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["a3onopomikoBas na3epHas HamiuaBka (nmanee - I['TIJIH) 3axmrodaercs B moJyuyeHUU
IIOBEPXHOCTHBIX  IIOKPBITMM  NPUHYAMTEIBHOM IOAAYeH IOPOLIKA Ta30BBIM  IOTOKOM
HEIIOCPEICTBEHHO B 30HY JIA3€PHOr0 M3iydeHHs. YacTHIlbl MMOPOIIKA HAYMHAIOT HATPEBAThCS B
30HE JIa3€pPHOTO M3JIyYEHHUs BIUIOTh JO IMONAJaHus Ha oOpabaTblBaeMyr0 IIOBEPXHOCTh, Ha
KOTOPOM OHH JOCTUTAKOT [IOJHOTO pacCIUIaBICHUSA C MOCIEAYIOIIEW KPUCTAUIM3alUUEed |
dopmupoBanuem Banuka. [TIJIH omnpenensercs crnenyrouMu napaMeTpaMHu: MOIIHOCTb
Ja3epHOro u3inydeHust P, ckopocTh mepemerieHue oOpasua Ioj H3JIyYeHUEeM, T.€. CKOPOCTh
HAIUIABKU Vya,, AMAMETp IATHA HArpeBa JIa3epHOTO W3Ny4deHHs d,, ONPENeIsIeMbId YCIOBHUEM
(OKYCHPOBKM H3ITy4eHHs, MACCOBBII pacxo] MOJaBaeMOro B 30HY 00paboTku mopomka G ,
paccTosiHUE C KOTOPOIro BBOAMUTCS MOPOIIOK L, yros BBoAa nopoika a.

[Ipexxne yem HauaTh paccMoTpeHue TexHoiorudeckoro npouecca ['TIJIH B momocy (I'TIJIH,
IpU KOTOPOM MOPOLIOK IpH IMONAJaHUM Ha MOBEPXHOCTh OOpabaThbiBaeMoil neTtain oOpa3yer
HIMPOKYIO JIMHUIO - TI0JIO0CY), CIeyeT 0OpaTuTh BHUMaHue Ha TepMuHonoruto. [Tockonbky I'TIJIH
B II0JIOCY SBJIIETCS OTHOCHUTEIIBHO MOJIOJOM, HENABHO IOSIBUBIIEHCS TEXHOJOTHEH, Ccamo
Ha3Banue «[TIJIH B mosocy» eme He sBiseTcs OOIIEHPUHATHIM, OJAHAKO €CTh OCHOBAHMS
0’)KMJIaTh, YTO JAHHOE HAaWMEHOBAaHHME 3aliMET CBOE 3aKOHHOE MECTO B PAAYy TEXHMYECKHUX
TEPMUHOB.

['TUIH B nosnocy (IIMpOKyto JIMHUIO) sABIIsI€TCS Oosiee TPOU3BOIUTENBHON TEXHOJIOTHEH 1Mo
cpaBHeHHto ¢ oObryHON [TIJIH, mpu KOTOpO#l crHeueHHBIH MOPOIIOK OMNHMCHIBAET HEKYIO
MOKPBIBAIOLIYI0 00padaThIBAEMYIO TOBEPXHOCTD JIETAIH Y3KYIO KpUBYI0, ockonbKy nipu I'TIJIH B
N0JIOCY TIOKpBITHE Bcell 0O0pabaThiBaeMOl MOBEPXHOCTH MPOUCXOAUT 3a 3HAUUTEIILHO MEHbIee
YHUCJIO MPOXOIOB MPU MPUOIU3UTENHHO OJMHAKOBBIX 3aTparax moporiika (puc. 1). Takum obpazom,
HMMeEET MECTO YKOHOMMS BPEMEHU U JOPOTOCTOSAILEH SHEPTUH JIA3EPHOIO UCTOYHMKA.

CxeMbl (hOpMMPOBAHUA BanMKOB Ha Bany npu:

DA D DA
i

- IMJIH B y3Kyt0 NUHUIO - ['TIJTH B WnpoKyto nNuHMIO
Puc. 1. Cxembl hopMUpOBaHUsI BAJIMKOB HA Baly IpH ABYX paznuuHbix Thmax ['TIJTH

(nonocy)
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Ha naHHBIIT MOMEHT CYyIIECTBYET ONPECICHHOE KOJIWYECTBO Pa3IMUHBIX THUIIOB JIA3€PHBIX
TOJIOBOK C TPSIMOYTOJILHOM anepTypoid, COBMENICHHBIX C MOPOINKOBBEIMH coruiamMu. OJHAaKO B
TaKUX COIUIaX, KaK MPaBHJIO, MOPOILIKOBHIN MOTOK HAa BBIXOJE COCTOUT U3 HECKOJBKUX CTPYH
MOpOIIKA C KPYIJIBIM cedeHueM (CM. puc.2); B JaHHOW e paboTe MpeAcTaBlieH BapUaHT
KOHCTPYKIUU COIUIa C OJHUM BBIXOJHBIM MOTOKOM HPSIMOYTOJILHOTO (B MEPBOM MPUOIMKEHUH)
CEUYCHMS, U3HAUAJIBHO NpPEIHAa3HAYABIIETOCs [JIsi OCHAIIEHHS UM TOJIOBBI JMOJHOTO Jja3epa ¢
npsAAMOYTOoJIbHOM aneptypoit (puc.3) u ocymiectsienuss ['TIJIH B monocy npu HMCHOiIb30BaHUN
na"Horo yaszepa. Coruto umeer GopMy, GIaronpUATCTBYIOUIYI0 pABHOMEPHOMY BBUIETY MOPOIIKA,
JUIsl PABHOMEPHOTO >K€ TMOCTYIUICHUSI MOPOIIKAa BHYTPh COIUIA TOCJTEIHEE OCHALIECHO YEeTBIPbMs
BXOJHBIMH OTBEPCTUSIMH TOJ] GUTHHTH C pe3bboid M3. BrnocieacTBum KOJMYECTBO (PUTHHTOB
OBLIIO CKOPPEKTHPOBAHO M3 KOHCTPYKTUBHBIX COOOpaKEHUH (CM. KOHEI[ CTaThH ).

=100 A

Puc. 2. IlopomkoBoe corio, npeanasHauenHoe ais I'TIJIH B monocy

Puc. 3. ®otorpaduu royoBsl AMOAHOIO JIa3epa ¢ MPSIMOYTOJbHON anepTypoi

Ha puc.4 mnpencraBieH ONBITHBIA oOpa3ell pa3padOTaHHOTO TOPOIIKOBOTO COTLIA,
W3TOTOBJICHHBIA W3 CTalld C MPUMEHEHHWEM TEXHOJIOTUYECKUX OIepaluii Ja3epHOW pe3Kd U
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cBapku. OIHAKO JUIS MCIIOJIb30BaHMs B TIPOMBIIIJICHHOCTH PEKOMEH]IyeTCsl M3TOTaBIMBATh COILIO
U3 YUCTOW MEIW WIIU CIUIABOB HAa OCHOBE MeaH (HAIpHUMEp, W3 JIATYHH) JUIS JTy4IIer0 OTBOJA
Teruia. TEXHONOTHsT W3rOTOBICHHS COIUIa B 3TOM Cjly4yae HE JOJDKHA BKJIHOYATh B ce0s
UCITIOJIb30BAaHUE JIA3€PHBIX HMCTOYHHKOB, TAaK KaK MeIb HMMEET KpailHe HU3KUK KOd(PPHUIHMEHT
MOTJIOIIEHUS JIA3ePHOTO M3Iy4eHus. [Ipyu M3roToBIEHUH COIUIA W3 MEIW WM CIUIaBa Ha OCHOBE
MW PEKOMEHIYeTCS MPHUMEHSITh 00paboTKy (pesepoBanmem Ha (pe3epHoM cranke. Coruio
COCTOUT W3 IATH JCTaJeH: 3aIHsIs CTCHKA, TIEPEIHSS CTEHKA, OOKOBask CTEHKA (2 IIIT.), KPBIIIKA.

Puc. 4. ®otorpadguu oneITHOr0 00pasia MOPOLIKOBOTO COTIa

Pa3paborana 3KCHepUMEHTAJIbHAasE CXEMa yCTAaHOBKM JUISI  OIICHKH  IapaMeTpOB
ra3onopoIIKOBOrO IMOTOKA, CO3JaH COOTBETCTBYIONIMH H3MEPUTENbHBIH CTeHT (pHc.5).
Oo6opynoBanue: nopoikoBblit nutaresnb GTV PF 2/2 BMecte ¢ TpyOkamu JJist TIOAa4YH MOPOIIKA U
COCIMHHUTENbHBIMU (PUTHHTaMH, CKOpocTHast kamepa Fastvideo 500M, ocharieHHass 00bEKTHBOM
Nikon CL-45, nopratuBHblii auoaHbIH (oHaps DNS, u3MepurenbHas JMHEHKA, MITATHBBI IS
KaMephbl U MOPOIIKOBOTO coruia. Ha puc. 6 mpuBeaeHbI TpUMEPHI KaJPOB, CIETaHHBIX CKOPOCTHOM
KaMepol B XOJie JKCIIepuMeHTa. Huke nmpuBOAATCS pe3yibTaTbl U3MEPEHUN TI'e€OMETPUYECKHUX
MapaMeTpoB Ta30MOPOIIKOBOTO MOTOKA Ul KKIOTO peXMMa mojadu mopoimka (tabmn. 1). B
UCTIBITAHUSX HCIIOJIB30BAJICS MOPOIIOK Ha HHUKEJIEBOW OCHOBE ¢ pasmepom Ppakmmii 50...106
MKM, B KQU€CTBE BCIIOMOTAaTEeIbHOTO ra3a MPUMEHSIICS aproH, MOAaBaeMbIi O]l JaBIIEHUEM S5 aTM.
s Toro, 4TOOBI ammaparypa WICHTH(UIIMPOBAIa YaCTHI(BI TOPOIIKA, TUOIHBIA (OHAPH
pacroaraicst HermoCpPeICTBEHHO MO/ BBIXOJHBIM COTUIOM U BBUIETAIOIIMMHU YaCTUIIAMHU MOPOIIIKA.
[To 3TO¥ MpUYMHE ClIeayeT NaTh PEKOMEH/IANNIO B MOAOOHBIX UCITBITAHUSX HCIOJIE30BATh TOIBKO
T€ WCTOYHUKUA OCBEIICHHS, KOTOpble OO0NaJaloT YCTOMYMBOCTBIO K TMOPOMIKY. Takxke
00s13aTeITLHBIM SIBIISICTCS MCIIOJIb30BAHME WHIMBHIYAJBHBIX CPEJICTB 3aIUTHl OPTraHOB JBIXAHUS
(pectiupaTopoB), Tak KaK YacTHUIIbI MOPOIIKA MPHU TOMAJaHUH B BEpPXHHE JbIXaTelbHbIC MyTH U B
JIETKHE OKa3bIBAIOT KpailHe HEOIarompusaTHOE BO3JCHCTBHE HA OpPraHW3M YeJIOBEKa, MpHYEeM
CTETEeHb TSKECTH TOCITEICTBUN OIpeNeNsaeTcs] KaK JIMTETbHOCThIO KOHTAKTa C TIOPOIIKOM, TaK U
€ro XMMHYECKHUM COCTAaBOM.
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Puc. 5. Cxema U3MepHUTEIBHOTO CTEHIA JUTS OLICHKH MapaMeTPOB Ta30MOPONIKOBOTO MOTOKA
(mpomopury U3MEHEHBI IJIS1 HATJISTHOCTH)

IHo3uuuu Ha cxeme:

1 - mopomKoBBIN TUTATED,
2 - TIOPOIIKOBOE COILIO;

3 - CKOpOCTHAs Kamepa,

4 - u3mepuTeNbHAs JINHEHKA,
5 - ucrounuk cBera;

6 - cTox;

7 - ITaTUB,

8 - MOPOLIKOBBII IIUTAHT.

Puc. 6. IIpumMeps! kaapoB, MOTYYEHHBIX C TOMOLIBIO CKOPOCTHON KaMephl
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Tabmuma 1. T'eoMmeTpuueckue mapaMeTpbl MOTOKA MPU Pa3IMYHBIX PEXKMMaxX TMOJa4d TMOPOIIKa Ha
paccrostHuN 40 MM OT BBIXOIHOM IS COTLIA

I'a3 [aBnenue Pacxon Pacxopraza, | Illupuna crpywm | lllupuna crpyu
rasa, aTM MOpo1IKa, T/c J/MUH o OBICTPOH | M0  MEAJICHHOM
ocu*, MM ocu*, MM
Apron 5 0.1 10 31 40
Apron 5 0.2 10 32 44
Apron 5 0.1 15 29 38
Apron 5 0.1 20 29 36
Apron 5 0.3 25 32 40

* Tlom «OBICTPOi» M «MEIJICHHOW» OCAMH ITOHUMAIOTCS Mayas © OOoJbIIas OCH
MOTIEPEYHOT0 CEYCHHUsSI CTPYH IMOPOINKA COOTBETCTBEHHO. JlaHHAs TEPMUHOJOTHS OISITH )K€ HE
SBJISIETCSl  OOILNENPUHATON, OJHAKO YK€ HMEET OMpeACiIeHHOe pacIpOCTpaHCHHUE B Cpele
CIEIHAIIMCTOB TI0 JIA3ePHOM 00padoTKe.

Ha ocHOBaHMM BH3yaJbHOTO aHAIM3a PE3YyJIbTATOB CHEMKU OBUIO CHIEJIAHO 3aKIIOYEHHE O
TOM, 4TO IOIEPEYHOE CEYEHUE CTPYHU MOPOIIKa UMeeT GopMy, IPUOTMKEHHYIO K SJUTMITHYECKOH.
IIpn noBbImIeHMH pacxoja rasa HAONMIOAAETCA CY)KCHHE CTPYH, a IPH YBEIHMUCHHH DPacxona
HOpOLIKA CTPYysI HAUMHAET pacIIupAThCA. B HermocpencTBEHHOM GJIM30CTH OT CoIjia CKa3bIBAlOTCA
KpaeBble d3(D(eKThI: TUHEHHbIE pa3Mephl CTPYH B IONEPEYHOM CEUCHHUU ONU3KH K pasMepam
BBIXOJIHOIO OKHa. Jlanee, B OJHOW NpPOEKLMM HAOIIOAAETCS pe3Koe pacIIMpeHue CTpyH, a B
JIPYrou - Cy’)K€Hue BIUIOTh A0 IEPETSHKKH M JaJbHEHIIEe PACIIMpPEHUE IOTOKAa. Takke MOXKHO
CAelaTh BBIBOJ O TOM, YTO COIUIO I'€pMETHYHO, MOTEPH IOPOLIKAa HAa IyTH OT IHTATENs [0
anepTypsl COIUIA HET.

bonpmmm HEOOCTAaTKOM COIlIa ABJIACTCA TOT (1)aKT, 4TO MOCJC €ro NpoxX0XKACHUA IMOPOIIOK
pacchInaeTcst mMoJi HeIOMyCTUMO OOJIBIIUM YIJIOM. B TaHHBIH MOMEHT UJET MOUCK ONTHMAaIbHOMN
KOHCTPYKIIMHU M TAaKUX T€OMETPUIECKHUX MTapaMETPOB COTLIA, TPH KOTOPBIX 3TOT HEJTOCTATOK Oy/IeT
HOJHOCTBIO ycTpaHeH. [IpuMepHas KOHCTPYKIMS MOJIEPHU3MPOBAHHOIO COIJIa Mpe/ICTaBlieHa Ha
puc. 7.

Puc. 7. MogepHu3npoBaHHas KOHCTPYKIMA COIIa
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[Tpu IpOEKTHPOBAHUH COIIA B OCHOBY OBLIH MOJIOKEHBI CIEAYIOIINE COOOpaskeHUS:

1. Kak 0bUT0 cKa3aHO paHee, COIUIO JIOJKHO OBITh M3TOTOBJICHO M3 MEIM WM CILIaBa Ha
OCHOBE MeJH (K pUMEpY, U3 JIATYHH ).

2. KoHCTpyKuus IOKHA COCTOSITh M3 TPEX AETalel: 3aIHsAs CTeHKa, MepeaHssl CTCHKa,
kpbimika. Kaxnmas getanp wu3rotaBiuBaeTcss Ha (Gpe3epHOM CTaHke, cOopka
OCYIIECTBISETCS MTPU MOMOIIY BUHTOBBIX COCIMHEHUH.

3. Heo6xoauMo M3roTOBUTH HECKOJIBKO OMBITHBIX O0PA3IOB COMJIa, YTOObI OCYIIECTBUTH
noa00p ONTHMAJIbHOTO KOJMYECTBA COCAMHUTENBHBIX (UTHHIOB (IPEAIOaraeTcs
HCII0JIB30BaTh MO0 OJIMH, JIMOO /1Ba (GUTHHTA), BBIOpATh ONTHUMAJIbHBINA YroJl HAaKJIOHA
BHYTPEHHUX TIOBEPXHOCTEH CTEHOK NIPYTr K NPYTry, ONTUMAIbHBIC JIUHY U IIUPHHY
BBIXOJIHOM IIEIIH.

4. Ilpu npoBeNEHUM HCHBITAHUNH C MOJAEPHU3MPOBAHHBIM COIUIOM Ba)XKHOM 3ajaueit
SBIIAETCS ONpENEIICHUEe HaTu4Ms TEepeTs KW B Ta3omopolikoBoi crpye. Eciu
nepeTshkKa Oyzner HabIoAaThesl, TO CIeNyeT BeCTH 00paboTKy TakuM 00pa3oM, YTOObI
MepeTsHKKa MPUXOJUIach Ha MOBEPXHOCTh JIETANIM; B STOM Clly4ae HEOOXOIMMO
TOOUTHCS TOTO, YTOOBI IEPETSHKKA HAXOIUIIACh PACCTOSIHUH OT BBIXOJIHOM IIENIU COILIa,
JOCTATOYHBIM JIJIsl TOTO, 4YTOOBI 0OpabaTkiBaeMasi AeTajib HE MOBEpraiach U3NULITHEMY
neperpeBy Bo BpeMs 00paboTku. Ecnu ke OyZeT ycTaHOBIIEHO OTCYTCTBUE MEPETIKKH,
ClIeIyeT OIpeNeinTh, MPU KAKOM PACCTOSHUU MEXAYy oOpabaTbiBaeMoOil JeTalbio U
BBIXOJIHOW MIETBIO COIUIA JOCTUTAIOTCS HAWIYUYIIHE XAPAKTEPUCTHKH MOKPBITHS IS
Pa3IMYHBIX METAIIJIOB.

5. Tlocne Toro, kak OyneT HaiiieHa ONTUMAaNbHAsE KOHCTPYKIHS COILIA, CIEAYET PEIINTh
BOIIPOC O COETUHEHUH €r0 C FOJOBKOM TOTO Jlazepa, KOTOPBIN ITAHUPYETCS] OCHACTUTh
STHM COIIJIOM C LENBIO MPOMBIIUICHHOTO IPUMEHEHUSI.

ITonBoxs utor, cieayer ee pa3 NOAYEPKHYTh, YTO KIOYEBBIM MOMEHTOM B IOCIIEYIOIINX
UCCIIEIOBAaHUSX B 00JacTH pa3paboTKu TexHosnornueckoil ocHactku ans ITINIH B momocy
SBJISIETCS U3TOTOBIICHHUE OIBITHBIX 00PA31IOB COIUIA U MTPOBEACHNE UCTIBITAHUH, ITOCIIE YEr0 MOKHO
Oyner cnaenatb BBIBOJ, Kakass HMMEHHO KOHCTPYKIUS W Kakue TeOMETPUYECKHE IapaMeTpsl
o0ecreunBaOT HaWJIydlllie XapaKTepPUCTHUKH MOPOLIKOBOM CTPyH, HEOOXOIuMble JUIs
KaueCTBEHHON U MPOU3BOAUTEILHON 00pabOTKY.

OOcnyxuBanre 00OpPYyIOBaHUS W TEXHOJOTHYeCKMe ocoOeHHoctu mpouecca [TIJIH B
1oJI0Cy He UMeIOT oTanuuil ot 06bruHoi I'TIJIH. [l Toro, uroOsl B X01€ 00pabOTKH UCKIIIOYUTh
MOTEpU TOPOLIKA MPU €ro TPAHCIOPTUPOBKE OT IOPOLIKOBOTO MUTATeNs B pabouyyio 30HY,
clleflyeT NMEepHOAMYECKH IPOBEPATh 3aTsKKY pe3bObl Ha (uTuHrax. Taxke, MOMHUMO CpEACTB
WHAMBUAYaAJIbHON 3allliThl OpPraHOB JbIXaHMS, NPU OCYLIECTBICHMHM HAIUIaBKM HEO0OXO0JIHUMO
00513aTeJIbHO UCMOJIb30BaTh MHIMBHyaJbHBIE CPEJCTBA 3aIlUTHl OPraHOB 3pPEHMs, KaK M IpU
JTH000M TEXHOJIOTMYECKOM MPOLECCE ¢ IPUMEHEHUEM JIa3epHBIX UCTOYHHKOB.

Texnonorust I'TIJIH B mojocy umeer OoiblIMe MHEpCHEKTHUBHI Ui MPUMEHEHUS KakK B
CEpPUITHOM, TAK U B MaCCOBOM IIPOU3BOCTBE. BBICOKas MPOU3BOAUTENIBHOCTD IIPOLIECCA MIO3BOJISIET
3aMEHMTH IUIa3MEHHYIO U JIEKTPOJYrOBYIO HAILIABKY JIa3epHON ¢ o0ecredeHneM 0osee BEICOKOTO
KAaueCTBA HAIUIABJICHHOI'O CJIOA W MEHBIIMMHU TEILUIOBBIMU BO3JCHCTBUSAMU Ha JeTalb. Bbicoku
NEePCIEeKTUBBI IPUMEHEHUS JaHHON TEXHOJIOTUHU 1J11 00pabOTKH KPYIMHOTa0apUTHBIX JAeTajel, yTo
CBSI3aHO OIIATH JK€ C BBICOKO! IIPOU3BOAUTEIBHOCTBIO
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nponecca. bonpie Toro - MoxkHO ckazatb, uro ['TIJIH B monocy pa3BHBaeTcsi UMEHHO C IEIBIO
00paboTKH KPYIMHOTA0APUTHBIX JACTalei, TAKUX KaK BaJbl aBTOMOOWIIC- U CYJJOCTPOCHUSI.
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