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Pedepar
Hayuno-Texuuueckuit 0TueT 43 cTpaHullbl, 25 pUCYHKOB, 17 Tabnul, 2 IpUIOKEHHUS.
BEHTWJIALMA, ROTADO, ADPOJIMHAMUYECKA TPYBA, CTA-CUCTEMA.

OOGBEKTOM HAay4YHOTO MCCIIENOBAHUS SIBISIACH POTALMOHHAs BEHTH/IAIHOHHAA TypOMHA
«Typbomednexrop Rotado» (mamee B Texcte — Rotado). I'maBHo# mensto pabor ObLIO
ompezieseHue 00BEMHOI0 pacxoja Bo3ayxa (00beMa ynansieMoro Bo3ayXa) B BEHTUJIALHOHHOM
kanase Rotado pasmmubsix TumopasmepoB. OCHOBHBIM METOJIOM HCCIeNOBaHMU OBLI BBIOpaH
METOJT SKCIIEPUMEHTAIBHBIX HCCaenoBanuil B aspoaunammdeckoit Tpyde T-1K KHUTY-KA.
Jlist u3Meperust ckopocTelt moToka Opita uenosp3oBana CTA - cucrema DANTEC.

Kpome 3HadgeHuil CKOpOCTEH MOTOKa B a’pOAWHAMHUECKON TpydOe (OIpenessuioch Lt
TIOBBIINIEHUST TOYHOCTH 3KCIIEPHMEHTAa) M CKOPOCTM B BEHTUIIIMOHHOM KaHalle, a TaKkkKe
00BEMHOTO pacxoia BO3AyXa B BEHTHJIAIHMOHHOM KaHajle OBLI ONpENeNeH Pl MapaMeTpoB,
TakuX Kak KO3()(QUIHUEHTHI COMPOTUBIICHHUS IPX PA3IMUHBIX YIJIaX II0BOPOTA BEHTUIIALIMOHHOIO
KaHama, TaaeHuss Hamopa mpu oStux yruax. Crenad BbeIBox 00 sddextuBHOCTH Rotado
pa3muuHBIX THIOpasMepoB. Coszmana MeToauka moadopa Rotado B 3aBucuMocT 0T TpeOyeMoro
o0beMa ymamuseMoro BO3IyXa. PacCMOTpPEHBI BONPOCHL CO3MaHUS KOMOWHHPOBAHHOH
BEHTWISIIHOHHON cucTeMbl Ha ocHOBe Rotado u amekTposeHTHIATOPOB. Ha MaHHBIM MOMEHT He
CYLIECTBYET OTKPBITBIX OMyONUKOBAaHHBIX Pa0OT, B KOTOPBIX OBUIH OBl IIPUBENICHBI
SKCIIEPUMEHTANIbHO TIOJyUYEHHBIE XapaKTEPUCTHKU POTAIMOHHBIX BEHTHIALUOHHBIX TYpOUH.
OTO nenaeT pe3yiabTaThl, IPUBEACHHBIEC B JAHHOM OTYETE, aKTYaIbHBIMUA ¥ COOTBETCTBYIOITUMHU
KPUTEPUIO HAYTHON HOBH3HBL. )

Pesynbrars! gaHHO# paboThl (MeToaMKa mombopa ThmopasMepa Rotado mo TpeGyemomy
00BEMY yHasIeMOr0 BO3JlyXa) MOT'YT ObITh BHEIPEHHBI B IPAKTUKY B camoe Onmxaiiiee BpeMs..
Temartuka UCCIEIOBAHUM JAHHOTO OTYETa MOXKET OBITh paclIupeHa, B YaCTHOCTH, IIPOBEACHUEM
HCCIIEZIOBaHUM 110 MUHUMATHHOU JTUCTAaHIMU MeX Ty Rotado st ux 3 dexTuBHOM paboThL.
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BBenenue

JIaHHBI ~ OTY4eT  MOCBSIIEH  A’pOAMHAMUYECKAM  HCCIEHOBAHUSIM
POTAallMOHHOM  BEHTWIALMOHHOM TypOuHbl Rotado. JlaHHOoe ycTpOHMCTBO
OCYILIECTBIISIET €CTECTBEHHYIO BBITSKHYIO BEHTWIAIWIO. JlaHHBIE HWCCIIEIOBaHHUS
ObUIM HEOOXOIUMEBI, TaK KaK IOJy4deHBl pe3ynbTaThl 06 sddekrnBHOCTH Rotado B
CPaBHEHUU C OTKPBLITOM BEHTWIAIIMOHHOW IIAaxXTOH, XapaKTepe 3aBHCHUMOCTH
o0beMa ynanseMoro BO3IyXa OT CKOPOCTH BeTpa, JOCTOMHCTBAX M HEIOCTATKaX
Rotado.

CoBpeMeHHOE COCTOsSIHUE MPOOIEMBI TaKOBO, UTO OOJBITHHCTBO YCTPOICTB
€CTECTBEHHON BEHTWISIIUM Ha Tepputopun PO mpoumsBogutcs 6e3 ydueTa KaKux-
1100 (GaKTOPOB A3PONMHAMUKH, YTO HATPSAMYIO BIUSACT Ha WX 3(DPEKTUBHOCTE.
Martepuansl HaHHOrO OT4HETa HE TOJNBKO IO3BOJISIIOT IMPUMEHHUTH 3MIAPHUECKH
00OCHOBaHHYIO METOAWKY IS pacueTa CUCTEMBI €CTECTBEHHOM BEHTUIIALNHN, HO U
HaMETHUTh IIyTU [JIs NaJIbHEHMIIEro YCOBEPIICHCTBOBaHMS KOHCTPYKIHMU Rotado.
Taxux mccnenoBanuil Ha TeppUTOpUH Poccuu He MPOBOMUIIUCH, & 3apyOekKHbIE
MaTepHUajbl B OCHOBHOM OXPAaHAIOTCA KOMMEPUYECKOU TalHOM.

Jannas paboTa NpOBOJUIIACH C MCITONB30BAHUEM a3POTHHAMUYECKON TPYOBI
T-1K, umeromeit ceprudukar ['occTanmapTa 0 TOM, UTO OHA SBIAETCS 3TATOHHBIM
cpenctBoM wu3Mepenus, Ne ceprudukata 12022, No STaTOHHOTO CpencTBa
U3MEPEHUS 22836-02. HcneiTanus IIPOBOAUIIACH IIpU IIOMOIIH
TEPMOAHEMOMETPUUECKOHN CUCTEMBI Dantec. KanmubpoBka
TEPMOAHEMOMETPHYECKON CUCTEMBI IIPOBOAMIACH C HUCITOIB30BAHHUEM STATOHHBIX
CPELCTB U3MEPEHUM.

Rotado wmoxHO oTHecTH K BEPTUKAIBHO-OCEBEIM  BCTPOYCTAHOBKAM.
HCCHGZ{OB&HI/IH XaPAaKTCPUCTUK TaKUX BETPOYCTAHOBOK CICAYET IIPHU3HATH KpaﬁHe
dKTyaJIbHbIMM BCJICACTBUE psila 3HAYUTCIBHBIX IIPEHUMYIIECTB, TaKUX Kak
HE3aBUCHUMOCTb OT HallpaBJICHHSA BETpa, KOMIIAKTHOCTH H pdaoa AOpyrux.
[ToBrIIcHUE B@Q)GKTHBHOCTI/I TaKUX BETPOYCTAaHOBOK IIO3BOJIMT IIOBBICHUTH IOJIHO
HCIIOJIB30BaHUA aJIbTCPHATUBHBIX BO300OHOBIISIEMBIX HCTOYHHUKOB OHCPI'UHU.
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1 Anaju3 coOTBETCTBHS poTaluoHHoi Typounbl Rotado AeHCTBYIOINMM B
nacrosimee Bpems I'OCTam u CHUIIam

B macTosiiee BpeMs Ha TeppUTOpHH PoccuicKoH Demepau IEACTBYET
ps7  HOPMATHBHEIX TOKYMEHTOB, DErNaMeHTHPYIOIMX BEHTUJISIIMIO  JKUJIBIX
noMelnenui. HA B OJHOM M3 HHMX HE COAECPIKHUTCA TpeOOBaHUK K THUILy HIH
KOHCTPYKIMH BEHTHISLIMOHHOTO yCTPOUCTBA. Tak Kak pOTAIMOHHAs TypOwHa
Rotado He COIEPKMT KaKUX-THOO SIEKTPHIECKUX WU MHBIX JBUTaTeJeH, TO B
DaHHOM paszeie He paccMaTpUBAIOTCS TpeGoBanus K 37eKTPOOE30IacHOCTH.
CrnexyeT OTMETWTb, dYTO B HOPMATHBHBIX JOKyMEHTax, Kak IIPaBUIIo,
pacCMaTpUBAIOTCs TPeOOBaHWsl K MHUKPOKIMMATY B IMOMEIICHUIX, B TOM YUCIIE
TapaMeTphl TEMIIEPaTyphl ¥ BIAXKHOCTH BO3IYyXa. Cam 10 cebe Rotado crocoben
TONBKO 0OOecrednTh HEKOTOPhIM 00BEM yHalsieMOro BO3AYXa, KOTOPBIH, K TOMY
e, CHJBHO 3aBHCHUT oT ckopocTd BeTpa. CpeiHerojosas CKOpOCTB BETpa B
[JoBOKCKOM pErdoHe He mpeBbimaeT 4-6 M/c, MO3TOMY UL  CO3MAHMA
KAYECTBEHHON ABTOHOMHON CHCTEMbl BEHTHILILMK MOMEIIeHMs (TeM Oonee, ¢
BBICOKUMHM TpeOOBAaHMSMH K KauecTBY BO3LyXa) HEOoOXOIMMO HCIOJIL30BaTh
crcTeMy KOHAMIMoHupoBarus. OIHAKO, JOPOrHe KOHIMIMOHEPEI B PIAAC CIyHacs
MOYXKET 3aMEHHTh IIPOCTas aBTOMATU3MPOBAHHAS CUCTEMa Ha OJHOILIATHBIX
xommbioTepax (Hampumep, Arduino uiu Raspberry PI) ¢ ucnosns3oBanueM Rotado
W CTAHZAPTHOTO BEHTHIITOPA C PEryIMpyeMOH CKOPOCTBIO BPAIICHHMSL. [Tpumep
TaKoi cucTeMbl GyIeT PaCCMOTPEH B pasjiesie 8 HaCTOAMLIETO OT4eTa.

O6mpe TpeOoBaHUS K BO3LYXY ¥ KIMMaTHIECKMM yCJIOBUAM Ha paboueM
MecTe U B IIOMEIIeHnaX obmero HasHaderus pernamentupyror [OCT 12.1 .005-88
«OBIre CaHUTAPHO-THIMEHWYeCcKHe TpeOOBaHUI K BO3MYXY pabouen cpenp» H
CHulI 2.04.05-91 «OToruienue, BEHTUIAINA ¥ KOHIUIIMOHAPOBAHUE». OTH JBa
nokyMeHTa orimyaorcs TeM, uto B [OCT 12.1.005-88 mpuBOAATCS OCHOBHBIC
MapaMeTpbl MUKPOKJIMMATA ISl Pa3IUIHBIX KIaccoB paboT B TEIIOE ¥ XOJIOJHOE
BpeMsl TO/1a, IaHbI OIpeIeIeHNs OCHOBHBIM TEPMUHAM U yICIeHO BHUMAHHAC IAK
BpEIHBIX BellecTB. Kpome TOro, NpUBECHA METONMKA H3MEPEHHs [1apaMeTpoB
BO3JyXa IJIs OTIPE/ieNIeHns COOTBETCTBUA IIOMEIICHUA TAHHOMY I'OCTy.

B CHull 2.04.05-91 mpuBedeHbl METOAUKH pacdeTa TpeOyeMoro
KOJMYecTBa yOAlseMOro BO3[yXa JUld Ppasiu4HBIX THUIIOB IIOMEITICHUA ¥
Pa3THYHBIX KJIACCOB paboT, KpOME TOTO, NaHbl pacieTHRIC MapaMeTpEl HapY>KHOTO
BO3IyXa JUIS PA3IMYHOTO IeOrpa(uIecKoro MECTOIOTIOXCHHUI obnekta. Kpome
perTHasAnuu, B gagHom CHulle yneneHo BHUMaHME KOHIMIMOHHMPOBAHHMIO H
OTOILUIEHUIO TIOMEILIEHNH, YTO TAK)Ke MOXKET IPENCTaBILATh MHTEPEC AJA pacdera
KOMOMHHPOBAHHON CHCTEMbl BEHTAIISIIIME ¥ KOHAMI[MOHUPOBAHIL.
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Kpome CHull 2.04.05-91, cymectByer CHull 23-01-99 «CrpoutenbHas
KJIMMATOJIOTHs», TIe TakKe yKa3aHbl MapaMeTpbl Hapy>XHOTO BO3yXa, B T.d.
cpennsas ckopocTh BeTpa. Jlamnueid CHull mMoxeT nare WCXOAHBIE NAaHHBIE IS
pacyera BEHTUIALMUA I KOHKPETHOTO IOMEIIEHHUS C MCIIOIb30BAHUEM METOIIHK
CHull 2.04.05-91 w npaHHBIX HACTOSIMIETO OTYETA IO TIPOU3BOIUTEIHHOCTH
(06BeMy ymansgemMoro Bo3myxa) jisl KOHKPETHOTO ycTpoiicTBa Rotado.

Taxoke cymiectByer Oosiee HOBBIM cBox mpasmi CHull 41-01-2003 «Csox
npaBui. OToIUIeHHe, BEHTWILMS YW KOHIWLMOHUPOBAaHHE», B KOTOPOM TakxKe
YKa3aHbl METOAUKH pacyeTa BEHTWISANUN U TpeOOBaHUS K CUCTeMaM BEHTUJISIUU,
B TOM 4HCJIE TPeOOBaHHUA M0 IIYMHOCTH cUCTeM BeHTWIImu (He Oosee 110 nbA
JUIsL aBapuUMHON cHUCTeMbl). YcTpodcTBo Rotado corimacHo mpeaBapUTeTbHBIM
u3MepeHusM ¢ ucrnonb3zoBanueM obopynosanus AJIT T-1K ynosneTBopsieT atum
TpeOOBaHUSIM.

TpeboBaHMs K MHUKPOKIMMATY B Pa3AYHBIX THUIMAX ITOMEIIEHHH
yCTaHaBIMBaeT P HOPMATUBHBIX NOKyMeHTOB, B ToM umcie I'OCT 30494-2011
«3nanus xuible u obmecTBeHHble. [TapaMeTpsl MUKPOKINMATA B IOMEIICHUIXY,
I'OCT 52539-2006 «HuctoTa Bo3zmyxa B JiedueOHBIX yupexneHusx», ['OCT 56638-
2015 «Ywuctele nomerieHus. BeHTWIANUS W KOHAWIMOHUPOBAHHE BO3IyXay,
I'OCT P EH 13779-2007 «BeHTWIALUS B HEXWILIX 30aHUAX». JlaHHBIE
HOPMaTHBHEIE JIOKYMEHTBHl YCTAaHABIMBAIOT Pa3IMYHbIE MapaMeTphl BO3ayXa IS
pasIMYHBIX  KJAacCcoB IIOMEILIEHWM, OJHAKO HucIojs3oBaHue Rotado me
IIPOTHBOPEYUT HHU ONHOMY M3 HHX. Bo Bcex cimydasx Rotado moxeT OBITH
HCIIOJIB30BaH KaK MUHUMYM B COCTaB€ KOMOWHUPOBAHHOW CHUCTEMBI BEHTHUIISIIUH,
eciu TpeOOBaHMsA K TEMIIEPAaType M BIAXHOCTH BO3MyXa HE TO3BONAIOT 0OOMTUCH
0e3 aBTOMaTU3UPOBAHHON CHUCTEMbI KOHIUIHMOHKPOBaHus. KpoMe TOro, B JaHHBIX
JOKyMEHTaxX OIMCaHbl METOAMKHA WCIBITAHUM IIOMEIICHHH Ha COOTBETCTBUE
nomenenus nasueiM ['OCTam. Kpome obbpema ynamsemoro Bo3myxa, B JaHHBIX
JokyMmeHTax paccMoTpensl [IJIK BpenHBIX BEIIECTB.

EnuncTBEHHBI HOPMATUBHBIM JTOKYMEHT, B KOTOPOM OIIMCAHBI IIPUMEPEI
KOHCTPYKLMHU YCTPOUCTB sl BeHTWAIMU nomeniennit, 3to I'OCT 32548-2013
«Bentunanua 3naHui.  Bo3myxopacmpenenuTenbHBIE yCTpo#cTBay. B Hem
TIPUBEIEHBI TUIIOBBIE YCTPOUCTBA PA3INYHBIX IUPPY30pOB I Pa3NUIHBIX THIIOB
BEHTHJISILUN U METONUKHA UX pacdera. CorliacHo JaHHBIM 3TOro oT4eTa, Rotado B
OOJNBIIMHCTBE ClIy4aeB 3QPEeKTUBHEE TaHHBIX YCTPOMCTB.

B nmenoMm, w#3 aHanW3a HOPMATHUBHBIX [TOKYMEHTOB, PETYIHPYIOIINX
TpeOoBaHUs K BEHTWIALMK Ha Tepputopun Poccuiickoit @eneparviv B HACTOSIIAHR
MOMEHT CJIEyeT, YTO HOPMHUPYIOTCS TpeOOBaHUS K KOHKPETHBIM MOMEIICHUSIM, a
He K CHCTeMaM BEeHTWJISALWU. e TpeOoBaHUs, KOTOPhIE BCE K€ MPEIbIBIIIOTCS K

CHUCTEMAaM BECHT WU (HalIpuMep, TD66OB8.HI/I${ oo ]'_H}/MY) KakK IIpaBHUJIO COACPKAT
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3HaYeHMs, KOTOPBIX TEXHWYECKH HCIpaBHblil Rotado moctudb He criocobeH. Takum
o6pa3oM, Ucrosib30BaHue Rotado B cocTaBe CHCTEMBI €CTECTBEHHOW BEHTHIISIIINN
[IO3BOJIIET, B  O0meM  cioydae, OOOHTHUCH  MEHBIIMMH  JIHAMETPaMHU
BEeHTHJISILIMOHHBIX LIAXT WM YBEIWUUTH YACIbHBIA 00beM yIalsgeMOoro BO3Iyxa
ans Gompmiero komdopra. MenonszoBanue Rotado B cocTaBe KOMOMHMPOBAHHON
CACTEeMBl BEHTMIIAIMH IIO3BONMT, KaK MHHHMYM, YMEHBIIUTh 3aTpPaThl
3JeKTPOSHEPIMH B CHCTEME, W TEM CUibHee, 4eM OoJjblle CKOpOCTh BeTpa. M3
aganusza HopMaTuBHbIX HoKyMeHTOB ('OCToB, CHulloB) MOXHO 3aK/IIOYUTH, YTO
Rotado ymoBieTBOpsSET BCEM CTaHAapTaM, ACUCTBYIOIIUM B HACTOsAIIEEe BpeMs Ha
Tepputopuu Poccutickoin Penepanuu.

2 O0BbeKT UCHBITAHUN

Porauumonnas TypOrna Rotado OTHOCHTCS K BBITSDKHBIM BEHTHIIAITHOHHBIM
yCTpOMCTBAM, WCIONB3YIOIIMM OSHEPIUI0 BeTpa g CO3MaHMsd TITH B
BEeHTWIALMOHHOM KaHanme. KoHcrpyktuBHO Rotado mpencraBiser coOoi
KOMOMHAIIMIO MHOTOJIOTIACTHOIO BEPTUKAIBHO-0CEBOT0 BeTpsKa (Bapualus poTopa
CaBonmuyca) u LeHTpoOexHOro Hacoca. [Ipwm 3ToM Impu 0OIyBKEe KOHCTPYKIMH
BETPOM BO3HMKAeT IIEHTpoOeXKHas Ccuia, KOTopas M CO3JaeT TIAry B
BEHTWIISIIIMOHHOM Kanalie. Cxema Rotado mpencraBneHa Ha pucyHke 1.

)
\
\S

)

Pucynox 1 — Cxema Rotado.
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OcnoBHoe mpeumyinectBo Rotado — mpocToTa, @ 3HAYUT, W JEHIEBHU3HA
KOHCTPYKIMK. Kpome Toro, SHeprusi BeTpa OTHOCHTCA K BO30OHOBIAEMBEIM
HCTOYHMKAM, ClieqoBaTelbHo, Rotado — sHeprocOeperatomee ycrpoicTso. Kpome
Toro, Rotado o6agaeT MaakIM BECOM ¥ TIPOCT B MOHTAXE U OOCIYKUBAHHH.

OcHoBHOM HemocTaTok Rotado TecHO ¢Bs3aH ¢ €T0 JOCTOMHCTBOM. B ocHOBE
Rotado JeXHT BEepTHKANbHO-OCEBas BETPOYCTAHOBKA, IIPECTaBIsIONas COOO0H
MHOTOJIONIACTHYI0 Bapuaiwoo poropa CaoHmyca. CormacHo HCCISOBaHUAM
Pa3TMUHBIX BETPOYCTAHOBOK, [IPOBEIEHHLIM B a3pOJUHAMUYECKOM 1abopaTopun
KHUTVY-KAU, xo>h@UIUEHT HCIONb30BaHMsS OHEPIMM BETPpa BEPTHKAIBHO-
OCEBBIX BETPOYCTAHOBOK BooOme u poropa CaBoHHyca B HacTHOCTH, BECbMa
HU30K (PUCYHOK 2, KpuBas 4).

Py

PucyHOK 2 — DPPEKTUBHOCTD pa3IUYHLIX THIIOB BETPOYCTAHOBOK

Rotado oTHOCHTCS K OBICTpOXOAHBIM BeTpsikam. Tak kak Ban Rotado
BpamaeTcs CBOOONHO, 0e3 KakoW-nmubo Harpysku, To pabouas Touxa Rotado
HaxOIMTCS B IIPaBOi YacTU KpuBol Ha pucyHke 2. Takum obpasom, B Rotado

_—
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HCIIONB3YETCs OYeHb Malblil IPOLEHT SHEePruy BeTpa. JIJs MOBBIIIEHNsS IPOLCHTA
He0oGXO0IMMO CMEIIaTh Pabo4yro TOUKY B CTOPOHY MEHBIIEH OBICTPOXOAHOCTH, ITO
VCIOKHUT KOHCTPYKUMIO ¥ B 0OwieM ciydae, qumur Rotado ero ocHOBHOTO
MpeuMyLIECTBA.

Taxke x HemocTaTkaMm Rotado Mo cpaBHEHHMIO, HAIPHUMED, C JE(IEKTOPOM
[IATY, oTHOCHTCS HajiW4We [BIKYIIUXCA dacTed. OTOT HENOCTAaTOK B
3HAYUTETHLHON Mepe MOYKET ObITh HUBENHPOBAH XOPOLIEH OamaHCHpOBKOM POTOPa
1 KaueCTBOM M3TOTOBJIEHHS.

3 DkcnepuMeHTaIbHAA YCTAHOBKA

Jlns  mpoBeleHWs] UCCIENOBAaHWM  a’pOJUHAMUYCCKUX — XapaKTEPHCTHUK
pOTanHOHHOH Typ6uHbl Rotado Gblta ncmons30BaHa aspoauHamMuaeckas Tpybda T-
1K. Aspomunamuueckasi Tpyda T-1K — MamnbIX cKopocTei, 3aMKHYTOrO THIIA, C
OTKpHITOH  pabouelt  4gacThro.  MakcuManpHasi ~ CKOpPOCTh — IIOTOKa B
aspoauHamugeckoi Tpybe T-1K — 50 m/c, HaganbHas TypOyJIE€HTHOCT IIOTOKA —
0,5%. Aspoaunamuueckas Tpyba CpTU(GUIMPOBAHA B Ka4eCcTBE OTATOHHOU MU
BHECEHa B peecTp 0cob0 LEHHBIX cpercTB m3MepeHud. Komms ceprudrikara
IpeJiCTaBlieHa B TIPUIOKEHUN A, Ha pucyHke A.l.

JIn M3MepeHusl CKOpoCTell MOTOKa B BEHTUISIIMOHHOM KaHane Rotado u B
paboueit 4acTu a’pPOIMHAMUYECKON TPYOBI OblTa  WCIIOJNB30BaHA
TepmoaneMomeTtpraeckas cuctema GpupMsl DANTEC Ha ocrose Texnosoruu CTA
(Constant Temperature Anemometry). JlaHHas cucTeMa He SBJISETCS IITATHON IS
asponuHamudeckor Tpy6sl T-1K u BpiOpaHa HCXOAd U3 TPeOOBAHMH IPOTPAMMBI
HCHBITAaHUN (TepMoaHeMOMeTpus OOJIbIIE MOAXOAUT M M3MEPEHUS MaJbIX
ckopocTeit). JlelicTBME CHCTEMBl OCHOBAaHO Ha TMIPUHIMUIIC KOHBEKTHBHOIO
TEIUI000MEHA MEXIY PACKAIEHHON TOHKOM MPOBONIOKON ¥ HAOETAOLIMM IIOTOKOM
B031yxa. CKOpPOCTh OXJIQXKICHHUsS pPACKaJICHHOM NIPOBONOKH 3aBHCHUT OT TaKHUX
apaMeTPOB KaK CKOPOCTh Haberarouiero MoToKa, AUaMeTpa pacKaiieMod HUTH U
ap. B CTA-cucteme DANTEC npumeHeHB! HUTEBBIE JATUUKH. TyBCTBUTEIBHBIM
3TeMEHTOM B HUX SBJISETCS MPOBOJIOKA MUKPOCKOIMYECKON TOJIIUHEI (OKOJO S
vaipoH st CTA-cuctemsr Tpy6st T-1K).

HuTeBble TEpPMOJATYMKH IIPEAHA3HAUEHBI JUIL H3MepeHMi KoneOaHui B
3HaueHUSX Haberamoulero ImMoToka (K IpUMepy, 3HAYeHHM CKOPOCTH H
HHTEHCHBHOCTH TypOyJleHTHOCTH). OIHOHUTEBON TEPMOJATIUK COCTOUT U3 OYEHb
TOHKOH IPOBOJIOKH, KOTOpas HATSHYTA Ha UTI000pa3HbIe Onophl (PUCYHOK 3).

Kak mpaBwio, B KadecTBe Marepuana Ui HUTH TepPMOJAT4HMKa
EcTIoB3yeTCes BombhpaM. MakcumanbHas pabodas Temeparypa s Hero - 300

C ¥ 0H MOXeT WHCIIOJIb30BaThbCI IIPUA HM3MEPEHHIX CBEDPX3BVKOBLIX ITOTOKOB.
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bonemmHCTBO HakadsgeMbIX IPOBONOB B TEPMOJATUYMKAX HMEIOT JHAMETD 5 um
(Imuxkpor=0,001 MM) ¥ [UIMHY B HECKOJIBKO MHIIMMETPOB. Kak mpaswuio,
BOJB(PAMOBYIO HHTH MPUCOSAUHSIOT K OIOpaM, COCITaHHBIM W3 HepPIKaBEIOIEeH
cranu (PUCYHOK 3) IOCPEACTBOM TOUe4HOU cBapku. CHUTHAN OT HArpeBaeMoro
IIPOBOJIA IPOXOIUT Yepe3 KaOenu B BUJIE SIEKTPUIECKUX CUTHAJIOB.

‘Cuna toxa |
Onopbl A/ HUTHI (IPOBOIOKH)

Ckopocrb/ /

Hurbi {npososioka)

PHCYHOK 3 - CxemMaTHUeCKOE H306pa)KeHI/Ie OMHOHUTCBOI'O0 TEPMOAaTINKA

JlaTtuuk TepMoaHeMOMeTpa HyXIaeTcs B KamubpoBke. s KanmuOpoBKH
JaT4yvKa ObLIa MCIIONIb30BaHa ajspomuHamuyeckas tpyba T-1K u ee mrarHble
cpenctBa m3Mepenuil. KannbpoBka NaTYMKOB TepMOAHEMOMETpPa IMIPOBOIAMIACE
KQKIbIK IEeHb Iepe]] HadaloM HCIBITAHUM cornacHo MeTomuke pabotel ¢ CTA-
CHUCTEMOM.

OO0wmii BUI 5KCHEPUMEHTAIbHOM YCTAHOBKHU IPENCTABIEH Ha PHUCYHKE 4.
Ha nannom pucyHKe cXeMaTHUYEeCKH [OKa3aHa ycraHoBka Rotado ¢ mmmraTopom
BEHTWISILITUOHHOTO KaHalla, BBIIOJHEHHOTO B BHUAE TpyObl mnuHou 1M. Taxxe Ha
CXeMe TMOKa3aH M3rud KaHala BeHTHIALHOHHOM CHCTeMBI pasMepoM 90 Irpamycos
(Takue MCIBITAHNS TPOBOAMINCE TONBKO It Rotado Tumopasmepa 315). Jlns Beex
TAIOpasMepoB Rotado HCIOIB30BAIMCE MMHUTATOPHI BEHTUIIALAOHHBIX KaHAJIOB
TTMHOM | M Uit BBIBOJA Cpesa KaHalla M3 IIOTOKa a’poanHaMudecKoi Tpy6sl T-1K.
Aatduk  TepmoaHemMoMmeTpa GBI YCTaHOBIEH  IOCEpPENVHE  HMUTATOpA
BCHTWIALMOHHOTO KaHana. Kak mokasanu mpeaBapuTeNbHBIE HCIBITAHMUS,
MECTOPACIIONIOKEHHE JaT4YhKa TEepPMOAHEMOMETpPa HeE OKa3bIBAET 3aMETHOIO
BIHAHUS Ha XapaKTEPUCTUKH (cM. Tabiuna 1 u pucyHok 5). [t 9THX MCHIBITaHUH
JaT9UK TePMOaHEMOMETpa YCTaHABIMBAJICS B CIEIYIOIINX MOJOXKEHUSIX: Bepxuee
(250 MM or cpesa marpyOka Rotado), cpemmee (500 MM oT cpesa maTpyOxa
Rotado), mmxnee (750 MM oT cpesa matpyOka Rotado). [ mpensapuTenbHBIX
HCTIBITaHMM Kenonb3oBacs Rotado Tunopasmepa 300. CKkopocTH MOTOKa BEIGPAHEI
COOTBRTCTBYIOLIME IIpOoTpaMMe HcnbiTanui. B tabnuie 1 u ganee Bo BceM oTdere
OPHHATEL  Clenyromue  obo3HavdeHWs: VTP —  CKOPOCTh  IIOTOKA B
23DOIMHAMHUYECKOU TpydOe; VK — CKOpPOCTh MOTOKAa B BEHTHIIALMOHHOM KaHAJE

notaao.
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Rorads.

Toyda Rotad

Aamsuwy cucmems (TA

 Azpodimareckue bece

0,08 £ Konerom

Pucynox 4 — Cxema skcrepumenTanbproi YCTaHOBKH ¢ ycTpoiictBoMm Rotado

Tabmuna 1 — gannere IIPEABAPUTEIILHBIX UCIIBITAHUM

Hatauk 250 mm Hatunx 500 MM Hatuuk 750 mm
Vp Vk ‘ V1p Vk V 1p Vk
0.597 0.01 0.442 0.024 0.642 0.01
1.078 0.01 0.786 0.01 1.001 0.01
2.12 0.425 1.956 0.245 2.047 0.357
3.064 1.041 2.985 0.995 3.023 0.83

4 1.495 4.019 1.256 4.032 1.592
£.942 1.875 4.97 1.754 5.015 1.835
6.025 2.266 5.973 1.913 6.005 2.248
7.089 g 2.331 6.966 2.209 7.074 2.394
10.04 3.289 9.991 3.314 9.997 3.434
15014 | 5.061 14.892 4.388 15.123 5.201
19.973 ' 6.314 ' 19.803 7.343

B
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Pucynok 5 — Jlannasie NPEBAPUTEIIBHBIX 3KCIIEPUMEHTAILHBIX UCCIIEI0BAHMIA
Rotado

Kakx BumHO u3 pUCYHKa 5 ¥ TaOnuIibl 1, JaTYWK B MOMONKEHUH «250 MM
BBINACT HECKOJILKO MEHBIINE PE3YNIbTATI, YeM OCTaIbHbBIE BA NATIHKA. Hatanku
xe «500 Mmm» u «750 MM» He UMEOT CYILIECTBEHHON PasHMUBI MEXIY coboii. B
TalnbHEHIIeM wu3 coobpakeHmit ymoGcerTsa Bee U3MEPEHUsI IPOBOIWINCE IIPU
CpeiHEM monoxennu patyrka («500 mm»). Kpome TOro, B 5TOM MOTOKEHMM
3a()MKCUPOBAHBI HECKOIBKO MEHbIIIHe IOyJabcanuu ckopoctd. Ha pucynke 4
u30bpaxken Rotado ¢ wmmwmratopom wusru6a BEHTUJIIUOHHOTO KaHayia Ha 90
TpaxycoB. Takue WCIBITaHWS NpoBOMMINCE a1 Rotado ThnopasMmepa 315.
DoTorpadusi KCHEPUMEHTATBHOM YCTAHOBKU C UMMTATOPOM BEHTHIIALMOHHOIO
RaHalla peJCTaBicHa Ha PUCYHKe 6. B KauecTBe MMMTAaTOpa BEHTUIIAIMOHHOTO
RaHaja  HCIOJB30BaNach  CTaHAapTHas  TO(QPUPOBAHHAS TpyOa g
SCHTUIALHOHHBIX yCTPOHCTB. J[aTYMK TepMOAHEMOMETpa yCTAHABIMBAICS B Helf
TaKiKe I0CepeIMHE IIONEePEYHOr0 CeUeHHS.

Kpome wucosiranuit Rotado, 6pumn IPOBEJICHBI MCIBITAHUS OTKPBITOTO
HMHUTATOPpa BEHTHIIAIHOHHOIO KaWana, Jid anammsa sddextusrocty Rotado. B
HEIOM  HCIBITAaHWA, ONHCAHHBIE B [aHHOM OTYeTe IIOKA3ald OJHO3HAYHOE
TMOBBIIIEHHE 3(GEKTUBHOCTH TpyOsl ¢ Rotado OTHOCHTENLHO OTKPBLITOU TPYOEI.
OcCHOBHOM  OTNHYHTENBHON OCOGEHHOCTBIO HCIBITAHHUN IO JAHHOMY OTYETY
=BHJIOCH HCCIICIOBAHKE TIPEIETbHO MajbIX CKOPOCTEH OTOKA, YTO U noTpeboBao
HCII0JB30BaHUE TEPMOAHEMOMETPUUECKON CHCTEMBI.

88007002460 .
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PucyHok 6 — DKcrepuMeHTalIbHAS YCTAHOBKA C UMUTALMEN TIOBOPOTA
BEHTWJISIITUOHHOTO KaHaJa.

4 IIporpamMMa U MeTOAMKA 3KCIEePUMEHTAIbHBIX HCCIeJ0BAHUM

[Tporpamma ucciaenoBaHui poTaloHHON TypOuHbI Rotado Oblna m3noxeHa
= TSXHMYCSCKOM 3a/laHud. BeIIepikKa U3 TeXHUUECKOro 3alaHusl:

5.1 HeoOxomuMO  HCHOBITaTh  CIENYIOIIME  MOZEIW  POTALMOHHBIX
SeETHISIMOHHBIX TypOwH Tmma Rotado 100, 110, 125, 160, 200, 250, 300, 315,
333.400. 500, 600, 680, 800;

3.2 Kaxayro MOIeNb UCIIBITATh ITPH CKOPOCTSAX moToka Vo, = 0.5, 1, 2, 3,4, 5,
5. 7. 10 . 15, 20 m/c. B cioydae, ecim CKOPOCTh CTparvBaHWA BEHTUISIMOHHOMN
Tipousn Oyazer Oomee 0,5 wm/c, uccienoBaHMA HAYMHATE CO  CKOPOCTH

CIpaIrMBaHus;

33 1as xaxaou momenu Rotado MCHoONb30BaTh BEHTUIISLIMOHHBIM KaHal
DEECHDOB2HHOH TIHHBL

5 4 32MepuTH CKOPOCTH NIOTOKA B KAXKIOM KaHane 6e3 yctanoBku Rotado mpu
emopocTsx gotoka V., =5, 10, 15, 20 M/c;
|

88007002460
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5.4 ns KaxmoH CKOpOCTH V,, IS KakIOW MONeIH Typbuabl Rotado
HEOOXOMUMO ONPEIEUTh CKOPOCTE TTOTOKA BO3LYXd B BEHTHIISI[HOHHOM KaHaie,
00BeMHBIH pacxon Boznyxa Q U CTaTHYECKOe ABIEHNE B KAHATE Rotado;

5.5 VaMepenus cKopocTeil OTOKA B a3pOAHHAMUIECKOM TpyO€e U CKOPOCTH B
Kanane Rotado HeOOXOmMMO HCIIONB30BATH IITATHBIE CPENCTBA, AT T-1K. B
OTHETE OTPA3UTE XaPAKTEPUCTUKH CPEJICTB U3MEPEHNH B METOIUKY M3MEPEHHIA;

5.6 PacuetHpIM  TIyTeM  HEOGXOMMMO  OIPEAEIHTH CIIeIyIOITIe
XapaKTePUCTUKH TypOuHbl Rotado: o6bemHBIN pacxon BO3LyXa B KaHale 3a
TYpOMHOH, CKOPOCTHOM HAIOp B BEHTHJIAIMOHHOM KaHaje, KO3 PUTTHEHTEI
MECTHOTO CONpOTUBNEHHUS Npu M3rube kanana Ha 30, 45, 90 rpamycos, morepn
Hamopa IJis NaHHBIX M3rHOOB KaHanoB. JIOIyCKAeTcs PACIIMPUTH KONMYECTBO
DPaCCYUTHIBAEMBIX XapaKTEPUCTHK;

B GonblimHCTBE ClTydaeB CKOPOCTh CTpArHBaHus GbUIA 3HAYUTEIHLHO GOJbIIIE
0.5 M/c, samepennas ckopocts Gblta mopsiaka 1-1,5 M/c. DT0 MOXKET GBITh CBSI3AHO
© HETOYHOCTAMH U3TOTOBJICHHUS U CIIab0¥ KOHCTPYKIHMEH IOAUINITHUKOBOTO y3iia
Rotado. Kpome Toro, creyer oT™MeTHTb, 4TO OmmbKa U3MEPEHUHN y aHEMOMETPOB
KDpUIbHATOr0 THIa Ha ckopoctsax 0,5..1,5 M/c [OCTATOYHO BBICOKA W
TSPMOAHEMOMETD J1aeT OoJiee TOUHbIE TaHHEIE.

Tax xaxk oco6o Maljlbl€ CKOPOCTH ITIOTOKAa IIJIIOXO HOAAAXOTCA H3MEPEHURO
TD2TUIHUOHHBIMU METOIaMU A3POAUHAMUYECKUX Tp}/6 MaJIbIX CKOpOCTeI/I OBLIO
IIDHHEATO peUICHUE HU3MEPATH CKOPOCTU MOTOKA B A3POAUHAMUYECKOU proe TaKuM

> gy
2

SPMOaHEMOMETPOM, KaK M B UMHUTATOPE BEHTUIIALIMOHHOT0 KaHaia Rotado.

g pacyera mapamMeTpoB COT'J1aCcHO TeXHI/IquKOMy 3a,Z[aHI/IIO,
HCII0IB30BAIUCH CJICOYIOIUE (I)OpMy.HBII

1) 1t pacdera obsemHoro pacxoma: Q = V*d, tme V — U3MepeHHas
CKOpPOCTh IIOTOKA B M/C, d — muamerp TpyObI TypOoJeeKkTopa B MeTpax.
[lonyyennoe 3Hauenue ymHO)amocs Ha 3600 s IIOJIy4YeHUs pacxoja B

M /Yg;

L CKOpOCTHOﬁ Hall0Op B BCHTWIALIMOHHOM KaHajle OIIpEaCIILICA 110
V2

. 2
DopMylle g = , Tne p = 1,225 ka/m° — IIOTHOCTH BO3AyXa, V —

H3MEDEHHas CKOPOCTh B KaHAJE;

5 :’:C‘E@GIIKHGHT COIIPOTHUBIICHUA ITIOBOpOTAa BGHTHHHL{I/IOHHOFO KaHala

pacuHTeIBalICs 10 opmyne Hekpacosa &gy = 0,051 + 0,19 —, rne d —

I/IBI‘

—_—

| 88007002460 14
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AMAMeTp KaHama, Ry, — pammyc usruba xamama. B pacuerax IIPUHSTO

COOTHOIIIEHHE = 1; Ilo sroit dopmyne ompememsiics KosphuruenT

U3r

COUpPOTHBICHUS 171 u3rHba TpybompoBoga Ha 90 rpagycos. Takke 1o
dopmyne Hekpacosa mms yrios wusruba TpyOompoBoga MmeHbnie 90
PanycoB KOS(QQHUUUEHT CONPOTHBIEHUS U yITIOB moBopoTta MeHee 90
Tpalycos paccuuthiBaics o Gopmyne &, = &4, sina, roe a — yTOJ
TIOBOPOTa BEHTUIIILMOHHOTO KaHAIIa,

V2
4) HoTepu Hamopa B KaHale ONMPeeNsIuCh O bopmyne h = & o 3necs V

— CKOPOCTh IIOTOKA, g — YCKOpeHue CBO6OIIHOFO HHaaACHUA.

Hnst amamusa  sddextuBnoctw  Rotado BBENICH KO3 dunmeHT
sodextuBHOCTH K3¢h. OH ONPENCIACTCS KaK OTHOIIEHHe OOBEMHOT0 pPacxona
BOSAYXa B BEHTUIMIIMOHHOM KaHase Rotado k NpousBeneHHIO CKOPOCTH TTOTOKA Ha
TJIOMIak nonepevnoro ceyenus Rotado. Dto mpoussenenue mveer Pa3sMEpPHOCTE
00BEMHOr0 pacxona W 0GO3HAYAETCA B HalbHEHITeM Ono. Cam xodddunueHt
SO PEKTUBHOCTH Ge3pasMepHBbIit u 0603HaYaeTCs K.

Ha pucynke 7 noxasan rpadux cpasremus MEXIy COOOH PasInYHBIX THUIIOB
Rotado mnpm ckopoctn mortoka oxomo 10 wlc. Hecmotpss Ha pas6poc
SKCIIEPUMEHTAIIBHBIX TOYEK, Ha Ipa(uKe BO3MOKHO YIOBHUTH YETKYIO TeHIEHLIUIO
K MaZleHUIo Ko unuenTa 3¢ GeKTHBHOCTH ¢ yBeIHM4EHUEM TUIopa3mepa Rotado.

Pucynok 7 — Kosddurment sbdexrusnocts ms pasHeIX TUnoB Rotado

88007002460 15
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6 MeTtoauka noadopa Rotado ajist pa3jin4HbIX YCI0BHH padoThI.

OcHoBHBIM KpuTepueM i mombdopa Rotado, cormacHo HOpPMAaTHUBHBIM
TOKyMeHTaM (CM. pa3iell | HAcCTOSIIero oTdeTa), sIBsieTcss 00BbeM yNasieMoro
BO3/yXa WM OOBEMHBIN Pacxoj B BEHTWISIMOHHOM KaHase Rotado. Ha pucynke
10 mpencraBneH rpaduK 3aBUCHMOCTH 00beMa yAaIsIeMOro BO34yXa OT CKOPOCTH
ITOTOKA B a’poauHaMuyeckoi Tpyoe ais Rotado Tunopasmepa «315».

JlaHHas 3aBUCHMOCTDh MOYET OBITh PACCMOTPEHA KaK JIMHEWHasl, OCTAIbHbBIE
3aBUCHUMOCTH JUJISl APYTHX THIIOpa3MepoB Rotado Takke MOTYT OBITh PaCCMOTPEHBI
xKak jmHeknHble (cM. [Ipunoxenus A u b). DTo 1mMo3BoJIIeT SMIUPUIECKAM ITyTEM
BBIBECTH TIPOCThIE aHaTUTHYecKue (OPMyJBI ISl pacdeTa 00BEMHOIO pacxona
Bo3myXa B KaHaie Rotado. YpaBHeHue npsmoi onpenensercs koapouimentamu k
# b, KoTOphle OBUIM OIpEIeNeHbl s Pa3IMdHbIX THUmopasMepoB Rotado mpu
TIOMOIIM YUCJIEHHOIO0 METONa MEHBIIMX KBaJgpaTOB W3 CTAHIAPTHOTO TMaKeTa
cuctembl LabView. Pe3ybpTaTs! ipeacTaBieHs! B Tadbnuiie 4.

L
3
»
(5]
(SR

X 2

= fa}

V1p

Pucynoxk 8 — 3aBUCUMOCTh 00BeMa yIaasieMoro Bo3ayxa (M /4) 0T CKOPOCTH
noToxa (M/c).

88007002460 16
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Tabmua 2 — Pesynprarel JUHeapH3ALNM  JAHHBIX 9KCIIEPUMEHTATBHEIX
uccinenoBanuit Rotado
| Tunopazmep | 100 110 125 160 200 250 300
'k 13.46 1638 |20.73 32.16 | 40.866 |61.82 |96.85
b -8.845 -12.94 | -13.67 |-59.98 |-66 -73.16 | -60.09
Tunopasmep | 315 355 400 500 600 680 800
'k 91.6 127.13 1 167.138 | 252.19 |352.19 |437.89 |501.64
b -134.88 |-220.2 | -156.18 | -436.8 |-245 -683.3 |-502.9

Ilo manHbIM TaGIMIB! 2 MOXKHO OIpPENETUTh 3aBHCHUMOCTD KO3 PHUITUEHTOB
k u b npamoii 3aBucHMocTH 06bBeEMa yHAISEMOro BO3[yXa OT TUIOpa3Mepa
neduexTopa. 9. Taxas
3aBUCHUMOCTh HOCUT HMONMHOMHUABHBIA XapakTep M MOXET OBITh HPOCTO OIHCAaHA

Taxass 3aBMCHMOCTB Ipe[CTAaBIEHA HAa DHCYHKE
TIOJIMHOMOM BTOPOIO HOPSANKA BHAA y = ax’+bx-+c, rie Y — koa¢pdunmenr k, x —
Trnopasmep Rotado, a, b, ¢ — monuHOMuaBHBIE KO3bduImenTs. [locae aHANMH3a
3aBUCHMOCTEH OBLIO MOMYy4YeHO CleNylollee YpaBHEHHsS I IIOJIyYCHHS
KosQdunuenta k: k = 0.00054°+0.292d-30.715; 3nech d — tunopasmep Rotado,
OpaTh B MUIITUMETPAX.

3aBucHMOCTb KO3(duImeHTa b or tunopasmepa Rotado mpencrasinena ma
pucynke 10. Ha sTom pucyHke BUIHO, 4TO pa3bpoc 3HaueHHi K03 durtuerTa b
BEChMa BEIAK M IPOCTOH (OPMBI KPHBOH ONPENENHTb MO PUCYHKY HE YLAETCH.
ITO CBA3aHO ¢ pa3bpOCOM SKCIEPUMEHTANBHBIX TAHHbIX. [TosToMy GBLTO PUHATO
DCIICHUE  allIPOKCUMUPOBATE 3aBHCHMOCTh KO3(GHIMeHTa b mHpu momomu
npAMOM. Ha ocHoBe ammpoxcumaimm GBIIO MONY4YeHO CIelyIollee ypaBHEHUE
npaMoit: b = -0.847d +105.123; 3nech b — xosdhdummenT YPaBHEHUS TIPAMOH, d —
THnopasmep Rotado (as1s1 pacdera Gpath B MULTHMETPAXx).

88007002460 7
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Pucynox 9 — 3aBucumocts kosdduruenta k (GespasmMepHsIii) OT THIOpa3Mepa
Rotado (B MummMerpax).

I

<HA > A S - A N i D 2 RSO SO ST-| eI | S | (eSO
Tunopasmep

Pucynok 10 — 3aBucumocts kospunmenta b (6e3pa3sMepHEIii) oT TUIIOpa3Mepa
Rotado (B MmummmMeTpax).

Ilpu pabore Rotado ¢ BeHTWISIMOHHEIME KaHATAMH OONBIION JTHHEI
HEOOXO/IMMO YYMTBIBATE IIOTEPU HATIOPA HA TPEHHE O CTEHKH KAaHAJIA, MECTHBIE
noTepu U nepenar BeICOT. OHM pacCYUTHIBAOTCS CIEMYIOMIM 00Pa3oM:

2
AR = E;/—g;

3nech Ah - BeNWYMHA NOTeph (Ha TpeHWe Jub0 MECTHBIE MOTepH (moBopoTt
KaHaja); § — Ko3(QQUIMEHT CONPOTUBIECHHS; V — CKOPOCTh MOTOKA; g — YCKOPEHHE
CBOOOTHOTO NMageHusl.

88007002460 ' '
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Kosddurment comporuBieHus ¢ [ TOTEPh Ha TPCHUE BBIPAKACTCA

% [
bopmynon ¢ = A=, T 2 — KO3pO ULKUEHT THAPaBIMYSCKOro TPEHHUs, [ — JJIMHA
KaHana, d — guaMeTp KaHana. [ BBIYHCIICHUS kod(ppunreHTa 1 CyIeCTBYIOT

HECKOJIBKO depMy.H B 3aBUCHAMOCTH OT Ymcja PeulHoipaca u oIepoxoBaTOCTH
75

CTeHOK KaHana. [lus rmaakoro kanana: g gucen PefiHonmbca MEHEe 2500: 2= —;

0316%. Tl GonbIIMX 4Hcenl Re

Re0.25°

Jlis KaHana ¢ eCTECTBEHHOM

Jns gucen Penonpaca or 2500 o 100000: 4=

1

MOYKHO BOCIIOJIB30BATHCA (bOpMy.HOI/I. A= m

68
Re

BBICTYIIOB IEPOXOBATOCTH. Re — 4Wmcia0 PelHONBACA — XapaKTEPU3YET PEXUM

A 0.25
HICPOXOBATOCTBIO! A= 0.11(;3%- > . 3II€CI) A, — DJKBHUBAJCHTHasd BEJINYHHA

Teuenus B Kanaie. [Ipu Re menee 2500 pexxnM TedeHHMs JaMUHAPHBIN, BBIIIE —
o vd v
TypOyNeHTHBIN. Re = —; B 5T0# Qopmyse v — KHHEMATHIECKas BISKOCTE BO3MYX4,

noxoupaeTcs mo Tabnure 3.

Tab6muia 3 — KuremaTrueckas BI3KOCTh BO3AyXa IIPHU Pa3HBIX TeMIIEpaTypax

L, °C -50 -45 -4 -35 -30 =25 -20 -10

8923 9,64 10.04 10,42 10.8 11,21 11.61 12,43

-5 { 15 20 39 40 30
:}“ 17y O 1 MO 41y 14 £ 3 2 A 14 4 Ny T
12.86 i3.28 14,16 14.61 15,06 16 16,96 17.95

Jlnst ydera pasMUYHBIX IIOTEPh BOCIOJIB3YyEMCs 3aKOHOM COXPaHCHMS
sHeprud. B MexaHWKe ra3oB 3aKOH COXPaHEeHUs SHEPTHHU BBIPAKAeTCs B (opme
vpaBHeHHus bepHyun. YpaBHeHUe bepHYIUTH UMELT BUL:

V2
pT + pgh + p = const;
OI[HB.KO B 4HMCTOM BHIC YpaBHCHUC BepH}/HHH OTHOCHUTECIJIBHO CJIOXKHO IJIA

NpHEMEHEHHUS ¥ B WH)KEHEPHBIX pacueTax IOJNB3YIOTCS BBIpAKEHHEM H = const, TAE
= — IIOJIHBIN HAIIOP.

[ToNHEIN HAIIOP PaBEH:

VZ
5}
3H€CB z - BepTI/IKaJH)Haﬂ KOOpI[I/IHaTa paCCManHBaeM0ﬁ TOYKH, P —

H=z+—+
rg

zmvocdepHoe TaBieHue, p — INIOTHOCTEL BO3AYyXa.
31ech TIOJIHbBIM HANOp paBeH

88007002460 ?
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I[HH ydaeTa ImoTephb pacCMOTPUM TIOJIHBIN Harmop BEHTHUIIXOHHOT'O KaHalla B

P, V2.
L . ¥
pug 29

Temeps paccMOTPUM TIOJIHBIA HAIOP € YYETOM ITOTEPD:

YCIIOBHSX, KOTIa TOTEPSIME MOXXHO IIpeHedpedb:H, = z, +

H, = 7, + 22+ 2 4 3h;

P52 >
31ech Th, — CyMMapHasl BeIMYUHA TTOTEPb. Th, paBHa CyMMe BCEX MOTEPH 110
TUIMHE BEHTWISIMOHHOIO KaHama. [IpuMeM [NOIyILIEHHE, YTO B OKCIIEPUMEHTE B
aspoAMHAMHUYECKol Tpybe GbUIM MONydeHbl XxapaKTepHCTHKH Rotado, Giuskue K
WNeanbHBIM, U DA3IMYHBEIMM [OTEPSIMHM B OKCIEPHMEHTE MOXHO IIpeHeOpeyb.
Torga MOXHO IIPHPABHATH HAIOp B WIEATbHOM ClIydae (IKCIEPHMEHT) U

peanbHOM (C moTepsiMu). Torna:

Py Vil Py %? s
Zy -4 t=g,+—+t-~=+Eh
Yopag 24 P pg 29 2

P v} v
CuuTaeM BelUYUHY z + r (cTaTudeckoe MaBJICHUE) HEU3MEHHOUW U PaBHOU

atMocdepHoMy nasieHunto. Konebanus aTMOC()EPHOTO JaBIEHUS MPEHEOPEKUMO

MaJlbl [T0 CPaBHEHMIO ¢ IMOTEPSIMU HAropa B BEeHTWIAIKMOHHOM Kanaje. ITostomy
P, P

MOXKHO TIPHHSTB IONYyWICHHE, UTO z, + = 2, + - TakuM 00pa3oM, BhIpaKe€HUE
n p

2
Va

J1714 HaIopoB IHOPpHMET BHUI: 25

V. 2
=2 +3h,; Torma, 3amucaB BbIpaXEHUE
29

OTHOCHTEIBHO V,, ITOJIYUUM:
Y, = V= Zg%h;

Taxum 06pazom, MBI IOJYYUM CKOPOCTh IIOTOKA B KaHalle C y4eTOM IOTEPh
C HEKOTOPBIMHU MomyileHusiMu. Jlanmee 1o 3TOMYy 3HA4eHHIO OyHeT IpPOU3BEIEH
pacuer 00beMa yAanseMoro Bo3ayxa B IOMEIECHUH.

Ha oCHOBaHUU BBIIEH3I0KEHHOIO, MOXHO C(OPMYIMPOBATH METOMUKY
pacyera o0BeMa yaansieMoro Bo3ayxa (B M°/4) OT CKOPOCTH TTOToKa (M/c).

Jnsgs  WUIIOCTpariy  KOPpeJAIuu  MEeXAy METOOMKOM pacyera U
SKCTIEpUMEHTAIBHBIMU JJAHHBIMU 10 METOJMKE pacdeTa NPOBENEeHBl pacyeThl IJII
Rotado tumopasmepa 680. Ilocie pacuera xapaxTepucTuk Rotado, paccuuraem
¥2DaKTEPUCTUKUA [UJII BEHTWISILMUOHHOTO OTBEPCTHs, HAXONSINEroCs BHHU3Y
TIHHHOM BEPTUKANBHONW HUIMHAPUYECKOH maxTel myinHOW 10 M nuamerpom 0,68
M C OHUM TIOBOpOTOM KaHana Ha 90 rpamycos. B ciydae, eciii I0OBOPOTHI KaHaja
OTCYTCTBYIOT, CYMMapHble IOTePU CYUTATh PABHBIMHU IIOTEPSAM I10 JJIHHE.

1) 3agmats tumopasmep Rotado. B mpumepe OynmeTr paccMaTpuBaThCsS
Tunopasmep 680.

2) Omnpenennts KO>QQUIKMEHTH k ¥ b Ui TAHHOTO THIOpasMepa. kgsp =
1.0005-680°+0.292-680-30.715=399.045; bgsy = -0.847-680 +105.123=-575.724;

3) OmpeaenvTh CPeIHErOAOBYIO CKOPOCTh BETpa B PaliOHE, I/ie IUTAHUPYETCS
vcraHoBuTh Rotado. Ilpu  OTCYyTCTBHM TOYHBIX CTATHCTHYCCKMX —JTaHHBIX

88007002460 .
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Bocrosb30Batecss CHull 23-01-99 «CTpourtesbaas KIHMATOIOMHSDS, g ropoma
YeGokcaps! on 1aeT 3Hauenue CKopoctHu Betpa V., = 5 m/c.

4) Omnpenenuth 3HaueHHEe YacOBOrO oGBeEMa YHAJIIEMOr0o BO3AyXa IIO
dopmyne Q =k-V, +b; Torma Qg = 399.045-5-575.724 = 1419.501;

Hamee crnemyer yuects morepm. Tak kak 1o YCTIOBUSAM TIpUMepa
TIPUCYTCTBYIOT U MECTHbIE IIOTEPH HAIopa, W IOTEPH II0 JJIMHE, IIPUMEM Ih, =
Ahy + Ah,.. Torna:

5) Onpenenurs MecTHbIE TIOTEpH HaTopa (AJd yria moBopoTa Kanama 90
TPafycoB), Il 9E€ro HCIONb3YeTCS 3HAUEHWE &, U3 TaONUIBl 2, 3Ha4YeHHe

CKOPOCTH TOTOKA ISt HPUOJIMIKEHHBIX PACYETOB MOIYUHTH W3 Qsso (yaecTs, 4ToO
Q

pacxoj M3MepsieTcs B M/4, a CKOPOCTH TIONTy4YaeTcss B M/c) V, = Teoos = 1,086: AR, =
2 2
E2 = 0.24- 2% _ 00144 ;

2g 2:9.81
6) OmnpesennuTs moTepw Hamopa 1o JTHHE (Ha TpeHME O CTEHKH KaHala).
BeHTHISUMORHEI KaHam GyneM cuuTaTh rmagkuM. [lng storo ompenenuts
CHadanma 4ucno Pedinonsnca. Mo ycmoBusim npuMepa, nuameTp Kaxama 0,68M,
BOSBMEM KUHEMAaTHYECKYIO BSI3KOCTh BO3LYXa IS HOPMAJbHBIX ycnosuii (20°C).

vd ,086-0.
Torna Re == =%266—3068z 49000. 3TO YMCNO HAXOAWTCA B HHTEpBaie oT 2500 10

_ 0.3164 1 v,?
100 000, Torma xosbdunuenr 1 = 7oz = 0.0213. Tormaan, = A5 =0.0188 m.

7) Ompenenum CKOPOCTb B KOHIIE BEHTUIAIHMOHHOTO KaHajla C y4eTOM
[IOTEPB:
V=2 -2g(bh, +4hy) = 0,59 m/c; Torma 9, = V8§ =3600-0.59-0.363 = 771.012
TaKHM O6pa30M, BHIOIHO, YTO CKOPOCTH B Hayajle U B KOHIIE
BCHTUIBILIMOHHOTO KaHajIa MOTI'YT 3HAQUUTEIBHO pasimn4yaTtsca opu 6OJII>IIIOI>i €ro

ATHHE W HAIMYNK 3HAYUTENbHBIX IPEnsATCTBUM. [Ipu nonbope Rotado cinenyer sto
VYUTHIBATE.

Hist unmoctpauuu  paznuyuit MEXNYy pacYeTHBIMU 3HAYEHUSIMH U
XCIICPUMEHTAIBHO H3MEPEHHBIMH IIOCTPOEH TpaduK Ha pucynke 11. Kpome Toro,
2 HEM [IPOMIUTIOCTPUPOBAH IPadyK C y4eTOM MHOTEPE Haropa.

-—
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3akawyenue
ITo pesynbpTaTtam nanHOM PaboTHI BO3MOYHO 3aKIFOUNTD CIeyIoIIee:

1) 3apaun HUP, nocrasnenHsie B TeXHIIECKOM 3a7aHuy pelieHkl B IOTHOM
obbeme. [IpoBenens! ucciemosanms A3POAUHAMHUYECKUX XapaKTepucTuK Rotado
Pa3HBIX  THIIOPa3MEPOB, PACCUMTaHBl HEOOXOMUMBIE IapaMeTpel, pa3paboTaHa
meronuka mnonbopa Rotado nns obecrevenmus, NIPOBEJICHA BUICODHUKCAIINS
SKCIICPUMCHTOB M €€ aHaJM3, HaHbl PEeKOMEHIALMU II0 CO3MaHUU KOMILIEKCHOM
CHUCTEMBI BeHTHJISILVH Ha OCHOBE BJIEKTPOBEHTUIIATOPOB U Rotado.

2) IlpoBenieHHBIE UCCIENOBAHUS a3POJUHAMAIECKIX xapakTepuctuk Rotado
[TOKasay, 4To OHK OIHO3HAYHO Oosiee >)PEKTUBHBI B CpABHEHUU C OTKPBITOM B
aTMOC(epy BEHTWIILMOHHOM IWIaXTOW, M WX 5(QEKTUBHOCTE BO3pacTaeT ¢
YBEIMICHUEM  CKOpPOCTH BeTpa. CpemHuM NpupocT 5GQEeKTHBHOCTH 10 Bcem
CKOpOCTAM W THIOpasMepam coctaBull 36%. Kpome Toro, amamus pe3yJbTaToB
SKCIIEPHMEHTOB 1OKas3all, YTO BBITOJHES WCIIOIB30BaTh HECKONbKO Rotado
MEHBILEr0 ThaMeTpa BMECTO OLHOTO GOJIBIIOTO.

3) PaspaboTanHHas u mpuBeneHHAS B JAHHOM OTYETe MeTOIMKa Hoadopa
Rotado mcxonst us Tpebyemoro o6bema YAQIAEMOI'0 BO3AyXa IS IIOMELICHHS
MOKET OBITh MCIONB30BAHA NI pacyera KOTHYECTBA W BbIOOpa THUIOpa3Mepa
Rotado s momeryeHui pasiUYHOTO THIA M HA3ZHAYCHS OnHako mpu ee
ADUMCHCHHU CJIENyeT MMeTh B BHIY, 4TO 0o0beM ymamsiemoro Rotado BO3JlyXa
-#-TPHO 3aBHCUT OT CKOPOCTH BETpa B NAHHBIN KOHKPETHBIH MOMEHT.,

4) Ha nmauHbIfi MOMeEHT B OTKPBITOH II€YaTH HE CYIIECTBYeT HOAPOGHOTO
=Ha1H3a a3PONMHAMUYECKHX XapakTepucTHK Rotado. Pesyibrarsl nanHOM paboThI
TO3BOAT  1aTh  NPENCTaBIeHHE 00  OCHOBHBIX adPOIUHAMUYECKIX
“apaxktepuctukax Rotado Rotado, wx memocratkax wu NyTAX JajdbHeHIeH
MoaepHu3anuu Rotado.
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Ipunoxenne A.

Pe3ybTaThl KCIIEPHMEHTOB B rpauveckoii popme
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Pucynok A.1 - Rotado Tunopasmepa «100».
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Pucynok A.2 - Rotado Tumopasmepa «110».
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PucyHox A.3 - Rotado tumopasmepa «125».
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Pucysok A.4 - Rotado tumopasmepa «160».
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PucyHok A.5 - Rotado tumopasmepa «200».
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Pucynok A.6 - Rotado Turiopasmepa «250».
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Pucynox A.8 - Rotado Tumopasmepa «315».
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Pucynox A.10 - Rotado tumopasmepa «400%.
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PucyHok A.14 - Rotado Tunopasmepa «800».
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IIpunoxenue b.

Pe3yabTaThl 3KCHePHMEHTOB B TabanuHo# dopme
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Tabmuma b.1 - Rotado tunopasmepa «100».

Rotado
V1p Vi Qtx Qx Kad q
M/C M/C Mg vo/a o/p kr/m*c?
1.07 0.104 30.25354 2.940531 0.097196 0.006625
2.014 0.611 56.94451 17.27562 0.303376 0.228659
2.976 1.163 84.14442 32.88305 0.390793 0.828449
3.966 1.582 112.136 44.73 0.398891 1.532918
5.046 2.104 142.6723 59.4892 0.416964 2.711425
5.964 2.564 168.6281 72.49539 0.429913 4.026634
6.95 3.038 196.5066 85.89743 0.437122 5.653034
10.032 4.529 283.6481 128.0545 0.451455 12.5635
14.995 6.701 423.9736 189.4663 0.446882 27.50333
20.063 9.272 567.268 262.1596 0.462144 52.65662
£90 £45 £30 h90 h45 h30
6/p 6/p 0/p M M M
0.241 0.1871 0.1323 0.000133 0.000103 7.29E-05
0.241 0.1871 0.1323 0.004586 0.00356 0.002517
0.241 0.1871 0.1323 0.016614 0.012898 0.009121
0.241 0.1871 0.1323 0.030742 0.023867 0.016876
0.241 0.1871 0.1323 0.054376 0.042215 0.029851
0.241 0.1871 0.1323 0.080752 0.062692 0.04433
0.241 0.1871 0.1323 0.113369 0.088014 0.062235
0.241 0.1871 0.1323 0.251955 0.195605 0.138314
0.241 0.1871 0.1323 0.551566 0.428208 0.302789
0.241 0.1871 0.1323 1.056002 0.819828 0.579706
OTKpPBITHIY KaHAII
V1p Vk Qx
Mm/c m/c M /g
4.982 1.652 46.7092
9.978 2.556 72.2692
14.986 4.505 127.3759
20.06 5.342 151.0415
Tabnuua b.2 - Rotado Tunopazmepa «110».
Rotado
V1p VK Qtx Qx Koad q
m/c M/c M/ M/ o/p Kkr/mc?
1,055 0.096 129,132 3,284347 0,025434 0,005645
1,982 0.564 242,5968 19,29554 0,079537 0,194834
3,033 1,079 371,2392 36,91469 0,099436 0,713098
4,0 1,527 493,272 52,24164 0,105908 1,428184
5,015 2 613,836 68,42389 0,111469 2,45
88007002460 >
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6,016 2,45 736,3584 83,81926 0,113829 3,676531
7,029 2,971 860,3496 101,6437 0,118142 5,40644
10,026 4.555 1227,182 155,8354 0,126986 12,70817
14,964 6,987 1831,594 239,0389 0,130509 29,90113
19,965 8,999 2443.716 307,8733 0,125986 49,60148
£90 £45 £30 h90 h45 h30
6/p 6/p 6/p M M M
0,241 0,1871 0,1323 0,000113 8,79E-05 6,21E-05
0,241 0,1871 0,1323 0,003907 0,003033 0,002145
0,241 0,1871 0,1323 0,014301 0,011102 0,007851
0,241 0.1871 0,1323 0,028642 0,022236 0,015723
0,241 0,1871 0,1323 0,049134 0,038145 0,026972
0,241 0,1871 0,1323 0,073731 0,057241 0,040476
0,241 0,1871 0.1323 0,108423 0,084175 0,05952
0,241 0,1871 0,1323 0,254856 0,197858 0,139906
0,241 0,1871 0,1323 0,599652 0,46554 0,329187
0,241 0,1871 0,1323 0,994733 0,772261 0,546071
OTKpBITHI KaHaT
V1p Vk Qx
M/C M/ Mg
5 1,634 55,90232
9,991 3,208 109,7519
15,039 4,612 157,7855
20,041 5,819 199,0793
Tabmnua b.3 - Rotado turopasmepa «125».
Rotado
V1p VK Qtno Qx Kag q
M/c M/c Mg M /g 6/p Kr/m*c?
1,054 0,144 136.5984 6,361725 0,046572 0,012701
2,015 0,695 261,144 30,70416 0,117576 0,295853
3,005 1,171 389,448 51,7332 0,132837 0,839885
3,991 1,568 517,2336 69,27212 0,133928 1,505907
4,987 2,021 646,3152 89,28504 0,138145 2,50172
5,979 2,474 774,8784 109,298 0,141052 3,748914
7,031 2.932 911,2176 129,5318 0,142152 5,265432
9,98 4,355 1293,408 192,398 0,148753 11,61669
15,018 6,717 1946,333 296,748 0,152465 27,63483
20,104 9,166 2605,478 404,9415 0,155419 51,45953
£90 £45 £30 h90 h45 h30
6/p o/p 6/p M M M
0241 0.1871 0,1323 0,000255 0,000198 0,00014
- 01323 | 0,005933 0,004606 0,003257
88007002460 !




0,241 0,1871 0,1323 0,016843 0,013076 0,009246
0,241 0,1871 0,1323 0,0302 0,023446 0,016579
0,241 0,1871 0,1323 0,050171 0,03895 0,027542
0,241 0,1871 0,1323 0,075183 0,058368 0,041272
0,241 0,1871 0,1323 0,105596 0,081979 0,057968
0,241 0,1871 0,1323 0,232967 0,180864 0,12789
0,241 0,1871 0,1323 0,554203 0,430256 0,304237
0,241 0.1871 0,1323 1,031995 0,80119 0,566527
OTKpBITHIN KaHAaJ
V1p Vk Qx
Mm/c M/c M/
4,969 1,715 75,76638
9,984 3,027 133.7288
14,973 4,432 195,7998
20,033 5,764 254,6457
Tabnuna b.4 - Rotado Tunopazmepa «160».
Rotado
V1p Vi Qrx Qx Kad q
M/c M/c M/ M /4 6/p kr/m*c
1,962 0,152 268,4016 11,00211 0,040991 0,014151
2,977 0.44 407,2536 31,84821 0,078202 0,11858
4,072 0,868 557,0496 62,82783 0,112787 0,461472
5,033 1,338 688,5144 96,84751 0,140662 1,096524
6,058 1,862 828.7344 134,7758 0,162629 2,123564
7,055 2,273 965,124 164,525 0,17047 3,164499
10,041 3,781 1373,609 273,6775 0,19924 8,756276
15,003 5,986 2052,41 433,2804 0,211108 21,94722
19,931 7,889 2726,561 571,0239 0,20943 38,11975
£90 £45 £30 h90 h45 h30
o/p 6/p o/p M M M
0,241 0.1871 0,1323 0,000284 0,00022 0,000156
0,241 0,1871 0,1323 0,002378 0,001846 0,001305
0,241 0,1871 0,1323 0,009255 0,007185 0,00508
0,241 0,1871 0,1323 0,02199 0,017072 0,012072
0,241 0.1871 0,1323 0,042587 0,033062 0,023379
0,241 0.1871 0,1323 0,063462 0,049269 0,034839
0,241 0,1871 0,1323 0,175603 0,136329 0,096399
0,241 0,1871 0,1323 0,440141 0,341703 0,241621
0,241 01871 10,1323 | 0,764473 0,593499 0,419667
88007002460 %
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OTKpBITHIM KaHAL

V1p

\VK
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m/c

M/c

Mo /4

4,969

1,715
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9,984

3,027

133,7288

14,973

4,432

195.7998

| 20,033

|
5,764 |

254,6457

Ta6muna B.5 - Rotado tunopasmepa «200».
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Rotado
V1p VK i Qtx Qx Koad q
m/c | M/c M4 WA o/p kr/m*c?
1,926 0.101 277,344 11,42283 0,041187 0,006248
3,05 0,422 4392 47,72708 0,108668 0,109076
4,002 0,787 576,288 89,0076 0,15445 0,379364
5,013 1,267 721,872 143,2943 0,198504 0,98324
6,049 1,688 871,056 190,9083 0,219169 1,745223
7,023 1.932 1011,312 218,5041 0,21606 2,286232
10,014 3,144 1442,016 355,578 0,246584 6,054401
14,996 4,929 2159.,424 557,4568 0,258151 14,88071
19,932 6,496 2870,208 734,6803 0,255968 25,84628
£90 E45 €30 h90 h45 h30
o/p o/p 6/p M M M
0,241 0,1871 0,1323 0,000125 9,73E-05 6,88E-05
0,241 0,1871 0,1323 0,002187 0,001698 0,001201
0,241 0,1871 0,1323 0,007608 0,005906 0,004176
0,241 0,1871 0,1323 0,019718 0,015308 0,010825
0,241 0.1871 0,1323 0,035 0,027172 0,019213
0,241 0,1871 0,1323 0,045849 0,035595 0,02517
0,241 0,1871 0,1323 0,121418 0.,094263 0,066654
0,241 0,1871 0.1323 0,298425 0,231683 0,163824
0,241 0.1871 0,1323 0,518334 0,402409 0,284546
OTKpPBITBIA KaHAI
V1p VK QK
M/c Mm/c WA
4,969 1,715 75,76638
9,984 3,027 133,7288
14,973 4,432 195,7998
20,033 5,764 254,6457
88007002460 %
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Ta6muma B.6 - Rotado TANOpa3Mepa «250».

m-mmm_m

, 0.249 3546662 | 44,00193 0,124066 0,037976
mm 535.9753 | 112,5672 0,210023 0,248534
4,003 0.854 707.3885 | 150,9143 021334

mm 890,4648 203,7519 0,228815 0,814263
8 1065412 | 322,3274 | 0502538 | 2037773

€90 £45 &30 h90 s w0 |
6/p [ 6lp 6/p P T I
g o] oo
-ml
0.241 0.1871 | 0.1323 0,008958
020 O s ool o0ueTE | 0Me

O ST onm| oewser| 0BT, e
T ot onm| oo 00REH_Grn,
0,241 0.1871 0,1323 0137193 | 0.10651 |
o R[N NCNE+ e T
, T asleo] 040013 02863

Ta6muna B.7 - Rotado TunopasmMepa «300».

___—w |V [ Quz Qx Kot r
m/c | M/c | v/ M/ | 6/p M
T
o eewl el OSERL

T wer| | ozt 0BEC
e wmum| osual 0O
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7,026 2,463 2200,543 626,7572 0,284819 3,715651
10,094 3,699 3161,441 941,2808 0,297738 8,380593
14,962 5,51 4686,098 1402,124 0,299209 18,59556
20,124 7,261 6302,837 1847,699 0,293154 32,2923

£90 £45 £30 h90 h45 h30
6/p 6/p 6/p M M M

0,241 0,1871 0,1323 3,58E-05 2,78E-05 1,97E-05

0,241 0,1871 0,1323 0,001792 0,001392 0,000984

0,241 0,1871 0,1323 0,008462 0,006569 0,004645

0,241 0,1871 0,1323 0,019439 0,015092 0,010671

0,241 0,1871 0,1323 0,042908 0,033312 0,023555

0,241 0,1871 0,1323 0,063854 0,049573 0,035053

0,241 0,1871 0,1323 0,074516 0,05785 0,040906

0,241 0,1871 0,1323 0,168069 0,13048 0,092263

0,241 0,1871 0,1323 0,372925 0,28952 0,204722

0,241 0,1871 0,1323 0,647606 0,502769 0,355512

OTKPBHITBIN KaHaT
V1p Vx Qx
Mm/c M/ Mg

4,982 1.652 420,3828

9,978 2,556 650,4228
14,986 4,505 1146,383

20,06 5,342 1359.373

Tabmuna b.8 - Rotado Tunopazmepa «315».
Rotado
V1p VK Qtx Qx Kad q
Mm/c m/c M/ Mg o/p kr/m*c’
3,012 0,484 965,0448 135,7872 0,140706 0,143482
3,991 0.782 1278,716 219,3917 0,171572 0,374558
5,01 1,102 1605,204 309,1684 0,192604 0,743822

6,016 1,583 1927,526 4441139 0,230406 1,534857

7,009 1,834 2245.684 514,5325 0,229121 2,060178
10,025 2,899 3212,01 813,3205 0,253212 5,147573
15,027 4,467 4814,651 1253,226 0,260294 12,22188
20,024 5.964 6415,69 1673,213 0,2608 21,78619

£90 £45 £30 h90 h45 h30
6/p 6/p o/p M M M

0,241 0,1871 0,1323 0,002877 0,002234 0,00158

0,241 0,1871 0,1323 0,007512 0,005832 0,004124

0,241 0,1871 0,1323 0,014917 0,011581 0,008189

0,241 0,1871 0,1323 0,030781 0,023897 0,016898

0,241 0.1871 0.1323 0,041316 0,032076 0,022681

88007002460 N
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0,241 0,1871 0,1323 0.103232 0,080144 0,056671
0,241 0,1871 0,1323 0,245104 0,190286 0,134553
0,241 0.1871 0,1323 0.,436911 0,339196 0,239848
OTKpHITHIA KaHaT
V1p VK Qx
Mm/c m/c W
5 0.83 232,8582
10,009 2,174 609,9202
14,978 3.3 925,8219
20,037 4,336 1216474
Ta6mauia b.9 - Rotado tunopasmepa «355».
Rotado
V1p Vx Qtn Qx Kad q
M/C M/C Mg M/ o/p kr/vc?
1,023 0,015 486,1296 5,344909 0,010995 0,000138
1,956 0.17 929.4912 60,57564 0,065171 0,017701
2,998 0,276 1424.,65 98,34633 0,069032 0,046658
4,006 0.803 1903,651 286,1308 0,150306 0,394946
5,001 1,109 2376,475 395,167 0,166283 0,753302
6,006 1,484 2854,051 528,7897 0,185277 1,348882
7 1.859 33264 662,4124 0,199138 2,116727
10,008 2,754 4755,802 981,3254 0,206343 4,645516
15,038 4,764 7146,058 1697.,543 0,23755 13,90111
19,964 6,631 9486.893 2362,806 0,24906 26,93172
£90 €45 £30 h90 h45 h30
6/p 6/p 6/p M M M
0,241 0,1871 0,1323 2,76E-06 2,15E-06 1,52E-06
0,241 0.1871 0,1323 0,000355 0,000276 0,000195
0,241 0.1871 0.1323 0,000936 0,000726 0,000514
0,241 0.1871 0,1323 0,00792 0,006149 0,004348
0,241 0,1871 0,1323 0,015107 0,011728 0,008293
0,241 0,1871 0,1323 0,027051 0,021001 0,01485
0,241 0.1871 0,1323 0,04245 0,032956 0,023303
0,241 0.1871 0,1323 0,093164 0,072328 0,051143
0,241 0.1871 0,1323 0,27878 0,216431 0,15304
0,241 0,1871 0,1323 0,540102 0,419309 0,296496
OTKpBITBIA KaHa
V1p VK QK
M/c M/c M /d
5,037 0,898 319,9819
10,045 2,204 785,3454
14,977 3.67 1307.721
20,014 4,683 1668.681
- 88007002460 2




Ta6muna B.10 - Rotado Turopasmepa «400».

r Rotado
V1p VK Qtxo Qx Kod q
m/c M/ Mg M/ 6/p kr/m*c’
2,064 0.346 1344,902 156,5267 0,116385 0,073326
2,974 0,739 1937,858 334,3157 0,172518 0,334499
3,983 1.18 2595,323 533,8194 0,205685 0,852845
5,004 1,546 3260,606 699,3939 0,214498 1,463946
6,032 1,914 3930,451 865,8732 0,220299 2,24383
7,019 2,197 4573,58 993,8994 0,217313 2,956421
9,949 3.373 6482,768 1525,909 0,235379 6,968492
14,967 5,152 9752.,497 2330,71 0,238986 16,25765
£90 €45 €30 h90 h45 h30
6/p 6/p 6/p M M M
0,241 0.1871 0,1323 0,001471 0,001142 0,000807
0,241 0.1871 0,1323 0,006708 0,005208 0,003683
0,241 0.1871 0,1323 0,017103 0,013278 0,009389
0,241 0.1871 0,1323 0,029359 0,022793 0,016117
0,241 0,1871 0,1323 0,044999 0,034935 0,024703
0,241 0.1871 0.1323 0,05929 0,046029 0,032548
0,241 0.1871 0,1323 0,13975 0,108495 0,076717
0,241 0.1871 0,1323 0,326039 0,253121 0,178983
OTKpBITEIA KaHaj
V1p Vx QK
M/c m/C Mg
5,037 0,898 319.,9819
10,045 2,204 785,3454
14,977 3,67 1307,721
20,014 4,683 1668.681
Ta6muna B.11 - Rotado tumopasmepa «500».
Rotado
V1p VK Qrx Qx Ko q
M/ Mm/c M/ M/ 6/p Kr/m*c’
1,956 0,17 1513,944 120,1659 0,079373 0,017701
2,998 0,276 2320,452 195,0929 0,084075 0,046658
4,006 0,803 3100,644 567,6073 0,183061 0,394946
5,001 1,109 3870,774 783,9059 0,202519 0,753302
6,006 | 1,484 4648,644 1048,978 0,225652 1,348882
7 ; 1,859 5418 1314,05 0,242534 2,116727
10,008 | 2,754 7746,192 1946,688 0,251309 4,645516
| 15,038 4,764 1163941 3367473 0,289316 13,90111
38007002460 ®
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19,964 ‘ 6,631 ’ 15452,14 4687,178 0,303335 26,93172
£90 | €45 £30 | h90 h45 h30
6/p 6/p o/p M M M
0,241 0.1871 0,1323 2,76E-06 2,15E-06 1,52E-06
0.241 0,1871 0,1323 0,000355 0,000276 0,000195
0,241 0.1871 | 0,1323 0.000936 0,000726 0,000514
\ﬁ 0,241 | 0.1871 \ 0,1323 0,00792 0,006149 0,004348
02411 01871 0,1323 0,015107 0,011728 0,008293
0,241 1 0.1871 0,1323 0,027051 0,021001 0,01485
0,241 0,1871 0,1323 0,04245 0,032956 0,023303
0,241 | 0,1871 0,1323 0,093164 0,072328 0,051143
0,241 0,1871 { 0,1323 0.27878 0,216431 0,15304
OTKpBITHIHA KaHAT
V1p VK Qx
M/C | M/c M
5,037 0.898 319,9819
10,045 2,204 785,3454
14,977 3,67 1307,721
20,014 4,683 1668,681
Ta6mma B.12 - Rotado turnopaszmepa «600».
Rotado
V1p VK Qr Qx Kad q
M/c m/c o/ M/ o/p Kr/m*c?
1,231 0,101 1090,174 102,8055 0,094302 0,006248
2.049 0,368 1814,594 374,5784 0,206425 0,082947
2,972 0,771 2632.,003 784,7824 0,298169 0,364095
4,008 1.095 3549,485 1114,574 0,31401 0,734403
5.031 1,498 4455,454 1524,778 0,342227 1,374452
6.042 1.978 5350,795 2013,359 0,376273 2,396396
7.024 2,285 6220,454 2325,847 0,373903 3,198
9.986 3,353 8843,602 3412,938 0,385922 6,886098
15.016 4,974 13298,17 5062,915 0,380723 15,15366
20.05 6.57 17756,28 6687.,445 0,376624 26,4385
£90 c43 £30 h90 h45 h30
6/p ' O/p 6/p M M M
0,241 | 0.1871 0,1323 | 0,000125 9,73E-05 6,88E-05
0,241 | 0.1871 0,1323 | 0,001663 0,001291 0,000913
0,241 0.1871 0,1323 0,007302 0,005669 0,004008
0,241 | 0.1871 0,1323 | 0,014728 0,011434 0,008085
0,241 0.1871 0.1323 | 0,027564 0,021399 0,015132
0,241 l 0,1871 0,1323 0,048059 0,03731 0,026382
0,241 I 0.1871 0,1323 0.064134 0,049791 0,035207
41
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0,241 0,1871 0,1323 0,138097 0,107212 0,07581
0,241 0,1871 0,1323 0,303899 0,235932 0,166829
0,241 0.1871 0.1323 0,530211 041163 0,291066
OTKpBITHIN KaHan
V1p Vk Qx
M/C Mm/c Mg
4,985 1,07 1089,127
10,035 2,334 2375,723
15,054 3,639 3704,051
20,019 4,737 4821,679
Tabnuna b.13 Rotado tunopasmepa «680.
Rotado
V1p Vk QT Qx Kap q
m/c m/c M/ M/ o/p Kr/m*c’
0,889 0,047 755,2944 61,44804 0,081356 0,001353
1,976 0.096 1678.,81 125,5109 0,074762 0,005645
2,98 0.402 2531.808 525,5769 0.20759 0,098982
4,004 0.65 3401,798 849,8134 0,249813 0,258781
4,983 1,085 4233,557 1418,535 0,335069 0,72105
6,004 1.463 5100,998 1912,734 0,374972 1,310976
7,005 1,818 5951.,448 2376,863 0,399376 2,024388
10,005 2.854 8500,248 3731,334 0,438968 4,989006
15.02 4,635 12760,99 6059,823 0,474871 13,15848
19,817 6,068 16836,52 7933,335 0,471198 22,55263
£90 45 £30 h90 h45 h30
6/p 6/p 6/p M M M
0.241 0,1871 0,1323 2,71E-05 2,11E-05 1,49E-05
0.241 0.1871 0,1323 0,000113 8,79E-05 6,21E-05
0.241 0,1871 0,1323 0,001985 0,001541 0,00109
241 0,1871 0,1323 -0,00519 0,004029 0,002849
241 0.1871 0,1323 0,01446 0,011226 0,007938
24 0.1871 0.1323 0,026291 0,020411 0,014433
2= 0.1871 0,1323 0,040598 0,031518 0,022287
2= 0.1871 0,1323 0,100052 0,077675 0,054925
= 0.1871 0,1323 0,263887 0,204869 0,144864
- J.1871 | 0,1323 0,452282 0,351129 0,248286
OTKpEITHIM KaHad
V1p Qx
M/c C VO /g
5 879 1149,209
10.065 2 492 3258,054
] 1983 3497 4571.996
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19,962 5.008 6547.485

Ta6muma Bb.14 - Rotado tumopasmepa «800».

Rotado

1,073 | 0.021 | 1062.27 | 380007 | 0,035773 0,00027
2,01 | 0,185 | 1989.9 334,7681 0,168234 0,020963
2979 039 2949.21 | 705,7274 0,239294 0,093161

o] 050888

0.409021 0,771066
| | | 0.454675
e | 824 | 0477441
0475427
0.50242
0.467302
0.466472

2,037773
4,1405

10,36656
13,98294
16,00618

. 1323 | 0,000231
B . | 0,001026
0,003643

0,008489

o
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