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METOINYECKHUE YKA3AHUA

Jlnst mpoBeneHus 1a0OpaTOPHBIX padOT HMCHOJB3YETCS JTA0OPATOPHBIA KOM-
IIJIEKC.

Bce npennaraemsie paboThl IPOBOJATCS CTYAEHTAMU CAMOCTOSITENIBHO MO PY-
KOBOJICTBOM IIPEMNOJIaBATEIS U B PUCYTCTBUU JJabopaHTa. CTyJEHTHI TOKHBI IPOii-
TH UHCTPYKTaX MO TEXHUKE 0€30MacCHOCTH, 03HAKOMHUTHCS C METOAUKON paboThI, sic-
HO MPEACTABIATh OOBEKT UCCIEN0BAHUS, YCTPOUCTBO IKCIEPUMEHTAIBHOIO CTEHAA,
MOPSIIOK 00paOOTKHU MOJTYyYEHHBIX TaHHbIX.
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M0 MHCTPYKIMU JJIs1 1a00paTOpUH, U TOCIIE MPOBEPKU €€ YCBOCHHMS MPENo/iaBaTesieM
PaCIUCHIBAIOTCS B CIIEHUAIBHOM JKYypHAJIE.

PaboTa cumTaeTcsi BBINOIHEHHOW MOCI]E TOrO, KaK MPEnoJiaBareib, MPOBEPUT
OTYET CTYJAEHTA U NPABWIBHOCTb OTBETOB HA KOHTPOJIBHBIE BOIIPOCHI.
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JlaGopatopHas pabora Nel-2
N3yuyenue ycTpoiicTBa 1 PyHKIHOHUPOBAHUSA CTEH/A IKCIIEPUMEHTAIbHBIX HCCIIe10-
Banuit TMZK-1M

Lleny padbomot:

1. O3HakOMIJIEHHE C YCTPOWCTBOM M OCHOBaMH pabOTHI Ha CTEHJE a’ponuHamuyeckom TMXK-
1M;

2. V3yueHune n3MepuTENbHOTO 000pYIOBaHMS U MOPAIKA ONpPENEICHUs] KOHTPOJIUPYEMBIX Ma-
paMeTpoB.

AspoanHamuueckuii cren TMXX-1M npeanasHaueH JUisi TpoBeAeHUS Ja00paTOPHBIX pa-
00T MO KypcaMm, U3y4YaroluM pa3esibl MEXaHUKHU KUAKOCTU U Tra3a («A3pOoruaporazoquHaMuKay u
«AsporazoauHamuka»). C ero noMoIlbl0 HarisiJHO JIEMOHCTPUPYIOTCS U 3KCIIEPUMEHTAIBHO U3Y-
YaroTCsl pa3IMYHbIC SIBICHUS Ta30BOM TUHAMHUKU. B 0CHOBY paboT Ha ycTaHOBKE MOJIOXKEHO HCClie-
JIOBaHHE TapaMETPOB BO3/yXa, TEKYIIEro BIOJb TPaKTa JTaOOPATOPHBIX MOAYNEH, TPU MOAEITUPO-
BaHUU IPOCTEHIINX a3pPOJMHAMUYECKUX IPOIIECCOB.

OOmuit BUJ cTeHaa mpecTaBieH Ha puc. 1.

CTeH1 COCTOUT W3 HIDKHEW U BEpXHEH CEKIIHA.

B cocraB HMKHEM CEKIIMU BXOJST:

- BEHTWIATOP U IEKTPOABUraTelb (HaXOAATCS BHYTPU CEKLIUN);

- BCachIBalOUIMN MPSIMOYTOJIBHBIA BO31YXOBOJ C YCTaHOBJIEHHBIM B HEM JIPOCCEIbHBIM

KJIAIIAHOM JIJIs1 peryupoBaHus pacxona. OTKpbITHE KilallaHa OCYIIECTBIISIETCS] AUCKPETHO C

MIOMOIIBIO PETYJIHPYIOLIET0 MEXaHU3Ma. B Havasie BcachIBaroOIIEro BO3QyXOBOJA MMEETCS

(aner ¢ CeTKON M YIIIOTHEHHEM 11 O0JITOBOTO MPUCOEAUHEHHSI UCCIIEAYEMBIX MOJYJICH;

- BBIMYCKHON BO3IyXOBOJ, OCYILECTBISIOUINI BHIOPOC OCYIIECTBISIONIET0 BHIOPOC HC-

MOJIb30BAHHOTO Ta3a B atMocdepy;

- BBIIBMJKHOTO CTOJIA JUIsSl YCTAHOBKH UCCIIEyeMbIX MOJYJICH:

- 1abOpaTOPHOTO CTOJIMKA JJIS 3AIMCH PE3YIIbTAaTOB J1a00OPATOPHBIX HCCIEI0BAHUM;

- Oprasbl YIpaBJICHUS IEKTPUUECKON YaCThIO CTEH/IA.

B cocTaB BepxHeil ceKIMM ¢ BHEUIHEH CTOPOHBI BXOJUT MPUOOpPHAs 4yacTb, KOTOpask COCTO-

UT:

- U3 6-TU BEepTUKAJIbHBIX IbE30METPOB,

- 4-X HaKJIOHHBIX IbE30METPOB,

- 2-X ONPOCHBIX MaHeNeH sl U3MEPEeHUsl mapaMeTpoB NMOToKa B 12-th u 14-Tu TOukax

COOTBETCTBEHHO C MIOMOILbI0 MUKPOMaHOMETpa,

- maHenu ¢ 12-10 mrynepamu,

- maHenu ¢ 14-1o0 wrynepamy,

- IaHeNu ¢ 6-10 WTYyLEpaMH,

- MaHenu ¢ 4-Ms WITyIepaMH.

B cocTtaB n3sMmepuTenbHbIX TPUOOPOB BXOIUT MUKpoMaHoMmeTp MMH-7, Habop ruapoanna-
MUYECKUX TPYOOK.

BnyTpu BepxHell ceKIIMN HaXOIATCS:

- HaIllOPHBII BO31yX0BOJ MIPSIMOYTOJIBHOTO CEUYEHUS;

- cucTeMa MHEBMOTHIPABINYECKUX COETUHEHUHN U3MEPUTENIbHBIX YCTPOUCTB.

Ha puc.2 npencraBiieHa cxemMa MHEBMOTHIPABIMYECKUX COCAMHEHUN HAa BHYTPEHHEW CTO-
poHe JeBoii maHenu BepxHed yactu crenaa. lllects marucrpaneit (1) coeqUHSIOT BEpXHUE KOHIIBI
BEPTHKAIBHBIX MTbE30METPOB CO IITyIepaMu. /[BeHaaaTh Maructpane (2) CoeIMHSIOT OTBEPCTHUS
Ha ONpOCHOM naHenu co mryuepamu. lllects maructpaneii (3) coeAuHSIOT OaKU C BOJIOM ¥ HUYKHUE
KOHIIbI BEpTUKAJIbHBIX Mbe3oMeTpoB. LllecTs cexuuii 6aukoB ¢ BOAOW COETUHEHBI MEXAY COOOi B
HIKHEN YacTH.

Cxema 17151 BHYTpEHHEH CTOPOHBI IIPaBOM MaHeNu CTeH 1a aHamoru4yua (puc. 3).
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N3mepenue naBneHus B OOJBIIMHCTBE PabOT MPOU3BOIUTCS MOCPEACTBOM JTaOOPATOPHOTO
MuKpoManomerpa MMH-7.

MukpoMaHOMETp MHOTOJIMANA30HHBIA C HAKIOHHON TPyOKO# MpeaHasHaueH A h3Mepe-
HUS N30BITOYHOTO, BAKYYMMETPUYECKOTO ABJICHUSI U PAa3HOCTH JIABJICHUH. Y CTPOHCTBO MHKpOMa-
HOMeETpa nokazaHo Ha puc.4. Ha mumre 21 ykperuieH pesepByap 22, TepMETHYHO 3aKPbIThIN KPbIIII-
kol 16. Ha Heil pacnonoskeHbl Tpexxo10Boil kpaH 17, mpoOka 18, 3akpeiBaroiasi OTBEpCTUE IS
3QJIMBKU WU CJIMBA CIHUPTA, U PErYJIATOP HYJIEBOrO MOJIOKEHUS MEHHMCKa 19, cmyxammil 1is ycra-
HOBKHM MEHHUCKA CIIUPTa B U3MEPUTEIHHON TPyOKE MPOTUB HYJIEBOTO JICICHUS IIKAJIBI.

K croiike 14 mauTel 21 KOHYCHON OChIO KPENMUTCS KPOHIITEWH 6 ¢ Kojoakamu 12 u 1, korto-
pble COEIMHEHBI CTEKISHHON H3MEepUTEeNbHONH TPYyOKOH 5, CHAOKEHHOH 3alllUTHBIM KOXYXOM 4.
KoH1pl n3mMepuTeabHON TPYyOKH 5 BXOJAT B OTBEPCTUS KOJOMOK 12 M 1 M YIUIOTHEHBI M HUX Callb-
HUKaMU C Pe3UHOBBIMH YIIJIOTHUTEJIbHBIMU KOJbIAMU 2 U 32KUMHBIMU 1ITYyLiepamu 10.

JleBas xoomka coeAMHEHA PE3MHOBOM TPYOKOH 13 ¢ pe3epByapom 22, mpaBasi KOJIOAKA CO-
eIMHEHa Pe3NHOBOM TPYOKOH 3 ¢ Tpexxo1oBbIM KpaHoM 17. M3mepurenbHas TpyOka 5 ycTaHaBIu-
BaeTCsl TakK, YTO I€OMETPHYECKas OCh BpAIllEHUs KPOHIITEHHA 6 MPOXOAMUT uYepe3 HyJb IIKabI.
[IIkana, HaHECEHHAs! HA CTEKJIAHHYIO U3MEpPUTENbHYIO TpYOKy, uMeeT anuHy 300 MM; HauMEHbLIee
JIeJIeHHe MKaJIbl — | MMm.

Jlyis ycTaHOBKM KPOHIITEHHA ¢ M3MEPUTEIbHON TpyOKoi Ha TpeOyemblil yroil HakKIOHA K
wmrte 21 npukperniena ayra 20 ¢ MATbIO OTBEPCTUSMHU, COOTBETCTBYIOLIUMU OIPE/IECICHHBIM 3Ha-
YeHUSIM TTOCTOSTHHOM npubopa K, BennunHa KOTOpoil 0003HaYeHa Ha Ayre MPOTUB KaXJI0TO OTBEP-
crusa. Kponmreiin 6 ¢pukcupyercs Ha ayre 20 B HEOOX0AUMOM IMOJIOKEHHH C TOMOIIBIO (huKcaTopa
7, KOTOPBIH YKPEIUICH BO BTYJIKE KPOHIIITEIHA.

Jl11 yCTaHOBKM MHUKPOMaHOMETpPA U TOPU30HTAIBHOE IOJIOKEHNE NIPU I'PagyHpOBKE U MpHU
3aMepax Ha IJIUTE YCTaHOBJIEHHI JIBa YPOBHS 8 U 9 ¢ umnmHApudeckuMmu ammnyiamu. [Ipubop npu-
BOAMTCS B TOPU30HTAIBHOE MOJIOKEHNE ABYMS PETYJIMPOBOYHBIMU HOKKaMH 15.

[IpucoeauHsOT NpubOp K MecTaM 3aMepa pe3MHOBBIMHU TPyOKaMu, Ha/JieBaeMbIMHU Ha IITY-
Lepbl TPEXXOA0BOro Kpana 17.

tynep a ucnosb3yeTcsl Ui MOCTOSIHHOTO COEAMHEHHS KpaHa CO CTEKJISTHHOW H3MepH-
TeNnbHOM TpyOKo#. [Ipu m3MeHeHnn U30bITOUHOTO AAaBJICHUS PE3MHOBAs TpyOKa, MAYyIIas OT MecTa
3aMepa, HaJIeBaeTCs Ha IITYLEp B, a IPU U3MEPEHUN BaKyyMMETPUUECKOIO JJaBJICHUs Ha WTyLep 0.
[Tpu u3MepeHnn pa3HOCTH JaBJICHHs TUTFOCOBasi TpyOKa HajJieBaeTcs Ha MITYIEp B, & MUHYCOBast —
Ha mTyuep 0.

Kananel B Tpexxo/I0BOM KpaHEe PacloOkKeHbl TaK, YTO MpPU MOBOPOTE €ro MpoOKHU MPOTUB
YacOBOW CTPEJIKHU JI0 yIopa pe3epByap M U3MEPUTENIbHAS CTEKIISIHHAS TPyOKa coOOmIaeTcs ¢ aTMo-
cdepoit, a oTBepCTHs K MITyIepaM © U B MEPEKPHIBAIOTCS: MPU 3TOM IOJOKEHUH TPEXXOIOBOTr0
KpaHa KOHTPOJIUPYETCS «HYJIbY.

[Ipu moBopoTe MPOOKH MO YaCOBOM CTpeNKe M0 yrmopa IITYyLep B COOOIIaeTcs ¢ pe3epBya-
poM, a mTymep & — co MTYIEPOM a U Yepe3 HEro — CO CTEKIITHHOW U3MEPUTEIIBHON TPYOKOM; IpH
3TOM MOJIO)KEHUH TPEXXOJAO0BOr0 KpaHa MPOU3BOJAT 3aMEPBI.

[Mpunnun nefcTBust MpuOOpa OCHOBAH HAa TOM, YTO M3MEPSIEMOE JaBJIeHUE Ta3a (WK pas-
HOCTh JIaBJICHUH) YPAaBHOBEIIMBACTCS JABICHUEM CTOJI0A paboueit KUIKOCTH, KOTOPBI 0OpaszyeTcs
B HAKJIOHHOM TpyOke (K TpyOKe IMOJBOAMTCS MEHblee HaBiieHue). [Ipm 3ToM yciaoBUU YpOBEHb
CHHUpTa B U3MEPUTEIHHON TpyOKe OyAeT MOBBIIATHCS, a B pe3epByape - HOHUKATHCSI.
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Puc. 2 Cxema mHEBMOTHAPABINYECKHIX
COETMHEHUI Ha BHYTPEHHEH CTOpPOHE JIEBOM
IIaHEIW BEPXHEW 4acTu CTEHA.

13 1211 109/8/7/6 > 43 21

Puc. 3 Cxema mHEBMOTHAPABINYECKUX
COEIMHEHUI HAa BHYTPEHHEN CTOPOHE MPABOI
IIaHEJIM BEPXHEN 4acTU CTEH/A.

Puc.4 MukpomaHoMeTp MHOTO/TH-
ama3oHHBIN C HAKIIOHHOU TPYOKO
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JlaGoparopHas pabota Ne3-4
JKcHnepUMEHTAIbHOe HCC/IeJ0BaHUe IIOTepH HANopa Mo JAJIMHe TPyOoonpoBoaa

Llens paboTer: OnpezeneHne BeTMYUHBI TTOTEPh MOJTHOTO JIaBICHUS M KO UIMEHTA TH/I-
PaBIMYECKUX MOTEPh HAa TPEHHUE IPU TEUCHUU B TPYOE MOCTOSTHHOI'O CEYEHHUS.

1. Teopemuueckue nonooicenus

JIns vcclieoBaHus CTAllMOHAPHBIX TEUEHUM KUAKOCTHU (raza) mo Tpydam u Ka-
HajaM pa3IndHON KOH(PUTYpaIuu yI00HO MCIOJIb30BaTh BEIMUMHY TIOJHOTO JIaBJie-
HUs, TaK KaK OHO CBSI3bIBAET JiBa (haKTOpa: CKOPOCTh MOTOKA U JaBJieHHE B HeM. Jliis
KaWUISIPHBIX KUJKOCTEM, a TakKe JJI Ta30B, JBHXKYIIUXCA C OTHOCHTEIBHO He-
OOJBIIMMU CKOPOCTSIMHU (T.€., IPAKTUYECKU HEC)KMMAEMBIX) MOJIHOE JIaBJICHUE B IO-

TOKEC OIIPEACIACTCA COOTHOIICHUCM!
2
P pr (1)

rae p- BCJIMYMHA MAaHOMCTPHYCCKOTO JaBJICHHUSI (CTaTI/ILIeCKaSI coCTaBJIdromasa ITI0OJJHOT'O

JABJICHUSA);

2
pu JUHaAMHUYCCKasA COCTaBJIAIOIIAsA JaBJICHUA.
2

W3 cootHOIMICHUS (1) CJICAYCT, UTO €CJIK IIOTOK ra3a IJIOTHOCTBIO p , ABMIKYIICTOCA CO CKO-

POCTBIO U MIHOBCHHO 3aTOPMO3UTH 663 MOTCPh, AABJICHUC I'a3a MMOBLICUTCA HA BCIIMUUMHY AUHAMU-
4yecKo# cocrapisoniei. I Hao0opoT, eciu ra3 B KaKOM-JTH00 pe3epByape HAXOJIUTCS B COCTOSIHUU
IMMOKOs, BCIIMUYMHA MAHOMETPUUCCKOI'O JABJICHUA B HCM COOTBCTCTBYCT BCIIMYUHC IMOJIHOT'O IOaBJIC-
HUS, U €CJIM ra3 MPUBOAUTCS B IBUXKEHUE (HAIIpUMeEp, Yepe3 BO3AYIIHYI0 MarucTpaib OCYILECTBIsA-

eTcs MyCK Ta3a B pe3epByap C MEHbBIIUM JIaBJICHUEM), TO AABICHHE B CTPYyE ABMXKYILErocs rasa 0y-
2
JIeT MeHbIIIe ONHOTO JaBIeHns Ha Benmuunny £~ %

Ecan paccmarpuBaTh IBMXKEHHME ra3a BIOJb JJIMHHOIO KaHala KPYrjaoro CEYeHus, MOKHO
Ha0J1t0/1aTh PABHOMEPHOE Ma/IeHNE BEIMUMHBI [TOJIHOTO JaBJIeHUs 10 JuinHe TpyOsl. Kak cienyer us
ypaBHeHMsI bepHyiiu, U3MeHeHue 3Toi BEeIMUYMHBI 00YCIOBIEHO paboToi BHEIIHUX cuil. B kaue-
CTBE TAaKOBBIX B IEPBYIO OYEpE/]b BHICTYNAIOT CHUJIbI TPEHHUS raza o CTeHKy TpyObl. Iloatomy, Ha
[IPEOIOJIEHUE DTUX CUJI TEPAETCA YacTh MMITYJIbCA ITOTOKA.

—»
— Puc. 1 Ilpodunp ckopoctn moTOKa MpU
— | 'l aBwkennu mo TpyGe Kpyraoro cedeHus:
= %u' ‘ ' '
U — = ; m Ih =1 1 — ueaabHOE TEUCHHE,
= \ )| 2 —J1aMHHapHOE TEUEHHUE;
0
; 5 3 3 — TypOyJIeHTHOE TE€UEHUE

VYkazaHHOe ABJICHHE OOBSCHIETCS CIEAYIOUIMMHU MPOLECCaMH, IPOUCXOIIIUMHI B MOTOKE.
Ecnu TpeHue kuIKocTH (ra3za) 0 CTEHKH TPYObl OTCYTCTBOBAJIO Obl, pacIpe/eseHle CKOPOCTH I0-
TOKa BJIOJIb MOTIEPEYHOI0 CEUECHUsl TPYOBl, Ha3bIBAEMOE npoghunem ckopocmu, 6bU10 OBl TOCTOSH-
HBIM 110 BceMy ceueHuto (mpo¢uib 1 Ha puc.l). OqHako HalM4Ke LEepOXOBaTOM CTEHKH, a TaKXKe, B
CBSI3U C T€M, YTO )KMJKOCTb (Ta3) 00JIAAAET 643KOCMbIO, TPUBOIUT K 3aTOPMAXXMBAHUIO MOTOKA B
IpUIeXKalleM K CTEHKe cioe. TakuM o0pa3oM, JKUAKOCTb (ra3) B 3TOM 30HE TEUEHHUS] HMEET Ipak-
TUYECKU HYJIEBYIO CKOpPOCTh. Hanmnuue BSI3KUX CHII B TOTOKE OOYyCIaBIMBAET TaKkKe PABHOMEPHBIN

(B TOM MJIM MHOW CTENEHH) POCT CKOPOCTH OT HYJS — Ha MOBEPXHOCTH CTCHKHU 10 BEIMYMHBI U, .

OGJacTh MONEPEYHOro CeUCHUs, IIe 3TO IPOUCXOIUT HA3BIBACTCS ROPAHUUHBIM cloem. IIpoduib
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MIPOJOIBHOM CKOPOCTH TIOTOKA UMEET BH/I, MpeacTaBIeHHbId Ha puc.l (mpodunu 2 u 3). [TyHkTHp-
HOU JIMHUEH 371eCh 0003HAUYEH COOTBETCTBYIOUTUHN MPOUIH CKOPOCTH Ta3a, eciiu Obl OTCYTCTBOBAJIA
ciiia TpeHusa. BugHo, 4TO MIIOmags MPSIMOYTOJIbHUKA, W300paXEHHOTO MYyHKTHPOM HECKOJIBKO
Oosplie TUIomaA (GUTYpHI, OTpaHUYEHHON peanbHbIM npoduneM. Takum 00pa3zom, pa3HOCTb 3TUX
rioniaiel o0ycnaBiIuBaeTCs MOTEPSIMU UMITYJIBCA, UIYILIETO Ha MPEOI0JICHUE CHII TPEHHUS.
BennumnHa moteps MONHOTO JaBJIEHUS, OOYCIOBICHHBIX CHJIAMH TPEHHS, ONPENENsIeTcs 10
3aBUCHUMOCTH, Ha3bIiBaeMoil ¢opmysoii lapcu-Belicbaxa:
2
[ p-u @)

A*: *_ *:ﬂ,f ,
\p Po— Dy d >
ES ES

rac pO , p] - BCJIMYMHA IIOJIHOT'O JAaBJICHHUA B HA4YaJI€ U B KOHIIC Tp}I6LI COOTBCTCTBCHHO,

| - nmuna Tpy6onpoBoaa;

d - nuamerp TpyOBHI;

A - K03 OUIMEHT rMAPABINYECKUX MOTEPD HA TPEHHME.

Takum o0Opa3zom, BelIMYMHA NOTEPh HA TPEHUE NPSIMO MPOMOPLUOHAIBHA BEIMYUHE CKO-
POCTHOTO HAmopa, a TakkKe MPOTSHKEHHOCTH TPYOOIpoBOa, a TakkKe, 0OpaTHO MPONOPLUOHATbHA
ero auametpy. KoagpuuueHT nponopiuuoHaaIbHOCTH, Ha3bIBa€Mbll Kodgduuuenmom 2udpagu-
YyecKux nomepsy Ha mpeHue, 3aBUCUT OT MHOXKECTBa (akTopoB. OIBITHI, MPOBOAUMBIE B TpyOax
pa3aMYHON F€OMETPUHM, CTENIEHU IIEPOXOBATOCTH, U JJaK€ U3TOTOBJIEHHBIX U3 Pa3IMYHOIO MaTepu-
ajla oKas3aJiy, 4TO B TOW WJIM MHOM CTENEeHU NePEeUYHCICHHbIE YCIOBUS BIMAIOT Ha BEIUUUHY KO3 (-
¢unmenta. OgHako HanboJee CHIILHO OH 3aBHCUT OT XapakTepa ABIKEHUs. Breinenstores 2 pexxuma
TEUEHUS — JIAMHUHAPHBIN U TYpOYJICHTHBIH.

IIpu ramunapruom pexuMe CTpyWKH BO3AyXa B 3HAYUTEIBHOM CTENEHU JIBUXKYTCS yIOpS-
JOYEHHO, CTPOro MapajuieNbHO OcH TpyObl. [lomepeunas cocraBisiomas CKOPOCTU IPU TAKOM pe-
JKUME TEUEHUS NPAKTHUUECKU OTCYTCTBYET, a XapaKTep U3MEHEHUS BEIMUYMHBI IIPOJOJIBHOM CKOPO-
CTH B TIOTIEPEYHOM HaIpaBJICHUH TUIaBHBIN (TTpodrutb 2 Ha puc.1).

VYBenuueHue CKOpOCTH ABM)KEHUS MOTOKA MPUBOAUT K TOMY, YTO 3JIEMEHTAPHBIE CTPYHKH
ra3a TepsIoT, B KOHIIE KOHIIOB, yCTOHUYMBOCTh. [1osIBiIsIIOTCS, a 3aTeM 3aMETHO HApacTaroT Holnepey-
HbIE COCTABJIAIOLINE CKOPOCTH IOTOKA, CTPYHKH MEPEMEIINBAIOTCS MEXAY CO00H, 0OOMEHHBAasCh
UMITYJIbCOM, U, II€JIOM, XapaKTep ABM)KEHUS ra3za IpuoOpeTaeT XaoTUYHbIN Xapakrep. Takoll pexum
TEUEHUs Ha3bIBACTCS mMypOy1eHmHbIM. 32 CUET TOTO, UTO CTPYMKH NMEepeMENINBAIOTCA MEXIY COO0M
npoMIb CKOPOCTH ra3a B TAKOM Cllydae sBIsieTCsl Oojee OJM30K K MPsMOYyrojabHOMY (mpoduis 3
puc.l).

CymiecTByeT napamerp, ¢ OMOIIBI0 KOTOPOTO MOKHO MPHUOIM3UTENBHO OLEHUTH XapaKTep
nBrokeHus. OH Ha3bIBaeTcs yuciaom Peiinonvoca v onpezensercs no popmyse:

wd, 3)
1%
rae V - k03h(HUIUeHT KHHEMAaTHYEeCKOH BSI3KOCTH BO3/yXa.

IIpunsATO cunTarsh, 4TO €ciu Re < 2000 - pexxuM T€YEHUs ra3a JJAMAHAPHBIN, TOTAa KaK IIpU
NPEBBIIICHUH JaHHOTO MOPOTOBOTO 3HAYEHHUS MOTOK MOCTENEeHHO TypOynusupyercs. Ilpu stom,
IIPOUCXOUT CHUXKEHUE BEIMUYMHBI KO3(PULMEHTa rHIPaBINYECKUX TOTEPh, BBI3BAHHOE TEM, YTO
HAJINYME TOMEPEeYHOI COCTaBIAIONUIEH CKOPOCTH MOTOKA CMOCOOCTBYET Oojee IIaBHOMY OOTeKa-
HUIO TOTOKOM OYTOPKOB IIEPOXOBATOCTH.

MHoOro4uciaeHHbIe ONBITHBIE JaHHBIE TOKAa3bIBAIOT, YTO B 3aBUCUMOCTH OT BEJIMYMHBI YUCIIA
Re 3nauenne koodpuuuenta A onpenensercs BHIPaKEHUIMU:

Re =

,1:% — npu Re <2000 “4)
(]
1
k:(?g?—npu 2000 < Re <10° %)
o
A= ! — npu Re >10° (6)

(1,8-1g Re—1,54)’
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2. Ilocmanosxa IKCnepumenma
B ocHOBY sKkcniepuMEHTaANbHBIX HCCIIEI0BaHUM, MPOBOJMMBIX B HAcTOSIIEH paboTe, MOJ0KEHO
U3MEpEHHUE MapaMeTpoB J03BYKOBOTO MOTOKA BJIOJIb KaHajda Kpyrjioro ceueHus. Vcciemyemprit
MOAYJIb MPEACTABISAET COO0U MPOTSIKEHHYIO MaKyI0 TpyOy. B MmecTax orGopa mapameTpoB mo-
TOKa Ha TPyOe PacHoJIOKEHBI ITYIEPhI, COSTUHICMbIC C TPYIIION MTYIIEPOB HA MEpeIHEH MaHe-
i creHaa. M3MepeHue AaBlIeHHs B MCCIIEAYyEMBIX TOYKaX MPOU3BOAMTCS Yepe3 THe3[aa Ompoc-
HOW TTAHEJIH C TIOMOIIBI0 YHUBEPCAITLHOTO MUKPOMaHOMETPA.

[TockonbKy MCTOYHHUKOM pabodero Tena B paboTe SBISETCS BO3AYX, HaXOISIIUICS B TOMeIle-
HUH, TTOJHOE (MaKCUMaJIbHOE) IaBlIcHHE OyaeT paBHAThCA atMocepHoMy. 1 B Takom ciyuae,
Kak crieayet u3 Gopmynsl (1), MaHOMeTpHUYecKoe (CTaTUYECKOE) IaBJICHUE B JIFOOOH TOYKE JIBU-

2
KyIerocs rasa OyzeT Bcera MeHbIe atMochepHoro Ha Benmmunay 2% Taxum o6paszom, pu

OTIpe/IeNICHNH IapaMeTpPoB IOTOKAa HCIOJIb3YeTCS M3MEpUTEIbHasi MarucTpaib, CBA3aHHAS CO
MITYIIEPOM O TPEXXOJOBOTO KpaHa MHUKpOMaHOMETpa (AJii U3MEPEeHHs] BaKyyMMETPUUYECKOTO
JTaBJICHUSA).

Kaxxapiif pe3nHOBBIN MIJTAHT, COSTUHSIONIUI MITYIEp HA MTAHETU CTEHa U IITYLEep, HaXOAAIInii-
csl Ha TpyOe, eCcM He OCYIIECTBIIICTCS OTOOP JaBJICHUS B TAHHOW TOYKE, JOJDKECH OBITh TIEpekKarT.
DTO nenaeTcs IS TOro, YTOOBI MPEIOTBPATUTh JOTOJHUTEIBHBIN MPUTOK BO3AyXa B CHCTEMY
yepe3 THe3/1a ONPOCHOM MaHeNu, U, CIeA0BaTeNIbHO, COXPAHUTh MOCTOSTHCTBO MAcCCHI ra3a B Kax-
JIOM CECUYCHHH TPYOHI.

Ilepen HauanOM Ka)K0W CEpUM N3MEPEHUN HEOOXOAUMO U3MEPUTH CKOPOCTh ABMKEHUSI BO3/1yXa
B TpyOe. OTMETHM IIpU 3TOM, YTO CKOPOCTh 3Ta IOCTOSIHHA Ha BCEM MPOTKEHUH TPyOOIpoBoAa.
OT0 3aKII0YEHUE CIEYET U3 YPAaBHEHUS HEPA3PhIBHOCTU!

p-u-F =const . (7

HOCKOHLKy CKOpPOCTH MMOTOKAa AOCTATOYHO MaJibl, r'a3 B 3TOM CJIy4dac NPAKTHUYCCKU HCCIKHUMACM,
TO €CTh Ha BCECM NPOTAKCHUU TI)YGLI p = const . Tak kak mIomanb rmonepeyHoro CCUCHUs Tpy-

OBl Tak)Ke MOCTOSIHHA IO BCEH NJIMHE, TO JJIA 00€CIeueHUs CIPaBeUTMBOCTH BhIpaxeHus (7),
JIOJIKHO BBINIOJIHATHCS yclaoBHe U = const . Takum oOpa3oM, 4TOObI 3HATh CKOPOCTh MOTOKA B
TpyOe, TOCTaTOUHO U3MEPUTD €€ B KAKOM-JINOO CEYCHHH.

OnpenenuTb CKOPOCTh MOTOKA MOXHO MyT€M PETHUCTPAIMU MOJIHOTO JIaBJICHUS M €r0 CTaThye-
CKOI1 cocTaBistolIeil B uccaenyemoii Touke Tedenus. CoraacHo (1), pa3HOCTb 3TUX MapamMeTpoB
paBHA IMHAMHUYECKOM COCTaBIISAIONICH MOJHOTO naBieHus. ClieoBaTelbHO, CKOPOCTh MOTOKA B
JTAHHOM TOuYKe OyJeT paBHa:
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N3mepenne moJHOro M CTaTUUECKOTO JIaBJIEHUS OCYILIECTBISAETCS MPU E° A ’
MOMOIIM JAaTYMKa, MPEACTABISIIONIETO COOOM IBYXKaHAJIbHBIN ITHEB- \ f/&‘
MOHacaJoK (puc. 2). JlaTunk momMerniaercs BHYTpb UCCIeAyeMoi o0a- 7/
CTH OTBEpCcTUEM A HABCTPEUy MOTOKY (COOTBETCTBEHHO, OTBEpCTUE b

JaT4YMKa YCTaHABIIMBAETCS MO TeUeHHUI0). ['a3 mpu BcTpeue ¢ 1000BOi
MOBEPXHOCTHIO JaTuvKa (B OKPECTHOCTU OTBEPCTUSI A) MOJHOCTHIO
TopMo3utTcs. Takum obOpa3zom, B kaHaine AA  co3maeTcsl AaBiEHUE,

OJIM3KOE K MOJIHOMY JaBJICHHUIO HAOETAIOIeTo MOTOKa, B TO BpEMs KaK

B KaHajne b5’ co3gaercs cTaTHUecKOe JaBlieHue HaOeraroero moToka.

Kak yxe oTmeuasioch paHee, MOJHOE [aBJIIEHUE IOKA PAaBHO aTMO-
chepHomy nasneHuto. [1ocKoIbKY MHKPOMaHOMETPOM (PUKCHUPYETCS

pa3HHIIA MEXIY U3MEPSAEMbIM JIABJICHUEM U JIaBICHUEM OKpPY’Karollen

Cpelibl, TO U3MEPUTH BXOSAIIYIO B IIOCIIEIHEE COOTHOIIEHHE Pa3HOCTh b

#

(p' — P ) MOXHO 4epe3 U3MEPUTEIbHYIO MarucTpaib b5 naTuuka.

Puc. 2

Ha ocHoBe BbINICCKAa3aHHOI'0, CKOPOCTBb ITOTOKA ONPCACIIACTCA 3aBUCUMOCTBIO!

®)

rae h - moKa3aHus CIIMPTOBOI'O MaHOMETPA,

k=PN_ . @ - KOOQQUIMEHT NpuBEIEHUs MOKA3AHUN CIMPTOBOTO MAHOMETPA C HAKJIOHHOW
PA

nox yriom ® k BepTvkanu TpyOKOM K MOKa3aHHUSAM BOJASHOIO MAaHOMETPA C BEPTUKAILHON

TpyOKOIi;

Op Pi - IWIOTHOCTb BOJIBI M Ta3a (BO3/yXa) COOTBETCTBEHHO,

a =0,64 - TOYHOCTHAS XapaKTEPUCTUKA JaTUHKA.

[Tocne cHATHA MOKa3aHM C HAIOPHOTO AATYUKA, IPOU3BOJIATCS U3MEPEHUSI MAHOMETPUUIECKOTO
JIaBJICHUS B UCCIIEAYEMbIX TOuKax. [[s1 3TOro, CHUMaeTCsl 3aKUM C COOTBETCTBYIOIIECH COETMHU-
TEIbHOW TPYOKH, IITyIlEp MHKPOMAHOMETpa COEQUHSETCS C COOTBETCTBYIOIIUM T'HE3A0M
OTPOCHON TaHeNu, (PUKCHPYIOTCS TOKa3aHWs MpuOopa. MaHOMETPUYECKOE JaBIICHHE B ATOM
ciydae OyJeT paBHO:

pP=po—pPs-8-k-h 9)
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3. Ilopsoox evinonnenus pabomol

1. Ilpu pa3nuyYHBIX CKOPOCTSIX TEUEHHs ra3a CHATH MOKa3aHWS MUKPOMaHOMETpa Ha IMHEBMO-
JIaTYMKE ¥ B TApe TOYECK MOYJISL, KOTOPBIE YKa3bIBAIOTCS MPEIO1aBaTeIeM.

2. Ilo 3aBucumoctu (8) onpenensieTcss CKOPOCTh TIOTOKa B TpyOe

3. o 3aBucumoctH (9) onpenensercs MAaHOMETPUUECKOE JTaBIICHHE B HCCIIETYEMBIX TOUKaX.

4. Onpenensiercs 3HaUYeHHE KOA((HUITMEHTA THIPABINYECKUX TTOTEPh HA TPEHUE MO 3aBUCHMO-
CTH:

a=mp 2, (10)
L pr-u

rac Ap =p;—pP2- nepenang JaBIICHUI B TOUKax pr6BI.

PesynbTaThl n3MepeHuii U pacueToB 3aHOCATCS B TAOIUILYy 1 IprIIOKEHUS

12

5. Ilo 3aBucumoctu (3), npuHuMas y =] 4 - 107° , OIpeJeNIsieTCsl 3HaueHne yucna Pen-

il
HoJbca Re, u cooTBETCTBYIOIIEE MY TEOpPETHUYECKOE 3HaUeHHe Kod(dummenta A (3aBHUCH-
MocCTH 4...6). ITo pe3ynbpTaTaM pacuera 3amoiaHseTCa TadauIa 2 MPUIOKEHUs

CornacHo Tabmuue ctpositca rpapuku A = f (Re), Ky/la HaHOCSTCSI SKCIIEpUMEHTAIIbHAS U
TeOopeTHuIecKasi KpuBbIE.

6. [1o pe3ynbraram pacyeToB U U3MEPEHUH JENIal0TCS BBIBOJIBI.



CryneHt

ATMmochepHOe TaBlieHe

I'pynna

[MPMJIOXEHUE

Temmeparypa Bo3ayxa
Pr
Tabmumna 1.
Pesynprars! us-
. Pe3ynprarsl pacueToB
Ne MEpEHUH, MM
OIIbITa i
ho | hp| hy| FEE Ia p2, Ia A

1

2

3

4

5

6

Tabmunia 2.
Ne onbiTa 1 2 3 4 5 6
Re
Teopus
A
OKCIIEpUMEHT
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JlabopaTtopHnast pabota No5-6
JKCNePpUMEHTAIbHOE HCCIeJ0OBAHNe MOTEPH HAanopa
NP BHE3ANMHOM M3MEHEHHUH II0IIAU MPOXO0THOI0 CeUeHHs KaHala

[ens paboTer: MccnenoBanue BIUSHUAS TapaMeTPOB KaHAJA MPSIMOYTOJILHOTO CEYSHHS C MTHOBEH-
HBIM paclIipeHueM (CyKEHUEM) Ha BEIMYUHY MTOTEPh AaBJICHUS.

1. TeopeTnueckue MoOI0KEHUS

lManpaBnuueckre MOTEpH, BO3HUKAIONIME B IMpeneiax JOKATbHOTO y4acTKa KaHala, B pe-
3yJIbTaTe KOTOPBIX IOJIHOE JIaBJICHUE CHUKACTCS CKa9YK00Opa3HO, HA3BIBAIOT MECHHbIMU HOMEP-
mu. TIpuurHON BO3HUKHOBEHUS MECTHBIX COMPOTUBIICHUH SBISETCS JIOKATHbHOE M3MEHEHHE YCIIO-
BUI T€YeHUsI, 00YCIOBIEHHOE, KaK MPAaBHUJIO, MECTHBIM U3MEHEeHHEM (OPMBI UITM pa3MEpOB KaHaa.
Ckauko00pa3HO MOJTHOE JABJICHUE W3MEHSETCS MPU BO3HUKHOBEHUH HA MYTH MOTOKA KaKHX-THOO
MPEISITCTBHA (PEIIeTOK, CETOK, TOPUCTHIX CIIOEB H T.I1.), IPH BHE3AITHOM M3MEHCHHUH HaIpPaBICHUS
IBUKEHUsI (B KOJIEHAX M OTBOJAaX), B MECTaX CIUSHUSA-pa3felieHUs] OTOKOB (TPOMHHUKH, KPECTOBH-
HBI KOJJIEKTOPHI).

JpyruM xapakTepHbIM CIIy4aeM BO3HHKHOBEHHUS JIOKAJLHOTO CONMPOTHUBIICHUS SBISETCS Te-
YCHHE C BHE3AITHBIM M3MEHEHHEM IUIOIIAIN MPOXOJHOTO CEUCHHS KaHalla — IIPH €r0 CY)KCHUU WIIN
pacmmpennn. CkaukooOpa3HOe U3MEHEHHUE TUIOMIAIU MPOXOJIHOTO CEYeHUsI TPYObI IPUBOJIUT K TO-
MYy, 9TO B HETIOCPEICTBEHHOM OJIIM30CTH OT 30HBI BHE3AITHOTO M3MEHEHUSI CKOPOCTH IMOTOKA BO3HH-
KaIOT 3ACmOolinble 30Hbl. DTO 00YCIIOBICHO TE€M, YTO MTHOBEHHOE 3alIOJHEHHE MOTOKOM BS3KOTO
raza (’KHJIKOCTH) BCETO MOMEPEYHOro CEUeHUs MPU M3MEHEHUU pa3MepoB KaHana (U3MUYECKU He-
BO3MOKHO. ['a3 muraBHO 3aTekaeT B 00pa3oBaBIIMKCS CBOOOAHBIM OOBEM MPHU PACIIUPECHHH; TPU
CY)XEHUM KaHalla B TIOTOKE TAaK)Ke BO3HHKAET 30HA €ro MPEIBAPUTEIHHOrO TOJKATHS, HETOCPEI-
CTBEHHO MPEIIECTBYIONIAsl IUIOCKOCTH BHE3ANMHOTO cykeHus. [losiBIeHne ykazaHHBIX 3aCTOMHBIX
30H IPUBOINT K TOMY, YTO MOTOK 37IeCh MPUOOPETAET CTPYKTYPY, KaK MOKAa3aHHYIO Ha puc. 1.

)

1y
L}

l

A A

L LT

=

o

<
I

EEERERE

Puc 1. Cxema aBukeHUs: TOTOKA MPU BHE3AMTHOM PACIIMPEHUH () ¥ BHE3AITHOM CYy»eHuH (0)

[Tpu BHE3anTHOM pacHIMpeHur o0pa3yeTcsi CTpys, OT/EIEHHAsl OT OCTAJIBLHON Cpe/ibl MOBEPX-
HOCTBIO pasjiena, KOTopas pacnagacTcs ¥ CBEPTHIBACTCS B MOIIHbIE BUXpH. J[MHA yyacTKa [;, Ha
KOTOPOM IIPOMCXOAMT BUXpeoOpa3oBaHMe, IOCTENIEHHOE PaccachlBAHUE BUXPEW U MOJIHOE PacTeKa-
HHUE MOTOKA 110 CEYCHHIO, COCTABIISET IIPUMEPHO 8— 72 P, 7 (D, ; - THAPABIMIECKUIT THAMETD IIHPO-
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Koro ceuenusi). Ilomepu na yoap npyu BHE3aIIHOM PaCIIMPEHUM CBA3aHHBI C YKa3aHHBIM BHXPEOO-
Pa3’0BaHUEM Ha y4acTKe [;.

[Tpu BHE3aTHOM CY>KEHUH CEYEHUS HaOIIOJAI0TCS B OCHOBHOM aHAJIOTUYHEIC SIBJICHHUS, KO-
r7la MPOUCXOAT MOTEPU Ha yAap MpH BHE3AMMHOM pacuiupeHud. OJHaKo, B JAHHOM Ciydae 3TH I0-
TEpU TMPOSBISIFOTCS MPH PACIIUPEHUHN CTPYH, CXKATOW IMOCJe BXOJa M3 IIMPOKOTrO KaHalla B y3KUH
(ceuenne C-C), mo moyiHOTO cedeHus y3Koro kaHana (ceuenue O-0).

KoadduumeHT MecTHOro CONpOTHBICHHS yAapa MpH BHE3AITHOM PACHIMPEHHH B CIIydae
PaBHOMEPHOTO PaCHpPEIEIHUS CKOPOCTEH 1O CEUEHHUI0 Y3KOTo KaHaia Uik B cliydyae TypOyJIeHTHOTO
TE€YEHMsI 3aBUCUT TOJBKO OT OTHOILEHUS IJIOLael Y3KOro M IIUPOKOro ceueHuil Fp,/ (CTeneHu

Fy
PacCIIUPEHUS |, _ F% ) u BeIuKcisiercs no ¢popmyie bopaa-Kapho:

1
* 2
S 0

CymMapHbIil K03 GUIIMEHT CONPOTUBICHUS y4acTKa ¢ BHE3AITHBIM pacIIUPEHUEM

* ; ()
&= Ag =M +STP =SM +7§TZP
'DMO/ n
2

rae Aprp _ 1

i
Eip =1L
pulz/ Djx
2

KoadduineHT MECTHOTO CONMPOTUBIICHNS BHE3AITHOMY CYKEHHUIO MTPU OOJBIINX YUCIAX Re
MOXeT OBITh OIPE/IENIEH 10 pacyeTHOl (opmyre:

w :0,5[1_ FOJ% 3)

M=
i
2

IIPU ATOM CYMMAapHBII KO3((UIIMEHT CONTPOTUBIICHHS
o )

§=—5—=mu +épp
pu
2

rIe

*
2 _ e _, b

! pug/ Dy &
2
2. IlocTaHOBKa 3KCIIEPUMEHTA
Hacrosmast mabopatopHasi paboTa MOCBSIICHA OMPEICIICHUI0 BETUYHHBI THIPABIUICCKIX
MOTEeph Ha yJap MpU BHE3AITHOM M3MEHEHUH CKOPOCTHU MOTOKA, BHI3BAHHOM CKauKOOOpa3HBIM YBe-
nuYeHueM (YMEHbILIEHUEM ) TIJIOIA U TPOXOIHOTO CEYeHUs KaHaa.
BennunHa noiaHOro AaBieHMs, KaK U paHee, ONpEeNessieTCsl KaKk CyMMa CTaTUYECKOW U JIH-

HaMWYECKOU COCTABJISIOIINX:
2

pu 5)
2

a maJieHue Haropa — Kak pa3HOCTh ITHX BEJIMYMH B Hayaje U B KOHILE KaHamna. [Ipu 3ToMm, HEoOXo-
MO YYUTBIBaTh, YTO MOJYYEHHBIN B 3TOM ciiy4ae KO3((UIHMEHT CONPOTUBIEHUS SBISETCS CyM-
MapHBIM, TO €CTh ONPENENIACT MOTEPU HANlOpa HAa TPECHUE U Ha YJap IPU BHE3AIIHOM PACIIUPEHUU
(cyxenun). [Toaromy, HEOOXOAUMO ONPENEIUTH BETUUUHY IIOTEPh HA TPEHUE HA KAXJIOM U3 y4acT-
KOB KaHajia, Ui TOro, 4yToObl MCKIIIOYUTh UX U3 paccMoTpeHus. C 3Toi Leblo 1eIecoo0pazHo
IIPOU3BECTH JIONIOJIHUTEIIbHBIE U3MEPEHHUS B CEUCHUAX, HAXOJAINXCSI HEOCPEACTBEHHO IIEpPE U 3a
rpaHuled pasjiesia y9acTKOB (COOTBETCTBEHHO, B KOHIIE MIEPBOTO U B Hayajie BTOPOro y4acTKa).

p =p+
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CKOpOCTB INIOTOKa Ha NECPBOM YUYACTKE KaHaAJIa OHNPEHACIICTCA IO PpE3yJibTaTaM H3MEPCHUSA
CTaTUYCCKOI'o M ITOJIHOTO I[aBJ'IeHI/Iﬁ BO BXOJHOM CC€UYCHHH, OCYHICCTBJIACMBIX IMOCPCACTBOM ITHCB-

MATH4YCCKOI'O HacaJakKa.
 [ikgp, (©)
(1 + 0‘)' Pr

rac h - NOKa3aHus CIIMPTOBOI'O MAHOMCTpPaA,

k= PRi sin® ~ KO3(1)(1)I/II_[I/ICHT IIPUBCACHUA MoKa3aHuI CIIMPTOBOI'O MaHOMETpa C HaKJIOHHOM nona
PA

YIJIOM @ K BEPTHKAJIM TPYOKOM K MOKa3aHUSAM BOJSHOTO MAaHOMETpa ¢ BEPTUKAIBHON TPYOKOH;

pp p; - WIOTHOCTH BOJIBI M ra3a (BO31yxa) COOTBETCTBEHHO;

a =0,64 - TOHHOCTHAA XapaKTCPHUCTHUKA JaTUUKaA.

CKOpOCTB IMMOTOKaA IMOCJIC BHC3AITHOI'O U3MCHCHUS TNIOMAAN TPOXOJHOI'0 CCUCHUA MOKHO
OIpCaACIUTb U3 YPAaBHCHUA HCPA3PBIBHOCTH:

(p~u-F)1:(p-u~F)2:c0nst (7

Jenast nomyiieHue, 4To Ha UCCIEAYEMOM JIMAIla30HE CKOPOCTEH TEUEHMsI ra3 MPaKTHYECKU
HECKHUMAEM, T.€. p = p, =const> CKOPOCTb Ta3a Ha y4aCTKE MOCIIC BHE3AMHOTO M3MEHCHHUSI ILIOLIa 1

MMOIICPCUYHOr0 CCUYCHUS MOKHO OIIPCACIINTD 110 3aBUCHMOCTU:
K (8)

OmnpenenHue MAaHOMETPUYECKOTO JIABJICHHS B TOYKAaX KaHaja IMPOU3BOIUTCS 110 aHAIOTHH C
nabopaTopHoii paboToit Ne2:

Pi=DPatm —Pp 8 kN (9)’
rac hi - ITIOKa3aHui MI/IKpOMaHOMeTpa 110 pe3yJ'II)TaTaM H3MepeHI/Iﬁ B I/ICCHeI[yeMBIX TOYKax,

Pamy - ATMOC(EPHOE JIABIICHHUE, ONIPEIEIIEMOE IO OAPOMETPY.

II;moTHOCTE ra3a OIpPEACIIACTCA 110 YPABHCHUIO COCTOSAHUA:

p; = Pamu (10)
RT

KyJla BXOJAT OIpeieisieMble [0 TEPMOMETPY ¥ 0apoMeTpy TeMIepaTypa Bo31yXa H aTMOC(hepHOe

JAaBJICHHUEC, a TAKXKE Ira30oBasi IIOCTOsIHHAaA R =300 A .

A~

eda
3. IopsitoK BBIIOTTHEHUST paOOTHI

1. OnpenenuTs HaYaJbHBIC YCIOBHS SKCIIEPHUMEHTA: aTMOC(HEPHOE JaBICHHUE, TEMIIEPATypy BO3IY-
Xa, a TaKkke 1mo 3aBUCUMOCTH (10) — TUIOTHOCT®D.

2. CHUMAIOTCS MOKa3aHUsI MUKPOMaHOMETpa Ha MMHEBMOJIATYHMKE, a TAK)Ke B Tape TOYEK 0 U mape
TOYEK IOCJIC BHE3AITHOTO PACIIUPEHUS (CY>KESHHUS).

3. o 3aBucumoctu (9) ompenesnsroTcss MAaHOMETPUUYECKHE JIaBICHUS B McCleayeMbIX Toukax. [1o
3aBUCUMOCTSIM (7) 1 (8) onpenenstoTcs CKOPOCTH MOTOKaA.

4. PaccunThIBAIOTCS 3HAYSHUS [TOJTHOTO JIaBJICHUs B TOUKaX 0TOOpa:

2
* PU;
pi=pt (1)
2
5. OHpeﬂeﬂﬂeTCﬂ BCJIMYMHA ITOTCPb HA TPECHUC 110 3aBUCUMOCTHU:
_Apj +4p5 > (12)

Stp=———>5
PA uo/
2

TIE Ap;, Ap> - H€penajbl JaBICHUI B Mapax TOYEK JO M IIOCIE PACHIUPEHHS (CYKEHMS) COOTBET-
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CTBEHHO.
6. 1o 3aBucumocT

. (13)
ey =L gy

2
pui |
2

ok *
OonpeacCiIsICTCA BCJIMYMHA MCCTHBIX ITOTCPb HA yAap. Bemmuuas: HAaBJICHUMN p;, py - 9TO NABICHUSA B

Hayajle ¥ KOHLIE U3MEPSEMOro y4acTKa KaHala.
8. Pe3ynbTaThl pacyeToB U U3MEPEHUI 3aHOCATCS B TAOIULBI | U 2 IPUIIOKEHUS
9. Ilo pesyabTaTaM MOCIEAHEH TaOIHUIBI CTPOUTCS SKCIIEPUMEHTAIbHAS KPUBAs &), = f(n ), @ TAKKE

KpUBasi TCOPETUYCCKUX 3HAYCHUN KOI(PPHUIIMECHTa MECTHOTO CONPOTUBJICHHUS HA Y/ap, PACCUMTAH-
HBIX 110 3aBUcUMOCTH (1) mnu (3). JlemaroTcst BBIBOIBI.
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JlaGopartopnast pabora No7-8
JKCNepUMEHTAIbHOE HCCIeJ0BaHNe 00TeKaHUsl KPbLJIOBOIo nNpoduis

Ienp pabGoThl: MccleqOBaHNE BIMAHUSA yIJla aTakd Ha a’poJIMHAMMUYECKHE CUIIbI, IeHCTBY-
IOLIHE Ha JI03BYKOBOW KPBLJIOBOH MPOQHIIB.

1. TeopeTrueckue NOJOKEHUS

[Ton kpsLioevim npoghunem moHUMaeTCs TIIABHBIN, BBHITSHYTHIA B HalpaBieHUW Haberaro-
LIET0 Ha HEro MOTOKa, 3aMKHYTBHIM U CaMOHENEPECEKAIOIINNICA TEOMETPUUECKUN KOHTYp C 3aKpyT-
JIEHHOM mepenHel KpoMKor («100» mpoduiis) U 3a0CTPEHHOM 3a7HEN KPOMKOU («XBOCT» Mpodu-
1s1). OTpe3ok MpsIMOil, cCoeMHSIONIENH HEKOTOPYIO TOUKY MEepeHeld KPOMKH C BEpILIMHOW yria Ha
3aJJHed KPOMKeE, Ha3bIBAIOT XOPOOIl KPbli106020 npoguns (BbIOOP XOPAbl MOXKET ObITh BECbMa pa3-
HOOOpa3eH), a JJUHY XOPAbl — OIUHOU RPOGuUIA; MAKCUMAIIBHYIO TOJIIMHY NPO(UIs B HAIpaB-
JICHUH, NEPIEHIUKYIIPHOM K XOpJI€, Ha3bIBAIOT MOJAUUHON NPOPuUiA, a OTHOLIECHUE TONIIUHBI K
JUTMHE — OTHOCHUTEIBHOM TOJIIMHON KPBIJIOBOTO Npoduis. Yro, o0pa3oBaHHbBIN BEKTOPOM CKOPO-
CTH HaOerarouero MnoToka BJaleKe OT Mpoduis (BEKTOPOM CKOPOCTH «Ha OECKOHEYHOCTH») U
HanpaBJIEHUEM XOp/bl, HOCUT HAUMEHOBAHUE y2/id AmaKu.

Teoperuueckoe onpezaeneHue cui, ASUCTBYIOIIMX HA TaKOW MpOoQMiIb NpU OOTEKaHUM €ro
IUIOCKOTNAapaJUIEIbHBIM MOTOKOM JKUAKOCTH MOXKET ObITh IOJIy4€HO Ha OCHOBE TeopeMbl JKyKoBCKO-
ro, YCTaHABJIMBAIOLIYIO BUXPEBYIO IPUPOAY STUX CHJI, U CBS3BIBAIOIIYIO UX C LUPKYJISALUEH CKOPO-
CTU IO KOHTYpY, OXBaThlBaloLleMy oOTekaeMoe Kpbuio. dusnyeckas NpUUYMHA BO3HUKHOBEHMS
LUPKYJSLUU CBSI3aHA C HATMYMEM B JKUIKOCTH TPEHUs (BSI3KOCTH). YacTHIIbI pealbHOM XKUAKOCTH,
MPOXOSIINE B HEMOCPEACTBEHHON OJM30CTH K MOBEPXHOCTU MpOoduiIs, 00pa3yloT TOHKHHA morpa-
HUYHBIA cioid. B 3To#t 00nacTu OBM)KEHUE KHUIKOCTU OyIeT BUXPEBBIM, NMPUYEM MHTEHCUBHOCTH
BUXpEH MOXKET AOCTUraTh OOJIBIINX 3HAUCHHUH, TaK KaK CKOPOCTh YaCTHUI] B IOIPAaHUYHOM CJIOE pe3-
KO MEHSETCS OT HYJISl Ha TIOBEPXHOCTH 0OTEKaeMOro Teja JI0 BETMYMHBI TOPSAIKAa CKOPOCTH Ha Oec-
KOHEYHOCTH Ha BHEIIHEW rpaHuie cios. Tak, HarpuMmep, Ha Kpblle caMoJIeTa MaKCUMallbHAasl TOJI-
IIMHA TOTPaHUYHOIO CJIOSI HE MPEBOCXOAUT HECKOJIBKHUX CAaHTUMETPOB, B TO BPEMs KaK pa3HOCThb
CKOpPOCTEH Ha MOBEPXHOCTU KpblIa U HA BHEIIHEW I'paHUIEe NOTPAHUYHOTO CJIOS IOCTUTaeT COTEH
METpPOB B ceKyHAy. IIpy Takux 3HAYUTETBHBIX HEOAHOPOJHOCTSAX CKOPOCTHOTO MOJsI CyMMapHas
MHTEHCUBHOCTh BUXpEH B MOIPaHUYHOM CJIO€, & TEM CAMbIM M LIMPKYJIALUS CKOPOCTH MO 3aMKHY-
TOMY KOHTYPY, OXBaThIBAIOILEMY KPBLIO, MOXKET IOCTUTaTh OOJIBIINX 3HAUCHUH.

CornacHo yka3aHHOW TE€OpEMbI, BEJINYMHA TJIABHOTO 6€KMOpPA AIPOOUHAMUYECKUX CUl R
paBHA NMPOU3BEJCHUIO MNIOTHOCTH KUJKOCTH Ha BEJIMYMHY CKOPOCTH HAOETraromlero MoToka 1 Besu-
YUHY HAJIO)KEHHON HUpKyJsiuuu (00o3HauaeMoil OykBoi «I'» u sBistowieiics anreOpanyeckoil Be-
JIMYUHOMN, KOTOpasi MOXKET OBbITh KaK MOJIOKUTEIBHOM, TaK U OTPULIATEIbHOI):

K= plus ] 0

Hamnpasienne Bekropa R ompenemsiercst moBopotoM Ha 90° BeKTOpa CKOPOCTH Haberaro-
LIETO MOTOKA U, 110 YAaCOBOM cTpenke, ecnu >0, u npoTus yacoBoi crpenky, ecinu I < 0. Takum
00pa3oM IJIaBHbIN BEKTOp R SBISETCS CUIION, TIONEPEUHON K HANPABICHHUIO HAOETAIONIErO OTOKA
WIM K HalpaBJeHHUIO TOCTYNaTeIbHOrO JBMKEHHS Teja B oOpameHHoM JBxkeHuu. Ilo popmynu-

poBke JXKyKOBCKOTO ISl TOJYYEHHs HAPABJICHHsI [JIABHOT'O BEKTOpA CHJI JIaBJICHHsT R HaJIO0 MOBEp-
HYTh BEKTOP CKOpPOCTH HAOErarouiero rnoToke u,, Ha 90° B CTOpOHY, IPOTUBOMNOJIOKHYIO HANpaB-

JICHUIO [UPKYJSUU (cM. puc. 1).
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=0 v R

Ug apr" 90°
/' -
R r>0

Puc. 1. Onpenenenne rnaBHOTO BEKTOpPa CHII JaBJICHHUS.

BecpMma cymiecTBeH TOT akT, YTO €AMHCTBEHHOIN CUIION, AEHCTBYIOIECH HAa TPOMIb B IJI0-
CKOMapasieIbHOM Oe3BHUXPEBOM IOTOKE MJI€ATbHON HECKHUMAEMOMW KUIKOCTH, SIBISIETCS MepIeH-
JIUKYJIsIpHasl HAIpaBJICHMIO HAOErarollero MoToKa WM B OOpaIleHHOM JABMXKEHHH, MONEpedHas
HaMpaBJICHUIO JIBUXKEHUS NMPO(UiIs CHila, KOTOpas MOXKET ObITh Ha3BaHA MOObEMHOU CUNOI, TaK
KaK MMEHHO 3Ta cuja 00eCreunBaeT MoJAbeM caMoJieTa B BO3/AYX, HOJJIEPKUBACT €0 KPBUIO MPH
TOPU30HTAIBLHOM IIOJIETE.

N3 teopembl JKyKOBCKOTO BBITEKAET BBIPAKECHUE JJISI ONTPEICIICHUS BEJTUYNHBI
MOJJBEMHOM CHUJIBI BUJIE:

2 .
R =4mamypu.,”~ sine, )
rae p - IINIOTHOCTH IIOTOKA
U

O - YyIOJI aTaKH.
Bxopasmee B popmyny mnpousBeneHue amy 3ABUCHUT OT ¢dopmbl 00TEekaeMoro KoHTypa. B

- CKOpPOCTb IIOTOKa

YaCTHOCTH, NIPH OOTEKaHUU IUIACTUHKY C IJIABHBIM CXOJOM CTPYH ¢ 3aiHel KpoMku adNl) = EC (

C - TOJIIHMHA HpO(I)I/IJ'ISI), a IoAbEMHaAA Crujia OKa3bIBaACTCA paBHOﬁI

R= Zﬂcp‘uoo ‘2 sina 3)

AdpoaMHAMHUYECKHE CHIIBI XapaKTepu3yloTcs Oe3pasMepHbIMH Kod()PHUIMEHTaMU MOIbEM-
HOW CWJIBI U CHJIbI cONpOoTHBIIECHUS. Koagppuyuenm noovemnoii cunwtii, onpenensieMblii OTHOLIe-

HueM cuibl R k CKOPOCTHOMY HaAIIOPy Ha6era}0mero IIOTOKa prtOZO " JJIMHE XOPAbl b , B TaKOM
2

ciydae OyJeT paBeH:

Cy = 1R:47rcsina, 4)
2
—pus b
2,0 0
<

rae C = — - OTHOCHUTEJIbHAS TONIIUHA MPOQUIIS.

2. IlocTaHOBKA 3KCIIEPUMEHTA
Cxema MoayJisi, HA KOTOPOM MPOU3BOAATCS UCCIIEOBAHMSI, aHATOTUYHA cxemMe Moays NeS,
npuMeHsBIIerocs: B adbopatopHoii padote Ne4 (MccinenmoBanue o0TeKaHUs KPyroBOTO LIMJIMHIPA).
BHyTpb psSMOYToIbHOTO KaHalla MOMEIIeHa MOJIENb J03BYKOBOTO KPBUIOBOTO MPO(duis, BHEITHUE
00BO/IbI KOTOPOI'O MIPUBENIEHBI HA YepTexe (puc. 2).
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17 18 19 20
Puc. 2 LIepTe>K BHCIIHUX 06B0,I[OB HCCIEAYEMOI'O KPBIJIOBOI'O HpO(bI/IHH

[To mepudepun mnpoduis pacmonaokeHo 21 KOHTPOJbHOE OTBEPCTHE, COSAMHEHHOE BHYT-
PEHHUMH KaHajaMu CO MITyLlepaMHu, KOTOpbIe, B CBOIO OYEpElb, MOJCOCAMHSIOTCS K THE3/aM
ornpocHol nanenu. Llenb paboThl 3aKkiaro4yaeTcs B U3MEPEHUH CTATHYECKOTO JIaBJICHUS HA MOBEpPX-
HOCTH KpbUIA MPU PA3IUYHBIX yriaxX aTakd, U ONPEJECICHUH M0 MOJYyYeHHOMY PaclpeIeIeHUIO J1aB-
JICHUS BCIINYUH HOI[BCMHOﬁ CHJIBI U CUJIBI COITPOTHUBIICHUSA Ha HpO(bI/IJ'Ie.

O4eBUIHO, ATU CHJIBI SBJISIOTCS NMPOEKIHUSAMH HAa OCb CKOPOCTHON CHCTEMBI KOOPAMHAT paB-
HojencTByromen cu aaBieHus. Ocb OX CKOPOCTHON CHUCTEMBI KOOPAWHAT MapajuieibHa CKOPOCTH
Haberaroniero moToka, a ocb OY — mapaniensHa eil. B Tabnuiie mpuBOAUTCS PacloIOkKeHHE KOH-
TPOJIBHBIX OTBepCTI/IfI OTHOCHUTCJIBHO CHUCTCEMbI KOOPpAWHAT, CBSI3aHHOH C KPBIJIOM. Takas cucrema
KOOPJMHAT Ha3bIBaeTCs CBsA3aHHOU. IIpu 3TOM, OcH CBSI3aHHOM M CKOPOCTHOW CHCTEM KOOPAMHAT
COBIIAJIAIOT JIUIIIb TIPY HYJIEBOM yTJjie aTaku npoduiis. B mpoTHBHOM e ciiydae CKOPOCTHAS CHCTE-
Ma IOJYYaeTcsl 3a CYUET IOBOPOTA CBSI3aHHOM OTHOCUTENIBHO Hayasjga KOOpJIMHAT Ha yroJl X .

# Touku 1 2 3 4 5 6 7 8 9 10 11
X, MM 0 8 16 28 40 51 64 75 86 99 110
y, MM 14 26 28 28 27 24 21 18 15 12 10
# TouKu 12 13 14 15 16 17 18 19 20 21

X, MM 116 | 106 |96 85 74 48 38 26 14 7

y, MM 6 5 6 6 6 3 1 0 1 4

CornacHo ypaBHEHHIO aHAJIMTUYECKON I'€OMETPHH, €CIM B UCXOAHOH cHCTeME KOOpAMHAT
HEKOTOpasi TOYka MMeeT KoopAuHathl (X, V), TO mpu MOBOPOTE OCEW Ha Yroia ¢ KOOpPAUHATHI
TOYKH CTAaHYT PaBHBI:

xX'=x-cosa+y-sina

' . )
y=—x-Sina+y-cosa

. (%,,¥.

o 5 Y
x 0 4 Y

Puc. 3. K onpenenenuto cuii, AeMCTBYIOUINX Ha KPHLIIOBOM POpUib.

Kaxk ykazano BbIle, UCXOMHON MH(OpMaIMEl K pacdeTy SBISIETCS pachpeelieHue J1aBlie-
HUS B TOYKax otOopa. [y onpeneneHust HHTeTpalbHOM CHIIBI AaBJICHUs, MPO(UIL YCIOBHO AETUM
Ha MPSIMOJIMHENHBIE YYaCTKU, TPAHUIIAMH KOTOPBIX SIBJISIOTCA JIBE COCETHUX TOUKH oTOOpa. Crenas
JIOTYIIIEHUE, YTO JaBJICHHE HA KKIOM U3 y4acTKOB (HApUMeEp, Ha yU4acTKe MEXAY TOYKaMU O0TOO-
pa n u n+1) U3MEHsIeTCs TMHEWHO OT 3HAYCHUS B TOYKE 0TOOpA n JI0 3HAYCHUS B TOUKe 0TOOpa n+1,
ompenensieM CHIy AaBiaeHus P, neficTByronyro Ha 3TOT y4acTok (puc. 3). IIpoekiuu 3To#t cuibsl Ha
OCH CBSI3aHHOW CHCTEMBI KOOPJMHAT OMPEIEsieM MO 3aBUCUMOCTSIM:
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Pnt Py
iPn).C.n+]:i . 2 ot '(yn_yn+])
(6)
Pnt Py
T Pn}.}.n+] =+ 2 R (xn - xn+1)

[Ipu sTOM, 3HAK «+» MIM «-» BBIOMpaeTcs B GOpMysiax TaKHMM 00pa3oM, YTOOBI 3HAYECHUE
COCTaBJIsAtOLIeH CHiIbl P OBLIO MOJOXKUTENBHBIM, €CIIM OHAa HAIlPaBJIeHA BJOJb OCH, U OTPHULIATEIIb-
HBIM - €CJIM TIPOTHUB OCH.

Ilocne atoro, onpenensercss cymMMa MPOEKLIUH 3IEMEHTApHBIX CHJI JIaBJICHUS HAa OCU CBS-
3aHHOU CHCTEMBI KOOPJAUHAT:

X _ X
P = Z P n..n+1
- y
P’ = Z F n.n+l
U, HaKOHEI, M0 3aBUCUMOCTH (5) ONpenesstoTcsl 3Ha4€HUsl 3TOM mapbl CUJ B CKOPOCTHOM

CUCTCMC KOOPpAHHAT. OCYI_I_IGCTBI/IB IIOBOPOT oceil Ha YroJi ataky, oJIy4nuM:

: (7

P* =P* .cosa+ P’ -sina ®
P’ =—P* .sina+ P’ -cosa

3. IopsiioK BBHITIOJTHEHUST PaOOTHI

1. [Ipu pa3nuyHbIX yriiax aTaku Npoduis CHATH MOKa3aHUs MUKPOMaHOMETpa Ha HAIlOPHOMN
JaTYMKE U B TOYKAX 0TOOPA JABICHHUS.

2. OnpenensitoTes 3HAYCHHUS] CKOPOCTH HAOETAIIIEero MOTOKa:

Yo h-k-o-
(1+a) pa
1 JAaBJICHHUA B TOUKaX 0T60pa:
P=DP,—pPr-8k-h (10)

2. Ilo 3aBucumocTu (8) ompenensitoTcsl MPOEKIMA Ha OCH CBS3aHHOW CHCTEMBI KOOPAHWHAT
CHWJT JIaBJICHUS, IEHCTBYIOIIMX HA 3JIEMEHTAPHBIC YYACTKH.

3. OmnpenensitoTcs MPOEKIIMU HA OCH CBS3aHHON CHUCTEMbl KOOPIWHAT PaBHOJICHCTBYIOIIECH
CWJIBI JJaBJIeHUS (3aBUCUMOCTS (7)).

4. OnpenenstoTcsi 3HaYEHUS CUIIbI IOOOBOTO COMPOTUBIICHUS U TIOJHEMHON CHUJIBI, KaK Mpo-
EKIIMH PaBHOJICHCTBYIOIIEH CUIIBI JJABJICHUSI HA OCH CKOPOCTHOM CHUCTEMbI KOOPAMHAT (3aBUCUMOCTh
(8)).

5. Ilo pe3ynbTraraMm pacuyeToB U U3MEPEHUN 3aMOJIHAIOTCS TabMuIbl npuioxeHus. CTposTcs
rpaduKy 3aBUCUMOCTH CHJI OT yIJjla aTaku U JeNIaloTCs BBIBOJIBI 110 paboTe.
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