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3. X. X¥CAH-XOIUKAER (ors. pedaxrtop), w4ieH-Ko oH-

nent AH ¥3CCP M. C. BHI3TO, C. I'. 3AITPOMETOB,

E. Jl. POXXJIECTBEHCKHHA, A. M. M¥XAMEIOB, M. E. BY-
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M. b. XAMAJIOB, H. lll. XAMAJIOBA

K BOMPOCAM HCTOPHHU PA3BHTHHA
ABTOMATHYECKHUX BOOOPETYJIHPYIOUIHX YCTPOHCTB,
HX KJACCHPHKALLHH H BbIbOPA!

BOAONEACTBYIOULHE YCTPORCTBA I PEBHHX BEKOB

Hnes npuMeHeHHS aBTOMAaTHYECKHX BOAOPEryJAHPYIOLIHX YCTPOHCTS,
paboTaiOIIEX Ha THApPABJAHYECKO SHeprHH NOTOKa, CYIECTBYeT ¢ ray6o-
Koit gpeBHocTH. JlaBneHne BOAH AJfl aBTOMATHYECKOrO MpHBelIeHHA B [eH-
CTBHE HEKOTOpPBIX YCTPOHCTB HCMONbL30Banoch emle B japesHem Ernnre, I'pe-
uun, Pume, Cpeaneit Asuu u apyrux rocyaapcreax. Hanpumep, yxe B 219 r.
ac H. 3. B XxpaMax ropoaa Anexkcauapuu (Eruner) npumeHnsjacs asToMmam
AN NPOJAAMKH «CBALICHHOH BOJABI», ONMHCAHHLIA 3HAMEHHTHIM (QH3HKOM H
uHxeHepom apesHoctH T'eponom (I—II B. 710 H. 3.); H3BEeCTHBl TaKie IHMI-
pasanyeckuit Oyanabuuk [lanatora (IV B. no H. 3.) B I'peunn — nporoTHN
BCAAHBIX 4acoB ApxHMena,— BO3BELIABLIHHA BpeMs H CO3HIBABIIHH MO Y-
paM ero yueHHkoB, BoAsHble uacel KrecuGusa ¢ nepeapH:KHOil cTpenkof,
Bojsnsie wacel Mapka. Burpysus ¢ spamaiouieiicsa crpeakoii (PuM, KoHel
1 B. no n. 2.) [B6, 63, 64, 133, 134], a Takxke camblé pasHooOpasHLle aBTO-
MaTH4eCcKHe npucnucnﬁnenﬂn B CHCTeMax BOJOCHAGKEeHHH.

«ABTOMATH!, HaBepHOe, TaK JKe CTaphl, KaKk M YeJOBeUecKHe CYyllecr-
Ba®,— 3aMeTH/l aBcTpHACKHA yuenbifi [efinn LlemManek, BeICTYNaBIIHA 8
Mockse ¢ JeKnHeH O pasBHTHH aBTOMATHYECKHX YCTPOICTE H MAallIHH.

Jlanuun Bephynaun B cBoeil xzaaccHueckoit pabGote «['HapoaHHAMHKA
HAH 3aMHCKH O CHJAaX M ABHMKCHHAX KuAKocrteid» [27, cTp. 11], mnepsoHa-
YanbHO H3NAaHHOH B 1738 r., nucan: «XoTa TeOpHA JKHIKOCTEH HempephIB-
M0 paspabaTtwiBasack yiKe ¢ JIpeBHeHUIHX BpeMeH, TeM He MeHee OHa He
NOJY4YHJIa 3HAYHTENLHOr0 pPasBHTHI.

JeficteuTeNbHO, NO3HAHHA APEBHHX MAaTeMaTHKOB OrpaHHYHBAJIHCE TEM,
MTO OHH NOHHMAaJIH O0Hlee paBHOBECHE TOKOAULHXCHA JKHAKOCTEH HIH TBep-
ABIX TEJ H JKHAKOCTEil, B KOTOPHIX Tesa mpe0bBAIOT, 0 YeM mHCaa ApXHmen.
H Tak, Kak csepx Toro caMmo no cebe sICHO, YTO TaM, T/é HET paBHOBECHS,
BO3HHKAET JBHKEHHe B HANpaBJeHHH MecTa MEHbIUero JaBjeHH#d, TO, HCXO-
II# M3 3TOro, JpeBHHE MaTeMaTHKH CyMeJan NpHAYMaTh pasjHuYHbIE HrpyLli-
KH H rujpabBiHYecKHe MAamiHHbL, OTJHUYHO CAVIKHBIIHEe YacCThbi0 IJAA yBecejae-
HHA, YacThio AJs OOIIECTBEHHBIX HYMK/I, H B 3TOM [eJie OHH AEHCTBHTE/ILHO
“OKasa/jHCh BecbMa H300peraTebHBIMHY.

KPATKHH OB30P PA3BHTHSI 3ATBOPOB-PErYJIATOPOB,
3ATBOPOB-ABTOMATOB H OP¥TrHX ABTOMATHYECKHX
BOOLOPETYJIHPYIOUIHX YCTPOHCTB

3aTBOpHl ABJAAIOTCA COCTABHOH 4acTbio OOOPYAOBAHHA THAPOTEXHHYE-
CKHX COOpYKeHHil H ¢ JApeBHeANHX BpeMeH BHINOJHANH (QYHKIHH DPEryJHpo-

! BpHAy OrpaHHYEHHOCTH pa3Mepa CTaThH HEKOTOPHE 4acTH H3JI0MKeHW KOHCOeK-
THBHO CO CCBUIKAMH HAa MCNOJBIOBAHHYIO JIHTEpaTypy.



BaHua. [losToMy 3aTBOpHI Kak peryaaTopsl npeiacTaBafloT coGoil BaykHell
LUHE 3JIEMEeHTHl 'HIPOTeXHHYECKHX coopyzxKeHH#. OHM npouliH AOATHI nyTh
PasBHTHA — OT CAMBIX MPHMHTHBHHIX YCTPONCTB 0 COBPEMEHHLIX ABTOMa=
THYECKHX THIIOB 3aTBOPOB THApaBJiHuecKoro aeiictsna [4, 23, 40, 53, 80, 117
Hoap.]. B cospamnn moBrIX m pa3sHooGpasHEIX, Bee 6oee pPallHOHAJBHBIX H
OPHIHHAJbLHBIX KOHCTPYKIHI 3aTBOPOB, 3HAUHTEJILHYIO POJb CBHIFPaJH J0-
CTHXKeHHs! B OGJACTH TEXHHYECKHX HAYK — MAaUIHHOCTPOECHHH, 3JeKTPOTex«
HHKH, FHAPOMEXaHHKH, THAPaBJHKH, CTPOHTEJbHEIX MaTepHaioB H T. /.

Pazpurie koHCTPYKUMiI 3aTBOPOB NPOHCXOMMJIO Ha 0ase pa3BHBAIO-
HeHca MPOMBILIIEHHOCTH H PacTYUIHX MOTPeOHOCTeH OCHOBHBIX oTpacieif
BOAHOrO XO34#CTBA — HPPHrauiH, SHEPTeTHKH, BOJAHOrO TpaHCMNOPTA, BOO-
CHaOXKeHHd U T. 1.

A. P. Bepesunckum [23, ctp. 13—I14] BHIesIeHO ueThipe OCHOBHLIX Me-
pHOJla B Pa3BHTHH 3aTBOPOCTPOEHHA.

-t nepwon — c ray6okoil APEBHOCTH A0 MOSB/JEHHA KaMepHBIX
uro308 B XV—XVII BB. 10T nepHoa xapakTepH3yeTcst npHMeHCHHEM MpH-
MHTHBHBIX J€PEBANHEIX 3ATBOPOB /IJ11 HeOOJBIIHX OTBEPCTHIH MJIOTHH, 06CTY-
HHBAIOUIHX HYZK/b! TOJBLKO OJIHON H3 oTpacjeil BOAHOro Xo3aiicTBa: BHaua-
Jie OpOIUIEHNsA WM BOAOCHA(KeHHS, HJIH JIeCOCMIaBa M T. 4., a B JajJbHeil-
wem (XIII B.) u Boanoro Tpancnopra.

2-k nepuojg— XVII—XVIII BB., pasBuTHe NepBHX HHKEHePHHIX KOH-
CTPYKLHH 3aTBOPOB, B YaCTHOCTH, IIJIIO30BLIX, B CBA3M C COOpPYXKEHHEM CYL0-
XOAHBIX KaMEepHLIX LIJTI030B.

3-it mepuon — XIX B, pacuser 3aTBOPOCTPOEHHA, MOABJEHHe OCs
HOBHBLIX THITOB 34TBOPOB, B TOM UHCJE H FHAPaBAHYECKHX. 3TOT HEprROJ Xa-
pakTepHsyeTcs IIHPOKHM NpPHMEHGHHEM MeTaJJTHYeCKHX 3aTBODPOB, JOCTHT-
WIHX K KOHIY BeKd SHAUYHTEJLHBIX pasMepoB H CJAOMKHOCTH, ¢ YCOBepLUIEHCT-
BOBAHHBLIMH MOABEMHEIMH MEXaHH3MaMH (3JeKTPOMOTOpH) Ha NAOTHHAX
ANl KOMNJEKCHOTrO YAOBJACTBODEHHS HYXKJA HECKOJBKHX oTpacJied
BOAHOrO XO03siCTBA.

4-it nepuoa XX B., pa3BHTHe 3aTBOPOB THApPaBAHYeCKOro jaeficr-
BHSI, aBTOMaTH3auusg palGOThl 3aTBOPOB, PALMOHAMHIANUMA HX KOHCTPYKILHT
(ocoGeHHO B OTHOIIEHHHM THAPABAHMKH OOTeKaHHA, MaTepHaJOB H3roTOBJe-
HHSl, SKCOJIyaTalHi, SKOHOMHKH H T. A.), HHTEHCHBHBIH poct rabapHTOB
3aTBOPOB, 4 TaK¥<eé YCOBEpIUCHCTBOBAHHE MOIBEMHLIX MeXaHH3MOB (vBe-
JHYeHHe rpysonoanreMHOCTH A0 200—300 7, ynpaBaeHHe Ha pacCTOAHHH

H T}
CxemMa pasBHTHA KOHCTPYKIHil 3aTBOPOB BOJOC/HBHLIX OTBEPCTHIl MO

A. P. BepesnnckoMmy mpeacrasiesa Ha puc. 1.

JBOJIONNA KOHCTPYVKUHUK 3aTBOPOR MO Nepeiaue AABJeHHS BOAB Ha I'Hjl-
pOTEXHHYECKHe coopyKeHHA Oblia caenyiomed. [lepsoHavajbHO 3aTBODHI
nepegaBani JAaBJeHHEC BOJBLI TONLKO Ha OBIKHH YCTOH, 3aTCM Hd EIJ JI 10 T=
GeT H, HakoHell, Ha 6bIKH nW paoTOeT.

JIpeBHeHMHMHE KOHCTPYKUHAMH 32TBOPOB ABJAIOTCA 1A H IO P B, KO-
TOpblE C TeYeHHeM BpeMeHH YKPYNHHJAHCHL H MpEeBpaTHJIHCH B IJIOCKHE 3a-
TEOPLI C BepTHKAaJBLHBEIM NOCTYNATEJbHLIM MNepeMelieHHeM.

Bosnuknys enle A0 Hameil 3pel, TAOCKHEe 3aTBO DKl B CBOEM pas3-
EMTHH NMPOUIIH NYTh OT NMPHMHTHBHEIX 0 CKOJML3AMMX (B KOTOPBHIX 1aBJie-
HHIE BOALI NPH MaHEBPHPOBAHHH 3aTBOPAMH CO3/1aeT TPeHHE CKOJIb)KEHHS B
ONMOPHBIX YACTAX H YINIOTHEHHAX), 3aTeM, ¢ Bo3pactaHueMm radapHToB 3a+
TBOPOB, OT CKOJIB3SIHX A0 KOJECHBIX (B KOTOPHIX TpeHHe CKOJIbiKeHHs 3a-
MeHsieTcAl Oosiee MaJbiM MO BEJHUHHE TPEeHHEM KaueHH: B KaTkax' H koJqe-

I KaTKoBble TeNeXKKH, BRepBble npuMenesdble s 1883 r m noayuMsliite pacnpocrpa-
Henve B nawage XX B. [23], Kax ¥ rycemnunsle onopu (GecKoHeunas JiCHTa € POJMKAMHY
[79], n3-3a papga HelOCTATKOB B HACTOAUICe BPeMA He NPHMEHAIOTCA.
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Pue, 1. Cxema pasBuTHA KOHCTPYKUHH 3aTBOPOB BOJOCAMBHBLIX OTBEPCTHH NAOTHM,
no A. P, Bepeannckomy [23].



cax) H, HaKOHCIl, A0 KOJECHHIX ¢ MOJIHNHHKOM KauenHs. Ilo3nnee GBuIH
NpHMEHEHEI C/IBOeHHDbIE 3aTBOPHI, @ TAKXKe IJIOCKHE CO JbA0CGPOCHBIMH KAa-
nanaMu. Iliockue 3aTBOpH B HacTosilee BpeMsi — HauGosee pacnpocTpa-

HeHHBIH THI 3aTBOPOB [JJisi MEPEKPHITHA OTBEPCTHil ¢ mposieTaMH no 40—
45 » ¥ BeICOTOH no 17—18 M.

PaccmaTtpuBas pasBuTHe KOHCTPYKUMI 3aTBOPOB B HCTODHYECKOH mMO-
C/1eI0BaTe/IbHOCTH, CJACAYeT CKa3aTbh, YTO MJOCKHEe, CIH L eBhbie H I O-
BOPOTHE e 3aTBOPHl ABJAIOTCH HCXONHBIMH  KOHCTPYKUHAMH [O3/IHHX
THIIOB 3aTBOPOB,

CTpemieHHe YMEHBIIHT NOABEMHbIE YCH/IHs, HeOGXOAMMbBIE AJIsi mepe-
MeLIeHHsA IIJIOCKOrO 3aTBOPd, 4 TakMe YINPOCTHTbL €ro OMOpPHO-XOJ0BLIe 4a-
CTH, NPHBEJIO NEpPBOHAYAJbHO K CO3[AHHIO IJIOCKOrO 3aTBOpa, Bpallaiolle-
rocst BOKPYr HENMOJMBHIKHOH OCH HA OMOPHHIX HOrax (Tak HasnBaeMblfi cer-
MEHTHBIH 3aTBOP C IJIOCKOH HamOpHOH NOBepXHOCTbIO), 3aTteM myockas of-
LIHBKa 3aTBOpa Oblia 3aMeHeHa NHJHHAPHYECKOH, ONHCAaHHOIl M3 LEHTpa
EpauieHysi onopHelX Hor. Tak BoO BTOpPOM nojoBuHe XIX B, ObliH cO3AaHBI
CerMeHTHB @ 3aTBOp L. CerMeHTHHE 3aTBOPE MOXKHO PacCMaTpHBaTh
KdK MNepexojHbie KOHCTPYKIHH OT INIOCKHX K BaJbLOBHM, O0BEIHHSIOLIHE
NPH 3TOM MHOrHe npeHMyiiecrBa oboux tTunos, HauGosbluee npeumyniect-
BC KOHCTPYKUHH CEIMEHTHBIX SdaTBOPOB INepejf NJOCKHMH 3aK/JI0YaeTcs B
VMEHbIIEHHH Y HHX CHJI TPEHHS OT [AaBJEeHHA BOAB, HOO paBHOJAEHCTBYIO-
1las CHJ NMPOXOAHT Yepe3 ochb BpaulesHs. PopmMa HanopHol noBepXHOCTH
OOLIHBKH OJIMHAKOBO O/larONpHATHA s BOCOPHATHS KaK THApOCTaTHYe-
CKOro, Tak H rHapoOAHHaMHYeCKOro JAaBJieHHd,

C Teyenwem Bpemenn TpeGOBAaHHF THAPOTEXHHYECKON NPAKTHKH K 3a-
TBOpAM BOSP&ECTaJIH. YBeJHUEHHe [0 MaKCHMaJbHHIX pasMepOB MepeKphi-
BAEMEIX OTBEPCTHIl COOpPYXKEHMH, yJYyUlleHHE 3KCINIYATALHH B TAXKeJbIX
K/AHMaTHYECKHX YCJIOBHMAX, MPOCTOTa MaHeBPHPOBAHMA 3aTBOpaMH, Gaaro-
IPHATHOE HCNOJbL30BAHHE BO3/JIEHCTBYIOUIErO [aBJEHHS Ha 3aTBOp, MNOYTH
MOJIHOE HCKJIIOYEHHE CHJI TPEHHS NpPH €ro ABHXKEHHH — BCe 3TO NPHBEJIO
B Hauane XX B, K BO3HHKHOBEHHIO B a/ib1L0B Bl X 3aTBOpoB. IlaTenr Ha
BaJbLOBBIE 3aTBOPL Obil moayued B 1900 r., a nepBele W3 HHX ObLIH OCY-
ntecTeiaensl B 1902, 1., yixe k 1914 r. ObIH nocTpoenbl 72 nmjQTHHE! ¢ Ta-
KHMH 3aTBopaMH [15]. B HacTosmee spems BajblOBHE 3aTBOPH NEepPeKpHl-
BaOT oTtBepctHe nponeroMm ao 50—60 m u BhlicoroH mo 13 M.

[TepBrle BajbLlOBbie 3aTBOPHI ObIIH BLITMOJHEHBl B YHCTO LHJIHHAPHYE-
ckoit dopme, mosanee (0cofeHHO nOCA€ THAPABAHYECKHX HCC/IEJ0BaHHI B
naboparopHax psila CTPaH) K HAmNoOpHOH CTEHKe CTajJH YCTpaHBaTh nepen-
HHEe KO3BIPhbKH, CO3/aloliHe OTpLIB CTPYH MOTOKA B HHMHHI Obed ¢ onpe-
JleJIEHHOH TOYKH HH3a 3aTBopa.

Eie panee (xonenm XIX B.) ObIM CO3JaHbl H NMOJYYHJIH pacnpocrpa-
HCHHE Ha THAPOTEXHHYECKHX COOpPYXKeHHAX HeypaBHOBELIGHHBIE K/l a M a H-
Hole 3aTBOpbl Ge3 nojikocos. TlpooOpasoM KianaHHEIX 3aTBOPOB SABHJIMCL
TOBOPOTHO-NOAKOCHBIE 3aTBOpHI, H3BecTHele eme B XVIII B., KoTOphe B
XlX B. ObIH YCOBEpPUIEHCTBOBAHEI B KOHCTPYKLUMH C HCNOJL3OBAHHEM [1aB-
J€HHs BOAbI AJnf MaHeBPHPOBaHHA HMH, CHayaja B BHAE HeypaBHOBELIEH-
HblX, 4 3aTeM (B Hayane XX B.) B BHAE THAPABJHYECKH YPaBHOBElUCHHBLIX
(CBepXY HJIH CHH3Y NpPOTHBOBECAMH M ruapasjHyeckH). K 1950 r. aBroMa-
THUYECKHE K/jalaHHble 3aTBOpPH], YpPABHOBElIEHHLIE TIPOTHBOBECOM CBepXy,
GuliM nocTpoeHnl Gonee uem Ha 100 naorunax [23]. DTH 3aTBOpLI NepeKphi-
BA1OT OTBEpPCTHE MpoJeToM jio 25 M H Gojee Hm BBICOTOH 10 6—7 M.

IIpeMMyLIECTBO CErMEHTHBEIX M BaJbLUOBHIX 34TBOPOB MNepej MJIOCKHMH
COCTOHT B BO3MOXHOCTH HCNOJL3OBAHHMsA MaBJIeHHA BOJALI B KadecTBe Jola-
BOYHOH MOABEMHOH CHJABL 3aTBOpa, KOTOpPOe fBJAAETCH OAHHM H3 cnocoOoB
YMEeHbIICHHSI MOLIHOCTH H Beca mONBbeMHBIX MexaHH3MoB. To xe camoe
MOXKHO CKasaTh O K/anauHblX 3aTBOpAxX, HO 3/leCh JaBJeHHe BOALI MpHMe-



HAeTCH S NOBOPOTA MOJOTHHINA 3aTBOpa. BO3MOMKHOCTH HCMOJb30BAHHA
JlaBJICHHR BOJIbl MPHBE/JA TAKMKe K CO3JaHHI0O HEeKOTOPBIX BHIOB NONJaBKO-
BO-NJIOCKHX 3aTBOPOB ¢ nepeMeHHBM 06aJjiyiacToM BOJLL.

B MupoBoii npakTHKe rHAPOTEXHHYECKOro 3aTBOPOCTPOEHHst Havaja
XX B., KpOMe 3aTEOPOB C YACTHYHLIM HCMOJAL30OBAHHEM /1aBJIEHHA BOJH,
OblIH CO3[aHBl 3ATBOPBLI C MOJHBIM HCHOJbL30BAHHEM JaBJeHHs BOjbl B Ka-
YeCTBe OCHOBHOrO <«nobyauTenas ABHxKenuda. K HHM oTHOcaTCS BOjojeicr-
BYIOLHE 3aTBOPHI ¢ KaMepaMH JaBJIeHHA BOJLI: KpbllleBuiHble «beprpen»,
«Jlaxpep», OGapabanHele — «J/lpyM», CekTopHble, KiaanalHble ¢ rHApaBJH-
HeCKHMH «mefaafaMu» H JIp.

CaenyeT OTMETHTh, YTO KPBILUEBH/HLIE 34TBOpLlI SABJAAIOTCH Kak Gul po-
J0HavaAbHHKaMH BOAOJEHCTBYIOLUIHX 3aTBOpoB. [lpHHUIMN, = 1o KOTOpOMY
VCTPOEHB! KpblleBHAKLIe 3aTBOpLl, Obn H3BecTed B loananguu B 1770 r. H
HPHMEHSJICA NPH BO3BEACHHM LII030BLIX BOpoT. OCHOBHAH MBICAL 3TOTO
NpHHIHNA, HE3aBHCHMO OT HHAEPAAHACKON NpaKTHKH, Halja npHMeHeHHe
g CILIA. [lepBhiMH OCYIIECTBHJH 3TOT THI 3aTBOpa Ha TMJIOTHHE DEKH
Mauch Chunk Creek (B IlencaapBanud) B 1818 r. Josin Whit u Erskine
Hazard [80]. ¥xxe B 1819 r. 6610 nocTpoeHo 12 TakHx 3aTBOPOB HA peKe
Jlexaii, 1o THI 3aTBopa nogyuua Haspanue «Beprpen» (Beartrap)!. B
pajbHeieM KphILLEBHAHBE 3aTBOPHLI, YCOBEpLUEHCTBOBAHHLIE H MOCTPOEH-
aeie B 1914 r. weefinapckuMu HHKenepamu I'yGepom u JhioTiem, nmoJydn-
i B EBpone nassanne «Ilaxsep». 3a 20—25 ser ObII0 CMOHTHPOBAHO M TO-
cTpoeHo cBoime 150 aBTOMaTHYECKHX KpHIIEBHAHBIX 3aTBOpOB. ITH 3a-
TBOPH MOrYT INEPeKphiBaTb OTBEpCTHs nposeroM Ao 40—45 m W BLICOTOH
6—7 m [23, 127].

CekrTopHrie 3aTBOpH ObiaiM npeanoxenst 8 1900 r., a Bnepssie ocyme-
cteaedbsl B 1907 r. wa naorune Jloknopr (Lockport) kamama HMaannoic—
Muuyurau (CIHA) [55, 126, 127]. It s3aTBOpH MOryT HepeKpuBaTh OTBEp-
cTHA npojgetoM Oosee 50 M M BHICOTOH 9—7 M.

C BBe/cHHEM B KOHCTPYKUHIO BOAOAEHCTBYIOLLHX 3aTBOPOB pAna pe-
FYJAHPYIOIHX VCTPOHCTB AJA MOAA¥H BOALI B KaMephbl JlaB/eHHA COOTBET-
CTBEHHO XapakTepHcTHkaMm (MOJOMKeHHI0 3aTBOPA M FOPH3OHTAM  BOJBI)
TOABHAACH BO3MOXKHOCTh ABTOMATHYECKOrNO peryJHpOBaHHA TOPH3OHTOB
POJBI BepXHero Obe(a B 3aBHCHMOCTH OT H3MeHeHMs pacxona. Yixe K
1935 r. 6u10 M3aBecTHO cBbie 250 MAOTHH ¢ TaKUMH aBTOMATH3HPOBAHHEI-
MH 3aTBOPAMH THApaBaHyeckoro Aeicteus [16].

[TosBJACHHIO HOBBIX KOHCTPYKIHH 3aTBOpOB cnocoGCTBOBaJ 00BABIEH-
ubiii 8 1906 r. B8 ABcrpo-Benrpin BceeoluiHii KOHKYpC no pastopyaThiM
PEYHBIM NMJAOTHHAM, 3TCT KOHKVpPC Aaj HOBble pasHoo(pasHhle KOHCTPYK-
LEH 3aTBOPOB, BKJIOMAd W BOJAOJCHCTBYIOUIME C ABTOMATHYECKHM ympas-
JIeHHEeM, NMOJYMHBLINX BHOCJEACTBHH UIHPOKOE MpPaKTHYECKOEe HpHMeHeHHe
141]. -
: ]B 1920—1930 rr. aBTOMATHYeCKOe YMpaBjieHHe TOpH3OHTaMH BOAbI
BepXHero Obe(pa COOpPYMeHHii OCYIIeCTBAACTCA YiKe ¢ NOMOUIbIO 3aTBOPOB-
ABTOMATOB T'HAPABJAMYECKOro ACHCTBHS PAasyiMuiLIX KOHCTpYyKuHi (0es Ka-
MEp AaBJeHHs BOMALI): CerMEHTHLIX?, BaJbIOBLIX, IJIOCKHX (monaaskw). Drta
Ppynna ABTOMATHYECKHX 3aTBOPOB ACHCTBYeT NpH HApyUIEHHH pABHOBECHA
cun (van MoMesTOB cma) Mexay coOCcTBEHHBIM BeCOM, NMPOTHBOBECOM, NO-
fI1aBKaMH, BOAAHBIM 0a/acToM M NpPOYHMH Jo0aBaeHHAMH, NpeaycMOTpeH-

! Hurepecio mpoucxoAeHHe 3TOr0 Ha3sanus 3aTsopa. Ha MHOTOWNCJEHHLie BOMPO-
¢l MmobonkTHEX apuTedeii: «Yrto 3T0 Takoe?» paGouie, 3aHMATHE nocTpofikoit nepsoro
T2KOIO 3aTBOPE, KOTOPHM Haj0ean 3TH  BONPOCH, KOPOTKO -OTBeyajaH, uro OHH
cunpg;:ﬂamr caanagmo Aas menseseils (mo-anramiickn «Geprpem») [16]. C Tex mop saTso-
pM YaiTa'Ha TeXxHHYecKOM A3biKe HOCAT 3T0 Ha3BaHHe.

2 AproMaTtHuecknx cerMenTunix saTsopos K 1935 r. HacuuThiBajsOch OKogo 130 mTyX;
OHH mepexpeBann nposerit go 30 M, BHcoTON Ao 8 M. :



HBIMH KOHCTPYKUHeil 3atpopa. Hapylienue pasHOBecHsi HacTynaer npH H3-
MeHeHHH TODH3OHTOB B BepxHeMm Obede. 3HAUHTENLHOE PACTpPOCTPAHEHHE
S5TH ABTOMATHYECKHE 3aTBCPLI MOJYUaloT no3aHee B crpanax CesepHoil o
I0:xknoii Amepuxu, Esponut u Adpukn (CIUA, lepmannn, Uraauun, dpan-
nnH, Mcnaunn, Uleeituapui, Fonnanmauu, Amkupe, Mapokko u ap.) [14, 15,
22, 23, 26, 42, 46, 55, 57, 67, 68, 80, 127].

B naabHeitmem MmoJiyunia pacmnpocTpaHeHHe Tpynmna 3aTBOpOB-aBTO-
MaTOB FHApaBiHYECKOro JIeHCTBH#, He HMEIOUIHX HH KaMep MAaBJCHHH BO-
Abl, HH CJO0MHBIX BHAOB NPOTHBOBECOB, aBTOMATHYECKOE ACHCTBHE KOTOPBIX
OCHOBAHO Ha MNpPHHUHNE HCHOJAb30BAHHS TIHAPOJAMHAMHYECKOro  JaBJeH!NA
MOTOKA, ACHCTBYIOWEro HeNOCPEACTBEHHO HAa Teno 3atBopa. K HuM
MOXKHO otHectH 3atBopw B. I'. TeGenna, B. C. Mypomora, H. K. I'mpunu-
ckoro, <. Epmapixa, K M. T'marviia, C. M. Hanumosa, M. ®. Ounke,
#i. B. boukapera u np.

ABTOMATHYECKHIl CAMOBKATHLIBAIOUIMHCA BaJbIOBBEIH 3aTBOD KOHCTPYK-
muH B. I'. T'eGeas, ycranosaenusiit B 1931 r. Ha BojgocOpoce [3opal’2C
(ApmeHust), Bowes B HCTOPHIO MHPOBOTO M COBETCKOrO 33aTBOPOCTPOEHHH
Kak oOpasel, OpHrHHAJLHOrO peuleHHs BOMpOca aBTOMAaTHYECKOrO  pery-
AHPOBaHKS TOPH3OHTA BOJLl BepXHero Ohedha B yCJAOBHAX OGuiCTpOHapac-
TAIOUIHX NaBOIKOB FOpHLIX pek [46].

K aproMaTHuecKHM BOJOPETYJIHPYIOIIHM YCTPOHCTBAaM, Kpome 34TBO-
POB-aBTOMATOB THAPABJHYECKOro AeiiCTBHS, OTHOCATCS M TakHe aBTOMAaTH-
YeCKHe yCTpoiicTBa (He 3aTBOpH), B MpHHILMNE PEryaHpoBaHHs KOTOPBIX
HCIOJBL30BAHL! THADABJAHYECKHE CBOHCTBA MOTOKAa: HanpHMep, aBTOMaTHue-
CKHe CH()OHBEI, JJIHHHLIE BOJOCAHBLI, OTBEpPCTHH C COMNPOTHBJAEHHAMH, TO-
CTOAHHBIM HAMOPOM H T. J. CAMBIX PA3JHUHBIX KOHCTPYKIHIL.

Hnest wenoabzoBanusi cBOJICTB HCTEMEHHsl H3 OTBEPCTHH V1A perydH-
POBaHHA MOCTOAHHOrO pPacxojia HJIM rOPH30HTa BOJAEI B BOJAOpPEryaHpYIOMIHX
YCTPOICTBAX COOpYXKeHHii n3secTHa NaBHO, Ho roabko HauHHas ¢ 20-x rr.
HALlero BekKa TakHe YCTPOHCTBA-ABTOMATH MOJYYHAH pacnpocTpaHeHHe H
ocofeHHO B HppHrauun. K HHM MOMKHO OTHECTH KOHCTPVKIHH YCTpPOHCTB
I8 NOANePKAHHA NMOCTOAHHOrO pacxojia BOJLL |

a) KanuranbHbBIe COOpYXKeHHs THna moavias Pyra (BOAOCAHBH C AJHH-
HHM (DPOHTOM CJHBA H OTBEPCTHH € NOCTOSHHLIM HANOPOM);

6) thna Jlunases ¢ NMOCTOSIHHBLIM HANOpPOM HA MOJABHMKHOM nopore HC-
TEUCHHS BOJKI;

B) Tuna Pusepa, Bpeauca, «ucnanckoro Moayis» — ¢ KOHycooGpas-
HeIM nomuiaBkoMm (paCoraioliHe 1Mo MPHHIHNY H3MeHeHHs palouero oTBep-
CTHS 00pPAaTHO NPONOPUHHOHAJIEHO KOPHIO KBaJpaTHOMY M3 Hamopa);

r) rtuna JIxu66a, Aavda, JKypnua (paGotalonlie no NpHHIHAY H3-
MEHEHHSI COMPOTHBJICHHA NPAMO MPOMOPUHOHAJNBHO KOPHIO KBaJApaTHOMY
Hz Hanopa) H Ap.
| Muororpaden # cBoeo(paseH BKAaj TEeXHHKOB-HOBATOPOB PoccHH Ha-
yaja XX B. B Pa3BHTHC aBTOMATHYECKHX 3aTBopoB. O6 3TOM CBHAETE/BLCT-
ByeT XOTsi Obl KpaTkuii 0630p NpHBHJErHH, BHIAHHLIX aBTOpaM 1Mo AaHHO-
vy sonpocy. Eme B 1900—1903 rr. B. B. Ckormunkum # A, @, Ocrpos-
ckum [123], B 1903 r. unxenepom ®. IpybGuuckum [54], B 1915 r. HHXKeHe-
poM M. Amipossim [13] # MHOrHMH APYTHMH OHIJIH MPELI0AeHE YCTPOHCTRA
AJAS aBTOMaTHuYecKoro cOpoca pacxoioB H pPeryjiupoBaHusi YpPOBHA BOALI
nepxuero Obeha coopysenuit. B 1910 r. mikenepom JI. Kasepuunim [72],
B 1911 r.umxenepom A, CugoposbiM [122], a Takxe aApyrHMH OblaH mpei-
NOKeHbl yCTpoilcTBa A/151 ABTOMATHYECKOrO peryJHpoBaHHA pacxoja BOALI
Ho sto 6Ll NOArOTOBHTE/bHLINH NEpPHOJI, MepPHOJ HAKOMJEeHHs 3HaHHH, Ha-
yajna passutHa GoJiee BHICOKOrO YPOBHA M YCOBCPIIEHCTBOBAHHH COBpeMell-
HBIX BOJOPEryJHPYIOUIHX CpelcTB aBTOMAaTHKH, B HACTOfUlee BpeMs pas-
BHBACMBIX COBETCKOIl WKOJOH THIPOTEXHHKOB,
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HAWBOJIEE M3BECTHBIE MPEAJIOKEHHBIE H MMPHMEHAEMBIE ABTOMATHI

ABTOMaTHUECKHX BOJOPEryJ HpYIOLUIHX VCTPOICTB Mo AaHHbIM Bcecoios-
HOH MaTeHTHO-TeXHHuecKoil GHOHOTEeKH B HacToslllee BpeMs H3sectHo 6O-
aee 400 maspanuii, a pcero B Muposoii auteparype — oxkono 1 500. Huxe
jdano Oogee 100 naspanuii #HawlOosiee H3BECTHLIX ABTOMATOB, MNMEpPEYHC/IEH-

HBIX B HCTOPHYECKOH MOCAE/0BATE/LHOCTH HX NPe/ioXKenHs U npUMeHeHHs
JNA SHEpPreTHYeCKHX M OPOCHTE bHBIX CHCTEM'.

3a pyOexom
Oas nofaepKaHud nOCTOAHHONO pacxoja BOAul B OTBOIBL

1. Moayan Pdyra (konen XIX . [36, 142}
2. Bonosunyckn Kenmenn (kowen, XIX B.) [36, 69, 120].

3. HMcnanckie MOAYJH — KOHYCOOOpasHbie MOMJABKH, NpHMEHEHHLIC
Ha kanane UsaGeaast 11, koropoiit nuraer soaoit r. Magpua (xomen XIX B).
[36, 69].

4. Kauaowuiics nonaasok (xomenn XIX B.) [36].

5. Asromars JKnG6Ga, noayusMBliHe pacnpocTpaHeHHeé Ha BOJAOBbBI-
nyckax pacnpegeanteneii Illakar Humkune-Unnatekoro kanaaa B Ilenpxa-
G6e (HMuaua) s 1909 r. [36, 69, 8606, 121]; Taxuc aproMaThl NMPUMCHAIOTCS B
Muauu B B Hacrosimiee BpeMsl.

6. Astomatni I'yGepa u Jliorua (Fepmanns, 1925 r.) [36, 110].

7. AstomaTte Jlunanes, npuMeHeHHEEe B BOJOMNPOBOAHOH CETH ropo/ia

Bapmasbl 8 20-x ropax mawero croietus [36).

8. Y-o0pasHbie KanHTaJIbHEIC JOTKH-BOJOCHHBBI, 3aTOMACHHBIE cHpo-
HBI-BOMOCOPOCK! (8 Taxie CH(QOHLI-OTBOJLI CO cBODOAHBIM  HCTEUEHHEM),
TapHpOBaHHBIE BbIMycKH (THHA MOAyas PyTa) H Jpyrde yCTPOHCTBA ppan-
nysckoii dpupmut «Heiipnuk», 20-e roas Hawero cronerus (2, 29, 52, Tis
104, 106].

9, ABTOMATHYCCKHE UMJIMHAPHYCCKHE pPEryasTopel pPacXofiia KOHCTPYK-
muit Mapko Koranartu B Mrtaann (50-e roasr) [102].

10. Camoperyaupyiouecs sogocauss B Erunrte (1957 r. [863].

11. AsTOMATHUECKHC DPeryJaTopsl B BHAE ABOiiHOTo saGpasa c obpar-
Hoil crpyeit B Ilakucrane (1957 r.). [866] n muorue apyrue.

Jlast aBroMaTHueckoro coOpoca H30BITOYHBIX H NaBOAKOBHIX pac-
XO/0B BOjJB NpPH JOCTHKEHHH ONpEJEJEeHHOr0 rOpH3OHTa HJH peryJaHpoBd-
HHSI 3TOrO ypoBHsi B BepXxHeM Obede:

1. BogojeficTByIOIMe 3aTBOPEl C ABTOMATHYCCKHM  YnpaBJeHHEM NO-
JaYH BOAM B KaMephl jAaBienua: KpoiweBuimnle «Beprpen» (HauHHas ¢
1818 r. maoruna Ha peke Mauch Chunk Creek n muorse apyrue B CIIA)
(16, 23, 99], «/laxsep» (naumnas c 1914 r.) [23, 82, 127], cextopHEle (HauH-
nag ¢ 1907 r., naoraua Jloknopt B CUIA), Gapabannnie «/Ipym» (HauHHAas
¢ 1916 r., naotuaa Appoypok (Arrowrock) ma pexe Boiic (Boise) B CILIA
[68, 126, 127], KOTOpLIe MOJYYHJIH IUMPOKOE TPHMEHEHHE HA IHAPOTEXHHHE-
cknx coopykenuii kak Cesepnoit u IOxmHOil AMepHKH, TAK H Esponhi.

9. Kaananupie 3aTBOPLI-aBTOMATH, VPAaBHOBEMIEHHRE CBEPX Y.

a) NpPOTHBOBECOM C NepexaroM Ha TrHOKOH CBASH HA THAPOTEXHMUC-
ckux coopyxennax I'papenay (Grafenau) B Bapapun (Fepmanns, 1913 r.),
Berruuren (Wettingen) pexu Jlummarn (Limmaty) B Llsefinapnan H ap.
[67, 68, 110];

6) NPOTHBOBECOM C KOPOMEICAOM THIA YCTAHOBOK Ha IIOTHHE Tpemn
(Tremp) B Wcnannn, MionnGepr (Mihlberg) pexu Aape (Aare) s llseit-

} He paccMmaTpHBaloTcst aBTOMAaTHYECKHe (camopeiicTpyollie) BOAONOABLEMHHKH /A
OFOCHTEABHEX CHCTEM.
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uﬂp]HH_ Hameumc (James) Gaus Puxmonaa (Richmond) s CLUA [67, 68,
100];

B) NPOTHBOBECOM CHCTEME! HHiKeHepa 3ommepa (Sommer) ycTaHOBOK
Kanapue B Mraaum (1927 r.) u apyrumu [68, 67], Hauunasn ¢ neppoii ver-
BEPTH HAIIero Beka.

3. KianaHssle 3aTBOPLI-aBTOMATH, YPABHOBEMIEHHHE CHH3 Y:

W al}ﬁiruna yCTaHOBOK Ha maoTtuHe Pemnen (¢ upornBoBecoM B maxre)
T ¥

6) NpPOTHBOBECOM C KODOMBICJIOM THOA YCTAHOBOK HA nJjoTHHE Pewo
(Reno) B Hopseruu (1916 r.) [67, 68], nauunas c nepsoil uersBepTH Haumie-
IO Beka.

4. ApTOMaTHYECKHE KJAamaHHBE 3aTBOPH (FHADABIHYECKH YDaBHOBe-
IMICHHLIE C MAaxTOf W CM(OHOM) THNA NMOCTPOEHHHIX HA INJAOTHHE ITIO30H
(Eguzon) pekn Kpés (Creuse) Bo Ppauuuy, a raxxke dupmu Llraysep-
ke, nocrpoenntie 8 llopryraanu u I'epmannn [16, 67, 68] 8 nepsoit uer-
BEPTH HAUIEro BeKa.

5. ABTOM4THYECKHE 3daTBOPH THIA THAPABAHYECKHX KECCOHOB HA BO-
Joc/mBe MAOTHHH PoHTaHOAYY4a TopHOro notoka J[oaa (rmapocranmuu
$opuera), a Taxkxe pupmu Pusa KoapnoHw Ha naorHHax Momue Kana-
Beso pexn Iopa Baabrea m Mopu pexu Arype (Agure) s Wraamu [16],
B MEpBOA YEeTBEPTH HAWIEro CTOJeTHH.

6. ABTOMaTHUECKHe CerMeHTHLIE 3aTBOPH C MPOTHBOBECOM H Kauyalo-
meifca auadparmoil (rugpasandeckoff) tHna ‘GupMer Tosu (KoHCTpYKIMM
HHXK. 3ommepa) Ha naortuse Kanapsel'DC pekn Mope (More) u nuoTHHE
pexu Yeno B Hraann [16, 28] u ap., B nepsoii YeTBepTH HALIEro CTONETHA.

7. ABTOMATHUECKHEe CEerMEHTHbe 3aTBODHl C PEryJHPYIOUIHMH YCTPOI-
CTBaMH BHYTPH ObIMKOB (NpPOTHBOBECH!, MONJAaBKH, rHOKHe TArH, OJIOKE
M T. J.), NOCTPOGHHLIE Ha FHAPOTeXHHYECKHX coopymenuax JlanaeGypra
(1927 r.), Mioncrepa (1934 r.) B Tepmannu, Benaakammo (1949 r.) »
Hicnanuu, Jlonsepe (1949 r.) Bo ®panuun, Xopsexoe (1950 r.) B CIIA =
apyrue [57, 67, 68].

8. Bpamaiomunecs aBToMaTHUECKHE 3aTBOPH CHCTEMsl HHK. Makoaa
(mpoekT), 20-e roasl Hawero Beka [14, 15, IEE

9. Apromatuueckne sarsopnl «Ilpuama» cheremm ['vGepa u JlioTua,
nepeas YeTBepTh Hauero cronetus [14, 67, 68].

10. BricTponanaouine knananHble 3aTBOPH (lepeBAHHBIE, MeTaJJHue-
CKHe, meneso0eToHHbIe), paloTaioliHe KaK aBTOMATH jus cOpoca naBoj-
KOBBIX PacxofloB BO/JLI ¢ NPHHYAHTEJbHBIM MNOABEMOM B NEPBOHAYAJbLHOE
f0J0KeHHe (MeXaHHYeCKHM HJIH aBTOMATHUECKHM MNYTEM [NpPH HAJHYHH
3JIEKTPO3IHEPrHH H ycTpoiicts ynpaeJjenus') [14, 68]. dtu 3aTBOpH HCMOJb-
3YIOTCH € MEpPBOH YeTBEpTH Hauero BeKa Ha THAPOTEXHHUECKHX COOpYXKe-
uuax CIHA, Tepmannn, crpan IO:xkuoil AMepHkn u T. 2.

11. ABTOMATHUECKHE CErMeHTHbLIe 3aTBOPLI ¢ MOMJABKAMM Ha OOIIHBKE
H nporhBosecamu tHna AMHJI ¢pannyackoit pupmel «Heitpnuk» nas noa-
AeprHaHHA NOCTOAHHOIO ropH3oOHTa BOJAEI BepXHero Geeda (B koMIjexkTe
C TAPHPOBAHHBIMH OTBEPCTHAMH B BHle HAKJIOHHHIX HIHTOB HJH cH(OHOB
Ha OTBOJax), KOTOpHle NOJYHUMJIH WHpOkoe npuMmeHeHHe B 30-x rogax Ha-
IIero BeKa Ha OpPOCHTEJbHHIX cHeremax: Asxupa, Mapokxko, TTopryraaus,
a nosanee — CIIIA, Hpaka u muorux apyrux crpau [2, 52, 71, 98, 104,
106, 140].

' B panpieiinlem ycoBeplleHCTBOBAHHBIE KOHCTPYKUHH STHX 3aTHOPOB ¢ YHHBep-
CaNLHLIM YCTpoficTBoM (MONJABKOBOE YNpaBjieHHe NPHBOAOM SJAeKTPOMOTOpa) npeaHa-
AHAYAIOTCH LA TOALEPKAHHA NOCTOAHHOrO TrOPH3OHTA HAM pacxoaa soaw [22). IMpu sTOM
YEHBEpCANbHOE YCTPORCTBO YNpaBieHHA Momer OwITL HCMOABIOBAHO £AA PALA 3aTBOPOB
C MEeXaHHyecKHM MpPHBOAOM,
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12. ApromaTHuecKkHe BOJO/JeliCTBYIOLIME 3aTBOpPLI cHeTeMbl P, Epmapika
B Yexocaoeakuu (40-¢ roaws) [67, 68].

13. BapHauTLl aBTOMATHYECKHX 3aTBOPOB AH((epeHuHaNBEHEIX THIOB
ANA MOAJIePIKAHHA MOCTOSHHOrO rOPH3CHTa BOALI BepxHero Obeda, npen-
JA0eHHBle B 1940 r. B Amepukanckoe Biopo narenros (narent Ne 2207479)
[3]. SaTBopul Takme npeLoTBpallaloT o6paTHHIT TOK BOJALI B CJayyae MOBHI-
LWIEHHs YPOBHA BOAB HHiKHero Obeda Haj ypoBHeM Bepxuero Obeda. Ilo-
S5TOMY 3aTBOpbl TaKoro THNa NPHMEHHMBl MAJH KaHaJOB HpPPHralHOHHLIX
CHCTEM, KOTOphle BMazaloT B Mope (HJAHM OKeaH) ¢ NpHJAHBAMH H OTJHBaMH.

4. BapunanTsl ycTpPOMCTB K 3aTBOpaM, AAIOUHX BO3MOMXKHOCTb aBTOMA-
THYCCKH PEryJiHpoBaTh MOCTOAHHBEI YPOBeHb MJAH PacXOf BOMABI, KOTOpHe
Guinn 3anatentoBansl M. Iloncapom B 1955 r. (Biopo narentos CIIIA)
[112],  MHOrHe ApyrHe.

Haa noggepAanus NOCTOAHHOrO FOPH3OHTA BOALL HHXK Hero Gneda:

1. ABTOMaTHYeCKHE CerMeHTHBIE 3aTBOpPHI C NPOTHBOBECOM-TTOIVIABKOM
thna ABUO u ABHC ¢panuyackoit pupmer «Heiipnuk» (I'penobas), 30-e
rOAbl, NMOJAYYMBLIHE NpHMEHEHHe Ha OpocHTesbHBIX cHeTemax Askmpa, Ma-
POKKO H ApYrux crpauax [2, 24, 86a, 104, 106].

2. «Moaynu» ¢ AByMA HJAH TpeMmH 3aﬁpd:{hnbmu CTeHKamMH (Ha SHauH-
TEJbHLIX PACCTOAHHAX JAPYr OT JApyra), NO3BOJAAIOLLHE OrpaHH4YHTHL H3Me-
HeHHe TOPH30HTOB BOABI HIKHEro Obeda OTBOASLIErOo KaHaila He3aBHCHMO
OT pacxofoB BepxHero Obeda, Kortopuie ObJaH HcenuTane B 50-x romax
H2IUero CTOJEeTHA Ha MoaeaH B AJKHpe M OCYIIECTBJEHB Ha y3Jje
Haxenan (aaa opomenns) B IOxuoMm Amxupe [86r].

3. ABTOMATHYECKHEe 3aTBOPHI, IpejlHA3HaAuUeHHble [AAf MOAAepHKaHHs
NOCTOAHHOrO TOPH3OHTA BOALI HHMKHero Obeda HWAH NOCTOAHHOH pPAa3HOCTH
FOPH3OHTOB BepXHero H HHKHero Obedos (onucannsie JI. [dioma — ®pan-
IHf), KOTOpble MNOJYYHAH pacnpocTpaHeHHe Ha OPOCHTEJbHBIX cHCTeMax
Anxupa u apyrux crpan CesepHoii A(pukH [868B].

4, ABTOMATLI-peryiaTopbl YPOBHA BOJBI AJA PHCOBHIX noJjeil (B BHIAE
HHJAHHAPA ¢ KOPOMBICJIOM H MONJIABKOM) THna (paniysckoil dupmber «Heiip-
nuk», 50-e roawi [2, 52, 104].

5. ABToMaTHYeCKHe 3aTBOpH cHeTeMbl «Kopaans (Ppannus, 50-e roast),
[24, 90] u mHOrHe mpyrHe.

Jasi mofjiepiKaHusi BepXHEro HJjiH HH¥XKHero Gbe()OB B 3aBHCHMOCTH OF
PEeXHMOB NOJAXOAHBIX PAacXo[(0OB BOJIBl HCMOJbL3YIOTCA ABTOMATH TaK Has
3RIBAEMOT0 CMEIWAaHHOTO [eHCTBHA.

. ABromMarnyecKkue 3aTBOpH JAH(depeHnHaNbHBIX THOOB (paHiLys-
ckoii upmur «Heiipnuky (40-e roaw) [2, 17, 104].

2. BapuaHTh VCOBEpUICHCTBOBAHHBIX aBTOMaTHYeckux 3atsopos DBep-
nap JXuperr (Ppauunsa, 50-e roau) [24] u MHOTHE Apyrie,

Caefyer OTMeTHTb, YTO OOBIYHO WHOCTpaHHBIE (QHPMBEI KanHWTajHCTHUE=
CKOro Jiareps rnocJje MnpoeKTHPOBAHHA, HCCJEA0OBAHHA, H3TOTOBJIEHHA HEKO«
FOPBIX THNOB KOHCTPYKIHII aBTOMAaTHYECKHX BOAOACIHCTBYIOIIHX 3aTBOPOB
H YCTPOIiCTB He 3aHHTEPeCcOBaHLI B ONyOJHKOBAHHH OOBEKTHBHLIX HAYYHO-
TeXHHYECKHX [JaHHLIX (KpoMe peKjaMHOro Xapakrtepa), HOO STH CBeleHHS
34aK/NI0YeHE B paMKH [aTeHTOB M 3aCeKpe4YeHHOCTH H3-3a KOHKYpeHLHH,
[TostoMy snHTEpaTYpHO-TEXHHYECKHHI MaTepHaJ MO HHM OTPBIBOYHBIA H He-
HOJIHBIH. :

B unaweit crpane

Has noanep:KaHusi MOCTOAHHONO pacXxo0jga BOAH B OTBOAAX:
1. IlprcnocoGaenna aas peryJHpPOBAHHA KOJHUECTBAa BOJIEI, BhITeKalo-

meﬁ H3 HAMOPHBIX pe3epByapoB C TICPEMEHHBIM YPOBHEM KOHCTPYKLHH
JI. Tepcrentepr-llexa, npeanoxennusie B 1909 r. [47].
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2. T1puGopel AN ABTOMATHYECKOTO PeryJHpoOBaHHA pacXola KHAKOCTH
koucrpykuuu JI. Kaeepuna, 1910 r. [72].

: 3. {!:m‘l;mmmue asromatel A. H. KoctsaikoBa, npeanoxeHHsle B 1923 r.
36, 142].

4., Hunadparmennsie asromate B. JI. JKypuna, J. Il. Pysckoro, uc-
cienosaHHule B 1924 r. [69, 120, 121, 142].

5. MNonnapxoseie yerpoiicrea A, M. ByTHX0Ba ¢ BOJAOCJHBHLIMH OT-
BEPCTHSIMH 115 NPONYCKa YCTAHOBJIEHHOrO pacxolia BOALI HE3aBHCHMO OT
H3MeHeHHs Hanopa, 1927 r. [39]

6. ABTOMATHI-BOJOMEPHI MOCTOSIHHOrO pacxofa BOJb — Kayalomuecs
wuTel (I'-06pasuoit GopMmel) B aBTOMATH, OCHOBAHHBIE HA NpHHIUHNE yaapa
crpyit, A. M. Bpennca, 1927 r. [34, 36, 142].

7. IToabeMHO-ONYCKHBIC LHTOBLIE 34aTBOPHL C aBTOMATHUECKHM pery-
JHPOBaHHEM BOJbl Yepe3 BOJOMPOMYCKHbBIe OTBepCTHA coolpa3Ho YpPOBHIO
B Bononpuemunke koncrpykuun K. M. Jlouuca, 1930 r. [66].

8. AsToMaTHYECKHe PEryJaATOpPH pacxojia BOAB B BOJOC/AHBHEIX OTBep-
crusix (¢ BpamamoumMmucd naatdopMaMH HUIKHero Obeda) KOHCTPYKILHH
B. P. Puaurepa, 1930 r. [118]. ]

9, ABTOMATHYCCKHE BOJOCJHBLI-PErYIATOPEl pacxoja BOAkl (B BHAe
NOMJaBKa TPEXTPAHHON NMPH3MBI, MepeMenlalouerocs 1o HanpapasIoOLIHM)
koucTpykuuu B. C. Mypomosa, 1935 r. [96]

10, InadgparmenHsle aBTOMaThi-BRIMYCKH MOCTOAHHOIO pacxofia BOJK
B. . Cnaakux, xowen 30-x rr. Hawero Bexka [36, 49].

11. Cudonnnie apToMaTel B. H. Kypnocosa, 1936 r. [36, 81, 142].

12. ApToMaTHI-BOJIOMEPEl ¢ BPAUAKOLIAMHCH IHTAMH KOHCTPYKIHN
A. M. Karpamanosa u M. B. Byreipuna, 1937 r. [36, 73, 142].

13. 3arsopui-apromathl cicremsl CAHHHMPH ¢ nporusBosecom H yaH®-
kol konctpykunn 1. 1. Konoakesuua, 1937 .

14. Peryastopui-asromars  pacxona soast K. H. JlyGun-I'epnux,
1938 r. [36, 83].

15. TlpyxuHHEE 3aTBOPHI-AaBTOMATH MOCTOAHHOrO PAcXoila BOJL KOM-
crpykuus M. B. Byteipuna (tuns B-1, B-2; 1938—1940 rr.) (36, 142], xko-
TOpPLe B BHAOH3MEGHEHHOH (popMe NMPHMEHSAIOTCA Ha OPOCHTEJIbHBIX CHCTE-
max ¥Y3CCP [37]

16. Aspromatei-pogomepst BHHHUI'mM-1, 1 BHHHUI'#M-2 koHcTpyKuHH
K. A. 3axaposoii u B. A. lllaymsua (1944—1945 rr.) [141], xoropsie mpel-
cragasior coboii  ycOBeplEHCTBOBAHHBIE  KOHCTPYKUHH  aBTOMAaTOB
I0xHWWUIuMa, paspaGorauHbie H MCHHTaHHBe eme B 1935—1936 rr.

17. ABTOMaTHl-peryasaTopsl pasaHuHbix KoHerpykmuit JI. K. AJekcH,
1949 r. [6, 7].

I8. ABtomathl pacxona soaw . ®. JlomGpopekoro, 1949 r. [65].

19. ABTOMaTHl Il pPeryjHpoBaHds H NOAAEpPIaHHA NOCTOAHHOrO pac-

xona soasl @. M. INMuxanosa, 1950 r. [109].
20. ABTOMaTHYECKHE cHpoHHBIC BOJONOBEMHHKH CHCTEeMBI

VkpHUHT'uMa (koncrpyxkumn I'. B. Mosrosoro), 1951 r. [94].

21. Ilo3aTopel HenmpepbIBHOrO NEHCTBHA AnfA MKHIAKOCTEH, KOHCTPYKIHN
0. B. Buauneesa, 1952 r. [41].

' 99. ABTOMAaTHUECKHEe BojoBHNycKu-Bogomepsl cucremsr ApMHUHI'EMa
(konerpykunn H. A, Hypumwkausua n I'. A, AmGapuymsna), 1953 r. (10,
12, 92].

23]. AntovaTnueckde Boaosuinycku cueremsl ApMHHHUTHM-2 (komer-
pykunn A. K. Kampikemansana u I, A. AmGapuymana), 1954 r. [11], we-
MOJAL3YIOIIHE THHAMHYECKHe CBOMCTBA CTPYH HCTEUEHH.

24, TpyOuaTtele aBTOMaTHYeCKHe BOJOMEPHI-PEryJaATOPH pacxoja
poast  (TABP-56) konerpykunn M. C. Mepkypbepa, MpeIOKEHHLIE
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B 1956 r. u ucobltanubie B 1957—1958 rr. Ha JIMHTpPOBCKOM ONOPHOM
nyukre BHUHUI'nMa [90, 62].

25. Boaomepui-peryaatopst M. H. XyTopaHckoro ans HppHraiioHHbLIX
karajos 1956 r. [135].

26. TMepenocHeie CH(OHBI-BOMOBBIMYCKH C peryJHpoBaHHeM pacxolia
oAbl KoHcTpykuuu A, M. Cokogaosa, 1956 r. [124].

27. ABToMaTHUecKHe UHJAMHIpHUecKHe 3aTBope (THna Korawattu) H
JBYCTBOPUATLIC CErMEHTHBIE 34aTBOPLI CHCTeMbl [HNPOBOAXO3a, 3alPOCKTH-
poBanubie asi ["apnaGauckoit opocurenbHofi cucremul, 1957 r. [87, 95,
103, 115].

28. ABTOMaTHYecKHe BOJAOCJHBLI-BoAOMEepb Koncerpykuun H. A, Aane-
Ba (1957 r.), ycTaHOBJieHHble Ha OJHOM H3 O0BEKTOB OpPOCHTEJbHOH CH-
crembl TawmkentTckoii oGaacta [8].

29. ABTOMAaTH MOCTOSIHCTBA PAacXOjla BOABI /1A KanaJjos NMpeAropHoOH
300 KoHeTpykuuu 1. B. Boukapesa, npeanoxenuste 8 1957 r. [31, 33].

30. ITonnaskoBbie aBTOoMaThl kKoHcTpykuuu M. B. Unmxka [137], 1958 r.

31. Bonomepni-peryastopel A. b. [lBopknHa, s OpOCHTENbHBIX Ka-
naaos, 1959 r. [59]

32. AsToMaTHYeCKHe VCTPOHCTBA Js pPErv/iHpOBaHHA pacxoja BOMAM
roHcTpykunn B. K. Fuaakosa, npeanomennsie 8 1960 r. [50], n muorue
ApyTHE,

IIns aproMatHueckoro c¢cOpoca NaBOAKOBLIX BOJl TPH AOCTHIKeHHM
OMpeneseHHOr0 TOPH3OHTA BOAK HAH NOJIePAKAHHS NOCTOSHHOTO FOPH30HTA
BepxHero Obeda':

1. CamoaelicTBYIOIHEe NJAOTHHL ¢ BpPallaIIHMHCH UIHTAMH pasJjiHY-
Hpix koHcrpykuni B. B. Ckorurukoro u A. @. OcTpoBCKOro, npeiioxen-
nele B 1900—1903 rr. [123].

2. IpuGopur K. JI. A. Meiicconbe 0419 aBTOMAaTHUECKOIO OTKPBIBaHMA
H 3aKpLIBAHHS BHIYCKHEIX OTBEPCTHH B pesepByapax ¢ JKHJIKOCTbIO, CHa0-
weHHulx BopocauBamu, 1901 r. [88].

3. CamojeficTBylollHe NJOTHHB ¢ Bpautalouumucs wuramu @. Ipy-
onHckoro, 1903 r. [54].

4. ABToMaTHuecKHe ILIOTHHE KOHCTPYKuHH ¢. [lokophoro, 1904 r.
111].

: ]5. IToBOpOTHBIE TJIOTHHBI, ABTOMATHYECKH pPEryJAHpPYIOUHE BepXHHA
yposens Boabl kouctpykukn A. I'. Illraysepke, 1909 r. [139].

6. ¥crpoiictea A. CHaopoBa misi  aBTOMaTHYECKOro H fepHoAHYe-
CKOro BLIMYCKAa BOAB H3 MaJbix pesepByapos, 1911 r. [122]

' 7. CaMmojeficTByIONIHe NOBOpOTHble uintel M. AmHpoBa ans NJAOTHH,
1915 r. [13].

8. ABTOMAaTHUECKHEe peryJHpylollHe YCTPOHCTBa jis  BOLO/AEHCTBYIO-
HHX COKTOPHBIX M KpeimeBHansix 3ateopoB (tunmt White, Beartrap, Dach-
wer) koucrpvkiuu I III. Mexnepa, 1926 r. [89].

9. Nuckoswiii sarBop-aetomMar [. K. Pusenkamndga u B. I'. I'eGensn
nas cOpoca soasi, 1926 r. [119]

10. Camoneiicreyiomue nospoporheie mutel b, JI. Kapnmana nas nao-
whu, 1927 r. [75]). :

11. 3arBopLi-aBTOMATH «[Tpuama» (cucremnt [ybepa Jliotua),
ycranoBJaeHHble Ha BopocGpoce Kamakepekoit TAC kackaga Ne 1 Apmsan-
sneprochctTemsl B 1928 r. u Ha apyrux oGmekrax [21, 53, 76].

12. Orkuansie Bpamaiolldecs uaToBele 3aTBopel A. O. bBepuukepa
JJIS THAPOTeXHHUECKHX coopyxenuii, 1929 r. [25].

! [lpuBoasTca TOALKO HaHGOAee H3IBeCTHHIE MOBEPXHOCTHE e 33TBOPL-ABTOMA-
THl H ycTpoficTBa H HE paccMaTpHBalTCA BOAOACHCTBYIOMHE N O M H Bl € 3aTBOPH (HANpH-
mep, npentoxenue I1. I1. Jlaynmana u ap.), a TaKke KOAOKOA00Gpasubie BOLOAEHCTBY -
e 3aTHOPLl AAR BONOCAHBOB M. A, /
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13. CamojeiicTByiolHEe BEPTHKAAbHO-NOBOPOTHble 3atBopnl 1. K. Ilo-
TdHHHA 151 BONONPONYCKHBIX OTBEPCTHH THAPOTEXHHUYECKHX COOPYIKEHHIT
1930 r., ycoeepiuencrsoBaunbie 8 1933 v, [113].

14. ABToMarHYeCcKHii BKATBLIBAIOUIHICH MPH NaBOJAKaX BaJbLOBHLI
sareop B. I'. I'eGearst, ycranosaenusiii 8 1931 r. wa sogocGpoce JlzopaldC
(Apmennn) [46, 53, 67, 68].

15. ABTOMaTHYECKHE rHIApaB/HYeCKHe 3aTBOPH KOHCTpyKumn B. Kan-
HyHHHKOBa, 1932 r. [74].

16. ABTOMAaTH4eCKHE KialaHHble 3aTBOPH, YPABHOBEIEHHKIE MPOTHRO-
' BecaMu Ha Kopombicie cHH3Y (p. UnnmeBa) mam cBepxy Aas npomycka
naBoaka u wyrd, 30-e roawl Hamero Beka [53, 70].

I7. IlnockHe 3aTBOPHI-aBTOMATH € HAKJOHHLIMH OMOPAMH H MHPOTH-
Bopecamu kouctpykuun H. K. T'mpumckoro, 1935 r. [17, 48]

18. TIpoexTsl CeKTOPHBIX W KpuiuesHawblX («daxsep») 3aTBOpOE
PHAPABAHUECKOro nefcTBHA st naotur Sfpocaasckoit ['AC u p. CeBepHOro
Honua Anrntopenxkoit cucreMul [21, 53], cocrasiertbe I'aposuepronpo-
extom B 30-x rr. :

19. OTkaTHble ABTOMATHYECKHE 3aTBOpPHl cHcTeMn A. M. Tmaryma,
1935 r. [17, 51].

20. ABTOMAaTHYECKHE CErMEHTHbie 3aTBOPHl, HMEWIllHe NPOTHBOBECH M
NonJiaBKH ¢ rHOKOf 0JIOYHOH cHCTeMOIl, KOTOpLIe GBLIM NOCTPOEHBI Ha TJO-
TiHe Kerymc (3anmapnasa [suHa) Gaua r. Purun B 30-x rr. [67, 68, 136].

21. ABToMaTHUECKHE PeryasaTOpH KOHCTPYKuuH A. JI. PasopenoBa, Ko-
Topeie B 1945—1954 rr. noayunam npumeHenue na Kpacromapckux puco-
BBIX OPOCHTeNBHEIX cHcTeMax [87, 115, 116].

22. Knanannble 3aTBOPHI-ABTOMATh! «C KOJECOM MOMEHTOB» M MPOTHBO-
BECaMH, KOTOphle HauHHaa ¢ 1948 r., ycTaHOBJEHE Ha KacKaje THAPOCOOPY-
xennit I'IC YaGexsuepro (Axkapax-2, Bypuxyap u ap.) [61], ycosepuren-
erBoBannbie JI. 3. Aubrepmanom [9].

23. KnananHele 3aTBOpPBHI-aBTOMATHI ¢ JICKAJBHOH NOMABECKOl rpysa-
Ganancupa koHcTpyKunin M. @. QunKe, noayuHBIIHe pacnpocTpaHeHHe Ha
THApPOTeXHHUeCKHX coopyxenusnx [IpaBoGepexuoro 3epaBilaHcKOro Kana-
na YaGekckoii CCP (fluru-Bew, fluru-Kapa, flkkaGar u ap.) [101, 105.
128, 130] n B Tamwknxckoit CCP, naunnas ¢ 1949 r. (B Hacrosuee BpeMs
nocrpoeHo Goaee 45 wryk) [61], a Takxke apyrue Bapuanth [130].

24. BononeiicTylonine 3aTBOpPBI  THNOB: CEKTOPHBIX, OGapalGaHHbIX
«[lpym», KpblleBHAHLIX <«JlaxBep» ‘¢ aBTOMATHYECKHM pEryJHpoOBaHHeM
B BHJIE yayumenHelx konctpykunii C, B. Tapanosnckoro, JI. ®. Jlunesa [82,.
99, 127], 40-¢ roasl Hallero Bexa.

25. BonoaeilcTaylonine nepesBo-MeTaNJIHYECKHE WJAH iKese300eTOHHBIE
CEKTOPHLIE 3aTBOPL I'MIpoce/ibsneKTpO, HcchaenoBanHbie B 1954—1959 rr.
H ocywectsinennsle Ha Illunsckoii, IMepesosckoit u np. I'AC [114, 141].

26. ABTOMaTHYECKHE ypaBHOBEILEHHBIE CErMeHTHbLIE 3aTBOpPH C MOMJaB-
KOBOH KamepoH KoHcTpykuun T. M. Mawmmuimesa, xoropeiMH Ghisin oGopy-
.Fﬂﬂgg ysen kanana IkyH B Y306exckoit CCP - (uccienoBanunie 8 1954 r.)
I, 85].

27. ApTOMaTHYECKHE  BaJbIIOBO-CEITMEHTHEIE 3aTBOPH (C OMOPHBIMH
HACTAMH B BHAe ABYX ocedl Bpaumenna) xgoHcrpykuun C. M, Haauwmosa,
1956 r. [97]. '

28. ApTOMaTHYeCKHe KJanaHHLIE [JOCKHe M CerMeHTHhle 3aTBOPH
konctpykunu f. B. boukapesa, npeanoxenusie B 1956 r., u ¢ 1960 r. ycra-
HOBJIeHHBbIe HA coopy:xKenunHw P-7 3amagsoro BUK m apyrix coopyxeHHAX
opocHTeabHbIX cHeteM Kupruauwum [30, 32, 33).

29. AsroMaTHyecKHe CErMeHTHHle 3aTBOpHI KOHCTPYKuHu 3. 3, Makos-
ckoro, 1957 r. [84].
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30. AsTomMarnueckHe BO3JAVINHO-THAPABANYECKHe PEryifToOphl Ha TpyO-
YaTO-HANOPHLIX mnepenafax xounerpysunu H., O. duaaunosa, wenwrrann
Oxrunposonxosom B 1956—1957 rr. wHa nepenanax DBaraescko-Caakos-
CKOH H Hukne-JloHcKOfi opocHTeabHEx cuctem [93, 131]

31. BoposaGopuoe coopyskenHe ¢ aBTOMATHUECKHMH KIANAHHBIMH & 3a-
TBOpaMH KoHcTpykuud I. LkafiurnGaera, 1959 r. [60].

32. 3atBoput-aBroMarnl kKoHeTpykuuun K. ®. Apramonosa [I18, 19, 20],
npeanoxenanie 8 1959 r.

33. ABTOMaTHUYCCKHE CerMeHTHEIC 3aTBOPH C MOMIABKOM Ha oOIIHBKe M
KOHTDrPY30M THNAa <rHEﬁanHn (cerrMeHTHBle ABTOMATHI AJHA JOTKOB napa-
Goanueckoro cevenns GITA-30, CITA-50, CITA-90, CITA-110), skcenepumen-
TAJIbHO HCCACAOBEZHHEIE B rufipoMerpHueckoit sabGopatopru HMBIIulT AH
YaCCP, nauunas c 1957 r., u paspaGorauusie B sHge THnoRLX , Cpemaa-
ranposoaxaonkom (43, 107, 129]; B nHacTosimiee BpeMA YCTAHOBJACHL B COB-
xo3ax Ne b u Ne 6 INosiosinoit crenn, .

34, ABTOMaTHUECKHE CErMeHTHble 3aTBOPhl C NOMJAABKaMH B GOKOBBLIX
xojionuax gouerpykuun A. A, Taprynra [44], uccaenosannbie B rHIApOMeT-
puneckon smaboparopu MBIIul" AH YaCCP, (1959—1960 rr.) u nmoayumns-
IHe npHMeHeHHe Ha opocHTejabHOH cetit Tomoasoit crenu  (coBXO3W
Ne S 0 Ne 6).

35. ABTOMaTHYECKHe cerMelTHBIE 3aTBOpPH BepXHero Gbhedpa (crartHde-
CHOro JleHCTBHA) KOHCTpYKuuH 3. 2. Ilennosa [108]: a) ¢ nonaaBkoMmM B KO-
Jgojie; 0) ¢ eMKOCTLIO, 3anoJHAeMOH BOAOKH, KOTOphIe COeJHHEHA! C BEPXHHM
GeepoM. ITH 3aTBOPE HMEIOT THOKYIO CBASh uepes OJOKH M Jiekana,
npepnoensl 8 1958—1960 rr. B Hacrtosiuiee BpeMs CTPOATCA Ha HppHra-
IIHOHHBIX cHcTeMax I'osojHoi crenu (HanpuMmep, B coBxose No 6).

36. ABTOMaTHuecKHe BOJONCHCTBYIOLUIHE 3aTBOPLl [Js  MOLAEPIMKAHHUS
MOCTOSIHHOrO TOPH30HTA BOABLl BepxHero Obeda HAa MalbIX BOJAOTOKax KOH-
crpykunn b. Tl. Jlanuaenxo [58), ocHoBaHHEIe Ha M3MeHeHHH Beca 3aTBOpA
OT 3anOJIHCHHA H OMOPOIKHEHHA BOIAKI B NMPOCTPAHCTBE MEMKIY MepeJHHMH H
3a/lHEMH CTEHKAMH KOHCTPYKIMH, MPeAJOMKeHs H HenuiTans B 1958 r.

37. ABTOMaTHYeCKHe MJOCKHe BOJOJEHCTBYIOLIHe 3aTBOPHl BepXHero
Obeda (c BpameHHem MOJOTHHILA 3aTBOpa MO ONOPHLIM KPHBHIM, QuepueH-
HLIM Mo ayre Kpyra) kodHerpykunu B. @. PoasenGnarta, ueneitanusie 8 [ui-
paBaHyeckon nabopatopuun THHHMCX, 1959—1960 rr.

38. Bononaeitcteytomue satBopsl kaananuoro tuma H. M. bynronaesa
JAJIS1 OJITHOCTOPOHHErOD MPOMYCKa NPHAHBHO-OTJIMBHHIX TEYEHHII B OTKPLITBHIX
pycnax, 1960 r. [35]

39. ABTOMaTH4YECKHH 3aTBOP THAPABJHYCCKOTO JIEHCTBHS IIPH MAaJbIX
nepenamnax xoucrpyxuun M. B. Xamanosa, 1960 r., [132], u muOrHe gpyrHe.

Iasi nojgep<aina MOCTOAHHOrO rOPH30HTA BOABI H MK Her o Obeda:

1. Apromarhueckne peryastopul KoHcTpykuum A, JI. PasopeHoBa,
npusensieMble Ha KpacHOZapcKHX pPHCOBEIX OpOCHTEABLHEIX  CHCTEMax
MBITuT (AH ¥VaCCP [87], 1955 r.

2. ABTOMAaTHUeCKHe CerMeHTHble 3aTBOpLl HuikHero Obeda (craTuue-
CKOro AEHCTBHA) € TPYIOM B KOJOIE, CORJHHEHHLIM ¢ HIMKHHM OGhedoM,
KoHCTpyKumK 3. I, TlensoBa, npeanoxennse B 1958 r. H HccAeAoBaHHbIE
B gnaboparopun HHMHC Mockopckoii TuMmips3eBCKoil ceabCKOX03AHCTBEH-
HOHl aKaleMHH. '

3. ABTOmMaTHUECKHe CerMEeHTHBIE 3aTBOPH C NOMJaBKaMH B OOKOBLIX
Kogoauax kKomerpykumn A, A, Iaprysra, unccaeayeMule B HacToslllee Bpe-
MA B gabopaTopliH aBTOMATH3ALHH rHAPOMeJHOPATHBHBEIX cHctem KMBITuT
AH VsCCP, u muorne apyrue.

CoBpeMeHHLIE TEHICHUIHH PA3BHTHA ABTOMATHYECKHX BOAOPErYJHPYIO-
HIHX YCTPOHCTB H 3aTBOPOB OMNpeNensdloTCs BO3SMOMKHOCTBIO V/OBJETBOpE-
HHSA BCe BO3PACTAIOUIHX SKCIVIYATAaUHOHHBIX, KOHCTPYKTHBHO-CTPOHTE/b-
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HbHIX H TEXHHKO-3KOHOMHYECKHX TpeOoBaHHiH, a TakMe KOMIJIGKCHOro pe-
HIeHHA H]JD{SJIEMH dBTOMATH3aIlHH TNPOH3BOACTBEHHBIX NpolecCcOB Ha THA-
pPOSHEPreTHUeCKHX H OPOCHTEJALHBIX cHCTeMaXx,

0O KJACCH®HKALHH ABTOMATHYECKHX BOILOPErYJ/IHPYIOULIHX
YCTPOHCTB H 3ATBOPOB

Jan oGaeruenns paGoThi, cpaBHEHHsi JAOCTOHHCTB M HEAOCTATKOB, a
TaKwe BHIOOpa CYUECTBVIONIHX H NpEeAJOMKEeHHBIX aBTOMATHUECKHX BOJO-
PErYAHPYIOUHNX YCTPOHCTB H 3aTBOPOB - HeoGXOAHMA HX Kiaaccu(uxammua,

Tpyam H. I1. Tlyampesckoro, K. A. AkyaoBa, B. Koanriuesa, B. [0. Ka-
auHoBHya, . A. KossoBa u fp., Haaanusie eute 8 1909—1914 rr. [5, 14, 23.
77, 78], ABAAIOTCS NEPBHIMH ONBITAMH COCTABJEHHS KjiacCH(HKauuH 2aTBO-
pos naorun (ocoGenno pasbopuaThiX THIOB).

Onna u3 nepeuix knaccudukanii 6era gana 8 1923 r. npod. B. 1. JKy-
puHniM [69]. 3atem, npuMeHHTEILHO HE TOJLKO K HPPHIallOHHEIM COOpYHe-
HHAM, HO H K OTBEPCTHAM TIHAPOTEXHHYUECKHX coopy:KeHHil Boobuie, npei-
HASHAMCHHBIX AJ1H KOMOJEKCHOrO YAOBJACTBOPEHHs TpeOoBaHHil HECKOJbKHX
oTpacsell BOTHOrO X03MHCTBA, CXeMHl KaacCH(HKauuil OBLIH pasBHTLL yUe-
HRIMI COBETCKOH IIKOJL 'HAPOTEXHHKOB,

HaubGoaee Gauskoil Kk mnoanoil karaccHpuKamuu 3aTBOPOB BEPXHEID
CTPOCHHS NJIOTHH ABAAETCA KaacCHOHKalHA, npHBeienHas B «TeXHHUECKHX

VCJAOBHAX H HOPMAX NPOCKTHPOBAHHA METAJTHYECKHX 34TBOPOB», H3aHHBIX
B 1935 r.

B paGorax H. M. Aancumosa [14, 15, 16] u B. I'. I'eGensn [45] B Hagane
30-x rr., K. H. Jly6uui-Tepuux [83] B 1937 r., 3. &®. Huuunypenko [100]
B 1939 r., A. P. Bepesunckoro [21, 23] 8 1935—1949 rr., M. B. Byreipuna
[36] B 1940 r., C. M. Hanumona B 1956 r., M. C. Mepkypsesa [90] B 1957 r.,
51. B. boukapesa [33] B 1960 r. n Apyrux, a Takxe veUICKoro npodeccopa
¢. Epmapxa |67, 68] 8 1956 r., dpauuysckoro uHxenepa IIbepa JKunpone
[86e] B 1956 r. MOKHO HaHTH HauboJee NOJHLIE KJAACCHPHKAUHH ABTOMATH-
YCCKHX BOJOPErvJAHPVIOUIHX YCTPOHCTB M 3aTBOPOB THApPOTeXHHUYECKHX CO-
Cpy:eHHH (B HAwWeM cjaviae IPHMEHHTE/bHO K SHEpPreTHUeCKHM H OpOCH-
TeJbHEIM cHcTeMam). B 3mix e paboTax NpHBOAATCH ONHCAHHWA HX KOH-
CTPYKUMI, MpHHUHNL paloTHl, NpeHMyllecTBa M HejocTatkH. Hiuke naHul
cxemnl KiaccHduxannit B, J1. Kypuna, M. B. Byreipuna:

Kaaccupurkaunn sosossinyckoB no B. /I, Yypuny (1923 r.) [69]

Il rpynna Bonoswnycki ¢ aBTOMATHUECKHM NOCTOAHCTBOM pacxona:

1. MpuGopel ¢ nocrosHcTBOM pafosell niowanwm, AélicTeylouero nanopa i

KO3(hpHIHEHTA pacxona:
1) cudornwii asToMar;
2} soposunyck Jlunpxres H apyrue,

2. llpnGopul ¢ HaMmenennem pabousi nmaowaan oOPaTHO NPONOPUHOHANBHO
KOPHIO KB3APATHOMY H3 Hanopa:

1) xonycoo6pasuutit nonaasox;
2) KawawwHica NONIABOK H ApPYTHE,

3 [Mpubopst ¢ BO3PACTAUIMME CONPOTHBRISHHAMH, NPH YBEIHYEHHH nanopa,
HAH ¢ KO3pdHUHEHTOM PACXOAN, HIMEHAIOUIHMCE OGPATHO NMPONOPUHONANb-
HO KOPHIO H3 Hanopa;

1) soposmnyck JwubG6a;
2) aradparmoBblii ABTOMAT H ApPYTHE.

Kaaccupukanua kiacca BoJAOMEpOB-aBTOMATOB (pPeryasatopoB) NOCTOSHHOrO Bbiiexa
Boabl, mo M. B. Byrupuany (1940 r.) [36

OcroBannule Ha NPHHIHIE PeryaiHpOBaHHA

1. Bopomep Pyra.

2, Nuugnesq.

3. Cudonumii asromar Kocrakoga.
4, Cuounmit anromar Kypnocosa,

I rpynna — poaomepwl, /7 = const
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il rpynnma — BonOMepH, H3MeHehHe 1. Bonomep Bpeanca (c nonaankowm).

oTBepcTHd 06paTHO NMPONOPUHOHAABHO 2. Kounycoobpasnuil nonaasok.
VH 3. Kauaiowuiica nonnasox.
4, Bonomep Huber und Lutz,
III rpynna — poaoMeps!, H3aMencune 1. Nxu66a.
BEJHYHHK CONPOTHBAEHHS NPAMO Npo- 2. ¥ypuua.
nopunonaasno Y H 3. Caanxnx,
| 4, bpenunoea.

9. JlyOuw-["epunka.

Ha puc. 2, 3 nokazansl cxemst EaaccHdukauunii M. C. Mepkypresa u
3. @. HuunnypeHko.
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Ecau paccmatpuBaTh KiaccH(HMKAalUHH 3aTBOPOB (MeXaHHUECKOro /1efi-

CTBHA H THAPABJAHYECKOro JeHCTBHA) AAA BOAOCJMBHBIX oOTBepcTHit [16, 23,

53, 67, 68, 70, 91, 125], To obobUIEHHe MX B TPYIIL MPOH3BOJAUTCS MO Xa-
PAKTEPHCTHKAM 2aTBOPOB, COCTOSIIIHM H3 CJAEAVIOIMIHX 0000IMalomHX 3Je-
MEHTOB HJIH [IPH3HAKOB:

1) mecronosoieHne 34TBOpa (nMOBepXHOCTHEIC H TrJyOHHHEE);

2) cnocol nepefaydd 3aTBOPOM J1aBJieHHSI BOJILI Ha HeloOBHIKHBIE 4ac-
TH THAPOTEXHHYECKHX COOpYKeHHH (Ha ObIKH HAM ycToH, Ha dulor6er);

3, cnmocol nponycka BOALI 3aTBOPOM (H3-MOJ HH3a, MOBepxXy W T. 4.);

4) xapaxkTep JIBHXKEHHH 3aTBOpa NpH MaHeBpHpoBanHH (nocTynareib-
HOe, BpalaTeabHOe, NMepeKkaThiBaHHe WJH HX KOMOHHALMH),

D) THN NpHBoAa 3areBopa (MexXaHHueCKHil, rHApPaBIHYECKHH H T. ,II:..};

6) KOHCTpYKIHA 3a2TBOpA (MJOCKHe, CerMeHTHbIe, BaJbllOBbie, Kphillle-
BHJIHBIE, CEKTOPHBLIC H T. /.); _

7) MarepHan AAns H3TOTOBJEHH:A 3aTBOpa (MeTal, XeJie300eToH, me-
peBo M T. 1.);

8) Hassauenue 3arBopa (OCHOBHBIE — SKCMJIyaTAIHOHHLIE, aBapHAHBIE,
pPeMOHTHEIE, CTPOHTENbHBIE H T. [L.). |

HaunGonee pacnpocTpaHeHHble KJiacCH(PHKAUHA NPOH3BOAATCA MO TMpH-
sHakaM 2—6. :

Ecan paccMmarpHBaTh KJacCH()HKAIIHH ABTOMATHYECKHX BOMOPEryJiH-
PYIOLMX VCTPOHCTB (BKJIOYAsi H ABTOMAaThi-3aTBOPH), MpelHasHauYeHHbIX
oISt THAPOTEXHHUYECKHX COOpPYYKeHHH OpPOCHTeNbHBIX H THAPO3HEepPreTHHECKHX
cHCTEM, TO 0GO0UIeHHe HX MOXKHO NPOH3BOAHTE He TOJBKO N0 BhILIEYKa-
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3aHHBIM XapaKTepHCTHKaM, HO M IO OCHOBHBIM 3JIEMEHTaM H CBOMCTBaM,
creln(pHUHBIM TOABKO s HUX. [TosToMy aBTOMATHHYECKHE BONOPEryJHpYIO-
e yeTpoiictBa Moryr ObiThb KiAacCH()HIHPOBAHBI MO CJEAVIOIIAM  ClelH-
(pHUHEIM TIPH3HAKAaM:
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Pue. 3. Kanaccnduxanna sareopos’no.pabore BOI0CIHBHBIX
A=—30TROPH MeXIHNYECKOro Aelicrans C HFEHHJ'III.EETDHHH'DH Flﬁ'ﬂ'ﬂ:"ﬁ I!PHH!".-‘IIITEM-HDW" .ilfrﬂETﬁHF;

1) wasmauenmio (Kaxoil THJApABJAHYECKHN NapaMeTp aBTOMAaTHUECKH
NoAAEpKHBACTCH HJIH peryaHpyercs);
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2}]npnﬂunny peryJiHpoOBaHHA NapaMeTpPOB NOTOKa (Kak 3To JA0CTH-
rdcTCi),

3) KOHCTPYKTHBHBLIM OCOOCHHOCTSIM KaK Bcell KOHCTPYKIHH, TaK H KOp-
PCKTHPYIOUIHX 3/IeMEHTOB;

/74 Sm.:ﬁr_ AR OOV ERE DI RGN
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o rBepetiit naotud, no 3. ¢, Hrumnypeaxo [100]:

G—gaThopH THIPABAWTECKOrO AcficTaNd ¢ mpenuymecrsennofi pafioToll ABTOMATHYECKOrO XefcToud,

4) MCTOAL3OBAHHIO BHAA 3HEpriM  (THAPAB/HUECKON, THAPABIHKO-
SAEKTPHYCCKOR M T. 1.);
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D) HCNOJb30BaHHIO BO3ACHCTBHS HA MNOABHKHBIE YacTH KOHCTPYKUHE
(rHaApoCcTaTHYECKOro HJH THAPOAMHAMHYECKOro JEeHCTBHSH);

6) npHHNHMNY YpaBHOBEIIMBAHHA CHAOBBIX B3aHMO/IEHCTBHI NOTOKa H
3aTBopa,

7) BO3MOMKHOCTH MIMEHEHMs PEeryJHpyeMblX rHIpaB/IHYECKHX MapaMeT-
pOB Ha HOBYIO YCTaBKy H Ip.

Hanpumep, aBroMaTHYecKHe BOJOPEryaHpYIOLIHE VYCTPOIiCTBA MOXKHO
pasiesiHTh N0 HAa3Ha4YeHHIo:

) nmas cOpoca kKaracTpoHYECKHX, NMaBOAKOBHIX PACX0[0B BOABI MPH
AOCTHIKEHHH NOMYCTHMOPO MAKCHMaJbHOrO ropH3oHTa BepxHero Oneda;

2) nas NOAAEpIKAHHA NMOCTOAHHOIO PAcXo/a BOAB B OTBOJI;

3) naA nomjeprKaHus NMOCTOSHHOTO FOPH30HTA BOABI BepxHero Gbeda;

4) 048 noadepmaHHs NOCTOAHHOTO IOPH30HTa BO/L HHXKHero Obedhaj

5) Aasl peryJqHpoBaHHs pasjiMYHBIX NOCTOSHHBIX THApPaB/JIHYECKHX I1a-
paMeTpoB (Hamopa BepXHEro WiH HuxHero Obeda) mpH pasjHUYHBIX perKH=
Max noroka (pacxofoB BOJALI), TAK HasbiBaeMble MHOTOpexHMHBbIe AH(De=
PEHILHAJIbHBIC 3aTBOPLI-ABTOMATHI.

Knaccupnkauun aBTOMaTHYeCKHX YCTPOICTB [0 NPHHIHIY PperyJ H-
POBAaHHA MNPHBOAATCA Ha CXeMax H pHc. 2,

[lo KOHCTPYKTHBHBIM OCOGEHHOCTAM — KOPPEKTHPVIOLHM 3Je-
MEHTaM:

1) ¢ JeKaabHBIMH MOBEPXHOCTAMH moiBeca rpysa-Ganancupa (THna
OHHKe, KJandH{ele B T. 1.);

2) ¢ puMaraMM-KoOppekTopaMu (THna KoHcTpykuHii Boukapesa u ap.);

3) ¢ KpHBOJHHEHHBIMH TNYTAMH BKaTHIBaHHA (THNAa KOHCTPYKuHil [es
Genst ¥ ap.);

4) ¢ 3arpy3koH BoJAbkl M BBIOYCKOM H3 KaMep-NpOCTPAHCTB NOMJIABKOB,
KaMep-/laBJenHii, HMEeIOIHXCA B aBToMaTax-peryastopax (THMa KOHCTPYK-
uuit Makoeckoro u ap.);

5) ¢ 3arpy3koil BoAbl B NPOQHJAHPOBAHHLIE KaAMEPLI-3ArPY3KH H T. A,

ITo npuMeHeHHI0O BHOIa SHEeprHH:

1) HcnoJib3yiolllHE THApPABJIHYECKYIO 3SHepruio (AJgsi aBTOMaTHYECKOro
PEryJAHPOBAHHA) W 3JEKTPHUECKYIO SHEPrHio (s TejeMexannku — mo JI9II
HAH CAa00TOUHBIM JHHHAM);

2) HCHoOJAb3YIOUWHE TOJBKO FHAPABJHYECKYI0 SHEPTHIO AJid NpHBeJeHHA
B JIBHIKeHHe MOJABHMKHBIX uacTeil aproMara NMpH peryjdpoBaHHH onpeje/eH=
HOI'0 Napamerpa NOTOKa (3aTBOPLI-aBTOMATHl M Jp.);

3) He HCHOAB3YIOUIHE FHAPABJAHUYECKHH BHJ 3IHEPrHH, HO BCe Ke Tpes
6yIolUlHe nepenajoB ropH3oHToB Obed)oB BOALl (MoAyJAH pacxoja — THNA
dyTa, TAPHPOBAHHBIX OTBEPCTHI, ¥-00pasHbIX JJIHHHLIX BOAOCJAHBOB, HEMO4~
BHXXHBEIX CH(OHOB H T. 1.)'.

[To Bo3geHCTBHIO NOTOKAa HAa KOHCTPYKLHIO:

1) ucnosab3yiouiHe [IJf peryjHpoBaHHs HenocpelcTBeHHO®
BO3JEHCTBHE TOTOKA HA MOABHMKHBIE YacTH KOHCTPYKIHIL,

2) Mcnogb3ylolHe KOCBEeHHOe BO3jeicTBHe moToka (4epes cH-
creMy OJ0KOB, TPOCOB. KaMmep JAaBJIeHHs, CJAOXKHBIX BHAOB MNPOTHBOBECOD
o0 L) .

[lo npHHUHNY YPABHOBCIUMBAHHS CHJAOBB X MapaMeTpos:

1) rHApOCTATHUECKHX CHJ B3aHMOJEHCTBHSI (MOMEHTOR) MOJBHH{HBIX
yacTeH KOHCTPYKIHH aBTOMaTa H BOJbI;

| [Toapasaeaentsie Ha rpynnst 2 n 3 apTOMATHYECKHE BOAOPEryaHpYyioliHe yCTPOHCTBA

MOXHO KJAaCCHQHOUPOBATH NMO-APYTOMY:
a) Tpefywiuie GoAbINX NEpenajos ropH3oHTOoB Boaw (padorTaoline co crOOOIHEM

HC1eYeHHEM BOAK W3-NMOJ HH3A WM 10 BepxXy KOHCTPYKIHH),
6) Tpefyiome MajuX Nepenagos TOPH3OHTOB BoAW (paloTaollie ¢ 3aTONJEHHBIM

HCTeYeHHeM BOJAB H3-TI0J, HH33a HJAH N0 BEpXy KOHCTPYKUHH),
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2) ruApOAHHAMHUECKHX CHJI B3aHMONEHCTBHI (MOMEHTOB) NOMBHMKHBIX
yacTell KOHCTPVKUHH aBToMaTa M NOTOKA.

Illo BOSMOMXHOCTH H3IMEHEHUS peryjiHpPyeMBX MNOCTOSHHBIX
FHAPABJIHYECKHX NapaMeTpcB Ha HOBLIE YCTAaBKH:

1) uMmeouHe 3TY BO3MOKHOCTL (MIMEHEHHEM MOMEHTOB CHJI, 3arpy-
30K H T. I.);

2) He MMelOUIHEe TAKOH BO3MOMHOCTH H T. 1.

Hanbonbluee npusHase H pacnpocTpaHeHHe MOJAYYHIH KJaacCH(pHKa-
LLHH dBTOMATHYECKHX BOAOPEryJHDYOIIHX VCTPOHCTE N0 HA3HAYCHHIO H
HPHHUHNY peryaupoBaHuga (npusHaku 1—2),

ABTOMATBI THAPABJIHYECKOro AEACTBHSI KAK CPEIACTBA
ABTOMATHYECKCOrO YYETA, PErYJIHPOBAHHY BOOAbl H 3ALLMTH

FTHAPOTEXHHYECKHX COOPY)XEHHH H BONPOC OF MX BLIGOPE

ABTOMaTHYECKHE BOJOPEryJAMpYIOUIHE VCTPOHCTBA, mnpHMEHAEMble Ha
OPOCHTEJILHBIX CHCTeMax, AOJMAHBI oGecneuHBaTbh XOpollee, TOYHOe pery.ii-
poBaHHe H pacnpejiejleHHe BOIbl HA OPOCHTEJbHOH CEeTH COOTBETCTBEHHO
IViaHy BOJAONOAbL30OBAHHSA JJIA NOJYUEHHS YCTOHUMBBIX BBICOKHX YypoXKaen
CEe/IbXO3KYLTYP (HAa rHAPOIHEPreTHYECKHX CHCTeMax — BblllOJIHeHHe rpadu-
Ka padorel 19C). las ocymiecTBAeHHs 3TOr0 COBOKYIITHOCTL CPEeACTB aBTU-
MAaTHKH AO0JIJKHA MO3BONHTb:

l)- aBTOMaTHYECKH peryaHpoBaTh M pacnpeiessTb BOAY MyTeM HOLBO-
Ad N0 ceTH HeoOXOAMMOro pacxojld H KOJHYeCTBA e¢ B HYMKHBIH MOMEHT,
B KasIbH 00BEKT norpet/eHHs BOALI;

2) onpeieJHTL pacxoibl U CTOK BOALL

3) BallUTHTb ABTOMATHYECKH OT MOBPEKICHHH, paspylieHHil CHCTeMbl
H COUpYyZKerHil, a TaKXe COKpaTHTb NOTEPH BOALI BCJACACTBHE CJYYaHHBIX
OOCTOATENILCTE HAH HENpPaBHJABHOrO MaHEBPHPOBaHHs, cpabOTKH annapary-
pet H T. A.

Bonpoc BniGopa HauMBHIrOJHEHINEro H pallHOHA/JLHOCO THMA aBTOMAaTIl-
YECKHX BOJIOPEryJIMPYIOIIHX VYCTPOHCTB CBA3aH ¢ TpyiaHeiwejl 3azaueil,
HMEIOLUEH B CBOEM pEeLIeHHH ABe CTOPOHK:

1) yAaoBaeTBOpeHHE CAOKHOrO KOMMJeKca TpeGOBaHHII K 3THM YCTpOil-
CTBaM;

Z) HaxomIeHHe HanOoJiee NPHEeMJeMOH KOHCTPYKUIHH H3 MHOTOUHCJIEH-
HEIX BH/IOB H THIOB HX. '

B coBpeMeHHBIX YCJOBHAX pasjHyHble OTpac/u BOAHONO XO3#HCTBA
(ocobenno npH KOMNJIEKCHOM pelleHHH BOMpOCa) NpelbfABiAIOT BCE HOBBIE
K HOBbie TpeOoBaHHA K OOOPYAOBAHHIO TPHAPOTEXHHYECKHX COODYHKEHHI.
Caelyer OTMETHTb, YTO pPe3yJbTaThl OMNLITOBR [POEKTHPOBKH, 3SKCIIyaTa-
LUHH CpeJICTB- aBTOMATHKH (B BHAEC ABTOMATHYECKHX peryJHpyiollHx YyCT-
pciicTe) Hepeako caabo ocsBemialoTes B gurepartype. bosee roro, sra 3aia-
Y& YC/JIOKHAETCH TeM, UTO OOJALIIHHCTBO KOHCTPYKUHIL HOCAT B HACTOSLIEER
BpeMs elle xapakrep npemnoxenuit 6es A0CTaTOYHLIX JAHHBIX H OOOCHOBA-
HHH, HHOCTPaHHAA e JHTEpaTypa u4acto nyOJHKYeTcsa JHUIL B Ueasx
PeKJgaMel; BCE 5TO 3aCTABJSET MNPOEKTHPOBUIHKOB OTHOCHTBCS K BHIOOpY
THIA OOOpPYAOBAHHA CHAPOTEXHHYECKHX COOpY#eHHH ¢ GOJbLIIOH OCTOPOXK-
HOCTBIO, |

TpeGopannsa K BuIGOPY 4BTOMATHUECKHX BOJOACHCTBYIOUIHX KOHCTPYK-
Uil MOMKHO pasjejHTh Ha TpH Goabuiie rpvnns [23]):

[. DKenayatauHoHHbE,

1I. KOHCTPYKTHBHO-CTPOUTE ILHBIE (BKJKOYAA H pacueTHhIE),

[II. Texuuko-3KOHOMHYECKHE,

K sxcnnyarauHOHHBIM H KOHCTPYKTHBHO-CTPOHTE@AbLHBIM TpeloBaHHAM
AJisl aBTOMATHYECKHX BOJAOPEryJHPYIOUIHX YCTPOHCTB MOMKHO OTHECTH:



1) cooTBeTcTBHEe KOHCTPYKHHH Kak o©OGODPYAOBaHHS THAPOTeXHHUECKHX
COOpYKeHH# o6muM TpeGOBAHHAM KOMMJEKCHOH aBTOMATH3ALHH M TeJje-

MéXaHH3alHH NPOH3BOJACTBEHHLIX MpONECCOB M BLIMOJHEHHIO MJaHa BOJAO-
MOAL30BaHHA HAa OPOCHTeNILHBIX cHcTemax (HaH rpadmka paGormt I'DC ma
I'HAPOIHEPreTHYECKHX CcHCTeMax);

2) apToMaTHUYeCKy10 paGoTy B HeoOXONHMOM IHAMAa30HE;

3) OpicTpoTy ACHCTBHA H BpeMs MepeperyjHpoBaHusi (nepexoaHble
poueccel) AOCTHraeéMbie KOHCTpPYKIHEH BO B3aHMOCBS3H, B3aHMO3aBHCH-

MGCTH € APYriMH KOHCTPYKUHSIMH H COODYIKeHHAMH IpH pPeryjiHpoBaHHH
NGTOKOM;S

4) npocrory KOHCTPVKLHH; ;
D) HAAeKHOCTL KOHCTPYKuMH (BKmiouas ux Ge3aonacHOCTL Inpu pa-
Gote);

6) orcyrcrBHe OTpHIATENLHOrO B/HANMS KOHCTPYKUHH Ha NPONYCKHYIO
CNOCOOHOCTD OTBEPCTHA COOPYIKEHHS;

7) NONYCTHMOCTL OCMOTpa H PEMOHTA,

8) paboTy KOHCTPYKUHMH [pH HAJHUHH HaNOCOBR B MOTOKe H MApO-
DYCK HX;

9) mponyck naaBaloUHX Tes WIH 3aUIUTY KOHCTPYKIHH OT HHX;

10) TounocThb, YCTOHUHMBOCTE H CKOPOCTH PErYJIHPOBaHHSA MJs MNOAIEp-
HHBaeMBIX TMapaMeTpPOB INOTOKA;

1) MHHHMaAbHBEIE NOTEPH BOALL (YTEUKH BOJBI Yepe3 VIIOTHEHHA);

12) paboTy KOHCTPYKIIHH B CJHOXKHBEIX KAHMATHUECKHX YCJOBHAX;

13) HaauyHe pacyeTHLIX MAHHLIX (3KCHEPHMEHTAJBHOTO M TeOpeTHue-
CKOro xapaxrepa), Takie BO3MOXHOCTL [MOJIHOTO pacyeTa Kak KOHCTPYKIHH
B 11€JIOM, TdK H KOPPEKTHPYIOUIHX 3JIEMEHTOB KOHCTPYKUHH;

14) yBA3KY KOHCTPYKUMH C THIOM TI'HAPOTEXHHYECKOrO COODYIKeHHS H
crocoboM ero BO3RENEeHHS,

15) nepexpsiBaoulyio cnocoOHOCTh KOHCTPYKLHH 3aTBOpa H uesaecoob-
pPasHOCTh ra0apHTOB YCTPOHCTE;

16) paunonanbHoe B rHApaBJHYECKOM OTHOLWEHHH oyepTaHHe (0OIIHB-
KH H VIJOTHeHHH HHM3a MOJABHIKHOH YAacTH) YCTPOHCTB;

17) iKecTKOCTL, NPOYMHOCTL KOHCTPYKIMH, COOTBETCTBHE CTAMIADPTHHIM
10NYyCKaM;

18) Hec/q0#HOCTL KOHCTPYKUHH B H3rOTOBJGHHH H MOHTame, a TakkKe
POSMOMHOCTH HX THNH3aUMH (C HAHMEHBIUHM uHCAOM THROB OJOKOB H Jle-
Tajen), a4 TaKXKe HHIOYCTPHAJNH3AUHH H3rOTOBJIEHHH, JOCTABKH H YCTAHOBKH;

19} BO3MOMHOCTL H3rOTOBJEHHS KOHCTPYKIUHM H3 pasjHYHLIX paiHo-
HAJABHLIX BHIOB MAaTCpHAJ0B,

20) nOJATOBEYHOCThL KOHCTPVKILHH; !

2]) muEHManbLHOe BosaciHcTBHe Ha (iorder cOpacLiBaeMOH BOAL H Ap.

M3 3sKkenayaTauHOHHHEIX H KOHCTPYKTHBHO-CTPOHTE/ABLHBIX TpPeGOBaHMiH
CrneuHanabHBIMH  ABASIOTCH [23]:

|} nponyck Cynoe;

2) Bompoc nepeaaud 3aTBOPOM JaBJCHHA BOALI NMpH cjaloM OCHOBa-
HAH NJOTHHBI,

3) rpedosanus T1BO;

4) 5CTEeTHYHOCTh KOHCTPYKHIHH H Mp.

K TeXHHKO-3KOHOMHYECKHM OTHOCHTCH TpeOOBaHHe JOCTHMKCHHA MHHN-
MANBHBIX:

|} CTOMMOCTH KOHCTPYKUHH B ueaom';

2) CTOHMOCTH COCTaBHBIX 3JIEMEHTOB THAPOTEXHHYECKOIro COOpYHKeHHS

! Ecan neo0X0j1iMO, BK/IOMAeTCA CTOHMoCTh oGopyAoBamHa Tesemexanmkn c JIIII
A €o caaboToOMHBIMH JHHHSIMHM, A TakMXe BPeMeHHBIX 3arpa:kiaeHilit (NpH CTPOHTEALCTEE
WhlH peMoHTe). :
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(6LIKOB, (alorOera, cayxeGHbro Mocta, 06oOpy10BaHHS YIPABAEHHS H T, 1),
BKJAOYAA MPOCTOTY HX BLIUTOJHEHHS;

3) 3KCMAYATAUHOHHBIX PacxoioB (5KOHOMHA BOALI OT TOYHOCTH pery-
JMPOBAHHA, COKPALUEHHE 1ITATOB, NOBLILICHHE MPOUIBOAHTENLHOCTH H KYJb-
TYpH Tpyaa).

IIpuBsiTas KOHCTPYKILUSA 2aTBOpPA-aBTOMAaTa /0JMHA M0 BO3MOMKHOCTH
Y/IOB/JICTBOPATL TEPEYHCICHHOMY KOMILIEKCY TpeGoBaHHii,

[Ipi BRIOOpE KOHCTPYKUHH 3aTBOPOB-aBTOMATOB, Hapfy CO CTpeMJe-
HHeM YIOB/AETBOPEHHS IKCIIYATALHOHHBEIX, KOHCTPYKTHBHO-CTPOHTC/JbHBIX
H TeXHHKO-9KOHOMHYeCKHX TtpeCoBaHHii K HuM, OoablIoe 3HAYeHHe MDH-
ofperaeT cpaBieHHe 3aTBOPOB N0 TCXHHKO-3KOHOMHUECKHM MNOKa3aTe ifiM.
CpaBHeHHe 3aTBOPOB (Kak OOBIYHBIX, TaK H aBTOMATHYeCKHX) oObLIYHO NpO-
HABOAAT 1O CAEAVIOLUIUM TeXHHKO-3KOHOMHYECKHM MokasaTteism':

1) croumocth oOCAYVAHBAaHUA 32TBOPOB, MNOLBEMHLIX MEXAHH3MOB,
O00OpYAOBAHHSA VIPABJAEHHA H T. I,

2) pacxom Meraaja H ApPYrHX MartepHaqoB (KeaesobGeToHa, nepeBa H
T. 1.) Ha 3aTBOp, NOABEMHBIIl MCXaHH3M H JAPyrHe YCTpOMHCTBAE;

3) obGmaa croHMocTe oGopy/joBaHHA (3aTBOPOB, NOIBEMHBLIX MeXa-
HI'3MOB H JAPYTHX YCTPOHCTB);

4) croumocth oGopynoBaHus Ha | M3/cex MakcHMAaJbHOTO pacuer-
HOTO pacxojga BO[B, MNpPOTEKaloUlero wuepes oTBepcTHe, NepeKpLiBaeMoe
34TBOPOM;

5) mpocToTa KOHCTPYKLHH, THOH3alH#A, BO3MOMXKHOCTL CepHi{HOro sa-
BOJACKOrO M3TOTOBJIEHHH C Jerkoii TpaHcnoprabe/bHOCTBIO H MOHT2XKOM;

6) Hajgexuoctb, Ge30TKaszHOCTh pabOThl 3aTBOpA;

7) TOMHOCTH PEryJaHpOBaHHA TOPH3OHTOB MJH pPACXOAOB BOjLI 3aTBO-
PGM, UYBCTBHTENLHOCTHL PaboTh 3aTBOpa (YTO BaXKHO JJ5 ABTOMATOB) M T. .

OCHOBHEIE TeXHHKO-IKOHOMHYECKHE [OKAa3aTe/JH, CBS3aHHLIC CO CTOH-
MOCTHMH KOHCTPVKIUMII B 1eJOM H 3aTtpataMu Ha oOCayKHBaHHe, MOHTaK
H T. A, ONpPeJesloTCs Ha OCHOBE COCTaBJIeHHs CMeT /af BapHAHTOB CpaB-
HHBAeMBLIX KOHCTPYKILHIl 3aTBOpPOB B OAMHAKOBHEIX ycjoBuaX. Ilpu cpasHe-
HHH THMA 3aTBOPOB, HMEIOUIMX MOJbeMHbLIE MeXaHH3Mbl W MPHHYIHTE/bHBIH
MPHBOJA C 3aTBOpPAMH 2aBTOMATHUECKOro MeHCTBHS, OCOOLlii nHTepec mpej-
CTaBAfieT NEPBHIA nokazarteab (NpH pPaBHONEHHOCTH JIPYIHX MoKasaTeaeH).
Ilpn cpaBHeHHH JKe CaMHX KOHCTPYKUMH 3aTBODPOB-aBTOMATOB BaXKHBI MO-
kasatean 3, 5, 6, 7 (npu ApYrHX paBHHIX MOKAasaTeNfAX).

IHans npumepa B TalGaHue, cocTaBjJeHHOH no Martepuaqam ['maposoa-
xc3a MCX CCCP [128], npuBeneHbsl cMeTHHIE CTOMMOCTH M pacxojl Mare-
piiajoB Ha H3TOTOBJCHHE ABYX CpAaBHHBAaeMBIX THNOB 3aTBOPOB: He aBTO-
MATOB H 3aTBODOB-aBTOMATOB TIH/JApPaBJIHYECKOro JAeHCTBHA &ETHPE}E KOH~
CTPYKIHH). 3aTBOPBEl CpPaBHHUBAJNCH Ha MPONYCK OAHHAKOBOrD pacxoia
Boakl 14,5 %/cex ¢ MocTOSHHLIM HamopoM B BepXxHeM Obege 2—2,5 M, NpH
iltpHHe npoJera orBepers 3,0 aL M3 rabauusl BHAHO, YTO CaMbiM 3KOHO-
MHUYHEIM SIBJISIETCSl 3aTBOp-aBTOMAaT KOHCTpykuuu M. . PuHKe, KOTOpHH
Gojee yeM B 2 pasa JeuwleBje THMOBBIX IJIOCKHX (KOJIECHBIX HAH CKOJABL3f-
HIHX) 34aTBOPOB BMECTeé ¢ HX MNOABEMHBIMH MeXaHH3MaMH; caMbiii Jopo-
roif — KaananHeli 3aTBOP-2BTOMAT ¢ «KojecoM MoOMeHTOB». (CTOHMOCTB
34TBOPOB-aBTOMaTOB KOHCTPYKuHH M. @, ®uuxe, 5. B. Doukapesa n THna
Qpannysckoit GupMsl «Heiipnuk» Menblle WaH npHOJIH3HTEAbHO OJH3Ka
CTCHMOCTH THMOBKLIX IJIOCKHX 3aTBOPOB ¢ MOABEMHBIMH MeXaHH3MaMH.
ITosToMy TH TPH KOHCTPYKIIHH 3aTBOPOB-aBTOMATOB MOryT ObiTh pPEKOMEH-
NOBAHBl /s THMOBOTO NPOCKTHPOBAHHS H MPHMEHEHHS Ha OPOCHTEJBHBIX
cuereMax [33, 43, 128—130].

! Tlpu cpaBHenuy 3aTBOPOB NO STHM NOKA3aTeNAM HeoOXOANMEL PABHOIEHHLIE THI-
[PaRJHYECKHe YCAOBHA (HATIPHMEp, No HAMOPY, PACXOAY BOAMW, WIHPHHe OTBEpCTHA H T. A.).
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Takum obpasom, Bonpoc o BHOOpe aBTOMATHYECKOrO 3aTBOPA, Kak M
BOOOIIE 3aTBOPOB, CBA3aH:

a) ¢ YAOBJACTBOPEHHEM KOMIJIeKca TpeGOBaHuii K 3aTBOpaM;

0) ¢ HaxomaAeHHeM Haubosaee npHeMJeMOH KOHCTPYKIUHH 3aTBOpa M3
MHOTOYHCJEHHBIX BHJIOB H THIOB HX;

B) C OnpejiejieHHEM TEXHHKO-IKOHOMHYECKHX MOKasarejeil pasyHyYHBIX
KGHCTPYKILHH 3aTBOPOB (NMpH WX CpaBHeHHHM B DABHOLEHHLIX YCJOBHSX) H
BO3MOXKHOCTBIO MOJIYUEHHSI KOHCTPVKUHH 3aTBOpPa ¢ HAWJIYYIIMMH MOKa3sa-

TEJAMH.
s COBPEMEHHBIX OpPOCHTEJBHLIX CHCTEM HeOOXOAHMEl eue ﬁDﬂEE‘

€0BeplleHHble CpPEJCTBA AaBTOMATHKH ¢ MaKCHMaJbHBLIM AHana3oHOM aBTO-
MaTHuecKOH paboThbl, 6E30TKA3HOH Ha/eXHOCTbIO H T. /L., T. €. COOTBETCTBYIO-
HIHE OCHOBHHIM TpeOOBaHHAM, H3AOMKEHHLIM Buiule. CpencTBa aBTOMaTHKH
B BH/e aBTOMATHYECKHX BOJOPErYJHPYIOIHX YCTPOHCTB JAOJMHE OCYUIECTB-
JIATh Pery/jHpoBaHHe H y4eT pacxoia, CTOKa BOAbLI, 4 TAKKE 3alHUlaTh CO-
OpPVXeHH:A H CeTh OT pas’spylleHHil, nepenoJHeHuii H T. . H M0 BO3MOXHOCTH
COBMeNlaTh BCe 3TH (PYHKIIHH.

Breapennio cpeicts aBToMaTHKHM (ycrpoficTBa H 3aTBOpPH) Ha OpPOCH-
TEJbHBIX CHCTEMax MPensiTCTBYIOT:

1) HeoOXoAHMOCTE NepenajloB FOPH3OHTOB BO/LI, KOTOpHie A5 00Jb-
HIHHCTBA KOHCTPVYKIUMI JOCTHraloT 3HAYHTEAbHBIX BeJiHYHH, YTO BeleT K Mmo-
Tepe KOMAHAOBAHHSA Ha/J IIOWALIME OpOLIeHHA, OCO0EHHO B pPaBHHHHBIX
¥acTAX MEeCTHOCTH,

2)HENOATOTOBJACHHOCTL DPGCHTL‘JII.:IHJFI CeTH A apMHpPOBaHHS ee CO-

OPpYHEHHAMH C aBTOMATAaMH;

3) OrpaHHUCHHOCTL YCJOBH{I TNpHMEHEHHs WiH OTCYTCTBHE MOJIHOTO
aBTOMATH3Ma B ONpeieJeHHOM JHanasoHe H OO0JbIHOH HajeXKHOCTH B pa-
GoTte; :

4) orcyTcTBHe NOCTATOMHEIX AaHHBIX H TEOPETHUECKHX pas3paboToOK 110
KCHCTPYKLHSM, CHJIOBLIM MapaMerpaM, BOAOMEPHOCTH H VCJIOBHAM MpHMe-
HEeHHS 3THX CPeCTB;

5) HepocTaTouHasi paspaboOTAHHOCTE KOHCTPYKLHH B 1I€J1OM;

6) Ci0KHOCTH M HEMPAKTHUYHOCTL OTAEJAbHLIX Yacreif H HX MeXaHH3MOB;

7) He[oCTATO4YHASA NpopadoTKa BONpOCAa MO pacnofioXeHHio H cove-
TAHHMIO CPEJCTB aBTOMATHKH Ha CeTH (HCMOJNb3YIOHIHX- THAPABJIHYECKYIO
SHEPruio, 4, BO3MOIKHO, H 3JIEKTPHUECKYI0) BO B3aHMOCBA3H H B3aHMO3aBH-
CHMOCTH.

HeobxoauMmel jpanbHelimas pa3paboTka W BHeJpeHHe HOBBIX KOHCTPYK-
Ml cetn (JOTKOBOM, no TpySonpoBogaM H T. A.) C HajJHuHeMm Hanopa,
yYMeHblIeHHeM MOTepPL BOJAbLI H3 Hee, NPOCTOTOH SKCMJAYaTalHH, a TaKke
PEKOHCTPYKIHA CYLIECTBYIOWIEH CeTH, KOTOphie COOTBETCTBYIOT  YCJIOBHSM
NpHMeHEeHHs aBRTOMAaTOB,

Jas mupokoro npuMeHeHHs CPeACTB aABTOMATHKH (HA IHApAaBJHYeCKOf
sHepruH) npHoOperaer 0co00 BayKHOE 3HAUCHHE KAK V/IOBJCTBOPEHHe, B nep-
I!-}[ﬂ ouepelb, 3IKCNAYVATAULHOHHBIX H KUIH:TP}'ETHHHG—CTPBHTEJH:HHH TpE'ﬁﬂ-'
BaHHil, TAK M BHEIMOJHEHHe TpeGOBaHHA SKOHOMHUYHOCTH KOHCTpyKuu#. Ilpw
5TOM B JaHHOE BpeMsi HacTosTeaLHO TpeOyercsi paspaGoTka He TOJBLKO Tex-
HHYECKHX YCJIOBHIL H HOPM MPOEKTHPOBAHHA KOHCTPYKIHH aBTOMATHUECKHX
BOAOPEryJHPYIOUUX YCTPOHCTB, HO H TEeXHHYECKHX YCJOBHH MO HX npHMe-
HEHHMIO, aHajH3y STHX CPEJICTB, HX pPasMelleHHI0 B 3aBHCHMOCTH OT KOH-

CTPYKILHH OpPOCHTEJBHOH CETH.
BbIBOJAbI

1. CpencTBa aBTOMATHKH B BH/e BOJOPEryJAHPVIOUIHX YCTPOHCTB Npo-
UK JUVIHHHBI NyTh PAasBHTHS — OT NPOCTEHIIHX BHIOB [0 COBPEMEHHBIX,
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KOTOpble B HacTOMIIee BpeMs NOJYYHJIH TpHMeHeHHe Ha SHEPreTHYeCKHX W
OpPOCHTENLHBIX CHCTEMAaX.

2. HanGonee pacnpocTpaHeHel B HpPpHTAUMH KJ4aCCHMOHKAUHH aBTOMA-
THUYCCKHX BOAOPEryJHpPYIOUHX YCTPOHCTB MO HA3HAYEHHIO M [PHHIUHOY pe-
rvHpOBaHHA.

3. Ha coBpeMeHHbLIX OPOCHTENBLHBIX CHCTEMAax aBTOMAaTHYECKHe BOMO-
pPeEryJHpYyIOUIHe YCTPOMCTBA MOJKHBI 10 BO3MOMKHOCTH COBMEIATb BLIMOJA-
HeHHEe (QDYHKUHMH:

a4) peryJHpoBaHHA BOIHI;

0) yuetra BOJbI; .

B) 3allHTH COOpPYHKeHHil OT paspyumeHHi.

4. Creayer OTMETHTb, YTO XOTHA H3BECTHHl COTHH NpeAJOXKEeHHBIX KOH=
CTPYKIMHA, pacnpocTpateHHe NOJYUHAH TOJLKO HEKOTOpPhIE — 3T0 OGDBACHS-
eTcsl pANOM NPHYHH, MNpPensATCTBYIOMIHX HX BHEAPEHHI0 Ha OPOCHTEJbHBIX
CHCTEMAX.

5. BuiGop pauHoHAABHOTO THMNA ABTOMATHYECKOTO BOAOPErYJIHPYIOMEro
YCTPOHCTBA NpeJCcTaB/IfdeT TPYAHVIO 3ajayuy, ¢ OJHOH CTOPOHHI, H3-3a CJIOXK-
HOPO KOMMJeKca TpeGOoBaHHH, NpeibiB/feMbiX K COBPEeMEHHLIM KOHCTPYK-
UHSIM, C JApPYroil — H3-32 MHOrOYHCJCHHOCTH BMIOB CAMHMX KOHCTPYKIME
(X0t OOJLIIHHCTBO H3 HHX HOCHT XapakTep npeiaoxeHHii).

6. CpaBHeHHe CMETHLIX CTOMMOCTEil ABYX rpynn 3aTBOPOB: He aBTOMa-
TOB (C NPHHYAHTEJLHBIM NPHBOLOM) H aBTOMATOB TH/APABJIHYECKOro AekH-
CTBEHA B PaBHOUEHHBIX VCJOBHAX MO HX CMETHBIM CTOHMOCTSM IIOKa3hiBaer,
YT10 CTOHMOCTL ABTOMATOB (HANpHMep, ropH30HTAa BepxHero Gbhetha, HCNOML-
3VIOLIIHX HEeNoCpeACTBEHHOE BO3/ICHCTBHE NOTOKA HAa 3aTBOpP, KOHCTPYKIHH
M. @, dunxke, Heiipnuk, f. B. Boukapesa u ap.) Mensuwe uan GJIH3Ka CTOH-
MOCTH THIOBLIX IJIOCKHX 3aTBOPOBE C NoakeMHukaM#. Kak 310 cpaBHeHHe,
TaK M CpaBHeHHe Nno JpyruM TpeGOBaHHAM, NOKasare/ifiM MO3BOJISET peKo-
MCHJIOBATh TAKHe 3aTBOPLI-aBTOMATHI K THIOBOMY HX NPOEKTHPOBAHHIO H
IHIHPOKOMY BHEJDEHHI0 Ha OPOCHTeJbHLIX H THIPOIHEpPreTHYECKHX CHCTe-

maxl,
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" M. M. CAIILHUKOB

METO/IMKA PACYETA BOAOMEPA C CETMEHTHOU AWA®PATMOH
A1 MEJTHOPATUBHOW HACOCHOW CTAHLMH

B ruapomerpuueckod aabopatopun MBIInl® paspaGoran Bomomep ne-
PEMEHHOrO Mepenajsa AaBjieHHd € CYKHBAOIHM YCTPOHCTBOM Jasd padoTH
Ha MeJHOopaTHBHO# HacocHOil cranuum,

XapakTepHCTHKa BOJLI, HeoOXojuMas TOYHOCTL H3IMEPEHHH pacxoia
opocuTenbHofi BOAL, 0COOEHHOCTL PACHOJAOMKCHHSA CerMeHTHON jauadparmsl
H JONYCTHMEIE NOTEpPH AaBJAEHHA B CYXAWIIEM YCTPOHCTBE OT/AHYAIOT MeE-
TOAHKY pacuyeTa Takoro BOONOMEpPa OT pCKOMEHAYeMOft B JHTEpaType.

OMUCAHHE CXEMbLI BOOOMEPA

Bomomep (puc. 1) npeanasnauged aas paGoTel Ha MEJIHODATHBHONA
HacocHolt crannun (MHC) u coctont M3 cyxalouiero ycrpoiicTBa B Buie
cerMenTHoll anadparMu, EDEII;HHHTE.'IE:H;J;(JBHIHE C 3aNOPHBLIMH BEHTHJAAMH,
OTCTOMHBIX COCYMOB CHeUHAJbHOH KOLeTPYKIHH H H3IMEDPHTEeJALHOro MpH-
6opa — AH(pMaHOMEeTpa-pacxoaoMepa.”

Cysalouee YycTpoiCTBO BOJAOMEpa OTJAHYAeTcs oT 0GHIUHOTO pacmo-

JoxeHHeM juadparMul ¥ OTBEpPCTHH Aad orGopa AaBaeHufl.
- Cermenrnylo jauapparmy 0OHYHO pacmoJgaraior B TpyOONpoBOJE Tak,
yT00H NpPOXoj AJAS NOTOKA ﬁr;.m CHM3Y, a OTBepcTHA Aad ordopa JaBje-
HHi — B MOTOJKE TPyOH HemoCpeACTBEHHO Y MJAOCKOCTeH jauadparMmul.
Takoe pacnoaomxenHe OTBEPCTHH JAONYCKAeT nonajganHe B HHX BO3AYyXa B
epPHOJL 3a0yCKa HACOCHOH CTAHIMM, HAYAJBLHOTO 3anoJjHeHus TPyGOnpoBO-
Ja, Npu 3acackiBaHHH BO3AYXa H3 aTMOC(EpH HJAH IPH BRJIEJECHHH €ro 3
lepexKaynBaeMoil BOJHL.

CkanJuBaHHe BO3/yXda B COEZHHHTEJABHHIX JHHHAX BogoMmepa Oyxer
BHOCHTb JIONOJHHTEAbHYIO NMOrPEIIHOCTL B H3MEpPeHHe pacxoja BOJBL, UTO
HegonycTiMo. C 1eanio yCTPAHEHHs STOr0 HeAO0CTaTKa CerMeHTHylo auad-
parMy MB pacnoJoxua# cOOKy, a OTBepeTHs Aas orbopa jaapaeHuii — B
[IJIOCKOCTH TOPH30HTAJBHOrO Auamerpa Tpybomposoja (puc. 2).

Ilas cosnanust cBoOOJHOTO NPOXOAA 3arpasHeHHid H BO3AYXa OTHO-
IEHHE BLICOTH CErMEHTHOrO OTBEpPCTHS @ K auamerpy D 104kHO OHITh

BHJIEPHAHO B npejeaax
a/D > 0,55-+0,60.

Jluadparmy H3roTOBASIIOT M3 JAHCTOBOM cranam coraacuo pacuery. Of-
OOp JAaBJAEHHIT NPOH3BOAAT B JABYX TOYKAX — HENOCPEACTBEHHO -mepej
auaparmoft v 3a uel.

Otcrofinbie COCYAB PEACTABAAIOT cOGOH oTpesku TPyOH AHAMETPOM
120150 mm u  aaunoto 250300 s, BHYTPH KamAOro cocyja nome-
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nieHa CETKa, HMellmas BHA UHAHHADA, AHAMETP KOTOPOro cOCTaBJAAET
0,70 auamerpa orcroiinoro cocyjna. OTcroiinne cocyasl Tako#t KOHCTPYK-
IHH MPEeA0TBpaLlawT nomna-
nanue sarpasHennit B aud-
MAHOMETP H OJHOBPEMEHHO
VCTPAHAIOT  BO3MOMXKHOCTE
CKallJIMBAHHA BLIASAAIONIC-
ToCH W3 BOMIbI BO3JYXa Kak
B CAMHX COCYJaX, TdKk U B
JHHHHX, COEJHHAIOIIHX CO-
CyAsl € JAH(GMaHOMETPOM.

B Bonomepe (puc. 1)
Tpybka 2 B 3anopHbie BeH-
THIH & CJAVIKAT AJd 3a10.-
HEeHHA cHCTeMBbl yneToil (oc-
BeTJVICHHOH) BOJOH nepen
BEJAIOYEHHEM BOJOMEDPA B
pabory. Bo Bpema 3skc-

.y G Puc. 1. Cxema BomomMepa ¢ KOMOHHHPOBAHHBIMH
1Y flTﬂI!,HII BOAOMEPA e COCYAaMII:
pH”"J'HIIEEKH :IIF!'D MBIBAIOT f—cersentiad ml&tl}pnrun. .'E"—'rp *OKA Aa0 2AAKED - DOAW, .?-—a:ri
! s oD BENTHAL, 4=NPOAYBOYHOH BENTHAL, J—Y¥PABHHTCALHH
OTCTOUHHE EUEFHH = i :Elr:‘ﬂl.lh, E-m:qmnnuup:rp..? —aApcRamuan Tpybra, f—ceTra, 9—
JHHHTeAbHEIE JHHHH C NO- oTcToflERA . COCYA.

MOIBIO BeHTHJeR 4.
CoeuHHTeALHLIE JHHHH BOXOMEpPAa BHIMOJHAIOTCA H3 MEIHBIX, JATYH-
HBIX MWJH CTaabHBIX TpyOOK AnaMeTrpoM 15--20 MM € NpOKJAAKOH HX
BEPTHKAABLHO HAH ¢ ykaoHom npumepno 1:10. Tpy6-
. kM JOMKHH OBITHL [PAMOAHHEHHBIMH, 4 H3rHOH —
naaBHEIMH, Bo Bcex cayuyasX B COEAMHHTEABHBLIX
AUHUSX  HE JOJOKHEL 00pas’sOBLHIBATHCA BO3AYILIHLIC
smemkd. CoeiHHHTEBHBIE JHHHH W APMATYpa HA HHX
JO/KHH OLITb FEDMETHYHBIMH, SalIHIIEHHBIMH OT 3a-
Mep3dHHs H Harpesa H HMETh JJHHY HE Goaee 50—~

70 M.
B ocoOuix cayuasax (eciH Boja OYEHL CHJABHO

T r'_m sarpAsHeHa) AJsi BOSMOMXHOCTH MPOYHCTKH B MeCTdx
= d =1 = MOBOPOTOB COEJAHHHTEALHEIX JHHHH CAeAYEeT yCTaHaB-
£ ey i JHBATH KPECTOBHHHL,

B _/_B OnucanHas CxXema MOKeT ObTL HMCNOoJAbL30BaHA B

F"{_““ TOM cayuae, Koraa AudpmanoMeTp pacnoJOXKEH HHIKE

=0 —1 cyxatouero yerpofictpa, Oanako AHQMAHOMETD MO-
keT ObTh PACNOJOXKEH H BHUIE CYXaiomero yc-
i tpoiictea. CxeMa COENHHHTEALHKIX JHHUHA A5 obiie-

ro cayuas (T. e. korga audMaHoOMeTp pacnoJaraerci

Puc. 2. Cxema 60- e AW HEXKE CYKAONEro ycTPOHRCTBA) NOKa3aHa
KOBROro pacnoaoike-

+  Ha pHC. 3. :
H CerMeHTHOH
: H:LHanpﬂrMm: B caMBIX BHICOKHX TOYKAaX COEJAHHHTEJBHBIX JH=

I1-cer par-  HUil YCTAHABJAHBRIOT BO3AYXOCOOPHHKH C NPOAYBOH-
“"-rEI;ﬂ:::‘zm:q T"“ HRIMH BEHTHJAMH, 8 B CAMHBX HH3KHX — OTCTOHHEE
oThopa RaBACHNIW, 0 E}fﬂbl
Tpy6ka OT Cy:Kalollero YCTPOHCTBA OnymeHa B OTCTOHHLI CcOCYy [
Ha 2/3 ero BBICOTHL. |
[lepea BrAWOYCHHEM BOJAOMEDPA B paboTy CHCTEMY 3aNOJHANIOT UHCTOMN
BOJNOH Yepes NpoJyBOYHLIE BEHTHJAH BOB/1Y XOCOOPHHKOB.
Bo Bpems SKcnJyaTanHH BOAOMEPA NPOHSBOAAT MepHOAHYECKY 0 1PO=
MBIBKY OTCTOMHBIX COCYAOB H BHOYCK BO3AyXad H3 BO3AY XOCOOPHHKOB.
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DKCNIYaTAHOHHLIE KAUECTBA NMPHBEJEHHBIX HAa puc. 1 W 3 cxem pas-
HOIlEHHEI, OJHAKO BTOpPAf BKJAIOMAET MOMOJHHTENBHEE S7EMEeHTH, 4TO Ve-

JOXKHACT BSKCOAYATA-
IHIO BOJOMEpA.

B kawectne uas-
MEPHTEJIBHOIO NPHGO-
pa B BOjgOMEDE MO-
WweT OuTh HCIOJb30=
BaH OARH H3 1Mpo-
MBIIIJIEHHBIX  AH(Ma-
HOMETPOB - PACx010-
Mepos, B saBucymocTi
oT BuOpannoil moze-
JAH NpubOpP MO3BOJHT
NPOH3BOAHTL  MECT-
HOEe, AHCTAHIHOHHOE
HAH TeJeMexaHuyec-
KOG H3MEepeHHe, 3a-
IHCb H HHTErpupoBa=
: HHE  BEJHMHH  pac-
Puc. 3. Cxema somomepa ¢ oTcTolinbiMu cocyzamy u pos-  XOAd.

AYX0COOpPHHKAMM;

I —=cermenTuas awadparss, 2—sanopuns neurian, S—orcroftnuil cocya, He OpMYJabl
d—NPoaAYDOSHMI DEHTHAN, J—B03ZYXOCOOPHIK, 6— yPIBENTELALI u{:u:- PaGou :p PMY:

Titab, §—audmapomerp,

¥ papuenne 00b-
EMHOTO pacxofa, NpoXOJIfuUlEro Yepes CEerMeHTHOE OTBepCTHe, HMEET BHI

Q= ]/ 262, _ (1)

rae « — KOs(ppHUHEHT pacxoa;
Wy — IJIOILAAb CErMEHTHOrO OTBepCTH;
Ap — nepenap paBieHus, H3MEPEeHHBIl HENOCPeACTBEHHO Y AnadparMmsl;
1 — VAEJLHHHA BeC XKHIAKOCTH;
£ — YCKOPEHHE CHABl TAMXECTH.
Ecan o0003HaUHTL OTHOMEHHE TVIOIIAAH CEerMeHTHOTO OTBCPCTHA K
IJIOMAaAH NONepPeyHoro ceueHus TpyObonposona uepes m

Wiy Wiy

m=2=0 o . (2)

rae D —BHyTpenuuit guametp TpyGonposoga, To ypasuenuwe (1) mpunu-

MAeT BHJI
Q= Ea-m-ﬂ” I;’ Egi::"E- (3)

Kos(ppuunent pacxosa @ 3aBHCHT OT yHcAa PefiHoabaca Re

| Re=22, (4)

=

3/1eCb U — cpeanad CKOPOCTh, Jt/cex;
D — puamerp Tpybonposona, M;
v — KHHETHYeCKHH KOod(pduunent BasKocTH, #*[cex (ans BoAbL NpH
t =20° Gyaer v=10"° M [cer).
T4 3aBHCHMOCTL MNPOABAAETCH [0 ONPEAEIEHHOrO 3HAUEHHH Re, Ha3bl-
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BAEMOr0 MpejejbHLIM, H Jajabhedliee yBeaduyeHHe Re He BAUSET HA Be-
JHYHHY  KoshdHIHeHTa pacxoja.

Upcsiennble 3HaTeHus Ko3dhHIUEenTOB pacxola 2 H lpeje/abHbie 3HA-
yeHnst uncea Pefinoapaca Rep, ., A1 COOTBETCTRYIOIHX 3HAYEHHH OTHO-

CHTELHOM BEICOTH CerMeHTHOro orsepcrusi a/D m m npusefeHLl HHKE!

f m= 20 o e
a/D . Re€pnpex
0,50 0,5000 0,6790 _ 100000
0,55 0,5635 0,7000 125000
0,60 0.6264 0.7243 160000
065 06881 0.7522 200000
0,70 0,7476 0,7841 240000

0,75 0,8043 0,8214 280000
0,80 0,875 0,8685 320000 -
0,85 0,9060 0,9244 360000,

Jlast mpakTHUecKHx pacueroB B (opmyay (4) BBOAAT UHCJAEHHLIE 3HA-
© ag
MeHHd BEJHYHH - H g, NPHYEM BHYTPeHHHH JHaMETP TpyGonpososa D
BLIDAXKAIOT B MHJAJAHMeTpaXx. Toraa

Q =3,479-107° *a—m-Dfl// %E.m“fcex, (5)

Q=3479:107> -mm-ﬂ’-']/i_‘E.:zfcex,* (6)

rae D — ayTpenunil auamerp TpvOONpOBOAA, MA;
Ap — nepenan pasaenns, x//m*;
1 — YAeJbHBIH BeC KHIKOCTH, K[ /M’.
3HauenHe mepenajga ‘AaBJieHHs B CykKaiomieMm ycTpoiicTse Ap BHIYHC-
JA10T NO CAEAYIOMHM QOpPMY.IaM:
4) A1 KOJBUEBBIX, KOJOKOJABHEIX H MeMOpaHHLIX JAH(PMAHOMETPOB —

Ap == 0,001 hyy-7,, k|02 (7)

3]eCh fty; — pasHocTh AdBAeHHIl B AudMaHOMETpPE, BHpPaXKCHHAA B MHJJIH-
. METPax BOAAHOrO WJIH PTYTHOro crojba;
Top — YACJABLHLIA BeC KHAKOCTH (BOALL MM PTYTH), BHICOTOH cToA62
KOTOpOii npn Temieparype 20° BupaKeHa BEAUUHHD flog, K[ 4Y;
6) nag nonaaskoBelx H (J-ofpasnuix audmaHoMeTpos —

Ap = 0,001« ltay - v.,ﬂ( — J-’-‘-’) k|2, (8)

TAE Ty— YAGAbHHI BeC YPaBHOBEMHMBAIOWLEH KHAKOCTH AH(PMAaHOMETpA
. npu Temneparype 20°, xljm®
Ts0— YAGAbHHIL BEC BeulecTsa Haj YDPABHOBEUIHBAIOMEN KHAKOCTHIO
npu temneparype 20°.
[locre mnojacrawoBkn B ypashenne pacxoia seipamenudt (7) #u (8)
‘ypaBueHus (5) u (6) B npUMEHEHHH K CAYy4Yal0 H3MEPEHHH pacxoja BOAN

* Pacxon ma MHC caenver wuaMepars B KyGHUECKHX METPAX B CCKYHAY HAM AHTPAX

8 CeKYHAY, TAK KaK Bce pacyeThl HA HAPOMEAHOPATHBHLIX CHCTEMAX BLITONHAKTCH C MC-
NOALIOBAHHEM STHX eNHHHIL
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C yAeJbHBIM BecoM | = 998 x//#’ npn Temmepatype 20° mpHHHMAIOT c.ie-

AYIOmIHA BHA:
a) AAS KOJBIEBHIX, KOJOKOJbHBIX H MeMOpanHBIX aH(pMaHOMETPOB

Ap = 13,546 hay K/, 9)
Q=4,053-10"" a-m-D* V by, #*/cex, (10)
Q=4,053-10"" -2-m-D*V'h,, 2/cex: (11)

3leCh ftyy — pasHoCTh AaBaeHuit B AMdManomerpe, MM pm. cm;
) AIs NONAABKOBHIX H U-06pasubix AH(DMAHOMETPOB, 3AMOJHEHHBIX

PTYTbiO,—
Ap—=12,548- h., 5l 2, (12)
Q=23,900-10"" -a-m.D2. V., M*/cex. (13)
Q=23,900-10"" a-m-D?*. V'h,, a/cex. (14)

HeposBpaTuMasi NOTEPs A4BJAEHHS, BHI3LIBaeMas cermMeHTHofl auad-
parMoft, npH MAaKCHMAJbHOM Pacxoie MOXET OLITh Onpeje/aeHa 1o thopmy.e

P, = (1 — m)Ap . (15)

Hesoaspatimyio notepio aasienus npu pacxoge Q< Q.. Onpene-
AT 1o hopmyae

o \*
P’?_P" (Qmu.)* ' “ﬁ)

3ajaua pacuera BOAOMEpDa COCTOWT B TOM, 9TOOH! 110 34 /1aHHOMY HaH-
GOJbUIEMY SKCMAYATAlHOHHOMY DPACXOAY M (DaKTHUECKOMY BHYTDEHHEMY
AHamMerpy TpyOonposoia D onpeneants:

|) MakCHMaAbHBIN pacueTHbifi pacxol Q. .:

2) npeneabHbIN Nepenan aaBaeHHs AHPMaHOMETPA-PACX0I0MEDPA Mgy gy’

J) KOHCTPYKTHBHLIE DA3SMEpPBI CerMEHTHON auadparMsi # BCJAHYHHY
HEBO3BPATHMON MOTEPH JaBJAEHHA;

4) ywacrox TpyGompoBoAa A1s VCTAHOBKH AHADPATMEL:

5) THn audmaHOMETpa-pacxooMepa W BTOPHUHOrO mnpuGopa (ecau
Tpedyercs); :

6) noAcunTaTh NOrpemHOCTH H3MEPEeHHs pacXoia.

BbIBOP MAKCHMAJIbHOI'O PACYETHOI'O PACXOJIA

MakcHMaJbHEIH pacyeTHIi .pacX0M, COOTBETCTBYIONHII BEpXHEMY l1pe-
Aeay mxaasl AHGMaHOMETPa-pacxojoMepa, A0J/KEH HECKOABKO NpeBHInaTh
OMHAAEMBbIH HanGOJbLIINHE SKCIIYATANHOHHE PacXof MeJAKOPATHBHOI
HacocHo# craHmun. Bepxsuime npepeanl wxan AudMaHoMETPOB-pacxopoMe-
POB, TPajlyHpPOBaHHHX B eAHHHNAX pacxoaa, coraacHo I'OCTy, A0aMHE
omrs: 100, 125, 160, 200, 250, 320, 400, 500, 630, 800 ¢ MHOKHTEAEM
10, rae n— a1060€ MOAOKMTENLHOE MAN OTPHHATEABHOE uHCAO0. M3 sTO-
ro pana seibHpaloT Oamkafiuiee OoJbliee YHCAO H NPHHHMAIOT €ro 3a
Quax. Tax xax MexIy pacXofoM H NepenagoM AaBJeHHs CYLIeCTBYET
KBAAPDATHYHAN 3dBHCHMOCTS, HNOTPCWIHOCTb H3MEDEHHA pEEHﬂ PacCTeT nocJae-
yMmeHnbumenus pacxojpa umixe 30-+-509% ot npemena mkasbl.

® Nasacuue 5 1 /[ s* papuosHauno pasaenmio B 1 seu s0d. cm.
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IlosToMy npH HCNOAB30BAHHH TNMPOMBUITEHHBIX AH(PMAHOMETPOR-pac-
xojaoMepoB kJaacca TouHOCTH 1,5--2,0 B MaKCHMAaJbLHO nnngcmuﬂﬁ no-

max

rPemHOCTH H3Mepenusa +2,5% /[AHanasoH H3IMepeHHs pacxoja O OOBIYHO
min

orpannuen nugpamu nopsika 3,5-+-4.

B cuay rtoro uTo JA0nycTHMas [MOrpemHOCTb H3MEPEHHsT pacxoja
OpPOCHTENbHOM BOABLI MOMKET COCTaBAAThL 5%, AHANA30H H3IMEPEHHS TIPH
6AaronpHATHLIX YCJAOBHAX MOXET JOCTHraTh 5.

BbIBOP NMPEJAEJBHOIO NEPENMAJA TABJEHWH
NTHOPMAHOMETPA-PACXOJAOMEPA
H OTHOCHTEJBLHOI'O CEYEHHY CYXWEHHWSY

Judmanomerpei-pacxogoMepsl HE3aBHCHMO OT KOHCTPYKUHH Xapakre-
pH3ylOTCS NpeAeJbHBIM MepenagoM AaBaeHHA fagm,.. Llndps npeaeapuux
nepenajaos AH(MMIHOMETPOB, BLIPAXKEHHHC B MHJHMETPAX PTYTHOTO HJAH
BOAAHOIO croaba, coraacio ['OCTy, A0AKHBE NpHHAAJAEXKATHL K CASLVIO-
memy paay: 1; 1,6; 2,5; 4,0; 6,3; 10; 16; 25; 40; 63; 100; 160; 250; 400:
630; 1000 u T. a.

[Ipn Beibope npeaeasHOro nepenafga AaHGMaHOMETPA CIAEAYET HMETh
B BHAY CJaeAyioniee: ueM MeHbIIHH nepenaj BuIGpaH Aasf AAHHOTIO 3Hade-
HHA MAKCHMaJAbHOrO pacxojga, Tem OoJabiuedi OyVAET OTHOCHTEALHAs MNO-
rPEIIHOCTh HBMEPEHHA; € JAPYrod CTOpPOHH, uem OGoabmuili BuGpan npe-
NeJAbHE nepenajg AapieHud, TeM OoJbue abCogIOTHAN BeJHYHHA HEBO3-
BPaTHMO{l NOTEPH AaBJEHHA, :

Ha BoamemenHe noTepsiHHOro JaBAEHHA HEOOXOAMMO 3aTpauHBaTh
SHEPTHIO, 4 3KCNJAVATAIMHOHHKEE PACKOAB OPOIIEHHA C MEeXaHWYeCcKHM BO-
JONOABLEMOM BCE ellle OCTAIOTCH BHICOKHMH B OCHOBHOM 3a CHET CTOHMOCTH
gaTpaunsaemoii snepruu, [losToMy npH BuiGOpe npeneabHOr0 Nepernaja
aapnenns audmanomerpa aaa sojomepa MHC ochoBHOe BHHMAHHE caeayer
YACJAHTH YMEHBIIEHHIO HEBO3BPATHMLIX NOTEPb Hanopa, tak xKak TpeGopa-
HHA, TPEABABIAEMBIE K TOYHOCTH HAMEPEHHS PACX0A0B OPOCHTEALHON BOJH,
B HacTofInee BPEMS HEBLICOKH.

Buibop mpeaeabnHoro mnepenaja AaeaeHHs AH(pMaHOMETpPa HEe MOKET
ObITE NPOH3BEIeH 6e3 OPHEHTHPOBOYHOTrO BHIOOPA OTHOCHTEJALHOIO Ce4YeHHd
. CYXKeHus m.

Jlaa cyxaolmux yeTpoiicTs ¢ AHadparMaMu MO HOPMAM PEeKOMEHAyercH
BHIOHPATL OTHOCHTENbHOE cyxkenne m nopaaka 0,2--0,3. Ilaxe npu He-
OOABLIIKX CKOPOCTAX 3TO NO3BOJASAET NOJAYYATH OTHOCHTENLHO GOJBIIHE Ie-
penaibl AABJCHHA H NMPHMEHATb JAH(MMAHOMETPH C npejae bHHIMH Nepena-
JAaMHu ff:.lm“'“ﬂ.- 160 aesm pm. cm. D10 BJACuUET 32 COOGOH yBeAHUEHHE He-
BosBpaTHMOii noTepn Aasaenusd. OaHako BHCOKHE TPe(GOBaHHA K TOMHOCTH
H3IMEpeHnua pacxoaa (Hanpumep, B XHMHYIECKOH NPOMBIMIIGHHOCTH) BHIHY -
nalT nexatk Takoil BwOOD.

Jaa BojoMepa MeJHOPaTHBHOM HacOCHOM CTaHUHH BHGOP CTOJAb HH3-
KOrO 3HAYEHHA M HEe MoxeT OBTb ONPaBAaH 10 YCJAOBHSM KaK HeoOXo-
AHMOH TOYHOCTH H3MEPEeHHA pacXxoja BOJL, TaK H HEOOGXOAHMOCTH npo-
NycKka 3arpAsHeHHi uepes cyiKaloiiee yCTPOHCTRO.

Jasi ceobonHOro npoxoja sarpssHeHHil ¥ BO3AyXa HPH PaCNOJOMKEHHH
cermMenTHoil anadgparmMuel cOOKY OTHOCHTEALHAS BEHICOTA CErMeHTHOro OTBepC-
THA A0JKHA OnTL He Menee a/D>0,55--0,60 H, caenoBaTesbHO, OTHOCH-
TEJALHOE CYXeHue A0MKHO OuiTh He Menee m>0,56--0,62. Mu npeanaraem
BHOHPaTH Mpeje/bHBI Nepenaj jAaBaenud /= H JieaaTh NPejBAPHTENb-

HBlfl BRIOOP /M B 3aBUCHMOCTH OT MaKCHMaJabHOH CKOPOCTH BOJAE B TpyOO-
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nposoAe no taba. 1. Ckopocrh o onpejeaserca no BuiGpanHoMy Q — u
(haxrHueckomy auametpy TpyGonposoja D

Qmax
4 = ‘:——-'ﬁwﬁf ceK.

TaGauma 1*

3HaueHHs Npejie’bLHOr0 mepenaja AaBAeHHS, MM pHi. cni.

v, M/cex
Imn
1,00 | 1,25 | 1,60 | 2,00 | 2,60 | 3,20 | 400 | 500
0,55 25 | 40 | 63 | 100 [ 160 | 250 | 400 | 630
0,65 - 25 40 63 | 100 | 1160 | 250 | 400
0,75 = - 2 | 40 63 | 100 | 160 | 250
0,85 — — — 25 40 63 | 100 | 160
0,95 T gk e T W 40 | 63 | 100

* Dosvwie 3uatqedns NpefebHOro nepenafa /g, .. chenyer

BBIOHPATL JA7 BHICOKOHANOPHBIX HACOCHHWX CTaHuMil MeHh-
IUHE 3HAMEHHA—/IA Cpeaue- it HH3KOHANOPHBX CTAaHIHI,

PACYET CYXAIUIETO YCTPOHCTBA C CErMEHTHOM JHA®PATMOIl

KOHCTPYKTHBHBIH pasmep CerMeHTHoil AHa(pparMbl @ HAH BEAHUHHY M He-
BO3MOMKHO HENOCPEJACTBEHNO onpeneants u3 ypasuenuii (10), (11), (13) uan
(14), Tak KaK Kamxj0€ ypPaBHEHHE COAEPKKHT [0 JABA HEH3BECTHBIX: OTHO-
CHTEJbHOE CEeHeHHEe /M W 3ABUCAIMIE OT Hero Kospduuuedt pacxoga «.
[TostoMy pacyer HeOOGXOAMMO NPOM3BOAUTH rpadOaHANHTHYECKUM CHO-
cobom.

Mo oxwomy u3 ypasuennit (10), (11), (13) wau (14)—onpepeasior

npoussejente ma 4 no rpadpuxky m = f(ma) (puc. 4) HaXOAAT 3HAUEHHE M.
Kosdgduuuent pacxoga o BLIYMCAAIOT aHAJTUTHYeCKH®

&=
m " UT}
Jas oGaeryenus pacuetoB Ha puC. 4 nupusojurcsa rpadui nmf(nfj-),

110 KOTOpOMY OINPEACAHIOT OTHOCHTEJABHYIO BEICOTY CErMeéHTHOro OTBEPCTHA
n, 4 3areM BHYHCAAIOT KOHCTPYKTHBHY0 BHICOTY OTBEPCTHA a:

[ 8 ——

a=n-D, (18)

[locae onpenenenns @ HeoGXOAMMO cueaaTh nposepky. [Jaa storo
no rpaduky (puc. 4) onpeneasior ma ¥ no oaHoi u3 dgopmya (10), (11),
(13) nau (14) BuuucasioT sHayenne pacxona. Iloayuennoe swauenue pac-
X0/1a MOKET OTJAHYATLCA OT pAaCcyYeTHOH BEJHUYMHB pacxoja B Npejenax
+0,2%. Ecan pacxoxaenne Gojabnie yKasaHHOH BeJHUHHB!, PACUET Heol-
XOAMMO NOBTOPHTL. lloc/ie 3TOro HyMHO BHIYHCAHTE MUHHUMAJbLIBIT pac-

XOH&, KOTOPbIA MOXeT ObiThb H3MEpeH Ge3 NOrpemHOCTH OT BAHAHHA BA3-
KOCTH

Q"—‘% ‘D'?'R‘eﬂ'upu ’ (19}

* Tonpaekk K MCXOAHOMY KO3 (PHUMEHTY Pacxoia Ha WIepPCOXOBaTOCTh TpyGonposona
H H3 HEOCTPOTY BXOAHOH KpOMKH auadparMsl He BBoaaTca npun m>0,85 U D =200 .,
4TO HMEET MECTO HA MEeNHODATHBHLIX HACOCHKIX CTAHUHAX.
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rae Q—obGbemunlit pacxon, s’/cek:;
D—puyTtpeunnuit gunamerp tpybGonpoBoaa, M:
v—KHHEMaTHUeCKHi Koa(puIuenT BA3KOCTH, M*[cer,
Rgﬂnwn ONpegeasiorT no puc. S.
il
RSO g5 qaw gow G| GB0  iW G0 AN R .

P I

U

&7

BT

s

o
A -
0500 / ' |

UM Q30 04l 44sH OSI0 4550 QA0 4650 470 Q750 G800 G850 4900 o

o o s e = ol o o e o e e

Puc. 4. 'padux 3asucumocTd m = f, (ma) u n = fy (m).

Mocae nomcwera Q;, OnpefensdoT AMANG30H H3MEPEHUs PaAcXo/ia

Q
D:nal' I.I]:IH HEeVJIOBAETBOPHTEALHOM AHAaNA30HE H3MEPCHHA pacxona cJae-
min

Ayer YMEHLUIHThL OTHOCHTEAbHOE cedenue m (CaAM STO BO3MOMKHO), Bhbi-

Opath GoJbuIee 3HAYEHHE NPeJeNbHOro nepe-
paos |- ,_ naga /A, W, NOBTOPHB BECh pacuer, onpe-
ACJAHTL HOBOE 3HAYUEeHHEe AHarnasoHa H3MEpE-
HHS PacxojoB,

Ecan Heb3st YMEHBIINTL M, TO cAeayer
OTOBOPHTE, YTO H3MEPEeHHEe B HHMMKHel 4acTH
mKaas A0 3uavenuna Q. OGyAer npou3Bo-
i / ! JHTCH C AONOJHHTEJAbHOH NOrpPelHOCThI0 OT
| BJAHAHHA BASKOCTH; 3TO CJACAYET YUHTHIBATH
2775 *—]'—u-,—;- = NpH H3MEepeHHax.

. )/ N N B Jlajaee HYMKHO OUEHHTHL HEBO3BPATHMYIO
a i

a5 |——1—

S 11

s ! NOTEPIO NABJAEHHSA, KOTOPYIO AAd MAaKCHMAaJb-

| |

| | | HOIO PacyeTHOTO 3HAYeHus pacxojga ompeje-
‘-1-' =t ~ asmor no dopmyae (15), IMpu stom caenyer
s jr;?.wj = HMETh B BHLY, 4TO B GO/ILIUHHCTBE CJAYYAEB
| 5 Toredd nefiCTBHTEABHBIH pacXos He AOCTHTaeT Mak-
_ CHMAJbLHOTO 3HAYEeHHS BBIOPAHHON WIKAJALI
paC 5. ;Qaﬁ%‘g‘npiﬁ?c"”ncTH pacxogomepa Q . O6huno 70% pacxona
no IKaje pacxojomepa coorsercreyror 50
MaKCHMAJbHOTO Nepenaja, a HeBO3BpaTHMAasd MOTePs AABJAEHHA COCTaBAsAET
TOABKO -J10J110. H3MEpeHHOro mnepenaaa, pasuywo (l—m), xotopas Bcerjaa

Gyper mensme 0,45,

4]



JKOHOMHYECKYI0 ONEHKY HEBO3BPATHMOM NOTEPH JI4BJACHHA MOMKHO
CAenaThk, BHIMHCAHB JA004BOYHYIO HArPY3KYy Hacoca

0.736
AW=P .Q—5—*em, (20)

rae P, —HeBO3BpaTHMAad NOTeps AaRJAEHHA NDH HOMHHAJIBLHOM pacxoe,
Kl [,
Q—nomusaabHuE pacxon, #°/cex,

BbIBOP YYACTKA TPYBOIMPOBOJA Y1 YCTAHOBKH JIHA®PAIMbI

dacoHHble YacTH M TPYOONPOBOAHAS apMATypa, pacnoiokenusie G-

JH ﬂHﬂfp]}ﬂI‘MH, Mﬂl"}"T BHOCHTH ,ELDIIDJIHHTEHI::H}'EE NOTrpemnocTs H3MEDEHHHA
pacxoxa. /las ycrpaneuus

a _ HX BJAHAHHA HEoOXOJHMO
pacnoaarat  adacdparmy

‘l! Eﬁ, —*—“—42-! ‘—g,‘, ““j[_‘:z"‘l Tak, 4TOOL Mexay HeR H

MECTHEIMH COIPOTHBJEHHS -
} ﬁt MH OLIIH NPAMBIE YYaCTKH
{ﬁ: =  Tpylonporoja Ja0CTaTOY-
= - B%ﬂlz I%ﬁa':—% Hﬂyﬁ ,Zl-r'IEHH.
OTHOCHTEILHAA AAWHA
}I:—-— :I.él_h \?ﬁﬂ} o NpAMOro yuacTka nepej
Muadparmoit BuiGupaeTcs B
f ¢1$ 3aBHCHMOCTH OT M ¥ BHIA
f‘_,r’
_ta—EQr =% g
= et B

MECTHOTO CONpPOTHRBRJACHHA

o 10 rpadukam pHc. 6.
Jlauna npaMoro yuacr-
Ka TpyOonpoBojaa 3a auad-

L
7
40
ZEE
b T JoaxHa OEITE He Menee
:Eﬁﬁﬁg 5D [3].
‘o
D
40

o parMol BO BCEX CAyUanXx
&

7 Ha npaxrtuke ne Bcer-
a0 f-*"" Ja yAaercda BHIOJHHUTL pe-
= ] KOMEHIYEMBIE YCJA0BHA VC-

20 A~ 20 = TAHOBKH Anadparmul.
'_‘r( _r/ Ecau coxparuts gauny
d ] OJIHOr'O H3 Y4aCTKOB B jBa.
92 04 8w ge 04 pasa, AONONHHT@ALHAS TMO-

FPEMIHOCTD B ONPEACAEHHH

Puc. 6. I'padmxn ans onpempeaeHns HeoOXOAHMEIX
pad : KoaprunenTa [}ﬂEHDﬂd

AJAHH HNPAMBIX VHACTKOB TPYOONPOROIOE:

N . O ACCTRYM, CORDOTE AR B ORNS: COCTaBHT nNpuMepHo 0,59
HUMME BUNTOBOIO  ANNACHHS NOTGKA, G—NPaMKe YYIcTKH 33 -
MECTHIMH  CONPOTHRACHIAMM, cus_u_nmuuupﬂuu“m;ug :mtm—:a- IB] Ecan okaxercs ﬂﬂ'ﬂ\’f'
WHE MOTOKR, §—NPRMuE YYICTKH 30 3azowkuol (¢ anlofi cte- THMOH JONOJHHTENLHAH

MCHLI) OTEPMTHE). no [']]E!.UHGE Th HaM E]}EHHH

pacxoaa +2%, neobGxonu-
Eiﬂﬂﬁ _1-r|m[35] NPAMEIX  YyacTKOB Mmomer OBITE 3HAYUTENBHO COKpanleHa
Ta 114. H"

KOHCTPYKIHS CYXXAIOLBIEIO YCTPOHCTBA C CEFMEHTHOH JHA®PATMON

CermenTthas auadparma A0/KHA HBTOTOBIATLCA M3  HEPIKABEIoOmIE i
CTa/IH B COOTBETCTBHH CO Cxemoii puc. 7.

OTKJA0HeHHE BEICOTHL CerMeHTHOro GTBEPETHH OT paCHETHOro pasMeEpa
He JOJKHO npesumarts -+0,0010a.
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P T T TR T T

HanmeHnpuyio HeoOX0AHMYKO TOAMHHY AHagparMel Ompejesior pac-
YeTHBIM [IYyTeM, UCX0/fA H3 yCAOBHI MexXaHHYEeCKoH MPOYHOCTH.

[lpu BriOOpe peKOMeHOOBAHHLIX BbIUIE MpPeae/ibHbIX MNEepenajos mpaB-
JAGHHH TOJAIIHHY AHAQPArMBl MOXHO ONPEACAATH MO0 SMNHPHYECKOH (op-
MyJle B 3aBHCHMOCTH OT AHaMmeTpa

S=3Lg5- (21)

Buuic/eHHOe 3HauenHe S OkpyrafsioT B 60JAbMIYI0O CTOPOHY 10 HeablX
MHANUMETPOB. [IpH 0OABLIOM KOJHYECTBE HAHOCOB TOJIIMHY JAHAdparmbl
caefyet npunnMars He menee 0,02 D. 3

Tabargua 2

e ﬂ
MunnMaabnan otiocH-
Teabuan anuna /D npa-
TlpHuHubk norpetn- MBIX YHACTKOB nad JHa- i
P - P dparmer ¢ m=0,7 o i
HOCTEH b o
10 anadpar- |nocae auad- : =
MBbl parssl <Q02D v,
Koaeno b 0
luﬁﬁ:ﬂe KOxEHO; TPOit: - o Pue. 7. TexunueckHe yc-
' % ; a WM3roroBacuue
3anBNKKa, OTKPLITAA Ha- e
- M.
NOAOBHHY . 9 CermMeHTHol anadpa

KOHCTPYKTHBHO CyKalomee YCTpolcTBO MoKeT GHITh BHIMOJHEHO
OAHHM H3 CJeAYIOHHX CnocoGoB. -

1. Jluck HeoOXOAMMO#i TOJNHHEL C CErMEHTHHIM OTBEPCTHEM YCTaHa-
BJAHBAIOT Ha TpybonpoBoge Mmexay (aadiuamu,

2. Ha TpyGoipoBose B MeCcTe YCTaHOBKH AMAadparMil JenalorT IPONH;
B HEr0 Ha HYMHYIO rayOHHY BCTABAAIOT H YKPENAMIOT CBAPKONH MeTajllau-
YeCKHH JHCT, TNOBEPXHOCTL M KPOMKY KOTOpPOro 0G6paGaTsBaloT Co-
F1aCHO pHC. 7.

g. CerMeHT, BBINOJHEHHBIT COracHo puc. 7, NPHBAPHBAIOT K BHYTpEl-
Helt noBepxXHOCTH TPYOONpoOBOAa.

IlepBuifi cnocoG caeayer npuMmeHsTs npH HeOGXOAHMOCTH CMEHH
aHadparmel (Hanpumep, NPH OXKHAIEMOM MEXaHHYIECKOM H3HOCE JHapparMil
HT. A.). Jas obJaeryenus H3roTOBAEHHA AMCKA i OTBEPCTHA B HEM MOMKHO
PEKOMEHIOBATE CJAEAVIOULYIO TeXHOJOIHIO: H3TOTOBJAAIOT KOJBIWO € BHY-
TPEHHHM JIHAMETDOM, DABHHIM BHYTPEHHEMY JHameTpy Tpy6Gonposoua; K
BHYTPEHHEH MOBEPXHOCTH KOJALNA INPHBAPHBAIOT CErMEHT, BHINOAHEHHBIHR
COrJIacHO pHC. 7.

Bropoit cnoco6 caeayer npuMeHaTs B TOM cayuae, ecad y3ea Ccyxkaio-
HEro yCTPOICTBA BHINOJIHEH B BHJE OTPesKa Tpy6onposojia, H3roToOBAAeMoro
Ha sasose. Tperuii cnoco6 npumenuMm gas TpyGONPOBOLOE GOJABIIOrO AHA-
METpa. B sTOM C/lyudae CerMEHT MOMKCT OHITh BHNOJHEH H3 MPOCTOf CTAJIH
H HMETL CMEHHYIO nepeinion kpoMky toauuuoid 0,02 D B BHAe HAKAAAKH
H3 HEepXaBeoLeld CTaaH.

BbIBOP JIM®MAHOMETPA-PACXOJMOMEPA
B HacTosiliee BpeM# Hala NMPOMBIILIEHHOCTH BHITYCKAET PA3AHUHHE
THOB AH(MAHOMETDOB-PACX0AOMEPOB, KOTOPHE I[03BOJASIOT NPOUSBOAHTE

MECTHO®, AHCTAHIHOHHOE HJH TeJAeMeXaHHUECKOE H3MEepeHHe, 3amHCh M
HHTErPHDPOBAHHE pacxoja Kuaxoct# [6].
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Tun andmanomerpa-pacxoaomepa A48 H3MEPEHHA PACXO/0OB BOJAW Ha
MEJHOPATUBHON HACOCHOH CTAaHUHK caelyeT BHOHPATH HA OCHOBE aHAJM3a
Oyaymed skcinayartanuu npubopa.

B tex cay4asx, Koraa He Tpefyerca AHCNETHEpPH3ALMH KOHTPOJAS pac-
X0/Ma WJH MO KaKHM-JTHOO COOOpa)KeHHAM eJaTeJbHO MMeTh npuGop, He
TpeOyouHi S/JeKTPONHTAHHA, CAEeAYeT NPHMEHATh MEeXaHHYEeCKHEe KOJb-
uesnbie AH(MaHOMETPLI-PACXONOMEPH C PTYTHEIM 3anogHenueM THna JIK
HIH MexanHuyeckKue nonjaskoBbie aupmanomerpel tHna JIT, INeperie Gonee
TOYHLI H HAAEKHE B sKcnayartauuu. OQHAKO NONNABKOBbLE AHPMAHOMETPH
MPOILE B KOHCTPYKTHBHOM OTHOIIEHHH, CTOHMOCTb HX HHIKE W AA# HX
IKCIAyaTaud TpedyeTca MeHee KBaAH(HIMPOBaHHLIE NMepcoHaJ.

B uneasx ocymecrsieHus AHCNETYEPH3ALHH KOHTPOAA PACX0Ad HYHHO
MPUMEHATh KOJIbIEBEIE AU(MAHOMETPHI-PACXOAOMEpEI ¢ PTYTHBIM 3aMoJ-
HeuueM THna JIK-® ¢ BTOpH4YHBIMH mnpuHGopamu ThHna B®d, memGpanubic
aundmanoMerpul-pacxojomepel Tuna JIM ¢ Bropuuneimu npubopamu ITH]L
HJH TOMNJABKOBHE AHdManOMETphi-pacxoaoMeps THna JIIT ¢ BropHunHBIMU
npubopamMu 2.

OrinynreabHoit ocobennocTsio npuGopos tuna KJ1-@ spaserca Bos-
MOXHOCTb MPOH3BOJAHTE CYMMHPOBAHHE MOKa3aHHI HeCcKOALKHUX AndMaHO-
MEeTpPOB Ha o0lleM BTOPHYHOM IIpHOOpE, 4TO AeJaeT YAOGHHM HX MCHOJL-
30BdHHE HA HACOCHWX CTAHOHAX C HECKOJALKHMH dI'peraTaMH. [MoMumo

3Toro, k npubopam tuHna [LK-@ paspaborana cHcTema TeseH3MEPEHHS THIA
BPT-1, naabnoCTe aeificTBua KOTOpOH cocraBaser 15 xuM.

Hudmanomerps tina JII1 no Tounocts uamepenns ycrynaior gudmano-
merpam tuna JK-¢ u JIM, ognako oy npowe B SKCHJAYATALHH U JeLIeBJe.

NOTPEIHOCTH U3MEPEHHS PACXO/1A BOJIbl
llokasbiBalomnit aumanomerp. Cpejuion KBAAPATHYHYIO OTHOCH-

TEALHYIO NOrPEIHOCTh H3MEPEHHA BEJAHYHHEL PACXOAA BOJLI MOKASHIBAIOILHM
auhmanoMeTpom onpeneadior no Gopmyae

6o =1 n: %—ufp 9%, (22)
rae g, — CpejiHdaa KBaJpaTHuHas OTHOCHTEALHAA NOTPEWHOCTE KO3(du-
IIHEHTAa pacxoja;
9,p — CPEAHAA KBaNpPaTHYHAA OTHOCHTENbHAH MOrPEINHOCTh 3HAYEHUHA
nepenaja AaBJEHHA.
B ¢opuyae (22) onymenn: a) ciaraemoe, YUYHTHIBAIOILEE [OrPeIIHOCTh
CEerMEHTHOIO OTBEPCTHS BBHAY €ro MaJOCTH (NpH NPHHATHIX AONYCKAaX

H3rOTOBJACHHA); §) caaraeMoe, yYHTHIBAIOMIEE NOTPELIHOCTD YAeAbHOro Beca
BOJABI, TAK Kak €e TeMIepaTypa MeHseTcs He Gojee uem ma + 25° or
pacuyeTHoil,

Beauunuy o, BEIYHCAAIOT NO (opmy.ae

oe= 2/ (o, + (=), + (o) + (=), %. (23)

rae [ﬁi}“——cpemiﬂﬂ KBajpaTHYHaA OTHOCHTE/JbLHAH NOrPelIHOCTb

HCXOJAHOTO KosthdunueHTra pacxopna;
(=,_}” — CPEeAHssA KBaApaTHYHAA OTHOCHTE/ILHAHA [MOrPEeIHOCTb,

OOYyCJOBJGHHAA OTKJAOHEHHEM JAEeHCTBHTEABHOrO AHA-
MeTpa TpyOOnpoBOJAa OT €ro pPacyeTHOro 3HAYCHMA:



[“,),l H (“u),_"-EDE,H.HHH KBaJPATHYHAA OTHOCHTE/BHAS NOTPEIIHOCTS,

YUHTHIBAIONIAS BAHAHHC VMCHBIIGHHS JVIHHEL NPAMOTO
yuactka nepen auadparmoil W nocjae Hee COOTBET-
CTBEHHO,

B ¢opmyae (23) onyiuens:

a) cpeauss KBajpaTHUHas OTHOCHTEABLHAA NOTPElIHOCTE MOMNPABOYHOTO
MHOXHTEJAA HAa HEOCTPOTY BXOAHOH KPOMKH AuadparMbl, Tak Kaxk npH
anamerpe TpyGonporona D > 200 st u OTHOCHTENLHOM CyiKeHun m>0,55
MONpPaBOYHLIl MHOMXKHTE/AbL HA HEOCTPOTY BXO/AHOI KPOMKH Anadparmsl He
BBOJHTCA B PAacueT;

6) cpeaHsifi KBaApPaTHYHAA OTHOCHTE/JAbHAA MNOTPEIIHOCThH NONpaBoy-

HOr0 MHOMKHTEAA Ha WEepoXoBaToCTb TPYGONPOBOAA MO MNPHHMMHE, yka-

3aHHOM B nyHkre a);

B) CpefHfis KBaJAPATHUHAA OTHOCHTE/NBHAS MOTPELIHOCTL NONPABOYHOro
MHOMKHTEAs Ha BA3KOCTb, TOCKOJALKY pacuer CyKalomero ycrpoilcrsa
BHITIOANACTCS NPH YcA0BUM Re > Re, o

3HaueHHe BeJAHYHHH (u“}ﬂ GepyT MO AaHHBLIM, NPHBOJAHMBIM HHMKE:

m 0,50 0,55 0,60 0,65 0,70 0,75* 0,80 0,85* 0,90*
(uu}n 0,66 0,72 0,81 0,92 1,06 1,20 1,40 1,656 1,9.

Cpeausis KBajpaTHuHAs OTHOCHTEJbHAN MOTPEMHOCTH (4,) BBOAHTCSA

B TEX C.-'I}”‘iaﬁx, KOrna HeCcOOTBETCTBHE ﬂEﬁtTﬂHTEﬂhHﬂfﬂ " pHCqETH{::I‘D
. @

JHAMETPOBR HE VUHTHBAJA0CE TOMNPABOYHBIM Hﬂa-[bd]Hl[HEHTﬂM AZT,

rie & — koa(p@uuHenT pacxoaa, COOTBETCTBYIOIHA PacueTHOMY AHAMETDY
TpyGonpopoaa; 2’ — kospuUuEHT pacxoja, COOTBETCTRYIOMM jelicTBu-
TEALHOMY 3HAaueHHio juHamerpa TpyOonpoBoxa.

[Moacuer (<,), NPOH3BOAAT MO 3ABHCHMOCTH

r
L m— (L

(;n}” = -1009%. {24)

CpefiHsifl KBaApaTHIHAsA OTHOCHTE.BHAS MOTpemHoCTh (9,) (3 TaKxe
{a‘)f} BBOJHTCA B TeX CAYHYadAxX, KOrja /JJduHa NpPIMOro y4acTka Jo H
HGCJI‘E nunacdparmMel He COOTBETCTBYCT Tpebyemoit. () BeanypHax [u‘}h H
(ﬂ)h YyIOMHHEIOCH B pasjgene o BuOope yuacrka Tpybonposoja A ycra-

HOBKH AHA(PArMbl.
Cpe/Hi0i0  KBaJPATHYHYI0 OTHOCHTEALHYIO MNOrPElIHOCTh 3HAYeHHd

nepenaja JlaBAeHHsA, HMSMEPAEMOro  NOKAasHBAOMWUM  JH(PMAHOMETPOM,

BHYHCALIOT NO dopMmyae

2
1 Nk max
i =+ vy % (25)
rae N — BepXHHii Npeie] NOKA3AHMA 10 MmKajde AHPMAHOMETPa;

N — nokaszanne augmMaHOMETPA;
@, — AOMYyCTHMAA OCHOBHAA MOTPEUIHOCTD noxasaHuit Kk BepXxHemy
npejeay H3MEpPeHHH PasHOCTH JAaBJeHuH, 9.
Camonumyinit audmanomerp. Cpeanss KBAJAPATHYHAN OTHOCHTEb-
Haf MOTPEIlHOCTh 3HAYEHHA pacxoaa (KoauuecTBa) NpPH HOPHMEHEHHH

* ZayelHs NoAYUeHbl N0 HHTEPMOAHLUHK.



CAMONMHIIYINETO JAH(PMAHOMETPA MOMKET OBITh BHYHCJIEHA 110 BbIPAXKEHHIO

i 1
o=+ I/ ”E+T°ip+”§+°i 9% , (26)

B KOTOpPOft ¢, — Cpefnas KBAAPAaTHUHAA OTHOCHTENbHAS MOrPElIHOCTHL X044
AHarpaMmsi, %:;

¢, — CpeaHdas KBagpaTHYHAA  OTHOCHTE/bHAH MNOTPEIIHOCTh
naaHuMerpa, %.

Beauunny o, , B 3TOM caydyae onpeiejsioT AAA CPEAHEro 3HayeHHs pac-

X0Aa 33 COOTBETCTBYIOLIHA NPOMEXKYTOK BPEMEHH.
Beauyuny s, BRIYHCASIIOT 1O 3aBHCHMOCTH

95— D‘UEB-‘I‘C '.?u: {ET)

JAECHh ﬂ:-—ﬂﬂﬂ}-’CTHMHH NOrpemHocTL X044 AndarpaMMbl 3a CYTKH B MHHYTAaXx.
Beauunny o, onpeaeasior no topmyJae

':u - T IS.n E’ﬁ ! {28]

rac S” — AONYCTHMAasI OTHOCHTEJBHAA NMOrpPewHoOCTL NJAdHHMeTpa, %

(3aBHCHT OT KOHCTDPYKUHH nJaaHHMerpa).
Cymmupyiomuit iupmanomerp. Cpeansist KBagpaTHIHAs OTHOCHTE/ILHAS
ROTPEIIHOCT 3HAYEHHA pacxoa (KOJAHYECTBA) NMPH NPHMEHEHHH CyMMH-
pywouero andmanomerpa paeuna

o=xV o +a, %; (29)

31ECHL ¢, — CPEIHAA KBajipaTHYHasd OTHOCHTEJLHAA MOrpEIHOCTL HHTE-
rparopa.

BE-FIH‘IHH}’ g, ONpeaendloT no 3aBHCHMOCTH

]

o =5 S %, (30)

1] BH

B KOTOPOfl S, — AOMyCTHMAH OTHOCHTEJIbHAs NOrPEWHOCTh TIOKA3aHHmit
HHTerparopa, %.
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A. A. TAPTYHI

HATYPHBIE UCCJIEIOBAHHS CETMEHTHbBIX
3ATBOPOB-ABTOMATOB

Bonpoce aBTOMaTHYECKOTO PEryJHPOBAHHSA PACXOJ0B H TOPH3OHTOB
" B KaHaJaxX HPPHTALHOHHBLIX CHCTEM MOMHO PeINaTh 3HAYHTEABHO NPOILE,
eCciH [PHMEHATh THApaBAnYecKHe (BOZOASHCTBYIOUIHE) 3aTBOPLI-ABTOMATHI,
T, €. TAKHE YCTPOHCTBA, KOTOPHE pabOTAIOT HE HA NOCTOPOHHEH 3SHEepruw,
4 HAa SHEPrHH IOTOKA BOjblL, POTEKAIOILEHR Yepes AdHHEIE COOpPYIKEHHH.

!ECDMEIE‘HHG, HeOOXO0AHMO HMETh HAa CHCTeMe BOJOMEPHBIE COODYHEHHH,
C INNOMOIIBIO I{UTGPI':II'{ MO HO .':H.’:Mf_‘pﬁ'l"h PaCxO0Abl BOJABI H ]]EPI!ETPHPUBETE-
CTOK, HO, MOXKaJgYVH, HE MCHEEe, a naie DoJiee BAMHO OCHACTHTB CHCTEMEI
COOPYIKEHHAMH, dBTOMATHYECKH PETYAHPYIOIHMH TMOJaYy PacXxol0B BOJH
B KaHdaJbl B CTPOroM COOTBCTCTBHH C YCTAHOBJ/JCEHHBIMH HODMdAMH. H Bnoa-
HE eCTeCTBEHHO, YTO CO3JAaHHE KOHCTPYKIHIH OTHOCHTEJABHO NPOCTHIX THI-
POTEXHHYECKHX CDDF}'H{EHHﬂ, HCHOJAB3YOINHX 3SHEPTHIO NOTOKd BOABL JJAA
ABTOMATHYCECKOrO pPErvJHpOBAHHA pAacXolN0OB HJAH TOPH3OHTOB BOJALI B Ka-
HaJaX, HMCET BeECbMd BdXHOE 3JIHAUEHHE.

B nacrosee BpeMsi Ha oOpocHTeALHBIX cHcremax [osopunoit crenw,
NOCTPOEHHBIX M3 OETOHHBIX JOTKOB, NMPOBOAATCH UWIHPOKOE BHEJLpEHHE H
HPOH3BOJCTEEHHAA [POBEPKA CPeJCTB TH,EI.]JEBJIHIIECIH}ﬁ dBTOMATHKH pery-
JHPOBauusl M pacnpejnejeHBa Boisl. B mpounecce npoekTHPOBAHHA aABTOMA-
THYECKUX 3d4TBOPOB, KOTOPHIMH 3aHHMawTcda coTpyaHnkd CpenasrunpoBoj-
XJONKA, BLISIBHJIHCH BOMNPOCHI, paspeleHie KOTopuiXx norpedosano npose-
ACHHA HATYPHLIX H "I"lﬂ(l[}ﬂ'l"ﬂp!ll:[x HCCACHOBAHHH aBTOMATOB BEPXHCro
‘Obeha, ycranasauBaemeix B ['oaoxHoil crenn.

., B 1960—1961 rr. B naboparopuu aproMatusanuu Mucruryra BOXHEIX
- npobsesm u rugporexuuxn AH Y3CCP Owlanm npoBeieHel HCCAEX0BAHHA
‘Mogeaeii Majgoro Macwrada ruipaBiHuecKHX SaTBOPOB-ABTOMATOB Bepx-
- Hero Owedpa ¢ nonaaBkoM Ha oOwmBke (Tina ,Hefipnuk®) H BHHECEHHBIM
B oTaenbHEi kodaogen. B 1962 r. B measx yTOUHEHHS W IIPOBEPKH pesydih-
TATOB JAGOPATOPHBEIX HCCAEAOBAHMA ObIIH MCTBITAHEL HATYPHHIE 00PasiBl
3aTBOPOB-aBTOMATOB BepxHero Obeda. [as aroit uean nocrponiad H o0o-
pyaosaau crenp (puc. 1) ¢ HATYPHEIM JOTKOM JABYX mnpoduaeit mep-
BEIfI mapaGosanueckuit, npoHAbL KOTOPOro NOCTPOEH 1o ypasHenHo X*=2PY,
- rae P=0,2, sropoii—noaymupky.abHelfi, HopMaasHas rayOHHa HanoJaHeHUS
TIPHHATA paBHnﬁ 0,0 # u ykaou 0,005, Ilogauy BOJAH B JOTOK OCYUIECTB-
JSIAH  TOPH3OHTAAbLHBIM  Hacocom Mapku [MI-35 M.
Bona, 3aGupaemass nacocom u3 p. Cajap, nonajaer B NEPBEIH OTCEK
'ETEH,ua OTCIOfla Yepes peuleTKH ABYX CTeHOK racHrenefi—B OacceilH, a 3a-
TeM B Jortok. [las 3amepa KojanyecTBa [MOJaBA@MOH BOJBI 33 CTEHKAMH
racurenefi yCTAHOBJEH TpaleleniaabHell BogocanB, A peryaupoBanus
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H U3MEHEHHA pacxojla BOAW Nepej BOJAOCJAHBOM YCTdHOBJAEHA COpocHaa
TPyba ¢ Kaanaunsim 3aTBopom. Bojga u3 cbpoca nonajgaer B cOPOCHOM
KaHaa u ortyaa B p. Caaap. 'opusouT BOAH NEpe] BOAOCAHBOM H3MEpH-
JAH B TIPOlIECCE@ OMBITOB 110 [1LE30OMETPY, ¥ KOTOPOr0 Hauan0 OTCUeTa IKa-
Jbl HHBEJAHPOBKOH NPHBOAHJIH K OTMETKE NOPOTa BOJOC.HBA.
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Puc. 1. Creus A1 MCHWTanHA HATYPHHX 06DA3U0B 3aTBOPOB-aBTOMATOB:

f—=chpocrof Kanna, 2—clpoc w3 cTesza, 3—::_arunp € momAankoM B koaoaue, J-=aareop Hedpnk-,
4§ =napaboaudcceni 20ToK =60 cM, G=nacoc [1T-35M, 7—creaxn racurean, §—sozocans, 9—panopunil Gaccefin .

YeranoBka peryadpyesmoro cOpoca IO3BOJHJAA H3MEHATH NPONycrac-
Mble pacxoidl Mo JA0TKY OT 0 J0 MaKCHMAAbHO BO3MOXKHBIX, KOTOpBIE
MOT JIlaTh HAacoc.

Ha snoTke OHIH CMOHTHPOBAHEl J1BA HATYPHBIX 3aTBOPA-aBTOMATA [O-
pHaoHTa BepxHero Obeda. Ha ywacTke JOTKd ¢ NOAYLIHDPKYJAbHBIM [1pO(H-
JeM OBl YCTaHOBJAEH 34TBOP-aBTOMAT C MNONMABKOM B OOKOBOM KOJOMALE
(pue. 2). Huske, Ha yuacrke J0TKa ¢ napaGoJaHueCcKHM npoduaem, Gua
CMOHTHPOBaH HaTypHBIA 3aTBop THna ,Hefipnuk®, H3roTOBAEHHE peMOHT-
HO-MEeXaHHYeCKHM 3aBoAoM B r. Mupsauyae. [lpoaoabneift paspez u pas-
MEephLl 3aTBOPA MoOKasawul Ha pHC. 3. [loxoGubie 3aTBOpL NPHMEHAWT Ha
JOTKOBHEIX Kanaaax B ['osopnoft crenu.

Jaa usydeduss palbOThl aBTOMATOB B YCJAOBHSIX 3aTOMJIEHHOIO HCTE-
YeHHsl B KOHLE JO0TKA OBl YCTAHOBJEH NJAOCKHI LIHUTOK, C [OMONIIBID KO-
TOPOro MOXHO OBIIO H3MEHATH TOPU3OHTH B HHMHeM Onede.

lopusonTsl BOALI B JOTKE NEPEj 3aTBOPOM M 3a HUM (DHKCHPOBaAH B
[Ipolgcce OMNLITOB [0 NIKAJAM ILE3OMETPOB, HAYAJAO OTCUETA V KOTOPhIX
HUBEJIHPOBKOA MNPHBOAMAHM K OTMETKE JHA JOTKA. YIrabl NOAbLeMa 3aTBOpa

B rpaaycax OTMEdYaju 10 WKajJe yrjaoMepa, BHICOTH OTKPBITHS 3aTBOPOB—
HEMNOCPEACTBEHHBIM H3MePEeHHEM,

PE3YJIBTATH! UCCAEJLOBAHUM

. 3arsopnul THna Hefipnuk. [TpoBepky TounoCcTH nojepHanus ropu-
30HTa BepxHero Oseda AaA HaTypHOoro sarsopa tana ,Heiipnug® npe-
BOJIHJAH HA CTEHAE Ge3 MPenBapHTeABHOr0 CHATHA KPHBHIX AHHAMHUECKHX
BLITAJKHBAIOIMUX MOMEHTOB nonaasxka, Beca rpy3os, HeoOXOAHUMEIE JiJH
peryJjupoBaHus 3aTBOpa-aBTroMara, ONpPefeasjaH 110 METOMUKE, MPeNI10kK eH-
Hoit nuxk. 3, I, llemaosum (CpenasrHnpoBoaxaonoK); OHH COOTBETCTBEHHO
PaBHEL: HAYAAbHE TPy3 nonaaska Q, =9,7 k2;8ec 1poTHBOBECA Q.=15,0 k2
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‘CamMa MmeTOJHKa oOlpejejeHHs TrPy30B AOCTATOMHO TMOJHO OCBEICHA B

cratee [1].
% Tllocae ycTaHOBKH rpy3a NPOBEJAH CEPHIO ONLTOB M0 ONPEASJAEHHI0 TOYHO-

CTH_+TIOJUIEPKAHKA TOPH3OHTA BepxHero Oueda H, =50 cu. Pesyavrate oni-

TOB rpejcTapacksl na rpadue M, =f(2°) aaa pasauuibix pacxonos (puc.4 a)-

MaxkcumaabHas NOrpemHocTs nNpu paboTe aBTOMATA COCTABANJAA NPH 3TOM
-6 cM,
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Puc. 4, Fpadmxn nomtepskanna ropusonta sepxnero Gheda aag
asromata ,Helipnuk*=:

A—1pH cTaTHiMECKOR PeryaHponke TpY3amH, G—npi  AOMOANHTEALHON peryfi-
[FORKE,

OTkpuiTHE 3aTBOpPAa NPOHCXOANA0 npH f1 =49 cm, no npH nocaeayio-

TEM YBEJHYEHHH [PONYyCKAeMOTo pacxoja TOpPH3OHT BepxHero Gnheda
aoeturax 56 cum. Yroa MakCHMaJabHOrO OTKPHITHS 34TBOpPa MO MIKAJAE yrao-
Mepa cocrapua 15°30° npm nponycke 210 .2/cex. PaccrosiHHeé OT HHKHeH
KPOMKH OOIIMBKH 3aTBOpA /0 JHA JOTKa NpW 3TOoM OBAO paBHO 20,0 ok,
4TO cocrasager npumepHo 0,4 OT NPHHATOrO rOPH3OHTA.

C neavio yMeHbII€HHA BEJIHYHHL NOTPeIHOCTH B NOANEpKAHHH Tro-
PH30HTa apToMaroM Onlia NpeanpHHATA AOMOJHHTE/IbHAA PEryJadpoBKa my-

TEM YMEHbIIEHHA Beca rpysa, IOMELIEHHOrO Ha BepXHeH KpoMke oONIHB-
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kH 3atBopa. ['pys Q, cocrasassmni no pacuery 9,7 x2, YMEHLWHAH Ha
0,7 k2 u NpoBeJH HOBYIO CEDHIO ONLITOB, PE3yJAbTATE KOTOPHIX OTpakKe-
He Ha rpaduke H =f(a"), npeacrasiennom Ha puc. 40.

M3 onumTOB BHAHO, YTO yMeHblleHHe pacueTHoro rpysa Q aaer Goab-
myio TOUHOCTh TMOAJAEPAAHHA TOPH3OHTA BOALI MEpejJ, 3aTBOPOM: MaKCH-
MAJILHBIE OTKJAOHEHHA OT MPHHATOTO TOPH3OHTA HE MNpPeBHIIAAH + 3 M, .

Takum o0pasoMm, VCTAHOBKA MONJABKa, KOLAA €ro HHMKHAA NAOCKOCTE
HAXOIHTCA Ha CepelHHEe BEICOTH o0 IHBKH JATBOpPA, KAK 3TO CACAAaHO Y
HET}'FI[GI‘G El'ﬁ'[J'ﬂHI.{,E dBTOMATA, [IPHBOJHT K YMEHBUIEHHIO JHHAMHYECKHX
CHJA no0JACO0Ca, HO MNOJMHOCTBIO JHKBHAHPOBATL HX HE YA4EeTCH. B strom
cayuae CTaATHYeCKad PeryJHpOBKa aBTOMATA rpy3aMH, KaK NOKa3aJH ONKITH,
JaeT MOrpenrHocTh MO/UIeP:Katus rOpH30oHTa, paBuylo 10—129%, uto MoKerT
DBITE JAONYCTHMO IIPH HAJHYHH THIAPAaBJAHYECKHX aBTOMATOB pacxoja,
YCTAHOBJE€HHBIX HA BhNyCkax. [LOMOJHHTEAbHAA NMOAPEryJHPOBKA. Tpy3amu
AAs yacTHYHOH KOMTEeHCaUHH CHA mnojcoca NPpHBOAHT K CHHIKCHHIO OWHOKH
no 5—6%.

B meaax npoBepkH paloTH 3aTBOpPa-aBTOMATA B YCJIOBHAX 3aTOIJIEH-
HOTO HCTeYeHHA OBIIH MPOBEJEHH ONKTH [0 ONPEeIEeNCHHIO BEJHYHHLI
nOrpemuocTedi B MOAAEPKAHHH 3aAAHHOTO FOPH30HTa BepxHero Gbeda npw
H3MEHEHHH XapaxkTepa HCTeYeHHMs H3-10j 3aTBOpa OT cBOGOAHOIO A0 MaK-
CHMAJbHO BO3MOXHON BeAHYHHB NOATONJAEHHA B HuxHem Owbede. [loj-
TOIJIEHHE CO3/1aBaJdH HMCKYCCTBEHHO NPH [OMOHIM IIHTA C BHHTOBBIM
NOABEMHHKOM, YCTAHOBACHHEHM B KOHIE JOTKA.

Ot6op ropH3oHTOB HHxkHero Gbeda MPOM3BOAHAH C MOMOILBIO NMbE30-
METPOB H MIJI B ABYX TOUKAX: HEMOCPEJCTBEHHO Y HHIKHE!l KPOMKH 3aTBOpa
M Ha paccrosHuu 5H, OT OcH BpameHus 3aTBOpa.

OneiTel NMOKA3aJ4H, YTO B PE3YJbLTATE CHHXEHHS AHHAMHUYeCKOro BO3-
JefiCTBHA NOTOKA 3a CUET NepeHoca HUMKHel KPOMKH NOMJaBKa HAa CepeiuHy
O0IHBKH 3aTBOpAa NOATONJEHHE ¢ HHXKHero Oneda B TOuke otTdopa ropu-

H,
sonta 5/, pomyckaercst or z—=0,90 mpn mepenage Z=0,1H, nas

n

H

Q=280 safcex n H" = 0,8 aaa Q=200 .x/cex. llorpemuHocts B nomuep-
kE

MAHHKH BepxHero Obeda NpH TAKHX Nepenajax H H3MEHEHHHM pacxopa oOT

80 no 200 xfcex He BHIXOAMT 3a Npejleasl paHce HAANEHHBIX AJAA cBOGOA-

HOT'O HCTCYCHHA.

B peayabrare OnnTOB HafileHo, UTO B MHTEpPBAaJe NPONycKa pacxojia
or 80 mo 150 a/cex wak mpH cBOGOAHOM, TAK H NPH 3aTONJIEHHOM HCTe-
yeHHH 3aTBop pabGoraer Heycroduuso. Ilpm oOpasoBaHuH BOJAH B JOTKE
WJIH H3MEHEHHH pAacxojd 3aTBOP TPHXOAHT B KoJebarejqbHOE JBHXEHHE,
pEEHallHEEHHE NPHBOAHT K nepejJHEyY BOAB H3 JOTKd H OINPOKHABBAHHIO
satBopa. A JHKBHIAIHH 3TOrO ABJEHHA OBJIO NPEAJOKEeHO YCTAHOBHTH
Ha satBop AemndHpylomee ycrpoicTso. HcneTaHHe HECKOJAbKHX THIIOB
aemndepoB MOKAa3ano, 4TO AyuIIHE Pe3Y/ALTATH JMaeT NopiHesoft aemndep,
HanoJHeHHH XHAKOCTEIO. Ha pHC. 5 NPHBOJAHTCA KOHCTPYKUMA Aemndepa,
y KOTOPOFO TMOPUIEHbL COCTOHT M3 JABYX PpE3HHOBHIX MamkeT 0 38 s,
HCNONL3YEMBIX B TOPMO3HLIX UMJAHHAPAX 3aJHHX KOJEC @BTOMOOHJA.

'uapapiHyeckoe CONPOTHBACHHE [MEpeBHKEHHIO MOPMIHA NpH nepe-
TEKAHUH JKMAKOCTH CO3/AAIOT [ABAa OTBEPCTHA 2 MM, NMDOCBEDAEHHHX B
NPHKHMHKX Iraibax 9. B kawecrse MWIKOCTH /A8 32JHBKH IHAHHADA
yHnoTpes/asioT rHAPOTOPMO3HYIO JKHAKOCTb, NPHMEHAEMYI0O B TOPMO3HLIX
cCHCTEMax aBTOMOOHAEH,

Mcnonb3oBaHne pEe3HHOBHIX MAHMKeT, UIHPOKO BHITYCKAEMEIX Halel
NPOMBINLJICHHOCTBIO, A3eT BO3MOMKHOCTH NOAYYHTH Jydllee YNJIOTHEHHE,

&2
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TpeGOBAHHE K TOYHOCTH M3rOTOBACHHS LHAMHAPA 3HAUHTEJILHO CHHXKEHO,
TaK KaK JONMYCKH HAa AHAMETP LHJIMHIAPA NPH PACTOYKE MOTYT KOJe6aThCs
10 + 0,5 MM, 4TO 3HAUHTEALHO 06JEryaeT U YACIWERAAET €ro H3rOTOBACHHE,

Puc, 5, Paspes gemndepa aaa asromara ,Heiipnuk*:

J—puaka, 2—inrToK, IJ—HIPYCHROPMT KOMYE, J=—KPHIKD UWAHBADE, S—UHARHAP, 6—MIHMET pCANHOBMI.
J=HpHIOKE NHAHNAIPE WHXKHAY, d—raixa, F—HP}I;HHIII'E manba, JO—npoxanaxs, Jl—npysunnoe KoanLio.
=3 IbHHK,

[IpuMeHenHe TrHAPOTOPMO3HON KHAKOCTH AJf 3aJHBKH IHJIHHLPAE
npHBEAET K OoJgee cTaGHAbHON pabore aemndepa, Tak Kak BA3KOCTh ee C
xojebGaHHeM TeMnepaTypul MeHsercda Hesnauurteabno. lemndep, nokasau-
HBII HA pHC. O ¢ auamerpoM HHAMHAPaA 38,0 Mm H XoaoMm nopuina 100 ses,
MOJKHO PEKOMEH/10BaTh A NPHMEHeHHs B aBTOMAaTax, MNpejHasHavyeHHBIX
Jaas=nopnepxanua ropusonta A, = 50; 80 u 100 ca.

T

1
|| A =500 sm1

e —

|

Ll
a’ )
2 =27

Puc, 6. T'padguk 3aBHCHMOCTH BLITAAKMBAIONIHX MOMEHTOB JAS ABTOMATa C NOMAABKOM
B KOnAOALE,

Il. 3aTBOp-aBTOMAaT ¢ NMONJAaBKOM B KOJOAUE (pHC. 2) mpejicTapaser
CO0O0H CerMeHTHnili 3arBop, OGIMBKA KOTOPOTO ouepueHa M0 pagHycy
730 Atit W3 1EHTPA OCH BpaleHHs 3aTBOpa. [1pHBOA 3aTBOpa OCYHIECTB-
JAAETCH € NOMOL(BLIO NOINJABKA, MOMEIIEHHOr0 B H30JMPOBAHHEIA KOJOAEIH,
KOTOpBIH cooliaerca Tpy6oii ¢ BepxuuM Obedom. Buixossoft komem moa-
BojAIleH TPyObl HAXOIMTCH B TOM MecTe JIOTKA, FJe 110 YCIOBHAM 3KC-
NAYATalHH HeOOXOAHMO NOMAAEPKHBATH NOCTOAHHBIA FOPH3OHT; B HameMm
Clly4ae OH HaxoJHTCA Ha paccTodHdu 2K, or Topia OGHIHBKH 3aTBOpAa.

MeTasoKOHCTPYKIMA 3aTBOPa H TONJA4BKA MOMET OHTH CHAJaHCHPO-
BdHd C MOMOLULIO [IE€PEABHKHOrO nporusoseca /0.

Ha BepruxkanbHHEIX CTOHKAX 7 NOMELIEH KOHTPrpya &8, ypaBHOBemHBalo-
L[HH BHITAJIKHBAIOUIME MOMEHTHI HOMIABKA. [TOJOXKEHHE KOHTPrpysa MOMKHO
MEHATE 3a CYeT ero NEPEABHIKEHHA [0 CcTOfKaAM H H3MEeHEeHHEeM HakKJOHAa
CTOEK OTHOCHTE/JLHO BEPTHKAIH,
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[lepen HavasoMm oOnLITOB 3aTBOP OGaNaHCHPOBAJCA B J0TKE 63 BOAH C
MOMOILbIO [poTHBOBeca [0,

BuTaskuBaoune MOMEHTH TNOMJAABKa 3aMepAJH B NPOLECCe ONHTOB
BECOBHIM crnocoboM. Ha puc. 6 fansl KPHBHE BHITAJKHBAIONIHX MOMEHTOB.
Bec M KOOpAMHATEL KOHTPrpysa Olpeleasii Ias TPeX TOPH3OHTOB MO
(paKTHYECKHM BHITAJKHBAION[HM MOMEHTAM MOMJABKA, MOJYYEHHBM BO BpeMs
OlNMKTOB Nnocae ﬁﬂﬂEHEI{pGBI{H 3arteopa LA pPacHCTHHX TOPH3OHTOB.

Yroa HAK/JAOHA CTOEK KOHTPrpy3a HaXOAHJIH MO YPaBHEHHIO

sin (f — ay) __ M,
sin (3 — ag) — M, ° (1)

rape 2; H % — YIABl MOBOPOTA 3aTBOPA;
M, 1 My — cooTBeTCTBYIOIHE BHITAJKHBAIOIIHE MOMEHTH MOMNJIaBKA:
7 — YyroJ HAKJOHA CTOEK KOHTPrpysa.
Haa Hy =50 ca nmpunumaem

- =3 ja M, =84 klx,
az — 2'[];, ;'1"12 —_— 6*2 H'r.u

OTHOlIEHHE MOMEHTOB PaBHO

M

i = 1,355,

Pewasn ypasnenue (1), noayuaem yroa B = 59° 45", Paccroanue KoHTprpysa
OT ILEHTPA OCH BPAUIEHHA 3aTBODA COCTABJASET

My=G-l.sin (f —a,). (2)
[IpunaB Bec rpysa G = 15 ke, noayuum
a8y LNy
L= smaoriy — 0,69 4.

[Tocae peryaupoBkd 3aTBOpa-aBTOMAaTa M0 AAHHBIM, [OJYHEHHLIM
pacueToM, INpPOBEJH CEpHIO ONBITOB [0 ONpPEJe]eHHI0 [OrpelHocTel B
NOANAEDKAHHH 3aJJaHHOTO TOPH3OHTA NPH NPONYCKE TPAH3UTHHIX PacxoJoB
or 0 10 MaxcHMa/JbHO BO3MOMKHBIX M nocrpouau rpabnku H, = f(Q) u
H, = f(a°) paa asyx ropusonros (puc. 7).

Pesy.bTaThl ONBITOB MOKA3HIBAIOT, YTO 3aTBOP-ABTOMAT MOMIEDKHBAET
rOpPH30OHT BepxHero oObeda ¢ BHCOKOl TOYHOCTBIO: OWHOKH HE NpeBh-
waan + 1 cu. Boanenuss B KaHaje H pPe3KHe H3MEHEHHS TPAH3HTHOrO pac-
X014 HE OTPAXAJHCL HA YCTOHUHBOCTH palOTHl 3aTBOpA, MO3TOMY H3rOTO-
BJEHHA M YCTAHOBKH JeMn(upyiomHx ycrpodcre He TpebGyercs, 3aTBop-
aBTOMAT C NOIJABKOM B KOJOAle 06e3 YyBeJHYEeHHS NOrpeltHocTel MOMHO
OTPEry/HpoOBaTh Ha NOJUIEPKAHHE TOPH3OHTOB, OTMETKH KOTOPHIX MOTYT
pacnoJdraTbCs KdkK BHILLIE OCH BPAIlEHHA 3aTBOPA, TaK H HHXKE.

B ceasu ¢ Tem, uyro OGmIHBKA CErMEHTHOrO 3aTBOpPA OYepyeHa Io
paauycy, IEHTP KOTOPOro MPOXOJAHT 4YEpes OCh BpauleHus 3areopa, a
NOIJIABOK H30JMPOBAH B KOJOALE, AHHAMHYECKHE H CTATHUYECKHE CHJLI
JABJCHHA BOJBI, NPHJOXKEHHBIE K pajHanbHON OOmMIHBKE 3aTBOPA, HE MOTYT
1aTh MOMEHTOB, [IOBOPAavYHBAIOLMIHX 3aTBOp BOKpPYr wapuupa. [lostomy
NOATONJEHHE CO CTOPOHB HHXKHEro Owbeda He BaHdAeT Ha paboTy 3arBopa
C MOMJABKOM B OTAeNbHOM KOjgoaue. Bes yuwepba a8 TOMHOCTH moanep-
HAHHA TOPH3OHTA Bepxuero Obeda nepenajs Z B onubITaAX AOBOJHAN A0 3 €A,

lll. ¥naoTHenna [asi 3aTBOPOB-aBTOMATOB, YCTAHOBAEHHBIX Ha
A0TKaxX. O6caea0BaHHA 3aTBOPOB-ABTOMATOB, YCTAHOB/AEHHLIX HA JOTKOBOIE
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cern B ['osoanoii crenu, nokasasno, 4TO BBHLY MJAOXOH MOArOHKH OOIIHBKH
34TBOPOB MO MPO(HJI0 JOTKAa BO3HHKAET HeAonycTHmMo Ooabmas (PHALTPA-
WS, JIOCTHralolu(ast B HEKOTOPHIX CJAy4asiX TAKOH BEeAHUHHLI, 4YTO BeCh
TPAH3HTHHIA. PacXoji MO JOTKY IPOXOAHT 4Yepe3 3a30phLl MPH 3aKPLITOM
NMOJOXKEeHHH 3aTBOPA. [TOAHOCTLIO JHKBHAHPOBATL (PUALTPALHIO C MOMONLBIO

}"HHUTHEHHﬁ HEJAk3dA, TaK KaK IOpPH paCcuHeTHOM FOPH3OHTE H HAYaJbHOM
3aKPHITOM T0J0MEHHH 3aTBOP HAXOAMTCA B PABHOBECHH, a IOSTOMY OTCYT-

CTBYET CHJAA, TPHKHMAIOUAN 3ATBOP K 1OPOTY COOPYIKEHHS.
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Puc. 7. Ipadux noamepkanusa ropusonTa sepxnero fibeda asToMaToM
C NOMIAaBKOM B KOJaoaue.

a=an0 Fy =i cs, O—nam i, =45 cu.

JloOHTeCA CBEJeHHA QHUABTPAIHI K MHHHMYMY MOXHO JIHIIb B pe3y.h-
TaTe COOTBETCTBHA MPABHJLHO BHIMNOJHEHHOrNO OUYE€PTAHHA MOJOTHHILA
sarBopa npoguiao Jotka. Ho Tak Kak TexHHYecKHe BO3MOIKHOCTH H MPONH3-
BOACTBEHHBIC AONYCKH 3aDB0OJA0B, H3TOTOBJABIUMX JOTKH H 3aTBOpH, He MO-
3BOJISIJIH BHIMOJIHHTE 3TOrO, BCTAJ BOMpoc 0 paspadoTke panHOHAJIbHOrO
THIIA YMJAOTHEHHH.

MenwiTeiBann ABa THNA YNJIOTHEHHIl: v 3aTBopa-aBToMara tHna «Heiip-
NHK® — Pe3snHoOBYIO MOJOCY, 3aKPEIVIeHHYI0 No KOHTYpPY OOLIHBKH 3aTBO-
pa, H y aBToMara ¢ NOMJIABKOM B OTAE/bHOM KOJIOJIE — ILEMEHTHYIO Ha-
KAeHKy Ha JIOTKe, ¢ KaHaBKOH, MPoOpe3aHHOH MOJOTHHIIEM 3aTBOpa.
[TosnocKy pesHHb!, TOAUIHHON 3 MM, 3aKpPenJanH No KOHTYpPY 3aTBOpa
METaJJHYECKHMH TJIaHKaMH H OoataMu M-6. OrsepeTHs, clenaHubie B pe-
shiHe,— OGoJibllle jHaMeTpa CTepPIKHA KpenemxHux O0ATOB; 3TO NMO3BoadAer
MpH 3aKperJieHHH MepeiBHraTh Pe3HHOBYIO TOJOCKY, MpHAHMAA ce MI0THO
K CTeHKe J0TKa. McneiTanne 3TOro THNA YMJIOTHEHHs NMOKa3aJjo, uTo OHO MO-
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AHeT padoTaTh YAOBJAETBOPHTENLHO TOJBKO TOrAa, KOrjia 3a30phl MEXAY IO-
JIOTHHILEM 34TBOpPA H JIOTKOM He mpesblmIalor 1,5—2 ca, B NPOTHBHOM CJIV-
‘Ude pe3nHOBas noJsoca aedopmupyercs u orrubGaercs aaejeHHeM Boabl. Ha-
FOTOBJIEHHE 3TOrO THNA YNJOTHEHHH TPYAOEMKO, TaK KakK TpeOyeT CBepJoB-
Ki 0O0JIbLIOTO KOJHYECTBA OTBEpPCTHI HA MOJIOTHHILE 3aTBOPA, NPOOHBKH OT-
BEPCTHI B PE3HHOBOH noJsioce, MOATOHKH 1O MECTY NPH YCTAHOBKe 3aTBODA
H T. A.

Bropoji THN ymioTHeHHs — ueMcHTHas HakJeliKa nmo npoduiio JOTKa
C KaHaBKOH, NMpOpe3aHHOl MOJOTHHILEM 3aTBOpA.

OCHOBHOH TPYLHOCTBIO TPH CO3JAHHH YIJAOTHEHWS STOMO THMA SBJAAET-
Cfi IJ10X0€ cuenyeHne oOBIMHOIO UEMEeHTHOro Tecra ¢ GeTOHOM JoTKa. Bhl-
CTpas NOTepd BJaru H3 pacTBopa B pe3y/ibTaTe HCMApeHHs] H Kanujijasp-
HOro OTCOCA OCHOBHLIM 0€TOHOM NPHBOAHT K PacTPeCKHBAaHHIO H paspy-
IUeHHI0 HAKJEHKH M 10 3TOH npHuHHE OOWUYHKIE NecyaHO-lUeMeHTHble pacT-
BOpBEI HEe MOryT OBITL [NPHHATHL JJ5 CO3JaHHS YNJOTHEHHS 3STOro THHA.

Hayunwim cotpyanukom crpouTesbHoit  jgaGoparopud HMBIIalC AH
¥3CCP B. M. MunkeBuueM AJs PeMOHTA H IITYKaTYPKH 0GJHIIOBOK THAPO-
TeXHHYECKHX COOpYyXeHHH, rae tTpebyeTcs NpoyHOe cCUEMieHHe HaHOCHMO-
FG CJ0A C OCHOBHbIM OeTOHOM, OBIO NpeinoOXeHo NpHMEeHATh UeMeHTHBIe
PACTBOPE, INPHIOTOBJEHHLIC Ha OCHOBE BOIHOIO pacTBOpa HﬂﬂpHﬂTﬂ'm
KedbuHsa. Dbliin nposefeHbl ONLITH, B KOTOPLIX MOJHOCTBIO MOJATBEP/AHAACE
BO3MOXHOCTb VCTPOHCTBA VIVIOTHEHHA [UIf 3aTBOPOB Ha JIOTKax ¢ MOMO-
b0 MoAoGHOTO pacTeopa. Y HakAe#KH, HAHECCHHON IJACTHUHBIM pact-
BOPOM C XJOPHCTLIM KaJjibliHeM, Habmalojlajock NPOYHOE clelieHHe ¢ OC-
HOBHBIM OeTOHOM JIOTKd, OTCYTCTBHE TPELIHH, MOpPO30CTOHKOCTD.

Hns ycrpoiicTBa VIVIOTHEHHS ¢ NOMOLILIO HeMEHTHON Haxkjefiku 1o
npouaIio JIOTKAa ¢ KaHaBKOH, NpopesaHHOd NOJOTHHIlEM 3aTBOpa, pPeKo-
MEHAYeTCA NPHroTOBJAATL JKHAKMH pacTBOpP IJTACTHYHOH KOHLEHTpalHH
cocrasa 1 : 1. llement npumenserca oObiunbiil, Mapku 400.

[lo pekomennanun b, M. Munkesuua, ayuimumu cpoiictBamMu ofnaja-
eT IACTHUHBI pPACTBOP, NPUrOTOBJCHHBLII HA BOJAHOM pacTBope XJOpH-
CTOr0 KaablHsa yleasHoro seca 1,14.

Mecro soTKa, Kyda Oylder HAHOCHTLCA HaKJeHKa, OMHILAIOT OT MBLIH
H I'pA3H, YBJIAXKHAIOT BOJOH H HA Hero HAHOCHT MPHIOTOBJIEHHEIH pacTBOp.
KpoMKy MOJOTHHILA 3aTBOPa CMa3biBAaIOT I'YCTHIM MacJiOM, 3aTBOpD ONYCKa-
10T H OpHKHMawD K nopory. HeobGxoinmo, ytoObl satsop Obli NpoOUHO 3a-
KpenJeH Ha JIOoTKe. .

Pasmepnl GuALTPanHH uepes VRJAOTHEHHE, BHINOJHEHHOE IeMeHTHOI
HaKkJeHKol ¢ KaHaBKoOMH, B oneltax KoseGaanck or 0,8 mo 1,5 af/cex npu us-
MEHeHHH ropH3oHTa BepxHero Gbetha ot 40 g0 50 ca.

JAKJIIOYEHHE

A. Tlpn HaTypHBIX HCCJeA0BAHHAX 3aTtBopa ThHna «HelpnHk» ycraHOoB-
JIEHO, YTO MOJAHATHEC HHXKHEH KPOMKH NMONJaBKa Ha cepeiHHY OOWMBKH 3aT-
BOpPa NPHBEJO TOJBKO K YMEHBINICHHIO, a He K MOJAHOH JHKBHIAUMH CHA
nojacoca. llorpemnocts 3 nognep:annn ropusonta Hy = 50 cat post apToma-
Ta, ¥ KOTOPOro Beca peryJHpoOBOYHBIX rpy30B NOACYHTAHL! 6e3 yuera BJHA-
HMH CHJ NOACOCA, a HHXKHAA KPOMKa MONJAaBKa HaXoAUTCA Ha cepe/MHe Bbi-
cotel oGiuBKH, goctHraer 10—12%,, uro npu HaaWYHMH aABTOMATOB pacxo-
/la, YCTaHOBI€HHBIX Ha OTBOAAaX, BNMO.THE JONYCTHMO.

IlonomuTe1bHBIMA CTOPOHAMN HCCJC0BAHHOH KOHCTPYKUMH THAPABJH-
HecKoro asromara pepxHero OGeedha ¢ nonsaBkoM Ha oOluMBKe 3aTBOpa fiB-
JAIOTCA NMPOCTOTA KOHCTPYKIHH, OTCYTCTBHE JEKTPHUECKHX H MEXaHHYECKHX
IIPHBO/I0B, He(oJblaA CTOHMOCTL, BO3MOMKHOCTE MAacCOBOTo HHJAYCTpHA/bL-

HOT'O H3rOTOBJIEHHH,
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OpHako y naHHOM KOHCTPYKUHHM HMEIOTCS M OTPHILATE/bHBIE CTOPOHBI,
1. B cBa3H ¢ TeM, UTO SJEMeHT, YNpapasaloumiii [JBHXXeHHeM 3aTBOpa

{nonsiaBoK M ero HUKHAA KPOMKA), HAXOJAHTCH B 30HE JHHAMHYECKOro BO2-

HEHCTBHS MOTOKA BOALI, HEPABHOMEPHO H3MEHMIOULErocH rno BejHYHHE, BO3-
HMKAIOT CHJBLI NOJACOCA, HCKaXKAaloUmHe XapakTep H3MeHeHHs BRITAJKHBaOWIHX

"MOMEHTOB NOIIJIaBKa.

CHJbl MOACOCA HE OCTAlOTCH NOCTOAHHBIMH B mpoiecce paGoTsl 3aTBO-
;4 H 3aBHCAT OT rOPH30OHTOB BepXHero Obeda, yrjoB OTKPLITHA 3aTBOpa H
nponyckaeMoiX pacxoaos. ITosromy MakcHManLHBI Yrojg OTKPHITHS 3aTBO-
pa HE JAOCTHracT TeopeTHuYeCKoro, noayyaemMoro pacyeTHbBIM IyTeM, HTO
CHH}KaeT €ro MnponmyckHyio cnocoGHocTk. Hanwume CpBIBHLIX CHJ mojicoca
NMPHBOJIMT K pacKauuBaHHIC W ONPOKHALIBAHHIO 3aTBOpPA, a NO3TOMY L 001-
3aTeJIbHOM mnopsijake HeoOX0JAHMO YCTAaHABJAHBATL AeMMN(HPYIOUIHE YCTPOIi-
CTBd, CNOCOOHBIE TacHTb KoJieDaHHA.

2. Hanuuue nonsaBka na J060BOH CTEHKE 3aTBOPa H HEBO3MOMHOITSH
COBMEULICHHA ero HHMKHeH IUIOCKOCTH ¢ KPOMKOH 3aTBOpa NPHBOAHT k TO-
MY, 4TO NOJAIIHTOBOE OTBEPCTHE MOMKET ObITh OTKPHITO TOJbKO Ha 1/3 BH-
COTHI 3aTBOpa. IJTO BHI3LIBAET YMEHbUIEHHe NPONYCKHON cnocoGHoCTH M
KdK caefcTBHe —YBeJgHYeHHe radapuToB 3aTBopa.

HcenenoBannyio KOHCTPYKUHIO THAPABJAHYECKOro aBToMaTta BepxXHero
Gheha MOXKHO NPHUMEHHThL HA KaHajgax B KauyecTBe Ieperopazkupaloilero
COOpPYXKEeHHs, ecan He TpedoBaTh OCOOOH TOMHOCTH B IOJJIepKaHHH TOpH-
JOHTOB B JIHANMA30He H3MEHEHHMH OTKPHITHA 3atBopa ot 2° no 10—12°, B
00sA3aTeNLHOM nopsi/ike HeOOXOJHMO 34TBOPHI cHa0MKaTe ynopams, [pe-
MATCTBYIOLWNMH ONPOKKALIBAHHIO, H AeMadepoM, racflllHM BO3HHKAlOLIHE
kKoaeOanna., MakcHManbHBIi YroJ OTKPHITHA ISl HCCJAeJOBAHHBIX JIOTKOBLIX
ABTOMATOB (M3 YCJAUBMA VCTOHYHBOH paloThl) He JOMMXKEH TPEBLINATDH
10—12°,

Jlad yMeHbUICHHS MOrpeiiHocTH B NOAACPAKAHHH TOPH3OHTAZ 2aTBOpA-
MH, OTPEryJHpOBaHHLIMH 06e3 ydyera JHHAMHueCKHX cuja, nHeoOxoaHma Jo-
MOJHHTEAbHAA KOPPeKTHPOBKA rpy3aMH, NMOMeUlcHHLIMH Ha of6lIHBKe 3aT-
pOpPa WAH Ha NPOTHBOBECE.

b. Koncrpykuna aBromMara BepxHero Gbhea ¢ NMOMIABKOM B OTHE/b-
HOM KoOJoue ‘00Janaer pagoM NoJ0XHTEeNAbHBIX CBOHCTB, H3 KOTOPBLIX He-
COXOMUMO OTMETHTL CJeLyIolIHeE.

1. TIpocToTa KOHCTPYKUMH, OTCYTCTBHe JeKaJs, VJIHTOK, LIKHBOB, pas-
JNYHOTO poja audepeHnHaNbHBIX MeXaHH3MOB H JApYTrHX JAeraneil, yc-
JOAMHAIOUWHX KOHCTPYKIHIO OOJILIIHHCTBA NPEJI0KeHHLIX FHApPaBJAHYeCKHX
ABTOMAaTOB, HMEWUIHX OoJblie TEOpPEeTHYECKWH, HeXeJH NPaKTHYECKHi HH-
Tepec.

2. BecbMa TOuHOC noajepiKande 3ajJlaHHOrO ropH3OHTA.

3. Ilpocroii nponece nepeperyJHpOBKH Ha JpyrHe ropH30HTBl H3MEHE-
HHEM Beca KOHTPrpysa HJH NpOTHBOBeCa, NMpHYeM Kax{Iblil oTAeJbHHIH Trpy3
MOMKET HMEeThb MapkKHPOBKY JWISi Onpe/leJleHHOH OTMETKH IOpH30HTA BepXHe-
rc Obetha. M3meHeHHeM KOJHYECTBA NOJOOHHIX I'PY30B JOCTHraercs pery-
JHpOBaHHe psAja OTMETOK BepxHero OGneda.

4. Ilpocrora ¥ TOYHOCTh Pe3VJILTATOB CTATHYECKOro pacdera mnogoo-
HbIX aBTOMAaTOB.

5. BO3MOKHOCTL NOAHOIO OTKPBITHA HIHTOBOro OTBepcTHs Oaaropaps
MaKCHMaJIbHOMY YTJIY HoAbeMa JJI5 NpelsioKeHHOH KOHCTPYKIHH. DTO A0-
cTHraetcd sarayOJjeHHeMm AHa KOJO/IA M KPOMKH MOMJaBKa HHXKe nopora
COOPYIKEHHSI NMpPH 3aKpLITOM NoJ0XKeHHH 3aTBopa. B stom cayuae Guaro-

Jlaps HaJAHUMIO 3amaca NOALEMHON CHJALL MOMAABKAa 3aTBOP MOMKET Npo-

IYCKaTh aBapHiHble pacxo/bl.
6. HocTwxenue ycroiiunsocTy paborsl aBromMata Ogarojiapfi BHHOCY
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NellJiaBka B OTAe bHEIN KOoJgojel H JHKBHAAIHH AHHAMHYeCKOro BO3/eHCT-
BHA NMOTOKA BOJbLI Ha HHMHIOW IJIOCKOCTE NOIIJIdABKA.

7. Boabwoit ananason npoONyCKHBIX PAacXoAO0B NMpH TOMHOM HOAAep-
WaHud ropr3aoHTa. Pacxoanl MeHsiiores ot 0, mpH 3aKpLHITOM NOJIOXKEHHH 3aT-
BOpa, 0 MaKCHMaJbHBIX, KOTOPEIE MOMKEeT NPONVCTHTH KaHad.

8. BO3MOMKHOCTh H3TOTOBJICHHSI METAJJOKOHCTPYKIUHH aBTOMAaTOB B
3aBOJACKHX YCJOBHAX GOJBIIHMH MapTHAMH.

9. VHHBepcaJbHOCTH KOHCTPYKIHH aBTOMAaTa, MO3BOJIAIOLIAS [pHMe-
HATbL €e B KayecTBe aBTOMara HHxHero Obeda nyTeM npocToro nepeHoca
nenJaBKa, ynpasBJasloLero ABHMKCHHEM 3aTBOpa, B Koaojel, cooluialomni-
cf ¢ HHKHHM ObedoM COOpyKeHHs.

B uensx nosiydeHHs MEHbIIHX aMIVIMTYZ KojeOaHHH 3aTBopa mpd H3-
MEHEeHHSIX TPAH3UTHOrD pacxofla peKOMEHAYeTCsi pasMephsl KoJioAlla HasHna-
4aTh TaKHMH, 4TOOBl MOJAVYHTH HeDOJbINHE 3a30PBl MEXKIYy MONJaBKOM H
eTeHKaMH Kosoaila. B stom cayuae nongaBok paGoTaer kak NAYHIKep, sd-
eKTHBHO raca BbIHYKJeHHble KoneDaHHA 3aTBOpa.

[Npu sorkoBofi cHCTeMe KaHaJiOB C YCTaHOBKOIl HMX Ha 3CTrakajax, Ko-
JOAel And nonjaBkKa Headercd B BHIe MeTalnHUecKoro pesepsyapa ¢ OT-
BEPCTHEM B JIHE J1JI OYHCTKH OT HAHOCOB.
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A. C. CTAPKOBCKHH, A. B. COK0OJNIOB

NMPUMEHEHUE YHUCJIO-UMNYJIbCHOTO TEJIEU3MEPEHHA
HA THIOAPOMETPHYECKHX NMYHKTAX

Yuer Ha HPPHralMOHHBIX CHCTEMAaX HYMEH TJIaBHbIM oOpasom s on-
pepejieHHs OOIIEro KOJHYECTBA H3PACXOJOBAHHONH Ha OPOIIEHHE BOJbLI KaK
Mo cHCTeMe B WEeJOM, TAK WU Mo OT/AeJLHBIM ¢e OTBOJAaM, JJjs uyero HeoOxo-
JUMO eXXelHeBHO H MHOrOKPATHO ONpeneasiTh CEeKVHIHBIH pacxoj BOJL
Takoe onpejenendHe OGBIMHO NPOH3BOAAT TPH pa3a B CYTKH # HaGuaonae-
MBII{ pacxojl NPHHEMAKT Kak cpeaecytoudulii. Ho sror cnoco6 sBasiercs
JIHIIL CXEMOM, K TOMY e He YunThBalouleii meaoro psiaa (pakTOPOB Il HE
oOecneyMHBAIOWEH AOCTATOUHONH TOUHOCTH M NOJHOTHL yuera,

Kpome TOro, cyuwecTByloiuie METOAbl yyeTa H PacnpeiejieHHs BOIbI
He J1al0T BO3MOMKHOCTH OHCPATHBHO H YeTKO BHITONHATL NJAaHLL BOAONONL-
A0BAHKA, MPHYEM yuer BejleTcs AOBOJILHO NPHMHTHBHLIMH CpeAcTBaMH —
B OCHOBHOM [PH NOMOULH peex.

OnepatuBHocTh paGoOTLI NpH  3KCMJAYaTauHH cHcreM  ofecneuHBaer
AHCneTyepckas cayxOa. Ho ona ocHawaercsa jgumb Te1eOHHOI CBA3LIO CO
@BOHMH 3SKCNJAYATAUHOHHBIMH yyacTkaMu M He obaagaer Q0CTATOYHOH BO3-
MOMHOCTBIO KOHTPOJA. Pe3yabTaThl NPOHCXOAAUMX B CHCTEME H3MEHCHHH
MUCTYNAIOT K JIHCNETYepYy HECBOEBPEMCHHO H (PaKTHUCCKH He Moryr ObiTh
HM HCMO0/1b30BaHLl A5 OonepaTHBHOro H 3 ({eKTHBHOro ympaBJieHus.

Ilns npespalueHnss OpPOCHTEJALILIX CHCTeM B 4YeTKo paGoTapliHe BO-
N0XO035HCTBEHHBIE TMPeAnpPHATHA He0OXOJAHMO KauecTBEHHO H3MEHHThL HC-
NETUEPCKYIO cayxOy nyrem ee apromartusauuu. [Tockonbky HppHrauHon-
Hble OOBEKTH HAXOAATCA Ha 3HAYHTEJLHOM pPAacCTOAHHH Kak JApyr or Jpy-
ra, Tak M OT MeCTd, H3 KOTOpCro HeoOXOJHMO YHpaB/fTb 3THMH OGBeKTa-
MH, Mbl PACCMOTPHUM OJMH M3 BHIOB aBTOMAaTH3alHH — TejJeMeXaHHKY.

OaHHM M3 OCHOBHLIX CPelCTB TeJeMEXAHHKH ABJSETCH TeJeHsMepe-
HHe, T. €. nepefiavya Ha PacCTOAHHE 3HAYECHMIl BeJHYHH, XapaKTepH3YIOUIHX
pexHM padoThl KOHTPOJHPYEMBLIX OGBHEKTOB.

ITpuMmeneHue TeneH3MepeHHs LISt MHAPOMETPHUECKHX paldOT MO3BOJIMT:

a) OCYLIeCTBJSATH KOHTPOJL 3a npolleccoM Bojaosabopa H pacnpene-
JeHus Boaul Ge3 HaaHumsa Ha o6kexTax mocTosHHOro OOCAVKHBAIOULEro mnep-
COHAaNa;

6) npou3BOANHTL GecnpepbIBHEIH Y4eT, KOTOPHLIH HEBOZMOKHO OCYIILECTH-
JIATH C TIOMOULILIO JHIUL liTaTa HaOAOLATeNeH;

B) BecTH yuer (oJee 3KOHOMHYHO, XoT#a OBl 33 CUET COKpaUleHH:A Or-
POMHOI0 KoOJIHYecTBa HalJlonaTtesei;

r) fAejarb yyeT Bojbl 0oJjie¢ ONEpPaTHBHBIM, TaK Kak MPH COOTBETCT-
BylomeH KOHCTPYKIHH COOpY:KeHHH M annaparypesl 3HAYHTEJIbHO COKpa-
niaerca npouecc o6paGoTKH JAaHHLIX HalJOACHH.



HMrak, mMbl BHAMM, UTO TeseH3MepeHMe — 3TO CrelHanbHAs O6JACTH
H3MEPHTC/ILHOH TeXHMKH, OXBAThIBAIOIlas MeTOALl NepeJauH Ha paccTod-
HiE 3HaYeHMH H3IMEPAEMLIX BEJHYHH, KOTOPHE NpH 5TOM NpeolpasyioTcs
B JIpyrie BCnOMOraTejbHbie BeJHYHHBI, Gojee yaoOHbie An$ nepeflaud Ha
OciibiliHe paccTOsIHHA.

Ilo obwenpusaroif xaaccHpuKauun Bee TeseH3MepHTeJbHBIE YCTPOil-
CTBA 11O XapaKTepy BeJHUMH, NepeaBaeMbiX 110 KaHaay cBA3M, pasGuBa-
I0TCH Ha [JBE TPYIIL:

1) TenemsmepuTenbHbie CHCTEMbl OJHKHEr0 AeilCTBHA  (MHTCHCHBHO-
CTH), B KOTOpPBHIX H3MepseMas BejH4YHHa npeolpasyercsi B SKBHBaJeHTHHE
SHAQUCHHS TOKa MJH HANpPSXKEHHS, H3IMCHMAIOUIHeCs BMeCTe ¢ H3MeHEeHHEM
H3MepsAeMOH BeJHYHHEI,

2) TeJeH3MepHTENbHbE CHCTEMbl AanbHero AeiiCTBHA  (HMMYJ/IbCHBIE
HJIH 4acTOTHBIE), B KOTOPLIX H3MepseMas BeJHYHHA npeolpasyercsd B HM-
NVJIbChl TOKA H HANPSIZKCHHST WJAH B NepeMeHHLI TOK MEeHSICLEeHCH YacToThi.

Pasauunsie HpPHralHOHHBIE OGLEKTH! MpebABJAAIOT cBOM OcoGLie Tpe-
OGOBAHHA K CHCTEMAaM TeJicH3MepeHHs B 3aBHCHMOCTH OT TeX HJIH MHEIX che-
LH(PHYECKHX YCAO0BHIT paboThi 3THX 00beKkToB. Tak, OCHOBHble TpeGOBAaHHMS,
KOTOpbi@ THAPOMETPHYECKHE OOBEKTH NPelbABAAIOT K CHCTEMAM TeJIeHs-
MepeHiis, MOMHO NpHMepHO eopMYJHDPOBATE CAeaVIOWMM obGpazoM.

1. Cucrema TenensMepenusi HOzKHA paGoraTh (e3 HCNOJIL30OBAHHS
S/eKTpo3Hepriuy Ha Mecre. Ilutauue Bcell annapatypsl A0JMKHO GBITH LEHT-
PanH30BaHHBIM, T, €. ¢ AHCNETYEPCKOTO NYHKTA.

2. IlockoibKy B HEKOTOPHIX cAydasx Ha CaMOM JHCHOETYEPCKOM MYHK-
TC BO3MOXKHHI nepe0OH B 3JIEKTPOCHAOMKEHHH, CHCTEMA TeJACH3MEpeHHs!
H0JIKHA paboTaTh TOJLKO Ha NOCTOAHHOM TOKe, T. €. He HMETh KOJAOB C Me-
PEMEHHLIMH COCTaBJIAIOUIHMH,

3. Hdatuuk TeneuaMepeHus noJzken o6ajaTh CJAeAVIOUHMH CBOMCT-
BaMU:

&) JIerKO COYJIEHATLCA C PasJHYALIMH HDPHrALMOHHBIMH TEPBHYHBLIMHK
ItpubopaMu  (DONJIAaBOK YPOBHEMepa, pacxojoykasaTenab, pacxoaorpad,
JUMHHrpad v 1. a.);

0) HMeTb JIOCTATOUHYIO YYBCTBHTE/IbHOCTL K MaJibiM MOMEHTaMm NepBHY-
HEIX MpHOOPOR;

B) o6nanate monyctumoit (He Goaee 1%) norpemHocTbio mepefau;

') BLIMOJIHATLCHA B BHJE JIerKo 3aMeHAeMBIX GJ0KOB.

4. TeseMexanHUeCKHe YCTPOHCTBA AOUIXKHBLL  OBITh MHHHUMAaJIbHO TMpO-
CTLIMH O KOHCTPYKUHH H MaKCHMaJbHO YAOOHBLIMH B 3KCIJYyaTallHH,

5. YCTpPONCTBO TeJeH3MEPeHHA JOJIKHO JIerKO BIHCHIBATBCH B Pa3/iHu-
HBIE CcHCcTeMbl TejseBbiGopa u npH HeoOXOHHMOCTH paloTaTh MO CYLIECT-
BYIOIINM Tejie(DOHHHM JHHHAM, He Mewmasn padoTe nocJefHHX.

6. Ilpu cpaBHHTe/.bHO HeGOJBIIHX A pa3sMepax rHADPOMETPHUECKHX KO-
JOALEB, NPHCYTCTBHH BOAAHBIX NapoB H CHLIPOCTH HeOOXOAMMO, TOGH amn-
naparypa tegeusMepedns Obila MHHHMajabHOR 1o rabGapHraMm, HMeda Xo-
pOMIYIO TepMeTH3aUMI0 H yAoOHBI A0CTYN A0 OTAEAbHLIX Y3JIOB HNpH HX Ha-
JajaKe H peMOHTE.

7. TlockonbKYy KOJMHYECTBO AATYHMKOB M pPACCTOAHHE MEXKIAV HHMH MO-
JKeT ObITh HeOAHHAKOBBIM AJS1 PA3JHYHBIX OPOCHTEJNbLHBIX KaHAJIOB, CHCTE-
M@ TeJeH3MEPeHHs! JAOJ/KHA HMEeTh TaKoe NpPHEeMHOe YCTPOHCTBO, KOTOpOEe
Obi10 OBl OJAMHAKOBO NMPOCTLIM AJA NOJAKJIOYEHHHA KaK OAHOro, TaKk H He-
CKOJIBKHX JaTuUHKOB, PacrnojioMeHHLIX oT Hero B mpegenax ot 1 o &0 xa.

Tak xak napamerpnl JAHHHH CBA3H M H3MeHeHHe MX OT PasjH4YHBIX YC-
JUBHH B TOH MJH HWHOH CTeleHM BAHAIOT HA BeJHUHHY NepelaBaeMoro TOK4
HIIH HANpsiKeHHsl, YTO MOXeT JIOBecTH mnoTpeGHOCThE [0 HeJoNyCTHMBIX
3HaYeHHil, TO AAJLHOCTHL TeJIEH3MEpPHTEJIbHEIX CHCTEM HHTEHCHBHOCTH CO-
crapaser He Gosee 6—8 xkm. Takue paccrosnns He yaoBJeTBOPAKT Tpelo-
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BAHHAM THAPOMETPHYECKHX MYHKTOB H TakHe CHCTEMb! TeJleH3MepeHHS MO-
[YT HalTH npakTHYecKoe MPHMEHEHHe TOJLKO B Ipejenax KPYMHBIX Iitl-
POTEXHHUYECKHX V3JIOB HJIH OOBEKTOB, PACNOJNOKEeHHBIX OJH3KO OT AHCHeT-
YEPCKOTro NMyHKTA.

Ilns rujpomerpHueckux oObekToR Haubojee IegecooOpasHo MpHMe-
HATh HMNOYJIbLCHOE MJM YACTOTHOE TeJleH3MepeHHe, KOTOpoe OCYLIeCTBJsAeT-
¢sl MO OJIHOMY H3 CJCAVIOIIHX MEeTOJOB: YHCAO-UMIYJLCHOMY, KOAO-HMITY/IL-
CHOMY, BPEMH-HMIYJLCHOMY H YacTOTHOMY.

Mgl pacecMOTpHM UHCJHO-HMIYJALCHBI MeTOJ, XapakTeépHOH HepToit KO-
TOPOro SIBJISIETCS TO, UTO 3HA4YEHHEe H3MepACMOH BEJHYHMHBI BBIPAMKAETCSH
ypcjaoM N mochlaeMblX B KaHaja CBASH HMIYIALCOB, H KazKABH HMIOYJbC
BLIPAYKACT ONpeIe/eHHVIO J0JI0 H3MepsAeMOH BeJHYHHBL : |

YHCJIO-UMNYJALCHOM METOJe KaXKAbIH HMIYJILC COOTBETCTBYET BIOJ-
He OTIpe/eJeHHOMY 3HAYEHHIO H3MepsieMOil BeJHYHHBL, KOTOpas MOMKeT OuTh
BhIpaxeHa Kak HeHa HMIOyJabca
i,
N

rie A, — HOMHHAJAbHOE 3HAYEHHE H3MepAeMOH BeJHYHHEL,

N, — COOTBETCTBYIOIIEE 3TOMY 3HAYEHHIO YHCAO HMIIYJLCOB.

EciH 3HaueHHe H3MepsieMOH BEeJHUMHEH! JICKHT MeXAy ABYMS HMNYJ/b-
caMit, To HeHs(elKHa NOTPeIHOCTb JHCHEPCHOCTH, HanOOJbIIEe 3HaYCHHE
KOTOpPOH COCTaBjsAeT ;

-~ E:' gl |
QA = N,

[IpH YHCAO-HMMYJBCHOM TeJeH3MEPEHHH CYIIECTBYET 1Ba crocoda me-
penain HMIOYJLCOB IO JJHHHH CBH3H:

a) MpH H3MEHEHHH H3MEpPAEMOil BeJHUHHBI Ha IEHY HMIOYabCa B J1H-
HEIO NOCBLIAETCH TOJBKO OAHH HMMyJjbe (padboTa npOHCXOAHT MO MPHHILH-
ny noGaBiaeHHst HMIYJbea);

6) NpH H3MEHEeHHH H3MepAeMOii BeJHUHHL! Ha UeHY HMIOYJbCa B JHHHIO
neckliaeTcs BCA CEepPHs HMIYJILCOB, Bhipaxalouias H3MEpseMylo BeJHuHHY.
B stoM cayuae omu0Ka, BLI3BaHHAS MOTepeH HMOV/abca, OYAET CKOPPEeKTH-
poBaHa TIpH OYepPEeAHOH mepejave.

[Mepeoiii enocod nepeaaud TpeOYET HAJNHYMA MOCTOAHHO BKIIOHEHHOTO
AAaTUHKA M TPHEMHMKA, T. €. JAJsl KaK/A0ro nepefaTynka HeoGXOMHME OT-
fenbHag JHHHSA U OTAeJbHEII TMpHeMHLI annapat. Kpome 310ro O4eBHIHO-
rc HeJOCTATKA, Y TAKOro crnocoda nepejfauld HH3Ka H HAJEKHOCTH TEJEH3-
vepenus. Ecnu, nanpuMep, oiHH H3 HMAYJLCOB MO KaKkUM-1H00 DpHIHHAM
He GY[eT BOCHPHHAT MPHEMHBIM YCTPOHCTBOM, TO B JlaJbHEHIUeM 3HaueHHE
HaMepseMoil BeJHUHHLL GVeT nepejiaBaThesl ¢ OUIHOKOH Ha HEHy HMIYJbCA.

B CcB#3H ¢ STHMH HEJOCTATKAMH B NpakTHKe OOBIYHO NPHMEHAOT UHC-
JO-HMIYJALCHBIE YCTPOHCTBA, OCHOBAHHEIC Ha BTOPOM criocobe mnepepauH.
TTpuMepoM TaxKOro yCTpoitcTBa MOMKeT OBHITH YHCJA0-HMNYJILCHBIH THIPOMET-
pruecknii Tenenamepurens (UHIT-61), ONMBITHO-TPOH3BOICTBEHHBIH 00pa-
el KOTOpOro paspaboTal N CKOHCTPYHpPOBaH B Ja0OPaTOPHH aBTOMATHSA-
i ruapomennoparasibix cncrem MBITul AH V3CCP (puc. 1). On n&-
AsleTes nanbHeimel MoaHdHKaluHell aHaJOPHYHOTO YCTpoHcrBa  (Aajblie-
nepenaTuHK YPOBH:), [MPEIJOKEHHOrO paHee JI. I1. Kononkesuuem i
A. B. CokosoBBIM.

YerpoiictBo B nesom (pHC. 2) COCTOMT H3 NaTHHKA (remeparopa) HM-
[VABCOB, NpHeMHHKa M Gj0Ka mHTaHHA (MOC/IEJHHIT HAaXOMHTCA Ha AHC-
netdepckom nyHkre). OcHOBoil nepejaiomero H TPHEMHOrO yeTpoicTR A
cay:KaT peseiHple [IBHraTe/H, COCTOALIHE H3 3/1€KTPOMAarHiTd, CBf3aHHO-
ro ¢ NOBOpPaYMBAEMOH OCbI0 MEXaHHYECKH HEPE3 Xpanopoii MexaHHaM. Ta-
KHe peJsiefiHble JBHraTeJH OT/IHYAIOTCA OT APYTHX (CHHXpOHHBIX H T. I.)
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HMITYNBCHBIX JIBHraTeseit TeM, 4TO BO3JIeHCTBHe Ha Basn oGecneyHBaeTcs e
ME@rHHTHEIM, a MeXaHH4YeCKHM nvreM, T. €. BMecCTO 3JIACTHYHOH CBA3H BBe-
HIeHa JKecTKas.

Pue. 1. O6muii BHJ NPHEMHHKA TeaeH3MepeHHA ¢ GAOKOM
NHTAHHA,

[lockoJabKy B JaHHOM VCTPOHCTBe NPHEMHHK H JaTYHK B3aHMo3aMe-
HAEMBI, TO MOMHO paccMoTpeTh paloTV TOJBKO NOCJERHEero.

Pue. 2. llpusunnnanbhas cxema TeaenaMepHIentnoro ycrpoiicTsa:

I=Ga0k nuTanuy, 2-npuemmnk TH, J—zaraux TH, 4—cuaosof npubop; S5—npuemnoe peae HMnyabcos
6—KAK0Y ynpanaesuy, 7—HOPMAALRO OTKPpUTHA Kowraxt PH, & —uopMaaLno sakpuTui Kontat PH, 9—pe
Ae umnyavcon (PH), JO—Gaoxuponansuil KoNTAKT AaTdmka.

[Tocne BROUEHHA NUTAHHS B CXEMY SJIEKTPHUECKHIT TOK, [POXOJS we-
PE3 3NEKTPOMATHHT AAaTUHKA 7 (B KauyecTBe 3JIGKTPOMArHHTA MCNOJL3yeT-
cH cranfaprthoe peae tuna PKH), sacrasur ero cpaGorats (pue. 3). Skops
I 3/1eKTPOMArHiTa, NPUTArHBAasch TOJKaTeneM 6, NMepeaBHHET HMNYJIbCHYIO
lLecTeperKy 2 Ha OAMH 3y0ell, 3aMKHET HOPMAJbHO OTKPBHITHIi KOHTaKE
(MOChLIACTCH B JIMHAIO CBA3H H3MEPHTEJbHBII HMIV/bC) M PasOMKHET HOp-
MaJbHO 33aKPbIThIH KOHTAKT (pa3pbiBaeTcs 1enbk NMHTaHHS).

B nauane paGotel coGauka 5 nonajaer Bo Bnaiuny 3yba, uTo npe-
AGTBpallaeT BO3IBpPAT HMNYJLCHOI IeCTEPHH B MEpPBOHAuYaJbHOE [0J0-
HeHue,

Ilpouece pa6Gotsl jnatunka mnoBTOpACTCH A0 TeX mOp, MOKA wtHhT 3,
YKPENJIeHHLIH Ha MMNYJAbCHON 1IecTepHe, He 3aMKHET KOHTAKTHI OJIOKHPOB-
KE sjexTpoMmarsnta. PaGoTta naTuMKa Kak reHepatopa NpH 3TOM npekpa-
HAETCH, H SIKOPb OCTaeTcH B NPpHTSAHYTOM NOJOMeHHH.
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HItudT 3, TakKe BO3aelicTBYS Ha BbICTYN H cO0a4YKM, BBIBOJHT NO-
CJACHION M3 3aUCHJeHHH ¢ HMIOVILCHOH mecTrepHeil.
Takum obGpasom, npu paboTe paTyHKa Kak reHepaTopa MHCJAO0 1OCH-

J2CMBIX HMNYJbCOB MPONOPLUHOHAABHO YIJY nosopora Ag=
YHCA0 3Y0LI0B HMNYJBCHOH IDeCTEpPHH.
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Prc. 3. O6mui BHA RATYHKA TeleH3IMepHTEAbHOro ycrpoiictsa TYHMI-51:

J=—pKOpL SALKTPOMATHHTA, 2—MMOYALCHAR luecTepHs, J—wmTHGT, F—KOHTAKT OAOKHPODKH BSACKTPOMATHMNTA,
§—cobauxa, 6—ToaKaTeab, 7—SACKTPOMArHHT AaTyuka, § - TAMECTh XA BOIBPATA, I—wTHT, J0—aanka, /] —
macmralnuft yaex,

IIpuTaAHYTOE NOJIOXKEHIE COXPAHSETCH A0 MOMEHTd BHIKJIIOYEHHd ITHTA-
HEsA Bcell CHCTeMb! Ha aucneryepckoM nyHKre, Torla axkopn BMecTe ¢ TOJ-
KaTeleM OTOHIET Hasaj H OKaKeTcs BhILIEe BHICTYNOB 3yOLOB HMNYJBCHOMH
wecrepuu. Ilocmeanss nog BAMSIHHEM TSKECTH 8 HAUHET BO3BPAlIATLCA B
LEPBOHAUAMBHOE MOJOKEHHe 10 TeX nop, noka ee wrHdr 9 ne poiiger 10
Jdanki 10, Harayxo npHKpemjieHHoii K OCH, KOTOpas u4epes macmTaGHBIN
Y3eJl HENOCpeICTBCHHO CBA3aHa ¢ COOTBETCTBYIOUIHM MepBHYHBIM HppHra-
HHOHHBIM npuOOpOM.

OTHOCHTeNbHas mnpHBeAEHHAs NOrPeUIHOCTL TAKOro /aTuHKa onpeje-
JHETCH CAeAYIOUHM BhIpa:KeHHeM: '

b2 e
A, 100% = + 55—

[lorpelHocTh BHISBIBACTCS TeM, uTO MepefaeTcss He HenpephBHBIH
PAL 3HAYEHHI] H3MepAeMOii BeJMUHHBl, a KAaKoe-TO KOHeYHOe ee 3HaueHHe,
W, OUeBH/IHO, 4TO ueM GOJblUe UHCAO fNepelaBaeMbIX HMNY/ibcoB N, , TeM
MCHbLLIE OTHOCHTEeJIbHasA NOrpelHoCcTE TeJCH3IMEepeHH .

[lockoabky verpoiicteo UMI'T-61 ‘umeer manblii MOMEHT, OHO Jjerde
COMETAETCA C pPa3JHUHLIMH NEPBHYHNLIMH  HPPHTALHOHHBIMH  npHGOpaMH
(nonnaskosbiM yeTpoiicTBoM, pacxopoykasatenem J[PC-60, pacxomorpa-
(oM, JHMEHrpaoM # T. 1.) H NpelHa3HAYEHO [ mepeauyr NoKasaHui
VPOBHSI HJH pacxojla c THAPOMETPHYCCKHX NYHKTOB OpPOCHTEJILHBIX KaHa-
JioB. Kpome TOro, sto ycTpoiicTBO MOXHO NPHMEHATb COBMECTHO C pas-
JHYHBIMH cXeMaMH TejeBubopa (uactotHoe ycrpoiictBo TYUP-61, BIK-57

HT ).

AA% < £
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[Tpexae yem peiwaTh BOMPOC O NMPHBSI3KE TeJEeH3IMEPHTE/NLHOTO YeTpoii-
CTBA K TOH WJH HMHOH CHCTeMe TeneBbpiOopa, HeoOXOAHMMO ONpeaesHTh 00-
1IHe 3a/laud TeaeMeXaHH3alHH JaHHOI HPpPHralHOHHON cHcTeMBl, Ecau, Ha-
fpHMep, BOMPOC CTOHT TOJIBKO O TOM, YTO HEOOXOAHMO OCYIIECTBJAATL Ha
JAHHEIX O0BbeKTax JHLL KOHTPOJL 32 YPOBHEM HJH PACcXO/loM BOIAL H HeT
HajoOHOCTH B TEJeYNpaB/JeHHH Ha HHX, T0 cucremy YUHMIT-61 nemecoot-
Pa3HO MPHMEHTh COBMECTHO cO cxeMmoil BuGopa runa BJIIK-57.

i
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Pue. 4. Tlpuuunnnanenan cxema seiGopa ycrpoiictsa TYMI-61:

I—nneneruepckmi nynkr, 2—010K BuGopa ofvexta M 1, F—aarank ussepemnn ofvexra N 1, d—
Gaox pubopa obnexta N 2, S—maTuHK Hamepenns ofbexta M 2, 6—HOPMAALND OTHPHTHI KOHTAKT

PB, 7—nopuaasno saxputufl xoutakr PH, E—Eu: eubopa (PB), 9—peae yunyascon (PH),10=6210-
- EHPOBOYHLE KOHTAKT RaTHHKa.

B ykasanHOM Te/jeMEXaHHUECKOM YCTPOHCTBE AJ5 CeJeKTHBHOPO Bbl-
lopa 06beKTa NMPHHAT METOA PeJeHHOr0 pacnpe/eneHHOro NepekaouaTess.
Ot ofniunbx peJsieliHbIX pacnpejenntesneil Takue peseiiHbe HENOYKH OTJIH-
Hal0TCA TEeM, YTO CHETUMKAMH B HHMX #BJAAIOTCS JIHHefHBle peje, KOTOpLIe
HaXONATCA B PasauuHbLIX NMYHKTaX, PacnojoXXeHHBIX BAOJIb JHHHH,

Peneiinan nenouka paGoTaer oT HMOVJIhCOB NOCTOSHHOTO TOKA uYepe-
Jylouieicst NoJIIPHOCTH, MOCHJIAGMBIX € JIHCIETYEPCKOTO NYHKTAa, Xapak-
TEDHOH 4YepTOH TaKOro MeTola fABJASeTCH HCK/IIOMHTeNLHAA npocroTa, Hio
Ha Kaxaom oObexTe HaMepeHHss Mbl OyleM HMCTh Bcero OaHo noGaBoYHOE
pesie Buibopa,

Ha puc. 4 moxkasana npuMBfiaka JaTyHKa TEJEH3MEPEeHHS K CXeMe Bhi-
Gopa, OCHOBAHHOTO Ha YKA3aHHOM Bblllle NPHHUHIE, HpPHYEM 3a OCHOBY
B3ATa LIHPOKO [pPHMEHAEMasi Ha JKeJe3HOLOPOKHOM TPAHCHOPTE cXema
EIK-57. '

B Tex e cayuasx, rae mOMHMO TeJeH3IMCPeHHS H KOHTPOJAsS NpeiLy-
CMaTpHBaeTCs H OCYLIECTBJIEHHE TeJeynpasjeHHA, NpH BuIGOpe CHCTCMbI
TENEH3MEPEHHs HEOOXOAHMO YUHTBIBATH TCXHHKO-3KOHOMHYECKHe coolpa-
wenus. Tak, Hanpumep, npu NpHMEHeHHH uacToTHOro yerpoitcrsa TUP-61,
BHAHMO, OoOJiee 1eneco06pasHO BMeCTe ¢ HHM HCHOJAL30BAThL TeJCH3IMEpI-
TeJabHEle ycTpofictBa Thna BCT nau TIIV.

Taym e, rae 3To okaxeTcss 9KOHOMHUECKH LeJeCOOGPA3HBIM, MOMKHO
npumernTh THP-61 cosmectno ¢ YMUIT-61, naa yero norpeGyercss npesny-
CMOTPeTh TNPOKJAAAKY JONOJHHTENLHOro KaHaja cBasu., CoBMecTHas  HX
NpHBfi3Ka He TpeOyeT HHKAKHX H3IMCHEHHII B cXeMe BhIGOpa Ha H3Mepse-
MOM oOmBeKTe.

OnucanHoe YCTPOHCTBO TejeH3MepeHHS B HacTofllee BpeMs MpPOLLIO
nabopaTopHbie HCHBITAHHSA H TNPUBASLIBAGTCS K pPA3JHYHLIM NepBHUHBIM
HppHranHoHHEIM npuGopam.

64

-

= tm—




Jlag nposesenns WHPOKHX NMPOH3BOJACTBEHHBIX MCNBITAHHI KOMIJIGKT

YCTPOHCTBA YCTAHOBJACH Ha TONOBHOM COOpPYMeHHH KaHana Kaabkays, B
1963 r. mpepycMaTpHBaeTCs OCYUIECTBJCHHE KOMILJIEKCHON TMPOBEPKH YKa-
34HHOrO YCTPONCTBA COBMECTHO C Pa3jHYHBIMH cXeMaMmu BuiGopa.
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K. A. ABJISHOBA

CPEJICTBA ABTOMATHKH M TEJNEMEXAHHKH
HA BEPTHKAJIbHBIX CKBAYKHHAX

B Hacrosiiee BpeMs HEKOTOpHe K0AX03bl ¥Y30eKHcTaHa noay4aior OueHb
HH3KYIO ypomaiiHocTh XjonmuartHHka — 10—I15 ylea, 1. e. nuxe cpeaHnx
vposKaeB no pecnybauKe, TOrAa Kaxk noaasafioniee 0GOJBLIIHHCTBO KOJXO-
s0B nogvuaer no 35—40 4 xnonka c 1 ea.

OnHa H3 OCHOBHHIX IIPHYHH HH3KHX YpoiKaee — HeOiaronoayunoe me-
siMOpaTHRHOE cOCTOsIHMe (3acOojeHHOCTb M 3a00JI0MEHHOCTb) 3eMeb.

Kak u3sectho, B Cpeaneii A3uu c JpeBHHX BpeMeH rPYHTOBhie BOAbI
OTBOAMJIH NPH MOMOILLH FOPH3OHTaJBLHOro apenaxa. OJHAKO He OpPH BCeX
YCAOBHAX 3aJEraHusl TPYHTOBLIX BOJI FOPH3OHTAJLHBI IpeHax obecrneun-
paer sM@eKTHEHLI OTBOjJ IPYHTOBBIX BOJ H paccojeliie Mousnl. JTo XO-
PONIO M3BECTHO MO ONKITY OCBOeHHs 3eMeab l'00AHONH cTenH,

Ha ocHOBaHHH HCCAeNOBAHHA THApOreoJiordueckux GaccedHOB Bepx-
wero spyca YaGewucrana H. M. PewmerkuHa BoiZennia nepcrneKkTHBHLIE
palioHbl NPHMCHEHHs! BepTHKaJabHOro apewaxa [9].

B pesyabraTe HayueHHs1 BONPOCa COTPYAHHKAMH oOT/leaa MeJHOpaHH
HUBIMul AH Y3CCP noareepiisiick 3SKOHOMHUHOCTE H 3()(PeKTHBHOCTDL
DA3BUTHSI BEPTHKAJILHOTO /ApeHa)ka B HEKOTOPHIX pailoHax V3Gekucrana.
D cesiag ¢ aTHM obcerosTenseTsoM B 19596 r. GbLIO pelleHO  3anpoOeKTHPO-
Ra4Th M NOCTPOMTH BePTHKAJbHble CKBAXKHHBI B pAne paionos Ysbexucra-
Ha.

B macTosuiee BpeMa yiKe 3aNpOCKTHPOBaHL H YaCTHYHO IOCTPOCHLI
cKBayKHHbl BepTHKaabHOro apeHnaxa B [onoauoir crend (B coBxose «Ilax-
ta-Apan», Illypyvsskckom 1 Mupsauyibckom MacchBax), B KHPOBCKOM
paiione Pepranckoii ob6aactn u byxapekeil obaacrn.

OTkauka TPYHTOBBIX BOJ B YVKa3aHHbIX palloHax nossojfAer He TO/b-
KO PelllHTh MEJHOPATHBHYIO 3a1auy, HO M NOJAYYHTH JOTOJHHTEIBHYIO OpO-
CHTE/BHYIO BOJY.

BepTHKaJAbHBIH JIpeRa)< B TOCJAEAHHe TOAbl BHEIPHIOT H B JIPYrHX
pecnyGankax. CKBaXKHHB BepPTHKAJILHOTO JpeHaXka nocTpoeHnl B Kosxui-
ckofi Huayennoctd H Apmenun, B Tyanckoil o6nacTd Ajs OCYIIEHHA IIAXT-
Hux mogeil, B roponax Iponerapcke n Ynpunxe; B soHe KallpakkymMCKOro
BOAOXPAHHJMINA TNOCTPOEHB! CKBAXKHHEI Il  OrpamaeHys HaceJeHHBIX
NVHKTOB OT NOATONACHHSA.

Bosbioe pacnpocTpaHeHHe NOJYYHAH BepTHKaJbHbie CKBaXKHHB! 14
uesieit BomocHaOxkeuns, Takne CKBamHHLI nocTpoeHbl B TypKMeHHH, B
VaCCP, B Tvasckoii, I[Togoasckoit ¥ Apyrux obaacrax.

B HacToaliee BpeMs CpPEACTBa ABTOMATHKH H TeJeMEXaHHKH YCHeUHO
BHEAPAIOTCS HA BePTHKAJLHBIX CKBAJKHHAX B BOJIONPOBOAHOMN ceTH H Hed-
TAHLIX NPOMLIC/AAX, 4 B NOCJAeAHHE TOALl B CBA3H ¢ NPOEKTHPOBAHHEM X
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CTPOHTENLCTBOM CKBAXHH BepPTHKAJBLHOrO JIPeHAXa B OCHOBHOM NpPOEKTHBI-
MH OprdaHH3alHsMH npopabaTbiBajHCh BOMPOCH BHEJAPeHHs CpPeACTB aBTO-
MATHKH H TeJeMeXaHHKH Ha CKBaXXHHAX BepPTHKaJbLHOro ApeHama.

B 1959—1961 rr. coTpy/inHKH na6opaTOpHH AaBTOMaTHKH H TejeMeXa-
HEKH 3aHHMAJIHCh KOHCTPYHPOBaHHEM TeJeMeXaHHYeCKHX YCTpoiicTB H JaT-
YHKOB IS BEPTHKAJbHLIX CKBaXHH. Hayunoe HsyuenHe 3toro Bompoca Ha-
yato B jqaGopatopun B 1962 r.

B nacrosuied palGote oGoGuleH onbiT BHEAPEHHS CPEJICTE aBTOMATHKH
H TeleMeXaHWKH B BOJOMPOBOIHOH CHCTEMe M He(THHBIX CKBamKHHaX B
CCCP u sarpanmieii, 1aHbl XapaKTePHCTHKA CKBa)KHH BePTHKAJbLHOTO Jpe-
Ha¥a H 3anpoeKTHPOBAHHOTO Ha HHX o0OpyNoBaHHs H HEKOTOpble peKOMeH-
Aaluuy No NPoeKTHPOBAHHIO H BHEJAPEHHIO 3THX CPEIACTE A PasJHUHBIX TH-
N8B CKBAAKMHE!,

ONBIT BHELPEHKHS CPEJACTB ABTOMATHKM 4 TEJEMEXAHHKH
HA BEPTHKAJIBHBIX CKBAMKHHAX

B PCOCP oxkoao 300 roponos noayvalr BOAONPOBOIHVIO BOLY H3
APTC3NAHCKHX CKBaxHMH, a B HEKOTOPHBIX ropojax umeetcst nmo 20, 30, 40 w
CoJsice CKBAMKHH.

B CCCP eHenpenne cpejicTs aBTOMATHKH M TeJeMeXaHHKH Ha BepTH-
KanbHLIX CKBAXKHHAX BOJOMPOBOHON CHCTEMB o He(Tenpomeicsax Hava-
Joch mpuMepro ¢ 1950 r. B tpectre <«Boaoxkanaaunsauus» r. ITonoabcka
annapatypy coOHpasn # MOHTHpOBaAJAW pabOTHHKHM MO 3KCHJAYaTallHH BOJMO-
MPOBOIAHBIX COOpYAKeHHH. AKaJeMHs KOMMYHaJbHOr¢ X03fiicTBa OCYLIECTB-
A58 KOHCYJILTALMI0O H TeXHHUECKOE PYKOBOLCTBO 3THMH paboramu, _

B 1950 r. 6pi1 00LABACH KOHKYPC Ha JAYYIIVIO CXeMYy aBTOMaTH3alHM
HACOCHBIX YCTAHOBOK BHILLCYNOMAHYTEIX CKBaxuH. Takas cxema Oblia
HNPeiI0AcHa MOJIOJABIMH HHMeHepaMH, KOTOpLle CaMH CMOHTHPOBAJAH €€ HA
CKBAXKHHE M B Pe3yabTaTe IKCMVYVATalHH 3HAUHTEAbHO YMPOCTHJH. Dosb-
IWHM 3aTpyAHeHHeM ObIJIO OTCYTCTBHE KBaJn(HIHPOBAHHBLIX CHELHAJIHCTOB
H Martepuajop. B nacrosiulee BpeMsl asTOMaTH3HPOBAHO, TeJeMEXaHM3HPO-
BaHO H TEJAeynpapjdercs H3 AHcneryepckoro nyHkra 85, coopyeHud
Boponposojia r. [logonscka. Daaronapa 3ToMy SKCnAyaTaUMOHHBIA 1ITAT
COKpatHacs Ha 25 ven., IKoHOMuUSL 3JeKTposneprin coctasuna 10—15%,
MOBLICHJIACH KVJAbLTYpa SKenayarauun oGopyposanus. CxeMH yeTpoHCTB
aBTOMATHKH N TEeJeMCeXaHHKH, HCNOJL30BAHHLIE HA 3THX CKBasKHHAX, J0-
BOJILHO NPOCTLIe H paldoTaloT HaAeKHo. :

BoabIHHCTBO CKBAKiHH 000pPY/A0BAaHO HEeNoOrpy:KHuiMu Hacocamd ATH
u All. Ho B nocaennue rojisl BHeaApSOTCS H NOrpysHLIe HACOCH, NpHUYEM
YacTh CTaHUHH OAHONOABCMHBIE, a4 4acTh — JABVXNOoAbeMmHLle. Te HacocHHe
CTaHIMH, HA KOTOPLIX HaXoAHTcs aucnerdepckud nyHxr ([II), ynpasasior-
ca aucrasumonuo. Hacocsl nepsoro noakema ABYXNOLABLEMHBIX CTaHIHH
YOPapdfioTcs ABTOMATHYCCKH B 3aBHCHMOCTH OT YPOBHS BOJAbB B pesepsya-
pax. Hacecnt e Broporo noanema Teneynpapasiores u3 Il Oanonoasem-
HbIC CTAHLIHH SHHE'PTM Hd 3dMURK H TdEMHKE TEJAeYNPABAHIOTCA H3 ,H_I_L

Ha BOAONPOBOAHLIX CKBAXHHAX HMCETCS JBa THNA HACOCHBIX CTAHIHH:
paboTalonine NOCTOAHHO-HenpepuBHO H pabGoTaloliie NMEepHOAHYECKH MO Me-

pe HagoOHOCTH.
Xapakrep ynpasJeHHs JIBHMaTeqsiMH VKA3aHHBIX THIOB HaCOCHBIX ycTa-

HOBOK HECKOJIbKO pPa3/JHYCH.

=

I Ma-3a orpannmuensoctd of6beéMa Aanncii CTATLH YACThL MATEpHAJNOR, o60ONIAIOMINX
ONBIT NPOEKTHPOBAHHA H KOHCTPYHPOBAWHA CPEJACTB ASTOMATHKH M TEACMEXAHWKH  AAA
CKBANHE BEPTHKANBHOIO ApeHama comxosa «[laxra-Apans, s Mupsanyasckom u Hlypy-
3AKCKOM Macchsax, Oyier onyOalKOBaHa OTAENbHO,
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TaGanupga b

"XapakTepHCTHKAE H3MEpHTEbHLIX YCTPONCTB, NPHMEHNEMBLIX NPH ABTOMATHIAUHH
BEPTHHAALHBIX CKBaXHH

= Cae npHseHed  HIAR
Hanwenosa OCHOBHKE SAEMEHTH Apununn aeficTens ]J{':Hﬂ:lEH.'l_‘fETEH K
HAE MPHMENCHH K
Teaeyposre- |1, [latauk ¢ ynpyrum| B cksamuny Huxe BomonpH-| Ha wepruxans-
Mep [OTeH- QYBCTBHTEALHEM eMHOH Y3acTH HACOCA CHYCKAeT-| HLIX CHRAMWHHAX I
. UHOMETPH- MNEMEHTOM (CHAB-| CA  SJeKTpHUeCKHH naTtumk c| mabaogaTenbHbIX
weckHl hoHOM) cHabponOM H peocTtatoMm. Jlae-| koaoauax xKomGu-
2, bBaok nHraums c| seune poanl vepea cHAb(OH ne-| wata ,Tyaayroas®,
SNEKTPOMATHHTHLIM| PEelAeTC] Ha 3aKAKYNCHHYID B| Ha  BOXONPOBDA-
cTa0HAK3ATOPOM HEM UPYXHAY, YEM AOCTHraeT-| HLIX CKBAMHHAX IT.
HANpAMXKEHHd ¢ nepememenwe noasyuka| [Mogoabcka, Kaan-
3. Bropuunnii moka-| (kak B OOLIYHOM peocTare) cO-| HHHIpaga M Ap.
3bIBAOLIHM MpH=-| eAHHEHHLIM MO CXeMe MOTEHIHO-
Gop — MHAAHBOALT-| MeTpa,
merp ¢ npoduan-
BAHHOH LIKAJAOH
MB-46 wan pern-
CTPHPYIOILHA TpH-
Oop (casmonucuw
THna . Baajai®,
+LCM3* u np.)
Typboraxo- (1. I'mapomexannvec- TypOuska (peprymka)c sun-, To we
METPHUECKHI Kad 4acTh (BKAW-| TOBLIMH KPHIAbAMH Bpamaemnl
RATYMK pac- 4aeT UYBCTBHTeAb-| HA FOPH3OHTaAbhoi oci. Yncao|
X04a CHCTe- HRil 3aeMeNT—MHO-| O60POTOB  NpPAMONPONOPLUHO-
Mt AKX roAonacTayo Typ-| HainHO pacxony soam. Bpaume-
PC¢CP GHHKY). HHE TYPOHHKH  NOCPEACTEOM
2, DaexkTpHuecknii re-| uepsauHoil nepeiaun nepegaer-
Hepatop (M0 (aAH-| CA CYETUHKY, OTMEYAILEM
na), Tpexjpaszunasg KOAHYECTBO BOAL, MPOXOAHAIIE
CHHXPOHHAN MaluH-| uepes BOLOMEp,
Ha
3. YKasuBawIHi npH-
6op — MHANHAMOEp-
MeTp ¢ npodrasHOl
wkanoi tuna MIIG-
46
TlonRaBED: 1. Tlonaasox ¢ npo-| B pesepeyapn, B koropux] Ha  Hacocuux
S THBOBECOM KOHTPOAHPYETCH ypOBEHb, MO-| CTAHUHAX, Kauawo-
2. Kouraktnoe ycr-| rpysmaercs nonfamok, NOABe-| mMX Boay B pe-
polCTBO meHHbd Ha re0Koil  HHTH, De-| 3epBYyap HAM apy-
3. [Mpuemuetii npubop| pexuuyThit yepes Gaok W ypae-! ryio eskocrb. g
HOBewlennblit rpysom. Ha pas-| uamepenus ropu-

HBX TOYKAX TIHOKOH HMTH VK-
PENACHK IBC [CPEKAKYAIOUIHC
akOsl, KOTOpBIE NPH Npeaeib-
HbBIX YPOBHAX MHIKOCTH B pe-
Jepayape NOBOPAYMBANT KOPO-
MBICAO KOHTAKTHOro YCTpoi-
CTHA M 3AMBIKAT COOTHEETCTRY-
WILHE KOHTAKTH, KOTOpLE, B
CBOW OYEpeab, 3aMBIKAIOT CO-
OTBETCTBYIOIIlHE 1leNH ynpasie-
HHA HACOCHOrO @rperara, a Tak-
AE CHIHANHIHPYIOT O LOCTHKe-
HHH [pejleibHBX YpoBHeil BO-
Jbl

JOHTOB BOOBI, CHI-
HAAH3AUHH O npe-
ACIBHBIX IOPHIOH-
TaX HAH KakKk 9YB-
CTBHTEABHLIT 3Je-
MEHT ABTOpPErvas-
TOpa '




[Mponoaxenre Taba. 1

HEHHL"IICI'BE- FJI'.E NpHMCHEH HAH
OcHoBHble 3NEeMEHTH [puruun aeicTeua PEKOMEHAYETCA K
HHEC NpHMEHEHHIO
SACKTpOa- 1. Teaedpounoe saex-| OcHOBaHLI HA IACKTPONPOBO- [lpr HaaWqHH
HHE JATYHKH TPOMArHuTHOE pejie| AHMOCTH KHAKOCTH. JJAeKTpo-| MepeMeHHOro TO-
2. JACKTPOALL CTaAb-| ALl NOrpPY#alOTCA HA raybHuy,| ka. Jlag cHrea-
HOH WA JATYHHHHA| NpH KOTOPOH AOAXHO NPOM30N-| AH3aUMK NpejcAb-
CTEePKEHB) TH BRIWYEHHe HAH OTKAYEeHHe| HMX  [OPH3OHTOB
3. lMpuemuntit npubop| aarunka HAH K3K 4YYBCTBH-
; TeALHLH SJeMeHT
aBTOpEryaaropa
Aarank nas- |1, DAeKTPOKONTAKT- .'.:LTIERT]‘JI‘.'H-I:EIHTHHTHHE MAIHO- Ilaa  onpenexne-
JeHN# HEIE MaHOMETpPH METphl OOMYHO HMEWT ABa He-| HHA  NPOB3BONN-
2, Bnok nuranus NMOABHAHLIX KOHTAKTA — AeBHH,| TeALHOCTH Hacoca
3. [lpuemuamit npubop| saMuikawInuid 0OPH  AABACHHH
HHIKE BEAHUHHBI, HA KOTOPYI0
OH YCTAaHOBAEH, M npasuii, 3a-
MBIKAOUIHIA NPH JaBIeHHH, Tpe-
BLILAIEM YCTAHOBACHHY IO
AR Hero Beawuuny. Crpeaxa
HMEEeT MOJIBHKNOH KOHTAKT
Haruuxk woun- |1.MemGpanumit natank| Peae ycranmasamsaerca wa| [Ipn 3aameke ¢
TpOAA 33 3a- |2. Vkaswsawouuii npu-| 0,3—05 4 Bume nacoca. [Ipn| nomombio BaKyyM-
JAHBKOM Ha- Gop HaNoAHEHHH HACOCA BOAON MeM-| Hacoca
coca Gpana nporibaercH, MOAHHMACT
ITOK M- 3aMBIKAET KOHTAaKT,
[locae cupseHHs  AaBAEHHA
MemOpana BO3BPAINAETCA B HC-
| XOJHOe MOAOKEHHe INPYHHHON
| [Tporpas- 1, Cucrema saextpn-| [lpumensioorcd npu asTomars-] Ha mnpomuicaax
' MHBEIE J1aT- HECKHX KOHTAKT B | 3auMH nepHoauveckn neicray-| MmanGaiinedrs
| THKH 2. YHacosoit Mexanuas| 0OIIHX HACOCHMX CTaHuWi. Ycr-| Ads asToMarndec-
| 3. MHHHHTIG]}HHEE poficTBO ABTOMATHYECKH BEAK-| KOM0 BRKJAKYEHHA
| SJCKTPHYCCKHH CHH-| YAeT H OTKAKTAELT SJEK|POABH-| NEPHOAHYECKH
; XPOHHBIH ABHrATEAL| FATEAL HACOCA MO 33/dHHOH| MEHCTBYHIIHX Ha-
| nporpasse COCHBIX arperaros
| JdaTuusn 1. Tepsmo-pene speme- Ha oany Gumetaaanyecckyw| Jlaa sBraepmKkH
| BPEMEHH i (OnMeraaianuec-| NAACTHAKY HAMOTAHA HArpepa-| BPEMERH  Mexay
| KHe nJacTHHRH ©| Teashas o6morka., OT 7TOKA, | OTAEABHBIMKE  OTe-
KONTaKTHBle npy-l npoxoafmero wepes oOMOTKY,| pauMaMH H  aan

Mmanomerpos, Ilepuoanvyeckn
TPAMMHBIM J1aTUYNKOM.

HKHHNL)
KontakTsl B uenmu
ynpasacHus

NAACTHHKA HATDEeBaeTca M, M3-
rufanch, 3aMBIKAET HAH pasMbl-
K4eT KOHTAKTL! B leNH ynpas-
JeHHA

Bumeraaanvueckas NMAIACTHHKA
COCTOMT 13 ABYX CAOERB, BINOA-
HCHHBIX H3 PasiAHYHBX METan-
AOB, KOTOPHE HANOKEHH OIHH
Ha JPYroH H NJIOTHO COeNH-
HeH bl ,

TENAOBOH 33IMTH
[pH aproMaTHucC-
KOM YupaBieHHH

Ilocrosinuo ,"l,E‘lHiC'l"H}'ll'}IH.I-IE‘ CKBAXKHHB 32NYCKalOTCA OT KOHTAKTHBIX

[]EGGTEICIUIHE CKBaXHHE YNpapadlOTCsad npo-
Te u apyrie CKBaKHHbI MOTYT TeaeynpaBiasiThbCH

HIH TeaekoutpoaupoBathess uz JIIT. 3auacrtylio npuMeHsiercsi Marucrpanb-

HBIlf (KYCTOBOIl) caMo03anyck CKBazKHH..

[Ipenmyutectso

3TOro cnocoOa

SAKJIOMAeTCH B COKpauleHHH BpEeMeHH MNpocTosi CKBEaKHH B Pe3KOM CHH-
JKEeHHH aBapuiiHocTH. B Hacrosuuee Bpemsi Gosiee 10 Thic. rayGuHHOHAcOC-
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HEIX ckBa)kuH Dakuuckoro HedTenpoMbIC/ia HMEIOT MarucTpaJ/ibHblil camo-
3anyck, Kpome TOr0, BCe KPYMHLIE YCTAHOBKH C JBHraTeJeM MOIIHOCTHIO
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cosee 15 xeém o0OOpPY/AOBEHBL
YCTPOHCTBAMH /1T HHAHBHAYAJb-
HOrO CaMo3arycka.

A. KoHTpoibHO-H3IMEPH-
TeAbHbie NMPHOOPLI H AATHHKH
Tejen3mepenuns. Ha seprrukans-
HBIX CKBaXHHAX TPHMEHAIOTCH
CJAEYIOIIHE BHAbl H3MEPHTEdb=
HeX nprGopoe (taba. 1):1) us-
MepaIlHe YpPOBEHb, CKOPOCTh,
pacxof, naBjeHHe (B pesepmya-
pe, B BOJLOMEPHOM YUacTKe WJH
KoaeHe TpPyGul, B COMIE H T.J.);
2) KOHTPOJHPYIOIHE 3aJHBKY
Hacocda; J3) KOHTPOJAHPYIOILHE
CMA3Ky NOAIIHIHHKOB.

Han6osaee npocrhie Hame-
puTeabHEE [TPHOOPEl PACCHNTA HbL
Ha MecTHoe nokasanue. Mmeer-
¢ JOBOJLHO Oo0ablllOe YHCAO
npuOOpPoOB, CKOHCTPYHPOBAHHBIX
B KOMIIICKCE C TeJaeJaTuUHKaMH,

Ha puc. 1 pana cxema me-
XaHHYECKOoro NonAaBKOBOIoO
yposHemepa. Ha puc. 2, 3, 4
NOKa3aHbl MNONJAABKOBEIC H SJCK-

Puc. 1. Cxema MmexanHueckoro ypoBhesmepa TPOAHbIE PACXOJOMEDH € HC-

HKHAKOCTH:

TAHIHOHHEIM MOKA3AHHEM,

I EOCSETODANE examich: & -aDyams; & HORAROON HauGoabimnil nuTepec npej-

CTABJAAIOT SIEKTPOAHLIE YPOBHE=

mepnl (puc. 5), upuHUHN AEACTBHA KOTOPBIX OCHOBAH Ha HCNOJB30BAHHH
9/EKTPONPOBOAHMOCTH KHAKOCTH, OCHOBHLIMH 3JEMCHTAMH 3THX YPOBHE-

MEPOB ABAAIOTCA OOBYHBIE TE-
Ae(POHHLIE  3JAEKTPOMATHHTHBIE
pesae M SJeKTPOjibl. IDJACKTPOH
npejcTaBaAgeT codoil CcTaAbLHOI
MJAH JATYHHBII CTepxkeHb, no-
IPYMKEHHbIT Ha rayOHHYy, TpH
KOTOPOM  JOJXKHO  TIPOH30ITH
BKJAIOYEHHE MJAH  OTKJIOUeHHe
peJe.

Ha puc. 5 nokasano pac-
MOJOXKEHHE  JIEKTPOMOB 14
BKJAKOYEHHA H OTK/IOYEHHA Ha-
COCOB I1IPH H3MEHEHHH YPOBHH
BOJLI B pe3epByape.

[lpn noasemMe YpPOBHA BO-
AbBl 10 BEpXHEro 3aJaeKTpoja
NPOHCXOAHT 3aMBIKAHHE UENH

Pue. 2, CxeMa AHCTAHUMOHHOTO pacxolo-
Mepa:
J—cTakaH PTYTHOIO MAHOMETPA; 2—UHARHAPHYCCKHA

MATMNT, S=0Cb; 4—NOABNAHAR KATYWEKI, JF—KOH-
TAKTHAA CHCTEMA.

KaTywkn nyckoporo peae (PII); omno cpabarmipaer i cBOMMH KOHTAKTaMH

NPOHIBOIAHT - MICPEKJIOHUCHHE B 1LCHH

ViipaBJjieHHH. ﬂpu CHHZKEHHH YPOBHHA

BOABI A0 HuKHero anektpoaa 2 pene PIl oGecrounBaerca, Oaarogapsi wemMy
ONATH MPOHCXOAAT COOTBETCTRYIOULHE MEPeK/I0YeHHs B IenH ynpae/icHHs I
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BO3BpPAlleHNE pejie B HCXOAHOE MOJOMKEeHHe. an NOCTOAHHOM TOKEe "3J1eX-
TPOALI Pa3pywialOTCA BCACACTBHE SJeKTPoJiH3a, ocobeHHO B BOAe, COpeprKa-

ed nNpHMECH KHCAOT HAH 1EeJ0Yel.
[ToaToMy TakHe AATYHKH JOJKHEL pa-
GoTaTk Ha NEPEeMEHHOM TOKe,

Jlasg nmepenaun nokasauunii xosaeba-
HUH YPOBHA B JHCHNETYEPCKHH MNYHKT
MOJKHO HCMNOJB30BATE TAKOl Xe JaTuHK,
HO B 3TOM CJIY4Yae 4YHCJAO 3JASKTPOLOB
AOJMHACHO OLITE YBEJHYEHO, H HX MOMXKHO
PacnoJgOXHTh TOPH30HTAAbHO.

HecoMHeHHBIT HHTEpEC npeacras-
AT (XOTA W HMEIOT CyNecTBEeHHbIe
HeAOCTATKH) MOJVYHBINHE pacnpocTpa-
HEHHE CKOPOCTHHIE TYPOHHHHIE BOJLO-
mepel (puc. 6), ycraHaBAMBaeMbleé Ha
BCTABKE, uAH comsia Bewrtypu [5].

Ha puc. 7 uszobpaxen MmeMOpaHHLI
auddepennnaabublii manomerp M, Ha
puc. S-— propuunmit mnpuGop IlIM]I,
HCIOJb3yeMule I8 AUCTAHIHOHHOrO H3-
mepeHns AaBaeHuss (Hanopa BOAW), ITH
AHMAHOMETPE MHAYKIHOHHOTO THNA C
1958 r. BHIYCKaloTcd sapojom ,Maino-
MeTp® B KOMII-
JeKce ¢ peru-
CTPHPYIOIHMH
HJAH CYMMHpYI10-
mumMu npudopa-

Pue. 3. 3aexrpoyporuemep Coko-
.1DECHDFG-{}I:T‘FI:I}'HH-HH: i — CXeMi.

f—obecaanan tpyba, 2—saekrpna, J—N30AK-
posdlHMA  OpoBoa, J— FlabAAHOMETp Al
aaMnouka, S—cyxofl HJeMEHT, 6 —yponin
BOZKW B CKDAMHHEe, J=—HIMepsesmas ravinna,
fi— geTaan sackTposd: J —meTaaanveckui
CTepMCHL, 2—peannopan Tpyba, J-—omnep-
CTHH A48 DpHCOCAHHEHRHA NPORNOIH, J—H30-
AHpOBARNKA NpoBOA, Fe=30ARMHONARN

Hﬂq. JAEHTA.
B kauwecrBe nparunkoB napaexus (puc. 9) me-
M
| IR b
, g &L Sl
1 l - -
——— l
Puc. 4. TMonaapxkosuii FFuc, 5. JACKTPOAHLIN AaTHHK-YPOBHEMED.

AATUHK-YPOBHEMED.

HOJAbL3YIOTCS IEKTPOKOHTAKTHLIE MAHOMETPBLI, HMEIOUHe ABAa HEeNOABHAHLIX
KOHTaKTa—/IeBbli, 3aMEIKAIOMIHICH NPH 1aBJeHHH HHXKe BeJHYHHBL, HA KO-
TOPYIO OH YCTAaHOBJieH, 11 MPaBbIH, 3aMblKAWIIHACA OpH JaBheHHH, MpeBbl-
LWaloUeM YCTAHOBJACHIVIO s Hero peanuuny. KpoMme Henoanmmubix, MaHo-
MeTp HMEeT OJHH MOJABHKHBIH KOHTAKT, YKPenJeHHLIH Ha cTpenke. Konrakr-
Hasl CHCTEMA H H30JAUHA MAHOMETPOB AONYCKAIOT BO3IMOMKHOCTL BKJIIOUEHHA
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HX B dlenH ynpasjeHns HanpsokeHnem ao 380 & nepeMenHHOro TOK3a HIIH
220 8 NOCTOSTHHOrO TOKA.

IMpu nonmskennu AHHAMHMECKOr0 YPOBHS B CKBa)KHHe HHKe JOMYCTH-
MOro (MpH «CyXoXxoje» Hacoca) pe3ko majgaer AapjieHdHe W, HaoGOpoT, mMpH
MOBHIILIEHHOM JlaBJEHHH HACOC BKJIOYAETCH JIPH MOMOIIH 3JeKTPOKOHTAaKT-
HOro Manomerpa IKM-1.

".r ,."-"r L
A P
fk.ﬂ A 'l:-?"': i

Pic., 6. Cropocrnoit TypOHHEBIE BOAOMED.

Iatunk KOHTPOAsi 3aJMBKH Hacoca memGpanHoro tHna (pse. 10) mc-
NoAbL3YeTCA IPH 3aJHBKe ¢ MOMOIUbI BakyyM-Hacoca. OH ycTaHaB/HBaeTCH
Ha 0,3—0,5 » sbuue nacoca. Ilpu wanonsedun macoca Bojoil, MemOpaHa J
nporuGaerca, nojHHMaer wWrtok 2 u 3aMbikaer kourtaktel /. IToche cHH-
AMeHHs napjeHHs MemOpana Bo3BpaildeTcd B HCXOLHOE MOJIOXKEHHE MpY-
JFHHOH.

Ha pue, 11 u 12 nmokasaHsl 3JeKTpHYECKME AaTUHKH YCHJIHA H MOJO-
MMeHH: JJi TeJeiHHaMOMETPHPOBaHNUS, |

b. AsromaTH4eckKoe peryjHpoBaHHe NPHBOLAMH HACOCHBIX arperaros
BEPTHKAAbLHLIX CKBaHH, OCHOBHLIM YC/IOBHEM [epeBOjad Ha aBTOMAaTHUE-
CKOe ynpasieHHe HACOCHOH CTaHUHM SIBAAETCS HaJH4YHE HAJeXKHOro, YCToii-
UHBOTO NHTAHHA €€ JIeKTposHeprueil, HCNpasHOe COCTOSAHHE HACOCHO-CHJIO-
BOro 0GOpyAOBaHKs, BCACHIBAIOMKX H HANOPHLIX JIAHHHK, apMaTypbl H amnma-
paTypsl.

Ha apromMaTHueCKHX HACOCHBIX CTAHIHAX, KaK NpaBH/O, NpeiycMaTpH-
BAETCH BO3MOXKHOCTb NOJYaBTOMaTHUYECKOro M pyusoro ynpasmenns. llpu
NoJYasTOMATHUECKOM YMpapJjeHHH MepsoHavdaldbHblH HMOYJABC Ha BRJIO-
YyeHHe ¥ OCTAHOBKY AarperaToB MojaeTcs 4eJOBEKOM, AajbHeHWHH npouece
OCYIIECTRJASIeTCS ABTOMATHYECKH TOH e anmapaTypol, 4TO H NPH aBTOMA-
THYECKOM YNpPAaBJCHHH..

ABToMaTH3amHell HACOCHBIX CTAHIHH, KpOME Inpouecca nycKka ¥ ocra-
HOBKH, NpeaycMaTpHBAeTCsd TaKiKe OTKJIOYEHHEe arperatoB NpH neperpyske
ABHTATesl, Neperpese MOAWMIHAKOB, MPEKPALICHHH [104aYH BOJBI HACOCAMH,
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NajCHHH HalpsAMeHH:ds B CETH H 1p.,
HAaCOCHOro arperarta nps EEE[]HﬁHﬂM OTKJAKYEHHH paﬁuuem arperara.

A TAK)XKe BKJIIOUEHHe pe3epBHOro

Hns

oGecrneueHHs aBTOMATHUYECKOIO yOnpaeieHHA HACOCHBIMH YCTAHOBKAMH TIDH+

MEHSAIOT aBTOPErYAATOPL C HCNOAb=
30BAHHEM OIHCAHHLEIX B NpPejLIay-
IMEM  pasfieje  HaMEepHUTeJbHEIX
npHOOPOB B KAayecTBe YYBCTBH-
TE/AbHLIX 3JEMEHTOB.

ITpocreiliune cxemsl apToOMa-
THYECKOro ynpasJieHHda OJAHHM Ha-
COCHHIM  arperatoM H300paxeHnl
Ha puc. 13, Puc. 13a wuanmocrpu-
pyer cxemMy aBTOMATH3allHH He-
00/1BWIOr0 HACOCHOTD arperara, He
HYX13I0IIEerocad B 3aJHBe, C acHH-
XPOHHBEIM  SJIEKTPOJABHTaTENEM C
KOPDOTKO3aMKHYTHIM pOTOPOM; Ha-
COC 3anycCkaeTcs NpH OTKPHITOH 3a-
ABHIKKE. ABTOMATHYECKOE Ynpap-
JEHHEe B 3TOM CJVyuae MOKer OHTh
‘OCYLLECTBJEHO IPH HOMOIH MOIM-
JABKOBOTO pejle H MArHHTHOro
nyckartes. HaMnyasc ot nonaasko-
BOTO peJie nepejaercs Ha arperar
0e3 npoMmexyrouuoro peqae. B atom
cjayqae peae yposHs paboraeT Ha
pa0oveM HanpsKeHHH, a MO3ITOMY
B CXEMy HEe BBOAHTCA TpaHcdop-
Marop. KouTakTet YpOBHA JOMKHEI
ObITh PacCYHTaAHBl HA CHAY TOKAa B
KATYLIKE MAargHTHOrO0 nyckarte/s,
BRAIOYAIOUICTO 9/EKTPOABHIATE b,

B cxeme asromaTHueckoro yn-
papJeHHs OOLIYHO NpPeayCcMaTpHBa-
eTCH NepexanyaTeas 414 nepesoja
B CAy4ae HagoOHOCTH C aBTOMATH-
HECKOTr0 YINpPAaBJAEHHA HAa pPyvHOe,
PaboTa cucTeMBl NPOHCXOAHT Cae-
AYIOHIEM 00pasoM: NpH JA0CTHIKe-
HHH BEpPXHEro npejena 3anoJaHeHHs
pesepsyapa BOJOH [ONJaBKOBOE
pese pasMblKaeT Helns KATYIIKH
MArHHTHOI'O NYCKATEAH, KOTODKIE,
cpaboTas, pasoMKHeT TpH hasn
Ov/ier BLIKJIIOUEH; KOTAa e BOIa

Puc. 7, MeuGpannsiit anddepenunanbrsiit
smanomerp JM-G: .

J—numngs wmeubpannas xopobra, 2—oepxugs MeM-
Gpanias  wopobxa, J—moaymgd, 4—INCKEAY 90T
KOpIved, S—pepxudg 1acTh Kopnycd, O—navisep,

/ —WHAYRUNOHHIA KATYVIIKD, &—peryaARposoynod Ma-

iwima, S—peryauposoauas rafiwa, JO—xpumks xXa-

TYIEH, J/—=nMaoyincane Tpyoxd, [2—yplnnHTeab-

HWil menTHan, J3-sanopHsic BeHTHAN, Jd—Kidnan
pepxeefl Ramepu, JS=Kaanam WOKHER EAMCPH.

CHJIOBOro TOKAa H JIBHrateJk HAacoca
B pesepeyape JOXOIHT M0 HHHHETO

YPoBHA, MONJIABKOBOE pese YPOBHS 3aMbiKaeT Henb KATYIIKH MarHHTHOTO
nyckatens (MIT), n nsurarens pkaouaercs B paGory.

B cxeme npeaycMaTpHBaeTcs JAHINbL 3alIHTa JBHraTe]sl OT Meperpysku
(Tepmuueckoe pene); koutpoan 3a paGoTofi arperaTa H CHrHAAH3ALAA B

STOH CXeMme He NpeayCMOTPEHHI.

Taxyio mpocreiiiyio cXeMy MOXKHO MPHMEHSATH JHIIB NPH HeGOJBUIOM
PACCTOSIHHE Mex(y HACOCAMH M pe3epByapamH, T. €. MPH He3HAUHTEJLHOM
CORIHHAIOIMHX KaTyWKy MaruuTHOTO

NajeHHH HanpfAXeHHA B NpoBOjaX,

AIYCKaTeNl C MOMJIaBKOBBIM peJe.
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Ynpasnenne HacocOM ¢ KOPOTKO3AMKHYTHIM 3JeKTPOJBHraTe/ieM OF
npocreiimero pene ypoens (PY) saekTpojHoro THma ocyllecTBJASeTCS No
exeme pHe. 13 6. B stom ciayuae HeOOXOIHMO VCTAHOBHTL MOHHKAMOUIHE

I
Ao

_.H.‘:ll-l"-'al_r

-—-I’ﬂ'__l-
I
i,

Naprnd
1374

SRERmaomasg =

Puc. 8. Cxema propuusoro npuGopa 311HI:

J=KaTYunika aatiuka ¢ naymkepod, 2—ocHouNAE KATYIIKA Bropuunero npubops o

nayumepos, J=—=KaTymKka peryanponsn uyan, +—GazascHpunit smotopunk FPll=0,9,

S—Kyaauox, G—opunpaMuTeab naverpatopa BC-46-78, 7=rayioe KoALUO NHTErpATO-

pa, d—paspesuoe koaLuo HuTerpatops, J—sarnnTHan mydra, JO—cueTHHK HETErpa-
TOPaA=—CONPOTHRACHIC,

TpaHcdopmatop u nyckosoe pede (PIT), Kak suano, H3 cXeMmbl, 3AeKTpoOi-
HOe pEJIE He CBA33aHO HEHﬂCPEﬂCTBEHHD C LeNnbid MAHHTHOrC NYCKaTCHA,

Puc, 9, Jlatunx jaBicHna (3Jek- Puc. 10. Jaruux Kour-
TPOKOHTAKTHLIE MaHOMETp THNA POJA 3AAHBKH,
IKM):

J=—noamxuoNl EOHTART, 2—RenoinKH-
NKe KoONTAKTH,

B asToii cxeme, KpoMe 3alHMTLl ABHraTesed or neperpysxn (TepMmuueckoe
pene), npeiycMOTpeHa 3allHTA OT BhLINAJAEHHN OAHOH M3 (a3 NVTeM BKIIO-
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weHHS KATYUIKH MAarHHTHOrO NyckaTteas H Tpancgopmaropa B pashsie (asbl.
Baarogaps stoMy npu neperopasnu Jaio0oro nperoxpaHHTeNs NpPOH3OligeT

ki

| o [/ o
Ve I
i S x
= i - S |
% | @, |

Lok

= 15

o f o———t

Puc. 11, Cxema narumuka ycuaun
AR TeAeNHHAMOMETPHPOBAaHHA,

Puc, 12, CxeMmMa aTuuxka noaoKeHuit
A48 TEACAHHAMOMETPHPOBAHHA.

OCFaHOBKA aBuratead H3-3a ortkaodeHHs karymwkn MIDI wap rtpanchop»
Martopa.

Kak u B neppoii cxeme, 3iech
HE MNPEeAYCMOTPEHH KOHTPOJAbL 34
paGoToii arperara ¥ CHrHaJaM3aLHs,

Cxema aproMaTHuUecKoro yn-
PaBJACHHA HACOCHBIMH arperataMmi
C KOPOTKO3AMKHYTHIM 3J€KTPOJIBH-
rarejeM IpH NOCTOAHHO 3aJHTOM
HACOCE TmpejacTaBaeHa HaA puc, 14.
HacoCHLIE CTaHIlHM, ABTOMATH3HPO-
BaHHbIE MO 3TOH cXeme, pabGoraior

Py t‘

M0  HHXXEOMHCAHHOMY  IIPHHIIH-
ny [10].
[lpn  pocTHxEHMH HHMKHErO

YPOBHA BOAH B BOJONPOBOAHOM
pesepsyape HJAH BepPXHEro ypOBHH
BOJH B NPHEMHOM pe3epByape Ha-
COCHOH CTaHIHH peJae YPOBHS 3a-
MBIKAET CBOH KOHTAKT M BKJAIOMAeT
AnHeiHoe peje. Jlaneiinoe pese
CBOMM KOHTAKTOM Yepes HOPMajb-
HO 3AMKHYTHIl KOHTAKT aBapuilnoro
pese BKAIOYAET NYCKOBOE pese H
pese BpemenH. [lyckoBoe pese 3a-
MBLIKAET CBOH HOPMaJAbHO 3aMKHY-

THIl KOHTAKT B unenu karymiu M1,
KOTOPBIH 3aMblKaeT TrJaBHEIA KOH-
TAKT 1ENH 3JeKTPOABHraTeas, H
NOCAEAHHII BKAIOYAETCH,

Korjna macoc passupaer Hop-
MaJbHOE parjenue B TpyOOnpoBo-
Je, cpabaThiBaer pese JaBJACHHA:
Pa3MBIKAETCH €ro HOPMAaJAbHO 3aM-

Puc. 13, llpocreiimue cxeMu! apToMaTH-

HECKOro YNpardeHHs OZHHM arperatom:

a—c¢ peje ypobua na pabouesm Toxe, (=C NOHH#AI0-
WHM TpanchopMaTopos, J—KaTyWmka peae, J=mop-
MAALHO PA3OMERYTHA KONTAKT, =—HOPMIAALEHD 3AME-
Hy TR KOUTAKT, {—KATYIIKD KOHTAKTOPA; S—KHONKE
C JAMKHYTHM KOHTAKTOM, 6—KHOMOKA C PABOMEHYTHM
NOHTAKTOM, 7=—lpe1oxpinnTeak, S—pylnasuung, 99—

TpascdopMaTOp.

KHYTHIf{ KOHTaKT B LIeNH PeJe BpeMeHH, H MOCJefHee OTKJAIONACTCH, arperat
NPOJOJIZKAET HOPMAJBLHO paGoTaTh A0 pasMbBIKAHHA KOHTAKTA pese VPOBHSA
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NpH HanoJiHeHHA Oaka GAalHH WM NPH JOCTHKEHHH HHXKHEro ypoBHS BOJIb!
B MPHEMHOM pesepByape.

Ecau Hacoc npu nycke He cO3/ia/i BAKYYM HJIH B nepHog paGoTel ynano
AaBJ/leHHe B BOJONPOBOJie, TO peJie laBJieHHs 3aMblKaeT CBOMl KOHTAKT H BKJIO-

maer pene BpemeHH. Ilocsreanee uepes sapaHnee ycranopjeHHoe ppems (BB
AEePKKY) 3aMbIKaeT KOHTAKT

st = s L s B
— g#’ B LenH apapuilHoro pene,
% KOTOpPO€ 3aMbIKAET HOPMaldb-
g 2 HO 3aMKHYTBIH KOHTaKkT OT-
éf KJAI04as NyCcKoBOe pese H pe-
7 A€ BPeMEHH, MJAH 3aMBIKAeT
[ ¥ O0J10K-KOHTaKT.  Marnutuui
ZA| V7
Z All W nycKateab  OTKAIOUAGTCHA M
ﬁ j/, b f, arperar BHIKJIOY8eTCH,
Alll 7 7 Bcemy I 10 arpe-
Al 7 7 i epekJiouaTeseM arp
Z ? ; raT MoXer OBTb NEpeBejieH
7 PORE Ha pyuHoe ynpasaenue. [Mpu
g3y s MOMOILH KHONOK ,Myck® u
Woong % ,CTOM" OCyLIecTBAAeTC pyu-

HOE YIpaBjieHHE. ‘
3amura JABHrarteas of
Nneperpyskd OcCyulecTBaAseTCs
NPH IMOMOILH TePMHYECKOT®
pene. B cayuae npesbllleHHA

H.‘
Puc. 14, Cxema asToOMaTHYECKOTO YIPaBACHHA .EUH}'E".HEEHDH EE"IH?"‘IHH c
HACOCHBIMH ArperaTaMu: JIOBOI'0 TOK& KOHTaKTHl peJe

J—aataix 2apaenns, 2—3aexkTpOAM satonaenus, J—norpywEcd PasMHIXAIOTCA B SICKTPOABH-

Hacoc, 4— CREAMHAR. rareJn orkaloqaercd, [locae

YCTPAHEHHA HENnoOJAaj0K I1pH

NMOMOLIH KHONKH Ae6GJOKHPOBKH pefié BPYUHYIO BO3BPallalOT B HCXOJHOE
noJiozKenHe,

B npunuunua’ibHoii cxeMe ynpasienus Hacocom (puc. 15) ¢ 3aekTpo-
duuHpoBaHHBIMH 3a/JIBHIKKAMH MNpPH 3ajuBKe BcachlBalomleil JHHHE ¢ 10-
MOILBIO BaKyyM-Hacoca NpPHMEHEHO I[ONJABKOBOE pene, yCcTaHoBJeHHoe B
Bo/loHanopHoM Gake. Mmnyabe Ha BKaoueHHe Hacoca nepepaerca Ha 010K
YNpaBJeHHs ¥ CHIHAJH3allHH,

[Tpouece BKAOUEHHH LUEHTPOOEKHOro HAcoca OCYUIECTB/SETCH B CJe-
AylolleM NOpsijlke: BKJIOUaeTcs BaKYyM-HACOC; OTKPLIBAIOTCH COJEHOHAHLIE
BeHTHJIM Ha BAKYYMHOH JIHHHH; N0 OKOHYaHHH Npollecca SaJMBKH Hacoca
(4TO KOHTpOJIMpYETCH peJie KOHTPOJf SaJUBKH ¥ 3IeKTPOAHBIM pene)
BEJAOYaercd 1eHTpolbexHLIl Hacoc; OO AOCTHMXEHHH Hanopa, COOTBETCTBYIO-
uero pexuMy paborel (4To KOHTPOJIHPYETCH SJACKTPOKOHTAKTHBIM MaHO-
METpPOM), OTKPHIBAGTCA HAlOpHasA sajABHIKKA.

ITocsie nycka wacoca B paGoTy KOHTPOJIKPYIOT HANOP H NPOHIBOHTENL-
HOCTL Hacoca, HanpsaMeHHe H TOK, TeMiepaTypy OOMOTKH 3JieKTpOIBHTra-
TEeAH, a Takike TeMmepaTypy NOAIMMHIHHKOB NIEKTPOABHraTels M Hacoca.

Umnyascwl Ha asapuilHOe OTK/AIOHEHHe MepefaioTes OT pese KOHTPOJi
geMnepaTyphbl, HanpsAMKeHHs H 3aJHBKH HAacoca, a TaKKe NIEKTPOKOHTAKT-
Horo maHomertpa. Ilpn apapuitHoM oTKAOYeHHH Hacoca OJIOKOM YIpaBJeHHS
nepenaercd HMMOYJbC Ha BKJIIOUEHHE pe3epBHOT0 Hacoca ¢ OAHOBPEMEHHO:
nepegaveil CHrHaJH3alHA 00 aBapHH HA JHCMETHEPCKHH NYHKT.

[Tporecc apTOMaTHUECKOro ynpaBJeHHsi arperaToM 3HaYHTeJbHO YNpO-
mlaeTcs B CAydyae YCTAHOBKH Hacoca NMoA 3a/JHBOM H MycKa arperata mnpH
OTKpPHITOH 3aJIBHXKKe Ha HanopHoM TpyOonposoje.
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XapaKTepHCTHKa TelleMexannuyeckux ycrpolcrB, pazpaboTanibx AN OCHAllEHHs BepTHHAAbHBIX CKBAMNHH

Kem ' Yucno . ] # )
Hl;f[";ﬂ?a%a;fﬂ?ﬁ BBUIYCKae TCH Merox NPOB ONOB| EMKoCTh [-i;gi;m';hv?;;iﬁ Brinoausevnie TeaesatTunkn H i’; ‘g"ﬂ_
rae sreapedo | ol R o Ee?ﬁﬁi:g B YCTPOiiCTBO S pann pHEMHBIE PHOOPBIL, a2
1. TIKC-1-¥. KHIT (kou-|  Kombunaunonnwii| Tpexnpo-| 96 cksa- 1.  PyOuibhink, ~ Teaexontpoib . ¥Yposuemep JaeKt-
Bececowsnnft H.-H. Tl]DthHﬂ*HE-1fH{}h{ﬁHHﬂL[HH npo- | BOAHAaA; | HH, @ C NPcAOXPIHHTEND, ‘FFI'DEHE B pe3epByapax l"ls’ I AKX : POIHBIH
MUCTHTYT HedTAHOH MepHTedb- |BOIOE) C HCOOJdb- | A3ALHO- | OAHOID I,‘nial'HHTHMﬁu nycKa-| KVCTOBOH | HaCOCHOH 2 Saumﬂianﬁu- AATYHK
NPOMBIIIEHHOCTH | HEIX NPHOO-) 30BAHMEM NONAPHBIX| JEHCTBHE! IJeYa | Telb, PereHHad KO- d"l!iLHH* METANAHYLCKHI a8 3a-
(BHHH). poe) H BpesmeHHbix HM-|J0—35xm [r-.]rcm}*— poOKa 2. T‘E;IE}'npaH'iﬂ HC| AITUHK TeMNepaTy-| WHThI
JKCNAYaTHPOBA- NyAbCcOs ([OAAPHO- no 24 | 2. buserananue-| 1006IM M3 HACOCHDIX| DLl NOAMIHMIHKA HACOCHOII
J0CH Ha [POMBICAAX KOMOHHALHOHHBIH) 00'bexTOn | CKHH JIatinK iP-_i*IJl'J[ ar pr:rargg ['P-200. CTAHLHH
Azepbaitamana H . 3.  Kontawrnms] o En‘fﬂanu:aamm co-|  [lpumemusiii npu- | or 3aro-
Kpacnoaapckoro MAHOMET 1 J:'.rmmnnﬂpemmn (pa-| 60p KOHTAKTHLIH | NAeHHHA
COBHapxosa ' 4. DaexTponuuiii GoTaeT, rGﬁCTﬂHE}EMI!} MAHOMET p
NATYMEK 4, B .;uaTuqccnan
5. Ypoeesmep |aBapHitHas curHaiMsa-
IHs TpPH. r'ﬂTEJ"ﬂ'-IEHIIH
arperat 1; AIHTOH
5. JlByXcToponuasn
TeneOHKEEA CBA3E
B. 'TEHJHHEMﬂHEF
pmmu-l |
2, UT-1 n YT-2M,| 3ason te- | HYacroruwit (uc-| [Byx- | To e l. Baok nutanus| To e 're u [KC-1| 1. Natumk ycuie-| To e,
BHMW cosmecTHO| NeMeXan- |10Ab30OBAH I01TO- | NPOBOA- NyABTE B AHHAMO- ,;_ HHA (anddeperun- | 4o H
¢ MAT AH CCCP | ueckoif an- | HaAbHLIH CHEKTP 4a-| Has; BO3- ckoma b ansHeii - tpancop-| MKC-1
naparypel | cror 40-400 2y4); | Moxuoe | 2. TenepaTop i MarTop)
qMCIO (GHKCHPOBAH-| AdJABHO- | 8. JdHHamockon ¢ . ‘2. laTuuk mnono-
HEIX gactor—I14 | aeicrsHe nepeKJnIaTeNeM . #eHua (CocTouT M3
-. 100 u Mar#cTpaieil NG Tpex T'E)L?Hﬂtbﬂpua-
1 Goaee KM . 4. nDTEHNIIi,HDt'EET]'JLI TOPOB -00pasHo-
| 9. Peaciinniii 610« A 0. MarHMTONpOBO-
('l 6. Haruukm ycH- g gﬂ%]
. ] ] laug  (andpepenun- bl premHLil  npH-
. | ¥ | anbHEBI TPaRChOp- g 60p 971eKTPOHHOAY-
. N ' MaTOD) i yesas TpyOka
7. Jamuk nono- .1 By
| wWenuda (COCTOMT M3 il A
Tpex TpaHcthopma- il
topos lll-o0pasno- I.*I-
[0 MArHHTONPOBOLA) ,:JFI: 11 g
3. LIKY-1, G- - KomGuaunounsiii | 10 npo- | 120 ckea- — 1.8 ‘ﬁ 2aeynpasienne | 1. Jlaruux nasne-
mee o0bLeJIHHEeHHe BOILOB B| XHH B INpHB . .'* ABHraread | HUA ‘
Cpenaznedrn. ORHOM | nJaeue Et;,_EﬂEHﬂHTpﬂﬂh 2. JlaTuuk mpous-
BHeipeno Ha mnpo- : niaeqe ycHaHa B Touge nng- BOAHTeNIBHOCTH
mucaax  1Omunsti Be mﬂ'
Anamplimug Peprai-| ' "' FECTGIJGHHM,
nedprexoMOHHATA ; TEJI tHHEH CeAsb J
Bax 1249 & -.
s .
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B. Yerpolictea TesnemexaHWwku (TaGu. 2), BHeapsieMble Ha HACOCHBIX
CTaHIHAX, NPEelyCMaTpHBAIOT CACAYVIOUIHH KOMIVIEKC onepauMii: 1) abyx-
MO3HIHOHHOE TeJNeyIpaBjeHHe H  KBHTHPOBAaHHE HCMNOJAHEHHA KOMAH/LK;
2). ABAPHHHY TeJecHrHa- ; ' :
AHZANHIO TIPH OTKJIIOYMEHHH | 17 —

HacoCHOro arperata; 3) o i

CHTHAAN3alHi0 COCTORAHHA et -

arperara. | 1R
CxeMmsl YCTPOIICTB, _r___'h. " _)é_

BHEJIPEHHBIX HA TMEepBHX
TeneynpapiaeMupx — CTaH-
HHAX, OLIIH OCHOBAHLI HA
HCNOAL3OBAHHH  HHTEHCHB-
HOCTH H NOJAPHHIX NPHS-
HAKOB I[IépeMeHHoro ToOKa
220 8, BnocnejacTBud ne-
pEelIAH HAa HCNOJAb30BAHHE
BRINPAMJAEHHOrO TOKa Harnm-
paxkennem a0 70 &, uro e
ofecnequio AaABbHOCTE = - 7-'—2‘*]
aefcreun  ceuime 10w :
B nocrepnne Tl BiCE Puc. 15. IT cXeMa ABTOMATHYECKOrO
- HC. . HHOHIIHdAbHAH A
o) ﬂaanﬂﬂEﬂcTE}rm ]rnpanneunnpuagﬂcmm SAEKTPOPHIHPOBAHHBIMI 33-
IMHE YaCTOTHHIE YCTPOH- o aun NpH 3AMBKE HACOCA C TOMOUIBIO BAKY-
CTRa. yMHACOC,

B 1954 r. ua ocuose | —92eRTPOADNTATCAL HCHTPOGEXKIOrO Hacocd, J—ucHTpobennni

MACOC, J=BCACKBAIOMAR AHHKH, §—NANOPHAN AHAN, J— BAKYYM-
GO EFM‘ECTBF POJTINR HACOC, G—NAKYYMUAE AMNMA, 7—OHPKYAAPHNA 020K, §—»ack-

B TO BpeMs CHCTEM Bece- TPOAHOE PEAC (AATHHK HMAYARCE BAKYYMIACOEa), !J_JPI‘LHHEFH_
¥ . JO0—pozosepEui Gak, /I--nonaisxosoe peae, fo=—040K
COIO3HBIH Hay4HO-HCCAEL0- :l:;éjuamt:!::;m }Fr?p:m.lnm H KONTpoaR 33 paboTol HACOCHLX

(i >h- @, /3 —3AEKTPHHUINPOBAHHAN IALBIGKKS, [4—MATHHTHLI
BiTenECHna MRCEATYS ch} :Eﬁ;ﬁp, r.ﬁ_g.qewgpﬁ'uurgﬂmun MAHOMETP (peac lanaciun).

C TAHOM HPDM LIIOJIEHHOCTH l6—cTpyhnoe peae (peie KoHTPOAA ag.mnmn, ., —qc;iu;:::;:::::nﬁ'
(BHUM) paspaGoran HO- DSy I e c e oca. 37 uean yapihse.
BYID CHCTEMY, KOTODOil HMS W CHIHAANIAUMM.

Onl1 NPHCBOGH  LWHP

[TKC-1, a BnocaencTsun F[KC-I-Y. B stom ycrpoiicTBe npuMeneH KOMOH-
HANHOHHLI METOA C HCOOJB3OBAHHEM NOJAPHBIX H BPCMCHHBIX NMPpHIHAKOB.
Ha kaasie 24 CKBaJKHHB MpeycMaTpHBaeTcs NPOKAAJAKa OHOH TPeXmpo- -
BOAHOIT Marncrpann. KOHCTPYKTOpE CuHTaiorT [ejJecoolpasHbiM eMKOCTh
9TOro yerpoiicTea orpaHHyuTh 96 CKBaX{MHAMH, UTO COOTBETCTBYET HETBIPEM
MarucTpajbHLiM JHHHAM, npoaoxennuiM 3 JIIL

B IMKC-1 npeaycMOTpeHbl CjAeAyiOllHe OnepauHH: BhiOOpP CKBAKHHDI,
TeJgevnpasJdcuie NPHBOJOM JIBHraTeds, TeJMeKOHTPOAL COCTOHAHIS (BRJIOUEH,
OTKJI0UEH), aBapHiiHas CHTHAJAM3alHA, ABYXCTOPOHHASA Tede(OHHAs CBA3b,
TeACAHHAMOMETPHPOBAHHE..

B sTtoM ycTpoiicTBe AJAf 3alHTHI OT Neperpesa NOAIHIHHKOB Hacoca
HeMoNk3oBaH GuMetaianudeckuil matunk thna TP-200.

[Ipi cpuine AaBJACHHS JII OTKJAIOUEHHS Arperard CJyMHT KOHTAKTHBIH
manomerp. [lpH NOBLILIEHHH TOPH30ONHTZ BOJLl BHINE 33JaHHOTO 3JEKTPOA-
HBI AaTYUHMK OTKJAKOuMaer ABHMrateanr Hacoca. Kpome TOro, HMercs ypoBHe-
mep TY-1 AKX, ycranosseunniit B pesepByape KycTOBOH HaCOCHOI CTaHILIH.

Yerpoiicreo Tpexnposonnoe. Paccunrano Ha Tejeynpasiaenue ot 12 10
24 macocusiMu arperatamu. Jlaasnocrb geficrsrs 30—35 K. Brmyckanock
sasofom KonrpoabHo-uamepureasusix npubopos (KHII) n skenayatupo-
Basock Ha mpoMeicnax AsepGaiimzkana u KpachHopapckoro cosHapxosa, B
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npolecce skcniyatauud ObliM BHIABJEHL HEJOCTATKH, KOTOPLIe YCTpPaH#-

AHCH B MpoLecce SKCMAYATAIHH.

K konuy 1959 r. sapox KHIT cepuiino HM3rorosiassi  NporpaMMHble
eTaHuuu ynpasierds THna CYIl u sta cucrema noayuuna npeMMyuiecTsen-

fadé
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HOE  pacnpocTpaHeHHe Ha
Heranslx  npomsicaax  Co-
serckoro Colosa, HecMOTpa
Hd TO, HTO B HEH ecTbh cy-
W7 277 mecTBeHHBIE HEAOCTATKH: He

= VUHUTLIBAGTCH (PAKTOP H3HOCA

s Hacoca, T.e. BpeMs paboThl

ri1yOHHHOHACOCHOM YCTAHOBKH
OCTACTCHA MNOCTOSHHLIM He3a-
BUCHMO OT CTENeHH H3IHOCA
Hacoca., TeM He MeHee mpo-

Puc. 16. Cxema cranuun ynpasaeunws tuna CYII

IZ-"':;II FpaMMHoOe peryjiHposaHHe 1npH
I nomoumis craHiiiy ynpaBaeHHs
CYI1 siBHaOCH m1arom Bnepen
M0 CpPaBHEHHIO C PYYHHIM Y-
papiaennem, TpeOylOIHM Mne-
pHojuuecKoro o0Xxoa1a M Ha-

IAs ABTOMATH3IAUMH ACPHOAMYECKOH rayGHHHONACOC- CTPOHKH 3IKCIVATALHOHHLIM

HOMl 3KCIAYaTauHu:

HITATOM.

P—pyGuanunig, Hp—npesoxpamurean, [l —Marautii nyckareas, BD BHHH GH.ﬂﬂ pagpa-
Ip—Tpaucqopuatop 802201127 a, PT—pese tenaomwe; BA—  Gorana HOBAS CHCTEMA ABTO-

BUEANYETEAL JRToMAaTHEN, BP—suxaounteas pyumero ynpan-

acunn, NMPB—nporpaMMiioe  peae ppemesn, MAaTH3AUHH — CAY ["L B KOTO-

poit nporpaMMublii  JATUHK

BpeMeHH 3ameHeH apyrum aatunkoMm (K3TI), Gosee cosepmennsiM (pHC.

16, 17).

3apox KHI1 enycTHA TOAB-
KO onuTHee o6pasuw 9TOro
YCTPOHCTEA.

Ha npomuicaax depranued-
TEKOMOHHATA BHEAPEHO TeleMe-
XaHnueckoe ycrpoficreo LIKV-1,
paspaborannoe camumu pabor-
"HHKaMH NpoMeicaa. ITO yCTpoii-
CTBO MHOromnposoanoe. B Hewm
HCNOMB30BaH METOA KOMOHHATIHH
nposoaos. [lpu 10 npoeonax =
OJHON MarucTpajH CHCTEMa N03-
BOJIAET oxBaTtutTh A0 120 ckpa-
KuH, B cxeme npeaycmorpeno
TEeJAeynpasaeHue PHBOJIHLIM
JIBHTATEAEM CTAHKA-KauaJKH,
TEJAEKOHTPOAL TOKA JABUTATEf,
TEAEKOHTPOIbL YCHAHSA B TOYIKe
noiseca wradr, TteJaedonnas
cBasb. [IpeaycMoTpeno u Teaens-
MEDEHHE TNPOH3BOAHTEALHOCTH,
OJHAKO OHO HE OCYIUECTBAEHO,
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‘Pue, 17, Daextprueckas cXeMa CTaHuHH Y-

pasaenna (tna CAVII) 248 anTOMaTHIAUMH
CKBaXHH MpPH NepuojaHyeckol HAcOCHOH 9Kc-
nayaraiu no cucreme BHHH:

Fe—pybuasune tpexmoawcnud, 1 lp—rassmue npezo-
xpagaTean, 2 llp—npetoXpaERTeIn B UCNH ODOHMMA0-
mers tparchopsaTopa ’l'rr. PT—Tenaonue peae, Ml —
MATHUTHHE nyckaTean, KY—guonka ynpanaenns, PB—
peae spemesit, PIT—nposmemxyrounoe peae, MB--socr
sunpauures, BA —sugaouareas astomatusw, Kg

K g —xourakta aarankon, JIC—curniasias aaMna.

B nacrosmiee Bpems ykasannas cHCTEMa ¢ HEKOTODBIMH H3MCHEHHSIMX
BHEApeHa Ha BCeX CKBa)KHHax mpombiciaa PeprannedrekomORRAaTA.

['pynnoit cneunaancros GuiBmero oGbeaunenis I'posnedrts Guina pas-
paboTana cHCTEMA Te/leMEeXaHH3AUMH TAYOHHHOHACOCHLIX CKBaXKHMH ¢ da-
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30BLIM [IPHHUHIOM H3MEpPeHHS H C HCHOJAL30BAHHEM CVYILECTBYIOIIMX Ha
TIPOMBIC/Ie CHJOBEIX H OCBETHTEJBLHLIX JIHHHII cBa3u. B stofl cucreme 6wino
NpeAyCcMOTpeHo TedeynpasieHHe IABHIaTeaAMH CTaHKOB-KavyaldoK, TeNeH3-
MEpeHHe TOKa, norpelbasemoro ABHrartetaeMm, TteaedoHHas cBi3b H Teje-
yNnpaBJeHHe MECTHHM OCBeue-

HHemM oO0BeKTa. 3T1a cuUcTema ) el | -

Obl1d MOAEPHH3HPOBAHA H OAHH |

U3 NOCJACGAHHX €€ BApHAHTOB NO- I

ayuua mupp 'M-4. % E l
?Tﬂ' , II

xatikn AH CCCP B 1957— / "”—"éﬁf‘?

1958 rr. (puc. 18).

Ha ckBaxunax, rae Tpeby-
BHHMH coemectHo ¢ HAT Pic. 18. Cxema perynpoBania 2CHHXPOHHOIO

€TCA  peryJHpoBaHHe JaeGurTa

98
*§r&
CKBAKHHBL, DPEKOMEHAYETCS HC-
MNoAL3IOBATH AdBTOMATHYCCKOE }I’C'
8

Tpoiicteo, paspaborannoe Muc-
THTYTOM aBTOMAaTHKH H TeJeme-

AH CCCP paspaGoranu HOBYIO npusoaa no cucreme WAT AH CCCP;
CHETE’:M}F, B KDTUpﬂﬁ eJ1HHCTBEH= I'S—raapuuit saekTpoasnraTeab (Tpexdasiuf scuxpomn.
HHfl ¢ EOBTAKTHIMH Koabldsi), B—punpaMnTeas anyx-

HbIM HMIYJALBCHLIM TIPH3HAKOM NOAYREPHOTENA Tpexdasnui ¥a moaynposoarinkax, H—

s NHBE s TC—rpanuc MATOp, COrAACYIIOMI BMx0x-
IS HSGHPaRMA HYRHODO 00 b= - R T e ¢ RadpawEmaelt MRl
EKTd HCHDJ’ILE}"ETCH JacToTa, 4To cerit, C3—cepnoaitKTPOADHIATED,

NO3BOJAMAO  YHCIO  [POBONOB
COKPATHTL A0 OAHOrO-ABYX. 310 ycTpoiicTBo noayuuao wudp YUT-1, n ous
Ouiio MofepHu3npoBano B8 yerpoiierso YT-2M (pue. 19), Kotopoe B Hacros-
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Puc. 19, Cxema nyabTa yopasleHHs wacTOTHOH Teaemexaunwweckod cucremst YT-2M:

BHI—6aox wcrovynnkoa nwtauna, BrM—06aox reneparopa duxcupovimuux vacror, bBll—-G6a0x zumamockona,
BIl—6aox notenmuwsiomerpon, 1 K—24K —gaoan o #x kontakti, Kll—kaom teasynpapaemnn (nyck), KO —kawou
Tene una (ocranoska), TIM—neperrwsarean marnctpaned, JAHB—anuna cursasnmas naanans nubo-
pa, —JAAMNA CHrHAAN3IALMN COCTOANHN (Bramden, orkawued), JA—curgiasnan Jauna apapun, Jl—anmmis
copan Teacdexamiky, PHB—peae nainunn pubopa W ero xoATakTe, PC—pede ciiriaasHoe n ero KOHTAKTH,
PA—peae apapufnoe o ero Kouraxt, PT—peae teacdonnoe n ero XouTakTH, PE—peac Gaokuponkn o ero
EonTakTH, AP —apoccesn, C—emkocte, R—conpornnaenue, T—Tresedon, M—uukpodon, MA-—-upianaunep-
Metp KY—kanaa yewawi, KP—xagaa paspeprud, T—rpancdopuarop.

lee BpeMs cuHTaercs HauGoJjice COBepLIEHHHIM H oOTBeuawuum TtpeboBa-
HHSIM SKCOMYaTauHH rayGHHHOHACOCHEIX ycTaHoBok. B stoit cucreme ans
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BEIGODa 00beKTa HCNONB30BaH NOATOHANBHEIL cnekTp uyactor (40—400 2g).

MKOCTb cHCTeMB — 24 o0rexra. Mcnoabssyiores 12 pasamuusix uactor,
TaK KaK BCe CKBa)»]HHbI pasjejeHbl Ha ABe rpynnel no 12 CKBaXHH B

rpynne. Oraensnas uactora BEAeNsercs A TeaedOHHOro pasroBopa cC
II1, nostomy obuiee uncio ¢ukcHpoBarmblx uactor — 14, Mozepunanpo-
BanHoe ycrponctBo YT-2ZM Boinosnser Te Ke (QYHKUHH, UTO H BHIIEONH-
cannoe ycrpoiicteo ITKC-1.

TeaeynpasnseMble CTAHIHE KOHTPOJHPYIOTCS OGXOMYHKAMH OJHH pa3
B CYTKH. B JieHb nmOCEHIEHHS! 3amHCHIBAOTCA B CHEMHAJBHBIl JKYpHAA no-
Kasauusd BOAOMEpa H 3JEKTPOCYEeTUHKAa, MpOBepAeTcs cMaska arperars
H T. A

B 1956 r. 8 CAHUHPH Opiiio paspaGotaHo TeJeMexaHHUYeCKou
ycrpoiicteo TYHC-57, xoropoe B 1958 r. Gwiio BHempeHo Ha 10 meprtit-
KaJIbHbIX OPOCHTEJNBHLEIX CKBaxHHax TypKMeHHH, TJe AJAA y4eTa BOIk

OTBOJASLIHE KaHannw ObLIH 00OpYAOBAHLI BOAOCAHBAMH C pacxoporpadami
CAHHHPH. B srom TejieMexaHHUeCKOM YCTPOHCTBE B KauecTse CHIHAJbL-

HHIX MOCBUIOK HCNOAbL30BaHA KOMOWHALHA veThipex uactor. KoHerpyxumsa
.reHepatopa (wHQpaTtopa) 4acTOThl Oblla 3aHMCTBOBaHA H3 YCTpOWCTRA,
paspaboTaHioOro  Julsl  JKeJesHOAOPOXMKHONH  JHCNeTUepCKOH  caayKObl
(ITYIILI-55). Ho ona okasanace AOBOJALHO CJOHHON M TPOMO3AKON mas
ITHX CKBaXKHH,

B mpouecce skcnayaTauMH ONHCAHHOE YCTPOICTBO 3HAYHTENLHO nepe-
A€JIaHO H YNPOLLIeHO W noayuuao Haszpanue MTKY-M.

3a nocieanue rofsl B TYPKMEHHH JOBOJLHO YCMEUHO MPOLOIMKAIOTCH
paGoThl mo TeJleMeXaHH32lHH OCTaJbHHIX CKBAMKHH.

NPHMEHEHHE CPEANCTE ABTOMATHKH H TEJEMEXAHHKH 3ATPAHHUEN

Cpencrea aBTOMATHKH H TeJeMEXaHHKH HAa BePTHKAABHBIX CKBAMKHHAX
HAOBOJIBHO IUHPOKO NpHMEHAIOTCH M 3arpaHuueii [6].

C 1949—1950 rr. npoBoauaack KaMmaHHsf N0 aBTOMATH3AUMKM CHCTEM
BOAOCHa0XKEeHHs, IPHHEM Npe/iBapHTe/IbHO OHH YKPYNHAJHCL nyTeM o6bemu-
HeHnus. B nacrosuiee Bpems B Heio-Mopke 29 nacocubix cranuuii Bogonpo-
BOjla ynpasasiorca us oanoro I .

B Hpessene uMmeercss 3 NoApycJaOBbX HACOCHBLIX CTaHIMH, 29 craHuuii
noakauku H oxkoao 30 pesepByapon ¢ nporsikeHHocThio cetH 1200 xku. Bes
3Ta CHCTEMa NOJHOCTHIO aBTOMATH3HpPOBaHa H co3fan eanuwii [I1, naxons-
mniica Ha raasHoM coopymenuu B 30 xm or ropoja, HacOCHbIE CTAHILHI
3aKkpeITH Ha 3aMOK H Teaeynpaeasiorcs u3 I _

B Benrpuum noayuyujio pacnpocrpaHende nporpaMMmHoe peryaHpopBanue
cTaHkos-kavanox, B [loabute, Yexocqosakun H PegepatHBHOH Pecnyo-
anke [epmanmm pacnpocTpaHeHsl jABa BHAA aBTOMATH3allHH — NpoOrpam-
MHOE M Mo FOPH30HTY BOAHI. _

B Coeannennmx Ilratax AMmepHKH Herkoropble He@TAHBIE MPOMBICL
HOJNHOCTLIO KOHTPOJHPYIOTCA M ynpasisiorcs Ha paccroanuu c JIIL

OnniT 3KCIJyaTauHMu nokasad, 4to HanOoJblIHiT SKOHOMHYECKHH 3-
dekT noJaywaerca npH BHEJAPEHHH MECTHOH aBTOMATHKH C TEJEKOHTPOJEM,
Ges TeJsieynpasBJeHis.

Pe3yabTaTel BHIIEONHCAHHOTO ONLITA BHEJAPEHHA M IKCIMIyaTalH:
CPe/CTE aBTOMATHKH H TeJeMeXaHHKH Ha BepPTHKAJbHEIX CKBaXXHHaX BOAO-
NPOBOJHEIX CHCTEM M HedTenpoMeic/0B CcBHAeTeabCcTBYIOT 00 3exTun-
HOCTH BHEAPEHHs 3THX CPeACTB H Ha CKBaXXHHAX BEePTHKAJbHOTO ApeHarKa.
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OCHOBHBIE XAPAKTEPHCTHKH CKBAXHH BEPTHKAJIbBHOTO JOPEHAXA
H TEXHHYECKHE TPEBOBAHHS K NMPOEKTHPYEMOH H KOHCTPYHPYEMOR
HA HHX ATINMAPATYPE ABTOMATHKH

Hexopa H3 uMmeoulerocs HeGOJMBIIOrO ONbITA CTPOHTENBCTBA CKBAYKHI
BEPTHKAAbHOrO ipeHaxka B Y30exkucraue, npH NpOEKTHPOBAHKH H KOHCTPYH-
POBAHHH HA HHX annaparypbl aBTOMATHKH H TeJeMEXaHHKH HeoGXO0MHMO
VUHTBIBATL MX XapakTepHule 0COGeHHOCTH.

Ta6anwmga 3

O6beM ABTOMATHIAUMH H TEJeMEeXaHu3amuu a1aa PA3JAHYHBIX THNOB BEPTHHAILHBIX

CKBa K HH
A Teaecnrua-
ABTOPE= | pojeyn. | An3aius Mapamer
Tun CKBAKHE ?;-II-II:I{;F_ pasaenne| T, =(1.+ TTE_'”?:I‘G:_T ﬂjr'_l}f }rnp;}memﬁa
aovee | Ty=nc| +0,+A 4| et 1C0COM
| +CIN-C
1. Jlpenamunie + — -+ +,— Ot ropuson-
Ta TPyHTO-
BBIX BOJL
2. Ipenaxno-opo- Or ropusoii-
CHTEALHEIR T4 IPYHTO-
Kagammfe B OT- BHX BOOAH OT
KPBITYI0 CeTh . + -+ =+ norpeGHOCTH
KagawiliHe B 3a- BOJBI HA OO~
KpuiThle Tpybo- leHne
NpoBOaL! + -t + 4 To we
3. Opocurenapree
Kayawlijie B OT-
KPBITYK CeTh + - + -4 [lo 3anaaunw
HAW MpOrpaM-
Ka9awiHe B 3a- - Me
KpuiThie TpyOO-
npoBoas! + -— - - To me

OGoanawenuq: C—peprakarbasie ckpaxunsl; N—uaucno obbvexros;, M, —uabmo-
JateabHble KOAOAUB (Mbe30OMETpH), HA KOTOPHLIX TpelyeTcs CHCTEMATHYECKH BECTH Habawo-
nenune; A—o0neM aBTOMATHUECKOrO ynpasieHns HACOCHHIMM AarperataMd CckBawus; T, —
ofwey Teaccursaausaumy; T, — o6vem Teneynpasaenus; T, —o6sem Teaekonrpors (re-
aenamepenns); Il, —aBTOMATHYECKAA CHIHAAN3AUMA OO OTCYTCTBHH CMA3KH NOALHOHHKOB
nacoca; O, — 10 e, 06 OTCYTCTBHH 3JAeKTPOMHTAHHA; A, — aBapHiiHan  CHrHAAH3AUHA;
C. —curnaansauns o cyxoxone macoca; [l, — kourpoaupyemuifl ruaponocr,

. CKkBaXKMHBI BEPTHKAJBHOrO JipeHaxa MOryT ObIThH CAEAYIOUIHX THMOB:

a) npeHayKHbLIe — OTKAYHBAIOLLNE MOA3CMHLIE BoJAL Ha cOpoc B Heasx
NMOHHMKEHHA YPOBHA FPYHTOBHIX BOA H PAacco/ieHHs NOUBHI;

6) NpeHAaMKHO-OPOCHTENbHbIE — OTKauHBalolHe MOA3CMHBEIE BOMLI Yac-
THYHO WJIH TIOJIHOCTBLIO B OPOCHTENLHYIO CeTh (OTKPHITYIO HJAH 3aKpHITYIO);

B) OpPOCHTE/IbHBIE — OTKa4HBalOLHe NOA3EMHYIO BOAY TONABKO B LEJAX
OPOINEHHA.

2. Kax npaBsujio, BepTHKaJbHLIC CKBAMHHBI JEHCTBYIOT CE30HHO HAN
MEpHOIHYECKH.

3. O6bekTsl H 06BbEM ABTOMATH3AUHH H TeJeMeXaHH3aUHH la nepe-
YHCJACHHBIX B INEPBOM NYHKTe THNAX BEPTHKAJBHLIX CKBAMHWH YKasaHnl B
Taba, 3. '

4. OGBeRTAMH aBTOMATH3AINH SBJASIOTCA HACOCHKWIE arperaThi, OTKa-
UHBAIOUIHEe BOJAY, HaOJaare/bHble CKBAXKHHBI (Nbe3oMerphl), rHAPONOCTLI
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H THAPOTEXCOOPYMKEHHH Ha KaHalax, Kotophie HeoOXOAHMO KOHTPOJHPOBATHL
HIIH pery/jnpoBaTh B CBf3H C Nnojavyed BOJAL M3 CKBaXHH.

5. UHco KOHTPOAHpYEMBIX HaGMIOAaTeNbHBIX KOJOANEB B KarKaoM
OTAENLHOM cCJydae 3alaeTcs IKCIAVAaTAULHOHHHKAMH, M MX u4Hcao Oyiaer

paBHAThCA npumepHo 1/3 mam 1/4  Bcex nocrpoedHbx HaGIOAATENbLHBIX
KOJoaues.
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Puc. 20. CTPYKTYpHaa CXeMa TeleMeXaHH3aUHH OPOCHTEAbHEIX. CKBAKHH (oTkayka
MOA3EMEBIX BOJ HA OPOIIEHHE M JAPYrHE HYMWABI):

J—CcKBAMHNE, 2—1a6aI0naTe LnMEe KOA0LUM, J—TIAPONOCTH, {—TefeynpanANeMMe COOPYMCHHA, F—ai-
MHA Teaeynpanacims, f=JAHHNA TeaeH3MCpLuH,

6. Ha yxasaweblx B 4eTBepTOM NYHKTE KoJOAUAaX YCTaHABJIHBAIOTCI
CAMOMHCIEL, a B HEKoTOpsx caydasx (taba. 3) m annapatypa TeJaeH3me-
peHNs AJA Nepejauyy NOKasanuii ypOBHs IPYHTOBBIX BOI Ha JIIT nenpepsbis-
HO MJIM NpH LHMKAHuecKom onpoce. Ha Bcex ApYrHX Ha0a101aTeJbHBIX
KOMOMAILAX YCTAHABJIMBAIOTCA YPOBHEMEpDEI ¢ MECTHBIM YKashIBAIOUUIM Mpi-
OopoMm.

7. Tlpn wacTHYHON WJIH MOJHOH noapaue MoA3eMHOH BOJAK Ha OpolIeHHE
jaa4a TeJeMexaHH3alHH VCJI0XKHAETCs, TaK KaK B 3TOM CJaydac yBeTHHH-
BaeTCAd UHMCJI0 KOHTPOJAHPYEMBIX H PEryJHPYEMBIX o0BLeKTOR 33 CcueT HApO-
TeXHHYECKHX COOPYIKeHHil OPOCHTEJILHOH CeTH.

8. OGwem Tenecurnaausaiuu Ha JII1 cocTouT H3 CHrHA/JIH3ALHH o6 or-
CYTCTBHH CMAa3KH MOANIHMHHKOB, 5JIeKTPONHTAHNSA HACOCOB M anmaparypsl,
o0 aBapHH, CyX0oxoja HacocoB M JIP.

Q. ABTOMAaTHUECKOe YNpapJeHHe HACOCHLIMH arperatami nesecoobpas-
HO OCYLIECTBJATH B 3aBHCHMOCTH OT MOJIOKEHHs TOPH3OHTA TPYHTOBBIX BOA
(ABYXNO3HIHOHHO — BKIOYHTh, OTK/IIOYHTB), a B HEKOTOPHIX Caydasx
(raba. 3) MOXHO TNPHMEHsTh JHCTAHUHOHHOE HJH TeJeMexaHHuecKoe
ynpasaenne u3 JI1

10. CkpamxuHs MOryT GbiTh 0GOpY/A0BaHLI OAHONMOABEMHBIMH H JIBYX-
noNbeMHBLIMH HacocHbiMH arperatami. Hacocel nepsoro noiabema JBYX-
NOJUbeMHEIX CTAHIHIl YNPABAAIOTCS ABTOMATHYECKN B 3aBHCHMOCTH OT YPOB-
H BoAbl B pescpByapax. Hacocn »e BTOpOro noabema TeeynpasisioTcs
s JITL. Te HacocHble cTanuuu, Ha Koropsix maxoautrcs MII, ynpasasioTcs
AHCTaHILHOHHO,
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Puc, 21. CTpykTypHag cxeMa TeleMeXaHH3alHH APEHAKHO-OPOCHTENbHLIX CKBANHH
(OTKa4Ka NOA3EMHLIX BOA MOJHOCTBI MAH HACTHYHO B OPOCHTEAbHYIO CeTh); yCAOB-
v Heie 0003HaueHHs Te ke, 9T0 W Ha puc. 20. -
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PHC. 22, CTpyKTypHas CXeMa Te/eMEeXaHH3AUHH APEHAMHBIX CKBAMHH (OTKANKA NOAICM-
HmX BOA Ha cGpoc); ycaosusle 0603HauedHs Te e, 4ro # Ha pue. 20.




11. HJ'IH BLIDOpAa cXeMBl aBTOMATHUECKOTO YIPaBJeHHS AFPEraTaMi
HACOCHOH CTAHUMH MPOCKTHPOBIUHKHM 00A3aHbLI YYHTEHIBATL CaefyiollHe ocC-
HOBHBEIE (DAKTODPBHI: KOJHYECTBO AarperatosB, YCTAHOBJEHHHIX HA HACOCHOI
CTaHlHH, HX MOIMHOCTH H POJ TOKa, MHTAIOUIEr0 ATPEraThl; THNH JATYHKOB
A48 nofavH HMIYJALCOB MMl NycKa arperara, MecTo VCTAaHOBKH Hacoca
No OTHOWIEHHI0O K YPOBHIO BOALI B HCTO4YHHKE BOMlocHAGMKeHHST HACOCHON
CTaHLHA, KOHTPOJIE M CHTHaJH3auHio o palote arperara; apapHiinyio 3a-
OIHTY H TMEepeKaloueHHe Ha pe3epBHBIH arperat, ynpaejeHHe 3ajBHKKAMH.

12. ¥YcrpoiicTBa aBTOMATH3AIHH, TeJEH3MEPEHHA W TeJCynpasicHHA
JONMHEl NMPOCKTHPOBATHCH KOMIJIEKCHO, B3aHMOCBA32HHO,

13. Tlpu onpeseeRnn. paiHOHAIbHBIX 0GHEMOB ABTOMATHUCCKOLO Yie-
T4, PEryJAHDPOBAHHS M TeJeMeXaHH3alUHH HeOOXOAHMO YUHTLIBATH TEXHIIYe-
CKHE YCJOBHS IKCOJAYyaTalud AaHHOro o6beKta. :

14. Cneayer HMeThb B BHAY MTO TeldeMexaHH3AaUWA JOMKHA He NOaMe-
HATL ABTOMATH3ALHIO, a JHUIL AONOJHATE €€ TOrAa, Koraa 3To lenecood-
Pa3HO H SKOHOMHYHO.

15. Ha pannoM srtane napameTpsl BepTHKaJLHBIX CKBAMHH Xapakre-
PH3YIOTCH CJA€AYIOIMHMH [OKasaTeaAMH: 1) TEPPHTOPHA pacnoaokKeHus sep-
THKaJbHBEIX CKBaXKuH oT 5 no 60 2a, okosao 0,5+-3 wr. na rekrap, a Beero
40-+400 wr.; 2) MakcHMadabHas yfajeHnocrs ckBau ot JAIT—3-+15 rm;
pacnonaraioTcs OHH NPHMEPHO pPaBHOMEpPHO, OJAHHOYHO M paccesHHo (pac-
npeaesenno) no rTeppuropuu; 3) raybunma 25—300 m, paGounii Hanop
o—20 M, ae6uT oanoll ckBamuusl 5—I100 afcex; nuamerp ckpaKuu
d=11"=-16"; 4) ray6una wuaGmonarteapnnix Kodoxuee H=4-+-100 x:
d=3"+6"; 5) nnanason koseGauust rpynTOBEIX BojA 0,5-+2 a; 6) HeoGxo-
AHMOe uncso HaGMIo/eHHit 3a TOPH3OHTAMH IPYHTOBBIX BOJA — OT JBYX pa3
B CYTKH /0 OAHOro pasa B HeJeJI0.

16. B nacrosulee BpeMs TeXHHYeCKHM TPeGOBaHHAM SKCMAYATAUHH
CKBaXHH EBepTHKaJLHOI'D APEHAIKa OTBEYalOT HACOCHI, BHNOVCKaeMEIie 3a-

sonamu, thna ATH u BII, ABIl n ap., (rayGuuHble NOTpysKHbie H HEmo-
TPYIKHBIE) -

17. BoamozHble CTPYKTYPHBIE CXEMBI TeJeynpanjieHus, TeleH3MepeHus
H-TeJIeCHrHa/Nu3alliH nNpHBoasTca Ha puc. 20, 21, 22.

18. PexoMenjlyeTca KyCTOBOH 3alyCcK CKBKHH NPH Teleynpap/ieHmus,
NpHYEM YCTAHOBKH ¢ ABHrateasmu Gonee 15 k8T meaecoobpasuo oGopyuo-
BATH YCTPOHCTBAMH JJIsi HHAHBHAYaJbHOrO CaMO03anyckKa.
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K TMOAPABJMYECKOHW TEOPHH BONOMEPHOr0 KOJIOILA

' BBENLEHHE

JIBuienne Boakl B pesepByape, coo0IaionieMcsi ¢ BHELIHeH BOJHON cpe-
nok, paccmatpusan eme Janunn Bepuyaan (1738 r)) [1'. Ha ocnosanuu
3aKOHA JHBHIX cHJ HM OBWIO cocTapjeHo AH(depeHuHanbHOE VpPaABHEHHE
NepBoro nopsAika OTHOCHTEJNbLHO YPOBHS BOJAB B COCYIe H TAK HA3bIBAEMOTO
NOTeHNHAJALHOrO NMoAbeMa’;, ypoBeHb BOAB BHE cOCyaa npeanojarajics He-
HaMenHBIM, «Bo nalemxanne NpocTpaHHelX BHYHCJIEGHHH, 1 HE XOTeJ,— MHCAJ
L. bepryJiin,— nceaenosaTh AaHHOrO BOMpOCAa BO BeceM ofbeMe, MOITOMY
sl OTPAHMYMJICA CJyuaeM UHJIHHAPHYECKHX COCYIOB», XOTH pelleHHe ypas-
HCHHA a0 JIHIIL 3aBHCHMOCTE CKOPOCTH IEHTPA THAMECTH OT YPOBHSA BO/HI,
J1. Bepayaau cymen cuenath psjl BaxKHeIX (H3HYecKHX BeiBogoB. as cocy-
noB npoussoasHoil opmer M. bepayaan chopmyanposan 0Ges JOKasaTesb-
cTBa TeopeMy 0 co0CcTBeHHOH uacroTe KoJebaHHH BOIHI.

Cocyll, Kosiofel u Jipyrie pesepByaphl, cOOGILAIONIHECS ¢ OKPYAKaIOlLeH
BONOH MAH JAPYroil XHAKoH Cpeaoi,— 3TO 3JEMEHTH MHOTHX COBpCMEHHBIX
THAPOMETPHYECCKAX H aBTOMaTHdecKHX yerpoiicts. [Ipi cpasbiBaHHM 1pO-
llecCOB B HPPHrallHOHHLIX KaHaNax cpeicTBaMH aBTOMAaTHKH  Tpebyerc:
ONPENeNsiTh 3aKOH [ABHMEHHS NOBEPXHOCTH BO/AbI B BONOMEPHBIX KOJOANAX
noa AeHcTBHEM He TOJbLKO MMOCTOAHHBIX, 110 TaK:Ke H3MEeHSIOIIHXCA BO Bpe-
meH cHa. Ilas pacuera HeYCTAHOBHBINEIOCA JIBHKEHHA NpPH TaKHX YCJ10-
pHAX Teopusa . Bepuyanu HemgocraTouHa.

He ocranaBaupasich Ha o030pe JHUTEpPATYpBI MO KojdebaHHAM BOAB B
pesepByapax, OTMETHM 3jleChb TOJBKO ape pabotbl, Hanbdojee OAHU3KHE 110
TeMe K HACTOfILel CTaThe,

B paGore [2] ans BHBOAA VpaBHEHHS ABHMKEHUS BOLB B KOJOJIE IpH-
MEHEHE! YpABHEHHS HEYCTAHOBHBLIETOCH JBHMKEHHS MKHIKOCTH H YpaBHeHH:2
HEPA3PBIBHOCTH, CHJI2 HHEPUHH YUYTeHa TOJbKO B COeIHHHTEhHOH Tp}"ﬁE.
ITonyuennoe pugepeHHalIbHOe YPaBHEHHE aBTOP B ¢Jyuae rapMOHHYECKO-
ro BO3MYLLAOlULero BO3JAelCTEHS pelulaeT MeTojoM MmaJjoro napamerpa. Be-
JHYHHBI, XapakTepH3yiolllie THAPABJHYECKOE COIpPOTHB/IEHHe,  BXOJAAT
HCKJIOUHTENBHO B MAaJblH napamMerp & NpeanojoxedHue o TOM, 4T0 mapa-
METp & JOCTATOUHO MaJl, HESBHO BBOJAHT (PU3HUECKOE JONYIIeHHEe O MaJOCTH
CHJI CONPOTHBJEHHSA 110 CPABHEHHIO ¢ JPYrUMH cHIaMmH, Mexay tem H3-
BECTHO, uTO CBOGO/HLIE KoJeOGaHHA BOAL B Kojojine OLICTPO 3aTyXaioT, H
MMOSTOMY CHJABLl CONPOTHBAEHHA OTHOCHTEJALHO BCJIHKH. HPEII.HUJTEH{EHHE 0

| KoneGanna sonwt B U-ofpasioii 7pybe paccmarpusans Heioton (1687 r.) u Meas
liepux.n.ﬂu (1727 r.).

2 [ToTenuuansHuil nmoabem paBel KBAaJpaTy CKOPOCTH LEHTPA TAMECTH CHCTCMEB
A{nBHiKYylLefica BOABY), AENEHHOMY Ha YABOEHHOE YCKOPEHHEe CHAL TAMECTH,



MAaJIOCTH CHJ CONPOTHBJIEHHA CHJABHO CYMHACT pacCMOTpPCHHE ABJICHHSA, Kpﬂ-—
Me TOro,— 3TO Yi:Ke OTHOCHTCH K MareMaTHYecKoH cTopoHe palboTh,— B
cratbe [2] Meron Manoro napaMeTrpa HenpaBHJBHO MPHMEHEH K ypaBHe-
HHIO, colepiKalleMy WIeH ¢ pa3pblBHOH (PYHKUHEH,

[TpocTyio MeTOHKY pacueTa Kojebauuil BOjABI B BOLOMEPHOM KOJOLIE
C y4eTOM THAPAaBJHYECKHX CONPOTHBJEHHH, HO c NpeHe0perieHHeM CHJaMH
HHEepIHH MH Jajan B pabore [3].

B wnacrosimeii craTbe ABHXEHHE BOJAL B BOJAOMEPHOM KOJOALE pac-
cmaTpuBaerca GoJee noaHo. [laH BHIBOJ OCHOBHOT'O YPABHEHHSI JABHIKEHHS
BOALL B KOJOJALE NPOH3BOJALHOrO npodHas C y4YeToOM CHJA HHEpUHH H
CONMPOTHBAEHHS B COEJHHHTENLHOH TpyOe m xoaoane. Hafinenw peurenus
Aaa naunGogee BaXKHBIX cayuyaes. TeopHdA npHMeHEHA K 4acTHLIM BOTPO-
caM. [lonyuennsie pesyabTaTel MOTYT OBITH HCHOJBL30BAHE HE TOJABKO I
BOJOMEPHBIX KOJOJALEB, HO H AJAf JAPYTHX pe3epPBYapoB H pas/HUYHBX
KHIKOCTEH,

BbIBOJL OCHOBHOI'O YPABHEHHH

O6o6menne ypaBHeHusa [, DBepHyaaH s 3JeMEHTapHOH CTPYHKH
Ha MOTOK OOLIMHO Je]aloT JJAs CEe4YeHHH, B KOTOPHX MJaBJCHHE pacnpeje-
JIEHO 10 THAPOCTATHUECKOMY 3aKOHY HJH OAMHAKOBO BO BCEX TOUKAX ce-
yeHHd. B cHay HckpuBAeHHA CTPYH NPH BTEKaHHH H BHTEKAHHH H3 KO-
JOALA HAM TPHAETCA pPACCMaTpHBaTh KPHBOJHHEHHOE IKHBOE CeueHHe
1—1, rone He coOalOAEHBl YKasaH-
Hele ycaoBua (puc. 1). Bropoe
#uBoe ceuenue 2—2 y mnac OGyuer
COBNMagaTh C 3CPKAJOM BOJALI B KO-
aoaue, Ilpn nepexoje OT ypaBHe-
uua J1. Bepuyaau pas saemenrap-
HBIX CTPYEK K YpaBHEHHIO HJIfl TOo-
TOKA OTJAeJbHEE caaraeMule, HMel-
IHe CMBICA YHAEJbHOH BSHEPrHH,
Puc. 1. Beprukaasmwii paspes komopua u YMHOXMAIOT Ha BEAHUHHY MacCOBOTO
NpHAErawmel 1acTH KaHsana. pacxojia H NMPOH3BOJAAT HHTErpHPO-
' BAHHE 110 BHIOpDAHHBLIM JMHBHIM Ce-

YeHHAM
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3feck HHXKHHE HHAeKcH 1 M 2 y GykB ykasuBaloT Ha ceueHHa 1—1
(B obmweM cayvae KpuBOJHHEliHOE) H 2—2;
Sy Sy — IA0IAAM KHUBHX CedyeHuil;
Z; H 23— PacCTOfAHHA JO KOHIOB CTPYHKH, OTCUYHTHIBAEMEIE OT MOPH3OHTAAb-
HOH maockocTH cpasHenus 0—0;
Pi1 U Py — NABJEHHA B KOHIAX CTPYHKH;
Wy H Uy —CKODOCTH B 3THX TOukax (CKOPOCTH CHHTAIOTCA MOJOXKHTEb-
HBIMH TPH BTEKAHHH BOAH B KOJOIEN);
£ — YCKOPEHHE CHJH THAMKECTH;
7 — OOBEMHHH BeC BOJH;
h, — HHepuMOHHLIA Hanop;



fi, — notepu yneabHOW 3HEPrHH MEXKAY ABYMS CCUEHHAMH SJ16MEH-
TAPHOH CTPYHKH.

CyMMHPYSl MOIIHOCTH OTAEALHEX CTDYeK B XHBOM CeYeHHH, nmoJay-
4Yd€M MOINHOCTD MNOTOKA B 3STOM CeueHHH., PaccMoTpum HHTErpajanl, BXo-

aqaue B Bupaxkenue (1).

I.I‘-E

((= 2+ 2t 5t) masi= v [ 2d0+ (e + & (was,, @
&y -5'.; &y Si

rae dQ — pacxoj 3sJeMeHTapHOH CTPYHKM;

1 | 2dQ =z, Q; (3)
Sy

34eck Z, ,— paccrosnne OT nJI0ckocTH cpaBHenwna 0—O0 no uentpa TaKkec-
TH ceyenHsa 1—1,

12:dQ
p=—t, (4)

n.T

Q — pacxon Brexaomei (UM BHTEKAIOME) BOIHL.
[lo TeopeMe o cpeanem 3HAYEHHH MHTErpaja HMeeMm

(pdQ=p*Q,

NpHYEM
PHHH ‘&:“'_’pﬁ “c“"::pﬂﬂﬁﬂ ¥

rie Pum H Puaxwe — HAHMEHBLICE H HaHOOJLIIEE JABJEHHE B CevYeHHH
1—1 B naHuelll MOMEHT.
Ias Onpene/eHHOCTH BO3bMEM JABJEHHE P, . B LEHTPE THAKECTH Cce-

yenust 1—1, cea3annoe ¢ p* BEIpAXKEHHEM
P* =Py,
éfp:do
v=2t—. (5)
FILT
CaeioBaTeabHO,
[ pdQ=p,.Q. (6)
5,
Jlanee, :
v
) (7)

Sy

rjle Uy — CpejiHsis CKOPOCTh MOTOKA B ceueHHH 1—I1,

_ipuln'Sl
&y
"ﬂ'l - S[ '
@, — KOPPeKTHB CKOpOCTH (KO3(PHUMEHT KHHETHUECKOR SHepruu),
pPaBHHIH 1
j H‘? .::“S]
5y
o = 8
1 vi‘-?: { }
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[MocKOJbKY ABHXKEHHE MPEeAlloNaraercd OJHOPasSMEpHHIM, T. €. B JIO-
00fi MOMEHT KOOpAHHATA Z, H JABJCHHE pP. BO BCEX TOYKAX CEUEHHA
2—2 OLHHAKOBHI, -

2 iy
Pa iy Pa i :
5(2 g T+E) (g (z” s g ) 1% ©)

¥y

o

{ uds,
S‘l ¥
7

4, — KOPPEKTHB CKOPOCTH (KO3(HIHEHT KHHETHUECKOH SHepruu),

'ﬂz=

Efug dS,
nz == -'p—ﬁ 5 (ID]
Caenylomufi HuTerpas —
L4z,
1 :
Sku-xuzdsf 1Q7 j B, (1)
% 0

rae X H L — pacCTOAHHA 1O OCH TOTOKAa OT ceyenuss 1—1 i COOTBETCT-
BEHHO JIO MOMEPEYHOro CceueHHd kKoqomua (wam TpyOH)
X—x u mromanu cpasienua 0—0 (cm. puc. 1);
U, — CpPe/Hsisl CKOPOCThL NOTOKA B CEUEHHH X—X,

.r;j‘ sy
x
V== ——
Sy
S — IIJOmMalL CeudeHHa X—.X;

i, — CKOPOCTH CTPYEK B CEUEHHH X— X

# — xoppexTHB CKOPOCTH (KO3(DMHUIMEHT KOJAMYECTBA ABHIKEHHS),

j ui ds
B=—
==

i
-
ﬂ-l‘

-

Sy

Koatpdunuenr 2 npuHuMaercs HAMH NOCTORHHBLIM, YUHTHIBASL, YTO

v, =2q, (12)
Sy -
i
dzy
Vg === (13)
uurerpajg (11) npeacraBasem Tax:
j&IITuEdS'.ﬂ::' WTQ d::; : “4}

L
rae
L4z,

W=t
g

o

o1

: (15)



Hakonen, HHTErpan
\ BuquadS, = h*1Q, (16)
5y

rae h* — HekoTtophie cpefiHHe (B CMEIC/AE TEOpeMB O CpeJHEM 3HAYEHHH
HHTErpaJja) TUOTEPH YAEJbHOH SHEPrHH B 3JEMEHTAPHHIX CTPyii-
KdX; B THApP4BJHKE 3Td BEJHYHHA HOCHT Ha3BaAHHE IOTEPh YAE/b-
HOH MOIIHOCTH MNOTOKA.
[TorepH ynenabHO# MOIIHOCTH NOTOKA onpeieuM 1o Qopmyae

v
h* = X5 (17)

B KoTOpoit L[ — cyMMmapubii ko3((HIHEHT COnpoTHBJAeHHI B Tpybe H B
KOJIOALE, NPHBEAEHHHH K CKOPOCTH 7.
B obmem cayuae L[ 3aBHCHT OT HANPABACHHSA JBHKEHHA BOJIB H OT 2,
(uepes s).
BeeneMm o0003HAUEHHA

Et’_:{G npu v, >0,

18
N 1ipn 7, 2 O. (1)
Kornpa G =N, conporusienusi OyJeM HAsLBATL CUMMEMPULHbIMIL,
Bocnosb30BaBmuCL HaHJEHHEIMH 3HAUCHHSAMH HHTErpaJioB, YpPaBHEHHE
(1) npeacraBaseM B CaejyIONleM BHJIE:

2
d2z 1 | iz, dz,
e L gl o it —
W= T I:n:;! ; ( sign E”)E_] (dr) 4 z, N o=

Yo o= i 14
T g5t (19)
Beauuuusl, crofmue B npasoil wacTH Beipamenus (19), MomHO pac-
ﬂM-’.—':ITEHEaTh KakK BDEMFI_LI.EIDIII,HE (]JHKTCII)EI JABHXEeHHH BOIAbBI E KOJOLAINIC.
TEOPHH ABTOMATHHECKOro PpPeryJHpPOBAHHHA IPHHATO 344d4BaTbCH
THMOBLIMH BO3MYINAIOUIHMH BO3JeHCTBHAMH B BHIE (YHKUHI BpeMEHH.
OGo3znauum

n

1 a0y
F(t) = — 2y, + = 00— P + 55— (20)
Torpa :
2: d L1
Wﬂ"”: : c({i‘) +z,=F (¢), (21)
rae ,
e £ —— G d.-."-rn
=g TIPH v ),
L.e= EHN II {22}
Ty o ilE
~gg— TpH —=< 0,

1

Buipaxkenue (21) ects MCKOMOE ypaBHeHHe ABHMXKEHHS BOJH B KOJOA-
e ¢ Y4€TOM CHJ HHEDIHH.

Ecau na cucreMy JjeHcTBYET NPOM3BOJbHAA BO3SMYIIAIOINIAA CHJA, TO
ypaepHenHe (21) moxer OwThb peumieHO YHCASHHBIMH MertoaamH. Ho mnpu
YHCJEHHOM HHTETDHPOBAHHM 3aTPY/JHHTENbHO NOJYYHTb CBEJIEHHS O BJHA-
HHH OTHEJbHBIX IapamMerpoB Ha nponecc. [10sToMy MOJAE3HO HANWTH XOTH
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Obl NPHOJAHAEHHHE aHAJAMTHUYECKHE PEUIeHHs JJs YaCTHHX cayuaeB. Kor-
Aa n30ekaTh YHCJAEHHOTO pPEIIeHHS BCe JKE He YI4eTcsd, JKeJaaTedbHO M0
BO3MOMXKHOCTH NOJYVYHTL §0Je€ NpPOCTOE YpaBHEHHe.

BblHY X IEHHBIE KOJIEBAHHS

PaccMoTpuM BEIHYMIEHHBIE KOJEGAHHS BOAH B BOJOMEDHOM KOJOAIE
noJ AEHCTBHEM rAPMOHHYECKOH BO3MYIIAIOLIEH CH/EI

£ () = Mcos (of | ). (23)
rae M — amnantyna;
® — Kpyropas 4acTrora;
¢ —yroa ciaeura (as Mexay KoJeGAHHAMH BOAHW B KOJOAIE H B
kanaae (Oyjer onpejieneH B JaJbHeHmeM).

Hag ynpouenus oGosnauennii 0T6POCHM B NPEABIAYIUX BHPANKCHHAX
Humpexe 2, OrpaHHuuMcsa HCCAeNOBaHHEM MaJHx Koaebauuii. B atom cJy-
yae # € L u Bepxuuii npenesn uurerpaaa (15) MOKHO CUHTATHL IOCTOSH-
HHM H paBHbiM L. TlpHHuMaeM Taxoke, 4TO B mpejenax KodeGamud ypos-
Hfl CeUeHHe KOJOJALA MOCTOAHHO,

Ob603HAUHM
L

A=B\& (24)
U

[Tapamerp A OymeM HasLIBATh NOKA3AMEAEM WHEPLUIL,
Ypaenenue (21) npunumaer caeayiouyio dopmy:

2
Af; | .-:(:f,f) + 2 = Mcos (of 4 ¢). (25)

M3 (usuyecknx COOOpa)<eHHH MOKHO MpEANo.JaraTh, YTO HPHO.IH-
HMEHHBIM YaCTHBIM pENIeHHEM 3TOro VPABHEHHA HABJACTCH CyMMa nepuo-
AHUECKOH (YHKUHH H NOCTOsHHOH cocTaBagiomeil. [Togo6pas HexkoTopLe
BEJHUHHLL /2 H R, He 3aBHCAIIME OT £ M 2, TaK, YTOOL MOCTOSHHHE WieH
H KOS(QHIHEHT NEPBOfi TrapMOHMKH DasNOKeHHA B pai Pypse DyHKIuM

mZE 4k (26)

PaBHAJNHCL COOTBETCTBCHHO MOCTOAHHOMY WJEHY M KO3(D(DHIHEHTY mepBoil
FAPDMOHHKH DasjoXeHHa (PYHKLIHH

dz\?
c (E) [:21')
B TOT XK€ pAX, ML 3sameHaeM ypapHenue (25) sauneflnLiM ypaBHEeHHEM C

NOCTOAHHBIMH KO3((QHIHEHTaMH

déz

ﬁ-]-m%—[—z:—kﬁ—m’msfmf—[—f;]. (28)

[Tpeanosoxcum, uto ypasuexue (28) yike pemeHo, ¥ 4aCTHOE pemie-

HHE UMEeT BHI
z =D + Zcosot, (29)

rae D) — OTKJIOHEHHE CPejHero MNOMOKEHHs 3epKaja BOAH B KOJAOAUE OT
PAaBHOBECHOTO;
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Z — amMnanTyaa kxosaefaHuii BOAH B KOJOXIE.

Ucnoasays pemenne (29), moxno HaiTH xoadduuuenTtH paga Pypbe
aas dyukouft (26) un (27). TlpupaBusiB cOOTBETCTBYIOUIHE KO3(D(HHIHEHTH!
Aas 00enx (YHKIHi, onpepesuMm m U R:

m =~ ZoR, (30)
b Eiﬁ;F' ' (31)
rae
G-+ N v
- —;— - | (32)
20 4+ UG—N
p—2ta=rt, (33)

Mapamerp R HA30BeM nOKa3amenem COMPOMUBACHIUL.
B cayyae CHMMETPHYHOTO COMPOTHBJAEHHS

G
P=s5. - (35)

Ypapuenue (28) umeer c/AeAyOIee pEUIEHHE, OTHOCHAMIEECs K ycTa-
HOBHBILIEMYCSl PEXHMY:

M-coswt
2 == — k . B.ﬁ
+ A= 2w £ e (36)
Yroa cnsura ¢as ® paeeH
Qi
?ﬂﬂfttgm (37)
WM, caAd noJACTABHTEL CIOAAa 3HAUEHHE Mm,—
8 ZeoR
? = arclg 7 T——or - (38)

OTKJIOHEHHE CPEJHero moJOXKEeHHs 3epKasia BOJAL B KOJOAUE OT pas-
HOBECHOTO Oyjaer
Zrw?P
Jlo cHx nop Z Mbl elle He BHIPa3HJH Yepe3 H3BeCTHLHIE BEJAHYHHBI.

3ameuaem, urto ApoGh, croamas B dopmyne (36) npu coseof, ecTh Kak
pas Z M, Caej0BaTeNbHO,

M
— - L] 4U
Z V(1 — Aw?p 4 (om)? (40)
IMomncrasue m u3 (30), Haiigem
2N : (41)

2
(1 — Aw?)s+ 3% Wt RIM?

o
]/ (1 —asp+ )/

9L



M3 coobpaxennii, CBA3AHHHX C TeM, 4TO aMILIHTYAa KoJeGaHuit He
MOJKET OLThL OTPHIATENbHOH H MHHMOH, xopuu B (opmyae (41) caepyer
6paTh MOJOMKHUTEALHEIMH. ' :

Bo muorux orsomenuax ¢dopmyay (41) ymoGuo npeacrasuth B Ges-
pasMepHoM BuIe

Z
A == . (42)
V-3V -3+ =3
:“”{2} mg AL (ug)
rae =
Wy = %‘ ¥ y . (43)
x_?gjﬁ. (44)
Ilpn
g \4 w2\ 2 t
—0,247 (l -—:}—) <2yt (—21) < 0,328 (l — %) (45)
0 o %o
C norpemHocTbio, Menbmed 1,0%, MOXxHO moiab3oBaThCA (DOPMYJOH
& ] | | | >
e , , . ] Z 1
“ i | s Tl (46)

if 1 : F —

Korpa y majno u uacrora o GJiH3-
Ka K ®;, HACTYN4eT pEe30HAHC,
IT0 BHAHO H3 PHC. 2, TJe NOKA3aHH
AMIVIHTY AHO-YaCTOTHHIE XdPaKTEpHC-
THKH KOJIOJANA JJs TpPeX 3HaueHHil y.

[lapaMeTrp ¥ 3aBHCHT OT OTHO-
HIeHHs] noKasaTe s CONpOTHBAeHHA R
K [I0Ka3aTe/io MHepmHKH A, 3HaueHHe
o, H3 (43) coBnagaer ¢ yxasaHHOIf
J. Depryanan coGerpenHoii gactoroi
KoseGanuft BoAK B cocyne'.

AMOJAHTYAHO-4aCTOTHHE XapaK-

2 T T

Ly A

Z
Tepucﬂmuﬁ=-f(mﬂ) AAd  pasauy-

eie. 2. AT‘::;J:{‘:':EJ:{‘:{“;{“;EEL‘”E Xapak=  yeX 3HAueHH y Mexjy coboit He me-
d pecekaloTcsi, TaK Kak 4acTHas Mpo-

OZ|M . w
H3BOAHAA "-;1 HMEET OTPHUATENAbLHEIH 3HAK NPH BCEX 3HAYEHHAX o

y o i
,ﬂ.‘l:ﬂ MaJaelX H OO/BIIHX 3HAYECHHH :EEMIL’[HT}'.IHD-HHETDTHHE :I:E[}EI{TE[LJHE-

THKH (DAKTHYECKH CJHBAIOTCA B OJHY.
PaccMOTPHM HEKOTOpHIE NPHJAOXKEHHS TEOPHH K OTAeAbHHM CAydYasM.
Cayualt manoit cuanl muepumn. Ilpn majgof poJu CHA HHEPIHH H3
ypasHenua (25) ucuesaer noxasareab HHepuHH A, H OHO NEPEXOJHT B

' ]I, Bepuyaan ciopMmyanposaa cBow Teopemy B reomerpuueckux tepmuuax ([1],
crp. 197—198). Teopema yxaswigaeT JAMAY MarTeMaTHUECKOrO MafTHHKA, HMEIOLIErQ TY
We HacToTy coOcTBeHAWX KoaebaHMil, WTO W BOJa B COCYAE.
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¢ (%) +2=Meos (ot +¢). (47)

CHAB HHEPHHM MaJbl, KOTAA Y4CTOTA BO3MYUIEHH{l 3HAYNTEALHO
MeHbme co0cTBeHHOll vacToTH KoAebaHHil, To ecTh Koraa

3= )
o < VT' (48)
B arom cayuae BmecTo (41) npubAHMKEHHO HMeeM

oM
;2 ORI el
1_|.'"
]/1+V1+§_§u:mm:

o = arctg -EH?ZWER. (50)

(49)

a smecto (38) —

CHABl HHEpPLUHH HIpPAlOT OTHOCHTEABHO MaJayl0 poab Takke Toria,
KOrJa BEJHKH CHJALI CONPOTHBACHHA. Tak, Hanpumep, npi Manofi nAoma H
CeYeHHs COEJAHHHTEJLHOH TPYOW H GOJALMION nNAOmAAM 3eDKaJta BOJH B
koa0AIe GoJbluasg BeJHUHHA NOKasaTeas CcompoTHBaendsi R moxer obec-
NEYHTh HEPABEHCTEO

19 3 3 (1 — Ay’

AMnauTya xoaebannit B 3STOM Cayuae onpefensierca Kag
. GeM
Z—&T]/ R

KyJa HE BXOJHUT MOKasaTelb HHEPUHH A,

B nameii cratbe [3] maHB pesyabTaThl pacueta KoJeGaHHS BOJAb B
BOJOMEPHOM KOJOAULEe NpH npeHedOpexxenud cuaoit uuepuud, [Hockoanky
pacuer OWJa npousseaed 06e3 npeHeOpeKEeHHA BHICIIHMH TaPMOHHKAMH,
HHTEPECHO CPaBHHUTh pe3yabTaTsl pacuera B pabore [3] ¢ Tem, uto noay-
yaeTcs 1o TeOpHH, pa3BHBAeMOf B Hacrosule#t cratee. YCJA0BHS 3a1a9H
OLIIH TAKMMH: NJA0ILIAJL CEeYeHHA COeAHHHTeAbHOl TpyGm s, = 0,01 A,
NJAOMAAL 3€pKaJja BOJAbI B KOJ0AUE Sy =1 M% ko3addunuent pacxona
p=0,6, Boamymaioniee posaeficreue F(f) =M cos wf, amnanrysa M=0,2 x,

yactota ® = | cex ' . CONPOTHBAGHHE CYHTAAOCH CHMMETPHUHLIM, NOTE-

psiMiE B Kodoame npeneGperaad. Kpusag H3MeHeHHst yPOBHS BOAH B

Koqaonne Oba noJAy4YeHa YHCJACHHBIM HHTEr HPOBaHHEM. Haitnem jna
CPaBHEHHH AMIIJIHTYAY H yroa ciapura ¢pas konebGaHHl BOAE B KOJOJUE MO

¢opmyaaMm Hacroalleil CTaThH.
Cymmapuuil kosd@uuuenT COonpoTHBACHH, TNpPHBEAEHHHA K CKO-

4
POCTH —-, paBeH

aneck L, — kosthduuuent conporupienuii B Tpy6e;
§ — KOs(ppHUMEHT CKaTHA NOroOKa.
Ipuuas

93



HalaeMm

R Bl P A | 1 \¥7 1 108
=R Al ([151) —E_g'('_ﬂ'._ﬁ-u,'—m> T 030 *

[To dopmyae (49) umeenm

ol 0,2V2 =
%6 108~
l/1+ V 1+ 3 gm0
0.2y2

(255 1012 7 20,013 N 1,3 CM,

972 (2g)-3 %
Mo dopmyae (50) noayuaem
2 i I 1B s
¢ =arctgz—0,013 Erﬁmﬂﬁ :

BriuucaeHHbe SHauenna Z H ¢ COBNAAAIOT C TEM, 4TO GHIO NOJAYYEHO
B pabore [3]. 3aech aMnanTyZa M yroa casura OnpeAead HCh Cpasy Mo
¢opmyae, B pabore ke [3] —ny-

5, =k TEM YHCACHHOr0 HHTErpHPOBaHHA.

=) =1 Kononuesi-pesonaropnl. Yxe

£ A / OTMEYaNa0Ch, YTO IPH COBMNANEHHH

§ ‘i;-,;:\ f by L, l_{  uacrork Bosmymieniil ¢ COGCTBEH-

- 5 4 5 HOH uyacToTOol kKoJeGaHHH BOILI B

4 KOJOALE MOXET HacTYNHTL pe3o-

: Hanc, Ecam KoJopen, npHMeHeH ¢

Puc. 3. Koaomuu-pesonarops no ¢panuysz- NEJABI0 YMEHBLUICHHS AMIVIHTY bl

CKOMY NaTeHTY.
y ) KOogebaHUH BOJAHE, TO 3TO #ABJEHHE

Kpaline nemenarenbHo. B HEeKOTOpPHIX CAydadAX HYMXKHO YBEJHUYHTH aAMILIH-
TYAY KoJaeOaHu#i MHIKOCTH, H TOrja pesoHanc mojesex. Bo dpanuysckom
narenre Ne 741494 or 7 aexaGpa 1955 r. ,YcoBepuieHCTBOBAHHE NPOLECCOB
H NpUcnocodaeHnfi, NpegHasHaAYeHHuX 18 HCIOJAL30BaHHH SHEPrHH BOJH®,
NpejTOKeH pal KoJoiues-pesoHaropos. Ha puc. 5@ nmokasan pesoHaTop ¢
MIOCTOSIHHLIM 110 BHICOTE nonepedHniM ceuenuem. [lepuon coOCTBEHHBIX KO-
Aebannil, KAk ykaswBaeTcsi B naTteHTe, paBeH

T:ETEV-;;.

B ofbmem cayuae coOGCTBEHHAs 4acTOTa KOAeOAHHil 3@BHCHT OT YPOBHSA
Boaw B koaonue. Ho pesonarop, usobGpaxkenunit Ha puc., 30, sameuaTench
TEM, 4YTO €ro coOCTBEHHas YacToTa HE B3aBHCHT OT YypPOBHA BOJH, €C/H
nociennufl BLIIE IHAHHIAPHYecKOH wactH koaoaua. Ilpu ,coorsercrayio-
mem Bubope 3aK0HOMEDHOCTH yOrBAHHA ceueHds (OHO npeacraBaseT cobof
NPOCTON NOKA3ATENAbHBEIH 38KOH) MOMKHO C/eJaTh MePHOJ pesoHaTopa npak-
THYECKH MOCTOSHHBIM ... — roBoputca B nartenrte, Jlajee ykasuBaercs, 4TO

];' {
nepHoja cobCcTBeHHBIX KoJebanuil pasen 7 = 2= z OaHako B maTeHTe

HET TOYHLIX YKA3aHHH, kKakyo GQopMy HYXKHO NpPHAATE BEpPXHEH YacTH
pesoHaTopa,

[lpu 3agaunoit BHICOTE KOJMOLUA-PE30OHATOPA MOMHO NOJAYYHTb OTHO-
CHTE/JbHO O0OAbIIOH Nepuoj) CcOOGCTBeHHHIX KOJAe0aHHA, ecaH NPHMEHHTH
pesonarop, npeacrasaesHslil na puc. 3. B nareunre ykasana (hopMa pesoHa-
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TOpa — NOCJAeHHA, KAK BHAHO H3 PHCYHKA, COCTOHT-H3 BEPXHEr0 MHPOKOTO
¥ HHIKHEr0 Y3KOr0 IHAMHAPOB, — HO HE JaHa 3aBHCHMOCTb MEepHojia colCT-

BEHHHIX KOJ€0aHHA OT pPasMEpoB NHJAHHAPOB H TIJYGHHH NOTPYKEHHS
OTBEPCTHA.

Takum oOpasoM, cayuaifiHO HJAH HaMepeHHO, B OXHHX CJAy4afX BO
¢panuysckoM natente cooblAaeTcd BIpaXKeHHe AJs TnepHojaa KoJaebanui,
HO HE jaeTcs TOuHOil (hopMHl pe3oHaTopa, B APYrHX Xe cayyasax, HaoGopor,

yKaspiBaeTcs (opma YCTPOMCTBAa, HO He CcooOHIaeTcsl 3HAUGHHE MNepHoaa
KoJeOaHui,

Bbopmyan (24) u (43) AaT BO3MOKHOCTH MOJVYHTH HEJAOCTAIOUHE BO
paHIY3CKOM NATEHTE CBeACHHA.

[Mokaxem, 4ro pe3oHatop, u3olOpameHHH HA pHC. 30, Y KOTOPOToO
3aKOH H3MEHEHHA MIOIIAAM INONEPeuHOro CeuyeHHs

Sy npu x </,

sie ' mpn x>/

HMEET TMOCTOAHHBIH TNEepHOJ COOCTBEHHHIX KoJael0auuit npH pasaHuyHBIX
norpyxenusx L > [, Jlaa paccmarpuBaemoro cayuas cdopmyaa (24) npaert

! L

]

Fete |r.'"'|':|- dx ax .t ﬁl‘!

A=zl w5t f—:— =7
o Y gijg °

T:E:EE-[/E'
g g

YTO € TOYHOCTBLIO A0 3HAYEHHA KOppPeKTHBa CKOPOCTH Er COBnajgaeT o<
NEPHOJOM ' COOCTBEHHLIX KOJe6aHHA, YKA3aHHOM B MaTeHTe,

_ Huxe npHBoagTesl reoMerpHYecKHe mnapaMeTpsl Ko.J101a-pesoHaTopa
€ NOCTOAHHON coOCTBeHHO vactoroii (puc. 30):

- ] 1 I2 | 14 | 16 | 3;80] 201 ;2] 2.4

|
i ‘ 1 |o0,91]0,82|0,74 | 0,67 | 0,61 0,55 | 0,50 [L-IE:.‘
|

31ech r — pajuyc orBepcTus TpyObl HA PACCTOSHHH X OT HHIKHETro Kpad
TPYObl, 7y — pagHyC OTBEPCTHA B IHJAHHAPHYECKOH YaCTH TPYOH.
OGpartumea Teneph K pe3oHaTopy, H3o6paxesHoMy Ha pHe. 38. J1ag Hero

I L

s de . Lde] B [ ss 3

potalfes fe] - s,
0

& V&

CaenopatesLHO,

i

1

4

i g

B noncanenne Kk (paHuy3cKOMY NATEHTY YKaKeM, 4uTO pe3oHaTtop,
COCTABJEHHBIH M3 BEepXHEro Yy3KOro H HHXHEro MHPOKOro IHJAHHAPOB
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(puc. 4), HMeeT nepHOA COGCTBeHHEIX KoAeGanuil MeHbIuMil, YeM Pe3oHaTop
M3 OAHOrO mHJAMHApAa (puc. 3a4) npH TOH XKe rayOHHe NorpyKeHus,
A HMEHHO, NepHoa ero COOCTBeHHBIX KoAeOGaHHil paBen

2
i (S a+t)
o g e g T=27"- ' . 3
o T Kz e g
I -
oo rie B OTAHYHE OT NMPEALAYIIErO BhIpameHnus — §; > S,
i Bea yuera CHA HHEPHHH B KOJOALUE B TNpHHIHOE
P

Heabas ObI0 OBl NOJAYYHTL HAHJEHHHE 371eCh POPMY.JILL.

Taxnm 06pasoM, CHAbLI HHEPIHE HEOOXOAHUMO YUYNTHIBATh

HE TOABKO B COENHHHTE LHOI TPyOe, HO H B KOJOAIE.
Puc. 4. Konpaeu- '

€30HaATODp C OTHO-
Ell'r:.rlhuup MM H.ﬂnﬂﬂHEHHE H OMNOPOYHEHHE Hﬂﬂﬂﬂuﬂﬂ.

HepHOAOM cobcT- CBOBO/JIHBLIE KOJNEBAHHY
BEHHMX KOoJaeDauHi,

PaccMOTpHM TTpONECe HAMOJHEHHUS KOJ0A1A [IDH BHE-
3aMnHOM MNOBRIIIEHHH YPOBHA BOJAHR BHE Koaoaua.

OcnoBHoe ypapHenue (21) ABHIKEHHA BOALI B KOJOAUE NPHHHMAET BHI:
dz , ' =
W +c(5 ) +2z=H, (51)

Py 0 npu ¢ <0;
| H=const npu £>0;

riac

HHAEKC 2 v 2z, KaK n paHbule, Mbl orbpachiBaeM, Pemnienne wumem 1asa

t>0. l'IpH H=0 paa £>0 u HeHYJCBOM HAYaJLHOM OTK/JOHEHHH HMEeM
cayuafl cpoGoauux KoJaeOaHufl,

Tak kax Bpems ¢ B (51) SBHO HE BXOAHMT, TO NOPSJAOK YPaBHEHUA
MO¥eT OblTb NMOHHMEH 3aMEHOH NepeMeHHOH

z\? _ 5
(L) =y. (52)
3ro pmaer, smecto (51), ypaBHeHuHe
dy 2c _ 2(H—2)

dz dz
KOTOPOE HYXHO pemartsh OTAEAbHO Aast —= > 0 u —— < 0. Pemennem ypas-
HeHHA (53) AAA KaXJA0ro M3 YKa3aHHBIX CAyuaeB sBAAETCA

Et'.‘

e 0 (r“""”j dz r::), (54)

W

rI€ € — OCHOBaHHE HATYPaJAbHHX J0rapHhMOB;

C —npousposbHag nocrogHHam, onpejeaseMas H3  HAYaJAbHBIX
YCJAOBHH.

byurnua 2 = 2z (£) mokeT OnTh HEHAEHA KAaK peleHHE YPaBHEHHA

= Vy@) =0 (55)



HWAH e Kak oOparHast (QYHKIHH .
t:j - (56)

y(z)

B oOmeM cayuyae npHOAMMKEeHHBIMH crocobaMu HHTeTPHPORAHH.
{oionell, € NOCTOSIHHBIM MO BBICOTE MOMEpevHbIM cevernueM. [las

KOJ0ANa, H300pAKeHHOTO Ha pPHC. O, HMEEM 2 A
Y = - :.—_ﬂ 4
Bl {SI +0x mpn 0<x <l ——F E
S, npy Li<x <L+ L+ 2; — i 4
j—=t 2
spaechk 0— koappunuent, onpegendiomiui pac-  — ¢ b o
TpyO CcoeaHHHTeABHOH TPYOHI 1 *‘5‘5‘*? 3
B maunom cayuae o il
W =a- bz, (57) s
TG Puc. 5. Koaozeu c¢ ceucHueM,
i ! Sa 51 + 0 T NOCTORHHLIM MO BEICOTE.
a=—4 (AT 4L), (58)
:l
==, o9
- (59)

PemenueM ypaBHeHHA (D3), oTBeHaOWIHM HAYAJALHBIM YCIOBHAM V=
NpH 2 = 2, ABJAETCH

a l—a | 2
| o
3J1CCh
2e
_— (.-1+!;',3“>T
a-+ bz ;

[puBesieM uHcAeHHBI mpumep. Jas KoJOAna HMEeM ciaeaylouiue
JlaHHbIe;

a = 0,459 cex.2:b = % — 0,102 cex?/x,

1,36 cex?/m npn %3} 0,

= - dz
— 1,26 cex?/n npu — <0;
H:{ 0 npu £<0,
1 » npu ¢ = 0.

Hauaabhsle yeaosus: ¥y =0 npa 2 =0. YuHTeBas Hava/JbHbIE YCJIO-
BH#A, coraacHo (60), noayuaem

y = 0,855 (1 — o) — 0,709z
HJH

o =V/0,855 (1— ) — 0,709%.

[TocaenoBaTenbHHM AHpdepenIHPOBAHHEM STOTO BHPAXKEHHT MOXHO NOAY =
YHThL NPOH3BOAHHE CTApWIEro DOPAAKA H NPEACTaBHThL 2 B BHAE CTEHEH=

7—1249 g7



HOTO pAAR
. L -#' .#; ! ‘
= Af f-—-Af + —2-A A

2=2,+ 2y A5 AL + f+-§—f+

3T0 BHPAXKEHHE JaeT BO3MOXKHOCTH HAWTH 3HAYeHHEe Z BOJH3H H3IBECTHOrO
3HaueHus 2 = 2,. [IpHMEHAA NpHEM aHAJHTHYECKOrO NPOJOJKEHHS, MOMKHO

dz

paccuuTaTh BCIO KPHBYIO Z = Z(f) A0 TOrO MOMEHTa, KOUAd —- JeJaercs

paBHoit nyaio. B xoze pacuera yaoGHO MPOHM3BOAMTE NPOBEPKY TOYHOCTH,
dz
BHIYHCAAA S3HAYCHHE —— [0 HCXOAHOMY YPAaBHEHHIO M C NOMOMILIO psAja

dr
d= 1"u’
—-:-:—|—:-:&t+ m+ APETE
a0 B
Ilpopepka nojcTaHoBKOfi pelieHHss B HCXOAHOE ypaBHEHHe H36aBaAsieT OT
HeOOXONHMOCTH HCCAeA0OBATE CXOJHMOCTD pAaia, a TAKMKE HHO3BOJHAET CYAHTD

0 HYAHOM KOJHYCCTBE ero 4.JeHosB.
-".?I .-""’#FI_J\ ---.._I
To—
x1 i
!,/'
02 // : | -

g4 12 280 28 ¥ 44 . 52tcee

Puc. 6. KpuBag BpeMeHH HANOAHEAHA KOAOAUA C yue-
TOM CHJA HHEPLHH.

[Tpouasosnan f nepeelfi pas obOpamaercda B HyJAb npH f=29 cek.,

KOOPAHHATA 3epKaJja BogH mpH stoMm z = 1,2 mx, Jlanee pemaem ypaBHe-
wre (60), rae reneps

c=—128 cer’lu: 2. =12 &,

<. =1/0,826z — 0,348 — 0,043.

Hurerpuposanue Ttem xe cnocoGom seaem no £ = 5,6 cek., koraa
i
; =0 w z=0,88 x. 3arem caegosano 6w pemath ypasueuue (60) npu

HOBBIX YCJAOBHAX H T, J. Pe3yabTaThl pemieHHs A0 MOMEHTA - BpeMeHH
t=25,6 cex. npencrasieHs Ha pHC. 6.
KpHTEpHEM B/JAHAHHA CHJA HHEDHHH MOMKET CAYXHTb PasHOCTh

8 =2,—H,

rae¢ o—mnepBulfi BHIOPOC YPOBHSL BOAL B KOJOALE HAJA YPOBHEM BOJbI
BHE €ero; .

Z, — nepBuilt MakcuMyMm (hyHkuuu z = z ().
[lepeulii MakcHMyM 2, ABAAETCH KOPHEM TPAHCUEHAEHTHOrO YpaBHe HHA

fopn epi et Y mE( Fad v g i
(e ot A




Ecan nepsuifi B6poc & HeGoABmION, TO MOKHO OGOATHCH NOCTPOEHHEM
“PHBOH Z () 6e3 yuera CHJbl HHEPUHH N0 OOHYHON dopMmyJae, npHBeieH-

®woH B yueOHHKAX THAPABJIHKH,
Cocya . bepuyaau, Eure Gosee wacTHefi Cay4ail J0CTARAAET HAM

KOHCTPYKIHA, H300paXKeHHasw HA PHC. 7, — KOJOMEIl C OTBEPCTHEM B IHE
M Oes coeMHUTENLHON TPYOH. JlBHMXeHHe BOAB HMEHHO p TakHX COCyaax

paccmarpupatd  JI, Bepuyiaan B celbMOA w9acTH
esoero Tpyaa [1].
Jaa konoaua (puc. 7) umeem

L=0; a=—-b; W=a+bz=-L(4+2);

e I:.m + EE.[.I- ’

z
N=C. 1t (),
Ry Puc. 7. Cocya M. Bep-
L HYJAH,
rae (., — KOS()HIHEHT CONMPOTHBJISHHA TO JTHHE:

Cop — KOSMD(HIHEHT CONPOTHBACHHS BHE3AaNHOTO PACIIMPEHHA;

Cors — KO3(D(PHUHEHT COMPOTHBAGHHA OTBEPCTHR NMPH BHTEKAHHH BOJHL.

Bee nepeuncaennbie Boite Ko3(hQHUUMEHTH CONPOTHBACHIH B THIPAB-
AHKE ONpefeseHbl JHWE JJAA YCTAHOBHUBINEroCH ABHIKEHNA, W TpHMEHEeHHe
‘AX st HEYCTAHOBHBINIETOCA ABHMKEHH ABAAETCH JONYINEHHEM,

Ilpunas a; = 1, noayuaem

[ v dz
5z (1 TCu10,) mpa =35>0,

] Sa 2 dz
.E[Iﬂt”_tﬂfﬂ'(ﬁ) ] [pH ?T{ﬂ'

bynem pacemaTpuBaTh cBoGoaHme koaebanua (=0, z,£0), Jlaa
‘WOA'BEMA BOAH B COCyJe, HCHOAL3YA (53), nmoayuaem ypasHenHe

Sy .
F G+ (5 —1).
o) i

dy i Sl o L
dz B(la+ 2) 2 B+ 2)
X I8 Cnycka —
: )’
dy _]_ I_Hnn_':n'rn ET"I e Eg;
dz B(la+2) X= T Bt
Ecan noaoxurh VE =R = 1, npenebpeut norepamu no INHHE,
oTe

®O MOC/AEAHEE ypaBHeHHE COBNAjaeT ¢ TeMm, 4TO moayuua [, Bepuyanu
(11], crp. 182)".

[Ipn cpaBHeHnH nOJY4YeHHOrO HaMH YDABHEHHS JAs NMOABEMA C TeM,
MTO HMEeTCA M cooTBeTCTBYyIOWero cayuas y Bepuyaan ([1], crp. 194),

HEoOXxoauMO uMeTh B BHAY, uTo JI. Bepuyaau, BO-NEpBHIX, HE YYHTHIBA
WOTEPL 1O AJHHE H, BO-BTOPLIX, KOI(WpHIHEHT CONPOTHBAEHHS BHE3AIHOrO

pacimiHpenns Opai pPaBHLIM
s e (EL)E Ly
B.p Sy ! .

! Cieayer yunteipare pasmuuy B O6O3HAUEHHAX,




10 COBPEMEHHBIM XK€ TPEeACTABACHUAM —

Sq 2
e — 1)

M. bepuyaau nasi nNpoBepkH cBoeil TEOPHH MPOH3BEN NATH OMNLITOB.
AHAJAH3 STHX ONLITOB TNO3BOJHT CleJaTh HECKOJABLKO JONOJHHTENbHMX
saMeuaHui’, '

B nepsom onuTe OblAa B3ATA CTEKAAHHAA LUJIHHIpHYecKas TpyOka,
OTKPLITAA ¢ 000HX KOHUOB, BuyTpennuit auamerp Oul1 paBeH NPHMEPHO
4 nuungam®, Ity TPyOKy DBepHyaau onycTua B IIMPOKHIA COCYA HA ray-
Ouny 44 AMHHH, NPHKPHJ BEPXHEE OTBEPCTHE NaJbieM, uToOb BOJA HE
MOT/1a BHIHTH, H MOAHAA TPYOKY Ha 22 aunun, TakuM o6pasoM OH HOJYHHA
CAeAYIOmHE YCAOBHS: 2y — 22 aH, [,=22 an, H = 0. ¥Yopas naaen, Bep-
HY/JJH Ha0A04a1 CHHMEHHE BOAL HA 9,5 4K HHKE HApYKHOrO YpOBHA.
Mo pacwery DBepuyaau Boaa jaoJxHa OhJaa onycTutbesl wa 13 ax, Pas-
HHIY B 3,0 4K OH OTHEC 34 CYeT NPHAHMNAHHA BOAL K CTEHKE TPYOKH.
3atem Bepnyaan onpejeasn noaseM BOAE B TOH e TpyOxe npu Hauadab-
HOM YCJIOBHH Z; = —U,D AH H NPeXHEeH rjy6HHE [OrpyKEHHA TPYOKH.
Onnir gan noaneM B 8 42X HAJ BHCWHHM YPOBHEM BOAM, B TO BPEMfl Kak
no pacuery jpoaxuHo Oute 9,5 2. UM aro necoorsercrsue Bepuyaan
OODBACHHA NPHAHNAHHEM BOAB K cTeHke TpyOu., M3 [1] HEé BHJAHO, OJIHAKO,
KaKHe npOoABACHHA NPHJAHIAHHA MMea B BHAY Depuyaan. JKeaas yTOYHHTE
MPHYHHEL HECOOTBETCTBHA PE3YJALTATOB ONBITOB H PACYETOB, Mbl NPOH3BEAH
BHYHCJICHHE MO HAMIHM (OpMy.JaaM C YYE€TOM NOTEpL 1O JVHHe, 3ajlaBafAch
Pa3yMHBIMH 3HAYEHHAMH NOTEPbL 1O JJAHHE, Mbl HE MOJYYUAH OLLYTHMOI
pasHuIkl ¢ pacueramu Bepuyaan. ITO NPHBEAO HAC K NPEANONOKEHHIO O
TOM, 4TO, KPOME NOTeps N0 AJAHHE, IPH KoJebaHuax KHAKOCTell B cocypax
CymEeCTBEHHYIO pPOJib MOT'YT HrpaTh CHJABL NOBEPXHOCTHOTO HATHAMXKEHHH,
O0yCAOBJACHHBIE ABICHHEM CMAYHBAHHA HA IPAHHLE TPex cpea — KHAKOM,
TBEPAOH M razoobpasHoH. DepHyann npHMeHsJ CTeKASHHY 1O TPYOGKY,
a CTeKJO, KdK H3BECTHO, CMayHBaeTcs BoJoil, B nmoas3ay npasaononoGus
NpeAnoN0oKeHHA 0 3aMETHOH POJIH CHJA IOBEPXHOCTHOIO HATAMKCHHUA TrOBO-
PHT TakKke Takoe HaOJalozenue bDepuyaau: pasmax xoaeGaHuit CHABHO
yMmeHbmaacs, korfa tTpyOku Ovlim Goaee yskue u aqannusie ([1], erp. 199),

Bo Bropom onbite DBepHyaanm HCIOJAB30BAX Ty XK€ TPYOKY, HO NpH-

KPHITYIO CHH3Y IIACTHHOH C maomajbio oTeepctds B )2 pasa Menbiued,
YeM nJA0aAb OTBEPCTHS TPyOml, W cHOBA HaGdI01a] COYCK H NOMABEM
BOAb. UTCYTCTBHE JOCTATOYHO TOYHHIX AaHHBIX O KOshduuuenre compo-
THBJAEHHA (,;, B Cyuae ChHycka BOJAB He€ MO3BOJAET YTOYHHUTL pacyer
bepuyanu. Otciofa, Mexay npouuM, BMIAHO, 4TO AJdSl BHIACHEHHS CHJ

I Heofixonumo oTMeTuth, 410 B [1] uMmeerca muoro onewartok (onucox Bepuyanm ?).

[IpuBeaem HekoTOpbIE M3 HHX, HAHIEHHBIE HAMH BHYHCICHHAMH W COMOCTABAEHHEM:
OTIedBHKXY MECT TCKCTA.

Crpamua | Crposa | Haton- | oo
184 2 cH. n nt
199 6 cn, |4 nwoimon) 4 AHHHIE
200 15 cH. 1:2 |1:¥Y2
200 4 ce. 30 13

* B crapoit pycckol cucreme mep 1 an (auuns) = 0,1 du. (nwiiM) = 2,54 xm
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CONPOTHBAEHHA OCOGEHHO NOJE3HB ONBITH, AHAJOTHYHEIE NMEPBOMY ONKITY
Bepayaan, H00 AAd COBEpIIEHHO OTKPHTON CHH3Y TPYOKH KO3((pHUHEHT
CONPOTHBJEHHA H3BECTeH U paBeH Loy, = 1. [ onpejenenns noanema
BONN DBepHyJAaH mocTymua ciaeayiouium o6pasoM. 3aKpHB naablieM OTBep-
CTHE B HHMKHER wactH TPYyOLl, OH NOrpys3u/ COBEpPIIEHHO NYCTYI0 TPYOKY
Ha rayGuuy I8 «4x. YGpas 3sateM najen, oH HaGJaIOAa/] NOABEM BOALI B
TpyOKke Ha 8§ 4x BHIE YDPOBHA OKpy:Kalolefi BoAbl, BMECTO 9 4K TIO
pacuety. Pacuer, npousBefenHuil 1o Hamum GOpMyJaM € Y4YETOM TOJAbKO
noTeph Ha BHE3allHOE paciuWpeHnde, zaer noabeMm 15,0 4#. DBepuyaan
CUHTA], 9TO A OTHOUIEHHA NJOMAAeR CeueHHH TpyOul H OTBEPCTHS,
Gausakux ¥ ' 2:1 m 2:1, ero Teopua Aaer 3aHHMKEHHLIE 3HAYEHHA NOAHEMa
BoAbLl, [1paBHABLHOCTD 3TOTO NOJOKEHHS MOXKHO NOATBEpPAHTh CpPaBHEHHEM
ABYX crnocoOOB onpeje/ieHHsi NOTEéPhL HA BHe3anHoe paciuppenHe — Cuo-
co6a, NpPUMEHEHHOTO BepHyJaH, H COBPeMEeHHOro:;

y Depuyaan AR — (S—ﬂ)ﬂ — 1,

B.p 8
5 .
no COBPEMEHHBIM INpeJCTaBJeHHAM Cop = (—1- — ) 2
: =
s 5
[pu -ﬁi 6au3koM K I. mo oOenm gopmyaam — &, = 0. M npn -5[3. Aocra-

2
S
TouyHo GoJablloM, no obeuMm dQopMyaaM HMEeM I;sz(—‘) . Ecan ke,
; 3

3 »
HANPHMED, ﬁ:E, T0 mo nepsofi dopmyae L, =2*—1=3, a no Bro-

poit — ;= (2—1)*=1. Conporup/jeHHe 1A CPEAHHX 3HAYCHHI % (hak-
s 1

THYECKH Meublre, uem no opmysae Depry/iH, OTCIOAA NOABEM BOABI 1101y~
yaercs Goaplue, YyeM Tno ero pacuery. [lo-BHaHMOMY, €CJH Hajel B ONLITE
Bepuyaan MomHO OLJIO MPHOBEHHO YOpaTh HA 3HAYHTE/NbLHOE PACCTOfHMHE,
TO MOJNbEM BOJAL oKaszajacs Goanme 8 2#, Caeayer OTMETHTh, YTO H HAII
PacueT HE MOMEeT CHMHTATLCA OHYeHbL TOYHHIM, TAK KaK NPHHATHH ClOCOD
yuyetda notepb Ha BHE3aNHOE pacuIHpenie, CTPOTro roBopd, NPHUMEHHM JHIIb
A YCTAHOBHBILErOCH JIBHIKEHH,

Tperuft onur BepHyaan npeanpHHAi CHenHanasHO, 4YTOOH elle pas
yOeHTHCA B NMPaBHALHOCTH CBOEro MOMOMEHHA O TOM, 4TO NpH CPEeAHHX
BeJHMHHAX OTBEPCTH MOABEM BOAB JoJkKeH OLTL OoJablIe, MeM 1HOAY-
yaercd 1no ero dopmyaaMm. C neabi0 YMEHbIUEHHS BAHAHHA NOCTOPOHHHX
noMex oH B3AJA Oojaee mHPOKYI0 TpyOxky; auamerp TpyOku Own 7 44,

aauna 46,5 ax, OrtHomenne naomaneil cedeHHii OTBEPCTHIl —:3-= 1,86.
TpyGka Oniia H3rOTOB/ACHA H3 JMeJe3a, TAK Kak nNofl PpYyko#, }"IHEEHBEET
Bepuyaan, ne oxasajgock crexaguuoi, Ha stor pas Depuyaan sartsikana
BEpXHEe OTBEpPCTHE H ONpejeisl, Ha KaKylo rayOnHy A0/KHA OBITh HOTPY-
WeHa B oAy TPyOKa Aaf TOro, 4ToGH MPH OHICTPOM OTKPHTHH OTBEPCTHH
BOJA NMOAHHMAJACH MO Kpasa TpyOku. Dra rayOHHA OKa3ajack papHoft 33 AH.
Bozna B tpyOke, caefoBareabio, NOAHMMAajlach HA 13,0 4# BHILUE YPOBHS
oKkpysamomel Bojn. DepHYAaM NUIUET, YTO MO pacyeTy BOAA A0/KHA OBLIA
noauaTecH Ha 11 4H; HO, BEpPOATHO, OH OIKOCA — IO €ro (popMmyJaam Moay-
gaercd 9,5 4. DTHM onbiToM BepHyJaJaH NOATBEPAHA, 4TO €ro Teopud s
CPe/lHHX pasMepoB OTBEPCTHH AaeT 2aHHKEHHOE 3HaueHHe NMOABEMA BOLHL.
Tlpn BuuHCAeHuH 1O HaurHM (popMmy/aM MOABEM cocTaBasier okoJdo 19 2H.
IMoansaacs Gul HA TAKYIO BEICOTY Boja B GoJaee JJIHHHOM TpPyOke, ecai Obl

OTCYTCTBOBAJ/IH CHJIK TMOBEPXHOCTHOTO HATAXEHHA, —(CKasaTb TpPYAHO.
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YeTpepThi#i ONHT OB NMPOH3BEJAEH CO CTEKAAHHON TPYOKOA AHAMETPOM'
npubausuteabno 3 4#. Ity TpyOky Bepnyaau norpyxan B BOLY Ha ruay-
6uny 20 dx 1 HaGaiofan KoJeGaHHA B Hell NMPH HAUAJILHOM OTK/IOHEHHW
B 1 dx. On names, 4T0 SKBHBaJE€HTHadA JJIHHA MATEMAaTHUECKOTO MAfATHHKE
paBHa npuMmepHo 22 uau 23 da. M3 storo ou chenas BHBOM, YTO NPH-
JHIOdHHE BOALI K CTEHKaM T]J}"'ﬁH HECKOJABKO ,3aMEI/IfeT BpeMeHa KoJe-
Gauuit“ (yBEJAHYHBACT NEPHOJ KoJeGaHHH) 10 CPABHEHHIO C TEOPETHUECKUM.
DepHyaiu TaKikKe OTMETHJ, 4TO 4acTtoTa Koaebauufi W npobGeru saMeTHo
HE HM3MEHSAJHCh JJAf1 PasHHIX BEJHYHH OTBEpPCTHH, KaK S9TO H AOJKHO OHITH
MO TEOPHH AJA TJAYDOKO MOrpyMeHHbX COCYI0B.

Hakouneu, B nocaejgnem, naAToM onwiTe BepHyaaH HcCaegoBaa koJge-
OaHHfl B KOHH4ECKOW Tpybke pauuoit 21 dx. Oano orsepcrue 6HLIO B Ba
C JHIIHAM pasa OoJabuie apyroro. bDepHyaanm npopes OnmeiTH, UOrPYyKasn
TPYOKY OOHH Das y3KHM KOHIOM, JApPYroi pa3 mupoxkuM. PeayaptaTh
ONHTOB XOpPOMIO coraacyloTcia ¢ TeopHeil, OTcloga jaenaeM BbIBOJ, 4TO
TPeGOBAHHE CTPOro IHMJMHIADHYECKOH (OPMBI COCyla B MecTe KoJaebanus
YPOBHA MOMET OnTh ocaabaeHo,

HecATHNIPOLEHTHOE pacxoxieHue y Bepryin MeXay pacueTHEIMH M
SKCNEePHMEHTAJbHLIMH MEepPHOAaMH KoJeOaAHHH BOJE B YETBEPTOM H ITATOM
OMBITAX, Ha HaW B3rJAJ, MOXKHO CKOpee OOBLACHHTHL He NPHIANNAHMEM BONBE
K CTEHKaM, & TeéeM, UYTO EE'['.IH}'JL-'IH HE YHUHTEIBAJ KODPERTHBE CKOPOCTH ﬁ

JIMTEPATYPA

1. Bepryaan [l NuapoannaMuga, uan 3anHCKH O CHAAX M JABHKCHHAX XHAKOCcTeH, M.,
AH CCCP, 1950.

2, Ernasapan b. O, ,M3n. AH ApuCCP®, cepua texu., 1958, XI, 2.

. Uux M. B. Koaebauna soaw B Bonomepsom koaoaue, Tpyam CAHWMPH, smm. 102,
Tamkenr, 1959,




1"

B. E. KPACHOB

BOJOMEPHASI TNPUCTABKA B BHIE TOHKOIoO PEBPA
Y OTBEPCTUS1 B 3ABPAJILHOU CTEHKE IMEPEA 3ATBOPOM
COOPYKEHUY

Ha KpynHuIX MarscTpajbHLIX H pacnpefeHTeNbHHIX KAHAJI4AX HPPH-
FAUHOHHEIX CHCTEM H3MEPEHHEe pacxol0B BOJAHB IIPOH3BOAAT METOAOM pycC-
JOBOH THJIPOMETPHH, T. €. MO CcpeiHel CKOPOCTH M KHBOMY CEYEHHIO 110-
Toka. [lpu aToM J74 CTBOpa THAPOMETPHYECKOTO MOCTA 10 HECKOJbKHM
3aMepaM ¢ MOMOIBLIO THAPOMETPHYECKON BepPTYUIKH HAXOMAT 3aBUCHMOCTH
pacxoja OT HANOJHEeHHA B KaHaJe

Q= f(H), (D)

KOTOPOH NOJAL3YIOTCA AJAA MOBCEAHEBHOTO HaGAIOZEHHA 33 PACXOAaMH BO-
Jbl 110 pelkKe.

Ecan pycio Kamaaa B CTBOpe THAPOMETDPHYECKOro MOCTa HeycToiuH-
BO (pasMmblB, 3aHAeHHe), TO B NpPHBEACHHYIO 3aBHCHMOCTh MEpHOJHYEC-
KH BBOIAT [ONPABKH,

Jlast ruipoMeTPHYECKOr0 CTBOPA, HAXOASUIErOCH B 30HE MNEpPeMeHHO-
ro noanopa, KOTOPHIH CO3J4eTCA HHKEPACHOJOKEHHBIM COODYIKEHHEM,
noayuuth 3apicumocte Q = f(H) neanss. B stom cayuae pacxoj BOIH
JOCTATOYHO TOYHO ONPEAeAdioT TOJBKO C NMOMOLIBIO BePTYUIKH, HA OCHO-
BAHWH PA30BOro samepa, NMPH HEH3MEHHOM I0J0KEHHH 3aTBOPOB COOpYikKe-
HHf, CO3/lalNero nojnop.

PycaoBoft MeTo/ yuera roJOBHEIX PACXOA0OB HA KPYMHLIX KaHAJaX He
BCErja OTBeYaeT TPeOOBAHHAM ONEPATHBHOIO H TOYHOIO BOJOJE/JEHHA.

s uaMepenus pacxoj0B SKCNJAyaTalMOHHAS THAPOMETPHA NOAKHA
HCNOMBL30BATHL BONee coBeplIeHHMe MeToAbl, ofecneudBaioniHe onepariHs-
HOCTh H TOYHOCTh IIPH pacnpefefeHHH BOAL, a Takxke obJaeryaiomHe ap-
TOMATH3AIHIO H TEJCMEXAHH3ANHIO TTPOM3BOJACTBEHHBIX NPONECCOB ynpas-
JdeHHs BOaOof,

Heo6xo0aumM0, UTOGL KPYNHHIE COOPYIKEHHS-PEryaaTops 00/JafdaH
BOJLOMEDPHKLIMH EBDI"EETEHMH., ofecneynBalomMMUMH aBTOMaTHYECKOE H3MEDE~-
HHE PaCXoa0B C NOMOILLIO BOAOYUHHTFBBAIOLUIHX DPHﬁﬂ[}GE;

['on0BHEIE peryjasiTopsl, OTHOCHALIHECS 110 KOHCTPYKIHH K TPYyGUaThHIM
MHOTOOYKOBEIM COOPYMKEHHSM, Jerko nepeo0opyAyioTCs B BOJOMEPHEIE C
NMOMOMIBIO ONpejeneHHoro Buja npucrasok [1, 2] Bgopme KOPOTKHX TPYD.

OTKpEITHE ABYX- HAH MHOTOOYKOBHE COOPYKEHHS, KOTOphIE HMEIOT
B MOHYPHONl 4acTH pasjebHble BepTHKaAbHbe CreHkd (OHUKH), Takke
MOZ<HO nepeobopynoBate B BojoMepusie, Jlifi TakKHX COOPYKEHHH peko-
MEHAYEeTCA NpHCTaBKa B Buje pebpa y orBepcTHss B 3a0panbHOH CTEHKE,
KOTOPYIO NMOMEIIAIOT MEepej 3aTBOPOM B KamiaoM IpoOJeTe.
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IIpHBOJHM ONHCAHHE KOHCTPYKIHH TakOfl MNPHUCTABKM H PE3y.bTATH
Aa60paTOPHLIX HCCACAOBANKI,

ONHCAHHUE U NPHHUMIT NEHCTBUS KOHCTPYKLMH

Ecan B npoaere coopy:KeHHT HA HEKOTOPOM pacCTOfIHHH OT 3aTBOpaA
YyCTaHOBUTL 3a0PaJabHYI0 CTEHKY, @ Y OTBEPCTHA B 39TOi CTEHKE noMec-
THTL TOHKOE pebpo, HeCKOJLKO yRAJCHHOE OT BepXHeit H OGOKOBHX KpO-
MOK BXOJa, TO 310 pebpo o0ecneuHT BOAOMEDPHOCTS.

[punuun neficteHs Takoll npHCTaBKH cOCTOMT B caeayiomem. Boaa,
NpoXoasindasa 4epes OTBEpCTHE, oOTexaer pebpo H cCoO3jaeT ,3areHeHHylo®
SOHY TIOTOKA C NMOHHIKEHHHIM [JABJEHHEM HJH 30HY BaJblla Ha/l OCHOBHLIM
NOTOKOM 32 Kpomkam# pebpa y orBepctus. Hanop BoOAB B KaHaje nepej
3a0pa bHOH CTEHKOH CaAyXHT OOAbIINM J4BJEHHEM, a B ,3aTeHeHHOil"
30He noToka GGPEE}FETCH MEHbIIge naBJcHHEe,

ITo paznocTH yKasaHHBEIX ABYX JAaBJIcHH ONpeaeasioT pacxol, BOJLEHL,
npoxoaamuil uepea orBepcTHe, Mo dopmyae

Q=KoV2gZ, , (2)
rae K — kosuunent pacxoja BogoMepa, HMeomuii onpejaejeHHOE H
NOCTOSIHHOE 3HAUCHHE;
@ — IONA/L CCYCHHA OTBCPCTHS B 3a0paabHOil CTEHKE;
Z, — Pa3HOCTL JaBJAEHHIl B ceueHHsaX Bepxsero Obeda M 32 KPOMKOR

pebpa.
CymMa pacxofloB HECKOABLKHX OTB2PCTHIl COCTaBJAseT pAacxoj] BCEro
COOPYIKEHHH,

ABToMaTH3auua u3MepeHHfi pacxona obecneymBaeTCH IIPHMEHEHHEM
nuddepennnaabipx npuGOpPOB.

METOJAMKA H PE3YJILTATHI JIABOPATOPHBLIX HCCIEMNOBAHUH

Bojaomepryo npHcraBky B Buae pedpa y oOTBepcrHa B 3a0panbHOI
CTEHKE HCCACA0BaJAH B Ja00pPaTOPHLIX YCJIOBHAX HA MOJAENHX COOPYIKEHHH
C pa3JHYHBEIM COOTHOWEHHEM CTOpoH orBepcrus. Macwirad wmojpedeil Obia

npHuAT paBueiM 1:10 ot marypHoro pasmepa coopymxennda. Mogeauposa-
HHe npou3BoAHan no Ppyay.

Ha mojpean npu BelcoTE OTBEPCTHA, paBHOil @ = 100 Mma, wHpHHA OT-
BEPCTHA 3a1aBajach W3 cooTHomenus b:a=1; 2 n 3.

Pazmepnl peOpa OTHECEHH K BHLICOTE OTBEDPCTHA M IIPHHATH MO aHa-
JOTHH C JIAHHEIMH Pe3yJLTATOB HCCAeaoBanuil, nmpoeenennnx B. M. Xan-
AMOHKOBBLIM 110 BONPOCY YMEHLIIEHHA aspOJHHAMHYECKOTO CONPOTHBIEHHSH
orsepeTiil KoabueBLIME peOpaMn i yerynamn [3]: ganna pedpa LPE& ==(),20 a;
paccrosiHHe OT BepxHel u GOKOBEIX KPOMOK OTBepeTHa A0 pebpa {, , = 0,20 a;

ped
toamuua pebpa £, .= 0,03 a. 3abpaavian crenka ¢ peGpoM noMeuleHa

epes 3aTeopoM Ha pacCTOAHHM, pPABHOM BHICOTE OTBepcrHs a, C TOH
1eNb10, 4TOON W30eKaTh BAHAHHA OTKPHITHA 3aTsopa Ha KO3(pDHIHEHT
pacxoaa BoaoMepa. :

Bausnne nmoaoxenus satsopa Ha peanuuny kostpduumenta K gaa Bo-
JOMEpHEX NPHCTAaBOK OLIIO H3YHEHO paHee, H Pe3y/AbLTaT HCCAEA0BAHHII
npusefen B cTaThe [4].

Meroauka Ja00opaTopHEIX MHCCAELOBAHHII COCTORJAa B CAEJYIOLIEM.
Uepes MOLeAb NPONYCKAIH YCTAHOBHBIIMACH pacxoi BOJAbl, KOTOPHIA 3a-
MEpAaH MEPHHKOM ¢ ownbkon +0,5%.
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OTkpuiTHe 3aTBOpa H3MEHAJH B npepenax or A, =ano h,=0,25a

H Hanoph nepex 3abpaavHolt crenxkoil — ot H =15 a no H=3,5 a.

Ha Garapeio nse3aoMeTpoB NPOH3BOAHAH OTOOP JaBJACHHI B BEpXHEM
Obedie, B ueTHIpeX TOuKax mo JAJHHe peGpa (uepes 5 mm), B IHUTOBOH
maxTe H B HHXHeM Obede oTBOAA.

Cxema moneaum uzobGpaxkeHa wa puc. 1.

Paspes o 02y Buicss.

1 - 1
PO IO LT BT T I T T I PG I IS i i i Pt r b d i | VWodiirdd s s o o e

Puc. 1. CxeMa MOnean OTEPHITOrO Peryiaropa ¢ NpHCTABKOM
B Buie pefpa y oreepcTHda B 3a0panbHOH CTeHke:

i=tonkoe pedpo, 2—3a0pasbHan CTCHKA © OTHEPCTHEM, J—3artnop.

[To samepeHHoMY pacXOAy H PasHOCTH AaBJAEHHIl Z — MeXIY BePXHHM

GredoM u TouKkamu oTGopa 3a KPOMKON pebGpa — onpeneasan xosddumu-
EHT pacxona Boaomepa K no dgopmyJae

”ﬁ' . K 0
: | T8 = 3
| \A‘Ir\\ | 4 wV2¢z, 6 ' (3)
| | |
49— %—\1' . rie Q — pacxo/ BO/bI, H3MEDPEH-
: - | : HBIH 110 MEPHHKY;
- | ©=b-q — nJ0mWAa L OTBEPCTHH B
, CTEHKE.
| [ AHAJOTHYHLEIM 06pPa30M ONpejeasan
g5 L L L L L L) xosdpuuEenT Dacxoja CHCTEMB s, MO
' ~ 7 PasHOCTH TOPH3OHTOB BOJAN B BEpPXHEM
Puc. 2. I'padmuk aaBMcHMOCTH H HmkHeM Onede z,:
K .-.f(g] I NPHCTABKH B Bile peb- 0
pa ¥ OTBEpPCTHA B CTEHKE: bl @ ;,—'_-_g gi’.’: ’ {4}

J—pam otoepeTna  bia=1; 2—iaa oTBepiTHY
bra=2, J=—228 oTREpCTHR Lia=4d,
Ha ocroBanui NpoBeJEHHBIX HCCAE-
AOBAHUH HA TPeX MOJAeJsiX BOJOMEPHBIX COOpPY:XKeHHil € OTBepCTHAMH
b:a= 1, b:a—2 u b:a— 3, noayueHH CAeAYIOIIHE Pe3yALTATH.
. 1. Kosppununentst pacxona mopomepa K 3aBUCAT OT HAMOPA B BepX-
HeM Obee H PasiHYHBIX COOTHOWICHHI CTOPOH OTBepcTHs. Kpusne sasu-

CHMOCTH -‘('=f(%) npu cootHomenuax b:a=1, b:a=2 u b:a =38 n

YETHPEX OTKPHTHAX 3aTBOPa npupejleHH Ha pHC, 2, AHAJAN3 KPHBHX rpa-
(¢uKa MOKasuBaeT, UTO NPH YBEeJHUEHHH HAmMOpa nepejx 3abpansHoil CTeH-
Kol or A =1,5a no H=2,5a nas oreeperuit ¢ ornHomenuem b:a or 110
3 4HCJEeHHOEe 3HaueHHe Koauuuenta K yMeHbIIAeTCss M NpH  Hanope
H>2,0a npakTHYECKH OCT2eTCH MOCTOSHHBIM.

. 2. Bo Bcex cepHAX ONBITOB HA MOAENAX MPHCTABOK NPH HIHPHHE OT-
Beperuit b:@ or 1 10 3 xoadduuueHTH pacxoga BOAOMEpPA NPAKTHUYECKH
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HE 3aBHCAT OT OTKPLITHA 3aTBOPAaH OCTAIOTCA HEM3MEHHBIMHM TIPH 3aJaHHOM
Hamope B BepxHeM Obede.

3. I'lpu anaause sHavennit xo3(pHUHEHTOB pacxosa BOAOMEpa Mo
yeThlpeM TOuYKaM (ceyeHusM) orbopa AaBiaeHu#l no AjuHe pefpa yCTaHOB=
AGHO, YTO AAS CeYeHHH, OTCTOAIIMX OT KPOMKH pelGpa Ha pacCTOAHHH
20,2 b, xospdunuentt K ocraiorcs nocrosuuniMu. Orciofa caenyer,
4yT0 OTOOpP JaBJAEHHA HAa BOLOYYHTHLIBAIOIHHA NPpHOOP MOKHO TNPOH3BOAHTH

B JI00OH Touke no AauHe peGpa o

| ¢ ] ]| OCH coopy:keHns (B yxasanHbIX npeje-
Wi - =4 Jax sHaueHus [).

49 Vi | % 2 1= 4, Jlas uccaenoBaHHOM CXeMbl MO-
07 | Jley COOpYyKeHus, COCTOAEro H3 3a0-
: paaLHoOll CTeHKH ¢ peGpOM y OTBepCTHA,
47 i maxTel AJHHON @ ¥ OTBEpCTUd, C 3aT-
a5 L BopoM, kosdduuHenTH p_  onpeneas-
gspleel || i ANCH MPH NOAHATOM 3aTBOPE N0 Pa3HOC-

|
; g = ﬂi TH FOPH30HTOB BOJL B BEDXHEM H HHK-
Puc, 3. TpaGiic samHeuMOLTH Hem Obedax. 3naveHus Ko3(hPHIIHEHTOB
b : b pacxoja cucreMn! u obimero kKosddHnH-
e E’F(T) A ( a) AT MO eHTA TMADABAHYECKOTO COMPOTHBACHHS
ACAH COOPYKEHHS C NPHCTABKOH B BH- pag pasHoil MIMPHHLI OTBEPCTHH B CTEH-

e S K& mpHBejeHsl HA rpacduxe puc. 3.

M3 rpadmka BHAHO, YTO C YBEJHUEHHEM INHDHHB OTBEPCTHHA NPH MO-
croannofi BeicoTe Kos@uuUMEHTH + BOSpacraior, a KoaduuHeHTH Ccon-
pOTHBJAEHHS [ COOTBETCTBEHHO YMEHBIIAIOTCA, ITO 00BACHACTCA TEM, UTO NIPH
VBEJAHUEHHH WIHPAHLL OTBEPCTHA B MPHHATHX mnpejeaax (bia=1-=-3)
CHHKaeTcs aoag OOKOBOro CXaTusg NOTOKA B NMPHCTABKE OTHOCHTENLHO NJO-
majal OTBEPCTHSA, CJAeJ0BATENbHO, YMEHbHIAETCH COMPOTHBJAEHHE BXO0AA,
a nponyckxad cnocoOHOCTL' HECKOJABKO YBEJAHUHBACTCH.

Koahduuuent p. cayxuT AAs pacyera nponyckHOH cnocoOHOCTH co-
OpyEeHHA, HMEIOIEro nepein 3aTBOPOM NPHCTABKY.

NMPAKTHYECKHE PEKOMEHJAUIHH MO NPHMEHEHHIO NMMPHCTABKH
B BHWJIE PEGPA ¥ OTBEPCTHUSI B CTEHKE

[Tpucrasky B BHAe peGpa y OTBEPCTHA B CTEHKE pPEKOMEHAYETCS B
OCHOBHOM HCNO./1L30BAThL JUI NEpeobopyAOBaHHA TIHAPOTE XHHYECKHX CO-
pr}HEHHH OTKPHITOrO THNA, HMEIUHX OIHH HJH HECKOJBKO NpoNEeToOB, B
ueAfX NPHAAHHS HM BOJOMEDHHIX CBOHCTB. [lnf 3TOro eaaresbHO UTO-
OB COOpYHEHHE HMEJO0 CAeAYIONHe XaPaKTePHCTHKH:

1) nanop B Bepxunem Obede [>20a u xonebaHus TOPH3OHTA B
npeaeaax AH=a, rae a — BucoTa OTBEPCTHA B 3a0pajibHON CTEHKE;

2) wupuna oreeperusa (npoaera) b = (1,0—2,5) a;

3) pacweTHHI nepenaj CHCTEMBl WJIH Pa3HOCTb I'OPH3OHTOB BEPXHEro H
HuxHero Ovedos Z, >0,5 .

Haanune yxkasaHHHX XapakTepHCTHK obecneuuT HOpMaJibHyio paboTy
BOJIOMEPHOTO COOPYMKEHHf MNPH 3aTOMIEHHOM H CBOOOJHOM HCTCYEHHH B
HHXHAA Osed.

Bo3aMOkHE Hamopw B BepxHeMm Ornede f1 > 1,6a, rorna koaebannsd
ropu3aonTa BepxHero Gbeda He AoMkHH npeBmmath AH = £0,2a.

! lan yBeAHYeHHs NpONYCKHOA CHOCOGHOCTH BOAOMEDPHWX COODYKCHHI HHK,
WM. B. Xamazos 8 1960 r, pexoMeHioBaJ NpHMeHATHL miasHoofTexaeMble BXOALI H I[OJKH.
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FlpumepHan cXema KOMMOHOBKH OTKPHITOrO MHOIONPOJAETHOr0 BOIO-
MEPHOTO COOPYMEHHA C MPHCTABKOH B Buae pebpa mnokasaHa Ha puc. 4.
FlpuMeHeHHe TMPHCTABKH B BHAE peGpa HEe OrpPAHHYHBAETCA NPHBEAEH-
ol cxemofi. OHa C ycnexoMm yOXET GHTh MCIHO/Ab30BAHA MPH KOHCTPYH-
POBAHHH TPYOUATHIX COOPYKeyul AMA-Bon03ab0pa H3 BOJOXPAHHIMIL,
Ilpp nepeoGopynopa- .
HHH CYUIECTBYIOUIHX CO- HBaspes no I
OpPYXKEHHH B BOJAOMEpHHIE ]
cAeAyeT HMeTh B BHAY, -
YTO BBEAEHHE [PHCTABKH : : 7”'.
B KOHCTPYKIHIO OTKPLITOTO /A
PEryAATOPa C [JOCKHMH : : —
3aTBOpPAMH  YBEJHYHBAET
NPONyCKHYI0 CiioCOOHOCTD
COOpYXKeHus B peaom, H6O
KoappuunenT pacxojaa
CHCTEMEl BOJLOMEPHOTO CO- |
OPYKEHHS, OTHECEeHHH K Mgk congy#enin
CEUEHHIO OTBEPCTHS B CTEH= = - : J

—
s a———
= ==

T

ke (cMm. puc, 3), Goasme

KO3(MpULHEHTA pacxona

CHCTEMBI OTKPLITOr0O COOPY -

XEeHHA upH satonaendoMm [ l
{

¥

— 11

,_,
i

L]
®

HCTeUYeHHH H3-10A 3aTBOpa
{0152_0154}'

Pacyer oTtBepcrna B
3abpaabHoil cTeHke naad Puc. 4. CxeMa BOLOMEpPHOr0 OTKDBITOTO MHOrONpPO-
3ATONJEHHOr0 MCTeYCHHA AETHOrO COOpYHEHHN:

, I=touxoe pehpo ¢ narpyvixom npubopa, 2 —noaoyauTRDARLMA
“FICIHEBD.I[HT no [;UDPM yae nEul&Ep. 3=-=-:1I:Eglq1ﬂ.'lhlian IT:'rtn.I::a. d=—aatnop,

J

Q=p 0V 2gZ, (5)

raie p, NPUHHMAETCHd MO PHC. 3 B 3aBHCHMOCTH OT OTHOWIEHHs b:a.

Bricota OTBEPCTHA HOJXKHA OBITH PAaBHOH MJAM O0JAbIIE BBICOTH MAaK-
CHMaJbHOTO OTKPEITHSI 3aTBOpAa NPH HOPMAaJbHHIX YCJOBHAX pabOTH COOpy-
WMeHus. _

Vyer pacxona BOJbl, MPOXOAALIEH uYepe3 BOJAOMEPHOE COOpVIKEeHHeaC
peGpoM y OTBEPCTHS B CTEHKE, NPOM3BOJAT N0 Nepenasy AdasieHuid Z. B

ceueHussX BepxHero G6beda u 3a ocrpoi kKpomkoit pebpa ¢ noMouib NpH-
Gopa— JAHHAMHYeCKOro pacxojpoykasareas — JIPC-60. C stofi neasto nar-
py6ox npubopa ycTaHaBJAWBAIOT B OTBEpPCTHE B ILeHTpe pebpa Haj Bepx-
Heft kpomkofi Bxona. llopiuens, nomMeunieHHuli B narpybGKke, BOCNPHHHMAET
yKasaHHbLI nepenaj gasBieHHd, a MexanusMm npubopa mnpeobpasyer ero B
noKasaHue pacxojaa Ha mwkane uudepbaara.

Pacxon MHOromnpoJeTHOro COOpyKeHHd HaXOAAT CYMMHpDOBaHHEM Mo-
KasaHuil npuGopoB.

Jlas pasaGuBku pacxoiHofl mKkaaAw HA nudepbdaare npubopa NOALIYIOT-
ca dopmyaoit (2). I'[aémﬂm{ pacuera H3/J0¥EH B HHCTPYKIIHH IO SKChmaya-
TaiHi npudopa PC-60

[orpemHocTs B OnpejieleHHH pacxo/ld Ha BOJAOMEDHOM COOPYKEHHH
C ONHCAHHOH KOHCTPYKUMEH NMPHCTABKH CJAaraeTcd H3 TPeX BeIHYHH:

a) morpemuoctH xos(pduuuenta K Bomomepa;

0) norpemHocTH nNpuoéopa B H3MepeHHH Nepenaja AaBAeHHH u npeod-
pasoBaHMH €ro B NOKa3aHHe pacxoja;
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B) MOrpPeliHOCTH B M3MEPEHHHM IJOWAAM OTBEpPCTHA B 3a0paabHOR
CTEHKeE.

[Morpemnoctes kospdunuenta K onpegensiercs omHOKON ONBITA NPH
3aJlaHHOM nocTosHHOM Hanope ff u pasamuHbix £, ., dta omubka co-

CTaBafeT
o= =+ 1,6 —2%.

Kpome TOro, npu pabore COOpyHeHHS BO3MOMKHO H3MEHEHHE rOpH30H-
Ta BoAbl B Bepxuem Guede A, uTO BLI3LIBACT COOTBETCTBEHHOE H3MCHEHHE
snavenus xosppunuenra A (puc. 2). [lostomy szazaiwor npegeint HsMeHe-
HUA Hanopa B BepxHeMm 6Gbhede m yuuThBaloT OHOKY KO3a(duineHTa St ¢

Owmudkn xosddunnenta K npu BO3MONKHBIX KONEGAHUAX IOPH3OHTA
B BepxHeM Obede npuBoaATCH HHKE:

H Or 15 a Or2a Or 2,5a
no 2a ae 2,5 a n Goaee

Tx(H) 4 4 + 4 + 3.

[Torpemnocrs npuGopa IPC-60 B u3MepenuH nepenaja LaBiAeHHR B
NPOH3BOACTBEHHHX VCJAOBHAX COCTABJAET
i Eﬂ]"lhlﬁ- — i 2?6-

[MorpemwHOCTL B H3MEPEHHUH IIJONIAJAM CEYCHHA OTBEPCTHA B 3alpaJb-
HOH CTEHKE MOMKHO HPHHATL PaBHOM

O P S 3 )

OGias DOrpemHOCTs B H3MEPEHHH PACX0Ja COOPYMEHHS Onpeneaser-
CA KaK CpeiHsAs KpajapaTHuHas OmuOKAa INPHBEAEHHBIX BBIIIE NOTPeIHOCTEHd

— 2 2 2 2
ﬂv.::lu::q:r e V 9 -+ Su(r) T Fupub ;> “klo) *

Ecau npuuate Hanop B BepxHem Obede NOCTOAHHBIM -HAH  H3MEHTI0-
mumcs B npegeaax AH = +0,2a,a npu 1,6a<H<3a, To o6uias norpemui-
HOCTh M3MEpPeHHA pacXoja COCTaBHT

Tobm, = = = < oy 3,6%.

Beawuuna obmei HOTPCINHOCTH HE NPEBHIIAET YCTAHOBJACHHOH TOY-
HOCTH H3MCPCHHA PACXOJA0B HA OPOCHTEJLHBIX KaHaaAax,

BbBIBO/bI

1. Tlpumenenne BofoMepHOll NpHCTaBKH B Bije pebpa y OTBEPCTHR B
3a0pa/bHOll CTEHKe 103BOJSET aBTOMATH3HPOBATL YYET pacxona Ha OTKpPhI-
THIX I'HJAPOTEXHHYECKHX COOpPYIKeHHAX.

2. Beejenue B coCtaB COOPY:KeHHs 3abpaabHORt crenxu ¢ pebpoM y
OTBEPCTHA HE CHHIKAET HNPOMNYCKHOH ClHOCOOHOCTH COOpPYIKCHHA B IGJAOM.

3. Ecan OblykH MMEIOT ILIdBHOE oOuYepraHHe B IJaaHe, To OOKOBHIE
pebpa y oTBepcTHs He ycranapaupawoT. [lpn sToM coxpaHfioTcs YC/AOBHS,
obecneyupalonlie YKA3aHHYIO NPONYCKHYIO CIOCOOHOCTL COOPYHKEHHS.
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