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IIpouHocTh M MOpexojHbie KayecTBa
MOPCKUX CYJO0B

YK 629.12 : 532.5.041

I. H. 3usvoman, E. T. Kuraesa, b. B. Mupoxun

UCCJEJLOBAHHUE OCOBEHHOCTEN KAYKHU CYIHA
HA HEPEryJisPHOM BOJIHEHUHU
METOOOM CTATUCTHYECKOIO MO EJIUPOBAHUSA

B Hacrosillee BpeMs moBeJeHHe CyAHA Ha DeEAJIbHOM HeperyJsp-
HOM BOJIHEHHH ONHMCHIBAETCS BEPOATHOCTHHIMH MeroiaMu. CyaHO npu
5TOM paccMaTpPUBAeTCs KaK JIMHeHHAas AWHAMHMUYECKAS CHCTeMa, HaXo-
ISIMAsCs NoJ AEHCTBHEM CTAlMOHAPHOTO <CJIYYafiHOTO IIpouecca, Xa-
paxTepusyioliero BoJHenue. CuhTaeTcs, YTO ODPAHHATH M YKJOHEI
BOJIHEHHs] pacnpeliesensl mo HopMmaabHoMy (I"ayccoBy) 3akony. dto
NO3BOJIAET NPHHUMATL pacHpeleseHre BHIXOJHOrO mpouecca (KoJaeba-
Huil cyana) takke ayccoBbiM. OCHOBHBIM COOTHOLIEHHEM CIIEKTDPaJb-
HOH TEOPUM KAUKH SIBJSETCS

SBmx = | @ [2 Sax: (1}

TAe Sperx, Spx — CIEKTPalJbHBE IUIOTHOCTH BHIXOJHOTO H BXOZHOTO
CTy4aliHBIX IIPOLECCOB cooTBeTcTBeHHO; || — aMmauTyAHO-4aCTOT-
Has XapakTEePUCTHKa KOJeOaHui CYAHa KaK JHHEHHOH AHHAMHYECKOH
CHCTEMHI.

Briuncnenue mo sTOl YIPOLIEHHOR cXeMe OKa3hiBaeT YAOBJIETBO-
puTeJIbHOE COrJIacHe C ONBITHHIMH JAHHEIME JJSi BCEX BMIOB KauUKH,
3a uckJjouenneMm GoproBoi. HecooTBeTcTBHE pacueToB AJAS 3TOrO
BHJA KOJNEeOaHHH ONHTY BOSMOXKHO IO CJAEAYIOIIHM OCHOBHBIM IIPH-
YUHAM: ' :

NPHHATHE Y YACTOTHHIX COCTABJAIIIMX CIEKTPAJIbHON IJIOTHOCTH
OPAHHAT BOJHEHHS Sy NUCTIEPCHOHHOIO COOTHOIUEHHS, H3BECTHOTO H3
JIMHEAHOHA TEOPHH BOJH MaJIO¥ aMIVIMTYAB M, KaK CJeICTBHe, HETOd-
HOCTb HCNOJIb30BaHWs JJIst BBHIYHCIAEHHSA CIEKTPAJdbHOH IJOTHOCTH
VKJIOHOB BOJIHEHUSA S, BHPaXKEHHUs '
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HeJMHeHHOCTh ‘GOPTOBEIX KOJEOAHHH CyAHA NPEXIe BCELO ¢ TOUKH
3peHHs CONMPOTHBJIEHHS KayKe M BOCCTAHABJWBAIOUIETO MOMEHTA.




drcnepHMeHTabHBIe HCCIeJOBAHHMS XapPaKTePHCTHK  PeasibHOro
BOJHEHHS] Ha TMIYBOKOH ¥ MeJKoi Boje mokasanu [l], uto cmekTpaib-
HBle MJIOTHOCTH ODAMHAT W YKJOHOB BOJIHEHHS CBSI3aHBl COOTHOIIe-
HUEM '

So~ k3 Se, : (2)

i k;=2n/§; A — CpeJHAs IJHHA PeasbHEIX BOJH.

Hcnoab30BaHHEe COOTHOIIeHHS (2), a TakXe YydyeT TpPeXMepHOro
XapakTepa peajbHOTO BOJHEHHA IIPHUBEIH K YAOBJIETBODPHUTEIBHOMY
COTJIACHIO MEXIY PACUETHHIMH M ONBITHBIMH BejuumHamu [2].

Vi3 OmBITOB CJENyeT, YTO 3aKOHH paclpefeseHdHss OGOPTOBBIX Ha-
KJIOHEHHEH OTJIHMYaloTCs OT I'ayccOBHIX, a aMIIHTYZ (pasMaxoB)— OT
PaneeBsix [3]. DToT GakT MoKeT OHITL OOBACHEH OTKIOHEHHEM 3aKO-
HOB paclpelesieHuss IPOLECcCOB BOJHEHHA OT HOPMAJbHOTO ¥ BJIHS-
HHEM HeJMHEeHHOCTH NMHAMHYECKOH CHCTEMBI, HCKaxKawlled, Kak Hu3-
BECTHO, 3aKOHBI pacnpeaejernusd. [Js (opMasbHOTO HCIOJAb3OBAHHUSA

-3aBucuMocTH (1) Takas cHcTeMa JMHEAPH3YETCS B NPEANOJNONKEHHH

cOXpaHeHHs HOPMaJILHOrO pacnpejefeHus. BausHue 3Tux (akTopoB
B ONBITaX Ha peajbHOM BOJHEHHH U3YUuTh Kpafine TpyaHo. OnHuM K3
BO3MOXKHBIX OyTeH WX pasfiefeHusl SBJIAETCS CTAaTHCTHYECKOe MOAeNH-
poBaHme clyuafinoro mpouecca Ha ALIBM.

B macrosumefi paGoTe TOKa3aHO IpUMEHeHHe METOXOB CTaTHCTH-
YeCKOr0 MOJAEIHPOBaHMs /IS OIEHKH BJMSHHS HEJHHEHHOCTH ypaB-
HeHHH GOpTOBBIX KOosle6aHHH CYNHA Ha 3aKOHBI paclpeAeNeHHs YrJoB
HaKJIOHeHHuH. '

PaccmaTpuBaercsi YKOPOUeHHOE yPaBHeHHE GOPTOBOH KauKH

§4-2v|01°F 'sign 6 + n0 (1 — e0%) = nenba (1), (3)

rae v-—KoapduuueHT AeMndupoBaHUA; € — KO3()(PUUHEHT, YUHTHI-
BAaOIMH HEJMHEHHOCTh BOCCTAHABJMBAIOLIEH XapPaKTEPUCTUKH; Mg —
yacToTa COGCTBEHHBIX KOMeGaHMi cyAHa Ha THXO# Boje mpu v=¢=0;
% — [ONPaABOUHBIA KO3()(GUIHMEHT, YYMTHBAIOMUHA KOHEYHOCTh pagme-
POB CyAH4 0O CPaBHEHMIO C pasMepaMu BOJH; o — YKJIOHBI BOJ-

HEHHA.
Takaa ¢opma npeicTaBjeHHs [eMnpUPOBaHHA KOMIIAKTHA H XO-

POUIO aNNPOKCHMHPYET ONBITHYIO saBucuMocTb 2v={f (0). IIpu £=0
OHA COOTBETCTBYET JHMHEHHOMY 3aKOHYy, npu k=1— KBagpaTHYHOMY,
npu k=2 — KyOHYeCKOMY 3aKOHY COIPOTHBJIEHHSL.

Ha ocuoBauuu oTHOLIEHHS (2) VKJIOHBI BOJHEHHS MOXKHO NpPeACTa-

BHTb KaK _
a ()= () =L 0,

TAEe G — CPeJHsIsl YacTOTa BOJHEHHS. :
Ypasuenue (3) mccaef0BaHO YHCICHHBIM pelIEHHEM HA SLBM npu

pasNMUHLIX BHAaxX HeauHefiHocty. - [losaraercs, - 4TO BOJHEHHE "SB-

JissleTcsl CTAIHOHAPHBIM CJIyYafHBIM MPOLECCOM, OPAHHATHL H YKJIOHBI
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Puc. 1. Vamenerne kputepus ¥2 U Kospduumenta sxcnecca Ex
B 3aBHCHMOCTH OT CTElleHd HeJaHHeHHOCTH R:

1 — 29=0,04; 2 — 2v=0,113; 8 —2v=0,3
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Puc. 2. BrusinHe HeJHHefHOCTEH Nmo compoTHBAeHuo (I) H
BOCCTAHABIMBAIOIIEMY MOMEHTY (2) Ha KOS()(QHLHEHT IKC-
ecca



£ =0,29 ¢ =0,9. Bosimenne Bapsuposajoch ot IV go VI 6anios u xa-
PaKTePH30BaJIOCh CJELYIOIHM 00pasoM:

Bamael . . . v v . 0. . v \% VI
ha%, M . . . .00 2,0 . 38,5 6,0
Omax, Pag-c=! . . . . . 1,45 1,0 0,78

. Bosinenne TaxkKe 3agaBaJjoCh HOPMAaJbHBIM ‘CJIyllaI‘/'IHbIM npoueccoM.

W3 puc. 2 BUAHO, UTO HeJMHEHHOCTb CONPOTHBJIEHHS 60pTOBLIM
KOJIe6aHUAM NPUBOAMT K YMEHbIIEHHIO Koa(d¢uiueHTa 3Kcnecca; Ko-
3(QUINEHT aCHMMETPHH NP TOM IPAKTHYECKH HE H3MEHSETCH. He-
MHHEHHOCTD 110 BOCCTAHABJIHBAIOIIEMY MOMEHTY OTKJOHSET 3aKOH pac-
IpeeseHys OT HODMAJBHOTO 3a CUeT yBeJnueHns Kod(QHuueHTa SKC-
mecca; acHMMeTpPHs TIDH 5TOM OCTaeTcst HeusMeHHOH. Buuanne
HEJHHEHAHOCTH IO CONPOTHBJEHHIO CHJbHEE, YeM II0 BOCCTaHABJAMBAIO-
1IeMy MOMEHTY. :

Ha puc. 3 mokasaHo u3MeHeHne Ko3(ppuuueHTa sKcuecca Ipu OA-
HOBPEMEHHOM yueTe 06eux HenuHefinocted. [luisi cpaBHeHus 37eCh XK€
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Puc. 3. Usmenenne KoadduuyenTa 3kcuecca NpH OLHOBPEMEH-
HOM yueTe ofeux HeJHHeHHOCTei (* — 9KCIEpPHMEHT)

HaHeceHa TOUKa, IOJyueHHas sKcnepuMeHTalpHo [8]. Bunuo, uro cyie-
CTBYeT KaueCTBEHHOE COrJlacHe MeXJY ONBITOM H PacueToM. Boaxee
CHJIbHOE YMeHbIIeHHe Kos(pdHIHeHTa JKCIecca B ONBITE MOXeT OHTh
BHISBAHO OTKJIOHEHHEM XapaKTePHCTHK peasibHOrO BOJHEHHS OT HOP-
MaJIbHOTO 3aKOHA paclpeieseHus.

Ha puc. 4 nmoxasaHo W3MeHEHHE AUCIEPCHI . BHIXOAHBIX MPOLECCOB:
OpY yueTe HEJIHHeHHOCTH TO BOCCTAHABJHBAIOUIEMY MOMEHTY.

ITpoBeneHHble HMCCIELOBAHHA MOKA3BIBAIOT BO3MOXROCTb HSYYEHHST
KAauKH CyAHA Ha HEPEeryJsPHOM BOJIHEHHH METOJaMM CTaTHCTHYECKOTO:
MojenupoBanus. HecOMHEHHHIM NPEHMYIIECTBOM 3STOr0O MeToxa siB-
JseTcH BO3MOMKHOCTb H3YUeHHs HEJIHHEHHBIX CJIyyaHHBIX KoJeGaHui,
a Takxe NeHCTBHs BOJIH, XapaKTePHCTHKH KOTOPBIX UMEIOT NPOH3BOJIb-
HHIIl 3aKoH pacnpefeienus. OTKas OT JuHeapH3alMy HCXOAHBIX ypaB-
HeHwmil M03BOJsET He TOABKO JKOHOMHTH MalMHHOe BpeMs, HO H Goxee
TOYHO NOJYYaTh BEPOATHOCTHHE XaPAKTEPHCTHKH KAUKH.
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[IpoBesieHHBIH UHC/IEHHBIH JKCIEPUMEHT MOKasal, HTO HeJHHeH-
HOCTh [10 COTPOTHBJEHHIO GOPTOBHIM KOJEOAHHAM NPUBOAHUT K YMEHb-
mennio Kos(@uIHEeHTa 3KCIecca, a [0 BOCCTAHABIHBAIOIIEMY MO-
MeHTy — K ero yBeauuenuio. Ha Kod(QdUIMEHT acHMMETPUH HeJInHeH-
HOCTH B HCCHETOBAHHON OGMACTH NPAKTHUECKH He BJIHMAIOT. Yuer

Pl o
1, 5 / \\\

10 A ) I baanei

2,0 35 6,Uh3%',M‘

Puc. 4. Uamedenue aucrepcud yrioB GOPTOBOH Kaukk NpH
yueTe HeJUHEHHOCTH BOCCTAHABJHMBAIOLIETO MOMEHTA:

0
Dy— £=0,0; D § —e=09

HeJMHeAHOCTed NPUBOAMT K H3MEHEHHIO LHUCHEPCHil BHIXOAHBIX MPOLEC
COB 10 CPaBHEHHIO C JIHHEHHBIM W/ JIHHEAPH3OBAHHEIM BapHAHTOM.

T[IpuMeHeHHe METOLOB CTATHCTHYECKOTO ~MOAENHPOBAHHA KAUKH
cyana #a DLBM npu Haaunuuu JOCTATOYHOM HMCXORHON HHPOPMAUHH
HO3BOJISIeT 6oJjiee TOYHO ONHCHIBATH NPOHCXOASILIME BEPOATHOCTHEHIC
npoueccsl H MOXeT GbiTb PEKOMEHIOBAHO [JIsi NPaKTHYECKMX pac-
YETOB.
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YIOK 629.12.011

0. H. Conomenyes

O JBYX METOIXAX PACYETA
BOPTOBOM KAYKU KATAMAPAHOB

B 3ajaue HOpMHPOBAaHHUsS OCTOHYMBOCTH MOPCKHX KaTaMapaHOoB
[1] BaxHO HMeTb BO3MOXKHOCTb pPACCUHTaTh AaMIIMTYAY GOPTOBOM
KauKH.

VpaBHEHHS BepPTHKaJpHOH H OOPTOBOH Kaukd B IPEANOJIOXEHHH,
| yro 6OpTOBas Kayka C1ab0 3aBHCMT OT APYTHX BHAOB KaukH, I
‘ PacCHOJIOXKEHHOTO JIaroM K BOJHAM KaTaMapaHa MOryT OBITb 3al-
caHbl B BHJE

(M 4 2) &+ Ne& + 0g St = 2o sin (of + &); (1)
(/5 + Ag) B + N -+ DAO = Mg, sin (of + &), (2)

roe M, J.—Macca u MOONEpeuHBli MOMEHT HHEDIHH Macc KaraMma-
paHa; Ag, he— IPUCOENHHEHHAs MacCa M INPHCOEAWHEHHEIH MOMEHT
VHEDUMH Macc NPH BEPTHKAJbHOH M GOPTOBOH Kauke; N, Ne— K03(-
dunuenTH JAeMnbUpOBaHHS BePTHKANbHOH M GOPTOBOM Kauku; St
D — momany AeHCTBYIOWIEH BATEPAHHMM M BOJOH3MeEIeHHe (MJIs
060HX KOPNYCOB); 2o, Meo— aMIVIUTYAb BO3MYyLIAIOUIEH CHJIBI U BO3-
MYIIAOIEero MOMEHTa; €, &¢-— (a3oBhe CHBMTH BO3MyLlaiollen
CHJIBl B BO3MYIUIAIONIEr0 MOMEHTa MO OTHOLIEHHIO K HaberaioluM BOJ-
HaM; ® — YacToTa Haberalouux BOJIH.

[Ipoune o6o3Hauenusi oGmwenpuHATe. IlycTh, manee, Bce KO3du-
LWeHTH B JeBHX yacTax ypaBuenu#l (1), (2) m3sectun. Torma pas
pacuera zo 1 Mo CYLIECTBYIOT CIeyIOIHeE ABa COCco0a.

[TepBBifi croco6, HM3BeCTHHIH KaK HPHEM OTHOCHTEJBHOIO [BHXKe-
HHsA, OB BBeJEH cHauaja M3 UHTYHTHBHEIX COOOpaxkKeHHH; NO3JHEe
CIpaBeAJuBOCTL €ro Gbpla CTPOro JAOKasaHa B THAPOAHHAMHYECKOH
Teopuu KaukH. B aToM ciydae :

2o =roAf (ni0gSs — % M) + (g Neo)s (3)

Mo = Kry A/ (w6Dh — no0"Ae)’ + (% New)’, (4)

.Te ro— aMIMIUTYAa HaGeraolux BoJH; K — BOIHOBOE YHCIIO; %;,
vx’é, ’%”c’ — PeAYKIYOHHEE KO3(POHIUEHTH K IJIaBHOH YaCTH X HHEPLH-
OHHOM H JeMI¢upyiouIell COCTABISIOMUM ANPPAKIHOHHOR 4acTH BO3-
Mymapomeil CHJIH NPH BEPTHKAJIbHOR Kauke; ng, Mg "g — TO XK€,

Jis1 BO3MYILIAIOLIEro MOMeHTa IIpH GOPTOBOH KauKe.




B COOTBETCTBHH €O BTOPHIM CIIOcOOOM Hafitu 2o B Meg MOXHO u3
CIIeYIOMHUX COOTHOUICHH!, H3BECTHHX KaK dopMyibl  XacKHHAA—
Hoomana [2]: '

2L

20— roAf Ny 225 )
2L

Moo =14 /\/Nef e (6)

Sty GOpMyJBl CHPaBeIJUBH A/ JAOCTATOUHO yAJUHEHHOTO LH-
JIMHIPHUECKOTO CY[HA, PACIOJOKEHHOrO JIaroM X BOJHAM [2], u ¢ ua-
BECTHON CTENMeHbI0 NPUONHKEHHS MOryT OBITh pacnpOCTPaHEHHl Ha
cyzna OGBIYHBIX OOBOJOB.

B pacuerax Kauku OJHOKOPIYCHBIX CYMOB HCIIOJbSYETCH NpakTH-
YecKy TOJNbKO CIOCO6 OTHOCHTeNbHoro amxenns. Ilpu pacuerax
KauyKy KAaTAMAPAHOB PA3JHUYHBIMHU aBTOPAMM HCIOJb3OBAHEL ofa cro-
c06a, U CBA3aHO 3TO ¢ HEOOGXOAMMOCTBHIO PACCUATATH I'MAPOAHHAMUTE-
ckue KOS(OHUIMEHTH ypaBHeHHH KauKi (1) m (2) (1. e Ag Ny Ao
u Ng). B pannux paoTax 1O pacyeTy Kaukd KaTaMapauos METOAOM
OTHOCHTENBHHOrO ABHIKEHHs BJMSHHE B3aHMOJEHCTBHS KOPIYCOB Ha 3TH
KO5(p(HIUEHTH HE YYUTHIBAJIOCH; NO3/HEE NI 9TOH IeJIM HCHOJB30-
BaJIiCh H3BEeCTHbie W3 THAPOAMHAMHYECKOH TEOPHH KAuKH METOIBI
@panka [3] u Ypcemna [4], naiomue XOpOWYIo TOYHOCTb, HO BeCbMa
CHOXKHBe 15 pacyeToB. [109TOMY HCIOJIb30BaHUE COOTHOIICHHSA Xac-
kunna—HpioMana uMeeT ONpefesieHHble NPEHMYILIECTBA.

[TycTh u3BecTeH KO3(pPUUHEHT JeMnpupOBaHUsA H30JHPOBAHHOTO
KOpryca HPH BePTHKaJbHOHA Kauke Np. Torga, HCTOJIb3Ysl COOTHOLIE-
e Xackunna—HpioMaHa, MOMXKHO HaHTH BO3MYLIAWILYIO CHIY 2.
Hanee, ucnosib3ysi OAHO U3 H3BECTHBIX peleHni AU pakIHOHHOA
3ajlayyd M THIOTe3y O GOJBLIOM KJIHPEHCE [5], [6], a Takxke mpencTaB-
Jsisl BePTHKAJbHYI0O Kauky KaTaMapaHa Kak cHH(A3HYI0 BEPTHKAJNb-
HYI0 KauKy KODIYCOB, a GOPTOBYI — KaK BePTHKAJIBHYIO Kauky KOp-
flycoB B NpOTHBO(dAse, MOKHO HAHTH BOSMYIIAIOILLYI0 CHIY 2o H MO-
MeHT Mg, AJsi KaTamapana. Torza Ko3(QHUIHEHTHI JeMndupoBaHus
KaTaMapaHa, KakK cJAeLyeT U3 ypaBHEHHH (5) u (6),

2 2
200 No — Migo . )

Ne—m 22
T gL O gL

STH Ke BeJHUYAHb MOXHO HaHTH M T0-HHOMY — IIyTEM HaXOXIe-
HMS AMIIMTYA BOJH, U3JyYaeMblX NpPH BbIHYMKIACHHOH Kauke Karama-
paHa (9TH aMIIHTYXbl ONPEAENSIOT KO3(QQuUUEHT AeMnbupoOBaHus).
IIpu 5TOM BBOJATCS NONPABKH K M3BECTHHIM DELICHHSM AJIA OAHOKOD-
MyCHBIX CYy[IOB; MONPABKH 3TH ONPEJCNAIOTCA IMyTeM aHaiusa Ipo-
ECCOB OTPAMEHHs BOJH B MEXKKODIYCHOM INPOCTPAHCTBE C HCHOJb-
30BaHHEM THIOTE3H o GoupuioM Kiuperce [b]. O6a cmocoGa BeAyT
K OJMHAKOBHIM De3yJbTaTaM, 4eM M IOATBEpPXAAeTcs NPUMEHHMOCTb
cooTHolenuss Xackuuga—HpioMana Aj1s KaTaMapaHoB.

. Tenepr 1m0 OZHOMY H3 M3BECTHBIX coorHomenu#t (XackuHAa HIH
Kpamepa—Kpouura) MOXHO HaliTh Ay H M. IIpu 3TOM, ecllH TOJBKO
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BbIpaxKaeTrcsa A0CTATOUYHO IIPOCTO (JIJIH 3TOH LEeJH MOXKHO HCNOJb-

30BaTh (OPMYJB, aNNpOKCUMUpYOIHe H3BecTHhle rpadukn Cab-
gaeBa, lloprepa, Tacaw), TO v uToroBele GOPMYJB LIS THAPOAHHAMHU-
yeCKUX K03((HIHEHTOB NOJY4aloTCss AOCTATOYHO npocTHIMH. Tako#
noAXoH, npeasoxennsii M. Oxycy [6] u A. II. BaryeBnim [7], npuBo-
JIUT K Pe3yJbTaTaM, Y/JOBJETBOPHUTENLHO COIMIACYIOINHMCS C H3BECT-
HEIMH 3KCII€ePHMEHTAJbHEIMH JAHHBIMH N0 THAPOZHHAMHYECKHM KO3(-
¢unyenTaM ypaBHEHHH KauykH KaTaMapaHOB, M, BO BCAKOM cJayuae,
IpU aHaJH3e MOPEXOLHOCTH KaTaMapaHa Ha cTajuu Bel6opa ero riaas-
HEIX 3JIEMEHTOB MOKeT OBITh DEKOMEHAOBAH K HPEUMYIIEeCTBEHHOMY
YyNoTpebJIEHHIO.

Opuako ecnu AJsA KatramapaHa M3BecTHB Ng, Ay, Ng H Ao, BO3HH-

KaeT BONPOC: MO KAKHUM 3aBHCHMOCTAM, T. €. (3) u (4) uau (b) u (6),
nesecoo0pasHee HCKaTb BO3MYIILAIOIIYIO CHJIY ¥ MOMEHT H KaKue pe-
3yJabTaThl AafyT o6a MeTojAa NPU ORHHX U TeX K€ HCXOIHBIX Hpeino-
CHINIKaX.

Pacyer BO3MYWIAOIHUX CHJI M MOMEHTOB [0 METOAY OTHOCHTENL-

HOro JBHMeHUs. [JoCKOJNbKY Bce KO3(Q(ULMEHTH B JEBBX HYacTAx
ypaBHeHu# (1) u (2) NPEJNOJIarajoTcs H3BECTHHIMH, TO, KaK CJepyer
u3 ¢opmya (3) u (4), HaHTH CJIEAYeT JIHIIb PelyKIHOHHbIE Koadpu-

"

IHEHTB %, ¥, %y, %g %g g VICIONB3ys  pe3yabTaTh pPaboT

(8],

& (44
[9], mas 3THX KO2(DPHIHEHTOB NPH MOJOMKEHHWH KaramapaHa Ja-

TOM K BOJIHAM MOXKHO NPENJIONKHUThH ciaelyioliyue (GOPMYJH:

n;’;=—%-£ cos KCp; (8)
n; =g c0s KCp; 9)
up = g COS KCn, ' (10)
. ron sin KCp —
ng= h": KCnn g-{-( )%9005 KCy;
w  —» rop SiD KC =" roc .
Ho== g o - +ng % cos KCo;

mo__T™ fon SinKCn roc .
ng = g o +%9 To COSKCn,
To="ron =+ o
2 “2n2
C, a“By

Ton =377 Toe= Tg57 >

rae Cpn— otrcroaune JI1 Kopnyca OT I KaTamMapaHa B LeJOM; ro,
Fon, Foc— HAUYaJIbHBIH MONEPEUHBIH MeTaueHTpnqecxnn pajuyc, ero

coGCTBEHHAsl H  TEPEHOCHasl COCTaBJASIOIUME; xg, ”;’ ”c’ Ry K

27
& :]

— Te e, UTO U paHee, PeAYKIHOHHBIE KO3(P(HIHEHTH], HO onpene-

JgeMble AJis OJHOTO KOpIlyca KaTaMapaHa KaK JJjs OJAHOKOPIYCHOTO
CyIHA 10 M3BEeCTHHM QopMyJaM Teopuu Kauku; B;, T —mmupuna on-
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bk

Horo Kopmyca W OCajixXa; ¥ = 0 /o — K03 HHUIHEHT ‘BePTHKAJIbHOU

OCTPOTHL. ‘
Ecam paccTosHue MeXRy Kopmycamu He C/IHLIKOM MaJjno IO

CpaBHeHHIO C HlIdpPIHOﬁ OJIHOTO KOpnyca H €CJIH LEHTP TAXKECTH cyana

pacroJIoXKeH He CJHIIKOM BEICOKO, MOKHO TNPHHATE Ao~ ron, roc/to= 0

B roo/ren=~0. Toraa »f, %g H %Y HafinyTes no dopmyaam:

r = sinKCn , , (11)

He = UL RC., ,

” — i C
ng R N, Slr]}]énn N (12)

» _—m snKC
"o A M g (13)

[pusenenHsie GOPMYJBl MOTYT 6BITh JIETKO O0OOIIEHH M Ha <Ay~
yafi POM3BOJBHOTO KyPCOBOrO yriia W Haluius xona [9].

~ Pacuer BO3MYUIAIOWHAX CHJ U MOMEHTOB ¢ HCNOJb30BaHHEM COOTHO-
wenust Xackunga— HpomaHa. 3JanuuleM BO3MyLIaOUlHe CHXYy M MO-

MEHT TaK »Xe, KaK IpPHHATO B TEOPHUN KauKH npeacTaBIsaTh TJIaBHBIE

qacTH STHX CHJBI M MOMEHTa C YYeroM OTCTYIJICHHT OT TUIIOTESH
‘A. H. KpritoBa COOTBETCTBYIOILHM BHIGOPOM PeLyKIHOHHBIX Koa(-
(bULMEHTOB:

Zo=—MNg zfopgSz;

) Meo = 19 zDho0u, (14)

rue o =Kro— aMIJIETy[a yrja BOJHOBOIO CKJIOHA.

Hnpekc Y, 0603HAuaeT, 4yTo COOTBETCTBYIOLIHH PEeXYKIMOHHBIH KO-
5(¢¢UIHEHT YUHTHIBAET AndpakIHOHHYI0O 4YacTh BO3MYyIIAIOIIEH CHJIH
(moMmeHTa).

IMopcraBus (14) B (5), mOAydUMM: nem=4/bye/4, THE bg=
. 4Ny
" poLB?

paH ¢ HUANHLPHUECKEMH KOPIYCaMH).
AHANOrMUHOE COOTHOLIEHHWE CNPAaBENIMBO H A HM30JHPOBAHHOTO
WJIHHAPUYECKOTO KopIyca:

'}_ﬁg 5= '\/Ecg/‘l.

Ho penuuuHa Dy MoOxeT OHTL HaieHa MO rpadpukam A. 3. Caib-

— GespasMepHHIl KO3 PHIHEHT geMnpupoBanns (karama-

Kaepa; TOTA4a MOXKHO HaliTH ¥ %gz. BecbMa mpocras aNnpOKCUMHPYIO-

was ¢opMmysa AJs %gz NPeAJOKeHa B [7]. Llanee, myrem aHaansa
NpOLECccOB OTPaxKeHHsd H yHTepdepeHnny Haberaolux BOJH B [7] mo-
Jy4eHH (HOPMYJIHL:

13




1 - 2
nes =gz —E; (15)

fi=1—F_cosy -+ Fsiny; (16)
fo=1+4 F>. —2F_cosy; (17)
y=06_— 2KC,, (18)

rae F.., F+—0THOIII€HPI€ AMIVIATY X OTPaxKeHHOro u MNPOHHKAIOUIEro
o4 KOopliyc BOJHCHUA K aMIINTyLe Haberamonlero BOJIHEHHUA, 6. —
CABHT 0O (pase OTPaXKE€HHOIr0 BOJIHCHHA II0 OTHOIIEHHIO K Haberaio-

© IIeMy.

Benuupusr F,, F_, 6_ moryT 6HTh HalJeHB NyTeM peLIeHUs IU-
dbpaguHOHHOA 3ajaym AJs OZHOKOpHycHoro cyana [6], [10].

IepefineM K paccMOTPeHHIO GOPTOBOH KauyKH, OUPAaHUUYHMBLIHCH CJIY-
Cn?
xT’
a¢pounnent aeMndupoBanus GOPTOBOH KaukKH KaTamMapaHa ¢ LHJIHHA-
pHueckHMH Koprycamu [5], [7]

No= NCrts; (19)

sin2KC, npu 2KC,
C

gaeM, KOrga A/ron=1, ro/ro roc/ron~0. Torna Axropn~ KO-

Lo= A
1 npu 2KC,

b

b1
ST
fi 1
=5
_ 1 _ o ,

rle N;;=——4— brpw L B2 — ko3 puLuenHT AeMnpupoBaHus BePTHKAJIbHOH

Ka4YKH OAWHOUHOr0 MUJAUHADPHUECKOI'O KOpIyca,
2

C
[Moacrasus (19) B (6) u yurs, uyTo ber/4 =%§ s, he= 7}’—, npu-

XOIHM K COOTHOHIEHHIO [7]

o o % 6o
0= 2Kcn .
TakuM o6pasoM, B JAaHHOM CJydYae pacCMaTpPHBAETCS TOJBKO IO-
JIOJKEHHE JIATOM K BOJIHaM 6e3 XOAa W IpPeANoJaraercss NMPUOJIHKeHHO
CIPaBefIuBbIM PaBEHCTBO o= C2 [T

Conocrasjenne METONOB B Cjlyyae CNPaBeIJHBOCTH THNOTE3bI MPO-
nupaemoctu (rumoresni A. H. Kpreurosa). IlycTs crnpaBegsiuBa rumo-
Tesa A. H. Kpbmosa B sToM ciyyae mo crnocofy OTHOCHT@JILHOTO
JBUKEHHSA HMeeM %; u;—%e_ue—o A =u§ B gy = X6
KpOMe TOro,

. + sin KC
ngw = =#; COS KCoy  mon = mo =1 SnK[énn )

HaJnee, B 5TOM cjydae ;;z="}_€;, F_-=0, F.=1, 6_=mn/2. Tloxcra-
BHB 5Ty 3Haveuus Fi, F_u 6_ 8 (16)—(18), nonyunm:

1 of
-5 T = cos KC,,.
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Torpa 1o cnocoby Xackunga—HpioMasa
Nz = #g cos KCp.

Tunoresa A. H. Kpsliopa cnpaBeiinBa IpA IOCTaTOUHO [JIHHHBIX
posnax, mostromy sin2KCn=2 sin KCrncos KCn2sin KCpn, TO-
ckoapky KC, HEBEJIHKO M COS KCrp~1. Ho roraa

_s sin KC
oz = %E KCn £ .

Taxum o6pasom, 06a cnocoba npHu CIIPaBEIMBOCTY THIOTE3bl MPO-
HHULAEMOCTH BEIyT K ONHHAKOBHIM Pe3yJbTaTaM.

ComocTaBJjieHie PaccMaTpuBaeMblX METOJOB B obGuieM cayyae.
B ofuieM cayuae paccMaTpuBaeMbie METO/bI MOKHO CPaBHHTb IyTEM
CHCTEMATHUECKHX PACYETOB ~AMINVIATYAHO-4aCTOTHBIX XapaKTepHCTHK
BepTHUKAJbHOH H GopTOBOH KauKu IO 060MM METOAAM X [IOC/AEeLYIOLLEro
COTIOCTABJIEHUS MOJYYEHHBIX PesyJbTaTOB. Takue pacyeThl BBHIIOJHEHDI
IN8 psia KaTaMapaHoB (cacaTenb-KaTaMapaH ASR-21; mpoMBIC/I0-
BEI KaTaMmapaH; ABYXKOPIyCHOEe KDaHOBOE CYLHO; NPOMBICJIOBEIE Ka-
TaMapasbl «dxcnepuMenT-1» 1 «IKCIepUMEHT-2») K CONOCTABJICHEL
¢ 3KCIePHMEHTAJbHBIMH [AHHBIMHE 1O STHM cynaM, KOTOpHeE COIEp-
xatcs B paborax [11—14] (puc. 1—3). Bo Bcex ciayvasx paccmatpn-
BANOCH NOJIOMKEHHUE JIaroM K BoJjHaM 6e3 xoaa H B pacuerax GOpPTOBOIL
KAUKH HCNOJb30BaJHCh COOTHOUIEHHS (11)—(13). Bausaxue HeIUJIHHA-
PHYHOCTH KODTYCOB YYHTBIBANOCH cornacuo [7]. PesynpraThl pacue-
TOB MPHBOAAT K CJIEAYIOUINM BHBOLAM.

B pacuerax GOpTOBOM KauKH o6a MeToja mNpaKTHYEeCKH pPaBHO-
nenns. [109TOMy, €ClIH PaccMaTpHBAETCHA Katdka KaTaMapaHa B NOJO-
SKeHMH J1aroM K BoJHAaM Ges xoja M CIpaBelnBO cooTHolLeHHe fio =
zczn /xT, nenecoo6pasHo HCIOIB30BATH CcOOTHOIIIe e XacKuHAa—

HeioMana xak 6oJiee IPOCTOE. B npOTHBHOM clyyae HPUXOAMTCA HC-
107Ib30BaTh CIOCOO OTHOCHTEJbHOTO ABHKEHHAL.

Xyxe corjacyercst ¢ SKCIEpPHMEHTOM pacyer AJsi KPaHOBO-MOH-
taxuoro cyana. [las aToro caydas (B/T ~5,15) neJecoobpasHee HC-
OJIb30BATH OJMH W3 CIOCOG0B, OCHOBAHHBEIX Ha TeOpHH L. E. JKykos-
ckoro—A. M. BacuHa. '

PacueThl BEPTHKAJBHON Kaukd C HCIONb30OBAHHEM COOTHONIEHHS
Xackunaa—Hpiomana Jydile corjacyiored < SKCIIEPHMEHTOM, UeM
pacueTh 10 CNocoly OTHOCATEIBHOrO apuxenus. OObpaAcHAeTcd 3TO
CAEAYIONIHAM.

Crneuuduueckoii 0COGEHHOCTHIO BePTHKANbHOH KayKH KaTaMmaparnoB
qBJfercs HaJuuMe TaK HasbBAEMOH 4acTOThl HYJEBOTO BO3MYLIEHH,
xorna Ny um 2o o6paliaioTcs B HOJMb H aMIUIMTyAa Kauky TOXKe paBHA
HYJIO.

Vei0BHe, Onpeielsiolilee BOSHUKHOBEHHE HaCTOTHI HyJieBOoro BO3-
MYILIEHHS ©g IPU UCIOJB30BAHUH cootromennst Xackuuna—HbioMana,
oueBHaHO, 6yner [cM. hopmyJy (18)]:

f,=0. (20)
15
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VuuTeBasi GOpMyJH (16), (18), a TakKe IPHUHATHE B pa6oTax [.6, 7,
10] pacuerHBIE (hopMyNBl LA F_, F, m 6_, mOJlyuuM, 4TO YyCJOBHE
(20) 5KBUBAJIEHTHO CIEAYIOUIEMY:

ey1 = KChn, ‘ (21)

rie Ky=0%/g — BOIHOBOE HHCIO, COOTBETCTBYIOIlee 4YacroTe HyJe-
' BOTO BO3MYLIEHHS; €y1— CIBHT IO dase ropU3OHTaJbHOH BO3MYIUAIO-
i wIedl CHJIBI, AEHCTBYIOLIEH Ha OHOYHEI IUMHAPHUECKHUH KOPUYye, 1O
OTHOLIEHWIO K HaferawoileMy BOJHEHHIO (ompenensieTcss COraacHo {71,
[10] u 3aBucut or KBy, By/T, %).

o)
o 8/c
/a“ A

10 W \\& 1,0 Z
\, Q) k
‘%i 0,5 % 0,5 \
1575 ’ \'
| x
| Ogs 70 1sw.c’ Y510 s’

Puc. 3. ConocTrasJieHne paC‘lETHbIX )58 9KCHepKMeHTaJIbelX aMIOJIUTY AHO-
YaCTOTHBIX xapaKTepHch 60pTOB0!‘/’I KayKh B IOJIOXKEHHH JilarOM K BOJI-
Ham 6e3 xoza:

a — Karamapal «DKCIepHMenT-1»; 6 — xaTamapaH «DKCIEPHMEHT-2»; 3IKC-

TIepHMEHTaNbHbIE JaHHble; —X—X— pacyeTr no cnoc06y OTHOCHMTEJNbHOIC ABHIKE-
HHA; — — — PAacHeT ¢ HCIOJb30BAHUEM COOTHOIUEHHS Xackunpa—HbioMaHna

®opmysia (21) ompepenseT HepByio OT HYyJId yacTOTy HYJEBOTO
Bo3MyllleHusi (6oJiee BBHICOKHE HYacTOTHI HE NIPEJICTaBJSIOT HHTEpeca).
Ecau cnpapefausa rumotesa A. H. Kpsl10Ba, TO £y1="/2 1

K3Cp=m/2, ’ (22)

rae K%—BOJIHOBOE 4HCJIO, COOTBETCTBYIOIIEe UYacToTe HYJIEBOrO BO3-
MyIIEHHs B [PEATIONOKEHHH CHPaBeMIHBOCTH runotesst A. H. Kpwi-
JIOBA.

T'paduku Buna 2KCn=1(2Cn[B1, B:/T, ) TPHBEICHH B [7]. Tlo-
kaszano, uro npu Bi/T<<4 m 2Cn/B1<<4 ormuune 2K;Cn OT 7 MOXKET
6BITL 3aMETHBIM. ,

B To e BpeMsi B COOTBETCTBHH € METOLOM OTHOCHTEJILHOrO [BHU-
XeHus. BO3Myllaomas Cujia IpH BepPTHKA/bHOM Kauke KaTamapaHa 2o
cBsi3aHa C BO ) eii cmiof, HeficTBylolllefi Ha Kopmyc Karama-
paHa TPH MBICAEH 3pe3aHHOM COEIUHATENHHOM MOCTEe Zo (1. e

. el '
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Ge3 yuera KHHEMATHKH COBMECTHO!H BEPTHKAJbHOH KauKH) B Buge [8]
[em. Takxke dopmyanl (8)—(10)]: :

2o =22, c0s KC,,. (23)

Herpyano BuIeTh, YTO BHIYUCIEHHAS IO dopmyne (23) BenmduHa

T
2o ofpamiaercss B HOJb, BO-NEPBHIX, IPH KCn=—2-im'c, n=1,

2, 3, ..., a Bo-BropuXx —Inpu Zp=0. B mepBoM ciayuae OKashlBaercd,
YTO 4acTOTa HYJIEBOrO BO3MYIIEHHS OIPeJessieTcsi B IPeANOJIOXKEeHHH
cipaBegsuBoctu runmotesst A. H. KpeutoBa [cp. (22) u (23)]; pac-
cMOTpHM moxpoGHee Bropofi ciyua#t. Caenys [15], moacraBum ¢op-
myay (7) B (3); Toraa

’ n 9 9 2 zgﬁ)4
2o=1yg (%;pgSz—u;m 7\,() -{—%;z W.
[Mycts npu 0 =w; 20=0. Torna
ng () pg Sz & %oghy (00)- (24)

TakuM 06pasoM, IPH ®©=@; JaBHAs 4acTb BO3MYIIAIOIIeHd CHIIBI
JOJKHa OBITh 6JM3Ka MO 3HAYEHHIO M IPOTHBOIONOXKHa IO 3HAKY
HHEDPIMOHHON cOCTaBsgiomell AU(PPaKUHOHHOR €e YacTH.

[TpucoennHenHass Macca OPU BEPTHKAJbHOH Kauke LHJIHHADHYE-
CKOro katamapaHa [7]

R T 1 - .
heg = Aeg + Abgy + — bigoL BI[sin 2 (e — KCy) + F4F-],

The Agr, AAg — MPHCOENUHEHHAs Macca H30JHMPOBAHHOTO KOpmyca
W IONpaBKa Ha B3auMOJeHCTBHEe KOPNYCOB B Oe3rpaHuyHOH KMAKO-
CTH; €, — CABHT 0[O (ha3e BePTHKAJIbHOH BO3MYINAIOLIEH CHJBI, nel-
CTByIOLIEH HAa OAMHOYHBIA HHAMHAPHYECKHH KOPIOYC, IO OTHOIUEHHIO
K HaberamoleMy BOJIHEHHIO.

Jlasmee mpuMeM B COOTBETCTBHH C W3JOXKEHHHM B [6] peurenunem
M. Becto F-=cos(ey1—€4), Fy+=sin(ey1—&,), a Takxe yuTeM,
4gTO BO BCEM UYACTOTHOM [AHMalasoHe £, =~ KB/2, a npu yacToTe HyJe-
Boro BosmyulleHus ey;=KCn. Torga npucoeimHeHHass mMacca Ipu da-
CTOTE HYJIEBOI'O BO3MYILEHHS

0 5 by 2 .
7\{; = 7\:;@ —l— A?\.m _— —S—'QLBl sin KC,
rae C— I‘OpHSOHTaJIbeIﬁ KJAHWPEHC Ha MUAeJE.

YcnoBune (24) npn?é z;’g IPUBOZUTCS K BHAY:
2
0gSs = 7 () & [xm + Mgy — =280 o1 B sin %‘L] . (25)
Kak npaBuio, ycioBue (25) He BBINOJHSETCS U NPH =g BeJH-
yuHA Zo HE PABHA HYJIO; BEJHUYHHA ¥Ke 2o, KaK CJIefyeT u3 (opMyJbl
(23), obpamaercst B HOMb TOJMBKO NpH €08 KCpn=0 1" KCpn= %—_i: ni,
a YacTOTa HyJIEBOTO BO3MYIIEHHS NONYYaeTcs TaKOH e, KaK ecln Gbl

o ’ 19



6BLIa cIpaBefJHBa HIOTE32 A. H. KpsuioBa. J10 BeleT K onpene-
JeHHOH nedopMaluh AMIUIATYAHO-4aCTOTHOH XapaKTepHCTHKHM BEPTH-
KaJbHOH KAyKy ¥ K CHUIKEHHIO TOYHOCTH. [TosToMy B pacueTax Bep-
THKAJLHON KAuKy B NOJIOMKEHHH JIaroM K BOJHEHHIO 6e3 xoja LeJeco-
ofpasHee HCIOJb30BATb CIOCOO, OCHOBAHHHIA Ha COOTHOIeHHH Xac-

kuuga—HpoMaHa.
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VIIK 629.12: 532
A. H. Xoaroduaun

HEKOTOPBIE 3ABUCUMOCTH TEOPUU BOJIH
U PACYET BOPTOBOM KAYKH CYOHA

‘B nocjefiHee BpeMsi BHICKa3HBAaeTCs MHEHHE O HeoOXOAMMOCTH Ie-
pecMOTpa M3BECTHOH 3aBHCHMOCTH TeOpHM BOJH MEXKIY gacToTOl O
v wacroToil (opMbr k. PaccMOTPUM IpaBOMEPHOCTh TAaKHX COMHEHHH
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C TOYKH 3pE€HHs TEOPHH BOJH KOHEUHOH aMIUIHTYABL Kaxk wu3BecTHO,
B cJyyae NPOTPECCHBHEIX BOJH B XKHIKOCTH 6ecKoHeuHOH IIyOGHHEL
NpHOJHKEHHOH TPaeKTOpHeH YaCTHIl XHAKOCTH ABJAIOTCA OKPYZKHO-
cru. Torna B KoopauHaTax Jlarpapxa ypaBHEHHE TMJIOCKHX  BOJIH
' MOKHO 3anucath B Buge [1]:

x=a -+ Re® sin(ka —ot); z=c¢— Re" cos (ka — ot), (1y

rie x, 2 — TeKyllue KOOPAMHATEI; @, ¢ — HavyajbHble KOOPAHHATHL

Ha cBo6oayol NMOBEPXHOCTH AAaBJIEHHE NOJKHO 6BLITb NOCTOSIHHBIM.. .
B nepemeHHbix JlarpaHxa ypaBHeHHe JBHKEHHS KHIKOCTH 3anu-
hnreTcs B BHIE

ox 1 0p . 0= _ 1 0p @)
arr o ox * o 0o 0z :
YpaBHeHne HeNMpEPHLIBHOCTH MOXKET 6BITh 3aMMCaHO B BUIE
Ox  Ox
da dc
9 oz |=T@ 0
oa dc

Hetpyano nokasath, 4TO OHO yAOBJETBOPEHO:
' D(x,z) 2,2 %ec
T = — Rk

Hcnoarsya (1) u (2), ypaBHeHne NBHKEHHS XKHAKOCTH NPEACTABUM
B CJEeAYIOlieM BUJE:-

_ %—gi — —Ro2e sin (ka — of) = — (x — a) %
_La_p__g=R02e"” cos (ka — ot) = — (2 — ¢)o
p 0z ’

Orciopa nonxyuaem
1 /9 9 '
__b_(__a%. dx—l—-%dz)—gdz: —o?[(x — a)dx + (z — ¢) dz].

Hcnoab3ys nasnee ypaBHEHHE TPAEKTOPHH
! 2 2ke

(:;—a)2+(z—c>2=Re

ITocsie HecJOXHBIX NpeoGpasoBaHuil NOJydYaeM 3aBHCHMOCTD

2 2ke ke
%+gz—c2[R§ — R cos(ka—ot)]=f(t), (3}
rae f (¢)— sHekoropas GYHKIHSA BPEMEHH.

OnpenenuM f(f) M3 rDaHMYHBIX YCJOBHH Ha CBOGONHOH NOBEPX-
HOoCcTH BOAH npu ¢=0, KOrRa p=po. [ y@OBJIETBOPEHHUS NOCIEA~
Hero YCJOBHsS HeOGXOmuMO, yToGH BpeMst He Bxommio (mpu c=0)
B Bripaxenne (3) u f(f) =const,
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Jljisi 5TOrO NPEABAPHTENBHO NOACTABUM B BoipakeHnue (3) BMECTO
> ero 3HaYeHHE H3 CHCTEMBI ypaBHeHHH (1)

k
%—l—gc - [gRekC — RZ i 02]005 (ka — ot) —
2 2kc
—ot R =ft). (4)

OueBUIHO, [Jis BBIIOJHEHHsS TPaHHYHBIX yCJIOBHH Ha ¢BOGOAHON
TI0BEPXHOCTH HYKHO, UTOGHI

ke Rekc 2

gRe” ———o =0, (5)

YTO NPHBEJET K HEOGXOMMMOCTH BBIMOJIHEHHS H3BECTHOTO COOTHOLIEHHS
TEOPHH BOJH :

o' =gk, (6)

Tle ¢ — 4acToTa BOJHEHHS, ¢y  k=2mn/h—dacToTa (QOPME, MY
A — IJIMHA BOJIHHI, M. :
Toraa ypaBHenne (4) npUMeT BHA
p 0_2R2e2kc ) 02R2
T+gc————2—~—p——'——2—, (7)
TAe po— aTMoc(epHoe [AaBJIEHHE, R — papuyc opOuTH BOJHBL
Takum 06pa3oM, cooTHomenue (6) sBasercd (byHraMeHTabHBIM
JLISt TEOPHH BOJIH, H TOJIBKO NMPH €ro COGJIOACHAH BBIIONBSAOTCA ypas-
HeHus ABMIKEHHS M 00ecneyuBaloTCsi TPAHMUHBIE YCJIOBHA HA cB0O6OI-
HOH NMOBEPXHOCTH.
v OTMeTHM, uTO 3TO COOTHOLIEHHE HCIOJb3YeTcsl W MpH OMPEeNele-
dun HasoBOil CKOPOCTH

v, = o/k = (gh/2m) " = 1,25 A/1,
a TakxKe NPH ONPEJeJeHHH TPYINMOBOH CKOPOCTH BOJH Ha ray60oKOH
BOAE: .
Ug = U/2.
CootHomeHue (6) MOXeT MEHATBCS B ABYX C/lyqaax:

a) AJs YIOBJETBOPEHHS YCIOBHH Ha cBOGOAHON TOBEPXHOCTH
SKUAKOCTH KOHEYHOH TJIyGHHBI

kth kh = o?g, )
rae h — raybuHa BOLOEMA;
6) nmpu HeJMHeHHbIX FPAHHYHBIX YCJHOBUAX Ha CBOGOAHOH MOBEPX-
Hocru [2]:
o*= gk (1 + k*R?) + 0 (K'R?), (9)
rle TIOC/eAHHH UJeH ONpeiesseT MOrpeltHocTb TPEThEro nopsaKa.

DTo NPHBOXUT K TOMY, 4TO BOJHBI GOMBLIOR BHICOTHL NepeMe-
maloTcs ObiCTpee, 4eM MaJible BOJHEL
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Ecau saMmeHuTb (9) JuHeHHBIM cooTHoLlenmeM (6), TO Jnneapu-
30BAHHBIH NOTEHIHAJ CKOPOCTH HMEET TOYHOCTh A0 YJEHOB TPEThero
NOpAAKa BKJIOYATENBHO, T. €. OlMOKa B STOM INOTEHIHAJe COCTABUT
BeJIMUKMHY 4ETBEPTOrO NOPsAAKaA; IPaBjAa, 5TO HMEET MeCTO TOJNbKO HJIs
ray6okoi Boael. Heaunelnble peuieHus K caydas NMJIOCKHX BOJIH H3-
BECTHHI NOJ Ha3BaHueM pasjoxenufi CTokca.

Takum o6GpasoM, nad JUHEHHBIX HJH JHHEAPU3OBAHHHIX 3aBHCH-
MOcTefl cJelyeT NOMb30BaThCsi CooTHoweHueMm (6). B aTom ciayuae
IpUMeHHMa CIeKTPaJdbHasl TeOPHsd KauKy Cy[AHa Ha HEPEryJsspHoM BOJ-
HeH¥H, [10JIe3HO OTMETHTh, UTO 3Ta 3aBHCHMOCTb HCMOJNB3YETCA H AJsE
BHIDaXXeHHUsT SHePTHUH BOJIH.

Jlns MOPCKHMX BOJIH KPYyTH3HA OIpefeJsieTcss OTHOLICHHEM BHICOTH
BOJIHBI K €e AJuHe; OOBYHO 3TO OTHOLIEHHE JIEXHT B IpeAesax

2R 1.1

A R O

rae 2R — BBICOTA BOJIHBI, A — JJIMHA BOJIHBL
Ucronbsyem Bhipaxenne (9) st HeJHHEHHBIX BOJH, npeHeGpe-
ras y4eToM MaJIBIX BBICHIETO NOPsiAKA M NOJaras KPyTH3HY BOJHEHHH
paeuo#t 1/20. Torna
A

ot =gk[1 + (5= _40—)2] v 1,025k,

T. €. yueT HEJUHEHHOCTH He3HAYHTEJbHO H3MEHAET 3aBHCHUMOCTb (6)
(mopsiaka 2,5 %). Orcioga mosyyaeM 3HaueHHe AJSi YacTOTH (POPMbE
NpPH HeJHHEHHOM COOTHOIIEHHH:

- kua=0,9760%g =0,976k%. (10)

YueT MeJKOBOIbs IPOBOAMM Ha OCHOBaHuM 3aBucuMocTH (8), mo-
Jarast Ajas Madwhx ray6mn npu A<SA/2th kh=kh, Torna

by =0/V gh. (1)

OueBHAHO, CHHYCOUAAJNbHAs 3BI0b M XapaKTepHEE BOJHBEL HMEKT
COBEPUIEHHO HHble CTATHCTHYECKHE PaclpefeseHds OTKIOHEHHH, u4eM
peajibHOe BOJIHEHHE B MOpe, OJIHAKO TAKyl0 CHCTEMY MOXKHO NPHHATH
KaK HieaJu30BaHHHI cayuail. MsBectHo, Hanmpumep, uro Jlonre-Xur-
FHHC IIPHHYMaJ BOJIHEHHE MOPsl KaK COCTOsIIIee H3 CEPHH COCTABJIA0-
HIMX, YaCTOTH KOTODHX NPEACTaBJSIOT Y3KHI CHEKTP. ITO MO3BOJSAET
CBSI3aTh Pa3/IHUHEIE BEJHYHHH, KOTOPHE GepyTCs IJsi XapaKTePHCTHKH
aMILTATYJ CO CTATHCTHYECKOH TOYKH 3PEHHS.

MHTepecHble COOTHOLIEHHsI OblIn moaydenn CpepiapynoM u Man-
KoM [3], KOTOpHlEe OGHADYXKHJIN 3aBHCHMOCTb MEXAY KPYTH3HOH BOJHEI
¥ TEM, UTO OHH Ha3BaJi <BO3DACTOM BOJHHI», T. €. OTHOIIEHHEM ¢a-
30BOH CKOPOCTH K CKOPOCTH BETpa,

Ecan o603naunTh uepe3 T MHTEPBaJbLl BPEMEHH MEXIY NPOXOXkK[e-
HHEM TOCJeNOBATEJBHEX rpefHell BOJHB uepes OAHY TOUKY, & pac-

cTOsiHUe MeXJAy IpeGHAMH A, TO, Kak Nokasaa IIMpCOH, 3TH COOTHO-
eHuda Ol'Ipe}leJIﬁIOTCﬁ 34BHCUMOCTBIO
T_ 2 g T
A= T%
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4T0 HEe PaBHO TEOPETHYECKOH JJIHHE BOJIHBI 7»=—§ﬂ—'c2, rae T— me-

PHOJ BOJIHBL ,

Ha puc. | npeacraBieHa 3aBHCHMOCTb MEXAY KPYTH3HOH BOJIHEL
u ee «Bospactom» mo Csepapymy um Manky. 3meck v’ — cpenHee sHa-
yeHne ckopoctd Berpa. ITo ocw OpAuMHAT OTJIOXKEH JorapupMuyecKui

, . 2R
20/ : Macwra In—=, a no ocu abe-
I uuce — aunelnud (T/v’)2. Ilpu
NG S
g e 3TOM IOJy4aeM JIJs Xapakrep-
N S~ HbIX BOJH NPHMEPHO JHHEHHOe
010—x— \\\ COOTHOIIEHHE, ¥ XapaKTepHbE
S \w\ TOUKH JOBOJNBHO XOPOIIO Tpym-
d k'3 (1]
~. ~ OHPYIOTCS OKOJO 3TOH NPSIMOM.
~ \\
002 S S Sta rpynnupoBKa Jyulue g
\\k\ MalbX ¥ OOJbIIMX 3HAUEHHH
401 J (T/v’)2, 1. e. nas cna6oro BOJ-
0% 08 (7/1!')”'2 HEHUsT W cTapoi sei6u. Eciau xe
p ' oTMeyaTh He TOJBKO HauGoJee
uc. 1. 3aBucuMocTb KPYTH3HBI BOJIHBI xapaKTepHbie BOJIHE, a Bce NOM-
OT napamMeTpoB BOJIHEHHA H CKODPOCTH

psii, TO mpsiMast Ha rpaduKe JacT
MakcuMyM 3HaueHmit 2R/T? mnst
pasnHuHbLIX 3HayeHm# abcmuce.
Oru6amolas TOYeK COOTBETCTBYeT yPaBHEHHIO ‘

2R _ 0 919¢-243 (710"}, (12)

T2
npuuem 2,438 paBHo (g/2m)2

Takum 06pas3oM, Kak (yHIaMeHTaJbHBI 3aKOH, CBSI3BIBAIOMIUH
KPYTH3HY C BO3DAcTOM 3biGH, TaK ¥ HaGMIO/IeHHs 32 PeabHBIM BOJIHE-
HHEM MOKAa3HhBAaIOT, YTO C POCTOM MAJIMHBI BOJIHBI KDYTH3HA, KaK Iipa-
BHJIO, yMeHbmiaercs. OZHAKO pasMepsl W KPYTH3HA BOJH ONpeie-
JISIOTCS He TOJIBKO JJIMHOH BOJIHEI, HO M CKOPOCTBIO BETpA.

Korza riy6uHa BOJOEMA YMEHbIIAeTcs, eIHHCTBEHHOH IOCTOSTHHOH
XapaKTeDHCTHKOH BOJH ocraercs mepuop. OTHolleHWe e (asOBBIX
CKOpOCTell  IJIMH BOJH Ha MeIKOBOAbe M TIyGOKOH BORE oOmpese-
JisieTcsl 3aBHCHMOCTBIO

BetTpa

VenfVe = AufA = th kA,

T/Je HHJEKC «M» O3HauaeT MeJKOBOJAbE. .

B paGote [4] orTmeuaercs, 4TO AJIs MPOBEJCHHBIX 3aMePOB peaJb-
HOFO TPEXMEPHOrO BOJHEHHS IHUCIEPCHOHHAA CBSA3D o2=Fkgthkh He
BLIIOJHSETCS. BMecTo 3Toro mpejajaraercs NPHMEHATb 3aBHCHMOCTD

. 0,75
B = kx(0,0701's 4 2,5¢7° ) (13)

Tae kb =2m/A; A — cpeAHsAA JJHMHA BOJIHHL
[lpoBefeM CpaBHeHHe DAaCUETHHX 3HAaUeHUH KO3QYHUHEHTOB k, no-
JYYeHHBX DasHHMu cnocobamu. [lif yao6CTBA  pacyeTsl CBELCHEI
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B Ta6JHIly, a PE3yJAbTATH BHYNCIEHNS NPEACTaBJeHH Ha puc. 2. 3xech
NOCTPOEHH KPHBHE 3aBHCHMOCTH 4acTOTh (JOPMH! (BOJIHOBOTO uucJa)
B (DYHKUHMH 4acCTOTH BOJIHH. KpuBas / COOTBETCTBYET BHIUHMCJIEHHIO IO
dopmyne (6) ana auuelHOM 3aBiCHMMOCTH TeopHH BoJH. [lockoabky

k .
2,0 \
1.6 N
42 \\
qa ﬁ’\\\
123 4 :

. —
04 S~ : / / /’/
g 04 4,8 12 16 G

Puc. 2. 32BHCHMOCTh BOJIHOBOTO YHCJAa OT YacTOTH BOJIHB

yyeT HEJHHEHHOCTH HEe3HAUHTENbHO H3MeHseT Koddduuuent k& (mpu-
MepHo Ha 2,5 %), TO NIpaKTHUECKH 3Hau€HHe 3TOTO KO3(pQHIMEHTa,
onpenesersoro no gopmyae (10), nact 1y xe kpusyio I. Kpusas 2

Koaddunnento 2

Yo *

=~ o, ; 0 % —~ <

® i = =3 ™

I L I 2 L, re 1
© % 2 a & po o & %
0 0 0 0 0 0 2,5 2,5 0,785
0,2 |0,04|0,004| 0,004 | 0,064 | 0,006 1,855 1,861 |- 0,581
0,4 |0,16 |0,016| 0,016 | 0,128 | 0,018 1,512 1,570 | 0,480
0,6 | 0,36 {0,037| 0,036 0,192 0,033 1,265 | 1,298 | 0,408
0,8 10,640,065 0,063 | 0,255 | 0,050 1,073 1,128 | 0,353
1,0 |1,001{0,102| 0,100 | 0,319 | 0,070 | 0,920 | 0,990 | 0,311
1,2 | 1,44 ]0,147| 0,143 | 0,383 | 0,080 | 0,795 | 0,875 | 0,275
1,4 |1,9]0,200{ 0,195 | 0,447 | 0,116 | 0,690 | 0,806 | 0,253
1,6 | 2,560,261 0,255 | 0,511 0,142 | 0,603 | 0,745 | 0,234
1,8 |3,24(0,330]| 0,322 | 0,575 | 0,169 | 0,529 | 0,698 | 0,219
2,0 |4,001(0,408] 0,398 | 0,638 | 0,198 | 0,465 | 0,663 | 0,208

* h=1 wm.

** b, =2m/20 M=0,314.
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«COOTBETCTBYET KO3(DOhHUIHEHTY, 3aK/JIIOUEHHOMY B CKOOKe BEHIPaiKeHUs
(13), T. e. aToT KO3hDHULNEHT ABNseTCH (PYHKIHEH H4acTOTHI U (PAKTHU-
UECKH OmNpefiefiieT CBsI3b MeEXAY BOJHOBBIM YHCJIOM M  4acTOTOH
BOJHBL B 3aBHCHMOCTH OT 3HaueHusi cCpeJHEH NJIHUHEl BOJHHL Oonpene-
nsietcd ¢akTHUecKoe sHaueHHe k* (Ha puc. 2 npuBeneHa KpHBaf 4 LI
BOJIHEI, Cpefusis aauHa Kotopod 20 m). OpHako Bce KPHBLHIE HE3aBH-
CHMO OT 3HaueHUsl CpPefHel JJIMHBI BOJHE OyAYT 3KBHAMCTAHTHBL
Ha puc. 2 npusenena kpuBass 3 nis ray6musl Bogoema | M. Oue-
BHJHO, 3Jech HMEeT MecTO JIMHeHHAas 3aBHCHMOCTh, a YroJ HakKJoOHA
npsiMo#t onpepensercs raySbHHOR BojoeMa.

Ananus rpaukoB Ha pHC. 2 MOKAa3bIBaeT, YTO HJASA KPUBEIX [ u 3
K03(pPHUMEHT £ ¢ POCTOM MHJHHB BOJHB (yMEHbIIEHHEM YAaCTOTHI)
YMEHBIIAETCSl, KaK 3TO Y CJAeJyeT U3 CaMOrO BHIpAaXKEHHSA AN k=
=2n/A. OnHOBpPeMeHHO (KOCBEHHO) MOMKHO OTMETHTb, YTO ITO CBHU-
JIETEJNLCTBYET O GoJsiee KPYTHIX BOJIHAX IJIST MEHBIUMX MAJIMH, YTO COOT-
BercTByeT 3aBucumocT (12) u puc. 1. Kpussle 2 u 4 Ha puc. 2 uMe0T
JHaMeTpPaJbHO NPOTHBONOJIOXKHLIA (PU3UIECKUH CMBICI.

Bompoc, xak onpemenuts Ko3b(UIKHEHT £, WMeeT BaXKHbIA OpaKTH-
yeckufi MHTEpeC B CBA3M ¢ pacyeToM OOpPTOBOH Kauku cynua. [efict-
BUTEJIbHO, CIIEKTPasbHAs 3aBUCHMOCTh MOPCKOrO BOJIHEHHS HO BBICO-
TaM ¥ YIJaM BOJIHOBOT'O CKJIOHA ONpelessieTcsl BhIDa:KeHHeM

Sa (0) =Fk*S¢ (0),

rge Sg(0)—ChoekTp MO OpPAHHATAM BOJIHEHHS, a Sy (0)—CIeKTp No
yIJjlaM BOJIHOBOI'O CKJIOHA.

OvueBuJHO, cOBCeM He (e3pas3/iuyHO, 4TO NOHMMAaTh NOJ k: Tpaju-
nuoHHOoe 3Hauenue [cM. dopMmyny (6)], 3HaueHHe ksy ©nO dopmyae
(10), suauenue ky mo ¢opmysne (11) wunu 3Hayenue A* mo ¢op-
myae (13).

BHIle 6BUIO IOKA3aHO, YTO 3HAUEHHS k U Ryg NPAKTHYECKH COBINA-
JA20T, 2 Ko3hOhUIHEHT £y MMEeT CMBICJ NPHMEHSTh TOJMBKO HA MEJKO-
BOJbBE.

Ilpy npuMeHEeHHH 3THX 3aBHCHMOCTEH MaKCHMYM CIeKTpa MO yriaMm
BOJHOBOTO CKJOHA OyZer UMeThb TeHJEHIHIO CIBHUTaTbCH BHPABO, T. €.
B CTOPOHY OOJbIINX YAacTOT U Gojiee KODOTKHX BOJH, TA€ M JOJXKHBL
OXKHAATbCS, 10 CKAa3aHHOMY BHIIe, OoJee KpyTeie BOJHH. Hamnpumep,
Jas cnekrpa 12 MKOD npu BosHeHuu 4 Hanjga MakCHMyM CMECTHTCSH
u3 pajtona yacrore 1,0 B pafion yacrorsl 1,5; npu 6 6amrax—wus 0,6
B 1,0; mpu 8 6annax —us 0,45 B 0,65 [b]. [Ipu npumeHeHHH BHIpaxKe-
uusa (13) Oymer mpoucXOAuTh OOpaTHAas KapTHHA: MAKCHMYM CII€K-
Tpa AJs YIJIOB BOJIHOBOTO CKJIOHA CMECTHTCS BJIEBO, B CTOPOHY MeHb-
IIHX 4aCTOT, T. €. B CTOPOHY BOJIH OOJBLIOH JJHHEI H, CIEL0BATEIbLHO,
foJiee NOJMOTHX.

Coornomrenusi k, kyny U Ry ABJISIOTCS JOCTATOYHO OOGLIMMH, B ua-
CTHOCTH, MX MOXKHO pAacCHpOCTPaHHThP M Ha TPOXOHUNAJbHLIE BOJHEL.
‘CoBpeMeHHasi MeTOAMKa pacuera OOPTOBOH KauKM CyJHa Ha Hepery-
JISIPHOM BOJIHEHHH 6as3upyeTcs Ha HUCIOJb30OBAHHHM COOTHOLIEHUH Teo-
PUM BOJIH KOHEUHOH aMILIMTYABL, TIPH 3TOM 0OO053aTeJbHO BBHINOJHEHHE
cootHowenust (6) wiu ero skBuBasento (10) u (11). B mporusHOM
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cjiyyae CTaBUTCS IOJ COMHEHME BO3MOMKHOCTb HCIOJIB30BAHHS TEOPHM
BOJIH, a CJEAOBATEJbHO, H BCeX (YHIaMEHTAJbHHX €€ 3aBHCHMOCTEMH.

CIIMCOK JUTEPATVYPHI

1. Kounns H. E, Kubeasr WU A, Pose H. B. Teoperuueckass rHEpoMe-
xaHuga. M., TUTJI, 1955.

2 Hoiomen J[x. Mopckas runpomexanuka. JI., Cyjgocrpoenne, 1985. 367 c.
19473. Sverdrup, Munk. Wind waves and swell. Traduc, Ne 392, Bamunrros.

4, Mupoxuu B. B. BoproBag kauxa cyasa Ha peajbHOM TDPEXMEPHOM BOJ-
Henun.— Peruerp CCCP. Hayun.-texn. c6., 1983, sum. 13, c. 89—95.

5. baarosemenckusi C. H, Xonoauaur A H. Cnopasouynuk mno cra-
THKe W AuHaMHKe Kopa6nsa. T. 2. JI., Cymocrpoenne, 1975. 176 c.

YIOK 629.12 : 532.59.041

A. H. Xoarodurun

YYET BJIUSHUSA CKYJIOBbIX KUJIEN
HA PACYETHYIO AMIUJIUTYAY KAYKH CYAHA

B IlpaBunax Perucrpa CCCP [1], kak u B CyLIeCTBYIOIIUX METO-
Jax pacyera GOPTOBOA KaukM CyAHa, BJAHSHHE KWJIed Ha aMIVIUTYJbi
60OPTOBO# Kauku CyZHA YUYHTHIBAETCS TOJNDBKO BBEJEHHEM B pacueT OT-
HOCHTEJIbHOM IUIOIIafH KuJeH (OTHOLIEHHE CyMMapHON raGapuTHOM
MJIOIAAH CKYJOBHX KuJiefl K MIOLIaAu PY30BO# BATEPIMHHM MM NPO-
U3BeJEeHNI0 JJMHB CylAHa Ha €ro IupuHy). B pesyibrare pacueTHas
aMmauTyAa Kauku ymenpmaercs po 30 %. Mexny Tem CcTabUIu3U-
pyloIIuH MOMEHT, CO34aBaeMBIfi CKYJOBBIMH KUJISIMH, ABJISETCA HEJH-
HeHHO# (YHKIHMeH yrJA0BOH CKOPOCTH KAaYKH H BBIpaxKaeTca JHoCTa-
TOYHO CJIOXKHOH 3aBHCHMOCTBIO. Tak, Ha 16-f MexayrapoaHo# KoH-
(epeHuHy OMBITOBHIX GacceliHoB [2] cOmPOTHBJEHHE CKYJIOBHIX KuJe
6OpTOBOM Kauke CcygHa OblJIO NPEMJIOXKEHO BHpaxaTb B BHAE HOJH-

HOMa TpeTbefI CTENEeHH OT yr.HOBOﬁ CKOPOCTH Ka4YKHu 9
Mep= B8+ B,0|6 |+ B8 (1)

Taxoe npencTaBJIeHHE HALLJIO NPHMEHEHWE W JIPH pacueTax Kauku
cyHa Ha Hepery/ispHoM BojHeHuHu. [asa aToro cayyas A. B. Tepa-
cuMoB [3] paspaboTas NpaKTHYeCKHil METON CTATHCTHYECKOH JHHea-
pH3ALHH ANS CJAEAYIOLIEro 3aKOHa COMPOTHBJIEHHS GOPTOBOH Kauke

cylHa:
Mer = 2v0 + @? sign 6 4 02, (2)

rae 2v, w, ¢ — MNOCTOSHHBEIE KO3 PUIHEHTHL.
Jluseapu3oBaHHHE Ko3(Q(HIMEHT CONPOTHBJIEHHA B 3TOM ciydae

v, =2v -+ 1,59w /D -+ 3qD,. (3)
5} 0
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[Ipu 5TOM, KaK H3BECTHO, KOS(GQHIHEHT CTaTHYECKOA JnHeapusa-
LMK COMPOTHBJEHUSI GOPTOBOH Kauke cyAHA

2v,,=f(1,9 ,\/B;/we), : 4

rae D, — nucnepcus YIJIOBOH CKOPOCTH KauKH; (¢ — YacroTa cober-

BEHHBIX OOpTOBBIX KoJebaHu#l cynHa.

Jluneapusamyst KO3(PQPUIHEHTA CONPOTHUBJIEHUS NO3BOJSET nepenTH
OT HesuHefiHBX Au(¢epeHIHANbHbBIX YPaBHEHHH KaukKd K JINHEHHBIM.
B pesysbTaTe JuHeapusanud ypaBHeHus (1) MOXKHO IOJYUHTH Cie-
JAyIOLHe JMHeapu3oBaHHble BHpaKeHH !

ISl PEeryJisipHOro BOJIHEHHs [4]

B, — B, + (%) 8,,B, -+ -Z’- %% B,, 5)

rge ¢ —4yacToTa BOJHEHHS, C'; Oy — aMIVINTyAa yria KpeHa, pan;
JJIS1 HeperyJspHoro BoJHeHus [2] : '

B, = B, -+ (8/n) " 0B, + 30°B,. (6)

3neck By — K03 dunuenrt, Mer==PB440 — IuHeapH30BaHHbIH 3aKOH CO-
TIPOTHBJIEHUS. :

OaHaKO IIpY 3TOM CJeAyeT HMeTb B BHAY, YTO, HECMOTPA HA TO,
YTO MBI TIOJIydaeM JHHeapH30BAHHBIH KO3((ULUHEHT CONPOTHBJIEHAS
GOpTOBOfl Kauke CyAHa, OH B CHJY -CBOeHl NEepPBOHAYaJIbHOH HeJIMHeH-
HOI TPUPOABI OYAET 3aBHCEeTb OT AMILIUTYAB YIa KpeHa, 4YacTOThl
H CKOpocTH Xofa cyiHa. Takum o06pasoM, Bceraa cCJeLyeT OroBapH-
BaThb, NPU KAKOM 3HAUEHHWH YKa3aHHBIX I1apaMeTPOB IMOJYYaloTCs Te
WIH MHBE 3HAaYeHHsT K03 (UIHEHTOB.

[pynma SIOHCKHX HCCJefoBaTesell mpoBesa CepuiHble HCIBITAHHS
MOZeNell CYIOB €O CKYJOBBIMH KHJAAMH M paspaborajna mnporpammy
pacuera Ha 9BM [4]. Paspa6oTranHblii MeTOl pacueTa JaeT YAOBJET-
BOPHTEJILHOE COBMAJEHHE C SKCIEPHMEHTOM W MOMKeT GBITh PEKOMEHNO-
BaH NPH pacueTe CKYJOBHX Kujell MAJs CyAOB OOHLIYHEIX ~ OOBOJOB
(6BLTM HCIBITAHBl MOJENH KOHTEHHEepPOBO3a, I'PY30BOro CyAHa, PYAO-
BO3a W TaHKepa) Ipu OGBIYHOH 3arpyske. Merox He NMPHMEHHM MJIs
X0fa CyAHa MOPOXHEM H IJs CYIOB C MaJo# OCalKOH H HeoObIYHOH
dopMel. Merox paspaboTaH A/ OJHOBUHTOBHIX CYZOB M pYJeH o0BIY-
HOl (opMbl. B 3TOM MeTOle MPENJIOKEHE! (HPOPMYJIBl AJA pacyera BCeX
COCTABJISIIOLIMX COTPOTHBJIEHHS Kauke Cy[IHa, KOpnyca CyAHa H CKyJO-
BeIX KuJseil. COnpOTUB/IEHHE CKYJOBBIX KHJIEH ONpenesserTcs AJs Tpex
COCTaBJASIOMMX: KO3(pQHIMEeHTa HOPMaJbHOIO AaBJEHHS Ha CaMux
CKYJIOBHIX KuJsIX (pesyJbTaT HHTErPHPOBAHHA JAaBJjeHusi); Koadpdu-
[IMEHTa [NaBJEHHS Ha KOPIyce CyAHa OT KuJeH, OTPaxaloliero BCe
3¢ dexTs B3aHMOAEHCTBHS KOpIyca CyAHA H KHJIeH; K03 punuenra
BOJIHOBOT'O CONPOTHBJIEHHUS OT KuJeH, OTpa)aillero BJIHAHHE BOJIH
Ha cBOGOAHOH IOBEPXHOCTH M B3aMMOJAEHCTBHE BOJH € KOpHOycoM
CyAHA, 060PYAOBAHHOIO CKYJIOBEIMH KH/IMH. OTMETHM, 4TO, N0 ATOH-
CKYM JAaHHBIM, -IOCJEAHsss COCTABAAIONAs MaJja MO CPaBHEHHIO C Iep-
BHIME AByMs. [105TOMy B pacuere BOJHOBAs COCTaBJAOLIAs OT KHJeH
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He yumthiBaercs. Cpasy OTMETHM, 4TO JJIA CYy[AOB . C OTHOCHTEJHHO
GONbIIEMY N0 LIMPHHE CKYJOBHMH KHISAMH HeJb3s Ge30roBOpOUHO
npeHe6peraTb BOJHOOGPa30BaHHEM OT KuJell, Tak KakK 23TO MOXeT
NPHBECTH K HEKOTOPOMY 3aHUKEHHIO CYMMapHOIO CONDPOTHBJEHHS OT
KHJeH.

~ Ha puc. 1 npHBeIeHO CpaBHEHHME DaCcUeTHBIX U SKCNEPUMEHTAJb- ’
HBIX IAHHBIX JJIsI TPY30BOTO CYAHA ¢ KO3((QHIHEHTOM OOLIell TOMHOTH

By

8 44 "
0:02 , ' 002

EAY

401 001 2
,/ % [ ) _0.9_.0
ooo © ) AX o §

0 01 02 03 Fr 0 0,5 10 Ve
Puc. 1. KoabduuueHT CONPOTHUBICHKA Puc. 2. CpaBHeHHe pacyeTHBIX H JKCIe-
GopTOBOH KauKe CYyAHA B 3aBHCHMOCTH PHMEHTANbHBIX AAHHBIX 1J1 KOI((UIHU-

€HTa CONpPOTHBJEHHs OOpTOBOH Kayke

OT CKODOCTH XOJa Cy/JHa:
cyana B (YHKIHH YacTOTHI IIPH OTCYT-

A — co ckynoBbiMU Kuaamu; (O — 6es CKyJo-
BBIX KuJeil; . pacueT CTBHH CKODOCTH XoAa:

A — co ckynopbiME Kuaamu; (O)-— 6es cKyJso-
BLIX KHJel; pacuer

0,71 npu yrae xpena 0,175 pax u oTHOcHTebHOM uactore 0,50. I'pa-
¢uk nocrpoeH A1 Ge3pasMepHOro 3HAUCHHS ko puuuenta By
B pynxumu yucita ®pyna. 3xech

B tson = 2t A/ 0=0Af o Fr=—fr,
rae D, L, B-—cCooTBeTcTBeHHO O0beMHOe BOLOH3MELIEHHE, AJMHA
¥ LIMPHHA CYAHA; U — CKOPOCTb XOJa.

Kak BHAHO W3 DHC. 1, CKyJOBHIE KuWJIM 3HAYHTEJNbHO yBEJIHIHBAIOT
COMpOTHBJEHHE KauKe CyAHa, a 3aBHCAMOCTD ko3¢ddunuenTa Conpo-
THBJIEHHsI OT CKOPOCTH XOa 6JM3Ka K JIMHEAHON.

Ha puc. 2 m3obpaxkeHa 3aBHCHMOCTb KO3(dulHeHTa CONPOTHBIE-
HUSL KayKe FPy30BOro CyAHa ¢ K03()dUUHEHTOM o6uest moaxoTH 0,71
Tpu aMmiuTyAe yraa kpesa 10° B QYHKIMM 4aCTOTHI KoJieGaHui.
B 3TOM cayuae 3aBUCHMOCTDL HeJuHEeHHa. ’

Ha puc. 3 naHa 3aBHCHMOCTb COCTaBJAIOLIAX KostdhduuueHTa co-
TIPOTHBJIEHHsS] KayKe Cy[JHAa OT yIyla KpeHa. 3necn

B44=BT+BH+BB+B¢+BK.B+‘ BK.H+BK.JJ.y
rae B — conporusienusi: By — Tpenust; By — oT NOJ'bEMHOH CHJBI IIPH
xone; By — BoJiHOBOe; By — dopmbl (suxpeoGpasoBanusi); Bx.s—
BOJIHOBOEe OT KHJel; By g— OT HOPMaJbHOTO JHaBJCHHA Ha. KHIAX]
By 5 — OT B3anMOJEHCTBUsS KOpmyca CyIHA H KHJIell BCJeJCTBHE Iepe-
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pacnpejesieHHsl HaBJeHHs Ha KOPOyce CyAHa IPH HaJHYHH KHJEH.
3aBUCHMOCTh HMEET HeJHHEHHBIH XapakTep, a ¢ POCTOM aMIIUTYX OT-
HOCHTEbHAsS POJNb CKYJOBHX Kuiaedl B obuem 6ajiaHce CONPOTHBJE-
HHSl KAaUKe PacTeT. v
Takoi pesyamrTaT HECKONBKO HEOXKKAAH. VI3BECTHO, YTO € POCTOM
aMIIUTYL OOPTOBOH KAUKH OTHOCHTENbHaf 3(P(EKTHBHOCTh CKYJOBLIX
KHiIell ymenbplaercs njasi JuxtepoBo3oB [5]. Takoil xe pesynabprar no-
JyYeH B ONBITOBOM Gaccefine (BareHuwHreH) NPH HMCOBITAHUYM MaJblxX
cynoB (30—70 m). PesynpraTol 3THX HCOBITaHWH NpHBEJEHH Ha
puc. 4 [6].
!
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Puc. 3. CocraBisiomue conpoTusaeHna Gop- Puc. 4. Pasmaxu (zBoiinbie

aMILIMTYAB) GOPTOBOH Kauky

CyJAHa B 3aBHCHMOCTH OT CO-

CTOSIHUSA MOpS Jis  Majbx
CYyHAOB:

1 — Gea CKyJOBHIX Kujell; 2 —

C YCHOKOHTENLHBIMH LHCTEPHAMH;

3 — CO CKYJIOBBIMU KUJAMM; 4 —

C YCHOKOHTEJLHBIMH HHCTEPHAMH
H CKYJOBBIMH KHJISAMH

TOBOH Kauke cyaHa (Fr, @=const)

37ech 110 OCH OpPAHHAT OTJOXKEHH pasMaxu (IBOMHBIE AMIJTHTY/BI)
yraa KpeHa B rpajycax JJisi 3HauuTeNbHBIX ammautyn (14 % obecme-
yennoctH). Ilo ocu abclpec OTJIOXKEHO COCTOSIHHE Mopsi B Gajiax.
droT rpaduk HHTEPECEH W TEM, UTO 3/J€Ch NMPUBEAEHLl Pe3YJbTATH HC-
IBITAHUH CYAHA CO CKYJOBBIMH KHJISMH H YCHOKOHTEJLHBIMH ILHCTED-
HaMHu.

Meroauka, npenjioxeHHasi SIHOHCKMMH  HCCIEOBAaTENSIMH, HMeEET
TO HECOMHEHHOE NPEeHMYIIecTBO, UTO IO3BOJSET aHAJH3HPOBATh KaiK-
AVIO H3 COCTaBJAIONIHMX CONPOTHBJEHHMS GOPTOBOH Kauke CyAHA pas-
neapHo. [ToaToMy Henmecoo6pasHo NPONOMKHTE CPaBHUTENbHBIE pac-
YyeTHl AJSA Pas3JHYHBIX CYHOB. BMecTe ¢ TeM cCleyeT OTMETHTb, UTO
B pa6ore [4] nmpoBejieHO cpaBHeHHe PACUETHBIX HAHHBIX ¢ MOJAEJBHBEIM
3KCIIEPHMEHTOM, TIPOBEJEHHBIM IJis MOJeJeH CYAOB CPaBHHUTENILHO He-
GosblIux pa3MepoB (maunoit 3 m). Ilpm Takux pasMepax mojejell He
HCKJIOUEHO BJHsAHUWE MaciutabHoro a¢pdexra, a Torma coryacopanue
pPaCyeTHLIX H KCHEPHMEHTAJbHBEIX HAHHHIX COMHHTEJBHO.
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HopmasbHasi cocraBisiiomas AaBiends Bwx x ¥ cocTaBisiomas oT
nepepacnpeeNenust NaBieHusl By x ONPeleNAloTcs Kak (QYHKIHH Ges-
paameproro mapamerpa (Cy u Cy COOTBETCTBEHHO), CKOPOCTHOTO Ha-
mopa H xapakrepHoil miomanu Kuied. IlosydueHHBIE AMOHCKHMH HC-
CJIe0BATEsSIMH De3yJbTaTH MOKa3bBaloT, 4To Koapdunuent Cy caMm
ABJseTcs (pyHKIMeH aMIVIUTYAbl yriia kpeHa, a Cp 3aBHCAT OT (OPMBI
cyiHa, mepuoia KosebaHuii H yriia KpeHa, IpHYeM IOCJELHSIS 3aBHCH-
MOCTb ONpejesseTcs B BHAe IOJHHOMa yeTBepTodl cremenu. IIpasmna,
yJeHBl BBICIIErO, TPEThEro M YETBEPTOrO NMOPSAKOB MaJjo BJIHAKT HA
KOHEeuHBIl pesysabraT. TakuM 006pasoM, 3G (eKTHBHOCTb CKYJOBBIX KH-
Jel W WX BJHSHME HA PacCueTHYIO aMIJIMTYAy yria KpeHa IPH Kauke
CyZHA He MOMKET OJHO3HAUHO ONPENe/IAThCA TOJBKO IUIOMAAbIO KHIIeH.
DakTHUeCKH HYXHO YYHTBIBATb UYAcCTOTy KOJeOaHHH ¥ aMIUIHTYAH,
a Takxke (opMy KOpuyca CyAHA, IUMPHUHY KHJsf M pasMelleHue CKyJo-
BOTO KWJISL Ha KOpHyce cyiHa. SIMOHCKHE HCCIeN0BATeNH CUHTAIOT, UTO
MOXKHO TIpeHe6peub YUeTOM CKOPOCTH XOHa CyAHa Ha 3(pdeKTHBHOCTDH
CKYJIOBHIX KuJell Kak ycnokouTenaeil kauku. MexAy TeMm 3TO BIHAHHE
MOXeT OHITh cyllecTBeHHEIM. ClefyeT Takxe YUHTHIBATh BJHAHHE KO-
sdunuenta o6lIeH MOJIHOTH CyAHA Ha 5(P(PEKTHBHOCTL  CKYJOBBLX
KHJeH.

[TpuBeneHHble AaHHEIE TOBOPAT O TOM, YTO BJIHSIHHE CKYJOBBIX KH-
Jell Ha PacyeTHYIO aMIIMTYAy OOPTOBOM KayKu Cy[Ha HE MOXKET 6BITh
OLEHEHO TOJNBKO IIyTeM yuera IOl CKYJOBBIX Kuieid. Bmecre
C TeM B HacTosillee BpeMsi He IpeAcTaB/seTcs BO3MOMXHBIM JaTb
¥ OKOHUATEJbHBe DEKOMEHAAUMH [0 YUYeTy BIMSAHHA CKYJOBHIX KHJeH
Ha pacueTHble AMILIMTYAB GODTOBOH KAayKH Cy[ZHA NPH HOPMHPOBAHWH
ocrofrguBocTH. OJHAKO OUYEBHIHO, UTO CYLIECTBYIOIUHH NOAXOH HYX-
maetcsi B KOPPEKTHPOBKE,

CyllecTBYIOIME HODMbl He YYHTHIBAIOT M CJAydall aBapuiHOM cH-
TyalHH, KOrJa CKyJIOBBE KHAHM MOTYT GBIThb NMOJHOCTBIO MJIH YaCTHYHO
yTepsiHbL. Bce 3TO rOBOPHT O HEOGXOJIMMOCTH MPOBEIEHUs HaJbHEAUIHX
BHOIYHC/ICHHE W ACTBITAHHH, CBA3AHHBIX ¢ OLEHKOH 2(QQPEeKTHBHOCTH CKY-
JIOBBIX KUJeH KaK yCIOKOWTesaell Kaukd. DTO IO3BOJHMT HAKONHTb He-
O6XOMUMEIH MaTepuas [Jisi NepeOCMLIC/HBaHUs METOLUKH yueTa BJIHA-
HESl CKyJIOBBIX KHJIEH HAa DacyeTHy0 aMIIATyay OGOPTOBOH KaukH
CYAHA.

B mocaenHue IOl MOSBUJINCHL Cyfa ¢ HEOOBIUHHBIM COOTHOLIEHHEM
[JIABHBIX PasMePeHHil, 4TO NPHBEJO K YBETHUEHHIO JHHEHHBIX W YIJIO-
BBIX yckopenu#l, Heo6XoguMo OTMETHTB, 4TO CKYJIOBBIE KHJH IO3BO-
JSIIOT CYIIECTBEHHO CHHM3HTh YCKOPEHHs, UCIBITHIBAeMble CYAHOM IpH
Goprosoil Kauke. M ¢ 3TOH TOUKHM SPeHHs ClelyeT 0oliee TIIATENBHO
IpOaHAaJIH3UPOBATh BO3MOXKHEIE MYTH NOBBIUEHHS 5()(PEKTUBHOCTH CKY-
JIOBBIX KHJEH. ’
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B. K. Tpynun

O CTPYKTYPE BbIPA)KEHUS
JJist NTONEPEYHO-TOPU30OHTAJIbBHON
BO3BMYIAIOHWENX CHJIbI

IIpn mpoekTHPOBaHKH M SKCIUIyaTalHu CyAHA HeoO6XOANMO 3HAThb
BO3MYILIAOIHe CHJIL H MOMEHTH], AeHCTByolue Ha Hero. dTO IO3BO-
Jasier 6e3 NPOBEIEHHS AOPOrOCTOSINMX HCHBITAHMH INOJY4HTb pacyer-
HBIM NMYTeM [aHHEBE O KMHEMAaTHKe CYAHa B 3aJlaHHHIX YCJIOBHAX BOJ-
HeHus ¥ BeTpa. Hajmuue HOCTOBEPHBHIX IPOTHO30B COCTOSHMS MOPs
u atMocdepbl NO3BOJSET NaBaTh PEeKOMEHJAlluH KaluTaHaM CYAOB N0
BHIOOPY ONTHMAJIbHBIX, ¢ TOUKH 3DEHHs 6e30aCHOCTH, SKOHOMHYHOCTH
u KoMdopTabGeqpHOCTH XKYPCOB, CKOPOCTeH X0Ja M MaplupyToB.

B Hacrosiuiee BpeMsi Haubogee 3(DQEKTHBHHIM CPEICTBOM olupeje-
JeHHS BO3MYUIAIOIIAX CHJ SIBJISIETCSl THAPOJWHAMHYECKas TeopHus
Kauky, AHaau3 pacueTHBIX M SKCOEPHMEHTAJbHBIX MaTePHANOB MOKa-
3HIBAET, YTO AMILIMTY[AHBIE 3HAUEHHS HCKOMHEIX CHJ MOryT OHITb € JO-
CTaTOYHOH CTENEHbI0 TOYHOCTH PacCUMTAHH 11O JHHEHAHOH ruipoiuHa-
MHYECKOH Teopuu, Gasupylomieldicds Ha INPEANOJOXKEHHM O MaJOCTH
AMINIMTYJ, BRI3BAHHBIX BOJH ¥ KOJeGaHMH CyIHA H BO3MOXHOCTH TIpe-
He6pexeHHs HX CTENEeHSIMH BHILIE IEPBOH.

Bmecte ¢ TeM I pelleHus pPsAja NPaKTHUECKH BaXXHHX 3alay
MOPEXOIHOCTH CYAOB HeOGXOLHMH GoJiee TouHble MeToAaH. Hampumep,
IOCTAHOBKA H peEIlleHNe 3aJayl O NepeMelleHHAX, COBEPIIaeMBIX CYX-
HOM B TFOPH30HTAJIbHON IIOCKOCTH IO JefcTBHEM HabGeralolluX BOJIH.
BcegemeTBue TOrO, YyTO B TOPH3OHTAJBHOH MJIOCKOCTH HE AEHCTBYIOT
THAPOCTATHYECKHE BOCCTAHABJMBAOIIHE CHJB H MOMEHTBHI, CyZa MO-
I'YT WCHBITHIBATH 3HAYHTEJbHEE IepeMelleHHss B IPOCTPAHCTBE Haxe
NOA HelicTBHEM OTHOCHTEJBHO MaJIEIX [0 BeJHYHHE CHJI BOJHOBOH NpH-
poanl. Tagoe siBeHHE HOCUT Ha3BaHHe BOJHOBOrO apeida, a cuiIbl
W MOMEHT, ero BLI3HIBalOLlMe, NPHHATO MMEHOBATh CHJAMH BOJIHOBOI'O
npeitpa [1]. 3HanHe BeJMUMH 5THX CHJI, a TakXKe HX JOJH B o0ueM
GaJjiance BO3MYLIAIOMIUX CHJI ABJSAETCA CYHIECTBEHHO BAaXKHBIM JIJis pe-
LIEHHA Takux OpobaeM Kak obecleueHHE IO3HIHOHMPOBAHHS CYIO0B
H TeXHHYECKHX CPEJCTB OCBOEHHs] OKeaHa; OLleHKa 6e30MacHOCTH IIa-
BaHus CyHA0B BGJu3u GeperoB u MeseH, B y30CTAX H aKBATOPHSAX C MH-
TEHCHBHBIM JBHKEHHEM; HCCAENOBAHME KWHEMATHKH CYAOB, JIHIIHB-
MUXCA XOAA, cHacaTelIbHBIX CPeJCTB, 6yeB U JIPYruX HEyNpPaB/IsIEeMbIX
06'bEKTOB; ObecleueHne HIBAPTOBKH CYAOB B OTKPHITOM MOpE B yCJO-
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BHSIX LITOPMA M NPOBEAEHHS TOrpy30pasrpy30uHbIX. pa6or. YKa3aHHbIE
06CTOATEIbCTBA O6YCIOBIUBAIOT HEOOXOAHMOCTD YTOUHEHHS CTPYKTYDH
BHIPaXKEHUH JJIs BOSMYLIAIOMHX CHI U MOMEHTa, JeHCTBYOUIHX  Ha
CYJHO B FOPH30HTAJIbHON MJIOCKOCTH. "
PaccMoTphM CYZAHO, MIaBaioulee B HieaJbHON HeC:KUMaeMol »KHA-
KOCTH B TPHCYTCTBHH CHCTEMBI DEry/sipHbIX IPOrpeCCHBHBIX BOJH.
CyAHO COBepIIaeT NONepeyHO-ropH- S
30HTaJbHBEE, BEpTHKaJbHbIE U GOp-
ToBble KoJieGaHus, COXpaHasa cpen-
Hee TOJIOXKEHHE B TIPOCTPAHCTBE.
[penmonoxKuM, 4TO paccMaTpH-
BaeMOe CYIHQ YIJHHEHHOe, ero
06BoIK B palioHe AeficTBYIOILEH
BATEPJHHUH OJU3KH K TPSMOCTEH-
HBHIM B GOpTOBbIE KOJeGaHHs NPOUC-
XOIAT OTHOCHTEJNBHO OCH, Jexalleit
B TIIOCKOCTH, BaTepJuHUH. BBenem
JBe CHCTEMB KOODAMHAT (CM. DHCYHOK): HENOJABIKHYIO (0XYZ)
¥ CBSI3aHHYIO (0Xyz); NIepexojl U3 OAHOH B APYTYIO OCYIIECTBIIAETCH o
dopmyam :
Y=m-4 ycos®—zsinb; Z =+ ysin0 -+ zcosb.
JlBuKeHre KUAKOCTH HOCUT IEePHOJMYECKHil XapakTep C KpyroBo# ua-
croToii ¢. IIpu 3TOM NMOTEHHHAJ CKOPOCTeH BO3MYLIEHHOIO BOJTHOBOTO
nBuxkenusi @ u BosBHIIeHHe CBOOOAHON IOBEPXHOCTH {s TIpeacras-

JISIIOTCSL B BHAE _ _
DX, Y, Z,-) =ReloX, ¥, 2)e' L(X, Y, )=
—Rel[y X, V)] . (1)
TIpeAnoNOKHM, YTO BCe KHHEMATHYECKHE XaPAKTEPHCTHKH KOJE-
GaHufl CyAHA M JKMAKOCTH MOTYT OBITb Pas/IOXKEeHBl B CXOAAIIHMECH
PAABI TIO CTeNeHsM MaJoro napamerpa é;
F=ef) + 19+ 0(E), | @
rge f — mo6as us gynkuni @, &s, ¢, ¥, M, &, 0. '

OTMETHM, UTO HCIOJB30BaHHE NBYXNapaMETPHUECKHX PasilONeHHH ;
[2] ¢ Gosbluefi CTENEHBIO TOUHOCTH ONHCHIBAET sBJEHHE, OAHAKO _‘
B 3TOM CJydae [Jifi PelIeHHs 3aJ4aud HeOOXOAHMO BBOAHTH MOTOJHH-: ;
TeJPHO ypaBHEHHE CMOUEHHOfl NOBEPXHOCTH - ABHXKYyLIerocs CyAHA |
Se (X, Y, Z, t)=0. TlpakTHueckud HCHOJb30BAHHE PFAOB (2) wuckawo- ‘

. ygeT M3 paccMOTPeHHsl GOPTOBYIO KauKy KOHEUHOH aMIUIUTYABL.
[Tonepeuno-ropusoHTaIbHAsS B3MYyLlaoLias cula ONpefeaeTcs Hi- !
TerpupOBaHHeM THAPOAHHAMHMYECKOTO JaBJIeHUd p 1O MTHOBEHHOH ;
CMOYEHHOH TOBEPXHOCTH Sy B HENOJABHKHON CHCTeMe KOOpAHHAT

Fy = — S pcos (v, ¥Y)dS, |

N

HenoJABHKHAS U CBSI3aHHAS CHCTEMB ‘
KOOpAHHAT ’

re XV, Z, = —p 2T 2D o

1 - .
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" Pasnaras jpaBienne B psaj Teflyopa, MOXHO BHPa3HTh €r0 B KOOP-
JHHATAX NOABUKHOH CHCTEMBHL:

_ ) _
p(x,y, 2 1) ___gz+€[ 000 (x, 4o 2, 1) 4 o (c® _|_y9(1>)]+

e ot
9 [aq)(z) (x, 4,2, 1) + *oWM (x, y, z ,1) ( (1)—.29(1))_{_
+e o ot dy n

D ,z, 1 1 2
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CMOYEHHYI0 TIOBEDXHOCTb CYJAHA .IPEACTaBUM B BHJAE CYMMBI CMO-
YEHHOH NMOBEPXHOCTH B IIOJIOXKEHHMH DaBHOBecHSl Ha THXOH BOJe M Ie-
pPEMEHHON CMOYEHHOH IIOBEDXHOCTH, OTBevarolled H3MEHEHHIO BO3BHI-
menus cBoGoaHOH noBepXHOCTH. COOTBETCTBEHHHIM 00Da3soOM B BHIE
CYMMEI [BYX COCTaBJAIOUIHX NPEACTABHM H HCKOMYIO CHJY.

Jlns yAJMHEHHOTO CyZAHa MHTerpaj IO CMOYEHHOI IIOBEPXHOCTH,
colepXKallel MHOMXKHTEJIEM KOCHHYC YrJla MeXJAy HOPMaJbio M ochlo Y,
MOXKET ObITh NMpEACTaBJAEH B BUAE HHTerpaja mo ee NPOEKLUH Ha 1Ha-
METPaJIbHYIO IJIOCKOCTh:

{reosw, as={ax | jdzcfax | i[@dy—l—(l-——%)dz:[,

s, L C, (X) L €, (%)

rae : Cp(x)— KOHTYp ILUNAHIOYTHOTO ceyeHHss ¢ abOCUHCCOH X, NMPHUYEM

HHTEerpaJ BHIA J‘fdz BHIUUCJSIETCA CO 3HaKOM Iunoc npu y>0
. c,
u MuHyc npu y<<0.

[TogcTanoBKka BHIpaKeHHs jAaBjeHus (3) NPHUBOIMT K caAefyoLleH
bopmysie nJst cocraBisiouied, 00ycJOBJIEHHOA HHTETPHPOBAHHEM IIO
PABHOBECHOH CMOUYEHHOH IOBEPXHOCTH:

Fy ot
L —efar | —— dz+82{gsmz_;“’o“)+
L CB(x)
a(D( 1) a([)a) 1 | 62(1)( 1)
+ ) dx [e“)——dz +( + (0" —20") ———+
/_S Cﬂs(x) ar Y En ( ) of oy

62(1)( 5]

. 1 (1) )2
+ (é,(l) + yﬂ(l))'mz—’l"—g‘ I gy | )dz]}-l-o (€%,

rae Swr — NJolllajb BAaTEPJAHHHH DaBHOBECHS cYyJHA.

HuTerpupoBanye 1mo NepeMEHHOH 4YaCTH <CMOUYEHHOH IOBEPXHOCTH
CBOAMTCS K MHTETPHPOBAHHIO IO 6OKOBOH IOBEPXHOCTU BEPTHKAJLHOTO
IMJAHHAPA C OCHOBaHHEM B BHAE KOHTypa BaTepJHHHH paBHOBECHS
Lywz. VluTerpan mo xoopauHaTe 2 NPH 3TOM MOXKeT OBITH OLIEGHEH pas-
JIOXKEHHeM IOABIHTerpanpHoll Qyukuuu B pag Teinopa [1], 2 BO3BH-
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lleHKe CBOBONHON TOBEPXHOCTH (s BBIPAXKEHO H3 JUHAMHYECKOrO rpa-
HHYHOTO YCJOBHS : v
1 [ 60 82D BRI 1 R

Cs———g—[w"f'“m(ﬂ—ze)—l‘w@‘l‘ye)+7|V(D|:1-
ITonyuuM BHpaskeHHe [Jisi BTOPOfl COCTaBJsIOLIeH HCKOMOH CHJIBI:

Fy 5 @ 1 90N )’ i o

.2 ) (1 d 3
WL

Kortyp Ly o6xomutcss B NMOJNOXKHTEJIPHOM Hanpap/JeHHH NpPOTHB 4a-
COBOH CTPeJIKM, €C/IH CMOTPeTh Ha Hero us obsacta z>>0.

JanbHeiiiine Tpeo6pas3oBaHus 3aKJIOYAIOTCA B MOACTAHOBKE 00-
1ero Bupa moteHumada (1) ¢ HCIOJB30BAHHEM HM3BECTHBIX M3 TPHIO-
HOMETDHH COOTHOMIEHHH MJIS CHHYyca H KOCHHyCa [IBOMHOTO apryMeHTa.
B OKOHUATEJHHOM BHAE IONEpPeyHO-TOPH3OHTANbHASL BO3MYyllaomas
cHJIa .

Fy—eFP + &€F9 + 0(E%), (4)
rie _
FY) =poRe (ieiot S'dx S ¢ dz);

L Cy (%)
FP —=FDy -+ Fy,+ Fys;

FDy = pgSwt 8" 4~ p | ax | Ive®Paz+
: C, (x)

- i B

I o )
+ Tp'iz_ﬁ | o™ [P dx;
WL

Fy.— po Re (ieiot {S dx f [6“)@(”dy+((p(’z)—l—(n‘”——zé)“))
L C, (%)

PR
o+ (" + yo) ;Pz )dz]+ @ & 4 40") w(l)dx}):
%y Lwr
Fys =%pRe{eQi°t[S dx S (qu“))zdz——(;—z @ (p(l)de]}' ‘
Y L. Cp(X) L'WL

(5)

Ananusupysi moJyueHHble pe3yJbTaTh, OTMETHM, 4TO HCKOMas
CHJla ONpeAessieTcsl aMIWIUTYJAHbHIM NOTEHLHAJOM ¢ Ha CMOYEHHOH II0-
BEPXHOCTH B MOJIOXKEHHH DPaBHOBeCHA. ITOT IOTEHUHA] BKJIOUaer
B ce6s MOTEHIMaJB Haberamwwnx, AU(parupoOBaHHLIX U H3JIy4YaeMBIX
BosiH. C TOYHOCTBIO [0 & NOJYYEHHBIA DPEe3y/abTaT COBHAJAET C H3Be-
CTHBIMH MOJIOKEHUAMH JHHeHHON THAPOAHHAMUYECKOH TEOPHH KauKH.
IIpu stom cocraBisiolast FQ) BKiaiouaeT B ce6s HHEPLHOHHO-AEMII-

dupyrooumue, KPHIJIOBCKYI H THAPOAMHAMHYECKYIO YaCTH BO3MYLIA0-
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mpx cuia. C TOYHOCTHIO HO €2 BHAENHMThH [OAOOHOr0 POA COCTABAAI-
mMe yiKe He yAaercs: 06s3aTeJbHbIM SBJIAETCHA HAJIHUME WICHOB, Xd-
paKTepH3YIOLKX B3aHMOelicTBHE ToJeH gaberaouux, fudparupyeMsx
¥ U3JyuaeMbIX BOJ.

; FuapopuHaMuueckas Cujia BTOPOTO MOpPsiAKa F@, B cBOIO OYepeD,
‘ COCTOMT H3 TpeX KOMIIOHEHT. IlepBas u3 HHX, FDy, oT BpeMeHH He 3a-
; BHCHT ¥ NpeAcTaBiasieT cO00i Culy BOJHOBOTO apefida. CocraBasio-
3 mast Fyi, Tak ke Kak un FU), sBasgercs nepuoAuuecKkoil (yHKUHEH

BpeMeny ¢ 4acToToii o, a Fys MepHOAMYECKOH (PYHKIHEH ¢ 4acTo-
Toi 20. Cusa BOJHOBOro apefida MOJHOCTbIO ONpelesneHa IOTEeHUIHA-
soM nepsoro nopsgka ¢, Cuia BTOPOrO nopsiaka F@® saBucuT OT

dynkuuii ¢ n @@, T. e. AN €€ ONpeneeHHd HeoOX0AHMO pelleHHe
1 HeJqHHeiHOl BOJHOBOH 3afauyd. B 3TOM NPHHUMNHANPHOE OTJIHYHE HO-
: JIyYEeHHBIX BBIPAXKEHHH OT Pe3ysbTaTOB paGotnl [3]. B cayuae 3akpen-
mewnoro B mpoctpanctse cyana ({=m=0=0) dopmynnl (4) u (5)
COBMajaloT ¢ roJyuyeHHsiMH B paGore [l].

TakuMm o6pas3oM, YyueT ' BO3BLILIEHHS CcBOOOAHONH NOBEPXHOCTH
¥ KBaipaTa CKOPOCTH B HHTerpaje Jlarpamika MO3BOJHJI MOJNYYHTH
ZONOJIHHTENbIIBIE COCTABJAIOLME CHJBI, He YYHTHIBA€Mbie JnHeiHON
IHAPOAMHAMHYECKOH Teopneil KauKm. PesynbTaToM HX BO3AEHCTBHA
Ha CYZHO SIBJISIIOTCS €ro ycrauoBnBLIniics Apeiidp n koneGamus ¢ ya-
¢ToTamu, OJH3KHMH K 0 1 20. ' ‘

[Tonyuennble BbIpazKeHusi AJsi THAPOIMHAMHYECKHX CHJI MOTYT
6BITh HCIIONbL30OBAHBI IIPH PELIEHHH 3ajay, CBA3aHHLIX ¢ Apelipom cypna
¥ ero NO3HIHOHHPOBAHHEM NpH BO3AGHCTBMM DAa3IHYHBIX BHEMIHAX

5 BO3MYLIEHHUIL.

|

CIIUCOK JTJUTEPATYPDHI

i . 1. Tpyuuun B. K. Onpefenentie CHl BOJHOBOIO npeiipa. Aproped. Ha COHCKa-
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H. 10. Uepka : -
3KCTPEMAJIbHBIE JUAFPAMMDBI CTATUUYECKOM
OCTOMYHBOCTH

Jlio6as OLeHKa OCTOMYMBOCTH CyHHa cBsi3aHa C ONpeAesieHueM Na-
paMeTpOB NHarpaMMbli CTATHUECKOH OCTOMYMBOCTH, KOTOpas paccuu-
TEIBAeTCS AJsI OJHOTO, JETEePMHHHPOBAHHOrO COCTOSIHMS  Harpyskn
cynHa. MOXHO MOCTPOMTb A AHArPaM, COOTBETCTBYIOUIHX 7 COCTOA-
HHSM Harpy3kH, HO NpPU 3TOM BCe€ PaBHO HET a6CcONIOTHON YBeDEHHO-
CTH, 4TO HE OCTajcsi B CTOPOHE HAHXYAWHH B OTHOUICHHH OCTOHUYHBO-
cTH cayuafl Harpysku cyaHa. bBosee Hajexubie pesyJpTaThl MOXKET
1aTh BEPOSITHOCTHAS OLEHKA CTATHYECKOH OCTOHYMBOCTH CyRHA.
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[I7euo CTaTHYeCKOR OCTOHYMBOCTH MOKET ObIThb ONPEAeNEeHO Ka

pasHOCTD IJIeY OCTOHUMBOCTH (OPMHI U Beca: .
lo=1ly—1s,
rae Ly == Yeo €OS 0+ (209 — 2co) SINO = (A, 9);

ly=(2g — 2c0)Sin 0= A, 2g, 9).

Eciy Ajsi AaHHOTO CyaHa lp OJHO3HAYHO ONpeNe]sieTcs B 3aBHCHMO-
CTH OT BOLOM3MEIIEeHHs W yIia KpeHa (HanpuMep, IO NaHTOKapeHaMm),

TO C IJIE4OM OCTOHUMBOCTH BECa AEJ0
o6crout ropasio ciaoxeee. IIpu on-
HOM ¥ TOM XK€ BOJOH3MeElLleHNH CyIHa
BeJUUMHA 2y MOMKET MEHATbCS B olpe-
NeJIEHHBIX Ipefiesax B 3dBHCUMOCTH
OT pACIOJIOXEHHs Ha CyJAHE OTHAeNb-
HBIX COCTaBJAIONIMX JAelBeHTa, T. €.
warpysku. Harpyska awo6oro cyaHa,
a pHOGOJOBHOrO B OCOOEHHOCTH, BO
BpeMsl pefica MeHseTca ClyJakHBIM
o6pa3oM. '
OpnuM u3 Haubojee yHuBepcasb-
HBIX CNOCOG0B MATEMaTHYECKOTO Mpea-
CcTaBJIeHHs COCTOSIHHSI HAarpyskd, mos-
BOJISIIOIIAM OTPa3uTh €€ H3MEHYHBOCTD
B TeueHHe KaK OIHOro peica, Tak
¥ BCEero BpeMeHH 3KCIiyarauuu cyn-
Ha, SBJSETCS BEKTODHBIN croco6 [1],
[2]. B ofmem ciayuae 3TO n-MEDHBIH
BEKTOP, TAK KaK COCTOSIHHE HArpysku
CyJHa B LEJOM 3aBHCHT OT 7 KOOp-
npHEaT. B caMoM TpoCTOM caydae
B 3ajauax OCTOMUMBOCTH CyHAHA CO-
CTOSIHME HAarpy3KH MOXKHO OXapakre-
pH30BaTh ABYXMEPHHIM BEKTOPOM, Ha-
IpuMep B CHCTEME€ KOOPAWHAT BOJO-

?= Y/ch
106 , /
100
0,95 // /
05 09 10 X=X/

Dyuic PAaBHOM INIOTHOCTH COCTOS-
mus Harpysku cynos tuma MPTK
«BanTHKay, SKCIMIyaTHPYEMHX B
Banrufickom Mope  (BepOATHOCTH
IUIaBaHUA CYQHA C HarpysKoH, He
BHIXOJsALel 3a Ipelejs JAHHOTO
sanunca, pasua 0,997)

H3MelleHue cyasa X — craTHyeckuii MOMEHT BOJOW3MEIIECHHA OTHOCH~
TeJbHO OCHOBHOH HJOCKOCTH Y. VcTaHoBAeHO, YTO IJIOTHOCTH BEPOAT-
HOCTH COBMECTHOIO pacnpenesieHusd peauuuH X u Y onpejensercs 3a-

BUCHMOCTBIO

‘ 1
PO ¥) = gm0 {_

2(1—r)2

2

1 [ (X ';):"x)z _

_ 2r(X——mX)(Y—my)

(¥ — myy’

rae mx, My — MaTeMaTHIeCKHEe OXKHAAHHS BEJIHYHH XnY, ox, oy—
cpelHHe KBafpaTHUYHEIE OTKJOHEHHS BEJHYHH X u Y; r —xoapduuu-

€HT KOPPeJAIHH.

37



o

Torma ¢ a060# 3apanee 3afaHHOH BEPOSITHOCTBIO P MOMKEM OKH-
HaTb, YTO KOHEI BEKTOPA COCTOSIHUS HATPY3KH CYyIHA He BHIUJET B Te-
yeHHe ONpeNeJeHHOTO BPEMEHH 3a Mpelenbl JBYXMEpPHOTO 3JIJIMICcA —
* 3JIJIMNCA PABHOM NJOTHOCTH (CM. PHCYHOK).

YpaBHeHHe 3JJHICA PAaBHOH IJOTHOCTH B KaHOHHYeCKOH dopme
3alHChIBAETCH CIASAYIOMWUM 06pasoMm:

2
) =1

(=) +(;

rfe k-— IOCTOSIHHOE YHCJO, UMEIOIee CMBICJA BEePOSTHOCTH MONamaHHs
KOHIIa BEKTOpPa COCTOSIHMS HArPy3KH CyjAHA B 00JacTb HAHHOTO 3J-
Jianca; o— yroJi, ONpefefsiloliMf HampasJ/eHHe TJIaBHBIX OCeH pac-

2kxy

CeHBaHHs;, o =—arctg————
’ 2 g o2, —oZ

; Of, On— CPEJHHe KBaJpaTHYHbIE

OTKJIOHEHHSA.

3 2 — 3
0§=/\/oxcos a - kygy sin 20 + o¥ sin” a3

v 2 . 2 . 2
Oy = z\/ox sin”a — kyy sin 20 - oy cos’® a,
r7ie kxy — KOPPENSIHUOHHLIH MOMeHT Bejguuun X u Y.

[lpy moMOIIM HeCJOXKHBHIX MaTeMaTHYeCKHX mpeoGpasoBaHuil TmO
H3BECTHOMY 3JIIMICY COCTOSIHUSI Harpy3kKH cyJHa MOXHO IOJYYHThb
' BEPOATHOCTHHIE 3HAYEHHS] ANIVIMKATHL HEHTPA TIXKECTH CYLHA Zg, CO-
OTBETCTBYIOLIHE KOHTYPY JLINIICA:

. ro m ro . Cmy 2
= g K e { e K — [

(X— mX)2 0% 2rmyoy
o4 X2 02X

e
- [my 4265 (1 — ) In (1 —p)]} .

SlcHO, YTO 3KCTpeMaJsibHble 3HAYEHHUsl MJed OCTOAYMBOCTH Beca 6y-
JIyT NPH 3HAUEHHAX 2Zg, COOTBETCTBYIOUIMX KOHTYDY 3JIJHICAa DPaBHOH
IJIOTHOCTH, a4 TOUKH, HaxOoAslHecsi BHYTPH TaKoOro 3JUIHICA,— HPH
NPOMEXYTOUHBIX 3HAUEHHSX. B TO e BpeMs ILIeY0 OCTOHYMBOCTH
($OPMBI 3aBHCHT OT BOAOM3MEINEHHUs (IPH NAHHOM yrJle KpeHa), HO He
3aBHCHT OT pas3MelleHusi PPY30B Ha CyIHe IO BHICOTE, T. €. OT Zg. Cie-
JOBaTeNbHO, AJS JI0060TO yria KpeHa CyAHa MOXKHO HaHTH TaKoe cO-
yeTaHue BOJOM3MEIEHHSI M COOTBETCTBYIOLIEr0 €My 3KCTPEMaJIbHOro

3HaueHUs] aNllJIMKaThl LEHTpPa TSAXKECTH, KOTODhHIEe JdaJju OBl C JaHHOM

BEPOSITHOCThIO HauboJblllee WM HAaHMEHblee M3 BCEX BO3MOXKHBIX
3HaycHME IIeya ocToMuMBOCTH Beca. Mg onpeneneHHs S5KCTpeMalb-
HBIX 3HAYEHHH IJIeY CTAaTHYECKON OCTOHYMBOCTH HEO6XOAHMO pelarhb
COBMECTHYIO 3ajayy ONTHMHU3ANUHK BeJNHUYMH ly U [p M0 mapamerpy lo.
Suauenns ly=f (A, 6) Aaa KOHKDETHOTO CyjAHA NIDPH peLIeHHH 3aRauH
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Ha DBM MoryT 6HTh 3ajaHbl B BHAE ypaBHeHnn WIn B Ta6.7qu0H
(opMe 1O Y3TOBBIM TOUKAM.

Takum 06pasoM MOTyT GHITH MOJYUEHH YCJAOBHBIE 3KCTPeMaJjibHblE
AuarpaMMBl CTaTHYeCKOH OCTOMYMBOCTH, KOTOpble (aKTHUECKH B-
JSIOTCS OrMGaolMMH ceMeficTBa BCeX BO3MOXKHEIX C JaHHOH BeposT-
HOCTBIO [AHATPAMM CTATHYECKOH OCTOHYHBOCTH KOHKPETHOIO CyAHZ
B ONpEJeNEHHBX VCHAOBHAX JKCIUNIYyaTalUH C YYeTOM HSMEHYHBOCTH
COCTOSIHUSL HaTPY3KH.

Hpu OlleHKe OCTOHUMBOCTH BHOBB HpoeKTpreMbIX CYLOB CTaTHCTH-
yecKHii MaTepHas O COCTOSIHMH H H3MEHYMBOCTH HArpysku 4acro OT-
CYTCTBYET, W UHCJIOBHE 3HAYeHHs BEPOATHOCTHBIX XapaKTEPHCTHK Mx,
my, Ox, Oy, r, kxy MOryT OHTb ONpE€AeJeHb METOAOM MaTeéMaTHYe-
' CKOTO MOJEJIMPOBAHUS COCTOSHMS HArpy3Kd CyAHa C HCHOJb30BaHHEM
IIPHEMOB TEOPMM BEPOSITHOCTEH H MaTeMaTHYeCKOH CTaTHCTHKH HJH
Ha ocHOBe a)()HHHOrO Npeobpa3oBaHMsl CTATHCTHYECKHX JAHHBIX O CO-
CTOSIHMM Harpy3KH CYAOB, OJIM3KHX K NPOEKTUDPyeMOMY, T. €. CYAOB-
IIPOTOTHIOB.

DkcTpeMasibHEIE AMarPaMMbl CTaTHYECKOH OCTOHYHBOCTH, MOCTPO-
ennble aas cyana tana MPTK «BaiThHKa» ¢ yCJIOBHOH CIJIOUIHOH HaA-
CTPOHKOH, 3a CYeT KOTOPOH CHJIbHO YBEJHYMBAETCS YroJ 3aKaTa fHa-
rpaMME, TIO3BOJSIOT ONPEACNHTh BEPOATHOCTHHIE FPAHMLbI HM3MEHEHHS
OTHZENbHHIX TIaDaMETPOB CTATHYECKOH OCTOHUMBOCTH CYAHA BO BpEMs
pefica M clenaTh 3aKJIIOUEHHE O COOTBETCTBHHM OCTOAYHBOCTH TaKOro
cyaHa Ttpe6oBanusiM HOpM. IlosyueHHble pe3ysbTaThl MOLTBEPKAAIOT
NIPELNOJIOKEHHE, UTO HEBO3MOKHO 3apaHee NpEACKasaTh HAaWXy[llne
¢ MO3MIMH OCTOHYMBOCTH JETEPMHHHPOBAHHBIE COCTOSIHHSI HarpyskH
cyAHa. 3HayeHus BOMOW3MELIEHHS CYAHA, NPHU KOTOPBHIX NJEYH CTaTH-
yeckofi 0CTOHYMBOCTH OYAYT SKCTPEMaJsbHBIMH, AJsl JAHHOrO CyJlHa 3a-
BHCAT OT yIJla KPeHa W ¢ M3MEeHEHHeM 3TOro yrja MeHSIOTCS Henpe-
puiBHO. TIpensiaraeMblil MeTOJ OLEHKH BJHSHHS HAa OCTOHYMBOCTb H3-
MEHYMBOCTH HArpPY3KH HaeT BO3MOXKHOCTb HAa3HAYMTh T€ COCTOAHHA
Harpysku CyAHa, KOTOphe OYLYT ONACHEIME C NO3HLUH OCTOHYH-
BOCTH.

COIUCOK JJUTEPATVYPH

1. MouceeBa M. D. OueHka COBMECTHMOCTH TPeGOBAHHH K OCTOHYHBOCTH,
HENOTONJISIEMOCTH U 60pTOBON Kauke cynos. JI., Cynmocrpoenme, 1976. 71 c.
o 2. 3%an.neuxo T. E. Ipo6aems crathka Kopa6as. M.—JI., Mop. Tpaucnopt,
1949. 235 ¢

YK 629.12.014.6

. A. Ypycos
Ob MBI‘PIBAIOHIHX MOMEHTAX M PEAKILUAX
B 3JIEMEHTAX PYJIEBOIO YCTPOMCTBA

IlpuBenenunie B IlpaBuaax PerHCTpa CCCP [1] ¢opmynsr mas
ONpeNieJIeHHsl PACUETHEIX 3HaueHHH H3rubalomuX MOMEHTOB M peak-
uM#, AEACTBYIOIUMX B 3JIEMEHTAaX PYJEeBOro YCTPOHCTBA, NPUMEHHMEE
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TOJBKO B TaKHX PYJeBHIX YCTPOHCTBaX, B KOTOPHIX AeHCTBHE PyJIeBOH
MALIMHBL He CO34aeT JOMOJHHMTEJbHBH H3rHOaloluid MOMEHT B Oajke

» pyJib—o6aJep.

[Tpu paspa6otke 3THX (HOPMYJ] HMeJOCh B BUAY, YTO B OOJBLIMH-
CTBE PYJIEBBIX YCTPOHCTB NPHMEHAIOTCA PYJEBBe MalIMHbI, HE CO3/a0-
fye B GaJlepe IOMePedyHOH CHJbl (YEeTBIPEXIIyHKepHBbIE, JIOIaCTHhIE
¥ T. 1), HMEHHO 3TOT GoJiee THIHYHBIE BapuaHT ObI NPHHAT AJA
pernaMenTaunu B IIpaBuiax, mosaras, 4To DeAKHe CIydaH IpHMeHe-
HUS CEeKTOPHBHIX PYJeBBX MAallXH WM MallMH ¢ OLHMM XBOCTOBHKOM
pyMnensi GyRyT IPeAMETOM CIENHaIbHOrO PacCMOTPEeHHs. '

B naHHOH craThe IPHUBOIUTCS KOMIIEKT (OPMyJ AJs pacueTHLIX
sHaveHnfi W3TMOAOIMX MOMEHTOB, peakiuil H NepepesHBAIOIIUX CHJ
IJISl XapaKTePHBIX CeueHuHl PYJeBHX YCTPOHCTB, NPEACTABJISIOIIUX CTa-
THYECKH HeOIpelesuMYI0 CHCTeMY, HJisl cayuas NPUMEHeHHs B 3THX
PyJIeBhIX YCTPOMCTBAaX CEKTOPHBIX PYJIEBHIX MallMH HJIH MAIlMH C OA-
HHM XBOCTOBHKOM DYMHEJIS,

B paGore [2] 6bi10 mOKasaHO, YTO pelleHHe B OOlieM BuAe A
pyJis THNA «@» IPUMEHHMO AJISi BCEX THIOB CTATHYECKH HEONpeNeH-
MBIX PY/IeBHIX CXeM, NPeICTaBJeHHbX Ha puc. 1 paboT: 2].

B aHHO# CTaThe aHAJOTMYHO PacCMaTPHBAJIOCh PyJaeBOe YCTPOW-
CTBO, NpeNCTaBJEHHOEe Ha puc. I, pacuerHas cxemMa KOTOPOro moka-
3aHa Ha puc. 2.

Ha puc. 1 BBejeHO ABa BO3MOXKHEIX BapHaHTa PacCHOJOXKEHHS
pymmess (CeKTopa) pyJeBOd MaIIHHbI:

] —uag onopo# 1; ] — mexny onopamu [ u 2.

O6a BapuaHTa BO3MOXKHOIO pPAaCIOJIONKEHHA DPyMIens (cekTopa)
BBEJIEHBE HENOCPENCTBEHHO B PACUETHYI0 CXeMy B BHIE TMOIEPeYyHbIX
e Py u P, (nns BapuantoB [ u Il .coorBercrBento). Ha puc. 2 na-
npaBJeHne AENCTBUS STHX CHJ IPHHATO COBNAJaoiuM C HampasJe-
HHeM JeHCTBHMs [aBJeHus BOAbl Ha pyab Fp m Fg (cooTBeTCTByeT
PACIIOJIOKEHHIO XBOCTOBHKA PYMIENs HJIM CEKTOPa B HOC OT OCH 6an-
depa). Ins sTOro caydas 3HaueHuss Po wim Py NPUHMMAKTCH I0JO-
HKUTEJbHBIMH B PacueTHHIX (GopMyJIax.

B ciyuae DaclONOXKEHHS XBOCTOBMK2 pyMIeNs HJIH CEKTOpa
B KOPMy OT ocu Gajaepa BeJuuuHbl Po wau Py JHOJKHB BBOIUTLCA
B pacueTHBe POPMYJIbl KaK OTPHLATENbHbIE. )

ECTeCTBEHHO, [JIs PACNOJIOXKEHUs PYMIeNs 10 BapuaHty [ HOMKHO
npuHEMaThes B opMynax Py=0; cOOTBETCTBEHHO IO BapHaHTV 1] —
Py=0. '

Benuuunbl Py 4 Py onpeaensiroTces 0o Gopmyde

P = M{r,
rHe 7 — pajHyC CEKTOpa WIH PacueTHas AJIMHA PyMOess PyJeBol Ma-
WIHHB: My — KpyTAIIHE MOMEHT, NeHCTBYoWui Ha Gasep H ompene-

nsemsiit o TIpaBuaam Perucrpa [1]. ‘
VyuTHIBasg, YTO B CTaThe NOJHOCTbIO COXPAaHCHBL 0603HaYeHHsT BCEX

BXONAIIMX BEJMYHH B COOTBETCTBHU C PaGOTOH [2], ux mosicHeHHust He
IIPUBOAATCS; aBTOP OTCHUIAET HUTATENs HEMOCPENCTBEHHO K 3TON pa-

oore.
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Puc. 1. PyaeBoe ycTpo#CTBO ¢ N0Yy0asdaHCHPHBIM
pyaeM: .

! — pyab; 2 — Gasuep pyJsi; 3 — HHXHAN Omopa GaJ-
Jepa; 4 — BepxHAs onopa Ganaepa; 5 — pymnenb
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Puc. 2. [puraras pacuernas cxema GaikH pyiab—OGasnnep (Py u P, — monepeynsie
CHJbl, MepefaBaeMble pyMiesem). [loscHeHHs OCTANbHEIX BEJIHUHH CM. B pabore [2]




Usrubatolnpe MOMEHTH U PEaKUHH B PacueTHHIX cedeHHsax [—4
onpeneasoTcd mo popMyaam '

@

M, = Pyr; i (1)
1 K 1 1
M'2=-8——7<?—FB/’L—-§- ﬁ? FHC—T—%PO"O‘F%L:PJB
h e 1 e .
M3=-T2'M2+*EFHC——§"'I;‘FB}1’ (3)
‘ M4=FHC; (4)
e \2 e 0 Jb Eijl .
Ki=(1+5) (1 45) = 1+ 7=+ 3 @.1)
- . A e Bl A,
Ke=2-5-(3+ )+ (1455) 7+ 12‘(1“7?) o (22
2 1 EJ A
T I
1,13 '
Ky=— (2.4)
. 1,12 r
Kﬁiéo_#} (25)
R1=—AI'IIL—P°(I+%)—P1(1 — ) (5)

R (1) o= (1 ) P g

[lepepessiBatollias CHIa B CEYEHHH 3, AEHCTBYIOIIAas Ha COelHMHe-
Hue GajJjiepa ¢ IepoM Py, '

n e 1 h - My
Po=Fngr=gfog =7 ®)

JIlns Bapumanta /I pacnoJIOXKEHHS PyMIes H3rubaoliuid MOMEHT,
ZeficTBYIOIMA B IIONEPEYHOM CEUCHHH 6anynepa Ha PacCTOSHUH rp OT

onopst 1 (Mn1),
' M =Rir.. ©
CaefyeT OTMETHTb, uTo (opmysa (9) cnpaBeannBa M AJAs caydas,
KOTJa pyMIeJb, PAclONOKEHHBH B IPOJETE 1—2, ue cospaer moNoJ-

HHTEJBHOTO H3rubaroiero MomeHTa B OGajepe (t. e. mpu Py=0);
eCTeCTBEHHO, B 3TOM ciyyae ¢dopmynaa (5) aBTOMaTHYECKH npeobpa-
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’

syercss K BUAY Ry=Ms/l, TaK xak Po=0 u P,=0, a dopmyna (9)
©yleT IpeiCcTaBIeHa B BUAE -

M, = M,r /L. " 9.1)

DopMynsr (2)— (8) aBasoTca ‘6ojee OOIKMH [0 CPABHEHHIO C dop-
myramu (12), (13), (13a), (136), (138) u (14) pa6orut [2]. Ilpu
sHayeHusx Po=P;=0 OHH AaT YacTHbIe 3HAaYeHUS BEJHUUHH, IOJHO-
CThIO COBMAZAMOLIHE ¢ TAKOBHIMHE mo pabore [2]. Cienyer OTMETHTS,
4TO OCJE 3aMeHBl COOTBETCTBYIOIIHX GopMys paboTs [2] dpopmynamu
(1)—(8) ocranpuble (GOPMYJIEI H MOJOXKEHUS PaGOTHI [2] npuMeHHMEL
JUISL BCEeX THIOB pyJiel, YKa3aHHBIX B Hedl ¥ MMeoLlMX pyMHesb, pac-
[IOJIOKEHHbIHl MO OLHOMY H3 BapHaHTOB HacTosiue#l paGoTh.

CINUCOK JJUTEPATYPBDI

1. MMpaBuna KJAACCHOHKAIMH M TOCTPOHKH MODCKHX CYIOB. J1., TpauxcnopT,
1981. 960 c.

2. Vpycos LI A O pacueTHbX 3HAYEHHSX H3rHGAIOIINX MOMEHTOB, peaKUui
¥l mepepe3HBAIIIHX CHJ IPH NPOBEPKE NPOYHOCTH 3JEMEHTOB DYJICBOr0 ycTpoH-
crBa.— Peructp CCCP. Hayus.-texu. c6., 1980, i 9, c. 69—90.

VIK 629.12.011 : 539.4 .
. A. Ypycos

YPABHEHHE JIBH)KEHUSA HE3AKPENJEHHOIO
MATEPHAJILHOT'O TEJIA HA MAJIVBE KAYAIOLLErOCs
CYIHA (IPUMEHHUTENBHO K 3AIAYE YIAPA
TEJAA O NPETPAJLLY)

PaccMOTPUM pellleHue ABYX THIOB 3ajad yAapa Tesa O mperpany
Ha KayapleMcs CylHe:

1. CoppaBuiniica ¢ KpelJeHuii MajyOHBd rpys NpH ABIKCHHH Ha
CyZAHe BCTPedaeT NPErpaiy, HampuMep KOMHHITC JIOKa HIIH BEHTH/A-
Topa, (asbi6opT, GOPTOBOH JaUMmOPT U T. I Brigepxur Jau 1pe-
rpaja yaap AaHHOTO rpysa (ompeneseHHOH Macchl) HJIH yAAP Kakoro
rpysa (Macchl) BBIIEPKHUT JNaHHAA nperpaza?

9. Hekoropele BHIB CYA0BOr0 OGOPYIOBaHHS HMEIT ONPEIENeH-
HYI0 cBOGOIY NepeMeIleHHst B TOPH3OHTATLHOH NJIOCKOCTH. Hanpumep,
LIS BOCIPHATHS TOPH3OHTANbHBIX HAarpy3oK, BOSHMKAIOUIMX HA BOJHE-
HHH, YCTAaHABJIUBAIOT GOKOBHIE YIOPH /s YAGPMAaHHS KPLIICK Tpy-
30BBIX JIOKOB C 3aKDEIVIGHHBIMM Ha HHX KOHTefiHepamu. Ilo pasmmy-
HHIM NDHYHHAM MEXIY YNOpaMu M KpBILUKAMH MPELyCMaTpHBAETCH
3asop. Kakoii MakcHMalbHEI 3230p MOXKeET GBITh JONYUIEH, HCXOAA U3
oGecreuennsl IPOYHOCTH STOTO yIOpa M CaMol KPBILIKH?

O6e 3ajauu TPe6GYIOT 3HAHUS CKOPOCTH ABHXKEHMSA HE3aKPEIJIeH-
HOrO TaJyb6HOro rpy3a B MOMEHT €ro BCTPedd C nperpaznof.

PaccMOTpHM GOPTOBYI0 KauKy Ha DEry/isdpHOM BOJHEHWY ¥ IBH-
JKeHue He3aKpelJIEHHOTO MaTePHajbHOro TeJla OTHOCHTEIBHO oceft
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KOOD/JMHAT, XECTKO CBASAHHBIX C CYAHOM, B TUIOCKOCTH, NapaJie/bHOM
Mufeab-nanroyry (01yz — Ha pucynke). CaMo CyAHO Ha BOJHEHHH
COBEPLIAET MEPEHOCHOE MABHKEHHWE IO OTHOLICHHIO K HENOABHIKHBIM
OCSIM KOOPJMHAT, KecTKO cBAsaHHbIM ¢ 3emiaell (OYZ).

Texylee COCTOSIHME CYRHA M €ro CHCTEMbl KOODJMHAT
0142 OTHOCHTENbHO KoopAunat OYZ

YpaBHeHue AWHAMUKH IJIOCKOTO OTHOCHTEJBHOTO JBHXKEHHs (B cu-
cTeMe KOODAMHAT O1y2) MAaTePHAJBHOTO Tela B BEKTOPHOH Qopme
MOXKeT GHITh NpeAcTaBaeHo B Buae [1]

n

mforz Zl(Fk "l“je +7C), (1)

K=

-

re m— Macca paccMaTPHBAeMOro Tesa; ®,— YCKOPeHHe MaTepHalib-
HOfi TOYKH OTHOCHTEJBHO NMOABHKHEIX OCell KOoOpAHHAT, Fp-— CHIIbI,
NPHUJIOXKEHHblE K paccMaTpHBaeMoMy Teny; Je—CHla HHEPUHH B Tie-
PEHOCHOM [BHXKEHHH B TOYKE HAaXOXJEHHSl pacCMaTPHBAaeMOro Mare-
puasbHOro refa; J.— KopuosncoBa cuia HHepLHH.

Ha pucyHKe cXeMaTHYHO IPEACTaBJEHO TEKyIlee COCTOSHHE CYyAHa
H €ro CHCTEMBI KOOPJAMHAT 01y2 OTHOCHTeabHO Koopaunat OYZ. Crpen-
KaM# T[OKa3aHbl NPHHATHE INOJOXKHTENbHblE HanpaBJjeHus OCeux cu-
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_ cTeM KOODAHMHAT, a TaKke NPHHATOE MOJOKHTEIbHOE HanpasJeHHe
. M3MeHeHHs yIvia KpeHa cyaHa 6.

TlepesocHoe ABHKeHHE CyAHa (ocedt KOOpAMHAT 01y2) TPH Kayke
Ha BOJHEHHMH MOXKET DacCMaTpHBaThCd KaK CJIOKHOE ABHKEHHE, CO-
cTosillee W3 KOJe0aTeJbHOTO BpalaTeNbHOrO JBHMEHHS  BOKPYr
LEeHTpa TSAXKECTH CyAHA 01 € NEPHOJOM, PaBHBIM HEPHOLY CBOGOHBIX
konebanufl cynda T (Haubodbliasi pacyeTHAS GoprToBasi Kauka) u Op-
GUTAJbHOrO IepPEeMelleHnsl CyJHa BOKPYr LEHTPa HENOABHIKHLIX ocelt
KOOPAHHAT O C TeM e neproioM T u ¢ paauycoM op6uts r [2].
'~ XapakrepucTHKH KojeGaTeJbHOro  BpamlaTeJbHOTO JIBUKEHUSA
CyZHa BOKPYT LEHTPa O; MOTYT GHITh IPEACTABJIEHB ypaBHEHHAMH [2]
(npu HauaJje orcyeta Bpemeny { =0 yroa xpeHa 0=0):

6=6msin(2—Tn—t); @.1)
6 — 0,2 cos (S =2 A6 — 0, 2.2)
" 42 . /2 42
8= —0p —p5—sin (T“ t): — 9, ©@.3)

rie §-— Tekyliee 3HaueHHe yrJia KpeHa B paccMaTpuBaeMBid MOMEHT
BpeMeHH; Om — aMIUIETYRa 6OPTOBOM KauKH; 0 — CcKOPOCTb H3MEHEHUA

yria KpeHa B paccMaTPHBaeMbiii MOMEHT BPEMEHH; 6 — yryioBoe yCKO-
penue B pacCMaTpHBaeMblii MOMEHT BPEMeHH.

Ha pucyske cTpejkaMy I[OKa3aHbl HaNPaBJIeHHS 0 u 6 ana npH-
HATOTO PacCMaTPHBAEMOTO MOMEHTA BPEMEHH. ‘

[Ipy TeKylleM COCTOSHHM CyAHa Ha DHCYHKE NJsi paccMaTpupae-
MO0 MaTepHaJbHOro Tena A 1moxasaHsl CAeAyIollMe CHJIbI HIM HX CO-
cTaBasiomne: P— cula TAXecTd, AEHCTBYIOIlas Ha TeJo, R — peaxk-
mus nadyGH Ha paccMaTphBaeMoe Teno (masny6a paccMaTpuBaerci
MJIOCKOH, Ge3 yuera ee moru6m); Fpp-—CHJIa TPEHHS; Fyr, Fyr—
COOTBETCTBEHHO HOpMaJjibHasi M TaHCeHLHaJbHas COCTaBJAOIINE CUJIH
WHEPIHH TpH KOJeGaTeJbHOM BpallaTeIbHOM ABHKEHHH BOKpYT"
uentpa o01; Fuo(y) ¥ Fuo(2)—cocTaBisiolle Ha OCA 01y M 012 CHIH
HHEpIUH TPU OPOUTAJBPHOM JBHXKEHHH BOKPYT LEHTpa 0; F.— Kopwuo-
JINCOBA CHJIa WHEPLHUH.

I[Ipoekiuy yKa3aHHBIX CHJI Ha OCH KOOPJHMHAT 01y U 012 MOTYT OBITh
npeAcTaBieHsl (HOpMysaMH

Py)=mgsind; P)=mg Cos 0; 3.1)
Fur o = mRi®*siny, Fugr@z= —mR;®? cos y. (3.2)

3mech R; — Tekyllee 3HAUGHHE OTCTOSSHUS TOUKH A or uenTpa oy
C YUeTOM paBeHCTB

Risiny=y; R;cosy= —2; 3.3)
Fuyr(y)=myd* Fyg(2)=me6% (3.4)
Fyr(y)=—mRBcosy; Fyr(z)=—mRBsiny. (3.5)
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C yuerom ¢opmyx (3.3)

Fur (y) = mbz; (3.6)
Fyr ()= —mby. 3.7)
" B cootsercTBun ¢ [2] cocraBasmomue Fyo(y) u Fuo(2) cun unep-
IHH NPH 0pOHTA/IbHOM ABHXKEHHH OYAYT HMeTb OJMHAKOBOE HampasJe-

HHE C CHJIaMM MHEDIHH OT BpallaTeJbHBIX NepeMelleHH# CyAHa U co-
OTBETCTBEHHO OyAyT:

Fyo(y)= —4;;2 mr sin 6; (3.8)
Fuo(2) = — 5 mr cos®. (3.9)

Cocrasasiomue. KopuaoancoBoil cuilbl HHEPLUHH:
Fe(y)=0; F.(2)=2mby, (3.10)
rpe y'—CKOpOCTb HOCTynaTe.JIbHOI‘O OTHOCHTeJIbHOFO JABHZKEeHHd BAOJDb
OCH 01y B paccMaTpUBaeMBEII MOMEHT BPEMEHH.

Peaxuus nanyCel R ompeiessiercss u3 YCJOBHS NPHPaBHHBAHHS
HYJII0 CYMMBl BCeX NPOEKUHH CHJ Ha OCh 01z

R= —mg cos® — mz6°

0 —2mby.  (3.11)

Cuna TpeHus
Frpsz, (312)

rae f — Ko3(hdUUMEHT TPEHHUS IIPH JBHKEHHH.

Ha ocuoBanuu ypasHenuss (1) c yuetom ¢opmyn (3.1)—(3.12)
yDaBHEeHHEe IHHAMHMKH NOCTYNATEJIbHOTO OTHOCHTEJIbHOTO }:LBI/I}KeHI/Iﬂ no
bcH 01y MOXKeT OBHITh NPeJCTaBJIeHO B BHAE

my=msin8(g—|—T r)——mfcose<g_ z;ﬂ: r)-}-

+ mb? (y — f2) + mb (z + fy) — 2mfby, (4.1)

e jj — YCKOpeHHe NOCTYNAaTeIbHOI0 OTHOCUTENBHOIO ABHIKEHHS BIOJb
OCH 0;Y B pacCMaTPHBaEMBIi MOMEHT BPEMEHH.

C yuerom dopmyn (2.2) u (2.3) u cokpauias Ha m, ypaBHeHHE
(4.1) npumer BuA ’

y_(g—i— 72 )cose f( )cosG+
4n? 4n? . ,
+ 2 (g — 12) (0 — 0°) — = (z + fy — 2f9)0. (4.2)
I"Io,um‘aB.nsm sHauerne O us ¢opmyasl (2.1) B ypaBuenue (4.2)
2
H MeHss OGO3HaueHHe yfvty;; g= iii!: ,. TIOJlydaeM paspelleHHoe
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OTHOCHTEJBHO BEICIIEH NMPOM3BOAHON JuHEHHOe HEOJHOPOAHOE Hude-
peHnuajbHOe YPaBHEHHE BTOPOro MOPSAKa:

% =a(t) %— +b @) y+ () (“.3)

rze a(f), b(f), c(f)— coorBercTByMole OGYHKUHH IePEMEHHOH t
H BapbUPYEMBIX IOCTOSIHHBIX 2, 7, [, Om 1 T

a(h)=2-3% femsin(QTn t); (4.4)
b (1) =6, [co;f,? (QT“ t)—-L—sin QT“t)]; (4.5)
= (e+ A r)sin[ﬁmsin(—%TJLt>]—f(g; )X

X c0s[ 8 sin (5~ 6)]— o Oniz [ O cos? (Z-t)+sin (Z1)].
(4.6)

 IlpakTuHueckuii WHTEPEC NpPEACTABJISAET pelIeHHE paccMaTpuBaeMoi
3aJaun JJIs SKCTPeMalbHBIX ycsioBuil kayku. Hanpumep, AJsi BO3MOX-
HOCTH OIEHKH IPOYHOCTH CYAOBbIX KOHCTPYKLHI IpH ynape o6 Hee
COPBABIIETOCS € KpEIUIeHWi TPys3a HWJIM JUISL OLEHKH JONyCTHMOrO
C TOYKHM 3DEHHs NPOYHOCTH 3a30pa IPH YCTAHOBKE rpysa WJIH CyAOBOro
06OpYNOBaHHS € HEKOTOPOil OrpaHH4YEHHOH CBOGOAOH mNepeMellenus
BJOJTb IO OCHU O1Y.

JInst 5KCTpeMaJbHbIX YC/I0BHI KaUKH HMMEeTCss BO3MOXKHOCTh COKpa-
THTb KOJIHYECTBO BAPHHPYEMBIX NOCTOSIHHBIX, UCIOJIB3YSl ONBIT KJIAaCCH-
(DUKAIMOHHBIX OOLIECTB.

Ha ocnoBe amanusa pabor [3]=-[6] B KauecTBe 3SKCTpEMaJNbHBIX
PACUYETHHIX BEJHYHH MOTYT OBITh HPHHATHL: ’

55 .
0, = ek (5.1)
T=2.954/B, (5.2)
rie B —umpuda cyaHa, M; Op u T -—COOTBETCTBEHHO B pajnaHax

H CeKyHJax.

ITpumeM B cOOTBETCTBHH ¢ [2—6] BenuuuHy r paBHOK IOJYBLICOTE
BOJIHBI, UMeIollefi MepHOMA, PaBHbIH NepHONy CBOOOAHBIX KoJeGaHHH
cynua T, T. e.

r=~h/2. - (5.3)

Ha ochose [7] npuMeM
h=0,222"""% (5.4)
A =T7?/0,64, (5.5)

rje ki, A — BBICOTA U JJIMHA BOJHEI, M.
C yuerom dopmya (5.2) —(5.5)

r=0,7118""%. (5.6)
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Hpeﬂ,CTaBI/IM BEJTUYHHH Y, yo, z, t, {p B 6e3pasmepHOil popme:

=y/B, (6.7

!70 = Yo/ B; (5.8)
Z=2/B. 5.9)

1=1{/T; (5.10)

To=1,/T. (5.11)

C yuerom zamenwl nepeMeHHblx no ¢opmynam (5.7) u (5.10):
dy __ B dj .

T w (.12)
d? B 4%
dtg =TT d‘l:g : (5.13)
C yuerom (popMyJI (5.1), (5 2) u (5.6)—(5.13):
P —Ta ()L 15 (t) + L), 6.1)
B'Be,lleM HOBBIe 0003HAUEHHUA:
a(t)=a(t)T; (6.2)
b(t)=b () T% 6.3)
¢ (W)= c(t) . (6.4)

C yuerom (4.4)—(4.6), (5.1), (5.2), (5.6)—(5.11) u (6.1)— (6.4)
uMeeM.

S )G o), (7.1)
rape
a()=— 24 i 0nr); (7.2)

2,954/B (B 4-75)

4 . 5522

b (0 =g [ cos? @nr) — LELT singonn)];  (7.3)

4.0,71152 . 55 .
C(T)=2,952g(1 -+ 2,952g30285 )sm[ (BT 75) sm(2nr)]-——

4.0,711n? 55 .
— 2,95%gf (1 — .95 g B0 )cos[ (Bp75) Sif (2m):|-—

— (‘fo“;;‘; [(B"_’ﬁfm cos?(@) -+ sin (21) ; (7.4)

B kauecTBe HauaJbHHIX YCJOBHil AJs pelieHHs ypaBHeHusa (7.1)
[IpHHUMaeTcs] MOMEHT 6e3pa3MepHOr0 BPEMEHH To, NIPH KOTOPOM Ha-
YUHAeTCs IBHXKeHue rpysa, T. €.

J=1y, u dj/dt=0,0 (upn tv=r1,). (7.5)
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Ipenesibl H3MEHEHHH NePeMEHHBIX:
j=—0,5...0,5; (7.6)

t=0,0...0,5 (r. e. paccMaTpuBaeTCs TOJLKO BpeMs 0,57).

MoMeHT BpeMeHH Hayaja JABHXEHHS To ONPEeie/sieM M3 yCJO0BHA
paBHOBecHsl B MOKOe, T. €. NPHPABHIB HY/IO CyMMy NpoeKuyu# BCEX
CHJ Ha OCb 014, a 3TO TO K€ caMoe, 4TO NPHHATbL yPaBHEHHE (7.1)
¢ JIeBOI1 HACTbIO, PABHOH HYJIO; IPH 3TOM dj/dt=0 u BMecTO [ cle-
AyeT NPURATDH fn — TPEHHEe NMOKOS.

B KauecTBe pacueTHOro IPHHATO fr=2f, T. €. To ONPEALNALTCA H3
ypaBHeHud ' _

b (to) §o + ¢ (1) =0, 8.1

rze B KauecTBe GYHKRUMM b (To) M € (To) MOryT paccMaTpUBaTBCA dop- |
myas (7.3) u (7.4) c samenol [ Ha fe=2f.

BBMAY MaJIOCTH YINIOB TPEHHs H € YUETOM [HANasoHa H3MeHeHHR
pesruyab 55/ (B +75) 3aMeHnM:

sin (2mt,) = 2mt; (8.2)

. 55 . . _2-55nm0 . :
sin [m)— sin (23‘[‘50)] ~ m , (83)
cos? (2nT,) &~ 1 — (2nTo)’; (8.4)

55 . 1 552 !
coSs [W sin (23’[’50)] ~ 11— 5 (27‘3‘50)2 -(T—W. (8.5)
Mocae noxcranoBku Qopmyn (8.2)—(8.5) B ypaBHeHue (8.1)
' ¥ pellleHHst NOJYYEHHOTO KBAJAPAaTHOrO YPaBHEHHS NOJYYHM:

S L AL (8.6)
rune
4 . 552n? 2,952 4.0,711n? - s1.
a== (BF75)° [ 5 gf (1 —W)—4ﬂ2y0+4n2f2],

__2.55m 2 4.0,7Un® N 4 2en _ p-25].
b=T5+7) [2’95g(1 + 2,952gB°’285) A1 4”2]’

4552 _ 4.0,711n2
o= (g (1 — f2) — 2,95%¢ (1 — o O )

Pentenne ypasuesus (7.1) npu HauyaJbHBIX YCJHOBHSX (7.5) B noua-
nasoHe M3MEHEHHS llepeMeHHBIX, Kak ykasaHo B (7.6), ocyumecTsis-
Joch Ha OBM uHCIeHHHM MeTOIOM, NpuueM (QyHKUHH

J=o(v) u djjdt=q () (9.1)
ONpeJieIANUCh ¢ NOrPEIHOCTbIO, HEe NPEeBHIIaoNIel 5.1078, pas pua-
[Na30Ha M3MEHEHHS BapbHPYeMbIX NapaMeTPOB:
Jo,=—0,5...0,25;
z=—2,25...0,75;
f=10,05...0.20;
B=10...5b5.

(9.2)
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~ Ha 9BM ocymectBasiace annpokcumauus ¢yukuui (9.1) merto-
JIOM HauMeHbIIeH cyMMBI KBaJPaTOB OTKJOHEHHH B ABYX BapHaHTAX,
npencTaBiaeHHux dopmynamu (9.3) u (9.4), ¢ onpenenenuem cpepueit
KBaJpPaTHYHOHR OTHOCHTEJHHON OMIMOGKM ANNPOKCHMALUHH (AJS CKOPO-
CTH — B 060HX BapHAHTAX)

§=Al (1 — 1)) + A2 (t — 1) + A3 (v — To)* + Fo; (9.3)
L= a4(5 — go)™. £(9.4)

@opmyna (9.3) 6bIa nmpuHATA H3 (PHSHYECKHX COOGpaIKeHHi: H3
paccMoTpeHusi ypaBHeHu# (7.1)—(7.4) sicmo, uro oyukuua § (9.1)
MOMET aNNPOKCHMHPOBATHCS MHOTOYJEHOM HE MeHee YeTBepTofi cre-
NeHH, TaK Kak yckopeHue d?j/dt SIBHO HeNMHEHHO OTHOCHTENbHO T.
Ho ¢opmyna (9.3) He maeT cpasy 3HaYeHHsT HCKOMOH ckopocru. He-
06XONMMO ellie MCKATh PelIeHHe YDABHEHHsS UETBEPTOH CTeleHu OTHO-
CHTEJBHO (T— Tp), TONBKO MOCJHE YEro MOMKEeT OBITh OHpejeseHa CKO-
POCTb.

dopmyna xe (9.4) Oblia NpUHSTA H3 OPAKTHYECKHX cOOGpake-
HUHE — OHa JaeT cpas3y MCKOMOe 3HAueHHe CKOPOCTH 110 NPOHIECHHOMY
IYTH, YTO ¥ SIBJSJIOCH OCHOBHOH I1leJIbI0 aBTOpa.'

Kak u ciaenoBaso 0XuOaTh, ¢ TOYKH 3DEHHUS TOUHOCTH AMIPOKCH-
MalHH (bOpMYJIa (9.3) mpenmoutHTeNbHEE: U BCEro AMamasoHa H3-
MeHeHHI BapbHpyeMBIX mapaMerpoB [cM. (9.2)] cpenHss KBagpatuu-
Hasl OHOKa annpoKCUMAaLUHU (IJS ONpefesNeHus CKOPOCTH) HAaXOMHTCS
B npegenax 1... 2 %; no ¢popmyae xe (9.4) sra ournbka B 2—3 pasa
Gonpine, a nJst KpaliHero sHaueHus napametrpos (B=55, £=0,75, f=
=0,2) ournb6ka jpocturaer 20 %. Tem He meHee aBTOp, OTAABAasi Npel-
nouteHne Qopmyne (9.4) u3 HmpakTHYECKHX COOOpaxKeHHil, mHOBea pe-
HIeHHe KO KOHHA WMEHHO B 3TOM BapHaHTe.

Huxe npuBoapsTcs qupmyJIbI IJs1  BBIYHCTAEHHMA KO3 (uIueHToB
A4 n A5 x ypaBHerno (9.4).

OtH GOPMYIH nonyqubl nyTeM AajbHefIe armpoxcnmauml BBI-
yucjaeHHsx OBM snauennit A4 u Ab:

A4=A01+K1f+(A02+K2f)!70, (10-1)
rae Ay = —5,232 - 10~° (53,93 — B) 2 — 1,545 - 10?(140,8 — B) z 4
. 44,144 107%(273,2 — B); '
A= —2,808. 10~*[(B + 11,11) — 36,40Z];
K,=—2,737 - 10~2(B.— 19,87) 2 — 7,952 - 10~2(B — 13,94) Z —
— 9,635 - 10~ (B 4+ 44,68); :
K,=5,762 . 10~*[(B — 22,80)? 4 1227] 2% + 9,971 - 10~* X
X [(B + 7,396)* 4 1486] zZ — 0,1532 (47,70 — B);
A5 ==0,636 ++ 1,04 - 10~5 (B — 43,2)2 — 0,287 (1 4 2,88 - 10~*B?) —
—1,27-107*(73 — B) 7, — 1,82. 107°. B® (1 - 16,5f).  (10.2)
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CyMMapHas TNOTPEMIHOCTh AMIPOKCHMALui (CPeNHAs KBajipaTui-
yas, B NPOLUEHTaX) JIJs ONPeielIeHHs] BeJHUHHH dj/dT 10 popMynaMm
(9.4), (10.1) u (10.2) npusoaurcs B TalJuIe. '

O6mas cpelHss KBaZPaTHuHas MOFPeHOCTH pacyeTa Ho Gopmyrne (9.4) (A %)

f
B z
0,05 0,1 0,15 0,20
10 —2,95 8,94 9,99 10,30 11,40
—1,5 5,36 6,80 7,63 7,49
—0,75 3,10 4,21 5,13 4,68
0,0 4,44 4,06 4,20 4,94
0,75 3,55 5,11 4,83 5,85
25 . —2,25 3,87 5,52 6,75 7,69
—1,5 3,75 4,51 6,09 6,12
—0,75 3,55 5,21 5,32 4,58
0,0 - 3,73 5,00 . 4,65 3,79
0,75 6,20 8,00 9,49 13,43
40 —2,25 4,72 6,41 7,67 8,67
—1,5 3,9 5,43 5,91 6,29
—0,75 4,01 4,56 4,37 4,20
0,0 3,73 4,44 3,76 3,42
0,75 7,90 9,59 13,75 27,13
55 —2,25 5,11 7,50 8,88 10,73
—1,5 4,54 6,39 6,35 7,34
—0,75 5,38 5,31 4,66 5,05
0,0 4,61 4,40 . 3,96 4,29
0,75 8,49 10,46 19,26 48,03

[To MHeHHIO aBTOpa, AJs NOJOOHBIX PacyeTOB TOYHOCTb NpUEMJE-
Masi, TeM 6oJee uTO NPHHATHIC KPaHHue IPaHMUbl AJs BapbHPyeMBbIX
napamerpos B=055; 2=-—2,256 u 0,75 BpsAA JH MOXHO OGOCHOBATh
NpaKTHYeCKOH HeobX0AMMOCThIO.

OueBHIHO, YTO BHIUHMCJEHHE CKOPOCTH B 6e3pasMepHOil ¢popme no
dopmynam (9.4), (10.1) m (10.2) ne mpeAcTaBAAET TPYAHOCTH H _HET
Heo6XOAUMOCTH jajbHejimero mnpeo6pasoBavuss atux ¢opmyn. Pas-
MepHasi CKOPOCTb ABHMIKEHHsl Tela B MOMEHT BCTpeuH ¢ nperpanok
(8'M/c) Ha ocnoBanuu dopmya (5.12) u (5.2)

_dy _ ~B_dj
U=—r=—2% a " (10.3)

Caeayer MOMHHTL O NPaBHJE 3HAKOB [/ OCH Ojy — IOJOKHTEND-
HBHIM HaIpaBleHWeM JJIs y M Yo ABJIAETCS NMOJOXKEHHE Tela B CTOPOHY
nakpenenHoro 6opra or Ml ClefoBaTeNbHO, JOJJKHBE OBITH PACCMOT-
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 PeHBl KaK MNOJIOXKHUTENbHEIE, TAK M OTPUIATE/IbHBIE 3HAUEHHS Y H Yo
JJISS ONHOH U TOH Ke TOUKH.

B kadecTBe mnpumMepa pacCMOTpUM 3ajayy O NONyCTHMOM 3a30pe
MeXAY YIOPOM H JIIOKOBOH KDHIUKOH B IrPyGoil OLeHOYHOH (opume.

3ajnauy pacCMOTPHUM B JIBYX BapHaHTaX.

I. TIpoexkTaHT cHpOEKTHPOBaJ ynop u Be6pas 3a3op. HeoGxoxuma

~ IIPOBEPKa IIPOYHOCTH yNopa.

Jl/IsT KOHKPETHOCTH NpUMeM: HIupUHa cyiHa B =20 M; KOOpAHUHATH
PacIOJIOXKeHHsT IeHTPa TSAXKECTH KOHTEHHEPOB Ha KPHIUIKAX I'PY30BHIX
JawokoB Z=—0,3; Fo=0; Tpenne nBuxenus f=0,1, Tpenne NOKOA fn=
=0,2 (cranb no cranu 6e3 CMas3KH).

JonycTuM, MpoeKTaHT YCTAHOBHJ JBa YHOpa JJf BOCHPUATHA Ha-
TPY3KH OT BOCBMU KOHTeHHePOB Maccoil Kaxabl# 15 T ¢ cobaogeHueM
Hopwm Perucrpa CCCP uiu HauuoHaJALHOTO CTaHAAPTA.

OnpenenuM pacyeTHbie yC/IOBHS, NPHHSTEE MPOEKTAHTOM MO JaH-
HBIM HacTOsIied pafoTel {OHM NPUMEPHO 3KBHBAJEHTHH AeHfCTBYIO-

LeMy cTaHZapry). ‘MakcuManbHOE yCKOpeHHue @), AeHCTBypoulee Ha

3aKpenJieHHble KOHTeHHepH (0e3 IBHKeHHs), ompejensiercs no ¢op-
myse (4.3) npu (=T[4, dy/di=0 n y=y,=0:

= d%y/dt*=5,5 M/c.
Pacuetnas narpyska ua omms ynop, H
F=ma,=>5,5m,

rae m — pacueTHasa Macca Ha OJHH YIOp;

e 818100 e
2

Jlaa npocTOTHl IPHMEM, YTO VIOP BHIIOJHEH B BHAE BePTHUKAJNLHOrO
IPSIMOYTOJMBHOTO 6pyca MOCTOSHHOI'O CeYeHHsl ¢ COOTHOIIEHHEM CTODOH
h:b5=3:1 u c pacueTHOH BBICOTOH MPUJIOKEHHS HArpy3ku [=15 cm
(xoHcoJsbHAs GasKa).

B cooTBercTBuE ¢ AeficTByommMu HopMaMu MOMEHT CONPOTHBJIE-
HUS ONEPEYHOr0 CeYeHUs TakoHi 6aJku

w__ FL_ __55-1sm

O,7UT — 01761‘

(11.1)

TlIe Op — Hpeles TEKyuecTH MaTepuaJsa ymnopa.
[Ipy nPUHATOM COOTHOIUEHHH A :b MOMEHT HHEPUHY M[ONEPeyHOLo
ceyeHus

1—1922( )”. (1.2

,Z[onycmM [IPOEKTAHT MPHHSJI Ha KaXABf GOpT 3a30p Mexmy
KPHIIKOH u ynopoM p=2,5 cM. Jas paccMaTpHBaeMOro KOHKDPETHOTO
cnydas B coorsercrBuu ¢ (10.1) m (10.2) A4=1043; A5=0,614,
a MakcHMaJibHasi cBoGOJAa NepeMelleHHs KPHILUEK C KOHTedHepaMH

2 2.0,025
(7 — §o) = f-=—5—=0,0025.
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C yuerom dopmyn (9.4) u (10.3)
U=1,52 10,43 - 0,002 5"** =0,400 4 w/c.

Kunernyeckass sHeprusi I ABHXKYIIEACS MacChl KOHTeHHEepOB

U =02 —0,080 16m e _golem Hecuw.  (113)

[Tpumem AONYyIEHHe, YTO KPHIIIKA, KOHTeliHephl ¥ KOMHUHIC, Ha KO-
TOPOM YCTAHOBJIEH YHOP, ABJSIOTCA a6COMIOTHO IKECTKHMH, T. €. BCs
KuHeTHuecKas SHeprus I NepeXOiuT B NOTEHNHANbHYIO SHEPrHio Je-
¢opmanun Uy TONBKO Yropa (r. e. Uy=T). Torga B COOTBETCTBHH
¢ [8] makcuMaIbHbIA nvHaMuueckuil nporu6 ynopa

fm=A/2T0,
rape 6§ — HOJATAHBOCTH Yyhopa; A pawCCManHBaEMOﬁ KOHCOJIbHOR
HanKn

o= P/BE]); fm= /\/% (11.4)

[Io nporu6y fm ONpELENHM AEHCTBYIOLINE MAKCHMAaJbHBIE HAMpsi-
KEHHs B MOMEHT yAapa B KODHeBOM cedeHunu ynopa (0):

o Ml
m = "3EJ °

Orkyna c yuetom (11.1), (11.2) un (11.4):

o Ma _ 3EJfm 3EJ A/OT®
Vo g 2 1182 \/3ET
Gr or
o= 105,1 (%)l T (11.5)

H ¢ yuetom ¢opmyanl (11.3)
o =297,6 4/m (2 )2'3

npu op=24000 H/cm?® u m=6.10¢ kr 6=239574 Hfcm%=1,650¢, 4TO
SIBHO HeJOIyCTHMO.

1. Jljs W3J0MKeHHOro NpuMepa Npu Tex Ke NaHHBIX HaHxeM JO-
MYCTHMBbIf 3230p, He MEHsi KOHCTPYKUHH H Pa3MepPOB ynopa M MCXOAS
W3 JONYCTHMOTO HAaNmPsXeHHs B ynope B MOMeHT yxapa ¢=0,70n.
Us ¢opmyant (11.5) cpasy ompenenseMm AONYCTHMYIO KHHETHYECKYIO

IHEPTHUIO:
e [ () = a0 ()"

T =86696 H - cm=2867 H.mM= 867 kr - M*/c’.
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JlomycTHMas - CKOPOCTh JBHXKEHHs KpPbILIEK

U = 4/2T/m = 4/2 - 867/60 000 = 0,17 M/c.

C yuerom ¢opmya (9.4) u (10.3) pomycTumoe nepemelleHHe

1 1

o 2.95U 775 9.05.0,17 70811
)= =2 | = 2 —6,22. 10—,
7= ) [A4VB] [ wA3Vm:] ’

MaxkcuMasbHO JONYCTHMBLE 3a30D p Ha KaXAbH 60pT

pz_B.(?;_yo) =6,22- 107" M=16,22 MM.
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VIK 629.12.001.57

I0. A. Axceeanos, Bb. H. Ywaxos

3KCNEPUMEHTAJIbHBIE HCCJELOBAHUSA
CONMPOTUBJIEHHUS CHNACATEJIbHBIX IJIIONOK HA THXOH
BOJAE U BOJIHEHHH

B craThe TpeACTaBJEHH PE3yJbTaThl HCIBITaHUM B ONBITOBOM Gac-
ceiine JIKY. O6bexToM ucnbiTauil BHOpaHH cnacaTelbHbE LIJIONKH
(CL), BBImycKaeMble OTEYECTBEHHOH MPOMBIIIIEHHOCTPIO H MpOWIEN-
IIHe MOJEPHHM3ALHMIO, a TaKkKe ILIJIIONKH, KOTOphe GYAYT BLIIYCKATbCH
IO HOBHIM TPOEKTaM. '

Pasmepn Mojene, mpuBejeHHble B Tabauume (Macmrab 1:5),
OmpeleseH:l U3 YCJIOBHH OTCYTCTBHS BJIMSHHSA CTEHOK M AHa GacceiiHa,
a TakxXe BO3MOXKHOCTEH GYKCHPOBOYHOH CHCTEMH! H BOJHOIPOAYKTOPA
6acceina JIKH. , '

Jlns paclIMpeHusi juanasoHa IapaMeTpOB HCCJELYEMBIX KODPIYCOB
CUI mogmenn GBUIM MCHBITAHH NPH TPeX BOJOM3MEUIEHHAX: D;— nou-
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Pasmepnl mojedeit

CuoyeHHAas

: noBepx-
Mok | p, ¢ | Fmaxe | Bmaxe [Fmax | £ | (oo | Tagr| 6| My | BIT| LIB

Kopryca, M
M

00026 7,91 8 2,85 | 1,15 | 7,781 20,85 |0,7 |0,48 0,218 4,031 2,77
3CA-22 | 4,55 6,6 | 2,1 1,2 6,5 13,6 0,6 |0,581/0,221]3,48]| 3,50
00305 7,64] 8,641 3,0 | 1,4 8,5 21,5 0,620,520(0,220{ 4,74 | 2,86
00036 9,24| 8,5 | 3,06 | 1,2 8,3 22,6 0,66 |0,485/0,228/4,55| 2,77
AT-30 |6,50] 9,1412,5 | 1,4 9,0 20,2 0,56 10,45 |0,220| 4,36 3,56
00373 6,23 7,56 { 2,4 | 1,1 7,3 16,0 0,66 10,47 [0,304(3,58] 3,10
3r1A-86 (13,0 |10,74| 3,7 | 1,7 (10,5 29,9 0,7310,49 [0,217| 5,011 2,76
00022 4,90| 6,65[2,4 | 1,2 6,5 14,2 0,621]0,498/0,355| 3,84 | 2,66

Hoe, coorsercTBywliee 100 % naccaxupos, Dy, —50 % maccax)upos,
Ds; — nopoxueMm.

MoJie/ii M3TOTOBJIEHH M3 CTEKJOIUIACTHKA C MOCHEAyoliei OKpac-
Kofi W moJupoBkof. Ha mosyTOpHOM IINAHrOyTe yCTaHOBJEHBI IPOBO-
JIOUHEIE 2-MM TypOyJaHu3aTOPHL. ’

Ha MozeJsix OTCYTCTBOBaJH BHICTYNaoliHe yacTy. [10CKOMbKY KOP-
nyc GompmuHcTBa coBpeMennbix CII BhlKIenBaeTcs H3 CTEKJOMJIA-
cTHKa B (OPMY, OH HMeeT BBHICOKOE KauecTBO NOBEPXHOCTH W B pacuere
fIPHHSTO

Cm + La.u= 0,6 - 1072,

BykcupoBKka Ha THXOH BOJe NMPOBEIEHA MO OOHIYHOI METOAUKE HC-
noiTaHu#l B 6accefiHax rpaBHTAlMOHHOrO THIIA.

Pe3yabTaThl GYKCHPOBOYHBIX HCHBITAHMA MCIONb30BaHBL JJIS pac-
yeta GyKCHPOBOYHON MomHOCTH HaTypHbeiX CIII Bcex MpOEKTOB. Xono-
BBle WCIBITAHMA TOJOBHOH wmuTionkd mp. 00373, mpoBeleHHbie B aBry-
cre 1984 r. B pafione ®eofochu, AalH XOpOIIee COBINAjEHHE ¢ IKCIIe-
pumentoM. Ha nosnssx o6oporax (1900 0o6/MHuH) moJyueHa pacuerHas
CKOpOCTh 7 y3. « :

ByxcupoBka Mojesell IPOU3BOAMIIACH B NHANAa30HE OTHOCHTEJbHBIX
ckopoctei 0,1<<Fr<C0,4. Bepxumii npenesq CKOPOCTH OrpaHHYHBAJICAH
3a/MBAEMOCTBI0 MOJEJH.

Ha puc. 1 nmpencraBneHH rpaduku KO3(QHIMEHTa OCTATOYHOrO
CONpOTHUBJICHNS B (QYHKIHK OT OTHOCHTENbHOH CKOPOCTH JJIsL BCEX MO-
JAesedl MPH TOJHOM BOJOM3MEINEHHH

Cace = Roce | (22-0),

tre Q — mromanp, cmouenHoi nmoeepxsoctn CIII, moxcuuranHHas Ha
‘OCHOBAaHMY JejeHust Kopnyca Ha 20 uwimamui, 4To yCTPaHHJIO HeM30ex-
Hble OIIMGKY OPH pacuere Mo mpubiauKenHo# dopmysne MyparuHa.
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s rpaduros Loecr=f(Fr) crnenyer, 4o AJs BCeX UUIIONOK OHH
yMeloT O6MHiA XapakTep W NO3TOMY MOryT OHTb amnpOKCHMAPOBAHbI
npuGarKeHHol HopMyJIOi.

TToCKOMIbKY HCHBITHIBAJHCh MOJENH He - TeOpeTHuecKue, a HaTyp-
HBIX ULIIONOK, BHIIBUTH 3aBHCHMOCTb CONPOTHBJIEHHS OT KaKOro-in6o
OJHOTO KOHKpETHOro mapamerpa, Hanpumep B/T, L/B wnnu 9§, oueHb
CJIOHO, . v

Ha puc. 2 nokasaHo H3MeHEHHE KO3 dHIHeHTa OCTOHUYHUBOCTH CO-
nporusienuss CILII B 3aBHCHMOCTH OT OTHOUIEHHS B/T pnsa ueTHpex
3HauYeHH# OTHOCHTEJbHOH cKopocTd. M3 rpaduka BHAHO CYILHECTBEHHOE
pausanne B/T Ha Locr B Ananasone B/T or 3,5 1o 4 u cnaboe Ha oc-

Loor-107° Zoop 107
o X
% A +
4 = A
B +8 e
A
oA 0
10— X
. E.o ¢
AA M;_r_ﬂ————lx
. lo
X 5
DO A
5 . AAl 0\ . \
Jay . ° X\.O*___-___D—"“
ACA Lo \A\xh__o___J,____l_,D-——-—-‘
A Mo
02 03 04Fr 35 4 45 S8/T

Puc. 1. KoadohuuyeHT oCTaToYHOro COnpo- .
tupenus mogjeneit ClI npu noanom Bogo-  Puc. 2. Kosddru#eHT ocTaToyHoro co-
H3MEUIEHHH: npoTusnenus B GyHruun ot B/T.

B — 00036; + — AT-30; O —00305; (O — 00026; OGo3HayeHHsl Te »Ke, UTO Ha pHC. 1
A —00373; X — 00022; @ — 3CA-22; 4 -3IIA-86

TaJbHOM y4acTKe — OT 4 J0 5.

Kpome Toro, ansi Bcex CII mocTpoensl rpagukd YAENBHOTO CO-
npoTHBAEHHS: Roor/D B (QYHKUHM OT OTHOCHTENBHOH CKOPOCTH
(puc. 3). [lns cpaBHeHHUs 3/leCh Xe HaHeCeH rpauK yIeNbHOTo Conpo-

THBJIEHHs, NOJYYEHHBIH Ha OCHOBaHHM pacyeTa N0 NPHOIMKEHHOH

thopmyJie
Roex/ D =0,03 (F1/0,4)*[0,25 + 0,76 (Fr/0,4)'], (1)

npuBeaeHHoN B pabote [1].

U3 rpaduka cienyer, uto sMmnupuyeckas dopmyaa (1) ynosaerso-
PHTEIBHO COTJIACyeTCsl ¢ pe3yJbTaTaMy HCHBITAHAH B JHanasoHe
0,15<<Fr<<0,35, a BHe 3TOro Juana3oHa [aeT 3aBbIIIEHHbIEC 3HAUCHHA
Rocr/D, ¥ TOTPEIIHOCTb YBEJNMYUBAGTCS € POCTOM OTHOCHTEIBHOH CKO- -
pocth, gocruras 15 % npu Fr=0,4.

56




)

UcnuiTanus B Oaccefide HoxasaJd, 4YTO HaWJyYIIHMH XOILOBBHIMK
kauecrBamu ob6aagaer CII np. 00026.

C neJblo onpeaesenus Mopexoanbix Kauects CIU Ta ke cepus Mo-
Jeell GLJia HCIBITAHA HA BCTPEUHOM DETyJspHOM BoJdHeHuu. [lis
5TOTO MOJEJNH NOABEeprajuch AWHAMHYECKOH TAapHPOBKE I/ yMOBJIET-
BOPEHHS YCJIOBHSIM AHHAMHYECKOTrO NOAOGHS.

(Rgm—/ﬂ)’ 70—3
30

20

10

A

€3 x
0,2 03 04 Fr

X

0

Puc. 3. CpaBHeHHe B3KCIEPHMEHTAJbHHIX 3HAYeHHH Rocz/D M
pacyeTHHX IO TPHOMHKEHHOH (opmyde.

OGo3HaUYeHNN Te JKe, YTO Ha PHC. 1

Mopenu UCHBITHBAMNCh NPH ABYX BaphaHTax Harpyskm: D;-—moJ-
Hoe Bomomamelenwe u Dy — 50 Y maccaxupos, IpuuyeM BO BTOPOM
BapuaHTe HArpy3Ky OBLIO NMPEXYyCMOTPEHO ABa BapHaHTa Pa3MelleHus
BCEX [ACaXKHpOB; a) Ha muiesae, 6) B KopMme H HOCYy. OTHM no6upa-
JIECh ¥3MEHEHHs POLOJNBHEIX MOMEHTOB MHEPLHH MOAEJIH.

Mojeni WCIBITHIBAAMCh B TPaBHTALHOHHOR OYKCHPOBOYHOM CH-
creMe. ByKCHPOBOUHOE CONPOTHBJEHHE 3a4aBajioCh, a BO BpeMd Ipo-
Gera saMepsiiach CpelHssi CKOPOCTh ABHXKEHUS MojenH. Bepxuum npe-
JeJIOM CKOPOCTH CJYXHJIO 3apblBaHHe MOJENH HOocoM B Boay. M3 ku-
HeMaTHYecKHX HapaMeTPOB KauKH H3MEPSNNCh TOJBKO HapaMeTpHl
KHJIeBOH KauKy: aMILUIUTYAa @ H 4acToTa wq. PerysspHoe BCTpeyHoe
BOJIHEHHE T'eHePHPOBAJOCh BOJHONPOAYKTOPaMM IIYHXEPHOro THIA.
[TapaMeTpsl BOJH H3MEHSJIHCh B [HaNa3oOHax: A/L=08; 1,0; 1,25;
1,8; 2,0; h=2r=>5; 7,5; 10; 20 cm.
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OCHOBHBIMHM TapaMeTpPaMy BOJIHEHHS OBbLI yKasaHHBIA DSIA OTHO-
CHTeJbHBIX JJIMH BOJH M OCHOBHAs BhiCOTa BOJIHEI, paBHas 10 cM; Ta-
KHM 06pasoM, MOJAENH HMCOBITaHB npu h/Ah=const u A/Ls=const.

- PesysbTaTh 3KCIEPUMEHTA NMO3BOJMJIM NOJAYUHTh 3HAYEHHS JHOMOJ-
HuteapHoro comportusienusi CIII B 3aBHCHMOCTH OT OTHOCUTEJIbHOH
CKOPOCTH, YacTOTH BOJIHBI, €€ BBICOTH ‘M NapaMeTpOB CaMO# MOJIENH:

AR:E— RT.B:

rie AR — JONONHATENbHOE CONPOTHBJIEHHE Ha BOJHEHMH; R — compo-
THBJIEHHE Ha DETYJSPHOM BOJHEHHH; Rp s — CONPOTHBJICHHE Ha TH-
XOH BoOZe. '

. ARH
20
10
Ve
’ Ve
7 4
[ o +'-/i-
—
0 o1 0,2 43fFr

Puc. 4. Jomonuurensnoe conporusienne CHI 3ITA-86 npu
Dy, #y=0,196 u 2r=0,1 m: :

e —_rpadbux mnpeAeJbHBIX SHAYeHHE AR;
O—ML=08; ® —1; A—1,15 v—125 O0~14 X—15 +—2

B nauHo#i paGoTe He JeJaJMCh TOMNBITKH PasfeHUTb AOMONHUTENb-
HOe BOJHOBOE COIPOTUBJIEHWE HAa €ro COCTaBJsOIIHe, BbI3BAHHBIE:
a) Kaukoli Ha THXOH BOAe; 6) AuMPAKIHOHHBIM BOJIHEHHEM, B) B3aH-
MojeficTBHEM BOJIH BBHIHYKAEHHOH KauKu Ha THXOH BOAe M NU(PaKLHU-
OHHBIM BOJIHEHHEM.

PesysbTaThl MCOBHITAHHA NpEACTaBIEGHH B BHie rpadukos AR=
=f(Fr) (puc. 4) mnsa pasueix A/L npu h/L=const, a Takxe rpagu-
koB 7=f(A/L) (puc. b) AJs HECKONbKHX 3HA4YEHHH OTHOCHTEJIbHOH
ckopocTH' ¥ npu h/L=const, rae KO3QPUUHEHT HOMOJHUTEILHOTO
CONPOTHBJIEHHS] HA BOJHEHUH

2AR
pv?riBiL-t ”

=

ITocKOJIBKY TakHe AaHHBIE MOJMYUYEHBl AJIS BCEX CII B wHpOKOM
AuanasoHe 4acTOT BOJHEHHS, OHH MOTYT OBbITh HCIIOJIL30OBAHBL JJIA Ie-
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pecuera Ha HATypy, T. €. HJs pacyera NONOJHHTENLHOTO CONpPOTHB-
gerns CII Ha BCTPeYHOM peryJisipHOM BOJIHEHHU:
- pv? o, —1.2
AR!-I:r 2 BH H rH:

rae Koo dHUHEHT 7 6epeTcst U3 IKCNepUMeHnTa.

T

u[ L’
Nl

08 1
/R

Puc. 5. KoapdpuuuenT HAOMOJHHTENBBOTO CO- }
nporupnenns CII 3TTA-86 npn D, %y=0,196, |
2r=0,1 m:

® —Fr=0,1; +—0,15; X —0,2 A—0.25 0O—03

3DT0T MeTof nepecyeTa npeanoJaraer HEe3aBHCHUMOCTh OTHOIUEHUSE
IOTOJIHUTEJNIBHOTO CONPOTHBJAEHUA K KBaapary aAMIIJINTYABl BOJIH

AR/r? = const (2)

OT aMIJIUTYAHL.

Ananus pe3ysbTaTOB HCNBITAHMH ITOKA3BIBAET, YTO MAJS CHI noka-.
3aTeNib CTENEHH r B dopmyae (2) uaMensercs OT 1,5 A0 2, u 105TOMY
pacueT CONPOTHBJIECHHS Ha BOJHEHHH OYNET NPHOIHKEHHBIM. PEVINS G
MCTIBITAHHE T03BOJSIOT HAHTH TPAHHIY MaKCHMAaJbHEIX 3HaueHHH (CM.
p¥C. 4) JOMONHATEJIHLHOrO CONPOTHBJEHHS ¥ OLEHHTh IIOTEPIO CKOPOCTH
Ha BOJHEHHH NIPH H3BECTHOH MOIIHOCTH ABuratens. Hampumep, npu
ML=1,4, h/L=1/10 moreps CKOPOCTH COCTaBJseT 50 %, a mpu
h/L=1/20 cauxaetcs no 30 %.

MakcuMadbHBe 3HaueHus1 AR JexaT B JUala3oHe YacTOT BOJHE-
uus o A/L=1... 1,b u yxe Ha wacroTe A/L=2 1Js Bcex CKOpOCTeil
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xofa cocrasiswT He Goaee 10 % OT ARmax. OTCIORa MOXHO CAEIATH
BHIBOZ, uTo Ans. CIII cepbe3Hoe npensiTCTBME NPEACTABJIAIOT BOJHEL,
a6COMOTHAS LJIMHA KOTOPHIX He mpeBbimaeT 20 M, 4TO PaBHO CpeXHeH
IJIMHE BOJIHBL Acp NPH 3 6aJ1ax MOPCKOI'O BOJHEHHUSL.

Ha ocHoBasuu aHaau3a SKCIEPHMEHTa MpeJJaraercs SMIHpHIe-
ckufi Merof pacuyera ponosuuTesnpbHo# CUI Ha peryaspHOM BOJIHEHHH,
B OCHOBY KOTOPOTO NOJIOXKEHa METOAHKA, paspaboTaHHAd B. b. Jlu-
nucoM [2]. B 3To#i MeTOAHMKE HCHOJB3YIOTCS CBOHCTBA (YHKIHH

f (®/¢max) = f/fmax,

KOTOpasi He 3aBHCHT OT OTHOCHTENBHOH CKOPOCTH, C/1af0 3aBHCUT OT
XapaKTepPHUCTHK KOpPIyca H NpPEACTaBJseT pacrmpelenenue HOpMaJi3o-
BAHHOTO KO((HIUHEHTa CONPOTUBIEHHS 7/fmax HO 4aCTOTaM. 3Have-
Hue 5Tofl hynxUuK npenjaraercs B pabore [2] B Buze

O It (Rt G

e #x=o/or=(L/A)"; %r=0mnax/0r=(L/Amax)"?; ©r-—uacroTa
BOJIHBI, AJIHHA KOTOPOH paBHA MJHHE CYAHA; Wmax— Y9aCTOTA BOJHBI,
COOTBETCTBYIOIIAsT MaKCHMYMY —JONOJIHHTENIBPHOrO  CONPOTHBJIEHUS;
Omax = (27g/Amax) 12, ,

Ha puc. 6 npeacrasiaex rpadux oyukunu Or, NOJNYYeHHBIH IO
dopmyse (3) W H3 IKCHNEPUMEHTA; BUAHO, UTO DacUETHbIE 3HAYCHHA
BIIOJIHE YJOBJIETBOPHUTEIBHO COUETAIOTCS € ONBITHBIMH JTaHHBIMH.

Has pacuera  JONOJHHTEJIbHOI'O COTIPOTHBJICHHSA AR =
=pgTmax@rr2B2L!, HeoOX0OAMMO pacnojaraTh SHAYEHHAMH Tmax
1 QYHKUUAMH Xg.

ITpubauxennble GOPMYJBl AJs STHX NapaMeTPOB CHAEAYIOLIHe:

Fmax = ¢f (Fr),

c—13,2 ,\/—g:'— ), )
f(Fr)= 1 — 1,05 (1 — Fr/0,3)%,
wg = 1,04 — 0,6Fr, O ®)

rae D;, D; —Bogousmemenne CII; L, B-— piauHa ¥ IDUPHHA CYIAHA;
Rxx

8 — ko3 puuneHT OOLIEH MOJHOTHI; Ky= — OTHOCHUTEJbHBIH IpPO-

JOJHHBIA paguyc UHEPIHH.

PacyeT o THM (DOPMyJaM He NPEeJCTaBJseT 3aTPYAHEHHH.

AHanu3 CyLWECTBYIOLUIMX MeTONOB pacuera IONOJHHTEJBHOrO CO-
NPOTUBJEHHS] HA HEPEry/IsiPHOM BOJHEHHH [2—4] noxasbiBaer, YTO
BCe OHM He AAIOT YAOBJIETBOPHUTENBHEIX PE3YJbTATOB, H OCHOBHO# NpH-
YUHOH TOMY CJIYXKAaT MaJjible pasMephl CII u uHble OTHOILIEHHUSA IJIaB-
HBIX pasMepeHuli [0 CPaBHEHHIO ¢ CYAaMH, LI KOTOPHIX paspaboTaHbl
npepjiaraeMele METOHBL [TosToMy aJist mpuGAUKEHHOH OLEHKH HLOIOJI-
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|
HHTEJILHOTO CONPOTHBJEHHsT Ha HEPEryJsapHOM - BOJHEHHH Mpensa-
raeTcsi BOCIOJbL30BaThCst (GopMyIaMu ‘

oo

AR=22R (@)D, AR=2| LR () Sg (@) do, 6)
0

rae AR —conpoTuBJIEHHe Ha DETryJsSpHOM BOJIHEHHH, YacToTa KOTO-
POTO NIPHHHMAETCS 32 Wep WM Omax HEperysusipHoro poanesus; Dy—

@
1
[ ]
+
a
w| &
a
0,75 + A
| ,

0,25 \

@
40

07 08 09 L0 Al 12 13 0/wmax .
Puc. 6. CpasHenue 3HaueHH# Qyukuui g, IOJYYEHHHIX H3 SKC-
epHMENTa, C PACYETHHIMH IO anNpOKCHMHpYIWEH dopmyde:

(O — pacuerHsle 3Hauenust {Dp; SKCIepHMEHTalbHbHe 3Hauenus @p:
+ — Fr=0,1, %y=0,307; O — Fr=0,15, uy=0,228; @ — Fr=0,2, xy=0,196;
A —Fr=03, %,=0,196

AUCIIEpCHs BOJHOBHIX OPAHHAT; St(®)— BEHIODAHHBIA CIHEKTP ABYXMeEp-
HOT'O HEPEeryJsipHOro BOJIHEHHS.

PacueTsl mo s1uM dopmynam xaior 30- u 15 %-nHoe pacxoxzuenue
¢ BCTHHHBIM AOIOJHHUTENBHEIM CONPOTHBJEHHEM.

Ananus pesyapraToB ucnblTanuit CII mosBosisier peKOMeHAOBaTh
dopmyast (4) u (5) AnMsA pacyera AONOJHHTEIBLHOrO CONPOTHBJIEHHS
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Ha peryJasipHoM BOJHeHHH. Kpome TOro, Ipu ONpe/eeHHH 6ykcupo-
‘BOYHOH MoIIHOCTH aBuratens u notepu ckopoctu CII Ha BOJHEHHH
npensaraeTcs IMOJMb30BATbCS INPEIENbHBIMK 3HAUEHHSIMH JQOINOJIHA-
‘TeJIbHOrO CONPOTHBJEHHS Ha IpaduKax TUNa AR =f(Fr) pas pasHbIX
3HayeHu# A/L. .

Pesyabrathl pa6oTH OyAyT HCHOJNb30BaHbl NPH COCTABJICHHH aT-
Jlaca 10 cnacaTeJbHBIM ILIIONKaM,

CIIUCOK JIUTEPATYPH

. Boairkyuckruit A H, dageesn 0. WU. u gp. BykcuposoyHoe conpo-
-TuBMeRde Lunonok.— Cynocrpoenne, 1958, Ne 12, c. 15.

9 Jlunuc B. B. Pacyer JOMOJHHTEJbHOrO CONMDOTHBJICHHA CyAHA HA Perysdp-
wom BoJHenuu.— Tp. IIHUMM®, 1977, BH. 221, ¢. 43—60.

3. Mudpun JI. C. IlpuGimxKeHHbil pacueT AONOJHUTEILHOTO CONDOTHBJEHHA
CyfHA HA PeryaspHOM BOMHeHHH.— CyRocTpOeHHe, 1973, Ne 12.
"4 Boponan U K, Heuseraes [0. A, Mopexonsoctb CyAOB. J1., Cyno-
crpoense, 1982, ¢. 107—113.
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Cy,IlOBble 9HepreTHYeCKue yCTaHOBKH

VIK 629.12.066 : 621.31
B. A. Baazunun, A. A. Kosnos

HOPMUPOBAHMUE CONNPOTUBJIEHNSA U30JIAILHU
CYOOBBIX JIEKTPOOHEPTETHYECKHX CUCTEM
MO0 KPUTEPHIO NO)XAPHOM BE3ONMACHOCTH

Meponpusitisi 10 HOPMHPOBAHHIO IlapaMeTPOB H3OJANMH OKasbi-

BAIOT BJMSHHE Ha ILeNbH KOMIIJIEKC TEXHHYECKHX H 3KOHOMHYECKHX
nokasaresaeil 3(QGeKTHBHOCTH CYAOBHIX 3JEKTPOSHEPTEeTHYECKHX CH-
ctem (C32C): »3KCIIyaTalHOHHYI0O HAafeXHOCTb 3JeKTpoobopy-
InoBanusi, Gecrnepe6GOfHOCTb 3JEKTPOCHAGXKeHHA NoTpebuTeneld, 3JeK-
TPO- M MOXKapobe30NacHOCTb, HaJeXKHOCTb JaJbHeHl paAMoCBA3H U JIpY-
THe XapaKTepHCTHKH (yHKUHOHHpoBaHHA COIC B cocTaBe CyIOBOro
koMmyiekca. HopMHpOBauue Takxke ONpejessieT 3aTpathl Ha JKCHJAya-
TAalMI0 CYAOBHIX 32JIEKTPOCHCTEM H B YACTHOCTH 3aTPaThl, CBSI3aHHLIE
¢ pa6oTaMu MO NOAAEPKAHUIO TPeOYeMOro COCTOSIHHS 3JEKTPHUCCKOH
H30JLUH.
- 3ajaya HOPMHDOBAHHSI H3OJSLHH 3aKJII0YaeTCs B ONpeNeJeHHH
Mana3oHOB M3MEHEHUs ee IapaMerpoB, obecneywBalOLIUX 3aJaHHBIN
yPOBeHb OTHEJBHHIX JIOKAJbHBEIX NOKasarteseit adpdexruBrocty CIIC
B YCJOBHUAX JefCTByIOHIero pabogero HamnpsKeHHss H NPUHATOH CH-
CTeMBl 3allUTH OT OAHO(DA3HHX 3ambKaHui Ha xopnyc. Cynosbie
3JIEKTPOCHCTEMEI, KaK IPaBHJIO, paBoTalOT NPH HANPSXKEHHAX, He Npe-
Belawnmux 400 B, n 3amuiiedsl OT 3aMBIKaHHH Ha KODPIYC H30JH-
POBaHHON HeHTpaJbIO.

K uncny nmapameTpoB H30JAUMH, TPeOYIOLIHX HOPMHPOBAHHUS, OTHO-
CAT IpeXHe BCEro ee CONPOTHBJACHHE INOCTOSHHOMY TOKY, KOHTPOJb
KOTOporo o6si3aTeseH NPH SKCIVIYAaTALMH BCEX CYIOBBIX SJIEKTPOCH-
cTeM, HaxoJsfmuxes noj HanzopoM Perucrpa. M3 npakTHKH U3BECTHO,.
YTO N[O Mepe H3HOCA H30JALHH €€ CONDOTHBJEHHE YMEeHbIUaeTcs.
B cBsidaum ¢ 3THM HOPMHpDOBaHHe OOHIYHO CBOLHTCS K YCTaHOBJEHHIO
HYMJKHEH rpaHHUbl HONYCTHMBIX 3HAYEHHH CONPOTHBJIEHHS H3OJMSIUH.
Ona xosxHa ONpelefsiThCA KaK HAaHOOJBIIAS H3 JIOKAJLHBIX TDaHHUIL,.
HalileHHBIX 110 OT/AEJbHHIM MOKa3zaTensiM 3((PeKTHBHOCTH.

Taxoii noaxon tpeGyer BHIIBIEHHS BCEX SKCIVIYaTAHOHHHIX Xapak-
TEeDPHCTHK CYAHA, CBA3aHHBIX C HOpMUpYeMOH BenwuyuHOH. [lJst Kaxa0ok
M3 HHX HeOOXOAHMO ONpeJesHTh IePBHUYHBIE KPHUTEDHH HOPMHPOBAHHS,
ofecneynBaolllue 3aJaHHBE II0Ka3aTeJH (YHKIMOHHPOBAaHHSA CYAO-
BOTO KOMIJIeKCa, H, HaKOHell, YCTaHOBHTb XapaKTep B3aHMOCBS3H
MeXIy CONPOTHBJEHHEM H30JALHH H BeJIHUYHHAMHU, perJaMeHTHpye-
MBIMH N€PBHYHBIMH KPHTEPUSIMH.
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OxHoli M3 Ba)KHEHIIMX 3KCIJIyaTALMOHHBIX xapakrtepuctHk CI3C
-SIBJISIETCSl YPOBEHb HX IOXKAPHOH Ge30MacHOCTH NPH ONHO(pA3HBIX 3a-
MBIKaHHAX Ha Kophyc. DKCIIyaTalyoOHHAs NPaKTHKa IMOKa3hiBaerT, 4To
yucao Takux sambikanuii B COIC B 3—4 pasa mpesbimaer ofinee
KOJIHYeCTBO BCeX NPOYHX BHJOB. MX omacHOCTh OmpelessieTcss MOLL-
HOCTBIO TEI/IOBLIZEJNEHHH, BHI3BIBAEMBIX TOKAMH YTEUKHM Ha KOPIYC
yepes MOBPEKAEHHBIH YIACTOK H30JSLHH.

HopmupoBaHue cONPOTUBJIEHHS H30JSLHH CIOCOOCTBYET CHUMKEHHIO
TOKOB 3aMBIKAHHS Ha KOPIyC M TeM CaMBIM IIOBHIIIdeT 6€30IaCHOCTD
CYLOBBIX 3JIEKTPOCHCTEM. PaccMOTPHM HOPMHPOBAaHHE CONPOTHBJICHHSA
H30JISIIIHH, TIPOBOAMMOE HA OCHOBE €r0 B3aHMOCBSI3H C TOKOM OAHO(Aa3-
HOTO 3aMBIKAHHSA Ha KOPIIYC.

‘MHorouHc/eHHble H3MEPEHHs, BHIIOJHEHHble HA Pa3J/IHYHBIX CYAax,
[OKAa3aJy, YTO KaK TOKH 3aMBIKaHHA Ha KOPIYC, TAK H CONDOTHUBJCHHA
U30JSALHH MOTYT H3MEHSITbCS B IIHPOKHX AMAIA30HAX M HOCAT SIPKO
BBIPAXKEHHBIH CTaTHCTHYeCKHH XxapakTep. VX sHaueHHs pasfMyHB He
TOJIBKO IJIS ONHOTHIHBIX CYNOB, HO W AJS OXHOTO M TOIO XKe CyAHA, .
paforamouiero B pasjiHYHBIX 3SKCOAYaTAUMOHHEIX peXxuMax. B aTux
YCIOBUSIX BO3MOXHO JMIIb CTATHCTUYECKOE I[IPOTHO3HPOBAHHE TOKA
3aMBIKaHHS, IPOBOAMMOE Ha OCHOBE PErpPecCHOHHBIX MOJefedl, mpHueM
JUIsl pelleHUsl CMEeXHBIX BONPOCOB B TAKHX MOJAEJSAX HAPSILY C CONpO-
THBJIGHHEM H30JANMH Ieecoo0pasHo HCIONb30BATH OCHOBHEIE IIac-
IOPTHEIE XapaKTePHUCTHKH CYHOB.

B yc/l0oBHAX H3MEHSIOLIETOCS TOKAZ 3aMBIKAHHS Ha KOPIYC OLEHKY
ypoBHsA NOXapHOH GesomacHocTH CIDC ciefyer NPOBOAUTH IO €ro
HauGo/blIeMy 3HayeHHIo, Ha0/J0falIIeMycss MPH OJHOBPEMEHHOM
pabore GOJBHIMHCTBA CYAOBHIX moTpebHTenelt. IToaTomy mpu mocrpoe-
HHH DPErpecCHOHHBIX MoJesell KaxJaoe, CYIHO AOJKHO XapaKTepuso-
BAaTbLCSA TOJBKO OJAHHM HaHOOJNBIIHM TOKOM YTEUKH.

B T0 Xe BpeMs H3 COBOKYIIHOCTH DPe3yJbTATOB H3MEPEHHH COIpO-
THBJIEHHH H30JSLHH B PErpeCCHOHHON MOJeNH CJIeAyeT HCI0Jb30BaThb
TOJMIbKO HaHMeHblIee 3HayeHHe. Kak Iokasanu H3MepeHHs, 5Ta BesH-
YHHA He MOXEeT CTaTb MeHbIIe HEKOTOPOro KPHUTHYECKOTO 3HAYeHHS.
B nporuBHOM ciyuae H30/MSLHS TpeTepneBaer AOCTATOYHO GHICTPOe
nocjaelywollee paspylleHHe NOJA AeHCTBHEM TOKOB YTEUKH Ha KOPIyC.
IIpuMepHble 3HAYEHHST KPUTHUECKHX CONPOTHBJEHHH HBOJALHH, IPH
KOTOPBIX €lle He HabJofaeTcss OLICTpPOe paspylleHHe H3OJSALHOHHBIX
KOHCTPYKIHH, TOJIYYeHB IO pesyabTaTaM 0Oojiee ueM THICAYH H3Mepe-
HUH, BBIMOJHEHHBIX Ha D7 MOPCKHX CYZax B MpOlecce HX IKCIIya-
TaLHU:

Hanpsokenwe cety, B . . . . . . . .. .. ... 127 220 380
Kpurnueckoe conporusjeHne usoisuud, kOm . . . 15 20 30

Haun6osee mpocroe pelieHHe 3ajaud HOPMHPOBAHHS CONPOTHBJIE-
HHS H30JALHMH MOXKeT ObIThb MOJYYEHO C IOMOLIBIO JHHEHHBIX perpec-
CHOHHBIX MOJeJIeH:

IJISI CHJIOBBIX CeTel:

Ic=Fz,+ Gz, + Hz, + Kz, + Lz; + Mz, + Nz; 4+ Pz; + R, (1)
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rae I.— Haubonblinii TOK 3aMbIKaHus Ha kopmyc, A; F, G, H, K, L,

M, N, P—vyacTHble KO3)(UIHEHTH PErpeccuy; 2 — BaJoBas BMECTH-

MOCTb, CyAHa, T; 22 — HauOoJblUas AJHHA KOpIyca CyJAHA, M; 23 — UHC-
JIEHHOCTb 9KHIAXa; 24 — MOIIHOCTh IVIaBHOH CHJIOBOH YCTaHOBKH, KBT;
25— MOIIHOCTh CYZOBOH 3JIEKTPOCTAaHUMH, KB-A; 2zs— HanpsKeHne
ceTH, B; 27— KOJHYeCTBO YCTAHOBJEHHBIX JEKTPOABHrartenef; g —
HauMeHblllee H3MepeHHOe CONpOTHBJeHHe uszoasuuH, MOM; R— cBo-
GOJHBIH 4YJIeH;

IJIs1 ceTell OCBeILIeHHUS;

[y=1fz+ gz, + hzs + bz, + lzs + mys + ny, + pys +r,  (2)

‘roe [,— HaubojpIUMH TOK 3aMBIKAHHSA Ha KOPIYC B CETH OCBelie-
mus, A; f, g, h, k, |, m, n, p—yacTHele KO3 GUIUEHTH perpeccu;
Ys— MOUIHOCTb CeTH ocBelleHus, KB-A; y; — nHanpsaxenue ceTH ocbe-
ieHHsd, B; ys— HauMeHbIIee CONPOTHUBJEHHE H3OJSIHH CETH OCBe-
wenusi, MOM; r — cBOGOAHBIH UJEH.

Heob6xonumble Hjis1 OCTPOEHHsS MoOLejed MaHHBle GBUIH IOJYYEHBI
B pe3yJbTaTe HCCIAEAOBaHHSA 3JeKTpocHcTeM 54 cynos ¢ioTa puIGHOM
IPOMBIIIJIEHHOCTH, OTHOCAHIMXCS K 19 pasjuuHBEIM THOAM, a TakXke
TIOJIy4eHbl M3 HX TeXHHYeCKHX macrnopToB. Mcxoanble NaHHBIE OBIIX
ob6paboranbl ¢ nomouiplo DBM .o craHAapTHOH nporpamMme OLEHKH
KO3 GHIHEHTOB MHOXeCTBeHHOH JHHeHHON perpeccuu. IIpu stoM 06-
cjelOBaHHbIe CyAa OblIM pas3jieseHbl Ha JBe TPyNNbl. B nepsyio rpynmy
BOILIK 28 CYAOB, B 3JEKTPDHYECKHX CHCTeMAaX KOTOPHIX YCTAHABJIHBA-
I0TCA [TOMEXONOAaBAAIHe GUABTPH, obJajalonine 3HAYUTEAbHON eM-
KOCTBIO IO OTHOLIEHHIO K Kopuycy. Bo BTOpo# rpymnme o6befHHEHHI
26 cynmoB ¢ aaekTpocucTeMaMiu 6e3 GHIABTPOB MM C QUILTPAMH, 06a-
JaOHMH OYE€Hb MaJlOH €MKOCThIO IO OTHOLIEHHIO K KOPIIyCY.

Ananus pesynbTaTOB, IOJYYEHHEIX MOCJAe 06PaBOTKH JAHHBIX Hep-
BOW TpyNnbl CyAOB, NOKa3aJ, 4YTO HAHMEHbIUAs CTAHAAapTHAs OWHOKa
TPH OLEHKe TOKA YTEYKH HUX B CHJAOBLIX CETSIX HOCTUraeTcss B. TOM
cayyae, KOTJa YYHTHIBAIOTCs CJEAYIOUIHE YeThipe (hakTopa, IpHBEAEH-
Hble B NOpAAKe yOBIBAHMS HX 3HAYHMOCTH: 24— MOUIHOCTb IVIABHOMH
CHJIOBO# yCTaHOBKH, KBT; 26 — Hanpskenue cetn, B; 23— Haumenbuiee
CONPOTHBJIEHHE H30JSUHH CHUJA0BOH cet, MOM, z;— HauMeHblIas
AJIMHA KOopHyca CyZAHAa, M.

Perpeccnonnas Moieab TOKa 3aMBIKAHHs Ha KOPMYC, HOCTPOEHHAS
€ YYETOM YKa3aHHBIX (paKTOpOB:

[.=—0,033 62, 4 0,000 62, 4+ 0,006 42, — 1,284 82, 4- 1,214. 3)

Beipaxenne (3) mosBoJisieT pelluTh 3aadyy HOPMHDPOBAHHS COMPO-
THBJIEHHS M3OJSLHH [0 3aNaHHOMY 3HAYEHHIO JONYCTHMOILO TOKA
yreuku. s 3TOro HeOoGXOAMMO HCIOJb30BaTh TPAHHUHLIE 3HAUCHHS
TOKOB YTEUKH, IIOJyYeHHBE MO AONYCTHMOH MOIUHOCTH TEIJIOBBILEe-
HHA B MOBPeX/ACHHOH H30JSLIHH CYAOBBIX Kabejel !:

‘! Baaruuun B, A, Kosaos A A, Yucrakos B. C. Kpurepuu mo-
KAapHOH Ge30NIaCHOCTH CYMOBHIX 3JIEKTPOSHEPreTHYECKHX CHCTEM TpPH OXHO(A3HBIX
3aMblKaHHAX Ha Koplyc.— Pernctp CCCP. Hayuno-texH. ¢6., 1984, Bum. 14, c¢. 110~—
116.
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Hanmpsukenue ceTH, B . . . . . . v oo v 0o .. 127 220 380
JlonycTHMEI TOK yTeukH, A . .. + « .« . o . . 0,76 0,44 0,26

HopMupOBaHHe CONPOTHBJEHHS H3OJSLHE HalpaBieHO Ha obece-
yeHHe ToxapHO# GesomacHocTH CIDC mpu OfHOOA3HBIX 3aMbIKaHHAX
Ha KOpPIYC, T.€. LOJKHO NPHBECTH K BHINOJHEHHIO YCJIOBHS

Ic< [non, - i (4)

rie Iyon — rpaHHuHOE 3HAYEHHE JONYCTUMBIX TOKOB yTeUKH Ha Kopmyc.

Toacrasus (3) B (4) u sanucaB ero Tak, YTOGHL ONpPENEsIeMOH Be-
JIMUMHON 0Ka3aJoch CONPOTHBJEHHE H3OJSANMH, INOJYYHUM BHIparKeHHe
IJIsi €T0 HOPMHUpPOBAHHSl B CHJIOBHIX CeTSIX CY/I0B IePBOH FPYIIILL:

2> 1—21-848— (—0,033 62, - 0,000 62, - 0,006 42; + 1,214 — In).  (5)

Ananoryunas 06pa6oTka NAaHHBIX IIO CeTAM OCBEILEHHs 3TOH XKe
rpynnsl CyfOB TOKa3asa, 4TO NPH OLEHKe TOKa YTEUKH Ha KOpuyc
cjlieflyer YUYHTHBATb CJelyiolllve TPH (paKTopa: ys— MOUIHOCTL CETH
ocBellleHHs, KB-A; ys— HauMeHblllee CONPOTHBJIEHHE H3OJISLHH CETH
ocBellleHHsd, MOM Hu 23 — YHCAEHHOCTh dKHIaxa. C HX yueToM IOAy--
4eHO ypaBHEHHE

, I,= —0,002 72; + 0,018 2y, + 0,536 5y, — 0,25. (6)
IMocse nofcTaHOBKA (6) B COOTHOLIEHHe, aHAJOrHuHOE (4), MOMYYUM:
s = 5355 (0,002 725 — 0,018 295 4 0,25 + Ln). ™

0,536

Bripaxenue (7) I03BOJAET HOPMHDPOBATH CONPOTHBJIEHHE HIOJALHA
B CETsIX OCBEIIeHHs CYXOB NEPBOH TPYIIIHL

JlauHHe CyLOB BTOPO#l TPYNNH NOKA3ajH, UTO TOK YTEUKH B CHJIO-
BEHIX .CETSIX HauGoJee TOYHO ONPENENSeTC C NOMOMBIO CAEAYIOLIEro
BbIpaXKEHHS: '

I. = 0,018 92, — 0,000 22; — 0,96, (8)

The 2o— HanBosbluasl AJIMHA KOpIyca CyAHa, M; 25— MOILHOCTb CyJO-
BOH 3JIeKTPOCTaHIHH, KB-A. .

Bripaxkenue (8) moxkaspiBaeT, UTO BJHMSHHE CONPOTHBJIEHHS H30Jsi-
UMK Ha TOK YTEUKH B CHJIOBHIX CETSX BTOPOH IPYNIbl HE3HAYHTE/bHO.
CrneqoBaTeNbHO, €ro HOPMHDOBaHHE He MOXKET CYIIECTBEHHO CKa-
3aThCsl Ha COCTOSIHHM TOXapHOH GesonmacHocTH CIIC M JOMNKHO MPO-
BOZUTbCS Ge3 ydyeTa pacCMaTPHBAeMOTO JIOKaJbHOTO IOKasaTtens 3¢-
(EKTHBHOCTH CYJOBBIX JI€KTPOCHCTEM. :

Ias onpefeneHusi ToKa YTeUKH B CeTAX OCBELleHHs 3TOH TPYNIHL
CYZOB CJAEAYET HCIOJb30BaTh BhIpaXKEHHE!

I, = —0,0032, + 0,002 5y, + 0,63, ©

rné 2z — HauGoJblilag MJHHA KOPIyca CYNHA, M; ls— HavuMeHbllee
conporusJenue u3onsanux, MOm.
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YuHTEIBAS COOTHOLIGHHE, aHAJOTHYHOe (4), mOJyuyaeM BBIpaXKeHHE
JJIsT HOPMHPOBAHHS CONPOTHUBJIEHHS H3OJSIIHH:

40> 5o (00032, — 0,63+ Lior). (10)

B kauecTBe mpuMepa NpHBeJeM pe3yJNbTAThl PacyeTa, BHIIOJHEH-
Horo no ¢Qopmynam (5) u (10) mas cunomosi ceru BMPT, ornocsa-
Ierocss K cyAaM NepBOH TPYNIH, W IS CeTH OCBENIEHHS TPaHCIOPT-
Horo pedppmxkeparopa (TP), oTHocguierocss ¥ cyaaM BTOPOH TPYIIBL
W3 macnopra BMPT umaxoaum: maupa Kopnyca 2;=84 M; MOIIHOCTb
I'9Y 2,=1470 &.c.; nanpsxenue cetH 2e=380 B; momycTuMmul TOK
yreukd Jpon==0,44 A. .

ITo ¢opmyne (5) mosyuaeM, 4To MUHHUMAJAbHOE CONPOTHBJIEHHE H30-
asgouu cunoBo# cetd BMPT nmonxkao 6HITh He HUXe 1,2 MOwm,

IIpu pacuere rpaHHYHOrO CONPOTHBJEHHS H30JAUHH TP Hcmouabso-
BaHbl CJAEAYIOIINe [ACIHOPTHble NaHHBIE: AJHWHA KOprhyca 2,=153 M;
JONYCTHMBIH TOK yTeukH [pap==0,76 A. |

[pannyHoe 3HAaYeHHe CONPOTHUBJEHHS H3OJSIMH, HCIONB3YS BHPA-

" xenue (10), moayuuM pasbiM 213 MOwm.

[Tonyuennble pesysbTaThl IOKa3HBAIOT, 4TO HOPMHPOBAHHE COIPO-
THBJICHHS. H3OJAUHMH, IPOBOAHMOE IO KPUTEPHIO IOXKapHOH 6esomac-
HOCTH, JOJKHO YYHTHBATb HHIHBHAyaJbHBE XAPAKTEDPUCTHKH OTHEJb-
HBIX cepuii cynoB. /s cymoB BTOpPOi TPYINBl, B 3JEKTPOCHCTEMAX
KOTOPBIX HE YCTAHABJMBAIOTCS MOMEXONOAABJSIONIHEe QUIAbTPHI, HOPMH-
POBaHHE CONPOTHBJECHHS H3O0JSUUH OKA3HIBAET HE3HAUUTEJIbHOE BJIHSI-
HHe Ha cOCTosAHHe noxapHo#t 6esomacnoctd C33C.

VIIK 629.12-83
B. H. Penxun

UCCJIENOBAHHUE NUHAMHKH ®A30BOI'0O COCTOSIHUSA
T'3Y NEPEMEHHOM CTPYKTYPbI

['pe6nas anekTpHyeckasi yCTaHOBKA CYIOB JI€JOKOJLHOTO THOA IO- -
CTOSIHHO pafoTaeT B IIMPOKOM JAHalla30HE H3MEHEeHWsi HarpysKH, Io-
STOMY pEUIHTL NMPOJJeMy ONTHMAaJbHOIO YIPaBJIEHHS [Js BCEX PeXH-
MOB He BCerAa NPEeACTaBJseTCs BO3MOXKHEIM. B TaxoM ciydyae 3amauy

CO3LaHMsI ONTHMAaJBHBIX CHCTEM peryJHDOBaHHY mnapamerpos 'Y

HeoOXONMMO paccMaTpPHBaTh Kak aganTuBuyoo. M3 ajanTHBHEIX cu-
creM [l] uHTepec NpeACTaBASIOT JHLIL MOHCKOBHE aJaNTHBHBIE CH-
CTeMbl, OAHAKO OHH B 3JEKTPOABHUKEHHH INPEJCTABASIOTCA Gecnep-
CIIEKTHBHBIMH  BCJEACTBHE XKECTKHX Tpe6GOBaHHH, IpeNbsBIsieMbIX
K paboTe SHEPreTHIECKOr0 0GOPYAOBaHHUS.

OcoGeHHOCTBIO aNaNTHBHOH CHCTEMBl C NepPeMeHHOH CTPYKTYpOH
[2] sABnsAeTCH BO3MOXKHOCTB COSJAHHA B HHX CKOJMB3SUIHX PEKHMOB.
HsBectHo, uT0 ecan cucreMa paBoTaeT B CKOMB3SAIIEM PEXHME, TO KAK -
Obl HU MEHSJIMCh TapaMeTPhl 06BEeKTa, 3TO He GyNeT CKasbIBATbCS Ha
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nBuxennd oObekra. CiiefoBaTeNbHO, NPUHLUHI NEPEMEHHOCTH CTPYK-
TYpHl [I03BOJISIET OOECNEeYHTh BHICOKOKAUECTBEHHOE YNpaBJeHHe ray
C NMOCTOSIHHBIMH NapaMeTpaMH, a IPH H3MEHEHHH ee NapaMeTpoB B M-
POKOM JIHaNasoHe — IOCTPOHTb CHCTEMY, MANOYYBCTBHTENBHYIO K STHM
H3MEHEeHHSAM.

Hccnepyem munamuky (asoBoro coctosHus [V IepeMeHHOH
CTPYKTYpHl NapoMa-ienokona. s sToro samumeM cucreMy Rudde-
PeHIHANbHBIX YPABHEHHH, ONMCHIBAOIIMX [AUHAMHKY IapoMma-jiefo-
KOJIa, B OTHOCHTE/JbHBIX eIWHHIAX, CUHTAs, YTO IOCTOSIHHAS] BPEeMEHH
raBHON 1end I'DY 3HAUMTENLHO MEHBIIE JIOCTOSHHOH BpeMeHH 3JeK-
TpPOABHraTeNs, reHeparTopa H Bo3bGyaurens [3]; crenoBaTelbHO, €10
MOxHO mpenebpeub (7T=0):

T d’Vrp —K .
rp —gt__}‘vrp— alas

ig=Keer— Ken'Vrp;
de; (1)

TBX‘T_l—eI‘ = Keur€ars
de
TBB'_dt—BL+eBP == _Kslesrr — KBl‘r;
|r < 1.

Cucrema uddepennnabHEx ypasHenuil (1) B MaTpuunoil popme
IIpAMeET BHA: \

: Y==AY +BYu-+hu, X=DY, .
rae A, B—marpunn kosouuuentos; D — marpuua Bhixoia; Y —
BEKTOP COCTOSHHS, XapaKTepH3ylOlhii 06BeKT ynpasieHus; X — Bex-
TOp BBIXOAA; U— CKa/fApHOe YMpaBJEHHE, Ha KOTOPOE B PEAJbHBIX
cHCTEMaX HaJjoKeHo orpanmuenue |u|<Cl; h— marpuua ynpasieHHs.

[TnockocTH, OrpaHHYHBAlONIHE OOJACTH CKOJB3SIIAX DPEXHMOB Ha
runepnosepxnocts CY=0, B MaTpuuHOM BHIe coracHo [4] wuMeioT
BHI:

IV —1=0; IY+1=0. @)
Jlnst BTOPO# IJIOCKOCTH NEPeKJIOUeHHs ypaBHEHHE MMeeT BHJ
B'Y 4+ 1 =0,

rae 1=[lilsl3] u B’==[b;bsbs] ompenessiorcs COOTBETCTBEHHO M3 BhHI-
paxennit (12), (13) paborst [4]. Toraa rumepmuiocKOCTb, COAEpa-
mas ocobble TPAeKTOPHHM [Jsi CHCTeMEl TPEThero NOpsiiKa, ABJIAETCHA
IPOCTPAHCTBOM BTOPOro mopsiika. [1o3TOMy TPaeKTOPHH CKOJb3ALIETO
IBUKEHHsT ¥ HMX TPaHHIB MOXKHO M306pasuTh Ha IJocKocTHd. Iloay-
YeHHYI0 KADTHHY Ha3bIBalOT (PasOBEIM COCTOSHHEM («IOPTPETOM>),
MCKJIOUAsi M3 CHCTeMbl ypaBHeHuH (3) KOODAMHATY Y3 NOJACTAHOBKOH -
ypaBHEeHHs THIEPILIOCKOCTH B BHAE: Ys==C1y1+Cays. [lonyunum cucremy
ypaBHEHHUH, ONpelesIoONyio IBHKEHHe 10 0cO00H TPaeKTOPHH B KOOP-

nuHaTax yi, i=1,2:
' yx == y2; :
. 4

Yo=0C 1Y +02y2-} : )
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* dasoBble TPAGKTOPHH, NOJNYYeHHbE U3 CHCTeMHl (4), OyAyT uMeThb
CJI0KHOE MaTeMaTHYeCcKOe BHIpaXKeHHe JUJIsi HX NOCTPOeHHs, INO3TOMY
nepeiiieM K KaHOHHYECKOH (opMe 3amHCH cHCTeMbi (4):
él - (1121’
. ’ ()
29 == a2y, :
TAe ¢, 0g — KOPHH CHCTEMHL . ,
Pasnenus nepsoe ypaBHEHHe CHCTeMbl (5) Ha BTOpOe, MOJYYHM:
: dz 2
1 =C 1 ,
dZ| 23

rae C — NOCTOSIHHASI HHTETPHPOBAHHUS.

[TpounterpupoBaB BhIpaxieHue (5), HaliieM ypaBHEHHS CeMeHCTBa
(a3oBLIX TPAEKTODHA Ha THIEPIIOCKOCTH B KOODAHHATAX 2,=Cz}.
B xanouuyecko#l (opMme INepPeMEeHHBIX COCTOSIHMA 21, 22 MaTPHUIHI
I?b%y? onpenensitoTcs BBHIPaXKEHHAMH:

P=IL; b*=bL; y*=9vyL; Y=Lz

rie L — maTpuia o6paTHOoro npeobpasoBaHus.
Ipanuusl CKOJB3SIILEr0 peXuMa H JIHHHA HepeKMIoueHus onpere-
JISIIOTCS COOTHOLUEHHSAMH:

Bz, + B2z, — 1 =0;
viz, + yozo + 1 =0; (6)

biz, + biz, + 1 =0.

[TocTpoum ¢asoBuifi moprper AuHamuku I'DY mapoma-ienoxona
B KOOpAMHATaX IPOCTPAHCTBAa COCTOsIHHS. Tak Kak (ha3oBbl€ TPaeKkTo-
PHH, IIOCTPOCHHBlE B KAHOHHUYECKOH (hopMe 21, 2, HE AAIOT BO3MOXKHO-
CTH OIlEHHTb NPOILECCH B peasibHBEIX IepeMeHHBIX, [ocjie IpeofpasoBa-
wuit moayuuMm: X=DY, X=DLz, Y=Lz ®asoBoe cocrosuue I'DY
C mepeMeHHOH CTPYKTYpOil IJisl BEIXOJHBIX KOODIHHAT io U €mr napOMa-
JleOKOJIa TIpeACTaBJIeHo Ha puc. l.

Taxkum o6pasom, st DY ¢ nepemenHoll cTpykTypoil hasosoe co-
CTOsIHHE TpeJcTaBjasieT COO0H ABe MOJYNJIOCKOCTH, 3aMOJHEHHBIE OCO-
O6BIMH TPAaEKTOPHUAMH U pasjefieHHBE CAeAOM BTOPOH IHIEPIIOCKOCTH.

Ananusupys (asoBoe cocrosiHHe ['DY napoma-jenokosa, MOXKHO
cnenaTb CeYIOlINEe BBIBOJBI: '

HepexongIe' npoueccs MO TOKY HMEIT aNepHOAMYECKHIl HJIH
MOHOTOHHI:IH XapakTep, YTO COOTBETCTBYET NIPHHATOMY KBaJAPaTHUYHOMY
KpHUTEpHIO KauecTBa [4].

2. Ilpu 6GosbLIMX OTKJIOHEHHSX IIEPEMEHHBIX B ONTHMAJbHBLIN 3aKOH
YNpaBJeHHs]  BXOAHT ellle OfHA THIEPIVIOCKOCTh IepeKJIIoUeHHs
bsesr+1==0, npoxoxsias yepe3 TOUKY NepeceueHHs TPaHHL CKOJb3si-
ulero pexkuMma Ha runepmiockoctb CY=0 u mnosBojsioniasi pacupo-
CTPAHHTb YCJOBHSI CKOJB3AILErO pexXuMa Ha 006JacTb JieBee 3TOH
TOYKH. :
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3. Ilomumo ob6JacTeil CKOMBL3ALEro peKUMa CYLIECTBYIOT 00JacCTH,
rfle 3TH YCJAOBHSA He BHIOJHSIOTCA. Ecin (asoBbie TpaeKToOpuH Io-
nafaoT B AaHHBE . 00JaCTH HAa THIEPIVIOCKOCTH, HAHJEHHLIH 3aKOH
yOpaBJieHUss B 3TOM Cjaydae He GyAeT ONTHMAJbHBIM B CMBICIe pac-
CMOTpeHHOro Kputepus. OnTHMaJIbHEI 3aKOH yNpaBJeHHs 3Jech 6yIeT
uMeThb 60J1ee CAOKHBIHA BHJ.

by egr+1 =0

4 -3

Puc. 1. ®asoBoe cocrosne I'DY c nepeMentoll CTPyKTypoil

4. IlpoBesenHble HCCAEAOBAHHS IO3BOJSIOT IIPOaHAJU3HPOBATH
B KaXIOM KOHKDETHOM CJjiyyae BJIMSIHHE Pa3JIHUHBIX THHIOBBIX HEJIH-
HefiHOCTell Ha JAuHaMHKy ['DY HensMeHHOro TOKa.

Huramuka I'DY nepemeHHOH CTPYKTYpPH MOXKET ObITh OLleHEHa II0
KPHBEIM NePeXOJHbIX NPOLECCOB (pHC. 2) OAHOBPEMEHHOTO MyCKa ABYX
rpeGHBIX aJekTpoaBHrareseil. Ilpy sToM ¢ moMouIbio wLIeidHOro oc-
guorpada rthma H-107 3anucaHBl cleAylollHe IepeMeHHble: TOK
B-Iy1aBHOM KOHTYpe I'DY Iguom, HaNpsKeHHe BO3GYKIAEHUS TJIaBHOTO
reHeparopa, HanpsixkeHHe Bo36yxaenus Aasa AByx I'S][1. llepeknanka
pyKoATOK mnocra ynpapaenus (IIY) ¢ HymeBoro Io MaKCHMaJbHOI'O
HOJIOXKEHUsT INpPOM3BOAMJAach B TeueHHe | c. B HauanbHBIE MOMEHT
BpeMeHH HMHTEHCHBHO HapacTaeT TOK B IJaBHOH Ienw, uepe3 0,437 ¢
Ioc/ie HayaJja MycKa NPOHCXOAUT H3MeHeHHe CTPYKTYPHI PeryJasropa.
Hanpsixkenue B036yKAeHHs TeHEpaTopa HAauMHAET YMEHBIIATLCS IIPH
BKJIOUEHHH pa3MarHWuHBaHHs U okaspiBaercss paBHBIM 0,1Ugpp. Uepes
0,72 ¢ onAth usMeHsieTCS CTPYKTypa PerynsgTopa, TOK TVIaBHOH lenu
HOCTHraeT HOMHHAJbHOrO 3HAueHHs, a HaIpsKeHHe BO30YXKIeHHS
IJIaBHOTO TeHepaTopa HauyMHaeT CKOJB3HTh (YBEJHUHBATBHCS) BHOJb
JIMHHH IIePEKNIOUeHHAs A0 HOMHHAJNBHOIO 3HAYEHHUS.

CrnenoBaTesbHO, aNANTHBHBIA pPErysnsaTop craGHIH3alMH 3JEKTPH-
yeckux napamerpos I'9Y obecneynBaer cTa6HIH3aUUIO IVIABHOrO TOKa
npu nyckax u pepepcax I'D]I, koneGaHull 4acTOTH BpalleHUs pu3edel,
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TeM caMBIM TNpH 3KcIuyartanuumn ['DY HeH3MEHHOro TOKa I[apoMa-
JIeI0KOJIa B OTIHUHE OT APYTHX CYAOB He Tpebyercs Kakux-1u60 orpa-
HHYeHHIl O CKOPOCTH IepeKJaiKu PYKOSTOK MOCTa YNpaBJIEHHU.
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A. C. Boaorckuii, J. M. Jubun, .
3. B. Makxawos, B. B. Pomanoscxuil

EOWHDBIE 3JEKTPOAHEPTETUYECKHE CUCTEMBI
U OTBOP MOILHOCTHU HA CYJAX C 3JEKTPOABU)KEHHEM

O6ecrieucHne BHICOKHX TEXHHKO-3KCIYaTalHOHHBIX TOKasaTelel
SHePreTHUECKHX YCTaHOBOK MOPCKHX .CyAOB B 3HAYHTENBbHOR Mepe 3a-
BHCHT OT NPaBHJbHOrO Bbi6Opa PalHOHAJbHOIO criocofa obecneyeHust
[UTAHHEM CYAOBBIX 3JEKTPONOTpeOuTelNeH.

PocT MOLIHOCTH Cy/AOBHIX ToTpebuTenedl, COH3MepHMOCTb MOILHO-
CTH, IOTPEeB/IsIeMOll B HEKOTOPHIX PeKHMaX CyAOBBHIMH NoTpeOUTENAMH,
¢ MOU[HOCTBHIO, HEOOXOAUMOl AJIST ABHMKEHHS Cy[AHa, ONPENeJAIoT INep-
CIEKTHBHOCTb CO3/aHHMS EAMHBIX 3JIEKTPOIHEPreTHYECKHX CHCTEM
(E®3C), B KOTOPHX MOIIHOCTb TJIABHHIX IEHEPATOPOB HCIHOJbL3YETCH
IJIsi ABHXKEHHsSI CyAHA W NHTAHHUS CYLOBBIX 3JIeKTPOOTpedHTENEH.

I[IprMeHenue Ha CyZax ¢ IPeGHEIMH 3JEKTPHYECKHMH YCTaHOBKAMH
(DY) aBTOHOMHON 3JIEKTPOCTAHUMH IpH 3HAYHTEJNBbHOH MOIIHOCTH
sJieKTponoTpeGuTeNell MOBbILIACT TPYAOEMKOCTDH TeXHHYeCKOro ofciy-
JKHBaHHMs, YXyIlaeT HaJeXHOCTb H Macco-rabapuTHEe IOKa3aTenH
ycTaHOBKH. VI3BecTHO, YTO MIOGOH IEPBHUHBIH ABUraTélb C OOCHYKH-
BAIOIMMH CHCTEMaMH H MeXaHH3MaMu o0nafaer Gosiee CONKHOH KOH-
CTPYKIHMeH O CPaBHEHHIO, HANPHMED, C 3/IEKTPOMALIMHHBIMH npeo6pa-
sopaTensiMu. OH HMeeT GOJbliee KOJHYECTBO 2JeMEHTOB, TPeOYIOMHX
OCTOSIHHOTO KOHTPOJIs, IPOMUIAKTHYECKOr0 HAGNIOACHHS W NEPHOAHU-
yeckoll Hasmaaky. [IpH 3TOM npoduiakTHYeCKHe OCMOTPBI LOJI2KHBI PO~
BOIHTHCS yallle, YeM y 3JEKTPUUECKHX MalUMH M TeM Oojee y CTa-

_ THYeCKHX mpeobpasosaresieil. Bce 3T0 CBHAETENBCTBYET O TOM, {TO Ha-
JEXKHOCTh paGoTHl MEePBHYHOIO ABHIATE/s HHXKE, 4eM Y 3/IeKTPHICCKHX
maliipd. ONBIT 9KCIJIYATALHK CYAOBBIX HH3e/ib-TeHepaTOPHBIX arpera-

TOB NOKa3biBaeT, YTO TPOCTOH TIeHEpaTOPHBIX arperatos B CyLOBHIX
VCNIOBHAX, 32 HCK/IIOYEHHEM ENHHHUHBIX C/lydyaes, MPOHCXOXHT BCICA-
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- CTBHE BHIHYX/IEHHOIl OCTaHOBKM NepBHUHbIX ABHratesedl [1]. Ouenka
TPYAOEMKOCTH OOCHYXHBaHUS OCHOBHBIX 3JIEMEHTOB CYIOBEIX 3Hepre-
THUECKHX YCTAHOBOX Nokasaja [2], 4To TPyAOEMKOCTb 0GC/IyRHBaHHS
MeXaHHYeCKoll 4YaCTH YCTaHOBKHM cocrtaBaser l,1 uea-u B rox Ha
1 s.arc. Jas aaekrpoobopyAoBaHHS ITOT I[I0KA3aTelb COCTABJISIET
0,2—0,5 den.-u Ha 1 XBT ycTaHOBJEHHOH MOLIHOCTH. '

B Hacrosiee BpeMsi paspaGoTaH M YCIEIIHO IKCIIyaTHPYeTCs He-
Ae# psa I'AY ¢ or6opoM MOIHOCTH OT UIMH 3JEKTPOABUKeHHs. Ta-
K#e YCTAaHOBKH Hambojiee IOJHO OTBEYAlOT CaMBIM COBPEMEHHBIM Tpe-
60BAaHUAM, CBSSAHHHIM C POCTOM 3HEPrOBOOPYIKEHHOCTH CYAOB, IIO-
CKOJIbKY TO3BOJISIOT yCTaHAaBJMBATb Ha CyJAHE pPalHOHAJbHOEe YHCIO
NePBHYHLIX ABUraTesaell H TeM CaMBIM IOBLICHTb 3KOHOMHYECKHE MOKa-
saTeJu ycTaHOBKM. Biaromaps sromy Takue I'DY KpoMe TpaiHIHOH-
HOro NpPHUMEHEHHS] Ha JIeHAOKOJaX HAUMHAIOT HCIOJIb30BATBHCS HA CIle-
LHaJbHHX cyAax (Tpay/aepax, GypoBEIX cynaX, 3eMCHapsAax).

PaspaGoTka ¥ BHEJPeHHe HOBHIX THNOB ['DY, B KOTOPHIX IJaBHBHE
reHepaTopel paGoTaloT C IOCTOSHHBIM HaNpsiKeHHeM M YacTOTOH, pac-
IUPAIOT BO3MOXKHOCTH co3fanus EDDC; mpu 3ToM menecoobpasHocTb
HCIONb30BAHHSl TJABHBIX TE€HEPATOPOB [Js HHTAHHS CYJOBHIX 3JeK-

TpornoTpeGuTenel BO BCeX CAydYasX AOJNKHA ONpeRendaTbcsa Koadpdu-

HHEeHTOM 3arpy3KH reHeparopa.

C TOYKH 3pEHMS CXEMHBIX pelleHMH H NPHMHUHIOB IOCTPOEHHS
cucteM or6opa MOWHOCTH Bce 'DY. MOXKHO pas3feldTh Ha JBe TPYIIBL
C TepeMEHHBIMHM ¥ C NOCTOSIHHBIMH napaMerpaMu. Ecam B TOV c me-
_PEMEeHHBIMH NapaMeTpaMH NpPH PEryJHPOBAHHH YacTOTHl BpallleHHs
rpebuoro agaexrpojBuratens ([D]]) uaMeHAOTCA HaOPAXKEHHE HIH
yacToTa IJaBHBIX TeHepaTopoB, TO B I'DY ¢ NOCTOSHHBIMY NapaMer-
paMy OHM OCTAlOTCS] HEH3MEHHBIMH. ‘

K I'3¥Y ¢ nepeMeHHBIMM mapaMeTPpaMy CIeJyeT OTHECTH Pa3JHyHble
moAnGHKaNHy YCTAHOBOK MOCTOSHHOTO TOKAa M YCTAHOBKH NEPEMEHHO-
IIOCTOSTHHOTO TOKa ¢ HeynpasasieMbiMu Bhinpsamureasmu (HB). 3peco
IJIST MHTaHus CYAOBHIX moTpebuTenelt MoOryT OBHITH HCNOJIb30BAHBl HE
TOJBKO HaBellleHHble T'eHEpPaTopsl W BaJjloreHepaTOPH, HO M [JIaBHHIE
renepatopsl I'DY. Tlocnennue ponxuel paGorats Ha D]l uam Ha
CYNOBYIO ceTb (pexuM pasieabHo pabore). [Ipm uCIONb30BaHHH
IBYXCTATOPHBIX, JABYXOOMOTOUHHIX HJIHM CHBOEHHBIX TeHEPaTOPOB
B cxeme 'Y mapsany ¢ pexxuMoM pasfeabHOH pabOTH BO3MOXKEH pe-
XKUM paGoTe ogHOTO sKops (cratopa) Ha I'DJ, a Apyroro — Ha LIUT
or6opa (1O) mommuocru. Takasa cucrema or6opa MOLIHOCTH peasH-
soBana B 'Y ¢ HB, npunnunnanbHas cxeMa KOTOPOH IpeJcTaBleHa
Ha puc. 1. Ha puc. 2 nokasana cucreMa or6opa MougHoctu I'9Y nepe-
MEHHO-TIOCTOSIHHOTO TOKa € MHCIOJb3OBAHHEM OIOPHOTO TeHepaTopa.

Ananus cucrem or6opa MouHOCTH ['DY ¢ mepeMeHHBIMH IlapaMeT-
pPaMH NoKasaJ, 4TO, HECMOTPS Ha NPHHUIHIHAJIbHYIO BO3MOKHOCTBH CO-
spanna E9D9C wa Gase takux I'DY, nmpakruueckas peannsalus HX
BCTpeyaeT onpefeseHHEle TPYLHOCTH B OTHOLIEHHH CXEeMHBIX pelleHuit
H KOHCTPYKTHBHOIO HCIOJIHEHHS! OTJEeNbHHX 3JeMeHTOB.

Bonee npocro E22C moxer 6uITh co3nana Ha 6ase I'DY, pabora-
IOUHUX ¢ [OCTOAHHHIMM napamerpaMu. K TakuM ycTaHOBKaM Npexze
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. 4
Bcero otHocaTtesa I'DY ¢ ynpasasiembiMu BeIpsiMutensiMu (YB). Ilpu
cospanun ED3C Ha 6ase I'DY c YB BosHukaer npobieMa 3JeKTpoO-
MardiuTHOH COBMECTHMOCTH THPHCTOPHOX M OOCIIECYNOBOH HAarpysoK,
KOTOpasl IPOSIBJASETCA B yXyAUIEHHH KayecTBa 5JIEKTPOSHEPrHH Ha ITH-
TAWIIUX [MHHAX H3-32 BBEICIIHX TAPMOHHK HAUpPSXKEHHS H TOKA U KO-

JeGanuli peaKTHBHOH MOIIHOCTH, OGYC/JOBJEHHBIX HAJHUMEM BEHTH/Ib-
HOH HarpysKH.

* L0 neBoeo Sopma 110 npabozo bopma
- I -1

1 u
& HB1 HB2

M f 'ER

Prc. 1. Cxema onHoro koHtypa 9V Puc. 2. Cxema eAuHOH 3JI€KTPOCTAHIHH
XBOHHOrO poJa ¢ OTGOPOM MOILHO- ¢ oT60pOM MOLIHOCTH OT OIOPHOTO TeHe-
CTH paropa

Tpebyemoe KauecTBO NUTAIOIINX HANPSIKEHUH [AJs 0O0LIeCyNOBO#
HArpy3Kd MOXHO OBeCHeYHTb CAeIYIOIHMH crocobamu:

yCTaHOBKOA MexJy muHaMd ED3C um mmuHaMH obliecyloBOi Ha-
IPY3KH 3JIeKTPOMAIIHHHBLIX IpeobpasoBaTenelt;

YCTaHOBKOH pacllelJIeHHBIX WJIH CABOEHHBIX PEaKTOPOB;

HCIIOJIb30BAHHEM TPAaHC(HOPMATOPOB ClEUHaSbHOA KOHCTPYKIHH;

B CJyyae HelOCPeJCTBEHHOrO MOAKJIOYEHHS CYLOBBIX NOTpebuTe/ el
K wnHaM ED3C — nogkaioueHreM K 3TUM LIHHAM CHJIOBBIX (DHJIBTPOB
BBICIIAX MAPMOHHK HJIH (QHABTPOKOMIeHcHPYIOWuX ycTpoiicts (PKY);

B CJayd4ae MNOAKJIOUEHHsS CYJOBBIX IOTpeOuTesned uepes OGHIYHBIE
TpaHchOpMaTOPLl — YCTAHOBKOH cHIOBHIX (uaptpos uiad OKY na
IIHHAX CYyAOBBEIX NOTpebuTresnel;

C NOMOILBIO HABEIIEHHBIX TeHepaTOpOB;

KOMOHHHDOBAHHEIM.

BapnaHTH BKJIOUEHHST B CXeMy HEKOTOPHIX H3 MepeuHCJAeHHBIX
YCTPOHCTB NIOKa3aHHl Ha DHC. 3.

B cymwectByomux E33C ¢ ¥YB HaxoAT npHMeHeHHe NPaKTHUECKH

-BCe II€pEeYHCJICHHbBIE Crioco6 B 0T6opa MOLIHOCTH, 34 HCKJKYEHHEM

CIeNHaJbHBIX TPAaHC(HOPMATOPOB.

Ha cyzax sapyGexHoro ¢Jora IpH COBNajeHHH mapaMerpos I'DY
H obniecyfoBHX NOTpeGHTeNell HCIONL3YeTCs HeMOCPEeNCTBEHHOE IIOJ-
KJII0UeHne oOllecyfoBOH Harpysku K wimHaMm ['DY, npu Hecosmame-
HYWH — TpaHC(HOPMATOPHBIE, 3JEKTPOMALIHHHEE K KOMOGHHHDOBAHHBIC
BapHaHTHL.

Ha cynax oreuecTBeHHOro (hjioTa HaXOHAT NPHMEHEHHE CABOCHHEIE
peakToprl (3emcHapsan mp. 1519, aBTOMOOGHJIBHO-MACCAXKHUPCKHE I1a-
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pOM), KOTOpHIE, ABJAACH B NEPBYIO Ouepeib CPEACTBOM CHUIKEHH S
HCKaYKEHHH Ha IIMHAX OOLIeCYNOBHIX MOTpeGHTeNeH, ABATCS 3hdeK-
THBHBIM CPEJICTBOM CHHXKEHHS TOKOB KOPOTKOTO 3aMBbIKaHHS. B E23C
TOC/Ie PeaKTOpa M YCTPAHEHHs BJMSHHS IePeMEeHHOR Harpyskd OfHOH
[OIOBHHBI PEAaKTOPa Ha MApaMeTpH SJIEKTPOIHEPrHH JPYrod moJo-
BHHB. CuiloBble (HJIBTPH TAKHX BHICUIHX TFapPMOHHK YCT2HOBJICHBI Ha
nnaByueit 6ypoeoii ycranoske ITBY 6000/60, ¢puIbTPOKOMNEHCHPYIO-
mue yerpoiicrea — na I1BY «Baksl» ¥ B npoekte E99C mHorouep-

Puc. 3. HexoTophie BapHaHTHl TIOAKJIOUEHHAS CYNOBEIX norpebureneit 8 E33C:

| — nuTaHWe OT 3JAEKTPOMAWIMHHOrO INpeo6GpasoBaTens; 2 — TPaHCHOPMATOPHBIE  BapHaHT

¢ ®KY; 3~ NuTaHHe OT HABELIECHHOTO reHepaTopa; 4 — HENOCDEJCTBEHHOE MOAKJIOUEeHHe cIte-

UHaNbHLIX 3INEKTPONPUBOAOB K ILIHHAM E?3C; 5 — nuTaHHe CIELHAJbHBIX 3JEeKTPONPHBOAOB
OT MPOMEXYTOUHBIX IIMH FMOBLIUEHHOTO HJIH BBICOKOrO HANpPSXKEHHS

nakosoro semcHapaga np. P-36. Iloakiiouenne ABYX3BEHHBIX (HIb-
TpoB 5-# B 7-B rapMOHHK Ha LIHMHAX CYAOBBHIX noTpebuTenel, KOTOphHIE
ONIy4aloT NHTaHHe OT WHH I'DY uepes noHukawollixe TpaHCcopMa-
TOpHI, HCIOJNB30BAHO Ha DEUHBIX CyAax — JeJoKonax Tuna «Kanuraun
Ba6uue» GUHCKON IOCTPORKH.

_ pn cospanun EDDC nepemeHHOro TOKa ¢ NpeodpasoBaTeNsIMH
YacTOTH IJsi YNpPaBJeHHs CHHXPOHHBIMHM HJM acHHXpOHHBIMH I'D]L
npu obecneuyeHun Tpe6yeMOro KauecTBa 3JIEKTPOIHEPTHH Tpebyercs
pellleHHe TexX e NMpo6JeM, 4TO M B YCTAHOBKAX C YIPaBJsieMbIMH BH-
npamurensiMi. IIpu HCIONB3OBAHMH IJISi CHCTEMBl 3JIE€KTPOABHKEHHS
HECTAHJAAPTHON YacTOTHL OTOOP MOIUHOCTH OT UIMH 3JEKTPOABHKEHHS
MOKET NPOM3BOJMTLCS C MOMOIBIO cTabuAH3UPOBaHHEIX IpeobpasoBa-
Tesell YacToTHL. :

Caenyer OTMETHTb, YTO NPH HENOCPEACTBEHHOM OTOODE MOIIHOCTH
Ha CyZOBHE HYXAH oT muH ['DY ¢ noaynpoBOAHMKOBHIMH mpeoGpa-
30BaTe]AMH MNHTAWOllee HaNpskeHHe CYAOBHX mnorpebutenedl Oyzer
cofiepiKaTh TOT JKe CHEeKTP TapPMOHHK, UTO H Ha IIHHAX 3JEeKTPOJBHKe-
Hus. Ilpn ot6ope momHocTH ot muH I'DY ¢ nomomsio Tpanchopma-
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TOPOB BbICIUXE TapMOHHMKH HanpsgxKeHHs Ha BBICOKOBOJBTHBIX HIHHAX,
TaK XK€ KaK H OCHOBHasi, 6YAYT TPaHCHOPMHPOBATHCA B CeTh HH3KOTO
HanpsKeHus. JKCIePUMEHTaJbHble HCCAEXOBAHUSI UCKAKEHUH KPHBOH
HanpsAXeHUS INPH HCIOJb30BAHHMH IJsg 0TGOpa MOLIHOCTH OT INHH
OV o6byHbIX TpaHCGOPMATOpPOB, NpoBeleHHHEe Ha Maketre EJIC
IIepEMEHHO-TIOCTOSIHHOTO TOKa, NOKAa3aJ/Id, YTO NpH OJHHAKOBOM COeJHU-
HEHHH MEePBHYHBLIX M BTOPHYHBIX OOMOTOK Tpex(asHbIX TpaHchopMa-
TOPOB KPHBble BTOPHYHOrO HANPSXKEHHS MOBTOPSIOT KPHUBHIE NEPBHY-
HOTO HaNpsXeHHs, T.€. CIEKTPAJbHBIH COCTAB KPHBOH HaNpsKEHHS
Ha BXOJe M BHIXOJe Tpancopmaropa OAHH H TOT KE.

TapMonvyecknii aHaJH3 OCUMJNJIOIPAMM IEPBUYHOIO H BTOPHUHOIO
HanpsXeHus: TpaHcpopMaropa NpPH Pa3jHYHOM COELHHEHHH OBGMOTOK
1IOKa3aJ, YTO U B ITOM CJAyyae FapMOHHKH NEPBHYHOTO HATIPANKEHHS
TPaHCHOPMHPYIOTCS BO BTODHYHYIO HeNb IIPAKTHUECKH 03 M3MEeHeHHS
aMmuTyas. [103TOMYy IpH HENOCpeACTBEHHOM MNOAKJIOUEHHH H IOJ-
KJIIOUEHHH Yepe3 TPaHCc(hHOpMAaTOpBl CYLOBHIX MOTPeOHTENEeH HA LIHHEL
'Y neobxoauma ycTaHOBKA (DHIBTPYIOUIHX YCTPOKHCTB.

CpaBHuTeqbHBe pacyeTsl BapuanToB EJDC mepeMeHHO-IOCTOSH-
HOTO TOKa C 9JIEKTPOMAIUMHHBIMY NpeobpasoBaTelsiMi U Tpadchopma-
TopaMu ¢ ®KY, xoTopnle ABJASIOTCS B HACTOSILEE BPEeMS OCHOBHBIMH
BapHaHTaMH OTGOpa MOLIHOCTH, NMOKa3aJH, 4TO IPH HCIOJb30BAHHH
CepUHHOro 060pyNOBaHHS OOGBEMBl OGEHX CHCTEM CONOCTaBHMBL Ilo
macce, KIIJl u CTOMMOCTH NPeMMYIIECTBO HMEeT TPaHCHOPMATOPHEIH
BapuaHT ¢ ®KY, koTophli Takxke Gojee yAO0GeH B KOMIIOHOBKE 06O-
pyAOBaHMA H MeHee TPYHAOeMOK B o6cayxHBaHMH. C TOYKH 3pEHHS
HANEXKHOCTH TaKKe IMPEANOYTHTENeH TPaHCHOPMATOPHBIA BapHaHT,
TaK KaK HHTEHCHBHOCTH OTKa30B 3/EKTPOMAUIMHHONO NpeoGpasosa-
TeJss BbIlUe, yeM TpaHctopmaropa ¢ OKY.

C TOYKM 3peHHs] KayecTBa SJEKTPOIHEPTHH, IHTAIOUIEH CYHOBbE
nOTPeCHTENH, SMeKTPOMANIHHHEIA BapHAHT MMeeT ONpeie/NeHHOe mpe-
UMylecTBo neped tpaHcpopmartopubiM ¢ ®KY, nockosbky B mocaen-
HEM cayyae HanpsikeHue GoJiee HCKAXKEHO BBICIUMMH IapMOHHKAMH.

Oco6enno mupoko EDDC BHeApSIOTCA B TeX YCTAHOBKAX, Iie
mowmHocTH ['OY consMepuMBI ¢ MOLIHOCTBIO CYAOBHIX HOTPeGHTesell
4 3JeKTPONPHBOLOB CHEUHAJbHOTO Ha3HAYEHUH (TEXHOJOTHYECKHX
KOMIVIEKCOB Ha Cylax Pbl6ONPOMBICJIOBOrO (J0Ta, Ha NMJIABYYUX GYpo-
BBIX YCTAHOBKAX, Ha 3eMJecocax H 3eMCHapsnax H JIPYTHX; NMOAPY-
JMIUBAIOIUMX YCTPOHCTB M AKTHUBHBIX pyJieH Ha CyZax Das/JHYHOIO Ha-
3HAYEHHS, MHEBMOOOMBIBAIOIIUX yCTPOMCTB Ha JIELOKONAX, GYKCHPHBIX
Je6elloK, MoXKapHBIX HACOCOB H T. I. ).

MomHocTh CIeNHaNbHEIX 3JMEKTPONPHBOLOB H TEXHOMOTHYECKHX
KOMIUIEKCOB MOXET 3HAYHTENbHO MNPEBHLIATh MOLIHOCTH O6lIecyno-
BBIX [OTpeGuTeNedl, KOTOpas CcOCTaBJAseT MAJs GOJbLIMHCTBA 1Y
5—10 9% ycraHOBICHHOH MOIIHOCTH INIABHBIX reHepaTOPOB M MOXKeT
ZOCTHraTh YPOBHS, GJH3KOTO K CHCTEME 3JEKTPOJABHKEHHUS.

B cymectByoIIuX yCTaHOBKAaX NHTaHHE CHELHAJbHEIX 3JeKTPO-
TIPUBOROB, KaK MPaBHJO, OCYylIeCTBAsfeTCs OT MmHH DY Hemocpencr-
BEHHO WJIH Yepe3 NMOHHMXKAaIoUlHe TPAaHCHOPMATOPH B 3aBUCHMOCTH OT
HanpsAXKeHUus TIJIaBHBIX TreHeparopos. llpu TparchopMaroprom moa-
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KJIOYeHHH TNPHBOJOB K -WIHMHAM ['DY OHH MOTYT HOJNyYaThb THTaHHE
OT IPOMEXYTOYHBIX LIKH NOBLIIIEHHOrO HANPSIXKEHHS HIH OT WHH CYyA0-
BHIX norpebutesefl. B HEKOTOPHIX CiIyyasix YacTb CHEUHAJDBHBIX 3J€K-
TPONPHBOAOB. [IEPEMEHHOTO TOKa IIOJiydaeT MUTAaHHEe OT LIHH 3JIEeKTpPO-
ABHIKEHHs, a THPHUCTOPHBIE 3JEKTPONPHBOABI IePEeMEHHO-IIOCTOSTHHOTO
TOKa MHTAIOTCS uepe3 nonmxkawomue tpanchopmaropel. Ilpu BriGope
cTpyktypsl EDDC B0O3MOXKHBL [Ba BapHaHTa OOecleueHHs 3JeKTPo-
SHEPTHel CYyHOBHIX moTpebureneii. OAMH H3 BapHaHTOB NPeLyCMaTpH-
Baer nuranue [DY u Bcefl THPHCTOPHOH HArpysKd OT IIHH 3JEKTPO-
JIBHKEHHS, a OCTaJbHBIX 3JEKTPONOTpeSuTesefi —OT MKMH 00uiecyno-
BOH CerH, Ha KOTOPBHIX oObecnedHBaeTCs KauyeCTBO JJEKTPOIHEPTHH
8 cootBercTBHH ¢ [IpaBuiaamu Perucrpa.

Jpyroi#l BapHaHT nmpeaycMaTpuBaeT obecneyeHHe 3JIEKTPOIHEPTHEH
Tpe6yeMOro KauecTBa JHIIb YaCTH 3JEKTPOnoTpeSureseil CyaHa, KOTO-
pble He MOTYT HODMaJbHO (DYHKUHOHHDOBATb NMpPH MHTAaHHH OT HECH-
HYCOHIAJbHOTO HAnpsixKeHHs. B atoM cayuae Bce 3JekTponorpebu-
TEAH, KOTOPHIE MOTYT HOPMAaJibHO (DYHKIMOHHPOBATHL IPH NMHTAHHH HX
HECHHYCOHAAJBbHBIM HANpSIXKEHHEM, MOTYT OBITb BKJIOUEHHI HA LUMHBL
BJIEKTPOJBHKEHHS, a OCTa/JIbHble OYAYT NMHTAThCs OT IIHH, HA KOTOPHIX
ofecneyuBaeTcss MHMHHMH3AlUHs BBICIIMX TapMOHHK JO Tpe6yeMoro
YPOBHSI, 8 KAYECTBO 3JIeKTPOIHEPIHH COOTBETCTBYeT Tpebosanusam [lpa-
Bun Peructpa. MOIIHOCTb ACHHXDPOHHBIX NPHBOAHLIX JBHraTenel
JOJMKHA BBIOMPATBCS C YYEeTOM BO3MOXKHOIO YXyALIECHHS HX Xapakre-
PHCTHK MPH NHTAHHU OT HECHHYCOMIAJBHOTO HANPSIKEHHS H PEXHMOB
paGoTel TPH IKCHJAyaTaUHH 3JEKTPONPHBOAOB Ha cyiaHe. [lomoGHwie
CHCTEMBI B HACTOsIlee BpeMs paspaboTaHbl M YCHEUIHO IKCIIYyaTH-
pPyOTCS Ha psije 3apy6exHBIX OypOBEIX NJaaT(opM H MOABOAHHIX afl-
napaToB.

Ilpu cospannn E33C ogHuM H3 BaXKHBIX SBJSETCS BONPOC O BHI-
60ope eIHHMYHOH MOLIHOCTH IVIABHEIX M BCIIOMOraTeJbHEIX [eHepaTo- -
pOB; NpPH 3TOM OIpelfeAIOUMH sBJAsOTCS norpebHoctn ['AY. Masd
obecrieueHus1 S5KOHOMHYHOCTH pPabOThl T'ABHBIX I'€HEPATOPOB HEOOXO-
IHMO BBIOUPATH TAaKYyl0 EJHHHUYHYI0 MOUIHOCTh TEHepaTopa, YTOGHI
B JIIOOOM pexuMe paboTHl 3arpy3ka KaKJOTO FeHepaTopa COCTaBJsjia
He Menee 50 %. CyMMapHyH MOLIHOCTH I'eHEpaTOpOB B 3TOM CJyuae .

- IPHHEMAIOT He MeHee MAaKCHMaJbHOH NOTPeGHOH MOILHOCTH TJIIOC
3ajaHblil pe3epB MOMWHOCTH. HeoOGXoZHMOCTb HCIONB30BAHHS BCIOMO-
ratejbHBIX reHepatopoB B I'DY ¢ orbopoM MomuocTH GyAeT ompene-
JATbCA NPHHATOH cXeMOH H pexHuMaMu palboTel reHepatopos [VY.
‘BosMoXHB IBa BapHaHTa NPHMEHEHHsS [JIABHBIX E€HEpPaTOPOB:

1. TnaBuele renepatopst paGorator Ha 'S U CyHOBYIO CeTh OAHO-
BpeMeHHo. Heo6X0AuMOCTh yCTAaHOBKH BCIIOMOTATENbHBIX F€HEPATOPOB
onpejessiercs oTHowenueMm P/P;, rie P;— MOWHOCTD, mOTpebasemas
B peXHMe CTOSHKH Ha sKope; Pr—eIHHHYHAS MOINHOCTL IJIABHOTO
re{epaTopa.

Ecim P1/Pp>0,5, n1s obecnedeHust 3TOLO PeXHMa MOTYT OHITh
HCNOJIb30BaHEl reHepaTtopsl ['DY. Ecau P /Py < 0,5, nas ofecneyeHus
3TOr0 pexXuMa HeoOXOAMMO INpPeNyCMATPHBATH BCIOMOTAaTeJNbHBIH re-
HEpPaTOp MOUIHOCTBIO MEeHbILEH, YeM reHeparoper I'DY.
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MoLIHOCTh BCIOMOTraTelbHOro resepatopa Psr=(1,1-+1,5)Py,ut0
ofecreurBaeT B pexHMe CTOSIHKM Ha sikope paboTy OJHOrO BCIOMO-
raTeJbpHOro reneparopa. Bo Bcex ocTalbHBIX pexXHMax IHTaHHE 2JIeK-
TponoTpeGuTeNell obecneynBaeTCs IVIaBHBIMH reHeparTopamu. B xono-
BHIX PEXHMaX MOLIHOCTb BCIOMOraTeJbHOTO TeHEepaTopa MOXKET GHITI
HCIOJIb30BaHa I 3JeKTPOJBHKEHHS.

2. I'maBHble renepaTopsl paboranT Ha I'DJ] u cydoByK ceTb pas-
HOBPEMEHHO.

Heo6X0ZHMOCTh HCIOJB3OBAHUST BCIIOMOTaTeJNbHBIX T€HEPATOPOB
B 3TOM cnyuae Oyjfer ONpeleNsTbcs HE TOJNBKO MOIIHOCTBIO Pj, HO
H MOINHOCTbIO Ps, moTpeb/sieMoll B peXXuMe IIOJHOTO XOXa.

Ecau Py/P:>0,5 u P;/Pr>0,5, Bce pexXuMEl paboTsl CyLOBOH CeTH
MOTyT OHTh oO6ecreueHH TJaBHHIMHM TreHepatopamu ['DY. Ecan
P,/P:>0,5, a P/Px<<0,5, nas obecneueHnst pexHMa CTOSHKH Ha
sgope B cocraBe EDDC nenecoobpasHo npeaycMarpHBaTe BCIOMOTa-
TeJbHBIH TeHepaTop MOMWHOCTIO Py r=(1,1... 1,6)P;. Eciun Py/Pr<
<05, a P;/Py>0,5, nas obecnedyeHHss XOZOBOTO peXUMa Ieneco06-
PasHo NpeNyCMaTPUBATb BCIIOMOTATENbHblE TI'€HEPAaTOPHl MOUIHOCTBIO
P3.r(0,35... 0,5) P,. B paccMaTpuBaeMOM peXHMe LOJKHO paboraTh
ZBa HJH TPH BCIOMOraTeJbHbIX reHepartopa. O6liee KOJIHYECTBO BCIO-
MOTaTeJqbHBIX EHEPaTOPOB B 3TOM CJydae ONPEREISETCS MOLIHOCTbIO
P, naiooc oAMH pe3epBHHIH, NOAKJOYaeMbIH B3aMeH BHIUEALIErO H3
crpost. Ecin Py/Pr<<0,5 u P1/Pr<0,5, To B cocrase E93C uemnecoob-
PasHO TNpeAyCMAaTPHBATb BCIOMOTaTe/bHbIE TIeHEPAaTOPE, MOIIHOCTB
KOTODHX JOJUKHA OIPEAe]sTbCs H3 JABYX ycaoBuil: Py r=(l,l...
1,5)Py; Py r==(0,35... 0,5)Ps. Ilpu 2TOM B pexuMe CTOSHKH Ha siKope
JOJNKeH paboTaTh OJMH BCIIOMOTATEJbHBIA FEHEPATOp, a B peXuMe
IOJIHOTO XOJ4a — JBa MJH TPH reHeparopa. '

TakuM 06pasoM, B 3aBHCHMOCTH OT COOTHOLIEHHsI MOILIHOCTEH Io-
TpebuTesiell CyLOBO CeTH M €IMHKYHOH MOLIHOCTH reHeparopos I'DY,
a Takxke pexumoB pabore I'DY ¢ CIC B cocraBe 2JeKTPOdHEPreTHYE-
CKOHl YCTAHOBKM CyAH4 MOFYT IIP@AyCMAaTPHBATBCS OAMH HJIH He-
CKOJIPKO BCIIOMOTATEJNbHBIX I'eHepaTOpPOB, YTO HEOOXOAHMO YUYHMTHIBATh
IpH OlEHKe TEeXHHKO-9KOHOMHUECKHX Tokasateneds EI9C u I'9Y
¢ aBTOHOMHOH 2JIeKTpOCTaHIMEH.

Ha ocCHOBaHHH H3JI03KEHHOTO MOXHO C(HOPMYJAHPOBATL HEKOTOPHIE
npefBapUTEIbHEIE PEKOMEHAAIMH, KOTOPbl€ MOTYT OBITh HCIOJNb30BAHb
npu paspaGoTKe H KOPPEKTHPOBKE HOPMATHBHO-TEXHHYECKOH HOKYMeEH-
tauuu Perucrpa mas ED3C u cucrem orfopa MOLIHOCTH HA CYLOBHE
noTpebuTeNn:

1. TnaBabie reHepaTOphl TPeGHBIX  3JEKTPHUUECKHX  YCTaHOBOK
C yOpaBJsieMBIMH BBINPSMHTEJNAMH MJIH HOJYNPOBOAHHKOBBIMH Npeo-
Pas3oBaTENMH YACTOTH JIJisl YNpaBjeHus TPeOHBIMH 3J€KTpPOABHraTe-
JSIMH, KaK NpPaBHJIO, AOJ/IKHBI HCIOJNb30BATbCS JJISI NUTAHHS CYMOBBHIX
5JIeKTPOMEXaHH3MOB M YCTPOMCTB, €CJH HMX 3arpy3ka ofecrneueHa He
menee ueM Ha 50 %. Hcrnosb3oBanue aBTOHOMHBIX 3JIEKTPOCTaHUHH
LJIsi NHTaHUS CYAOBHIX moTpeGuTeseft npH obecrneueHHH CTaGHIbHOCTH
HaNnpsKEHHs] M 4YacTOTH reHepatopoB ['DY NOMKHO sABAATLCS Npe-
METOM CHEIHaJbHOrO paccMOTpeHHsS PerncTpom.
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9. KoinuecTBO ¥ eIMHMYHAS MOIHOCTb BCIOMOTaTe/bHLIX reHepa-
TopoB B I'DY c 0T60pPOM MOIIHOCTH JOJNKHBl BHIGHPATECA C YUETOM
SKCIIYATAIMOHHBIX PEXKHMOB PabOTH CyAHA KM 3arpy3ku [VIABHBIX Ie-
HepaTOpOB B ITHX peXKHMaX.

3. lnsi corsiacoBaHHsSI ITapaMeTPOB HANPSAXKEHHS M YACTOTH IeHe-
paTopos I'DY M cynoBbX NOTpe6HTeNell MOryT OBITH HCHO/b3OBAHEI
TpaHcHOPMATOPH], 3JE€KTPOMAlIHHHbie H IOJYIPOBOJHHKOBEIE npeo6-
pasoBaTesH.

4. TlutaHue crHelHaJbHEIX 3JIEKTPOIPUBOJOB H 3JEKTPONPHBOIOB
TeXHOJIOTAYECKUX KOMILIEKCOB PEKOMeHIyeTcsl OCYLIeCTBJAATh OT UIHH
[AY Wid OT IPOMEKYTOUHBIX LIHH INOBHIIeHHOrO Hanpskenus. Ilpu
9TOM [ONYCKAaeTCs WX INHTaHHE HECHHYCOMAAJbHBIM HAaNpPAXKEHHEM
¢ KOSO(HUHEHTOM HeNHHeHHBX HCKaxeHu# Ky u, Gospumum 10 %,
ec/id 06eceuuBalOTC BCe SKCIUIYATAIVIOHHbIE PEXHMBI paGoThl SJIEKT-
POMEXaHU3Ma, OPELyCMOTPEHHEIE TEXHUYECKUMH YCJIOBHAMH.

5. DIeKTPOMEXaHH3MBl H YCTPOHCTBa, He obecmeyHBaiolmHe 9KC-
NIyaTalHOHHblE PEXUMBI HPH NMHTAHHH OT HECHHYCOHNAJBHOrO Hamps-
JKEHUs, JOJKHBEI I0JyYaTh NMHTAHHE OT LIMH OOIIECYyHOBOH HArpyskH.

6. OrnenbHBE TeXHHYECKHE CPeJCTBA, K KOTODHIM NPEeAbABISIOTCH
TIOBHINEHHEEe TPpeGOBaHUS B OTHOLIGHHMM CHHYCOHAAJbHOCTH IHTAK0-
1Eero HaNpsSKeHHs, MOIYT IOJNYdaTb NHTAHHE OT OTAENbHBEIX LIHH HJIK
CHAa6XaThCsA JIOKAJbHBIMH YCTPOACTBAMH, 00ecneurBaIOIUMU HX HOP-
MaJbHOoe (QYHKIHOHHDPOBAHHE B YCJIOBHSIX BO3MOXKHBIX MCKAXKeHHH Ha-
TpsKeHus. [Ipy NHTAHHM TAKUX 3JIEKTPOMEXaHH3MOB JOJIXKHO obec-.
TIeYHBATHCS NONABJEHHE BBICHIHX TaDMOHHK HANPSAXeHHs LO TeXHHUYe-
CKH OBGOCHOBAHHOTO YDOBHS HE3aBHCHMO OT JHomyckaeMoro Ky g

7. JlAs yJayulIeHHs KauecTBa 3JEKTPOIHEPTHH Ha IIMHAX ofliecy-
JOBOfl HATPY3KH MOTYT OBITH HCIIOJNB30OBaHBI CIENHaIbHBIE TPAHCHOP-
MATOPHI, CHJIOBbIE (UIBTPH BHICIIHX TAPMOHHK, (QHILTPOKOMIEHCHPY-
IOLIHe YCTPONHCTBA H PEaKTOPHL.
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VIK 621.396.1

K. A. Cemenos, B. A. Mapxos, I'. E. Pymanyes

ABTOMATU3UPOBAHHAS CUCTEMA PALUOCBS3H
HA MOPCKOM ®JIOTE B AZEKAMETPOBOM JIUATNIA3OHE

Heo6xoauMocts  paspaGOTKH  aBTOMATH3HPOBAHHOM  CHCTEMH
cBsisu B AekamerposoM ([IKM) nuanmasone oGycioBiieHa TeM, YTO 3Ta
cHcTeMa $BJasgercs cocrapHo#l uactbio ACY «Mopduor» M mpeiHa-
* 3HayeHa JJs NOBHILEHHS JOCTOBEPHOCTH, ONEPATUBHOCTH H HaJeXHO-
CTH mepefauyd HHGOPMALHH, a TaK¥Ke NOBbIIIEHHs GE30MaCHOCTH MO-
pennasanust. [Ipumenenne JKM-cBAsy CTal0 BOSMOXKHBIM OJsarofaps
BHEAPEHHIO Ha CyJax HOBOH KaHaJo00pasylollledl anmapaTypsl, KOTO-
pasi- IONyCKAaeT aBTOMAaTHYECKOe YNpaBJeHHE M B CO3NAaHHH KOTOPOH
HemocpeAcTBeHHOe yuactue npunuMan Perucrp CCCP.

BricTpoe pasBHTHE CIYTHHKOBBIX CHCTEM AajibHEA PaJUOCBASH IPH-
BeJO K YMEHBIUEHHIO XO35ACTBEHHOrO 3HAUYEHHs palAUOCBS3H Ha
JOKM-Bonnax. OfHako pacueTsi H IpakTHKa NOKAa3BIBAKOT, YTO AJA
MaJoKaHaJbHLIX JUHHE CBsA3H paiuoiuHud Ha JKM-BosHax oKash-
BalOTCS 3HAYMTENBHO HKOHOMHUHEe CIIyTHHKOBHIX, HOCKOJbKY OHH HI-
paloT pOJb OCHOBHOTO NMepeHOCYHKa MH(GOpMaluuy AJsl CBSI3H C CyJdaMy,
a B AafdbHeiHlleM OYAYyT CAYXKHTh OCHOBHBIM DPe3€pPBOM CIYTHHKOBOMH
CHCTEMBI CBSI3H. , _

HsBecTHO, UTO NpPH PALKOHAJILHOM COYETAHHM CIIyTHHKOBOH H Tpa-
LHLHOHHOH CHCTEM CBSI3H, KOTZLa Nepexof Ha CIYTHHKOBYIO CBA3bL OY-
mer npoucxoauTh npu HazexHoctH JIKM-cBisH Huxke 3aaHHOH, Ha-
rpyska Ha LUEHTPHl MEeXAYHApPOAHOH CIYTHHKOBOH CBSI3H COCTABHT
okoao 20 %, a na GeperoBble pajiMOLEHTPH TPaAHUHMOHHOH CBA3H-—
oxosio 80 Y9%. CuaexcrtBueM 3TOro sBJASETCS OUEBHAHOCTb BarKHOCTH
B AKTyaJbHOCTH peEIUeHHs BONPOCOB PAa3BHUTHS H COBEPLIEHCTBOBAHHSA
cpencrs JAKM-panuocssizy, npakTHuecKOe BHEADEHHe KOTOPHIX obec-
HeYHT MaKCHMaJbHYI0 3>(Q¢EeKTHBHOCTb DaAHOKaHaJOB 3TOrc AHana-
30Ha. '

Haubonee nosino pesepsnl JKM-ananasona, ero TeXHHUeCKHe JO-
CTOMHCTBA PEaNH3YIOTCS HA OCHOBE IPHMEHEHHS aJaNTHBHBIX CHCTEM,
CIIOCOGHBIX HM3MEHSATb PEXHM CBoel paboTHl B COOTBETCTBHH C IIOMe-
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XOBHIMU OGCTAHOBKAMH H YCJOBHSIMH DAacHpOCTpaHeHHs C LENBIO obec-
edenus 3a1aHHOTO YPOBHSA KaueCTBa Mepeiauu HH(OpMaiHH.

VccnenoBanusi, NpOBeleHHBE Ha Kadenpe «YcrpolicTBa panHo-
cesisuy> JIBUMY um. axkan. C. O. MakapoBa, TeOpeTHYECKH H SKCIIE-
PHMEHTANbHO  JOKa3ajH, 4YTO MakcuMaabHOR  3(h(EKTHBHOCTHIO
g JIKM-guanasone 06/afialoT TaK Ha3blBAEMbIe 4acTOTHO-aJanTHBHEIE
cucrempr cBasun (YACC). YACC, kak u3BeCTHO, NPeAyCMaTpHBAIOT
B IAHHBE MOMEHT BPeMEHH HCIOJb30BaHHe OZHOM HACTOTHL M3 IPYIIIEL
BbIIEJEHHBIX 4YacToT. B pesysibrare TEOPETHYECKHX nccael0BaHHA
GbIIO YCTAHOBJIEHO, UTO IS 9 (PEeKTHBHON pa6orst HACC reo6x0auMO
umethb rpymny u3 4—5 yacror. [las BeGopa JydYIIero KaHaia MCHOJb-
3YIOTCS CIelHAJbHEE YCTPOHCTBA aBTOMATHUECKOro aHallnsa, BHIGOpA
i repekjioueHHus KaHasoB. [lambHefllee NOBBLIICHUE 3¢} eKTHBHOCTH
YACC MoxeT ObITh JOCTHTHYTO €€ KOMIJIEKCHBIM HCIIO/Ib30BAHHEM
C CHCTEMAaMH PasHECeHHOro IpHEMa W ammapaTypol NOBHILICHHS BEp-
HOCTH. v
TeopeTHUECKHE HCCIENOBAHHs [OKA3bIBAIOT, YTO TAKOE KOMILIEKC-
Hoe wucrmosp3opanHe UYACC 1mosBoJisieT MOBLICATH AOCTOBEPHOCTD
npueMa uHGOpMALMH B CPelHEM Ha JBa NOpALKA IPH MOBBHIIEHHH
HagexHocty npueMa. CjueflyeT OTMETHTb, 4TO paspaboTKa H BHeJpe-
HHe MOJOBGHBIX ABTOMATH3HPOBAHHBIX CHCTEM CBfA3H 3a DyGexom mo-
3BOJIH/IH OOeCmeunTh KauecTBO Kamajop cBsisd B JIKM-anamasome
BOJIH HE Xy¥Ke, 4eM B CIYTHHKOBBIX KaHaJax CBS3H.

JIsi mpaxkTHYeckod ONEHKH 3((EKTHBHOCTH METOAa 4aCTOTHO-
anantusHoro npuema B JJKM-nnanasoHe B 1982—1984 rr. 6slau npo-
BelleHbl CyAOBble HCILITAHHS AEHCTBYIOLIEH MOJCMH NpHEeMHOR uYacTH
UACC, paspaboTaHHOH M HSTOTOBJEHHOR Ha Kadenpe «¥YcrpolicTBa
paxuocBsisuy JIBUMY um. aam. C. O. Makaposa. Mozess 6n1a pea-
JM30BaHa Ha Gase MHOTrOKaHajsbHOro mpuemHuka «IIpuboit», cymoBOTO
nepeaaTynka «Bpur», aBTOMAaTHUECKOTO YCTPOHCTBA aHafH3a Kade-
CTBa, BEIOOpA U NEpeKJIOYeH s KAaHAaJOB.

PesyabTaThl MCHBITAHHH I0Ka3aJju, 4TO MPHMEHEHUHe YACC mno-
3BOJIHJIO MOBBICHTH MOMEXOYCTOHUYHBOCTb MO CPaBHEHMIO C ONMHOYHLIM
npueMoM B 7—15 pa3; Opu 3TOM HaJEeXHOCTb NpHeMa NpH cpenHeit
BepOATHOCTH omHUOKU 5-10~3 yBenumuunach B 2 pasa.

BueapeHHe aBTOMATH3UPOBAHHOH CHCTEMbl CBfI3H NPHBOJMT K HE-
06XONHMOCTH CO3JaHHS HOBHIX TexHHYecKux cpeacTB. CoBpeMeHHbBI®
TEXHUYECKHe CPENCTBa O€PEroBHIX DPAaJMOLEHTPOB (AHTEHHH, PalHO-
npUeMHble U Nepelalliue YCTPOHCTBA) MO3BOJSIOT OCYIIECTBAHTD Tele-
ynpaBienue. [l aBTOMATH3aUMH BXOM/IEHHA B CB3b W OOMeHa HH-
dopMaupell HeoGXONHMO HamHude Ha paiHouentpe IBM.

Ha cyane mJs BO3MOMKHOCTH €ro BhI30Ba B Jl0060€ BpeMs CYTOK Ha
NepBOM 3Tale HeOGXOJHMO HaJHYHe MHOTOKAHAJPHOTO BBISBIBHOTO
paJHONPHEMHOrO0 YCTPOHCTBA, WUM(PPOBOH CHCTEMBl H3OHPATENBHOTO
BLI30Ba M aHAJM3aTOpa KayecTBa KaHaJoB. B jpasbHedlleM IIHPOKOE
npuMeHeHHe MHHH-OBM NO3BOJAT NOJHOCTBIO aBTOMATH3HPOBATL He
TOJILKO NPHEeM H Nepefadyy HHGOPMAUHH, HO M IPOLECC YCTAHOBJEHHUS
H OpraHu3aldH ONTHMAJbHBEIX KaHAaJOB.

6 3akas Ne 345
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VIK 614.842.614

B. B. Boponos, B. H. Bocrpaxos

UCCJENOBAHUE PABHOLLEHHOCTH XJIALOHOB
U JHUOKCUIA YIJEPOIA NPU NOXAPOTYIUEHHHU
B I'PY30BbIX MOMEILEHMUIX POJIKEPOB

Exerofnsle NOTEPH CYA0B MHPOBOrO (hjoTa BCJIEACTBHE NOKAPOB:
1 B3PHIBOB OCTAIOTCS HanOOJBIIMMH B TedeHHE MOCHENHHX 15 ner. Tak,
B 1983 r. 30 % mnOTepsAHHBIX CyAOB paspyilensl moxapamu [1]. Cra-
THCTHUECKHEe JaHHble YyOeIHTEJNbHO TOATBEPXKAAIT  AKTyalbHOCTh
OCHallleHHs CyHoB Haubosee 3>(Q(EKTHBHBIMH CPEACTBAMH MOXKapo-
TYIIEHHS. :

OCHOBHBIM HAaIpaBJEHHEM COBEPLICHCTBOBAHHS CHCTEM OGBEMHOIC
ra30BOr0 MOXKAapPOTYUIEHHS CTajJO HCIO0Jb30BaHHE TIajoreHONpPOU3BOL-
HBIX YIVIEBOJOPOAOB (rajoHsl, (GPEOHH, XJAafOHBl H T.IL). Buenpenne
5TUX OTHOCHTENLHO HOBHIX HJA (JOTa CHCTEM INOXKAPOTYUIEHHSA CBS-
3aHO C OIpeNeNeHHHIMH TPYAHOCTSIMH, BBISBAHHBIMH Kak CyNOBOH
cnenuduKOH, TaK W OCTaBUIMMHCA elle He H3YYCHHBIMH BONpPOCaMH
OleHKH 3()(EKTUBHOCTH H PaBHOLEHHOCTH XJaJOHOB TPaAHLMOHHOMY
IJsi CyIOB OTHETYyMallleMy BELIeCTBY — AHOKCHAY yTaepojia (COy).
Hacrosmas pa6oTa BHIIOJHANACH C LEJNbI0 CPABHEHHS PABHOUEHHOCTH
xnajoHoB M CO, npu TYUIEHHH II0KapOB B TPY30BBIX INOMEIIEHHAX
POJIKEPOB.

Cyla ¢ rOpPH30HTAJbHOH Ipy3006paGOTKOH OOGCIYMUBAIOT JHHHH
rPy30INOTOKOB KOJIECHBIX M TYCEHHYHBIX TPAHCHODTHHIX CPEIACTB C TOIN-
JUBOM B 6aKax, a TakXe PasHOOOpasHBIX TPy30B B KOHTeHHepax HJ/H
Ha TpeHsepax. I'py3oBEHe IOMEIIeHHS PACCYHTBIBAIOTCS TakKxkKe Ha Ie-
PeBO3Ky KPYNHOTa6apHTHBIX IPY30B OTJeNbHEIMH MecTaMu. B mocaen-
Hee BpeMsl 3HAUHMTEJbHO YBENHUHJICH OOBEM NEPEBO3OK TIeHepasbHBIX
rpysoB B Tape, XapaKTepHOH [Js YHHBEPCAJbHBIX CYXOIPY3HBIX CYMOB:
SIIuKax, Mellkax, kopoOkax, 6apabanax. Ilas8 TakuX rpy3oB HCNOJb-
3yloTca 60JICTEpH], HaOMHHAIONINE cBOeH KOHCTPYKUHMeH AHHINE CTaH-
JAapTHBHIX KOHTeHHepoB. [OpH3OHTaNBHBHIA cnoco6 o6paboTKu rpy3oB
[PUBOZUT K 06Pa30BaHMIO BO3AYWHBIX 3a30pOB MeXAy TIpynnamu
VKPYIHEHHBIX MecT. PacnosiokeHHe TPAHCHOPTHHIX CPElCTB XapakKre-
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pH3YeTCs HaJMuMeM BO3AYIIHBIX Pa3phiBOB MEKAY aumu (ot 0,2 M
u BoJiee), NOK HHMH ¥ HaJ HHMH.

[Ipu mnepeBo3ke aBTOMOOHJEH NMPeAYCMAaTPHBAETCH HCIIOJIH30BAHME
[OJIBECHBIX [aJyl, MO3BOJSMIONMX IOJHee HCIONB30BATL BRICOTY
Tpioma. KonrefiHeps Ha najy6e MOTyT yCTaHaBJIHBAaTbCs B OIMH HJIH
aBa spyca. Mexay COCeIHHMH TpyInaMH KOHTeHiHEepOB MOTYT OBITh
3HAUHTE/NbHbIe BO3LYIIHble Pa3pBHIBE, HEOOXOAMMEIE [JIst  AOCTYyNa
K HEM IOIPY30uHbIX cpeicTs. Han konreiiHepaMp OCTaeTCs BOSAYII-
HOe IPOCTPAHCTBO, 3aMOJIHSeMOe OOBIYHO TeHepalbHBIMH IDySaMH Ha
6osicTepax. B 1enoM 3arpysky rpysoBbIX MOMeIleHHHE POJIKEPOB MOXKHO
XapaKTepH30BATh KAK OTHOCHTENbHO PaBHOMEPHO paCIHPelEIeHHYIO
10 TJONIAA¥ [aayd H KOMIO3HTHYIO, T.€. COCTOSIIYIO M3 HECKOJbKHX
BUAOB TIpy30B. Ko3(hdHIMEHT HCHO/b30BAHHS INIOMAIH I'PY30BBHIX
noMemenus xone6aercst or 0,5 1o 0,85, a KoapdUIHEHT HCNOJIB3OBA-
Hus o6Bema cocrasiaser okoso 0,34 [2]; [3].

[ToxapHas ONACHOCTb TIPY30BOTO INOMEIIEHHs XapaKTepu3yerc
COBOKYTHOCTBIO YCJIOBHH, CIOCOGCTBYIOUIMX BOSHAKHOBEHHIO H Pa3BH-
THIO [OXKapa, OMPeAeIsIOMHX ero MacuITabsl ¥ MOCeACTBHA. Bepost-
HOCTb 3arOpaHus OLeHHBaeTcs (PHUSHKO-XHMHUECKHMH CBOHCTBAMH IPy-
30B, MPOKMANOYHBIX M YMAKOBOUHBIX MaTepHasiOB, a TaKKe MXKHUIKOTO
ropiodero, Haxojslerocsi B 6akax TPaHCIOPTHEIX CPEACTB H NOAB-
€MHO-TPaHCIOPTHOTO OGOPYAOBAHHMS, HCIOJIb3yeMOro B IPy30BOM IIO-
MelleHMH. B 6aku OGLIUHO 3aJHBAlOTCA JIEFKOBOCIJIAMEHSIONHEC
sunkoctd (JIB)K), B Tom uncie Gensun. B ciyuae aBapuiHOro pos-
auBa JIBJK MOXET BOCIJIAMEHHTBCS OT MaJOKaJOPHAHOIO HCTOY-
HMKa 3axuranus. JpyruMu NpHYHHAMH BO3HHUKHOBEHMs TmoOXapa
MOCYT CTaTh CAMOBOSTOpaHWe IPY30B MM HeGpexHoe oOpatienue
C OrHEM. ' :

Haubosee HHTEHCHBHOe DPAa3BUTHE I[0XKAap IMOJYYHT MPH BOCHJIA-
venennn JIB)K. [InaMst 0 ee MOBEPXHOCTH DACIPOCTPaHAETCs C 60Jb-
IOH CKOPOCTBIO M CO3[d€T TeNJIOBOH HMITYJbC, AOCTATOYHBIA IJ1A
BOCIJIAMEHEHHS TOPIOYHX TPY30B U Tapbl. BobIIol cBOGOAHBIA 06BeM
BO34yXd B I'DY30BOM IIOMEI€HHH M MONIHAsl CHCTEMa BEHTHJAIHH CO-
31aI0T YCJOBHS JAJs HHTEHCHBHOTO pa3BHTHs ropenus. Iliamennoe
ropeHre ¢ ONHOTO T'PY30BOr0 MecCTa Ha JApyrue OyAeT pacnpocrpa-
HATBbCS JHGO 32 CYeT HENOCPEeACTBEHHOrO KOHTAKTa C IIaMeHeM, JHGO
32 CYeT CaMOBOCIJIAMEHEHHs MOJ, BO3JeHCTBHEM JIyYHCTOH TEMJIOTH OT
[iJaMeHH H HarpeThX NPOLYKTOB ropeHud. Ilo BO3AyIIHHIM pasprBaM
naaMsi CBOGOAHO paCIpOCTpPaHsieTCsi BBepX, AOCTHUTAeT MOABOJIOKA
W pacTeKaercs IO HeMYy. Kak nokasann skcnepuments [1. Tomaca [4],
TEMJIOBOM INOTOK H3My4YeHHs OT HarpeBaeMmMoro HJaMeHeM MNOABOJIOKA
B 2—3 pasa Gosblle JYYUCTOrO HOTOKA OT IJIAMEHH, PasBHBAIOLIErocs
Ha OTKpHITOM mnpocTpaHncTBe. HcciefoBaHuS Pa3BUTHA TOPEHHA IIPH
po3nuBe GensuHa u3 0akKoB aBTOMOOMJS B YCJIOBHAX rapaxa IOKa-
3aJH, YTO IOXKap MOXKET OCTAaThCs JIOKAJbHBIM B IIpelefaX OZHOro
aBTOMOOUS, eCcqH BO3AYIIHBIE PA3PHIBBI MEXKAY COCENHHMH aBTOMO-
ounamu we menee 0,6—1,0 m. Ha aTOM OCHOBaHHMHM MOXKHO CYHTATh,

4TO IOXKap B YCJHOBUAX I'PY30BOI'0 NMOMEIIECHUA DOJKEpa HE OCTAHETCH
JIOKAJBbHBIM.

[
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CepbesHas OMAaCHOCTb OLICTPOrO 3aAbIMJEHHS H PaClpOCTPaHEHHA
noxapa Ha BCIO JJHHY CyAHa CBsi3aHa C OTCYTCTBHEM IONEPEuHbIX
nepe6opoK B IPY30BOM NOMEIIeHHH poJjkepa. Kpome TOro, onacHoctsh
GLICTPOrO DPACTPOCTPAHEHHSI TOPEHHMS IO BEPTHKAJH YCyrybasercs
¥3-3a HEMOCPEACTBEHHOrO KOHTaKTa IJaMeHH C MOABOJOKOM. :

[IpoBefeHHBII KAaUeCTBEHHBIH aHAJH3 Pa3BUTHA TOPEHHsS B Ipy3o-
BOM NOMeILEHHH POJIKePa NMOATBEPIKAACTCS YACTHIMM I10XKapaMHu B HHX.
Tax, B 1973 r. na poakepe «Mon Jlaypbe» BoCmaMeHHJCsT TIPy3
ALOXMMHKATOB H CMOJbl BO Bpemsi pefica B Arsantuke. [Toxap pac-
NpOCTpaHMICH Ha Apyrue naay6el. Dkumax mnokuaya cyano. IToxo-
meAllde Ha TNOMOIIbL CyXa cmacau 16 Mopsakos, 6 uesoBeK Nponmaau
6es Bectu [5], [6]. B 1978 r. coobmaJock o moxape, B pesyJbTare
KOTOPOro (GUMHCKHH poJKep «BHKHHT-2» OB NMOJHOCTHIO BHIBELEH H3
crpost [7]. B 1983 r. OT BO3HHKLIErO M3-3a HEHUCNPABHOCTH 3JIEKTPO-
NPOBOJKH TOXapa B TPYy30BOM IIOMELIEHHH pOJIKEpa MOBPEXAEHO
150 aBroMoGuier [8].

Ilnsa mpenoTBpalleHuss KaTacTPODHUECKHX MOCAEACTBHA IM0XKapOB
B TPY30BEIX TOMEIIEHHAX POJKepOB IIPeAyCMaTPHBAIOTCSA PYYHbLIE IIO-
JKapHble H3BEUIaTeJd H aBTOMAaTHUECKHe CHCTeMbl OOHapyXeHMs I0-
KapOB, CHCTEMBI BOJASHOTO M 00BeMHOro moxaporyuieHus. Hemocpen-
CTBEHHO B TPY30BOM MOMELIEHHH Da3MeLIaloTCsl OTHeTYIIHTeNH. IJTOT
KOMIJIEKC CPEeACTB IOXAapPOTYIUEHHS II03BOJSIET IKHINAXKYy HaAUHHATD
Gopb0y ¢ moxkapaMH Ha paHHell craiuM HX pasBuTHA. OIHAKO IpHBe-
JleHHBle BHIIIE TPardyecKHe CJAYYad H3 MODCKOH NpPAaKTHKH INOATBEp-
XKIAIT HeOOXOZMMOCTh JaJbHEHIIero MOBLIIEHHS 3 (PEKTHBHOCTH Cy-
JOBBEIX CcHCTeM OOBEMHOrO IOXKAPOTYIIEHHS, NpelHa3HAUEHHBIX MJf
60pbOBI ¢ PA3BUBUIHMCS MOXKaDOM.

Bei6op cpeacTBa 06beMHOrO IOXKAPOTYIUEHHS /51 IPY30BHIX NOMe-
LIeHHH pOJIKepa OCJOXHSeTCs] TeM, YTO HapsALy ¢ TBEPIALIMH TOPIOYHMHU
maTepHainaMu (nmoxap Ksaacca A) B moxap BOBJEKAlOTCS Troplouue
xujgkocTH (moxap kmacca B). OueBuano, orHeryuialliee BellleCTBO
HoaxHo obecneunBath 3(pGheKTHBHYIO 60pb0y OLHOBPEMEHHO C MOXKa-
paMu xjaccoB A u B, a Takxe cBOGOJHO NPOHHKATH B MaJjble BO3-
JLyLIHBIe 3a30pHl MEXAY YKPYNHEHHBIMH I'DY30BBIMH MeCTaMH, 4TOGHI
HaJeXXHO B KpaTdalilllue CPOKH JHKBHAUDPOBATL IJIAMEHHOE TOpEHHE
H TEM CaMBIM JOKa/JH30BaTh IIOXKAap B MeCTe €ro BO3HHKHOBEHHS.
Y4uTHBas BO3MOXKHOCTb AJIHTENBHOTO NOANEPIKAHHS «TePMETH3ALHNK»
rPY3OBHIX NOMeIlleHHH 3a CUeT WITATHBIX 3aKPHITHII BEHTHJSIHOHHBIX
KaHalo0B H JAPYrHX OTBEPCTHH B OTPaxKJalOUHX KOHCTPYKIHAX, HaH-
6oslee ONTHMAJbHBLIMH SBJSIOTCS T[a30BHIE CPedCTBA OOGBEMHOTO IO-
xKaporyuwenus. Haubosbluee pacnpocTpaHeHHe Ha POJIKEPAX MOJYYHIH
CHCTEMBl NOXKAPOTYIIEHHs HAHOKCHAOM YIJIEPOAa C XpaHEHHEM ero
B pesepByapax Oosbuioro o6beMa NOL naBjaeHueM oxosno 2 MIla
u temnepatype —I18°C [9]. OcHOBHEIM HEIOCTATKOM TaKOro XpawHe-
HHSl SBJISIOTCSl TOCTOSIHHBIE 3aTPaTH SHEPrHH Ha paboTy pedpuxepa-
TOPHOH ycTanoBKH. [To cpaBHeHHIO ¢ HeHl HCIOJb30BaHHE XJaJOHOB
HE TOJIbKO YCTPAHsIeT OTMEUEHHBIH HEeNOCTaTOK, HO M CHHMIKAeT MeTaJl-
JIOEMKOCTb CHCTeMB, a Mo coolmennio ¢upMel «Basbrep Kumm»,
MOXKeT YMEHBIIMTb H CTOMMOCTb CHCTeMH noxaporywenus [10].-
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B Hacrosmee Bpemsi MexayHapoaHas MOPCKas OpraHusauus
(UMO) nonyckaer HCIOJb30BaHHE XJIa[(OHOB B I'PY30BHIX NOMEILEHHAX
POJNIKEPOB, B KOTOPHIX IIE€PEBO3ATCA TPAHCIOPTHBIE CpelcTBa 6es
rpysa [11]. Xorst H3BeCTHH CHCTeMbI IOXKapOTYIIEHHs xJaajgoHoM 13B1
Ha poskepax [12], cymecTBylolmiee orpaHHyeHHe He IO3BOJISET M-
POKO BHEAPSATH XJANOHH Ha CyHaX
nannoro Tuma. PemieHune Bomnpoca
0 pacmdpenun o06JacTd TIpHMEHe-
HHA XJ1aJI0HOB . HEO6XOAHMO pellaTh,
OCHOBHIBasich Ha npasuiax [1-2/22.2
u I1-2/63.2.2.3 MexnynaponHon
KOHBEHIMM II0 OXpaHe dYeJoBeue-
cKol xu3HH Ha Mope [11), ycranas-
JuBamomux TpeGosaHus mo dphex-
THBHOCTH H DPaBHOLIEHHOCTH 3aMe€HbBI
OJIHOHM CHCTEMBl MOXKAaPOTYUIEHHUS 24
Apyroi. 3amMeHa AONYCKAEeTCHd B TOM
cjyuae, KOrZa HOBOE CPEICTBO HO- 1 |
JKapoTyuenus Gyner He Menee 3d- = y
(eKTHBHO, YeM  YKa3aHHOe B 17 /
COJIAC-74. O6byHO B Kauyecrse 0 3,(4; §
3TAJIOHHOrQ OTHeTYIIallero Belle- =~ ‘

CTBA paccMaTpUBaeTCsd AHOKCHI YI- Pye, 1. Cxema HCHBITATENLHOTO CTeHAA
nepona. CrexoBaTesbHO, HEOOXOAHU- (pasMepH LaHbH B MeTpax):

MO cpaBHeHHe XJaJoHOB C COg2  j—cramsofi maker ofbemoM 24 M% 2—
Mpexie BCero Mo OTHETYmamleli -  2ehuiui meomusens, o TR pr, Towepe
(peKTHBHOCTH MPH TYIIEHHH OJHO-  WeCTBOM; 4 — GHICTPOOTKDBIBAIOINNACA  KJIa-
THNHBIX MOKADPOB KAACCOB A M B.  [iiaomemin W5 soowmuorots noropotero
HeOGXOJIHMbIe ]S TaKoro cpaBHe- MaTepHaja; 7 — CONJO (pacHblInTeab); 8 —

HHxHHH nporuBeHs ¢ JIBJK mnpH mnoxape
HUsg NaHHBbIE OBLIH OJIYUEHEl B IKC- knacca B; 9 — pacrnoJoXeHHe XJOIKa NDH

MepHMEHTAX Ha MaKeTe CTANBHOTO Iowansx waces & [F - Pacioioies islcy
nomemtenna o6beMoM 24 M3 (puc. 1), wykn w mpormsaa c JIB)XX Ana ix nowxora
B nepBoii cepuy SKCIEPHMEHTOB mpw mowapax xaces S
uccaefoBajach OrHerymamas 3¢- :
dextnsrocts CO; 1 Xnanonos 12Bl, 13B1, 114B2 npu TylLIeHHH INIO-
KapoB knacca B. BHyTpH Makera Ha AHHIIE M HA YPOBHE, COOTBETCI-
BylomeM 1/2 BHICOTH MakeTa, YCTaHABJHMBAJMCh JABA ONMHAKOBBIX
0 pasMepy IPOTHBHS C [AH3EJbHBIM TOMJIHBOM MapKH 3. Tlnomanb
npOTHBHEH Mon6upanach TaK, 4TOGH BPeMA MX CaMOTyUIeHHS B «rep-
METH3HPOBAHHOM» MakeTe N0 KpadHell Mepe B 3 pasa mnpeBHillano
cyMMapHOe BpeMst CBOGOJHOrO TOPEeHHs H BHIYCKa OTHETYIIAllero

BelecTBa:

67

-

7,25Mm

M

>

Te 2= 3 (T 4 1), (1)

rle Tc— BPeMSl CaMOTYIUEHHs; Tp-— BPeMs CBOGOIHOrO TOpEHHHA
¥ T— BpeMs BHIYCKa KHAKOH (asbl OrHeTYNIAIIero BellecTBa.
Tpunsatoe ycaosue (1) MO3BONHJIO CBECTH K MHHHMYMY BJHSHHE
NPOAYKTOB TOPEHHsl AU3EJbHOTO TOIIHBA HA 5((YEKTHBHOCTb TYLIEHHA
fiaMenn. C 1e/bl0 MCKJIIOUEHHA BJMSHHS BeTpa Ha CBOOOAHOE rope-
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Hye TONJHBA MOMXKUTAHHE NPOTHBHEH OCYIECTBJSJIOCH AHCTAHIHOHHO:
[ipH 3aKPHITOH JBEPH M ONMYIIEHHOH KpHILIKE JIIOKA. OrHeTymamee Be-
EeCTBO - B KOJHYECTBE, COOTBETCTBYIOLLEM HOpMaTHBHOH KOHHeHTpa-
| LHH @,

- M=V @)

,‘ ;ﬂ 3aKayHBaJjIoCh B 0aJlJIOH, W3 KOTOPOro HO. TPy6ONpOBOAY NOA AaBJjie-
, HHEM CXKAaTOro BO3JyXa HJH COOCTBEHHBIX NAPOB BHITYCKAJOCh B Ma-
KeT, uMeromul obveM V. MisMeHeHHe BpeMeHH BBINYCKA OTHETYIUAIIHX
BELlECTB OCYLIECTBASJAOCE B JAmanasode 10—120 ¢, yTo HO3BOJUIO
il OXBATHTb HOPMHPYeMOe BpEMs BEIIYCKA KaK IJsl XJaIOHOB, TaK M AJs
CO;. PerynupoBaHHe T OCYIIECTBJSJ/IOCH IOCPEICTBOM H3MEHEHHS
18 JAHAMETPOB BHIIYCKHHIX comes oT 3,1 mo 14 MM H jpaBjeHus mnepex
Humu ot 0,2 mo 7,5 MIla. [{uokcun yriepoxna, xaagousl 13B1 u 12B1
\ BBHIIYCKAJNCh Yepe3 KOPOTKHE LHJAMHADHYECKHME COmia, a XJaafoH
| 114B2 — yepe3 nenTpobexHble pacnobiutesin, Collla U PacHBIATENH
| yCTaHABJAHBANHCh B UEHTPe TOPH30HTAJLHOTO CeUeHHs MaKeTa Ha
YPOBHE = HHJKHEro cpesa IUAXThl TaK, 4YTOBGB CTPYs OTHETYLIALIEro
BellecTBa OBl1a HalNpaBJeHa BePTHKAJbHO BHH3. HauasibHble yCI0BHA
3KCIePHMEHTOB npefcraBiedsl B Taba. 1. B akcnepumenrtax durcupo-

Ta6anua 1. YcnoBus NPOBeJeHHS SKCHEPHMEHTOB

i OéﬁeM Iromans Omsomenne | Boewa cavo- Maccja OTHETYWAIErO BellecTBa, KT
i MaKeTa, TOpeHHH, VS M3.M—2 TylleHus ¢,
Al V. m S, m? : MHH 1381 12B1 114B2 CO,
{0
Il
i 192 0,36 533 39,3 — — 38 122
.24 0,06 387 36,0 7,4 8,3 48 15,2
24 0,12 196 13,2 7,4 8,3 4,8 | 15,2
24 0,18 130 8,6 7,4 8,3 4,8 15,2
1 ;3 Pacuernas ¢aermarusupyomas 0,309 0,405 0,364 0,498
‘ \i KOHIIEHTpalHa ¢, Kr-M—3 .

1‘ BaJoch BpeMsi CBOOOJHOrO TOPEHHS, BpeMs BBIIYCKa MXHUAKOH ¢assl
il H BCEro 3apsifia OTHETYIIAIETrO BeLIeCTBA, a TAKKEe MOMEHT 3aTyXaHUs
! NJaMEeHH Haj Ka)KJIbM NPOTHBHEM. 3a BpeMs TYIIEHHUS NPUHHMAJaach
i 00/IbllIas BeJHUHHA

i ‘ Tr=max {Tu.n; Ts n}, ' - 3)

o T€ Tu. m Ts.n— BPEMs TYLIEHHS HHXKHErO W BepXHero mpoTuBHsA. Ilo-
i CKOJIbKY OTHeTyIlallasi KOHIEHTPaUHsa AN KaXkIOro U3 HCCAELYEMBIX
: BEIIECTB pas3JjiHYyHa, [IJisi CPABHEHHs] BPEMEHH TYUICHHsS HCIOJb30Ba-
JlaCh HHTEHCHBHOCTb IIOJaYH OTHETYLIAIIEro BeLIecTBa, Bpra}KEHHaH
B A04sX (bJerMaTH3HpYIOWell KOHIEHTPaLHH:

=MV, - 4)
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rie M’ — Macca OrHeTYLIAIero BeIlecTBa, BHIIEAIIAs U3 COILIA npe- \
MMYLIECTBEHHO B XHAKOH (dase, a ¢ — pacueTHas ¢JerMarusupyiomas
KOHIIeHTpauus AJg OU3€JAbHOTO TOIJIHBA.

’Un.n,c
100
v
50
0
X
AR
4]
- 0 5070
i-10%¢7 ..

Puc. 2. V3MeHeHHe BpEMEHH Tpx TYIIEHHS NJIAMEHH JHM3E/BHOTO
TONAHBA B 3aBHCHMOCTH OT WHTEHCHBHOCTH i BBHIMyCKa OFHETYLIa-
HIEro BelliecTBa

I‘lnomanb Orn eryliauiee BEl eCTBO
FOpPeHHs,

m? CO; 13B1 12B1 114B2
0,062 O X > °
0,122 A <] 7 A
0,185 0 =) - [}
0,360 v - — v

O6o611eHHble  PE3YJabTATHl  3KCIEPHMEHTAJBHOrO  HCC/eA0BaHHA
npencraBneHsl Ha puc. 2. Ha 3ToM ke PHCYHKe NOKa3aHBl JAaHHbBIE
SKCIIEPHMEHTOB, IIPOBEJICHHbEIE Ha MakeTe ob6veMoMm 196 M® mo onu-
caHHON BhHHe Meromuke. Otinume OBLJIO JHIIB B KOJHYECTBE CONea
M paclHbUIMTeNel, 4epe3 KOTOphie OrHeTyllallee BEIleCTBO BBOAMJIOCH
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B Mmaker. IToA moxBoJOKOM Makera o6bemoM 196 M® ycranaBaMBaMHCDH
60 IBa, JH60 YeThipe OJMHAKOBHIX COIVIA (PaCHBLIUTENS ).

" AHanuM3 3KCHepMMEHTaJbHBIX JaHHBIX 1O TYIIEHHIO M[O¥Kapos
kjacca B moxasbiBaeT, YTO Ha BCceM AHAla3oHe BpeMEHH BBHIIYyCKa OT-
HeTYWIaMuX BEIeCTB XJaJOHBl OOecneduHBay TyIIeHHe OXHOTHIIHBLIX
[0XapoB 3a MeHbLIee BPEMsl H, CeN0BaTesNbHO, Gosee 2 peKTHBHEI,
yem COg.

Bo BTOpOil CepuH SKCIEpPHMEHTOB B MakeTe o6beMom 24 M® mpose-
psanachk >P(HEKTHBHOCTh TYLIEHHS NOXKApOB Kjiacca A JHOKCHAOM yr-
sepoaa u xJaagomamu 13B1, 114B2. Buyrpn Makera pacrosiarajics
Koctep 5A ms cocHosbix Opyckos [13]. CsoGoanoe ropeHme KoCTpa
MpOoAOJKaNoCh B TeyeHHe 5—20 MuH, YTOOBl Ha MOBEPXHOCTH OpPyCKOB
o6pa3oBajics CJIOH pacKaJeHHOro KOKCa TONIIMHOA He MeHee 5—10 mMm.
KoH1poab 3a TOJLIHHOM CJIOS KOKCA OCYIIECTBJSJICS IO T€pMONapam,
BJIOXKEHHBIM B JBa OPyCKa HHXKHEr0 H BEDXHEro ps/oB OPYCKOB KO-
crpa. ITo moKasaHHSAM 3THX e TepMomap ONpelelsock H BpeMs Ty-
TIEHHs TJIEHHsST KaK MOMEHT CHHXKEHHsi TeMIepaTyphl B OGpPyCKax HUKe
‘TeMHepaTyps Hauaja TePMHUYECKOH IeCTPYKIMH [PEBECHHBl, DPaBHOH
200°C. Kpome ommTOB 1O TyIeHHIO Koctpa xsiamonamu u COz ocy-
IIeCTBAANOCH TaKKe TYLIeHHe repMeTH3allled Makera.

OcofeHHOCTb JHKBHIAIUMH TOPEHHS TBEPABLIX MAaTePHAJOB, CKIOH-
HBIX K TJICHHIO, 3aKJII0YaeTCsi B TOM, YTO HeOOXOAMMO BO3AEHCTBOBATH
OJHOBPEMEHHO HJIH IOCJEZOBATeJIbHO HA CJeYyIolliHe peaKIHOHHbIe
30HBI:

IJIaMEHHOr0 TOPEHHS HaX INOBEPXHOCTbIO MaTepuana, e TOopAT
JIeTyuse NPOLYKTH Pas3aokeHus, '

reTepOreHHOr0 ropeHHs Ha IOBEPXHOCTH MaTepHasa;

TeTePOreHHOr0 TOpeHHsl B INyOuHe TBEPAOrOo MaTepHaja.

ITo sT0ofi npuyYWHe TYUIEHHe IJIAMEHHOrO TOpeHHs TBEpPAbIX MaTe-
pHAJIOB ellle He O3HAUaeT JHKBHAAUMM moxapa. [apaHTHpOBaHHOE
TYIIEHHe HACTYNAaeT TOJbKO MOCJe OXJAaXK/IEHHs IPOrpeToro BO BpeMs
rOpeHHsi CJos KOHAEHCHPOBAHHOH ()asbl HHKe TeMIlepaTyphl Havaja
nuponusa marepuana. Ecau ke ropsiuii Marepuas He OXJaAHTh IO
STOH TeMIIePaTyphl, TO NPH pasrepMeTH3alHH NOMELIEeHUs BO3MOXKHO
MOBTOPHOE BOCIJIAMEHEeHHe IOcJe JOCTyNa CBEeXero Bo3JyXa K ouary
ropenus. CiaefosaTenbHo, 3Q(EKTHBHOCTh OTHETYILIALIUX BelleCTB NPH
TYLIEHHH TBEPABIX TOPIOYMX MAaTEPHAJIOB [AOJNMKHA OUEHHBATBCA IIO
ABYM [OKa3aTeJsM: BPeMeHH TYIIeHHs MJIaMeHH Vs U BPEMEHH TyIIe-
HMS TJIEHMS Tr;. Pe3yJabTaThl 3KCIEpHMEHTOB (TabJ. 2) yKashBaiOT
HA CYyIECTBEHHOE YCKOPEHHEe TYILIEeHHs NPH HCIOJIb30BAHUH OrHeTyIIa-
mux Bemects. OJHAaKO yBejMueHHe KOHUEHTpaluu XxJaanoHa 114B2
CBEPX HOPMATHBHOH He NIPHUBEJO K CYIIECTBEHHOMY COKpAIUeHHIO Bpe-
MeHH TyureHusi TiieHus. CpaBHeHHe BPEMEHH TYLIEHHs NJIaMeHH IIO0Ka-
3BIBAET, YTO XJaJOHH OHICTpee JHKBHAUPYIOT IJIAMEHHOE TrOpeHHe,
yem COp, HO TyLIeHHE TJEHHS He BLIABHJIO NPEHMYINECTBA XJIaZOHOB
MO CPaBHEHHIO C THOKCHIOM YIVIEpOZa. _

Auanus nangeix Taba. 2 NO3BOJsSET clenaTh BHBOL O cjaabom
BJIMSHHMH BPEMEHH BHINYyCKa OTHeTyLIAUIEero BellleCcTBa HA BpeMs TyIle-
HHS TJeHHs: H3MeHeHHe T oT 8 1o 130 ¢ NpaKTHUECKH HE H3MEHHUJIO Ty,
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B

TaGanna 2. Pe3y/bTaThl SKCHEPHUMEHTOB NO TYIMEHHIO KOCTPA 5A

} N Bpsg‘;‘e::g?%ﬂzom OrHerywauiee BellecTBO .Bpemx TyILEHHs!

| Macca KOCTpa, -

| g reper | o rep | oo | 99088 3| nzauenn, |, s

FepmeTusauuﬂ MaxKera
10,2 5,1 — — — 216 34,3
10,0 5,3 — — — 190 30,5
10,4 6,0 — — — 201 28,2
16,8 18,5 — — — — 15,8
10,2 6,2 — —_ — 258 29,3
! Xnadon 114B2
14,8 5,8 2,2 0,20 11 10 10,0
14,9 6,0 3,1 0,21 14 5 15,3
15,1 4,7 0 0,20 18 12 11,8
15,0 4,5 0 0,23 20 9 9,7
15,0 4,3 1,5 0,20 62 15 19,4
14,9 4,8 1,3 0,20 77 13 9,7
14,8 4,3 1,0, 0,21 130 14 11,3
15,3 5,0 1,1 0,41 15 17 7,0
14,8 4,7 1,2 0,57 21 8 7,3
Xaadon 13B1
15,1 | 5,9 | 1,3 I 0,33 ‘ 15 I 18 l 12,5
Huorcud yerepoda

15,2 5,2 1,0 0,63 49 29 7,0
15,1 4,0 1,1 0,63 51 39 7,0
15,2 3,7 1,1 0,64 53 41 13,0

cpefHee 3HAYeHHe KOTODOrO B IPOBENEHHBIX SKCHIEPHMEHTAX NPEBHI-
majo 1 B 5—40 pas. He npuseno K COKpallleHHIO BPEMEHH TyIICHHA
TJIeHHS] APEBECHHBl W yBeJHUEHHE KOHUEHTPalUuH XJaJ0Ha 114B2.

MHTeHcuduKauys mpouecca TYLIEHUs IPH -HCIOJIb30BAHHH CO,
W XJa/JOHOB N0 CPABHEHHIO C CAMOTYLIEHHeM KOCTPOB SA MOATBEp-
KIaeTcs TakKxkKe 3KCIEPHMEHTAJbHBIMH AAHHBIMU IO H3MEHEHHIO CpPel-
HEOGDBEMHBIX TEMIEpPaTyp B TpOlecce Tyllerus (puc. 3). Hcnons3o-
BaHHe OTHETYLIAINero BelllecTBA BHI3HIBAET pe3Koe NajeHue I' Ha MPO-
TSIKEHHH TPHMEDPHO 2 MHH, 3aTeM CKOPOCTb €e NaleHHsd 3aMelJAeTCs
0 BeJHUMHB, XapakKTepHOH AJjs mpolecca TYLIeHHs IIPH TépMeTHsa-
IME MakeTa. OTMeueHHBIH OXJaxAaolui 5GdeKT MoxkeT OblTb 06DB-
SICHeH 3aTpaTaMH Y4CTH TeNJIOTH, BBIAEJNSEMOHA B MpoLECCe TOpeHHS
KOCTpa, Ha HCIAPeHHe MKHAKOH (hasbl OrHETYIIAIIEro BellecTBa d IO-
cleAymolilee HArPeBaHHE ero rasoBoi (asel OT TeMIoepaTyphl ¢hazosoro
nepexoiia 0 TEMIepaTypH OKpyKalouleli razosoii cpeabl. Oxiaxiaio-
mue apopertsr COp 1 xyafona 114B2 npakTHYeCKH COBNAjAlOT, & Xaa-
noua 13B1 HecKOJNBKO BHIIIE.
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Db peKTHBHOCTL TYIIEHHS Ta30BBIMH CPEACTBAMH IIOXKAaPOB CHINY-
YHX MaTepuasoB ucciaerosajach Ha pribHoi Myke (IOCT 2116—71),
. 3aTApeHHOH B JKYTOBHe MelIKH. KpoMe yKasaHHOro BHIIEe MakeTa
o6beMoM 24 M® HCIOJB30BAIHCh T€OMETPHUECKH MOJOGHEE CTaJbHHE
makernl 06beMoM 3 u 0,4 M3 MewKkn yKJIaAwBaluCh B WTabenb
B .[€HTpPe JHHIIA MaKeTOB M INOJKHIAJHCh ILIAMEHEM OT NPOTHBH:A

¢ [IH3eJbHEIM TOIJIMBOM, PacHoJjio-

7% JKEHHOTO MOJ mwrabesem. [aomanu
160 [IPOTHBHEN H3MEHSJIUCh MPOIOP-
\ NHOHAJBbHO H3MEHEHHIO IJOILaAH
70 IHHILa MakeTa. B Tako# Xe mpo-
\ HNOPLHMY H3MEHSJach H IIOBEPXHOCTh
120}, MEeIIKOB B ITabeNsax, HMHUTHDYIO-
\ 11asi TOBEPXHOCTh TOPEHHS B pealib-

00 ‘\\ HOM CYJOBOM TpIOME, 3arpyKeHHOM
\ MEIIKaM#i ¢ PEIOHON MYKOH B COOT-

\ perctBuu ¢ [IpaBunamy nepeBO3KH

80 N OMacHBIX TPY30B. BrimosHeHue yKa-
\\ rL2 54 3aHHOTO  YCJOBHS  HOCTHrajgoch

60 > N yMeHbUICHHEM JUHEHHBIX pa3MepoB
’§< cragpaptgoro Memxa 1:2, 1:4 n

40 N 1:12 nas makeroB 24, 3 u 0,4 M3
NS COOTBETCTBEHHO. KOHTpPOJIL 3a TeM-

20 [ mepaTypHbEIM  DeXHMOM  TOXKapa

o 5. w15 T OCYILECTBJISLICS C TIOMOIIbIO 12 XpO-

MeJib-aJIOMEeJNEBLEIX TepMonap, 3a-
Puc. 3. Vsmenenne cpeaneoGbeMHofi  JIOXKEHHBIX MEXIY MEUIKaMu miTa-
TeMHepagypr T B makere ofwemoM  Gejg. Bo BpeMsi cBOGONHOTO rope-
24 w® mpn Tymenun, xoctpa 5A: HHS KDBILIKH JIIOKOB H IBEPH FOp-
|oacpuemisannell  Maxera = (ocpemwenual  jOBHHLI MaKeTOB OCTABAJHCh OT-
CHaR Mo et OTT L oy MIaAeicy | KpuTEME. TepueTHaaMu MaKeTop
1 BBEHECHHE OTHETYIIALUX BEIIECTB
: [IPOM3BOLUNACE TPH JOCTHXEHHH
remneparypul 700°C B 3—4 TOYKax ycTaHoBKM TepMonap. MomeHT
JUKBUIAIMK TOKapa ONpeNeJscs MO BPEMEHM IOCTHXEHHS TeMIepa-
Typbi 180°C BO Bcex KOHTPOJMPYEMBbIX TOUKaX. YKasaHHas Temmepa-
Typa Bhi6paHa B KauecTBe IPaHHYHON NOTOMY, 4TO MPH TAKOH TeMnepa-
Type HCKJI0YaeTcs IIOBTOPHOE BOCIJIAMEHEHHEe MYKH M MEIUKOBHHBI -
nocje pasrepmerusanuu-mMakero. Crmoco6 nojpayn OrHerymamiux- Be-
mects (CO, v xnanona 114B2) He oTiMyajcs OT ONBITOB C KOCTPaMH
u3 LepeBa.
PesyabTaThl 9KCHEPUMEHTOB ¢ pPHIOHOH MYKO# MpeacTaBJeHbl
B Taba. 3. MIx aHanua noATBepXKAAEeT BHIBOABI, CHENAHHLIE IO pe3yJb-
TaTaM 3KCHEPHMEHTOB C APEBeCHHON: 3()(DEKTHBHOCTD TYLIEHHs TJICHHS
IMOKCHAOM yriepona H XjaazornoM [14B2 oauHakoBa; yBeJauueHHe
KOHIEHTPAIUK XJaJOHa He IPHBOAHT K CHHUXKEHHIO BPEMEHH TYIIeHH:
THEHHd; BpeMs BHIIYCKa OrHETYIUAILero BelllecTBa B mnpejenax
1—15 MHH He OKAa3bIB4€T 3aMETHOTO BJIHMSHHA Ha BpeMS TYIIEHHS
TJIEHHS. ‘
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"B makere o6beMoM 24 M® IPOBOJHIHCH SKCNEPHUMEHTH 10 TyIUE-
HMIO XJIONMKA AHOKCHAOM yIVIepoaa, xnanoHamu 13B1 m 114B2. Macca
XJIoMKa B ONbBTax mpuHuMasack pasHoft 200 kr. BuyTpe xsonka me-
pel OmWbITAMH BKJIafBBaduCh 12 Xpomelb-alioMeJeBBIX TepMonap,
I0Ka3aHuA KOTOPHIX (hHKCHPOBa- 0
Juck BO Bpemenu. [Tomkuramue A
XJIONKA OCYLIECTBJLJOCH TJIEH-

IM¥M KOMOYKOM XJIONKa, IOMe-
aeMblM B LEHTp roprouedl Ha-
rpysku. CpobogHOe TOpeHHE
XJ0ONKa NpojoJkKajnoch 4—6 4 600
TIpH OTKPBLITBIX JIIOKE M JBEpH.
3aTteM JIOK U JBEPH 3aKphiBa-
JHCh M B MaxeT BBHINYCKaJ0Ch
Orgerymaliee Beiectso. y6o-
KO IPOHHKIIKE B XJOHNOK OYarH 400'
TJeHHsi He OBLIH NOTYLIEHBl HH
xnagoHoM, Hu COj, HeCMOTps
Ha AJHTEJbHOE BPeMs TYLICHHS,
maMepseMoe cyTkamu.  Bosged-
CTBHE OTHETYLIAIIUX BeU(ECTB Ha
| TOPSAILHI XIONOK HIIIOCTPHPYET- 20— 0 5 20 T4
¢ orufaroniuMi MaKCHMAaJbHBIX
TEeMIIepaTyp B KOHTPOJHPYEMBIX
TOYKAaX, MOKA3aHHHIX Ha pHC. 4. o con s o
YIX anaiu3 IOKa3bIBAET, YTO » 2 COx 3 — xnanomon 138 #— xmano-
XJMaJOHB U IHOKCHJA YIJIepoAa
CIIOCOGCTBYIOT TOPMOXKEHHIO TJEHHS NPHMEPHO C OJMHAKOBOH HHTEH-
cuBHOCTbIO. [Ipy pasrepMerH3allui MakeTa HMHTEHCHBHOCTb TOPEHUS
YyBeNHYHBA/IaCh, M HAJl XJONKOM Yepes HEeCKOJbKO MHHYT BO3HHKAJIO

Puc. 4. Orubapiiie MaKCHMaJbHBIX
TEMIEPATYp B XJONKe MpH TYUIEHHH:

Ta6auna 3. Pe3ynbTaThl 3KCMEPUMEHTOB MO TYIIEHUIO PHLIGHOH MYKH

OrxeTtywianee BeuecTso
OGbem Make- | Hauansuas macca Bpewms Tywe-
Ta, M3 wraens, Kr KOHUEHTpauus, | Bpems Bbl- HUsL TJICHUS,
BHA KD - M— nycka, MuH MHH
0,4 2425 CO. 0,400 15,0 52
0,4 24 CO, 0,855 10,0 56
0,4 24 114B2 0,585 1,0 62
3,0 82 CO, 0,440 4,0 50
3,0 82 COq 0,440 3,0 44
3,0 82 CO; 0,600 4,9 64
3,0 82 COq 0,600 3,8 42
3,0 82 114B2 0,585 1,0 40
3,0 82 114B2 1,120 1,0 42
24,0 600 CO; 0,595 7,5 55

miaMsi. AHAJOrHYHOe SBJEHHME MOBTOPHOIC BOCIIJIAMEHEHHS IOCHAe pas-
repMerusanyu TpioMa HaGI0al0Cch ¥ B dKcrepuMmenTax [14].
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- COBOKYIHOCTb IOJyYEHHBIX SKCIEPHMEHTAJNbHEIX JaHHLIX [0 TyLie-
HHIO CKJOHHBIX K TJIEHHIO TBepABIX MaTepHaJIOB H JIEFKOBOCHJIaMEeHSIO-
LIUXCS JKHIAKOCTeHl INOKashiBaeT, 4TO OrHerymaimas 3¢pdeKTHBHOCTb
xnanonoB He Huxe, yeM CO,. Bce 3TH rasoBmle cpencTBa moxKapoTty-
IIEHHs] HEAOCTATOYHO 3GM(EKTHBHBH I[PHU TYLIEHHH TJEIOUIUX OYaros
TOPEHHS B BOJIOKHHCTHIX M CHIIYYHX MaTepHasnaX, OAHAKO 3TO He MO-
JKeT CJyXHTb NPensTCTBHEM JJs1 PElIeHHs BOIPOCAa O NPUEMJAEMOCTH
XJIaJIOHOB /I TPY30BBHIX HOMeELLeHHH

20 POJIKEpPOB, ecJdH NPHHHMATbL BO BHH-
onke _ MaHHe MHOTOJIETHHH ONBIT 3alIHUTHI
\ CYXOTPYSHBIX TPIOMOB [IHOKCHIOM YF-

. S . Jdepona. Hecmorpst Ha To uro CO; He
' o0re ~{ 7 o6ecrneynBaeT TYWi€HHE I[0XKapOB BO-
g I~ JIOKHUCTHX MAaTepHa/oB, CKJIOHHBIX
o 80 < K TJIGHHUIO, IPUHSATOE B CBOE BpeMs pe-
5 \n\ IIeHHe 00 HCHOJb30BAHHU 3TOrO OTHe-
g 40f < Tyllalero BeLiecTBa [Js 3aIUTH CY-
g | 2 N _ XOTPY3HBIX TPIOMOB O0ecredYHBaeT He-
S 2 /L o6xonyMbili ypoBeHb 6e30MacHOCTH HA
o mope [14]. AHaJOrvuyHBIM JIOJKEH

° OBITh MOMXOM U K HCIOJb30BAHHUIO XJa-

0 7 2 3 4 5  noHOB.

T, 4 JlucKyccusi 1O  HCHOJb30BAHHIO |

Puc. 5. Hamenenne cyMMapHO#t KoH-  XJIAJOHOB /I TYIIEHHUS II02KapOB IpO-
uentpanun HF w HBr B rasosofi  poJkaercss ¥ B OTHOIIEHUHW TOKCHYHO-

g&eolﬁe 3234KP$T0;;HHO¥;$:}?;; ?Ig";_' CTH TrasoBOi cpelrl, obpasylouencs

BECHHDL: npu Tywenuu. O6bIHO NpH 06CYXae-

HHYM HCHOOJb3YIOTCA 3KCIEPHMEHTaJb-

; Hple JaHHBIE TI0 KOJHYEeCTBY -NMPOAYK-

TOB Pa3JIOXKEHHS XJ1aJOHOB, XapaKTePH3YIOIHX B ONPENENEHHOH Mepe

TOKCHYHOCTb [a30BOJ cMecH. DTH HaHHbe OJH3KH MO SHAaYeHHIO Bpe-

MeHH BhIIycKa XJanoHoB. OMHAKO MpH TYLIEHHH NOXapoB Kjiacca A

KOHIIEHTPALHUs IPOAYKTOB Pa3/IOKEHUS XJNa[J0HOB 3aBUCHUT OT BPeMEHH
or6opa npo6 [15].

[Ipu 3amepxke or60pa npo6 yacTb MPOAYKTOB PasJOMeHUs HCYe-
3aer GJarojaps HX peakuusM C APYIMMHM BeIleCTBaMH, a TaKxe Te-
psieTCsl W3-3a HX COPOIMH CTeHKaMH cocyla. B ombiTax ¢ pasjiMYHBIMH
xJagoHamn Maxk-Xsfin nabmogan cHuxkeHue KonuneHtpanun HF na
MOPSANOK, ecau TNocie moxapa mnpoxoiuwno 45 wmuu [15]. Tlpomepka
JIAHHOT'O fIBJIEHHs NPOBOAMJACh H B Makere o6beMoM 24 M3, 3arpy-
xaemom 80 Kr cocHOBHIX 6pyckoB. MeToAHKa NPOBEIEHHS 3IKCNEPU-
MEHTOB NpPHHHMaljach TaKOH e, Kak H Iy KocTpoB HA. Taenue
JIPEBECHHBl B THX ONBITAX JHKBHIHPOBAJOCh B TeueHHe | 4 NIPH KOH-
ueHTpanusx xjaanonos 13B1 u 114B2, npuasaThIX WSl CYAOBBIX MallKWH-
HEIX moMeuennit [11].

OTt6op mpo6 ras3oBoi cpejbl OCYWIECTBJAJCS Ha IPOTSKEHHH He-
CKOJIbKHX yacoB Oes pasrepMmerusaunuu Mmaxera. Vsmenenue cymmap-
Hoit kouuenrpauuxn HF u HBr Bo BpeMeHH npelcraBjeHO Ha pHC. 5.
IIpn nocTpoeHnr rpaguka 3a Hauajo OTCUETAa BPEeMeHH NPHHAT MoO-
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MEHT OKOHUAHHS BBHIIyCKAa XJaJAOHOB B MakeT. IIpOJO/KHUTENbHOCTE
BHITyCKa AJisi xnafona 13Bl mpuruManach paBHo#l 3; 3,5 u 5,1 mum,
a ans xaagosa 114B2—1 MuH. AHajius pe3yabTaTOB NPOBEACHHBIX
SKCIIEPHMEHTOB NMOKa3BIBAET YCTOHYMBOE yMeEHbLICHHE KOHUIEHTPAUHIT
TOKCHYHBIX IPOAYKTOB DAa3/OMEHHsi BO BpeMeHH. B oamOM H3 npel-
CTAaB/JEHHBIX Ha DHC. D DKCIepHMeHTOB Ipoba IJs ras0BOro anajausa
6eia oToGpaHa uepe3 21 4 mocsie BHIYCKa X/alAQHA 13B1. Cymmap-
nas xonnedrpauus HF u HBr B Heil cocTapisia JHIIb 0,6 mMr-m3,
4To GJH3KO K NpPEAEJbHO AONYCTHMBIM KOHUEHTpaUHAM IJd AaHHBIX
pemects (0,5 mr-M—3 mas HF u 2 mr-m~—3 gas HBr). Takum oGpasom,
Gopbba C TOKCHYHBIMH IPOJAYKTaMH PasjoXKeHHA XJaJOHOB MOMKET
GLITL CBeJeHa K 3alepiKKe pPasrepMeTH3aldi H BEeHTHJISALHM aBapHi-
HOTO NOMENLIEHUST HA HECKOJbKO YacoB.

HakomieHHbli NPaKTHUECKHH ONBIT 3KCIJAyaTallHM CHCTEM IMOXKa-
POTYIIEHHs XJafOHAMH Ha CyJlaX H 3JKCIePHMeHTaJbHbE JaHHBIE IO
BO3NEHCTBUIO XJaJOHOB Ha Moxapel kjaaccoB A u B mossoasior cra-
BuTh B MMMO Ha o6CyxjaeHHe BOIPOC O AONYIIEHHH XJaAOHOB AJIs
3aIIHTHl TPY30BbLIX INOMELIEHHHA POJKEepOB C JIOOLIMH BHAAMH TPYy30B.
Bes cHuXeHHs 3(DQEKTHBHOCTH TYIIeHHs HOPMHpyeMoe BpeMs BHINY-
CKa XJAaJ0HOB MOXKeT OnTh yBeauueHo A0 60 ¢ IpH KOHIEHTPaUHAX,
npuHSATHX Ais taknx nomemenni B COJIAC-74 [11]. Ilo cpaBrenuio
¢ CO, xa0HBl 6ojee 3((EKTHBHB NPH TYLIEHHH NMOXKapoB kaacca B
¥ IJAaMEHHOrO FOPEHHs TBEPABIX MaTepHaJsioB, T.€. B HayajJbHOM Ie-
pHOJe TYILEHWsI HCHOJIb30BaHHE XJANOHOB MPENOYTHTE]NbHEe, deM
AHOKcHAa yriepoma. [locienyolliee 3aKpbiTHE I'PY30BOTO NOMEINEHHS
npuBefeT AUG0 K JHKBHAAUMH I0XKapa, JHOO K 3HAUHTENbHOMY TOP-
MOJKEHHIO TJIEHHS B NOBPEXIEHHBIX OLHEM TPY30BHIX MecTaX. B nanb-
HeflllleM B 3aBHCHMOCTH OT CKJIaABIBAIOIIHXCSI OOCTOATENbCTB HKHIAK
MOXET NPUHATb OJHO M3 BO3MOXKHBIX PeIleHHH: JHKBMIHPOBAThL OYarH
TJEeHHS C NOMOLIBIO BOJASIHBIX CTPYi, 06paTHTbCA 3a MOMOIUBLIO K clia-
caTeqsM HJIH CJAEIO0BaTh B MOPT NOA 3aIHTY KBaJH(QHUHPOBAHHBIX
IOXKapHHIX NOAPasie/ieHHH.
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CynopemMoHT

YIK 629.12.004.67 : 629.128.5

@. M. Kayman, H. C. Casosposa, J. B. Amdunroxues

ONTHUMAJIbHBIE CPOKH NJOKOBAHHUSA
CHEILMAJIM3UPOBAHHbBIX CYIOB

CpOKH OCBHIETEJIbCTBOBAHHS MOPCKHX TPaHCIOPTHHIX cya0oB Pe-
ructpom CCCP mpakTHUeCKH COBIaA4lOT CO CPOKaMu OUEepeHBIX nJja-
HOBBIX AOKOBAHHH, OGYCHOBJEHHEX NOTPeOHOCTAMH TEXHHUECKOH 3IKC-
nJayaTalMy, TaK Kak BBHIBOA CyAHA M3 3KCIJyaTaUMH I NPOBENEHHS
ocBuereancTBoBanug Peructpom CCCP He3aBUCHMO OT NOTpebHO-
cTeli MPOBENEHHS IJIaHOBBIX paboT CyHoBAajesblia NOBJAEK Obl 3a CO-
6ol HeoNmpaBLAHHBIH PacXol CPEACTB, He HOAKPEIVICHHBIH YCIOBHSMU
6esomacHocTH. C 9THX MO3HUMH BaXHO pPacCMOTPETb COBPEMEHHHIE
TeHACHUHH OlpeleNleHnsl ONTHMAaJbHBIX CPOKOB JOKOBAHHS CIEUHaJIH-
3MPOBAHHBIX TPAHCNOPTHHIX CYNOB.

IOns coBpeMeHHOTO 3Tama CYJOXOACTBAa XapaKTepHH OTKa3 oOT
TPAMIIOBOTO MOpeNJaBaHus u paboTa Cy[0B Ha ONPeJeNeHHBIX JHHUAX
[0 KECTKOMY pAaCAHCaHUI0. DTO O3HAUaeT, 4YTO CyAa MOOJXKHBI CTa-
OHNIBLHO NOAKEPKUBATL OCHOBHEIE IapaMeTpHl cBoell paboTH: CKOPOCTE
X0Jia, MOUIHOCTb, YAaCTOTY BpalleHUs TpebHBIX BHHTOB.

Crnenutunyeckoll 0COGEHHOCTBIO OTEYECTBEHHOTO MOpeENJaBaHHA SB-
JAgercss paboTa Ha OTBETCTBEHHBIX JIMHHAX, CBSI3BIBAIOUIHX MOPTHI
CCCP u 3anaaunoi#i EBponel ¢ nopTaMu pasBUBAKINKXCA CTPaH, pacno-
JIOXEHHBIMH, KaK TMpPaBWJO, B TPONHUYECKHX palioHax Muposoro
OoKeaHa, B KOTOPHIX HauboJjiee HHTEHCHBHB KOPPO3HS M obpacTaHue
OGIIHBKH KOPNYyCOB CcyZOB. Hu3KHH ypOBEeHb MeXaHH3ALHH 3THX IOP-
TOB TPHBOILUT K JJHTEJBHEIM IPOCTOSIM Ha pelifie H y npHyaja B OXH-
JNaHHH TIPOBEIEHUs IPY30BEIX ONlepauuil. DTH YCAOBUSL OCOOGEHHO CIIO-
co6CTBYIOT 06PACTaHHMIO KOPIYCOB CYNOB M MX I'PeOHBIX BHHTOB, CJel-
CTBHEM Uero siBJseTCS MOBHILIEHHE CONPOTHBJIEHHS BOIBl JBHIKEHHIO
CYAOB, yBeJWYeHHe MOMEHTa CONDOTHBJEHHMS BpPalIeHHIO TIpeGHEIX
BHHTOB, T.€. YTSXeJeHHe BHHTOBHIX XapaKTepHCTHK. B wurtore cHu-
JKAeTCs CKOPOCTb XOJAa CYZLOB, IOBHILIAETCH TENJOHANPAMKEHHOCTh Je-
Tasjel UMAMHApPONOpIIHeBOoH rpynnw xsuratetedn (LIIII). YVsennuenne
LYKJIOBOH NMOJAYH TONJIHBa MJIsI NMOJAEPIKAHHS CKOPOCTH, COOTBETCTBY-
olllelt Tpe6GOBaHUIO PaCNHCAHHH, YCYTYOJsieT TEMJOBYI0O HampsXKeH-
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goctb gmeraseit LITIT, moiaBeprasi HX OMACHOCTH paspylieHHs, H CY-
INEeCTBEHHO MOBBILIAeT pacxoj TomnuBa. I[losToMy mnpenotBpalleHHe
HJIM 3aMejjIeHHe Ipoluecca o6pacTaHud, a TakKke JUKBHAALHS IOCJeN-
CTBHA YBeJHUEHHS IIEPOXOBATOCTH KOpPIyca IOCPEACTBOM OUHCTKH
H OKDaCKH B JOKe ABJAeTCS OJHOH H3 aKTyaJbHBIX 3afady TeXHHYeCKOH
3KCHIyatauuu ¢Jaora.

Kax ye ykasbiBa/Joch, BHIBOJ CyZHA H3 SKCIJIyaTalHd IJjs IPO-
BeJleHHsI JOKOBAaHHS — JAOPOroCTOsIIlee MEPONPHUSATHE BCJIEJCTBHE BHICO-
KO CTOMMOCTH Cy[O-CYyTOK H notepd ¢paxra. OnpellesieHHBIM pelle-
HHEM BOIPOCa MOIJIH OBl SIBHTLCS KaueCTBEHHBIE JIaKOKPACOYHEIE I10-
KDBITHS, HpeJOoTBpallalollie Ha AJHTEJABHBIA CPOK HPOIECC KOPPO3HU
u ‘obpacTaHds KOpnycoB cyLoB. OIHAKO COBpPEMEHHHIE OTEeYECTBEHHEIE
xpacku (mpotuBokopposHonHas IDK)KC-40 u npormeooGpacraiouias
XB-53) coBepIeHHO He YAOBJIETBOPSIOT MOCTABJIEHHHIM TPeGOBaHMSM.
Cpoku moJsiesHOro AEHCTBHSI 3THX KDPACOK B peasbHBIX YCJHOBHAX He
npesplaloT 12—18 mec B yMepeHHOH 30He 3KCHJIyaTallUH.

3a pybexom Bce Gojiee UIMPOKOE NPUMEHEHHE HAXOIAT CIIEIUAJb-
Hble KpacKH M NOKpHTHA. OCOGEHHO XOpOIIO 3apeKOMEHAOBAJO cebs
aurnuiickoe nokpeitie SPC, Ho oHO JocratouHo jpoporocrositee. On-
HaKO Jaxe caMble JyulllHe KPAaCKH He pellaioT npobsemy.

YcraHoBaeHHble A0 TOCJAEAHEIO BPEMEHH MEXIOKOBhlE CPOKH
(AByxmeTHH ANs GOJBIUHHCTBA CYAOB M FOAWYHBLA ISl TACCAXKHUPCKUX
U JIeNOBOTO IJIABAHHUSI) HCXOAAT H3 PerJaMeHTHPOBaHHEIX Permcrpom
CPOKOB OCBH/ETeNbCTBOBAHUS KOPIYCOB CYAOB.

HHHUKMM® npeasnoxKun HOPMAaTHBBl MEXKIOKOBHX mepuogos [1],
CYIIHOCTb KOTOPHIX 3aK/I04aercs B caeayroumeM. MexXI0KOBEIA nepUon
yCTaHABIHBAGTCA IO cepHsaM cyRoB. st GONBLIHHCTBA CepHil YHHBEp-
CaJibHBIX CYJOB OH COCTaBJseT ABa rofa, AJs CHEeNHAJH3HPOBAHHBIX
CyA0B (KOHTeHHEpPOBO30B, TIPY30NACCAXKUPCKUX, pedpHIKEPaTOPHEIX
H JIeJOKOJIbHO-TPAHCIOPTHHIX) — OAMH TOA. DTH HOPMAaTHBH HE YYH-
ThIBAIOT [VIaBHBlE (DAKTOPHI, BAHSIONIHE HA HEOGXOAUMOCTS IIPOBELEHHS
paboT Mo OYHCTKE M OKPACKe CYLOB B [OKe: PaiOH IJIaBaHHs, COOT-
HOLIEHHE XOMOBOI0 U CTOSTHOYHOIO BPeMEHH, T. €. YCJIOBHS, OT KOTOPHIX
3aBHCHT H3MEHEHHEe COCTOSIHHS HapyXkHOH OOUIMBKH KOPIYCOB CYJOB.

CyliecTByiollHe HOPMATHBBl HE YYMTHIBAKOT TaKXKe SKOHOMHUECKHE
NPedNOChIIKH, Ha KOTODPHIX JNOJXKHB 6a3HpOBaTLCA ONTHMAJbHBIE IO
YCJAOBHAM SKCIiyaTauuu M 0e30macHOCTH MopemsiaBanusi Perucrpa
MeXKJO0KOBble mepuojb. HopMaTHBEL He YYHTHIBAIOT, UTO NP KaXKAOM
OuepelHOM JMOKOBaHHHM C YBeJHYEHHEM BO3pacTa CyAHA MNPONYJbCHB-
Hble KaueCTBa IIOJHOCTbIO He BOCCTAHABJIHBAIOTCSH, NOBLIIIAETCS MO-
TpeGHas MOIIHOCTb, BO3PACTAET PACXOJ TOIJIHBA.

HopmaTusbl, ycramaBiHBalOUIHe MeXIOKOBBIE TEPHOAB M CPOKH
TPOBEAEeHHsT NOKOBAHUH. CYAOB, JOJKHBI PErIaMEHTHPOBATHCH HCXOLS
M3 00ecreyeHHss MaKCHMaJ/IbHOH cpefHell SKOHOMHYEeCKOH 3()heKTHBHO-
€TH Cy[HAa 34 MJIHTENbHBIN NMepHok akcmiyatauud. OguuM u3 HauboJsee
IpaBU/IBHBIX NyTed oOnpefefeHHs ONTHMANbHBIX CPOKOB JOKOBaHHSA
CyLOB ABJIAETCS NOCTAHOBKA 3alayH, UEHTPaJbHOE MeCTO B KOTOPOH
IpHHAJJICKUT BEIGOPY KPHUTEPHS OMTHMAaJbHOCTH, MO KOTOPOMY HAXO-
AT pellleHue.




B KauecTBe TAaKOI'O KPHTEDHsS MOXKeT OBITh BHIOpaHA CKOPOCTb XOA&
KaK BaXKHeflIass XapakKTepHCTHKA, ONpelessioulasi MPOBO3HYIO CHO-
COGHOCTb Cy[HAa. YCJOBHEM ONTHMAJBHOCTH fIBJSAETCS YCNOBHE MaKCH-
MyMa IeJeBoii (YHKIHMH, KOTOpas AOJKHA BBIPAXKATb MaKCHMAJbHBIHA
s(dekT oT BHGpaHHOrO pexuMa JHokopanusa [3]. Pacuersl, mpoBeleH-
HEle 110 5TOMY METOLY, NOKa3hBaloT, uTo BBeAeHHHe B MM® ¢ 1979r.
HOPMATHBEl MOTYT OBITb NPHHSTH JIMIIb 328 OCHOBY HOPMHDOBaHHS
MeXKJOKOBEIX NEDHOLOB C BBEJEHHEM B HHX KODPEKTHUBOB, YUHTHIBAIXO-
UIMX, 4TO CYAa FKCIVIYAaTHPYIOTCA B PAaSJHYHBIX KJIMMAaTHYECKHX 30HAX
C PasJMYHBIM COOTHOIUEHHEM CTOSHOYHOTO M XOJ0BOTO BPEMEHH H ApY-
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Puc. 1. IToTepr Ha JOMOJHHTE/NBHOE TOIJIHBOCIKHIA-
HHE JUIsl Pa3/HYHBIX KJIMMATHYECKHX 30H

rEX (akTOpOB, NPHUBOASAIIMX K DasJHUMIO B CTENEHH OOpacTaHHs:
M ypOBHe KOPPOSHH HapyXHOH OOIMBKH Xopmycos cyaoB. C aToit
LeJbi0 GBI IPOBELEHHl HCCIeNOBAHMS ONEHKH BJIHSHHSA YCJAOBHA 9KC-
IyaTanyuyd Ha MeXIOKOBHIE NMEPHO. ,

B CcOBpEeMEHHBIX YCJOBUSAX NPH 3HAUMTEJIBHO BO3POCLIMX IEHAaX Ha
TOILIMBO KPHTepHeM 3KOHOMMYHOCTH DAGOTH cy[HA NPHHATH IOTEPH,
CBA3AHHBE C JONOJHHTENLHBIM TOIJIMBOCXKHUIAHHEM B CBfSH C YBeNH-
yeHHEeM IEPOXOBATOCTH KOPHYyca CYJHA B HPOIECCe ero 3KCIayaTaliH.
C uenbi0 BBISICHEHHS BJAHSIHUSA YCJHOBHH 3KCIIyaTallHH HAa SKOHOMHY-
HOCTp paboTHl CyAHa € IO3HUHHA 3TOro KpHTePHs OLIIM TPOBEAEHBI
pacueThl AJisi CEPHH JHHEHHBIX CyHOB THma «XyHAoXHHK Capbsu».
Ha puc. 1 npuBeaeHsl pacueTHble KpHBble NOTepb /1 Ha JONOJHHTENb-
HOe TONJHBOCXKHTaHHEe B (QYHKIUH OT BPeMeHH 3KCIJAyaTalHH sl pas-
NHYHBIX KJAHMATHYECKHX 30H. YKa3aHHBIe IOTEPH 3aBHUCAT TaK¥ke OT
pacxoja TOMJMBA NAHHOrO THNA CyJHa H IeHH Ha TOIJHBO. Bcee
pafOHBl SKCIJyaTAlHHd YCJIOBHO pasjeseHBl Ha TPH 30HHL JjeTo (J),

rponuku (T) u suMa (3). IlyHKTHpOM HaHeceHa KpHBas NOTEPb HAJS .

CHelHaJu3nPOBaHHOrO cyiHa T/x «XynoxHHK CapbsH» (¢ COOTHO-
IIeHHeM XOAOBOTO H CTOSIHOYHOrO BpeMeHH, paBHHIM 0,6).
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[MpoBegennsle pacueThl Mg YKa3aHHOH IPYNIBL CNelHaJ H3UPOBAH-
HBIX CYZOB CBHAETENLCTBYIOT O HEOOXOAMMOCTH OIpeleseHUus MeXIO-
KOBBIX TIEDHOJOB C YUE€TOM KOHKDETHBIX YCJOBHE 3KCIJIyaTAllMH KaX-
, JOTO Cy/HAa ¥ YCTAHOBJIEHUS YTOYHEH-
X » . HBIX HODMAaTHBOB B 3TOH obaacty.

16 3 B kauecTtBe npemsioxeHHH K TOJTHYHO-
\ My HopMatuBy mno [l] moxer GBITH
s IpelNJIoKeHa IOoNpaBKa

) h\\\ taox = 12K, K, (1)

: % 3 rie K;— kKoapulueHT, YYUTHIBAIO-
h3 §3+ﬂ 1M 0COGEHHOCTH 3JKCILIyaTalun Cyn-
P 3+T Ha Ha JuHHE (puc. 2); K2 — ko3adpodu-
(05\ IMEHT, YYHTHIBAIOIIUHA CTOUMOCTbH J0O-
! I;:E \\ 3 KOBAHHA K TONIHBA (pHC. 3).
] \ﬂﬁ . Ilonpaska, paccuuThiBaemas IO
N§§TM dopmyae (1), pacmpocTpaHsercs Ha
v T crelnyaJu3npOBaHHble Cyna, paboraro-
84 T 0.8 Kyga=tug/tyc [LHE HA MOCTOSIHHBIX JHHUAX, KOpIyca

KOTOPBIX OKpalleHhl OTeYeCTBEHHOH
Puc. 2. 3aBHcHMOCTD TOTPABOYHOrO Kpacxoﬁ XB-53 niid aHaJIOrHuHOH eH.
Koaq’q’“““;;;:é&fcyﬁ?’a“” SKe- Oco6oe MecTO NpH PacCMOTPEHHH

JaHHOr0 BONpOCA 3aHUMAIOT MEXIO-
P KOBbIe OYHCTKH KOPNYCOB CyJIOB 06es
‘22 BLIBOJA HMX K3 3KCIJyaTamud. B OCHO-

By CpPOKOB IIPOBENEHHS MNOABOLHOH
' OUXCTKM KOproyca CyAHA NOJIOKeHa
HoTepsl CKOPOCTH OTHOCHTENBHO 3a-
JIaHHOH, perucTpupyeMasi CyAHOM HJIH
MOJYUYEHHAS MO pPEHCOBBLIM JaHHBIM
1 [2]. O6bexTuBHO ONpENENHTb 3Ty Be-
JUYUHY [JOCTATOYHO TPYHAHO, €CJH
yuecTh CJHOXKHOCTL OIlEHKH BJIHSHUSA
MeTeohaKTOpPOB., DTOT MeTOJ OCHOBaH

. ka/gr Ha OKynaeMOCTH 3aTparT, CBSI3aHHBIX
; ¢ mposenenneM ouucTKH. CuHTraercs,
0 50 100 YTO €CJHU BpeMs ¢ MOMEHTA OKOHYaHuA

Cao.meCPY0.  paBoT 1O OUYMCTKE JO TOCTAHOBKH

Puc. 3. 3aBHcuMOcTb mompasouysoro ~ CYAHA Ha OuepefHOH JOKOBHIA PEMOHT
xospouuuenta K, or croumoctd ~HMJH 10 Hadajna NnJaBanud B JIeJOBBIX
AOKOBaHHS H TOIHBA yCJ0BUSX IPEBLINIAET BpPEMs OKymae-
MOCTH 3aTPAT Ha NOABOLHYIO OYHCTKY,

“TO NPOBEJEHHE MOC/IefHeH CJIefyeT CUHTATh Lenecoo6pasHbIM. B co-
OTBETCTBUM C TAKUM IOLXOAOM, ueM OoJbllle BpeMeHH fA0 Ode-
‘PENHOTO [OKOBaHWsi, TeM O0oJiblile CMbICIa TNPOBOAMTH MOABOLHYIO
ouncTKy. MHCTpykuus [2] He yuuTHIBaeT BaHBIA (aKTOp: CYIHO,
BOCCTAHOBHB TIOCJE OUYHCTKM CKOPOCTb Ha HEKOTOphId IepHoi Bpe-
‘MeHH, B JaJpHeHIIeM 3a CYeT YXY[AIIeHHs 3aUIUTHOIO JIAKOKDAacou-
HOTO NOKDHITHS, B OCHOBHOM IIpoTHBOOGpAcTaiolled Kpackd, Tepser
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CKOpOCTE B OoJblueli Mepe u B GoJee KOPOTKMH TEPHOX, HeM

IO OYHCTKH.
Ha puc. 4 npexcrapjeHa KPUOTOTpaMMa, NONYYEHHAs MO NAHHBIM

skcmayaranud T/x «XyRoxHuk Pennu» [4].

[Io ocu OpAMHAT OTJIOXKeH KO3(OHIHEHT BHHTOBOH XapaKTephu-
CTHKH, KOTOPHIH, MO CyLeCTBY, sBJseTcss KO9(p(HUIHEHTOM H3MEHEHHS
IPONYJAbCUBHLIX KauecTB cyxHa, Ci==p;/n, TAe p;— cpeliHee HHANKA-

10"
8,5
XD
16F A ?
N N
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A
NEZN
72345678977!12'723455 {001, MEC
I
1981 1962 . 1983 1984

Pyuc. 4. Usmenenne Kosddumuenta BHETOBOM xapaxrepuctdku Ci
B IpOLECCe IKCIIYaTalHH:

] — 40 OUHCTKH; 2 — 1ocjae OHMHCTKH; 3 — NOKOBLIX peMOHT; 4 — . mocje
AOKa

TOpHOe NaBJIeHHe JBHraTessl, MOJNYYEHHOE HHAWIHDOBAHHEM; 71— Ha-
CTOTa BpallleHHs.

V3 npuBeleHHOH KPUITOTPAMMEI CIELYeT: B oxtsabpe 1981 r.cyano
canbHO o6pocio H Koadduuuent C; Ha 15 Y% mpeBocxoaua 3HayeHHE
Ha XOJOBHIX HcnbiTanusix C1=6,7-10% TIpoBenennas B mopry I'am6ypr
MEXJOKOBasi OUHCTKa Kopmyca Oblia OCYLIECTBJEHA HEKayeCTBEHHO-
u snaueHue C; NIPAKTHUECKH HE H3MEHHJIOCh. DTOT (aKT CBHAETEJbCT-
ByeT 0 HEOGXOAHMOCTH TIIATEJBHOTO KOHTPOJIS 32 KaueCTBOM IOJBOA-
HOH OUHCTKH. B pesyabTaTe OYHCTKH OhlIa NOBpeXIeHa NPOTHBOOG-
pacraioulas Kpacka W 3a JlBa Mecsilla IKCIUIyaTalluu CyAHa Ha JH-
aup C, JOCTHT BeJMuMHH Qosbmed, deM OO0 OYHCTKH. IlosropHas,.
mocie peKJaMalyM, OYHCTKa B OPTy Oblla IpOBefieHa B SIHBape
u obecneunaa cuuxenne C; Ha 8 %. OnHaKO NOBpeX[AEHHE IPOTHBO--
o6pacralouiero MOKPHTHs NpuBeno K Bospacranuio C; B ¢espaje—
na 1%, B mapre —Ha 3 %, B Mmae—Ha 20 %. IlonoGuas curyamus
IOBTOPANACh CHCTEMATHYECKH HOCJHEe TPOBEAEHHS MEXJOKOBBIX OYH-
cToK (cM. puc. 4) B mepuoA ¢ okTsi6psa 1983 mo pekabpp 1984 r.

TakuM 06pasoM, CYLIECTBYIOIIHE HOPMATHBE CPOKOB INIPOBeACHHS
NOKOBaHHH [OJKHB OBITh JAOMOJHEHH NONPABOYHBIMH KO3(hduuueH--
TaMH, YUHTHIBAIOLUINMH YCJIOBHSl SKCIJAyaTalNH CYAOB.
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[Ipz TNpoBefeHHH MEXKAOKOBBIX OUHCTOK HEOOXOLMMO YYHTHIBATH
crefyiollee:
noc/je MEeXIOKOBOH OUHCTKH HEMHHYEMO IOBpexAaeTcs JaKOKpa-
COYHOE IOKPHITHE, B NEPBYI0 Ouepelb MPOTHBOOGPACTAIOIIEE, TOITOMY
CDOKHM NIOBTODHOM MEXKZOKOBOH OYHCTKH MOJIKHH OBITb COKpalUEHHI;
ouepenHble NOKOBaHHs HeJecooGpasHee NPOBOJHMTL B NMOPTAX, pac-
TIOJIOKEHHBIX B 30HaX OKeaHa, CIOCOGCTBYIOLIHX 06pacTaHHIo.

CHUCOK JUTEPATYPH

. 1. HopMAaTHBE MPOXOKHTENLHOCTH MEXPEMOHTHBIX HepHOZOB cyxos. M., IIPHA
«Mopdmory, 1979. 28 c. ;
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4 Kaunpmaun ®. M. TeoperHueckHe OCHOBHI M DacueTHBIE METOAB y4era H3Me-
HeHUI XAPAKTEPHCTHK NPOMYJAbCHBHOrO KOMILUIEKCa CyAHA B 3KcmiyaTauus. Jluc.
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YIOK 629.12 : 532.5.041

3uasman I'. M., Kntaesa E. T., Mupoxun B. B. HccrernopaHue ocoGeHHOCTeHl KaukH CyJHa
Ha HePEryJspHOM BOJHEHHH METONOM CTaTHCTHYECKOTO MOAENHpOBaHHA.— Hayuno-rexH. c6. Pe+
ructpa CCCP, 1986, smm. 15, c. 3—9. ,

Ha0eHbl 0COGEHHOCTH H3YUEHHS KAauKKH CYAHa Ha HeperyJspHOM BOJHEHHH MeToAoM MOH-
Te-Kapao, TIpHMeHeHEe MeToJa CTATHCTHYECKOTO MOIEJNHPOBaHUS NOK23aHO Ha NpHMepe H3YYEHHA
HeqnHelHON GopToBOH Kauku. ITpHBeZeHBl pe3YJIbTAThl PacyeTOB HCKaXKeHHWH 3aKOHOB pacnpe-
JeJIeHHsl BBIXOJHOTO Npouecca. -

YK 629.12.011

Conomernie O. H. O npyx Meromax pacueTa OGopToBOH KauykH KaraMapaHos.— Hayuno-
TexH. c6. Pernctpa CCCP, 1986, smm. 15, c. 10—20.
~ Paccmorpeno ABa NOAXOZAa K pacueTy KauykKH KaTaMapaHOB, KOrja BO3MYILAlol(He CUJkL
H MOMEHTBl BAIYHCJAAIOTCS 1O METOAY OTHOCHTEJLHOIO JBHXKEHHA H C HCIOJb30BAHHEM COOTHO-
menus XackuHia—HbioMaga. PeayabTaThl DAacyeTOB CONOCTaBJEHbI C SKCNEPUMEHTAMH, HaMe-
4eHbl palHOHadbHbie OGNACTH NPHMEHEHHS KaXKJOr'o MeTola.

YK 629.12 : 532

Xoaopuaun A. H. Hekoroprle 3aBUCHMOCTH TEOPHM BOJH H _pacdeT GOpPTOBOH Kauku
cyRHa.— Hayuno-texH. c6. Pernctpa CCCP, 1986, smm. 15, c. 20—-27.

anBe}leHbl q)y}l}laMeHTaﬂbﬂble 3aBHCHMOCTH TEOPHH BOJH, Kak JAHBeliHOH, TaK M € yueTOM
HeNUHEHHOCTH, a TaK¥Ke B YCJOBHAX MEJKOBOIbA. ITokasaqo, YTO 3TH 3aBHCHMOCTH RalOT OAH-
HaKOBBIH XapakTep H3MeHEHHss BOJIHOBOI'O YHCIEAa B beHKLlPIH YacTOThl BOJIHBI H HX CJeAYyer
HCIIONIb30BATb NPH pacyeTe GODTOBOﬂ KadYKH Ha HeperyjasipHOM BOJHEHHH. lNoka3aHa 3aBHCHMOCTh

9THX BEJHYHH OT KPYTH3HBl BOJHBI.

YIOK 629.12 : 532.59.041

Xomoauann A. H. VYueT BJHSAHMS CKYJAOBBIX KHJeH Ha pacUeTHYI0O aMOJUTYAY Kauku
cynna.— Hayuno-rexs. ¢6. Perncrpa CCCP, 1986, Bbim. 15, c. 27—-32.

Tloxa3aHo, YTO ONpeAe/eHHe pAaCYeTHOH aMIIUTYAbl GOPTOBOM KauKH C YUETOM BAHARHS
CKYJIOBBIX KuJeli He MOMKET HPOBOAMTLCS TOJNBKO INYTeM YueTa IJIOWaZH CKYJOBHIX Kuued. TIpo-
aHaJM3HDOBaHBl NOCJELHHE HCCAENOBaHHS NO ompenesneHuio 3()GeKTHBHOCTH CKYJOBHIX KHJEH.
IToka3ano, 4T0 3(GdeKTHBHOCTL KuJeH 3aBHCUT OT MHOTHX (akTopos. IIpennoxeHsl NYTH yco-
BePUIEHCTBOBAHHSI METOAMKH pacueTa CKYJOBBIX KHJieil. -

VIOK 629.12 : 532.59.041

Tpyuun B. K. O CTPyKType BbIpaKeHHS JJISl NONEPEYHO-TOPH3OHTAJBHON BO3MYlLalOLLel
cHibl,— HayuHo-texH. ¢6. Peructpa CCCP, 1986, BeIn. 15, c. 32—36. -

IIpuBefieHa METOXUKA OMNpeXeJeHHs] IONePEeyHO-TOPHSOHTANBHON BOSMYyllaiomielt CHAH NpH
npeiibe cynua. [ToKa3ano, YTO NOJYYEHHble BBIPAXKEHMSI MOTYT GbITb MCIOJL30OBAHEI HPH DEUICHHH
3aja¥, CBA3aHHLIX ¢ ApeHdoM cydHa M ero HNO3HUHOHHDOBAHMEM NpPH BO3AEHCTBHH PAa3JNHYHBIX
BHEIIHMX BO3MYULeHMil. BLIBOABI MOrYT OBIThb HCIOJb30BaHBl NpPH BbIGOpPE ONTHMAJNBHBIX KYPCOB
H TIPH OLEHKe 6e30NaCHOCTH MOpeNJaBaHHA.

YIOK 629.12 : 532.321

Yepka M. 10. Dxcrpemanbpble IuaTPaMMBI CTATHUECKOH ocToiiumpocTH.— Hayuno-Texn. c6:
Pernctpa CCCP, 1986, Bmm. 15, c. 36—39.

PacCMOTPEHBl BO3MOXXHOCTH BEPOSITHOCTHONM OLEHKH BJHSHMS H3MEHUMBOCTH COCTOSHHR Ha-
rPpysKH CYZHa BO BpeMs peiica Ha AHarpaMMy CTaTHueckoit ocrofiumsocTH. IIpHBERCHA METOAMKa:
onpeneNeHHs ONACHBLIX C NO3HUHHA OCTONYHBOCTH COCTOSIHHI HarpyskHu CyAHa.

YIK 629.12.014.6

Vpycos III. A. O6 u3ri6aiomiuX MOMEHTaX M pPeaKUHAX B 3JIEMEHTaX pPYJNEBOro YCTpoi-
cTBa.— Hayuso-texu. ¢6. Perucrpa CCCP, 1986, mmwm. 15, c¢. 39—43.

IpuBefieHa pacueTHast CXeMa H EAMHBLIH KOMIJIEKC GOPMYJ AJA ONpefeqeHHs M3THGaMuX
MOMEHTOB M Dpeakiluii, AefCTBYIOIHX B 3JIEMEHTaX DYJEBOro YCTDOHCTBA, NPHMEHMMbIH AJSA BCEX
DYJeBEIX YCTPONCTB, NPEACTaBJISAIOLIHX CTATHYECKH HEONMpPEJCHHMYIO CXEMY B c/yyae TIPHMEHEHHs
CEKTOPHBIX DYJNEBBIX MallHH, PYJEBBIX MallliH € DYMIIeJieM, HMEIOIIHM OXHH XBOCTOBHK, H TO-
NOGHEIX MallluH, CO3RAlOLIMX NPH Nepefade KPYTANIETO MOMEHTA NOMOJHHTENbHEI mMaruCaoumnit

MoMeHT B Gannepe.
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YIAK 629.12.011 : 539.4

Vpycos HI. A, YpapHenne OBUIKEHHs HE3aKPelUIEHHOTO MAaTepHa/bHOTO TeJa Ha manybe
Kaualomerocss CyJHa (MDHMEHHTeNbHO K 3ajflaye yAapa TeJa O mperpaiy).— Hayuno-texu. cG.
Peructpa ' CCCP, 1986, =mur. 15, c. 43—54.

TpusefeHo pelieHue 3afayd MO ONpPeNENeHHIO CKOPOCTH JABHIKEHHS HE3aKpemnJIeHHOro Mare-
PUANBHOTO TeJa B MOMEHT BCTDPeYH ero ¢ nperpaioif. Cocranieno Rn¢pdepeHiHanbHOe YDaBHeHHe
NBHIKEHHS, H3JIOKEH XOJ pellleHHs 3TOro ypaBHeHus B DBM. TIpHBeleHH! NpOCThie (GOPMYJb
NN NPHOAM3UTENBHOTO BBIYMCICHHS 3HAYEHHA HCKOMOH CKOPOCTH.

YIOK 629.12.001.57

Axeranos 0. A.,, Ywakoe B. H. DKcnepuMeHTaJbHBle MHCCACHLOBAHUA COMPOTHBJIEHUS CHA-
~aTeJbHbIX LLIIONMOK Ha THXOH BOZe M BoJHeHHH.— Hayumo-texu. c6. Peructpa CCCP; 1986,
il 15, c. 54—62.

IlpeacraBiieH aHaJ/M3 pe3yJabTaTOB HCNBLITAHHH CepHH Mdneneﬁ COBPEMEHHBIX OTEYECTBEHHBIX
.cnacaTejbHBIX IIJIONOK B ONBITOBOM Oacceline.

YIOK 629.12.066 : 621.31

Baaruaua B. A., Koszmoe A. A. HopMHpOBaHHE CONPOTHBJIEHHA H3OJSUHH CYAOBBIX 3J€K-
TPOSHEPFeTHYECKHX CHCTEM IO KPHTEPHIO NOXKapHOH GesonacsocT.— HayuyHo-tTexH. c6. Peructpa
CCCP, 1986, pwin. 15, c. 63—67.

ITokazaH MeTOH HHAHUBHAYAJLHOTO HOPMHPOBAHHS COINDPOTHBJIEHHA H3OJALMH MO KPHTEPHIO
ToXxapHo# 6e30MacHOCTH. MeToA OCHOB2H Ha INOCTPOCHHH pPerpecCHOHHBIX Mofenelf, HCXOXHBIMH
BaHHBIMH JJs1 KOTODPBIX SABHJIHCL DE3YJAbTATHI HBMEPEHHﬁ TOKOB 3aMBbIKaHHA Ha KOpOyc H CO-
NMPOTHBJAEHHSA H3OJSUHH B 3JI€KTPOJIHEPreTHUECKHX CHCTeMax HeHCTBYIOMHX CYAOB.

VIK 629.12-83

Penkud B.  H. HccrnemoBanue AuHaMuKH ¢asoBoro cocrosinua [DY nepeMeHHOd CTPYK-
Typbl.— Hayuno-rexs. c¢6. Peructpa CCCP, 1986, Bmm. 15, c. 67—72.

BBIIOJHEHO MCCAeHOBAHHE HNHHAMHKH TI'DY mepeMeHHOH CTPYKTYPHI AJs KOHKPETHOH ycTa-
HOBKY. IToKasaHo BiWsiHHE Ha ¢asosoe cocTosiHue I'DY H3MeHeHUsI CTPYKTYpPBl peryasropa
BO36YKHEHUSI IVIABHOTO TFeHepaTopa.

YK 629.12.037.4-83

Epunble 3/1eKTPOIHEPreTHYeCKHe cucTemMbl M OTGOP MOLIHOCTH HA Cyfax ¢ 3JCKTPOZBHIKE-
uuem/A, C. Boaorckuii, JI. M. Jlubun, 3. B. Makawos, B. B. PomaHoBcku#t.— HayuHo-TexH.
6. Peructpa CCCP, 1986, Bein. 15, ¢, 72—79.

[IpuBenenb! NpeXBADHUTENbHbIE PEKOMEHIALMM, KOTOPble MOTYT GBITb HCIOJB30OBAaHB NPH
Ppa3paboTke H KOPPEKTHPOBKE HOPMAaTHBHO-TEXHHYECKOH mokymenTauuu Peructpa gas E33C
CHCTeM OTGOpa MOIUHOCTH Ha CYAOBBle MoTpe6urenu. :

YIOK 621.396.1

Cemenor K. A., MapkoB B. A, Pymsuues I. E. ABTOMaTH3MpOBaHHAsi CHCTEMa pAagHO-
CBSI3H Ha MODCKOM (1oTe B JAEKaMeTpPOBOM Juama3oHe.— HayuHo-TexH. c¢6. Perucrpa CCCP,
1986, Bbim. 15, c. 80—81.

PaCCMOTpeHbl BONPOCHI aBTOMATH3alUHH PAAHOCBA3H ¢ HCIOJAB30OBAHHEM YaCTOTHO-aJalTHB-
HbIX cucreM. IIpuselieHsl pPe3yabTaThl TEOPETHYECKAX M SKCHEepHMEHTAJNbHBIX HCCNEeAOBaHHM.

YK 614.842.614

Boponos b. B., Bocrpaxes B. M. HccaenosaHse pPaBHONEHHOCTH XJaNOHOB M HHOKCHAA
yriepoja IMpH [OXAapOTYMIEHHH B TPY30BbIX IOMELIEHHSX ponakepoB.— HayuHo-rexH. c6. Pe-
ructpa CCCP, 1986, Bwmim. 15, c. 82—94.

W3noxeHbl BONPOCH PABHONEHHOCTH NPHUMEHEHHS CHCTEM TYUWIEHHA XJIAROHAMH H JHOKCH-
JAOM YrJepoia NpH TYIUEHHM MOXKapoB B IPY30BLIX NOMEULEHHAX DOJIKEPOB C PABNHYHBIMH TpYy-
saMu. OnucaH npouecc pa3BHTHA IoxKapa B TOMeWleHHH. [IpHBEAEHbI NAHHBIE IKCIEPHMEHTOB
ApH  TYWEHHH MOXAPOB PAasJHYKBIX TBEPALIX BELIECTB (COCHOBHIX OpYCKOB, PbIGHOM MYKH,
XJIOTIKa) H roplodelf >KHAKOCTH (LH3eJbHOTO TOMAHBa). OCBEUYEHBI BONPOCH! TOKCHYHOCTH.

YIOK 629.12.004.67 : 629.128.5

. Kauman ®. M., CaBosipoBa H. C., Ambunoxuer JI. B. OnruMajbHble CPOKH JOKOBAHHSA
CHeuHa/JH3HPOBAHHbIX CynoB.— HayuHno-TexH. ¢6. Perucrpa CCCP, 1986, Bminm, 15, c. 95—100. :

PaccMoTrpesst COBPEMEHHDbIE TEHIEHIHH OHNpPEREJEeHHA OINTUMaNbHBIX CPOKOB MIOKOBAHHSA CIe-
LUanH3HPOBAaHHBIX TPAHCHODTHLIX CYHOB. Hpe;mo;xeﬂbl NONPaBKH K CYLIECTBYIOIUUM HOpPMATHBAM
CPOKOB NPOBEACHHUA AOKOBAHMS.
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Penakrop uspartenscrsa B. M. Maxocui
Texn. pepakrop JI. H. Tumoeesa
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Koppektop H. C. Cogponrosa

H/K
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190121, Jlemunrpax, ya. HdexaGpucros, 33.

Jlenunrpanckas TtHnorpadgus Ne 8 opheHa TpyAoBoro Kpacuoro 3HaMeHH JIeHHHrpajiCKOro

o6befuHeRHs «TexHHueckas Kuura> uM. Ebrenur COKOJOBOH Corosnoaurpadnpoma npx Iocy-

napcrBedHoM kxomuTere CCCP no jlenaM  MSjaTelbCTB, noaurpaduH M KHHUXKHON TOPTOBJH,.
190000, Jlemunrpag, IIpadeunnifi mepeyJsiok, 6






