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Mpoeepka epeMHem

Mpvma MuBuHCKaA,
acnupanTKa banTuickoro
rocyAapcTBeHHOro
TEXHWYECKOro yHNBEepcuTeTa
«BOEHMEX»

(r. CaHkT-letepbypr)

B cuctemax noxkapHom curHanusauuu B Kayectse nepude-
PUiiHbIX YCTPOICTB B HacTosiliee BpeMs HaubGonee npume-
HAEMbIMU ABAAIOTCA [bIMOBbIE ONTMKO-3/IEKTPOHHbIE NO-
JKapHble u3Bewarenu. lna cBoeBpeMeHHOro o6HapyxeHus
oyara noapa OHW AOJKHbI 06N1afaTh BbICOKON YYBCTBU-
TeNbHOCTbIO. ITOT NapameTp pernameHTupyetrca Hopmamu
noxapHoi 6esonacHoctu (HMB) u ana Bcex TMNOB paTyu-
KoB (NOpoOroBbie, aBTOHOMHbIE U T.M.) OH AOJIKEH YKNaAbl-
BaTbCA B AnanasoH ot 0,05 g0 0,2 aob/m.

[ns obecneyeHnsi 3agaHHOTO YPOBHSI YyBCTBUTEJIb-
HOCTU Ha 3Tane MpOU3BOACTBA U3BELLATENIM JOJKHDI
noABeprarbCsl LENoMy KOMIUIEKCY Pas/IMYHbIX UCTIbITaHWI
(MpremoyHbie, neproanyeckue, TMNoBbie, ceptmdmKaLm-
OHHble U AP.), U NP1 AOOPOCOBECTHOM OTHOLLIEHUM CO CTO-
[POHbI MPOU3BOAVITENIEN 1 UCTIbITATESTbHbIX OPraHoB (CepTu-
PUKALMOHHDBIX LIEHTPOB) 3agaya obecrneueHuns O6beKTOB
M3BeLLaTessiMm, KOTopble JeNCTBUTENbHO OBHAPY>KUBAIOT
ouar noskapa Ha paHHel CTaauu, BrOJIHE peLuaema.

OpHako AencTBylolas CUCTEMA KOHTPOJS MOXKeT
obecrneuntb HEOOGXOAUMDIN YPOBEHb YyBCTBUTENILHOCTU
TOJIbKO Ha MOMEHT MOCTaBKM M, C HEKOTOPbLIMU JOry-
LLEeHUsIMKX, — HAa MOMEHT Hayasa aKCrulyataumu. B panb-
HeMLeM 3TOT napameTp yKe HMKaK He KOHTPOMpYyeTcs,
TaK KakK HU Ha O6’b€KTaX, HU B MOHT&KHbIX OpraHun3auu-
SIX HEOO6XOAMMOro OOOpPYAOBaHMSI HET, NMOCKOJIbKY OHO
o4yeHb Joporocrosiliee U TpebyeT cucTeMatuyeckon
METPOJIOrMYECKON aTTecTaLn.

C uenbio BbISICHUTb, CMOCOOHDbI JIM COBPEMEHHbIe
M3BeLLaTe/IN B TEYEHUE BCEro CPOKa CITy>KObl COXPaHSITh
YPOBEHb 4YyBCTBUTEJIbBHOCTU B npenenax tpebyemMoro
HI1b pnanasoHa, 6bin NpoBeaeH KOMIIeKC uccyienosa-
TeNbCKMX pabor.

M3HayasibHO COMHEHUs1 B CTabUIIbHOCTU YyBCTBUTENb-
HOCTU OMNTUKO-2JIEKTPOHHBIX U3BELLaTeNiell B TeyeHue
BCEro CpoKa CJIy>kObl Obl/IN CBsI3aHbl C TEM, YTO B HUX B
KayecTBe OCHOBHOTIO 3/IeMeHTa )11 OOHAPY>KEHMST AbiMa
MCNonb3ytoTcst uHpakpacHble ceeToanonbl (MK-auoap).
Bce VIK-aunonbl B 6onbluei unm MeHbLIen CTeneHm Xapak-
TEPU3YIOTCS MOTEPSIMU MOLLHOCTU U3JTyYE€HUS B MPOLEC-
ce paboTbl, MPUYEM 3TU MOTEPU HAMPSIMYIO 3aBUCSIT OT
VMHTEHCUMBHOCTU UX SKCITyaTaLmm.

Takass ocobGeHHOCTb MOBeAEeHUs [NaBHbIM O6pa3oM
CBsI3aHa C TeM, YTO AJ1s1 OJTyYeHUs1 UHPPaKpPacHOTro U3ny-
YeHMs1 NONYNPOBOAHMKOBbIV Kpuctarin IK-aguopa nomkeH
noApeprarbCsi 3HAUUTENIbHOMY HarpeBy. 3TO MPUBOAUT
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K MOCTENEeHHOMY M3MEHEHMIO CTPYKTYPbl (Aerpagaumm)
KPUCTAIIA, YTO B UTOTE HE JIy4ylliM O6pa3om cKasblBaeT-
cs1 Ha 3P PeKTMBHOCTU NMpeodpa3oBaHmsl MOJABAEMON Ha
NK-pmop, anektpuyeckon aHeprun B 3HEpPruio nHopa-
KPAaCHOTO U3JTy4YeHMsl.

151 oueHkM npeanoniaraeMoro ypoBHsl OTepu YyBCT-
BUTEJIbHOCTM M3BELLATENS B TEYEHME CPOKa CITy>KObl Npu
MCoJsib30BaHMM Toro uim uHoro VK-prnopa 6bia npume-
HEHa METOAMKA «YCKOPEHHOTO CTapEeHMsI».

CyTb 3TOM MeTOAUKM 3aK/ioyaeTcsi B TOM, YTOObI,
COXpaHMB BCe MapameTpbl UHPPaKpPaCHOro MMMysbca
VIK-anopa (aMniutysly TOKa, JJIMTENbHOCTb UMITYJIbCA),
YBEJIMYUTb €0 MHTEHCUBHOCTb IKCIUTyaTaLly B HECKOJb-
KO a3 3a CYeT yBEJIMUEHUSI YaCTOTbl C/IEAOBAHUSI UMITYJTb-
coB. [1j151 KOPPEKTHOCTU OLIEHKU HeJlb3sl BbUIO AOMYCKAaTb,
YTOObI SHEPreTUYecKkasl Harpy3Kka Ha KpUCTaUUT 3HAYUTENTb-
HO BO3podcJia. [Jist 3Toro npu NpoBeAeHU dKCNepuMeHTa
ObUTO MPUHSTO peLUeHNe He Harpy>Karb UCMbITbIBAEMbIe
UNK-puoppl 6onee yem Ha 10% OT MakCMMaIbHO AOMYyC-
TUMOW MOLLIHOCTU paccesiHusl.

Ons onpeneneHusi ycpenHeHHbIX napameTrpos VK-
VIMMYJbCA TaK Ha3blBAEMOTO «CTAHAAPTHOTO U3BELLATENIs»
6bUIM MPOAHATM3NPOBAaHDbI MPAKTUYECKM BCE AOCTYMHbIe
Ha PbIHKE OMTUKO-3JIEKTPOHHbIE AbIMOBbIE MOXKapPHbIE
M3BELLATeNN PasfiMyHbIX 3rotosurenen. [1py scem MHo-
roobpasun pexumos nutaHust VIK-guopos (ot mano-
MOLUHBbIX nmMmysibcoB 0,1 A x 20 MKC npu BbICOKOM Yac-
TOTE CJIefOBaHusl 4O CBEPXMOLUHDBIX UMMyNbcoB 1,5 A x
100 mkc npu 60bLIMX Nepuoaax MoBTOpeHusl) Gbuia
BbISIBJIEHA onpeaerneHHas TeHaeHums. OKasanoch, YTo B
Haubonee nonyssIpHbLIX TUMAaX M3BeLLATENEeN PasIUYHBIX
M3roToBUTENIEN, 3aHUMAIOLLMX, KaK MpPaBWUIO, CpPeaHUi
M HECKOJIbKO BbIIE CPEAHEro LEHOBbIE AManasoHbl U
XapAaKTEPU3YIOLLMXCST KaK XOPOLLUEN YyBCTBUTENIbHOCTbIO,
Tak U MpPUEM/IEMbIM YPOBHEM MOMEXOYCTOMYMBOCTH,
napamarpbl nutanus IK-guonos oueHb noxoskul. st Hux
anutenbHocTb MK-mmnynbcoB konebnercs B amvanasoHe
ot 50 no 80 mkc, ammnmtyga nmnynbca — ot 0,5 go 1,0 A,
nepuvop nosropenus — o1 0,7 po 1,2 c. [Noatomy B Kauec-
TBe «CTaHpapTHOro» nutaHusi IK-gpnopa «craHpapTHOro
u3BelLLaTesisk» ObUY NPUHSITHI CliefyioLMe PEXXUMbI:

—~ IJIUTENIbHOCTb UMyJibca — 60 MKC;

— amMnnuTyaa Toka umnynbca — 0,7 A;

~ yactoTa NoBTOpPEeHMst UMMyrbcoB — 1 T

[MpepsapurensbHo 6bu1a NpoBeseHa paboTa no nomc-
KY 1 OT6OPY NOAXOASLUMX AJIs1 MPVMEHEHUS B KayecTBe
M3Jlyyarerisl «<CTaHBAPTHOIO U3BeLaTesish» JOCTYMHbIX AJis
NpUOBpPEeTEeHMs] HAa PbIHKE PaANO3NEKTPOHHbIX KOMIMO-
HEHTOB pa3nunuHbiXx TMnos VIK-pnopos. B pesynbrare
3TOM PA6OThI A4J1s1 MPOBEAEHMs] UCTIbITaHMI GblI0 OTO6-
paHo okono apyx gecstkos Tmnos VIK-anopos pgecsitm
Pa3NNYHbIX U3rOTOBUTENEMN.



AHaIM3 Harpy3oO4HbIX XapPaKTePUCTMK OTOOPAaHHbIX
UK-arnonos nokasar, 4to yBemyeHne 4actoTbl cJieioBa-
HUs1 ONpPeAeNeHHOro paHee «ctaHpapTHoro» MIK-umnynn-
ca B 30 pa3s ajs1 Bcex TMMNoB OyAeT BMOJIHE KOPPEKTHbIM.

Jnst ucnbiranunin UIK-amonoB Ha «yCKopeHHoe cTapeHue»
OblIN N3roTOB/NEHbI AKCMEPUMEHTAIbHbIE OOpasLbl U3Be-
Larenen nyrem AopaboTKy OJHOrO U3 CEPUMHBIX TUMOB.
JopaboTke noaseprmch Kak 3MeKTpuydeckas cxema, Tak
M KOHCTPYKLMSI OnTMyeckor cuctembl. B pesynsrate B
«3KCMEePUMEHTaIbHBIX UM3BeLlaTensx» O6buia obecrneyeHa
yacrota nosropenus umnynbcoB VIK-agnonos B 30 It

ITO NO3BONWIIO, C HEKOTOPbIMU JOMYLLEHUSIMU, CKaTb
peaibHOe BpeMmsl IKCruTyaTaLumm «CTaHAAPTHOTO M3BeLla-
Tens» B 30 pas, 1.e. 1 aeHb pabotbl VIK-gnopa B «<akcnepu-
MEHTa/IbHOM U3Belatesie» 3KBUBAJIEHTEH 1 Mecsuy ero
PaboThbl B «CTAaHAAPTHOM U3BeLLATENeY.

KoHTponb u3meHeHus: MowHoOCTM u3nydeHus VK-
AMOoja B MpoLecce WCMbITaHWUI NMPOBOAMIICS MO U3Me-
HEHUIO aMIUIUTYAbl CUTHAIA HAa BbIXOAE YCUJTUTESIA MpPU-
emMHuKa (poroamona). [ins nosbilieHWs TOYHOCTU U3Me-
PEHUS1 CUTHAT NPUEMHMKA OblN1 UICKYCCTBEHHO YBENIMYEH
nyTeM BBEAEHUS B KOHCTPYKLMIO OMNTUYECKON CUCTEMDI
3JIEMEHTOB, UMUTUPYIOLLIMX HAUTUYME IbIMa.

VcnbitaHnsam nopgepraivch no apa obpasua Kak-
poro nna VK-agnopa. Tpetuin obpaser, ncrnonb3oBascs
B KauecTBe KOHTPOJIbHOIrO jisl NPOBEPKM COXPaHEHMSI
obwero koadduLmeHTa nepesadn CXemMbl U3BeLaTers
BO BpPEeMsl UCMbITAHWIA, T.€. OH MOAKTIOYAJICS] B KayecTse
NK-puopa TONbKO nepes HayaloM U MOCe OKOHYa-
HUS1 ucnbitaHuii. Ecnn ypoBHM curHana npuemHmuka aJsis
060UNX KOHTPOJIbHbIX M3MEPEHU ObUIM OAUHAKOBbI,
3TO CBUAETENILCTBOBAIIO O TOM, YTO M3MEHEHNE YPOBHSI
CUrHas1a NPMEMHMKAa B NPOLLeCCe MCMbITaHNs Gblno CBsl-
3aHO TOJIBKO C MOTEPEeN MOLLHOCTU U3MYyYE€HUs! UCTbI-
Tyemoro o6pasua MK-guona. B npouecce mucnbitaHui
Ha «3KCMepUMEHTaIbHbIE U3BELLATEIN» KPYITIOCYTOYHO
NOAABAIOCH HAMpPSLKEHUE MUTAHUS, U3MEPEHWs YPOB-
Hell curHajla NpueMHMKa NPOBOAWIUCL Kaxable 12-e
CYTKM (YTO 3KBMBAIEHTHO 1 rogy peajbHOro BpeMeHu
paboTbl), 0b6Las AIMTENLHOCTb UCMbITaHUi — 120 cyTok
(sxBmBaneHtHo 10 rogam).

[To nosepenuto NK-gnopos B npouecce ucCnbiTaHWi
OHU ObINM pasaeneHbl Ha TPU XapakTepHble rpyrmnbl. Ha
AvarpaMme npvBeaeHbl TUMOBblE 3aBUCMMOCTU U3MeHe-
HUS MOLLHOCTM U3/y4eHus1 (B MPOLIEHTHOM OTHOLLEHUM)
ZU1s1 3TUX rPyMm.

[MepBas rpynna xapakrepusyeTcsi O4eHb MaJION rnoTe-
pelil MOLLUHOCTU M3JTyYeHusl 3a BeCb CPOK CIy>Kbbl (He
6onee 5-10% 3a 10 neT). B 31y rpynny BOLLIO NPUMEPHO
20% Bcex ucnbiTbiBaeMbIX TMNoB VIK-amMonos, npencras-
JIEHHbIX BECbMa OrPAHUMYEHHbIM KPYrOM U3rOTOBUTENEN.

Bropas rpynna xapakrepusyercsi yMepeHHOM note-
pelt MolwHocTn uanydenust (po 30-40% 3a 10 ner). B
3Ty Ipynny Nonaiu Bce Turbl ucnbitbiBaembix MIK-anonos
OJHOW U3BECTHOM 3apy6eskHON GUPMbI.

Tpetbst rpynna — camass MHorouncieHHast — no 70%
BCcex ucnbitbiBaeMbix VIK-auonos. [ins Hee xapakrtepHa
3HauMTeJIbHas1 M OY€Hb 3HaYUTEIbHasI MOTePs MOLLHOCTU
usnyvyenusa VIK-gnopa — ot 50 no 80% (B 2-5 pas).

[ToHsTL MO NpUBEAEHHbIM M3rOTOBUTENSIMM Xapak-
Tepuctukam, Kak cunbHo UK-pmopbl Gypyt nopsep-
>KEHbI MoTepe MOLLHOCTU U3JlyYeHMsl B MPOLECcce dKC-
rlyataumy, OKasasioCb HEBO3MOJXKHbIM. EayiHCTBEHHOM
KOCBEHHOI otnmuutenbHon yepton UK-pronmos nep-
BOW TPYIrbl SIBJSIETCS1 TO, YTO MPU YKa3aHUM OCHOBHbIX
CBETOTEXHUYECKMX MapaMeTPOB B KAyecTBe PE>XMMOB
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U3MEpPEeHUs1 MPUBOAUTCSI JUIUTENbHOCTb umnynbca 100
MKC, TOrAa Kak ist apyrux — He 6onee 30 mkc (10, 20
mwin 30 Mkc). CyliecTBeHHbIM OTIMYMEM SIBJISIETCS U
croumoctb VK-aronos. [ns Tpetben rpynmnbl MX LieHa
He 6onee $0,1, a Ay NEPBOI IPYMMbI, KAK MPABUIIO, B
npeanenax $0,25-0,5.

K coxkaneHuto, maeHTMGULMPOBaTL NMPUMEHEHHDIN
B KOHKPETHOM OINTUKO-3JIEKTPOHHOM M3BeLlaresne Tur
NK-pmnopa no BHelHeMy BuZly HEBO3MOXKHO, Kak HEBO3-
MO>XHO MOJNY4YuUTb 3TN CBEAEHUS HEMOCPEACTBEHHO Y
U3roToBUTENEN U3BELIATENIEN (3TO pPacLEeHUBAETCS UMM
KaK MOrMbITKa MPOMBILIIEHHOrO LWNMoHakKa). [Moatomy
ZU1s1 OLE€HKM CTaOUIIbHOCTU YYBCTBUTEIIbHOCTU PA3/INUHbIX
TUMOB M3BeLLATENEN B TEYEHNE CPOKa CIY)KObl U3bsITble
13 Hux VIK-ayoapl noaseprasvch MCnbITaHMSIM Ha «yCKO-
PEHHOEe CcTapeHWe» B COCTaBE «dKCMEPUMEHTAIbHBIX
u3BelLlaTesieit» No BbiLLEONUCAHHON METOAMKE.

K 605blIOMY Orop4eHuIo, BbISICHUIOCh, YTO ©0Jb-
LUMHCTBO MPOBEPEHHbIX U3BellaTeneil COOTBETCTBO-
Bauin noseneHuio UK-pguopos Tpetben rpynmbi, T.€.
OXKMJaemoe CHU)KEHME 4YyBCTBUTENbHOCTU 3a 10 ner
Y HUX cocTaBuT oT 2 Ao 5 pas. [puyem B a1y rpynny
nonanu Bce 6e3 MCKIIOYEHMS U3BELLATeNU, npeana-
raeMble€ Ha PbIHKE MO CaMbiM HU3KMM LeHam. Kpome
3TOro, fnonagaHue B TPeTbio rpynmny 6biio OTMEeYeHOo
M AJisl OTAENbHbIX AOPOrNX U3BELLaTEeNEN, T.€. BbICOKAasl
CTOMMOCTb BOBCE HE SIBJISIETCS] FapaHTUEN BbICOKOM
CTabUNbHOCTU YYBCTBUTENIBHOCTM.

Ho ectb u otpagHble dakTbl: HEKOTOPAsl YacTb U3Be-
LiaTesieil Co CpeaHM YPOBHEM CTOMMOCTM OKasalach B
rpynne C BbICOKOWM CTabUIbHOCTbIO 4yBCTBUTEILHOCTH,
BUAMMO, M3rOTOBUTENIM CO3HATEJIbBHO HE SKOHOMWIIN Ha
croumoctu IK-guopa.

B kauecTtBe noaseaeHNs1 UTOrOB CTOUT OTMETUTb, YTO
Kakon-nmbo AeCTBEHHOM 3almTbl OT HeLO6POCOBeCT-
HbIX M3rOTOBUTEJIEN ONTUKO-3IEKTPOHHbIX U3BELLaTENEeN
C CWIbHO YMEHbLUIAIOLLENCsl B MPOoLecce 3KCrulyataumm
YyBCTBUTENbHOCTbIO HET U B Onvpkainiuee Bpemsl Bpsif,
N1 ByzeT, Tak Kak Npy cepTUdUKALMOHHBIX UCTbITAHMSIX
OLEHUTb M3BeLlaTeNn MO AAHHOMY MapameTpy O4eHb
TPYAHO. DTO NOTPebyeT AJisl KAKAOro TUMNa u3BeLlarenemn
NpoBeAeHUs1 CEPbE3HON UCCTIefoBaTeIbckon paboThbl,
Mo 3arparam CPaBHUMON CO BCEMU OCTAJIbHbIMU UCHbI-
TaHusIMU. Ha OoCHOBaHWM MOJIyYEHHOTO OMbITa MOXHO
JILIb MOCOBETOBATD:

1. Ecnm Bbl nmokynaeTe 3aBefoOMO Camblil Jelle-
Bbli1 M3BeLLaTesb, BaM C GOJbLLON loNieill BEpPOsSITHOCTU
rapaHTMPOBAHO €ro «3aTyrJIeHne» K AbiIMy Yepes onpe-
JlefieHHoe Bpemsl.

2. Ecim Bbl HamepeHbl npuobpectn msBeliatesib C
BbICOKOM CTabUIIbHOCTBIO YyBCTBUTENIbHOCTU, BblBUpanTte
JOBPOTHO MCMONHEHHOE u3penune, paspaboTinkamm
KoToporo npu Bbibope UK-amopa 6buin nposeneHbl
cepbe3Hble UccnenoBareyibckue paboTbl . |
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