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TAJIJIHHCKOro nOJIHTEXHHMECKOrO HHCIHTVTA

CEPHH A Nq 197 1962

A. H. BoAbdeK

COCTOfIHHE H 3AÄAHH 00 PA3PABOTKE
MHAyKUHOHHbIX HACOCOB

1. BeoaHbie aaMeqaHMsi

JXiifl xpaHcnopxa Mexaaaoß Moryx öbixb b npiiHunne
npHMGHeHBI K3K KOHÄyKUHOHHbie, T3K II HHÄyKUHOHHbie HaCOCbl.
OanaKO, KOHÄyKUHOHHbie Hacocbi xpeöyiox cneunajibHbix hcxom-
HHKOB HHXaHHH H3 ÖOJIbUJHe XOKH, DOaBeaeHHH K M6-
xajuiy xoKa qepes cneunaabHbie, BecbMa xpyano BbinojiHHMble
saeKxpoati, h HMeiox npn nHxaHHH nepeMemibiM xokom BecbMa
HH3KH6 KO3CjDCj)HraHeHXbI nOaeSHOXO aeHCXBHH. OoSXOMy RJin M-
xajiJiypnmecKOH npoMbimaeHHoexH h jiHxeiinoro aeaa naHÖojib-
luhh npaKxnqecKHÖ HHxepec npeacxaßJiniox HHayKUHOHHbie na-
cocbi, JiHineHHbie yxasaHHbix neaocxaxKOß. JXjih. ähäkhx Mexaa-
jiob c BbicoKofi ajieKxponpoßOÄHOcxbK) (nanpHMep Haxpnö, Mar-
il HH H X. a,) H npH ÖOJIbUJOÜ npOHSBOAHXeabHOCXH (COXHH H Xbl-
chmh KyÖHqecKHX Mexpoß Mexaajia b xac) k. n. a. HuayKUHOH-
Hbix nacocoß Moacex aocxHraxb 30.. .40%. Bnpoqeivi Beai-ianna
k. n. a- bo mhoxhx cayqaax He HMeex cymecxßeimoro SHaaeHHH.

B npHHUHne aah xpaHcnopxa jkhakhx Mexaaaoß mojkho npn-
Menaxb xaioKe oxKpbixbie >Keao6a, cnaõ>KeHHbie cnnsy no seen
CBoeii ÄJinne HHAyKXopaMH, cosAaiomHMH 6erym.ee MarnnxHoe
noae. npiiMenenne xaKnx ycxpoficxß õbiao npeAAOJKeno hhjk.

Jl. A. Bepxe b 1957 r. Ha sasoAe hm. JlHxanesa b r. Mockbc
öbian Bbinoanenbi onbixu no xpancnopxnpOßKe jkhakoto nyryna
c noMOUi,bio noAoönqro Aveaoõa, Aaßume noao>KHxeabHbie pe-
syabxaxbi. OaHaiÄ te i naqp:oHmee BpeMn nex Aocxaxonnbix Aan-
übix aah Bcecxoponnen onenKii cbohcxb xannx Aceaoöos n onpe-
AeaennH nepcneKXHß nx npuMenennn. OosxoMy saeKxpoMarnnx-
nbie /Keaoöbi xpeöyiox caMOCxonxejibnoro nccaeAOßannn n ne
paccMaxpiißaioxcn b nacxonmen cxaxbe.
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HeOÖXOÄHMO OTMeiHTb, MTO pna; Bonpocoß TeopHH HHÄVK-
Uhohhhx Hacocoß nenocpe,n,cxßeHHO cMbiKaexcfl c BonpocaMii
xeopHH MarHHXorHÄpOÄHHaMHqecKHX reHepaxopoß nepeMennoro
xoxa h iieKoxopbix Apyrnx cneunajibHbix xhbob ajieKxpHnecKHx
MaiUHH. FIOSXOMy HCCJieÄOBaHHH B OÖJiaCXH HHÄyKUHOHHbIX Ha-
cocob npeACxaßjiniox xaione HHxepec ajih Apyrnx oöjiacxen.

2. 3a,o,aHH xeopHH HH/i,ykuhohhbix nacocoß

Hb paBJIHHHbIX paSHOBHÄHOCXefi HHAyKUHOHHbIX HaCOCOB
[l, 2, 3] naHÖojibuiHH npaKXHqecKHH HHxepec c xohkh spennn
xpancnopxa ähäkhx MexajuiOß b nacxoHinee BpeMH npeACxaB-
JISHOX npe>KÄ6 BC6FO nJIOCKHH JIHHeHHblfi HHÄyKUHOHHbIH H3COC, 3
X3K>Ke UHJIHHÄpKqeCKHH JIHHeHHblfi H3COC. Ho-
cjiea,HHH xhü nacoca öojiee coßepmeHen no cbohm ajieKxpoMar-
HHXHbiM noKasaxejiHM, no cjio>KHee no KOHCxpyKUHH. OooxoMy
FJiaßHbin nnxepec npeAcxaßJiniox njiocKiie nacocbi. Ha*e pac-
CMaXpHBaiOXCH HM6HHO 3XH AB3 XHH3 HaCOCÖIB.

Xoxn HHÄyKunoHHbie nacocbi no npHHunny a,6HCXBHH anajio-

rnnKbi acnnxpoHHbiM ABHraxejiHM, npH hx paspaöoxKe BosnnKaex
uejibifi pnxt, coßepmenno hobhx xeopeximecKHx h KoncxpyKXHß-
i-ibix Bonpocoß. Sxo oöycjioßjieno xew, nxo HHAyKUHOHHbie naco-
cbi HMeiox no cpaßneniiK) c acnnxpoHHbiMH ABHraxejiHMH cjie-

Äyioinne cymecxßennbie ocoöchhocxh.

1. PasoMKHyxocxb MarHHXHOH uenn (b jmHeÖHbix nacocax).
2. BTopnqHaH uenb oöpasoßana >khäkhm MexajuioM h ne

npeÄCTaßJiHex coöoh XBepÄoro xejia.

3. BoJIbLLIOH HeMarHHTHbIH sasop Me>KÄy (J)eppOMarHHTHbIMH
naKexaMH HHAyKxopoß, oöpaaosaHMbift >khakhm MerajuiOM h xep-
MOH3OJIHUH6II, KOTOpyiO HeOÖXOÄHMO npiIMeHHTb B ÖOJIbIUHHCTBe

CBflsaHHbix c npHMeneHHeM nacocoß b MexajiJiyprxiH
K B JiniefiHOM npOH3BOa,CTB6.

ynasannue oco6ennocxn Bjienyx aa coöon mhoäccxbo cboc-
oöpasnbix noc.neÄCXßnn (pasjnmHbie npaeßbie öojib-
mne 3JieKxpOMarHnxiibie narpysKH b oÖMOxnax, neoöxoÄHMoexb
nx oxjia>K,fl,eHHH, noEbimein-ibie xpeöoßannn k
3jieKxpoH3ojiHnnoHiibiM Maxepi-iajiaM h x. a.). B pesyjibxaxe, ne-
cMOxpn na anajiornK) c acHnxpoHHbiMH ABHraxejiHMH, xeopnio
hhävKnnoHHbix nacocoß b snaqHxejibHofi cxeneHH H6OÖXOAHMO
paspaöaxbmaxb sanoßO n b Kanecxße caMocxonxejibnon saAami.

B HHocxpannoH nenaxn nivieexcH mhoxo nyöjmKanHÜ no hh-
ÄyKunoHHbiM nacocaM. Oah3Ko noAasAHiomee öoAbuiHHcxßO H3
HHX HOCHX HHCXO OniiCaxeJlbHblfl II HH(|)OpManHOHHbIH xapaxxep
n coAep>KHx Majio nojieanbix CBeAennn. B oxAejibHbix cxaxbnx.
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onyöJiHKOßaHHbix b HHoexpaHHbix >Kypnajiax, paccMaxpHßaioxcfl
xaioKe Bonpocbi xeopHH h pacxexa HHAyKtAHOHHbix Hacocos. Oa-
naKO 3XH*pasoxbi He hbjihioxch Aocxaxoqno rjiyõoKHMH, a hhof-
Aa coAep>Kax oumöoqHbie noAo>KeHHH.

B coßexcKOH nenaxH hhcjio nyöjiHKauHH sHaquxejibHO mckb-
me, OÄHaKo b öojibLUHHCXBe CAyqaeß xeopexHqecKHe sonpocbi
paccMoxpeHbi b hhx SHanHxejibHo rjiyönce. FlosxoMy cocxoHHHe
XeopHH HHÄyKUHOHHbIX H3COCOB B OCHOBHOM HeOÖXOAHMO oH6HH-
aaxb no coBexcKHM paöoxaM. FlpixxaraeMbiH jiHxepaxypHbifi yxa-
aaxejib oxßaxbißaex xojibKo xe paöoxbi, Koxopbie npeAcxaßAHiox
HenocpeÄCXßeHHbiH HHxepec c xohkh apeHHH paccMaxpiißaeMbix
b HacxoameH cxaxbe Bonpocoß. B ochobhom sxo paöoxbi coxpyA-
hhkob TajiJiHHCKoro nojiHxexHHMecKoro HHCxiixyxa h HncxHxyxa
I]IH3HKH JIaXBHHCKOH CCP, 171,6 HpOH3BeA6HbI HaHÖOJiee UiHpOKH6
HCCJICÄOBaHHH HHAyKHHDHHbIX HaCOCOB, BbIHOAH6HHHe B CCCP.

Hn>Ke Aaexcn xapaxxepHcxHKa HsyqeHHocxn oxAeAbHbix yajio-
BblX BOHpOCOB XeopHH HHAyKUHOHHbIX HaCOCOB H (])OpMyjIHpyiOXCH
Aa.TbHeHujHe sajxanu.

3. npOAOJibHbifl KpaeeoH nepennHon uenn

Oahhm H3 nanöoAee cymecxßeHHbix Bonpocoß xeopnn ahhch-
nbix nacocoß HBAnexcn cxpynxypa MarnnxHoro hoah b sasope
MencAy cepAennnnaMn HHAyKxopa n npen<Ae Bcero hoah, cosAa-
saeMoro nepßiniHon nenbio, x. e. caMHM HHAynxopoM.

TeopexHqecKH axox sonpoc Bnepßbie 6biJi nccjieÄOßan

F. H. IllxypMaHOM [4], Paöoxa F. H. lllTypMaHa b xeqeHHe

jrex He npuß.xeKajia AoexaxoMHoro bh ll mah ll h. B nocjieAHHe foaw
b 3xofi oöjiacxn noHBHJiCH uejibift pH/i, HOBbix pa6ox. OäHH H3 hhx
[5,6,7, 18] onnpaioxcH Ha ynoMHHyxyio paöoxy F. W. UJxypMana
h npe/icxaßjiHKDx ee AajibHefimee paaßHxne, b Apyrnx [9,10, 11,12]
paöoxa F. H. UJxypMaHa noAßepraexcH KpnxHKe h peBHSHH.
OnyöjiHKOßaHbi xaK>Ke cxaxbH, He CBH3aHHbie c ynoMHHyxoft pa-
6oxoh F. H. UJxypMaHa hjih nocßHmeHHbie ApyrHM sonpocaM.

He ece onyÖJiHKOBaHHbie paöoxbi paßHOuenubi, a neKoxopbie
COÄep>KaT OLUHÖOHHbie nOJIO>KeHHH. HhACC npOH3BOÄHTCH KpHTH-
qecKHH oösop 3THX paõox h HaMeqaroTCH HanpaßJieHHH AaAb-
HeHLUHX HCCJie/lOBaHHH.

B paöoxe F. H. llJxypMaHa [4] npoHSßOAnxcn nccAeAOßanne
Marnnxnoro hoah, cosAasaeMoro oömoxkoh cxaxopa nHAyKnnon-
hoh MauiHHbi c pasoMKnyxbiM MarnnxonpoßOAOM. Hpn sxom
npeAnoAaraexcn, wxo o6moxk3 pacnoAOJKena na npoxnjKennn 2p
noAiocHbix AeAennn x cepAennnna cxaxopa, a no KonnaM nocAeA-
nexo HMeraxcn CBOöoAHbie ox oõmoxkh yqacxKn cepAennnKa,
Ka>KAbin äabhok) Y, Koxopbie yqnxbmaiox scJnJieKx MarnnxHoro
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IIiyHTHpOBaHHH BOJIH 3330pa BO KOHU3M CepAGBHHKa CTaTOpa.
TOJIbKO OCHOBH3B TapMOHHKa JIHH6HHOH TOKOBOH

narpysKH oömotkh ciaiopa

A eos U>t >

r,o,e x npocipaHCTßenHaH KoopÄHHaia baojib

saaopa.

F. H. lIlTypMaH Äejiaei oöbiMHbie b Teopmi sjieKTpnqecKHX
MauiHH ÄonymeHHJi h nojiyqaex äjih aKTHBHofi sohu bw-
pa>KeHHe äjih HHÄyKium b BO3ÄVLUHOM sasope cjieÄyiomero BHÄa:

B— Bm sin |eo -

x ] ( — chsx • sinojif

(—l)p Bms sh $X • COScot.

BbipajKeHHH äjih B m , B mc , B ms, B h juvh b Kpaeßbix
30HBX npHBOÄHTCH B [4, 6, 7].

riepßblH RJI6H B 3XOM Bbipa>KeHHH RpeÄCXaBJIHeX HOpM3JIbHOe
öerymee nojie, a jxbz rocji6/i,hhx Heno/ißHjKHbie b npocxpan-
cxße nyjibCHpyiomHe rojih, Koxopbie Bbiabißaiox bo bxophhhor
Henn AonojiHHxejibHbie noxepu, yßejiHHHßaiox HHAyKXHBHbie co-
rrpoxHßJieHHH nepBHHHoö oömoxkh h HCKa>Kaiox CHMMexpHK) xo-
KOB H Hanpß>KeHHH 4)33 OÖMOXKH [l7, 18]. FIOCJI6/I,HHH MJI6H pa-
BeHcxßa npe/rcxaßJinex nyjibCHpyiomee nojie, H3M6HHiomeecH
BÄOJIb BO3ÄyUIHOXO 3330pa no 33K0Hy rHR6pÖOJIHH6CKOrO CHRyea
h oõycjioßJieHHoro nacbimeHHeM MarHHXHOH rcrh, xax KaK npn
\x = co öy/jex (3 = 0. Flpe/mocjie/mHH Hjien paseHcxßa npe/icxaß-
jinex Ryjibcnpyiomee ROJie, HSMeHHiomeecH b/iojib BOS/iyißHoro
sasopa RO 33K0Hy XHRepÖOJIHHeCKOrO KOCHHyCa H OÖyCJIOBJieHHOe
HBJI6HH6M MaXHHXHOrO myHXHpOBaHHH. B RpaKXHRPCKHX ycxpoH-
cxßax RpeoöjiaAaex sxa Rocjie/IHHH cocxaßJiHiomaH Ryjibcnpyio-
mero rojih, b xo BpeMH iok cocxaßJiHiomaH, oöycjiOßJieHHan na-
cbimeHHeM MarHHXHOH uenn, oxHocnxejibHO Majja. Cjie/iyex ox-
MOXHXb, HXO HBJieHHe UiyHXHpOBaHHH OÖyCJIOBJieHO He XOJIbKO
HajiHHHeM HeoÖMOxariHbix ynacxKOß Ha KOHu,ax cepÄeHHHKa cxa-
xopa, Koxopbie Moryx h oxcyxcxßOßaxb. B npaKXHHecKHx yexpofi-
CXB3X 3XO HBJI6HH6 OÖyCJIOBJI6HO FJiaBHblM OÖpaSOM MaFHHXHbIMH
noxoKaMH, saMbiKaiomHMHCH ox rpaneH cepÄenHHKa cxaxopa k
rpauHM cepÄeRHHKa poxopa h Haoöopox [5, 6, 7], Hbji6hh6 myn-
xnpoßaHHH saBHCHX xaKÄe ox xhr3 oömoxkh cxaxopa. B cjiynae
OÖMOXOK C KOJIHH6CXBOM Kaxyiß6HHblX FpyRR B 4)336, paBHbIM
HHCJiy ROJIIOCOB (AByXCJIOHHbie H OÄHOCJIOHHbie U6RHbie OÖMOX-



kii), 3xo HBJieHHe npoßßJinexcß snaqHxejibHo cjiaöee, mcm b cjiy-
4ae oõmoxok, b Koxopbix qncjio KaxymeqHbix rpynn pasno ko-
JiHMecxßy nap nojiiocoß (onHocjioHHbie KOHueHxpnqecKiie oö-
moxkh).

3i<cnepHMeHTajibHoe nccjieAOßaHHe hojih b saaope nponsBO-
ÄHJIOCb MHOXHMH 3BTOpaMH. BoJIbLUHHCTBO H3 HHX, B TOM MHCJie
H F. H. IllTypMaH, CHHM3JIH ÖaJIJIHCTHBeCKHM MeTOÄOM KpHßbie
B =f{x) äjih paajinqHbix cooTHomeHHii MrnoßeHHbix snaqeHHH

tokob b (fiaaax oömotkh. SnaqHxejibHo Menee xpy,a,oeMKHM h 6o-
jiee yÄOÕHbiM c tomkh speHHH oöospeßaeiviocxH pesyjibxaxos ab-
jiflexcß. mcxoä chbxhh ornöaromHX KpHßbix MarHHXHOH
HHÄyKUHH BÄOJIb BOS/iyiUHOrO 3330pa npil ÜHXaHHH OÖMOXKH
xpext})a3HbiM xokom [5, 6,7, 21]. ŠKcnepHMeHxajibHbie ÄaHHbie
Enojine cooxßexcxßyiox xeopeximecKHM [4, 5,, 6, 21].

Hajmmie nyjibdipyioinnx nojiefi HBJinexcH ocoõennocxbio pa-
aoMKHyxoro MarHHXonpoßOÄa. 3xh nojin Bbisbißaiox MHorne ne-
HtejiaxejibHbie hb/ichiih: HCKajKennc chmmcxphh xokob h nonßjie-

Hne oõpaxHOÖerymero bojih, Bbisbißaiomero xopMOsnmee ,xencx-
Biie na jkhäkhh Mexajui, yßenimeHHe HHjxyKXHBHoro conpoxiißJie-
HHH OÖMOXOK, yxyÄLUeHHe K. n. IX. BCJiejXCXBHe HHÄyKXHpOBaHHH
Biixpesbix xokob b >khäkom Mexajuie. B cjiyqae oähocjiohhoh
KOHuenxpHqecKOH oömoxkh sxa cocxaßJiHtoLuaq MO*ex ömxb
CKOMneHCHpoßana cneuHajibnofl KOMnencnpytomeH KaxyuiKOH,
Koxopaa oxßaxbmaex cep,n,eqHHK cxaxopa h BKJiioqena b cfiasy,
pacnojio>KeHHyio cHMMexpHqfeo oxnocnxejibHo cepeÄHHbi cepa.eq-
HHKa [5, 6, 7], B cjmiae aßyxcjroö-HOH oömotkh KOMnencnpyio-
uiero 3tf)(])eKxa mo>kho äocxhhb cooxßexcxßyiomHM pasMemenneM
cxopoH KpaÖHiix KaxymeK [5, 6, 7]. M. F. Peann npeÄJio>KHji [l4]
pacnojio>KHXb no KonuaM cepÄennnKa cxaxopa c xo-
kamh OÄHHaKOBoro nanpaßJieHHH. 3xhm nyxeM mõjkho b npannn-
ne Äoõnxbcn KOMnencamin nyjibCHpyromero bojih, HSMCHHiome-
rocn no saKony rnnepöojinnecKoro cnnyca. Oa,nai\o sxo nojie, K3K
y>KC oxMenajrocb, oõbinno hbjihcxch cjiaöbiM h b ero KOMnenca-
unn nex ocoöoii H3äo6hocxh. KpOMe xoro, b KoncxpyKXHBHOM bbi-
nojinennn sxnx nposozuiHKOß n b nnxanHH nx xok3mh cooxbcxcx-
Byiouxen (|)a3bi BoannKaiox cepbesnbie aaxpyÄnenim, nocKOJibKy
XOKH B 3XHX npOBOZIHHKaX ÄOJIJKHbI 6blXb CÄBHHyXbI H3 90° OX
roKa b ynoMnnyxoH Bbime KOMnencnpyioinen KaxyniKe, oxßaxbi-
Baiomeö cepÄenHHK cxaxopa.

Pna, cxaxen, nocßHmennbix paccMaxpHßaeMOMy Bonpocy,
onyõJiHKOßano A. A. Jle6e,neßbiM [9, 10, 11, 12, 13]. B sxnx
cxaxbax asxop hcxoähx 113 paöoxbi F. FL [4] h nojiy-
qennbix hm ÄH(|3c}3epeimnanbHbix ypaßHennn n nx pemennH. Oä-
naKO, A. A. Jle6ea,eß yxnep>Kjaex, nxo F. FI. UJxypMan nenpa-
BnjibHO onpeÄennex nocxonnnbie HHxerpnpoßauHH n nosxoMy no-
nynenHbie hm pe3y,xbxaxbi nenpaßHnbiibi. OocKOJibKy xaxan xon-

7
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Ka speHHH nacxoHHHBO npoBOÄHXCH b uejioM pane nyöJiHKauHH,
lieOÖXOÄHMO OCXaHOBHXbCH Ha 3XO M Bonpoce.

Hex BO3MOHCHOCTH ocxaHOßHXbcn noÄpoõnee Ha aitami-
ne apryMeHxauHH A. A. Jle6e,n,eßa. 3xo cAejiano aßxopoM nacxoH-
men cxaxbH b cxaxbe, peuaKunn >nyp
najia «HBy3-3jieKxpoiviexaHHKa». Oxmcxhm jinnib, nxo A. A. JTe-

He pasoöpajicn bo BnojiHe KoppeKXHon, no HecKOJibKO CBoe-
oõpasHoö paõoxe F. H. lUxypMana h 33hhjich HSbiCKanHeM «npa-
BHJibHoro» pemeHHH. Opn sxom oh, o/uraKo, ÄonycKaex rpyöen-
iiiHe olhhökh. Xoxh AHcJxjDepeHUHajibHbie ypaßiieHHH F. H. LLlxyp-
M3H3 HHXerpHpyiOXCH HO X H HOCXOHHHbie HHXerpHpOBaHHH HO3XO
My hbjihkdxch cfiyHKHHHMH t, A. A. JleõeÄeß nojiaraex HpoHßßoa,-
Hbie HO t HOCXOHHHbIX HHXerpHpOBaHHH paBHbIMH nyjno (!), He
CMymaHCb xeM, nxo b pesyjibxaxe xbkhx «npeoöpasoßaiiHH» no-
.xynaeMbie hm nocxoHHHbie [9, cxp. 139 J OKasbißaioxcn sce-me
cjiyHKUHHMH t.

Moxkho xaK*e oxMexHXb, mxo A. A. Jleöeaeß conpoßo>Kaaex
CBoe H3Jio>KeHHe npesEbinaÖHO nyxaHHbiMH h HenpaßHjibHbiMH
XOJIKOB3HHHMH O XOM, MXO y F. H. UJxypMaHa B OÄHOH H XOH >KO
XOMK6 HHÄVKUHH MO>K6X HMCXb £B3 3HaM6HHH B 33BHCHMOCXH OX
Bbiõopa 3H3K08 b cHcxeMe KOopaHnax [9, cxp. 111; 11, cxp. 23 1
H X. H.

B nxore nensöejKHo cjieayex Bbmecxn saKJuoneHHe, mxo paa-
BHBaeMoe A. A. JleöeaeßbiM b cboch MOHorpatjmn [9] h b pnae
onyöjiHKOßanHbix cxaxeä [lO, 11, 12] xeopexiHiecKoe HCCJieaoßa-
HH6 Ma fhhxhofo hojih b aasope ayrocxaxopubix Mammi rjiyöÕKö
oluhöomho h ne HMeex hchhocxh. He pasoöpaßimicb bo snojine

KoppeKXHoft paöoxe F. H. UlxypMana, A. A. Jleöeaes oöx.hbiiji
(|)OpMyjibi F. H. LQxypMana HenpaßHJibHbiMH h pemnji aaxb cboh
«npaßHjibHbie» {jiopMyjibi, narpOMOSÄHB, oaHano, pna ouihöok
coßepmeiiHo aaeMeHxapnoro xapanxepa.

HeKoxopbiMH aßxopaMH caejiaHbi xaione HeaocxaxoMHo apry-
MenxHpoßaHHbie npeaaoaceHHH o cneunajibHbix xnnax oömoxok
aan nojiyqeHHH MarHHxnoro hojih HaaaeiKauiero xapanxepa.

JL P. BjieÖK [l9] npeaaaraex npHMennxb xaicue oömoxkh, b
Koxopbix JiHHeHHan xoKOßan narpysKa HSMeiiHexcH na Komiax
nocxeneHHO, i-iammaH c Hyjießoro SHaneiiHH na Kpanx ao csoero
KoneHHoro snaqeHHH na neKOxopoM paccxoHHHH ox Kpacs ccp-
ÄenHHKa. C noMombio oömoxok noaoÖHoro xnna Booöme rosopn
mo>kho Äocxiirnyxb ocjiaöJieHHH nyjibcnpyiomHx nojien b cpeaneü
nacxH BOSnymHoro aaaopa, xan nan Henojmocxbio oÖMOxannbie
Komiesbie ynacxKii mo>kho paccMaxpHßaxb nan KOMnencauHOH-
Hbie ycxpoflcxßa no oxnomenHK) k nenxpajibHOH sõne. Oanano,
Jl. P. BjiefiK ncxoanx hs coßepmenno nenpaßiuibHOH npeanocbia-
KH 0 XOM, MXO HeOÖXOÄHMO aoÖHBaXbCH OXCyXCXBHH HVJlbCHpyiO-
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mero noxoKa b npMe. xeM nexpy,n,Ho noxasaxb [7], mxo b
HÄeajibHOM cjiyqae, xorxia b sasope cymecxsyex mhcxo öerymee
nojie, b npme pasoMxnyxoro MarnnxonpoßOAa Hensöexxno cymecx-
Byex snaMHxejibHbin nyjibcnpyKDmnn hoxok. HoaxoMy pexoMen-
Äau,HH JT. P. BjieÖKa ne HMeiox npaßHJibnon ochobbi. KpoMe xoro,
iipeÄCxaß.nnexcß nexcejiaxejibHbiM HMexb cjiaöo sarpyxtenHbie h
noaxoMy Majio3(J)(J)exxHßHbie h HenponsßO,HHxejibHbie yqacxxn
MarHHxonpoßOÄa h oömoxkh no KonuaM cepÄeqnnxa, xax xax
3xo k
öapnxoß ycxponcxßa.

HeoöxoÄHMo oxMexHXb, mxo b Hacxonmee spemn ne ncno, xa-
xan cxpyxxypa hojih b BOSÄymnoM sasope HBJinexcH onxniviajib-

hoh. Hsßecxno, mxo nyjibcnpyioiii,He nojin nejxejiaxejibHbi, oxuia-
ko, HensßecxHbi nperiMymecxßa h ne,n,ocxaxxH öerymnx nojien c
nocxoHHHon h cnaÄaiomen no KonuaM cepÄeMnnxa a MnjiHxy.uamh.
Oxbox na sxox sonpoc onpeÄejinexcn BejiHMHnon n xapaxxepoM
pacnpeÄejienHH xokob npoÄOJibnoro Kpaesoro acjDtJiexxa bo bxo-
pnqnoH nenn [l7] b xom h ÄpyroM cjiynae. Oa,Haxo, sxox Bonpoc
em,e ne HCCJieÄOBan.

A. A. JleöeÄeß xaxxxe npexwiaraex [9, 10, 11, 131 npHMennxb
oömoxkh c nsMenniomencn no KonnaM cepÄeMnnxa jinnennon na-
rpysxon. ero npexyiOÄeniin ne bhocmx nnnero hoboto
no cpaßHeniix) c npexiJiojxeHHHMH JI. P. Bjienxa n b cymnocxn
noßXOpniox nocjieAHne. Anajins sjiexxpoMarnnxHbix cbohcxb
3xhx oõmoxox y A. A. JTe6e,n,eßa xaxxxe ocxaßjinex xcejiaxb mho-
ro Jiynmero. Cn,ejiaHHbie Bbime xpnxnMecxne saMenannn b oxho-
mennn paöox A. A. Jle6e,n,eßa b nojinon Mepe oxhocbxch h x xeo-
pexnnecxoMy anajinsy sxoro sonpoca. HpnßOÄHMbie b sxhx pa-
öoxax nexoxopbie axcnepHMenxajibHbie Äannbie xax>xe Bbisbmaiox
Phä xpnxnqecxnx aaMenannn. Ha axcnepnMenxajibHbix ornöaio-
mnx xpnsbix MarnnxHOH HHÄyxu,HH, nanpHMep b [ll], coßepmen-
no ne saMexno syöuoßbix nyjibcannn, xoxopbie AOJixcHbi öbixb
ÄOBO.xbno snaqnxejibHbi. B [9l npHBOÄHXcn axcnepnMenxajibHbie
Äannbie o noxpeöjineMon moihhocxh xyin ÄBnraxejien c nocxonn-
iibiM SHanenneM jinnennon narpysxn no seen /unine Äyrn n c
yöbißaroinen no xonuaM jinnennoH narpysxon. B nocjieaneM

cjiyqae moluhocxh n xoxn npiiMepno bjxboq Menbme, b mcm
A. A. Jleöexieß bhähx .aoxasaxejibcxßO npenMymecxß npe/wiarae-
moxo xnna oömoxxh. O/uiaxo no xeM oxpbißOMHbiM flannuM, xoxo-
pbie npnBOÄHX asxop, mo>xho saxjnoMiixb, mxo bo sxopoM cjiynae
Miic.no bhxxob b (j)ase öbuio na 38% õojibine. Ecxecxßenno, mxo
b 3xom cjiyqae noxepn b cxaji.n yMenbmaKDXCM b 1,382 ?«2 pasa.
,o,BHraxc.nb no-BH/niMOMy öbiji Ebinojinen na 500 a/(, HMeji MüJiyio
Momnocxb h x xoxiy >xe Beponxno 6bui cjiaöo sarpyjxen, no-
cxojibxy vMeßbinenne neperpysoMHoii cnocoönocxn b xisa pasa
ne HapyuiHJio ycjiOßnn ero paöoxbi. B axnx ycjiOßHJix noxepn b
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CT3JIH COCT3BJIHK)T BCCbMa ÖOJIbLUyK) ÄOJIIO HOXpeÖJIfIeMOH MOIII-
HOCTH H H6 npHXOÄHTCH yAHBJIHTbCH TOMy, HXO npH yBejIHMeHHH
HHCJia bhtkob noxpeöJiHeMaa mouxhocxb BHamiTejibHo yMenb-
maexcH h yMeHbmaioxcH xaioxe noxepH b mcäh.
TaKHM oöpasoM sxoro xnna oömotkh OKaaajiacb

HeBbIHBJieHHOH, X3K K3K 3KCnepHMeHXajIbH3H paÖOXa BbHIOJIHeHa
HeKBa.aH(j3HU,HpOBaHHO.

B saKjiioqeHHe AaHHoro nyHKia h6o6xoähmo oxMexnxb, hxo
ÄonojiHHiejibHo Heoöxo/iHMo HccjieÄoaaxb cjieaiyiomHe Bonpocbi:

a) HBbicKaHHe sKcnepHMenxajibHbiM nyxeM Hanöojiee paano-
najibHoro KOHcxpyKXHBHoro oc|)opMJieHHH KOHuesbix KaxymeK 0 6-
moxkh, npea,Ha3HaqeHHbix äjih nyjibcnpyiomHx no-
.nefi;

6) nayqeHHe Mecxribix ManinxHbix nojiefi na Konuax
xopa h BbisbißaeMbix hmh noxepb b jkhäkom Mexajuie;

b) Hcc.xeÄOßaHHe oõmoxok c MeHHiomeiicH bäojib HHAyKxopa
.TimeHHOH HarpyßKoii h BbiHßJieHi-ie uejiecooöpaaHocxii hx npnivie-
Hei-iHH;

r) öojiee noÄpoönoe SKcnepHMeHxajibHoe nsyqeHiie nyjibcn-
pyiomnx nojieö h chocoöob hx noÄaBJieHHH b HHjiHHÄpHHecKiix
Kacocax.

Heo6xOa,HMO HBbICKHBaXb X310K6 HOBbie XHHbI HHÄyKXOpOB
HJIOCKHX JIHHGHHbIX H3COCOB, HOCKOJIbKy HpH BbIHOJIHSHHH £ByX-
CJIOHHbIX OÖMOXOK HHÄyKXOpOB BO3HHK3K)X OHpe,o,e./ieHHbie XpyÄ-
HOCXH, CBHSaHHbie CO CJIOHCHOCXbK) HX KOHCXpyKUHH, B OCOÖeHHO-
CXH B JIOÖOBbIX H3CXSIX, C HeoÖXOÄHMOCXbIO HOJiyHGHHH ÕOJIbLUHX
aniieHHbix HarpysoK, HeoõxoÄiiMocxbio hx HHxeHCHBHoro oxjia>K-

aeHHH h x. n. B nacxHOCXH äJth Hacocoß Heöojibuioii h cpe/inen
HpoHSßOÄHxe.xbHoexH Moryx oKasaxbca nepcneKXHßHbiMH xpex-

HHayKxopbi c mecxbK) hbhhmh nojiiocaMH Ha a,Ba hojhoc-

Hbix ÄejieHHH, hoäoöho KOJuieKxopubiM MauiHHaM nepeMennoro
xoKa xnna UiepÖHyca. B xai<Hx HHÄyKxopax bjihhhh6 bmcuiiix
rapMOHHK MarHHXHoro nojifi yßejiimnxcH. Oa,H3KO sxo, Bepcnmio,
ne 6vägt HMexb pemaiomero SHaneHHH. B cbhsh c sxhm b oxho-
meHHH BJIHHHHH BbICHIHX rapMOHHK HeOÖXOÄHMO npOÄOJIHCHXb pa-
öoxbi, BbinojiHeHHbie aßxopoM HacxoHmefl cxaxbii b TajuiHHCKOM
nojmxexHHHecKOM HHcxrixyxe.

4. FlonepeHHbiH Kpaeeofl 3{J)(|)eKT bo btophhhoh perm

BcjieACTßHe Toro, qxo Kanaji njiocKoro HHÄyKmioHHoro na-
coca mvreex KoneßHbie nonepeMHbie pasiviepbi (uiHpuHy), boshii-
xaex nonepeMHbrii Kpaeßoii 3t|)cjDeKX bo bxophmhoh u,enn. FlocjieÄ-
fTHH 3aKJIK)MaeXCSI B XOM, BXO B JKHÄKOM MexajUie 803J16 ÖOKOBbIX
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cieHOK Kanajia tokk npoxeKaiox b npoAOJibHOM HanpaßjrenHH.
3xh tokh iie co3ÄaK)T nojiesHoro ÄaßJiennH, ho BCJieÄCXBne hx
HaJIHBHH ÄJIHH3 KOHTypOB TOK3 B M6TaJIJie yBeJIHnHBaeXCH, HO-
3TOMy yBejiHBHBaeiCH conpoxnßjienne BxopnnHon uemi, oöman
BejiHßHHa TOKa yMeHbmaexcß n b pesyjibxaxe axoro cnioKaexcn
AaßjieHiie. 3xox 3(J)(|)eKx moäho ynecxb c noMombio KoscjKfm-
unenxa ocjiaÖJiemiH a,aßjieiiHsi k oc ■ TeopeximecKoe nccjie,zi,Oßa-
niie 3XOXO Ko3c{)c|pimHeHxa npoHSBeÄeHO asxopoM HacxonmeH cxa-
XbH [B]. SKcnepiiMenxajibHbie iiccjiea,oßaHiiH, BbinojinenHbie b
TajiJiHHCKOM no.xHxexHimecKOM nncxnxyxe n Hncxnxyxe cj3H3HKH
AH JlaxßHHCKoii CCP, noaxßep>KÄaiox npaßHjibnocxb nojiynen-
HblX XeopeXHBeCKHX COOXHOIIieHHH.

B neKOTopbix cjiynanx, TpaHcnopxHpyeMbiH >khäkhh
Mexajui ne arpecciißen no OTHomennio k ÄpyrHM MexajuiaM n
HMeex ne oqenb BbicoKyio xeMnepaxypy, bosmojkho npnMenenHe
b Kanajie öokobbix MexajuinqecKHx mnn, Koxopbie yMenbmaiox
conpoxHßJienne tok3M b jkhäkom Mexajuie h ocjiaöjimox none-
peMHbifi Kpaeßon 3(J)cjDeKT. 3xox n ÄpyrHe anajrorHqHbie cjiyqan
iicnepnbißaiomHM oõpasoM HCCjien.oßaji k. t. h. X. H. Hnec.

B uHJiHHApimecKOM nacoce paccMaxpnßaeMbin 3d[)(J)eKT ne
npoHßjiHexcn, nocKOjibKy tokh b >khakom Mexajuie UHpKyjinpyKtx
no KonxypaM b bhäb OKpy>KHOcxeH. B stom saKjnonaexcH oäho
H3 nperiMymecxß UHJiHH/tpHnecKHX nacocoß.

5. rioßepxHOCTHbie 3(j3(|)eKTbi b >khakom Mexajuie

lloBepxHOCTHbiH b pacnpeÄejienHH nepeMeHHbix xo-
kob saKjiioqaexcn b tom, hto tokh pacnpeÄejiHKDTCH no cenennK)

MaccHßHoro npoBOÄHHKa HepaßHOMepno. B pesyjibxaxe sxoro
nBJieHHH yBejiHMHBaiOTCH noxepH sneprnH, a b cjiynaes xaK-
>K6 3(j3c})eKTHBHOCTb VCTpOHCTBa, B KOTOpOM 3TOT 3(|)(|)eKT npo-
nßJineTcn.

B HJIOCKOM HHÄyKUHOHHOM H3COCe nOBepXHOCXHbIH 3(|)(jDeKX
b npnnnnne npoHßJinexcn jibohko h nosxoMy yMecxno roßopnxb
o £Byx noßepxnocxHbix 3(|iseKxax.

80-nepßbix, b njiocKOM cjioe jkhäkoxo Mexajuia hhxh xoxa,
npoxeKaiouxHe soajie öokobbix cxenoK Kanajia n BbiSbißaiomne
paccMoxpennbin Bbime nonepennun Kpaesoii
Maioxcn» k 3xhm öoKOBbiM cxemoM Kanajia. 3xox noßepxnocx-
hbih 3t}i(})eKX mo>kho nasßaxb nonepennbiM.

rionepenKbin noßepxnocxnbin stficjDeKx xeopexnnecKH nccjie,n,o-
Ban aBXopoM nacxonmen cxaxbn [6, B]. nojiyqennoe aBXopoM bh-

pajKenne äjih xax nasbrnaeMoro Ko3(|Dc}niuHeHxa ocjiaÖJiennH kco
ynnxbißaex c BJinHHiieM nonepennoro Kpaesoro 3(fK|)eKxa,
Bbisßannoro Koneqnoii Bejinqnnon mnpnnbi Kanajia, xaK>Ke bjihb-



12

HHe nonepennoro noßepxHociHoro OojiesHbiH Hanop
BÄOJIb OCH X COBÄaeTCH TOJIbKO sa CH6T COCTaBJIHKDmeÖ njIOTHO-

cth TOKa, HanpaßJieHHOH nonepeK Kanajia. HosTOMy hcho, hto
nonepeMHbifi noßepxnocTHbiH
JIHHeHHH XaBJieHHH H COOTBeTCTBGHHO yBeJIHMeHHH K0c . O/UiaKO,
npn ycHJieHHH nonepennoro noßepxHociHoro scjicjieKTa BBHfly koh-
iUeHTpail,HH HHT6H TOKa 803J16 ÖOKOBbIX TpaHeÜ yBejIHWHBaeTCH
conpoTHßJieHHe hhthm TOKa h oahoepsmohho yBejmMHBaeTCH
cäbhf (J)as Me>Kji,y HHÄVKTiipoBaHHoö nojieM HH/iyKTopa nanpn-
/KeHHOCTbIO SJieKTpHqeCKOrO DOJIH H BCKTOpOM FIJIOTHOCTH TOKa.
B pesyjibTaxe bjihhhhh sthx npoTHßonojio>KHbix TeHAennnH Kpn-
B3H Koe HM66T XapaKTepHblH MaKCHMyM [6], 0/I.HaKO 3TOT M3KCH-
MyM BcerÄa Menbine snaneHHH k oc npH ycjiOBHH orcyTCTßiin no-
nepennoro noßepxnocTHoro scJicjieKTa h conpoßo>K,n,aiomHX ero
HBJI6HHH.

Hs CKasaHHoro cjieztyeT, mto napaMexpbi na-
cocob cjiejjyeT tbkhm oöpasoM, mtoöbi nonepeqHbin
noßepxHOCTHbift 34)(J)eKT ne nojiynnji saMeTHoro pasBHTMH. SKcne-
pHMeHTajibHbie a,anHbie h anajms napaMexpoß HHÄyKUHOHHbix
nacocoß, HsroTOBjieHHHX b CCCP h sa rpammeft, noKasbmaior,
hto b npaKTHMecKHx ycTpoHCTBax nonepeqHbift noßepxnocTHbm
3cJ)c}3eKT npoHBJineTCH cjiaöo.

80-BTOpbIX, HHTH TOKa B lUIOCKOM CJlOe JKHÄKOFO MCTajlJia

njiocKoro HHjiyKUHOHHoro nacoca «npnxniMaioTCH» k miipoKHM
CT6HK3M Kanajia, oöpameHHbiM k noßepxnocTHM
BbisbisaH HepaßHOMepHoe pacnpeaejieHne TOKa no Tojimnne cjioh

jkhäkofo Merajuia. 3tot noßepxnocTHbiH scjxfieKT mo>kho nassaTb
TO JIm HH H blM..

BpeÄHoe fijinnnne stofo noßepxnocTHoro scjxjjeKTa (ecjin 6bi
cym,ecTßOßajm ycjiOBHH ero npoHßJiennH) snamiTejibHO cHJTbnee,
neM nonepennoro, TaK KaK npn stom cpeÄHiiii cjioh jkhäkofo mc-
Tajuia SKpanHpyeTCH h BbiKjnonaeTcn ns ccjiepbi nojiesnoro aen-
ctbhh. 3HaqiiTe.nbHo VBejmHHBaeTCH TaioKe Marnnraoe conpoTHß-
jienHe noTO'Ky HHÄyKTopa. Oostomv CHJibnoe npoHßjieiine toji-

LUHHuoro Kpaeßoro scjjcjieKTa ct3hobhtch ne^onycTHMbiM.
b npaßHJibno cnpoeKTnpoßanHbix hjiockhx naeoeax

niHpHna cjioh ÄHÄKoro Mexajuia seeria snaqnTejibHO öojibuie
TOJimHHbl CJIOH. OoSTOMy, OCJIH npiIHHTb MCpbl K TOMy, HTOÖbI H6
HonycTHTb saivieTHoro npoHßjiennH nonepennoro noßepxnocTHoro

TO C TOJimHHHbIM 3tj3(|)eKTOM MOHCHO COBepmeHHO H6
CHHTaTbCH. ÜOSTOMy C TOHKH SpeHHH 38T0p3 HaCTOHLUeH CT3TbH
öojiee TmaTe.nbHoe nccjieÄOßaHne npoHßJieiinii TOJimnHHoro no-
BepxHocTiioro 3(}x})eKTa ne öojibmoro nnrepeea.
Me>KAy T6M neKOTopbie asropbi coßepmenno ynycKaiOT ns bhäv
fjjaKT caMoro HaxHHHH nonepennoro noßepxnocTHoro scjicjieKTa,
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II XOXH 3XOX 3(|)(j3eKT MO>K6X FipOHBJIHTbCH B nepßyK) OHepCAb, Hbl-
TaioTCH npoHBBecTH yrjiyõjieiiHoe HccjieAOßaHne tojiuuhhkofo
Kpaeßoro 3cj3cj)eKxa.

B UHJIPJHApHqeCKHX Hacocax BO3MO>KHO npOHBJieHIie XOAbKO
TOALUHHHOrO KpaeBOFO 3(}3(|)eKTa.

6. npOAOJIbHbIH KpaeßOM 3(J)(J)eKT BO BTOpHMHOM U,eiTH

3xox 3c})(|ieKT HCCJieAOBan b HaHMenbuiefi cxeneHH h AaHte Hex
-eAHHCTBa b xepMHHOAorHH. SaMGTHM, HanpHMep, qxo H. M. Oxpe-
MeHKo B OÄHOH H3 CBOHX CXaXCH [ls] paCCM3TpHBaeT T3KJK6 BOH-
poc o BO3A6HCTBHH nyjibCHpyiomero MarHHTHoro nojia oõmotkh
HHAyKiopa na BxopHqnyio uenb cjioh jkhäkofo MexaAJia, onpe-
ÄeAflfl COOTB6TCTByK)LUHe HOiepH MOLU,HOCTH H ASBJI6HHH. OAH3KO
H. M. OxpeMeHKo HecKOjibKo HeyAaqno, c Hameö xohkh speHHH,
HasbisaeT coBOKynHOCXb cooxßexcxßyiomHx h®ji6Hhh npoAOAb-
HblM KpaeßblM SCpcjDeKTOM BO BTOpHHHOH UeHH. OoA T3KHM
tom cjieAOßajio 6u noApasyMeßaxb hbji6hhh bo btophhhoh uenn,
oöycjiOßjieHHbie kohchhoh ajihhoh HHAyKxopa. B cHjiy sxoro
nocjieAHero oõcxoHxejibcxßa, tokh, HHAyKXHpyeMbie b >khakom
Mexajuie hhavkuhohhofo nacoca hjih b poxope acHHXpoHHoro
ABiiraxejiH, KaK-6bi «pacxeKaioxcn» sa npeAejibi 3kxhbhoh sohh,

cooxßexcxßyiomeft juume HHAyKxopa [l6, 17]. B pesyjibxaxe sxoro
HMeiox Mecxo csoeoöpasiibie sjieKxpoMarHHXHbie npoaeccbi iok
sa npeAe/iaMH 3kxhbhoh sohbi, xaic h b ee npeAejiax. CoßOKyn-
HÜCXb HM6HHO 3XHX HpOU,eCCOB H UejieCOOÖpaSHO Ha3blß3Xb npo-
ÄOJIbHbIM KpaeßblM 3(jDCjDeKXOM BO BXOpHHHOH U6HH. 3xOX
rrpoHßJiHexcH oxHOiiieHHH xokob, hhAykxhpyemux bo bxo-
piiMHOH uenii KaK HOpMajibHbiM 6erym,HM nojieM, xax h nyjib-
CHpyiomHM nojieM. Öah3KO, H. M. OxpeMeHKo sxoro hbji6hhh

KaK paa h He yqHXbisaex, npHHHMaa ajih oÖAerqeHHH MaxeMaxH-
qecKoro aiiajinaa, qxo nyjibciipyiomee MarHHxnoe noxie HHAyK-
xopa npeAcxaßJiaex coöoio cxoHmyio npHMoyrojibHyio BOJiny c
nojiynepuoAOM, pasiibiM A-nnne iiHAVKxopa.

Hcc.xeAOßaHne npoAOAbuoro Kpaeßoro scjDtJieKxa bo Bxopaq-
hoh uenn snepßbie 6hjio nponsßeAeno F. FL UIxypMaHOM h

P. Jl. ApoHOßbiM [l6]. Oah3ko sxa paõoxa Menee yAaqna, qeM

paöoxa F. W. UlxypMana, paaoõpaHHan Bbime [4]. JXajihneüuiee
hccjioaobahne sxoro 3(|)c})eKxa öbijio nponsseAeHo asxopoM iia-

• cxoameH cxaxbii [l7]. sxox Bonpoc AajieKO ne Hcqepnan.
FlosxoMy öbiJio 6bi BecbMa

õoKoe HsyqeHHe sxoro Bonpoca, xaK KaK oh HMeex cymecxßeHHoe
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SHaqeHHe c xohkh speHHH 3JieKxpoMaxHHXHbix nacocoß, Marnnxo-
XHÄpOÄHHaMHqecKHx renepaxopoß nepeMennoro xoxa h hhäYK-
IIHOHHbIX MaüIHH C p33OMKHyXbIM MaXHHXOnpOBOÄOM.

Opo/iojibiibiH Kpaeßofi bo bxophhhoh uenn b öojib-
meii cxeneHH npoHßjiHexca b nacocax öojibmoü npoH3Bo.aHxe.xb-
hocxh h b caynae ähäkhx MerajuiOß c õoaee bhcokoh aaeKxpo-
npOBOÄHOCXbIO.

7. PeaKUHfl TOKOB B ÄHAKOM Mexajuie

Tokk, HHÄyKTHpOBaHHbie B SKHÄKOM MeT3JIJie, CO3ÄaK)X COÖ-
CTBeHHoe MarHHTHoe nojie, Koxopoe HaKJiaÄbißaexcH na MarHux-
Hoe nojie HH/iyKxopa h H3M6Hhiot ero. 9xo HSMeHeHHe oxqacxn
HMeex pasMarHHqHßaiomHH xapaxxep. OoÄOÖHoe
BXopHMHoro nojia Ha nepBHHHoe nojie b xeopmi ajieKxpHqecKHX
MauiHH HasbmaexcH peaKHHefi.

PeaKLUIH BXOpHHHbIX XOKOB B HepßOHauajlbHblX MeXOAHKaX
pacuexa HHÄyKUHOHHbix Hacocoß ne yuHXbißäJiacb. Tew ne we-
nee ona OKasbmaex HSBecxnoe bjihhhh6 na pe>KHMbi paõoxbi ua-
COCOB. 3xo BJIHHHHe X6M ÕOJIbUie, H6M ÕOJIbUie SJieKXpOHpOBOÄ-
HOCXb >KHÄKOXO MexaJlJia H M6M MeHbUie XO.TLU.HHa CJIOH XenjlOßOH

H3O/IHUHH. OoSXOMy peaKUHH BXOpHUHbIX XOKOB Moucex npuoõpe-
cxh cymecxßeHHoe suaueHiie, HanpnMep, b MomHbix nacocax ujih
naxpHH, a xaioKe b Äpyrux anajiorHUHbix ycjioßLmx.

PeaKUHH BXopHuubix xokob MOXKex õbixb npoauajiHsiipoßaHa
na ocHOBe paöox asxopa Hacxoameft cxaxbii, nocßHmeinibix hc-
c.TeuoßaHiuo pacnpeuejieHHH xokob bo BXopiiHHoii uenn hjiockhx

HHji,yKUHOHHbix Hacocoß [6, B], h HaxouumeHCH b ueuaxu paÖOXbl
no uHjuiHupiiuecKHM HacocaM. Hsßecxnyio paöoxy no yuexy peaK-
UHH BXOpHUHbIX XOKOB B RJIOCKHX H3COCaX BbIUOJIHHJI K. X. H.
X. H. Hnec, peayjibxaxbi Koxopoft usjiaraioxcH b HacxoumeM cöop-
HHK6.

8. MHAyKTHBHbie COnpOTHBJieHHq OÕMOTOK HHÄyKXOpa

HHAyKTHBHbie conpoTHßJieinifi pacceaiiHH oömoxok hhavk-
xopa öojibmoro HeMarHHXHoro sasopa bc-
JIHKH H HX OTHOCHTeJIbHOe 3HaH6HHe BO MHOXO p33 ÖOJIbUIC, IIGM B
oöbmHbix BJieKxpHqecKHx MamuHax.

Flasoßoe pacceuHHe upn cnjiouiHbix npoBOÄHHKax mo>kho pac-
cuHXbißaxb xaKHce, KaK h b sjieKxpuuecKHX MauiHHax. OuuaKO
pacceuHiie b nasax npn nojibix npoBOAHHKax xpeõyex uouojihh-
xejibHoro HCCJienoBaHHH xau >Ke, iok h Boupocbi BbixecHennH
xoua b cjiyuae hojibix npoBOUHHKOB. 3xh Bonpocbi, iok h see
Bonpocbi, CBusaniibie c pacuexoM cjiohchbix MarHHXHbix nojie ii,



15

xpeöyiox ajih cßoero paapemennn cepbesnon paöoxbi. HeKOxopan
paöoxa b 3tom HanpaßJieHHii Bbinojmena asropoM nacxoniuen
CTaTbH H K. T. H. X. H. Hh6C.

Paccennne no KoponnaM syõnoß h b BOSAyninoM sasope
nccjieAOßano asxopoM nacxonmen cxaxbn [23], oAnano Bonpocbi
ynexa bjihhhhh Bbicmnx rapMOHHK nojin xpeöyiox onpeAGAennon
AopaõoTKH. Paccennne jioöobbix nacxen xaK>Ke paccnnxbißaexcn
no neAocxaxonno xonnbiM cjxjpMyjiaM.

Hexonnocxn pacnexa conpoxnßJiennn nnAyKXOpa b oxAejibHbix
cjiynanx Bbisbißaiox Bnannxejibnoe pacxo/KAenne b pacnexnbix n
(jjaimmecKnx pe>KHMax paöoxbi nacocos npn saAannoM nanpn-
>Kennn. HosxoMy BecbMa jKejiaxejibno nsynnxb axn Bonpocbi
Bnannxejibno rjiy6>Ke, xoxn sapanee mo>kho cnasaxb, nxo npn
9XOM BOSHHKHyX BHanHXejlbHbie XpyAHOCXH BBHAy CJIOJKHOXO xa-
paxxepa nojien paccennnn. B csnan c sxixm öojibmoe ananenne
nMeex naKonjienne onbixnbix Aamibix.

9. üoöaßOMHwe noxepn

K nacxonmeMy speMenn coßepmenno ne naynenbi AOÖaßoq-
iibie noxepn, BoannKaiomne b jkhakom Mexajure b peayjibxaxe
npoÄOJibnoro Kpaesoro 9t[)(}}eKxa bo Bxopnnnoii uenn, BJinnnnyi

nyjibcnpyionjnx nojien nnAynxopa n neperyjinpnbix MarnnxHbix
nojien b Konneßbix aonax. B oxAejibnux cjiynanx, ocoöenno b
cjiynae xopomo npoßOAnnjnx jkhakbx MexajuiOß n Momnbix naco-
cob, 9xn noxepn Moryx iiMexb aaMexnyio Bejinnnny. HoaxoMy
neoöxoAnMO yMexb xoxn-6bi b nepBOM npnöJinjKennH onennßaxb
nx Bejinnnny n BJinnnne na nnx paajinnnbix KoncxpyKxnßHbix
4)aKxopoß. Tannce neoöxoAnMO nojiynnxb pacnexiibie cfiopMyjibi
AJin ynexa noßepxnocxnoro b c/iynae nojibix npoßOAnn-
kob oÖMOxnn nHAynxopa.

10. SKBHBajieHTHaa cxeMa

JXjm acHHxpoHHbix MauiHH yxxe ÄaBHO paapaöoxana 3kbhb3-
jienxHaa cxeMa, xoxopaa c öojibiuoii xoaHocxbK) oxpa>Kaex npo-
ncxoÄHiiiHe b MamHHe 4)H3HM6CKHe npoueccbi h npeÄCTasjiaer
BecbMa yÄOÖHoe cpeAcxßO /yia anajuisa pemiMOß MamHHbi. JXjui
HHÄyKUHOHHbix Hacocoß xaK>Ke MOXKex öbixb ripe/uioatena n0a,06-
naa 3KBHBajieHXHaa cxeMa h neKoxopbie asxopbi Äa>Ke npHBOAax
noaoÕHbie cxeMbi b cbohx paöoxax. Oa,HaKO, Bce a,ejio saKjno-

aaexca b napaMexpax sxoh cxcmbi, Koxopbie b nacxoamee BpeMa
ne Moryx öbixb Aocxaxoano xoano onpeaejieHbi. MssecxHo xaiOKe,
mxo napaMexpbi BXOpHaHOH ixenn b cxeMe saßiicax ox cnocoöa
npHße,n,eHna BXOpnaHOH uerm k nepßHaHofi. FloaxoMy iieoöxoÄHMO
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paspaöoxaxb pannoHajibnyK) 3kbhb3jienxnyK) cxeMy HHflyKiUHon-
iioro nacoca h pacnexa napaMexpos sxon cxcmbi, b
tom nncjie napaMexpoß, cooxßexcxeyiomHx cjiok) jkhäkoxo Mexan-
jia n MeTajiJiHMecKHM cxenKaM Kanada.

K. t. h. X. H. Hnec paspaöoxaji nocjieÄOßaxenbnyio 3kbhb3-
jieHxnyio cxeMy, b Koxopon Bxopnnnan nenb ymixbißaexcn b
nocjieÄOßaxejibuoro c nepßnnnon nenbio KOMnjieKcnoro conpoxnß-
jieHHH. Oah3ko, 3xa cxeMa Bbisbieaex onpe,a,ejieHHbie neyAOÖcxßa.

11. MexoÄbi oxjia>KÄeHHq HH,ayKxopa

Bc/ien,CTßiie öojibinoro neMarHHxnoro sasopa jinneÖHvio toko-
bvk) narpysKy oömotok
öojibuinncTße cjiynaeß npnxo,n,HxcH Bbiönpaib öojibinon. KpoMe
tofo, neoöxoÄHMO ynnxbmaxb xenna ot Kanana c jkhä-
khm MerajuioM. rioaxoMy xennoßon pe>KiiM oömoxok HHÄyKxopa
oöbmno OKasbißaexcn HanpnnceHHbiM.

B CHJiy cKaaaHHoro secbMa ncenaxejibno npHMennxb b hhäYK-
HHOHHbix Hacocax no bosmojkhocxh õojiee xepMOCXOHKyio hbojib-

uhio. K cojKajienHK) KaõejibHan n ajieKxpoHsojiHUHOHHan npo-
Mbiin.rieHHOcTb b nacxonmee BpeMH eine ne npenocxaßJinex b sxom
OTHOUieHHII ÖOJIbUIHX BO3MOJKHOCT6H.

B CBH3H CO CKasaHHbIM B HH/I,yKUIIOHHbIX HaCOC3X ÖOJlbinoe
snanenne HMeex oxna>K,n,eHHe oömoxok
xopa. B pasHbix cnynanx Moryx npHMennxbcn pasnnnnbie bhäki
oxjiajKÄeHHH (BenxnjiHtUHH, oxji antenne naKexoß nnnyKxopa ii
OÖMOXOK >KHÄKOCXbIO H X. £.).

B nanöonee xnxcejibix cnynanx npnxon,nxcH npnöeraxb k
VCXpOHCXBy OÖMOXKH H3 nOJIbIX npOBO,H,HHKOB H OXJI3>Kj3,eHHIO HX
nsnyxpn noxoKOM noÄXOÄHmen ähäkocxh. OoÄOÖHbie bhabi
oxna>KÄeHHH see öojiee mnpoKO Hannnaiox npiiMenHXbcn b sneic-
xpi-mecKHx MamnHax. Oäh3Ko b nacocax bo mho-
mx cnynanx BecbMa ne>Kejiaxejibno npHMenenne >Kna,Kocxen
(nanp. boabi), Koxopbie b aßapnnnbix vcjiobhhx, b cnynae npo-
pbißa jkhäkofo Mexajuia ns ropnoßHHbi, Moryx Bbissaxb nßJienne,
nonoönoe Bspbißy. OosxoMy scxaex sonpoe o uejiecooöpasnocxn
iipHMcneHHH jijin Bnyxpennero oxjiajKÄennH npoßoannKOß äha-
khx Mexajuioß, Koxopbie hmciox HHSKyio xeMnepaxypy nnaßnennn,
no BbicoKyio xeMnepaxypy KHnennn (Bbime xeMnepaxypu Mexan-
jia, xpaHcnopxHpyeMoro naeoeoM). B cnynae nacocoß ann cxajm n
nyryna, nanpmiep, mo>kho npnMennxb SBxeKxnnecKnn cnjian

CBHHua n BHCMyxa. HpoöJieMa oxjiajKaennn oömoxok nnavKunon-
nbix nacocoß mojkcx öbixb pemena nyxeM onbixno-KoncxpyKXop-
ckhx paspaöoxoK. OanoopeMenHo aoji)K«a pa3paöaxbißaxbcn mc-
xo/iHKa pacnexa cncxeM oxjia>Kaennn.
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12. OriblTHO-KOHCTpyKTOpCKHe paÖOTbl

HeOÕXOÄHMOCXb AOCX3XOHHO HIHpOKOrO BeAeHHH OHblXHO-
KOHcxpyKxopcKHx paspaöoxoK öbijra y}Ke ynasana b cbhsh c npo-
ÖJieMOH OXJia>KAeHHSI OÖMOXOK. OAH3KO, HeOÖXOAHMOCXb 3XHX
paspaõoxoK AHKxyexcn h ApyrHMH acnexxaMH npoöJieMbi cosAa-
HHH H3AGJKHO paÕOXaKHAHX HHAyKHHOHHbIX H3COCOB (KOHCXpyK-
UHH OÖMOXOK, HHAyKXOpOB, XOpjIOBHH H X. H.) . OnpeÄ6JieHHblH
onbix b 3xom HanpaßjieHHH HaKonjien b TajumncKOM nojmxex-

iiHnecKOM HHCXHxyxe, HncxHxyxe (Jihshkh ÄKaAeMHH nayx Jl.ax-
bhhckoh CCP, a xaioKe b Apyrnx ynpe>KAeHHHx.

Oah3Ko onbix b 3XOM oxHomeHHH eme m3ji, xax KaK nocxpoe-
ho eine secbMa neöojibinoe kojmnecxßO nacocoß, npnxoM npeiiMy-
in,ecxßeHHO b bhac Jiaöopaxopnbix h onbixnbix oöpaauoß. Hex eiue
cymecxßeHHoro onbixa b paspaöoxKe iiHjiHHApnnecKHx nacocon,
Koxopbie nepcneKTHßHbi a-hh xpaHcrropxa öojibmnx nojinnecTß

jkhakoxo Mexajuia (nopnAKa mhoxhx coxen h xbicnn m3/hclc) npn
xeivinepaxypax ao 700°C.

13. OnxHMajibHbie reoMexpHMecKHe cooxHomeHHfl

SjieKipHqecKyio ManiHHy hjih 3,/ieKxpoMarHHXHbiH nacoc c
33/1,3 HHbIMH X6XHHH6CKHMH Ä3HHHMH MOJKHO CnpoeKTHpoß3Tb
pasjiHqHbiM oöpasoM, c pasjiHHHbiMH reoMexpHnecKHMH, Beco-
BbIMH H HHbIMH XapaKXepHCXHKaMH. B CBH3H C 3XHM BO3HHK3eT
sabana o6 onxHMajibHoft KoncxpyKUHH. HanpHMep, mohcho nocxa-
BHTb saAany cnpoeKXHpoßaxb npn aaAaHHbix 3JieKxpoMarHHXHbix
Harpysxax nacoc c MaKCHMajibHbiM k. n. A-, MHHHMajibHbiM bccom
h t. a. TaKHe ycjioßHH yAOßjiexßopeHbi npn onpeAejieHHbix
COOXHOHieHHHX M6>K/I,y XeOMGXpHHeCKHMH p33M6paMH H3COCa
(nojnocHoe AejieHne, uiHpHHa h x. a.)> Koxopbie HasbmaioxcH on-
XHMaJIbHbIMH.

HccAeAOBaHHe onximajibHbix cooxHomeHHH npeAcxaßJiaex
BanvHyio xexHHKO-SKOHOMHHecKyio saAany h oxKpbisaex bosmojk-

HOCXb CO3AaXb pailHOHajlbHbie KOHCXpyKU,HH H3COCOB.

Ho OXHOIHCHHK) K 3A6KXpHHeCKHM MaiHHHaM OnXHMajlbHblC

COOXHOUieHHH HCCJICAyiOXCH y>K6 A3BHO. B CBH3H C 3XHM y npOCK-
XIipOBLUHKa 3JieKXpHH6CKHX M3UIHH HMCKDXCH KpHXCpHH ÄJIH npo-
BCpKH paHHOHaJIbHOCXH KOHCXpyKAHH CnpOCKXHpOBaHHOH HM M-
miiHbi. Oah3KO no oxHomenino k sjieKxpoMarHHXHbiM nacocaM
3xox Bonpoc nonxH hc HccjieAOßan. HeKOXopbiMH HHoexpaHHbiMH
li COB6XCKHMH 3BXOpaMH CÄCJiaHbI nepßblC HOnbIXKH HCCJICAOBaXb
3XOX Bonpoc. OAH3KO 3XH paÕOXbl HeAOCXaXOHHbI H B HCKOXOpbIX
oxHomeHHHx hbjihioxch cnopHbiMH. TaK, 3. K- Hhkoh [2o] onpe-
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Hejinex ormiMajibHbie BejiHHHHbi oxnejibHbix reoMexpHnecKHx Be-
hhhhh nyxeM h3xo>k,hchhh SKCTpeMyMOB onpeAejieHHbix ypasne-
HHH, B KOTOpbie BXOÄSIT HHTepeCyK)III,He aBTOpa BeJIHMHHbI. OäH3-
ko npn Haxo)KÄeHHH sKcxpeMyMa no OTHomennK) k oHHOMy pas-
Mepy Bce ocxajibHbie npHHHMäioxcH hm nocxoHHHbiMH, nxo Hejibsn

npHsnaxb nocxaxonHo npaßHJibHbiM, xax KaK Bce pasMepbi cbh-
33HbI M6H<a,y COÖOH. KpOMO XOFO, 3. K- H6 (})HKCHpyeX
onpeAejienHbie sjieKxpoMarnHXHbie narpysKH, nonycxHMbie cko-

pocxH jKHflKoro Mexajuia h x. jx. HosxoMy HHorna OKasbißaexcn,
nxo npH «onxHMajibHbix cooxnomeHHHx» sxh BejiHHHHbi oKasbi-
BaioxcH npesMepno öojibiuHMH, hbho HeHonycxHMbiMH äjih nan-
hbix MaxepnajiOß, hjih naoöopox hbho saHHHteHHbiMH, npuso-
HHIU.HMH K HeAOHCnOJIbSOBaHHK) HaxpySDHHOH CnOCOÖHOCXH Maxe-

PH3JIOB.
C XOHKH SpeHHH 3BXopa HpH HCCJieÄOB3HHH ORXHMaJIbHbIX

COOXHOIIieHHH HeoÖXOÄHMO 33(J)HKCHpOBaXb ÄOnyCXHMbie SJieKXpO-
MamHXHbie h nponne narpysKH (jiHHeHHyio xoKOßyio HarpysKy h
njioxnocxb xoKa oömoxkh HHHyKxopa, cKopocxb xeneuHH >khäkoxo
Mexajuia h np.), oöycjiOßjieHHbie cbohcxb3mh npHMenneMbix Ma-
xepnajioß h chocoöob oxJiaxxHeHHH. OpH pemeHHH nce sxoh 3ana-
iih h6o6xoähmo HccjieÄOßaxb coßOKynnocxb ypaBHeHHH, csnabi-
Baromnx npoHSßOHnxejibHOcxb h Hanop nacoca c reoMexpmiecKH-
mh pasMepaMH h GjmsHnecKHMH narpysKaMH na MaxepHa/ibi.
TaKan nocxanoßKa Bonpoca cxaßHxcn b ohhoh hs paöox asxopa
[24].

H. M. OxpeMeHKo [2s] BbinojiHHJi HccjienoßaHHe naHHoro bo-
npoca, cjieÄyn Kax-pas no xaKOMy nyxn, n nojiynnji nnxepecnbie
pesyjibxaxbi. OanaKO b sxoh paöoxe paccMaxpHßaexcn xojibko

OÄna nac-xnan sabana b aanHoft oöjiacxn, a hmchho cjiynaH,
b Kanajie njiocKoro nacoca hmcioxch öoKOßbie luhkm c 6ec-

Konenno öojibiuoh sjieKxpnnecKOH npOBOÄHMoexbK). OaKXHnecKH
uiHHbi b nacocax hjih MexajuiypxHnecKOH npoMbimjieHnocxH h jih-

xeHHoro Äejia mo>kho Hcnojib3oßaxb BecbMa peju<o. B oömeM
cjiynae, npn oxcyxcxßHH lohk, sabana SHanHxejibno ocjioxkhhcxch

h hjih ee paspemenHH, bosmohcho, BOSHHKHex neoöxozLHMocxb hc-
nojibsoßannn cpencxß BbinHCJiHxejibnoH xexnHKH.

B Hxore pemeHHH sxoh öojibmofi h xpynHOH sananH hojijkhbi
öbixb nojiynenbi KpnxepHH hjih Bbiöopa ochobhbix pasMepos npn
npoeKXHpoBaHHH nacocoß.

14. MaxepHajibi

FlpoöJieMa MaxepnajiOß b co3H3hhh sjieKxpoMarnHXHbfx na-
COCOB HJIH HCHHKHX MeX3JIJIOB HpeSßbmaHHO BCJIHKa, a BO MHOXHX

cjiynanx hbjihcxch pemaiomeft. B oeoöeHHoexn sxo oxhochxch k
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MaiepHajiaM äjih KanajiOß Hacocoß, xaK KaK arpeccHßHoe äshct-
B«e MHOFHX JKHÄKHX M6XaJIJIOB OqeHb B6JIHKO. CxeHKH K3HaJIOB
Moryx öbiTb HsroTOßJieHbi hb KepaMnqecKHX MaxepnajiOß hjih Me-
TajumqecKHx c cooTBeTCTByiomHM noxpbixHeM. HpHMeHeHHe Me-
xaJUinqecKHx KaHajiOß 6es cneuHajibHbix noKpuxHH bosmoäho
xojibKo b oxAejibHbix cjiyqanx. B HSbicKaHHH cooxßexcxßyiomHX
MaxepHajioß h noKpbixHH c,nejiaHbi jiHiub nepßbie marH. Tax k.
x. h. B. n. paspaöoxaji KepaMHqecKHH Maxepnaji na oc-
HOBe rpacjmxa, nepcneKXHßHbiö äjih qepHbix h neKoxopbix .xpyrHX
MexajuiOß. Hhjk. X. B. Kaapyc h M. M. Caap paspaõoxajm no-
Kpbirne h xexHOJiorHK) ero HaneceHHH, xtaßiiiHe BecbMa oönaAejKH-
BaiomHe pesyjibxaxbi äjih oähoxo hb Hanöojiee arpeccHßHbix Me-
X3JIJIOB JKHÄKOrO aJIIOMHHHH.

OB.HaKo b uejioM b sxoh oõjiacxH npejicxoHX BbinojiHHXb oö-
umpiibie HCCjieAOßaxejibCKHe paöoxbi.

15. MexoÄHKa pacqexa HHÄVKu,MOHHbix Hacocoe

B Hacionmee BpeMH cymecxßyiox Mexo,o,HKH pacxexa HHAyK-
UMOHHbix nacocoß, paspaöoxaHHbie b TajuiHHCKOM nojiHxexHHqe-

ckom HHcxHxyxe h HncxHxyxe (Jjhshkh AH JlaxßHHCKofi CCP. Ho
3xhm MexoÄHKaM paccqnxaHo h nocxpoeHo neKoxopoe KOjmqecxßO

nacocoß, npiixeM b öojibmHHCXße cjiyqaeß c öojiee hjih Menee
yüOßJiexßopHxejibHßiM coßnaa,eHHeM pacqexnbix h onbixnbix h-
hhx (pacxojKÄeHHe ro ±15... 20%). Hpa sxom oöbimho npn-
xoähxch paccqHXbißaxb BHaqHxejibHoe KOJiimecxßo BapHanxoß,
AoÖHßaqcb Hanöojiee npiieMjieMoro pemeHHH. CymecxßyipinHe
MexoÄHKH coßepmeHHbi min xoro, qxoöbi
H paUHOHaJIbHO npOeKXHpOBaXb HHJ3,yKUHOHHbie HaCOCbl ÄJIH Me-
xajiJiOß c BbicoKOH xeMnepaxypoft njiaßjieHHa (nopaAKa
800— 1000°C h öojibuie), c (|)opcHpoßaHHbiM BiiyxpeHHHM oxjia>K-

aeHHeM oömoxok h x. n. 3xo ecxecxßeimo ne HCKjiioqaex bosmo>k-
hocxh nojibsoßaHHH cymecxßyioLUHMH Mexo/i,HKaMH jxjia pacqexa
nacocos äjih xpaHcnopxHpoßKH miÄKnx Mexajuioß.

B uejiOM xce MexoÄHKa pacqexa Hacocoß xpeöyex SHaqnxejib-
iioro ycoßepmeHcxßOßaHHH b cbhsh c HeoöxoÄHMoexbK) ,n,opa6ox-
kh pnaa nepeqHCJieHHbix Bbime Bonpocos xeopnn Hacocoß, nccjie-

AOBaHHeM onxHMajibHbix cooxHomeHHH h KOHCXpyKXopcKOH pas-
paöoxKoö Mexoü,Oß oxjiajKÄeHHH h x. n., xax Kax, ecxecxßeHHo,
pacqex nacoca Aojmen xecno yßHSbieaxbCH c ero KOHexpyKUHeH.
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16. 3aKjiK)HeHH€

Ha OCHOBaHHPI H3JIO>KeHHOrO MOJKHO CAeJiatb bhboa, bto k
HacToameMy BpeMeHH sajioxcenbi ochobm xeopim HHAyKUHOHHbix
nacocoß h paspaöoTaHbi nepsoHaqajibHbie hx pacqexa.
B CBH3H C 3XHM MOJKHO CK33aXb, BXO X6OpHH HHÄyKHHOHHbIX H3-
cocob saßepiiiHJia rmoHepcKHH axan pasBHXHH. HepexoÄ k spe-
jiocxh paccMaxprißaeMon oxpacjm CBasan c passepxbißaHHeM
OnblXHO-KOHCXpyKXOpCKOH paÖOXbl H BHenpeHHeM HHÄyKUHOHHbIX
HaCOCOB B npOMbILUJieHHOCXb. KaK H B JIK)6oH OXpaCJIH XeXHHKH,
3xox sxan pasBHXHH xexHHKH xpancnopxa ähäkofo Mexajuia c
noMombK) sjieKxpoMaxHHxiibix Hacocoß xpeöyex najibHeHmero

paSBHXHB XeopHH 3XHX HaCOCOB H COBepmeHCXBOBaHHH M6XOÄHKH
hx pacqexa.

nepeqncjieHHbie b Hacxoamefi ciarbe sajiami b SHaßHxejibHon

CBoefi BacxH ÄOJi>KHbi pemaxbca napajuiejibHO h bo BsaHMOCBHBH
C OnbITHO-KOHCTpyKTOpCKOH paÖOTOH BO COSHaHHK) OHbIXHbIX H
npOMbIUIJieHHbIX OÖpaBUOB HHAyKaHOHHbIX H3COCOB.
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TAJIJIHHCKOrO nOJIHTEXHHMECKOFO HHCTHTyiA

CEPHH A Ns 197 1962

A. H. X. H. #Hec

nonEPEKHbm kpaeboh b ojiockom
MHAVKUHOHHOM HACOCE C 3JIEKTPOnPOBOASUUHM

KAHAJIOM

1. nocxaHOßKa sa^aHH

OcHOBHbIM (J)aKTOpOM, ÜOHHJKaiOIUHM JIHH6Hnoro
noro njiocKoro HHAyKUHOHHoro nacoca, HBJiaexcfl nonepeqHbifi
KpaeßOH 3<Ji(})eKT bio BTopnqHOH uerm. Ha-sa KoneqHOH umpH-
Hbi cjioh >KHAKoro Mexajuia cymecTßyroT cocxasjiHiomHe ruiox-
hocth TOKa, ne yqacTßyiomHe b co3ä3hhh nojieaHbix ycHjiHH. Pas-
BHBaeMbifi nacocoM nanop seeria 3HaHHxejibHo MeHbme, qeM xeo-
peTHqecKHÖ nanop, Koxopbm hmejt - 6 bi Mecxo npn öecKOHeqno um-
poKnx Kanajie h HHAyKxope h npn oxcyxcxßHH CÄBHra cfias.

3(J)(J)eKXHBHOH MCpOH yMeHbUieHHH BJIHHHHH 3XOXO 3(J)c|)eKXa
HBJIfIeXCH npHMeneHHe 3JieKTpO-npOBOj3,BU],HX ÖOKOBbIX CX6HOK
Kanajia. Pfacxo 3xo ocymecxßJinexcH npHMeHeHHeM cneuHajibHbix

KOpOXKO3aMbIK3K)mHX UIHH HJIH ,o,a>Ke npOCXbIM yiUHpeHHeM Ka-
najia c HenpoBOÄHmHMH cxenKaMH sa npe,aejiaMH HHZtyKxopa.
Tokh BAOJib och x Moryx npoxexaxb no sxoh saKopanHßaiomeH
nojioce (4)hx. 1) h b sõne HHÄyKxopa, r/ie nepsun-
noro nojiH npnHHMaeM npHMoyrojibHbiM, jihhhh njioxnocxn xoxa
b öojibineö cxenenn (no cpaßnennio c nyHKxnpnbiMH jihhhhmh,
noKasbmaiomHMH npnMepnoe pacnpeÄejienne jihhhh xona b cjiy-
qae oxcyxcxßHH öokobbix hojioc) opneHXHpyioxcH no nanpaß-
JI6HHH och y.

B oömeM cjiynae uiHpHna Kanajia 2a, mnpHHa
(npe/inojiaraeMaH rnnpiiHa nepßHHHoro nojm) 2c h mHpHna Ka-
najia BMecxe c KopoxKOsaMbiKaiomHMH nojiocaMH 2 1 ne paßHbi

coöok). OrpanHHHMcn paccMOxpeHHeM AByx nacxHbix cjiy-
naeß: 2a = 2c <C 2t KopoxKoaaMbiKaiomHe nojiocbi bhc
xopoß h 2a<22t<2c KopoxKOsaMbiKaiomHe nojiocw Me>K,n;y
KH/iyKXopaMH. PIpoBOÄHMOCXb ocxajibHbix cxchok Kanajia, KpoMe
õoKOßbix, na pacnpeAejieHHe xokob ocoöoro bjihhhhh ne HMeex.
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Ecjih CHHxaxb nojie b sasope njiocKonapajuiejibHbiM, xo ypas-
hchhh MaKCßejuia b CHMBOjmnecKOH (JjopMe [l]

dH
nr = y 'Ex '

]atrz= y { {Ey-\-sEa), (1)

dExj«Ey + ~dy~ = /VoSuHz,

jt
ecjm a =

—, rfl,e x nojnocnoe flejienHe.x
Sflecb Bce cocxaßjiniomHe Hanpn>KeHHOcxH üojih, KpoMe Ea hb-

JIHKDXCH KOMnOHGHXaMH COÖCXBeHHOXO EOJIH XOKOB CJIOH HCHfIKOXO
Mexajuia. BejmnHHa

Ea = 2xfßs
npeflcxaßjmex HHflyKXHpoßaHHyio nepBHHHbiM MarHHXHbiM nojieM

HanpnjKeHHocxb sjieKxpHnecKoro nojin b HenoflßHHmoH jkhakocxh;
sflecb Ba aMn.nHxyfl.Hoe snaneHHe nopMajibHOH cocxaßjiHioni,eH
MaFHHXHOH HHfI,yKU,HH.

McKjiio-qaH hs (1) HanpHJKeHnocxb sjieKxpHnecKoro nojin, nojiy-
hhm ajih Hanpn>KeHHOCTH MarHHxnoro nojin ypaßHeime

d2h 7
. I fxo s(OYi \

-I—-Hz al[l + = lay i sEi . (I-a)

Flpn pemeHHH sxoro ypaBHCHHH nojiynHM ajih Hanpn>KeHHOcxH
MarHHTHoro üojih b sõne I Bbipa>KeHHe

javisE .

Mzi Cishhiy + C2chA,iy •
(2)

3fl,eCb A,i O. ]/1
(2-a)

li osco
8= “tf-Yi.

Yj BKBHBajieHTHaB yflejibHan npoßOAHMoexb cpeflbi b hc-
warHHTHOM sasope. CorjiacHO (|)Hr. 1

* = v W-
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2. KopOXKO3aMbIKaK)LU,He HOJIOCbI BH6 HH^yKTOpOB

ypaBHeHHH (1) b npeACxaßjieHHOM bhac AeöcxßHxejibHbi äjih
SOHbl MeJKÄy HHÄyKXOpaMH, X. 6. ÄJIH 30HBI I ((J)HF. 1). ,H,JIH
SOHbl 11, X. e. ÄJIH KOpOXKOSaMbIKaiOLHHX HOJIOC, HaXOÄHUJIIXCH BH6

Ea = 0. 3XOH SOHbl MOHCHO npeneöpenb XaiOKC
MaFHHXHOH HHÄyKUHCH OX HHÄyKXHpOBaHHbIX XOKOB, X3K K3K M3F-
HHXHbie JIHHHH HOJIHOCXbK) HpOXO/IHX HO HCMaFHHXHOH Cpe/JC. <J>op-
MaJIbHO MO>KHO HOÄCXaBHXb B XpCXbCM ypaBHCHHH (1) po = 0.

JXjIH 30HBI II HOJiyHHM H3 (1) HJIH (2)

Hzii C\ shay -(- C 2'chay. (3)

,H,JIH COBM6CXHOFO OHpeÄCJieHHH HCXbipCX HOCXOHHHbIX HHXerpH-
pOBaHHH BOCHOJIbSyeMCH FpaHHHHbIMH yCJIOBHHMH:

B 30H6 I Hz \ (y) = H z \ (—J/),

B 30HC II HzU {t) =O,
(4)

Hn(ö) Hzii{a) ,

1 1 dHzU(a)= ir“^r(a) -

DocjieÄHHe äb3 cooxHomeHHH ycjiOßHH nenpe-
pblßHOCXH HOpMajIbHbIX COCXaBJIHHDLLUIX lUIOXHOCXH XOK3 H XaHFCH-
UHajibHbix cocxaßjiHiomHX Hanpn>KeHHOcxH sjieKXpHaecKoro hojih

na rpaHHHax soh Ih 11. y2 OKBHBajieHXHan npoBOAH-
MOCXb SOHbl 11. EcjlH Y2* npOBOÄHMOCXb KOpOXKOSa-

,, , A
MbIKaK)IH,HX HOJIOC, XO COFJiaCHO (pHF. 1 Y2 = Y 2 •

OKOHHaxejibHO HanpjmeHHocxb MarHHXHoro hojih h nojiesnaH

cocxaßjiHiomaH njioxHOCxH xoxa b sõne I öyztyx
. F «Yich,t/ 1
zI Xi 2 L ayichiG + /\,iY2tha(f—a)shXia J’ , '

•

_

Q 2 f «Yichij/ ]
yI 2 L ayichia + XiY2tha(^—a)shX, :aJ’

B 30He II COOXBCXCXBeHHO

■ /ayiY2s£ A sha jy—t)
zU ~ —a) + Y2^isha(^ —a) ’
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__

a 2 YiY2s£A sha(y—t)
[Yiacthtacha (/ —a) +~y2X l sha{t—aj ' (^

IIOAHaH SAeKTpOMaTHHTHaH MOmHOCTb BTOpHHHOH CHCTCMbI
onpeAGAneTCH npn noMOiim E A h õ yi anaAoranHo [3], xax KaK b
sõne II £a = 0.

a

S2 1 =6/ = 4aMys{TfBA ) 2KB. (9)
. a

Sagcb KOMnAeKcnan BejmmiHa

a ,

OO)
K —‘b 1. ih -J 1 ,

1
B a 1 / l P Xi2 [ Xia[aYichXia+

<
XiY2tha(i‘ —a)sh>.ia] J

"

üpH t a hah npn Y2 0 (10) npeßpamaexcH coraacHO (2-a)

(11)

hto coßnaAaex c (12) b [l] h c (8) b [3].
FIpH y2 = 00 noAynHM

B = Tf/T' (‘2)

Ecjih yAejibHan npOBOAHMOcra y HacTOjibKO Majia, mo 1 h
MO>KHO nOJIO>KHTb Xj = a, TO

IS h 1 shaa
AB Ka 1 /1 o\

aa |chaa -j- —^2 tha(/—a)shaaj *

' '

MexaHHHecKan mouihoctb h ajieKxpoMarHHTHbiä nanop
onpeAejiHK)TCH no-npenraeMy KaK b [3]. Tojibko k& hmcct hobob
snaneHHe, paßHoe BemecraeHHOH naera Bbipa>KeHHH (10).

Ecjih 6okob3h cxeHKa KaHajia b AeHcraHTejibHOcra HenpoßO-
AHman, no niHpHHa Kanajia öojibiue mHpHHbi HHAyKTopa
2a = 2c, to Kb no (10), npHpaßHHßan Y2=Yi
H 33M6HHH ü H3 C. ECJIH, KpOMC TOTO, H MOXKHO nOJIOÄHTb

A-i = a, to

Kt = kt =
shacch°<ec>

. (H)ac ch at v ’
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CpeAHHH nanop no bcch mnpnHe Kanada npn otom yMeHbiiiHT-

ch eme b pas. CjieAOßaTejibHO,

P = Po-f,Ca. (15)

3. KopoxKosaMbiKaiomHe nojiocbi mcjkay HHAyKiopaMH

Hpn pacnojioAceHHH öokobbix npoßOAnmnx nojioc b sõne 2c,
t. e. MejKAy HHAyKxopaMH (c|)Hr. 2), HHAyKTHpoBaHHan nanpjmen-
hoctb ajieKTpnnecKoro nojin b KopoxKosaMbiKaioiJAHx nojiocax ox-
jmnna ot nyjiH. JXjih soh I h II hmbom ajih HanpHAcennocxH Mar-
HHTHoro nojm BbipajKennH, anajiorHHHbie BbipaxcenHio (2). B AByx
sonax pasjiHHHbi tojibko yAejibHbie npoßOAHMoexn yn y2 n b sõne
II s 1.

3KBHBajieHTHbie yAejibHbie npoßOAHMoera no Bceö m/iimme ne
A , A

MarHHTHoro sasopa cooTBexcTBeHHO Yi = Y HY2= Y2 y-.
CjieÄOßaxejibHO, nanpH>KeHHOCTH MarHHTHoro nojin

Hz \— Cishhiy + 2 ,

(16)
Hz\\ = -f- C 4chtay——. 2 .

• - .UOCOA,2 =(I ['l -j- /82, FÄ6 S 2 = a2~Y2.

JJah coßMecTHoro onpeAOAennn nexbipex nocxoHHHbix Hnxerpn-
poßanHH BOcnoAbsyeMcn npe>KHHMH rpannnnhiMH ycaobhhmh (4).
Ohh Aaiox ajih nocTOHHHbix HHTerpnpoßanHH



29

Ci = 0, (17)

_

/a£ A YirchA, 2(a—/) (Y2A,!2—SYiA,2 2)—y2 A,i2]

A.i2 A2 [Y2^ish o (a—/)sh Ai a— A 2(a— t) chAia ’

jaEA |shAia[Y2 27i2 (ch A 2t—chA2a) —SYiY2A2 2chA26 + YiY2^i^2shA2achAia}
A,iA,2 2 tY2A,ishA,2(a— t)sh Aja— A 2(a—/)chAia]

/aY2^A\Y2Ai2 shAia(ch 'kza—chA2O -i“SYi A2 2shA 2 /sh Aja—Yi^i^2chA 2achAia|
A^2Ai[Y2AishA 2(a—Osh Aia— A2 (a— t) chAia]

no (16) n (17) Moryx öbixb nojiyqenbi OKOHqaxejibHbie Bbipa-
JK6HHJI ÄJIH H3npH>KeHHOCXH MaXHHXHOrO nOJIH H COXJI3CHO (1) co-
CX3BJIHK)m,He nJIOXHOCXH XOK3.

Hojinan ajieKxpoiviarHHXHaH Momnocxb cmcxcmh b
sõne I onpeAejinexcH npn noMonm E\ h jyi anajioraqHo (9)

a

Š‘n =(,lj = 4\aly(xfBi )*KB(18)
a

me

jr, __

g2 f shAia[chA 2(a —i) (y2^i 2—syi^2 )—V2^i 2] I
B Ai2 V A2A, la[Y2/vishA 2(a —9shAiö— A2(a— t) ch Aia] j (10)

HOJIH3H 3JieKXpOM3rHHTH3H MOIUHOCXb BXOpHMHOH CHCX6MbI B
30H6 II COOXBeXCXBeHHO

t

Sn-=2il = 4A(t-a)lv;(xfß J )%, (20)
a

XÄ6

_

a2 f. shAiafl —chA 2 (Q—/)] (2y 2^i2—SYiA22) +Yi^i^2ch^i as h^-2(Q — 0).
B

~

7^2 1 —a)A, IX2^2 —t) sh Aia—Yi^2chA2(a —t) chÄiü] J
(21)

KoMnjieKCHbie BejmqHHbi h K‘b 33bhchx ox CKOJibJKeHHH

s He xojibKO qepes Xi KaK Kb corjiacno (10), ho ohh hbjihioxch

X3K>Ke H HBHbIMH (JiyHKUHHMH S.

CyMMapnaH nojinan 3jieKxpOMarHHXH3si moluhoctb BXopHqHoft
CHCTCMbI öy^ex

Šn =sn +'s2;
= 4M{xfß Ay[yaKE (22)
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npH a = t H3 (19) nojiyqHM

= (23)

ConocxaßJieHHe (23) h (8) b [3] noKaswßaex, qxo b sxom
cjiyqae K B

= sKB . K BbipaÄeHHK) (23) npnxoÄHM xaioxe, ccjih b

(19) noAcxaBHM y'2 =O. B sxom cjiyqae Kanaji y>xe HH.n.yKxopa,
ho KopoxKoaaMbiKaiomHe nojiocbi oxcyxcxßyiox.

npn yi^Y^Ok^i^ o cyMMapnaq nojinaa sjieKxpOMarnHx-
han MomHOCTb corjiacHO (22) 6y.zi.ex

5M
= 4A/(t/BA)ivj(<-ö)JC", (24)

rae

{th P Q )

‘--icidr • (25)
2

B 3tom cjiyqae hmccm äbo sohh c uihphhoh t—a. Kh corjiacHO

(25) coßnaAaex c (8) [3], ocjih b nocjieÄHeM embcto a no,n,cxa-
t—a , ,

BHTb-“ 2
— H BMeCTO X X 2 .

FIpH Y = Y* 2 (vi = Y2) H npH s=l, (Xl = X2 =X) H3 (19) H

(21) nojiyqnM cooxßexcxßeHHO

< 26>

ts > 1 cx2 F■( thX/ j sliXxxa b Xr | 1 ~X(/—a) ' — cl) chAi J '

CyMMapHaa nojmaa sjieKxpoMarHHXHafl moihhoctb sxopiiq-
HOH CHCTOMbI COrjiaCHO (22) ÖyÄGT

S2l = 4A«y ( 1 —) . (28)

FlojiyqeHHbift pesyjibxax coßnaÄaex nojinocTbio c Bbipa>KeHHeM
(17) [3], ecjiH niHpHHa Kanajia paßHHexca 21. Ecjih oa,HaKO y=y' ,

HO B 30H6 I 5 1 BbipaJKeHHH BTOpHHHbIX MOIUHOCXeH CyiU,eCXßeH-
ho ne ynpomaioTCH.

PaccMOTpeHHbie qacxHbie cjiyqan noarrßepJKÄaiox cnpaBeÄJiH-
BOCTb BbIB6ÄeHHbIX Bbipa>KeHHH ÄJIH SJieKTpOMarHHTHOH nOJIHOH
MOIUHOCTH BTOpHqHOH CHCTCMbI.
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MexaHHHecKan moluhocxb b Mexajuie onpea,ejiaexcH
aHaJIOFHHHO [3]

P nex = (1 — s)Re{S'2l )
= 4Aaly{rfßA) 2 {\ —s)kr

a , (29)

rae k a BemecxßeHHan nacxb Bbipa>KeHHH (19).
SjieKxpOMarHHXHbiH nanop aHajiormmo [3] öy^ex

P
„

< MftX ii \

P = 2aA2tf(1 —s)
== Poka* ( 30)

Hb (30) BHÄHO, HXO K a HM66X pOJIb KO3(|)(|)HII,HeHXa ocjiaöjie-

HHH [l] H paBHHeXCH SK 0C COXJiaCHO [3].
yMeHbmeHHeM nmpHHbi Kanajia 2a ao nyjin Bbipa>KeHHe (19)

äjih K‘b b nojiyqHx bha

Kb ——YJ ( 1—' ~ttt)
•

( 31 )B a->o yi A-22 \ chA,2 il v

Hb (31) HBcxßyex, hxo yMeHbmeHHeM uiHpHHbi KaHajia npH
MO>KHO yBejIHHHXb KO3(}}{|)HHHeHX OCJiaÖJieHHH JXO B6JIHHHH

öojibme ejjHHHUbi. B hhhxo>kho ysKOM Kanajie xok onpe-
AejinexcH nojmocxbio pasMepaMH h xapaKxepncxHKaMH KopoxKosa-
MbiKaiomHX nojioc.

Ecjih yAejibHbie npOBO,n,HMOcxH y h cxojib Majibi, qxo e<C! 1 h

E2< 1 h noaxoMy mojkcm nojiaraxb X± = X2 = ci, xo hs (19) nojiy-
llHM

is< = h’ = s shaa[y2—(y2—syQ eha jt—a)]
B Va aa[y 2sha(*—d) shaa + yidia {t—a) cha«] *

'

3xo Bbipa>KeHHe He yHHXbmaex hhäYkthbhocth bxophhhoh uenn
h pacnpeÄejieHHe TOKa onpeÄejiHexcH tojibko yAejibHbiMH npo-

HpH BejiHMHHa Ka npHÖJiHJKaexcH k npe,n,ejiy

k' =s— (33)
Y aasha(7—a) v ’

B xaöJTHue 1 conocxaßJienbi pesyjibxaxbi pacnexa koscJjcJjh-
UHenxa ocjiaöjieHHH no c})opMyjie (13) äjih BapHanxa 1, h no
(JjopMyjie (32) äjih BapnaHxoß 2, 3 h 4 npH paajiHHHbix oxnome-
HHHX VÄGJIbHbIX HpOBOÄHMOCXeft. CKOJIb)KeHHe S HpHHHXO paBHbIM
ea,HHHue. B Bapnanxax 1, 3 h 4 lunpHHa HHÄyKxopa 2c paßHnexcn
95,2% ox ÄJinnbi nojiiocHoro jiejiehhh. B Bapnanxe 1 KopoxKOsa-
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MblKaiOlUHe nOJIOCbI HaXOAHXCH BH6 HHÄYKTOpOB. npH 9TOM t
—c 0,43c. B BapnaHTe 2 niHpHHa HHAyKxopa pasna 2t. B Ba-
pnaHxax 3 h 4 lUMpima Kanajia MeHbiue nmpHHbi HHAyKtopa,
npnqeM c — a paßHHexca cooxßexcxßeHHo 0,43c h 0,86c. Bo bxo-
xoh rpa(J)e xaõjiHUbi npeAcxaßAeHbi oxnocHxejibHbie BHaqeHHfl

niHpHHbi. CpaßHenne AaHHbix BapHanxoß 1 h 2 noKaabmaex, mxo
npH paccMaxpHßaeMbix cooxHomeHHHX yßejmqeHHe mnpHHbi hh-
AyKxopa ao BHemHHx Kpaes npOßOAflmHx nojioc ne Aaex ocoõoro
AonoAHHxejibHoro acj)seKTa. OAHaKO, ccjih b paccMaxpnßaeMOM
cjiyqae cysnxb Kanaji b npeACAax HHAVKxopa h npHMeHHXb xopo-
mo npoßOAHmiie noAOCbi ao niHpHHbi HHAyKxopa (sapHaHXbi 3
H 4), XO KO3(j)SHUHeHT OCAaÖAeHHH yBGJIHqHXCH HCCKOJIbKO p 33.
Sxo MeponpiiHXHe, paayMeexcn, yßejmqHx xoabko nanop h yMenb-
maex npOHBBOAiixejibHOCXb.

T a 6 ji h u, a 1

Cu
H

c5
S
Oh
cs
CQ

%

OlHOCIITeJIbHaH
uinpuna

*oc = = k a

Y2 = 0 Tr ii ■< V2 =2\-i Y2= 10yi Y2 =
= IOOOyi Y2= 00

1 2 3 4 5 6 7 8

1

c a
T “V “O' 476

t- =0,681T

0,395 0,600 0,700 0,901 0,999 1

2

C t
—=

- =0,681T t

a
- =0,476T

0,395 0,670 0,805 1,074 1,204 1,207

3

C t
T=-

=0,476

a
—

= 0,272T

0,187 0,518 0,705 1,106 1,357 1,362

4
— = — = 0,476
t t

4 — 0,0681T

0,015 0,568 0,980 2,35 3,65 3,68
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4. Topueebie cxeHKH Kanajia npOBOAHiuHe

Flpii xopneßbix npoBOÄHmHx cxeHKax Kanajia (tj)Hr. 3) Mar-
HHXHoe nojie b HGMarnHxnoM aaaope HMeex, cxporo rosopn, KpOMe
cocxaßJiHiomeH no nanpaßjieHHK) och z (4mr. 1) xaiöKe cocxaß-
■naiomyK) b nanpaßJieHHH och y. BbimenpHße.neHHaH MexoÄHKa
onpe/i,ejieHHH nonepennoro Kpaeßoro npHHunnHajibHO
xonna xojibKo npH oähopoähom neMarHHXHOM aaaope no nanpaB-
JIOHHK) OOH Z. H3MH yJKO HCnOJIbSOBajIHCb SKBHBaJIOHXHbie
no xojiiu,hhc neMarHHXHoro aaaopa npOBO/iHmocth

Yl=Y HY2 = Y*õV

B paccMaxpHßaeMOM cjiynae cjie,n,yex ynecxb xaioKe xo oöcxoh-
XOJIbCXBO, HXO B CX6HK3X CKOJIbJKeHHO 5 = 1, 3 B JKHÄKOM MCXaj]-

jie s 1. Opn onpGÄejieHHH BcnoMoraxejibHoö BejmnHHbi e cjie-

ztyex nojibaoßaxbCH aKßHßajienxHbiM no Bcefi xojimHne HeMaranx-
noro aaaopa y,a,ejibHOH npoBOAHMOCXH h cKonb-
äghhh.

Ohf. 3

3KBHB3JieHTHOe npOH3Be,H,eHHG y,O,ejTbHOH npOBOÄHMOCTII H
cKOJib)KeHHH corjiacno cjDHr. 3 6y,n,ex.

Asv + 2d/T fl
(/*'> -

J
- (34)

Sziecb d' xojimHHa h ya yÄejibnan npOBOÄHMoexb npoßO-
J,HLU,eH TOpUeBOH CXOHKH.
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BcnoMoraxejibnaH Bennnnna e, no Koiopon naxoAHTCH Äi
n Kb, onpeaenneTcn na ocnoßannn SKBHBanenTnoro
hhh yn,ejibnofi npoBOAHMOCTH h CKOJibXceHHH ananornnno [3].

e =
Mv’s ’)^ 2 /gc^

3T 2

Corjiacno EbipaoKenmo (17) [3] nonnan
aneKxpoMarnnxnan Momnocxb BTopnqnoHcncxeMbi HBnnexcn cvm-
Mapnon no BceMy HeMarnnTHOMy saaopy. Flpn onpenenennn
ojieKxpoMarHHTHbix nojinbix Momnocxen b oxn,enbnocxn b jkha-
kom Mexanne n b npOBOÄHmHx cxenKax Kanajia yqnxbißaeM co-
rnacno (34) npoßonnMocxn, xonmnnbi cnoeß n cKonn-
jKenne.

SjieKTpoMarnHTHbie nojinbie moihhocth jKHÄKoro Mexanna n
xopneßbix cxenoK Kanana 6yn,yT

5 =3nfl_, (36)
21>k õk s (y's‘)

S -

š
*

2d' yA., (37)
2i d öži(yV)

CpeÄHHH no BceMy neMarnnTHOMy sasopy aneKipoMarnnTHbin
nanop onpe/ienneTcn

p'cp =Ki(V s"r‘ 18l- 08)

SneKxpoMarnnxHbin nanop b jkhäkom Mexanne hjih b xoprae-
Bbix cxenKax Kanana öynex nponopunonajibHbiM npOßomiMO-
cxhm h CKOJibmennnM b sxhx cpenax.

SjieKipoMarHHiHbiH nanop b ähäkom Meianne

P'-PvWk- <39)

3jieKxpoMarHHTHbiH nanop b npoßOAHmnx cxeHKax Kanana

P*=P' cp~-(40)
(ys)

Topueßbie npOßonnmne cxenKn Kanana nsnmoxcH ncxonnn-
K3mh nononnnxenbnbix noxepb.
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TPy/lbl TAJUIHHCKOrO nOJIHTEXHHHECKOrO HHCIHTVTA
CEPHfI A No 197 1962

X. H. Hnec

YHET BJIHfIHMfI BTOPHHHOH CHCTEMbI B JIMHEHHOH
njIOCKOH MArHMTOrHÄPOÄHHAMHMECKOH

MAIUHHE

1. FlocraHOßKa 3a;i,aMH

B onyöjiHKOßanHbix paöoxax no Teopnn HHÄyKUHOHHbix na-
cocob rjiaßHoe BHHMaHne yaejineTCH ajieKxpoMarnnxHbiM HBJie-
HHHM B ÄHÄKOM MCTaJIJie K3HaJia, TO 6CXb H3 BXOpHnnyK) CHCXO-
- npn saÄannon nepßnqnon Marnnnnon HFmyKUHH. B othx pa-
öoxax onpeAejimoTcn njioxnocxH xona bo BxopnnHon ajieKxponpo-
BOÄHin,eH aKXHBHbie noxepn h sjieKxpoMarnnxHbie chjibi.

OAnaKo, ne paccMaxpHßaexcn bjihbhho BxopnqnoH cncxeMbi na
nepßHnnyio, xo ecxb npeneöperaiox xax nasbmaeMOH «peaKunen
HKopn».

Uejibio 3xon paöoxbi HBJinexcn paspaõoxKa cxeM aaMemennn
MarHHXorHApoÄHHaMHqecKon MamnHbi, b xoxopbix ynnxbißaioxcH
3jieKxpOMarHHXHbie npoueccbi b nepEnnnon h BxopnqnoH cncxe-
Max.

IlonepenHbiH Kpaeson sc[)c|)eKx b äshhoh paöoxe yqnxbißaexcH
npn ycjiOBHH paßencxsa mnpHHbi Kanajia n mnpnHbi naxexa hh-
AVKxopa 2a = 2c ((Jjhx. 1).

Oh?. 1

37
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HpH aHajiiiximecKOM. HCCjieÄOBaHHH HHÄyKXOp npHHHMaexca
ÖeCKOHeXHO ÄJIHHHbIM, XO CCXb lipOÄOJIbHbIH KpaeßOH 3(J)4)eKX H6
yMHXbißaexca. Hpe,n,nojiaraexcH, qxo nepßHqnaH o6moxk3 MarHH-
xorHÄpOÄHHaMHqecKoft MauiHHbi cosÄaex xojibko HopMajibHoe 6e-
rymee nojie, nepeÄßHraromeecH b nojioxcHxejibHOM HanpaßJieHHH
och x co CKopocxbK) v x = 2xf {f qacxoxa ccxh, t —_ nojnocnoe

aeJICHHe). ÄMHJIHXyÄHOe BHaqeHHC MaXHHXHOH HHÄyKIIXIH B 30H6
xcHÄKoro Mexajuia npHHHMaexca paßHbiM B±.

npeAnojiaraeM, qxo jkhäkhh Mexajui äbhjkcxch b Ka-
nade nacoca co cpeÄHeö CKopocxbK) u. Hpn xypöyjienxHOM pe-
}KHMe xexeHHH mo>kho npHHHMaxb cKopocxb Mexajuia b Kanajie

ne saßHcnmeö ox B xaKOM npea,nojio>KeHHH ckojib-

jkchhc Bcex sjieMCHXOB >khäkocxh b oxhouichhh k CKOpocxn nep-
bhxhoxo nojiH paBHO

V , V
S= .v i

HanpHJKeuHoexb MaruHXHoro nojia BxopuuHbix xokob h bxo-
pHuuyK) njioxHOCxb xoua cuuxaeM pacnpeflejieHHbiMH no aaßHCH-
mocxhm, npHBeÄCHHbiM b [l] äjih njiocKonapajuiejibHoro uojih b
aasope mokäy UHÄyKxopaMH.

2. OCHOBHbIC aaBHCHMOCTH

Ha ocHOBaHHH pesyjibxaxoß [l] nonepeqHan cocxaßjunoiHaH

HanpnmeHHOCTH MarHHTHoro hojih BxopnqHbix tokob H z h co-
cxaßJiHKDmafl iuioxhocxh BxopnxHoro xoxa öy , b pesyjibxaxe
BsaHMOÄeftcxßHq Koxopbix cosÄaexcq nojiesHoe MexaHHqecKoe

yCHJIHe B HanpaßJieHHH OCH X, Bbipa>KaiOXCH B (JjyHKHHH koopäh-
naxbi y cjieAyioiJXHM oöpasoM:

H= |-
chAy ) (|)W ' chla

'

5

YW.l jü,]s X s ' dlKa'' ' ’

3ä6CB
, Ä

Y = Yõ£5 3KBHB3JI6HTH3H yÄCJIbHaq npOBOAHMOCXb nü 3KBH-

BajienxHOH xojiaaaopa (y yncjibHaH npoßo;i,HMOCxb
>KHWKoro Mexajuia, k KoacpcpHUHeHxa aasopa),
eo = 2nf yrjioßan qacxoxa cexn,
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a BcnoMoraxejibnaH sennnnna, Koxopan onpe,n,ejineTCH
no 4>opMyjie

X a ]/l -j- je. (3)

<~i 5TBn,ecb a =
—,T

(4)
UoV’scoe = =—-

.

a 2

Elpn nocxoHHHOH nepBHMHOH nacxoxe äjih Äannon Marnnxo-
FHÄpOÄHHaMnnecKOH MauiHHbi nponopnnonajibnan MexannnecKo-
mv cKOJibJKenmo oespasMepHan BejiHnnna e Moncex öbixb ycjiOBHO,
noKa nex öojiee noÄXOAHLnero xepMHna, nasßana ojieKxpoMar-
HHTHbiM CKOJibjKenneM. ynnTbißan ajieKTpoMarHHTHbie xapanxe-
pncxHKH Bxopnnnon CHCxeMbi, BejiHnnna e, Kan noKasano nmKe,
nojinocTbK) onpeÄejinex ajieKxpoMarHHTHbift pe>KHM nacoca.

ripu BbißOÄe ypaßHenHH (1) h (2) npe,n,nojiarajiocb, nxo ne-
MarHHTHbiö sasop c sKBHBajienxHOH TO/iuiHHoii k?>o sanojinen

oflHopoÄHoft neMarnnTnon cpeaon c väojibhoh npo-
y’. B ÄeHCTBHTeJIbHOCTH BTOpHMHbie TOKH COCpe,II,O-

- b cnoe tojiluhhoh A. 3th tokk hmciot hjiot-

HOCTb
Y•, ysuaB A l chXy\ö y

==

Y-6y = -ül-\ 1 - c-hÄf/- (2a )

Marnnxnan BTopnnnbix tokob h pesyjibTnpyiomaH
MaruHTnan HHj3,yKu,HH b cjioc Mexajuia corjiacno

(1), (3) H (4)
■

A = (O

(6)

B KOMnjieKcnbix BMpajKenHHX apryMenT komü-
JieKca nepBHMHon MarnnTHon npnnnT paßHbiM nyjno,
to ecxb cfiasbi cnnxaiOTCfl ot nepßnnnon MarnnTHon HHÄyKnnn b
Ä3HHOH Tonne nanajia nacoca.

CpeAHioK) no mnpHHe Kai-iajia MarnHTHyio hhäykuhk) Bxopiin-
Hbix tokob HHTerpnpOßaHneM:

+a
Bzcp = ~2a JBz dy = —]'eKbß± ,

(7)
a
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rae KOMiuieKCHan sejiHaHHa

1 ( th\a \

=l+ / c \1 Ka j~ “f” jkp = kft€ B
. (8)

Onr. 2



Onr. 3

BemecißeHHan nacxb K a BejiHmiHbi Kb paana xaK Hasaiaae-
MOMy KO3c|)(|)HU,HeHTy ocjiaöjieHHH nanopa [l]. MHHMyio nacxb

Kb oöosnaHHM qepes k p h nasoaeM peaKXHBHbiM Ko3c|)4)Hii,HeH-
tom. Ecjih BTopHqnaH ciicxeMa ne noxpeöjinex aKXHBHOH moihho-
CTH, TO Kb HM66T TOJIbKO MHHMyK) naCXb.

CorjiacHo BbipaJKeHHHM (8), (3) h (4) mo>kho saKjuoMHib,
HTO KOMIUieKCHaH Kb HBJIH6TCH CJIO>KHOH cjDVHKUHeH
äbvx öespasMepnbix BejmqHH. OäH3 hs hhx e onpea,ejiaeTCH co-
rjiacHO (4), a Apyryio mojkho npejurraEHTb b bhac OTHomeHHa

nOJIOBHHbI LQHpHHbI KaH3Jia K HOJIKDCHOMy AejieHHK) HH/jyKTOpa .

Ec.ih aac|)HKCHpoßaTb oiHOCHTejibHyio mHpHHy Kanajia, xor,aa
Kb 3a BHCHT TOJibKO OT g. HanpHMep, npH öesKonem-iOH mnpune
HHAyKTOpa h Kanajia (a = oc) HMeeM;

k‘
=rh’ kt ’ = *b =

—=.

(8a)
Ha rpac|mKax (|)Hr. 2 h 3 npeÄCTasjieHbi paccqmaHHbie cor/iac-

HO (8) SaBHCHMOCTH K a HK p OT npil H6KOTOpbIX SHa^ie-

HIIHX +e.
41
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Onr. 4

Ha (J) nr, 4 h 5 H3o6pa>KeHfai xe >Ke BejiHHHHbi b (j}y hku.hu ot

e npH HeKoxopbix BHaqeHHflx . Hs 4)ur. 2 h 4 mohcho sa-
KJiK) LiHTb, uxo Ka yMenbmaexcH mohotohho c yßejmueHueM |e]
npn saAaHHOM

_

BejmMHHa me l fcp | corjiacHo (Jmr. 3h 5
pacxex ot Hyjia jxo ueKOxoporo MaKCHMajibHioro sHaueHHHh hotom

onaxb yMeHbiuaexcH c yßejiuueHueM |e|. \k p \ HMeex MaKCHMajib-
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noe 3HaiieHHe npn [ei, oõycjiaßJiHßaioineM paßencxßO | /cp ) =

= k a . xaKoro [e| ÄaHHan OTHOCHTejibHan mnpuHa

HHAVKiopa oöecneaHißaei makohmaji bhob sHaaeHiie /ca . Hycxb,
nanpHMepi = 0,365. caMaKC =KP ( MaKc= 0,14 npn fe| = 3.

Ha cjDur. 6 « 7 npeÄCxaßjieHbi saBHCHMOcxH moayjih kb h ap-
rVMCHia ''Fb /Cb OT OTHOCHTeJIbHOH UIHpHHbI
Topa. B nacocHOM pe>KHMe, to ecxb npn nojio>KHxejibHbix snaae-
HHHX 8H S, BejIHBHHbI K p Hf B OXpHUaxejlbHbl H HaOOOpOX, B
reHepaxopHOM pe>KHMe bxh BejmqHHbi npHoöpexaiox nojiojKHxejib-

Hbie 3H3KH.

5
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3. BHOCHMbie COnpOTHBJieHHfI

FloTOKOcuenjieHHe MarHHXHoro noxoKa bxophhhbix tokob c
nepBHBHOH OÖMOTKOH COCXaBJIfIeX

Vl2 = /bKbWa, (9)

rj.e noxoKocueruieHHe MarHHTHcro noxoKa b cjioc jkhäkoto mc-
xajuia ox nepßHMHbix xokob
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xFa = ~xawk oiß!,. (10)
Jt

3jieCb Koo H W KO3(J)(|)HUHeHT I! MHCJIO BHT-
KOB nepBHHHOH OÖMOTKH 'HHÄyKTOpa. IIOTOKOCUenJieHHe 'vFi2
motkct õbiTb ycjiOßHo HaßßaHo xaKKe noxoKocuenjieHHeM b33hm-
HOH HHÄyKUHH.

c&nr. 7
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Bxopofi 33koh KHpxrocJja jxj\n nepßHqnoH aerm HHayKxopa
b CHMBOjinqecKOH t|)opMe Moacex öbixb nanHcan caeayiomHM
oöpasoM:

/ir • /.vi • / “jy , (11)

XÄ6
r h x aKXHBHoe h peaKXHBHoe conpoxHßJieniie oömoxkh

HHAyKXopa.

MHAyKTHBHoe conpoiHßJieHHe x onpe/iejiHexcq npi-i chmm6t-
pnqHbix TOKax npBMOÖ nocjie,n,OßaxejibHocxH bo Bcex xpex cf^asax.

KoMnjieKCHoe Äeöcxßyiomee SHaqeHHe xoxa b ypaßHemiH (11)
ne HMeex xoqKH H3ä coöoh, xax KaK c|)a3bi oxcqnxbißaioxcH ox
MarHHXHOH HHÄyKUHH H3 OCH OÖMOXKH, X. 6. OX nOXOKOCU,eiUieHHH
nepsHqHbix xokob.

rioTOKOcuenJieHHe caMOHHavKuam ot nepßHqnoro MarHHXHoro
nojiH b cjioe >KHÄKoro Mexaaaa (10) npeacxaßHM qepes cooxsex-
CTB_yK>myK) HHayKTHBHOCXb!

¥a = 1/2UI. (12)

HHjiyKTHBHOCTb La, CBH33HHaH C nepBHBHblM MaFHHTHblM
nojreM b cjioe Merajuia, onpeÄejiHexcH qepes MarHirro-

CHJiy TpeX(|)a3HOH OÕMOTKH.
Ho OÖmefi TeopHH SJieKXpHMeCKHX M31IJHH

(13)

T3K K3K

u,0 3l/‘2 k n? w
B x=————I. (13-a)

jt Mp

Hcnojibsyn ypasHeHHH (9), (12) h (8) npeoöpasyeM nocjie/i-

-hiih q.xen ypaBHeHHJi (11) k cjieÄViomeMy BHjty:

(14)
|/2

rae
x \ = wL a.

Corjiaciio (11) h (14) BKBHBajienxHoe conpoxiißjieHiie ueqn
HHÄVKTOpa cociaßjiaex
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Z— (r -j- 1Ar) -j- j{x -j- Ax), (15)
rn,e

Ar = ek aX\, Ax = zkv X\. (16)

Hjienbi Ar h Ax bbjibkdxch bhochmhmh b nepßHnnyK) uenb
aKXHBHbiM n peaKXHBHbiM conpoxHßjieHHHmh. 3xh conpoxHßJie-
hhh ynHXbmaiox b nepßHnnon uenn sjieKxpoMarHHxnoe fijinnnne

BXOpnnHOH cHcxeMbi.

3KBHBaJieHTHOMy COnpOTHß-

jieHHio uenn xiHÄyKxopa coox-
BexcTßyex akbhbajieHTHah cxe-

Ma, H3o6pa>KeHHaH na cbnr. 8.
BnocHMbie conpoxHßjieHHH Ar n
Ax npeÄCxaßJieHbi akthbhbim n
pea KXH'B HblM conp0 THBJI6HH hmh .

Okt. S

4. MOIII,HOCTb BTOpHMHOM CHCTCMbI H 3JieKXpOMarHHTHb!M Hanop

Flojmafl 3JI6KXpOMaXHHXHaH MOIHHOGXb, nOJiyqeHH3H HHXerpH-
pOBaHHeM no BceMy Kanajiy conpxoKeHHon Bejm-

LiHHbi HHÄVKXHpoBaHHofi HanpßyKeHHocxn sjieKxpnnecKoro nOJIH H
KOMnjieKca njioxnocxH Bxopnm-ioro xoxa BbipancaexcH (JjopMySon

Š 2l -4Aalys(fxß A ) 2KB = 3/2 (Ar + jAx). (17)

Bxopon bhä (JiopMyjibi nojiynaexcn hs nepsoro npHMenenHeM
(4), (13), (13-a) h (16). 3xh BbipameHHH nojinoö Momnocxn
HanHcanu b nenoABHÄHOH oxnocHxejibHO HHÄyKxopa KoopÄnnax-
HOH CHCXeMe. FIojIHaB 3JieKXpOMarHHXH3H MOIU,HOCXb BXOpHRHOH
CHCXeMb! B ÄBHJKymeHCH BM6CX6 C 2KHÄKHM M6X3JIJIOM CO CKO-
pocxbio v KoopÄHHaxHoii CHCxeMe paßHa

S22 sS2\, (16)

X3K K3K HHÄyKXHpOB3HHaH H3npB>KeHHOCXb SJieKXpHBeCKOXO HOJIB
b üßHÄymeficH jkhäkocxh nponopuHonajibHa cKOJibJKeHHK).

PaSHOCTb aKTHBHbIX COCXaBJISnOIU,HX BOJIHbIX MOmHOCXefI A 2 i
n S2 2 cocxaßJinex MexaHHßecrcyio Momnpcxb MariiHioriiÄpoAHHa-
MimecKOH MamnHbi
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PMex
= AAalys {fxßÄ ) 2k a {\ —s) =3 I2 Ar (1 —s). (19)

no MexaHHqecKoö molhhocxh cpcähhh aneKxpoMarHHXHbiü
nanop b nonepeqnoM ceqeHHH Kanana öynex

,
P M ex . *Ar , /on .p = p°s^ oc = —z7o , (20)

rne

koz z=z ka j fo j £l £ | s =l , fo xlyfBi . (21)

BejiHHHHa p o npeÄCxaßjinex coöoh AaBJieHHC, pasßHsaeMoe
HacocoM npH oxcyxcxßHH nonepenHoro Kpaesoro 3(jD(|)eKxa h yrjia
CABHra njioxHocxbio xoKa h HHAVKXHpOBaHHOH Hanpn-
JKeHHoexbK) 3JieKxpHqecKoro nojin b pokhmc c hchoabhähoh
BXOpHqHOH CHCXCMOH.

Hs BbipaJKCHHH MexaHHHeCKOH molhhocxh nonyqHM nojies-

hvk) rHÄpaßJiHqecKyio MomHocxb b HacocHOM pe>KHMe nocjie bh-
MHxaHHH XHÄpaBJiHqecKHX noxepb b caMOM Kanane Hacoca.

Bhochmoc aKXHBHoe conpo-
THBJIOHH6 Ar (16) MO}KGM pa3-
äcjihxb na jxBe cocxaßJijnomHe

(1 — s) Ar h sAr (tjmr. 9). Ho
3THM COCXaBJIHKDLHHM BHOCH MO-
TO conpoxHßJieHHH onpeaejiHK)!-
CH MexaHHHGCKaH MOLHHOCXb H
aKXHBHbie nOXepH BO BXOpHHHOH
chctcmc.

PMe*= 3/2 (1-5) Ar,

P 22 = 3/2 sAr. (22)

Onr. 9

5. SaBHCHMOCTb BHOCHMbIX COnpOTHBJICHHH OT CKOJIb>KeHHH

B nacocHOM
npOTHßjieHHe Ar, i<ak no«a3brßaex anajiHS Btrpa3Ke»HH (16),
HMeeT nojiOÄHTejibHoe BHaMeHHe. CocxaßJunomaH (1 —s) Ar
sxoro conpoiHßJieHHH, no KoxopoH onpeAejinexcH MexaHHqecKan
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MOiuHocib (22) npHoöpexaeT oxpHuaxejibHoe SHaqenHe npn
•<7>l. 3xo ecxb xaK HasbisaeMbiH «pO>KHM xopmojkbhhh npoxnBO-
XOKOM». Bxopafl COCXaBJIHK)IU,aH BHOCHMOrO aKXHBHOXO COnpOXHß-
jichhh sAr, no Koxopon onpefl,ejinexcn aKXHBHan Momnocxb na
BxopnnHoft cxopone, npn B renepaxopnoM
pe>KHMe BHocHMoe aKXHBHoe conpoxHßJienne Ar oxpnnaxejibHO,
Kak h cocxaßJifliomaH (1 —s) Ar, xai< KaK MexannnecKaH molu-•
nocxb iicnojibsyexcn ;yifl CBepxcnHxpoHHoro xopmojkbhhh. Co-
cxaßJiHHDman sAr öyjipx, pasyMeexcn, n b sxom cjiynae hojiojkh-

xe.ribHon.
Bhochmob peaKTHBHoe conpoxnßJieHne Ax, KaK noKasbißaex

anajiHS BbipajKßHHH (16), hmbbt oxpnuaxejibHoe BHanenne bo
Bcex pejKHMax MarHHXoniApoÄHHaMHqecKOH MauiHHbi. Onsnne-
ckh 3XO osnanaex, nxo MarnnxHoe bjihhhhb BXOpHMHbix xokob
hbjihbxch pasMarnHMHßaiomHM, xo ecxb 3kbhb3jiohxhoo

conpoxnßJieHne bcch cncxeMbi bcbfäb mbhelub HHÄyKXHBHoro co-
npoxiißJieHHH nepßnqnoH oõmoxkh MauiHHbi.

Ha cjDHr. 10 in-peÄCTaBJieHa
CX6M3 SaMemeHIHH, B KOTOpOH H3
rxep'BH'4'Horo h'h ,n,ykxxtb hopo co-
npoTHBJieHiHH BbiAejiiewo nR,n,yK-
THBHO6 COnpOTHBJieHHe nepßHM-
ixoro pacceHiHHH (x x v ). 3jxech
3to paccenHHe yqiHXbißaiex KpoMe
pacceHHHH nasoß, jioöoebix nac-
xeö, KopoHOK syöuoß xaKjKe h
xy Macxb iiioTOKa b peM aphhthom

aasope, Koxopan ne ttpoxoäht
qepes Kanaji Mamnubi b xojiü-

ctom KpoMe xoro, oho ymi-
Xbisaex OOTOK BbICLUHX rapMOHHK.

Onr. 10

9KBHBajieHTHOe HHÄyKTHBHOe COnpOTHBJieHHe X’ OCT3JIBHOH M-
CTH 3KBHBaJIGHTHOH CX6MBI COXJiaCHO Bbipa>KeHHK) (16) HO-
.xoÄHxejibHa.

x= x A (1 + e /cp) >O. (23)

Ha c})Hr. 11 H 12 HpO,O,CXaBJIOHbI BHOCHMbIO COHpOXHBJIBHHH

Ar H Ax B 33BHCHMOCXH OX H 3KBHB3JIOHXHOO HHUyKXHBHOB CO-

npOXHBJIOHHO x’ (23) B BHÄO OXHOCHXBJIbHbIX BOJIHHHH npH HoKO-

xopbix 3H3MOHHHX 8. BaSHCHbIM COHpOXHBJIBHHBM HpHHHXO HH£yK-
XHBHOO COnpOXHBJIOHHO Xa .

COXJiaCHO (17) BHOCHMbIO COnpOXHBJIOHHH yWHXbIBaiOX B nop-
BHHHOH UOHH aKXHBHVK) H pOaKXHBHyK) MOLUHOCXH BTOpHMHOH
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Onr. 11
__

CIICTeMbI. n P H saÄaHHbix BxopiiqHOH chctcmc h nep-
qaCTOTe 3TH MOLU,HOCTB H COOTBeiCTBVIOIUHe BHOCHMbie

COnpOTHBJieHHH 33BHCHT FipH SHaqeHHH nepBHBHOrO
TOKa TOJIbKO OT S HJIH 6. CJTOB3MH, OHH 33BHCHT TOJIbKO
OT CKOpOCTH ÄBHJKeHHH JKHÄKOCTH, T. 6. OT qaCTOTbI BO BTOpHH-

HOH CHCTCMC. C yBCjTHqCHXICM je | npH (J)HKCHpOBaHHOM a
_

3Kpa-
HHpyromee ächctbhc BTopiiqHbix tokob yßCjmqHßaexcH h coot-
Bexcxßyiomee BxopHqHoö peaKTHBHOH moluhocth oxpHu,axejibHoe
OTHOCHXeJIbHOe BHOCHMOe peaKTHBHOe COHpOTHBJICHHC ÄOXOÄHT
ÄO 1 (4)HF. 12). CoOTBeTCTBeHHO 3KBHB3JieHTHOe conpoxHßjieHHe
x' k nyjno. llpn öecKoiieqHO rnnpOKOM HHÄyKxope
3TH BeJIHqHHbI 6y,fl,yT COOTBeTCTBeHHHO

__

£ g2 A"' 1 (Od)
x A 1 e 2 ’ xa 1+ e 2 ’ ' r A 1+ s 2 ’

C yßejinqeHHeM ajiekTpOMarHHTHoro CKOJibacem-iH npn 3a,n.aH-

HOM
a

MaKCHMyM 3KTHBHOH MOIU,HOCTH ÄOCTHFaeXCH, K3K MOŽKHO

Biueib hb cj3iir. 11 h 12, b cjiyqae, ecjiH Ar = |Aa:j, x. e. npn pa-
B6HCXB6 BTOpHMHOH peaKTHBHOH H 3KTHBHOH MOIUHOCXeiI. BOJiee
miipOKHH HHAyKOp yÄOBJieTBOpHGT yCJIOBHK) MaKCkMVMa aKTHTi-
HOH MOmnOCTH npil MeHbUieH BejlHMHiie 8 HJTR CKÖJIbJKeHHJI 5.



Onr. 12

OTHOCHiejibHoe BHociiMoe aKTHBHoe conpoiHßJieHHe npn ycjio-
BHH MBKCHMyMa H3MeHH6TCH npHÖJIHSHTejIbHO OT 0,4 npH ÖCBKO-
Heqno ysKOM ((Jmr. 11) h äoxoäht ao 0,5 npn öesKo-
HeqilO UJHpOKOM HHÄVKTOpe, K3K MO>KHO H3 BBlp3>KG-
hhh (24).

51
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Onr. 13

Ha (|)Hr. 13 h 14 H3o6pa>KeHbi BHociiMbie OTHOCHrejibHbie aio
\r \x

THBHO6 H HHÄyKTHBHOe COHpOTHBJieHHe H B 33BHCHMOCTH
XA XA

OT 8, TO eCTb OT S HeKOTOpbIX 3HaB6HHH OTHOCHT6JIbHOH UIH-

pHHbI HHÄYKTOpa.
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Our. 14

SaBHCHMOCTb = / (e) corjiacHo (20) c xapax-xs
xepoM saBHCHMocTii p' = f (e). Oo cymecxßy xapaKrepHCTHKa
ajieKxpoMarHHTHoro Hanopa p' / (e) c 33bhch-
MOCTbK) Bpam,aK)LU,erO MOMGHXa aCHHXpOHHOH MaiUHHbl OT CKOJIb-
>KeHHH b cjiyqae HensMeHHOH BejmqHHbi Äeöcxßyiomero snaqeHHH

TOKa h noxepnMH b cxajiH. Ocb aöcuncc e mojkho

paCCMaXpHBaXb OÄHOBpeMeHHO KaK OCb CKOJIbSKeHHfI S HJIH OCb

CKOpOCXH V.
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SaBHCHMOcxb —— =/(e) (cjmr. 13) HB.xnexcH cHMMexpHqnofi
X A

oxHocnxejibHO naqajia Koop/mHax. CnMMexpnqHOH oxnocHxejibHO

naqajia KOopÄnnax HBJiHexcn xaione saßHcnMocxb oxnocnxejib-

hoxo 3JieKxpoMaxHHXHoro nanopa ox cKOJibJKennH
p

ei =f(e).
3xo CBaaano c ycjiOßneM p 0 = const, xo ecxb I = const. Oöbiqno
MexanHqecKyio xapaKxepncxnKy acnHxpoHHon MamHHbi npe,acxaß-
jimox npn ycjioßHH U = const. Opn nocxoHHHon BejinqHne äsh-
cxsyiomero snaqeHHH npnjioxceHnoro HanpnmeHHH b (J)öpMy.jie
(20) npHXO/uxrcH yqecxb HSMeHenne KBaÄpaxos nojmbix conpo-
XHBJieHHH.

CjieÄOßaxejibno

P = 5c7 '(r+kr)2+{x+Ax) 2 •
( 25 )

Rnn njunocxpauHH, no (|)opMyjie paccqnxana sa-
BHCHMOcxb ■ = /(e) npn - = 0,5 n x = 2xa , r = 0,2 a a . Pe-
syjibxaxbi axoro pacqexa npeÄCxaßJienbi na (fmr. 15 b Änanasone
—4 <g< 4. TaM *e Äana Kpnßan HBMenenHH oxHocnxejibnoro

BHociiMoro conpoxHßJieHnn, xo ecxb Kpnßan oxnocHxejibHoro na-
nopa npn nocxoHHHon Bejmqnne xoxa HHÄyKxopa.

6. nojiesHoro

OocKOJibKy MexannqecKaa Momnocxb marnnxoxhäpoähha mm-
qecKoft MamHHbi onpeAejiHexcn no ypaßHennio (22) KaK aKXHBnan
Momnocxb na conpoxHßJiennH (1— s)Ar, xo na ocHOßannn cxeMbi
saMemenHH (4)hx. 8) mo>kho Bbipasnxb KO3(}3(|)HUHeHx nojieanoro

Ä6HCXBHH, 6es yqexa XHÄpaßJinqecKHX noxepb h noxepb b cxajm,
äjih paöoxbi b nacocnoM pe>KHMe b cjieÄyiomeM bh^c:

p iwex I—S1 —S /nr\H== p ==
, (26)

1+
Ar

xAe P aKXHBnaH Momnocxb bcch cncxeMbi.

KoatJxjjHUHeHT nojiesnoro ÄeöcxßHH äjih renepaxopnoro pe-
}KHMa paccMHTbißaexcH no (JiopMyjie

P\\ Pi2 Ar ' /o _^r P = p
= 1 ——

, (2/)
mcx 1 6

P ii MomnocTb noxepb b mcäh oömotkh HHÄyKxopa.



55

Ohf. 15

OnsiwecKoe coAepjKaHne hmciot xojibko noJiOÄHiejibHbie sna-
qeHHH nojiesHoro ä6Hctbhh.

B Kanecxse npHMepa paccqHxana saBHCHMOcxb ri H = /(s) no
ypaBHeHHK) (26) npn ~= 0,5, -

r
~ = 0,2 h ej = 2,5 b npeÄejiax

T -V

I>s>o, x. e. 2,5 e 0. Pesyjibxaxbi pacnexa npeacxaßJieHbi
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<Dnr. 16

b BH/i,e rpa(J)HKa na (})Hr. 16. TaM >Ke npeAcxaßJieHbi b othoch-
TejibHbix BejinqHHax Momnocxb noxepb b nepßHqnoft oömoxkc
P\ i, MexaHHqecKan Momnocxb PMex, Momnocxb noxepb na bxo-
pnqnoH cxopone P2 2, sJieKxpoMarnnxHaH Momnocxb P2 1 h aKXHB-
nan Momnocxb P b 33bhchmocxh ox cKOJibHcennn b Änanaaone
—4 <s< 4. BasncHOH Be/innnnoH npHHnxa 3 12x y .

Ha xoh ®e H3o6pa>KeHa saBHCHMocxb Ko3(J)(|)nuHeH-
xa nojieanoro Äencxßnn ox CKOjibjKennn b renepaxopHOM pejKHMe
T]r = /(s) , paccqnxaHnaH corjiacno (27) npn xex JKe cooxHome-
H H fIX HHÄyKXOpa. Hpn 3XHX COOXHOLUeHHHX T| r >0 ec/in 0,2.
r) r Aocxnraex MaKCHMVMa (31,5%) npn 5 =

—0,6.
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Ko3Cj3t{)HLi,HeHT nOJICSHOXO ÄCHCXBHH TpH B HaCOCHOM pCJKHMC
npH xex >kc cooxholhchhhx mcjkäy napaMexpaMH HHÄyKxopa no-
cxnraex 40% npH CKOjib>KeHHH s = 0,25.

7. FlapaivieTpbi aKßHeajieHTHoro TpaHct})opMaTopa.
CxeMa aaMemeHHH

B uejiHX HarawHoro c|)H3HMecKoro hctojikob3Hhh no/iyMen-
HblX ÄJIH HHAy KU.HOH HO H MarHHTOTHÄpOÄHHaMHMeCKOH MailiHHbl
pesyjibxaxoß cpaBHHM c hhmh anajiorHMHbie BejiHMHHbi b xpex-
c})a3HOM BOSAyniHOM TpaHC(jDopM3Tope.

3KBiißajieHTHoe conpoTHßjieHHe c naccHßHoft
BTOpHMHOH UeHblO COTJiaCHO [2] p3BHO

=(n 4" Ar’) j(xj -p Ait). (28)

3Äecb BHOCHMbie conpoTHBJieHHH onpe,a,ejisiK)TCH nepea napa-
Meipbl BTOpHMHOH UeHH CJieÄyKDLU,HMH BblpaXKeHHsl Mw:

Ar’= (—)
’

r2 ,A*' = (—)
’

*2 .
(29)

' 22 ' ' Z2 '

Flojinan Tpex(J)a3HaH Momnocib Bcefi CHCieivibi

S = 3/ 1*Z 3KB =3/ l 2l(r I+Ar’)-i-J(xI+Ax’)]. ( 30)

Hojinan MomnocTb btophmhoh uenn
Š 2

= 3/2 (A/' , -|- jAx’). (31)

Xapaxxep bhochmmx coupoxHßjieHHii MarHHxorHupoAHHaMHue-
CKOH MaiUHHbl (16) B HOpMajIbHOM H3COCHOM pCJKHMC paÖOXbl C
nojio>KHxejibHbiMH 5 h 8 b xohhocxh coßna,n,aex c xapaxxepoM bho-
ciiMbix conpoxußJieHHH xpaHC(jDop.Maxopa npH hha,ykxhb hoii bxo-
PHhhoh uchh (x2>o). Ecjih na bxophhhoh cxopone xpatictfiop-
Maxopa hmccxch renepaxop aKXHBHoii moiuhocxh, xora,a bhochmoc
aKXHBHoe conpoxHßJienHe (29) cfiopMa/ibHO npHoöpexaex oxpima-
xejibnoe SHaneHHe. OxpHuaxejibHoe bhochmoc aKXHBHoe conpo-
XHBJICHHC Mbl HMCCM X3IOKC ÄJIH MaTHHXOFHÄpOÄHHaMHqCCKOH M-
LUHHbI B CBCpXCHHXpOHHOM pOKHMC.

FlojiHaH aua jioxhh Bo3,n,yiuHoro xpanc(|)opMaxopa h Marnuxo-
rHÄpOÄHHaMHHCCKOH MaiUHHbl HBCXByCX X3IOKC H3 BbIpa>KCHHH
MOLUHOCXCH.

Ha ochobc npHBCü,eHHOH aHajiorHH mo>kho onpeAcanxb napa-
MCXpbl SKBHBa.TCHXHOrO K MarHHXOXH/tpOÄHHaMHHCCKOH MaiUHHC
xpancc}3opMaxopa.
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Onr. 17

IlycTb napaMexpbi oömotkh HHÄyKxopa nacoca r h x paßHbi
cooTßexcißyioiuHM napaMexpaM nepBHMHOH oömoxkh sKßHsa-
jreHXHoro xpanccjDOpMaxopa. OapaMexpbi bxophhhoh uerm nojiy-
mhm npH paßencxße BHOCHMbix conpoxHßJieHHH b oöohx cnyqaHX.
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ri ” ’

~ r/+xf x*
“

■ < 32>

3xn a,Ba ycjiOBHH co,n,ep}Kax xpn nensßecxHbie BejmqHHbi SKBiisa-
jieuxnoro xpaHctjjopMaxopa r2 , x2 n xM . hs hhx mokho sa-
#axb npoH3BOjibno. BbipasHM napaMexpbi BxopnqHon uenn skbh-
Bajienxnoro xpaHCt})opMaxopa qepes xM .

Ecjih yqecxb (8), xo

rs =*° =~x° ~ü|" ’ (33)

3^ecb
_

X A

B H3COCHOM pOKHMC paöoxbi (s 0, 8> 0) r 2 >ÖH x> >O.
B CBepxcnHxpoHHOM peatHMe (s <C 0, 8< 0) aKTHBHoe conpo-
THB.neHHe r2 <o.

Ecjih HHüVKxop HMeex öesKOHeqnyio niHpHny, xo napaMexpbi
BXOpnqnoH uenn onpenejinioxcH (JiopMyjiaMH

r2 xo~ > x2 —xo • (34)

Ha (Jjur, 17 npeAcxaßJieno aKTHBHoe conpoTHßJieHHe 3kbhb3-
„ „ a

JI6HXHOH BTOpHqHOH UCHH X 2 B BaBHCHMOCTH OT , paCCqHXaHHOe

no (33), b bhäc oxnocHxejibHbix BejmqHH npn neKoxo-
pbix snaqeHHHx e, BasncHoft BejinqHHOH nßJisiexcn xO . HnTepecno
OTM6THTb, qxo aKTHBHOe conpoTHßJieHHe BTOpHqHOH CHCTOMbI
SKBHBajieHTHoro HSMenflexcH b mnpoKHx npe-
Äejiax c nsMeneHneM ajieKxpoMarnnxHoro cKOJib/Kennn hjih ihh-
pHHH iiHÄyKTopa, CooTßexcTßyioinee peaKXHßwoe conpoxHßjieHHe
x2, KaK noKasbißaiox pacqexw no cjjopMyjie (33), Majio saBHCHX
ox ajieKxpoMarnHXHoro cKOjibJKeniin h mnpHHbi HnziyKXopa.

Onr. 18
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Cxeivia saMemeHHH aKBHBajieHTHoro hbah6t-
CH OCHOBOH AAH COCTaBA6HHH 3KBHBajI6HTHOH CXCMbI MaFHHTO-
rHApoÄHHaMHqecKOH MauiHHbi. Ha c|)Hr. 18 a ana cxeMa aaMeme-
HHH 3KBHB3JieHTHOrO TpaHC(J)OpMaTOpa C HHAyKTHBHOCTHMH paC-
C6HHHH.

CnnxaH Xy\ x A , xo ecxb x0 =x A , nojiynnM A.nn conpoxnßJie-
hhh paccennHH nepßHnnon h BXopnnnoH uenen EbipaAcennn

xa i =X— x A , Xrt=x2 —Xi=— 11 + -]x A . (35)

Ecjih HHAyKXop HMeex õecKoneqnyK) mnpHHy, xo BxopnqnbiH
noxoK paccenHHH xa2 =O.

8. rTojinaa cxeivia aaMemeHHH HHAyKxopa co BxopwqHOM
CHCTCMOH

B nojmoH cxeMe aaMemennn (c|)Hr. 19) conpoxnßjieHne pac-
cchhhh nepßHqnoH n.enn xal paaAejieno na abc cocxaßJinioinHe:
conpoTHßJieHHe paccennnH naaoß, jioöobbix nacxeö, kopohok ayö-
uob x'al h conpoTHßJieHHe pacceHHHH bosaviuhofo saaopa .
x'al onpeAejineTCH nepea cooxßexcxßyioiii.He npoßOAHMoexn pac-
ccbhhh, a x"aX paaHocTbK) MejKAy rjiaßHbiM hhAykthbhhm
COnpOTHBJieHHCM H HHAyKXHBHbIM COnpOTHBJieHH6M OT lIOTOKa
ochobhoh rapMOHHKH h nepea Kana.ii. Floxepn b cxajiH mo>kiio c
AOCT3TOMHOH XOMHOCXbIO CHHXaXb RponOpUHOHajlbHblMH KB3Apaxy
Hanpn>KeHHH U\ (cjanr. 19). CjieAOßaxejibno, ynex axnx noxepb b
cxeMe aaMemennn nponaßOAHxcn cooxßexcxßyiomnM conpoxHßjie-
HH6M. ConpoxHßjieHHe noxepb b cxajiH onpeACJinexcH (|)opMyjioH

U?
rC r = p— • (36)

7 ct

Onr. 19
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9. Xo,n pacnexa ajieKxpOMarHHxnoro Hanopa h aHeprexHMecKHX
cooxHomeHHH b MarHHXorHÄpoAHHaMHqecKOH MauiHHe

B pacnexax pe>KHMOB paöoxbi MarHHiorH/i,po-
;i,HHaMHqecKOH MamHHbi nojibsoßaxbcn cxeMofi saMeme-
HHH, Ha (JjHX. 20.

20

Akxhbho6 conpoxHßJieHHe oömoxkh r Majio oxjmnaexcn ox co-
oxßexcxßyiomero conpoxHßjieHHH oömoxkh npn hocxohhhom xokc.

conpoxHßJieHHe x, conpoxHßJieHHe pac-
ceHHHH x‘a] h conpoxHßJieHHe noxepb b cxajiH r

CT onpejiejiHioxcn
H3 9KcnepHM6Hxa xojiocxoxo hjih paccHHXbmaioxcH no oömeH
Mexoj,HKe pacnexa sjieKxpnnecKHx ManiHH. Ho saAannoMy kojih-

necxßy npoxeKaroipeH hchjikocxh, ee xapaKxepwcxHKaM, pasMepaM
Kanajia h onpe/iejiHiox CKOJibmenHe s h e corjiacno (4).
BnocHMbie conpoxHßjieHHH Ar h Ax onpejjejiHioxcH c ncnojibsoßa-

HH6M XIpH'B6Ä6HHbIX XpatjDHKOB 1 1 HO 14 >H paCHeTHOrO
THBHoro conpoxHßJieniHH Xi (13) ox maphhthoro noxoKa nepes
Kanaji.

Ecjih napaMexpbi ajieMenxos cxeMbi saMemennn (cjDHr. 20)
HSBecxnbi, mojkcm, hcxoäh H3 nepßHnnoro HanpH>KeHHH, onpe,ne-
jiHXb xok I h narpysonnyio cocxasjiHiomyio ero /H . Oo nocjiej,-
neft naxoÄHM nepßHnnyio MarHHxnyio B A h corjiacno

(20) h (21) 3JieKxpoMarHHXHbiH nanop. flo Bbipa>KenHHM (22)
naxoÄHM MexaHHnecKyio Momnocxb h noxepn na bxophhhoh ch-
cxewe. Ooxepii b mcäh h b cxajm kbk noxepn na
sjieMenxax cxeMbi saMemenHH. Flo nojiynennbiM moluhocxhm on-
pej3,ejiH6M Ko3(|)(|)Hii,HeHx nojiesHoro ÄeficxßHH. B reHepaxopnoM
pCJKHMe MarHHXOrHÄpOÄHHaMHHeCKOH MaiUHHbl BHOCHMOe 3KXHB-
noe conpoxHßJieHHe HMeex jiHiub oxpHuaxejibnyio BejiHnnny.
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X. M. ffnec

TJIABHbIE HHAyKTHBHOCTH 3JIEKTPHHECKOH
MAUIHHbI C PASOMKHyibIM MAEHHIOOPOBOAOM

nocxaHOßKa saAanH

FjiaßHaa HHAyKTHBHOCTb HAH HHAyKTHBHOCTb OT MaTHHTHOTO
lIOJIH B BOBÄyiHHOM 3330pe OÖMOTKH SAeKTpHHeCKOH MaiUHHH HC-
peMeHHoro TOKa onpeAeAHexcn b oömeö xeopHH ajieKTpimecKHx
ManiHH no nepsofi rapMOHHKe npocxpancTßeHHoro MarnHTHoro
nojin. npocxpancxßeHHbie Bbicmne rapMOHHKH yqHTbisaiOTCH xaK
HasbmaeMOH HHAyKXHBHOCTbio AHc})c[)epeHUHajibHoro paccennnn
[2], 3xa MexoAHKa paspaöoxana rjih. cHMMexpmiHOH MamuHbi c
saMKHyxbiM MarHHXonpoBOAOM. B xpexcjiasHOH Maumne c pa-
soMKnyxbiM MarHHXonpOBOÄOM nex cHMMexpnn, Taie Kaie nex pa-
Bencxßa xpex BsanMHbix
see xpn tfiasoßbie oömotkh h6bo3mo>kho pacnojioxKHTb oAHnaKO-
bo b oxHomeHHH AByx KOHHOB MaTHHTOnpOBOAa.

B ÄajibHefimeM paccMaxpnßaeM xaKyio MauiHny, abc (Jiasoßbie
OÖMOTKH KOTOpOH HBAHIOTCH 3epK3JlbHbIM OTOÖpaXKCHHeM ÄpyT
Apyra OTHOCHTejibno cepeAHHbi MaTHHTOnpOBOAa h xpeTbn tjiaso-
8351 OÖMOTK3 BbinOAHCHa CHMMeXpHHHO OTHOCHTOJIbHO CepCAHHbI
MarHHTonpOBOÄa. HasoseM b AaAbnemneM abc oAiinaKOßbie cjia-
3bl KpaHHHMH, T3K K3K OAH3 H3 HHX pacnOAOXKCHa ÖAHHCe K OA'
HOMy, a Apyran k ApyroMy Konuy MarmiTonpoßOAa. Pacnojio-

>K6HHyiO CHMMeTpHHHO OTHOCHTOJIbHO CepCAHHbI MaTHHTOnpOBOAa
cjiasy nasoBCM cpeAHeö.

B cjiynae HcnojibsoßamiH AByxcjiOHHbix oömotok npn pa-
soMKnyTOM MarHHTonpoßOAe no KonuaM ero jihöo oöpasyiOTCH
noAynycxbie nasbi, jihöo KpoMe nasoß b 3kthbhoh naera hhavk-
Topa neoöxoAHMo hmctb eme AonoAHHTejibHbie nasbi na Konuax
MarHHTonpOBOÄa aah pasMemenna xaK nasbmaeMbix KoppnrH-
pyiomHx KaxymeK [3]. Flpu tohhom pacnexe npHxoAHTcn onpe-
AeJIHTb HHAyKTHBHOCTH H B33HMHbie lIH AYKTH B HOCTH BCOX TpeX
4)33.

TAJIJIHHCKOrO IIOJIHTEXHHPECKOrO HHCTIIIYTA

CEPHfI A No 197 1962
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Hn>Ke HSjiaraexcH MexoAHKa onpeAejießHH HHAyKTHBHOCTeH
IL B3aHM'HbIX WH^LyKTH'B!HOCT€ H cjDa3'OBbIX o'6MOTOR OT BCOX T3pMO-
- MarHHTHOrO lIOJISI ROM3THHTHOTO 3330pa. OoHOBOH AJIH BbIBQ-

JXa cjLOpMyjl HBJiaeTCR Bbipa»CeH'Re AJIH B3aHMHOH HHAyKTHBHOCTR
JLByX BHTKOB. HHAyKTRBHOCTR OÖMOTOK ORpeAejIfllOTCH CyMMHpO-
BaHHGM B33HMHbIX HHjiyKTHBHOCTOH H HRJiyKTHBHOCiefi /UIH BC6X
bhtkob hjih Karyineß.

n PH BbißOAe tf)opMyji npeHeöperaeM MarHHTHbiM conpoTHßJie-
hhcm MarHHTonpoßOAa (p=oo).

1. BaaHMHafl HHAyKXHBHOCXb AByX BHXKOB

FlycTb HMeexcH bhtok, pacnojiojKeHHe AByx ctopoh Koxoporo
noKasaHO na ({)nr. 1. HanajioM KoopflWHax x npnHHMaeM oct bht-
Ka, KOTopan Mcmex ne c cepeAHHOH HHjxyKiopa. Hs
OCHOBHbIX ypaBHeHHH MaXHHXHOrO BOJIH [l] onpejiejiHioTCH Bbipa-
XKeHHH AJIH Hanpfl>KeHHOCTH BHyxpH H BHO BHTKa:

// I =|(/-ti), h2 (i)

ra,e ti, l, õ reoMexpHMecKne pasMepbi (c|3Hr. 1).

s>nr. 1

3mopa pacnpeAejieHHH HanpH>KeRROCTH rojih npeACTaßjieHa
na (})Hr. 2.



Onr. 2

Oo lianpHvKeHHOCTH nOJIH H x HHHyKTHBHOCTb BHTKa L Bbipa-
JKaeTcn cjieÄyioLHHM oöpasoM:

, (2)

rne p 0 MarHHTiiaa noctohbhah.

Cjie/iyeT OTM6THTB, HTO HHÄyKTHBHOCTb BHTK3 H0 33BHCHT OT
pacnojiojKeHHH ero no OTHomeHHio k Konua-M MarHHTonpoßo.ua,
a 33BHCHT TOJIbKO OT paSMepOB MarHHTOHpOBO.Ha H LUHpHHbI BHT-
Ka. Jljih onpeAejieHHH HHHyKTHBHOCTH KaxymKH c w bhtk3mh
npaßyio nacTb Bbipa>KoHHH (2) nano yMHO>KHTb na w2.

JXjin nOJiyneHHH B33HMHOH HHAyKTHBHOCTH ÄByX H3CTHHHO ne-
peKpbmaiOmHXCH BHTKOB C LUHpHHOH X\ H T 2 paCCMOTpHM (J)Hr. 3.
riOTOKOCUenjieHHe B33HMHOH HH£yKH.HH BTOpOTO BHTK3 B
oöohx Ha pncyHKe cjiyqanx BbipaHOTbcn:

Po b {Xi Hi -}- x-2 //2 ). (3)

3zi,ecb Xi uiHpHHa nepeKpbißaiom,HXCH qacTeö bhtkob
H X2 = x2 Xl.

noACTaBJieHHeM Bbipa>KeHHH (1) b (3) nojiynHM äjih BsaHM-
HOH HHÄyKTHBHOCTH bhtkob

(4)

655 MccneflOsaHMe hhcocob
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Onr. 3

EIojIOXKHXeJIbHbIH 3H3K HM66T M6CTO B CJiyHHe H3-
npaßJieiiHH tokob (HanpHMep, b oöohx cjiyHanx cfmr. 3). Oxpn-
uaxejibHbiH 3H3K xpeöyexcn npHnncaxb, bcjih b BHxxax nanpasjie-
HHH XOKOB npOXHBOnOJTO>KHbI. BsaHMHaH HHÄVKXHBHOCXb, p33V-
MeexcH, He 33bhciix ox xoro, k3koh bhxok Bbiönpaxb nepßHHiibiM.

Bbipa>KeHHe BHxxa (2) umpHHOH Ti nojiyqHM.
H3 BbipaXCCHHH (4), 6CJIH TI BM6CXO Xi H %2-

Ecjih bhxkh HaxoÄßxcH BHyxpn Äpyroro, npn onpe,n,ejie-
HHH BSaHMHOH HHAyKXHBHOCXH BO (JlOpMyjie (4), Xi BpHpaBHH-
Baexcn uiHpHHe öojiee ysKOÖ KaxyniKH = Ti, hjih Xi = T2).
Ecjih KaxyniKH ne nepeKpbißaiox Äpyr Äpyra, xo xi = 0.

npH onpe/iejieHHH B33hmhoh nnnyKXHßnocxH jibyx KaxymeK c
Wj H W2 BHXK3MH, npaBVK) H3CXB ypaBHCHHH (4) yMHCOKHXb



Ha w! w2 . JXjifl coKpameHHH sammu b AajibHefimeM npHHHiviaeM
w{ =w2 = 1.

lÜHpuHbi KaxymeK h hx nepeKpbrßaiomHxcH uacxefi b peajibHoii
sjxeKxpHHecKOH MauiHHe Moryx 6bixb tojibko KpaxubiMH syöuoßoro
inara U . CjienoßaxejibHo

ti =ki t 3, r 2 =k2 t 3, Xi = k xt3 , (5)
k\, k 2 h kx— uejibie HHCjia.

,

Jljih BsaHMHoä HHAyKTHBHOCTH ÄByx KaxymeK COIMiaCHO COOT-
HomeHHHM (4) h (5) nojiyßHM

M=±>f (fc - *±t.) t,= ±M ( )
. (6)

ripH saAaHHOH ManiHHe äjih pacnexa b33hmhoh HH,n,yKXHBHo-
cxh ÄByx KaxymeK (j)opMyjiOH (6) ncxoÄHbiMH hbjihioxch nexbipe
BejiHHHHbi: 3H3K, x. e. pacnexHbie HanpaßjieHHH xokob; hhcjio kx ,

ynasbißaiOLuee niHpHHy nepeKpbmaiomHXcsi qacxefi KaxymeK b
syöuoßbix marax; HHCJia k\ h k 2, yKa3bmaiom,He mnpHHbi KaxymeK
b 3y6u,oßbix marax. CoBOKynHOCxb sxhx b6Jihhhh oöosnamiM ne-

pe3 ±
X

k H COOXBeXCXByiOmyK) B33HMHyK) HHÄyKXHBHOCXb —

± 'j BsaHMHan HH,nyKXHBHOcxb jißyx KaxymeKHe saBH-

CHX OX HX pacnOJIO>KeHHH OXHOCHXejIbHO KOHH.OB MarHHXOnpOBOÄa.

BjiHHHHe BbinyqHßaHHH MarHHTHbix jihhhh y Kpaeß h kohu,ob
mo>k6t öbixb yuxeHO SKBHBajieHXHbiM ysejmue-

HHCM ÄJIHHbI H mHpHHbI MarHHXOnpOBOUS- HajIHUHe SyÖqaTOCTH
MarHHTonpoßOAa b peajibHou MauiHHe yuHXbißaexcu BBeneHHeM

BOsnyiiiHoro sasopa kd. ypaßHeHHe (6) npHBO-
AHTCH K BHAy

M= ± ' (6 ’ a)

b' h V SKBHBajieHXHbie mHpHHa h ,n,jiHHa MarHHxo-
SKBHBajieHxnaH nmpHHa b' Momex öbixb onpejejieHa
KOHcJmpMHoro npeoöpaaoßaHHH. yßejnmeHHe 3kbhb3-

JienxHOH äjihhhi V b cpaßneHHH c peajibHOH äjih-
HOH l H BJIHHHHe 3XOFO Ha B33HMHyK)
Majibi.

67
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2. HnayKTHBHOCXH H B33HMHbie HHAyKTHBHOCTH OAHOCJIOHHOH
OÖMOTKH

OnpeaeaeHHe HHAyKXHBHOCXeH HJIH BSaHMHbIX HHAyKXHBHO-
cxeö (|)a3OBbIX OÖMOXOK HpOHSBOAHXCH CyMMHpOBaHHeM HHAyKXHB-
HOCXeH hjih BsaHMHbix HHAyKXHBHoexeft oxaejibHbix KaxymeK [l].

Onr. 4

Ha cjjHr. 4 npeacxaßJieHa cxeMa pacnojiOÄeHHH cxopon Kaxy-
meK OAHOCJIOHHOH OÖMOXKH A-HH OAHOH H3pbl HOJIIOCOB. <J>33bl
AX h BW KpaÖHHe, (jjasa CZ cpeannn.

IÜHpHHa Bcex KaxymeK pasna x = td3 Sqt 3 , rae q
HHCJIO H3308 H3 HOJIIOC H (J)a3y. CyMMHpOB3HHeM HHAyKXHBHOCXeH
H B33HMHbIX HHAyKXHBHOCXeH BC6X pq KaTymeK OAHOH (J)a3bl HO-
jiynHM aah !hnaykxhbhocth cjiasbi corjiaceo (jropMyjie (6)

Lo = pq^~\~{Bq 2 + \) 9pq (7)

BsaHMHaH HHÄyKTHBHOCTb KpaHHHX 4)33 'COXJiaCHO ())Hr. 4 H
(})opMyjie (6) 6yaex

MABo = pq3^~(\ —9 pq~). (8)

BsaHMHafl HIHÄyKTH'B'H'O'CTb CpCAHeH H OäHOH H3 KpaHHHX $33
aHajiormmo npeabiaymeMy 6yaex

Mac. = Mcb. =
- pq!~{2 - 9 ■ (9)
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PaSJIHHHe Me>KAy BSaHMHbIMH HHÄyKXHBHOCXHMH, paCCHHXaH-
HbiMH no cJiopMyjiaM (8) n (9), HBjiHexcn npnqnnon necnm Mexpnll
b ojieKxpnnecKon Mamnne c paaoMKnyxbiM MarnnxonpoßOÄOM.
Oah3Ko, ecjin ÄJinna marHinxonpo boä a paenHexcn l = 2px =

= 6pqt n ne yqnxbmaxb BbmyqHßannn Marnnxnbix Jinnnn b koh-
uax x. e. /yinna Marnnxonpoßojia paana ajume
Marnnxonpoßoaa nopMajibnon ajieKxpnqecKon Mamnnbi, xo BsanM-
Hbie CXaHOBHXCH paBHbIMH H

pg'ä aobt.M ABo = M BCo = M CAo —TJg • (10)

ripH SKBHBaJieHXHOH ÄJIHHe ÖOJIbme 3KXHB-
hoh jyinnbi 2px, Mamnna HecHMMexpiiHHa h xonnbin pacnex ajiexx-

pnqecKoro pe}KHMa ee BOSMOxceH jiHiub MeTomaMn paeqexa necnivi-
Mexpnqnon n,enn. Ecjih He xpeöyexcn bhcokoh xohhocxh, mokho
HOJIbBOBaXbCH CpeAHeÖ SKBHBajieHXHOH HH,H,yKXHBHOCTbIO (Jiaßbl,
paccqnxannon no (JjopMyjie

L cp=j(3L0 MABo— 2Maco ) =pq [~( 11 q2 +1) —12 p^ 3—j-
(11)

3KBHBajieHXHOH HHÄyKXHBHOCXbK) B C CHMMexpHHHOH CH-
CX6MOH XOKOB npHMOH HJIH oöpaxnoH nocjleÄOßaxejibHocxH.

Ecjih ÄJiHHa paßHHexcn aKxnßHon jumne ero,
t. e. paBHHeTCH nopMajibnon ÄJiHHe MarnnxonpoßOÄa ojieKxpnne-
CKOH ManiHHbl C SaMKHyTbIM MaFHHXOnOpBOAOM, XO COXJiaCHO (7)
H (11)

Lo= (12)

icp _ pqap.JSLti. (13)

BbipajKeHHH (10), (12) h (13) oxhochxch k HopMajibHOH
3.TCKXpHHeCKOH MaiüHHe C OÄHOCJIOHHOH HJIH C ÄBVXCJIOHHOH
MexpajlbHOH OÖMOXKOH [4],
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3. MHAyKTHBHOCTH H B33HMHbie HH,fl,yKXHBHOCTH ÄByXCJIOHHOM

KOppHTHpOBaHHOH ÄHaMCTpaJIbHOH OÖMOTKH

npHMGHHH B ÄByXCJIOHHOH OÕMOTKC XOJIbKO OÄHH3KOBbie K-
TyuiKH, na KOHiiax MarHHxonpoßOÄa ocxanyxcH nojiynycxbie na-
3bi. B oähom KOHue nycxbiM ocxanexcH hhjkhhh h b ÄpyroM
aepxHHH cjioh. Ho npe/iJioxKBHHio npoc|)eccopa A. .H
[3] 3th nasbi cjie,n,yex aanojiHHXb cxoponaMH .aonojiHHxejibHbix

KaTymeK, ocxajibHbie CTOpoHbi Koxopbix hphxoähxch paaMecxHXb
BHO aKTHBHOH SOHbl B ÄOHOJIHHXejIbHbIX naSaX HOpMaJIbHbIX paa-
Mepoß, b ÄOnojiHHTejibHOM öojibmoM naay hjih HaMOTaxb nepea
cnHHKy hjih KOHeu MarHHxonpoßOÄa. 3th KoppnrHpyiomHe Ka-
xyuiKH cjieüyex nnxaxb xok3mh c xaKHM pacqexoM, hxoöbi b aK-
xhbhoh aoH6 nojiyHHJiocb HopMajibHoe pacnpeaejieHHe XOKOB.

Ha 4)hf. 5-a cxeMa oähoh hs bosmojkhbix sa-
pH3HXOB BbIHOJIHeHHH ÄByXCJIOHHOH KOppHXHpOBaHHOH ÄHaMeX-
pajibHOH oömoxkh. Ha npoxHHceHHH nojuocHoro .aejieHHH x na
oöohx KOHHax MarHHxonpoßOÄa oöpasyioxcn nojiynycxbie nasbi.
,H,JIH 33HOJIH6HH5I 3XHX H3308 KOppHmpyiOm.HMH KaxyUIKaMH Xpe-
öyexca 3 q KaxymeK h 1,5 q nasos na oöohx Konuax, ecjiH

q qexHoe qncjio. Ecjih q HeqexHoe xpeöyexcn eme oähh äo-
HOJIHHXeJIbHbIH H33 H3 MaiHHHy, X3K K3K KpaHHH6 H33bl, 6CJIH OHH
HopMajibHbix pasMepoß, nojiynycxbie. Hhcjio nasos MarHHxonpo-
BO.ua z= 3 {2p -f- 1) q,

ecjm q qexnoe hhcjio. Hpn neqex-
hom q z = 3(2p-j- —j— 1. Hpn pasMemennH KoppHrapyiomHx
KaxymeK no cxene, npea,cxaßJieHHOÖ na (Jmr. 5-a, nojiyqHxcn nan-
oojibmee hhcjio HopMajibHbix jmaMexpajibHbix KaxymeK. Henop-
Ma.nbHbie KaxymKH KOHH,eHxpnqecKne. B k3h<äoh q KOHnenx-
pnqecKHX KaxymeK n 2pq ÄHaMexpajibHbix KaxymeK, ecjm q qex-
noe. Hpn neqexnoM q b 4> a3e HMeeM q— 1 KOHuenx-
pnqecKHx KaxymeK h 2pq -}- 1 ÄHaMexpajibHbix KaxymeK.

Hpn onpeÄejiemiH nnjiyKxnßHOcxeH h BsanMHbix HH.ayKXHBHO-
cxeä 4>as ixejiecooöpasno nojibSOßaxbcn pacqexHofi cxcmoh

4>hx. 5-6. Hpea;cxaßHM, qxo b aKXHBHOH sõne HMeexcn 3KBHBajienx-

nan OAHOCJiOHHan o6moxk3 c jpsyxKpaxHbiM pacqexHbiM hhcjiom

bhxkob b pq KaxyuiKax b Kanjon 4>a3e. KpoMe xoro HMeexcn
xpex4)33HaH ÄonojiHHxejibHan o6moxk3, KaxymKH Koxopoft oxßa-
xbmaiox bck) 3kxhbhoh qacxn MarHHxonpOßOjia. Oasbi
A’X’ h B’Y’ ÄonojiHHxejibHon oömoxkh hmbiox q KaxymeK iimpn-
hoh (6 p l) qt3 . Oaaa C'Z ’ npn qexnoM snaqeHHH q HMeex q
KaxymeK mnpnHOH (6/)-J-2,5) qt3 .

Ecjih q Heqexnoe q—l Ka-

xymeK 4>a3bi C'Z' hmciox umpHHy pq +— H OÄ!Ha Ka '

xyuiKa HMeex mnpHHy 3(2p 1) qt3 .



tO

e

71



72

HhAykthbihocxh aoho juhhxojibhoh oömoxkh oorjiacHO cj)Hr. 5-6
h (|)opMyjie (6) öyAyx ajih KpaÖHHx $33

L‘kx
= L 'w =<? nr[6 P92 + i ( 292 + 1 )- +1 ) 2 9 3 t]•

(14)

HHAyKXHBHOCXb AOIIOJIHHXejIbHOH OÖMOXKH Cp6AH6H (})a3bl CO-
rjiacHO (})Hr. 5-6 h cf)opMyjie (6) öyAex npn qexnoM q

iC z = 9 pp2 + 3 (7 f> + 2)-(6p + 2,5)2 qs Jij;
(15-a)

npii q

= pq2 + -i(7p2 + 2)Jp- (6pp 2 2,5p2 + 0,5) 2 fj .

(15-6)

BsaHMHaB HHAyKXHBHOCXb AOnOJIHHXejIbHOH OÖMOXKH KpaHHHX
{|)33 paBHHeXCH COXJiaCHO 4mr. 5-6 HHAyKXHBHOCXH COOXBeXCXBVK)-

m,eH OÖMOXKH

/M AB
= iAX- ( 14' a )

BsaHMHaa HHAyKXHBHOCXb ÄOnOJIHHTeJIbHOH OÖMOXKH CpeAHCH
(|)a3bi h oahoh hs KpafiHHX npa nexHOM q

Mac = m bc =93 (6p+' - (6p + (l6-a)

ripu q

Mac = mbc =-92 (6p +1) —[9 -(6pp 2 + 2,5p2 +'o,s) ■’].
(16-6)

CpeAH AGBHXH B33HMHHX HHAyKXHBHOCX6H M6>KAV 4)a33MH
3KBHB3JieHXHOH OAHOCJIOHHOH OÖMOXKH H AOHOJIHHXejIbHOH OÖMOX-
kh BcxpenaexcH mhoxo paßHbix h paajiHnaiomHxcH xojibko no
3H3Ky. 3xo noxoMy, nxo KaxyniKH AonojmHxejibHOH oömoxkh
oxßaxbmaiox OAHocjiOHHyio SKBHBajieHXHyio oÕMOXKy nojmocxbio.

<I>aKXHHecKH xpeõyexcn onpeAejmxb xojtbko abc pasjiHHHbie
B33HMHbie HHAyKXHBHOCXH.
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.Maa' Mab 1 Mba 1 Mbb Alca' = Alcb* =

“ 6M3 —p[l (6p-f l)9r]- ( ,7)
Ecjih q nexnoe

Mac =. Mbc' = Mcc 1 = 6pqz
— (6p -p 2,5) q .

(18-a)
Ecjih q He^exHoe

Mac-= Mec= M CC'=^6p<72 j?— (6pp 2 -p 2,5 ?2 + 0,5)-l.
(18-6)

OpH BbißOÄe (JjopMyji (17) h (18) yxxeHO, xxo 3KBHBajieHXHan

OÄHOCJIOHH3H OÖMOTK3 HMCeX £63 p333 ÖOJIbIHC BHXKOB B KaxyiU-
Ke B CpaBHeHHH C ÄOnOJIHHXejIbHOH OÖMOXKOH.

HHP,yKTHBHOCTH (|)a3 Onpe£eJlHeM PPIH BC6H KOppHrnpOBaHHOH
ÄByXCJIOHHOH OÖMOTKH ((JjHX. 5-3) COXJiaCHO CXCMC (pHX. 5-B, KOTO-
paa äjih (Jiasbi A.

HHÄyKTHBHOCTH KpaÖHHX (J) 33 ÖyAyX

La = Lb = 4L0 -\- L Ax+'244aa' =
= + 2p2 -f‘4p+ 1) p 3 -yj. (19)

cpeÄHeft (|)a3bi 6y,nex npH hcxhom q

Lc = 4L 0 -f- Lqz -|- 2A4cc'

=<7 (\4pq 2 -p 7p 2 +4p-p 2) 6,25p 3 —j; (20-a)

npH H6H6THOM q COOXBeXCXB6HHO

Lc = —

3 l (14pq* +' lq3 + 4pp + 2p)

+ 2,5q2 + 0,25) -j . (20-6)
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BsauMHbie 4)as onpeÄejiHioTCH äjih bcbh KOp-
purapOßaHHOH ÄByXCJIOHHOH OÖMOTKH COXJiaCHO CX6M6 (J)Hr. 5-r,
KOTOpan npeÄCTaßjiena äjih (j) 33 Au B. HHAyKXHBHoexH h BsaHM-
Hbie tf)a3 SKBHBajieHTHOH OÄHOCJIOHHOH OÖMOTKH

yMHOJKHTb H3 4, T3K K3K SKBHBajieHTHaJI KaTyillKa
HMeex pasa öojibine bhtkob.

BsaHMHaH M6ÄAy KpaÖHHMH (})a3aMH, X. 6.
uemjiy (JjasaMH A h B öy^ex

M\b 4Mab0 -j- Mab* +' -44'a'b -f- Alab =

= - ?^[|(6p?2 -2?2
- I )+?! t]' (21)

BsaHMHan mmyKXHßHoexb cpeAHeö (J)a3bi h hs Kpafi-
hhx npn tcxhom q

Mac = Mcb ='4Mac o + Mac 1+ Ma‘c -f- Mr
Kc =

= (22-a)

npH q cooxßexcxßeHHO

Mac = Mcb = -?2 —[<? (2p + l) - (2,5<?2 + 0,5) -’].
(22-6)

SKBHBaJieHTHaH HHÄyKXHBHOCXb 4)a3bl aHaJIOFHMHO
(11) õy,n,ex corjiacHO (J)opMyjiaM (19), (20), (21) h (22) npH
qexHOM q

= 3 {Lx -j- Lb -\- Lc Mae Mbc Mca) =

= | (20pq2 + 5<? 2 +' 4p +1 - ; ; (23-a)
npn HenexHOM q cooxßexcxßeHHO

icp=~ (20p 92 + 5? 2 +'4p+ + 3.5?
2 + 0,25)4a 1(23-6)

(23-6)
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DpußO/mM pacnexnbie cjjopMyjibi Bcex HnayKXHßHoexeö n
B3aHMHbIX HHÄyKXHBHOCXeft $33 aJIH ÄByXCJIOHHOH KOppHXHpOßaH-
hoh oömotkh ((jmr. 5-a) npn p = 2 « q = 2, ecjin ajrana Marnn-
xonpoßoaa l zt3 = 30 t3 . TaKyio oÖMOXKy HMeex 3JieKxpOMar-
HPHTHbin nacoc 3MH-6 [s].

i—r 2,u°ö^3 / 8 M_loc 1 oc. 7 bt3L\ —Lb — (43 —j-j 85,4/ .u 0 § >

\iobt 3 / t \ bt
ic = 100y I 1 = 96,67 M0 -f ,

u obt~ I t., \ bt„
Mab =- 2 13+ 8 = 26,53.110 ,

\xobt„ / \ bt
,Mac = Mcb = -40— 1-f =-38,67p0 ,

2 po bt„ / t„ \ bt
Icp = -^^-3 189 98--l- 123,9,uo—.

(24)

4. OnpeÄCJieHHe HHayKTHBHOCTeM H BSaHMHbIX HHayKTHBHOCXeH
cjjas npflMblM CyMMHpOBaHHCM

OnpeaeaenHe HnayKXHßHoexen n BsaHMHbix HnayKXHßHocxen
(jms npn KOHKpexnon cxeMe oömoxok, c saaannbiMH mhcjiom nap
itojiiocob p n hhcjiom nasoß na nojnoc « (jjasy q, npirHUHniianbuo
npome scero npoßecxn npHMbiM cyMMnpoßanneM HnayKXHßHO-
cxen n BsanMHbix HnayKXHßHoexen oxAejibHbix KaxymeK. Tcm 6o-
Jiee, nxo cjDopMyjibi pacnexa, KaK bhäho hs npeabiaymero nynKxa,
onenb rpoMOSÄKH n oõjiacxb nx npuMenHeMOcxH ysxa. B npe-
ÄbmymeM nynxxe npnßeaennbie rpoMOsaKne cjmpMyjibi, nanpn-
Mep, npHM-eHHMbi xojibko k AHaMexpajibHon aßyxcjroHHon 06-
MOXKe, ecjm KOppnrnpyiomHe KaxymKH Bbinojinenbi corjiacno

cxeMe (jmr. 5-a.
Hi«Ke ÄaexcH oöman MexoÄHKa pacnexa HHÄyKXHBHocxen jno-

6bix xnnoß oömoxok, corjiacHo Koxopon npe/i,cxaßJiHexcH cobo-
KynHocxb Bcex Äannbix äjih pacnexa HHÄyKXHBHoexeö h b33hm-
hhx HHztyKXHBHoexeH ox,o,ejibHbix KaxymeK b bhae xaöjiHu. Ta-
JlHUbl AaHHbIX HM6K)X nHCJIO cxojiöuob h cxpoK, paßHoe 'XHCJiy
KaxymeK paccMaxpHßaeMOH oömoxkh hjih nap oömoxok. B xa6-
Jinuax aejiecooöpaaHO coKpaxHXb paßHbie no Beannnne h npoxn-
BonojioHCHbie no anaxy BaanMHbie HHayKXHBnocxH. Cooxßexcx-
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Byioiu,He AaHHbie + pasjmnaioxcn xojibKO no snaKy.
Flocjie coKpamennn cocnnxaeM OAnnaKOßbie BsanMHbie hhäyk-
THBHOCTH, npOH3BO,fI,HM HX paCHeX COXJiaCHO (J)OpMyjie (6) h cyM-
MHpyeM peayjibxaTbi.

jX/IH HHÄyKTHBHOCTH K3>KiI,OH (J)a3bl HJIH ÄJIH B33HMHOH HHÄyK-
thbhocth KaJKÄOH napbi (J>a3 npnxoÄnxcn b oõin,eM cjiynae co-
ciaßHTb cbok) Taöjmuy. b cjiynae, ecjm OÄHa
o6motk3 pacnojiojKena cnMMexpnnHO OTHOcnxejibHo cepe,n,HHbi

n a,Be ocxajibHbie oömoxkh coßep-
luöhho n^eHXHMhbi no Ebinojinennio, n Jinuib na nnx pacno-
jionteHa noöjinjKe k OÄHOMy h Äpyran k ÄpyroMy Konny Marnn-
xonpoßOÄa ((Jmr. 5), xpeöyexcn onpe,n,ejiHXb xojibko hhäyk-
XHBHOCXH H ÄB6 B3aHMHbI6 HHÄyKXHBHOCXH, X. 6. XpeÖyeXCH CO-
cxaßHXb nexbipe xaöjinnbi.

Hs xaöjinu, ÄanHbix äjih pacnexa HiH,nykthbhocxen n BsanM-
Hbix nhAykxhbHocxefi $33, Moncno BbiAejiHXb onpeÄejieHHbie na-
cxh xaöjmnbi, Koxopbie onpeÄejiniox HHayKxnßHocxn n BsanMHbie

OXACJIbHbIX SJieMeHXOB OÖMOXKH. B naCXHOCXH,
MOÄHO OnpeÄeJlHXb HHÄyKXHBHOCXH H BSaHMHbie HHÄyKXHBHOCXH
b oxÄejibHOCxn Rjin ochobhoh nacxn n äjih KoppnrnpyiomeH na-
cxn AByxcjioHHon KoppnrHpoßaHHon oömoxkh. B 3XOm cjiynae
nejibsn coKpaxnxb BejinnnHbi b xaöjinue, oxHocnm,necH k hhäyk-
thbhocxhm paajinnnbix nacxen.

Ha 4mr. 6-a npe,n,cxaßjieHa cxeMa oõmoxkh jiaöopaxopnoro
sjieKxpoMarnnxHoro nacoca 3MH-5 [s]. 06moxk3 nneex oxÄejib-

4>Hr. 6



ho BbieeÄeHHyio KoppHrapyiomyio nacxb hs nexbipex KaxymeK na
Konaax MarHHionpoßOAa b k3>käoh (jmse. KoppHXHpyionme Ka-
TyiHKH OHHCbIBaeMOH OÖMOTKH paCHOJIOHteHbI B n333X HHane
Ha cxeMe cjmr. 5-a. Oopiviyjibi, Koxopbie npeAcxaßjiHjiHCb b n. 2.
b AaHHOM cjiyqae HenpnroÄHbi.

Ha cjmr. 6-6 yKaaaHbi oöosHansHHH 33>khmob h cooxsexcx-
ByiOlime HHAyKXHBHOCXH. OcHOBH3H HaCXb OÖMOXKH H3 meCXIi
KaxymeK b Kanjon c[)a3e HMeex HHÄyKXHBHoexH L l4 = L25 h L 3 6.
MHAyKXHBHoexH L 44k = Lssk h L 66k KoppHrnpy-

77
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10IHHM KOHUeBbIM H3CTHM. nHTH3,HU,aTH B33HMHbIX IIHfIyK-
THBHOCTeii M6>KÄy UieCTbK) qaCTHMH OÖMOTOK HMOGTCH
MHoro paßHbix, öjiaroÄapn cHMMexpHH oömotkh.

Taöjinubi 1 h 2 cocxaßJieHbi äjih onpeAejieHHH HHÄyKTHBHOCTefi
c}Da3 A h C, t. e. äjih KpaHHefi h cpeAHefi (|)a3. Ha npHjioxceHHbix k
Ta6jTHu,aM cxeMax oõmotok yKasaHbi mHpHHbi KaTymeK.

Ha xaöjiHuax nepßbiö CTOJiöeu coctoht hs AaHHbix BaaHMHbix
HHÄyKTHBHOCTeH liepßOH KOppHßHpyiOmeH KaTyillKH CO BC6MH Ka-
ivniKaMH ÄaHHOH sa3bi. AaHHbie b nepßbix h nocjiezu-mx
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ÄB'yx cTpoxax nepeoro cxojiõua oxhochxch k KoppHrHpyiomeH
qacTH oömotkh. TaKxce oxhochxch k KoppHrHpyiomeH nacxn 06-
motkh b nepßbix h /jsyx cxpoKax BToporo, no-
cjiea,nero h npeÄnocjleÄHero cxojiöljob. Cjiea,OßaTejibHO 16 BsariM-
HblX HHÄyKTHBHOCT6H, ÄaHHbIC KOTOpbIX HM6IOTCH Ha yrjiax T3Ö-
jihuh, oöpaayiox corjiacHo xaöji. 1 L4 h corjiacno xaöji. 2
L 66k. BsaHMHbie HHÄyKXHBHOCXH, pacnCXHbie ÄaHHbie KOTOpbIX Ha-
xoähxch b nacxn 1-ro, 2-ro, 9-ro h 10-ro ctojiöuob, oöpa-
3yiOT BSaHMHVK) HHAyKTHBHOCTb MCXKÄy KOppHFHpyK) 111,60 H OC-
hobhoh nacxbio oömotkh; xaõji. l-M44k-i4, xaöji. 2 M6

qacxH 1-ro, 2-ro, 9-ro h 10-ro cxpox cooxßexcxßyiox
B33HMHOH HHÄyiCXHBHOCTH OCHOBHOH H3CXbK) H KOppHFHpy-
jonjeH nacxbio oõmoxok: xaöji. 1 Ml4_44k, xaöji. 2 M3-66k.
YKasaHHbie BsariMHbie hhäykxhbhocxh, pasyMeexcn, pasHbi. Cpe,u-
HHH Macxb XaÖJIHUH 3,a6X HHÄyKXHBHOCXb OCHOBHOH H3CXH OÖMOX-
kh; xa6ji. 1 L l4,

xaöji. 2 L 3 6.
CxeMbi pasÖHBKH xaöJiHUbi no

OXÄCJIbHbIM HHÄVKXHBHOCXHM H B33HMHbIM H H ,H,yKTHBHOCXHM
B KOHH6 XaÖJIHU.

npH onpeÄejieHHH hhäYKxhbhocxh cpasbi mo>kho BbiUHcaxb
XOJIbKO HOJIOBHHy Xa6.7IHIJ.bI, eCJIH OÖMOXK3 HCCHMMexpHHHa
(xaöji. 1) h zja>Ke xojibKo nexßepxb xaöjmubi, ccjih o6moxk3 chm-
MexpHHHa (xaöji. 2). Taöji. 1 hmccx cHMMexpmo no rjiaBHOH Äiia-
roHajin h xaöji. 2 no ÄByM jjnaroHajinM.

Corjiacno xaöji. 1 h2 n c|)opMyjie (6) HMeeM juih HHAyKXHB-
HOCTH FJiaBHOH naCTH OÖMOTKH, T. 6. ÄJIH (|)a3bl ÄByXCJIOHHOH H6-
KOppHFHpOBaHHOH OÖMOTKH

Lu =i2s = Z-36 = 2 —72 -1?) . (25)

OxM6XHM, nXO OÖmee Bbipa>KeHHe HHAyKXHBHOCXH
HeKOpP'HTHpOB3'H'HOÖ ÄByXCJIOHHOH ÄHaMexpajlbHOH OÖMOTKH 6y-
.xex no MexoÄHKe npeAHÄymero nynKxa

L' (V +2) - (2<? 2 + l)-9<?*-£]. < 26 )

Gorjiacno (jjapMyjie (6) h TaÖJi. 1 hhävkthbhocth Koppurn-
pyramHx nacxeö c{)a3 6y,n,yx

iiobt~ i 361
i«k = ira.=—-(35 j-i); (27)

corjiacHO xaöji. 2 h 4>opMyjie (6)
4,u abL I t, \

Uek=—l7_ 64f|- (28)
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BsaHMHaJI HHÄyKTHBHOCTb M6JKÄy M3CTHMH $33 ÖyÄCT CO-
rjiacHO (f)opMyjie (6) h xaöji. 1

= M25 =2-:(-l+ll4), (29)

CorjiacHO c|)opMyjie (6) h xaöji. 2

k = 2 —

3(- I + 91 y). (30)
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HHJ,yKTHBHOCTH 4)33 (Ta6.THU.BI 1 H 2 nOJIHOCTbK)) öy^yr

L\ =Lb L\4 -f-L 44k 2M 14_44k = (93 —49 , (31)

Lc = ~j~ 2M 36_66k = 2 (43 8 -J-) (32)

Taöji. 3 cocTaßJiena juin onpe,aejieHHH b33hmhoh
HOCTH M6ÄÄY KpaHHHMH (J)a3aMH A H B. Ka>KAOH KaTyiUKe (J)a3bl
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A cooTßeicTßyeT oähh cxojiöeu b xaöjmixe. Ks>käoh KaTyuiKe
(|)a3bi B cooTBeTCTByeT cxpoKa. Cpe/iHHH nacxb xaöJiHHbi
Äaex BSaHMHyK) HHayKXHBHOCXb OCHOBHbIMH H3CXHMH OÖ-
MOXOK, X. e. BSaHMHyK) HHÄVKXHBHOCXb MBJKÄy (J)asaMH HCKOppH-
rnpoßaHHofi ÄByxcjiofiHOH oömoxkh M l4_25 . Oo yrjiaw xaöjm-
Übl HM66M ÄaHHbie ÄJIH B33HMHOH KOppHXHpyK)-
iuhx qacxeö M44k_55k , nacxH äbyx KpaftHHX cxojiöuob
c cxopoH M44 h qacxn ÄByx KpafiHHX
cxpoK cooxßexcxßeHHo M l4 55. Taöjmua BsaHMHOH HHji,yK-
thbhocxh AByx OÄHnaKOßbix, k Äpyry cHMMexpHHHo pacno-
.KOHCeHHbIX OÖMOXOK HM66X CHMM6TpHK) HO BXOpOH ÄHaXOHajIH.
Cjie/iOßaxe.xbHo, MO>Kex 6wxb EbinncaHa xo.xbKO nojiOßHHa xaõ-
JlHipbl.

Hs xaöjiHUbi 3 corjiacHo (J)opMyjie (6) nojiyqHM ayin BsanM-
HblX HHÄyKTHBHOCTefi MCJKÄy B3CTHMH OÖMOTOK

Mi4-25 = -4—3'(2+ 36-/■-), (33)

Af«-5515 =
, (34)

Mu-kk = M«k-?sk = 4 3(-4 + 57 . (35)
BaaHMHan mmyKXHßHocxb MexcAy KpaÜHHMH (|)a3aMH (xaö-

anua 3 nojmocxbio) öy^ex

= M 14—25 -f- '^yk-55k~f" M j 4—55 k 25 =

U obt I t. \
= —(24 + 49 t

3
). (36)

*

Taöji. 4 cocxaßJiena jjih onpeziejieHHH ssaiiMHOH HHÄyKXHB-
hocxh meiKjxy (Jjasoö C h KpaHHefi cj)asoH A. Kanjon
KaxyuiKe (})a3bi A cooxsexcxßyex oähh cxojiöeu. Kanjon Kaxym-
Ke (|)a3bi C cooxßexcxßyex o,n,Ha cxpoxa. nacxb xaõJiHHbi
Aaex BSaHMHyK) HH/jyKXHBHOCXb OCHOBHbIMH H3CXHMH OÕ-
MOXOK, X. €. BSaHMHyiO HHÄyKXHBHOCXb M6)K,n,y (j)asaMH HeKOppH-
XHpOBaHHOH ÄByXCJIOHHOH OÖMOXKH 4414_36 . Oo yXJiaM XaÖJIHHbI
HM66M ÄJIH BSaHMHOH HH/I,yKXHBHOCXH KOppHXHpyiOmHX
xacxeö M44k_66k . Cpe/ume qacxn ÄByx KpaÜHHx cxojiöuob c
OÖCHX CXOpOH £3K)X 7W 44k _36 H CpCÄHHe qaCXH ÄByX KpaHHHX
cxpoK cooxsexcxßeHHo Ml4_6ük . TaÖJiHna 4 ÄHaroHajibuoH chm-
MexpuH ne HMeex.



Hs xaöJiHUbi 4 corjiacHO (JjopMyjie (6) nojiymiM äjih bsshm-
HblX HHÄVKXHBHOCXeH MeXKfIV nacxHMH oõmoxok:

=A4 36_ 25 =l6-^-3 (-2i i (37)

= M C6k_55k = —?( —23 + 304-~) , (38)

7^14—66k = M 66k—25 = 8 —( 1 -—24 -y-), (39)

M44k_ 36 =AI 3G _ssk
= 4 (2- 57—)

. (40)

BsaHMHbie HHÄyKXHBHocxH cpeÄHeö n oähoh H3 KpaÖHHx cjias
(xa6jiHU,a 4 nojiHocxbio) 6y,ayx

Mac A4cb = 4/f 14_36 -|J -f- Mu—66k~i- Af44k_36 =

= -—(39-28-)). (41)

Cpe,n,HHH sKßHßäJienxHan HHAyKxnßnocxb c|)a3bi aHajiornnno

BbipaxKenHK) (11) corjiacno (j3opMyjiaM (31) , (32), (36) n (41)
õväcx

",f (i-i 1121)
- (42)

JXjIX BO3MOSKHOCTH CpaBH6HHH HHÄyKXHBHOCXeÖ H B33HMHBIX
HHfIyKTHBHOCTeÖ ÄByXCJIOHHOH KOppHXHpOBaHHOH OÖMOTKH CO
CX6MOH (jDHF. 6-a C CO OTB 6XCTByKDLU, HMH /I,a HHbIMH OÖMOTKH CO
cxcmoh (J)Hr. 5-a, paocnHxaeM (J)a3 no (JiopMyjiaM
(31, (32), (42) h BsaHMHbie HH,ayKXHBHOcxH no (JiopMyjiaM
(36), (41) npn Äjmne MarHHXonpoßOÄa l = zt3 = 30 13 , Kax mh
yme nojiarajm npn pesyjibxaxoß cjiopMyji (24):

La =L b =-(03 49—) = 91,366 -—,

Ic =2—'(43 885,466^—,
--

1
— (24 +'49 4) = -25,634 3

, (43)

MAC - Mcb =
—-

3 (39 —2B- ) = 38,067 -^--3 ,

Lcp = (374 121 — )= 123,322

83



84

CpaßHeHHe pesyjibxaxoß tjDopMyji (24) h (43) noKasbmaex,
qxo SKBHBaJieHXHaH HHÄyKXHBHOCXb 4)33 H B33HMHbie
HHÄyKXHBHOCXH (J)a3 CyiU,eCXBeHHO H6 33BHCHX OX paCnOJIO>KeHHH
KoppHXHpyioinHX KaxymeK b nasax. Oäh3 BaauMHan HHÄyKXHB-
Hocxb b oöohx cjiyqanx MeHbine Äpyrnx okojio 32%. CxeMa 4>hx.
5-a HMeex b pacnojrojKeHHOH CHMMexpHHHO oxHOCHxejibno cepe-
ÄHHbI MarHHXOnpOBOÄa 4)336 Ha 14% ÖOJlbmyiO HHÄyKXHBHOCXb,
M6M b KpaÖHHx (Jjasax, a cxeMa (fmr. 6-a 'Haoõopox na 7,5%1
MeHbmyio.

FlpeAcxaßHM xaiöKe ajih cpaßnennn napaMexpos Koppnrnpo-
BaHHbIX H HeKOppHXHpOBaHHbIX OÖMOXOK HHÄyKXHBHOCXb (|)a3bl,
paccqHxaHHyra no (25) n ssaHMHbie HHÄyKXHBnocxn cjDas, paccnn-
xannbie no (33), (37) ätih HeKoppnrnpoßaHHon äbvxcjiohhoh
oömoxkh npn l = 30/3 :

T T _ T O Q1 _0
*
3 \ r-y r) fto&/3M 4 L25 L 36—2 —(3l —/2- j 5/,2 —,

Uobt~l t„ \ u obt„
Mx4-25 = -4-^2+i 36f| = -12,8 —

3 , (44)

,
ii O bL I t, \ \iobt,

= M365= 16-(-2 +9j)= -27,2--.

CpaßHeHHe pesyjibTaxoß (|)opMyji (43) h (44) noKasbmaex,
4XO B OTJIHqne OT KOppHTHpOBaHHOH AByXCJIOHHOH OÖMOTKH, H6-
KoppHrnpoßannaH ÄByxcjioHHan o6motk3 HMeex bo bcbx 4)asax
paßHbie HHAyKXHBHOCXH, KOXOpbie COCXaBJIHK)X Bcero JIHIUb 64%
OX CpeÄHeft HHÄyKXHBHOCXH KOppHXHpOBaHHOH OÖMOXKH. OpH H6-
KOppHXHpOBaHHOH OÖMOXK6 OAHa B3aHMH3H HHAyKXHBHOCXb CO-
cxaßJinex ox Apyrnx Bcero jiblub 47% npoxns 68% npH Koppnrn-
poßaHHOH oÖMoxxe. KoppHrnpoßaHHaH oÖMoxKa öojiee ciiMMex-
pimna.
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X. M. finec, X. A. Jluüh

MCCJIEAOBAHHE PE>KMMOB nJIOCKOEO
HHAVKUHOHHOEO HACOCA

1. 06m,He cooõpajKeHHH

PexKHM paõoxbi MarHHXorHÄpOÄHHaMHqecKOH Ma-
LUHHbI 33BHCHX ox xapaKxepHCXHK nnxaioineH H HarpySOqHOH CH-
cxe.M. npH paccMOxpeHHH ojieKxpoMarHHXHoro nacoca nepßHqnaH
CHCxeMa xapaKxepH3oß3Ha HanpnxKeHHeM h qacxoxofi, a Bxopnq-
H3H (|)H3HqecKHMH CBoficxßaMH nepeKaqHßaeMon >KHÄKOCXH h
XHApaBJiHqecKHMH xapaKxepHCXHKaMH xpaxxa xeqeHHH ähäkocxh

CorjiacHO MexoAHKe [4] h [s] onpe,a,ejiHexcH pasßHßaeMbm
niiAyKUHOHHbiM HacocoM 3JieKxpoMarHHXHbiH Hanop npn cjieAyio-
mHX saAanHbix BejraqHHax: HanpflmeHne V, qacxoxa f,
npoßO,n,HMOcxb jkhakocxh y h npoH3BOAHxejibHocxb nacoca.

vcp = v h CKOJib>KeHHe s = 1 —TaK KaK

3JieKxpoMarHHXHbiH Hanop p' h ivrexaHHqecKaH moiuhocxb PMe x
Hacoca CHJIbHO 33BHCHX OX CKOJIbJKeHHB, HCCJie/tyiOXCH HX 33BHCH-
mocxh ox CKopocxH xeqeHHH npn qacxoxe.

ajih AaHHoro nacoca h jkhäkocxh CKopocxH, npn koxo-
pbix 3JieKxpoMarHHXHbiH Hanop h MexaHHqecKan Momnocxb hmciox
MaKCHMajibHbie 3HaqeHHH, mu mojkcm ycxanoßHXb, KaKHMH sjickt-

pOMarHHXHblMH BO3MOJKHOCXHMH OÖJiaAaCX H3COC npil Ä3HHOH qa-
cxoxe Booõme, h b k3koh cxeneHH Mbi HcnojibsyeM hx b HöMHHajib-

HOM pOKHMC.
HeõesbiHxepecHo onpe,n,e.nHxb xaioKe sasHCHMocib koscJx^huh-

„ P
eHxa nojiesnoro asmctei-ih t) =

_

Mex h oxiiomeHHH
P

p
oo „

1 Mex oMexaHnqecKon h iiojihoh Mom,Hocxen ils =—■ ox cko-

pocxn xeqemifl ähäkocxh. Pc>khm paõoxbi, npn KoxopoM p HMeex

TAJUIHHCKOrO IIOJIHTEXHHMECKOrO HHCTHiyiA

CEPHH A Ne 197 1962
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MaKCHMajibHoe SHaqeeHe, peKOMeHÄyeTCH c sneprexHMecKOH xohkh
3peHHa jym öojibuihx nacocoß. Pe>KHM' paöoxbi, npa kotopom ps
MaKCHMajibHoe, onpaßabißaexcn b Hacocax c öojibiuhm Bosaym-
HblM SaSOpOM, T3K K3K KO3(j3(J)HI];HeHX MOUJJHOCXH OH6Hb HH3OK.

Bce BbimeonHcaHHbie 33bhchmocxh npeacxaßJiHiox HHiepec
npH nocxoHHHOM SHaqeHHH nepßHqHoro HanpaxceHHH hjih npH
nocTOHHiioM BiHaxeHHH nepßHqnoro xoKa. B oöohx cjiyManx hsmb-
hhioxch noxepH b Hacoce h aaa peajmsauHH onpe-
ZtejieHHoro pe>KHMa c saaai-mbiM CKOJibxceHHeM HyxcHO hmctb b
BHay xpoMe rHÄpaBJiHqecKHX cooöpa>KeHHH xaKHte h xenjiOßbie.

CKOJibHceHHe jkhäkocth oxHOCHxejibHo nepßHqHoro hojih mo-
}K6T ÖblXb H3M6HeHO T3KJK6 H3MeH6HHeM H3CXOXbI. CoXJiaCHO M-

TOÄHKe [s] paöoxa Hacoca mojkcx öbixb npoaHajiHSHpoßaHa xax-
Ä6 B OXHOUI6HHH H3CXOXbI. OäHBKO HpH 3XOM RJIH H3CXOX, CHJIb-
ho oxjiHxaiomHxcH ox npoMbiuuieHHoö, noxepn b cxaJiH öyayx

rpyöo.
Hhjkb HccjieAyioxcH nanop, MexaHHHecKaa Momnocxb, KO3(J)-

(jjHLüHeHx 'n h oxHomeHHe ps njiocKoro JinneHHoro sjieKxpoMar-
hhxhoxo Hacoca 3MH-6 äjih jkhäkoxo 3jik)mhhhh b asyx cjiy-
qaax: Kanaji c HenpoßoaaiHHMH cxeHKaMH hmccx CBepxnpoßoan-
IHHe ÖOKOBbie HJHHbI BHC HHAyKXOpOB H K3Hajl Ö63 HpOBOaHIHHX
öokobbix uiHH. B oöohx cjiynaax paccHHxaHbi xaKHce 33bhchmo-
CXH X6X-5K6 B6JIHHHH OX HepBHHHOH HaCXOXBI.

B ÄaHHoö paöoxe npoaojibHbift Kpaeßoö scjxjDeKx ne yqnxbi-
Baexca.

napaMexpbi HbmyKxopa npii HajmqHH õokobbix CBepxnpOßO-
ähluhx luhh BBHXbi H3 pacqexnoro npHMepa JSTe 4 [s]. Pacqex naco-
ca c npoBOÄHmHMH cxeHKaMH Kanajia npw CKopocxn xeqemia

1,056 m/cbk npeÄCxaßJien npHMepoM JMb 5 [s],

2. Kanaji co CBepxnpoBOÄHmHMH uiHHaMM

CorjiacHo [4] BJieKxpoiviarHHXHbiH Hanop jinnefiHoro ruiocKoro
aacoca paccqHTbißaexcH c|)opMyjioH

p' = poSkoc , ( 1 )

Po xlyfß\. (2)

Bcl MarHHTHan hhäykuhh b Kanajie ot nepßHqnbix xo-
kob. Ona nponopuHonajibHa TOKy /:
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nh õp

BeJinqnna p 0 npe,n,cTaßJijrex coöon nanop, pa 3bhbaembin nacocoM
npn oxcyxcxßHH nonepqnoro Kpaesoro 9(|)(j3eKxa n yraa rannra
mearay njioxnocxbK) xona h nn,nyKXHpoBaHHOH nanpnatennocxbK)
9JieKxpnnecKoro nojin, ecjm ntn,n,K.ocxb ne ÄBnatexcn. Tan nasbi-
BaeMbin KO9(|)(J)HnHeHx ocjiaõjiennn nanopa koe [l] npn Hajinqnn

CBepxnpOBOÄHXUHX (72= 00 ) ÖOKOBbIX mnn BH6 nH/iyKXOpOB
coraacno (10) [2] Bbipancaexcn cjDopMyjion

Äoc = ( 4>

Tanoe }Ke Ebipaatenne juin koc xaoKe npn = 00

[l], HJIH B nH.IIHHa,pHMeCKOM HaCOCC C XOHKMM CJIO6M >KH,O,KOCXn.

3a,ecb öespasMepnan Bejinqnna e Bbipantaexcn

SCÖPoYAt 2
/ r \s = {J)

I~k) btlpa>kehnK) Hanopa (1) c yqexoM (2) h (4), a xaiOKe

HMen b bhäy s= —, rae &i snaneHHe e inpH s=l, moäho
ei

ycTawoßHTb, nxo nacoc co cibepxnp oboahihh mh öokobbimh ninna-
mh b peatume I = const, pasßHßaex MaKcnMajibnbin nanop npn
h= \. Ecjih BaaasaxbCH ycjioßneM nojiyneHnn ma kch majibHoro

Hanopa npn 5 = 1, to reoMexpnnecKne pasMepbi 'nacoca cjieAyex
noÄ'o6paxb xax, nxoöbi coraacno (5) 6=l. TaKon nacoc anajio-

rnnen acnHxponnoMy n,BHraxejiK), nycKOßon momchx Koxoporo
pannneTcn onponnÄbißaioLneMy. B 9jienxpomarnnxnom nacoce
3MH-6 XOJILU,HHa CJIOH aJIIOMHHHH A ÖblXb 1,023 CM, 6CJIH
ocxa.xbHbie Bejinqnnbi Bbiöpanbi coraacno [s], npnMep 4.

2-a. HsMeHfleTCfl cKopocxb reneHHH

Hhpkc npHßeppenbi pacnexnbie xapaKxepncxnKH naeoea co
CBepxnpOBOÄHPUHMH ÖOKOBbIMH LUHHaMPI B BaBHCHMOCXH OX Cpepp-
nepi CKopocxri xenenHH Mexajuia v npn nacxoxe 50 azf
xapaKxepncxHKa paccnnxana c ynexoM noxepb b cxajin n 6ea nx
ynexa. riocvieppnne HBOÖpaPKenbi npepbißncxbiMH jihhhhmh. Hmch
b Biray, mxo paenex ões ynexa noxepb b cxajm snannxejibHO npo-
upe, xo b paöoxe npnßoppnxcH cjpopMyjibi ppjin BbiHHCjiennn xapan-
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Onr. 1

TepHCTHK corjracHo AattHOH b [4] ynpomeHHOH cxeMe saMe-
meHHH. Ho 3XHM (J)OpMyjiaM MOJKHO T3K>Ke anaJIHXHqeCKH H3HTH
SKcrpeMyMbi HHTepecyK)UJ,HX Mac BejiHqnn. Bce cnjioniHbie KpHßbie
paccqnxanbi no (JiopMyjiJipy [s].

Ha {f>nr. 1 KpHßbie 1 noKasbißaiox nsMenenne nanopa. /leöcx-
Byiomee snaqenHe nepßnqnoro xona npH sxom / = 19,4 a.

Ha Bcex rpaifiHKax ÄannoH paöoxbi nanopbi b axMoccJie-
pax. Pesyjibxaxbi, nojiyqaeivibie no (JiopMyjiaM, xoxopbie nanHcanbi
b eÄHHHU,ax CHCxeMbi MKCA, yMHOJKenbi na 1,02 • 10—5

.

npepbißHcxaH KpHßasi paccnmana no (j)opMyjie

p -

=
_£ö> (6)r 1 -f- (SEi) 2
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Ona nojiynena H3 (1) n (4), ecjin bmccto g noACiaBHTb ejs.
MaKCHMajibHbin nanop BOSHHKaex npn cKOJib^Kennn

V = ± -
■ (7)

*•1

IIoACTaBJiHH no (7) b Bfaipa>KeHHe (6) n hmch
b BbipajKenne (3), nojiynnM äjih MaKCHMajibnoro nanopa
cjieAyiomee Bbip antenne

Po
_

o6 wip
/ MaKC 28! A6g önp ' 1 '

MaKCHMajibHbin nanop b nacoce ne sasncnT ot /yiHHbi
HHÄyKTOpa H OT
TOJIbKO OT KBajtpaTa TOKa.

TaK K3K b nameM cjiynae ei = 1, to npepbißHCTan Kpußan
1 HMeer MaKCHMyM npn v= 0. MäKCHMajibHbiH Hanop p

Max

npn 3tom paBHHeTCH 3,28 citm. Kpnßbie 2 noKasbisaioT 33bhch-
iviocTb MexaHHqecKoft moiuhocth ot cKOpocTii TeqeHHH. llpepbißH-
cran KpHßan 2 paccwrana na ochobc [4] no (JjopMyjie

oi

3a,ecb X\ = conpoTHßJieHHe ot nepßHHHoro nojm ne-
pes SKHÄKHH MexajlJl.

3to conpoTHßJieHHe Bbipa>KaeTCH nepea napaMerjpbi mmyKTopa
cjieztyioiuHM oöpasoM:

(10)

MexaHHqeckaä moluhoctl hmcct MaKCHMyM npn CKOJibJKeiiHH

S l> = ?±]/e* +?• (U>
i tl 1

B nameM cjiynae sp = 0,414, v = 8,63 m/cck, MaKCHMajibHan mc-
xannnecKaH MomHOCTb pasna 2,4 kbt.

KpHßbie 3 ii 4 ((jinr. 1) npe/icxaßjiHiox aaBHCHMOCxn nanopa
h MexannnccKOH mohihocxh npn nocxonnnoM snanenHH npnjiojKen-
noro nanpnjKenHH. OpepbißHcxbie KpHßbie 3 h 4 paccnHxanbi na
ochobc [4] no cjienyiomHM (JjopMyjiaM:
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p l + (s®) 2 &
Po ’

Pmx = -p--S) *‘'2-P, (13)
[ se'+^y

riie 2] nojinoe conpoxHßJieHHe uenn npn s = 1, a nojinoe co-
npoxHßJieHHe uenn paßno

2 “1/( r + + Krli?-' 1 ) • (14)

r aKXHBHoe h x Hnp,yKXHßnoe conpoxHßJienHH
(J)a3bl oömoxkh HHAyKxopa.

BejiHnnny nanpjDKenHH mojkho nanxn no xoxy npn oähoh hb
CKopocxeö. Ecjih sa/iaßaxbCH ycjioßneM, nxoöbi KpHßbie paccnn-
xannbie npn I = const h KpHßbie npn U = const nepeceKa.xncb
npn CKOJIbSK6HHH 5 = 1, X. 6. V = 0, XO

•
<l5 )

B nameM cjiynae npH s = 1 h / = 19,4 a, nanpnxceHHe U = 383 6,
ecjiH ne ynnxbißaxb noxepb b cxajm, a LJ = 380 b c ynexoM sxhx

noxepb corjiacno pacnexy no [s].
Ho KpHBbIM 2 H 4 (|)Hr. 1 BHÄHO, MXO MaKHCJViyM MexaHHnecKoft

MomnocxH npn 3aü,aHHOM HanpsmenHH (v = 8,2 m/cbk, PMex =

= 1,825 K6T ) CÄBHnyx necKOjibKo b cxopony Menbuieö CKopocxn
h HMeex BHannxejibHo Menbinee snanenHe no cpaßnennto c Mexa-
nnnecKon moluhocxbk) npn aaaannoM xoxe. MaKCHMyM nanopa
p’ naxoÄHxcH b oöjiacxn oxpnuaxejibHbix CKOpocxeö xenenHH jvie-

xajuia. B 3xoh oöjiacxn nanop öojibme nanopa npn saAannoM xoxe.
3xn HBjiennH CBHBanbi c yßejiHnenneM xokob npn BOBpacxannn
CKOJIbJKeHHH.

Ha (j)Hr. 2 npeAcxaßJienbi 33bhchmocth k. n.r. tj h oxnomeHHH
ot CKopocxH xenenHH jkhäkocth c ynexoM h 6ea ynexa (npepti-

BHCxbie KpHßbie) noxepb b cxa.xH. HpepbißHcxan Kpasan j\ = f{v)
paccniixana na ochobc [4] no (|)opMyjie

’i -= 'r s
M M •

<l6 >
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s>nr. 2

K- n. ä. HMeex MäKCHMyM npn cKojib/KSHHH

57) .—]/e re,) 2 e^^+rs,)’

B ä3hhom cjiyqae MaKCHMajibHbiö k. n. #. pasen r] MaKc
= 0,4125

npH s,j = 0,272 h v = 10,73 m/cbk. OxHomeHHe MexaHHnecKofi h
lIOJIHOH MOIUHOCXeH B 3aBHCHMOCXH OX CKOpOCXH XeneHHH MC-
xajuia, r\ s f (v ), ÄaHO Ha (Jmr. 3 h paccnnxaHO 6es yqexa noxept.
b cxajiH no cjieÄyiomeMy Bbipa>KeHHK)
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e(l —s)x.
TlS== (I+B 2)Z ■

,D,jih
MaKCHMa/ibHoe SHaneHHe, itphxoähtch peni'HXb no/iHoe ypa-BHeHHe
nexßepxofi cxeneHH. B nameM cjiynae rpacjinqecKoe pemeHHe //aex
r] s = s s = 0,435. ripn 3xom MaKCHMa/ibHoe oxHomeHHe + = 0,094
BcxpenaexcH npH v = 8,32 m/cbk.

Õpil nocxoHHHOM /leficxßyiomeM SHaneiiHH nepßHMHoro Hanpn-
-SK6HHH Bbipa>KeHHH /UIH T] H TJ S OCX3IOXCH ITpeJKHHMH.

2-6. HsMeHHercH nacroTa

Hhäc paccMOTpeno bjihhhh6 h3M6H6hhh qacToibi

Ha anepreTHqecKHe noKasaxejiH Hacoca npn 3a//aHHOH CKopocxn
xeqeHHH jkhäkocxh. C npaKxnqecKOH xohkh speHHH hmchho //ony-
CXHM3H CKOpOCXb JKH//KOCXH MOHC6X 6blXb npHHHXa B OCHOBV paC-
qexa. Hance HCCjie/jyioxcH SHeprexHqecKne noKasaxejiH nacoca
3MH-6 c yqexoM h 6es ynexa noxepb b cxajiH npH //Byx cKopocxnx
xeqeHHH: v = 1,056 m/cbk h v = 9 m/cck. JJeHCXßyiomee snaneHHe
nepßHHHoro xoxa npHHHxo nocxoHHHbiM / 16,7 a. MexaHnnecKaH
MOmHOCXb npH HOCXOHHHOH OKOpOCXH xeneHHH SKH//KOCXH npo-
nopu,HOHajibHa sjieKxpoMarnHXHOMy Hanopy.

IIOÄCTaBHB B BblpaÄeHHC (5) BM6CTO CKOJIb>KeHHH S erO 3H3-

qeHHe 1 -—j, nojiy^HM

e=e7-e’|-, (19)

TÄ6

_

£1
_

2^qyAtž
/ 9f) v

■

f M" * u ;

Oo (|)opMyjiaM (1), (4) h (19) nojiyHHM 6ea ynexa noxepb b cxajm

/uih 3JieKTpoMarHHTHoro Hanopa cjie/iyiomee BbipajKemie

. (21)
I+K^)

Hanop nojiojKHxejieH p'> 0, ecjm f> . 3jieKxpoMarHHXHbiä
nanop HM6OT MaucHMyM npn nacxoxe
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Onr. 3

f*=J7+-k- (22)

HoÄCTaBjiHH nacxoxy no (22) b Bbipansenne nanopa (21) h hmbh
b bhäy (3), nojiynnM MaKCHMajibnoro nanopa, koto-
poe c BbipancenneM (8). Cjie,noßaxejibHO b na-
ooce MaKCHMajibHbm nanop no cKopocxH xenennn jkmäkocth n
no nacxoxe coßna,naiox. Hpn stom cjie,n,yex oxmbxhxb, nxo Mancn-
Majibnoe snanenne nanopane 33bhcht ot CKopocxn xe-
nennn.

Ha (})Hr. 3 HMeioxcn saßncnMOCxn sjieKxpoMarnnxHoro nanopa
ox nacxoxbi. Ecjih v = 1,056 m/cbk, xo MancnMyM nanopa nacxy-
naex npn nacxoxe /p - = 53,6 a ecjin v= 9 m/cgk, xo /p - =
= 80,55 zt{. 3xn Kpnßbie n nx MaKCHMyMbi CÄBnnyxbi na

27 B oöonx cjiynanx MaKCHMajibHbin nanop
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Owr. 4

p' MaKc
= 2,435 atm. MaKCHMajibHan MexaHnnecKaH MomnocTb b

nepeoM cjiyqae paana 0,309, a ao aropoM 2,63 kbt.

äjih nojiesHoro äghctbhh b saßH-
chmocth ot nacroTbi nojiynaexcn no Bbipa>KeHHHM (16) h (19)
b Bime

>i = -r—, / 1 vi’ (23>

rne Xai snanenne x A npn nacxoxe 1 zu,.

K. n. jx. HMeex MaKcmvtyM npn nacTore

= ±l/8
*

%1 + r 8 ’2- (24 )
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Ohp. 5

Ha cjDHr. 4 h 5 npeÄCxaßJieHbi KpHßfaie Ko3(|)(})HpHeHxa nojies-

noro c ynexoM h 6ea ynexa (npepbißHcxtie jihhhh) no
xepb b cxajm. Ecjih v = 1,056 m/cbk, xo MaKCHMyM k. n. r. 0,069
nacxynaex npn nacxoxe 23,7 at(, a ecjin v 9 m/cbk, xo npn nacxo-
xe 50,7 au T| MaKC

= 0,390, x. e. yßejmnen na 5,65 paa. Pasnocxb sxnx
nacxox cocxaßJinex onnxb 27 ai{.

Bbipa>KeHHe ajib oxnomeHHH MexaimnecKOH n nojinon

MOLUHoexen rp b 33bhchmocxh ox nacxoxbi nojiynmvi no Bbipa>Ke-
hhhm (18) h (19) b cjieayioiii.eM bh^o
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Y /s =

_

V

1 t\r f T'
2t /U 2

-

T ü_ fl +
_L \ 2t/J_ I

/ 1 I I 2r) 2T i
(25)

AnajiHTHHecKoe Bacxoxbi, npn Koxopofi rp MaK-
CHMajibHoe, saxpyÄHeHO.

Ha (Jmr. 4h 5 npeacTaßjreHbi 3abhchmocth otholu©hhh r\ s ox
MacTOTbi c yqero-M h 6es yqeia (npepbißiHCXbie jihhhh) noxepb
b cxajm. Hpn v = 1,056 M/ceK MaKCHMajibnoe OTHomeHHe paBHO
0,0231 böjihbh qacxoTbi 24 h npn v= 9 m/cgk cooxßexcxßeHHO
böjihbh 63 0,106, t. e. yßejmqeHO na 4,59 pas. MaKCHMajibnoe
3HaLIOHHe T)s CHJIbHO paCXBX C yBeJIHTOHHeM CKOpOCTH.

Hs paCCMQXpeHHH HHÄyKUHOHHOXO HaCOCa CO CBepxnpOBOAH-
IE.HMH ÕOKOBbIMH lIIHHaMH MOJKHO -CÄGJiaXb BbIBOÄ, BXO KanCCX-
BeHHbiö anajins paöoxbi nacoca uejiecooöpasno nponsßecxn no
ynpomeHHOH cxeMe saMemennn [4], x. e. 6es ynexa noxepb
b cxajiH. Kojinnecißennan ouenna MaKCHMajibnoro KoscjDcJmunen-
xa nojresnoro ÄencxßHH Äaex no nauieMy npnMepy norpemnocxb
no +4 1% ox xonnoro ero snanennn. SjieKxpoMarnnxHbiH nanop
n MexannnecKan Mom,nocxb iiMeiox cooxßexcxßyiomyK) norpem-
nocxb ne öojiee -)-2,5%. OxnomenHe MexannnecKOH n nojinon

MOLunocxen, paccnnxannoe c ynexoM n 6es ynexa noxepb b cxajiH,
pasjmnaioxcH BecbMa HesnannxejibHO.

SaKannnßan nccjienoßanne nacoca eo cßepxnpoßOÄHmuMH mn-
naMH paocMoxpHM, b KaKOH cxenenn sxa aasana BbinojiniiMa b na-
coce jyin ähakofo 3jiiomhhhh. conpoxHßJienne ajnoMH-

hhh npn paöonen xeMnepaxype 750°C pasno 21,5-10—6 om cm.
Ecjih ncnojibSOßaxb uinnbi (ne roßopn o MeponpnnxnHX
KopposHonnoH samnxbi), moxcho npn oxjiajKÄOHHH hx no xeivine-
paxypbi 72°C nojiynnxb oxHpinenne yÄejibHbix npoßOÄHMocxen

10. HoÄCxaBJiHn b (10) [2] = 10,8 = 1, x 0,1473,
a = 0,06 nt 0,09, nojiynnM Koacj3(|)HU,HeHx ocjraöjiennH k a =

= koc = 0,495, BMecxo k a = 0.5 corjiacno (4) n peaKXHßHbift
kp=—o,44, p= —0,44, ömbcto k p ——o,s corjiacno [2] npn

-- = 00, Xoxn koe ne HMeex cymecxßennoro oiKjioneHHH no
cpaßnenmo co cjiynaeM CBepxnpOßOÄnmnx uihh, oxKJione-
ime k p na 12% bhochx õojiee cymecxßennbie nsMenennn b pe>KH-
Mbi nacoca. Peajinsoßaxb nacoc co «CBepxnpOßOAflmnMH» uih-
naMH jierne Bcero äjih pxyxn.
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3. KaHHJI ÖG3 npOBO,O,HmHX lUHH

Hh}KG paCCMaxpHBaiOTCH 33BHCHM0CXH SJIGKTpOMarHHTHOrOnanopa, MGxaHHHGCKoö moihhocxh, Koacf)(|)HLi,HGHxa nojiesHoro
ÄGHCXBHH H OXHOIHGHHH MGXaHHHGCKOH H HOJIHOH MOLHHOCXGH OT
cKopocxH xghghhh Mexajuia h qacxoxbi f äjih ajiioMH-
hhgbofo nacoca 3MH-6. Kanaji nacoca hg hmggx
iuhh, ho k HanpaßJieHHio MarHHXHoro hojih
cxghkh ZlaHHbie h KaHajia
Hbi b 5-m npHMepe pacqexa [s]. Oxmgxhm, hxo b ä3hhom cjiyqae
HpH HGH3MGHHK)LU,HXCH H3CXOXG f H ÄeÖCXByK)UJ,6M BHaHGHHH HpH-
JIOJKGHHOFO H3HPSDKGHHH U XOK / npaKXHHGCKH M3JIO H3MGHHGXCH
C H3MGH6HHGM HOJIOJKHXGJIbHOH CKOpOCXH XGHGHHH V.Hpn v = 0 XOK / = 16,22 a; npH v = 10 m/cbk xok / = 16,08a,
gcjih HanpHÄGHHG U = 380 e.

<J>nr. 6
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3-a. HsMeHflercfl cKopocxb xeMeHHH

Ha (Jmr. 6 npeÄCTaßjienbi 33bhchmocth namopa p' h Mexann-
liecKOH MomHocra PM ex ox nojiojKHTejibHOH CKOpocTii TeqeHH.i

JKH/I,KOCTH V npH HanpSDK6HHH 380 6 H npH 33ÄBHHOM
TOKe 16,7 a. Hanop p' b stoh oöJiacTH na,naeT c yßejmqeHHeM cko-
pocTH npaKTHqecKH jinnefiHO. MexamwecKaH MomnocTb npn sa-
AaHHOM HanpjDKGHHH HM66T M3KCHMaJIbHOe 0,316 K6T
npH CKOpOCTH V = 7,4 M/ceK.

Ha 4>nr. 7 noKasana saBHCHMOCTb nanopa p' b pejKHMe xop-
Mosa, t. e. npH oxpnnaxejibHbix CKopocxnx xenennn npn
HanpHxceHHH 380 e n npH xone 16,7 a. MaKCHMajibHoe
snanenne nanopa 5,8 cltm /jocxnraexcH npn v —125 m/cck, t. e.
npn onenb öojibinon oxpnnaxejibnon CKopocxn xenennn, ecjin sa-
Aano nanpHÄenne. B sxom pe>KHMe xok HMeex snanenne okojio

21 a. MaKCHMajibHbm nanop 4,1 cltm npn saAannoM xone 16,7 a
HMeex Mecxo npn v =

— 63 m/cgk. Oxcio,n;a HBCXByex, nxo c xohkh

Onr. 7



speHHH HcnojibaoßaHHH MaKCHMajibHoro Hanopa nacoc 3MH-6
cnpoeKTHpoßan neynaqHO.

OnpeAejiHeM xaioxe saBHCHMOCxb ajieKxpoMarHHXHoro nanopa
p' OX CKOpOCTH ABHSKeH'HH JKHÄKOCXH V 110 ynpOIII,eHHOH CXG-
mc saMemeHHH ões yqexa noxepb b cxajin h b npoBOÄHm,HX cxen-
xax Kanajia. bhochmog aKXHBHoe conpoxHßjieHHe Ar na
OCHOB3HHH [4] hmcgm äjih sjieKxpOMarHHXHoro Hanopa cjieAyiomee
Bbipa>KeHHe:

P’= ■ < 26 >

YqHxbißaH, qxo 1 s = —j h BbipajKan bhochmog aKXHBHoe co-
Ar

npoxHßJieHHe qepes ero oxHocHxejibHyio Bejmqrmy —-, nojiyqHM

<27>

OoÄCxaßjiHß b BbipaÄeHHe (27) bmbcxo conpoxußjieHHH ero
SHaxenHe corjiacHo (10), nojiyqHM äjih nanopa

m
Hs axoro BbipaJKeHHH BbIHCHHeXCB, MTO npH ÄaHHOM Hacoce H

nocTOHHHOM ÄeHcxßyiomeM BHaqeHHH TOKa pasßHßaeMbm nanop
nponopuHOHajien oxHOCHxejibHOMy BHOCHMOMy aKXHBHOMy conpo-
XHBJieHHK).

OxnocHxejibHbie bhochmbic aKXHBHoe h peaKXHBHoe ~
X A

1

conpoxHßJieHHH paccqnxaHbi corjiacno c|)opyMJiaM (8) h (16) [4]
n npeACxaßjieubi na (j)Hr. 8 npn = 0,407 b 33bhchmocxh ox 6es-
pasMepHoö BejmqHHbi e = 0,489 s (ei = 0,489). Corjiacno 4>opMy-
Jie (27) paccqnxaHHbie Hanopbi npe,n,cxaßJieHbi Ha (Jdhf. 6 h 7 b

npepbißHCxbix jihhhh äjih xoxa / = 16,7 a. MaKCHMajibHbm
nanop 4,2 cltm nacxynaex npn cKopocxn —64 m/cbk. Flpn sxom
öeapasMepnaH BejmqnHa e = 2,6 n BHOCHMbie aKXHBHoe h peaxxHß-
noe oxiiocnxejibHbie conpoxHßJieHHH paßHbi Me>K,n,y coöoh [4] h

Ar A* n .ooHMeiox BejiHqHHy = = 0,423.J XA XA
ConocxaßJieHHe BbipanceHHH Hanopa (8) h (28) noKa>Kex, qxo

n aKCHMajibHoe oxnocHxejibHoe aKXHBHoe bhochmo6 conpoxHßjie-
HHe nacoca eo CBepxnpoßOjrnmHMH ninna mh paßHnexcH 0,5 [4].

99
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1

SaBHCHMOCTH KO3(J)(})Hi;HeHXa nOJieSHOXO AeÖCTBHH T) H OTHO-
meHHH rp, c ynexoM noxepb b cxajm, ox CKopocxH xenenHH >khä-
kocxh v paccEHxaHbi corjiacHO [s] h npe,n,cxaßJieHbi na cjmr. 9.
MaKCHMyM k.u.r. 0,119 Ha6jno,naexcH npn CKopocxH
v = 8,3 M/ceK.

Ha c[)Hr. 9 npeÄCxaßjiena xaiOKe saBHCHMOCxb Ko3(|)(|)Hn,HeHxa
nojiesHoro ox CKopocxH xenennH 6es ynexa
noxepb b cxajiH h b cxeHKax Kanajia b npepbmncxoH KpHßon.
Ona paccnnxana no cJ)opMyjie
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Oht. 9

%-)
il= —.

. . ■ (29)
2.f( r 1- \

\ XA I

Bhochmob oxHocnxejibHoe aKXHBnoe conpoxHßJienne onpeAejie-
ho H3 cooxßexcxßyiomeö kphboh (Jdhx. 8 no BejmnHHaM e, Koxopbie
nafiAeHbi corjiacno (5). MaKCHMajibnoe snanenne k. n. a. 0,149
naÕAiOAaexcH npn CKopocxn 8,7 m/cok. PasHHua MaKCHMyMOB npe-
pbIBHCXOH H CHAOLUHOH KpHBOH COCXaBAH6X 25,2%. OxHOUieHHe T| s
HMeex MaKCHMaAbHoe BHanenne 0,0172 böahsh CKopocxn v =

= 7,5 m/cbk. noxepnMH axy Kpnßyio npaKxnne-
ckh ne H3Mensiex.

3-6. HsMeHHexcs! Macxoxa

SaBHCiiMOCTb Hanopa ot nacxoxbi cexn npH CKopocxn xenenHH
>khakoxo ajiK)MHHHSi 1,056 m/cbk npeACTaßjiena na cJjhx. 10. KpH-
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Onr. 10

Bbie 1 paccnnxanbi npn nocxoannoM snanennn nepßnnnoro xoKa:
c yqexoM noxepb b cxajm (npniviep 5 [s] cnjiomnaa Kpn-

Baa), a Apyraa, corjiacno cfiopMyjie (26), 6es ynexa noxepb b
cxajin h noxepb b npOßOAamnx cxenKax Kanajia (npepbißHexaa
Kpnßaa).

_ Ar
OxnocHxejibHbie bhochmbic aKXHBHbie conpoxnßjienna bsh-

xbi H3 (Jmr. 8 no Beannnnaivi e, Koxopbie onpea,ejienbi corjiacno

(jiopMyjiaM (19) h (20) b saßnenMoexn ox nacxoxbi f npn saÄan-
hoh CKopocxn v. Bejmnnna Aencxßyiomero snanenna xona ssaxa
AJia cpaßnenna c npen,bia;yuj,HMH cjiynaaMn paßHbiM 16,7 a. Mancn-
Majibnoe snanenne nanopa 4,2 cltm nacxynaex npn / = 270 ziif.n PH 3xom öespasMepnaa Bejmnnna e, nax panbrne, pamiaexca 2,6.
Cnjiomnaa Kpnßaa saßHcnMocxn nanopa ox nacxoxbi npn
hom xoKe / = 16,2 a (noMnnajibnbin xok) HMeex MaKCHMyk
3,63 cltm BÖjrnan nacxoxbi 254 Flpn sxom öespasMepnaa bcjih-

nnna e xana<e panna 2,60.
Kpnsaa ajieKxpoMarnnxnoro nanopa 2 (Jmr. 10 paccnnxana

corjiacno [s] npn nanpancennn cexn 380 e. 3xa Kpnßaa b oõjiacxn
nacxox, naMnoro oxjinnajomnxca ox 50 zi{, ne npea.cxaßjiaex npan-
xnnecKoro nnxepeca, xan KaK xokh npn Majibix nacxoxax npesMepno
BejiHKH. Ha öojibinnx nacxoxax xokh nnnxojKno MaJibi.

3aBHCHMOcxb KoatjjcjDHUHenxa nojiesnoro .nencxßna r} h oxho-
inenna t] s npn CKopocxn jkhäkocxh v = 1,056 m/czk ox nacxoxbi
noKasanm na cjjnr. 11. r\ n t] s , paccnnxannbie no MexojjnKe [s],
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Onr. 11

HM6K)T MaKCHMyMbI BÖJIH3H H3CXOXb! 50 HpK 3TOM MaKCHM3JIb-
Hbm k. n. ii. h MaKCHMajibHoe snanenne oxnomeHHH r) s cooxßex-
CTB6HHO paßHbi 0,0255 h 0,00445.

Ha (J)Hr. 11 xaione saBHCHMOcra KO9(J)(J)Hii,HeH-
Ta nojiesHoro r] h oxnomeHHH r\ s ot nacxoxbi 6es ynexa
noxepb b cxajiH n b cxeHKax Kanajia (npepbißHcxbie jihhhh). Kpn-
BaH r| = /(/) paccnnxana corjiacHO (JiopMyjibi (29), bho-
cHMoe oxHOCHxe.xbHoe conpoxnßjienne ns cooxbbx-
CXByK)IU,eH KpHBOH (jDHX. 8 BO B6JIHBHHaM 8, KOXOpbie paCCßH-
xaHbi no (19). MaKCHMajrbHbin k. n. paßHbin 0,0308,

npii 60 Pasnnpa MaKCHMyMOB npepbißncxon n
cnjiomnoH Kpnßbix cocxaßjmex 21%. npepbißHCxan KpHßan oxno-
meHHfl rj s paccnnxana no (j^opMyjie

(30)
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Ohf. 12

BHOdiMbie OTHocHxejibHbie conpoxußJieHHH HaÖAeHbi
rp npepbmucxaH KpHßan r\ s cymecxßeHHO ne oxjih-

naexcH px öojiee paccqHxaimoft Kpußofl.
Tax KaK Aa>Ke MaKCHMajibHbie snaqeHHH KoacjDcfiHUHeHxa no-

JI63HOFO H OXHOLIieHHH MexaHHqeCKOH H nOJIHOH MOlli-
HOCX6H B 33BHCHM0CXH OX qaCXOXbI npH CKOpOCXH 1,056 M/cett
BecbMa Majibi, xo sxh saßHcmviocxH paccTOxaHbi 6es yqexa noxepb
b cxajm h b cxeHKax Kanajia xaiOKe npn CKopocxa 8,3 m/cbk.
MaKCHMajibHoe k. n. jx. 0,2 Hacxynaex npa nacxoxe 80 zu,
h MaKCHMajibHoe oxHomeHHH rp = 0,028 npa qacxo-
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Te okojio 150 MaKCHMajibHbie k. n. a. h OTHomeHHe r\ s c yse-
jinqeHHeM cKopocTH Tenennn MeTaAAa ot snaqennn 1,056 m/cbk,
ao 8,3 m/cbk. yßejiHqnßaiorcn okojiö 6,5 pas.

4. MaKCHMajibHbift Hanop

B nacoce MaKCHMajibHbiö nanop b 33bhchmocth Kax
OI CKOpOCTH TeneHHH T3K H B 33BHCHMOCTH OT HaCXOXbI
npn yqexe noxepb b cxajm h 6es yxexa sxhx noxepb npn sajxan-
hom ÄežcxßyiomeM 3HaqeHHH xoxa seeria HaöJiiOÄaexcH npn
8 = 2,6. HhJKB HOHGHHIOXCH npHHHHbI 3XOFO HBJI6HHH. CorjiaCHO
(|)opMyjie (27) nanop nponopnnoHajieH oxHOCHxejibHOMy bhoch-
MOMy aKXHBHOMy COnpOXHBJieHHK).

Ha OCHOB3HHH 4>nr. 10 h 11 [4] nocrpoena na 4dht. 12 Kpnßan
öespasMepHOH BeAnnnnni e b 3 abticmmocth ot othochTeann oh

mnpunni Kanajia npn ycAOßnn, qTO OTHOCHTejibHoe aKTHBHoe

BHOCHMoe conpoTHßjieHHe MaKCHMajibHoe Kpußan 1. Kan
X A

ynce panee BbincHHAOCb, makchmajininoe SHaqenne nanopa (t. e.
—— m3kc) b nacoce c OTHocHTejibHOÖ mnpHHon -

a
- =oo naÖAio-

AaeTcn npn B=l. Ecjih e<H, kphboh = f{&) ne cymecTßyeT,

T3K K3K =/(“■- ) MaKCHMyMa H6 HM66T. OpH AIOÖOH OTHOCH-
x\ \ T /

TejibHOH nrapHHe Kanajia = f f-y jnMeeT MaK-

CIIMyM H no KpHBOH 1 (})Hr. 12 MOJK6T ÖblTb HaHAGHa COOTBeTCTßy-

loinan öespasMepnan Bejmqnna e>l. B nameM cjiyqae = 0,407
n cooTßeTCTßyiomee snaqenne e = 2,6. Ha toh >ne (fmrype npeA-

CTaßJiena Kpnßan 2 (A— )—/ (
°

}, KOTopan noKasnreaeT saßncn-
»XA ' M3KC ' ’

MOCTb MaKCHMajibnoro bhochmoto aKTHBHoro conpoTHßjiennn ot

OTHOCHTeAbHon uiHpHHbi Kanajia. C yßejinqenneM Kpnßan

acHMnTOTnqecKH npnÖJiH/KaeTcn k snanenmo 0,5.
PesyjibTHpyioman 3JieKxpoMarHHXHüH cajia F,

na jkhakhh Meiajiji npn ,n.aHHOM HHÄyKxope, niHpHHe Kanajia h
nocxoHHHOM jxeftCTByiom,em snaqeHHH TOKa, HMeex corjiacno (28)
Bbipa»ceHHe

IBii o 2a{kotwiy ( Ar )F = P2aX =

; UJ. (31)



3xa cnjia nponopuHOHajibna umpnue Kanajia 2a n ona ne sasn-
CHX OX XOJILUHHbI CJIOH >KHAKOCXH A II OX VÄOJIbHOH HpOBOÄHMÖCXH
>kh£kocxh. Hnxepecno oxMexifrb, qxo corjiacno (28) ajieKxpoMar-
HHXHbiö nanop oöpaxno nponopunonajieH xojimnne cjioh miiz-
kocxh A h MaKCHMajibnoe snaqenne ero Majio 33bhchx ox innpn-
Hbi Kanajia, xan xan Kpnßan 2 (Jjhx. 12 oqenb nojioran. MaKcn-
Majibnoe snanenne sjieKxpoMarnnxHOH cnjibi nacxynaex npn MaK-
OHMyMe oxnocHxenbHoro aKXHBHoro bhochmoxo oonpoxHßJieHHq,
x. e. b cjiyqae, Konna oxHOOHxejibnan rnnpima KaHajia-

0
- n 6ei-

pasMepnaH BiejraquHa e cooxßexcxßyiox KpHBOH 1 cjmr. 12. Floaxo-
My MaKCHMajibHbie nanopbi y nacoca npn saqannoM nepßHqnoM
XOKe B 33BHCHMOCXH OX CKOpOCXH HBH/KeHHJI HCHÄKOCXH II B 33611-
CHMOCTH OX qaCTOXbI paßHbl MOKny OOÖOK).

5, ConocxaejieHHe peayjibiaxoß

B TaöJiHue 1 npHßeAeHbi MaKCHMajibHbie 3HaqeHHH ajieKxpo-
MarHHTHoro nanopa, ajieKxpoMarHHXHOH chjih, MexaHHqecKofi
moiuhocth, nojiesHoro achcxbhh h oxHouienHH mc-
xaHHqecKoö h nojinoft Mom,HocxeH Hacoca 3MH-6 bo Bcex Bbime
paccMoxpeHHbix pejKHMax npn xokc 16,7 a. CxpoKii
N9N2 1, 2 h 3 oxhochxch k cjiyqaio, Kanaji HMeex csepxnpo-
Boa,Hmne öoKOßbie uiHHbi h cxpoKH JNToJMb 4, 5 h 6 ko cjiyqaio
Kanajia 6es npoßOÄnmnx öoKOßbix iuhh. B JVbN» 1 h 4 paccMaxpn-
BaexcH nacoc npn npOMbiuuieHHOH qacxoxe h HSMeHHiomeHCJi cko-
POCXH XeMeHHH >KHÄKOCXH V. Hoä Ka>KÄOH MaKCHMajIbHOH BCJUl-
hhhoh b xaöjmne yKasana BejmqHHa cicopocxH, npn Koxopon na-
6jiio,aaexcH MancHMyM. B N9N2 2,3, 5 h 6 paccMaxpHßaexcn na-
coc npn saAaHHbix CKopocxnx xeqeHHH jkhäkocxh h H3MeHsHoin,efi-
ch qacxoxe. Floa KapKÄOH MaKCHMajIbHOH BejinqnHOH b xaöjnme
ynasana BejmqHHa qacxoxbi, npn Koxopoö Bcxpeqaexcn MaKCH-
MyM. KaÄÄOMy MaKCHMajibHOMy 3Haqeimio BbmejieHo xpn rpacjibi.
B nepsoH H3 hhx npeAcxaßjieHbi ÄaHHbie, nojiyqennbie hb KpHßbix,
paccqHxaHHbix c yqexoM noxepb b cxajiH (N2N2 1, 2 h 3) hjih c
yqexoM noxepb b cxajm h b npOBOÄHmnx cxenKax Kanajia (JMbJMb 4,
5 h 6). Bo Bxopofi npHße/i,eHbi Äannke, nojiyqennbie 6es yqexa
ynoMHHyxbix noxepb. Ecjih b Äannon cxaxbe neKOxopbie KpHßbie
6bum paccqnxanbi npn Äpyrnx xonax, xo b xaöjinue 1 Bce bcjui-

qnnbi npHßefleubi k xony 16,7 a. B xpexben rpaijie mbk-
CHMajibnoro snaqeHHH npeÄCxaßJiena nponenxnan pasnHua bcjih-

qnn, nojiyqennbix ÄeyMH ynoMnnyxbiMH nyxHMH. Ochoboh Banxa
BejmqHHa, Koxopan onpeÄejiena c yqexoM noxepb.

Ha ocnoßannn npnßen.eHnoro nccneAOßannn nacoca 3MH-6,
6es öokobmx mnn nanajia, b aaBHCHMOcxn ox cko-
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0,45160

'1,35
20

6

»

var
8,3

4,2 294,6

25,2 294,6

20,5 294,6

20 80

2,9 160



108

pOCTH XBHBHHH II qaCXOXbI MO2KHO CÄBJiaXb BbIBOÄ, HXO 3XOX H3COC
Hcno/tbsyeTCH HaHjiyqniHM oöpasoM, ecjin npn qacxoxs 50 zu, h
HanpH>KeHHH 380 e CKopocib xbhbhhh jkhäkoto 3jiiomhhhh paß-
hhbxch 8,3 m/cbk. Hacoc pasßHßaex npH sxom nanop 0,635 ütm
h HMeex k. n. 11,9% h oxHomeHHe MBxanHqBCKOH h nojinon;

moihhocxbh 1,7%'.
npH HOMHHaJIbHOM pBÄHMB 50 ZL{ 380 6 h npH HOp

MaJIbHOH CKOpOCXH XBHBHHH 1,056 MjC6K H3COC HM6BX MaKCHMajlb-

noe snaqBHHB nojiesHoro äbhcxbhh 2,55% h oxho-
lubhhh MexaHHqecKOH h nojiHoö MomHocxefi 0,445%. B noMHnajib-
hom peJKime nanop naco-ca 'CocxaßJinßX 1,32 ütm , x. e. yßßjiHqsn
b cpaßHemm c npßÄbixiymHM pbhchmom na 2,08 pasa.

6. Oömne bliboam

Ho npHBeÄeHHOMy b cxaTbe anajiHsy mo>kho ;yiH na-
coca c KanajioM 6es npoßOÄHiu,Hx cxenoK cjie,nyioiHHe o6m,He bm-
BOJ,bI.

1. TXaHHbIH SJIBKXpOMaXHHXHbIH H3COC C SaÄBHHbIM XOKOM CBO-
coöen pasßHßaxb h xy >kb MaKCHMajibHyio sjißKxpoMarnHx-
nyio CHJiy b ero Kanajiß b saBHCHMOcxn ox CKopocxH xsqBHHH npn

qacxoxe hjih b saßHCHMocxii ox qacxoxbi npn saÄannofi
cKopocxH xeqeHHH hchäkocxh. Bojinnnna sxoh chjibi hb 33bhchx
npii saAaHHOM HeMarHHXHOM sasope ox y,n6JibHOH npoBOÄHMOcxH
XKHZIKOCXH H OX XOJIIHHHbI K3Hajia. Ox 3XHX BCJIHHHH 33BHCHX CKO-
pocxb xeqenHH jkhäkocxh hjih qacxoxa, ripu Koxopoö MaKCHMasb-
nan CHJia HaöjiioiiaexcH.

2. TlaHHbiH sjieKxpoMarHHXHbiH nacoc c saAaHHbiM xokom cno-
COÖBH paSBHBaXb OÄHH H XOX >K6 MaKCHMaJIbHbIH SJIBKXpOMaXHHX-
Hbiö nanop b saBHCHMocxH ox CKopocxH xeqeHHH npii
qacxoxe hjih b 33bhchmocxh ox qacxoxbi npH saÄannon cKopocxn
xeqeHHß. BejiHqHHa axoro nanopa hb saßHcnx npn saÄannoM ne-
MarHHXHOM sasopß ox yAejibHOH npoBOÄHMoexH >khäkocxh. Ona
oöpaxHo nponopuHonajibna xojiluhhb nanajia. Ox yAßJibnon npo-

H XOJIIUHHbI K3Hajia 33BHCHX CKOpOCXb XBqBHHH JKH,X,-
kocxh hjih qacxoxa, npn Koxopoö na6jno,na6xcn MaKCHMajibHbiH

nanop.
3. MaKCHMajibHan 3Ji6KxpoMarnHxnafl ciuia hjih MaKCHMajib-

HbiH SJIBKXpOMaXHHXHbIH HanOp H M3KCHM3JIbH3H MBXaHHqBCKaH

MomHocxb npn saÄaHHOH CKopocxH xeqeHHH jkhäkocxh Bcxpe-
qaioxcn b nacocs c sa/iaHHbiM xokom b xhkom pbhchmb,

b KoxopoM oxHociiXfijibHaH LUHpHHa Kanada h B6.niiqHHa e coox-
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BeTCTByiOT KpHBOH 1 H3 cjlHr. 12. B HHCOCe CO CBepxnpOBOÄHIUHMH

ÖOKOBbIMH IIIHHaMH |
“

= 20 j HJIH B U.HJIHHJI.pHHeCKOM HaCOCB C

TOHKHM CJIO6M BeJIHHHHa g ,H,OJI>KHa paBHHTbCH eÄHHHII.e

(g = 1). 3xH MaKCHMaJIbHbie BejIHHHHbI npH HCnOJIb3OB3HHH

CBepxnpoßOÄHmHx öoKOßbix uiHH Moryx öbixb yßejmneHbi no cpaß-
Hennio c nacocoM, Kanaji Koroporo ne HMeex npoßOÄnmnx ihhh,
iie öojiee 20%, xaK KaK MaKCHMajibHoe seanenne oxHOCHxejibHoro

BHOCHMOrO aKXHBHOrO COnpOXHBJieHHH COFJiaCHO KpHBOH 2 (jDHF. 12
npakthneckh HSMeHnexcH b ox 0,42 = o,l} £0 0,5

E ==°)-
4. Ecjih nacxoxa sabana, xo pexKHM, b KoxopoM Ha6jno,aaexcH

MaKCHMajibnoe snaneHHe sjieKxpoMarHHxnoro nanopa hjih sjieKx-

pOMaFHHXHOH CHJlbl H pOKHMbI, 'B KOXOpbIX M 6X3 HHH6C'KaSI MOIH,-

HOCXb, KO3(J}Cj)HU I HeHX HOJieSHOrO A6HCXBHH H OXHOUieHHe MCXaHH-
necKOH h hojihoh MomnocxeH MaKCHMajibHbi, b oömeivi cjiynae ne
coßnaAaiox. SjieKxpoiviarHHXHbiH nanop h cnjia hmciox MaKCHMajib-

Hbie snaneHKH npn SHannxejibHO MeHbmeft cKopocxn (,n,a>Ke npn
OXpHU,axejIbHOH, eCJIH BeJIHHHHa g! MeHbUie BeJIHHHHbI g no KpH-

BOH 1 (J)Hr. 12 äjih Aannoro oxHomenHH “j .
5. Hpn nacxoxe MaKCHMaJIbHbie sHanennn Mexann-

necKoö MomnocxH, KoacJxjDHUHeHxa nojiesnoro ä6hcxbhh h oxnome-
hhh MexanHqecKOH h nojinoH MomHocxeft naöjnoaaioxcH npH
cKOJibXKeHHH o<Cs<o,s. JXjiü yBejiHHCHHH sxhx bcjihhhh xpe-
Öyexcn, HXOÖbI g ÖblJI B 3XOH OÖJiaCXH CKOJIbXKCHHH BOSMOJKHO
öojibme. 3xo roßOpHx o xom, hxo neM öojibuie
Mocxb X6M öojibme k. n. r. ,D,ByxKpaxHoe snaneHHe
BeJIHHHHbI gj no epaBHOHHK) C B6JIHHHHOH g HO KpHBOH 1 (J)Hr. 12
oöecnenHx MaKCHMajibHbift nanop npn s = 0,5. Ecjih gi öojibine
BejIHHHHbI g no KpHBOH 1 (|)Hr. 12, XO OJieKXpOMarHHXHbIH nanop
npH cxoHmeft jkhäkocth MeHbme makchmajibhoro h yBCJinnHXCH
yMenbmeHHeM cKOjibHcennn.

6. Ecjih sabana CKopocxb TeqenHH jkhäkocxh, xo MaKCHMyM
nanopa, MexannqecKOH chjibi h moiu,hocxh nacxynatox npn oähoh
h xoh xxe, no öojibineö nacxoxe, mcm KOsejKjmuHeHX nojiesnoro äch-
cxbhh h oxHomeHHe MexaHHxecKOH h nojiHOH MomHoexeä. C yse-
JIHHeHHeM 33/iaHHOH CKOpOCXH XeneHHH yBCJIHHHBaiOXCH naCXOXbI,

npH Koxopbix paccMaxpHßaeMbie xapaKxepncxHKH hmciox m3kch-
MyMbi h yßejiHHHßaioxcH MaKCHMajibHoe snaneHHe Ko3(J)(|)Hn,HeHxa
nojiesnoro h oxHomenHH MexaHHnecKOH h hojihoh moui,-
Hocxeö.



JIHTEPAiyPA

1. A. H. Bojib ä e k. Tokh ii ychjihh b oxoe Mexa;bxa iuiockhx
HHÄyKUHOHHbIX H3COCOB. HSBeCTIIH BbICIIIHX yqeÕHbIX 3jieKXpO-
MexaHHKa N° 1, 1959.

2. A. H. Bojib ä e k, X. H. Hhe c. FlonepeqHbiH Kpaeßofl b njio-

CKOM lIH/3,yKU,HOHHOM H3COCe C S.JieKXpOnpOBOÄfImHM K3HaJIOM. CM. H3CT.
CÖOpHHK, CTp. 23.

3. H. M. Oxpem e h k o. OnxHMaJibHbie reoMexpnqecKiie cooxHomeHHH b
HHÄyKUHOHHbIX H3COCaX RJIH JKH.HKHX MexajIJIOB. «SjieKTpHqeCXBO» JST° 9>
1961.

4. X. H. Hhe c. yqer bjihhhhh BxopnqHOH cncxeMbi b jihhchhoh njiocKofl Mar-
HHxoniÄpoÄHHaMHqecKOH MauiHHe. Cm. naer. cõophhk cxp. 37.

5. X. H. H h ec, X. A. Tammemh r h, A. B. Kohx. c&opMyjinp KOHxpcuib-
hoxo pacqexa ruiocKoro HHÄyKPHOHHoro nacoca. Cm. nacx. cöophhk cxp. 167.

110



111

X. A. Tuücmjc

OB ynPABJIEHMH PABOTOH MH^VKUHOHHOrO
HACOCA

1. nOCTHHOBKa aaAaHH

B AHxepaxype no ajieKxpoMarnnxHbiM nacocaM oöbinno noA-
nepKHßaexcn, nxo oahhm nperiMymecxßOM BHeÄpemm sxhx na-
cocob ajih xpancnopxa pacnjiaßJiennbix MexajuiOß HBJinexcn bos-
MO>KHocxb nojiHOH aßxoMaxHßauHH npoueccoß FOpH3OHXaJIbHOrO
h BepxHKajibHoro nepeMemennn jkhäkhx MexajuiOß. Taime 3a-
Aann BOSHHKarox b Mexa.xjiyprnnecKOM h jihx6hhom nponsßOA-
cxße. SjieKxpoMarHHXHbie nacocbi npnoöpexaiox ocoöoe snane-
Hne npn oöecnenennn nenpepbißHOcxH npoueccos noAann Mexaji-

jia. BosMOJKHocxb ojieKxpnnecKoro peryjiHpoßanHH npOHSßOAH-
xejibHocxn nacoca b saAannoM Ananasone BnAOXb ao npeKpame-
hhh noxoKa h ero peßepcnpoßannn cyAHx öoAbiune BbiroAßi b
ycxanoßKax nenpepbißHoro jihxbh.

YnnxbißaH EbiCKasarmoe mhoxhmh aBXopaMH Mnenne, nxo
xchakhh MexaAJi aojijkgh xpancnopxHpoßaxbCH no xpyöonpoßo-
AaM, cjieAyex oxMexnxb, qxo SAeKxpoMarHHXHbie nacocbi nariAyn-
uihm oöpasoM cooxßexcxßyiox axon saAane.

Bxopan naHÖojiee oöjiacxb bosmojkhoxo npHMeHeHHH
3JieKxpoMarHHXHbix nacocoß oxßaxbißaex nponeccbi äoshpobkh
jkhäkoxo Mexajuia npn ero pasjiHßKe hjih oöpaöoxKe.

B 3tom cjiyqae noxpeöyexcn noAana onpeAejieHHofi nopuHH
Mexajuia b AHCKpexHbie npoMe>KyxKH BpeMeHH. OoAaßaeMaH nop-
hhh Mexajuia AOJi>KHa noAAepJKHBaxbCH hocxohhhoh c saAannoH
XOHHOCXbK) HJIH H3M6HHXbCH HO SaAaHHOH HpOTpaMMe B COOTB6T-
CTBHH C npOHSBOÄCTBeHHbIM HpOHeCCOM. SjieKXpOMaXHHXHbie H3-
COCbl HO3BOJIHK)T pOUIHTb H 3Xy saAany.

B cbh3h c xpyõonpoßOAHbiM xpancnopxoM hchakhx MexaA-
aob BosHHKaex mhofo npoÖAeM, noAAexcauxHx pemeHHio cooxßex-
cxßyromHMH cnennaAHCxaMH. FlpejKAe scero scxaex saAana bh-

TAJIJIHHCKOrO nOJIHTEXHHMECKOrO HHCTHIVTA

CEPHH A JVb 197 1962
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õopa h paspaöoiKH MaxepnajiOß, BbiHep>KHßaiomHx HJiHxejibnoe

BpeMH boshchcxbhh jkhhkofo Mexajuia. Ecjih xpancnopxHpye-
Mbin Mexajui onenn arpeccHßeH, hcoöxohhmo HMexb naneiKHbie
noKpbiTHH BHyrpeHHHX noßepxHOCTefi TpyöonpoßOAOß, Kanajia

Hacoca h cocynoß. CncxeMa saiHHXbi Bceö ycxanoßKH HOJintna no-
CXOHHHO KOHTpOJIHpOBaTb COCXOHHHC Tp3KTa HCHHKOFO MexajlJia

h pearapOßaxb na ero HetjDeKXbi.
Cjie/iyK)meH oxjmnHxejibnoH nepxoö xpyöonpoßOHa hjih >khh-

khx MexajuiOß hbjihcxch neoöxoHHMoexb noHorpesa Bcero xpaKxa
nepen nycKOM. Hanöojiee ynoõnoe pemeHHe Bonpoca hocxh-
raexcH npHMenenHeM aneKxpHnecKoro oöorpesa kocbchhofo hjih

npHMoro ÄeöcxßHH. OpHMOH noÄorpeß scero xpyöonpoßOHa c Ka-
H3JIOM Hacoca CBH33H C HCKOXOpbIMH XpyÄHOCXHMH: HJIH XOJICXO-
cxeHHbix xpy6 noxpeöyioxcH snanHxejibHbie xokh h Becb xpaxx
äojijkch HMexb OÄHHaKOBoe nonepennoe cenenne h xenjioßyio hso-
JIHUHK). HeBbIHOJIHeHHe 3XHX yCJIOBHH MOHC6X npHBCCXH K M6CX-
HbiM neperpesaM hjih sacxbmaHHio Mexajina b xpyõonpoßone.

Harpes xpaKxa npn homoihh ceKUHOHHpoBaHHbix narpesa-
xejibHbix sjieMenxoß nosßOJinex fhöko peryjmpoßaxb xeMnepa-
xypy xpyöonpoßOHa h xbkhm oöpasoM HCKjnonHXb Mecxnbie nepe-
rpesbi. KpoMe xoro, narpeßaxejibHbie aneMenxbi kocbchhofo hch-
CXBHH Moryx COBMCIHaXb 4>yHKUHH Ä3XHHKOB X6HH, 6CJIH HpH
xpancnopxe Mexajuia oöorpeß xpy6 ne noxpeöyexcn.

HaroxoßJieHHe naji,e>KHOH xennoßOH hsojihhhh xpyöonpoßOHa
He hbjihcxch HenpeoÄOJiHMOH saHaneH. B nacxoHiHee bpcmh ynce
paöoxaiox xenjiocHJiOßbie ycxanoßKH c bhcokhmh napaMexpaMH,
b Koxopbix xeMnepaxypa nepeHaßaeMoro no xpyöaM napa hocxh-
raex 580°C. AnajiorHqnaH, ho necKOJibKO ycHJiennaH xenjiOßan
hsojihhhh noxpeöyexcH hjih xpyö, npcHHasnaneHHbix hjih xpanc-
nopxa X3KHX paCHJiaBJieHHbIX MCX3JIJIOB, K3K 3JIIOMHHHH H M3F-
HHH.

Tpynnee HsroxoßHXb xenjioßyio hsojihhhio hhh Kanana Haco-
ca, rne orpannnennniH neMarnHXHbm sasop h nenocpeHCXßennaH
öjmsocxb oõmoxok nacoca 3?cxaßJiHiox HCKaxb HHbie nyxH. Flpeno
He Bcero Kanan nacoca hcoöxohhmo HSOJinpoßaxb BbicoKOKane-
cxbchhoh xchjioboh hsojihhhch c MajibiM KoacJxfmHHenxoM tchjio-

nepeHann. noHHepHcanne xeMnepaxypbi oõmoxok nacoca na ho-
nycxHMOM ypoßne HocxHraexcn xaioKe cooxßexcxßyioiHHM oxjiant-

Hchhcm oõmoxok.
Hanõojiee mcxohom pemenHH axoö sanann hb-

jihcxch nepeßOH oõmoxok nacoca b nanpHHcennbiH xcMnepaxypnbiH
pe>KHM. 3xo HocxHraexcn HcnojibsoßanncM oÖMOxonnoro Maxe-
pnajia c okchhhoh hsojihhhch. FTo hmcioihkmch b nnxepaxype cbc-
HGHHHM amOMHHHCBbie HpOBOHHHKH C OKCHHHOH HSOJIHHHCH MOXyX
yHOßjiexsopHxejibHo paõoxaxb npn xeMnepaxype 500...600°C.
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McnojibßOßaHHe xaKofl oömoxkh noasojuiex cymecxßeHHO
\ npocxuxb xenjiOßyio h3ojihu,hio Kanajia Hacoca h yMeHbiiiHXbHeMarHHXHbift aaaop.

TaKHM oöpaaoM, ycxaHOßKa juih xpancnopxa ähäkoxo Mexaji-
Jia c BJieKxpoManiHXHbiM HacocoM HBJinexcH cjiohchbim arpera-xom, b KoxopoM ajieKxpHqecKan BHepriiH npeßpamaexcfl b khhcxh-
necKyio BHeprnio ÄBHJKymerocn Mexajuia h xenjio. Becb npouecc
mo/kcx npoxeKaxb xojibKo npn onpea,ejieHHOM xeMnepaxypHOM
pe>KHMe Bcefi ycxanoßKH.

Bce nepeuHCJieHHbie ocoöeHHocxii paõoxbi, a xaioKe h pe>KHMHacoca cboh xpeöoßamiH k cncxeMe ynpaßjieHHH
paooxoH Hacoca. Rjih KOHxpojm h ynpasjieHHH paöoxoft Hacoca
noxpeoyioxcH paajiHHHbie CKopocxn jkhä-
koxo Mexajuia, Hanopa, xeMnepaxypbi, npoHaßOÄHxejibHocxn h\poBHH. B Hanöojiee cjioxkhbix cncxeMax peryjiiipoßaHHH neo-
xo/iHMbi xaione paajiHHHbie ajieMenxbi jiorHnecKoro jieHcxßHH
ycHJiHxejiH, npeoöpaßosaxejiH h HcnojiHHxejibHbie MexaHHßMbi.’x. e. Becb apcenaji cospeMeHHOH aBxoMaxHKH. CxeMaynpaßjieHHH arperaxoM nojuKna onpeaejieHHbiM oöpaaoM cßnaaxb
CHCXCMV SHepronHXaHHH C CHCX6MOH B
eaHHOM npoHBBOÄCXBeHHOM nponecce c coÖJHOACHHeM xpeöosa-
hHH rioCJieÄHero H BbinOJIHeHHeM yCJIOBHH KOHXpOJIH H BaiHHXbl.

2. CxeMa ynpaejieHHH HacocnoH ycxaHOBKOH

B \ cxaHOßKax jum nenpepbißHoro xpancnopxa npoßO/uimHx
HCHÄKOCX6H H3COC paÕOXaeX B ÄBHraxejlbHOM pe->khmc, npeoAO.Teßan nmpaßjiHqecKoe conpoxiißJieHiie Bcero xpax-xa h paBBHBan Heo6xoaiiMbiH Hanop.

Cxewa asioMaTHuecKoro ynpaßjieHHH ycxaHOßKoö ÄOJi>KHaCBusaTb npoueccbi; nonorpesa xpaxxa ähäkoxo Mexajuia, aa-
nojinenne KaHa/ia nacoca, BKjnoneHHe Hacoca b cexb. Oocjie npe-KpameHHu paooxbi hjih asapuHHoro oxK/noqeHHH Hacoca Heoö-xoähmo oöecnenHXb BbixeKaHHe Mexajuia hb xpyöonpo-
BOÄOB h Kanada Hacoca bo H36e>KaHHe aacxbißaHiin Mexajuia bxpyõonpoßoaax.

Tippee nycKOM Hacocnoft ycxaHOBKH üojukhm öbixb Bbinojine-
Hbi cj]ea,yiomHe onepau.Hn:

1. HBMepeHHe xeMnepaxypbi HH>KHero h Bepxnero THrjieft,2. BKJiioqeHHe HarpeßaxejibHOH cncxeMbi xpyöonpoßOÄOß hKaHajia,
3. HBMepeHHe xeMnepaxypbi scex ynacxKOß xpaxxa mumoro

Mexajuia h cpaßHeHHe peayjibxaxoß HBMepeHi-iH c BajiaHHOH
BejIHHHHOH,

4. BanojineHHe Kanajia Hacoca >kh/i,khm MexajuioM,

8 MccJieflOßaHwe Hacocos
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5. BKjiioMeHHe Hacoca b ceib.

Hpn paöoxe Hacoca hcoöxoähmo hocxohhho npoßepnxb ox-
cyrcTßHe tchh b xpyöonpoßoaax h sanycxaxb ycxpoficxßO oxaa>K-
ACHHH OÖMOTOK H3COCa B 33BHCHMOCTH OT TCMnepaTypbl.

CncTCMa aBTOMaxHMecKoro ynpaßjieHHH, KOHxpojia h samnxbi,
cBHSbmaioLHaH bcc sxh onepauHH, öyaex aoso/ibHo cjio>khoh h
aoporoö. OoaxoMy k MajibiM nacocaivi ueaecooöpasHo npHMCHHXb
nojiyaßXOMaxHHecKoe ynpasjieHHe, paccMaxpHßaeMoe hhjkc.

Ha c})Hr. 1 H3o6pa>KeHa npHHUHnnaabHaH cxeMa ynpaßjiCHim
BcnoMoraxejibHbiMH ycxpoficxßaMH HacocHOH ycxaHOBKH. PyÖHjib-
hhk P 1 npeanasHaneH a-na noaanH Hanpn>KeHHH Ha rjiaßHbie uiHHbi
pacnpeaeaHxeabHoro m,Hxa. BeHXHJisixop a-na oxaaxKaeHHH oömo-
tok nacoca nojiynaex nnxa-
iine Mepes
HP2 h MarHHTHbifi nycKa-
xejib 0. PaöoxoH BenxHJifl-
xopa ynpaßjiaiox a,Ba xcp-
Mopejie ti h t 2. Ho Mepe
napacxaHHH xeMnepaxypbi
CHanajia BKJuoMaexca t 2 npn
150°C, L ieM noAroxaßjiii-
BaexcH nycK BCHXHJiHxopa.
SaxeM ripu xeMnepaxype
180°C cpaöoxaex t\ h sa-

nycKaex BeHxnjinxop. Ocxa-
HOBKa BenxnjiHxopa nponc-
xoähx npn xeMnepaxype
150°C nocjie oxnaÄaHH.n
pejie t 2. FlycKOßaH KHonxa
fll CJiy>KHX ÄJIH KOHXpOJIH
paöoxbi BenxHjmxopa.

HpHßoa nr noaTbeMa h
onycKaHHH rpysa jxsin sa-
nojmeHHH h onopo>KHeHHa
Kanada nacoca nnxaexcn
Liepes npeaoxpanHxejm 77P3
h ynpaßanexcH oöbmubiM
pCBepCHBHbIM MaXHHXHbIM
nycKaxejieM. OpHßoa cua6-
>KCH 3 JieKXpOMaXHHXHbIM
XOpMOSOM 9T C XCM, MXOÖbI
ycxaHOßiixb rpys P b jho-

6om nojio>KeHHH b cocyae.
Hoax.eM rpysa BBepx orpa-
imqnßaexcH KOnenubiM Ohp. 2
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BbiKjnoqaTejieM KB. Ecjih Konxpojib xeMnepaxypbi ecero xpanxa
ocymecTßjiHeTCH aßxoMaxnnecKH, to aanojiHeHne Kanajia bosmo>k-
ho xojibKO npn saMbiKannn KOHT3KTOB xepMopejie t 3.

HarpeßaxejibHbie ajieMenxbi Kanajia h xpyöonpoßopa ynpaB-
JIHIOXCH HepeBepCHBHbIM MarHHXHbIM HyCKaXCJieM H3 H pyÖHJIb-
HHK3MH P2, P3, P4. HarpeßaxejibHbie sjieMenxbi cjiy>Kax npn pa-
6oxe nacoca paxHHKaMH xchh xpaxxa. B sxom cjiynae ohh ox-
KJiK) iieHbi ox cexn HHxaHHH. H,enb aßapiiHHoro pejie AP BKjnoqeHa

nocjieÄOßaxejibHO co bxophhhoh oömoxkoh xpaHctJiopMaxopa. Õpini
KOHeu, 3xoh penn eoepHHCH c xpyöonpoßopoM, ppyroö c Hy-
jießoö xohkoh HarpeßaxejibHbix ajieMeHxoß, Koxopue naojmpOßa-
Hbi ox xpyöonpoßopa. Kbk xojibxo oöpasoßajiacb xenb, axa penoq-
i<a saMbiKaexcH h aßapnönoe pejie AP cpaöoxaex, nopaßan 3ByKO-
BOH H CB6XOBOH CHFHaJIbI H OXKJUOHaH H3COC OX C6XH HHXaHHH.
OpnoßpeMeHHO naHHHaexcH nojrbeM rpysa hb cocypa c jkhpkhm
MexajuiOM, hxo nosßOJinex onopo>KHHXb Kanaji. BaipHXHan penon-
Ka saöJiOKiipoßaHa H.3 KonxaKxaMH KonxaKxopa H3.

Ha (Jmr. 2 H3o6pa>KeHa cxeMa chjioboh nacxH nacoca b cjiy-
Mae KOHTaKTopHoro ynpaßjieHHH ero paöoxbi. CxeMa bbi-
nojinena b peßepciißHOM HcnojineHHH Ha peBHXH xpexnojnocHbix
KOHxaKTOpax. Taxan cxeMa nosßOJinex npoHSßecxn nycx b nexbipe
cxyneHH Hanopa, naHunan c naHMeubrnero sHaneHHH.

Ha (jiHF. 3 cxeMa KOHxpojuiepnoro ynpaßjieHHH
paÖOXOH KOHXaKXOpOB. KOMaHÄOKOHXpOJIJiep HMeeX 4 (|)nKCHpOBaH-
Hbix nojioxKeHHH n 10 ynpaßjineMbix uenoneK. KpOMe KOHxaKxopoß
cxeMa pejie Hanpn>KeHHH, na uenb Koxoporo paõoxaiox
see samHXHbie annapaxbi. CxeMa ynpaßjieHHH cnMMexpnnHa, nxo
BHjXHO H3 ÄHarpaMMbl BKJIIOHeHHH KOMaHJIOKOHXpOJIJiepa.

B HefixpajibHOM nojio>KeHHH BKjnonaexcn

pejie HanpH>KeHHH, Koxopoe nojjroxaßjiHßaex nycx Hacoca.
B nepBOM nojio>KeHHH «Bnepeji;» cpaöoxaex KonxaKxop nanpaß-

jreHHH B h KOHxaKxopbi KB K2. B pesyjibxaxe sxoro KonxaKxop
Kl coeAHHHex o/iHOHMCHHbie (|)a3bi HHa,yKxopa nocjieÄOßaxejibiio

h KonxaKxop K 2 oöpaayex nyjießyio xonKy oöuren 3Be3,n,bi. 3xa
cxeMa oöecneHHßaex HanMeHbuiHH nanop, pasßHßaeMbift HacocoM.

B nojiojKeiiHH 2 KOMan,noKOHxpojiJiepa KonxaKxop K 2 BbinaÄa-
ex h BXHXHBaexcH KonxaKxop K3. Hpn sxom (Jiasbi
HHÄVKXOpa BKJIIOHeHbI HOCJICJIOBaxejIbHO B OÖUTHH XpeyrOJIbHHK.
PasßiißaeMbiH nacocoM nanop yßejinniißaexcH. Tpexbe nojio>KeHiie

xapaKxepuayexcH paöonnM cocxohhh6m
KOHxaKxopoß K2, K4, K5. B sxom cjiynae oömoxkh nojioßim

nimyKxopa coöpaiibi b napajurejibHyio 3B£3jxy. HanöojibiunH pas-
BHBaeMbiH nacocoM nanop oöecnennßaex nexßepxoe nojiOÄemie

KOMaHÄOKOHxpojuiepa, Kor/i,a BKJiioneHbi KOHxaKxopbi K5, K 6 n /\7.
Hpn 3xom oömoxkh nojiOBHH HHjjyKxopa coe/uiHeHbi b napajuiejib-
Hbift xpeyrojibiiHK. Hpn ncpexon,e ox nepßon k nexßepxon cxcmc
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<J>nr. 3

BKJIIOqeHHH OÕMOTOK HHJiyKXOpa, paSBHBaeMbIH HaCOCOM nanop
VBejiHHHßaexcH npHMspHo 12 paa npn H6H3M6HHOM cexeßOM nanpa-
>KeHHH nHTaHHH. TaKoft AnanasoH HSMeHeHHH nanopa jxocxaxoqen
b õojibiiiHHCTße cjiynaeß npn xpaHcnopxe ähäkhx MexajuiOß.

Cjiejiyex oxMexHXb, nxo nacoc mojkox paöoxaxb na jiioöoh npo-
MeÄyxoqnoH cxyneHH.

Bo H3Öe>KaHHe oahobpgmghhoxo cpaöaxbmauHH KOHxai<xopbi
CÖJIOKHpOBaHbI MG>K,fl,y COÖOH HpH nOMOUJH ÖJIOK-KOHXaKXOB.

Ha (})Hr. 4 jjana cxeMa khohohhoxo ynpaBJiGHHH paöoxofi koh-
TaKTOpOB, BKJIIOHGHHbIX HO CXGMG (J)Hr. 2.

OxJIHHHG 3TOH CXGMbI COCTOHT B TOM, HXO HGpG/I, nyCKOM Bbl-
öwpaeTCH HanpaßJieHHe nepeKaMKH Mexajuia KHonKaMH B hjih U.

Hocjig xaKoro Bbiöopa pgjkhm nacoca KHOHKaiviH
ynpaßJieHHß IK, 2K, 3K hjih 4K. Sägcb bosmokgh npaMofi Bbiöop
>KejiaeMoro pG>KHMa 6es bkjiiohghhh npoMe>KyTOMHbix cxynGHGH.

OtKJIOHGHHG BC6X KOHT3KTOpOB npOHBBOÄHTCH KHOHKOH C. FIo-
nycK naßnnaeTCH oohtb c Bbiöopa JKGJiacMoro na-

HpaBJIGHHH.
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Ohf. 4

CpaßHHßan cxcmbi KonxpojijiepHoro h KHonoHHoro ynpaßjieHHH
paõoroH naeoea cjieziyex oxMexHXb, hxo nepsan H3 hhx MO>Kex
öbiTb jierKo nepeseAeHa na nojiHOCxbio aßxoiviaxHSHpoßaHHbiH
UHKJI C HCnOJIb3OBaHH6M CCpBOMOXOpa.

Annapaxu samHXbi paöoxaiox Ha oxKJiioHeHHe Bcex KonxaKxo-
poß.

npexuiaraeMbie cxeMbi ynpaßjieHHH nacocHOH ycxanoßKOH äjih

xpancnopxa jk-häkoxO: Mexajuia HajmHHe 06-
cjiy>KHßaK)mero nepconajia, npoHSßOÄfliuero neoöxoÄHMbie hsmg-

HGHHH pe>KHM3 paÖOXbl HaCOCHOH yCX3HOBKH B COOXB6XCXBHH C
xexHOJioxHHec.KHM npoueccoM.
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9. M. PucTxeÜH

METOAMKA TEnJIOBOFO PACHETA nJTOCKMX
HHAYKUMOHHbIX HACOCOB

SjieKTpuqecKHe nacocbi ,zyin nepenanKH >khakhx Mexajuioß

no CBoefl KOHCipyKUHH n xenjiOßOMy pe>KHMy cymecTßeHHo otjih-

MaraTCH ot oöbmnbix sjieKxpnqecKHX MauiHH h noaxoiviy hx xen-
jioboh pacnex HMeex pnA ocoöennocxen. Y itjiockhx hh äy k-
Uhoh h bi x h aco c o b 3TH ocoöennocxn oöycjioßJieHbi b nep-
bvk) oqepeAb cjieÄyfoiuHMH xapaKxepnbiMH cbohctb3mh:

, 1) OTcyxcTßHe a,BH>Kyiii,HXCH nacxen, BCJieÄCTBHe nero xenjio-

boh pacnex CKopee noxojK na pacqex ne ajieKxpnqecKnx MauiHH.
a ajieKxpHqecKHX annapaxoß;

2) neöojibiuoH k. n. ä., BCjie/icxßHe nero qacxo npaiernnecKH
Bcn sneprnn, noa,BOAHM3H k nn,ayKxopy, npeßpamaexcn b xenjio;

3) oqenb BbicoKan h paßHOMepno pacnpeAe-nennan1 xeMnepa-
xypa nepeKaqHßaeMoro Mexanjia, AoxoÄnman b nacocax ÄJin
jierKHX MexajiJiOß äo 800°C, a b nacocax AJin cxajm, qyryna,
mcah h x. n. 1300°C;

4) oxHOCHxejibHO Majiaa aojih noxepb b cxajin;
5) HajinqHe b nacoce OÄHOBpeMeHHO xeruiOßofi hsojihuhh (bo

H3Öe>KaHHe ocxbmaHHH nepeKaqHßaeMoro Mexajuia) h ycxpoöcxß
oxjia>KÄeHHH (bo H3Öe>KaHHe neperpesa oömoxok);

6) ruiocKaH KOHexpyKUHH h AocxaxoqHO öojibmaa juuma, no-
SBOJiaromHe, KaK npaßHJio, cqnxaxb xeMnepaxypnoe nojie b nacoce
njiocKonapajiJiejibHbiM.

rionepeMHbiH paspes xnnnqnoro nnocnoro nn,n,yKunoHHoro na-
coca npimeAen na cjmr. 1. FeoMexpnnecKHe paaMepbi n cooxno-
mennn xaKoro xnna nacocos b nacxonm.ee BpeMn eme ne ycxa-
noßH.nncb n Moncno nonaraxb, nxo onn bo mhoxom öynyx onpene-
nnxbcn xenjiOßbiM pokhmom nacoca. Cymecxßyromne nacocbi nnn
ajno Miinnn n Marnnn iiMerox, onnaKO, npnMepno cjreÄyfomne pas-
Mepu n cooxnomennn:

i Pa3Hocib TeMneparyp na Bxone n na Bbixone nacoca no [s] oöbinno ne
npenfaiuiaer 1 zpad.

TAJIJIHHCKOrO nOJTHTEXHHMECKOrO HHCTHTyiA

CEPHH A Mb 197 1962
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Olir. 1. 1 MarHHTonpoBOA; 2 Aoöoßbie Bacrii oömotok; 3

KaHaA; 4 TenAOßaa hsoahhiih KanaAa

1) TOJiiuHHa cjioh ÄHAKoro Mexajuia b Kanajie ne npeßbtuiaex
s—B5—8 mm;

2) OTHomeHHe bmcoth k ero rnnpime Haxo/uiTCH
b npea,ejiax

d'
= 0,8... 1,2;2c

OTM6THM, HTO HOJIOBHH3 mHpHHbI HHJiyKTOpa C HBJIHCTCH 0/I.HHM
H3 OCHOBHbIX paSMepOB H3COC3 B SJieKTpOMaTHHTHOM paCHCTC;

3) OTHomeHHe ebicotm chhhkh k bhcotc nasa xo>Ke naxo/uiTCH
b npe,o,ejiax

d
~ =0,8... 1,2;

//„

4) OTHomeHHe BbicoTbi nasa k umpHiie HeMarnimioro sasopa
Haxoji,HTCH b npe,n,ejiax

fl
= 1,5... 2;

0

5) OTHomeHHe mHpHHbi syöua mmyKTopa k mnpime naaa na-
b npe^ejiax

b
~ = 0,3... 0.5:b n
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6) oxiiomeHHe iimpiiHbi jioõoßbix k nojiOßHHe iuh-
pnnbi naxoAHxcH b npe^ejiax

=2 ... 2,5.c

B HacTOHmefi cxaxbG paccMaxpiisaxbCH ochobhmg pac-
MexHbie npHGMfai, npHMGHHGMbic b anajiHSG xenjioßoro peJKHMa ruio-
ckhx HHÄyKUHOHHbix Hacocoß. üpn cocxaßjieHHH cfiopMyji seeria
b nepßyio HMejiHCb b nacocbi /urn m-
gxajuiOß b oöJiacxH xax HasbmaGMbix c p ga h h x xcMncpaxyp (no-
pBAKa 500 —800°C). Hhcjiobug npuMGpbi oxhochxch k nacocaM c
paciiGXHOH xeMnepaxypoH Kanajia 700 —800°C (nacocbi .zum ajiio-

MHHHH H M3XHHH).
B cxaxbe (xpoMe cneuHajibuo oroßopeHHbix cjiyqaeß)

npuMeHHexcH cncxeMa cähhhu HSMepeHHn:

ÄJifl JiHHeÖHbix pasMepoß —m,
äjih xenjioßbix noxoKOB, oxHeceHi-ibix k noßep-

xhocxh kbt/m 2,

äjih nojiHbix xenjioßbix üoxokob - kbt,
äjih pasHoexefi xeMnepaxyp apad,
ÄJIH KO3(f)(jDHU.HeHXOB — BT/apad M,
äjih KO3c}D4)HUHeHXOB xeruiooxÄaqH BT/apad m 2,

äjih xenjioßbix conpoxHßjieHHH, oxneceiiHbix k nosepx-
hocxh, apad m 2/kbt,

äjih nojiHbix xenjioßbix conpoxiißjieHHH apad/mr.

1. Teruioeasi cxeMa saMemeHHa

TenjioeaH cxeMa saMemenna cocxaßJiflexca ajih toto, qxoöbi
npHÄaib pacqexy HeoöxoÄHMyio narjiflÄHOcxb. Elo oqepxaHmo
xaxan cxeMa oxjmqaexcH ox oõbiqnbix ajieKxpHqecKHX cxeM xojib-

KO X6M, MXO B H6H H6 BbmepqeHO BeXBBH C X3K H33bIBaeMbIM Hy-
zießbiM noxeHuna.xoM; npw aHajmae h npeoöpasoßaHHflx cxeMbi
npHMeHHMbi see aaKOHbi h (|)OpMyjibi oöbmnbix 3JieKXpHqecKHX
uenefi. HyjKno xojibko HMexb b BHjxy, qxo cxeMa cocxaßJiena jxnn
iiccjiea,OßaHHH cxauHonapHbix pe>KHMOB.

OpH COCX3BJIGHHH CXGMbI MO>KHO HCXOÄHXb H3 CJIGAyiOIHHX
ÄOnymGHHÖ:

1) H3COC CHMMGXpiiHCH OXHOCHXGJIbHO XpGX KOOpAHHaXHbIX
HJIOCKOCXCH K3K B KOHCXpyKXHBHOM, X3K H B XGHJIOBOM OXHOLU6-
HHH - (XGHJIOB3H HGCHMMGXpiIH MO>KGX 6blXb 8b1383H3 XOJIbKO HG
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BHOJIHe OÄHHaKOBbIMH yCJIOBHHMH OXA3>KAeHnn) ; CJie^OßaTejlbHO,

cxeMy aaMemennn mo>kho cocxasnxb aah oähoh nexßepxn nacoca;
2) noxepH b cxajiH cocpeAoxonenbi b syöuax, xaK Kai< HHAyn-

unn b cniiHKe snannxeAbno MeHbme, ucm hhäYkuhh b syöuax, a
xeruionpoßOÄHocxb nnAyKxopa HaMHoro öoAbiue, mcm Apyrnx
nacxen nacoca;

3) xeMnepaxypa mcah no seen o6moxk6 OAnnaKOBa 1 ;

4) xeMnepaxypa no A-nnne nacoca nocxonnna (oxcyxcxsyex
xenjiooxAana nepes xopubi); cjieAOßaxejibno, cxeMy aaMemennn
Aocxaxouno cocxaßHXb hjih aab eAnnnubi aahhu nacoca, hah aab
eAHHHUbi noßepxHOCxn neMarnnxHoro sasopa.

CxeMbi, cocxaßAennbie aab eAnnnubi noßepxnocxn neMarnnx-
noTo aasopa, onenb yAoönbi npn anajinse xenAOßoro pe>KHMa
nacoca, a xaK>ne aab cpaßnennn mcjkay coõon paanbix xnnoß na-
cocob. B nacxoßiuen cxaxne paccMaxpnßaioxcß hmchho xai<ne
cxeMbi.

onpeÄejieHHH xeMnepaxyp h xenjioßbix boxokob b k3kom-
jmõo KOHKpexHOM Hacoce Jiyniue nojibaoßaxbcn nojinofi cxe-
moh saMemeHHfl, cocxaßJiennoH ajih nacoca b nejioM. Ten.no-
Bbie COnpOXHBJieHHH X3KOH CXeMbI CBHSaHbI C XenjIOBbIMH conpo-
xiiß.ieHHHMH npeAbijxymen cxeMbi (|)opMyjiOH

R nojinoe xenjiOßoe eonpoxHß/ieHne KaKoro-Jinöo ynacx-
Ka nacoca;

r xenjiosoe conpoxnßJienHe xoro >Ke ynacxxa, oxnecen-
noe k eAHHHue noßepxnocxn HeMarnnxHoro sasopa;

c nojTOßHna umpHHbi HHAyKxopa;
l' AJinna HHAyKxopa.

Ana-nornnHan cjjopMyjia CBH3bißaex xenjiOßbie xioxokh oöenx
cxeM saMemeHHH:

Q -4cl'q, (2)

rae Q nojiHbifi xenjioßOH boxok;
q■— xenjioßOH boxok, oxnecenHbiH k eAnnnue noßepxnocxn

HeMarHHXHoro sasopa.
CxeMa saMemeHHH Aojmna hmcxb TpH hctomhhKa xenjia (Ka-

na./!, oÕMOTKa, MarHHionpoßOÄ) h xpii oxBOAa xenjia (cnnnKa,
nosepxHocTb jioöobbix nacxen, öoKOßan noßepxnocTb Kanajia).
0/I.Ha H3 BO3MO>KHbIX CXOM, oOAop>KamaH BC6 OCHOBHbie 3JIOMOH-

i Ho [6] MaKCHMaJibHan paannna TeMneparyp MeAH no cenennio naaa co-
CTaßJiJiex npHMepno 15 epad, a no /urnne bhtk3 npnMepuo 5 epad.
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Onr. 2

ibi, HMeiomne anaqenHe c xohkh spennn xenAOsoro pe>KHMa naco-
ca, HsoöpajKena na 4>hf. 2.

Ha cxeMe npHHATbi cjieÄViOLUHe o6o3HaqenHsi;

A >khäkhh Mexajui;
B oÖMOTKa;
C MarHHTonpoBOA;
Qa TeiuiOßofl hotok ot >khakofo Merajijia;

Qb noxepii b oÖMOTKe;
q c noxepii b cxajm;
qa\ xenjiOßOH hoxok qepea öoKOßyio noßepxnocxb Kanajia;

<7ab xenjiOßOH boxok ox KaHajia k oömoxkc;
<7ac xenjiOßOH hoxok ox Kanajia k syöuaM;
<7bc xen.xoßoft hoxok ox oömoxkh k MarnHXonpoßoay;
qbi xenjiOßOH hoxok qepes jioöoßbie nacxn oömoxkh;
qc\ ■■— xenjiOßOH hoxok qepea MarnnxonpoßOA;
rai xermoßoe conpoxHßJienne öokoboh xenjioßoii hbojihhhh

Kanajia;
r A2 xenjioaoe conpoxiißJieHHe KonaeKUHH na noßepxnocxH

öokoboh hbojihhhh Kanajia;

Tas xen.ioßoe conpoxiißJieHHe HSJiyqenHn na noßepxnocxn
öokoboh H3OJIHHHH Kanajia;



tab - Tenjioßoe conpoTHßJieHHe Me>K,ay KanajiOM h oömotkoh;
tac Tenjioßoe conpoTHßJieHHe uemjxy KanajiOM h ayöuaMH;
r bc Tenjioßoe conpoTHßJieHHe Me>KÄy oömotkoh h Man-niTO-

npoßoa,OM;
/'bi Tenjioßoe conpoTHßJieHHe hsojihuhh jioöobhx nacTeö;
vB2 Tenjioßoe conpoTHß.neHHe koheckuhh Ha noßepxnocTn

jioõoßbix nacTeii;
tbs Tenjioßoe conpoTHßJieHHe iisjiyqenHH na noßepxnocTH

Jioõoßbix nacTeft;
/'ci Tenjioßoe conpoTHßJieHHe MarHHTonpoßoa,a;
rc2 Tenjioßoe conpoTHßJieHHe koheckuhh na noßepxnocTH

MarnHTonpoßOÄa;
t es Tenjioßoe conpoTHßJieHHe HSjiyneHHH na noßepxnocTH

MarHHTonpoßoa,a.
Tenjioßofi hoxok qA\ moäho b npnnnnne ncKjnoqnxb hs pac-

qexa, xan Kai< on nonxn ne BJinaex na xenjioßon pe>KHM oõmoxok
h cxajm.

Tenjioßbie noxoKH qAB h qAc 33bhchx ox conpoTHßJiennH
cxeMbi aaMcmcnna n ox xenjiOßbix hoxokob qB h qc', hx onpe-
Aejienne aßJiaexca oahoh hs pacqexa.

TenjiOßOH hotok Qb onpea,ejiHeTCH sjieKTpnnecKHM pacneTOM.
Ecjih HSBecTHbi jiHHeHHan narpysKa A h njioTHocTb Toxa b oömot-
xe /, to hotok qb moh<6t onpea,ejiHTbCH

Qb = QIA , (3)

ra,e o ya,ejibHoe conpoTHßJieHHe Maxepuajia oömotkh,
om mm 2Jm;

j HJIOTHOCTb TOK3 B OÖMOTK6, aimm 2 -,

A jiHHeÖHan narpysKa ajmm;
/ cp ■— cpea.HHH ÄJiHHa nojiyßHTKa oömotkh;
C nOJIOBHHa UIHpHHbI HHAyKTOpa.

B HeKOTopsix cjiynanx TenjiOßOH pacnex moxkct bccthcb h b
hhom nopna,Ke. Tax, nanpiiMep, kohchhoh uejibio pacnexa mowct
CTaBHTbCH onpea.ejieHHe a.onycTHMoro BHaaeHHH noTOKa q b . Ho
nojiyaeHHOMy SHaneHHio Qb Moryt, b cbok) onepeab, onpejxejiHTb-
ch a,onycTHMbie BHaneHHH j h ä.

JXo HacTonujero speMCHH b nacocax npiiMeHHJiacb Mea,HaH 06-
MOTKa, paöoxaioiixaH npw xeMneparype 150—200°C (q = 0,026...
0,030 om mm2/m). njioTHocTb TOKa naxoaHjiacb b npea,ejiax 2,5—

3,5 ci/mm 2
,

jiHHeHHan narpysKa cocTaß.nH.na 40—50 cl/mm, cootho-
uienHe /Cp /2c 2,5 3. Cjiea.osaTe.nbHo, b 3thx Hacocax

qB = (0,026. . .0,030) (2,5.. .3,5) (40. . .50) (2,5 . . .3) =

= 6,5. . .16 KBTfM 2.

124
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IloxepH b cxaAii öepyxcn xcme H3 SAeKxpmiecKoro
JlyiH xenAOßoro pacßexa mo>kho noAb3oßaxbca h npHÖAHAceHHOH
(J)OpMVAOH

Qq ~

cn d , (4)

FAe y nAOTHocxb naicexa cxaAii, t/m3 -,

k crcn — yASAbHbie noxepH b cxaAH cithhkh, er/zca;
d' Bbicoxa HHAyKxopa.

OopMyjia nojiyqena npn rpyõoM npeAnoAomeHHH, bxo npn
■OAHHaKOBOH Bbicoxe 3y6n,08 H CIIHHKH HOXepH B HHX p3BHbI. TaKOC
ynpomeHHe AonycxHMO noxoiviy, qxo noxepn b cxajin Booöme oaenb
Majibi. TaK, HanpuMep, b HsroxoßJiaeMbix ao chx nop nacocax
y = 7,6 t/m3

, kcT cn 1. . .1,5 6T/ks, d = 0,1. . .0,3 m h, cAeAOBa-
XeAbHO,

qc = 7,6(1. ..1,5) (0,1. ..0,3) =l. ..3,5 kbt/m 2 .

Pacnex xenjioßbix conpoxußJieHHH saxpyAHnexcn xcm, hxo
snaqeHHH xeMncpaxyp, neoöxoAHMbie ajih onpeAejieHHH ko3(Jd4)h-
i;h6hxob xenjiönpoßOAiiocxH h xenjiooxAanH, b Hanajie pacnexa
em,e ne H3BecxHbi.. HoaxoMy npHXOAHXCH xeivmepaxypbi cnepsa

.3 a ä a b a xb, opHenxnpyncb na hx Hanöojiee BeponxHbie anane-
hhh. Ecjih b kohub pacnexa BbiHCHHXCH, hxo xeivinepaxypbi Bbl-
öpanbi HenpaßHJibHO h hxo hx SHaneHHH chjibho CKasbißaioxcn
Ha pacnexe, xo cjieuyex nponsßecxH noßxopHbiö pacnex, c y>xe
yxoqneHHbiMH npeunojiaraeMbiMH SHaHennHMH xeMnepaxyp.

Bo H3Öe>KaHHe noßxopnbix pacnexoß moäho öhjio 6bi npeA-
cxaßHXb xenjiOßbie conpoxnßJieHHn b Kanecxße saßncniuHx ox
xeivinepaxypbi BejiHHHH. Ho b uajibHeHmeM, npn onpeuejieHHH

hoxokob, axo npHßejio 6bi k nejiHneHHbiM cHcxeMaw
ypaBHeHHH, pemenne xoxopbix cxajio 6bi no Menbuien Mepe onenb
xp yjxoeM kh m .

HiiÄe npHBOÄHXcn neKoxopbie (J)opMyjibi h cooöpauceHim no
onpeAejienino conpoxiißJieHiin cxcmbi saMemennu, nsoöpajKennoH
na (})Hr. 2.

2. TenjiOßbie conpoxHßjieHHH, onpeAejiaeMbie xenjionpOBOAHOCXbK)

A) Teruioßoe conpoTHßjieHHe MexKAy KanajioM h oömoxkoh mo
>i(ex onpeAejiHTbCH (J)opMyjioH

bn +b3 I Õ K ,õ n \ In3 /rvrAB= —k+^r lo ’ (5)

.3 MCJKAy K3H3JIOM H SyÖUaMH (|)OpMyjIOH
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b-\-b õ K
rAC = J— • 103, (6)°3 A K

ra.e b n LUHpHHa uasa;
b 3 mnpHHa syöua;
ÕK TOjimHua H3OJIHUHH Kauajia;
Ön TOJILUHHa H3OJIHUHH U333, BKJIIOHaH naSOBbIH KJIHH;
XK KO3(|)(|3HUHeHT tgujioupoboähocth hsojihuhh Kauajia;
Xn KO3(|)(|)HUHGHT TGUJIOUpOBOÄHOCTp H3OJIHUHH U33a.

OopMVJibi oojiyoeobi ocxoäo 03 opeAoojiojKeooo, oxo xeojio-

BOH OOTOK 8633,6 030p38J160 06p06H3HKyj]OpOO K OJIOCKOCTH K-
oajia. TaKoe opeAoojumeooe moäho cooxaTb oopaß^aoobiM,
00X3,3 86J1000H3 Ö n B 06CK0JIbK0 p33 M6HbLÜ6, 06M Õ K .

OöbiHHo b n/b 3 —2 . . .3, õ K =5. . .15 mm h õ n =2.. .5 mm.
Opn BbICOKO3tjD(|)GKTHBHOH TGUJIOH3OJIHU.HH K3Hajia XK

= 0,14. . .0,20
BT/apad M; KO3(J)4)HI],H6HT SJIGKTpHUGCKOH H3O-
- KJiacca H moäho cuHTaxb paßHbiM Xn = 0,25. . .0,30
Br/apad m. CjieÄOßaxejibHo,

=( 1 + + õöõ) = 57 ■ ■ • 140
apad m2/k6t

h

r AC = [(2. . .3) +l] o^4 ' ;^ Q
= 110.. .300 apad m 2/kbt.

Touuoe TenjiOßoro conporußJieHHH õokoboh hso-
JifIUHH Kanada oqeub cjio>kho. OäH3ko, ymiTbißaH Majioe BJUiHHHe
3TOFO COUpOTHBJIGHHH H3 TGUJIOBOH pG>KHM HaCOC3, MO>KHO OUpG-
AGJiHTb ero upu uomoiu,h rpyöofi cfiopMyjibi

2 • 103 cö Kfi (7)

õ HGMarHHTHbiH sasop nacoca;
Õk6 TOJILUHHa ÕOKOBOH H3OJIHUHH;

Ak6 KO3Cj)(|}HU,HGHT TGUJIOUpOBO,ZI,HOCTH ÕOKOBOH H3OJIHU.HH.

mto oöwhho Õkõ/ö = 2.. .4, c 0,05. . .0,1 m
h A,<6 XK

= 0,14.. .0,20 ar/apad m, uojiyuaeM, hto

2 • 103 (0,05...0,1) (2...4) .. in,
. 2/A 1 = 0,14 ..0,20

'
= 0- • -6 ) ' 103 ePad M 2/K6T.
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B) TenjiOßoe conpoxnßjienne cxajibio n oömoxkoh
nMeex iyin xenjiOßoro pexKHMa nacoca xeM öojibiuee snanenne, neM
Menbuie xenjioßbie conpoxHßJiennfl xab h xac h AonycKaeMan äjih
oömoxkh xeMnepaxypa. Ono mojkcx onpejiejiHXbCH ynpomennon
(jiopMyjiofi

n . n „ , „,r ßc =—~ y- ■ 103
, (8)

n n

me p n nepuMexp nasa no cxajm {pn =b n -f- 2hn , hn
Bbicoxa nasa);

õn xojiiunna nasoßon hsojihuhh.
Otmcthm, nxo äjih öojibmen xomhocxh Bejnnmny õn mo>kho

õbijio 6bi onpea,ejiHTb ocoõwm pacnexoM, ynnxbißan h TOJimnny
H3OJIHU,HH H BOBÄyUIHbie npOCJIOHKH M6>Kn.y npoßOjjaMH
H naaOBOH H3OJIHUH6H. Ho pacneX3M, B [s] H [6],
yxonneHHoe t3khm nyxeM ananenne rßc OKasajiocb tojibko na
15% nn>Ke, mcm snanenne, onpenejieiiHoe no cjiopMyjie (8). Tan
K3K Bejinqnna r ß c ,no cpaßnennio c ÄpyrHMH xenjiOßbiMH conpo-
XHBJiennHMH, BecbMa Majia (cm. xaöji. 3), xo xaxoe yxonneHne ne
HMeex CMbicjia.

Oöbinno {b n -{- b 3)/pn = 0,1. . .0,2, õn = 0,5. ..2 mm h X n =

= 0,25 . . .0,30 er/apad m; cjieÄOßaxejibHO,

rßc = (0,1.. .0,2) 5- 9
°

5
J

= 0,17.. .1,6 spad m2/kbt.

ÄHajiOFHHHOH ynpomeHHOH 4>opMyjioö onpe,n,ejinexcH Tenjioeoe

conpoTHßjieHHe hbojihuhh jioõobbix nacxen oömoxkh:

9r ö nrbi = ±—-r- ■ 103
, (9)

PB2 + pB3 n

FÄC Pb2 LUHpHHa BOBepXHOCTH JIOÕOBBIX IiaCT6H, BO KOTOpOH
ocymecxßJiHeTCH xenjioox,n,ana KonseKunen (cm.
(J)Hr. 3,a) ;

p B3 innpuna noBepxHOCTH Jioöoßbix nacxen, no Koxopon
ocymecxßjinexcn xenjiooxÄana najiynenHeM (cm.
(fmr. 3,6);

c nojiüßHHa umpHHbi 'HHAVKiopa;
xojnnnna hsojihuhh jioõobbix nacxeii, BKJnonan hbo-
jihuhio nepsoro cjioh npoßoa,a;

%n KO3(|)C})HU,HeHX XCnjIOnpOBOAHOCXH H3OJIHUHH JIOÕOBBIX
nacxen.

TaK KaK oöbiHHo-2c/(/?b2+ Pbs) = 0,15.. .0,3, Öji= 0,1. . .0,5 mm
h = 0,25. . .0,30 erjapad m, to
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Onr. 3

r B ,
= (0,15.. .0.3) õlFnrlõ = °’ os- • - 0 -6 sPad M2/Ker -

Tenjioßoe conpoxHßjieHHe BCjiea.cxßHe ero
Majioro RHCJiOBoro SHanennn, .aocxaxoniio onpe,a,ejiHXb no rpyöon
(JiopMyjie

r.ci = ~r— • 103, (10)
A CT

X CT KO3(jK|)HUHeHx xenjionpoßOAHOCxn cxajm jihcxob.

yqHXbißan, nxo oöbnmo d' = O,L. .0,15 m h nxo A,ct =63
6Tlepad m [l], nojiyqaeM

/'ci =
0,1

63 '0,15
• 103 = 1,6.. .2,4 zpad m2/k6t.

3. Tenjiosbie conpoxHßjieHHa, xapaKxepHayiomHe xenjiooxAaMy
KOHBeKUHCH

TeruiOßbie conpoxnßJienHH rA 2 , r B2 h r C2 onpe,n,ejinK)xcn (J)op-
MyjIOH

c 103
, inra =

, (11)
Pi2 a i 2

pi2 uihpuna ko hbeku,m o h h o h nosepxHocTH (no-
BepXHOCTH KOHB6KTHBHOH TeiUTOOTÄaRH) ;

Ct f2 KO3(J)(J)HII,HeHT KOHBGKIJH6H J
i OÖmHH HHAGKC (bMGCXO A, B HJIH C).

,U,jih onpeAejieHHH au cymecTßyeT mhofo
cpopMyji. Tbk, npn ecxecxßenHon kohbgkuhh BepTHKajibHbix no-
BepxHoexeH Moryx npnMenjixbCH cfiopMyjibi Foxxepa [4]



012=2,4 Vtb (12)
hjih Pnxxepa

ai 2 = 6,5-L 0,05 Xi2, (13)

ra,e xj2 neperpes oxjianyaaeMon noßepxnocxn naa, xeMnepaxy-
pon Bo3a,yxa.

Hncjioßbie KO3(f)4)HUHeHXbi b (})opMyjiax (12) n (13) npnne-
Aetfbi äjih xeMenpaxypbi OKpyvKaiomero paßnon -f-35°C.

BbicKasbißaexcH Mnenne, nxo (}DopMyjia (13) sasbimen-
Hbie ananennn rjih ai 2 [4].

B cjiynac npnny,zi.HxejibHOro miocKon noßepxnocxn na-
me Bcero nojinsyioxcH (})opMyjion Mepxejm

a i2 = bv°’ 7*l~ 0 ’22
, (14)

v cKopocxb BOBAyxa, m/czk\
l /umna noßepxnocxn B,n,ojib Bo3a.ymHoro noxoKa;

b MHOJKHXejIb, 33BHCHLHHH OX XCMBepaxyp 8033,yxa H
ox,xa>Kn,aeMOH noßepxnocxn.

Oopiviyjia äjih cjiynan, Kora,a Aaßjienne Bo3,n,yxa
paana 1 kz/cm 2 . Ona Aaex xoponiHe peayjibxaxbi npn npanxn
4e c k h rji a ä kihx noßepxnocxHX. b öepexcn ns
xaöji. 1, rae #l2 xeMnepaxypa oxjiaacnaeMon noßepxnocxn,
C C, a#B xeMnepaxypa sosayxa, °C.

B cjiynae HHÄVKUHOHHbix nacocoß =35 ... 50° C h $,2 =

= 100 ... 120°C. Ko3tjDc})HUHeHX b naxoÄHTcn, cjieAOßaxejibHO, b

npeÄejiax 5,6—5,7.
Ec.xn KpoMe npHHyAHiejibHoro bosmojkhs ecxecxßen-

H3fl KOHB6KU.HH, XO HO [4] Moryx npIIM6HHXBCH (jiOpMyjlbl

ais 5,7 4v (15)

(xjin r.xaÄKHx noßepxHocxeft) n

cti2 = 6,2 -(- 4,2 v (16)
(äjih mepoxoßaxbix noßepxnocxen).

1299 llccJieAOßaHwe Hacocos

T a 6 ji h u a 1

+

2 0 50 100 150

b 6,7 5,9 5,45 5,05
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OopMyjibi cocxaßJieHbi Rjin fta = 20°C n ,ö’i2=soo C. Onn
naiox xopouiHe pesyjibxaxbi npn v <4 5 M/cetc. JXnn õojiee oömero
cjiynan mojkcx no [l] np-HMenHXbCH cj)opMyjia, cocxaßjiennaH na
6ase (}3opMyJibi (13):

0,2 = '(6,5 + 0,05fi2 ) (1 + Yv). (17)

3xa (jDopiwyjia naex, onnaKO, necKOJibKO saEbiLueniibie anane-
HHH B OÖJiaCXH M3JIHX CKOpOCXeft (no 1 M/C6K).

OpuMeHeHHe õojiee cjiojkhhx (jiopMyji oöbinno ne onpaß/mi-
Baex ceÖH. B Kanecxse npHMepa mo>kho npHßecxH tJiopMyjiy [2]

o,6li?e°, 67X 0 , Isnaj 2 = 2 •
( 18)

rne Re =
* nncjio Pennojibnca;

d xapaKxepubiH pasMep oxjiajKnaeMoft nosepx-
hocxh (nanpuMep, mnpiiHa xpaxxa, /uiuna,
BOJIHHCXOCXb H X. R.) ;
KO3(J)(j) HU.H6HX XenJIOnpOBOÄHOCXH BOSÄyxa;

V BHSKOCXb BOSÄyxa, M2/C6K.
HaH6o.xbniHM BaxpyÄHenneM npn npiiMeneiiHH (JiopMyjibi (18)

cjienyex cnnxaxb pasjinnnoe y paanbix aßxopOß xojiKOßanne pas-
Mepa d.

BbinncjieHHH no rijpHßeAeHHbiM cjiopiviyjiaM noKaabißaiox, nxo
npn ecxecxßeHHOH kohegkuhh KoacjxfmnneHx cocxa-
ßjmex oöbinno 5... 10 er/epad m 2, a b cjiynae npnnyAHxejibnoro
oö/iyna co CKopocxbio BOBAyxa I—s1 —5 M/cetc 10 ... 30 er/epad m 2.n P H ÄByCJIOHHOH OÖMOTKe HHnyKXOpa ero JIOÖOBbie COeÄHHCHHH
HMeiox BecbMa pasßexßJiennyio noßepxnocxb h cooxHomeHHe

mojkcx AOCTHraib snanennn 4—6. CooxHomeHHe pc-i/c sna-
nnxejibno MeHbiue h naxonnxcH b npenejiax 0,5—1. Eine MOHbuie
cooxHomenne Pm/c, xaK kbk cyMMapnan oönyßaeMaH ncmepx-
Hocxb xanajia npaKxnnecKH ne npeßbimaex 2—4-Kpaxnon mnpn-
Hbi HeMarnHXHoro sasopa. TaKHM oöpasoM, p.A2 /c 0,2 ... 0,4.
yqnxbißaH Bce 3xo, nojiynaeM, nxo b cjiynae npnHy/mxejibHoro 06-
AVBa

= ~p~ 4*7 =W. • ■ 0,4) (10... 3Q> =BO ... 500 epad M^/Ker,

/'B2=
103

-=

-;4
-

-fiwTn—ooy-- = 6
... 25 zpaõ m 2/kbt,

P B2 a B2 (4 . . . 6) (10 . . . 30)

r Ci = —“
=

/ne
- iTXTn orrr =3O ... 200 apad m 2/kbt.

PC2 aC2 (0,5... 1) (10 ... 30) r



4. Tenjioßbie conpoxHßJieHHH, xapaKxepnsyiomHe xenjiooTAaqy
HSjiyqeHHeM

Tenjroßbie conpoxnßjiennH rA3, res h rcs onpe,n,ejiHK)xcH cf)op-
Myjion

c 103
/in v

=7- (19)
”i3 ai 3

rae p i 3 mnpHHa noßepxnocxn (nosepx-
hocxh najiynenneM);

oj3 xenjiooxAann najiynenneM.

Koacj3(J)HLI,HeHXbI di3 OnpeÄGJIHIOXCH H3B6CXHOH (|)OpMyjIOH

Tji T Qa i 3 = 5,7- 10_s
Bi,3 •*(20)

M 3 1 0

T j3 aöcojnoxnan xeMnepaxypa noaepx-
nocxn, °/(;

Tq aõcojnoxnan xeMnepaxypa npunnMaiomen nsjiynenne
noßepxnocxn (nanpnMep, Koncyxa nacoca) hjih, npn
oxcyxcxßHH xaKon noßepxnocxn, OKpyncaiomero bos-
Ayxa, °K\

ei 3 KO3(J)(j3Hn > HeHx norjiomennn, no cf)op-
Myjie

en=V rVi V ( 21 )
+ ~(—-l)

Ej P 0 'E0
'

B nocjieAnen cJ)opMyjie

£i cxenenb nepnoxbi pa,n,Hau,HOHHon noßepxnocxn;
£o cxenenb nepnoxbi npnnnMaiomen nsjiynenne noßepx-

nocxn;
Po mnpnna npunnMaiomen nsjiynenne noßepxnocxn.

Hpn oxcyxcxßHH noßepxnocxn, Koxopyio mojkho

6buio 6bi cnnxaxb npneMHHKOM nsjiynenHH (nanpnMep, npn oxcyx-
cxbhh KO>Kyxa), nojiaraiox, nxo

. £l3 = £i • (22)

BbiMHCJieiiHH no (JiopMyjie (20) Moryx OKasaxbcn
n HHorAa jiawc nexonnbiMn, xan KaK (jjopMyjia coAepJKnx pasnocxn

131
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6jih3khx no nncjiOßOMy sHanennio semmnu. ynwxbißan,
nxo
y*4 4

/■ ~T° =( Ta - T O)4TO ( Ta - T 0 ) 2+ 676(7",3- Ta)+ AT1, (23)
M 3 1 o

mo>kho nojiynnxb õojiee yn;oüHyio äjih BbinncjieHHH ({)opMyjiy nyxeM
no^cxaHOßKH

r 4 r„4
*

r - = 4a7'„3
, (24)yi3 i 0

r"
=>+i^+(^) 2

+±(^)
3

- 0»)

OyHKUHn

npeAcxaßJiena na (Jnir. 4 b Binjie KpHßon.

JXjix onpeÄejieHHH a Moryx npnMennxbcn xai<-
>Ke neKoxopbie npnöjinjKeHHbie (J)opMyjibi. Tax, b npoMe>KyxKe

r.o - t 0o <——< 1,11 0

mosKho c xoqnocxbio ±2,5% cnnxaxb, hxo

4
I Tn —To \ 3

fl= 1+2,7 [ 13
70 ) , (26)

a b npoÄiejKyxKe
r,, To

0,15 <— < 0,71 0

woncex c xonnocxbio ±4% npnnHMaxbCH õojiee npocxan (Jjopwyjia

a = 0,85 + 2,40-
7
—,--

70
. (27)

1 0

B xaöji. 2 äjih cpaBHeHHH npHßejieHbi ananeHHH
unenxa a, Bbmuc.aeHHbie no bcom paccMOTpennbiM (JjopMyjiaM.

TaKHM oöpaaoM, äjih onpeÄejieHHH KO3(|)(|)Hu,HeHXOB xenjroox-

Aann mojkox peKOMenÄOßaxbcn (JjopMyjia

ai 3 = 23- 10-8 ei3 aj0\ (28)'
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Onr. 4. SaniiCHMocTb KO3(})(J)Hu,HeHTa a ot TeMnepa-
xyp Tia ii TO. I— no (J)opMyjie (25); 2 no

(J)opMyjie (26)

ai moäct onpe,o,ejiHTbcn no kphboh na cfnir. 4„
no cjDopMyjiaM (26) h (27), hjih hs xaöjinnbi 2.

TeMnepaxypa pazuian,HOHHbix noßepxnocxen (noßepxnocxen
ciajiH, jioõobbix coeÄHneHHH h öokoboh HsojiHUHH Kanajia) na-
xoahtch oöbinno b npe,n,ejiax 100— 155°C, a TeMnepaxypa ko
>Kyxa b npe/jejiax 35—60°C; TeMnepaxypa OKpyjKaiomero bos-
Äyxa MOJKex npHHHMaxbCH no FOCT 183-55 n cocxaßJiHex xora,a
35°C. CjieÄOßaxejibno,

ri3 —TO = $.3 =4O ... 120 apad,

Tq = 308.. .333 °K h

Tn—To 40... 120
f 308 ... 333 = 0, 12 .. . 0,39.
1 0
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no KpnBOÖ, npUBCACHHOH na (Jjnr. 4,

fl, = 1,2... 1,75.

Cxenenn nepnoxw a xaione npnnHMaiomHX H3-
Jiynenne noßepxnocxen cocxaßjmex no [4l 0,9—0,95, KO3(J)(|)HUHeHX
norjiomeHHH no (J)OpMyjie (21) —0,8 —0,95. CjieÄOßaxejibHO, ajih
Bcex xpex noßepxnocxen, no (Jx>pMyjie (28)

a i 3 = 23-10-8(0,8 ... 0,95) (1,2 ... 1,75) (308 ... 333) 3 =

= 6,4 ... 14 BT/zpad m 2.

nxo pasMep pA3 b t})opMyjie (19) npaKxnnecKH pa-
BeH riOJIOBHHe UIHpHHbI HeMarnnxnoro sasopa, a pasMep p B3 OÖfam-
ho b 1,2—1,5 pasa MeHbine, neM pasMep pB2 (cm. pnc. 3), nojiy-
836M, nxö pA3/c = 0,1 ... 0,2 h pB3 /c = 3 ... 5. PaÄHaunonnaß
noßepxHocxb MarHHTonpoßOAa npaKxnnecKH panna nojinon noßepx-
HOCXH CIIHHKH, nerO p Q3 /C = 1,5 ... 2. Cjie^OßaTejlbHO.

r .14)
= 360 ■ ■ ■ 1600 epad
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103

(3 (g 4 Yi) 14 .. .52 spcid m?/kbt,

103
f C3 ( j 5 2) (6 4 14) zpüd M 2/K6T.

5. CpaßHeHHe hhcjiobwx BHaneHHH xenjiOßbix conpoxHßJieHHH

BbiMHc.xenHbie b §§ I—41 —4 npeAejibi nncjiOßbix snaneuHH xen-
jiobux conpoxnßjieHHH, a xaiOKe xenjiOßbix hoxokob qB nqc äjia
HJIOCKHX HHÄyKUHOHHbIX H3COCOB C ÄByXCJIOHHOH OÖMOXKOH npH-
Bejxenbi b xaöji. 3.

ConocxaßJienne Mem/iy coõoii ÄaiiHbix, npiiße,n,eHHbix b xaö-
JiHue, noKasbißaex, nxo xenjiosbie conpoxnßJieHHH rBf h r CI no
CpaBHCHHK) C ÄpyTHMH OMGHb M3JIBI, BCJieACXBHe MO>KHO
CMHXaXb

= r c\
= °- (29)

ripu ÄOCTaiOHHO TOJICTOH ÖOKOBOH XenJIOBOH H3OJIHUHH K-
najia mo>kho xaK>Ke cnnxaxb, mto

TaÖJinua 3

BejiHMiina EÄHHHU,a
H3\iepeHH5I

>ihcji

OT

OBblX 3HaieHHH

AO

rAl

.

apaö m 2[k.3t 103 6-103

E
rA2 51 80 500
rA3 55 360 1600

ca rAB ” 57 140
H
O

rAC 55 110 300
c.
co

rBC 55 0,17 1,6

<D
rBl f

55 0,05 0,6
3
coo

rB2 55 6 ' 25
*5
C rB3 55 14 52

h" 1 rci 55 1,6 2,4
rC2 55 30 200
rC3 55 36 105

TenjiOBtie
IlOTOKH

9b
<ic

K6T[m2 6,5
1

16
3.5
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rA2 rA3 (30)

3xo rpyöoe Äonymenne onpaßjjbißaexcn xcm, mxo onpeae/ienne
noxepb xenjia nepes 6oi<oßbie cxchku Kanajia mo>kcx Becxncb
BecbMa npHÖJinncenHO.

6. npoßepOHHbiH xenjioßOH pacqex

ripoßepoHHbifi pacnex npoßOÄHxcn äjih onpeziejieHHH xomh-
paxyp oömoxok h cxajm naKoro-jinöo KOHKpexnoro nacoca. flpn
3xom, KaK npaßHJio, savanni see pasMepbi, Bce Maxepna.xbi n bcc
sjieKxpnnecKne noxepn {qB hq c ) nacoca. Pacnex mojkcx bcc-
xncb b HHÄensjiaraeMOH nocjieÄOßaxejibnocxn.

1) Onpe,n,€JimoTCH bcc xenjiosbie conpoxHßJienHH nacoca (cm.
§§ 2, 3 h 4), TeMnepaxypbi oxjianc/iaeMbix noßepxnocxen Bbiön-
paiOXCH npH 3XOM, K3K y>K6 XOBOpHJIOCb, OpneHXHpOBOHHO.

2) ynpomaroT cxeMy saMemennn, npHÄaßan efi bhä, nsoöpa-
>KeHHbifi na cf)Hr. 5. ConpoxnßJiennn b 3toh cxeivie onpeÄejiHFoxca
no sjieMeHiapHbiM (|)opMyjiaM

rAB rAC rAB r AC , n . ■,r A =-\ ; j j , (31)A rAB + r AC +7BC rAB +7 AC

r AB rBC rAB rBC ,„ 9 ,

B rAB + rAC + rBC rAB + rAC

r AC rBC rAC rBC m.v

C r AB+ rAC + rBC r AB + rAC

r' = r.. -j- -

r
-

A2-[A- rM , (34)A A 1 '*A2+rA3 A 1 V

r B =r x rfi2^B 3 « , (35)B B 1 7 82+ 7 83 'B2+ rB3

- I r C2 rC3 rC2 7"C3 , orx
c 'ci ■+■ -y—rry~ r .r "

• (06)rC2 + rC3 7C2 i 7 C3

npHÖJiiDKeHHbie (j}opMy.xbi .nanni c ynexoM ynpomennn (29)
n (30), a xaione xoro oöcxonxejibcxßa, nxo conpoxHßJienne /'

BC
onenb Majio no cpaßnennio c conpoxHßJienHHMH rAB n rBC .

OpeÄejibi, b Koxopmx Moryx naxoÄHXbcn nnc.xoßbie ananennn
BbimenepenncjienHbix conpoxnßJiennH b nacocax c AByxcjionnon
oömoxkoh, Bbinncjienbi hcxoäh H3 xaöjinnbi 3 n npea-
cxaßjienbi b xaõji. 4.
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CpaßHHßan mbjkäy coõoh HHCJiOBbie npHßCAeHHbie
B TaÖAHUe, MO>KHO npiIHTH K BbIBOAy, 4TO B ÄaJIbHeHIIIHX paCMG-
xax BnoAHe AonycTHMio ynpomeHHe

rB =0- (37)

ynpomeuHA paccMaipneaioTCH b § 8.

Onr. 5

TaÖJiHua 4

TenjiOBoe EAHHima ripe,T,e.Tbi MticjiOBbix BHaqeHHÖ

conpoTHBJieHHe HBMepeHHH OT ao

r
\

apad m2/kbt 37 95
rB „ 0,06 0,5
rC „

0,11 1,1
rA „ 103 6.5- 103

„ 4,2 17
r C >- 16 69
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3) CocxaßJiHKDx cncxeMy ypaßHennii äjih onpeAejiennn xen-
noßbix noxoKOB qA ,q m h qcl

:

;
A y A (r B ~1~ r ü) QbX TA~^~ rß >

r A 9a+ (/ c + rc)?ci ta+ / c?c > • (38)
1A QBI

= QB >

TenjiOßon noxon npocxon (fjopMyjion

qM (39)
>A

3Äecb tA npesbimeHHe xeMnepaxypbi Kanajia na# xeMnepaxy-
pon OKpyjKaiomero BoaAyxa.

4) Flocjie peinennn cncxeMbi ypaßnennH (38) onpeAejiniox
npeßbimeHHH xeMnepaxyp oõmoxkh, MarnnxonpoßOAa h nosepx-
nocxen oxjiajKÄenHn:

xb
= rB »

‘'r <7n tr »

_

_

.

(40)
Ü BI *8 ;

B1 »

xci =rc Vci rci •

5) FIo BHanennnM npeßbimenHH xeMnepaxyp xBI
h T CI yxonnjnox ananeHHH xenjiOßbix conpoxHßJieHHÖ rB2 ,

/'B3 , rC2
h rC3 n, npn neoõxoAHMoexn, noßXopnbifi pacnex.

6)
npoßOAa h noßepxHoexeö oxjiaxKÄennH no (})opMyjie

+ a-o, (41)

ra,e Oq pacnexnan xexmepaxypa OKpyjKaiomero BOBAyxa, °C.

7) OnpeAejiniox MaKCHMajibnyio xeMnepaxypy b oÕMOXKe no
npii6jiH>KeHHOH cj)opMVJie

»-B M .kc='\+( 10--- 20)-. < 42 '

cj)opMyjia cociaßJieHa na ochob3hhh pacnexoß, npoßeÄennbix
B [6].
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MaKCHManbHaa xeMnepaxypa cxann, no onbixnbiM nannbiM [s]
«V ä# vV. (43)C MdKC C \ '

8) OonyqeHHbie b n. 7 TeMnepaxypbi cpaßHiißaioxcH c nony-
cKaeMUMH n npn neoöxoAHMoexH paspaöaxbißaioxca Mepu no
HSMeneHHio cncxeMbi oxna>KAeHna.

7. flpoeKTHbiH xennoßOH pacqex

riopanoK npoeKxnoro pacnexa saßncnx ox xoro, pemaioTca nn
aneKxpnnecKne n xennoßbie npoöneMbi coßMecxno nnn pasAenbHO.
nP H pa snenbnoM pemennn axnx npoöneM k nanany xenno-
boxo pacnexa y>Ke nsßecxnbi see pasMepbi MarHiixonpoßOAa, oö-
motkh n Kanana; sananbi xaKH<e MaKCHManbno nonycKaeMbie
TeMnepaxypbi oömotkh h MarnnTonpoßona. Bosnyuinbin sasop
sanan.

Pacnex npOßonnxca xorna b cnenyiomeM nopanne.
1) BbiÖHpaexcn Maxepuan n paspaöaxbißaexca KoncxpyKUHH

xenjiOßon hsojibuhh Kanana.
2) OnpenenaioxcH see xenjioßbie conpoxnßjieHHH, sa hckjiio-

nenneM conpoxnßjieHHH rB2 , rm, rC2 h rcy
3) OnpenenaioTCH xennosbie rotokh qAB , qAC h qBC ,

nojib-

syacb (j)opMyjiaMH
5V a *vb

*AB ~ ’

_
»A-»C

rAQ
» t (44)

BC “

>BC
*

3Äecb f) A, ■Og h -9-c — saÄaHHbie TeMnepaxypbi cooxßexcxßeHHO

nepeKaxHßaeMoro Mexanna, oömotkh h MarHHxonpoßona.
4) Onpen,enaioxcH xennoßbie üotokh qm h qCA:

~ *?AB ’ |
?d =

• J
5) OnpenenHioxca TeMnepaxypbi oxna>KAaeMbix noßepxno-

ct6h:

’ ]
o. _u. r (46)rCl • J



6) Oo (j)opMyjie (19) onpe.ne.nmox conpoxHß.xenHH rB3 h rC3 >

a saxeM xpeöyeMbie snaqeHHH rB2 h r C2 ;

~Bt''o2- ”bi ’

?B '
~

'B3
(47)

r =
“

-ci
'

qCA ~ r C3

7) Ho nojiyneHHbiM xpeöyeMbiM ananemiHM r B2 h /'
C2 bbiöh-

paiox KOHcxpyKu,Hio CHcxeMbi oxjiamÄeHHH h no (jjop.MyjiaM (15),
(16), (17) hjih (18) (Moryx, KOHenno, npHMeHHXbCH h Äpyrne
cj)opMyjibi h MexoÄbi pacnexa) orrpenenHiox neoöxoÄHMyio cko-
pocxb h KOJiHnecxßO oxjia>K,naK)mero arenxa.

CoßMecxHoe pemenne ajieKxpnqecKHx h xenjioßbix npo-
öjiexi Be/mx noxa k oneHb rpoMosaKHM BbiKjiaÄKaM. FloaxoMy

b xbkhx cjiyqanx pacnex b HecKOJibKHX Ba-
pnanxax c pasÄejibHbiM pememieM ajieKxpimecKHx h xenjiOßbix

Bonpocoß.

8. ynpomeHHbiM xenjiOßbift pacnex

Khk noKasbißaiox Äannbie xaöjran 3 n 4, bo mhophx cjiyqanx,
b u,6jihx ynpomeHHH pacnexoß, moxho öbijio 6bi nojiaraxb, nxo
b cxeMe saMemeHHH, HaoöpameHHon na cjmr. 2,

rßi r ci
~ rhc =9- (48)

j3,pyrHMH C/IOB3MH, MOJKHO 6bUIO 6bl CHHXaXb, HXO CpeAHHe
xewnepaxypbi oõmoxkh h MarHHXonpoßO.ua paßHbi n b pacqexax
MOHCHO õbijio 6bi hx saMeHnxb xeMnepaxypofi mmyK-
xopa:

*
B =*c =V (49)

CxeMa saMemeHHH, cocxaßJieHHan c ynexoM sxhx ynpomeHHH,
a xaione ynpomeHHH (30), Haoöpaasena na cjmr. 6,a. Oocjie npe-
oöpasoßaHHH no (jDopMyjiaM (35) h (36) ona npnHHMaex bhä,
h3o6pajkehnbih na (|mr. 6,6, TenjiOßoe conpoxiißjienHe rA mojkcx

no cjmpMyjie, npHÖJinmeHHo yqHXbmaiomeH h na-
30ByKD H3OJIHUHK) HHÄyKTopa:
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rA =l-- +
.

• 103 ; (50)A \ ?
-k b n +b3

Xn f K ’

oöoaiianeHHH npnße,n,eHbi sa (JiopMyjioH (6). OcxajibHbie Tenjio-

Bbie conpoTHB.ieHHH onpea,ejißK)TCH no yKasanHHM, npußeAennuM
b §§ 2, 3 h 4.

OpH TaKOH cxeivie saMemennH chjilho ynpomaiorcH KaK npo-
BepoMHbifi, Tai< h npoeKTHbifi pacneTbi. TaK, HanpHMep, b npoee-
pcmioM paevere Tenjioßbie ootokh onpeAejiHTbCH He hs
CHCTeMbi ypaBHeHHÖ (38), a no AocTaTonno npocibm cJiopMyjiaM

77 +

9bi=
■ 1. 1 <sl>

77 + 9b t 9c
,

■ < s2>

I+ 'c U +7>
A QBI ~}~ QB * (^3)
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npeßbimeHHe xeMnepaxypbi Hi-myKxopa onpe/ie-
jinexcH nocjie sxoro oähoh hs cjieÄyromnx (JjopMyji;

= tA -qA rA ,

■« <7bi B ’ ' (54)

-
= rc *

lipu Benennn pacnexa no ynpomennon MexojuiKe cjieayex
HMext b BHüy, nxo norpemnocxn pacnexa 6y,nyx xeM õojibiue, neM
öojibme xenjioßoe conpoxußjieHne nasoßon hsojihuhh no cpaßne-
mno c xenjroßbiM conpoxnßJienneM hsojihuhh Kanajia.

JIHTEPATyPA

1. H. B. Bhhorpaäob,O.A.Fopnh h o b, n. C. C e p r e e b. npoeKxn-
poßanne aaeKxpnnecKHx MamiiH. F3H, 1956, ra. 11.

2. C. C. Kyxaxeaaaae, B. M. Bo p h iiiahck ii h. CnpaßonmiK no xen-
aonepeaane. F3H, 1958.

3. FI. 111 hefiä e p. npoöaeMbi xenaonpoßoanocxii. Haa,, nno-
cxpannon anxepaxypbi, 1960.

4. F. Fo tte p. Harpeßanne n oxaaacaenne aaeKxpimecKnx Mauinn. F3H, 1961.
5. A. B oaba e k, X. T niicm y c, X. Hhe c, 3. PncTxeÜH, X. Pocc,

T. Bec k e, X. Tamme m h r h, M. Caa p, X. Keepyc, A. Hab m-
beh e p, X. JI h nn. Hccaeaoßanne, paapaöoxKa KoncxpyKUHH, naroxoßae-
nne n Hcnbixanne onbiTnoro oöpaaua aacKxpoMarnnxHoro nacoca juih aoan-
poßKii ajnoMim hh npii anxbe HyineK b naaoJKHimbi. Oxnex no xoaaoroßop-
hoh paöoxe N° 5/59 TaaanncKoro noanxexnnnecKoro nncxnxyxa. Taaann,
1961, raana 7.

6. P. PooxaMM. TenaoxexnimecKiiH pacnex aaeKxpOMarnnxnoro miayK-
unoHHoro nacoca a-nfl jkhäkoxo Mexaaaa. npoeax. Taaami-
ckhh noanxexHHnecKMH nncxnxyx, 1961.



143

3. M. PucTxeün

nyiH yJiyHUIEHMfI KOHCTPyKUMM ojiockmx
HHAyKUMOHHbIX HACOCOB

FIjIOCKHe HaCOCbI 33HHMaK)T BCCbMa B3>KHOe
Mecxo cpeÄH sjieKTpoMarHHTHbix nacocoß ajih jkhakhx MexajiJiOß.

Ohh naxoAHx npeHMymecißeHHoe npHMeneHHe äjih nepeKaqKii
MerajuiOß c xeMnepaxypoö njiaßJieHHH nopHAKa 650°C h Bbiuje

HJIH MeiaJIJIOB, OÕJiaAaiOLUHX ÖOAbIUOH KOppOSHOHHOH 3KXHB-
Hocxbio. K xaKHM MexajiJiaM oxhochxch b nepßyio onepeAb ajno-

MHHHH H MarHHH. üpHMeHeHHe B T3KHX CJiyqaHX KOHAyKHHOH-
iibix nacocoß b cbhsh c öbicxpbiM pacxßopenHeM
ajieKxpoAOß, a npHMeneHHe HHAHHApHnecKnx HHAyKHHOHHbix na-
cocob saxpyAHHxejibHo b cbhsh c pasMarHHHHßanneM cepAenHHKa
npH BbicoKHX xeMnepaxypax.

B HacxoHm.ee BpeMH, BCjieACXBHe HeAocxaxoHHon xepMHnecKOH
ctohkocxh oömoxok (AonycxHMan xeMnepaxypa BbinycKaeMbix aah
3JieKxpOManiHHOcxpoeHHH oömoxohhbix MaxepnajiOß nona He npe-
Bbimaex 200°C), hphxoahxch npeAycMaxpHßaxb Me>KAy i<ana-
JIOM H HHAyKXOpOM XenjlOßyK) H3OJIHU.HK) H3 BbICOKO3(})(j)eKXHBHbIX
xenjioH3ojiHu,HoHHbix Maxepnajioß (BepMHKyjinx, Kep.aMonepjiHx,
hchochji h AP-) • Tojmi,HHa xenjiOßOH hsojihhhh cocxaßJinex npn
3XOM 10—20 MM, HXO 3H3HHXeJIbHO yBCJIHHHBaeX H6MarHHXHbIH 33-
sop, HaMarHHHHßaiomyio cnjiy, KaAcymyiocH Momnocxb n raöa-
pHXbi Hacoca.

HsBCCXHO, HXO npH HOH3MOHHOÖ HHAyKPHH B HCMarHHXHOM 33-
sope moäho cHHxaxb peaKXHBHyio MomHoexb nacoca nponopuno-
HajibHOH mHpHHe HewarHHXHoro saaopa. To >Ke caMoe oxhochxch
h k Ka>Kym.eHCH moihhocxh, xan khk aKXHBnan Moumocxb nacoca,
no cpaBHeHHK) c pea kxhbhoh, onenb Majia. Zljih nposepKH axoro
nojio>KeHHH b nameM KOHKpexnoM cjiynae mojkcm hcxoahxh hs
4>OpMyjlbl HHAyKXHBHOrO COHpOXHBJieHHH HaMaFHHHHBaiO 111.60 nenii
nacoca

TAJIJIHHCKOFO nOJIHTEXHHHECKOrO HHCTHIVTA

CEPHH A No 197 1962
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*, = (1)

r,n,e eo yrjiOßan nacxoxa npiuiOKemioro HanpjDKeHHH,
W MHCJIO BHXKOB OÕMOXKH,
CDa — MaXHHXHbIH HOXOK B H6MarHHXHOM 3330pe,
I XOK B OÕMOXK6.

CHHX3H BejIHHHHbI 0), W H CDIX nOCXOHHHbIMH, MO>KHO HOJiyMHXb,
HXO OXHOCHXCJIbHbIÖ XOK 1 p3B6H

(2)
R*

OxciOÄa oxHOCHxejibHan peaKXHBHan Momnocxb nacoca

Q* = i2
*Xo* = -

(3)
XL

Saccb x0*
oxHociixejibHoe peaKXHBHoe conpoxHßjieHHe Ha-

coca, paßHoe

Xc,, = -j- ,

r,n,e xa*
oxHocHxejibHoe conpoxHßjieHHe pacceaiiHH.

C ÄOCXaXOHHOH XOHHOCXbK), K3K y>K6 OXMBHaJIOCb, K3>Kym,aHCH
MOLUHOC.Xb nacoca

5,= Q.. (4)

Ha c|3Hr. 1 npHßeAena aaBHCHMOcxb oxnocHxejibHOH Ka>Ky-
meftcH molu,hocth ox uiHpHHbi HBMarHHTHoro saaopa äjih Hacoca
3MH-6, paapaöoxaHHoro b THM äjih nepeKaHMBaHHH jkhäkoxo
ajiioMHHHH. BejiHHHHbi x0 h x.i, to>kg Ha (J)Hr. 1,
onpeÄe.aeHbi pacnexHbiM nyxeM (6es ynexa bosmokhoxo h3M6H6-
hwh pasMepoß oömoxkh) h npoßepetibi SKcnepiiMeHxajibHO.

EcJIH OCTaBHTb njIOTHOCTb TOKa B OÖMOTKe H6H3M6HHOH, TO
OTHOCHTe.ribHbIH B6C 3 T3KÄ6 OXHOCHX6JIbHbie BOTCpM B
MCÄH OnpeÄ6JIBK)TCH (J)OpMyjlOH

GM;i; = AP M*

= /*• ('■>)

3xa BaBHCHMOCTb TOÄ6 H3 (})Hr. 1. VMeMbUJeHHe seca
OÖMOTKH npHBeÄGT, 6CX6CXB6HHO, K yMeHbllieHHK) BblCOTbl n333 H

1 B npHHHTOH CHCTCM6 OTHOCHTC/IbHblX BCjIHMHH eÄHHUUCH GMHT3IOTCH p3C-
CMarpHßaeMue BejiHMHHbi npn k3kom-/ih6o onpexeJienHOM hgmarHHTHOM aaaope
(nanpHMep, npn 35 mm).



C>nr. 1

ayöuoß, a cjieÄOßaxejibHO k HeKOxopoMy yMeHbmeHHK) Beca
cxajiH h KOHcxpyKXHßHbix Hacxefi nacoca. lloaxoMy mo>kho chh-
xaxb o6ih,hh see nacoca, npn k3kom-jih6o onpeAejieHHOM npHH-
HHine KOHCXpyKUHH. C AOCXaTOHHOiI TOHHOCXbIO paißlHblM

G, = 5„ (6)

x. e., hohxh nponopuHOHajibHbiM mnpHHe HeMarHHXHoro sasopa õ.
JXnn yMeHbiueHHH HeManmxHoro aasopa cymecTßyioT, b npim-

UHne, cjieayiomHe bo3mo>khocxh:
1) yMeHbmeHHe xojimHHbi cjioh nepeKanHßaeMoro Mexajuia,
2) yMeHbmeHHe xojimHHbi ctchok Kanajia,
3) yMeHbmeHHe xojimHHbi cjioh xenjioH3oJiHii,HH nyxeM npn-

MCHCHKH MaTepHaJIOB HJIH KOHCXpyKHHH c ocoöo HHSKHM KO3(J)-
4)HHH'e'HTOM TenJIOHpOBOÄHOCTH.

4) yMeHbmeHHe xojimHHbi cjioh xenjionsojiHUHH, ÄonyCKan
npn 3tom SHaHHTejibHoe ysejiHHeHHe xeMnepaxypbi oömoxok h
MarHHxonpoßOAa HHÄyKxopa.

14510 MccaeAOßamie Hacocos
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110 OJieKTpOMarHHTHbIM, THÄpaBJIHqeCKHM Ii qiICXO KOHCTpyK-
thbhhm npnqHHaM TOJimima cjioh JKHÄKoro Mexajuia oöbiqno hc
MOJK6T ÖblXb MeHbine, H6M 4—5 MM; B HSFOXOBJIHeMbIX nacocax
3ia 6—7 mm. TojiuiHHa cienoK Ka-
najia, yqnxbmaH öojibinyio KopposnoHiiyK) aKTHBHoeTb mhoxhx ne-
pexaqHßaeMbix MexajuiOß, a xaK>Ke hmbh b MexaHHqecKyio
npoqnocxb, ne Momex öbixb MeHbine 2—3 mm; hm6hho xanaq xoji-

niHHa npHHHxa bo mhoxhx HBroxoßJiHeMbix Hacocax. xenjio-

BOH H3OJISHIHH, K3K HpaBHJIO, npHM6HHK)XCH
Hbie (h qacxo BecbMa AOporocxoHiuHe) HsojnmHOHHbie Maxepuajibi,
KoacjxJiHUHeHx xenjionpoßOÄHoexH Koxopbix naxoziHxcH b npejie-
jiax 0,14—0,20 er/spad m; bpha jm mojkho oxKH/iaTb hobbix Ma-
xepHajiOß hjih KOHCxpyKUHÖ c saMexHO öojiee hhskhm kos(J)4)h-
imchxom xenjionpoßOAHocxH.

OcxaexcH tojibko nyxb: cjie,n;yeT yMenbuiHTb äo
xenjiOßyio hsojihhhio Meamy Kana.noM n HHÄyKTopoM h nepenxH
na npuMenenne oÖMOTOHHbix Maxepnajioß, cnocoönbix
paõoxaxb npn TeMnepaxype, öjihskoh k xeMinepaxype nepeKann-
BaeMoro Mexajuia. B nacxonmee BpeMH y>xe cymecxßyex npo-
boahhkobhx n 3JieKxpoH3oJiHu,HOHHbix MaxepnajTOß, zuiHxejibHo

BbiÄep>KHBaK)LU,HX xeMnepaxypy nopnruca 500—600°C; onn mofjih

6bi ycnemno npnMeHHXbcn b nacocax ,n,jisi hchakofo Mexajuia.

K xaKHM npOBOÄHHKOBbiM MaxepnajiaM othochtch, b nep-
bvk) onepe^b:

а) MeAHbie noKpbixbie jxjih saniHXbi ox okhcjic-

HHH HHKeJieM [l] HJIH CepeÖpOM H aJIIOMHHHeM [2];
б) OKCHÄHpOBaHHbie aJIIOMHHHeBbie [7].
ECJIH FJiaBHbIMH TpeÖOBaHHHMH, npejI.X.HBJIHeMbIMH K OÕMOTKC,

hbjihiotch BbicoKan MexaHHqecKan nponnocTb npn BbimeyKasan-
Hbix paöonnx TeMnepaxypax h xopoman ajieKxpnqecKaH npoßOjui-
Mocxb, xo cjieAyex Me,a,b. npeHMymecxßOM >xe ajno-

MHHneBOH oömotkh cjiejtyex cnHxaxb npocxoxy HsroxoßJieHHH, bos-
MO>KHoexb HsroxoßjreHHH KaxymeK c nepeMeHHbiM cenenneM no
ÄJinne bhtk3 [6] n ,n;emeßH3Hy.

B Ka LI6CTBe 3JieKTpOH3OJIHHHOHHbIX MaTC.pHaJIOB,
paöoTaiomHx npn xeMnepaxypax 500—600°C, Moryr npHMe-
hhtbch;

a) okhcb ajiioMHHHH [2, 4, 7];
6) CT6KJIO [i. 2];
b) cjiiOÄOÖyMara [l];
r) KepaMHKa [l, 2];
jx) nHrMeHTHpoBaHHbie nojiH3(|)Hpbi [3];
e) HJIH 3JIIOMHHHH [s].
Hai-ieceHiie nepeqncjieHHbix hsojihhhohhbix Maxepna.xoß na

Kpyxjiyio npoßOJiony conpHJKeno c ööjibiuhmh hjih mckbiuhmk xex-



HOJiorHqecKHMH xpyAnocxHMH. HaMHoro b sxom oxHome-
HHH CJICAyeT CTHXaXb nJIOCKHe npOBOAHHKH HJIH A3>K6 npOBOAHHKH
H3 (|)OJibrH. Oömoxkh c npoBOAHHKaMH H3 b nocjieAHee

BpeMH ycnemHO BiieApnioxca b 3jieKxpoannapaxocxpoeH'HH h
[6, 7, 8] h, kbk noxasbißaex HaKoinjien-

HbiH onbix, Aaxce npH oxHocHxejibHo HH3KHX paöonnx xeivmepaxy-
pax oöJiaAarox phaom cymecxßenHbix npenMymecxß no cpaßne-
hhk) c oÖMoxKaMH H3 Kpyrjioö npoßOjioKH. Hanöojiee snanH-
xejibHbiMH H3 3Xhx npenMymecxß bbjihkdxch:

а) yMenbmeHHe bhxkoboxo Hanpn>KeHHH (npn c}3ojibroßoH 06-
MOXK6 Uw = , npn npOBOJIOBHOH MHOXOCJIOHHOH OÖMOXKG

2u w
Uw =—; 3AGCb W MHCJIO BHXKOB KaxyLUKH, tl BHCJIO CJIO6B

KaxyniKH, U paöonee nanpsmeHHe KaxyniKn);
б) yßejmneHHe KOScjDcJJHAHeHxa sanojinennn oömoxkh (npn

(}3oJibroßOH oÖMOXKe npeAejibnoe SHanenne Ko3(|)(|3HUHeHxa sanoji-

HeHHH npnöJiHjKaexcH k 1, mpn o6moxk6H3 Kpyrjioö npoßOjioKH
0,78);

B) BOSMOACHOCXb H3M6H6HHH C6BSHHH npOBOAHHKa DO
BHxxa;

r) ynpomenne xexnojiorHH nsroxoßJieHHH KaxymeK.

FIpH (jDOAbFOBOH OÖMOXK6 A6XKO yMeHbUIHXb BHXKOBO6 H3npH-
>Kenne ao necKOAbKHX boabx h oöoöxHCb npocxefiuieH OKCHAKOH
H3oAHpHefi (ocoõenno npn oömoxkc hs aAtOMHHneBOÖ (})OAbrH).
Ho A3HHHM AHXepaxypbl OKHCb 3AIOMHHHA MOJK6X BbIAOp>KHBaXb
BHXKOBoe nanpHJKenne 50—100 e npn xojimnne I—21 —2 mk [7] n
100—400 e npn xoAmnne 4—25 mk [4],

4>Hr. 2

Ha (J)hx. 2 noKaaanbi, aah cpaßnennn, KoncxpyKunn xaxymeK
H3 KpyrAOH npOBOAOKH (a) H H3 (jDOAbXH (6). TaM JK6 noKasan
OAHH H3 CnOCOÖOB HaMOXKH KaxyniKH H3 XOAOH (jDOAbXH, c AonoA-
HHxeJibHoö AenxonnoH (nanpnMep, CAiOAOÖyMajKHOH hah cxbkao-
xnaHeßon) nsoAHunen (e).
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HaAemnaH oKCHAnan h3ojihhhohha h njieHKa noAynaexcH
ano/i,HpoBaHHeM 3jiiomhhhh b cjiaöbix pacTßopax cepHoö hah
(J)oc(J)opHOH khcjiot, c nocAeAyiom,eö rHApaxHsaimeH. Cooxßexcx-
ByiomaH TexHOJiorHH AOBCAena b Hacxonmee BpeMH ao Aocxaxonno
BbicoKoro ypoBHH. MuKpocxpyKxypa xhökoh okchahoh HAeHKH
OKasbmaexcH OAnaKO nopHcxoö, BCJieACXBHe nero ona ne Momex
nojiHoexbK) samnmaxb ochobhoh Mexajui ox okhcji6Hhh hjih Apy-
XHX BHAOB KOppOSHH HpH BbICOKHX XBMHepaXypaX. C 3XHM OÖ-
cxoHxejibcxßOM cjieAyex ocoöenno CHHxaxbcn npH HaneceHHH njien-

kh A 1202, na MeAb. Žljih yjiyqmeHHH cbohcxb njieHKH H6o'6xoähmo
aanOJIHHXb nopbl OKHCH 3JIIOMHHHH K3KHM-JIHÕO XepMOCXOHKHM M-
xepnajiOM. JIyHiHHM sanojiHHxejieM OKasajiacb aMopcjjHan okhch
KpeMHHH Si02, HOSBOJIHIOmaH AOÖHXbCH HCKJHOHHXCJIbHOH X6pMO-
cxohkocxh oömoxkh (AonycxHMan paöonan xeMnepaxypa no
[2] 816°C).

HapnAy c njieHKOH Ah0 3 b Hacxonm.ee BpeMH HCCAeAyioxcH
BO3MOHCHOCXH npHM6HeHHH (JIXOpHAHbIX HJieilOK (AIF 3 , CuF2),
oxjiHnaiomHXCH oxcyxcTßHem nopHCTOcxH. JJ*onycthmah xeMnepa-
xypa TaKHX njienoK HecKOjibKO hhäc, hcm y okhch 3jiiomhhhh

nopHAKa 500—550°C. TaKyio me xepMoexoÖKoexb HMeiox h
cxeKJio, cjnoAOÖyMara h nnrMeHXHpoßaHHbie nojiH3(|)Hpbi; ueMen-
xauHeö oömoxok moikho noßbicnxb AonycKaeMyio xennepaxypy
CX6KJIHHHOH H3OJIHD.HH AO 650° C [l].

Onr. 3

B naaax ajieKxpHnecKHx Mammi, b tom HHCJie h
HHTHbIX HaCOCOB, JieHXOHHbie HJIH (jDOJIbrOBbie npOBOAHHKH Moryx
npHMeHHXbCH xojibKo xorAa, KoxAa ohh Moryx yKJiaAbmaxbCH Iuh-
pOKOH cxopohoh Ko AHy nasa (cjmr. 3 ,a) . PacnojiomeHHe nposoA-
HHKOB UIHpOKOH CXOpOHOH K CXCHKaM H33a (cJ)Hr. 3,6) HpaKXH-
qeCKH HCKJHOMaiOXCH H3-33 SHaHHXejIbHOrO BbIXeCHeHHH XOK3 B cxo-
pony HeMarHHXHoro sasopa.

PacnojiomeHHe np oboahhkob mo (Jmr. 3 ,a seAex k npHMeHe-
hhk) KaxymeK, saMKHyxbix BOKpyr cepAenHHKa (chhhkh) Maran-
xonpoßOAa. 3xo b cboio onepeAb xpeöyex npHMeneuHH naKAaAHbix
3y6u,08, xaK KaK b npoxHBHOM CAynae cepbeano ocAomHHAHCb 6bi
oÖMOxoHHbie paöoxbi.
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Ohp. 4

Bojiee ÄexajibHoe nsyqeHHe BOSMOHmocxeö HsroxoßJieHHH h
npHMeHeHHH HaKJiaÄHbix 3y6u,08 noKasbisaex, hxo BbisßaHHoe hmh
neKOxopoe ycjiojKHeHHe MarHHxonpoßOAa ne Bjienex sa coooh ks-
khx-jihöo cymecxßeHHbix xexHOjioraqecKHx HeKoxo-
pbie BOSMOJKHbie KOHCxpyKUHH nacxeö
HHKa h sy6n,oß) h KaxymeK njiocKoro HH,n,yKUHOHHoro nacoca no-
Kasanbi Ha (Jmr. 4.

OcHOBHan nacxb MarHHxonpoßOAa —

HMexb KBaApaxHoe (tjmr. 4,a) hjih mecxHrpaHHoe ({Jmr. 4,6) ce-
neHHe. B nocjieÄHeM cjiyqae ;uiHHa «jioöobmx» Hacxeö KaxymeK
HecKOJibKO coKpamaexcH, ho b xo >Ke BpeMH b HeKoxopoö cxeneHH
ycjiOÄHHexcH HsroxoßJieHHe cepAeHHHKa (Hyambi jihcxbi pasHofi
LHHpHHbI).

OopMa h pasMepti jihctob, hs Koxopbix 3 y 6-
p bl, 33BHCHT OT FJiyÖHHbI n333, OT TOJimHHbl syöua H OT HHCTO
TexHOJioraqecKHX cooõpa>KeHHH. OxeßHpHo, qxo äjih äocthä6hhsi
HaHJiyqmero KO3(J)(|)Hii,HeHTa sanojmeHHH HHpyKropa1 cjieAOßajio
6bi mnpHHy syöua 2c Bbiöpaxb paBHOÖ mnpHHe KaTyiiiKH. JXpy-
FHMH CJIOB3MH,

C CL\ —j— h, (/)

1 no Ä KO3(J)(J)HUHeHTOM noApaayMeßaexcH oxHOiuemie hhctofo
oö-beMa Bcex k KOHexpyKXHBHOMy oöteMy HHÄyicropa.



150

c nojioßHHa miipnHbi syöija y neiviarHHXHoro sasopa;
ai nojioßHHa uiHpHHbi cepAennnKa;
h rjiyÖHHa nasa.

C Apyxon cxoponbi, cenenne syöna y HeMarnnxHoro sasopa ne
AOjiJKna naMHoro oxjinnaxbcn ox njioinann conpuKOcnoßennn syö-
na h cepnenHHKa; sxo xpeöoßanne mo>kho npHÖjmsHTejibHo bi,i-

pa>naxb (jDopMyjion
C= (1...1.5) cf, (8)

rne c' AJinna njioinann conphkoohobennh syöna n cepnenHHKa.
Tan KaK npn KBanpaxnoM hjih mecxnrpaHHOM cepnennnKe no koh-

CXpyKXHBHbIM COOÖpaJKeHHHM,

cr
= (2.. .2,5)0,!, (9)

xo, oneBHAHO,
c = (2.. .4)0!. (10)

Hs (J)opMyji (7) n (10) cjienyex, nxo rjiyönna nasa, npn sa-
AannoH Bejinnnne 2c, mojkcx öbixb Bbiöpana b npenejiax

h = (0,25. ..0,4) c. (11)
Ecjih nsßecxHbi xojiiuHHa syöna b 3 h HHnyKHH b syöne y

neMaxHHXHoro sasopa B 3 , xo HHnyKnnH b cepnennHKe
noro nnnyKxopa, npn oahom syöne na oojiioc n 4)asy n npn ox-
cyxcxßHH paccennnn, panna

1 2cb„

, (12)

Snecb npHHHxo, nxo cepnennHK HMeex KBanpaxnoe cenenne,
a MaxHHXHbm noxoK b syöne b ]/3 pas öojibme, neM b cepnennHKe.
yqnxbißaH (JjopMyjiy (10), nojiynaeM

(1,2. . .4,6) . (13)

TaK kaK cooxHOiuenne bjc öynex, Beponxno, naxoAnxbCH
b npenejiax 0,1 —0,3 (y nacocoß 3MH-6 n 3MH-7 sxo cooxno-
meHHe pasno 0,126), xo no cjDopMyjie (13) moäho nojiynnxb, nxo

0,12...1,4; (14)
D 3

cjieAOßaxejibHo, snojine peajibno noönxbCH cooxnomeHHH
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1 ’

aeM ooecnexHßaexcH paßHOMepnoe ncnojibsoßaHHe 3kxhbhoh cxa-
jih. OxMexHM, nxo y nacocoß 3MH-6 h 3MH-7, HB-sa KoncxpyK-
xhbhmx xpeöoßaHHH, cooxHomeHne Bc fB3 paBHo 0,23—0,3 (crmn-
xa b MarHHXHOM oxHomeHHH Hcnojibsoßana Henojmocxbio).

Jlhcxm syõpoß Moryx saKpenjiaxbCH Mexgry coöoh saKJienKOH
hjih npn noMomn apyrnx MexaHHqecKHX Kpene>KHbix aexajieö. He
HCKjnoxaexcH h npHMeHeHHe cooxßexcxßyioiirHx xepMOcxoHKiix
KJ1668. Ho yCJIOBHHM MexaHHHeCKOH yKeCXKOCXH MOJK6X OKasaXbCfl
uejiecooöpasHbiM npHMeneHHe yxojimeHHbix hjih sarnyxbix y ko-
pOHKH syöua jihcxob (cJ)Hr. 4, a). HaojinuHOHHan npocjioÖKa mc>k-
jxy syouoM h cepaenHHKOM (xepMocxoÖKHH jiax, cxeKJioxKaHb, mh-
K3HHX H X. H.) MOJK6X HM6Xb BOCbMa MajiyK) XOJIIH,HHy HOpHÄ'
Ka 0,1 —0,2 mm h cym,ecxßeHHoro bjihhhhh na napaMexpbi nacoca
He HMeex.

KaiyniKH Moryx BbinojmHXbCH c ceneHHeM
BHxxa no Bceö ero ÄJiHHe ((|}Hr. 4, d ) hjih }Ke c yßejiHneHHbiM
cexeHHeM bhc nasa ((fmr. 4,e). B cjiynae yßejmxH-
saexcH KO3(J)(f)HU,HeHx sanojmeHHn mmyKxopa h, BMecxe c sxhm,
\MeHbinaK)xcH ero raöapHXbi.

/uiuna BHXKa paana
lcp = Böi -f Tth. (15)

yanxbißaH c£)opMyjibi (10) h (11), nojiynaeM, nxo

UP = (3,2. ..4,8) c. (16)

TaK KaK y nacocoß 3MH-6 h 3MH-7 cpeAnnn ,n,jmHa nojiyßHxxa

/cp = (6,2. . .6,4) c,

xo mo>kho bmboa, nxo npe/yiaracMbiö xnn oömoxkh h
JiaraeMan KOHcxpyKu,HH mmyKxopa Moryx npHMCHHXbCH h jiaßaxb
npn 3xom BHanHxejibHyio skohomhio aKXHBHbix MaxepnajiOß
npn oõbiKHOBeHHOÖ cmcxcmo xenjioßoö H3OJIHUHH Kanajia h npn
oöbiKHOßeHHbix oÖMOxonHbix Maxepuajiax (c ÄonycitaeMOH xeivme-
paxypoö nopauxa 200°C).

MarH'HTo.npoßOÄ c 'HaKjiaahumh syöuaMH HMeex nepea Mar-

HHTonpoBOÄOM cxapoft KOHCxpyKUHH (c rpeöhecopasHbiMH njiacTH-

HaMH)
a) niHpHHa cep,u,exHHKa MO>Kex öbixb SHanHxejibHO Menbme nm-

puHbi Kanajia, a cenenne cepAeauHKa mojkcx onpeÄejmxbCH xojibKO

AonycKaeMoä MarHHXHOH HFmyKuneH; ecjiH aobccxh HHÄyKumo b
cepÄeMHHKe äo 1 —1,5 ta, xo cexeHne ero b 2,5 —3,5 pasa
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MeHbme, qeM ceneHHe chhhkh b wacocax cxapoö KOHCxpyKUHH
(HHAyKUHH B CnHHKe äo chx nop COCXaBJIJUia B

6) oxcyxcxßyiox cjKHMHbie meKH MarHHXonpoßOÄa (hx xojiiuh-
aa äo chx nop npHHHMajiacb hc mchcc 10 mm), xax KaK hx pojib
BbinojiHHiox caMH syõubi;

b) ÖOKOBbie cxchkh nasos rjia/jKHe;
r) oxcyxcxßyiox nasoßbie KjmubH ajih saKperuiemiH oömoxkh;

nasoßan hsojihuhh moäcx HaKJiaAbißaxbca na KaxyuiKy b npo-
u,ecce ee HsroxoßjieHHH;

ä) npH O/tHOH H XOH Ä6 (|)OpMe 3y6u,OBbIX JIHCXOB MOÄHO

(|)HU,HpOBaXb K3K HO UIHpHHe H3308, X3K H HO XOJIUI,HHe
3VÖUOB;

e) ynpomaexcH xexHOjiorHH HsroxoßjieHHH MarHnxonpoßO/i,a h
iHwyKxopa h yßejiHHHßaexcH cöopnocxb nacoca.

j3,onycKaeM3H xeMnepaxypa MarnHxonpoßo/ia onpejiejiHexcn
xojibKO xohkoh Kiopn h cocxaßjiHex 600—700°C; ÄonycKaeMaH
xeMnepaxypa oömoxkh 33bhchx ox npnMenneMbix npoBOÄHHKOBbix
H HSOJIHUHOHHbIX MaxepH3Jloß H MO>KeX COCXaBJIHXb npH 3JIIOMH-
HH6BOH oÖMOXKe 500—600°C, a npn mcähoh oÖMOXKe 500—800°C.
Ecjih xeMnepaxypa nepeKanHßaeMoro Mexajuia npeßbimaex Bbime-
ynasannme snanenHH, xo meiKjiy KanajiOM h HHAyKxopoM npnxo-
ähxch npeAycMaxpHßaxb cjioh xenjioßon h3ojihu,hh. XpeöyeMbin
nepenaÄ xeMnepaxypbi b sxom cjioe b nacocax c xeMnepaxypoii
Kanajia 800°C (nacocbi ajih 3jik)mhhhh h Marnnn) öväcx, cjie,a;o-
eaxejibno, lO0—200 apad, a xojiun-ma hsojihuhh no-
pnuna I—21 —2 mm. Pojib xenjioßon hsojihuhh mokuy cepuennHKOM h
cömoxkoh MOHiex BbinojiHHXb ajieKxpnnecKaH hsojihuhh KaxymeK.

oÖLneä xenjiOßOH hsojihuhh nacoca Moryx npHMenHXbCH
pasnbie nacbinnbie Maxepnajibi. Xan, nanpHMep, nacoc mo>kcx pas-
Memaxbcn b Koucyxe, sanojinennoM KBapueßbiM bcckom, unaxoMO-
BblM, nepjIHXOBbIM HJIH UpyXHM XenjIOHSOJIHUHOHHbIM nOpOLUKOM H
x. u. Xojiium-iy oömefi xenjioßoö hsojihuhh cjieuyex Bbiöpaxb xan,
nxoöbi öbui oöecnenen oxbou xenjia, sosnuKaioiuero BCJieucxßHe
noxepb b oÖMOxnax h b MarnHxonpOßOue. Xau nan sjieKxpHnecKne
h MariiHXHbie narpysKH b nacoce paccMaxpiißaeMOH KoncxpyKUHH
Moryx OKasaxbcn snaMHxejibiio Bbime, hcm b nacocax cxapofi koh-
cxpynuHH, xo BbimenasßanHbie noxepu, oxnecennbie na cuhhkuv
3KXHBHOH (oÖpaiUeHHOH K KaHSJiy) nOBepXHOCXH MO-
ryx cocxaßjinxb 20—40 kbt/m 2 (b nacocax cxapon KoncxpyKUHH
B—2o8 —20 kbt/m2 [10]).

XeMnepaxypa napynmoö noßepxnocxH KO>Kyxa npn paccMa-
xpußaeMofi KoncxpyKU,HH Mon<ex cocxaßJinxb 250—350°C h
öojibme. Ecjih cnnxaxb xeMnepaxypoft onpy>KaioLuero Bosuyxa
50°C, xo xenjiooxuana ox rjiauKOH MexajumnecKOH noßepxnocxH
KO>Kyxa b cnoKOHHOM Bosuyxe cocxaßJinex 4,9—9,6 kbt/m 2
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Ohf. 5

�
(3,0—6,4 kbt/m2 HSJiyqeHHeM [lo] h 1,9—3,2 kbt/m 2 KOHBeKuneH
[9]). CjieAOßaTejibHO, äjih oxßo.ua HeoöxoAHMoro KOjmnecxßa xen-
jia ÄOCTaxoqHO hmctb napyjKHyio noßepxHocxb KO>Kyxa, b 4—B
pas npeßbimaiomyK) aKXHBHyio noßepxHocxb TaKoe
ycjioßHe npaKXHqecKH BbinojmeHO, BCjie,n;cxßHe nero HCKyc-
cxßenHoe oxjiajKAeHHe ne xpeöyexcn. Oxmcxhm, nxo b Hacocax cxa-
pofi KOHCXpyKUHH yCXpOHCXBa HCKyCCXBeHHOXO OXJiaXKÄeHHH HBJIH-
JTHCb OÖHSaxejIbHbIMH. '

Ha (Jmr. 5 npeAcxaßJieHbi äjih cpaBHeHHH nonepeqnbie paspesbi
MarHHeßoro Hacoca 3MH-7 (5 1,5 clt, 30 tcea, oxjiaxKAe-
HHC (JdHF. 5, ö) H H3COCa HOBOH KOHCXpyKH,HH X3-
KOH >K6 H C X3KHM >K6 HanOpOM 5, 6).
PasMepbi hobofo Hacoca noKasaHbi opHCHXHpoBOHHO. Tan, nanpH-
Mep, CJIOH HaCbIHHOH H3OJIHU.HH B CpCAHCH, C3MOH FOpHHCH 30H6
Hacoca MO>K6X BbIÕHpaXbCH XOJime, a B HH2KHCH H BCpXHCH ponax
Hacoca xoHbme, mcm ynasano na c})Hrype. KpoMe xoro Moryx
npHMCHHXbCH ÄpyFHC XHHbI KaH3JIOB, B HaCXHOCXH pasÖOpHblC
Kanajibi, oKHMaeMbie nojiOBHHaMH Koxxyxa nacoca. Tcm hc Menee

Harjin,n,Ho AeMoncxpHpyex, HacKOJibKo yMeHbinaioxcn ra-
öapHXbi Hacoca npn nepexoAe na HOByio KOHcxpyKii,mo. Cjie,nyex
eme yqecxb, nxo KpoMe pasMepoß, na (J)Hrype, yivienb-
maexcH h .zyiHHa Hacoca. OpneHXHpoBOHHo mojkho cqnxaxb, nxo
oÕTdcm Hacoca yMCHbLUHxcH hc MCHee, qcM b 3,5 pasa, a bcc ne
Menee, mcm b 3 pasa.

Hs bccfo BbmiecKasaHHoro cjieÄyex, nxo nacocbi c nonepeq-
humh KaxyuiKaMH h HaKJiaAHbiMH syöuaMH no cpas-
HeiiHio c nacocaMH xnna 3MH, cjie.nyioiii.HMH npeHMymecxßaMH:
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a) Bec aKTHBHbix MaxepHajiOß, noxepu b mbah, noxpeÖJiHeMafl
peaKXHBHan MOIIIJIOCXb H HeMaXHHXHbIH 3330 P y hhx b 2,5—3,5
pasa MeHbine;

6) KoailDcJjHUHeHx sanojiHeHHH nacoca npiiMepHO b 1,5—2 pasa
õojibuie;

b) KOHCXpyKUHJI OÖMOXKH, 3 X310K6 npOIjeCC CÖOpKH H3COCa
snaqHxejibHO npome;

r) xenjiOßan hsojihuhh nacoca snaqHxejibHO nponje h AemeßJie;
a) H3-sa BbicoKOH xeMnepaxypbi napyjKHOH noßepxHoexH Hex

ny>KAbi b oÖAyfie, npoAyße hjih Apyrnx cnocoöax npHHyAHxejibHoro
oxBOAa xenjia;

e) oÖMQXKa ii MarimxonpoßOA ne conpHKacaioxcH c BHeutneft
cpeAOÖ.

3xn BbiBOÄBi pacnpocxpannioxcH n na Apyrne njiocKne hhavk-
nnonnbie MauiHHbi (pasnoro pojja Marnnxorn,n,po;i,HHaMHqecKHe
Mamnnbi, MarnnxocjiyrajibHbie ABnraxejm n x. n.).

OKonnaxejibHbie bheoabi o npeHMymecxsax npejuiaraeMon koh-
CXpyKIIHH H O BOSMOIKHOCXHX 66 npHM6H6HHH MO>KHO U,6JiaXb nOCJI6

ojieKxpOMarnnTnoro pacqexa (Koxopbin, ncxaxn, ne
xpeöyex pemennn KaKnx-jinöo hobbix xeopexnnecKnx npoöjieivi) n
nocjie nocxpoennn n ncnbixannH cooxsexcxßyiomero onbixnoro
oöpasua.
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X. B. Kdspyc, M. M. Caap,
X. Ä. TuücMyc

OB yCTOHHHBOCTH HEKOTOPbIX MATEPMAJIOB
B >KMAKOM AJIH3MMHMM

1. Bee^eHHe

B sarpaHHMHOÖ npaKXHKe sjieKxpOMarHHXHbie Hacocti Hamjui

npHMeneHHe b xenjiooÖMCHHbix CHCxeMax c >KHHKOMexajiJiHqecKHM
TenjiOHOCHxejieM. Ohh HcnojibsyioxcH hjih HHpKyjiHUHH LHejiOHHbix
MeiajuiOß {Na, K h cnjiaß NaK) no saMKHyxbiM xpyöonpoßonaM.
B jmxepaxype hmcioxch nocxoßepHbie naHHbie 06 ycxoHHHßoexH
pasjmqnbix KOHCxpyKnnoHHbix MaxepnajiOß b oxhx pacnjiaßJienHbix
Mexajuiax.

PaspaöaxbmaeMbie b TajumncKOM nojmxexHHHecKOM nncxHxyxe
ajieKxpOMarnnxHbie nacocbi hmciox necKOJibKO nnoe nasnaneHHe.
Ohh npeAycMoxpenbi jym xpancnopxa ähhkhx Mexajuioß b Mexaji-

JiypXHH H JIHX6HHOM npOHSBOACXBe.
RaHÖojibiiiHH npaKXHnecKHH HHxepec npeAcxaßjmex xpancnopx

xaxoro pacnpocxpaneHHoro Mexajuia, xax 3jik)mhhhh.

Bonpocbi vcxohhhbocxh MaxepnajiOß b ähakom 3jik)mhhhh

npopaöoxaHbi b BHaqnxejibHO MeHbineH cxeneHH, hcm npoöJieMbi
yCXOHHHBOCXH KOHCXpyKHHOHHbIX MaxepnajiOß B meJIOHHHX M-
xajuiax.

FIpaKXHHecKH oxcyxcxßyiox cHcxeMaxHSHpoßaHHbie HaHHbie o
aJIIOMHHHH C HpyXHMH MaxepHaJiaMH H AaHHbie o

CBOHCXBaX KOHCXpyKHHOHHbIX MaxepnajiOß, CHOCOÖHbIX HJIHXCJIbHOe
BpeMH BbinepHCHßaxb BOBAeöcxßHe pacnjiaßJieHHoro ajnoMHHHH.

Hmchho b xaKHx ycjiOBHHX HOJixceH paöoxaxb Kanaji nacoca. Oo-
JiyxeHHe OKcnepHMeHxajibHbix naHHbix npn bbicokhx xeMnepaxypax
(700

.. . 800°C) CBHBaHO CO 3HaHHXejIbHbIMH XpyHHOCXHMH.
FlpoöjieMa ycjiojKHnexcH eine h xcm, hxo Kanajiy Hacoca npeHX>Hß-
jihioxch cneHH(|)HqecKHe xpeöoßaHHH.

TAJIJIHHCKOrO nOJIHTEXHHHECKOrO HHCTHTYTA
CEPHH A No 197 1962
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3IH TpeÖOBaHHH OTHOCHTCH K3K K KOHCXpyKUHH, T3K H K M3Xe-
pnajiy KanaAa Hacoca aah >khakoxo 3aiomhhhh.

Tpeöofiannn, k koih cx p ykh n h Kanajia.

1. ÄKXHBHaH 30H3 KaHajia nJIOCKOXO HHAyKH,HOHHOXO Hacoca
AOJixKHa HMexb mejießHAHoe nonepennoe ceneHHe c BHyxpeHHeö
XOJIIH.HHOH 5 ... 10 MM, BHyxpeHHCH UIHpHHOH 100 . . . 200 MM H
AAHhoh 500 ... 1500 mm ajih Majibix h cpeAHHX Hacocoß.

2. Kanaji Hacoca aojekch õbixb repMexHHHbiM h oöecnenHXb
repMexHHHoe coeAHHenne c BHeuiHHM xpyöonpoßOAOM uhahhaph-
necKoro ceqeHHH. Flpn sxom mo>kho npHMCHHXb cj3jiaHueßbie, CBap-
Hbie hjih Apyrne coeAHHeHHH.

3. IlepexoAbi mejießHAHoro Kanajia k HHJiHHApHnecKHM xpyöo-
npoßOAaM AOJiÄHbi õbixb nJiaBHbiMH h rjiaAKHMH, nxoöbi oöecne-
HHXb MHHHMajIbHOe XHApaBJIHHeCKOe conpoxHßjieHHe.

4. >KejiaxejibHO, nxoöbi nonepennoe ceneHHe xpyöonpoßOAa na
BbixoAe Hacoca ne npeßbimajio nonepennoro ceneHHH 3kxhbhoh
3ohbi Kanajia öojiee Tpex pas (no ooo6pa >kennhm ruApaßjiHKH).

5. CeneHHe h KOHCxpyKUHH nnxaiomero xpyöonpoßOAa aoa>khbi
öbixb xaKHMH, nxoöbi oöecnenHXb npn paöoxe Hacoca na bxoac
icanajia HSÖbixoHHoe AaßJieHHe (aõcojiioTHoe Aaßnennee öojiee
1 ar).

6. TojimHHa cxeHKH Kanajia AOA>KHa BbiÖHpaxbcn MHHHMajib-

HOH no yCJIOBHHM MexaHHHeCKOH npOHHOCXH H HSHOCOyCXOHHH-
bocxh. CjieAyex ynecxb, nxo pacnnpaioiHHe ycnjiHH, cosAaßaeMbie
üaBJieHHeM {xxo 4 clt ) Bnyxpn icanajia, Moryx bocn p hhhm axbc*i
nepes xenjioßyio hsojihhhio HHAyKxopaMH Hacoca. PaccxonHHe

HHjt,yKxopaMH Hacoca Momex cocxaßJinxb 20 ... 40 mm.
7. Kanaji Hacoca aojijkch coxpaHnxb nepßOHanajibHyio sopMy

h pasMepbi b vcjiobhhx SKcnjiyaxauHH.

Tpeöoßannn, k m a x e p haji y Kanajia.

1. Maxepnaji KaHajia aojijkch 6bixb HeMarnHXHbiM npn paöoneH
xeMnepaxype KaHajia (700 ... 800°C).

2. Maxepuaji hjih BHyxpeHHHH noßepxiiocxb KaHajia AOJincHhi
BbiAepÄHßaxb Bo3ÄeöcxßHe pacnjiaßjieiiHoro ajnoMHHHH npn cpeA-
H6H CKOpOCXH XCHeHHH ajIIOMHHHH AO 8 MCXpOB B CCKyHAy.

3. sjieKxpiinecKoe conpoxHßjieHHe Maxepnajia Kana-
jia aojdkho cocxasjiHXb npn paOonefi xeMnepaxype He Menee
10~4 OM CM.

4. Maxepnaji KaHajia aoaxkch BbiAepiKHßaxb uHKJiHHecKoe H3-
MeneHHe xeMnepaxypbi b AHanasone ox 20 ao 800°C h BHesannoe
H3M6HeHHe xeMnepaxypbi ox 660 jxo 800°C.

5. Maxepnaji hjih noßepxnocxH KaHajia hc oKHCjmxbCH

b cpeae OKpyjKaiomero Bosnyxa Bnjioxb ao paOonen xewnepaxy-
pbi Hacoca.
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Ilpe>K,zi,e, neM Bbiöparb tot hjih .apyroH Maxepnaji b Kanecxße
hcxoähoxo äjih Kanajia, neo6xo,n,HMO npoßecxH oömnpHbie SKcne-
pHMenxajibHbie nccjieÄOßaHHH KaK b cxaxnnecKOM, xax h ahh3mh-
qecKOM pe>KHMax (b noKonmeMCH n b ÄBHXKymeMcn ähäkom mc-
xajuie). CxaxnnecKne HcnbrrannH MaxepnajiOß npoßOÄHjincb nyxeM
norpy>KeHHsi HCCjiejxyeMoro oöpasna b neno,n,BH>KHbiH >kh,h,khh
ajiioMHHHH npn onpeÄejieHHOH xeMnepaxype. 3xn ncnbrraHnn no-
-380J15110X npeztßapHxejibHO Bbiöpaxb nanõojiee nepcneKXHßHbie Ma-
xepnajibi, c xcm nxoöbi saxeM Hcnbixaxb hx b ,n,HHaMHnecKHx pe-
XHM3X. 3xH HCnbIXaHHH npOBOÄHJIHCb npH ÄBH>KeHHH MexaJlJia
b nacoce c nocjie,n,yiomHM nsynenneM naMeHennn BHyxpennen no-
BepxHocxH Kanajia.

ycxoflqHßoexb MaxepnajiOß b ycjiOßimx unKjinnecKoro H3Me-
nennn xeMnepaxypbi nyxeM narpeßannn ä o
730 ... 800°C n nocjie,ayiomero oxjia>K,n,eHHsi komh3Xhoh xeM-
nepaxypbi. Bbicxpoe oxjianyaenne Maxepnajia n,aex npnöjmjKen-
Hbie ÄaHHbie o cnocoönocxn BbiÄepjKHßaxb xepMunecKHH y/iap.

HsMeneHnn noßepxnocxn onbixnoro oöpasna onpeAejuumcb
BHSyajIbHO H MHKpOCKOnOM.

B xoä6 paöoxbi Hcnbixbißajincb onbixnbie oöpasnbi ns nyryna,
cxajm, HHKejin, nnxpoMa, xpoMncxon cxajm, BOJibcj}-
paMa h Äp.

OojiyneHHbie peayjibxaxbi snojine coßnajiaiox c jmxepaxypnbiMH
ÄanHbiMH o xom, nxo nncxbie MexajiJibi n nx cnjiaßbi ne oKasbi-
Baiox saMexnoro conpoxnßJiennn KoopÄHnnpyiomeMy BOSAencx-
bhk) pacnjiaßJiennoro ajuoMHimji.

2. IloßeÄeHHe HeMexajuiOß b pacnjiaßJieHHOM ajiioMHHHH

HH>Ke ÄaexcH oöaop cbohcxb HeKoxopbix MaxepHajiOß, koxo-
pbie moxjih 6bi paöoxaxb npn xeMnepaxype nopaÄKa 800°C.

<t>ap(j)op. Hanojinenubin ajnoMHnneM (JiapcJiopoßbm xnrejib na-
rpeßajicn b ajieKxponenn b xenenne 9 nacos npn xeMnepaxype
800°C. Opn MejuiennoM oxjiaxKj3,enHH xhxjih c ajnoMHHneM b cxen-
Kax ero oõpasoßajmcb xpeinnnbi. BnyxpeHHHn nosepxHocxb xhxjih

noxeMnejia. TeMHbie nnxna nponnKJiH MecxaMH na napyjKHyio no-
Bepxnocxb. TaKHM oopasoM ajnoMiinnn, hobihähmomv,
pyex b xojimy (Jiapcfiopa, Bcxynan b peaKnmo c Si02 . Anajiornn-
ho nponcxoÄHx paspymenne oöpaana ns sjieKxpoxexnHnecKon
KepaMHKH.

Kaapi*. OnbixnbiH oöpasen, ns KBapna narpeßajicn b jkhäkom
ajiioMHHHH c xeMnepaxypon 790°C b xenenne 7 nacos. Hocjie
onbixa öbijin oönapyncenbi xpemnHbi n nsMenenne nsexa nosepx-
HOCXH.



158

CHxajui. 3xox mipoKepaMHqecKHH Maxepnaji no nannbiM jih-

xepaxypbi oöjianaex neapoexoHKoexbK), npoqnocxbio h ycxofiqn-
Bocxbio xepMPinecKOMy ynapy. HcnbixbißajicH onbixnbin oöpasen
co cjieÄyiomHMH xapaKxepncxnKaMH:

TeMnepaiypa pasMnrqeHHH 950°C,
npoaHocib aa hsphö 2000 kzc/cm2 ,

paöoqan TeMnepaxypa 800°C.

Oöpasen narpesa/icn b xeqenne 31 qaca b >khäkom ajnoMH-

hhh c xeMnepaxypon 780°C. 3a sxo BpeMn nponsßonnjiocb 5
UHKjiob oxjiancnennn BMecxe c ajnoMHnneM. Oo OKOHqannn onbixa
oöpasen, öbicxpo oxjiancnajiCH.

npn xeMnepaxype sacxbißannn ajnoMnnnH oöpasen paspy-
uihjich. noßepxHocxH ockojikob HMejm qepnocepbin nsex B
Mecxax conpHKoenoßeHHH c ncnnKHM ajnoMnnneM. Cnxajui Beponx-
ho pearnpyex c ajnoMnnneM n ne Bbinepncnßaex ynapnbix narpy-
SOK.

rpatJjHT. Hccjienoßanne npoßonnjiocb na ajieKxponnoM n njiox-

hom rpac|)nxax Mapnn AF n ATM. Oöpasnbi BbinepxKHßajmcb b
pacnjiaßJiennoM ajnoMnnnn npn xeMnepaxype 800°C b xeqenne
25 nacoß c 3... 4 oxjiaxKnennHMH. Oöpasnbi noKasajin xopomyio
ycxonqnßocxb n ne paspyiuajmcb. Ha noßepxnocxn rpaijinxa ne
oönapynceno saMexnbix nsMenennn.

Onnano, rpacJ)HX nonßepJKen ycnjiennoMy OKncnenmo b bos-
nyxe npn xeMnepaxype 400°C n Bbime. HoaxoMy neMbicjiHMO ero
ncnojibsoßanne öes sainnxHoro qexjia hjih noKpbixnn cnapyjKH.
OnnoßpeMeHHo qexon nojnKen necxn MexannqecKne narpysKH
(nanop b Kana.xe n BOSMOJKHbie nsrnöa). Ho sxon
npnqnne nanan ns rpacjDnxa nejibsn nsroxoßHXb c xohkhmh cxen-
K3MH, qxo BJieqex sa coöon yßejiHqenne neMarnnxHoro sasopa na-
coca.

Kopyna,. Kopynn oöjianaex snaqnxejibnon XBepnocxbio, xhmh-
qecKon nnepxHocxbio n Moncex paöoxaxb npn BecbMa bhcokhx
xeMnepaxypax. Ho nannbiM Jinxepaxypbi on ycxonqnß b epene
>khäkofo ajnoMnnnH. Hpn onbixax ncnojibsoßancH Kopynn, conep-
xcamnn Ti02 n nsroxoßJiennbin sjieKxponjiaßKon (sHHxepKopynn).

Onbixbi noKasajin, qxo Kopynn ne pearnpyex c ähäkhm ajno-

MnnneM. Onnano, on qyßCXßnxejien k nsMenennnM xeMnepaxypbi,
ocoöenno ee pesKHM nsMenennnM. Tan, ns 6 onbixnbix oöpasnos
Mennennoe narpeßanne n oxjiajKnenne Bbinepncajm xojibko 2.
OcxajibHbie 4 nänn xpemnnbi npn nepBOM nnn nocjienyioinnx
oxjia^KneHHHx.

MarnesHT. B xone onbixoß BbiHßJiena ynoßjiexßopnxejibnaH
cxoÖKoexb Marnesnxa b jkhäkom ajnoMHnnn. On Menee qyBCXBH-
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xejieH TaKJKe k KOJieöaHHHM TeMnepaxypbi. HsroTOßJieime Kanajia

H3 MarnesHTa CBasano c öojibuihmh tpyähocthmh ns-sa cjiojkhoh

KOHcJmrypauHH Kanajia.

Ho JIHTepaTypHbIM AHHHbIM AOCT3TOHHOH yCTOHHHBOCTbKD B
JKHAKOM 3JIIOMHHHH T3KJKG HHTpHAbI ajIIOMHHHH, OKHCb
ajIIOMHHHH H KapÖHÄbI KpeMHHH, HO OHH HG yAOBJIGTBOpHIOT APY"
niM TpeöoBaHHHM, k MaTepHajiy Kanajia.

3. 3am,HTHbie HOKpbIXHH Mexajijioe

HcnojibSOßaHHe samHTHbix HOKpbIXHH Ha MGxajiAOKOHCxpyK-
UHHX, paÖOTaiOmHX B HCHAKOM ajIIOMHHHH, HO3BOJIHGT
HOJIOHCHTGJIbHbIG CBOHCTB3 M6T3JIJIOB (npOHHOCTb, HJiaCXHHHOCTb,
BOSMOJKHOCXb OÕpaÖOTKH H T. A-) C HOJIOJKHTGJIbHHMH CBOHCTB3MH
HGMGTajuiHqecKHX MaxepHajiOß.

B KanecTße ochobbi BbiÖHpajmcb cxajiH IXI3, IXI7 h
IXIBH9T, cnocoÖHbie paöoxaxb npn noßbimeHHbix xeMnepaxypax.
OnbiTHbie oöpasubi hs sthx cxajiGH noAßeprajmcb okhcjighhio, ug-
MGHTaHHH H XpOMHpOBaHHK) C HOCAGAyiOIHHM HCHbIXaHHGM HX B
>KHÄKOM ajIIOMHHHH.

ynOMHHyXbie HOKpbIXHH HeCKOJIbKO yBGJIHHHBaiOX yCTOHHH-
BOCTb, HO B HBHO HGÄOCXaXOHIIOH CXGHGHH. HeyAOBJICXBOpHXGJIb-
hhh pesyjibxax ahjih xaKHve onbixbi c hokpbixhhmh, npHMGHHGMbi-
mii ajih saiHHibi cxajieö npn BbicoKiix TGMHepaxypax b rasoßOÖ
cpeAe.

B jiHxepaxype hmgioxch cbgaohhh, hto paspaõoxaHbi smhjih

AJIH HOKpbIXHH BHyxpGHHHX HOBGpXHOCTGH COCyAOB AJIH XpaHGHHH
Hvhakofo ajnoMHHHH. HoKpbixHG cocxoHT hs Asyx cjiogb: rpynxo-
BOH 3M3JIH H 33IHHTH0H 3M3JIH, COHpHKacaiOIHGHCH C SKHÄKHM
ajHOMHHHGM.

Ha oöpaöoxaHHbiH cojihhoh khcjioxoh cxajibiioö oöpaseu na-
HocHJiHCb cjioh 3M3JIH npn TeMnepaTypax 800... 1200°C. Hojiy-

Abtopbi cjie.nyioiii.HH coctsb sthx SMajieii:

PpyHTOBasi 3Maat SaiuHTnaa SMajih

Si0 2 — 46,96% Si02 — 69,32%
Nn20 — 18,07% Al 203 — 2,81%
k 2o - 3,24% CaO — 4,75%
b2o3 — 19,86%. Na2 0 — 16,11%
Äl 203 — 5,93% B2 Oz — 1,70%
CaF2 — 4,20% Ti02 - 4,27%.
CaO — 0,16% k2o - 4,19%
CoO — 0,68% CaF2 — 2,00%
NiO — 0,68% Cr2 02 — 0,42%
Fe2Oz — 0,22% CoO 0,32%

NiÖ — 0,11%
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hghhhg onuTHbie oöpasubi ncnbixbißajiHCb b >khäkom ajiiOMHHim.

9M3JIb 3aiU,HLLI,aeT OCHOBy OT BOSJIGHCTBHH 3JIIOMHHHH. OÄH3KO,
H3M HG yAajIOCb ÄOÖHTbCH HaÄGXKHOTO COGÄHHCHHH MGJKJiy OCHO-
BOH H SMaJIbK). OpH HGpBOM OXJI3>K,n,GHHH 3M3JIb OTCKaKHB3Jia OT
OCHOBbI.

OKHCb ajIIOMHHHJI B KaHCCTBC saiUHTHOFO nOKpbITHH

PacnjiaßjiGHHbiö b rasoßoft hjih njiasMGHHOÖ ropejiKe iiopom-
KooöpasHbiö Al203 H3hochtch na ropnqyK) OCHOBy nyxeM nanbi-
JIGHHH. nOKpbITHG H3 Al2 03 H3 MGTajIJIHHGCKOH OCHOBG MOJKGT
ÖblTb HOJiyHGHO T310K6 MGTOÄOM ajIHTHpOB3HHH. 3XOX MGTOÄ
OÖbIHHO npHMGHHGTCH JIJIH HOBbIUIGHHH JKapOCTOHKOCTH MGTajIJIOB.

MeTaJIJIHHGCKHH CJIOH 3JIIOMHHHH H3 HOBGpXHOCTH OCHOBHOTO MG-
xajuia GJKHraGTCH npn TGMHGpaxypG 950°C. B pGsyjibxaxG nojiy-
H3GTCH TOHKHH CJIOH (0,1 ... 0,3 MM.) OKHCH 3JIIOMHHHH H3 HOBGpX-
HOCTH OCHOBHOTO MGTaJIJia.

4. KoHcxpyKu,HH h xexHOJiorHfl HsroxoßjieHHH Kanajia nacoca

üpHHmm paöoxbi njiocKoro HH,nyKii,HOHHoro nacoca npe/i,onpe-
.nejinex b ochobhom (|)opMy KaHajia. B nonepennoM ceneHHH oh
HM66X BHÄ HJHpOKOH H ySKOH LUCJIH, K3K HOKaSaHO H3 cJjHX, 1.
Tanan (J)opMa Kanada ÄHKxyexcn mhoxhmh (j3aKxopaMH. Ox innpH-
Hbi ero sasHCHx aKXHBHan /yinna nyxH xoKa, Henocpe,ncxßeHHO
ynacxßyiomero b cosxcaHHH 3JieKxpoMarHHXHoro nanopa b xkhäkom
Mexajuie. C Äpyrož cxoponbi, Bbicoxa Kanajia b HanpaßJieHHH oc-
hobhoxo MarHHXHoro noxoKa BMecxe c xenjiOßOÖ Msojinunen onpe-
Ä6JIH6X BejIHHHHy HeMaXHHXHOXO 3330pa MCJKÄy ÄByMH HHAyKXO-
paMH nacoca. Hcm MCHbme sxox sasop, xcm jiynme SHeprexHne-
ckhc noKasaxejiH nacoca. KpoMe xoro, Bbicoxa cjioh jkhakoxo
Mexajuia ne mojkcx 6bixb öojibinon ns-sa saxyxaHnn ajieKxpoMar-
hhxhoh BOJiHbi npn npoxonyaeHHH nepea Mexajui. FjiyÖHHa npo-
HHKHOBCHHH OHpeAeJIHeXCH H3CXOXOH H CBOHCXB3MH MCXaJIJia.

Oht. 1

TaKan tjjopMa Kanajia hpgäohpgjigjihgt öojibmoc rn/ipaBjiH-
HGCKOG COnpOTHBJIGHHG. OÕbIHHO BblCOTa H LUHpiiHa K3Hajia OHpG-
JIGJIHGTCH COOTHOLUGHHGM 1 1 10 . .

. 1:30.
JXjimia Kanada hcckojibko npeßbimaeT äjihhy HHAyKxopoß: ona

onpeÄejiHex pasßHßaeMbm nacocoM Hanop.
HcXOÄfl H3 HeOÖXOÄHMOCTH HaHCCeHHH SamHXHOXO nOKpbITHH

na BHyxpeHHHe noBepXHOCTH, Kanaji nacoca nsroxoßJiHexcn ns
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AByx hojiobhhok. B KaMecxße Maxepnajia ochobbi h3mh npHHHxa
cxajib MapKH IXIBH9T xojilhhhoh 0,8 mm.

TojiiuHHa cxeHKH KaHajia hs npoßOÄHmero MaxepHajia hc
ÄOJiJKna õbixb MpesMepno öojibihoh, xaK KaK b cxchkc naBOÄHXCH
xokh, He yqacxßyiomHe b co3ä3hhh hojicshofo Hanopa.

Hojiobhhkh Kanajia cooxßexcxsyiomeH (JiopMbi oöpaöaxbi-
b3K)xch necKocxpyÖHbiM annapaxoM. Mcjikhh necoK HanpaßJinex-
ch Mepes conjio AiiaMcxpoM 3 mm na oöpaöaxbißacMyio noßepx-
Hocxb npn AaBJieHHH BOSÄyxa 0,5 axMOCcjiepbi. HenocpCÄCXBCHHo
nepea, MexajijmsauHCH noßepxnocxH oMiimaioxcH pacxßopHxejieM
40% axaHOjia m 60%. auexoHa). Hocjic sxono na noßepxHocxH
MexajumsaxopOM h3hochxch xohkhh cjioh ajuoMHHHH. B Mexaji-

jiHsaxope 3M-3A Hcnojibsoßajicn ajuoMHHHCBbm npoßoxi, ju-iaMei-
poM 1,4 mm npn xokc okojio 80 a h ÄaßJiCHiie cosÄyxa 6 ara.

Xljih nojiyMCHHH paBHOMepHOH xojimHHbi npoHSBOÄHJiocb xpex-
KpaxHoe noKpbixne noßepxHocxH. PaccxoHHHe MOKÄy oöpaöaxbi-
BaeMofi noßepxHocxbK) h McxajumsaxopoM paßHHjiocb 7 ... 10 cm.
OpH X3KOH XeXHOJIOXHH HOJiyMaCXCH CJIOH 3JIIOMHHHH okojio

0,3 MM.
MexajuiHSHpoßaHHbie hojiobhhkh Kanajia noMemaioxcH b

ajicKxponcMb c xeMnepaxypoö 350...400°C. CKopocxb hobki-
ihchhh xeMnepaxypbi cocxaßJinex 100°C b Mac. SaxeM Kanaji bbi-

npn xewnepaxype 950°C b xcmchhc 1,5 ... 2 Macoß.
OxjiajKACHHC jjo 300°C npoH3Bo,n,Hjiocb b hcmh b xcmchhc 20 Ma-
COB.

XIjIH yHJIOXHCHHH HOJiyMCHHOrO HOKpbIXHH HCHOJIbSOBajiaCb

nacxa hs okhch 6opa, okhch hhkcjih h okhch xpoMa. HaneccHHaH
na noßepxHocxb ÄexajiH nacxa cymHJiacb npn 20°C b xcmchhc
24 Macoß h npn 50°C cxojibko >kc.

SaxeM HOJIOBHHKH KaH3Jia HOÄBCprjIHCb BXOpHMHOH XCpMHMC-
ckoh oöpaöoxKc no BbimeonHcaHHOH nporpaMMC npn xeMnepaxype
950°C.

Flojiobhhkh Kanajia csapHßajiHCb no KpaHM xomcmhoh sjieKxpo-
CBapKofi. Flojioca ji,jih cBapKH OMHmajiacb MexaHHMecKH ox no-
KpbIXHH. CjICÄyCX OXMCXHXb, MXO CJiaÖblM MCCXOM H OM3XOM HO.-
BpeJKACHHH Kanajia HBJIHCXCH HOJIOC3, OMHIH,CHHaH OX HOKpbIXHH
HOÄ CBapKy. XKhäKHH aJIIOMHHHH HpOHHKaCX B 3Xy OÖJiaCXb H
pa3x>e,n,aex HenoKpbixbiii Mexajui.

BecbMa saMaHqHßa h nepcneKXHßHa KOHcxpyKUHH Kanajia 6es
CBapKH. npH najiHHHH ycTofiqHßoro noxpbixHH xaKOH Kanaji ne
HMeex cjiaöbix Mecx. Tanoö KaHaji mojkho HsroxoßHXb pasjmn-
HbIMH CnOCOÖaMH. OäHOH BOSMOJKHOCXbK) HBJIH6XCH HCnOJIb3OB3-
HHe saMopaxcHßaiomHxcH ynjioxneHHH, Koxopbie npHMeHHioxcH b
MexaHHqecKHx nacocax äjih ynjioxneHHH meeK Bajios.

4 ceapHbix Kanajia 6bUiH ncnbiTaHbi npn paöoxe hhäykuhoh-
noro nacoca c jkhäkhm ajiioMHHHeM. 06napy>KeHbi b
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HenOKpbITOH OÖJiaCTH CBapKH. riOKpblThie OÖ.iaCTH BHyipeHHHX
noßepxHocTefi Kanaaoß He hmcjih aa HCKaionenHeM
oanoro caynaa, xoraa noKpbixne öbiao Hapyineno noßnanMOMv
npH BbieMKe peõpa äbctkocth.

Caeayex oxMexnxb, nxo ncnbixaHHbix Kanaaos öbijia

neaocxaxoniioH, x. k. aaaop Bcacbißaiomero Konna VMenbuiaaca
b xoae onbixoß.

Ha ae(J)eKXHbix n neabix oöaacxen cxenKn Kanaaa öbian cae
nänni paapeabi, Koxopbie HccaeaosaaHCb noa MHKpocKonoM.

Onr. 2

Ha 2 npiißeaena paapeaa nenoKpbixon cxen-
kh Kanaaa. Jleßan 6ea aa oöaacxb asaaexca MaxepuaaoM ochobu.
Gpeanaa nepnaa oõaacxb naoöpaacaex xpemnny Meacay Maxepna-
aoM Ka naa a (IXIBH9T) n aacxbißiUHM aaioMunneM (npasaa 06-
aacxb). TeMHbie naxna b xoame aaKDMnnna noßnanMOMy npea-
cxasaaiox coöofi cnaaßbi nnneaah aceaeaa c aaioMnnneM.

TaKHM oöpaaoM, Koppoana Mexaaaa ocnoßbi nponcxoanx aa
cxex nnneaa, aceaeaa n xpoMa b aaioMHHHH. Oöpaxnaa

aaioMHHHn eana aaMexna.
Ooxorpa(j)HH paapeaoß noKpbitbix cxenoK aanm na (Jjnrypax

3, 4 h 5.
SamnxHbiö caon na okhch aaioMHnna na noßepxnocxn Kanaaa

onenb xohok (0,02 . .. 0,05 mm) h nepaßHOMepen, nxo oöycaosae-
ho HecoßepmencxßOM xexHoaornn c HcnoabaoßanneM Mexaaanaa-

xopa.'



&nr. 3

Onr. 4

Ha c|mr. 4 h 5
nOKpHTHfI-

Cbhsb noKpbiTHH c MeiaJuiOM ocHOßbi HepaßHOMepHa. Ona
saBHCHT ot Kaqecxsa npeaßapiixejibHOH h xepMHqecKoö oöpaöox-
kh. cbjxbb noKpbixHß c MexajUiOM HaöJiionaexcH na
cf)Hr. 5.
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<E>nr. 5

flOKa He BbIHCH6HO BJIHHHHe ynjIOTHHKDmeH nacibl. OäH3KO,
cxaxnnecKHe HcnbixaHHH onbiTHbix oöpasuos noKasajm, nxo nacxa
HM66T nOJIOJKHTejIbHOe BJIHHHH6 H3 CXOHKOCXb OCHOBbI. Oh 3 ROJI7K-
na sanojiHHXb. xohkh6 xpemHHbi b xojnne noKpbixHH, hs Koxopbix
Moryx paaßHßaxbCH OMara paspymeHHH. OoaxoMy, Ha,n,e>KHocxb
nOKpbIXHH 33BHCHX OX X6XHOJIOXHH HaHeCCHHH H CBOHCXB yHJIOX-
HHiomeö nacxbi.

B saKjnoneHHe cjieÄyex oxMexnxb, nxo pesyjibxaxbi Bbinoji-

HOHHOH paÖOXfal He SJBJIHKDXCH pemeHHCM lipOÖJieMbl paspaÖOXKH
BnojiHe Kanajia äjih ajnoMHHHH.

Oäh3ko, ohh nosBOjiHKDX yxßepJKÄaxb, qxo ÄaJitHefimee nccjie-

ÄOBaHHe noKpbixHH Mexajuioß Moncex a,axb nojioncHxejibHbie pe-
ayjibxaxbi h pemeHHe npoöjieMbi.

noKpbiXHHMH HeoöxoAHMO npoÄOJiHcaxb paõoxbi no
CO3A3HHK) KepaMnnecKoro hjih rpac|)Hxoßoro Kanajia /uih ajiio-

mhhhh, yAOßJiexßopmomero nocxaßJienHbiM xpeöoBaHHHM.
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X. M. flnec, X. A. TaMMeMmu, A. B. Koht

OOPMyjlflP KOHTPOJIbHOFO PACHETA nJIOCKOFO
HHAVKUHOHHOFO HACOCA

B Ä3HHOM pacnexnoM cf)opMyjinpe conexaioxcH pesyjibxaxbi
onyÖJiHKOBaHHbix paöox npocjjeccopa A. Pi. Bojib/jeKa b oöjiacxn
ajieKxpoMaxHHXHbix Hacocos [l, 2,3, 4, 51 h pesyjibxaxbi Haymibix
oxnexos KOJiJieKXHBa ajieKxpHKOß TOH [6, 7] c oöluhmh npHHuri-
naMH npoeKXHpOBaHHH ajieKxpHnecKHX MauiHH [B], B (jDopMyjinpe
ynxenbi xatoxe see pesyjibxaxbi cxaxefi Äannoro cöopHHKa [9, 10,
11].

Flpn onpea,ejieHHH rviaßHbix HHÄyKXHBHoexeö h cpe/i,HHx Mar-
hhxhux b KaHajie ynHXbißaexcn BbinyMHßaHHe Marnnx-
Hbix jihhhh H3 sasopa b nonepennoM HanpaßJieHHii
no MexoÄy KOH(j)opMHbix npeoöpasoßanHH.

OoxepH b cxajin paccnmxbißaioxcH corjiacno [B] c ynexoM yB6:
.xnneHHH noxepb sa cnex KopoxKosaMKHyxbix Konxypoß, oõpasyio-
ihhxch Ha MarHHxonpoßOAe npH (JjpesHpoßKe syöuoß b naxexax
MaXHHXOnpOBOÄa. CoOXBeXCXByiOmHH KOSCfjCjDHHHeHX Krex onpe-

SKcnepHMeHxajibHo.
B jxaHHOM {jjopMyjinpe He ynHXbmaexcH npoÄOjibHbiä KpaesOH

3cj)(|}eKX bo BxopnnHOH uenn. OapaMexpbi oömoxkh onpe,n,ejisHoxcfl
KaK cpeÄHHe no bcom xpeM (|)a3aM.

npeAJiaraeMbiH tfmpMyjiflp npe/maaHaMen jym KonxpojibHoro
pacnexa n.nocKoro hhAyku.höhhoro nacoca c ÄByxcxopOHhhm iih-
AyKxopoM, xpexc|)a3HaH ÄByxcjioHHan ÄHaMexpajibHan oÖMOxxa
Koxoporo pasMemena b oxKpbixux nasax. Oo KonuaM MarHHxo-
npoßOÄa npeÄBHÄCHbi KoppHrnpyiomHe KaxymKH äjih KOMnenca-
UHH ny.nbCHpyiom.eH cocxaßJiniomeH nepßHMHoro üojih, Koxopan
pacnpen,e.nena no aaKony ranepöojinnecKoro KOCHHyca [3].

OopMyjibi onpeaejieHHH cpeÄHHx rjiaßHbix HH,n,yKXHBHocxeH
np-HHUHUHajibeo tombu Rjin oömoxkh, b KOTOpoft HMeexcn nan-
öojibmee mhc.uo nopMa.nbHbix ÄByxcjioÖHbix KaxyuieK h KOppHXH-

TPy/lbl TAJIJIHHCKOrO nOJIHTEXHHMECKOrO HHCIHTVTA
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pyiomHe KaryuiKH KoxopoH KOHueHxpHqecKHe, KaK noKasano na
(|)Hr. 5 [ll]. Jj.XH ApyrHX ÄByXCJIOHHbIX KoppHXHpoßaHHbix o6mo-
tok norpemHocTb npH pacqexe
KaK inoKasbißaeT ihocjtgäoba!Hhe sxoro Bonpoca, hg AOCTHraoi
öojiee 0,5%.

Pgähmbl co BTopHqHoö chcxgmoh paccMaxpHßaioxcH b xpex
BapHaHTax: a) cxghkh Kanajia hghpoboählhhg, 6)
juipHo k HanpaßjieHHKD MarHHTHoro hojlh cxghkh Kanajia npoßo-
ähluhg yqHTbmaiOTCH noxepH b sxhx cxcHKax, b) KaHaji HMeex
ÖOKOBbie npOBOÄHUI,He IIIHHbI BHe HHÄyKXOpOB, HO CXGHKH K3Hajia

HenpoßOÄHiHHe yqHXbmaexcH yBGJLHqGHHG nanopa ox sxhx uihh
h noxepH B HHX.

Hs npHJiaraeMbix 6 uncjspoßbix npHMepOB 1, 2 h 3 oxhochxch
k jiaöopaxopHOMy nacocy 3MH-5 c luhphhoh HHAyKxopa 143 mm
h npn BejiHHHHe HeMarHHXHoro sasopa 35 mm. Bxophhhoh ch-
cxeMoö cjiyncHx jiaxyHHan njiacxHHa c luhphhoh: npHMep
l 120 mm, npHMep 2 140 mm h npHMep 3 200 mm. Pac-
uex npHMepa 3 upoße/Len /uih nacoca c öokobbimh npOBOÄHiuHMH
UIHHaMH npH yCJIOBHH, HXO yU,eJIbH3H npOBOÄHMOCXb LUHHbI pasna
VÄejibHOH npoBOÄHMoexH nepeKauHßaeMOH jkhäkocxh.

OpHMepbi 4, 5 h 6 oxhochxch k Hacocy 3MH-6 c luhphhoh
HHAyKTopa 119 mm. FlpHMepbi 4 h 5 paccqHTaHbi c npoHSBOÄH-
TejibH'o'CTbK) 2,28 m 3 a.niOMHHHH b nac np'H nemarnhthom sasope
35 mm. PasHHua MejKny sxhmh BapnaHxaMH saKjuouaexcH b tom,
HXO K3H3JI B 5-OM BapH3HXe HM66T npOBOÄHLU;He CX6HKH, 3 B
4-m Kanaji Bbiöpan H3 HenpoßOÄHiuero MaTepHajia. B npHMepe
6 tot *e nacoc paccHHxan c npOßouuiUHM KanajioM /uih pxyxn
npH TOJIBUHHe HGMarHHTHOrO 3330pa 15 MM. Bo BC6X 3THX npHMe-
pax uiHpHHa c/ioh jkh/lkocxh 120 mm, t. e. 6/iH3Ka k umpHHe
HHÄyKTopa.

B (j3opMyjLHpe npHMGHHLOXCH OÖLUGnpHHHXbIG B HpaKXHKG pac-
qexa sjiGKxpnqGCKHx MaiuHH guhhkhm.
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Ohp. 9
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Ohf. 10
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Ohf. 13
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<&Hr. 14
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X. M. Hee, X. A. TuacMyc, T. A. Becue,
X. A. JIüÜH, X. A. TCLMMeMRZU

3KCF!EPMMEHTAJIbHOE ÜJIOCKMX
HHAyKUMOHHbIX HACOCOB

B HacTOflmefi cxaxbe onHCbißaexcn HcnbixaHHe ÄByx hjiockhx

HHÄyKUHOHHbIX H3COCOB C AByXCXOpOHHHMH HHÄyKTOpaMH: 3MH-
-5 jiaöopaxopHbiH nacoc h 3MH-6 nacoc ajih nepeKanKii
ajIIOMHHHH. 3xH Hacocbl HMCHDX ÄByXCJIOHHyK) AHa-
MexpajibHyio oÕMOXKy b oxKpbixux nasax. CxeMa pacnojiojKeHHH
OXACJIbHbIX 4)33 H OÖOSHaqeHHH 33>KHMOB OÖMOXKH OäHOH cxo-
poHbi HHÄyKTopa Hacoca 3MH-5 npeAcxaßjiena na cjDHF. 6 [2],
a nacoca 3MH-6 na cjDHr. 1. JX&HHbie MarHHXHOH uchh h 06-
moxok, a xaiOKe pacnexHbie napaMexpbi h ajieKXpoMarHHXHbie
xapaKxepncxHKH Hacoca 3MH-5 npHßeAeHbi b npHMepax 1, 2 h
3 h nacoca 3MH-6 b npHMepax 4, 5 h 6 pacnexHoro cjjopMV-
napa [3].

I. MccjieAOßaHHe napawexpOß oömotok

1-a. OÄHOcjjaaHwe napaMexpu

ripu HeMarHHTHOM sasope õ = 35 mm h b nocjieAOßaxejibnoM

COeAHHeHHH (|)a3HbIX OÖMOTOK HHJKHeft H BepXHCH CTOpOH HHAyK-
xopa onpeAe.nH.ancb conpoxHßjienHH hoctohkhomv xoxy rO, aK-
XHBHbie, peaKXHßHbie h Ka>Kym,HecH conpoxHßJieHHH, a xaK*e co-
npOXHßJieiiHH B33HMHOH HHAyKXHBHOCXH üpH nepeMCHHOM XOK6
50 ZH AJIH Bcex 4)33. B33HMHOH HHAyKXHBHOCXH
onpeAejienbi no xoxy b oähoh n HHAyKXHpOBaHHbiM nanpn-
/köhuhm b ÄByx Apyrnx cj)a3ax.

B xaÕAHue 1 npeAcxaßjieHbi peayjibxaxbi SKcnepHMeHxajibHoro
n aHajiHXHnecKoro onpe,n,ejieHHH HHAyKXHBHocxeö h
B33HMHbIX HHAyKXHBHOCXGH AJIH H3COC3 3MH-6. ÄnajIHXHHeCKHe

TPWRU TAJUIHHCKOrO FIOJIHTEXHHHECKOrO HHCTHTYTA
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Onr. 1

pesyjibxaxbi onpeAejieHbi corjiacno [2] h [3]. 3Kcnep‘HMeHTajibHo
no.nyqeHHbie hhaykxhbhocxh (|)a3 yMeHbineHbi na 0,02 en sa cqex
UHAVKTHBHOCTH paCC6HHHH. B OAHO(J)a3HyK) HHAyKXHBHOCXb p3C-
CeHHHH BXOAHT HHAyKXHBHOCXb H3308 H KOpOHOK 3y61J,08 H HO-
jiOBHHa hhavkxhbhocxh jioöoßbix qacxefi, KOTopwe see onpeAe-
JieHbi corjiacHo [3], npHMep 1. PaccqnxaHHbie hhaykxhbhocxh ox-
jmqaioxcu He öojiee 2,5% h BsaHMHbie He öojiee 12% ot 3Kcne-
puMeHiajibHbix.

CpeAHHH fyasa I—4 Hacoca 3MH-6 HMeex na 12% öoAbiuyio
iiHAyKXHBHOcxb, h (|)a3a 3—6 Hacoca 3MH-5 Ha 9% MeHbmyK)
HHAyKXHBHOCXb, HCM KpaHHHC 4)33b1. B33HMH3H HHAyKXHBHOCXb
MeJKAy AByMH KpaHHHMH 4>33aMH OKOJIO 34% MeHbUie B33HMHOH

HHAyKXHBHOCXH MCSKÄY CpCAHCH H JHOÖOH H3 KpaHHHX 4)33
cöohx nacocoß. Corjiacno pacqexy ssauMHaa HHAyKXHBHOCXb
MBACAy KpaHHHMH 4)a3aMH MeHbUie B33HMHOH HHAyKXHBHOCXH
Aeyx coccahhx 4)33 y 3MH-5 na 33% h 3MH-6 —na 32%.
npH HeBKJHOqeHHbIX KOppHXHpyiOUXHX KaxyUlKaX HHAyKXHBHOCXH
4)33 Hacoca 3MH-5 paßHbl, HO B33HMHaH HHAyKXHBHOCXb MCÄÄV
KpaHHHMH 4)333MH Ha 60% MCHbme B33HMHOH HHAyKXHBHOCXH
MCJKAy CpeAHCH H KpaÖHCH 4)333MH.

HsMepeiiHH H HaÖjnOÄCHHH 3a KpHBbIMH XOKOB H HaripHACCHHU
Ha ocHHJiJiorpa4)e noKasajiH, qxo uenb jiHHCHHa, ho 4>33bi hcchm-
MexpnqHbi.

1-6. Ipex(J)a3Hbie napaMerpw

Tpex4>a3Hbie HCnbIXaHHU npOBOAHJIHCb HHXaHHCM HHAyKXOpOB
H3 ccxh 220 e qepes HHAyKUHOHHbiH peryjiHxop. .flym onpeACJie-
hhh xeMnepaxypbi oömoxok HenocpeACXßeHHo nocue KaucAoro
onuxa oAHa H3 oömoxok HHAVKxopa nepeKjnoqajiacb na HSMepH-
xejibnyio uenb nocxoHHHoro xoKa h onpeAejiujiocb ee conpoxHß-
ueuue nocTOHHHOMy TOKy. OnpeACJieHHe yrjiOßbix cabhfob mc>k-
Ay Hanpa>KeHHHMH npoBOAHJiHCb y 3MH-6 npu homolhh sjumnca

Jlnccaucy. JXjih axoro õbLxn BKjuoqeHbi b uenb H3MepHxejibHbiü
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HHAyKUHOHHbiH peryjinxop (HP) h ocuHjuiorpatJ) 30-7. Oaaa
TOKa nonanen na Bexßb HanpqjKeHHH BaxxMexpa
cooxsexcxßyiomeH cjiasbi BXOpnqHoro Hanpn>KeHHH hs HP. On-
peAejiHjiocb nojio>KeHHe HP, b KoxopoM saxxMexp noKasaHHH
He A3B3A.

HaMepeHHH xpexcjDasHbix napaMexpos hpoboahjihcb b pasjmq-
HblX CX6M3X COeAHHeHHH OÖMOXOK npH H3JIHHHH H OXCyXCXBHH
BXOpHBHOH CHCXeMbI.

B xaöjiHue 2 conocxaßjienbi sKcnepHMeHxajibHbie h pacqex-
Hbie napaMexpbi oömoxok HHAyKxopa 3MH-5 upu HeMarHHXHOM
sasope 35 MM B XOJIOCXOM XOAy H npH paSAHAHOH UIHpHHe Jiaxyn-
HOH HJiaCXHHbI BO BXOpHHHOH cxopone. HHAyKXHBHbie COnpOXHB-
jieHHH, nojiyqeHHbie pacqexoM, MeHbine SKcnepHMeHxajibHbix, ho
He öojiee 2,5%. PacqexHbie h SKcnepHMeHxajibHbie aKXHBHbie co-
npoxHßJieHHH oxjiHqaroxcH He öojiee 5%.

2. CüMMexpHpOßaHHe CHCxeMbi xokob

OpH CHMMexpHHHOH CHCX6Me JIHH6HHbIX HanpSDKCHHH cJ)a3Hbie
xokh na xojiocxom xo/iy pasjiHqaioxcH cymecxßeHHo. TaK KaK
HHAyKXOp CHMMeXpHqeH OXHOCHXejIbHO CpeAHCH (J)a3bl, XO MOXHO,
KaK BbiHCHHexcH hs xeopexHqecKoro anajiHsa, nojiyqHXb cHcxewy
CHMMeXpHHHbIX XOKOB HSMCHeHHeM OAHOXO JIHHeHHOFO HanpH-
-SK6HHH HO CpaBHCHHK) C ApyrHMH. Ha (J)Hr. 2 H 3 ÄSHbI CXCMbI
HHxaHHH Hacoca 3MH-6 ajih oõecneqeHHH CHMMexpHH xokob npH
COeAHHCHHH OÖMOXOK HHAyKXOpa 3863A0H H XpeyXOJIbHHKOM. B
komhjickx pery.xHpOßaiiHH (oÖßeneHo npepbißHCxoft jihhhch) bxo-

Onr. 2



Oht. 3

äht peryjmpyeMbiH 3BTOTpaHcc|)opMaTop h Tpanc(|)OpMaTop c
HByMH paBHHMH BTOpHKHbIMH OÕMOTK3MH.

3(|)(J)eKTHBHOCTb npHMeHHeMOFO MBTOÄa CHMMeTpHpOBaHHH
TOKOB BbIHCHHeTCH H3 aH3JIH3a CHMM6TpHMHbIX COCTaBJIBIOmHX
4)asHbix tokob h (J)a3Hbix HanpjDKeHHH. B TaõjiHue 3 npe,n,CTaB-
JIÖHbI C'HM M6Tp HMHbI6 CO'CTaßJiaK)lli,He H3MepOHH bl X peJKHMOB H3-

coca 3MH-6 npH coeÄHHeHHH (J)a3Hbix oõmotok b asesfly h b

ipeyrojibHHK ões npHMeHeHHH h c npHMeneHHeM peryjmpoßoq-
hoto KOMnjieKTa.

B cjiyqae npHMeneHHH peryjmpoßOMHoro KOMiureKTa BejiHKH-

na cocTaßJiHK)in,eH oõpaTHoft nocjieAOßaTejibHOCTii TOKa yMenb-
maeTCH 6o,nee 10 pas.
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Ta6jiHiia
(

3

CxeMa nHTaHHH
cocTaB.iajomne, b %

/. h lo U\ u2 U0

(})iir. 2

6ea
pery;i.

100 9,29 — 100 0,78 0,78

c pe-
ry.n. 100 0,15 — 100 8,9 0,51

4>hf. 3

6es
peryji.

100 9,4 1,17 100 1,02 1,2

c pe-
ry;i. 100 0,87 1,36 100 8,92 0,44



3. OnpeACJieHHe MexaHHnecKHx chji, pasßHeaeMbix
HHÄyKTOpOM

Onpe/tejieHHe chjih, pasßHßaeMoft HacocoM
3MH-5, npn XBepaoö btophmhoh cHcxeMe, t. e.
npH CKOJIBJK6HHH S = 1. B BOSAyiUHOM 3330pe M6>KAy BepXHK3J]b-
ho ctohiuhmh HHiiyKxopaMH öbijia pacnojiojKeHa ynapaioman na
Beebi jiaxyHHaH miacxHHa tojiiuhhoh 5 mm h ä-hhkoh 800 mm.
ÜHTaHHe OÖMOTOK ÖbUIO BblÖpaHO C X3KOH OqepeÄHOCTbK) (J)a3.
HToöbi sjieKipoMarHHTHaH CHJia npnõaßJiHJiacb k Becy njiacTHHbi.

BepxHHH KOHeu, imacxHHbi 6bui 3a4)HKCiipoßaH b mejni reiHHaK-
coboh njiacTHHbi 6ea cymecißeHHoro xpeHHH. lU,ejib oÖMasbisa-
jiacb rpa4)HTOM äjih VMenbuienHa xpenHH. HcnbixaHHH npoBOÄH-
jiHCb npn pasjmqHbix mixaiomHx HanpjDKeHHsix. Bo BpeMH Hcnbi-

<t>nr. 4
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TaHHH HSMepHJiacb xeivinepaxypa njiaciHHbi npn homolhh xepwo-
nap. Ha tjmr. 4 npe,n,cxaßJieHbi rpacjDHKH MexaHHnecKHX chji b
(byHKUHH KBaztpaxa (|)a3Horo xona HHÄyKxopa npn xpex mnpHHax
njiacxHHbi: 120, 140 h 200 mm. Ha xoh xe cjmrype npHßeAena sa-
BHCHMOCXb CHJIbI OX XOKa npH OXCyXCXBHH KOppHXHpyiO-
lhhx KaxymeK npH umpHne njiacxHHbi 140 mm.

MexaHHqecKaa cnjia npn oxcyxcxßim KoppHrnpyiomHX Kaxy-
meK cocxaßJinex npiiMepHo jmmb 65% ox MexaHHxecKoii chjibi

npH xom >Ke xoKe, ho c KoppHrnpyiomHMH KaxymKaMM.
HcKpHßJieHne npHßeAeHHbix xapaKxepHcxHK CBHsano c hsmc-

HeHHeM xeMnepaxypu njiacxHHbi h Henn b nejioivi b xoa,e hchh-
X3HHH.

XUh conocxaßJieHHH SKcnepHMenxajibHbix pesyjibxaxos c pac-
qexHbiMH na cjDHr. 4 KpecxHKaMH noKasaHbi xaK>Ke nojiyqeHHbie
b pacnexHbix npHMepax 1, 2 h 3 [3] CHJibi. TaK KaK npn onbixe
nojioßHHbi oömoxok HH,ayKxopa öbiJiH BKjnoqeHbi napajuiejibHo, a
b pacqexe HMejiocb b nocjieÄOßaxejibHoe coeAHHeHHe, xo
pacqexHbie KBa,n,paxbi (JiasHbix xokob yivmonteHM Ha 4 äjih Hane-
ceHHH na 3KcnepHMeHxajibHbie KpHßbie.

PacqexHan BejiHHHHa MexaHimecKoö chjih npn mnpHHe njia-

cxHHbi 120 mm öojibme SKcnepHMeHxajibHOH na 12%, a npH inn-
pune njiacxHHbi 140 mm na 6%. Hpn mnpHHe njiacxHHbi 200
mm sKcnepHMeHxajibHan BejmqHHa MexaHHnecKOH chjibi öojibme
pacqexHoro snaqeHHH Ha 11%. VMenbuieHHe ajieKxpoMarHHXHoft
CHJIbI B OHblXe HO CpaBHCHHK) C paCHeXHOH BejIHHHHOH CBH33HO C
HeyqxeHHbiM npoÄOJibHbm KpaeßbiM yßejmneHHe
SJieKXpOMarHHXHOH CHJIbI HpH UiHpHHe HJiaCXHHbI 200 MM MOJK6X
6blXb OÖTbHCHeHO BbinyHHßaHHeM MaXHHXHbIX JIHHHH H3 BOSAyiH-
HOXO 3330pa MeHCÄy HHÄyKXOpaMH.

4. MccjieAOßaHHe MarHHTHoro nojisi HH#,yKxopoß

Hccjie,n,OßaHHe pacnpe,a,ejieHHH MarnHXHOH hhäykuhh b bos-
HyillHOM 3330pe npOHSBOÄHJIOCb 3OHÄHpOBaHHOM npH
noMomn uHjiHHÄpHqecKoö KaxymKH c 7,5/3,5 mm h bbi-
COTOH 3 MM [!]• MarHHTHan 1,32 zc Äeöcxßyiomero sna-
h6hhh b KaxyuiKe npn 50 zt{ 9. d. c. 1 mb. Hpu HSMepeuHHx
HcnojibsoßajicH jiaMnoßbiö BOJibxMexp MBJI-2M. OnpeAejieuHe
BpeMeHHOH c|)a3bl MaXHHXHOH HHÄyKU,HH HJIH MaXHHXHOrO BOXOKa
npoHSBOAHJiocb no onpeÄejiennio cjDasbi HHÄyKXHpoBaHHOH 9. d. c.
b H3MepHxejibHoö KaxyuiKe. Oasa 9. d. c. onpe,aejiHJiacb npn no-
Momn ocu,HJiJiorpa(|)a. Ha bxoa
jihcb oähoßpeM'eHho ÄBa eanpH2KeHHH: HanpsDKeuue HSMepuxejib-
hoh KaxymKH h Bxopnqnoe nanpHJKeHne ox xpexcJiasHoro HHÄyK-
uhohhoxo peryjiHxopa.
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Oht. 5

Peryjmpyn ajumnc na SKpane ocij,Hjijiorpa(J)a b npa-
Myio jihhhk), nojiojKeHneM poTopa HHÄyKUHOHHoro peryjinxopa
onpeaejinexcH cjDasa 9. d. c. HSMepnxejibHOH KaxymKH.

4-a. MarHHTHasi HH,n,yKijmi aacoca 3MH-5

PacnpeAejieHae nojiesHofi cocxaßJiaiomeH MarHHXHofi HHayx-
u,hh npH xojioctom xoae no a-nnne nnayKxopa Hacoca 3MH-5
npeacxaßaeno na (Jmr. 5. HaMepennn npoßoaHJincb Ha och chm-
MexpHH nnayKxopa npH sasope 35 mm na Bbicoxe 5 mm ot noßepx-
hocth syöuoß. CxeMa pacnojiomeHHH cxopoH Kaxymex oxaejib-
Hbix c[}a3 b nasax HHayKxopa npeacxaßJiena noa, ocbk) x. Kpnßbie
HHayKii,HH npHßeaenbi k xoxy b oÕMOxxe, paBHOMy la. Kpasan
BAx (x) CHHxa npn nnnannn xokom KpanneH ({pasbi, Kpnßan B Cz
(x) npn nnxaHHH cpeaHen cfpasbi. KpHßan (x) oxhochxch k
nnxaHHio oömoxkh xpexcjDasnbiM xokom npn BKjnoneiiHbix Koppnrn-
pytomnx KaxyniKax. Ecjih 6bi b nnayKxope cymecxßOßajio xojibxo

HopMaabHoe öerymee nojie, xo KpHßan B 0 (x) ne HMejia 6bi cna-
aoß b cepeanne HnayKxopa n y kohuob. Ona coaep>Kajia 6bi xojib-

ko syöposyio bojihhcxocxb. Böjihsh noßepxnocxn syönoß bjihh-

une syöuoßbix rapMOHHK Bbipa>KeHO chjibho.

Ha Kpnßbix (|3Hr. 6 npnßeaenbi BejmnnHbi nonepennofi cocxaß-
jmiomeH MarnHXHOH HHayKunn b cepeanne BosayuiHoro sasopa,
npnneM Kpusan B 0 (x) cooxßexcxßyex BOsöyxcaenHio
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Ohf, 6

OÖMOXOK C KOppHXHpyiOmHMH KaxyiuKaMH, a B ?k {x) BOSÖyJK-
uennio öes KoppnrnpyiomHX KaxymeK. Hs axnx Kpußbix ÜBCXByex
BJiHHHne KOppeKunn. Cpeunnn MarnnxHan HHuyKunu b cjiynae
BKjiionennn KoppnrHpyKDLUux KaxymeK cocxaßJiuex b aKXHBHOu
soue okojio 45 zc/a. 3xa Bejinnnna coßnauaex c pacnexnon Bejm-

S AmiHofi pacnexnoro npmviepa 1 [2], xaK KaK ——
= 1114/ 2 ■ 17,5=

[/2 /0
= 45 zc/a.

BjIHHHHe BXOpHKHbIX TOKOB H3 pesyjlbXHpyiOlUee MarHHTHOe
nojie bhaho na (Jmr. 7. 06e xpHßbie npeucxaßjisnox pacnpeuejieHue
nonepeßHOH cocxaßJunoiueH m3fhhthoh HuuyKUHH na Bbicoxe
5 mm ot noBepxHOCTH syöuos npH BOsöy>KueHHn.
KpHßaa B0 {x) xapaKxepusyex xojioctoh xou. Kpusan B{x ) cnnxa
npn najiHBHH b cepeunne sasopa nnuyKxopa Jiaxynnon njiacxnnb!

XOJILUHHOH 5 MM, UIHpHHa H ZipmHa KOXOpOH paBHHK)XCH paSMepaM

xce xoKe b cpeuneM snaunxejibHo Menbine. OunaKO b bbixouhom
KOHue nnuyKxopa nojie Bxopmmbix xokob ycHJiHßaex nepßnnnoe
nojie. Pesyjibxaxbi nsMepennn nojiesnon cocxaßjimoiuen Marnnx-
HOH HHÄVKUHH B HOnepemiOM HanpaBJI6HHH OX nOBepXHOCXH HHÄVK-
xopa npeucxaßjienbi na (Jmr. 8. KpHßbie B{y) cnnxbi no ocn syöua
na Bbicoxe 9 mm ox noßepxnocxn syöua. Bepxnnn Kpnßan cooxßex-
cxßyex xojiocxoMy xouy. Tpu hhjkhhx Kpnßbix chhxbi npn Hajimmn



b sasopa jiaxyHHofi njiacTHHbi tojilu,hhoh 5 mm h mnpn-
HOH COOTBGTCTBeHHO 120, 140 H 200 MM.

HsMeneHHe nojiesnon cocxaßJifliomeft MarHHTHoft hhaykuhh
no BbicoTe sasopa /FJin pe>KHMa xojiocToro b

rpa(J)HKa B0 {z) na jibeoh nacxn {Jjhb. 8.
MsMenenne (J)asbi nonepennon cocTaßJimomeö MarHHxnoft hh-

üvkphh no ÄJinne b oxpesxe ajihhoh b HecKOjibKO syö-
uobbix maroß xojiocxoxo na (Jjhx. 6 h 7.
yrjibi ueTKjiy BeKxopaMH cooxßexcxßyiox (f)asoßbiM CÄBnraM. B ce-

sasopa ((J) nr. 6) nsMenHexcn njiaßno. Ha noßepxno-
cxh (tjmr. 7) 4>asa nsMeHnexcn CKanKOOöpasno b na-
sax h HMeex nocxonnnyio BejmnHny b oahoxo syöpa.

4-6. MarHHTHas hhäykuhh nacoca 3MH-6

B HHÄyKn,noHHOM Hacoce 3MH-6 HCCJieÄOßajiocb pacnpe£ejie-
nne nonepennofi cocxaßjiniomeH MarnnxHoro nojin no A-nnne
HHAyKxopa c onpeÄejienneM (|)a3bi bäojib Bceö äjihhbi nnayKxopa.
Pesyjibxaxbi nsMepennn (}3a3bi noKasanbi na (Jjihx. 9 äjih ÄByx

Jincb na och HHÄyKxopa npn HeMarnnxHOM sasope 35 mm b cepe-
jume sasopa.
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Ohp. 8

HccjieÄOßajiocb pacnpeAejienne MarnnTnoro noAH no AJmne
HHAyKTOpa n BeAnnnne h (Jiase h npn uajmmm BTopnnnon cn-
CT6MbI.

Ha (jDnr. 10 noKasano nsMenenne (J)a3bi MarnnTHOH hhaykuhh
BAOJib MarnHTonpoßOAa npn xojioctom xojxe (BeKxopbi 3) n npn
narpysKe (seKTopbi 7). B aKTHBHon sõne HHAyKxopa cjiasbi Mar-
HHTHbix HHAyKUHH sanasAbmaiox npn narpysKe no epasneHHK) c
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<snr. 9

Oht. 10



Oht. 1 1

xojjocxbiM xoäom. B pacc m arphbae mom cjiyaae cäbhx 25. . .30°.
Ha HHAyKUHOHHOM nacoce 3MH-6 HccjieÄOßajiocb xaK>i<e

bjihhhhg cnocoöa nnxaHHH na MarHHxnoro nojifi.

Ha (Jjhx. 11 noKasano HSMeHeHHe Moa,yjia aMnjiHxy,a.Horo sna-
HCHHH MarHHTHOH HHÄyKUHH lla C/I,HHHUy XOK3 MariiHXOIIpO-
BOÄa na xojioctom npH coe/uiHeHHH oömoxok xpeyrojibHH-
kom: tokh cHMMeTpHBHbie Kpiißan 5, h nanpSDKeHHH chmmc-
ipHßHbie KPHB3H 6. FIpH CHMMCXpUBHbIX XOK3X HH,HyKU,HH pac-
npeAejiena öojiee paßHOMepuo.

5. FlyjibCHpyiomHe cociaejunoinHe MarHHTHoro noroKa

BbIHBJTCHHH liyjlbCHpyiOlH,HX COCXaBJIHKDIUHX B M3THHXHOM
nojie HH,n.yKxopa H3MepHJiHCb no bgjihhhhg h (})a3e hoxokh bcgx

MGXbipGX nOJIIOCOB H 3,ByX KOHUOB BHG 3KXHBHOH 30HbI.
YqacxKH oxhx noxoKOB noKasanbi cxeiviaxHHGCKH na bgpxhgh na-
cxh (|)Hr. 6. HsMcpeHHH nacoca 3MH-5 6butH npoBGÄGHbi npn hh-
X3HHH OX CHMMGXpHHHOH CHCXGMbI H3HpH>KGHHH HJIH OÕMOXKH C
Koppnriipyiom.HMH KaxyuiKaMH h 6es hhx.

Ha (J)Hr. 12 npeÄCxaßJieHbi pcayjibxaxbi hsmgpghhh ajih 3MH-5
npn xpex(j)a3HOM rmxaHHH b bgkxophoh ÄHarpaMMbi hoxokob
ÜJIB OÕMOXKH C KOppHrupyiOmHMH KaxyiHKaMH, a Ha 4)HX. 13
ões KoppHXHpyiom,Hx KaxymeK. HpcÄCxaßjiGHbi xai«Ke hsmgpgh-
Hbie peayjibXHpyiouxHe hoxokh bcgh aKXHBHOH sohbi (D4- h pesyjib-
XHpyiOIHHG HOXOKH ÄByX HOJIOBHH aKXHBHOH 30HBI (D 12 H <D 34 . 3xH
pesyjibXHpyiomHe hoxokh xapaKxepnsyiox nyjibCHpyiomHe cocxaB-
JIHIOmHe B MaXHHXHOM HOJIG.
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HsMepeHHH Hacoca
3MH-6 npoBOAHJiHCb mi-
TaHHeM CHMMGXpHXHOH CH-
cxeMoft HanpHJKeHHH h
CHMMexpHqHOH CHCX6MOÜ
xokob. Hs pesyjibxaxoß
MO>KHO 3aKJIK)KHXb, MXO
CHMMeXpHpOBaHHe XOKOB
cymecxßeHHO ne bjihhox na
nyjibCHpyiomHe oocxaßjiii-

lomne MarHHXHbix itoxokob.

6. McnbixaHHH
HHAyKUHOHHoro Hacoca

3MH-6 aa pxyxH

ÜJIH H3MepOHHH pa3BH-
BaeMoro HacocoM nanopa h
npOH3BOÄ'HXeJI bH OCXH ÕblJia
co3Äa«a onbixnaH ycxaHOß-
Ka, npHHUHnHajibHan cxe-
Ma Koxopoft npHßeÄena na
(Jihx. 14. B ycxaHOßKy bxo-
ÄHJIH: HHÄyKUHOHHbIH H3-
coc 3MH-6, 6aKH juin pxy-
xh (2h3), komnpcccophah
ycxanoßKa h HHÄyKunoH-
Hbifi peryjiHxop äjih hsms-
HCHHH HanpHÄeHHH nnxa-
HHH. B KaBeCXBe ÄHÄKOrO
Mexajuia HcnojibsoHajiacb

pxyxb. Kanaj! Hacoca 6hji
H3FOXOBJICH H3 HCMarHHX-
hoh cxajiH h HMOji paöoaee
ceqeHHe 5X420 mm. He-
in arHHXHbIH sasop MCJKHy
HHÄyKxopaMH Hacoca co-
cxaßJiHji 15 mm. JXnn co-
extHHOHHH -BHemHero xpyöo-
npoßOÄa c KanajiOM Haco-
ca cjiy>KHJiH (})JiaHu©Bbie
coeÄHHeHHH. Hxoöbi oöe-
cnexHXb HOJiHoe nanojine-

hhc Kanajia

Onr. 12
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cDhp. 13
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Onr. 14

15

pxyxbio Ö63 «BOSÄyniHbix noziyiiieK», Hacoc 6biji ycxaHOßJieH boa
yrjiOM okojio 13 rpa,n;ycoß, B coeÄHHHxejibHbie Bepx-
nero h HHJKHero 6axa 6bijm BMOHXHpoBaHbi. Kpanbi {4 h 5) h xh6-
KH6 peSHHOBbie COeÄHH6HHH ( 6 H 7). H3Mep6HHH XBMnepa-
xypbi pxyxn b nacoce öbijih ycxanoßJieHbi xepMonapbi xpoMejib-
ajiiOMejib. Popime cnan xepMonap pacnojiarajmcb na BHeumeö
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noßepxHocTH xanajia

nero 6aKa. Bo c})jiaHu,ax h b cxenKax öaKOB niviejincb oxßepcxnn
/uih nsMepennn Hanopa, k KoxopbiM npncoe,n;HHHjiHCb oxxpbixbie
cxeKJiHHHbie nanopHbie xpyõnn, Kak noKasano na cfinr. 15 (060-
ananenbi noMepaMH 1

...
4). TaM-n<:e noKasanbi Bbicoxbi neKOxo-

pbix xapaKxepHbix xoneK ycxanoßKH, oxcnnxaHHbix no oxMexKaM
o6u;en Mnjuiniviexpoßon uiKajibi, no Koxopon sacj/HKcnpOßajmcb
ypoBHH pxyxn b nanopnbix cxeKjumnbix xpyönax. Cxajibnan xpyöa
( 9), eoe,a,nn hiüui, ah 6aKH, c/iy>Knx /uih oöpaxnoro xenennH pxyxn.
Õna MOJKex saKpbmaxbCH KpanoM nacxnnno hjih nojinocxbK).

bosmojkhocxb coe/umennn peannoßbiM
nuianroM nanopnoro öaxa KOMnpeccopa c oöenivm öanaMH pxyxn
nepes nx sepxnne oxßepcxnn. nojibsyncb KxmnpeccopoM onasa-
jioeb Bo3Mon<HbiM ocymecxßjiHXb nepeKanKy pxyxn b nanpaßjiennn

Oht. 16
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MarHHTHoro nojiH, jihöo npOTHB HanpaßjieHHH ero abh-
Htennn. 3xo nosBOJiHJio Hccjie/i,OBaTb paöoxy nacoca öojiee hoa-
pOÖHO B paSJIHBHHX peJKHMBX.

B cxaxHuecKHX pe>KHMax paöoqHH Kanaji nacoca 6ha sanoji-

hch pxyxbK). Hacoc cnocoöen pasßHßaxb 3AeKxpoMarnHxnbiH na-
nop b 33BHCHMOCXH ox ouepeAnocxH cjDas b xy hjih Apyryio cxo-
pony. Bhxoaom Hacoca cuHxaexcn nanopnbiH Koneu, Kanajia h bxo-

AOM BCaCbIBaK)IU,HH KOHCU, CXO.
Hpn noMoiUH KOMnpeccopa OKasajiocb bosmojkhhm peryjiupo-

Baxb ua bxoac nacoca n xcm caMbiM HCCAeAOBaxb cxa-
xnqecKHH pe>KHM npn pasjinqnbix bxoahhx AaßAennnx.

Ha cjmr. 16 npcACxaßjien sjieKxpoMarnnxHbiH nanop nacoca
b saBHCHMOCxn ox Bbicoxbi ypoßnn na bxoac nacoca. SACKxpoMar-
nnxHbin nanop npcAcxaßJien na pncynKe nan pasnocxb ypoßnen
na BbixoAe n bxoao. Hexupe Kpnßbix (hs) xapaKxepnsyiox
nsMenenne nanopa npn pasAHunbix npnjioxKenHbix nanpn>KeHHHX
b saBHCHMOCxn ox Bbicoxbi ypOBHH na hhjkhcm kohuc nacoca /i 3 .
B 3xom cjiynae sjieKxpoMarnHxnbiH nanop Aeöcxßyex b nanpaB-
JICHHH K BepXHCMy KOHU,y HaCOCa. Hs 3XHX KpHBblX BHAHO, HXO
sjieKxpoMaxHHxnbiH nanop, pasßHßaeMbiH nacocoM, saMexno na-
Aaex, ccjih ABBJienHe na bxoac cxanoßHxcn Mcnbme onpeAejiennoH
KpHxnnecKOH BCjiHHHHbi. B nauicM CAyuae ona panna h2 = 30 cm.
3xa Bbicoxa, corjiacno c|)Hr. 15, paßna Bbicoxe Konna 3kxhbhoh
nacxH Kanajia na BbixoAe. Hoica cymnocxb sxoro hbjichhh okoh-
naxcjibno ne Bbincnena. Hpn CBepxKpHXHuecKHX bxoahbix abbjic-
hhhx npaKXHnecKH coÖAiOAaexcH nponopuHonajibnocxb MOKAy na-
nopoM h KBaApaxoM nanpn>KeHHH. HeKOxopbie
pacxoxcAenHH o6x.hchshoxch narpcßanHCM pxyxn b Kanajie.

Kpnßan (h2 ) na (j)Hr. 16 cnnxa npn oöpaxnoM nanpaßJie-
HHH SACKXpOMarnHXHOH CHJIbI, X. C. BXOAOM HBJIHCXCH BCpXHHH KO-
nen Kanajia. B stom cjiyqae nanop naAaex, KorAa h2 <C.37 cm.

Ha KpHßbix Ucp = 138,1 e h Ucp = 138,9 b c|)Hr. 16 noKasanbi
KpecxHKaMH abc pacnexHbie xohkh. Pacnexnan xouKa kphboh
138,1 e nojiynena nocjie npußCAennn pacuexnoro abbjichhh npn-
Mepa 6 [3] k snaneHHK) xona, Hcnojibsoßannoro na onwxe (7,78 a).
TeMnepaxypa pxyxn paßHHJiacb npn onbixe 24°C. Touna kphboh
138,9 e pacuHxana na xeMnepaxypy pxyxn 37°C, cooxßexcxßyio-
myio 3KcnepnMenxajibHOMy snauenHio. Thkhm oõpasoM mo>kho
yxßepncAaxb, nxo pacuexnbie nanopni hbjihioxch cpcahhmh snaue-
hhhmh SKcnepHMcnxaAbHbix nanopoß oöohx nanpaßjiennH.

Hs-sa HCAOcxaxoHHoro KOAHuecxßa pxyxn nepcKauKa ee hccjic-

AOBajiacb b neycxanoßHßLUHxcH pencnMax. Pxyxb nepeKauHßajiacb
hs OAHoro 6ana b Apyron npn sanpbixoM Kpane oöpaxnoro xeue-
hhh. /Xjih co3A3hhh AonojiHHxejibHoro AasjieHHH npn 3xnx onbixax
Hcnojibsoßajicn xaKJKe KOMnpeccop.
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Our. 17

Hepes onpeÄejieHHbie npoivioKyTKH speMCHH obijih oj,HOßpe-
M6HHO 33(})HKCHpOBaHbI ypOBHH CTOJIÕHKOB pTyTH. FlO CKOpOCTI!
H3M6H6HHH ypOBH6H H ÜO HX aÖCOJIIOTHbIM 3H3MeHHHM
jiacb npoHSBOÄHTejibHOCTb nacoca.



234

Pesyjibxaxbi ncnbixannn nacoca b pe>KHMax nepeKannn pxyxn
npußeAeHbi na (janr. 17 b BHjxe paöonnx xapaKxepncxnK nacoca.
Ha pHcyHKe KpecxHKaMH noKaaanu HCKoropbie xonKH ncnbixannn
nacoca b cxaunonapnoM pe>KHMe. B 3tom cjiynae Kpan oöpaxnoro
renennn 6biji nojinocrbio hjih nacxnnno oxnpbix n nponsßOÄHxejib-
nocxb no nanopa na coe,n,nHHxejibHon
xpyöe Me>Ka,y KanajioM nacoca n öaxoM pxyxn.

JIHTEPATY PA
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A. M. BoAbdeK, XA. TuücMyc, X. M. flnec, T. A. Bec/te,
X. Ä. Jluüh, X. A. TaMMeMRZu

HCHbITAHMfI MHAVKUMOHHOrO HACOCA 3MH-6
HA >KMäKOM AJIH9MHHMH

1. KpaxKoe onncaHHe KoHcxpyKu,HH Hacoca 3MH-6

SjieKTpOMaFHHTHbIH H3COC A.HH XpaHCHOpXHpOBKH 3AIOMHHHH
BbinojiHeH b bhac kohcxpyKUHH c ropH3onxa.ribHt.iM KanajioAi

(4)iir. 1). MarHHXHaa uenb Hacoca coctoht hs AByx uiHxxoßaH-
Hbix 4)eppoMarHHXHbix naKexos, Me>KAy KoxopbiMH hmccxch ne-
MaFHHXHbIH 3330 p /UIH paSMCLUeHHH K3HaJia C TeHJIOHSOJIHUHeH H
ajieMeHiamh noAorpesa. HeMarHHTHbifi saaop h BsaHMHoe pac-
nojio>KeHHe naKeios MarHHxonpoßOAa cjAHKCHpyexcH qexbipbMH
onopHbiMH öojixaMH h rawKaMH. OpH 'homoihh 3thx raeK npeAy-
c.MOxpena Bo3Mo>KHocxb hsmchghhh BejiHHHHbi neMarHHXHoro
sasopa b npeAejiax ox 15 ao 45 mm. Tcm caMbiM AOCXHraexcn
HeKoxopan yHHßepcajibHOcxb Hacoca b oxHomeHHH paöoneH xcm-
nepaxypbi, nepeKaMHßaeMoro Mexajura h Hanpn>KeHHH hhx3hhh.

EcxecxßeHHO, hxo npH nepeKaqKe sxhm tiacocoM Mexajuia c
xeMnepaxypoft 150. . .200°C oxnaAaex Heo6xoAH.MOCXb b xchjio-

BOH H3OJIHUHH H B6JIHHHHa HCMarHHXHOrO 3330pa OHpeÄCJIHCXCH
XOJIbKO XOJILUJHHOH KBHajia C HarpeßaXCJlbHblMH SJieMCHXaMH.
yCXanaBJIHBaH HpOAHKXOBaHHbIH 3XHMH COOÖpajKCHHHMH MHHH-
MajibHbift HeMarHHXHbift sasop, BOSHHKaex HeoöxoAHMoexb b
H3MQH6HHH HanpHJKCHHH H3 (ftaSOßblX OÕMOXK3X HHAyKXOpOB, HXO
AOCXHraexcn nepeKjHOHeHHCM cxcmbi coeAHHCHHH oÖMOxoK.npH
HensMCHHOM HHxaiomeM HanpH>KeHHH. 06a naxexa hmcjox xpex-
4)33HyiO OÖMOXKy, KQXOpyK) MO>KHO BKJHOHHXb B 3BC3Ay HAH B
xpeyroJibHHK. KpoMe xoro, oõmoxkh HHAyKxopos mojkho nocjDasHo
coe/i,HHHXb nocjiCÄOßaxejibHO hah napajuiejibHO. TaKHM oöpaaoM,
nocpeACXBOM nepeKJUoqeHHH oömoxok mohcho nojiyqHXb onpeAe-
jieHHbifl AHanason peryAHposaHHH ajieKxpoMarHHXHoro Hanopa
nacoca.

TAJIJIHHCKOrO nOJIHTEXHHqECKOrO HHCTHiyiA

CEPHH A No 197 1962
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Onr. 1

Ha 2 noKasaHbi qexbipe cxeMbi BKJiioqeHHH oömotok
ruiocKoro jihhchhoxo HHAyKUHOHHoro nacoca. Hacoc hmccx
ocHOßHyio cxeMy bkjhohchhh 1, Koiopan oöecneqHßaex homh-
najibHbiö Hanop. HepexoÄH xenepb nocjieÄOßaxejibHo k cxeMaM
BKJHOHCHHH 2, 3 H 4 MO>KHO HSMCHHXb HanpH>K6HHe H3 (J)33080H
oömoxkc Hacoca b 3,46 :1, lito Bjreqex sa coöofi hsmc-
hchhc nanopa npHMepuo b ÄPianasone 12: 1. Cjie,n,yex
Hyrb, qxo 3xox xojibko nepcKjiioqeHHCM
CXCMbI COeü,HHOHHH OÖMOXOK HpH HOCXOHHHOM HanpHJKCHHH HHXa-
HHJL

B nasax BepxHero h hhähcfo naxexoß yjiojKCna
ÄByxcjiOHHan oÕMOxxa äjih öerymero Kanajia

MarHHXHoro hojih. Oömoxk3 oxjiaHcxaexcH BOSÄyxoivr,
MbiM BenxHjiHxopaMH qepes BenxHjiHUHOHHbie KaHajibi.

Bo3Äyx nocxynaex ko BxoÄHOMy KOHuy nacoca, x. k. 3a,ecb 06-
MOXKa paöoxaex b öojicc xhjkcjimx ycjiOBHHX. BeHXHjmxopbi xpe-
hhxch na BepxHCM naKexe MarHiixonpoßOAa.
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Ohp. 2

Hacoc KpennTCH na (JjyHAaMeHxe nexbipbMH aHKepHbiMH 6oji-

xaMH, KOTopbie npoxoAflx nepes OTBepcxHH b jianax nacoca. Ha
BepxneH nacxn Kapxaca hmcioxch rpysoßbie öojitbi, npe,nyciviox-
peHHbie nozix.eMa Hacoca.

Ha npaBOH cxopone Bepxnero h hhjkhcfo hhAyxxopoß hmcioxch
KJieMHHKH, c 6 Ha xa>KÄOM. C JI6BOH cTOpoHbi Hacoca
npeAycMOTpeH kjicmhhk ajth xepMonap, npw homoui,h Koxopbix
KOHxpojiHpyexcH xeMnepaxypa oömoxok, Kanajia h MarHHXonpo-
80/i,a b npouecce paõoxu Hacoca.

MarHHXHan uenb Hacoca Haõpana hb jihcxoboh ojieKxpoxex-
HHHOCKOH CX3JIH 311 XOJIIH.HHOH 0,5 MM. Ka>KAbIH HaKCX COACp-
/KHX 196 JIHCXOB,
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Ho ÖOK3M naKCTOB yCTaHOBJieHbI meKH >KeCXKOCXH, KOTOpbie
cxnnyxbi nnxbK) öojixaMH. TojimHHa m,eK b 10 mm oöecnenHßaex
ÄoexaxonnyK) >KecxKocxb naxexa, neoöxoÄHMyK) npn cjjpesnpoßKe
nasoß. Cjiextyex oxMexnxb, nxo Ebinojinenne nasoß c|)pe3HpoßKOH
npH6MJieMO XOJIbKO npH H3XOXOBJI6HHH OAHHOHHbIX H3COCOB. BoJiee
uejiecooöpasHbiM HBjmexcn mxaMnoßKa oxAeJibHbix jihcxob na-
Kexa, K3K 3XO npHHHXO B SJieKXpOMaiUHHOCXpOeHHH. CxH>KHbie
öojixbi HSOJiHpyioxcH ox naxexa bo H3Öe>KanHe oöpasoßanHH ko-
poxKoaaMKHyxbix Konxypoß b chkhkg naxexa.

naxex pasMepaMH 750X120X123 mm HMeex 30 na-
-308 cenenneM 16,6X58,5 mm ajih pa3Mem.enHH ochobhhx h Kop-
pHXHpyiomHX oömoxok, KpaH nasoß saKpyrjinioxcH pa,a,HycoM 3 mm
bo H3Öe>KaHHe noßpencnenHH nposoAa npn pasMemenHH KaxymeK
b nasax. OcxaßnmecH nocjie MexannqecKOH oöpaöoxKH nasoß sa-
ycenubi hcoöxoähmo yAajinxb ox,a,ejibHO na Jincxe naxexa,
neM Äocxnraexcn paspbiß noßepxnocxn b nasax h Ha
3yön,ax*.

K cnHHKaM Bepxnero h HHJKnero naKexoß npußapHßaexcH no
2 nonepennbix nißejuiepa äjih KpenjienHH nx npn noMomn onop-
HblX ÖOJIXOB.

KoHcxpyKUHH nacoca BbieMKy Kanajia c
npaBOH cxopoHbi (ecjm CMOxpexb npoxnß nanpaßJiennH äbhächhh
>khakoxo Mexajuia). ,B,jih axoro c npason cxoponbi onopnbie öojixh

b npopesbi b Konuax nonepennbix uißejuiepoß b oxjihhhc

ox jieBOH cxoponbi, Tj\e öojixbi npoxo,a,Hx nepes oxßepcxne na koh-
uax uißejuiepoß. JXjih BbieMKH Kanajia npaßbie öojixw BbixacKH-
BaioxcH b öokobom nanpaßjienHH h b HeMamHXHOM sasope nacoca
ycxanaßjiHßaexcH ÄHCxanuHOHnan njiaHKa. FloaxoMy npn BbieMKe
Kanajia neoöxoÄHMoexb Bepxnero nanexa, nxo
3axpyn,HHxejibHO npn öojibinnx raöapnxax nacoca.

llaKexbi BMecxe c oömoxk3mh oöpaayiox nn-
Äynxop nacoca. Oömoxkh Bbinojinenbi ns Me/inoro OCTIK
AnaMexpoM 1,62 mm h nponnxanbi KpeMnunoprannnecKHM jiaKOM

K-44.
TaKHM oöpasoM, oömoxkh nacoca Moryx juiHxejibHO paöoxaxb

npn xeMnepaxype 180°C, nxo oöycjiOßJieno öjihsocxbk) Kanajia

nacoca c paöoneö xeMnepaxypon 750°C.
B HH>Kec.nenyioLn,eH xaöjinue 1 oÖMOxonnbie jian-

nbie nacoca 3MH-6.
npOBOAHHKH OÖMOXKH yaepJKHBaiOXCH B H33y n33OBbIM KJIH-

HOM H3 CXeKJIOXCKCXOJIHXa XOJIIU,HHOH 3,5 MM. CpeAHHH JIJIHHa
BHXK3 KaxyUJKH OCHOBHOH OÖMOXKH COGXaBJIHeX 0,73 M, aiKOppH-
rnpyiomeH 0,48 m.

Tohkh cöeÄHnenHH (JiasoßOH ochobhoh h KoppnrHpyiomeft oö-
moxkh na KjieMHHK ne BbißCÄenbi.
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KaxymeqHbix rpynn CKpynnßaioxcH h CBapnßaioxcH.
CoeÄHHeHHB' KaxymeMHbix rpynn n coeAnnennH oömoxok c bwboä-
hmm xaöejieM naojinpyioxcH MHKajienxon a,nyMH cjiohmh b noji-
naxjiecxa h cxeKjiHHHoft Jienxon b nojmaxjiecxa. Oasosan hsojih-

uhh jioöoßbix nacxeö BbinojiiHnexcH H3 cxeKjioMiHKawnxa n cxex/io-
jiaKDTKawH. OaaoßaH hsojihuhh Bbino.jiHHeTCsi xarae H3 cxeKjio-

MHKannxa n cxeKJiojiaKoxKann.

BbIBOAHbie KOHUbI OÕMOTOK HSXOXOBJieHbI H3 npoßo,n,a PKFM
ÜHaMexpOM 6 MM 2 C MeÄHbIMH KaÕejlbHblMH HaKOH6HHHKaMH.

Hanöojiee xpy/uion npoöJieMOH npn paapaöoxKe sjieKxpoMar-
HHTHoro nacoca hbjihcxch HaroxoßjieHHe Kanajia. Oömne cooöpa-
/KOHHH H Bo3Mo>KHbie pemeHHH 3XO.H npOÖJieMbl H3JIO>KeHbI B CXa-
xbe na cxp. 155 Hacxonmero cöopnnKa.

2. Omamaa ycxanoßKa ,o,jia nepeKaHHßaHHa pacrui asjieHHoro

ajiioMHHHa

B .iiaõopaxopHH TajuinncKoro nojinxexHHnecKoro nncxnxyxa
õbijia nocxpoena onbixnaa ycxanoßKa äjih ncnbixanna ajieKxpo-
MarnnxHGro nacoca 3MH-6 c ncnojibaoßanneM tkhäkopo ajno-

MHHHfI.
AjnoMHHHft pasorpeßajicH b kokcoboh nean b a,Byx xnrjiax:

oühh H3 hhx hmcji öokoboh naxpyöoK, K KOXOpOMy npnßapnßajica
bxo/i.hoh xpyõonpoßOÄ nacoca. Onbixnoe ycxponcxßo öbuio no-

T a 6 ji h u a 1

NeNs
n. n. HaHMenoBaHHe napaMexpos UniJipoBbie

ÄBHHble

1

2

Thh oömotkh ÄByxcjiOHHan o6m. c
KoppHrnp. KaxyniKaMH

Oöman ÄJiHHa mm 750
3 PaaMepu naKera, mm 750X120X123
4 naaos 30
5 PaaMepbi ayöua, mm 8X58,5
6 PaaMepbi naaa, mm 16,6X58,5
7 Mhcjto nap hojiiocob 2
8 Hhcjio naaos na hojiioc h cfiaay . 2
9 Mhcjio 3(JuJ)eKTHBHbix npoBOÄHHKOB b naay . 58

10 MlICJlO BHTKOB B KaTyiiiKe 29
11 PaaMepbi npoBOAHHKa, mm 3X 0 1,62
12 XUHHa BHTK3, M 0,738
13 l1hCJIO BHTKOB B cj333e (c Kopp. K3T.) 580
14 OxHOCHTejibHbifl mar 1
15 Hhcjio bhtkob KoppHrHpyioin,eH KaxyuiKH 116
16 PaaMepbi npoBOAHHKa KoppHnipyiomeH Kaxyiu-

KH, MM 3X 0 1,62
17 ConpoxuBjieHHe tj?aabi npn 20°C, om . 1,24
18 CoeziHHeHHe oömotok . xpeyroJibHHK
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Onr. 3

CTpoeno TaK, nxoöbi oho nosßOJiHjio npoßepnxn paöoxy nacoca b
ycjiOßHHx, öjihskhx k
h6o6xoähmo öbijio npoßepHTb: pasßHßaeMbiö nanop, nponsßoan-
TejibHocTb nacoca c jkhäkhm ajiioMHHHeM, chctcmv noÄorpeßa Ka-
najia h xpyöonpoßoaoß, na,n,e>KHOcxb nsMepennn xewnepaxypbi no
Bceny xpanxy jkhäkoxo Mexajuia, ycjioßHH sanojinennn Kanajia

JKEWKHM ajIIOMHHHeM nepe# nyCKOM, CHCXewy BeHXHJIHU,HH OÖMOXOK
nacoca b peajibHMx ycjiOßnnx paöoxbi, cncxeMy aßapnönon cnma-
jmsauHH no xenn jkhäkoxo ajnoMHHim ns Kanajia, paöoxy (jwian-
neßbix Kanajia c n pn/i Äpyrnx bo-
npocoß.

Ha (jinr. 3 npezicxaßjieno cxeMaxnnecKoe nsoöpancenne onbix-
iroro ycxpoöcxßa, ana (Jmr. 4-— ero (jioxorpatjDHn.

KoKCOBan nenb cocxonx ns ,n,Byx cckuhh, pasoömem-ibix maMox-
hoh neperopoAKon. B Kanyaon ceKnnn ycxanoßjien nyrynnbift xn-
rejib eMKoexbK) 80 jmxpoß. Henb sanojiHHexcn kokcom csepxy.
CKpenjiennbin bhhxobbim coezmnenneM b cxenne xnrjin naxpyöon
HMeex BHyxpennHH 30 mm h Bnernnnn AnaMexp 38 mm
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<J>nr. 0

Hpn TOJI.m,HHe CT6HKH THFJIH 30 MM X3KO6 COHJieH6HHe paÕOXaeX
Bnojine H3Äe>KHO Aa>Ke npn xeMnepaxype 800 . .

. 900°C.
CoeAHHeHHe naxpyöxa c xpyöonpoßOAOM ocymecxßJinjiocb

Abohko: npn homoih,h (juiai-ma h CBapHbiM coeAHHCHHeM. Hcnojib-
BOBanHoe (Juianueßoe coeAHHCHne He AaJio
pesyjibxaxoß, x. k. b hcm oõpasoßajiacb xenb 3jik)mhhhh H3-sa ne-
H3Äe>KHOcxH MeÄHo-acöecxoßoro ynjioxHCHHH.

B nocjiea,HHX onbixax npHMeHHjmcb xojibxo CBapHbie cocahhc-
hhh, icoxopbie paöoxajiH HaAOKHee cjxjianueßbix coeAimeuHH.

PasßUßaeMbifi nacocoM Hanop onpeAejmjiCH bbicoxoh 3;homh-
hhgbofo cxojiõa. HosxoMy BepxHHÖ KOHen, HanopHoro xpyöonpoßO-
A,a obui hoahhx na 3 m ox ypoBHH >khakoxo 3jik)mhhhh b xnrjie.

Hanopnan xpyöa HMejia BHyxpeiiHHH Awaivrexp 30 mm h xojimnHy
cxchkh 1,5 mm. BepxmiH KOHen, nanopnoH xpyöbi bxoahji b xpyöy
c BHyxpeHHHM AHaMexpoM 44 mm, no Koxopoö ajiiOMHHHH nocxynaji
caMoxeKOM oöpaxno b xnrejib. Tanan cncxeMa UHpKyjmuHH >kha-
koxo a.nioMHHHH nosßOjinex hckjhohhxb paõoxy xpyöonpoßOAa b
pe?KHMe cH(})OHa h HccjieAOßaxb HHxepecyiomHe nac pe>KHMbi pa-
ooxbi nacoca: oh paöoxaex Ha nocxoHHHbm Hanop, paßHbin 3 m
ajiiom hhheboro cxojiöa. npn6jin>KeHHoe HSMepenne nponsßOAH-
xejibnocxH nacoca npoHSBOAHJiocb neõojibiHHM kobihom hoa xpy-
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Ooh oõpaxnoro cxoxa ajiioMHHHH h aji rnrjieM. BpeMH sanojineHHH

AByxjiHipoßoro KOBiua HBMepnjiocb ceKyH^OMepoM.
Bxopoft xnrejib ne hmcji oxßepcxnfl h naxpyÕKa. B hgm xpa-

HHJICH HCKOXOpbIH 33030 >KHÄKOXO aJHOMHHHH* MXOÖbI ypO
BCHb Mexajuia b nepBOM xurjie nocjie sanojiHeHHH Bcero xpyöo-
npoßoaa. SanojiHeHHe nepsoro xhxjih pyqnbiM kob-
uiom. KpoMe xoro, na# xiirjieM öhji öjiok c öojißanKOH
äjih noÄijeMa ypoBHH >khakoxo 3jik)mhhhh. 3xa MyryHHan öojißan-
i<a onycKajiacb b xkhakhh ajiioMHHHH b cjiynae HeoöxoÄHMoexH
öbicxporo noAX>eMa ero ypoBHH npo nycxe nacoca. Bbicxpbift
ho/tecm ypoBHH HCKJuooaex OKiicjieHHoro cjioh 3jiiomh-

hhh b Kanaji Hacoca h ero sacopeHHe. Hpn ocxaHOßKe nacoca rpya
noAHHMaexcH, hxoöm
H3sex<aHHe sacxbißaHHH nocae^nero.

HanopnbiH xpyöonpoßOA xokom 400 .
.

. 500 a, a
xpyõa cxoKa jkhakdxo ajiioMHHHH xokom 800 . . . 1000 a. TaKHe
xowh nojiyqajiHCb ox ÄByx xpaHc4>opMaxopoß hhskoxo Hanpaate-
hhh, Koxopbie peryjiHpoaajiHCb c nepBHHHOH cxopoHbi HSMCHCHHeM
MHCJia BHTKOB. KpoMe xoro Kanaji Hacoca noÄorpeßajrcH narpc
Baxe,nbHbiMH a.xeMeHxamh kocbchhofo

Becb xpaKX >khäkofo ajiioMHHHH hmcxe MomHyio xen-
JIOByiO H3OJIHH.HK). B OHbIXHOH fjCXaHOBKC OH3 H3XOXOBJIHJiaCb H3
/KapocxoHKoro MHKaHiixa, acöecxa h MHnepajibHOH Baxbi xojilhh-
HOH 12 .

. . 15 CM.
TcMnepaxypa 3jik)mhhhh b xnrjie nepno,n,HMecKH hs-

Mepojiacb xepMonapoft xpoMe;ib-ajiiOMejib h MHJijiHßOjibXMexpoM
xiina MJIFI-254. TepMonapbi HsroxoßjiHjiHCb H3 cooxßexcxßyiomnx

AHaMCXpOM 1,2 MM H VKpeHJIHJIHCb H3 MexaJIJIHHC-
CKOM CXep>KHC C acÖCCXOBOH H3O.nHU,HCH.

B onbixoß xeMnepaxypa Kanajia Hacoca h xpyöonpoßOiia
H3MCpH.naCb X3KH<e XCpMOFiapaMH XpOMCJIb-aJHOMCJIb, CXCM3 pac-
iiojiojkchhh Koxopwx HsoöpaxKeHa na cj)Hr. 5. TepMonapbi ycxa-
HasjiHßajiHCb HenocpeACXBCHHO Ha BHemHefi noßepxoocxH Kanaaa
iiacoca h sa iicrjhomchhcm xepMonap N° 7 h 8

,

Koxopbie HaxoÄHjiHCb oa syöuax MarHiixonpoßOAa HH/iyKxopa.
Kpowe xoro npOHSBOÄHJIOCb KOHXpOJIbHOe H3MepCHHC XCMHepaxy-
pbi jioöoßbix aacxeH oömoxok HHAyKxopa npn homoihh pxyxHbix
xepMOMexpoß c HaoajioM oxcnexa 150°C. B xo,n,e onbixoß xeMnepa-
xypa jioöoßbix Macxen oümoxok ne noÄHHMajiacb xaKoro 3Ha-
neHHH h nosxoMy b xaöjinuc oxcyxcxßyiox cooxßexcxßyiouiHe Äan-
iibie. *

B xaöaHHe 2 aaHHbie oõ H3M6hghhh xeMnepaxypbi
paajiHHHbix xom6K xpaKxa ajiioMHHHH bo BpeMenn npn paaorpeße
OHbIXHOH ycxanoßKH.
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HanaAO pacTonKH kokcoblix nenen 10 h. 00 muh. CncxeMa
oOorpeea xanajia h xpyõonposoAa BKjnoMajiacb b 11 h. 35 muh.
TpaKT >KHAKoro MeTajuia k sxoiviy BpeMenn paaorpeßajiacb aa cnex
TenjiOßom rasoß b xpyöonposoAe, nxo noATßep>KAaexcH
AaHHbIMH nepBOH CXpOKH TaÖAHUbI 2.

HeKoxopbie xepMonapbi (N° 3,5, h AP-) noKaaaAH cnanaAa no-
BbimeHHe xeivinepaxypbi onpeAeAennon xohkh xpanxa, a aaxeM ec
CHHJKCHHe. 3xo o6x>HCHHexcH oxKAioaeHHeM cooxßexcxßyiomax na-
rpeßaxejibHbix ojieMenxoß.

FlepeA sanycKOM nacoca (BpeMH 12 h. 52 muh.) ne bcc ynacx-
KH-xpaKxa npeßbimaAH xeMnepaxypy 3aiomhhhh (xepMonapbi JMb p,
11 h 12). 3xo ne npenHxcxßOßa.no aanycxy nacoca, x. k. xeivmepa-
xypa nepeKaqnßaeMoro aAroiviHHHH cocxaßAHJia b momchx aanycna
840°C.

nycK nacoca nanaACH c aanoAnennn nanaAa achakhm 3aiomh-
hhcm, nxo ocym,ecxßAHAOCb onycKanneM rpyaa (öoAßanKn) b >kha-
KHH MOX3AA. FIOCA6 3XOFO BKAIOMaAHCb OÕMOXKH H3COCa H >KHA‘
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TeMnepaxypa,
°C

BpeMH

Hoiviep
TepMonapbi

1

2

3

4

5

6

7

8

9

10

|

11

12

13

11
H.

33
MUH

60

50

125

80

165

155

40

40

75

85

85

65

155

12
H.

05
MUH

480
380
500
285
300
300

75’

75

200
210
220
280
590

12
H.
18
MUH

600
560
860
510
450
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khh ajiioMHHHH cxajr mipKyjmpoßaxb no KpyroßOMy TpaKTy. TeM-
nepaxypa xpanxa öbicxpo HHBejmpoßajiacb h neoöxoÄHiviocxb
Heömero xpaKxa oxna,n,ajTa.

B xaõjinne 3 npe,ncxaßJieHbi ocnoßHbie ojieKxpnqecKHe ÄaHHbie
npa paöoxe Hacoca 3MH-6. Oxcqexbi I h II xa-
paKxepHsyiox xojiocxoh xoa Hacoca npn oömoxok hh-
ztyKxopa b napajiJiejibHyio Oaaoßbie xokh h nanpjDKeHHH
HeCKOJIbKO Meilbme HOMHHaJIbHbIX. Tokk H HanpJDKeHHH B pCJKHMe
nepeKaxKH ajnoMHHHH (oxcqexbi 111 h IV) Majio oxjmqaioxcH ox

xojiocxoxo xo^a.
Oasoßbie MonxHOcxii yßejmqnßaioxcn npn nepexaqKe Mexajuia

b cpeÄHeM b 2 pasa, qxo oöx.HCHHexcn HBMeneHHeM (jDaaoßbix
(yrjiOßbix) cooxnomeHHH Me>KAy xok3mh h HanpjDKennHMH.

lipu ontiie Hacoc pasßHßaji npoHBBO/uixejibHocxb okojio

1 jiHrpa jkhäkofo ajnoMHHHH b ceKynAy npn wanope 3 m ajiio-

MHHHesoro cTOjiõa. 3xo snaqeHHe necKOjibKO npeßbiinaex xpeöye-
Myio npoHßßOAHxe.xbHocxb. llpoHßßOÄHxejibHocxb Hacoca onpe,ne-
jiHjiacb no BpeMenn sanojineunn ÄByxjmxpoßoro pyqnoro KOBma
na BbixoÄe cxoqnon xpyöbi xnrjieM. Tanon Mexo,n, nsMepennn
npoiißßOÄHxejibHocxn ne o6jia,n,aex öojibiuoft xoqnocxbK) h mojkox

paccMaxpnßaxbCH KaK npnÖJiiDseHHbiH. Bojiee xoqnbie o
npoHßßOÄHxejibHocxn Moryx õbixb nojiyqenbi npn noMomn sjieK-

xpoMamHXHbix pacxoAOMepoß.
CyÄH no xexHnqecKOH Jiiixepaxype, Hacxomnan paöoxa hb-

jinexcn nepBOH, b Koxopoö CÄejiana nonbiXKa pemeHHH Bonpoca
xpancnopxnpoßKH>khakoxo ajiioMHHHH no xpyöonpoßOÄaM npn no-
moih,h HHÄyKHHOHHoro Hacoca. üooxoMy ona ne Jinmena hcäo-
cxaxKOß. JXjin nojinoro pemennn npoÖJieMbi neoöxoÄHMbi Aajib-
HenniHe paõoxbi b oxoh oöjiacxn.
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