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TBEPAOTEJIbHbINA NTA3EP C ONTOBOJIOKOHHbLIM BbIBOAOM U3NYYEHUA
ONA TPAHCMUOKAPOUANBHOW NA3EPHOW PEBACKYINAPU3ALIUK

AHHOTAUMA

B crathe mpuBOAATCS pe3yNbTAThl CPABHUTEIIFHOTO aHAIN3a CYIIECTBYIONINX JIa3€POB IS TPAHCMHOKAPIHAITh-
HOU nazepHolt peBackyisipuzanuu (TMJIP). TTokazan BO3MOXHBIN ITPOIIECC B3AUMOICHCTBUS JIA3€PHOTO U3TYUYCHUS
¢ mIuHOM BoHBI 1,44 MKM ¢ OMoTKaHbIO. [IpUBeIEHBI Pe3yIbTAThl IKCIEPUMEHTAIBHBIX UCCIIEIOBAHUN 110 TPOCKTH-
POBaHUIO MaKeTa TBEPAOTEIBHOTO j1a3epa Ha ocHoBe AMI:Nd, paboTaromiero Ha JIUHE BOJIHHI 1,44 MKM, a TaKxke
pe3yIbTATHI UCIIBITAHUK CO3TAHHOTO JIa3epa U €r0 TEXHUUYCCKUE XapaKTEPUCTUKH.

Hecmotps Ha 3HAUUTENBHBIE YCIIEXU COBPEMEHHOU
Kapauooruu, umeMuueckas 6omuesnsp cepaua (MbC)
OCTaeTCsl OJTHOM M3 OCHOBHBIX NMPUYUH WHBAJTUIHOCTH
U CMEPTHOCTU B3POCIIOTO HACEJICHUS BEAYIIHMX CTpaH
mupa. [TosToMy BHeApeHNEe HOBBIX H COBEPIICHCTBOBA-
HUE MMEIOLINXCS] METOMIOB JICUeHUs OOJIBHBIX, CTpaaa-
romux MBC, — BaxkHeias 3a1aqa 31paBoOOXpaHEHUSI.

AoprtokopoHnapHoe myHTupoBanue (AKIIL), kak
METOT MPSIMOU PEeBACKYIIIPU3AIINNA MUOKap/aa, SBJISET-
csl BBICOKOA((EKTHUBHON omepalueil, mo3BOJISIomei
VBEIMYHUTE MPOJOJDKATEITBHOCTD JKU3HU OOJBHOTO U
yIydmuTh ee kadecTBo. AKII momyunsio mmpokoe pac-
MPOCTPAHEHHE BO BCEM MHUPE U B HACTOSIIIEE BPEMSI SIB-
JSeTCs HanboJIee YaCTO BBIMOIHIEMbIM XUPYPrUYeCKUM
BMEITIATEeILCTBOM TIPU OTeparvsx Ha cepare [1].

OmHako MpobiIeMy OKa3aHHS TIOMOITM OONBHBIM C
MBC Henb3st cuntath MOJIHOCTHIO perieHHo. Y 10...15 %
MAIMEHTOB AUaMEeTP KOPOHAPHBIX COCYIOB HEIOCTa-
To4eH i 3¢G(GEKTUBHOTO MIYHTUpPOBaHuUs. Bobinoe
yuciio OOJBbHBIX XapakTepusyercs quddys3Hoit popmoit
MTOPaXeHMS KOPOHAPHBIX apTEPUIL; B 3TOM CiIydae orle-
parmuio AKII BEITTOTHUTE HEBO3MOXHO B TIPHHITUIIE.
IMosropuass AKII He BBIIOMHSIETCS Y OOJBHBIX C pe-
UUAUBOM CTEHOKApIHU IOCIE paHee MPOBEAECHHOM
AKIII 1y MHOTOKPATHO BBIMOJIHEHHBIX KOPOHAPHBIX
aHruorviacTuk. I1o aTUM MpuYMHAM €KEerOJHO OKOJIO
25 % manueHToB ¢ KITMHUISCKUMU MPOSIBIICHUSIMHA CTE-

HOKapJUU MOJYyYaloT OTKa3 B XUPYPTrUUECKOM Jieue-
Hud. {714 perenus ykazaHHOU mpooiieMsbl pa3pabaTsi-
BAIOTCS MIPUHIIUITHAIHFHO HOBBIE CITOCOOBI BOCCTAHOB-
JICHHUSI CEPACYHOTO0 KPOBOTOKA.

Hcnonp3oBanue mazepa IjIsl peBacKyIsIpU3AINU
MHUOKapja ocyiectsiieno M. Mirhoseini [5]. Onnako
Hau6oee 3(hPEeKTUBHBIM CITOCOOOM B HACTOSIIEE BpeE-
MsI IpU3HAaHa TpaHCMUOKapAuaIbHAas Ia3epHas peBac-
kyspuzarus (TMJIP) [3]-[5]. B mporiecce Takoit ome-
panyy B TOJIIE CEPACTHON MBIIIITHI JIEBOTO XKETyI0T-
Ka C TIOMOIIBIO JIA3EPHOTO M3ITy4YeHUs (HOPMUPYIOTCS
KaHaJbl, OTKPBIBAIOIINECS B MOJIOCTh cepaua. OObIu-
Ho omnepanuss TMIJIP npexycmatpuBaeT hopMupoBa-
HUE B TKaHU MHOKapJa TOIMHUHON 70 20 MM HECKOJIb-
KHUX JIECATKOB KaHalIoB Auamerpom ot 0,3 1o 1,5 mm.

DKCnepUMEHTATBFHO JOKA3aHO HAaJTMIHe AaHTHOTCHe-
3a mociie TMJIP, moaTBepkaeHa knHu4ecKas apdek-
TUBHOCTB orepanuu y 6oiapHbix UBC ¢ muddysnoit
dhopMoii mopakeHUsI KOpOHAPHBIX apTepuid. Kiunu-
yeckuil onwIT nokaszai, yto TMIJIP, o cpaBHeHuIo ¢
MEIMKAMECHTO3HBIM JICUCHUEM, TIPUBOJIUT K YMEHBITIC-
HUIO KOJTMIECTBA CEPACUYHBIX OCIOXHEHHUH Y OOIBHBIX
C HelryHTa0OeIbHBIMU KOPOHAPHBIMU apTepusimMu [6].

Cnoco6bl TMJIP

Ucxons u3 OHCPICTUYCCKHUX U CIICKTPAJIbHBIX XapaK-
TECPUCTUK HCITIOJIB3YyEMOTO JIa3€pa, 0COOEeHHOCTEH MHO-
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Tabnuya 1
Tun nasepa
MapameTpbl n1a3epos

CO, YAG:Er YAG:Ho Nrc:Cr-Yb-Er YAG:Nd
JnuHa BOJHbI, MKM 10,6 2,94 2,08 1,54 1,06
MornouweHue B BOoAe, cm™' 700 2700 36 14 <1,0
AnnTenbHOCTb UMMynbca, MC 50 0,6 0,6 2,0 2.0
OHeprusa B numnynsce, Ox 15...40 1,0 1...2 1,0 1.2
Hacrora cnieaosakns OnVHONH. 1..10 1..10 1.5 1..20
nmnynbcos, Ny
JocTtaska nanydyeHuns 3epkanbHbIi Candwp. Keapu,.

CBETOMNpOBOLA, BOJIOKHO BOJIOKHO Ksapu. BOOKHO Ksapu. BOOKHO

Kapna ¥ croco0a TOCTaBKU M3ITyUSHHs], 10 MTOCTIeTHE-

T'0 BPEMEHU B KIIMHHUECKOH IIPAKTUKE HCITOJTH30BAITICH

U oTpabaTeIBaIuCh cienyromue cnocoosr TMIIP [7],

[8]:

1) dopmupoBaHue kaHaIA 3@ OJIMH JIA3EPHBIN UMITYJIBC
WJTU CEPHUIO UMITYJIECOB MUJUTHCEKYHTHOU JUTHTEITh-
HOCTH Ha paboTarolieM cepate. B aTom ciyuae ma-
3epHOE BO3MCHCTBUE CHHXpOHM3UpyeTcs ¢ R-3y0-
LIOM 2JIEKTPOKAPAMOTPAMMBI MALIMEHTAa U MOXKET
npoaoKaThbes 0 T-3y01a, 4To COCTaBIsET OKOIO
150 mc. Takum oOpa3oM, BpeMs B3aUMOJICUCTBUS
MBIIyYEHUS C TKAHSIMH MHOKap/a OrpaHUICHO WH-
TEPBAJIOM MEXTY ABYMs COKpAIeHUsIMH paboTaro-
ero cepana. B aToT mpoMexxyTOK BpeMeHH JIEBBII
KeITyI0YeK ceplla MOJTHOCTHIO HAIOJIHEH KPOBBIO,
KOTOpAsi MOTJIONIAET YaCTh MPOLIENIIETro Yepes Ka-
HaJl M3IIy4eHUs, YTO MPEJOXPaHsET OT IMOBPEXKIe-
HUSI BHYTPEHHUE CTPYKTYpHI cepana. Kpome Toro,
CBOIUTCS K MUHUMYMY PHCK BO3HUKHOBEHUS HaBe-
JIEHHON apUTMUU BCJICICTBUE aKyCTOOTTHYIECKOTO
3 dexTa, 00yCIOBICHHOTO BO3ACHCTBUEM UMITYJIb-
ca JIa3epHOTO U3TYUYCHHUS;

2) xaHal (hopMHUpyeTCs cepueid UMITYILCOB MUKpPOCe-
KYHIHOH JJTUTEIHHOCTH, MepenaBaeMbIX 10 OINTH-
YEeCKOMY BOJIOKHY, 0€3 CHHXPOHHU3AINHN C cepacu-
HBEIM PUTMOM;

3) kaHaa GopMUpYeTCs Ha HepabOoTaIoIIEM Cep/Ilie Kak
CaMOCTOSITEIbHOE BMEIIATEIbCTBO MO0 B JOIOJ-
HEHHUE K Aa0PTOKOPOHAPHOMY IIYHTUPOBAHMUIO.

B pesymbpTaTe mpoBeICHHBIX MCCIEIOBAHHUI ycTa-
HOBJICHO, YTO HAWJTYUIIHE PE3yTbTaThl JOCTUTAIOTCS
MIPY UCMOJIb30BAHUN OJAMHOYHOTO MUJUIUCEKYHIHOTO
Ja3epHOr0 UMIIyJIbca, CUHXpOoHU30BaHHOTO ¢ DK
marenTa [10], [11].

B MupoBoit mpakTUKe sl IKCICPUMEHTANIbHBIX U
kiIuHuuyeckux uccienoBanuit TMJIP ucnonb3yroTcs
pa3IMYHBIC TUITHI JIA3€POB, TEM HE MEHEee B OOJIBIINH-
cTBe ciryyaeB npeanoureHune oraaercs CO,-mazepam.

B mabn. I mpencraBiieHbl CpaBHUTENbHBIE Xapak-
TEPUCTHUKU JIA3€POB, KOTOPhIE MPUMEHSITUCH IS OCY-
mectsienus TMJIP [2], [9].

Cymecrtytomue YAG:Er u YAG:Ho-mazeps! ¢
MaKCUMaJIbHOU 3Hepruell B mMmmyibce mo 1 [Ix, gac-
ToTON moBTOpeHus 10 10 I'il U JIUTETbHOCTHIO UM-
nynbea 200...600 Mkc He 0O6ecreunBaIOT CKBO3HOM Iep-
dbopauun MuoOKapja 3a OAUMH UMIYJILC WIK B CEpUU
HUMITYJIbCOB 3a nepro 1 BpeMenu He 6oee 150 mc. Kpo-
M€ TOTO, IPU KOPOTKOW JITUTEIHLHOCTH JIa3epHOTO

HMMITYJIbCA B YCIOBUSIX OOJBIIOTO Ko3dduimenrta mo-

[JIOLIEHUS TIpOollecc abiIsiuK MMPUBOAUT K 00pa3oBa-

HUIO MOIIHBIX YAAPHBIX BOJIH, CIIOCOOHBIX CIIPOBOLIU-

pOBaTh APUTMHUIO CepAla.

Jlazep na urtepbuit-apobueom crexie (JII'C:Cr-Yb-Er)
TaKke He MO3BOJISET MPOBOIUTH Nepopaliio B Teue-
HHUE OAHOTO CepJEYHOTO PUTMA, T. K. CBOHCTBA aKTHUB-
HOHM Ccpefpl JAHHOTO THUIMA Jja3epa He 00ecrneunBaroT
JIOCTATOYHBIM YPOBEHb SHEPTUU B UMIIYJIbCE U HEOO-
XOJIUMYIO YaCTOTY MOBTOPEHUSI UMITYIbCOB.

UYro xacaercs umnyiabcHbIX CO,- 1 YAG:Nd-na3se-
POB, TO TIepBbIe Oollee MPEAIOYTUTENBHBI I peBac-
KYJISIpU3aIiy, T. K. OHM MEHee TPaBMAaTUYHO BO3MICH-
CTBYIOT Ha TKaHU MHOKapjaa. DTO CBI3aHO CO 3HAUH-
TEJIHHO OONBIIMM (Ha Ba MOPsAAKa) KOI((HULILEHTOM
MOIJIOIIEHUS] TKaHbI0 MUOKapaa usnyuenus CO,-na-
3epa no cpaBHeHuio ¢ YAG:Nd-nazepom. CO,-nazep
Croco0OeH MyTeM IOCIOWHOHN abmaunu copMUpOBaTh
KaHaJl 3aJJaHHON T€OMETPUU C TIIAAKUMU CTCHKAMH U
OTHOCHUTEIFHO HEOOJBIIION 30HOM TEPMUYECKOH /IecT-
pykuuu 6motkanu. O6beMHOE MOTJIOLICHUE U3ITYUESHUS
YAG:Nd-nazepa B MATKUX TKaHSIX MPUBOJMUT K 3HA-
YUTEIIbHOMY YBEIMYCHUIO 30HBI TEPMUUYECKOT'O BO3CH-
ctBus. 1o aroif mpuumae Y AG:Nd-nmazeps! ¢ muHON
BoJiHbl 1,06 MkM B kiinHukKe TMJIP He mpuMeHsIoTCSl.

Bricokas sneprust uznyuenus CO,-nasepa B UM-
IyJIbCE MPU MAJON PACXOAUMOCTH IyUKa MO3BOJISET
nepGopupoBaTh OTBEPCTUS B MHUOKApPJIE 3a OJIUH HM-
MyJIbC, 3HAUUTEIBbHO CHUXAsI BEPOSITHOCTh PAa3BUTHS
APUTMHH 10 CPABHEHHUIO CO CIIy4aeM MHOTOKPATHOTO
BO3IeiCTBUS HA MHOKapA. [loMuMo 3TOrO0, SHEPTHUS
n3nydenus: CO,-azepa XOpoIIo MOTIomaeTcs 61oIo-
TUYECKUMH TKAHSIMU, UTO TAKXKE SIBIISIETCS MIPEUMYIIe-
CTBOM JTaHHOTO THIIA Ja3epa.

OnHako CyLIeCTBYET ps OTPAHUUYCHUN TS HCIOJIb-
3oBanus CO,-na3zepa B Mmeroaukax TMJIP, B uacTHoCTH:
*  BO3MOXHOCTP MOBPEKACHU BHYTPEHHHUX CTPYKTYP

cep/lla M HapyIIEHWH CepIeYHOTO PUTMa BCIe-

CTBUE YPE3MEPHBIX 3HAUCHUI SHEPTUU UMITYJIHCA 1

€ro JINTEeNbHOCTH;

* CJIOXHOCTU B MPUMEHEHUH BOJIOKOHHOM ONTHKHU
st Texaojoruy TMIJIP (Hampumep, co3manue Ka-
HAJIOB C 3HIOKapIUATbHON MTOBEPXHOCTH MUOKAP-
Jla — TPAHCITIOMHUHAIIbHAS Jla3epHas PeBACKYJISPH-
3a1ms);

* TEXHHMYECKAs CIIOKHOCTH U BBICOKASI CTOUMOCTD JK-
CIUTyaTalluy JIa3¢PHOM YCTAHOBKH U JOTIOJIHUTEIb-
HBIX OKOHEYHBIX (DYHKIIMOHAJIBHBIX YCTPOMUCTB.
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Taxum 06pa3oM, ceroHs He CYIIECTBYET JIa3ePHOMA
CUCTEMBI, KOTOpas MOJHOCThIO YAOBJIETBOPSIA ObI
COBPEMEHHBIM TpeOoBaHUAM K mpoBeneHuio TMIIP.

TeeppoTenbHbivi 1,44 MKM nasep
C ONTOBOJIOKOHHO A0CTaBKOM W3Ny4eHUsi
ana TMJIP

B xo71e paboTHI OBLT CO3MaH M UCTIBITAH MAKET TBEP-
TOTETPHOTO JIa3epa Ha aJlOMOMTTPUEBOM IpaHarTe,
nerupoBanHoM HeoauMoM (Y;Al;0,,:Nd3**) ¢ onrroso-
JIOKOHHBIM BBIBOJIOM JIa3€PHOTO U3IIyUYCHUS HA JUTMHE
BOJIHBI reHepaiuu 1,44 MKM ¢ sHepruei u3IydeHus 10
4 JIK, peryaupyeMoil IIUTEeIbHOCThIO UMITYJIbCa B
nuanaszoHe 2...20 Mc ¢ ¢popmoit, OIU3KOI K TIPSIMO-
YTOBHOM, U YaCTOTOH MOBTOPEHUS UMITYIBCOB 11O
10 I'm.

B xoxe mpoBeneHHBIX UCCIenoBaHUN OBIIO MOKa-
3aHO, UTO JIa3€PHOE MU3JIYyUeHHE C AJIUHOUN BOJIHBI
1,44 MKM THO3BOJISIET OCYIIECTBIIATH HephOPAIMIO MHO-
Kap/ia B TEYEHHE OJTHOTO CEPACYHOTO IIUKJIIA C BO3ZMOX-
HocThio OKI'-cunxpoHu3zanuu.

Hapsiny ¢ aTiM, 1a3zepHOe H3IIyYeHHe C ITMHON BOJI-
HbI 1,44 MKM UMeEET psii OCOOCHHOCTEH, TO3BOJISIOIINX
CyIIECTBEHHO TMOBBICUTH 3 (PEKTUBHOCTD Olepaluii
TMJIP. OTo mpexe Bcero BO3MOXKHOCTb MCIIOJIb30-
BAHUS ONTHYECKOTO BOJIOKHA JUIST JOCTaBKHU H3IIyde-
HUS B 30HY OTIepaIlii, YMEHBIIICHIE TPAaBMATHIHOCTH
ornepanuii, yMeHbIIICHUE 3HAYCHUNA SHEPTHH UMITYITb-
ca Ja3epHOro U3IY4YCHHS, a TAKXKe BO3MOXHOCTh HC-
MOJb30BAHUS JOMOJHUTEIbHBIX OKOHEUHBIX YCT-
pOMCTB (amMmINKATOPOB) IJIs COUETAHHOTO BO3JIEH-
CTBUS JJa3ePHOTO U3ITyUSHUS M METUKAMEHTO3HBIX HHb-
eKuuii B 30Hy nposeneHus TMJIP.

Oco6eHHOCTU B3anMopeincTeud
OMOTKaHM C na3epHbIM U3JNTyYEeHUeMm
C AJINHOW BOJIHbI 1,44 MKM

B Mexanm3Me B3anMOIEHCTBUST OMOTKAHU C JIa3ep-
HBIM U3JTy4Y€HUEM C JIJTMHOM BOJHBI 1,44 MKM OCHOB-
HYIO POJIb UTPAeT IOTIIOIIeHNe BOJbI [12], T. K. mazep-
HOE M3JIyYCHHE C TAKOH JJIMHOW BOJHBI IOMAacT B
JIOKAJBHBI MAaKCUMYM OJTHOM U3 IOJIOC IOTJIOUICHUS
BoJIbI B Auamasone 1,3...1,6 MxM (puc. 1).

ITpu BO3mEHCTBUM JTa3¢pPHOTO HM3IYUCHHUS Ha OHO-
TKaHb ITPOUCXOANT HEOTHOPOIHBIM HATPEB OMOTKAHH.
I'enepanus Temra 3aBUCHT OT YHEPTUH U3IYUCHUS,
MPOJOJKUTEIIBHOCTH BO3IeHCTBUS, KO3 PULIMeHTa
norJomeHus Tkanu. Kak BugHo u3 puc. I, u3nmyueHue
C JUJIMHOM BOJIHEI 1,44 MKM ITOIIagaeT TOYHO B JIOKAJIb-
HBII MaKCHUMYM TIOJIOCHI TIOTJIONIECHUSI M COCTABJISIET
okoy10 4,5 mm!. TTogBOAUMOE IO ONTOBOJIOKHY Ha-
Metrpom 0,4...0,6 MM U3TTydyeHHE MOTJIOIIAETCS MpaK-
TUYECKH TIOJIHOCTBIO B 1 MM3? GuoTKanu. PesynbraTom
TAKOT'0 MOTJIOLICHUS SIBJISIETCS JIOKAJIbHOE YBEJIUUCHIE
TeMIiepaTypsl. B 3aBUCUMOCTH OT IPOIOIKUTEIBHOC-
TH BO3IEUCTBUS U JOCTUTAEMOH TeMIIepaTyphbl TKaHU
MOXHO BBIICTTUTH Takue 3((eKThl, KaK THIePTEPMHUI,
KOATyJISIus, UCTIapeHne, kapooHu3anus (o00yrimBa-
HUe) U TiaBjieHue. [1pu moBbIIeHnH TeMIepaTyphl 10
42 °C HHUKaKuX OCOOBIX M3MEHEHUN TKaHU HE MPOUC-
X0 uT. [IepBbIM MEXaHU3MOM TEPMHUYECKOTO MTOBPEXK-
JICHUST TKAHU SBJISIETCS N3MEHEHUE CTPYKTYPBI OMOMO-

JIeKyJ (TUIepTEepMusl) B IUaa30HE TEMIEpaTyp MpH-
MepHo 42...50 °C.
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Puc. 1. 3aBucumocTb KO3 dULMEHTA NOrOLLEHNS BOAbI
OT ONMHbI BOMHLI B guana3oHe 0,2...2,2 MKM

Hauwmnas ¢ temmepatyp, 6mmskux x 60 °C, nmpouc-
XOINT AeHATypauus Oenka U KoljlareHa, KoTopas Be-
JIET K KOaTyJIsIuu OMOTKAaHU W HEKPO3y KIIeToK. [1pu
temmepatype 100 °C Boga, coneprkamasics B 00JIbIINH-
CcTBe OMOTKaHEH, HAUMHAET UHTCHCUBHO HCHAPSITHCS
(BckunaTh). bonpias sHeprus, TpeOyromascs s uc-
TapeHust BOJIBI, SIBISIETCS CTAOMIN3UPYIOMHM (PaKkTo-
POM M OTPaHUYUBAET POCT TEMIIEPATyphl TKAHU HA
ypoHe 100 °C. JlanpHeilliee yBeauueHUe TeMIepary-
pPbI OGMOTKAHU MOXET IMIPOUCXOIUTH TOJIBKO MOCHE Te-
pexojia Bceil BOJAHOM COCTaBJISAIOIICH OMOTKAHU B Ta-
poByio ¢azy. IIpu temnepatype Boime 150 °C Guo-
TKaHb HAYMHAET pa3jaraThCs C BBIIEIIEHHEM YIIIEpPO-
Ia, KOTOpOoe BeAeT K KapOOHU3AIUU, BHEUTHUM
MIPU3HAKOM KOTOPOU SIBISIETCS ITOYCPHEHNE TKAHU.

CrneryeT OTMETHTB, YTO Tiepdopalius kaHajaa B MUO-
Kapnae GpopMupyeTcs 3a c4eT ACCTPYKTUBHOIO BO3MCH-
CTBUS JIA3€PHOTO U3ITyUCHUS IIPU BO3BPATHO-IIOCTYIIA-
TEJIPHOM JBI)KEHUH OTITHUYECKOTO BOJIOKHA, TTOa9a UM-
MyJIbCa JA3ePHOTO M3ITYUSHUS OCYIIECTBIIETCS Ha 3Ta-
TIe TIOCTYTIATENBHOTO ABIKEHNST ONTHYECKOTO BOJIOKHA.

O6BeM GpopMUPYEMOTO C IOMOIIBIO JIA3EPHOTO
HMITYJIbCa KaHaja MPU XapaKTEePHBIX TOIIIMHAX MHO-
kapaa okojo 20 MM U AMaMETpe HUCIOJIb3yeMOro OIl-
TOBOJIOKHA 0,6 MM cOCTaBIISIET 5 MM>. YUNTHIBaS yI€Tb-
HYIO TEIUIOEMKOCTh BOJBI U TEIUIOTY ITapooOpa3oBa-
Hus ipu 100 °C, aj1st HarpeBa Takoro oosemMa BO/IbI J10
TEMIIEPATYPbl KUIICHUS U €€ YACTUYHOTO HCIapeHHs
HeoOXoArMa HEPTHsl IA3€PHOT0 U3TYUYCHUS C ITUHON
BonHbI 1,44 mxm He MeHee 1,5 JIx. Ilpu sneprum um-
nysnbea 2,5 Ik 1,3 Ik yXoauT Ha HAarpeB yKa3aHHOTO
o6pvema o 100 °C, a 1,2 I — Ha mapoobpa3zoBaHre
okojio 10 % manHOTO OOBEMA.

Takum obpasom, mpu NpoBeAeHUHU nepdopaiuu
MHOKapAa ¢ IOMOIIBIO pa3paboTaHHOrO Jiazepa He
npoucxoauT HarpeBa OouoTkanu Boiie 100 °C (otcyT-
CTBYeT KapOOHHM3aLHMs), a HAINYNE MapoBOi (assl,
00pa30BaHHO MO/ IEHCTBHEM JIa3€pPHOTO MIMITYJIbCA,
00yCIIOBIMBAET NTEpEMEIIeHIE ONITOBOJIOKHA Ha 3a/1aH-
HyI0 I1yOuHy. BeimeykazaHabie dopMa U JIUTENb-
HOCTb MMIIYJIbCA JIA3€PHOr0 U3IIy4YeHUs] oOecreunBa-
IOT pAaBHOMEPHBIN, «MATKUI» XapaKTep JTa3epHOTO
BO3/ICUICTBUS HA BCEM MPOTSDKEHUH TTOCTYIMATEIBHOTO
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JBIDKEHUS ONTOBOJIOKHA. VICTIOIB30BaHUE OITOBOJIOK-
Ha B KQ4eCTBe MHCTPYMEHTA IJIs Tepopaliui IpruBo-
JIAT K 3HAYUTEITLHOMY CHIDKEHUIO TPeOYyeMOi sHEpTrun
JIa3epHOTO MMITYJIbca U1 (POpMUPOBAHUS KaHAIIA.

Teepootenbusiii 1,44 MKM J1a3ep ¢ ONTOBOJIOKOH-
HOU gocTtaBkou mznyueHus: miss TMIIP coctout u3
0JIOKA MUTAHUS U U3TydaTellsl C ONTOBOJIOKOHHOM cH-
CTEMOU JOCTaBKH M3JIYUCHUS.

bnox numanus ipencTaBiseT codboi cTabmIN3upo-
BAHHBIN UCTOYHUK TOKA C HEMOJHBIM pa3psaoM, IO-
CIIeIOBATEIbHBIM IOMIKUTOM M PEXKUMOM ASKYPHOMH
IyTu B JaMmIe Hakauku. B mazepe mcnonp3oBanachk
UMIyJabcHas jgamna Hakauku tuna MHIT 6x90 c kce-
HOHOBBIM HAIIOJTHEHUEM.

HuaykrueHOCTE L

Jaruug

TOKa

Herounuk Toka

Jlamna

Perynarop
TOKa

== Kounencarop C

Puc. 2. Cxema paspsgHOro KoHTypa

Ha puc. 2 npencrasneHa cxema pa3psgHOro KOHTY-
pa 61oka mutanusa. Ui onpeneneHus mapaMeTpoB
PAa3psIHOrO KOHTYpa BOCIOJIb3YEMCSI ITPUBEICHHBIMU
B [13] 3aBUCHMOCTSIMU, CBSI3BIBAIOIINMH TTapaMeTpPhl
KOHTYpa C XapaKTEPUCTUKAMU JIAMIIbI:

K,=U-1", (1)

rae U — uMnyjabCcHOE HaOpsKeHUE Ha jamiie, B;
I — IMITYyITBCHBIH TOK JIaMIIbl, A; K| — CTATUUECKUH TO-
KOBBII MMnenanc nammsl, Om A2 (3aBucur oT THMHA
MIPUMEHSEMOM JTaMIThl HAKAYKH).

JI1st maMIn HaKa4yKy ¢ KCEHOHOBBIM UJIU KPUIITO-
HOBBIM HamoJHeHHeM K, MOXeT ObITh ONpeiesIeH
Kak

— —1/
K,=(1,28L, /d,)- (P/N)"", (2)

rae L, — pas3psaHblil NIPOMEXYTOK JIaMIIbl, MM;
d, — BHYTPEHHHI TUaMETp JIaMIIbl, MM; P — IaBJeHue
WHEPTHOTO ra3a BHYTPH JIAMIIBI, MM PT. CT. (IJIs JTaM-
el THIT 6x90 P = 450 MM pT. cT.); N — 6e3pa3mepHas
BEIIMYMHA, XapaKTepHU3yIoasi TUIl IPUMEHIEMOTO B
JlamIie “HepTHOTO Ta3a (s kceHoHa N = 450, mis
kpuntona N = 805).

Taxum o6paszom, as mamnbsl MHIT 6x90 ¢ kxceHo-
HOBBIM HAITOJTHEHUEM, COTJIACHO BBIPAXEHUIO (2)

K,=1920Mm- A" (3)

Oueprus E, konaeHcatopa C, 3apsHpkeHHOTO 10 Ha-
npsokenns U,

E,=CU}? /2. 4)

NmnyascHAs 3HEPT U, BBIIEISIONIASACS B JTaMIIE IIPH
MIOJIHOM pa3psjie [UIMTeIbHOCThIO Ty,

— — 7173 2
E=E = UT,/ K. (5)

Jist imuTenbHOCTH UMITyjibca T IPU HEMOJHOM
paspsifie, UCIIOJIb3ysl HECIIOXKHBIC MTPeobpa3oBaHus ¢
ITOMOIIIBI0 popMyt (4), (5), MOXKHO 3amucaTh:

T=(CK/12) - (1/U-1/Uy, (6)

rie U — KOHEeYHOE HaIpsDKeHUE HETTOJTHOTO pa3psiaa, B.

VuursiBas, yto KII/ nasepHoii renepauuu ¢ J1jiu-
HOH BOJIHBI 1,44 MKM MOYTH Ha MOPSIAOK YCTyIaer
KII/ renepanuu 1a3epHOro U3JIyYeHUs C JJIMHOM BOJI-
HbI 1,06 MKM, MOKHO OLICHUTh HEOOXOAMMYIO SHEPTHIO
HaKa4KH, JUIUTEIbHOCTh UMIIYJIbCA, & COOTBETCTBEH-
HO HEOOXOTMMEIE EeMKOCTb U HAITPSDKEHIE HAKOITUTEITb-
HBIX KOHJIEHCATOPOB, T. €. OCHOBHBIE XapaKTEPUCTUKHU
OJIOKa TTUTaHWUS.

HeoOxonumasi sHeprusi HaKa4YKu COCTABIISIET HE
MmeHee 1 k/[x. Takue 3HaUeHUS JHEPTUN HAKAYKHI MOX-
HO MOJYYUTh, UCIIONIB3YSI AIEKTPOTUTUICCKIE KOHACH-
caTophl OOJIBIION €MKOCTH, padoyee HAIPSHKEHUE KO-
Topbix He npesplaer 500 B. Mcxons u3 storo, Haxo-
MM HEOOXOMMYI0 eMKOCTh KOHIEHCATOPa Pa3psIHO-
o KOHTypa 13 (popmyibl (4), npuHUMAas BO BHUMaHUE,
YTO KOHEUHOE HANPsDKEHHE (HAMPSIKEHHE HEMOJHOTO
paspsma) He paBHO Hymto. Takum obpazom, HeOOXo-
IuMasi eMKOCTh 3apSIHBIX KOHIEHCATOPOB JOJIKHA
cocTtaBysiTh He MeHee 10...20 mD.

YuutsiBasi, YTO XapaKTepHOE BpeMs JIa3epHOM nep-
(dbopanuu HaxogUTCS B nuarna3oHe 5...20 Mc, MOXHO
no gopmyie 1 /3T = (LC)Y2 oueHUTh J0IYCTUMYIO
WHIYKTUBHOCTD Pa3psIHOTO KOHTYpA.

Ha ocHoBe chopMymupoBaHHBIX TpeOOBAHMIA OBLT
M3TOTOBJIEH OJIOK MHUTAHUS U OXJIAXICHUS, OTBEYaIO-
MU BEIIETIEPEUNCIICHHBIM TPeOOBAHUSIM.

Bbiiok muTaHus MO3BOMISET YCTAHABIMBATDH HAIMPS-
JKEHHE Ha HAKOIUTEIbHOM OJIOKE KOHACHCATOPOB €M-
KkocThio 27,2 (4x6,8) M@ B nuanazone 100...500 B my-
TEM YCTAHOBKU UMITYJILCHOTO Pa3psTHOTO TOKA Yepe3
nmamiry Hakadku B auama3one 100...400 A, perymupo-
BaTh JUIUTEIIBHOCTh UMITYJIbca B npenenax 2...20 Mc u
paboTaTh B OAMHOYHOM U UMITYJIbCHO-TIEPUOINUECKOM
pexuMax ¢ yactoTou nmosropenus 1...10 'l ¢ marom
1T

Briox muTaHus MeeT BCTPOSHHYIO OTHOKOHTYPHYIO
3aMKHYTYIO JXHJIKOCTHYIO CUCTEMY OXJIaXICHUS CO
cOpocoM TelIa Ha BO3MYX 00BEMOM 5 JT AUCTUILIHPO-
BaHHOM BOJIBI C PACXOJ0OM HE MeHee 5 JI/MUH, YTO I0-
3BOJISIET OTBOAUTH TEIUIO, BBIAEIAEMOE IMpU padboTe
JIaMITbl HAKAYKH CO CpeHel MOIIHOCTRIO 10 1,5 kBT.

OnekTponuTaHue OJI0KA MUTAHUS OCYIIECTBIISETCS
OT CETU NIEPEMEHHOTI0 ToKa HamnpsbkeHueM 220...240 B
50/60 I'm, moTpebmsieMas MOIITHOCTh — He OoJiee
1500 Bt. Ha nepenneit manenu 6ji0ka pacroioXeHbl
KJTFOU BKJTFOUCHUS/BBIKJTFOUCHHS MUTAHUS YCTAHOBKH U
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KHOIIKA aBapUITHOTO BBIKIIoueHHs. CUCTeMa ympaBiie-
HUS 1 MHAWKAIIAH TIPEICTABIISICT COOOM IIBETHON KUI-
KOKPHUCTAJUTMUECKU touch-screen AUCIIIEH ¢ MHIUKA-
Lyel mapamMeTpoB padoThI Ja3epa U KHOIIKAMU yIIpaB-
JeHUs pexuMaMi padoThl. C TOMOIIBIO AUCTIIES MOX-
HO KOHTPOJHPOBATH U yIPABISATH CICAYIOLIUMHU
peKuUMaMu U MapamMeTpamMu paboTsl Jiazepa: BKIIOUe-
HUEM U BEIKITIOUCHUEM PEKUMAa TOTOBHOCTH, TTapaMeT-
paMu BBIXOTHOHN SHEPTUH, TTUTEIIPHOCTH M YaCTOTHI
MMOBTOPEHUS UMITYJILCOB JIA3€PHOTO U3TyUYEHUSI, BKITIO-
YeHHEM U BBIKIIOYCHHEM TUOTHOTO Jla3zepa IOJCBET-
KM (IWJIOTHBIN J1a3ep).

Briox nmutanust uMeeT BXOA IS IO1a4U CHHXPOUM-
MyJibCa OT BHELIHEr0 YCTPOWCTBA U Pa3beM IS MOJI-
KJIIOUEHUS TIeAaIu MoAaYu U3TydyeHusl.

H3znyuamenv nazepa ¢ onmoso0KOHHOU cucmemoil
docmaeKu u3iy4enus COCTOUT U3 COOCTBEHHO M3Iyda-
TeJsl, BKIIIOYAIOIIETO B ce0sl OCBETUTENb, TPU IOCTUPO-
BOYHBIX y3JIa U ONTOBOJIOKOHHYIO CHCTEMY TOCTaBKHU
m3nyyenusi. Ha puc. 3 mpeacrapiieHa onTuyeckas cxe-
Ma U3IIy4aTens ¢ y3JI0M BBOJAa pab0oYero u3jayueHus B
ONITOBOJIOKOHHEIN Kabeihb, BEITTOTHEHHEIH U3 OCYITICH-
HOT'0 KBapLEBOIo crekya auameTpom 0,6 Mm.

OcBeTHuTENb C aAKTUBHBIM d5IeMeHTOM 13 AV :Nd3*
pa3mepom 6,3x100 MM mOMeLIaIu B pe30HATOP 00IIei
TUTIHOM 250 MM, 00pa30BaHHBIN TpeMs 3epKaTaMu:

* TIIyXUM BOTHYTBIM 3€PKAJIOM C PAJIUYCOM KPUBU3-

HbI 2700 MM;

* TJIyXUM IUIOCKUM MOBOPOTHBIM 3€PKAJIOM;
*  BBIXOJHBIM IUIOCKHM 3€PKaJIOM.

Hanmuue Tpex 3epKalt O3BOJISET YBEIHUUTH OOLIHe
MOTepU AJs U3JyUYeHUs ¢ JyuHamMu BoJiH 1,06 u
1,32 MKM, TeM CaMbIM IPENSTCTBYS F€HEPALIMU COOT-
BETCTBYIONIETO JIA3€PHOIO U3JIyYEHHUS.

s mpoBepKu OTCYTCTBUS M3ITYUCHUS C JJIMHAMHU
BoJH 1,06 1 1,32 MKM HCITOIB30BaH (QUITBTP, IIPOITYC-
katonwmid m3mydenue 1,06 u 1,32 mxm, ¢ koapduinen-
Tamu npomnyckanus 95 u 70 % coOOTBETCTBEHHO U IOJI-
HOCTBIO OTpaXarolUi U3JIyYEeHUE C AJIMHON BOJIHBI
1,44 mxm. [TpoBepka mokazana MpaxTUYECKU IOJHOE
OTCYTCTBUE U3JIyUeHHUs ¢ AnuHaMmu BoJH 1,06 u
1,32 mxm (£ 1 %).

Ha puc. 4, 5 npeacraBiieHbl pe3ysibTaThl T€HEpaIlu-
OHHBIX UCTIBITAHNN U3JIyYaTeNs Ta3epa Ha JUIIMHE BOJI-
Hbl 1,44 MKM C ONITOBOJIOKOHHBIM BBIBOJIOM H3ITydYe-
Hust Ha ocHoBe AUMI B OMHOYHOM peXHMe I'eHepa-
uuu. M3MepeHust sHepruu MpOBOAMINCH C TOMOIIBIO
M3MEPHUTENS] MOLTHOCTH M SHEPTHH JIA3€PHOTO U3ITyde-
Husi UMO-2H Ha BbIXOJile ONTOBOJIOKHA JUAMETPOM
0,4 Mm.

Vhpasnenue sHeprue Hakauku E,, OCyLIECTBIIS-
JIOCh M3MECHEHHEM TOKA Pa3psia uepes JIAMITy HAKauKU
pu (PUKCUPOBAHHON UIUTEIBHOCTH UMITYJIbCa HAKAU-
KH. DHEPrHIO HAKAYKH MOYKHO OIIEHUTH 10 (hopmyIie

E=1-U-Tt,

rae T — JIUTETbHOCTh UMITYJIbCA HAKAUKU.

YuuteiBas BeIpakeHUe (2), OKOHYATEIIBHO MOXHO
3aI1CaTh:

E=P"-K, 1,
rae K, = 19,2.

Ha puc. 4 npeacrasiieHa 3aBUCUMOCTb 3HEPIUU Ie-
Hepaluu UMIYJIbCA JIA36PHOrO U3IYUYEHUS OT TOKa
paspsiga JTaMIbl HAKAYKH [IPU Pa3TUIHBIX 3HAYCHHSIX
JUTUTETHHOCTH UMITYJIbCA M3ITyUYeHHS] HAKAUKH.

Ha puc. 5 npencraBieHbl ocIIOrpaMMbl (hOPMBI
Y JUTUTETHHOCTH UMITYJIbCa Ja3epHON TeHepalny Mpu

I/

A

_/
i

S
o)
- ==
i . v
\_[
\ 10
635 65
Puc. 3. OnTuyeckasa cxema manyyarens c y3nomMm BBOAa paboyero nany4eHns B ONTOBOJIOKOHHbIN kabenb: | — y3en
BBOZAA M3My4EHMs B ONTOBOJIOKOHHbIN kabenb; Il — nanydarens; 1 — BbIXOAHOE 3epkano; 2 — KBaHTPOH;

3 — 9aNAMNTNYECKUIA OTpaxaTtenb; 4 — akTUBHbIA anemMeHT; 5 — namna Hakavkn NHIM 6x90;
6 — oTpaxaiowee chepuyeckoe 3epkasno; 7 — oTpaxaioLiee nNiaockoe 3epkano; 8 — y3en I0oCTUPOBKM OMTOBOIOKHA;
9 - dokycupylowasa nuHsa (F = 12,5 mm); 10 — kBapueBoe onToBosokHO (d = 0,4...0,6 mm)
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PA3IUYHBIX 3HAYCHUSIX JIUTCIBHOCTH UMITYJIbCA Ha-
KauKH.

W3 mpuBeneHHBIX Ha puc. 4 3aBUCUMOCTEH BUIIHO,
YTO SHEPTHS UMITYIIbCA JIA3ePHOTO U3ITyUYEeHUs HaXO-
nutes B mpenenax 1...4 JIx npu pa3audHbIX IIATEIb-
HOCTSIX UMITyJIbca B uHTepBaje 5...20 Mc, a popma
UMITyJIbCa (puc. 5) SIBISIETCS IPSMOYTOJIBHOM, 4YTO 00ec-
TeYNBAET MOCTOSTHCTBO JIa3€pHOTO BO3ACHCTBUS Ha
OMOTKAaHb HA MPOTSHKEHUH JIEHCTBUS U3ITYICHUS.

B pe3ynbpTaTe MpOBEACHHBIX UCCIETOBAHUN OBLI
pazpaboTaH U coOpaH MaKeT Jlazepa C ONMTOBOJIOKOH-
HBIM BBIBOJIOM U3TyUYCHUSI.

TexHnYecKHe XapaKTePHUCTHKHU Jia3epa:

Juna BosHbl, MKM: 1,44

MaxkcuManbHasi SHepTUs U3IYUCHUS B MUMITYIIHCE
muatenbHocThio 10 Mc, [xk: > 3

HNmnynascHAs MOUTHOCTD U3Iy4YeHUs (IIPU IITUTEb-
Hoctu 10 mc), Bt: > 300

MaxkcumasbHas CpeIHsIsI MOIITHOCTb U3JTyYeHus, BT:
7,5mpu 5T

YacroTa MOBTOPEHHS UMITYIECOB OT OJUHOYHBIX J0
10 I'g

JautenpHoCTh MMIyJbca, Mc: 2...20 ¢ marom
0,1 mc

E, Ibx

——TE SMC
=0 1= 10 Mo

=== 15 Mc
-T2 ) MC

o

2€0 0 a0 s I, A
Puc. 4. 3aBMCUMOCTb 3HEPINX FrEHEpPALUM NMNYbca
Na3epHOro nsny4yeHus E oT Toka paspsaa namnbl
Hakavyky | Npn pasnmnyHbIX 3HAYEHUSAX OJINTENbHOCTMU
MMMNy/fibCa Hakayku T

a) T'=1 mc/pmen.

6) T = 2 mc/nen.

B) T = 2 mc/nen.

r) T =2 mc/nen.

Puc. 5. Ocumnnorpammbl GOpMbl U AINTENBHOCTU MMMYJIbCA NTA3EPHON reHepaummn Npu pasinyHbiX 3HAYEHUSX
ONNTENbHOCTU UMNYyNbCa U3NYy4YeHUs Namrbl Hakadkm: a) — 5 mc; 6) — 10 mc; B) — 15 mc; 1) — 20 mc
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ITonaua n3nyueHus: TMOKWNA ONTOBOJIOKOHHBIHN Ka-
6enp muHOM 2,0...3,0 M C ONTHYECKUM AMAMETPOM
BoJiokHa 400 wim 600 MxkM

Ha ocHoBe pa3zpaboTaHHOTO ja3epa co3aHa ycra-
HOBKAa [IJIS OCYIIECTBIIEHUS METOJa TPAHCMHOKAPIU-
AJIbHOH J1a3€pHOM PEBACKYJISAPU3ALUU.

3aknyeHue

B pabote mpoBOAMIHNCH SKCIIEPUMEHTATBHEIE HC-
CITEIOBAHMS C IIETHIO CO3JIAaHMUS TBEPAOTEIHHOTO JIa3e-
pa C ONTOBOJIOKOHHBIM BBIBOJAOM H3JIYUCHUS IS
TPAaHCMUOKapIUAIbHOM JIA3€pHOM PEBACKYJISpU3aALUN
(TMHP) BKJIIOYAIOIINE B CeOs:

aHaJU3 BO3MOXHEIX ITPOIIECCOB B3aMMOACHCTBUS

JA3epHOTO M3ITy4eHUs ¢ OMOTKAaHBIO;

* HCCIEeIOBAHUS C LIENBIO TPOEKTUPOBAHNS MaKETHO-
ro obpasua jazepa ¢ ONTOBOJIOKOHHBIM BBIBOJOM
U3IIy4YCHHUS;

*  HCCIEOOBAHUS XaPAKTEPUCTUK UCTOUHUKA MUTAHUS
Ja3epa U CUCTEMBI OXJIAXKICHHS C LENbIo (OpMH-
poBaHus TpeOOBaHUI IMpU UX pa3pabOTKe W U3TO-
TOBJICHUH;

* HCCIIEJOBAHUS C LIENIBIO OMPEACIICHUs OCHOBHBIX
TEXHUUECKUX XapaKTepUCTUK na3epa mist TMIIP
(mmuTenpHOCTH, GOPMBI U SHEPTUU UMITYJIbCA JIa-
3epHOTO M3JIYYEHHs);

* CO3JaHME W UCIBITAHUE MaKeTa TBEPIOTEIHHOTO
Jaszepa Ha allOMOUTTPHEBOM T'paHaTe, JETHPOBAH-
HoM HeouMoM (Y 3Al50,,:Nd3*), paborarorero Ha
JUTMHE BOJIHBI M3iyueHus 1,44 MKM, C BBIXOJHOMU
sHepruei uznydenus 1o 4 Jx, peryaupyeMoit aiu-
TEIbHOCTHIO UMITyJibca 2...20 Mc, U 4acTOTOM mo-
BTOpEHUs1 UMITyJIbCcoB 10 10 I'm.

Paboma evinonnena 6 pamkax 20cyoapcmeeHHozo
konmpakma Ne 02.512.11.2321 om 19 maa 2009 ..
DIII «Hccnedosanus u pa3padbomku no npuopumem-
HbIM HANPAGNCHUAM PA3GUMUA HAYYHO-MEXHUUECKO20
komnaexca Poccuu na 2007-2012 z200wv1».
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