4ok (opmmpyercst 3a cUeT
COYETaHHsA BOTHYTOTrO MOJTyc(EepHIecKOro IHa BHYTPEHHETO
KalWUIIPHOTO KaHajla M OCEBOH KOHMYECKOH ITOJIOCTH.
Takasi reoMeTpHs MOJTHOCTBIO FAPAHTHPYET OTCYTCTBUE NPSi-
MBIX OCEBBIX JIydedl M Oosiee 3(hQeKTHBHOE paauaIbHOE
nepepacupesiejieHlie H3JIyYeHUs] MCTOYHMKA, TakuM oOpa-
30M, AaQHHBI HAKOHEYHUK MOOXOOUT AJIsi 00OpabOTKH CTEHOK
KaHaJsia 6e3 WX IOJTHOTO CXJIONBIBAHMSL

HuddysHo paccessHHOE U3JTyYCHHUE Mepe NepeIHIM TOp-
IIOM HaKOHEe4YHHKa (popMupyeTcs B paccenBaloLieil cpene 3a
CUeT COYETaHUS] U3OTHYTOTO IOJyC(epHUYECKOro JHA BHYT-
PEHHETO KaImLISPHOTO KaHajla U OCEBOIl IMOJIOCTH B (hopme
BCTPEYHOH cepryeckoil moBepxHocTU. Takoe pacmpenerie-
HHE 7es1aeT NEepCIeKTUBHBIMU AajIbHEHIINe HCCIIeIOBAHUSA
[0 WCIIOJIb30BAaHMIO 3TOr0 HAKOHEYHHMKA B Oojiee IJIMHHO-
BOJIHOBOM JIMalia30HE [JIMH BOJIH JIA3€PHOIO HM3JIyYCHHS C
WCIOJIb30BaHNEM KOHITeNIHH ,heat-pipe”. HakoHeunmkm c
THIOJIOCTBIO, MMeIoIe CHEPUUHOCTh OTPAKAIOIIEH BBIEMKU
0.5—1, 6ynyT OoJibllle MOOXOAUTH AJI IHAOBACKYIISPHOM Jia-
3epHOI KOAryJIsiuy BeH C MX MOJHBIM CKJICPO3NPOBAaHHUEM.

B omnuume OT KBapl-NOJIMMEPHBIX BOJHOBOIOB C MO-
IAGUIMPOBAHHBIMUA AUCTAJIbHBIMU KOHLIAMU BOJIOKOH MWJIM
paccenBaIIMMI 000JIOYKAMH TIpelyiaracMele carpupoBbie
HAKOHEYHUKH UMEIOT TIOCTATOYHO MPOCTYIO KOHCTPYKIHIO 1
COXPAHSIOT CBOU CBOICTBA B LIMPOKOM JIHAIla30HE MOIIHO-
CTU NPUMEHSAEMOro JIa3epHOIr0 W3JIyueHHus OJiarofapsi cra-
OubHOCTH MaTepuasia. Brlcokast TeIIonpoBOTHOCTD candu-
pa Tarke MOo3BONIACT 3(P(EKTUBHO BHIPAaBHUBATH TEMIICpPa-
Typy B TKaHfX 3a cUeT IlepepaclpelesieHus TeIlula BHYTpH
HakOHeyHuKa. MccienoBaHue CTaTUYECKOro pexuma Ipu-
MCHEHUS] HAaKOHEYHHMKa IT0Ka3aj0 MEUICHHOE HOBBIIICHHAE
TeMIepaTypsl BHYTPY TKaHW M Ha IOBEPXHOCTH cardupa.
Takasg auHamMMKa TeMmmepaTyphl NPefoTBpallaeT OBICTPYIO
KapOOHM3aLMIO TKaHell IPH KOHTAKTE C HAaKOHEYHHUKOM H,
TakuM O00pa3oM, CBOOUT K MHHAMYMY HX YPe3MEpHOE
MIOBPEXK/ICHNUE.

B OynymeM HeoOXOmuMO ITPOBECTH JIeTaJIbHbIE HCCIIENO-
BaHUS Cal(UPOBOro HaKOHEYHMKA, YTOOBI KOJIMYECTBEHHO
oxapakTepu3oBaTh ero 3¢ ¢eKTuBHOCTh. JlanpHeimue wuc-
CJICTIOBAaHMUS MOJDKHBI OBITh IIPOBENEHBI C TKAHSMH N ViVo,
YTO IIOMOXET YYeCTb €CTECTBEHHBIC TEIUIOBBIE 3((EKTHI,
BBI3BaHHBIC COOCTBEHHOII TeMIlepaTypoil TKaHu U nepdysu-
el KpoBH, W NPOaHAJM3UPOBaTh (HAKTUUECKUE XapaKTepH-
CTHKH camn(upoBOro HAKOHEYHNKA B PEAJIbHBIX YCIJIOBHUSX.

3akniovyeHue

B nasepHoii MemUIMHE IO-TIPEKHEMY He pelleHa mpoodJie-
Ma CBETOBONOB M OOJIydaTesiell Ui JIa3epHOH XUPYpruw,
PEKOHCTPYKLINU KaHAJIOB, a0JIALIMHU BeH U Jp., paOOTAIONIHX B
arpecCHUBHBIX Cpefax MpH SKCTPEMaIbHO BBICOKUX TeMIlepa-
Typax. i penieHnst 9THX 3a/iad MPEIOKEeHbl OPUTHHATIb-
Hble candupoBble OOJIyYaTesd, IO3BOJIAIIINE YIPABJIATH
(opMOIi CBETOBOTO KOJIBLIEBOTO paclpefesieHus 3a CueT
NPUMEHEHHST OCEBOU BBICMKHL.
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OrnucaHbl IpUeMbl U3TOTOBJIEHUA ONTHYECKUX camdupo-
BBIX HACaJ[0K, HC TPeOYIOIMIX AOIOJHUTEIBHOM MeXaHMJe-
CKOIf 0OpabOTKH, C OCEBBIMH OTPAaXKAIOIIIMH 3JICMCHTaMH
¢dopmbL. IlyTeM craTUCTUYECKOrO MOJEIMPOBAHUS PACCMOT-
PEHBI BO3MOXXHOCTH (POPMHUPOBAHHS BBIXOIHBIX KOJIBIIEBBIX
U JIOKaJIbHO PAaCCEsSHHBIX ITyYKOB JUI OOJIyYCHHsI KaHAJIOB,
a TaKKe IPOBE/ICHA SKCIICPAMEHTAIbHAS alpo0anus ooury-
yaTesieil JByX THUIOB Ha oOpasuax TkaHeil. Ilokasana mep-
CIICKTUBHOCTH HCIIOJIb30BAHMS 00JTydaTesIei IPeIoKEHHOH
GOpMBEL JUIA KOAaryJsiiiM KaHAJIOB M COCYHIOB, a TaKKe
pEKaHATI3AIMH ¢ 00pa30BaHUEM HEIPEPHIBHOTO KOATYIIHPO-
BaHHOI'O CJIOSL.

O06a Tuna obIyyaresiss MOI'yT HAHTU NIPUMEHEHUE B METO-
Jax JasepHON XUPYPrHi U KOPPEKIHU KaHAJIOB M COCYHOB,
UCHOJIb3YeMBIX KaK B OTKPHITHIX, TaK W B 3HJOCKOIHYC-
CKHX OIEpaIysX, B YPOJIOI'HH, THHCKOJIOTHH, T'eNaTOJIOTUH,
¢bnebonorun u ap. BosMOXXHOCTb BapbUpOBAaHUA B LIAPO-
KUX Tpefesiax AUarpaMMBl HalPaBJICHHOCTH U ILTOMIAAeit
BBICBCUMBAHHMS JIA3CPHOI0 HM3JIYUCHUS AENACT BO3MOXKHBIM
pa3paboTKy Ha MX OCHOBE CIICIIHAIBHBIX CBETOBOJOB MOX
KOHKPETHBIE 3a[a4u.

®duHaHcupoBaHue pa6oTbl

Pabota BBIIONHEHA B paMKax TOCYAAPCTBEHHOTO 3a/IaHIIS
Muno6pnayku Poccun g UOTT PAH.

KoHnukT nHtepecos

ABTOpI)I 3adBJIAIOT, YTO Y HUX HET KOH(I)J'II/IKTOB HHTEPE-
COB.

Cnucok nuteparypbl

[1] R. Zipper, G. Lamvu. J. Comp. Eff. Res., 11 (11), 843 (2022).
DOI: 10.2217/cer-2021-0281

[2] M. Gambacciani, S. Palacios. Maturitas, 99, 10 (2017).
DOI: 10.1016/j.maturitas.2017.01.012

[3] C. Orgain, V. Rothholtz, BJ.F. Wong. Lasers in Dermatology
and Medicine, ed. by K. Nouri (Springer, Cham, 2018), ch. 5.
DOI: 10.1007/978-3-319-76220-3_5

[4] C.Zhang, W. Lyu, P. Qiu, C. Zhang, X. Zhao, X. Wang, B. He,
B. Fu, X. Ji. Lasers Med. Sci., 39 (1), 18 (2023).
DOI: 10.1007/s10103-023-03964-2

[5] M. Venermo, J. Saarinen, E. Eskelinen, S. Véhiaho,
E. Saarinen, M. Railo, I. Uurto, J. Salenius, A. Albick. Br.
J. Surg, 103 (11), 1438 (2016). DOL: 10.1002/bjs.10260

[6] L. Sachelarie, R. Cristea, E. Burlui, L.L. Hurjui. Dent. J.
(Basel), 12 (12), 420 (2024). DOL: 10.3390/dj12120420

[7] CA. Cowpland, AL. Cleese, M.S. Whiteley. Phlebology,
32 (5), 299 (2016). DOL: 10.1177/0268355516648067

[8] L Golbasi, C. Turkay, O. Erbasan, C. Kemaloglu, S. Sanli,
M. Turkay, O. Bayezid. Lasers Med. Sci., 30, 103 (2015).
DOI: 10.1007/s10103-014-1626-0

[9] N.Yu. Ignatieva, O.L. Zakharkina, C.V. Masayshvili, S.V. Maxi-
mov, VN. Bagratashvili, V.V. Lunin. Lasers Med. Sci,
32, 1105 (2017). DOL: 10.1007/s10103-017-2214-x



634

W.A. LinkyrHosa, B.H. Kypnos, C.JI. LLinkyHos, [.0. Ctpiokos, VN.H. JonraHoBa

(10]

(11]

(12]

(22]

23]

SS. Srivatsa, S. Chung, V. Sidhu. J. Vasc. Surg. Venous
Lymphat. Disord., 7 (1), 90 (2019).

DOI: 10.1016/j,jvsv.2018.07.018

L. Navarro, RJ. Min, C. Bone. Dermatol. Surg., 27 (2), 117
(2001). DOL: 10.1046/j.1524-4725.2001.00134.x

T. Stokbroekx, A. de Boer, RM. Verdaasdonk, M.E. Vuyl-
steke, SR. Mordon. Lasers Med. Sci., 29, 501 (2014).

DOL 10.1007/s10103-013-1475-2

B. Hoiibeprep. Ilatear PP 2506921 C2 20.02.2014. Omy6s.
Bron. Ne5.

M.E. Vuylsteke, S. Thomis, P. Mahieu, S. Mordon, I. Four-
neau. Eur. J. Vasc. Endovasc. Surg., 44 (6), 587 (2012).
DOI: 10.1016/j.€jvs.2012.09.003

A. Cavallini, D. Marcer, SF. Ruffino. Ann. Vasc. Surg., 28 (3),
686 (2014). DOL: 10.1016/j.avsg.2013.06.033

V.G. Truong, V.N. Tran, J. Hwang, H.-W. Kang. Biomed. Opt.
Express, 9 (7), 3037 (2018). DOL 10.1364/BOE.9.003037
M. Ahn, YG. Chae, J. Hwang, Y.C. Ahn, HW. Kang. .
Biophotonics, 10 (8), 997 (2017).

DOTI: 10.1002/jbi0.201500331

B.C. Disselhoff, A.I. Rem, R.M. Verdaasdonk, D.J. Kinderen,
F.L. Moll. Phlebology, 23 (2), 69 (2008).

DOI: 10.1258/phleb.2007.007038

TM. Proebstle, HA. Lehr, A. Kargl, C. Espinola-Klein,
W. Rother, S. Bethge, J. Knop. J. Vasc. Surg.,, 35 (4), 729
(2002). DOL: 10.1067/mva.2002.121132

G.M. Katyba, K.I. Zaytsev, LN. Dolganova, I.A. Shikunova,
N.V. Chernomyrdin, S.O. Yurchenko, G.A. Komandin,
LV. Reshetov, V.V. Nesvizhevsky, V.N. Kurlov. Prog. Cryst.
Growth Charact. Mater., 64 (4), 133 (2018).

DOI: 10.1016/j.pcrysgrow.2018.10.002

L.A. Shikunova, D.O. Stryukov, Yu.N. Zubareva, A.S. Kuche-
ryavenko, V.N. Kurlov, LN. Dolganova. J. Biomed. Photonics
Eng., 10 (4), 40315 (2024).

DOL: 10.18287/JBPE24.10.040315

LN. Dolganova, I.A. Shikunova, A.K. Zotov, M.A. Shchedrina,
LV. Reshetov, KI. Zaytsev, V.V. Tuchin, VN. Kurlov. J.
Biophotonics, 13 (10), €202000164 (2020).

DOI: 10.1002/jbi0.202000164

IN. Dolganova, I.A. Shikunova, G.M. Katyba, A.K. Zotov,
E.E. Mukhina, M.A. Shchedrina, V.V. Tuchin, K.I. Zaytsev,
VN. Kurlov. J. Biomed. Opt, 24 (12), 128001 (2019).
DOI: 10.1117/1.JB0O.24.12.128001

H.E. LaBelle, Jr. J. Cryst. Growth, 50, 8 (1980).

DOL 10.1016/0022-0248(80)90226-2

PI. Antonov, V.N. Kurlov. Crystallography Reports, 47, Suppl.
1, S43 (2002). DOIL: 10.1134/1.1529958

B.A. Bbopormus, TA. Crepunomnosno, B.A. Tarapuenko. Pocm
xkpucmanaos (Hayka, M., 1986), T.15, c. 170.

VN. Kurlov. J. Cryst. Growth, 179, 168 (1997).

DOL 10.1016/S0022-0248(97)00110-3

WSJ. Malskat, A.A. Poluektova, WM. Van Der Geld,
HAM. Neumann, R.A. Weiss, CM.A. Bruijninckx,
M.J.C. van Gemert. Las. in Med. Sci,, 29 (2), 393 (2013).
DOI: 10.1007/s10103-013-1480-5

Ontrka n cnekTpockonus, 2026, Tom 134, Bbin. 6



