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Beenenue

KauyecTBO cTpOHTE/IbCTBA COBPEMEHHBIMH HHAYCTPHAJbHBIMH Me-
TOZAMH, JOJITOBEYHOCTb COOpY2KeHHH, 3(GdeKTHBHOCTb 3KCNJyarTa-
LIHH TEeXHOJOTHUeCKHX JHHHH BO MHOIOM 3aBHCST OT METOHOB H
CpeACTB HHXXEHepHO-reoJle3NyecKHx H3MepeHHufi. Bospacralomue
pa3Mephl COOPYKeHHH, HeyKJOHHOe yBeJHYeHHe TpeGOBaHHH K TOU-
HOCTH COOGJIOJ€HHSI HX TeOMETPHYECKHX TapaMeTpoB, NpeBpallleHHe
CTPOHTENBHOTO TNPOM3BOACTBA B KOMIIJIEKCHO-MeXaHH3HPOBAHHBIA
npouecc BHI3BaJH HEOOXOJHMOCTb YCOBEPLIEHCTBOBAHHS CYILECT-
BYIOIINX M pa3pabOTKH HOBBIX BBICOKOTOYHBIX METOHOB H CPEICTB
HHXKEHEePHO-TeOle3NYecKuX u3MepeHH#l. TOYHOCTH Treo/e3uYecKOoro
o6ecneyeHHs TaKHX COOPYMKEHHH, KaK INPOMBIIIJIEHHO-3aBOJCKHE
KOMIIJIEKCHI, THAPO3JEKTPOCTAHIHH, KOHBEHEpHblE JIHHUH pa3Jiny-
HOTO Ha3HayeHHs, XapaKTepusyercs AONycKaMu mopsitka 1—3 MM.
CreuudHuka CTPOHUTENILCTBA YHHKAJIBHBIX HHXKEHEPHBIX COOPYIKEHHMH
TpeOyeT MOBHIIIEHHS Ha MOPSIAOK TOYHOCTH M3MEpeHHH, MaKCHMaJib-
HOW aBTOMAaTH3alMH reofe3HUYecKHX paboT H MaTeMaTHYeCKOH 06-
paGOTKH pe3yJbTaTOB H3MEPEHHH, CO3MaHHSI CJHENSIIUX CHCTEM
¢ 06paTHOM CBA3bIO.

IOcTupoBKa 060pYyNOBaHHS COBPEMEHHBIX TEXHOJOTHUECKHX JIH-
HHf TIpeBpaTHJach B CJIOXHBIA NMpPEUH3HOHHBIA Npouecc AJs KOTO-
poro HeOGXOAHMBEI HOBBlE CIleNHaJIbHble Te0/e3HYeCKHe MEeTOJbI,
NpHOOPHEl H MEXaHH3MHBI.

BaxXHOCTh U 3HAYHMOCThb Pe3YyJbTAaTOB, MOJYUEHHBIX C NMOMOILIBIO
KDYMHEHAUWNX B MHPE COOPYKEHHH, TakuX, Kak CepnyXoBCKON yCKO-
PUTEJIb, SABJSETCS CTHMYJIOM JdaJjibHefulero pa3BuTHS (GH3HKH BHICO-
KHX 3HEpTHH.

O6beM reofe3aHuecCKHX H3MEpPeHHH TpPH CTPOHUTEJLCTBE H 3KC-
NJyaTallHH THTAaHTCKHX COODPYXKEHH# yBeJHUHBaeTCs1 BO MHOTO pas,
a Tpe6OBaHHSI K TOYHOCTH XapaKTEPH3YIOTCS HECATHIMH HOJSMH
MHJLJIHMETpA.

Bce 310 cTaBHT nepen reofie3HuecKOl HayKoOf CJIOXKHLIE 3afayu
nn pa3paboTKe, HCCAEAOBAHHIO H TMPHMEIICHHIO HOBBIX 3(hdheKTuB-
HBIX BBICOKOTOYHBIX METOJOB H CPEeACTB H3MepeHHH. uTO 06YyCJOB-
JIHBaeT yBeJHYeHHe 06beMa HaVYHO-HCCJIeJOBATENbCKHX H ONBITHO-
KOHCTPYKTOPCKUX pa6oT. OnHOM M3 BaxkHeHUIMX mpo6iem siBJAsieTCS
nPa3paboTKa Treofe3HUecCKHX METONOB JIJISI KOHTPOJS TPSIMOJIHHe -
HOCTH H COOCHOCTH TeXHOJIOTHYeCKOro o60pYyNOBaHHSI H CTPOHTEJNb-
HO-MOHTAXHBIX KOHCTPYKIIMH HHXEHEPHBIX COOPYIKeHHH.

Heo6xonuMocTh pa3paboOTKH HOBHIX BBICOKOTOUHBIX Teole3nye-
CKHX METONOB KOHTpPOJISI TNpPSMOJHHEAHOCTH H COOCHOCTH B 60-e
rofn Gblla O6YCJOBJIEHAa CTPOMUTEJNLCTBOM HE TOJBKO YCKOpHTEJEH,
HO H TaKHX COODYXKEeHHH, KaK paAHOaHTEHHble KOMILJIEKCH], HaNpaB-
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JsomKe NyTH, c60pOYHble KOHBeHepHl, NMPSMOJHHeHHbIe TeXHOJOTH-
yeCKHe JIHHHH KOTODBIX COCTABJISIIH HECKOJIbKO COT METPOB H Haxe
HECKOJIbKO KHJIOMeTPOB, a Tpe6OBaHHS K TOYHOCTH XapaKTepH30Ba-
JIHChb CPEIHHMH KBaJAPaTHYECKHMH MOTPEIIHOCTSIMH, COCTAaBJISIO-
IIHMH JecAThie H cOoThle NOJH MuJIuMerpa. Cnenndnka paboTH Ta-
KHX YHHKaJBbHBIX COOPYXeHHH norpe6oBaJjia UYaCTHYHOH HJIH NOJIHOH
aBTOMAaTH3allHH NpolLecca H3MepeHHH.

Jns pemeHHst 3THX 3ajay ObIIH BBHIIOJHEHbl JAeTaJsbHBIE HCCJe-
NOBAaHHA TPaJHIHOHHBIX METOAOB H CPEICTB TeONe3HYEeCKHX H3Me-
pPEeHHH ¢ leJbl0 HX MOJAEpPHH3alHH, pa3paboTaHbl HOBBIE ONTHKO-
3JIeKTPOHHBIE reoje3HyeckHe MeTOAB Ha 6a3e MNOCTHXKeHHH B obJa-
CTH ONTHYECKHX KBAHTOBHIX NPHOODPOB, POTO3IEKTPHUECKHX METOLOB
perucTpaliy, METOLAOB H CPEICTB KOTepeHTHOH ONTHKH; IIpo-
BeJeHbl aHaJM3 M HCCIeJOBAaHHA KauyeCTBEHHBIX OCOGeHHOCTeH Jia-
3€pPHOTO H3JIyYeHHS.

B naweii ctpane B 60-e roabl GBIJIH OCYIIECTBJEHH pa3paboTKH,
HCCJIeI0OBAaHHSI H HayaJIOChb CHCTEeMHOe NPHMEHeHHe KOTepeHTHOH OIl-
THKH NDH HHXXEHEepPHO-TeOJe3HYeCKHX H3MEPEHHSIX, B UaCTHOCTH NpH
BBICOKOTOYHBIX CTBODHBIX. BHINOJHEHHBIE HAay4HO-HCCJIENOBaTeNb-
CKHe M ONBITHO-KOHCTPYKTODCKHE pabOTH NOKa3ajH BO3MOKHOCTb
HCIOJIL30BAHHSA MAJIST KOHTPOJISI NMPSIMOJIMHEHHOCTH H COOCHOCTH Jia-
3€poB C AUCTAHLHOHHBIM cheMOM HHbopMauuu. Buin paspaboTaHbl
IH(bpaKUHOHHbIE METOABl H CpPeACTBAa CTBOPHBIX H3MEPEHHH ¢ HC-
NOJb30BaHHEM TroJiorpaMM. DTO 03HayaJl0 OTKPHITHE HOBOTO Nep-
CIIeKTHBHOTO HaNpaBJIeHHsI B Pa3BHTHH METOAOB H CPEIACTB reoj]e3H-
YeCKHX H3MepeHHH.

B HacTtosillee BpeMs Jla3epHble METOIBl H CPEICTBA HHXKEHEPHO-
reofle3N4eCKHX H3MepeHHH NMPHMEHSIOT B COYETAaHHH CO CPeACTBAMH
KOTeDEHTHOH OINTHKH, OITHKO-3JIEKTPOHHBIMH H (POTO3JEeKTpHYe-
CKHMH npeo6pa3oBaTesIsIMH, KOTOPEIE B IOCJEIHHE TOAbI MOJYYHJIH
oco6oe pasButHe. COBpeMeHHble METOABI H CpeNCTBa H3MepeHHi
obGecneyHBalOT HEOOGXOAMMYIO TOYHOCTb H aBTOMAaTH3alHIO NpoLec-
COB KOHTPOJISI NPSIMOJIMHEHHOCTH H COOCHOCTH GOJIBUIMHCTBA KpYI-
HBIX H OTBETCTBEHHBIX HHXXE€HEDHBIX COOPYXKEHHH HapOAHOro X0o3sH-
CTBA.



I'nasa 1
NPUHLUHUMNUAJIBHBIE OCHOBBI

FEOAE3UYECKHX METOIOB KOHTPOJIA
MPAMOJIMHEAHOCTH W COOCHOCTH

§ 1. CymHoCTb reoe3anyeckKux MeTONOB KOHTPOJS
NPAMOJMHEHAHOCTH M COOCHOCTH

HenpssMONHHEeHHOCTHIO HJIH OTKJIOHEHHSIMH OT NPSIMOJIH-
HefiHOCTH CYMTAlOT KpaTuafilihne pacCTOSIHHS OT TOYeK peaJibHOro
npoduas (NMOBEPXHOCTH CTPOHTEJIBHBIX H TEXHOJIOTHYECKHX KOH-
CTpYKUHi#) o 6a30Boii Wi pedepeHTHO#H mpsiMoi. OTKJIOHEHHE OT
NpPSIMOJIMHEHHOCTH MOXHO PacCMaTpPHBaTh KaK JHMHeHHOe cMelleHHe
B J11060# M3 ABYX B3aHMHO NepNeHAHKYJISPHBIX IJIOCKOCTeH OTHOCH-
TEJIbHO JINHHM TIepeceuyeHHs 3THX NJiockoctedl (puc. 1, a).

[Tox HeCOOCHOCTBHIO NMOHHMAIOT PAcCCTOSIHHS OT 3aJaHHOH
pedepeHTHOH NMpSIMON 10 reoMeTpHUEeCKOH OCH KOHTPOJHDPYEMBIX MO-
BEpXHOCTEeH BpallleHHss B TNpelesaxXx ABYX KOHEUHBIX Touek pede-
peHTHOM npsmoil. IIpu KOHTpOJIE COOCHOCTH H3MepSIOT JHHeHHBIe
CMeIlleHHsT B ABYX B3aHMHO MNepNeHAHKYJNSIpHBIX MiockocTsax. Ilpu
3TOM BO3HHKaeT HeOOXOZHUMOCTb BBICOKOTOYHOH (HKCAlHH OCH
KOHTPOJIUPYEMO#l NMOBEPXHOCTH BpallleHHS He MeHee uYeM B JBYX
TOYKaX, KaK NMpaBHJIO, B TOpPLAX NMOBEPXHOCTH BpalleHHs1 (amepTyp
TEXHOJIOTHYECKOro 06OpYydOBaHHsS, BHYTPEHHEr0 AHaMeTpa pa3sJHy-
HBIX Tpy6ONpOBONOB, CTAaTOPOB TeHEPAaTOPOB 3JIEKTPOCTAaHUHH
H Ap.). Ins KOHTPOJIST HECOOCHOCTH OTBEPCTHH KPYIMHOTabapHTHHIX
H3eJHH HCMOJNB3YIOT YEeTHIPEXONMOPHYIO BH3HPHYI0 Mapky (puc. 2),
KoTOpast obecneynBaeT BHICOKYI0 TOYHOCTb (DHKCAllHM ILEeHTpa OT-
BepcTHs. Mapka uMeeT onpaBy ¢ IByMsS MapaMH ONOPp H ABa LITOKA
C 3aKpemJIeHHBIMH Ha HHMX BH3HDHBIMH LeJsiMH. [IBe mapw omop
NPHAAIOT YCTOHUYMBOCTD MapKe KaK B HayaJbHOM MOJIOXKEHHH, TaK
u npu noBopote Ha 180°. TlosycymMMa oTcueTa Mo BH3HPHBIM LIEJSIM
NpH IBYX TOJIOXKEHHSX MapKH MO3BOJISIET OJHO3HAYHO H C BBICOKOM
TOUHOCTBIO ONpENeJNHTb LEHTP OTBEPCTHSI KOHTPOJHPYEMOTO H3Me-
YU OTHOCHTEJNBHO 3afaHHO# pedepeHTHOH npsMoil (MOHTaxHOH
OCH) B JIBYX B3aHMHO NepPHEHAHKYJISIPHHBIX MJIOCKOCTAX. TakuM 06-
pasoM, NPH KOHTpPOJIe TNPSIMOJHHEHHOCTH H COOCHOCTH H3MepsIOT
IBa MapaMeTrpa: HeCTBOPHOCTb 8; — AJMHY MNepleHAHKY/Ispa, Omny-
IEHHOTO M3 KOHTPOJIMPYEMO# TOYKH Ha BEPTHKAJbHYIO NJIOCKOCTb, H
BepTHKAJbHBIH OTPE30K A; OT OCHOBAHHSA NepNeHAHKysipa Ao pede-
peHTHO#H npsmoi (cM. puc. 1, a).

TeonesnyeckHe H3MepeHHS] NMPH KOHTPOJie MNPSMOJHHEHHOCTH H
COOCHOCTH BBINMOJIHSIIOT OTHOCHTEJNBHO IBYX B3aHMHO NepIeHIHKY-
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Puc. 1. HM3mepsieMble BeJHYHHH TPH KOHTPOJie NPSAMOJHHEHAHOCTH
H COOCHOCTH

Puc. 2. BH3HpHas Mapka JJs KOHTPOJS COOCHOCTH
OoTBEpCTHA



JSPHBIX IJIOCKOCTEeH — CTBOPOB, NMO3TOMY TaKHe H3MepeHHsl IpH-
HSITO Ha3blBaThb CTBO P HBI M H. [/ KpPAaTKOCTH Ha3BaHHH NPHOOPbLI
IJIsT KOHTPOJISI MPSIMOJIMHEHHOCTH H COOCHOCTH Ha3bIBalOT CTBOP-
HBIMH HJH CTBOpogHkcaTtopaMu. Ilpu 3TOM CTBOpHBIMH npubopamu
ONHOBpEeMeHHO H3MepsiioT JH60 o6a napaMetpa d; H h;, JHOO TOJIBKO
OJHH H3 HHX.

Pe¢epenTHble npsiMble MOTYT ObITb pa3/IHYHBIM 06pPa3oM OpHEH-
THPOBaHbBl B INPOCTPAHCTBE — FOPH30HTAJIbHO, HAKJOHHO, BepTH-,
Ka/JbHO. ONHH H3 ONOPHBIX NMYyHKTOB / Ha3BIBAlOT HauaJbHBIM, BTO-
poit Il — KOHeUHBIM NYHKTOM cTBopa. HecTBopHOCTb §; MPHHSATO
CUHTAThb MOJIOXKHTEJbHOH, eCJH KOHTpPOJHpyeMasi TOYKa pacmoJio-
KeHa BMNpaBO OT 3afaHHOTO CTBOPA, H OTPHIATEJNbHOH, €C/IH BJEBO.
HectBopHOCTH §;/, OmpemeseHHBle OTHOCHTEeNbHO cTBOpa [I—I
(B o6paTHOM HampaBJIeHHH), HMEIOT NPOTHBOMOJIOXKHBIH 3HAK.

B TOM cayuae, Koraa cTBOp AeJAT Ha 4YacTH, T. €. Ha Tak Hashl-
BaeMble YaCTHbIE CTBODbI, H3MEPSIOT YaCTHbBIE HECTBOPHOCTH A; (cM.
puc. 1, 6). HacTHasgs HECTBOPHOCTh A; — JJIHHA NEepNEHIHKY-
JSpa, ONMyLIEHHOr0 H3 MPOMEXYTOYHOH (KOHTPOJIHpYeMOil) TOYKH Ha
BEepPTHKaJIbHYIO IJIOCKOCTb YaCTHOro cTBopa. IIpu 3TOM HeCcTBOpHOCTB
0; OTHOCHTEJIbHO 3aJaHHOro o0llero CTBopa siBJsieTcsl QyHKIHEeH H3-
MEpEHHbIX YaCTHBIX HeCTBOpHOCTEH &8i=f(A1, As, ..., An). das
CTBOPHBIX H3MEpEeHHIH XapaKTepHO TO, YTO BeJHYHHbl HECTBOPHO-
credl 0; H A; He NPEeBBLIIIAIOT HECKOJbKHX CAHTHMETPOB, T. €. OHH
BO MHOIO pa3 MeHbllle pacCTOSIHHH MeXJAy TOYKaMH Ha pedepeHT-
Hoii mpsimoii. Kpome Toro, cieiyer OTMETHTb, YTO NpPH ONpejeJe-
HHH HeCTBODHOCTeH §; MO H3MepPeHHbLIM YAaCTHBLIM HECTBOPHOCTAM A;
nocjefHHe cJaelyeT CYHTATb TaKXe NepNneHJHKYJSPHbBIMH K 006-
weMy cTBopy. Takoe momylieHHe 3HAUHTEJbHO yNpOILAeT BbIYHCJIE-
HHSl, a BJIMSIHHE HeNMepneHAHKYJSPHOCTH A; Ha BeJHUYHHY HEeCTBOp-
HocTeHd §; HacTOILKO MaJio, YTO HM MOKHO NpeHebpeub, Jaxe IpH
CaMBbIX BBICOKOTOUHBIX H3MepEeHHSIX.

§ 2. HasHaueHHe H POJIb BLICOKOTOUHBIX METOJ0B
reoje3HYecKoro KOHTPOJs NpsMOJHHEHHOCTH
H COOCHOCTH B CTPOHTEJIbCTBE

BBICOKOTOUHBIE CTBOpHBIE H3MEpEHHS BBIMOJIHSIOT MpH:

1) nocTpoeHHH B HaType ONOPHHIX TeOJe3HYECKHX CTBOPOB
(OI'C) 6Gosbuioit AJHHBL NMyTeM (PUKCALHH psfa NPOMEXKYTOUYHBIX
NYHKTOB, ONpEAeJSIOIHX ¢ TpeOyeMOH TOYHOCTbIO MOJIOXKEHHe 3a-
nanHoro crBopa. OtHocHTeabHO OI'C npou3BoAST pa36HBKY OCHOB-
HbIX, MOHTAXXHbIX H BCIIOMOTaTe/bHbIX OCeH, YCTAaHOBKY B NpPOEKT-
1oe MOJIOXKE€HHe 000pYNOBaHHs, CTPOHTEJNbHBLIX KOHCTPYKUHH H AD.;

2) ompeiesieHHH TOJIOXKEHHsI psiia KOHTPOJNHPYEMBIX TOYEK
B MJaHe OTHOCHTEJbHO NPSIMOH, 3aKpenJeHHOH B HaType TOJbKO
ABYMSl OMOPHBIMH NYHKTaMH. B 3aBHCHMOCTH OT NOCTaBJIeHHOMH
LeJIH TOCJe COOTBETCTBYIOLleH MaTeMaTHYeCKOH 06pabOTKH NOJy-
YeHHBIX HeCTBOPHOCTEH MNOJy4yaloT HHPOPMAaLHIO O CTeNeHH Hemps-
MOJIMHEHHOCTH HJIH HECOOCHOCTH 060pyJOBaHHS HCCJeLyeMoro
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o6bekTa. B3auMHOe pacnosiokeHHe KOHTPOJHPYEMBIX TOYeK BJOJb
3alaHHOTO CTBOPA 3aBHCHT OT KOHCTPYKTHBHBIX OCOGEHHOCTeH KOH-
KpeTHOoro oobekra. B oblieM cjyyae OHH MOTYT pacrnoJiaraTbCsi Ha
Pa3JHYHBIX PAcCCTOSTHHAX APYr OT APyra H OT ONOPHBIX NMYHKTOB.
[Tpu mocTpoeHHH OMOPHBIX reoe3HYEeCKHX CTBOPOB NPOMEXYTOUHEIE
NYHKTBH CTPEMSITCS PACMOJIOXKHTb PaBHOMEPHO, YTO 3HAYHTEJIbHO
yJyylIaeT TeXHOJIOTHIO reoJe3uyecKux pabor.

CTBOpHble H3MEpEeHHs BBHIMOJHSIOT, KaK MpPaBHJO, NMPH CTPOH-
TEJbCTBE H 3KCIJIyaTallMH COOPYKEHHH, UMEIOLIUX NPSMOJHHEIHYIO
CTPYKTYPY. MeToAb M CpeICTBAa BBICOKOTOYHBIX CTBOPHBIX H3Mepe-
HHH HaxoAAT IIMPOKOe MpPHMEHEHHe NPH YCTAaHOBKE H BBIBEPKE
TEXHOJIOTHYeCKOro OGOpYyAOBaHHSI MPOMLILIIEHHBIX MpeANnpHSATHH,
npu pa36HBKe LIEHTPOB ONOP KaHATHO-NMOABECHHIX AOPOT, NMPH KOHT-
poJie MJIaHOBOTO MOJIOXKEHHS] HaNpaBJSIOIIHX NyTed 60JbLIOH Mpo-
TSXKEHHOCTH, NMPOKATHHIX CTaHOB M KOHBEHEpPOB M/ LIJIHGOBKH
CTeKJa, NTOAKPAHOBLIX NMyTei u Ap. MeToAb H CpPelCTBa BBICOKOTOY-
HBIX CTBODHBIX H3MEpeHHH SBJSIIOTCS OAHHMH H3 OCHOBHBIX
NpH KOHTpOJIe 32 COCTOSIHHEM KpPYNHBIX THAPOTEXHHYECKHX COOpY-
JKEHHH KaK B Npoluecce CTPOUTEJIbCTBA, TaK W B NEPHOJ 3KCIJya-
TalUH.

BBICOKOTOUHBIE MeTOABl CTBODHBIX H3MepeHHH, ObecrneyHBalo-
IHE KOHTPOJb MNpPSIMOJHHEeHHOCTH ¢ mnorpemHocTtbio 0,05—0,3 MM
NnpH AJHHE CTBOPOB N0 1 KM u 6oJiee, HIHPOKO NPHMEHSIIOT MNpH
CTPOHTE/IbCTBE, MOHTAXe H IOCTHPOBKe 000PYHOBAHHS NMPAKTHYECKH
BCEX Y3JIOB COBPEMEHHBIX YCKOpHTeJNeH 3JleMeHTapHBIX YacCTHIIL.
B psagme cayyaeB 3TH MeTOAbl €JHHCTBEHHO BO3MOXHBI, TaK Kak
TOJIbKO OHH YAOBJIETBOPSIIOT BBICOKHM TpPeOOBaHHSIM TOYHOCTH yCTa-
HOBKH (H3HYecKOro 060pyJAOBaHHS B NMPOEKTHOE MOJIOXKEHHE.

Onsi Toro yto6bl 06€CcneyHTb IOCTHPOBKY TEXHOJOTHYECKHX JIH-
HHii, Ha KaXIOM 3jleMeHTe 000pYyNOBaHHS NPEAyCMAaTPHUBAIOT CIe-
IHaJbHble TOYKH, 3aKpelJieHHble MaJioraGapuTHBIMH Treojlle3Hue-
ckuMHu 3Hakamu. Ilosoxenne ux c¢ morpemHoctbio 0,05—0,10 mm
OnpefessiloT Ha CIelNHaJbHBIX CTEHAAX reofe3HYecKoi KaJHOpOBKH
OTHOCHTEJIbHO MarHHTHOH MJIH [eOMEeTPHYECKOH OCH MOHTHPYEMOTO
H3Jesus.

YcTaHOBKY 060pYydOBaHHS MPOTSI)KEHHBIX TEXHOJNIOTHYECKHX KOM-
NJEKCOB B IPOEKTHOE IOJIOXKEHHE OCYLIECTBJSIIOT OTHOCHTEJNBHO
MOHTaXHBIX OCeH, KOTOpble 3a[al0TCsl KOOpJHHATAMH He MeHee ueM
IBYX ONMOPHBIX NMYHKTOB HJIH KOOPAHHATAMH OJHOrO NYyHKTAa H JH-
PEKIMOHHBIM YIJIOM cTBOpa. MoOHTaXXHble OCH MOTYT COBNaAaTh
¢ pabOYHMH OCSIMH arperaToB HJH pacnoJaraTbCsi MapaJJejJbHO HM.
Pa36uBKy MecTONMOJ/IOXKEHHS ONMOPHBIX MYHKTOB BBLINOJHSIIOT OTHO-
CHTeJIbHO OOlleH reofe3HyecKoil OCHOBHl Bcero coopyxeHus. Yaiue
BCEIO MOHTAXHOH OCbIO SIBJISIETCS TNPSIMOJHHEHHBIH OTPE30K HJIH
CHCTEMa a3HMYTaJbHO CBSI3aHHBIX MNPSMOJHHEHHBIX OTpe3koB. Ha
NpaKTHKe NpexJe BCero Heo6XOAMMO peasiu30BaTbh B HAType MOH-
TaXHylo ocb. B ciyyae 3HayuTe/NbHOH ee AJHHBI B CTBOpe 3afAaH-
HBIX NMYHKTOB YCTaHaBJHBAIOT Psil MPOMEXKYTOYHBIX TOYEK, 3aKpe-
NHB HX NOCTOSTHHBIMH MJIH BpPeMEHHBIMH TreOJle3HYeCKHMH 3HaKaMH.
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B 3aBHCHMOCTH OT XapaKTepa COODYXKEHHsS TOUHOCTb TaKoH peaJiH-
3al[HM MOHTAaXXHOH OCH WJIH 6a30BOH NpsSIMOI, KaK TNPHHATO ee Ha-
3BIBaTb, MOXKeT ObITb pa3Hoi. Ilpu ycraHoBKe ¢u3Hyeckoro o6opy-
JIOBaHUS JIHHEHHBIX YCKOpHTeseH H BBIHOCE B HaTypy MarHHTHO-OI-
THYECKHX OCeH KaHaJOB TPAaHCIOPTHPOBKH 3apSIKEHHBIX YaCTHI[
KOJIbLIEBBIX YCKODHTeJefl 6a30ByI0 NPSAMYI0 HEOOXOAHMO NMOCTPOHTD
C TOYHOCTBIO, XapaKTepH3yeMOH cpelHeH KBaApaTHYECKOH morpeul-
Hoctbio 0,05—0,20 MM anst paccrosinuit 500 M u Gosiee. Hasi obGec-
NeyeHHsI TaKHX BBICOKHX TpPeOOBaHHH ONOpDHbIe reoje3HYecKHe
CTBOPH JOJIXKHBI BKJIIOYAaTb BAKYYMHDOBaHHBIE HJIH TEDPMOCTaTHPO-
BaHHble JIy4yeBOABI, MO3BOJSIOLIHE HCKIIOYAaTb BJIHSIHHE BHELIHHX
YCJIOBHH Ha TOYHOCTb CTBOPHBIX H3MepeHHH.

CoBpeMeHHble ONTHYECKHE NPHOOPH, NMpPHMEHsieMble B MalIHHO-
CTPOEHHH, TMO3BOJISIIOT OAHOBPEMEHHO H3MepsATb 06a mapaMeTpa, xa-
PAKTEPH3YIOIIHX HENpPSIMOJIHHEHHOCTb MJIH HecoocHocTb. OmHaKo
3TH NpPHOOPH 06eCNeUHBAIOT BEICOKYIO TOYHOCTb TOJIbKO Ha paccTo-
SIHUSIX B HECKOJIBKO NEeCSTKOB METPOB H HaXOASAT JIHIIb OrpaHHYeH-
HOe NMpHMeHeHHe B HHIXKEHEPHO-reoJe3HYeCcKHx paboTax NIPH CTPOH-
TeJIbCTBE COOPYXKEeHHH 6OJbLIOH AJHHBL

ITpn ycraHoBKe O6GOPYAOBaHHSI COBPEMEHHBIX TOPH30HTAJIbHBIX
TeXHOJIOTHUECKHX JIMHHH GOJIBLIOrO MPOTSIXKEHHsl 3ajaya pellaercs,
KaK TNpPaBHJIO, NMYTeM pa3fAeJbHOTO ONpeNesieHHsT BENHYHHBl §; Me-
TOAAMH BBICOKOTOYHBIX CTBODHBIX M3MepeHHH H BeNHUYHHBI A; MeTO-
JlaMH TIpElH3HOHHOrO HHBeNHpoBaHHsA. CJefyeT OTMETHTb, YTO
B HacTosilllee BpeMsl AJsl ONpeJeseHHsI BBICOTHEIX OTMETOK IpOMe-
JKYTOYHBIX TOYEK 3aJaHHOTO CTBOPA NMPHMEHSIOT HEe TOJBKO METOJbI
M CpelCTBa reOMETPHUYECKOrO HHBEJHDOBAHHSI KOPOTKHM BH3HPHBIM
JY4OM, HO M TPELH3HOHHBIE THIPOCTATHYECKHE NaTYHKH, BXOJISILIHE
B CTallHOHAapHble THAPOCTATHUYECKHE CHCTEMBI ¢ (hOTO3NEKTPHUECKOH
peructparHeil moJIOXKeHHs! YPOBHS XKHAKOCTH.

§ 3. Knaccudmnkauuss METOLOB U CPEACTB
BBICOKOTOYHBIX CTBOPHBIX H3MePeHHH

B Hactosiiee BpeMsi AJjisi o6ecneyeHHs] BHICOKOTOYHBIX CTBOPHBIX
H3MepeHHH CylIecTByeT O60JbIIoe YHCJIO KOHTPOJBbHO-H3MEPHTEJb-
HBIX METOJOB M CpPEACTB, XOTSl HX pa3paboTKa, HCCIENOBaHHE H
NpUMeHEHHe HavaJ/uCh CpPaBHHTeJNbHO HenaBHo. Ha HavasbHOM
sTane ObUIH MPEANPHHSATH TONMBITKH HCIOJb30BaTb H3BECTHHIE TIeO-
/le3HYecCKHe MeTOAn H cpeAcTBa. OZHAKO OHH OKa3aJ/MChb NPHIOJ-
HBIMH TIDH MOHTaXe OTHOCHTEJIbHO NPOCTOro OGOPYHAOBaHHS CO
CcpedHUMH TpeGOBaHHSIMH K TOYHOCTH YCTAaHOBKH B IPOEKTHOE IIO-
JoxeHHe (2—3 MM). 3aTeM wIes mMpouecc MOAEPHH3aLUHH CYLIECT-
BYIOUIMX reojJe3HYyecKHX HHCTPYMEHTOB H METOJOB H3MEpeHHS B CO-
OTBETCTBHH ¢ HOBBIMH TpeGoBaHusimu (0,05—0,20 mm). YcTraHOBKa
COBpEMEHHOro 060pPYAOBaHHS B LieXax MPOMBILIJIEHHBIX NpeANpHS-
THH H yHHKaJbHHIX (u3HYeCKHX JsabopaTopuii morpeboBasa coue-
TaHHSl TeOJe3HYECKHX METOJOB C METOAAaMH H3MEepHTeJbHOH Tex-
HHKH, TIPUMEHsieMO#i B MAIIHHOCTPOEHHH, NMOBBILIEHHSI TOYHOCTH TeX
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M APYrHX MeTOAOB, Pa3pabOTKH HOBBIX HECTAaHAAPTHBIX reojie3nye-
CKHX NPHOOPOB H BCNOMOraTeJbHBIX MPHCIOCOOJEHHI!.

H3BecTHbIE BBICOKOTOUHBIE METOJbI M CPEACTBA CTBODHBIX H3Me-
DeHHH, KOTOpHle MNPHUMEHSIOT Ha pa3HbIX 3Talax CTPOHTEJbCTBA,
MOHTaxa M 3KCIJIyaTallid HHXKEHEePHBIX COOpYKeHHH, MOXKHO INOA-
pa3fesuTb Ha YeThipe OCHOBHBIX BHJAA MO (PM3HUYECKHM NPHHUHINAM,
MOJIOXKEHHBIM B HX OCHOBY:

1) onTHueckue — mpsiMasi JIHHHUS ONpEACJSIETCS BH3HPHOH HJIH
ONITHUYECKOH OCbI0 3PUTEJIbHOH TPYOBl, KOJIJIMMATOPa HJIH aBTOKOJI-
JIHMAaTopa;

2) cTpyHHble — 6a3oBasi mnpsiMasi JIMHHSI 3a4aeTcs HaTsIHYTOMH
CTPYHOH;

3) nyueBble — mpsiMasi JIHHUS 3aJa€TCsl OCbI0 My4YyKa CBETOBBIX
Jayyell, B TOM YHCJe H OCbI0O AMAarpaMMmbl HalpaBJIEHHOCTH Jia3ep-
HOTO MYYKa;

4) uHTep(epeHUHOHHbIe — OCHOBaHE Ha 3aKOHaX (hU3HUeCKOH
ONTHKH; NpsMasi JIHHHS ONpeJessieTcs] KOTePEHTHBIM HCTOYHHKOM
CBeTa H YCTPOHCTBOM, Da3fessiiOUINM MYYOK ero CBETOBHIX JyueH,
U peaJsiu3yeTcsl B IPOCTPAHCTBE OCbI0 CHMMETDHH HHTep¢epeHIHOH-
HOH HJIH AU DPaKUHOHHOH KaPTHHHI.

B Ttaba. 1. npencraBjieHbl HEKOTOpbHle TEXHHYECKHEe H TOYHOCT-
Hble XapaKTepUCTHKH OCHOBHBIX METOAOB CTBOPHBIX H3MepeHHi.
CJsiefyeT OTMETHTb, UTO CTBODHble H3MEDEHHS ONTHYECKUM METOLOM
MOTYT BBINOJIHAITBCS IO pAa3JIMYHLIM MpPOrpaMMaM, COOTBETCTBYIO-
IUMM TOH HJHM HHOH reoMeTpHYECKOH cxeMe MOCTPOEHHS OMNOPHOTO
reo€3WUYEeCKOro CTBOpaA.

Iast nocrpoenuss OI'C u Anst reofe3nueckoro obecrneyeHHs BbI-
COKOTOYHOH yCTaHOBKH oGopynoBaHHsi oTHocutesbHo OI'C 3a mo-
cJeHHe ABajALaTh JeT pa3paboTaHbl U BHEAPEHbH B MPOH3BOJACTBO
BBICOKOTOYHbIE ONTHYECKHe, CTPYHHbe, AHGMDPAKUHOHHBIE U Jiasep-
Hble METOAB U CpelACTBa CTBODHBIX H3MepeHHH, pa3paboTaHa pas-
HooOpa3Hasi anmapaTypa Kak C BH3yaJIbHOH, Tak H ¢ ()OTO3JIEKTPH-
yecKOH perucrpauueidi HHGOpMaLHUH.

Ha cTtbike KBaHTOBOH MeXaHHKH, ()U3HUEeCKOH ONTHKH H pajHo-
3JIEKTPOHHUKH CJIOXKHJIOCh HOBOE HampaBJjieHHe, Ha3biBaeMoOe KBaH-
TOBOH ONTHKO-3JIEKTPOHHKOH, KOTOPOE OXBATHIBAaeT TEOPHIO U NMpak-
THKY CO3[aHHS, a TaKxke CMOoCO6bl NMPHUMEHEHHSI KBAaHTOBBIX NMpPHGO-
poB onTHueckoro Auama3oHa. HoBoe HampaBjieHHe OTKpBLIO
LIMPOKHE BO3MOXKHOCTH B DPa3BHTHH CPEACTB H3MepeHHil BooOlle H
BLICOKOTOYHBIX CTBOPHBIX HM3MepeHHH B YaCTHOCTH.

IIpuGopbl AJs1 CTBOPHBIX M3MepeHHH C HCNOJb30BaHHEM Jia3e-
pOB, BH3yaJIbHBIX HJIH (DOTO3JIEKTPHUECKHX PErHCTPHPYEeMBIX YCT-
pPOHCTB NOJIYyYHJIH Ha3BaHHe «Jia3epHble cTBOpoHKcaTopbi». B Hux
HeO6XOJHMYIO H3MEpHTeJbHYI0 HH(GOpPMAaLHIO HeceT COOTBETCTBYIO-
muM 06pas3oM cHOpMHUPOBAHHBIH NMYYOK CBETOBBIX JIyde#, 4TO MO-
3BOJISIET NPH HCNOJb30BAaHHH (POTO3JEKTPHYECKOH perhHcTpauHH aB-
TOMAaTH3HPOBAThb CTBOPHble H3MEpeHHss H CO34aTb ClelHaJbHbIe
cJefsiliHe CHCTeMbl ¢ 06paTHOH CBS3bIO.

TpaauuHOHHBIE MeTOAbl H CPeACTBA CTBODHBIX H3MEpeHHH He
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TABJHLIA 1

Makcu- c
OCHOBHBIE BHAB MeToan M cpeacTBa MaJbHas PeAHARA

CTBOPHHX H3MepeHHA CTBOPHHIX H3MepeHHH AMHHA KBanparuqeckas
cTBOpa, M | MOFpelHOCTH

OnTtuyeckue (reomer- | ONTHYECKOro BH3HPOBAHHS:

puyeckasi ONMTHKa) no nporpamMMe  o6ero 1000 0,4—0,6"
cTBOpA
Nno mnporpaMMe mocJejo- 864 0,30 MM
BaTeJIbHEIX CTBOPOB R
MO CJOXHLIM MporpaMMmaM 1000 0,2”
C MpPHMEHEHHEM AaKCHKOHOB 30 0,17”
KonnumatopHbit 400, 0,045 MM
HOYbIO
2000
ABTOKOJIJIHMALHOHHBI 50 0,020 MM
CrpyHHBIE C MexaHMYeCKHMH OTBECaMH 200 2—4 mMM*
[TnaBawomeil cTpyHHI 400 0,4 MM*
CTpyHHO-ONTHYECKHH 50 | 0,02—0,10 mm

100 | 0,10—0,20 mmM
400 0,2—0,5 MM

JlyueBnie IIpu6op ynpaBjeHHsI Jy4YoM 700 35 MM
JlasepHblii BH3Hp H YKasa- 600 5—6 MM
TeJib HanmpaBJIeHHS
JlazepHbI TEONOJHT 500 10—15 MM
Hnreppepenuronnpe | JHbpakUHOHHBIH MO CXeMe 100 0,03 MM
onbita IOHra
JlazepHbli HHTepdepoMeTp 350 0,1 MM**
ISl KOHTPOJS MpsIMOJIHHEH-
HOCTH
JlasepHbli HHTep(epeHUHOH- 66 0,03 MM
HBli  CTBOPDOGHKCATOp C 30H- 336 0,125 MM
HBIMH MJIaCTHHaMH 3000 0,05”

* MisMepeHHS B 3aKPBITHIX MOMELIEHHX.
** i3MepeHHs1 B TePMOCTaTHPOBAHHOM Jy4yeBoJe.

MO3BOJISIIOT NOJHOCTbIO aBTOMATH3HPOBATh NMPOLECC Ie0fe3HyecKOoro
KOHTDOJISI IPSIMOJIMHEHHOCTH H COOCHOCTH. B CBSI3M C 3THM Hapsiay
C TeOpeTHYECKHMH H 3KCIEepUMEHTaJbHbBIMH HCCJIeL0BAaHHSMH
CTPYHHOTO, ONTHYECKOrO H AH(PAKUHOHHOIO METOAOB CTBOPHBIX H3-
MepeHHH BO3HHKJa HeOOXOAHMOCTb pa3pabOTKH H BCECTOPOHHEro
HCC/eJOBAHUSI CTALlHOHADHBIX CJEeASIIIHX CHCTEM, MO3BOJISIOUIHX
HenpepblBHO H AHCTAHIHOHHO MOJYyYaTb HHGOpPMALHIO O MOJIOXKe-
HHH KOHTpOJIHpyeMOoro o60pyJOBaHHs, a TaKxke aBTOMAaTH3HPOBaTb
OTAeJbHbIE MpOLeCCh BCEro KOMIJeKca reojpesnyeckHx pabor. Ta-
KHe CHCTeMbl SBJISIIOTCSI HaHOoJsee 3KOHOMHUYHBIMH IO CpaBHEHHIO
C CYILIeCTBYIOLUIUMH CXeMaMH H3MepeHHUH.

§ 4. 3akpenaenue nynkros OI'C
TJyGHHHBIMH 3HAKaMH

OcHoBHoe Ha3HaueHne OI'C —3ananue omopHOH (pedepeHT-
HOH) NpsMOH JIMHHMH, KOTOPYIO 3aKpeIJSIOT B HaType ABYMS HCXOA-
HBIMH H COBOKYNMHOCTBIO NPOMEXYTOYHBIX NMYHKTOB. OTHOCHTENBHO
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3TOH TNPpsIMOH, HCMOJBb3ys reoje3HyeckHe 3HaKH TNPOMEKYTOUHBIX
NYHKTOB, NMPOHU3BOAAT pPa30GUBKY OCHOBHBIX TeXHOJOTHYECKHX oceil
COOpDYJKEHHsl, YCTAaHOBKY B IIPOEKTHOC TOJIOXE€HHe TeXHOJIOTHYe-
ckoro o6opyAoBaHHs, HabJlofeHHe 332 CMeLleHUSIMH OCHOBaHHH CO-
OpYXKE€HHH pasJIMYHOro THNA H T. I

s 3akpensenust nyHKToB OI'C ucnoJb3yioT riyGHHHBIE 3HAKH.
ITockosbky Ha OI'C mpou3BOASIT BBHICOKOTOYHBIE H3MepEeHHSs, B KOH-
CTPYKHHH TIJTyGHHHBIX 3HAaKOB NpeAycMaTpPHUBAIOT yCTpoicTBa AJs
NPUHYAHTENbHOrO  (MEXaHHYECKOro) IEeHTPHPOBAHHSI CTBOPHBIX
npu6GOpPOB, TEOMOJHTOB, BU3HDHBIX MapoOK H Jp. 3HAKH 3aKJajLl-
BAIOT B MeCTaX, e TapaHTHPYeTCs HX COXPaHHOCTb B IepHOJ
CTPOMTENbCTBA H 3KCIJIyaTaUHMH coopykeHHs. Hx MecTonosoxkeHus
COrJIacylOT C TNPOEKTOM COOpPYXKEeHHSI M C TNPOEKTOM OpraHH3aiuH
CTPOMTEJIbHO-MOHTaXXHbIX paboT. 3HAKH 3aKJIaAbIBAIOT B KOPEHHbIE
NOpOJbl OCHOBAHHSI COOPYXEHHS 10 COIJIACOBAHHIO C TreoJioruye-
CKOH cJyK00i MPOEKTHOH OpraHH3alHH; NpPeAyCMaTpPUBAIOT HaJeX-
HYIO TepMOH30JILHI0 3Haka. KOHKpeTHasi KOHCTPYKUHsI 3HakKa 3a-
BHCHT OT Tpe6GOBaHUH K CTaOUJIbHOCTH €ro IOJIOXKEHHS, Ie0JIOTHH
yyacTKa yCTAaHOBKH 3HaKa, BHAA HCNOJb3yeMblX H3MepPHUTEJbHbIX
NpHGOPOB M BCIOMOraTeJbHOTO TIe0Ae3HUYeCKOro 000pYyHOBaHHS H
Apyrux (pakToOpOB.

B Hacrosiiiee Bpemsi pa3paGoTaHbl pa3/IHYHble KOHCTPYKLHH
3HaKOB: rJy6GUHHble — JJIs 3akpenJieHusi nyHKToB OI'C, nepenBux-
Hble — AJIS1 peaJsiu3aluHd B HaType MOHTaXHBIX CTBOPOB, MOPTaTHB-
1ible (ChbeMHbIe HJIH TOCTOSIHHBIE) — Ha TeXHOJIOTHYeCKOM 06opyno-
BaHHH, CrelHaJbHble CTEHHble 3HAKH U Jp.

PaccMOTPHM KOHCTPYKIHIO HEKOTOPBIX THIIOB TIJIyOHHHBIX 3Ha-
KOB Ans 3akpemseHusi nyHktoB OI'C. Haub6osee cra6uabHoii
4acTbl0 TJYGHHHOrO 3HaKa SIBJSIETCS $IKOPb, OTHOCHTEJbHO KOTO-
poro BBIMOJIHAIOT reofie3HueckHe H3MepeHHsi. B cBs3u ¢ 3TUM BO3-
HHKaeT 3ajlaya BBICOKOTOYHOIO NepeHoca IeHTpa C FOpU3OHTA 3a-

Puc. 3. T'nyGunnble 3Hakn st 3akpemvienns nyuxktos OT'C
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JIOKEHHs1 Ha pabouHii TOPH3OHT. [IJIsi 3TOro HCMOJB3YIOT CJEAYIO-
uHe cnocoGbl MepeHoca: ONTHYECKHH, CTPYHHBIH H MeXaHHYeCKHH.

B nepBom crmocoGe mpH NOMOILIH ONTHYECKOro npHGopa Bepx
3HaKa IEeHTPHUPYIOT HEMOoCPeACTBeHHO HaA sikopeM. llenTp 3Haka
B BHJE CBETOBOH Mapku 5 (pHC. 3, a) 3aKpemyeH B GeTOHHOM Ky0e
4, ycraHoBJIeHHOM B creuuasbHoMm wypde. Ilepen Hayasom pa6ot
OCb BTYJIKH / TOJIOBKH 3HakKa 2 LEHTPHPYIOT NPH MOMOLUH ONTHYE-
CKOrO IeHTPHpa HajA CBeTOBOH MapKoH. [lis oOCayXHBaHHS MapKH
uMeeTcs crnelHaJsbHbIi Ja3 3. Takoll 3HaK MOXHO 3aJIOXKHTb, KOrAa
KOpeHHble MOPOAbI HaxoAsiTcsi Ha riy6uHe 2—5 M. B kauecTBe cBe-
TOBOH MapKH MOXKeT HCIOJIb30BaTbCsl aMilyJa C HAaNOJHHTENEM H3
cnabo cBeTsiiLierocsi pagHoaKTHBHOro H3oTtona TpuTHA. Cpok roaHo-
CTH TaKOil MapKH 5 JeT.

B cTpyHHOM cnocobe nepeHoca HCNOJb3yeTCs NPHHUHUI 06paT-
Horo oTBeca. KoHCTpyKuHsi ero paspaboraHa Kadeapoil NpHKJIaj-
HOH reofie3ann MOCKOBCKOIO HHCTHTYTa HHXXEHEPOB reoJle3HH, aspo-
¢orocvemku H Kaprtorpapuu (MHHMI'AuK). 3nak cocTouT H3 mo-
naaBka (B BHAe NakeTa TOpPOB), MJaBalolllero B XHAKOCTH 6
B KoJsbleBoM GacceiiHe I (puc. 3, 6). IlonnaBok umeer ypoBeHb 4
u MapKy c nepekpectHeM 2. HabuiofeHHs OCYIIeCTBJSIOT C IO-
Molllblo MuKpockona 3. ITomsaBok § coequHeH cTpyHO# 8 c siKo-
peM 9, 3a6eTOHHPOBAaHHBIM B CKBaXKHHe 7. B INpaKTHKe HIHPOKO
IIDHMEHSIIOT Tpy6uyaThle KOHCTPYKIHH KOHCOJbHOro Tuna. OHM npea-
CTaBJSIOT cO60H CBOGOJAHO CTOSILLYI0 KOHCOJIb, HHXXHHH KOHeL KO-
TOpPOIi 3aKpemJieH B 3a6oe CKBaxXHHbl. TakuM o06pa3oM, 3HAK IOJ-
HOCTBIO H30JIHPOBAaH OT HexeJaTeJbHbIX BO3JEHCTBHH TpYHTOB,
HaXOJSIHKXCS BhILIe SIKOps. 3HAKH pa3fe/isloTCs Ha 3HAKH C XKecT-
Ko#i (pHuc. 3, 8) u rubkoil KoHcosblo (puc. 3, 2). JKecTkocTb mep-
BbIX [103BOJISIET yCTaHABJHBATb H3MepHTEJbHbIH NMPHOOpP Hemocpen-
CTBEHHO Ha 3HaKe. B 3HaKax C XKeCTKOH KOHCOJIbIO BLICOTA KOHCOJIb-
HOH YacTH JocTHraer 6 M, MO3TOMY HX YYBCTBHTEJbHOCTb K 60KOBEIM
BO3JeHCTBUSIM MaJsia. 3HakKH C THOKOH KOHCOJIbIO yCTaHaBJIH-
BalOT, €CJH HeOGXOJHMO YBEJIHUYHTb INIyOHHY 3aJI0OXKeHHS SKOpS.
Jsisi yCTaHOBKH H3MepHTEIbHOrO NpHOOpa TaKoi 3HaK cHabxaercs
OTOJIOBKOM 2, HIpalollUM poJib MNOCTOSTHHOrO ILUTAaTHBA, BTYyJKa I
KOTOPOro LEHTPHpyeTcsi Haj BepXoM J KOHCOJNBHOH YacCTH C IO-
rpewHocTbio 0,01 MM. Takue 3HakH LIHPOKO NPHMEHSIOT NpPH 3a-
KpenJieHHH TOYeK ONOPHOH CeTH psja OTEeYeCTBEHHBIX H 3apy6ex-
HBIX YCKOpHTeJIeH, a TaKXe NpPH H3yYeHHH MHKDOCMeIeHHH TpyH-
TOB OCHOBAHHS COOPYXKEHHH.



I'nasa 2.

BbICOKOTOYHBIE ONTHYECKHE METOZbI
U CPEACTBA CTBOPHbIX U3MEPEHHUH

§ 5. BbICOKOTOYHBIE CTBOpPHbIE H3MEPEHHS,
NpoBOAHMble METOAOM ONTHYECKOr0 BH3HPOBAHMS

ITpn MoHTaXe TeXHOJOrHYEeCKOTO 060PYAOBAHHSI U CTPOHTEJbHO-
MOHTaXHbIX KOHCTPYKUMH IIHDOKO NPHMEHSIOT BBICOKOTOYHbIE
CTBOpHblE H3MEPEHHS, HCIOJIb3ys METOJ ONTHYECKOTO BH3HPOBAHHS
Ha MapKH, NOC/IeNOBaTEJbHO yCTaHaBJHBaeMble Ha IPOMEXKYTOU-
HbIX TOYKax cTBopa. [ljs 3aToro pas3paboTaHbl creuuasbHble 3pH-
TeJibHbIe TPYObl C BHyTpeHHeH (OKYyCHPOBKOH, ABOHHOro usobpa-
JKeHHS], ¢ aKCHKOHOBBIMH OGBEKTHBAMH.

KonnmuMannoHHyI0 MJIOCKOCTb CTBOPHOrO NpHGOpa COBMEIIAIOT
C 3aJaHHBIM CTBOpPOM. JLJIsi 3TOTO 3PHUTEJNbHYI0 TPYyOy LEHTPHUPYIOT
Ha OJHOM H3 ONOPHBIX NMYHKTOB OOLIEro WJM YacTHOro CTBOpa, BH-
3UPYIOT Ha OPHEHTHPHYI0O MapKy, LEHTPUPOBaHHYIO Hal [ApPYTHM
ONMOPHBIM NYHKTOM. 3aTeM, BH3HPYsl Ha NPOMEXYTOYHble MapKH,
MOCPEACTBOM OTCYETHBIX NMpHCNOCOGJeHHi TpyObl HJIM MapKH ompe-
JeJISIIOT HCKOMOE IT0JI0XKeHHe KOHTPOJIMPYEMOH TOUKH OTHOCHTEJbHO
OpPHEHTHPOBAaHHOH BAOJb CTBOPA BH3HPHOMH JIMHHH.

3HaueHUss HECTBOPHOCTEH ONpenessioT TpeMsi cnocobaMu: MOJA-
BHXKHOH MapKH, MaJblX YIJIOB H HENOCPEACTBEHHOTO H3MEpeHHs JIH-
HeHHOHl BEJIHYHHBI HECTBOPHOCTH ONTHYECKHM MHKDPOMETpPOM 3pH-
TEJbHOH TPYOHI.

Cnoco6 nmoaBuxHON MapkH. Ha i{-M myHKTe cTBOpa ycCTaHaBJIH-
BAalOT MapKy C MOABHXKHOH BH3HPHOH LeJbI0O H, BBOAS NOCJELHIO
B crBop [—II, onpefessiOT N0 OTCYETHOMY YCTPOHCTBY MapKH Be-
JUYHHY ee IMepeMelleHHs], COOTBETCTBYIOILYI0 HECTBOPHOCTH &;
(puc. 4). OTcueTHOE YCTPOHCTBO MOXKET ObITb B BHAE IIKAJbl C HH-
J€KCOM, HHIHMKATOPHOrO YCTPOHCTBA WJIM MHKPOMeTpa, B 3aBHCHMO-
CTH OT HeoOGXOJMMOH TOYHOCTH OTCYETa W JAHaNa3oHa H3MepeHHH.
MectoM Hysast (MO) HaspiBaeTcsi OTCUeT IO LIKaJje MapKH, NPH KO-
TOPOM OCb CHMMETPHM BH3HDHOH LeJH IPOXOAHMT 4Yepe3 LEHTP
3Haka. B koMmJjekT 060pyJdOBaHHs BXOJSAT OpHEHTHpHAasT MapkKa
C HeNOJABHXXHOH BH3HDHOH LeJbIO, TEOJOJNHT HJH aJHHUOMETp cClle-
IHaJbHOH KOHCTPYKUHH — BH3UPHBIH NPHOOpP CO 3PUTEJNBHOH TpY-
60it 6osblIOrO YyBeJHYeHHs. Hanpumep, ajsHHHOMETDP HapOAHOrO
npeanpusitusg «®Ppaiibeprep npeuusnoHc MexaHuk» ([IP) umeer
yBenuuyeHHe Tpy6bnl B 67%, a omnOKa BH3UPOBAHHSI UM COCTaBJIsIeT
0,18”. Ocpb BpalleHuss TPyObl YCTAHABJIHUBAIOT B TOPH3OHTAJIbHOE
MOJIOXKeHHe C MOMOIIbI0O KOHTAKTHOTO YPOBHs C ueHofl gesneHus 107,
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Puc. 4. CxeMa CTBOPHHIX H3MepeHHii CIOCOGOM MaJbX YIJIOB M YrJOB, GJH3KHX
K 180°

[opH30HTa/NbHBIH M BEepPTHKaJbHBIH KPYrH OTCYTCTBYIOT, Tpy6a Mo-
JKeT HAKJOHATbCS B BEPTHKAJbHOH MJIOCKOCTH Ha yroa 30°.

HecTtBOpHOCTb §; ONnpenesnsieMOro NyHKTa B 3aBUCHMOCTH OT OLH-
(pOBKH IIKaJbl MapKH BBIYHCJSIOT MO OAHOH H3 cjeAywolux ¢op-
mya: 8;=a;— MO; §;=MO —a;, rae a;— cpeaHuii oTcyeT IO
IIKaJie MOJBHXKHOH MapKH NPH ee BBeAEeHHH B CcTBOp. JlomycTHMEIe
pacxox/JeHUs U3MepeHHbIX HeCTBOPDHOCTeH MeXAy NMpHeMaMH MOTyT
6bITh onpepesieHsl no popmynam *

A< 3,65 (m2y 4+ m3) 2o, my = my, ~20°T,

TAe Mop U Mg — YrJOBble OMIHOKH OPHEHTHPOBAHHS M (HKCHPOBA-
HUusl (BBeLEHHS NMOABHXKHOH BH3UDHOH LleJH B CTBOD); S — paccros-
HHe OT OMOPHOrO NMyHKTa O ompejessieMoro; I' — yBennueHue 3pH-
TeNbHOH TPyOHl; p=206 265”. Oxunaemas omu6ka Ms, omnpenene-

HHSl HECTBODHOCTH IMYHKTa MOXeT ObITb MOACYHTAHA Mo ¢opmyiie

m2 1
My =5 (m2 L ) , 1
6[ p v op + ngy ny ( )

rie n;— YHCJO NPHEMOB OMNpejesieHHs] HeCTBOPHOCTH; Mg — YHCJIO
¢uKcupoBaHHA MapKH B ofHOM mnpHeMe (OJHO (HKCHPOBaHHE CO-
OTBETCTBYeT [ABYKPAaTHOMY BBeJIeHHIO MapKH B CTBOp — clpaBa H
cjeBa). B Hacrosiee Bpemsi AJis1 yCTPaHEHHs OCHOBHOTO HeJOCTa-
TKa 3TOro cnoco6a — pa3oOblleHHOCTH HabJ/ioAaTesss H MOMOIUHHKA
Y MapKH — HCMOJIb3YIOT MOABHXKHble MapKH C JHCTAHLHOHHBIM YyII-
paBJieHHeM.

Cnoco6 Maapix yraoB. HecTBopHocTH 0; HJIH YacCTHble HECTBOP-
HOCTH A; MOTyT ObITb NOJIyyeHbl MO H3MEPEeHHbIM MaJbiM yriaam B;
M PacCTOSIHHSIM S; OT BepIUMHBI MAaJIOro yrja A0 KOHTPOJHpyeMOH
TOYKH MO (opmyse §;=s;sin B; WIH, yUUTHIBAsi MaJocTb yraa (cwm.
puc. 4), d;=ws:fi/p. ITox MaJbIM yrJOM NMOHMUMAETCs yroJi, BeJHYHHA
KOTOPOTO MoXeT OblTb H3MepeHa ONTHYECKHM MHKPOMETPOM 3pH-
TeJbHOH TpyObl TeOLOJHTA INPH COBMELIEHHH OAHOTO M TOTO XKe
LITPUXa TOPH3OHTaJbHOro kpyra. Hcmosab3oBaHHe TOJIBKO OLHOTO
mITpuxa JHM6a oCBOOOKAAET pe3y/bTaT OT BJIHSHHS OLIMGOK Je-
JeHu# Jumba.

* Kapacon A. A. H3Mmepenne nedopMauHfi ruAPOTEXHHYECKHX coopyxe-
nui,— M.: Henpa, 1984.
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ITo uccnenoBanusam H. E. [JoHCKHX H3MepeHHs MaJIbIX YIJIOB Lie-
JlecOO6pPa3HO NMPOU3BOAUTb ONTHYECKUM MHKDPOMETPOM TEOAOJIHTOB
T1 (mo HaweMy MHeHHIO, Takxe H TeoJosuToB T2, 2T2) npu aByx
NOJIOXKEHHSAX Kpyra Io cJeaywoolue#i nporpamme. Ilpu u3aMepeHuH
HanmpaBJieHHUH B KaXXAOM MoJynpHeMe MPOU3BOAST [Ba HaBeLeHHS
61CCEeKTOPOM 3pHUTeJbHOH TpPyObl M 6GepyT OTCYeTh Mo JUMOYy H
1ikajse MHKpoMeTpa. CpenHsis KBaJpaTHuecKas OIIHGKA H3MEPEHHS
MaJIoro yrjia OJHHM MOJIHBIM nmpHeMoM cocrasuna 0,46”. U. E. [loH-
CKHX BBINOJIHHJI JAeTajibHble HCCNEeJOBAHHUSI TOYHOCTH CTBOPHBIX H3-
MepeHHH Ccnmoco60M MaJblX YIJIOB MO PasHbIM NporpamMmMaMm H MHO-
TOYHCJIEHHbIM TeOMETPHYECKHM CXeMaM IOCTPOeHHs CTBopa G6oJib-
LIOH JJIMHBL.

Oxupaemasi cpefHsss KBajpatHueckas owmn6ka M, ompeneie-

HHUSI HEeCTBODHOCTH NyHKTa MOXKeT ObITb BbIUHC/JIeHAa MO ¢opMyJe
Mgy, =mgsi/(pn), rae my— cpeaHss KBajpaTHYeckKas olln6Ka H3-
MepeHHUs] MaJsioro yria OAHHM NPHEMOM ONTHYECKHM MHKDPOMETDOM;
n— YHCJO NPHEMOB H3MepEeHHs yrJa; S; — PacCTOSIHHE OT TeOLO-
JIUTA [0 ONpEeAessieMOro MyHKTa.

Cnoco6 u3MepeHHsl yria Ha KOHTPOJAbHOM nyHkTe. OH 3aKJIo-
yaeTcss B TOM, YTO HA OMNpeAessieMOM NYHKTe TEO4O0JHUTOM H3Mepsi-
ercs Gauskuil kK 180° yroa y; (cM. puc. 4) MexAy HanpaBJeHHSIMH
Ha ONMOpHble MYHKTH HWJH y;’ HAa COCeAHHE KOHTPOJIbHbIE MYHKTHI
(mpu ompejneseHUH HECTBODHOCTEH 1O mNporpaMme YrJOMEPHOTrO
X04a).

HisMepHB TEOAOJHTOM YroJ y; MeXIy HanpaBJeHUSIMH Ha OMOp-
Hble MYHKThbI, HECTBOPHOCTb §; BBIUMCJISIOT 1O (hopMyJie

§; — _(180° —vi)sisirr )
o (sri -+ sirr)

CpeaHiol0 KBaApaTHuecKylo omn6ky M,, ompeaeseHHs HECTBOD-
HOCTH MOXHO PacCCUMTaTh 10 (opmyJie

MO‘___ﬂ____s”s"” . (©))
o spitsin

[Ipu u3MepeHHH yryIoB y; Ha COCeAHHE KOHTPOJIbHble MYHKTH H

paccTOsiHHUA MeXJAy HHMH reoMeTpHuecKasi cxemMa CTBODHBIX H3Me-

peHHuil SBJISIeTCS MO CYUIECTBY BBITSHYTHIM MOJHTOHOMETPHYECKHM

XOA0M.

B nocsneanue roapl co3faloTcs H LIHPOKO BHEAPSIIOTCS B MPOU3-
BO/ICTBO METOJAbl M MPHOODHI, MO3BOJISIIOIIHE H3MEPUTb HEMNOCPenCT-
BEHHO BEeJHYHMHY O; DU MOMOILIH OTCUETHBIX YCTPOMCTB 3PHTENbHOMH
Tpy6bl MM TNOABUXKHOH MapkdH. B Hacrosulee BpeMsi paspabo-
TaHbl CHelHaJibHble BBICOKOTOYHbIE CTBOPHble NPHOOPHI — aJHHHO-
MeTpbl, MHKPOTeJeCKONbl H CrelHaJsbHble NPHOOPL NMPOBEPKH MNpSsi-
MOJIMHEHHOCTH, NMJOCKOCTHOCTH H COOCHOCTH, B KOTODHIX B KauecTBe
OTCYETHOTO YCTPOHCTBA IPHUMEHSIIOT ONTHYeCKHEe MHKPOMETpHI
C MJOCKOMmapaJljieJibHOM MNJIacCTHHKOA. AJIMHMOMETPBHl cayXaT AJs
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BBITIOJIHEHHSI BBICOKOTOYHBIX CTBOPHBIX HM3MepeHHH B mpolecce
CTPOHTENbCTBA H TNpPH omnpefeseHHH AedopMalUH KDPYNHBIX HHXKe-
HepHBIX COODYXKEeHHH, TaKHMX, KaK IJIOTHHBI, MOCTBI, NOJAIOpPHbIE
CTeHKH H Ap. B oTJHYHe OT TEONONHTOB OHH He HMEIOT TFOPH30H-
TaJIbHOTO H BEPTHKAJbHOTO KPYroB, CHa6XeHbl 3pHTeJbHOH Tpy6oi
OosibLIETO yBeJHYeHHs, HaKJaJHbIM yDOBHEM, YCTAaHOBJIEHHBIM Ha
TOPH3OHTAJIbHYIO OCb BpallleHHs TPyObl, H MOTYT COAEpXKaTb OKYy-
JSPHbBIH MHKDOMETD HJIH ONTHYECKHH MHKpDOMETp ¢ IJIOocKomapaJ-
JeJbHOH nyacTuHKoH. Ecin aJHHHOMETDH He HMeEIOT MHKPOMETPOB
npu Tpybe, TO CTBOpHble H3MepEHHS BBINOJHSIOT CNOCO60M NOA-
BHXXHOH MapKH, HMelolled COOTBETCTBYIOLIHE OTCYETHble YCTPOH-
ctBa. OOHUM H3 TaKuX NpPHOOPOB sBasieTcsl ajqHHHoMerp Hapoxn-
Horo npeanpusitHs «®peiibeprep npeunsuonc mexaHuk» ([IP).
YBesuyeHHe 3pUTEJbHOH TpyObl ajquHHOMeTpa 67%, nHameTp 006%L-
ektHuBa 70 MM, norpemHocTb BH3upoBaHus 0,18”, HaumeHblIee pac-
CTOsiHHe BU3HpOBaHus 10 M.

MHKpOTe/NeCKONbl HMEIOT TeJECKONHYECKYl0 CHCTeMY H MHKpO-
ckon BMecTo OKyssipa (puc. 5, @). C mOMOIIBI0O MHKPOTENECKONOB
MOXKHO H3MepsiTb HECTBODHOCTH Ha pacCTOSIHHSIX OT Topla TpyOH
o GeckoHeyHocTH. K TakHM npH60pamM OTHOCATCS OTeYeCTBeHHBIH
NpUGOp AJIsI KOHTPOJISI NPSIMOJIHHEHHOCTH, MJIOCKOCTHOCTH H COOCHO-
ctu IIIIC-11, mukporeneckon ¢pupmbl «Teftnop — I'o6con» (Benuko-
GpuTaHus); aHaJoruuHbii npu6op ¢upmel «dappann» (CIIA)
v Ap. Huxe npuBefeHbl OCHOBHBIE XapaKTEPHUCTHKH 3THX NMPHGOPOB.

IIIC-11  IIpu6op dupmbl Ipu6op ¢bupMbl

OCHOBHble XapaKTePHCTHKH (CCCP) «Teitsop — I'o6cons «dappaHa»
(Bennko6putanusa) (CLIA)

YBesnyeHue, Kpart 30 30 30

Ilpenen BH3HpoBaHHs 3pHTeabHHX 0,1 0,1 0,25

TPy6, M

[Tpenenn uaMepenuit mo mkaje Muk- =+1,0 1,2 +3,0

pomMeTpoB, MM

lleHa feneHHsI MHKpOMeTpa, MM 0,02 0,02 0,25

IMorpewHocts BH3HpoBaHMs Ha pac- 0,011 (,017 0,017

CTOSAHHH 10 M, MM

Ha TouHOCTb H3MepeHHH ONTHYECKHMH CTBODHBIMH NpHOOpaMH
BJIMSIOT CJelylolllHe OCHOBHble NOTpelIHOCTH: NpHOOpHbIe, BH3HPO-
BaHHs, OTCYeTa, LEHTPUPOBAHUSI H PEAyKLHH, H3-3a CJAyYyaHHBIX TO-
CTynaTeJbHbIX H a3UMYTaJIbHBIX CMeLIeHHH MHKpOTeJsecKomna.

K norpeumHocTsiM CTBOPHBIX H3MepeHHUH BCEMH ONTHYECKHMH Me-
TOJaMH CJelyeT OTHECTH TaKxke BJHSAHHe pedpakuuu Jyueil cBeTa
B Bo3ayxe. M3BecTHo MHoro pa6oT, paccMaTpHBAIOLIUX BJIHSHHE
60KOBOH pedpaKlHH, BbIBEAEHH Pa3HOro BHJAA HHTerpaJbHble ¢op-
MyJIbl AJISl yyeTa 3TOro BJHSHHA. Hampumep, nmorpeirHocTb Beien-
cTBHe 60KOBOH pedpakuuu NPHUOJIHUKEHHO MOXHO ONpefesNHTb MO
tdopmysne Ar=0,12 (AT)uopul?, rae (AT)nopm — COCTaBJISIONIAS BEK-
topa AT, HOpMaJibHasi K KOJJIMMAlHOHHOH INJIOCKOCTH 3pHTENbHOi
Tpy6bl — GOKOBOH rpajaHeHT TemnepaTyphl; L — pacCTosiHHe OT aJiH-
HHOMeTpa A0 BH3UPHOH MapKH.
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Puc. 5. CtBopHHA mnpu6op Ha
Ga3ze aJIMHHOMETpa «Kapan
Lleiic» M BH3HpHBIE MapKH:

a — CTBOpHBIA  mpHGOp: [ — MHKpO-
MeTp; 2 — HaKJalHOR ypOBeHb; 3 —
KOpnyc 3puTeNbHORA TpyGH; 44—
MoACTaBKa; 6 — yHHBepcajabHasi 1Lue-
JicBas MapKa; 6 — MapKa-BKJaahill,
2 — Ga3oBas MapKa-BKJaaAb!lI

I
z\ o = E
iy HH
[subu]

%}J
N

BesnnunHa cocTaBaswollell TeMnepatypHoro rpafaueHTa (AT)uopwm
Ha Tpacce BH3HPOBaHHS B GOJiblllell Mepe ONpeRessieTCss HeOLHO-
POAHOCTBIO TEMIIEPaTyphl MeXAYy MOHTHPYeMBIM 000DYLOBaHUEM H
OKpY2KaloluM Bo3AyxoM. s nomeleHuil nexoBoro THOa (AT)uopm
3aBHCHT TaKxXe OT CJy4YaHHbIX H3MEHeHHH TeMmepaTyphl, BbI3BaH-
HbIX TepelBUXKEHHEM MeXaHH3MOB, BEHTHJIsSIUMEH H T. M.
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§ 6. OnTHYecKHe CTBOpPHbIE MPUGOPHI — AJTHHHOMETPHI

Jns obecneueHHs] TOYHOCTH MOHTa)Xa OGOPYAOBAHHS TAKHX
COOpY2KeHHH, KaK YCKOPHTeNH 3apsiKeHHBIX YaCTHIL, peaKTOphl, aH-
TeHHble KOMIIJIEKChbl, CO3JaHa amnmapatypa AJs BbICOKOTOUHBIX
CTBOPHBIX H3MepeHHH MEeTOAOM ONTHYEeCKOro BH3HUPOBAHHUS, BKJIO-
yalollasi aJMHHOMETpP W pas3JjiHuHble BU3HPHble MapkH. B anuHuO-
Mmerpe (cM. puc. 5, a) ucnosb3oBaHa 3pHTenbHas Tpy6a npubopa
IJIST KOHTPOJ1S1 COOCHOCTH, KOTOpHI#i BeIMyckaeT HapoaHoe npeanpu-
arue «Kapa Lleiic» (I'ZIP), wau mnpumeHsieTcsi MHKpPOTEJIECKOIN
¢upmbl «Teilsmop — F'o6con» (Benukobpuranus). IIpu 3TOM B KOH-
CTPYKLHIO 3pHTENbHOH TPyObl BHECEHbl CJIeAyIoLlHe H3MeHEHHs:
IOCTHpyeMasi ceTKa HHMTeH; Tpy6a ocHallleHa ClelHaJbHBIM yIOpPOM,
OrpaHHYHTEJbHBIM KOJbLUOM H OiaeHfoit — nporuBoBecoM. Iloa-
cTaBKa npubopa HMeeT NOJyKHHeMaTHYecKylo ocb. OmnopHble Ko-
JIOHKH 3pUTENbHOH TpPyObl HaxXOAsITCS B Ma3ax MOJACTAaBKH H MOTYT
nepemMeliaTbCsl MEPNEHAUKYJISIPHO BU3HPHOH OCH, UTO NO3BOJISIET BH-
3HPHYIO OCb 3pUTENbHOH TPYyObl COBMECTHTb C MJIOCKOCTbIO, COBIA-
Japollell ¢ BepTHKaJbHOH OCblo BpalleHHs ajuHHOMerpa. Iloa-
CTaBKa aJUHUOMETpa MMEET 3aKpeNUTeJbHbIH U HAaBOASIIUHA BHHTHI,
obecneunBaloliie TOYHOe HaBeJeHHe HAa BH3HUPHYIO LeJb H HEH3MEH-
HOe IOJIOXKeHHe 3pUTEeJbHOH TpyObl NOcje ee OPHEHTHPOBAHHS IO
6a30BOMYy HampaBJieHHI0. YCTaHOBKa Npubopa B pabouee moJjiozke-
HHe OCYILeCTBJsieTCsl NMpPH MOMOLIM ABYX ypoBHeH. OnuH ypoBeHb
3aKpenJieH mapaJiyiesibHo TpyOe, a Apyroi — HakJaAHOH -— NepIeH-
nuKyJaspHo. IToacTaBka cofep:KUT LEHTPUPOBOUHBIH INapHK, KOTO-
pBIl YKpEIJIeH COOCHO C OCbi0 BpallleHHsl aJIHHHOMeTpa C Morpel-
HocTblo 5—10 MKM. 3puTesnbHass Tpy6a aJIMHHOMEeTpa MOMelleHa
B XpOMHDOBaHHBIH LHJIMHAPHYECKHH KOpPNyC TakK, YTO IOCTHPOBKOH
CeTKH HHTeH MOXKHO COBMECTHTb BH3HPHYIO OCb H IeOMETPHYECKYIO
ocb Kopnyca. Tpy6y MoxxHO moBopauuBaTb Ha 180° BOKpyr susup-
Hoi ocu. Ha 3putenbHylo TpyOy HaJeBalOT Hacaiky C ABYMs
B3aHMHO NepHeHJHKYJSPHBIMH ONTHYECKHMH MHKPOMETPAMH C ILJIO-
CKoNapaJ/uleJbHbIMH IJIaCTHHaMH. V3MepeHHsI cnoOCOGOM NOABHK-
HOH BH3HDHOH MapKH Npou3BOAAT 6e3 6J0Ka ONTHYECKHX MHKPO-
MeTpoB. B aToM ciiyuae Ha mepenHuil Topel 3pHTeJbHOH TPyObl Ha-
JleBalOT ClelHaJbHbIH NPOTHBOBEC, KOTOPBIH OLHOBPEMEHHO CJYXKHT
B KauecTBe OJIEHABI.

Takum o06pa3oM, KOHCTPYKLHSI aJMHHOMETpa MO3BOJSIET: BHI-
NOJTHATb NMOBEPKH COOJIIOAEHHS] FeOMETPHUECKHX YCJOBHH H IpPH He-
06X0AMMOCTH NPOHU3BOJAHTb IOCTHPOBKY; aBTOMAaTHYeCKH C BBICOKOH
TOYHOCTbIO TPOH3BOAUTL LEHTPHPOBaHHE; H3MEPATb HECTBOPHOCTH
NpH J[ABYX MOJIOXKEHHSX ONTHYeCKHX MHKPOMETPOB, MOBOpayHBas
3pUTEJIbHYI0 TPYGYy BOKPYr BH3HpHOH ocu Ha 180°, uTo B 3HauHTeNb-
HOH CTeleHH KOMIIEHCHPYeT HeKOTOpble NPHOOpHble IOrpelIHOCTH,
B YAaCTHOCTH MNOTPELIHOCTH H3-3a NepepoKyCHPOBKH.

Texnuueckue xapakmepucmuKu aiuruomempa

YBenuuenue, KpaTt 30
[1penesitl BH3HPOBaHHSA, M 0,8— o0
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Henapannenvhocts o6pasyiolieil UHAHHAPHYECKOro Kopnyca H reomer- 0,002
pHYeCKOH ocH TpyGhl, MM, He GoJsee

Paspewaomasi cnoco6HOCTb TPYGbi, yri. c 2,0
lleHa nesneHHS HAKJAAHOrO YPOBHs, YrJ. C 9,4

JlJsi npuMeHsieMBIX NPH YTJOBBIX H CTBOPHBIX H3MEpEHHSAX Ma-
POK TOYHOCTb HaHECEHHS BH3UPHOH IleJH CPAaBHHTEJbHO HEBLICOKa,
H, KpOMe TOro, BH3HpDHble LeJH HMeIOT NOCTOSIHHble pa3Mephl, MOo-
3TOMY TPYAHO OO6GecrneyHTb ONTHMAJbHOE COOTHOLIEHHEe MeXAY BH-
JUMOH BEJHYHHOH BH3HPHOH L€JH H TOJILIHHOH BePTHKAJbHOH HHTH
HJIM pa3MepoM GHCCEKTOpa CeTKH HHTell. B psje ciyuyaeB moAaBHXK-
Hble W HeNOJBMXKHble MapKH CHa6XaloT CbEeMHbBIMH BH3HPHBIMH
LeJSIMH, KOTOPbIC HMEIOT HeJOCTAaTKH, CBSI3aHHble C HX HEHAEHTHY-
HOCTBIO H3-3a MNoOrpeluHocTed H3roToBJieHHs. Kpome Toro, mpu ce-
pPHAHOM H3rOTOBJIEHHH TPYAHO NpeAyCMOTpeTb Bechb AMANa30H pac-
CTOSIHHI BH3UPOBaHHS, KOTOPBIH MOXKET BCTPETHTbCSI B MPAaKTHKe
HHXKEHEePHO-Teole3HYeCKHX paboT.

IIpu BHIMOJIHEHHH BBHICOKOTOYHBIX CTBOPHBIX H3MepeHHH Ha psje
KPYIHBIX OTE€UYeCTBEHHBIX YCKOpHTeJieH 3apsi?)KEeHHbIX YAaCTHI, U IpPH
MOHTaXe€ YHHKAJBbHOTO 006OpPYJOBaHHS 3SKCIepHMEHTa/bHbIX peak-
topoB (Hampumep, HBP-2) BHeapeHb B NpPOH3BOACTBO YHHBep-
cajibHble BH3HDHble MapKH H KOMILJIEKTBl MapoK C IOCTOSIHHBIMH
(HCCEKTOpaMH, PaCCYHTAHHBIMH AJISI COOTBETCTBYIOILIHX PaCCTOSTHUH
BU3HPOBaHHSI.

YHuBepcasbHasi BU3HpHAsi Mapka (pHC. 5, 6) HMeeT pa3iBHXK-
HYI0 BH3HDHYIO LleJb 8 B BHAE LIEJH, IUHDHHA KOTOPOH yCTaHaBJIH-
BaeTCs B 3aBHCHMOCTH OT PacCTOSIHHS H OCOOEHHOCTeH 3peHHs Ha-
6mopatensi. llenp Mapku ocBellaercss uepe3 MaTOBBIH pacceuBa-
Tenb. Mapka HMeeT BH3Hp, KOTOPHIH MO3BOJISIeT CBECTH K MHHH-
MYMY MOTI'PEIIHOCTb 33 YIJIOBOH MOBOPOT IJIOCKOCTH BH3HPHOH LieJIH
K ctBopy. OcCb CHMMeTpUH BH3HPHOH LeJIH MAOJKHA COBNaAaTh
C BepTHKaJbHOH OCbl0 BpallleHHsi MapKH. /sl 3TOro Mapka cHa6-
JKeHa I0CTHPOBOYHBIM YCTPOHCTBOM.

KOHCTpPYKTHBHO MapKa COCTOMT H3 Pa3ABHKHBIX LITOPOK, o6pa-
3YIOUIHX BH3HPHYIO Lieb 3 B BHJE CBeTslleicss BePTHKAJbHOH IO-
Jocku. Pasmep BH3HPHOH le/H peryJaupyercsi MOCpPeACTBOM ABYX
KyJa4ykoB & ¢ MHKpOMeTpeHHbIM BHHTOM 4. Mapka ycraHaBJ/HBa-
eTcsl B CIlellHaJIbHOH NMOJACTaBKe 6, CHaOXeHHOH MOABbEeMHBIMH BHH-
TaMH | W LUJIHHAPHYECKHM ypoBHeM 2. lleHTpHpoBaHHe MapKH Ha
3HaKe ¢ TOYHOCTbI0 10—15 MKM ocCyluecTBJ/IsieTCsl € MOMOLIbIO 1OCa-
JOYHOTo Liapa 7 AHaMeTpoM 25,4 MM, 3aKpelJeHHOro Ha MOACT4BKe
MapKH COOCHO C ee BepTHKAaJbHOH ocblo BpauieHus. C 2aaHeil cTo-
POHBI 1lleJb 3aKPbIBA€TCS MATOBBIM MJIH 3€JIeHBIM CBETO(PHJILTPOM.

Mapku ¢ 6GHCCEKTOPOM HMEIOT MOJCTaBKy, aHAJOTHYHYIO T.OI-
CTaBKe YHHBEpPCAJbHOH MapKH, HO BEPXHSSl YdCTh CYLISCTBEHHO H3-
MeHeHa. BusupHas ueab B BHAE NMOCTOSIHHOTO OHCCEKTOpPa YCTaHOB-
JleHa B ClelluaJbHOM JepxKaTese, HMeIOLIeM I0CTHPOBOYHbie BHHTHI,
HUJIHHAPHYECKHH YypOBeHb U BU3Hp. BH3HpHas 1eslb BBHIMOJIHGHA Ha
OprCTeKJie TOJNUHHOH 3—4 MM M pacCUHTBIBaeTCSi Ha OMNpejeJseH-
Hblfi JAHana3oH paccTossHuil. KOMMJIEKT TakuX MapoK C pasHbIMH
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pasMepaMH BH3HDHOH lieJM NIPHMeHsieTCsl Ha cTBopax AjaHHOH 0,1—
2 KM.

Ilpu BepTHKAJbHOM MOJIOKEHHH LEHTPHPOBOYHBIX BTYJIOK Ie€O-
Jle3HYeCKHX 3HAKOB HaXOASIT NPHMeHeHHe MapKH ¢ pasJjiHYHOH ¢op-
MOH BH3HDHOH LEJH H C LIAPOBbIM HJH LHJIHHADHYECKHM ILE€HTpPH-
POBOYHBIM BKJajbllleM (pHc. 5, 8, 2).

Ilpu BH3HpOBaHHH 3pHTEJbHBIMH TPy6aMH ¢ BHYTpeHHeH (oKy-
CHPOBKOH BO3HHKAIOT INOrPELIHOCTH H3-32 H3MEHEHHs MOJIOXKEHHS
BH3HPHOH OCH NpH NepeMelleHHH (OKYCHpYIOILEro KOMMOIIeHTa Te-
Je0ObeKTHBA MO CJAEAYIOIIMM NpHYHHAM: 1) riaBHas Touka (OKy-
CHpyIOLIero JIHH30BOrO KOMIIOHEHTa IMepeMelllaeTcsi HenpsMOJIM-
HeHHO H3-32 HeNpaBHJbHOI (OPMBI HalpaBJAAIOUIHNX; 2) NPAMOJH-
HellHasl TPAaeKTOpHs TIJ1aBHON TOYKH (OKYCHpYivlllero KOMIIOHEHTa
He COBMajaeT C ONTHYECKOH OCbio OObeKTHBA, MPOXOAsAlLEll uyepes
ilepeKpecTHe CeTKH HHTeH.

HccnenoBanus BAHSHHS XO0Aa (OKYCHDPYIOLUIEro KOMIIOHEHTa Te-
Je06beKTHBA 3pHTENbHOH TPy6Obl BO3MOXKHO BBINOJHHTL 1O KoJeba-
HHSIM MecTa HyJsl aJHHHOMeTpa Iocje MOBepPKH COO6MI0J¢HHS Treo-
MEeTPHYECKHX YCJOBHH.

MecTo HyJast cliefyer onpelessiTh AJsi paccTOSTHHE oT 1 mo 25 M
NpH ABYX TMOJIOXKEHHSIX ONTHYECKOro MHKpPOMeTpa — MHKDOMETP
cieBa (MJI) u Mukpomerp cmpaBa (MII) —nyreM mnoBopoTa
TpyObl B Jarepsix Ha 180° BOKpYr BH3HPHOH OCH.

Kaxpoe omnpeneneHHe NPOH3BOAHTCS 4YeTbIpbMS IMpHEMaMH CO
cpejHeH KBaApaTHYECKOH NMOrPeLIHOCTbI0 15 MKM.

3aTeM CTPOHMTCA TrpaHK H3MEHeHHsI MecTa HyJs CTBOPHBIX
npubopoB Ha 6ase 3puTeJbHbIX Tpy6 HapoaHoro mnpeanpusitHs
«Kapan Le#ic» (I’AP) u ¢upmur «Teitmop — ['o6con» (BeaukoGpu-
TaHHA) B 3aBHCHMOCTH OT PacCTOSIHHSl [0 YHHBepPCaJbHOH MapKH.

Haun6osbiiuit xo4 (oKycHpYIOLIEro JHH30BOrO KOMIOHEHTa Ha-
6/10faeTcsl NpH BU3HPOBAaHHH Ha paccTsioHue 20 M. M3aMeHeHHus no-
JIOXKeHHS] BU3HPHOH OCH NpH nepepoKycHpoBKe oT 1 o 25 M aas
3puresbHOH Tpy6pl Hapoanoro npeanpusitusi «Kapa Liefic» (IAP)
pocturaer + 152 mkM, a pupmbl «Teitmop — l'o6con» (Bennkobpu-
taHusi) —120 MKM, YTO B YIVIOBOH Mepe COCTaBJsieT COOTBETCT-
BeHHo +1,20 u —O0,96”. DTO rOBOPHT O TOM, YTO NPH BBHICOKOTOHU-
HbIX CTBODHBIX H3MepDeHHAX BJIHSIHHe INepedOKYCHPOBKH CJeAyeT
YUHTHIBaTb, BBOASI NMONPAaBKH B pe3yJbTaTbl CTBOPHbIX H3MepeHHH.
[nsi McKMOYeHHs BJHMSHHS NOrpPeIIHOCTeH nepedOKyCHPOBKH NpH-
MEHSIOT: COOTBETCTBYIOLIYI0 METOAHKY H3MepeHHH (HanpHMmep, NpH
JBYX NOJIOXKEHHSX 3PHTEJbHOH TPYO6bl), 3pHTesbHble TPYObI, He BHO-
csilllie MorpellHocTed 3a nepegokyCcHpOBaHHe, IOCTHPOBKY MOJIOXKe-
HHSl CeTKH HHTeH Mo ABYM TOYKaM 3aJaHHOTO CTBOpA, BBINOJIHSE-
MYIO TaK, 4TOObl MOrpelIHOCTH Ha NMPOMEXYTOUHBbIX TOYKAX OblIH
MHHHMaJIbHBIMH. B pe3y/abTaThl CTBOPHBIX H3MepeHHH BBOASAT MO-
NpaBKH, NMOJyYyeHHble Ha OCHOBE CeLHaJbHBIX HCCJIeJOBAaHHH 3aBH-
CHMOCTH MOJIOXKEeHHSI BU3HDHOH JIHHHH OT NepedOKyCHPOBAaHHS.

IlorpewrnocTn 3a nepeoKycHpOBaHHE HCKAIOYAIOTCS B 3pHTEJb-
HbIX Tpy6ax ABOHHOro M306pa’keHHs, B KOTOPbIX CeTKa HHTeH Mo-
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JKeT OTCYTCTBOBaTb, TaK KaK H3MepSAIOTCS BeJHYHHB B3aHMHOTO
CMellleHHust ABYyX H300pax<eHUH OAHOH U TOH XKe MapKH.

[TorpemHocTy 3a mepeOKyCHPOBAaHHE MHOJIHOCTBIO OTCYTCTBYIOT
NpH BH3HPOBAaHHH 3PHTENbHBIMH TPyO6aMH, OCHallleHHBIMH 00 beKTH-
BaMH H3 KOHHYeCKHX HJH MEHHCKOBBIX aKCHKOHOB — JIHII3 C MaKCH-
MaJIbHBIMH TPOAOJBLHEIMH CchepHuyeCKHMH abeppaulHsiMH, H3TOTaB-
JIHBaeMbIMH B BHJ€ KOHYCOB C IJIOCKHM HJIH BOTHYTHIM OCHOBaHHEM
HJIH B BHJeE NOJIOXHTeNbHOro MeHHcKa. [Ipu aToM cospaercst Hempe-
pPBIBHOE BBITSAHYTOe H306pakeHHe TOYeyHOro HCTOYHHKA CBeTa
BJIOJIb ONTHYECKOH OCH, NMO3BOJISIOlLee CTaGHIM3HPOBATh JHHHIO BH-
3upoBaHus. Ha 3ToM cBolicTBe akCHKOHOB I'ocynapCTBEHHBIM OITH-
yeckuM HHctuTyToM (I'OM) paspa6oran npu6op HII-477 — «On-
THYecKasi cTpyHa». OH npeaHa3sHaueH AJis H3MepeHHs] H rpaduue-
CKOH pEerucTpalHyH OTKJOHEHHH OT NMPSMOJHMHEHHOCTH HAa paccros-
Husax ot 0,2 1o 30 M ¢ morpewHoctbio 0,3”. IIpuGop MoxeT GbITh
UCNOJIb30BAH MNPH HaJajKe TEeXHOJOTHYECKOTO O6OpyAOBaHHS B
3HeproMallMHOCTPOEHHH, CTAHKOCTPOEHHH M KpPYMHOM MallHHO-
CTPOEHHUH.

B MHUI'AuK paspaboTaHbl IBe ONTHYECKHE HACAaAKH, KOTOpbIE
MOTYT OBbITb NOCTaBJIeHbl Ha OOBEKTHB JI060H 3pUTENbHOH TPYOHI.
B o6eux HacaZkax HCIOJIb30BAH NPHHIHUI AKCHKOHA; B OJHOH H3
HHX HMeeTCsl MaKCHMaJbHasi cepuyeckasi, B JApYrod — XxpoMarTu-
yeckasi abeppauusa. O6e Hacaaku pabGoOTalOT aHAJOTHYHO 3PHTEJb-
Holt TpyGe npubopa [I1-477 6e3 nepedokycupoBkH. [IpenmylectBo
TaKHX HacaJok nepei ontHyeckoi ctpyHoit III1-477 coctout B TOM,
4TO He TpebGyeTcsl JOMOJHHTENbHBIX 3aTPaT Ha NPOH3BOJCTBO 3pH-
TeJbHBIX TPYO.

OpHako cJenyeT OTMeTHTb, 4TO cdepa HCNONb30BAaHHSI 3THX
npH6OpOB B HHXKEHepHO-reofe3HyeCKHX paboTax orpaHHuyeHa, TakK
KaK KOHTPOJIHpYeMble TOYKH AOJIXKHBI ObITb IpeJBapHTENbHO YyCTa-
HOBJIEHH Ha OAHOH NPsSMOH C OTKJIOHEHHsIMH He GoJsee 0,5 MM.
Kpome TOro, npuMeHeHHe aKCHKOHOB B OODBEKTHBAX BBHI3BIBAeT He-
06X0AMMOCTb HCNOJb30BAHHSI MOLIHBIX H3JyyaTeJseH.

3ajauyy yYCTaHOBKH TEXHOJIOTHYECKOro 060pyJOBaHHSI B CTBOpe
3aJJaHHOH MOHTaXXHOH OCH 3HAuYuTeJbHO obJieryaer mpHMeHeHHe
ONTHYECKOTO CTBOPHOro GHneHTanpu3aMeHHoro npu6opa (CBII).

CTBOpHBIH OHIEHTanpu3MeHHBIH npuHGop (pHc. 6, @) COCTOHT
U3 MOACTaBKH I ¢ OCeBOH CHCTeMOH M aJMAaJHOH YyacTH, Ha KOTO-
poit yKpenJieHbl LHJIHHADHYECKHH YpOoBeHb § C LeHOH neneHHs 207,
MHKpPOMeTp ¢ LeHOo# aeneHuss 10 MKM, 60K meHtanpusm 4, 3pH-
TeJbHasi Tpy6a 6 ¢ yBeauueHueM 25*% u nportuBoBec 3. IloacraBka
HMeeT XBOCTOBHK CO cepHYeCKHM YTOJILIEHHEeM B HHXHeH YyacTH
nHamerpoM 254 MM Jasi OAHOOOpa3HOH YCTAaHOBKH mpHGOpa BO
BTyJIKE TeOoJe3HyYecKoro 3Haka. AJiHAajHasi yacTb cHa0)KeHa 3a-
JKUMHBIM H HaBOASIIIMM a3UMyTaJbHBIMH BHHTaMH, a TaKXe Ha-
npabJsiiolllell, B KOTOPOH C MOMOLIbIO MHKpoMmeTpa 2 Iepemella-
eTcsl MoJI3yH ¢ OJIOKOM MeHTanpH3M, NMPHOJHKAACh K 3PHTENbHOM
tpy6e CBII nau ynanssce or Hee. [leHTanpuaMbl pa3BepHYTHl OTHO-
CHTEJBHO APYT Apyra TakuM o6pa3oM, YTO NMepefaloT H306parKeHHs
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Puc. 6. CtBopHBIH GUNeHTaNpH3MeHHBIH PHGOP:
a — ycTpoiictBo npHGopa; 6 — cxeMa CTBOPHbIX H3MepeHHi

BH3HPHBIX LieJeH, YCTAaHOBJEHHbIX Ha HAayajJbHOM H KOHEYHOM MYHK-
Tax CTBOpA, B 10Jle 3peHHs] 3PUTEIbHOH TPYOHI.

[Tpu BhimosiHeHHH H3MepeHHil ¢ nomouibio CBII ero ycraHaBau-
BAlOT NMOA yrJoM npumepHo 90° K JHHHH cTBopa. BrimoaHsas ¢oky-
CHPOBKY TpyOnl M Bpamasi Tpy6y HO asHMyTy, HOJYy4aloT B IoJe
3peHHst TpyGbl H3006parkeHHs ABYX CTPYH OGpPaTHHIX OTBeCOB (Ha-
uaJbHOH H KOHeYyHOH BH3HDHBIX leseH). [lasee, 3aKpenHB ajHAal-
HYI0 yacTb NpHOOpA C MOMOLIbIO 3a’XKHMHOTO BHHTA H JAeHCTBYSl MH-
KPOMETPEHHbIM BHHTOM, BpallaloT aJHAaAHyI YacTb nmpubopa mo
TeX NMop, MOKa H306pakeHHs BUSHPHBIX LieJeH He OKaXyTCs BOJH3H
BH3HpHOH JHHHH 3pHTesabHOH Tpy6n CBII. Ha sTom 3akanuyuBaloT
NOArOTOBHTEJbHEIE PabOThl M NPHCTYNalT K H3MepeHHsM. [ledcT-
Bys MHKPOMETpPOM, T. €. NHepeMellasi GJOK MEeHTAaNpH3M OTHOCH-
TeapHo Tpy6nl CBII, coBmewmaroT H3o6paxeHHs Leneld H O6epyT OT-
cyer no MuHkpomerpy O’ Ha 3ToM 3akaHYHBaeTcCs NepBblil NoJy-

23



npueM. 3atem CBIT noBopauuBaercsi Ha 180° ¢ moMolbi0 MHKPO-
MeTpa H300paKeHHs CTPYH COBMelLaloTcs, mocJje yero Gepercst OT-
cuer O”. Ha 3TOM 3aKaHYHBAeTCS OJHUH NPHEM H3MEPEHHIi.

Meroa H3MepeHHS ¢ MOMOLIbIO 3TOro mpubopa aHaJOrHYEeH Me-
TOLy o6OpaTHOH OHMOJSPHOM 3ace4KH M MeTOAYy H3MepeHHs MpH-
CTBOPHOTO yrJja B CJyyae, e€CJIH HeT BHAHMOCTH MeXAY NYHKTaMH
cTBOpa. DTH METOJbl He HALIIH LIHPOKOTO NPHMEHEHHS B BBICOKO-
TOYHBIX IeOfle3NYeCKHX H3MepeHHSX H3-3a MeHbllUell TOYHOCTH H3Me-
peHHsl PHCTBOPHOTO Yr/a MO CPaBHEHHIO C TOYHOCTHIO H3MepEeHHS
napaJljlakTHYecKoro yrJa BO BCeX NpPOrpaMMax CTBOPHBIX H3Mepe-
HHMH: TOJIHOTO CTBOPA, YAaCTHBIX CTBOPOB, MOCJELOBATENbHBIX CTBO-
poB H Ap.

Ecan npubop pacnoJioxeH B cepeauHe crtBopa (puc. 6, 6), To
H306pakeHHust BU3HUPHBIX UeJeit / u [ B moJie 3peHHS] 3PHTENbHO
TpyObl BHAHBI OJHOBPEMEHHO H [JIsi H3MepeHHS HeCTBOPHOCTH H30-
O6paxkeHHe nepBOH MapKH COBMeLIAlOT, NepeMmelllast OJIOK MeHTa-
NPH3M ¢ MOMOILbBIO MHKpOMeTpa ¢ H300paxKeHHeM BTOPOM MapKH Kak
npu Tpy6e «npaBo» (Tpyba CBII cmpaBa oT JHHHH CTBOpa), TaK H
npu Tpybe «jeBo». Ilpy 3TOM HeCTBOPHOCTb MOJIOXKEHHSI NMpHOOpa
BHIYHCJAIOT no ¢opmysne A= (0’—0”)/2, rne O’, O” — oTcueTsl 10
MHKpoMeTpy (MKM) TNpH cOBMelleHHH H300pakeHHH BH3HPHBIX
Hesnell npu Tpybe «mnpaBo» U Tpybe «JeBO» COOTBETCTBEHHO. Beusn-
yuHa A MoxeT GbITb Takxe BbiuHcseHa no dopmynam: A=MO—O0”;
A=0'"—MO, rae MO=(0’+0”)/2—oTrcuer 1O MHKPOMETpY,
KOrfa LeHTp 6J0Ka NeHTanpH3M COBMeElleH C OCbI0 BpallleHHSs
CBII.

[To pe3ynbTaTaM wHCCIeLOBaHHH cpelHsss KBajpaTHYecKas UO-
TPELIHOCTb OMpejeseHHsi HECTBOPHOCTH KOHTPOJIHPYEMBbIX TOYEK OA-
HHM TIOJIHBIM TNpHEMOM Ha cTBopax AJuHo# 25, 50 u 100 M cocra-
BHJa cooTBercTBeHHo 0,04; 0,08; 0,016 MM nasa cpeaHeli TOYKH
(6e3 mepedokycupoBauus) u 0,06; 0,12; 0,24 MM npu nepedoKycH-
POBaHHH 3PHTEJIBLHON TPYOHI.

§ 7. AHaJM3 norpewHocTeil BU3UPOBAHUA AJHHMOMETPaAMH
Ha MapKM C peryJHpyeMbiMH pa3MepamH
BH3UPHOM LeJH

CpenHsisi KBafipaTHUeCcKast MOrPELIHOCTb BH3HPOBAHHS IMisys OI-
pelessieTcsi pa3peulalouiel Crnoco6HOCTbIO 3pHUTENbHOH TpPyObBI, KO-
TOpasi B OCHOBHOM 3aBHCHT OT yBe/JHUYeHHS H JHaMeTpa BXOAHOTO
OTBEPCTHSI 00BEKTHBA.

Paspemtatomasi cnoco6HOCTb XapaKTepH3yeT BO3MOXKHOCTb OI-
THUECKOH CHCTEMBbl CTPOHTb pa3fieIbHO H300pakeHHS OTAENbHbIX
3JIeMEHTOB NOBEPXHOCTH 00bekTa HJIH OJH3KO pacnoJioxKeHHBIe TO-
yeyHble OOGBeKTH. UeM BHIe paspewniaiollasi CNOCOGHOCTb, TeM
6o/ibille HH(pOpPMALHOHHAS €MKOCTb, BbIllle TOYHOCTb H3MepeHHH H
TOYHOCTb HaBeJeHHS] (BU3HPOBAHHS) 3DHUTENLHON TPYOH.

TeopeTHuecKyo paspellaollylo CNOCOOHOCTb ONTHYECKOH CH-
CTEMBl MOXKHO ONpele/HTb, NOJb3YSACh Teopuel AUPPaKUHH CBeTa.
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§ Ly r no TeopuH IHGPaKIHH

Ecan gBe cBeTslivecss TOYKH S H §; (puc. 7, @) HaXoAATCsS Ha oln-
peaesleHHOM PacCTOSTHHH APYT OT Jpyra, TO HX H306paKeHHS HMEIOT
BHJA He ToueK S M S/, a AMGPAKLUHOHHBIX KPYXKKOB pacCeHBaHHS,
COCTOSAIIIHX M3 KOHLEHTPHYECKHX TEMHBIX M CBETJBIX KoOJell
(puc. 7, 6). B uentpanbHoit yactu (puc. 7, 8) BeJHYHHA OCBELLEH-
HOCTH MakcuMaJbHa. IIpn nomomu J06ofi aHanH3upYlOLLeH CH-
CTeMbl pasjuyaTb H300paxkeHHS s’ U S;” MOXKHO TOJIBKO NPH yCJO-
BHH, YTO PacCCTOSIHHEe MeXJAY HX LEeHTPaMH He MeHblle pajuyca ri
nepBoro TeMHOro Kosabla. M3 Teopun AudpaKuuH H3BECTHO, YTO
r1=3,83M/(ng), rae A — aJanHHA BOJHH u3JaydeHHus; 3,83 — K03 du-
LHeHT /15 NepBOro TeMHOro KosbLa; g==f.

Yr/ioBo#i pa3mep paaHyca NnepBOro TeMHOTO KOJIblia HJH MHHH-
MaJIbHbIl YyroJ MexJy pa3peliaeMbIMH TOYKAMH B MJOCKOCTH H30-
OpakeHust s’ u ;" npu ycJaoBHH, uTo L—o00 u L'={’, onpenensiercs
M3 BbipaxeHus sinezr/f'=38,83M (nDcs) =1,22A/Dcs, rhoe yroa
€ — Ha3blBaeTCsl TEOPETHYECKHM pas3pellalolluM YoM, De¢s — AHa-
MeTp cBOGOJHOrO OTBEPCTHSI 0ObEKTHBA — BXOJHOH 3pauyoK ONTHYe-
CKOH CHCTEeMHI.

Hnst onTHYecKHX CHCTeM, paboTaioliuXx B BHAUMOH 06.sacTH
CrleKTpa, CpeAHee 3HayeHHe IJHHBI BOJHBL A=0,55 MKM, nmoatomy
£=0,671p/Dcs.

Paspelwaloiiast crnoco6HOCTb peasibHBIX ONTHYECKHX CHCTEM
BCeraa MeHblle TeOpeTHUeCKOH H3-3a BJHsHHS abeppauuii, nedek-
TOB H3TOTOBJIEHHSI ONTHYECKHX AeTaseld, COODKH H IOCTHPOBKH CH-

CTeMBI.
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Ha npakTHKe ¢ yyeTOM Bcex MOrpeuiHocTel AJ1s1 MPHOGAHMKEHHOH
OLleHKH pa3peliaionieii CHOCOGHOCTH 3PUTENbHBIX TPYO HCIOJB3YIOT
cooTHoueHde e=120/Ds.

Kpome paspewraromeii cnoco6HOCTH 3pHTeNbHONH TPYGHl morpeLi-
HOCTb BH3HPOBaHHSI BO MHOTOM ONpeJessieTCss BHAOM CETKH HHTel
H pasMepaMH H300pakeHHs BU3HPHOH Heau. B oblueM Buie Mgy =
=Wap/T’, TAE vsp — KPHTHUECKHII yroJ 3peHusi; I — yBesnuueHue 3pu-
TeJbHOH TpyObl. B AaHHOH (opMyJie nepeMeHHOH YaCTbio SIBJSIETCSA
vsp. JJ1S1 pasHBIX CETOK HHTeH, AJISl Pa3JHYHOTO COOTHOIUEHHS BH-
OHMOH IUHDHHB BU3HDHOH LleJH H OHCCceKTOpa (WHPHHBI BH3HPHOH
HeJH H TOJLIMHBL IITPHXa) GepyTcsl pa3Hble SMINHDHYECKHEe JaHHBIC
vap. [/ BUSHpPHO# Le/H, 3aHUMalollel YacTb GHCCEKTOpa, OOBIYHO
NOJaraT Mep,=20"/T"; npu I'=30% Mgy, =0,66". OqHaKO NpH BH-
TNOJIHEHHH CTBOPHHIX H3MepeHHH ONTHYECKHMH MeTOJaMH paccTosi-
HHE OT CTBOPHOro npu6opa A0 BH3HPHOH MapKH MeHsIeTCs B LUIHPO-
KHX TpejesiaX, CJeJOBaTe/bHO, MEHSEeTCS H COOTHOIUEHHe MEXIy
BHJMMOH - LIHPHHON BH3HPHOH 1ean u 6GHCCceKTopa.

[Io wHccnefoBaHMsIM aBTOpa, HaWJAyylllasi TOYHOCTb HaBeHEeHHS
JOCTHraercsi NMpH LIHPHHe BHAHMOro H300pax<eHHs] BH3HPHOH LeJH
0,256—0,33 oT wHpPHHE GHCCEKTOpA CETKH HHTEH HJIH 3—4 BHAMMOM
TOJIIIHHBl BEPTHKAJbHOIrO IITPUXA.

C yBeJiHYeHHEM DaCCTOSIHHSI TOYHOCTb BH3HPOBAHHS B JIHHEHHOMH
Mepe OyJeT MeHbllle NPH NPHMEHEHHH JIOOBIX BH3HPHBIX LeJei,
B TOM YHCJEe H C peryjupyeMod WHpHHOH. Bompoc COCTOHT JHIIb
B TOM, B KaKOil Mepe TOYHOCTb BH3HDOBAHHS NPH NMPHMEHEHHH pery-
JHpyeMOH 1eaH GyneT BhILIeE.

HccnenoBaHust BbiMoJHEHH! Ha crBope HHxKektopa H-100 Cep-
NYXOBCKOTO yCKOpHTeJs1 obuieli AnHHOH 84,3 M ¢ MpoMeXXyTOUHBIMH
NyHKTaMH Ha paccrosinusx 13,6 36,7 60,7 M AByMsl HCIIOJTHHTEJISMHU
IpH NOCTOSIHHOM TeMIepaType BO BceX HampaBJjeHHsiX. CTpouTe/b-
HO-MOHTAXKHbl€ H NMYyCKO-HaJaJouHble pabGoOThl MO yCTaHOBKe 060py-
JIOBaHHSl YCKODHTe/Sl B 3TO BpeMsi He IPOH3BOJAHJdCb. MHOrokpar-
HOe BH3HPOBaHHE HAa YHHBEPCAJbHYIO MapKy BBINOJISJIOCh dJHHHO-
merpoM KoHcTpykuuu I'CIIM co 3putesnbHO# Tpy6oii yBeaHueHHEM
30*%. ITonyyeHHble cpefHHe KBajpaTHYeCKHEe IOTPELIHOCTH BH3HPO-
BAaHHSl Msys (MKM) NpHBeleHH B TabJ. 2, rae d — IUHPHHA BH3HP-
HOM nenu (MM).

BbIYHCIUM [/151 J@HHBIX PACCTOSIHHH CPeJHIO KBaJpaTHYECKYIO
MOTPELIHOCTb BH3HPOBAHHSA B JIHHEHHOH Mepe MO (OpMYJaM Maus=
=10" s/T p; Msus=5"5/Tp U CpaBHUM C ONTHMAJbHBIMH 3HaYeHH-
SIMH, MOJIyYeHHBIMH MO pe3y/bTaTaM 3KcnepuMeHTa. Kak BHAHO H3
Ta6J. 3, AJs JaHHBIX YCJOBHH BH3HPOBaHHS INPH HCIOJb30BAHHH
yHHBepcaJbHOH Mapku 6oJiee MOAXOAHT opMyJa meus=5"5s/(I p).

KoppessiuHOHHBIH aHaJH3 pe3yJbTaTOB 3THX HCCJIENOBaHHH IO-
3BOJIHJI BLIBECTH 3MIHpHYeCKHe (DOPMYJbI: [Jsi BBIYHCJIEHHS OITH-
MaJbHOH WHPHHB d (MM) NpPSMOYTrOJIbHOH BEITSHYTOH BH3HPHOH
nend d=0,06s;; Ans pacuera OXKHJaeMOH cpefHeH KBaJpaTHue-
CKOHl NMOrpeuIHOCTH BH3HPOBaHHS B JIHHEHHOH Mepe Maus=0,010+
+10-5 s2, rae s — AJMHA BU3HPHOTO Jyya (M).
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TABJHUUA 2

d, MM
S'm

4,0 3,0 2,0 1,0 0,8

13,6 20 18 17 11 14
36,7 25 23 20 — —

60,7 55 45 — — —
84,3 79 88 — — —

TABJHUUA 3
Mmypqr MKM
S M Mmyuar MKM Mypgr YT C

10” s/(T p) 5” s(T p)

13,6 14,0 0,21 22,0 11,0

36,7 20,0 0,11 59,0 30,0

60,7 45,0 0,15 96,0 48,0

84,3 79,0 0,10 134,0 67,0

TakuMH Xe HCCJENOBAHHSIMH B YCJOBHSIX HHTEHCHBHOTO TPOH3-
BOJACTBAa MOHTAaXHO-HaJaJOUYHBIX pabOT MO yYCTAaHOBKE TEXHOJIOTH-
yeckoro o6opynoBanusi M-100 (B 3aKpBITOM NOMEILEHHH LEXOBOTO
THNIA) TIOJYYeHO CpeJHee 3HauyeHHe cpeJHeH KBaJpaTHYECKOH
OLIHOKH BH3HPOBaHHS m=0,26" H3 HHXKeNpHBeJEHHbIX Pe3yJbTaTOB
HccJeloBaHHH.

Mppy
S, M
MKM yra. c
13,6 18 0,28
36,7 41 0,23
60,7 74 0,24
84,3 129 0,31

CnenoBaTenbHO, CpefHsisi KBaJpaTHYeCKasi NMOTPEIUHOCTb BH3H-
POBaHHS Ha MapKH C ONTHMAJIbHO MOAOGPaHHOH BEJHYHHOH BH3HP-
HOi1 1esH cocrapJsieT okoso 0,3” B NpPOH3BOACTBEHHBIX YCJIOBHSIX.

HccnenoBaHHsl TOYHOCTH H3MepeHHH Ha ToM Ke ctBope H-100
nnuHOH 84,3 M NO3BOJIHJIH OLEHHTb pe3yJbTaThl H3MepeHHH 1o mpo-
rpaMMe oOfliero cTBOpa MeTOJAOM ONTHYECKOrO BH3HPOBAHHS IO
BHYTpPeHHell CXOJHMOCTH H IO CPaBHEHHIO C pe3yJ/IbTaTaMH H3Mepe-
HHH CTPYHHO-ONTHYECKHM METOLOM.

Cpennsis KBajpaTHYecKas NOTPELIHOCTb ONpefeleHHs] HeCcTBOp-
HOCTH NPOMEXYTOYHBIX TOYEK MO BHYTPeHHeH CXOAHMOCTH IJIs OJ-
HOrO NMpHeMa H3 H3MepeHHi B NpsMOM H OOpaTHOM HamnpaBJeHHSX
COCTaBHJ/Ia My =82 MKM, a B CPaBHEHHH CO CTPYHHO-ONTHYECKHM Me-

TOIOM ms=98 MKM.
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Jlns yMellbLIEHHsSI MOTPEIUNOCTH BH3HPOBAHHA M NOJY4YeHHUS Ha-
JleKHBIX pe3yJbTaTOB CTBOPIIbIe M3MepelHs Ha KajKJo#i CTaHLHH pe-
KOMEHyeTCsl BBINOJIHSIT TPeMsl MpHeMaMH B XOAe OXHOro Hampas-
JIEHHSI.

OnvH npHeM H3MepeHHIl COCTOHT B CJeAyloleM: NPHGOP OpHeH-
THPYIOT Ha JaJbHIOK BH3HUDHYI MapKy W 6GepyT orcueTh mo 6apa-
6aHy ONTHYECKOTO MHKpPOMeTpa TNpH JBYX HaBeleHHsX. 3aTeM
TaKXe BH3HPYIOT Ha OJIMIKHIO MapKy H BHIYHCJISIOT €€ HecTBOp-
Hocth o ¢dopmyne 6=0,—MO+w, rane Os— cpenHuit oTcueT Ha
6mxHIOI0 Mapky; MO — orcueT, npy KOTOpOM BH3HDHAs leJb Ha-
XONHTCS B TepeceueHHH CETKH HHTell NpH BpalleHUH 3PUTeJbHOH
TpyObl BOKPYr OCH BpallleHHsl; @ — NONMpaBKa Ha HECOOTBETCTBHE
oTcyeTa Ha AaJjbHI0W Mapky O, Beanunne MO : w='(MO—O0;)ss/ss.

OtcueTH Mo MHKpoMeTpy 6epyT ¢ ToyHOCThIO a0 0,2 meneHus 6a-
pabaHa, T. e. 1o 10 MKM, a HECTBOPHOCTH BBIYHCJISIOT C TOYHOCTbIO
no 1 MkM. PacxoxaeHHst MexXxay NpHeMaMH He JOJIXKHBI NMpPeBBILIATh
2,5m, roe m — cpefHsisi KBaJpaTHuecKast NMOTPEIIHOCTh H3MepeHHs
HeCTBOPHOCTEH.

B mnpouecce cTBOpHBIX H3MepeHHE cieayeT o6pamniatb oco6oe BHH-
MaHHe Ha KaueCTBO (hOKYyCHPOBAHHS, NMOJb30BATHCS CpPefHeH 4acTbio
HaBOJAsIEro BHHTA, 3aKaHYHBAaThb HaBelleHHe Ha LeJb €ro BBHH-
yMBaHHEM, He JONYCKaTb OTKJIOHEHUS My3bIpbKa HaKJaJHOTO yPOBHS
6oJiee yeM Ha OJHO JeJieHHe, HCNOJNb30BaTh CMEHHHIH OKYJIsip, HMelo-
HMIMACST B KOMIJIEKTe aJIHHHOMETpPa M IO3BOJISIIOIIHE MOJydYaTh yBe-
JIMYeHUe 3pUTeJbHOH TPyOn 44X npu asnuHe crBopa Gosee 500 M.

OnHuM H3 crnioco06OB NOBBILIEHHS] TOYHOCTH BH3HUPOBAHUS TNpH
CTBOPHBIX H3MEDEHHsIX SIBJsEeTCS NpHMeHeHHe MyapoBoro sddexra,
KOTOPBIH JOCTHTaeTCsi, eCJH B IJIOCKOCTH CeTH HHTell 3pHTeJIbHOMH
TpyObl HaHECTH JIMHEHHBIH pacTp, a HaGJIOLEHHS BECTH Ha CIelH-
aJbHYI0 MapKy C CHCTeMOH JIHHeHHBIX pacTpoB. TouHoe BH3HpOBa-
HHe NPOW3BOJAHTCSI COBMellleHHeM MYapoBHIX II0JIOC, MNepeMellan-
HIUXCSI OTHOCHTEJIbHO IPYT Apyra NpH CMellleHHH MapKH B Hampas-
JIEHWH, NepIeHHKYJISIPHOM K BH3HPHOI OCH.

Heo6xoaumMo yuecTb, 4TO HEIOCTATKOM BH3HPHBIX TPYO C JIHHEH-
HBIMH pacTpaMH sBJseTCsl 3aBHCHMOCTb Macluraba pacTtpa oOT
IJIMHBI BU3HPHOTO JIyya, MpHYeM NpPH OTKJOHEHUH DPACCTOSTHHS BH-
3HPOBAHHUSI OT PacCyeTHOro TOYHOCTh majaeT. s KaXAoOH TpPyOhI
HeoOXONHMO HMeTb B 3aBHCHMOCTH OT JJIHHBI BH3HPHOTO Jy4a OI-
penesNeHHYI0 MapKy.

§ 8. OcHoBHBIE NPOrpaMMbl BLICOKOTOYHBIX CTBOPHBIX
H3MepeHHii

EcrecTBeHHBIM nyTeM YMEHBbIUEHHS BJIUSHHUSA TIOl"peI.UHOCTeﬁ OIl-
THYECKOro BU3HNPOBAHHA Ha J'[PIHeI:"IHy}O BEJHYHHY onpeneieMbIX He-
CTBOpHOCTeﬁ H TNMOBBbILIEHUS] TOYHOCTH H3MepeHHﬁ SBJISETCS OeJIEHHE
3ajaHHoro o6iiero CTBOpa Ha 4YacTH C LeJbl0 COKpalleHUsa OJHUHBI
BH3HPHOro Jy4ya Ao onpenem{emoi’{ TOUKH.

I'Ipeumymecma usmepeﬂnﬁ KODOTKHM BH3HUDHBIM JIyYOM JIJTUHOM
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ot 10 no 50 M noJioXKeHbl B OCHOBY psiia NPOTPaMM CTBOPHBEIX H3Me-
peHHH, Halle[IINX NpPHMeHeHHe NMPH BHINOJHEHHH HHXKeHepHO-Teofe-
311yecKux pabor.

IToa nporpaMMoii CTBOPHBIX H3MepeHHH TOHHMAaeTCs ONpefesieH-
Hasi TOCJIeJOBaTeJbHOCTb H3MEPHTEJNBHBIX ONepauHii MO BCeMy
CTBOPY, COOTBETCTBYIOIIAsi NMPHUHSATOH reoMeTPHUYECKOH cXeMe TO-
CTPOEHHs1 3aJaHHOTO CTBOpA.

[IpuMeHsieMble B MPaKTHKEe BBICOKOTOYHBIX CTBOPHBIX H3MepeHHi
NnporpaMMbl MOXKHO paslesIHTh Ha NPOCThe (MporpaMMbl ¢ Heo6xo-
JHMbIM UYHCJIOM H3MEPEHHII) H CJOXKHBle (NMporpaMMbl ¢ H3OBITOU-
HbBIM YHCJIOM He3aBHCHMBIX H3MepeHHit). B npocTeix mporpammax
HECTBOPHOCTb KaXIOH NMPOMEXYTOUHOH TOUKH H3MepsieTCsl OTHOCH-
TeJbHO ONHOro cTBopa (06Iero WM 4acTHOTO) B NpsMoM H obpar-
HOM HanpaBJIeHHsX. B CJ0XHBIX mporpaMMax HECTBOPHOCTH OXHHX
H Te€X e TOYRK OIpeleJSIIOTCS He3aBHCHMO OT HECKOJIbKHX YaCTHBIX
CTBOPOB B NpsiMoM HJIH o6paTHOM xone. CJOXKHble IPOrpaMMBbl, Kak
NpPaBHJIO, SIBJSIOTCS COYETAaHHEM HEeCKOJbKHX TPOCTHIX IPOTrPaMM.

B mpakTHKe HHI)KEHEPHO-reoJe3HYeCKHX paboT IPH CTPOHUTENb-
CTBe Psifia YHUKAJbHBIX COOPYXEHHH HanboJiblllee pacnpocTpaHeHHe
NOJIYYHJH TPOCTBIE NMPOTPaMMbl CTBOPHBIX H3MepeHH# [5], OCHOB-
HBIMH M3 KOTOPBIX SIBJISIIOTCSI NMPOrpaMMbl 0o6Iero crBopa; uyacrel
CTBOpA; MOCJEA0BATEJIbHBIX CTBOPOB; YaCTHBIX CTBOPOB.

TMporpamma o6mero crBopa (puc. 8, a). OHa peanusyercs B AByX
BapHaHTaX:

1) B cTBOpe ABYX KpaHHHX NyHKTOB MOCJeNOBAaTEJbHO ONpeje-
JSIIOT HECTBOPHOCTH BCEX TPOMEXKYTOUHBIX TOYEK HemnocpencTBeH-
HbIM (CKBO3HBIM) BH3HPOBAaHHEM;

2) B cTBOpe ABYX KpPaWHHX NYHKTOB ONpelessiOT HeCTBOPHOCTH
NPOMEXYTOUYHBIX NMYyHKTOB, HauHHasi C CepefMHBb Ha cebsi; 3areM,
MeHsisT MeCTaMH CTBOpHBI NpHOGOpP M OPHEHTHPYsSI BH3HPHYIO UeJb,
TaKXe ONpENeNSIOT HeCTBOPHOCTH TOUEK, PACIOJIOXKEHHBIX BO BTO-
poil yacTH CTBOpa; IJIsI KOHTPOJSI CpPEIHSIT TOYKa OINpeaessiercs
IBaXJbl ¢ 000OHX OMOPHBIX MYHKTOB CTBOpA.

Bo BTOpOM BapHuaHTe CpelHsiss TOYKA ONpelessieTcsi C TAKOi xe
TOYHOCTbIO, YTO H B nepBoM. HecTBOPHOCTH OCTa/JbHBIX IPOMEXKY-
TOYHBIX TOYeK NoJydawTcs ¢ 6osee BBICOKOH TOUHOCTbIO. OMHAKO
BTOPOH BapHaHT HMeeT CYIIeCTBEHHBII HexocTaToK. M3-3a orcyT-
CTBHSI OGPAaTHOrO XOa B HEM He HCKJIIOYAIOTCSl CHCTeMaTHUYECKHE MOo-
TPEUIHOCTH (HHCTPyMeHTAaJIbHbIE, JIHUHbIE H T. 11.).

NMporpamma vacreii cteopa (puc. 8, 6). CtBop pasGuBaloT lia
1leCKOoJIbKO yactelt. PaccMOoTpuM ciyuaii, Korma cTBop pasiiesieH Ha
yeTblpe yacTH (moanporpaMMa yerBepTel cTBopa). BHauase ompe-
IeJSIIOT TOJIOXKEeHHe CPellHell TOYKH OTHOCHTEJNbHO OO6IIero cTBopa
I—II. 3aTeM OTHOCHTENBHO CTBOPOB [—¢ W ¢—I] HaXOASIT YacTHHIE
HeCTBOPHOCTH TOYEK @ H 8, PACMOJIOXKEHHBIX COOTBETCTBEHHO IOCe-
pennHe cTBOpoB [—c u c—II. BHyTpH KaxX[0#l yeTBepTH H3MEPSIOT
YyacTHEIE HECTBODHOCTH OCTAJIbHBIX TPOMEXYTOUYHBIX TOYEK.

Mporpamma nocnenosarenbHbix cTBOpoB  (puc. 8. 8). HactHyiwo
HeCTBOPHOCTb A; MyHKTa [/ OnpenessiioT OTHOCHTEJbHO cTBOpa [—I1,
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Puc. 8. T'eoMeTpHuecKHe CXeMbl OCHOBHHIX NPOrpaMM BBHICOKOTOYHBIX CTBODHBIX
H3MepeHHH

3aTeM OTHOCHUTEJNbHO YacTHOro cTtBopa [/—II usMepsiloT Ap u Tak
Jnajee A0 TOCJHEAHEro yacTHoro crtBopa (n—1)—II, OTHOCHTEJbHO
KOTOPOro ONpenensiioT A, TOYKH n. 3aTeM aHAJOTHYHO H3MEpeHHs
NpPOM3BOJASAT B 06PATHOM HaNpaBJIEHHH,

HckoMble HECTBOPHOCTH §; 110 HU3MEPEHHBIM YaCTHHIM HECTBODHO-
CTAM A; MOXHO NOJIYYHTb M3 pelleHHs CJAEAYIOIIMX ypaBHEHHH No
npaBuay Kpamepa:

61 = Ay}
8o — 2L 5, = Ay
n
53_"__152_A3,
n_—
§— il g A 4
i n—it2 i—1 i 4)

...............



1
‘Sn‘—76n—1= Ap -

dopMysia AJs1 BHIYKCIEHHS HCKOMBIX HECTBOPHOCTeH §; Mo HaMe-
PEHHBIM YaCTHHIM HECTBOPHOCTSIM A; MOXeT OBITh 3amHCaHa COKpa-
LIEHHO B BHJE

i
1
‘5i=(n—i+l)z—'—Ak- ®)
k1
k=1 " +

B o61eM ciayyae npy HepaBHOMEPHOM pacMoOJIOXKEHHH NPOMeExXY-
TOYHBIX TOYEK BJOJIb CTBOPA HCKOMble HECTBODHOCTH BBHIYHCJAIOT IO
cjenyomumM GopMmyaam:

61 = Ay
So—
8y = Ay ==L 4 A, ©®)
S1-11
_ Si— Si—
§i=Ay =L g p, S A A
S1—-11 Sa—11 S(t—t -11

6, =4
’ " S(n—1)— ’ .
6n—l = An w_ + Aﬂ—l; (7)
Sn—1
' ' S1—1 ’ S1—1 ‘ S1—1 '
§y=A8 == Ay —=— A, = - - A,
Sn—1 Stn—1)—1 S(n—2)—1

rjae Si-11, Si—;— AJHHB OTAEJNbHBIX MOCJELOBATEJbHBIX CTBOPOB NPH
H3MepeHHUsiX B NPSIMOM H 06paTHOM HamnpaBJIeHHsIX COOTBETCTBEHHO;
n — YHCJIO ONpeJeNsieMbIX NPOMEXKYTOUHBIX NMYHKTOB CTBOpA.

OGosHauuB B (5) n+1=2¢ u npuHsB (=g, noayuyuM ¢opmymy
AJisi BHIYHCJIEHHSI HECTBOPHOCTH §. cpeAHedl TOYKH INO H3MepeH-
HBIM Ap

q
1
6, = —_— Ayt 8
¢ 4; Tt E—1 q+k—1 8)

MoxHO cyMTaTh, 4TO B paccMaTpHBaeMOil NporpaMMme CpemHss
TOYKa siBJsieTcsl HauboJsiee ciaboii mo ToyHOCTH. [IpHHAB TOYHOCTH
H3MepeHHs] YaCTHBIX HECTBODHOCTEH ONMHAKOBOH  ma, = Mai= My,
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mOJyYHM (OpMYJIbl ISt pacyeTa CpeAHHX KBaAPaTHYECKHX MOTpell-
HOCTeH MCKOMBIX HECTBOPHOCTEH:

_ (n—i4 12
me, = ma (n—k T (9)
: 1
— . S 1
e = mad Z @+E—17 o
k=1
O603Ha4nM

ﬁ“_‘;j;l_)i_z/]. L S |
n— k" Z <q+k—1)2 ’

torga popmyan (9) u (10) mpuMyT Bup
myy = maA/Ai ; (11

e = maqgq/A. (12)
Anamus cdopmyan (12) nokaseiBaeT, 4TO NpPH §>5 cpenHss

KBaJpaTHyecKasi MOTPELIHOCTb B CepeflHHe CTBOPA MOXKeT OBITb MOA-
cuMTaHa no npubJuxkeHHOH popMyJie

mo, = ma A[4/2 = ma 4/(n+1)/2. (13)
IToacuuraeM no ¢opmyse (13) cpenHHe KBafpaTHyecKHe IOT-
PEIIHOCTH Mg, HECTBOPHOCTH §. CpelHeH TOYKH CTBOpA, MOJIyYeH-

HOM KaK cpeiHee U3 NPsIMOro U o6paTHOrO XOJOB NpPH pPasHBIX 3Ha-
yeHUssx g=(n+1)/2 gnss L=384 M u m,=066 MKM 1Js wara nepe-
CTAaHOBKH ajuHHOMeTpa S;=24 M. Pe3ysbTaThl pacuyeToB IpUBe-
JleHBl HHXKe.

k=1

L, m g=(n-+1)/2 ma, MKM  mg, MKM
96 2 264 224
48 4 132 146
24 8 66 97

Jlss noBHILIIEHHST TOYHOCTH ONpefesNeHHsl HecTBOpHOCTell §; mpo-
MeXYTOYHBIX TOYEK IO Nporpamme INOCJeJOBaTeJbHBIX CTBOPOB He-
06XOJlMMO CTPEMHTbCS] K yYMeHbIIEHHIO AJHHB BH3HPHOTO Jyda He-
3aBHCHMO OT PacCTOSIHMSI MeXIY KOHeYHBIMH NYHKTaMH CTBOpa.
IIpakTuyeckn AJHHY BH3HPHOIrO Jiyya MJM Illara nepecTaHOBKH aJH-
HHOMeTpa MOXKHO YMeHbIIaThb A0 TeX NOop, MOKa CyMMapHOe BJIHS-
HHE CHCTeMaTHYeCKHX NMOrpelIHoCTell Ha TOUHOCTb CTBODHBIX H3Me-
peHuit 6yJeT MeHblle BJHSHHS MOTPeLIHOCTEH BH3UPOBaHUS. Bblbop
ONTHMAJILHOTO 1Iara NepecTaHOBKH HHCTPYMEHTa 3aBHCHT IVIaBHBIM
06pa3oM OT 3aJaHHOIl TOYHOCTH M3MepeHHH, KOHKPETHOH MJHHB H
KOHCTPYKIHH CTBOpA, TOYHOCTH NPHMEHSIEMEIX NPHUOOPOB.
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PacueTh mokasbiBaloT, UTO ueM [AJIMHHee CTBOp, TeM 3(hdeKTuB-
Hee NMPHUMEHSITh 3Ty NPOrpaMMy NpH COXpaHeHHH OAHOH H TOH xKe
NJUHB wara, Eciau yBeJHYHTH NJIHHY CTBOpa B ABa pasa, a AJIMHY
lIara OCTaBMTb IIpeXKHeH, TOYHOCTb ONpeJeJieHHsi HeCTBOPHOCTH
cpellHell TOYKH NMOHU3HUTCA TOJBKO B 1,3 pasa, a ecJu AJHHY CTBOpa
yBeJHYUTb B 4YeThlpe pasa, TOYHOCTb NMOHH3HTCA JHWb B 1,8 pa3sa.
3aBHCHMOCTb TOYHOCTH ONpefeJieHHss HaHOoJlee yAajJeHHOH OT Kpaii-
HUX NMYHKTOB TOYKH NPH yBeJHYEHHH JJIHHB CTBOPA H TOH XKe AJIHHE
BH3HPHOTO Jy4a 24 M MOXHO MPOCJEAUTH MO CJeLyIOUMM NaHHBIM:

L, m 72 96 120 144 168 192 216 336 384
ms, MKM 49 56 59 64 68 73 7% 92 97

OTciofa MOXHO CAeJlaThb BaXKHBIl NpPaKTHYECKHH BHIBOL: 4YeM
6oJiblle AJHHA CTBOPA, TeM MeHbIle OTHOCHTEeJbHasi MOrPeLIHOCTb
mg/L cTBOPHBHIX M3MepeHH NPH OAHOM H TOil e HJHHe LIara.

IIporpamma yacTHeix crBopoB (pHc. 8, 2). I[Io mporpaMme moc-
JlefloBaTeJbHBIX CTBOPOB NMPHGOP OPHEHTHPYIOT OTHOCHTEJNBHO BCEro
CTBOpa NpHU ONpefilesIeHHH MepBOi NMPOMEXKYTOYHOH TOYKH, a NpPH Om-
pelesieHHH TOCJEAYIOMMX ToueK — Ha L—s, L—2s, L—3s u Tak
nanee. OJHAKO HM3-32 BJIUSIHUS BHEIIHHX YCJOBHH H CJOXHBLIEHCS
CTPOUTEJIbHO-MOHTAXHO# O0GCTaHOBKM BH3HDOBaHHe Ha KOHEUYHYIO
TOYKY MOXKeT OKa3aThbCsl HellesecooOpas3HbIM. B 3TOM ciayuae MOXKHO
HCII0JIb30BaTh ONTHYECKHI METOJ BHU3HDOBAHHS IO NpOrpaMMe pas-
HBIX YacTHBIX CTBOPOB. [lJisi M3MepeHHH MO 3TOH NMporpaMMe CTBOD
I—II pa36uBaOT Ha paBHBIe YaCTH H B cTBOpe [—2 ompenessiioT
YaCTHYI0O HECTBOPHOCTb TOYKH I. 3aTeM HMHCTPYMEHT II€PEHOCST
B TouKy I U B cTBope /—3 ompejessiioT YaCTHYI0 HECTBOPHOCTb Ag
TOYKH 2 U Tak jaJjee A0 ctBopa (n—1)—I/. BeiuunHa HeCTBOpPHO-
ctH §; -l TPOMEXXYTOYHOH TOYKH siBAsieTCs (pyHKuUHMeH H3MepeHHBIX
YaCTHBIX HECTBOPHOCTEH A; OTHOCHUTEJbHO KaXJAOTO M3 YaCTHHIX
CTBOpOB, T. &. §;=f(A1, Ag, ..., Ap), U MOXKeT OBITb IOJyYeHa H3
cJefyIOleld CUCTEMBl YpaBHEHHH:

61 — 0162 = Ay;
8y — (1 —az) 8; — a0 = Ay
—(1 —a,) 6,_1—a,6,+1 = An (14)

8p — anbp—1 = B,

rfie 7 — YUCJIO OmpefessieMbX NMyHKTOB CTBOPA; [ — HOMep NMYHKTA,
HECTBOPHOCTb KOTOPOTrO BHIUHCASeTCS; ay=S§1/(s1+S82),..., ai=
=S8i/(Si+Si+1)s...» An=5a/(Sn+Sn+1); S1,..., Si, ..., Sp+1—AJHHH
YaCTHBIX CTBOPOB.

Ecian ctBOp pamHOK L pasfeMTh Ha n+1 paBHHIX yacTeit, TO
pelleHHe cHCTeMB ypaBHenuil (14) AJIst {-TO MyHKTa NPHMET BHA:

6 =2 [Z(n—l—l—l)kAk-l Z(n—k-l l)tAk] (15)
n+1 Li=1
33
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IIpHHAB TOYHOCTH H3MEDEHHBIX YACTHHIX HeCTBOPHOCTell A; OAfH-
HAaKOBOH, NOJYYUM (GOPMYJy AJIsT BLIUHCJAEHHS cpelHeH KBaJpaTHue-
CKOH NMOTrpenIHOCTH ONpeeJeHHs] HCKOMOH HeCTBOPHOCTH

i—1 n
Moy = ——— ma S le—i+ DERY (n —k&+Dip, (16)
n-+1 k=1 k=i
rae k — HoMep uacTHoro ctBopa. IlonkopeHHoe BhipaxeHue B (16)
o6o3HayuM yepe3 D. Torna

2 —
——2 _ma+D. 17
moy == ma+/ an

Ananusupyst ¢dopmyaw (11) u (17), MOXHO BHAETb, 4TO IJs
OJHOTO H TOTO K€ CTBOpPA IIOTPEIIHOCTH HCKOMEIX HeCTBOpHOCTeH
6ynyt GoJsblie, 4eM NPH H3MEPEHHUSIX O MPOrpamMme MOCJIeLOBaTe b-
HBHIX CTBOpoB. HaiizeM 3aBHCHMOCTb MexXAYy CpefHEHd KBajpaTuue-
CKOH INOrpelIHOCTbIO ONpeJeseHHs] HECTBOPHOCTH CPelHEeH TOYKH H
YHCJIOM 7 TPOMEXYTOYHBIX ToueK. [lyisi mpuMepa pasienuM CTBOP
nnuHoit L=384 M Ha 4, 8 u 16 uacTeii M pe3yJbTaTh pacyeToB
060611MM B CJeAyIOleM BHIE:

(n+1)/2 maA, MKM mg,, MKM

2 264 440
4 132 630
8 66 865

U3 nanoxeHHoro cjepyer, 4To NpH OJHOH M TOH XKe JIJHHe
CTBOpPA MOrPELIHOCTh OTpefeseHHsi cpefHell TOYKM MeHblIe, KOraa
CTBOp pasjiejieH Ha MeHblllee YUCJIO YacTek.

IlpeuMymiecTBa mporpaMMhbl pPaBHBIX YAaCTHHIX CTBOPOB 3aKJIIO-
4aloTCs B CJeLyIOLIeM:

OHAa TO03BOJISIET BHIMOJHATh U3MEPEHHs Aaxke NMpPU HebJarompusT-
HBIX BHELIHHUX YCJIOBHSX, KOTJa NPOCMATPHUBAETCS JIMIIb HECKOJBKO
TOYEeK CTBOPaA;

¢ O6Osbleii TOYHOCTBIO ONpeHessieTcss B3aHMHOE MOJIOXKEHHE
CMEXHBIX MYHKTOB, 4TO B psifie cJyyaeB siBjsieTcsl HauboJiee Bax-
HBIM, HapHMep TpH yCTaHOBKe 0OGODYNOBaHHSI YCKOpHTEJEN;

NPaKTHYECKH INOJHOCTbIO MCKJIOYAIOTCS MOTPELIHOCTH 3a mepe-
(GOKYCHPOBKY [IJisi CPeJHHX 3HaueHHH HEeCTBOPHOCTEH, MOJYyYeHHBIX
U3 MpsIMOro 1 06pPaTHOTO XOMOB.

IIporpamMma nocjenoBaTedbHBIX CTBOPOB MO YacTaM (puc. 8, d).
B omnpenesneHHHIX YCJOBHSAX LesecOo0OpasHO NMPHMEHSITh NMPOrpaMMy
M3MepeHHii, BHIFOAHO COYETAIOUIYI0 NpEHUMYIeCcTBa NPOTPaMM Io-
cJleOBaTeJbHbIX CTBOPOB H PABHBEIX YACTHHIX CTBOPOB.

Ilyctb ctBop I—I1 pauHoii 360 M pas6GuT Ha TPH YACTH C Yy3JI0-
BHIMH NMyHKTaMHu [’ v II’ ¥ TIpOMEXYTOYHBIMH NyHKTamu 1, 2,... 12,
CymHOCTh paccMaTpUBaeMOH NPOrpaMMBl 3aKJIOYAETCsl B CJEAYIO-
meM: B ctBope [—II’ onpenensiercss Touka I, 3ateM B cTBope [—
II’ — touka 2 u Tak pgajee , HakoHel, B cTBope 4—I/I’ — Touka I’
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3atem B ctBope I’—II onpenensiercss Touka 5, B cTBOpe H—II —
TOYKa 6 M Tak jpajee Bce TOYKH (7,..., I12), T. e. OpHEHTHPOBaHHE
3pUTEJbHON TpYOGH NMPOM3BOAMTCS HA 2/3 OOIueHl NJIMHBI CTBOpA.
[MpuBenenne y3noBuIX ToYeK I’ u II’ cOOTBETCTBEHHO K CTBOpaM
I—1I1I" w I’ — II BumosiHsieTcst o opmydse (5). HecTBopHOCTH 3THX
TOUEK OTHOCHTeJbHO oObuiero ctBopa [—I] BuUHCAAIOT N0 (op-
MmyJe (15). AHanu3 pe3ysbTaTOB H3MepPeHHH, BEINOJHEHHBIX IO NPO-
rpaMMe NOCJIeIOBAaTEJIbHLIX CTBOPOB IO YACTSIM, MO3BOJIsIET OTMETHTD
cJelylolee: YeM MeHbllle y3JIOBHIX Touek I/, II’, TeM GunxKe MmO TOY-
HOCTH 3Ta NporpamMma K HporpaMme HOCJeOBaTeJbHLIX CTBOPOB,
H ueM OoJibllle Y3JIOBHIX TOUEK, TeM OJIMKe K NpOrpaMme paBHBIX
yacTHHIX cTBOpoB. CpenHsisi KBajpaTHuecKasi MOTPEIIHOCTb ONpeje-
JIeHHs] HECTBOPHOCTH 1My, B CepelHHe CTBOpa AJHHOH 384 M mas

nporpaMm o0uiero CTBOpa, MOCJAENOBATENbHBIX CTBOPOB H pPaBHBIX
YacTHHIX CTBOPOB COCTABHJIa COOTBETCTBeHHO 374, 96, 865 MkM npH
JJIMHe BH3HPHOrO Jyya 24 M. Ilyis mporpaMmsl NOCJeJOBaTebHBEIX
CTBOPOB MO 4acTsM my,= 178 MKM 1pH ABYX Y3JIOBEIX TOYKaX H

mg, =371 MKM — IIpH YeThHIpex Y3JIOBHIX TOUKaX.

CJIeleeT OﬁpaTHTb BHHMAaHHe Ha 3HAYHUTEJbHYIO pa3sHHUIY BeJIH-
YHHBI 1M, MOJIY4eHHOH 1o nporpaMme mnocJsenoBaTeJbHBIX H paB-

HBIX YAaCTHBIX CTBOPOB. DTO CBS3aHO C 3aKOHOMEPHOCTSIMH HaKoILJIe-
HHs TorpemHocTelf H3MepeHH#. UToOb B ONpeleieHHOH CTenmeHH
CrJaUTh KPHUBYIO DOCTa TNOTrpeLIHOCTeH, NMPH H3MEPEHHH MO INpo-
rpaMMe paBHBIX YAaCTHBHIX CTBOPOB CJIEAYET CTPEMHUTbCSl HOMOJIHH-
TeJIbHO U3MEPHTb NMOJIHYI0 HECTBOPHOCTb NMEpPBOH M mocjenHeil (n-it)
NPOMEXYTOUHBIX TOYeK. DTH ABA H3OBITOYHBIX H3MEpEeHHs I03BO-
JSIOT MOJACYHTATh YIJIOBYI0O H KOODAHHATHYIO HEBSI3KH M NPOH3BECTH
ypaBHHUBaHHe pe3ysabTaToB H3MepeHHH. Ilocse ypaBHHBaHUS KOHeu-
Hble pe3yJbTaThl OKa3biBalOTCA OoJiee OJM3KHMH K MOJYYEHHBIM IO
Nporpamme mocJief0BaTeJbHBIX CTBOPOB.

Takum o0pasoM, MNpHBeNEHHBIH aHAJH3 OCHOBHBIX NpOrpamMm
CTBODHBIX H3MepeHHH MeTOJaMH ONTHYECKOr0 BH3HPOBAHHsS INO3BO-
JsleT cHesaTh CJefyIolllHe OCHOBHBIE BHIBOABI:

HanboJlee TOUHBIE Pe3ysbTaTh obecneyHBaeT NMporpamMMa InocJe-
JIOBaTeJIbHEIX CTBOPOB KOPOTKHM BH3HPHEIM JIYYOM;

€CJIM CTBOp pa3bHUT Ha YacTH, TO ONTHMAJILHOH SBJISIETCS MPO-
rpamMMa mocJeloBaTeJbHbIX CTBOPOB 0 YacTsM, KOTJa B CTBOpPE MH-
HUMaJIbHOe YMCJO uacTeft (TpPH yacTH), a BCe OCHOBHBIE H TpOMe-
)KYTOUHblEe TOYKH OMNpENeJsIOTCS N0 NMPOrpamMMe MOCJeLOBATEIbHBIX
CTBOPOB C ODHEHTHDPOBAHHEM 3pHTEJbHOH TPYyOH Ha (2/5)L.

Hanpumep, nasi ctBopa AJHHOH 384 M C mATHagUaThio MpoMe-
KYTOUHBIMH TOYKAaMH NpPOTpaMma IOCJeOBATEeNbHBIX CTBOPOB I103-
BOJIsIeT TMOBBLICHTb TOYHOCTb ONpeJieJieHHsl HecTBOpHOcTeH B 3,8 pasa,
nporpamMma nocJiefoBaTeJbHEIX CTBOPOB IO YacTSIM C OpHEHTHPOBA-
HHeM Ha (?/3)L — B 2,5 pasa mo cpaBHeHHIO C MPOTpamMMmoil ob1ero
CTBOpA.
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§ 9. OcHoOBHble MOrpemIHOCTH, HX YYeT
NPH BHINOJHEHUH CTBOPHBIX H3MepeHMH

Norpemnoctd BH3HpoBaHus. OHH OO6YCJIOBJIEHB ONTHYECKHMH
XapaKTepUCTHKaMH 3pUTeNbHHIX TpPy6 (paspemaromeii cnocob-
HOCTbIO, YBeJHUYEHHEM, OTHOCHTEJbHBIM OTBEPCTHEM), BHIOM' CETKH
HHUTell, ¢dopMoii M pasMepaMu BH3HDHOH LeJM U BHEUIHHMMH YCJIO-
BHSIMH (COCTOsIHMEM aTMocdephl, OCBEIeHHOCTbIO NpeaMeTa U Ip.).

HccnenoBanusi CTBOPHBIX NMPHOOPOB € yBeJUYEHHEM 3DUTEJbHBIX
Tpy6 30X nokasaju, 4TO NpPH XOPOLIHX YCJOBHSIX HabJIONEHHUI cpel-
Hsis KBaJpaTHyecKasi NOTPEIIHOCTb BH3UPOBAHHUSl IJs1 PAa3JIHYHBIX
paccrosinuil MeHee 0,4”.

Jns xona B OAHOM HampaBJIeHHH NPH YCJOBHH, yTo cTBOp [—II
ToukaMu I, 2, 3 pasmesieH Ha ueThipe paBHBIe YAaCTH, HMeeM COOT-
BETCTBEHHO HJIs mporpaMM ofuiero ctBopa, yacreil cTBopa, nocJe-
JOBAaTeJbHBIX CTBOPOB M YACTHBIX CTBOPOB:

Si=A; Or=Ay O83=Ag
61 = -;—(QAl + Az); 62 = Az; 63 = %(A2—|— As);

1
61 = Al, 62 = ——'(2A1 —I— 3A2); 63 = —1-(2A1 + 3A2 —I— 6A3);
3 6 (18)
B = (300 20k A 82— (201 48+ 280)3
| &

8 =%(A1—|— 2A, -+ 3Ay) -

I[IpumMeM norpemHocTh M, HENOCPENACTBEHHO H3MEPEHHBIX He-
CTBODHOCTEH NPOMEXYTOYHBIX TOYEK INOCTOSIHHOH B YIJIOBOH Mepe
H 3aBHCSlIEH TOJBKO OT NOTPEIIHOCTH BH3UPOBaHUS m. B aToM cay-
yae m, B JUHEHHON Mepe onpelensercs no ¢opmyJie

ma = ms;A/27p, (19)
rle S;— pacCTOsIHHe JO HemoCPeJCTBEHHO OINpelessieMOl TOUYKH,
T. €. JUIHHA BU3HPHOTO JIyya.

OnpenesuM cTeneHb BJHMSHHS TOTPeUIHOCTeH BH3HDOBAHHS HA
3HaYeHHUs] CpPeNHHX KBaJpaTHYECKHX INOrpeurHocteifl HecTBOPHOCTeH
8; nas1 ctBopa AJMHOM 96 M c TpeMsl MPOMEXYTOYHBIMH TOYKaMu I,
2, 8, nonaras s;=24 M u m=0,4",

ITporpamMma 8; (MxM) ans Touex

1 2 3
OGuero ctBopa 63 93 63
Yacreit cTBOpa 52 93 52
YacTHbIX CTBOPOB 88 114 88
IMocnenoBatenbHbix cTBOpoB 50 56 50

HauMeHbine norpenrHocTH BU3HPOBAHHS MMEIOT MeCTO IPH NpH-
MeHEeHHH MPOTPaMMbl NOCJeN0BaTENbHBIX CTBOPOB, a HaHGOJbILIHE—
NpH NPHMEHEHHH NMPOrpaMMBl YaCTHBIX CTBOPOB.
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JlorpemHOCTH LEHTPUPOBAHUSI CTBOPHOTO MPHGOpPa M BH3HPHBIX
Mapok. “JInst BBLICOKOTOYHBIX CTBODHBIX H3MepEHH{i NPHMEHSIOT
CTBOpHble NpPHGOPHI, BH3MPHbBIE MApKH H Treojle3HUecKHe 3HAKH CO
CIEIlHaJbHBIMH NOCAJOYHBIMH BTYJKaMH H cdepaMH AJsSI NPHHYIH-
TeJILHOrO (MeXaHHYeCKOro) IEeHTPUPOBAHHS. XOTs NOI'PELIHOCTD lIeH-
TPHPOBAHHsI INPH 3TOM cocTaBiaseT 15—20 MKM, NpH HeGOJbIIHX
IJIMHAX BU3HPHHIX Jyuell (6—24 M) ee BJHsSHHE HA TOYHOCTH CTBOP-
HBIX H3MEpeHHH AJs1 pa3HbIX MPOrpaMM HEOAHHAKOBO H MOXKET OBbITb
CPaBHHMO C BJIHSIHHEM TOTDELIHOCTH BH3HPOBAHHS 3PHTEJbHOH
Tpy6Oii.

PaccMoTpUM BJIMSIHHE YKAa3aHHBIX NOTPeLIHOCTEll Ha pe3yJ/bTaThl
BBICOKOTOUHBIX CTBOPDHBIX H3MEpEHH#l 10 OCHOBHBLIM IpPOrpaMMaM.

IIpozpamma obujezo creopa. V3BecTHO, 4TO B YIJIOBBIX H3Mepe-
HUSIX CpPeNHIO KBaJpaTHUECKYI0O IOTPeIIHOCTb IeHTPHPOBAHHSA

MapKH WJIH TEOHOJHTA M, MOXHO NPHHATL paBHOM e/4/2,rae e —
JUHeHHasi BeJMYHHA BHEIEHTPEHHOCTH OCH BpalleHHsi npubopa Hu
LeHTpa reo3dHaka. B CTBOpHBIX H3MepeHHSX IO NMporpamme ooO1Iero

CTBOpA BJHSIHHE M TOTPEIIHOCTEl LeHTPHPOBAHHS HA BEJHYMHY OIl-
pefesisieMOit HECTBOPHOCTH 3aBHCHT TJIaBHBIM 06pasoM OT TOYHOCTH
IIEHTPHPOBAHUS CTBOPHOrO MpPHGOpa — aJHMHHOMETpA Ha OJHOM H3
OTIOPHBIX MYHKTOB H MapKH Ha ompegpensieMoin Touke. (M3-3a GoJib-
IO yAa/NIeHHOCTH KOHEYHOro NMYyHKTa MOTPeIlHOCTb IIeHTPHPOBAHHS
OPHEHTHPHOA MapKH [Jisi NMPOCTOTH BBHIKJAAOK YYHTHIBaTh He G6y-
nem.) U3 puc. 9 BugHO, uTO

2 ' — 23
my = mig 4, (Y 20)

Toe Myo, My; — COOTBETCTBEHHO CpeJHHE KBaJpaTHUeCKHe LEHTPH-
poBaHHs1 MpHGOpaA Ha OMOPHOM MYHKTe M MapKH Ha i-ii ompejeJse-
MOH TOuKe.

CuuTas, UT0 Myo= My; ="My, MOJYYHM

“mafie () e

CuaenoBaTesbHO, CyMMa NOTPEIIHOCTel LEHTPHPOBAHHS MAaKCH-
MaJabHa aJs Oauxkafmedl K aJHHUOMETPY oOmnpefessieMOil TOUKH [
H MOXKeT ObITb HaiijleHa no dopmyJie

. . m

ITpoepamma nocaedosaresvroix cTéopos. BiMsiHMe TmOrpelIHo-
CTeHl LEHTPHPOBAHHS HA TOYHOCTb H3MEPEHHS YAaCTHBIX HECTBOPHO-
cTeft A; B 3TOH nmporpaMme Takoe ke, Kak M B nporpaMme ob11ero
CTBOpa. YYHTHIBAsl, UTO AJIHHA YAaCTHBIX CTBOPOB IIPH IOCJeENOBa-
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Puc. 9. TlorpewiHocTH LECHTPHPOBAHHS CTBOPHOro NpH6opa M BH3UPHHX Mapok

Te/NbHOMl NEepecTaHOBKe aJHHHOMETPA YMEHbLIAETCs, BeJHYHHA M,
MOxeT GbITh MOJACYHTaHa 1o (opMmyJe

my = my, ,\/1+(::zi; : (23)

JlonycTHM, YTO TOYHOCThL OMpEeJeseHHS] HCKOMBIX HeCTBOPHOCTEH
0; 3aBHCHT TOJIbKO OT IIOTpPEINHOCTeH UeHTpHpoBaHHs. Torpa, moa-

CTaBHMB 3HaueHHe ma BMECTO m, B ¢opmyay (11), nomyuum

’ n—i 1 2
my = m, /\/[14—(;__}_)],4;-. (24)
n—i+2
Fpaq)ux H3MEHEHUSI ms B 3aBUCHUMOCTH OT IIOJIO2KEHHUS onpenpe-
JsieMO#l TOYKH BJIOJIb CTBOpA IpeJCTaBJsieT cO60H KPUBYIO C MaKCH-

MYMOM B cepejiHHe CTBOpa. MakcuMaJsbHEle 3HAYEHHs Mg AJsS TpeX
CTBOPOB C YHCJOM 1, paBHbIM 3, 7, 15 mNpOMexXYTOYHHIX paBHO-
MepHO pAacnoJIOKeHHBIX TOYeK, NPH LEHTPHUPOBAHHM aJHHHOMETPA
H MapKH CO cpeiHell KBaJpaTHYeCKO# MNOrpeIlHoCThio 15 MKM co-
CTaBJISIOT cooTBeTcTBeHHO 23, 30, 40 MKM.

BuiusiHHe morpeliHocTell LEHTPHPOBAHHSI B MPOrpaMMe MOCJEN0-
BaTeJIbHBHIX CTBOPOB YBEJHYHBAETCSl C YMEHbUIEHHEM MIJHHBI BH3HD-
Horo Jyuda (T. e. C yMeHblIeHHEeM Ilara IMepecTaHOBKH CTBOPHOrO
npubopa). B To Ke BpeMs BJIHSIHHe NOTrpeIIHOCTe#l BH3HPOBaHMS,
Kak OblJI0O NOKAa3aHO BHIe, YMeHbLI1aeTcs. B cBsi3au ¢ 3THM BcTaer
3ajlaya onpefesieHHss ONTHMAJbHOTO IIara INepPecTaHOBKH HHCTPY-
MeHTa. HanuiieM Bbipa)keHHe AJIsi CYMMAapHOrO BJIMSIHHS TNOrpell-
HOCTH ULEHTPHPOBAaHHS ¥ BH3HPOBAHHS Ha OCHOBAHHH GopMyJ
(11) u (24)

e nfae A1+ (2]

MakcumasnbHoe 3HaueHHe M NpUXOAMTCS Ha CepeiHHy CTBOpa.
YuuThiBasi paHee mpHHsiToe 0603HaueHHe 2¢=n-+1 U NpHHAB =g,
nocJjie anrebpanyecKkux npeo6pasoBaHUi IMOJYYHM

2_ 2 m2 20"+ 29+1
M= [”’” @+ 12 ] @
o [ mulN2 \?
Ias cepepuusl ctBopa m? _(—qu

OGosnauum mL 4/2lp=a, .n5i="b,
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Toraa
Mi—g2al 0 0(2°+29+1 7, 97
i b e e &N

Ha ocnoBanuu dopmyn (27) u (13), 3aMeHsis A BeJIMYHHON !/oq,
nocJie HeKOTOpbIX Npeo6pa30BaHUH MOJTYYHM:

bq (2¢*+29+1)
M—i@— ,\/L . 28
@ % +— @+ 1) (28)
IlepBas npousBomHas ¢pyHKuuH (28) MMeeT BHL:
M — MR +8°+9¢+49+ ) —(@+ e | 29)

29 (¢ + 1)* V/2q (a + bg?(2¢* + 29 + 1)

IIpuMenenne obmero MeTona AJsi HaXOXAEHHST MHHHMYMa (yHK-
IMH C TOMOIIbIO NPOHU3BOAHOH SIBJISIETCS JAOBOJILHO I'POMO3JKOH 3a-
naueii. IloaToMy Bocmosib3yeMcst YacTHBIM NPHEMOM peLIeHHs AaH-
Horo Bomnpoca. IIpeanosoxum, uto pyHkuus (29) MHUHHMaJbHA NpH
TaKOM 3HaueHHH ¢, NMPH KOTOPOM BJIMSIHHE OIIHOOK M, H My Ha
CpeJHIOI0 TOYKYy CTBOpa OAHHaKOBO. [IpupaBHHBasi o6a ciaraeMbix
NnpaBoi YacTH ypaBHeHHi (26), mosyynm

ma @+ 1) =mu /2% + 24+ 1. (30)

Onpenenum BesuuuHy g npu L=84 M, m=0,4" u my=15 MKm.
PaBeHCTBO AOCTHraercsi MpH ORHOM BeIIEeCTBEHHOM KOpHe §=35,6.
INpupanum 3HayeHHI0 ¢=5,6 HeKOTOpble NpHpalleHHsi Ag, BBIYHC-
auM M:

q Si, M m, MKM my, MKM M, Mxm
4,6 9,1 38 30 48
5,6 7,5 34 33 47
6,6 6,4 32 36 48

Orciofa BHAHO, YTO HeboJiblliMe npHpalleHHss Ag= *=1 yBeJHYH-
BaloT norpeuHocte M. CHeslaHHOe NpelnoJioKeHHe 0Ka3aJoch Bep-
HbIM. OcTaercsi NOACTAaBHTL 3HAUeHHS ¢ B MepPBYI0 MPOU3BOJHYIO
(29). Ilpun ¢g=5,6 npousBogHas o6pamaercss B Hyap (~0,1 MkM),
npu g=4,6 —oTpuuaresbHa, a npu ¢=6,6 — nosoxureapHa. Ciae-
J0BaTeNbHO, HCXOAHAast GyHKuus (28) nmpu L=84 M u ¢=>5,6 MHHH-
MaJbHa, a ONTHMaJbHasi JAJMHA BH3UPHOrO Jydya OyHeT S;=
=L[29<7,5 M.

STy MeTOAMKy lesecoo6pasHO NMPHUMEHSITh AJIS NpejpacyeTa Ol-
THMAaJIbHOH AJIMHBI BH3HDHOrO Jiyda NPH H3MepeHHsX Mo NMporpaMme
Noc/leA0BaTeJbHBIX CTBOPOB JJsi JIIOOOH AJHMHBI CTBOpPa B 3aBHCH-
MOCTH OT BEJIHYHHBI NOTPEINHOCTeH BH3HPOBAHHS H LEHTPHPOBAHHS.
Pacuerhl nokasbiBaloT, YTO ONTHMAJbHAas AJIHHA Jyya 3aBHCHT IJ1aB-
HBIM 06pa3oM OT COOTHOLIEHHsI MOTPEIIHOCTeH BH3HPDOBAHHS H IEH-
TPHPOBaHHS M OYEeHb MaJjo 3aBHCHT OT JJHHBI CTBOpa (HampuMep,
npu L=2336 M Sonr=8 M).
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CreayeT OTMETHTb, UTO NPAaKTHYECKH BCerja 3KOHOMHUYHee yBe-
JIHYUBATh TEOPETHUYECKH pPACCUMTAHHYIO [JHHY BH3HPHOTrO Jyua.
JeiicTBuTEeNIbHO, yBeanueHHe 3TOi AJMHBI Ha 30—40 % npuBomut
K He6GOJIbIIOH MOTepe TOYHOCTH. HampuMep, NpH YBeJHYEHHH Sonr HA
2—3Mu L=84 M AM<10 MKM.

Ilpozpamma 4wacTHbiX cTEOPOS. BiMsHHE NMOTPEINHOCTEH LEHTpPH-
pOBaHHsl Ha BEJHUYMHY KaxAOH H3MepeHHOH YacTHOH HeCTBOPHOCTH
A; mo 3TOll mporpaMMe NOCTOSIHHO M MOXeT OBITb BBIYHCJIEHO CJle-
LylomuM o6pasoM

, o M5
miy = my /T (R = 31)
[ToacraBuB ato 3HaueHHe m’, B ¢opmyay (17), moayuum
' mu'\/g n
=———4D. 32
my P v (32)

Ananus ¢popMysbl (32) MoKasbBaeT, YTO HAKOMJEHHE MOTPEInHO-
cTedl LEHTPHPOBAHHS B 3aBHCHMOCTH OT HOMepa TOYKHM [ BHYTpH 3a-
JaHHOTO O6LIero cTBOpa NPOHCXOAMT 3HAUHTENBbHO OBICTpee, YeM IO

nporpamMMe MOCJEAOBATEJIbHBIX CTBOPOB, a rpaduk 3HaueHHH mp
npejcraBJsier co60if KpPHBYIO GoJibLiiel KPHBH3HBI C MaKCHMYMOM
B CepeJliHe CTBOpa.

XapakTep BO3pacTaHHMs Mg C YBeJHYEHHEM KOJIHYECTBA 7 INpO-
MeXYTOYHbIX TOYEK, a CJefA0BATeNbHO, H KOJHYECTBA YaCTHHIX CTBO-
POB MOXHO NpPOCJEJUTb MO CJeAYIOUHM AaHHbBIM: npuH n=3,7 u 15

ms paBHO 41, 111 u 312 MKM COOTBETCTBEHHO.

Ilpoepamma nocaedosaresvuoix creopos no uactam. CreneHb
BJIMSIHUS MOTpeIlHOCTell LIeHTPHPOBAHUA Ha onpejesisieMbie HeCTBOP-
HOCTH MO NpOrpamMMe MOC/IEAOBATEJNbHEIX CTBOPOB IO YacTsM Ha-

XOAUTCS B MHTepBaJje MeXJAy 3HAaueHHSMH Mg, COOTBETCTBYIOLUMH
nporpaMMaM NOCJeJOBaTeNbHbBIX CTBOPOB H PAaBHBIX YaCTHBIX
CTBOPOB.

TorpemHocT 3a nepedOKycHpOBaHHEe 3PHUTENbHOMN TPYOB!. Bhico-
KOTOYHbIEe CTBOpHble M3MepeHHsI ONTHYECKHMMH MeTOAaMH NpH MpH-
MeHEeHHH 3pHTeJbHBIX TPyO ¢ BHyTpeHHeH (HOKyCHPOBKOH CONPOBOXK-
Jal0TCs TOTpelHOCTsIME 3a nepedokycupoBanue o¢’. s onpene-
JIEHUs] BeJIMYMHBI M XapaKTepa 3THX MOrpelIHOCTell B KaxJO0H M3
OCHOBHBIX IPOrpaMM H3MepeHHi NMOCTaBHM YCJOBHE, YTO ¢’ B JIMHEl-
HOH Mepe sIBJIsileTCSl BeJIMYMHOH NMOCTOSIHHOH M CHCTeMAaTHYeCKOH NpH
nepedoKycHpoBaHHH ¢ OECKOHEUHOCTH Ha pacCTosiHue §; [0 ONpefe-
JseMOM TOYKH. DTO YCJOBHE MOXET BHINOJHSTBCS B TOM CJyuae,
ecJM 3aJlaHHBIH CTBOp pasfiesieH Ha paBHble NMPOMEXYTKH, a 6aso-
BOe HampaBJ/ieHHe TaKOBO, YTO TpyOa (poKycHpyeTcs MpaKTHUYECKH Ha
6eCKOHEUYHOCTb.

Ilpoepamma nocaedosaresvnoix creopos. IloacraBu B (5)
BMeCTO A, BeJHYHHY NOTPelHOCTH 3a nepedOKyCHpOBaHHe ¢’, mo-
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JYUYHUM (bOpMyJIy JJig pacyeTa CTENE€HH BJIMSIHHS 3TOr0 HCTOYHHKA
HOFpeIﬂHOCTeﬁ Ha TOYHOCTb OIpeleJIeHHs HCKOMBIX HeCTBopHOCTeﬁ

i
1
o=0'(n—i+41) - . (33)
; n—k+41

Ananus ¢opMyanl (33) mokasbiBaeT, YTO HAKOMJEHHE MOrPEIIHO-
crefl 3a mepedoKycHpoBaHHE MPOHCXOAHT MO KPHBOH OJIM3KOH K JIO-
rapH¢MHyecKoii cnupaJu. Jlorapugmuueckas cCnupajb BbIpaxaeTcs
cJelyIouell CHCTeMOH ypaBHeHMH B INPSMOYrOJbHBIX KOOpJAMHA-
Tax X, y:

y=Le™®sing; L —x=Le—m®Pcosq, (34)

rie L — niuHa 3aJaHHOrO CTBOPA; ¢ — MOJISPHBEIA YroJi; e — OCHO-
BalHe HaTypaJbHBIX Jorapupmos; m=ctg &; e=0c’p/si; si — AaUHA
BH3HPHOrO Jyya O ONpejessieMoil TOUKH BHYTPH KaXJOTrO YaCTHOrO
CTBOpA.

H3BecTHO, 4TO, KOIla YroJa ¢ HOCTHTAeT BEJHYHHBI €, JOrapHd-
MHYECKasi CnHpajb HMeeT MAaKCHMYM M NMpPH MaJjbiX yrjiax & MaKCH-
MaJlbHasl OPJMHATA Ymax MOXKET GEITH NMOACYHTaHA MO GHopMmyJe

Le Lo’

Ymax =Omax = —— =

. (35)
es;

Touka ¢ MaKCUMaJbHOH OPJHHATOH Ymax HAXOLUTCS HA paccTosi-
HHH X OT HayaJja CcTBopa

x=L—Lle. (36)

PaccMOTpUM cTeneHb BJIHSIHHS NOrpPELIHOCTH nepedOKycHpoBa-
HHSI Ha pe3yJbTaThl CTBODHBIX H3MepEeHHH B OXHOM HampaBJIeHHH
(B mpsiMOM XoZe) AJisi CTBOpPA NJIHHOK 336 M, MPOMEeXKYTOUHBIE TOUKH
KOTOPOT'O pAacHoJIOXXeHH paBHOMepHO uepe3 24 M. [lis pacueToB
BO3bME€M BeJIHUHHY ¢’= +40 MKM, NOJyYeHHYI0 Ha OCHOBAHMH Clle-
UHaJbHBIX HccJefoBaHHH MHKpoTesneckona ¢upMmbl «Teftnop—I06-
coH» (BemnkoOpuranus) npu nepedoKycHpoBaHHH ¢ 6€CKOHEUHOCTH
Ha paccrosiHHe 24 M, u BocnoJbdyeMcst ¢opmyqoit (33). Ias npo-
MEXYTOUHBIX ToueK /—13 ¢ mpUMeT cJeAyiollxe 3HAUeHHs (MKM):
40, 77, 110, 140, 166, 187, 204, 215, 219, 214, 201, 172, 121.

BesqnuynHa MakCHMaJIbHOTO BJIMSIHHSI NOTPEUIHOCTH 3a mepedoKy-
CHpOBaHHe B [JaHHOM INpHMepe cocTaBJaseT 219 MKM, M 3Ta ToYykKa
HaXoAUTCs Ha paccTositHMH 216 M OT HavaJbHOrO MHYHKTAa CTBOpA.
Paccunras mo ¢opmysaam (33) u (36), COOTBETCTBEHHO MOJyuaeM
Omax=205 MKM 1 x=213 M.

Buansinne morpemHocyell 3a nepedoKycHpOBaHHe B CTBOPHBIX H3-
MepeHHsX N0 MpOorpaMMe IOCJeJOBaTEeNbHBIX CTBOPOB B 3HAUMTEJb-
HOH CTemeHH KOMIEHCHpYeTCsl MpPH BBIYHCJIEHHH CPeIHHX 3HaueHHH
HeCcTBOpPHOCTeH M3 mpsiMoro M obpaTHoro xoaoB. MakcuMaJibHOe oc-
TATOYHOE BJIHSIHHE NPHXOIHUTCS Ha NPOMEXYTOUHBIE TOYKH, pacmno-
JIOXXEHHble B HayaJjie M KOHIle CTBOpPa, MHHHMAJbHOE — JJISl TOYeK,
pacmnoJioXXeHHBIX B cepeliHHe CTBOPA.
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Cneayer OoTMeTHTb, 4TO uyeM O6oOJiblie JJIHHA CTBOpPA NPH INOCTO-
SIHHOM LiIare NepeCcTaHOBKH ajJIHHHOMETpA, TeM TOYHee HEOGXOAHMO
BHINOJIHSITh HCCJIEJOBAHHs 1O BHISIBJE€HHI0O BEJHUYHHBI NOTPELIHOCTH
o’ 3a mepe¢okycupoBky. Haubosiee appeKTHBHEIM MyTeM HCKJIOYE-
HHUSl 3TOH NOTPELIHOCTH sIBJsieTCsl NpHMeHeHHe 3pHTeJNbHBIX TPYO6
JIBOHOTO H300paKeHHsl.

Ilpoepamma pasrbix 4acTHoix cT8OPOS. BeJlMYMHY BJHMSIHHUS MO-
rpeuiHocTell 3a nepe)OKycCHpOBaHHEe NPH CTBOPHBIX H3MEpPEHHSX IO
3TOil mporpaMMe MOXHO paccuuTaTh no ¢opmyse (15), 3ameHHB Ag
BeJIMUMHOH ¢’, mosiyyeHHo#! U3 HcciaenoBaHuii. [lorpemHocTn 3a me-
pedOKyCHpPOBKY B AAHHOM cJjyuae MPaKTHYECKH IOJHOCTbIO HCKJIIO-
4aloTCsd B CPeJHHX 3HAayeHHsIX HeCTBOpPHOCTel §; MOJy4YeHHBIX H3
npsiMoro u ob6partHoro xoAoB. OJHAaKO NpH BHIMOJHEHHH CTBOPHBHIX
H3MepeHHHA TOJbKO B OJHOM HaNpaBJieHHH BJHSHHe NOrpeliHoCTeH
3a nepeoOKyCHpPOBaHHe MOXXeT JOCTHraTb HeJONMyCTHMO OOJIbIIHX
3HaueHHH. BeJHYHHB MAKCHMAaJbHOrO BJIHSIHHS Omax NOTpelIHOCTeH
3a nepedoKycHpOBKY Ha cTBOpax AjuHO# 96,192 u 384 M, HO pas-
JleJIeHHBIX Ha OJUMHAKOBBIE YaCTHHE CTBOPH MJIHHOH 48 M (m/nHa
6a30Boro HanpaBJieHHs 48 M) npu JJHHe BH3UPHOrO Jydya JO Ompe-
JieasieMOl TOYKH 24 M cocTaBsiT cooTBeTcTBeHHO 80, 640 1 1560 MKM.

CurenoBaTeNbHO, IPH OJHOCTOPOHHHX H3MEpeHHsX cJelyeT TILa-
TeJbHO ONPeResNsiTh BEJHUHHY ¢’ H BBOAUTDb MONPABKH B pe3yJ/bTaThHl
CTBOPHBIX H3MepeHHUH.

Ilpoepamma nocredosarenrbHolx cT80pO8 no 4acram. Pesyib-
TaTH HU3MEpeHUH Mo NMporpaMMe IOCJeI0BATENbHHIX CTBOPOB MO Ya-
CTAM, BHIOJIHEHHBIX B NPSIMOM H OOGpaTHOM HampaBJieHHSIX, MOTYT
6BITh CBOGOAHBI OT NMOTPeIIHOCTEH 32 nepedOKyCHPOBKY TOJBKO B y3-
JIOBBIX TOYKaXx. [/ BceXx OCTaJbHEIX NMPOMEXYTOUYHHBIX TOYEK OCTa-
TOYHOE BJIMSIHHE pacCMaTpPHBAaeMOro HCTOYHHKA NOrpemHocTell 3a-
BHCHT OT HX B3aHMHOr'0 PacloJIOXKeHHs] BJOJb KaXJAOTO H3 YAaCTHHIX
ctBopoB. Tak, HanpHMep, ecJH CTBOp AJHHOH 384 M pasgejeH Ha
yeThlpe YacTH, T. €. UMeeT TPH y3JIOBhle TOUKH, a BCe NPOMEXYTOU-
Hble TOYKH DacIoJIOXKeHH uepe3 24 M, BJIMsHHMe NOrpeLIHOCTeH Ie-
peOKyCHpPOBaHHsl Ha BeJIMYMHY CPeIHHX HECTBOPHOCTeH §; He mpe-
Bblaetr 64 MKM npu ¢’ =40 MKM.

Baunsinne 0OokoBOi pedpakuuuH. B 3aBHCHMOCTH OT COCTOSIHHS
BHELIHHUX YCJIOBHH CBETOBOH JIyY OTKJIOHSIETCSI OT NPSIMOJIMHEHHOro
HanpasJieHHs!, ONHCHIBAsl B IPOCTPAHCTBE HEKOTOPYIO CJIOXKHYIO KpH-
Byo. Ha pesysabraThl CTBOpHBIX H3MepeHHH HaHOoJibllee BJIHSHHE
okasbiBaeT 60KOBasi pedpakliisl CBETOBHIX Jiyyell B aTMocdepe, T. e.
B JlaHHOM CJlyyae Ba)XHO 3HaTh reOMeTPHUYECKyI0 (OpPMY NpPOEKLIHH
CBETOBOI'O Jiyya Ha TOPH30HTAJbHYI0 IJIOCKOCTb, 3aBHCSALLYI0, MO
HCCJIeJOBAHUSIM psiia aBTOPOB, OT pacnpefiesieHHs] TOPH30HTAJbHBIX
rpagHeHTOB TeMnepaTyphl. He BpaBasicb B NOAPOGHOCTH CJIOXKHOMH
TeopHH GOKOBOH pedpaklMM M MeXaHH3Ma ero BJHSHHMS Ha pe3yJib-
TaTH reoJle3HYeCKUX H3MepeHH, MpHUBeleM pe3yJabTaThl NMPHUHUHIH-
aJIbHOrO aHaJiH3a XapaKTepa BJIMsHHs OOKOBOH pedpakiuu Ha pe-
3yJbTaThl BHICOKOTOYHBIX CTBOPHBIX H3MepeHHH, BBHIIOJHEHHBIX IIO
TpeM mporpaMmam: OGLIero CTBOpa, NOCJAeAOBAaTeJbHBIX CTBOPOB H
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PaBHBIX YacTHHIX CTBOPOB [7]. Hi3MepeHHs BBLIMOJHSAMHCD CIELHaJb-
HbBIM NMPHGOPOM — TEPMHYECKHM TrpaJHeHTOMepoM, pa3paboTaHHBIM
Ha kKadenpe npukaagHoii reomesun MUHWIAuK. TemnepartypHbie
rpajHeHTH OblJiM H3MepEeHH B NEepHOJ OKOHYaTeJbHOH IOCTHPOBKH
MOJIOXKEHHS] TEXHOJIOTHYecKoro o060pyHOBaHHs, KOrja B NOMelleHHH
cTabHJIH3HpOBaJics TeMnepaTypHbd pexxuM. CpefHHI TOpPH30HTalb-
HbIH TeMnepaTypHbIH IPafHeHT B HaNpaBJIeHHH, NMEPNeHAHKYJISIPHOM
K cTBOpYy, coctaBua 0,05 °C Ha 0,5 M.

[TonpaBkn 3a GOKOBYI pedpaklHI pPacCYHTHIBAJHCh B HeNo-
CpeJCTBEHHO HM3MepeHHble HECTBOPDHOCTH §; MO HporpaMme ooOLiero
CTBOPAa M B YacTHble HECTBOPDHOCTH A;, HENMOCPeACTBEHHO H3MepeH-
HBle M0 NpOrpamMMaM IOCJIeNOBATEJbHBIX CTBOPDOB M DaBHBIX YacT-
HBIX CTBOPOB IO BhillenpuBefeHHHIM popmyam (9) u (16). Koneu-
Hble pe3yJbTaThl NPOBEJEHHOr0 HCCJeNOBAHHS CBeleHb B TabJ. 4.

[TonpaBkn 3a G0KOBYyIO pedpakKuuio (y;) B HCKOMBle HECTBOPHO-
CTH §;, BHIUHCJEHHBlE JJIsI BCeX PacCMOTPEHHBIX NMpOrpamm, okKasa-
JINCh OJHHAKOBHIMH (C TOYHOCTBIO BHIYHCJIEHHI).

JLas1 onpenesieHns BO3MOXXHOH BeJIHUMHBI BJIHSIHHS GOKOBOH peg-
pPaKUHH TpPH CO3JaHHH OMOPHOIO TIe0Je3HYEeCKOr0 CTBOpa HayyHo-
3KcHepHMeHTaNbHOH 6assl CepmyXOBCKOTO YCKOpHTEJSl JJIMHON
336 M 6b1a co3naHa MOJesb pacnpefeseHHs TeMIepaTypHHIX rpa-
JHEHTOB, aHAJIOTHYHLIX H3MEpPEHHBIM TpajHeHTaM B HHXEKTope, H
no HUM Obljia BBIUHMCJIEHA NONpaBKa IJis CpPefHeHd TOYKH. DTa Io-
npaBKa oKasaJjach paBHoH +0,83 mM. Takas GoJblias BejHuHHA
OOBSICHSIETCSI TE€M, UTO COCTaBJIEHHble TPAaJMEHTH HMEJH IpeuMy-
1L[eCTBEHHO NOJIOXKHTeJbHHI 3HaK. [Ipu cjyyaliHoM XapakTepe TeM-
nepaTypHHIX IPaJAMEeHTOB HX BJIMSIHHE Ha HECTBOPHOCTH KOHTPOJIH-
pyeMbIX TOYeK MOXKeT 3HauHTesJbHO KoMneHcHpoBathcsi. OueBHIHO,
4TO B CJyyae NnpeobsafaHHUsl NMOJIOXKHTEJbHBIX HJIH OTPHIATEJbHBIX
MONepeyHblX TeMNepaTypHbiX TIpPagUeHTOB HeOGXOAHMO BBOAMTH

TABJHUA 4

ITporpamMma ITporpamma ITporpaMMa 9aCTHHIX
o6mero cCTeopa| MocjJeAoBaTe/bHHX CTBOPOB CTBOPOB
Homep
NyHKTa
P MKM Tpr MKM Y MKM Ty» MKM Y MKM

1 436 +36,2 +36 +11,0 +37

2 -+53 +23,3 -+53 +6,1 +-52

3 +-54 +11,4 454 43,8 +55

4 +49 +8,3 -+49 +3,0 -+50

5 438 +5,2 +38 +2,6 +38

6 +22 +3,1 422 +3,1 422

IlIpuMeuaHnue. rn — NONpaBKH B YaCTHHIe HECTBOPDHOCTH, H3MepeHHe NO NnporpaMme
nocjiefoBaTeJIbHBX CTBODOB; rq — NONpaBKH B YaCTHHE HECTBOPHOCTH, H3MEpPEeHHHhe no Npo-
rpaMMeé YacCTHBIX CTBOPOB; 7Y — NONpaBKa B HCKOMbe HECTBODHOCTH 0‘ OTHOCHTEJIbHO BCero
CTBOpa B LEJNOM.
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NONpPaBKH B pe3yJbTaThl BBICOKO-
TOYHHIX CTBODHBIX H3MepeHHH HJIH
H30JIUPOBAaTh BHM3HPHBIA Jy4 OT
BHeIlIHel cpejbl, cO3[aBasi CHelH-
ajibHble TEPMOCTaTHPOBAHHBIE HJIH
BaKyyMHPOBaHHbIE JY4eBOJHI.

BakyyMHpOBaHHHH  CBETOBOL
BKJIouyaer B cebsi TpyOGONpOBOAHI,
yCTpPOHCTBa NEpPeMelleHHsA H BBOAA
MHILEHeH, a TaKXe YCTPOHCTBa H
npu6oph AJs CO3JaHHS BaKyyMa.

YcTpoiicTBO BBOJAa H BHIBOAA
mumened (puc. 10) cocrour H3
Puc. 10. BakyymupoBammmii ayue- OTP€3Ka TPYGBI CBETOBOAA, mexa-
BOJL AJis1 CTBOPHBIX H3MepeHHH HH3Ma IepeMelleHus] MHIIEHEeH H

N0CaOYHOH BTYJIKH C CHJIb(HOHHOH
pa3sBsskoi [17].

MexaHu3M nepeMelieHHsi paMOK COCTOHT M3 KpOHWITefiHa 2, H
IBYX IOABHKHBIX PAMOK 8, HCXOJHOE IOJIOXKeHHe KOTOPhIX — r'OpH-
30HTaJbHOe. PaMKH ¢ pasHBIMH BH3HDHBIMH LEJSIMH MeXaHHYeCKH
u3osupoBaHbl. JIIohT B onopax ycTpaHsieTcsl 3a cyeT NOATATHBAHHSA
H (uKcalMH KOHYCOB Oced BpaleHusi paMoK. PaMku Ha Bpamiaio-
IIMXCS OCSIX 3aKpelJieHHl HeNmoABHXXHO. Ha ocsx paMok 3akpemnJieHul
cepbru 8, KoTophle BpawaioTcs NnpuH nomoum tar 7. Tsaru mpuso-
JATCSL B ABHXKEHHe IPYXKHHAMH 9, a orpaHHueHHe [BHKEHHS OCy-
L1eCTBJIsSIeTCS BPAIlAIOIIUMCS 3KCLEHTPUKOM 6, HEMOABHKHO 3aKpel-
JIEHHRIM Ha BaJly 3JIeKTpoJABHrate/isi. BHIXOJHOH BaJ peaykropa
3JIEKTPOABHraTe i BpallaeTcss B OAHOM HampaBJieHHH CO CKOPOCTbIO
2 o6/MuH. BxJloueHHe ABHraTeJist OCYLIECTBJSETCS C NyJbTa yNpaB-
aeHusi. Pukcauusa pamox B nosoxeHue 0, 90 u 180° mpousBoauTCS
YIODHBIMH BHHTaMu I, a OCTaHOBKa JBHrartesisi — MHKPOBHIKJIOYa-
TeJISIMH.

KpoHuTefiH KpenHTCsl Ha NOCaJOYHBIA BaJj 5, KOTOpHIH MO Ba-
KyyMy HMeeT cHJIb(OHHYIO pa3Bsi3Ky 4. B paGoueM NOJIOXKEHHH yCT-
pOACTBO AJs1 NepeMellleHHs] MHIIeHedl [OJIKHO OBITb IOCTHPOBAHO
TaK, YTOOH IJIOCKOCTb MHIIeHel Oblja NepneHAHKYJsipHA K CTBODPY
M LIEHTPHl MHILIEHeH NPH BBOAE MX B CTBOP JieXaJH Ha OAHOH Bep-
THKaJIH, NPOXOAsLIeHd 0 OCH NOCAaA0YHOr0 BaJja H BTYJKH reo3Haka.

B na6opaTopHBIX YCJOBHSIX OBl CcOOpaH CBETOBOJ MNPOTSIKEH-
HocThlo 18 M ¢ muamerpoMm Tpy6m 160 MM. dopBakyyMm paspexe-
HueM nopsigka 1—3 Ila cospaBascs oguum Hacocom BH-1. Busupo-
BaHHe OCYLIeCTBJSJIOCh MHKpoTeseckonoM «Teismop — I'o6con» (Be-
JMKOODHTAHHs) B NATH TOYKAX IO CTBOPY. AHaJOrMYHEIE H3MEpeHHs
NPOBOJHJIHCh B H30JHPOBaHHOH TpyGe (6e3 BakyyMa) M B OTKPHITOH
aTMocgepe.

B noseBbIx yc/0BHSIX GblI cOOpaH CBETOBOA C AHAMETPOM TPYGHI
300 MM nporskeHHOCTblo mopsiika 100 M ¢ BBOAOM MHILIeHeH Ha
paccrosiusx 6, 24, 48, 72 u 96 M. PopmakyyM co3pmaBaJjcs ABYMs
HacocaMu THna BH-1 paGoraomumn napaJjenbHo. JlaBieHue
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B CBeTOBOJe nojjep:kuBajoch or 4 mo 13 Ila. BusupoBaHue ocy-
11IeCTBJISIJIOCh MHKPOTEJIECKONIOM NO 72 HaBeleHHs] Ha KaXIAyl MH-
ILIeHb.

Jlnsi cpaBHeHHss IIPOBOAMJIHCH H3MepPeHHs B H30JHPOBaHHOMH
TpyOe u OTKpHITOH aTMoctepe. B nmabGopaTopHBIX YCJIOBHSIX Ha pac-
CTOAIHUAX R0 20 M H3MepeHHs, NpOBOJAYMEBIE B BaKyyMe, He3HauH-
TEJIbHO OTJIMYAIOTCS MO TOYHOCTH (Mpme=0,15") oT H3MepeHHil Byc-
JIOBHSIX OTKpPHITOH atTMocdepn (msuz=0,20”). B noseBbX ycJI0BHAX
3aMEeTHO NPEeHMYILeCTBO BH3HPOBAHHsS yepe3 H30JHPOBAaHHYIO H Ba-
KYyMHPOBaHHYI0 TPYOy (Msus=0,14"), Torna kak cpenHss KBaapa-
THYeCKasi MOTPEUIHOCTh BH3HPOBAHHS HAa OTKPLITOM BO3JYXe COCTa-
Buja 0,30”. Ilpu sToM yMeHbluaeTcss NMOrpelIHOCTb H3MepeHHH 3a
CYeT OTCYTCTBHSI TOKOB BO3AYyXa M 3aMyTHEHHOCTH cpeinl. BakyyMH-
POBaHHBIA CBETOBOJ, MO3BOJISIET HCKJIOYHTh B CTBOPHBIX H3MePeHHsIX
NOrpelHoCTh pedpakLHH.

§ 10. OneHkKa TOYHOCTH PE3yJbTaTOB
CTBOPHBIX U3MepPEeHUM

OueHKa TOYHOCTH pe3yJbTaTOB CTBOPHBIX H3MepeHHH Mo mpor-
paMMe OOLIErO CTBOPA MOZKET BBIMOJHSITHCS 0 PA3HOCTSM ABOHHBIX
usMepenuit d;=6";—38";, rae 8’; u 8’’; COOTBETCTBEHHO HECTBOPHOCTH,
u3MepeHHble B npsiMoM (I[—II) u o6patHoMm xozme (II—I). CpenHss
KBaJpaTHYeCKasi NOIPEIIHOCTh pe3y/IbTaTOB H3MEpPeHHH IO Npor-
paMMe YacTHBIX CTBOPOB BBIYHCJSETCS MO Pa3HOCTSIM YACTHHIX He-
ctBopHocre#t d’;=A’;—A”;, rae A’; 1 A”; — yacTHble HeCTBOPHOCTH
i-i TOYKH, U3MepeHHBle B NpsiMOM — cTtBOp (i—1)—(i+1) — u 06-
patHoM — cTBOp (i+1)— (i—1) — HampaBJieHHSIX COOTBETCTBEHHO.
CpenHHe KBaJpaTHYeCKHe INOTPEIIHOCTH H3MEPEHHH BBIYHC/ISIOTCS
N0 U3BeCTHHIM (hopMyJiaM ABOHHBIX H3MepeHHH.

[IpeacraBisier HHTepeC pacCMOTpeHHe HEKOTOPBIX OcOoGeHHOcTeH
OLEHKH TOYHOCTH M3MepEHHBIX HeCTBOPHOCTEH MO mporpaMMam mo-
cleJoBaTeIbHbIX CTBOPOB H  NOCJEJOBAaTeJbHBIX CTBOPOB IO
4acTsM.

H3BecTHO, 4TO NMPH BHINMOJIHEHHH H3MEPEHHH MO 3THM INpOrpaM-
MaM YyacTHble HECTBOPHOCTH A; OJHHX M TeX Xe IPOMEXYTOUHBIX
TOYEK B NPsSMOM H OGPAaTHOM XOJaX H3MEpSIIOTCS OT PasHbIX CTBO-
pPOB H He MOT'YT CPaBHHBaTbCs MexAy coOoi. BHIUMCIIEHHBIE HCKO-
Mble HeCTBOPHOCTH §; SBJSIOTCS (DYHKUHSIMH H3MEPEHHBIX BeJHYMH
A;. AHanu3 pe3yJbTaTOB M3MepeHHH NOKa3bIBaeT, YTO B Pa3HOCTSX
HecTBOpHOCTeH d;=98';—06";, NMOJyYeHHBIX K3 NMPSIMOrO M 0GpaTHOrO
Xo0B, Habuaiofaercsi npeo6GJajaHHe OIHOrO 3HaKa — IJIOCA HJIH
MUHYCa, KOTOpOe MOXET ObIThb BBI3BAHO HE TOJbKO HAJHYHEM CHCTe-
MaTHYECKHX MOTPelHOCTed, HO U pacnpejeseHHeM CJayd4afHBIX MO-
rpeliHocTell H OmpefesieHHBIM 3aKOHOM HX HakomjeHus. Tak Kak
NPUMEHSITb (OPMYJIBI [JIsT OLEHKH CJay4aiHbIX He3aBHCHMBIX BeJIH-
YHH K PasHOCTSIM d; HeJib3sl, OLEHKY TOYHOCTH CJIEAYET BHIMOJHSATb
no pasHocTsiM D; HecTBODHOCTEH CMEXHBIX NMYHKTOB, NOJyYeHHBIM
B NpsMOM M o6GpaTHOM HamnpaBJeHHsX. MOXHO peKOMEHAOBaThb
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CTeAYIOLLYI0 METOAMKY OLIEHKH TOYHOCTH MO Pa3HOCTSM HeCcTBOP-
HOCTell CMeXHBIX MYyHKTOB.

CHaya/sla BBIYHCJISIOT PAa3HOCTH HECTBOPHOCTEH Ay CMEXHBIX
NYHKTOB N0 popMysaMm:

’

By =8 —8); A =8 —8,,, (37)

rae 6’; B 8”; — HeCTBOPHOCTH NMYHKTOB, BBIYHCJIEHHBIE 1O H3MEpPEH-
HbIM 3HAueHHSM YacTHBIX HECTBODHOCTEH COOTBETCTBEHHO M3 Ipsi-
MOro ¥ 06paTHOro XOJOB.

3areM 06pa3yloT pasHOCTH Dy=As—As ¥ BHUHCISIIOTCS Beca
P’ u P” no popmynam
1 B 1
e ; P" = " , (38)
Ag Ag

P’ =

rae M,y — OxHaaeMble CcpeJlHHe KBaJpaTHYeCKHe MOTPelIHOCTH,
nosyyeHuble no ¢opmyaam (9) c yuerom (37). Beamuunym, Ha
OCHOBAHMH OINbITa PabOT MOXKHO BHIYUHCJIHTL MO GopMmyse M, =
==0,4" 4/25,/p, THe s; — JNHHA BU3HPHOTO JIyya.

Beca pasHocteit D; BhiuncasiioTcst o popmyne Pp,= P'P"/(P’ 4-
+P”), a cpemHsisi KBaJipaTHuecKasi NMOTPeLIHOCTb EIMHHIIE Beca W
pasHocreil d; — 1o gopmyJe

p=+/[PpD%in, (39)
rfie n — 4ucJo pasHocreil d;.

PasHoctu D; Tpe6GyIOT 06OCHOBAHMSI TOrO, YTO OHH SIBJISIIOTCS
cjabo 3aBHCHMBIMH M 006J1aJal0T CBOMCTBAMM CJy4YalHBIX MNOrpen-
HoCTeH.

Ilpu nmpoBepke COrJIaCOBAHHOCTH TEOPETHYECKOrO H CTaTHCTHYe-
CKOro pacnpejieJieHHsi MCMOJIb3YIOTCS pa3JiHYHble KDHTEPHH Kak IO
maabeiM (n<20), Tak u no 6osabwuM (n>50) Br6GopKam. B mepBoM
clyyae MaJible pSAbl MOrPeLIHOCTeH, KOTOpble MOJyuYeHbl NPHMEpPHO
B OJMHAKOBBIX YCJIOBHSIX, He OOBEIMHSIOTCS B OAMH OGIIMEH psf,
a HCCieJOBaHHE HX paclnpefesieHHs NPOHU3BOAUTCS MO OTAENBHO-
ctu [2]. Bo BTOpOM ciyyae c LeJibi0 YBeJHUYeHHs] 06beMa BBIGOPKH
MaJible psAb 00beJUHSIOT B OAMH oOwwmil psjg. O6a nmoaxojaa K Mc-
CJeJOBaHHIO pacnpejeseHHil psOB H3MePEHHH HMEIOT CBOH JOCTO-
MHCTBA M HejocTtaTkH. IIpn HccnenoBaHum BHJa pacnpejesieHHs IO
OTAENbHBIM MaJblM psilaM pe3yJbTaTOB H3MEpPeHHH TPYAHO Ha-
JIeXKHO TOJIYYHTb OOOCHOBaHHbIE BBIBOJH O CBOHCTBAX reHepaJibHOH
COBOKYTHOCTH, HO, C JPYroil CTODOHBI, H3yYyeHHEe TAaKHX DSAOB NO3-
BOJISIeT BHISIBJASATb XapakTep (paKTHUeCKOro pacmpejesieHHsl Morpeli-
HOCTell KaJOoro psiia H3MepeHHH B oThesbHOCTH. OGbeAuHsisi Ma-
Jble psiAbl B OAHH OOILHH psf, MOXHO cAejaTb 6ojiee 0OOCHOBAH-
Hble BBIBOABI O CBOHCTBAaX reHepaJsibHON COBOKYNHOCTH. YYHThIBas
3T0, NPOBeJileM aHaJIH3 XapaKTepa pacnpefiejieHHsl PsOB MOrpeLIHO-
cTell CTBODHBIX M3MEPEHHH Ha ONMOPHOM reofe3MYeCKOM CTBOpE IJIH-
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Hoit 888 M Kak mo MaJbiM psAaM, BKJIOYAIOIIMM NOTPEIIHOCTH H3-
MepeHHH B KaXJOM OTJeJIbHOM LMKJe, TaK H no oblueMy psay, co-
CTaBJIEHHOMY M3 YeTbipeX He3aBHCHMBIX LMKJOB H3MepeHHH, BBINOJI-
HeHHbIX NPHMEPHO B OAMHAKOBBIX YCJIOBHSX.

Jas1 onpenesieHns: xapaKkrepa paclnpejesieHHsl NOrpelHOCTed Mo
MaJbiM BHIOOpKaM (B HalleM NpHMepe B KaXXJOM LIHKJe H3MepeHHH
n=18) usBecTeH psx KpurepueB. Bocnosb3yemcs kputepuem Cap-
Kaau, ocCOGEHHOCThIO KOTOPOTrO SIBJISIETCS TO, YTO OH NPHMEHHM IpH
JIIOOBIX CHCTEMATHYECKHX MOTPEINHOCTSX, COAEPKAIHXCS B pe3yJlb-
TaTax U3MepeHHH:

n—2

(r—2) s = 12(n—2) +Z[ - 22(;——12) I “0

a KpuTHuecKas o6Jjactb npu ¢=0,05 onpeznessieTcss HepaBeHCTBOM
(n—2) ®?p—2>0,461. B ¢opmyse (40) 8; — 371eMeHTH BapHAILHOH-
HOro psina ciayuyaiHbix BesHuuH. KoHeuHble pe3yJ/ibTaThl BHIYHCJIEHHH
NpUBeJEHBl HHUXKeE,

Llaxn #H3MepeHHA I I1 II1 v
(n—2 e, 0,045 0,120 0,054 0,060

IToayuyeHHble 3HaueHHs] He MOMaJH B KPUTHUECKYI0 o6JacTb. Cie-
JIOBaTeJIbHO, C BeposiTHOCTbIO 0,95 MOXHO YTBepKAaTh, YTO pacmpe-
JeJjieHHe pasHocTeit D; pe3yJbTaTOB CTBOPHBIX H3MEpPEHHI BHYTDH
Ka)JOro LUKJIA SIBJSETCS HOPMAaJIbHbIM.

Ilpexxae ueM BHIMOJIHUTbL HCC/EfOBaHHe XapakKTepa pacnpejeJe-
HHS MOTpeINHOCTeH CMEIIaHHOro psifia, COCTABJIEHHOro Mo pe3yJbTa-
TaM H3MepeHuii B N nuknax (B Hamwem npumepe N=4; nN=72),
BO3HHKaeT HeOGXOJHMOCTb NPOBEPKH €ro NPHHAJJIEXHOCTH OJHOM
reHepaJjibHO# COBOKYNMHOCTH. [1Jisi 3TOro Heo6XOJHMO, YTOGHI PSABI
06J1aJlaii HYJIEBBIM HJIH MOCTOSIHHBIM MAaTEeMAaTHYECKHM OXKHIaHHEeM
H paBeHcTBOM jucnepcuii. [IpoBepka runmoTtesbl NMOCTOSIHCTBA Mare-
MaTHYeCKOTO OXKHAAaHMs pe3yJbTAaTOB H3MepeHHH paBHOCHJIbHA IIPO-
BepKe OTCYTCTBHSI B H3MEPEHHSIX NepeMeHHOH CHCTeMaTHYecKoi Io-
IPELIHOCTH, OCYIIECTBJISIEMOH NyTeM BBIYHCJIEHHS AHCIEPCHOHHOTO
OTHOILEHHS] M CPaBHeHHMsi ¢ TaGJHYHBIM 3HaueHHeM. [IpoBepka pa-
BEHCTBA JMIHPHYECKHX MAMCIEpPCHH, IOJYyYeHHBIX MJS KaxAOro
LIMKJA CTBOPHBIX H3MepeHHii, MOXeT ObITb BBHINOJHEHA N0 KPHTEPHIO
Baprierra. BoimosiHeHHBIH aHa/JH3 MO yYKa3aHHbIM KDHTEpHSIM IO-
Ka3blBaeT, YTO HCCJAEAYyeMble PSAbl MOrpellHOCTel MPHHAIJIEeXAT OJ-
HOH reHepasIbHOH COBOKYIHOCTH. DTO NMO3BOJISIET YBEJHYHTb OO6BEM
BBIGOPKH 0 72 W NMpOM3BeCTH NMPOBEPKY Ha HOpMaJibHOe pacnpeje-
JieHHe obuiero (cocraBjieHHOro) psina. JlJyisi mpoBepKH COrJjlacHs CTa-
THCTHYECKOTO pacnpefiesieHHsi ¢ HOPMAJIbHBIM JJIsi COCTABJIEHHOTO
psana (nN=72) npumenum kpurTepuit ITupcona [2], xoropriii siBJISA-
eTCsl JOCTATOYHO YYBCTBUTEJbHBIM K aJIbTEDHATHBHBIM THIOTE3aM.
Uucso cremeHe#t cBoGOAbl NpH TNpHMeHeHHH Kputepus I[lupcona
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ompefensiercss no ¢opmyJse y=~k—s, rie k— 4yucJI0 paspsfoB; s —
YHCJIO HAaJIOXKEHHBIX CBfi3ed, T. €. COBNajeHHe TeOpeTHUYecKHX D H
cTaTHCTHUeCKHX D cpemHHX norpemHocrted, aucnepcuii op 1 m?p u

v
> Py=1 (P;— BepOATHOCTh TNONMAjaHHs 3HAYEHHH CJyyaHHOH Be-
=

JIMUHUHBI B JaHHBI HHTepBaJ).
OTMeTHM, YTO OCOGEHHOCThI0 pasHocTell D; B CTBODHBEIX H3Mepe-

HUSX fBJISIETCS1 TO, YTO ycJoBHe D=0 BHINOJIHSETCS reOMeTpPHYECKH.
ITosToMy B HameM cjiydae s=2, a YHCJO CTeneHe#l CBOOGOABI NpH
JaHHOM k=8 paBHO 6. JIJg 3THX HMCXOJAHBIX JAHHBIX BBIYHCJEHHAs
BeJiMUHHA %2=4,23. [ noBepHTesbHOH BeposiTHOcTH ¢=0,05 u
y=6 TabauuHOe 3HaueHHe ¥2=4,75, T. e. GOJblIe BBIYHCJIEHHOTrO.
ITosToMy rumoTe3y O TOM, 4To pasHocTH D; pacmpezesieHb 1O HOP-
MaJIbHOMY 3aKOHY, MOXKHO CUHTATh AOCTOBEpPHOM.

UsBecTHO, YTO KOTJa YCJOBHS H3MepEeHHH HMEIOT HEKOTOPYIO
OGIIHOCT, HANIPUMED, €CJIH OHH MPOH3BOAATCS ONHHM H TEM XKe Ha-
6a04aTesieM, OIHHM MHCTPYMEHTOM M NMPHMEPHO B OZMHAKOBBIX yC-
JIOBHSIX, Pe3yJbTaThl H3MepeHH#l cuuTaioTcs 3aBUCHMBIMH. [IpoBepum
HaJiMyue JIMHeHHOH KOppEeJSIIMOHHOM CBSI3H MeXAy Pas3HOCTSIMH He-
CTBOPHOCTEll CMEXHBIX NYHKTOB, MOJIyYeHHBIMH IO pe3yJibTaTaM H3-
MepeHH#l B pasHbix HukJaax. KoadduuueHTs KoppessiiuH, Xapakre-
pH3YIOlLlMe TECHOTY CBSI3H MeXAY pasHocTsIMH D; B pa3HBIX LHKJAX,
HOJIYYHJIUCh COOTBETCTBEHHO paBHBIMH r1—11=0,46, ri—m=+0,11,
rim—iv=—0,40 npu n=18. KoppeJssunoHHass CBf3b CUMTaeTCs Cy-
IIECTBEHHOH, ec/iH r monajfaer B KPUTHUYECKYIO 06J1acTh, ONpejeseH-
Hylo no ¢opmyse Kanna, kotropass npumensiercsd npu n<<20. Coor-
BETCTBYIOLIHE BeJHUYHHbl Z=f(r), BBIYUMCJIEHHblE IO BHIIIENPHBE-
JEeHHBIM Ko3(¢HIHEeHTaM KOpPPEJsIMH, 0Ka3aJHCh COOTBETCTBEHHO
paBubiMu 0,50, 0,11 u 0,42 npu monyctuMoM 3HaueHun z=0,51, BbI-
6paHHOM H3 COOTBETCTBYIOLIMX TaGJIHIL.

CienoBaTesbHO, C JOBepHUTeNbHOH BepositHocThio ¢=0,05 pe-
3yJbTAaThl CTBODHBIX H3MepEHHil MOXHO CYHTaTh HE3aBHCHMBIMH,
a ucnosb3oBanue ¢opmya (38), (39) siBAsieTcst mpaBOMEpPHBIM NpH
OLleHKe TOYHOCTH M3MepeHHH IO COCTaBJIeHHBIM pasHOCTAM D;.

§ 11. KonaumaTopHbiii MeTon KOHTPOJS NPAMOJHHEHHOCTH

AroT MeTox 0co6eHHO 3¢ (eKTHBEH NPH BhIBEpKe HANpaBJISIOUIHX
nyTefi 60JbLIOTO MPOTSXKEHHS] HJIM NPH YCTaHOBKe OOOPYAOBaHHS
B NMPOEKTHOE NOJIOXKEHHe HemocpeACTBEHHO MO 6a30BBHIM TOYKaM.

OcHOBHBIMM NpPHOOPaMH SBJSIOTCS: 3pHTeJbHass Tpyba C OKy-
JISIPHBIM HJIH ONTHYECKHM MHMKDOMETDOM, YCTaHOBJIeHHAsi Ha OJAHOMH
M3 HCXOAHBIX TOYeK, KOJIJIMMAaTop, nepejBHraeMblfi Mo BbIBepsieMOH
JIHHUH HMJIH yCTaHABJIHBAaeMbli Ha NPOMEXYTOYHble TOYKH, H KOJIJIH-
MaTop B NPOTHBONOJIOXXHOM KOHIle CTBOpPa MJs OPHEHTHPOBaHHS
Tpy6nl. KosnMMaToOpOM Ha3bIBAalOT ONTHYECKHH NPHOOP, MO3BOJSAIO-
IAH HMCKYCCTBEHHO CO31aBaThb OECKOHEYHO YyHaaJieHHBIH O00BbeKT —
TOYKY, IIKaJy, MHDY HJH APYrylo LeJb AJs BH3npoBaHHs. IIpu mo-
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JIOXKEHHH CeTKH KOJIIMMaTopa B GeCKOHEYHOCTH dp=-—oco (IpaKTH-
YeCKH 3TO MOXHO OCYIIECTBHUTb, HanpaBHB Ha OGBEKTHB KOJJIHMAa-
TOpa MNYYOK NapaJJesNbHbIX Jydefi H3 APYroro KoJJIHMatopa) ee
n3obpaxeHne (ceTkH) OymeT HaXOAUThCA B (DOKyCe CHCTEMBI, SKBH-
BaJIEHTHOH KOMOWHAaNUH OGBEKTHBOB HCXOAHOrO KOJIIMMAaTOpa H BH-
3upHO# TpyO6HL. ITpu sTOM

f; = f;,f;p/(f; + f;p - d)' @1

rie d — paccTOsTHHE MEeXJY COOTBETCTBYIOIIHMH TJIaBHBIMH IJIOCKO-
CTSIMH OOBEKTHBOB KOJIIMMAaTopa H 3pHTeJbHOH TpyObl. CMmeleHHe
H300paKeHHUsT CETKH HHUTeHl KoJjuiuMaTopa [’ mpu yrje HaKJoOHa
MeXAy BH3HPHOH OCBIO NOCJEIHOrO U BH3WPHOH OChbi0 TPYOH O om-
penensiercss BhipaxceHueM l’=f'rptgh npu ycnoBuH, 4TO ceTKa KOJ-
JIUMaTopa HaxoAHTcs B (OKaJbHOH NJOCKOCTH 00heKTHBa. Baanm-
Hble JIMHeHHble CMeLleHHs ocell KOJIJIMMAaTopa H BH3UPHOH TPyGhl He
BBI3BIBAIOT CMeEIIEHHsT H306pakeHHsi ceTKH B TpyGe. OAHAKO, ecsH
NpH HEMOJABHXXHOM NOJIOXKEHHH KOJJIHMAaTopa H BH3HPHOH TPYGHI
CMECTHTb CETKY KOJIJIMMAaTopa B CBOeH MJOCKOCTH Ha BEJHUYHHY [,
TO u300pakeHHe CETKH B BU3UPHOH TpyOe OyAeT cMelmaThCs Ha
BEJINYHHY

U= — I /F (42)

CrenoBaTesbHO, €CJIM KOJJIMMATOp YCTAHOBJEH Ha GecKoHey-
HOCTb, OLIEHHBAETCS YIJIOBOE CMelleHHe TPYObl OTHOCHTEJLHO KOJI-
JuMaropa. dTO CBOHCTBO KOJUMaTopa H TPYObl, cOKyCHPOBAHHBIX
Ha GECKOHEYHOCTb, MOJIOXKEHO B OCHOBY KOJIIUMATOPHOTO METOAA
KOHTDOJISI MPSMOJNHHEHHOCTH. J[OCTOMHCTBOM KOJIIHMATOPHOTO Me-
Toga SIBJSETCS OTCYTCTBHe NepedOKYCHPOBKH NpPH H3MEHEHHWH pac-
CTOSTHHSI MEXAY BUSHPHOH TPYOO# H KOJJTHMATOPOM.

Onrtuueckast cucteMa KoJuumatropa (puc. 11, a) cocrout us
o6beKTHBa 3, Mapku (TecT-o6bekTa) 4, noMeleHHo# B Gokyce 06b-
eKTHBa, H ocBeTHTeNs 5. B kauecTBe 06'b€KTHBA HCHNOJB3YIOT JBYX-
JINH30Bble CKJIeEHHble (MJIH HecKJieeHHble) OGBEKTHBH, COCTOSIIIME
M3 NOJIOXKHUTENbHOH (KpPOHOBO#) M oOTpHuaTesbHOH (¢JIHHTOBOI)
auH3. Bennunna ¢GOKYCHOrO pacCTOSTHHS KOJIMMATOpa MOXKeT OBITh
pasauyHoii: or 600 no 3000 MM.

TecT-06beKTOM KOJIMMaToOpa MOryT ObITh: 1) Toueunble nuad-
parMbl, A¥aMeTp KOTOPbIX 3aBHCHT OT (POKYCHOTO PacCTOSIHHS 00b-
eKTHBa KOJIJIIMAaTopa: 4eM MeHblie (OKYCHOe paccTOsIHHe, TeM
MeHblLile AHAMeTp TOYeYHOH puadparmbl; 2) peryaupyemble (HJIH
CMeHHble iesieBble) AuadparMbl, HCHOJb3yeMble B KOJJIMMAaTOpe
NpH YIJIOBBIX M CHEKTPaJbHBIX H3MepeHHsiX; 3) CeTKH, NIpHMeHseMble
B KOJIIHMATOpe NMpH H3MepeHHH (OKYCHBIX pacCTOSTHUH, YBeJHYeHHS
yryia noJisi 3peHusi, HakJoHa H300pakeHus U T. A.; 4) MHpHl (WITPH-
XOBble MJIH pajHajbHble), HCIOJNb3yeMble B KOJJIHMATOpe NMPH H3Me-
pPeHHH paspeniapouieii cnocoOGHOCTH.

OcBeTHTENb B KOJIJTHMATOPE COCTOUT H3 HCTOUYHHKA CBETA M KOH-
nJeHcopa. OGBIYHO ToYyeyHylo AHadparMy mMOJACBEYHBAIOT JIaMIOH
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Puc. 11. KosnuMaTopHblii MeTOX KOHTPOJISI NPSIMOJIMHEHHOCTH:
a — NpUHLUHMHAJbHASA CXeMa MeToja; 6 — onTHueckas cxema npuGopa ITIIC-7

HaKaJIHBaHHs, HUTb KOTOPOH NpPOELUHpPYIOT Yepe3 KOHJAEHCOp B IJIO-
cKocTb AHadparmbl. CeTKH HJIH HHTH MOACBEYHBAIOT Yyepe3 MaTOBOE
CTEKJIO JJIsl MOJIyueHHsI paBHOMEPHOH OCBeleHHOCTH. THm KOHJeH-
copa BHIOMpPAIOT B 3aBHCHMOCTH OT THNA TeCT-00'b€KTa KOHKPETHO
JJIST KaXXA0ro cayyasl.

Ecaun nocraButh nmepen koaaumaropom I (cM. puc. 11, a) 3pu-
TeJIbHYI0 TPY6Y 2, TO B (pOKAJbHOH MJIOCKOCTH 6 3DHTEJNBHOH TPYOHI,
OT(OKYCHPOBAaHHOH Ha OeCKOHeYHOCTb, OyJeT BHIHO H306paxkeHHe
MapkKH, pHYeM pe3KOCTb H300paKeHHs He 3aBHCHT OT PAaCCTOSTHHSA
Mexay Tpy6oit H KoJuauMaTopoM. M3oOpakeHHe MapKH OCTaeTcs
HENOJBHXXHBIM NPH JIHHEHHBIX (apaJijieJbHbIX) CMELIeHHSIX KOJIJIH-
MaTopa HJIH 3pHTeNbHOH TpyOB, HO NOBOPOT KOJJHMAaTOpa HJH
TpyOBl BBHI3LIBAeT CMellleHHe 3TOro H3obpaxeHus. lamepHB cmeme-
HHe H300paKeHHss MapKH OKYJSPHBIM MHKDOMETPOM, MOXHO C BHI-
COKOM TOYHOCTBIO ONpEAEJHTh Yroj 6 B3aHMHOrO MOBOPOTa 3pH-
TeJIbHOH TpyObl H KOJJIHMATOpa.

MeTozHKa KOHTpOJISI NPSIMOJIMHEHHOCTH 3aKJIOyaeTcsl B CJeLYIO-
weM. Konnumarop nepemeiaercst BAOJAb CTBOPA OTHOCHTEJNbHO 3pH-
TeJbHOH TpyOBl, OPHEHTHPOBAHHOH MO BTOPOMY KOJIJIMMAaTOpy HJIH
BU3HpHOH MapKe. Ha kKopmyce KOJJIMMaTopa HMEIOTCS ONOpHBIE
TOYKH, pPaccTOsTHHE MeXAY KOTOpbIMH b HasbiBaeTcsi 6a30H KOJIJIH-
Mmatopa. [lepemeleHHe KoJJHMaTopa MeXAYy 3aMepaMH IPOH3BO-
JUTCSl Ha BeJUYHHY 6asbl b, T. e. mocje Ka)J0ro H3MepeHHs OKy-
JsipHasi Onopa CTaBHTCSl Ha TOYKY, rJe B NMpeAblAyLiedl MOCTaHOBKe
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KOJIINMaTopa HaxoAujJach OObeKTHBHAs ONOpa, HJH, HaobopoT,
B 3aBHCHMOCTH OT HanpabJIleHHsl NepeMelleHHs] KOJJIMMaTopa.
BenuunHa cMelleHHss A TOYEK KOHTAKTHPOBaHHsS OT 3aJaHHOMH
npsIMON onpejeJsieTcs no ¢opmyJe
A = b6/p, (43)

rae 6 — yrjoBoe OTKJIOHEHHEe CETKH KOJJIHMAToOpa OTHOCHTEJIbHO BH-
3UPHOR OcH 3pHUTENbHOH TpyOH; b — 6a3a KoJJauMaTopa.

YcranoBuB b=f", — GOKyCHOMY pacCTOSIHHIO KOJJIHMaTopa, Io-
JY4YHM
fi

f-rp

A= 1=kl (44)

rae k=f'p/frp; I’ — nuHeliHOe cMelieHHe H300paKeHHs CETKH HHTeH
KOJIIMMAaTopa, H3MepsieMOe Ha i-fi TOYKe KOHTDOJIMPYEMOro H3fe-
aust; f/rp — (OKYCHOE paccTOsIHUE 3PHTENbHON TPYOHI.

YKasaHHBle OGCTOSITENBCTBA OODBSCHSIOT BHICOKYI0O TOYHOCTb OIl-
pelleIeHHs] CTeNeHH HenapaJjeJbHOCTH OTJEJbHBIX OTPE3KOB BhIBe-
psieMoil KOHCTpYKUHMH. Tak, npu HCIONb30BAaHHH KOJJIMMATOpa
¢ f',=1600 MM, TpyOn TeomoauTta ¢ f'rp=>520 MM cpelHue KBajapa-
THYECKHE MOrPELIHOCTH OlpeJesieHHs] HenpsIMOJHHEHHOCTH (B JHEB-
HOe BpeMs) cocTaBJsOT 5—6 MKM Ha paccrosHuu 300 M H 3—
4 MKM Ha paccTossHHH 100 M.

ToyHOCTh KOJJIHMATOPHOTO METOJa B OCHOBHOM 3aBHCHT OT IO-
IPEIIHOCTH H3MEpEeHHUsl YIJIOBOIO HJIM JHHEHHOro cMelleHHs1 u3obpa-
JKEHHSI CeTKH KOJIMMAaTopa OKYJSIPHBIM HJH ONTHYECKHM MHKpPOMeT-
pom. Tak, mpu TOuHOCTH H3MepeHHS yraa 0, paBHoi 17, a mpu
IJuHe 6a3bl | M MOXHO YCTAaHOBHTb TOYKH KOHTAKTHPOBaHHS ma-
paJlyieIbHO HCXOJHOH MpPSIMOH C TOYHOCTBIO 5 MKM.

K OCHOBHBIM CJyYyaHHBIM MOTPEIIHOCTSM KOJJIHMATOPHOTO Me-
TOAA CJIeAyeT OTHECTH: NOIPELIHOCTh COBMELIEHHsI H300pakeHHsi
CeTKH HHTeH KOJIJIMMAaTopa C BHU3HPHOH OCbI0O 3PHUTEJNBbHOH TPYyOHI;
NOrpelHOCTh KOHTAKTa MPOMEXYTOYHOr0 KOJUIHMaTopa ¢ 6a30BBIMH
TOYKaMH KOHTPOJIHPYeMOro oGOpYHOBaHHs; CJIydyailHEle a3HMYTallb-
Hble pa3BOPOTHl 3PUTEJbHOH TPYOH HJH KOJJIHMATOpPa; HCKpPHUBJIE-
HHe BH3HPHOrO Jyya BCJeACTBHe pedpakuuu JydyeH cBeTa B BO3-
nyxe. ITo onbITHHIM JaHHBIM, CpelHsIsi KBaJpaTHYeckasi NOrpeui-
HOCTb B3aHMHOH YCTAaHOBKH JBYX OJIM3KO pacmoOJIOXKEHHBIX TOYeK
napaJijielbHO JIMHHH CTBOPa KOJJIHMAaTOPHBIM MeTOXOM (MKM) MoO-
XeT GHTb onpeienena no dopmyne M= 2,54/Lb, rne L — nnuna
CTBOpa, M; b — pauHa 6a3bl NPOMEXYTOYHOrO KOJJIMMATopa, M.
[Mpu L=20m u b=1 M M=13 MKM.

TouHOCTb OmnpenesieHHs] B3aHMHOIO CMeIEHHS] KOHTPOJHPYeMbIX
TOYeK B NMPHHLKNE He 3aBHCHT OT JJIHHBI 3afiaHHOro crtBopa. OxHako
npH 6GOJIbIIKX YAAJEHHAX NepeABHKHOTO KOJJIMMAaTopa OT 3pHTeJb-
HOH TPyOBl yXYAILAIOTCS YCJOBHS Hab/I0AeHUH H yBeJHYHBaeTCs IO-
rpeliHocTh U3MepeHHs1 yria oTkjaoHeHHs 0. I[lo onbiTy npuMeHeHHs
KOJIINMATOPHOTO MeTOJa MpPH MNJIAaHOBOH BhIBEpKe HaNpaBJISIOIIHX
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nyreit GOJBLIOro NMPOTAXKeHHS (AJauHOM Ao 400 M) cpenHss KBajpa-
THYeCKasi NMOTPeuIHOCTb H3MepeHHs yrja OTKJOHeHHs 6 M3 OXHOro
npuema cocrasaser 0,5—0,8”.

IMpunnun gefictBus oreuecTBerHHoro npuéopa IIIIC-7 ocHoBaH Ha
cxeMe KoJJauMaTtopHoro Metoja. Omnrtuyeckass cxeMa npubopa
III1IC-7 (puc. 11, 6) cocTouT U3 KoJjumatopa I—6 U 3pHUTENBHOH
Tpy6n 7—13. Ilydyok Jyyefi OT HCTOYHHKA cBeTa / yepe3 MaToBOe
CTeKJIO 2 H KOHJEeHCOp 3 ocBelllaeT CeTKy 4, Haxopsuyiocs B ¢o-
KaJbHOH MJOCKOCTH OOBEKTHBA KOJJAMMAaTopa 5, NMPOXOAUT uepe3
MapKy 6, nJjocKonmapaJesbHyI0 NJACTHHKY 7 ONTHYECKOrO0 MHKpO-
MeTpa, 06'beKTHB 3pHTeJbHONR TPY6H §—9 M cTpPOHT Ha ceTKe /0 H30-
OpaxkeHHe ceTKH Kosauaumartopa. O6e ceTKH paccMaTpHBaIOTCS yepe3
JoMaublit nox 90% okyJasip I3, o6opauHBalolLyl0 CHCTeMy /2 M NeH-
tanpuaMy 11. FiaMepeHue OTKJIOHEHHH NOJIOXKEHHS LleHTPa MapKu 6
OT BH3HDHOH OCH 3pHTEJbHOH TpPYObl NPOH3BOAUTCS ONTHYECKHUM
mukpometrpoM. Ilpenens uamepenuit *=0,5 MM, LieHa AeseHHs OT-
cyetHoro ycrpoictBa 0,01 MM. dokycHoe paccTosiHHe OOBEKTHBA
3pHTeJIbHOH TpyOHl 176 MM, yBenuueHHe 20%, (OKycHOe paccTOsiHHE
06'beKTHBA KOJJIHMAaTOpa 256 MM.

§ 12. ABTOKOJIJINMALHOHHBIH METON,

ABTOKONIMMATOp, UJH aBTOKOJJIMMAlLMOHHAsi BH3HpHas Tpyoa,
npejcTaBJisieT co60l coyeTaHHe 3pHTENbHOH TPYOBI U KOJJIMMATOpA.
ABTOKOJITUMATOPOM MOXKHO MOJIb30BaThCsl OJHOBPEMEHHO KakK 3pH-
TeJbHOH TpYO6OH U KOJJHMATOPOM HJIH B OTAEJbHOCTH.

Iloa aBTOKOJIMMauHe#d MMeeTcsi B BHAY NOJydYeHHe H306paxe-
HHsl, 00pa30BaHHOro0 NyYKaMH NapaJijieJbHBEIX Jiydeil, BHILIEAINX H3
aBTOKOJIIMMALMOHHO!N TPY6GHl M OTPaxKeHHBIX JHGO0 NJOCKHM 3epKa-
JIOM — aBTOKOJIJIMMAlMsl MapaJiiesbHbIX MYyYKOB, JUOO NPSIMOYroJib-
HBIM JBOHHBIM HJIM TPOHHBIM 3epKaJjioM, JHOO chepHUECKUM 3epKa-
JIOM — aBTOKOJIIMMAlHsl cXoAsimuxcss nydkoB. IIpu atom nosopoT
3epKaJia BOKpYT JI060# OCH, KpOMe NeplneHAHKYJsSpHOH K ero mJjoc-
KOCTH, ¥ IOBOPOT NPSIMOYTOJIbHOrO ABOHHOIO 3epKaJja (MpsMOYroJb-
HOH NMPU3MBI C JBOHHBIM OTpa)KeHHEM) BOKDYT OCH, MepNeHAUKYISap-
HOlt K ero pebpy ¥ BH3MDHOH OCH TpyOBl, BBHI3LIBAIOT OTKJOHEHHE
OTpaxKeHHOro mnyyka Jiyued Ha ABOHHOH yroJ. BciaeacTBue aToro
B (pokasbHOH mJOcKOCTH TPyOH 06pasyeTcss cMelieHHe aBTOKOJJIH-
MaLHOHHOrOo H300paxceHHs OJMKa, omnpejenseMoro ¢opmyJsaon As=
=2f"axtg B, rae ;’)a,(—q)oxyCHoe paccTosiHie 06beKTHBA aBTOKOJI-
JUMAaLHOHHOK TPyOHl; B —yros moBopoTa 3epKaJsa. IIpu aBTOKOJ-
JUMAalUH NapaJjljleJbHBIX NYYKOB Jyyeil HemocpeACTBEHHO H3Meps-
IOTCSl YTJIBl IOBOPOTA 3ePKaJbHOH MapKH.

ABrokoasnuMatopsl (puc. 12,a) HMelOT 0GBEKTHB 2 H aBTOKOJ-
JUMAalUHOHHBIH OKYyJsip 3, COCTOSIIMH M3 HCTOYHHKA cBeTa &8, KOH-
JeHcopa 7, TecT-06bekTa 9, pa3menHTeNbHOH NPHU3MBL (HJIH MOJY-
NpO3payHoii NMJacTHHBI) 4, CETKH 5, yCTaHOBJEHHOH B (oKyce OKy-
asipa 6. Ilydok cBeTa OT HMCTOYHHKA INpoOeUHUpPYeTCs KOHAEHCOPOM
Ha NJOCKOCTb TecT-06beKTa, PacloJIOXKEeHHOro B (OKaJbHOH IJIO-
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Puc. 12. ABTOoKO/IHMA-
LHSl TNYYKOB CBETOBHIX JIY-
yeii:

a — napajjenbHblX; 6 — cxo-
ASLHXCHA

CKOCTH 00beKTHBA. M3 TecT-06bekTa pacxoAsiLMics MYyYOK NpOeELH-
pyeTcsi Ha pasfesMTeJNbHYI0O I'paHb NPH3MBI (HJH NJACTHHKH) H,
NpoXoAsi 0ObEKTHB, BHIXOJAUT MapajjiejbHBIM MYYKOM.

B KOMNJIEKT aBTOKOJIJIHMATOpa BXOAST MJOCKOE 3epKaJjio B OI-
paBe H psjJ JONOJHHTENbHBIX YCTPOHCTB, MO3BOJISIIOLHX PaCLIHPHTh
JlHana3oH NpHMeHeHHs: NJOCKOe 3epKaJio B ONpaBe, HaJieBaeMoe Ha
OGbEeKTHBHYIO 4YacTb aBTOKOJIJIMMATOpa, HAaKJIaAHOH YypOBeHb H
6JIOK NMHTaHHS HCTOYHHKA CBETA C PEOCTAaTOM; NeEHTampu3Mma B OI-
paBe ¢ yrjaoMm oTkJoHeHHs 90° 3epKajo B LHJIHHAPHYECKOH OmpaBe
JJIsT H3MepeHHsT HEeCOOCHOCTH OTBEpCTHil; MHOrorpaHHble NpPH3MBI
C yHcJoM rpaneii 6, 8, 12; aByrpaHHoe 3epkKaJjo B ONpaBe C YIJIOM
oTkJoHeHus: 90° (0JHO 3epKaJoO MOJYNpO3payHOe), IOCTHPOBOUHBII
CTOJIHK C TpeMsl peryJHPOBOYHBIMH BHHTaMH.

OnHHUM M3 OCHOBHBIX 3JIEMEHTOB aBTOKOJIIHMAaLMOHHBIX NPHOO-
pOB SIBJISIETCSI aBTOKOJIJIHMALHOHHBIH OKYJIsSIp, Ha3HaueHHe KOTOpOro
COCTOMT B (GOPMHPOBAHHH CBETOBOH MAapKH H CO3JaHHH HeOOXOmH-
MOro yBeJIHYeHHs [Jis HabJIoJeHHH aBTOKOJJIHMAaLHOHHOrO H306pa-
JKeHHs1 ceTKH. JLJ1s1 3TOro aBTOKOJIIHMALHOHHbIE OKYJSPHl B OTJIHYHE
OT OOGBIYHBIX CHAaGXKAalTCS CBETOJEJNHTENbHBIMH YCTPOHCTBaMH
B BHJE NMOJYNPO3payHbIX NMJACTHHOK, CBETOAEJHTEJbHBIX KyO-npH3M
HJIM CcIlelHaJbHBIX CJOXKHEIX npusm (puc. 13) [1].

HauGosiee WmIHpOKOe NpHMEeHeHHe B MNpAaKTHKEe MOJYYHJH aBTO-
KOJIIMMaLHOHHBIe OKyJsipel A66e (puc. 13,a), I'aycca (puc. 13,6),
Monuenko (puc. 13, 8), ¢ Ky6-npuaMoii B ABYX MOJAH(PHKALHAX —
c onHoO#l ceTkoil (puc. 13,2), obpalleHHOH K OGBbEKTHBY, H C JABYMS
cerkamu (puc. 13,0).
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Puc. 13. OnTHYeCKHe CXeMB! aBTOKO/VIHMAIHOHHBIX OKYJISIpOB
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ABTOKONIMMaUUOHHEle NPHGOPH C OKyJsipaMH MOHYEHKO H
¢ Ky6-nmpu3Moif o06ecneyHBaiOT YJAOBJETBOPHTEJbHBIE H300paxKeHHs
CeTOK HJIH MapoK NpPH yhajleHHH IJIOCKOrO 3epKaja OT TPyObl 10
40—50 m.

BoJbIIMHCTBO aBTOKOJIIHMALMOHHBIX TPYO CHaGXKeHO omTHye-
CKHMH MHKDOMETPaMH HJIH OKYJSPHBIMH BHHTOBBIMH MHKDOMET-
paMH c LieHOH JeJIeHHs] OTCYETHBIX YCTPOHCTB B JIMHEHHOH Mepe HJIH
yIJI0BOii.

B Tabs. 5 npuBeJeHB OCHOBHBIE MapaMeTPHl OTEYECTBEHHBIX aB-
TOKOJIIKMATOPOB C BH3YaJbHBIM OTCYETOM. ABTOKOJJIMMATOPH I0-
Bepsiior B coorBercTBHH ¢ ['OCT 15805—70. ABTOKOJJIHMATOPHI
AK-0,5; AK-0,25, MT'A MoryTr HMCnoJb30BaTbCsl AJIsi KOHTPOJS Mpsi-
MOJIHHEHHOCTH HanpasBJIsIOIIHX CTAHHH KPYNHOrabapHTHBIX CTaHKOB,
NOAKPAHOBBIX NyTell H JAp. K aBTOKoJJIMMaTopaM MOXET MpuJa-
raThCsl CnellMasbHOEe AHaroHaJbHOe 3epKaJjlo, H3MeHsIollee Hampas-
JIeHHe BH3HPHOH ocu Ha 90°.

Brieonucannsit npu6op IIIIC-11 u mukporeneckon «Teiisnop-
[o6coH» TaKXKe HMEIOT aBTOKOJIJIHMAaUHOHHble OKyJsippl. OaHako
ISl onpefeieHHs] OTKJIOHEHHH KOHTPOJHPYEMBIX TOYEK OT NpSMOH
JHHHH B 3THX NpHOOpax HCNOJb3YIOT MPHHUHMN aBTOpedJekuuu. OH
3akJiouaercsi B cjefywoomeM. Ha niockoe 3epKajo NPOEKTHPYIOT
pacnoJIoKeHHYI0 B NJIOCKOCTH 00'beKTHBA KPYrOBYIO IIKAJy H MOCJe
OTpaKeHHsi HabJoJalT ee B 3pUTeJbHYI0 TpyOy. Ecau otpaxaro-
ee 3epKajo NepneHAHMKYJSPHO K BH3HDHOH OCH TPYOHl, TO H30-
Opa)keHHe LITPHXA KPYroBOH IUKaJbl, COBNAaJaloLIero C LEHTPOM
06'beKTHBA, COBMEIIEHO C NepeKpecTHeM CETKH HHTeH 3pHTeJbHOH
Tpy6ul. Ecii OHO mOBepHYTO Ha yroa f, TO ¢ mepeKpecTHeM CeTKH
HHTell coBmajaeT n-e JeJleHHe MIKaJbl, HaxoAslleecss Ha paccTosi-
HHH [p OT LeHTpa 00bEKTHBA. YTOJ MOBOPOTA 3epKaja ONpeaessioT
no ¢opmyne tg2p=Il./s, rae s —paccTosinie OT OObBEKTHBa MO
KOHTPOJIHDYeMOH TOYKH, Ha KOTOpPOH  YyCTaHOBJEHO MJOCKOe
3epKaJio.
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TABJHIA S

TeXHHUECKHe XapPaKTePHCTHKH AK-1 AK-1V AK-0,5 OK-05Y
QoKycHOe pacCTOsiHHe OGBEKTHBA, 250 250 400 500
MM
JluameTp BXOJHOrOo  OTBEPCTHSA 30 25 40 40
06BEKTHBA, MM
YBenunueHnne TPyGhH, Kpar 20 16 30 33
ITosie apenus, rpanyc 2 4 1 2
ITpenen naMepeHHss mpH paccrosi- 12 40 10 20
HHH 10 3epKaja 2 M, yrJ. MHH
Llena neseHHs CeKYHJHOR IUKaJHl 1 1 0,5 0,5
KOMIleHcaTopa, Yri. ¢
LleHa neneHuss MHHYTHOR IIKaJH, 60 60 30 30
yra. c

— B _ | oss+ B | _—
I[TorpemHocTH nokasaHuf, Yria. ¢ +100 +100
Macca npu6opa Ha HH3KOM LUTa- 5 — 10 -
THBE, KT
Ta6aputa npu6opa, Mm:

NJIHHA 320 488 450 545

INHPHHA 120 175 170 175

BHICOTa 150 185 170 185
IMpopomkenne Ta6n. 5

TeXHHYECKHe XapaKTepHCTHKH AK-0,25 AK-0,25Y MTA
QPoKycHOe paccCTosiHHe OOGBEKTHBA, 1000 1000 500
MM
JlnameTp BXOXHOrO  OTBEPCTHS 55 60 50
06BEKTHBA, MM
YBeanueHHe Tpy6H, KpaT 50 65 25
ITose 3penns, rpanyc 0,75 1 1,1
IMpepen usMepeHuss mpH paccrosi- 6 10 6
HHH RO 3epKaja 2 M, yIrJ. MHH
IleHa JesleHHs] CeKYHIHON LIKaJHl 0,25 0,25 1
KOMIeHcaropa, yri. ¢
IleHa feseHHs1 MHHYTHOM IUKAaJH, 15 15
yria. ¢

p J
[MorpetuH OKasaHHi, . 0,25+ — — 14—
OrpellHOCTH NMOKasaHHMA, yri. ¢ + 100 + 100
Macca npu6opa Ha HH3KOM IUTa- 16 — 8,5
THBe, Kr
FaGapuTe npu6opa, MM:

AJIHHA 545 530 245

IIHPHHA 225 175 200

BHICOTa 170 185 230
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OTeyecTBEeHHAsT TPOMBINIEHHOCTh BHITyCKaeT TeOROJAHTH TIA,
2T2A, TS5A ¢ aBTOKOJJIHMAIMOHHBIM OKYJSIPOM H YIJIOMEpHbIH
koMmiekT YBKH, B KOTOpHI BXOASIT LEHTPHP, CHCTEMa NPHHYIH-
TEJBHOrO IIEHTPHPOBAHHS W aBTOKOJIJIMMALHOHHBIH OKYJISIp.

B pa6orax B. C. YcoBa oTMeueHO, YTO NpH BH3HUPOBAaHHU aBTO-
KOJITUMalHOHHOK TpyOOH, cOKYCHPOBAaHHOH Ha BepLIMHY TPOHHOrO
NpSIMOYTOJIBHOTO 3epKaJja (Tpudzpa) u pebpa IBOHHOrO MpsIMO-
YyroJIbHOTO 3epKaJja (Iualipa), U3MepSIIOT JIHHeHHble OTKJIOHEHHS
KOHTPOJIHDYEMbIX TOYEK OTHOCHTEJbHO BH3HDHOH OCH aBTOKOJIJIH-
maropa. [Ipu 3TOM cMelleHHe BepIIMHBEI TPH3Jpa C BU3HPHOH JIHHHH
aBTOKOJIINMALlHOHHOH TpyGbl B JIIOGOM HampaBjeHHH HJH pebpa
InsJpa B HalpaBJIEeHUH, NMePNEeHAUKYJISIPHOM K MJIOCKOCTH, 06pa3o-
BaHHOX BH3HPHOH JIMHHeH TPYOb M pe6pPOM JH3/pA, BHI3LIBAET
yIBOEHHbIe CMeLIeHHs! aBTOKOJJIMMAalHOHHOrO M306paxeHus. Takum
06pa3oM, aBTOKOJIJIMMANMS MapaJjleIbHbIX MYyYKOB MO3BOJISIET BIBOE
10 CPaBHEHHIO C KOJJMMATOPHbHIM METOAOM MOBBICHTb TOYHOCTb M3-
MepeHHsl YrJOB HaKJOHa O0COpPYHOBaHHs. ABTOKOJIHMAUUS CXOXS-
IIMXCS NYYKOB BJBOE MOBHIIIAET TOYHOCTb H3MEPEHHs JIHHEHHBIX
CMelLleHUH KOHTPOJUPYEeMO#l TOYKH B CPaBHEHHH CO CTBODHEIMH H3-
MepeHUSIMH METOJIOM ONTHYECKOTO BH3HPOBAHUS 3PHTEJNbHHIMH TPY-
Gamu.

OCHOBHEIMM TOTPELIHOCTSIMH U3MEPEHHUS] HeNpsIMOJUHEHAHOCTH
cnocofoM aBTOKOJIJIMMAIIMH CXOASILIMXCS MYyYKOB Jydefl TNpH HC-
NOJIb30BAHHH AU3JPOB H TPHU3APOB SBJSIOTCS NMOTPELIHOCTH, BHI3HI-
BaeMble HCKPHBJIEHHEM BH3HDHOH OCH aBTOKOJIIHMALHOHHOH TPYOHI
npu nepedOKYCHPOBKe H MOTPEIIHOCTSIMH H3rOTOBJIEHHS] TPH3APa H
nuanpa. OmHAKO JOKa3aHO, YTO NMPH YCTAHOBKE BEpUIMHBI TPH3Jpa
Ha JIMHHIO BH3HPOBAHHsl aBTOKOJJIMMAaLHOHHOH TpyObl NMOrpelIHOCTb
n3-3a nepeOKYCHpPOBAaHHsI He YBEJIHYHBAETCS, a TOYHOCTb H3Mepe-
HUH BO3pacTaeT BJBOE.

IIpn aBTOKOJJIMMANMH CXOASIINXCS MYyYKOB HE3aBHCHMO OT pac-
CTOSIHHSI pa3Mepbl aBTOKOJIJIMMALMOHHOro GJIHKAa paBHBI pa3MepaM
CaMoro mpeaMera — MapKH-CETKH aBTOKOJIJIMMAIMOHHOH TpyOHl. ITo-
CTOSIHCTBO MacwmTaba H306pajkeHHsi MapKH-CETKH NPH aBTOKOJJIH-
MallMH CXOASILIMXCS MYyYKOB JydeH SIBISIETCS BaXKHBIM ee MpeuMylie-
CTBOM II0 CPaBHEHHIO C METOAOM IpPSIMOrO ONTHYECKOro BH3HPOBa-
HHMS, B KOTODOM BeJHYHHA H300paKeHHs JIMHEHHOr0 HHTepBaJa
MeXJy WITPHXaMH BH3UPHOH LEJH YMEHbINAETCs C YBeJHYeHHEM
paccrosinusi. IlocsenHee siBisieTcst HeNOCTAaTKOM MeTORA MpPSIMOrO
ONTHYECKOrO BU3HPOBAHHS, TaK KaK Jaxe HJs ONHOro U3 HaubGoJjee
TOYHBIX METOJOB BH3HDOBAHMsI NyTeM BBEJEHHs IITPUXa B GlCCeK-
TOp HeoGXOAMMO JIH6O H3MEHSITh IIHPHHY GHCCeKTOpa, JH60 UMEThb
Habop MapoK CO LITPHXaMH pPa3HOH IIHPHHBI B 3aBHCHMOCTH OT
aJbHOCTH BU3HPOBAHMUSI.

B03MOXHO mNpHMeHEHHe aBTOKOJJIHMAIMOHHOrO MeToxa HJs
KOHTDOJISI MPSIMOJIHHEAHOCTH H COOCHOCTH B COYETAaHHH C BH3HPOBa-
HHEM Ha LEHTP BH3HDHOH lleJM B BHJIE KOHIEHTPHYECKHX KOJIell,
HaHeCeHHBIX (POTOMeXaHHYECKHM TNYTeM HemoCpeJCTBEHHO Ha OTpa-
JKalollylo MOBEPXHOCTh NJOCKOIT 3epKaJbHOH MapKu. B aTom ciyyae
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METOJHKa KOHTPOJSl NPSIMOJHHEHHOCTH H COOCHOCTH CBOAMTCS K CJe-
nywomeMmy. Ilocie TOoro Kak MOHTa)kHasi ocb 3aHKCHpPOBaHa NpH
NOMOILIM 3pHTENbHOH TPYOH M BH3HDHOH MapKH, MOHTHpPYeMYIO Ae-
TaJlb aBTOKOJIJIHMALlHOHHBIM CIIOCOG0OM YCTaHaBJHBAIOT NapaJljeJbHo
MOHTaxHO#H ocH. OJHOBpeMEeHHO C aBTOKOJJIHMALHOHHOH YCTaHOB-
KOH NPOHM3BOJHTCS COBMeILleHHe reOMeTPHYECKOH OCH MOHTHpPYeMOH
JleTajJH ¢ MOHTaXHOH ocblo. 3epKaJjbHasi MapKa B 3TOM cJyyae HC-
noJib3yeTcsi Kak OOblYHAasi BU3HDHasi MapKa, NIpHYeM aBTOKOJJIHMa-
IIHOHHas IPHCTaBKa ¢ TpyOHl He cHHMaeTcsl. Eciu 3puTenbHas Tpyba
choKycHpoBaHa AJis aBTOKOJIJHMAaLHOHHOTO HabJIOAeHHs, TO KOJb-
11eBOH DHCYHOK 3epKaJbHOH MapKH He NpOCMaTpHBaeTcs, a IpH
(hOKyCHPOBaHHH Ha PHCYHOK 3€pKaJsIbHOH MapKH aBTOKOJJHMAalHOH-
Hasl IpUCTaBKa He Mewaet pabore.

B aBTOKOJIMMAaLHOHHBIX H3MEpeHHSIX B KayecTBe BH3HDHHIX Ile-
Jiell 4acTO MCHOJIb3YIOT 3epKaJjbHO-JHH30BEE oTpaxartenu (3J10) u
3epKaJibHBIE LiesieBble 3HAKU (pHc. 14).

Kopnyc oTpaxarensi 3, 3aKpelJIeHHbIH, HallpuMep, Ha LIaroBOM
MOCTHKe, YCTaHaBJIMBAIOT Ha KOHTPOJHDYEMOM H3AeJNHH. 3pHTeJb-
HOlt Tpy6oit I ¢ BHyTpeHHell ()OKYCHUPOBKOH M aBTOKOJIJIMMAIHOH-
HBIM OKYJISIPOM BH3HPYIOT Ha IJIOCKYIO IepeJHIO0 NOBEPXHOCTb KOJ-
JIEKTUBHOH JIHH3Bl 2, ¢ KOTOpPOH cOoBMelleHa nepeiHsiss ¢okKasbHas
NJIOCKOCTb 00beKTHBa 4 M oTpaxarens 5. IIpu aToM B IJOCKOCTH
OKYJISIpHOH ceTKH TpyObl OAHOBpeMeHHO HabJlofaloT ABa H306paxKe-
HHS: IlepBoe — H300paxkeHHe LieseBOro 3HaKa (KOHTPOJbHOro GHc-
CeKTOpa, HaHeCeHHOro Ha IJIOCKOH IIOBEPXHOCTH KOJJIEKTHBHOH
JIHH3Bl 3), MOJiyyaeMOe BH3HPHBIM METOAOM; BTOPOE€ — aBTOKOJIJIH-
MalHOHHOe H3006paKeHHe, IOJyyYaeMoe IOCJe OTPaxKeHHsT B CH-
creme 3JI0.

HUndopmauusa o auHeliHbix cMemeHHssx 3JIO u cBs3aHHOrO
C HHM 00DbeKTa COJAepKHT aBTOKOJJIHMaLHOHHOe H300paxkeHHe, ero
CMellleHHe OT LeHTpa OKYJSPHOH CeTKH NPONOPLHOHAJBHO YABOEH-
HoMy cMemeHuo 3J10. Hanuyne B 3TOM CMEIEHHH YIJIOBOrO OT-
KJIOHEHHs] OTpaxaTessl (PUKCHpYeTCsl paccorjacoBaHHeM ABYX yKa-
3aHHBIX H300paKeHHH.

®okycHpoBKOoH Tpy6el / Ha 6GeCKOHEYHOCTb NOBEpSIOT YTJOBLIE
otkyoHenus: 3J10. [Ipu 3TOM nydyok nmapaJjienbHbIX Jydei OTpaxa-
eTcsl OT INOJIyNpPO3payHOH NOBEPXHOCTH KOJIJIEKTHBHOH JIHH3BI 8 H
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Puc. 14. ABTOKO/ITHMATOp C 3epKaJ/IbHO-JIIIH30BLIM OTpaXareJeM
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CTPOHT aBTOKOJIIMMaLHOHHOe H300paxKeHHe B MJIOCKOCTH OKYJISIpHOH
ceTKH TpyOul. B 3TOM cuayuae cMellieHHe H300paxkeHHsI TaK¥e MpoO-
NOPUHOHAJNBHO YJBOEHHOMY Yriay oTkJoHeHus 3J10.

JlMcK BepTHKAJBbHOIO LleJIeBOro 3HaKa NpeAcTaBJsieT co60H Kpyr-
JYI0 CTEKJSHHYIO IJIaCTHHKY, pa3fesleHHyl0 Ha JABe 30Hbl — BHYT-
PEHHIOI0 H HapyXHyl. BHyTpeHHss1 30Ha UMeeT LieseBOii 3HaK. Bep-
THKAJIbHBIH LeJeBOH 3HAaK NO3BOJISIET KOHTPOJHPOBATb KakK JIHHEH-
Hble, TaK H YIJOBBIe CMeLleHHsl 06beKTa.

ABTOKOJNIUMALMOHHOMY cnOCO6Y CTBOPHBIX H3MEpEHHH B coue-
TaHHH C ONTHYECKHM BH3HDOBaHHEM Ha LEHTP MHIIEHH MPHCYLIH
NOrpelHocTH anuHHoMeTpoB. OfNHAKO, eCJH NPH yCTaHOBKe 060py-
JlOBaHHsl CTaBHUTCS OCHOBHOe TpeGoBaHHe K TOYHOCTH OpHEHTHPOBa-
HHUs 6a30BOH amepTyphl OTHAEJNBHBEIX 3JIEMEHTOB CTPOro napalJesbHO
HJIM HOPMAJBbHO K MOHTaXXHOH OCH, TO NpPEHMyLIeCTBa aBTOKOJIJIH-
MaLHOHHOrO MeToJa C MJOCKOH 3epKasbHOH MapKOH CYIIeCTBEHHHI.
Hanpumep, no cpaBHEHHIO C KOJJIHMATOPDHBIM METOJOM TOYHOCTb
NOBHIILIAETCS] NPHMEPHO BABOE.

B mnocnennne ABa JecATHJETHS] YyAenasieTcsl 60JbLIOe BHHMaHHe
aBTOMATH3aLMH Ipolecca H3MepeHHH BU3HPHBIMH H TJIaBHBIM o6pa-
30M aBTOKOJIJIMMaUHOHHBIMH Tpy6aMH. OHa ocyuiecTBisieTCs] yTeM
NpUMEHEHHS] YCTPOHCTB C (POTOZJEKTPHYECKHM HaBeJeHHeM Ha
IITPUX HMJIH ¢ (OTO3JIEeKTPHUECKHM oTcueToM. MMeroTcsi Takxke mpH-
60pH NMOJIHOCTbIO aBTOMAaTH3HPOBAHHBIE, IO3BOJISIOLHE OCYLIECT-
BJISITh aBTOMAaTHYECKOe CJexeHHe 3a 00beKTOM H3MepeHHs H peru-
CTpaLMIO pe3yJbTaTOB B KOJAOBOH ULH(pPOBOi ¢opMe HJIH ¢opme
3alUCH B BHJAE AHarpaMmbl.

ITo cnoco6aM 06paboTKH cHrHasIOB (OTO3JEKTPHUECKHE aBTO-
kosuMatopsl (PDAK) MOXKHO YCJOBHO pasfeuTh Ha ABE TPYIIbL:
1) npuGopel ¢ aHAJOroBBIM Cnoco6oM 06GpaGOTKH H3MepHTENbHOH
HHpopmauuu; 2) uudpoBble (HOTOITEKTPHYECKHE aABTOKOJJIHMA-
TOPHI.

Huxxe npuBefeHB OCHOBHBIE NapaMeTpbl aBTOKOJIJIHMAaTOPOB,
CepHIHO BBIMYCKAEMBIX OTEYECTBEHHOH NPOMBIILJIEHHOCTbIO. ABTO-
KosmuMarop A®-2 oTHoCHTCS K mepBOil rpynne GoTo3JeKTPHYECKHX
aBTOKOJIIUMATOpPOB. B MOMEHT coBMellleHHsI H3006paKeHHsl LITPHUXa
MHHYTHOH LIKAJBl C OCbI0 GHCCEKTOpa OHO OJHOBPEMEHHO NpOelH-
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Puc. 15. OnTthueckas cxemMa (oToajleKTpHueckoro aBTokoJuiuMaTopa @®IAK
A®-111
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pyercsi Ha LeHTp weaH BubpaTopa. MHKpoaMnepMeTp, NMOAKJIOYEH-
HBIl K BBIXOAY 3JIEKTPOHHOrO 06JI0Ka, KO BXOJY KOTOPOrO MOJKJIO-
yeH PDY, mokasniBaeT HYJEBOiH OTcueT. B 3TOT MOMeEHT mo mkaJje
cekyHJ OepeTcsi OTCueT BH3yaJIbHO ¢ TOYHOCTbIO jgo 0,17.

TeXHHYECKHEe XapaKTePHCTHKH Ad-2 Ad-111
QoKycHOe paccTOSIHHe OGBEKTHBA, MM 1000 608
JlnamMeTp BXONHOro 3pauka OGBEKTHBA, MM 40 60
¥YBennyeHHe TPYOH, Kpar 48,5 20
Yros mossi 3peHHs, yrJ. MHH 40 90
IMpenen uamepeHHs, yria. MHH 6 5
Llena nesieHHs IIKaJH KOMIeEHCAaTOpa, yri. C 0,1 0,1
Cpennsisi KBajpaTHyecKasi MOrpelIHOCTb H3MepeHHs, yri. C 1,0 1,0
Macca, xr 10 18

[IpuMepoM aBTOKOJIIHMATOPOB, OTHOCSIILIHXCS KO BTOPOH NOA-
rpynne nepBoii rpynnsl, sBiasercsi PIAK Ad-11] — BuinyckaeMblit
cepuiiHo noJasipuzanuoHHelii PAAK ¢ MarHHTOONTHYECKHM MOXYJISA-
TopoM cBeta. [lyyok Jyueit ot HcroyHHka I (puc. 15) uepe3 KOH-
JleHcop 2, CBeTOJeJUTENbHBIH KyOHK 5 U 06beKTHB 4 HampasJsieTcs
Ha nJockoe 3epkaJno 3. Ilocsie oTpaxeHHs OT 3epKaJja My4yok Jydeit
NpoxoAuT 00bEeKTHB, KyOHK W NajaeT Ha JABOHHOH mnoJjsipusatop 6,
KaxJas yacTb KOTOPOro NMOJSIpPH3yeT MOJIOBHHY MY4YKa B Pa3sIHYHBIX
nJOcKOCTSX. JIMHeHHO NOJSIpH30BaHHBIA MNYyYOK CBeTa NPOXOJHUT
MarHUTOONTHYECKHH MoayasTop 7, aHaausatop 8, JuH3y 9 H cobu-
paercsi Ha ¢oTonpuemuuke 10 (pororpansucrop ®TI-4), coeaunen-
HOM C M3MepHTeJbHOH cxeMmoii /1. MlcTroyHHk nepeMeHHOro Toka 12
NUTaeT MOAYJATOP H SIBJSIETCSI OJHOBPEMEHHO OMOPHBIM CHTHAJOM
cxemnl /1. TlonspusaTop H aHaJM3aTOP H3rOTOBJIEHH B BHJE NMPH3M
I'mana—Tomncona. Ilpu jeneHuu nossipusatopoM 6 myuyka Jyueit
Ha HepaBHble YacTH Ha BbIXOJe (oTOnpHeMHHKa O6pa3yeTcsl CHrHaJ
paccoryiacoBaHHsl, COOTBETCTBYIOLIH{l YrJy NOBOpOTa 3epkana J
(koHTpOJIHpyeMoro o6bekta). Pasa curHaJja onpeaensieT 3Hak (Ha-
npasJieHHe) yraa nosopota. LlugpoBrele ¢oTo3NEeKTpHUECKHE aBTO-
KOJIIHMATOPHl SIBJSIIOTCSI O CPaBHEHHIO C aHAJIOTOBHIMH 6oJiee mep-
CMEKTHBHBIMH, NTOCKOJIbKY B HHX HCNOJIb3YeTCS MHHHMaJIbHOE KOJIH-
yecTBO mnpeoOpasoBaTesnell H3MepHTeNbHOH HHopMmauuH. Kpome
TOr'0, BO3MOXEH HENOCPEeACTBEHHBIH BBOJ H3MepHUTEJbHOH HH(pOpMa-
uud B OBM u cosjgaHHe cHcTeM ¢ 06paTHOH CBS3bIO.



Inasa 3.

CTPYHHBIE METOAbI KOHTPOJIA
NMPSIMOJIMHENHOCTH

§ 13. IlpumMeHeHHe OCH HATAHYTON CTPYHBI
B KayecTBe pedepeHTHOH npsimMoi

Pe3ynbTaTel TEOPETHYECKHX H 3SKCMEePHMEHTaJbHBIX HCCJIeNO0Ba-
HHi1, ONBIT MPHMEHEHHsI B KPYMHOM MammuHOcTpoeHHH Ha Cepnyxos-
ckoM U EpeBaHCKOM YCKOpHTENsIX NMO3BOJHJH BCECTODOHHE Ompeje-
JUTh TEXHHYECKHE XapaKTEPUCTHKH CTPYHHBIX METOJOB KOHTPOJS
NPSIMOJTHHEAHOCTH M COOCHOCTH. B HacTosimee Bpemsi pa3paGoTaHb!
M H3TOTOBJIEHH H3MepHTeNbHBIe YCTpOficTBa, NAaTYHKH, CHEIHaJb-
Hble Ke3Jbl U aBTOMaTH3HDOBaHHbIE CPENCTBA CheMa HHGMOPMAIHH,
TO3BOJISTIOLINE HCMOJb30BATh CTPYHHBIA METOA MAJs1 BBICOKOTOYHOH
YCTAHOBKH TEXHOJIOTHYECKOTO OGOPYHNOBaHHSI B NPOEKTHOE MOJIOXKe-
HHE H JUIs1 KOHTPOJISI €ro TOJIOXKEHHSI B TpOolecce 3KCIIyaTalHH.
KpaTko paccMOTpHM NpHHUIMNHAJbHBIE BONPOCH CTBOPHBIX H3Mepe-
HUM CTPYHHBIMH METONaMH.

TIpy BBICOKOTOYHOM KOHTpOJIE NPSMOJHHEAHOCTH H COOCHOCTH
TeXHOJIOTHYECKOr0 OGOPYAOBAaHHS H CTPOHUTENbHO-MOHTAXKHBIX KOH-
CTPYKIHA B KauecTBe CTPYHBI NMPHMEHSIOT, KaK MPAaBHJIO, CTaJbHbIE
WM WHBapHble TPOBOJIOKH, peXe— HHTH H3 CHHTETHYEeCKOro BO-
JOKHAa (KampoHa HJH He#isioHa). B cTBOpe ABYX 3aJaHHBIX MYHKTOB
(puc. 16,a) momBewWBAIOT CTPYHY, HaTAHyTyl0 c cuaoii H. He-
CTBOPHOCTH TIPOMEXYTOYHBIX TOYEK OTHOCHTENHHO OCH CTPYHHI OI-
DeNeNsIOT TPH TOMOIIH BEPTHKAJbHO NPOEKTHPYIOIIHX NPHGOPOB.
Hartsixkenne u Heo6XOAHUMblE TepeMelleHHs] CTPYHBI OCYIIECTBJISIOT
HaTSXKHBIMH YCTPOACTBAMH, KOHCTPYKIIMSI KOTOPHIX 3aBHCHT OT OCO-
GeHHOCTell COOpY’KeHHsI, NOMYCTHMON CTpesbl IpoBeca, NPHHSITOTO
cnocoba (GHKCAUUH TOJNOXKEHHST NPOMEXKYTOUHHIX TOYEK OTHOCH-
TEJbHO OCH CTPYHBHI.

B Hacrosimee BpeMsi HAaUJIH NpHMEHeHHe CJeNYIOUIMe MEeTOIb!
CTBODHBIX M3MepeHHH: CTPYHHBIA C HHUTSHBIMH OTBeCaMH, CTPYHHO-
ONTHYECKHH. TMJaBawuel CTPYHB, aBTOMAaTH3HPOBAHHBIA C HHAYK-
THBHBIMH H (DOTO3JIEKTPHYECKHMH Npeobpa3oBaTessIMH.

Ha TtouHocTh ompeneneHHst HecTBOpPHOCTe §; JIOGBIM M3 BhIIIE-
YKa3aHHBIX CTPYHHBIX METONOB H3MepeHHH BJIMSIOT NOTPEIIHOCTH,
KOTOpble NeJsAT Ha JBe Ipynnbl: 1) NMOrpemHocTH, HCTOYHHKOM KO-
TOPBIX SIBJSIETCSI CTPyHA: OTKJIOHEHHE ee BCJEACTBHE MAaBJEHHS
GOKOBBLIX NMOTOKOB BO31yXa, KoseGaHHs NHaMeTpa, JIOKaJbHBIE H3-
rubel, 3aKpyynBaHHe, cOGCTBEHHBIE pe30HAHCHBIe KoJseGaHus; 2) mo-
T'PEIIHOCTH, CBSI3aHHBIE C MPUMEHSIeMBIMH METOINaMH H CpPeACTBaMH
(hUKCcauWH KOHTPOJHUPYEMBIX TOYEK OTHOCHTENIBHO OCH HaTSIHYTOM
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Puc. 16. CxeMa npHMeHeHHs1 OCH HaTAHYTOH CTPYHHI

CTPYHBI: NOTPEIIHOCTb YCTAHOBKH CTPYHH Haj UEHTPaMHM HCXOXHBIX
NYHKTOB, NOI'PELIHOCTb BEPTHKAJBLHOTO MPOEKTHPOBAHHS OCH CTPYHHI
Ha KOHTpPOJIHDYeMEble TOYKH, MOTPEelIHOCTh OTCUETHBIX YCTPOHCTB, MO-
TPEIIHOCTh 32 «(a3y» OCBEIleHHOCTH CTPYHHI.

PaccMOTpUM HCTOYHHKH TNOTPELIHOCTH MEepBOH TPYNNH, O6IHe
IJIsT BCeX CTPYHHEIX METOJIOB CTBOPHBIX H3MepeHH#. Ilpu peurenun
psila MHXKeHepHO-reOfle3HYeCKHX 3afay CpefHeil TOYHOCTH (mg=
=2-+3 MM) noJjaraiT, YTO CTPyHa B TpoOlleCCe YCTAHOBKH TOYeK
B CTBOp HENMOJBHXKHA H NpsmoJuHeiiHa. OfHAaKO MOJ BJIHSIHHEM BO3-
IOYUIHBIX TMOTOKOB HATSIHYTasi CTPYHa OTKJIOHSETCS OT TPSIMOJIHHEI-
Horo HamnpasJjeHHust (puc. 16,6), 4TO MOXeT BHECTH CYIIECTBEHHYIO
MOTPeIIHOCTb B PE3YJbTaThl BHICOKOTOYHBIX CTBOPHBIX H3MepeHHI .

OTkJOHeHHe A CTPYHH B cepelHHe CTBOpa TMOJA BO3AEHCTBHEM
BO3JYIIHHIX MMOTOKOB OTpefensieTcss o hopmyJie

A = PFr/G, (45)

rie P — naBneHue GOKOBOrO TNOTOKa BO3AyXa Ha 1 M CTpYHHI;
f —cTpenka mpoBeca; G -—mMacca 1 M cTpyHH; k— ko3ddunu-
eHT, OOGYCJIOBJEHHbII HEOGXOAMMOCTbIO YyueTa HaNpaBJNeHHs TO-
ToKOB Bo3fyxa (0<<k<Cl); P=Egs, rie ¢ — nNuHaMHUYeCcKoe OaBJie-
HHe TOTOKa BO3AyXa; S — IUIOUIafb CEYEHHs eNUHHIb IJHHBI TpO-
BOJIOKH; E— (byHKuMS OT KpHTepusi Pelinombaca Re, 3Hauenune
KOTOpPOro ompefeisiercss u3 cooTHouieHuss Re=Vd/v, rne d — nua-
MeTp CTPYHH (TMpoBOJIOKH); V — CKOpPOCTh NMOTOKa BO3AyXa, v —
KHHeMaTHyecKasi BS3KOCTh BO3AyXa.

Ipu d=0,02 cm, V=25 cMm/c, v=0,143 cM2/c monyunm Re=3,5.
ITpn Re=0,2--500 ko3 duIHEeHT & MOXKHO ONMpENEeNTUTL H3 SMIHPH-
yeckoit ¢opmysne E=18,5/R%8. Torna npun Re=3,5 nonyuum E=8,8.

JIuHamHyecKoe JaBJjieHHE IIOTOKa BO3AyXa OMNpefensieTcs MO
dopmye g=(v/2g) V2.

IMMpu V=0,25 m/c, y=1,296 (macca 1 m® Bo3myxa) kr, g=
=9,81 M/c? nonyuum g=4,15.10-2 [1a.
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Maowany ceuenus 1 M crpyssl mpu d=0,2 MM paBHa
2,0-10—¢ M2 Taxkum o6pasom, P=8,_8:4,15-10-3.2,0.-10"*%=
=7,2-10-5 H.

CTpeska mpoBeca CTPYHH B CepelliHe NpoJieTa BHIYHCJISIETCS 10
tdbopmye

F=GI*/8H, (46)

rie | — nnuHa nposera (M).

Ins pacuera MaKCHMaJbHO AOMYCTHMOro HaTsikeHusi H, pas-
Horo 60—70 % ot mpesmesia MPOYHOCTH MPOBOJIOKH, MOXKHO PEKOMEH-
nosatb (opmyny H=91,45d2 nnu npubamkenso H=1004d2 TIlpu
d=0,2 MM, G=0,2 r/m, [=85 m u H=40 H, f{=0,05 m.

Koapdunuent 2 B cdopmyne (45) obycioBieH HampaBJjieHHEM
TIOTOKOB BO3/yXa OTHOCHTEJNbHO 3aJaHHOTO CTBOpPA M MOXeT OBITb
ompejiesieH B KOHKDETHBIX YCJIOBHSIX B pe3yJbTaTe COOTBETCTBYIO-
mux usmepenuit. IIpu £=0,1A=0,18 MM OTKJIOHeHHUST A CTPYHH
B cepefiHHe NpoJieTa NPH PaBHOMEpPHOM HeHCTBHH GOKOBOTO BeTpa,
HanpaBJjieHHe KOTOpPOrO TepNeHAHKYJNSIpHO K 3alaHHOMY CTBOpY,
paccunThBaoTcs 1o popmyse [15]

A = dV/(64H), 47

rae V — ckopocTh BeTpa.

Jlnsi BHINMOJIHEHHST BBHICOKOTOYHBIX CTBOPHBIX H3MepeHHil Heo6Xxo-
IMMO HMeTb CTPYHY C GOJbIIMM CONPOTHBJIEHHMEM Ha pasphbiB H
C TIOCTOSIHHHIM JMaMeTPOM. BHIMOJIHEHHBIE aBTOPOM HCCJIE€OBAaHHUS
TOKa3aJii, YTO TaK KaK MeJHas CTPYHa HMeeT MaJjioe CONPOTHBJIe-
HUe Ha pa3phiB, a KalNpOHOBas HHUTb CHJILHO BBITSTHBAETCS M HMeeT
3HaYHTeJIbHble HEPOBHOCTH NOBEPXHOCTH, TO OHH HENPHIOAHBI JJIsI
BBICOKOTOYHBIX CTBOPHBIX M3MepeHHI.

Bosbuoe compoTHBJieHHe Ha pa3phiB U JOCTATOYHO IOCTOSTHHOE
3HaueHWe AuaMeTpa y CTaJIbHOM CTPYHBI, OCOGEHHO NPYKHHHOH MO-
BhieHHOH mpouHoctH THna OBC puamerpom 0,2 mm. ITo T'OCT
2771—81 xkoneGaHWsT AHaMeTpa TaKOH CTPYHH He JOJXKHBI OHITh
6osiee 4 MxkM. OfHaKO HCCleNOBaHHsS aBTOpa MOKa3aJjH, YTO AHA-
MeTp CTPYHBI B HEKOTOPHIX CJYyYasix H3MeHsieTcsl 10 15 MKM, HO 3TH
H3MeHeHHs HAYT MJIaBHO, 6€3 CKAYKOB H CHMMETPHYHO OTHOCHTEJIbLHO
ocH ctpyHb. CranbHble nmpoBoJioKH auametrpoM oT 0,5 no 1,0 mm
HaxXOAAT NMpHMEHeHHe B CTBOPHBIX H3MEpEHHSIX cpefHel TOYHOCTH,
HO Majio NMPHUTOAHBI AJI1 BHICOKOTOYHBIX CTBOPHBIX H3MepeHHH, Tak
Kak HMeloT OOoJblIyI0 AaMIUIHTYLy KoJjeGaHHi, 3HAYUTEeJbHYIO
CTpeJIKy mpoBeca M KpymHble H3ru6bl. HaunbGosee nmpueMyeMbIMH $IB-
JasoTcs cTpyHbl nuamerpom 0,2—0,4 MM. OHH MMEIOT pe30HaHCHBIE
KosieGaHusl GoJibliell 4acTOThl, HO MeHbLIeH aMIUTYMbI.

BoiGop nuameTpa CTPYHB H DAaCCTOSTHUSI MeXJY TOYKaMH MOJA-
Beca Hepa3phIBHO CBSI3aH C YUETOM BJIHSIHHSI BO3NYWIHBIX Macc. Uem
6oJibllle JuaMeTp CTPYHBI H JJIMHA NpoJieTa, TeM CHJbHee BO3JeHCT-
BHe BO3JYLIHBIX MacC Ha CTaGHJIbHOCTb TOJIOXKEHHSI CTPYHHL. Pac-
CYHTaeM CKODOCTb JBHXEHHS BO3AYIUHBIX MacC, OTKJOHSIOIHX
CTPYHY Ha BEeJNHUYHHY Azon=10 MKM, KOTOpOi#f MOXXHO NpeHeGpeysb MPH
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NPELH3HOHHBIX H3MepeHHAX (ZomycK oO6ycjoBJjeH TpeGOBaHHAMH,
npeAbsBJAseMbBIMH K TOYHOCTH H3MepeHHil NMPH yCTaHOBKe 060pYHO-
BaHHs YycKOpHTeJeil). JlomycTHMoe 3HaueHHe CKODOCTH IIOTOKOB
BO3AyXxa OnpejesieTcs mo caepyomuM ¢opmynaM (cM. puc. 16,6)

V=4 /\/L tg CGon ; Qgon = arc sin Anfoﬂ :
s
f

2
— :;1 . s—al, (48)

TI€ Gzon — YTOJl OTKJOHEHHS OT BepTHKaJH. JlomycTHMble 3HaUeHHs
V nnst cranbHO# CTPYHB NMPH Apon=10 MkM, d=0,2 MM 1 H=30 H
npeAcTaBJIeHb HHXKE.

L, ™ 30 40 60 80 100
V, M/c 0,14 0,11 0,07 0,05 0,04

Cuna HaTsxkeHHs1 H CTPYHBl 3aBHCHT M OT CKOPOCTH ABHXKEHHS
BO3AYIIHBIX Macc; JOCTAaTOYHO HaJeXHO MOXKHO BeJHYHHY H mpen-
onpeneauth no ¢opmyse H=100d? Tak, aas ctpyHs mapku OBC
nuamerpoM 0,2 MM H pasno 40 H. a1 yMeHblieHHs] BAHSHHUS BO3-
JOYUIHBIX NIOTOKOB HCIOJIb3YIOT AeMI(HPYIOLiHe YCTPOiicTBa MOMJaB-
KoBoro Tuna. OJHaKo, KaK IOKa3aJH pe3yJbTaThl HCCJIEeJOBaHHI,
BJIHSIHHE JeMN(HUpPYOLIero yCTpoicTBa HeAOCTaTOYHO, YTOOH Ipo-
M3BOAUTH BBICOKOTOYHBIE CTBODHble M3MepeHHss B MecCTax C 3aMerT-
HBIM JBHXXEHHEM BO3JYIIHHIX Macc.

Has Gonee 5(¢PeKTHBHOrO yCTpaHEHHsI BJIHSHHUS KoJieOaHHU
CTPYHBHI CJlefyeT B NOMElIeHHH CO3AaTh YCJIOBHSI CHOKOHHOTO COCTOS-
HHUS BO3LYWHBIX Macc. Eciu 3To yc/oBHe BHIMOJHHTb HEBO3MOXHO,
TO CTPYHYy NOMeLIAIOT B 3alIUTHHIE NMOJHMepHble HJIM KapTOHOBLIE
TpyGbl. Bpemsi ycmokoeHHss CTPYHBH TNpPSIMO TNPONOPLHHOHAJILHO
JUIHHe TpoJieTa M 06paTHO MpPONOPHHOHAJNBHO CHJe HaTsxkeHus. Ha-
OJIOfleHHs MOXHO HayHHATh 4Yepe3 1—2 MHH mocje YCTaHOBKH
CTPYHHBI.

OpnHo#t M3 NMPHYMH BO3HHKHOBEHHS NOTPEIIHOCTEH SBJSIOTCS IIO-
THYTOCTH cTpYHBH. HecMoTpss Ha MaJsblii nuameTp, ee Hesb3sl pac-
CMaTpHUBaTh KaK HAeasIbHYyI0 HHTb, TaK KaK OHa HMeeT KOHEUHYIO
BeJIHYHHY MOMEHTa CONPOTHBJEHUS H3rHOy. BejqnunHa mOrpelHoCTH
u3-3a u3ruba CTPyHHl Ha yyacCTKe OTcyeTa omnpejeJsercss no ¢op-
MyJe
Myn Edw

—_—— 49
H 2RH “9)

e =

PacueTh NOKa3LIBAIOT: €CJH CTajJbHasg cTpyHa auaMerpoM 0,2 MM
UMeeT M3ru6 pajHycoM 5 cM, TO NPH NPHJIOKEHHH pacTITHBaloOLIeH
cunnt H=50 H u npu E=2,1-10" Ila, w=1.10"% cM 3KcueHT-
PHCHTET TreOMeTPHYECKOH OCH CTPYHBL M IPSIMOH, COeZHHSIOLIeH
TOYKH TNoOjBeca, paBeH 14 MKM. KpoMe MeCTHHIX BHYTpPEHHHX Ha-
NpsiXKeHHH, TOTHYTOCTH CTPYHB BO3HMKAlOT HM3-3a TOTrO, 4TO OHa
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XPaHUTCSl Ha KaTyLIKe OTHOCHTEJNbHO HeGosbluoro auaMerpa. Cmo-
TaHHAasl C KATyIWIKH CTPYHa B CBOOOJZHOM COCTOSIHHH OOBIYHO HMEEeT
no Bcell AJiMHe NepHOJHYECKHe NOTHYTOCTH C PaAHyCcOM 3aKpyrJe-
HUil, 3aBHCSALIMM OT AMaMeTpa KaTywKH. Ec/H Takyio CTpPYHy HpH
TOABELIMBAHHN HAa OMNOPHl 3aKPYTHThb Ha HEKOTOPHI YroJ, TO ee
NPOEKIHsl Ha FOPH30HTAJBHYIO NJOCKOCTh NMPHHHMaeT (HopMy cuHy-
COMJBI C aMIUIHTYROH A, onpenensiemoii no gopmyne A =_7:XRT 108,
rie d — auamerp cTpyHnl (cM); E — MoAyab ympyroctdH mnepBOro
pora (ITa); R —pammyc 3akpyrieHus CTPyHH B CBOGOJHOM CoO-
CTOSIHHH (CM).

IlepHon CHHYCOHABI 3aBHCHT OT BEJMYHMHBI yrJa, Ha KOTOPHIH
3aKpyuyHBaeTcs CTpyHa NpH yKJaaAke Ha omopel. Ecau moJsoxenue
ONMOPHBIX NMYyHKTOB CTBOPAa COBNAajfaeT C BepUIMHAMH CHHYCOHABI, TO
MakcuMmasibHass mnorpemHocts A=2A. Ilpu d=0,02 cM, E=
=2,1.10! TTa; R=10 cM, H=30H A=10,4 MKM, 4TO CpaBHHMO
C BJIHsSHHEM APYTHX HCTOYHHKOB mnorpeuiHocteil. Eciu mpu ocmortpe
CTpPYHbI OYAYT BBISIBJEHBI H3rHOBI pagHycoM MeHee 5 CM, TO ee HC-
NOJIb30BaHHe MJIs1 BBICOKOTOYHBIX CTBOPHBIX H3MEpEeHHi HexeJa-
TeJbHO. D(PPEKTHBHBIM CNOCOGOM KOHTPOJISI SIBJISIETCS NpPHMEHEeHHe
JBYX HJIH HECKOJbKHX CTpyH. IIpn Hcnosb3oBaHHM OAHOH CTPYHBI
MOXHO IIPOM3BECTH KOHTPOJIb, NOBTOPHO H3MEpPHB HECTBOPHOCTH
KOHTPOJIMpYEeMBIX TOYEeK INOocJie HEKOTOPOro CMeIleHHsI CTPYHBI B NMPO-
JOJbHOM HampaBsJjeHuH. [IoMHMO 3Toro uesnecoo6pasHO NMPHUMEHSTDb
NpeABapUTENbHO HANpsKEHHYI0 cTpyHy. s 3TOoro pekomeHAyeM
CTpPYHY, OT KOTOpOil OTpe3aeTcs pabouMii OTpe30OK, Iepel H3Mepe-
HUSIMH JIOBECTH JO COCTOSIHHSI pa3pblBa CTATHYECKHM YCHJIHEM MpH
H3MEHEHHsI CHJIbI HATSIXKEHHsI CO CKOpocThio okosio 10 H/4.

§ 14. CTPyHHO-ONTHYECKHII METOJ BBHICOKOTOUHbIX
CTBOPHBIX H3MepeHHii

IIpn KoHTpOJIe NPSMONHHEHHOCTH H COOCHOCTH TE€XHOJIOTHYECKOTO
060pYAOBaHHs, TNOCTPOEHHH KOJbLUEBBIX H JIHHEHHO-NPOTSAXKEHHBIX
NJIaHOBLIX ONMOPHBIX ceTed YCKOpHTeJNeH 3apsiKeHHBIX YacCTHI, KOH-
BeflepHBIX JIMHHH H JAPYruX NORZOGHBIX paboTax HAaXOAMT NpPHMeHe-
HHe , CTDYHHO-ONTHYECKHH MeTOJ, BBICOKOTOYHBIX CTBOPHBIX H3Me-
peHuii.

LlenTppoBaHHe HATAHYTOH CTPYHbl HaJ ONOPHBIMH IYHKTaMH
3a/laHHOTrO CTBOpA M H3MepeHHe HeCTBOPHOCTEH NMPOMEXYTOUHBIX TO-
YeK OTHOCHTEJbHO OCH CTPYHBI BBINOJHSIOT C NMOMOIIBIO OMTHYECKHX
HeHTpHpoBOUHbIX npr6opoB (OLIIT) pa3nuuHON KOHCTPYKUHMH HJIH
OTCYETHBIX MHKPOCKONOB C BepTHKaJbHOH omnTHuecKoil ockio. IIpu
6oJbIIOH AJINHE CTBOpPa (HECKOJbKO COTEH MEeTPOB) CTPYHY NOABe-
IIMBAIOT Ha CHelHaJbHBIX paMax HJH KpemsiT Ha KpOHIUTeHHaX
K CTeHe HJH NOTOJKY TOMelleHHsl Bbllle paboyero TrOPH30HTA.
B 3ToM ciyyae OHa MMeeT 3HAUHTEJbHYIO CTpeJKy mpoBeca. IToJso-
JKeHHe KOHTDOJIHPYeMBIX TOYEeK HJIH reofie3HYeCKHX 3HAKOB Ha Tex-
HOJIOTHYeCKOM OOGOpPYAOBAaHHH OTHOCHTEJNBHO OCH CTPYHBI ONpefe-
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asiior npu6opoM tuma «OLIII-3ennt». Tak, HanpuMep, Ha ONOPHOM
reojie3nueckoM ctBope CeplnyxoBCKOro yckopurenass (mauHa 336 M)
ctpyHa aunamerpom 0,4 MM mojBsemmBasach Ha II-o6pa3Hbix Meras-
JHYeCKHX paMax BHILIe BepXHeHl IJIOCKOCTH TeO3HAaKOB Ha 3 M.
Crpyny mumaMerpoM 0,4 MM HaTArMBalOT IPH TNOMOIUH HATSXKHOTO
ycrpoiictBa cusoii 196 H, nmpum 3TOM cTpenka mpoBeca HOCTHraeT
700 MM. HM3-3a 3HauuTesbHOH CTpeJKH NpoBeca NPHXOAHTCS INepe-
thoKycupoBath 3puTebHyo Tpy6y «OLIII-3eHuT», 4TO BHOCHT cylile-
CTBEHHBIe INOTPEIIHOCTH INpH OmNpefdeNeHHH HecTBOpHOocTeH. IIpoBu-
caHHe CTPYHBl He TOJIbKO YXyJllaeT KauecTBO H3MepeHHH, HO H
OCJIOKHSIET caM mpouecc paboTh. B HacTosiiee BpeMsi AJisT BEPTH-
KaJIbHOrO TNpPOEKTHPOBaHUs HCNoJbdyeTcs:i nmpubop PZL HapogmHoro
npeanpusituss «Kapa Lleiic Plena» (I'IP). Has u3MepeHHH 3TOT
npu6op HOMNOJHHTEJbHO OGOPYAyeTCsl ONTHYECKHM MHKPOMETPOM
C MJIOCKONAapaJiie bHOH IJIaCTHHOH.

H3MmepeHHss HeCTBOPHOCTEH BHINOJIHSIOT B NPSMOM H O6GpaTHOM
HaNpaBJIeHUsIX, YTO MO3BOJIIET NOBBLICHTb HAaJEXHOCTb H3MepeHHH
M TPOHU3BECTH OLIEHKY TOYHOCTH IO pPa3HOCTSM JBOHHBIX H3Me-
peHni.

IloBHLIeHHBIEe TPeGOBAHHSL K TOYHOCTH YCTAHOBKH 00OOPYAOBAaHHS
HEKOTOPHIX HMHXKEeHepHBIX COOpYXKeHHH, cnenuduka paboT Ha HHX
06yCJIOBHJIH HEOOXOAMMOCTb Pa3pabOTKH HECKOJbKO HHBIX BapHaH-
TOB HCNOJIb30BAaHHSI CTPYHHO-ONTHYECKOrO METORA, a TaKxke pac-
CMOTpEHHs] HEKOTOPHIX CIelHaJbHbBIX BONPOCOB, CBSI3aHHEIX C €ro
NpUMEHEHHEM,

JJ1s1 BHICOKOTOYHBIX M3MepeHHH pa3paboTaH KOMIUJIEKT ammnapa-
TYphl, BKJIIOYAIOIIHH HaTsXKHOe YycTpoHcTBO (puc. 17,a), Mapky
C BepTHKaJbHOH OCEBOH CHCTEMOH, YPOBHEM H T'OPH3OHTAJbHEIM
BKJIafbIlIeM ¢ KOHHYECKHMH Na3aMH AJIs LEeHTPHPOBAHHSI CTPYHH Ha
3aJJaHHBIX OMOPHBHIX MYyHKTax ctBopa (puc. 17, 6) M crneunasbHbIH
MepeHOCHH ONTHYECKHH MHKPOCKON-UEHTPHP HJIsi H3MepeHHsl OT-
KJIOHEHHs] TPOMEXYTOYHOH TOYKH OTHOCHTEJNBHO OCH HaTSHYTOH
cTpyHHs (puc. 17,8).

OnTHyecknii MHKPOCKON-UEHTPHDP CO3/aH Ha 6ase cepuilHOro om-
THYECKOTO OTBeca H KOMNApaTOPHOrO MHKPOCKONA ¢ BHHTOBBIM MHK-
pOMETpOM.

Kak nokasanu uccienoBaHHus, cnocob NPHHYAHTEJNbHOIO LEHTPH-
pOBaHHsl CTPYHH He YCTYHaeT MO TOYHOCTH crnoco6aM YCTaHOBKH
CTPYHHl HaJ ONODHEIMH NYHKTaMH NpPH NMOMOIUM MHKDOCKONOB HJIH
BEPTHKAJbHO NpOeKTHpyomux npu6opoB tuna «OLII-3enur» u
«OUIT-Hagup». Kpome TOro, oH 3HauuTeJbHO NpOILE H NMPOHU3BOAU-
TesbHee nocyefHux. IIporpaMMa H3MepeHHI 3akJio4yaeTcss B cJe-
nytomeM. CTpyHy pacmosiaraloT B KOHHYECKHX INa3ax Ha KpaiHHX
3HaKax ctBopa. Ha Bcex MpOMeXYTOUHBIX TOYKax MOCJeA0BaTeJbHO
WJIH OJHOBPEMEHHO YCTaHaBJIHBAIOT IlepeHOCHble MHKPOCKOMN-LEHT-
pupH. IIpn noMoiy MHKPOMETPOB NOCJIEAHHX C BBHICOKOH TOYHOCTBIO
ONpejeJIsIOT HEeCTBOPHOCTH — PACCTOSIHUSI OT OCH CTPYHBI JO Iepe-
KPEeCTHsi MHKPOCKOI-LeHTPHPa MNpPH JABYX INOJOXKEHHSX NOCJefHero.
3aTeM AJg yCTpaHEHHs OCTATOYHOH NMOrPELIHOCTH H3-32 HETOYHOTO
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Puc. 17. KoMmueKT anmapaTypbl CTPYHHO-ONTHYECKOTO MeTOAA H3MepeHHil:
a — HaTs)KHOe YCTPOHCTBO; 6 — LIEHTPHPOBOYHOE YCTPOHCTBO; 8 —MHKDOCKOIM-LEHTPHP

COBNAJIeHHs] OCH BTYJIKH 3HAKa C OCbI0 KOHHYECKOro nasa NocjlegHui
noBopauuBaioT Ha 180° H NMOBTOPSIIOT H3MEpPEHHSI.

BceaenctBre TOro, 4To CTpyHa Aaxe MpH NpejesbHO AOMYCTHMOMH
CHJIe HaTS)KEHHs] MMeeT 3HAUHTeJbHYIO CTpeJKy TIpoBeca, AJHHA
CTBOpa orpaHuyuBaercs. Tak, HampuMep, AJs CTBOpa AJIHHON 96 M
crajapHas crtpyHa auamerpom 0,2 MM npH cuie HatsKeHus 43,1 H
HMeeT CTpesKy npoBeca okomo 40 MM. CieayeT OTMeTHTb BaxKHOE
3HaueHHe NPABHJBHOIO OCBelleHHst cTpyHH. IIpn KocoM ocBelueHHH
BO3HHKAeT MOTpeUIHOCTb 3a (a3y, BeJHYHHA KOTOPOH MOXKeET JO0XO-
OUTb O 4YeTBepTH AuaMeTpa CcTpyHB. McTOUHHK cBeTa MAOJXKeH
HaXOAMTbCSl CTPOrO HajA CTPYHOH npH paboTe ¢ MHKpPOCKONaMH H
NOJ CTPYHOH —mnpH paboTe ¢ ONTHYECKHMMH LEHTpPHpaMHM THNa
«OLJII-3eHuT»; OCBETHTENb MOXET OBITh BMOHTHPOBaH HENOCpen-
CTBEHHO B NpHOOpP ONTHYECKOTO BEePTHKAJbHOIO NpPOeKTHPOBAHHS.

Jsi yMeHbIIEHHs] CTpPeJIKH NpoBeca CTPYHB H B TeX CJydasx,
KOra 1o TeM HJM HHBIM NpPHYMHAM HeJb3sl HATSHYTb CTPYHY Ha
BeCb CTBOpP, MCIOJb3YIOT NPHHUHIHAJbHYIO cXeMy NMpOrpaMmbl 4acT-
HBIX CTBOPOB, KOTOPYIO MOXHO OCYILECTBHTb B JBYX BapHaHTax
(puc. 18).

Bapuanr nepsoui. CTpyHy HaTATHBAlOT Ha AJHHY [ 4acTHOro
CTBOpa M OINpeNeNsIOT HeCTBOPHOCTH BCeX INpPOMEXYTOYHBIX TOUEK
BHYTPH Hero. 3areM CTPYHY NepeHOCAT Ha IOJOBHHY 4YacCTHOrO
CTBOpA M ONpeAeJsIIOT HeCTBOPHOCTH NMPOMEXKYTOUHBIX TOYEK B CJle-
AylOllleM YacTHOM cTBope M T. A. K3aMepeHHs BHINOJIHAIOT B Mps-
MOM H ob6paTHOM HamnpaBJeHHsx. HecTBopHocTH §; 4yeTHBIX mpoMe-
)KYTOUHBIX TOYEK IO H3MEepPEeHHHIM OT YacTHBIX CTBOPOB HECTBOPHO-
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Puc. 18. I'eomeTpHuecKas cxeMa YaCTHHIX CTBOPOB

cTAM A; BBIYHCHAIOT mo ¢opmyne (15) M B majpHeHIIeM HCIOJb-
3YIOT [JI BHIYHCJIEHHS] HECTBOPHOCTEeHl HEYETHHIX TOYEK.

Bapuanr eropoii. CrpyHy, HaTSHYTyl0 Ha JJHHY 4YacTHOTO
ctBopa [, mepeMemiaioT He Ha 0,5/, a Ha paccTosiHHe MeXAY IOBYMS
CMEXHBIMH TOYKaMH. B 3TOM ciyuae OBa YacTHHIX CTBOpa mepe-
KPHIBAIOTCS Ha OOJIbLIYIO BEJIMYHHY, YTO CYILECTBEHHO MOBBIIIAET
TOYHOCTb ONpeJeJieHHsI HeCTBOpHOCTeil OT obuiero crsopa. B 3aBu-
CHMOCTH OT KOJIHYECTBAa TOYEK BHYTPH CTBOpa YaCTHhIE HECTBOPHO-
CTH A; M3MepsIOT HeCcKoJbKo pa3. Hampumep, mnas cTBOpa AJIHHOM
336 M c 13 npoMeXyTOYHEIMH TOYKAMH NpPH IJIMHE YAaCTHHIX CTBOPOB
96 M HecTBOpHOCTH ToueK 1, 13 uamepsoT OAHH pas, Toyek 2, 12—
2, a ocTajbHHX — 3 pa3sa.

MakcumanpHEe CpeHHe KBaJpaTHYeCKHe TMOTPEIIHOCTH KakK
B IIEpBOM, TaK M BO BTOPOM BapHaHTax MOJYYalOTCa HJs1 TOUYeK,
pacnoJjioXKeHHBX B cepefHHe cTBopa. IIporpamMma usMepeHH#i BO
BTOpPOM BapHaHTe obecrneuyHBaeT 6oJiee BHICOKYIO TOYHOCTH ONpefe-
JIEHHS HECTBODHOCTH M NMpPaKTHYECKH paBHble Beca CPelHHX pe3yJib-
TaTOB H3MepeHHil. MHOrOKpaTHble H3MepeHHs YaCTHBIX HEeCTBOPHO-
cTeil GOJILIIMHCTBA TOYEK He HCKJIIOYAIOT CHCTeMaTHYeCKHX morpeul-
HOCTell CTpyHHOrO MeToja (OTKJIOHEHHS BCJEACTBHE BO3LYIIHHIX
MOTOKOB, HEpAaBHOMEPHOI'O OCBEILleHHS] CTPYHHI, MOTHYTOCTEl H AP.).

Ilo pesynbraTaM BHINOJHEHHBIX HCCJENOBaHHH Ha CTBOpe IJIH-
Hoit 336 M cpenHssi KBajpaTHuyecKas MOTpeIIHOCTb M3MepeHHs He-
CTBOpPHOCTEH A; NPOMEXYTOYHHIX TOYEK OTHOCHTEJNbHO YacCTHOro
crBopa aauHOi 96 M cocraBusna m,=30 MkM. CpenHsis KBaApaTH-
yecKasi NOTPELIHOCTb OMNpefesieHHs] HeCTBOPHOCTH Mg, CpeaHei

TOYKH OTHOCHTEJIbHO oOliero cTBopa [Jisl NepBOro BapHaHTa Ipo-
rpaMMbl coctaBujia 120 MkM, AJsi BToporo BapHaHTa — 80 MKM.

Ilpu oxmHo#t u TOM Xe AJMHe CTBOpa HauboJiee TOYHOH SIBJISIETCS
nporpamma oGIIero CTBOpa; NpH HeOOXOAMMOCTH NMpPHMEHEHHS INpo-
rpaMMBbl YacCTHHIX CTBODOB CpeJHsisl KBaJpaTHyecKas MNOTPEIIHOCTb
onpejeJieHHs] HECTBODHOCTE!l CpelHeHl TOYKH MeHblle NPH MEHbLIEM
YHCJIe YacTHHIX CTBODOB.

Ilpu opraHM3anuM CTBOPHHIX M3MepeHHH CTPYHHO-ONTHYECKHM
METOJOM BO3HHKaeT HeOOXOAMMOCTh BHIOOpa ONTHMAaJIbHOH MeTo-
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IHKH M TIpOrpaMMbl M3MepeHHHl B 3aBHCHMOCTH OT BJIHSIHHS ABYX
OCHOBHBIX BHJOB MOTPEIIHOCTEH: IOTPEIIHOCTe!l COOCTBEHHO H3Me-
pEeHHs] HEeCTBODHOCTEi OTHOCHTEJbHO OCH CTPYHH H TOTpeIIHOCTeH
3a cYeT OTKJOHEeHHH M KoJe6GaHUH CTPYHHL.

IlepBblli MCTOYHHK MOTPEIIHOCTEH 3aBHCHT B OCHOBHOM OT TOUY-
HOCTH BH3HPOBaHHs NPHOOpPaMH BepPTHKAJbHOrO MPOEKTHPOBAHHS
(TIBIT), kotopast nmpu 6JaronpHsATHLIX BHEUIHHX YCJOBHSX XapakTe-
pu3yeTcsi cpeqHell KBaJpaTHYecKoi morpemHocTbio 50—60 MKM nmpu
ynanennu IIBIT ot crpyun Ha 3—4 M. CpenHsis KBaJpaTHyecKas
NOTPELIHOCTh ONpefieJIeHHsI HecTBOpHOcTell §; MPH YCJOBHH PaBHO-
TOYHBIX HM3MepEeHHiHl YacTHBIX HecTBOpHOCTeH A; ompejnensercs MO
dopmyne (16).

HaiineM 3aBuCHMOCTb norpemHocteii (Ma)max OT YHCJA YacT-
HbIX CTBOpOB. PaccMoTpum cTBop asmHoil 384 M, pasieieHHHIH Ha
4, 8 n 16 paBubx yacreii. ®opmyna (16) Ajasa cepelHHH CTBOpA
npuMet BHJ [5]

apas = o A/ LEEED )

rie ¢= (n+1)/2 — KOJMYECTBO YACTHHIX CTBOPOB [0 C€PeIHHBI 00-
LIEr0 CTBOPA; Mygyz — CPENHss KBaJgpaTHuecKasi NMOTPELIHOCTb BH3H-
pOBaHHs B JIMHEHHOH Mepe. 3HaUEHHs CPeIHHX KBaApPaTHUYECKHX IIO-
rpewiHocTeil  (Mg)max AJIST OBYX Pas3JMYHBIX NMporpaMm npu L=
=384 M U Mpps=50 MKM NpHBeNEHb HHXKE.

ITporpamma q (mg)max, MKM
OGwero crBopa 1 50
PaBHbIX "acTedn 2 122
Yacrelt cTBoOpa 4 330
8 930

CrenoBaTesbHO, NMPH ONHONH H TOH e [JIMHE CTBOpa MOTpell-
HOCTb OIpe/eJieHHs] HeCTBOPHOCTH O, CpeHell TOUKH MeHblile, KOraa
CTBOp pasfesieH Ha MeHbllee YHCJIO 4yacTeil. B mpakTHKe CTBOpHBIX
H3MepEeHHl MPHUHSTO CYMTATh, YTO YMEHbIIEHHE BJIHSIHHS NMOTPELIHO-
cTell M3-3a OTKJIOHEHHS CTPYHBl TOJ BJIHSHHEM MOTOKOB BO3AyXa
crocoGCTBYeT NpPHMeHeHHEe TaKoil MPOrpaMMEl, KOrja CTPYHY MNocJe-
OBaTeJbHO HATATHBAIOT MO 4YacTsM cTBopa. Ecau Ha cTpyHy neit-
cTByeT GOKOBasi CHJia B BHJEe BETPOBOil HAarpy3KH, ee OTKJOHEHHE OT
NpsiMOH B cepeliHe CTBOPA MOXHO BBIYHCJHTbL MO ¢opmyJte (47).
ITo nmpenmoxenuto M. C. PabueBnua mJigs TMOCTOSHHOH CKOPOCTH
BeTpa MOXHO ONpeNeSHTb (PAKTHUECKYI0 BeJHYHHY OTKJIOHEHHS
CTPpyHBl myTeM HaOJIIOfEHHII 32 ee MOJIOXKEHHEM Ha cpefHell TOuke
NpH pa3HbIX 3HAUEHHAX CHJIBI HATsKeHus H.

O6o3naunm B opmyne (47) dV?/(64 H)=p, Torma

A=npb. ®1)

B nporpamMme oGuiero crBopa /=L, 1. e. f=pL2 B nporpamme
pPaBHBIX yYacTHHX CcTBOpoB [=2L/(n+1). IloacraBasis npaByio
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4acTb NOCJefHero paBeHCTBa B ¢opMmyay (51), mosyuyuM HckKoMoe
OTKJIOHEHHe CTPYHBHI AJIs1 YacTHOTO CTBOpA

A" = pL? (7%-)2 (52)

Jnisi BBIUMCJEHHS BJHSIHMSL A Ha BeJHYHHY HECTBODHOCTH &
cpejHeil TOYKH CTBOpa INpPaBOMEPHO BOCHOJb30BaThcsl (HOPMYJIOH
(15), B koTOopyto moactaBuM A’ BMeCTO Ap, TOraa MOJYYHM

i—1 n
- _2_[ iy _ ]
f=npL (n+1) kz=_‘,l(n t+1)k—}—k§i(n k1) (53)

B ¢opmyne (53) cyMMy B KBaApaTHHX CKOOKax MNpeACTaBHM
KOHEeYHBIM aJire6pavuecKHM BhIpaXXeHHEM MJIs CepelHHbl CTBOPA,
T. €. jas i= (n+1)/2

(n—1)/2

n41 “ n+1
T b —e+ )" —
kgl (n 2 +l) + k=(§-1)/2 (n b 2

-5y o

C yuerom (54) dopmyna (53) OTK/IOHEHHS CTPYHBI BCJIEACTBHE
BJIMSIHHSI TIOTOKOB BO3AyXa AJIsS MPOrpaMMBl paBHBIX 4acTeil cTBOpa
OyneT UMeTb BHJ

f=plL2 (55)

CiefioBaTebHO, HTOrOBOE BJIMSIHHE BO3AYIUIHBIX NMOTOKOB Ha Be-
JUYHHY HECTBOPHOCTH CpeAHell TOYKH MO TNporpaMmaM oGuiero
CTBOPA M PAaBHBIX YaCTHBHIX CTBOPOB OJHHAKOBO. DTO IOJIOXKEHHE,
OYeBHJHO, OTHOCHTCS H K APYTrHM MporpaMmam, NpeiycMaTpHBaIO-
MM JeJleHHe CTBOpPA Ha YacCTHbIE CTBOPHI.

Ha ocHOBaHMHM BHIIIEH3JIOXKEHHOIO MOXHO CHeJaTh 3aKJIYeHHe,
YTO B LI€JIOM ONTHMAaJIbHOH MPOrpaMMOH MNpPH BHINOJHEHUH H3Mepe-
HHIl CTPYHHO-ONTHYECKHM CIIOCOOOM $SIBJISIETCS MporpamMma o6uiero
crBopa. Heo6X0AMMOCTD e HCNOJb30BaHHS APYruMX IPOrpaMm Mo-
XKEeT ONpefeNsTbCsl KOHKPETHBIMH YCJOBHSIMH (CTPOMTEJbHO-MOH-
TaXHOH OGCTaHOBKOM, BO3MOXHOCTSMH KpEIJIeHHS] HaTSXKEHHBIX
YCTPOHCTB, HaJIHUYHEM NPSMOH BHIMMOCTH H Ip.).

CTpyHHO-ONTHYECKHH METOJ CTBOPHBIX H3MepeHHH HOCTaTOYHO
HpocT, He TpebyeT M3rOTOBJIEHHS Aoporocrosiiiell ammapatypbl. On-
HAaKO €ro HeJOCTAaTKaMH SIBJISIIOTCS: CYLIECTBEHHOE NMOHHXXEHHEe TO4-
HOCTH BCJIEACTBHe NepedOKyCHpOBaHHs INPOEKTHpyLiero mnpuéopa
B TpollecCe M3MepeHHH, YYBCTBHTEJbHOCTb CTPYHbl K BHOpaLHsM;
KoJieOaHHsI CTPYHBI BCJIEJCTBHE [BHXKEHHS BO3JAYIIHBIX MOTOKOB.
B cJI0XKHOI CTPOHTEbHO-MOHTaXHOH 06CTAaHOBKE Ha CTBOpax IJH-
HOH B HECKOJIbKO COTEH METPOB TPYAHO 00ecneyuTb CKBO3HOE Mpo-
CTPAHCTBO IJIs1 HATSIXKEHHUs CTPYHBI H e€e COXPaHHOCTb.
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AHann3 NpOH3BOJACTBEHHOrO ONbITa NPHMEHEHUS CTPYHHO-ONTH-
4YeCcKOro MeTOAa CTBOPHBIX M3MepeHHH NO3BOJseT AaTb CJeAylollue
pPEeKOMEeHAAUMH AJS AOCTHXKEHHS BBICOKOH TOYHOCTH.

1. CtpyHy cyenyeTr u30JHPOBAaTb OT BJIMSIHUS BO3AYIUHBIX INOTO-
KoB. Jl1s1 obecrmeyeHHs] CTBOPHBIX H3MepeHHIl ¢ TOYHOCTbIO OO He-
CKOJIbKHX COTBIX HOJieH MHJJIMMeTpa CKOPOCTb ABHIKEHHS BO3AYLI-
HBIX MacC B HalpaBJeHHH, TNepNeHAHKYJSIPHOM K 3afaHHOMY
CTBOpPY, He JoJkHa ObITh 60see 0,10 M/c.

2. Marepuan cTpyHsl auametrpoM 0,2 MM HOJKEeH BBIAEPKHBATL
CUJIy HaTsKeHHs He MeHee 40 H.

3. KOHUBI CTPYHBl NOJDKHBI ObITb 3aKpemJeHbl, ¢ TeM YTOGbI KO-
JnebaHHs TPY30B He NepelaBajiiCh Ha CTPYHY.

4. 3a 10—15 MHH mO0 Hayasja u3MepeHHH cJedyeT NMpPEKPaTHTb
IOBHXKEHHe JIIoJled H MeXaHH3MOB B HemocpeJCTBEHHOH OJH30CTH OT
HaTSHYTOH CcTPyHBI. B mpouecce naMepeHui yjeHbl 6pUTraAbl JOJIXKHBI
O6bITb paccTaBJjeHbl CTPOrO Ha CBOHX MecTax, pabouHe HJH Jabo-
PaHThl MPOHHCTPYKTHPOBAHBHIL.

5. Ilpyu BBIMOJHEHHH BBICOKOTOYHBIX CTBOPHBIX H3MepeHHi
BaXKHO MOJIHOCTbIO HCKJIIOUHTh BCSIKHE BHOpPAlLMH OCHOBaHHS.

§ 15. Meroa naaBawouieil CTPYHBI

B TI'mppomnpoekre pa3paGoTaHa W H3rOTOBJIeHAa ammapatypa IJsi
olnpejeJieHHs NJIaHOBBIX CABHIOB M'MAPOTEXHHYECKHX COOPYXKEHHH OT-
HOCHTEeJIbHO HaTSHYTOH TOHKOH CTaJIbHOH NMPOBOJIOKH 2 AHMaMeTpPOM
1 MM (puc. 19, a), nokosiuielics Ha NPOMEXKYTOYHBEIX ONMOPax-NMoOMNJiaB-
Kax 3, NJaBalollMX B MeTajyHyecKux BaHHoukax 4. CHapyxu
K KaXA0H BaHHOYKe NpHKpeNJeHa JHHeHKa 7 ¢ MHJJIHMETPOBBIMH
JeJIeHHSIMH H JIBHXKKOM C HOHHycoM 6 c ueHod peneHus 0,1 Mm.
ITosoxkeHHe CTPYyHBI OTHOCHTEJNBHO JIMHEHKH OmpejesisieTcss MO MO-
MEHTY KOHTaKTa OCTpPOH KpPOMKH MABHXXKa CO CTPYHOH. BaHHOUKH
3al0JIHSIIOTCS XKHAKOCTBIO TakK, YTOGBl CTPYHa He KacaJsach NMOAJep-
XKHBawUHX 6aJoK U Obljla pacnoJjoxeHa Ha 3—4 cM Bbilie GOPTOB.
B kauecTBe XHAKOCTH MOTYT HCNOJIb30BaTbCs BoJAa (HNPH MOJIOXH-
TeJIbHOH TeMIepaType BO3[AyXa), PacTBOP XJIOPHCTOTO KaJbLHS HJIH
TpaHcpopMaTOpHOe Macso (NpH OTpHIATeNbHOH TeMmepaTtype BO3-
nyxa). I'Opu3OHT KHUJKOCTH B BaHHOYKe NMPH HEOOXOAHMOCTH pery-
JIHPYETCH.

BaHHOYKy 3aKpemJsilOT Ha TOYKe, MOJIOXKEHHEe KOTOPOH OTHOCH-
TeJbHO CTPYHBI CJefyeT omnpeneautb. IIpH 3ToM AN HOCTHXKEHHS
BBICOKOH TOYHOCTH cJeJyeT oGecneyHTb OINpejeJieHHble YCJOBHS.
CTBOp AJsI YCTAHOBKH BaHHOYEK HHBEJHPYIOT C MOTPELIHOCTBbIO He
6osee 10 mM. PaccTosinne MexXay BaHHOYKaMH yCTaHaBJHBAIOT OJHU-
HaKOBbHIMH. BaHHOUKH M JIHHEAKH pacnoJsaraior neprneHIHKYJsIpHO
K CTBODY B IOPH30HTaJIbHOH NJOCKOCTH. MOMEHT KacaHHs JBHXKKa
H HHTH (UKCHpYeTcsl ¢ NOMOIIBIO CBETOBOH CHrHa/JM3auUHH (BKJIO-
yeHHe HeoHOBOH JaMnbl). CTpyHa JOJIKHA HaXOAUTbCs MOJ MOCTO-
STHHBIM HaTsiKeHHeM. Tak, HanpuMep, NpH pacCTOSIHHH MeXAy BaH-
HoykaMd 30 M cTpyHa AHaMeTpoM | MM HaTsrMBaeTcs C CHJIOH He
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Pic. 19.  VYecrpoiictBa
AN peaJiH3aUHH MeToxa
NJIaBaoLled CTPYHH

%

MeHee 600 H. ITonnaBok mosKeH OBITb MaKCHMaJbHO TOTPYXKeH
B XKHIKOCTb M INIPH BO3MOXXHOM KpaHHeM IOJIOXKEHHH OTCTOSATb OT
CTEHOK BaHHOYKH He MeHee uyeM Ha 30 MM. [lonnaBkoBbie omopwl,
BAHHOYKH M KDOHLITEHHB HYMepYyIOT H IpPH NOBTOPHBIX HabJjiofe-
HHSX YCTaHaBJHBAIOT TOJbKO Ha cBOM Mecta. Ilepen B3siTHeM oOT-
CYETOB HEOOX0JHUMO yGeOuThCS, UTO CTPYHA JIEXKHT Ha BCeX MNMOIJaB-
Kax B BMJIKaX H INOMJIaBKH HAXOASITCS Ha PaBHOM PAacCTOSIHHH OT
OOKOBBIX CTEHOK BaHH. [Jlss GoJjbllell JOCTOBEPHOCTH H3MepeHHSs
tJefyeT NPOHU3BOAUTh He MeHee TpeX pa3 Ha KaxJoi# onope, cMellas
CTpPYHY nepen KaxAbiM H3MepeHueM. CTBOp HJisi M3MepeHHH Mia-
HOBBIX aedopManuil obopyayercss TaMm, Iie MOXKHO 06ecneyuThb CIo-
KOHHOe COCTOSIHHE BO3JYIUHBIX Macc.

HccnenoBanuss Ha 600-MeTpOBOM CTBOpe B OJHOH H3 NOTEpPH
Ky#o6bimesckoit 'DC mokasanu, 4TO pacXoXKAEHHS MEXAY TpeMsi
u3MepeHusMH He npeBbiianT 0,2 MM. B ciayyae BbIxOAa CTPYHBHI
M3 [MOJIOXKEHHS paBHOBECHS OHa BO3BpalllaeTcs B MpexHee MOJO-
xKeHHe ¢ ToyHOCTbIO 0,1 MM. OAMH MOJHBIA LHMKJ CTBOPHBIX H3Me-
peHHil, Tpebylomui oJHOro pabouero JHs, BBINMOJHSACS TpeMs pabo-
YHMH H OJHHM HabJiofareseM.

IIpoctoTra 060pynOBaHHs, JETKOCTb OTCYETOB M HeCJOXKHas 06-
paboTKa NpH JOCTATOYHO BBICOKOH TOYHOCTH H3MepEeHHH BLIFOJHO
OTJIHYaeT 3TOT METOJ CTBOPHBIX H3MepeHHI.

PaccMoTpeHHast nmonsiaBKoBasi CHCTeMa BliepBble Oblla peajiH3o-
BaHa npH crtpouTesbcTBe Bouxkckoit I'SC um. B. M. Jlenuna
B 1955—1956 rr. B pasbHeiiiieM oOHa G6blJa MOJEpPHH3HPOBaHA H
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nonyuusna mwupp OCC (oGopyldoBaHHe CTPYHHOro CTBOpa) H ycTa-
HoBJieHa Ha Bpartckoit, Yerb-Haumckoit u apyrux I'SC.

Cucrema OCC* (puc. 19,6) kpenutcsi K CTeHe H HMeeT CTPYHY
3, HaTAHYTYI0 MexAy omopHoIMH nyHKTaMH I u II B ¢ukcatopax.
OpuH KOHell MPOBOJIOKH 3aKpeNJieH NMOCTOSIHHO, a JOPYroi HAeT OT
¢dukcaTopa Ha myHKTe | K HaTSXKHOMY YCTPOHCTBY I, uUMewolieMy
G6apabGaH 2 AJia HaMaTbIBaHHS CTPYHBI H Tpy3 /4 A/l HaTsXKEHHS.
Bpamas 6apabaH 2 ¢ HaMOTaHHOH Ha Hero CTPYHOIi, HOGHBalOTCH,
yto6bl NJuTa / Obla TOPH3OHTAaJIbHA, YTO COOTBETCTBYET HaTsKe-
Huo 1000 H. Menss maccy rpysa /4 MOXKHO 3amaTb CTpyHe ApY-
roe HaTsKeHHe.

Jnsi ymeHblleHHs1 pOBeca CTPYHBI ee NMOMELIAIOT Ha NOMJIABKH
4, 5, KoToprle HaxoAATCsaA B BaHHax 7, Il ¢ XHAKOCTbIO. BaHHBI
YCTaHaBJHBAIOT Ha CTeHHble 3HaKH 8, 12; KOHTPOJIbHBIE NYHKTHI
CTBOpa 3aKpelJieHbl CTEeHHHIMH 3HakaMH 10, Ha KOTOpble BO BpeMs
M3MepeHHIl YCTaHABJMBAIOT OTCUETHOe ycTpoicTBO. 3HaKu IO ycra-
HaBJHUBAIOT HUXKe cTPYHH Ha 0,3—0,5 M. Eciu HeoGxomuMoO peaJiH-
30BaTb JIOMaHbIH MO NMPOGHJI CTBOP, TO Ha 3THX Yy4YacTKax BaHHbBI
YCTaHABJIMBAIOT Ha Pa3HBIX OTMETKax, a Ha CTpyHe BOJIH3H HHXK-
Hero MomjiaBKa 3akKpemasiioT npurpysky 9. IlonsaBku B TOYKax ne-
peru6a CTpyHBI HMeIOT GOJIbIIYIO rpy3onoabeMHOCTh. O60pynOBaHHe
OCC paspaboTaHo B ABYX BapHAHTaX — CTALlHOHADHOM H CHEMHOM.
HamepurenpHoe ycrpoiictBo cucreMbl OCC npeacraBisieT co6oi
MOACTaBKY C JIHHEHKOH, OTHOCHTEJbHO KOTOpOil nepeMelaeTcs Ka-
peTka C HOHHYCOM M ONTHYECKHM LEHTPHPOM (MJIH ONTHYECKHM OT-
Becom TtHna OJ10). MaMmepuresbHOe YCTPOHCTBO LIEHTPHUPYETCSI BO
BTYJIKE OIpeJessieMOro NMyHKTa NpH IOMOIIM INOCAaAOYHOro Iapa.

ITo pesynbratam ucciegoBanuit OCC Ha Bparckoit I'SC cpen-
Hsis KBaJpaTHYecKasi MOrPELIHOCTh ONpefesieHHs] HECTBOPHOCTEH co-
craBasier 0,2—0,3 MM.

J. B. PagkeBuuem, M. K. KoHoBanOBEIM U JApPyruMH paspabo-
TaHa CHCTeMa TaK Ha3blBaeMOro CHJOU3MepHTeNbHOro crBopa. Cyui-
HOCTb H3MEpEHHil Ha TaKOM CTBOpPE COCTOUT B TOM, YTO €CJIH CTPYHY,
HaXOJSILYIOCS NMOJ HaTsXKeHHEM, OTKJOHHTb B TOYKe { OT CTBOpa, TO
BO3HHKaeT cuna P; B HanpaB/ieHHH, NMEPNEeHAUKYJSPHOM K CTBOpY.
BenuuuHa P; Bo3pacTaeT c yBeJHYEHHEM OTKJOHEHHs (HeCTBOpPHO-
CTH).

HsmepuB cusay P;, MOXHO ONIpeAeNHTb HCKOMYIO HECTBOPHOCTb
B TOuKe i. J[Jii U3MepeHHs] BeJHUYHH P; CJyKaT CTPyHHbBIE JHHAMO-
merpbl IICYC (npeo6Gpa3oBaTenb CHJBI, YHH(HUHDPOBAHHBIH CTPYH-
HBIH).

BesnuynHa u3MepsieMbIX OTKJIOHEHHH OT NMpPSMOJIHHEHHOCTH CHJIO-
H3MepuTeJbHOH cHcTeMO# mocturaer 100 MM, a cpefHssi KBaApaTH-
yeckasi MOTPEUIHOCTb HX OMpejesieHHsi npuMepHo paBHa 0,1 MM+
+4.107% §;, rae 8; — BeJHUHHA CMeEIleHHsT CTPYHH (B KOHEYHOM
cyeTe BeJHYHHA H3MepsieMOHl HEeCTBOPHOCTH B MM). JIOCTOHHCTBOM

* Kapacon A. A. Usmepenne nedopMmauuil rHAPOTEXHHYECKHX COOPYKeHH.
M., Henpa, 1984.
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CHJION3MEPHTEJbHOH CTPYHHOH CHCTEMBl SIBJsieTCSi BO3MOXHOCTb
aBTOMaTH3allHH H3MepeHHH. OfHa H3 TaKHX CTPYHHBIX CHCTeM pea-
au3zoBaHa Ha Kamckoit I'3C pns Hab/0feHHH 32 TOPU3OHTAJbHBIMH
CMELIeHHSIMH TJIOTHHBIL.

§ 16. CTpyHHbBIE CHCTEMBI JJiSl KOHTPOJS
noJioXKeHHss 060PYyI0BaHHS

KOHCTpyKIHH CTPYHHBIX CHCTeM PasHOOOpa3Hbl, BO BCeX CTPYH-
HO-MeXaHHYECKHX CHCTEeMaxX HCNOJb3YIOT MeTaJJIHYeCKyl0 HJH HeH-
JIOHOBYIO cTpyHy Jauametrpom 0,1—2 MM, KoTopasi HaTsrHBaeTcs
TOPH30HTAJIbHO, BEPTHKAJIbHO HJIH HaKJOHHO.

Ycrpoiicrea mexanuweckol pesucTpayuu NOAONEHUS CTPYHbL.
OnHHM H3 NPOCTEHIIHX YCTPOHCTB MEXaHHYECKOH perHcTpalHH Io-
JIOXKEHHS] CTPYHHBI sBJIsieTCsl NMOABHMXKHAs JIHHeHKa, cHabGXeHHas Ho-
HHYCOM M CKOJIb3silllasi BHOJb HEMOJBHXKHOH JIMHEHKH, KOTOopas
cKpenJieHa ¢ ob6opynoBaHHeM. Ilpu u3MepeHHsIX NOJBHKHAs JIH-
HeliKa nepeMeliaeTcsi BAOJb HEMOJBHXKHOH O MOMEHTa ee KacaHHs
co cTpyHoH. MOMEHT KacaHHs JIHHEHAKOH CTPYHBI ONpeaessiioT BH3Y-
aJbHO HJH 3JIEKTPOKOHTAKTOBBIM crnoco6oM. IlorpelrHoctb perucr-
pauuH cMelleHH# CTpyHBl cocTaBjsier 0,1 MM, ofHaKo npH HabJio-
IeHHSIX KOJeOJIOMIUXCSA CTPYH TOYHOCTb H3MepeHHH pe3KO CHH-
xKaercsl.

MexaHHYeCKYI0 pericTpalHio INOJIOXEHHs CTPYHbl MOXKHO OCy-
LIECTBHTh NpPH NMOMOLIH NMPOCTOrO MO KOHCTPYKUMH pPBIYaXKHO-CTpe-
JIoyHoro npu6opa. OOHH KOHel CTpPeJKH HMeeT Npope3b AJs BBOAA
CTPYHBI, a Apyroii cBOGOAHO MepeMelaeTcsi BAOJAb AYrOBOH LIKaJbl,
lleHa JeJleHHs] KOTOpPOH 3aBHCHT OT COOTHOLIEHHSI MAJIHH pBIYaroB
CTpEJIKH.

Ycrpoiictea ontudeckold peeucrpayuu noaoxcerus crpytol. Ins
onpeJeJieHHs] TOJIOXKEHUSI CTPYHBI B He6OJbIINX Npelenax (+2 MM)
¢ norpemwHocTbio 0,005 MM LIHPOKO HCNOJIB3YIOT ONTHYECKHE MHKPO-
CKONbl ¢ BHHTOBBIM OKyJsIpHBIM MHKpoMerpoM OMB-1 u komnapa-
TOpHBIH MHKpOCKOMN. JIJis yBe/MYeHHS AHamna3oHa H3MepsieMBbIX cMe-
mweHnit a0 300 MM MHKPOCKONBI YCTaHaBJHBAIOT Ha NOABHXKHYIO
KapeTKy, nepeMellarolulyocs BA0Jb HanpasJsiiollell HIH KOHCOJIbHOH
JUHellKH ¢ oTcueTHOH wKaJjoi. CylecTBYIOT ABa BapHaHTa ycTa-
HOBKH HalpaBJISIOIIHX B paboyee MOJIOXKEHHe: CTALlHOHADHBIHA U Ie-
peHocHbIli. B crauvoHapHoM BapuaHTte (puc. 20,a) HanpaBJasouias
HEeNOABHXXHO 3aKpemjieHa Ha O0GOpYJAOBaHHH, B NePEHOCHOM
(puc. 20, 6) cdepuyeckHe MOBEPXHOCTH HANpaBJSIOLMX YIHPAKOTCS
B OMOpHbIe NJIOLIAJKH, 3aKpeNnJjeHHble Ha 060pPyOBaHHH HJIH CTPOH-
TeJIbHBIX KOHCTPYKIIHSX.

ITepeHocHble ONMTHYeCKHe INPHOOPHI IUHPOKO HCMOJB3YIOT IMPH
CTPOHTENIbCTBE H IJKCIJIyaTallHH THAPOTEXHHYECKHX COOpPYKEHHH.
Ecau ctpyHa pacnoJsiaraercsi Ha 3HaYHTEJNbHOM PAacCTOSIHHM OT Ha-
6aionaTenisi, HCNOJb3YIOT BH3HPHYI0O TpyOy, CHaGXKEHHYIO ONTHYe-
CKHM MHKDOMETPOM HJIH YCTPOHCTBOM ee MHKPOMETPEHHOro mepe-
MelleHHs1 B TOPH3OHTAJbHOH HJH JI060# 3aNaHHOH NMJOCKOCTH.
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Puc. 20. YcrpolicTBa ONTHYECKO! PErHCTPaUHH CTPYHBI

Peructpaunio mosoxeHusi cTpyHbnl c¢ mnorpewrHoctbio 0,03 Mm
B AManasoHe OO 25 MM MOXHO OCYIIECTBHTb C MOMOIUBIO MOJABHXK-
HOH 3epKaJibHOH MapkH (pHc. 21), mepeMellleHHe KOTOpPOi#l ompene-
JSAIOT N0 HHAMKAaTOpy YacoBOro THNa. 3epKajibHasi MapKa COCTOHUT
M3 MOJBHXHOroO Inpo3payHoro 6uccekropa J u 3epkaJja 2, pacmnoJo-
JKEHHBIX Ha pacCcTOsiHUM 3 MM JApyr oT Apyra. IIpu usmepenusix mps-
MOe M OTpa)keHHOoe H300parkeHHsi CTPYHbl BBOJAT B OHCCEKTOp H
GHKCHPYIOT No HHAMKaTopy /. MHAMKAaTOp KpemuTcs Ha NJacTHHe,
HecylleH 1MocaJO4YHbIH BKJAAbII, KOTOPHIH NMPH H3MEpeHHSX BCTaB-
JsieTcsl BO BTYJKY OGOpyAOBaHHS HJH reo3Haka. [lis ycTaHOBKH
MapKi B TOPH30HTa/IbHOE TMOJIOXKEHHe YCTPOHCTBO CHAGXKEHO LH-
JIHHIPHYECKHM YpOBHEM.

Korma HemocpeicTBeHHble HaOJIOJEHHSI Ha CTPYHY C IOMOLLbIO
ONTHYECKHX MHKPOCKONOB 3aTPYHHEHBl, HCINOJb3YIOT CHOCO6 H3Me-
peHHsl TOJIOXKEeHHUS] TeHH OT CTPyHbl. Korga Ha myTu Jyued cBeTa,
OCBelaolllero lIKaJjy, moMeliaeTcsi CTpyHa, TeHb OT Hee Ha LIKaJe
CIYXKHT OTCYETHbIM HHJAeKcOoM. ITosioXKeHHe CTpYHbl MOXKeT onpefe-
JATbCS MO IlIKaJje BH3YaJbHO, NPH MOMOILH ONTHYECKOrO MHKPO-

@

Puc. 21. IlogBHXKHasi 3epkajabHas Mapka AJs PErUCTPALMH MOOMKEHHS CTPYHbI
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ckona, MeToAoM (ororpacdHyeckoil peructpauud. B xayecTBe HCTOY-
HUKa CBETa HMCNOJb3YIOT JIaMNbl HaKaJWBaHHsl W Jasepbl. Ecan us-
MepeHHsl BBINOJHSIOT MO OAHOMY Kpalo TeHH, HEOOXOAMMO YUHTHI-
BaTb H3MEHEHHe pa3MepOB TEeHH INPH Pas3jHYHBIX TOJIOXKEeHHSX
CTPYHBl MeXJAy HCTOYHHKOM CBeTa M LIKaJIOH.

YcTpoiicTBa st pericTpalMH MOJIOXKEHHSI CTPYHbl COCTOSIT M3
JBYX OCHOBHBIX 4acTell: mpeo6pa3oBaTeisi 1 H3MepHTEJbHOrO INpH-
6opa. CaMbIM NpPOCTHIM BHAOM NpeoGpa3oBaTesi sIBJAsSETCS YCTpOil-
CTBO, B KOTOPOM BBIXOAHOH NapaMeTp HeNoCpeACTBEHHO Npeo6pa-
3yercsi B TpeOyeMyIo BBIXOJHYIO BEJHYHHY. DJIeKTpHUEeCKHEe CHTHAJBI,
BbipabaTbiBaeMble NpeoOpa3oBaTessiMH, B OOJbIIHHCTBE CJyyaeB
HMEIOT HeJ0CTaTOYHble HaNpsiKeHHe M MOIIHOCTb AJISI TOTO, YTOGHI
HX MOXHO GblJIO MOJAaTb HEMOCPeACTBEHHO HAa H3MepHTEeJbHBIH HJIH
perucTpHpyoUui nNpH6Op, MOITOMY OHH HOJIKHBI GbITb YCHJIEHBI A0
HeoOX0IHMOH BenHYHHBL. PasdpaboTaHo MHOro THIOB npeoGpa3oBa-
TeJled: KOHTaKTHble, MEXaHOTPOHHblE, peOCTaTHble, HHIYKTHBHBIE,
¢dhoTO3/IEKTPHUECKHE, €MKOCTHble, CTpyHHBle. B KauecTBe H3MepH-
TeJbHBIX YacTO HCIOJIb3YIOT CTPeJIouHble HJH LH(GpOBble NPHOOPHI,
a B KayecTBe PerHCTPHPYIOLIHMX — CaAMOMKCLbI, OcLHuJ/I0rpadbl, Mar-
HHTHBbIE PErHCTPaTopHI.

B KoHTaKTOBbIX NMpeo6pa3oBaTessiX NnepeMellleHHe CTPYHBI BbI3bI-
BaeT 3aMblKaHHe HJH pa3MblKaHHe KOHTAKTOB, YNPaBJSIOIIHX 3JIeK-
TPHUYECKOH 1eNnbl0, B KOTOPYIO BKJIIOUEH CHTHAJbHBIH HJH CTpeJsod-
HBIA npubop. KoopanHaTtoMeTp AJs onmpefesieHHst CMeleHHH coopy-
JKEHHS] OTHOCHTeJbHO CTPYHBI OTBeca MO JBYM HamnpaBJISIIOLIHM
MMeeT HaBOJAslIlee YCTPOHCTBO C OTCUETHOH LIKaJOH, 3aKpelnJeHHoe
NpH NMOMOUIH H30JSLHOHHOH BTYJKH Ha MeTaJJIH4eCKOH MOJACTaBKe
C HanpaBsJsoOIKAMH. MOMEHT KacaHHs TOpLa MOBOAKA HaBOJSILIEro
YCTPOHCTBA CO CTPYHOH PETHCTPHUPYIOT 3JI€KTPOKOHTAKTHBIM CHOCO-
60M MO BKJIIOUEHHIO HEOHOBOH JaMnbl. BennunHa M3MepsieMbIX OT-
KnoHeHu#t 10 mM, norpewHocts 0,02 MM. HemocTaToOK — KOHTaKT
MeXJy CTPYHOH OTBeca M NOBOAKOM HaBOJSILEro YCTpOHCTBa, YTO
NPUBOAUT K KoJieGaHHsSM CTpyHb B TeueHue 10—15 ¢ B mpenenax
0,1—0,2 MMm.

Haubosee noaXxoAsiuiuMH MaTepHasiaMH 1Jisi KOHTAaKTOB SIBJIS-
I0TCS1 BOJIb(paMo-NjaTHHO-UPUAKEBblE CMJaBbl, 06JafgalolHe BhICO-
KOl TBepAOCTbIO, .3JIEKTPONPOBOAHOCTbIO, YCTOHYHBOCTbIO TNPOTHB
3pO3HH H KOPPO3HH. [l BBICOKOUYBCTBHTEJbHBIX MaJIOMOIIHBIX
KOHTAKTHHIX INpeo6pasoBaTesieil KOHTAaKTHOe YCHJHe KoJjebJercs
B npezaenax ot 0,001 xo 0,002 H. Bo nsbexanue o6pa3oBaHHs BOJIb-
TOBOH AYIM HJM HCKPbl MOLIHOCTb LieNH, pas3pbiBaeMOil HJH 3aMbl-
KaeMoll KOHTaKTaMH, He JoJKHa npeBbiiath 100—150 MBT.

Hnsa obecneueHnss HauboJsee GJArONpHATHBIX YCJIOBHH paboThl H
MHHHMAJIbHOTO BO3JEHCTBHSI Ha CTPYHY NpH pericTpalHH ee I1oJo-
JKEHHST MOXHO TpPHMEHSITb pbIYaXKHO-KOHTAKTHBIH mNpeo6pa3oBa-
Tesib. OHH KOHell pplyara HCHoJb3yeTcsl B KayecTBe Illyna, a ApY-
roif — B KayecTBe MOABHKHOI'O KOHTAKTa.

JloCTOHHCTBOM KOHTAKTOBBIX NpeoOpasoBaTesieil siBJAsieTCs Npo-
CTOTa KOHCTpYKUHMH. K HemocTaTkaM cJjeqyeT OTHECTH OrpaHHYeH-
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HBI CPOK CJy:KObl TNOABHXKHOH KOHTAKTHOH CHCTEMBl, HCIBLITHIBAIO-
1ied HempepbiBHblEe TOJNYKH H YAaphl MOABHXKHBIX YacTeH.
MexaHOTpOHHbIe TpeoOpasoBaTeji He HMMEIOT KOHTAKTHBIX
TPyNN H NPeACTaBJSAIOT cO60H 3JeKTpOBaKyyMHble NPHOODH ¢ Mexa-
HHYeCKH YNpaBJ/isieMbIMH 3JeKkTpojaaMH. Haunbosee pacmpocTpaHeH-
HOH H NPHTOJXHOH AJIs1 MEXaHHUYECKOH perHcTpalHH CTPYHBI SABJSETCS
cucteMa MeMOpaHa — cTepXKeHb. BXOJHOH MeXxaHHYeCKHH CHrHaJ
nojaeTcsl Ha BHEWIHHH KOHell CTepXKHs, BNAasiHHOrO B MeMOpaHy.
[Ipn 3TOM NOABHXKHBIH 3JEKTPOA-aHOH, YKPeNJEeHHbH Ha BHYTpEH-
HEM KOHIle CTepIKHs, NepeMellaeTcss OTHOCHTEJbHO HeMOABHXKHOro
KaToja, YTO NPHBOAHT K H3MEHEHHI0 aHOAHOro TOKa H BBIXOJHOTO
curHasna npeo6pasoBaTens. OTeyecTBeHHasi NPOMBILIJIEHHOCTb BbI-
nycKaeT psii. MeXaHOTPOHHbIX INpeobpa3oBaTesiell NepeMelleHHH
B MaJjorabapHTHOM OGOpMJIEHHH, H3 KOTOphIX HaHOOJblllee pacrnpo-
CTpaHeHHe NOJYYHJH [AHOAHBIE M TPHOAHble. MeXaHOTPOHBI MOTYT
ObLITh BKJIOYEHbl B LieNb NMOCTOSIHHOTO HJH NepeMeHHOro TOKa.

K HemocTaTKkaM MeXaHOTPOHHBIX Hpeo6pasoBaTesed MOXKHO OT-
HeCTH OTrpaHHYeHHBIH AHana3oH paboThl (*1 MM) M HaJHYHE KOH-
TaKTa MeXJIy CTPYHOHM M CTepXHeM MexaHOTpoHa. Kpome Toro, ans
obGecrieyeHHs] BBICOKOH TOYHOCTH H3MEpeHHs HeoOXOAMMO, UTOOHI:
1) MexaHOTpPOH OBbLN 3alHIleH OT pe3KHX KoJseOaHHH TeMmepaTyphl;
2) HecTaGHJIBHOCTb aHOAHOrO HANpPSXKEHHS] H HampsXkKeHHs HaKaJa
He npeBniwana 0,1 u 1 9% cooTBeTCTBEHHO.

B peocTaTHBIX, HJIH TOTEHUHOMETPHYECKHX, NMpeob6pa3oBaTensix
JJISl JIMHEHHBIX HJH YIJIOBBIX M3MepeHHH HCHOJIb3YIOT 3aBHCHMOCTH
H3MEHEeHHsI aKTHBHOrO conpoTuBjieHHss R=p(//q) or mnapamerpoB
NPOBOAHMKA: JJIMHBI [, NJIOMIafAH €ro MONEpeYHOro CeYeHHs ¢ H
YAEJbHOTO COMPOTHBJIEHHS p. AKTHBHOE CONMpPOTHBJIEHHE NPOBOJHHKA
ompefesisieTcsl NMOJIOXKEHHEM J[BHXKKAa peocTaTa, KOTOpHIH CBfi3aH
C H3MepsieMOH He3JIeKTPHUECKOH BeJMUHHOMH.

Haunbosee TexHOJOrHYeCKH OTPabGOTAaHHOM KOHCTpPYKUHEH sBJIS-
I0TcSl mpeo6pa3oBaTesii, B KOTOPbIX NPHMEHEH NpPOBOJIOYHBLIH 3Je-
MeHT conpoTHBJeHHs. OfNHAaKO 3THM mnpeoOpasoBaTesisiM CBOMHCT-
BeHHO H3MeHeHHe H3MepsieMOH BeJHYHHBI B COOTBETCTBHH CO
CTYNeHYaThIM H3MeHEeHHeM CONpPOTHBJIEHHS, UTO MPHBOAUT K OI'pPaHH-
YeHHIo paspematouielt cnoco6HocTH. OT 3TOro HeLOCTaTKa CBOOOIHHI
npeo6pa3oBaTesii C NJEHOYHBIMH 3JI€eMEHTaMH CONPOTHBJIEHHH.

B ocHOBe paGoThl HHAYKTHBHOTO NMpeo6pa3oBaTessl JEXKHT H3Me-
HeHHe MOJIHOrO BHYTPEHHEro CONpPOTHBJIEHHSI 2 OGMOTKH, pacroJio-
J)KeHHOH Ha (eppoMarHMTHOM HJH (EeppHTOBOM CepAEeYHHKe 2=

=4/R*F+(@@nfL)?, rnef— uacToTa 3;eKTPOMAarHHTHEIX KOJeGaHHUI,
nojaBaeMbiXx Ha OOGMOTKY; L — HHAYKTHBHOCTb; R — aKTHBHOE CO-
npoTuBJeHHe. Vi3MeHeHHe MHAYKTHBHOCTH L, a CJjie[0OBaTeJbHO, H
Z JOCTHTaercsi pa3/jiHYHBIMH Cnoco6aMu. B reojesuyeckoil npakTHkKe
IIHPOKO INPHMEHSIOT NpeoOpa3oBaTeNid C MNEpEeMEeHHbBIM 3a30pPOM,
C MepeMeHHO! MJIOLIa/blo, COJEHOHAHbIE H TPaHCHOPMATOPHBIE.

HHIlYKTHBHbIe npeo6pa308aTeJm C NepeMeHHbIM 3a30pOM H3Me-
pPSAIOT NOJIOXKEHHE SKOpSs 6eCKOHTaKTHBIM crnoco6oM, HMEIT BBICO-
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Kyl0 YyBCTBUTEJBHOCTb K H3MeHeHHIO 3a3opa (0,1—0,5 MkM) u
OrpaHHYeHHBIH Auana3oH H3Mepenuit (0,1—1 MM) H3-3a HesHHe#-
HOCTH BBIXOZHOH XapaKTepPHCTHKH.

IIpeo6pa3oBaTesn ¢ mepeMeHHOiH MNJOILAAbI HMEIOT JIHHEHHYIO
XapaKTepHCTHKY B AHana3oHe nepeMelleHHH SKOps 10 5—8 MM,
HO HEBBICOKYI0 YYBCTBHTEJbHOCTbD.

B coseHoMaHBIX mMpeo6pa3oBaTesNsiX ¢ Pa3OMKHYTOH MarHHTHOH
Uenbl0 H3MeHeHHe HHIYKTHBHOCTH KAaTYUIKH [AOCTHraeTcsi nepeMe-
1eHHeM (eppoOMarHUTHOTO cepAeyHHKa Ha BeJHYHHY 10 50—60 MM.

C uesnbl0 MNOBBIIEHHS UYYBCTBHTEJbHOCTH, YBEJHYEHHs AHaMNa-
30Ha H3MepeHHH H MNOJIyueHHs! JHHEeHHOH XapaKTepHCTHKH, a TaKxke
JUIsT KOMIIEHCAlMH 3HAYHTEJbHOIO HayaJIbHOTO «HYJIEBOrO» CHTHaJja
1 ocJabJieHusl BJHSIHHSL BHELIHHX BO3JeHCTBHH (TeMmepaTyphl, Mar-
HHTHOTO TOJISI, JaBJIEHHS]) pacCMOTpeHHBble Mpeobpa3oBaTesH BKJIO-
YalOTCs B HM3MEpPHUTEJbHBI MOCT NepeMeHHOro Toka no AHddepeH-
LHaJbHOH cXxeMe.

JlJsi JUCTAaHUMOHHOTO OmpefiesieHHsl MJAaHOBOTO CMelleHHs 060-
pPYJAOBaHHs Ha KPYNMHBIX HHXKeHepHbIX 00beKTax pa3paboTaHa KOHT-
pPOJIbHO-H3MepHTe/bHasi CHCTeMa, COCTOsllas H3 H3MepHTeJbHOro
nysnbTa, 64 HHAYKTHBHBIX Npeobpa3oBaTeseill U yCTpPOHCTBA COMNps-
JKeHHs mpeo6pasoBaTened H DBM. B KoMnjeKT BXOAAT ABa THIA
npeo6pasoBarTesieii: IByXKOOpAHHATHBIE H OLHOKOOPAHHATHbBIE C AHA-
na3oHaMu H3MepeHuit *=0,7 # =5 MM COOTBeTCTBEHHO. [[uMamasoH
paboThl OZHOKOOPAHHATHOrO NpeoOpa3oBaTesisi YBeJHYEeH 3a cyeT
NOABHXKHOH KapeTKH, Ha KOTOPYIO OH yCTaHOBJIeH. BennuuHy nepe-
MellleHHs] KapeTKH ONpefessiioT M0 HHAMKAaTOpYy YacoBOTO THIA.

IIpu nmoMouH OZHOKOOPAHHATHOrO MpeoGpa3oBaTessi MOXKHO OIl-
pellesiiTb BeJHYHHY CMeElIeHHsi CTPYHBI HEMOCPeACTBEeHHO MO LIKaJje
HHJAHKaTOpa, NepeMeliasi npeobpa3oBaTesib JO TeX MOP, MOKA CTPyHa
He COBNAJeET C €ro 3JeKTPHYECKOH OCbI0O M OTCYET MO LIKaJje H3MepH-
TeJibHOTO NMpHOOpa 6yner paBeH HyJo. Takoi pexum paboThl obec-
neyuBaer OGoJsbuiylo ToyHocTh Hu3MepeHuit (0,01 MM), Tak Kak
HCKJIIOYAIOTCS NMOTPEIIHOCTH 32 HeJHHEHHOCTb XapaKTepHCTHKH Mpe-
o6pa3oBaTesisi, BJIMsIHHE BHEWIHHX ycJoBHiH H ap. ITorpeurHoctb us-
MepeHHsl NOJI0XKEeHHS CTaJbHOH CTpyHbl AuaMeTpoM 0,3—1 MM paBHa
0,05 mMMm.

®doTo3sseKTpHUECKHe NTpeoGpa30oBaTeNH MOXKHO pa3fieIuTh Ha JBe
rpynnbl. K nepBoit oTHOCSITCS HOTO3JIEeKTpHUECKHe Npeobpa3oBaTeliH,
B KOTOPBIX (POTOTOK ONpefesisieTCsl CBETOBHIM NMOTOKOM, 3aBHCSILHM,
B CBOIO Ouepefib, OT H3MepsieMOl He3JIeKTpHUYeCKOH BeJHYHHH. B Ka-
yecTBe HMCTOYHHKOB H3JIyYeHHsS! HCNOJb3YIOT MHHHATIODHBIE JlaMIIbI
HaKaJHBaHHSl HJH CBETOAHOABI, B KayecTBe CBETOYYBCTBHTEJbHBIX
3JleMeHTOB — (hOoTOAHOAB!, POTOTPHOAK H ¢oTOoconpoTHBieHus. [lpe-
obpasoBaTesqu NEpPBOH Trpynnel 06/1aJal0OT MaJbiM AHANAa30HOM H
CPaBHHTEJbHO HHM3KOH TOYHOCTbIO H3MepeHHi. Ha pesyabraThl H3-
MepeHHH BJHSAIOT KoJeOaHHsS SIPKOCTH HCTOYHHMKA H3JIyYeHHs, IH-
TalOLLero HampsikeHusi, Temnepatypbl. OZHaKO HempepbiBHbIE pa-
60Thl 1O COBEPIIEHCTBOBAHHIO 3THX Npeobpa3oBaTesiel MO3BOJIHJH
B HacToslllee BpeMsi CO3[aTh M3MEPHTeNH JHHEHHBIX NepeMelleHHH
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2 J C BBICOKMMH METPOJIOTHYECKHMH
nokasartenasimi. K Takum yCT-

J POCTBAM OTHOCHTCS GeCKOH-
| — VK 6 7 TaKTHHIHl HM3MEpPHTENb MepeMe-
- £ IeHusi CTPyHn  (puc. 22).
0 HamepHTenb collepKUT OOHH ¢o-
tonpueMHuk PJ[-3 u aBa mpo-
THBOGa3HO BO30YXKAaeMbIX H3-
Puc. 22. OynxunoHanbHas cxema doro- 1Y 1aTeJd (cBeropuonnt). Tene-
3JIEKTPHUECKOTO H3MepHTeNsl CMellleHHs parop 1 NpsAMOYroJibHOrO
CTPYHHI Hanpsixenuss (f=2,5 kl['u) yn-
paBJsieT YCHJHUTEJNSIMH TOKa 2,
10, BKJIOYAIOIHMH TOOYEPESHO CBETOAHOABI 3, 9, U CHHXPOHHBIM
petektopoM 7. ManyueHne cBeroguonoB 3, 9, mepekpbiBaeMoe CO-
e[IMHEeHHOH C NMOABHXKHBIM OOBEKTOM CTPYHOH 4, mojaercs Ha (OTO-
IHOA 5, ¢ BBIX0Ja KOTOPOTO COCTAaBJSIOLLasi HANPSXKEHHST C YaCTOTOH
reHepatopa I yCHJMBAaeTCsi YCHJIHTeJeM 6 M BBHINPSIMJSETCS CHH-
XPOHHBIM [JE€TeKTOpoM 7. BHIMpsiMJIeHHOe HampsiKeHHe H3MepsieTcsi
BosIbTMeTpoM 8. McxonHoe moJioKeHHE NPH H3MEPEHHSIX COOTBET-
CTBYeT paBEHCTBY CBETOBBLIX NOTOKOB OT CBETOAHOIOB 3, 9 Ha ¢oTo-
nHoje 5 U mpHHHUMaercs 3a HyJseBoe. [Ipu cMeuleHHH cTpyHB 4 OT
HCXOJHOTO MOJIOXKEHHSI B HampaBJIeHHH, NMEpNeHAHKYJSIpHOM K OI-
THYECKO#l ocH ¢Qoroauona 5, Ha ¢GOTOAHMOAe Hapyuiaercs OaJjiaHc
CBETOBBHIX NMOTOKOB. AMIJIHTYJa MOSIBJIAIOLLErocsi Ha Bhixoae ¢oToO-
IHOJa HaNpsIXKEeHHs MPONMOPLUOHAJIbHA BeJIHYUHE CMelleHHs], a (asa
COOTBETCTBYET ero HampaBJjeHHI0. TakuM 06pa3oM, HampsiXKeHHe Ha
BbIXOJl€ CHHXPOHHOrO NETEKTOpa COOTBETCTBYET BeJMYHHE, a €ero
MOJISIPHOCTb — HaNpaBJIeHHIO CMeELleHHs] CTPYHb 4.

YcTpoficTBO He pearupyer Ha H3MeHeHHe JAHaMeTpa CTPYHBI
B mpepejax 1,5—2,5 MM, yria o pacHoJIOXeHHs CBETOLHOJOB
K ONTHYeCcKOH ocH ¢doTonmpHeMHHKa B npefenax 10—30° paccrosiHus
MeXAy cBeToAHoAaMH H ¢otoanoaoMm ot 10 mo 40 MM, TeMmepaTtyphl
ot 10 go 40 °C. MaMepuTresp HMeeT JHHEHHYIO BBIXOLHYIO Xapak-
TEPUCTHKY M3MEHEHHs HalpaBJIEeHHs, 3aBUCAILYIO OT BEJIMYHHBI CMe-
IIeHUs] CTPYHB, U obecneyHMBaeT MOTPELIHOCTb H3MEpPEeHHH 2 MKM
B Auanma3oHe *=1 mM. OTHOCHTe/JbHasi MOrpelIHOCTb H3-3a CMelle-
HHUSI CTPYHBl BHOJb OCH ¢oToAHOAa He mpeBbimaer 1-10-2.

Ko BTOpO# rpynne oTHOCATCS $OTO3/EKTpHUECKHe Npeobpa3oBa-
TeJNH, paboTaliue B pexHMe, B KOTOPOM BeJHuyHHa (oToTOKa He
ABJsieTcss QyHKUMell n3aMepsieMolt BeJM4YHHBL. [Ipeob6pa3oBarenn BTO-
poll Tpymmbl HaUlIM LIHPOKOE HNPHMEHeHHe B METPOJIOTHH, H3MepH-
TeJbHOM TeXHHKe, MALIHHOCTPOEHHH H NPHKJIALHOH Teode3HH.

M3BecTeH TeJNeBH3HOHHBIA METOJ aBTOMATHYECKOTO KOHTPOJIS,
KOTOpBbIH B HEKOTOpPOil cTemeHH GJH30K K (oTo3asnekTpuyeckomy. Te-
JIEBU3HOHHBIE H3MEpHTEJbHble YCTPOHCTBA COCTOSAT M3 TeJIEBH3HOH-
HOro mpeo6pasoBaTeJisi, IOCTPOEHHOTO Ha NMepefaloLIHX 3JeKTPOHHO-
ayyeBblx Tpy6kax (DJIT) — BUAHKOHAX, AHCCEKTOpPax, CKaHHCTO-
pax,— U BuJeonpHeMHOro yctpofictBa. TeseBU3HOHHBI METOA MO-
JKHO IPHMEHSITb [Jisi ONpefesieHHs] CMelIeHHH CTPYHbl BH3YaJbHO
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Ha 3KpaHe BHAeompueMmHOro ycrpoiictBa. CMellleHHe CTPyHBI OI-
pedensitor ¢ morpewHocTbio 0,1 MM no JHHeHKe C XOpOLIO BHAH-
MBbIMH MHJIJIHMETPOBBIMH JeJIEHHSIMH, PaclloJIOXKEHHOH 3a CTPYHOH,
HJIH N0 JeJIeHHSIM, HaHeCEHHBbIM HeNMOCPEACTBEHHO HA MHILIEHH Tme-
penarwoueit SJIT.

Jlnsi u3aMepeHusl mepeMelleHHsT CTPYHBI HCIOJb3YIOT YCTPOHCTBA
C eMKOCTHbIM npeo6Gpa3oBaTesieM, H3 KOTOpPbIX HauboJiee mpuemJie-
MBbIM fIBJISIETCSI YCTPOHCTBO, colepKalilee NJOCKHH KOHIeHcaTop Ie-
pPEMEHHOH €MKOCTH C BO3AYLIHBIM JH3JIEKTPUKOM, B KOTOPOM IOCTY-
naTtejbHOe mepeMellleHHe CTPYHBI npeobpa3dyeTcsi BO BpaliaTesbHOe
JBHXKeHHEe pOTOpa ¢ MOMOIIbIO pblyaxkHOH mepenayu. IIpu moBopore
potopa Ha yros oT 0 mo 180° myomajr mepeKpbITHS MJIACTHH KOH-
JeHcaTopa H3MeHseTCSl OT MaKCHMAaJIbHOTO N0 MHHHMaJIbHOIO 3Ha-
yeHnsi. EMKocTHble mpeo6pasoBaTesiH, KaK IpPaBHJO, BKJIOYAIOT
B MOCTOBblEe H3MepHTeJIbHble CXeMbl HJIH B KOHTYp 3aJalollero rexe-
paTopa BBICOKOH 4aCTOTHI.

Jlns reofge3uueckoro KOHTPOJISI MPSIMOJIHHEAHOCTH MOJKHO BbIJle-
JIUTb CTPYHHBIE CHCTEMBI PAa3JIHYHBIX THIOB C HCHNOJb30BaHHEM:
nojBelleHHOH Ha G6JI0Kax CTPYHBI C MOCTOSIHHBIM HaTsXKEHHEM;
CTPYHBI, UMeEIOLed MOCTOSITHHOE HATsKEeHHe H HecylleH B Pa3HYHBIX
ee YacTsxX OTBECHl; CBOOOAHO NMOABELIEHHOH CTPYHBI ¢ KOHUAMH, QHUK-
CHPOBaHHBIMH Ha 0060pPYNOBaHHH H NMPOU3BOJILHO CTPEJIKOH NpoOBeca;
CTPYHBI, MOJBEIIEHHOH MeXAY PHKCHPOBAaHHBIMH TOYKaMH 060pyHO-
BaHHUS H HUMeLeH NMOCTOSTHHOe HaTs)KeHHe Ha MOMEHT H3MepeHHH,
obGecneydBaeMoe AUMHAMOMETPOM, C H3MEpPHTEJbHBIM YCTPOHCTBOM,
pacrnoJiaraeMbiM Ha KOHIe; IepeceKaloluxcss nojJ He6OJbUIHMH
yrjaM{d CTPYH, CBSI3aHHBIX ¢ 060OpYJOBaHHEM COOPYXKEHHH KOJiblle-
BOii (pOpMBI; CTPYH, NepeceKaloUIHXCsl MOJ NpSIMbIM YIJIOM; OTBeC-
HOH CTPYHBI, BEpXHHH KOHell KOTOPOH 3akpenJsieH Ha 0GOpyHOBaHHH,
a HMXHHH HeceT rpys, obeclneuuBaloOlIUi ee HaTsXKeHHe H MOCTOSIH-
CTBO OpPHEHTAlHH; CTPYHbI, HUXHHH KOHel KOTOpoi (HKCHPOBaH
B SIKOpe re03HaKa, a BepXHHH NMepeKHHYT yepe3 OJIOK, KECTKO CBS-
3aHHBIE ¢ o0OOpyJdOBaHHeM; HaTAHYTOH CTPYHBI, ONHparwuleics
C UEeJbI0 YMeHbIIEHHSI CTPEJKH NpOoBeca Ha MONJIaBKH, pPacloJIOXKeH-
Hble B BEPTHKAJbHOH IJIOCKOCTH, COBMajalolled ¢ HampaBJeHHeM
CTPYHBI; HAaTSHYTOH CTPYHBI, HMeWOlleH C 1enbl0 YMeHbUIeHHS
CTpPeJKH TpoBeca psii THOKHX IOJBECOB; HATSHYTOH CTPYHBI, CHab-
KEHHOH CKOJIb3SILIUM IIOABECOM, YKpeNJIeHHbIM BMeCTe C H3MepH-
TeJbHbBIM YCTPOHCTBOM Ha NepeMeniamplielcsi napaJjjenbHO CTBODPY
TeJIeXKKe; psfia CTPYH, UMeloUIUX OOLIyI0 TOYKY KpeNnJieHHs H pac-
XOASIIHXCS BeepoM B pa3HbBIX HaNpaBJIEeHUSX, PacCHOJIOXKEeHHBIX
B FTOPH30HTAJIbHOH MJIH JI060H APYroi MJOCKOCTH.

§ 17. ABTOMAaTH3aUHsi CTBOPHBIX HM3MepeHHii
CTPYHHBIM METONOM

B HacTosiiee BpeMsi B MPaKTHKY BBICOKOTOUHBIX HHXKEHEpHO-Te-
OJle3HYeCKHX paboT, B TOM YHCJe H B CTBOPHbIE H3MEpEHHs, BCe
IIMpe BHEAPSIIOTCS Pa3JIHYHOrO pojAa NpeoOpasoBaTeNH JHHEAHBIX
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U YIVIOBHIX IepeMelleHHH: HHAYKTHBHble, EMKOCTHHE, (OTO3JIEKT-
puuyeckue, MyapoBble H Jp. Takne npeo6pa3oBaTenH MO3BOJSIOT
ONepaTHBHO H JHCTAHIHOHHO OCYILECTBJSATH IOJyYyeHHe TeOfie3H-
YecKOH HHGpOpMalMH, aBTOMATH3HPOBaTb IpOllecC H3MepeHHH.

B npocreiimiem cjyyae HECTBOPHOCTH KOHTPOJHDYEMBIX TOUYEK
ONpefessiioT C MOMOLIbI0O OTBECOB, KOTOpHle KpemnsiTcsi K CTpyHe
B pa3HBIX MeCTax MO Bcell AJIMHE CTBOpPA HJH XK€ NPUMEHSIOT ORMH
nepeMeniapouuiics orsec. IIpH BHIMOJHEHHH CTPOHTENBHO-MOHTAX-
HbIX Pa6oT cpefHell TOYHOCTH OOGBIYHO HCMOJB3YIOT BH3YyaJbHBIH
crnoco6 (HKCAaMH DPHCOK Ha MOHTHPyeMOM OGOpPYAOBAaHHH OTHO-
CHTEJIbHO HUTH OTBeca HWJH ocTpHus ero rpysa. lIpu TimareabHo#
pa6oTe B 3aKPHITHIX NOMEIUEHHSIX TaKHM CrnocoboM obecrneyuBaioT
ToYyHOCTh 1—3 MM. OZHAKO CYLIECTBYIOT NYTH PE3KOTrO MOBHILIEHHS
TOYHOCTH CTBOPHBIX H3MEpPEHHH CTPYHHBIM CNOCOOOM C NpHMeHe-
HHEM OTBECOB.

TIpu BBICOKOTOYHBIX MHXXEHEPHO-TeOJe3HYeCKHX H3MepeHHSX Ha-
XONSIT NpPHMEHEeHHe OTBeChl, HUTH KOTOPBIX BBINOJHEHH H3 (eppo-
MarHUTHOH TOHKOM CTPYHBI. DTO NO3BOJISIET JJIsS ONpeJeJeHHs IO-
JIOXXEHHUS] HHTH OTBeCa WJIH OCH CTBOPHOMH IPOBOJIOKH HCIOJNb30BaTh
HUHAYKTHBHBIE Npeobpa3oBaTe/iH JHHEHHBIX cMelleHHH. B aToM cay-
yae MOXHO OCYlLIECTBHTb LIEHTPUPOBAHHE TOYKH OTHOCHTENBHO OCH
CTBOPHOM CTPYHHl (MJIM ABYX TOYEK APYr MOA APYroM) c MHorpe-
HocThio nopsitka 20—30 MkM. HHaykTHBHBIE mnpeobpasoBaTenu
(WUIT) npexpcraBasiior coGofi JBe KaTyIIKH HHAYKTHBHOCTH, HaMo-
TaHHble Ha Il-o6pa3Hble ¢eppUTOBBHIE CEpAEYHHKH, KOTOpPble YKpel-
JIEHBl TaK, UTO MX 3a30pbl HampaBJieHH HaBcTpeuy Apyr apyry. Ilpu
nepemelleHMH (GeppoOMarHUTHOH CTPYHH B 3a30pe CepPJeYHHKOB H3-
MeHsSIeTCSI HX HHAYKTHBHOCTb. Pa3paboTaHbl pa3jiMyHble KOHCTPYK-
uun HII, oTsinyalouyecs: 3JMeKTPOHHEIMH CXeMaMH Npeo6pa3oBaHHUs
CHTHAJIOB, AMAaNa30HOM H3MepeHHH, THIOM DPEerHcTPHUpPYIOLIEro ycT-
poiicTBa.

B kouctpykuun HMII npusenenHoit B pabore [11], ssekrponHas
cxeMa npubopa obecneyHBaeT MNHUTaHHE H3MEPUTEJNBHOIO MOCTa
nepeMeHHbIM HaNpspKeHHeM H CbeM Heo6XOAUMOH HHQOpMalHH.
H3MepHuTesbHBI MOCT BBINOJIHEH TakK, YTO HHAYKTHBHble Npeobpa-
30BaTeNH, BKJIOYeHHble MO AHddepeHLHaIbHOH cxeMe, NpeACcTaB-
JSIIOT 000 BHEWIHIO MOJIOBUHY MOCTOBOH cXeMbl. BHyTpeHHss
YyacTb MOCTa, pacnojioxkeHHasi B 3JIeKTPOHHOM O6Jioke mpubopa, co-
CTOMT H3 peryJHpyeMblX IPOBOJIOYHBIX TPAH3HUCTOPOB H COEIH-
HeHa Cc BHelIHeH kabeseM.

HecmoTpsi Ha oueBHmHble mNpeuMyliecTBa, NpH6Op HMeeT H
HeJOCTaTKH: MaJblfi JUHana3oH H3MepeHHH; BJHsSHHE MOTPELIHOCTH
Kos(punueHTa yCHJIEHHS Ha TOYHOCTb H3MEpPEeHH#; MOrpPelIHOCThb
M3-3a HeJIMHeHHOCTH IIKaJbl; H3MeHeHHe nmapamerpoB MII1 or wus-
MeHeHHsl TeMmepaTyphl.

Jns yBenuueHHs1 [Hama3oHa paboThl M YMEHbLIEHHs BJIHSIHHUS
OTMEYEHHbIX HCTOYHHKOB NOrpelHocTed padpaboTaHa KOHCTPYKIHS
UII, nokasanuas Ha puc. 23. OHa npexacTasisieT coboit BKIaasiu I,
NOMelleHHBI BO BTYJKY reoje3uyeckoro 3Haka. Ha BkJaagbime yc-
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Puc. 23. UuaykTHBHBHI! mpeoGpa3oBaTesib Jiisi ONpefe/eHHs CMEICHHsS CTPYHBI

TAHOBJIEHH IIJJaCTHHA 2 C MHJHKATOPOM 4YacOBOro THma 3, yCTPOH-
CTBO MHKponepeMmelleHust 4 U coleHOUAHBIH 60K 5. KoHCTpyKuus
HHXXHeH YyacTH NmpH HeOOXOJHUMOCTH MOXKeT GbiTh M3MEHeHa NpHMe-
HHTEJbHO K KOHKDETHBIM YCJIOBHSIM.

IlepemerenneM coJieHOHAHOTO 6JI0Ka JOGHUBAIOTCS TaKOro IO-
JIOXKEeHHs,, NMPH KOTOPOM CHMTHAJ paccorjacoBaHHsl paBeH HYJIO.
BennunHa cMellleHHsl onpefessieTcsl MO HHAHKATOPY 4acCOBOro THMA.
Takas koHcTpykuusi MI1 no3sossier npou3BOAHTbL H3MEpEHHS B Ipe-
JlelaXx HEeCKOJbKHX JAeCSITKOB MHJIJIHMETPOB ¢ TOYyHOCTbio 10—
15 mkm. IIIupokue BO3MOXKHOCTH NPH BBHIMOJIHEHHH CTBOPHBIX H3-
MepeHHH CTPYHHBIM METOJAOM IpelOCTaBJsieT (POTO3JEKTPHUYCCKU
naTtuuk, paspa6oranubiit C. [1. Byoksadom, M. 0. BacioTHHCcKHM 1t
J. B. OxyHeBbIM. B ocHOBe paGoOTHl NPUOGOPOB JIEKHUT MNPHHIUI
($H0TO3eKTpHYECKOH perucTpallMu MoJioXeHus: cTpyHel. Ilpu6op ot-
JIUYaeTcsi OT HM3BECTHBIX BBLICOKOH JIHHEHHOCTbIO XapaKTEPHUCTHKH
BEIXOJHOIO CHrHajla M CTaGUIbHOCTBIO pa6GoTh (puc. 24); oH co-
CTOHT W3 OCHOBaHHS, 3JIEKTPONPHUBOAA, AAaTYHKa JIHHeHHOro mnepe-
MelnleHusi, 6JI0Ka pPerHcTpalM IMOJIOXKEHHS] CTPYHBbI, MPOrpaMMHOIO
y3na, 6Jioka muTaHusl. B kKoMmiekT npubopa BXOAHMT INepecueTHOe
YCTPOHCTBO Ha 6a3e NMPOMBILIJIEHHOTO YacTOTOMeEpa.

OcHoBaHMe ofbecrneuuBaeT XeCTKYI0 YCTAaHOBKYy mpH6opa Ha
KOHTPOJIHpYeMOM OOOPYAOBaHHM HJIM Ha 3HaKe NPH MOMOIUM 3a-
JKUMHBIX BHHTOB JIH60 C TMOMOILIbIO LEHTPHPOBOYHOH BTYJKH.
DJIeKTPONPHUBOJ COCTOUT H3 3JEKTpOABHraTensi I, Ha OCH KOTOPOTro
HacaxeH KyJauyok I0. JlaTyuK JMHEHHOro mepeMellleHHs] NMOCTPOeH
Ha Ga3e WHAHKaTOpa uyacoBoro Tuma 9. CTpeska HHAHKaTOpa 3ame-
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Puc. 24. ®oT03/IeKTPHUECKHH NAaTYHK MOJIOXEHHS CTPYHH

HeHa JUCKOM 2 c paJHaJbHBIMH LIeJsIMH; ocBeTHTeJb 3 H (oTO-
auMon 8 cayxart 1aas (GOPMHPOBaHHMS CYETHBIX uHMmyJabcoB. Ha
ITOKe 6 MHAMKATOpPa YKpemieH OJOK 4 perucTpalHu MOJIOXKEHHS
CTPYHBI, TNpeicTaBiasiioluii coGoit [l-o6pasHyio pamy, Hecyllyio
Ha BBICTyNax OCBeTHTeNb 5 U ¢oronpueMHUK 6. Bce coemmnHeHus
OT NJIaThl CBEJleHbl B OJUH Pa3beM.

IIpn paGoTe 3sneKkTpompHUBOJa BpallaeTcs KYJayoK, IepeMme-
ulas IITOK HMHAMKaTopa. JIHCK ¢ paaHaJibHBEIMH ILEJSIMH IPUBO-
OUTCSL BO BpallleHHe, MOAYJHUPYS cBeT oT Jamnel JI; (puc. 25).
dyekTpuueckuit curHas ¢ ¢poroguona PJIl; mocTymaetr Ha SMHUTTEp-
Helll noBTOopuTeab I, nmpeobGpa3yercs npu momouixd ¢GopMHpOBa-
Tejass P; B HMIOYJbCH, OTCUHTHIBa€Mble NMEPECYETHHIM YCTPOHUCTBOM
I[1C uepe3 oTKpHITHI KJaamaH K. B MOMEHT 3aTeHeHHsI CTPYHOI
doromnona P, B 6jOKe pDErHCTPAllUHM MOJIOXKEHHSI CTPYHHBI ¢op-
MHUpYyeTcsl Tepenaj HamnpsiKeHHsl, nepefaBaeMbiii yepe3 3MHUTIEp-
Heli nmoBroputenbp DIy B dopmupoBartesr P, Ilepemax Hampsixke-
Husi ¢ @, nocrtynaer Ha eIHHHYHBIH BXOoA TpHrrepa T, mocje yero

® _$
n1

X o0, f @ oo

Cmpyna

Puc. 25. OyHKUHOHAILHAS CXeMa ()OTOI.IEKTPHYECKOIrO 1aTUHKA
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nocyiegHUil cpaGaThiBaeT M 3akphiBaeT KiaanaH K, mpekpalias TeM
caMbIM OTCYET HMIYJbCOB B NepecueTHOM ycrtpoiicTBe. ITociennee
(HKCHpYeT 4YHCJIO HMIYJbCOB, NPONOPLUHOHANbHOE H3MepsieMOMY
nepeMelleHHI0 CTPyHH. Ilepex TeM Kak IITOK HHAHKaTopa HayHeT
nepemelathcsi B 06paTHYI0 CTOPOHY, MPOHCXOJAHUT aBTOMAaTHYECKHH
cOpoc oTcyera Ha IepecyeTHOM YCTPOHCTBE M YCTAaHOBKA TpHI-
repa T B HcxomHoe cocrosiHue. Ilpu naMepenusix 6JIOK perucrpa-
IIHH TIOJIOXKEHHSI COBeplIaeT BO3BPaTHO-NMOCTyNaTeJbHEIE MepeMe-
IleHHsl, OrpaHHYeHHble YyNoOpaMH, JBa H3 KOTOpPHX H (cM.
pHc. 24) ycTaHOBJeHH Ha [JIaHKe, NDHKPENJEeHHOH K ILTOKY
WHIMKATOpa, a TPeTHH —Ha KOJMpYIolleM JHucKe. DTHM Iepe-
MeIeHHSIM TPH OTKJIOYEHHOM OJIOKE pErHCTpalHH IOJIOXKEHHS
CTPYHBl COOTBETCTBYET MOCTOSIHHBEIH OTCYET IO NEepPecyeTHOMY YCT-
POMCTBY, YTO CBHJETEJbCTBYEeT O NPaBHJIBHOCTH paboThl mpHOOpa.
[TosioxxeHne LeHTPa CTPYHH ONpefessieTcsl H3 JBYX OTCYETOB IO
fepecyeTHOMY YCTPOHCTBY, COOTBETCTBYIOLUIHX XOAY IITOKa B Ips-
MOM W OGpaTHOM HaNpaBJIEeHHSIX OT ABYX OTCYETHBIX HyJe# (yno-
poB), u BuuHcafeTcs no ¢opmyne 2=0,5(x+a—>b), roe z— pac-
CTOsIHHe OT INepBOro ymnopa MAaTyvKa [0 CEePeAHHbl CTPYHBl; X —
paccTosiHHe MeXJAy YNOopaMH; a — pacCTOsiHHe OT MepBoro ymnopa
1o GJmxaiiliero Kpasi CTpyHHl nmpH paGoTe MHAHKaTopa B o6pat
HOM HalpaBJieHHH; b — paccTosiHHe OT BTOPOro ymopa po O
xKafimero kpasi CTPYHH NDH paboTe HHAMKaTOpa B INpPSIMOM HA-
npaBJIeHHH.

IIpousBoacTBeHHBIE HCNBITaHHsT Npubopa IMOKa3ajH BHICOKYIO
TOYHOCTb PETHCTPALUH MOJOXKEHHSI OCH CTPYyHH. B TeueHue nJu-
TeJHHOrO BpEeMeHH INpuH TemnepaType Bo3ayxa oT 5 mo 30°C u
OTHOCHTEJIbHOH BJIa)XHOCTH OKojsio 60 % npuGop Hcnosb30BaJcs
LS HaOgaioneHUH 3a cMelleHHssMH 00OpyJoBaHHS Ha JelcCTBYIO-
meM ob6bekTe. B NpOH3BOJACTBEHHBIX YCJIOBHSIX NOATBEPAHIHUCH €ro
XOpOIIMe 3KCIJIyaTalMOHHLBIE KaueCcTBa, a CPeAHsIS KBajpaTHuye-
CKasl MOTPellHOCTh H3MEPEeHHH cocTaBHJIa 3 MKM.

Paspaborana koHCTpyKuusi npubopa aJsi (pOTO3JEeKTpHUECKOl
perucTpauyy MOJIOXKEHHSI TOYEeK OTHOCHTEJNbHO OCH HaTSIHYTOH
CTPYHBI, II03BOJIHBLIEr0 BECTH H3MepeHHs NpH J1060i CTpeske Mpo-
Beca M pacCUIMPHUTh AHaNa3oH H3MepsieMBIX HecTBopHocTell. PoTo-
s7eKTpuueckuiit npeobpasoBatenp (PIII) (puc. 26) THma ucrou-
HUK cBeTa — (poTOAHOJ pasMelllaeTcsl Ha IITaHre, MPUKpPENJEHHOMN
K nojcraBke ¢ ypoBHsIMH. ITomcraBka HMeeT LEHTpHpYIOlLee YCT-
pPOHCTBO, KOTOpOE CONMPSXKEHO ¢ OOpaTHBIM OTBECOM TakK, YTO Bep-
THKaJbHasi HHUTb MOCJEJHEro COBMajaeT C KOHTPOJHPYyeMOH TOu-
koii. ®3II moxer nepemelwiaTbcsi BROJbL LITAHTH MO BHICOTE H
CONEpPXHUT TPH OJIOKA pPErHCTpPAUHUH MOJOXKEHHS CTPYHH, ABa HX
KOTOPHIX HAaXOASITCS B BEPTHKAJbHOH IJIOCKOCTH H PErHCTPHPYIOT
CTPYHY, 3aJaollyl0 CTBOP, a OAHH — B TOPH30HTAJBbHOH IMJIOCKO-
CTH H PeriucTpHpyeT cTpyHy obpaTHOro orBeca. Tpu 6JioKa pa3Me-
IIeHBl Ha (UrypHO#i paMe, ¢ NMOMOLIbI0 NPHBOAA OCYILECTBJSETCS
HX BO3BPaTHO-NIOCTyNaTeJbHOE NepeMellleHHe, BeJHYHHa KOTOPOro
peructpupyetcsi ¢ nomoiubio GIII.
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Puc. 26. doTtoaneKTpHue-
CKHH JaTYHK C LIHPOKHM
[Hana3oHOM H3MepeHHM

Puc. 27. ®yHxuuoHanb-
Hasi cxeMa NyJbTa YNpaB-
JIEHHS doToanexTpuye-
CKOro JlaT4YHKa
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HaHHoe ycTpoiicTBo paGoTaeT ciaexyiowum o6pasom. Ilpu yc-
TaHOBKe mnpuHOOpa IEHTPUPOBOYHBIH WIapHK I BcTaeT BO BTYJKY
reo/Ie3MYeCKOro 3Haka HJHM OGOPYAOBaHHs, a OCHOBaHHe 2 ¢ IO-
MOLIbI0 MOABLEMHBIX BHUHTOB MO YPOBHSIM 3 NPHUBOASIT B TOPH30H-
TaJibHOe moJsioxeHue. Ilpu aToM monnaBok 12, miaBapoluil B aeMI-
¢dupyoueii xumkocth I1, He KacaeTcs CTeHOK pesepByapa 10,
a cTpyHa I4 o6paTHOro oTBeca HaTSIHyTa CHJIOH, BHITaJKHBalouleH
NONJIaBOK, H 3aHUMaeT BepPTHKaJbHOEe NoJioxkeHHe. Bryaky 17 ne-
peMellaloT MO BBICOTE BAOJbL LITAHTH IO Tex MOP, NMOKa CTPYHa &,
3ajaloliasi CTBOp, He MNOMajaeT p CepeJHHy 3a30poB, 0O6pa30BaH-
HbIX 3JeMeHTaMHd 4 U 6, 7 U 9, nocje yero 3a*XMMHbBIM BHHTOM 16
¢buKcHpYyIOT moJsioxeHue BTYJKH I7. 3aTeM BKJuawT npusog 20,
KOTOpbIi TNPHUBOAHUT B BO3BPATHO-NOCTYMAaTeJbHOE IepeMelieHHe
¢urypHyio pamy 2/ GJIOKOB pPerHCTpPalUH MOJIOXKEHHS CTPYHB 4 H
6, 7 19, 8 u 15 Tlpn HaxoxjgeHHH (PUrypHOH paMbl B KpaHHHX
M0JIOXKEHUSIX MPOM3BOAAT BKJIOYEHHS MHKpomepek/iouareaed 9
uau 10 (puc. 27), Tpurrepsl 5 U 8 ycTaHaBJHMBAlOT B UCXOAHOE IIO-
JIOXXEHHe, MPH KOTOPOM MOTEHLHaJs, CHAMaeMbli ¢ Tpurrepa 8, or-
KpbIBaeT BEHTHJIb 6 1O TpeTbeMy BXOAY H 3aKpbIBaeT MO BTOPOMY.
B Takom: COCTOSIHHM BEeHTHJIb 6 3aKpHIT. B MOMEHT nepekphITHS
CTpyHO# o6paTHOro OTBeca NyyKa CBeTa, INOCTyNalollero oT OcBe-
TUTeJs1 8 Ha (OTOMPHEMHHK, BO3HHKAeT 3JIEKTDHYECKHIl CHTHaJ,
KOTOpHIHl yepe3 ¢opMHpOBaTesNb 3 NOCTYyNmaeT Ha TPUIrep 5 H nme-
PeKJIIo4aeT €ro B INPOTHBONOJIOXXHOE COCTOSIHHE, T€M CaMbIM OT-
KpbiBasi BEHTHJIb 6 mo sTopoMy Bxony. HauuHasi ¢ 3TOro MOMeHTa,
BEHTHJ/Ib NpPOMYCKaeT CcYeTHble HMIYJbCHI, NMOCTyMNalouiie oT mnpeol-
pasoBatesnsi 4 Ha cyeTydk 7. IIpoxoxJeHHe CUETHBIX HMIYJbCOB
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OyIeT NpoAOJKAThCSL IO TeX Nop, MOKa CTPyHa, 3aj4ailuas CTBOP,
He NepeKpoeT CBET OT OCBeTHTeNs 4 Ha (OTONPUEMHHK 6 HJIH OT
OCBeTHTeJis1 7 Ha (OTONPHEMHHK 9, B 3aBHCHMOCTH OT MOJIOXKEHHs
MHKponepekatodartenss I1. CurHanm ¢ ¢GOTONpHEMHHKA MOCTYmaeT
Ha ¢opmupoBatean I Hiau 2 M yepe3 MHKponepekjioyarteab I1 Ha
tpurrep «Cron» 8, MPH 3TOM TPHITEP MEPeKJIIOUaeTcss B NMPOTHBO-
NI0JIOXKHOE COCTOSIHHe, TeM CaMblM 3aKpbiBasi BEHTHJb 6 1O TpeThb-
€My BXOAY, M CYeTHble HMIYJbChl Ha CYETYHK 7 He INOCTYNaloT.
CpenHuii oTcueT MO CYETYHKY MNPH ABYX IOJOXKEHHSIX MHKpO-
nepekJioyaressi 1/ xapaKTepu3yeT pacCTOsiHHE MEXAY DepTHKaJb-
HON cTpyHO# I4 o6paTHOro OTBeca, yCTAHOBJEHHOTO Ha KOHTPOJIH-
pyemMoM OOOpYyAOBaHHH, M T'OPH30HTAJbHOH CTPYHOH, (HKCHpYIO-
uiell ONOPHBIN reo/ie3HYecKUuil CTBOP.

IlyapT cocTouT H3 6JI0KA JIOTHKH, B KOTOPHIH BXOASIT YCHJHTEJb
CYUETHBIX HMNYJbcOB 4, nocTynapWHux ¢ ¢GOTO3JeKTPHYECKOTO
npeo6pasoBaTtessi, (popMHpoBaTesNell mycka 3 H OCTAaHOBOK cueTa
HU3MEpPHUTENbHbIX UMIYJbcoB (I, 2), TPUITEPOB NycKa 5 H OCTaHOBA
8, BeHTHJIs 6 Cc TpeMsi BXOZAaMH M TpPex MHKponepekjawoyarened 9,
10, 11. ViamepuTeJNbHbIi CHTHAJ JIOTHKH IIOCTYNaeT Ha CYETYHK
3JIEKTPHYECKHUX HMIYJbCOB 7.

KoHCTpyKIHS 3TOr0 yCTPOHCTBA MO3BOJISIET BBHINOJHHTH BBICOKO-
TOYHBEIE CTBOPDHbBIe H3MepeHHsl NpH Ji00H cTpeske nposeca B Ipe-
JeJlax pa3MepoB BepPTHKAJbHOH LITAHTH, OCYLIECTBHTb GECKOHTAKT-
HbIi JUCTAaHUHOHHBII cbhbeM HHGOpMaUHMH O INOJOXEHHH KOHTPOJH-
pyeMOHl TOYKHM OTHOCHTEJBHO OCH HATSIHyTOH CTPyHB NpPH
3HAYUTEJBHBIX OTKJIOHEHHSAX TOYeK OT 3aJJaHHOTO CTBOpa.

[IpumeHeHHe MarHHTOHHAYKLUHOHHBIX H  (DOTO3JEKTPHUECKHX
JATYHNKOB MOJIOXKEHHS] CTPYHBI MNO3BOJISIET HE TOJbKO aBTOMAaTH3H-
poBaTh Npoluecc KOHTPOJSI NPSIMOJHMHEHHOCTH, HO M CO31aTh CJje-
JSIIMe CHUCTEMBI ¢ BBOJOM HHGOPMAaIHH HenocpeacTBeHHO B DBM.



I'naBa 4.

JHUPPAKUHOHHBIA METOL
CTBOPHbBIX H3MEPEHHUH

§ 18. TeopeTHuecKHe OCHOBbI AH(PAKUHOHHOTO
MeTOAa CTBOPHBIX H3MepeHHii

B npakTHke HHXeHepPHO-reoJe3HyecKHX paboT 0co60 BBICOKOMH
TOYHOCTH YaCTO BO3HHKaeT HEOOXOJUMOCTb NPHUMEHEHHsI TaKOro
MeToJa CTBOPHBEIX M3MepeHHil, KOTOpHH Obli1 Obl cBOGOLEH OT psiia
[OTPELIHOCTEH, OrpPaHHYHUBAIOIIMX IMpPENEJbHYI0 TOYHOCTb OINTHYE-
CKUX METOLOB, H MO3BOJISIJ JOCTATOYHO IPOCTO ONpPEAeNsiTh HCKO-
MBl€ HECTBODHOCTH C TOYHOCTBIO, XapaKTepHU3yeMoH CpelHHUMH
KBaJpaTHYECKUMH NOTPEUIHOCTSIMH B [JECSATHIX H Jaxe COTBIX JO-
Jsgx MuanuMmerpa. IIpuHuMnNHanbHas cxeMa TaKoro MeToja BO3-
MOXHa Ha OCHOBe MPHUMEHEHHsI SIBJeHHH NUpakUHH U HHTep(e-
PEHIIMH CBeTa.

Ban Xen B 1942 r. ycTaHOBWJ, 4TO HAHBHICUIYIO TOYHOCTh
MI03BOJISIET NOJYYUTb NMPHUMEHEHHE CXxeMbl H3BecTHOro omnmsiTa IOHra.
ITockosbKy lieslb — HCTOYHHK CBeTa, OCb CHMMETPHH lieseH Npo-
MEXYTOYHOTO 3KpaHa M OCb axXpOMaTHYeCKOH NoJochl B HHTepde-
pPEeHIMOHHOH KapTHHe BCerja HaXOASATCS B OJAHOH IJIOCKOCTH, TO
3TO OOGCTOSITEJBCTBO M IOJIOXKEHO B OCHOBY CTBOPHBIX H3MepeHHH
IH(pPaAKIHOHHBIM METOJOM.

B CCCP nepBolii AudpaKUHOHHBEIH CTBOPOGHUKCATOP MO CXeMe
onbita lOura paspaGotan B MHUUI'AuK mnpod. B. C. ¥Ycoshm.
IlepBasi M3 Tpex TOYEK CHCTEMBI, ONpeAeSIOLINX 3aLaHHbIH
ctBop,— 3KkpaH II; ¢ BepTHkasbHOI weablo (puc. 28). Ha paccro-
STHHH S; pa3MmelllaeTcsl cleKTpajbHasi Mapka — 3kpaH Iy ¢ pByms
mweassMu  (MoryT OBbITh NpPHMEHEHbl H MHOTOLLeJIeBble 3KPaHH).
Ocb cumMMeTpHH (UEHTDP) ABOHHOM LIEJTH SIBJsSIETCS BTOPOH TOUYKOMH
cucteMbl. TpeTbsl TOYKAa — 3KpaH CO ClELHaJbHBIM OHCCEKTOPOM,
HabJllofaeMbIM B OKYJSIP ¢ HeGosbliuM yBenuueHHeMm. Ilyuok cBera
fnocje MPOXOXKJEHHs Liesell JABYXILeJeBOi MapKH OTKJOHSeETCS
B 00J1aCTb TeOMEeTPHYECKOH TEeHH TaK, YTO KpaHHHE €ero JyuH
dy'cy ¥ dy’c; pnst wenu dy, do’’c)’ u dy’cy’ ans wenu dy’’ cocTaBasiioT
C NpAMBIMH dsCy M daCo YIJIBI @9 M @o’. Ilyuku cBeTa, uayliue ot
meneit dy’ u do”, mpH cOOTBeTCTByIOLIEM I110460pE HX IIHPHHBI
1 MpOMeXyTKa ! MeXAYy HUMH nepekpbiBaioTcs. Tak Kak o6a myuka
KOT€PEeHTHBbI, T. €. UCXOASIT M3 ORHOTO TOYEYHOro HCTOYHHKA — Y3-
KOH 1enH d;, BO3HHKaeT HHTep(epeHIHOHHAash KapTHHA B MJIOCKOCTH
skpaHa. HHTepdepeHuHOHHass KapTHHa C INOJOCaMH OJHHAKO-
BOM INHDHHBI INOJy4YaeTcs, €cJH 3KpaH C MABOHHOH Liesbio OCBe-
llaeTcsi mapaJjijeJbHBIM NMyyKoM cBeta. B paccmMaTpHBaeMom KOM-
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UHIEPPEPEHYILL

Puc. 28. [IIpuHuun nefcTBHA d3] P
nudpaKUHOHHOrO  CTBOPOdHKCa- — -
Topa - ~
- 0\ g
- al Sz g
Puc. 29. Cxema dopmupoBa- ¢
s MuTepdepeHUHOHHOiT Kap- - Y 77
THHBI z

IJIeKTe annapaTypbl OCBETHTeNb C IJIHHHO(POKYCHBIM OGBEKTHBOM
¢opmupyer pacxoxsiuuiics nydyok cBeta. Ho Tak kKak paccrosiHue
{ MexXJy LIeJsIMH CNEKTPaJibHOH MapKH MaJio N0 CPaBHEHHIO C pac-
CTOSIHHEM S| OT OCBETHTEeJsl JO 3TOH MapKH, 3Ta HenapaJsesbHOCTb
He3HAayHTeJbHa M He NPHUBOAMT K 3aMETHHIM H3MEHEHHAM HHTepde-
PEHIIMOHHOH KapTHHBL.

Takoe ycrpo#icTBO co3jaeT HHTepdepeHIHOHHYI0 KapTHHY Ha
NOCTaTOYHO GOJILLIOM PAacCTOSIHHHM Sp. [IpuueM B s1060# TouKe Me-
XKJy CNeKTPaJbHOH MapKoii U OMCCEKTOPOM 3KpaHa D (KpoMe He-
Gosbiioit o6sacTH reomerpuueckoit TeHn ot Mapku Iy po Toyku
0O) HaGaopaercsi uHTep(depeHIHOHHAss KapTHHA C SIPKO BBIpaXKeH-
HOH ocblo cMMMeTpHH. [Is1s1 H3yyeHHUs] OOBIYHBIX JIaMIT HaKaJIMBaHHUS
UeHTpaJibHasi MoJioca HHTep(epeHIHOHHOH KapTHHB aXpoOMaTHuy-
Hasi (6Gesasi), OKalMJIeHHasi MOJIOCAMH OT KODHYHEBOro RO Hyp-
NyPHO-KPAaCHOrO BHYTPH H OT TroJjiy60BaTO-NypHypHOro A0 TOJY-
60ro 1BeTa CHapyXH.

Ilpu coBMelleHHH OCH aXpOMaTHYECKOH MOJIOCH HHTepdepeHIH-
OHHOH KapTHHBI C OCbl0 OHCCEKTOpa 3KpaHa D IyTeM COOTBETCTBY-
Iolllero nepeMelleHHs] CMeKTPaJbHOH MapKH B HalpaBJIeHHH, nep-
NeHAUKYJSPHOM K 3aJlaHHOMY CTBOpPY, Bce TPH TIJlaBHbieé TOYKH
IH(pPaKIHOHHOTO CTBOpO(HKcaTOpa pacrnoJsaralTcs B OJHOH Bep-
THKaJbHOH MJOCKOCTH. BesnunHa nepeMelieHHsi ABYXIIEJEBOrO 3K-
paHa CcHeKTpaJbHOH MapKH ONpejessieT HeCTBOPHOCTb TOYKH, Ha
KOTOPOH OHa YyCTaHOBJIEHAa IO OTHOLIEHHIO K CTBOPY, 3aJaHHOMY
OJHOILeJeBOl MapKoii M OGHCCEKTOPOM 3KpaHa IpHEMHHKA CBeTa.
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IIpu GosbLIMX PacCCTOSIHUSIX S2, KOrAa LIMPHHA moJsoc AH(pak-
ILHOHHOH KapTHHBI CTAHOBHUTCS 3HAauHTENbHOM, leJsecooGpasHee cO-
BMelllaTb GHCCEKTOp NMpPHEMHHKa CBeTa C JIMHHeH mepexofa B LBeT-
HO MmoJioce OT KPacHOBAaTO-MyPNypHOro A0 roJy6oBaTo-mypryp-
Horo. [lajee BBOASAT MONpPaBKH IJIsl NPHBeJEHHS] U3MEpPEHHH K OCH
UHTep(pepeHIIHOHHOM KapTUHBI C YYeTOM LIMPHHBI HHTepdepeHIH-
OHHBIX IOJIOC.

B nudpakuuMoHHOM KOMIJIEKTe amnmapaTypel CHeKTpaJbHas
(mByxuieseBasi) MapKa SIBJASIETCS B CYLIHOCTH aMIJIMTYIHOH JH-
(hpaKUHOHHOH pellleTKOM, HMelollell MIeJH OJHHAKOBOH MIMPHHBI H
paBHBIE DACCTOSIHHA MeXAy HUMH. PaccTosinne Mexay IABYyMs CoO-
OTBETCTBEHHBIMH TOYKaMH COCEIHHMX lLiesefl Ha3biBaeTCs NePHOAOM
UJIM marom pewetkd (puc. 29).

YcoBHeM KOHCTPYKTHBHOM HHTepdepeHuun siBasietrcss (Se”—
—s9’)/A=N, ycloBHe [eCTPyKTHBHOH HHTepdepeHUUH (So”"—s2’)/
A=N+1/2, rne N=0, 1, 2... B Ttoukax, rae NA<Sy"—sy'<
< (Ng+1/2)A, nabaonaiorcss KojiebaHHS ¢ aMIVIMTYAOH MeHbIIeH
MaKCHMaJIbHOH.

B pesysnbrate KOHCTpYKTHBHOM HHTepdepeHuun A=NA. Ecau
$9>f, TO MOXHO cuuTaThb Yroa dy’cds” NpakKTHYECKH MPSIMBIM,
a chaeaoBaTenbHo, yroa do”’dy’c~0, T. e. yriay, onpeaensio-
uieMy noJoxeHue ToykH P Ha 3kpaHe. IloatoMmy A=¢sinf, ato
O03HayaeT, YTO CBeTJble JUHHH Ha 3KpaHe HabJjiojaioTcss B obJa-
cTsIX, pasi KoTopbix NA=tsin 0. 3unauenne N=0 onpepnesnsier 1mo-
JoxeHHe raaBHoro Makcumyma (A=0). C o6eHx CTOpPOH OT Hero
pacrnoJsiaraiotcs moGOYHble MAaKCHMYMBI, COOTBETCTBYIoLiHe O60Jib-
wuM 3HaueHusiMm N. TeMHble JUHUH HHTepdepeHIHOHHOH KapTHHBI
COOTBETCTBYIOT 3HAUEHHSIM A, pPaBHBIM HEYETHOMY YHCJY IOJYBOJH
(N+1/2) =t sin 0.

PaccTosiHHe MeXAY COCEJHHMH CBETJLIMH JIHHHSIMH MOXHO
paccuuTaTh cjeaynouum obpa3oM. ITockosbKy s2>f, paccTosiHue
OT TOYKH P 10 TOYKH Q, pPacrnoJioXKeHHOH MeXJy IUeJsiMH, NpH-
MEpPHO PaBHO Sp. 3HAyHT, Sin O6=I/s; M, yyuTHIBasi BbILIENPHBEJEH-
Hble HOpMYyJIHI,

I = NAsy/t. (56)

ITockonbKy npu mepexofie OT OAHOH CBeTJIOH JIMHHH K APYroi
N usMeHsieTcs Ha eJUHHLY,

I = Asy/t. (57)

CoenoBaTeNbHO, PasHOCTh XOfa HHTEp(EpHUPYIOLHUX Jyuefi
NpsSIMO NMPOMOpPUHOHANbHA cMelleHHo [ oT juHuH d;B,. Tloatomy
HHTep(hepeHIIMOHHbIE MOJIOCH SBJSIOTCS PaBHOOTCTOSIIUMMH JAPYT
or jgpyra. CBeTJible II0JIOCH COOTBETCTBYIOT 3HaueHHsIM As;=NA,
a TeMHble — 3HaueHUAM As= (N+1/2)A, rae A — mJHHa CBETOBOW
BoJIHB, N — pesoe uncio. B nentpe HHTepdepeHIHOHHOH KapTHHH
Ha JuHud d\Bo nonyuaercs moJsioca HyJIeBOro Iopsigka AJjsi Bcex
JJIuH BosiH. ITpH nmpHMeHEeHHH MOHOXPOMAaTHYECKOr0 HCTOYHHKA CBeTa
MOJIOCH Pa3JIHYHBIX MOPSAKOB HHYEM He OTJIHYawTCs APYr OT
apyra (uBeT H ILIHPHHA MOJIOC OJHHAKOBB). [ToaToMy AJsi MOHO-
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XPOMAaTHYECKOTO HCTOYHHKA CBeTa BaXHO 3HAThb IIOJIHOE YHCJIO
HHTeP(EePEeHIHOHHBIX N0JIOC C LeJbIO ONpeJeJieHHs] OCH CHMMeTPHH
HHTep(epeHIHOHHONR KaPTHHBI.

Ilupuna de KaXAOH M3 CABOEHHBIX LIeJEH ONpepessieTcsi H3
YCJIOBHSI YETKOH BHUJHUMOCTH HHTepQepeHUHOHHbIX mojoc mo ¢op-
myJe

dy < M(2u), (68)

rie A — JJIMHA BOJIHBI CBeTa; 4 — alepTypPHBIH yroJ HHTepQepeH-
UMM MexXJIy Kpa#HHMH JyyaMH, YYacTBYWOIUMMH B HHTep(depeH-
uvoHHo# kapTuHe. Tak Kak tg u=~F/s;, rne { — paccTosinde MeXIy
IleHTPaMH CABOEHHLIX LiejeH, To

dp < Aso/(28). (59)

[Tpu s9=25 M, £=6 MM, A=0,0005 MM GygeM umeTp dp<<1,04 MM.
DKcnepUMEHTaNbHO YCTAHOBJEHO, YTO INHPHHA IIETH OJHOILE-
néBoit mapku d;<<0,5ds u paccuuTeIBaeTcs no ¢opmyiie

dy < Aso/(42). (60)

BaxXHbBIM 06CTOATENILCTBOM AJISI HCHOJBb30BAHHSI B CTBOPHBIX
HU3MepeHHsIX SBJSIETCS TO, YTO HHTep(depeHIHOHHAs KapTHHa ¢op-
MHpYeTCsl BCeria CHMMETPHYHO OTHOCHTEJNBHO NPSMOH, NpoxoAsuiei
yepe3 LEHTP OJHMHOYHOH ILIEJIH H OCb CHMMETPHH LieJieH CleKTpaJb-
Hoi Mapku. Eciin 3KpaH cnekTpajibHOH MapKH IepeMecTHTh Ha Be-
JIUYUHY O NEepNeHJHKYJASIPHO CTBOPY, TO Ha COOTBETCTBYIOLLYIO BeJH-
YHHY AS HM3MEeHHTCS pa3HOCTb xoxa Jayueidi (puc. 30). Cmeuienue
JBYXLIeJeBOH MapKH Ha BEJHYHHY § BBI3BIBA€T CABHUI OCH CHMMeT-
puH HHTep(EepeHIHOHHOM KapTHHBI Ha BeJuuuHy & =6L[s;, rue
L=Sl+32.

PasHocth x04a Mexay ayuamu d,(de”)B; u d\dy”B, cocrasisier
BEJIHYHHY

A n 18 (s34 s9)
As_ A_s +As_' slsz ’ (61)

roe As,=d1d2”—-d1 (dz”) =t6/81; As”= (dg”) Bi—dzllB():tG/Sz.

e
119 i (@3) d
fe‘E; IN N 14

-

Puc. 30. Cxema nudpakIHOHHOrO MeTOAa CTBOPHHIX H3MepeHHit
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U3 ypaBHeHu#l (61) MOXKHO ONpeneNHUTD

- Ass (62)
(s1+s2) 8

Ecan npoaug¢epenunpoats ¢opmyay (62) mo 6, TO MOXHO
MOJIYYHTb PACUETHYIO TOYHOCTH AH(PPAKIHOHHOIO METOAA CTBOPHBIX
H3MepeHH#i ¢ TOYKH 3peHHs (H3HuecKoH onTukH 6e3 yueTta psja
MOrpelHocTe (HHCTPYMEHTAJbHbIX, BCJAEACTBHE BJIHSIHHSI H3MeHe-
HHSI BHELIHHX YCJIOBHH H Ap.):

— 1 Sp dAg . (63)
t(s1 + s2)

OueHka pa3HOCTH XOfa Jyuyelt As NPHMEHHTEJNbHO K CTBOPHBIM
H3MEPEHHSIM CBOJMTCS MO CYLIECTBY K (PHKCALIHH IOJIOXKEHHS OCH
aXpOMaTHUECKOH MOJIOCHl HHTep(EepPEeHIHOHHO KapTHHBI OTHOCH-
T€JbHO OCH CHMMETPHH OHCCEKTOpa NpPHEMHHKA CBeTa H MOXET
O6bITh OXapaKTepH30BaHa OTHOCHTEJNbHOH IOTPEUIHOCTHIO HaBeje-
HUsA. Jlis nomoGpaHHBIX COOTBETCTBYIOIUIMM 06pa3oM pa3MepoB
GHCCEKTOpa M LIMPHUHBI IOJIOC OTHOCHTEJIbHAsl NOTPeLIHOCTb HaBe-
neHus cocrabaser 1/20—1/50 OT WIMPHHBEI MOJOCH HHTepdepeHIH-
OHHOH KapTHHBI. IIpH HaBegeHHH Ha cJieTKa KOJeOJIOIyIoCsl HH-
Tep(epeHIHOHHYI0 KapTHHY [aKe J[JIsi HEONbITHOro HabJiomaTelsi
CPEIHIOI0 KBaJpPaTHUECKYI0 NOTPEelIHOCTh ONpefesieHHss Pa3HOCTH
X042 Jyuell MOXKHO NpPHHATD My = 0,1

ITosToMy, 3ameHuB B ¢opMmyne (63) auddepeHnHa sl nmorper-
HOCTSIMH, MOXHO 3alHCaThb

B 3132mAs . (64)
£(s1+ s2)
IpunsiB A=0,6 Mmkm u m,, = 0,14, nonyuum
- _Gme (65)

105¢ (sy -+ s2)

3[eCb BCE BEJHMYHHB! BEIPAXKEHbl B MM.

TouHOCTb AH(PPAaKLHMOHHOIO MeTOAa CTBOPHBIX H3MepeHHH 3a-
BHCHT OT KauecTBa M3TOTOBJIEHHs aNmnapaTyphl, CTeneHH cobJi0-
JIeHUs] TeOMETPHYECKHX YCJOBHH (KauecTBO IOCTHPOBKH), BJIHSIHHS
BHELIHUX YCJOBHH M OT NPaBHJILHOTO BbIGOpAa MapaMeTPOB CIEKT-
panbHOii MapkH. ITos0KHM, uTO Bce mpeaplayLiHe (GakTOpPbl cOOJIO-
JeHbl. PaccMOTpUM Ha npHMepe, KaKyl0o TOYHOCTb OGecrneyHBaer
caM MeTOJ NpPH NpPaBHJILHOM BhHIOOpe JBYXILIEJEBOr0 3KpaHa CIEKT-
pajbHOH MapkH. Bhime O6blJIO NOKa3aHO, YTO YYBCTBHTENbHOCTD
MeTOJa 3aBHCHT OT PacCTOSIHHS ! MeXAY LeJNSMH, LIHPHHBI LeJei
dy ¥ do M COOTHOLIEHHS] MEXAY PacCTOSHHSIMH S| U So. [Ipu yBesu-
YEHHH PAaCCTOSIHHSI Sp ILHPHHA I€HTPaJIbHOH axpOMaTHYeCKOH Mo-
JIOCHl YBEJHYHBaeTCss NMPH HEH3MEHHOM 3HaueHHH dp. BaxHBIM yc-
JIOBHEM SIBJISIETCSl TPaBHJBLHBIA BbIGOP NMapaMeTpPOB [BYXILeJeBOH
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mapkHu. CoraacHo ¢opmyne (59) mHpPHHA KaXKAOH H3 CABOEHHBIX
meJefi pacCYHTHIBAETCS H3 YCJIOBHS OTYETJHBOH BHAMMOCTH HH-
TepdepeHIIHOHHBIX T0JIOC.

OnHaKo ONHOMY H TOMY K€ DacCTOSIHHIO S2 MOTYT COOTBETCT-
BOBaTb Pa3Hble COOTHOLIEHHS dp M {. OnTHMaJbHBIH BHIGOP HX OCY-
LIEeCTBJSETCS HCXOAsl H3 YCJIOBHH HaHJYyUlIero COBMELIEHHS OCH
OucceKTopa INpHEMHHKa CBeTa H OCH CHMMETPHH HHTepGepeHIH-
OHHOH KapTHHBEL. OTMeTHM, yTO oflLiee YHCJIO moJjoc k2 B HHTepde-
PEHIIOHHOH KapTHHe He 3aBHCHT OT PACCTOSIHHSI MEXJAY NYHKTaMH
CTBOPa, a 3aBHCHT TOJbKO OT COOTHOLIEHHS MEXAY INHPHHOH d»
meseii u paccrosHuem {. sl ABYyXIIeJeBOH MapKH 3Ta 3aBHCH-
MOCTb BHIPaxKaeTcsi paBEHCTBOM

k=2(dy-+ O/d,. (66)
Hns N wenei dopmyna (66) umeer Bug
k=N (dy+ 1)/d,. 67)

CrnepnoBaTesbHO, O6lllee YHCJIO NMOJOC 3aBHCHT €llle H OT YHCIa
uiesiefi 5KpaHa CHNEKTPaJIbHOH MapKH, nmpuHueMm ueMm OGoJiblle Iedsei,
TeM OoJbuie 6yfer mnoJjoc B HHTepdepeHIHOHHOH KapTuHe. s
TOTO YTOOBI HMETh YETKYI0 HHTeP(EpPEeHIHOHHYIO KapTHHY C Pe3KO
BbIPAXKEHHOH I[€HTPaJIbHOH IOJIOCOH H CHMMETPHUYHO PacCHOJIOXKESH-
HBIMH TNOJIOCAMH N0 00eMM e€e <CcTOpPOHaM, obllee YHCJIO0 MOJOC
BCEraa MAOJNXKHO OBITb HEUYeTHBHIM, T. €. k=3, 5, 7... D10 06CTOSA-
TEJbCTBO CJeLyeT NpHHHMAaTb BO BHHMaHHe INpPH BHIGOpE OINTH-
MaJIbHBIX MapaMeTPOB 3KpaHa CIHEKTPaJbHOH MapKH, OCOOEHHO
B cjlyyae IPHMEHEHHS KOT€PEHTHOTO MOHOXPOMAaTHUYECKOTO HCTOUY-
HHKa CBeTa.

IIpakTHYeCKH CTBOpPHble H3MepDEHHs 11eJ1ecO00pPa3HO BBLINMONHSITh
HaBeJleHHeM OJHOH M3 map HHUTel CJOXKHOro GHCCEKTOpa Ha axpo-
MaTHyeckylo (LeHTpaJbHy0) moJjocy. [Ipn BeiGOpe oOnmTHMAaJbHBIX
napaMeTpoB CNEKTPaJbHOH MapKH cjeqyeT NPHBOAHTb B COOTBET-
CTBHE BHAMMBIH pa3Mep OHcceKTOpa M LIMPHHY LEHTPaJbHOM MO-
JOCH HHTeppEepPEeHIHOHHOH KapTHHbl B NJOCKOCTH CETKH HHTeH
NpUEMHHKa CBeTa.

YriaoBasa mHpHHA J1060H noJock HHTepGhEPEHIIHOHHOM KapTHHBI
onpejessieTcsl U3 H3BECTHBIX NMOJIOXKEHHH (H3HuecKoil ONTHKH ¢op-
MyJlaMH

sinqa:xdl; grx

2 d2

rie x nNpUHHUMaeT Bce 3HaueHHsi B npefenax 0<c<l1. Oas nepBoro
¥ BTODOrO MHHHMYMOB HMeeM Xx;=d/(2t), xo=3d./(2t). Toraa
Ap 3Ap
- . =20 | 68
BT Ty 68
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OG6pasyeM pasHOCTb @o—@; =A@, KoTopas H OyaeT yraoBoiH
LWIMPHHOMA J1I060H MOJOCH NMPH NPHMEHEHHH [ABYXLIEJEBOTO 3KpaHa
Ap=»Ap/t. B o6memM cayuae

Ap = _QX,M;_ : (69)

Kpome Ttoro, yrioBasi BelHuHHa A@ MOXKeT OBITh BbIpa)KeHa
yepe3 paccTOsSIHHE S; MeXJy MAapKOH H NPHEMHHKOM CBeTa H ILH-
PHHY IOJIOCHl paBEHCTBOM

l
Ap =—p, (70
Sg

rae [ Beiuucasiercss no dopmyae (57).

OOGbIYHO B reoNe3HH JIHHEHHYIO BEJHYHHY TOYHOCTH BBeIEHHS
BH3HPHOH 1eJH B GHCCEKTOpP BBHIPAXKAIOT KaK OTHOIIEHHE BHIHMOH
LIMPHHBI OHCCEKTOpPa K KaKOMY-JH60 NOCTOSIHHOMY KO3(GQHIHEHTY,
BbLIOHpaeMOMY 3MIHPHYECKHM NyTeM. Y MHOTHX aBTOPOB 3HaueHHe
ko3 uuuenra K kosaebaercs or 10 po 80. Ilo cymecrBy K
3aBHCHT OT pa3JIMYHBIX ()AaKTOPOB: BHEIUIHHX YCJIOBHH, ONTHYECKHX
KayecTB 3pHUTEJbHOH TPYyOHl, (OPMBI H pa3MepoB BHU3HPHOH LeJH,
CEeTKH HUTEH H Ip.

B xommiekce annapatrypsi MUUTAuK nosHasi wmHpHHA CJI0XK-
Horo OHccekTOpa NpHeMHHKa cBera 1,2 MM, oguHapHoro — 0,4 MMm;
yBesqiHueHHe oKyaspa 3%. [To peayjbTaTaM BHINOJHEHHBIX aBTOPOM
HCcJeN0BaHHH HanboJsiee TOUHBIE HaBEJEHHS IOJY4ajoTCs NMPH COOT-
HoweHuH [/lene=>5/4, rae | — mwMpuHa HHTEep(EPEHIHOHHON OJOCHI;
lgnc — mpuHa O6uccekropa. Ilpu aToM K npuuato paBHeM 40. Hc-
XOlsl M3 MNpPHBENEHHBIX 3JeCh cooOpaxKkeHui, BHIOOp NapaMeTpoB
JBYXIIEJEBOH MapKH OCYILECTBJSIeTCS CJedyIoLHM 006pa3oM.

ITo u3BeCTHOHM IIHPHHE TPOHHOro OHCCEKTOpPA MpeABBIYHCISIETCS
onTHMaJibHas WIHPHHA cBeTsof mosockl /=15 MMm. Ilo dopmyae
(43), samaBuiuch do=1,0 Mmm u [=1,5 MM, BeiGHpaem dp+{, paB-
Hoe 8 MM. B KoMIjlekTe annmapaTyphl HMeeTcsl ABYXIleJeBasi MapKa
c napamerpamu: dp=1,0 MM, {=6,5 MM (do+£{=7,5 MM).

Hcnonb3ys cooTHouienne p=I/k, MOXHO NPEABHIYHCIHTH TOY-
HOCTb OJHOH YCTAaHOBKH CPeJHero HyHka B cTBOp, cuuras K=40.

Hapno 3aMeTHTb, uTO MOrpPeIIHOCTh BBEJEHHS B CTBOD CPEAHEro
NyHKTa JaeT B JAHHOM cjydyae (NPH S;=Sp) YABOEHHYIO BEJHYHHY
CMellleHUs1 HHTep(hEepeHIMOHHOH KapTHHbl Ha KOHEYHOM MYHKTe
ctBopa. CJiel0BaTeNbHO, MOTPEIIHOCTh ONpeAeseHHs] HEeCTBOPHOCT:i
CPAHEH TOYKHM, NPUHHMas BO BHHMAaHHe JIHUIb TOYHOCTb OJHOIO
COBMellleHHs] TPOHHOro OHCCEKTOpa ¢ OCbIl0 CHMMETPHH HE-
TepdepeHIIHOHHON KapTHHBI, paBHa u'=p/2 uau p'=1/80. das pac-
CTOSIHUS §;=82=24 M, do+¢{=7,5 MM, d=1MM umeeM [=1,6 Mm.
' =1600/80=20 MKM.

Takum o6pa3oM, NHGPPAKUHOHHBIH METOA CTBOPHBIX H3MEpeHHH
MoxeT o0ecHneyHTb OYeHb BHICOKYIO TOYHOCTb. OfHAKO BCJIENCTBHE
NOrpelIHOCTed HM3TrOTOBJIEHHS] LIeJeH U TOro, 4YTo MapkKa ¢ ONHO#A
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IEJNbI0, CTPOro TOBOPS, He SBJASETCS TOYEYHBIM HCTOYHHKOM
cBeTa, HalJIofaeTcs HEKOTOpasi pPa3MBITOCTb HHTep(epeHIHOHHON
KapTHHBl M YyMeHbLIEHHE TOYHOCTH pe3yJbTAaTOB H3MepPEeHHH IO
CpPaBHEHHIO C TEOPETHYECKOH.

§ 19. CrBopHbie H3MepeHHs] AHPPaKUHOHHBIM
CTBOPO(PHKCATOPOM

Annapatypa audpakUHOHHOro crnocoGa CTBOPHBIX H3MepeHHil
(puc. 31) cocTOMT M3 OCBETHTeJ]S C OMHOLIEJEBOH MapKkoii, noji-
BHXKHOH [JBYX- WJIH TpeXIleJeBOH CIEeKTpaJbHOH MapKH H IPHEM-
Huka ceta. OcBetutenab (puc. 31,a) npegHasHaueH AJsi CO3MaHHS
HHTEHCHBHOTO HaNpaBJIeHHOrO MapaJljejIbHOrO Nyuka cBera. Tpy6Ga
OCBETHTeNs1 — NJIHHHOPOKYcHass. Ha ee BBIABHXHOH OKYJSIpHOH
4acTH B CIelHaJbHOM KOXYyXe PaclOJIOXKeH HCTOYHHK CBeTa, mepe-
MelllaeMbli BIOJIb TPYyOB Kpemasbepoli. Ha ocHOBaHHM HMelOTCS
BUHTHI: KpeNeXHble, MOABEMHBIA, N/ KpemjeHus TpyObl, AJs cMe-
IIeHHs1 TPYyObl NepNeHAHKYJSPHO K CTBOPY H JJs ee a3uMyTallb-
HOTO NMOBOPOTA.

OpnoueneBass Mapka (puc. 31,6) COCTOMT M3 BKJajabilia, OC-
HOBAHHS C IOCTHPOBOYHBIMH BHHTAaMH M NPO3payHOro 3KpaHa c Lie-
Jbl0. BHHTH cCiayXaT aJisi COBMeELIEHHS] TNPOXOJNBHOH OCH LIeJi
C OCbl0 BKJajbllia M JJS1 BHIBEDKH BEPTHKAJbHOCTH LIEJNH, NPH
3TOM 3KpaH MapKH BpalllaeTcs B HEOOJbUIMX Mpeaesax.

Puc. 31. KomnJext annapatypbl AHQPaKUHOHHOIO CTBOPOPHKCATOPA
93



CnexkTpasbHasi Mapka ¢ MNOABHXHBIM [BYXIIEJeBHIM 3KPaHOM
(puc. 31, 8) npenHasHaueHa OJ151 H3MePEeHUS] HECTBOPHOCTEH mpoMe-
JKYTOYHBIX NMyHKTOB. Mapka COCTOHT M3 BKJajbllla H OCHOBaHHS,
B KOTOPOM CKOJIb3HT N0J3YHOK. [lepemelieHse no/s3yHKa oCylecTB-
JsieTcsl HaBOASIIUUM YCTPOHCTBOM. BesHunHHa nepeMelleHHs: MOJ-
3yHKa OInpeflessieTcss HHAMKATOPOM YacoOBOro THMA. DKpPaH Kpe-
MUTCA K TNOJ3YHKY. B koMniekte mpubopa mperycMOTpeH Hadop
3KPaHOB C Pa3HbIMH pa3MepaMH LueJiek.

Pa3pa6GoTana yHHBepcaJibHasi CIeKTpajbHasi MapKa, B KOTO-
poil mHpHHa wesel dy U PacCTOSHUS MEXAY OCSIMH IueJell { mMoryr
[JIaBHO U3MEHSATLCS B ONpeJeJeHHbIX npeneax.

[Mpuemuuk cBera (puc. 31,2) nmpenHasHaueH mJs paccMaTpHBa-
HHS HHTep¢epeHIIMOHHOH KapTHHBl H COBMEIIEHHS ee ¢ CeTKOH
HHTe#l. OH COCTOMT M3 I€HTPHPOBOYHOTO BKJajhllla AHAMETPCM
25,4 MM H OCHOBaHHs, Ha KOTODOM YCTaHOBJIEHH GJeHabl. Oxyasip-
Hasi GJileHJa HMeeT IJIa3HYI0 PAaKOBHHY, CTOMOPHOE KOJBbLO H Tybyc
c aynoi. CeTka HUTeH NMPHEMHHKA IOCTHPYETCS BUHTaMH.

IIpH BBIMOJHEHHH CTBOPHBIX H3MEPEHHH OCb CHMMETDHH HHTED-
(hepeHIMOHHOM KapTHHB COBMEILAIOT C OCbI0 GHCCEKTOpa IpHEM-
HHKa CBeTa MepeMelleHHeM IBYXIeJeBOH MapKH.

Insi ogHoOlLENeBOfi MapKH ONpPenesiioT COBMajieHHe BEPTHKAJb-
HOM OCHM INEeTH C OCbl0 LIEHTPHPOBOYHOrO BKJajbllia MapkHu. s
3TOro Ha paboueM CTOJIHKE YHHBEPCAaJbHOTO H3MEPHTENBbHOTO MHK-
pockona YHM-21 ycraHaBJIHBAaIOT ClNelHaJbHBIH 3HAK TakK, YTOOBI
OCb €ro BTYJKH OblJla TODH3OHTaJlbHA H COBMajaja ¢ MONEePEeYHbIM
IBHXeHHeM KoJjaumaropa. OmHOIIENEBYI0 MapKy BCTaBJSIOT BO
BTYJIKY 3HaKa, MPOH3BOASAT OTCYET MNPH HaBeJeHHMH Ha obGa Kpas
LIeJH @, H Gy, MAapKy noBopauyHBaioT TouHo Ha 180° M cHOBa mpo-
H3BOASAT ABa oTcyeTa b; U by. DKCUEHTPUCHTET B IVIOCKOCTH 3KpaHa
onpenensiior no ¢opmyiae eom=[(a;+as)— (b1+b2)]/4. Tounocrp
onpenesneHus eom He HHUxKe 10 MKM.

Jns cnieKTpaJibHOH MapKH NMPOBEPSIOT cOGJIIOAEHHE CIEeNYIOLHX
OCHOBHBIX T€OMETPHYEeCKHX YCJOBHH: 1) IMeJH 3KpaHa HOJKHBI
6bITb BePTHKAJbHBIMH, ONMHAKOBHIMH [0 LIHPHHE H MNapaJJelb-
HBIMH JPYr K IAPYry; 2) oCb CHMMETDHH Liejiell 3KpaHa [qoJIXKia
coBMajgaTh C OCbIO LIEHTPUPOBOYHOrO BKJAABIIA MPH OTCYeTe
0 UHAHKATOPY, PABHOMY MECTY HYJIA.

Mecro Hyass (MO) cnekTpaJbHOH MapKH — 3TO OTCYUET MO HH-
IHKaTOpy MHKDOMETPEHHOro YCTPOHCTBA MOABHXKHOI'O ABYyXLieJse-
BOr0 3KpaHa B MOMEHT COBMNaJeHHS OCH CHMMETPHH Lueseli U OcH
IieHTPHPOBOYHOTO BKJajabllia. MecTo HyJs CHeKTPaJbHOH MapkKu
MOXHO ONpENEeJHTb Ha YHHBEPCAJbHOM H3MEPHTEJbHOM MHKPO-
ckone tTHna YHUM-21 no To# ke MeTOOHKE, KaK H 3KCHEHTPHCHTET
OJIHOILleJIeBOH MapKH.

Jlns npueMHHKa cBeTa OMNpeNeNsiOT COBMajeHHe OCH OHccek-
TOpa CETKH HUTEH C OCbl0 LIEHTPHPOBOYHOrO BKJaawima. s mpo-
BEPKH 3TOr0 YCJOBHS BBIBHHUMBAIOT o6e GJieHbl, naJjee Ha YHIM-21
BHIMOJIHSIIOT NMPHMEPHO T€ Ke OMepalHH, 4To H JJIs OAHOILEeJeBOMH
MapKH.
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IIpoBepkH coG6JIOJE€HHS TeoMeTPHYECKHX YCJOBHH Bcex Tpex
3JIeMEHTOB KOMIJIEKTa annapaTypbl MOXKHO BBINOJHSTH C NOMOIUBIO
3pHTeNIbHOH TPyOBl TeodOJHTa WM HHBenHpa. sl 3TOro npHBO-
OAT BePTHKaJbHBIH IITPUX CETKH 3pHTEJbHOH TPy6hl B OTBECHOE
MOJIOJKEeHHe, YCTaHaBJHBAKT Ha paccTosiHHe 3—4 M 1nocJjenoBa-
TeJbHO NPHEMHHK CBeTa, OJHOLIeJEeBYI0O H CHEKTPAJbHYIO MapKH H
MOBOpayHBawT HMX 3KpaHn Ha 180° Bo BTysake 3Haka. HaGuo-
nasi B 3pUTeNbHYI0 TPYOy, ONpelesiioT HCKOMbIE 3KCIeHTPHCHTETHI
4 BepTHKaJbHOCTb IuejeH. [lo pe3dyabTaTam HccileqOBaHHH MO Ta-
KO METOAMKE MOXHO BHIMOJHHTL IOCTHPOBKY € IOTPELIHOCTBHIO
ropsaka 20—30 MkMm.

CaenyeT OTMETHTb, 4TO JJIsi BCeX TPeX 3JIeMEHTOB aNmnapaTyphl
9KCLUEHTPHCUTETH ONPEeAeNSIOT C BBICOKOH TOYHOCTBIO (5—10 MKM)
JIMLIb B MJIOCKOCTH, MEPNEHAHKYJIAPHOR K CTBODPY, T. €. B NJIOCKOCTH
5KpaHOB. BeJHuHMHy 3KClIeHTpHCHTeTa BHOJbL CTBOPAa C TAaKOH TOU-
HOCTbI0O HM3MEDHTb He YyAaercs, MO3TOMY IPH H3TOTOBJEHHH H
c60pKe MapoK H NPHEMHHKA CBeTa CJeAyeT TEXHOJIOTHYecKH obec-
MeYHTh COBIAaJE€HHE BEPTHKAJbHOH OCH BpAallEHHSI C MJIOCKOCTbHIO
5KPAaHOB B MNPOAOJBLHOM HAaNpaBJeHHH H CHaGOUTb HX INPOCTHIMH
MeXaHHYEeCKUMH BH3HPaMH.

MoXHO peKOMeHIOBaThb CJeIYyIOUIyl0 HCHOBITAHHYI0O Ha psie
YHHKAJIbHBIX COODY2K€HHH METOAHKY BHINOJHEHHSI CTBOPHBIX H3Me-
peHHH JH(PPAKIHOHHBIM CTBOPO(HKCATOPOM.

1. VCTOYHHK cBeTa 3aKpEMJSIOT Ha HayaJbHOM ONOPHOM IyH-
KTe CTBOpa H MNapaJUIeJbHBIH NYYOK CBeTa HampaBJsiOT BAOJb
CTBOpa Ha IPHEMHHK, YCTAHOBJIEHHBIH BO BTYJIKE KOHEYHOTO IIYH-
KTa TaK, YTO AHMAMeTP CBETOBOrO NyYKa MOJHOCTbIO H CHMMeT-
PHYHO 3aKpbIBaeT LieJib OQHOILIENEeBOH MapKH.

2. Bo BTyJKe OZHOrO M3 NPOMEXKYTOUHBIX 3HAKOB YCTaHAaBJIH-
BalOT ABYyXLIieJeBYH (CHEKTPajJbHYI0) MapKy H NPOBEPSIIOT HaJlHu-
yde HHTep(EepeHIHOHHOH KApPTHHB B II0Ji€ 3PeHHs IpPHEMHHKA
cBera. IIpn Heob6xomuMoOCTH AJsi moJyueHHs Oojiee 4YeTKOH Kap-
THHBI [I0JIOKE€HHE HCTOYHHKA CBETA KOPPEKTHPYIOT.

3. IlpousBoasAT 3—5-KpaTHoe COBMELIEHHE OCH CHMMETPHH HH-
Tep(epeHIIHOHHON KapTHHBI C OCbI0 TPOHHOro GHCCEKTOpa NpHEM-
HHKa INpPH [ABYX MOJOXEHHSX [ABYXILEJeBOH MapKH (HHAHKATOD
aeso — WJI, uuaukatop npaso — UII).

4. Boiuucasiiot mecto Hyas (MO) aByxuienaesoit Mmapku MO=
= (UJ1+HIT) /2.

5. Ompenensitor HecTBopHOCTL A no ¢opmyae A;/=MO—
—HNJ1=HUIT—MO.

JeiicTBHs, onmHcaHHble B NN. 8—J&, COCTABJASIOT OAHH MOJY
npHeM.

6. TIpueMHHK cBeTa M ONHOILEJEBYI0 MapKy IOBOPauyHBalOT Ha
180°.

7. Ilanee mOBTOPSIOT Te e JMAEHCTBHS, uYTO H B nOm. 3—95,
T. €. BTOPOH NOJIYIIPHEM C BEIYHC/eHHEM A/,

Bce aTH omepauuHu cOCTaBJSIOT OAHMH INOJHBIA IPHEM MPSIMOTO
xoja.
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HectBopHOCTL §; MO pe3ysnbTaTaM OMHOrO MOJHOTO MpHEMA
BBIYHCJISIOT Kak CpefHee H3 ABYX noaynpuHeMoB &;= (A +A;”)/2.

B o6paTHOM XOJe HMCTOYHHK CBeTa M NPHEMHHK MEPeCTaBJISIOT
MeCTaMH H NOBTODPSIIOT H3MepPeHHs B TOH 2Ke MOCJEeN0BaTeJbHOCTH.

Jnsi BBHINOJHEHHS] BBICOKOTOYHBIX CTBODHBIX HM3MepeHHH IIpH
MOHTaxe TEXHOJIOTHUYECKOr0 OO6OpPYNOBAaHHS C TOYHOCTHIO MOPsIAKa
0,2 MM u3 ombiTa paGoOTH NMOJYYEHHl cJefylolliHe LOMYyCKH:

1) pacxoXneHHsi NSITH OTCYETOB, B3SITHIX NPH OLHOM IOJIOXKeE-
HHH HHAHMKATOpPAa, HE JOJIXKHBI NpeBHIIaTh 50 MKM;

2) xone6anusi MO BHYTpHM CepHH H3 NATH OTCUETOB He Oosee
50 MKM;

3) cpennee 3HaueHHe MO H3 ABYX NOJYNDHEMOB He JOJIKHO
ripeBoIlIaTh 30 MKM;

4) pacxoXKAeHHs BeJHUYMHHBI §; H3 mpsiMoro M ob6paTHOro xoja
He ponyckaiorcs 6osee uem 100 MKM.

CTBOpHBIe H3MepeHHS AHUGPAKIHOHHBIM KOMIJIEKTOM ammapa-
TYPHI 1leJ1ec006pa3HO MPOU3BOAUTD C NOABHKHBIM IPHEMHHKOM CBETa.
B 3TOoM ciyyae HecTBOPHOCTH §; NPOMEXYTOUHBIX TOUYEK BBIYHC-
JISIIOT HENMOCPEACTBEHHO IO BEJHYHMHE CMEIeHHS OCH HHTepGepeH-
ILIHOHHOH KapTHHHI OT JIMHHH cTBOpa. IIJis 3TOro MOJACTaBKy NpHEM-
HHKa CHa0XaloT HaBOASIIUMM YCTPOHCTBOM H MHKPOMETDOM,
NO3BOJISIIOLHM H3MEpPUTh NepeMellleHHs] MPHEMHHKA CBETa B Hanpas-
JIEHHH, NEePNeHAHKYJSIPHOM K JHHHH cTBopa. Cnoco6 MmOABHKHOTO
NpHeMHHKa CBOOOAEH OT CYO'b€KTHBHBIX IIOIPELIHOCTeH 3a Heco-
IJ1acOBaHHOCTb AEHCTBHI NMOMOIUHHKA H HabJionartedns, 6oJiee mpo-
H3BOJHUTEJIEH.

Kak nokasaj onblT NpUMeHeHHs1 NH(PPaKIHOHHOTO MeToja, H3-
MepeHHsl KeJaTeJbHO BHINOJHATL B CBOOOAHYIO CMEHY, KOrja BHI-
KJIOYeHbl BCe MalUMHBl M arperartsl, co3jgaiolnue BHOpPaLHIO,
a TaKxKe 3JIEGKTPOCBapOYHble H aBTOTeHHble amnmapathl. l3mepe-
HHSl MOXXHO NPOH3BOJAHTL KakK IPH 3aTEMHEHHBIX YCJOBHSX, TakK H
MPpH paBHOMEPHOM oOcBelleHHH. [IpH 3aTeMHEHHBIX YCJIOBHSIX HH-
TepdepeHIHOHHAsT KapTHHAa KOHTpacTHee. Ho cTpoHTe/bHO-MOH-
Ta)XXHble paboThl H OCOGEHHO HaJjlaJKa TEeXHOJIOTHUYECKHX JIHHHUM
BHINOJIHAIIOTCSI, KaK NPaBHJO, NPH BBHICOKOM YPOBHE OCBELIEHHOCTH
NPOH3BOJCTBEHHEIX NMOMelleHHH. B 3TOM ciyuae cienyer onacatbcs
NonajaHusl B NPHEMHHK HaNpaBJEHHOTO CBeTa, CO3[JalOLIero sipKHi
¢OH, KOTOpHIHl 3aTPyAHsSET YBEPEHHOe HaBeleHHE Ha OCb CHMMeT-
PHH HHTep(pepeHLHOHHOH KapTHHHL. JIH(paKUHOHHBIH crmocob
CTBOPDHHIX H3MepeHHH Jaxe ¢ OOBIYHBIMH HCTOYHHKaMH cBeTa
(maMnaMH HakaJuBaHHs1) ofecneuHBaeT OuYeHb BBICOKYIO NPHGOP-
HYI0 TOYHOCTb — OK0JI0 30—40 MKM npH aJuHe ctBopa 80—100 M.

§ 20. OnTuMH3auKus PacyeTOB OCHOBHBIX NMapaMeTPOB
KOMILIEKTa annapatypbl AHQPaKUHOHHOTO CTBOpPOdHKCcaTOpa

[TpuBeneHHass MeTOAMKA pacyeTa MNapaMeTPOB CIEKTPaJbHOH
MapKH BIIOJIHE NPHTrOfHA NPH NPHMeHEeHHH Gesoro csBeTa (HCTOY-
HHUKH — JIaMIlbl HaKaJuBaHHusl). Ho B To ke BpeMsi ¢opmyan (59),
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(60) He nNO3BOJSAIOT OAHO3HAYHO OMNpEeAEJHTb MapaMeTpe Map-
KM, TaK KaK AJs onpefleleHus d, U dp cleiyeT 3HaTh £, H Ha-
060por.

Ilpu HabuoneHHH B GeJIOM CBeTe MOJIOCHI, KpOME IEHTPaJbHOH,
OKpalleHbl, a YHCJO Ha6JI0JaeMbIX IMOJIOC HEBEJHKO BCJEICTBHE
MaJIO# KOTepEeHTHOCTH BTODHYHBIX MCTOYHHKOB cBera. IloaTomy
33(MKCHPOBATh NPSMYIO, 3aJaHHYI0 OCbIO OJHOLIEJEeBOro 3KpaHa
H OCbI0 CHMMETDHH Liejiedl CNeKTpajbHOH MapKu, HeTpyaHo. On-
HAaKO OTHOCHTEJIbHO MaJiasi MOULIHOCTb HCTOYHHKOB 6eJioro cBeTa
H WX Majass KOTePEeHTHOCTb He MO3BOJSIOT INPHMEHATb AHGpPak-
LLHOHHBIA MeTo Ha cTBopax 100 M u GoJee.

B MOHOXpOMaTHYeCKOM CBeTe€ UYHCJO TMOJIOC 3HAYHTEJNbHO
6oJiblie, W cpeld HHX BH3YaJIbHO He HabJsloJaeTcsi sPKO BBIpaXKeH-
HOTO TJIaBHOTO MAaKCHMyMa, 4TO 3aTPYAHSIET OJHO3HAYHYI0 perH-
CTPallHI0 OCH CHMMeTpHHM HHTepdepeHIHOHHOH KapTuHHL. Pemiaio-
liee 3HAUYeHHe JIJis NOJyyeHHs] 3afaHHOH (GOpPMBI HHTep(epeHuH-
OHHON KapTHHB HMEIOT pa3Mepbl BTOPHYHBIX HCTOYHHKOB CBETa,
T. €. pa3Mephl LeJel cneKTpanabHoil Mapku (cM. puc. 28). B cTBOD-
HBIX H3MepeHHsiX ynoOHee NOJb30BaThCS He KPYIVIBIMH OTBEPCTH-
SIMH, a Y3KHMH BEePTHKaJIbHBIMH LIEJISIMH, KOTOpPhE€ MO3BOJISIIOT IO-
JYYHTb B NPOCTPAHCTBe HHTep(epPEeHUHOHHYI0 KapTHHY Ha 60JIb-
uref niaowagu u 6oJee sipkyio. OQHako Takasi 3aMeHa MpPaKTHYECKH
He BJIHseT Ha METONHKY pacueTa. [IpuHIMNHaJbHO AHGPaKIHOH-
HBIH MeTOJ CTBODHBIX HM3MEPEHHH NPOCT MO KOHCTPYKUHWH amnna-
paTtypel H Nmo MeToiuKe u3MepeHuil. [IpumeHeHHe ¢OTO3JEKTpHYE-
CKHX YCTPOHCTB [JJIsi PErHCTPallMH OCH HHTep(epeHIHOHHON
KapTHHB BO3MOXHO NpPH OJHO3HAYHOM ONTHMAaJILHOM pacuyeTe napa-
MEeTPOB CIIEKTPaJibHOH MapKH, N03BoJsiolled cHOpMHPOBATL HH-
TepepeHIIHOHHYI0O KapTHHY C SIPKO BBIPaXXEHHOH OCbI0 CHMMeET-
puH. SDddekTuBHOH MOxeT OBITh HHTepdepeHIHOHHAsT KapTHHA
C IEHTpaJbHOH moJiocofi (rJaBHBIM MaKCHMyMOM), ropasgo GoJee
SIPKOH, YyeM BTODHYHble MaKCHMyMbl. DTy 3ajayy MOXKHO PELIHTb,
MIOJIOXXHB B OCHOBY pacueToB TpPeGOBaHHE NOJYYHTb MaKCHMYM HH-
TEHCHBHOCTH HHTep(epeHIHOHHOH KapTHHB Ha pedepeHTHOH nps-
MOH, COeNHHSAIOUIEH TOYEUYHbIi HCTOYHHK CBETa H OChb CHMMETDHH
crnekTpasbHOH MapkH. I[IpH HCMOJBb30BAHHH MOLIHOI'O KOTE€pPEeHT-
HOTO HCTOYHHKA CBeTa, KaKHM sBJIsieTCs Ta3oBBHIH Jiadep, HeoOXo-
NHMOCTb HCNOJIb30BaHHSl OJHOILeJeBofi MapKu ornajaer. Hcrou-
HHK CBeTa CYHTAlOT TOYeYHbHIM. B mnepBoM mnpHOJHKEHHH 3TOrO
MOXKHO JHOOHTbCS, NPONYCKasl Jiyy Jia3epa uyepe3 pacCeHBAIOLIYIO
auH3y. Paccuuraem nepamerpnl dy M { CNEKTpaJibHOH MapKH MHpH
YCJIOBHH MaKCHMaJIbHOH HHTEHCHBHOCTH cBeTa B Touke P (puc. 32).
Hns storo paccrosinue r=0,5f U wupuHy 1weneii d. BLIGHpaeM Tak,
4TOOBl AJIS1 TOYEK, PACMOJIOXKEHHBIX BHYTPH KaXKAOH LIEJH, CYMMBI
paccTosiHH#l O HCTOYHHKA cBeTa Q M 10 TOYKH P (T. e. 1O TOUYKH
HaOJIIOfEeHHsI) OTJIMYAJHCh MeXAYy co6oli Ha [ejoe YHCJIO IJIHH
BOJIH ¢ TouHOCTbIO 10 0,25A (kputepuii Penes).

QMo+ MoP =s; -} s, nh. (71)
4 3akas Ne 1270 07
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Puc. 32. Ilpunuun pefictBus nadepHoro aum-  Puc. 33. Homorpamma nass
bpaKILHOHHOrO CTBOPOdHKCaTOPa onpejesieHHst BeJHYHH dg H

YuuTbiBasi 0603HAUYEHHS, JaHHbIE HA pHC. 32, HMeeM:
(824 )12+ (3472 =5, 455+ nh. )

Pasnaras (72) B psim ¥ orpaHHYHBasicb BTOPBIMH YJIEHAMH,
HOJIYYHM

r? 1 1

L —)=n\r

2 1 S

[TockonbKy pa3HOCTb XOja Jiyueil, OrpaHHYEHHBIX LIEJISAMH da,
He JOJIJKHA NpeBblaTh A (n=1), noayuum

27“_152)"2; {— (ﬁ"ﬁ)‘”. (73)
L L

[pu s,=s,=L/2
t= (2AL)12. (74)
Ilupuny wmeneit de paccYUTHIBAIOT COIJIAaCHO KpHTepHio Peies

(QM3) + (MyP) — (QM;) — (MyP) =0,25).
O6o3naunm QM,=r’, QMy=r", Torga

”3 1 1 ) ,2( 1 1 )
r — = Y7 L, =0,25A -
(281 + 2s2 25 T 2s2

Tak kak r'+r"=t; r"—r’=d,, 10

AS]Sg
4 — , 75
2 =0T (75)
YuuTeiBasi 3HaueHHe £ no popmyJe (74), uMeeM
Asis; \1/2
dp =———) - 76
’ 321.) @)
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,HJIH MJIOCKOH BOJIHBI, T. €. IJIfl napaJJieJIbHOrO KOr€peHTHOro
NMyykKa CBE€TOBBLIX .nyqeii, AHAJIOTHYHO MOXXHO NOJYUYHTDb

t— BAsy"% ( )1/2 an

@®opmyant (73), (74), (76), (77) omnpepmeasloT mnapaMeTphl
CIEKTPaJbHOH MapKH AJisi TOYEYHOr0 HCTOYHHKA CBeTa M AJsl ma-
paJuIeJIbHOTO NYyYKa KOTePEeHTHHIX CBeTOBHIX Jyueil. Ha puc. 33
noKa3aHa HOMOTpaMMa, NO3BOJIAIIOILAs BHIOpPATh BeJHYHMHH de M
IOJI CPefHefi TOUKH CTBOPOB: CIJIOLIHOH JIHMHHeH — JJIsi CTBOPOB
gauHo#t po 100 M, MyHKTHpPHOH — JJis cTBOPOB AjuHOH oT 100 ;o
1000 M (B mocsegHeM cjayuyae KpHBbe 0603HaueHbl ¢’ u d’ cooTBet-
CTBEHHO).

[ToxkaxeM, uTO AJ151 H3MepeHHH BHYTPH 3aJaHHOTO CTBOPa JOCTa-
TOYHO HMETb OJHH THI CIEKTPaJbHOH MapKH, pPacCUHTAHHOH JJs
CepelHHBl CTBOpA, Korga §;=S,;=0,5L, npu 3TOM 3KpaH CneKTpaJb-
HOH MAapKH JOJI2KeH HMEeTb BO3MOXHOCTb BpalllaTbCsi BOKPYT OCH
CHMMETPHH LIeJIeH.

[Ipn moBopoTe 3KpaHa CHEKTPAJbHOH MapKH BOKPYI OCH CHM-
METPHH LieJeH Ha yroJ f OTHOCHTEJIbHO HOPMAJIbHOTO IMOJIOMEHHS
(puc. 34) u3MeHsIIOTCS Ha OJHMHAKOBYIO BEJHUYHHY Ar pacCTOSIHHs
OT pedepeHTHOH mnpsAMoHl a0 LeHTpoB wiejed. Tak Kak r< sy, 7
H ry ONMHAKOBH, a MAJIMHA KOT€PEHTHOCTH HCTOYHHKA H3JYyYeHHSs
(masepa) 3HauuTesbHO GoJbie, yeM AJHHa ortpe3ka 0,0, oue-
BHIHO, HM3MEHHUTCS IIOJIOXEHHe IeHTPAJbHOrO MaKCHMyMa BIOJIb
pedepeHTHON NPSIMON Ha BeJIMUHHY ASs.

Ecii cMeCTHTh CHEKTpajibHYyI0 MapKy Ha BeJIHYHHY § HepIeH-
JAHKYJISIPHO K CTBOPY, TO COOTBETCTBEHHO H3MEHHTCS Pa3HOCTb XOja
ayyeli. PasHocth Xoma Jgyueét B Touke P’ (cM. puc. 30) cocrtaBHT

t6 (s1+ $2)
S1S2 ’

rne Al =Q (di’)—Q (di”) =t6/31, Ag= (d2)P— (dz’) P,=t6/82.
CJaenoBaTeJbHO,

A=A+ Ay =

A3182
—rz . 78
I (78)

[TpoauddepennnposaB BhipaxkeHHe (78) mo ‘A M NPHHSAB BO
BHHMaHHE ¢opmyay (73), MOJYUYHM TOYHOCTb AH(PPaAKIHOHHOIO Me-
TOJa CTBOPHBIX HM3MEPEHHH C TOYKH 3peHHs (PH3HYECKOH ONTHKU

da_dA( 515 )2
HJIH, TIepeXofsi K CPEAHHM KBaJPaTHYECKHM MOrPELIHOCTAM,
_515p 12
mg = ma . 79
8AL 79)
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Puc. 34. Cxema usMepe-
HHSl C MOBOPOTHOM CIEKT-
paJjibHO Mapkoft

Ilpn u3MeHeHHWH Pa3HOCTH Xoj4a Jyuell Ha BEJHUYHHY A HHTEp-
¢depeHUHOHHAss KapTHHAa CMECTHTCS HAa LIHPHHY CBeTJIOH MOJIOCH],
T..e. Ha MecTe MakCHMyMa cBeTa 6yneT MHHHUMYM. CpenHsisi KBaj-
paTHyeckasi MOTPElIHOCTb OnpenesieHHss pPAa3HOCTH XO#a JyueH
B TOYKe Hab/I0JeHHH COOTBETCTBYeT NPAKTHYECKH TOYHOCTH DPETH-
CTpPALMK TNOJIOKEHHS OCH LEHTPaJbHOTO MAaKCHMyMa B IJIOCKOCTH
3KkpaHa. [Ipu BBeJeHHH LIEHTPAJbHOrO MAaKCHMyMa YCTOHYHBOH HH-
TeppepeHIIHOHHOA KapTHHBI B GHCCEKTOpP CpPENHIOI0 KBaJpaTHuye-
CKYIO TOTPELIHOCTh HaBeJEHHS MOXHO NPHHATH paBHOH oT 1/10 mo
1/40 mwupHHBI BU3HPHOM LeJNH, KOTOPOH B JAaHHOM CJiyyae sIBJIS-
eTcsl LINPHHA LEeHTPaJbHOro MakcuMmyma. CpeiHsisi BeJHYHHA M3
3TOTO HHTEpBaJjla COOTBETCTBYeT OLIMOKE pPa3HOCTH XOoJa M=
=0,04A. Torna

1
mg = 0,04A ( Si52 ) 2,
AL

Ipunuss A=0,6 MKM, HOJIYYHM

1/2
mg = 0,011 (lel) =, (80)

Jns cepenunn! cTBopa AjuHoi 100 M BesMuHHA, XapaKTepH3YIO-
masi TOYHOCTb AH(PaAKIHOHHOrO MeTOoHa, cocTaBisieT mg =0,055 MM.
CMellleHHe 3KpaHa CNEKTPAJbHOH MAapKH TaKOH BeJHYHHBI MOXKHO
3aMeTHTb NpPH OLHOM BBEJEHHH LEHTPaJbHOrO MaKCHMyMa B OHC-
CeKTOp NMpHEMHHKa CBeTa, YCTAHOBJIEHHOTO Ha KpafiHeM NyHKTe 3a-
IaHHOTO CTBOpA.

[IporpamMma CTBOpPHBIX H3MepeHHH OOBIYHO NpefycMaTpPHBAET
IBa-TPH COBMeILEHHSI B ONHOM IOJIyIpHEMe H CTOJIbKO K€ — BO
BropoM. OG6o3HauuM o6lllee YHCJIO COBMELIEHHH 7, TOrAa MOXHO
3anucarh, 4To

$153 1/2

ms = ma (— @l)

8AnL

Ins npuBepeHHoro npuMmepa npu n=4 mg=20,028 mm. [Ina nocrtu-
JKeHHs] TAaKOH e TOYHOCTH ONTHYECKHM CNOCOGOM CTBODHBIX H3Me-
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peHunii mno nporpaMMe oOllero CTBOpa CpefHsiss KBajJpaTHueckas
own6Ka BH3HPOBAHHS He NOJKHA NMPEBHILATH

msp _ 0,028-p
2s  4/2.50-10°

OnHako TOYHOCTH BH3HPOBAHHS Aa)e CAMbIMH COBEPIUEHHBIMH
3pHTeJIbHBIMH TPy6aMH COBPeMEHHBIX aJHHHOMETPOB XapaKTepHu3sy-
eTcsl HaMHoro GoJibluell cpejHell KBaJpaTHYeCKOH OLUHOKOM.

=0,08".

Mpus =

§ 21. INlpumeHenne audpaKUHOHHOTO MeTOla
MOCTPOEHHSA JHHEHHBIX H KOJIbLIEBBIX OMOPHBIX
reoje3aM4yecKHx cerei

B nopsiike MOATOTOBKH K BBHINOJHEHHIO BBICOKOTOYHBIX Treoje:
3HyeckHx pabor Ha CepnyxoBckoM H EpeBaHCKOM YCKOpDHTeJsX
BHIMOJIHEHB JeTajlbHble HCCAef0BaHUS AHGPPAKUHOHHOIO MeToAa
CTBOPHBIX H3MeDPEeHHH ¢ LeJIbI0 ONpe/eIeHHs:

TOYHOCTH CTBOPHBIX H3MepeHHH;

KOHCTPYKTHBHBIX OcCOOeHHOCTEH H MNyTell COBepILIEeHCTBOBAHHS
anmnapartypsi;

Tpe6oBaHHi K COGJIOJEHHI0O FeOMETPHUECKHX YCJOBHH B3aHMO-
CBSI3H OTHENbHBIX. Y3JIOB H 3JIeMEHTOB AH(PAKIHOHHOIO CTBOPO-
¢dukcaropa;

CPaBHHTEJbHOH XapaKTePHCTHKH C OJHHM H3 HanboJjiee BHICOKO-
TOYHBIX METOJOB CTBOPHBIX H3MEPeHHH — CTPYHHO-ONTHYECKHM;

peKoMeHJauu#i Mo BHEAPEHHIO MeToJa B INPOH3BOACTBO, MeTO-
JIHKe W OpPraHH3alUH HU3MepeHHH.

B kayecTBe MOJIMFOHOB MAJISl HCC/I€OBAaHHI HCHOJB30BaHBI cre-
LHaJbHBe TJIaHOBBIE ONMOPHHIE ceTH HHxKekTopa M-100 u koJsble-
BOro aJjexkrpomaruuta CeplnyXOBCKOrO YCKOPHTeJNs, a TaKxKe OIbIT-
Hbli cTBOp muuHOK 100 M Ha TeppuTOopHH 3aBojga <«ApceHan»
B r. KueBe. ¥YcioBHs paGoT COOTBETCTBOBAJH II€XOBOMY IOMe-
IIEHHIO BO BPeMSl MOHTaXa TeXHOJOrHueckoro 060pyNOBaHHS.

Creop Ne | (puc. 35) namuoit 85 M npexacrasisier coboii Ge-
TOHHHI/I KaHaJ pa3mMepoMm 8080 cM, OTKPHITH JHIIb HeOOJbLIHE
nmaomanku (MPHUSIMKHM) HENOCPENCTBEHHO OKOJIO Teole3HYecKHX
nyHkToB. CtBOp Ne 2 Ha orMerke —1,41 cocrout u3 30 reonesu-

-4
SE {5’11 {r’u 7'u J'u 1'u
1 .r 1 1

1 7. A | 7

J:riu | | u
7 23692 g?Ll%,

Y/

23,102

E‘s
N\

Puc. 35. Onopnulit reofesHueckuii ctBop HHkKekTopa H-100
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YeCcKHX 3HAKOB, PACIOJIOKEHHBIX Ha Hecyliux 6ajikax HHXKeKTopa
H-100. CoBokynHocTh cTBopoB Ne 3 oOpasoBaja ONOPHYIO CeTb
KOJIbIIEBOrO 3JIEKTPOMarHWTa B BHJAE IPABHJIBHOIO ILIECTHIECSATH-
yroabHuka (puc. 36). Kaxabli H3 3THX CTBOPOB OINpejessieTcst
JBYMsl HECMEXHbIMH BepIIHHAMH LIECTHIECSTHYTOJbHHKA, PaccTo-
sHHe Mexnay koropbiMu 48,8 M. OmnpenensieMblii NpOMeXXyTOYHBIH
3HAK HAaXOAHWTCS B CepeilHe CTBOPHOH JIHHHH C NOTrPELIHOCTBIO
10—20 mM. Besi coBokynHocTh cTBOpoB Ne 3 pacmosiaraeTcsi B KOJIb-
ueBoM mnomelleHuu ceueHneM 200260 cM. B nomelleHHsx 3THX
CTBOPOB MOJAEPKHBAIOTCS CTaOH/IbHbIE BHELIHHE YCJOBHSI.

H3MepeHHsi NPOH3BOAHJIHCH METOAOM COBMELIEHHSI OCH CHMMeT-
PHH HHTep(EepeHIIHOHHOH KapTHHB C OCbI0 TPOHHOro OHcCeKTOopa
NPpUEMHHKA CBeTa, MO3TOMY YYBCTBHTEJbHOCTb MeETOJA MOXKHO
XapaKTepH30BaTb CpeflHell KBaJpaTHYECKOH MOrpelIHOCTbIO OAHOr0
COBMEILEHHST Mconm-

HccnenoBaHusi BHINOJHEHB! ABYMs HabJioLaTeNsiMH HE3aBHCHMO
IPYr OT Apyra, B Pa3HbIX YCJHOBHSX, MJsI Pa3jHYHBIX PaCCTOSTHHH
OT CIEeKTPaJibHOM MapKH A0 NpHEeMHHKa cBeta. Kaxpoe ompene-
JIEHHE Mcopw COCTOSJIO M3 HECSITH BBeNEHHH 3KpaHa CHEKTPaJbHOH
MapKH B CTBOP, OTCUMTHIBAHHE NMPOHU3BOAMJIOCH MO HHAHKATOPY ya-
coBoro tuna. Bcero BeinosHeno 6osee 300 coBmemenuéi. Ha ctso-
pax Ne 1, 2 ucnosb3oBajiach cnekTpajbHasi Mapka ¢ nmapameTpaMu
3kpaHa [=7,325 MM, dy,= 1,038 MM, d;; =1,014 MM u Ha cTBOpe
Ne 3 —¢=6,500 MM, dpz=1,010 MM, d, =1,017 mm. Cpennss
KBaJipaTHYyeCcKasi NOTPelIHOCTb OJHOI'0 COBMELIEHHSI BBIYHC/ISANACH
no popmyae m=A/[wl/(n—1).

Pekomennyemasi HaMH mnporpaMmMa H3MEpeHHsT HECTBOPHOCTH
NyHKTa NpeiyCMaTPHBAaeT TPH BBEAEHHsI CIIEKTPaAJbHOH MapKH NpH
IBYX NOJIOXKEHHsX HHAHKaTopa; uHAukaTtop JeBo (MJI) u uuHmm-
katop npaBo (HMII); Beluucienne mecra nyas MO= (UJ1+ HUII)/2
H BeJHYHHB HecTBOpHOCTH A;=MHNJ/I—MO. 3Tu onepamuu cocras-

TI77777777777777777777777777777777777777

Puc. 36. ®parMeHT KoJbLEeBOIl OMOPHOIl reole3HYecKoll CeTH YCKOPHTesst
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JSIIOT OAMH noJynpueM. Bropoil monynpueM BLINOJHSETCS B TaKoil
JKe TMoCJefoBaTeJbHOCTH Mocje noBopora Ha 180° opHolleneBo#
MapKH H npueMHHKa A= (A;+ Ap) /2.

MecTo HyJs CnekTpaJibHOH JBYyXIeJeBOH MapKH omnpejeJseT
NOJIOXKEHHEe OCH CHMMETPHH Ilesiell OTHOCHTENbHO OCH 110CaJO4HOI
BTYJKH 3Haka JIHIIb B IJIOCKOCTH, MEPNEeHAMKYJSPHOH K CTBODY.
BcoencTBue 3KCIEHTPHUCHTETa €; BAOJAb CTBOpPA pasBOPOT MapKH
Ha yrol ¢ BbI30BeT OWHOKY B BeJHYHHE HECTBOPDHOCTH Ha BeJH-
yHHy Ag=esina. B cBsi3U ¢ 3THM BO3HHKaeT BONPOC O TOYHOCTH
noBopora Ha 180° Kak cnekTpaJbHOH, TaK H ONHOLIEJEBOH MapKH H
npHeMHHKa cBerta. [Ipu noBopore Ha 180°*+a oflee BIHSHHE NaH-
HOTO HCTOYHHKA [OTPELIHOCTeH Ha BEJHYHHY HECTBOPHOCTH Ompe-
JleJIIeMOro nyHkKTa 6yaet

— -
mp—=_%_ &tes—eada sa)
2p 51+ 82

rie e; — 3KCLEHTPHCHTET BJOJb CTBOPAa CIEKTPaJbHOl MapKH; e,
H €3 — COOTBETCTBEHHO 3KCLEHTPHCHTETHl BJOJb CTBOpPa OAHOLIe-
JIeBOH MapKH H NPHEMHHKA CBeTa.

HccnenoBanus mnokasasu, 4TO NPHEMHHK CBeTa — ONHOILIEJe-
BYI0 M CIEKTPaJbHYI0 MapKH — HEOOXOAHMO CHaGXaTb CleLHalNb-
HBIMH BH3HpaMH, o(ecneyHBaIOIIMMH MOBOpoT Hx Ha 180° ¢ Tou-
HoCTbio He MeHee 20’. CyliecTBEHHBIM HENOCTATKOM SIBJsETCS TO,
yTO HabJI0JaTeNb HAXOAUTCS Yy TNPUEMHHKA CBeTa BIAJNH OT CH-
CTeMbl OTCYETa — HHAMKATOPA MNOABHIKHON CNEKTPAJbHOH MapKH.
Kpome ToOro, npucytcTBHe uesioBeKka BOGJH3H AHGPParHpoBaHHOTO
Jyya co3jaeT MOOMNOJHHTeNbHble KoJiebaHHs HHTepdepeHIIHOHHO
KapTHHbl, TaK Kak BO3HHKAaeT HEKOTOPbIi HepaBHOMEpHBIH TIpa-
JHEHT TeMIlepaTyphl, CKa3blBaWOUHiics Ha CTaGHJIBHOCTH MoOJOXe-
HHUSA ee B mpocTpaHcTBe. MckaKeHHe HHTepdepeHLHOHHOH KapTHHBI
HabJlonaeTcss B MeCTaXx C 3aMeTHbHIM TpaJHeHTOM TeMnepaTyphl
M MOTOKaMH Bo3xyxa (ta6Ju. 6). B HeKOTOphIX ciyyasix KapTHHa
HaCTOJNBKO HCKaxKaeTcsl, 4YTO HaGJIOAEHHS TNPHXOAHMTCA Mpe-
pHIBATb.

Coenyer OTMETHTb, YTO BO BpeMsi CTBOPHbBIX H3MepeHHH nH-
(GpaKLUHOHHBIM METOLOM BGJIH3H CTBOPA XKeJlaTeJIbHO He BBINOJHSATH
CBapoYHble H aBTOleHHble PabOTHl, YCTPAHATb BBIXOABI CXKAaTOro
BO3IyXa OT PabGOTaIOLIHX KOMIIPECCOPOB, He IOMYCKaTb NOSIBJIEHHS
Jiojefl Ha pPacCTOSIHMSIX MeHee 1 M OT CTBOPHOH JIHHHH H T. A.
[TpousBoauTh H3MepeHHs1 Jyylle TOrJ4a, KOrAa BBIKJIIOYEHBl BCE
MallHHBl K arperaTthbl, co3jalolliHe BHOpPAlHIO, B 3aTEMHEHHBIX YC-
JIOBHSIX WM INPH TOJHOM PaBHOMEPHOM OCBelLIeHHH, u3berast Ha-
NPaBJIEHHOTO CBeTa B NPHEMHHK, CO3JAIOLIEro sipkuil ¢oH.

Kpome Toro, Ha ctBopax Ne 1 u 2 GblIM NpOBeJeHH! chelHalb-
Hble HCCJEeNOBaHHSl C LeJIbl0 CPAaBHEHHSI C Pe3yJbTaTaMH CTBOPHBIX
H3MepeHH#l CTPYHHO-OnTHYecKHM MeToioM. CTaTHCTHYeCKHil aHa-
JIH3 pe3yJbTaTOB HCCIeJOBAHHH MOKa3aJj, 4TO CpPeHsisi KBaApaTH-
yeckKasi NMOI'PELIHOCTb CTBOPHBIX H3MepeHHH NpH IJHHe cTBopa 85 M
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TABJHIA 6

CoBMelleHHS! NPH HOPMaJIbHBIX CoBMellleHHS NPH HAJHYHH
Homep BHEIWIHHX YCJOBHAX NOTOKOB XOJIOAHOTO BOSAYXa
coBMele-
e HUJI, MM | v, MkM | HTT, MM | 0, MkM | HJT, MM | 0, MM | HIT, MM | 0, MKM
1 6,020 —13 | 3,940 | —13 | 5,450 | —107 | 4,600 | 420
2 6,010 —23 | 3,955 | +2 5,600 | 43 4,510 [ —70
3 6,050 | +17 | 3,950 | —3 5,440 | —117 | 4,490 | —90
4 6,025 —8 3,940 —13 | 5,490 | —67 4,720 | 4140
5 6,040 | 47 3,960 | 47 5,650 | —7 4,710 | 4130
6 6,055 +22 3,980 +27 | 5,710 | 4153 | 4,605 | +25
7 6,035 -+2 3,972 +19 | 5,670 | 4113 | 4,435 | —145
8 6,044 +11 3,945 —8 5,610 | 453 4,547 | —33
9 6,023 | —10 | 3,940 —13 | 5,490 | —67 4,706 | +126
10 6,030 | —3 3,950 [ —3 5,660 | +3 4,480 | —100
CpegHee | 6,033 3,953 5,557 4,580

myy=14 MkM, myn=14 MkM, my =92 MkM, myn=105 MKM,
Meopu=14 MKM, mcopy = 98 MKM.

N0 BHYTPeHHeH CXOJHMOCTH JJIl CTPYHHO-ONTHYECKOro MeToxa Co-
crapasier 23 MkM, Ajas audpakuuonHoro — 17 mxM. Ha coBokyn-
HOCTH CTBOpPOB Ne 3 OMOPHOM CETH KOJIbLEBOrO 3JEeKTPOMAarHHTa
cpenHsisl KBaJpaTHYecKasl MOrPELIHOCTb ONpejeseHHsT HeCTBOPHOCTH
cpeiHell TOYKH MO BHYTPeHHEH CXOAHMOCTH NSl AH(PPAKIHOHHOTO
MeToza cocTapuja 16 MKM.

ABTOpOM npenyioKeH W BHeApeH B mpousBoacTBo Ha Cepmy-
XOBCKOM YCKOpDHTEJIe BBRICOKOTOYHHIA AHU(PPAKILHOHHHEIA METOJ KOC-
BEHHOrO H3MepeHHs] YIVIOB MOBOPOTAa KOJIbLIEBOH ONOPHOH ceTH,
npeacraBisiiolleli coO60f 3aMKHYTHIH NOJHTOHOMETPHYECKHH XOJ
¢ 60 BepmIMHAMH NMOBOPOTAa H PABHEIMH CTOPOHAaMH AJIHHOH OKOJIO
24 M.

CymHocTh AH(PAKUHOHHOIO MeTOAA KOCBEHHOro OInpejeseHHs
yIJIOB NOBOPOTA IJIAHOBOH OMNOPHOH CETH 3aKJ/IOYaeTcss B CJeAylo-
meM (cM. puc. 36). MiaMepsiloT MaJjinle CTOPOHH S; BRITSHYTHIX Tpe-
YTrOJNILHHKOB M PAacCCTOSIHHS h;’ MeXZAY OCHOBHBIM H CTBOPHBIM NYHK-
TaMH OMODHOH CETH C MOMOLIbI0 HHAHKATOPHOTO H3MEpHTeJNs BHICOT
tpeyronbHukoB KBT-U. IlosoxeHHe CTBODHOrO NYHKTa OTHOCH-
TeJIbHO GOJiblleli CTOPOHH BBITSHYTOI'O TPEYroJbHHKA ONpeAessIoT
JH(GPAKLHOHHBIM KOMIJIEKTOM annapaTypn MAJs CTBODHHIX H3Me-
peHHii; 3aTeM BHIYHCJSIOT BHICOTHl BepIIMH BHTSHYTHIX TPEyroJb-
HHKOB no ¢opmyne h;=h/+8h; u yrae moBopora f; BrmosnuB
ypaBHHBAaHHE pe3yJbTaTOB H3MepeHHH, ONpenejsioT KOOPAHHATH
NYHKTOB ONODHOH CEeTH, IIOJIOXKEHHS NYHKTOB MmO pajnuycy R H
B HampaBJIeHHSX, NMEepNeHIHKYNSPHBIX K paldHajibHOMY.

OcHoBanHsi 60 BHICOT TpPEYrOJbHHKOB KOJIbLEBOH IJIaHOBOH
CeTH onpelessiii AHOPAKIHOHHBIM KOMIIJIEKTOM anmnapaTyphl B mps-
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MOM H 006paTHOM HanpaBJIeHHsIX ABYMsl NpPHEMaMH, YTO NO3BOJIHJIO
BHIMOJIHHTh OLIEHKy TOYHOCTH 1O Pa3HOCTSM [ABOHHBIX H3MepeHHH.
CpenHsisi KBaJpaTHYeCKasi NOTPeIiHOCTb HECTBOPHOCTeH, MOJyYeH-
HBIX KaK cpeflHee W3 JBYX NpHeMOB B OJHOM HamnpaBJIeHHH, CO-
craBuna 25 MkM. CpefHee 3HaueHHe HecTBOpPHOCTeH Op;, momyueH-

HbIX B NIPSIMOM H OOpaTHOM XOZaX, ONpeJeJeHO CO cpeJHeH KBajapa-
THYeCKOH mnorpeirHoctblo 18 MkM, coorBercTByowmwe#t 0,15” mnpu
§=24 M, 4TO NPaKTHYECKH HENOCTHXXHMO CAMBIMH COBepLIEHHBIMH
TEOLOJHTaMH.

Paspa6orannbiii aBropom npu6op MBT-W nns usmepenus pac-
CTOSIHHH COCTOHMT M3 HHBApHOro xesja giauHod 1151,7 MM u aByx
MHAHKATOPHBIX BKJIaabiei (puc. 37). )Kesan mpencrasisieTr co6Go#
HHBApHBIH NpyT AuaMeTpoM 16 MM, yCTaHOBJIEHHBIH Ha Tpex pas-
HEeCEeHHbIX NOAbEMHBIX BHHTax. Paboune TOpIBI Ke3dja CTPOro ma-
pajjiesibHbl APYyr Hpyry. VIHIHKATOpHBEIN BKJIAAbIL NpEACTaBJIsET
co60ii HHAMKATOp YacOBOrO THIA, XXECTKO CKPEIJIEHHBLIH ¢ LHJIHHA-
PHYECKHM IOCAJOYHBIM YCTPOHCTBOM AuaMerpoM 25,4—0,010 mMm.
Koncrpykunss MUBT-U mnosBossier u3MepsaTh paccrosinusi ot 1275
a0 1285 mm.

Paccrosinne h;” MeXAy ONOPHBIM H CTBOPHBIM NYyHKTaMH BBbIYHC-
JISIOT 1O ¢GopMyJie

hy = Lygr— (4, + Hy), (82)
rie Lygr —ypaBHenune HWBT-U, onpemensieMoe mno ¢opmyse
Lygr=lx+lu; + luy H;, H, —orcuersl N0 HHIHKATOpaM;
lyy» lu, — paccTosiHHSE MeXJAy OCbI0 BKJaAbllla M OMNOPHBIMH

7 V4

h+dcm

<«

Puc. 37. Hsmepuresb BoicoT TpeyronbHukoB MBT-HU:

| — HnAHKaTOp; 2 — HMHBapHBLIl >Ke3aa; 3 — MHKpOCKon; 4 — CTpyHa; 5 — lWKaJjaa; 6 — CTBOP-
Hbili MYHKT; 7 — OHOPHDLIIT MYHKT; 8 — »e3JI-BbICOTUMEeP
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TOYKAMH HOXEK COOTBETCTBEHHO MEPBOro H BTOPOro HHIHKATOPOB
1npH HyJeBoM oTcyeTe. Ilo pesynbrataM wucciefOBaHHH CpeRHsis
KBaJpaTHyecKasi NOrpeLIHOCTb ONpeleseHHsT U ypaBHEHHs] Ke3Jja
NO NMOJHOH NmporpaMMe coctaBiasieT 6—9 MKM; cpelHsii KBaApaTH-
yecKasi MOTPELIHOCTb H3MepeHHs] paccTosiHHi 13 MKM, YTO COOTBET-
creyer 0,117,

JudpakUHOHHBII MeTOJ KOCBEHHOIO H3MepeHHsl yrJoB NpHMe-
HeH aBTOPOM B NeEPBLIX YeTblpeX NMPOH3BOACTBEHHBIX ILHKJIaX H3Me-
peHHil B mopsiaiKe MOATOTOBKH K BBICOKOTOYHOH YCTaHOBKE MarHH-
ToB. KpoMe 3TOro, A/s1 KOHTPOJISS NPHMEHSJIUCh ONHOBPEMEHHO OAMH
WJM [IBa OPYrUX MeTOJAa: MEeTOJ HeNoCpelCTBEHHOrO H3MEepeHHs yr-
JIOB TEOJOJIMTOM ILUECTbI0 NpHEMaMH, Ha3blBaeMblil ONTHYECKHM, H
KOCBEHHBIHI MeTOJ, B KOTOPOM IMOJIOKEHHe OCHOBaHHMsSI BBICOT Tpe-
YrOoJIbHHKOB H3MepSJIOCh CTPYHHO-ONTHYECKHM CIOCOGOM.

Huxe npuBeneHbl yrjioBble HEBSI3KH M CpeJHHe KBaJpaTHYeCKHe
NOrPELIHOCTH ONpeneseHHsl YrJoB MOBOPOTa, MOJyUeHHble AJIsT YKa-
3aHHBIX TpeX METOLOB MO PAa3HOCTSAM MeXJAy H3MEPEHHBIMH H BHI-
YHCJIEHHBIMH yrJlaMH B OJHOM H3 COBMECTHBIX IHKJIOB H3MepeHHH.

CpeaHsisl KBajjpaTHYecKas

Yraosas NOrpemHoCTb H3MEepEeHHsA
MeTton onpepesieHnst yriaos HeBsi3Ka, yrja no pasHoOCTAM
yra. ¢ ABOHHBIX H3MepeHHI,
yria. c
H3aMepeHHst TeonoJHTOM +7,24 0,77
BbiuncieHne no pesyJpTaTaM HM3MepeHuit —1,78 0,51
CTPYHHBIM METOJOM
Boluncsienne mno pesyJsbraTaM H3MepeHui 1,71 0,51

IH}PaKUHOHHBIM METOROM

Harnsnanoe npeacraBjgeHHe O TOYHOCTH nucbpaxuuouﬂoro Me-
TOAAa H3MEpEHHUA HeCTBopHOCTeﬁ 6"1‘ H 00 OTCYTCTBHH 3aMETHBIX

CHCTEeMaTHYeCKHX morpeliHocreidl naioT rpaduku (puc. 38, a), rae
NMOKa3aHbl 3HAYEHHs] HECTBOPHOCTEH, MOJIyueHHble NBYMsI NpPHHLH-
MHAJIbHO Pa3HBIMH METOJaMH H3MepeHHI .

KpomMe TOro, touHoctb AuGPaKIHOHHOrO MeTONA OMNpeleseHHs
MOJIOXKEHUS] OCHOBAHMSI BBICOTHI BHITSIHYTOTO TPEYrOJNbHHKA MpH
KOCBEHHOM OINpeleJieHHH YIJIOB MOBOPOTa XapaKTepH3yeT KoJeba-
Hus1 Mecta Hyas (MO) nByxuieneBOH CHEKTpaJibHOH MapKH
(puc. 38, 6). ITo ykaonenusim v=MO;—MO., nosyueHa cpenHss
KBaJpaTHYecKasli TNOrpellHOCTb omnpeldejeHuss MO Ha KaXAOM
NYHKTe, paBHas 22 MKM.

[To yrnam, ompeneneHHBIM yKa3aHHBIMH MeTOAAMH, ObLIH BBI-
YHCJIeHbl KOOpAHHATH 60 NMYyHKTOB KOJbLEBOH ceTH. PasHocTH KO-
OPAMHAT, NMOJNyYeHHble B OJHOM M TOM Ke IMKJe H3MepeHHil pas-
HBIMH MeTONAaMH, CJYXKHJH AJs OLEHKH TOYHOCTH. Huxe npexcras-
JIeHH CpefHHe KBaJpaTHYeCKHE OIUHOGKH B3aUMHOTIO IOJOXKEHHs
NYHKTOB (B MM), MOJIyueHHble MO pe3yJbTaTaM ABYX XapaKTEPHBIX
NMPOU3BOACTBEHHBIX LIUKJIOB H3MepPEeHHH.
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IIT uukn IV unka

no paduycy
PR 0,15 0,36
R 0,14 0,36
Br 0,11 0,13
no asumymy
B 0,13 0,30
By 0,08 0,21
R 0,08 0,16

3nech BeNHYHHB Wgr', pa’ NMOJYYeHb 1O PA3HOCTAM CTPYHHOrO
¥ ONTHYECKOTO METOHOB, BEMHYHHBI pr”, pa” — MO Pa3HOCTSM CTPYH-
HOro ¥ NM(GPaKUHOHHOrO MeTONOB; ugr”’, pa’” — Mo pasHocTsM om-
THYECKOro M audpaxkuHoHHOro MeronoB. Hauayulias cXoauMoCTb
MeXAy pPa3JHYHBIMH METOJAaMH MOCTPOEHHS CTBOPA NOJy4yeHa B LIHKJIe

O MKM

s b ¢

400

7
-400
v
oo b v Homepa  nynrmol
SN\ HeemBoprocmu, nonyvennsie dugpaxyuonnsim memodom
TN HecmBoprocmu | NONYYEHRbIE CITPYHHO-ONMUYECKUM MEMOGIM

MO, mm
8,500 ¢ Cpednee snavenue MO

6,400 FVAVA\:/VW% _—

6,300

1 1 1 1 1 1 1 1 1 1 1 1

J /2 /A /A A /A A
Homepa nynwmol

Puc. 38. I'padukn HecTBOpHOCTeli, H3MepeHHbIX pa3JHYHBIMH MeTOZAMH, H H3-
MeHeHHsl MeCTa HyJsf
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ITI, koTOpLI H ObI NPHHAT HCXOLHBIM NPH MOHTaXe TEXHOJIOTH-
yeckoro OO6GOpYNOBaHHSA KoJblleBoro yckopurensi. Ilo HeBsiskaM
KOJIbLIEBOr0 TOJIMTOHOMETPHYECKOr0 Xofa MJHHOH 1466 M, BKilo-
yaouiero 60 nMyHKTOB, BHIYHCJIEHA OTHOCHTEJIbHAsi NMOrPEeIIHOCTh IO-
CTPOEHHSI MJAHOBOH OMOPHOH CEeTH KOJbLEBOro 3JeKTPOMAarHuTa
CeprnyXOBCKOTO YCKOPHTEJIS.

B cpeaHeM H3 yeThipex LHMKJOB H3MepPeHHH NOrpelIHOCTb CO-
cTaBuJa: AN AU(PAKIHOHHOrO MeTOAa ONpeleseHHs] YIJIOB MOBO-
pora 1/390000, nnsi crpyHHoro — 1/292000, mjas ONTHYECKOro —
1/303 000.

Caenyer OTMETHTb, YTO DPAaCCMOTPEHHBIi B HacCTOSIEM pas-
Iesne DHU(PPAKLUHOHHBIH MeTOJ KOCBEHHOrO ONpeJeseHHsl YIJIOB MO-
BOPOTA CIeELHAJNbHBIX ceTell (KOJbLEBBIX HJIH JIHHEHHO BBITSHYTHIX)
OTJIMYAETCS BBICOKOH NMPOH3BOJAHTENBbHOCTBIO, MO3BOJISIET C BBICOKOH
TOYHOCTBIO H HaNEXKHOCTbIO ONpENENHTb NOJIOKEHHsI GOJIBLIOro KO-
JIHYECTBA ONOPHBIX MYHKTOB, HEOOXOAHMBIX IJIsi MPELH3HOHHOH yc-
TAHOBKH TEeXHOJIOTHYECKOro 006OpYyJOBaHHS B IpPOEKTHOE INOJIOXKe-
HHe. EcTb Bce OCHOBaHHS PEKOMEHIOBATb PacCMOTPEHHYIO MeETO-
JHKYy H NnpHOOpH OJisi MPHMEHeHHs1 NPH NOCTPOEHHH aHAJOTHYHBIX
NJIaHOBBIX Teofle3HYecKHX cereii.

§ 22. CTaTHCTHYECKHI aHAJH3 MOTPeUIHOCTEH
CTBOPHbIX H3MepeHHil AHPPAKUHOHHBIM METOAOM

Kak oTMmeuasoch BhIlle, CTBOPHble H3MepeHHs1 AU(PAKLHOHHBIM
H CTPYHHO-ONTHYECKHM METOJAMH NPOBOJHJIHCH OJHOBPEMEHHO Ha
60 cTBOpax OMOPHOH CeTH KOJIbLIEBOTO 3JIeKTPOMATHHTA H HA CTBOpE
uHxkekropa H-100. Kpome uucTO 3KCnépHMeHTAJbHBIX PaboT GblJI
BBIMOJIHEH 6O/buIOH 06beM NpPOH3BOACTBEHHLIX H3MepeHHH B npel-
NyCKOBOH mnepHoA. PesynbTaThl Tpex COBMECTHBIX LHKJIOB H3Mepe-
HHH N03BOJIAIOT JOCTATOYHO TOJIHO BHINOJIHHTb CTATHCTHYECKHH aHa-
JIU3 NMOTpeuIHOCTe CTBOPHEIX H3MepeHHH.

BeimosiHeHbl HCCIEOBaHHS Ha ONpeleJieHHe 3aKOHA pacnpeje-
JIEHHs1 PSIIOB pa3HOCTeH IABOHHBIX W3MepeHH!I KaK 1O BHYTPeHHeH
CXOAMMOCTH, TaK H B CPaBHEHHH [ABYX NPHHLHMHAJILHO PA3JTHYHBIX
MeTOJNOB: AHGDPAKIHOHHOrO H CTpyHHO-onTHueckoro. Ilpu o6pa-
60TKe pe3yJbTaTOB H3MepeHHil BO3HHKaeT HeOOXOAMMOCTb yCTAHOB-
JIEHHs1 3aKOHa pacnpefesieHHsi OLIHOOK C 1eJbl0 ONpejeseHHsl nmpa-
BOMEDHOCTH HCIOJIb30BAHHUSI TeX HJAH HHBIX (GOPMYJ AJs1 OLEHKH
TOYHOCTH.

Ilo natu psimaM, coctosiiM K3 60 He3aBHCHMBIX pa3HocTel d;,
NPOBEPEHO MNpPeANOJIOKEHHe O TOM, YTO BesJHuyHHa d;; (i=1--60,
j=1--5) nomuuHsieTcs 3aKOHY HOPMAaJIbHOTO pachpeueJseHHs.

I'ncrorpaMMbl 6blTH nocTpoeHs! npu nomour IBM «Haupu-K».
M3 ananusa nosyueHHBIX rpadHkKoB (OAHA M3 THCTOrpaMM MpH-
BeJeHa Ha pHc. 39) BHAO, YTO CTAaTHCTHYECKHE pacrnpeleeHHus
pasHOCTeH XOpOLIO COrJacyloTCsi ¢ TeOPeTHYeCKHM (HOPMAaJbHBIM).

‘KonnuecTBeHHasi OLlEHKA CTENEHH COrJIaCOBAHHOCTH TeOpeTHdYe-
CKOr0O M CTaTHCTHYECKOrO paclnpeleseHHH onpenenasiach ¢ Io-
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TABJHLA 7

Homep o l
unkga | Z | &%
H3Mepe- = £ o ~
- Q
Hud 5 ¥ ® oy at ©
Auppakyuonnoi no snympenned cxodumocmu

=————0

I 23 10,37 |—0,08] 0,64 |—0,55| 0,32
9 11 21 0,38 |—1,02| 0,64 | 0,07 0,30
i 111 19 10,77 | —0,51| 0,68 | 0,66| 0,30
: HAupparyuonnuii 6 cpasnenuu
: CO CMPYHHO-0NMUYECKUM
! 1 3% | 0,57 |—1,01| 0,63 |—0,43] 0,31
: 11 37 (0,75 |—0,75] 0,63 | 0,11 0,31
|
|
]

Puc. 39. Tucrorpamma  pacnpeaesieHis OWHO0K

o+ +  H3MepeHHS HeCTBOPHOCTeH

mouibio Kputepusi y2 ITupcona (ta6a. 1). AHaau3 pe3ysbTaToB
y6elHTeIbHO NOKAa3blBaeT, YTO NMPEeANoJOoXKeHHe O HOpMaJbHOM pac-
npefesieHHH pasHocTell NBOHHBIX 3HAYEHHH HECTBOPHOCTeH He mpo-
THBOPEYHT ONBITHBIM AAHHBIM.

Jlas uccnenyeMblx pPsiiOB BHIYHCIEHBl BCe YeThipe LEHTPaJsIbHBIX
MOMEHTa W OINpejesieHbl BeJHYHHBI 3KClIecca M CKOLIEHHOCTH C HX
CpPeIJHHMH KBaJpPaTHYECKHMH OTKJOHeHHsIMH (Tabja. 7). YciaoBus
$p<<30 M |e|<<30, BBINOJHAIOTCS, MOTOMY NPEANOJOXKEHHE O HOp-
MaJIbHOM paclnpelesieHHH pSAJOB pasHOCTell ABOMHBIX H3MepeHHH
MOKHO CYHTATh NOATBEpKAEHHBIM.

IMockonbKy AHGPAKUHOHHBIE H CTPYHHO-ONTHYECKHH MeTOmbI
NPHHLHIHAJBHO OTJIHYAIOTCS APYTr OT Apyra Kak No cBoefl CyTH, Tak
M N0 XapakKTepy BJIHSIHHSI BHELIHHX YCJOBHH M APYrHX HCTOYHHKOB
norpewIHoctell, NMpeAcTaBJsieT HHTepeC aHaJH3 CHCTeMaTHYECKHX
OTKJIOHEHHH ABYX MeETOJOB.

IlpoBenennblii aHalNu3 p§3HOCTEH H3MEPEHHBIX HEeCTBOPHOCTEH
IByMsi MeTojaMH Ha 60 He3aBHCHMBIX CTBOpPax OJXMHAKOBOH IJIMHBI,
pacnoJioXKeHHbIX BAOJb Bcell NMOJYTOPAKHJIOMETPOBOH MJIHHBI KOJb-
LIeBOro 3aja KoMmjekca coopyxeHui CepnyxOBCKOro ycKopHTesas,
N0Ka3aJ, YTO BeJHYHHA CHCTEMaTHYeCKOH YacTH B3aHMHBIX OTKJO-

HEHHHl IBYX MeTOHOB cocTaBHaa B | uukie d=—4,7 MM, Bo II

nukiae d=—1,0 mkm. Ilo Tabauue HopmMHpoBaHHO# ¢yHKuuu Jlan-
naca ®g(2) mns BeposTHocTH 0,95 HaxopuM 2g=1,96. O6aactb no-

NYCTHMBIX 3HauyeHHH |d|<C2ymj, 4YTO COCTaBJIseT COOTBETCTBEHHO

s I nukna [d|=8,8 mxm, s 11 uukna |d|=9,3 vkm. Tunoresy
06 OTCYTCTBHH CHCTEMATHYECKHX OTKJIOHEHHH ABYX METOJOB MOXHO

CYMTATh NMOATBEPXKAEHHOM, TaK KaK 3HaueHUs d JieXaT B AOMYCTH-
Mol obJsacTH.
OlueHKa cTaHaapTa pasHocreil d; M0 NaHHBIM HCCIEJOBAaHHUS BhI-

nosmHsiach no Gopmyiae oy, =4/p,. OleHKoi cTaHZapTa pesyJb:
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T4TOB CTBODHBIX H3MepPeHHH OJHHM H3 ABYX METONOB SBJISETCS Be-
JIHUMHA Oy = O4/4/2 .

s 1 uukna 65 =25 MKM, JIJisi BTOPOTO LHKJA 05 =27 MKM, YTO
corjacyeTcsi C 3TUMH Ke 3HauyeHHsIMH, NOJYYeHHBIMH [0 M3BECTHBIM
B reoje3uu (opMysaM OLEHKH TOYHOCTH IO Pa3HOCTSIM JBOHHBIX
HU3MEepeHHH.

Kpome TOro, o6paGoraH psii OTKJIOHEHHH BBLIYMCJIEHHBIX 3Haye-
HHUIL MecTa HyJs choeKTpaJbHOH Mapku Ha 60 pa3HbIX CTBOpax OT
ero cpejHero 3HayeHHs AJs1 OLHOrO IMOJHOrO LMKJA CTBOPHBIX H3-
mepenut. Ilosarasi, 4yto cnekTtpasnbHass Mapka B TeuyeHHe BCEro
IMKJa H3MepeHHH HHKaKHX NMOBpeXJeHHH He HMeeT, KOJeOaHHSIMH
MO xapakTtepH3ylOT NpPHOGOPHYI0O TOYHOCTb CTBOPHBIX H3MepeHHH
Ha eAMHHYHOM cTBope. Ilo oTkimoHeHusiM v;=MO;—MO., noacuu-
TaHa cpelHsisi KBaJpaTHyecKasi NOTPEHIHOCTb Myo OlpeleseHHs
MO Ha Kaxa0M eAuHHYHOM cTBOpe. [ToslyueHHass BeJHYHHA Myo=
=22 MKM J[OCTaTOYHO HAJEXHO XapaKTepu3yeT TOYHOCTb CTBOP-
HBIX H3MepeHu# NH(PPaKUMOHHBIM METOAOM H BIIOJIHE COrJacyercs
C TOYHOCTBbIO, ONpeJe/eHHOH KaK Mo BHYTpPeHHeH CXOAMMOCTH, TaK
H B CpPaBHEHHH CO CTPYHHO-OnTHYecKHM MmeTonoM. Cuenyer
OTMETHTb, YTO TaKas BBICOKasi TOY4HOCTh AOCTHIHYTa 6Jaronaps Tia-
TeJbHO pa3paboTaHHOH nporpaMMe CTBOPHBIX H3MepeHHH, obecme-
YeHHIO HajAJeXalUX BHEUIHHX YCJOBHH, TOYHOH IOCTHPOBKE KOM-
[JIEKTOB aNmnapaTyphl, BbICOKOH TOYHOCTH NPHHYJUTEJbHOrO ILeH-
TPUPOBAHHMSl Ka)XAOro 3jeMeHTa annapartypbl, O6GOJBIIOMY ONBITY
OpHurajbl HCIOJHHUTEJEH.

C uesbio oOmpejesieHHs] 3aBHCHMOCTH MEXAY MOrPELIHOCTSMH
COBMELIEHHS] OCH CUMMETPHH HHTeP(epEeHUHOHHOH KaPTHHBI C OCbIO
TPOHHOro GHUCCEKTOpa NMpPHEMHHKA CBeTA H COOTHOLIEHHEM paccTos-
HUH S; U Sp NMpPOBeeH clelHaJbHBIH 3KcnepuMeHT. Ha cTtBOope nuiu-
Hoit 100 M B yc/nOBHSX 3aBOACKOro ABOPa NpOBeJeHBl MHOroKpar-
Hble COBMEIIEeHHs1 NpPH NOCJHeJOBaTeJbHOM H3MeHEHHH PacCTOSIHHUS
S yepe3 10 M. B Tabsn. 8 mpuBemeHB COOTHOLIEHHSI PaCCTOSIHHUM
S| M Sy, mapaMeTphl CNEeKTpPaJbHOH MapKH H CpeiHHe KBajJpaTHue-
CKHe NOTrpelIHOCTH COBMeLleHHil NMPH pacrnosoXeHHH CIeKTPaJbHOH
MapKH Ha pa3HbIX NYHKTax BHYTPH CTBOpA.

AHanu3 pesyJbTaTOB 3TOr0 3KCIEPHMEHTAa IOKa3bIBAeT, 4YTO
CBSI3b MEXJAY COOTHOLIEHHEM pAacCTOSIHMH S| M So H CpelHeH KBajn-
paTHYeCKOH NOrpeuIHOCTbI0O COBMEIEHHsI OTCYTCTBYeT, TaK KaK BHI-
YHCJIEeHHBbIH KO3 (HIHEHT KOPpPesIiHH COCTaBUJI

, — 2 (D —D) (m; —m) —0,017.
(n—1)0’ (D) o’ (m)

CaenoBaTesibHO, cpeflHfii KBajpaTHyecKasi MOrpellHOCTb HaBbe-
JleHHs1 Ha OCb CHMMETPHH HHTep(epeHUHOHHOH KapTHHBl He 3aBH-
CHT OT PacCTOSIHUSI MeXJy CHeKTpaJbHOH Mapko# W HabJaojaTesneM,
HaxXoAAIIMMCSl y NPHEMHHKA CBeTa. DTO SIBJISIeTCS BaXKHBIM HOCTO-
MHCTBOM JH(PPaKUHOHHOrO MeTOAa CTBOPHBIX H3MepeHHH, NMO3BOJIS-
IOIIUM JOOHMTbCS BBICOKOH paspeuiamoluledl Cnoco6HOCTH M OJHHAKO-
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TABJHUIA 8

S M Sar M d,» MM L MM | m, MKM || S;» M S M d: MM ty MM m, MKM
95 5 0,65 | 0,4 51 55 45 1,3 4,1 54
90 10 1,0 0,8 87 50 50 1,4 5,9 41
85 15 0,8 1,3 24 45 55 1,4 9,9 14
80 20 0,8 1,6 10 40 60 1,4 9,9 16
75 25 1,2 1,95 43 20 80 1,0 12,0 25
70 30 1,3 1,95 19 15 85 1,1 12,0 18
65 35 1,55 4,1 44 10 90 0,9 10,5 —
60 40 1,3 4,1 36 5 95 1,2 10,5 —

BOH TOYHOCTH CTBODHBIX HM3MepeHHMH B JIMHeHHOH Mepe IJs1 Bcex
NMYHKTOB TOrO HJH HHOro cTBopa. Toraa Kak AJsl BceX ONTHYECKHX
METONOB MOrpeIlHOCTh BH3UPOBaHHS B JIMHEHHOH Mepe YBeJHYH-
BaeTcs MNpPSIMO MPONOPLHOHAJBLHO YyBEJHYEHHIO pPacCCTOSIHHS OfT
CTBOpHOro npu6opa 10 MapkKu.

Cpenu Ipyrux OCHOBHBIX HTOrOB JAaHHOTO 3KCIEPHMEHTa cJle-
IyeT OTMETHTb cJjeAyioulee. KIHMHOBHAHOCTb luesell CIHEKTpaJbHOH
MapKH NPHBOAMT K KJIHHOBHJIHOCTH HHTep(epeHUHOHHBIX M0JIOC;
ONTHMAJIbHOE YBEJHYEHHe OKyJsipa NpHEMHHKa cBera 2,5%; ruas-
HbIi MaKCUMyM HHTep(epeHIHOHHOH KapTHHBI BblieJsieTcsi HauGo-
Jlee 4eTKO H Pe3KO OTJHYAeTcCsl 0 WHTEHCHBHOCTH OT JPYrHX CBeT-
JBIX TOJIOC MPH COOTHOLIEHHH MeXAY IUHpHHOH wienell dp chek-
TPaJbHOH MapKH M DaccTOsiHHEM ! MeXJy OCSMH Liesed, paBHBIM
t/dy=1/8; u3aMeHeHHe COOTHOWIEHHs1 f/d; BJHSET KaK Ha LIHPHHY
nosioc UHTep(epeHUHOHHOH KapTHHB, TAK H HAa HX HHTEHCHBHOCTb.
3HaueHus dy U ¢ 1esecoo6pa3Ho paccuuThiBaTh no popmynam (73),
(76). HurepdepeHuHOHHAs KapTHHA KoJjebsercss NpH BHOpauusx;
pPasBOpOT CIEKTPaJbHOH MapKH BOKPYr OCH CHMMETpPHH liesell He
BJIMSIET HA MOJIOXKEHHE IJaBHOrO MaKCHMyMa HJIM OCH CHMMETPHH
HHTep(epeHUHOHHOH KapTHHBI, HO BJIHSET Ha pacrnpejejieHHe HHTEH-
CHBHOCTH TIOCJIE€JIHEH.

BaxHbIMH npeuMyliecTBaMH AHPPAKIHOHHOIO METOAa CTBOP-
HBIX M3MEpEHHH SIBJISIOTCS:

OTCYTCTBHE OLIMGOK 3a nepedOKyCHpPOBKY;

BbICOKasi paspeuiaioiias crnocobHOCTb JHPPAKLUHOHHOIO KOM-
IJIeKTa annaparyphl;

BBICOKAasl NPOM3BOJHUTENBHOCTb N0 CPABHEHHIO C ONTHYECKHM H
CTPYHHO-ONTHYECKUM MeToAaMH (B 1,5—2 pasa Beile).

Kpome Toro, cienyer oTMeTHTb, YTO B IJIOCKOCTH CETKH HHTeH
npUeMHHKa cBeta (opMHpyeTcsi AeHCTBHTeJbHast MHTep(depeHLHOH-
Hasi KapTHHA, T. €. BH3HPHAs LeJb HaXOAHMTCS HENOCPEACTBEHHO
B IJIOCKOCTH ceTKH HHTeH. [IpH HeoO6XOQHMOCTH HCIOJb3yeTcsl Mpo-
crefillasi onTHyeckasi cucteMa (Jyna) JIMLIb AJSi HEKOTOPOro yBe-
JIHUEHUs] HHTep(PEepEeHUHOHHOH KapTHHB. DTO 0OCTOSITEIbCTBO I03-
BOJISIET NpPH pacyeTe NnapaMeTpPoOB CIEKTPaJbHOH MapKH HOOHMTHCS
NOCTOSIHHOH TOYHOCTH OIpefesieHHsT HeCTBOPHOCTEH B JIMHEHHOH
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Mepe HE3aBUCHMO OT B3aHMHOrO pAacroJOXKeHHs OmpejeseMblX
MYHKTOB. ¥YrJjioBasi BeJlMYHHA paspellaiolleii COCOGHOCTH NHGpakK-
LHOHHOTO KOMIIJIeKTa amnmnapaTypbl SBJfETCS BEJHYHHOH NepeMeH-
HOH M MOXeT GHITb ropas3flo MeHblle, YeM Yy CaMBIX BBICOKOTOYHBIX
3pHTeNbHBIX TPy6. OnbIT NpHMeHeHHsT AHPPAKLUHOHHOrO MeTOoJa
CTBODHBIX HM3MepEeHMH H pe3yJbTaThl BBHIMOJHEHHBIX aBTOPOM HC-
cjlefoBaHHil noAtrBepausau 3to. Ha crtBopax aauHoi 36, 48 M moay-
yeHa NPHUMEPHO OAMHAKOBAsl TOYHOCTb H3MePEHHs HeCTBODHOCTeH,
XapakTepHsyeMasi cpelHell KBaJpaTHYeCKOH NOrpeLIHOCTbIO, Jiexa-
et B npegenax 16—30 MkM.

§ 23. Yuer BiAUAHHA pedpaKUHH NPH HMCNOJb30BAHHH
IHGPAKIHOHHOIO METOJa CTBOPHbLIX M3MepeHHii

OmHHUM M3 OCHOBHBIX MCTOYHHKOB OLIHGOK, CIEpPXXHBAIOIIUX BO3-
MO>XHOCTH MOBBIIIEHHsSI TOYHOCTH CTBODHBIX H3MEpeHHH, sIBJseTcs
BJIHsiHHE pedpaKluuu CBeTOBHIX Jyueit B atmocdepe. [Ipu BHICOKO-
TOYHBIX H3MEpEeHHSX BJIHsHUe pe(paKUHH ONpeNeNsIoT HCXOAs M3
MeTEeOpOJIOTHYECKHX NapaMeTpoB aTMmocdephl (TeMmepaTyphl, AaB-
Jgenusi u BaaxHoctu). O. U. F'op6enko mokasaJs, 4yTo NpU rOPH3OH-
TaJIbHEIX rpajfiieHTax TeMnepartypsl, paBHuXx 0,005 °C/m, mompaska
3a pedpakiuio Ha cpefHIO TOYKYy cTtBopa AjauHOH 1000 M cocras-
JAs10T okKoso 1,2 mMM. MaMepHTh rpagHeHT ¢ TaKOH TOYHOCTBIO CO-
BPEMEHHBIMH TIpafiHeHTOMEDPAMH He MpPEeJCTaBJSETCS BO3MOXKHEIM.

3acnyKUBaeT BHUMAaHHUS BO3MOXKHOCTb HCMOJb30BAHHS JHCHEp-
CHOHHOTO MeTojJa ydera pedpakuuu AJsi CTBOPHBIX M3MepeHHiH IH-
(paKLUHOHHLIM METOAOM.

IIpu HaMHYuH TeMnepaTypHHIX 'PaJHEHTOB B cpelle pacnpocTpa-
HEHHsI CBETOBOTO NMOTOKA LEHTPAJbHBIH MaKCUMyM AH(pPaKIHOHHOH
KapTHHB CMECTHTCSI OTHOCHTEJNBHO NMPSMOH «HCTOYHHK CBeTa — OChb
CHMMETPHH CIeKTpasibHOH MapKu». M3 puc. 40, yuHTHIBasi, 4TO
d; u dy CyL1eCTBEHHO MEHbLIE §; H Sp, MOJYUYHM

' (dy— dy)? , d} " (dy +dy)°
Sy=Syg—1t 2 . =g . s =5, -2 .

o =S+ 25 ;o S1=81+ % 0 TR + %, :

, d}
s =5+ . (83)

1

PasHocTb onTHYecKux myTefi A MOXHO BHIpasHTh (GopMyJamH
A=NL u A=(s/"+8") my—(sy/+s2’) ng, Tae ny U ny— cpepHue
3HAYeHHs MOKa3aTeseil MpeJoMJeHHst Bo3ayxa Ha Tpaccax OQO’ u
0Q'0’; N=0, 1,2...

ITocne npeoGpa3oBaHuil NOJYyYUM

2d,d,
S

A = (514 83) (n1 — ng) +

"cp ’

rae nep= (n;+ne)/2.
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Puc. 40. CxemMa QHMCIIEpCHOHHOTrO MeTOJa yueTa pedpaKIlHH

IMpencrasisier HHTEpec cMelleHHe dp LEHTPAJbHOIO MaKCHMyMa
IUGpaKIHOHHOH KapTHHBI, IJsi KoToporo N =0, uTo mo3BoJiseT 3a-
nHCaThb

2d:dy Rep = (514 82) (ne — ny)
S2
OTKyZAa
gy = = Gits)(ra—m) (84)

2d1ﬂ.cp

IMycts pByximieneBas Mapka QQ’ (cM. puc. 40) ocBemiaercs
JIBYMs CBETOBBIMH NYYKaMH C IJIHHAMH BOJIH Ay H Ap. B aToM cay-
Yyae B IJIOCKOCTH PErHCTpamuu HHTepdepeHI'HOHHOH KapTHHH ¢op-
MHpPYIOTCS [Ba IEHTPaJbHBIX MaKCHMyMa, COBNAaJaiollWe NPH pac-
NPOCTPaHEHHH B ONHOPOJHOH cpelle H He COBMAaZalollHe Ha BEJIH-
YHHY § B TOM cJiyyae, KOrjia HMeeTcsl rpafHeHT MOKa3aTess Ipe-
gomaenus. Hcnosnb3ysi BbipaxeHue (84) u npuHsiB e=0, Gyaem
HMeTb

s (51 +52) (nga, — 1) (h—Fy) :

dzll = 2d1ﬂcp (85)
i S2(sts) (m, —1) (— Fo)
Y2 odincy ’

THe Ny, — NOKa3aTeJb NMPEJOMJIEHHs NMPH CTAHAAPTHBIX YCJOBHSAX;
fi, fe— uucaoBble KO3 (HIHEHTH, XapaKTepH3YIOIlHe H3MeHeHHe
MoKa3aTesis IpeJIOMJIEHHs] Ha Tpacce B 3aBHCHMOCTH OT H3MeHeHHs
napaMeTpoB OKpykaiomle#l cpenbl. M3 cucrembl ypasHenuii (85)
MOXHO OINpPENEJHTb BEJIHUHHY §:

S2 (SI + s9)
2d1ncp

8 =dpyg—dan; = (norg — nony) (fr—F2),
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OTKYyZa
82din
hh—F = <P

. (86)
82 (51~ 82) (Mohg — Nony)

TMoacrasasisi (86) B Bhipaxenue ansi dgs, (85), mosyuum
dany = 6 (tor; — 1)/(Morg — nody)- (87)

TakuM o6pa3om, Mbl NOJYYHJIH BbIpakeHHe IJIl CMELIEHHs IeH-
TPaNbHOrO MaKCHMyMa dgp 3HaueHHe KOTOPOro MOXKHO BBIYHCIHTDH

MO NPaKTHYECKHM H3MepeHusM uHTepBata §. Bemuuuna dy,, npu

9TOM HHTEpPHpeTHpYyeTcsi KaK NONmpaBKa B pe3yJbTaThl CTBOPHBIX
H3MepeHHH.
3anumem (87) B BuAe dy = K8 u paccMOTpUM TOYHOCTbL Me-

tTona. M3 nmocsieHero BblpaXkeHUS] HMeEM:
mq 2
my _ ,\/(ﬂ_)z_l_(_”i , )
d211 K 6
rae K= (np,—1)/(nop,—na,)-

TouHocTh BBIUMCIEHHS Ko3dduuueHra K omnpenensieTcss TOU-
HOCTbIO TOJIyY€HHsl AuCIepCHOHHOH ¢opMyasl aas n (A). AHaaus
dopMyabl (88) mnokaspiBaer, YTO ONpefiensiiolllee BJIHSTHHE Ha TOY-
HOCTb BBIYHCJIEHHMS IIONPAaBKH B CTBOPHBIE H3MepEeHHs], TPOBOJHUMbBIE
IU(ppaKUHOHHBIM METOJOM, OKa3bIBaeT OIUHGKA My H3MEpEHHs IHC-
NepCHOHHOH pa3Hoctu 6. 3HaueHUS KodpduuuenroB K; u K, 3aBu-
CAT OT BbIGOpa AJIMH BOJH A; H Ao. YUHMTBHIBasi, YTO 3HAUeHHE Mg
Xxapakrepusyercsi ¢GopMysol ng—1=A+ B2/A?+ C?[\:, BeJHYHHBI
K; u K, MOXHO paccyutath MO CJELYIOLIUM dopMmyaam:

(4B O)M
B (MM —ah2) +Cc(M—2))

(473 4 BAS 4 C) M}
B (15— WD) +C (M—A]) |
A =2876,4.10-7; B = 16,288-10—-7; C = 0,136.10—"7.

Ky =

Hanpumep, npu HMcno/b30BaHHH B KayecTBe HCTOYHHKOB H3Jy-
yeHHs resuii-KaJMHeBOro Jasepa ¢ JJIHHOH BOJHH 0,4416 MKM cOB-
MECTHO C reJIMH-HEOHOBbIM Ha AJjHHe BoJHb 0,6328 Mkm K;=65
u Ko=64. Ownb6ka u3MepeHHs: JUCIEPCHOHHOH pa3HOCTH & coOBpe-
MEHHBIMH (D)OTO3/IEKTPHYECKHMH DPErHCTPHPYIOIUHUMH YCTpOHCTBaMH
MOXeT COCTaBJATh COThie N0oMH MHanuMerpa. CienoBaTesbHO, yyer
BJIMSIHHSI HEOJHOPOJHOCTH aTMOC(epsl Ha Pe3yJbTaThl CTBOPHBIX H3-
MepeHHH, MpPOBOAMMBIX JH(PPAKUHOHHBIM Ccnoco6oM, BO3MOXKEH
TOJBKO INPH 3HAYHUTENbHBIX TODH30HTAJbHBIX TIpajHEHTax, T. €.
B TOM CJyyae, KOrla BeJHYHHA MONPABKH 3HAYHTEJbHO GoJblle
OWHOKH BBIYHCJIEHHS MONPaBKH.



I'naBa 5.

FEOJAE3NYECKHE METOADbI KOHTPOJIS
NPSIMOJIMUHENHOCTU H COOCHOCTH
C NPUMEHEHHEM JIA3EPOB

§ 24. AHaJIH3 OCHOBHBIX XapPaKTEPHCTHK Ja3€PHOro H3JyyeHHs
H CTPYKTYpbl €ro rnoJs

JlazepHble NpUGOPH H METOABI H3MEPEHHIH B COCTOSIHUH 3HAYH-
TeJbHO YNPOCTHTb NpOLECC reoje3Hyeckoro ob6ecrnedyeHHsi MOHTaX-
HbIX M INyCKOHAJaJOYHbIX PaboT B COBPEMEHHOM CTPOMTEJbCTBE.
OHH MO3BOJISIIOT NMOBLICHTb B HECKOJbKO pa3 TOYHOCTb HHXKEHEpPHO-
reolle3ayyeCKuX H3MepeHHH, obecrneyuTb aBTOMATH3alLHI0O H3MEpH-
TeJbHbIX MPOLIECCOB, CO3[aTb CTAallHOHADHBIE CJeAsllHe reoJe3H-
YecKHe CHCTEMBbl C JHUCTAHIHOHHBIM CbHEMOM HH(OpMaIHH.

JlasepHble Jydn no cBOeH NpPHpOJde OTHOCATCS K CBETOBBIM, HO
HMEIOT psii 0COOEHHOCTEH H MO3BOJSIOT HE TOJNbKO YCOBEPLIEHCTBO-
BaTb TPaAMIIMOHHbIE METOAbl H CpEACTBA reoJe3HYecKHX H3Mepe-
HUH, HO W CO3JaTb NPHHIMIHAJbHO HOBble NMPHOOPHI M YCTPOHCTBA
IJIsT WHXKEHepPHO-reoJle3nuecKux pabor B ocobeHHocTH. HoBhie Ja-
3epHble NPHOOPHI MOMOJHSIIOT KOMIJIEKC ONTHKO-MEXaHHYeCKOH H
ONTHKO-3JIEKTPOHHOH reo/le3M4ecKol anmapaTypbl, LUIHPOKO HCIOJb-
3yeMOoH B Hacrosiliee BpeMs.

Jlazeppl cOCTOAT M3 TpeX OCHOBHBIX 3JIeMEHTOB: aKTHBHOrO
BELUECTBA, SIBJSIOIIErOCsT HCTOYHMKOM HHAYLHPOBAaHHOrO H3jyye-
HHsl; HCTOYHHMKA HaKauyKH, KOTOpPBIH CHabXaeT 3Heprued akTHBHOE
BELLECTBO; ONTHYECKOro pe3oHaTopa. B reoae3nueckux ILessix NpH-
MEHSIIOT, KaK NPaBHJIO, ra3oBble Jia3epbl HeNpepbiBHOrO JAeHCTBHS.
Bo muorux u3 Hux (JII'-56, JIT'-78, OKI-13 u np.) reHepaluio
NOJy4aloT B JIBYXKOMIOHEHTHOH cpele Ha cMecu He — Ne ¢ mau-
HOH BOJIHbI H3ayueHus A=0,6328 mMkm u MowuHocTtbi0 ot 0,5 nmO
HECKOJIbKHX JeCAATKOB MHJIJIUBATT.

PaccMaTtpuBasi Ja3epsl KaK HCTOYHMKH H3JIyYeHHSI BHAHMOro
oHanazoHa NpH pa3paboTKe HHKeHEePHO-reoJe3WYyeCKHX NpHOOpOB,
uenecoo6pa3Ho NpPOAHAJU3HPOBATb HX BO3MOXKHOCTH M OCOGeH-
HocTH. CBolicTBa J1a3epOB OLEHMBAIOT NPH NMOMOLIH HX OCHOBHBIX
XapaKTEepPUCTHK:

MOTOKA M3JIyYEHHs] HJIM 3HEPrHH H3Jy4yeHHsl (SKBHBAJIEHTHO Me-
XaHHYECKOH MOILIHOCTH);

HanpaBJIeHHOCTH H3JY4Y€HHsI WJIH yrja pacXoXAeHus Jyua;

JUIHHBl BOJIHBI A M IUHPHHBI MOJOCHl AA H3JyyYyeHHS,;

KOrepeHTHOCTH H3JyYeHHSs.

MOIHOCT HM3JTy4YeHHs] XapaKTepH3yeT BEJHYHHY MOTOKa H3JY-
YeHHsl, HCNTyCKaeMOro reHepaTopoM. MOILHOCTb J1a3epOB HempephiB-
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HOro HM3JiyueHusi (rasoBBIX H MOJYNPOBOJHHKOBBIX) JIE€XKHT B Ipe-
JeJlax HeCKOJbKHX MHMJIJIMBATT.

Bricokasi HanpaBJeHHOCTb H3JYYeHHs] SIBJSETCS CJEeICTBHEM
TOrO, YTO H3 Pe30HATOpa BBIXOAAT JHILL BOJIHBEI, KOTOpHle NPH MHO-
rOKPAaTHOM OTpPaXKEeHHH OT 3epKaJj He OTKJIOHHJIHCh CKOJbKO-HHOYIb
3HAUUTEJBHO OT OCH pe3oHaTopa. MaeanbHo mapaJiienbHBIH My4YoK
CcBETa INOJYYHTb HEBO3MOXKHO M3-3a siBJIeHMs AHU(paKIHH cBeTa Ha
BBIXOJHOM OTBEPCTHH. MHHHUMAJBHBIH YroJ OTKJIOHEHHS Jy4a OT
ocH, obycJoBjieHHbIN Audpakuuei, onpenensiercs no ¢opmysae Pe-
nesi (puc. 41, a)

Ymin = 1,22 (A/D), (89)

rae D — anaMerp H3jyuyaromel noBepxXHOCTH.

Kak u3BecTHO H3 ONTHKH, BEJHYHHA Pmin €CTb YroJi, MOA KOTO-
pPBIM BHJEeH pagHyC LEHTPaJbHOrO CBETOBOr0 Kpyra AH(paKLHOH-
HOH KapTHHBI NMPH HAaGJIOJEHHH M3 LEHTPA HMCTOYHHKA cBeTa. DTOT
Kpyr HasbiBaeTcsi AUCKOM Diipu. {ubpaKUHOHHBIA TeJecHBIH yroJ
pPacXoAMMOCTH COOTBETCTBYeT AHaMeTPy AHMCKa Jiipw, T. e.

Proin = 2,44 (MD). (90)

@®aKTHYECKH e YroJ pacXoJHMOCTH Ja3e€pHOro Jiyya 3aBHCHT
OT THNa pe3oHaTopa, H B OOLIEM cJydyae MOBEPXHOCTb, OrpaHHYH-
Baiolllasi CBETOBOH NMYYOK, BOJIH3H pe30HATOpa He fABJSETCSI KOHHYe-
ckoil. JlasepHbIi MyyoK HMeeT B ONpelesleHHOM MeCTe HauMeHbllee
ceyeHue — nepeTskKy (puc. 41, 6). Ilpu ucnonb3oBaHHH pe3oHa-
TOpa C OJMHAKOBBLIMH 3€pKajJlaMH MepeTs)KKa COBNajaer C IleH-
TpaJIbHBIM CceyeHHeM pe3oHaTopa. EciM OIHO H3 3epKaJj MJIOCKOE,
TO NepeTsi)KKa COBNMajaeT c HUM. B obuieM ciyyae mepeTsikka cMe-
IleHa OT LIEHTPAaJbHOrO CeYeHUs] B HANpaBJEHHH 3epKaJjia MeHbIleH
KPUBH3HBI.

[TonoBHHHBIH yroJ pacXoAMMOCTH Jia3epHOro Jyya (yroa OT-
KJIOHEHHsI B OJIHY CTOPOHY OT OCH) MOXKeT OBITh BBHIYMCJIEH No ¢op-
myae [24]

Yo 2B )

2 VER, rk

rie k=2m/\A — BOJHOBOE 4YMCJIO; r— pafUyC amnepTypHOH aMad-
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Puc. 41. CTpyKTypa J1a3epHOTO H3JyYeHHs:

d — NPHHOHN CbOpMHpOBaHHﬂ J1a3epHOro H3JIydeHHs B ONTHYECKOM pe3oHaTope; 6 — cxema
NPOXOXAEHHA JIa3€epHOro H3JIyYyeHHs 4yepe3 JHH3Y
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parmMbl pe3oHaTopa; Ry — KOH(OKa/bHBIH mapaMerp (paAuyc KpH-
BH3HBI 3€pKaJ 3KBHBAJEHTHOro KOH(OKaJbHOro pe3oHaTopa, HMelo-
IIEr0 TaKHe K€ MPOCTPAHCTBEHHble XapaKTePHCTHKH); P — MHOXH-
TeJb, YUHTHIBAIOIIMH HHIAEKC MOABl (LJsi OCHOBHOH MoOAB pu=1).

[TepBoiit uneH 3Toft GopMysH ompenensieT Yrojg pacxOXHMOCTH,
00ycJIOBJIeHHBIl KOH(pHUrypauuedl pesoHaTopa, a BTOPOH 4je€H €CTb
peneeBcKasi AuppakuHOHHas nompaBska, T. e. 3,83/(rk)=1,22)\/d.
[Ipn manbix 3HaueHussx Ry (pe3oHaTop JaJjieK OT IJIOCKOmapaJ-
JIeJIbHOr0) TNepBbIH ujieH HaMHOro 6oJiblile BTOpPOro, H NMO3TOMY pe-
JIeeBCKYI0 AM(PAKUHOHHYIO NONPABKY MOXHO HE YYHTHIBATh.

PaccmarpuBasi pacxomumocth cBeroBoro nydka OKI, BaxHO
3HaTh XapaKTep pachpefiesieHHs1 NoJsi B ceyeHHH nyuyka. Ecam H3-
JyyeHHe HMeeT MHOIOMOJOBBLIfI XapaKTep, TO MNOHSITHE pacCXOMH-
MOCTH OKa3blBaeTcsi HECKOJbKO HeonpeAesneHHbIM. s OXHOMOJIO-
BOrO H3Jy4YEeHHsl, AJIsi KOTOPOrO HHTEHCHBHOCTb H3JyueHHS HMeeT
MaKCHMaJibHOe 3HaueHHe B IEHTPe CBETOBOIO NATHA H NJAaBHO MNa-
JNaeT K KpasiM, pacXOZHMOCTb MPHHSTO ONpejAessiTb Ha ypOBHE IO-
JIOBHHHOH MOLIHOCTH (Kak B J[HarpaMmax HanpaBJI€eHHOCTH pa-
nuoaHTeHH). [Ipy MHOrOMOZOBOM H3JIy4eHHH PacXOAHMOCTb MOXKHO
ONpeNeNUTh N0 SPKO OYEePUEHHOH rpaHHLle CeYeHHs NyuyKa, KOrxa
B030yXK/JaeTcss MHOrO MOJ pPa3HBIX NOPSIAKOB M BCE CEYEHHE NyuKa
UMeeT NMPUMEPHO OJMHAKOBYIO SIPKOCTb. B BhImyCcKaeMbIX B HacCTOf-
iiee BpeMsi NMPOMBIIIEHHBIX 06paslax Jia3epoB PacXOLMMOCTb H3-
Jy4yeHHs,, BBIXOJSIIEr0 HENMOCPeACTBEHHO H3 pe3oHaTopa 6e3 Hc-
NOJIb30BAHUSI KaKOH-JIH60 ONTHYECKOH CHCTEMBbl, COCTaBJIsIET 5—
15’. OgHaKo pacxoAMMOCTb NMy4YyKa MOXKHO 3HAYHTEJbHO YMEHBLIHTb
(MM yBeJIMYUTH) NpPHMEHEHHEM JHONOJHHTEJIbHOH ONTHYECKOH CH-
CTEMBI.

BbicoKasi MOHOXPOMAaTHYHOCTb H3JIy4yeHHs J1a3epoB 0OycJoBJIeHa
PE30HAHCHBIM XapaKTepoM HHAYLHPOBAHHOTO H3JYyYeHHS.

CrnexkTpa/jibHyl0 WIHDHHY JHHHH H3JIydeHHS BBIpaXKawT JH60
B a0COJIIOTHBIX €JMHHLAX — eHHHIAX 4YacTOTh Av HJIH eJuHHIaXx
JJIMHBI BOJHBI AA,— JIHOO B OTHOCHTEJbHBIX €XHHHLUAX Av/v=AM/A.
OTHOCHTEJIbHYI0O BEJHYHHY HA3bIBAIOT CTENEHbI0 MOHOXPOMAaTHYHO-
cTH. ¥ cepHilHbIX ra3oBblx jasepoB (JI[-56, OKI-13, JII'-78 u np.)
CIEKTpP M3JIyyeHUs] COCTOMT H3 HECKOJbKHX JIMHHH (MOA), COOTBET-
CTBYIOIIHX OTHEJbHBIM COOCTBEHHBHIM KOJIeGaHHSIM pe30HaTopa H
pasHeceHHBIX oAHa oT Apyro#i Ha (3—5).108 'y npu cmekTpasn-
HoOl lIHpHHe KaxkJo# Moaw mopsaka 103 I'n.

OGBIYHO JIHHMSI HW3JIyYeHHs Jia3epoB, NpelcTaBisiioumas coboii
rpynny pe3oHaHCHBIX MOJ, XapaKTepH3yeTcsi AOMJEPOBCKOH LIMPH-
HO¥, KoTopasi mo ypoBHI0 0,5 onpenmensiercsa BbipaxkeHueM [9]

2kTI2
Avp =2v “me: 92)

rne k— nocrosinHast Bosbumana; T — abcosloTHas TemmepaTypa:
M — macca atoma; C — CKOpOCTb CBeTa.
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HonnepoBckast mupuHa JuHuH 0,6328 MKM, H3JyyaeMoil reJii-
HEOHOBHIM Jia3epoM, coctasisier 1700 MI'y mo yposHio 0,5. OTHo-
CHTeJbHasi IIHPHHA MOJOCH ORZHOMOJOBBHIX Ja3epOB HMeeT Nops-
Hok 10-11—10-!2, B To BpeMs KakK CHeKTpa/ibHasi WIHPHHA TOJIOCHI
CTaHJapTHOr0O MOHOXPOMAaTHYECKOro HCTOYHHKAa CBeTa— JaMIIbl
C napamu pTyTH — cocrapaser 10-5.

H3nyueHne sa3epoB OT/IHYAETCH OT H3JNYyYeHHs OOBIYHBIX HC-
TOYHHKOB BBICOKOH KOrepEeHTHOCTbIO B NPOCTPAHCTBE H BO BPEMEHH,
CIe[CTBHEM Yero siBJsieTCS BbICOKAsi HampaBJeHHOCTb H GOJbllasi
CreKTpajbHasi NJOTHOCTb MOLIHOCTH H3inydeHHs. Ilog TepMHHOM
«IPOCTPAaHCTBEHHAsi KOre€peHTHOCTb» MOHHMAaeTcss Koppeasuus ¢as
MOHOXPOMAaTHUYECKOrO H3Jy4yeHHsi pPa3/jHYHBIX TOUeK MCTOYHHKaA. Jla-
3epHasi 3J1eKTPOMAarHMTHasi BOJHA HMeeT IOYTH NJOCKHH (poHT,
T. €. asnl Pa3JHYHBIX TOYEK (poHTa OIMHAKOBBHI.

[Ton BpeMeHHOIH KOrepeHTHOCTbIO NMOHHMAIOT KOppeJsuuio ¢as
KoJsieGaHUH B JaHHOH TOYKe NMPOCTPaHCTBa B JoOble JBa INOCJENO-
BaTeJIbHBIX MOMeHTa BpeMeHH. HMHTepBanm Af=1/Av, rape Av — mu-
pHHA CHEeKTpa H3JyueHHsl, NIPUHATO HA3BIBATbH BpPEMEHEM KOrepeHT-
HOCTH. BpeMeHHY10 KOrepeHTHOCTb JBYX NMPOCTPAHCTBEHHO KOT'€PEHT-
HBIX BOJIH (HanmpuMep, BOJIH, HCNYIIEHHBIX H3 OJHOH TOYKH H
HanpaBJEHHBIX MO PasHbIM MYTSIM) MOXHO TaKXKe XapaKTepH30BaTh
pPa3HOCTBIO XOfa, IPH KOTOPOH 3TH ABE BOJHH, COeJHHEHHbIE BHOBbD,
naloT HHTepdepeHUHOHHYI0 KapTHHY. PasHocth xoma CAf, Hasbl-
BaeMasi JJIMHOH KOrepeHTHOCTH Jia3epHOro H3JydyeHHsi, OGYyCJOB-
JleHa HCKJIIOYHMTEJNbHO MaJIOH IIHPHHOH cNmeKTpa H3JydyeHHs, T. €.
MOHOXPOMAaTH4YHOCTbIO. ITocKOJIBKY Av O4eHb MaJso, COOTBETCTBEHHO
BEJUKO BpeMsi KOrepeHTHOCTH. TeopeTHYecKH B 3TOM cCJyyae HH-
Tep(pepeHIIHOHHYI0 KapTHHY MOXHO HaGJIoJaTh NPH Pa3HOCTH XOAa
uHTepdepUpyIOIIUX Jydyell B COTHH KHJIOMeTpoB (OJHAaKO H3-3a
BJIMSHHSL aTMoc(epbl pasHOCTb XOJa INPHXOAHMTCS OrpaHHYHBATH
BEJHYHHAMHU MOPSIKA COTEH METPOB).

OGbIYHO TNOHATHE KOrEPEeHTHOCTH YyNOTpebJsIoT, roBops 006
OJTHOM KoJieGaHWHM WJIM OAHO# BosHe. Hampumep, Genbiii cBeT siBSi-
e€TCSl HEKOT€PeHTHbIM, a Ja3ep H3JyyaeT KOrepeHTHBIH CBeT.
OnxHako npu 3TOM HMeeTcsl B BHAY, YTO Jla3epHOe H3JyueHHe 06.a-
JlaeT HeW3MepHMO GoJjibllell BpeMeHHOH M NPOCTPAHCTBEHHOH Kore-
PEHTHOCTbIO MO cpaBHeHHIO ¢ GeabiM cBeToM. Iloatomy, cTporo ro-
BOpsi, Jla3epHOe H3JyyeHHe MOXHO XapaKTepH30BaTb KaK KBasH-
KOrepeHTHOe.

TIpocTpaHcTBeHHasi KOrepeHTHOCTb H3JyYeHHsI ra3OBBIX J1a3epoB
¥MeeT BaXKHOe 3HayeHHe NPH pa3paboOTKe BBHICOKOTOYHBIX reofesH-
YeCKHX METOJOB KOHTPOJISI NPSIMOJMHEHHOCTH, B YaCTHOCTH Jiasep-
HBIX CTBOPO(PHKCATOPOB.

IIpumeHeHHe nazepoB BMeCTO OGBIYHBIX HCTOYHHKOB CBeTa I03-
BOJISIET YBEJHYHTb TOYHOCTb HHTep(epeHIHOHHBIX U JU(PaKLHOH-
HbIX MeTOJoB. KorepeHTHOCTb H3JIy4yeHHs] ONTHYECKOrO KBaHTOBOTO
reHepaTopa B NPOCTPAHCTBE JIErKO MOXeT ObITb NpPOAEMOHCTpPHPO-
BaHa Ha KjaccHueckoM onbite IOHra nmo HHTep(epeHUHH CBETOBBIX
BOJIH OT ABYX LueJeii. FI3BecTHO, YTO ec/lH CBeTOBbI€ BOJHBI OT OA-
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HOIl 1leaH MafalT B TOYKY 3KpaHa B ONHOH ¢ase CO CBETOBBIMH
BOJIHAMH OT ADPYroii LieJH, TO 3TH ABE TPYNNbl BOJH YCHJIHBAIOTCS,
o6pasys spkoe nsaTHO. B cocemHell Touke, 10 KOTOpPOH OT ORHOMH
ilesid CBET NPOXOJAHT NYyTh, HA NMOJIOBHHY IJIMHBI BOJIHBI OOJIbLIHIA,
yeM OT Jpyro#, BOJHBI B3aHMHO YHHUTOXKAIOTCS MU B 3TOH TOYKE Ha-
6.10MaeTcsl TeMHoe NATHO. B pesysabTate Ha 3KpaHe MNOSIBJSETCS
KapTHHA M3 YepeAYIOLIUXCS CBETJBIX U TEMHBIX NOJOC, KOJel HJH
nsiteH. OGbIYHO NpPU NPOBEJEHUH TAKOTO OMBITA «TOYEYHBIH» HCTOY-
HUK CBeTa MOMellaeTcss Ha HEKOTOPOM pAacCTOSIHHH OT LieseH Tak,
yTO6Bl HamnpasJjieHHe BOJHOBOro (poHTa OBLJIO INepNeHIUKYJISPHO
K IJIOCKOCTH, B KOTOPOH PacrnoJIOXKeHH! 1ieau. Ec/lH HCTOYHUK CJIHII-
KOM BEJIHK HJIH HaXOAMUTCS CIHILKOM GJH3KO OT uieseH, uHTepde-
peHILMOHHAsl KapTHHa He Bo3HHKaer. CuenoBatenbHo, onbiT IOHra
CJIYXKHT Xopouled mpoBepKoil nepneHAUKYJspHOCTH BOJTHOBBIX ()pPOH-
TOB K HampaBjeHHI0O MX pacnpoCTpaHEHHS M KOrepeHTHOCTH BOJIH.

Ecnu aHanoOrHyHeBIH ONMBIT MPOBOJAMTCS C NMpPHMEHEHHEM Jiasepa,
TO LIEJH MOXKHO pa3MellaTh NPSIMO Ha MOBEPXHOCTH, H3 KOTOPOH
BBIXOAMT NMy4YOK, B pe3yJibTaTe MOJydyaeTcsl sicHasi HHTepdepeHLHOH-
Hasi KapTHHA, ee MapaMeTphbl XOPOLIO COIVIACYIOTCSI C TE€OpHEH, eCsH
u3JyyeHHe B IJOCKOCTH LeJEBOr0 3KpaHa KorepeHTHo. $IBieHue
uHTephepeHUUH H3Jy4YeHHsT OT ABYX ILUeJell JierJo B OCHOBY Me-
TOJa CTBODHBIX H3MepeHHH, B KOTOpDOM pedepeHTHasi npsiMasi pea-
JIH3YeTCsi B KaXKIOH TOYKE NMPOCTPAHCTBA OCbI0 CHMMETPHH HHTED-
(hepeHLIHOHHON KapTHHHL.

OcoGeHHOCTH H3Jy4YeHHs J1a3epoB, CBsi3aHHble C HX KOrepeHT-
HOCTBIO, NMPOSIBJISIIOTCS TaKxKe NpU (GOKyCHPOBAaHHH CBETOBOTO MyyKa
onTHyeckol JHH30H (puc. 41, 6) uau 3epkasoM. B o6GrluHON mpak-
THKE MBI NPUBHIKJIH K TOMY, YTO, NIOMECTHB OGBEKT mnepen COOH-
pamllell JHH30H, a 3KpaH 3a JUH30MH, Bceria MOXKHO BbIOpaTh pac-
CTOSIHMSI TaK, YTO Ha 3KpaHe MoJydyuTcsi Jub0o H3oOpakeHue 0Ob-
eKTa, Ju60 OoJjiee HJIH MeHee paBHOMEpPHO OCBellleHHOe MSATHO,
B KOTOpPOM jeTaju oObeKTa HHKaK He oTpaxaiorcs. HsayueHue
Jasepa «pacoKyCcHpPOBaTb» C NMOMOULIbIO ONTHYECKOH JIHH3bI HeBO3-
MoxHO. PacnpeneneHuss nojst B J1060# NJIOCKOCTH 32 JIHH30H GyAyT
nono6GHel Apyr apyry. Macuira6 atoro pacnpepneseHusi, onpenese-
HbIH U3 ONbITa, U3MEHSIETCS MO runepb0oJHYECKOMY 3aKOHY, MpHYEM
nmapaMeTpbl rumnep60oJbl H MOJNIOXKEHHE €ee aCHMITOT 3aBHCAT OT
CBOMCTB pe30HAaTOpa, MOJOXKeHUsI U (OKYCHOTO PacCTOSIHHS JIMH3bI.

BaxHo#i 0COOGEHHOCTBbIO SIBJSIETCSI TaKXe TO, 4YTO H3Jy4yeHHe
Jlazepa SIBJISIETCS MJIOCKOMOJSIPH30BAaHHBIM.

Tak Kak JJMHA CBETOBOH BOJIHBI A MHOr0 MeHblLIe IJIHHBI pe-
30HaTopa [, TO B NpeneJbl CHEKTPaJbHOH JHHMH pabouero Belle-
CTBa IIONajaeT, Kak MNpaBuJo, 6GOJbIIOEe YHCJAO COOGCTBEHHBIX Ya-
CTOT HEBO3MYLIEHHOro pe3oHaTopa. Pe3oHaHCHBIe 4acTOTbl OMNTH-
4eCKOro pe3oHaTopa ONpenessiloTCSl U3 YCJOBHS, YTO Ha €ro AJHHe
JIOJIXKHO YJIOXKHUTbCS 1eJ10e YHCJIO MOJYBOJH ONpeleseHHbIX KoJe-
6aHuii. IlockonbKy YacTOTHble HHTEpBaJbl MaJjbl MO CpPaBHEHHIO
¢ JONNJEPOBCKOIl IMHPHHOH JHHUH M BOCIIPHHMYHBOCTb aKTHBHOTO
BelllecTBa Ha COCEAHHX YaCTOTax pe30HaTopa NPHMEpPHO OJHHA-
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KOBa, H3JlyueHHe MOXeT B030yXXAaTbCsl Ha HECKOJbKHX 4YacTOTax
(«Mox») omuHoBpeMeHnHo. COrjiacHO MNPHHSITOH TEPMHHOJIOTHH, ro-
BOPsI O «MOJAax», HMEIOT B BHAY 4YacCTOTHl IHCKPETHOTO CIeKTpa,
Ha KOTOPBHIX NMPOHUCXOASIT FeHepalHsi H COOTBETCTBYIOIlHE HM pac-
NpefiesieHusl MOAsi B pe3oHaTtope. YmoTpeGieHHe 3TOr0 TepMHHa
B pacnpejejeHHHX CHCTEMax JHHEHHOro THMNA, KaKkoil mo cylle-
CTBY fIBJISIETCSl Jla3ep, O3HauaeT, YTO HMeeTcs B BHAY KoJebaHHe
¢ yacToToH, GJH3KOH K OJHOH H3 4acToT pe3oHaropa. TOyHO TakK
JKe TOBOPST O «MOJie», YKa3biBass Ha CXOJACTBO NONEPeYHOH CTPYK-
TYpPH NYYKa €O CTPYKTYpPOH COOTBETCTBYIOIlEH MOJbl pe30HaTopa.

BrigeseHne TOH HJIH HHOH CTPYKTYPHl CBETOBOTO MSTHA OCYy-
LIECTBJSIETCSI MyTeM H3MEHeHHs yIJOB MeXJIy 3epKajaMH pe30OHa-
TOpa, YTO MPHBOJAHT K OTHOCHTEJBHOMY MepepacnpefeseHHI0 HHTEH-
CHBHOCTH MOTOKa H3JIy4yeHHS MEeXAy OTAeJbHBIMH THHaMu KoJeba-
Hufi. YnpaBisOIIUM 3JeMEHTOM SIBJASIETCS TaKXe MOILHOCTb
HaKayKH. YCTOHUYHMBBHIA OJHOMOJOBBHIA DEXHM XapaKTepeH MJs He-
60oJbIINX ypOBHeH HAaKauKH, JHIIb HEHAMHOrO0 MPEeBOCXOASILIHX IO-
poroBuiii. Kpome Toro, ynpasjieHHe CTPYKTYpOH mydka MOXKeT NpoO-
H3BOJHTHCS MPH NMOMOILH JHadparMsl.

Haub6onee npHroiHbiM pacnpeneseHHeM HHTEHCHBHOCTH NpPH HC-
NOJIb30BAaHHH J1a3ePOB B reofle3HYeCKHX H3MepeHHSX (B 4aCTHOCTH,
B CTBOPHBIX paGoTax) sBJsSETCS OJHOMOIOBOE.

KoHCTpyKUMST H KayecTBO CepHHHO BEIMYCKaeMBIX JIa3epOB He-
npepuBHO yayuumaiorcs. Ecnu BHauase CpoK HMX cayKObl COCTaB-
asn He Gosee 200 u, TO cerogHsi OHH MoryT cayxHuTb 5000 u u
6oaee.

PaccMoTpeHHble KaueCcTBEHHble NMPEHMYIECTBA H3JyYyeHHs Ja3e-
POB ompelessioT 1enecoo6pa3HocTh X 3G (PEKTHBHOrO HCHOJb30Ba-
HHUSl 1711 CO3[JaHHUS HOBHIX METOJOB H CPENCTB HHXKEHEePHO-reoJe3H-
YeCKHX H3MepeHHH, B UaCTHOCTH CPEeACTB KOHTDOJIS Ja3epHOro H3-
JyuyeHHsl, CO3LAI0T MNpPEeANOCHIJIKH [Js1 IIHPOKOTO HCNOJb30BAHHSA
KOT€PEHTHOH ONTHKH A/ (HOPMHPOBaHHSI H300paKeHHS KOrepeHT-
HOrO KBa3HTOYEYHOrO0 HCTOYHHKA C 3aJaHHBIMH MapaMeTpaMH.

§ 25. OcHOBHBIE MPHHUHMMBI IPHMEHEHHsI JIa3epoB
IJISl Te0Je3HYeCKOT0 KOHTPOJSI NMPAMOJHHEHHOCTH M COOCHOCTH

MeToasl M cpeacTBa KOHTPOJISL MPSIMOJIMHEHHOCTH M COOCHOCTH
06OpPYANOBAHHS TEXHOJNOTHYECKHX JHIHHH TAKUX HHXKEHEPHBIX KOM-
IJIEKCOB, KaK HayyHO-3KCmepHMeHTasbHass 6aza CepmnyXxoBCKOro yc-
KOpHTeJIsl, HMNYJbCHBI peakTop Ha ObicTphix HeliTponax (MUBP-2),
COBPEMEHHbIe CJIOXKHble KOHBeHepHble JIMHHH, NPEelH3HOHHbIE Ha-
NpaBJSIOUIHEe HCOBITATENbHBIX IOJHIOHOB, NOJKHH 006eCneuyHBaTh
BO3MOXHOCTb aBTOMAaTH3aUHH mnpouecca H3MepeHuii. Crnenuduka
IKCMJIyaTalluH Psiia TEXHOJOTHYECKHX JIHHHHA 3a4acTyi0 BHI3BIBaeT
HEOOXOAHMOCTh IHCTAHIHOHHOIO CbeMa reone3nHueckoi HHpopMa-
uuu. ['eomesnueckue paGoTh He HOJKHBE BHI3BHIBATh AJIHTEJIbHBEIE OC-
TQHOBKH 3KCIEDUMEHTAJbHHX (H3UYECKHX YCTAHOBOK HJIH CJIOXK-
HBIX MPOMBIIIJIEHHBIX arperaTos.
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Kak yxe ykasbiBajoch, JONYCK Ha HECTBOPHOCTb NPOMEXKYTOY-
HEIX Touek pecdepeHTHOH npsiMoii Moxer cocraBasaTte 0,057 Io-
CTHXXEHHe TaKOH TOYHOCTH ONTHYECKHMH METOAaMH BH3HDOBaHHS
CONPSI2KEHO C HEOOXOAMMOCTbIO NMPHMEHEHHS CJOXKHBEIX H JOBOJBHO
rPOMO3JKHX NpPOrpaMM, 3aTPyAHSIOUIMX aBTOMATH3aLHIO mpolecca
M3MEpeHHH, XOTsl H 06ecneyHBaIOUIHX BHICOKYIO TOYHOCTD.

CTpyHHbIE METOJBl CTBOPHBIX H3MeDEeHHH MO3BOJISIOT aBTOMAaTH-
3MpPOBaThb KOHTPOJIb NPSIMOJHHEHHOCTH H COOCHOCTH, 0GeclneuyHBaioT
BHICOKYIO TOYHOCTb, HO INpPH NPHMEHEHHH Ha GOJIbIIHX TEXHOJO-
THYECKHX JIHHHSX AJIHHOH B HECKOJIbKO COTEH H THICSY METPOB CTa-
HOBSITCSI TPOMO3JKHMH, AOPOrOCTOSIIIMMH, HEHaJdeXHEIMH.

[IInpokue BO3MOXKHOCTH IJISl NOCTHXKEHHS IOCTABJIEHHBIX LieJel
OTKpHIBaeT HajJjexallee NMpHMEHEHHE H3JyYeHHs ra30BHIX J1a3epoOB
B coyeTaHHH C (OTO3JEeKTPHUECKUMH Npeobpa3oBarensmu (PIPY)
NOJIOXKEHHSI Jlyya B NMpPOCTPaHCTBe H (HOPMHPOBATENSIMH NydYKa CBe-
TOBBIX JyueH ¢ 3agaHHbIMH napamerpamu (®IIJI). KoMniekr an-
napaTtyphl AJsi KOHTPOJISI NPSIMOJIMHEHHOCTH H COOCHOCTH C HCHOJIb-
3oBaHueM JjazepoB, ®PIPY u OIIJI HocHT Ha3BaHHe <«Ja3epHHIH
CTBOPO(HKCATOP.

3agaua co3faHus Ja3epHBIX CTBOPO(UKCATOPOB MNpEXKAE BCEro
CBOAHTCH K CJIeNyIOLIEMY:

NOJIYYHTh C MOMOILBIO Jla3epa NYYOK CBeTa B BHAE NMPSIMOH JIH-
HHH B NpPOCTpPaHCTBe (FOPH3OHTAJbHOH, HAKJOHHOH MJIH BEPTHKAJIb-
HOH);

paspaborath MeTox (HKCALHH OCH CBETOBOI'O NMyuykKa B JIIOGOH
TOYKEe Ha NMyTH €ro pacnpocTpaHeHHS;

H3YYHTh BO3MOXKHBIE OTKJOHEHHS OCH NydYyKa OT HNpPSIMOJIHHEH-
HOrO HamnpaBJIeHHsl C LeJbl0 BBeJeHHS COOTBETCTBYIOUIMX NONPaBOK.

ITo npunHuuny nelcTBHs Ja3epHEle CTBOPO(HKCATOPH MOXKHO
pa3iesuTh Ha CJIeAYyIOLUIHe THIH:

JydyeBble, B KOTOPHIX B KauecTBe HCXOJHOH NpPSAMOH HCHOJb3Y-
eTcs OCb KOJNIMMHPOBAHHOIO JIa3epPHOIo JIyya;

JudpaKUHOHHBEIE, OCHOBAHHblE HAa NMPHHIMIHAJIBHOH CXeMe OMNBITa
IOHra ¢ ucnonb3oBaHneM AHPPAKUHOHHHIX peUIETOK — ABYX-, TpeX-
HJIH MHOTOLIEJIeBHIX CHEeKTPaJIbHBIX Mapok;

OCHOBaHHble Ha aKTHBHOM (pOpPMHpPOBaHHH HEOGXOAHUMOH CTPYK-
TYpHl CBETOBOrO MNSITHA HENOCPEJCTBEHHO B ONTHYECKOM pe30Ha-
TOpe J1a3epa;

HHTepGdepeHIHOHHEIe — HHTepdepoMeTpHl M ycTpolicTBa Ha 6ase
(OKYCHPOBaHHSI KOT€peHTHOTO MOHOXPOMAaTHYECKOTO H3JyYeHHs
SOHHBIMH NJIaCTHHaMH.

IIpuHUMNHANbHAS cXeMa JIy4eBHX CTBOPOGHKCATOPOB mpeamnoJia-
raeT B OCHOBHOM NpHMEHEHHe Jia3epoB, paboTalOIHX B OZHOMOKO-
BOM pexuMe reHepauuu (JII'-56, JII'-78, OKI-13 u xp.). Ilpu no-
MOILH KOJIJIHMHDOBaHHOIrO JIa3epHOro Jyda CO31aeTcsi OmpejeJeH-
HBIM 06pa3oM OpHEHTHpOBaHHas B MPOCTPaHCTBe 6a3oBasi mpsimas.

Hanpasnenne cBeToBOro myuka KOPPeKTHPYeTCSI PerHcTpupyio-
INHMH BH3yaJbHBIM HJH (OTO3JEKTPHYECKHM YCTpPOACTBaMH, ycTa-
HOBJIEHHBIMH Ha MpPOTHBOIOJIOXXHOM KOHIle 3ajaHHOH mpsmoil. Kak
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Jasep, TaK M perHCTPHpPYIOlllee YCTPOHCTBO He MOJKHBI MEHSITh
CBOEro MOJIOXEHHSI W OPHEHTHPOBKY OTHOCHTEJNBHO 3afaHHOH mps-
MO#H B mpoliecce Bcero BpeMeHH u3MepeHHH. OTHOCHTeNbHO 6a30Boil
npsIMOii, 3aflaHHOM OCBhIO J1a3epPHOTO Jiyya, MPOU3BOJUTCS H3MepeHHe
MOJIOXKEHHS TPOMEXYTOUHBIX KOHTPOJHPYEMBEIX TOUEK PEerHcTPUPYIO-
IUHM YCTPOHCTBOM, aHAJOTHYHBEIM YCTPOHCTBY HA NPOTHBOMNOJOXKHOH
OT Jla3epa TOYKe 3aJaHHOH MNpPSIMOIL.

B kauecTBe peruCTpHpPYIOIIHX BH3YaJbHHIX YCTPOHCTB NpHMe-
HSIIOT crelHaJbHEle MapKH C HaHeCeHHOH Ha dKpaHe CeTKOH HHTeH,
NOABHXKHble 3KPaH-MapKH C CeTKOH HHTeH, 3KpaHB ¢ (HOTO3MYJb-
CHOHHBIM CJIOoeM HJIH (OTO3JIEKTPHYECKHE PETHCTPHPYIOLIHE YCTPOii-
CTBa, CKOHCTPYHPOBaHHble MO OAHOH M3 ONHCAHHBLIX NPHHUHIHAJb-
HBIX cxeM. @DOTO3JIeKTpHUECKHE DPErHCTPHUpPYIOLIHEe YCTPOHCTBA
MOTYT CJYXHTb KaK /5 aBTOMaTHUECKOTO BBHIBEJEHHS NPOMeXY-
TOUHBIX TOYEK Ha 3aJaHHYIO NpsIMyIo ¢ o06llero myJjbTa ynpaBJjeHHS,
TaK H AJS JHCKPeTHOro cbeMa HHGOPMAIHH O MOJOXKEHHH KOH-
TpoJHpyeMbix ToueK. IIpu so6oM BapuaHTe HcnoJb3oBaHHs PIPY
Hapsily ¢ BO3MOXXHOCTbIO aBTOMAaTH3alHH INpollecca H3MepEeHHH H
obecreyeHHeM JHCTAHLHOHHOIO CbeMa reofe3uyeckod wuHpopMa-
IHH MO3BOJISIIOT 3HAYHTEJNbHO NMOBLICHTH TOYHOCTb H OOBEKTHBHOCTb
pe3yJbTaTOB H3MepPeHHH.

K HemoctraTkaM JyueBHIX Ja3epHBIX Treoje3HYeCKHX NPHOGOpPOB
cJelyeT OTHECTH HeoOXOAMMOCTb obecleyeHHsi BBICOKOH cTaOHJIb-
HOCTH TOJIOXKEHHS JIa3ePHOTO NMy4YKa cBeTa B NPOCTPAaHCTBE H Bpe-
MeHd. Kak mnokasaju crnenuajbHbE HCCIENOBaHHS, OJHHM M3 HC-
TOYHHKOB NOTPEIIHOCTell Jy4YeBHIX Jia3epHBIX NPHOOPOB SIBJSIETCSH
H3MeHeHHe HanpaBJieHHsl Jyuya BCJeACTBHe HarpeBa Kopmyca Ja-
3epa M M3MeHeHHs pexuMa reHepanuu. CTaGuIM3alUsT NMOJIOKEHHS
Jyya Jasepa HacTynaeT INIpH YCTaHOBJEHHH TelJoBoro GaJjaHca
Kopnyca npubopa c okpyxawouei cpenod. llenecoo6pa3HbimM siBas-
eTcsl NpHMeHeHHe Jla3epoB, B KOTOPHIX ra3opaspsiiHasi TpyOka H
3epKaja ONTHYECKOr0 pe30HaTopa YKpelJeHb HenocpeiCTBeHHO
B LWJIMHAPHYECKOM Kopnyce, ciaenaHHoM u3 wuHBapa (OKTI-13,
OKTI'-16), u na3sepoB ¢ xonoaueiM katomom (JII-62, JIT-78 u mp.).

Cnényer 3aMeTHTb, UTO NMpPHMeHEHHe Pa3lesbHOH KOJIJTHMHPYIO-
Ilell ONTHKH, YCTAHOBJIEHHOH Ha CaMOCTOSITeNIbHOH MOJACTaBKe B He-
CKOJIbKHX CaHTHMEeTpax OT BBIXOJHOr0 OKHa Jiazepa, MO3BOJISIET
YMEHbLIHTb INPOCTPAHCTBEHHBIE KOJIeOaHHs Jiyya BCJENCTBHE H3-
MeHeHHsI TeMIepaTypbl Ja3epHOH TPyOKH BO CTOJBKO pas, BO
CKOJIbKO H3MEHSIeTCS yBeJIHYEHHE OINTHYECKOH CHCTeMH. B 3TOM
cayyae OOJIKHO OCTaBAThbCS HEM3MEHHBIM IIOJIOXKEeHHe ONTHYeCKOH
OCH KOJIIMMaTOpa, KOTOpOe, eCTECTBEHHO, He 3aBHCHT HH OT TeM-
nepatypbl TpyOKH Ja3epa, HH OT H3MEHEHHs DeXHMa TreHepauHH.

B audpakunoHHoM Ja3epHoM cTBopodHKcaTope Ga3oBasi Hpsi-
Masi 3ajaeTcsi LEHTPOM BBIXOJHOrO 3epKaja pe30HAaTOpa H OChIO
CHMMeTPHH HHTep(depeHUHOHHOH KapTuHH. B s1060M ceyeHuH AH-
(paKUHOHHOTO CBETOBOro NMyyKa 3a CHEeKTPaJibHOH MapKo# HabJio-
laeTcsi HHTep(depeHIHOHHAss KapTHHa, LeHTpaJbHas moJjioca KOTO-
po#t sBasieTcs1 pe3ysJbTaTOM HHTepdepeHUUH CBETOBHIX JydyeH, pac-
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MPOCTPAHSIOUIUXCS CHMMETPHYHO OTHOCHTEJNbHO NPSIMOH, MpOXOAsi-
el yepe3 LEHTP BLIXOAHOTO 3epKala H OCb CHMMETPHH CIeK-
TPaJbHOH MapKH. YYHTHIBAS 3TO, KOHTPOJb IOJIOXKEHHS NpOoMe-
J)KYTOYHBIX TOYEK OTHOCHTEJbHO 3aJaHHOH NPSIMOH MOXKET BHINOJ-
HATBCS MO CJEAYIOUIUM CXeMaM.

1. Ha nayanbHOM ONODHOM NYHKTe 3aJaHHOH NMPSAMOH ycTaHaB-
NUBAIOT H ODHEHTHPYIOT Ja3ep TaK, YTOObl OCb ONTHYECKOro pe3o-
HaTopa coBmajaJja c 3agaHHo# mnpsiMmoii. Ha KoHeuHOM myHKTe yc-
TaHaBJIHBAIOT PerHcTpHpylollee yCTPOHCTBO — NpHeMHHK cBeTa. Io-
CJIelOBaTeNIbHO Ha BCeX KOHTPOJHPYEMBIX TOYKAaX YCTaHaBJHBAIOT
CreKTpaJibHble MapKH, (OPMHPYIOIlHe B aHAaJH3HPYIOILEH MJOCKO-
CTH DErHcTpUpYyIOllero ycTpoHcTBa HHTep(dEpEeHUHOHHYIO Kap-
THHY.

LenTpanpHylo noJjocy Kaxjaofi uHTepdepeHUHOHHOH KapTHHHI
COBMELLAIOT ¢ OHCCEKTOPOM pErHCTPHPYIOLIEro YCTPOHCTBA MyTeM
nepeMellleHHs] IBYXIEeJEeBOr0 3KpaHa CINEKTPaJbHON MapKu (MeTon
NOABHXHOM MapKH) HJIH NyTeM nepeMelleHHss OHCCEKTOpa peru-
cTpHupylouero ycrpofictBa (MeToJ MOJBHXHOTO NMPHEMHHKa CBeTa).
CoOTBETCTBEHHO CMEKTPaJbHYI0O MapKy HJH NPHEMHHK cBeTa CHab-
JKaIOT HAaBOASIIMMH H OTCUETHBIMH YCTPOHCTBAMH.

2. Jlazep ycTaHaBJHBAIOT Ha MNPONOJIKEHHH 3aJaHHOH NpsIMOH
nepeN HavyaJbHBIM OMOPHBIM NYHKTOM Ha CMNELHaJbHO! MOACTaBKe.
Ha HayanbHOM NMyHKTe YCTaHaBJHBAIOT CNEKTPAJbHYIO MapKy; LeH-
TpasbHYI0 TNOJOCY HHTepdepeHIHOHHOH KapTHHH, GopMHpyeMoH
creKTpasbHOM MapKoH M3 HayaJbHOrO NMYHKTa, COBMeILAIOT ¢ OHc-
CEKTOPOM PpEerHCTPHpyIOLlero ycTPOHCTBA, YCTAaHOBJIEHHOrO Ha KO-
HEYHOM MYHKTe CTBOpPa. 3aTeM aHaJOrHYHOe perHcTpHpyoliee yc-
TPOHCTBO MOCJIEAOBATEJIbHO MEPEMEIIAIOT N0 BCEM MPOMEXYTOUHHIM
nyHktaM. B KaXJo# KOHTpoJHpyeMoH ToYKe ONpenessiloT B3aHM-
HO€ TOJIOXKEHHEe IEeHTPaJbHONH TNOJOCH HHTep(EepeHLHOHHON Kap-
THHB M OHCCEKTOpPAa pErHCTPHPVIOLLEro yCTPOHCTBA, YTO COOTBET-
CTBYyeT M3MEpeHHIO OTKJOHEHHH NPOMEXYTOUHBIX TOYEK OT 3ajaH-
HOM NpsSIMOH.

B Tex cayuasx, KOrfia BbleJieHHE LEHTPaJbHOMN NMOJIOCH HHTep-
¢depeHlMaJbHON KapTHHB He BBHI3bIBaeT 3aTPyAHEHHH, uenecool-
pasHO HMCMOJb30BaHHE AaBTOMATHYECKHX PErHCTPHUPYIOILHX yCTPOHCTB
¢ $hoTO31EKTPHUECKHMH NIPHEMHHKAMH CBeTa.

3. Tperbsl NpHHUHMNHAJBHAS CXeMa Jla3epHOrO CTBOpOQHKCa-
TOpa BO3MOXKHa NPH HMHTALMH OCH CBETOBOr0 MydyKa NMyTeM aKTHB-
HOro opMHpOBaHHUS H300pakeHHs B Jasepax.

Bbicokasi TOYHOCTb, OMEPATHBHOCTh H IUHPOKHE BO3MOXKHOCTH
aBTOMaTH3alMH H3MepeHHH MOoryT OblTb JOCTHTHYTH Jla3€pHBIMH
CTBOPO(HKCATOPAaMH HAa OCHOBe OocoOeHHOCTeH (HOPMHPOBAHHS H30-
6paxKeHHST KOTe€DPEHTHOrO HCTOYHHKA CBeTa TaK Ha3bBa€MBIMH reo-
Ne3H4eCKHMH 30HHBIMH Mapkamu ['3M.

BaxXHBIMH B NpPHKJIaJHOM OTHOLUEHHH SIBJSIOTCS CJEAYIOIHE
CBOMCTBA 30HHBIX MapoK:

1) dopMupOBaHHe TPKOTO CBETOBOrO NsATHA onpeneeHHof popmbl
(B 3aBucuMocTH oT Tomorpadun 3oH Ppenens), cTporo cuMMmer-
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PUYHOTO OTHOCHTEJBHO NPSIMOM, coefHHSIOUIel HCTOUHHK H3JIyYEHHs
H OCb CHMMETPHH 30HHOH NJIaCTHHBI;

2) npu mMoOBOpOTE 30HHOH NJIACTHHBI BOKPYr OCH CHMMETPHH 30H
®penenst usmensiercst ee GoKycHoe paccTosiHHe, MpH 3TOM H3006pa-
K€HHe MCTOYHHKA H3JIyYeHHs] OCTAeTcsl Ha yKa3aHHOH NpsMoii;

3) mo6as yacTh 30HHOH MJIACTHHBI CaMOCTOSITENIbHO HeceT MoJ-
HyI0 HHGOpPMaLHIO O BOJHOBOM IOJie MAafalollero Ha Hee INydYka
JIa3epPHOTO H3Jy4eHHs. DTO BBIpPaXKaeTcsi B TOM, UTO, €CJH 3aKPHITh
Helpo3payHbIM 3KPAHOM Ja)ke GOJIbLUYI YacTb 30HHOH MJACTHHBL,
H3006paXKeHHe TOYEYHOrO0 HCTOYHHKA cBeTa (GOpMHpyeTCs Ha TOM
J)Xe MecTe aHaJausupywouleil naockoctu PIPY, oxHako yxyawaercs
KauyecTBO H306paKeHHs] H ero OCBEIEeHHOCTb.

B CCCP paspaboranbl TeopeTHYecKHe H INpaKTHYeCKHe
BONPOCH KOHCTPYHPOBaHHS, H3rOTOBJIEHHS H TNPHMEHEHHS B HHXKe-
HepHO-reofie3HYecKHx paboTax 0co60 BBLICOKOH TOYHOCTH HECKOJIb-
KHX THIOB Ja3epHBIX CTBOPOGHKCATOPOB C HCMOJIb30BAaHHEM YKa-
3aHHBIX CBOMCTB 30HHBIX MapoK ([JIsi KOHTPOJIS MOJIOXKEeHHs 06opy-
OBaHHSl YCKOpHTeJeH 3apsiKeHHBIX YaCTHI H APYTHX HHXKeHEePHBbIX
coopyxeHuit). Bce OHHM COCTOSIT M3 TpeXx OCHOBHEIX 3JIEMEHTOB:
J1a3€pHOTO CTBOPOYKa3aTessi, 30HHOH MapKH H PETHCTPHPYIOLLEro
(usmMepuTENBHOTO) ycTpOfcTBa.

§ 26. BausiHHe BHEIIHHX ONTHYECKHX (hOpMHpOBaTeeil
Ha pedepeHTHOEe HampaBJieHHE Ja3epPHbIX
reoje3nyecKux npuGopos

IIpakTHYecKoe HCMOJb30BaHHE Ja3epOB B reofie3Hd B GOJIBLIMH-
cTBe cayyaeB TpeGyeT (GOPMHDPOBAHHSI CBETOBOrO NydykKa C OMNpefe-
JEHHBIMH TNapaMerpaMu (NMPH KOJJMMauHH, (OKYCHPOBAaHHH, CO-
raacoBaHud). s 3THX LeJel HCNOJNB3yIOT BHelIHHe (pacmoJo-
JKeHHble BHE ONTHYECKOro pe3oHaTopa) ONTHYecKue ¢hOpMHpOBATENH
CBETOBOrO NyYKa, NpeAcTaBJsiiollHe co00# ONTHYECKHE CHCTEMBI
¢ BHyTpeHHel (OKYCHPOBKOH.

OnHako TakHe CHCTeMBI 006J1aJlaloT H3BECTHBIMH HeJOCTaTKaMH,
B YaCTHOCTH, NpH (OKYCHPOBAaHHMH Jiyua Ha pa3Hble PacCTOSIHHUS
BO3HHKAlOT OLIMGKH, 0OyCJOBJEeHHble H3MeHeHHeM (OKyCHOTo pac-
CTOSIHHSI. YBEJHYEHHS, NMOJIOXKEHHsI ONTHYECKOH OCH NpH NepeMe-
lWeHHH (OKyCHpyIollero KOMIOHeHTa TesJeoObeKTuBa. Kpome Toro,
IJIsl J1a3epoB NOHSTHE «PacCTOSIHHE 1O HCTOYHHKa CBeTa» He SIBJs-
eTcst oAHO3HAuHbIM. TIpH HCMOJIb30BaHHH Jla3epHBIX reofe3HYEeCKHX
npu6opoB B GOJILIMHCTBE CJydaeB CJefyeT YUYHTBIBATb TO OGCTOS-
TeJIbCTBO, YTO Jla3ep He SIBJISieTCS] TOYEYHBIM HCTOYHHKOM H3Jyye-
HHS, a reOMeTPHYeCKHe NapaMeTphl JIa3epHOro H3JyUYeHHs 3aBHCAT
OT KOHGHrypallHH pe30HaTOpa, peXHMa TreHepallHH H APYrHX
NPHYHH.

ITpu paGore ¢ (OKYCHPOBAaHHBIM H KOJJIHMHPOBaHHBIM Jia3ep-
HBIMH NMYYKaMH yKa3aHHble ()aKTOPH MOTYT OKa3blBaTb 3HAYHTEJb-
Hoe BJIMSIHHE Ha pedepeHTHOe HanpaBJieHHe, cO3[JaBaeMoe Ja3ep-
HBIMH reofle3H4eCKHMH NpHOGOpaMH.
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YrioBoe yBeJMYeHHEe TeJEeCKONMHYeCKOH ONTHYECKOH CHCTEMBI OIl-
penensietcsi o u3BecTHOH dopmyne I'=fos'/fox’, ThE fos’ U fox’ —
¢dokycHoe paccTosiHMe OO'beKTHBAa H OKyJspa coorBercTBeHHO. On-
HaKO NPH LIHPOKOM JHama3OHe BH3HPOBAHHS 3PHTENbHOH TpPYG6O#H
cleflyeT YYHTHIBATb H3MeHeHHe (OKYCHOTO PacCTOSIHHsI Tesle0ObeK-
THBa. [l BBIYHCJEHHS yBeJHYeHHs] TPYyGH NpPH BH3HPOBAHHH Ha
G/IH3KHE PpAacCTOSIHHST MOXHO MCNOJb30BaThb BHIpaxeHue I'=
=f’sx. s/fox, B KOTOPOM BeJIMUMHA 3KBHUBAJEHTHOTO (OKYCHOrO pac-
CTOSIHHSI TeJeOGBEKTHBA f’sk.s BHIUHCJISIETCS B KAXJIOM KOHKDETHOM
caydae no ¢opMmysam

gk
9K. § f;-’-f;—ds ’

1 sfy
R L

— (L — L) (1.—4/f’ — —sf'—) (93)
s+, 2 s+h

rae ds — paccTosiiie OT OGBeKTHBA JO (OKYCHPYIOLIEro KOMIO-
HeHTa npH (GOKycHpoBaHHHM TPYOb Ha paccTosiHHe S; fi’ u f2’ — do-
KyCHOe paccTosiHie oObeKTHBa H (OKYCHPYIOIIEH JIHH3B COOTBET-
CTBeHHO; L — onTuyeckast HAJHHA 3pHTEJbHOH TPyOH; S — pac-
CTOSIHHE BU3HPOBaHHS.

B Ta6n. 9 npeacraBieHbl 3HaueHuss I [Jis OoTeYeCTBEHHBIX TEO-
JOJIUTOB B 3aBHCHMOCTH OT JaJbHOCTH ¢okycHpoBaHusi. Kak
BHJHO, YIJIOBOE YyBeJHYeHHe H3MEHSeTCS 3HAYHTEeJBbHO.

YBesnueHue 3pHUTENbHOM TPYOHl, HCNOJb3yeMOi B KauecTBe KOJ-
JUMHpPYIOILEHl ONTHKH, ONpedessieT JHaMeTp CBETOBOro NyYKa Ha
BbixoJe M3 ontHuyeckoi cHcTeMbl Daux=desxI', e Dsux H dex—
JHaMeTp MepeTsiXKKH NMydyKa Ha BHIXOJe H BXOJe ONTHYECKOH CH-
cteMbl cooTBeTcTBeHHO. CJieoBaTesIbHO, H3MEHeHHe YBeJHYEHHS

TABJHLOA 9

Yraosoe ypesnnuenue I' (KpaT) ans paccTosiHuit dpokycHpoBaHus (M)

Mapka
TEOROJIHTA
1,56 3 5 10 20 50 200 oo
T30 16,2 | 18,1 | 18,9 | 19,5 | 19,8 | 19,9 | 20.0 | 20,0
T}'é?( 167 | 20,3 | 22,0 | 23,4 | 24,2 | 24,6 | 24,9 | 25,0
Ts 15,3 | 19,3 | 21,3 | 23,1 | 24,0 | 24,5 | 24,9 | 25,
TSK; 2T2 | 1900 | 21.3 | 23)5 | 25.3 | 26.3 | 26,9 | 27,2 | 27.5
2M5K; 2T5 | 155 | 104 | 2104 | 23,1 | 241 | 246 | 2419 | 250
2
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3pHTEJbHOH TPYGB OKa3biBaeT HEMOCPeACTBEHHOe BJHsIHHE Ha AHa-
MeTp Jia3epHOro myuyka. l3MeHeHue AuaMmeTrpa mnyuyka Jia3epHOrO
H3JIYUeHHsT Ha BBIXOJE€ H3 ONTHYECKOH CHCTEMBl MOXeT AOCTHraTh
20—30 %. DTH o6CTOSATENBCTBA HMEIOT Ba)KHOe 3HAueHHe MpH CO-
rJIacCOBaHHH JAHaMeTpa CBETOBOrO MNyykKa C JHaMETPOM BXOJAHBIX
3pauyKoOB DPErHCTPHPYIOUIHNX YCTPOHCTB, pa3MepaMH UYyBCTBHTEJbHBIX
mIomwajgok (OoTO3/JIeKTpHUECKHX NPHEMHHKOB CBeTa H p.

OmnpenennM BJHSIHHE BHELEHTPEHHOCTH (DOKYCHPYIOILEH JIHH3bI
npu nepedoKyCHpPOBKe Ha pedepeHTHOe HaNpaBjieHHe Ja3epHOro
ny4Yyka IJisi 3pHTEJbHBIX TPyl OTeyeCTBEHHBIX TeomoJHTOB T2, T5.
T5K, T15K, T30 u mp. [Ins pacuera BeJHYHHY X BHELEHTPEHHOCTH
¢dokycupylouei JHH3H npuMeM paBHO# 0,1 MM, a BBIYHCJIEHHS BHI-
MOJIHUM TNo opMyaM

x d
V=g =
2
, fid h
= ————; == p; (94)
fl—ds Ss

rae o’ — dokycHoe paccTosiiMe (OKycHpylouleH JHH3BI, ds— pac-
cTOsIHHE OT 00beKTHBa 10 (OKyCHpyIoUlel JIHH3b MpH (HOKYyCHPOBa-
HuM TpyGBl Ha paccrosinue S; fi’ — pokycHOoe paccTosiHHe O6GBEK-
THBA; O.s — YTOJI, HA KOTOPHI/i MOXeT OTKJOHSITbCS reoMeTpHuYecKas
OCb J1a3epHOro My4yKa INpH (GOKYyCHPOBaAaHHH TpPyOGb Ha paccTos-
HHeE S.

B rta6sn. 10 npeacraBjeHbl NMOJyYeHHble 3HAYEHHs1 OTKJIOHEHHH
reoMeTpHYeCcKOil OCH Jla3epHOro myuyka npH nepedOKycHpPOBKe 3pH-
TeJbHOH TPY6GHl OT paccTosinusi 1,5 M 10 GEeCKOHEYHOCTH 3a CueT
BHEIleHTPEHHOCTH (OKYCHPYIOLleH JIHH3bI.

CorJylacHO MOJIyYeHHBIM AAHHBIM TPH BH3HPOBAaHHH Ha paccTosi-
HUs MeHee 20 M oWHOGKH 3a mepedOKyCHPOBKY MOTYT BBI3BaTb OT-
KJIOHEHHE OCH J1a3epHOro H3JyyeHHs Ha [JeCATKH YIJIOBBIX CEKYHI.

H3BecTHO, YTO NYYOK Ja3epHOrO H3JYYeHHS, BBIXOASILIHH H3
onmq/ecxoﬁ CHCTEMBI, HMeeT ONpeJeJeHHYI0 PaCXOAHMOCTb: Qpuix =
= @sx .

TABJHUIOA 10

OTKJOHeHHe reoMeTpHYeCKOR OoCH J1a3epHOro Jayua (yrJ. c)
Mapka ANA paccTosHuR (M) Qoo =
TEOAOJIUTA yra. ¢
1.5 3 s | 10 | 20 | s0 | 20 | w
T30 47,2 |1 64,5 70,8 | 75,2 76,5| 78,6| 79,3| 79,5| 32,3
Tiox  |55.2[81.8 | 91,6 98,9 |102,2]104,3]105,6|106,0| 50,8
T5 32,9 160,6 70,6 77,8 | 81,3| 83,0 84,3| 84,6/ 51,7
T5K; 2T2
2T5K: 2T5 50,2 | 65,0 | 76,1 | 84,0 | 87,9| 89,8( 91,7| 91,9| 41,7
T2 38,8 166,2|75,9|83,2| 8,5 87,0 87,8| 88,2| 49,4
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[ns nasepubix Bu3upoB JIB-5M u JIB-78, uMeroumux yBesH-
YeHHe ONTHYECKOH CHCTEMBI COOTBETCTBEHHO 25 u 20* H yryioByIO
pacxomumoctb 10 M 5, yron pacXoZMMOCTH MyyKa Ha BHIXOJE H3
ONTHYeCKOH cHcTeMHbl GyleT paBeH 24 u 15” coorBercTBeHHO. IToso-
JKeHHe MHHMOTO TOYEYHOro HCTOYHHKa CBeTa Ha JIHHEHHOM yyacTke
JHarpaMMbl pacxoguMocTH (pHc. 42) onpegmeasieTrcsi kKak AL=
=D/tg Qaux, rAe D — guaMeTp J1a3epHOro NyuyKa Ha BHIXOJE H3
npubopa (mas JIB-5M 34 mm; ans JIB-78 28 Mmm). Paccrosuue
AL oT BHIXOAHOH JHH3H OOBLEKTHBA A0 MHHMOrO TOYEYHOrO HC-
TOYHHKA cBeTa NPH (QOKYCHPOBAHHH 3DHTEJbHOH TPyOH Ha GeckKo-
HEYHOCTb cocTaBaser Aajas JIB-bM 292,2 M, ans JIB-78 385,0 M.
ITpn Hcnosnb30BaHHH J1a3epHBIX AH(PPAKIUHOHHBIX H HHTep(epeHIH-
OHHBIX METOIOB KOHTPOJISI NPSIMOJHHEHHOCTH, Ga3HpyIOLIHXCs Ha
MOHATHH TOYEYHOrO HCTOYHHKA H3JIYUeHHs, 3TO 06CTOSATeNbCTBO
clenyeT NPHUHHMATh BO BHHMaHHe.

BaxkHbIM BOmpocoM siBsieTCsl BHIGOP ONTHMAJIbHOTO 3HAuYeHHs
yBEJIHYEHHs] BHEIIHHX ONTHYECKHX (opMHpOBaTesell Ja3epHbIX reo-
Je3udyeckux npuHGopoB. PaccuntaeM onTuMajibHOe 3HaueHHe YBe-
JIHUEHHS ONMTHYECKHX CHCTEM C TOYKH 3PEHHS] MaKCHMAaJIbHOH KOH-
HEHTPALHH JIa3€PHOTO H3JyueHHs Ha NpPHEMHHKe JIYUHCTOH 3Hep-
run no ¢opmyae I =+/yDs/D, B KoTopoii y— yrioBasi pacxo-
JHMOCTb Ja3epHOro myuka; D — quaMeTp nmyuyka Ha BEHIXOJE H3 Ja-
3epa; S — pacCTOsSIHHE MeXJy NpPHEMHHKOM M nepenaTuHkoM. Pac-
yeTH npousBefeM anas Jjasepos OKI'-13, JIT-56, JIT'-78, JII'-52-3,

Puc. 42. Cxema onpegeseHus [ xkpam
MOJIOXKEHHsST MHHMOTO TOYeYyHOro B
HCTOYHHKA CBeTa

Puc. 43. Homorpamma ans on-

pellesieHHsl  ONTHMAJbHOIO YBe- f/
JIHYeHHs1 KOJUVIHMHpYmoUlei on- I L 1 1
THKH 0 5100 20 50 100 200 SM
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HaHGoJlee YaCTO HCMOJb3yeMHBIX B Ja3epHHIX TeOfe3HYECKHX MpH-
G6opax. Pacuerhl mnpeicraBieHB B BHAe rpadHKa-HOMOTpaMMEHl
(puc. 43).

Ilpn ucnonb3oBaHHH Ja3epHBIX NPHGOPOB AJis 3afaHHs Hampas-
JIeHHsl, HHBEJHDOBAHHS, CTBOPHHIX PaboOT NpPH NaJbHOCTAX (OKy-
cupoBaHusl, He mnpeBhwalklomux 200 M, palHOHaJbHEe HCIOJb30-
BaTh B KayeCcTBe BHELIHHX ONTHYECKHX (OpPMHpOBaTesiell omTHUYe-
CKHe CHCTEMBI C yBejJHuYeHHeM He Gosiee 15%. M3 paccMOTpeHHBIX
BHIIIE Haubosiee GJH3KAa K ONTHMaJbHOH 3puTenbHas Tpyba Teo-
nonuta T30.

§ 27. JlazepHble NpHOOPHI AJisi HHXKEHEPHO-Te0Ae3H4YEeCKHX
paboT B CTPOHTENILCTBE

H3BecTHble J1asepHble YCTPOHCTBA JIy4eBOro THNA HCNOJb-
3yIOTCS B HHXKeHepHO-reofie3HYeCKHX paborax cpelHeil TOYHOCTH.
B Hacrosimee BpeMss B CCCP u 3a py6GexoM BHIIYyCKaeTCcsl MHOXe-
CTBO JIa3epHbIX HHXXEHepHO-Teofe3HYeCKHX INPHOOPOB (cmelHalb-
HBIX BH3HPOB, HHBEJHPOB, TEOJOJHTOB, MPHOOPOB BEPTHKAJbHOrO
NPOEKTHPOBAHHS, yKasaTejiell HanpaBjieHHsi H Ap.), KOTOpble Mo-
ryT OBbITb MCIOJb30BAaHB [Jsi KOHTPOJS NPSMOJHHEHHOCTH H
COOCHOCTH, BEPTHKAaJIbHOTO MNpPOEKTHPOBAHHSA, TOPH3OHTAJbHOH H
HaKJOHHOH mNJaHHPOBKH. PaccMOTpHM TNpHHUHIHAJbHBIE CXEMH,
KOHCTPYKTHBHBIE OCOOEHHOCTH M TeXHHYeCKHe XapaKTePHCTHKH He-
KOTOpHIX M3 HuX. Bo Bcex 3THx mpuGopax B KayeCcTBe rOPH30HTaJIb-
HOTO, HaKJOHHOTO HJIH BEPTHKAaJbHOrO pedepeHTHOro HampaBJleHHS
CJYKHT OCb COOTBETCTBYIOUIHM 06pa3oM KOJJHMHPOBAHHOrO Ja-
3epHOr0 CBETOBOTO MYyYKa.

Jlaseprole 8U3UpLL U YKA3ATEAU HANPABACHUL

Jnsi 3ajaHusi pedepeHTHOrO HampaBJIeHHSI U KOHTPOJIS MOJIO-
JKEHUS CTPOHTENbHBIX MEXaHH3MOB H MallMH, JJS KOHTPOJS
NPSMOJIUHEHHOCTH TMOJAKDPAHOBHIX NyTeli M HaNpaBJSAIOIHX, AJs yC-
TAHOBKH CTPOHTEJbHO-MOHTAXHBIX KOHCTPYKIHH B MPOEKTHOe MOJO-
JKeHHe H JPYrHX BHJOB HHXKEHepHO-reofe3HuyeCKHX paboT B CTPOH-
TeJbCTBE OTEYeCTBEHHOH Mpo-
MBIIJIEHHOCTBIO OCBOEH BHINMYCK
JnasepHbix Bu3upoB JIB-5 (pHc.
44), JIB-5M, JIB-78 u Jasep-
HBIX YyKasaTesJeH HampaBJIeHHS
JIYH. Bce na3epHble BH3HPH
COCTOSIT M3 JABYX OCHOBHHIX Ya-
cTeil: nepejaomeii U NPHEMHOH.
ITepenaromas yacte mpu6opa —
Jla3epHHH M3JydaTenb — CJy-
XHT AJ5 (OpMHPOBaHHS OMNOP-
HOro Jyya HJH NJOCKOCTH H
Puc. 44. Jlasepuuifi Bu3up JIB-5M OpDHEHTHPOBAHHA HX B 3ajaH-
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HOM HamlpaBJ/eHHH; NpHeMHasi 4acTb (3KpaH-MapKa, ®3PY) — nas
pEerHcTpalMH Jiyda H ONpejeseHHsS KOOPAHHAT KOHTPOJIHPYEMOrd
o6beKTa.

TexHuueckue xapaxmepucmuku aa3eptozo eusupa JIB-5M

JlqinHa BOJIHB H3Jy4YeHHS, MKM 0,6328
MomHocTp H3NyyeHHs, MBT 0,25
¥Yros pacxoZHMOCTH, YIJ. C 30
YBesiHUeHHE KOJJIHMHPYIOLICH CHCTEMBI, KpaT 25
JnameTrp Jyya Ha BhXOJe, MM 34
MuHHMaJbHOe paccTOsiHHC (GOKYCHPOBaHHS, M 2 M
IleHa nesieHHs] UHJIHHAPHYECKOTO YPOBHS, yra. C 17—23
JlaJibHOCTh HEHCTBHSA, M 200
Huamerp Jayua, MM:

npu paccrossHHH 200 M 20

npu paccrossHHH 500 M 50
Ilpemen 3ajaHusi TOPH3OHTaJbHHIX YIVIOB M YIJIOB HakJOHa, rpagyc =10
IleHa meseHHS] OTCUETHOIO MHKpOMETpa, yri. c 15
HanpsixkeHue nmutaHus, B:

npu nepemeHHoM Toke 50 I'it 220

NPH NOCTOSSHHOM TOKe 12

Js  KOHTPOJSI  NpPSIMOJIMHEHHOCTH M IJIOCKOCTHOCTH B
MHUUTI'AuK paspa6oTaH BHICOKOTOYHBIH Jla3€PHBIH H3MEPHTE]b I0-
nepeuydbnix cMemenuit JIMIIC-1, uMelomuit cienyiouiie OCHOBHbIE
napaMeTps AHANAa30H H3MepseMbIX NONMEPEYHbIX CMeUleHHH +3 MM,
JUITHHa KOHTpoJHpyemoro ctBopa 100 M, uyBcTBHTeNbHOCTH 0,02 MM.
[Ipu6Gop mo3BOJISIET ONPEAENSTh NJAHOBOE H BLICOTHOE IOJIOXKEHHE
KOHTPOJIHPYEMBIX TOYEK H OCYIIECTBJISTb BepTHKaJIbHOE NPOEKTHPO-
BaHHe, T. €. MOXKET ObIThb MCNOJIb30BaH KaK HaAHpP- H 3€HHT-UEHTPHD,
3ajaBaTh B INPOCTPAHCTBe BEPTHKAJbHYI0O H TOPH30HTAJBHYIO
OMOpHBEIE TJIOCKOCTH pa3BepTKOH JazepHOro mnyuka. OTJHYHTENIb-
HOil ocoGeHHocThlo npubopa JIUIIC-1 siBasiercs To, uTO H3Me-
peHHs TPOHM3BOASITCS OTHOCHTENBHO pedepeHTHOro HampaBJieHHS,
3a[]aBaeMOro B NMPOCTPAHCTBE CKAHHPYIOLUIHM JIYYOM C HCIOJIb30Ba-
HHEM aMIIMTYOHO-(}a30BOro MeTOAa.

Komnuaekr anmapatryper JIMIIC-1 (puc. 45) cocToHT H3 Tpex
OCHOBHBIX YacTeH: H3JyyaTeJsi, H3MepHTEJbHOH (DOTO3JIEKTpHYe-
CKoil M omopHOH Mapok. MajayuaTesb COCTOHT H3 ONTHKO-MEXaHH-
YeCKOH YaCTH, 3JEKTPOHHOro GJIOKAa ynpaBjieHHs H GJIOKa MHUTaHHS.
OnTHKO-MexaHHUYecKasl 4YacTb BKJIOYaeT: HCTOYHHK H3JydyeHHs [
(puc. 46) — nasep JII'-78; noBOpOTHYIO MJIOCKONAapaJJeJbHYIO NJa-
CTHHY 2, OTKJOHsIOLlee 3epKaJo 3; GopMHpOBaTeNb NMydyKa B BHAE
TeJIECKONHYECKOH CHCTEMBI, COCTOSILIHH H3 OKyJsipa 4, YCTaHOBJIEH-
HOro B NPYXHHHOM mojBece, H o6bekTHBa 10; 3epKaJso §, yCTaHOB-
JIeHHOe B (POKaJIbHOH MJOCKOCTH OOBEeKTHBAa M 3aKpelnjeHHOe Ha
3JIeKTpPOMeXaHHuecKoM BHOpaTope 6; mpusmy JloBs 7 Bo Bpamaio-
medicss onpaBe; ¢oTomeTeKTOp OGpPaTHOH CBsI3H 9 W [Be INeHTa-
NpH3MBbl; HHXKHIOIO /2, 3aKpemJieHHYI0 B MasiTHHKOBOM MNoOJBece, H
BepxHI0I0 /3 ¢ onpaBoif B NMOAMIHNHHKax kaueHus. [IpuGop ocHa-
IeH NPOAOJIbHBIM IHJIHHAPHYECKHM YypoBHeM I/ c LeHOH HaesieHHS
5”, a WMCIOJIHUTENbHBIM YCTPOMCTBOM OGpaTHO# CBsI3H 8 sBJsieTCS
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Puc. 45. Komnuekr annapatypst JIUCT-1:

H3aJyuaTedb; 6 — H3MepHTeJbHAasl MapKa; 8 — OnopHasi MapkKa

Hnyvamensy

Onopras mapra

/A

N
IES
S
Fﬂ
EEA

9 (|| # 17

Hmegumenshan MApAL
Puc. 46. ®ynkuuonaspuas cxema JIMCT-1



asuratess JUJ-0,5, cMemaomuii nocpeacTBOM KyJauKOBOrO Me-
XaHH3Ma OKyJsp 4 B IMJOCKOCTH, NepNeHAMKYJSpPHOH K ONTHYe-
CKOH OCH.

HameputenbHass MapKa COCTOMT M3 LieJeBOro aHajuaaTopa 15,
KOHZeHcopa 16, ¢oTomerekTopa I8 M miocKomapaJJeJbHON MJa-
CTUHKH 14, ycraHOBJeHHOH moja yrioM 45° x onthHueckoit ocu. ®o-
togerekTop (poromnon @®JI-7K) cBs3aH C 3JIEKTPOHHBIM GJIOKOM
06pabOTKH CHTHAJIOB.

OnopHasi MapKa aHaJIOTMYHA H3MEpHTEJbHOH, TOJBKO BMECTO
tdoronerexkTopa B (DOKAJIbHOH MJIOCKOCTH 00bekTHBAa 20, YCTaHOB-
JIEHHOTO 3a HIeJIbI0, PAcroJIoKeHO 3epKaJyo 2/, T. e. OnopHasi Mapka
npeAcTaBJsieT co00il COBOKYNHOCTb ILEJEBOr0 aHaJjM3aTtopa H 3ep-
KaJIbHO-JIMH30BOTO OTpPaxKaTeJIsl.

CseToBOIl IOTOK OT HCTOYHHKA I, MPOfiJs MJIOCKONapaJseNbHyI0
NJIACTHHKY 2, OTKJIOHSIIOUIMM 3epKajioM 3 HampaBJisieTcsl B OKyJsip 4
TEJIECKOIIHYeCKOH CHCTEMbI, KOTOpBIfi KOHLIEHTPHpPYeT €ro Ha 3ep-
Kajle 5 3JIeKTpOMeXaHHYecKoro ckanatopa 6. B pesyJabraTte mepuo-
JMYECKHX YIJIOBBIX KoJeGaHMM 3epkaja § OcCylllecTBJseTcss Mpo-
CTPAHCTBEHHOE CKaHHpPOBaHHE NMYyYKOM B BEPTHKAJbHOH IJIOCKOCTH,
NpOXoAsiliell yepe3 ONTHYECKYIO ocb cHCTeMbl. [To oTHOweEHHIO K ¢o-
KaJIbHOH IJIOCKOCTH OKYJsipa 3epKaJjio § yCTaHOBJIEHO TaKHM obpa-
30M, YTO BBIXOASIIHA H3 OOBEKTHBA MNYYOK CKAHHPYETCS OTHOCH-
TeJIbHO BEpIUHHBI yrja pacxoiumoctH. IToBoporom mpusmsr o3 7
Ha yros 45° mocTHraeTcsi pasBopOT NJIOCKOCTH CKaHHPOBAHHS NMyyKa
Ha 90° T. e. B TOPH30HTAJbHYIO MJOCKOCTb AJISl MPOBEAEHHSI CTBOP-
HbIX H3MepeHuii. Takum o6pa3om, pedepentHoe HanpasJyeHne (PH)
3aJlaeTcsl OCbI0 CKAHHPOBAHHS JIa3ePHOTO MyYKa.

Jlns moBblieHusi cTabugbHOcTH PH W yMeHbleHHS BJIMSHUS
BHelIHel cpelbl B MpHGOpe OCYLIECTBJSETCS NMPUBSI3KA K OMOPHOM
MapKe, a HMEHHO K ILIEHTpYy €e LIeJeBOro aHaJu3aTopa MO TNpHH-
HuNy caeisuieii cucteMbl ¢ o6paTHOH cBs3blo. OTJIHYHTENBHOH OCO-
GeHHOCTBIO M3MEDHTEJIbHOH MapKH sIBJISeTCS ee IOJHAsi aBTOHOM-
HOCTb OT HM3JIyyaTeJis, NPH 3TOM YCTPAHSETCS OAMH H3 TIJIaBHBIX
HeJJOCTATKOB aMILIUTYJHO-(a30BBIX CHCTEM — HEOGXOAHMOCTb TO-
Jlaud ONMOPHOrO CHTrHaJja AJIsi ONpefiesieHHsl HalpaBJeHHs CMelleHHs
aHaju3atopa. TakuM o6pa3oM, ONOpHAasi MapKa HCIOJb3yeTcs IJIsi
crabusnnsauun PH B npocTpaHcTBe, a u3MepHTeNbHAsl MapKa — LJIs
H3MEpEeHHs] TOJIOXKEHHS] KOHTPOJIHPYeMOro O06beKTa OTHOCHTEJNbHO
PH.

IIpuGopHasi TOYHOCTL M3MepEHHSs MONepeYHbIX CMeLleHHi Mo pe-
3yJabTataMm HccaenoBaHuil cocraBuaa 0,01 MM Ha Tpacce mo 50 M.
CucremMa aBTONMOACTPOHKH CYIIeCTBEHHO YBEJHYHBAET INPOCTPAHCT-
BeHHYI0 cTabusabHocTh PH.

B03M0KHO HCNOJIb30BaHHE JIA3€PHBIX BH3HPOB M [JIs T€OMETpH-
YeCKOr0 HHBEJIHPOBaHHs, HO NPH 3TOM He OyAeT OLLYTHMOTrO BBIMI-
pbllla B TNPOM3BOJAHTENbHOCTH TpyAa. Kpome Toro, yskuit Jsasep-
HbI MYYOK MOXeT ObITb HampaBJeH Ha pefiKy TOJbKO C IOMOLIbIO
NONOJIHHTEJIbHON 3pUTesIbHOIT TPYOHI.
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Jlaseprole Huseaupol

OT 3THX HeJOCTAaTKOB CBOGOJHBI Jla3epHble HUBEJHPBHl H Jasep-
Hble HacajJKH Ha cepHiiHble HuBeJHpH (puc. 47). B GosbwHHCTBe
KOHCTPYKIHH Ja3epHbIX HHBEJHPOB M HAcCaJOK Jasep H 3pHTeJbHasi
Tpy6a pacnoJaraioTcst B o6lleM KOopmyce, NpH 3TOM BH3HpHAas OCb
TpyObl MapaJijiesibHa OCH JIa3epHOro Jyua, HO He COBMelleHa ¢ HeH.
IlapannenpHoe cMellleHHe BH3HPHOH OCH M OCH CBETOBOIO NyyKa siB-
JIsieTcsl OLHHUM H3 HeJOCTATKOB TAKHX CHCTEM, TaK KaK Heo6XOAHMO
YYHTBIBATb H KOHTPOJIHPOBATb NONPABOYHbIE BEJHUYHHBI CMEILEHHS,
4YTO NMPHBOAHUT K TNOSBJEHHIO AONMOJHHTEJNbHbIX NMOrpeurHocTei.

STOT HEAOCTATOK MOXKET GBbITh HCKJIOYEH B JIa3€pPHOM HHBEJIHpE,
CXeMa KOTOporo npuBejeHa Ha puc. 48. Ilas HaBeneHus npubopa Ha
Lelb B ONTHYECKHH KaHaJ 2 BBOJAHTCS OTKJOHSIOILEEe YCTPOHCTBO,
nepefampllee H306paxKeHHe LU B MoJie 3peHHst OKyaspa 3. Bkiio-
YeHHe OTKJIOHSIIOLLEro YCTPOHCTBA OCYIUECTBJSIETCS] NPH NOMOILH
BHHTa 7, HAXOASILUErocs B CLEMJEHHH C KapeTKOoH, Ha KOTOpPOH Kpe-
nuTcst GJIOK OTKJOHsIIOIMX npu3M. [Tocse BH3yaJsbHOrO HaBeJeHHs!
Ha LeJb OTKJIOHAIOLEe YCTPOHCTBO BBIBOJHTCSl H3 ONTHYECKOTO Ka-
HaJa M Jyy Jasepa 4 HampasJjsieTcss o6beKTHBOM I Ha uesb. Ilas
YCTAaHOBKH Jiyya Ja3epa B TOPH30HTAJIbHOE TMOJIOXKEHHE CJIYKHT
ypoBeHb 8 u BHHT 5. KoHCTpyKuHsi o6safaeT NOCTaTOYHOH MoO-
OGUIbHOCTBIO NPH CO3JAHHH BH3YyaJbHOrO KaHajJa H HeOGXOMHUMOMH
OomopHo# JIMHHH. B mnpousBoacTBEHHOM BapuaHTe NpHOOp cHaO-
XKalT psAAOM ONTHYECKHX HAacaJoK, NO3BOJISIOLIHX HaNpaBJsTh
Jla3epHbIH JIyd NMPAKTHYECKH BO BCEX HANPABJEHHSIX H LEHTPHPO-
BaTb Ha 3Hake 0.
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Puc. 48. JlasepHbiii HUBeJHP

Pa3BuTHe J1a3epHbIX H3MEPHTEJBHBIX CPEACTB KOJJIHMAIHOHHOTO
THNa BBISIBUIO MX OCHOBHOH HEJOCTaTOK — OrpaHHYEHHBIE BO3MOXK-
HOCTH [OBBILIEHHs] TOYHOCTH H3MepeHHH. B cBsi3au ¢ 3THM BO3HHKJA
Heo6XOIHMOCTb pa3paboTaTh pasHOOOpasHbBlE CHCTEMBI OTCYHTHIBA-
HHs, TO3BOJISIIOIIHE NOBBICHTb TOYHOCTb H3MepeHHH KOJIJIMMalHOH-
HbIM MeTOoZOM. [IlosiBHJMCh KOMGHHHpPOBaHHblE YCTPOHCTBA, B KO-
TOPHIX COBMellleHbl KOJITMMAllHOHHBIH H  aBTOKOJIJIMMAlHOHHBIH
MeToAn H3MepeHHH. OCHOBOI MOCJYXKHJA BBICOKasi TOYHOCTb H3Me-
peHHil, OCyILeCTBJIsieMblX ABTOKOJIIHMALHOHHBIM METOJOM.

B kauecTBe mpHMepa MOXHO NpPHBECTH yYCTPOHCTBO, cXeMa KOTO-
poro mokasaHa Ha puc. 49. I'a3oBbiil na3ep 2 NMpoOeKTHPYET CBETO-
BOM JIyY Ha OTpaxaTesb I, YCTAHOBJIEHHBII B MasiTHHKOBOM TOJBeCe
C BO3JYLIHBIM JeMIpepoM, YTO MO3BOJSET BbIAEPKHBATH MJIOCKOCTb
oTpaxaTtensi / B BepTHKAJbHOM IOJIOXKEHHH. 3epKaJsia pe3oHaTopa o
MPONMYCKAaIOT 4acThb OTPa)KEHHOro cBeTa yepe3 Jasep 2. ITa yacThb
CBETOBO#1 3HepPrHu mnomnagaer Ha (oTo3ajeMeHT 4 U pEerucTpHpyeTcs
npu6opoM 3. JIyu B ropH3OHTaJbHOE IOJIOXKEHHE YCTaHABJIHBAIOT
C NOMOILBI0 NOABbEMHBIX BHHTOB Jladepa IO MAaKCHMAaJIbHOMY CHr-
HaJjly, perucTpupyeMoMy npu6opoM 3. ToYyHOCTD rOpH3OHTHPOBAHHS
Jyya B JAHHOM cJlyyae 3aBHCHT OT TOYHOCTH NpPHBENEHHS B BEPTH-
KaJIbHOe TMoJIoXKeHHe orpaxarens I. JIasi ycTaHOBKM 060pPYAOBaHHA
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Puc. 49. JlasepHoe ycTpoiicTBO KOMGHHHPOBAHHOIO THNA
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HCIOJIb3YIOT MapKH ABYX BuaoB., OJHa M3 HHX NpeAcTaBJsieT cob6oi
MO3aHYHYIO CXeMYy H3 YeThlpeX CTaHAAapTHHIX (POTO3JEMEHTOB, BKJIIO-
yeHHbIX MO0 MOCTOBOH cXeMe C HYyJeBBIM MeTOoAoM HHAMKauuu. Ilo-
rpeuIHOCTh H3MepeHHust coctaBjser 0,5 mm. Ilpyroii BapnaHT MapKu
NpeACTaBJseT H3BECTHYIO CXeMYy C YeThIpeXrpaHHOH NpH3MOH —
aHa/M3aTOpoM. B kauecTBe aHaJM3HPYIOLIErO 3J1eMEHTA MOXHO IpH-
MEeHSTb YeThIpeXTpaHHBIH YroJIKOBHI oTpaxkartejb I (puc. 50) c cu-
CTeMOH 3epKas 2 B COYETAHHH C ueThblpexrpaHHoi mpusmoit 3 ¢ do-
ToJeTekTopamu. IIpenmyliecTBO mocJefHeil CXeMBl OCHOBaHO Ha
YABOEHHH JIHHEHHOro cMellleHHsi d YrOJIKOBOTO OTpaXKaTeJsi, KOTO-
pOe perucTpHpyeTcsl MO JHHEHHOMY CMeLIeHHIO CBETOBOro Jiyua 2d
B MJIOCKOCTH aHAJIM3UPYIOLLEeil MPU3MHI 3.

HecMoTpsi Ha BBICOKYIO TOYHOCTb M3MEpeHH, 3Ta cXeMma He JIH-
mieHa HejgocTtaTKoOB. OCHOBHBIM M3 HHX SIBJISIETCS OTCYTCTBHE KOH-
TPOJIsSl TIOJIOXKEHHsI Jiyya B npouecce pa6otsl. Kpome Toro, MasiTHu-
KOBasi CHCTeMa KOMIleHcaTopa OrpaHHYHBaeT NpHMeHeHHe npubopa
B YCJOBHSIX CTPOHTEJILHO-MOHTAXHBIX MJIOLIAJOK, Ile Ha6JI0AaIoTCs
HOBHIILIEHHBIE YAApHEIE H BUOPALlHOHHBIE HArpy3KH.

IIpuBeneM emie OAHY ONTHYECKYIO CXEMY YCTAaHOBKH CBETOBOTO
Jyya B npoctpaHctBe (puc. 51). B ee ocHOBe TakxKe JIEXKHT MpPHH-
IIUN COBMellleHHsI u300paxKeHU mnajaloniero U OTPaxK€HHOrO CBETO-
Bbix nyykoB. [IpuGop nmefictByer caenywomum o6GpasoM. Ilyuok
CBeTa, reHepHpYeMBblil J1a3epOM 5 H OTpaKeHHBIH OT LeJH, Tona-
JnaeT Ha 00beKTHB 3 M DoKycupyeTcsi B GOKaJbHOM TJIOCKOCTH, B KO-
Topoll pa3melileHa ceTka HuTed 2. lajee, mpoiiasi yepes KOJJIHMH-
pYIOILYIO JIHH3Y 4, MYyYOK najaeT Ha CBETOJEJHTENb I, YCTAHOBJIEH-
Hbli mox yrioM 45°. CseronenuteseM I yacThb myuyKa HampasJisieTCsi
B OKyJsp (3Zech He NOKa3aH), uepe3 KOTOpHIi HabJjiofaTes]b pac-
CMaTpHBAET leJb B IJOCKOCTH H3006paxkeHus. Takum o6pasom,
B IJIOCKOCTH 2 CTPOHTCS H H300paKeHHe LeJH, H H300paxkeHHe He-
OTPaXK€HHOTO CBETOBOrO0 mNyyka. HaBeieHHe HJH YCTAHOBKa Jyuya
B TIPOCTPAHCTBE 3aKJIIOYAEeTCs] B COBMELIEHHH ABYX 3THX H306paxe-
Huii. [TogoGHasi cxeMa mnoJiyunJia UIHPOKOE paclnpoCTpaHEHHE Kak
HauboJiee pocTast H XOpOLIO peayn3yeMasl.

Ilpy KOHCTPYHpPOBAHHH HOBBIX JIa3epHBIX HHUBEJHPOB H BH3HPOB
HCMOJIb3yeTCsl SIBJIEHHE TOJISIPHU3ALUH JIa3epHOro Jyya, YTo MO3BO-
JsieT YCTPAHHUTb BJIMSIHHE BHEWIHHX YCJIOBHH ocBelleHHOCTH. [leil-
CTBHE TAKHX YCTPOHCTB OCHOBAHO Ha TOM, YTO JIa3epHBIN JIy4 SIBJIS-
eTcsi JUHeliHO moJisipu3oBaHHbIM. Ilepen ¢$hOTO3JEKTPHUECKHM TpH-
€MHHKOM H JIHH30[{l yCTaHaBJHMBAIOT BpallalOIHACA OTHOCHTEJBHO
MJIOCKOCTH MNOJISIPH3aLMH Jydya H CBOEr0 LEHTPA KPYTJIbIH MOJSpPH-
3alHOHHBIH (GHJIbTP, AHUaMeTp KoToporo GoJsiblie AHaMeTpa Jiasep-
HOro Jsiyya. DTOT (HJBTP COCTOMT H3 [BYX MNOJYKDYTJBIX YacTed,
HanpaBJleHHsl NMOJISIPH3ALMH KOTOPBIX B3aHMHO NEPNEeHAHKYJSIpHbI, H
K TpPHEMHHKY NOAKJIOYaeTcsl (a30Bblli CEJEKTOPHBIH BBHINPSMHUTEJb.
I1nockocTh MOJISIPH3aLHMM JIa3€PHOrO Jyya YCTaHABJHBAaeTcsl TMO-
CTOSIHHOH.

OpHuM H3 HanpaBJeHHH cOBeplLIEHCTBOBAHHS Jia3epHOH reoje-
3HYECKOH TeXHHKH ABJACTCH CO3JaHHe HACaJOK Ha CTaHZapTHBIE
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Puc. 50. Mapka c uerblpex-
rPaHHBIM  YTOJMKOBBIM ~ OTpaxa-
TeJleM

Puc. 51. Onrtuueckas  cxema
OpPHEHTHPOBaHHS CBETOBOTO
Jyya
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npubopsl. B 3ToM cJayyae BO3MOXHBEI JABa KOHCTPYKTHBHBIX Ba-
pHAHTa: NepBbIil, KOTJAAa HOCHTEJEM HAaCaAKH CJYXHT BH3yaJbHBIH
reofle3uYecKHii onTHYecKuit npubop; BTOPOi, KOrAa HOCHTENEM ONTH-
4eCKOH HAacaJKu fIBJIseTCs HenocpeAcTBeHHO Jasep. O6a BapHuaHTa
B pa3pa6GaThiBaeMbBIX NpUOOpaxX BCTPEYAIOTCS OJMHAKOBO YacTo.

HepocraTku nmepBoro BapuaHTa CBs3aHbl C TPYAHOCTSIMH OIHO-
BPEMEHHOT'O HCNOJIb30BaHHUsl B NpoOlecce M3MepeHHH BH3yaJbHOrO H
J1a3epHOro KaHajoB. Bo BTOpoM BapuaHTe CYyLIECTBYeT CJIOXKHOCTb
obecneyeHUsl NMapaJlieJbHOCTH OCH JIa3epHOro NMy4Yka U ONTHYECKOH
ocd Bu3upHo#i Tpy6Ghl. Takasi cucreMa AOBOJBHO TPOMO3JKa, TakK
KaK BKJIIOYAeT TPU 3JIEMEHTA: Jia3ep, ONTHYECKYI0 KOJJIUMHPYIOLLYIO
HacafKy 4 3pHUTeJbHYIO TpyOy. B 3TOM OTHOLIEHHHM mepBHIl BapHAHT
MMeeT NpPEeUMYLIeCTBa, XOTSI U OH TpeOyeT TOYHOr'O COBMeELIEHHUs
ocell J1a3epHOrO NY4YKa U 3PUTEJbHOH TPYOHI.

OmHuUM M3 myTell COBEpILEHCTBOBAHHUS JIa3€DHOH Treofe3HyYecKoil
TeXHUKH SIBJSIETCS CO3[aHHE NMPHCTABOK, MO3BOJISAIOLIMX PeUIaTh KOH-
KpeTHble 3ajaud. MHorue pa3paloTaHHBle NPUCTABKH MOTYT CJy-
JKHTb Npoo6pa3oM Y3JIOB aBTOMAaTHUYECKHUX Ja3epHbIX cUCTeM. Tak,
HanpuMmep, NpHCTaBKa, M306paKeHHass Ha pHUC. 52, NO3BOJSET OCY-
IIeCTBUTb YNpaBJieHHe JIa3epHBIM Jy4yoM Ju6O B JApPYyroM BapH-
aHTe — NPOU3BOJUTb KOMIEHCAIMIO YIVIOBBIX CMelLleHHi mnpubopa,
T. €. 3a/laBaTh rOPU30OHTAJbHOE HANpaBJIEHHE Jyya.

[lpeuMylilecTBOM 3TOH NPUCTABKH SIBJISETCS TO, YTO NOJBELIEH-
HOe Kauamwllleecsi 3epKaJjo ), ecJH CMOTPeTb OT HCTOYHHKA Jiasep-
HOTO H3JiyueHHMs I, pacnoJiaraercsi Mo XOAy Jiyya IOCJI€ HepBOTO
NOBOPOTHOrO 3epKasna 3. B aToM ciyuae oco6eHHO MPOCTO peaJsiu3y-
eTcsl yCJIOBHe, 3aKJoyalollleecsi B TOM, UTO NpPH HAKJOHE BCEH IpH-
CTaBKH Ha YroJ o NOABELIEHHOe 3epKajo AJS KOMIEHCAUUH 3TOro
HaKJOHa NOBOpauuBaeTcss Ha yroa a/2. )Kenaemblil HakJoOH Jyya 4
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Puc. 52. Ilpucraska ans yn-
paB/eHHs J1a3epHbBIM JIy4OM

Puc. 53. Cxema yHHBepcasb-
HOro Ja3epHoro npuéopa

TR

I II I IIITITIITTTIIIS

MOXHO HENOCPEACTBEHHO YCTAaHOBHTb HABOASIIIHM BHHTOM 2, KOTO-
pHIil IpOrpaAyHpPOBaH B rpajycax HJH B yKJOHax (MpOLEHTax).

OT yacTH KOHCTPYKTHBHBIX NMOTpPELIHOCTEH CBOGOJEH MeTOH, KO-
TOpPBIi 3aKJI0YAeTCs B UCINOJb30BAHHH ABYX HCTOYHHKOB H3JIyUeHHS,
JYYd KOTOPBIX NPH MOMOLIM TPEXIPaHHON NPH3MbI OGBELHHSIOTCS
B elHHbli cBeTOBOH mNOTOK. IlpH 3TOM mNoOsiBisieTcs BO3MOXKHOCTD
co31aTh ABa pa3JIMYHO MOLYJHPOBAHHBIX CHrHaJa (IO 4acTOTe HJIH
no ¢ase) u300paxKeHHs] UCTOUHHKOB H3JyueHHs. DTO OCHOBHOE OT-
JIMYHE JaHHOTO MeToJa OT NMpeAbIAYILIHX, T. €. B JaHHOM Clyyae CBe-
TOBOH MNMOTOK CJIYXHT JONMOJIHHTEJIbHbIM KaHaJOM mNepefayd HHQop-
MalHH O TNOJIOXKeHHH o6beKTa. TOYHOCTb HaBeNeHHSI COCTaBJISET
0,05 MM Ha paccrosiHun jgo 50 M. OpHako 3Ta cxeMa NoOABepIKeHa
BO3IEHCTBHIO TYpOYJIEHTHBIX NPOLECCOB B aTMmocdepe, BJIHUSIHHE KO-
TOPBIX MOXET 3HAaYHTeJbHO NpPEBLIIATh COGCTBEHHYIO TMOTPEIIHOCTb
MeToja.

Ha puc. 53 mnpexacraBieHa cxema npu6opa, NpPOEKTHPYIOLIETO
Jla3epHbI Jyd B BeDPTHKAJbHOM M TOPH3OHTAJIbHOM HAalpaBJIEHHSIX.
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B mpouecce paGoThl HEH3MEHHOCTh MOJIOXKEHHsI MPHGOpa KOHTPOJIH-
pyeTcsi NMpu MOMOILIH INEpPeKIIOUeHHs Jiyda Ha HEMOABHKHYIO 1eJb,
3aJal0lly10 3TaJOHHOe HamnpasjeHHe. Kpome Toro, B ciyyae pe3KHX
HaKJOHOB NpHOOpa, NMpeBHINAILHUX AONYCTHMOE 3HAueHHe, MPOHC-
XOAUT aBTOMaTHYECKOE OTKJIOYeHHe IHTAHHUS H H3MEpeHHs Ipe-
kpamatotes. Ilocsie mcuesHoBeHHsI BO3MyLIAIOMIMX (AaKTOPOB INHTa-
HYe aBTOMATHYECKH BOCCTAaHABJIHBAETCS.

STO YCTPOHCTBO NMPHUMEHSIOT NPH CTPOUTEJNLCTBE KaHAJH3aIHOH-
HBIX ceTeil, Mpok/aaake TpyGonpoBoJoB u Ap. JIyy oT snasepa & Ha-
NpaBJsieTcss MPU3MOi 6 B TEJIECKONMHYECKYI0 CHCTEMY 7 H Jajiee Ha
MOBOPOTHOE 3€pKaso 8, KOTopoe HMeeT ABAa (PUKCHPOBAHHBIX MOJIO-
JKeHHs AJs TOCBLIJIKH Jyda BBepX HJH BHH3. 3epKaJjo 8 NpeicTas-
Jaser co6OH TOJYNpO3payHyl0 NJACTHHY, NPONMYCKAIOUIYI0 4YacTb
CBeTa Ha HEMOABHXXHOe 3epKajio 3, OTPa3sHBLIHCb OT KOTOPOroO Ja-
3epHBI JIyy majaer Ha 3epkaJso 10, ycTaHOBJEHHOe Ha phlyare CH-
HYcHOro MexaHusma II. MexaHusm 1/ peryJjupyercsi ¢ NOMOLIbIO
BHHTA I, 4TO TO3BOJIsIET B CJyuae HeOOXOAUMOCTH H3MEHSATb Ha-
npasjeHne Jyda. [IpuGop HaxOmHTCS B 3alIHTHOM KOXYXe, a BCe
BHIXOJHbBle JIIOKH 3aKpbITHl 3alUUTHBIMH IJIOCKONApaJliebHbIMH
nnactuiamu 2, 4, 9. I[lpu6op Mmoxer paGoTaTh B aBTOMaTHYECKOM
pexume 6Ge3 HaGJIOfaTeNs, B 3TOM CJydae BKJIOYAeTCs CHCTEMa
KOHTPOJISl 32 PEe3KHMH COTPSICEHHSIMH H BHOpauMsMH. DTa CHCTeMa
NpeJCTaBysieT Cco00fi 3JIeKTPOMEXaHHYeCKoe YCTPOHCTBO KOHTAKT-
Horo Tuna. CyliecTBEHHHIM HEJOCTATKOM TaKOro mpuGopa siBjsieTcs
HeOGXOJUMOCTh MMETb OllepaTopa MJis YNpaBJIeHHs Ja3epHbIM NyY-
KOM TpH HHBEJHPOBaHUH mjomafei. [lisi ycTpaHeHHs 3TOro Hefo-
CTaTKa COBpPEMEeHHble KOHCTPYKIIMH JIa3epHBIX HHBEJHPOB BKJIIOYAIOT
YCTPOHCTBA, pa3BepThIBAOLIME JIAa3€PHBIH JIyY B CEKTOp HJH IJIOC-
KOCTb.

Jnsi pasBepTKH J1a3epHOrO Jiyya B IJIOCKOCTb NPHMEHSIIOT 3ep-
KaJbHble U NIpH3MeHHble CKaHHpywouive cucteMmbl. Hanpumep, B sa-
3epHBIX HHUBEJHPAX HCIOJb3YIOT Bpallalollylocsi MeHTanpuamy, Io-
3BOJISIIOLIY IO NOJIYYaTh CBETOBYIO MJIOCKOCTD.

B 3TOM OTHOILIEHHH HHTEPECHO YCTPOHCTBO, B KOTOPOM JJIsl pas-
BEPTKH Jiyya TNPHMEHSIOT KOHHYecKylo mpuaMy. KoHCTpYKTHBHO
NpH3Ma MOXKET YCTaHaBJHBAaTbCs BHe NpHOGOpPa, YTO HCKJIOYaeT
BJIMsSIHHE ITOTPELIHOCTEl, BBI3BAHHBIX €ro KOJEeGaHHSIMH H HETOYHO-
cTblo ycraHOBKH (puc. 54). IlpuHuun paGortel mpuGopa 3akJiwua-
ercst B caenywoouieM. I1yyok cBera ot nazepa 4 MOBOPOTHBIM 3€pKa-
JOoM 3 HampaBJsieTcsi yepe3 GJIOK JIHH3 2 Ha KOHHYECKYIO NMOBepX-
HOCTb MNpH3MBl [, C TOMOILBIO KOTOpO#l M co3jaercsi JiadepHas
TJIOCKOCTb.

[1penMyiiecTBOM JaHHOrO YCTPOHCTBA SIBJSIETCS] OTCYTCTBHE Bpa-
1amumxes Aerajnell QJisi CO3JaHHsI CBETOBOH IJIOCKOCTH M NPOCTOTA
ee peanusauny. CyliecTBeHHBIH HeJOCTAaTOK — BBICOKHE TPEOOBAaHHS
K TOYHOCTH UIHGOBKH KOHYCHOH MOBEPXHOCTH, 0COGEHHO B 06J1aCTH,
npuJeraloliefl K ee BepUIMHe, YTOOb H36eXaTb 3HAUHUTEJNbHBIX IO-
Tepb HEpPrHH JyYa HpH oTpakeHHH. llesecoob6pa3Hee HCHOJb30BATh
JlasepHble HCTOYHHKH H3JyYyeHHsl ¢ KOHIEHTpalHell CBeTOBOH 3Hep-
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Puc. 54. JlasepHHii HuUBeJsHp Puc. 56. JlasepHoe ycTpO#CTBO
C KOHHYECKOH NpH3MOH C ABYXJYy4eBOH CHCTEMOH

Puc. 55. Komnaexkr annapatypn CKII-1:

@ — H3nyYaTeJb; 6 — GQOTONPHEMHHK; 8 — HHAHKATOP



THH B KOJIbLEBOH 30HE, YTO MO3BOJSIET [IPHMEHSTb IJIsi Pa3BEPTKH
yCeYeHHBIH KOHYC.

Merton peasnn3anuH CBETOBOIi NJIOCKOCTH Bpalllalollleiicss NeHTa-
npu3Moil ucnosbs3osaH B ycrpoiictee CKII-1 (puc. 55), B KoTopoM
TOPH30HTHPOBAHHE OCYUIECTBJISETCS MasiTHHKOM C JABYMs CTENEHSIMH
cBoGoabl. Cucrema KoHTpoJiss niaHupoBkn CKII-1 paspa6Gorana Ha
6ase resuii-HeoHoBoro sasepa OKI-13. Ona moXeT ObITb HCHOJb-
30BaHa B KayecTBe NATYHKA ONMOPHOH IJIOCKOCTH AJIsi HHBEJHPOBA-
Hust noBepxHocTH. Cucrema obecneynBaeT: KOHTPOJIb MJIAHHPOBKH,
BBINOJIHSIEMOll NpaKTHYECKH JIIOGBIM YHCJIOM MAIUHH (CKpenepos,
rpeiifiepoB, MIAHHPOBUIUKOB), pabOTAIOWHX HA NJOMALH pPaAHYCOM
no 500 M; mosblllieHHe NPOH3BOAHTENbHOCTH Tpyna Ha 30 %; Bo3-
MOKHOCTb paGoThl B J11060€ BpeMsi CYTOK.

CucreMa aBTOMaTHYECKOTO KOHTPOJISI COCTOMT H3 TpeX (YHKLHO-
HaJbHO CBSI3aHHBIX MeXJy co60il G6JIOKOB: J1a3epHOrO H3JydyaTes,
HENOABHXKHO YCTAHOBJEHHOIO B TOYKe C H3BECTHOH BEICOTHOH OT-
MeTKOil, ()OTONPUEMHOr0 YCTPOHCTBA, 3aKpENJIEHHOTO BepPTHKAaJbHO
Ha CTPOHMTEJbHOH MallMHe, H HHIHKATOpa NMOJIOXKEHHS, YCTAaHOBJIEH-
HOro B KaGHHe onepaTopa MalLHHBI.

Texnuueckue xapaxmepucmuxuy CKIT-1

MouHocTs H3nyueHHs, MKBT, He MeHee 200
Yron pasBepTKH ONTHYECKOH MJIOCKOCTH, Ipajgyc 360
JlnanasoHn ge#cTBHS, M Or 5 no 500

ITorpemwHocts onpejeJieHHsl BHICOTHOrO NOJIOXEHHSI KOHTpOJH- 30
pyeMoro o6bekTa, MM, He GoJsee

TouHocTh CO3ZaHHSI OMOPHOH MJIOCKOCTH, YIJ. ¢, He GoJee 8
HecTra6uabHOCTh MOJIOXKEHHSI ONTHYECKOH MJOCKOCTH BO BpeMe-
HM, yIJ. c/4, He GoJsee

PasMep momepeyHoro ceueHusi Jyya Mo BepTHKaJH, MM 25—80
JlnanasoH perucrpalM¥ M3JydeHHs MO BHIcOTe, MM, He Menee 200
Yacrora BpalleHHs ysja pasBepTKH ysjyuaTelsi, 06/MHH 72—108

MomHocTe H3/JyyeHHs, MHHHMaJbHO perucrpupyemas ¢oro- 10
NpHeMHHKOM, MKBT, He MeHee
Hanpsaxenue nuranus, B:
H3JIyyareJs 220 (50 I'n)
npHeMHOro ycrpoiicrsa 12
INorpe6nsieMass MolHocTh, BT:
H3JIyyaTeseM 30 Br
NPHEMHEIM YCTPOHCTBOM 3 Br
Macca, xr
H3JyyaTens 3
¢doronpueMHHKa
HHAMKATOpa
LITaHTH

w—wo

1

Haayuatenp (puc. 55,a) cosjgaer onTHYECKYIO NJIOCKOCTb, OTHO-
CHTEJIbHO KOTOPOH ONpENEeJsIIOT BBICOTHbIE OTMETKH TOYEK MNOBepX-
HocTH Yyuyactka. PoronpueMHuk (puc. 55,6) perucTpupyer MoJo-
JKEHHe MalMHbl OTHOCHTEJbHO CBETOBOH OMNOPHOH MJIOCKOCTH,
a B uHaukKatop (puc. 55,8) BBOAUTCS HHGOpMAalHUs O ee BHICOT-
HOM TOJIOXKEeHHH H ¢Qukrcupyercss uM. [losyuass mHpopMauuio o BHI-
COTHOM TMOJIOKEHHH paboyero opraHa MallWHB, onepatop (BOAH-
TeJb) BPYYHYIO YIPABJSET UM.
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[Togo6usie camoycranapiuBaoomuecs CHCTEMBI NpHMEHSIIOT U
B Apyrux mpubopax. Mx ucnosb3oBalie B TreoJe3HH OrPaHHYEHO
IPOMO3IKOCTBIO M CJOXHOCTbIO KapJaHOBOrO MOABECa H HEeJOCTaTOY-
HOH TOYHOCTbIO CTabHJM3alHMH NMJIOCKOCTH. Boslee TOUHBIM siBJIsieTCs
METOJ TOpPH30HTHPOBAHHS IJOCKOCTH, OCHOBAHHBIH Ha NPHMEHEHHH
CepHHHBIX HMBEJHPOB C CaMOYCTaHaBJIMBAIOIEACS JIHHHEH BH3MPO-
BaHus. [IpumepaMu MoryT cayxutb npu6op KB-6 (ITHP), Hacanka
Kk nuseaupy Ni-007 Hapoamnoro mpeanpustusi «Kapa ILleiic Fena»
(FAP) u np. TouHOCTh rOpPH3OHTHPOBAHHS pedepeHTHOH MJIOCKOCTH
nocturaer 0,3—0,5”. OgHaKo cjefyeT OTMETHTb, YTO NMOAOGHLIE CH-
CTeMbl NPAKTHYECKH HEMPHMEHHMbl MpH HAJHUMH BHOpaluil.

B Hacrosinlee BpeMs IJis 3aJaHHS MJIOCKOCTH HaXOJST MpHMe-
HeHHe ABYXJyyeBble u 6oJiee cHCTeMbl. PaccMoTpuM 1Jisi mpuMepa
ONIHY H3 TakKHX cHCTeM O6oJsiee mOApPOGHO, MOCKOJbKY €e MPHHIHI
paboThl NpH BH3YyaJbHOH M aBTOMaTHYeCKOil ((oTo3JaeKTpHUeCcKOil)
perucTpanyy OTCYETOB SIBJSETCS THNHYHBIM JAJsl JAHHOTO KJiacca
npu6opos. Jlazep / (puc. 56) u3ayyaer cBeT B HampaBJIEHHH Bpa-
mlamlleiics ¢ nmoMoulplo Motopa 5 rosnoBku 2. CospaBaeMasi omop-
Hasl MJIOCKOCTb 3 MOKa3aHa NMyHKTHPOM. DTa MJOCKOCTb MOXKET ObITb
TOPM3OHTAJbHOH HJHM HAKJIOHHOH B 3aBHCHMOCTH OT COOTBETCTBYIO-
lLlero HakJoOHa MHCTpyMeHTa. Bpamaromasics rojsoBka 2 COCTOUT M3
JIBYX NMEHTanpu3M 6, UrpaloUMX pOJib OTKJOHSMOLIEH CHCTEMBI. DTH
MEeHTaNpH3MBl pacnosioXeHbl TakK, YTO OAMH M3 NYYKOB 4 JyueH
NPOXOJHT NapaJjjesbHO W HEMOCPEACTBEHHO HajJ OMOPHOH MJOCKO-
CTbIO 3, a Jpyroil myuyok 7 — mapaJijielbHO ¥ HemoCPeICTBEHHO 10X
9ToH MJIOCKOCTbIO. IIpH moMouM ONTHYECKON CHCTEMBI, YBEJIHUHBAIO-
LleH WM yMeHblIaolllell NOBepXHOCTb COOTBETCTBYIOLIEro MyyKa Jy-
yeii 6e3 BO3pacTaHMs €ro pacxoxkAeHHs, HOGHUBaKOTCS paboOTH MpHU-
cnoco6JieHHs] Ha BCeM JHana3oHe PaccTOsiHUil 6e3 3aMETHOro yXyn-
LIEHHS] TOYHOCTH H3MepeHHH. DTa ONTHYeCKash CHCTeMa COCTOHT M3
cobupaTesJbHOH JHH3bI 8 M pacceuBarolleil auH3bl 9. Ilns pasgede-
HHMSl CO3JaBaeMOro Jla3epoM CBETOBOrO Jiyua Ha JBe YaCTH BO Bpa-
Hiakollefcs roJoBKe 2 MeX1y Jla3epoOM H NeHTanpU3MaMH YCTaHaB-
auBaloT geauntenb I0. Takoii genuTenbp MoOXeT GbITb CO3[JaH M3 Ha-
6opa OGBIYHBIX MOJYOTPaXKAIOWIMX 3epKaJ HJIM NPH MOMOLIM KpH-
CTaJjyla ABOHHOrO JIydenpeJsoMJIeHH .

Hcnonb3oBaHue Ja3epHBIX reoje3HYecKHX NMPHGOPOB MO3BOJSIET
MakKCHMaJbHO aBTOMAaTH3HPOBaTb BeChb MNpoLeCC H3MepeHHi. B Ha-
cTosilee BpeMsi pa3paboTKa aBTOMAaTHYECKHX CHCTEM, BBINMOJHSIO-
IIUX Becb LMKJ pabOT NPH HHUBEJHPOBAHHH W IJAHHUPOBKE MeECT-
HOCTH, NpHBJIEKaeT Bce OOJblliee BHHMAaHHE CIEL[HAJHCTOB.

Jlaseprote Te000auUTHL

JlazepHBIM Ha3bIBAIOT TEOAOJHT, B KOTOPOM INapaJejbHO BH-
3HPHOH OCH 3pHTEJNbHOH TPYyObl MJIH BHOJb 3TOH OCH HampaBJieH y3-
KHIl NyYOK Ja3epHOro H3jydyeHHs. JlazepHble TEOHOJHTH MOXKHO
KJaCCHpHUUPOBATb MO KOHCTPYKTHBHBIM OCOOEHHOCTSIM B3aHMO-
CBSI3H M3JIyyaTessi C TPAAHUHOHHBIMH Yy3JIaMH CEepHHHBIX TEOJOJIH-
ToB (pHC. 57).
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L J1asepHble reononmu—l

C nanyuyatenem, C nepaknaaHbIM C HenepeKNaaHbIM, HENepesoAVMbLIM
nepeBoANMbIM Yepe3 3eHUT u3nyvarenem yepe3 3eHUT uanyvarenem

l fa3sepHble HacaaKu K CEPUtHLIM TEOAONUTaM I

Be3 coBmeweHun ocen

C coBMelLeHHbIMU OCbIO Na3ePHOro Ny4Ka
W BAU3UPIHOWA OCLIO 3pUTEeNLHOW TPYObl

CoBsmeuteHue ocein CosmeuieHue ocei npu
NpY NOMOLUU NPU3M nomMouwn ru6KUx CBeToBoA0B

Puc. 57. Knaccudukaunsi nasepHbIX TEOLOJHTOB

B nasepHOM TeojosiuTe 3puUTesbHas Tpy6a 3aMeHeHa Ja3epHHIM
H3JlyuaTesieM, KOTOPbIH MOXKHO MepeBOJAUTb 4yepe3 3eHHT. Pa3mepn
ra3oBblX Jla3epOB YacTO MHPEBLILIAIOT pa3Mepbl 3pHTeJbHBIX TPYO,
MO3TOMY IPH HCNOJIb30BAHHH TAKOrO H3JyyaTesisi BMECTO IepeBOAa
ero uepe3 3eHUT 00eCNeYHBAIOT MepeKJaJKy TOPH3OHTAJbHOH OCH
BpallleHUs] U3JyuaTess B Jjlarepax.

Tak, Hanpumep, B na3epHoM Teomosute JIT-75 mpuMmeHeH Jsasep
JIT-75 momHocThio 30 MBT. JlasepHblfi M3JyuaTesnb CHEMHBIH; Ha
€ro MeCTO MOXHO YCTaHOBHTb 3pHTeJbHYI0O TPYOy. YuuTbIBast 60Jb-
Iy Maccy npu6opa, ero MOXHO HCNOJIb30BaTb TaM, rie TpebyeTcs
3ajaTh pedepeHTHYI0 NMpsIMyl0 Ha 6oJiblliMe PacCTOSHHS, Hanpumep
IpH MPOHM3BOACTBE AHOYrJyOHTEJbHBIX paboT, B THAPOTEXHHYECKOM
CTPOHTENIbCTBE AJIS1 OTpaKJAeHUs MOPCKHX KaHajloB M ¢apBaTepos,
IJIs IPOU3BOACTBA NMPOMEPHBIX paboT U Ap.

JlazepHblit Teomosur JIT-56 umeer MasoraGapHTHHIH Jiasep
JIT-56 mowHocThi0 2 MBT, moTpebasiemasi mouiHocthio 60 BT, Mo-
JKeT NMHUTAThCsl OT aKKyMyJsiTopa. DTOT TEOHOJHT NPHUMEHsIeTCsl AJis
omepaTHBHBIX pPa30MBOYHBLIX pPalbOT Ha CTPOHMTENbHBIX MNJOLIAJKaX,
JUIST KOHTPOJIA 3a JBHXXEHHeM IPOXOJAYeCKOro UIMTa, NMPH CTPOH-
TeJIbCTBE KOJIJIEKTOPHBIX TOHHeJeld. OH paspaGoraH Ha 6ase rop-
Horo Teopmosiuta 1I-1, wusayuatesp nepekJajbpiBaeTcss B Ja-
repax.

B ITHP paspa6oran nasepHblii Teogoaut KP1, usayyarean ko-
TOPOTO0 MOXKHO MepeKJaAblBaTh B OMOPHBIX MOAMIHMNHUKAX. KoJsuu-
mupytomasi cucreMa KP1 B ciayyae HeoOXOZMMOCTH 3aMeHsieTCs
HUBEJMPOM C KOMIIEHCATOPOM, YTO MO3BOJISIET NPEBPATHTb €ro B HH-
BeJHUP C CaMOYCTAHABJMBAIOIUHMCS B TOPH30HTAJIbHOE MOJIOXKEeHHe
JasepHbIM nyykoMm. OCHOBHBIMH y3JaMH Nnpubopa SBJSIOTCS Jasep,
KOJIIUMATOp, 3pUTeNbHAsi Tpyb6a C KOHTAaKTHBIM YDOBHEM M LIEHOH.
nenenunst 207, HaBOAsile-U3MepPUTEJNbHOE YCTPOHCTBO M INOACTAaBKA.
C nomouibio KoJuiuMaTopa (OpMHpYeTCsl Jia3epHbIl My4yOK JHaMeT-
poM 8 MM Ha paccrossHud a0 100 M u auamerpom 40 MM Ha pac-
crosHun g0 500 M. ¥Yros HakjaoHa usayuyatens = 30° oOTcueTsl MO
BEPTHKaJbHOMY H TOPH30OHTAJbHOMY Kpyram GepyTcsi ¢ TOYHOCTbIO
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1m0 0,1°. Macca KP1 9 kr, Macca 6/10Ka NUTaHHs 5 Kr, NHTaHHEe OT
aKKyMyJisiTopa HanpsikeHueM 24 B.

dupma «Cnekrpa-¢pusukc» (CLUA) wusroraBauBaer Ja3epHbIi
teogoaut LT3, KoanumaTop KOTOpOro cHaGKeH JONMOJHUTEJNbHOH
HacaJAKOH C UWJUHApPHYECKOH JHH30H, TpaHchopMHupYyIoLlel Jsyd
B cekrop. JlHaMeTp Ja3epHOro MyykKa Ha BbIXOAe M3 KOJJIHMAaTopa
16 MM, a Ha paccrosHuu 300 M — 30 mm. Ilpu panbHeiilleM yBesu-
YeHHH PacCCTOSIHHS TONepeyHOoe ceueHHe yBeJIHYHBAaeTCsl M JOCTHraer
125 MM Ha paccrosHun 2000 M. Ilpubop cHadKeH AOMOJHHTEJNb-
HO! OpHUEHTHPHOH 3pHTesbHOH TpyGoi ¢ yBeamueHueM 10¥ u co-
OTBETCTBYIOLIHMH HAaBOAALIMMH MexaHu3Mamu. K HeMy npupaercs
CaMOCTOSITeJIbHOe YCTPOHCTBO — KapeTka [MJisi OLICTpPOH H TOYHOMH
YCTaHOBKH B 3aJlaHHOM cTBOope. B KoMmJeKT mpucnocoGJyieHHH BXO-
JIUT KJIHHOMETP, NO3BOJISIIOUIMH 3alaBaTh H3JIyyaTesio YyroJ HaKJIOHA
B npefenax *=30° ¢ TouHocTbio 18’. IIpuGop Moxer paGoraTh Kak
OT CTAIlMOHAPHOHN 3JIEKTPHYECKOH CETH MepeMeHHOro TOKa, TakK U OT
aKKyMyJsTOpOB HampsixkeHueM 12 B, emkoctbio 75 A/u. Macca Teo-
posura LT3 10 Kr, MOIIHOCTb M3JyuyeHHs Jasepa 5 MBT.

®upmoit «Cumency (OPI') co3maH mopTaTUBHBIM Jla3epHBIH Teo-
ponut LG68 ¢ ropH3oHTaNbHBIM H BepTHKaJbHBIM KpyraMu. B ero
KOHCTPYKIHH NMPeAyCMOTPEH YKJIOHOMEp, MPH MOMOLIH KOTOPOro Jia-
3epHbIHl H3JIyuaTesb MOXHO OBICTPO YCTaHaBJMBAaTh Ha 3aJaHHBIH
yros HakJoHa B npegfenax = 10° ¢ TouHocTeio 6’. KoHCTpyKTHBHas
ocobeHHocTh LG68 3akiwouaercs B TOM, YTO €ro TFOPHU3OHTAaJbHAS
OCb HMMeeT MOJIbIH LHJIMHAPUYECKHH Kopmyc, NpeqHa3HAYeHHBIH AJs
pasMelleHUsl Ja3epHOro Hajyvaressi. JuameTp nmyuka Ha BBHIXOZe
paBeH 9 MM H OcCTaeTcsi HeM3MeHHbHIM Ha paccrosinHu Ao 100 M,
a 3areM yBeJHUYHBaeTcs Ha 1 MM Ha kKaxzable 10 M. MouHoCTb H3-
ayuenusi 1 MBT, Hanpsixkenune 12 B, macca 5 Kr.

JlazepHble HacafKH K TEOHLOJNHUTAM KOHCTPYKTHBHO BBINOJIHSIOT
B BHAE CBEMHBIX YCTPOHCTB. B HEKOTOpBHIX TeOHOJHTaxXx HacCamky
MOHTHPYIOT Ha 3pHUTeJbHyl0 TpyGy. B aToM ciyuae JsasepHblil Jyy
MPOXOAMT MNapaJjijielbHO BU3HPHOH OCH 3pHUTEJbHOH TPYObl TEOHO-
aura. Takoro THma HacagKh H3rOTOBJIeHb AJsi TeofosuToB TIA,
T16, T2 ¢upmu «Buabp» (LIBefinapus), SLOM STM (Dpanuus)
" Jp.

OreuectBeHHass Hacagka JIHOT-02 BuimosiHeHa MO TakKoMy e
NMPUHLUHNY M PaAcCYHTAHA Ha 3KCIJIYaTalHI0 COBMECTHO C TEOJOJIH-
toM OT-02 cepuiinoro komniekra YBK-U. Hcrounukom cBera ciy-
KUT rasoBulfi asep JII'-56; kossuMaTop mpexacrasiser co6oii Tese-
CKOMHYECKYI0 CHCTeMY ¢ BHyTpeHHell (okycupoBkoii. JIyu jsasepHoii
HacagKH TNPOXOAMT HaJ BU3HPHOH OCbl0 Ha paccrosinuu 10 cM.
B komnuektr JIHOT-02 BxoguT omHa Hacaika Ha OGBEKTHUB KOJJIH-
MaTopa AJsl pa3BepTKH Jia3epHOro Jyda B cektop ¢ yriaom 40’. Ha
3Ty HAcaAKy KpemsT UHJIHHAPHYECKHH ypOBeHb C LEHOH MAeseHHs
30” noasi yCTaHOBKH MJIOCKOCTH Pa3BepPTKH Ja3epHOro myyka B ro-
PH30HTaJbHOE WUJH BepTHKaJbHOE MOJIOXeHHe.

[IBeiinapckas ¢upMa «Buaba» BbimycKaeT JiasepHble HacaiKH
GLAI1 pas teomonura T1A, GLA2 mas teonoautra T16 u GLA3 nns
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teogonuta T2. Hacagka GLA3 ycnemHo npuMeHsiach NPH COOPY-
JKEHHH TOHHesns1 B MIiOHXeHe M NPH CTPOUTENBCTBE YCKOpDHTEJS
B JKeHeBe.

H3sroTaBnuBaloT HacaikKH, B KOTOPHIX OCb JIa3epHOrO Ny4yKa CO-
BMellleHa C BH3HPHOH OCbI0 3pUTENBbHOH TpPy6Gnl Teomonuta. Ilpu
3TOM COOCHOCTH [MOOMBAIOTCSI ABYMSI NMYTSAMH: H3JydaTelb KpEMsiT
Ha 3pHUTeJbHOH Tpybe, a Jia3epHBI Jy4Y NpH NMOMOLIM NMPH3M Ha-
NpaBJSIOT B OKYJSp; H3JyyaTeslb pasMellaloT Ha LITaTHBe, a Jia-
3epHBI Jyd THOKUM CBETOBOJAOM BBOASAT B OKYJSIP 3PHTEJbHOMH
Tpy6bl. BTOpoii cnoco6 peanu3oBaH, HanpuMmep, B Jia3epHOH Ha-
canke K teopoauty JJKM-2A.

Hapsiny ¢ omnpefeleHHBIMH NpeUMyLIeCTBAMH HacajgkaM C rHub-
KHMM CBETOBOJOM CBOHCTBEHHbI 3HAUHTEJbHblE MOTEPH MOIIHOCTH H3-
Jy4eHUs MPH NMPOXOXKJAEHHH JIa3epHOTO MyYyKa MO CBETOBOAY.

B IIHHUHWTAuK paspaGoraHa opuruHajbHas cxeMma Ja3epHOTro
TeofosuTa (puc. 58), mpenHa3HAUYEeHHOro MAJISi YCTAHOBKH OINTHYe-
CKHX JeTaJsied W moBepxHocTteil [11].

HcTouHHK H3NyuyeHHst —J1a3ep ] KPENMHTCA Ha MOACTaBKax Teo-
J0JMTa TaKuM o6pa3oM, 4TOObl OH He Mellas MOBOPOTY TPYObl Ha
360°. JlasepHblii Jyd cucTeMOi 3epkana 2, 4, 5, 7 u J1uH3aMHu 6 BBO-
OHTCSI B aBTOKOJIJIMMAUHOHHBIH OKyJssp MoHYeHKO 8 Tak, 4TOGHI
obecneynTb 3aCBeTKY aBTOKOJJIHMALMOHHOH CEeTKH H BMeCTe C TeM
HCIOJIb30BaTh Ha mnepenauy okoso 80 % mnuomanu o6bektuBa. Ilo-
JISIPH3ALlMOHHBIM CBETO(HJIBTPOM 3 peryJHpyeTcss MOLIHOCTb CBETO-
BOr'O NYyYKa.

IIpu KOHCTPYKUHMH MaKeTa ObLIH MCNOJb30BAHBI CEpHiiHBIE OTeue-
cTBeHHble NpHOOpHl: TeomoauT T2 u Jsasep JII'-66, KoTophiit HMeeT
JIOCTAaTOYHYI0 MOIIHOCTb B OZHOMOJOBOM peXXHMe palGoThL.

B npuHsitroM BapuaHTe mpubop paGoTaeT B TpeX pexHMax: BH-
3UPHOM, NMPOEKUHOHHOM ¥ aBTOKOJIJIMMAallMOHHOM. B HeM coxpaHeHb!
BC€ BO3MOXHOCTH HCNOJIb30BaHUSI MPUOOpPA KaK TEOJOJIHTA.

Jlasepuoble npubopsl 8epTUKANbHO20 NPOEKTUPOBAHUS

JlazepHble NMpuGOPH BEPTHKAJLHOTO MPOEKTHPOBAHUS — Jia3ep-
Hble IIEHTPHUPbl — MOXKHO KJacCH(pHUUPOBATL 1O CIOCOOY NpHBeAe-
HUS J1a3epHOTO Jyda B OTBecHoe mnojoxeHue (puc. 59). KoHcTpyk-
TUBHO OOJIbIIHHCTBO Ja3epHbIX LEHTPHPOB aHAJOTMYHO Jia3epHBIM
HHUBeJHpaM, MO3TOMY OCTAaHOBUMCSI Ha KPaTKOM ONHCAHHH TOJbKO
HEKOTOPHIX M3 HHUX.

Jlazepunlit 3enut-uentpup JI3Ll-1 — npu6Gop, B KOTOpOM Jasep-
HbIl NY4YOK NMPHUBOJAUTCS B OTBECHOE NOJIOXKEHHE MPH MOMOILH LH-
JIUHAPHYECKOrO YPOBHSI C LieHOH HesieHHs1 8”. BepxHssi yacTb IpH-
6opa (M3sayyaTesb C KOJJIHMATOPOM) YCTaHOBJIEHA BepTHKaJbHO Ha
anupajgHoi yactu rteomoJsiuta. JI3LI-1 mpuMeHsicsi MpPH CTPOHUTENb-
ctBe OcTaHkHHCKON TesebamHu B MockBe. OTKJIOHEHHS OCH GalllHH
OT BepTHKAJIH ONPEeAeNsIM MO MajieTKe Ha Pa3JIHYHBIX OTMeTKax M0
BbicoTH 533 M. ToYHOCTb MpPOEKTHPOBAHUS coCTaBHia 15 MM Ha
300 M.
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Puc. 58.Jla3epubiii TeOs0MHT Puc. 60. Jlazepuniit npu6Gop IIBIT ¢ xua-
KOCTHBIM KOMIIEHCAaTOPOM

[ Na3sepHble NpUBOPLI BEPTUKANLHOMO NPOEKTUPOBAHWA I

1 1 1
C camoycTaHaBnuBaloWmMMCA
NasepHbIM NYYKOM
1

1 1 |
ManTHukoOBbIE B
KapaaHoBOM noasece

/\

C NnyYyKkoM, yCTaHaBN1BaemMbIM C nyYyKkoMm, yCTaHaBNMBaeMbiM
B OTBECHOW NNOCKOCTYU NO OTBECHOW NUHWUN

C ypoBHem MNpu3meHHble Hacaaku

doTo3aneKTpUYecKue C KomneHcaTopom

Puc. 59. Knaccudukamus nasepHblx NPHGOPOB BEPTHKAJNBLHOTO IPOEKTHPOBAHHS

K ypoBeHHbIM JiazepHBIM LIEHTPHpAM OTHOCHTCS Takxe NpHOOp
LL132, BbimyckaeMblit coBMecTHO dupMoii «Crerpa-¢usuke» (CIIA)
n «leo-®eitnmexanuk» (PPI). B npubope mnperycMoTpeHbl [Ba
LMJIHHIPHYECKHX YPOBHS C LeHOH nesenuss 20”7 njisi yCTAHOBKH Ja-
3epHOro NyykKa B OTBeCHOe INOJIOXKeHHe. JlHaMeTp JlasepHOro nyudka
Ha BbIxoge npubopa 11 MM, a Ha paccrosiun 100 M — okosio 20 MM.

B Hacrosimee BpeMsi pa3paboTaHbl NpHOOPBI C aBTOMaTHYeCKOi
HJIH NOJyaBTOMAaTHUYeCKOll YCTAaHOBKOH J1a3epHOro Jyda B OTBECHOe
H0JIOXKEeHHe.

Ha puc. 60 npeacraBieHa cxema npuH6opa ¢ KOMIIEHCAaTOpPOM
JKMJKOCTHOTO THNA M C YCTPOHCTBOM AJisi BePTHKAJbHOH (TrOpPH30OH-
Ta/lbHOIl) pa3BepTKH JasepHoro Jyda. Jlyy I or Jjasepa, npoiias
yepe3 JBa cocyia 2 U 4 C ONTIYECKH NMPO3PauHoil KHAKOCTbIO 3,
nonajfaeT Ha NeHTANpPH3Mbl 6 W 7, KOTOpPble MOT'YT IIOBOpPauyHBaThCA
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Puc. 61. Jlasepuwii mpu6op
IBIT ¢ rpaBHTaUHOHHOH OpHeH-
Tauueil 3epkasna pe3oHaTOpa H
CXeMbl  BBIMOJIHEHHS  KHJKOCT-
110r0 KOMIeHcaTopa

Puc. 62. Cxema ONTHKO-3JIEKT-
POHIIOI'0 LCHTPHpA

BOKpYT oceil 5. B cillyuae OTKJIOHeHHS Jlyda OT BepTHKAJH Ha HEKO-
TOPBIA YroJ ¢ JIyd MPOXOAHUT 4Yepe3 0Opas0OBaBIIMHCS KJHH H3 XKHI-
KOCTH H OTKJIOHSIeTCSl Ha BeJH4YMHY ¢/2. JIJsi mOJIHOH KOMIIeHCALHH
yrja HaKJOHa JyY AOJKeH MPOHTH Yepe3 JBa OAUHAKOBHIX KHIKO-
CTHBIX KJIMHA. JIHO KaXJIOro H3 COCYJOB BBHINOJHEHO H3 ONTHYECKOTrO
CTeKJIa, IPH 3TOM MOKa3aTeJUu MNpPEJOMJIEHHS CTeKJa M KHJIKOCTH
BHIGHpAIOTCS OAMHAKOBHIMH. B peasnnszoBaHHOM yctpoiictBe [3] mo-
KasaTeJsb NpeJIOMJIEHHs1 cTeKsaa 1,5, a B KaueCTBe KOMIIEHCHpYIOLLeH
JKUAKOCTH NPHMeHEeHO MHKPOCKONHOe HMMepcHOHHOe MacJo. Tou-
HOCTb KOMIIEHCALlHH cOcTaBJsieT okoJo 0,17,

Jlpyroii MeTOA BepTHKAaJbHOrO NPOEKTHPOBAHHS Ja3epPHOro Jydya
OCHOBaH Ha TOM, 4TO OAHO M3 3epKaa 3 (puc. 61,a) onTHyecKoro
pe3oHaTopa Jazepa 2 MMeeT IPaBHTALHOHHYIO opueHTalHMio. Pe3so-
HaTop Ja3epa o6pa3oBaH 3epKaJoM [, XKeCTKO CBSI3aHHBIM C raso-
pa3psiHOd TpyGKOH, M pPTYTHHIM 3epkasoMm 4. Jlasep reHepHpyer
H3JlyueHHe B TOM CJyyae, €CJIH OCb Jiyda pacrnoJjaraercs OTBECHO,
a 3epkana I u 4 napanjenbHbl. OJHAaKO pPTYTb YyBCTBHTeJbHa
K BuOpauHsM, KOTOpble MOTYT IOJIHOCTbIO IPHOCTAaHOBHTb paboTy
Jaszepa, KpoMe TOro, PTyTb HMeeT OTHOCHTEJbHO HHM3KYI0 OTpaxa-
TeJNbHYI0 cnoco6HocTh (78 % mas A=0,63 MkM). DTOT 3ddeKT Mo-
JKeT ObITb CHHXKEH IIPH NOKPBITHH PTYTH CJIOEM BSI3KOH XKHJKOCTH,
llanpuMep MHHEpaJblILIM MacJOM HJIH TJIHLEp HHOM.

['paBUTALMOHHO 4YyBCTBHTEJbHblE YCTPOHCTBA MOTYT OBITH BHI-
NoJIHEHBl B BHJE 3€pKaJ C AHIJEKTPHUYECKHMH MNOKPBITHUSIMH, NOTPY-
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KEHHBIMH B XKHIKOCTb, COCTOSILYI H3 50 %-HOro pacTBOpa IJIHLe-
pUHa B BOJe, H B BUAe UUJHHApPHYecKoro (puc. 61,6) HaH KOHH-
yeckoro (puc. 61,8, ¢) nonnaBka. [log60poM KHAKOCTH H KOH-
CTPYKLHMH 3epKaJ MOXHO AOOMTbCS BBLICOKOH CTeMeHH HAeMI(HpO-
BaHUS.

B IIHHUUT AuK paspaboraH u ckOHCTpyupoBaH npubop «Ilopu-
30HT HCKYCCTBEHHBIii», MPEACTABJSAIOIUN COO0H MeXxaHHYEeCKHH Ma-
STHHK, B KOTOPOM YYBCTBHTEJbHBIH 3JIeMEHT (IBYCTOpPOHHee 3ep-
KaJjio) NMOJBelLIeH B KOpIycCe yepe3 IPOMeXYTOYHOe KOJbLO Ha de-
TbIpeX Napax MeTaJJIHYeCKHX CKpellHBaloOLIUXcsi JeHT. To4YHOCTb
npubopa or 1 mo 3”.

Jns pa3MeTOYHBIX M ILEHTPUPOBOYHBIX pPabOT MEepCNeKTHBHBI
npH6Opbl CO CBETOAHOAAMH, CO3JAIOIHMH PaBHOCHTHAJbHYIO 30HY,
H aMIVIMTYAHO-(Ga30BbIM MeTOAOM peructpauud. [IpuMepom ciy-
XKHT ONTHKO-3JIeKTPOHHbIH LeHTpHp (OBLl), paspaboTaHHbI#
H. C. Nly6om n U. A. SInuneiM. OH COCTOMT H3 ABYX YacTeii: mepe-
Jamplleil 1 npueMHoii (puc. 62).

[Tepenaromasi yacTb COCTOMT H3 reHepaTopa HanpsixkeHus I,
670ka u3syyartenss W GJIOKa NMHTaHHUS, MpHeMHas 4acTb — U3 ¢oTo-
npUeMHHKa H G6GJIOKa 3JIEKTPOHHKH, NpeiHa3HayeHHOro njs obpa-
60TkKH curHana c ¢oronpueMHuka. O6beKTUB 4 NpPOEKTHpPYeT Ha
3aJlaHHYI0 JaJbHOCTb peGpo pasjesuTeNbHOH GUNPH3MBI 3, KOTOpOe
MOACBEYHBAETCS C ABYX CTOPOH MOJYJHPOBaHHBIM B NPOTHBOGdase
H3JyyeHHeM CBeTOoAHOAOB 2. Pe6po nmenuTesbHONH OHNPU3MBI pac-
noJsiaraloT B 3ajHell (OKaJbHOH MJIOCKOCTH OOBEKTHBA, H €r0 MOXHO
paccMaTpHUBaTb KaK €AMHbIH BTOPHYHBIH HMCTOYHHK H3JyYyeHUs, CO-
CTOSIIIHA M3 ABYX PasHOMOAYJHPOBAHHBIX H3JyuaTesieil, pasmesieH-
HBIX MPSIMOJIMHEHHO! rpaHulieil — pe6pomM OGUNPHU3MBIL.

IMyyok ayueit Gaoka usayuartenss ODL] dopMmupyer usobpaxe-
HHe eJHHOr0 BTOPHYHOTO pPa3HOMOAYJHPOBAHHOrO H3JydyaTess, Ha-
yHHasi C HEKOTOPOrO pacCTOsIHHS, W 00pas3yeT paBHOCHTHAJIBHYIO
30HY, T. €. 30Hy HaJIOXKeHHS Pa3HOMOAYJHPOBAHHBIX JIYYHCTBIX IIO-
TOKOB, B KOTOPOii 3TH NOTOKH HMEIOT OJHHAKOBYI0 HHTEHCHBHOCTbD.

B Gnoke uaayuartenss ODL] wucnosb3ylOTCS CBETOAHOABLI THIA
AJI-107B, cnekTp H3JyuyeHHs KOTOPBIX pacmnoJiaraercss B HHbpa-
kpacHoit obaactu 0,9—1,0 Mkm. Kaxnaplit cBerognosn o6GecneynBaer
MOLIHOCTb M3JyuyeHus: 5 MBrT.

[IpueMHass yacTb COCTOMT M3 (OTONMPHUEMHHKA 5, CEJEKTHBHOIO
yCHJINTEJSl 6, CHHXDOHHOrO AeTeKTopa 7 M CTpeJioyHoro mpubopa §.
Peructpauus mosoxeHusi ¢OTONpUEMHHKA OTHOCHTEJNbHO PaBHOCHT-
HaJIbHOH 3011bl OCYLIECTBJISETCS ¢ MOMOIIBIO CTPeJIOYHOro npubopa 8.

Texnuueckue xapaxmepucmuxy 03L]

YyBCTBHTENBHOCT Ha PAaCCTOSHHHM 1O 5 M, yIiI. ¢ 1

Pa6ouee paccrosinue, M 0,3—5
Jlnana3oH u3MepeHHs, yrJ. MHH 1

O61bexTHB «lOnutep-9»
<doTOnpHEMHHK O 1-9K
PaaMme pbl meHTpHpa 6e3 9JeKTPOIHOTO 6GJI0Ka, MM 250 210
Macca, kr 2
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B mpouecce skcnmyatanun O31l npuHyAMTeJIbHO LEHTPHPYETCS
11a CTOJIMKE Te0Je3HyYecKoro 3HaKka HJII 3akKpenjsercs ia APYroi
6a30BOIi TOBEPXHOCTH.

Haponueim npeanpusitrueM «Kapa Llefic Mena» (I'IP) Boimyc-
KaIOTCsl Jla3epHble NPHGOPBI [J1s1 KOHTPOJs mpsiMosnHeiiHoctH LF1 u
LFG1 (puc. 63). Ilpu6op LFGI, nosBojsiiollluii peaju30BaThb Ha-
KJIOHHYIO NOJ 3aJaHHbIM YrJOM pedepeHTHYIO NpPSMYIO, BKJIOYaeT
rasoBblii Jiazep, GJIOK 3JIEKTPOHHKH, BH3HPHYI0O TpPyOy A/ HaBene-
HHSl, YPOBEHb M KOJIIHMHpYIoLlylo onTuKy. [Iuranue ocyuiecTBJisi-
ercsi oT Gartapen HanpsikeHuem 12 B. Hapspy ¢ ocHOBHLIM IpH-
60pOM TOCTABJSIOTCSA JONOJIHHTEeJbHble TNPHHAJJEXHOCTH, I03BO-
JSIOIIHE BBINOJHATb MHOTHE BHJbl HHXXEHEPHO-TeO0Je3HYeCKHX
pa6or. [lJsi perHcTpauMH HCNOJNb3YIOT 3KpaH-MapkH CO LIKaJIoH,
napaJijieJibHbIMH HITPHXaMH HJIH KOHLEHTPHUYECKHMH OKDYXKHOCTSMH
B 3aBHCHMOCTH OT TpeGyeMOHl TOYHOCTH ONpefeseHHs LeHTpa, Aua-
MeTpa H ¢GOpMBI NONEPEYHOro CeYeHHs: KOJJHMHPOBAHHOIO CBETO-
BOrO NMyyKa Jiasepa.

JanbHOCTb [OEHCTBHSI 3aBHCHT OT OCBELIEHHOCTH, THNA IIPHEM-
HHKa, BBICOTHl Jyya HaJ, NOBEPXHOCTbIO 3€MJIH, TYypOYyJEeHTHOCTH
atMocdepnl 1 cocraBiaser 200—500 M gHeM H 6osee 1000 M HOUbIO.
BuauMocTb CBETOBOH NJIOCKOCTH, (GOPMHpYeMOH JOMNOJIHHTEJbHOH
HacajKoH C LMJMHIPHUYECKOH JIMH30H, JHEM He IpeBbllIaeT OAHOrO-
IBYX HeCSITKOB METpOB, HOoublo MoxeT jpocturath 100 M u GoJee.
Ha paccrosanuax no 100 M TOYHOCTb KOHTPOJSI NPSIMOJHHEHHOCTH
XapaKTepH3yeTcsl CpPeIHUMH KBaJpaTHYECKHMH MOTPELIHOCTAMH OT
0,5 10 2,0 MMm.

PekoMeHnayloTcs chaepyoue obsactd npumeHeHuss LFGI1: koH-
TPOJIb MOJIOXKEHHS MOAKPAHOBBIX myTelt AauHOH 10 100 M B nJaHe H
IO BHICOTE C NOMOLIBIO CIEHaJbHOH 3KpaH-MapKH C CETKOH KBaj-
parToB; pasbuBKa ocell (QyHIAMEHTOB, PSNOB KOJIOHH, MeTaJJOKOH-
CTPYKIMi, TpyGONPOBOAOB M Jp.; KOHTPOJb M BbIBEpKa CTPOHTEJb-
HO-MOHTaXHbIX KOHCTPYKUHMH, pa3OHBKAa [NJIHHHBIX HampaBJSIOLUHX
H pa3OUBKH B MOJ3eMHOM CTPOHTENBCTBE H JP.
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Puc. 63. Jlasepunlii npu6op st KOHTPOAS NPSIMONHHETHOCTH
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§ 28. JlazepHbie npu6OPH ¢ KONBLEBOI CTPYKTYPOIt
OMOPHOro Jy4a

B ocHOBY mnpuHUHNa AeHCTBHSI Jia3epHBIX NPHOGOPOB JyyeBOTrO
THNA AJ1S1 KOHTPOJIS NMPSIMOJIHHEHHOCTH H COOCHOCTH IOJIOXKEHBI CJie-
JLyolive crnoco6sl 06pa3oBaHHs pedepeHTHOH NpsIMOH — OCH Jyya:
CHMMeTpHS B OJHOMOJOBOM TayCCOBOM IyYKe; CHMMETPHS B MHOTO-
MOIOBOM IyuyKe; 006pa3oBaHHe 30H pasfesna Mo yactoTe, ¢ase, Io-
JISIpU3alMH, CIEeKTPaJbHOMY COCTaBY H3JyYeHHs, AHOPAKIHOHION U
HHTepdepeHIONHONH CTpyKTypaM nyuka. HauGosiee onTHManblbiM
pellleHHeM sIBHJIOCh OBl co3faHHe pedepeHTHOIl NpsiMOH B BHAE OYeHb
TOHKOro Jyda. OgHako co3JaTh TOHKHH Jyd OOJBIIOrO NPOTSIKe-
HHMS HEBO3MOXHO BCJeACTBHe AMGPAKUMOHHBIX OrpaHHYeHHiH, Tak
J)Ke KaK H HeBO3MOXHO CO34aTb abCOJIIOTHO NMapaJJeJbHBbIH Jasep-
HBIH JIyY.

OnuuM H3 (aKTOPOB, BJHMSIOIIHX HAa YCTOHYMBOCTb pedepeHTHOM
NpsIMOii, SIBJsIETCST HeCTaGHJIBHOCTb OCH JHarpaMMbl HampaBJIeHHO-
ctu (OIH) nasepHoro usnyueHusi, 3aBHCSiLIlasi OT HEeCTAGHJIbHOCTH
ONITHYECKOTO pe3oHaTopa Jasepa, pexkuMa paboThl H BpeMEHH ycTa-
HOBJIEHHS] TeIJIOBOro paBHOBecHs. [Ipu pa3biOCTHPOBKe 3epKaJs Ha-
6/10faeTcsl mapaJJiesibHbI COBHT ONTHYECKOH OCH M HAKJOH ee MO
OTHOILIEHHIO K NEepBOHAYaJbHOMY MOJIOXKEHHIO, YTO MPHBOLHT K CO-
OTBETCTBYIolleMYy H3MeHeHHIO nosoxeHuss OJIH. OgHolt u3 BaxHel-
IIHX TNpo6JieM TNOBBILIEHHS TOYHOCTH Jia3epHBIX H3MepHTEJbHBIX
npHOOPOB AJS1 KOHTPOJISI NPSIMOJNIMHEHHOCTH SIBJISIETCSl CTabH/IH3alus
B npoctpaHcTBe nojoxeHus OJIH. B Hacrosiee BpeMss HaMeTH-
JINCb HEKOTOpBle NYTH peLIeHHs] 3TOi NMpo6JeMBI:

crabunausauuss OIH nyTreM cHuXKeHHMSI HarpeBa Jiasepa;

co3JaHHe Jla3epHBIX NMPUOOPOB C CHCTEMOH aBTOMAaTHYECKOH MOJ-
cTpoiiku napaMetpoB pe3doHatopa u OIH wusnyuenus;

co3gaHue MNpHOOPOB C ONTHYECKHUMH KOMIIEHCAaTOpAMM HeCcTa-
6uabHocTH OI1H;

paspaboTka mpu6oOpoB, y KOTOpHIX HectabusnbHocthb OJH He
OKa3blBaeT BJIMSIHHSL Ha MOJIOXXeHHe pedepeHTHOr0 HampaBJIeHHs.

Haubosee mnepcneKTHBHbLIM sBJIsSleTCS NOCAeAHHH mNyTb. Takoii
NPHHUHKN CTaGHJIH3aUMH NOJOXKEHUS pedepeHTHOro HampaBJeHHs
NPHHSAT 33 OCHOBY IIpPH CO3[aHHH JIa3epHBIX LEHTPHPYIOIIHX H3Me-
purenbHbx cucreM (JILIMC) B camoseroctpoenun [3]. B ocHoBe mo-
BhIILIEHHUS] cTabuJIbHOCTH pedepeHTHOro HampaBjeHus JILIMC nexwur
HCNOJIb30BAaHHE OCH JIa3ePHOIO H3JyYeHHs B BHIE COBOKYIHOCTH
LIEHTPOB OKpYXKHOCTeil MPH KOJIbLEBOH CTPYKTYype Ja3epHOro Myyka
nocJe BbIXOJA M3 KOJJIMMHpYIOLleH ONTHYeCKOH cHcTeMbl. Pusnye-
CKasl CyIIHOCTb 06pasoBaHHs KOJIbLEBOH CTPYKTYphl 3aKJIOYaerTcs
B cjenyouieM. JIyy, BHIXOASLIMH H3 reHepatopa reJHi{-HEOHOBOTO
Jlazepa, HMeeT MaJyl0 pacXOAMMOCTb, H €r0 MOXHO B NEPBOM IIpH-
6/MXKEHHH paccMaTpHBaTb KaK NMapaKCHaJbHBIH M B TO XKe BpeMs
rOMOLIEHTPHYECKHH Ny4yoK CBeTOBBIX Jyueil. [Ipoxonst uepes onrtuue-
CKHE KOMIIOHEHTHl KOJIJIMMHPYIOLIEH CHCTeMbl, 4acTb Ny4YyKa OTKJO-
HAETCS OT OCH M 3aTeM CxXKHUMaercsi o0bekTHBOM. [TyukH, ymaJeH-
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HbIE OT OCH, MpPEJOMJIsieMble MOJOXKHTeNbHOH JIHH30H (06BEKTHBOM),
npoxoAaT GOJMbIIMIT NyTb, a NO3TOMY 3amna3abiBalOT no ¢dase. Tak
KaK NMy4YKH KOTepeHTHbI, TO, CXO/15Ch, Ol 06pPa3yIoT B MyuKe 3a KOJI-
JIHMaTOPOM KOJbleBYI0 HHTepdepeHIHOHHYI0 CTPYKTypy. B pabore
[5] E. T. BarHep oTMeuaeT, YTO KOJIbLEBYIO CTPYKTYPY MOXKHO NOJIY-
YHTb NMPH NPOXOKJAEHHH JIa3€PHOrO H3JydeHHs B 0OpaTHOM Xxole Jy-
yeii yepe3 Teseckomuueckue cHcreMbl [anuanes M Kenaepa. Has
3THX LeJiel He06XOAHMO B KOJIJIMMATOpbl BBECTH MAONOJHHTEJbHbIE
ONTHYeCKHe KOMIIOHEHTHI B BHJe OTpPHLATEeJbHBbIX JHH3 3 (pHC. 64),
yBeJIHYHBAIOIIMX AHAMETP MyuykKa, MajaloLiero Ha OKYyJsp TesecKo-
nuyeckoi cucrembl. OnTHMasbHasi KoJsblieBasi CTPYKTypa ob6pasy-
ercsl npH ¢GOKYyCHPOBAHHH 3puTeJbHBIX Tpy6 [anuanes (puc. 64,a)
unu Kensepa (puc. 64,6) Ha GeCKOHEUHOCTb, T. €. IPHU COBMellle-
HUH ¢okycoB JHH3 [ u 2. C yBesnueHHeM paccTOsIHHS A MexAay Ja-
3epOM H KOJIJIMMAaTOPOM BHJ HHTep(depeHIHOHHOH KapTHHBI CTaHO-
BUTCSl 6oJiee yeTKMM. Heo6x0AHMO OTMeTHTb, UTO XapaKTep KOJb-
1LeBOH CTPYKTYpHI CXOJeH co chepHyeckoil abeppauueil OT JHH3H I.

KoJbleBy10 CTPYKTYPY MOXKHO MOJYYHTb M OT ABYXKOMIIOHEHT-
HOHl TeJleCKONHMYeCKOH cHcTeMbl 6e3 JOMNOJHHUTENbHOH JHH3B 3, On-
HaKo B 3TOM cJyyae Heo6XOAMMO OTHECTH KOJJIMMAaTop Ha G60Jib-
lllee pacCTOsIHHE OT Jia3epa, YTOOBI MajaloOLiMil Ha ONTHYeCKHE KOM-
MOHEHThl NMYYOK Jiydyed Obla 60JbLIOrO AuaMeTpa. Takue CHCTEMBI
NOJIy4yaloTCsl TPOMO3AKHMH.

Baarogaps 60/b1I0H NPOCTPAHCTBEHHOH M BpEeMEHHOH KOTepeHT-
HOCTH J1a3epHOTO H3JyUeHHs 4YeTKasi KOJbLieBasi CTPYKTypa B NyyKe
coxpaHsieTcsi Ha paccTossHHH fo 100 M u GoJee.

Takum o06pa3oM, KOJNJIHMATOpPbI-HHTepGEpPOMEeTPhl C KOJIbIEBOH
CTPYKTYpOHl J1a3epHOrO H3JlyYeHHs] MOTYT OBbITb NpeACTaBJeHbl Kak
TeJIeCKONIHYECKHe CHCTEeMBI cO cepuyeckoii abGeppauuei, cosparo-
IiMe Ha OOJIBLIOM MpPOTSXKEHHH CHCTEMbl KOHLEHTPHYECKHX HHTep-
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Puc. 64. Ontiueckne cHcrembl st 06pa30BaHHs KOJNbLUEBOR CTPYKTYpLl Jiasep-
HOro Jyya
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(epeHIHOHHBIX KOJel,, COBOKYNHOCTH LEHTPOB KOTOPBIX 06pasylor
HCKOMOe pedepeHTHOe HanpasJjieHHe. DKCIepHMeHTaJbHble HCCJIEL0-
BaHHs [3] moOKasaJH HHTepecHble OCOOEHHOCTH TAaKOrO KOJIJHMHPO-
BAHHS J1a3epHOro usjgydyeHusi. Tak, npH napaJjjielbHOM HJIH YIJIOBOM
cmemennn OJIH ;1asepHOro H3JyuyeHHss OTHOCHTEJIBHO ONTHYE-
CKOH OCH KoJIHMaTopa pedepeHTHasi mpsiMasi B BHIE COBOKYIHO-
CTH LIeHTPOB HHTep(epeHLHOHHbIX KOJiell He cMellaeTcst [0 TeX Iop,
NOKa COXpaHsieTcss YeTKHM XOTs1 Gbl OZHO KOJIbIO B LIEHTpe CTPYK-
TYypH. DTO CBOHCTBO HCNOJb3yeTcs AJsi CTAOMJIM3aLMH IOJIOXKEHHS
pedepeHTHOro HampasJjeHusi. [Ipn napannenbHom cmemennn OJLH
Jazepa Ha 45 Y N0 OTHOIIEHHIO K AHaMeTPy BXOAHOrO B KOJJIHMa-
TOp J1a3epHOro MyYkKa LEHTpaJbHOe KOJbLO NPaKTHYECKH He CMe-
IIaeTcsl, XOTS1 MHOTHe BHELIHHe KoJiblla Ae(OpMHpYIOTCS M mpeBpa-
mamTcs B GJUKH. AHaJIOTHYHBIe pe3yJbTaThl MOJYYEHB! NPH YIJIO-
BoM cMellennn OJIH Jsazepa OTHOCHTeNBHO OCH KOJIJIMMaTopa Ha
yrasl go 10°. 3TH 0cOGEHHOCTH KOJIBLEBOH CTPYKTYpPHI Jia3epHOTro
Jay4ya, Cc(HOPMHPOBAHHOTO C TOMOILBIO KOJIJHMAaTopa-HHTepdepo-
MeTpa, MO3BOJISIIOT pa3paboTaTb BBLICOKOTOUHBIE NMPHOOPHI AJis KOH-
TPOJIE NPSIMOJINHEHHOCTH M COOCHOCTH O6GOpPYNOBaHHSl TEXHOJIOTHYe-
CKHX JIMHHH pa3JIMYHBIX HHXKEHEPHBIX COOpYXKeHHH H KpynHoraba-
PUTHBIX OOBEKTOB MaUIHHOCTpOeHHs. B Takux mpubopax HajyyeHHe
Jlazepa HCHOJIb3YeTCsl JIMIIb JJisi TOACBETKH KOJIJIMMaTopa-HHTepde-
pomerpa, a o6pa3oBaHHe B KOJIbLIEBOH CTPYKType LEHTPaJbHOrO
spa C SIPKO BBIPaXXEHHBIM TayCCOBBLIM paclpefiesieHHeM 3HEpTHH
JlaeT BO3MOXHOCTb 3()(eKTHBHO HCNOJIb30BAaTh BH3yaJibHbIE H (POTO-
npueMHble ycTpoiicTBa. Ha Takom npuHuune pa6oraer psn JILIHC,
HCIOJIb3YeMBIX B CaMOJIETOCTPOEHHH, CO3[JaH BBICOKOTOUHBIH Jia-
3epubii HuBeaup JIC-1 Ha 6ase HuBesnpa H-2. B nasepHOM HH-
Besqiupe JII'C-1 onTuuecKasi ochb KoJJIHMaTopa-uHTepdepoMeTpa xe-
CTKO CBSi3aHa C OCbIO IHJIHHJPHYECKOro YpoBHs. Jlasep oTaeseH H
H30JIHPOBAH OT KOopnyca nmpH6opa TemJOoOTBOASILIHMH pafuaTOpaMH.
Ocb KOJIbLIeBOH CTPYKTYpPHI H ee NOJIOXKeHHe B NpPOCTPaHCTBe He 3a-
BHCST OT NOJIOXKEHHsSI OCH AHarpaMMbl HanpaBJIEHHOCTH H3JIyYeHHs
nasepa; JII'C-1 cHaGxxeH meHTaNpH3MOH 1Jis MOBOPOTa Jyua B Bep-
THKaJbHOH nJjockocTH. IIpu6op MoxkeT HCHOJB30BaTbCsl HJSI KOH-
TPOJISi NPSIMOJIMHEHHOCTH H COOCHOCTH TOPH3OHTAJbHBIX TEXHOJIO-
THYECKHX JIMHHHA, a TaKXe JJI BePTHKaJbHOrO INPOEKTHPOBAHHS.
Ha paccrosinusix ot 0,5 1o 100 M TOYHOCTb (PHKCALHH OCH CHMMET-
PHH KOJIBLIEBOK CTPYKTYpPHl CBeTOBOro mnyuka coctaBaseT 0,05—
0,10 MMm.

§ 29. JlaszepHbiii reoae3uyeckuii npuGop
MHoroueJesoro HasHauenus JIAT-4

inI BBINIOJIHEHHH HHXKE€HEPHO-reoae3H4YeCKHX pa60T HepeaKo He-
06X0AMUMO OOHOBPEMEHHO CO CTBODHBIMH H3MEpPEHHSAMH BECTH KOH-
TPOJIb TNOJIOKE€HHSI TEXHHYECKOro odopy,uosal-mﬂ HJIH CTPOHTEJIbHO-
MOHTAaXHbIX KOHCprKuHﬁ no BeicoTe. Takas 3amaya OcoO6eHHO Ya-
CTO BO3HHKAaeT NpPH PpHXTOBKE NOAKPAHOBBIX I'lYTef;l, HanpasJAgOUHX
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JIMHHH, KoHBeHepoB. KpoMe TOro, nojiesHo uMeTb OJHOBPEMEHHO H
BEPTHKAJIbHBIA JIyd — JJIs1 ob6ecnedyeHHss CTPOHTENbCTBA BBICOTHBIX
COOpYXeHHH, TeneballieH U Ap.

OCHOBHBIMH 1IeJIIMH CO3LaHHS Teoje3HYecKHX NpHOOpOB Jsydye-
BOTO THNA AJIS1 KOHTPOJIsI NPSIMOJMHEHHOCTH, COOCHOCTH H MJIOCKOCT-
HOCTH SIBJISIIOTCSL:

3aMeHa BH3HMDHOH OCH ONTHYECKHX NPHOOPOB BHIAMMBIM NYyYKOM
CBETOBBIX Jyyell C ONpeJeJieHHBIMH IPOCTPAHCTBEHHO-BPEMEHHBIMH
U 3HepreTHYECKHMH NapaMeTpaMH;

aBTOMAaTH3alHs H3MepeHHH NpPH BHINOJHEHHH reofle3HYecKHX pa-
60T;

ynpolleHHe Npoliecca reofe3HYecKOro KOHTPOJISI KauyecTBa CTPOH-
TeJbHO-MOHTAXHBIX PaboT NpH cbeMe HH(pOpPMaALHH HeNoCpeacCT-
BEHHO ¢ 06'beKTa H3MepeHHH.

ITH UeJH SBJSAIOTCS OOIMMH NpH pa3paboTke Ji060ro Jjasep-
HOTO reoje3nyeckoro mnpubopa. OmHaKo KOHCTPYKLHSI Ja3epHOTO
npubopa AJsi KOHTPOJISI NMPSIMOJHHEHHOCTH H NMJIOCKOCTHOCTH HapsiAy
¢ peanusdauveil pedepeHTHOH NpsIMOH NO3BOJseT (OPMHPOBATbL H
rOpDH30HTAJBHYIO CBETOBYIO NJIOCKOCTb NyTeM KpPyroBOH pa3BepTKH
JIa3epHOro Jiyya.

IpuGop JIAT-4 (puc. 65,a) BkJOUaeT Jia3epHBIH H3JydyaTenb H
peiiKy ¢ BH3yaJIbHOH M (POTO3JIEKTpHUYECKOH perucrpanuei, KoTopas
MOXKET YCTaHABJIMBATbCSl KaK BEPTHKAJbHO, TAK H TOPH30HTAJBHO.

KoHctpykuus uanyuarenss JIAT-4 Hapsiny ¢ pasBepTKoil Jyua
B mjaockocTh «II» omTHyeckoil cucTeMoi 6, 7, 8§ HMeeT BO3MOXKHOCTb
¢hopMHpPOBaHNsT ONMOPHOrO T'OPH3OHTAJNBHOrO Jyya «I'» W BepTHKaJb-
Horo Jsiyya «B» or ogHoro u Toro xe Jasepa tuma JII-55, OKT-13
uan JIT-78. OnTtHueckast cucTeMa pa3BepTKH INpejcTaBjsieT co60i
neHTanpusMy 8 ¢ moJynpo3payHOH BepxXHeH OTpaxkaollell rpaHbIo,
Ha KOTOPYI0O HakJieeH ONTHYECKHH KJHH, MAONOJHSIOUMH TNeHTa-
NpH3MYy N0 BEPTHKAJH OO NJIOCKONapaJjieIbHOH MJIACTHHBI, H IOCTH-
pPOBOYHBIe ONTHYECKHE KJHHbs 6 U 7. B ONHOM M3 BapHaHTOB ONTH-
yecKasi CHCTeMa COCTOHT M3 JABYX IEHTaNpH3M, CKJIEEHHBIX MeXIy
co6ofi Ha OCH NMyYKa H Pa3BepHYTHIX OJHA OTHOCHTEJIbHO Jpyro
Ha 180°.

KonnnMupyioliasi onTHyeckasi CHCTeMa COCTOMT M3 JABYX 3pH-
TeJIbHBIX TPYG 2, 11 u 4, 12, pacnosioxeHHbX noj yraoM 90°, BHYTpH
KOTOpPHIX NPEAyCMOTPEHO CBETOAEJNHTEJNbHOE YCTPOHCTBO 8 B BHIE
KyGONpH3MB HJIH NOJyNpo3payHoro 3epkaJsa. [Ipuuem BepTHKAJb-
Hasi U TOPH30OHTAaJIbHAsi 3pHTeJIbHble TPYObl HMEIOT OOILYI0 CETKY
HUTeH M OAMH oO6uuH oxynasp II, mo3BOJSIOUHA paccMaTpHBATh
cjel, Ja3epHO# MNJIOCKOCTH M CBETOBOE INSITHO ONOPHOrO TOPH30H-
TajbHOrO Jy4a. HJas ocnabieHusi sipkoro ¢oHa Ha MIJHHE BOJIHBI
H3JyyeHHs,, oOpasylolierocsi BCJeACTBHE OTPaxKeHHH Ha MOBEPXHO-
CTSIX ONTHYECKHX 3JIeMEeHTOB, Nepefalolliie JiazepHbIH Jyy OnTHUYe-
CKHe KaHaJIbl H30JIHPOBaHbl OT BH3YaJsIbHBIX KaHAJIOB C MOMOLIbIO
Tpybuathix auadparm (Ha puc. 65 He mokasaunl). Jlasep I3 ycra-
HaBJIHBAeTCs B NMeEPEeXOAHHK MOACTABKH I, COOCHBIN C BepTHKaJbHOH
pceBol cucremoii moxacTaBku. KOcTupoBKa mocTuraercs nepemelie-
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Puc. 65. Jla3epHuiii npu6op MHoroueseBoro HasHauenus JIAT-4

HHEM CBETOAENHTENbHOrO YCTPOHCTBA 3, IOCTHPOBOYHBLIMH BHHTaMH,
a KOJITMMHpYIOLlefl CHCTEMBI B 1€JIOM — CllellHaJbHBIM KJIHHOBBIM
YCTPOHCTBOM H ONTHYECKUMH KJHHBSIMH 6 U 7.

Bpamenne ontuueckoit cucreMn 6, 7, 8, yCTaHOBJIEHHOH B NOA-
IINNHIKOBOM OCEBOM YCTPOHCTBeE J, OCYLIECTBJISIETCS MHKPO3JIEKTPO-
nBurareseM 10 yepe3 NpHBOA.

UTo6Bl OZHOBPEMEHHO MNOJYYHTb YeTKoe H300paKeHHe MO JBYM
BH3YyaJIbHBIM KaHaJjaM, o6ecneyeHO paBEeHCTBO (DOKYCHBIX paccCTosi-
HHH KOMIIOHEHTOB BEPTHKAaJIbHOTO H TOPH30HTAJIbHOTO TeJie06beK-
tHBoB. O6a BH3yasbHBIX KaHaja HMeloT OOIHHA (OKYCHpYIOUIHH
KOMIIOHEHT, a TaKxke OOIIyl0 CeTKy HHTeHd H OoKyjasp. OnTHuecKue
OCH mepefalolINX — JIa3epHBIX H NPHEMHBIX — BH3yaJIbHBIX KaHAJIOB
JieKaT B ONHOH BepTHKAJbHON NJIOCKOCTH H 3aHUMAIOT B3aHMHO
NeprneHAHKYJspHOe MoJoxeHHe. TouKa nepeceuyeHHsi BepTHKAJIbHOMH
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¥ FTOPH3OHTA/NbHOH ONTHYECKHX OCeHl NOJIKHA OBIThb B LIEHTPe CBETO-
JeJIUTEeNbHON MJIOILANKH.

YraoBoe yBesHYeHHe ONTHYeCKOIl CHCTEMBI BH3yaJIbHBIX KaHa-
J0B 20%.

Paccrosinue oT okyasipa /2 ja3epHbIX KaHaJjoOB IO NJOCKOTO BHI-
XOIHOrO 3epKaJja ONTHYecKoro pesoHaTtopa Jasepa 100 mm.

JJis1 puBeleHHs1 OMOPHOTO Jiyya H Jia3epHOH NJIOCKOCTH B rOpH-
30HTaJIbHOE MOJIOXKEeHHe (NpH 3ToM Jyd B jgosxeH OHITb BepTH-
KaJIbHBIM) TNpeAyCMOTPeHbl JABAa UHMJHHAPDHYECKHX KOHTAKTHBIX
ypOBHSI OT cepHiiHOoro HuBesunpa H-3, pacnoJsioxkeHHBHIX NMOJ YIJOM
90° mpyr K ApYry U coOpaHHBIX B eIUHBI GJIOK C OGLIUM OKYJISpOM
IJiss HaOJloJeHHH 3a MOJIOXXKEeHHeM Ny3bpbKOB ypoBHe#. HuxHss
yacTh npubopa cHabxeHa NMPEeLH3HOHHOH OCEBOH CHCTEMOH, K Lande
KOTOPDOH KpEINHTCS CPeNHsis YacTh, BKJIOyawouiass GJOK YpOBHeH
H KOJUIMMHPYIOLIYIO ONTHYeCKylo cHcTeMy. K Kopmycy KoOJJIHMH-
pyloliel cHCTeMBl NpPHKpenJieHa BepXHsisi yacTb Npubopa — ycTPoi-
CTBO pPa3BepTKH Jy4ya B IJOCKOCTb.

CoOTBETCTBYIOIIHE IOCTHPOBOYHBIE YCTPOHCTBA KOJIIMMHpYIOLIEH
CHCTEMBl CBETOJEJMTEJbHOI'0 YCTPOHCTBA H Jiazepa MNO3BOJISIOT IO-
cJie BLINOJIHEHHSI HEOOXOAUMBIX NMOBEPOK AOOUTHLCS T'OPH30HTAJILHO-
CTH ONOpHOro Jyua «I'», ycTaHOBHTb NJIOCKOCTb pPa3BepTKH Jiy4ya
«[1» mapasnnenbHO ropusoHTajJbHOMY Jydy «I'» B ABYX B3aHUMHO
nepneHAMKYJNSpHBIX HampaBJleHUsX, a Jy4 «B» HanpaBuTb BepTH-
KaJbHO BBepx. Jlasep JII'-78 reHepupyeT HOCTATOYHO SIPKHE Jy4
B HampasJ/ieHHH, NPOTHBONOJIOXKHOM OCHOBHOMY Jiy4y, YTO MO3BO-
JsieT leHTPHPOBAThb H3JyuyaTe/jb HajJ 3aJaHHOH TOYKOH. DTO 0CO-
6eHHO BaXXHO NpPH BLINOJHEHUH CTBOPHBIX H3MepeHHH, KOHTpoJie
NPSIMOJIMHEHHOCTH U BepTHKAJbHOM NPOEKTHPOBAHHH.

OueBHAHO, cTAGHJIBHOCTD NPOCTPAHCTBEHHOrO MOJIOXKEHHUS Jia3ep-
HOro Jyua (NJOCKOCTH) OmnpejesisieTcsi psiAOM INorpeurHocreit, o6yc-
JIOBJICHHBIX KOHCTPYKTHBHOH cXeMOH mnpH6Opa, nepeMelleHHsIMH
Jyya H3-3a H3MeHeHHs pexXuma TreHepallHH, TeMIepaTypHHIMH Je-
¢opMaLUsIMH ONTHYECKOTO pPe30HaTOpa, BHEIIHUMH YCJIOBHUSIMH, TOY-
HOCTbIO H3TOTOBJIEHHSI ONTHYECKHX 3JIEMEHTOB, OTKJIOHSIIOLIHX JIY4
Ha 90° u nap. Cpemu 3THX norpeuIHocTedl 0co60e MECTO 3aHHMAIOT
NOrpelIHOCTH OCEBOH CHCTEMBl YCTPOHCTBa pa3BepTKH Jyda B IJIOC-
KOCTb, BJIMSIHHe JHc6OajlaHCca LEeHTpa TSXKEeCTH ONTHKO-MeXaHHuye-
CKOro ysJjia yCTpPOHCTBAa pa3BepTKH H OCH BpallleHHs, OCOGEHHOCTH
KOHCTPYKLHH, NapaMeTpbl H TLIATEJbHOCTb COOPKH 3JIEKTPHUYECKOTO
NPHBOAA.

PaccmoTpuM 6GoJiee neTasbHO OCOGEHHOCTH ONTHYECKOH CXeMB
JIAT-4 (puc. 66).

ITo nepBoMy nepepailieMy KaHaJjy Jia3epHBIi NMYy4OK NPOXOAMUT
nocJieloBaTeNbHO Yepe3 OKyJsip 12, (pOKyCHPYIOWIHIE KOMIOHEeHT 11,
CBETOJEJIUTEJbHBIH KyOUK (MmacTHHKY) I3, 5, nepBblil KOMIOHEHT
BEPTHKAJIbHOrO TesneoObekTHBAa 3 M neHranpusmy 2. ITo BTOpOMY
nepefaolleMy KaHajy Ja3epHbIH Ny4yoK MNPOXOAUT Yepe3 Te xKe
KOMIOHEHTHI /2, 11, HO MpH 3TOM OTpaXKaeTcsi OT CBETOJENHTEJbHOM
NOBEpXHOCTH KyOHMKa I3, 5 U NPOXOAHT yepe3 NepBHIH KOMIOHEHT
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Puc. 66. Ontuueckasn cxema JIAT-4

ropH3OHTaJIbHOro Tesieo6bekTHBa I. B o6paTHOM xone Jsyueii mno
epBOMy NPHEMHOMY BH3YaJIbHOMY KaHaJy CBeTOBOH MYYOK MocJe
KOMIIOHEHTOB 2, 3, § uepe3 (HOKYCHpYIOLLYIO JIMH3Y 6, CETKYy HHTel 7
nonagaer B OKyJsip 8. AHAJOrHYHO MpOCJEXKHBAeTCss BTOPOH NpHeM-
HBIl BH3yaJbHBIH KaHajn (koMmnoHeHTH I, 13, 5, 6, 7, 8). Utobn
OJHOBPEMEHHO IMOJIYYHTb UYeTKOe H300paxKeHHe N0 ABYM BH3yaJlb-
HBIM KaHajaM, TpeOyeTcss paBeHCTBO (POKYCHBIX PacCTOSIHHH BepTH-
KaJIbHOrO H TOPH3OHTAJbHOTO Tese00beKTHBOB. IIpakTHyeckH 3TO
MOXHO JOCTHTHYTb H3MeHeHHeM BO3JYyLIHOrO NPOMEeXYTKa BHYTPH
NepBOro KOMIIOHEHTa BEPTHKAJbHOTO HJHM TOPH3OHTAJBHOIO TeJe-
o6 bekTHBOB. CiiefloBaTesibHO, 06a BH3yaJIbHBIX KaHaja HMeEIT 06-
IIHA (OKYCHPYIOLIHH KOMIIOHEHT 6 BEPTHKAJbHOTO M I'OPH3OHTaJb-
HOro TejieO6bEKTHBA, a TaKxXe OOLIHe H3MEPHUTENbHYIO CeTKy 7 H
okyJsip 8. OmnTHuecKHe OCH IepelaloOlINX — JIa3epHbIX H IIpHeM-
HBIX — BH3yaJIbHBIX KaHAJIOB JieXXaT B OJHOH MJIOCKOCTH H 3aHHMAIoT
B3aHMHO IepIeHAUKYJ/sipHOe mnoJioxkeHHe. Touka mepeceyeHHsl Bep-
THKaJbHOH M TOPH30HTAJbHOH ONTHYECKHX ocefl MHOJMXKHA OBITDH
B LIEHTpe CBeTOJeJIUTEeNbHON miomanku. CBeToAeNHTebHOE YCTPO#i-
CTBO MOXKeT ObITb BBLINOJHEHO B BHAE KyOHKa, COCTOSIIEr0 M3 JABYX
OJHHAKOBBIX NPSMOYTOJBHBIX NPH3M, COEAHHEHHBIX THIOTEHY3HBIMH
rpaHsiMH, Ha OAHY M3 KOTOPHIX HAHOCHTCS CBETOAEJIHTEJbHOE IIO-
KphITHe, H B BHJe ABYX CKJEEHHBIX NJIOCKONAapaJijieJbHbIX NJaCTH-
HOK, MeXJy KOTOPbIMH HaXOAMTCS CBeTOAeNHTeNbHbIH cioll. Kpen-
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JIeHHe M IOCTHPOBKa KyGHKa HECKOJIbKO YAOGHEH, YeM MJIacTHHOK.

JJsi onpefesieHUs] yBeJHUeHHs NepefalolnX Ja3epHBIX KaHaJIoB
npHMeM JHaMeTp CeYeHHs JIa3epHOro Nyyka Ha BHIXOAE H3 TeJe-
ckona Dy M fnaMeTp ceueHHs Nmydyka Jiazepa Ha peiike Dp paBHBIMH.
B 3TOM ciiyyae JlasepHBIH MYyYOK MeXAY H3JjyuyaTeseM H peHKoil
HMeeT NJIOCKOCTb MepeTsKKH B cepefnHe Tpacch. Mcmosb3yeMm HH-
BapuaHT DyDp=LD,w,, rae Do,— nuaMerp CeuyeHHs NEPETSIKKH;
Wo— yros pacxoguMocTH. Ha ypoBHe uHTeHcHBHOCTH 0,5 MOXKHO
sanucath Dowo=4A/n, nostomy DgDy=L4\/n. Korpa Ds=D);, no-
JIYYHM

Dy = +/LéMx. 95

AHnajiornyHo Ha ypoBHe HHTeHCHBHOCTH 1/e?

Dy = +/ LoV, (%6)
H ypoBHe uHTeHcuBHOCTH 0,01

Dy = A/ T52L4M . ©7)

IIpn ypoBHe uHTencuBHOCTH 0,01 OT MOLIHOCTH H3Jy4yeHHs Ha
OCH CBETOBBlE AMAMeTPH MOXHO 6paTb paBHBIMH AMaMeTpPy myuyKa
B COOTBETCTBYIOLIHX CEYEHHsX, HE Omacasicb 3aMeTHBIX JOMOJIHH-
TeJbHBIX AHGpaKUHOHHBIX 3¢ ekToB. [TOCKONMBKY MO HCXOMHBIM TeX-
HHYECKHM YCJIOBHSM AjuHa Tpacck L=100 M, pas A=0,6328 mxm
no dopmyne (97) naxomum Dy=13,6 mM. ITonaras, yto auamerp
CeyeHHsl MyykKa Ha IJIOCKOM 3epkaje Jazepa mopsiika Do=1,5 MM,
yrJIOBOE YBeJHUEHHe TesecKolla B OOpaTHOM Xxone Jyueil Gymper
I'=Dy/Do=9%. TTo KOHCTPYKTHBHHIM COOGpa)KeHHSIM MpPHHHMaeM
AJis. JaszepHoro Teseckona f/o6=230+250 MM H OKyasipa [lox=
=—(25+27) MM. PaccTosiHHe MeXAy OKYJSIPOM H IJIOCKOM mO-
BepXHOCTbI0 HHTepdepoMerpa nasepa s;~—I100 MM. [axe npu
XOopolleM NpPOCBETJEHHH NpPEJOMJSIOIUX MOBEPXHOCTEH CBETOAEJH-
TEJIbHO0O KyOHKa KOMIIOHEHTOB TeJie00BbeKTHBOB 4 M 6, mNeHTa-
npusMel § (cM. puc. 66) B BH3yasJbHBIX KaHajax ONTHYECKOH CH-
CTEeMBI J1a3epHOro HHBesjHpa obpasyeTrcst sipKHi KpacHb ¢oH. fp-
KOCTb (poHA MOXKeT OBITb 3HAYHTEJBHO OOJbIle SIPKOCTH OTCUETHOH
mapku. IlosToMy npu HabJloneHHH Yepe3 OKYJsIp OYeHb TPYAHO
6patb oTcueThl no MapkaM. Jlas ocsmabneHust ¢oHa, Kpome Ipo-
CBETJIEHHS] TNpeJOMJISIOLINX MNOBEpXHOCTeH, B ONTHYECKOH CHCTeMe
npubopa JIAT-4 mepenarouiye JadepHble KaHajbl H30JHPOBaHHl OT
NpHEMHBIX BH3YaJbHBIX KaHaJOB NpH moMoiuu auadparm 4, 14 u
10, a Takxe cBeronorjouaomero skpaHa 9. TpyGuaTthie aua-
¢parMel M 3KpaH B 3HAYHTEJbHOH Mepe OrpaHHMYHMBAIOT NPOHHKHO-
BeHHE OTpPaKeHHOro JIa3epHOro cBeTa B BH3yaJibHBlE KaHaJIHL.
B 3TOM ciiyyae BEIXOZHOH 3payoK BH3YaJbHOH CHCTEMB! HMeET KOJib-
ueBylo ¢opMy C LEHTpaJbHBIM 3KpaHHpPOBaHHeM MO IJIOMIAAU He
Gosee 25 9%. BHyTpeHHHe M BHEIUIHHE NMOBEPXHOCTH AHadparM mo-
KPBITH 3MaJiblo. Paspelnarliast cuja 3pHTeJNbHBIX TPYO BCJeICTBHE
IIEHTPaJIbHOTO 3KPaHHPOBAHHS HM3MeEHseTCs He3HaUHMTEJbHO,
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KpaTko paccMOTpHM pacueT «OKyJsipa» TeJeCKoOma Jia3epHOro
nepejapolllero KaHaja (oObHYHO TaK HA3bIBAIOT NMEPBHIl KOMIOHEHT
KOJIJINMHPYIOIIeH# CHCTEMBI).

B paspaboraHHO# cucTeMe JelicTByiollee CBETOBOE OTBEpPCTHE
«OKyJisipa» paBHO NpHMepHO 2 MM H (OKyCHOe paccTOosiHHe
—25,3 MM.

BBuny Masoro oTHocuTesnbHOro otBepcTHsi 1:12,5 oxysasipom
MOXKET CJYXKHTb OJMHOYHAs OTPHLATeJNbHasi JIHH3a, pacCYHTAHHas
Ha MuHHUMYM cdepuueckoii abeppauun. Takas JuH3a HMeeT NOJO-
KHTEJbHYIO TPOROJIbHYI0 chepHuecKylo abeppauuio. [Tostomy nas
ucnpaeJsieHus: chepHueckoil abeppallMy J1a3epHOro TeJeckoma TeJe-
OOBEKTHB [OJIKEH HMETb COOTBETCTBYIOMIYIO OTpHIIaTeJbHYIO che-
puyecKyio abeppauyio, BbHIYHCJEHHYI0O B O0OpaTHOM Xofie Jyuei.
«Okyasip» f'ox=—25,3 MM COBMeCTHO C OGBEKTHBOM [’o06=230 MM
COCTaBJIsIeT Jia3epHBIH TeJeCKON C YIJIOBBIM yBeandyeHHeM 9%. Ilpu
HCMOJIb30BAHHH JJIsi TeJiecKonma 00beKTHBOB C [/06=250 MM IeJe-
coo6pa3HO NMPUMEHSTb OKyJsip» C f'ox=—27,8 MM, uTO OGecmeun-
BaeT YIJIOBOe yBeJiMueHHe Tejeckona 9%,

Jns onthyecKoit cHcTeMBl paccMatpuBaemoro npubopa JIAT-4
BCceX MOAMGHKALMH CO CBETOAENHTENbHBIM YCTPOHNCTBOM B BHIE
KyOONpH3MBbl HCIOJIb3YeTCS] TejeoGbeKTHB, ONTHYECKass cxeMa Ko-
TOpOro NMpHBeleHa Ha pHC. 67.

IIpn ucnosb30BaHWM ONTHKH 06bekTHBa HuUBeaupa H-3 mjas Te-
JIECKONTMYECKOHl CHCTeMBl Mpubopa CO CBETOJEJHTEJbHBIM KyGHKOM
abeppauun Ky6HKa MOXXHO KOMIIEHCHPOBaTb H3MeHEHHEM IepBOro
1 BTOPOTO pajuyca, a HMeHHO BMecTo r=11722 MM u r=
=—228,0 MM, npuHsatb r1=115,61 MM u r,=—225,4 MM, a Takxe
H3MEHHTb BEJHYHHY BO3LYLIHBIX INPOMEKYTKOB MeXAY COGCTBEHHO
06'bEKTHBOM H (DOKYCHPYIOIIUM KOMIIOHEHTOM.

ITockosibKy H3MepeHHs BeAyTCSl B AMana3oHe JIa3epHOTO H3Jy-
yeHHss ¢ A=0,6328 MkKM, BHIMOJHEHHBIe pacuyeThl abeppalluii TeJe-
OG'bEKTHBOB INOKAa3bIBAIOT, YTO B 3TOM CIIEKTpPe TpejJjaraeMble CH-
CTEMBI HMEIOT COBEpIIEHHYI0 KOppeKuHuio, a chepuueckas abeppa-
IMsi Ha cpelHeil 30He COOTBETCTBYET BeJIHUHHe, HEOOXOOHUMOH m1Jsi
KOMIeHcauuu abeppalyu OKYJNSIPHOH JIHH3BI Jla3epHOro TesecKona.

Jlnsi perucTpaunuH LEHTPa CBETOBOrO MSTHA B MONEPEYHOM cede-
HHH KOJIIMMHPOBAHHIO MyYyKa JIa3epHOro H3JyueHHss mnpu pabore
¢ npubopamu tuna JIAT-4 ucnoabsyercs GpoTO3JEKTpHUECKAsT peiika
(puc. 68).

®dotosseKTpuuecKuii mnpeobpasoBaTesb, NepeMeILAOUHHACS 10
pefike 5, BbINOJHEH B BHAE ABYX MapaJsieIbHBIX JIHHEHHBIX MaTpHIL
($0TO37eMEHTOB 7, COeMHEHHBIX C IOMOLIbIO CBETOBOLOB 4 C COOT-
BETCTBYIOLIHMH OTBEPCTHSIMH, pacloJIOXKEHHBIMH Ha JBYX Iepece-
KaloWMXCsl MJaHKaxX-Mackax 2, KOTOpble YCTaHOBJEHH Ha o6med
OCH BpalleHHs B TOuKe uX mepeceueHus. [Ipunuun neiictBuss ®IPY
3aKJouaeTcs B ciaefylomeM. PaccTosiine MeXLy KpaHHHUMH OTBep-
cTusaMH 3 Ha NJaHKaxXx-Mackax NpH TNOMOIIM MexaHuH3Ma 12 ycra-
HaBJuBaercsl 6oJibllle JHaMeTpa CBETOBOrO NsTHA [ J1a3epHOro Jyuya.
[TpyyeM yroJs Mexnay niaHKaMH-MacKaMH, a CJIeJOBATEJbHO, H IIar
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Puc. 67. Onruyeckas cxeMa KOJIJIH-
MHpYIOILel CHCTEMBl JIa3epHOrO TPaKTa
JIAT-4

Puc. 68. ®oro3seKTpHYECKOE  perH-
CTpHpYIOllee YCTPOHCTBO (OTOIJIEKT-
pHueckas peika)

MeXJy OTBEPCTHSIMH IO BePTHKAJH ONPEAeNsioT no ¢ukcaropy 17.
B npouecce mepemelleHusi cBeToBoro msrtHa BaoJb ocu OO mnooue-
pelHO 3acCBeYHBAIOTCA (DOTONPHEMHHKH, TreHepHpYIOllHe COOTBETCT-
BYIOILIHE HUMIYJbCH.

IlepememiennemM xopnyca /4 BrO/Mb pefiKH NpPH NMOMOLIM 3akpe-
NHUTeJNbHO-HABOASAILEro y3ja I3 [oOMBAIOTCS TAKOro MOJIOXKEHHS,
KOrjla Ha HHIHKATOPHOM YCTpOHCTBe 8 YMCJO HMNYJbCOB, TeHepH-
pPOBaHHHIX OHOMMH psiiaMH (OTONPHEMHHKOB, paBHO, NIPH 3TOM Ha
pefike CHUMAIOT OTCYETH mO HHAeKcaM 6 u 16 Busmpa. Pelika ycra-
HaBJMBaEeTCs] BEPTHKAJBHO MO KPYIJIOMY YpOBHIO /1.

dorosnekTpHuecKuit npeobpas3oBaTesb B Npoliecce ONpefeseHHs
LIeHTPa CBETOBOI'O NMSITHA MOXKET NepeMellaThCsl JHO0 N0 BepTHKAJb-
HoOi1, 60 Mo ropH3oHTaJbHOH pefike. OH MOxeT OBITb HCNOJb30BaH
Kak JAJs onpejesieHHs TOJIOXKEHHsI KOHTPOJHPYEMBIX TOYEK OTHOCH-
TeJIbHO TOPH30HTAJbHOH CBETOBOH MJOCKOCTH, (GOpPMHpPYeMO# y3JOM
pasBepTKH, TaK M AJIS1 H3MepEeHHs] HECTBOPHOCTEH KOHTPOJHPYEMBIX
TOYEK OTHOCHTEJBbHO J1a3epHOro Jiyya, (pOpMHpPyeMOro roOpH3OHTAJb-
IBIM KOJIJINMATOPOM JIa3€PHOTO TPAKTA ONTHUYECKOH cHCTeMbl «JIAT>».
Hccnenosanus npu6opa JIAI-4 ¢ BH3yasbHBIM OTCUHTHIBAHHEM MO
CTaHJLApPTHON HHUBEJNHPHOH pelike MOATBEPAMJIH PabOTOCNOCOGHOCTD
BCE€X OCHOBHHIX ero y3joB. Ilpu MakcuMaJbHOH JaJbHOCTH JO
pefikn 22 M cpeiHee KBaJpaTHYeCKOe OTKJOHEHHe NpeBBHILIEHHI,
naMepeHHnx JIAI-4 u HuBenupom Ni=007, cocraBuio mp=1,2 MM
C CHCTeMaTHYeCKO# 4acTblo dp, paBHO# 0,1 MM.

Ilpn npuMeHeHHH MaJjorabGapHTHOH pefKH C JBHXKOM, CHa6-
KeHHBIM 3KpPaHOM C CHCTeMOH KOHIEHTPHYECKHX OKpPYXKHOCTeH, H
oTcyuthiBanuu 10 0,1 MM noayueso mp=0,46 MM u 6,=—0,10 MM.
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§ 30. Teopernyeckue OCHOBbI Pa3paGOTKM H NPUMEHEHMS
CPEACTB KOrepeHTHOH ONTHKH

PaccMoTpeHHBle KayecTBeHHble H KOJIHYeCTBEHHble XapaKTepH-
CTHKHM H 0COOEHHOCTH HM3JIyYeHHs J1a3epoB INO3BOJISIOT HCIOJb30BATh
CpeACTBa KOTEPEHTHOH ONTHKH, B 4acTHOCTH OCOOGEHHOCTH (opMH-
pOBaHHsI H300paxKeHHs] HCKYCCTBEHHBIMH T'OJIOTPaMMaMH — 30HHBIMH
nnactuHamu. IIpuMeHeHHe CpeACTB KOrepeHTHOH ONTHKH NpH pas-
paboTKe reoJe3nYecKHX METOJOB H CPEICTB H3MEpEHHH COmpsiKeHO
¢ psfoM ocoGedHocTell. BhisiBjieHHe 3THX ocobeHHOcTel, pa3paboTka
TEOPEeTHYECKHX H METOAHMYECKHX OCHOB HCNOJIb30BaHHS CPEACTB KO-
repeHTHOH ONTHKH, pacyeT, H3rOTOBJIeHHe H NpHMeHeHHe TaKHX Jia-
3epHBIX reofe3nyeckKHX NPHOOPOB AJsi KOHTPOJIS NPSIMOJIHHEHHOCTH
H COOCHOCTH, HUBEJIHDOBAHHS, BEPTHKAJbHOTO NPOEKTHPOBAHHS Tpe-
6yIOT OTHEJNBHOTO pacCMOTPEHHUSI.

IToMecTHM MeXIy HCTOYHHKOM cBeTa M HalbJiofaTeseM NOBepX-
HOCTb NpoHU3BOJIbHOH ¢opMbl (puc. 69). Co3panuM Ha 3TOH MmOBepX-
HOCTH NpO3payHble H Helmpo3payHble NMOJOCH. ['paHHIBI NPO3payHbIX
30H BblOepeM Tak, 4TOOH AJIsi TOYEK, paCHOJIOXKEHHBIX BHYTPH 3THX
30H, CYMMBI pPacCTOSIHHH [0 MCTOYHHKA M HabOJIofaTeNsl OTJIHYAJHCh
MeXAy COGOH Ha Lesioe YHCJIO IJIHH BOJIH C TOYHOCTBIO JO Af4.
Torpa B Touke HaGJIOfEHHS MOJYYHTCS sIPKOe H306paKeHHe HCTOU-
HHKa, TaK Kak B 3TOM cJydyae corsiacHo npuHuuny [lofirenca—
DpeHesst HMeeT MeCTO CJIOXKEHHE aMIIHTYX KoJie6aHHiH, cO3MaHHBIX
JNeHCTBYIOIIMMH y4YacTKaMu (poHTa mapamoouieili BOJIHHI.

Tonorpadus 3on dpeHenst Ha BEIOpaHHOH NMOBEPXHOCTH 3aBHCHT
oT ee (OPMH M OT MOJIOXKEHHS] MOBEPXHOCTH OTHOCHTENBHO HCTOY-
HuKa H HaGuaoparens. [Ipo3pauHblie H Hempo3payHble 30HHI MOTYT
ObITb HaHeCeHB Ha KAaKOM-TO NJIOCKOCTH B BHJEe BePTHKAJbHHIX, IO-
PH30HTAJIbHBIX HJIH MepeceKalolmuxcsi NMOoJ NPSIMBIM YIJIOM IOJIOC,
a TaKXe B BHJe KOHLUEHTPHYECKHX KoJjiell. I[Jisi CTBOpPHBHIX H3Mepe-
Huil yno6Hee M Jierde MX BBHIIOJHHTb B BHAE COBOKYNHOCTH BEpTH-
KaJbHHIX mojoc. Kak 6yner nokasaHo HHMXKe, pacyeT TakoH 30HHOM
NJIaCTHHB NpPaKTHYECKH HHYeM He OTJHMYaeTcs OT pacueTa Kpyro-
BHIX 30H. B CBfI3M Cc 3THM OCHOBHBHIe cooOpaxeHHs mo ¢opMupoBa-

Puc. 69. ITpuBuun (popMHpPOBaHHsS H306parkelHs 301HOH NJIACTHHOH
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HHIO M3006paKeH!sl 30HHBIMU NMJacTHHAMH MPHBOASTCS AJ5 KOJblLe-
BbIX 30H.

IlpennosoxuM, 4TO HCTOYHHK CBeTa HAaXOAHTCS Ha GOJbLIOM
paccTostHuM OT mjockocTH M. CienoBaTe/bHO, Ha Hee majaeT MJOC-
Kas cBeroBasi BosiHA. IlycTb TpeGyeTcsi pacCyHTaTb OCBELIEHHOCTb
B Touke @, a Touka O ecTb GauxKalmas K HeH TOYKA BOJIHOBOTO
¢poura. Ilycte QO=go. Pazo6beM (pOHT BOJHBI Ha pSIA KOJblie-
BHIX 30H, OrpaHHYEHHBIX OKpyxXHoCcTsAMH. Ha puc. 69,a M; u M, —
TOYKH Ha INPOTHBONMOJIOXKHBIX KOHIAaX AHaMeTpa HaHMeHbLIeH H3
3THX OKpyxHocTeil; Mo u My’ — Takue e TOYKH Ha cJefylollei
OKPYXHOCTH M T. A. Pamuycel OKpy>XHoCTeli BblGepeM TakK, 4TOGHI
MiQ=go+A/2, M:Q=qgo+A, M3Q=qo+3/2). Torna pamuyc rm=
=OM;, m-ii OKPY>KHOCTH OINpEeAEJISIeTCs] H3 COOTHOIIEHHSI

1 2
&+t = (4, + mh) 98)

HJH TPH YCJOBHH, YTO MA MaJjo MO CPaBHEHHIO C (o: I'm?=Amgo.
[Tnomane n-ii KOJbLEBOH 30HBI paBHa mre, — nrlm—1=mAg, T. €.
He 3aBHCHT OT ¢;, CJE€NOBaTeJbHO, BCe 30HB HMEIOT OAHHAKOBYIO
N0 aAb.

PesyabTHpylollasi aMnjuTyna B AaHHOH TouKe, 06ycJOBJIEHHas
BCell BOJIHOH, MAYLIEH OT TOYEYHOr0 HCTOYHHKA, NPHUOJIH3HUTENBHO
paBHa MOJIOBHHe aMIJIHTYJbl, 06yCJIOBJIeHHOH NepBOi 30HOH Dpe-
HeJisl, TaK KaK JefCTBHe HeUeTHBIX 30H NPOTHBONOJIOXKHO JeHCTBHIO
YeTHbIX. AMIVINTYAa pe3yJbTHPYIOLIEH BOJIHBI, CO3LaBaeMOi Jei-
CTBHEM TOJIbKO HEeYeTHbIX 30H, KOHEYHO, 3HAaYHTeJbHO O6OJibllle aM-
NJIUTYAbl MOJHOCTBIO OTKPHITOH BOJIHBIL.

3oHHAs mJacTHHA co3JaeT H300pa)keHHe NOXOGHO JHH3e HJIH
ctheprueckoMy 3epkany. MaeanbHasi JnH3a npeo6pasyeT MJIOCKYIO
BOJIHY B c(hepHyecKylo, LeHTP KPHBH3HBI KOTOPOH HaXomuTcs B ¢o-
Kyce JHH3bl. JIMH3a co3maeT TakHe pas3HOCTH (a3, KOTOpble Heob-
XOAMMBI, YTOOB BTOpHYHblEe BOJIHB OT BCeX Y4YaCTKOB Majalollero
Ha Hee BOJIHOBOro ()pOHTa NMPHXOJHJH B (DOKyC B OJHHAKOBOH (hase.
3oHHast NJacTHHAa He MOXeT JaTh TakKoro xopouero sgd¢ekxra, Tak
KakK He BCe YyYaCTKH KaXJAOH 30HBI AeHCTBYIOT B OAHOH ¢ase. Pe-
3yJbTHpYIOLIAsi aMIINTyAa OT BCeH 30HB B 2/m pa3 MeHblie TOH,
KOoTOpasi moJsiyyuJiach Obl, eclaH OBl BCe Y4acTKH IefCTBOBAJH CHH-
¢dasHo.

JIuH3a uMeet onuH ¢oKyc (c KaxKJOH CTOPOHBI), TOrAa KakK 30H-
Has NJacTHHa HMeeT psll (POKYCOB M COOTBETCTBEHHO psii (OKyc-
HBIX paccrosiHHi. Ecau s KpyroBo#l 30HHOH NJIACTHHBL pajguyc
BHYTpeHHero Kpasi n-#i 30HBl paBeH § M €CJIH HCTOYHHK PacHoJioXeH
Ha JOCTATOYHO GOJILIIOM DPacCTOSIHHM OT 30HHOH NJIAaCTHHBI, TO NO-
JoxkeHHe nepBoro ¢okyca onpenensiercs gopmynoi fi=E2?/(nA) u
Ha 3TOM paccTOSHHH (QOpMHpyeTcsi sipKOe NSITHO cBeTa. B 06GbIYHOM
30HHOH MNJIaCTHHe M3 YepeAYIOUINXCS NMPO3PAaYHBIX H HeNpPO3payHBIX
NOJIOC pasHOCTb X0Ja MeXAY BO3MYILUEHHSMH, NPHIIEJIIHMH OT
ABYX COCEJHHX NPO3payHbBIX 30H B TOYKY, YAaJIEHHYIO OT NJACTHHbI
Ha paccTosiHMe f; MJH ¢y, paBHa A. [1J1s 3TOH XKe NJacCTHHBI pas-
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HOCTb XOAA MEXAY BO3MYIUEHHSIMH, NPHIUEAUIHMH OT COCERHHX
Npo3payHbiX 30H B TOYKY, HaXOAALIYIOCS Ha pAacCTOSHHH [i/2,
paBna yxe 2A. PesysbTHpyloline BO3MYIIEHHS COTrJIacOBaHbl 110
¢dase, HO KaxJoe H3 HHX OYeHb MaJjo, TaK Kak Kaxjgas Ipo-
3payHasi TmoJioca IpONyCKaeT Tenepb JBe CMeXHble 30HH Ppe-
HeJsl. PesynbpTHpyloline BO3MYyLIeHHS, NPHXOASILHE B TOYKY, Haxo-
JSLIYIOCsT Ha PAacCTOSIHHM fi/3, coryacoBaHel mo ¢ase, H pa3HOCTb
Xoia MexAy HuMH paBHa 3A. Kaxkjaas npospayHas moJoca mpomyc-
KaeT Tenepb TpH 30Hb PpeHess. I[Be u3 HHX OKa3biBalOT NPOTHBO-
NOJIOXKHOe AeHCTBHe, HO TpeTbsl HECKOMIIEHCHpOBaHHAsl 30Ha Jaer
3aMeTHHIH 3G @deKT, H HHTEHCHBHOCTb B pacCMaTpHBaeMOH TOUYKe
npHMepHO paBHa 1/9 OT WHTEHCHBHOCTH B nepBoM (okyce.

Jnsi TOYeYHOro MCTOYHHKA, PacClOJIOXKEHHOro Ha KOHEYyHOM pac-
CTOSTHHH p OT 30HHOH MJIACTHHBI HAa €e OCH, MOXHO pacCYHTaTb JO-
IyCTHMOE YHCJO mpo3pauHbix 30H. M3 puc. 69,6 caenyer, yto on-
THYECKHH NYTh

s= (PP +8)" + (I +&)" (99)
rae ¢ — Kparyaiillee paccTosiHHe OT TOYKH Q mo maactunbl. Ilpu-
MeM BO BHHMMaHHe, UTO En= (2¢onA-+n2A2)'2, roe n=m/2 — qucio
NPO3payHbIX 30H, H Pa3JOXKHM S M0 cTeneHsM A. OrpaHHYHBAsACH A2,
nojiyyaem AJsi S, COOTBETCTBYIOLIEH n-ii mpo3payHoit 30He DpeHeds,

- LI WIS

8= p+q-+ g -)+ e x

x(_l__}__l___qg__izo_) (100)
p q

ps qs
Ecnu Mbl npHMeHsieM 30HHYIO IJIACTHHY, H3TOTOBJIEHHYIO CO-
rsiacHo (98), To mns n-fi mpo3payHoi 30HBI AJIMHA MYTH So OTJIHYA-
eTcsl OT §:

1 1
So=p -+ g+ nhgo (7+T)' (101)

Ho ansi nmomyuyeHusi xopollero kayecTBa H300paXKeHHSI ONTHYE-
CKHe NYTH BCeX Jyyel, CXOASIIHUXCS B (OKYC, AOJKHBI OTIMYATHCS
OT IeJIOr0 YHCJa BOJIH He Oojiee ueM Ha *=A/4 (kputepmii Penes).
B Hamem ciayyae AJHHA ONTHYECKOrO MYTH Jyda, HAYLEro B $oKyc
yepe3 n-10 NMpO3payHylo 30Hy, JOJIXKHA JiexXaTb B npedenax p+q-+
+ (nA==A4).

YBesqnueHHe 4HCaA KOJIEL, Ha 30HHOHM MJIaCTHHE, YJOBJETBOPSIO-
el ycaoBuio (98), HMeeT CMBIC JIMLIb JO TeX MOP, MOKa (So—s) <
<A/4. Ortciona nocJsie MpoCThiX Mpeo6pa3oBaHHH MOMYYHM

n<[P*(6M (Py—40)]'". (102)

YpaBHenune (102) mokasmbiBaer, YyTo AJISl CJaydasi napaJjiiejbHOro
NyyKa (pozoo) YHCJIO 30H He orpaHHyeHo. Tak Kak mpHOJIHXKEHHO
§=sg, T0 1/p+1/g=1/q,, T. €. KaK U AJs JHH3HL

PaccMoTpuM Temepb cayuall napasJiesibHOro nydyka, najiarollero
MOA YIJIOM o Ha 30HHYIO NJIACTHHY, AJs1 KOTOPOH E,2?=2nA{go.
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OmnpenennM HauGosbUIMA Yrosl o, MPH KOTOPOM ellleé BO3MOXKHA
xopowasi ¢OKycCHpOBKa AJSl NAHHOH MJHHBL BOJHB A. Ilas aToro
reoMeTpHYecKylo AJHHY NYTH, BHIYHCJEHHYIO O UYJIEHOB, COAepiKa-
LIHX NEepPBYIO CTelleHb A, HYXXHO NPHPABHATb K BEJHUHHE Go-+NA=L
+A/4.

OxoHyaTe/IbHbIH pe3yJabTaT MOXKeET OBITh NpPEACTaBJeH B BHAE

[ + (2q0nl)1’2 Z—A sin @ — nA sin? a] <& M4 (103)
0

CyllecTByeT Takxe CXOACTBO MeXJy 30HHOH NJIACTHHOH M [H-
¢hpakuHOHHOH pemeTKol. JI1060H MaJblfi y4acTOK NJacTHHH ¢ax-
THYECKH INpelcTaBjsieT co00H AH(PpPaKIHOHHYIO pellleTKy. Paccros-
HHS MeXIy IITPHXaMH B MaJieHbKHX pellleTKaX, KOTOphie 06pa3yioT
30HHYI0 MJIACTHHY, 3aKOHOMEPHO H3MEHSIIOTCSI OT TOYKH K TOUKe.
@oKychl 30HHBIX IIJIACTHH MOXHO pacCMarpHBaTh KaK TOUYKH, B KO-
TOPBHIX IepeceKaloTcsi NpsiMble, HAYLIMe B HaNpaBJeHHSX, COOTBET-
cTByloliNx ¢(payHrogpepoBoii AHGpPaAKUUH OT pPa3JHYHBIX YYacCTKOB
NJacTHHB. DTO BaXKHOe OOCTOATENICTBO JaeT 30HHOH IJIacTHHe
CBOHCTBO, KOTOpOe MOXKeET OBITb HCIIOJb30BAHO B MPHKJIAAHOM OTHO-
IIeHHH AJ1s1 pa3paboTKH HHTep(epEeHIIHOHHOTO METOAA CTBOPHBIX H3-
MepeHHil. A HMMeHHO: 30HHAsl MJaCTHHA Ha PacCTOSIHHH ¢ HOpPMHpYeT
sipKOe CBEeTOBOe NATHO (M300pakeHHe TOYEYHOro HCTOYHHKA CBeTa),
CTPOro CHMMETPHYHOE OTHOCHTEJbHO JIHHHH, COENHHSIOIIEH TOouey-
HBIi MCTOYHHK CBeTa H OCb CHMMETPHH 30HHOH mJyacTHHH. IIpu ne-
peMellleHHH O 30HHOH IJIaCTHHBI B HanpaBJeHHH, NepIeHAUKYJsIp-
HOM K J1a3epHOMY NYYKy cBeTa, H300pa)KeHHe HCTOYHHKA CBeTa CMe-
IlaeTcsl B TY e CTOPOHY Ha BeJHYHHY a; npH aToM d=ap/(p+q).

30HHas NIJacTHHA C KPYroBHIMH 30HaMH ¢opMupyeT H306paxe-
HHe TOYEYHOro HCTOYHHKA CBeTa HJH (DOKycHpyeT napaJijielbHbIi
IIYYOK KOTE€PEHTHOro cBera B Buie ToukH. OfHOMepHas 30HHAs MJa-
CTHHA C BePTHKAJbHHIMH 30HAaMH HJIH JByMepHasi C COBOKYIHOCTbIO
NpSIMOYrOJIbHEIX 30H TaKXe (opMHpPYeT H300pa)keHHEe TOYEYHOro
HCTOYHHKA CBeTa, TPaHC(HOPMHpYS €ro NpH 3TOM COOTBETCTBEHHO
B NpPSIMYI0 BEPTHKAJbHYIO JIMHHIO MJH B ABe JHHHH B BHJE CBETO-
BOr'0 Kpecra.

Kak cnenyer u3 3aKOHOB ()H3HUECKOH ONTHKH, €CJIH OTHOILEHHE
JUIMHBEL A, CBETOBOH BOJIHHI K pa3Mepy AHGPaKUHOHHOrO OoTBepCTHS d
WJIH NIPENSTCTBHS CTAHOBHTCS GECKOHEYHO MaJibiM (HampuMep, ecid
uMeeTcs Iedb, I KOTOpod A/d<1), TO B ycJOBUSX HaGJIOJAEHHS
muppakuuu PpeHesss pacnpocTpaHeHHe CBeTa MOXKHO OIHCATh
B TePMHHAX reOMeTPHYECKOH ONTHKH.

Ecan paccmMarpHBaTh 30HHYI0 IVIACTHHY KaK JIH(PpPaKUHOHHYIO
pelieTKy, TO MOXHO INpPHHATb, YTO NOYTH BCSI HEPrHs KOHLEHTpPH-
pyercst B cnekrpe HyJjeBoro mopsinka. Ecan oTHoumenne A/d oueHb
MaJio, To AH(PAKIHOHHbIe MaKCUMyMBl GoJiee pe3kHe u mpu A/d—-0
BCSl 3HepPrusl paclnpocTpaHsieTcsi BHYTPH OECKOHEYHO MaJioro yria,
OHcceKTpHCa KOTOPOTO COBNAjaeT C HamnpaBJeHHEeM Ha HyJeBOH
makcumyM. Ilpu 3TOM HanpaBJsieHHe Ha HYJIeBOH MaKCHMYM IOAYH-
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HsieTcsl 3aKOHy INpesIoMJIeHHs IJis AH(PPaKUHOHHOH pelleTKH, pabo-
Talollell Ha NpomnycKaHue.

Hcxoms u3 atux coobpaxeHHii, a Takxe M3 npuHuuna Pepma,
NOSICHSAIIOILIET0 CBSI3b MEXKJAY BOJIHOBOH M JIyUeBOH ONTHKOH, MOXKHO
CKa3aTb, 4TO CBETOBOH Jy4, BJAOJb KOTOPOrO pacrnpocTpaHsercs
CBET B OJHOPOJHOH cpelie, eCTb reOMeTPpHYECKOe MeCTO LIEHTPOB 30H
@peHesss, NOCTPOEHHBIX AJSI BCeX IOCJeAOBATEJNbHBIX IOJIOXEHHH
nepeMelllajolierocsi BojHoBoro ¢ponra. TakuM ob6pasoM, npH Aalb-
HEHUIHX rpadHyeckHX MOCTPOEHHAX C LeJbl0 NOJYYeHHS B MpO-
cTpaHCTBe (paKTHUYECKOro H300pajKeHHsl TOYEUHOro HCTOUHHKA CBeTa
MOXHO OOOCHOBAaHHO II0JIb30BaTbCSi METOJAOM TIeOMEeTPHYECKOH OI-
THKH,

Teopus u pacuyer napamMeTpoB reoie3HYecKol 30HHOH MapKH.
BosbmHHCTBO HHXXEeHepHO-Teofe3HUeCKUX 3ajay, JJis pelIeHHs KO-
TOPBHIX MOTYT GBITh MCIOJIb30BaHbl 30HHBIE IJIACTHHBI, J1a3eps H ¢o-
TO3JIEKTpHUecKHe perucrpupylomue ycrpoiictea (®IPY), cBogutes
K peajiM3alyy NPSIMOH JIMHUH (BepTHKAaJbHOH, FOPH3OHTAJBHOM, Ha-
KJIOHHOI) B mpocTpaHcTBe. [Ipn aTOM npsMas JMHHS 3ajaercs Ja-
3epoM U ®IPY, a kaxpas onpejesnsieMass TOYKa CBs3aHa CO cIle-
IIHaJbHOH 30HHOH MapKOH, KOTOpas COCTOMT M3 30HHOH NJaCTHHH,
3aKpelJieHHOH Ha MOACTaBKe (KOHCTPYKLHS NMOACTABKH MOXET GBbITh
pPa3JIMYHOH B 3aBHCHMOCTH OT BHJa H3MepeHHii). [TosoxeHue KoH-
TPOJIHDYEMOH TOUYKH oOmnpeaensercsi mo AUGpaKUHOHHOMY H3006pa-
JKEHHI0 HCTOYHHKa CBeTa B aHaJHu3Hpylouleid mjockoctd OPIPY.

B naHHOM pasgese pacCMOTPHM HEKOTOpble OCOOEHHOCTH MpH-
MEHEHHsI 30HHbIX IJIACTHH, YCJIOBHO CUMTasl, YTO Jia3ep — TOUEUHblil
HCTOYHHK cBeTa, a ®IPY perucTpupyer TOJBKO TeOMETPHUYECKHIT
LEHTP HJH OCb CHMMETPHH IIONEPEYHOro CeuyeHHs CBETOBOro Jyua.
Ha npakTHKe MOXHO NOJYYHTb YHOBJIETBOPHTEJBbHOE MpPHOJIHKE-
HHe K 3TOH MOJeJH, NpOmycKasi Ja3epHBIH Jyy yepe3 pacceHBalo-
IyI0 ONTHKY. PJAyKTyallMn aMIUIMTYAB W (asbl H3JyyeHHs Jasepa
BJIMSIIOT HECYIIeCTBEHHO, TaK KakK II0CJe NPOXOXKAEHHsS 30HHOH mJa-
CTHHBI 06pa3yeTcsi OTHOCHTENBbHO HeGOJIbllIasi PAa3HOCTh XOAa Jydei.
[TocTrosinHyio BpeMeHn ®IPY MoxHOo BhHOpaTh 6oJbliel, 4yeM KO-
poTKonepHoAHyeckue aTMocdepHble (GJYKTyallHH CBETOBOTO Jyua,
TaK, YTOObl NMOJNYYHTh HEKOTOpPOE CpefHee IOJIOXKEHHE MOCJeIHero.
B aTOM ciyyae MeTOonMKa M TOYHOCTb CTBODHBIX H3MepeHHil Jasep-
HBIM HHTep(epeHLHOHHBIM Cnoco60M B 3HAUMTEJbHOH CTeNeHH Ol-
pelessIoTCs KOHCTPYKIHeH 30HHOH MapKH.

Tonorpaduio 30HHOH MapKH NPUXOAHTCA NMOAOHPATh MO HEKOTO-
pHIM 3apaHee 3afaHHBIM NapaMeTpaM AHGPaKIHOHHOrO H300paxe-
HHS TOYEYHOrO HCTOYHHMKA cBeTa B mjaockoctd ®PIAPY. Hanpumep,
TpebyeTcsl MOJYyYuTh H300paxkeHue B BHJE CBETOBOrO Kpyra Majbix
pa3MepoB, BepTHKAaJbHOH# IOJOCH, CBETOBOTO KpecTa HJH ompeje-
JIEHHOH CHCTEMBI M0JIOC, NOJIOXKEeHHe KOTOPhIX B MPOCTPAHCTBE OTpa-
’KaeT COOTBETCTBYIOLIHE NepeMelleHHs] 30HHOH MapKH.

[TapameTpbl 30HHOH MapKH ONpefessilOTCS H3 YCJOBHSI OITH-
MaJbHOrO MNpPHOJMIKEHHS K 3aflaHHBIM XapaKTepUCTHKaM Audpax-
LIMOHHOTO H3006paXKeHHsl TOYEYHOrO0 HCTOYHHKA cBeTa. DTOT NOAXOX
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MOKHO TNPHMEHSITb K KJacCy Treofle3uu4ecKHX 30HHBIX MapoK, AJs
KOTOPBIX OCHOBHBIM YCJIOBHEM SIBJISIeTCSI He CTOJIbKO KayecTBO H30-
OpaxXeHHsl, CKOJBKO CTPOroe COOTBETCTBHE MEXAY MOJIOXeHHeM
B NPOCTPAHCTBE OCH CHMMETPUH 30HHOH MapKH H KOODJAHHATaMH
LeHTpa H300pa)KeHHs] TOUEYHOrO0 MCTOYHHKA CBeTa B MJOCKOCTH pe-
MCTPHPYIOLUIETO  YCTPOMCTBA. YuuThiBasg OoJbLIOE PacCTOSTHHE
MeXAY JasepoM, 30HHOH Mapkoi u PIPY, ofHOPOAHOCTE CBETO-
BOrO MNSITHA B Mpefieslax HHTEPECYIOIIHX Hac MaJbiX CMelleHHi,
B UYAaCTHOCTH, MaJibiX BEJHYHH HECTBOPHOCTEH, a TaKiKe CBOHCTBO
O®3PY perucTpupoBaTh NOJOXKEHHE TeOMETPHUECKOro (a He 3Hep-
reTHYeCKOro) IIEHTPa CBETOBOrO MSTHA, MOXHO CYUHTATh, YTO COOT-
HOIIEHHE MeXJAY OTHAeJbHBIMH YYacTKaMH AHGPaKIHOHHOrO H3ob6pa-
KeHusi B mjockoctH PIPY npakTHueckH He MeHsieTCs NMPH MaJbixX
CMellleHHSIX MapKH, a MEHseTCs B IEJIOM MOJIoXKeHHe H300paXKeHHus
B npeaMeTHo# miockocty ®IPY. B TakoM ciyuae OCHOBHBIMH ycC-
JIOBUSIMH pacyeTa reoJle3HYECKHX 30HHBIX MapOK SIBJASIOTCS: MHHH-
MaJibHble pa3Mephbl AU PaKIHOHHOrO H300paXKeHHsl HCTOYHHKA CBETA,
TpeGyemasi reomeTpHueckas ¢opMa H300paxKeHHS H JOCTATOYHO
6oJsibllIasi OCBellleHHOCTb KaK JJisl BU3yaJibHOH, Tak H njas ¢oro-
3JIEKTPHYECKOH PErucTpaIuu.

Haun6oJsiee 6/IM3KHM aHAJIOrOM reofe3HYeCKOil 30HHOH MapKH sB-
JsieTcsl KJaccHyecKash 30HHAs MJIACTHHA, HJIH TaTK Ha3blBaeMast
auH3a Ppenens. OnHako HauGojiee BaXKHBIM JJs1' TeOJe3HUYECKOH
30HHOH MapKu sBJsieTcsi GOPMHPOBaHHEe H306paKeHHsI KOrepeHTHOro
HCTOYHHKA CBETa CTPOrO CHMMETPHYHO OTHOCHUTEJbHO MPOAOJIKEHHS
NpsiMOH, coefMHsIOUIedl HCTOYHUK CBETa H OCb CHMMETPHH 30HHOMH
mapkHu. ITonoxenue &, n-ii 30Hb JHH3BI DpeHens onpenenseTcss H3-

BECTHBIM H3 BH3HYecKOH ONTHKH cooTHowenneM &, =+/Afn  n pac-
CMaTpHBaeTCss MHTEHCHBHOCTb ocBellleHHOCTH Up B Touke P 3KpaHa
3 (puc. 70).

YunThiBasi 0cOGEHHOCTH reoe3nyeckoil MapKH, mapaMeTphl TOIO-
rpaduy NPO3PAyYHBIX H HENPO3PAYHBIX 30H, B COBOKYNHOCTH 00Ja-
Jalomux (QOKYCHPYIOUINM CBOHCTBOM, pPacCuMTaeM, HCXOAs H3 cle-
AYIOUINX YCJIOBHH: _

HCTOYHHK cBeTa S He cMelueH ¢ ocH n (s=0);

IEHTP H300parkeHHs COBNMALAET C HAYajOM KOOPAHHAT B MJOCKO-
CTH H300pakeHHus, T. €. LIEHTP H300parKeHHs PACIOJIOXKEH Ha BhIle-
YKa3aHHOH NpSIMOH;

HHTEHCHBHOCTb pacCMaTPHBAaeTCsl B IIEHTPE H300parkeHHsl.

Jas ToueyHOro HCTOYHHKa cBera ammautyaa Up onpepensiercs
HHTerpasbHeiM ypaBHeHneM Kupxrogda

1 etk (p+q) 1 -
e
4n Pofo po / [po

) 1\ ng
k —— | —
+ do ) 9o }dgd“' oy

rle po U Go— PACCTOSIHHS OT HCTOYHHKA OO 30HHOH MapKu H OT
30HHOH# MapKH A0 3KpaHa; k— BOJHOBOE YHCJIO.
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Puc. 70. IlpuHumn pneHCTBHsT OAHOMEDHOI reofe3HYECKONl 30HHOH MapKu

Ins pacuera OnTHMAaJbHBIX NPSMOJHHEHHBIX 30H DpeHens npen-
noJjiaraeM, 4TO TOYEYHBbIi MCTOYHHK CBeTa S He CMeIleH C OCH 1,
LIeHTP H3006paxkeHHsl COBIAJaeT C HAauaJiOM KOOPJAMHAT B IJIOCKOCTH
H300paKeHHs] H PacCMaTPHBAETCs HHTEHCHBHOCTb B LIeHTpe H300-
paxenusi (x=0). IIpunsB cucTeMy KOOpAMHAT § M M NapaiJielbHOi
KpasiM 30H H COBMAajalouleil ¢ 4y U Ny, MOXKHO CYHTAThb CIPABEAJIH-
BHIMH CJIe[YIOlHE COOTHOLIEHHS:

p=A/p? +8 +0? —p(lJrng11 "T)

2p0
—— x)2 2
B e N (B D)
- - 1 1 g E—x?
= 2 LY .
p+4q Po+40+‘r|(2po o )+ e T2 T

ITocsie HeKOTOPBIX NMpeoOpa30BaHUH MOJNYUYHM

pP+9=po+ %—I— -|-a”'flz+a2 E—y* (106)

rae a®=L[(2poqo), y=xpo/L.
®opmyay (104) Trwiirenca — Kupxropda ¢ tounoctbio 10 daso-

BHIX MHOXHTEJEH M MaJjio H3MEHSIOUIMXCS PAacCTOSIHHE p U ¢ B 3Ha-
MeHaTese GOPMYJbl MOXHO NPEJCTAaBUTh B BHJE

Up~ [ etk (P+dF. (107)
F
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Ucnonbsyst (105) u BhINOJHHB MaTeMaTHYecKHe mnpeobpa3oBa-
HHsI, MOXKHO 3alHcaTh

g 3
Up=Y [ (e Gy gika' G0 | gt 4 [ etha G—0 gt (108)
tn —Eo
JanbHef N BLIBOA IPOH3BOAMTCS H3 CJEAYIOIIEr0 YCJIOBHS:
HETOYHOCTb HaHeceHHs 30H PpeHesss JOJKHA MaJO CKa3bIBaTbCs Ha
MHTEHCHBHOCTb OCBEIlEHHOCTH B HeHTpe H300paxeHus, T. e. Up 4B-
asiercss QyHKuuei nojoxeHus: rpaHul 3oH Up=F (En, &r) =Jo. 1y
GYHKIHIO MOKHO Da3JIOXHTb B PSS [0 MaJjblM OTKJOHEHHSIM OT
pacueTHbIx 30H [(En, En)=[(En® En°)+df(En% Ea®)+... Ilorpe-
6yem, utoOn1 df (En° En°)=0. Torma, ocHOBhBasicb Ha QopmyJe
(108), MOXHO NOJNYYHTh HHTErpajibHOE BBIPAXKEHHE OCBELIEHHOCTH
B TOYKe P 1OA BBINIENPHHSATHIM YCJIOBHEM H BBIBECTH (OPMYJBI AJs
OnpefesieHHs] TPaHUL NpsSMOJHHeHHbIX 30H Ppenens. He npusoas
NOJAPOGHO MaTeMaTHYeCKHX IpeoOpa3oBaHHil, IOKaxeM OCHOBHOMH
XOZ BBIBOJAA M KOHEYHbIe Pe3yJIbTaThl.

[Ipn y=0 noayyaeM aMnJuTyAy B LleHTPe H300pakeHHs
N ¢
U= 2 f eMF a4 [ et® g
a=1 Eﬂ —50
N _§n E0
=2 Z ( coska®dE + | coska®tdE +

n=1§, ~Eo
N &, g,
+i [2 Y f sinka®ME — | sin k% ] =c s, (109)
n=1%, 8o

rie ¢— OedCcTBHTeNbHasi yacTb BblpaxeHHsi (R.Uo); s — MHumas
yacth (/mUo). HMIHTeHCHBHOCTL B LeHTpe H300paxenus Oymer Jo=

=c2+s2 Haiinem Jo 10 En, En, Eo; dJo=2cdc+2sds:
N
dc =2 Zl (cos ka® E2dE, — cosfka2§f,d§n) + 2 cos kaE2dE,;
n=
(110)
N - -
ds=2 Y. (sin ka’ELdE, — sin ka®2dE,) + 2 sin ka%EldE,.
n=1
YcnoBusiMu max Jo SBJASIOTCS:
¢ cos ka’E2 + s sin ka’E2 = 0;
c cos ka?E2 -+ ssin ka’E2 = 0; 111)
c cos ka2§3 + ssin ka2§§ =0.
ITocne npeo6pasoBanusi 6yJeM HMeThb:

tgha®tl= —cfs; tgha®tl= —cjs; tgka®ti= —cfs, (112)
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HJTH
ka2§g = — arctg (e/s) + m; ka2§,2‘ = — arctg (c/s) + n2n;
(113)

kazgf, = —arctg (¢/s) + n.(2n + 1).
[Tycrs arctg —:— =2i—1l%

rie 0<Y<ymax U nmpyu N=0—n/2<¢p<m/2. Torma BHIpaxKeHHUS
(113) MoxxHO 3amucaTh cJelyiolHM 06pa3oM

gy =92t 2
(114)

ka’tl = —n/2+ 2n+ 1) .

Koadduuuenrt k cBsfizaH ¢ IJHHON BOJIHEI H3JIyyaTessi TOUEYHOTO
HCTOYHHKA CBeTa CJENyIOIIMM H3BECTHHIM COOTHOLIeHHeM k= 2m/A.
YuuteiBas ypaBHeHusi (105), (106) u npuusiB 2¢/m=p, mocje mnpe-
o6pa3oBaHus ypaBHeHuit (114) monyuwm:

_ Apogo 112 1/2.
W= (o) a4+

_ Apogo \12 1/2.
§n—(—2L ) (4n—14 w5 (115)

g Apogo 112 12
b= (o) tn ot 14 1,

Kak mokasaju HccJeOBaHHS, NOCTAaTOYHO TOYHOE 3HAUEHHe KO-
s duLeHTa n, BIOJIHE NMPHEMJIEMOE AJIS1 H3TOTOBJIEHHS Teofie3nye-
CKOil 30HHOH MapKH JiadepHoro ctBopodukcatopa H JPYrHX BHAOB
reoje3auueckux NpHGOPOB, MOXKHO IOJYYHTh U3 yPaBHEHHS

1 2 1 .oon
T/\/I-I—p, (I+ 1+u)+2nsm 9 p=0. (116)

Tak Kak npejcTaBjisieT HHTepec 3HayeHHe |, NPHMEPHO paBHOe
efuHHULe, TO, NPpHHAB pu=1-+A, ypaBHeHHe (116) MoxHO mnpencra-
BUTb B BHJE

14+ A — T2A2
A2 =42 ﬂ(l— 3 ) (17

[TonyyenHoe TakuM 06pa3soM 3HaueHHEe BEJIMYHHBI U OKa3aJoch
paBHbIM —0,797. YuurteBasi 3to, popmyan (115) MoxHO mpencra-
BHTb B BHJE

8, = Apogs \V
0 2L
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12
g,,.=(_"_;’i‘lo_)' (@n —1.790"% (118)

]
fnm (—}'p"—%- " 4n + 0,209
2L

Ananus dopmyn (118) mokasmiBaeT, YTO pacCYHTaHHasi 30HHas
MapkKa HMeeT JONOJIHHTeJbHYIO LEeHTPaJbHyl0 30HY HyJeBOro IO-
pSiKa ¥ HeCKOJIbKO GoJiee MJIOTHOE pPaclojioXKeHHe 30H, YeM Y JIMH3BI
QpeHnensi, u ob6sanaer HeOOXOAHMMBIMH (DOKYCHPYIOLIHMH CBOiiCT-
BaMu. OfxHoMepHasi reojie3vueckass 30HHas Mapka ¢ NPSIMOJHHel-
HBIMH 30HaMH Ha 3KpaHe O, YCTaHOBJEHHOM B Touke P (cM.
puc. 70), dopMupyer H300pakeHHe B BHJAE Y3KOil BepTHKAJbHOMH
(uJ1m rOpH3OHTAJBHOM) CBeTOBOH moJsiocKu IHpHHOH d. Ha pue. 71
noKa3aHa KpHBasi H3MeHEHHsl HMHTEHCHBHOCTH H300paKeHHs H KpH-
Basi — INPOU3BOJHAsT OT HHTeHCHBHOCTH. IllupuHa d u306pakeHHus
MOKeT OBITh ONpelie/ieHa KAaK PaccTOsIHHE MeXAY MaKCHMYMOM H
MHUHHMYMOM INPOHM3BOAHOH KPHBOH M NPHMEPHO paBHaA NOJIHOH LUH-
pHHe Ha NOJIOBHHe MaKcHMyMa. Pacuer mnpHHbl H306paxeHus, ¢op-
MHPYEMOro KauyecTBEHHO H3TOTOBJIEHHOH 30HHOH NJacTHHOH, MoO-
KeT GbITb BHINOJHEH 10 ¢opmyde [19]

= Mo
d=+5 —1, (119)

raie D=2E, — pakTuuecKkoe paccTOsiHHe MeXAy KpaHHUMH 30HaMH
peasibHON NJacTHHB — 3 QekTHBHAs I1HpHHA paboueii 30HH. Ee
MOXHO MOJACYHTATh MO GopMyJie

D = (4MpN/2L)"?, (120)

rae N=2n— Heo6xoauMoe oOlLiee YHCAO BCEX MNPO3PAyHbIX 30H
MApKH,

Tak, npu n=25 (N=50), p=g=100 M, A=0,6328 MM D=
=78 MM, d=0,6 MM.

Ha puc. 72 u 73 pasa crBopa aauHoii 1000 M COOTBETCTBEHHO
MOKa3aHbl AHarpaMMbl H3MeHEHHsl IIMPHHBI H300paKeHus IJs pas-
HbIX PacCTOSIHMH ¢; B 3aBHCHMOCTH OT YHCJa 21 BCeX NPO3PauyHBIX
30H 30HHOH MJACTHHBI H KPHUBble U3MEHEHHs LIMPHHBI H300pa’KeHHs
B 3aBHCHMOCTH OT OTHOIIEHHS PACCTOSIHHH p H g.

ITo nmnarpamme (cM. puc. 73) MOXHO MOJYYHTh LIMPHHUY H306-
pa)eHusi, B KOHeuHo#l Touke (opMHpPYeMOro 30HHOH MapKoii, ycra-
HOBJIeHHOH B Jt060if Touke 1000-MerpoBoro crBopa. Tax, mpu pi=
=150 M, ¢1=850 M KauyecTBEHHO H3rOTOBJIEHHAasi 30HHas MJACTHHA,
uMeouass 40 npospauHbiX 30H, (OPMHPYeT H300parxKeHHs HCTOY-
HHKa cBeTa LIHpHHOK di=3,5 MM, a npu p,=850 M, g2=150 M d>=
=0,6 MM.

W3 puc. 72 caenyer, YTO NpH ‘M3TOTOBJIEHHH TeOfe3HYECKHUX 30H-
HbIX MapoOK MOXHO OrpPaHHYHTh OO6lllee KOJHYECTBO NMPO3PaylbIX 30H
2n<<50, TaK Kak JaJbHelilllee yBeJHUeHHEe HX YHCJA MaJlo CKa3blBa-
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eTcsl Ha mupHHe H300paxeHHs, GOPMHPYyeMOro OJHOMEepPHOH 30HHOH
MapKoH.

OTHocHTeNIbHAsE aMIIMTYAA ocBellleHHOCTH Up B LieHTPe H306pa-
JKeHHs ompefiesisieTcsi Mo popmyre

00
,\/— ietTn S e—a/2k’(l+u) l_e—zuh (N+1/2)
Ug= V2 —

) + 5

-——00

1—As e zl)

rne N=2n-—uyuciao Bcex 30H; u— KO3(PPHIHEHT, MOJNYUEHHBIH U3
(116) umu (117).

C yyeTOM HHTEHCHBHOCTH Jo KOrepeHTHOro MHCTOYHHKA CBeTa,
aMIJINTYJa OCBEILIEHHOCTH B IeHTpPe H300paxKeHHs, (opMHpyeMOro
30HHOH MJacTHHOH, Oyner

vp= YV (122)

V2L
rae Uo onpenensierca mo popmyae (121).

ITo dopmynam (118) paccuuTHIBAIOT BCE THMB 30HHBIX MapoK:
onHomepHyio (puc. 74,a), nBymepHywo (pHc. 74,6), Kpyromyio
(puc. 74,8), oAHOMEpHYIO HJIH IByMepPHYIO KOHHUecKHe (pHC. 74,2).

PaccMOTpHM HEKOTOpble M3 3THX 30HHBIX MapoOK, NMpPHMEHEHHe
KOTOPHIX MOXKeT ObITh 1[eJ1ecO00pa3HbIM AJISi KOHTPOJISI MPSIMOJIHHE-
HOCTH H COOCHOCTH, 3aJlaHUs HampaBJieHUH, BEICOTHBIX U3MepPeHUH H
pelleHHs: APYrHX reofesnyeckux 3afay. [Ipu sTom paccMoTpuM MapKH
TOJILKO C CHMMETPHYHON Tonorpaduell 30H. TO HMPAKTHYECKH He
CHHKaeT OOIIHOCTH 3aJayd, HO NMO3BOJISIET CYHTATh, YTO HEYYTEH-
Hble 3¢}eKTh HCKaXKaloT AH(PPaKIHOHHOE H300paKeHHe HCTOYHHKA
cBeTa CHMMeTPHYHBIM 006pa3oM U He BJIHSIET HAa TOYHOCTb H3Mepe-
Hui. B HacTosiiee BpeMsi HauGoJiblllee pPacCNpPOCTPAaHEHHE MOJYYHJIH
OJlHOMepHasi U IAByMepHas 30HHBle MapKu (cM. puc. 74,a, 6).

Tpu napamerpa 7, & U fmax NMOJHOCTBIO OMPEAEJSIOT KOHCTPYK-
nH0 (OKycHpyIOLleH 30HHOH MapKH [Jsi (PHKCHPOBAHHOH JJIHHBI
BosHE A. OfHa M Ta Xe ONHOMepHasl 30HHasE Mapka MOXeT ObITb
HCMOJIb30BaHA Ha PAa3HBIX PACCTOSIHUSX MexAy JiasepoM H PIPY
NpH YCJOBHH, YTO

cos ﬂt = ’\/fi/fmax ’ (123)

rie f;—yroa noBopoTa 30HHOH MapKH OTHOCHTEJNBHO 3aJaHHOTO
HamnpasJjieHHs1 B [-H TPOMEXYTOYHOH TOUKe; f; — COOTBETCTBYIOLIEe
¢doKycHOe paccTosiHHe:

fi = pigilL;  fmax = peqelL = L4, (124)
31ech pe=g.=L/[2.

ITockoabKy NpH BpalleHHH MapKH BOKPYT OCH CHMMETPHH 30H
MeHsieTCs1 ee (OKyCHOe pacCTOsiHHe, s Bceit cepuu paboT Ha
cTBOpe AJMHHOH L TpebyeTcss BCEro JIMIIb OJHA HJIH HECKOJbKO TOX-
JeCTBEHHBIX 30HHBIX MapoK C (OKYCHBIM pPacCTOSIHHEM fmax=L/4.
STO noJIoXKeHHe OTHOCHTCSI H K JIByMepHOi 30HHO#I Mapke, ecJiH KOH-
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Piic. 74. Tcojie3nyecKknHe 30HHbBIC MapKH:
a — OJHOMCpHAas, 6 —-AByMepHas; 6 — KpyroBasi, ¢ — KOHHYeCKas

CTPYKIHSl NMOACTAaBKH MO3BOJIIET MOBOPAyYHBaTb MapKy KaK BOKpPYT
rOPU30HTAJIBHOH, TaK M BOKDYI BepPTHKaJbHOH Ocell CHMMETPHH 30H
®penens.

Hnsi 6osblinX 3HayellHii 21 ¢ OTHOCHTEJBIION TMOTPEIOCThIO
nopsiika '/on MOXKIIO MOJYYHTH BHA KPHBOI pacnpejesielius HIITell-
CHBHOCTH
sin? 20€,

L*ndw?

rae
T q p—q x -1
- - (1 —)
¢ xl\/-L /\/p (+p+q 2«/;?4)

X — KOOpJAMHATa leHTpa H300paKeHHs (CBETOBOrO MSATHA)
B nmpeaMeTHoi miockoctH PIPY.

170




IToaymwnpuHa riaaBHOrO MakKcHMyMa omnpefensiercss mo dopmyJie

_ Mmax v ( _

Ax =2 /\/ ot k—1 /\/ ] ———X

X «\/ A ) (125)
2fmax (28 + & — 1) ’

OTMeTHM, 4TO BEJHYHHH ¢, p, f H L CBA3aHBl COOTHOLIEHHSIMH
g=(1—sinB)L/2; p=(1+sinB)L/2.

Ins peanusaunun 3¢ ¢dekra BpallleHHs] 30HHOH MJIACTHHBI BOKPYT
ONHOH HJIH JBYX OCE€H CHMMETPHH KOHCTPYKILHS MOJACTABKH MapKH
JOJIXKHA HMMETb COOTBETCTBYIOIHE peryjJHpyeMble OCeBble CHCTEMBI.
Ilpn HanMMYWM TaKHX MNOJACTAaBOK NpHMeHeHHe 3¢¢dekTa noBOpOTA
N03BOJISIET CYLLECTBEHHO YNPOCTHTb NpPOLECC T'e0fe3HYECKHX H3Me-
pPeHHui.

B psnme cioyuaeB MOXeT OKasaThCs NOJIE3HBIM NPHMEHEHHe TakK
Ha3bIBaeMOH KOHHYeCKOH 30HHOH MapKu (cM. pHc. 74,2). Ilpeumy-
LIECTBOM TaKOH 30HHOH MapKH SIBJSIETCSl TO, YTO €€ MOXKHO BBECTH
B KayecTBE KOMIIOHEHTa OO'beKTHBAa KOJUIHMHpYOLIeH ONTHKH (Ha-
npuMep, B KayecTBe HacaJKu Ha oObeKTHB). B aToM ciyuae mocie
NPOXOXK/JEHHs CHCTEMBl KOJIIMMAaTOp — KOHHYecKasi 30HHasi MapKa
Ha BceH pacyeTHOH AMCTaHUHH ¢GopMHpyeTcs H300paiKeHHe HCTOY-
HHKa CBeTa B BHJEe CHCTEMBI CHMMETPHUHHIX CBETOBBIX IOJIOC, SIBJIS-
IOLIMXCS OTPe3KaMH «KpecTa» HJIH BepTHKAaJIbHOH NOJIOCH B 3aBHCH-
MOCTH OT KOHCTPYKIIHH KOHHYeCKOH 30HHOH Mapku. KoHHueckas
30HHAsl MapKa MOXeT OBITh TaKKe H3rOTOBJIEHA OJJHOMEPHOH HJIH [BY-
MepHOH. OHOMepHasi MapKa COCTOHT M3 OJHOTO MJIH ABYX CHMMeT-
PHYHBIX KOHHYECKHX CeKTOpOB. [IByMepHasi MapKa COIEpPIKHT 4YeThipe
CHMMETPHYHO PaCHOJIOKEHHBIX KOHHYECKHX CEKTOpa, MPH 3TOM YTOJ
NpH BepLIMHe KOHHYECKOrO ceKTopa Moxet cocraButh 90°. Hapyx-
Hble Kpas IOCJIEJHHX Nn-X 30H SIBJSIOTCS JHAroHaJssMH KBajJpaTa cO
cropoHamu 2E. Konunueckasi 30HHass MapKa paccuHThIBaeTcs no ¢op-
mysnaMm (118) Ha mMakcHMajbHO Heo6x0AHMOe (POKycHOe paccTOosiHHe
fmax. JJis1 OMHOMEPHBIX MapOK yroJi MPH BeplIHHe KOHHYECKOTO CeK-
TOpa BHIOMpaeTcsl C yyeTOM JAHama3oHa (POKyCHPOBAHHS JIa3€PHOTrO
nyuyka. OyeBHIHO, MO CBOMM CBOHCTBAM NpPHHUMN AEHCTBHS KOHH-
4yecKOH 30HHOH MapKH B OIpeJesIeHHOH CTEeNeHH aHaJIOTHYEeH aKCH-
KOHOBHIM O00'b€KTHBAM.

BaxXHbIM JOCTOHMHCTBOM reOle3HYecKHX 30HHHIX MapOK SIBJISETCS
HX JABYMEPHOCTb H BO3MOXHOCTb (OKyCHPOBaHHSI HH(ppaKpacHoOro,
yAbTPaHONETOBOrO H «MSTKOTO» PEHTTEHOBCKOTO H3JIy4YeHHS.

HaunGoJsiee TOYHO 30HHBIE NJIACTHHBI H3TOTaBJIHBAIOTCS TOJIOTpa-
¢uueckuM MertogoM. Bo3MoXHa 3anuch 30HHBIX MJIACTHHOK Ha TOJI-
cTyio ¢OTO3MYJIbCHIO ¢ OBYX cTOopoH no meroxy lO. H. JleHucioka
H mocJieflylolllee BOCCTaHOBJIEHHe GesIbIM CBETOM C ceJsieKLHel OXHOH
IJIMHBL BOJIHBEI, TaKHe NMJIAaCTHHBEI JAlOT JHLIbL AeHCTBUTENbHOE H306-
paxenue. Ilpu 3anucH 30HHOH NJAacCTHHE B CBETe TPeX JIa3epoB,
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paboramoliuX Ha PAa3HBIX MJIMHAX BOJIH, €€ MOMKHO HCIOJib30BATH
IJISL TIOJIy4eHHsI LBETHOro H300parKeHHsl.

lonorpaguueckass 3anuch MO BHEOCEBOH CXeMe MO3BOJISIET MOJY-
YHTb 30HHBIE IVIACTHHH C NMPOCTPAHCTBEHHBIM pa3fiesieHHeM JeHCT-
BHTEJBHOTO B MHHMoro ¢okyca APYr OT Apyra H OT HYJIEBOTrO MO-
paaka audpakuuu. Takas cxema 3amHCH NMPAaKTHYECKH MOJHOCTHIO
HCKJIIOYaeT (OoH M 3HAYHTEJbHO NMOBBHILIAET KauecTBO H300parKkeHHS.

Hapsiny ¢ knaccHyeckoil 30HHOH NMJIAaCTHHOH MOXeET OBITh H3ro-
TOBJIEHa roJiorpaMMa-JiHH3a, oOpa3oBaHHass ABYMS TOYEYHBIMH HC-
TOYHHKAaMH, CO3JaIOLIMMH pacxopsiuuecsi cepuueckue BoJsHHL. Ilo
TaKOH cXeMe Ha TOJIOTPaMMbl MOTrYT OHITh 3alHCaHBI BHICOKOKaue-
CTBEHHble OOBEKTHBH. TaKHe TroJIOTPaMMBbl SIBJSIIOTCS aHaJIoraMH
06bekTHBOB. [IpuMeHeHHE TrOJIOrpaMMBI-JIHH3H MU (DOKYCHPOBKH
H300pakeHHs1 NO3BOJISIET OJHOBPEMEHHO H C(OKycHpoBaThp H306pa-
JKeHHe, H ¢hOpPMHPOBATh ONMOPHBLIH CBETOBOH MYHYOK.

Ba>XHBIM MpPEHMYILIECTBOM KOT'€DPEHTHOH ONTHKH SfIBJISETCS BO3-
MOXHOCTb TMOJIYYEHHSI CJIOKHBIX ONITHYECKHX 3JjieMeHTOB. IoJo-
rpaMMBl KaK CaMOCTOSITeNIbHbIE ONTHYECKHE 3JIEMEHThl CO3Jal0T Aei-
CTBHTEJIbHBIE H300paXkeHUs: 06'beKTa 6e3 MPHMEHEHHS JOMOJHHUTEb-
HBIX JIHH3 H OO'beKTHBOB.

Tonorpaduueckre MeToAbl, NO3BOJSIOIIHE 3aIHCATh HA OAHY ¢o-
TOMJIACTHHKY HECKOJIbKO TOJIOTpaMM, OTKPHIBAlOT BO3MOXHOCTh CO3-
JNaHHSA JIETKHX H KOMIAKTHHIX ONTHYECKHX YCTPOHCTB, CIOCOOHBIX Of-
HOBPEMEHHO BHINOJIHATh (YHKLUHH HECKOJbKHX 3JIEMEHTOB.

CrenyeT OTMETHTb, UTO roJiorpaduyeckue MeTOJbl H3rOTOBJIE-
HHS 30HHBIX IJIACTHH TEXHOJIOTHYECKH CJIOXKHBHI; MOJJIOXKKA JJs Ha-
HeceHHSI (pOTOIMYJILCHH JOJIXKHA NPEACTaBJATh COOOH MPaKTHYECKH
HAeaJIbHYI0 TOHKYIO IJIOCKOMapaJljiesIbHYI0 IJIaCTHHY H3 BBICOKOKa-
YeCTBEHHOTrO ONTHYECKOro cTeKaa. ABTopoM paspaGoraHm GoJiee
NPOCTHIE METOAB! H3TOTOBJIEHHSI HCKYCCTBEHHHIX TOJIOTPAMM JJIsl Ieo-
Je3uyecKHx paboT — reofe3aHyeCKHX 30HHBIX MapoK, AeACTBYIOIIHX
B NPOXOJSILEM CBETE H NMPEACTABJSIOIHX CO60i COBOKYMHOCTb llie-
Jel Ha TOHKOH MeTaJlIHuecKoii miacTHHe. PaspaGoraHbl TakXe coO-
OTBETCTBYIOLIHE MOACTABKH, HMeloIHe He0OXOAHMBIE YCTpOicTBa AJS
3aKpeIJIeHHs] H IOCTHPOBKH HCKYCCTBEHHBIX TOJIOTPaMM.



I'nasa 6.

JIABEPHBIE MHTEP®EPEHLUOHHBIE
CTBOPO®HKCATOPDI

§ 31. NMpunuun pelcTBUs Na3epHBIX HHTEP(EPEeHUHOHHBIX
crBopodukcaropo tuna JIMCT

KoMnJleKT annaparypsl Ja3epHOro HHTep(epeHIHOHHOTO CTBO-
podukcaropa JIMCT cocTouT H3 Tpex OCHOBHHIX 3JIEMEHTOB: Jia3ep-
HOTO CTBOpOyKasatessi I, reoje3nyeckoii 30HHOH MapKu 2, BH3yaJb-
HOr0 HJH (OTO3JIEKTPOHHOTO pPETHCTPHPYIOLIETO YCTpPoiicTBa &
(PIOPY) (puc. 75,a). IlpuHuuMnuasnbHasi cXeMa BBICOKOTOYHBIX
CTBOPHHIX H3MepeHHH KoMmnJjekroM annapatypw JIMCT 3akmioua-
eTcsi B ONpefieIeHHH TMOJIOXKEHHSI OCH CHMMETPHH TreoJe3HUecKoil
30HHOH MapKH OTHOCHTEJBbHO MNPSMOH, 3aJaHHOH Ja3epHLIM CTBO-
poykasareiemM u ®IPY, nu6o B onpeneseHHH NOJOXKEHHS PErUCT-
PHpPYIOLIEr0o YCTPOHCTBAa OTHOCHTENbHO NPSIMOH, 3aJaHHOH Ja3sep-
HBIM CTBOpPOyKa3aTeJeM M OCbl0 CHMMETDHH 30HHOH MapKH.

B 3aBHCHMOCTH OT KOHCTPYKUHH NPHMEHSIEMBIX PETHCTPHPYIOLIHX
YCTPOHCTB H METOAHKH CTBOPHBIX H3MEpeHHH pa3paboTaHBl TpPH
THNA Ja3epHbHIX HHTepdepeHUHOHHnX cTBopodukcatopos JIHCT:

BH3YyaJIbHBI/, B KOTOPOM IOJIOXKeHHe H300parKeHHsI PerHCTPHpY-
eTcsl BH3yaJIbHO OTHOCHTEJIbHO CETKH HHTell 3KpaHa;

aHaJIOTOBHIH C HCNOJb30BaHHEM ()OTO3JEKTPOHHOTO H3MEpHTEJb-
HOTO yCTpOHCTBa, PUKCHPYIOLIEr0O MOMEHT COBNMAJEHHUs LieHTpa H3006-
pPaXkeHHs C HYJIeBHIM (HCXOIHBIM) TOJIOXKeHHeM ¢OTO3JeKTpHye-
CKOro NMpPHEMHHKA CBeETa;

JIHCKPETHHIH, B KOTOPOM (pOTO3/IEKTPOHHOE perucTpupyloliee ycr-
pPOHCTBO TNO3BOJISIET OMNpefeJHTh KOOPAMHATH LEHTPa CBETOBOTO
nsiTHa B AMCKPETHOM BPEMSIHMIYJIbCHOM KOJie OTHOCHTEJNLHO aBTO-
HOMHOI'O HayaJla cyera npubopa.

BHICOKOTOUHBIE CTBODHBIE H3MepeHHs] KOMIJIEKTOM ammapartyphl
JasepHoro HHTepdepeHuHOHHOrO crBopodukcaropa JIMCT Moryr
BBIMOJIHATBCS JABYMSI METOLAMH: METOAOM TIepeABHXKHOH 30HHOMH
MapKH, KOIla Ha BcCex NpPOMEXYTOYHBIX TOYKax CTBOpa MOCJeno-
BaTeNbHO yCTaHABJIHBAeTCs 30HHAs MapKa, H MeTOJOM IepeJBHXK-
HOTO PErHCTPHPYIOLIEr0 YCTPOHCTBA, KOTAa BAOJbL CTBOpa NepejBHU-
raercs MaJjiorabapHTHOe MOPTaTHBHOEe BH3yaJibHOe HJH (OTO3JEK-
TPHYECKOE PETrHCTPHpYIOlLee YCTPOHCTBO C aBTOHOMHBIM IHTaHHEM.

IIpuHnunuanbHasgs cxeMa BHICOKOTOYUHBIX CTBOPHBHIX H3MepeHHH
MeTOJOM MepelBHKHOH 30HHOH MapKH 3aKJIyaercsl B CleAylolleM
(puc. 75,6).

JlazepHHlll cTBOpOyKasaTeslb YCTaHaBJHBaeTcs B Touke / Ha
paccTOSIHMH Sy OT HCTOYHHKA CBeTa H OPHEHTHpYyeTCSl BJOJb CTBOpa
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Puc. 75. TlpuHuun AeHCTBHsi Jia3epHOro HHTep(epeHIHOHHOro CTBOpPOHKCaTOpa
JIUCT:

a —cxeMa pasMeuleHus annapatypel JIMCT;, 6 — npHHUHN H3MEpeHHS HeCTBODHOCTeA mo
cxeMe nepenBHXKHOH 30HHOH MapKH

ONnopHbBIX MyHKTOB /—/I. TOYHOCTH OPHEHTHPOBKH HOJKHA OBITH Ta-
KoM, 4TOOHl NpH NOCJef0BaTeNbHON NepecTaHOBKe 30HHOH MapKH IO
BCEM KOHTDOJIHDYEMBIM TOYKaM, BKJIOYasi ONOpHble MyHKTH [ u 1,
H306paXkeHHe HCTOYHHKA cBeTa (OPMHPOBAJIOCH BHYTPH AHMana3oHa
H3MepeHHH PerHcTPHPYIOLIEro YCTPOHCTBA, YCTAHOBJIEHHOTO Ha He-
KOTOPOM pPAacCCTOSIHHH Sy; OT HCTOYHHKa cBeTa. Paccrosinne sy 1e-
Jecoo0pa3Ho MNPHHATb DaBHBIM Sy, B 3TOM CJy4yae 3HAYHTEJbHO
ynpoulaercss BHIYHCJeHHE HCKOMBIX HecTBOpPHOcTeil. CTBOpHbBIE H3Me-
PEHHsI CBOASITCS K ONpENEJEeHHIO NOJIOXEHHS OCH CHMMETDHH 30H-
HBIX MapOK OTHOCHTEJNbHO MPSIMOfi, onpejessieMOil TOYeYHBIM HCTOY-
HHKOM CBeTa — J1a3epOM H HayaJIOM OTCYeTa PErHCTPHPYIOLIEro YCT-
poiictBa. B 3aBHCHMOCTH OT B3aHMHOrO IOJIOKEHHS BCeX TOYeK
cTBOpa HHTep(epeHIHOHHble H300pakeHHs HCTOYHHKa cBeTa ¢hop-
MHDYIOTCSl 30HHBIMH IJIACTHHAMH C KaXXJ0ro NyHKTa CTBOpa COOT-
BETCTBEHHO Ha pPAa3JIMYHBLIX PACCTOSIHHAX @; OT HYJS PEerHCTPHPYIO-
uero ycrpoiictBa. [To H3MepeHHbHIM KOOPAHHATAM @; H PACCTOSHHAM
S1, S11, Si BBIUHCISAIOT

8 =(ar —ap) by —(ag — A) ky, (126)
rae
by oo S d _arrsu (L—sp) —aysy (L —snp) )
L L str(L—sp) —sp(L—spp)

Opnunata A COOTBETCTBYeT PACCTOSIHHIO OT HYJf PErHCTPHPYIO-
LIero ycTpoicTBa A0 CEepelHHBl M300paXKeHHs! MPH PaCNOJOXKEHHH
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uctounnka ceera C’° M MPOMEeXYTOYHOH TOYKH i’ CTPOrO B CTBOpe
auuaud [—II. TIpH cHMMETPHYHOM pacClOJIOXKEHHH Jjla3epa H PErucT-
pPHPYIOILEr0 yCTPOHCTBA OTHOCHTENBbHO KPaHHHX NYHKTOB CTBOpa
¢opmyna (126) npumer BHA

Si=@—a)lh—(@—afs (127)
rae fi=si/L; fa=s11(si—s11)/(S112—512).

ITpu s;=s,;1=0, T. e. Korga Ja3epHbii CTBOpOyKa3aTesb H peru-
CTpUpYIOlllee YCTPOHCTBO YCTAHOBJIEHH Ha HayaJbHOM H KOHEYHOM
NyHKTax CTBOpaA.

8; = (ay —a) si/L.

B sTOoM cJayuyae oTcueT a; onpejensieT 3HaK H3MepseMOH He-
CTBOPHOCTH H HMeeT TaKOH e CMBICJI, YTO H opauHarta A B ¢op-
myae (126).

CpenHsis KBaJpaTHuecKasi NMOTPELIHOCTb H3MEPEHHs Omnpeiess-
ercd ciaeaywouei gopmyJoi:

2 22 U2

Sy (si—s,)ss ]
== _— _— m .

ot [ =t (sr1 —s1)* A 12%)

C yuetoMm Toro, 4to Sii2(sri2—sr?)~1 ¢opmynaa (128) npuuu-
MaeT BHJ
m

2“ (23?— 25,5, + 53)1!2. (129)

mo‘ =
Korpa usobpakeHHsI TOUEYHOTO HCTOYHHKA cBeTa, (Gopmupye-
Mble 30HHBIMH MapkKaMH B Toukax [ u I, coBMelleHBl, MOJyYaeM
Mg, = MpaSt/L. Takas npuHUMIHAJbHAs CXeMa CTBOPHHIX H3Mepe-

Hult komniekrom annapartypu JIMCT oco6eHHO uenecoobpas3Ha npH
OpraHH3allHH JHCTAHLUHOHHOIO aBTOMAaTHYECKOTO CbhbeMa reojes3Hue-
CKOH MH(OpMalHH.

IIpuHuNnHaNbHAs cXeMa pa3MellleHHss KOMIJIEKTa amnnapaTyphl
JIUCT npu CTBOPHBIX H3MEPEHHSIX N0 METOAY MEePEeABHIKHOTO PErH-
CTPUMPYIOLLETO YCTPOHCTBA mpeAcTaBJeHa Ha pHC. 76,a. TloBopot-
Has 30HHas Mapka | ycTaHaBJIMBaeTCs B HayaJjle HJIM KOHLE 3ajJaH-
HOro CcTBOpa. Jla3epHBH CTBOpOyKa3aTesb 3 M KOJJIHMHPYIOLIas
ONTHKa 2 yCTaHaBJHBAIOTCH 32 30HHOM MapKOH Ha NPONOJIKEHHH
CTBOpPA TakK, YTOOH KOJIJIMMHPOBAHHBIA CBETOBOH NMy4YOK NMepeKpHIBaJ
npo3payHble 30HB Treofesnueckodl 30HHOH MapkH. Ha Bce mpowme-
JKYTOYHBEIE TOYKH CTBOpA, BKJIIOYAS M OAMH H3 ONOPHBIX 3HAKOB,
MOCJ/Ie10BATENbHO YCTaHABJIHBAaeTCS BH3yaJlbHOE HJIH (OTO3JIEKTPH-
yecKoe H3MepHTeJbHOe YCTPOHCTBO aHaJIOrOBOTO THINA, C NMOMOLIbIO
KOTOPOTO OMNpeaessieTcsl NOJOXKEeHHE TeoOMEeTPHYECKOro HJIH 3Hepre-
THYECKOTO LIEHTPOB H300paxKeHHsi HCTOYHHKA cBeTa, popMHpPYyeMOro
30HHOH MapkKoi Ha cooTBeTcTByIoLIel Touke. OnepaTop PerHcTpH-
pyIOlero yCTPOHCTBA YCTAaHABJIHBAET 30HHYIO NJIACTHHY MapKH MOL
Tpe6yeMBIM YIJIOM K JHHHH [—II, THCTAaHIHOHHO C KaXJOH TOUKH.

B ofumem ciayyae cxeMa H3MepeHHH MO MeTOALY MNepPeNBHIKHOTO
PErHCTPHPYIOLIEro YCTPOHCTBA MPENYCMATPHBAET YCTAHOBKY 30HHOM
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Puc. 76. I'eomerpHueckas cXeMa CTBODHBIX H3MEDEHHA METOJOM TEepefBHIKHOIO
PEerHCTpHPYIOLIEro YcTpofcTBa:
a — cxeMa pa3MellleHHS annapatypbl; 6 — NPHHIUHUN H3MepeHHH

MapKH Ha TNpPOJAOJIXKEHHH CTBOpa B TOYKe /” B NPSMOM H B TOYKe
II’—B oGpaTtHoM xogme (puc. 76,6) COOTBETCTBEHHO Ha paccTOs-
HUSAX S; M Sir OT KpafHHX MYHKTOB cTBOpa. IIpu 3ToM perucrpupyio-
iee YCTPOHCTBO cJieLyeT YCTaHaBJHBAaThb He TOJBKO Ha INPOMEXY-
TOYHbIE, HO U Ha Kpaiinue NyHKTH I u II crBopa. B Kaxmao# Touke
H3MEepSIIOT PacCCTOSIHHS OT LeHTpa AHPPaKUHOHHOrO H306paKeHHs
KOT€pPEHTHOr0 MCTOYHHKA CBeTa OO KOHTpoJHpyeMo#l TOukH. Peru-
CTpHUpYIOlLllee YCTPOHCTBO, OYEBHIHO, HOJIKHO O0OecneyuBaTh TaKYIo
BO3MOXKHOCTb.

Hns onpenesneHHss HCKOMEIX HEeCTBOPHOCTEH 6; B NPSIMOM Xoje
B O0llleM cJiyuae MOXKHO 3amucaTh

(Ar 4 Arr)se— (Agrst + Arsir)

8= A+ PR . (130)

IIpn A;=0, T. e. KOrza 30HHas MapKa LIEHTPHPYyeTCs Ha HayaJb-
HoM nyHkte [ 3amaHHoro ctBopa, 6;=A;+Arr(si—s:1)/(si1—s1).
HpH A1=0, A11=0, 6i=Ai.

HckoMble HeCTBOPHOCTH ©;" M3 06pPaTHOrO X0Aa MOTYT OBITh BHI-
yMcJeHb N0 GopMyie

8=+ [ (L—s)— 8, (s —s)J(L—5p). (131

Ilpu A;’=0, T. e. Korga 30HHas MapKa LIEHTPHPYeTcsl Ha KO-
HeuHoM nyHKte /I 3apanHoro crBopa, 8;'=A;+A; (L—s:)/(L—s1).
IMpu A//=0u 8§=A+.

CTBOpHBIE H3MEDEHHS MO MeTOAY INepPEeABHXKHOIO PEerHCcTpPHpYIo-

1[ero yCcTpoHCTBA BHINOJHSAIOT, KaK NPaBHJIO, C NPHMEHEHHeM aHa-
noroseix ®IPY, cHaGXeHHBIX COOTBETCTBYIOLUHMH YCTPOHCTBaMH
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IUIsT TOYHOTO MepeMelleHHs1 (OTO3JEKTPHYECKOTo npeobpasoBaTelis
H (HKCAUHH BEJIHYHHB NepeMelleHHs] MOoCJelHero 10 MOMEHTa Ha-
BeJleHHs] Ha LEeHTp H306pakeHus. B manHOM ciyuae uesecoo6pasHo
PUMEHEeHHEe 3JIEKTPHUECKOH MOBOPOTHOH 30HHOH MapKH, MO3BOJISIO-
meH YCTAHOBUTb NJIOCKOCTb 30HHOH MJIACTHHH MOJ TpPeOGyeMHIM yr-
JIOM K 3aJaHHOMY CTBOPY AHCTAaHIMOHHO C KaXXAOH NPOMENKYTOU-
HOH TOUYKH,

§ 32. KoHcTpyKTHBHDBIE 0COGEHHOCTH KOMNJIEKTa
annaparypu JIUCT

Pa3pa6oTansl TpH MOAH(HKALHH JIa3ePHOTO CTBOPOYyKa3saTeJs
(JICY) komnaekta anmapatyphl JIUCT, KaxXABH H3 KOTOPHIX CO-
JIepXKHUT ras3oBuiii jasep tHna JII-56, JIT-78 uan OKT-13. Oranua-
I0TCS 3TH KOHCTPYKIHMH OCOOGEHHOCTbIO NMOACTAaBKH H KOJJIHMHPYIO-
el ONTHKH.

TloacraBka JICY (puc. 77,a) CKOHCTPyHpOBaHa Ha 0a3e HHXK-
Helt yactu aaunuomerpa I'CITH. HaHHbi Ja3epHBI CTBOpOyKasa-
Teb CONEPXKUT rasoBuiil sasep JI-56 ¢ 610KOM NMHTaHHS, ONTHYE-
CKHH pe30HAaTOp KOTOPOTO TMOMeEIIeH B CrelHaJbHbIA HHJIHHApHYE-
ckuit Kopnyc I ¢ mangamu, ¥ MOACTaBKY 3 ¢ JiazepaMH, IIapOBHIM
LEHTPHPYIOIHUM YCTPOHCTBOM 4 M HakJaJHbM ypoBHeM 2. FOctupo-
BOYHBIE BHHTHI I[HJIHHAPHYECKOTO KOpNyca H MOJACTABKH IO3BOJSIOT
IOCTHPOBAThb ONTHYECKHH PEe30HATOp Ja3epa TakK, YTOGH OCb CBETO-
BOTO NyuKa mepeceKaJjachb MOJ NPSIMBIM YIJIOM C BEPTHKaJbHOH OCBIO
BpallleHHs] MOACTaBKH. Takasi KOHCTPYKLMS Ja3ePHOTO CTBOPOYKa-
3aTesis M03BOJISIET MPOU3BOAHUTH BHICOKOTOYHOE LEHTPHPOBAaHHE OCH
CBETOBOI'0 MNYyYKa, YCTAHABJIHUBATH NMYYOK TOPH3OHTAJbHO, OPHEHTH-
poBaTh BIOJIb 3aJaHHOTO cTBOpa. Jpyroii BapHaHT KOHCTPYKIIHH Jia-
3epHOTO CTBOPOYKasaTeJisi MO3BOJIsieT mepeMellaTh Jia3epHbIH H3Jy-
yaTeJb MO BBICOTE BAOJIb BEPTHKAJbLHOH HamnpasJsioulell IITaHTH.

Kossmnmupyromas onTHyecKasi CHCTeEMa JIa3epHOT'O CTBOPOYKasa-
teas (puc. 77,6) npenHa3HauyeHa JJisl YBEJHUYEHHS BHIXOJHOTO AMA-
MeTpa CBETOBOTO NYy4YKa H YMEHbIUEHHUs yrja ero pacXOAHMOCTH.
KoHeTpyKuHsi JaHHOTO CTBOpPOYKa3aTessi paspaGoraHa Ha 6ase nmpu-
emHoii Tpy6ul I cBeroganbHomepa CBB-1, koTopas cHaGxeHa JByMS
TOPH30HTAJIbHBIMH TOJNYOCSAMH 4 M 3JIeBallHOHHBIM BHHTOM 5. Jlasep
2 ycTaHOBJIEH Ha ONMOPax BHILE KOJJIHMHPYIOIIEH TpyGhl, H3TyueHHe
Jasepa C IOMOIIbI0 BpallaiolIerocsi MpH3MEHHOro JyueBofa 3 Ha-
npaBJsieTcss B OKYJsAp KOJJIMMHpylolle# onTHkH. MMelorcs Heo6xo-
J¥Mble I0CTHPOBOYHLIE, HAaBOASILME H 3aKpENHTEJbHbBlE YCTPOHCTBA,
a Takxe YpOBEHb.

Takas koHcTpykuus JICY mno3BosisieT OpraHH30BaTb CTBOPHHIE
H3MepEeHHs 10 METOAY IePeABHKHOTO PETHCTPHPYIOLLIEro YCTPOHCTBA,
KOrja reoje3nyeckasl 30HHasi MapKa C 3JIEKPONPHBOJLOM YCTaHaB-
JIMBaeTCsl B HayaJjle WM KOHLE CTBOPA B HENOCPEACTBEHHOH 6JIH30-
cti ot JICY. B KauecTBe J1a3epHOro CTBOpPOyKa3aTeJsisi PH BHICOKO-
TOYHBIX CTBOPHBIX H3MepeHHsAX KoMmiaekToM annapatyps JIMCT Mmo-
TYT ObITb NMPHMEHEHH BHILIEPACCMOTPEHHHIH JIy4yeBOH MHOroueJeBoH
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Puc. 77. JlasepHHlii cTBOpOyKa3aTeJb:
a — 6e3 KOJJIHMHpYIOULe# CHCTeMbl; 6 — C KOJJAHMHpYyIolleR cHCTeMOR

npubop «JlasepHnlii ropu3onT» — JIAT, a Takxe cepHiiHO BhHIIycKae-
Mble JasdepHble BU3upH JIB-5, JIB-5M, JIB-78 u ap. Caenyer otMme-
THTb, YTO BhICOTa JIO6oro npumeHsiemoro JICY nosxHa OBITH CO-
rJlacoBaHa C BHICOTOH 30HHOH MapKH H COOTBETCTBYIOIUHMH pa3Me-
pPaMH perHCTPHPYIOIIEero yCTpOHCTBa.

Oc06eHHOCTH KOHCTPYKLHH, TEXHOJOrHS M3TOTOBJEHHS H aHAJH3
HCTOYHHKOB MNOTpeHOoCcTell reofe3uueckux 30HHbIX MapokK. [Ipu BbI-
NOJIHEHHH HHXKeHepHO-TeOfe3HUeCKHX paboT Lenecoo6pa3Ho NMpHMe-
HEHHe HCKYCCTBEHHHIX TOJIOTPaMM, NeHCTBYIOUIHX B MNPOXOASLLEM
CBeTe, C LeJbI0 MCKIIOUeHHs INOIJIOIUIEHHSI CBeTa B MaTepHaJe MNOA-
JIOXKKH, OTPayKeHHiH OT MOBEPXHOCTH MOAJIOXKH H OTKJIOHEHHH CBe-
TOBOrO MNyyKa BCJEACTBHE HEMJIOCKOCTHOCTH H HemapaJiesIbHOCTH
NOBEPXHOCTH TNOMJIOXKKH.

MoxxHO pPeKOMeH[0BaTh CJEAYIOLLYI0 TEXHOJOTHIO H3TOTOBJIEHHS
HCKYCCTBEHHBIX I'0OJIOTPAMM — 30HHBIX IJIACTHH Ha TOHKOM MeTaJlJH-
YeCKOM 3KpaHe.

Mopenp 30HHOM NMJIaCTHHBI H3TOTaBJHBaeTcsd (HOTOMeXaHHUYECKHM
croco6oM Ha TOHKOH NJIocKonapaJJebHOH NMJAacTHHE H3 ONTHYECKOro
CTeKJia HJH INyTeM TIpaBHPOBaHHS Ha MSATKOH moJoCHOBe (opr-
CTeKJ0). 3aTeM 3Ta MOJeJIb IEPEHOCUTCS HAa TOHKHH MeTaJlIHYeCKHH
3KpaH 3JIeKTPOMEXaHHYECKHM CIIOCOGOM.

ITpocTHIM M AOCTAaTOYHO TOYHBIM SIBJISIETCS TPaBHPOBAJIbHHIA Me-
TOJ, C NMOCJeLYIOLIHMM 3JeKTPOXHMHUYECKHM (pe3epoBaHHEM, COCTOS-
IUHHA M3 CJeNYIOIHX OCHOBHBIX ONepalHufi: rpaBHpPOBKAa KpaeB NpO3-
payHbIX 30H; NMOJyYeHHe MOJEJNH 30HHOH MJACTHHBI; epPeHOC MOAEH
Ha TOHKHH MeTaJIHYeCKHH 3KpaH; 3JeKTpoXHMHYyeckoe (pe3epoBa-
HHe; HaHeceHHe 3allUTHbIX HHKeJIeBBbIX NMOKPHITHI.

ToyHOCTh TPaBHPOBKH ONpejessieTCs] TOYHOCTbIO CTBOPHBIX H3-
mepenuii. [Ipn MexaHHYecKON IpaBHPOBKE CTaJbHbIM HJIH KOPYHJO-
BbIM pe3LOM IO CNeUHaJbHOMY NOKPBITHIO Ha CTekjJe (HJIH Opr-
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CTeKJe) yhAaercs AOCTHTHYTb TOYHOCTH, XapaKTepH3yeMo# cpenHei
KBaJipaTHYECKOH NOrpellHOCTbI0 2—3 MKM. YcTaHOBKa AJisi IpaBH-
pPOBaHHSA MOHTHpYeTCSi Ha YHHBepcaJbHOM H3MEpPHTEJbHOM MHKPO-
ckone tuna YHM-21 uan YHUM-22,

JJs1 nonyyeHHs: MOAeJH 30HHOH IJIAaCTHHH HEOGXOAMMO IOcJe
rPaBHPOBAHHS YAAJHThb NOKPHITHS MEXAY rpaHuuamu medei. Ilpu
H3rOTOBJIEHHH OJLHOMEPHOH 30HHOH NJIACTHHBI 3TO BHINOJHSETCS CcJe-
LyomHuM o6pasom.

Ha xopoiio oTMBEITYI0 NpO3payHyl0 IJIACTHHY BaKyyMHBIM Hallbl-
JIeHHeM HaHOCHTCS cJIoH HHxpoma toamuHoit 0,6—0,7 MKM H 3aTeM
ciaoit Mexn 0,6—0,7 MkM. I'paBHpOBKa OCyLIeCTBJISETCS HEIpephIB-
HOH JIHHHEH, B pe3yJbTaTe Yero MeTajJiHieckoe MOKPHITHE AeJHTCS
Ha JBa 3Jjekrpona. IlokpeiTHe yAansiercs B HYXKHBIX MecTax MeTo-
JIOM 3JIEKTPOKANUJIJISIPHOTO TPaBJIEHHS.

IlpuBeieM KpaTKoe ONHCaHHE MOCJENHEH TEXHOJNOTHYECKOH ome-
pauuu.

IlnacTHHKY NMOMeEINAIOT B BaHHY, KyAa NOCTYNaeT PacTBOP 3JEKT-
posura (10 %-Huiit pactBop CuSO4). Ha asektpoas momaercsi mo-
CTOSIHHAsI pa3HOCTb noreHUKanoB 1—3 B. CKopocTh nogbneMa ypoBHs
3JIEKTPOJINTA JOJI)KHA OBITh TaKOH, 4TOGH rpaHHIla TPaBJIEHHSI pac-
noJiarajjacb Ha HECKOJIbKO MHJIJIHMETPOB BHIIIE YPOBHS KHAKOCTH
(1. e. 5—10 cM/u). 3a cuer 3JeKTPOKANHJISIPHOrO 3deKTa 3JeKT-
POJIUT NMOJHHMAEeTCs BhHIIE YPOBHSI KHAKOCTH B TE€X MeCTax, TAe
NOTEHUHAJ TOJIOXHTEeJNeH. TpaBjieHHe NMPOHCXOAUT YHCTO M MPAKTH-
YyeCKH He 3aTparuBaeT IpaHHUbl Liejedl. Moaesb MOXHO HCIOJb30-
BaThb AJs1 pabGoTh, €cJH CTeKJsSHHas IJIaCTHHKA H3TOTOBJIEHA
JIOCTATOYHO KauyeCTBEHHO (JOMYCK Ha IJIOCKOMapaJjieIbHOCTh Ha I0-
PANOK BHILIE, YeM JOMYCK Ha OTKJIOHEHHe pebep OT pacyeTHOro Io-
JIOXKEHHSI) H NMOKPHITA MPOCBETJSAIOIEH MJIEHKOH IJIs YCTpaHeHus 3¢-
(eKTa MHOrOKpaTHOro OTpa)KeHHs AudparupoBaHHoro cBera. On-
HAaKO 3TO 3HAYHTEJbHO 3aTPyAHsieT M3TOTOBJIEHHE IJIACTHHBI H
NIOBHIILIAET €€ CTOMMOCTb. [I03TOMY H3rOTOBJIEHHYI0 MO BBILIEH3JIO-
JKEHHOH TEXHOJIOTHH 30HHYI0 IJIaCTHHY CJIefyeT CYHTaTh JIHLIb
MOZeJIbIO, KOTOpasi 3aTeM NEepPeHOCHTC Ha TOHKHMH MeTaJlJIHYecKHi
akpan. IlepeHoc MoJeJH MeTOJOM KOHTAKTHOH (oTomeyaTH Ha Me-
TaJIJIHYEeCKyI0 (OJbry, HOKPHITYI0 GOTOPE3HCTOPHBIM CJIOEM, H MOcCJe-
Jylollee 3JIEKTPOXHMHUYEcKOoe (ppe3epoBaHHE — IIHPOKO H3BECTHBIH
TEXHOJIOTHYECKHIi Mpolecc.

JocTaTouHO TOYHO MOJEJb MOXHO NMOJYYHTb TaKxKe MyTeM rpa-
BHPOBKH KpaeB NPO3payHBIX 30H Ha MSATKOH OCHOBe (OprcTekJe).
B 3TOM ciayyae chneuHasbHBIM pe3lOM, TaKXe YCTaHOBJIEHHHIM Ha
mukpockone YUM-21 unn YHUM-22, na ray6uny 0,1—0,2 MM BHI-
Oupaercsi MaTepHaJ INOAJIOXKKH IIO pa3Mepy, COOTBETCTBYIOILEMY
KaXXJo#l mnpo3pauHoii 30He. 3aTeM BCsl NOBEPXHOCTb, Ha KOTOpOH
clesNaHbl TakHe YrJayOJieHHs, NOKpBIBaeTcs 4epHOH KpacKoi (Ha-
npuMep, 6aKeJHTOBHIM JIAKOM), IOCJIEe MOJHOIO BHICHLIXaHHSI KPacKH
3Ta NOBEPXHOCTb INOJHpYyeTcs — CHHMaeTcsi cJoii kpacku u 0,02—
0,06 MM nopsoxku. OcraBiuasicss B yriyGJeHHsiXx Kpacka obpasyer
COBOKYNHOCTb TpeGyeMHIX 30H B HEraTHBHOM H300pa)XeHHH. 3aTeM
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GOBaHUSIM JIMIIL NPH OTCYTCTBHH

B H3MEPEeHHSIX CHCTEMaTHYECKHX

Puc. 78. CxeMa KoMmapHpOBaHHs HOTpelIHOCTeH.

30HHOI! MapKH AHanu3 MmaTepHaJloB KOMIapH-
POBaHHsI BHINOJIHSETCS METOL0M

MaTeMaTHYECKOH CTATHCTHKH. P;w.bl NOTPELIHOCTeH COCTaBJSAIOTCS

u3 pasHocTeil dn'=Rni—Rqyeop’; dn‘=Rn*—Rreop'.

Meronuka aHaJu3a npenycmanuBaeT BHIUHCJIEHHE M aHaJIH3
3HaUeHH#l NapaMeTpPOB paclpejesieHHs] NOTPeLIHOCTell H3MepeHHH,
HCCJIeOBaHHE COOTBETCTBHSI SMIHDHYECKOrO paclpefeseHus Io-
I'PelIHOCTeH TeOpeTHYeCKOMY.

B cOOTBeTCTBHHM C NEPBHIM NYHKTOM METOAMKH IOCJE HCCJeO-
BaHHMsA psila C IIOMOULIbI0 KPUTEPHs NpeJeJIbHBIX NMOrpelliHOCTeH BHI-
YHCJAIOTCS:

cpelHee apudmeTHUecKOe psiila morpelrHocted Ag;

SMIIHpHYecKoe cpefiHee abGCONIOTHOE OTKJOHeHHe d¥;

SMIUpHYecKasi CpefHsisi KBaJpaTHuecKas NOrPEelIHOCTb psifia m.

B kauecTBe KpUTepHsl NpeleJIbHHIX NMOTPELIHOCTEHl HCIOJb3yeTcs
KpUTepHit ¢ (Ao, S*), OCHOBaHHBII Ha HaHGOJbLIEM 1O abGCOJIOTHOH
BeJIMYHHE HODMHPOBAHHOM BHIGODOYHOM OTKJIOHEHHH [2] @ (Ao, $*) =
=max|Ai—Ao|/s*, tae Ao={A)/n; (s*)2= ([A—Ao)?]/n.

CreneHb COOTBETCTBHH IMIIHPHYECKOTO pacHpefesieHHsl KaXKAOro
psila mOrpelIHOCTel TeOpeTHYEeCKOMY HODMaJbHOMY HCcJeayeTcs
¢ moMoulplo KpuTepus corgacus %2 ITupcona [2].

H3BecTHO, UTO pachpefeseHHe %2 3aBHCHT OT IapaMerpa r, Ha-
3bIBA€MOT0 YHCJIOM CTeneHeil cBOGOJAb, KOTOPHIi paBeH YHCJy pas-
psioB k Ge3 uxcJia cBs3ell, HaKJaAblBaeMbIX Ha 4acTOTHI, Har;pmwep,

< >

IJIsi HOpMAJIbHOrO 3aKOHa YHCJIO 3THX cBs3ei paBHO TpeM: Z Q‘ =
=1

Z Qi =a; Z (x‘—M;)2 Q=DIx] =02, TakK 4yto r= k—3.
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TABJHULIA 1l

x? 0, MKM
Homep
30HHOR Jlepas Tlpapas JleBas Ipasas
MapKH cTOpORa CTOpOHa CcTOpOHa CcTOpOoHa
| 24,08 15,30 7,6 7,2
2 49,89 21,40 8,8 8,4
3 34,06 41,26 1,1 11,3
10 12,63 22,05 11,2 16,6
12 15,36 12,17 14,0 16,0
14 24,44 13,81 12,8 15,7

Jns kaxkporo 3HaueHHs1 %2 W YHcJa cTemeHeil cBOOOAB 7 Haxo-
IST BepOSITHOCTH P pacnpefiejieHHsi M3MePEHHBIX BeJHYHH MO 3a-
KoHy %2 Eciau BepoATHOCTH MaJsia, TO pe3yJbTaT ONbITa CJAEAyeT
CUMTaTh NPOTHBOpEYAIUM THIOTE3€ O TOM, UYTO 3aKOH pacmpejeJie-
HHSl X €CTb @X, €CJIH — BeJIMKa, TO THINOTe3y CJeAyeT CYMTATh NMpaB-
ponono6Hoil. Ha mpakTHKe CUHTAIOT KPUTHUECKHM 3HaueHHeM P=
=0,l. PesyabraTel BhUHCJeHHH mnpuBeleHbn B Ta6Ja. 11. IToctpous
THCTOrPaMMbl H BBHIpAaBHHBAIOllNe KpHBHIE, ellle pa3 ybexjaaeMcs,
YTO OTKJIOHEHHS MOJIOXKEHHs1 KpaeB 30H DpeHesst OT TeOpeTHUYECKUX
3HAYeHHH He MOAUMHSAIOTCS 3aKOHY HOPMAaJIbHOTO pachnpeesieHus.

B OTKJ/IOHEHHSIX MMeeTCSl 3HAUMTeJbHas CHCTeMaTHYecKasi 4acTh
0, B cCpelHeM paBHasl AJig OJHOro THMa Mapok — 12,5 MkM, a jJasd
apyroro +4,4 MKM.

[ToncuutaHHasi MOCJe HCKJIOUEHHS] CHCTEMaTHYEeCKOH YacTH Cpea-
HsISl KBaJlpaTHuecKasl MOrpellHOCTh M HaHeceHHs 30H PdpeHesss xa-
paKTepu3yeT cJyuyaiiHble OTKJIOHEHHSI H B cpeJHeM cocTapjasier 9
H 12 MKM COOTBETCTBEHHO JJISl JBYyX THIIOB 30HHBIX MapOK.

Besuuunsl 0 U m BKJIOYAIOT: NOT'PEIIHOCTH H3TOTOBJIEHHSI 3Ta-
JIOHHOro o6paspa (MOJeJH); MOTPEIIHOCTH, BbI3BaHHBIE TEXHOJIO-
rvell H3rOTOBJIEHHS] 30HHBIX MapOK (B OCHOBHOM MOTPELIHOCTH 3JIeKT-
poMexaHHYeCKOro ¢pe3epoBaHHs); IOTPEIIHOCTH H3MEpPEHHH.

Kak mokasaJn uccjieloBaHHs, CPefiHssl KBaJpaTHyeckas norpeui-
HOCTh M3TOTOBJIEHHSI 3TaJIOHHOro ofpasua cocTaBjsieT 2—3 MKM.
CpenHsiss KBaJpaTHuecKasi MOTPEeIHOCTb H3MEPEeHHI Ha YHHBepcaJb-
HoM MHKpockone YHMM-21 no naHHBIM 3aBOJa-H3TOTOBHTEJNS He mpe-
BbiliaeT 2 MKM. TOYHOCTH 3J1eKTpOMeXaHHYeCcKoro (pe3epoBaHHs
MOXKHO HallTH CpPaBHEHHEM MeXAY c000ii HeCKOJbKHX 30HHBIX MapokK,
H3rOTOBJIEHHBIX C NMPHMEHEHHEM OJHOro M TOr0 K€ 3TaJIOHHOro 00-
pasua. Tak Oblia moJydyeHa TOYHOCTb (pe3epoBaHHs AJsS OLHOTO
THIA 30HHBIX MAapoOK, XapakKTepH3yeMasl cpelHeH KBaJpaTHYeCKOH
MOrpeliHoCTbI0O Mpp=10 MKM, a AJs1 APYroro — mgp=11 MKM.

[TorpemHocT! MOJMOXKEHHST LIEHTPOB NPO3PAYHBIX 30H, 3aBHCSILHE
OT TOYHOCTH HCIOJIHEHHSI BHYTPEHHHX H HAPYXKHBIX KpaeB, MOXKHO
pasgesuTh Ha CHMMeTpHYHble (pHC. 79,4) M HecHMMeTpPHYHBIE
(puc. 79, 6). MakcHMaJibHast NOTPELIHOCTD NOJIOXKEHHs IIeHTPa Npo3-
pauHOi 30HBI, KOTOpast MOXeT OBITh AONyllleHa,— 3TO MO CYIIEeCTBY
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Puc. 79. Bausnue omHG0K Ha MOJOXeHHe H306paKeHHs:
a — CHMMETPHYHBIX; 6 — HECHMMETDPHYHBIX

JONyCTHMAasl BeJHYHHAa aCHMMETPHYHOTO CMEILeHHsI KpPaeB, 3aBHCS-
Iasi OT NMOrpeliHOCTell H3rOTOBJIEHHS MOAENH H 3JEeKTpoMeXaHHYe-
ckoro ¢pesepoBaHusi. Ilo pesyspbTaTaM KOMmapHpoBaHHsI Ha YHH-
BepcaJibHOM MHKpockone YHMM-21 6osbuioro KoJsiHuecTBa 30HHBIX
IJIaCTHH YCTAHOBJIEHO, YTO HeCHMMETPHYHble NMOTPELIHOCTH OTAE/b-
HbIX 30H He npeBocxoAsT 30 MKM. Takyio BeIHYHHY CJEAYEeT CYH-
TaTh JONMYCTHMOH NpPH BBINOJHEHHH CTBOPHBIX H3MepeHHH, TaK Kak
OHa cOM3MepHMa C APYTMMH HMCTOYHHKAaMM MNOTpPELIHOCTEH: LEeHTPH-
poBaHMsi 30HHOH MapKH HaJ TOYKOH, HaBeJeHHS Ha OCb CHMMETPHH
CBETOBOTO NsITHA, GOpMHpPYeMOro 30HHOH MJIACTHHOH, H Ap.

BiusiHHe HeCHMMETPHUYHBIX MOTPELIHOCTeH H3rOTOBJIEHHS Ha TOY-
HOCTb M3MepeHHs HeCTBOpHOCTelt (cM. puc. 79,6) paccuuThIBaercs,
HCXOASl M3 CJEeAYIOLINX COOTHOIUEHHMH:

. rn—r A 00'L Ayl

00 =———="p 3 PP=—p = (132

CHMMeTpHYHbIE MOTPEIIHOCTH MOTYT NMOBJHATh Ha KauecTBO H300-
paXkeHusi, HO He Ha ero NoJIOKeHHe B NPOCTPAHCTBE, YTO BHAHO H3
puc. 79,a. CHMMeTpHYHBIE NOTPEIIHOCTH, NMPONOPIHOHAJIbHbIE pac-
CTOSIHHIO 1IeHTpa NPO3PayHOiH 30HBI OT OCH CHMMETPHH 30HHOH mJia-
CTHHBl B Ty HMJH JAPYTYyl0 CTOPOHY, 3KBHBAJIeHTHbl HEKOTODOMY H3-
MeHeHHI0 (oKycHoro paccrostHus. OTKJIOHeHHsl (aKTHYECKOro npei-
METHOTO pPAacCTOSIHHSI OT PacCyeTHOrOo 3HAaUeHHs MOXKHO IOJYYHTb
caenyouum o6pasom (cM. puc. 79,6): ri’=Ri+Ac, ri” =Ri+A.rae
Ri =+/Apgiil(p+q) wm RZ=Apqoi/L,

R3L, RIL

Toria Go=———; §i= : — pacueTHble (NPOEeKTHBIE) 3Ha-
Apoi Ap
YeHHS.
ycts Lim~Lo=L, npu 3TOM NOJYyYHM
L ,, .o  2LR
= -_— = A .
8q == (=R = = =4 (133)

CHMMeTpUYHble MOrPelIHOCTH KaX/IOH Napel NPO3PayHBIX 30H
cJy4allHOro xapakTepa SIBJSIOTCS NPHYMHON MOSIBJIEHHS NPOAOILHOMN
cepuueckoil abeppauuu. PesysbTaTbl BbIYHC/IEHHH Ag Ansi cOOT-
Howenuss L/P=10 AJuHBI CTBOPA H PACCTOSIHMS MeXJy 30HHOH Map-
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TABJHULA 12

CHMMeTDHYHBEIE OTKJIOHEHHS, MM ACHMMeTpHUHBIE OTKJOHEHHS, MKM
Houeg
n.?l(a)g:vgnu Aq, Aqy Ag, —Aq, A, A, A,—4,

1 —3,7 —22,3 18,6 —3,5 —21,0 +17,5

2 —35,6 —49 .4 +13,8 —33,5 —46,5 +13,0

3 —56,8 —179,6 +22,8 —53,5 —175,0 -+21,5

4 —81,2 —99,2 +18,0 —76,5 —93,5 +17,0

5 —99,1 —104,5 | +5,4 —93,5 —98,5 +5,

6 —69,0 —103,4 | +34,4 —65,5 —97,0 +31,5
10 +123,0 | +223,3 | —100,1 -+45,0 +-81,5 —36,5
11 -+78,0 -+209,6 | —131,6 +28,5 +76,5 —48,0
12 +-86,2 -+137,0 | —50,8 +31,5 +50,0 —18,5
13 -+23,3 —4,1 +27,4 48,5 —1,5 +10,0
14 -+21,5 +37,0 —5,5 +11,5 +13,5 —2,0
15 +27,4 —178,0 +105,4 +10,0 —28,5 +-38,5
16 +23,3 —54,8 -+78,1 48,5 —20,0 +-28,5

KOH M Jla3epHbHIM CTBOpOYyKa3aTesjeM aanbl B TabJ. 12. Ha ocHoBa-
HUM 3TOH TabJHMIBl MOXKHO CHeJaTh CJEeLYIOUIHH BBIBOA: IPOAOJb-
nas abeppalus MeHsIeTCs AJisi OMHOTO THIa 30HHBIX Mapok ot +5,4
no +34,4 mMm, a aas apyroro— ot —131,6 no 41054 MM, T. e.
rny6uHa peskocTH cocraBaser ~2 %.

Bansine HECHMMETPHUYHBIX MOTPeINHOCTell Ha MOJIoXKeHHe H300-
pakeHHsl 1Jisl IEPBOrO THIA 30HHOH MapKM cocTaBiseT oT —5,0 a0
—31,5 MkM u gas apyroro tama — ot —48,0 1o +38,5 MkM. DTH
NOTrPEeIlHOCTH TNPHUBOJAAT K YBEJMUYEHHI0O pPa3MepoB H300paKeHHs
(aHajoroM MoxeT ObITh momepeyHasi chepuyecKass abGeppauus) u
CMEIIeHHI0 TeOMEeTPHYECKOTO H SHEPreTHYECKOTO IEHTPOB TSXKECTH
CBETOBOTO NsiTHAa (M300paKeHHs1) B HampaBJIEHHH, MEPIEHIHKYJISp-
HOM K 3aJlaHHOMY CTBODOM.

Hcxonst M3 mpou3BeleHHOr0 KOMNApHPOBAHHs, MOXHO OmpeJe-
JINTh KaYeCTBO U3TOTOBJIEHHSI 30HHOH MapKH, T. €. BHISIBUTb BJIHMSHHE
MOTpelIHOCTe M3TOTOBJIEHHS] Ha pe3yJbTaThl H3MepeHHI.

,Hﬂﬂ 3TOro npeactaBUM IOTPELIHOCThb CTBOPHBIX H3Mepe}"{ﬁ Kak
'3
ms = nms , BbI3BAHHYIO CJI€AYIOIIHUMH HCTOYHHKaAMH: LHEeHTPHPO-

BaHMeM u paboTO# PErHCTPUPYIOLLETO YCTPOHCTBA; IIEHTPUPOBAHHEM
30HHOH NJIACTHHBI; LEHTPUPOBAHHEM H OPHEHTHPOBAHHEM JIa3epHOr0
CTBOPOyKa3arTeJssl; perucTpaunHed CBeTOBOrO NSITHA; H3rOTOBJIEHHEM
H IOCTHDOBaHMeM 30HHOH MapKH BJIMSIHHEM BHEUIHHX YCJoBHH (06-
l(ee YMCJIO MCTOYHHKOB morpeliHocteii n=3§).

Toraa mo NpHHUHUNY pPaBHBIX BJHMSHHH MOXHO BBIYHCJHTbL JAONY-
CTUMYIO TOTPELIHOCTb BJIMSIHHS HM3rOTOBJIEHHsI 30HHOH MJIACTHHBI,

5 2 2 2
T. €. muar‘——"mo/’\/s y B TO Xe BpeMs Myar = /\/mcnune'rp"‘macnuuerp .
BinsiHHe HEeCHMMETPHYHBIX H CHMMETPHUHBIX IOTPELIHOCTEH H3ro-
TOBJIEHHS MOXHO B NEPBOM MNPHOJIMKEHHH NMPHUPABHATb (Mcummerp=
= Muecummerp="") Muse =M’ A/2, HCcXOAS U3 TOrO noJyyaeM HOMY-
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CTHMBble 3HAaYEHHsI CHMMETPHUYHBIX H HECUMMETPHYHBIX MOrpellHoCcTel
H3TOTOBJIEHHSI 30HHOMH IJACTHHBI

m = mnsr/v2— = mo/4 = 0,25”16.

OnHako cHHKEeHHe TOYHOCTH M3TOTOBJIEHHS] 30HHOH NJIACTHHBH He
IOJXKHO BBIXOJHTb 3a Npefesnl NeHCTBHSI Kputepusi Peses, cBsisaH-
HOTO C Pas3HOCTbIO AJIMHBI XOfa HHTepGhepUPYIOLLHX Jydel.

IToBOopoTHasi 30HHAsE MapKa MO3BOJISIET BHIIOJIHHTL H3MEPEeHHsl Ha
BCEM CTBOpe HJIMHOH L OmHOM M TOH Ke 30HHOM myacTHHOH ¢ f=L/4,
IPH 3TOM B KaxXJ0ff TOUKe pabouyasi mOBEPXHOCThb IJIACTHHBI YCTaHaB-
JIUBAaeTCsl MOJ ONpefesieHHBIM YrjoM f; K 3aJlaHHOMY CTBOpY, pac-
CUMTaHHBIM 110 popMmyse B;=arccos (fi/fmax)V?, rae f; — HeoGxoxrMoOe
¢dboxycHOe paccTOsIHHE, pPaCCUHTAaHHOe [JIsi KOHTPOJHPYEeMOil TOUKH
B cepellnHe cTBOpa. TOYHOCTh YCTAaHOBKH PAaCUETHOrO 3HAUEHHsS yrJa
B: xapakTepu3yeTcsi cpefiHell KBaJpaTHUECKO# morpemwHoctbio 3-+-5'.

Takum o6pa3oM, 30HHasi MapKa SIBJISIeTCsl IO CYTH JeJla NepBOH
HCKYCCTBEHHOH roJiorpaMMoii, HCIOJIb30BAHHOH B HHXKEHEepHO-Teo-
Ile3UYeCKUX H3MepeHHsX. Takasi rojorpaMMa II03BOJISIET Ha 3HaAYH-
TEJIbHBIX PACCTOSHHAX NOJIYYHTb AUDpaKUHOHHOEe M306paKeHHe KO-
rePEeHTHOrO0 HCTOYHHKA CBeTa C 3aJaHHBIMH TeOMEeTPHYECKHMH H
SHEPreTHUEeCKUMHU NapaMeTpaMH, NPOH3BECTH CeJIEKLHIO OmpeleseH-
HOH IJIMHBI BOJIHBI NPH NPHUMEHEHHH MHOTOBOJIHOBBIX J1a3epHBIX H3-
ayuateneii. Ciaenyer 0co60 OTMETHTb CIIOCOGHOCTb 30HHBIX MapokK,
HaJIOXKEeHHBIX APYr Ha Apyra, AedcTBOBaTb He3aBHCHMO, YTO IO3BO-
JsleT cO3/laBaTh aHAJIOTH CJOXHBIX ONTHYECKHUX 3JEMEHTOB.

B Hacrosilee BpeMs HCIOJB3YIOT OZHOMEpHbIE, IBYMEpHbIE, KPY-
roBble M KOHHUECKHE 30HHble MapKH, SIBJSIOLIHECS aHAJIOraMH ToJio-
rpaduyeckoii JUH3b, OGBEKTHBA, TeJNeOObEKTHBA, aKCHKOHA. Bax-
HBIM JJOCTOMHCTBOM 30HHBIX MapOK SIBJSIETCS UX JBYMEPHOCTb M BO3-
MOXHOCTb (OKycHpOBaThb HH(pakpacHele, yabTpadHONETOBBIE H
PEHTreHOBCKHE H3JyueHHs. 30HHble MapKH KaK CaMOCTOSITEJbHBIE
ONTHYECKHE 3JIeMeHTH MOryT GOopMHpPOBaTh AEHCTBHTEbHOE H306pa-
JKeHHe MCTOYHHKA cBeTa 6e3 MPUMeHEHHUs ONTHYECKHX CHCTEM.

3anava npuMeHEHHS] 30HHBIX MapOK IPH 3aJlaHHM HaIpaBJIEHHH,
KOHTPOJIe NPSIMOJHHEAHOCTH M COOCHOCTH, HMBEJHPOBaHHH, BepTH-
KaJbHOM INPOEKTHPOBAHHH CBOJHTCSI K ONpefesIeHHIO MOJIOXKEHHS
H300paKeHHs] HCTOYHHKA CBeTa, €CJIH U3BECTHO NOJIOXKEHHe H3Jyya-
TeJs1 W 30HHOH MapKH, HJIH K ONpelesleHHIO MOJIOXeHHUS 3O0HHOH
MapKH, eCJIi U3BECTHO II0JIOXKEeHHe UCTOYHHKA CBeTa M ero H3obpa-
xkeHus1. C IOCTAaTOYHOH cTemeHbI0 MPUOJMIKEHHsS 3ajaya pelraercs
NpU IOMOILIM BHILIENPUBENEHHBIX (OpMyJs conpsiKeHHs. DOpMyJibl
CONPSXKEHHS] MOXHO CPaBHHTb ¢ mpuOaHkKeHHeM T'aycca ans o6biu-
HBIX OnTHYeCKHX cHcTeM. [Ipeo6pasoBaB ¢oOpPMyJbl CONMpsIKEHHS,
MOXXHO TOJYYHTh BBIpAXKEHHsI IJISl KJIaCCHYeCKHX ciaydyaeB abeppa-
UMHA: KOMBI, aCTHrMaTH3Ma, IHCTOPCHH, B CJyyae HCIOJb30BaHHs
MHOT'OBOJIHOBOTO KOTE€PEHTHOrO H3JjiyyaTessi — IJisi XpoMaTusMa. Ac-
TUTMAaTH3M OTCYTCTBYeT TOJIbKO TOTJa, KOria ¢GpOHT BOJIHBI HCIIOJIb-
3yeMoro Jia3epHoro uaJjydarejsi no opMe aHaJorHyeH pacueTHOMY
GpOHTY BOJHBI HJIH ONOPHOMY (POHTY BOJIHBEI, HCIOJbL30OBAHHOMY
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B cjyyae H3rOTOBJIEHHsI 30HHOH MapKH rojorpadHiyecKHM MeTOAOM
Ha (OTO3MYJIbLCHH.

B reojesnuecknx uessx lesecoo6pa3HO HCIOJb30BaTh 30HHBIE
MapKH, H3rOTOBJISIEMble B BHJE COBOKYNHOCTH IleJeii Ha TOHKOM
MeTaJJIHYeCKOM 3KpaHe C IeJIbl0 HCKJIOYeHHsl BJHSHHS MNOrpeilHo-
CTeil OCHOBHl W3 MJIOCKOMAapaJlJesIbHOH CTeKJSHHOH MJacTHHH (He-
IJIOCKOCTHOCTH, KJHHOBHIHOCTH OOpasylollHX IJOCKOCcTeil, Aedek-
TOB ONTHYECKOrO CTeKJa M Jp.).

B koMnuekre anmapatypn JIMCT B 3aBHCHMOCTH OT NMpPHHATOH
METOAHKH CTBOPHBIX H3MepEeHHH HCIOJb3YIOT HECKOJbKO THIIOB 30H-
HBIX MapoK, OTJIHYAIOLHXCS KOHCTPYKTHBHBIM pelleHHeM HX Mexa-
HHYECKHX Y3JI0B, IIPH 3TOM Jl06as M3 HHX COJEPXKHT OLHOMEPHYIO
HJIM JBYMEPHYIO 30HHYIO IJIaCTHHY.

OCHOBHHIMH YacTsMH NOBOPOTHOHl 30HHOH Mapku (puc. 80,a)
SIBJISIIOTCS. OAHOMEPHAsl 30HHAS MJIaCTHHA M NMOJCTaBKa ¢ BEPTHKAaJb-
HOll oceBoil cucreMoii. 30HHasi MJacTHHA, H3rOTOBJIEHHAsh MO pac-
CMOTPEHHOH TEXHOJIOTHH M3 MeAHOro Jucra toamuHoi 0,1 MM, ycra-
HOBJIEHAa B CIeLlHaJIbHOH peryJHpyeMoil ompaBe, HMeloLleil IOCTHPO-
BOYHble BHHTHl AJISl COBMELEHHS] OCH CHMMETPHH 30HHOH IJIaCTHHH
C BepTHKaJIbHO# ochbi0 BpauleHHss MapKHu. IlogcraBka cHabxeHa uH-
JIHHJPUYECKUM YPOBHEM M YIJIOMEPHHIM YCTPOHCTBOM AJISl YCTaHOBKH
30HHO} NJIaCTHHH MOJ PacYeTHHIM YIJIOM K 3aJlaHHOMY CTBOpPY. 30H-
Hasl MapKa HCIOJIb3yeTcsl B CTBODHBIX H3MEpEeHHsX crmocoGOM Iepe-
IBHXKHOH MapKH.

3oHHasg Mapka c aJjiektponpuBogoM (puc. 80,6) uMeeT OAHO-
MepHyI0 30HHYI0 NJIAaCTHHY 5, 3aKpemJeHHyl0 B KacceTe 4 COOCHO
C JIBYMs IOJIyOCSMH, BIIPECCOBAHHEIMH B JBa BepTHKAJbHO pa3He-
CEHHbIX LIapHKOMOJIUMNHHKA Kopmyca /. PeBepcHBHBIN 3JIeKTPOABH-
rateqb 2 4Yepe3 pDeAYKTOp, ABe KOHHYeCKHe LIeCTepHH, OAHA M3

Puc. 80. T'eonesnyeckHe 30HHHE MapKH:
@ — noBOpoOTHaA; 6— SJIEKTPHYECKas AHCTAHUHOHHO ynpaBJaseMas
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KOTOpPbIX YCTAHOBJIEHA COOCHO C BepXHeil MOJYyOChbl0 KacceThl 4, mo3-
BOJISIET N0 KOMaHAaM ¢ IyJbTa YNpaBJeHHsl BpallaTb 30HHYIO IJIa-
CTHHY BOKPYT ee OCH CHMMETPHH C NOCTOSIHHOH yTIJIOBOH CKOPOCTbIO
HWJH YCTAaHaBJHBAaTh IJIOCKOCTb IJACTHHBl MOA JIOObIM 3aJaHHLIM
yrioM K cTBOpy. KOHCTpyKuMS MapKH NO3BOJISIET NPH IOCTHPOBA-
HUHM COBMECTHTb OCb CHMMETPHH 30HHOH IJIACTHHBI C BepTHKaJbHOH
ocbi0 BpalleHusi KacceThl 4. Mapka cHaGeHa AByMsi B3aHMHO Ilep-
NEeHAHKYJAAPHbIMH LHJIHHAPHYECKHMH YPOBHSIMH 3 H NOACTAaBKOMH
C MOJ'beMHbIMH BHHTAMH H LIEeHTPHPOBOYHLIM 11APOBbLIM YCTPOHCTBOM.
LleHTp LeHTPHPOBOYHOro llapa COBNAaAAaeT C BEPTHKAJbHOH OCBIO
BpallleHHsi ompaBbl. Mapka HCHoJIb3yeTcsl B CTBODHBIX H3MepEeHHsX
cnoco60M nepeiBHKHOIO NMPHEMHHKA CBeTa.

B psapme ciayuaeB HaxXOAHT NpUMeHEHHe 30HHAsT MapKa C IIO-
JBHXKHOH 30HHOH IJIaCTHHOM, cHabOKeHHass HaBOASILIHM BHHTOM H
OTCUETHBIM HHAHKATOPHBIM ycTpoiicTBOM. KOHCTpyKLHsI M NOBepKH
TaKoOH 30HHOH MapKH aHaJIOTHUYHbl CIEeKTpaJbHOH Mapke AH(Ppak-
uuoHHoro crBopo¢pukcatopa MHUHMI'AuK u ornuuaioress TeM, 4TO
3JleCb BMeCTO [ABYXIeJeBOro S5KpaHa yCTaHOBJIEHA 30HHAs IJja-
CTHHA.

BusyasbHbie H ()OTO3JEKTPHYECKHE PErHCTPHPYIOLHE YCTPOii-
crBa KommjektoB annaparypul JIMCT. BusyasbHble perucTpupyio-
mee ycrtpoiictBo (puc. 81) JsasepHoro crBOopodUKcaTOpa CJYKHUT
IUIs OlpejieieHHs] NOJIOXKEHHsl LieHTpa CBeTOBOro msiTHa (uM3o6pa-
JKEeHHs1) NyTeM BH3yaJIbHOTO HaBeleHHS Ha OCb CHMMETPHH CBETO-
BOTr'O MSTHA CETKH HUTEH. YCTPOHCTBO COCTOMT M3 NMOABHXKHOH INOJY-
Npo3payHoii SKpaH-MapKu 2 cO CJOXHOH CEeTKOH HHTeH, yYKpelJeH-
HOH Ha CNelHaJbHOH NMOJACTaBKe C LIEHTPHPOBOYHBLIM BKJajbllueM 4.
BesnunHa nepeMelleHusl SKpaH-MapKH HaBOJSLIHM BHHTOM 3 KOHT-
ponupyercsi uHAMKatopoM I uyacoBoro tunma HU-10 ¢ ueHo#t nee-
Husg 0,01 MM, Ilepen m3MepeHHsIMH OCb CHMMETPHH CETKH HHTeH
yCTaHaB/JHBaeTCs BePTHKAJIbHO C NMOMOLUBIO TEOAOJHTa C Paccros-
HUS 2—3 M M onpefesisieTcss MeCTO HYJs — OTCYET MO HHAHMKATOpy,
COOTBETCTBYIOILLMH IOJIOKEHHIO 3KPaH-MapKH, NpPH KOTOPOM OCb
CHMMETDHH CJIOXKHOTO OHCCEKTOpa COBNafaer C OChI0 LEHTPHPO-
BOYHOTO BKJaAbllla.

Paspa6oTka u BHeJpeHHe B NPAKTHKY TI€0J€3HYECKOr0 MPOU3-
BOJACTBA JIa3epHbIX NpPHOOPOB ONpeleJsloT Heo6XOJHMOCTb CO3Aa-
HHUS YCTPOMCTB DPa3JIMYHOH TOYHOCTH [JIsl PErHCTPALMH MOJIOXKEHHS
CBETOBOrO Nyyka B npocTpaHcTBe. B Hacrosiliee BpeMs NpUMEHSIOT
KaK BH3yaJibHble, TaK U (DOTO3JIEKTPHYECKHE PErHCTPHPYIOLLHE YCT-
poiicrBa. Haubosiee npocToMy BH3yaJbHOMY CHOCOOy NpHCYIIH Ta-
KHe HeJOCTaTKH, KaK CyO'beKTHBHOCTb H3MepEeHHH, TPYAHOCTH KOM-
NneHcalud Kojie6aHuH Jyya W OTCyTCTBHE BO3MOXHOCTEH aBTOMAaTH-
3aliiH, a TaKxe BpeJlHOe BJIHSIHHE OTPaXKeHHOro M HampaBJIEHHOTO
J1a3epHOrO H3JIy4eHHsl Ha 3peHHe. DTH HeJOCTAaTKH MOTYT ObITb YCT-
paHeHbl TNpPH NpHMEHEHHH (OTOIJNEKTPHUECKHX PerHCTPHPYIOLIHX
ycrpoiicte (PIPY).

B HuX B KauecTBe NPHEMHHKOB JIa3€DHOT'O H3JIyYEHHS HCIOJb-
3YyIOT KaK OOblYHble IPHEMHHKH ONTHYECKOrO H3JyYeHH$, TaK H CIe-
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Puc. 81. BusyanbHoe peructpupyioliee yCTpoiCTBO

uxajgpHo paspaboranHHble. Kak H3BecTHO, (oOTO3JIEKTPHYECKHE MPH-
€MHHKH PearipyloT TOJbKO Ha Te KBAHTHl H3Jy4YeHHs, KOTOpble BHI-
3bIBaIOT (GoTO3¢d(deKkT. B cBSA3U C CeNEKTHBHOCTBIO (OTO3JEKTpHUE-
CKHX NPHEMHHKOB MaKCHMYM YYBCTBHTEJIbHOCTH HMeeTCsl Ha OJHOM
M3 YacToT. JTO BHI3bIBA€T HEOGXONHMOCTb ONpeleJieHHsI YYBCTBH-
TEJbHOCTH TNpHeMHHKa (doToanoma, ¢OTOCONPOTHBJEHHS, ¢(OTO-
3JIEKTPHYECKOTO MOTEHIIHOMETPA) K H3JIYYEHHIO TOrO CIEKTPasbHOro
cocTaBa, KOTOPHI MM peructpupyercs. Ecau npHeMHHK mnpejHa-
3HaYeH JJIs M3JIyYeHHs] HHOT'O CIEKTPaJIbHOrO COCTaBa, ero macnopT-
Hble JaHHble JOJIXKHbI ObITb NEepPecYHTaHHI.

ITockonbKy H3JyueHHe jla3epa 3aKJIOYeHO B OYEHb Y3KOM CIIEKT-
palpHOM HHTepBaJie, 3ajlaya CBOJHUTCS K ONpeldesIeHHIO YYBCTBHTEb-
HOCTH NMPHEMHHKA K 3aJaHHOH JJIMHe BOJHbI (AJs1 6OJbIIHHCTBA ra-
30BLIX Jla3epoB, MPHMeHsieMbIX B reonesud, A=0,6328 MkM).

CyuiectBylouine B Hacrosimiee BpeMss ®IPY, koTopble MOXKHO
HCIIOJIb30BATh TPH BLIMOJHEHHH BBICOKOTOYHBIX CTBOPHBIX H3Mepe-
HHH J1a3epHBIMH TPHOOpPAMH, MOXKHO YCJOBHO pa3felNHTb Ha JBe
rpynnbl: 1) njsi onpejesieHHs] 3HEPreTHYECKOro LEHTPa CBETOBOTO
nsiTHa; 2) AN OmpeleJieHHs TeOMEeTPHYECKOro LEeHTpa CBETOBOTO
nsiTHA.

B psane ony6ankoBaHHbx pa6or [8], [18] mogpo6HO paccMoTpeHbI
KOHCTPYKTHBHble OCOGEHHOCTH OCHOBHBLIX THIIOB NIPHMEHSIEMBIX B Ha-
cTosillee BpeMsi (OTO3/JEKTPHYECKHX PErHCTPHPYIOIIMX YCTPOHCTB.
ITosatomy Huxke 6yAyT paccMoTpeHbl ToJbKO Te PIPY, paspaborka
KOTOpPHIX BBINOJIHEHA JJasi KoMmjekToB anmapatypsl JIMCT.

Jnsi onpeieseHHs] NMOJOXEHHsT T'eOMETPHYECKOro ILEeHTpa CBe-
TOBOrO  MNSATHAa — AH(QPAKIHOHHOrO H300paxkeHHs  KOrepeHTHOro
HCTOYHHKA CBeTa — pa3paboTaHbl, H3rOTOBJIEHB M HALLJIH NpHMeHe-
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Puc. 82. KoHcTpykuus
®IPY ¢ 3nekTpOMexaHH-
YeCKHM CKaHaTOPOM

HHe IIPH CTPOHTEJIbCTBE YCKODHTeJeH 3apsiKeHHBIX YAacTHI[ H APYrHX
coopyKeHHH HecKoJibko BapuaHToB PIPY [8], {11], [15], ocHOBaHHBIX
Ha NPHHILHIE 3JIeKTPOMeXaHHYEeCKOro JHHEeHHOro CKaHHPOBaHHU s H300-
paxKeHHsl HMCTOYHHKA CBETa, NPOEKTHPYEMOro, HanpHMep, 30HHOH
naacTHHOH. It PIPY ocHOBaHBl Ha BpPEMSHMIYJbCHOM MeTOnE
H3MepeHHH H MOryT OBITb KaK AHCKDETHOro, TaK H aHaJIoroBOTrO
THIOB. Pa3pa6oTaHbl perucTpupymoline ycTpoiictBa ¢ 6apabaHHBIMH
cKaHaTtopaMHu (puc. 82).

CserT, mpoeKTHpYeMBIii CKBO3b MacKy 2 B BHIE NPSIMOYTOJbHOM
1eJIH, monafaetT Ha 60KOBYI0 MOBepPXHOCTh 6apabaHa 4, Ha KOTOpOi
BbIpe3aHbl JBe LieJH & W 6 mo BUHTOBOH JuHUH. BapaGan mpuBo-
IUTCSl BO BpallleHHe CHHXPOHHBEIM 3JjieKTpoiaBuratesneM 3. Ilpoiias
CKBO3b YNOMSIHYTHle lesiu B GapabaHe, CBeT cHCTeMOi JHH3 7 H 8
dokycupyercs Ha ¢Qorokatofe (OTO3JEKTPOHHOIO YMHOXKHTENS
(P3Y) 9, BripabaThiBaloOlleM COOTBETCTBYIOUMH umnyJabc. Ha ox-
HOM H3 TopuoB GapabaHa mMeeTcsi MpHJHB [4 ¢ BbIpe3aHHOM Ile-
Jbio 12. BHytpu GapaGaHa pacmoJiokeH OcBeTHTeJb I3, a cHa-
pyxu — nuadparma /I u doronuon 10.

CHHXDOHHBIH 3JIEKTPOJABHraTe b, IUTAEMBIH OT CETH MEPEMEHHOro
tToka ¢ yactotoit 50 'y, Bpamaer GapabaH C IOCTOSSHHOH YrJIOBO#H
ckopocTbio. IIpn 3TOM 1ienb § moc/eOBaTEeNbHO CKaHHPYET MackKy
B HampaBJieHHH npojoJsbHOit ocH. Ilenp 12 pacmosoxkeHa Tak, YTO
nepej HauaJIOM CKaHHPOBaHHSI MacKH OTKpPHIBaeTCs JOCTYIN CBeTa Ha
¢oronnon, Koropeii reHepHpyerT HMmyJabc. OueBHIHO, HMIYJbCHI
c ®3Y u dorognona 6yayT HaAXOAHUTHLCS B ONpPeNeJeHHOH CBSI3H APYT
C APYroM H C NOJIOXKEHHEM CBETOBOro MHsiTHa | Ha Macke.

Ha puc. 83 nmokasana npuHuHnHuajbHasi cxeMa (BpeMSIHMIYJbC-
Hasi AMarpaMMa) H3MepeHHss KOOPAMHATHI X LEHTPa CBETOBOIO
nsaTHa GOTO3JEKTPHUECKHM PErHCTPHPYIOIINM YCTPOHCTBOM C 3JIEKT-
poMexaHHYecKHM ckaHaTopoM 8. CBeToBOe NSITHO / MpoeNHpyeTcs Ha
MacKy 2, najee ontTuHueckoil cHcreMoit 3, 4 ¢dokycupyercs Ha ¢oro-
KaTofe (POTO3JNIEKTPOHHOro yMHOXHTenss 5. MMmysnbc Hayasa cuera
bopmupyercsi poroxronoM 6. Iyist aTOro CBET OT 3JeKTposammsl 10
HanpaBJsieTcsi Ha ¢doroanon yepes weabp 9 u anadparmy 7. Bpems
¢, OTCUNTAaHHOE OT MOMeHTa (popMHpOBaHHS UMIYJbca HOTOAHOAA A0
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cepenuHBl uMmmyabca DY (oM. &——fﬂ

puc. 83), mpomopuHoHaJbHO (TpH ;
YCJAOBHM TOCTOSIHCTBA  CKOPOCTH [j/g v ’
CKaHMPOBaHHs U) KOOpPAMHATE X —
CBETOBOrO IsSiTHA Ha MackKe: x= 1 . C- N —
=x1+x/2. TlogenuB o6Ge uyacTu - T
ypaBHEHHss Ha CKOPOCTb U, MOAY- fe— ———> %z 3
UM t=t,+1/2. YMHOXKHB o06e 2 : 4
YacTH ypaBHeHHMsl Ha 4acCTOTy cJie-
LOBaHHS  HMIYJbCOB KBapUeBHIX 4 5
yacoB 2f, moJyuuMm ~7 /
2ft = 2fty - ft,. (134) U\F E} ”Mzé/;” om
INpousBenenne 2ff ecto umcaIO _U Huny e om
HMIyabcoB N, OTCUMTAHHOE C yac- I Py
ToTolf 2f OoT MoMeHTa ¢opMHpOBa- ¢ |
HHMs uMIyJabca (oToaMOAa IO ce- ¢ <tz
1

penuHbl uMnysabca ®DY; npousBe-
AeHue 2ft; — uncno uMnyabcoB Ny, pyc. 83, Mpusuun namepenns ro-
OTCYUMTAHHOE C YaCTOTOH 2f 3a CO- joxenns ueHTpa CBETOBOrO mATHa
OTBETCTBYIOlee BpeMs f;; IPOHU3-

BelleHHe [f, — YHCIO HMMyJbcoB Ni, OTCUMTAHHOE C 4YacToToit f
3a BpeMs [y, paBHOe AJHTEJBHOCTH HMIyJbca ®IY.

Has pacuera TOYHOCTH paGoOTHl YCTPOHCTBA ONPENESHM CKOPOCTh
CKaHHpOBaHHsA Macku: v=Nh/60, rae N — uncao o60poTOB Bpaliie-
HUs GapabaHa 3a OJHY MHHYTY; h— 1Iar BHHTOBOH JIHHHH, IO KO-
TOPO# BHIpe3aeTcsi CKaHMpYollasl Ieb.

KoopauHaty uneHTpa CBETOBOro IsiTHa Ha MackKe ONpeleJHM H3
YPaBHEHHUSsI X=Uckanl=Nhn/120f, B koTOpOM n=2ftf — yKca0 UMNYJb-
COB KBapIeBOrO reHepaTopa, OTCUMTAHHOE 3a BpeMsi ! C YacTOTOM
HX cJaefoBaHHus 2f.

OTHOCHTENbHAS] TOTPEeIlHOCTb H3MepeHHs] KOOpPAMHAT IEeHTpa
CBETOBOI'O IISITHA ONPENENHTCS U3 BHIpAXKEHHS

[Ax/x| = |ANIN |+ | An/n| + | Af/F 1,

B KOTOPOM IIOCJEAHHM YJIEHOM BBHJAY BBICOKOH CTaOMJBLHOCTH Ya-
CTOTHl KBapIleBOTO reHepaTopa MOXHO npeHe6peub. C yyeToM AMmc-
KPETHOCTH CYeTa HMIYJ/bCOB B INepPecyeTHOH cXxeMe OKOHYaTesJbHO
NOJIyYHM

|Ax/x| =|ANIN |+ |1/n]. (135)

Takum o6pasoM, ypaBHeHnHe (134) siBisieTcst KJIOYOM AJsl NMOCTpOe-
HHS GJIOK-CXE€MBl 3JIEKTPOHHKH npubopa.

Hmnyabc ot ¢oromnona @PJI, npeobpas3oBaHHHI (HOpPMHpOBa-
tejeM @y B «CTapT»-HMIYJbC, MOJAETCS HA elHHHYHBIE BXOJAbl TPHT-
repoB Ty u T, Tak, uto oTkpnBalotcs Knamaubl Ki, Ko (kaanan Ky
K 5TOMY MOMEHTY OTKpHIT paHee COPMHPOBAHHHIM B cxeMe «c6poc»
HMIIyJIbCOM) H HauyMHaeTcss CYeT HMMIYJbCOB OT KBapleBOro
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renepatopa KI' B nepecuernoit cxeme IIC ¢ uacroroit 2f. UMnysbc
®3Y npeobpasyercss (popmupoBarenem P, (ob6a dopmupoBaress
@, u @, ABNAIOTCS AMIJIHUTYAHBIMH JAHCKPUMHHAaTOpaMH) B JBa HoO-
BHIX HMIIyJIbCa: MMMYJbC «IIE€pPecyeT», TeHEPUPYEeMBIil OT IepeaHero
dporta uMnynbca ®PIY, U UMNYJbC «CTON», reHEpUPYEMBIF B MO-
MeHT (POPMHPOBAHHs ero 3ajHero (ppoHTa, OT UMNYJbCa «Iepecyers
BHOBb cpabaTtbiBaer Tpurrep T, 3akpeiBaercs KnanaH K; U OTKpHI-
Baercs kianaH K,. Cuer HMnysibCcOB B mepecueTHOH cxeMe IIPOLOJI-
3KaeTcsl ¢ BABOe MeHblleit yacrotoit f Gmaromaps tpurrepy T4, pa-
6oralomieMy B cueTHoM pexxuMe. HakoHel, OoT uMIyJbca <«CTOm»
cpabaTbiBaeTr TpUrrep T3, IpH 5TOM 3aKpbIBaeTcsl KJamaH H Ipekpa-
IaeTcsl cYeT HMIYJbCOB B nepecuetHoit cxeMe. Ilocnenusas duxcu-
pPYeT YHCJIO HMIYJIbCOB KBAapLEBOrO reHepaTopa, NMpONOPLHOHAJIbHOE
HHTEpPBaJly BpeMeHH { OT MOMeHTa ()OpMHPOBAHHS HMNYyJbca ¢oro-
quofa N0 cepeAMHB MMnyJibca PIY, T. e. MPONOPIHOHAJBLHOE HH-
TepecyeMoil KOOpIHHaTe IIeHTPa CBETOBOrO MsITHa Ha Macke. JTO
YKCJIO BHICBEUHBAETCsl Ha I{HPPOBOM TabJI0 MepecueTHOR CXeMHl B Te-
YyeHHe NJIHTENbHOCTH BBIXOJHOrO HMNYyJbca XKAYLIero MyJbTHBHOpa-
topa JKM, 3amyckaeMoro Takxe «crom»-uMnyJjbcoM. OT 3axHero
(poHTa BBIXOAHOTO HMIyJbca XKAYIIero MyJbTHBHOpaTopa ¢opMHu-
pyeTcsi «cOpOC»-HMIYJIbC, KOTOPHI MPUBOAUT CXeMY B HCXOXHOE CO-
crosinne. Ilpu 3TOM 3akphIBaercs kjanaH Kj, OTKpHIBaeTcs KJamaH
Ky u crupaercs uHbopmauus B mnepecueTHO# cxeMe. C HOBHIM
«CTapT»-HMNYJIbCOM MOBTOPSIETCS BeCh LHKJ pa6oThl cxeMul. Mudop-
Mauus o6 u3MepsieMoil KOOPAMHATE LIEHTPa CBETOBOrO MSTHA MOKET
6bITb NepenHcaHa BPYYHYIO -omepaTopom JHOO oTmeyataHa Ha 6y-
Mare nudponeyaTaUUM YCTPOIACTBOM.

IloMuMO cuCTeMbl aBTOMaTHYE€CKOro OTCYETa KOOPAHHAT B MNpH-
6ope (puc. 84) cMOHTHpOBaHa TaKxe BH3yaJlbHas CHCTEMa H3Mepe-
HHUSl KOODJMHAT LeHTPa CBETOBOro msiTHa Ha Macke. C 3Tofi 1eJsbio
YacTb CBETOBOTO INSITHA, NpOEKTHpYye-
MOro Ha BXOJA NpHGOpa, C MOMOILBIO
CHCTEMBI 3epKaJl OTBOJHTCS Ha 3aj-
HIOI0O CTeHKy npH6opa Ha crelHalb-
Hoe cMoTpoBoe OKHO. Ha myTH cBera
ycTaHOBJIEH GHCCEKTOp, INepeMeliae-
MBI NPH NMOMOLIM MHKpPOMeTpa B Ha-
NpaBJeHHH, TepNeHAHKYJIsPHOM K
crBopy. OnepaTop BpyYHYI0 yCTaHaB-
JHBaeT GHCCEKTOP CHMMETPHYHO OT-
HOCHTEJbHO TpaHHI[ CBETOBOrO INsITHA
H CHHMaeT OTCYeT CO IUKaJbl MHKpO-
Metpa. Kpome Toro, B npu6op BCTpoeH
ocuusaynorpad ans HabJiofeHHS 3a
KauecTBOM (OpMHPOBaHHS HMIYJibCa
®3Y, a Takxke 670K AJNS NHTAHHSA
3JIeKTPOHHO-JIyueBOofi TpyOKH, reHepa-
Puc. 84. ®3PY puckperoro TOP2 Pa3BEPTKH H 3JIeKTPOJBHraTess
THNa CKaHupylomlero ysjna npu6opa. Ilpu-
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G6op cHaGXeH YCTPOHCTBOM JMJisi OPHEHTHPOBaHHs B IIJIOCKOCTH
cTBopa. Pyuka 4 oTKHAbIBaeTCsi B CTOPOHY Ha)XaTHeM KHONKH 3.
B cneunanbHOM oTceke pacnosiaractcs GJIOK 3J@€KTPOHHKH, BBINOJ-
HeHHBIH Ha OTAeJbHBIX IJIaTaXx ¢ NpHMeHeHHeM Ie4aTHOTO MOH-
taxa. Ckanupylomuii yses npuGopa BHINOJHEH B BHAE aBTOHOM-
Horo 6sioka. BusyasbHasi cucteMa oTcueTa KOOPJAHHAT LieHTpa CBe-
TOBOrO NsITHa CMOHTHpPOBaHa B Hacaike § mpubopa H MOXeT OBITh
JIETKO OTAeJeHa OT Hero B cJyyae HeoOXoAMMOCTH. B mnepenmeit
43aCTH ONTHYECKOH HacaiKH MMeIOTCs ABa OKHA: BU3HPHOe 2 M BXOA-
Hoe | AJis BBOJa cBeToBOro Jiyuya. C moMoLb0 PYyYKH, HacaXKeHHOH
Ha OCb HaBOASIIEro BHHTA, NPOH3BOASITCS BH3yaJbHble H3MepeHHs.
DJIeKTPOHHO-JIyueBasi TpyOKa NOMellleHa B CleLHaJbHOM NepMaJioe-
BOM 3KpaHe H BbiBeJleHa Ha NyJbT § ynpaBJjeHus npu6opa. IIpu6op
3aKpenJyieH Ha Tperepe 7, CHaGXKeHHOM MOABEMHBIMH BHHTAMH H
ypoBHeM 6 [Jisi YCTAaHOBKH €ro B TOPH30HTaJbHOH IJIOCKOCTH.
B komniekT annmapaTtypel KpoMe cKaHupylollero 6J0Ka BXOJAHT ce-
PHHHBIH YacTOTOMEpP M HCTOYHHK BBICOKOBOJIbTHOI'O NHTaHHS.

[lepecueTHoe ycTpoO#CcTBO, a B Ciayuae HEOOXOAMMOCTH TaKxke H
6710k BBLICOKOBOJIbTHOTO MHTaHHS MOTYT GBITb yJdajieHBl OT CKaHH-
pyroiiero 6J0Ka Ha 3HaYUTEJbHOE PACCTOsSIHHE, B TO BPeMsl KaK NpH-
60p ycTaHaBJHBaeTcs HeMOCPEACTBEHHO B cTBope. TakuM oGpasowm,
C TOMOIIbIO 3JIEKTPOMEXaHHYeCKOro CKaHHpylollero npuéopa BoO3-
MOXHO OCYlLIeCTBJeHHe JHUCTAaHLMOHHOTO CheMa HHGOpMalMH.

ITo pe3ysnbraTaM HccieHZOBaHHH lieHa OJHOH eNHHMILI HaHMeHb-
miero paspsiia nokasaHuii nepecuerHoro ycrpoiictea (IIC) B cpen-
HeM AJis BCeH 30HBI CKaHHPOBaHHs cocTaBuja 28,292 MKM co cpen-
Hell KBajparuueckoit norpewHoctsio 0,012 MM,

ITorpemiHOCTh perucTpauuy MOJOXKEHHS HEMOABHXKHOTO CBETO-
BOTO NSITHA OTHOCHTEJbHO HYJsi Npu6opa B NMJIOCKOCTH CKaHHpOBa-
HUus He rpyGee 0,5 enuHHIB HauMeHbllero paspsina IIC, T. e. He
npeBniiiaer 14 MM, PaGouas 30Ha ckaHupoBaHusi npu6Gopa «Ha-
pPHH3» cocTaBJssieT 38 MM,

Ha puc. 85,a npeacrasnena o6uas cxema ®IPY ananorosoro
tTuna ¢ Gapa6aHHbIM cKaHaTtapoM. CBeT, c¢OpMHDOBaHHBIH B BHAE
BEepPTHKAaJbHO# MOJIOCH], NPOEKTHPYETCs Ha MacKy I, OpUEeHTHPOBaH-
HYI0 B HalpaBJIeHHH, NepIeHIHKYJSPHOM K OCH CBETOBOTO NyyKa.
Ha nyTtu cBera mepe; MacKoil ycTaHaBiHBaeTcss Mapka II, TeHb

%
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Puc. 85, ®OPY aHan0roBoro THna co CKaHaTOPOM:
a— d)yuxuuoua.nbnaﬂ cxeMa,; 6 — NPHHUHN H3MEepeHHs
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OT KOTOPOH IeJIHT CBETOBOe IiITHO Ha [Be 4acTH. 3a MacKol pac-
nosoxeH 6apaGaH 2, Ha GOKOBOH NOBEPXHOCTH KOTOPOTO Bhlpe3aHa
mweap 4 no BUHTOBOH JHHHH. BapabaH npuBOAMTCS BO BpallleHHe
CHHXDOHHBIM 3JieKTpoABHraTesneM 3. [1pu Bpamenun 6apa6aHa otpe-
30K IlleJIH 10 BHHTOBOH JIMHHH CKaHHPYeT CBETOBOe NSITHO Ha Macke,
NPH 3TOM CBeT, OTPaxKeHHbIH OT NPH3MbI /0 U cHOKYCHPOBAHHBIH LH-
JUHAPUYECKOH JIHH30H 9, momajaeT Ha KaToJ (POTO3JIEKTPHUECKOrO
yMHOxHTeas 8. Ilepes HauasoMm cKaHHPOBaHHsi MacKH OTKpLIBaeTcs
JIOCTYNI CBETY OT OCBETHTeJsi 6 CKBO3b llleJb 5 B 6apabaHe Ha (oTo-
auon 7. Ha ¢doropnone ¢opmupyercss HMINyJbc, NoJaBaeMblH Ha
BXOJA aMIUIUTyJHOro IHCKpHMHHaTtopa [I.

HMnyJabc ¢ BhIXOJA HAHCKPHMHHATOpPA 3amyckKaeT XKAYIIMH MYJb-
tuBu6parop JKM, cayxaiuuii AJs 3ajepxKaHus MOMeHTa Hayaja
pa3BepTKH Jydya ocuuJJorpapuyeckoii TpyOkH. 3aiHHUM (pPOHTOM
BBHIXOJAHOTO MMIYJbCa MYJbTHBHOpATOpa 3amycKaercsi reHepaTop
pasBepTkn I'P, BhipaGaTeiBalomuil NMHJI00OpasHOe HampsiKeHHe Ha
nape rOpH3OHTAJbHO OTKJOHSIOIHX IIACTHH 3JIEKTPOHHO-JyYyeBOH
Tpy6ku (DJIT). Mnysabc ¢GOTO3JEKTPOHHOTO YMHOXKHTEJS, YCHIEH-
HbIl BHAeoycuJHuTeJeM BY, nomaercss Ha mapy BepPTHKaJbHO OTKJIO-
ustomux naactud SJIT. B pesyabrate Ha 3kpaHe TpyGKu HabJioxa-
ercsi BHAeocurHaJ. Ammiautyasl A; W A; TOJOBHH BHAEOCHTHaJa
HaxoJsTCsl B ONpeJesleHHOH 3aBHCHMOCTH OT IOJIOXKEHHsl pasielsio-
el MapKH OTHOCHTEJbHO I'PaHHIl CBETOBOTO MsTHA. JleHCTBUTENBHO,
KaK BHAHO M3 pHuC. 85,0, aMIUIMTY[Abl NMOJIOBHH BHAEOCHTHAJa MNpo-
NOPLHOHAJBHBI IJIOIWIAJAM CBETOBHIX I0JIOC, OrPAaHHYEHHBIX MacCKoM
M TeHbIO OT pasjensiowmieil Mapku A,=khx; Ay=kh(L—d—x). Ko-
5¢¢ULKEHT NpPONOPUHOHAJBLHOCTH B BHIOpDaH eNMHBIM MJsi OOOHX
ypaBHEHHH NpH [PEJNOJNOMXKEHHH, YTO OCBELIEHHOCTH IOJIOBHH CBETO-
BOrO NSITHA paBHBl, a TaKXe OJHHAKOBBl YCJOBHs (OPMHPOBaHHSA
ux aMmautyn Ha IDJIT.

[Ipn aMnJHMTYyZHOM CpaBHEHUH INOJIOBHH BHAEOCHTHAJa HCCJENy-
ercsi pasHoctb Ai—A;=kh(2x—L+d). Ecau perucTpupoBaTh Mo-
MEHT paBeHCTBa aMIUIMTYJA, TO 3Ta Pa3HOCTb JOJXKHAa OHBITb paBHA
Hymo. Torga x=(L—d)/2, T. e. TeHb OT MapKH [JEJHT CBETOBOE
NSTHO Ha JBe paBHble YaCTH, a OCb MapKH IiepeceKaeT OCb CBETO-
Boro syya. OfHaKo NpUBefleHHOe paccyKJAeHHe AeHCTBHTEIbHO, ecJH
IIHPHHA X YAaCTH CBETOBOTrO NMSATHA He NpPeBbILIAeT BeJHYHHY A mpo-
€KLUHH CKaHHpYIOIleH 1ieNqH Ha NPOJAOJBHYIO OChb MAacKH, B NPOTHB-
HOM cJiyyae NpH Inpobere CKaHHMpYIOLLel IeJH BHYTPH CBETOBOIO
NsTHA KOJHMYECTBO cBeTa, monapamouero Ha ®JY, okaxercs Heus-
MeHHbBIM H HCYe3HeT 3aBHCHMOCTb BeJHYHHBl aMIJIHUTYJA NOJOBHH
BHAEOCHTHAJIa OT TNOJIOXKEHHsi MapKH. DTO YCJOBHE MOXKHO 3amH-
caTh B BHJE CJeAyIOLlero BhIpaXKeHHus

L—d>L—2(ctg g+ cosec ), (136)
rae [ — mMpHHA CKaHHPYIOLIEH IIEJH; (¢ — YroJ ee HaKJIOHA K MacKe.

HepaBencrBo (136) cayxxHT Takxe AJsi pacyeta HeOGXOZMMOH LIM-
PHHBI TEHH OT MapKH

d~ L —2(ctg ¢ + lcosec g). (137)
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B onHOM M3 KOHCTPYKTHBHBIX BapHaHTOB YCTPOHCTBa yroJ Ha-
KJIOHa CKaHUDYyIOlle#d LIeJH K MacKe paBeH 72°, BbICOTAa MAacKi
1 MM, mupuHa cBetoBoro nsatHa 2 mM. Ilo ¢opmyne (137) pasmep
Tenn d~0,3 MM (wupuHHa ckaHupylowedr menn 0,5 mMm). Cser ot
nasepa JII'-55 ¢dopMHpoBascsi B BHAe BEPTHKAJbHOI MOJOCH TpPH
MOMOLIM 30HHOH NJACTHHBl ¢ (POKYCHBIM paccTosiHueM okoJjio 40 M.
[Tepemellienne MapKu B NONEPEUHOM K CTBOPY HanpaBJIeHHH H3Mepsi-
Joch ¢ momoubio MHKpoMerpa. CpenHsis KBajpaTHYecKas Morpell-
HOCTb BBEIEHHsI MapKH B CTBOP IO NPH3HAKY PaBEHCTBA aMIJIUTY.Q
NOJIOBHH BHJAEOCHTHasla Ha 3KpaHe ocuujjorpada cocraBusia
20 MKM.

PesynbTaThl M3MepeHH#I MaJjio 3aBHCAT OT CTAaGHJIBHOCTH CKOPO-
CTH BpauleHHst Gapa6GaHa, 4TO CJedyeT OTHECTH K AOCTOHHCTBAM
npu6opa. Ha 6a3e nogo6HOro ycTpoiicTBa MOXKHO TaKXXe peaju3o-
BaTb aBTOMAaTHYECKYI0 CHCTEMY YCTAHOBKH MapoOK B CTBOpe MyTeM
aHaJM3a aMIJIUTYA TOJIOBHH BHAEOCHTHAsa C NMOMOLIbIO 6aJaHCHBIX
CHCTEM.

Jns1 u3aMepeHHsl IBYX KOOpJAHHAT CO3LaH MpUOOpP, CKAHUPYIOLIH
y3eJ KOTOpPOro MoXeT moBopauuBaThesiHa 90° mo KoMmaHze ¢ myJibTa
ynpasienus. OnHako ycrtpoiictBa ¢ GapaGaHHBIMH CKaHaTOpaMu
OKa3blBAaIOTCSl TPOMO3AKHMH, KOrJa HX NMPHUMEHSIOT [IJisi U3MepeHHs
JBYX KOODAHHAT — HECTBOPHOCTH M [OJIOXKEHHs] TOYEK II0 BBICOTE.
Jnst [ByXKOOPAHMHATHEIX CHCTeM OoJjiee yHOOHB yCTPOHCTBaA ¢ Bpa-
IAIOUIUMHCS JHCKaAMU.

HauGosbiieii morpemiHocTbio NpH BHICOKOTOYHBIX H3MEpEHHSIX
npu6opaMH, OCHOBAHHBIMH Ha BPEMSIUMIYJbCHOM MeTO/e, SIBJISIETCS
MOTPELIHOCTb 32 HENOCTOSTHCTBO CKOPOCTH CKaHMpoBaHus. Ias yct-
paHeHHs ee MOCJe KaXXJOro H3MepeHHs KOODAHHATHl NPOH3BOAST
KOHTPOJIb CKODOCTH BpallleHHsi CKaHupylolero 6apa6aHa.

®oTO3/1€eKTpHYECKOE H3MEpPHTENbHOE YCTPOMCTBO aHAJIOrOBOTO
tTuna (puc. 86,a) npenHa3HayeHO AJISl U3MEPEHHs MOJIOXKEHHUS Hep-
reTHYECKOTro LIeHTpa CBETOBOrO MSATHA, B YACTHOCTH (OPMHPYEMOro
NOBOPOTHOM 30HHOH MapKoOH, NMPH CTBOPHBIX H3MEpEHHsX MO ‘cXeMe
C TepeABHKHBIM mpueMHHKOM cBeta. [IpuGop paspaboran kak ¢o-
TO3JIeKTpUUecKuil mpeo6pa3oBatens (DIII), ocHOBaHHBIH Ha MpHH-
uune pasjesjieHHs TNOTOKa H3JydeHHs, MOMajalollero Ha MUpaMuAY-
aHaJM3aTOp, Ha MABE YaCTH M HX MOCJeAyouero cpaBHeHus [11].

Inst Toro yToGBl YyCTPOHCTBO HE PearHpoOBaJjo Ha ApYrue HCTOY-
HHKH CBeTa, H3JyyeHHe J1a3ePHOro CTBOPOYKa3aTessi MOAYJHpPYeETCs
no amniauryge. Kpome Toro, 3To mo3BoJjisieT HCNOJb30BaThb YCHJH-
TeJIH NepEeMEHHOr0 TOKa M CTaGMJH3HPOBAaTb MecTo HyJisi mpubopa.
Yacrora Mopyasiuuu npunsita 6sauskoit k 1000 I'm.

Pasnenennble nupamupoii-ananuszatopom I/ (puc. 86,6) noroku
nonajaloT Ha ABa (oropuoma 2, BKJOUeHHBIe MO AHDdepeHLHANDb-
HOH cxeMe. YCHJIEHHBII ycuaHTeNssMH 3, 4 PasHOCTHHIH CHrHaJ TNo-
nagaer Ha ¢asoBblil AeTEKTOp 5, NpedHa3HAYEHHbIH AJs1 H3MEHEeHHUs
MOJISPHOCTH BBIXOAHOTO CHTHaJjla B COOTBETCTBHH CO 3HAKOM pac-
cornacoBaHusl. Pa3oBbI [ETEKTOP YNpaBJsieTcss CHTHAJOM, NMOCTY-
MaplUM ¢ BbIXOAA ycHaHuTenss 7, 8 onmopHoro kKaHaja. CurHajn Ha
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6 Puc. 86. QoTO3/IeKTpHUECKOR
H3MepHTeJbHOe YCTPORCTBO:

2 / a — KOMMJAEKT anmapatypo; 6 — KH-
HeMaTHYecKas cxeMa

BXOJl YCHJIHTEJISI OMOPHOro KaHaJjla Mojaercsi C TpeTbero GOTOAHOMLE
6, ycTaHOBJIEHHOTrO TaK, YTO NMPH H3MePeHHsSX Ha Hero Bceraa moma-
JlaeT H3JyueHue.

doroanoab 2 pabGoralor B GoTOBOJBTAHYECKOM pexuMe. B aToM
pexuMe Imopor 4YyBCTBHTEAbHOCTH (oTomuogoB Ttuna KOIM co-
CTaBJisieT BeJHYHHY, He mpeBblwaiomyio 1 MKBr. dotoanoas uaMe-
PHTEJILHOrO KaHajla BKJIOYeHB No AHpdepeHIHaSbHOH cXxeMe.

KoapHuueHT ycHNeHHs MO HampaBJIeHHI0O H3MepPHTeJbHOro Ka-
Hajsa He MeHee 4000. Ycuiurear H3MepHTEJBHOro KaHaja HMeeT
6osblIYI0 TeMNepaTyPHYI0 CTaGHJbHOCTb, H LIYMbl, NpPHBeJeHHBbIE
KO BXOAy, He mnpeBHaior 7—I12 MKB B mnosoce uyacror 100—
5000 T'u. Banaromapsi wiHpoKo# moJsioce (pa3oBble HCKaXKEHHSI CHT-
HaJjla He3HaYHTeJbHH.

YcunuTe b OMOPHOrO KaHaja COCTOMT M3 YCHJHTeJsl Hampsike-
HHSI H YCHJIMTeJs MOIIHOCTH, MpeJcTaBJswollero coboii Tpurrep
IImuara. KoagpouuueHt ycuieHHs HanpsikeHusi He MeHee 1500.
Huddepenunanpuas cxeMa (pa3oBoro AeTeKTopa MO3BOJSET HCKJIO-
YuTh U3 Hee TpaHcpopmarophl. HenocraTkoMm 3Toit cxeMbl ¢pasoBoro
AeTeKTopa MOXHO CYHTaTh HEKOTOpOe YXYAlleHHe CTaGHJIbHOCTH
«HYJIS» H3-32 H3MeHeHHs] HayalJlbHBIX TOKOB KOJIJIEKTOPOB TpaH3H-
CTOPOB B 3aBHCHMOCTH OT Te€MIepaTypHl.

B uenb KOJJIEKTOPOB TPaH3HCTOPOB ()a30BOro AETEKTOpa BKJIIO-
yeHa HHTerpupywouas RC-uenoyka AJMsi yBeJHYEHHs] NOCTOSIHHON

194



BpeMeHH H3MEePHTEJbHOr0 YCTpoficTBa. YBeqHUeHHe NMOCTOSSHHOH Bpe-
MeHH TO03BOJIIeT He NPONYCKaTh BBICOKMX YacTOT, BO3HHKAIOIIMX
H3-32 «JpOXKaHHS» NMyYKa H3JYyYeHHs, BbI3BaHHOro TypOYyJeHTHBIMH
SIBJIEHUSIMH C Pa3HbIMH IO 3HAYEHHIO MOCTOSIHHBIMH BpPEMEHH. YCT-
pOHCTBO HMeeT J1Ba OCHOBHBIX HCTOYHHKA INOrpeLIHOCTeH H3Mepe-
HHSl, BO3HHKAIOIIUX B 3JEKTPOHHOM TpaKTe:

1) HecTaGUJIBHOCTb MOJIOXKEHHSI «HYJIS», BbI3bIBAEMYIO HEOJHHa-
KOBOH YYBCTBHTEJbHOCTbIO NMPHEMHHKOB JIYUHCTOH SHEpPTHH, a TaKxke
H3MeHeHHeM HMX UYBCTBHTEJbHOCTH;

2) u3MeHeHHe KDYTH3Hbl XapaKTeDHCTHKH YCTPOHACTBa, T. €. OT-
HOLIEHHs] BBIXOJHOIO CHrHajla (B MaHHOM cJyyae — nepeMellleHUs
CTpeJKH npubopa) K CMellleHHIO IleHTpa Nyuka u3ayueHus. HM3amene-
HHe KDYTH3Hbl BO3HHKaeT H3-3a HeCTaOHJIbHOCTH KO3 dHIHeHTa YyCH-
JeHHusl B 6JIOKe 3JeKTPOHHKH H OJHOBPEMEHHOro H3MeHEeHHs YYyBCT-
BHTEJIbHOCTH NPHEMHHKOB JIYYHCTO! SHEPrHH.

HckaoueHne morpeimHocTell H3-3a H3MeHeHHs] KDYTH3HBI Xapak-
TEPUCTHKH YCTPOHCTBAa NOCTHraeTcsl C MOMOLIbIO KOMIIEHCAalHOHHOrO
MeTola u3MepeHHs. [l 3TOrO aHaJH3aToOp YCTpOiCTBa Bceraa yc-
TaHaBJIMBaeTCsl B TaKoe INOJIOXKEeHHe, KOrja Ha BbIXOJe CHrHaJ OT-
CYTCTBYeT H paccorjiacoBaHusi Her. [10aToMy H3MeHeHHe KDYTH3HBI
CKa3blBaeTCsl B HE3HAUMTEJbHOH CTENeHH TOJbKO Ha YYBCTBHTEJb-
HOCTH npuGopa. JJsi HCKJIOYeHHs BJIHSHHS HecTaGHJIbHOCTH IOJIO-
JKEeHHsI «HYJsl» B KOHCTPYKUHH mnpHGOpa NpelyCMOTPEH NOBOPOT
aHanuzatopa Ha 180° BOKpYr BepTHKaJbHOH H TOPH30HTAJILHOH
oceii.

Hcnonb3oBaHue cTaGUILHBIX KPEeMHHEBBIX (DOTOAHOJOB B Kauye-
CTBe NPHEMHHKOB JIYYHCTOH 3HEPrHH TaK¥Ke CINOCOOCTBYeT yBeJsHye-
HHIO CTaGHJIBHOCTH «HY/sA». OTCYETH NMPOM3BOASATCS MO HHAMKATOPY
yacoBoro tuna c¢ ueHoit aenenus 0,01 MM, nmpu momouu KOTOpOro
H3MepsieTcsl NepeMellleHHe aHaJu3aTopa OTHOCHTEJNBHO KOpryca NnpH-
6opa.

Jnsi peanu3anii KOMIEHCAIHOHHOTO MeTOJa H3MepeHHsl KOHCT-
pyKuMeii mpubopa NMpeAyCMOTpPeHbl ABe OCH BpallleHHsl NMHPaMHAbI-
aHaJu3aTopa, YCTaHOBJeHHOi B rosoBke npubopa. Touka mnepece-
YeHHUs] TOPHU30HTAJIbHOH M BepPTHKAJbHOH Ocell BpallleHHs cOBNajiaer
C BEpLIHHOH NMHpaMuIbl-aHaJH3aToOpa.

Kopnyc npu6opa (cM. puc. 86,a), npeacrapisifomuii co6oii ase
noJible CTOHKH, CKpenJjieHHble OCHOBaHHeM, YCTaHOBJIeH Ha Hanpas-
JSIOULHX H MOXKeT C NMOMOIIbI0O MHKPOMETPEHHOTO BHHTa IepeMme-
IaThCsi OTHOCHTEJIbHO OCHOBaHHsl HampaBJjsiomux. C npoTuBono-
JIOXXHOH CTOPOHBI yCTAaHOBJIEH HHAHKaTOp uYacoBoro Tuma HU-10.
OcHoBaHHe HampaBJSIOLIMX YCTaHOBJEHO Ha BePTHKAJbHOH OCH
BpallleHHsl, COBNajalollell ¢ LIeHTPOM Iuapa AHaMeTpoM 25,4 MM aas
NPHHYAUTEJBHOrO IIEHTPHPOBaHHs mnpubopa. BepTuKasbHast oceBas
CHCTEMa 3aKpemJieHa Ha CTaHAapTHOM Tperepe Teojosura T5. Jlas
npHBeJlleHHsl NpHGopa B pabouee MOJIOXKEHHe Ha ero Kopmyce ycra-
HOBJIEH IIHJIHHADHYECKHIH YPOBEHb.

C uesnbl0 yBeJIMUEHHS] OTHOLIEHHUS] CHTHAJ/IIYM NPEeRLYyCHJHTEJH
pacrnonoxensl B oaHoM Kopnyce ®IIT pMecte ¢ npHEeMHHKaMH
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JIY4HCTOIl 2HepruH M NUpaMupoii-aHasusatopom. [lutaHue ycTpoi-
CTBa OCYILECTBJISIETCS TpeMsi CyxuMmH 3JjeMeHtamu tHna KBC, pac-
MOJIOXKEeHHBIMH B GJioKe sJyeKTpoHukd (B3). Ha nuuesoit nanesu
B3 umMmeloTcs cooTBeTcTBYIOLIHEe TyMOJephl ynpaBJeHHs M CTPeJiou-
HBII IpH6Op — MHKpoaMnepMeTp, HampHMep Thuma M265M.

KoHctpykuus ®II1 ponmyckaer u3MepeHHsi NMO ABYM B3aHMHO
nepneHAUKYJAAPHEIM ocsiM. s 3TOro oTOAHOAL pacmoJiarailT MNo-
NapHO 1O BEpPTHKAJH M TOPH30HTAJH CHMMETPHYHO OTHOCHTENBHO
BepIIMHBl NMHUpaMHJbl-aHaJH3aTOpa, KOTOpasi AOJIKHA OBITb ycedeH-
HOH, ¢ TeM 4YTOGbl YacTb H3JydyeHHs mpoxoausa Ha [1JID onopHoro
KaHaJa, YCTaHOBJIeHHBI B OCHOBaHHH NMHPaMHIHL.

Ecan ®3I1 nosepryts Ha 90°, TO MPHOOpP NMO3BOJHMT PETHCTpPH-
poBaTh IOJIOXEHHe KOHTPOJHDYEeMbIX TOYEK OTHOCHTEJbHO BepTH-
KaJIbHOrO J1a3epHOTO Jyda, T. €. BBIMOJHATb LEHTPHPOBOYHBIE pa-
GOTHI.

UyBCTBHTENBHOCTb YCTPOHCTBA 3aBHCHT OT MOUIHOCTH H3Jyue-
HUs, nomapaiouiero Ha I1JID, U reoMeTpHYecKHX pa3MepoB NyuKa.
Tak xak pasMepbl YyBCTBUTEJbHBIX MJoIafoK ¢oToauonoB KOIM
2X2 MM, TO U LIMPHHA CBETOBOrO MATHA B MJIOCKOCTH aHaJju3a He
JOJIXKHA npeBbliaTh 4 MM Ha ypoBHe 0,1 MakcuMaJbHOH MOLIHO-
CTH. DTO 00bACHSETCS TEM, YTO MAJsSl ONpeJeJieHHs] SHEePreTHYeCKOro
LeHTPpa MNy4YyKa H3JYyYeHHs TpH HepPaBHOMEDHOM pacHpejeseHHH
DHEPTHH B €ro MONepeyHOM CeYeHHH CBETOBOe MATHO He MOJIXKHO
O6bITh GOJIblIE ABOHHOTO pa3Mepa YyBCTBHTeNbHOH miowmanku [1JI3.

KpoMe  (hOTO3/1€eKTPHUECKOTO  H3MEpPHTEJNBHOTrO0  YCTpOHCTBa
B KOMIJIEKT anmnapatypsl AJsi CTBOPHBIX H3MepeHHil BXOAAT Ja-
3epHBbIi CTBOpOYyKa3aTeJsb, NOBOPOTHAsl 30HHAsi MapKa M AHCKOBBI
MOAYJasATOP ¢ yacToTol okoJio 1000 I'i.

BrixoaHasi XapakTepHCTHKA (DOTO3JIEKTPHUECKOTO H3MepHTeJb-
HOTO YCTPOHCTBa INPH MAaKCHMaJbHOH YYyBCTBHTEIbHOCTH H3MepH-
TeJbHOTO KaHajla MpaKTHuecKH JuHeHHa. KpyTusHa, suHeliHas
30Ha M JApyrHe napameTpsl 3aBUCAT OT pa3MepoB M (OPMHI CBeTO-
BOrO MsTHa B IMJOCKOCTH aHaJsu3a. Jlpefip «Hy/Isi» B TeueHHe Of-
HOrO yaca MocJie. BKJIOYeHHs npH6opa He oOHapy»KHBaeTcs.

Meronvka H3MepeHHI mpuHOOpPOM mNpegycMaTpHBaeT CJeAylollHe
onepalyy, COCTaBJsIOLINE OJHH NpHEM:

1) ycraHOBKYy mpu6opa mo ypOBHIO;

2) HaBeleHHe NpPHEMHOH TOJIOBKH NO a3UMYTy H YIJy MeCTa;

3) HaBeleHHe Ha SHepPreTHYeCKHH I1EHTP CBETOBOTO NSTHA
C ORHOH M C JApYrofl CTOPOHBI CO CHsiITHeM oTcueToB A W B mo uH-
JHKaTOpPy COOTBETCTBEHHO;

4) moBopot ®III BOKpyr ropM3oHTaJbHOH OCH M KOpmyca MNpH-
60opa BOKPYT BepTHKaJbHOH OCH M JaJjiee NOBTOpeHHe MNO3WUUH 2
u 3 co cHsiTHeM oTcyetoB C U D.

[TosoKeHHe 3HepPreTHYECKOro LEeHTpa,chOopMHPOBAHHOTO B MJIOC-
KOCTH aHaJsiM3a NMydYKa H3JIyueHHs B BHJe Y3KOil BepTHKaJIbHOH cBe-
TOBOH MOJIOCHl OTHOCHTEJNbHO BepPTHKaJbHOH ocH mpH6opa, ompepe-
asiercsi mo popmyse A=MO—I1=JI—MO, rge [1=(A+B)/2; JI=
=(C+D)/2; MO=(A+B+C+D)/4.
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PaccMOTpHM HCTOYHHKH IO-
rpelHocTell, CBSI3aHHBIE C 0OCO- —
GEHHOCTSIMHU KHHeMaTHYeCKOH
cxeMbl npubopa (puc. 87), K Ko-
TOPbIM MOXHO OTHeCTH: HeTOu-
HOCTb  COBMeLeHHs  IlleHTpa T
ILeHTPHPOBOYHOTO 11apa M BepTH-
KaJbHOH OCH BpallleHHs IpH-
6opa; JMOGT B OCEBOH CHCTEME,;
HaKJOH BepTHKaJbHOH OCH Bpa-

LIeHHs1 npu6opa; HeNnpsiMOJHHel -

HOCTb HAanpaBJSAIOIIHX TOYHOH
NOABHXKKH npubopa; HeaoCTa-
TOYHOCTb COBMELeHHsI BePILIHHBI :
NHpaMHAL-aHAJH3aToOpa C mepe-

CeyeHHeM BepPTHKAaJbHOH OCH

npubopa H TOPH3OHTAJNBHOH OCH  py.  g7. DyHKWIOHANbHAS  CXeMa
Bpamennss PIII; HETOYHOCTb  (HOTOIEKTPHUECKOrO — H3MEPHTEJBHOTO
opueHTHpoBkH ®III Bmoab Ja-  ycrpoiictsa

3€PHOro Jyya M 1O YIJy MeECTa;

NOrPellHOCTb OTCYETHOTO YCTPOHCTBA; HEXECTKOCTb Kophyca IpH-
6opa, koropas Bhi3biBaeT cmellediHe O] oTHOCHTENBHO MecTa
KpPeNJIeHHs] OTCYETHOrO yCTPOHCTBA.

W3 onbiTa OCTHPOBKH BBICOKOTOYHBIX HHXKEHEPHO-Teofie3nye-
CKHX npHOOpPOB CyMMapHasi MOTPelIHOCTb ONpejesieHHsi pacCTOSHHS
MeXJy BepTHKaJbHOH OCbI0 BpallleHHsi NpHGOpa W dHepreTHYECKHM
LeHTPOM C(OpPMHPOBAHHOTO B IJIOCKOCTH aHaJH3a CBETOBOrO
Ny4yKa 3a OAMH npHeM cocTaBjseT 30 MKM.

DKCcnepUMeHTaJbHBle HCCAEAOBaHUs ONBITHOrO o0paslua MpH-
6opa BKJIOYAJIH: ONpefesieHHe MNOTPEIIHOCTH HaBelNeHHs; HCCJeno-
BaHMe BBIXOAHOH XapaKTEPHCTHKH YCTPOHCTBA; MCCeJOBaHHE
Ipefipa «HyJsi»; onpejesleHHe NOTPEIIHOCTH H3MEpEeHHs paccTos-
HHSl MeX]y SHepreTHYeCKHMM LIEHTPOM NYy4YKa H3JIyueHHsT H BepTH-
KaJIbHOH ocblo npubopa.

HccnenoBanusi mpoBOJHJMCH HaA CTBOpe AJHHOH 54 M, pacmo-
JIOXKEHHOM Ha CTPOHTEJbHOH mJOLajKe KPYMHOTO HHXKEHEPHOro
COOpY2KeHHsl. MeXJy JasepHbIM CTBOPOYKa3aTeJseM H HCCJeLyeMbIM
npubopom Ha paccrosiHHH 30 M OT NOCJeAHEro YyCTaHaBJHBaJach
NnoBOpOTHasi 30HHas Mapka. CpejHsis KBajpaTuyeckas NOrpell-
HOCTb OAHOTO HaBelleHHs M3 HeCKOJbKHX cepHil mo 60 HmOBTOPHHIX
onpefieNleHHA TOJIOXKEHHsI SHEepPreTHUYEeCKOro IeHTpa COCTaBHJA
6 MxM. OnHakKo H3MepeHHMsl NOKa3ajH, YTO CYLIeCTBYIOT THCTepe-
3MCHble siBJeHHs1. BenuurHa rucrepesrica MoxKeT AOCTHraTh 15 MKM.

BrixonHass xapakTepHCTHKa npuOopa CHHMAaJachb NPH MaKCH-
MaJIbHOH YYBCTBHTEJbHOCTH H3MepHTeJbHOTO KaHaJsa. KpyTHsHa,
JUHeHHass 30Ha W Jpyrue napamMeTpsl 3aBHCAT OT pa3MepoB H
¢opMbl 1M PAKLHOHHOTO H300pa*KeHHs] HCTOYHHKA H3Jy4YeHHsI.

B TeyeHne ogHOro yaca mnocje BKJIOYeHHs npH6opa He HabJio-
JaJHChb HH KOPOTKONEpHOAHYeCKHe, HH AJHHHONEPHOAUYECKHE
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cocraBJsiiolllMe apefipa «Hysas». BmecTe ¢ TeM cieayeT OTMETHTb,
YTO NPH HAJHYHH MOCJELHHX BbILIEPACCMOTPEHHAss METOAMKAa H3-
MepeHHHl NMO3BOJISIeT MCKJIOYHTb AJHHHONEPHOAHYECKHE COCTaBJISAIO-
mue apefiba «HyJs», a TaKxke BJHsAHHe rucrepesuca. CpenHss
KBaJipaTHYeCKasi MOTPELIHOCTb M3MEpeHHs MOJIOXKEHHs] SHepreTHue-
CKOrO ILeHTPa OJHHM IPHEMOM OTHOCHTEJbHO BepPTHKaJbHOH OCH
BpallleHHs cocTaBHJa 15 MKM.

§ 33. ABToMaTH3aLHsl BBICOKOTOYHBIX CTBOPHBIX H3MeEPEHHii
annaparypoii JIUCT

JlasepHblit HHTepGhepeHIHOHHBIH CTBOPOGHKCATOp C (OTO3JeK-
TPHYECKHM PEerHCTPHPYIOLIMM YCTPOHCTBOM JHCKPETHOrO THIa MO3-
BOJISIET CO3JaTh CHCTEMY C JHCTAHUHOHHBIM CHEMOM reoj]e3H4ecKoH
MHboOpMalMH H C NOJHOH aBTOMAaTH3alMel mpouecca BHICOKOTOY-
HBIX CTBOPHBIX H3MepeHHH (pHc. 88).

Ha nyukrax I wu Il ycraHaBiauBaloT Ja3epHbIi CTBOpOYyKa3sa-
Teqb I U npueMHyw 4Yacth 3 ®IAPY Ttak, utobbl GhIJIO obGecmeyeHo
HX yCTOHYMBOe NOJIOXKEHHe B T€YeHHe BPeMCHH, HeOGXOQUMOro IJsi
U3MepeHHsl HeCTBODHOCTeH BceX IPOMeXYTOuYHbIX Touek. Ha Bcex
NPOMEXYTOYHBIX TOYKAaX CTAlMOHApHOTO CTBOpa, BKJIO4Yas OIOp-
Hble myHKTH | ¥ II, ycTaHaBJAMBAIOT AMCTaHLHOHHBIE 30HHbIE MapKH
(2), KOHCTPYKLHSI KOTOPbIX NO3BOJISIET MOCJENOBATENbHO BBOAHTDH
30HHble NJIAaCTHHBI B pabouee MOJIOXKeHHe C oOLIero KOMMyTaTopa
8, pacmoJIoXXeHHOr0 Ha INyJbTe YIpaBJieHHs 4, NOCJeNHHI TaKXKe
BKJIO4aeT 6J0K UHGPOBOH HMHAMKALHMH BEJHUHHBl ONpejessieMbIX
HEeCTBODHOCTEH 6, BBICOKOBOJIbTHBIH CTaOHJIH3MPOBaHHBIH OJIOK IH-
TaHusl (HOTO3JEKTPOHHOrO perucTpHpylolero ycrpoiictea 5 u 60k
NMHTaHHUA Ja3epHOro cTBopoykasatens 7. IlyapT ynpaBjeHHs mpH
Heo6GXOAHMOCTH MOXeT GBbITb OTHeCeH Ha 3HAuHTeJbHOe paccTos-
HHe OT cTBOopa. KoMMyTaTop aBTOMAaTHYeCKH IIOCJeI0BaTesbHO
BBOAUT B pabouee II0JI0XKeHHe 30HHble MJIAacTHHB Mapok 3MJL.
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Puc. 88. Biok-cxemMa aBTOMaTH3alUHH CTBOPHBLIX M3MepeHHH
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Puc. 89. JIucTaHUHOHHO ynpas/iscMas 30HHAs Mapka
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3oHHas maactHHa & (puc. 89) mapku 3MJl ykpenJyeHa Ha Hep-
XaTteje 7 C TOPH3OHTAJbHOM OCbIO, KOTOpasi MOXeT BpalllaTbCs
B KOHHMYECKHX BTYyJKaxX. BpalleHue pgep:xaresnss BOKPYr TOPH3OH-
TaJbHOM OCH OCYLIECTBJsETCS 3JieKTpojBurareaeM / yepe3 TrHOKHH
BaJ 2, peayKtop 8 u xecTKylo Mydty 7/. Purcauus 30HHOH mJa-
CTHHBI B pa6oueM (BepTHKaJbHOM) M HepaboueM (rOpH30HTAJb-
HOM) [MOJIOXKEHHSIX BBINOJIHACTCS OTKJIOYEHHEM 3JIeKTPHYeCKOH
enu MHKponepekJiouaTensiMu I0 mnocpeacTBOM npephbiBatens 4,
paboune rpaHu KOTOporo pacmnoJjioxeHbl nopx yrjom 90°. IlpepriBa-
TeJb 3aKpemnjeH Ha MydTe Tak, UTO HMeeTCsi BO3MOXKHOCTb IOCTH-
POBKH €ro MOJIOXKEHHsS] NPH TOYHOH BbiBepKe BEPTHKAJbHOCTH 30H-
HOH MJacTHHB B paboueM noJioxkeHHH. Iy obGecreyeHHsi BO3MOXK-
HOCTH COBMELIEHHS OCH CHMMETPHH 30HHOH IJAcTHHB C OCbIO
LIEHTPHPOBOYHOTO BKJajbllla 8 KOHHYECKHe BTYJKH 6, 9 BBINOJ-
HeHbl I0CTHPYEMBIMH.

Bce 3oHHble MapkH 3MJl cHa6eHbl MHKPO3JIEKTPOABHIraTe-
JISIMH TIOCTOSIHHOTO TOKa HampsixkeHneM 6 B u BMecTe ¢ MHKpome-
pekJIouaTesiMH 3JIEeKTPHYECKH CBSI3aHbl CO CXeMOH KOMMYyTartopa.
KomMmyTatop cHabxeH CHrHaJbHOH mNaHesblo, (HKCHpYyolUled HO-
Mep 30HHOH MapKH, YCTAaHOBJIEHHOH B JaHHBIH MOMEHT BpeMeHH
B paboyeM MOJIOXKEeHHH.

H3MepeHre HeCTBOPHOCTH KaxAOH TOYKHM TaKOro CTalHOHap-
HOTO CTBOpa C BH3yaJIbHOH 3amHucbi0 NMOKa3aHHH 6J0Ka 1H¢poBOi
HHJMKALHK 3aHUMaeT He 6oJee 30 c.

B paccMorpenHoM jpuckpeTHOM PIPY c asjeKTpoMexaHHYeCKHM
CKaHaTOpOM MpeAyCcMOTpeHa BO3MOXHOCTb (poTorpaduueckoi pe-
THCTpPallHH TNOKa3aHHH O6J0Ka UH(PPOBOH HHAMKALHH, a TaKxKe
BBOJ HMH(OpPMAaLHH yYepe3 TPAHCISATOP HEMOCPEACTBEHHO B MaMsThb
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TakuM 06pa3oM, MOXKHO OCYLIeCTBHTb NOJIHYIO aBTOMAaTH3alHIO
npoliecca H3MepeHHH C omnepaTHBHOH 06paGoTKOH HH(OpMaALMH,
a Takxe CO03JaTb CJelsILyl0 CHCTeMYy C OOpaTHOH CBS3bIO.

Paspa6GoTan Jsa3epHHIl CTBOpPOGHKCATOp C aBTOMAaTHYECKHM
¢opMHpOBaHHeM H300paXKeHHs] HCTOYHMKA CBeTa Ha BCeM MpPOTSH-
JKeHHH 3ajaHHoro cteopa (pHc. 90). Hast 3Toro ofHOMEpPHYIO 30H-
HYIO NJIACTHHY BpalllaloT C NMOCTOSIHHOH YTJIOBOH CKOPOCTBIO BOKPYT
BEPTHKAJbHOH OCH, COBNajaiolleii ¢ reoMeTpHYeCKoil OCbl0 30H
@penens. IIns obGecrneueHHs: yeTKOro AHGpaKIHOHHOrO H306paxKe-
HHSl M OTCTPOHKH OT 3acBeTKH (DOTONPHEMHHKA perHCTpHpYIOLLero
yCTpOHCTBA ecTeCTBEHHHIM (OHOM MyYyoK CBeTa MOAYJHpYyeTcs
C 4YacToTOH, oT/aHYaloulelics OT 4YacTOTH BpallleHHss 30HHOH MJa-
cTuHbl. CBeTOBOH Ny4YoK OT Jasepa I/, MOAYJHPOBAHHBIH MeXaHH-
4eCKHM MOAYJATOPOM 2, MomnajaeT 4epe3 KOJJHMHPYIOILYIO OIN-
THKY 8 Ha 30HHYIO NJIAaCTHHY 4, KOTOpas KHHEMaTHYeCKH CBsI3aHa
¢ aJekTpojaBurarejeM 5. Uepe3 pedyKTop 6 K 3JEKTPOABHIraTeNIo
nojcoefAHHeH MoayJasitop. IIpu BpauieHHH 30HHOH NJIACTHHHI 3JeK-
TpoABHrartejJeM OHa (OpMHpyeT BIOJb OCH 3aJaHHOrO Hampa,Je-
HHSl H300pakeHHe 4 HCTOYHHKA CBeTa B BHJAE CKaHHpYouUleH
BIOJIb CTBOpa BepPTHKaJbHOH cBeTOBOH moJjiocku 7. [TosoxeHue cBe-
TOBOH MOJIOCKH H300paKeHHsi HCTOYHHKA CBeTa — B KaXIbi Mo-
MEeHT BpeMeHHM OIpefessieTcss COOTHOIUEHHEeM YIJIOB NOBOpOTa H
CKOpOCTell BpalleHHs 30HHOH NJACTHHBH M MOAYJSTOpA.

ITonGopoM YrJOBHIX CKOPOCTeHl BpallleHHsi 30HHOH MJACTHHH H
MoAyJsiTopa AoOHBaloTCsi TpeOyeMo# CKOPOCTH CKaHHpPOBAHHS CBe-
TOBBIX METOK BJIOJIb 3aJlaHHOI'O HampaBJleHHs, a TaKxkKe YacCTOTH HX
NOBTOpEeHHUsl, YTOOB OblIO yNOGHO BEeCTH KaK BH3yaJlbHYI0, Tak H
(OTO3/1eKTPUUYECKYIO pEerHcTpalyi0 BeJHUYHHB HECTBOPHOCTEH KOH-
TponHpyeMBX Touek. IIpH Heo6XOAMMOCTH KOHTPOJISI NMOJIOXKEHHS
OJHHX H TeX Ke TOYeK CTBOpa B TeueHHe NPOAOJKHTEJbHOrO Bpe-
MEHH HCHOJb3YIOT MOAYJATOP C HECKOJbKHMH OTBEpPCTHSIMH, B3a-

Puc. 90. JlasepHuiii CTBOPOGHKCATOp C aBTOMAaTHYECKHM (OpMHpOBaTesIeM H30-
GpaKeHHs1 HCTOUHHKOB CBeTa
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MMHOE PacloJIOKeHHe KOTOPHIX COOTBETCTBYET PaCHOJIOKEHHIO KOH-
TPOJIUPYEMBEIX TOYEK BJAOJb CTBOpa. B 3TOM ciaydyae 30HHas mJja-
CTHHA H MOJYJSATOpP BpPAILAIOTCSl B COMJIACOBaHHHIX (ha3ax W C OOH-
HaKOBOH CKOPOCTBIO.

PaccmoTrpenHEle KOMNJIEKTH amnmapaTypbl Ja3epHEIX CTBOPO-
¢ukcaropoB THna JIMCT npumeHssHCh NpH reoie3nueckoM obec-
TeYeHHH pslla CTPOSIUXCS coopyxeHHi. Tak, HanmpuMmep, NMpH BHI-
MOJIHEHHH CTBOPHBIX M3MepeHHH Ha cTBope AJUHOH 864 M cpenHsisi
KBaJipaTHuecKasi NOTPELIHOCTb OMNpeleseHHs] HECTBOPHOCTH Cpen-
Hero myHKTa cocraBuJjia 0,18 mm uau menee 0,08”.

§ 34. AHaJIM3 TOYHOCTH CTBOPHBIX M3MEPEHMiA
Na3epHbIMH HHTEP(dEPEHUHOHHBIMH CTBOPOGHKCATOPAMH

Paspabotka 3¢ ¢eKTHBHOH METOAHKH NpPHUMEHEHHsI TaKOro BHI-
COKOTOYHOro mnpubopa JJisi CTBOPHHIX M3MepeHHiH, KaK Jia3epHHIH
nHtepdepeHunoHHbll cTBopodukcarop JIMCT, BO3MOXKHA TOJBKO
nocje TIATEJbHOTO aHaJH3a BCECTOPOHHHX 3KCHEepHUMEHTAaJsbHBIX
uccienopanuii. C 3To#l uesnblo ObLIH NMPOBENEHHl HCCJENOBaHHS:

BO3MOXHOCTeH H YyCJIOBHH (OPMHPOBAHHSI 30HHOH MapKOH
H306parKeHHusi, MPUTrOJHOTO AJS1 BHLICOKOTOYHOIO KOHTPOJSI TPSIMO-
JIHHEHHOCTH U COOCHOCTH;

Tpe6OBaHHH K KOJHYeCTBEHHbHIM H KaueCTBEHHBIM NapaMmeTpaM
H3Jy4eHHs J1a3epHOr0 CTBOPOYKa3aTess;

Tpe6OBaHHH K CTAaOGHJBHOCTH MOJIOXKEHHS Jadepa, KOJJIHMHPYIO-
el HJM pacceHBalollell ONTHKH H (POTO3JEKTPHUECKOTO HJIH BH3Y-
aJIbHOTO PETHCTPUPYIOLLEro YCTPOHCTB;

Tpe6OBaHUHl K COOJIIONEHHIO TeOMETPHYECKHX YCJOBHH OTAEJb-
HBIX 3JIEMEHTOB amnmapaTypel H HX TreOMeTPHYeCKOH B3aHMOCBS3H
B €JIHHOM KOMIIJIEKCE;

paspelamouell Crnoco6GHOCTH H YYBCTBUTEJBHOCTH aNmaparyphl;

TOYHOCTH CTBOPHBIX H3MepEeHHHl NMpH KOHTpPoOJie MPSIMOJIHHEHHO-
CTH H COOCHOCTH;

peKoMeHJauMil Mo MeTOAMKe M OpraHH3alMH mpolecca H3Me-
peHHi;

JlajbHeHLINX MyTel yCOBeplIeHCTBOBAHHS.

HccnenoBanns BHINOJHEHB HAa NATH Pa3JMYHBIX IO CBOeH KOH-
CTPYKLHMH H AJIHHE ONMOPHBIX reofie3HuecKux crtBopax (puc. 91).

CrBop Ne | nauHoii 12 M pacnosoxeH B NMOMeILEHHH ORHOH H3
na6oparopuii EpeBanckoro mosnutexHuueckoro uHcrturyta (EPITH),
ctBop Ne 2 pomnHoit 33 M —B NOMeEIEHHH ONTHKO-MEXaHHYeCKOro
koMnapaTtopa EpeBaHckoro yckoputenst snekTpoHoB (9KY), ctBop
Ne 3 pnuHO#t 66,5 M — B NMOMELIEHHH ONTHKO-MEeXaHHYECKOro KOM-
naparopa CepnyXxoBCKOro YCKOPHTEJIS.

UccnenoBanuss Ha cTtBope Ne 1 mpoOBOAHJIHCHL C NpPHMEHEHHEM
BBILIEONHCAHHOTO BH3YZJIbHOTO perHCTPHPYIOILEro YCTpPOHCTBa, a Ha
ctBopax Ne 2, 3, kpoMe TOro, Hcne/ab3oBaduch PIPY nuckperHoro
M ocuu/LIorpaguueckoro THnoB 5, 6, 7. B mnocjenHeM ciayuae
coBMelleHHe LeHTpa H300paKeHHss ¢ OCbio AU depeHIHadbHOH
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Cmbop N°1

080 140 4,94 - 250
J 7,
____________ Fi &
Nonynpospaywsri lpuemroe
Cmfop N°2 Jrxpar yempodembo
e 1,334 1,625 , 6,42 450,
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Cmfop N°3
, 6,56
10,33

10,33

Puc. 91. CxeMbl 3KCIIepHMEHTAJBHBIX CTBOPOB

mapku @OIPY ocyllecTBJAsIOCh BbIpaBHHBAHHEM 10 aMIJIMTyJe
JIBYX HMIYJbCOB Ha 3KpaHe ocuujjorpada nyreM nepeMeLleHHs
30HHOM NJACTHHBE B HampaBJIeHHH, NepNeHAUKYJISIPHOM K CTBOpY.
Jasi 6ojiee HageXKHOro COBMeLEHHs] OJHH H TOT XK€ OlepaTop MOr
nepeMeliaTh 30HHYIO NJIACTHHY M OJHOBpPeMeHHO HabJionaTth 3a
NoJIOXKeHHeM MMIYJbCOB 4Yepe3 3pHTeJbHYl0 TPyOy Teomoauta 4.

HccnepoBannsi Ha ctBopax Ne 1, 2 mpoBefeHB Kak B mapaJ-
JIeJJbHOM TNYyYKe KOrepeHTHOr0 MOHOXPOMAaTHYeckoro csera (MJjoc-
Kasg BOJIHA), TaK M B pacxoisueMmcs (cepuueckasi CBeTOBas
BoJiHa). B KauecTBe KOJlMMaToOpa HJM pacceuBalolleH ONTHKH HC-
NOJIb30BaJICS TEONOJHT, H3MEHEHHEM MOJIOXKeHHs] (POKyCHpYIolIero
JINH30BOTO KOMIOHEHTa KOTOPOro JOGHBAaJHCh MNOJIyYeHHS] MpPaKTH-
YeCcKH MapaJjieJlbHOro HJH 3aBelOMO pacXoJslLerocsi myuka.

UccnenoBanuss Ha ctBope Ne 3 mpoBefeHb 6e3 MCIOJIb30BaHHUS
JOTOJTHUTEJIbHOH ONTHKH 2 B MNy4Ke COOCTBEHHO JIa3ePHOrO H3J]y-
yeHus I ¢ yriom pacxoaumoctu 15,

ITockosbKy Teopusi (GOpMHpPOBAHHS H300pa)KeHHsI CpeiCTBaMH
KOTepeHTHOH ONTHKH He JaeT TNOJIHOrO OTBeTAa Ha psijJ BaXXKHBIX
C reolie3HuecKoifi TOYKHM 3peHHsI BONPOCOB, NMPOBEIEHbl HCCJEJOBa-
HHsl BO3MOXKHOCTEH NPAKTHYECKOTro MOJIyuYeHHsI KaueCTBEHHOTO H30-
O6paxkeHHsi C NOMOIIbIO TeoJe3H4YeCKHX 30HHBIX MapoK.

OnbiTHHE 06pa3lbl OHOMEPHBIX H JBYMEPHBIX 30HHBIX MapoK 3,
HCNOJIb30BaHHbBIE B JaHHBIX HCCJEJOBAHHSIX, H3TOTOBJIEHH MO BHI-
IIEpacCMOTPEHHOH TEXHOJOTHH Ha TOHKHX MeTaslJIHYecKHX nJja-
CTHHAX.

Kaxjasi 30HHast Mapka cOfep:KHT He MeHee 50 3¢ ¢eKTHBHBIX
NpPO3payHbIX 30H B BHJAE BePTHKAJbHBIX CKBO3HBIX LeJiel HJIH CH-
CTEMBl NPSIMOYTOJIBHBIX «OTBEPCTHH».

C uesblo onpejelieHHss ONTHMAJbHOIO YHCJA NPO3PAyHBIX 30H
BBITIOJIHEHO ‘HCCJ/leJoBaHHe 3aBHCHMOCTH MHTEHCHBHOCTH OCBELEHHO-
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CTH B leHTpe H300pa)KeHHsi OT HX YHCJA. DKCIEPUMEHT OCYLLEeCT-
BJeH Ha 6asze ®IPY ocuunnorpagpuueckoro THma myTeM H3Mepe-
HHSl aMIUVIMTYy[Abl BHAEOCHTHaJa NpPH Pa3HOM YHCJe OTKPBITBHIX 30H
(2n mensnoch ot 2 no 50). OcHOBHOH BKJaJ B HHTEHCHBHOCTb H30-
OpaxkeHHsi BHOCSIT 30HBI Hu3llero nopsinka (n=1--10). OueBHzHO,
JJIsl TeOfle3NYeCKHX lleslel MaKCHMaJlbHOe 4HCJO 2n BCeX Mpo3pay-
HBIX 30H HeleJecoo6pa3Ho H0BOAUTb Gojee ueM mo0 50, Tak Kak
npH GOJIbIIEM HX YHCJE YCJOXKHSETCS TEeXHOJIOTHSI H3rOTOBJIEHHS,
a yBeJIHUEHHE MHTEHCHBHOCTH H306paKeHHsl CTAHOBHTCSI HecCyllecT-
BeHHbIM. Bo MHOrux cJiyyasix reoJe3HuyecKoro npHMeHeHHs AOCTa-
TO4HO orpaHHuuBaTbecsi 20—30 mMpo3payHBIMH 30HAMH.

HccaenoBanve BAMSIHHS HemeplNeHAMKYJSPHOCTH pabouel mJoc-
KOCTH 30HHOH NJIACTHHBI K OCH CTBOpa H BO3MOXHBIX pa3BOPOTOB
ee 3aKJI0YaJoch B ciaelymolleM. Pabouyasi nJocKocTb 30HHOH mJja-
CTHHBl, Ha KOTOpOI HaHeceHHl 30Hb DpeHeJss, yCTaHaBJHBaJach
NnepHeHUKYJISIPHO K CTBOPY, ee IOJIOXKeHHe (DHKCHPOBAJOCh, 3aTeM
30HHAasl MJAacTHHAa pa3BOpPayMBasach BOKPYr BEpPTHKAJbHOH OCH
CHMMETPHH H yepe3 1° MOBOPOTa BBIMOJHSJNHCH CEPHH COBMeLEHHH
HeHTpa H306paxeHHsi ¢ ocbio JAH¢depeHuHanbHOH Mapku PIPY
aHaJIOTHYHO MPEeAbIAYLIHM HCCJeOBaHHSIM.

B Ttaban. 13 nmpuBeneHBl ycpeAHeHHBle OTCUETHl IO HHAHKATOpY
30HHOH MapKH M pe3yJbTaThl OLEHKH TOYHOCTH IO CEpHSIM COBMe-
mieHu#.

HccnenoBaHue 1moKasaJo, YTO pasBOpPOT AaxKe B GOJBLIMX Ipe-
Jdenax (#15° or HOpMaJILHOTO K JIHHHH CTBOpa IOJIOXKEHHSI) IpH
COOCHOCTH OCH CHMMETPHH 30HHOH NJACTHHBI M OCH BpalleHHs Be-
Oyueil CTaHUHH NPaKTHYECKH He BJIHMseT Ha MNOJIOXKeHHe H306pa-
JKeHHsT B IJIOCKOCTH H3MepeHHH. HM3o0pakeHHe mpu 3TOM He-

TABJHIA 13

IMosoxXeHHe SOHHOM
NJaCTUHH OTHOCHTEJIbHO Cpepnuft orcuer Pa3sHOCTb,
JIMHUM CTBOPa, NpH OAHOM TOJIOXKEHHH MKM m, MKM

yria. rpagyc HMHHKaTOpa
90 4486 3
85 4491 i?s 1
80 4506 T4 4
75 4510 8

p=—I15° 4-24
90 4486 3
95 4488 *2 6
100 4470 s 6
105 4467 11

p=+15° —15
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CKOJIbKO pa3MbiBaercsi (a NmpH GOJIbLIHX pa3BoOpoTax BooOlle Hcye-
3aeT), HO LIEHTp ero He CMellaeTcsi, YTO OO'bSICHSETCS H3MeHeHHEeM
JHUb MPeAMEeTHOr0 PacCTOSIHHS ¢; OT 30HHOH MJACTHHBI A0 IJOC-
KocTH (OopMHpOBaHHs H300paxeHHs. BeauunHsl +24 u —15 MKM
BBHI3BaHHl BJIHSIHHEM 3KCLUEHTPHCHTeTa pabouell MJOCKOCTH 30HHOH
MapkH BJOJb CTBOpA.

Haks0oHB 30HHOH MJIACTHHBI B NJIOCKOCTH, NeEpIEeHIHKYJISIPHOH
K IJIOCKOCTH CTBOpa, NMPHBOASIT TOYHO K TAKHM XK€ HAKJOHAM OCH
CHMMeTpHH H300paxeHus. [JIis HaHHOH KOHCTPYKLUHH 30HHOI
MapKH OCb CHMMETPHH 30HHOH NJIACTHHBI JOJIXKHA ObITH NpHBeJEHA
B BepTHKAaJIbHOE INOJIOXKEHHE C TOYHOCTbI0 mopsizka 10—15”, ¢ Tem
4yTOOBl BJHSIHHE ee HaKJOHa Ha pe3yJbTaThl CTBOPHBIX H3MepeHHH
He npeBbano 10 MKM.

Haknon 30HHOH nmyacTHHBI BROJb 33aJaHHOTO CTBOpa NpaKTHYe-
CKHM He BJIHSIET Ha IOJIOKeHHe OCH CHMMETPHH H300paxKeHHs, eCJH
ee pabouasi MJIOCKOCTb YCTaHOBJEHA NepINeHAUKYJSIPHO K CTBOpY.
Iasi obecrneueHHsi 3TOro 30HHAsE MapKa HOJiKHA OBITh CHaGxkeHa
BH3HPOM.

U3 teopun ¢opmupoBaHusi H30OpaxKeHHs CJeAyeT, 4TO, €CJH
4acTb 30HHOH NJACTHHBI 3aKphITa HENPO3pPauyHbBIM 3KPAHOM, IOJO-
JKeHHe H300paxKeHHsl JOJ/IKHO COXPAHSIThCS, €CJIH Ja)Ke OHO Haxo-
JUTCSl BHYTPDH reOMeTpHYecKOH TeHH. MeHsieTcsi JMIUb HHTEHCHB-
HOCTb H300paxeHHs. C LleJbl0 NMOATBEPXK/IEHHSI 3TOTO IMOJIOKEHHS
U BBHISIBJIEHHsI BJIHSIHHS HETOYHOCTH HaHeceHHsi 30H DpeHensi ObLIO
NpOBeJIeHO cieaylolee HCClel0BaHHe.

ITocne ompenesneHHst MOJIOXKEHUS] H300paKeHUs! JJisi MOJHOCTBIO
OTKPBITOH 30HHOH NJIACTHHBI HENpPO3payHBIM KPAHOM 3aKPHIBAJHCH
pasHble yacTH 3¢ PeKTHBHOH NMOBEpXHOCTH. IIpH 3TOM B HEKOTOPHIX
MOJIOXKEHHSIX paboOyMMH OBIJIH TOJBKO INOCJeJHHe MO BO3PacCTaHHIO
HOMepOB Mpo3payHble 30Hb, B JAPYTHX — TOJBKO leHTpaJbHbIE
30HBL. JIJ1l KaxAOro NoJIoXKeHHsI SKpaHa ONpelessiyoch NMOJIOXKEeHHe
OCH CHMMeTDHH H300pakeHHs N0 HHIMKATOpy 30HHOH MapkH. [lo-
JoxeHHe I COOTBETCTBOBAJIO MOJIHOCTbIO OTKPBITOH 30HHOH mJa-
CTHHe, a TmoJioxXeHHe X — 3aKPBITOH LEHTPAJbHOH YacTH IJa-
CTHHBL.

Howep — [onowemse, Howep — Honoweme,
wnn . Honcen wn o Denees
I 9,996 9,0 VI 9,981 10,2
I1 10,026 7,5 VII 9,956 7,5
111 10,032 13,3 VIII 10,021 11,5
|\Y% 10,030 9,3 IX 10,002 5,3
A" 10,011 17,0 X 9,882 14,0

AHanu3 JaHHBIX TOKa3biBaeT CYLIECTBOBaHHE OIlpejeseHHO
3aBHCHMOCTH MeXJY acCHMMeTpHel INOJIOXKEeHHs] TPYNNbl AeHCTBYIO-
IIUX B KaXJAOM cJyuyae 30H DpeHessi M TNOJOXKEHHEM H300paxe-
Hus. Kpome Toro, Ge3ycnoBHO Hab/I0ANOCh H3MEHEHHE aMILIH-
TYAbl BHJEOCHTHa/Na B 3aBHCHMOCTH OT pa3Mepa H MOPSAKOBHIX HO-
MepOB 30H OTKPBHITOM 4YacTH MJACTHHBL M HeGOJbLIOE, B Mpefesax
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30—40 %, wusMeHeHHe WWHPHHB H300paxeHusi. HauGosee peskoe
yMeHbllleHHe aMIJINTYABl BHAEOCHTHala H HauboJsbliee CMelleHHe
u3obpakeHusi HabJI0fajJ0Ch, KOrAa OblJM 3aKpBHITH HyJeBas H
nepBble JBe NPO3payHble 30HHI.

STO NMOATBepIKJAaeT OCHOBHOH BKJaj 30H HH3LIEro Mopsiika Kak
B HHTEHCHBHOCTb, TaK M B IOJIOXXEeHHe leHTpa H300paKeHHs
B IJIOCKOCTH u3MepeHuii. CyefoBaTesbHO, B MpOllecCe CTBOPHBIX
MU3MepeHHH MHHHMaJbHBIH pasMep INONEPEYHOro CeyeHHsl CBETO-
BOrO0 INy4yKa AOJuKeH OBITb TaKHM, 4YToOBl OcBellasach GoJbluas
4acTb 30HHOH mJaacTHHH. IlorpemHocTH B HaHeceHHH 30H Dpe-
HeJis MOTYT BJIMSITb Ha IOJIOXKEHHe OCH CHMMETPHH H300paKeHHs
NpH HEOZHOPOAHOM OCBELIeHHH IJIACTHHBI HJHM CJydyaHHOM ee 3a-
TeHEHHH.

KadecTBo HM3roTOBJIEHHSI 30HHOH NJACTHHBI B CMbICJIE JOMYCTH-
MO aCHMMETPHYHOCTH IOJIOKEHHS] KpaeB OJHOHMEHHBIX INpO3pau-
HBIX 30H 3aBHCHT OT TpeOGOBAHHMH K TOYHOCTH CTBODHBIX H3MepeHHH.

Ha wHam B3rasj, npH BBICOKOTOYHBIX CTBODHBIX H3MEpEHHSX
(m=0,1-0,5 MM) acuMMeTpHUYHBIEe NOTPEIIHOCTH He JOJIKHBI Ipe-
BocxoauTh 0,1 oT 3amaHHON cpenHell KBaJpaTHYeCKOH mOTrpeLlHO-
CTH CTBOPHBIX H3MepeHHH WM GbITb MPHMEPHO PaBHBIMH YYBCTBH-
TeJIbHOCTH HcnoJb3yeMmoro GIPY.

[TpomosnpHOe paccTosiiHe, Ha KOTOPOE MOXKHO CMECTHTb 30HHYIO
naactTuHy uan OIPY, He BbI3BaB 3aMeTHOrO yMeHbIUEHHS] YYBCT-
BHTEJBHOCTH CTBOPOGHKCATOpa, omnpefesisieTcst TJyOHHOH pPe3KOCTH
Ag; n306paxKeHHsT U COCTaBJISieT MO 3KCHEPUMEHTAJbHBIM JaHHBIM
npumepHo 2 Y% oT mnpeaMerTHoro paccrosiHus ¢;. Tak, HampuMep,
VIS 30HHOH MJIACTHHBI C p1=24 M M ;=72 M rayb6uHa pe3KOCTH
n3obpaxenuss cocrasiaser Ag;=15 M, U [1Js TOH e MJIACTHHBI
IpH TOJIOXKEHHH €e C po=72 M, g2=24 M, Ags=0,5 M. B cBsi3u
C 3THM OJHY H TY XXe 30HHYIO NJIACTHHY MOXHO MCIOJb30BaThb Ha
HEeCKOJIbKHX TOYKaX, eCJIH pacCTOsiHHe MeXJIy HHMH He IPeBOCXO-
IUT ray6HHBl pe3kocTH. KpoMe Toro, npu pab6oTe B myuke ¢ KOHeu-
HOM PacXoJMMOCTbI0O MOXHO HCHOJIb30BaThb ONHY H Ty XK€ 30HHYIO
IJIACTHHY TPH CTPOTO CHMMETPHYHOM pAacCIHOJIOXKEHHH BeAyllel
CTaHUMH OTHOCHTEJNbHO CepelHHB OOLieH IJHHBI CTBOpA.

B Hacrosillilee BpeMsi H3rOTOBJIEHBI M HCCJEJOBaHBI OMNBITHBIE
o6pa3upl 30HHBIX NJACTHH, (OPMHPYIOUIMX BIIOJHE YAOBJETBOPH-
TeJlbHble 10 KayecTBY H300pakeHHs TOYEYHOTO HCTOYHHKA CBeTa
¢ aauHo#t BoJaHbl 0,6328 MKM Ha paccrosinuu ¢; ot 10 mo 1000 M.
Ilpu sTom wHpuHa u300paxkeHus: kosaebsercs ot 0,2 no 8 Mm.

HccnepoBanuss mno omnpejnesneHH0 TpeOGoBaHHH K COGJIONEHHIO
reOMETPHYECKHX YCJOBHH M CTAGHJIBHOCTH INOJIOXKEHHS OTHAEJbHBIX
snementoB Kommaekra JIMCT BuimosHenbl Ha cTBope Ne 1 u 2.
Huxe npuBOASITCS pe3ysbTaThl HEKOTOPHIX OCHOBHBIX, Ha Hall
B3IJIsill, 9KCIIePHMEHTOB.

HccnenoBaHue BJHSIHHS a3MMYyTaJbHBIX PasBOPOTOB H HAKJO-
HOB Jla3epa C HCNOJIb30BAaHHEM KOJIJIIMMHPYIOILEH ONTHKH BBIMOJIHSA-
JIOCh NyTeM MaJblX pa3BOPOTOB Jla3epa BOKPYT BepTHKAJbHOH OCH
MOACTAaBKH U HAKJOHOB B BePTHKAJbHOH IJOCKOCTH, COBmajalollel
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C HampaBJieHHeM CTBopa. BesMuMHa KaXIoro Majoro pasBopoTa
¥ HaKJOHA pEerHCTpPHpPOBAJach CHELHAJbHO H3TOTOBJIEHHBIM YCT-
pofictBoM. IlosyueHHBle MpH KaxKAOM NOBOpOTe Jasepa Ha 3’ cMe-
IeHus1 H3oOpaxkeHusi oT nHbdepeHunansHoit Mapku DPIPY kKom-
MEeHCHPOBAJHCh IepefiBHXXEHHeM 30HHOH NJACTHHBI [0 IOJHOTrO
COBMelleHHs1 uX. JlJIs MOBHILIEHHS] TOYHOCTH M ee OLeHKH INPOH3BO-
Juau no 10 He3aBHCHMBIX COBMEILEHHII NMPH ABYX NPOTHBOIOJIOXK-
HBIX OTHOCHTEJIbHO HamnpaBJ/IeHHsi CTBOpPA MOJIOXEHHSIX OTCYETHOTrO
HHIMKaTopa 30HHOH MapKH. HcciemoBaHHsi mokasaJjiH, 4TO JKeCT-
KHX TpeGOBAaHMH K OPHEHTHPOBKEe H CTAGHJbHOCTH NOJIOXKEHHS Ja-
3epa He NPENBSBJSETCS, €CJH B KOMIJIEKT anmapaTypbl BBOAUTCS
KOJIJIMIMHpYIOILlasi HJIM pacceHBalollasi ONTHKA.

BiMsiHHe a3HMYTaJbHOrO H BBICOTHOrO pa3BOpPOTa KOJIIHMa-
Topa (3puUTesbHOH TpyObl TEOJOJIHTA) HCCIENOBAJIOCH NMyTeM asH-
MYTaJbHOrO pa3BOpPOTa M HAKJIOHOB TPYOHl KOJJIHMHpYIOUIEH oOI-
THKH C COOTBETCTBYIOLleH (HKcalHell BeJHYHHBI pPa3BoOpoTa IO
JUMOY FOpPH30HTAJIBHOTO HJIH BEPTHKAJbHOTO KpyTa.

DKClepHMEHT BBINOJIHEH [Jisi CJydasi MapaJjieJlbHOro H pacxo-
asiuerocsi myyka csera (yros pacxomumoctd 16,5”). Ilpu 3ToM Hc-
NoJIb30Baslach OfHA M Ta XKe 30HHAs MJACTHHA, Y KOTOPOH COOTHO-
IIeHHe MeXAY (POKYCHBIM pacCTOSIHHEM [ M pPacCTOSIHHSIMH p; H ¢
IIPH pacXonsilieMcsi NMy4ykKe HAaXOAMJOCh B CTPOrOM COOTBETCTBHH
c ¢opmynoii (124) (MHHUMBIH TOYEUHBIH HCTOYHHK CBETA HAXOJHUTCS
Ha pacCTOSIHUM p; OT 30HHOH MJIACTHHBI, PACCTOSIHHE ¢; ONpeNessi-
ercsi GaKTHYECKHM YTJIOM PaCXOAUMOCTH).

PesysnbTaThl HcCIeIOBaHHS NOKa3aJH NpPaKTHYECKH JIMHEHHYIO
3aBHCHMOCTb CMeLIeHHsI H300paXKeHHsl B IJIOCKOCTH CKaHHPOBAaHHS
®DPY or BesHUHHB pa3BopoTa Kojsaumartopa. Ilpu mapansenbHoM
Nyyke CBeTa AJsi KOMIEHCAlUHH a3HMYyTaJbHOrO NMOBOPOTA KOJIJIH-
matopa Ha 10”7 HeoGXOAMMO CMECTHTb 30HHYI0 MJACTHHY Ha
386 MKM, mpH yrie pacxoauMocTH myuka 16,5 u ¢dakTHueckoM co-
OTHOLIEHHH pPacCTOSIHHUH p; U ¢; B JaHHOM 3KCIEePHMEHTe TaKOMY
J)Ke pas3BoOpOTy TPYOGbl TEOJOJIHTA COOTBETCTBYET CMellleHHe 30HHOH
nnacTieel 209 Mkm. Ilpn 3TOM HeOOXOJMMO OTMETHTb, YTO YeM
GoJsibllle yrJoBasi BeJHYHHA PAacCXOAMMOCTH NydyKa CBETa, TeM MeHb-
IHe Tpe6OBaHHS MpPeNbABJSIOTCS K CTAaGUJIBHOCTH a3HMYTaJIbHOIO
NOJIOXKEHHs] pacceHBalollleli ONTHKH. HeTOYHOCTH OpHEHTHPOBaHHMS
KOJIJIMMHpYIOLIel HJIM pacceHBamollell ONTHKHU MO BBICOTE H HeCTa-
OUJBHOCTb €ro MOJIOXKEeHHs] BO BPEMEHH B BePTHKAaJbHOH NJOCKOCTH
CTBOpa NPAaKTHYECKH He OKa3blBAIOT BJIHSIHHSI HA INOJIOXEHHe H30-
O6pakeHus B NJIOCKOCTH H3MepeHHs *.

JocraTtouHo 06beKTHBHOE MNpejcTaBjieHHe O NMPHOOPHOH TOYHO-
ctu annapatypel JIMCT Moram naTh NMOBTOpHBIE MHOrOKpaTHbIE
BBeJ€HHsI 30HHOH MapKH B CTBOP 3aJaHHBIM JIa3epHBIM MYYKOM
cBeta. HccnenoBanuss ¢ Ha6opoM HeoOXOAMMOI'O CTAaTHCTHYECKOTrO

* BI)IBO}lbI no pe3yJsbTaTaM JMAaHHOTO HCCJeAOBAaHHSA TNOJHOCTbIO OTHOCATCSH
I K BJHSIHIIO CTaGHJBHOCTH TOJNOXeHHs Jlazepa npn HCNOJL30BaHHWII €ro 13Jjayuc-
HHUs 6e3 OMOJHITENbHOMR KOJIJIHMHPleIIIeﬁ HJIH paCCGHBalOUIel’[ ONTHKH.
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matepuana Oblnd mpoBeA€HB! ¢ BH3YaNbHOI H (DOTO3/JIEKTPHUECKOI
perucTparHe.

Jlnst TMOBbILIEHHS HAJEXHOCTH IOJYyYeHHsl BeJHYHHBI CpelHeil
KBaJipaTHYeCKOll MOTPEeILIHOCTH ONHOTO COBMeLULEHHS (Mcosm) HC-
CJIelOBaHUs TPOU3BOAHUJH HE3aBHCHMO ABa HMCIOJIHHTEJSI B Pa3HbIX
YCJOBHSIX [JIsl pa3HbIX MO CBOHM NapaMeTpaM 30HHBIX IJIaCTHH H
Pa3/IMYHOrO COOTHOLIEHHS] PacCTOSIHHH p; M ¢;. BbluncjeHus mpo-
u3BeJleHbl 10 H3BecTHoil ¢opmyste m=4/20v*(n—1) . Cpennue
KBaJipaTHYeCKHE NOTpEIIHOCTH COBMEIUEHHs] NMPH BH3yaJbHbIX BBe-
JIeHHsX u3o0paxeHHusi B OHCCEKTOp TeomoJHTa Ha cTBope Ne 1 (cMm.
puc. 91) caeayioumue: 26 MKM (TEOZONHT B TOUKe l; mepeiBHKEHHE
30HHOH MNJIACTHHBI OCYLIECTBJISIeT INOMOLIHHK IO KOMaHAe HabJIo-
natens) U 16 MkM (Habiooparesnb NepeiBHraeT 30HHYIO MJIACTHHY
H OJHOBpeMeHHO COBMellaeT ¢ GHCCEKTOPOM TeOJOJIHTA).

B rta6a. 14 npeacraBJsieHbl pe3yJbTaThl ONpefeseHHs] BeJHYHHBI
Meosw [JIS1 30HHBIX NJACTHH € (OKYyCHbIM pacctosiHHeM 27,00 u
8,94 M B mapaJueJbHOM H pacxofsilieMcsi nyukax cBera. HMamepe-
HHSL OCYLIeCTBJS/NHCh ¢ noMoublo ®IPY B ocuunnorpaduueckom
BapuaHte. B 3Toif Tabnuue ¢’ — dakTHyecKoe mnpeaMeTHOe pac-
cTosiHue OT 30HHOH muacTHHHE no0 PIAPY. Kaxnoe 3HaueHHe Mcosm
BoiBefeno u3 20—100 otmenbHbix HaBeneHu#. Kak BumHo, cpenHsis
KBajJipaTHuecKasi MOTPEUIHOCTb OJHOTO COBMEILEHHs COCTaBJseT
11 MKM.

IIpu6opuasi uyBcTBHTeNbHOCTh JIMICT 3aBHCHT Takxke OT Tak
Ha3bIBAEMOI'0 «yBeJHUYeHHs» cTBopodukcaropa. [loj yBennueHHem
JIUCT umeercsi B BUIY OTHOLIEHHe JHHefHOro cMeuleHuss A u3o-
6paxeHuss B miaockocty ®IPY Kk BelHuHHe NepeMelleHHsi 30HHOH
MJIAaCTHHBI O, HEOOXOAMMOro 1Jis1 BO3BpalleHHs1 H306paxKeHHs B HC-
XoJHoe cocTtosinue: I'=A/8.

Inst ToueyHoro ucTOuHHKa cBeta d=Ap:i/(pi+q:). Popmyna
MOJIHOCTBIO NOATBEpPAHJACh B pe3yJbTaTe CIeLHaJbHO MOCTAaBJIeH-
HOTO HCCJIeOBaHHSI.

TABJWUA 14

Hopmep , , y X
n:gg:ﬂu fom g’ M m“,‘j,‘m HaB:};::Houﬂ ua:f}l')::::g ,'.'Z;'e",f‘a
2 8,94 8,90 12 60 TMapanaenbHsrit
2 8,94 9,24 9 100 »
2 8,94 10,16 9 80 Pacxoasmuiics
2 8,94 15,10 11 20 »
7 27,00 27,00 11 70 TMapannenbHbiit
7 27,00 33,00 12 60 Pacxoasimuiics
7 27,00 42,00 11 40 »
Cpentee 11 2 =430
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Ha crtBope Ne 3 (cm. puc. 91) mnpoBeseHo uccaeqoBaHHE 110
CPaBHHUTEJIbHOH OlleHKe TOYHOCTH OINpeJeJieHHsl HeCTBOPHOCTH IpO-
MeXXyTOuHHX mnyHKTOB amnapatypoit JIMCT, cTpyHHO-onTHUeCKHM
H ONTHYeCKHM MeTogamu (TabJ. 15). OueHka TOYHOCTH BHINOJIHEHA
MO0 pa3HOCTAM JBYX Pa3JIMYHBIX METOJOB, NpPH 3TOM CXOAHMOCTb
pe3yJbTaTOB CTPYHHO-ONTHYECKOTO MeTOAA M M3MepeHHH ¢ Io-
mouipio annapatypsl JIMCT 3aMeTHO Bhilile.

TABJHUIOA 15

© CTpYHHHIH OnTnue-
£ CTpyHHHA 02;:;& JIUCT | Cpepmee | OnNTHue- CTJQ{I}E‘;I“ CKHAt
z 8 MM | 8. Mgy | Op MM | 8; MKM cKuit 4\ mkm JmcT
) ¢ d;» MKM i d; » MKM
e
| 0 0 0 0 0 0 0
1 —350 —116 —286 —248 —234 —64 —+170
2 +135 -+315 4216 -+222 —180 —81 -+99
3 —41 —+122 +127 -+70 —163 —168 —5
4 —496 —328 —402 —409 —168 —94 +74
5 +427 -+478 —+435 +-447 —51 —8 -+43
6 +213 -+230 +152 -+198 —17 —+61 +78
7 +5562 4678 -+573 +-601 —126 —21 +105
8 +1242 -+1033 -+1211 +1162 —+209 —+31 —178
9 +-347 ~+515 -+430 +431 —168 —83° +85
10 +485 ~+-547 +530 4521 —62 —45 +17
11 —619 —495 —516 —543 —124 —103 —+21
12 —275 —208 —114 —199 —67 —161 —94
13 —61 —84 +13 —53 ~+23 —48 —71
I1 0 0 0 0 0 0 0
Zd; —86 —62 -+26
n
>
——78 44 66

2(n—1)
rae d; =d;— Zd;/n; n=13




F'nasa 7

NMPUMEHEHUWE BbICOKOTOYHbIX
FEOOE3NYECKHX METOAOB KOHTPOJIA
NPAMOJUHEAHOCTH U COOCHOCTH
B CTPOMUTEJIbCTBE

§ 35. 'eope3anyeckmnit KOHTPOJIb NPSAMOJHHEHHOCTH U COOCHOCTH
TEXHOJIOTHYECKOro 060PyA0BaHUs yCKOpHTeiei
3apsAKeHHbIX YacTHIY

[ToBBIlIEHHEe KayecTBA M COKpalleHHE CPOKOB CTPOHTENBbCTBA,
MOHTaXa H 3KCIJIyaTallUH TeXHOJOTHYEeCKHX JIMHHH Hepa3phbiBHO
CBSI3aHBl C HX TeoJle3HYeCKHM obecneueHHeM, KOTOPOe BO MHOIOM
3aBHCHT OT TeXHMYECKHX TpeOGOBaHMHl K TOYHOCTH YCTAHOBKH 060-
PYAOBaHHsI, KOHCTPYKTHBHBIX OCOOEHHOCTEH COOpYKEHHH, METOHOB
H CPeJCTB H3MEpEeHHUH.

[Ipy BHIMOJNHEHHH HHXKEHepPHO-reoJe3HYeCKHX paboT B CTPOH-
TeJbCTBE IIHPOKO HCIOJB3YIOT PacCMOTPEHHBIE BBICOKOTOUHBIE
METOABl U CPEACTBA KOHTPOJIS NMPSIMOJHHEHHOCTH H coocHocTH. Pa3-
BHTHE MPOMBILJIEHHOCTH, HAayKH M TeXHHKH BBHI3BaJI0 HeOOXOAH-
MOCTb CO3[aHHsi Pa3JIMYHBIX HHXKEHEePHBIX COOPYXKEHHH: NMpOTSKeH-
HBIX TEXHOJIOTHYECKHX JIMHHH H NPOMBILJIEHHBIX arperartoB, THApPO-
TeXHHYECKHX COOpYXKeHHMH, YyCKOpHTeJed 3apsiKeHHBIX 4YacTHll,
aTOMHBIX 3JIEKTPOCTAHLHH, HAa3eMHBIX H KOCMHYECKHX pajHoTele-
CKonoB, 6a3 3TaJIOHHPOBAHHsI NMPHGOPHBIX KOMIJeKcoB H ap. I'eo-
JIIe3HYECKHH KOHTPOJIb TPSIMOJHHEHHOCTH H COOCHOCTH HeCyILHX
CTPOHTEJIbHO-MOHTAXHBIX KOHCTPYKIUHMH M OGOPyNOBaHHS TEXHOJO-
THYEeCKHX JIMHHA TaKHX OOBEKTOB JOJIXKEH OCYLIECTBJSITbCS C TOY-
HOCTbIO, XapaKTepH3yeMOH CpeJHHMH KBaJpaTHYeCKHMH MOrpell-
HocTsiMu mopsinka 0,05—0,5 MM NpH NpPOTSIXKEHHOCTH OT HECKOJIb-
KHX JIeCSITKOB MeTpOB A0 | KM H Gosee. IIpH co3gaHHH TakHux
KPYNHBIX COOpPYXE€HHH YCTAaHOBHJICS ONpelesieHHBIH COCTaB H TO-
PSANOK TeONe3HYECKOTO KOHTPOJSI MPSIMOJHHEHHOCTH M COOCHOCTH,
BKJIIOYAlOLMH: pa3paboTKy NpOeKTa MPOM3BOACTBA reole3H4YeCKHX
pa6or (IIII'P); uHXKeHepHO-reofe3HuYeCKHe HCCJENOBAHHS MHKpO-
JBHXKEHHH TOPHBIX IOPOJ OCHOBAHHMSI COOPYXKEHHSI B €CTeCTBEHHBIX
YCJIOBHSIX; reojie3anueckie paboThl B NMEPHOJ CTPOHTEJBbCTBA; CO3[a-
HHe BBICOKOCTAGHJBHOH OMOpHO# reoje3nyecKod ceTH (OMOPHBIX
reogesnueckux ctBopoB — OI'C); reomesanueckHe paGOThl NMPU MOH-
TaXe TEeXHOJIOTHYECKOro O0OpYNOBaHHs, Treoje3HyecKHe paGoThHI
NPH 3KCIJIyaTallHH COOPYXKEHHS] M TEeXHOJIOTHYeCKHX JIHHMH; co3xa-
HHe aBTOMAaTH3HPOBAHHBIX CJeJsLINX TeoJe3HYeCKHX CHCcTeM (TpH
HeOOXOMHMOCTH C 0O6paTHOH CBS3bIO).
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PaccMOTpHM cocTaB H MeETOAMKY BBICOKOTOYHOTO Treoje3nye-
CKOrO KOHTPOJIS1 MPSIMOJIHHEIHOCTH 1l COOCHOCTH TEXHOJIOTHYeCKOro
o6opynoBaHHus, HabMIOJeHHIl 3a TOPHU3ONITAJbHBIMH AehOopMaLUsIMH
Ha NpHMepe BLIMOJHEHHs TaKHX paGoT NPH CTPOHTEJbCTBE H 3KC-
nJyaTalHH yCKOpHTeJiell 3apsiKeHHbIX YacCTHL, PeaKTOPHOIO KOM-
nJeKca, Me30HHOH (pabpHKH M OJHOTO H3 THAPOTEXHHUYECKHX CO-
opyxeHu#i. EcTecTBeHHO, 3THMH INpHMepaMH He HCYEPNBIBAIOTCSH
IIHPOKHE BO3MOXKHOCTH PacCCMOTPEHHBIX B MOHOrpacdHH BBICOKO-
TOYHBIX METOAOB H CPeACTB CTBOPHBIX H3MepeHHil HJsi KOHTpPOJSs
NPSMOJIHHENHOCTH; OHH C yCNeXOM HCHOJIb3YIOTCS HJH MOTYT GBITb
HCIOJIb30BAHBl MNpPH CTPOMUTEJbCTBE, MOHTaX€ TEeXHOJOTHYECKOTro
060pY/OBaHHUSl H 3KCIJIyaTalH NMPAKTHYECKH JIIOOBIX JHHEHHO Mpo-
TAXEHHBIX HHXKeHePHbIX COOPYXKeHHH.

B HacTosillee BpeMsi MOCTPOEH psA KPYNHBIX yCKOpHTeJeH, Ta-
KHX, KaKk CepnyxoBcKoil CHHXpo¢a30TpoH, cuHxpodas3oTpoH EBpo-
nefickoro ueHrpa sgepHbx HccaenoBanuii (LIEPH) c¢ sneprueit
28 TI'sB, nuneihnbift yckopurenr B Crenndopae (CHIA) pauHoi
6osee 3000 M, yckopureaun Ha 3Hepruwo 200 I'sB B BataBum
(CIIA) muamerpom 2000 M u Ha 300 I'sB B LIEPHe muamerpom
2400 M, yckoputenn B EpeBane, XapokoBe, [Jy6ue u ap. B CCCP
CTPOUTCSl TaK Ha3blBaeMbli KHOepHETHUeCKHI YCKOpPHTeJb Ha 3Hep-
ruio 1000 I'sB. O rpaHAHO3HOCTH 3TOr0 COOPYXKEHHS] CBHAETEJbCT-
BYIOT TaKHe AaHHble: CpeAHHMH AuaMeTp OpOHTHI KOJbLEBOTO YCKO-
putenas okoso 6500 M, gnauHa OopO6UTH okoJsio 21 KM, T. e. GoJblie,
ueM pauHa CagoBoro KoJblia B MockBe.

OpnHuMm u3 HauGosiee NMpeNCTAaBHTEJNbHBIX COBPEMEHHBIX YCKOpH-
tejell sBJasiercsi CepnyXoBCKOH CHHXPOda3oTpoH, KOMIJIEKC OCHOB-
HBIX COOpYXEHHH KOTOpPOro COCTOMT M3 CJedyIoUIHX yacTed
(puc. 92):

1) unxekropa H-100 — nuHeHHOTrO yCKOpPHTeNsl NJHHOH OKOJIO
90 M;

2) KOJIbLEBOrO YCKOpHTessi nHameTpoM 472 M ¢ 3JjeKTpomar-
HHUTOM, cocTosiiuuM H3 120 6J10KOB;

3) HayuHO-3KCNepHMEHTaJbHOH# 06asbl, BKJIOYAIOLEH 3SKCmepH-
MeHTaJIbHBIH 3aJ1, rajiepelo, MaBHJbOHBI AJi NY3BIPbKOBBIX KaMep
1 6osibLIOe KOJHYECTBO KaHaJOB TPaHCIOPTHPOBKH 3apsixKeHHBIX
4yacTHL, NMpHYeM AJHHA HEKOTOPHIX H3 HHX mocTHraer 550 M.

JlonycTHMoe B3aHMHOe CMelIeHHe ABYX CMEXHBIX 3JIeMEHTOB
TEXHOJIOTHYeCKOro o6opynoBaHusi (6JIOKOB, KBaAPYNOJBHBIX JIHH3,
KOJIJIMMATOpOB M Ap.) He HOJuKHO npeBbimath 0,2 MMm. Takas BHI-
COKasl TOYHOCTb YCTAaHOBKH OOODPYNOBaHHSI B NPOEKTHOE IOJIOXKe-
HHe OMNpejeJsercsi AONYCTHMBIMH 3HAaueHHSIMH aMIUIHTYJ TapMo-
HMK paBHOBeCHOH OpOMTH, BO3HHMKAIOUIMX B CBS3H C MNOTrPELIHO-
CTIMM YCTaHOBKH 3JIeMEHTOB MAaLIMHBI B MpPOEKTHOe II0JIOXKeHHe
reojle3H4eCKMMH MeTOJaMH, MaJlbIMH pa3MepaMH BaKyyMHOH Ka-
Mepbl BHYTPH IOJIIOCOB 3JIEKTPOMAarHuTa, KojeGaHHSIMH HampsiKeH-
HOCTH MAarHHTHOTO MOJis, AedOpMaLHUsSIMH OCHOBAHHSI M (YHAAaMeH-
TOB M APYTHMH NPHYHHAMH.

YuuTeiBasi 60JiblliMe pa3Mepbl yXKe MOCTPOEHHBIX YCKOpHTeJseH
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Puc. 92. Komnaekc coopyxeHuii CepnyxoBCKOro yCKOpPHTeJs:

1 — HHXEeKTop; 2 — 3KCNepUMEeHTaJbHbIH 3aJs; 3 — rajepes; 4 —3saa JJas Kamepbl <«Jlioa-
MHJa»; 5—3an Aas KaMepbl <«CKaT»; 6 — 3anm JJas Kamepbl <«MupaGenb»; 7— KoJbleBoH
YCKODHTENb

H TeM GoJiee HaMeuaeMBIX K CTPOHMTEJbCTBY, MOHSITHA AaKTyaJlb-
HOCTb BHINMOJIHSIEMBIX B Hactosiulee Bpemsi HHP u OKP mno paspa-
060TKe H MeTOJHKe MpHMEHEeHHS BLICOKOTOYHBIX METOJOB HHKe-
HepHO-reofesnueckux usmepenuil. Ilpu cTpoHTenbcTBe KOMILIEKca
coopyxeHHii CepmyXOBCKOTO YCKOpDHTEJsI PacCMOTPEHHBIE pe3yJlb-
TaThl HAyYHHIX HCCJEeJOBAHUH H paspabOTOK aBTOpa HAULIH MNpPH-
MeHeHHe NPH CO3LaHHH NJAaHOBOH OMOPHOHM CETH KOJbLEBOTO 3JeK-
TPOMArHHTa, NPH yCTaHOBKe 060pynoBaHHus HHxKeKTopa M-100, Ha-
YYHO-3KCIIepPUMEeHTabHOH 6as3Hhl.

[InanoBass omnopHasi ceTb CeplyXOBCKOrO KOJIbLEBOIO YCKOPH-
tejsa (cM. pHc. 36) mpexncTaBssieT cO00H NPaBUJBHBIH ILIeCTHIECS-
TUYTOJIBHHK H CJYXKHT [AJIs1 BBICOKOTOYHOH ycTraHOBKH 120 6J10KOB
KOJIBLIEBOTO 3JIEKTPOMArHuTa, INPSMOJHHEHHBX YYacTKOB MeEXAY
MarsHuTamu u jgpyroro oGopynoBanus [11]. Han6Gosnee BricOKHe Tpe-
60BaHHSl NPENBSABJAAIOTCS K B3aHMHOMY IIOJIOXKEHHIO 3JIeKTpOMar-
HUTHBIX GJIOKOB, IO3TOMY YTJIBl ONOPHOTO HIECTHJECSTHYTOJbHHKA
JOJKHBl OBITb ONpeleJieHbl CO CpefiHell KBaJpaTHUeCcKOH morpell-
HocTbio MeHee 1,07 KOCBEHHBIM METOJOM MO H3MEPEHHBIM MaJibiM
CTOPOHAM S; M BBHICOTaM A; BHITAHYTHIX TPEeyTOJbHHKOB MO (opMyJie

h;

h;
- -+ arccos . (138)

B: = arccos
Si—1 Si41

Bhicota Tpeyrosbnuka h; CkJaabiBaeTcsi H3 ABYX H3MepPEHHBIX
BeJIMYHH: paccTosHus h;’ MexJAy LEHTPHPOBOUHBIMH BTYJKaMH
OMOPHOTO ¥ CTBOPHOTO TEOJEe3HYECKHX 3HAKOB; HECTBOPHOCTH §;
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LIeHTPHPOBOYHOH BTYJIKH CTBOPHOTO 3HaKa OTHOCHTEJbHO OO0JbILOH
CTOPOHHI BHITSIHYTOTO TPeyTOJIbHUKA.

IIpn Tako#i cxeMe mNOCTPOeHHs] ONOPHOH MJAHOBOH CeTH TOU-
HOCTb OIpejesieHUs] YIJOB f; 3aBHCHT B OCHOBHOM OT TOYHOCTH H3-
MepeHHsl BBICOT TPeYroJbHHKOB. BBICOTH TpeyrosbHHKOB Heo6Xo-
JUMO HMeTb CO CpeJHeldl KBaJpaTHUeCKOH MNOTPELIHOCTbIO OKOJIO
40 MxM. [as 3TOro HeCTBOPHOCTH §; reoje3HUeCKHX 3HAKOB THMNA
CII cnenyer usmepsTb cO cpeiHell KBaJpaTHYECKOH MOTPeLIHOCTBHIO
0k0J10 30 MKM.

HecTtBopHOCTH §; M3MepsJHCh CTPYHHO-ONTHYECKHM H AHDpAK-
UMOHHEIM MeTojaMH. OlLleHKa TOYHOCTH IIOKasaJja, 4TO CpeAHss
KBaJipaTuyecKass INOTPEHIHOCTb ONpeJeeHHs] MOJIOXKEHHS OCHOBa-
HHUSI BBICOTHl TPeYrOJbHHKA KaXABIM H3 METOAOB COCTaBHJA 22 MKM.
drta TOYHOCTb YIOBJETBOPsSieT TPeGOBAHHSIM K YCTaHOBKe G6JIOKOB
KOJIbIIEBOTO 3JIEKTPOMAarHura B INPOEKTHOe INOJIOXKEHHE.

Bhicokne TpeOOBaHHS TNpeLbABJAAIOTCS K TOYHOCTH MOHTaXa
TEXHOJIOTHYECKOTO M 3KCIEePHMEHTaJbHOTO 000pYyJOBaHHS COBpe-
MEHHBbIX JIMHEHHBIX YCKOpHTeJeH M KaHaJIOB TPAHCINOPTHPOBKH 3a-
PSXKEHHBIX YaCTHL, KOJIbLEBBLIX yCKOpHTeJell. 3Aech TOYHOCTb obec-
neyeHHs] TNPSAMOJIMHEHAHOCTH M COOCHOCTH OOOpYJAOBaHHsI XapakTe-
pusyercsi cpelHHMH KBaJpaTHYeCKHMH mnorpemHoctssiMu ot 0,5 no
0,05 mMMm.

Hanpumep, yckopurenbHbfi KoMmiaekc HMHCTHTyTa (H3HKH BbI-
COKHX 3HepTHH BKJIIOUAeT JUHEHHBIH ycKopHuTesb-uHkektop HM-100
IJuHOH oKosio 90 M M 3HauuTeJbHOE KOJIHYECTBO KaHAaJOB TPaHC-
nopTupoBKH 3apskeHHbXx uacTtul (KT) K asKcnepuMeHTasbHBIM
yCTaHOBKaM.

OcHoBHbIM OGopyanoBanueMm M-100 (puc. 93), momsexaliuM BbI-
COKOTOYHOH yCTaHOBKe H KOHTPOJIIO 32 ero CTabHJbHOCTbIO B NPO-
ecce 3KCIJyaTaltH, ABJSIOTCS 3JeMeHTHl YCKOpSIolledl CHCTeMbl —
Tpy6ku npeiipa. ITocnennue KpenaTcss NpH MOMOIIU IOCTHPOBOYHBIX
npucnocobsieHuit K HecymiuM OaJjikaM, YCTaHOBJIEHHBIM Ha OTAeJb-
Hble ¢yHAaMeHTH. TOYHOCTb YCTAaHOBKH H KOHTPOJSI NMOJIOXKEHHs
6anoK B NJaHe M MO BHICOTE XapaKTepu3yeTcs cpeljHeill KBaApaTH-
yeckoii mnorpewHocteio 0,1 MM. [as ycraHoBKH TpyGOK xapeiida
TpebyeTcsl 3aKPENUTb B HECKOJNBKHX TOYKaX MPOEKTHYIO OCb HHIKeK-
TOpa ¥ KOHTPOJHMPOBATb MOJIOXEHHE 3THX TOYEK C TOYHOCTBIO
0,2 MM B nJiaHe H MO BHICOTE.

Feonesnueckass ceTb uHxektopa H-100 paspaborana u ocy-
IlecTBJeHa B BHJAe MABYX CTBOPOB: 1) OMOpPHBHIH reojfe3HyecKHiH
crBop (OI'C) na ormerke —3,65 Mm; 2) paGouuii cTBop Ha OT-
merke —1,41 M (puc 94).

OrnopHHI#l reofe3nyecKHii CTBOpP, COCTOSILIHHA M3 MNATH Teole3H-
YeCKHX 3HAKOB, 3aKpellJIeHHbIX B TeJle COOTBETCTBYIOLUHX (yHAa-
MEHTHBIX ONOp, NpeJjHa3HauyeH: AJs1 CBSI3H C ONMOPHOH CeTbIO KOJb-
LIeBOTO 3JIEKTPOMAarHuTa; AJ/1s1 HaGJIofeHus] 32 CTaOUJIbHOCTbIO (YH-
JaMeHTHLIX Omnop; AJsl 11a0JIofeHHs] 3a CTaGHJIBHOCTBIO 3HAKOB
paboyero cTBOpa M 3HAaKOB, 3aKPEMJSIOUIHX OCb HHXKEKTOpa Ha OT-
merke —0,09 M, '
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PaGounii cTBOp CJYXHT /sl YCTAHOBKH B MPOEKTHOE I0JIOXKe-
HHe W JJg HabJioJeHHH 3a cTaGHJbHOCTBIO 15 6aJjioK, HeCyLIHX
3JIeMeHThl ycKopsiloimleHd cucTeMbl. Ha kaxjao#h 6Gajke Ha OTMeTKe
—1,41 M 3aKpenJieHO MO ABAa reofie3HYecKHX 3HaKa AJs Habawoge-
HHS 3a NoJIoXKeHHeM 06aJioK B NJjaHe H mo BhlcoTe. Kpome Toro, Ha
6aJKax YCTaHOBJIEHO NATb reofie3HYeCKHX 3HAKOB, PacCIOJIOXKEHHbIX
11a OTBECHBIX JIMHHAX, NPOXOASIUHX yepe3 LEHTPbl NMYHKTOB OMNOp-
HOTO CTBOpa Ha oTMeTKe —3,65 M.

Ilpu ycranoBke oGopynoBaHHss H-100 B mpoeKTHOe mOJIOXKeHHe
H HaGJoJeHHsX 3a CTabHJbHOCTbIO HecyllHX 6ajioK B MJaHOBOM
OTHOUIEHHH BHIMOJIHAIOT CJEIYIOlHe BHABI Teofie3nYecKHx pabor:

1) cTBOpHBIE M3MepeHHSI CTPYHHO-ONTHUECKHMH H AH(PaKLHOH-
HBIM MEeTOJ.aMH Ha ONMOPHOM CTBODE;

2) UeHTpHPOBOYHBIE H3MepeHHs; Nepegaya KOOOPAMHAT 3HAKOR
OI'C ¢ ropusonta —3,65 M Ha COOTBETCTBYIOIIHE MYHKTHl paGoyero
CTBOpAa OCYILLECTBJSETCS C INOMOLIbIO ONTHYECKOro LeHTPHPOBOY:
nHoro mpubopa tuma «Hamup» koHctpykuun MHUTAuK [11];

3) cTBOpHble H3MepEeHHsI MO NYHKTam paGoyero CTBOPa MeToO-
JIOM OINTHYECKOr'0 BH3HPOBAHHS C HCIHOJb30BAaHHEM CTBOPHOIO MpH-
6opa koHcTpykuud [CIIM Ha Gase 3puTesbHO# TpPyOH aJIHHHO-
merpa HapomHoro mnpeanpustus «Kapa Leiic» (I'’ZIP) no mpo-
rpaMMe IMOCJIE€LOBATEJbHBIX CTBOPOB M JAH(GPaKLUHOHHEIM METOIOM
(zn1s1 KOHTpOJA).

3a nepuoOA MONTa)Xa H IOCTHPOBKH TEXHOJIOTHYECKOro o6opy-
JNOBaHHSl HMHIXKEKTOpa MNpOBeJeHO BOCeMb LHKJOB H3MepeHHH o
NIYHKTaM OIOPHOro M paGouero cTBOPOB HHxKekTopa. Cpenusas
KBaJpaTHuyecKasi NMOTPEIIHOCTb H3MepeHHsl HeCcTBOpPHOCTel omlpene-
JSCMBIX NMYHKTOB CTPYHHO-OITHYECKHM METOAOM Ha CTBOpe IJIHHOMH
85 M cocraBaser 30—35 MKM, JUOpPaAKIHOHHBIM METOAOM —
26 MKM, a METOIOM ONTHYECKOrO BH3HPOBAHHS MO NpOrpamme IO-
CJIeIOBaTeJIbHBIX CTBOPOB C pAacCTOSIHMSIMH BH3HDOBAHHf IO OIpe-
nejsieMblX MyHKTOB 20—24 M — 60 MKM.

KomMmnijekc BBICOKOTOUHBIX CTBOPHBIX H3MepeHHH NpH MOHTaxe
06OpyJOBaHHsI HAyuyHO-3KCIepuMeHTaJabHOH 6a3nl CeprnyxOBCKOro
YCKOpHTeNsl uMeJa psin ocoGeHHocTeit (pHc. 95). HayuHo-akcmepu-
MeHTaJbHass 6a3a BKJIOYaer B ceGsl KaHaJjbl TPaHCHOPTHPOBKH
NY4KOB AJHHOH 00 512 M ¢ GOJbLUINM KOJHYECTBOM pPasJjMYHOro ¢u-
3M4YEeCKOro 060pyNOBaHHs, PacClOJIOKEHHOIO B 3KCIepHMEeHTaJbHOM
3ajle, rajiepee H NaBHJbOHAX JJs NMy3bIPbKOBHIX KaMep «Mupa-
Oeab», «Ckat» u «JIoaMuIay.

BricokHe TpeGoBaHHSI MNpeNbSBJAIOTCS K TOYHOCTH YCTaHOBKH
3JIeKTPOMATHUTHBIX JIMH3 Ha NpPSIMOH JIMHHMH, COeAMHSIOLIeH CMeX-
Hble BepLIHMHB MOBOPOTa ONTHYeCKOH ocH KaHajaa. HauGouabliee
paccTosiHMe MeXXJy BepHIHHAMH IOBOPOTa JABYX KaHaJOB COCTaB-
aseT okoJo 350 M. YcraHoBKa ¢H3HuecKOro o60pyAOBaHHS B CTBOpPe
Tako# AJHHB ¢ TouyHOCThbi0O 0,2 MM —upes3BbualiHO TpyAHas 3a-
nava. Kpome Toro, craBuTcs ycJioBHE, 4TOOBl IOCJe OKOHYaTeJb-
110f1 I0CTHPOBKH BCeX 3J/CMeliTOB o6opypoBanHs Oblja NpearycMOT-
pena cHcTeMa [epHOAHYECKOTO KOHTPOJS HX MOJIOKEHHA B IJgHe
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u 1o BeicoTe. IIpH 3TOM reo-
jJesnueckKass ceTb  JOJIXKHA
6bl1a o6ecneuuTb B AaJibHEH-
uieM BO3MOXKHbIH NepeMOH-
Tax J1060ro KaHaJa
TPAHCMOPTHPOBKH MNyYKa 3a-
pS2KEHHBIX YacCTHIL C Bbille-
NPUBENEHHBIMH  TOYHOCTSIMH
0 Bced NOJIe3HOH IJOIlanH
HecylleH GbyHIaMeHTHO
IJIUTHL TaJiepeHx.

Iasi peleHHs NOCTaBJIEH-
HHIX 3ajau  paspaboraHa
NPUHIHNHAJbHAA CXeMa Io-
CTPOEHHS reone3nueckoro
[JaHOBOI'O M BEICOTHOTO 060C-
HOBaHHs M BbIpa6OTaHBI NPHU-
eMB YCTaHOBKH 000pyHOBa-
HHSI B MPOEKTHOE MOJIOXKEHHE.
OCHOBOH [JJi yCTaHOBKH BCeX
3JIeMEHTOB TEeXHOJIOTHYECKOI'0
060pYAOBaHHS CJYXKHT TIeo-
Je3nyeckasi ceTb, CO3JlaHHas
B eJUHOI cucTeMe KOODAHHAT
C 3JIeKTPOMarHHTaMH KOJIb-
1IeBOTO YCKODHTEJIS.

I1nanoByIo reojesunye-
cKkylo cetb (puc. 96, a) mo
CBOEMY Ha3HaUeHHI0O MOXKHO
pasigesHTb Ha TPH 4YacTH:
OMOPHYIO CeTb 3KCNepHMEeH-
TaJbHOrO 3aJa; pa3bHBOYHYIO
ceTb raJjieped; ONOPHHIH Treo-
Jle3HUeCKUl CTBOD TraJjepeH.
INnaHoBasi onopHas ceTb 3KC-
NepUMeHTaJbHOro 3aja 3a-
KpemJieHa Ha ero KOJIOHHAX,
KOOpAMHATH IYHKTOB oOInpe-
JeJIeHbl  METOAOM  NPSIMBIX
3aceyek OT TIeoJe3HYecKon
CeTH KOJIbLIEBOTO YCKOPHTEJS.
dta ceTb CJIYyXHT JJs BHI-
HOoca B TNPOEKTHOe IOJIoXKe-
HHe BepLIMH MOBOPOTa Tpacc

KaHaJOB  TPaHCIOPTHPOBKH
ny4koB. Mexay BepuUIHHAMH
[IOBOPOTA  TEXHOJIOTHYeckKoe

o6opynoBaHHe YCTaHaBJIHBA-
eTcsl MeTOJaMH BBICOKOTOY-

Puc. 95. Hayuno-skcnepumeHTtanbHass Gasa Cepmy-

XOBCKOro yCKOpHTeJs

0\

Jxcnepumenmansuoil 3an

Harnand.

Ha Tk

HKanan?

axada

cm.

.0 ﬁbeyﬂ—ﬂ—/——\;l
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HBIX CTBODHbIX H3MEpeHHH M IeOMeTPHYECKOTO HHBEJHPOBAaHHS KO-
poTKuM JyuyoMm. PasbuBouHas ceTb rajeped MNnpelAcCTaBjasieT co6oi
LLeNOYKY Treofle3HYeCKHX YeTbIPeXyroJbHIIKOB I 3aKpenJieHa Ha He-
cyweit dyHnameHTHON nuHTe 3AaHusi. OHa npenHa3HaueHa 1Jisi pas-
6MBKH M ycTaHOBKH NyHKTOB OI'C M npeaBapuTeJIbHOrO MOHTaXKa
000pYyJOBaHHs BCeX KaHAaJoB, PachoJIOXXKeHHbX B rajepee. OCHOB-
Hoe HasHaueHHe OI'C — mocTpoeHHe NMpPSAMON JHHHH JJHHOH 336 M
cO cpelHell KBaJApaTHYeCKOH MNOrpellHOCTbI0 B HauboJee cjaboM
mecte 0,15 MM A/ ycTaHOBKH 0OOPYAOBaHHsi KaHaJOB TpaHCIOP-
THPOBKH ITyYKOB, NIPOXOASILIHX B rajepee.

OmnopHelil reome3nyecKHi cTBop rageped (L=336 M) cosmaH
B BHAe JBYyX pSAOB 3HAKOB, pacloJIOXKEeHHBIX uepe3d 24 M
(puc. 96, 6). CtBop Ne 1-— OCHOBHOH ¢ MOCTOSIHHBIMH 3HAaKaMH;
ctBop Ne 2 — BcrioMorareJibHbiii, BepXHSSl 4YacTb 3HAKOB JIETKO pas-
6uBaercs. Paccrosune mexnay crBopamu Ne 1 u2— 1,10 M. [TyHKTH
OCHOBHOTO CTBOpa 3aKpelJeHbl I'1yOHHHBIMH 3HaKaMH H NpPeACT4B-
Jsl01 cO0OH [Be KOHIEHTPHYECKH pacnoJoXeHHble TpyObl: BHel-
HsAs (o6capHas) muamerpoM 407 MM M BHYTpeHHsisi (pemepHas)
nuamerpom 194 mm. Penepnas Tpy6a 3ab6eToOHHpOBaHA B KOpPEHHbIE
NOpoAbl H MMeeT Ha BepxHeM (yaHlle KOOpAMHATHYIO Mapky. Ha
¢aaHue o6camHOH TpPyObl 3aKpemyieHa TroJIOBKa Te0fe3HYECKOro
3HaKa C KJHHOBHAHBIMH AHcKamH. OHa ¥MMeeT BTYJKY JHAaMETPOM
25,4 MM [ TMPHHYJUTEJbHOIO LEeHTpHpoBaHus. PenepHas TpyGa
SIBJISIeTCS] HOCHTeJeM IJIaHOBHIX KoopauHaT. OHa INOJIHOCTbIO H30-
JupoBaHa oT o6cafHOH TPyGbl CKBaxKMHB. I[IyHKTBI Bcromoraresb-
HOTO CTBOPA COCTOSAT TOJBKO M3 o6caaHbix TpyO, Ha ¢JaaHLax KO-
TOPBIX YKpeIlJIeHbl TaKHe Xe TOJIOBKH, KaK U y 3HAaKOB OCHOBHOIO
ctBopa. PaccMoTpennasi koHcTpyKuus OI'C mo3Boaser:

NIPUMEHHTb OJNHOBPEMEHHO pa3JIHYHbleé METOAbl CTBODHBIX H3Me-
peHHH No ABYM CTBOpAaM;

HEe3aBHCHMO M XKeCTKO CBSI3aTh JBa CTBOpa NMOCPeACTBOM H3Me-
peHHsl pacCTOSIHUH MeXJy HHMH HHIHKATODHBIM Ke3JOM H KOH-
TPOJIMPOBATb TOYHOCTb CTBOPHBIX H3MepeHHi II0 OCIIOBHOMY H
BCIIOMOTaTeJIbHOMY CTBOpaM;

NPOM3BECTH OLIeHKY TOYHOCTH CTBOPHBIX H3MepEeHHH.

B nepuoxm MoHTa)ka TexXHOJIOTHUeCKOro 00OpYNOBaHHS BBINOJ-
HEHO NATb NOBTOPHBIX LHKJIOB BHICOKOTOYHBIX CTBOPHBIX H3MepEeHHH
Ha OI'C raznepeH CTpyHHO-ONTHYECKHM METOAOM, METOJOM OMNTHYe-
CKOro BH3MpOBaHHMs M KoMmiektoM annapartypbl JIMCT. Hamepe-
HHS CTPYHHO-ONTHYECKHM METOJOM B NepBBbIX NBYX LHKJIaX IPOH3-
BOJMJINCb MO NMPOrpaMMe YacCTHBIX CTBOPOB, 8 B OCTaJbHBIX LHKJIAX
CTpyHa HaTsirMBaJjach Ha BClO JiuHy 336 M. CTBOpHble H3MepeHHS
METOAOM ONTHYECKOTO BH3HPOBAHHS BBINOJHSAJIHCh MO MNpOrpaMme
NocJleoBaTe/NbHBIX CTBOPOB C IIaroM MepecTaHOBKH aJHHHOMETpaA,
paBHbIM 24 M. H3amepeHHsi B KaXAOM H3 LHKJOB BBLINOJHSJIHCH
B paHHHe YyTpeHHHe Yachl NPH XOPOIUHX YCJOBHSX BHIHMOCTH.
Temneparypa Bo3ayxa B NOMeIIEHHH Ha Bceil AJHHE cTBOpa Gblia
NpaKTHYECKH NOCTOSIHHOH, H PasHOCTb ee BAOJb CTBOPA Ha OTAEJb-
HbIX yyacTKax He mpeBbimana 1—2 °C.
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Cpelinsis KBaapaTuuecKkasi MOTPELIHOCTb U3MEPEHHS! HECTBOPHO-
cTeil mpoMexyTouHbix 3HakoB OI'C raJjiepen CTPYHHO-ONTHYECKHM
MeTogoM cocTaBuja 60 MKM JJsi nporpaMMbl paBHBIX yYacTeil
crBopa H 80 MKM JJs1 mporpaMMbl obuiero crBopa. Cienyer orMe-
THTb 3HAYHUTEJbHYIO BeJHYHHY CHCTeMaTHYeCKOH MOrpelHOCTH NpH
H3MEPEHHSIX CTPYHHO-ONTHYECKHMM MeTOJOM, BeJIHYHHA KOTOpPOH MO-
cruraet 100 MKM, 4YTO MOXKHO OO'bSICHHTb BJIHMSHHEM ABHXKEHHs BO3-
JIYIHBIX TIOTOKOB.

CpenHsis KBaJpaTHYecKasi NMOTPELIHOCTb H3MepeHHs] HeCTBOPHO-
CTedl MeTOJOM OINTHYECKOrO BH3HPOBaHHsl IO NMpPOTrpaMMe IOCJENO-
BaTeJbHBIX CTBOPOB IO BHYTPEHHEHl CXOJHMOCTH cOCTaBJisgeT 60—
70 MKM; cpeaHsis KBaJpaTHYecKas MNOrpelHOCTb H3MepeHHs pac-
CTOSIHHI MeXJAy NYHKTaMH OCHOBHOTO H BCIOMOraTeJbHOTO CTBO-
poB 0K0JI0 20 MKM.

HOns nocrpoennss OI'C mocTaTOYHO BBIMOJHHTbL CTBOPHblE H3Me-
peHusi mo o6OMM CTBOpaM H HU3MepHUTb KOHeuHble Oasuchl by U bm
(cM. puc. 96, 6). M3aMepeHHble pacCTOSAHUS b; Ha OCTAJIbHBIX NYyHK-
Tax SBJSAIOTCA H3ObITOYHBIMM M ONpEeAessoT YHCJIO YCJOBHBIX
ypaBHeHu#. Ilns1 panHo#t cxembl OI'C uHcJIO yCTIOBHBIX ypaBHeHHH
paBHO TpHHajauaTH. [/ KaXAOro NomepeyHHKa MOJIXKHO ObITh BBI-
TNOJIHEHO YCJNOBHe §;+0,—0;/—b;=0, rae s;— paccTosiHHe MeXny
COCeIHHMH 3HaKaMH J[ABYX CTBOPOB; O; — YKJOHEHHSI 3HAaKOB OT
nepBOro CTBOpa; &; — YKJOHEHHs] 3HAKOB OT BTOPOro CTBOpa; b; —
paccTosiHHe MeXAY NpSIMbIMH, COENHHSIIOIIMMH KOHEeUYHble MYHKTHI
OI'C. 3ameHsis B 3TOM ypaBHEHHH ypaBHeHHble 3HaueHUs] H3MepeH-
HBIMH, TOJNYYHM U+ Us,— Uy +w; =0, Tle W;=Susm+ Ousm—

13

—0ysu—b; — cBOGOAHBIH uJleH YCJOBHBIX ypaBHeHHil. KoppesaTsl
HOPMaJIbHbIX ypaBHEHHH MOXKHO BBIPa3HTb yepe3 CBOGOAHbIE UJIEHbI
k=—uw/[1/P], tne [1/P]—cymma o6GpaTHbBIX BECOB pe3yJbTAaTOB
U3MepeHHH N0 KaXAOoMY IONepeyHHKY.

[TopcraBasis 3HaueHHst KOppeJaT B ypaBHEHHs MONpPaBOK, MOJY-
UHM HX 3HaueHHs, BbIpaXKeHHble yepe3 CBOGOJHbIE YJIeHbl YCJOBHBIX
ypaBHeHHH:

v —@ . wi . Wi
=, 6= — " . )y = — T .
T Py [1/P) ¢ P, [1/P] 5, P,/ [1/P]
{
(139)
rae Pg,, PGQ U Psi— BeCa BbIYHCJIEHHBIX HECTBOPHOCTEH NpPOMEXY-

TOYHBIX TOYeK HJsi ¢cTBopoB [—II u I'—II” u paccTosIHMH MeXnay
napaMHu reoJle3H4YeCKHX 3HaKOB COOTBETCTBEHHO.

B kayecTBe BecoB NPHHHUMAIOTCS BeJHYHMHBI, OOpaTHO NpOMOp-
LIMOHAJIbHble KBajpaTaM OXHJAaeMblX CPEeIHHX KBaJApaTHUECKHX
norpeuHocTel HecTBOPHOCTeH O; OTHOCHTEJNBHO OOLIEro CTBOpaA
anuHolt 336 M. [Ias Beiuucienuss Mg, My mo dopmynam (9),
(16) Ha ocHOBaHHM oONbITa pabOT M BBHINOJHEHHBIX HCCJIELOBaHUH
OblJIM B3SITHl CJeAylollHe 3HaueHHs: m, (cTtpyHa)=>50 MKM — pac-
YeTHasl BeJHUHHA cpefHeH KBaJApaTHUYeCKOH MOrPelIHOCTH YacCTHO
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HecTBOpPHOCTH Aj; mg (cTpyHa) =65 MKM — pacueTHasi BeJHUYHHA
cpenHeH KBaJpaTHYeCKOH MOTPEIIHOCTH HeCTBOPHOCTH &;; m, (om-
tHKa) =0,4"s; 4/2 /o— pacueTHas BeJMUHHA CpeJHell KBaJApaTHUe-
CKOM MOTPEeIIHOCTH YacTHOH HeCTBOPHOCTH A; MO nporpamme Io-
cJielOBaTeJbHbHIX CTBOPOB MAJIs1 M3MepeHHH B OJHOM HalpaBJIeHHH;
npu s;=24 M m, (ontuka) =66 Mkm; m, (xke3n)=20 MKM — cpen-
HSI KBaJpaTHuecKasl MOTrPElIHOCTb H3MepPeHHs PacCTOSIHHH MeXAy
JIBYMsl CTBOPaMH.

3HaueHHs] CpeJHHX KBaJpaTHYeCKHX MOTpelIHOCTel, BBHIYHCJIEH-
HBIX MO pe3yJbTaTaM YpaBHHBaHHs, NpHuBeJeHH B Tabj. 16, Ha oc-
HOBaHMHM KOTOPOH MOXKHO CJesaTh CJEAYIOllNe BBIBOABI:

cpelHsss KBajpaTHuecKasl MOTPEIIHOCTb eJHHHIEI Beca MO NATH
LHKJAM IOJIyYyHJachb HECKOJbKO GoJiblle 1 MKM, 4TO MOXeT GHITh
OGbSCHEHO BJIHSIHHEM CHCTEMAaTHYECKHX MOrpelIHOCTeH CTBOPHBIX
H3MepeHui;

MOJIyueHHble MOTPEIIHOCTH MO pe3yJbTaTaM ypaBHUBAHUS Xa-
pPaKTepU3YIOT BBICOKYI0O TOYHOCTb BCEX INPHMEHEHHBHIX METOJOB
CTBOpPHbIX H3MepeHHH. Takas TOYHOCTb CO3ZaHHSI ONMOPHOrO reoje-
3HYECKOTO CTBOpA raJjieped YJOBJETBOPSieT IOCTaBJEHHBIM Tpe6o-
BaHUSAM.

YcTaHOBKAa TEXHOJIOTHYECKOro OGOpYAOBaHHSI B MpPOEKTHOe IO-
JIOXEHHe BLIMOJIHAETCS MO CJeAyIolledl NpHHUMIHAJBHOH cXxeMe
(puc. 97, a). OTHOCHTEJBHO OMOPHOTO Tre0Je3MYecKoro CTBOpa Co-
apaioTcsi paGoure (MOHTaxkHble) CTBOpPHI JJHHOH 24 uau 48 M mpu
TIOMOLIM CIelHaJbHBIX AJHHHOMEPOB, PaClOJIOXKEHHBIX B MNOMepey-
HbIX TeoJe3nuecKux KaHajax. IloJoxkeHHe MOHTaXHBIX CTBOPOB 3a-
KpenysieTcsl CchelHajbHbBIMH IIepeHOCHBIMH TeOfe3HYeCKHMH 3Ha-
kamu. Takasi cxeMa CO3JaHHSI MOHTaXXHBIX CTBOPOB LieJecooOpasHa
B MORZOOHBIX YCJOBHSIX MO CjeAyloLHM TpuunHaM. OmnopHHI reo-
Jle3HYeCKHil CTBOp OTHAENEeH OT KaHaJoB GJOKAaMH paAHalHOHHOMH
3aUUTH, M HemocpeAcTBeHHOH BuauMoctH ¢ nyHkroB OT'C Ha

TABJHUILA 16

CpenHsifl KBagpaTudecKas CpenHAs KBagpaTuyeckas
TMOrpewHOCTh H3MEePeHHS MOrpewHOCTh B CepefuHe
m > MKM CTBOpa Mg, MKM
Howmep
LHKaa n
C}’l{‘g);iﬂ' C;:'El)él"‘ OntHye- C:F;l);“' c;g&’a"' OnTuye-
3 ‘laC’l"H Ha 336‘ M cxuit 3 qaC'l:H Ha 336‘M cxut
I 0,70 35 — 46 52 —_ 64
IT 1,25 63 — 82 94 — 115
IT1 1,41 — 92 93 — 92 130
IV 1,00 — 65 66 — 65 92
A" 0,94 — 61 62 — 61 86
Cpennee 1,09 55 71 72 73 100
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reo3Haku o6opynoBaHusi HeT. [TomepeuHble reoje3nyeckue KaHaJjibl
NPOXOJAT MOJ OGJNIOKaMH 3alUMTH, 4TO MNO3BOJIsSET NepeHecTH 6a3o-
pyto npsimyto OI'C B st06oii kaHaa rajepeu. Mcnosnb3oBaHue AJIHH-
HOMEpPOB B BHJle¢ HMHBADHOH NPOBOJIOKH C LHJHHJIDHYECKHMH ILUKa-
JlaMH JaeT BO3MOXHOCTb He TOJIbKO YCTaHOBHTb OGOpYyAOBaHHe
B KaHa/ax Ha npoekTHoe paccrosiie oT OI'C, HO M H3MEeHHTb 3TO
paccTosiHMe NMPH HeoOXOIMMOCTH NepeMellleHHsl OCH KaHaJja B Ile-
PHOA 3KCHJyaTallid U BHOBb YCTaliOBUTb OOOpPYAOBaHHe C 3ajaH-
HOH TOYHOCTBIO.

ITonepeunniit reomeauueckuit kaHaa (I[I'K) mnpeacraBasier co-
6ot wtpaby pasmepoM 200X 300 MM B HecyllleH NJHTe raJjeped
M 3aKaHYHMBaeTCs KOJIOAlleM, B KOTOPOM YCTaHaBJHBAIOTCSl BCIOMO-
raTeJbHBI Te03HAK M YCTPOACTBO [Jisi HaTsXKeHHS HJHHHOMepa
(puc. 97, 6). B nomelieHun raJjeped npelycMOTpPeHO NATHaALATh
takux [IT'K Ha paccrosnuu 24 M apyr ot apyra. Hap HyseBbM
IITPHXOM [AJHHHOMEpPa LEHTPUpYeTCs BTYJKa TOJOBKH reoje3Hye-
CKOTO 3HaKa OCHOBHOI'O CTBOpa, NPOMEXYTOYHble IUTPHXH (HKCH-
PYIOT MOJIOXKEHHe MOHTaXKHBIX CTBOPOB. ¥CTaHOBKY LITPHXOB IpO-
MEXYTOUHBIX NOABHXKHBIX IHJIHHADHYECKHX IIKaJ Ha pacyeTHHe
pPAacCTOSIHMSI NPOM3BOAAT Ha CTALMOHAPHOM OMNTHKO-MeXaHHYECKOM
KoMmnaparope. JlJisl 3Toro 3apaHee BHIYHCJISIOT pacCTOSHHS OT 6Oa-
3oBo#l mpsamoii OI'C 10 MOHTaXKHBIX CTBOPOB, HCXOASl M3 IUHPHHHI
KaHaJIOB, PacHOJIOXKEHHsT MOHTAaXKHOTO CTBOpa W rabapHToB 060py-
JOBaHHA Ha JaHHOM YyacTKe KaHaja TPaHCHOPTHPOBKH MYYKOB.
Opranusanysi MOHTaXKHOTO CTBOpa 3aKJ/IOYaeTcs B YCTaHOBKe Ie-
PEHOCHBIX TeoJe3H4eCKHX 3HAKOB Haj WITPHXAMH UHMJIHHIPHYECKUX
IIKaJ NPH NOMOLIH ONTHYECKOTO LEHTPHPOBOYHOro npubGopa THNA
«Hanup» uau cneuuasbHOrO MHKPOCKON-LEHTpHpa (cM.pHuc.17,8).
[TepeHocHble reo3HaKH HMEIOT PpEryJHPOBOYHBIE YCTPOHCTBA AJA
YCTPaHEHHs] HAKJOHOB MOCAaJOYHOH BTYJKH M [JsS YCTAHOBKH BH-
3HPHOH OCH CTBOPHOro npu6opa Ha OTMETKY MarHHTOONTHYECKOH
OCH KaHaJia.

[lepneHAuKyJsipHEIE PAaCCTOSHHS OT MOHTAXXHBIX CTBOPOB [0
reojfle3aNyecKHx 3HAKOB Ha OOODYHOBAHHH OTKJAABIBAIOT INpH MO-
MOLIM CIelHanbHOro Kesja. CTBOpHBIE H3MepeHHs Ha MOHTaXKHBIX
CTBOpax BBINMOJIHAIOT METOAOM ONTHYECKOTO BH3HPOBAHHS IO NpO-
rpaMMe OGLIEro CTBOpa C HCHOJb30BAaHHEM AaJHHHOMETPOB KOH-
crpykuuu I'CITM ¢ npenusHOHHBIMH BH3UPHBIMH Tpy6aMH.

BricoTHass omopHas ceTb Hay4HO-3KCIepHMEHTaJbHOH 6asbl
CepnyXOBCKOI'O YCKODHUTEJSI COCTOHT H3 OCaJOYHBIX MapoK H pa-
OOYHX penepoB, CBSI3aHHBIX C GHCTPYHHBIMH pelnepaMH KOJIbLEBOTO
coopyxeHusi. OcajouHble MapKH pacroJiaraloT Ha apoYHbIX KOJIOH-
HaX 3KCNepHUMEHTaJIbHOTO 3aJsa, a pabouyde penepsl — Ha roJIOBKax
3HaKOB ONOPHOrO reoje3MYeckoro cTBopa raJepeu. BricoTHylo yc-
TQHOBKY BCeX 3JeMeHTOB 00O0pYJOBaHHS OCYLIECTBJAIOT METOAOM
reOMeTPHYECKOTO HHUBEJHPOBAHHS KOPOTKHM BH3HPHBIM JIy4doM OT
BbICOTHOH CeTH rajiepeM W 3KCIepHMeHTaJsbHOro 3ana. Ilis BbICOT-
HO{ YCTAaHOBKH HCIIOJIb3YIOT Te Xe OOKOBble MJIaHOBO-BHICOTHbIE
3HaKH Ha 0OOPYNOBaHHH, YTO M AJs NuaanoBod. HakjoHel oGopy-
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NOBaHHsl ONpeAe/sOT HaKJAaAHbBIM ypoBHeM ¢ MukpoMeTpoM. as
3TOH LeJH Ha KaXAOH eAMHHIlE TEXHOJOrHYeCKOro o6OpPYAOBaHHS
NpeayCMOTpPEHbl HaKJIOHOMepHble 3HAKH.

HicnonHuTenbHble CBEMKH B MOHTaXHO-HaJ1aJOYHbIH IEepPHOA
MPOM3BOAAT MOCJe YCTAHOBKH B NMPOEKTHOE MNOJIOXKeHHe BCeX (PH3H-
4eCKHX YCTAHOBOK KaHaJla TPAHCINOPTHPOBKHM NydYKa 3apsiKeHHbIX
4acTHIL.

Ilpu o6GpaboTKe pe3y/bTATOB HCHOJHHTENBHBIX CHEMOK IeJe-
coo6pa3Ho onpefesHTb MOJOXKEHHe KaxKJAOro sJjeMeHTa 060pynoBa-
HHsSl OTHOCHTEJbHO BepOsATHellleHd NpsAMOH, pacCYHTAHHOH NOA yc-
JIOBHEM MHHMMYMa CYMMBI KBaJpaTOB OTKJOHEHHH KOHTPOJHpYe-
MBIX TOYeK OT HX NpPSIMOJIMHEHHOro pacnosoxenus X6;2=min
(puc. 98).

Ecan y;=cx+d —uckoMoe ypaBHeHHe BepoOsiTHellueHl npsiMOH,
10 8;=cx;+d—(y):, TAe (Yy)i— U3MepeHHble YKJOHEHHS OTHeJb-
HBIX 3J€MeHTOB OOGOpYAOBAaHHSI OT OCH NpPSIMOJMHEHHOro yyacTka
KaHasaa. MaruuToONnTHYeCKass OChb NPSIMOJHHEHHOro yyacTka mpH-
HsiTa 3a ocb X ¢ HayaJOM B KOHEeYHOH TOYKe NMOBOpPOTa 2; X; —
PacCTOSIHHSl O COOTBETCTBYIOLIHX 3JIeMEHTOB OOODYAOBaHHS OT
TodkH 2. Torpa OCHOBHOe yCJ/IOBHe 3aMHILETCS B BHJE

n
3 [exi +d — (9)i)? = min. (140)
1

KoadduuueHtsl ¢ H d paccUHUTHIBAIOT 10 (GopMyJaMm:

n n
Zl:(y)t—czxi
T

d ; (141)
n

n n n
n Zn" Wixi— Y, ()i ), xi
1 1
n n 2
n Z x% — (Z x[)
1

1

c =

n n n n n
[Ipuusis a=zl:x,-; b=;x§; l=zl:(y)¢; k=lZ(y),Zl:x,, no-
JYYHM
¢ = (nk —al)/(nb — a?; d = (bl — ak)/(nb — a?). (142)

Takum o6pasoM, ypaBHeHHe BeposiTHeHIUEH NpSAMOH 3amHiueTcs
cjaeAyomuM o6pasom:

yi = [(nk — al)/(nb — a?)] x; + (bl — ak)/(nb — a?). (143)
OTKJIOHEHHS] KOHTPOJMPYEMBbIX TOYeK OT 3TOH BepOsTHeiluel
1pSIMOii BBIYHCJSIOT MO (hopMy.Jie
nk —al | —ak

b
b= it T ek (144)
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Piic. 98. Cxema onpejiesieHHs NOJIOXKeHHsI BeposiTHelIed NpsAMO#

Takoii mnepecueT INOJIOXKEHHS KOHTPOJHPYEMBIX TOYEK MOXKET
COKpaTHTh pa3bpoc OTKJIOHeHHH npuMepHOo BiBoe. [Ipuuem cama
BeposiTHe#lasi npsmasi 6yJLeT pacrnoJjioxeHa K NPOEKTHOH OCH Ka-
HaJla TPaHCNOPTHPOBKH 3apsiKeHHBIX NMYyYyKOB NOA YIJIOM ¢ C Ia-
paJljieSIbHBIM CABHIOM B TOYKe 2 Ha BEJNHYHHY d.

BennuuHbl o H d MEHSIIOTCS OT ONHOTO LMKJA H3MepeHHH Mo
KOHTPOJIIO CTaGHJ/BbHOCTH MOJIOXKeHHs] OOOpPYHOBAaHUS K APYyromy.
Heo6xomuMo ciieiuTb 3a TeM, YTOObl 3TH CABHMIH BepOsSITHeHIei
NpsAMO# Jexaju BHYTPH JHONYCKa Ha MOJIOXKEHHe BepUIHHBI MOBO-
pora Tpaccel KaHanaa (1 MM), T. e. 4ToOH c06./1101aJI0Ch YCJIOBHE
(b2+d?) <1 MM, e b=as;—fp.

O6pa6oTKa pe3y/JbTaTOB HCNOJNHHUTENbHOH CBHEMKH IO BEpOST-
Hefilled NpsAMOH MNO3BOJIIET NPOHU3BOAUTL IOCTHPOBKY MOJIOXKEHUS
¢usuyeckoro 06GOpPyNOBaHHS C MHUHHMAaJbHBIMH INepeMelLleHHsIMHU
NOCJIEAHUX.

Ha crBope OI'C-336 BbimosiHeH GoJsblIOH 06beM HCCJeLOBaHHH
M NPOU3BOJCTBEHHBIX M3MEPEeHHH# KOMIJIEKTOM ammapaTyphl Jasep-
Horo uHTepdepeHuuonHoro creopodukcaropa JIMCT. C uenbio Ha-
6opa CTaTHCTHYECKOrO MaTepHasla HECTBODHOCTb KaXXJIOH mpoMe-
JKYTOUHOH TOUKHM onpejesasijach pAecATh pasd. UToOb YCTaHOBHTD
HaWJIyuylIui mepuol HaGJMIOfeHHH, H3MepeHHsl BHINOJHSJIUCL B pas-
HOe BpeMs CYTOK. BHIsIBJIEHO, UTO HauMeHbliue KoJieGaHUs u3obpa-
JKEHHUs B KOHIle CTBOopa HabJofaloTcss B yTpeHHuit nmepuon ¢ 7.00
1o 9.30 u BeuepHuit ¢ 22.30 no 1.00 Houu. B ocrasbHOe Bpems
NPOHCXOJAH/IN 3HAYHTEJbHble KOsNeGaHHsI H3006pakeHUs] HCTOYHHKA
CcBeTa B IJIOCKOCTH aHaJM3a PErHcTPHPYIOILEro YCTpoicTBa C KO-
POTKHM NepuojoM u amnjutynoi or 0,3 mo 1,5 MMm.

Mertoayka uaMepeHuit kommiekroM annapatypsl JIUCT B ¢o-
TO3JIEKTPOHHOM BapHaHTe COOTBETCTBOBAJa BbIlIENpHUBEAEHHOH
cxeMe TepelBHKHOM 30HHOH Mapku. CTBOpHble H3MepeHHsI KOM-
nnekroM annaparypbsl JIMCT (Bu3yaJsbHBII BapuaHT) BHINOJHS-
JIUCh B NPSMOM H OOpaTHOM HampaBJIeHUSX NMyTeM BH3YaJsbHOH pe-
TUCTpAlMH TMOJIOKEHHS LEeHTpa H300paXKeHHsl HCTOYHHKA CBeTa,
¢opMHupyeMOro 30HHBIMH MapKaMH OT KaxJOH TOUKH cTBopa. Pe-
KOMEeHAyeTcs CJaeAylolllasi MocJ/ef0BaTeNbHOCTh H3MepeHHii:

1) nasepHblii CTBOpPOyKa3aTesab YCTAaHABJMBAIOT B HayaJbHOM
TOuKe / CTBOpa; OCb MNyyKa CBeTa OPHEHTHPYIOT BAOJb JIMHHU
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CTBOpa TaK, YTOGH B OJIHXKHEl TOYKe CBETOBOE NSTHO CHMMETPHYHO
ocBel1ano paboyyo NJoIanb 30HHOH NMJIACTHHBI;

2) B KOoHeuHO#l Touke cTBOpa (T. /I) ycTaHaBJMBAaIlOT BH3YyaJib-
HOe perucTpHpylollee yCTPOHCTBO;

3) B KaxJa0H NpPOMEXYTOYHOH TOUKe MOCJeAOBaTeJbHO YCTa-
HaBJHUBAIOT 30HHYI0O MapKy NpH ABYX oTJaHyawmuxcs Ha 180° mo-
JIOXKEHHSIX OLHOMEpPHOH 30HHON NJIACTHHBI;

4) npousBoAsAT 3—5-KpaTHOe COBMelleHHe OCH OHCCeKTopa BH-
3ya/JbHOIO PErHCTPHPYIOIIEro YCTPOHCTBA C OChbI0 M300paKeHHsl H
6epyT OTCUETHl O MHAHKATOPY ai’ U a;”;

5) BLIYHCJAIOT paccTOSIHHS A; OT OCH H300paKeHHs OO OCH
BTYJIKH Te0Je3HYecKOro 3HakKa B 3aBHCHMOCTH OT MNOJIOXKEHHSl HH-
nukaropa sKkpaH-mapku (MIT— unpukarop cnpaBa no Xomy Jyua
nasepa, WJI —HuHauKaTop cieBa no Xony Jyda Jasepa) mo ¢op-
myJe A;=a;—MO;

6) BBIYHCJIAIOT BEJHYHHY HECTBODHOCTH NpPOMEXKYTOYHOH TOYKH
no ¢opmyae 8;/=A;s;/L, rae s;— paccTosiHMe OT TOYKH [ JO ompe-
IeJisieMOH ToukM, L — obumas guanuHa cTBOpa.

Bce 3TH neHCTBHSI COCTaBJSIIOT OAMH NpHEM B NpPSIMOM XOJe.

B o6paTHOM Xome Ja3epHblii CTBOpPOYKa3aTeJb H PErHCTpPHPYIO-
llee YCTPOHCTBO MEHSIIOT MecTaMH M MOBTOPSIOT BCe AEHCTBHS.
HectBopHocTn BbuHcasIOT mo ¢opmyae 8" =A;(L—s;)/L.

Heo6x0n4MO OTMETHTb, YTO NpH BLIMOJHEHHH H3MepeHHil Ha
CTBOpax ¢ O6OJIbUIMM KOJHYECTBOM IPOMEXKYTOYHBIX NYHKTOB HC-
NOJMB3YIOT OAHY M Ty K€ 30HHYI0 NJIACTHHY, PacCCUMTaHHYIO AJs
cpenHell ToukH cTBopa. Ha Bcex ocTa/bHBIX TOYKax 30HHYIO NJa-
CTHHY YCTaHaBJIMBAalOT MOJ 3apaHee pacCYMTAHHBIMH yraamu B;
K JIMHHH cTBOpa. PacueT BHINOJIHAIOT O opMy.Jie

B: = arccos [4s; (L — s;)/L?]. (145)

Pesynbratel usMepenudi anmapatypoét JIMCT cpaBHHBaJuCh
C HaHHBIMH CTPYHHO-ONTHYECKOro M omnTHyeckoro MerojoB. Cpen-
HA KBaJpaTHyecKas ouM6Ka onpejesieHHs HECTBOPHOCTEH MpOMe-
xKyTouHblX ToyeK OI'C ranepen He npeBbimiasna 0,10 mm. ITpu6op-
Hasi ToyHocTb JIMCT He Menee 0,17, uTo ciefyeT npHU3HATH BBICOKOM
M YIOBJeTBOpSAOLIEH NOCTaBJeHHbIM TpebGoBaHusaM. I[IpousBoxcT-
BeHHble H3MepeHHs annapatypoit JIMCT nokasanu BBICOKYIO TOY-
HOCTb H NMPOH3BOAMTENbHOCTb TPYAa, NPAKTHYECKH MOJHOE OTCYTCT-
BHE BBIYHCJIMTEJBHBLIX paboT.

Becb mnpouecc usMepenuii Ha 336-MeTpOBOM CTBOpe raJjepeu
¢ 15 nyHkraMu (BMecTe ¢ NMOArOTOBKOH) 3aHHMaeT He GoJee 1,5
B BH3yasbHOM BapuaHTe ¥ 0,5 u B (pOTO3JIeKTPOHHOM BapHaHTe
C IUCTAaHUHMOHHBIM CbeMOM HH(pOpPMaLHH.

H3o6paxeHns, ¢opMHpyeMble NOBOPOTHOIi 30HHOH MapKoH oOT
KaXJO0# TOYKHM CTBOpA, JOCTATOYHO HHTEHCHBHBI KaK AJS HabJIo-
JEHHH C BH3yaJbHbIM PErMCTPHUPYIOLIHM YCTPOHCTBOM, TakK H MJs
HU3MepeHuil ¢ noMoupio AuckpeTHoro ®PIPY c asjsekTpoMexaHude-
CKHM CKaHaTOPOM.
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Onut npumenenus ®IPY ¢ BO3MOXKHOCTBIO CheMa GOJBIIOTO
KosauMyecTBa HHpopMmauuu (mo 1000 u Gosee OTCYETOB B MHHYTY)
C aBTOMAaTHYeCKHM HX YCPeIHeHHeM MOKa3aJ BO3MOXHOCTb NpOBe-
JleHHs] BBICOKOTOYHBIX CTBODHBIX HM3MepEeHHH B NOMELIEHHSX LEeXO0-
BOrO THIA.

Kak nokasanu MarepHaJsibl NPOU3BOACTBEHHBIX CTBOPHBIX H3Me-
penuit Ha OI'C ragepen CepnyXoBCKOro YCKOPHTEJsl, KOMIJIEKT
annapatypsl JIMCT B Bu3yaJbHOM H (OTO3JIEKTPOHHOM BapHaH-

Tax o06ecneydBaeT TOYHOCTb MNOCTPOEHHs1 0a3oBoil NMpsIMOil He rpy-
6ee 0,15 mMM.

§ 36. KomnJjekc reone3au4yeCKUX MeTOHOB KOHTPOJS
NPSAMOJMHEAHOCTH M COOCHOCTH TEXHOJOTHYEeCKOro
oGopynoBanus uMnyiabcHoro peakropa UBP-2

B nocnenHee mecATHJEeTHE B psille HayyHO-HCCJeLOBAaTeJbCKHX
neutpoB B CCCP u 3a pybGexXoM BBeleHH B AeHCTBHE MOLIHbIE
KOMIIJIEKCH HCTOYHHKOB HEHTPOHOB, NpeAcTaBJslollHe cO00H co-
BOKYNHOCTb peakTopa C NMOTOKOM HeldTpoHOB mo 105 1/(cM%.c) u
JIMHEHOTO YCKOpDHTE/S 3JEeKTPOHOB C HMIYyJbCHHM TOKOM JO He-
ckosbkux amnep [11]. OmHoii M3 TaKUX YCTAaHOBOK SIBJSIETCS IIO-
CTpPOEeHHH# B Hacrosiulee BpeMs B I. Jly6He B OObeAHHEHHOM HH-
CTHTYTe SIJEpPHBIX HCCJIeNOBaHHA KoMmjekc coopyxenuit HMIBP-2
(puc. 99).

BaxxHbIM  ycjoBHEeM 3G ()EeKTHBHOCTH JHHEHHOr0 YCKOpHTeJNs
(JINY), yuacTka BBOJA H HEHTPOHOBOMAOB fIBJISETCS BBLICOKOTOYHAS
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Puc. 99. Komnaexc coopyxennit UBP-2:

I — nuHeHHBIH yCKODHTeNb;, 2 — HMNyJbCHbll OGuicTpojeiicTBylowu#t peakrop HBP-2; 3 —
HeATPOHOBOMABI; 4 — H3MEPHTEJbHble NaBH/IbOHBI, 5 — neifcTBylomas ycraHoska HBP-1; 6 —
CYLECTBYIOLHIT HEHTPOHOBOA OT ycTraHoBkH HMBP-1; 7 — npomexyToyHble H3MepHTeJbHble
naBuAbOHbI; /[—X!V — KaHaJbl TPAHCNIOPTHPOBKH YacCTHLY
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ycTaHOBKa (pH3HYeCcKOro 000pYyJOBaHHSI B INPOEKTHOE MNOJIOXKEeHHe
B eIMHOH cHcTeMe KoopAHHAT. Oco60 BbICOKHe TpeOOBaHHMSA NPeAb-
SIBASIIOTC K MOHTaXy M IOCTHPOBKe ycKopsiowux cekuuii JINY,
3JIeKTPOMAarHHTHLIX JIHH3 H NOBOPOTHBIX MAarHMTOB Yy4acTKa BBOJA
Kopnyca peakropa HWBP-2, koaJuMaTOpOB M JPYTHX YCTPOHCTB.
Tak, Hanpumep, 102 yckopsiomue cekuun JIMY u JHH3BI yyacTKa
BBOZA JOJKHBEI ObITb YCTAaHOBJIEHBI Ha OJHOH TOPH30HTAJbHOH
npsiMoit AJMHHO# 275 M ¢ MOrPELIHOCTHIO B INONEpEeYHOM Hampa.ie-
HHH MeHee 0,35 MM.

OcHOBO# /11 BBICOKOTOYHOH YCTAHOBKH B IIPOEKTHOE IOJIOXKe-
HHE TexHoJIorHYeckoro o6opyaoBanus JIMY u yuyacTka BBoAa
B IJIaHe CJAYXHT ONOpPHBIH TreoJe3HdYecKHH CTBOp AJHHOH 262 M
(puc. 100) ¢ mpoMexkyTOUHBIMH nyHKTaMHu yepe3 24 M. OI'C co3na-
eTcsi B yCKOpHTe/JbHOM 3aJje 3naHus JIMY Ha paccrosiuuu 1 M oT
OCH YCKOpHTEJISl C JIeBOH CTOPOHBI MO XOAY NMy4yKa 3JeKTpoHoB. Oc-
HoBHOe Ha3HaueHHe OI'C — ompeneneHne Ga3oBoil NMpsIMOH ¢ (HK-
calHeil NPOMEXKYTOYHBIX TOYEK C MNOrpelHOoCThio mopsaka 0,1—
0,2 MM. Onopunas BeicoTHas ceTb JIMY mnpeacraBieHa TpeMms TIiy-
OMHHBIMH pernepaMH H OCALOYHbIMHM ILKaJaMH, PachnosoXeHHbIMH
Ha HeCYyIIHX CTeHax yCKOpHTesabHoOro 3ana yepes 12 M. [Ipunumas
BO BHHMaHHe BbICOKHe TpeGOBaHHS K TOYHOCTH YCTAHOBKH (pH3HUe-
ckoro obopymoBaHus JIMMY u yuyacTKa BBOAA, OKOHYaTesJbHasi IOC-
THPOBKA JIHHEHHOTO YCKOPHTENs BBINMOJNHSETCS C YYeTOM BHISIBJIEH-
HO#i B INpolecce CTPOUTEJIbCTBA H MOHTa)Ka AUHAMHKH BBICOTHBIX
JepopManu.

OCOGeHHOCTbIO TeOJe3HUYEeCKHX H3MEepeHHH INpH CTPOHTEJbCTBE
KoMniekca coopyxeHuit UBP-2 sBnserca Heo6xo6MMOCTb co3/a-
HHS CJOXKHOH IJIaHOBO-BBICOTHOH CE€TH, NO3BOJISIOLIEH C BBICOKOH

O
O O
- o 0 4 9 - ¢ - -0

are-1000

12
n- gy/m/m/ MUKPOMPUTHEYIAYUL D=~ HIMEPEHKbIE LIOPONS CHANUMUYECHIL
a- //ﬂr/f/b/ AHANUMUYECKOL CEMLL cemu
o- /I/ﬂ/llb/ TIORUEOHOMEMPUL B fnoprste zeodesuveckue cmbgps
o=-Hamepennvie dasucs murpompuan- B - Kyem enydunnsiz penepol

2ynayuL o© -Lewmumnag crbarcuna

Puc. 100. OnopHast reoaesnHueckast ceTb KOMnJjekca coopyxenunit UbP-2
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TOYHOCTBIO YCTaHaBJHBATh B INPOEKTHOE I10JI0XKeHHE CTPOUTENbHO-
MOHTaXHble H TeXHOJIOTHYeCKHe KOHCTPYKLUHH Ha pasHbIX OPH30H-
tTax or —7,90 M g0 +21,85 M u Ha GoJbloil naomanu. ITpuyem
Bce 3akJaaHble aetanu (okosao 800) 1 mpyrue CTpOHTEJNbHO-MOH-
TaXXHble H TEXHOJIOTHYeCKHe KOHCTPYKUMH B MHOTOYHCJEHHBIX IO-
MellleHHax M 3anax WBP-2 mo/mxHel GbITh yCTaHOBJIEHBl OTHOCH-
TeJbHO €JHHOH MNJaHOBO-BBICOTHOH CeTH, T. €. B3aMMOYBSI3aHBI
B MJIaHOBO-BBICOTHOM OTHOIUIEHHH. B HEKOTOpHIX cJ/ydYasix BO3HH-
KaeT HeoOGXOJHMMOCTb M3rOTOBJIEHHS] HeCTaHAApPTHBIX Teofe3HYecKHX
npu6OpPOB H NpHCHOCOGIEHH .

KoMniekc reome3nyecKHx pabGoT NpH YCTAaHOBKe B INPOEKTHOe
NoJIoOXKeHHe TeXHoJsornyeckoro obopynoanus JIMY, yyacTka BBOAA
¥ HauboJsiee NPOTSAXKEHHBIX HEHTPOHOBOAOB BKJIOYAeT BBLICOKOTOY-
Hble reojie3udyeckHe MeTOJbl KOHTpPOJISI NPSIMOJHHEHHOCTH H cooC-
HOCTH, T. €. MeTOJAbl CTBOPHbIX u3MepeHHuil. IIpu cospaunuu
ONOPHOro CTBOpPA M B MNpolecce IOCTHPOBKH o6opynoBanus JINY He-
CTBOPHOCTH NpPOMEXKYTOYHBIX TOYEK MHOJIKHBI ONpefessATbcs C MO-
rpeiiHoctbio He MeHee 2 MM (0,3”). Kak nokasa/nu ucc/efoBaHHS,
TAaKyl0 TOYHOCTb MOKHO JOCTHYb ONTHYECKHM METOAOM CTBODHBIX
U3MepeHHHA 10 nporpaMMe NOCJeNOBATeNbHBIX CTBOPOB C AJHHOM
BHU3HUPHOTO Jyuya 24 M.
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Puc. 101. PacnosnoxeHHe reofe3u4ecKHXx 3HaKOB Ha TEXHOJOTHYECKOM 060OpyRo-
BaHHH:

1 — HUXKHHA HAKJOHOMEDHBLI! 3HaK; 2 — GOKOBOA MJAaHOBO-BLICOTHBIY 3HAK; 3 — YCKOpSIO-
mwas cekuus JIHY; 4 — 10CTHpOBOUHKIe YCTPORACTBA; &5 — 3JE€KTPOHOBOA; A — KOHCTPYKUHS
SHaKa Ha 0GOpYyNOBaHHH
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TpeGoBaHusi, NpeAbsBJseMble K yCTaHOBKe pas3iHYHOro o6Opy-
JNOBAHHA HeATPOHOBOJOB, 3HAYHTE/IbHO OTJAHYAIOTCS APYr OT ApYyra
(or 0,2 mo 10,0 mM). Bo-mepBBIX, cjeayeT OpHelTHPOBATb OCH
HEATPOHOBOJOB OTHOCHTEJNbHO ocH JIMY; BO-BTOPBIX, OTHOCHTEJbHO
reoMeTPHYeCKOH OcH HeHTPOHOBOJA YCTAHOBHTh TEeXHOJIOIMYECKOoe
obopyaoBaHHe Ha OAHOH TOPH3OHTAJBbHOH NpPSAMOM C TOYHOCTBIO,
XapakTepuayeMoil cpefHell KBaapaTHuyecKoil owmmO6Koi ot 1 10
5 MM. [lns 3Toil Leau CO3JaHbl ONMOpHble reofile3HYecKHe CTBOPHI
Or'C-500 1 OI'C-1000 maunoit 500 1 1000 M COOTBETCTBEHHO.

J7s1 ycTanoBKM B NpPOEKTIOE MNOJIOXKEeHHe H [IJs HCIOJHHTEb-
HbIX CbEMOK Ha KaxHo#l eaunuue ¢pu3HYeCKOro o60pyaoBaHHs mpe-
LyCMOTpeHbl reomesnueckue 3Haku (pHc. 101). IlpuBsAsKy 3THX
3HAaKOB B IJIaHe U 1O BBHICOTE K TFeOMeTPHYeCKOH HJH MAarHHTHOH
OCH KaXJOoro sjeMeHTa OGOpPYAOBaHHMS BHINOJHAIOT Ha ClelHaJb-
HOM cTeHie KanaubpoBkH. Ha kaxaylo yCTaHaBJIHBaeMylo eIHHHIY
060pYyJOBaHHS 3aBOAAT MNACHOPT C pe3yJbTaTaMH Teo[e3HYecKoil
KaJnOpOBKH.

§ 37. BbiCOKOTOYHBIE CTBOPHBbiE H3MEpPEHHs] MPH HaGMI0eHHH
3a MHKpoae(dOpMauLHsAIMH OCHOBAaHMSI Me30HHOH (aOpHKH
HHcTHTYyTa sipepHbix uccaenoBanuit AH CCCP

Jisi onTHMaJbHOTO TPOEKTHPOBAHHS KOMILJIEKCA JIHHEHHO-Npo-
TSXKEHHBIX COODYXeHHH Me30HHON ¢abpuku HMHCTHTyTa siIepHBIX
uccaenosanuit (M) AH CCCP Bcrana Heo6XOZMMOCTb H3yue-
HHS MHKpoJedopMaluii TPYHTOB CTPOHTeNbHOH mowanku. Bep-
THKaJibHble H TOPH30HTAaJIbHble CMElIeHHS TOPHBIX NMOpPOJ B pas-
JIMYHBIX TOYKAaX OCHOBAHHUSl SIBJSIOTCA CJEACTBHEM H3MEHEHHSs
TEPMHUYECKOTO pEXHMa TOPHBIX NOpOJ, KojeGaHus YpPOBHsS TpPYH-
TOBBIX BOJ, U3MEHEHHs (PHU3UKO-MEeXaHHUYECKHX CBOHCTB MJIOLIALKH
(mmoTHocTH, MoOAyJss pAedOpMamMH MOIUHOCTH TOJILIH OCHOBHOTO
cJIosl M 1p.).

C yueroM TomorpaHYecKHx, reoMop@oOrH4ecKHX, TIeoJIOrH-
YeCKHX, CTPOHTEJIbHBIX H APYTHX (PAKTOPOB AJs1 HCCAENOBAHHUS Be-
JIMYMHBl HamnpaBjieHHs U AHWHAMHKH MHKpoAedopmauuii paspabo-
TaH ¥ co3laH B HaType cTBop anuHoil 888 M (OI'C-888), Bkitoua-
IOILIKE cienyiolire 3Haku (puc. 102):

TPH TVIYOMHHBIX 3HaKa ray6uHoi 41 M, 06pa3ylOLIHX BBICOTHYIO
ONMOPHYI0O CeTb H 3aKpelJieHHBIX B TOJIIE H3BEeCTHSKOB: IUECThb
NJIaHOBBIX 3HAKOB TJYOHHOH 19 M; 1IecTb NMJIaHOBBIX 3HAKOB IJIy-
6uHOR 14 M; ueThipe MVIAHOBHIX 3HakKa rJayOMHOH 9 M; ABaauaTh
NPOMEXYTOYHBIX 3HAKOB IMIyOHHOH 1,5 M; uYeTblpe NOBEPXHOCTHBIE
MapKH, pacrnojiokeHHble Ha 4—5 M B CTOpPOHe OT CTBOpa; YeTHIpe
NMOBEpXHOCTHblE MAapKH, pachnoJOXeHHble Ha OCH COOpPYKeHHs.
IleHTpHpOBOYHblE BTYJKH BCEeX 3HAKOB CTBOpa YCTaHaBJHBAJHCh
B CTBOpE C NOTPEUIHOCTbIO 2 MM, a 1O BBHICOTE — 5 MM.

CtBop I—II coctouT H3 19 OCHOBHBIX H 17 NpPOMEXYTOYHBIX
NYHKTOB, YCTAaHOBJIEHHBIX paBHOMepHO uepe3 24 M. Bce ocHoBHBIE
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NYHKTHl CJOXHOM KOHCTPYKLUHH HMEIOT HHXKHHe LEHTPH p BHIE
BEPTHKAJIbHOH KOHCOJIH H3 KOJIOHHH TPY6 H MeTaJjlJIHYeCKHH CTOJ
IJIS YCTAHOBKH HHCTPyMEHTa, KOTOPBIM CJYXHT obcajaHas Tpy6a
6osiblIero auaMeTpa, pPacrnojioxKeHHasi KOHLEHTPHYHO OTHOCHTEJIbHO
HHXHero LeHTpa. HuXXHfAs yacTb KaxXJo#l BepTHKAaJbHOH KOHCOJIR
NPHMEPHO Ha YeTBePTh IJHHB 3a0€TOHHPOBaHA Ha COOTBETCTBYIO-
IIeM TOPH30HTE HccaeayeMoro ocHoBaHus. Ha BepxHem cduanue
KOHCOJIH 3aKpelJjieHa KOOpAHHaTHas MapKa, a Ha BepxHeM (uJaHie
o6canHoit TPy6GH — roJioBka reoaesudeckoro 3xHaka (I'T3) c moca-
IOYHOH BTyJKOH auamerpom 254 MM. [lojoXeHHe OCH BTYJKH
OTHOCHTEJIbBHO KOODAMHATHOH MapKH onpejenasiercs € ITOMOULBIO
ONTHYECKOTO LEHTPHPOBOYHOro npubopa. IlpomMexkyTouHble NYHKTHI
6e3 HHXKHHX LIEHTPOB M COCTOSIT TOJBKO H3 oGcamHoil Tpy6m ¢ I'T3.
Bepxuss niaockoctb I'T3 Bcex OCHOBHBIX H NMPOMEXKYTOYHBIX MYHK-
TOB BhIBEJ€HAa Ha OJHY H Ty Xe OTMETKY C TOYHOCTbI0 2—3 MM;
OCH TOCAJOYHBIX BTYJIOK YCTAaHOBJEHH B OJHOH BEPTHKAJbHOH MJO-
CKOCTH, COBMajaiouleii ¢ OCAMH BTYJOK KPafHHX ONOPHHIX 3HAKOB
I u II c TaKkoii XXe TOUHOCTBIO.

Heo6xonuMocTh npenBapHTeIbHOM YCTAaHOBKHM OCEH MOCAaLOYHBIX
BTYJIOK C yKa3aHHOH TOYHOCTbI0O Ha OJHOH NpSMOH BhI3BaHa IpH-
MEHEHHEM NpPELH3HOHHBIX aJHHHOMETPOB, ONTHYECKHE MHKPOMETDBI
KOTOPHIX HMeEIOT HeGOosblliHe NHaNna3oHbl H3MEePeHHH: AHana3oH H3-
MepeHH#i MHKpoOMeTpa MHKpoTesneckona ¢upmel «Teisop — I'o6-
con» (Benukobpuranusi) 1,2 mM, anunuomerpa HapoxpHoro npen-
npusatus «Kapa Leiic» (FAP) — +2,5 mm.

Ilpu HabiloneHHSAX 3a TOPH3OHTAJbHBIMH MHKPOCMEIEHHSIMH
TPYHTOB OCHOBaHHSI ME30HHON (aGpPHKH HApSAYy C ONTHYECKHM Me-
TOOOM BH3HPOBaHHS 10 NpOrpaMMe MOCJENOBaTEJIbHBIX CTBOPOB
Hcnosnb3oBaJjicss KommaekT annapatypw JIMCT ¢ peructpupyiomum
yCTPOHCTBOM BH3yaJbHOro THna. JlasepHeIi CTBOpOyKasaTelb H
perucTpupyoluiee ycTPOHCTBO € MNOABHXKHOH 3KpaH-Mapko# ycra-
HaBJIMBAJINCh COOTBETCTBEHHO HAa HayaJbHOM H KOHEYHOM NYHKTax
ctBopa (puc. 103). Ha Bce ocraibHble NMYHKTH NOCJ€A0BaTeJbHO,
HauMHasi ¢ nyHKTa I, ycTaHaBJIHBAIOT NMOBOPOTHYIO 30HHYIO MapKy,
OPH 3TOM MCHOJB3YIOT OAHY H Ty e 30HHYI0 IJacTHHY, pacCyH-
TaHHy10 AJs cepeaunbl ctBopa OI'C-888. Ha kaxnoMm ompepense-
MOM TYHKTe 30HHasl NJIaCTHHA OPHEHTHPYEeTCS INOJ PpacCyeTHHIM
YrJOM K TNJOCKOCTH, NMEepNeHAHKYJSIPHON K 3aJaHHOMY CTBOpY.

H3mepeHus BHINMOJHAIOT NMPH ABYX OTJH4awpoumxcs Ha 180° mo-
JIOXKEHHSIX 30HHOM MapKH C NATHKPAaTHBIM COBMELleHHeM OCH GHC-
CeKTopa BH3yaJlbHOTO DPErHCTPHPYIOLIEro YCTPOHCTBA C OCbIO H30-
6pakeHHs MCTOYHHKa cBeTa, (POPMHPYEeMOro 30HHOH MapKoOM.

Jns aHa/iW3a TOYHOCTH CTBOPHBIX H3MEDEHHil J1a3epHBIM HH-
TepepeHIHOHHBIM CTBOPOHKCAaTOPOM 06paboTaHbl MaTepHaJ bl
CTBOPHBIX M3MepeHuii Ha OI'C-888 mesonnoi ¢aGpuku u OI'C-336
CepnyXoBCKOTro yCKOpHTEJIS.

TlocTpoeHbl rpagukH, oTpa)aiolllie 3aBHCHMOCTb MEXJAYy Io-
TPELIHOCTAAMH m; HaBeNeHHS] W PAcCCTOSSHUAMH S;. Ilas noJyyeHHs
SMIIHPHYECKOH 3aBHCHMOCTH MeEXJYy IIOTPEIIHOCTAMH HaBeleHHS H
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PaCCTOSIHHSIMH  BBIUHCJEHBl KO3 GhUUHEHTH  KOppeasiuuH:  AJs
crBopa OT'C-336 r;=0,85; ans crBopa OI'C=876 r,=0,82.

Hapexuocth K03(GHLUHEHTOB KOppeNsiLMH NOATBepXKJeHa IpH
noMowy Kpurepuss Puuiepa. YcraHOBJeHa JHHeHHass KOppessiH-
OHHas CBSI3b MeXAy M; U S;. IloJlyueHHBIE YpaBHEHHsI perpeccHH
COOTBeTCTBEHHO MJs1 CTBOPHbIX H3Mepenu#hi Ha OI'C-336 u Ha
OI'C-876 uMeroT ciaenyolni BHL:

m; =0,15s;-+9; m;=0,13s; - 24, (146)

Tie S; — paccrossHHe (M); m; — CPeiHsis KBaJpaTHuecKasl Mmorperl-
HOCTb H3MepeHUs] HECTBOPHOCTeH (MKM).

IIpousBeneHa oLeHKa TOYHOCTH CTBOPHBIX H3MepeHHH, BBHINOJ-
HeHHblx annapatypo#t JIMCT Ha crtBope OI'C-888 B pasHble aHII
N0 pa3HOCTSAM [BOHHBIX PaBHOTOUYHBIX H3MepeHHH. CpemHsis KBazl-
paTHyeckasi MOTPELIHOCTb OQHOTO H3MepPEHHs] HECTBOPHOCTH, MOJY-
yeHHass 1O BHYTPEHHeH# CXOAMMOCTH pe3yJbTaTOB, COCTaBHJa
0,21 mMm.

CpenHee KBaZpaTHYeCKOe OTKJOHEHHe pe3yJbTaTOB H3MepeHHH
Jla3epHbBIM CTBOPO(HKCAaTOPOM B CPaBHEHHH C ONTHYECKHM MeTO-
JIIOM CTBOPHBIX H3MepeHHH, BbimosiHeHHbIX Ha OI'C-876 no mpo-
rpaMMe nocCjefoBaTeJbHbBIX CTBOPOB C 1Iarom 24 M, COCTaBHJO
0,20 MM.

Takum o6pa3oM, aHaJH3 TOYHOCTH CTBOPHBIX H3MepeHHH To-
Ka3plBaeT BBHICOKYIO pa3pellaloulyl0 CHOCOGHOCTb KOMILIEKTa af-
napatypsl JIMCT. Hanpumep, cpemHelt KBampaTHuecKoi oumunbke
HaBeNeHHSA Myap=~89 MKM, BbluHCJeHHOH nasi s;=500 M, cooTBet-
CTByeT paspewiapuiasi cnoco6HocTs npu6opa m=0,03", yto npak-
THYECKH HEJOCTHXHMO CaMbIMH BBICOKOTOYHBIMH 3PHTEJbHBIMH
Tpy6aMH ONTHYECKHX CTBOPHBIX NPHGOPOB.

HccnepoBanus Js1a3epHOro HHTepGEePEeHUHOHHOTO CTBOPOdHKCa-
TOpa B NPOH3BOACTBEHHBIX YCJOBHSIX CepnyXoBCKOrO YCKOpPHTEJsi
H 3KCIepHMeHTaJibHble HccaefoBaHUs Ha cTBope OI'C-888, mnoka-
3aay, uto anmnapatypa JIMCT no3BoJssieT MpOH3BOAHTbL H3MEpPEHHUS
B 2,0—3 pasa GbicTpee N0 CPaBHEHHIO C TPAZHLHOHHBIMH ONTH-
YeCKUMH MeTOJaMH CTBOPHbIX H3MepeHuH. Ilpu ompeneneHuu He-
CTBOPHOCTeH Jla3epHBIM CTBOPOGHUKCATOPOM PpEe3KO COKpallaercs
1 06beM BBHIYHCJIHTENBbHBIX palborT.

§ 38. BbicOKOTOYHBIE CTBOpPHbIE M3MEPEHHMs] NPH OPraHU3auHH
Ha0Oa0aeHHii 3a NJIaHOBBIMH aedopMauHsIMHU
KpacHosipckoit u Huxknekamckoit I'3C

IlpsiMonuHeliHass KOHGUrypauusi HanopHOro ¢GpoHTa MJOTHHbI
KpacHosipcko#t I'SC nosBosivjia NpPUMEHHTb IJs1 HalbJIofeHHH 3a
TOPU3OHTAJILHBIMH MepeMelleHHsIMH TJIOTHHBl CTBOPHBIE H3Mepe-
HHS, Kak HauGojiee MpoOCThle M BBICOKOTOYHBIEe. OfLIasi cxeMa Ha-
6/10[eHHl 32 TOPH3OHTAJbHBIMH CMEIIEeHHSIMH IJIOTHHBI BKJKOYaeT
(puc. 104,a) cTBopHBIE H3MepeHHs N0 TpeGHIO 3, B TO-
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Puc. 104. CxemMa pacnoJioxKeHHsl reOfe3HYecKHX CTBOPOB Ha mJoTHHe KpacHo-
spckot I'DC u 3panun Huxuekamckoit T'9C

T€PHe 2 M NO OCHOBaHHIO I, a TaKXe HabOAeHHS aGCOMIOTHHIX
zﬂaqeﬂuﬂ CMellleHHit No psALy NpsSMbBIX H OOpaTHEIX OTBECOB 4,
, 6.

B ycaoBusax crposiuteiica 'DC npoBoAHMTb CTBOPHbIE M3MEPEHHs
ONTHYECKHMH METOJaMH BJOJb IOTEPH TPYAHO H3-3a 3arpoMOXK-
IeHHOCTH TraJiepeii CTPOHTEeJbHHIM 0GOpyAOBaHHEM, KOMMYHHKa-
uuamMu u T. n. ITostomy na Kpacuosipckoit 'DC npumeHeHn meTon
naaBawolleil cTpyHbl. CTpyHa HaTsirWBaJlach B HanGoJiee CBOGOJHOM
U 06e30nmacHOM MeCTe INOJ INOTOJKOM TMOTEPHH Ha BhicoTe 2,5 M
OT moJa.

Ilpn oGopyaoBaHMH cTBOpa BOAOCJHHBHON YacTH HJHHOH 300 M
(puc. 104,6) ycraHOBJIEHB! YeTHIPe MOMJABKOBHIE ONOPH, KaxAaas
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H3 KOTOPBIX NOAAEpPKHBaeT yuyaCTOK CTPYHbl guameTrpom 1,5 MM H
maccoit 0,78 kr. Ha omHOM KOHIe MOTEpHBI CTPyHa HaTArHBaeTcs
ne6eqKof, Ha APYroM — mnojBelleHHbIM rpy3oM B 100 Kr, mpH 3TOM
CcTpeJiKa npoBeca cocTaBJjsieT 6 cMm.

Ha nosny nmorepunl ycraHoBieHbnl Mapku 5 (puc. 105), B ueHtpe
KOTOPBIX MNpocBepJieHbl OTBepcTHsl. [lass HaGJiomeHUHt 3a MJaHO-
BHIMH CABHTAaMH CEKUMH IJIOTHHBI HCMOJB3YIOT ONTHYECKHH LEHT-
pHp 3 ¢ mepekJiouyalolleicss NpU3Mol 4, KoTopasi NO3BOJSIET BH3H-
poBaThb MOOYepenHO BHH3 M BBepX. HecTBOpHOCTH H3MepSIOT NO
NpHKpenJeHHoH K cTpyHe 2 nuHeHKe I ¢ JeJI€eHHSIMH M KaJHOPOBaH-
HoMy wabJoHy 6, BcTaBJasieMOMYy B OoTBepcTHe MapkH. Mckomele He-
CTBOPHOCTH BBIYHCJISIIOT MO Pa3HOCTH OTCYETOB MO ILIKaJje JHHEeHKH
u no wabJony. Ilpy Hcrnosb30BaHHH ONTHYECKOTO LEHTPHpPa C yBe-
JuyeHHeM 3% H yCTAaHOBKE Ha HeM YPOBHs ¢ LeHO# neneHus 307
HECTBODHOCTH ONPEAEJSIOT CO CPeJHEeH KBaJipaTHYECKOH NOTpelIHO-
cteio 0,22 MM npH ABYX NOJOXKEHHSX LieHTpHpa (B mpsiMoM H 06-
paTHOM Xxoje).

K Hauany HamosiHeHHS BOAZOXPaHMJIHIIA OGOPYHOBaH CTPYHHBIH
CTBODP BHOJb BceH MJIOTHHBI, BIEPBble HATSIHyTa CTPYHa MAJHHOH
825 M. HarsixkeHue ee peryjaupyercsl pbl4aXHbIM NPHCNOCOGJeHHeM
H Moxetr 6biTh moBepeHo no 2000 H. Crpyna mokoutcs Ha 13 mo-
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Puc. 105. VcrpofictBa A/ CTBOPHBIX H3MepPeHHA MO CTPYHe Ha MNOMJAaBKOBHIX
onopax
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NJaBKOBHIX ONOpax, pacrnojioXeHHeXx yepe3d 60 M APyr ot Apyra
H B 0,56 M oT moTonka mnorepHbl. [lomiaBKH BOAOHENPOHHIIAEMEIE
H HeNmoTomJseMble, MPH HATSXKEHHH CTPYHAa NPOYHO CKpemJsercd
¢ HuMH. B HemocpexcTBeHHO#H 6J1M30CTH OT (HKCATOPOB MOJIOXKEHHUS
CTPYHB B KpPafHHX CEKLUHAX MJOTHHBHI BBIBEJEHBl OTOJIOBKH OMNOP-
HbIX o6paTHHIX oTBecoB cucteMbl M. C. MypaBbeBa.

TTonoxeHnuss 110 KOHTPOJBHHIX MapoK (li0 2 MapKH B Kaxao#
u3 55 cexuHi NMJOTHHBI) OTHOCHTEJBHO OCH HATSAHYTOH CTPYHH OI-
penensisiuce npu nomowu Teomoauta OT-02, nepen o6HEKTHBOM
KOTOPOTO YyCTaHAaBJIHBAJICI MHKDPOMETDP C MJIOCKOMNApaJlesbHOl
miacTHHo#i. Bce Mapku 3aKpemsieHbl Ha TNOTOJKE IOTEPHBl MO
CTBOPY ¢ TouyHOCTbi0 2—3 cM. Kaxkpas M3 HHX ycTaHaBIHBaeTcs
B CTBOpPE CTPYHBI TaK, 4TOObl MOXHO OBLJIO YBHAETh MHJIHMETPO-
Bble IIKaJbl, HaXOAfiCb B CepelHHE MeXAy IOIJIaBKOBEIMH OIIO-
pamu. C OZHOH TOYKH CTOSHHSI MOXKHO YBHAETb BOCEMb MapoK:
No 4eThipe C Kaxnoii CTOPOHH. [ssi ycTaHOBKH TeomoJiuTa 06GOpy-
N0BaHH 14 crnenuaJbHBIX CTBOPHBEIX 3HAKOB.

Pabora Ha cTaHuuM 3akjiouaercs B ciaenyiomeM. Ha cTBopHOM
3HAaKe YCTAaHaBJUBAIOT TEOAOJHT H NPHBOAST €ro B TOPH3OHTAJb-
Hoe moJsioxKeHue. BapabaH ONTHUECKOrO MHKPOMETpa, CMellaloliero
Jyd B TOPU3OHTAJbHOH NJIOCKOCTH, CTaBSIT Ha cpenHuit otcuer 50
nenexut. Tpy6y TeomonuTa HaBOASIT Ha KpaHHIO MapKy B IO-
TOJIKE TMOTEPHBl M 3amHchiBaloT ee Homep. He wusMeHsss ¢okycu-
POBKH, ONyCKaiOT TPyGy m0 MOSIBJEHHS B T0Jie 3DEHUsl y4YyacTKa
CTPYHBI TOA MapKOH, KOTOPHIl OKpalleH B KOHTpacTHHIN uBer. Ha-
BOASIIMM BHHTOM aJjiuganbl FOPH3OHTAJbHOTO Kpyra BBOASIT 3TOT
yuacToK B Ouccekrop cetku Hurell. Ilo 6apabaHy onTHueckoro
MHKpPOMeTpa aBaxjabl 6GepyT oTcueT; 3aTeM TPyOy BHOBbL IIOXHH-
MaloT 10 NMOSIBJIEHHSl B MoOJie 3DEHUSI MapKH H IPH NMOMOLUH IJIOCKO-
napaJjijieJibHOl TJIaCTHHKH ABa)KAbl BBOASIT B GucCeKTop OJnxKaii-
WHH OATHMHIJUMETPOBHIA IUTPHX IIKaJbl MapKH, 3aMUCHIBAIOT
HOMepP 3TOro LUTpHXa H OTcueThl No 6apabaHy ONTHYECKOTO MHKPO-
meTpa. Ha sTom HabaioneHHe OQHON MapKu 3aKaHuuBaercs. [la-
Jiee, He MEHsSs MOJOXKEHHsT TPYObl OTHOCHTENBbHO CTBOpAa CTPYHHI,
HabJ/10Mal0T OCTaJbHEIE TPH MapKH, PacloJIOXKEHHEIE M0 Ty Ke CTO-
POHY OT CTBOPHOrO 3HaKa. 3aTeM, MOBEPHYB TeomoJHT Ha 180°
TOYHO TaKHM e o6pa3oM HabJI0faloT uyeThipe MapKH, PacroJo-
JKEHHBIE TI0 JPYTyI0O CTOPOHY OT CTBODPHOTO 3HaKa.

CpenHsis KBajpaTHuecKas MOTPEIIHOCTb H3MEPEHHBIX HECTBOP-
HOCTell MapoK, NMOJyuyeHHHIX KaK cpeqHee H3 MNpsMoro U ob6par-
Horo xopoB, coctaBiser 0,3 mMM. AMniautymna kosebGaHHil CTPYHBI
nuamerpom 1,5 MM B cpemHeMm cocraBasieT 0,25 MM NpH HaTsaxKe-
Huu cuimoit 1000 H, 0,15 MM — npu HaTtsaxeHuu cujoir 1500H u
0,10 MM — nipu HaTsaxenuu 2000 H.

JJasi UCKIOYeHUs] NOrpelrHocTel, BHI3BIBa€MbIX KoJeOaHHAMH
CTPYHBI, TJIaBHBIM 00pa3oM BBIHYXIEHHBIMH, OHAa MOXKeT MoMe-
IIaTbCSl B CHCTEMY CO€IHHEHHHIX Mexnay coboii Tpy6. Uepes pas-
Hble MPOMEXKYTKH BHYTPH TPYyOBl yCTaHaBJIHBaIOT BaHHOYKH C IIO-
NJaBKaMH H3 MEeHOMJacTa, Ha KOTOphle YyKjaajnbiBaioT CTpyHy. Ha
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KOHTPOJIHDYeMBbIX TOYKax (10 JBe TOYKH Ha KaxKIyl CEKLUHIO IJIO-
THHBI) 0GOPYHNYIOT CrelHajJbHble KPOHLITEHHB (OMOPHI), CHAYyMXKalHe
OIHOBPEMEHHO M cBoeoOpa3HbIMH MapKaMmHu (puc. 106). [das Ha-
6ar0eHul 32 NOJIOXKEHHeM OMOp-MapoK 7 OTHOCHTEJNbHO OCH HaTs-
HYTOR BHYTPH TPy6 CTPYHB pa3paboTaHO cneuHajbHOE ONTHKO-
MeXaHHYeCKoe YCTPOHCTBO, KOTOPO€ COCTOHT H3 HSTH OCHOBHBIX
y3JI0B: Kopmyca I, onTHueckoil TPyGKH 5, MOJ3YyHKa C NMPU3MO# 3,
Bejyuero ysaa 6, ruOKoil nepenaud 4 H XBOCTOBHKAa C BeIOMOH
nepepaueii. Pa3sBopoT ONTHYECKOrO H3MEPHTENBHOIO YCTPOHCTBA
OTHOCHTEJIbHO BHU3HPHOH ocH ¢ukcupyercs mrtudToM. B BepxHei
4acTH Kopnyc npH6opa HMeeT CMOTPOBOe OKHO 2 ¢ Mpo3payHoH
CTEKJSTHHOH MHJIJIMMETPOBOH LIKaJIOH H NMpefoXpaHsoLlel ee mJac-
THHOH H3 OPTCTeKJIa.

Ilpu npousBoncTBe HabuawoaeHu# NpU6GOpP BCTaBJSAIOT B KaJaHGPo-
BaHHble BTYJIKH MapoK IO ynopa Tak, uTo6bl WTHOT, GUKCHPYIOLIHH
MOBOPOT, 3allleJ] B COOTBETCTBYIOILYIO NpOpe3b Ha Mapke, H 3a-
KpenJsiloT HaKHAHOH raiikol. [lojie 3peHHsT ONTHUYECKOH TPYOKH
OCBEIIaI0T KapMaHHBIM (OHapHKOM uyepe3 OTBepCTHe B KpOH-
mrTeHe mox MapkoH. M3mMepeHHs BHINOJHSIIOT MyTeM COOTBETCTBY-
IOIIMX TNPOAOJbHBIX NepeMelLIeHHit NPH3MbBl MaXOBHUKOM C jeJe-
HUSIMH, MOOYEPEeIHO BH3HPYS Ha CTPYHYy H Ha MHJJIHMETPOBYIO
mkany npubopa. Ilo pesynbrataM HccienoBaHHi cpenHsisi KBajapa-
THYeCKasl MOTPEeIIHOCTb H3MEPEeHHBIX CMELIeHHH  COCTaBJsIeT
0,2 MM.

KpoMe HabuaoneHuit 3a cMelIeHUSIMH MJOTHHB B psie CJayyaeB
HeOGXOXUMO NMEPHOMHYECKH ONpPEeNe/siTh FOPH3OHTAJbHEIE CMEIeHHS
3naHuit pycaoBeix I'SC, Ha KoTophle neHCTByeT THIpOCTaTHYe-
cKasi Harpy3ka. B 3ToM OTHOLIEHHH moKa3aTeabHOo 3paHHe Huxue-
Kamckoit I'DC, ocHOBaHHe KOTOPOTO CJOXKEHO TVIHHAMH NePMCKHX
oTsoxeHuit. OHo cocrout (cM. puc. 104,6) u3 BOCBMH CeKUUH H
umeeT obuiyo QJAHHY 486 M, a MpUMBIKaIlast K HEMY TPeXMpoJieT-
Hasi 6eTOHHasi BOJOCJIMBHAs TPEXCEKUHOHHAsSl MJIOTHHA HMeeT NJHHY
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Puc. 106. KpoHiurteiiH-onopa assi Hab/i0geHHH OTHOCHTEJbHO CTPYHBI
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85 M. Bricota coopyxenus 65 M, mupuHa nmo ocHoBaHHuio 71 m. Ha-
6JI0fleHHsI TNPOBOASITCA MO TpPedHI0O U B INOTEPHE, MNpoxoAslled
B (yHaameHTHOH nJuTe. B KpaWHHX ceKUHSAX 3aJI0XKEHbl KYCTHI
caBuroMmepoB. SIkopu Han6Gosee ry60KHX H3 HHX SIBJASIOTCS HCXOM-
HBIMH NPH ONpeleseHHH TOPH30HTaJbHBIX cMeweHHd. Tlpomoske-
HHEM CJIBHTOMEPOB SHABJSIOTCSI NpsMble OTBechl. X cTpyHbl 3a-
KpelJjieHbl B MalIIMHHOM 3aJjie B IJIaHOBBIX TPyOuyaThIX 3HaKax.
OTH 3HAKU SBJSAIOTCS ONOPHBIMH [JISl CTBOPHBIX H3MEpEeHHH om-
THYECKHM MeTOAOM BH3HpOBanus B MaumuHHoM 3ajae I'DC. B no-
TepHe (YHAAMEHTHOH MJIHTH CTBOPHble H3MEPEHHS] BBHINMOJHSIOT
ONTHYECKHM MeTOAOM (B NepHOJ CTPOHTENbCTBA), B MNpoLecce
3KCIIyaTalHH NpeAnoJiaraeTcss HCINONb30BaTh: CTPYHHBIH MeTOx
C MONJaBKOBOH CHCTEMOH 1Jis MOABECKH CTPYHBH. B Kaxpolt cek-
MM [0 ee KpasM pachoJIoKeHbl KOHTPOJIbHbie NYHKTHl CTBOpa
KaK Ha HUXKHEM, TaK H Ha BepPXHeM FOPH30HTaX.

§ 39. Pa3pa6oTKa nPUHUHNHAJbHBIX OCHOB NMPHMEHEHHS
KOrepeHTHOM ONTHKH IJIsl CO3JaHMs Ja3ePHbBIX METONOB
H npUGOPOB NMPHUKJIAJHON reofe3uH

JlocTUrHyThHle B HacTosillee BpeMsi pe3yJbTaThl pa3paboTOK H
HccaeqoBaHUH B 06J1aCTH HCNOJIb30BAHUSI CPEACTB KOI€PEHTHOH OI-
THKH, J1a3epoB H (POTO3JEKTPHUECKHX PErHCTPHPYIOIIHX YCTPOHCTB
NO3BOJUIAH CHOPMHPOBAThL HOBOE HalpaBJeHHe B CO3LaHHUH Iep-
CMEeKTHBHBIX Te0Je3HYeCKHX METONOB M CPeACTB H3MEpeHHH pas-
Horo HasHaueHus. IIpu pa3paboTke J1a3epHBIX reoJe3HYeCKHX INpH-
6opoB BCcTaeT HeOOXOAMMOCTh (OPMHPOBAHHSI CBETOBOrO IyyKa
3aJaHHbBIX MapaMeTPOB MJIsl peaju3aluH NpPsSMOH JHHHH B MNPOCT-
paHcTBe. Jlns peuleHHsi 3TOH 3ajayd NepPCHEKTHBHHIM SIBJSIETCS
NPUMEHEeHHe CPeNCTB KOT€PEHTHOH ONTHKH, B YaCTHOCTH reoje3H-
YeCKHX 30HHBIX MapOK.

TloBopoTHasi 30HHasi Mapka obpa3yeT H306paKeHHe KOTepPeHT-
HOrO HCTOYHHKA CBeTa TaKHUM e 06pa3oM, KaK U TeJe0oGDbEeKTHB,
ee paspelamlas Crnoco6HOCTh NMPH (HOKYCHPOBAHHH HE XyXKe pas-
pelIeHHUs] ONTHYeCKOH CHCTeMbl TAKOH Ke amnepTyphbl, K TOMY Xe
NPaKTHYECKH MOJHOCTbI0O HCKJouaeTcss omHOKa 3a mnepedokycu-
POBKY.

IIpu 3TOoM ocb cuMMeTpHH H306pa)KeHUs] pacnoJsiaraeTcsi B Bep-
THKaJIbHOH IJIOCKOCTH, NPOXOAsiuiedl yepe3 OCh CHUMMETPHH OJHO-
MepHOH 30HHOM MapKH H LEHTP TSIXKECTH MONEePeyHOro CeuyeHHUs
J1a3epPHOrO NyyKa B TOYKE MEPeTsKKH. AHAJIOTHYHO MOXKHO Ompeje-
JIUTb U NPSIMYI0O OTHOCHMOCTH NIPH HCNOJIb30BAaHHH KPYTrOBOH M IBY-
MepHOH 30HHBIX Mapok. I1JI0CKOCTb OTHOCHMOCTH HJIH COOTBETCT-
BEHHO pe(epeHTHYI0 MPSIMYI0 MOXKHO Pa3JHYHBIM 06pa3oM OpHEH-
THPOBaThb B INPOCTPAHCTBe, HanpHMep, 3anaTb TOPH3OHTAJBHYIO
HJIH BepPTHKAJbHYIO MJOCKOCTb, TOPH3OHTAJbHOE HJH HaKJIOHHOE
(mox 3amaHHBIM YrJIoM) HamnpaBjieHHe. I[TOCKOJNbKY HCTOYHHKOM
HHGOPMALHNU O TOJIOXEeHIIH pedepeHTHOH NMPSIMOH B MPOCTPAHCTBE
ABJsercss AUPpPaKUHOHHOe H3006paKeHHe HCTOYHHKA CBeTa B BHIe
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SIPKOT'O CHMMETPHYHOTO CBETOBOTO MSITHA HJIM CHCTEMBl CBETOBHIX
NOJIOC C ONpeleJIeHHHIMH TeOMETPHYECKHMH H 3HEPreTHYeCKHMH
napaMeTpaMH, HMeeTcsl peaJibHasi BO3MOXKHOCTb aBTOMAaTH3alHH
H3MepeHHii nyteM mnpuMeHeHHsi (GOTO3JMEKTpHUECKHX NpeobpasoBa-
TeJed.

ABTOpoM paspaGoTaH crnoco6 HENpepLIBHOTO CJEXEHHs 3a 3a-
NaHHBIM HamnpaBJjleHHeM JBHXyluerocss oObeKTa, Hanpumep s
ODHEHTHPOBAHHSI H KOHTPOJISI TOJIOXKEHHSI NPOXOAYECKOTO LIHTA
(puc. 107). [IBe 3oHHBIe MapkKH 3 H 4 yCTaHABJIMBAIOT Ha pa3HOH
BHICOTe Haja HCXOAHBIMH nyHKkTamMH A u B. Kaxnas u3 Hux ¢op-
MHpyeT H300paKeHHe Jasepa I, u3jnyyeHHe KOTOPOTO pasjessiercs
Ha [ABa MNapaJjllelbHBIX CBETOBBHIX NMydyKa MNOJYNPO3PayHEIM 3epKa-
Jaom 7 u npusmoit 2. [lo Mepe npoaBHKEeHHS LIMTA 5 30HHAsT MapKa
NOBOpPauMBaeTCsl BOKPYI BePTHKaJbHOH OCH CHMMETPHH 30H Ha
yroJ

Bi = arccos [49:p/(p + 9)°]. (147)

Perucrpupylomue BH3yasbHOe HJIH (POTO3JEKTPHYECKOE YCTPOH-
CTBa YKPEIJISIIOTCS Ha NOABHXKHOM 00bekTe — murte 5. KOctupos-
KON M InepeMellleHHeM H3JyyaTesiss AOOHBAaIOTCS COBNAJEHHs H30-
6paxenuit 6, GopMHpyeMBIXx 06EHMH 30HHBIMH MapKaMH C HYJieBOH
METKO# pEerucTpPHpYIOLIEero ycTpoHCTBa. ITO SBJSIETCS NPH3HAKOM
TOTO, YTO KOHTPOJHPYeMBbIi OOBEKT He OTKJIOHMJCA OT 3aJaHHOTO
HanpaBJieHHsl, U KOHTPOJIeM TOYHOCTH YCTAHOBKH H3JydyaTess H
30HHBIX MapoK Haj HCXOAHBIMH nyHkTaMHu. Ilo yray noBopora ¢;
30HHOH NJIaCTHHE OT HOPMaJIbHOTO €e MNOJIOXKEHHS1 (OTHOCHTEJIbHO
3alaHHOH TNPSMOil), H3BECTHOMY PACCTOSIHHIO P OT JIa3ePHOrO H3-
JydyaTesss H M3BECTHOMY (DOKYCHOMY pPacCTOSIHHIO [ MOXHO BBIUHC-
JIUTb PacCTOsIHUE ¢; A0 KOHTPOJIMPYeMOro o6’beKTa, HCXOAS H3 cJie-
AYIOLIUX TOJIOXEHHH.

MakCHMyM HHTEHCHBHOCTH AMGPaKIHOHHOrO H300paXKeHHs HC-
TOYHHKA cBeTa HabJ10faeTcsi Ha NpPEeJMETHOM pacCTOSHHH ¢ OT
NOBOPOTHOH 30HHOH MapKH. BesuuuHBl p H ¢ cBsI3aHB GoOpPMYJIOH
1/p+1/g=1/f, tne f=const xapakTepusyeT HAHHYI0O MJIACTHHY.
IIpu noBopoTe 30HHOH mNJAacCTHHBL Ha VroJl ¢ MeHseTcs ee
¢dokycHoe paccrosinHe. OHO CcOOTBeTCTBYeT (POKYCHOMY paccros-
HHI0O 30HHOM NJIACTHHBI, TOJYYEHHON KaK MNpOeKLUHs (aKTHYECKH
YCTAHOBJIEHHOH  IJIaCTHHBI Ha  IJIOCKOCTb,  MEepPNeHIUKYyJsp-
HyI0 K JIyuy Jla3epHOro CTBOpoyKasaTens. [l 3KBHBaJIeHTHOH
30HHOH TJIacTHHH C (OKYCHBHIM paccTosiHWeM f, CNpaBelJHBO CO-
otHowenue 1/p+ 1/g,=1/f,. Bennunnnl f, f, U ¢ cBAI3aHB COOTHO-
LIeHHEeM

cos @ = i folf - (148)
W3 Hero npHu H3BEeCTHHIX P, ¢ H ¢ BeJHYHHA (g, onpexneasietcss ¢op-
MyJI0#

g = pq cos? @/(p + g sin® @). (149)

HsMepuB Ga3oBLle DACCTOSIHHA p H ¢, a TaKxKe MNepeMeHHBIH
yron ¢, onpeiessiioT AaJbHOCTb 10 HCCJENyeMOH TOYKH Gg. Ilpu
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Puc. 107. Cxema cnocoba HenmpepbiBHOro CJeXXeHHsi 3a HampaBjeHHeM JBHKe-
HHSI MPOXOAYECKOro ILHTA

H3BECTHOM [ OTmamaer HeoGXONMMOCTb B H3MEpEHHH ¢, (dopMyJia
(149) npuHHMaeT BHJ,

9¢ = [p cos® @/(p — f cos? @). (150)

Ilpu 3ToM ¢oTO3NEKTPHUECKOE PpErHcTpPHpYIollee YCTPOHCTBO,
YCTaHOBJIEHHOE Ha KOHTPOJHPYEMOM JBHXYlieMcsi o0bekTe, cHab-
JKaeTcsl JOMNOJHHTEIbHO OJHHM H3 H3BECTHBIX aHAaJH3aTOPOB Sp-
KOCTH H300paKeHHsI HCTOYHHKA CBeETa.

Pa3pa6oTaHo YyCTPOHCTBO JJisi KOHTPOJS TPSIMOJHHEHHOCTH
No Bced [JJHHE DEJbCOBBIX TNyTeH, HampHMep MNOAKPAHOBBIX
(puc. 108). B npemsoKeHHOM aBTOPOM YCTpPOficTBe MOBOPOTHas
30HHasi Mapka I ycraHaBJHBaeTCs Ha KoJjiece 2 chelHaJbHOH Te-
JIeXXKH 3 HJH HeNOCPEeNCTBEHHO Ha KoJiece IBHXKYIIErocsi KpaHa.
Bpaluenne Kojeca uepe3 ochb 4 M IecTepeHYaThii MeXaHH3M 5 me-
pemaeTcsi Ha OCEBYIO CHCTEMY KacceThl 30HHOH MapKH H B 3aBH-
CHMOCTH OT TIOJIOXKeHHSI KpaHa OTHOCHTEJNbHO KpafHHX YyHNOpPOB
pesNbCOBBIX MyTell NMOBOPayHBaeT 30HHYIO MJACTHHY Ha pacyeTHHIH
yroi. Ha ogHOM KOHIE NOJKPaHOBOTO NYTH YCTaHaBJIHBAIOT Ja-
3epHBIH CTBOpPOyKa3aTesb, a Ha APYyroM — (GoTo3JeKTpHYecKoe pe-
THCTPHpYIOLlee ycTPOHCTBO, HanmpuMep, QHCKpeTHoro Tuma. MHdop-
Mauusi O CTeNeHH HEeNnpsSIMOJHHEHHOCTH NOAKPAHOBOTO MYTH MOXeT
PEerHCTPHPOBAThCSl OMEPaTOPOM, 3aNHUCHIBaThbCA Ha uHdponeyata-
fOIleM YCTPO#CTBe HJIH TNepenaBaTbCs HENOCPEACTBEHHO B KabGHHY
MaIllHHHCTA KpaHa.

OnpeneneHHbIl HHTEpec MNpeACTaBJseT NMPHMEHEHHe TaK Ha3Hl-
BaeMo# KoHHuYecko# 3oHHON Mapku (K3M), ssasoueiics anaJo-
roM aKCHKOHa B reoMeTrpHueckoil ontHke. C ueabio GOPMHPOBAHHSA
H300paKeHHs1 HCTOYHHKA cBeTa Ha JIO60M pacCTOSHHH OT mJac-
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= Puc. 108. VcrpoitcTBo ns1si KOHTpOJS

’ NPSMOJIMHEHHOCTH NOAKPAaHOBHX myTei
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Puc. 109. JlasepHHii npHGOp BePTHKAJLHOTO NPOEKTHPOBAHHS



THHBl B MpefeNax 3afaHHOrO MAHAana3oHa B KOHHYECKOH 30HHOMH
MapKe MNpsiMble, ONnpeaeNsiiolllie rpaHuubl 30H PpeHensi, nepeceka-
I0TCcsl B OOlIel TOYKe Ha OCH CHMMeETpPHH MiacTHHBL IIpn aToM Kax-
Iasi 3JeMeHTapHas TOPH30HTaJbHasi HWJIH BepPTHKaJbHas MOJOCKa
K3M pa6oraer Kak ojHOMepHas 30HHasi Mapka. Paspa6oTaHa
KOHCTPYKLHSI camoycTaHaBauBaiouiero mnpu6opa (puc. 109) tuna
«3enur — Hagup» pas 3amaHusi BepPTHKAJbHOTO HaNpaBJIeHHS,
B KOTOPOM HcCNOJb30BaHbl K3M. VcTpoHcTBO COLEpPXKHUT YCTaHOB-
JIEHHBII Ha Tperepe I/ Kopmyc 5, BHYTPH KOTOPOro Ha NOJABECKaXx
7 pacnoJioXXeH LUHJIHHAP 4 CO CBETONENHTEJbHOH MPH3MOH 3, B TOp-
Hax Kotoporo coocHo 3akpemynenbl K3M 6 u 10. BokoBasi moBepx-
HOCTh UHWJHHApPA H Kopmyc npu6opa COCTaBJSIOT BO3AYLIHBIH
nemncdep, a B HHXKHeH 4acTH KOpnyca yCTaHOBJIEH ellle M XKHIKO-
crublii neMncep I. KomneHcartop apperupyercsi ynopamu 2. K kop-
Nnycy NpHKpemJieH ra3oBblfl Jasep 8, cHa6GXXEHHBIH IOCTHPOBOYHBIMH
BuHTamu. IIyuyok cBera oT Jasepa, OpoOMAsl uepe3 OTPHUATENbHYIO
nedoKycHpyoLlyo ONTHKY 9 U uepe3 mpuaMmy 3, momajaer Ha o6e
KOHHYECKHE 30HHblEe MJIacTHHBl 6 W 10, ycTaHOBJIEHHble Ha MasT-
HUKOBOM KoMmneHcartope. IIpi 3TOM NyyoK cBeTa [JOJIXKEH NOKPHI-
BaTb BCIl0 pabouyio NoBepxXHOCTb Kaxaoi u3 K3M, uro mocTi-
raercsi COOTBETCTBYIOUIMM pacyeToM omTHYecKoi cucteMsl 9. Takoe
yCTPOHCTBO NO3BOJISET aBTOMATHYECKH 3aJaTh BepPTHKaJbHOE Ha-
npaBJjieHHe ONHOBPEMEHHO BBEPX M BHH3 OT MeCTa €ro YCTaHOBKH.
OTo HampaBJieHHe peaJIu3yeTcsi SIPKUMH CBETOBBIMM METKaMH, Ha-
npuMep, njs aByMepHoili K3M onu npexncraBisiioT co60fl oTaesb-
Hble OTPE3KH [BYX I[lepeceKalolINX CBETOBBIX II0JIOC («CBETOBOTO
Kpecta»); s omHoMmepHoii K3M — KOpoTKHE CBETOBBIE LITPHXH,
HabmaionaeMble Ha (oHe CJI0XKHOH HHTephepeHIMOHHOH KapTHHBI.
KoHHuecKHe 30HHblE NJACTHHBI HCHOJBL3YIOT MJs (OPMHPOBaHHS
CHCTEMbI CBETOBBIX METOK B COYETAHHH C TeJECKOMHYECKHMH KOJI-
auMupylomuMu ycrpoiictBaMu. K3M MoxeT ObITh BKJIOYEHA B Ka-
yecTBe HacajKu Ha OOBEKTHB KOJIMMATOpPa MJIM Ja)e MpHKJIeeHa
Ha BHEILIHIOI NOBEPXHOCTb NepBOH JIHH3BI TeJe0ObEeKTHBA.
30HHBIE MAapKH B COYETAHHUH C ONTHYECKHMH YCTPOHCTBAMH MO-
ryT OBITb MCHOJBb30BaHbl AJS AUCTAHLHOHHOTO KOHTpPOJS 3a Je-
dbopMalHUAMH HMHXEHEPHBIX COOPYXKeHHH (HaKJIOHAMH, KPYYeHH-
aMu 1 ap.). Ha puc. 110 mpencraBjieHa cxema OJHOTO H3 CIOCO-
60B AMCTAHLMOHHOTO KOHTPOJSI NPH MNOMOLIH 3€pPKaJIbHOTO AH3Jpa
¢ 30HHOH Mapkoil. M3BeCTHBIMM MeTOAaMH KOHTpoJs AetdopMaluHH
C 3epKaJibHBIMH AH3APaMH (ABa IJVIOCKHX 3epKaJja moj yriaom 90°)
ONpeneNsIoTCsS TOJBKO MNONepeyHble NepeMelleHHsi YIJOBOro 3ep-
Kaja. MaMepeHne mosioxeHHs1 oObeKTa B JPYTHX HampaBJeHHAX
(HaKJIOHBI, a3UMYTaJIbHble Pa3BOPOTHI H AP.) HEBO3MOXKHO.
OrpaxeHHBIl OT OGBLIYHOTO AM3ApPa Ja3epHbIi MYyYOK B NJOCKO-
CTH aHaJu3a HMeeT OOJiblIHE pa3Mephl, HeUeTKHH KOHTYp mome-
peyHoro ceueHHss M JOPYyrHe HeJocTaTKH. BBenenHass B GHCCEKTOp-
HYI0 TJIOCKOCTh MJOCKHX 3epkan 3 OfHOMepHasi, ABYMepHasi HJH
KpyroBasi 30HHasi NJacTHHA 4 TMO3BOJISIET MOJYUYHTb B IJIOCKO-
CTII aHasn3a H300pa)KeHHC HCTOYHHKA cBeTa [ B BHAE SIPKOTO
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CBETOBOTIO NSTHA HYXHOH ¢(opmbl. Pacxoasiuuiicss (niu napadgens-
HBIH) NyYOK J1a3epHOTO H3JYueHHs MonajaeT Ha 3epPKaJbHYI0 30H-
Hyio Mapky (33M) u, oTpa3uBILIHUCL OT 06OHX MJIOCKHX 3epKaJl, Npo-
XOIHT yepe3 30HHYIO NJACTHHY B ABYX NMPOTHBOMOJIOXHBIX HaNpa.-
JeHuax. TakuMm o6pa3oM, CBETOBOH NYYOK TMNOCJe OTPaxeHHs OT
33M pasgensieTcss Ha JABe 4acCTH, KaXaas U3 KOTOPBIX CaMOCTOS-
TeJbHO (POKYCHPYeTCCSl OLHOH H TOH Ke 30HHOH NJIACTHHKOH B IJIO-
CKOCTH aHaJjlu3a perucTpHpywouiero ycrpoiicrsa 2. Peructpupyio-
1iee YCTPOHCTBO H Jla3epHBIH H3JydaTesNb OObeIHHAIOTCA B OOLIHH
npuemonepenatuuk (I1IT1). ITonoxxenne n3o6pakeHHsT B MJIOCKOCTH
ananausa III1 oco60 uYyBCTBHTEJNBHO K HAKJIOHAM 3epKaJbHOH

( A
a < L >
-
S| \ Mlenmanpusma
=
e Aamun
Jlazep Konmumamaop Jonwan mapna
r
Texnonocuvecrasn
yemanobra

Prc. 111. Jlaseproe pasmetounoe yctpoiicTo «Jlapyc»
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MapKH, MaJio 3aBHCHT OT MOCTYNaTeJbHbIX NepeMellleHHH 3epKalb-
HOH 30HHOH MapKH H ee pa3BOPOTOB BOKDYr JIMHHI IlepecedyeHHsi
paboyHx IIOCKOCTEH 3€pKaJ. YCTaHOBHB Ha oObeKTe [Be-TPH Ta-
ke 33M, MOXKHO MOJYYHTb HH(pOpMauHi0o 06 H3MEHEHHH MPOCT-
PaHCTBEHHOrO IOJIOXKEeHHSI KOHTPOJIUPYeMOro 00'beKTa.

Jnsi pa36uBKH (BBIHOCAZ B HaTypy) GOJBIIOTO KOJHYECTBA
NJOCKOCTEeH, NEPNeHAHKYJSPHBIX K OCH INOJBIX KOHCTPYKUHH IIH-
JHHAPHUECKOH (OPMBI HEKOTOPHIX TEXHOJIOTHYECKHX YCTaHOBOK
XHMMHYECKOH MNPOMBIIJIEHHOCTH, B YaCTHOCTH pPEKTH(HKALHOHHBIX
KOJIOHH, paspaboTaHa KOHCTPYKIHSl CMNeLHaJbHOrO Ja3epHOro YycCT-
pofictea (puc. 111,a). IlpuHuunuanbHasi cxeMa ycTpoHCTBa BKJIIO-
yaeT Jasep, KOJUIHMAaTop, pa3MeTOYHOe YCTPOHCTBO, coaepxkaliee
BpallalOIIyOCs MEHTAaNpH3My, NOBOPOTHYIO 30HHYIO MapkKy, 3JIeK-
TPONPHBOJ, A/ BpallleHHs] NMEeHTanpH3M COBMECTHO ¢ 30HHOH Map-
KOH BOKPYr OCH MOJIOH TEXHOJOTHYeCKOH KOHCTPYKLHH, yCTaHOB-
JIEHHOt B mpouecce COOPKH FOPH30HTAJbLHO.

B npenJioXeHHO# KOHCTPYKILHH JIa3ePHOIO Pa3METOYHOTO YCT-
poiicTBa «Jlapyc» omHOMepHasi 30HHasi IUIACTHHA no3BoJjsieT cdop-
MHPOBAaTh SIPKYIO CBETOBYIO MeTKY (CBETOBOH LITPHX WIHpHHOH 0,5—
1,0 MM), coBmajamwIlyo ¢ HCKOMOH MaocKocTbio. CBETOBOH IUTPHX
IJIHHOH He MeHee BepTHKaJbHOro pasMepa 30H PpeHens N03BO-
JIsieT MpPH BpallleHHH Pa3MeTOYHOro YCTpPo#cTBa BOKPYr TOPH3OH-
TaJIbHOH OCH OTMETHTb CJie[i HCKOMOH IJIOCKOCTH Ha BHYTpeHHeil
MOBEPXHOCTH KOHCTPYKLUHH UHIHHAPHYECKOH (OPMHBIL.

PacueT 30HHBIX NJACTHH H LIMPHHBI CBETOBOrO IUTPHXAa BHINOJ-
nserca no ¢opmynam (118) u (119) coorBercTBeHHO. Ilpu 3TOM
cornacHo puc. 111,6 p=0’P+PO, q=0Q. Pacuer yrioB B; BH-
nonusiercsi no ¢opmynae (147), mAs OTKIAAbIBaHHS pPacyETHHIX
YyIJIOB MNOBOPOTHAsi 30HHAsi MapKa cHaGxeHa Jaum6oM. OpnHako
YCTAaHOBKY 30HHOH MNJACTHHBI NOJ YrJOM f; MOXHO BBINOJHHTb H
6e3 saumba, HOOHBasicb HJs KaxJOH MJIOCKOCTH YeTKOro H3o6pa-
JKeHHs1 HCTOYHHKA CBeTa B BHJe SIPKOH y3KOH NMpAMOJIMHEHHO# mno-
JOchl BH3YaJbHO. B NaHHOM ciiyuae 3TO He 3ATPYAHEHO, TaK Kak
JHaMeTp NOJbIX KOHCTPYKUHil He npeBbimaer 11 M.

§ 40. O co3paHuM Ja3epHBIX AUCIEPCHOHHbIX
cTBOopodHKcaTopoB-pedpakTOMETPOB

TouHOCTb BBIMOJNIHEHHSI Teofe3HuYeCKHX H3MEpPEHHi Jia3epHbIMH
npu6opaMu OrpaHHYHBAeTCs] BJIMSIHHEM pedpakUHH CBETOBHIX JY-
yeit B atMoctepe. B Hacrosiliee BpeMsi Hapsily C COBepIlLEHCTBOBa-
HHEeM METOJHYEeCKHX NyTeil ocjabJjeHHsi BJHSHHS pedpakuHu Ha
TOYHOCTb H3MepeHHii M INpPHMeHeHHeM BaKyyMHPOBaHHBIX H Tep-
MOCTaTHPOBAHHBIX JIYYeBOAOB KapAHMHAJbHHIM NyTeM pelleHHs
npob6JaeMbl sIBJAsETCS CO3J4aHHe NPHOOPOB MAJIsi HeNnocpedCTBEHHOro
H3MepeHHs U yueTa pedpaklHOHHBIX NONPaBOK.

[Tpn paspaGoTke HOBOH annapaTypw AJs onpejaejeHus ped-
paklUHH TJIaBHOH TeHJEeHIHel OTeyecTBEHHBIX H 3apyOexHBIX pa3s-
paboTOK siBAsieTC TNPHMEHEHHe [HCIepCHOHHOro MeToga. IIpH
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Puc. 112. Cxema aucnepcHOHHOro
MeTona yyeta pedpakuHH

3TOM BCe lIHpe HCNOJb3YIOT (POTOIJEKTPHUEeCKHe CPelCTBAa perHcr-
pauuH, OCO6eHHO NpPH NOMOIUH MO3HLHOHHO-YYBCTBHTEJBbHBIX IIpe-
ob6pasoBartesell. JlucnepcHOHHBIH MeTOA NPHOOPHOH reoje3nuecKoi
pedpakTOMETPHH OCHOBAH Ha SBJIEHHH JHCIEPCHH CBeTa B ar-
Mocdepe ¢ HCNOJb30BAHHEM JBYX HJH O6oJiee COCTaBJISIOLINX
cnekTpa cBera. VM3aMepHB BeJHUHHY Ar YIJIOBOH JHCNEPCHH MEXAY
COCTABJSIIOIIMUMH A; H Ag HJIM BEJHYMHY B3aHMHOrO CMeIleHHS A
IBYX Jiy4ell B KOHEYHOH TOYKe TpaccChl, MOXHO OMNpefeJHTb YIJO-
BYIO BeJIHUHHY pedpaKUHH, NONPaBKy B H3MEPEHHYIO HECTBOPHOCTb,
npeBbIILIEHHE.

H3BecTHO, 4TO, €cJiH BHOJbL JiHHHM (pHc. 112) HanmpaBuTh ABa
Jyya C JJIHHAMH BOJH A; H Ag, TO BCJeNCTBHe pedpaKIHH OAHH H3
Jyueil mpuaer B TOuKy B;, a mpyroil Jayu, BbuueAIUHH H3 TOYKH A
NOJ HEKOTOPBIM yryioM §; K JHHHH AB, npuger B Touky B.

[To usmepenHoii BenmnunHe A=BB; B3aHUMHOTO CMeLIEHHs1 CBe-
TOBBIX Jiyuel C NJIHHAMH BOJIH A; H Ay MOXKHO BBIYHCJIHTb OTKJIOHE-
HHSI KaXJO0ro U3 jyued Ay H Ag:

—1 —1
Ay = _fa—1 A; Ay= Mo — 1 A. (151)
No1 — No2 Nor — N2

C yueroM BbIpaKeHHsl AJIs TPYNNOBOTO MNOKa3aTeJssi NpejoMJe-
uus ¢popmyay (151) 3anuueMm caenyiomuMm o6pasom

Al = NlA', Az:NzA,

rape
v (AM + 3BA + 5C) A3
"7 3B (MM — ) 4 5C (M — M)
(152)
" (AA+3BA] + 5C) Af
z =

3B (WM 4+ A1A2) +5C (M —Af)
A = 2876,4-10~7, B=16,288-10~7, C =0,136-10-".
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¥YraoBasi BeanuMHa pedpakuuu onpenessiercsi no Gopmyse

8, = —pAils. (153)

Hnsi BeluHc/eHHs: pedpakLHOHHOM NONpPaBKH &y HeOGXOXHMO
BBHIMOJIHUTL H3MEPEHHs B MPOTHBOMNOJOXHOM HamnpaBJIeHHH.

B Hacrosilee BpeMsi H3BECTHbl KOHCTPYKLUHH JHCIEPCHOHHBIX
pedpaKTOMETPOB, B OCHOBY KOTOPBIX TIOJIOXKEH BbILIEYKa3aHHBIH
npuHuun pedctBua. OQHHM H3 BapHAHTOB SIBJISIETCSI COBMECTHOE
HCil0JIb30BaHHe rejui-KaamMueBoro Jasepa Ha BosiHe 00,4416 MkM
u reauii-HeoHoBoro Ha BosHe 0,6328 MkM. I[lockosbky Jasepsl
MOTYT H3Jly4aTb Ha ABYX HJH 60Jjiee BOJHAX, BO3MOXHO HCIOJb-
30BaHHe OJHOrO Jia3epa C MOCJENOBATENbHOH ceseKlUHeH NBYX HJIH
6osice JIMHUH H3JYUEHHS.

ABTOpOM pa3paGoTaHBl TEOPETHYECKHE OCHOBBI H MPEeNJOXEHHI
KOHCTPYKTHBHBIE pellleHHsl Jla3epHbIX CTBOPOGHKCATOPOB-pedpak-
TOMETPOB C HCNOJb30BAHHEM OTJHYHTEJbHBIX CBOHCTB HCKYCCTBEN-
HBIX TOJIOIPAMM — re0oJie3NYeCKHX 30HHBIX MapoK, [O3BOJSIOLIHX
He TOJBbKO ~(OPMHPOBAThb CBETOBOH NYy4YOK 3aJaHHBIX NapaMeTpOB,
HO M NPOHM3BECTH CEeJIEKIHIO ONMpeieJeHHOH NJHHBl BOJIHBl H3 CIeK-
TPa KOT€PEHTHOI0 H3JIyYeHHSI.

B npenyoXXeHHBIX KOHCTPYKLUHSIX Ja3epHOro JHCIEPCHOHHOrO
cTBOpo(dHKcaTOpa-pepakToMeTpa 30HHasE MapKa HCHOJb3yeTcs
U TIOCJIeI0OBATeJbHOH CeJIeKIMH KaXAOH JIHHMHM CcIeKTpa H3Jy-
YeHHUs] MHOTOBOJIHOBOTO Jadepa B BHIAE Y3KOH CBETOBOH MOJIOCH
B aHaJH3HpYyIollefi NJIOCKOCTH DPEerHCTPHPYIOLLEro yCTPOHCTBa, MO-
CKOJIbKY ee (POKYCHOe pacCTOsSIHHe 3aBHCHT M OT JJIHHBI BOJIHBI H3-
Jy4YeHHsi

oF
F=Tantirn’

rae £, — paccTossHHe OT OCH CHMMETPHH MapKH N0 BHELIHEro Kpasi
n-# npo3pauyHoil 30HBI; B — KO3 GHIHEHT, 3HAaYeHHE KOTOpPOro 3a-
BHCHT OT YCJOBHH, NMPHHATHIX NPH pacyeTe 30HHOH MapKH; AJs
reoJe3nyecKHx lesell BoIBeleHO 3HayeHHe k=—0,797.

Ilpu BpalieHuH 30HHOH MapKH Ha ONpeHeseHHBbIH yroJ OTHOCH-
TeJbHO €€ HOPMAaJIbHOTO IO OTHOLIEHHIO K HalpaBJIeHHIO H3Jyye-
HHS [OJIOXKEHHS MOoCcJeNoBaTeNbHO (DOPMHpYyeTcsl sIpPKOe CBETOBOE
MSATHO, LBET KOTOPOrO COOTBETCTBYET AHMCKPETHBIM JIHHHAM CIIeK-
tpa OKI B BHAMMOM ONTHYECKOM JHama3oHe. YTJbl I[0BOpPOTa
pacCYHTHIBAIOTCA 1O GopMyJie

B: = arccos x/ Al (155)

rae Ao — AJIHHA BOJIHBI CIIEKTpa H3JyuYeHHs, JJs KOTOporo &, MHpH
ONHOM H TOM e (DOKYCHOM pacCTOSIHHH MaKCHMaJbHO, a 30HHas
IJIaCTHHA YCTaHaBJHBaeTcsi nox yriaoM 90° K HampaBJleHHIO OcH
Ny4ykKa J1a3epHOro H3Jy4eHHs; A; — AJIHMHBl BOJIH MOCJEAYIOIUHX JIH-
Hui cnekTpa. IIpu Hcnonb30BaHHM COBMECTHOTO H3JIyYEHHs reJsHi-
HeOHOBOTO ¢ Ao=0,6328 MKM u rejqufi-KkagMHeBOro Jasepa ¢ A;=

=0,4416 MkM PB; = arccos 4/0,4416/0,6328 — 45°34".

(154)

245



Bpallense 30HHOH MapKH C TMOCTOSIHOH YIJIOBOH CKOPOCTBIO,
COrJacoBaHHOM ¢ TpeGyeMbIM BpEMEHHBIM HHTEPBAJOM MeXIy
nByMsi curHajamMu PIPY, ¢ uacToTOH HOBTOpPEHHS HX H pPasHO-
CThIO (ha3 MOAYJSLHH H3JyUYeHHsI C Ao H A; NMO3BOJISIET aBTOMAaTH-
3HpOBaTh INpOLlECC H3MEPEHHUs] YIrJOBOH BeJHUMHBI pedpaKkUUH H
B uTore pedpaKUHOHHOHI MONMPaBKH B YTrJOBBlE, CTBOPHBIE, BBICOT-
Hble U3MepeHHsI.

CoBpeMeHHble (DOTO3JIEKTPHYECKHE DPErHCTPHPYIOLIHE YCTPOH-
CTBa HHUCKPETHOTO THMa, HampuMmep paccMoTpeHHbt DIPY c snek-
TPOMEeXaHHYECKHM CKaHHPYIOLIMM YCTPOHCTBOM, IO3BOJISIIOT H3Me-
pPSAATb B3aHMHOe MNOJIOXKeHHe IH(PaKIHOHHBIX H300pa)KeHHH Kore-
PEHTHOI'O MCTOYHHMKA cBeTa (pacCTOsSIHHE MeXAY ABYMSI CBETJBbIMH
MOJIOCAMH) CO CpeJHeill KBaJAPaTHYECKOH MOrPEIIHOCTBIO M, OKOJO
0,03 mM. Corsacho (151) MOXHO 3amHcaThb

ma; = ———ma. (156)

YrioByio BeqHUYHHY pedpaKUMH OmpeessioT CO CpeiHeill KBaj-
paTH4YeCKOH NOrpeuIHOCTbIO
(ng—1) ma

" s (57

YuureiBasi (156), nomyunm
me; = Nima. (158)

Jas onTuMaJsbHO MOZOGPAHHBIX NJHH BOJH H3JY4eHHS Ag H A;
B ONTHYECKOM AHMaNa3oHe MOXHO NMOJYYyuThb 3HaueHHe N He GoJee
15—20.

Hnsa 3nauennit m, 0,03, 0,05 u 0,1 MM npu N=15 cocraBieH
rpaguk (puc. 113), xapakrepusyiouuii npu6OPHYI0 TOYHOCTb JHC-
NepCHOHHOro pedpakToMeTpa C 30HHBIMH MapKaMH.

Takum o6pa3om, NpH pacCTOSHUSX BH3UPOBaHHsI He GoJsee
1 KM TeopeTHY€CKH BO3MOXHO ONpeNesUThb BEJHUYHHY yriaa pedpak-
uuH §; co cpeiaHell KBaApaTHYeCKOi MOrpeurHocTbio He Gogee 0,17,
IIPH paccTOsHHAX GoJiee 1 KM C TOYHOCTbIO, XapaKTepH3yeMOH co-
TBHIMH JOJISIMH CEKYHJIbI LYTH.

Oann u3 pa3paGoTaHHBIX BapHAaHTOB JUCHEPCHOHHOrO CTBOPO-
¢ukcaTopa ¢ HcCHoOJb30BaHHEM NOBOPOTHOH 30HHOH MapKH Inpen-
craBjed Ha puc. 114. Hanyuenuss nasepoB I u 10 c pauHoit
BOJIHBI A; H Ay CMELIMBAIOTCS YCTPOHCTBOM, BKJIOYAIOUIUM HPH3MY
2, NOJYNpO3pauHyw IMJIOCKONapaJjieIbHyl0 MJacTHHY 9 H KOHT-
pPOJIbHYI0 3KpaH-MapKy 8. CMelllaHHBIH NMYyYOK CBETOBBIX Jydyeil MHO-
cJie TMPOXOXKIEHHS yepe3 MOAYJATOP 7 H KOJJIHMHPYIOLYIO OMNTH-
YyecKylo cucreMy 3 momajaeT Ha pabouylo MJIOCKOCTb MOBOPOTHOM
30HHO# MapkHu 4, nocje NPOXOXKAEHHS yepe3 KOTOpPYyio (okycupy-
eTcsl B aHaJH3Hpyollel MJIOCKOCTH & (OTONpHEMHHKA, YCTaHOB-
JIECHHOTO Ha KOHEYHOM MYHKTe 3aJaHHOro HampasJjeHHs. IlocKomabky
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Puc. 113. 3apucumocts mpubopuost  7JLL. \

TOYUHOCTH OnpejeseHHs pedpakuu-

OHHBIX TONPABOK TNPH HCHOJb30Ba- , \
HHM  JHCIepCHOHHOrO  Jaseporo 44 TN
cTBOpodHKCaTOpa N

/
P
9

s’ﬁ |

L1
7
.
Q\
$.
/K\

2.
221\ X
g \’ 74 T~
a1 \ ?/o N \“\
’ | 2 \@\\ \'\:
IV\\I&Q&, l‘\\ - T
Puc. 114. JlasepHulii AuCnepCHOH- s
HbI/l CTBOPOGHKCATOP 7 2 4 6 8 S,Km

30HHAasi MapKa, OPHEHTHPOBaHHAsi HOPMAJbHO K 3aJlaHHOMY Ha-
npaBjieHHIo, (opMHPyeT H306paxkeHHsI KOrepeHTHBIX HCTOYHHKOB
C IJIUHAMH BOJIH A; M Ay Ha pPa3HBIX PAacCTOSAHHAX ¢y U (g, YIJbl
MOBOPOTAa MOJAYJSATOPa M 30HHOH MapKH B3aMMOCBs3aHbl. Mony-
JsTop 7 U 30HHasi Mapka 4 BpallaloOTCs OJHHM H TE€M Xe 3JIeKT-
poABHraresieM 6, NIpH 3TOM NpPHBOJ obecrneyHBaeT CHHXPOHHOCTb HX
BpalueHusi. MonynsitTop uMeer ABa TuHma oTBepcTHH a u 6. HMcxon-
HBIM SIBJISIeTCSl COCTOSIHHe BCero ycTpolcTBa, Korja LEHTPhl OTBep-
CTHI @ COBNMAaJalOT C 33JaHHBIM HampaBJIEHHEM, a MJOCKOCTb 30H-
Hoil MapKu pacnoJsioxeHa nox yraoM 90° kK nocaenHemy. luamer-
panpHas OCb NOMApHO PaclOJIOXKEHHBIX OTBEPCTHH 6 U 6’ Haxo-
JHUTCA OTHOCHTEJBHO OCH OTBepCTHH a H a’ mo; yrjiom B, KOTO-
puifi paccuuThiBaeTcss no c¢opmysae (155). B HcXoQHOM COCTOSIHMH
Ha pPacCTOSIHHH ¢ OT 30HHOH MAapKH uyeTKO (hoKycHpyercsi u3obpa-
JKeHHe MCTOYHHKA cBeTa ¢ JJIMHOH BOJIHBI A;, Jajiee 30HHAs Mapka
H MOJYJSITOpP NMOBOPAyMBAIOTCA Ha YroJ B, H COOTBETCTBEHHO Ha
TAaKOM e pacCTOSIHHH ¢ (opMHpyeTcs ueTKoe H3006pakeHHe HcC-
TOYHHKA C MJIMHOH BOJHBI Ao. YPOBEHb AHCKPHMHHAIIMH CHTHAJIOB
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®3PY paccunThiBaeTcss C y4YeTOM HMHTEHCHBHOCTH CBeTa B IJIOC-
KOCTH aHaJin3a NpPH (HOKYCHPOBAHHH.

He ocranaBnuBasicb MOAPOGHO Ha ONTHMAJbHOH KOHCTPYKIHH
®3PY, oTMeTHM, YTO C LEJbI OTCTPOHKH OT (OHOBOH 3acCBETKH
MOXEeT OBbITb HCMOJB30BAaHO TO OOCTOSITEIBCTBO, YTO B PacCMOT-
peHHOIl cxeMe pedpakToMeTpa H3JyueHHe C MIJHHOH BOJIHBI A
MOZYJHUPYETCsT 4YacTOTOH f;, a ¢ AJHHOH BOJIHBI Ay — C YaCTOTOM
fo=2f,. Hcnoapays B PIPY ycuaurenn, cOOTBETCTBEHHO HACT-
pOeHHble Ha 4acTOTHl f, W fo, MOXHO MOCJEJOBATENbHO HJH OJHO-
BPEMEHHO OTHOCHTENIbHO «HYJss» NpHGOpa H3MEpPHTb pPaCCTOSHHS
Ay 1 Ay nudpakuHOHHBIX H300pa)keHHH HCTOYHHKOB CBETa M BHI-
YHCJIUTb pacCTosiHMe A Mexay HHUMH. Bo03MOXHa KOHCTPYKIHS
®IPY ¢ nByMsi pasHbIMH NpPHEMHHKaMH JyudcTol sHepruu (I1J13),
YYBCTBHTEJbHOCTb KaXJAOTO H3 KOTOPbIX MAaKCHMaJbHAa HJIH MAJs
JUTHHBI BOJIHBI Ay, MJIH IJISI AJIMHBI BOJIHBI Ag. [lepen kaxabim ITJID
YCTaHABJNBAETCS COOTBETCTBYIOLIHH HMHTep(depeHLHOHHBIH (QHILTP.

Jpyroii BapHaHT KOHCTPYKUHH JIa3epHOr0 JHCIEPCHOHHOTO
cTBopodukcatopa (puc. 115) oTaMuaercss HCMOJNb30OBaHHEM COCTaB-
HOH 30HHOH MAapKH, KOTOpasi COCTOHT M3 HECKOJbKHX CEKTOpOB,
nanpuMep AByX. Cektop A paccuuTan AJs JJHHBI BOJHBI A, a CeK-
Top B mas AuHBL BOJIHBL Ap. TOYHO Tak ke, Mpu GOJbILIEM YHCIIE
JIJIHH BOJIH MOXXHO M3TOTOBHTb COOTBETCTBYIOLIEe YHCJIO CEKTOPOB.
Bce cektopel C3M paccyuThIBAlOTCS AJISI MAaKCHMaJbHOrO NMpeaMeT-
HOTO PACCTOSIHHSI max MJIH HMEIOT MaKCHMaJsbHoe (OKycHoe pac-
CTOSIHHE [max=Lmax/4, TH€ Lmax — MaKCHMaJIbHOE DacCTOsIHHE, Ha
KOTOpOe JOJXKeH GbITh PAaCCYHTaH CTBOPOGHKcATOp-pedpaKTOMETP.
[Ipu H3MepeHHsX HA Pa3HBIX PacCTOSAHHAX L; BHYTPH Lmax pabo-
Yyl0 MJIOCKOCTb 30HHOH MapKH yCTaHaBJHBAIOT NMOJ YIJoM f; O&H-
HaKOBBIM JJIi BCeX MJIHH BOJIH, COCTaBJISIIOIHX CIEKTP KOTEPEHT-
HOro CBETOBOro NydYka M BHIYHCASIEMBIM Mo (opmyse (155).

AA
g
PASAL
s
L enmy
T A( lr)p
Lenmop
J_ B(R,).
, & i &
)

Puc. 115, JlasepHblii JHCIEPCHOHHBI CTBOPOGHKCATOP ¢ KOMOHHHPOBAHHOH 30H-
HOH MapKo#:

1, 8 — nasepbl; 2 — npu3Ma; 3 — KOJNJHMHDYIOLla ONTHKAa; 4 — 30HHAaf MapKa; 5 — MJOCKOCTb
PerucTpaunHHt; 6 — NJIOCKOCTb aHaMH3a, 7 — cBeTOle/INTENIbHASA NJACTHHA

248



B 3TOM ciiyuae Ha 3aJlaHHOM PAaCCTOSIHHH ¢; OT 30HHOH NJIACTHHBI
cdbopMupyercsi CTOJBKO H300pa)KeHHH pasHoro 1BeTa (BHYTpPH
BHAMMOI'O ONTHYECKOTO JHANa3oHa), H3 CKOJbKHX OTHAEJbHBIX NJIHH
BOJIH COCTOHT CNEKTp H3JayyeHHs. PaccTosiHHA A; MeXAy LeHTpaMu
3THX M300paxkeHH#l XapaKTepH3YIOT YIJIOBYIO BeJHUHHY pedpak-
unH. ®IPY cHabxalT HHTep(hEepEeHUHOHHBIMH (GHJIBTPAMH, MPO-
NYCKAOUMUMH HAJHHBl BOJH Ay, Ag, ..., As IIpH 3TOM QuabTpHI
JIOJIXKHBl pacrnoJiaraThcsi B MNJOCKOCcTH aHanauza OIPY B Toit xke
NOCJIel0BAaTeNbHOCTH, YTO H OTHAEJbHble CEKTOPBHl COCTABHOH 30HHOMH
MapKH.

B03MOXHBl H ApPYrHe KOHCTPYKLUHH AHMCNEPCHOHHBIX CTBOPOGHK-
CcaTOpPOB ¢ 30HHBIMH MapKaMmu. Hanpumep, mpencraBisieT HHTepecC
NpHMeHeHHe KOHHYeCKOH 30HHOH MapKH, KOTOPYIO MOXHO BBECTH
KaK COCTaBHYI0 YacTb Tesle0ObeKTHBA KOJIMMHDYIOIIEH OnTHYe-
CKOH CHCTEMBI.

§ 41. Oco6eHHOCTH BBIMOJIHEHHUS BBICOKOTOYHBIX
reofie3H4eCKMX H3MEPEHHH B yCJOBHSIX BHOpanMii

Mertoapl M cpeacTBa BHOPO3ALIUTHI Teole3HYECKHX NPHOOPOB.
[1pu BHIMOJIHEHHH reofe3nyecKHX paboT (B TOM YHCJe H MPH KOHT-
poJjie NMPsSIMOJIMHEHHOCTH H COOCHOCTH TEXHOJIOrHYecKoro o6opyno-
BaHMs) Ha JeHCTBYIOUIHX KpPYNHBIX HHXEHEPHBIX COODPYXEHHSX
H3MepeHHs BeLyTCS 3a4acTyl0 B YCJOBHSAX HEYCTOHYHBOCTH Teo-
Je3uyecKux MnpubopoB BcaenctBHe BuOpauuu. IlpuunHo#i BO3-
NEeHCTBHSI CTallMOHAapHBIX BHOpPAlLMOHHBIX MoOJeH MoOryt ObITh
pasJIMYHOTO PojJia POTOPHl BpallleHHs, a HeCTalHOHapHBIX — pabora
yAapHbIX MEeXaHH3MOB, [BHXXeHHe TpaHCIopTa, BeTpoBas Ha-
rpysKa.

Bu6pauusi cyllecTBeHHO BJHMSieT Ha TOYHOCTb TIeOfe3HYeCKHX
uamepennii. OHa BbI3bIBaeT KoJieGaHHsl JHHHH RH3HPOBAaHHS OINTH-
yecKUX NMpUOBOPOB, pe30HAHCHble KOJieOaHHsI MasiTHUKOBBIX KOMIIEH-
CaTOpPOB HAaKJIOHA, CMeIlleHHsl My3blpbKa yPOBHS M T. m. s mpo-
BelleHUs] Treofe3uyecKux paboT B ITHX YCJOBHUSAX HeOGXOXHMBI
CrelHaJbHble METOAbl M CPeACTBAa BHOGPO3AIIHTHl H3MEPHTEJbHBIX
npu6OpOB, MO3BOJISIOIIHE C BBICOKOH TOYHOCTHIO TMPOH3BOAUTL reo-
Jle3H4ecKHe H3MepeHHs.

Caenyer OTMETHTb, YTO HM3BECTHble METOABI M CpeAcTBa BHOpO-
3allUTHl NPOMBILIJIEHHOrO OO0PYJOBaHHSl MaJiO MPHUTOAHBI AJISl Ieo-
Jle3HyeCKHX TNPHOOPOB, K KOTOPBLIM NpPeNbSBJASIOTCA Tpe6GoBaHHUsA
BBICOKOH YCTOHYHBOCTH, KOMNAaKTHOCTH, HaJeXHOCTH. AHanu3 cy-
IIECTBYIOIHX B HacToslllee BpeMs CHOCO60B, MPHEMOB H CPEACTB
3alllUTHl reofie3HYecKUX NMPHGOPOB OT BHOPALMOHHOTO BO3AEHCTBHUS
C LEJbIO NMOBLILIEHHS TOYHOCTH H3MepeHHM MO3BOJIeT KJacCH(HIH-
poBaTh HX MO TPeM OCHOBHBIM TIpYNNaM: MNAacCHBHble, AKTHBHBIE,
6e3aMOpTH3aIHOHHBIE,

K mnepBoit rpynme oTHOcATcS crnoco6bl M cpelcTBa BHOpO3a-
IHTEI, He TpPeOylolllie NOMOJHHTEJbHBIX YCTPOHCTB HJIH M3MEHEHHH
B CHCTeMe WITaTHB — NPHOOP; KO BTOPOH — cnoco6bl M CpPeAcTBa,
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CBSI3aHHBIE C CO3[JaHHEM H MCIOJIb30BAaHHEM CHELHaJbHBIX MPHCIO-
cobseHHil uau Tpebyloliue H3MEHEHHUS B CHCTeMe IITAaTHB — IPH-
60p; K TpeTbeMY — MeTOAbl M CPeACTBA, He NpeaycMaTpHBaloLIye
npUMeHeHHe BHODPO3aLIMTHBIX 3JIEMEHTOB, HO obecrneuyHBaiolIne
B YCJOBHSIX BHODAauLMH NOBBILEHHE TOYHOCTH H3MepeHHH 3a cuer
HCIOJIb30BAHUS APYTHX 3D (EKTOB.

I[TaccuBHBIEe cnoco6b M cpeacTBa BHOPO3aLIMTH MpefycMar-
PHBAIOT HCIOJb30BaHHe NPOCTEHLIMX aMOPTH3ALHOHHBIX CpPEICTB
TaKHX KaK pasjMyHble YNpyrue NpoKJaAKu, MOJABELIHBAHHE K LITA-
THBY HMJH Jo0aBjieHHe K Macce npub6opa HHEPLUHOHHBIX TPY30B,
crielHaJbHBlE TPHEMbl YCTAHOBKH LUTAaTHBA, BHIOOp MecTa yCTAaHOBKH
HT. I

Opuum u3 Haubosee pacnPOCTPAaHEHHBHIX CMOCOGOB 3aIHTHI
reofie3anueckux npu6opoB sBasieTcsi BuOpousossinusi. CrnenpajbHble
ynpyrue 3jeMeHThl — BHODOH30JATOPE MOTYT OBbITb BBHINOJHEHH
B BHJEe CTaJbHBIX NMPYXHH, peccop, NMPOKJIaJOK H3 pe3uHb H APY-
rux MatepuanoB. [leficTBHe BHGPOH30JSITOPOB CBOAHTCS K 0cjaab-
JIEHHIO CBsi3efi MeXIy OCHOBaHHEM M LITATHBOM, Ha KOTOpOM YcC-
TaHaBauBaercss npubop. lameHne kose6aHUN NPOHUCXOAMUT B pe-
3yJbTaTe BHYTPEHHEro MOTJIOLIeHHs] 3Heprud BuUOpauuii B Mare-
pHaJie BUOPOH30JISITOPOB.

HepmocraTku maccuBHbIX CnocoGOB BHGPO3ALMTH CBsI3aHBI Npe-
e BCEro C HEBO3MOXHOCTbIO HCNOJb30BaHUA 3(P(eKTUBHOH CH-
cTeMbl aMopTu3aluuu (0co6eHHO B 00/1aCTH HH3KHX YacCTOT), yMeHb-
nmeHHeM oOuiell yCTOHYHMBOCTH reofe3uyeckHux NpuOOpPOB, OrpaHH-
YeHHBIM CNIEKTPOM pabouHuX 4acCTOT H3-33 BO3MOMKHBIX PE30HAHCHBIX
SIBJIEHHH, CYLECTBEHHBIM YBeJHYEHHEM Macchl npubopa mNpU INpH-
COeJMHEHHH [ONOJHUTENbHBIX TIpy30B, HeyaoO6CTBaMH MepeHOca
NPOKJIAA0K H HHEPUHOHHBIX I'PY30B NpH Nepexoje Ha HOBYK CTaH-
LLHIO.

AKTHBHB e cnoco6b H cpeicTBa BHOPO3alIMTHI TPeGYIOT CO3-
NaHUsl JOTOJHHTENbHBIX YCTPOHCTB M CIeLHaJbHBIX NpHcHocobie-
HHH JJIg 3alUUTH reoje3HyeckKHX NpPHOOPOB OT BO3JeHCTBHSI BHO-
pauuii. TakHMH YCTPOMCTBaMH SIBJISIIOTCS Pa3JIMYHOTO pOJA AHHA-
MHYeCKHe TacHTeJH C PYYHOH H aBTOMAaTHYECKOH peryJHpOBKOM,
a TaKXe aMOPTH3aTOPhbl ¢ PEryJHUPYEeMOH XEeCTKOCTbIO, THPOCKOMH-
yecKHe YCTPOHCTBA, TMApPaBJHYeCKHe H NHEBMAaTHYECKHE CHCTEMHI
c o6bpaTHO# cBsi3blo U 6e3 Hee.

OCHOBHBIM HEJOCTATKOM aKTHBHBIX CNOCOGOB BHODPO3alUTHl
reofie3H4eCKUX NPHOOPOB SIBJISIETCS CJAOXKHOCTb HX KOHCTPYKIIMH.
Oco6GeHHO 3TO OTHOCHUTCSI K aBTOMaTHYECKHM cucTeMaM c obpar-
HOH CBSA3bIO.

BesaMopTHU3auHOHHLI € CpeAcTBA I MeTOABl OCHOBAaHBI
Ha HCNOJb30BaHHH 3(P(PeKTHBHHIX NPHEMOB H3MepeHHH, crnocoboB
HaBeJeHHsT M CHATHS OTCYeTa MO «Pa3MBITOMY» HJH KoJiebJrolle-
Mycsi u300paKeHH1I0 BU3UDHOH LeJad. B psime ciyuaeB TakHe H3Me-
PEHHS BHIMOJIHAIOT C OJHOBPEMEHHBIM HCNOJIb30BaHHEM BHOPOH30-
JSUMOHHBIX MNPOKJaxoK. [IuacdparMupoBaHHe 3pHTENIbHOH TPYOLI
M ONTHMAaJbHOE OPHEHTHPOBaHHe Treofe3Hyeckoro mnpubopa OTHO-
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CHTCJBHO IHCTOYHMKAa BHOPAUHH TaKxke MOTYT NOBBICHTb TOYHOCTD
HN3MEPEeHHH.

Crpo6ockonnyeckuii Meroa. OnnuM H3 HauboJiee INePCINEKTHB-
HBIX METONOB IOBLIIIEHHSI TOYHOCTH BH3HPOBAaHHS B YCJOBHAX
Bubpauny sBJaseTcs cTpo6ockonuueckuit Metox. Paccmorpum oc-
HOBBI CTPOOOCKONHH H BO3MOXKHOCTH €e NpHMEHeHHsS AJIsl NOBBIlle-
HHSl TOYHOCTH TeOfe3HYeCKHX H3MepeHHII B YCJOBHSAX BHOpaUHMH.

Ctpobockonnueckuil 3¢p¢HeKT OCHOBHIBa€TCS Ha HHEPLHOHHOCTH
3peHHss yesoBeka. [Ipu paccMoTpeHHu KoJjebJmollerocsi 06beKTa
HabJlofaTelbp MOXeT BHAETb I[OCJefOBaTeJbHOe H3MeHeHHe a3
npouecca TOJbKO A0 ONpefeJeHHOro npepeja. DTOT Npenes onpe-
JeJifieTcsl KPUTHYECKOH 4aCTOTOH Myp CJAHSIHHS MeJbKaHHH, KOTopas
3aBHCHT OT BpeMeHH HHepUHH 3peHHs. Bpemsi uHepuun — sddek-
THBHOE BpeMSi COXpaHeHHsl 3PHTeJNbHOIO0 BIeyaTJeHHs — onpepesns-

g

etcs wuHTerpajiom v= | A (f)dt, rae A(f) — QyHKuMS 3aTyXaHHS.
0

Jlns 1eHTpaJbHOTO 3pEeHHSI BpeMs HHEpIHH JIeXXHT B Npeaesaax
ot 0,03 no 0,2 c, a B cpeanem cocraBasier 0,1 c¢c. TakuMm o6pasom,
eciii 00beKT coBeplIaeT KoJieGaHHS C YacTOTOH, NpeBHIIAOLIEH
ngp=10 T'u, To HabaonaTes b BOCIPHHHMAaeT €ro OCTaHOBHBLIMMCS
H YyBeJMYEHHBIM Ha aMIVIUTyAy koJebaHui. Takas e KapTHHa
HabsiofaeTcsi NPH PACCMOTPEHHH BH3HDHOH 1LeJH yepe3 3pHTEJb-
Hylo TpyOy, KOrga BH3HpHBIH Jyy reofie3auueckoro npHbéopa coBep-
IIaeT yryioBble KoJsieGaHHsi ¢ uyacToToil fs. IIpm 3TOM Ha uacToTax
Kosie6aHuil fp<<ngxp B MOJIE 3pEHHS BHAHO KOJIEGJIIOLIEECS H30-
OpakeHHe BH3HUPHOH LEJH, a NpPH fs==ny«p— cMa3aHHoe. B o6oux
clyyasix HaBeleHHe GHCCEKTOpa CeTKH HHTell Ha BH3HPHYIO LeJb
3aTpyJHeHO. YCJIOBHS HaBeJeHHsl YXYIIIAlTCSA C yBeJHYEHHEM am-
IVIUTYAbl KoJle6aHuil H AJIMHBI BU3UPHOrO Jjiyya npubopa, TaK Kak
NpH 3TOM BHAHMAasi aMIJIMTYJa X cMa3a H300paXeHHsi BH3HPHOH
leJIH TaKXKe yBeJHYHBaeTcs.

Ucnonp3oBanve crpobockonuueckoro 3ddekra  no3BoJiseT
TpaHC(OPMHPOBATh 3pHTEJbHOE BOCIpHSATHE, 6Jarogaps 4emy Ko-
JgebJolleecss H306paxKeHHe BH3UPHOH L€/ KaXXeTcsl HEeNOABHXKHBIM
HJIM 3aTOPMOXKEHHBIM B JABHXKEHHH.

[TycTh mocsie 3peHHsl reome3HuecKoro npubopa nepekpbiBaeTcs
3aTBOPOM C NepHOAOM cpabaTbiBaHUS, paBHbIM nepHopy Ty KoJe-
6aHuii BH3HpPHOro Jyya mnpu6opa. OueBHAHO, YTO INPH KaXKIOM
cpabaTbiBaHHH 3aTBOpa HabJiojarejb Ha MrHOBEHHE YBMIHT
KOJIEGJIIOILYIOCS BH3HPHYIO LeJb, NpHYEM CTPOrOo B OZHHAKOBOM
nojioxkeHHd. Crpo6Gockonuueckuit 3¢pdekt Habaomaercss H IpH
KpaTHOM COOTHOLIeHHH nepuopoB: Tc=~kTy, rme k=1, 2, 3, ...
B cayuae, xorga nepuop T nepekpbiBaHHsl NMOJS 3PEHHS] HE3Ha-
YHTEJbHO OTJIHYAEeTCs OT mepuofa Ip KosebGaHHil BH3HPHOro Jyua,
H300paKeHHe BHU3HPHOMH LeJH KaxKeTcsl KOJEeOJIOIHMCS C 4acToToR
fo=|fe—fc|. dTOoT 3ddeKT KaxyluieHcs OCTAaHOBKH HJH 3aMeJJieH-
HOro KoJjie6aHHus H306paxKeHUsi BU3HDHOH LeJIH NO3BOJSIET YJyd-
LUIMTh HaBeJAeHHe NpH H3MEpPEeHHsIX B YCJOBHUSIX BHOpAIHH.
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Paccuntaem Heo6xonuMoe BpeMsi cpaldaTblBaHHUS 3aTBOpa IJs
noJiyueHuss crpobockonnyeckoro 3 @ekra, Npu KOTOPOM BO3MOXKHO
yeTKOoe HaObJIloJeHHe BU3HPHOH Ueau. ECAH NJIHTEJbHOCTb OTKPHI-
THS1 TMOJIA 3PeHHUsi fc, a JHHeHHass CKOpOCTb KoseGaHuii u30Opaxe-
HYUsI BH3HPHOH LeJH — v, TO 3a BpeMs f. u306paKeHHE CMECTHTCS
Ha BenuunHy Ax=vl.. JIuHefiHylo ckopocTh KoneGaHu#i H306pa-
JKEHHsl BH3HPHOM WEJH MOXKHO HaHTH M3 BBHIPAXEHHS U=2mfgX,
rge x=@D/p — BenuuyuHa cMa3a H300paKeHHs] BHU3HUPHOH ILEJH
npu AJHHe BHU3HPHOro Jyya D H aMIjuTyde ero kosaebaHHil .
C 3THMH 3HaueHHUsIMHU, HalieM (OPMYJYy IJs onpelesieHHs] BpeMeHH
cpabaThiBaHHS 3aTBOpA

Ax Axp
e =——=

2nfpx - 2npD

Paccuutaem Bpemsi f{; NpHUMEHUTENbHO K BH3HPOBAHHIO T'OPH-
30HTaJIbHON 3pHTeJbHOH Tpyboili B ycaosusix BHOpaumuu. [Ipumem
JONMYyCTHMYI0O BeJIMUUHY cMasa H306paxeHuss Axpon=0,5 MM, u4TO
NPaKTHYECKH He YXY/IlaeT YCJIOBHS HaBeJeHHs OHCCEKTOpa CeTKH
HUTed TpyObl Ha BHU3UPHYIO 1[€Jb MAapKH HJH LITPUX HHUBEJHPHOH
peiiku. B 3TOM cjayuae mnorpeurHoctb BH3HPOBAHHUSI Mgy PaBHA
0,018 mMM. Ins gHamas3oHa 4acTOT NPOMBbIlIIeHHOH BuGpauuu 10—
100 Tu, npu pauHe BU3HpPHOro Jyua D=50 M u aMIIHTyOe ero
Kosnebanuii o= 100", BpeMsi cpabaThiBaHHsI 3aTBOpa JIEXHT B Mpe-
aenax t.=(3+30)-10-5 c.

Ctpobockonuueckuii 3¢¢deKkT nosyyamT ABYMsS OCHOBHBIMH CIIO-
co6aMM — NyTeM NepeKpBIBaHHUS MOJISI 3pEHHS] Te0Je3HYecKOro NpH-
60pa U myTeM OCBellleHHs] BH3HPHOH IE€JH KOPOTKHMH CBETOBBIMHU
BenbkaMu. IlepekpbiBaHue moJsisi 3peHUsi MPHOOPA OCYLIECTBJSIOT
3JIEKTPOMEXaHHYECKHMH, ONTHKOMEXaHHUYEeCKHMH HJH 3JIEKTPOOI-
THUeCKUMH 3aTBOpaMu. O6ILIMM HeJOCTaTKOM 3aTBOPOB, NEpeKpHI-
BAIOIUX II0JIe 3pEHHs], SIBJISIETCS 3HAUHTEJbHOE YMEHbIIEHHEe OCBe-
IIEHHOCTH BU3HPHOMH LesH. [leficTBUTENbHO, KOTAa MOJIEe 3PEHHUs OT-
KPHITO, U3 BceHl SIPKOCTH L BH3HpPHOH LeJH HaGJiogaeTcss TOJbKO
Manass ee uyactb AL, TeM MeHblIasi, yeM MeHblIe OTHOIIEHUE
c=1t./T.. Tlepuon cpabarniBanuss T. JoJKeH ObITh paBeH MEPHOLY
kojeb6aHu#l Ty, a BpeMs f; OTPaHHUYEHO BEJHUMHOH AXpon. [T03TOMY
OTHOLIEHHe ¢ OOBIYHO He INpEeBLIIAeT HECKOJbKHX NpoueHToB. [lo
3akoHy Tanb6oTTa sipkocTb AL, KOTOpylo BOCIHpPHHHMaeT Hab6Jio-
JaTeNb INPH TNepeKpPhIBAHUH 00beKTa HaOJIofeHHss ¢ 4YacToToi
fe=nyp, onpenensiercs BoipaxkenuemM AL=Lc. Tloatomy npu muc-
NOJIb30BAaHHH YCTPOHCTB, NMEpPeKpPLIBAIOIUUX IOJe 3peHHsl reoje3H-
yecKoro npu6Gopa, BH3HPHYIO LeJb CJelyeT OCBelllaTb AOMNOJIHH-
TeJbHBIM HMCTOUHHKOM cBeTa. OTMeTHM, YTO HECOMHEHHBIM HOCTO-
HHCTBOM TaKHX YCTPOHCTB SBJSETCS BO3MOXHOCTb YCTaHOBKH
HX HenocpeacTBeHHO B npubope, qub6o mepen OKyJsipoM. B nepBom
cJlyyae HCNOJb3YIOT 3JEKTPOONTHUEeCKHe 3aTBOPbI, KOTOpbIe pacmo-
JlaraloT B Xofe Jyueii BHyTpH Tpy6nl. Hanpumep, gocratoyHo 6bl-
CTPOJEHCTBYIOLIMMH, KOMNAKTHBIMM U TPeOYIOIIMMH HE3HaYHTeJb-
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HOrO MHUTaHUS SABJSIOTCS 3aTBOPHI, [IOCTPOEHHBIE HA XKHAKHX KpPHC-
TaJJax MJH Ha Nbe30KepaMHKe (Hcrmosb3ywoluve 3¢ deKkT NMosTHOro
BHYTpeHHero oTpaKeHHs ). Bo BTopom ciyuae 3aTBOp JeslaloT aBTO-
HOMHBIM, He3aBHCHMBIM OT npu6opa, HanpuMep KOHCTPYKTHBHO €TO
MOXHO BBLINOJHHTb, B BHJIE OYKOB, Yepe3 KOTOpble HabJwojaTesb
NpOH3BOAHT H3MepeHHss. KpoMe roro, HabialomaTtesb €aM MOXeET
OCYIIeCTBJSTh MOAGOP 4YacTOTH f. cpabGaThiBaHHsI 3aTBOpa, HabJIIo-
Jlasl B NoJie 3peHHs] CTPOOOCKOMHYECKYI0 KapTHHY.

Jlpyro#t cnoco6, peasu3yioIHii CTPOOOCKONHYECKHH METOMA CBSi-
3aH C HCNOJIb30BAHHEM HMIYJbCHBIX OCBETHTEJeH BHU3HUPHOH LEJIH.
Aror cnoco6 no3BossieT u3bexaTh HENOCTAaTKa 3aTBOPOB. Brimyc-
KaeMble OTeYeCTBEHHOH MpPOMBILIIEHHOCTbIO HMIYJbCHbIE JIaMIbI
(nanpumep MCII-50, MCII-15, HMCII-2) u cTpo6oCKONB HMEIT
JJIHTEJNbHOCTh BCIBILIKM nopsiaka 1—10 MKc, 4TO BHOJIHE NOAXO-
OUT JJis peanusauuu crpobockonuueckoro Meroxa. B 3ToM cay-
yae uMmnynabcHei ocBetuTeab (MO) ycranaBinBaloT BOJH3H BH-
3UPHOH LIEJTM U OCBELIAaIOT ee KOPOTKUMH BCNBILIKAMU cBeta. [ys
NoJIyyeHHs1 cTpobocKomuueckoro 3s¢¢eKTa peryqupoBaHHEeM dac-
TOTH fc CJ€JOBaHUS BCHBIUIEK AOGHBAIOTCS TAKOTO MOJIOXKEHHS,
NPH KOTOPOM BH3HPHAs LeJb KaXXeTcs HemoABHKHOH.

CrpoGockonuueckuit 3(p¢eKT IHPOKO HCNONb3YIOT NPH HabJiko-
JNEHHSIX 32 MOJIOXKEHHEM MPOMBILITEHHBX 00HeKTOB M 000pyHoBa-
HMsl, 0Jisi POBeleHUs] BUOpOMeTpHUeCKHX H3MepeHHH. OgHaKo BoIn-
poc npuMeHeHHs cTpobocKomuueckoro 3¢¢exkra AJsA MNOBHILIEHHSA
TOYHOCTH TreoJe3HUYeCKHX H3MEepeHHH B YCJOBHAX BHOpauuii MaJjo
usyued. OCHOBHBIM MNpeNsiTCTBHEM NPSIMOro NpHMEHeHHs1 CTpPo0o-
CKOMHMYECKHX YCTPOHCTB INPH BHINMOJHEHHH HHXKEHEpPHO-reoje3nye-
CKHX H3MepeHHH siBisieTcsl HecTabH/bHasi paboTa YCTPOHCTB, CI0XK-
HOCTb CHHXPOHH3aLMM YacCTOT fe H fpz H3-3a «NJaBaHHS» YaCTOTHI
fs BO3meHCTBHUS, pa3iMUHBIH Xapakrep BHGpalHil — rapMOHHUYECKHH,
NoJIMTapMOHHYECKHH, cayuailHBIH. KpoMe Toro, npu BHINOJHEHHH
reofie3auyeckux paboT, HampUMep reoMEeTPHUYECKOrO HHBEJHPOBaHHUS,
HaBeJleHHe Ha pefiKy M OTCUMTHIBAHHE HEOOXOZMMO NPOH3BOAHUTH
NpPH TOPH30OHTAJBHOM MOJIOXKEHHH BH3HPHOro Jyua. OpHako, npH
BO3J€HCTBHM Ha npuOOp BUOpauuH, 3puUTeJbHass Tpyba, a BMecTe
¢ Hell W BH3UPHBIH Jyu coBeplIaeT KoseGaHHs OTHOCHTEJIbHO TOpPH-
30HTaJbHOrO mnoJioxeHusi. [lo3TOMy mnpH HCMONb30OBAHHH CTPOGO-
CKONMYECKOro Meroga noabop paBeHCTBAa 4acToT fc H [, HeoGXo-
JHMO OCYILECTBJISITh HE TMPOU3BOJBHO, a ¢ Y4YeTOM HayaJbHOH
¢basel Kose6auuil. JleHCTBUTENbLHO, CHHXPOHH3ALUMIO fc H fs MOXHO
npousBecTH H 6e3 yueTa ¢a3bl KosebGaHHH, HO B 3TOM cJyyae BO3-
MOXHO MOSIBJIEHHE I'PYGHIX OIIHOOK.

Jns mnpoBeleHHsT H3MepeHHil HeOGXOAMMO OTKphIBaThb IOJe
3peHusi mpuGopa (MMM OCBEIlaThb BH3HPHYIO LeNb) B MOMEHTHI,
KOrga BU3HpHBIH Jy4 3aHuMaeT Tpebyemoe INOJIOXKEHHE. DTH MO-
MeHThl COOTBETCTBYIOT MNE€pHOAY cpabaTHBaHHA YCTPOHCTB T ==
= (n/2)Ts, rae n=1, 2, 3, ... CirenoBarenbHO, IJs peaH3aLUH
CTPOGOCKONHYECKOro MeToJa BHOpO3alHTH YNpaBJjeHue paboToii
YCTPOACTB HEOGXOAMMO OCYIUIECTBJASATH C YYeTOM HHQOpMAIUU
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0 xapakTepe Kojeb6aHHMH BH3HPHOro Jyya npu6opos. B cxemy crTpo-
6OCKOIHYEeCKHX YCTPOHCTB HEOOXOJHMO BKJIOYAaTb YYBCTBHTEJbHBIH
3JIEMEHT, CJAelslUIHi 3a XapakTepOM BO3MYLIAIOIIEero BO3JAeHCTBHA,
a TaKXe YCHJIHTEJbHYI0O M HCIOJHHUTEJbHYIO cHcTeMBl. B KauecTBe
YYBCTBHUTEJBHOTO 3J€MEeHTa MOXHO HCHOJb30BaTh Pas3jHYHOIO
THMNA JaTYHKH pCaKUHH (HANpHUMep, HHAYKTHBHBIC HJH Mbe30-
3JIeKTPHYECKHe), KOTOpble YCTaHABJHMBAIOT Ha LITaTHBe HJH INpH-
oope. BkiawueHHe BHOPOZATYHKA B LeNb CO CTPOOOCKOMHYECKHM
YCTPOHCTBOM INO3BOJIIET aBTOMATHYECKH YNPaBJsiTb ero paboToH,
JaeT BO3MOXHOCTb INPOH3BOAMTL H3MepeHHsi MNpH MOJHUTapMOHH-
YeCKHX M CIyyaHHBIX BO3LEHCTBHSIX, a TaKXe IPU H3MEpPEHHH yac-
TOTHOH XapaKTepHUCTHKH BO3MYyllaiolied BUOPaLHH.

Meron, BuGpousoasiumu. OH sIBJsieTCS OLHHUM H3 HauboJsee 3¢-
(beKTHBHBIX, NPOCTBIX H IIHPOKO MNPHMEHSeMbIX METOHOB 3alLHUTHl
o6opynoBaHusi OT BHOpalHOHHOro Bo3nelicTBHs. ONHAKO HCHOJb-
30BaHHe ero Ge3 INpeJBapHTeNbHOTO pacyeTa YMNPYTHX 3JEMEeHTOB
HJH CleLHaJbHBIX HCCJAeJOBaHHH He Bcerja MOXeT MPHBECTH
K MOJIOXKHTEJbHOMY De3yJbTarTy.

[TokasaTteneM 3¢bdeKTHBHOCTH BHODOH3OJSLHU SIBISETCS KO3(]-
¢unuent nepenayu p. BeanunHa koadouuueHTa omnpenessieTcss OT-
HOLIEHHEM YacTOThl fp BO3MYIIAIOIEr0 BO3LEHCTBHS K YaCTOTE fou
COOCTBEHHBIX KOJIeOaHHH CHCTEeMBbl, YCTAHOBJIEHHOH Ha BHOGPOM30-
JISITOPBI

p = [(fo/fon)? — 171 = ($2 — )~L

B 3aBHCHMOCTH OT COOTHOLIEHHSI YacTOT 1 pas3jiMyHa H CTemeHh
CHHXKEHHSI BUOPOU30/ISITOPAMH KoJieGaHHH CHCTEMBI.

M3 aHann3a TeopHH BHOPOH3OJISILIMOHHOTO MeTOAA CJEAYeT, UTO
€CJM YyacTOTa BO30YXAeHHs [ GJH3Ka K YacTtoTe COGCTBEHHBIX
KOJIeGaHHUl fox M30JMPOBAHHOM CHCTEMBl MJIH MEHblLIe ee, TO C I0-
MOUIbI0 BHOGPOU3OJSALUMH TNPUHUHUINHAJILHO HEBO3MOXHO G60OpOThCs
C BO3MYILIAIOUIHM BO3AeHCTBHEM BHOpalUHH.

Korna oTHoOuIeHHe yacTOT P MpHOGJIHKAETCS K eJHHHLEe — HaCTy-
naer pe3oHaHC, a aMIIUTYAa BBIHYXKJAEHHBIX KOJeGaHHH CHCTeMBI
npHHUMaer 6oJibLIe 3HauyeHUs. B obGsacTH pe3oHaHca AMIJIUTYL
BbIHYKAEHHBIX KOJIe6aHHH MOXHO B HEKOTOPOH CTeneHH yMeHb-
IIHTh TOJILKO NPH YCTAaHOBKE OYeHb MSATKHX YIPYTHX 3J1eMeHTOB.
OaHako, HCMONb30BaHHE TaKHX BHOPOH3OJSITOPOB BedeT K yMeHb-
IIeHHI0 yCTOHYMBOCTH cuUcTeMbl. Iloatomy nans usbexkaHus peso-
HaHCHBIX sIBJIeHHH cjefyeT NMPUMEHATb He BUODOM3OJSLUOHHBLIN Me-
TOA, a Apyrue (HanmpuMmep, MeTOJ OTCTPOHKH YaCTOTh COOCTBEHHBIX
Kose6aHHH CHCTeMBbl LITATHB — NPHOOP OT YaCTOThl BO3MYILaloLIeH
BHOpauuu).

Bu6pon3onsiunoHHble NPOKJAAKH YMEHbLIAIOT AaMIUVIMTYAY BBI-
HYXJeHHBIX KOoJe6aHUil CHCTEeMBbl TOJIbKO NMPH COOTHOLIEHHH YacCTOT
“«p=fn/fou>‘\/—2—-

C yBesnueHneM ¢ 3HaueHHe KoabduuueHTa p NPUOIHKAETCA
K HYJ0. DP(PeKTHBHOCTL BUOPOU30JSILMH BO3pacraeT. B 6oJsbuinH-
CTBe CJyyaeB JJIsi 3aUIMTHl OT BHOPALHOHHOIO BO3AEHCTBHSI JO-
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CTaTO4YHO, uTOGBl OTHOLIEHHE YacTOT 1 Jiexajo B Mpejenax
2,5+5. ¥Yxe npu p=2,5, Bubpousonstops noryouait 81 Y% sHep-
rud BuGpauuu, npu ¢ 3, 4, 5—88, 93 u 96 % COOTBETCTBEHHO.

B paGouem amamnasone uacror (Y>>+4/2 ) sdekTuBHOCTH BHGPO-
H30JISILMH TeM OoJiblile, YeM MEHbIle KEeCTKOCTb YNPYrHX NpOKJa-
Jok. OpgHako, mpH MaJiof KeCTKOCTH BHOPOH30JMSATOPOB, CBOGOA-
Hble KoJieGaHHs H30JHPOBAHHON CHCTEMBbI LITATHB — NPHGOpP, BHI-
BeJIEHHOM M3 MOJIOXKEHHS PAaBHOBECHSI TOJYKOM HJIH MNOJ AeHCTBHEM
BETPOBOH Harpy3KH, JOJITO He 3aTyXalT H B CBOK Ouepelb CTa-
HOBSITCSI HCTOYHHKOM HexeJsateabHod Bubpauuu. I[loatomy npu
pacuete BHOPOM3OJSALHH HEOGXOOAHMO HaXOAHTb KOMIPOMHCCHOE
pelleHHe fJa)ke 3a cueT HEKOTOPOro CHHXKeHHs 3(p(PeKTHBHOCTH.

Hcxonsi M3 npoBefeHHOrO aHaJW3a BHJAHO, YTO MAJS INPaKTH-
4eCKOro HCNoJb30BaHHsT BHOPOH3OJSLHOHHOTO MeToJa HeoOXOmHMO
3HaTh YacTOTy COOCTBEHHBIX KoJie6aHHH H30JHPOBAHHOH CHCTEMBI.
dTa yacroTa 3aBHCHT OT MacChl CHCTEMBI M KECTKOCTH BHOPOH30-
astopoB. [locienHee, B CBOI ouepelb, 3aBUCHT OT YNPYrOCTH Ma-
TepHaja BUGPOU3OJSATOPOB, HX BBICOTHI, MJIOUIAJH [OMNEPEYHOrO
CeueHHsl, KOJHYECTBa.

B kauecTBe MaTepuajia BUOPOH3OJSITOPOB [JIsl 3aIIUTH CHCTEMBI
LITaTHB — reoje3uyeckuii npubop Haubosiee MNOAXOAHT pe3HHA.
[TpuBeneM ucxopusle GpopMyJibl AJsi pacueTa Pe3HHOBHIX BHODPOH30-
JSTOpOB. MeToaHKa pacuera ciegyrouias.

Hcxonss u3 TpeGoBaHHS NMPAKTHKH HA3HAUYAKOT 4aCTOTY fou COO-
CTBEHHBIX KoJle6aHHH BHOPOU3OJNSLMOHHOH CHCTEMBI, C TE€M YCJO-
BHEM, YTOOBI OTHOILEHHe yacToT P=3, T. e. p=<1/8.

Ilog BnusiHMeM Beca CHCTEMbl BHOPOM30JSATOPHI MOJYYalOT CTa-
THYECKYI0 OCaJKy Xcr, CBSI3AHHYI0 € YaCTOTOH [ou COOCTBEHHBIX
KoJIeGaHHH 3aBHCHUMOCTBIO Xcr = 25/fou’.

BesqnunHa Xc; XapaKTepPHU3yeT MKECTKOCTL YIPYTHX 3JEeMEHTOB,
T. €. U3MEHEHHe WX BBICOThl MOJ BJHSHHEM Harpysku. )KecTKocTb
YIPYrHX 3J€MEeHTOB HaXoAsT o popmyse K= Q/xcr, rie Q — Macca
BHOPOH30JIMPOBAHHON CHCTEMBI, a }KECTKOCTb OLHOIO 3JIEMEHTa —
K,=K/n, rae n— xonnuecTBO BUOPOU30JISTOPOB.

Bricora H — BuOpou30/siTOpa oOnpejenasieTcss H3 COOTHOIIEHHS:
H=Ezxcr/o, tne Ex W o— OJAHAMHYECKHH MOAYJb YNPYTrOCTH H
pacyeTHOE CTaTHYECKOe HaMpsiKeHHe, BBIGHpAIOTCS W3 TabJul, HC-
XOZAS U3 MaTepHaja BUGPOH30JSITOPOB.

Pasmep nomnepeuHoro ceuenusi A Ha3HayaeTCs MOA YCJHOBHEM:
H<<A<8H.

[TpousBoauTCs NMpPOBEpPKa YacTOTHl fox COOCTBEHHBIX KoJseOaHHH
CHCTEMBI, YCTAHOBJIEHHOH Ha BHGPOH30JSITOPHI:

fou =_‘.:T —fT , rae m=Q/g, g=981 cm/c2

Ecau yactora coGCTBEHHBIX KosieGaHHM fou He yHOBJETBOpSiET
YCJOBHIO, =3, TO ee MOHHUKAIOT JUOO yMeHbIUAS] KECTKOCTb BHO-
pPOH30JMATOPOB, JH060 YBeJHYMBAasi MOMEHT HHEPLUHH CHCTEMBl NYyTeM
no6GaBJeHHsT MOMNOJHHTENbHbIX Macc, JUOO yMeHbluasi pacCTOsiHHe
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N0 BLICOTE MeXJY LEHTPOM TSMKECTH CHCTEMBl H LEHTPOM KECTKO-
CTH BHOPOH30/1ATOPOB.

3HayeHHe T'pPaHHYHOH YacCTOTh, C KOTOpPOH HauHHaeTcss pabo-
YuH# YaCTOTHBIH MAHANa3soH BHOPOHU3OJSIHH HAXOAAT MO dopMyJe
frp:fOH "/2 :

B 3aBHCHMOCTH OT 4acCTOTH fou M KO3 (HUHEHTa nepegaun pn
onpepessieTcss aMIVIMTYAa So BBIHYXKAEHHBIX KOJeGaHHH CHCTEMBI:
So=Sall, TA€ Sa— aMIUIHTyAa BHOPALHOHHOTO BO3[AEeHCTBHS.

Meroauka pacueTa BUOGPOM3OJSLHH MOXKeT OBITb H HHOH, Ha-
npuMep, MCXoAsi U3 BHIOPaHHBIX pasMepoB H MaTepHaJa ynpyrux
3JIEMEHTOB OMNPEAeJsIOT COGCTBEHHYIO YacCTOTY fox BHOGPOH30JHPO-
BAaHHOH CHCTEMBbl M KO3(GdHUIHEHT nepefayd W, T. €. OCYLIECTBJSIOT
o6paTHHIt XOA paccyXIeHHH.

OTMmeTHM, YTO AJIs peaJsiH3allHH BUGPOH3OJISILLHOHHOIO METOAA
KpoMe pe3HHB MOXHO HCNOJNb30BaThb M JpYyrHe YNpyrue MaTepH-
asbl, HanpuMep Mpo6Ky, BOHJIOK (ckaTHe BOHJIOKa M MPOOKH MpoO-
HCXOAHT 3a CUET BHYTPEHHHUX IOp B MaTepHaJe).

Takum o06pa3oM, HCNOJb3yst BBHILIEH3JIOXKEHHYI0 METOAHKY,
MOXHO MPOM3BECTH pacueT mapaMeTpoB BHOpou30JasiTopoB. OmHaKO
NpaKTHYeCKOe NMPHMEeHEeHHe 3TOr0 MeToAa AJsi BHOPO3alLHUTH reofe-
3Hyeckoro npubopa umeer crnenudpuueckne oco6eHHocTH. OCHOBHbIE
M3 HHX 3aKJIOYaloTCs B ONpelesIeHHH MeCTa U crnocoba YCTaHOBKH
BUOpPOH30aATOPOB. B Teopun BHOGPOH3ONAIHOHHOIO MeETOAA CYylle-
cTByeT TpeGOBaHHe, NpeNbSBASIEMOE K MeCTy YCTAaHOBKH YNPYIHX
9J1eMEHTOB,— CHMMETPHYHOE pacroJioKeHHe B IJIaHe OAMHAKOBBIX
BHODOH30JATOPOB OTHOCHTEJBHO IIEHTPA TSXKECTH CHCTeMBl. ToaLKO
B 3TOM CJyyae Bce BHODOH30JSTOPH HMEIT OJHHAKOBYIO CTaTH-
YeCKYyI0 OCajaKy.

C TOYKH 3peHHs BO3MOXKHOIO MeCTa YCTaHOBKH BHODPOU30JISI-
TOPOB MNPH BHOGPO3alLHTe Treofe3HyecKHX MNPHOOPOB CYLIECTBYIOT
JBa BapHaHTa — MOJA MNOABEMHble BHHTHl NPHOOPa M MOA HOXKKH
mrtaTuBa. B nepBoM ciayuae cTaTHyecKass Ocajgka BHODPOH3OJATO-
pOB onpejessieTcsi He Maccod H3oJHpyemoro npu6opa, a CHJIOH,
¢ KOTOpOM 3axaT craHoBo#H BHHT. [loaTOMy uem KecTue CBS3b
npubopa co LITaTHBOM, TeM MeHblIe 3¢ (heKTUBHOCTb BHOPOH30JS-
uuu. BMecTe ¢ TeM, yCcTaHOBKAa YNPYrHX 3JIEMEHTOB IO NOABEM-
HBIMH BHHTaMHU npubopa He no3BoJsieT 3(PGdeKTHBHO GOpOThCs
c BHOpalUUsIMH, NepeJaBaeMbIMH IITAaTHBOM. Pe3yJbTaThl HCCieLO-
BaHMH MOKa3aJH, YTO Treofe3UyecKHe IITATHBH Ha pPE30HAHCHHIX
YacToTax YBEJHYHBAIOT aMIJIMTYAy BHOpalUH OCHOBaHHS B He-
CKOJIbKO pa3, MNO3TOMY Ha mnpHOOp MOryT MAeHCTBOBaTb 3HAuH-
TeJbHBlE BO3MYILAIOLIHe CHJB, YMEHBIIHTb KOTOpPbHlEe 3aTPyAHH-
TEeJILHO.

Jpyroii BapHaHT YCTaHOBKH BHGPOM30JISTOPOB — MOA HOXKKH
mratTuBa O6oJiee NpPeANOUTHTENEH, TaK KaK NPH 3TOM MPOUCXOAUT
raimieHde KojeGaHUH Bcell cHcTeMbl wwTaTHB — npubop. OnpHako,
B 3TOM cJiyuae NpaKTHYeCKOe NpHMeHeHHe BHOPOU3OMSIIHH HMeeT
onpenesneHHble cJI0XXHOCTH. OCHOBHOe TpeGOBaHHe, NMpeAbsBIsIEMOe
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K reoje3HyecKHM LITaTHBaM,— obecneyeHHe YCTOHYHBOCTH Treofe-
3M4YeCKHX NpHOOPOB B mpolecce H3MepeHHH. YCTaHOBKAa ynpyrux
NPOKJAJOK MNOJ HOMXKH IITaTHBAa 3HAUHUTEJBHO OCJaabJseT CBS3)b
C OCHOBAaHHEM H NPHBOAHT K INOBBIIIEHHOH HEYCTOHUMBOCTH BceHd
cHCTeMBl. DKCIJyaTauMsi BHODOM30JISITOPOB 3aTpPyJNHHTENbHA, TakK
Kak BO3MOXEH IMpPOKOJ INpOKJafoK. KpoMe TOro mnpousBoJibHaS,
HeCHMMETPHYHAsi YCTaHOBKA HOMXeK LITaTHBa BeleT K HEOAHMHAaKo-
BOH CTaTHYeCKOH ocajike BHODOH30JISITOPOB, BCJEACTBHE Yero Ha-
pyuiaercsi LEHTPHpPOBaHHe, FOPH3OHTHPOBaHHE H OPHEHTHPOBaHUe
reofleanueckoro npubopa, a pesyJbTaThl H3MepPeHHH HCKaXalTcs
JOTOJIHUTEJbHBIMH NOTPEIHOCTSIMH.

TakuM o6pa3oM, NmpaKTHYeCKOe HCIOJb30BaHHE BHOPOU30JATO-
poB TpeGyeT CHMMETPHUYHOM YCTAHOBKH HOXEK IITaTHBa (1O yriam
NPaBHJIBHOTO TPEYTO/bHHKA), obecleyeHHs] YCTOHUHBOCTH CHCTEMB
LITaTHB — NPHOOP B NpoLecce H3MepeHHH H HCKIIOYEeHHS BO3MOXK-
HOCTH MNpPOKOJa NMPOKJIafoK. dddekTHBHOE NpUMeHEHHe BHOPOHU30-
JISIIMOHHOTO METOJa 3alllUThl reofe3HYecKHX NpHOOPOB BO3MOXKHO,
€C/IH yNpyrue 3JIeMEHThl YCTaHAaBJIMBaTb MeXJYy OCHOBaHHEM H
LWITaTHBOM, HO He MOJ HOXKH LITATHBA, a HAa MOACTaBKe. B cucremy
OCHOBaHHE — IUTAaTHB — NPHOOD BBOAAT JONOJIHHTENbHbIE  3JIe-
MEHTHI: YINpyrHe NPOKJAaAKH H NMOACTaBKYy. [IpH 3TOM ycTOHYHBOCTBb
H CHMMETPHYHOE OTHOCHTEJNBHO LEHTPa TSXKECTH IMO0JIOXKEeHHe CH-
CTeMbl WITAaTHB — NpuGop obecneuuBaeTcsi NPH YCTAHOBKE HOXeK
IITaTHBa B OTBEPCTHS MOJACTAaBKH. YBeJHY€HHe Beca CHCTEMBl 3a
CYeT NMPHCOEAMHEHHsI NONOJHHTEJNbHBIX 3JIeMEHTOB NPUBOJIUT K yBe-
JIHYEHHIO ee HHEePLHOHHOTO CONPOTHBJEHHS H YMEHbLIaeT aMIJIH-
Ty4y BBIHYXJIEHHBIX KOJeOaHHui Ha TOH Xe BBIHYXKJEHHOH yacToTe.
OnHOBpeMeHHO NOACTaBKa, co3gaBasi GoJiee YCTOHUYMBOE paBHOBe-
cHe 3a cueT GOJIBLIOTO pPAcCCTOSIHMSL MeXIYy YINPYTHMH OMNOpaMHy,
Croco6CTBYeT YMeHbIUEHHI0 BO3MYIaolled CHJIbl H aesaeT NMpHMe-
HeHHe BHOPOH30JISIIMOHHOIO METOAA NPOCTHIM H JIETKHM B 3KCIJIY-
aTauMy.

Hcxonst M3 BBILIEH3JI0XKEHHOTO, TPOM3BEJeM MpPaKTHUeCKH# pac-
YyeT yNPyrux NPOKJIAJOK M 3SKCIEepHMEHTaJbHO NpPOBepPUM 3ddek-
THBHOCTb BHODOHW3OJISIIHOHHOTO MeTofa. Pacuer BHIMOJHHM [JIst
HaunGojiee XapaKTEPHOrO cJiyyasi, KOrjaa reofe3nHyeckue pabOThI
BBIMIOJIHSIIOTCSI Ha TEPPUTODHH 3HepreTHYeckux coopyxenuii (A3C,
P3C, T3Il u T 1n.), rage yacrora Bo3aMyllaiolield BHOpalHU
o6biuHO paBHa 50 I'm.

Hasnauum uactoty fox COGCTBEHHBIX KoJieGaHHiH BHGPOH30IHPO-
BaHHOH cucTeMbl paBHOH 15 I'n. BbiGop Takoro 3HauyeHHsl 4acCTOTHI
060CHOBaH TeM, YTO COOCTBEHHble YaCTOThl LITATHBOB H reojesnue-
CKHX NpHOOPOB JieXXaT 3HAayUTeJbHO BhIlE, a BHOPOYCTOHYHBOCTD
npuGoOpoB B 06JIaCTH HH3KHX 4acTOT BhICOKas. Torma {y=fs/fon=
=3,33>3, a 3¢ddekTuBHOCTL BHOpoU3OJALUH: p= (P2—1)~!1=
=0,099. CratHueckyio ocCafKy BHOGDPOH3OJISATOPOB ONpENENHUM IO
dopmyse: Xer=25/fon®=25/152=0,111 cM, a HX XECTKOCTb, KakK:
K=Q/xcx=15/0,111=135, rne Q=15 kr (wratuB—6 Kr, reoje-
3uyeckHii mpu6op — 5 Kr, moacTaBka — 4 Kr).
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Hnsi onpeneneHusi BbICOTBl H YNPYrHX 3JIeMeHTOB HeOGXOAHMMG
BHIOpaTh MaTepHaJ BUOPOU30JISITOPOB.

Jns Hamux nesedl MOAXORMT ry6uaTasi pe3WHa, KOTOpasi HMeeT
JHHAMHYeCKHi MoAyJab ynpyroctH E;=30 kr/cM? u pacueTHoe cra-
THueckoe  HampsikeHue ¢=3 Kkr/cM2. Tormna H=Epxc./c=
=30-0,111/3=1,1 cm.

3amaguM pa3Mep NONEPEYHOTO CeYeHHsi NMPOKJIAfZoK A paBHHIM
4 cM. TIpoBepuM 3HaueHHe COOCTBEHHOH 4YaCTOTHI CHCTEMBI, yCTa-
HOBJIEHHOH Ha Bu6pousonmopm H3 ry6uaToil pe3HHBHI:

2n 2n 0,0153

HaiigeM. rpaHUYHY10 4acCTOTY

frp=fou'\/§_= 15’\/2 =21,2 I'u
H aMIVINTYJy BBIHYXJEHHBIX KOJe6aHHI CHCTeMBl Ha 4acToTe BHUO-
paunu fp=>50 Tu. nsi 3TOro mpuMeM 3HAYEeHHe AMMJHTYAH BO3-
Mymampomei BuOpauMH Sy=40 MKM, Torma So=ssu=40-0,099=
=4 MkM. KoJseGaHus CHCTeMBI WITAaTHB — NPUGOP C aMIUIHTYAOH
4 MM npu yactote fog=15 'l mpaKTHuecKH He BJIMSIOT Ha Yc-
TOHYHBOCTH U HOpMaJIbHYIO paboTy npubopa.

IIpu BHINOMHEHHH 3KCHEPHMEHTAJbHBIX HCCIeJOBaHHH BHGPO-
H30JISILHOHHOTO MEeTOAa MCNOJNb30BAJHCh pe3yJbTaThl INPOBEAEH
Horo pacuera. Jlns uccienoBaHHil Obla H3rOTOBJEHA NMOACTaBKa H
BUODOH30JISILHOHHBIE TNPOKJAaAKH H3 TIybuyaToéi pe3uHBl, KOTOpHIE
HaKJeuBaJIUCb Ha HHXKHIOIO MOBEpPXHOCTh mnoacraBkH. Ha nog-
CTaBKy, YKpeNJEHHYI0 Ha CToJle BHOpPOCTEHJa, YCTaHaBJIHBAJCH
wtatuB 11IP-160, narpyxenHblli Maccoit 5 kr. st onmpeneneHus
aMIJIMTYAbl BBIHYXJEHHbIX KoJeOaHHH CHCTeMbl Ha TOJIOBKe IITa-
THBa Kpenuicsi BHGpoxaTtumk Ttuna HMC-318. Crony Bu6pocTeHza
IUCKpeTHO, ¢ waroM 5 I'm, 3amaBajach BuOpaunusi B JHamna3oHe
yactor 5—100 T'u. AmMnautyna koseGaHHii noamepKHuBajach IO-
CTOSIHHOH M paBHOH a,=1 M/c? B nuanasode 4—40 I'u u a; =2 m/c?
B auanasoHe 40—100 T'u. C nomouplo 3J€KTPOU3MEPHUTEJIbHBIX
npubopoB 6JIOKa H3MepeHHs BHOpaLMH Ha KaxJo# (GHUKCHPOBaH-
HOM yacTOTe CHHMAaJIMChb 3HAYeHHsI aMIVIUTyAbl KosjeGaHHH BHODO-
JaTYyHKa, KOTOpble CPaBHHBAJHCh C aMIUIMTYHOH KojeOaHHH croJsa
BHOGpPOCTEHa.

PesyabTaTel ucciefnoBaHHH NOJHOCTBIO NMOATBEPKAAIOT Teope-
THYeckHe pacueThl. [IpH ycTaHOBKe CHCTEMBI LITAaTHB — npubop Ha
BHOPOHU30JIATOPHI, YaCTOTa e€e COOCTBEHHBIX KOJIeOaHHMH CHHXKaeTcs.
Pe3oHaHcHBIe KOJleGaHHs CHCTEMbl OTMEYalOTCsl Ha yacrorax 14—
17 Tu, 4yTO COOTBETCTBYeT pacyeTHOMY 3HaueHHlo. ['aumeHne BHGpa-

UMK TPOMCXOAHT HA YacTOTaX, NpEBHINAIOMHX frp=fouy/2 =
=23 T'u. Msmepennass Ha uactore =50 [l aMmiuTyna BBIHYX-
JeHHbIX KoJieGaHUii BUGPOH3ONHPOBAHHON CHCTeMbl paBHa 4,2 MKM.

JIONOJIHHTEeNBHO HCC/IeN0BAJIOCh KAyecTBO rallleHHsi KoJeGaHHiH
BUOpOH30JasiTOpaMu. [lasi 3TOro Ha BHOPOHM30JHPOBAaHHYIO MOA-
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CTaBKy ycTaHaBiuBaJicsi HuBeqHp H-2 u no BuGpomapke omnpepe-
JA71ach aMIJMTyAa KojebaHH# BH3MpHOro Jjyda. B pabouem nua-
nasoHe uactor ot 20 mo 100 T'u koneGaHuit BH3UPHOH oOCH 3pH-
TeJbHOH TPYObl OTMeYeHO He OblJIO, YTO CBHIETEJBbCTBYeT O BHICO-
KON 3¢ (eKTHBHOCTH YCTaHOBJIEHHBIX NPOKJIAJ0K.

§ 42. OpraHn3auus reojae3Hyeckux pador
Ha CTPOHTEJbHO-MOHTAXHBIX MJOLIaAKaX

I'eope3nyeckuit KOHTPOJb NMPAMOJHHEHAHOCTH M COOCHOCTH KOH-
CTPYKUHH H O0O6OpYLOBaHHUSI SIBJSIETCS COCTABHOM 4YacTbio O0O6ILIErO
KOMIIIeKCa Teoje3HYeCcKHX paboT INpH CO3LaHHH COOpYKeHH.
B ocHOBHOM 3TOT BHA pabOT NMPHUMEHSIOT NMPH reofe3nueckoM ode-
CIeYeHHH CTPOMTENbCTBA, MOHTa)Ka OGOPYJOBaHHS U 3KCIJyaTa-
LHH COOPYKEHHH.

OTHOCHTEILHOH TNPOCTOTOH B TEXHHYECKOM M OPraHH3aLHOH-
HOM NJIaHaX KOHTPOJIb NPSIMOJHUHEHHOCTH H COOCHOCTH OTJIHYaeTCA
Ha CTPOHTEJNBbHBIX NJOLIajKaX, TAe CTBOPHblE H3MepeHHS BHINOJ-
HSIOT NPEUMYIIECTBEHHO NPH MOHTa)Ke UM HCINOJHHTEJbHOM KOHT-
poJie TOJIOXKEHHS] KOJIOHH, 3aKJaAHBIX JeTajel, NOLKPaHOBHIX
nyte#i u ap. Ilpu 3TOM uyauie Bcero NPUMEHSIOT CTaHAapTHBIE TeO-
JOJIUTHl B KOMILJIEKTE CO CIeLHaJbHBIMH H3MEpPHTEJbHBIMH NPHCIO-
cobneHusMu (peHKH, MapKH, IIAaGJOHBI), KOTOpbIE BIOJHE MOTYT
obGecneyuTh TpeOyeMyi0 TOYHOCTb KOHTPOJBbHBIX H3MepeHuii. B He-
KOTOPHIX CJyuyasiX NMPUMEHSIOT MeXaHH4YecKHe (CTPYHHBIE) METOXbI
CTBOPHBIX H3MEpeHHH.

KoMmniekc reomesHueckKMx H3MepeHHH Ha CTPOHTENbHOH mJIO-
IIaJKe BHINOJNHSET reoje3uyeckass ciayxk6a CTPOHUTEJIbHO-MOHTAXK-
Horo Tpecta (o6benuHeHusi). Takyio ciyx6y BO3rJaBJsieT IJIaBHBIM
reoge3uct Tpecta. OH NOJUUHAETCS HENOCPEACTBEHHO TIJIaBHOMY
HHIXEeHepy TpecTa H HeceT NepPCOHAJbHYI0 OTBETCTBEHHOCTb 3a BBI-
NOJIHEHHe BceX reoje3Huyeckux pabotr B Tpecrte. B HemocpeacTBeH-
HOM TOJYHMHEHHUH TIJIaBHOTO TeOfe3HCTa TpecTa B 3aBHCHMOCTH OT
ob6beMa W crneuu¢pHKH reofe3nyeckux paboT MOryT HaXOIHTCSH
OZIMH, ABa U 6oJiee NOMOLIHHKOB.

l'eomesnueckasi cayx6a cTpouTeabHo-MoHTaxHoro (CMY) wuau
crpoutenpHoro (CY) ynpaBieHusi, SBJSIOILEroCs CTPYKTYPHOH
NPOU3BOACTBEHHOH eJUHHLEH TpecTa, HENOCPEeACTBEHHO NOAYHHS-
eTcsl IJIaBHOMY HHXKeHepy ynpaBieHHsl. TexHHYecKoe M MeTojHye-
CKOe DYKOBOACTBO ee paboTOH oOcyllecTBJAsieT TJaBHBHIA reope-
3ucT Tpecta. Jlyumeii ¢opMoii opraHM3auMH cJeAyeT NpPH3HaThb
IleHTPaJH3alHI0 reoje3nuecKoil cayx6bl B TpecTe. B aToM cayuae,
NOAYHHASACH HENMOCPeACTBEHHO TOJBKO INIaBHOMY HHIKEHepy TpecrTa,
reofesyueckasi cjayxb6a MoJyuyaeT ONePaTHBHYIO CAMOCTOSITeJb-
HOCTh M HEe3aBHCHMOCTb OT pykoBoactBa CMY, uTO oueHb BaxKHO
B paboTe Treofe3HCTOB KaK KOHTPOJEPOB, H O6JaronpHsITHO OTpa-
JKaeTcsl Ha KayeCTBE CTPOUTEJbCTBA.

3a kaxapiM HTP reome3uueckoét cayxObl [JOMKHH OBITh
3aKpenJieHbl TOCTOsIHHbBIE paboune B KosHyecTBe |—2 uyesoBek,
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tapupuuupoBanuble no IV—V paspsinam no npodeccud 3aMepiiuk
Ha reofie3aNyecKo-Mapkuleinepckux paborax.

OT omnepaTHBHOCTM H KauyecTBa BBHINOJHEHHS T[E€0JE3HYECKUX
paboT Ha HEKOTOPHIX 3TalaX CTPOUTEJbCTBA 3aBHCHT OINeEpaTHB-
HOCTb M KauyecTBO BLINOJHEHHUS BCEX CTPOUTEJbHBIX paboT. Yuu-
ThHIBas BBICOKYI0O OTBETCTBEHHOCTb M 3HAYHUMOCTb TIe0Je3HUeCKHX
pa6oT, CTPOHTENbHOE MNPOHU3BOJACTBO MAOJKHB OGCJHYKHBaTh KBa-
Ju(UIHPOBaHHbBIE Teofe3ucTH. IIpu mpousBomcTBe paboT, B 10M
YHCJIe W TNPH CTBOPHBIX M3MEPEHHSIX, HOJKHBl NMPHMEHSTBHCS BHICO-
Kos(dekTuBHble reope3nyeckue npubopnl. Heob6xomumo opranuso-
BaTh UX NEPHOAMYECKOe 3TAJOHHPOBaHHe, CBOEBPEMEHHBIH PEMOHT,
NOBEPKH U 3aMeHy N0 Mepe HX H3Hoca.

B HeKOTOpPBHIX ciyuasix PYKOBOAMTENb TeOHe3HYeCKOH CJIyKObI
TpecTa HMeeT NpPaBO JaBaThb pacHOpsiKeHHsl, o6s3aTesbHble AJS
JIUHEAHOro nepcoHaja (HayaJbHHKOB CTPOHTENbHBIX YYacTKOB, IIPO-
pa6oB, MacTepoB) O IPHOCTAHOBJEHHH CTPOHUTEJNbHO-MOHTAXKHBIX
pabor, BeAymUXCsl ¢ IPyObIMH HAapYLIEHHSIMH YCTAHOBJIEHHBIX Teo-
MEeTPHYECKHX [NONYCKOB, C HEMeJJIeHHBIM YBeJOMJIeHHeM 00 3TOM
rJIaBHOTO WHKeHepa WJM HauyaJbHUKa CTPOUTEJNbHO-MOHTAaXKHOH Op-
raHU3alHH.

Pabora co cTpouTessiMH HaKjaAblBaeT Ha TeOHAe3HUCTOB OOJIb-
IIYI0 OTBETCTBEHHOCTb. Bpak B ux pab6oTe HeJOMYCTHM, TaK Kak
MOKEeT SIBUTbCS TNPHUYHHON HOPOTOCTOSIUIUX MepelesioOK B KamuTallb-
HOM cTpouTesnbcTBe. OT TOYHOCTH PaboOThHl re0Je3HWCTOB BO MHOTHX
cJIyyasiX 3aBHCHT CBOeBpeMeHHBbIH BBOJA OOBEKTOB B 3KCIIJIyaTaLHMIO.

duHaHCHpPOBaHUe TeoJe3HUYeCKHX paboOT Ha CTPOUTENbHOH MJIO-
HlaJiKe OCYUIECTBJSIETCS H3 CPEACTB, BBIAEJEHHBIX Ha KalHTaJlb-
Hoe cTpouTeabcTBO. OCO6GEHHOCTH OPTaHU3alMH H BHINOJHEHHST reo-
Ie3WuecKux paboT OOYyCJOBJMBAIOT TaKxkKe CJAOXHBIE YCJOBHSA
H3MepeHUH Ha CTPOUTEJbHOH IJIOLlajJKe, HaJHuve GOJIbLIIOTO KOJIH-
YeCTBa TPAHCIHOPTHBIX M NMOABEMHBIX MEXaHH3MOB, TpeGOBaHHS He-
YKOCHHUTEJIbHOTO COOJI0JIleHUs] NpaBUJI TeXHHKH 6e30macHOCTH. 3a-
MelJieHHe TEMIIOB H3MepeHHH, NOTOJHUTEeJbHble KOHTPOJIH, YacTble
nepeneskyu paboT He peIKH HAa CTPOHTEJbHOH mJoiafKe.

KoHTpOJIb TNpPSIMOTHHEHHOCTH U COOCHOCTH TEXHOJIOTHYECKHX
KOHCTPYKUHH U 0OOpPYyAOBaHHSI Ha MOHTAXHBIX IJIOLIAAKaX MOKeET
OTJIHYATbLCA OOJBIIOH CJOMKHOCTbIO H BBICOKOH TOYHOCTbIO, TECHOMH
B3aMMOCBSI3bI0 C JPYrHMH BHAAMH TreOJde3UYeCKHX H3MepeHHH.
O6beM H3MepeHH! CTBOPHOCTH WU COOCHOCTH 3aHMMaeT B oOLIeM
KOMIlJIeKCe reoJle3HUYecKHX paboT 60JblUIYI0 LOJIO.

HoBusna, MHOroo6pasue W HepeiKO YHHKAJbHOCTb reojpesuue-
CKHUX paboT, peliaeMblX NPH MOHTaKe O6OPYINOBaHHMS, NMOBHIILIEHHbBIE
TpeGoBaHHSI K TOYHOCTH, cleuH(HKa Npou3BoAcTBa paboT o6yc-
JIOBJIMBAIOT LeJbI Pl O0COOeHHOCTeHl OpraHu3alHOHHBIX Mepo-
npusituil. Ilpexxme Bcero ciaeayer OTMeTHTb, YTO TaKue paGoTHI,
BBIMOJIHAIOT, KaK NPaBUJO, ClelHaJU3HPOBAHHbIE TPYIMBl, OTAEJbI
HJIM 3KCIEeIULUH NPOEKTHO-U3BICKATEJNbCKHX M Hay4yHO-HCCJIeJOBa-
TeJbCKUX HHCTUTYTOB, npeanpustuii I'YIT'K, uMerouise onbiT B mo-
no6HbIX paborax. PuHaHCHpPOBaHHe PabOT OCYLIECTBJSICT 3aKa34MK
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3a CyeT CPeACTB Ha CTPOMTEJBbCTBO HJH M0 OCHOBHO! HAesiTeJbHO-
CTH Ha OCHOBAHHUH XO3J0rOBOPOB C OpraHU3alUel-HCIOJHUTENEM
reoje3nyeckux paboT. BBuay yuukanbHocTH u crnenucukn pabor,
a HMHOrJa OTCYTCTBHSI COOTBETCTBYIOIIMX HOPMATHBOB, CMETHbIE
CTOHMOCTH Teofie3HYeCKHX paboT pacCUHTBHIBAIOT, KaK NMPaBHJIO, HC-
X0Asl U3 HeoOXOMUMBIX TPYZHO3aTpar.

IIpoekT npousBoacTBa paboT Mo reofe3HuecKOMy obecneueHHio
MOHTaxKa pa3pabaTbiBaeTCsi Ha BceX 0e3 HCKJIUYEHHS] CTaausix
npoekTupoBaHus ob6bekta. Ha Kaxmoli craguu npousBogutcsi 06-
OCHOBaHHE TOYHOCTHBIX XaPAaKTEPUCTHK H3MEPHUTEJbHBIX METOIOB
U CPeICTB.

MoOXHO BBIIENUTH TPH OCHOBHBIX 3Tama INPOBEeJEHHs H3Mepe-
HUfi: NMpU MOHTaxe, HajJajJke W JKCIJyaTallud coopyxeHus. Has-
MepeHHs1 Ha TOCJTEeJHEM 3Tame MOXKET BHINOJHSTH CHeNHaJbHO 00-
pasoBaHHasi reoje3uueckas cJyx6a 3aKa3uHKa, NONUUHSIOLIASICS
IJIaBHOMY HHXKEHEPYy WJHU [JIaBHOMY MeXaHHUKY COODYKeHHS.

BBuay BBICOKO# Tpe6yeMO#l TOYHOCTH K TI'€OMETPHYECKHUM Iia-
paMeTpaM MOHTa)a o60pYNOBaHHS W KOHCTPYKUMH LeJecoobpasHa
OpraHu3auus KOHTDPOJIbHbIX H3MEpeHHH pas3/IMYHBIMH METOJaMH.
Hanpumep BO3MOXKHO COYETaHHE ONTHYECKUX, MeXaHHUECKUX H
Jla3epHBIX METOJOB CTBOPHBIX H3MepeHUH. XOTA 3TO U MNPUBOIUT
K HEKOTOpPOMY YIOpPOXKaHHIO reoje3WuecKHx pabot, HO obecneuu-
BaeT HaJeXXHOCTb reoJle3HUeCKUX U3MepeHuH.

Chnenyer OTMETHTb, UYTO BBbINYCKaeMble MNPOMBIIIJIEHHOCTBIO
CTaHJapTHbIE reoje3uyeckue npubopbl, B TOM YHCJE H NpeaHa3Ha-
YeHHble [JIsI KOHTPOJSI COOCHOCTH H MNPSIMOJHHEHAHOCTH, B 00JIb-
LIMHCTBE cJyyaeB, He MOryT ofecrneuuTb BeCchb CHeKTpP paboT mpH
KOHTpOJIe MOHTaxa o6opynoBaHusl. IIpuXonuUTCA BBHINOJHATHL Yac-
THYHbIE TepelesKH NPUOOPOB, H3rOTOBJIEHHE HECTAHIapPTU3HPOBAH-
HBIX CPENCTB H3MepeHHH. IDTO BHI3bIBaeT HEOOXOAMMOCTh Opra-
HH3allUH W CTUMYJUPOBaHHS H300peTaTeNbCKOH M pallMOHAJH3a-
TOPCKOH  HmesATeNbHOCTH. H3roToBjleHHe HeCTaHAapTH3HPOBAHHBIX
npuGOpPOB NPOU3BOAMUTCA B CNELHAJbHO OpPraHH30BaHHBIX MacTep-
CKHX reoJie3u4ecKoil cay:KObl HJIH LEHTPaJM30BAHO B ONBITHO-TEX-
HOJIOTHYECKOM MPOU3BOACTBE 3aKa3UHKa.
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