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METOINYECKHUE YKA3AHUA

Jlnst npoBeneHust 1a00paTopHbIX pabOT UCHOJIB3YETCs Ta0OPATOPHBINA KOMILIEKC.

Bce mnpemnaraemple paboThl MPOBOAATCS CTYAEHTAMH CaMOCTOSITEIBHO I10]
PYKOBOACTBOM TIpeIojiaBaTelsi W B MPUCYTCTBUU JabopaHTa. CTyIEHTHI JOKHBI
MPOUTH MHCTPYKTAX MO TEXHUKE OE30MaCHOCTH, 03HAKOMUTHCS C METOJIUKON paloThI,
SCHO TIPEJCTaBIATh OOBEKT HCCIEIOBAaHUS, YCTPOUCTBO IKCIEPUMEHTAIBLHOTO CTEH/A,
HOPsI0K 00pabOTKY MOJTYYEHHBIX TaHHBIX.

[lepen HOBBIM 3aHATHEM CTYACHTHI U3Yy4alOT TPaBUJIa TEXHUKH OE30MMaCHOCTH TIO
UHCTPYKLIMU JUIsl J1abopaTopuu, W TOCNE TMPOBEPKH €€ YCBOEHHUS IperojiaBaTesieM
pacCTHCHIBAIOTCS B CHICIIMAIEHOM JKypHAaJe.

PaGota cumrtaercs BBIOJHEHHOW MOCIE TOrO, KaK MPENoaaBaTelb, MPOBEPUT
OTYET CTY/ICHTAa U MPABUIHLHOCTH OTBETOB HAa KOHTPOJBHBIE BOIIPOCHI.
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JlaGoparopHas pabota Nel-2
N3y4yenne ycrpoiicTBa 1 GyHKIHOHUPOBAHUSA CTEH/A IKCIIEPHUMEHTAIbHBIX
uccaegopanuii TMK-1M

Henv pabomot.

1. O3HakoMIIEHHE C YCTPONCTBOM U OCHOBaMH pabOTHI Ha cTeHAe aspoarnHamuueckom TMIK-1M;
2. N3ydenue WH3MEPHUTEIBHOTO OOOPYIOBAHUS M TOPSAIKA OINpPENeNICHHs] KOHTPOJIUPYEMbIX
apaMeTpoB.

Asponunamuueckuii crenn TMOK-1M npennasHadeH 11 mpoBeaeHUs J1abopaTOpHBIX paboT
o Kypcam, HM3y4aroluuM pas3Jeidbl MEXaHHKU XUIKOCTH U rasza («AsporuaporazofuHaMuKa» u
«AsporazonuHaMuka»). C ero MNOMOIIbIO HAIJSIAHO JAEMOHCTPUPYIOTCS M 3KCHEPUMEHTAIBHO
W3YYaIOTCS Pa3UYHbIC SIBICHHUS Ta30BOM NUHAMHUKUA. B OCHOBY pabOT Ha YCTaHOBKE MOJIOKEHO
UCCJIEIOBAaHUE IapaMeTpOB BO3/AyXa, TEKYIIEro BJOJb TpakTa JIaOpaTOPHBIX MOIYJeH, Mpu
MOJEJIIUPOBAHUHU MTPOCTEUIINX a3POAMHAMUYECKUX ITPOLIECCOB.

OO6muit BuJ cTeHa npeacTasiieH Ha puc. 1.

CTeH1 COCTOUT U3 HUXKHEW U BEpXHEH CEKIIMM.

B cocTtaB HIDKHEN CEKIIMU BXOJIST:

- BEHTWIATOP U AJEKTPOABUraTelNb (HAXOASITCS BHYTPU CEKLIUN);

- BCAcChIBaIOIIMKA MPSIMOYTOJIbHBIA BO31YXOBOJ C YCTAHOBJIEHHBIM B HEM JPOCCEIbHBIM

KJIA[IaHOM JUIsl PEryJnpoBaHus pacxona. OTKpbITHE KIIAllaHAa OCYIIECTBIISIETCS JUCKPETHO C

IIOMOLIBIO0 PETrYIHMPYIOIIET0 MeXaHW3Ma. B Hauane BcachlBaloLIEro BO3yXOBOJA HMMEETCS

(banel ¢ CeTKOM U yMJIOTHEHUEM /Jisi O0ITOBOTO MPUCOECTUHEHUS UCCIEAYEMBIX MOYJIEH;

- BBIIYCKHOM BO3AYXOBOJ, OCYILECTBIISIOUIMI BBIOPOC OCYIIECTBIISIOIIEIO BHIOpPOC

HCIOJI30BaHHOTO rasza B atMochepy;

- BBIIBIIKHOI'O CTOJIA JIJISl YCTAHOBKH MCCIIEYEMbIX MOYJICH:

- 1a0OpaTOPHOTrO CTOJIMKA ISl 3aIMCH PE3yJIbTaTOB JJAOOPATOPHBIX UCCIIEI0OBAHUIA;

- Oprasbl yNpaBJi€HUs JIEKTPUUYECKON YaCThIO CTEHAA.

B cocraB BepxHell CeKIMM ¢ BHEITHEW CTOPOHBI BXOJUT NMPUOOPHAs YaCTh, KOTOPask COCTOUT:

- U3 6-TU BEepTUKAJIbHBIX IbE30METPOB,

- 4-X HaKJIOHHBIX MMHE30METPOB,

- 2-X ONpPOCHBIX MaHeNeW Il U3MEPEHHUs MapaMeTpoB MOTOKa B 12-Tu m 14-TH ToYKax

COOTBETCTBEHHO C IIOMOILbI0 MUKPOMaHOMETPA,

- maHenu ¢ 12-10 mTynepamu,

- maHenu ¢ 14-1o0 wrynepamu,

- IaHeu ¢ 6-10 WTYyIepamH,

- MaHenu ¢ 4-Ms IWTyIepaMH.

B cocraB u3MepuTenbHBIX NpUOOpPOB  BXOAMT MHKpomaHomerp MMH-7, Habop
THJIPOJIUHAMUYECKHUX TPYOOK.

BuyTpu BepxHel ceKIMu HaXOaATCS:

- HaMOPHBIN BO3yXOBO/ MPSMOYTOJIbHOTO CEUCHUS;

- CHCTeMa MTHEBMOTHIPABINYECKUX COCIMHCHU U3MEPHUTEIIbHBIX YCTPOUCTB.

Ha puc.2 npencraBnena cxema MHEBMOTHAPABINYECKUX COCIMHEHUM HA BHYTPEHHEN CTOpOHE
neBoil maHenu BepxHeW wactu creHaa. llects maructpaneit (1) coenuHSAIOT BEpXHHUE KOHIIbI
BEPTHKAIBHBIX TBE30METPOB CO MITYyLIepaMHu. J[BeHallaTh MarucTpaiei (2) coeNnHSIOT OTBEPCTHS Ha
onpocHoW maHenu co mrynepamu. lllects marucrpaneit (3) coenuHSIOT 0akM ¢ BOJOW M HWKHHUE
KOHIIbI BEPTUKAIBHBIX Mbe30MeTpoB. lllecTh cexuuii 0aukoB C BOJOW COEAMHEHBI MEXIY COO0O0Ul B
HIKHEHN YacTH.

Cxema 17151 BHYTPEHHEH CTOPOHBI IIPaBOM MaHeNu CTeH 1a aHaJloruyua (puc. 3).

W3mepenue naBneHus B OONBIIMHCTBE pabOT MPOU3BOAMTCS MOCPEICTBOM JIAOOPATOPHOTO
MHUKpoMaHoMeTpa MMH-7.



MuKpOMaHOMETpP MHOT'OJIMANa30HHBIA ¢ HAKJIOHHOM TpyOKOH INpeaHa3zHaueH i U3MEpPEHMs
M30bITOYHOT0, BAKYYMMETPUUYECKOTO JABJICHUS U Pa3HOCTH JaBJICHUN. Y CTPONCTBO MUKPOMaHOMETpA
nokaszaHo Ha puc.4. Ha nuure 21 ykpemsieH pezepByap 22, TepMETUYHO 3aKpbIThIM Kpblikon 16. Ha
HEW pacIioioKEHbI TPEXX010BOM KpaH 17, mpoOka 18, 3akpeiBaroiiasi OTBEPCTHE TS 3aJIMBKU U CIIMBA
CIUPTA, U PETYJATOP HYJIEBOIO MOJOKEHUS MEHUCKA 19, ciayxkalmuid 11 yCTaHOBKM MEHHUCKA CIUpTa
B U3MEPUTENILHOM TpyOKe IPOTUB HYJIEBOTO IEIECHMS LIKAJIBI.

K croiike 14 miuThl 21 KOHYCHOM OCBIO KPEMUTCS KPOHIITEWH 6 ¢ Kojmoakamu 12 u 1, koTopbie
COCIMHEHBI CTEKJIIHHOW WM3MEPHUTENBbHON TPYOKOH 5, CHaOKEHHOW 3alMTHBIM KOXXyXoM 4. KoHIIbI
W3MEPUTEIILHON TPYOKH 5 BXOIAT B OTBEPCTHS KOJOMOK 12 W 1 U YIJIOTHEHBI U HUX CAIIBHUKAMU C
PE3NHOBBIMHU YIIJIOTHUTENBHBIMU KOJIBLIAMU 2 U 3aKUMHBIMU 1ITyLIepamu 10.

JleBass KojoIKa coequHEHA PE3WHOBON TpyOkoil 13 ¢ pesepByapom 22, mpaBasi KOJOJKA
COeJMHEeHA pe3UHOBOM TpyOKoil 3 ¢ TpexxonoBbiM kpaHoMm 17. M3mepurenbHas TpyOka 5
YCTaHABJIMBAETCSl TaK, YTO T'€OMETpUYECKass OChb BpPALIEHUS KpOHIITEHHAa 6 MpPOXOAUT Yepe3 HyJb
mkanel. llkana, HaHeceHHas Ha CTEKJISHHYIO H3MEPUTENbHYIO TpyOky, umeer aimuHy 300 Mwm;
HauMEHbIIIee JAeJIeHUE MKaIbl — 1 MM.

Jliisl yCTaHOBKM KPOHIUTEHHA C U3MEPHUTEIbHOIN TpyOKOl Ha TpeOyeMblil yrosl HakjIoHa K IUIUTE
21 npukperuieHa ayra 20 ¢ MSITbIO OTBEPCTUSIMH, COOTBETCTBYIOILMMHU ONPEIEICHHBIM 3HAYCHUSIM
NOCTOSIHHOW mpubopa K, BelnyMHa KOTOpOW OOO3HauYeHa Ha Jyre HPOTHB Ka)JIOro OTBEPCTHS.
Kponmreiin 6 ¢ukcupyercs Ha ayre 20 B HE0OXOAMMOM TIOJOXEHHH C MOMOINBIO (uKcaropa 7,
KOTOPBIA YKPEIJIEH BO BTYJIKE KPOHILUTEHHA.

JU1g yCTaHOBKM MHKPOMAaHOMETPAa M TOPU3OHTAIbHOE IOJOXKEHHE IPU TpaiyHupOBKE U IpPU
3aMepax Ha IIJIMTE YCTAHOBJIEHBI JBa ypoBHA 8 M 9 ¢ muiuuHIApuuYeckuMH ammyiaamu. IlpuGop
IIPUBOJUTCS B TOPU30HTAIBHOE MOJI0XKEHUE IBYMSI PErYJIMPOBOYHBIMUA HOKKaMH 15.

[IpucoenuHsOT IPUOOP K MECTaM 3aMepa PEe3NHOBBIMU TPYOKaMH, Ha/IeBa€MbIMHU HA LITYILEPHI
TPEXX00BOTrO KpaHa 17.

[ITynep a ucnosb3yercs A MOCTOSHHOTO COEAMHEHNS KPaHa CO CTEKIITHHOW H3MEPUTENBHON
TpyOkoi. Ilpu n3MeHeHHH H30BITOYHOTO JaBICHMUS PE3WHOBAs TPyOKa, MIylIas OT MecCTa 3amepa,
HaJieBaeTcd Ha IITYIEep B, a IPU U3MEPEHMHM BaKyyMMETPHUECKOTo naBieHusi Ha mrynep 6. Ilpu
U3MEPEHUHU PAa3HOCTU JaBJIEHUs IUIIOCOBas TpyOKa Ha/leBaeTcs Ha LITyLep B, a MHUHycOBas — Ha
mryep 0.

Kananbl B TpexxoJ0OBOM KpaHE PACHOJIOKEHBI TaK, YTO MpPH MOBOPOTE €ro MpoOKU MPOTHB
YacoBOM CTpEJIKM 10 yHopa pe3epByap W H3MEpUTENIbHas CTEKJIsSHHas TpyOka cooOIaercs ¢
aTMoc(epoii, a OTBEpCTUs K IITyLepaM 6 U B MEPEKPBIBAIOTCS: MPU 3TOM IOJO0KEHUU TPEXXOJA0BOTO
KpaHa KOHTPOJUPYETCS «HYIIbY.

IIpu nmoBopoTe NMPOOKH 10 YACOBOM CTPEJIKE 10 YIOopa WITYLep B COOOIIAETCs ¢ Pe3epByapoM, a
mTyrep 6 — co MTYIEpPOM a U 4Yepe3 HEr0 — CO CTEKIITHHON M3MEPHUTEIhHOW TPYOKOH; MpU 3TOM
IIOJIO’KEHUU TPEXXOA0BOT0 KPaHa MPOU3BOIAT 3aMEPBI.

[IpuHumn aeictBrsa npudopa OCHOBAH Ha TOM, YTO U3MEPSEMOE AABJICHUE ra3a (WiIM pa3HOCTh
JIaBJICHUM) YpPaBHOBELIMBAETCs [JaBJIEHUEM cToyI0a pabodel >KUAKOCTH, KOTOpBI oOpasyercs B
HAKJIOHHOH TpyOKe (K TpyOKe MOABOJUTCSA MEHbIIee aBieHue). [lpu 3ToM yclioBiH ypoBeHb CIIUpTA B
U3MEPUTENIbHON TpyOKe OyeT MOBBIIATHCA, a B PE3EpBYape - MOHUKATHCS.
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: Puc. 3 Cxema mHEBMOTHAPABINYECKHIX

COE/IMHEHUI Ha BHYTPEHHEW CTOPOHE MPaBoil
MaHEJIM BEPXHEN YacTH CTEH/IA.

Puc. 2 Cxema mHEBMOTHAPABIMYECKUX
COEMHEHUI Ha BHYTPEHHEN CTOPOHE JIEBO
MAHEJIN BEPXHEN YacCTH CTEH/IA.
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Puc.4 MukpomanomeTp
MHOTOJIMaa30HHBIN C HAKJIOHHOMI
TpyOKOit
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JlaGopatopnas pabora Ne3-4
JKcnepuMeHTATbHOe HCCleJ0OBaHie MOTePU HAMOPa M0 /UIMHe TPYOonpoBoaa

Llens pabotel: OmpeneneHue BEIWYMHBI TOTEPh IOJHOTO JaBleHUS M Kod(h(dUIMeHTa
TH/IPABIMYECKUX ITOTEPh Ha TPEHHE NPH TEUCHUU B TPYOE MOCTOSIHHOTO CEYEHUS.

1. Teopemuueckue nonooicenus

JIns uccnenoBaHUs CTAlMOHAPHBIX TEUEHUW >KUJKOCTH (rasa) mo Tpydoam u
KaHaJlaM pPa3IM4YHON KOHQUTYparuu YI0OHO WCIOJIb30BaTh BEIWYUHY ITOJHOTO
JABJICHUSI, TAK KaK OHO CBSI3BIBAET JiBa (haKTOpa: CKOPOCTh MOTOKA U JABJICHHE B HEM.
JInsi KanwuUISpHBIX SKUAKOCTEH, a TaKke ISl Ta30B, JBWXKYIIUXCSA C OTHOCHUTEIIBHO
HEOOJIBIIMMU CKOPOCTSIMH (T.€., IPAKTUUECKH HEC)KUMAEMbIX) IMOJHOE /JaBJICHUE B

IMOTOKE OIPCACIIACTCA COOTHOIICHUCM!:
2
* 7
o pa P (1)
2
rae p- BCIIMYMHA MAHOMETPHUUYCCKOro AdaBJICHUA (CTaTI/ILIeCKaﬂ COCTaBJIAOIIass ITOJIHOTO

JIaBJICHUSA);

2
pu JUHaAMHUYCCKasaA COCTaBJIAIOIIAsA JaBJICHUA.
2

W3 cooTHOmEHH (1) CJICAYyCT, 4YTO CCJIMU IIOTOK Tra3a INIOTHOCTBIO p, JABHXXYHICTOCS CO

CKOPOCTBIO U4 MTHOBEHHO 3aTOPMO3UTh 0€3 MOTepb, NABJICHHE Ta3a TOBBICUTCS HA BEIUYHUHY
TUHAMHUYECKOW cocTaBisitonield. M HaoOopoT, ecnu ra3 B KakKOM-JIHOO pe3epByape HaXOIUTCS B
COCTOSIHUH TTIOKOS, BEJIMYMHA MAHOMCTPUYICCKOTO AABJICHUA B HCEM COOTBETCTBYCT BCIIMYUHC IMOJIHOT'O
JABJICHUS, U €CIM Tra3 MPUBOAUTCA B JBIKEHHE (HalpUMep, 4Yepe3 BO3IYIIHYI0 Marucrpalib

OCYILIECTBJISIETCS ITyCK I'a3a B PE3epByap C MEHBIIUM JIaBJIEHUEM), TO JABJIEHUE B CTPYE JBUKYLIETOCS
2
rasa GyJeT MeHbIIe TIOHOTO JaBleHus Ha Bennuuny £ %

Ecin paccmarpuBaTh IBM)KEHME ra3a BJOJb JJIMHHOIO KaHajla KPYIJIOTO CEYEHUs, MOXHO
Ha0JII0/1aTh PaBHOMEPHOE MaJ€HHE BEMYMHBI MTOJHOTO JAaBiieHUs no aiuuHe TpyOnl. Kak cienyer us
ypaBHeHMs bepHyIH, U3MEHeHrne 3TO BelIUYMHbI 00yCIOBICHO paboTol BHEIIHUX cui. B kauecte
TaKOBbIX B IEPBYI0 OYEpE]b BBICTYNAIOT CHJIBI TPEHHUS raza O CTeHKy TpyObnl. I[loatomy, Ha
IIPEOJOIEHUE ITUX CUJ TEPSIETCS YaCTh UMITYJIbCA ITOTOKA.

—_— pe—
P Puc. 1 Ilpopuns ckopoctu moToKa mpu
- \ | | 6 .
— JBUKCHHUH I10 TPyOE KPYIJIOrO CEUEHUS:
t = \ _ .
Uw _— s :“ =i} 1 — maeampHOE TEUCHUE;
- \ || 2 —JlaMuHapHOE TEUEHHUE;
. 0
3 — TypOyJIeHTHOE T€YEHUE

VYkazaHHoOe siBJI€HHE OOBSCHAETCS CIEAYIOIIMMHU MpPOLEeCcCaMM, MPOUCXOIAIIMMU B IOTOKE.
Ecnu tpenue xuakoctu (rasza) o CTEHKH TPyObl OTCYTCTBOBAJIO Obl, pacipe/ielIeHHe CKOPOCTH MOTOKa
BJI0JIb TONEPEYHOr0 CeYeHUs TPYObl, Ha3bIBaeMoe npoghunem ckopocmu, ObU10 Obl TTOCTOSTHHBIM 10
BceMy ceueHuto (mpodmib 1 Ha puc.l). OqHako HAIMYKME MIEPOXOBATON CTEHKH, a TaKKe, B CBS3H C
TE€M, 4YTO JKMIAKOCTb (Ta3) oOyafaer 6A3Kocmplo, TPUBOIUT K 3aTOPMAXKHUBAHUIO IIOTOKA B
IpuiexaleM K CTeHKe cioe. TakuM oOpa3oMm, XHUAKOCTh (Ta3) B ATOM 30HE TEYEHUS HMEET
INPAaKTUYECKH HYJEBYIO CKOpOCTb. Hainume BA3KMX CHJI B IIOTOKE OOYCIIaBIMBAaeT TaKxkKe
paBHOMEPHBIA (B TOM WJIM MHON CTENEHM) POCT CKOPOCTH OT HYJSI — Ha MOBEPXHOCTU CTEHKHU 0

10



BCIINYHHBI um. Oo0iacTh MMOMEPEUYHOro CCUCHUA, I'IC OTO IPOHUCXOAUT HA3ZBIBACTCS ROZPAHUYUHBIM

cnoem. IIpopuiib po10JILHON CKOPOCTH NMOTOKA UMEET BUJ, MPEACTAaBIEHHBIN Ha puc.]l (mpodunu 2 u
3). IlynktupHOil nuHUEN 31ech 0003HAUY€H COOTBETCTBYIOIIMH MPO(QUIb CKOPOCTH ras3a, eciu Obl
OTCYTCTBOBaJla CHWJa TpeHHs. BHIHO, 4TO miomans MpsSMOYTrOJbHHUKA, W300paKEHHOTO MyHKTHPOM
HECKOJIbKO Oouibllle TUIomaaud (urypbsl, orpaHM4eHHOW peanbHbIM MpoduneM. Takum oOpazom,
PasHOCTh ITHUX IUIOMIAJEH OOYCIaBIUBACTCA MOTEPSAMHU HUMIIYNIbCA, WAYHIETO HAa IPEOJOJICHHE CHI
TPEHUsI.

BennunHa moTeph MOJHOTO JaBiieHUs,, OOYCIOBJICHHBIX CHJIAMH TPEHUS, ONPEAEISIeTCs IO

3aBUCUMOCTH, Ha3bIiBaeMoil opmyroii lapcu-Bericbaxa:
2

A = — :ﬂ/—-
P =Po— P 42

* *
rac pO , p] - BCJIMYMHA IIOJIHOT'O JAaBJICHHUA B HA4YaJI€ U B KOHIIC pr6LI COOTBCTCTBCHHO,

; 2)

| - nnuua Tpy6onposoa;

d - nnamerp TpyOBHI;

A - K03QOHUIUMEHT rHAPaBIMYECKUX OTEPh HA TPEHHME.

Takum oOpa3oMm, BeJIMYMHA TIOTEPh HAa TPEHHE TMPSIMO MPOIMOPIUOHANFHA BEIUYUHE
CKOPOCTHOI'O Hamopa, a Takke MPOTSHKEHHOCTH TPyOOIpoBOJa, a Takke, 00paTHO MPOMOPLUOHATIBHA
ero  guametrpy. KooaQduimeHtr  OponopuuoOHaIbHOCTH,  HA3bIBaeMbl  Kodgguuyuenmom
2UOpasIuyecKux nomepv HA mMpenue, 3aBUCUT OT MHOXKeCTBa (hakTopoB. OIBITHI, MPOBOIUMBIC B
TpyOax pa3lIuyHOW TeOMETPUH, CTEMEHH IIEPOXOBATOCTH, U XK€ W3TOTOBICHHBIX W3 PA3IUYHOIO
MaTepuaia Moka3ajiy, 4YTO B TOM WJIM MHOW CTENEHU NEPEUYUCIICHHBIE YCIOBUS BIUAIOT HAa BEIUYHUHY
koad¢unmenta. OgHako Hambojee CHIBHO OH 3aBHCHT OT XapakTepa IBWXeHHs. Boiaenstorcs 2
peXHMMa TEUEHHUS — JJAMUHAPHBIN U TYpOYJIEHTHBIN.

[Ipu namunapuom pexume CTPYHKH BO3AyXa B 3HAUUTEIbHOW CTEMEHH JBHKYTCS
YIOPSIOYEHHO, CTPOTO MapajuielbHO ocu TpyObl. Ilonepednas cocTaBisiomas CKOPOCTU MPH TaKOM
pEeXHUME TEUEHHUS MMPAKTUUYECKH OTCYTCTBYET, a XapaKTep W3MEHEHUs BETUUHHBI POJIOJIBHON CKOPOCTH
B MIOTIEPEYHOM HampaBIeHUH MIaBHBIH (Ipoduib 2 Ha puc. ).

VYBenuueHue CKOpOCTH ABMXKEHUS MOTOKA MPUBOJUT K TOMY, YTO 3JI€MEHTapHbIE CTPYHKU raza
TEpSIOT, B KOHIIE KOHIIOB, YCTOMYMBOCTh. [l0OSBIIAIOTCS, a 3aT€M 3aMETHO HapacTalOT MOMNEPEUHbIE
COCTaBJISIFOIIIME CKOPOCTH TIIOTOKA, CTPYWKH TIEPEMEIIMBAIOTCA MEXAYy Co0oi, OOMEHHBAsCh
UMITyJTBCOM, M, LIEJIOM, XapaKTep IBUKEHHs Ta3a MpUOOpeTaeT XaOTHUHBIA XapakTep. Takoil pexxum
TEUEHUsSI HA3bIBACTCS MYpPOYIeHmMHbIM. 32 CUET TOTO, UTO CTPYWKHU MEPEMEIIUBAIOTCI MEXIY CO0O0M
npo(dUiIb CKOPOCTH Ta3a B TaKOM cCiydae sBisieTcss Oojiee OIM30K K MpsIMOYrosibHOMY (mpoduis 3
puc.l).

CyiiecTByeT mapameTp, ¢ MOMOIIbI0 KOTOPOTO MOXHO MPUOIM3UTEIBHO OIEHUTHh XapakTep
nerkeHus. OH Ha3bIBaeTCs yuciom Peitnonvoca v onpenensiercs mo popmyie:

wd, 3)
1%
rjae V - KoopPuimeHT KHHEMaTHIeCKOM BI3KOCTH BO3/yXa.

IIpunsaTo cuurath, 4TO ecnu Re <2000 - peXUM TE4CHUs ra3a JIJAMUHAPHBIN, TOTJA KaK IIPpU
MPEBBIIIEHUH JTAHHOTO IOPOrOBOTO 3HA4YEHMsI MOTOK IMOCTENEHHO TypOynusupyercs. Ilpu 3ToM,
IPOUCXOIUT CHI)KEHUE BEIMYUHBI KO3(D(UIIMEHTa THAPABIMYECKHX MOTEpPh, BBI3BAHHOE TEM, 4YTO
HaJU4He MOTEPEUYHON COCTABJISIONIEH CKOPOCTH MOTOKA CIIOCOOCTBYET OoJjiee MIaBHOMY OOTEKaHUIO
MOTOKOM OYTOPKOB IIEPOXOBATOCTH.

MHoOrounciaeHHble ONBITHBIE JaHHBIE MOKA3bIBAIOT, YTO B 3aBUCHUMOCTH OT BEJIMYMHBI YMCIa
Re 3nauenue kosduuuenra A onpenensercs BhIPaKEHUIMU:

2= — npu Re <2000 4)
Re

Re =
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03164
= R€0,25

A= ! — — npu Re >10’ (6)
(1,8-1g Re—1,54)

A — npu 2000 < Re <10° (%)

2. I[locmanoska sxcnepumenma
B 0OCHOBY 3KCHEpHMMEHTAILHBIX HMCCIEOBAHUM, MPOBOJUMBIX B HAcTOsIIEH paboTe, MOI0XKEHO
U3MEpEeHUe IMapaMeTpoB JO3BYKOBOIO INOTOKAa BJIOJb KaHajla Kpyrioro cedeHus. Mccnemyemsiit
MOJyJIb IIPENICTABIISIET COOOM NPOTSHKEHHYIO TIaaKyto TpyOy. B MecTax oTOopa mapamMeTrpoB oToka
Ha TpyOe pacIoOJIOKEHbI IUTYLEpPbI, COCAUHSIEMbIE C TPYNION IUTYLEPOB Ha MEpeJHEed NaHeIH
CTeHJa. V3MepeHue AaBlIeHUs B HUCCIELYEMbIX TOUYKAaX IPOU3BOJIUTCS uepe3 THe3/la ONpPOCHOMN
MAHEJIX C TIOMOIIIbI0 YHUBEPCATILHOTO MUKPOMaHOMETpA.

[TockonbKy HCTOUHUKOM paboyero tena B paboTe ABISETCA BO3AYX, HAXOIAIIMNCS B MOMELICHUH,
noJiHoe (MakKCcHMaJjbHOE) JaBlieHue OyaeT paBHAThCS atrMmochepHoMy. M B TakoM ciydae, Kak
cienyer u3 Qopmynsl (1), MaHOMeTpuueckoe (CTaTHUECKOE) [aBJIEHHE B JIIOOOW TOuKe

2
ABWIKYIICTOCH TIa3a 6yz[eT BCCrJa MCHBIIIC aTMOC(bepHOl"O Ha BCJIIMYUHY p-u . Takum o6pa30M,
2

NP ONPECIICHUH TapaMETPOB MOTOKA UCIOIB3YETCS U3MEPUTENIbHAS MArucTpaib, CBS3aHHAs CO
MITYIIEPOM 6 TPEXXOJOBOTO KpaHa MHKpPOMaHOMeTpa (UIsi M3MEpPEHUS BaKyyMMETPHUECKOTO
JIaBJICHUSA).

Kax1p1i1 pe3sMHOBBIN 1IUIAHT, COCAUHSIOIMN IITYLEP HA MMaHEJIW CTEHJa U LITYyLep, HaXOMAIuncs
Ha TpyOe, eciii He OCYLIECTBIsAETCA OTOOp JaBJIE€HUS B JaHHOM TOUKE, OJKEH OBITh mepexar. ITo
Jenaercs Ui TOro, YToOBbl MPEJOTBPATUTH JIOTIOJHUTEIBHBINA NMPUTOK BO3/AyXa B CHCTEMY 4Yepe3
THE37a ONPOCHOW IAHENH, M, CICNOBAaTEIBHO, COXPAaHUTh IOCTOSHCTBO MAacChl Ia3a B KaXKIOM
CEYCHHUHU TPYOBI.

[lepen HayaioM KaXKI0W cepuu M3MEpEeHUil He0OX0UMO U3MEPUTh CKOPOCTh JIBUKEHUS BO3AyXa B
Tpyoe. OTMETHM IIPH 3TOM, YTO CKOPOCTh 3TA MOCTOSIHHA Ha BCEM MPOTSHKEHUH TpyOOnpoBoaa. ITo
3aKJIOYEHUE CIIEYET U3 YPAaBHEHUS HEPA3PBIBHOCTH:

p-u-F =const . @)

ITockonbKy CKOPOCTH IOTOKA JOCTATOYHO MAJIbl, I'a3 B 3TOM ClIy4ae IPAKTUYECKU HEC)KMMAEM, TO
€CTb Ha BCEM MPOTSHKEHUU TPyObl O = const . Tak Kak IJIOLIAAb MONEPEYHOr0 CEUeHUs: TPyObI

Tak)ke MOCTOSIHHA IO BCEW JJIMHE, TO JIJIsl 0OecTeYeH sl CIIpaBeATUBOCTH BhIpaxkeHUs (7), TOIKHO
BBIMIOJHATBCS yciaoBue U = const . Takum oOpa3om, yToObl 3HaTh CKOpPOCTH IMOTOKa B TpyOe,
JIOCTATOYHO U3MEPUTH €€ B KAKOM-JINOO CEUCHUH.

OmnpenenuTs CKOPOCTh MOTOKA MOXKHO ITyTE€M PETUCTPALMM MOJTHOTO JaBJICHHUS U €ro CTaTHYECKOU
cocTaBistonlel B uccienyemMon touke teueHus. CornacHo (1), pasHOCTh 3TUX MapaMETPOB paBHA
JIMHAMUYECKON COCTaBJISIONIEH MOJHOro AaBiieHus. CieaoBaTesbHO, CKOPOCTh MOTOKA B JaHHOM
TOuKe Oy/IeT paBHa:
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N3mepenne moJHOro M CTaTUYECKOrO JIaBJIEHUS OCYILECTBISAETCA MPU
MOMOUIM  JaTyuKa, MPEJICTaBISIIOIIEr0o CcOO0OHW  JBYXKaHAJbHBIN
MHEBMOHacaaokK (puc. 2). JlaTuuk momemaeTcsi BHYTPh HUCCIeTyeMOn
oOnactu oTBepcTHEM A HaBCTpedy IOTOKY (COOTBETCTBEHHO,
oTBepcTHEe b JaTunMka YCTaHABIMBAETCA IO TeueHuio). a3 mpu
BCTpeYe C JIOOOBOM MOBEPXHOCTHIO JaT4hKa (B OKPECTHOCTH
OTBEPCTHSI A) TIOJHOCTBIO TOPMO3UTCS. TakuMm oOpa3om, B kaHaie A4~
co3JlaeTcsl JaBieHue, OJIM3KOoe K IMOJHOMY JIaBJICHHUIO HAOETaromiero
MMOTOKa, B TO BpeMs Kak B KaHaime AH’ co3JaeTcsi CTaTHYeCKOe
naBiieHue Haleraromiero notoka. Kak yxe ormedanocs paHee, IOJIHOE
JaBJ€HHE TII0Ka paBHO aTrMocepHoMy JHaBieHHio. Ilockonbky
MHUKPOMaHOMETPOM (DUKCHUPYETCS pasHHUIAa MEXIy H3MEepsIeMbIM

JABJICHUEM M JaBJICHHEM OKpYKalolled cpeapl, TO H3MEPUThH BHY A

*
BXOAAIIYIO B IIOCJIECAHEC COOTHOIICHWE PAsHOCTb \p — P | MOXKHO

4yepe3 U3MEPUTENBbHYI0 MarucTpailb 55" natumka.

Ha ocHose BbIIICCKA3aHHOI'O, CKOPOCTb IOTOKA OIIPCACIIACTCS 3aBUCUMOCTBIO!:

®)

e h - HoOKa3saHus CIUPTOBOIO MaHOMETPA,

k=P @ - KOOOOUIMEHT TIPUBEIECHHUS TIOKA3aHUK CIIMPTOBOTO MaHOMETPA ¢ HAKJIOHHOH 11011
PA
yriaom ® k BepTHKany TpyOKOH K IIOKa3aHMAM BOASHOTO MAHOMETPA C BEPTHKAIBLHOM TPYOKOI;

Pp Pi - WIOTHOCTb BOJIBI M Ta3a (BO31yXa) COOTBETCTBEHHO,

a =0,64 - TOUHOCTHAs XapaKTePUCTUKA TaTUHKA.

[Tocrme cHATUS TOKa3aHUM C HAMOPHOTO JaT4MKa, MPOU3BOJIATCS M3MEPEHHS MaHOMETPHUUYECKOTO
JIaBJICHUS B HCCIEAYyeMbIX Toukax. [l 3TOro, CHUMAEeTCs 3aKUM C COOTBETCTBYIOIIEH
COCIMHUTENLHON TPYOKH, MITYIIep MUKPOMAHOMETPa COEIUHSAETCS C COOTBETCTBYIOLIUM THE3/I0M
OTPOCHON TaHeNnu, (UKCUPYIOTCS TOKa3zaHUs TpubOopa. MaHOMETPUYECKOE [aBICHHE B STOM
ciydae OyJeT paBHO:

p=po—ps-8-k-h 9)
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3. Ilopsook evinonnenus pabomol

1. [Ipy  pa3nUYHBIX CKOPOCTSX TEUYCHHWS Ta3a CHATh I[IOKa3aHWs MHUKPOMAaHOMETpa Ha
ITHEBMOJIATYHMKE U B TIAPE TOUEK MOJYJIsI, KOTOPBIE YKA3bIBAIOTCS MPEMOIaBATEIICM.

2. Tlo 3aBucumocTH (8) ornpeaenseTcsi CKOpoCTh MOTOKa B TpyOe

3. Tlo 3aBucumMoctu (9) onpenesnsieTcs MAHOMETPHUUECKOE JaBIICHHE B UCCIIEAYEMbIX TOUKaX.

4. OmnpenensieTcsi 3HaYeHUE KOAPPUITUEHTA THAPABINYECKUX TIOTEPh HA TPEHUE TI0 3aBUCHMOCTH:

A=Ap- i% , (10)
! Pr-u
T Ap = p; — pp- N€penaj AaBJICHUN B TOUKAX TPYOBI.

Pe3y.]'IBTaTBI I/ISMepeHI/Iﬁ 1 paCUCTOB 3aHOCATCA B Ta6n1/1uy 1 MIPHUIIOKCHUA

_512

n
Peiinonbaca Re, W COOTBETCIBYIONIEE €My TEOPETHMYECKOE 3HaueHue Kodpduumenra A
(3aBucumoctu 4...6). I1o pe3ynbpraraMm pacueTa 3amogHSAETCS Ta0nuIa 2 MPHIOKEHUS

5. Ilo 3aBucumoctu (3), mpuHuMas vy =7]4-]10 , OINpeNeNsaeTcs 3HAaYeHUEe YHcIia

CornacHo Tabauue crpostcs rpapukn A = f(Re), KyJa HAHOCATCS OJKCIEPUMEHTAIBHAS U

TCOPCTUUCCKAsA KPUBLIC.

6. Ilo pe3yiibTaTaM paCuC€TOB U I/ISMepeHI/Iﬁ JACJIAar0TCA BBIBOAEI.
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[MPMJIOXEHUE

CryneHt I'pynna
ATMochepHOe naBlieHe
Temmeparypa Bo3ayxa
Pr
Tabnuma 1.
Pesynbrarsl
. Pe3ynprarsl pacueToB
No M3MEPEHUMN, MM
OIIbITA i
ho | hp| hy| FEE Ia p2, Ia A

1

2

3

4

5

6

Tabnuna 2.
Ne onbiTa 1 3 4 5 6
Re
Teopus
A
OKCIIEpUMEHT
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Jlabopartopnast pabota No5-6
JKCNepUMEHTAIbHOE HCC/IeJ0BaHUe TOTePH HANmopa
NP BHE3AMHOM U3MEHEHUH MJI0IIATU MPOXO0THOI0 CeUYeHHs KaHaja

Llens pabotsl: MiccnenoBanue BAMSHUS TapaMEeTPOB KaHaJIa MPSMOYTOJILHOTO CEUEHHsI ¢ MTHOBEHHBIM
paciupeHreM (Cy>KeHUEM) Ha BEIMUUHY MOTepPhb AaBJICHUS.

1. TeopeTnueckue MoOI0KEHUS

I'uapaBnyueckue MOTEpPH, BO3HHUKAIOIIME B IpefesaX JOKAJbHOIO YdacTKa KaHaja, B
pe3yibTaTe KOTOPBIX IIOJHOE JIaBJICHHE CHMKAETCS CKadyKOOOpa3HO, Ha3bIBAIOT MECHIHbIMU
nomepamu. [IpyunHON BO3HUKHOBEHMSI MECTHBIX COINPOTHBIIEHUH SBISETCS JIOKAJIbHOE HM3MEHEHHE
YCIIOBUM Te4YeHMsI, OOYCIOBJIEHHOE, KaK IpPaBUJIO, MECTHbIM H3MEHEHUEM (OopMbl WU pa3MepoB
kaHana. CkaukooOpa3HO MOJHOE JaBJIeHUE M3MEHSETCS NPU BO3HUKHOBEHHM Ha MYTH MOTOKA KAKHUX-
00 TpensATCTBUN (PEmIeTOK, CETOK, TOPHCTBIX CII0OEB M T.N.), TPH BHE3AITHOM W3MEHEHUHU
HanpaBJIeHUs JBM)KEHUS (B KOJEHaX U OTBOJAAX), B MECTaX CIUSHUI-pa3eeHUs MOTOKOB (TPOMHUKH,
KPECTOBHHBI KOJUIEKTOPHI).

JlpyruM XapakTepHbIM CIy4aeM BO3HHMKHOBEHHS JIOKAIbHOTO COMPOTHUBJICHHS SIBJISETCS
TEYEHHUE C BHE3AITHBIM M3MEHEHHEM IUIOIIAIN MPOXOJAHOTO CEUYCHUS KaHaja — MPU ero CYKECHHH WU
pacmupernn. CkaukooOpa3HOe U3MEHEHUE IJIOMAAN TPOXOJHOTO CEUeHHUs TPYObl MPUBOJIUT K TOMY,
YTO B HEMOCPEACTBEHHON OJM30CTH OT 30HBI BHE3AITHOTO M3MEHEHHUS CKOPOCTH TOTOKAa BO3HHKAIOT
3acmoiinble 30Hbl. IDTO OOYCIOBICHO TEM, YTO MI'HOBEHHOE 3allOJHEHHE MOTOKOM BSI3KOTO rasa
(’KUIKOCTH) BCETO MOMEPEYHOTr0 CEUYEeHUs IPU U3MEHEHHH pa3MepoB KaHasla (PU3MYECKH HEBO3MOKHO.
["a3 mnaBHO 3aTekaeT B 00pa30BaBIINICA CBOOOIHBIN 00BEM IIPU PACIIUPEHUH; TIPH CY)KEHUU KaHalla B
MOTOKE TaKK€ BO3HUKAET 30HAa €ro  IPEeJBApUTENILHOTO  IOKATHUSA, HEMOCPEICTBEHHO
MpeIeCTBYIOas IJIOCKOCTH BHE3aMHOrO CcyXeHus. [losBieHue yKa3aHHBIX 3aCTONHBIX 30H
IPUBOIUT K TOMY, YTO IOTOK 3/1€Ch IPUOOPETAET CTPYKTYPY, KaK MOKa3aHHYIO Ha pHcC. 1.

)

|

Lo

|
wg ry

——— ':’E [y
=

i

Y.

P

R ER R

Puc 1. Cxema aBuxeHUs: TOTOKA MIPU BHE3AIMHOM PACIIMPEHUH (a) U BHE3AITHOM CYy>KeHUH (0)

[Ipy BHe3amHOM pacUIMpEeHUu o0pa3yeTcss CTpys, OTIENEHHas OT OCTaJbHOW Cpe.bl
TIOBEPXHOCTHIO pasjiena, KOTopas pacraaacTcs U CBEPTHIBACTCS B MOIHbIE BUXpU. JlnnHa yyacTka f,,

Ha KOTOpPOM IIPOUCXOIUT BI/IXpeO6p8.30BaHI/Ie, IOCTCIICHHOC pPacCaCbIBaHUC BHXpeﬁ Hn II0JIHOC
PACTCKAHHUC ITOTOKA IO CCUCHHIO, COCTABJIACT IIPUMCPHO §— 2 D;x (DIA - FI/I,Z[paBHI/I‘IeCKI/Iﬁ JAUaMETp
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mMpoKoro ceueHus). Ilomepu ma yoap Tpu BHE3AIHOM PACIIUPEHUHM CBSI3aHHBI C YKa3aHHBIM
BHXPEOOPa30BaHMEM Ha YyUaCTKE ;.

[Tpu BHE3aTHOM CY)KEHUHU CEYCHHS HAOJIIOMAIOTCS B OCHOBHOM AaHAJIOTWYHBIC SIBICHUS, KOTA
MPOUCXOAT MOTEPU HA yAap MpH BHe3amHOM pacimupeHuu. OIHAKO, B JaHHOM CiIy4ae 3TH MOTepH
MPOSIBIISIIOTCS TIPU PACIIMPEHUH CTPYH, CXKATOM Mocie BXOa U3 MIUPOKOro KaHalla B y3KUH (cedeHne
C-C), mo moiHOTO ceueHust y3koro kaHajna (ceuenue O-0).

KoadduuneHT MecTHOro CONMpOTHBIECHHUS yAapa NpPU BHE3AIMHOM pACIIMPEHHUH B CIIydae
PaBHOMEPHOTO pacHpe/leTHUs] CKOPOCTEeH MO CEYEHHIO Y3KOro KaHajla WU B cliyyae TypOYyJIeHTHOIO
TE€YEHMsI 3aBUCUT TOJIbKO OT OTHOILIEHMS IUIONIAaJel Y3KOro M IIUPOKOrO CEeueHUi FoF (crenenu

1
PacCIIUPEHUs |, _ F% ) u BeIuKcisiercs no ¢popmyne bopaa-Kapho:

1
* 2
o (1] 0

CymMapHbIil KO3 GUIMEHT CONPOTUBICHUS y4acTKa ¢ BHE3AITHBIM pacIIUPEHUEM

ES
A / (2)
¢= ’2’ =&y +érp =Sm +§L;
pu(/ n
2
rae Nt /
, p
Srp = % =11 -
pu ,/ Dy i
2
KoadduiimeHT MecTHOTO COPOTUBIICHHS BHE3AITHOMY CY)KEHHUIO MPHU OOJIBIITUX YUCIIAX Re
MOKET OBITh OTPEJIENICH MO pacueTHOU hopmyre:
. 3
" A% (3)
Em =—5—=051--2
puo/ F]
2
P TOM CYMMAapHBIH K03 (PUIIMEHT COPOTUBIICHUS
S
4 , 4)
D =&u + &

rIe

*
2 _ e _, b

! pug/ Dy A
2
2. IlocranoBka OKCIICpUMCHTA

Hacrosimast maboparopHass paboTa TOCBSIEHA OINPEACICHUIO BEIUYUHBI THUIPABINICCKUX
IOTE€Pb Ha YyAap IIpH BHE3AIIHOM HW3MEHCHUHM CKOPOCTH IIOTOKa, BBI3BAHHOM CKaHKOO6paSHI>IM
YBEIMUYEHUEM (YMEHBIIEHNEM) ITOIAIHN IPOXOJIHOTO CEUEHHS KaHaa.

Bennunna moaHOro JaBJICHUA, KaK MW paHEC, OMNPCACIIEICTCA KaK CyMMa CTaTHYECKON H
ﬂHHaMquCKOﬁ COCTaBJIAIOIIHNX
pu’ (5)

2

a MMagCHUEC HAIllOpa — KaK pa3HOCTh 3TUX BCIMYMH B HAYAJIC U B KOHIIC KaHaJIa. HpI/I 9TOM, HCO6XOJII/IMO
YUUTBIBaTh, YTO MOJTYYEHHBIN B 3TOM Ciiydyae KO3((PUIMEHT CONPOTUBIIEHUS SABISETCSI CYMMapHbIM, TO
€CTh OIpeAeNsieT MOTepH Hamopa Ha TPEHHWE U HA yAap MPH BHE3AMHOM PACIIUPEHUU (CY>KEHUH).
HOBTOMy, H€O6XOI[I/IMO OMpCAC/IMNTh BEJINYHNHY IIOTCPh HA TPCHUC HA KAXKIOM M3 YHAaCTKOB KaHajlla, JJId
TOTO, YTOOBI HCKJIIOUHUTh HMX U3 pacCMOTPCHUS. C oroit CIIbIO uenec006pa3H0 IMPOU3BCCTHU
JOIMMOJIHUTCIIBHBIC M3MCPCHUSA B CCUCHUAX, HAXOAAIMIUXCA HCIOCPECACTBCHHO MNCPEA U 3a I‘paHI/Iﬂef/i
pa3aciia y4aCTKOB (COOTBCTCTBGHHO, B KOHIIC IICPBOI'0 U B HA4YaAJIC BTOPOTO y‘IaCTKa).

p =p+
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CKOpOCTL INIOTOKa Ha INEPBOM YYACTKEC KaHajla OIPEACIIACTCA IO PE3yjibTaTaM H3MEPCHUA
CTaTUYCCKOIro M IIOJITHOI'O )laBJ'ICHI/Iﬁ BO BXOJAHOM CCYCHHH, OCYHICCTBIACMBIX ITOCPCIACTBOM

ITHEBMATHUYCCKOI'O HacaaKa:
 [ikgp, (©)
(1 ta ) Pr

- KO3 GUIMEHT MpUBEIEHUS MMOKa3aHUI CIMPTOBOIO MAaHOMETpPa C HAKJIOHHOM MoJ

rac h - NOKa3aHus CIIMPTOBOI'O MAHOMCTpPaA,

k=LA iy 0
PA
YIJIOM @ K BEPTHKAJIM TPYOKOM K MOKa3aHUSAM BOJSHOTO MAaHOMETpa ¢ BEPTUKAIBHON TPYOKOH;

pp. p; - IWIOTHOCTH BOJIBI M ra3a (BO31yxa) COOTBETCTBEHHO;

a =0,64 - TOHHOCTHAA XapaKTCPHUCTHUKA JaTUUKaA.

CKOpOCTL NOTOKa IMOCJIC BHC3AITHOTO M3MCHCHUS IUIOIIAJAU IMPOXOAHOI'0 CCYCHHA MOXKHO
OIpCaAcCIUTb U3 YPAaBHCHUA HCPA3PBIBHOCTH:

(p~u-F)1=(p~u~F)2:const (7

I[enaﬂ A0IMyHMICHUC, YTO Ha HCCICAYCMOM OMUaIlla3oHC CKOpOCTCfI TCUCHHUA ra3 MNPaKTUYCCKU

HECKHUMAEM, T.€. p = p, =const> CKOPOCTb Ta3a Ha yYacTKE IOCIIC BHE3AIHOIO W3MEHEHHs IUIOLIA/H

MMOIICPCUYHOr0 CCUYCHUS MOKHO OIIPCACINTD 110 3aBUCHMOCTU:
A ®)

OrmpezienHie MaHOMETPUYECKOTO JIABJICHHS] B TOYKAX KaHala MMPOM3BOJHUTCS MO aHAJIOTHUHU C
nabopaTopHoii paboToit Ne2:

Pi=DPatm —Pr 8 kNI (9)’
rac hi - ITIOKa3aHui MI/IKpOMaHOMeTpa 10 pe3yJ'II)TaTaM I/I3MepeHI/Iﬁ B I/ICCJ'Ie,Z[yeMBIX TOYKax,

Pamy -~ ATMOC(EPHOE IABIIEHHUE, ONPEIETAEMOE IO OAPOMETPY.

[1n0THOCTD ra3a onpeaesnseTcs o ypaBHEHUIO COCTOSIHUS:

py = Pami, (10)
RT

KyJZla BXOIST OTpeesieMble TI0 TePMOMETPY U OapoMeTpy TemIepaTypa Bo3ayxa u arMochepHoe

JIABJICHUE, & TAKXKE [a30Bast IOCTOAHHAS  _ 39, Ae

A~

eda
3. IlopsinoK BBINOJIHEHUSI PAOOTHI

1. OnpenenuTh HaYaJIbHBIC YCIOBHS SKCIIEPUMEHTA: aTMOC(hepHOe TaBIeHUE, TEMIIepaTypy BO31yxa, a
TaKke 1Mo 3aBUCUMOCTH (10) — TUIOTHOCT®.

2. CHuMaroTCs TOKa3aHUs MUKPOMaHOMETpa Ha MHEBMOJATYUKE, a TaKXkKe B IMape TOYeK J0 U mape
TOYEK IOCJIC BHE3AITHOTO PACIIUPEHUS (CYKESHHUS ).

3. Ilo 3aBucuMoctu (9) ompenensitoTcss MaHOMETPUYECKUE NaBJICHHsI B HCCIEAyeMbIX Toukax. Ilo
3aBucUMOCTSM (7) u (8) ompenenstoTcss CKOPOCTH TOTOKA.

4. PaccunThIBaIOTCS 3HAYEHUS TIOJHOTO JaBJICHUS B TOUKaX 0TOOpa:

2
* PU;
pi=pt (1)
2
5. OHpeHeHHeTCH BCJIMYMHA ITOTCPb HA TPECHUEC 110 3aBUCUMOCTHU:
s (12)
(;:TP = 72
pgu(/
2
TAE Ap;,Ap, - TEpemajbl JaBIeHW B MHapax TO4YeK JO M TOCIE PACHIMPEHHs (CYKEHHS)
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COOTBETCTBEHHO.
6. 1o 3aBucumocT

ey =L —gpp

2
pad )
2

o * *
OIpEaAcCIACTCA BCIIMYMHA MCCTHBIX IIOTCPb HA yAap. Benmmunab HaBICHUHU p;, pgy - 3TO HNABICHUS B

Hayajle ¥ KOHLIE U3MEPSIeMOro y4acTKa KaHaJa.
8. Pe3ynbTaThl pacyeToB U U3MEPEHUI 3aHOCATCA B TAOMULBI | U 2 IPUIIOKEHUS
9. o pesynbratam nocieaHed TabIMIBI CTPOMTCS SKCIEPUMEHTANIbHAS KPUBAs £, = f(n ), & TAKKE

KpUBas TCOPETHUSCKUX 3HAYCHUN KOA(PPUITMCHTa MECTHOT'O CONPOTHUBIICHUS HA yAap, PaCCUNTAHHBIX
o 3aBucumoctu (1) unu (3). denatorcs BHIBOJIBI.
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[MPMJIOXEHUE

Crynent I'pynna
ATMochepHOe TaBlieHIe
Temmnepatypa Bo3ayxa
Pr
Tabmanma 1.
Ne
OIIbITa FO Fl h() ul uz
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JlaGopatopHas pabota Ne7-8
JKCcNepuMeHTaIbHOe HCC/IeI0BaHne 00TeKaHUs KPbLIOBOT0 mpoguJist

[enp pabOTHI: HCCTeOBaHNE BIHMSHIS YTIIa aTaku Ha adpOJUHAMHYECKHUE CUITBI, IEHCTBYOIINE
Ha JI03BYKOBOM KPBUIOBOH TTPO(HIIB.

1. Teopernueckue MoOI0KEHUSA

[on kpwinoevim npogpunem noHUMAETCA MJIABHBIN, BBITSHYTHIA B HAIlpaBJIEHUN HaOEraroIero
Ha HEro IOTOKA, 3aMKHYTBI M CaMOHENEPECEKAIOIINNCI IeOMETPUUECKUN KOHTYp € 3aKpYIJICHHOU
nepeaHel KpoMKo# («0106» mpoduiis) U 3a0CTPEHHOM 3a1Hel KPOMKOil («xBocT» npoduiist). OTpe3ok
IIPSAMOM, COENMHSIONIEN HEKOTOPYIO TOYKY MEpeIHEld KPOMKHM C BEPIIMHOM yrja Ha 3aJHEH KPOMKE,
HA3BIBAIOT XOPOOIl KPbL106020 npoghunsa (BHIOOP XOPABI MOKET OBITH BECbMa pa3HOO0pa3eH), a UTHHY
XopAasl — OAuHOU  npopuna; MaAKCUMaJbHYIO  TOJIIMHY npoduias B  HaNpaBiICHUH,
NEPIEHIUKYJIAPHOM K XOpJ€E, HAa3bIBAIOT MOAUWUHOU nPOuaa, a OTHOUIEHUE TOJLIUHBI K JUIMHE —
OTHOCHUTEJIbHOM TOJIIIMHON KpbUIOBOTO Mpoduiis. Yroj, 0Opa30BaHHBIM BEKTOPOM CKOpPOCTHU
HaOeraouiero MOTOKa BHAaleke OT mpoduis (BEeKTOPOM CKOPOCTH «HA OECKOHEYHOCTHU») H
HAIPaBJIEHUEM XOP/Ibl, HOCUT HAUMEHOBAHUE y2id AmaKu.

Teopernueckoe ompeneneHue Cuil, ACHCTBYIOUIMX Ha Takol mpoduins mpu oOTEKaHWU €ro
TUIOCKOTIAPAJUIEIBHBIM TIOTOKOM JKHIKOCTH MOXET OBITh MOJIy4eHO Ha OCHOBE TeopeMbl JKyKOoBCKOTO,
YCTaHaBJIMBAKOIIYI0 BUXPEBYIO MPUPOAY 3TUX CHJI, U CBS3BIBAIOIIYIO UX C LUPKYJIALUEH CKOPOCTH IO
KOHTYpY, OXBaTbIBaOIIeMy o0TeKkaeMoe Kpblio. dusnueckas NpUYMHA BO3HUKHOBEHUS LUPKYJISLUU
CBf3aHA C HAJIMYMEM B KUAKOCTU TPEHUs (BS3KOCTH). YaCTHUIBI peabHOM KHUAKOCTHU, MPOXOISIIUE B
HETOCPEJCTBEHHONW OJIM30CTH K TMOBEPXHOCTH Mpoduisi, oOpa3yloT TOHKHH MOrpaHUYHBIN ciloil. B
ATONW 00JIaCTH JABHM)KEHHE KHJAKOCTH OYyIeT BUXPEBbIM, NPUYEM HMHTEHCHUBHOCTh BHUXPEH MOXKET
JOCTUTaTh OOJNBIIMX 3HAYEHUH, TaK KaK CKOPOCTh YACTHUI[ B MOTPAHUYHOM CJIO€ PE3KO MEHSETCS OT
HYyJISl Ha MOBEPXHOCTU OOTEKAaeMOro Tejia /0 BEIMYMHBI MOpSAKa CKOPOCTH Ha OECKOHEYHOCTH Ha
BHEUIHEW rpanule cios. Tak, Hanpumep, Ha KpblUle caMoJleTa MaKCUMalbHasl TOJIIIHMHA TOTPaHUYHOTO
CI0S HE MPEBOCXOAMT HECKOJbKMX CaHTUMETPOB, B TO BpeMs Kak pa3HOCTb CKOpocTell Ha
MMOBEPXHOCTHU Kpblla U Ha BHEUIHEH I'PaHUIIE MOTPAHUYHOIO CJIOSl JOCTUTAET COTEH METPOB B CEKYHY .
[Tpyu Takux 3HAYUTEIBHBIX HEOAHOPOJHOCTSAX CKOPOCTHOTO IOJISI CyMMapHasi NHTEHCUBHOCTb BUXpE
B TIOTPAaHUYHOM CJIO€, a TEM CaMbIM M LUPKYJIALHUS CKOPOCTH II0 3aMKHYTOMY KOHTYpY,
OXBAaTBIBAIOLIEMY KPBLJIO, MOKET JOCTUTaTh OOIBIINX 3HAYEHUH.

CornacHo yka3aHHOM TEOpPEMBI, BEIIMYMHA TJIaBHOTO 6EKMOpa a3pOOUHAMUYECKUX CUl R
paBHAa TPOM3BEACHUIO IUIOTHOCTH JKUAKOCTH HA BEIMYMHY CKOPOCTH HAa0Eraromero moToKa |
BEJIMYMHY HAJIOKEHHOW IUPKYIAnuU (0003HayaeMoil OYKkBOW «I» WM SBISIOIICHCS anredpanmdecKou
BEITMYMHOM, KOTOpasi MOKET OBITh KaK MOJOKUTEIbHOM, TaK U OTPUIIATEIIHHOMN):

K= pu| & 0

Hanpasnenue Bekropa k] orpeesnseTcs: moBopoToM Ha 90° BeKTOpa CKOPOCTH HaOerarouiero

MOTOKA U, 10 YacoBOM crpenke, ecau [>0, u mpotus yacoBoit crpenku, eciu I' < 0. Takum obpazom

IJIABHBIA BEKTOP ﬁ SIBJIIETCSL CHJIOM, MOMEpeYHOM K HampaBiICHHIO HAaOeraromero MmoTroka Wi K
HaMpaBJICHUIO TIOCTYNATENbHOTO IBMXKEHHUS Tela B oOparieHHoM jaBwxkeHuH. Ilo dopmynuposke
JKyKOBCKOTO I ITOJIy4EHUs] HAIpaBJICHUS TJIABHOI'O BEKTOpPA CWJI JIaBJICHUS R wano IIOBEPHYTH
BEKTOpP CKOPOCTH HAOEraromiero MmoTtoke u,, Ha 90° B CTOPOHY, NPOTUBOMNOJIOXKHYIO HAlpaBJICHUIO

HUPKyasuu (cM. puc. 1).
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r>0 " R

u, - a0°
Y b
R >0

Puc. 1. Onpenenenrie rmaBHOTO BEKTOpa CUJI aBJICHUS.

Becbma cymectBeH TOT (DakT, YTO C€AMHCTBEHHOM CHJIOH, JCUCTBYIOIIEH Ha Npoduibr B
TJIOCKOMApaUIETbHOM ~ O€3BUXPEBOM TIOTOKE HJICATHbHOW HEC)KUMAEMOM KHUAKOCTH, SBIISETCS
NEPpNCHAUKYJIApHAasA HAIIPaBJICHHUIO Ha6era}0mero II0OTOKAa UJIN B 06paHl€HHOM ABWXXCHUM, ITONICPEUYHAA
HAIPABICHUIO JBUKCHUS MPOQUIISA CUIa, KOTOpas MOXKET ObITh Ha3BaHA HOOBEMHOU CUJIOU, TAK KaK
MMEHHO 3Ta cuia oOecrneyuBaeT MOJbEM caMojieTa B BO3AYX, MOJJAEPKHUBAET €ro KpbUIO IpHU
TOPU30HTAIBLHOM TOJIETE.

N3 Teopembl JKyKOBCKOTO BBITEKAET BBIPAXKEHUE JJI OTIPEACICHUS BETUYNHbI
MOIBEMHOU CUIJIBI BUJIE:

2 .
R= 47zam0p\uoo \ sina, 2)
rae p - INIOTHOCTH ITOTOKA
oo

O - yTOJl aTaKy.
Bxomsmee B Qopmyny mpousBeneHUe am, 3aBUCUT OT (GopMbl 00TEeKaeMOro Kourtypa. B

- CKOPOCTbh IIOTOKA

YaCTHOCTH, IIpU 0OTEKaHUM IUIACTUHKY C IUIAaBHBIM CXOJIOM CTPYH ¢ 3aaHel kpomku ANy = —C (C -

2

TOJILIMHA TPO(UIIS), a MOABEMHAs CUJIa OKa3bIBACTCS PABHOM:

R= 272'6,0‘1400 ‘2 sin o 3)

AdpoarHaAMMUYECKHE CHJIBI XapaKTepU3yroTcsl 0e3pa3zMepHBIMU KOA(POUIIMEHTaMU TOIbEMHON
CUJIbl U CWibl conpoTuBieHus. Koaghpuyuenm noovemmnoil cunwiii, onpenensieMblil OTHOIIEHHEM

cunel R x CKOPOCTHOMY HaAIIOpy Ha6era}omero IIOTOKa 7’0%20 U JUIMHEC XOPAbI b , B TaKOM CJIy4ac
2

OyJIeT paBeH:
R
Cy :]7:47r6sina, 4)
2
—puzb
5 Plhoo

C
rae C = E - OTHOCHUTEJbHAS TOIIIUHA TPOPHUIIS.

2. IlocTaHOBKa KCIIEPUMEHTA
Cxema MoOmyns, Ha KOTOPOM IPOU3BOIATCS HCCIEAOBAHMSA, aHAJIOTHMYHA cxXxeme Momayis NeS,
npuUMeHsBIIerocss B saboparopHoir pabore Ned (MccnenoBanue oOTeKaHHsI KPYrOBOTO LMIIMHIPA).
BHyTph mpsSMOYTOJIEHOTO KaHaja MOMEIIEHa MOJETb JTO3BYKOBOTO KPBUIOBOTO MPOQWIIS, BHEIIHHE
00BOIBI KOTOPOTO MPUBEACHHI Ha YepTexe (puc. 2).
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Puc. 2 Yeptex BHEIIHUX 0OBOIOB UCCIIEAYEMOT0 KPBLIIOBOTO POt

[To mnepudepun npoduiast  pacronokeHo 21 KOHTPOJBLHOE OTBEPCTHE, COEIUHEHHOE
BHYTPEHHUMHU KaHajlaMH CO LITYyLIEpaMU, KOTOPBIE, B CBOIO OYEpE.lb, MOJCOCAUHSIOTCS K THE3AaM
onpocHoi mnaHenu. Llenb paboThl  3aKiIO4aeTcs B H3MEPEHUU CTAaTUYECKOTO JaBJIEHUS Ha
MOBEPXHOCTU KpbLa MPHU PA3IUYHBIX YIJIaX aTak, U ONPEIETICHUH 10 MOJYYEHHOMY paclpeeIeHUI0
JaBJICHUA BCINYUH HOHBGMHOﬁ CHJIBbI U CUJIbI COITPOTHUBIICHUSA HA HpO(bI/IJ'Ie.

OueBUIHO, ATH CUJIbI SIBJIAIOTCS TMPOEKUMUSIMU Ha OCb CKOPOCTHOM CHCTEMBI KOOpPJIUHAT
paBHOAEUCTBYIOMIEH cui aaBiaeHus. Ock OX CKOPOCTHOM CUCTEMBI KOOPAUHAT MapaJlIeIbHa CKOPOCTH
Haberaroniero motoka, a ock OY — mapamienbHa eil. B Tabmuie mpuBOIUTCS PACIONIOKEHHE
KOHTPOJIbHBIX OTBepCTI/II\/II OTHOCHUTCIIBHO CUCTEMBI KOOPpAWHAT, CBSI3aHHOM C KPBIJIIOM. Takas cucrema
KOOPJMHAT Ha3bIBa€TCsl CBsI3aHHOW. lIpu 3TOM, OCH CBSI3AHHOW M CKOPOCTHOM CHCTEM KOOPAMHAT
COBNAJAIOT JIUIIIb TIPH HYJIEBOM yTJIe aTaku npoduis. B mpoTUBHOM ke ciydae CKOPOCTHAas CHCTEMa
II0JIy4aEeTCsl 33 CUET NOBOPOTA CBSI3AHHON OTHOCUTEIBHO Hayajla KOOPJAWHAT Ha YToJl O .

# TOYKH 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
# TOUKHU 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 ypaBHEHMIO AHAJMTUYECKOW TE€OMETPHUM, €CIM B HCXOAHOW CHUCTEME KOOPAHWHAT
HEKOTOpasl TOuKa UMeeT KOOpAuHaThl (X, Y ), TO MpH MOBOPOTE OCEH Ha yrojl ¢! KOOPAMHATHI TOUKU
CTaHyT PABHBI:

X'=x-cosa+y-sina

' . )
y=—x-Sina+y-cosa

(x,,¥.)

Y,
x 0 7 24

Puc. 3. K onpeaenenuto cuii, AeHCTBYIOIIMX Ha KPbUIOBON MPOQUIIb.

Kak yxazaHo BblllIe, HCXOJHOW MH(OpMaLMEN K pacueTy sIBJISIETCS paclpeeseHue JaBIeHUs B
Toukax oTOopa. [[ns ompeneneHus WMHTETpajabHOM CHUJIBI AABICHMS, NPOQWIb YCIOBHO IEJIUM Ha
NPSIMOJIMHEMHbIE YYacTKH, TPaHUIIAMU KOTOPBIX SIBISIOTCA JBE COCEIHMX TOYKM oTOOpa. Crenas
JIOMYILIEHHUE, YTO JaBJIEHUE HAa KaX/I0M U3 YYaCTKOB (HampuMep, Ha y4acTKe MeX/1y TOUKaMu oTOopa n
u n+l) U3MeHsieTcss IMHEHHO OT 3HAYEHHWs B TOYKE OTOOpa n /10 3HAYEHHUS B TOYke oTOopa n+l,
olpenenseM CUly naBiieHus P, neiicTByronryro Ha 3TOT ydacTok (puc. 3). I[Ipoekiuu 3Toi cuiibl Ha ocH
CBSI3aHHOM CHCTEMBbI KOOPJIMHAT OIPENEISAEM 110 3aBUCUMOCTSIM:
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Pnt Py
iPn).c.n+]:i ? 2 ot '(yn_yn+])
(6)
Pnt Py
T Pn).}.n+] =t 2 REs . (xn - xn+1)

[Ipu sTOM, 3HAaK «+» WM «-» BbIOMpaeTcs B (hopMyiax TakuM 0Opa3oM, 4TOObI 3HAUYEHUE
COCTaBJIAIOLIEH cuilbl P ObLIO MOJIOKUTENBHBIM, €CIIM OHA HAlPaBJIeHa BAOJb OCH, U OTPULIATEIBHBIM -
€CJIM IIPOTUB OCH.

ITocne aTOrO, ONIpenensaeTcss CyMMa MPOEKIMH 2JIEMEHTAPHBIX CUJI JABJICHUS HA OCH CBA3aHHOU
CUCTEMBI KOOPAMHAT:

X _ X
P = Z F, n..n+1
2
- z y
P’ = Iy n.n+l

1, HAKOHEL, MO 3aBUCUMOCTU (5) OIpenesstoTcss 3HAYeHMsI 3TOW Hapbl CUI B CKOPOCTHOM

cucteme KoopauHaT. OCylecTBUB TOBOPOT OCEH Ha YroJl aTakH, MOJYyYUM:

(7

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

3. IopsiioK BBIOJTHEHUSI PaOOTHI

1. IIpu paznuyHBIX yriiax atakd Npoduiisi CHATh MOKa3aHWs MUKPOMaHOMETpa Ha HarloOpHOH
JaTYUKE U B TOYKaX 0TOOpa JaBJICHUS.

2. OnpenensitoTes 3HAYCHHS] CKOPOCTH HAOETAIIIEeTo MOTOKA:

Yo h-k-o-
(1+a) ps
1 JAaBJICHHUA B TOUKaxX 0T6opa:
P=D,—Pr-gk-h. (10)

2. o 3aBucuMOCTH (8) ONMpEeAeNIOTCS MPOESKIIMN Ha OCH CBSI3aHHOM CHCTEMBI KOOPAMHAT CHII
JIaBJICHUs, JEUCTBYIOIIUX HA 2JIEMEHTAPHBIE YYACTKHU.

3. Onpenenstorcs NPOEKIMH Ha OCH CBSI3AHHOW CHUCTEMBl KOOPJMHAT PaBHOACHCTBYHOLIEH
CWJIBI JaBJeHUS (3aBUCUMOCTS (7)).

4. OmnpenensitoTcss 3HAUYEHUS CHJIBI JOOOBOTO COMPOTUBICHUS U TOJBEMHON CHUIIBI, Kak
IIPOCKLUN PABHOJACWUCTBYIOIIEH CHJIBl JaBICHUS HA OCH CKOPOCTHOM CHCTEMBI KOOPIHMHAT
(3aBHUCHMOCTH (8)).

5. Ilo pe3ynbraraMm pacyeToOB M U3MEPEHUN 3alOJHAIOTCS TaOMUIbl NpuioxeHus. CTposiTcs
rpadyKy 3aBUCMMOCTH CHJI OT yIJla aTaku U JENAl0TCs BBIBOJIBI 10 paboTe.
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