HPETUCIOBHE

Hacroamas Kanra npeiHasgadelia b Ka4ecTsd yIeGHAKa
AU CTYNEHTOB MAIMEHOCTPOHTENBHMA CHeUATHHOCTeR BY-
408, B yueOHMX NIAHAX KOTOPHX IPeAyCMOTPEH ofmyult
KyPe TUJDABIHEH, I¥IpOVAINEH H CHApPONPHBOA0B. Taxolt
e obbe(UHeHITLI KypC THTAETCA B [AA APYLEX CHOHHATb~
HocTe# B CBASM © Tew, YT0 rHAPOOGOPYACHANNE, THAPO-
UpPUBON H THAPOABIOMATHKA IWPORO IIPHMEHMIOTCA B IPO«
M3BOJCTHEHHHX IPONRCCAX PAsHHX oTpacied mpHU paspa-
GoTie MOCTOPOHMOHHH LONOINHX NCKOLASMHX, B HHEPIS-
THKE, METANTYDPTEH, JMecHON IpOMUIILIBHHOCTY, HA TPAHG
OpTe, CTPOMTONBCTBE WM T. J

Kunra manmeama B cooTBercTBME ¢ yueSmo#l Dporpam-
MOl YRA32HHOTO Rypea, yTBepKpeuHoil MuuumcTepcrsom
BHICWETo U cpegHero ofpasosavusa CCCIY, u comepA&nT Beo
OCHORHKE PAILJN 9Toll HPOrpauvMum

Bropee mapgaHwe RuMrm oriODdYAETCA OT HEPBOLO I6M,
9T0 oMo YACTHYHO NEepepaioraus M RoOTHCHO HEKOTOPHM
HOBHM MaTepHaIoM Heckoldnko 10BLmeH TeopeTHyecHuit
YDPOBeHL H3ZOMEHMA.

Tag, B nepsodi wacT® BBemeHw aubdepenmIEANLIHE
}PABHEHUA ABWEKCHUA IKMTKOCTY, TeOPEMA O KOJIHYECTBO
ABIKCINA B NPHMEHEMNN K 3KMAKOCTH, IOHATH® O M-180-
pemMe m Meroje pasMepwOCTEM M JIp.

Bo Bropoit 1actu ne TONBKG RECHONBKO HIMOHORR METO-
OUKA U3J0WEHHA, HO W BHECEHEl HOUNOTUHTENbIHE Mares
pHAIB 0COGEHA0 IO TeOpuH WONOGHA JOIACI HEIY IACOCOR,
KADATAIRE B HOX, A TAKHKE JAHE CODPEMEHHHI® IpwMepH!
uCHOJAb30DAHMA FEPOAWHAMUYECKEX (NONACTHHX) mepe-
nax

B rpeTsio wacTs BBeJOHH CIELYIOMIME MOBHC BONPOCH!
obmue cpoficTea 06LeMEMX TrEipomamun, paGoumi upo-
Hece HACOCHHX M PerynupyiomuX KiallaHoB, YUOT CiEvA-
eMOCTH HUARKOCTH B THIPOMAMIEHAY, KABUTANMA B IOpIE
HeBHX I POTOPHEIX HACOCAX, ROHCTPYKTHBUES CXEMH C0-
BPEMEHHHX POTOPHO-NOPIMHEBLIX O ADPY1MX POTOPHRMX T~
povamaH, xapaktepmerwky ¥ KIIJ] pasmmusmx TtHnOB
THApONPHBOAOB, CPABHCHNAE CIIOCOOOB PeryInpoBanmsa Iay-
POUpPHBGAOB B AD

Ilepsas wacTs manmecama mpod. A-POM TeXm HAYH
B B Herpacosbim, BTopan dacts — npod. C. C. Pyr-
HeBKM, mpod. H-pom Texd. mayk (. B. Bafiaxosmm u
nou, wauf. texz mayw YO, JI. Knpmmroscwem, rperss
wacts — Hpog N-pom Texm mayk T. M. Bamrroit mpm
yuactuu 10 JI, Kmpumnosckoro u B. B. Hexpacosa



qactb 1 THEPABJINKA

Tnapai1 BBEJACHHE CBOUCTBA JKHIROCTER
11 Tipermer runpapaBkm

Paajell MeXAHIKY B XOTOPOM H3YTAT DABHOBECHE A IBIKeHIe K-
KOCTB 8 Tamwe CHIT0Boe BIAMMONEHCTPH® MEMTY JKUAKOCTBIO ¥ 0GTe
KOEMHMH €0 TeJAME WM OTDAHMIUBAIOIMME €€ MORCPXHOCTAME HAIE-
BacTcH IEfpovexanmkom EcTm ke noMpMo JKEAKOCTeH WIyIaT ABH-
5Keume Tas0B U OfTeKANHE UME Tel, TO HAYKY HASHBAOT aspOTHEpONE-
TaMHKOH

ITayky 0 saKouaX PABHOHCCHS W JBVLAKCTIHS KEKOCTEH I 0 CLOCOGAX
DpUAoKeENA HIAX 38KOHOB K POINEHIIO UPAKTHTICCKAX 3a7aT HAZHDAKOT
TugpapaEKof B TMApamAmKe PaccMATPHBAIOT TTABHHM OfpasoM IO~
TOXH KEIKOCTH, OTDPAHIYEHHH® I HAUDADTEHHME TBEDIEIMU CromKaMB,
T e TEUEHER B OTKDHTHY M JARPHINX Pycuax {kamaiax) B nomsmne
«pyCI0» MR KAHANY BKTIOTAIOT IIOBEPXHOCTH {CTEHKN) KOTODHE OFPA-
HHYWBAKOT ¥ HANPABAAKF IOTOK, CIEJJODATEILHO HE TOJBKO pycaa Ppex,
KAHAJOB H JNOTKOB, HO I Pasiu¥uke TPYGOnpODOLs HACANKE 8HeMEITEL
THAPOMAINHE H [PYTuUX YCTPOHCTE BOYTPM KOTOPHIX NPOTEKAET KU
KOCTB

Taxmm OGPZXEIOM MOKHO CKa3darh 4TO B I‘EI(pﬂBJIlIKE MIYHAIOT B OCHOB~
HOM DITP@HHEO TeNeRus SKMIKOCTeH M PEINAOT TAK HABHBACMYW BHYT-
PENHIOK 33aTy B OTAMu@e OT BHEINHEM CBASANIOH ¢ BHeNHAM ofTeKa-
THEM T CIAOMHo cpeol, KoTOPOS HMEET NECro NDH APHAKEHUE TBED-
ROTO Temd B AEIHOCTH HTH 1830 (Boaxyxe) BHewnmwio sagawy paceMar-
PuBAXOT B A3DOTHAPOMEXAHMKE Ona noaveaer SUATHTENLLOE pa3BATHS
B cBA3A C TMOTPEGHOCTAVE ABMATHE K CYAOCTPOEHHA

TepMuEHY ¢REAKOCTLY B IMIDOMEXaiUKC YACTO IPHAAIT fojee IIE-
PORMEL CNHCT HeM 3TO IPHHATO B OGHIEHHOM JKHSHE B HOHATHe GKER
KOCTb) BKIIOMAKOT BCE TENa, AN KOTOPHX CBOMCIDENNA TEK)UecTb, T €
CI10COGAOCTD CHIBHO HSMEHSTH CBOIO POPMY O NEHCTBIEM CKOXE YTOKHO
mansix ¢Bd TarmM 0GpasdoM B 5TO LOHATHE BRIOUANT KaK KBJKOCTH
OGLIUELES, HAZHBAGMUE KALETBIKMIE, TaK ¥ rass lleppwe OrrnyanTesa
ToM, ITO B MAIOM KOJMYECTBE IIOJ JeHCTBHCM LODePXNOCTHOTO HATKE-
EuA mpBEMMAIT cdepEmeckylo gopMy, a B GOXBINOM — ofBMHO O6pa
3ywr cROGORHYI0 MOBEPXHOCTE PA3MeNa ¢ rasoM Bammoil 0COGHHOCTHIO
KAUeApHEX KUAKOCTeH ABTAGTCA T0 9TO ONE HEWYTOAHO MAL0 HIMEHANT
cnoir 06HEM TIPH MIMCOCHRE AABACHMA 10ITOMY BX OGKMEO CIHTAIOT HO-
cREMaeMBIME a3k, Ta060POT MOIYT 3HAUATE (BHO YMEHLINATECA B 065
eMe Iof neﬁm"nneu AaBIendafa @ Heorpa#ENieHHo PﬂClﬂleﬁTﬁcﬂ llp]ﬂ ot~
CYICTBHH ABTEHHA, T € OBE 067a7a0T GOABIIOH CIKEMAEMOCTBIO
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HecmoTpa HA 3T0 PABIHTNC, BAKOHH JABMKEHHA KATGNBIEX MKIKO-
crefi B rasop OPM ONPEASTENNBX YCJIOBUAX MO0 CIATATH ORAHAKO
pe OCHORHBIM M3 9THX YCJHOBHH SIBIHETCA MATAH CKODOCTH TEUEHHST
Tasa O CPABNEHIID GO CKOPOCTIWQ DACKPOCTPAHORUS B HEM 3BYKA

B rogpasagre U3} Ta0T ABIHERIA, FIaBUNM 0GpASOM, Kaue jEHEX
JRUAKOCTEH, ITPHETIeN B MLOAARIAIOIIEM GoapnIHCTBE CAYIaeB JIOCAeN e
PACCMATPHPAIOT KAK HECKOMaewmble BHYTpEeHHEe TOUCHHA rasa 0140
CATCH K 067acTd THAPABIVMKE JHIIb B TeX CTYTAAX KOTAA HX CKOpPOCIM
SHAYHTENLHO MENBINe CKOPOCTY 3BYKA M CIIGOBATCTHHO, C/KEMAEMOCTBIO
raza Moxmo npereGpens Takue caylam IpUMACHHA BCTPEIAITCA B IPAK-
THKE 0BOTHHO YACTO (HANPHEMEP, TEOHMHE BORAYXa B BOHTHUIANHNOUIEIX
cmeTeMax, B CHCTEMaX KOMJHGHORHPOBAHMA KOIAYXa H HEKOTOPHIY rada
npoBonax) B AAUpHEAUIEM WATOMEHWH ILON TEpPMEUHOM GKIIKOCTD)
GymeM DompMATh KaledbHVIO JRIJROCTD, A TAKMKC a3, KOTIA eT0 MOKHO
CUHTATH HECHAMACMENM

HCTOpﬂqECl\'OB pasm:mae MEOXANHKH )IABJ:[KUCTEﬁ IO ABYMA jlitibiiny
BEIMH ITYTAMNE

Ieppsm myrs — Teopermueckui, OyTH TOUHOLO MATEMATHIECKOTO
AHATH3A OCHOBAINIOr0 HA 3aKoUAX Mexanmkm Ou mPHEOT K CO3NAHMI0
TeOpeTﬂ‘lOCl(Dﬁ runpomexaumm, KOTOpaA TMOAToe Bpems HBJEﬂJIﬂCB caMo
CTOATONLION AUCTEHITHHON HENOCPECTBENN0 HC CBABANNON ¢ 3Kcmepi
MeHTOM MeTol TeOpeTHISCKON IMPOVMEXaHUKN ABIAETCA BectMa adder
THBESISM cpepcTBoy maywEOro mceneponamms Onmaxo Ee myTH wmCTO
TEOPeTHYECKOr0 IICCAONADAHNA ABMHCHHSA /AWIKOCTA BCTPETALTCA MIO
ECTBO TPYAHOCTOH M METONL TeoPETHRecKOH 1 MIpOMEXaHAKE He BCOTAL
ZIQIOT OTEETH A BOUDPOCH BEIBETAEMBIE NPAKTHKOM

Bropoli myTh — IyTh InNpOKOTO DpPEBIETEHAR BRCICDHMEHTA B Ha-
KOIJICHHA ONHITHBIX RAMOEX s HOIOTHI0BAHEA HX B MILKERepHOH
MPAKTHKe — NPUBCT [ COBLALHIO 1HAPABTHKH, OH BOSHIK M3 MACYIHIIX
8370 TPAKTHIOCKOH WHKEHCPHOM JOATENLHOCTH TIOACH B mavanshimit
TEePHOR cBOeI0 PAIBWTHA TUWIPABIEKA 63ITAa HAYKOH YHCTO 2MIHDHIE
cxoli B macrosmee e BperT b il T 970 DOSMOKHO T gellecoolpasao
BCC 60!15].\19 LPHWEHAKNT MeToNL TeopermucCcKon rnnpomexamu s
PeTIeHns OTAGNLHEAX 3ANAW A TEOPCTHYECKaA FUIPOMEXaHHka BCE Tame
HATEHAET ODHGETATh K PKCUEPHMEHTY KAK K KPHTCDHIO AOCIOBEPHOCTH
CBOIX pLBOA0B T aKnM 06 pazoM, pasimyme B METOLAX BTHX JBYX IAIpAD
nemwE ORHOM W TOH &€ NAYRU DOCTENEHHO HCUE3deT

Merox memonpsyemuii B coBpemeriuoft FUIpaBIBKE UPH HCCTE0SA
HEH [BIDKERNA, 3aRIOTAETCA B CIefylomem Mecmepyeusie ABmeEns
CHavaia yopomakT W K HEM NPHMENAKT BAKOHL TeOpPeTHuecKol MeXa-
HWHE 3a7eM MOJYHOHHEE POSYIBTATH CPABHOBANT ¢ JAHHLIME OUKIOR

c1eneHs VTOUHHWT H ACHPABIAIT TEOPeTHYe
CKHE® BIBOMH W QOPVMYIH AIA NPHCHOCOGMEHHA HX K IPAKTHTIECKOMY
MCHONbaopaHm0 Llenbid pAp ApteHWd, KpailHe TPYXHO NORAAOMUXCS
TEOPeTHHeCKOMY AHANHIY W3 83 CAOKHOCTH MNCCIORYIOT DKCICDIMOI
TANBHKM Iy7€M & pPE3YABTATH IpEeNcT T B DHAE p 44
Gopmyx

Tagpasanxa NaeT METOIH pacdeTa m MPOOKTHPOBANIS PA3HOOGpa3-
HHX THAPOTEXHUTECKHX COODY:ROHUH (ILIOTHH, KaBAJIOB, BORXOCAHBOB,
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TPYSOIPOBOHOB J7A HOJATH X
(2acocon, TEAPOTYPSHH, 1MRApONEpERAT) A TAKIRE ilpyrnx rn;zpawmtxe—
CKHEX yCTPOHCTB, IPUMEHAEMEIX BO MHOTHX ofaacrax rexHakE Oco
Genmgo BENHKO 3EaYeHHe IEADABIEKE B MANIMHOCTDOGLWE, Ijie UPHXO
JETCA HMEIb JIEJ0 ¢ 3aKPHTEIMI DyciaMu (Haupmsep, TpyGame) A Ha
DODHHME TeneHEAMY B HAX T © ¢ HOTOKAMHE §e3 CBOGOAHOM MOPEPXHO-
CIA H C or ar

T'napocuereMsl, cocToAmme M3 Macocos, pr%npononon PasaEIENX
THIpoArperaros HIMPOKO ECHOABIVIIT B Mammmc'rpoeumr B Kavecrse

CHCTEM 0 ox. x W 1p
Ha paniHIHMX COBPOMENEX MANIMFAX Bee G0Teo EpOKOe NPEME
HeHWe HAXOUAT THIp (r )} B TMAPOABTOMATHIKA
I‘lmponepena‘m npenc'rammmr 00602[ yerpoiictpa AuA  mepefanm
Mexaum SHEPrEM B MPeos] p 0M PKER-
xocrn Ilo epapmenuio ¢ mepefavaMk ApYInX REAOB (3yGTaThMu H T 1)
o] HMEIOT DAL CY X OpeHMYINEeCTH IIPOCTOTA npe—
oﬁpasonamm BPAMATEXHHOrO ABUK B PATHO IOCTYHA'

BO3NOIKHOCTh HIABEOTO {(eCCTYIeRYATOT0) H3MEHeRNs COOTHOMEHHA exo-
PoCTEll BXOJHOTO M BLXOZHOTO 3BEHEEB, KOMIAKTHOCTL KOBCTPYKOMA
H MATaA MACCA TMEPOMAIIMH NPH 3aJAHHOH MOmMIOCTH OO CPABHEHMIO,
TmAIpEMeD, ¢ ANEKTPOMAMIMHAME H Jp

TEppomepela il CHAGKCHHNE CHCTEMAMY ABTOMATHYECKOTO MIH PYX
HOYo yEDABICHSA, 0fpasyioT IANPOMPABORS], KOTOpHe Grarofaps Tepe-
9HCICARKM IPeHMYMECTRAN MIPOKO HOMOAB3YIOT B PASMNIIKX METAI0

ofip X CTAHRAX HA HELX parax (camMonerax Bep-
Toxerax PAKeTax), HA CYXONYTHRX TP PTHRIX MARIAHAX (] X
# ry X) B CTp! HHO 0P X ¥ IOAEeMHO TpAHCIOPTREIX

MallgHaX, B OPOKATHEIX CTAHAX M NPECCax W T I

Togponpusomsl, IuApoABTOMATKA M PAdImiINe THAPANIAIECKAE
YCTPOHCTBA ABTAIOTCH BECHMA [EPCIIERTHBHAIMI KA KOMINEKCHON ABTO-
MATHBANAM H MEXAUIANHE HPOH3BONCIAA

Han pacuera i GpoeKTUPOBRUAA rEIPONPHBONIOB, HX CHCTEM aBToMa-
TIHECKOTO DeTYIUPOBANNA M JPYTMX YOTPOHACTA ¢ FHADOMANIHHAME H
TUPOABTOMATAKOH, & TAKKe JUIA UDABMIEION HX SKCITyarajed, De-
MOETA B HONAJKH FYKHO UMETh COOTRETCTBYIOILYE IOATOTORKY B OfJacTa
THIDARNHKE B TEOPMM TEIPOMAIIFL

12 Cuabl, jelieTBYIOIUEE Ha SRIIROCTH
JTaB1enMe B HAIROCTH

H{ugKOCTL B THApABIEKE PACCMATDHBAIOT KAK HCIPePHIBHYI0 CPORY,
SAMOIHAXIYI0 OPOCTPATICTBO (€3 MyCcTOT B MPOMEKYTKOB, T € OTBIe-
KAKTCSA OT MOZEKYNADIOr0 CTPORHHA JREAKOOTHE H ee JaCTHRM, Rae
(leCKOHETII0 MANRE CINTAI0T COCTOAEME N3 (ONEIIOT0 THCIA MOIORYIL

Beremerpre rerygecTi ( HacTon) B M AeHACTRYIOT
CIUTH HO COCD a pejie TeHEWe o 66 06seMy
{macce) r1u moBepxmoern B cRAm ¢ oIV CRTE JCHCTB yIomue ma
06’5911‘[;! SHEKOCTE M ABIAOMAECHA OO0 OTHORIEAHIO K HEM BHeINHEMH,
Pa3fensnT A MacCorbie (00DEMHHG) M HOBEPXIOCTHEE
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Maccosse CHXN B COOTBOTCTBRE CO BTODsM 3axomoM HEoroma mpo-

HE MACCe WAH AR OREOPORAOH RUAKOCTH —

66 0GLoMy K HEM OTHOCATCA CHAA TAKECTH M CHJIA MREDUMH DEPeHOCHOR0
ABHAKEHAA ﬂBﬂCTﬂywmﬂK HA KUJKOCTH HPH OTHOCHTE IbHOM e LOOKOE
B YCKOPEHHO NBIKYIEXCA COCYAAX WIH IDH OTHOCHTENBHOM fRIKEHEH

£ B DYCTAX mep XCA € JCROP
P CRIH pep P 10 mosepXUOCTT
u ppu pa X p P TBHLT

IIOmANE 9TON HOBEPXKHOCTH JTH CHAH
BOANEHCTBHOM COCSNEX OfbEMOB JHB/IKOCTH HA JAHEEIH o0’BeM AN 48
BOREHCTBAGM APYIHX TeT (TBepWX WIH rasooGPasauy), CONDPAKACAIO
mAxcd ¢ AAHHOI HAKkocTe0 Hax cemyer B3 Tpersero aaxona Hroroua,
€ TAKEMM @ CHIAME HQ B IPOTHBONONOMKHOM HANDABTCINA KITKOCTL
nefIcTBYeT HA COCOMIEE C HEW Texa

B ofimem cayTae moBepXHocTHAad cmia AR HefcTEyoIMas ma Lo~
maaKe AS, HaOpableHA HOJ HeKOTODHM YIAOM K Hem H e¢ MO0
PAANnOMAT TA HOPMATBEYK AF
Tagrerquantayio Al cocrapasomue
(prc 1 1) Tleppaa massivaercs ©u
dofi mMaBrIemEA, a »I0paA —
CHIOHK TpeuHA

ok MaccoBwe, TaK HE OOBEPX
HOCTHAIE CHIH B TAIPOVIOXAHHKe pac
CMBTPHBAIOT OOLIO B BHAE eTMAAYL
HMX CHE, T © CHT OTHeCONEHX K
COOTBETCTBYIOmEM efunmam  Macco
BHe CWIH OTAOCAT K eMumme Mac Pmc 1 1. Pasnewemse momepxmoct-
CH 4 NOBepPXHOCTHBE — K CAOAUe HOH CHIEI Ha pBC (OCTALTANINIO
IIOmANE

TRE KaK accoBaA CHNA paBHA TP MACCH 118 y
© TBHO el cmia pania coorseT
CTBYIOIEMY YCKODEHII0

Emuumunas moRepxXHOCTHaA CHIA HA3WBAGMAS HANDARemEeM MO
BCPXHOCTHOM CHJEL, PACKIANEIBACTCA HA HODMANBHOE A KACATEILHOE
HAUPAROHAR

Hopuanpmoe wanpsxedde, T ¢ HANDMKCHAC CHAK NABICHEA HA
BHBAGTCA CUOPOMEXARUYECKUM (B CIygae IOKOH — TEADPOCTATHMECREM)
Dagaewuem, WIH TPOCTO RABIeHHEEM, H 0603HadaeTcA GYKBoj p

Ecan cmna masmerma AF papEOMEPHO DacupefisfeHa I INIOMAKKE
AS, 10 cpemHee rEAPOVeXaHETECKOS AABICHHE ONPeJeTAIOT No {opuyre

p=AF/AS A1)

B ofmem ciaytae rmgpoMexaHNYeCKOs [aBNEHDe B JAANLOH TOTRS
PABEHO OPEAGNY K KOTODOMY CTPEMETCH OTHOLIGENE CETEL aBACKHA K 10
maxn AS ma KOTOPYl0 OHA fefcTByeT LpU yMeHbmewHH AS {0 HYIA,
T € OpH CIfITHBAHEH 0¢ K TOUKe

p= AlSil-:Eﬂ AFIAS 12
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Ecan papnenme p OTCIATHDAOT OT AGCOMITHORO HYIA, TO €TI0 HAIH~
BAIOT AGCONIOTHHM, @ €CJIH OTCTATHBAIOT OT arvocepHOro NABACHENL Py,
T e OT YCHOBHOIO HYJA, TO €T0 [AJHBAIT MBGHTOUMEM (Pysp) HIH MALO-
merpmueckum  CicfopaTeIbHo, AGCOMIOTHOS NaBrelne

Pate = Pat Pust
3a epumany fasnenns » Mempymaponoi cucreve epmamn (CH) mpu

TAT NACK&IL ~— NaBIEHHE, cunon 1H pa pHO paclpe
Jexendod no HOpMaJIBHDﬁ x meit moBepxnocTu maomasio 4 M Hapany
¢ aTo# i JABI VKDY efmumIE Ko

nmackans (xlla) m Mernuacuanb (MT1a)
1 Ha=1 Hm®=10"° xlla=10-% Mila

B Texumke B HACTOAMEd BpEMA NPOXOKANT NPUMEHATH TARMKE CH-
cremy efimmmn MHICC (Merp, Kunorpamm cuna, CeKYHAA), B KOTOPOH
3a epwEENY mannenna npmamMaercA 1 kre/y® Mcnombsymor Taxme Bue-
CHCTOMBEIC OUHMIN — TEXHETECKYI armocdepy m fap
1 ar=1 xrcjen® =10000 xro/m?,
1 Gap=10° Ila=1,02 ar

Coo MY I » cacremax C m MKI'CC
cneayomes
1 Ma==0 102 xre/m® mam 1 wre/m2=9,81 {a

HKacateTbnoe HAUDAACHHC B JKHIKOCTH, T € NANDIKEHH® TPEHHS,
ofiosHavaeTcA GYKBOE T M BLIPAKACICA WOAOGHO [ABTenmo IpefelioM

= lim ATJAS, (13
AE =D

& PasMePROCTh 8ro Ta e, %rQ0 W PAIMEPHOCTh FAaBUGHUA

13 O epoifcrea X i

OI[H()H U3 OCHOBHBIX MEXaHMIECKHX XapaKTBpECTﬂK MRUIKOCTH ABAA-~
erca eé IIOTHOCTS

IlnotHocte0 p (KP/M') HABLBAIOT MacCy JKHIKOCTH, BAKMOUCHHYIO
B GAMHANE OfBEMa; ATA OfTODONHON HEAROCTH

=mV, (1 4)

11§ #1 — Vacca FKAOKROCTH B o0beme V.

Vrensury secon y (H/a®) HadkIBAIOT Bec eAMEMME 06bema HUROCTH,
T e
y=G/¥, 1 5)

e G — Pec mAfKocTn B oOneme V.
Haopuwep pas pofu npa 4 °C umees

4 =1000 xTe/10==0,001 Kre/on=0 81 10 Hpw,
8



Cpags Memly YACABHEHM BECOM Y H IIOTHOCTBIO p AeTKO mafiTn, eclu
yuecrs, aro G = gm:

p=GigV)=vig (18)

Ecan xugKocrs neonaoponna, 10 fopmymn (1 4) m (1 5) ompepenmior
JHIMb Cpefuee 3pagelHe }JeJbHOTO BOCA HIH IWIOTHOCTH B TaHHOM
ofiveme [lua onpefieNeENA HCTHIHOTO 3HAYCHNA y M 0 B ABHHOH (ouke
CHeflyeT PAcCMATPHBATH O(LEeM, yMEHbRIauiicA g0 ByAA, H ACKATh
TpeAen COOTBeTCTBYIOMErO OTHONICHHA

TIpuMeEAIT eme OTHOCHTENRHYO IAOTHOCTH HATKOCTH 6 pamxym
OTHOTIEHNIO INIOTHOCTH KUAKOCTH K ILIOTHOCTH BOJH UpA 4

8= pulpuon amn
Hoporkoe pacesorpum ¢ He RAICTERHX
SHATKOCTEH

1 Cocumaemocms, WIR CBOMCTDO JKEAKOCTE H3MEHATh CBOH 06 heM
TOX meiCTBHEV NIABJCHUA, XapakTepusyerca koadummenrom fip (M2/H)
OGBEMIOTO CRATHA, KOTODEI NPENCTABIMET COGOM OTHOCHTCTHIIOE UBME-
HeHIe 0fbeMa, UpHXOJAMEsCA HA eMHINY NABTEHHA, T €

B, == (@vdp)(4/V) (18)
SHak mMmEyC B GopMyNE OGYCIODION TeM TTO HOTOKUTCTHHOMY LpH-
PAIPHMI0 MABICHAA P COOTBETCTBYET OTPHIATENBIOS NpApAIeEnEe (T ©
yMeHbIneRue) ofbeMa V
Pacewarpnpan xonewnne mpupamenas Ap = p — py m AV =V —
— V1 u cumras @, mocToAmELM, TOTyTae
Ve vi(1-B,Ap),

BIH, yaurbiBan papeEcTso (1 4), EAXONEM IPEGIIIRERHYIO QOPMYRY min
OIMPEJEIeHEA [MOTHOCTH
pes /(11— 8, Ap), (19
TAC Py M P — HROTHOCTA NP JaDACBUAX pi B p

Benntuua, ofipatras koa@dunuenty iz, Dpencrapiaer cofioi ofpen
BB MOTYIIR yupyroc‘m

“epes monyns K m xoueunire pasmocrm fopuyny (1 8) momdo mepe
IHACATH B Buje 3aBHCHMOCTH
AVIV =— AplK, 8)
KOTOPYI0 HasLIBaIOT ofiofmeHHENy 3aKoHOM I'yka

Bripasun ofpem wepes mmorHOCTH, BMecro dopmyns (1 8) momyumm
K =—dp/lpd(1/p)]=pdp/dp mmm Kjp=dpjdp=_c?, (1 10)
TAE ¢ — CHOPOCTE PRCUPOCTPRREHEA HPOROULEWX BOAR B YODYTOM CPeje papHag
CKOPOCTH YBYKA

JInA KamembHEIX JKEAKOCTEH MOXYAb K mHecKoMBKO YMEHDMAeTes

¢ yBEeTAYeHHeM PATYPH K c JaBTenust
lem BOJIBHE OH COCTARNAET HPHA nTMOCﬂ:epHOM [ABIGHMHA I1PHGTH 3ETe.1bN0
2000 MIla C bHO, TpN w pasnenEa Ha 0,0 Mlla
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06BeM Bom yMEHEBINAGTCA Beero mums Ha 1/20 000 wacrs Taxoro e
TOPANKA MOAYAH YUDPYTOCIM U QUIA APYFAX KANEJbHEHX MumKocTed, Ra
TpEMep A MEEePAJBEEEY Macex o panex mpngansnrensuo 1200 Mila

Kar cregyer ms fopmyast (1 0) upm NOBHIICHAR NABJICHEH BORBL
manpamep mo 40 Mlla ee naormocts mommuwaerch qmme Ha 2 %, a
Macia — ma 3 % [losTomy B GOABIMHCTBE CAyIAeB KANEIbHHE MRHAA-
KOCTH MO;KHO CYNTATH HPAKTHYECKHN HCKHEMACMERH, T € IPUAHMATH
WX WIOTHOCTD He 3ABACAmMEH or gaBaenns Ilo OpH oWeHb BEHCOKAX
AABJEARAX W YUPYIAX X b cefyer
YUHTHBATS

Pasnmuarer 8ARAGATHEN W H30TEPMEISCKHE MOJYTb YIPYrOCTH
Iepeuit Goxsme sroporo mpuGiamamreasno » 1 5 pasa m mposmsaAerca
Hpu GHCTPOTEUHHX LPONECCAX CKATHA KHUTKOCTH 6ed TemIoofMeHa
Ilpmsenenrne sunie 3Ra7eAmA K ABAAIOTCH SHAMCHAAME HIOTEPMILTE-
CKOTO MOy JIA

Temnepamyproe pacuuperue Xapaxrepuaye1cs Koaddanuenton fr

06BEMHOr0 PACHIMPEHASA, KOTOPHU UPEICTABIACT COGOM OTHOCHTENBHOE
H3VeHeAHe ofheMa HpH HaMeseumn temmeparyps I' ma 1 °C m mocrosE
EOM JABJCHLH, T €

fr=(1/V1) @V /0T) (111

Pacemarpmnas womewnso mpmpamemms AV =V —V, n AT =
=T — T, n npruuvas 7 TOCTOAHHBIM, IO IyJacy

V=V, (146 AT),
a yamrhisag pasencTBo (1 4) maxomuw npEOCAmEHEHEYM GopMyXy

p=0u/(1+fr AT) (112

e Py U p — IIGTHOCTA DDA Tewmepatypas Ty u T

Haa Bogst uomﬁdmnncm fr BospacTacT ¢ yBCINYenmmeM AaBTENNA
= 1emueparypi or 14 107° mpm 0 °C r 0,1 MITa o 700 10-° opu 100 °C
m 10 MIla J[1A MuHepaTsuhX MaceT b AHADASONS unm[emm or 0 Ao
15 MIa Br montuo B cpegmeM wpwumMarh pasuny 800 10-°

3 Conpomueaenue pacmascenio DUVTPH Kale ThHRX SRATKOCTSH HO
MOJEKYIAPHOR TCOPHEN YOKeT GHTh Becpya amaunrenbasy [lpu omsrax
€ TIIATe B0 OHIPHEOI T fleragmponantroil BOR0H B HOH GLIIH TOIyqeLE
KPATKOBp LI pactamenna o 23—28 MIla Cpmako
TEXHUYECKH WMCTHO FKUIKOCTY COePrKAMMAe BIBCMIENHEE TBEPAHE 4a
CTUIN W MeABMANNIEE TYSHPHKM radoB He BRIePHUBAIOT MAKe HeSHATH
TCUBIEX manpmmeswi pacrAmenns [losrouy B Aaxbmemmem Gygem
CHMTATB, YTO HANDAKCHWA DACTAHEHNA B RAUSIBHHX UTROCTAX He-
BO3MOKIEL

4 Ha mosepxmocTH pnane;m SEEJKOCTH W Iada peHCTBYIOT CHITE
NpUAATD 0GBEMY HELKOCTH
chepuueckyo gopuy A nuamalomne HOKOTOPO® NONOHATENHHOS [B
nesre QEHAKO 5TO 3aMeTHO NOMB OpH MAJHX
ofseMax REJKOCTE A cPHICCKAX 0GEeMOB (KAL) OMpEENseTCa




dopmyrot
p=20/T,
TRe 0 — x094d * — pagage edepr

HKoapdnnmerr o mmeer caepyomme smauemms (H/m) mam pasALX
FRUAKOCTEH, rpARHYANEX ¢ BO3MYXoM mpH Temueparype 20 °C xaa somst
73-3, compra 22,59, repocmma 273, pryra 460 10°° G pocrom Temrie-
PATYPH NOBepXECCTHO® RATIKEHN® YMEHBIIAOTCH

B 1py6rax manoro pAmameTpa AOMOSHATENLHOS jaBienme, ofiycToB
MeHHOe TOBEPXHOCTHRM HATAKERIeM, RH3HBAST HOIHEM (RITE ONyCKa-
HRe) HEAKOCTH OTHOCHTENbEO HOPMANBHOTO YPOBHSA, XAPAKTepHAyOMEE
RAUBENIAPHOCTh KHJKOCTH

BricoTy mopmema cMAaUMBAKMElH KELKOCTE (AAH ONYCKANHE HECMA
AEBAKMER FRUKOCTH) B CTEKIAAHHOMK TpylKe TUAMOTDOM d Ol Pefe THIT
no $opMyne mua HOTycPepuIecKoro MEeHHCKA

h=40/(dy)=k)d, 13)
ig:[kS(nu“) MieeT cAeHYIOIMUe IHAUeHBH piM sogw 30 pryre —101 cmmpra

C spteRdeM KANMIAAPHOCT TPHXOLHTCA CTATKUDATHCH IPH MCHONE-
A0BAHEN CTek1AHAMX TPYGOK B npmGopax mim
a TAKKe B IISKOTOI]H‘{ CIy9afX HCTeUeHHA JLUIKOCTI BOYU:HJOQ AHaMC-
e TPROGDETAIOT CMIBL MOBePXmocT
HOTO HATAMCHHA B JKEEKOCTH HAXOQ 9‘_ ,_/
AAMEIHCA B YCAOBHAX n

5 Bsaskocms mpepcTaBimer coGod
CPOHCTBO JKUIKOCTH COUPOTUBTATHCH
cpBury (CKOUBMeHNW) ee caoes Jro
CBOKCTBO HpOABAACTCA B TOM 9IT0 B
SRAMIKOCTH IIpy ONPEIeTeHHHIX YCIO-
BUAX BO3HEKAIOT KACATETBREE IAIpH-
memus  Brakoers  ects  ¢romcrBo,
IPOTABOLOTORHEOE TeRYTeCTH (olee Pue {2 Hpodum, cxopocredi npm
BASKAG JKEIROCTE (LTHIEPUE, CMA30Y  yowermm BASKOR MEAROCTH B0
HEE MACI3 U (D ) ABIAAKTCA MEBEE T€  Cremkm
Ky9HME, I Ha0GOpOT

IIpu Teuenmn BA3KOH JLEAKOCTH BLOAL TBEPROH CTEHRM DPONCKOLNT
TOPMOKEIIEE [OTOKA, O6YCHOBIEHII0E BA3KOCTBIO (DHC 12) Cropocrb
» YMeHBIIAGTCA 1O MCPS YMEHBINOBHH DACCTOAMMS § OT CTELRU BIIO1H
Ao v = 0 xpw y = ( a MemNy CIAOAME DPOHCXONHT UPOCKAMBLIHBAIME,

p H0IeecA meM KAcaTeNbIEX HaNpmxensit (ua
TPUREBHI TpenmA)

Cornacae rumoTese BHekasanHo# smeppue Hpioromom B 1686

a saren p AIBHO enoit mpod H [T Ilerponmn
B 1883 r KacaTemTpHOE HAUDAKEHAC B JKUTROCTH JABHACHT OT ee PONA
H XapakTepa TegeH¥A M npn WMCTOM  TeTeldH TCH LPHMO

TBIO THK v p Ly TPAJIEEHTY CKOPOCTI

Tarm oBpaaonm
T — p dv/dy, (1 14)



e 1L — y i Baspamme
cxon BAJEOCTH CHOPOCTH y TpmEpa
TeHE© KoOPRUEATE dy (u\( pmc 12

Tonepeurbiin TpapEenT CKOPOCTH dv/dy ONlpereiAe6T M3MCINCHEEe CKO
pOCTH, HPUXofAMEecH Na eANEMNY AINHB B HATPABIEHENN HODPMANR
K CTenxe B CNElODATENBHO, XApAKTEpH3)eT HHTEHCHBAOCTH CHABATA
MCAAROCTH B AQENON Touke (Tomuee dv/dy — BTO MOAYAB TPAguenTa CKO
pOCTH caM FPANUCHT — BERIOP)

It sakoma Tpemna prpamaemoro ypasumenmey (1 14) cxenyer, uro

(HA TPEHIA B TONBRO B JBEGKYIMEHCH JKUJIKOCTH, T €
BAIKOCTH MMETKOCTH IPOHBTACICA JTNB MPH ée TeqeHnn B noxosmeics
MEIROCTH KACATETHUbE HAUPAKCHIH GYICM CaETaTh DABNEME HYTIO *

Wsnomennoe LOMBOMALT CHENIATH BLEOM, WIO TPCRHC B INMJKOCTAX,
00YCTOBIeHHOe BASBKOCTRIO, LOMIUHCTO 3aKkomy, NPHHEIUMNANBIO OT
TUT0My OT 3AKOHA TPEHH THEDIEX Tei

Fean Tegenne sKEQKOCTH TAKOBO, WMIO HACCTCA CME TDagueHt CKOPO
CIH B HAUIPABTORMEH, HOPMANDBIOM K INOCKOCTH DHCYBKA (cM pmc 1 2),
TO HotHEyI mpomsroguyio B gopuyte (1 14) Hago samemutd WacTHOR
mpomanogHOE dv/dy

Ilpn DOCTOAHCTEE LACATENBNOIG HANpMAOHNA 10 NOBEpXHOCTH S
ooinas KacaTelpllad cmAa (CHNA TpeHmA), AEHCTDYOIIAA IO BTOM 1O~
BEPXHOCTH

T =p(dvidy) § (1 15)
Jna onpemescrus pasmepmocTd Baskoctu b ([fa ¢) pemmst ypasme-

mme (1 14) orHOCHTENBIO [, B PE3YIbTATE WETO HOTYTHM

w="Tdy/dv

B cucieme CI'C 3a egmuumy BABKOCTH NpEANVASICA Myas
1 I=1 gon c/om?

Tax kak f ams = 10°° II = 1,02 10°° xre, a 1 m® = 10* cv* 10
1 0=201 Ia c= 00102 xrc c/m*

Hapany ¢ qunamMuqeckoil BISKOCTHIO (1 IPEMEMOT KIReVATHICCKYIO
v=p/p (116)

Enupnuei PeHUA KIL gecKol 2 HBIACTCH CTOKC
1 Cr=1 cem?fe

Coras pmo1a crokca HassiBaercs camrmcrowcom (cCm)

Bﬂ‘d](OCT]: KaneJaplHX »m):[xoc'rei{ 3aBRHCUT OT Teh[ﬂePﬂTypH B YMCHB-
WASICA ¢} BeTuuenues moctefxell (puc 1 3) BsasnocTh ragon, HaoGopor,
¢ YBCJIATeHAeN TeMOCPATYDH BoapacTaer OGBACHACTCHA 310 pABIEIHEM
npHEPOALT BAJKOCTA B JKHIKOCTAX H Ta3ax B IREAKOCTAX MOJEKYJILL
pacLOIoKens TOPA3ND GRIKE APYT K Apyry, Wem B Iavax, H BABKOCTH

* Cy YT TaRk it 4 SREIROCTA
(CycmeRanm KOOI B D) B KOTOPHX
Talke Npu 0OKOE, A DASKOCTD BABUCHT OT IPAJMEHTA CHOPOCTH
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BRAHEAETCA CHTAMA MONGKYNAPIOTO CHONTCHEA OTA CWIH C yhemude-
saeM YPH Y TedTOMY KoCTh mamaer B rasax ine
BAKOCTD oﬁycnonueua, PATOTHRM T
ABHIKeHHACM MOJeKYJ, HETOHCHPHOCTh KOTOpOI‘O YBeIDYRBASTCA C OOBBI-
menney TeMueparypy IlooroMy BABKOCTL TaB0B C YBE/NUEUBEM TeMIe-
pPaTypsl BO3pACTAeT

Bumanme TeMueparypsl Ha BAIKOCTL SREFKOCTOH MOKHO ONCHUTDL
doprymoir
B= e B T Ta), 117
THe j B g — BASKOCTR mpu Temmeparype T m T, ﬂ — woofipmument amatcHEme
KOTOPOTo Jjifl Macell H3MeHseTes B Dpefetax O 02—

BHBKOCTB ?l(ﬂﬂ.KOCTQH JABUCHT TAK/Ke OT JAaRJIEHHH OJHAKO Jra 3a-
BECHMOCTL CYIIECTBEHHO HpOHBﬂf{eTCH JTERIB opd OTEQCHTEIBLHO 6onb-
TMHAX MIMEHEIHAX JABAC 2
HEA (B HECKOALKO JeCAT v _Vewe it
xop MIla) C yseamuermen
AaBNCHAA BAIROCTH Gonb o3 OIS
MAHCTB KHIKOCTSH BO3
pacraer, 9ro MOMKer GHTH
oneneno GopMyrod
o= e PP, (1 18)
I p E Py — BEDKOCTH DpR
PABYERNY P B Py, & — Koaddnm o/l boos|
IMenT, pEAUEENE KOTOPOTO Ans Gor, g8
MAREPATBENX MACeX Mauengder- L
en b mpesenax 0 02—0 03 (EmK 1 T
BEil Hpejien COOTRETCTBYET B ) r
COKNM  TEMIEDATYPaM, a BEDX g 50 100 507,
HEA -— HHIKEM)

TaRHATEN,
1

>
~
4
=
2
3

ol

Pue 13 3asmcmmocTs BAEEMATIMECHOH Bn3

TlpuGamKernasn panucH  xocTs or TeMDOpaTYpbI
MOCTh OTHOCHTENBHOH BA3
KOCTH {/jy OT [ABNGRHA [IA MHMEpATBRLIX MACeN MOKA3aHa HAa
puc 14 gun TPOMEALHAIX BHANCUHH rooddmmuenTa o

Bragoers MufKOCTEH M3WEPAIT NPH NOMOIE BMCKOIHEMELPOB Han—
Goxoe pPACHPOCTPAHEHNM HBATETCH p Onrmepa, !
TPEACTABAACT COGOM WEAMIPHYeCKUi cocyn pmamerpom 106 My, ¢ ko-
POTRO} TpyGKOit AEamMeTpom 2,8 MM BeTpoeHIom B 1HO Bpewn £ wcyeue
Bas 200 ¢M® HCHEITYeMO# XUAKOCTH W) BECKOZUMETDA T6pes 3Ty TPYGKY
IO/ peifcTBHOM CHTH TAKECTH, 2 BPEMA Zpox TOTO ke
ofneMa mECTIAANPOBaHAGK Bomsr 0pw 20 ° O sarpaskacr BAIKOCT B Ipa-
nycax Duraepa 1 °E = t/tyon, THE foon 6ec

Jins uepecaera Ipagycos DEITEPA B CTOKCH B CIyTae MEREDPATbIHX
Macelt OpPEMERANT HopMyny
0063

v

6 IIcnnpﬂeMocmb CBOHCTPEHHA BCOM KAIETHIBIM AHLKOCTAM ORIEKO
DH Y pasnvWiEKX JREIROCTEH I
BARECHT OT ycﬂoman B KOTODHX ORH HAXORATCH
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Opamy na mokaaareself, XAPAKTEPAIYIOMEY HCEAPASMOCTS HAAKOCTH
ABIACTCA TEMEEPATYDA e6 KHIOHNS mpH HopManbHoM arMocdiépros Aam
JeHR®; YeM BHIM@ TeMIePAaTypa KHWIEEHA, TeM MeHBIN® HCIAPHeMOCTS

THAD X HODMAJXLHOS aT T ABIA~
ercA MIIMD TACTHRIM CAYTaeM OGSHYHO MPUXOTHTCH EMETh Jlelo ¢ menape-
HHEM, & WHOIJA M KHTEHHeM KIKOCTeN B 3AMKHYTHX 0GheMax mpH pas-
JAEYHHX TeMmepaTypax B mandenmix Iloaromy Gotee mosmoir xapawTe-
PUCTHKON HCIAPAENMOCTH ABNACTCA JaBIeHme (YIPYroeTh) HACHIERHEX
apoB Py n, BEIpaKeHHoe B PYEKOER Tewueparypsl e Gogsme AaB-
ZeHLe HACHIEHHKIX IApOB TPH TAKHOK TemUeparype, TeM Gorpme GCHA-
DAGMOCTE ATKOCTH ( yBOTHIOHMOM TeMUODATYDH NABICHH py g YBOAH-
WHBAETCHA, ONHARO Y PASHEIX HEAROCTER B pasmon crememu (pme 1 5)

A Buq ME
7o {4
I
# / 008
2] 001 /
o007, .
8 70 7
. 4
= = —
a-002 ///
0w W 6 & pm 020 % 8 770
Pac. 14 3anHCcAMOCTH OTHOCH Puc 13 3apacrMocTs pasne
TeALAOil BAIKGCTH MHREHIIBHO HAA TNACHIICHHNX OAPOB IRH[
TO Maena OT xapjeEna noeTesf OT TeMnepaTyYPR
1 —Gemomm B 10 2 —compr 8 —
Boga 4 — 1epocaH
Ecnw maa npocroit I paceMar eMan 3a b ABISL

©ICs BIIONHG OMPONENeHHON, TO M CHOAHLIX FRUTKOCTEH, LpefcTaBas-
Tomrx cofiol MEOTOKOMIOHEHTINE CAecH (Hampumep AAA GeHauua ® Ap ),
NIaBICHES Py AABHCHT HE TOALKO OT (H3NKO XEMEUECKEX CBOMCTB H
TeyunepaTypH, HO H OT COOTHOWEANMS 0GEOMOB JKEKO# I mapoBoli ¢as
Jlap7epie HACHIMENHHEX TAPOR BO3PACTAET ¢ yBeNNICHAEM IdCTH OG'HOMA,
3AHATOTO REAKOH (asolt OOHTEO 3HAYCHMA YUDPYTOCTH DAPOR CIOMKEEIX
JRENKOCTEH JATCA N OTHOMEHTA NApoBolt B KBIKoi pas, papzore 4 1
7 P

MOocmb 2q308 8 % XapaKTepH3y A KoJdmIe-
CIDOM D 0 rasa B ofheMa HEAKCCTH, Pasiddma
s pasHAX 1T TCH C ¥ HARTeHNA

OrpocHTennaRil 06BeM rasa, pACIBOPEHHOTO B JKMAKOCTR RO €€
TOJROTO MACLINEHHS, MOAKHO CUUTATh IO 3aKOHY I'eHPH Rpamo TPo-
DODIViOFANBHEM AABICGHHIO, T €

VelVie= kplpe
e Vr — ofem
o Ts) Vi — oFpeu
FUFROCTE

@

K HODMATRHAIM YCHOBHAM

raga
- P — papuesme




Kooagprument & meeor eneiylomEe sEaveHas NP 20 °C pas momm
0 016, wepocasa 0,13, vumepaneabx macex § 08, mupxocn AMI 16 —

Ilpm  moEmkeHuu IABIeHAA BHAE LAETCH PACTBOPEHHELL

B IKBKOCTH ra3, UpHUey HHTCHCABHEO, UeM DACTBODSETCsl b HEl JTO
ADIEHEe MOKET OTDUIATENHEO CKASEBATLCA Ha DafoTe IMApocmeres

Tnasa2 THIPOCTATHRA

14 TuppocTaTiueckoe AaBIeHME ¥ €ro cBoHcTHO

TrapocTaTHKOfl HASHDAETCA DASKeT IEADABIMKA, B KOTODOM pac-
BaKOHH P, H UX npax’ npm-

AOMEHH

Kak cxenyer ma ra 1, JKEOKOCTH IPAKTHYECKH HE CHOCOGHH compo-
THBIATHCA DPACTAMEHHIO, A B HENOIBIHNX HEAKOCTAX He MEHCTBYIOT
HacaTeTbHbE CHJIBL H0310My Ha menofIBRXHYI JRHAGKOCTh H3 nonepx«
HOCTHHIX CHJI MOIYT MEHCTBOBATE TOXBKO CHTH JAaBiedus; IpATer Ha
BHEllHell MOBEPXHOCTH PAaCcCMATPHBASMOTO 0GHEMA SKITKOCTH CHIEL B Te~
HEA Beerja HANPABTeHH N0 HOPMANI BHYTPh 0GHEMa INILKOCTH M, Cie-
ROBATeLNO, ABIANICA CxEMalomuMy I[0f BHeIIHeH MODEPXHOCTHIO
JROMIKOCTE TMORAMAIOT He TOJILKO IOBEPXHOCTD PAsfela AHMAKOCTH ¢ rabo-
0fpasHon Cpefoll WIN TBEPAKMI CTEHEAME HO H IOBEPXHOCTH 0GBEMA,
MEICTICHHO BHETACMOTO Ha OGIIET0 0GBEMA RHIKOCTH

Taxmm o6pazoM, » i sREREOCTH IS OTAH
BUl HANPA;REHAA — BANDPMKEHAe CARATEA, T € THAPOCTATHIECKoe AaB-
HeEHe

PaccMoTpHA 0CIOPHOE CBOMCTBO IIIPOCTATIIECKOTO ABBACHIA B JUO-
Goit TOTKE KAIKOCTH TEAPOCTATHIOCHOE ap1eHNe B SABHCHT OT OpHeH
TEPOBKE IVIOIAAKE, HA KOTODYIO ONO JEHC(BYCT, T € OT Yi.I0D ee HA
HJIOHA [O OTHOMICHAI0 K KOOPAMEATIIHM OCM

Jna POKA3ATENBCTBA BTOro CPOHCTRA BEITSAEM B HeDONBIHOMN sRES
KOCTH 97eMeHTAPHHIE 0Gsem B gopMe Terpasipa ¢ pebpamm mapattens-
HHME KOOD[IMHATHLM OCAM H COOTBOTCTBEHNHO DaBHEME dz, dy m d3
(pmc 1 6) Mycrs BHyTpH B 0 oGBemMa Ha b AedicrByer
@IEHEYHAA MACLOBAA CHAA, COCTADIARmEE KoTopoir parrm X, ¥ u Z
O6Go3nasmmM wepea p, TEAPOCTATHUECKO® [aBlleHue, NEHCIBYHmee HA
Tpamb, HOPMATREYP K oci O, Wepes p, — AaDIenEe Ha IDaHb, HOP-
Manpnyo ¥ ocm Oy, BT 7 T'yipocratmieckoe Kaviemme AelicTBylomee
Ha NAKTOEAYIO TPAHE OGOSHAUMM Yepes p,, & MIoMafb JTOH IpamEd —
wepea dS

Cocrapdy YpaBHeHAE pABIOPECHA BHENGHEOro ofbeMa MIROCTE
CHauaTa B HAUPABIedHm ocx Oz YUATHBAA TPX BTOM, 4r0 DCE CIITE
HAUPABICHH [0 HOPMAIAM ¥ COOTBETCTBYIONNM IUIOMANKAM BBYTPh

eMa mEArocTH Ilpoexnms ¢un papieEma ®a och Ox

Px QY dz/2— p, dScos (n’,\z)



Macca »xpaRoCTH B TeTPABLPe PABHA IPONMBREEHHIO 6@ OGBEMA A
mroTnocrs, T e drdydz(8 cneposatensio, MACCOBAA CHAA, ARHCTRYIO-
ImAA pa TeTpasgpP BAOAL ocH (F COCTABIICT
drdy dipX /6

Vpanienme papHoDeCHA TCTPASAPA 3AMMMIEM B BOjer

~
dy dz p,J2 — p, S cos (7, 7) + dzdy ds pX /6 =0

Pagneans aro ypaskeune na Inomans dydz/2 KOTOPAR pABHA ILIO

mAKH P Ha rpann dS Ha I b y0z, I 6. dyds/2 =

~

= d8 cos (n, 7), noxyImM

Pa—Pnt+dr Xpj3 =0

TIpm cTpeMueHEE Da3vuepos TCTDASNpPA K HYII0 IOCHEKENE Trerm

YDADHGHER, COAEDHAINNE MHOAUIEAb dZ, TARKe CTPOMATCS K IV,
a IABTCHAA P, U P, OCTAIOTCS BEIN

z =navy komeqikvm  Caenobarenns
110, B mpeneTe IOXyTHN

Pe—Pa=0 wmt p,=py
AnanorngHo COCTABNAA ypaBlie

mmEA paspoBecmA BOIb ocem Oy B
Oz =axomgmM

Py=pp, p.=pp UM
Pe=py=p:=ps (1 19)
Tax Rar pasueps Terpasupa dz,
dy B dz DBATHM NPOHADONALHO, TO H
nAKRI0H MIOmagkE ¢S HpomsBoNeR
H, CTOM0PATENRI0, B IpeAeae IpH
CTATABAIEHA TCTPARIPA B TOUKY AaD.
JelHe B 5TOH TOUKE IO BCEM Ha-

£ mpapmenunM GyeT OAAHAKOBO
Puc |6 Cxema s pomasatenscraa 010 LOXOIKENHS MOKHO NErKo
caohcTBA AaBieRas 0CLOBLIBAsICE HA POPMY-

faX  CONPOTHPTEHIA MATOPMHIOB
AXA HAOPMKeHnii UpH CRATHM (10 ABYM H TPEM B3AHMHO MEpUEHAMKY
agpHbY HanpapiaennAM ¥ Il1a 9Toro momoum B yKasanmex QOpMyEax
KACATENBLOS HANDHHOHNS DARHEM TYII0, B PE3YABTATE TOro HOTYUUA
Oy =0y=0,=--p
Paccrorpennoe ¢pofcTRO JABTENNA B HEOEBIKAON MKUJKOCTH HMERT
MECTO TAKIM@ UDH ABILKEINI peBAdKOH mngrocrn Ilpm apmmenun e
PealHHON JKMAKOCTH DOIHAKAKNT KACATC/BHES HANDIKENAN, DCICHCTBIS
Tero Jas (€HHe B PERALHOE JKHIKOCTH yKasasHEM CBOITCTBOM, CTporo
roBOpA He oBIamaer

* Ban GRaTHA MO ABYM BAUDABNEUREAY TH BOPMY/IN HUMEIOT CACAYOWEN Bug
Oy =0y COS* -0, 8in? @ T 5 (9x—0y) sin 2@

6



15 OcHopHO® ypaBHEeRNE rUIPOCTATHRA

PaccaoTpHm pacipocTPalen tli JaCTHEL cyYall paBmoBecys KufKo-
cry KOIZA Ha HOB ACHCTBYET JHIIb OfIHA MACCODAR CHIA — CHIA TAMKECTH,
¥ MOAYIEM YPADHORMO LO03BOIAIOMEe HAXOTWTh IHIPOCTAIHISCKOs MaB-
nenme B MoGoH TOUKe paccMaTp 0 ofLenMa n Lcam aror
06peM BECEMA MaJ 1O CPABHENMIO C OGLEeMOM 3eMIH, TO CBOGOREYI 1o
BEePXHOCTh KAGKOCTH MOMHO CINTATH TOPHAONTANRHON ILTOCKOCTHIO

Tlycrs muakocTs copepxurca B cocyae (puc 1 7) & ma ee caofonmym
TODEePXHOCTD JeicTBYeT aBmenne p; ElaijieM rEAPOCTATHIECKOE AARIG-
U0 p B NPOH3BOALHO B3ATOM TOURe M, -
DacHONOKeTHOR HA [IYGHUES /i

Brigemusy okomo Touxm M sirementap
HyWw TOPH3OHTAIpHYH LAomMAmKy dS m
TIOCTPOTM HA HEWM BEPTRKATBHHM IENERA-
pudecKair oGben BuIcoTol & Paccmorpmy
YCROBIE PABHODECHS YRABAHHOTO 0GBeMa
KAAROCTH, BLIE/eHEOT0 B3 oGmel MACCE
MEKOCTH [{aBueHHe KEIKOCTH HA HIM-
Hee OCHOBANEE UUIHHAPA Temeph Gyzer
BIETIHAM H HaupapiIeno 1o HUPMBJ[H
BAYTPb OGheMa, T € BBREpX.

3ammneM cymMMy CHI, ROHCTBYIONIAX
Ha paccmarpEBaeEHil ofTLeM B OPOKmAR Puo. 17 Cxeuma zn Bsmoma
Ha BEPTAKATD 0CHOBHOI0 YPABHEHHA MUIPOCTA-
pdS —p,dS—pghdS=0 TR

Tocnepsrn wiem ypaBmEeHNA HpPERCTABIAET COGOH Bec KEAKOCIE
B yxasanHEoM oGpeMe CIIBI fABIENNSA MO GOKOBON HOBEPXHOCTH HELHMI-
Pa B ypanHeEHe HE BXOIAT, TAK KAK OHH HoPMAAbIH K pepraxanm Co-
KPaTHB BUpaxkeEue HA 4S W meperpynmmpoBaB SIEHH, Haiem

Pa=pothpg = pe iy (1 20)

Tonywenmos yp ypa ™ApO-
CTATHKE TH0 HEMY MOMHO MONCINTATH AABICHHE B M0G0 TOUKS NOKOA-
medicA MEgKocTE 3TO ABICHES, KAK BUAHO M3 yPARBHEHMA, CIUIAMEIBA-
erca U3 [[ByX DeNEYUH JABNCNHS py HA BHeMHE TOBEPXHOCTH KETKOCTA
W [aBIenHf, Oﬁy('JIOBJ[eB.HOrO BeCOM BHIENCKAMMUX CJIOeR HHIKOCTH

Benmanma p, ABIAETCA OAMHAKOBOM WIA BCeX TOUEK 0GBEMA KHAKO-
CIMW, II03TOMY, YIHTHBAA CBOMCTBO THIPOCTATHIECKOTO NABICHAA MOKHO
CKA3ATh, YTO JABJCHNE IIPINOHEHHOE K BHEIIHOH MOBEPXHOCTH JKHIKO-
€T, MepETACTCA BCCM TOUKAM DTOH KETKOCTH M HO BCEM HANPADISNHAM
OQHEOIAKOBO 31‘0 NOJ0KeHHe H3BecTHO HOJ Ha3zBAUAGM 3AK0HA
Tackann *

*B Macranpe (1623 —1662 rr) — nasecrauii dpamnyscknit MaTemarx,
rsex n danccod B RoPACTE 16 7T HANKCAN TPAKTAT O TEOPUN KORMMCCKIX c€ 1€
ERit, [lanee onyOanroban paGoTH 0 TCOPAM 4¥CeN, TEOPAR BEPOSTOOCTENl amanuay
Gecromeuso ManeiX n Ap B duanke meerejopas atmochepHOe NABNEHRE K 9AN0KML
OCHOBM TH[POCTATHKE
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Hassenme mnprocT®, Xak BEXHO H3 qmpMym.( (f 20) soapacraer
¢ yBeauveAmev rayGHHH 00 JaKOHY IpAMOM I ma JaHHOM TiyOmHe ecrh
BEJIHYAHA NOCTOAHHAA

IlorepxHOCT BO BCEX TOUKAX KOTOPOH JasTenHe OfEOaKoBO Ha
SWBAETCA NOGEPIHOCMEI0 Yposha B JaMHOM CcIydae LOBepXHOCTAME
YPOBHA SIBIAIOTCA TOPHSONTATHHKE HI0CKOCTN, a CROGOJHas MOBEPX
HOCTH SIBTAGTCH ONHOM M3 IOBEPXHOCTH YDPOBEA

BoskmeM Ha HPOMBBONLHOM BHCOTE TOPHIOHTAILHYIO HBIOCKOCTH
CPaBIeHAA OT KOTOPOU BOPTHKANBHC BPEPX GyXeM OTCYETLIBATH KOOP-
nmEath 7 OGosmawms 4epes z koopauHary Touxm M uepes g, — xoop
AmHaTy cBOGOMHEON TOBEPXHOCTH JKENKOCTH H 3aMENHB B ypABHEIHE
(£20) & ma z, — z, momywwm

%+ pi(pg) = 7o-I- Po/(p8) (1 21)
Tak rax 10uxa M DpaATa OpOR3BOJALHO, MOKHO YTBEPHAATE YTQ 1A
BCEro PACCMAT 0 HENO 0 ofbeMa FREAKOCTH
2-+ pfpg) = const
1{oop Ta Z omemp it it Benmumna p/( pg)
nMeeT J[]]HEHH}IO b B nLeao. ) A

Cyvma, z +p/(pg) HasHBaeTCH 2udpocmanuneckum HAnopox

Taxmm 0Gpasos FEAPOCTATHYECKE HANOP €CTh DOJMYHEA TOCTOSH-
HBA [AA BCOTO OGHEMA HEMOPRHKHON MANKOCTE

Te me peayapraTsl MOYKHO HONYIHTH UyTeM ERTETPHDORAEmS Muple
PEINNANBHEX YPABHCHEI PABIOBECHA SKEAKOCTH KOTODPHO PACCMOTDEHE
B CUENylomeM uaparpadge.

16 Jlud P
H HX BH IIA 1P it cayaan
Toxysay rudd: bEHE Y REAKCCTH

® ofmev caydae KOSIe A Beo NeHCTRYIOT T TOABRO CHAa TRRECTH,
N0 M pgpyTHC MaccOBNE CHIN, HAUpH
Mep CHIL HHEEpOMN uepeﬂocnoro HABIL
JMEHEA [PH TAK HASHBACMON OTHOCH
TennEoM mokoe (e nm 110 m 1 11)

HeNOBIKENM FKEAKOCTH BO3b
Meu npouanonmyw Toury M ¢ koop-
Wz ¥ [3BTCNHEM p
(pue 1 8) Cnm—euy KOOD/(HHAT Gy e
CAATATH JHECTHO CRABBHEOE © coey-
KOM  comepMamuM IRENKeCTh Ehige-
JOM B HBEKOCTH BJ1@MEHTAapUEIN oGT
eM n dopMe HpAMOYrOIbHOTO Hapay-

Poc 18 Ciewa goa musona mnd-

M0 TBHBIX BHeEsT BHO
gg;mmwﬂmwa pa Jefenamefia ¢ pefpaME mapamIens

HEMHA KOOPAHHATHHM oCAM M COOT-
BeTCTBEHEO PABIBIME d, dy w dz Tlycrs Touxa M GyaeT oXHOH B3 Bepmumm
napannesennmesa PacCMOTPHM yelopua paBHOBeCHSA BLIASISNHOIO ofbe
Ma JKEgKocTE 1lycTh BHYTPHE HAPANICHenHNeNs Ha REAKOCTH FOHCTRYET
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PABHOJEHCTBYIOMAA MACCOBAA CUJA, COCTABIMIONIE HOTOPOH 0THRCOH-
HEE K& efimpue Maceh (cM m 1 2) paswet X Y u Z Torma macconsle
CHIH, ACHCTRYWINEE HA B ofibexM B D, -
HHX 0CeHd, GyAyT PADHEL STHM COCTABIANNINM, YMIIOKeHHEM HAa MACCY
BHRMeREOTO 0fBeMA.

Hawnenne p ecrb fyAKNAA KOOPAFHAT & ¥ H 2, HO BGANSN Touxm M
OO BCeM TpeM TI'paHAM napamleneuunena Ol0 gATHAROBO, UTO BRTCKALT
3 JJOKAJAHHOTO BEINE C(BOHCTBA IHADOCTATHUCCKOTO AABTeHEA (Cm
u 14) Ilpm mepexoge or touxm M, manpusep, K Touke N H3MEmABICH
JEID KOOPANHATA & Ia GECKOHOTNO MANYI0 Be IAUAHY 4T B CBABH ¢ 4eM
$yHENEA p modyuaeT mpmpamesMe pazpoe yactHOMY auddepemmmany
{8p/dz) dz, moaromy Rapiemme B Totre N pasno
P+ (Opjoz) dz,
TAe Ap)dz — TpAANeRT jaBnennn BGAR3M TOUKHM M B HATIPABNCHME OCH 2

PaccmarpuBand Aanjemds B APYIAX COOTBETCTBYOMEX TOTKAX DA~
Heill, IOPMANBHEX K OCH x, Hampumep B Toutkax N @ M , BHAUM %T0 OHM
OTIMIAIOTCA Ha OfIAHAKORYI0 (C TOYMOCTHH o GECKOHEYHO MANHX BHIC-
WKX TOPAAKOB) BEIRIHIY

p—(p+%dz) ——gi—’da;

Bruay 2T0T0 PABKOCTHL CHI AADACHHA HOHCTRYIOIMX HA HADAIeNe-

THNeX B EADPABJICHMM OCH &, PARHA ¥ BETHIHHE,

HA INOMAfe Tpary — g:i drdydz

Auaroruuany 06pasos Ho uepea rpajHeHTY NABAeRns Ip/dy u Op/dz
BHPAZUM DASHOCTH CHJ NABACHIH, JEUCTRYIONIHE A NaPALNeTenHIen
B HENDABICNOH JABYX APYTHX Oced

Ha seigenenyhn mapasreTenmmes AEHCTBYIOT JRIIE YKAIAHENO MAC-
COBEI¢ CIUIH M CHJBL [ABTGHINT II0DTOMY VPABHOHMA DABHOBECHS mapas-
JieJennnena B HAOPABTENHAX 1PeX hOOPANHATHEX oceft saummeM B cie
AyDOeM Bie

Xpdrdyds —:’ri dedydz=0
Ypdedy dz_gl{} drdydz=0; } (122
Zpdz dy dz — % drdydz =0

Paageirmw orX ypasmemua ma maccy pdzdyd” mapapmelcnimena m
mepeien ® mpefieny yerpewmuss dx, dy ¥ dz K HyIw, T € CTATUDBAA

mapan exenHucy K wexomuoir toure M Torga B mpegene momyIEM
ypaBHEeIIsa DNIABHOBECHA 7!(]12[(0(3’(]2[' OTHCCEHHBE I TOYHE

1dp

X—giha0
13p

Y—oa=0 [} (1 23)
16p _

z-2%=0 |



Coerema (1 23) TLHLX yP il TANPOCTATAKE HABH-
BAETCA YDABMEHHAMA 3mlepa *

Jns DPAKTAYECKOTO HONLIOBAHWS YA0GHE® BMECTO CHCTEMH YpaB-
uemmii (1 23) DONYINTL OXHO SRBARANEHTHOE M yPaBHenne, He COTEpIKa~
1Mee TACTHIIX OPOMSBOANKTY JIJs BTOTO YMHOKMM IepBoe HS ypABHEHHE
(1 23) na dz, BTOpoe — HA dy TPeTh® — HA dz M, CIOKNB BCE TPH YPaR
HeNOA HOXYIEM

Xded-Ydy+Zds _%("P drt3hay+ dz\—O

Tpexwrien, sakx B CKOOKAX UOpemCTanmseT CoGoll MONHKIHE
naddepernuan gapmenmws, T e GyukmumE p (z, y, ) DoATOMY MPERHKY-
IMee YpPABHEHH® MOMKEO NEPEHIncath B BEAC

Xde4Ydyl-Zdz—dplp=0
Bam
dp=p (X dz+-Y dy - Z dz) 1 24)

l'lo'Iyqem-me YpaBHeHRe BHIpamaer TpHEpATICHEe TABJIEHHA dp opi
MIMEHeHHN KoopAmmar na dr dy @ dz B oGmeM clIylae PABHOBECHS
JKHIKOCTH

Ecom npegnonommrs, Wro ma JKHEROCTB MEHCTDYeT TOABKO CHIA
TAKECTH, M HANDADHTh OCh z BePTHKAAbHO BBEpX, T0 X = ¥ =0,

= —g B clefoBarenbro, sMecro ypasmewns (1 24) mans arore wacr-
HOrQ CIy4asy pPaBHOBECHA JROJIKOCTH NIOJYyIHM

dp=—pgdz (1 25)
Tlocne unrerpuposanms Gynem uMeTH
p=—pgz-C

TlocroAnnyo HETErpHpPODARHS nai{neM, TLONCTAPME IAPAMETPH CBO
GojHO#T MODEPXAOCTH, ATA KOTOPOH Tpu 2 =z, p = p, (e pac 17)
Tomyzu

€= po+pgz0

Mpu srom
P=Po+(20—2) g (1 26)
B

2+ p/(pg) = 2a+ Poj(pg) = const

*J Bimep (1707—1763 rT ) — MOBCOTHMIE MATOMATH), MEXAHEK H gt
smk  Popusch ® TOTYSEA » Dasere ( Cowme 30 yer
npown & MerepGypre, padoran p I mayx lloMmuo mare
aTiKa, K, TEOPWH YUpYoCTR 70pRN MAWME W APYIEX NAYK BaRMMaCH

b
T2308 (M RENE) OPeAJIOKHA KPHICPHI T nopoan  Cunr

OjJHZM {3 OCROBONONMKINKOE IZJPOMEXAHARI
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Saweunn b ypasmermu (1 26) pasnocts z, —— z ma ki — rayGmAy pac-
nonoxernn Tourn M, naiimew

p=po-+pgh
Tlonyamnm 10 ke ocHobuoe ypasmeane rumpocrarmkm [(1 20) mmm
(1 21)] xoropoe GHIO BHBEICHO B MPeEUIYmEM Haparpade MurM wwyTen
Uurerpuposanue ypasmerma (1 24) I ApyTHX CIydaes PABIOBECHS
Gyaer pacesorpero Emme (ew mm 1 10 m 1 11)

17. Tsesomerpuseckan bicota Bakyym,
Hanmepenne papaenas

B mannov maparpage a tarxe smn 1 8 m1 9 mpomomxmm paccMoTpe-
HHAE Ba/KEEHRIero YacTHOIO Cay9afd PABHOBECHA KHEZKOCTA — PABHOBE-
cHe D MOTe JWmbL ONHOH MOCCOBOE CHIE — CHJIL TAMECTR

Ilseaomerpumeckan smicora paBmad p/(pg) Kpemcrapaser coGolt
BEICOTY CT0;16a MAHHOM JXAAKOCTH, COOTBETCTBYIOMYI0 JAHHOMY NABIE-
HOR0 p (aGeomoTHOMY BIE H2GHTOUHOMY) IIbeaoMeTpHTecKYId BHICOTY,
COOTBOTCIRYIOM} 0 HBGMTOYHOMY RABICINIO, MOKHO ONpENENHTs 1O
UbE3OMETPY — HPOCTERHIeMy YCTPOHCTBY JIUTA
waMepenuss pgasiaenmn [Ibeaomerp mpencTas ﬂh
iger CcoGoil  BEPTHKANBAYIO CTEKIAHHYI
TPpYyGKY BepXIHH KOHEW KOTOPOH OTKDSIY
B atmocepy, a HIKHEH IPHCOSTHEEH K
E€MKOCTH, B KOTODOH# HIMEpFAETCH pAaBIeHuHe
(pmc_ 1 9)

Tlpmmenaa gopwyay (1 20) & mupgxocrm,
9AKIKYOHHOH B MHEAOVWETPe ULOLYyIAM
Pade = Pa - pghp,

Te pagc -— AGCOTIOTROE JABJEREE B JKATKOCTH HA

0BHE NPHCOPAHEHIA NBbE3OMET]A; pa —— AIMO
eeproe jaicmae

OTClﬂﬂa BEICOTA @IOABOVA HAIKOCTH B
TBe3oMETPE
tp = (Pago —~ Pa) ) = Puss/(PE), (127

THe puss ~— MaGHITOTHOC FaBTeRpe HA YPOBHE UPHL
COS[MHOHNA 1BC3OMETPA

B
5

Pac 19 l'[u\armcyp, npm
COeMHCHEBIH & GaK;

Ouepmmio 970 ecaH HA CBOGORNYIO MOBEPXHOCIH NMOKOAMENCH AT~
Kocta fleficTsyer armocfiepHoe NaBNeHHe, 10 NBE3OMETPHUSCKAM BHCOTA
AR AOGOH TOTKM PacCMATPEBAEMOro 0GBEMA KEIKOCIH PABHA TIIYGIHO
PACIOTOROAAA 2TOH TOUKH

HacTo fanIeHne B HUAKOCTAX MR TASAX YHCIOAHO BHPAHANT B BILO
€OOTBETCTBYIOMIEH 2TOMY BABACHHIO TLO3OMETPHIECKOH BEICOTHE IO $OP-
myae (1 27)

pEMED OfHOH TeX: it armocdiepe cooTBETCTBYIOT

= PA(Poong) = P/Yuox = 10 000/1000 = 10 u Bom o1
h. Pi{Pprg) = plype = 1000013600 = 0 735 u pr cr
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Ecta abcomioTHo? NABNECHNE B ;XEAKOCTH HIH Tage MeHpme atMocdep
HOTO, T0 TOBOPAT, UTO NMEOT MOCTO paspedicenue, WU 6aKyYM 3 BeIUTHEY
Paspe;KeHns, WIH BAKYYMA, NPEHEMACTCA HEJOCTATOK [0 ATMOC(HEepHOTO
Jap TOHHA}

Poan=Pa=—Pagc H1H A= (Pa — pato)/(08)

Bosbwem mampmMep, TPYGy © nToTIO NPATHAHHHM K Hed IOPITHEM,
onycTHM HERANE €6 KOHeN B COCY/ ¢ JKEBNKOCTEI0 B GyleM MOCTeIeHHO
nopmeMats nopmens (puc 1 10) JRmaxocrs Gymer ciegosath sa mopm
TEM T BMECT® ¢ HEM TIORHAMETCA Ha HEKOTOpyIo BHcOTy k 0T cpoGOfHOM

Puc. 1 10 Beacrbanae sxag Pre 111 Mpocreiiune naayysmmerps
KOCTH UOpIHeM

TOBePXHOCTH ¢ aTMOC(EpHEM JlapnemseM Tag HAaK ;A TOYGK, PacIo-
70.KEHABX TI0A TOpIIHEM, TIYOHIA MOrpymeHmsT OrnoCcATesNtRo cpobom
Holi IOBEPXHOCTE OTPANATENREHA COFNACHO ypasuernw (1 20), abcomor
HOe JABNERAE MEIKOCTH HOX IOpRIEeM

p=Da= 08k, (1 28)
a DaKyyM

Praw=pa—p=pgh B hay = (pa— p)/(08) ="

Tlo Mepe Lognena DOPMIA AGCOIOTHOE NABTEHNE KATKOCTE TOA HEM
YveHpAeTcA HIDKHAM Opefieoy pid AGCOTIOTHOTO AAB'CHEA B HEJ
XOOTH APIACTER TyAH 8 MAKCHVATLACE BHATENZC BAXYYMA URCACHHO
paBmo aTMOCGepnoMy maBfCHEI0, HOATOMY MAKCUMAULHYIO BHCOTY BCa-
CHIBAHES Aoy RALKOCTH MOKHO OLpefelnTh U3 yparEenHn (1 28), ectm
B en MOTONMTE p = ) (ToInee p = pyy) Taxum ofpasou, Gea yuera
Z3BNENOA Py, HACHMEHHMY TapoB
hax = pa/(P8) = pa/Y

Ilpn mopvateEay arMocdepron papmenmu (0,103% AIIla) eHcora
hmax PaBHA man Boust 10,33 1, x1a Gemsmma (p = 750 wr/w®) 13,8 M,
pas pryra 0,760 M 1 T A
2



TpocrelimEM YCTPOHCTBOM /NA HIMEPSHNA DAKYYMA MOMET CHYIKETH

Tpy6KA, ma puc 141 » gBYX BapRaETax

Bakyym B AHAXOCTR A MOKHO WAMEDArs Tpm mowomw U-06pasmoll

¥py6RE (CM DPHCYHOK cmpapa) mam mepesepiryrom U ofpasmodf TpyGKRH,

OFHH KOHOI| KOTODOY OLYMEH B COCY € ARMAKOCTHIO (CM DHCYHOK cl1ers)

Jng mavepenws NaBMeHnA mmLROCTed W rasor B Jaboparopmux

yC}lOREﬂX HOOMIMO IHe30MeTPa HOAB3YIOTCA RIIKOCTHRIME H MexalH
HeCKAMA MaHOMETpaMT

Ha prc 1 12 TOKA3aHB CXEMEl KEAKOCTHHX MaHOMETPOB Tak Ha

W p (pee 112, a) mpexcrasaser cofoi

HBOTHYTYI0 CTEKTAHEYN TPYOKY, cofepaamyn pryTs LIpm momepemam

HeBONBINX NaBAeHMI rasa BMECTO PTYTH UPHMEHSOT CIHPT, BOXY ®

Puc 112 CxeMsl HHJKOCTHWE MAROMCTPOR

HIOTAA rerpadpomarar (0 = 2 95) DT uBMepPATCA FADIEHHE HHIKO-
erd B Touke )M, W CoeMBHTCAbHAA TPYGKA 3AMOMIEHA STOH sRe REA-
KOCTBIO, TO CcUeIyeT VIATHMBATL BHCOTY PACHOJNORCHUA MAHOMETDA HaX
Toukon M Tar wu3burogmoe fapaeHme B TOTKE

Pry=hp1g 4 hapog

Hameynnn mamosmerp (puc 1 12, 6} yoGHee ONHECABIONO BHIIG TeM,
TQ MpA TOABIOBAHAL HM HEOGX0IEMO (UKCHPOPATH NOJNOROEHE JIHIUL
OHOr0 yPOBHA MAE/NOCTE (UIPH NOCTATOTHO GONBINOM JHAMepe TAmKH
TO CPADHEHUIO ¢ JHAMETPOM TPYGKH yPOBENb SKUKKOCIHN B UALIKE MOKHO
CUHTATL HEIBMEH HKIM)

JIA HIMCPEHIA PABHOCTH AABAEHHH B IBYX TOUKAX CIY&aT xude-
PennMaIbHEe MAHOMETPH TPOCTemIEM U3 KoTopux aputerca U ogpas
Bl manomerp (puc 112, 6) Leam PR DOMOIE TakOr0 MAHOMETDA,
OBBITHO 38 PTYTRIO, p p Th RABTERHH p, H p,
B KAJKOCTH NITOTHOCTHIO i ROTOpaA NOIHOCTBIO 3ANOJIIACT COCHEEATE Th
EHE 1py6KR, T0

P1—p2=hg (Ppr—p)

Han MAJIKX Iep BOMH HP T RBYX
RAJKOCTHEY MAKDPOMAHOMETP, NIpPEACTABIAIWHY cofodl mepeBepEyTyio
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U-06pasryio TpySry C MacToM HaNKCpOCHEOM D Bepxned wactn (puc 112, 2).
JMna sroro cayuas
Pr=pr=tg (2= p)

JBYXHUAROCTENU vamednsu MakoMerp (pnc 1 12 3) npeppasmavem LTA D3
MepemI JABICHI wng PAdPeRCHAI BOBYXA B UATCpBa e o1 0,00 no 0 05 MITa
T e jNA T0ro Caysas, KOTJa CHHPTOBON WA HONAHOH MAHOMCTY JIgeT apeaMepmo
BEICORAH TG COPPTA LI BoRAl, & MOTOVY lie} JOOCH A NOTH3OHABHN a PTYTHBIA
MaHONSTp He faer HeOGXOPuMOM TOMHOCTH 3 38 HOOCTATOWHOM BEICOTHI CT0ADa
pryru  Taxmm OpHE ONLITAX I CKOPOCTAHX
a)pogABMITECKEX TpyGax B wamiky salmmaior PryTs a B TPYGKY — CIMPT, Kepo-
CHH BAE HHYIO JKENK0TE _COOTRETCIRYMLM nopdOpon ABaperpoR DPXEETO di U
HWENETC dy YYACTKOB TPYOKH MOMHO DOXyUMTL ANGYI0 YCIONIYW IIOTEOCTS Pycs
BYXOMYI0 B dopMyny
p=Hpy.g
rpe p — HiMepAeMOe JanTemEe (WIH pagpe:ieHme) J7 — DOKasanAe MaHoMerpa.
Haligey nupaeRue ais pyc M3 eAUIYOmEY YpapBeRui

ypaBHenRe DABHEOMECHA CTONGOM PTYTH H KePOCHEA fpw p = Py
Hopug =hopprg

YPOBHEHNO DABEOBECHA PR p > py
P4+ (Ho—H 4 AR) pyrg = (ho-- Ah) ppog

ypasnepwe 06%eMop (0GBEM KCpocHna, DePeMECTHRmErocs Bs Bepxmeit TPYOER
AuanmeyPoM d; B HIDERIOK TPYGKY ANaMeTPOM dp, PANSH 05HUMY BHIECHEHBOR PTYTR)
Hay= Ahd}

Ijie pu B Ppy — DAOTHOCTH KEPOCHNS W PTYTH COOTEETCTREHIO

ITpoESBCAA NOACTAHORKE W UPeoGPasOBANHS MOTYUIMN
Pye=(41/d2) ppr + U — di/d3) o

Henpuwmep, 0pa d; = 2d; mveem pyc = 0,25 13 800 4 0,75 800 == 4000 xr/m®

Jlan mavepennA gapiennd Gonee 0,2—0 3 MIa mpamesmoT weranm-
TECHEE MAHOMETPH — NPY;REEAEE WIH MeMGpannsie Upuinun ux ped-
CTBHA OCHOBAN HA RGOPMALAT TONOH NP YXUEL HIH MEMGpAHH MOR AeH
cTrueM H3MepAemoro Aabnenus ‘[epes MexaEmsm ara medopMamus mepe-
HAaeTcA CTPeNKe, KOTOPAT HOKA3LBAeT BeIMIHAY H3MEPICMOr0 RaBIOHHST
na medepbnare

Hapany ¢ MeXaHPUCCKEME MATIOMETPAMA TIPUMEHAT HIEKTPHISCKRE
MaHOMETPH B Kavecrne SyBcTEMTENLHOro sieventa (IaTINRA) B BIEKTPO-
MAHOMETPe HCIONL3YI0T pany Ilox peit P 0 fapne-
HOA MEMOPARA Ae@opMUpPYeTCA W UePes UepelaTOYHEIN MeXAHESM Tepe
MemaeT JABH/KOK TOTEHIEOMETPA, KOTOPBL BMECTE ¢ YKAIaTeNeM nIII0TeR
B OTCKTPUUECKYIO CXGMY

1.8 Cmna paBmenas #WAKOCTR BA IIOCKYI0 CTEHKY

Hcnoabayem ocHoBROe ypanweHme TmapocTarmkd (1 20) A1a maxom-
TeHuA TOIRCE CONEl MABIGHU SRATKOCTE HA LJOCKYI0 CTOHKY, HAKmO-
HEHHYID K 10DH3OHTY 10X TPOWsBOThHLY yrioM ¢ (pue 4 43) Burume-
amy cuty F aBiIerus, IeHCTBYIOMY0 €0 CTOPOHb! AKUIKOCTH HA HEKOTO
pHil yIaCTOK PACCMATPADAEMOIl CTeNMKM, OrpaHEIENHLE OPOH3BOJBHHM
KOUTYPOM B HMOMHA IAOmAh, PaBHYI0
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Qcb Oz HaHPaRAy IO JNIHE NCDPECCICIHA HIOCKOCTH CTEHKH €O CHO
Gommoil TOBEPXHOCTHIO JRUTKOCTY, a 00 Oy — mepHeHAMKYIIPHO K 2T0H
JAHEA B IJIOCKOCTH CTCHK

Bupasun CHATATA DMCVEHTAPEYIO CHIy NABJENHA, HPELOJKEHHYI
K Gecromedlo Manom HIomamke dS

dF = pdS = (po+ pgh) dS = py dS 4-pgh ds,

Ifie py — Faniienne Ha ¢poGOMMIGH HOBCPXHOCTH, i — rAyGANA PACHOTOMERNN o~
ma ks

Ina onpepenennst motuoii cmasl F npomaTerpupycy TOIYYCHHOS
BHPAJKETHe 110 BCOH MIOHAM §

F=p,,SdS+pgShdS=poS+pgsina§de,
B s

The y - KOOpA¥sara MIOmeAR: 4§

Tocheirny mETETPAT WpeAcTaBiaAer cofom (TATHYGCKHH MOMOHT
WIomAAE § oTHOCKTE bHO ocH O U PaBell NPON3BeNCHHAI0 5TON ILIOMALR
Ha KOOPIMHATY ©¢ [EUTPA TAKECTH
(rouxa ), T e
§yds =ped
5

Cnenonarensuo
F = py8 +pg sin oyeS = peS 4-pgheS
(amecs ke — ray6mEa pacmonose
HEA NEATPA TMHeCTH miromanmn S),
p:heid
F={py+ pghc) S =peS, (129
T © ROAHAT cuid DAGACHUR HCUDKO-
€It HG NAOCKYI0 CIERRY PAGKG NP0 Pge 113, Cxema Aun OnpeRcacHmA
useedenuio naowady cMERKY HG 2ud-  CcHIN aPNCHMP IKIKOETH H& MFOCKYI
POCIMAMUNECKOE DasierUe Pr 6 Yenm-~  CTeHRy
Pe magcecmiL Imoii naowadu

B wacrmom caiyuae, KOrja flanieHHe p ABIASTCA arMocepmbmM B
pefeTaveT Tawse ¢ APyYTOR CroPONH CTEHKH, cuiia Fyg H3GHTOTHONO AaB-
JORMA EUTKOCTE HA IIOCKYI0 CTEHKY PABpa JMUb CHIe Fp NaBleHAA
0T BeCA AHAKOCTH, T ©

Fyso = Fre= pgheS = pemesS

B ofimeM cayTae [apAenne py MOAET CYmecTBEHHO OTIHTATEES OT ATMO~
cdepnoro UOOTOMY WONEYIO cEny f fAABNEHMA ABANOCTE HA CTeMKy 6F-
JIeM pacCMATPHBATH KAK CymMY FByX cun F, oT Byemuero fasjeins
Po M CHNH F, OT BeCa KEIKOCTH, T €

F=Fy4 Fu= (P4 po)§



Pacomorprm BOBPOC O TOURAX N STHX oma, X
NeHTPAME AaBieHEA *
Tax xar BHEWIICe JABIEHHC p, NEPEAACTCA BCEM TOTRAM WIOmMANE S
TO

ero Teyloman F, Gyfer upmTomeHa B IeETpe
THAECTH § Jna na TOYKA LUPHI0MEHUA CHIB B
ACEMA Fy o1 Beca T (roura J) m TEOPEMY MEXABHEER

COTTacTo KOTOPOIf MOMEHT DABHORSHCTBYIOMEW CHIH OTEOCATETBLHO
0CH Or paBeH CyMMe MOMEHTOB COCTABANIMEX CHA, T €

Fuyp =\ 9 dFn,
4

IAe yp == KOOPTMNATA TOSKN OPHIOMCHUA CHIB F.
Bupamaa Fu 1 dFy Wepes yc B y & oupefensn yp TOTyIaesm

pgsing S ¥ ds
[ESUIT SR
¥P =i age S WS

e J, = | y°dS — MOMCOT UEOPMKE N OmaAM S oTHOCHTENHHO ocn Oz
5

Vaurmpas, 910
Jo=Joo+ 415,

(Jxo — MOMEHT RHEPmWY IIOmAn® § OTHOCHTENBHO LEHTDPANBHOM OCKH
Tapannensrod Oz), BAXOEM

o =yo+ Jwl(ycS) (130

Takmv 06padomM TOIKA UPHEAO
MEHNA CHIB Fy PAcIoNOena HE
JKe HEITPa THMECTH IIOw@ANE CTeH
RE  PacCTOMHEEe MeMTy HEMH

Ay = J/(yeS)

Eeau naBnerue paBIo aTMOC
depuaouy, To Tovj\a%u u GymeT UeHT
pov paereswa Upw p, prme ar-
Puc. 144 Dmopa {epHOTO mEHTP AABTEHHA HAXO
H3 OPAMOYIOARHYH CICHKY AAT Ne IPABHIAM MEXAHHKH KaK

TOYRY NPHIAOKERAA PaBAOAEHCTBYI0-
mefl ABYX crx F, m Fy, ueM Goxpllie mepsas CHNa Mo CpaBHEHMIO CO
BTOPOH, TEM OUCBHIHO NEHTP AABNEHHS BANKE K [EHTPY LKECTH
wromana §

B wactHoM caymae ®orma cremka mveer GopMy HpIMOYTOLLHHKA
pasvepavi a X b (pac 1 14) u opma w8 ero eropom a nemnr Ha cnoGop-
woll TOBEPIHOCTA ¢ ATMOCHOPHEM naBiaeHHem nenTp Japiexna D paxo-
RETCA WA PACCTOANAN b/3 0T HEKEEH CTOPOHE!

* B o {2 ykasupanoch 9T0 B x
ciial  [[09TOMY HeHTD. JaBAOHMA MO,KHO PACCMATPUBATh WHNEL YCIOBIO
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19 Cuna papaemus AHANKOCTA Wa KPERoIMACHHIE CTERKM.
Trananme Tex

HaXossueRse CHTH TaBTeHA ABIKOCTH HA TOBSPXIIOCTH NPOUIBOIS
mon Gopmul B 0fMEM CTydae IPHBOAATCA K OIPeNeTeHII0 TPeX COCTABIA
OEX ¢y MMapHOR CENH M TPex MoMentoB lam® BCETO PACCMATDHBAIT
NEAEHAPHIECKES HIH cepUICCKEe TODEPXIOCTH, MMEINEe BePTAKANb-
HYH0 IIOCKOCThH CHAMMETDHE CBV[ﬂ AapleHVH MBIROCTH B 8ToM ciaydae
CBOJATCH K pa BYIOmed cHlje, B ITOCKOCTH CEMMGTL’,\BH

Boasmem HENEEAPINECKYIO HoBepxHocTh AB ¢ o6pasynmen, Nepnen-
AEKYAAPAOH K miockocTH SepTeka (pre 1 15), W onpenenmM cuNy AaBRe~
HHS UIKOCTH BA 9Ty MOBEPXHOCTh B JBYX CHyJasXx 1) AHAROCTL pac-
moaosena cpepxy (pme 1 15, a), 2) MEIKOCTH PacIONOAeAd COH3Y
(prc 115 6)

IS

=
7 ,I

7)

Puc 115 Cxema pan
B2 NEAMEIPINECEYI0 HOBEPXHOCTH

B meproM ciLyTae BEIETAM 0GHeM KEIKOCTH, ONpanTTenasl PaceMaT
pHEPacyOl mOBepXHOCTBIO AB BepTHRANBHLIMH HOBEPYILOCTAMI, IpOBe-
JeHuLME Wepes TDAMAIB HTOFO YIACTHA, H CBOGOMNIOA NOMEPXHOCTHIO
Rogroctn T e ofvem ABCD, u paccMOTPHM YCIOBHA €ro PaBHOBECHE
B BEPTUKATRHOM T TODH3ONTANLHOM HAIpaBieHEAX Ecam Kmgkocrs
neficTByer Ha creHEY AB c cwioii F, To cTenka AB femctByer Ha duj-
KOCTh C CcEaom F HanpabaeHHOH B oGpaTmylo cropesy Ha pme 115
TOKA3aHA 97a CHIQ DEAKOEM PaNTOAEHHAH Ha ABE COCTABNAOmMIE
TOPHACHTANBIUYI0 Fr H BEPTHRAIBHYI Fp

Veaosme paprosecusn ofbeMa ABCD D BOPTUKATBIOM HATpPABICHAL
WMEET BUL

Fy=poSr+- G, (131)

Ije py — mapTeAne HA CROGOHOU WOBEPXHOCTH RUELOCTR Sp -— ILIOIANE IOPH
BOHTAJBHOI DPOSKIPH TOBCPXHACTH AB G — BeC DHJICTeMHOTO 0GBEMA FKEIKOCTH

Ve10BEe paBHOBECHH TOTO e 0GheMA B IOPMIOHTATHHOM HANPABTe~
HHR 38nHIIeM ¢ YIeTOM TOIo STO CHJL NABJCHHA MUAKOCTH Ma ToBCpx-
Hocti EC w AD BIanMEO yDPABUOSEINEBAIICA H OCTAETCA AWIUD CHIA
Rapyemus Ha miemagh BE T e Ha BepIMKAJABHYIO HPOEKIUI LOBEPX-
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moorn AB — 8§, Toraa
Fo=S8ypghc+ PoSn (132

Ompepenms 1o dopumymrast (1 31) m (1 32) BePTUKUILHYIO T TOPU3ON
TAABHYI0 COCTABIMIOUIES OTNOM CHAW fapaeaws F, mampes

F=VTi{T

Horpa MumrocTb pacmonosena cumdy (e puc 1 15, 6) rmapocra
THTECKO® NIABTSHAe BO BCEX TOMKAX HOBEPXA0cTH AB mmeer 1o e na-
WOHHA, WTO H B LEPDOM CAydae, HO HAUPABTENAS ero GyAeT UpPOTABO-
TIONOACHEIM, ¥ CYMMAPHEI® CRILE Fp 1 Fy onpegenarca Temn xe GopryaaMn
(131) 1 (132) mo ¢ ofparuuM 3ma
KoM IIpE BTOM Hop, BenmIUHOR G cae-
NyCT TMOHAMATH TAK Ae, KaK H B I6p
BOM CJyuae, DEC ARETKOCTH B 0GBEME
ABCD xoTa 510T 0fheM H He 3arol
HOH AANKOCTHIO

Tosomerne nenTpa Aabienma Ha
MIAEAPUTeCKof CTeHREe MORIIO JIETKO
HAHTH ©CIM W3BECTHL CHAEL Fy ¥ Fp B
oupeeKeHsl UenTp TapaelHEA Ia Bep
THKQILHON IPOSKIMA CTEHKM U [OHTP
TANGCTH BHAENCHIOTO ofheMa ABCD
3ajlaua  JHATATETBHO OGNETIACTCA B
Puc 116 Cxema mam mosasarers 1O GIV78, KOIf@ paccuaTpupaeMad
CcTEa aakoma ApKHMCAA TWTANAPEYECKAA TOPEPXHOCTH HBIA

erca xpyromom Pammopeiictoywoman
cHIa IPH 3TOM IEPECEKAST 0Ch MOBEPXHOCTH, TAK KAK J106as BACMOR
TAPHAA CJIA [ADICHEA BOPMANBNA K NOBePXHOCTH T e Hanpasiesa
oo pagmycy

anomenne croco6 ompeenenua CuIbl [ADNCHMA HA QEINHADE
TeCKAe MOBEPYHOCTH HPAMCIHM M K C(EPEICCKMM TOBEPXHOCTAM, TPR-~
HeM PapHOMIEHCTBYMNAA CHIA B HTOM CJAYTae TaKKe HPOXOANT deped
ICHTP IOBEPXHOCTH M TeKUT B BEPTHKAIBHON IIOCKOCTH CHMMETPHH

OnmcayHsig BEIUC MpHeM HaXOHJ@HHA BePTHKAIBION COC1aPNAIOmMER
CHALl RaDICHWA JRIIKOCIH HQ KPHEBOJUHEHMYIO CTERERy HCTIOMbLBYHE
A JI0RA347eTHCTDA 3aKoma ApXmMega

Tlyers B RMIKOCTD HOIPY/MEN0 Texo OPOoHIBONBEO POPME 0GBEMOM
V (vEc 1 16) Copoexrmpyen ero ma cpoGOASYIO HOBEPXHOCTD AMHIKOCTH
H TpomefeM OPOCKTIPYION}10 MVIAHJPEYECKYD TOBEPXIOCTS KOTOPAR
KACACTCA MOBCPXHOCTH 7TeTa N0 3avKAyTOH KpmBoil JTa KpERAg OTAC
JLAET DePXHIOI0 TACTH LoBepXHOCTH Tena ACB 0T muinen es Wacta AD
Bepraxanbuas COCTABNAOMEAA Fyy CHmbl HIGHTOUIOr0 AABNEHHA MHA-
ROCTA Ha BEPXHIOID YaCTL NMOBEPXHOCTH 7T€J1a Halpasjaeda BHA3 H paBHa
Becy muproctd B o6neve A4 B BCA Bepruraitpmas cocrapTaioman Fy,
CHIIH aBTEHEA AREIKOCTH HA HA/KRHIOW TACTH MOBEXHOCTH TEJAA MAXpap
ZleRa BDCPX ¥ PaBHA Becy mmprocTn B o6nemo A4 B BDA Orcona cie-
AyeT, 9ro BePTHKAMbHAA PABUOXEHCTBYMmMAA CHJI JADICHUA RHAKOCTE
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Ea Toxo Gyler HAIDABNEHA DDEPX W Pasha Becy MEIKOCTH B 00LEMe,
paBEOM DAIHOCTH YKASAHHLIX NBYX 0GBEMOB T

Fa=Fpy—Foy=Gacap=Vpg

B aToM W 2aKI0TAETCA 3aKOH ApXuMena O06LAFO (opmyTwpyeMuik
raE Ha TeN0 TOTPYAREEHOE B JRNIKOCT:, JAGHCTBYOT BLITaARMHAKMAA
CHTA HAIPABTEHHAA BEPTHKAIBHO BBEPX, UHCAGHHO DPABUAA DCCY LR
KOCTH, i TeJOM, M WP B HEHIPe THKCCTE ofTeMa
norpysenpoli wacTH Tera

Cuna Fs Ha3HPACTCH @pruxedosou cutow, MIH cuidl noddepucaniis,
R TOYKA ee UPHTOAKEHAA T ¢ NenTp mLiecTm obwema V, — yewmpok
80013MEULEHIA

B 3aBHCHMOCTI 0T COOTHOIGHHSA BeCa & TCIA B apXEMENOBOK cHisl Fa
BOIMOMHK TpH cTyuas 1) G > Fy — rteno romer, 2) G < Fy — remo
BCIVIHBACT F IIABAGT HA MOBEPXHOCTH MUAKOCTH B JACTHYTHO HOTPYHeH
Hop COCTOARNE 3) G = Fa — 1€710 WIIBABT B MOANOCTHIO [0I PYACHHOM
COCTOSHEN

Jas paBHOReCHA TNABALmEro Teta KPOME DABEHCTBA Ol G = FaA
JoGieH GHThH pasen BYIW cyvwapuui moment Iloctenmee ycmosme co-
fmofaerea TOrna, KOT/A IEHTD TAAKECTH Tela JeMmHML Ha ool Bepri-
KajNE ¢ MEATPOM BOMOTIMEINGHMA YCIOBHE YCTOMTHBOFO PaBHOBECHA
TEJA IITABAKIMIEr0 B IOJHOCTHIO IIDI‘perEBBOM COCTOAHAN 3aKIOIALTCA
B CHEAYIOMEM IEHTD TAMKECTH TeNa JOIKEH HAXOAHTHCA HMLEKE MEHTPa
BOMOMIMeMERHs Y CTOMUABOCTh PABRHOBECHA Tel, IABAIMEX HA IO
BEPXHOCTH FXHAKOCTH 3J6Ch He PACCMATPRUBAETCA

110 Tpamonumeitnoe
PaBHOYCKOPEHHOE JPMKENDE COCYAA € JKHKOCTHIO

Panee GLIo PACCMOTDEl0 B OCHOBIOM DPABHOBECH® MUAKOCTR KON
neficTeEeM NEWH ONBOH MACCOBOH CHAN — o€ BeCd UTOT ChyUadl mmeeT
MeCTO TOIAld KOrja KHIKOCTh MOKONTCA B cocyne, IeHOJBRAHOM OLHO-
CHTeNHHO 3eMITH, a TAKAKO B COCYNe, ABWKYMEMCH PARHOMEPH® X TIPRAMO
anueiizo Ecum ae cOCYM ¢ #uIKOCTEI0 HAXOMATCHA B HEPADIIOME PIIOM W
HONPAMONMFAEHHOM JBIHEHNH, TO HA YACTHOH JKATKOCTH KpOME CHIS!
TAEKECTH AGHCTBYOT eme CRIE HHepIme Hpﬂ'[eM €CaY OHH TOCTOAMHDI
TWO BpeMeHH TO KEAKOCTb HPHHHWAET HOBO® HO’10/KCHHE PaBHOBECHSH
Taxoe p JRBEKOCTH TCH BRI ROKOEM

IIpm orHOCHTEIEROM HOKOE CBOGOTHAS NOBEPTHOCTD MUTKOCTH T npo-
UHe MOBePYHOCTH YPOBHA (eM 1 1 5) MOTLYT CymecTBeHEO OTIMIATHCH
OT NOBepXHOCTEH YPOBHA HpPH MOKOE AHIKOCTH B HENONBMKIOM COCYHE,
T © OT TOpPH3OHTAIBEOH II, ta Upa onp: dopua u mome-
AGeHEA CBOGOJHON IOBCPXHOCTH ABLKOCTE [AXONAMEHCH B OTHOCHTEXb-
HOM IO0KOe CHBAYeT PYKOBOACTBOBATECH OCHOBHHEIM CBOMCTROV BCAROK
TOBePXHOCTH ¥POBHA KOTOpOe SAKNIOTATCA B CIEyIOmeM panrHONeH-
CTBYIOIaA MAacCOBLIX CHT BCerga JAeHCTBYeT HOPMAIBIO K TOBEPXHOCTH
YporEA B camOoM AeTe, ECTH Gl PABHOABACTBYIOmMAA MaccOBad CHIA
TeficrBoBana O/ IeKOTOPLIM YoM K IOBEPXIIOCTH YPOBHA, TO KACATADb
HAfA cOCTABIAKMAA PTOH CHJB BUAHBATA Gl HEPEMemenre TaCTHI|
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ACHAKOCTH BIOJEL TOREPXHOCTH YPoBHA OfHAKO B COCTOSHHE OTIOCH-
TEJIBHOTO MOKOA OICYTCTBYIOT XKaKue aEGo Tepememelnd SACTHL AHEIAKO~
CTH KaK OTHOCHTENbHO CTEHOR COCYAA, TAK M APYr OTHOCHTENLHO APyTa
CnezoBaTesbuo BEMHCTDEHUO BODMOKHALIM LAUPADTEANEM paBHOmeit
CTRYIOMBH M1CCOBOH CHALI ABNAETCA HAIDABICHRe HOPMANLHOE K CBO
Gopmoii moBepXMOCTH, & TAKKE H K NPYTHM MOREpPXHOCTAM YPOBHA

TlobepxEoCTE YDOBUA HE MOTYT MCATY COGOR IEPECCKATHCH, MBATE
IO IMHME mepecedelHA ABYX TAKHX mopepxHocted ORI 6B HmoayweH
PA 107CK, AABICHIIe B KOTOPHX B ONHO I TO she BPeMA mMeno Gu 1Ba
pasHNX SEATENHA, UTO HeBO3
MOMKHO

PaccmorpnM  mra XapaxTep
HHX CIYYaA OTHOCWHTEABHOTO IO
KOoA RHJKOCTH B COCynme, ApE-
AYmeMcA UPAMOMHHEEHHO B pAB
HOYCKOpPEHHEO H B COCYME, BPa
IMAIomeMea BOKPYT BePTHKAABHOI
OCH C HmOCTOAHHOM yIJIOBOH CKO-
POCTBIO

IHycers ¢ocyx ¢ HHAKOCTBHIO
ABURETCA Hpﬁ\'lo*ﬂ{l!&ﬂllo ¢ mo
CTOATHEIM ycxope}mcu @ B atom
CIydae pesynbTHPYIONYI0 MACCo
Puc 117 Caimi, pedtcTeyomue npu otr BYW CHIY, AeHCTBYIOMYIO Ta 7KHT
HOCHTCIBHOM MOKOE KAIKOCTH M Ipd KOCTb, HARMEM KAR CYMMY ECKTO-
POB CHIEEL HAIpabien 10it

rocyza
B CTOPOMY 0BPATIYO YCROPEHI'E
a B cmap rasectn (pue 117}
0O6o3madrs pexTOp pa derpyomeit i cmunr, or i
K eJNHUTE MACCH, TCPE3 j, LOTVIMM
i=atg

FFe @ I g — DEKTOPH SJENUNENE CHI MEGPUNH W TAKACTE

Jijtn Beex wacTmn paccMarpEDAeMoro ofhema AHAKOCTHE DABHOLEH
CTBYPOIA® MACCOBHE CHIH NAPANIOIbHEL APYT HPYTrY, & HOBEPXHOCTH
YPOBHA NBPTEHNUKYJNAPHH K ITHM CHAAM MOBIOMY BCO TOBBPXHOCTH
YPOBHA, B TOM YHCI@ CBOGOAHAA LOBEPXUOCTh ADIADTEA MAOCKOCTAMH,
HAPAmIeNBENME APYr APyTy Yroa HaKJOHA BTHX N [OCKOCTeH K Topi
30HTY ODpefieasercA H3 YCIOBHES NEPLEHAAKYAAPHOCTH X K CHAE f

Jinst OHpefiencHMA IIONOMEHUA CBOGOJHOM MODEPXHOCTH IKEAKOCTIC
B COCYA® ABWAYmMEMCST OPAMONMEEHHO PABHGYCRODEHHO HEoGX0onmMo
K IpeabIymemy uTh ypaRHEHHE 0F T e EBY.XKHO
aHaTh 00BN FRHNKOCTH B COCYAe B BHDAsHTH ero wepes pasvephl COCyaa
B m H u mepronava;ibHEM ypoBENb AATROCTH

YpapHeHue NOSBOMANMEs HAXOAWTh gasienme B JA0GOH ToUke pac
CMATPUBAGMOTO 06LEMA UAKOCTH, MOKHO LOMyINTh AUUIOTHIHO TOMY,
Kak ore cnenaimo B W 15 BospMewm Hampemep, oxoNo TourE M mio-
manky dS, mapanieAbHY® CBOGONHON MOBSPXHOCTH, H HA 3TOH 0~
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eaKS MOCTPOEN ETEERpAveCKEd 06BeM ¢ ofpasyiomes; HopMawkIof
K cpoboxEol DODEPXHOCTH VCIODEC DamHODecHA yKAIAEHOTO o6 Lema
sKEAROCTH B HANDABICHMA HOPMAIH K cBoGoRHOn nonepxl{o(‘ﬁ'ﬂ 6yner
HMOTH DEA

pdS = py dS + jpl &S

176 mocTenEEit Wien IPECTaBAACT COGOH NOTHYI0 MACCOBYIO CLTY, nem
CTBYIOUyl0 Ha BHJONEHHAUE 06heM JKENKOCTH, & ! — paccTosinyue oT
roukm M [0 cBoGOXHOH NMOBEPXHOCIM

Tocne coxpameHna Ha dS momy Ty
p=potipl 39

B uwactroM ciyae, Korfa ¢ = O m coorpercrsenno J = £, dopuyra
{1 33) mpespaAGTCS B 0CLOBHOE YPABIOHNE THIPOCTATHKE (120)

To e ypasnenne (1 33) MOMHO TOMYTHTS BETErPHPOSAHEEM fimbe-
peummansHoro ypapmenma (1 24) Jima oToro ommy ®3 KOOpAMHATHHX
ocedi yaoGEee HANPABUTD BAONL JHHUK AeHCTBUA pedynbTHPyOMEL: Mao-
copoil cmmu j IlpmuAs Takoe HAUpapueEEe, HAampEMep, MIA ocd I,
Oymem mumerh
X=Y=0 Z=j, dz=dl

Cnegoparensno, Bvecro ypapEeHEA (1 24) Mokuo saATECATH
dp=pjdl
IR MoCHe BRTETPEPOBANEA W OHPEeJEHHA WOCTOMinON NORCTAHOBKOR
1apaMerpoB CBOGOTHOM LOBCPXHOCTH
p=pll4-po

Ilonyuenroe ypapHenme copmagzer ¢ Gopuymnoum (1 33)

1 11 Pasaomeproe BpalteHHEe COCYNA € JKHKOCTBIO

Boabye OrKpLITHE cocyn ¢ bI0 B
CMy BpalieANe ¢ LOCTOARHOH yIAOBOM CKOPOCTRIO () BOKPYT €ro Bepra-
KaxbHoNl oo HEgroCTE mocTemenHO mpuoGpereT Ty e YIIODYI CKO-
POCTB 410 | COCYT, & CBOGOAHAA TOBEPXAOCTD €€ PR OM3MEKATCA B NeHT-
PANBHON YACTH YPOBEHD AEAKOCTH IONHSHTCA Y CTCHOK — HOBLICHICH,
¥ BCA cpoGONHAA NOBEPXHOCTH SKMIKOCTH CTAHET ROKOTOPOH Homepx-
HOCTE Bpamensa (puc 1 18)

Ha ®pnocTs B 9TOM Cyuac GyAYT NEHCTBOBATH ABE MACCOBHE
CHIBI — CHAA TAKECTH H [euTp aag cmiaa, p Gypyas orme
CEHHEIME L €HMANG MACCH, COOTBETCTBGHHO PABHH ¢ K o7

PamyopeiicTByoman MaccoBas CHIA j YBEIHIHBACTCH C YBEIUNOHUEM
Pafsiyca sa cuer BTOpoil cocrasnsomel, a yrol HaKTONA €6 K FOPHIOHTY
YNeHbmaerea JTa CHNA HOPMAUbIA K CBOGONHON NOBOPXHOCTH JKHAKO~
CTH, TopToMy HAKIOH ITOH HOBEPXHOCTH ¢ YBEXMUCHZEM DATHyCa BO3-
Pacraer Hawgem ypasnenme rpupoit AOB p cucreme KOOPMMHAT Z W I
© maYajoM B [eHTPe AHA COCYAA Vumiupas, 9r0 CmIA j ABUSEICH HOP~
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mantie g xpeson AOB 13 gepresma Haxommm
tg o= dz/dr = 0%r/g

omxyAa dz=aw?rdr/g

TJIH NOCTe MHTeTPUPOBAHILT

8= 0t)(2g)+ C

B rouxe nepecevenns xpusoii AOB ¢ ocbw ppamenmaAr =0,z = h =
- C MOJTOMY OKOHIATENBII0 6yne\l HMEeTD
s=ht 0%r?(2¢) (134)
* e npusaz AOB apnsgerca napabonoil & CBOGOAHAA MOBEPXIOCTE MY
KOCTH — mapa6o (omfor Tarywo ke gopvy HMEOT ¥ Apyrme mopepx-
EOCTH ypomus
Tloxsaysicr, ypapuenmest (1 34), MOKHO OLEpeNeanNTs UOZOIKEHHO
6BOGOAION TOBEpPYHOCTH B GOGyuel HANPEMEp MAKCHMATLHYI0 BE
60Ty H DogbeMa MEIKOCTA M BHCOTY h pACHONOMKOHAA BOPMEEL
NApaGomona IPH JALLCH YITOBON CKOPOCTH O Jiusa aTore HeobXonmMo
HCIONb30BATE €me YpapHeHHe o6BerMoB:
z 0GBeM HETOABIAHON MHAKOCTH paleH 6o
06%eMY BO BpeMA BpAIMEeHEA
7 Lina onpejienermA saKxoHa BaMememus
AABIEHUA DO BPAMAKMENCH AHAKOCTH
B YOLOEE Pajuyca @ DEICOTH IOCTYIHEM
4HAIOCHTHO TOMYy KAK 570 COeTAHO B
r olwtn T 135 BejeqmM BeprmRambHBI mIIEHET
p it 06BeM HC HeM
ly 3'/ B BEJe OJIEMEHTAPHOH TrOpHE3OHTAaNBHOL
nromankn dS (roura M) ma mpomanoxs
TOM papgmyce r m BHCOT® Z B AATAMEM
= YCIOBHE @10 PABHOBSCHA B BPOPTHKATHLHOM
; manparzesun C yueroM ypaprewms (1 34)
~i ]I[ GyneM EMeTH

pdS —[h—z40"r)(2¢)] pg &S —
~— po (dS/c0s @) cos =0

Pac 118 Tosepxuocts suaro
MW OpH BpAIEHNE OTKPHTOTO

::;ynn BORpYT ITocne coxp fi momywum
p=po+[h—z4 or20lpe  (135)

010 JHAMAT, 9TO KADIEHNE BOIPACIACT TPOLOPIHOHAIENO PATUYCY
N yuellplraerca IOPONOPIMOHAJIBHO BBICOTE Z

Ecnu cocyn, spamamomuiicx BOKPYT BCPTERATHHON OCH HMEET KDHIIL
RY 0 JANOTHET JRMIAKOCTHI0 TOBEPTY TO €6 GOPMA UBMEHHTHCH Te MOAKET,
RO H3MEmAETCA TABJAEHHE B COOTBETCTBEE ¢ Bhipakenuem (1 35) Ha
poe 1 19 mokasana WOPA AABICHAA IO KPHIUKe, CICIKE H AHY COCYNA.

Ha ppakTare €acro paccMaTpEBaeTCs BPAIENEEe COCYNA © MHIRo-
OTbI0 XOTfa YITOBAA CKOPOCTh O CTOTH BRIHKA, UTO CHJIOH THIReCTH
MOKHO Ipere0peTs o CPABHEHHD © HenTpoGemubMu cHilava IIpm arom
BAKOW U3MONOEHA AABIONHA B RWIKOCTH NETKO HONYYHTH H3 (OPMyIs

”»




{135, » goropoil GieAyer MPEEAT z = h = 0 VrOT, obpasyemmit
0chi0 BPAMEHER COCYAA € BEDTHRATLIO BIINEHNA T FMEer, 3 Tonept
HOCTH yPOBIIA MO0 CIMTATEL KPYIABIMA TUGTHANDAMH C obmeit 0cbo —
OCBHI0 BpAmMPHAA COCYA Ecnm & TOMY K¢ HarBaerue Py ACHCTBYCT Ee 8
meATpe, a IPH 7 = I, TO OYEDITHO TTO DMECTO BELP Lterris (1 35) 6ynev
EMEeTh

p=potpa’ (" —ri)2 (1 3%)

Yacro Gereaer RCOGXOTIMO OOPCNCANTE CHNY NlaBIents Epantapmeiica
BMECTE ¢ COCYAOM RHIKOCIM H1 €0 CTeHKy NOpMaMlbHYIO K OCH Rpalie-
HAA (BAA FA KOTBNOEBYID TacTh aroit creukm) Mas sToro HeoSXopmo
Brlpa3HTh CcHATAJA CHIY ABBJIGHHA, NN '/]
XOMAMYIOCA HA 3NENMENTAPHYI0 ROTHIE /%

BYH TAOMARKY pPAAUYCOM T O Wm@pm

Hom dr
dF = p d8 = [po-+ pw? (r* —r3)/2] 2ar dr

a saTeMm BHINONHMIL HETerpupopaEue n [ 2"
TpefyeMuiX TpenemIax

TIpm GoblUofH Yra0kOH CROPOCTH KM
KOCTH MOMHO MO}y 4uThL BeChMa 3HAMH
TEARYH CYMVAPH}IO CUNY HABTEHUH HA /'
€TENKY D10 HCHOMXbL3YOTCH B HOKOTOPLIX
¢paRmEONNHX My{TaX, IIe JIA ocyme-
CTDIERMA COOUTenna ABYY BAIOD 1Pe6Y 4 yo Supw vancumi
orCA COBAanme GONBIIHX ONT HOPMANBHO  wpiunsy, eTemy u 4so epama
ro mammerna Cooco6  yRADADHGIE BEI  owperoen cocyna
me, NUPHMEHAIOT AJdA OLpeneAendA Cnabl
0CeBOT0 JABTEHHS MIHAKOCTH HAa pabogdme Kojgeca IEHTDOGEKIEIX
TACOCOR & TAKAE Md KPBIHIKI NeRTpAGyT

Te e GOPMYTH QI8 PACCMOTEHHOTO CTYYasA OTHOCHATENLIOTO NOKOA
MOKHO DLIBECTH IyTeM HHTEIPHPOBAHEA NUPCpEBTVAILI HOTO yDAnHC-
man (1 24) pasuosecnsg sugrocrd [Towocrus EaYAN0 KOOPIALM D HEHTPS
AHA coCyla W uyanpaBHB OCh 7 BEPTHRAJIBIO BBepX nOle‘lﬁM

X = cos (r/\.z) =a?z Y —o’rcos (r,/\y) =0y Z=—¢g
Tlopcran1na sTM BENHTAHW R ypapmonme (1 24) mHaxomam
o de oy dy — g dz=dpjp,
uig
dp=pa? (z 1z y dy) — pg dz
Eenu yuects, aro
zdotydy=d(r2)
TO TOCAC HUIOS PEOBAINNA MOXY I
P=po*r’2—pgiy C
2 Ban 165 32



TMppr=0m z
C=po+hog

B pesyansTaTe OhOHWATENBHO HOMYTHM
P= potpg (1 —2) 4 pa¥r*/2

Ypapuexno ¢so6OHOK MOBEPXHOCTH JKMAKOCT MO0 HafiTm ectH
noToxHTs p = p, Ilocae coxp I mp ru 63yAeM uveTs

ar'(2g) -+ b
1To cOBTANKACT ¢ Dabeo mo (yTeHEHMA (opuyTamm (1 34) u (1 35)

h, p = py CHEHORATENBHO,

z

Taanad KUHEMATHKA H THHAMHEA JKHIKROCTH

1.12. OcHoBibte momnTus

KoHemMaTHER KEIKOCTH CYIMGCTBEHHO OTIHTAGTCH 0T KEHEMATUKE
TRepRoTO TCYad ECIm OTAEABIBNO YacTROH a6CONOTHG TBEPHOTG Texa
HKECTKO CBASAHRBI MEjAy cofom, TO B ABWAYmMCHCA HEIKOH cpesie Tarmo
CBABH QTCYTCTBYIOT; 9TA CPCRa COCTONT I MHOMECTBA HACTHAN, LORAKY
MEXCA OZH& OTHOCHTENLHO JPyrodm

Cropocrs B [AHEOH TOTKe HPOCTPAHCTBA, BAHATOre ABMKYmelcs
KHTKOCTHI0, ABNACTCA (yHKIEeHE KOOPAHNAL aTOH TOYKA, A MHOIZA m
Bpevenr Takmy 06pasov, sajaden KWBEMATHEM MOAKOCTH ABARCTCA
onperiesieRne CKOPOCTH B 060K TOUKe AKHIKOM CpER, T ¢ HAaXOALERne
monsr ecropocTeil

Cradana paccMOTPHM ABMKEHA® TAK HA3HIBAGMOW LOeq 1HOU IKHIKO
C©rm, T e TaKoH BOOGPAKKAeMOM (KURKOCTH KOTOPAA COBCPIUENHO i~
mena BAAKOCTH, a JaTeM [ep K B3y PEANBIHX
B raxoi menaAakow JKARKOCTH, TAK e KAK U B TMENONBAAHNX PealLILX
SRIAKOCTAX BOSMOMEH AKWb OXHH BHA MATDMMEHHH - BOPMAbIHE
HAIPAKEHEA CRATHA, T €. THIPOMEXAHKYECKOE NABNCHDE, HAM TPOCTO
AanieHme

JlapTenwe B ABmkymeiicH HREARLHOM JKEIKOCTH 0BNAZaeT TeMI Ke
CBOHCTBAMD, 4TO M B HENOABHAKUOM KEIKOCTH, T € Ba BIENMHEH mo-
BepLHOCTH FKOAKOCII OHO HANPABIEHO MO BUYTPEHEH HOPMALM a B T~
6ol TouKe BAYTPD KEAKOCTH — L0 BCEM HANDABICHHAM ONNEAK0s0 *

Tegenne ITKOCTE MOKRT GHTH YCTAROBABIUEMCA (CTATEOIAPILIM)
T 14 HeYCTZHODNBRMIMCA (TECTAINOHAPILIY)

Yemanogusuiumen HasnpaeTen TCIERNE SKEIROCTI, HENIMEHIOC KO
BpOMEny, NMPH KOTOPOM [Japienne H cKOPOCTh ABIANTCHA §YIKIIAMA
TONBKO KOOP/MHAT, FIO Ile 3ABHCAT OT BpeMenm JlaBuaeHme I CKOPOCThL
MOryT WBMENAIECA NPH DepeMeneENH TACTHNE ,KE;KOCTE A3 QRHOIO

*n nonoﬁao TOMY Kak 8TO ILEJKBHOOB p.0e
HeLORBIKHOG JRAZKOCTE [cM m 1.4} eMER-
TAPHOTO TETPanfpa ¢ yuerom cmi J{ AnanGepa, xmopue BaTeM BMeCTE ¢ uacconmm
cBMB CTPEMATCH R BYII0 MPH CUArUDAHER TETPASJPA B TOWKY,

Lo




DONOMEHNA B JpYyroe, MO B AaHHOK HeHOAMEKHol OTHOCHTEABHO pyciaa
TOUKE JABACHNE W CKOPOCTH IPH YCTANORMBINEMCs JBILKCHHN HE Mane-
BAKTCA M0 BPeMEHRH, T ©

p=h(z y 2, v=hE ¥ 9
62/36:0; Bofdt =0 v, /ot =0 év,/0l=0

T7ie WHIEKCH ¥ CKOPOGTH O3HAYAIOT e¢ NPOGKIEI HA COOTBETCTEYIOMHO
OCH, KCCTKO CBASAHHKE C PYCTOM

B gacTiom caygae ycraHOBHBIIEECH TeUCHme MOMeT GLITL paBHoMe]
HHM, KOT3 CKOpPOCIb KAKAOH WACTANE He HIMEHACTCS C HIMEHEH) e
€6 KOOpIMHAT, H IOTe CKOPOCTEM OCTACTCH HEMAMEHHEIM BI0IB IIOTORA

Heycmanosueuiusca HasLLaeTcs 1€Y€HNE ,KBIKOCTH, BCe XapaKTe-
PHCTHKE KOTOPoro (TN HEKOTOPHE M3 HIX) MAvMEHATCA HO DPEMCin
B TOWI x PACCMATPHEAENOTO MPOCIHALCTBA

B obmem 13 1ae Tes CTAHOBIBIUETOCA " @MOHIIS 1Al (eI i CKOPOCTH
BIBHCHT KAK 0T KOOPRUHEAT, TOK W OT HpeMenu

p=Fiz v, 2,1 v=Fi(z, 9 2 0

TIpusmepamm meycTaNODABIErCCA TETEHESM JKEAKOCTI MOTYT CTyA OTh
GHICTPOS OLOPOKHEHAE COCYTA WEPE3 OTBEPLTIe B JINE MU JABMKENES BO
BC & mnm ploil TpyHe 0 HACOCA, NOPIIeHB KO
TOPOIo cOBEPIUAGT BOBBPATHO-NOCTYHATENbHOe ABH.EeBue Llpmmepon
YCTAHOBHEBIUEIOCA TCICHHA MO CT CTY)LHTh BCTEUCHEE AIEOCTH EH3 O
CYA2, B KOTOPOM HOANe[AHBAETCA LOCTOANNE ypOBEHh H1H JABHKCUIE
SKEJKOCTH B TPYGOIMPOBOE, CO3TABALKOE IEHT POOCAHEN HACOCOM C I0LTO
AHHOH 9aCTOTON BPAmMCHEA BaJIa

it o1 XCA TEMCHNH YOPA3AL NUPOINe 4eM me-
ye xca B panbmett SymeM paccMaTpPaAB4TB, TAABHEIM Of-
PasoM, yCTAHOBMBIUMECH TEUCYMA H JIUMb HCKOTOPHE IaCTIHC CliyHam
HEY CTAHOBHBIUCFO(A TEYLHHAA

Tpaekropnm wacTun ABELCCTI OPIr YCTAHOBHBIGMCH 1€UCHHE AHE
EAKICH HERBMEMHBIMIT 10 BPEMEIT

IIpn ReycT«HOBHBIUEMCA reveHad TPACKTOPEE pasTHINRX WACTHI,
IpOXOJAmMUX Yepes TAHEYH TOUKY HPOCTPAH(rBa, MOTYT HVETh Pasisyio
doprry Ilosromy fist PACCMOTPENHA KAPTHIH TeTeHIA BOALNRAKmeH
B Kaikpiit qARIBIH MOMEHT BPEMEHH, BBO,HTCH IOHATNE AUHHE 10K

Junuew mont HAIBIBACICA KPHBAA B KAAKIOH TOIKE KOTODOL Ber 10p
CHOpOCTIn B nﬂﬂﬂﬂﬁ MONENT BpeMeHU Hampas1eH Io Kacate 1proit
(pmc 1 20)

Oqerm;(Ho 9T0 B YCHOBUAX yC1AHOBHUBIOrOCSK TCLUCNIIA NUAAA 10KA
€OBIATAET C TPACKTOPHCH WACTHOE H HE MIMEHseT CBORE (OPMHI ¢ Tede-
HEeM Bpevers

Ectm B MNAKymeics KEIKOCTH BSATH GecKoEEYHO MRJEI saMEIy-
THIT KOETVD B Yepes BCe ero TCYKM NpPOBRCCTHA YHNME ToKa To oBpasyerca
Tpy6YaTan HOBEPXHOCTh, HaskibacMas Pipyfrou mowe YacTe morora
BaIUTIYEHEAA RAYTPA TPYOXRM TOKA HAsbIBAGTCH aieMeNmaephaic cmpyis
koii (pre 121) IIpm cTpeMmieRmE DONEPETHHY [AZMEPOR CYPYHKE
K BHYN© OHA B npenene CTATHBAETCA B HAHUI0 TOKA
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B ap6oit Touke Tpy(xm Toxa T e (0L0BOM ROBEPXHOCTH CTDPYHKW
DCRTODH CKOPOCTH FANPARTCHE IO KacdATCNIHOH, 8 IOpUAThbe X aTol
TOHEPXNOCTH COCTINTAOIN @ CKOPOCTH OTCYTCTEYIGT  CJI€0BA1ETBHO,
Tpu yCTdHODUBWEMC A jIBIGKCHIH LI O YACITIOA JREAKOCTII U B ofio#
rouke Tp)Okn TOKA 1€ MOME1 UNOMAKEYTL BOYTPL C1PYair 1 L'nil Bed1d
#apymy Ipy(ka 10xa TakuM 06PasoM SETACTCI KAK Gl ECOPOHEIAL
MOJ €TCHWON 8 N.4CMEHTAPIAK (TPYIKA TPEACTABurcT (o0l cAMOCTOR-
TeNpUIE S TOVERTAPHLIET TOTOK

IloTcEu KOHewDBIX pazveron GiiC ¢ cravaTa paced ATpHPaTH KaK
COBOKVOOOCTL JJIEMCITAPIBLIX CTPYCK T € 6) TEM IPEeLNQ IATATE 1eyedne
capyvitamm (I3 21 pasay TUA CIOPOCTEit cocean: e cTpYikm 61,0 T crOIDL
8urp 0p1a To Ap3TON, Do me GyAYl ICpeMCIINBATHCA OXnd ¢ APY1Oit

%

Pue {20 Tnnmwre Tona Puc 121 Crpyiisa

Hussia ce teruem win HPCCTO cCUEEHECM NMOTOKA, NNASLIPAECTCH D OﬁmOM
CJIY 94 HOREPXHOCTH B [PeJe 1aX HOT0KA HPOLEJIENNAs HOPMATLHO K T
muav rora  Jlauce yAcM peccMATPUBATH B IOIOKAX TAKHE YY4rThE,
B KOTQpLIX FlI)\ﬁI(Il MOMIIO CTHMT&IB lapart e ThdhMII H, CHeJ0BATENbHO,
# HEBEIO C€9€NNRI — ITOCREVM

Pagngnant nanopune 1 Gesnamopwr e resenwst skupkoctm Hanop-
7Bl Vil HA3LINAIT TEeNCHAA B 3aKDBHITHIX PyC rax 6es crobognoll moBepxio-
crm a fezmaroppai — Tesenns oo cvoBofnolt nomepxnocrsio  Ilpm
HauOpIE X TeUeHMH X AALIenMe BAONB MOTOKA OGHTHO HepeMenmoe, mpi
GCIHATIOPEOM — HOCTOMIOE (HA CBOGORIQS TOUEPXUOCTH) H Jame BCCIo
arwocdeproe [pnvepams nan0OpoTe TeMERIA MOI yT C1y LU TqeR Vs
B rpy601pOBo (aX ¢ MOBHIMENHEM (LT TOMHAREND M) LaB 1CHHSY B YMA-
poMamnBAY IUHr JPVIAX lVl']pOdI‘pClaTﬂ‘( B(‘SB:’!HUDX]HMI[ FRIALTCA
1e9CLUS B PeRAX OTKDI TEIX Kapdnax i aoTkax B fAdamom nvpee pac-
©MO1peIl HANOPRWE TCUeHIT

113 Dacxom ¥ pasrcnume pacxopa

PacyogoM HAAIIRACTIH KOJIMTECTHO HI/IKOCTH, IPOTEKAalomee Zepes
SRHDOE TEUCHES MOTOKA (CTPYEKH) B eAWOUIY bpecHE JTO KOTINECino
MOJSHO HIMEDHTh B eHLHNAY 06BCYA B BECOAMY eNMHENAX NTH b €A
IMTAX MACCH B CDH3M © 9CM pad 1H9A0T o6bemuni (), pecosonm Qg m
Maccopblil @, pacxouEt

Jas saementaproit crpyiiku, mMeloliten 6eCKONEUHO MaTbe MIOMATH
COUCHUH, MOAHO CTMTATh WCTAHAYI0 CKOPOCTH ¥ OJMHAKOBOR BO Beex
TOIKAX Ka L4070 ceuennsa CheoBaTeNbro, AIA HT0H ¢rpyHku o6BemERg
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(n®/c), pecomon (FH/c) n Macconuiit {r/c) pacxoms
d@=vds; (136 dQa—pgdQ  (137)
dQm =p dQ =pv dS, (1 38y
e dS - MIOmafs CEMeREH CTPY KK
Jinn noToKa KOHCWIBIX PABNMEPOn B oOL(EM CIyTae CKOPOCTH HMECT

PASNMUEOE BHAUEHNE B PAIHIIX 10TKAX CETHHS, MOITOMY PACXOX Lajo
OIpeAETATh KAK CYMMy BJeMEH1aPHBIX PacXojoB CTPYyeK

o={vas (139)
8

O6EgHO P PACCMOTPENHE BBOJAT CPEJIFII0 HO CEUCOHIO CKO[OCTH
vop=0Q/S, ornyia Q=vepS (140)

OC}IOBMBBHCB Ha 3aKor¢ COYpAnerHA BEmecTBa i1a Upenodod esud
O CILIOWUHOCTH {HEPa3pI [BROCTN) TCIERDA W Ha YRAZAHROM BHIUE CBOACTRS
prﬁl{ﬂ TOKa JAKTIOYANIEMC B ¢ ¢HeNPONHIAEMOCTI) ARA yerado-
BHABOICTOCA TEUCHOHA HBCCKHMACMOM H.UTKOCTI MOMHO ) TBEpP.KAATh, 9TO
0BHeMHLIN PACXOM kO BCeX COMCHMAX JAeMOHTa POl cTpyiikm (cm pme 1 21)
OJHN ¥ TOT iie

d9 =v, d5; =v, d§y = const (IO, ¢1pyiiKm) (141)

JT0 ypaBHEHNE NA3BIBACTCH YpACHERUE 0602020 pacToda JNd e
MeHTapHOW CTPYIKA

AHaNIOTITIT0R ypanAeHMe MOJKUO COCTADATL M AMA HOTOKA KOHEUNX
PasmMepon, OTPAHITIEHHOTO HEUPOUUIACMLIMA CTEHKAMH, TONBKO BMCCTO
HCTHHHBIX CKODPOCTCH CIETYCT BBEC1H Cpejume ckopoctr B pesyarrare

@ =vep 15 = vep Sy = const (Bgoas moTORA) (142)

Ha mocmegnero ypasmennA ciefyeT, UTo cPegHHe CKOPOCTH B HOTOK®
HOCHIAMACMOM E[(KOCTH ofparno mp ABOE TUIOMAMIM Cede-
fivad

Vep/Vepe = Sy/Sy

YpaBHemme pacxoga ABAAETCA caeAcTBHCM 0Bmpero saxoma coxpame-
HEA PEmecTBa JUTA TACIHHX YCXOBHN, B TACTHOCTH AU YCAODHE CHJOLE-
HOCTH (HCPA3PHIBHOCTH) TeqeHIs

114 V) Bep AnA eTpyiike
ACATLRON SKHAKOCTH

PaccMOTpEM YCTAHOBIDIIGECS TeYEIHE BAEAMLHON KMAKOCTH MAXO~
RAMEHCH [OA AedicTemed AL OgHod MACCOBOM CHIb; — CEJBI TAJKECTI,
W BEBEEM JJIL STOTO CYTAA OCHOBHOE ) PUBHEHNE, CDASHDAIO(Ee MeHy
co6oii mapuCcOme B JRAJKOCIW H CKOPOCTH €6 ABHAMGHHEA

Bogemen ofiny M3 2MCMEHTAPHLX CTpyeK, COCTABIANIIAY HOTOK ©
BRIIENTHM (edenAMH In2 YYACTOK 5TOH CTPYUKHA DPOA3BOJNBOOA AL
(prc 122) Ilyers miomafb mepnoro cegemms panma dS,, CKOPOCTH B
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Bey vy, JABTCHHD Py, & BRCOTA PAaCH0NOKEHAA MENTPA TAKECTH CCUENAT,
OTCYUT@RHAA OT IPOL3IBOJI OO rop 1301ITa b0 FTOCHLGCTA CPaBKen: q.
z; Bo BTopov CeueHrn cooTpercTBermo dS; ), py W I,

Ba GecrOREYFO MATLH OTPC30K BPEMCAN df NHTETEHRWH YIACTOK
CTPYAKM TepevecTries B Honomene I'—2

TipaMenau K wacce JRUTRGCTH B 0€neke yYaCTRa CTP)HILI TEOPC 1Y
MEXaRALK 0 TO¥, TT0 pafoTa cua, TPIAOKERHIX K T€Ty, PaBua MH7pa
MEINI0 KEHETHYECKOM ORePTMA 5TOro lets Takmwm chmamm B 7ia moM
CTyuae ARNSIOTCA CITEL MABAGHRS, AefCTBYIMIE HOPHANFLHO K FOBEPY
BOCTI  prertampUBACMOro  yTacT<a
cTpymELD, I ciaa Turect®  ITogedy
TacM rafoTy ¢nv gaBgeRHS  CHTH
TARECTE W MOMCNOUEe KBHETHYC-
cx0il PHEpIEA yUacTKA CTPYHEH 34
Bpens df

PaGoxa cmiu naBzesms B Tep
BOM cevemNH BORXGILETENBHA, TK
WA NAUDABICEEE CHTH COBHAfAeT
¢ HanpasReune mepeMemeHns, U
BHIPEJKACTLA KaK DPORIBEACHHE CH
aw p,dS wa myes vydi

pdSyvdt

Pafo1a cHW Aapiedns BO BTO
POM CedcdmN HMEST IHAK MENYC,
TAK KAK NAIpABTEHHE CHNH UPAMO HpOTHBONOTOMIO NAlpaBTeHHIG
HEpeMemnenii, 1 OIpeferseTcA BHpaskeHNeM

—padSyv,dt

Crorpl pabaenms, JAeficTByomie MO GOKOROIl MOPEPXHOCTH OTPEAKA
crpyEKE paboTH HE HPOWIBOXAT TAK KaK OAR HOPMAIGHM K 2T0H I0-
BEPXHOCTH, A& CAeAOBaTENBHO HOPMAALHE U K DepeMemeHHAM

Hrak, pabora cEI japgenusd GyHeT papHa

ity A8, df — pwy dSy de (143

Pafora CMUIRL TAMECTH PaBHA D3MEHEDAK HOTEHIEANBHON SHEPTHE
TORTALBES YILTRA CTPYFRM EOITOMY HANO M3 aMEPIHm HONO0MENH]
U (ROCTE B 0fherde { — 2 BHTECTH OHEPIHI0 MONOKEHWH KANKOCTH
B ofreme 1° — 2 Ilpm aro sReprEA TOMOMEHEAA IPOMEAXYTOIHOIO
obnenma 1’ — 2 corpaTETCH, W 0CTABETCH THINL PAIHCCTD IHEPTHE 3 TeMEH
708 1 —1° 2 —2' Eecan ygecrs ypasmemse pacxoma (f41) 1o me-
TPYAMO BAMETHTH, UTO O5LEMH A CISIOBATENDEO W CHIb TANECTH 34
mrpazopasntix srementos 1 — 1’ w 2 — 2’ pawsm mexpy coSom

dG =pgv, 48, di = pgv, dS, dt (1 44)
Torpa paboTa CHIL TAMECTH BHDAIRTCA KAK HPOHIBEACRAE PAIHOCTH

BHICOT HA CHAY TAMECTH

{a1—3) 4G {1 45)
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YroGH HONCIATATS OPEPAMEIES KEHETHYECROE 9HEPTHE PACCMATPR
RAEMOTO YUACTKA CTPYHKR 3a Bpeva df Heo6XOXMMO M3 REHETRIECKOR

pHeprum o6kema 1 — 2 BHMecTs KumeTmIeckyio omepraio ofsema I — 2.

Ylpa BEYMTANNN KERETHISCKAA SHEPTHA UPOMekyTonnoro obbena 17 — 2

COBpATATCA, T oc'rane'rm JENIS PABNOCTS KIHCTHYECKNX BHepri 0 Tever-

rom 2 —2' @1 — 1’ CHIa TALECTH KKZOTO M3 KOTOPEX panHa dG
Takzm 06p up KM ft 9HEPIWH pPabno

(v — 1) d6/20) (1 46)

Croxup paGory cma mapmenms lcw. ypapmemse (1 43)] ¢ paGoroit
cuas Taomectn Jox ypasmesme (1 45)] w npmpasmss 0Ty cymMmy mprpa-
meRmo KameTHlecKon omeprmu lem ypasmenme (1 46)] momywmm
Py G810y df — py dS gy dE - (33— 2a) dG = (Vi —]) dG/(2g) (1 4b*y

Paaperan oro ypapnenme ma dG {ear gopuyay (1 44)], m mpomanesa
CORDAIEHES, TOMYIEM
PP vi
BB g~ =5 ~— o
pr TR TRTRETE Ty

CrpynmupyeM 9neHH  OTHOCANMECH K NePBOMY COUeNHo, B JIes0i
|9acTA ypaBUenna, a 9TeHR, OTIOCAmMAecH Lo BTO[‘OMY CeIeHHI0, B Opa-
BOM

zl‘f'll’*"zg '2+llg+2g (147)

e z — reouerpnqnv:x\uq REICOTA HTH TEOMSTDWICCREI RAapop p/(pg) — WoBaoMeT-
1ecKiu HAmOp 1%/(2g) — CKOPOCTHRA BMCOTA

na c;‘opouroﬁ zauop

Tlo;rywennoe ypauuensic Hasunaetes ypasnenues bepryaiwn das gae
menmapHol cmpyunu udemavron necxcumaemou wudrocmi Omo Geizo
suaeneno Jannmaod bepryzas ¥ 3 1738 ¢

Tpexuacu uza

AR
togtoy=4

HASHDRAGTCS NONIBN HATOPOH

Ypasaerne Bepaytan (1 47) saummcato xR gay¥ UPOASDOXLTO B3R
TLIY CREHIE CTPVIH H DHIjA+ ACT PABEACTBO IO TR Nanopos H n o1 .x
ceneEMAX Tak Kak CeY24NT BAATH LIPOH3BOTEICG, CTETOBATEIRHD &
A1A 1060T0 APYTOre CeYeHmA STOH e ¢1pyilku mONHEE Hamop 63 soT
HLTh TO A IHAYCHHE

z _}_[% 4 ‘; = H = const (Bo1b CTpyiiKm)

*T Bepmywan (1700—1782 IT) — mpefiapexiis yuermaf chim H3necT-
HOTO MaTEMATHKA Hnm}ma Bepryaru ¢ 172> o 1733 ro1 &n1 A Pocens sBaEAch
upo(bcccﬂpon a 2t no\xewamx wreron [lerepiyprer ofi axajgeMin sayk ¢1i331 —
B cpoett Tpye «THIPOINE ISUKa» 0CAETILL
PAM THIPABAATECKAX nonpocon D TOM WIC 1¢ BHBCT YRA3ARNOE REWC ypaBHeHme
CuHTACTCH OFHEM H3 OCHODONOJMLEHKOB THAPALTHKY KaK HayKH

el



Wran, 9ie udeatvnol dsusmyujetica wudrocmu CYMMa MPer HAROpos
(evicom ) zeouempu (ECKOZO Nbei0 VeMPUAECKOZ0 U CKOPOCTIHO20 €CTID 66a1-
quna nocrosunas 890w cmpylni

310 NOOMERHe WINIOCTPEPYeTcH rpadumod, UPABONCHHHM Ha
pue 1 23, rje moxasano HSWEHEHNE BCEX TpeX BLICOT BIOAb CTPYHKH
Jlnuma o TP KUX DHCOT TCA TBEe3OMeTPH-
HeCKOil JuImmest ee VOILIO PACCMATPUDATL Kai TE0VETPUTecHOe MEcTo
YpOBHCH B IBE30MOTPAX, yee
TAHORJGHHHKX BOJIb CTPYHKH

Jita ropma JILHOIO Yua-
CTH4 CTPYHKH K3 ypaBHEHAA
Bepayamu m ypapHeHus pac
X04a CTeTYCE YTO eCAH IJo
malb HOMePeTOIo  CeYemmm
eTpy Bk yMeHBIURETCHA, T €
CIPYUKA CYKACTCA TO CKo-
POCIb 1€YEHNT JKAJKOCTH YBe~
LIBacTe s a  JaBiempe
yMemopaercs, u  maoBopor,
ecut crpylina pacmmpsmercs,
TO CKOPOCTh VMEILWAGTCH, a
Japrcuue BO3pALTaer

a G Ha pmec 123 5 saje opn-
\_~ Mepa moxasaiia crpyfixa, mre
Prc 123 Mawenenne uscaoverpuieckoro u U845 HONEPEYROTO  Cedenusm
CKOPOCTHOrG MAROPOB I0T6 CTPYHKD Hieans  KOTopou 0T cememma I — 7 x
HOIL A AKCCTR cevenmo £ — 2 yMeHbmugercs
B 4 pasa, B CBJ4E € YOM CKO
pocrmou namop yeetnumpaerca B 0 paa, a cevemme 3 — 3 mmeer Ty
me nhomanan, wro B cenenme f — 7 I rpmyopoll aumueii mokasama
III:CSOMCTPE'IZGCKSH JUOHIOA TPH YBCIMYenAn pacxona B V2 pas BCaep-
CTBIE M8i0 CKODOCTHHE BHCOTH YBETHYMBAWT(A B 2 PA3A & B y3KO
TACTH CTPYHKH gaDAenle CTANOBKICA Mempmre atMOCQepmoro

VYpassenue Leprnylin Moxso 3alncars B ABYX APYTEX $opMax
Pasnennm ypasnenue (1 46°) ma Macey dm otpeaxe pasnyw podS,dt =
= pupdS,dl m upeoGpadyeM ypanuecaue mogobmo UpeAuAywemy Torga
pmecro Brpamenms (1 47) 6ymem mmere

oAt =g 2t (1 48)

Paccmorpam amepreTHIeckuu CMLCT vpasnesns Bepryrau, sammcan
mun B gopme (1 48) Venopmmcs masiteaty ydersnotl snepeued MUTKOCTE
BUCPIRIO, OTHECEHHYIO K eHHARe MaceiT *

Ilerpynmo moxazats, wre TIeRL 3Toro YPABHEHHA fIBLIOTCA pasg
JRUEHME (opMary )} )eAbIION MEYAHHTECKOH SAEPrAU ,KUALOCTH, a
UNVeLI0 g2 — YACHBNAA DHEpIuA MOTOMCHINI, TAK WK Mactuia g~

* VrenrEoit BREpTMEN JKIIKOCTH KABHIEQ'OT 1aK&L SHEPru0 OTLCCeHHYE
K eUHANE peca O K ealHAne obrema
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KOCTH MACCoU Am, TAXOAACH HA BLICOTE Z, 06IaKAET JUePTHeH I0TOmeNRs,
pasuoll Amgz a Ha eHMLY MACCH OPHXojurres aneprus gAmz/Am =
= gz, p/p — yHeTbHAs BUCPTEA AARNEHIS FBY ryACHCA MBAKCCTH,
TAK KAK 9yacTHAOA HATLOCTA MAaccod Am npo lapnenmny bl Oﬁ]l‘il;[ﬂt“l‘
CI0COGHOCTLIO NONHEATKCA WA BHICOTY P/ pg W NPuOGpecsu IHOPTHEI RO
noxenna Amgp/(pg) (wocte enerma Ha Am momynaew p/p) gz -+ p/p —
YOEABRAA DOTEHOMAXhEAA SHEPIHA JMOAKOCTE U2/2 — ypedpHan Kuie-
THYC(Kas YREPTAA 1 N IRO0CTH, TaK KAK M1 TOH Ke gacTHIB Am. KHACTI-
vecKad 3IMEPrua  OTIecemHAA K eNHUHDe MaceH, Ami?/21Am = v*/2,
Hg =zg | p/p + v*/2 — monmaa )NCTLNIAA MCXANEYECKAH OLEPLEA
ABRKYmefca .1 BIKOCTR

TakoM o6pa3omM, spepreTHICCRON CMucH ypabuenua Depoyaam pna
9ACMEETAPHOR CTPYHEI DA€ ILHOM FKAMKOCTH BAKIIOUFeTCA B ROCTONI-
CTBe BIONEL CIPYAKA [HOTOOH VACIBHOR

SMEPTHA  hHTKOCTI C STBHO et "
ypasmenue Bepuymrtm mupamaer sarom -

COXPAHeHWA MEXAHUICCKOW OHEPLUE B [ — L »
mfeansEon summkoctm  Mevammuecras -l- —F o= gt
PHEPITA ABILKYMEHRCA KHJThOCTI MO KEF

AMeTh TPU (OPMEL BIOCPIHA WONO,HCHILA

JIAPTEHET W  KFIETIU6CHAR ONEpIMk

Ilepsas m tperba Qopmul MUXaRIYLEC RO f l,
[

YHCPTHH MSBCCTUBRl I3 MEXALHKO It OHI
B PAROon ¢1CO€NH CROACIBCHOOB TBEPIBIM
® LKEIKGM TeIaM  OHepIf JaBucnna  Pue |24 [{niss1p ¢ mopmacw
ABJACTCA CROIIPATECKON JTA ABh) D WToKOM

mExcH KNkocreii I3 mpomecce ABiAeHr

HIfleaibION JXEAKOCTH OgHA (JOPMA SHEPIUT MC/ €T TPEBPamATHCA b \py-
TY0, OANA[O HOTMAH JAETBMAA JLCPrEA HPE OTOM, KAk CIeAyeT B3
ypasuerns Lepryann, octaetcn €ea Hsvenewuil

JHEprRI0 JaBIeHWN Herno mpeoGpasoBaib B Mexanmaeck)o pafory
Hpocreitmny yeTpoiicreom, ¢ DOMOMER KOTOPOI O OCYmEl TRISIO 19R0e
npeo(pasoBanme, SR (ACTCA HRATHAP C 110D (pne 1 24)

YTO ODU 3TOM DPEO5GpajoBallml KaAas eJHHELUA Macchl JHEKOCTYU CO-
BepmineT Palory IECAERNO PABHEYO p/

IIycrs w1omans nopues papma §, ero xox L, msGeirounoc ARBICHES
JRETKOCTH, MOABOJMMON K JIEBOH NOJOCTH MUJIrIAPA p EIGHTOMIICE JaB-
neEme DO APYTYI0 Clopony BOPHINA Paspo uyalo Torja cymMapumas
CHJ3 JABJeNNA RANKOCTY PAaBEAj CHuC F IpeofonchacMon TP nepo-
MeMEeHNYE UOPUMA B3 J1eBoro LONMKEHHA B Ipanoe F — pS, a paboia
970ii cumh 4 — pSL Macca KuUZKOCTE KOTOPYID HEOGXOOHMO IOA
BecTRn K DMOTOEADY AJA COBepWeRHma 3Toii paboTn padpa wecce HHA-
KoCTR B 0fLCMe mEMWBAPA, T @ m =

Caenoparennno pafoTa, npExoiAmanca Ea 1 kr Macch

ex==A/m=pSL)SLp)=p/p

Vpapnende Bepayanm wacTo MAWyT eme @ B Tpersem gopue La3
menEn Bee gnems ypasmemua (1 46°) ma o6nem dV = dG/(pg) uocte
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mpeoGpazopapmi MOXYIAM
pgz1 -+ P14 P2 = P822 + P2 4 PUY2 (149)

Teweph WiIeHH )padHenms DepHYTTIH OMEOT pasMepHOCTb AaBie~
nmEa ([[4) § HAa3LIBAOTCA TAaK pPgZ — BCCOBOC JABJABHUG, p — THEAPO-
MeXaFHILCKOE JauiIeRme (uam HPOCTO nabiense) pb?/2 — pupavmde-
croe paBnemme ¥

Jrens ypaBHOEDS (1 49) mpegcraBasior cofod pasnudnnie BEAL
ME)AHE“ECI(OH JHEPTHA AUIKOCTH OTHCCeHHEE® K eAHIIAIE &€ oﬁ'besla,
a waest ypapHenoH (1 47) — 1e 7.e BEAW PHEPTUM, OTHECEHHHE K €AW
HAQE neca

115 Brmon b NLHETY i

BAeanbEOH 3 HAROCTH M HX nm‘erpllponnnne

B rotoxe mpoatLHON JMOAKCCTH BO3BMAM IPOMEBOJALHYIC TOuKy M

¢ reopaunarasu 7 ¢ z (e 1 25) v pEgenuM y 9TOH TOYKN DAEMERT
zy SKUAKOCTE B GOpMe mpAMO-

M N }TOJBEOTC 12 pajLIeNenamne-

/,! aa tak, 9To6m Towka M

Guna 6m omgHol m3 ero

! N ‘ pepurmn IlycTn peGpa ato
! ) ' r0 gapaienenimesa GYAYT
I M £ iN Tia pa'HieJiblhb KOOpWBHdT‘
TLIM 0CAM I COOTAeTCTBEH

au 77” HO panus 8z, 8y m 8z
x Cocragun  ypasmenme
//17 X HBEACHUL BM}IBJ‘IEBHOF?
DACMeHTd ILIAKROCTH MACCOR
Puc 125 Creun gou osmona mhepenmrars 0020402 Tax e, rax m
BBX ypABTICHEE JBWHCITEA MALA TEHOA RAAKGETU  UPH PACCMOTPEHHR DAaBHO-
Becmsl  WOROBHOTD 06 heva
swmiroeTn (e m 4 6), GymeM cunraTs, 9T0 DHLTPH 3TOTO 0fLEMa DA
FhHIKOCTD HCHCTB\PT pea},qb’mphoman MACCOoBAR CEIA, COCTdPTIII0

mEe KOTOoP: or raccw pavEn X Y @
TO[‘L"’l MAacCOBRe CHTH, I[OECTBYIOHLHB B4 BHTICICHFMI ofbes B nLa-
npaBienin KOOpPANBATHHX ocefi GYAYT PaDHM JTHM COCTABIAIOM UM,
YMIONPHHMM Ha Maccy DLeNedHoro ofnena Eoau jaBnesme B
Touke M 0GOAHIUATH Wepes p, TO, PACCYlam Tak e, Kak B u 16,
DORYYAM, 9TO PAIMOCTH CHJ MABAGHNA JICHTTBYIOIIEX HA papaiiese-

IEne)|, WampuMep, B HANPADAGHLE OCH X, COCTABIAET

or
—gﬁlﬁyﬁz

* PeaTpm0 CYMECTsy OMEM JaBTCIREN B TOTOKe T B DANDFANCINEN HOPMaib-
Boit nonepxnocmon CHI FBAAETCH ARML )mlmemle p Opmaako, Toe Apyrue BoIH
unon (pgz 1 p’/2) MOTYT Gmre yiolme P
& IOTOMY YCAOBEO TARILG MAZWDAITCH nanuennmm.
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CxopecTs ABIKERHA JRBAKOCIE B Touke M 0Goanawmm Tepes v,
A e KOMIOHEHTHW -— 9epe3 vy, ¥, M v, Torja UpoERIRE yCKODEHHH,
¢ KOTODEIM JBWKETCA BEJIGTEHRHI ofuey, Synyr pasmen dug/di, dv,/df
u dv./dt, a cans, ROTOpHE BBECIM B ¥
po npmrmuny J|'AnamGepa, ODpPENENAlOTCA KaX HponspeleAns 3THX
yeKopenmii Ha Maccy mapaliellenmnena

Y PABIEENA ABPIWKEFWN BLIETEHEOLO 0fpema najikoeTs » npoeKmuax
Ha KoODAMHATUEE ocH §3AYT AMETh BmJ|

p5$5y51%=Xp515y52—% 82 by 8z
dv, 2p
pdzdydz ’dTV = Ypbadydz — kR 828y dz
3,
pBrdydz iZ—‘= Zpdxdyds — Tf 8xdydz

Paspea®s oTH ypasAeHEs IOWIEHHO Wla Maccy anemenra pdrdydz
W mePEHJIeM K NPepexy, YCTPeMNAA OfHOBPexenHo 8z, 8y m 87 K myamo,
T e CTP1KBas napalieremBumeR K BCXofuod Touke M Torja B mpe-
7leTe TO%Y 1AM yPaBHeHHA ABLLEHIN JKI\KOCTH, OTIECEHTke K ToUke M1

dvy i ap

1
|
|} (150

Honyuennan cmetema 7 JpRNEX Y it g
HfeaNbUOH LHTKOCTH NOCWT HASBdHEE ypapmemudi Sdmepa  Unemu
@TBX YPABOEHHE{H NPE/CTAWNAIOT COGOK COOTHETCTRYMINEE YCKOpPERHHA,
& CMBICD KAKZOTO H3 ypasheHnli BAKIOYAETCA B CREAYNmEM NOJNHOO
YCKOPERB® YacTHIH BIOIL i ocm eKna, H3 YCKO-
PeHHH OT MJCCOBLIX CHA #H YCKODEHEH OT CHJE JLaBJCBHA

‘Ypanuenna Jiifiepa B TAKOM BEAE CHDAPEJVIPER KAK [1A HECIKE-
MasMOll TAK H AIA CHUMAeMOll REEKOCTH, a TAKKe A cAydad, KOTAa
13 UHCJa MACCOBHX CHI AeficTBYET AMMb CHAa TANECTI, B AT ofmero
CAY9an OTIOCHTeNbEOTO ABWxeHua rxuikocrn (em 1 1 18) Tlpn arom
B peninAd X Y w Z AOIGREH BOWYH KOMIOMENTH yCKepeHHR hepe-
BOCHOTO (M 00BOPOTHOTO) ABEMEHEA Tak KAK 1D BMBOXE YPaBHe-
uuii (1 50) me marmagmBaNHCH YCIOBUA CTAURMOHADHOCTY JBHREEES,
TO OBR CH] B A HEYC

PaccuaTpueas  yeTamoBanmeecs JBEKOREE UEKOCTH, YMHOKEM
Kaxftoe w3 ypapnenmii (1 50) ma cooTmercTByHOmue TpOCKNEE BAEMOH<
T4DHOTO NepeMemeHHsA, Dabable dr = v di, dy = v dl; dz = v,dly
M CIOREM ypanuensa Bypewm umers

Xt Yay+Bds—t(Ldat Py 1L ds)=
v+, dv,+v, dv, 151)
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Vuarwpag 9ro BEpamCHOe B CKOOKAX sBAIETCS MOJTHITY Kubdepen
LDHa.0M J&aBACHUH, a Taxxe, 9T0

d(ui uy\ q I3

dvy=d| 5 v, dv,=d ey v,dv, 5
vl =t

vpaug.gEe (1 51) MOMIO DepLAMCATL B CHEAYIOmEM poje!

' ot
Xdz+ydj+/,dz:pdp+a(7) (152

nne

=_ d P+ d( ")
e U — cumopas eI)}m.lum

Harerpapopanne 3T0T0 ypabuenna DLOONTEN 1A OCAOBAOTO TACT:
HOTO CAYYaf YCTAHOBOBCLOCA ABMMKENNA MIEANbUOH JKEKOCTH, KOTAA
3 SKAAKOCTE JIGHCTBYC1 JHOIb Oi(4 MACCOBAM Ciad — CHJA TARECTH
Il'p].l Hanpapaendad OCH 2 IIDP'IIIKB'U:BO BBEPX
X=0 Y=0 Z=—¢g

IloficTaunss on snaverna b ypanuemte (1 52) mony Tum

gdat L1 d(5)=0 mm dz+Lpa(]t)=0

Tax KaK /1A DCCKTVAEMO[ IKIIKOCTH P = consl, Tpegs/Iymee
) PABHEHAE MOMKHO UEPCRUCATH D Lje

(st B+ 32)=0

pe 2

B’lO ypapleHne 03Ia9AaeT 9TO OPAPAMIeuns cyMMB Tpex WTICHOB
BAKIIOYEHIILIX B CI‘OGKH, LUpH UepeMelnendd YacTUIR MHAIKOCTA BUOIE
JMBBE TOKAa (TpaeKTopum) paBHO myalo CHefoBa1eJbHO  YRAIRHHWI

Tpexqanen ecTh DeNHIMHA LOCTOANHAA BAOGIL JUNHA TOKA, & CJ¢/l0B4a
TeNBIO0 A BAOMEL BACMOHTApUOi CTpylKu T e

+ + E-——(DUSL

Tamm ofpason NOBYINTH YPAaBHenae Bepuyaan fua crpyiikn npe-
anpEolf MUAROC M HadjeHmoe I WpewAymieM Haparpade ApyrEM CIoO
colom

Ecam sanmcarb 9T0 ypapuemme aas [(8yXx cedenuit crpyimn I--I
® 2—2 ouo mpuser Buy pupamenns (1 47)

116  ¥Ypavneune Gepiryanu
JE HOTOXa peasbHOR (BAIKOK) KHAKOCTH

IIpn wrepexoje OT sxeMenTapnoit crpyilm nfeanbod srATKOCTE
K HOTOKY peanbnoit (saskor) n
a@ orp BOMY

E

y P T
Y1eCTh LOPABIOMEpPHOCTH



pacnpeenenEs cropocTeit To cevcnH0, a TAKkC NOTEpW SHEPIHHE (iIa-
Topa) To H APYS0e ABIHETCS CACACTBRES BAIKOCTH HIUKOCTH

HI)“ J‘BE?I(EHHII BAIKOU H{AAIKOCTA BJONb TBEPIOE CTEHKH, HaOpH-
mep, B Tpy0e, UIpOMCXOART Tof Be LOTOKA BC. BAUAENA
pagKocTy, 8 TAKOKe Wa-33 AEHCTBE CUJ MOTERYADHOTO CHEMICLHs
wexTy REAKOCTHI0 1 cTeBKoll Hoaromy ranGomemero anatenns ckopocTh
JAOCTETAET b NEHTPAALIOL SaCTH T0TOKE, & 10 Mepe IPRGAMKEHAA K CTHKe
DEB ymeHbmaeTcn ]'Ipﬂl(Tﬂ'-leCFIl o BHYIH TloTvaaeresa pacnpencnclme
cropocreil, mofofmoe TOMY, KO
TOpOE TOKAJANO Ha DHC 126

HepapnouepHoe pacripefe ie
HHME CKOPOCTel O3HATAEr CKOThH
sKeEHe (CMEr) ORUHY CXOCB IIn
qaciefi KWNKOCTH 1O  IPYTIR,
BCJEAicTRYE TETO BOIHMIAIOr Ka
caTeABUEe HAUDSIERBA (Hamps
senma tpenus) Hpome 1oro
ABIKeHTe BABKOH XETKOCTH Ta Puc 16 Pacnpoescune ¢ <opocteii B
€10 CONMPOBORAAETCA BDAIMCHLIEY Peaislon BOTOKE
wacTAL, BEXPLOGPAIOBARIENM W
nepememuBanmeM Bce 5TO TpeGyer 3a¥parh SHEPIEN IOBTOMY Vjemh-
HAA PHEPTHA JDWRYMERcA BH3HOM MUMi0CTH 1e 0C1aCTCH HOG ros 010,
KaK B CJyuaé HIeANLHON REIKOCTH, & HOCIENCHHO pPACOIYeTcsl HA
npeojosienne COH]JOTHBJ]EHﬂﬁ H, CJE€J0BATCABHO JMERIBIACTCHA BLOTH
HOTOKa

HMa aa mepannopepuoTO PACHpPeNeNClua CKOPOCTRl NPIXONHICH BBO-
RHETH B PAcCCMOTPEBMO CPEJIIO N0 (EIEHRW CKOPOCTL vy (ev 1 1 13),
A TAKHe cpem[ee BHAYCOHE yIelLioH ﬂﬂﬁpl'][ll IMBAROCTH D JISIIBON CCHe-
HAX

Hperzie 9eM mpUCTYDNTE K paceMoTpenue 3 pasmenus Bepmynnm
ATH HOTOKA BAIKOH ABIKOCTH CAETACM Cieiyi0Iee J\ONYmeune §yieM
COATATH, YTO B NpeleaX DACCMATPUBACMEX NOTEPEMHLX CEICHUN 1O-
TOKA CHDABEIIAE OCHORHOK 3QKON TUADOCTATUKH hampaMep B (opue
(1 21), T e rmapocraiwICKEil AAIOD B NPCAETIAX CENCHUA €CTH Bellu~
HH4, OFMHAKOBAS [(H BCEX TOUEK [ANHOTO CEUENEA

2+ p/(pg) = const,

T © mpepmonaraeM, y¥e UDH ABWKERUU FKAAKOCTH OTACIbONE CTD) HKE
OKA3WBAIOT OAHA HA APYTY0 B DONEDEIROM HANDABTEHAH TAKOC @
AaBaenue, KaK CJIOM KMAKOCTH B HEUOJRMLHOM COCTOMIENH 310 cooT
BETCTBYET ACHCTBATENLHOCTH M MOMeEr §iiTh AOKABIHO TeUPCTHIECKE!
B TOM cnydae, KOT[la TETOHAE B JAHWLIX UONEPETURX COUeItUAY MBIACTCI
napanneabnocTpytusy  Iosromy mMenmo 1akue (im GAESKNE R M)
momepeune cedennd @ GyJeM paccMATDHRATH

Brepiem nouaTne Moxmuocts motoxa MowHOCMbIo NOMOKA B aHOM
CEIONEE GYNEM HAIHBATEH NOTOYI0 BHEPIEI KOTOPYK0 OPOHOCMT MOTOK
Wepes aTo ce¥eHMe B EAMHHMLY Bpemend Tax KAK B PAalEIABIX TOTKAX
TOUePeaOro CeTeHER NOTOKA RACTHARL IROAKOCTH 06Tanalol paamninoi
SUCPINefl, CHATANA BHPABMM JIEMEHTAPHYI0 MONIUOCTh (MOIMHOCTD olie-

45




MOHTAPHOK CTPYKKM) B BHAE I)ONSBeReHHA IoABOd yAeABHOH 3Heprma
JRAJKOCTH 3 AAHHON TOUKe HA STEMEHTAPHHE Maccopstil pacxon

AN = gH dQum=(gz -+ plp r2132)pv dS

MomuocTs BCelo HOTGKA HANICM ®aK LMiTerp (1 OT NpefWAYymere
BHpRKENEA DO Beell maoniae S

N=p {(gstpip+*12)vdS
35
WI  YIUTHBAA ¢ [¢TANNGE TOUYMEHn e,
\ - Iy g 8
N= pgz-|— LdS+2‘de
¥
Hait,jem Cpein.e DO celedui0 gmatenue Loamod Yeapyoit aneprmu

FANKOCTR JSACHMLN oo THOH MGOIOCTA HOTOKAa HA MACCOBEIR pacxox
chom,ayﬂ BEpameLne (1 39) momyuacm

o= =gt bt S 9ds

Qp

VuIemEs O pisneTan mocTeARNd Yuen ma véy, Wo vumy (mepoxomd
R Hamopa)
§Mv
Hcp-——z+ + sz—{-“+tz),, {1 53)

%pS

e o — Geapasyepnsit nosfifnnment Koprosrica ydurbisanmmii Repan-
HOMEPEOCTE PACIpe.eTenys ¢cKoporTed n panusd

éL“dS

(154)

Ecnw yMRO4LDTE wucim e1b 0 @pavenmaTexs Bmpamedus (1 54)
ua p/2, To merpyTno yGepmrncn  wre Rondpmumenr o mpencramasmer
<00l oruomenme (eECTDHTEABHOR RHAGTHICCKOR BUEPION NOTOKA
¥ ANNN0M céYeran K KuneTuuecKol QrCpPTHEH TOTO € HOTOLA H# B TOM e
ceueHi, HO OPH PABNOM(prOM PACHpPejeTed ui cKupocTeit

T ofsrdaore pacupe leicena ckopocredi (cu puc 1 26) koapdm-
TABHT ¢ BCETNA G0 (LNe eINENH ¥, 8 OpY PaBIOMEDHOM pACHpeReie-
HIE CKOPOCTedl panen enme

BoseMey aa coUeHIA peasLioro NOTNKR, NEPBOC W BTOPOe, B 0fo-
sUATMY CpOALES BRAYENMA LOJHOrO NANOPA RUAKOCTH B BTUX ceve-
mitHy cooreerersenio Hey m Hep. Torga
Hepy=Heps -+ Zin
T8 Xhy — CYMMEDHAN GOTEPA DOANOIO HaUOpA DA JUACTRE MEA]Y PaccMaTpmeae-
MID  ceneHipR

* Y70 MOINMO FOKaBaTh ecu p dopuyne (1 54) cropOCTD v BEPASHB B BEAS
cyMMLL v = vep - Av HBTCrpan pa3dmTs Na uCTHpE HETErpaTa ¥ NPOARATRBHPO~
RATE WHCHEAMOO JNA%CHAC KAKJOM0 HI UNX,

“



Hcpoassyn depuyry ara Hep OpeANAYmEee YDABHCRAS MOMCHO N6+
PENECATE Tak
Py %1 Py Yep2
ntgrtoaugy =natgta—gy+is (1 59)

310 ® ectb ypesneHue Bepryiiu 04 nomoxa essroil oxudwrocmiy
QT aHAJOTHUAGTC YpDABHEBWA JJIA BIEMEHTADHOR CTPYHKE MTeanbHOH
SKBIKOCTH NONYYeHI0e yDABHEHHE OTERIACTCA GIEHOM NPEACTaBIAi-~
M cofoil TOTEPIO WOMIOro HANOpe B HEHTOM, YIBT
TepABHOMEDHOCTh pacupefenennsa ckopocter Hpome Toro, cwopoctm,
BXOJIAMES B OTO } PABHEHI ¢ ABNAKTCA CPOIHIOME MO CEHEREAM

Yumoxun ypasnenue (1 55) ma g, moayary opmy sammem ypabme-
mua Bepmyann, coorsercroylomym dopuyne (1 48), rje wiemn supa-
JHA10T BRAL SHEPIEM, OTHCCEHHOR K iFULE MACCH, 2 WieH gLk upen-
crapET ool marepo
YACLLOH SHEDTAR MEAKO
oTE

YMHOKCHTE ) DABLENAR
(1 55) ma pg pacr rpetnio
GopMy 9amACH YpADIUeHBA
Bepuyaam fas motoxa pss
RO FKEAKOCTH COOTDETCT-
eylomyo dopmyae (149),
HO WieH pgXhn BRpan aer
HOTepio PHEPIHH, OTHECeN
HYmN K eJuRmie ofpeva
ANKOCTH

Ypasmeaye Bepmysim
(1 55) = ero dopvm mpm
MENEMH HE TONBKO AJLT
JKBAKOCTER, HO B ATA Td
90B UPE YGROBHH, 970 CKO  Pge 1.27 |pafacekan mmocTpIgeR yparaes
pocTE HX JBEMEEEN 9L oA Bepsy il KA PLagsLore LOMOKa
YATENBHO MEHLEI® CKOPOLTH
8BYRA
Tpaduveckn 570 yPaFEenne MeMHO IDEACTABRTD (HATPAMMOM MO~
FoBHo TeMy, KaK 370 Zenaum j7A KUEARBNCH KL OCIH, RO € YHeTOM
norepn Bamopa Ilocie)r: s BANETCH BEKOTOPCHl BHCOTOM, KOTODAT
HEYKIOBNO BOAPACIaeT BAOAL MoToka (pme 12

Ecam Aua cIpyiKE DAeannHoil sKuIKOCTH ypasucnue Depmyanm
DpelcTaBaseT cofoH 3aKOH COXDAHCRESR MEXAHHYec: oif Jmepranw T0 ALK
LOTOKA PeaikHoM KAIKOCTH OHMO SBIAETCA YPABHEHUCM GalaHCA DHEP~
THE ¢ y9eTOM TIOTeDh JROPTHA FepAeMast HIAKOTTRIO HA PAccMATPEBae:
MOM YUACTHE TEUCHHH, PAayMeETCH He meedaer GeccleqHo, & Ammb
npespamaeTcs B ApyTyi0 $opwy — Tenaoyio Tak xak yhessmas Teim
ROEMHOCTD FUZKOCTel 00KYHG BEANKS O CpaBHERHEI0 ¢ HOTEDAMH YReAD
EHORK DHEPIRY, & TAHA@ RBEJY TOTO, ST TENIOBAX PHOPIHA HEHpPEPHEEQ
PaccesnaeTcs UOBMUCHGE TEMICPATYPH TACT0 OGWRAeT HPAKTHIOCKH
ManogaMeTEHM JTOT Wpopece uf MeX: P

&




B TeNJODYI0 ABNACTCA HEOGPATHMHIM, T € TAaKAM, OGPATHOC TeWOHHe
KOTOpO!‘o (XpeBPAmMEHHE TENJIOBOfl HEPIHH B MEXAHHYECKYW) HeBo3-

yuem,mexme CPefiHET0 9HAYSHHA MONHOU YXOTBHON SHEPIHE JKHA-
I(OOTP[ BAONB H[)TOIKa, OTHECEHHDE K elanle ero AIwHb, HAIEBALTCH
VAeAbHOK MOTEENHATLHON BHED-
P JKUAKOCTH, OTHeCEHHOE K eJUANNE [JANAN, HAILBACTCH MbESo-
Mempuneckum yraokon Ouesmpno, 9ro B Tpyfe nocrogmEOre Imawerpa
€ HEAIMEHHBIM pacnpeneﬂeﬂmm CKOpDCTGﬂ YEazaHOpe YKJAOILL OoaHHAa-
EOBH

117, Tuppapamveckue morepn (odigtie cpegenns)

Tlotepn yennuok aneprom (Bamopa), BN KaK HX YacTO HABLIBAIOT,
TOipABIKIECKAe TOTEpY, BABACAT oT (GOPMHE, DAIMEPOB pycia cro-
POCTH TeUeAHA M BABKOCTH KEAKOCTU, 4 MHOTA H OT aGCOMLIOTHOrO 14 8-
Jenms B HeR Bg3KOCTH METKOCTE, XOTS H ADARETCA UEPBONPHIHEOIT
BCEX THAPABAMTCCKAX LOTODE, MO AATEKO He BCerja ORASLBAGT CYmC-
CTROREOE DABANNS HA WX BeAWINAY

Kax nokassiBaloT OOMITH, BO MEOTHX, HO H8 BO BCeX CIYYAAX Iulf-
PABINYECKHe UOTODH NpAGANAMTEABUO MPONOPIHONA TBHE CKODOCTH
TEYeHNA LUAKOCTH BO BTODOY CTENenN, moJTOMY B THADABTHKE LPIOAT
che lyomun ofmp# cmocof BWPaKENHA I ipagldieckaX ToTéph HOJ-
HOTO MANOpA B JAATCRHHX SWHANAX

= Lvep/(28), (1 56)
BId B eABHUNAX AABAefUA
Po=Pgha = {pvip/2

Takoe prEipaenne yA0GHO TeM, 410 BKIWUAeT A cebn 693p15]\[0pﬂ5!n’
xoa(dEnReAT nsaoc1m f, i
nomepy, WM KoaGYWHEEATOM CONPOTUBACGHTN, BHATPILE xompmo raA
AAHDOTO pycia B HepsoM rpyGom npmérmiecLna DocToRHHO

Koappannent Horeps §, rakam ofpasom, ecTs 01(Omene NOTEPAM-
TOTO HANOPA K CKOPOCTBOMY Hamopy

Tunpasairieckne noreps ofiMiue PasgeRsioT UA MECTHLE OOTpH
A HOTEPL HA T[)EHME no xrdoce

ulecmnue nomepu srepzul Oﬁ}CJIUBJlCHll TAX NAILIBACMBIMH MecT-
THIVIA C7(paBAMYCCKEME CONPOTHBACHEA 4B, T €, MECTHEIM A E3MEHOHHAME
¢opuH um pasmepa pycaa, Bussimaoummmu gebopmamuio moroka [pa
DPOTEKAHNH JKHJKOCTE 9ePes MECTULe CONDOTHBICHHA H3NERACTCH €0
CKOPOCTb # 00RMHO BO3EMKAIOT Kpynusie saxpa Ilocae,mae o6pasywTea
82 MECTOM OTPLIBA LOTOKA OT CTOHOK W upexcTamiAr coloit ofmacru,
B KOTOPHX WACTHUR EAKOCTH ABIIKYTCA B OCHEOBIIOM JIO 3AMKIYTLIM
KDHBHM WA GTHaREV K HEM TDBeKTOPHIM

HpnyepaMm necTRMX COMPOTHBASHEN MOTYT CHY/KHTH yeTpoiicTsy,
maoGpaennse Ha puc 1 28 IaM ke noKasaHM OTDEIBH TOTOKA M By~
xpeoGpagopands
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Mecrae IOTepH Hamopa ompeReanrca mo Gopmyne (1 56) cae-
pyompy ofpasoM

== L0%/(28) (157)
@I¥ B eINANNAX JABJCHAA
Pa=lbupv?/2

(Hexee B m 132 ara gopuyna pas eakueimero caysas Gymer
[OJYUCHA TEOPETHIECKH )

FEP S

a) L] 8 c)d) 2

Pee 128 Cxemm MECTUSX CHADABANTECSIX CONPOTIS emuil
@ — BOROWERL G — TUADELNA 6 — KONCHO & — BCLUTHT

Bripamenne (1 57) dacto yasmBalor ¢opmynod BeiicGaxa B mei
v — CpCANAA N0 CEYCRNI0 CKOpocTh B TPyGe, B KOTOpOK ycTAUOBIERO
pamnoe Mectioo conpormpiekwe ¥ Eead ke qmamerp TpyGul @ ciueso-
BATENBNOO CKODPOCTH B el m3me
HAWTCH 1O FJEHE, TO 33 Dac
WeTHYI0 CKOPOCTh ypolmee Npm-
mpMats GOABMIVIO HS CKOPOCTeS,
T € Ty KOTOPafs COOTBETCTRYE1
MEObIeMY JUAMETDY TPYGH

Hampoe mectnoe conporunie-
HA® XRpAKTEpHBYCTCH CBOWM JHA
wenmey kopbGUIAEITA COTPOTHE-
BEUHA {, KOTOPOR kO MHOTUX Cary-
9aAx npulamLenko MOKHO CYHE-
TATH UOCTOAHABIM JASA AAULON
POPME MECTAOTO CODPOTHBICHNR
Bonee nogpotao mecrnrie ruipas  Pue. 1 29. Motep nanopa ma tpewme no
MEYCCROE CONpOTMRIOmHA Gynyr MWame Tpyon
PACCMOTPERE B T2

Ilomepr, #a mperue o JuMHe, — 8TO IOTCDHE OUHEPrHM, KOTOPHO
B 9HCTOM BHE BO3HAKAY B NpAMEX Tpyfax MOCTOARHOIO COYeMHS,
T € 5pdA papHOMEDHOM TEYCHAW, W BO3paclal0T UPOHOPIMOHARABHO
pamme pyos (pmc 4 29 Paccmarp noTeép  obyc:

* B panpHemIeN REAeKe «cph mpn b GyAeM YnoTpeSaaTs ARMB B TEX CHYUAAK,
ROTJA CPeREION CKODDCT6 MOMKAC CHYTATh ¢ MECTHOM
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BHYTDEHHEM TPEHHEM B KAJKOCTH, f HOTOMY EMEIT MECTO Ne TOJBKO
B MePOXOBATHX, HO M B NIAJKAX Tpyfax

Horepio nanopa Ha Tperue MOMKNO BEPAINTE 10 ofmeil popmyre (1 56)
ANA TRADABAAICCKEX LOTEPH, T ©

P = Ly (28) (1 58)
opEaxo ypobnee wooddunuent [ ¢B13aTh ¢ OTHOCHTCALHOK JAnwHOR
Tpybu 1/d

Bospmem yuactox kpyraoil TpyGm AMMEOH, paBHO ee ABAMETpYy
¥ ofoanagmy ero kospdunuent moteps, BXojammit B Gopuyay (1 58),
depes & Torga ans peeit 1py6H Amuko#k £ u gmaverpom d KoaddupmenT
noteph Gyaer B Z/d paa Goxbme

p = Alyd
B peayaprare gopuyaa (1 58) upumer naj

mp=h L2, (159)

(1 60)

(Manee » mo 1.24 m 130 sra GopMymna XA OCHOBHWX peREMOD
TEUCHRA /AHAROCTH GyJeT NOIyvema TeoPeTHIEcKHM )

Dopuyny (1 59) obuuro masupawr gopuyioik Beicfaxa — Hapem

Beapasnepmsiil  k0a@GUOUERT NATHBANT KOIGHUYUEHTOM ROMEDL
na mpenuc no Oaune, wan koofiguyuenmonm Japcu Ero momuo pac-
CMATPUBATh KaK L03GGHOHERT NpONOPIMOHATRHOCTH MMy moTepedt
TONODA Ha Tpemie m| IpOMIBEMeHmEM OTHOCHTENBUOX jumEE Tpyim
Ha CROpocTIOH Hamop

eTpyAHO BEISACHETE & mil eMuICH & a A ecam

PACCMOTpETH YCTOBHE DABHOMEDHOTO JIRMMEHPA B TpyOe muawumpmae-
€KOFo ofrLema pamuoil / m ymamerpoy d (cM pre 1 2Y) T e pasemerEo
HYTIO CyMMH CHJ, feflcrPyommx Ha 00BeM CHI AABISNMA I CHALL
TPeHRI 31‘0 piIBeHCTBO HMeeT BUJ

A prp/h — 5 Aty =0,

1/le T, — HampfMKeRHe TPeRMA HA CTeHKe TpyOu
Ecim yvects ¢opuyany (1 60), To 1erno moayumnrs

.. 5
Ry (161)
T € Kosddeumenr A ecTL BeaHsHAA, TP AbHAA O

HAUPA:KEHAA TPEHES HA CTeHKe TPYGH K AAHAMBYECKOMY ARBACENIO,
OIpefieIeHHOMY MO CpCHEER CKOpocTE

BEjy NOCTORRCTBA OGBCMHOTO pPACXOAA NECSHEMAEMOW HEAKOCTH
BOAB TpYOH NOCTOAWEOTO CETCAEA CKOPOCTL U Y/CABHAA KHECTATECKA s
PHEPTHA TAKKe 0CTANTCA BOCTOANNLNE, HECMOTPA Oa HAILIAE THAPAR
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AWICCKEX CONpoTRBICHAll W HOTeps mamopa Ilotepm mamopa B sTOM
CAyIAE ONPERIFOTCRA Pa. THK & pmeyx OB (M
Bc. 128 m 129)
Haxomzenme ZUCTeHANX aua9esnil kosbdamuenra 5 noteps nHa Tpe-
gue A1 PAINMTALIX KOHKDeTHI!X CTYUAER TEYenHA » WMIKOCTH NoapobHo
paccMoTpemO B It 5 m 6

118  Vpapmemme Depuyrin gas oTHOCLTETSREOTO
JABIDKE AT

Vpastenne Bepuy11n B gopuy1ax {1 47) m (1 55) cupasepimso B Tex exYUAILX
FOTABOBHEINETOCH TeUeHAR JhnTL 0CTH KO11a M3 MaCCOBEIY CHJ Ha /1 M THOCTDL JAeficT
ByeT NEWB CIJIA TAJeCTH (Omrako HHOINA TPHEXOITCA PACCMATPUTATH TAKMO Tewd
HRA TPU PACUCTE KOTOPWT KPOLR CHINH TAK CCTH CHEAYET VIWIHEZATS CIf L3 HRCPUAM
WEPeNn0Cnoro MEMmKenNs (TAUpIve] KOTIa PYCUO No KOTOPCUY NBIKPTCH AHTKOCTD
TEpes “iLIeTCH B < ) Ecan cuaa
Y0 BpMemR TO TeUeHHE JKUTKOCTH DTHOCHTE TBRO CTEROK D3cTa 310M e GuTh yory
BOBMETTMNCS W [UIA HEr0 MORHO BHBECTHE ypislkem e BePuyn u 1ak »1e, Kak 210

Puc 130 Cxomd xus muso|n ypavmewnn BepnySta .18 OTHOCATAB
HOTO  JmCTII

memad & 0 114 PazTiude 51 T0uALICT 11 TiL B 10M UIO § TCRYI0 IATH ypaBHE
H1A (L 46 ) ¥ paBione cil ZanTeuiut 1t 17 KECTR ¢ 1. JyLT 0D s 115 PabOTY o 1 Hep-
un, 7edcTBYIONIY 0 NA ICMEHT CTPY HKd HOCOM d ¥ eI) HePEMEISErE 13 cene
mne I—1 » ceuemme 2—2 {oM. puc 4 22) JaTes 7y palory Kaw B APYIOE SAeEH
ypasmenua (1 46 ) geans ma dG, v e OTNOC | T K estHlHe Beca b TONYIHB NCKOTO
Py HyNOp TEPCHOCHM IO B 11paBy0 Uacth 1panreHHT Ilomyamv ypasmemne Bep
BYILIE [15 OTHOCHTEIVIONO KSWAKER,A KOTOPO2 B CAYUSE PEAILHOTO WOTO 1 WpI
BuMaeT BEY

: :
b By a1 oy 2 g (e
Pz 2 [ Iy

132 AHuy — TAE BiaLBacuMll upepyuONRs] NAROP, KOTOPWI WPOACTARNACT cofolt
Pafory CHNM RECPOMD GTHECEBRYK K ORWHHLS Beca M BIATYIO ¢ OOPATHEM 3HAKON
{obpatanil sHAK 0GyCINBIeR Teu, 910 9TA PaSioTa MeDEHECtHa w3 BEBOL YACTH ypap-
BOEHA B LpaByio)
PaccHDTPIM OIpeT°1eAMe MHCPHUOHHOIO HAUOPA AAM JBYX OCHORBHY CIyiach
OTHOCHIENILEOTG [RMKCENR JRHIKOCTA
1 it pyeas Ecam pycao, mo koto-
fizo ¢ a

poxy Teuor
{prc 130, 4), 10 Ha PCC YaCTANN HMAKOCTE "
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0 BpeMeny cwya REEPRUK NEPeHOCHOTO NAMKEAHA EOTOPAA MOMET CIOCOGCTBORATH
UM RPelNATCTROPATh Teuenmio Ecan ary cmly OTHCCTH K egmnm_\e MaccH, TO OHa

Gyger paBEA BYIOmeMY cropony,

€My a HAa Kawpylo eJUHEny neca HAZKOCTH 6y;(cr z(enc’rnona’rb [3:5.¢] nuepmm alg.
PaboTa BTOW CHIM IPH mepeMemyeMHl MUAKOCTH N3 Couenma I—71 B ceuenme -2
(Ta]( ®e Kak T paboTa cuiLr TAKECTU) D6 ammcm- or dmpm,n UyIR, 8 ONpefielIeTcA
;qonarem,w

Ay =aly/g (163)

TRe lg - TpoeKn®A DACCMATPENACMOTO YYecTita pycoa Ba HATpaplende YCKOpe-
A a.

Y1o6hl Be OMEGETICA 1 3HaKE ¢ KOTOPHM meamumBa Ay RomiEa Gnbh sa-
rmcapa B TPABOW SacTr yparEenms BOPEYTIIE MOMBO DYKOMOTCTROBATHCH CACKYH-
u3 §maupm mmzenus Ecan yexo-
penze a Baupanncﬂo or cevonus 71 cevemao 2—2, 2 cula Enepumn — maofopor,
T0 5Ta cAIA OpenAT £ TEUCHNI0 Ha1i0] /IOIIKER HMET
BHag mapc B s-rou cnyqae MHePIOTTIEI annop YMCHLIIACT HAaNOD B CeTenun 2—2
[0 CPABEEHMIO ¢ M2IODOM B CeUCHUH J—J W C/IeTNOBATNBEO AIAJOTLYeH THAPABAN-
necimg morepay T by, KOTOPE BCETAR BAOKNT D IPAPYID WacTh ypauEemus Gep
AYIM €O BHaroM IMKE ECNM s8¢ YCKOPeHHe a BalpaBlend oT cevedRA 22 K ce
«cHBiQ {--1, TO CHJa HAepRED T TEeRL # it mamop pom-
JKEH WMETH SHAI MUEYC B BroM CIyYa¢ WHEDLEOHHHIN BAIOP Gy;0T YBEJEUERATH

mmp B cceniu 22 T e Gymer Kar Dn YMeHLUIOTE kEDAR THTec Kue NOTEPT
Bpauies ¢ PyCHA BORPYr PepTmKatenoii ocm Ilycin pycro, 10 roTopowy
n'mme'rcn HUUT 6C 1, BDAIIEEICH BOKPYF BepTORANBHON OCH TOCTOUFNOH YraoRow
cropocTe0 @ (pue 130 6) Torma Ha KEAKOCTS fieHCrEYer ¢M1a WHEPUEN Bpama
TUIDHOTO [BMmKENE  sanimomaacA §ymkngen paguyca Ilootomy ma mofenera
PaloTEL 9101 CHJE BNH MSMCICHMI l]m'ennuaﬂbl ©fi amepIRm, 00} CIOBNEHBOHE o

Ha e ununy veca Gyger gehc'rnon.xm ‘cuna nue;l.\tm w’r/g. PaGoTa vroif cnan
£pu pepeMerneund DAONB PajRyca Ba paccrosmze dr pasEA w?rdr/¢ @ DPH mepe-

MemEHOR 0T Pagyca ry K0 Paamyca ry (no moboit uplm(m) yaGory muonm umer—
YUPOBAREEM £TOLO BHPAREHEA A TPENENaX OT ry 0 Buimowurs maTel

HAEeM HHePUUOHKHH Hamop T0JBKO 3HAK cntnyc’r H3MELEIb Ha oﬁpamun (l(al(
YKABHDANOCH DLIme)

2
73 i~ (1 64)

9HaK WHeDRHOMAOr0 HANODA KOTOPHIM MOJNY$aeTcA HPH TofceTe IO BION
dopMyse CcoOTBeTCTBYET YKansamHOMY BHINE DPABUIY JBAXOB

1.19. I D y Beprymm
D TEXHAKE

P Benrypa coboil yeypolt b3 B 1pY
GOmpopOpIX W OCYmECTENAONES CYREERe MOTOKA — RpoCCeTHposanke (pue 1 3[)
Pacxofomep CoCTORT AR ABYX YuacTKOB — TIIADHO ¢)A0Meroca (Colil) i DocTe-
WeHno pacumpmomerocn (nur]: aopa) CR(pocTs DOTOKA B C)HEBHOM MECTe RO3pa-
cTaeT, 4 panueREe WKAeT PASEOCTh (UGPEmaf) AABIENAU  KOTopasm
BIMEPABICA TBYMA nbeaouc'rpamm ann gngdepennadnkann U ofpaalkin MaHOMeT-
PG B OIpeneeRBM 06pasom cBAzaHa ¢ pacxofoM Hompem o7y cprsb  omycraum
B ¢eYeHRd / —] N0TOKA HENOCPERCTHCRDO Tepes cyenlies CKOPOCTD I0YOKA PAnRA v,
JADICHEE Py, LAGHRN> CCTORUS S;, @ B CooCEME d—2 T C B CAMOM YOKOW MEL1o
TIOTOKa COOTBCTCTREENO vy py u S, Padnocts moxazampil Mpe3oMeTpoB, up@coc
JENEHEEX X YKA0AEAbIM CEneHURM,
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Banmmen fus coveAnit /—7 m 2—2 UOTOr.a ypmngnno BepEyaan 8 ypasHCH e
\wcxunﬂ (0‘""'“ )
A 51 =1,
p""zg p,, +Zg+ v i1 —0,5:
2700 fiy — TOTCPE HATOP MOKAY Ceveunt [—1 a ¢—2
‘YuaTmeaa uTe
g AP Ay
ha=byy Ty s
RaBeM B OTOS CRCTCMLE YPAJEeHIL OfRLY U3 o opocTed maupmEMep,
]/' Y
T—ESySiF+t

orerofe ofvemani pacion

L

ommsi=5 ) =tV (o5
am Q—=CV'8H; (1 66)

re ¢ — BEIAGGHA, MOCTOTHEAR s IIMTOTO P 1eX0I0HEPT

Buaa 111 (30METPA, MOMREO0 HALTHA Pac~
07 B T])YGDHPGBO,\IE nan mofore momema BpeneEn o hopmyae (1 66) Komeranry €
MOKEC ONDEIRNNTL 'TCOPOTHNOCKY 110

Tougee 66 MOKHO HAWTH SKCIEPEMERTAIb
B0, T © B DEBYJBTAIC TDAJYN[UBAHAS
PpacxopoMepa =

Corse memny A B Q momyumaercm
napaboANTecKOli a CCAM HO OCE abcumce
OTKNGAHBAT PACXOL BO BIOPON CreTE
mA, 70 Tpagui BTON BaBECMMOCTH Gyaer 7
xrpencmn.umx, coBod mpmmyio

OMCED 9ACTO BMeCTO MAPS! OKE3OMCT
OB ATA IMEpEHNA TIEDENajn jamlenan

B P P P
aNBEMH DTYTHHI MANOMETD YuHTHRasn
9o HAJ PTYTHIO 8 TPYGKRAX maxogures Ta
50 MEAKOCTL INOTHOCTSIO P MOKHO 83
macarb

Al =Bk (Ppr—0)jp

KnpOiopeTop DOPIIEEBHX JDETATENSH
BEYTPERRETO CIOPANESA CAYHWT KIA HOJ-
cog:pﬁenanna " guemcmm ero ¢ no'rono!:( Pac 131 Cxema pecxotowepe Bem
moagyxa (pac 4 32) Ilorox posmyxa sa  TYPH
€ACHIBACMOTO A [IDUraTenb, CY/KALICA D
TOM MECTS rfie YCTaHOBJEH DacmLuipTess femsmpa (ofipes TpyGua muamerpoM d)
CropoCTb 1031yXa 6 STOM Cewenus BO3PAC1AET, A TABALIWG 110 3aKOKY bepRyLIm
HapaeT BJla[‘O'j.lpﬂ DOHIKELOMY AABJEHMI0 GERANA BMTCKACT R IIOTOX BOSAYXA

Hadine MeTH Y 6\ nazma Qo n BOANYXR o.,
npuH aaannnmx pasmepax D ndn
nana’ (A0 cenesmr 2—-2) Lp o mukaepa Luc (conpomsnenuw Genam'pyﬁl(n npeueﬁpe
raes

3anmcan ypasmenne Bepry i pum noTora posgyxa (ceveane O — O u 2— 2»
& BareM JI% TOTOKA ﬁenamm (cevcnne L—7 w 2—2), mOIynHbL (UPY o = 2 WO —

Prmyme

_&s_ Uln Vs
Loy +:s

Pa "zﬁ
s Pﬁ§+ zg 0 g,




p,,(v’ /2) (L) =P (v76/2) (1 +Ly)
VeRTipAR IO MACCOBHE PACKOPE
Qo=(1D%4) vys B Qg=(md?4) vziPes

HOMYTImM
@ ( 40y /(17 s
Qs ) Pou(TH5m
Takrev ofpasom pacxonop GenagHa

B Bo3fyxa OpmaKo CreTyeT UMeTh B BEAY NpAGIEGKEHEME Xapaxiep NOHEOrO pe-
puls:iér

Pae 132 Cxewa KapGuopatopa Pac 133 Cxema sixexTopa

Crpyitamtii Racoc (MHeKTcp) COCTONT MY DNJARHO CXOAAMErOCH MICARE3 A
(pme, 133), ocymeemimwmero CkaTie mOTOKa, B IOCTONeEEO pACKTMpRIOMefic
Tpybxm € ycTaHCR/enmHONT Ha HEKOTOPOM pnncwnunu 0T macapgEa B EKasepe B
Benepeteme ypeMEnemus CKOPOCTH MOTOKA jiaBjente B CTPYe BA BRIXOJie H3 BACANKA

Pae { 34 Cxema Tpyorm Pee 135 Cxema socagsa AN WIMCPeHEA CKOPOCTH
HOTROT0 Hamopa

H 110 Beel Kamepe B B it fgyﬁlm CROPOCTS
MEHbIIAETCA A PADICHEE HO [0 AT ecan

BHTEKAET B oY), B Kmxepo B panienme obuwmo
Mewkme e (naxyyn) Tlog nedicreren pns—

pe»(exnn AHROCTD B un»mero PeaepByapa neacull acTest o Tpy6e D B Kamepy B,
AUNE W A J0yX TIoToKOB,
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moxEOre RAEOPR (AN TPYGEe ITHTO) CAYNRHET ATA HAMEDPOHHA CKODOCTH
B pr?i': (pmEc 1,3(4) ET:‘J’I]! ycranom!rrs B BTOM LOTOKE TPYGKY usoray
oy yraos 90°, OTBepCTHEM HABCTPETY NIOTOTY ¥ IbeJOMCTP, T0 HHAKOCTS B 270K
gpyGKe NOJEAMACTCA HAT yPOBUEM D TBEAOMETPE Ha BLCOTY PABBYI0 CKOPOCTHOMY
Hanopy OOBACHAGTCA BT0 TeM UTO CKOPOLTH D MacTul ,KNAKOCTH NONAAMMINX
B 0TBEpCTHE TPYOKH, YMEHBIAGTCH 0 HYIUL, & NADAEHUe CALNGBATENBHO, ) BEIMTA-
PASTCA HA BeNEUENY CKOPOCTHOrO wWalmopa Havepun PasuOCTh BHCOT TOALEMA Al
2CTH B TpyGKe [13TO B Ihe30METPe JErK0 ONPE[CTUTL CROPOCTS KEZKOCTH D Jag-
woR ;fn‘n:;em\l R OPMHIKN® OCHOBAHO M3MEPeHHEe CKOPOCTE mojera caxvonera Ha
puc 1 35 oxkasaHa CXedra CAMOJIETION CROPOCTHOH TpyGXE (macanxn) ATA E3Mepe-
EEA Mansx Do €o YKA CHOP monera
Bapamey ypapmedne Bepnyaim pns oTpydxm RBT%)M maderasT Ha TPYGKY
BRMIE €0 GCH, A A0TeM PACTEKAeTCH HO ee mowepxmoctd Jian cedennit 0—0 (Hepoa-~
uymeamny u0Tok) 1 I—1 (rae v = 0), moTysamy

PotPUY/2 = py
Tax xar Goxopue orpepeTna TPyGkn NpafTMREEHO BOCUDIRIMAUT JaBienne
HEDORMYIeHOTO HOTOKA Py = Py C/ENOBATEGHO U8 NpENELIYIIErO TMLCH

vV Z(p— PP

1.20. TI ¥ KOIHYecTBa
% SKHAEOCTH

B meroTopHX ¢Ay9adx B THIDABJMKe YAOGHO LPHVEHATH ypabHe-
HAA KONMIEcTSA [BHKCHAA (AMITYTBCA CHN), HAIDHAMED KOTAa Hafo
BaiiTn cmy BOZEeMCTRHA NOTOKA HA WpErpajy WIH DYCJIo 18 pacema-
TPHBAR UPONECCH TPOMCXOIAMES BHYTDH LOTOKA FKEIKOCTH

Jta MaTepHasbHOTO TeNa Maccolk m, ABMIKYINETOCH CO CKODOUTHIO b,
H3MEHeHHe KOJHUeCTBA JIBMKEHHA 33 BpeMA dar BCJEICTBHE JIDI‘?'[CTBIZ[K
crer F BHIDAZHTCH BEKTODHWM YpaBHEHHEM
mdy=7Fdt,

e mdv — 0fycioBIeERde AMOYAbCOM Fdf

TIpumeniu aTy TeopesMy MXAHMIN K YUACTKY IIOTORA ¢ pacxofom @
Mendy cesenmAamME I—] m 2--2 B JCAOBHAX YCTAHOBHBIIEIOCH TRYE-
g (pme 1 36) 3a bpema (f aTOT YUACTOK WeDEMECTETCHA B WoJOMe-
HEe ompepetAcvoe cevemmamy I'—1" m 2'—2° Urolm Bupasury mpn-
PamIeHIe KO TATECTPA ABEREHHA DACCMATDHBAOMOTO YYACTKE, HYKHO
B3 KOmmdecTBa ADA.ceHAd oneMa Mexpy cevenusmu I—I w 2—2 pm-
MBCTD KOIMYECTBO ABHKEITA 06DBOMA MesKTy cevenmanm I —7' u 2'—2*
Mpe srautamum  KoJNMYECTBO JBIKEOHA IPOMEKYTOUROTO ofLema,
OFpAHMYeHHOTO CeYendsmu I'—1' @ 2—2, COKPATHTCA M OCTARETCH NEIL
PAgHOCTE KOMEYECTD [BMMEHEA axementos 2—&' m I—I°, Kotopwe
"a puc 1 36 samrpaxosans Ofems aTmx snementos 8V, a caenosa
TEABHO, H WX Macch Om = pQd! ofnHAK0BH, WOITOMY UpPHDAmMEHHAS
Bonmvectsa ABskeHuA Gymer pammo pQ (v, — vy) dt

0 IPHPAIMEHTC KOIATECTRA ABHEKEHUA OFYCHODIENG HMIYTBCOM
BCEX BHOMEHEX CWJI, ACHCTBYWIEX HMa 00BOM M TIKOCTH MEKLY Cede-
HaaMy /—7 w 2~—2, — cHA J[ABNeHAS B HEPBOM H BTOPOM CEYemAAX
7,8, ® pS, cHuEH TARecTH BCero obTeMa G a TAXKE PEAKOEA CTEHOK
Pycnia R, Kotopas CKIAHBAETCA WS I IABTICHHS B TPEHHH, pacupe-
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Remexnery Mo Gomonoit moBepxmocTE ofnema (603RATHM BEKTOP paBHO-
neficToylomax Beex caT wepes F Torja

PQ (a —0,) dE=F dt

HRM MOCJe COKpAmenld Ha df

0 Gy = F wen

Taknym ofpagom UPA YCTAHOBEDHIEMCS ABH/KCHNH BEKTOD panmojei-
cTByomelt beex BuemuuX Cil, XeHCTBYIOmMMX Ha MOAKOCTH B GUKCHEDO
BanHoM ofBeMe, paped FCOMETPEIECKOH pasmOCIH KONETECTD ABMmKENIA
JRETKOCTY, BHITEHAmER M3 9Toro ofbeMa m BICKAWmeR B OTO 38 efin-
wAny BpeMcur B aroM saxmwouaerca reopema Jiiiepa o6 mememeRnm
KOJHYECTBA ABILMCOAA JKUANOIO 06THema

o8y {
R P15y

!
I
!
-

i

Pac 136 I& upmescHRO VPABHCIHA KOMI Puc 157 wespeiicTene
9CCTBA QBAA CREN K AKHKOCTH eTpys Ba mperpasy

Vpasuenme (1 67) Moykto sanmcaTs B Bufle

0Quy—pQuy+A+ prS + paSa+G=0 (168
W B COOTBETCTBEE C BTHM INOCTPOETE 3AMKAYTHH TPEYTOABIAK (MiE
MHOCOYTONBIHK) BEKTOPOD Kdk mOKavano ma puc 130 DB crasu ¢ tem
910 B ypaswenna (1 68) nextop pQu, mMEST BHAK (NBEYCH, HPH MOCTPOE-
MHAF OH HALpPABJIed B CTOPOHY 06DAaTHyIo JeHCTPETE]BHOMY €ro Hampas-
neIno

To we vpasnemue (1 68) mommo sammcarh m B NPOGKUEAX Ha Ty
HIE HAYK 0Ch

B #aueCTBO HpEMEPA OUPBAEAWM CEAY BOSASHCTBEN NOTOKA KO
RocTH Ha mperpaxy ITyCTh JKUAKOCTH BHTekaeT B aTvocbepy m marar-
KupaeTcs g (031 PARAWIYI0 CTEHKY, YOCTAUOBMEELYI HOPMA (110 K lo-
TORY B pesyJnTaTe KUAKOCTE DACTEKACTCS O CTCHNE HAMCINH HANPAB-
nenme croclo Tesenns Ba 80° {puc 1 37) Hawecrsh oiomats Cedenms
moTOKa S, CHOPOCTp BCTENSHWH U M TIOTHOCTb SREAKOCTE O

Jan pelesns janton 3afasn GepeM jurcHpoparEhil 061LeM, moKa
saHEE] IMTPAXOBON AnBued, uw mpumensen teopenty Jmnepa Tax xax
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Aapnedme BEYTPH CIPYH H MO MOBEPXHOCTH KHIKOCTH PABHO atMocgep-
HOMY, T © n30MT09HOC RABJEHUE DURRO Uyl YpIBMEHNe BIIPAMam-
mee Teopemy Diieps, Aus NAIDALICRAT  COBMAZIAIOMOIO ¢ BERTODOM
cRopoeTH BoTeuemiA v Gyper muers miy
— F=—puSe mim F=p§ 169
Jro # ecTs cmila BO3jleficIBAS MOTORA KEAKOCTH U2 mperpany [Ipm
ApYTOM yriie YCTAROBKI CTONKE MM ADYlmx ee GopMo m pasmopax
B npaByp TacTh dopMyas (1 69) pnopgmrcat Geapaavieprbrll KOs Gmyment,
OTHMYEHI Or €AUNNIb HO NPONOPHEOHMIBHOCTh CHTH F Iponiseme-
amw OSV? coxpalfAercs

rzasa4 THAPORUINAMHYECKOE [TIOJOBHE
M pEJKHMbBI TEYLHIA JRUJKOCTH B TPYBAX

121  Qcnosy TURPOAMHAMIYECKOTO HO,10GAA

IIpzg E3y¥UCHEA ABELELAy PEATBHHX JKUFKOCTEH BETPEUACTCA MHOIO
TpYAEOCTEH NOTOMY, 9TO U XapaKkrep ABWAGHAA M NPOUCYONMMNE IpH
BTOM IIPOLECCH DIAAKT Mmorae $ax10pd Bamumi sram atoro mayde-
masi — o16op Tex (BAKTOPUB KOTODHE #BIAOTCA OHPEISUIOMAME I)A
maydaemoro mpomecca Tax, madpuvep, B 1 17 yae Gwun mepeduc-
JIedhl @BKTOPB{ OIPCACIHIOGINE JOTepH Qﬂeplﬂﬂ NpHE TEUCIHUY BHIKOH
skaakocrs Opom Ha nyx pawaoT Gompme Apyrie MeOBME @& GCTH I Ta-
KEe, AIHAOMe KOTOPHX B OGHYOLIX yenormax npewelpexmio Mand

Caetyronuii a7an H3ydeN#si — JT0 YCTAUOBICHUC BARACEMOCTH HITE
pecyomeil BeJEYAEN OT CHCTCMLl BUIGPAHHEIX onpejenaomuy $axTo-
pon dror BTAM MOMCT BIIODOJHATHCA ADBYMA MyTAME AHATHIAYECKHM,
OCHOBAEHEIM 2 3AKOHAX MEX8HEKE H (BWSAKH, W 2KCHEPHMEHTATHIEIM
Ileppuit myTs MpuMEHEM JHMb A4 OTPAHIIENOTO YACTA IANAaY U TPH
ToM OGHYNO JMmB [UUT YODOMEUHEX 3O,lejycH npreHmi

JApyron myrs, sKCHCD TANBHBE, B 11 MOIKET yIeCTh MII0
T™HE &mpm HO 0d Tpefyer HaydHO 060cmoBapMOl MOCTANSEKN ONH-
TOB, OAAAEPOBAHHA 3KCOEPEMENTA, OTpaHkuenmn ero ofbema Heofxo-
JIMMBIM MAHUMFMOM H CHCTEMATHIAIUH DE3YTeTaToB OUETOD Ilpu sTom
ROIKHO OHTH 0GOCHUOBANO MOUENHPODAHEE sBneRuil

97d 33140 DOIBOTAET DEMIATE TAak HANMBAEMAR TEODHA udpoduna-

T e TOTOKOB HECIKAMABMOH HMJIROCTH
Tapposmrammyeckoe mofobne cx. 5 M3 TPeX COCTAR LAOMMX
TEOMETPHIECKOTo MOTOGHI, KBHEMATHUECKOTO W JIHHAMITIECKOTO
COMETDUYECKO® MOJ00GHE KAk HIDECTHO H3 TEOME-
TpEE, OpefcTaBIACT €0G0H NPONODIEOHANI HOCTH CYONCTBCHELIX Dpas-
MEDOB H DABEHCFEO COOTBETCTBYWEX yIiop B rumpastoke mnox reo-
MerpEveckmd mopobmer moummanT momofue Tox momepxmocTei koTo
DHe OrpanmYEBAIOT HOTOKU T € TOogofHe pycer (MTH Kamajuox) *

* Ipu srom aloT [ENY He TOTEKG DacCMaT YHACTRA
DYCET HO 3 Te KOTOPHE PCHONOAEHH UEroc PeCTeLHuo mopel BIML M 33 HUMHE
B KOTODhe BIMOT Hd XAPAKTED TCICHH B PACCMATDHDACMAA ¥TACTHAX
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Orwomesnne ABYX CXONCTBEHEWX DasMepoDd HOFOGHEX pPyced Hazo-
BeM amHEEHIM MacmrTafoM m ofoawawmm wepes k JTa BeamImHA OflH-
makona (idem) gax mopoGmurx pycen I m I, t o

ke = Li/Li; = idem

Kmpmemarmueckoe mopolme o3sEavaer mpomopamoHathb-
HOCTh MeCTHBIX CKOPOGTE& B CXOACTBEHHHX TOYKAX H DABEHCTBO YTIIOB,
prﬂKTQpﬂBywmﬁX Hampagp/ieHme 3THX CKROpOcTed
it S Uit 21

idem,
P fuar Vwmm Pl

10 ky — MacmTab mpa TecKOM MoFoGHm

Tax wax v = L/T, k, = kp/kr (rne T — npema, kp — macmrab
Bperenm)

Ma REmEeMaTHUECKOTO HOAOGHA BATeKAET TeoMeTpHILcLO¢ HoTolHe
amumit roxa Ouesmpmo, Tr0 A1A KWieMaThieckore mogobma Tpefyercs
reoMerpaIecKoe mofolme pycen

AmaMEYecKoe HOROG IS — D3m0 NpoNOPHEOHALLEACTE
CHT, AefiCTBYIOmMEX Ha CXONICTBEHHBIe 00BEME B KEHEMATHYECKH IOR0G-
EHY NOTOKAX 1 PABSHCTBO YI0D, XapaKTePUsYIOmuX HALDABICHUS GTHE
cmi1

B moroxax skpaxocrell ofuTEO HedCTBYIOT pa3ELe CHABL CHIH AaB
JIeHHS BRIKOCTH (TPEHHA), TAKECTH H KD Cofnrogenne mx TpomopIue
HAABHOCTH O03HAYAET OOJAHOE THAPONEHAMAYECKOR EOI[OGIIQ OC}me
CTBACHNE HA TIPAkTHKE NOTHOTO rnnpo}mﬂm\mqecxoro HOAO(’)HH OKI b~
BACTCA BECHMA BATDYAHHTEIbHBM, LOTOMY OOHYHO UMeKT [en0 ¢ [a-
CTHMEEN (HemoAHLM) moxofmeM, OpH KoTopom ¢0fToJaerca mpOmOp-
DUOLAJBHOCTE JAHMb OCHOBHLIX, IAaBHNX COI

JIJIK HAIODHBIX TE¢4eHHH B BaKpHIHX DycjJax T € [pdA DOTOKOB
B Tpy0ax, B THADOMANEHAX H TOM} HOJO0HLX, TAKEMI CHIAMHE, KaK
MOKA3KIDALT AHANAS, ABIAKICH CHAL NABACHHS, BASKOCTHE ¥ CHXH HHED-
wae Ila skmarocrs pelicTayer TAKKe CHIA THKECTH, HO B HaNOpHEHX
IOTOKAX €e JIeHCTBOe NDOABIAEYNCA Yepe3 MaRkesEHe, T € OHO CBOMNBTCH
K COOTBETCTBYINEMY HIMEHEHHI0 NMAaBJICHAA HOB’!OMy, PaccMaTpasad
TAK T13HEBAEMOE OPHBEAEHNO® HABJEHHE Dnp = p -+ PgZ, TEM CaMHM
VIHTEIDACM CHAY THMECTI

Camy Epepnan oupeIenAnTCs NPOMIBEIEHNEM MaCCE Ha YCKODOHMS,
T o F = ma, a ux oTHOIeNHe B HOROGHLX HOTOKAX PaBHO Macmraly
caa
ke _fmay R

Fl
Fr (meyy W

Ehi kL,

e K, — Macmral mmoraOCTed

Taxau ofp: , CHIEL Tpom NBHE NIOTHOCTH, CKo-
pocTH BO BTOpO CTememm W paauepy L Bo BTopow creleHH, KOTODLNE
B CBOK 0Yepeib, MPONOPNHOHAICH NAOMARA §

Fyg~pSv*
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BamernM, UT0 9TOMY JHe pS® I JBITE
oMaN, & KOTODHMH DOTOR BO3fekCcTBYer (mum ‘BOBATD}
wa uperpaps (cu n 120) momactm rEApomammE, ofrexaemile Texa

Flprrem CHTE HEEPHAN 33 OCHOBY X Gynem apy1ue cHun, JedcTBYIO-
mEe Ha A WIKOCTL CDAREOEACH ¢ HHOPTUHGHHEIMU T C C HHPAnemueM

'

Taxay ofpagou N1 THADOIMHAMETE! KH nogofusx motokon I m IT

HveeM
\ .

P P —idem (170)
pSo? T pSe? j1x

DTO OTHODICERE, OJHHAKOEOE JIA HOI{OGHHX TOTOKOB, HAaaripawoT
qmenom Heoroun m o6osnatawr Ne 3xocs mox F noppasymesaerea
OCHODHAA CHIA CUIa [ABTSHUA, Bsdkoc1r Tamectu man jp Caegopa-
yenpuo cootHomende (1 70) mpescrapaser cofou ofmuEill BUA sakoHA
THAPOAMEAMATECKOTO R0J06HA PaccoTpEM TR XapakTepHHX caydag
BOSRBEICTBH;I Ta eV [ YOCA JKAJKOCTh OCHOBHHX CHJX O HAMAC - Y10~
BEA IOJ06UA HOTOKOB

Ha MIZLOCTE BEUCTBYWT TMAHIL (U M J(2DEEHONT O WHCPIHEE

Torga F = ApS ~ ApL* u yctoeme (1 7C) mpmser Bug

Ap (ApY .

ApY _(APY _py—idem, 17
(@) = (7, —ru—na o
Tie Ap — me-0Topau De9HOCT ARBTMM (sW mpocTo pamtenEe) Lu — Geapas

MEPHNI KDRTEDR HAOLBGEVHH THCTON I 1LDa

Caeponarentito, yYCTOBOCM THAPOSHEAMATECKOr0 mO,00mm reovers
pmiecKn ToZO0HHX MOTOKOB B TARHOM CIYYae ABIACTCA PABEHCTBO Lid
HEX wmceT Ji1cpa

Ha mpexnitymero sacon $uamuechEl cMBicT Wucua JHitepa 510 €CTh
BeNMTHHA, UPONOPREOHANLHAS OTHOMICUHIO CHT JABTEUHA K CHIaM
mHE T

E Ila sxEAKOCTD TeHCTBYIOT CHYL BADKOCTH, NABJCHHA ¥ MHOPLEL.
Torpga
F == p(dvydy) § ~ vp (v/L) L* ~~vpoL

u yoaosme (1 70) mocie fe-1eHMA NOCHE/REro BHDAAKCHAA HA pv°L? mpm-
Mer BpHEA

v v vl vL N
(E)z = (n);; s (T); = (T)[,:Re idem (172
rie Re — BespasMeprmtin b it wucaom Peit "

Caiefoparenbo, YciOBMeM THADORHIAMAYUCCKOLO U0fo0BA 1eomer-
PEUCCKA NOAOGEHY HOTOKOB B DACCMATDPHBACMOM CIYIae HBAAGTCA pa-
BencTo uucen PefiHoNbIcA, HOACUBTABHHX JIA CXOACTBCHHHWX cevennit
BOTOKOB

*0 Posimonepac (1842—(H2 rr) — mopectuuii aEramicxeil gmsax m
mmxencp [Mommmo i €ro BMeHEM
RCCaefoBal DAJ APYIAX PONPOCOB THIDARIEEN ¢ HOABOEH ABMEEEPA PIKUME Te~
seHEA TeopaIo y pexEMa TrIeHn,
TEOPHN CMAJKRM, TEUCHEE ¢ DAPOOGPABOBAHMEM (RADKTANHIO) B AD.
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Tloctepuee yc1op@e ABAAETEH OCOGEHIO BA,KHHM B RANNOM Kypce,
TaK Kax UM YCTAHARJMBACTCs| OCHOBHON KpmTepumil M0f06HA HATODULIX
morokor — uECa0 Pernomiaca Sa xapasrepmuit pasmep L mpu mop-
cderc THCIAA Peunmuﬂlca J0J el OPUIHMATBCA nonepe‘muf& pasmep
[OTOKA, HANDHWE, JHME1p CodeHmA

Ha mpexrimymero acen $mamucckuit cmoiex uncaa Pefinoxvmca a1o
ecTh BC IMYEHA, l[POﬁOpI[]’OHﬂJ‘bl[Bﬂ OTUOLICOAIO CAN BASKOCTH K CHTaM
FHePIH

3 lla skumroctrt geficTBYIOT CMIIBI TAACCTH JaBACHHA H WHEPIAH
Torpa F ~ pgL® m yenosne (170) mpumndaer wut

(ffzﬂ)ﬁ a :(g”% = Fr—idem, (173

o I'r —
CTe0BATCIBNO0, YCAOBOEM THTPOSRIAMEIECKOTO NOA0GHI reomerpm
YCCKN TOJOGUEX TOTOKOB B JIAHHOM CJYUAe STBJIAETCA DAREHCTBO THCEN
; ®pyra M3 mpegrmymero ac
| I f 4 O uyro ymeao Dpyma — sTo
2 2 BENFIIHd HPOTODIHOHANBEA
OTHOMEHAN® (AN HHEPOEE X
CHJAM TIHECTH
Rpurepnn ®pyra avnmer

1

it wmeaom dpyma

7 7 CA BAKENM IPH PaccMoTpe

] 1umE  feaHaNOpOEIX TeUemHH B
7 OTKPW1pIX PYCTAX, JAA HA-
Puc 138 YogoGure motowu TNOPHWX TEYCHHH €r0 MOMKEOC

70 YUHTEIBATS

Hliua yeranonmendf CBAIM MOIKAY TH)POJHAAMAMECKHM JopoGmem
H OCLOBILIM ypasueHue I TOAPABINKE — ypapHermeyv Depmywtmm —
paceMo1pun ,18a Hanoprex motoka I o I, Rotopse mepobHs npyr Apyry
reppoaayEgecks (puc 1 38), o OTMETHM na mHX CXONCTBEILILIO cete
tun I—1 m 22

Sm:mruem coagata AT Yy KA3annex cegennix OAIOTC H3 HOTOKOB
ypasuenme Depmyiusl B UDEINQNOMEHHE Y10 ,KeAKOCTL MICANBHAL
9ro Gy meT COOTBOTCTBOBATH UEPROMY H3 PACCMOTDENHWX BRIN[E CYYAaeB
ASIKCHAS TAK KK L 7KE (KO(Th, MOILHO CIRTaTH, OYAYT AcficTBOBATH
AEme cuul fapdeuds ¥ udepnum Byem mrers

2

P P2

ta og tog
e py M p, — UpNmEReHHHE [AZICHnT

HMcoonpays ypasnense pacvoga ,S; = 1,8,, HCKANIAM CKOPOCTH Iy
a lIC[)el'[)yDll“pquB TACHE YPABLCHMA TpuneeM €ro K Ge3p€lUMGp

HOMY Buxy Jna artero pasgesum ypapHeHEe ma vi/ (2g) mocke dero
moxyIUN

2(p— p)pr}) =1 — SY St (1 74)
Tlpabaa wactt, ypasueana (1 74) opmnar opa mn mopoSunix moto-
KOB BC TeoMe] , & JeBAA TACTh, UpeAcTas
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Amoman coboll yapoenmoe 4EC1O Ditnepa 2Cu, OmAIAKODBA BCIefcTBEO
JMEAMATECKOTO monofun ® nco ypareeune (1 74) ogupaxoBo AL OG-
ZI0GREIX MOTOKOB wpeaaplioll Mmuanoctim Takmv ofpasom A obecme-
genmn FLUEPOAIHAMUMCCEOrO uofoDHEA MAmopPIHY [OT0XOB MyeaXpHOR
BBHKOCTI HOCTA10WIO GAI0TO TEOMETPIICCHOTO 10,406051

Temepr sanmmen 3 parueune Beprynan ana tex ace cescwniy 7—7
m 2—2 eouore us HANOPUHY DOTOKOR BABKOH IHUAKOCIM  TONOGLX
rugpojaEaMEuceiE  bysem mueip

. " 3
n B Fag g W 15
o T3 g T g 35
e § — K0ohPBIMONT TOTEPL BICPrum MUKAY DICCHATPUNNEMEMU CETNTANT

Tlocae IPHECTCHNS TOr0 ypasHelus K Geapazyeplony nuny nonobuo
npe (HAYIMCMY D0.yImy
2 (py— po)(p2%) = 2T =~y — Sy ST+ L (1 75)

Ugero Du o0 18C 0 N4 PaccMaTpUBAEMi¥ MogoGHHX HOTOKOB
BCTEICTBEE X JHI aYQ CLOTO THomobma koopdmmuentar Hopmonuea oy
n ¢ty OFEHJI GBEL 13-33 KWHHEMArH9rcKoi o HO;[OEHH CTNOZ0BATEAbIO,
ogEHAKOBaM By ey n kecd Gument moTeps £ a4 1akme Bee ypasnenue

Ecr@ jk0 paccMs Disdty DOROSGEE TOTOKN B TPy fax TOCTOAHEOrO
ceuerun, TO CIHHqKO M OymcT KooGdmuens moTeps Ha TpeHue IO
pamae (?)

117K, B HOZODFBIX HA1 ¢ Prak¥ HOTGRAX IMEEM PABEHCTBO Geapasvep-
mex Koaddmumentos o ancen « L A Fu Re n nekoropsix mpyrax,
KoTopHe OYXYT uBefieun B paccvorpenme Huse Mamenenne umcia Re
0gHAWALT 9r0 BAINCLAEICH COOTHONIEHHe OCHORRHX CHI B IOTOKE,
B CBJBHE € 9CM ) KAJapnLie KOQ@(PE“HEHTH MOTY T TAK. i€ HECKOJBbKO HIMC
wEThes IToaromy nce KoaGhduuuenTt caegyer paccMaTpuBaTh Kah QYRR
1WA OCHOBRHOTO 11 GUPeAeTAIOMEre KpMmiCpud My LANDOPULIX TOTOKOD
PA3KORN JRANKOC1 M — dncTa Pefinonsaca Re (x0T B HOKO10pH X MHTCP-
Banax wncxa Re sra kosGipuimenis MOLYT 0CTALa1LCA HOCTOHMHIMI),

]]pl:l QKCHEPUMEHTAAbEN Y HCCACACBAHEAX H MOJEJTUPOBAIHE HAaOOp-
nuY reveHnil B 7a60PATODIBIX yC10BEAY HeofXognMo, so-nepmbix ofec
negnth reoMerpuucckoe uonobue mopesw (I) u matyps (II) pruowas
YCTOBUA BYO)NA K BHXO0JAa, H BO BTODAIX, COG‘I]OCTE PaBEGHCTBO 9ACCIT
Pemnoupnca Rey = Rey; Mo Broporoe yeionna noayuaem meoSxopmmylo
CKOI)OCTE DOTOKA Ip: GHCHEpEMCHTE

vy = vpLuvi(Lvy)

D yacraoM cxydae TP vy — ¥y CKOPOCTh OPH OKCOEPIMEITe 0 LKA
6nrp Gonsme matypnoit 8 Ly/Ly pas IlpuMemnas mouce BA3Kyo k@A
KOCTH (T Ty e /{HJHOCTD, IO NpU NODHMCUHOH TeUIePaTVpe) MOKHO
CHUSHTh CKOPOCTh ¥y

ITovmMo mepe emeH uLx X RpOTCpPUCR Gan (Eu, Re,
Fr), B ruppasaare mpumessoT K Apyrue KpHTEPHN ad ocofEx ¢ (ydaen
TeqendA Mugnoctd Tan OPH PACcCMOFPEHEH TCYCININ CBABAHHLY C 1O
BEPXHOCIHEM HATAMCLECM (IADPEMCD HpY DacLafe CTpYm Ha KALIH,
PACOLIKBAHIM TOILTHEA b IDETATETAX), BOOgAT Kpurepuit BeGepa (We),
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PABHHI} OTIOMEHAK CH/I NOBEPXHOCTHOrO HATAMEHAA K CANAM MHCPIHM,
Jna atoro caysas ycxonme (1 70) mpmammaer nmm

We = oL /(pv®L?} = 0/(pv’L) = idem

IIpn pacemoTpennm meycranoBEBIMXCS (HECTANHOHAPHNX) MePEOAR-
WeCKUX TedeHm¥ ¢ mepHoom I (dampmmep TeveRumil B préonpunone,
BpHC K y macocy) »Rogar xpmrepmii Crpyxa-
as (Sh) \‘m'n.maxomuu CANEl MOePIAE OT HECTALEOHAPHEOCTH, HAJLIBAG~
msie goraxpEevm  Ilocxename mpomopumonaneus Macce (pl®) B yomo-
pexu Jy/df xoTOpoe B CBOIO 09epelb, mpomopumomansmo v/ T Ciue-
mosareasro, yetonue (1 70) qum 5TOr0 CAYIAR NpHUNMAET BEI

pL3/(peL2T )= L/(wT)=idem wmnm Sh=vT/L

IIpx PaccMOTPOONH ASAAEHL JKITROCTH ¢ yIOTOM 88 CHRUMACMOCTH
(sanpuvep, mpwKennd Smyabcuu) BRORAT Kparepud Mara (M), yumrm
BawN cnsl yopyrocTd Ilocmenrme mponOPuMONATBHL HIOMARy (L%)
B ofbemmomy wmogyao vaopyrocrs K = pe! [ dopuyty (1 10)]
lloaromy cuam ympyroctu mponopmmoHaTsmnl pe*L® m yeaosae (1 70)
NPHEAMACT BIJ

pe L (prPLt) =cY(v)=idem mam M

dem

J¢ = idem

Kpnrepnit Maxa mveer o%iemr GoliLmoe sUaweEHe HpPH PACCMOTPERHH
pemxednn rasa 'les Gumke umedo M K erHmme, Tey GOJLINe DAAAHAS
GKAMACMOCTH rasa LPpH ero ABHMKeHHd ®

1.22 PeweMnl TCICHWE KHIKGCTH B Tp)0ax

OBHTH TOEA3IKBAKT YT0 BOBMOKHB! JIBA PCIKEMA HJIM JBa PHJA Tede
HEA KREKoCTel X TasoB B Tpybax mammmApHEE ¥ TypGyTeHTREE.
YKa3apHMe TEUSHAS MUAKOCTA MOXHO wuabmogars Ha mpuGope,
npercranennom Ha puc 139 Om cociomi ma pesepsvapa A ¢ sogom,
0T KOTOpOro OTXONAT cTeRTsigHas Tpy6a B ¢ npamom C Ha Koune =
cocyma D) ¢ BORHMM pacTBopoM TOH MM HEOH EPACKE, KOTOPAST MoKeT
IO TPY6Ke BBONATLCA TOBKOH CTpyHKOHM BIYTph CTERIAHHOW TpY6u B
Ecnn meckoapko OpROTKpHTE KPaH C B gaTh BOBMOKHOCTL BOAS
EpOTekaTh B TPYGe ¢ HeGONBMION CKOPOCTBI A 3aTeM ¢ MOMOITLK Kpase B
BOYCTOTE KPACKY B WOTOK BONL, TO YRUIMM, YTo BReJeAEad B rpyfy
Kpacka EE GyAeT NMCpeMemmparsesA ¢ motokoM somi Crpyuka KpackR
6VIeT OTYETANDO RUAUMOE BIOTH BCedl CIERTAINON TpyOsl, YTO YHAZH-
BAET Ha COICTHI XAPAKTEp TEUCHHEA AIIKOCTE W HA OTCYTCTBRE Iepe
semEpanuA  [Ivesonerp mim Tpvera [luro mpmcoenmmenmste & Tpyle
T (HOCTE JIABJICHER H P T OO0 BPEMEHH OTCYT
CTBHe Xonebammii (mvihcaymm) JTO TAK HABKBAEMIe JIAMEHADHOO
(caoucroe) Tegeunue
IIpn nocrememnoM YBenw9eHHE CROPOCTA TEUeRNA BONHE B Tpy6o
TyTeM OTKPHTAA KpaHa C KapTAna TeJYeNdsaA HHAY&TC 0He MeHJgercs

* B ypaMemeHRM X mﬂnxoc'mn BMOCTO 9HCTIAa M MAOTJA HCNOILIYRT WHCIO
Homm, pasnoe Ca = pr*/K = v?/c? — M?
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wo 9aTeM HPH ONpENleeHHOH CKOPOCTH TeweHEA HacTymaer Gwcrpoe eo
paMepeHne CTPYiKa KPacKM 10 BEIXOMe B3 Tpy6Kn Haungaer KOACOATHCA,
sayeM DA3MBIDATECA H NEPEMOITHBATLCA C HOTOXOM BONM, HPHIEM CTa-
HOBATCH 3AMOTHEME BEXpeoGpasopalms B BPANAIETLHOE BISHEHHS
mEnKocTs IIbeaomerp u Tpy6ka ITTO HOKAAHBAIOT HOIPEPHNERE Tyib-
canua AABIENnA W CKOpocTel B moToke Bougs Teuenne cranonurcs, Kak
ero OPEHATO HasuBarb, TypOydenrumm (¢ pme 1 39, Boepxy)

Eclu YMEHBIIETE CKOPOCTH NOTOKA, TO BOCCTAHOBHMTCH JAMEHADIOS
Tevomse

HPras, AGMUKAPK® HASHBACTCA CIONCTOR TedeAne Ges mepememmea-~
HHA TACTHN EAKOCTE T 63 Nyaecamumit cxopocredt m masnemma Ilpm
TAXOM TCUSNNM BCe JMHET TOKA BIOJHe oupefensioTca gopuoit pycna,
[0 KOTOpOMY TeueT ;xmAKocTh Ilpu MaMmHADHOM TETEHHE MCAAROCTH

F
Pre 139 Cxema mpudopa AJA NEMOECTPAIWM PEKEMOR TCTCHNA

B ﬂpﬂMOﬁ pr69 HOCTOAHHOIO CeYCHHA BCe JAHEAH TOKA Hﬂﬂpﬂlﬂeﬂﬂ
TAPaNIeNAsHO OCH TPYOH, T € TpAMONumefino, OTCYTCTBYOT NUNSPETHHS
IOPEMEIIEHEA JKUAKOCTH JlaMmEapHOe TeYeHHe ABISETCA BUOJHE yUO-
DANIOTEHENM T NPY HOCTOAHHOM HANODe CIPOTO YOTRHOBMBIIMMCA TETe-
HHeM (X0TA B ofmew cayuae Moxker 6uTh W Eeycranorupmamen) Onmaxo
€T0 Helb3N CYRTATH GeIBNXDEBHM, Tak KAK B HEM XOTA W HET DAXUMEX
Baxpesi, HO onaonpe\iemw © NOCTYNATeABHNM JBEOHACM HMEeT MeCTo

NbHOS OTASTBHHX YACTHL FHKHAKOCTH
noxpyr CBOEX MT X meurpos ¢ pHMT Y CHOpO~
eraME

TypOysenmnnm BAGMBACTCA TeUCHHeE, CONPOBORAAOMEECS UITeH-
CHBHEM M B IyA: M nas-

Aenmii JIpuKeHHe OTAENBHHX YaCTRI OKAINBAEICH uonoﬁnmu XaoTH
uscroMy, OGecmopapoymomy HBEVKEREI0 MONCKYI Tasa Iipr TypGy-

BEKTOPH P HMEXT HE TOABKO OCEBHIS,
HC B HODMAALHEE K ock pycia COCTRBARIOMEE, NOITOMY Hapaay ¢ 0CHOB-
HEM HPOJIOJILIIHM OepeMeIleNIReM KAKOCTH BROJEL pycia HPOBRCXORAT
H DpailatelbRoe ABIDReHHe
ornenbnux ofnenon mn;u«ocm. JrEM B OOBACUAIOTCA HyNBCANAE CKO
PocTell B RapICHES.




Persnm 1evwouns FAINON HOULOCTA B gaHHGH TPy Ge MIMRHAETCH IPI
MeDHO UM ONPCHENRHHOI CPeTHel HO CEUCUH[0 CKOPOCTH TEUCUMA Uy,
KOTOPYIO H2BWBANT KPATHTCERON I{aK UORABLBANT ONMTLY, 3MAvSHUC
910l CKOPOCTW NPAMO TPONOPUNOHATLHO KUNeVATHYecKOH BABKOCTH Vv
H 05paTno IpomopumoHANLHO Auaserpy 4 Tpy6H T e

Vyp=hr/d

Brogamuii » ory $opwyny GespoamepdBin KOIQ@HHEHT Lpomop
MUOHAILHOCTI & OANHALOB [ITA BeeX MEFKOCTEN M Fa3oE, 4 TAKKe JUud
MOGHIX puamMerpos Tpy6 D70 02mAUAET, FTG MIMCIIENWE Pe;<iIMa TCTS
pliit:g HPDECXOHET npi OTPegedeHAOM COOTHOIICUTH MeNhIY CKOPOCTLIO,
IEaMeTpOM ¥ BABKOLTLIO V

k=vgpd/v

Tioms derroe Gespasmepoe THCIC HASHAAGTCH KPATUUCCKEM THCTOM
Peiimoms ica n ofoanawaercs

Rewp = tep d/v {176)

DTOT PeBYABTAT COTFACYEICA ¢ H3TOMEINON BLILE TEOPHEil rEApO-
JHHAMIUECKODe MOTDGHA, ¥ BIOTH® BAKONOMEPHO UTO WVEAHO YnCTO
Polimom ica awusercA Kpu1epmev  OMPEACTAOMEY DENHEM TEUSHHA
B Tpydax

Kar nmoxasuBaror onvirst, nA TpyS xpyraocro cedenms Rey, = 2300

Tarmy 05pasom xpurepmii mozofma PeuilonpcA MO3ROTAET CYAHTD
a pemxime redemnA JrmukocrHE B TpyGe Ilpm Re << Rey, Teuenwe mpus-
ercn xammHapubiv, npn Re > Re,, — ryp6ynentunn Tounee rosops,
RIONHE DAsBATOE TypGylNCHTHOE TEUCHIW® B TPYGAx yCTAIIABIABAGTCH
ngms npn Re =~ 4000 a mpm Re = 2300 — 4000 mmeer Mecto Lepexof-
Tad, KPATAISCKAA OfnacTh

3nan cKOPOCTH AWIKSHIH AMIKOCTH, 88 BASROCTL M KHAMCTD TpyOHl,
MOMHEO PACTeTHHIM NyTew Hautd Tucno Re u, cpaniuus ero ¢ Regp, ompe-
NOIATE PEH(AN TCICHWA MKUXKOCTH

Ha npaxTure EMeOT MecTo KAK Jamudaplioe Tak B Typ6yientnoe
TEYeRNA OPUTeM TEPBoe HAGIIOTIASTCA B OCHORLHOM B TeX CIYIAAX KOTKA
o TPyGam ABEKYTCH BECHMA BAKUE MUJKOCTH HANPAMED CMA3oqHbe
MAacHa Bropoe OGLITIO MPOHCXOMUT B BOJOMPORONAX, A TAKNKE B TPy-
6ax, To KOTOphiM IEpeTenamt GeHIWH, KE[OCHH, COMDPTE, KHECIOTH
T APYTHE MANOBASKEE MKHIROCTH

Cmeya pemnma TeUCHOHA DPH JOCTILECHOR Reg, 06)CIOBTEHA TeM,
uTO OfHD TEYeHME TepsAer YCTOHIWBOCTR, a MpyPoe — Hpuobperaer
Ilpz Re < Reyy TamuHApPHOE TEUeHMe ABIHETCH BOOMIE yCTONTIBLM
BCAKOTO POJIA HCKYCCTBEHUAA TypEy/MBALNA NOTOKA U €TO BOIMY MENHA
(coTpncerus TPYGE BBE/IGHRC B NOTOK KOJAGHMOIIEToCH Tela M Hp )
MOramanTCa bIHAHAGM DA3KOCTH H IAMRHADPIOE TEYSINIe ROCCTAHABIE-
raercst TypGymnentroe revenue Opi 1ok BeycToiivane Ipn Re > Reyy,
aa060por, TypOynen1Hoe TesenEe YOTONINBO, & NAMOHAPHO® — LCYCTOR-
RO

B cpasg ¢ aTum ameno Regp COOTBOTCTBYWMES NEpeXOly 0T maMa-
NAPROTO TCUCHAA K TYPOYNEATHOMY, MOMET NONYTHTRCA HOCKO)bKO



Goxpme, tem Rey, ana obpartHoTe mepexona B ocofrX 1a6opaTopmux
YCNOBHAX NPH TOXHOM OTCYTCTBHH (AKTOPOD CirocoGCTBYIOMMX Ty p
Gyrmaanmu TOTOKZ MOMHO WO (YIRTH JamwHapuoe regemme npm He,
sEaUATenbHO mpepmmapuwey Re , ONHAKO B JIHX C(yYasx Aammxap
HOe TeYeHPe OKABLIBACTCA [1aCTOTLKO IIEYCTGHIHBBIY YTO JI0CIAroUsld
REGOALOTOTO BO3Vymenns {ToTaxa) Iro6bl OHO UCPCIUNG B Ty PGy TemI-
moe Ha mpaxtuxe oGmuno MMEIOFCA YCMOBUA CHOCOGCTBYOMTE 13D
Gynmaaymn — pubpands TPyl MCCTHRS THIPABTHUECKHE CONpPOTHBTO
HUA, HEPABHOMCPHOCTD (IyTHCALWA) PACKOfa M MpoTee, a MOTOMY YKa
3aHAOE 06CTOATETBCTBO IMECT B THApPAB THRC cnopee DPUHEHIHAIB OC
9eM OpaKTAYeCKoe, 3lradenne

123. HKaemramua

B HEKOTOPHY CIYIAAX IPH NBREACHAL RIJIKOCII B 3AKPHTEX Py o1t
UPOHUCXONAT ABICHMS, CRABAREHE C MANEHEHIEV ATPETATHOTO COCTOMHINT
SREJKOCTH T ¢ ¢ IPOBPAmEHHCM €0 B Iap, & TAK/KE C BATENCHHOM
M3 MOAKOCTH PACTRODeRHNKX B Heli rasos HampmMep, mpm Tewewmi
SKBATKOCTH qepea MeCiHoe Ccydienme Tp‘ﬁl-l YBCAOGHBAETCH CHODOCTH
I mafjaeT AaBTedNHC EG.’III afcoaoTmoe AapienEe OpH 3TOM JAGCTHTAET
SMAUGRNA DAaBHOIO JABIE
HE0 HaCHMPHHHX mapoB A 1o, H 5
OTOH MHEAKOLTH IPH Fa1moi
TeMOepPaType, WIM [aB1e
HEIO, UPE KOTOPOM HASH
HAGTCA BHfETEHEE M3 Iee
PACTBODEHALIX TA30B, T0 B  pgpe {40 Cxema TPYOKE RTIE JeMONC:paui
ABHHOM MECTe MOTOKA Haul KapuTaumm
HACTCA HHTENCHDIOE mapo
ofpalosagne {(kmIenTie) 3 BeICHKE 14308 [ PACHIIPAIOMEICA vacTd
CROPOCLL TIOTrOKa YMeHbIIaercd, a mapJaenmue noapncn-ae:r M BLIICACN MO
Oapop u ra3os ﬂpCKpaﬂlﬂClCF{ BBLJCIMBIINECA HAaPhl ROHACHCHDY H01CA
a TA3hI OOCTeNeNnlo BHOBH pacTBOpAOTCA

D70 MeCTHO® [APYENNe CIVIOIHOCTA TCUCHUE € OGPABOBATILON
TApOBWX M TA30DLIX MysMpeu (KABEpI) OGYCTOBIEHHO® MECIHbiM majIe
HHeM JaBTeNHA D NOI10KC, HAIBIBAETCA EASUMAYUCU

Harnapno »ro mBiewue “10.Km0 IPONEMORCTPMPOBATE LA IPOCTOM
yerpoiicree (puc 1 40) Boma muy mEam RuTKOCIb TOX AABIemHEM
B HECKONLKO A1MOCHED NOTBONHICA K pPeryJHpOBOTHOMY KpPady (e
THN0) A W AaTee HpOICKAel NOped Upospadmyo TpyOky Dentypu koro
PaAg CHavaTa ILIABIO C}ImACT IICTOK 3aTey elue GoJiee MIADHO pacmm
PAeT M wepea kpaH b BHEBOAT T arTvocepy

IIpr HeGoaLINOM O1KPEHTIH Pery THPOROMHOLO Kpama H, CIeflora
TeNBHO, TpF MATHX S1AUGHUAY PAcXoTa M CKOPOCTH KHIKOCTH Taenne
JABNENRA B Y3KOM MECTe TPYGKHM HESHATATENHHO MOTOK DI OTHe Ipo
9pPATCH, § KABMTAIMA 01CY1CLAyetT [lpn mocieneinrod OTKPHITHN Lpaia
TPONCXOAAT YBONRIOHIE CKOPOCTH FRIIKOCIM b TPYDKE I maeruc aGeo
AOTHOTO ABHENHA

Kabumayus
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HPB HQHOTOPOM 3TMATYErNH “TOTO Eah {CalT ](OTOIAPS MOFEC CYTTR™H
PaBHBIM JABICHEK 11ACHNIENUBX HANCS (Pireq = Py u), B YIKOM 1 ec1e
TPYyGRE TOABTACTCM OINC) THBO LE;UIMAA 30HA KARMIATIRA, HPEACTA BN~
mag co6om 061ac.1b MEC HOIO KUNEHUS HLNROCIH 1 TOCASAYIOMSH KO
JeHcaLuir mapes Peos 1epE 3016 KdMILRIUH BO3PACTIWL IO MEPE Aialb
TeM 7110 67 DL fus KpaHa 1 e npu YBETHUEHUN JiaBJenka B Cedo-
uun 7 —1, a ciegopatetino m pacyoprs Jauaro Kax 65 Opm aToM mn o3~
PACTAT PacXoI, HdB (CHIE B TRKOM CEUEHNH J-=Z COXDANALTCA CTPOro
IMOCTOAHFHY HOTOVY 9YT0 MOCTOSNNO0 SABTEHEE MACKHMEHHHY RAPCH

Kapumaius couposo4IieTesl XapaKkTepotM Iyyoy, a OpR JAARTCTb-
HOW €C BO3TEHCININI THLRE SPO3NOHNLIM PA3PYINSRKEEM MeTAJINTICe KEX
creiox  FlocTeamee oCBACHAETCH TCM  9TO KOHACHCAI{RA Wy3HPBHLOB
mapa {1 ¢h&IMe [VBHPLKOB Ta3a) MPOMCXOMUr €O 3HAUMTENBHOA CKO-
POCTRIO, BCTHLL! AUIKOCTH, IBNOIHSIONIAC TONOCTD KOHAENCHP}I0-
Merocst My3hiPhra yCIPCV 1AXTCHA K €T0 USHTPY ¥ B MOMEHT BABEpPIIeTHA
HOH[GHCAINN {CXMOMLBAAMA TYSHPHKA) BHILIBAT MECTHEE YHaphi
T € B3uAYHTEeTREHOEe DOLLIIeINe HABReHHA B OTASJIBHBIX TOUWKAX ]\IﬂTB—
PHAZ IPH KADUTANAN Pa)pYIIAeTCs Ie TaM TNe BHAEANTCH MyIHPBKH,
a TaM, rje OUH KOHAEHACHPYHTCA

TIpm BOSHUKHOBEHW! KABMTAMH JHATHTCNBNO YBCIUTEBACTCS COLLPO-
TUETCHAC TPYGONPO30TOB W  CMACHOBATETHIO  YVELBINAETCA NX NpPo-
TyCKHAsA CIOCOGHOCTL, IOTOMY 910 LABEPUE YMEULIIAKT AEBHS Cede
IMA TOTOROT, CKODOCTH B KOTODHX PCBRO BOSPAcTaeT

}\anumunr B O0¥BMX CAYIAAX SBTAGTCA ME:KC1ATENLENM ARI6-
HIEV, H ¢ He CICAYeT JONYCKATh B TPYOOZPOROAAX M GPYFEX DIEMEH-
Tax reppocacTe OHA MOMKET BOSEHKAT RO BCOY MECTHHX FRRPANTH
WECKUX CONPOTHBIEHNAX, INe LOTOK NPETePUEBALT MECIHOS CY/hemie
¢ MOCHeIyWIIHy pacIi@peHdeN, UANpAMEP B HPAHAX, BCUTHIAN, 34
ABEKKAX, AHAdparmMax, ;ROxIepax @ Ap B omieqinbx cTywamx Bos
RIKHODENUEG KABHTALMY BOSMOMHO Takhe H 663 DACIIGPEHNs NOTOKA
BCIET 38 €TO Cy)ﬂeﬂ[{e}l' a TaKme B prﬁax HNOCTOSEHOTO CEYeRA7 IpPH
YEBEJARYCARH TCOMETPIMIeCKOl DEICOTH T IHAPABAUTECKAR TOTEpn

Hapuranms wo4eT HMETH MeCro B 1 IJIPOMANMIAT (KacocaX M PHEPO-
Typ6umax), a Tawnse HA TOOACTAX GHCTPO BPRMAMMUXCH rpefHMX BrA-
T0B B arux Cy9aAY CJAe/I¢ TENeM KaAuTAIHIE ABIACTCT PE3Koe CriXenne
EO3(MPUTUIERTA HOME3HOTO ACHCTBEA MAIUMNL I 3ATeM LOCTETCHHOE Pad-
pymelne ee Jeraten, HOJBEDP/REHHIIX BOITEHCTBUIO KaBHTANAE

B rofpocucremax KABHTALKI! MOKET BOBNLKATL B 1pyGOHpOBOTAY
RAHEBKOFO JAD72MIs ~— BO BCACKBARIMIX TpyGomposopax B orom cayuae
ce 06TACTh PACHPOCTPANACTCA HA BHAUATRNBIVIO UaCTh BCACKIDAIOMETO
TpyGompoBoa MIH OA 16 LA NCl0 €10 gamx; [Jotok B TpyGomponone
NPH OTOM fedaeTcA ABYY(AsmM, COCIONMMM M3 FIJKOM E CAPODOH
fas

B matateHOf cr>1vm nApOBLICTCHES Tapopasd {eBa woM ¥ GHTL
B BII® MEIRAX YyJNphKOR, OPHEGTHIMTE 1IN0 PABHOVCPRO pacHperenes:
HEIX B0 0GbeMy npusymenca mmprocu {puc 1 41, ¢) lipn pansmefi-
e OAPOrasOBHITEIEHMM MPONCYOTUT YKPYNUOERn> NY3HpbKOB, KOTO-
plie ApU POPEIOHTATHAOM PACHOTOIMGIN TPYOH A KYECH HpeR yme-
CTBeNNO D BepXHET dYacti ee cedermns (pme 1 41 6)




OuepapHO YTO IPW CTOML BHAYRTCTIHGH LaporazoBo@l ¢ase mop
qpabEAA DOfATA LKUIKOCTH mo 1p)(omporomy napymaerted. Horerca
JEA BHGAMBIIYCA Tapok (JRCTHUHAA WM 110 [IAH) U PacTBOPEEHE ra3a
BPOBCXOAT B HACOCE, Tie NaBTCHKE 3hAURTC.IIHO NOLhnuaeicH H B A
nopno\[ -rpyﬁonpono;xﬂ o0 KOTCPOMY HWAROCTL LBHAETCH IOT B,COF BM
)‘[ﬂB.‘lEHPleN OT HacCNC1 K HOTPEGHTF?W

Hasaragna o6} cToBT1eHFas GLIAC TEHMEY IAPOn I T7L 06T b
XOIAT WO PATHOMY B OJUOKOMIOHEHTHMX (ITPOCTSN) I MIOTOROMINI 1
HEX (CTOMHENX) IILIKOCTAN JT18 0IIOROMNOYyCUTHOH SEIMKOCTH T1g
A@HHEE COOTBETCTAYKLIce 112Ta1y KABOTAlHhW BOOTII® ONpefe raercsd
KaBjiesgeMm HACHMCHIX OAPOB  anuCAnUumy TOTHXO Or 1eWLePATyDh
 EABUTANUA TPOTELdAer TAK KAK OLLI0 ommcano vwrie  \[To10x04n0
HENTOAS HPAKOCTL €OCTONr A3 TAH HABWBAGMIX TeI¥NY N Tomenht
parumit Tleprute of1afa0T G0 1RDICT yHPYIOCTRIO MA[0S, UCY BIODa €

Puc 141 Ciowsi wyadads i 1070w0D

NOSTOMY HPE KABNTAIGIN CHAMATA BCREUOAT 1eTLIC QPDARLE’ A 3a10M
Touenne Kovjpencanus jKe HAPOB HPOBCXOIUT B 06PaTHOM nOpAALne —
cHAYANA DHIDARAKT TSHKCAHE PAKUHA 3a1eM — JeTkRe llapopas dasa
B MHOTOKOMIOHEHTAEIX MHAKOCTAX YAGPAUBACTCA ROTBIE, Il TOPOMOCC
RABETAAH BEIpaKEH MEHES pe3xo, GeM B OJIOKOMIIOHEHTHLIX JLHEIiKO-
CTAX

Ilan xapaxrepacTmRE MECTHWX TURPABINTIECKRX  COLPOTHsHenmil
B OTHONIEHHM KaBMTAINMA OPAMCILIETCH 6e3pasMEPHbE KpATCpHH uasrt
BACMBIE TACIOM HABRTANEA

Pr—Pa
% —‘—lpvi/z 2, (177

TA® py M vi — 0fcOMOTROE JABNCHEE B CKODOCT: HOTOKA D CETEERA TPYTh ND~1
MECTHRM CONPOTRBACINCH

OuesagEO uTo N0 CBOEMY CMEICIY UHCTO KABHTANEN AUATOIHTHO
wacny Diiiepa Eu {ev 1w { 21) omo MCHOTIB3yeTcA Kak KpUTCpHH momo-
Gun Tewenmil ¢ Kavuranmen Snauemme x, MPH KOTOPOM B MECIION COMPO
THBJIGHMM HAYAHACTCA KABHTAIMA, TASHDASTCA KPRTHYCCKIM YHCTO |
HAPNTALEHE My

“IBCTO My OIPETENACTCA B OCHORKOM (OPMOI MECTHOTO CONPOTIR .
A, X0TA B HeKOTOpOR Cremelln Ha HEro MOMET BJMATH I wicClo Pei
Houbnca JlI5 TAKOTO HPOCTOTO YCTPOIICIBA, haK HOKASAFBAS DLI .o
py6ka Bemrypn, smAUeHHe x IPHGTAACHEO MOKIO ompene (MTs 1| »
$THY pacyeTom BSammmeym )pampenme Depmy ki 118 cesemuu 71
W2—Z{cu pre 1 40), cwmran, qro oy = ay = 1 B § = 0 (moTeps a1 )



TRE HEBHAYUTCIIHA)
pafo+Vi2=p fp FriR
Oupegenns orcofa p, Toxcrasry ero B fopuyty (1 77)

w= 22— Pua) y vE-—0f
Pof o

Tax ke KRBHTANHA BOSNLLAET IPH py = Pyg, TO
Mp=1.1f —1=57181—1,
rge & 0 8, — wiomaan ceveAnit 1—1 1 2—2

JKCHCPIMEHTATBHEE LABITAI OHENE XaPAKRTCPHCTIKA MECTHHX TH-
POBTHYECKIY  COMPOTHBACHUA MOTY9RI0T IPH TOCTOSHAOM pAcXofe
H HOCTCHENNOM yMENnIenuW JIaBTedAg, a 3aTéM MPOACrakjidalT B Bes-
pasmcpuom sune & = f (x) ITpm % << %, noopdurponr moreps L or x
T IWBICOT, 8 OPY % — ¥ — pesno Bospacrac: Ha pue 142 noma-
Bausl KPRBIe jun comporHRrenni 7 w 2 mpR & >, W Hpp = Rip

JT' L pHBLIe CHPABeJLTHBH JUIMb A OUPCHe

4 newr oro smadeHud uAcTa Re win maA Toi
o6tacin wcen Re, tae £ or Re mo 3amm
it

O6muN0 CTPeMATCT K TOMY, 9TOGH Ka
BUFANNMIO B TEAPOCHCTEMAX e AONYCKATh
Ilo nrofjla 3T0 ABTENHe MOMET ORASATHCT
mo regHit Hampasep  0me mCHOTB3YeTes
¥ RABHTAIMOWHOM PpEIYNATOpe PACXOMa,
TPUALKI JEHCTBiA KOTOPOro MOKASAN LA
Pre. 142 Bapucpuoo;s ko CX@We, upmpenensom Ha puc 140 Iipen-
achdranmenta moTeps or wne  HOTOIKEM, Tr0 JA4RTOHNE B CeueHRAR [—
a8 KABRTUBIIL —1 (p; = pps) ABTACICA LOCIOAHHEM {CTE

TeHh O1KPHTEN KpaHa A  HenameHBas),

a NapIenue B ceveni® J—3 (Py = pyux) YMOCTOHCHHO yMEHBIIAEM, yBe-
JtpunBan CTENCHB OTKPHTAA Kpana I B pesyurrale pacxop wepes Tpy6Ky
YDeNUUUBAETCH, A ZABTENNE p, B Y3KOM ceveHnmn 2—2 YNEHBIIACTCH

Tax Gyger MPONCXOEMTL KO TeX LOP, NOKA JABICHUC P ape HE CFa-
DeT paBHEEIM IRAYCHEK) Dy g, OPH KOTOpoM B CovcHln 2—¢ BOIHUKRET
raporalmy JIpH gaToiculiel ypesuders ¢TENeNH OTKPHTHA kpaHa b
06TacTh KABUTALON B Y3KOM MECTe TPYGKU G} ,leT yBeanambaThos a faB
TEHIe Pracc OGVAET OCTALATICA PABOEM py, Pacxom mpm srom Gyger
CONPAUATHCA NPAKFHYECKD HOCTONGIbY, HCLCMOTPS na mAjepme KampTe-
HES Py

Tarmy 06panov ymaercA CTAHTI3NDPCBATL PACXOf AKHIKOCTI Yepes
Py 1ATOP B VCTOBIAX LOTAY LIDOTUBORABICHIC Py BMEHHETCST OT KPH-
THYCLRESIO Pixp CHOTRETCTDY IGE.C10 TAgaTy XKaullaluid A0 HYyTs
Peay ro1aTh ucnsTasuii MOROGHOTO 18, HTALOHHOIO PCTYTATOPA pac-
X044 1101 a3RIBAKWIT, ITO TOIHOCTH cTadyu M3y i paciofa DONySaeTCA
oeEE DhCORON (puc 1 43)

M3 rpapukor u306pamemporx ma puc 143 MOKHO Clexarh NBa
prBojia Bo 1epeslX CPH MalT9n0 MoKA3HRAIOT NPEHM] MECTEO HCMONb-

Xz Xupr x




80BAREI 63PAIMEPHLIX RETHIHH IO CPARHEANI0 C PABMEPHLIME  I16-
CcKOTEKO KDHBHIX Ha pme 143 a samewrores eumoll Kpusoid na
pme 1 43 6 Bo BTOPHX RPUTEPHIl Paux/Pux = Py P, rax ke HKak I %,
MOKHO CTHIATH EPHTEPUBV KABATANAN J[|eHCTBITCILHO TAK KAK OGHIHO

P1> pun ® Qopmyte (1 77) mommo ypmars p,; =0 o 2namenn
Temh B3aMEHITH TPOTIOPIMUGIATEHON CMY BeJHULULOH { 0Uy 2 — py — py,
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Prc {43 3aSHCINOCTS pACYOMA TNIAKOCIH Yeped TARMTANMOREYID TRyOY
oF paruesHii KA BXOTE W BRIXOTC

ROTOpag mwpd v, = vy {d;, = dy) OPeJCTABTACT COGOH TOTEPI0 TARNENHS
mexTy cevonmanu 1 —7 u §—3 (em pac 140) Torpa mouydmy wqucso
RaBUTaEs k', IPONOPIHONAIBHOC X

We=_P_ _ _ Pu 1
Pi—ps  pox—paux t—PuxiPax

B nerovopir¥ CAYTAAX KPUTCDPBM prux/Pue OWAIMDAETCA Ypobiee
Tes ¥ O §)eT HCHOMB3OBan Fadee {CM 140)

Trapab JIAMHIIAPHOE TEYEIIND

124, Teepm:T “aMHHAPHOrO 1CSEHMA B KDy IsIX TpyGax

Kax yxasupaioch B m 1 22 TawirapHOe Telelme HBIFETCA CTPOTO
YHODAOUSHEBIM, CTOUCTHN TOTCHOCM 6€d JiepeMeMMBARNL AUTHOCTI
Teopna mavuHAPIOTO TEYeHH MMIGEKOCTIL OCHOBEIBACTCA HA SAKOHC rh¢
HEA Huorowa (cv m 13) 910 TpeHme MeRIy CTOAME [ABILA) Mentsn
JREAKOCTH ABNACTCA eNNLTHEINbM HCTOTRHKOM 0TepPL JHEepril B Jau-
HOM enyuae

Pacewo rpun y 6TaHOBN IIEECS TANHHAPHOC TOIOHHS AHTLOCT 1 B T -
MOil Kpyraou muTmEApHYceroil TPyCe ¢ BuyTPenHAM JnameTpom d =— 27,
Yto6u uChIONNTR RiMAWEE CEIR 1AMECTH M 9Tny YUPOCTUIS BHBLT
Bomycray, 9T0 Tpy6a pacmoMOKeHR rOPUEOITATEH0 JLOCTATOYHO JA I KO



OT BFOMA B Lee, TRe JIOTOK YiKe Bodle cGopuEpoBatcs (CraGuausnpo
BATCH), BLIGCLHM OTPCIOK NTHHOW ! MemRy Ccevenmamm [—f x 2—2
{puc 1 44)

Tyets B cevemn {—7 RapTesuo papuo py, a B ceveHmE 2—2 — p,
Brumy moctosncTpa mpamerpa Tpy6bi CKOPOCIL AEAKOCTI GydeT Ho
CTOAHHON, a weHT o Gy mer HEV BECTH MOTOKA BCIEN-
CTBHE €10 ¢TafnTI HOCTH IOTOMY VpabHeHue Bepaymrtm nvi subpan-
IEIY cefMeHmni IMPHMET B

pu/(og) = pa/ipg) +hap

i7ic hyp — IOTepn HaHODA KA TpemRe DO TINES

Gzcroga

Jizp = (p1 — pe)/Pg) = prot{og),

4910 ¥ LDO0Ka3EDBAT H[,O(]O‘JBTPM, Y¥CTAHCRANCHALIC B OTHX ceveHanX,

T 7[; 2 | Pac 144 K meopun
RAMIFAPHOTO TCICTIL
MHRKOCTH B TPyl

—< !
= i Jz 1
—————

B notone ot KOG BLUTETHL MR IGPHICCKEH 0fDben parmycey 7y
CoOCHBT ¢ TpyGou M MMEIOMIN! OCHOBANNA B BHOPAPFHX CeUeRmTX 3a-
TIEMEy YPABRCHLC PABIOMEPHOTO NBHKCHAA BRICISHIOTO 0GLeva FRAA-
KOCTH B TPyGe, I © papeHcTBO [yMI0 CYMMEH CR, fehCrpyrommy Ha
ofbey  €ma masTemds m comporaprenns OFo3matad RacaTek' 10 Ha-
npsAKeRAe 12 §oroBON MOBEPAHOCTN UNTHEZPA [ePed T MOTyTdal

{p1— p-) r? — 2nrlv=0

OTREYJa

prori(2)

1la dopmy et cTeTyeT, UTO KACHICTI Hbe HANPILKENNA B TONEpPOTHOM
cenerun TPYSH MOMEHHIOTCA TO 11lHeLHoMy BaKaly B GYIKIAN pasmyca
2 uopa K2CATCILHOTO HATIPAAERNA mokasaHa ma puc 144 crmesa (oTa
JIIpa He B38BHCHT OT peAamia TE‘IGFHH)

Bripasmy macatenbmoe manpsmenme T o 3aKomy Tpedis IIpoToEa
uCpes M [a IM9eCKYI0 BISKOCTh W IOMepewibii rpafnenT ciopoerd e,
dopuy 1v (1 14)] upu 9ToM 3aNGHAY NepemEHHOB § (PACCTOIARE 0T CTERKH)
TORVIMIM PATITCOM 7

— pdyfdr,

T

ndvydy



Buak MEHYC OGYCAODIGH Tes, IT0 HaipantelHe 0TcueTa r {OT OCH
R CTonKe) MPOTHBONO'OMHO HAIPARIGIHUIO 01CHCIA y (0T CTEHKE)
TloncTanlAa BHAYENHe T B UPEMBITYILEC yPADUSHuL, TOTYUAE

Papl@) = — pdvjdr

Haupfen oOTCHOAA NPHPAMEHNEe CKOpOCTH
Qv =— prpr dri{2pd)

TIpH TOMOKHETEASIONM TIPHPAMCILIN PARKYCA TONyIASTCA OTPHIATEN b~
H0¢ OpApAMEH#E {)MCUbIIESAIe) CKOPOCTH, YTO COOTBETCTBYCT IPOHHIID
cropoCTeH TMOKasaMHOMY Ha puc 1 44

BEIIOMHUB SHTCTPADOBAHEE, MOMYIHAM

prp M
— 7 ¢

Tlocroarmyn nnrerpaposaman ¢ pafizem u3 yoLo0BRA, 910 A CTRNKO
npR r =Ty v =
€ = payrihul)

CropocTs 10 OKPYKHOCTH pANNYCOM I
pro (ra — r)(4pd) (178)

970 BupaKemye ADINETCA BAKOHOM PacUpefeaesmn  cxopocred
Io cewewmio Kpyraofl TPYGu mpH NammHapuoy tedennmm HKpmsam mao-
6padanman SMIOPY CKOPOCTel, ARIACTCA MapaGOIom BTOPOM CTEHCIH

MaxcnMaIbEAA CROPOCTL, MMEOmAS MECTO B NEHTPe CedeHus (IpH
r=0),
Vmax = prprof/ (401} (179)

Bxomsamee B gopmyay {1 78) omiromenue prp/l (et pme 1 44) mpen-
CTaETHeT COGOE TATPABIMIECKBI (HGEI0MOTPUYCCKAH) 3 KIOH  ¥M 10—
menil na pg 9Ta BewuMga ABLAETCA UOCTOMHHOM BIOAs RpAMoil
TPYGH HOCTONNHOTO MAAMCTpA

TIpuMoHsy TOIYICHHBA 3aKOM DACTPENeTeHEA CKOpOCTEH, 0mNCL
Baempiin ypanuenmey (1 78) mus pacwera pacxoxa Mua atoro BhPaaLt
€HATAIA 2IEMCHFAPILH PACXO] Gepes GeCKOHSTHO MATyw MTomanky 45

dQ=vdS

3aech v ecTh (yHENMA papmyca, oupefelsexan opuyaom (1 78),
a wiomanky 48 meTecoofpadiio BIATL B BHIE KOTbIA PAfHyCOM ! U
TapuEod dr, Torma
Q= prp (r} —r?) 2rdri(dl)

Tlocne mETerpupobams N0 Beed MIONAAN LOHepeYNoro Cedemud,
Te orr=0m0r=r

v

T
Ty O a )
Q= 507 S(F‘, ryrdr= ol
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Cpopmoro 10 CeTeHmo CROPOCTh MalfCM AeNeHmeNM PACXONA Ha Mo~
mags G yuerom Bepamenus (1 80) morywu .

Vep = Q/(mr) = prprif(3pl) (18)

Cpapreme 310l¢ pppamerns ¢ gopyytolt (179) mokazwpaer, 910
CDEAIAH CFOPOCTh TIPH TAMMHADPHOM TEUSHUY B 2 Pasd MEHBINE MAKCH
MATBHOI oy = 0,5 may

Jn1a monyueuis dakowa CONPOTHENSNAA, T € BHPANREHIA HOTSPH
HATOPA /i, GA TPOHUE uepe3 PACXO] H paamephl TPYGW OMpeNeimy prp
13 opuyts {1 80)

Pip=80iQ/(mry)

Pagnems 8To BHpAIKCHAE HA pg, 3AMCUUD (b HA ¥ H prp HA Rrp g,
8 Tanho LeDemd 0T ry & d = 2r,, mammges

by = Pry(og) = 13810 (ngd?) 48

Toryaexnnni 3aKon COnpOTHBICKUA NOKAZHBACT, UTO IPT JaMAIAP-
L0V TCUEHHN B TPYGE KPYrIOro CeYenua MoTeps HALOpa ma 1penme Npo-
TOPOHOHANLHA PACXONY W BAIROCTH B MEPBON CTENCEH H 0GpATLO Lpo-
NOPNUONANSHA JUMAMETPY B WETBEPToii cromenn OJToT 3aKON, OGHTHO
HA3bIBAEMBIE garomoy Ilyageilma MCTOTE3yeTCH JUiA pacgera Tpy6o-
TPOROMIOB © MAMEHAPIEM TeweEmeM *

Panee (r 117) yoroBuwamch DHpaitaTh IOTEPA HANOPR A TPEHEE
uopes Cpefuom Ckopocts mo gopmyxe (1 59) Iipunenem saxon compe
Tesrennn (1 82) & pugy fopmynm BeiicGaxa— Tlapem
Iy = %%

2

Hasi arore B dopmyae (1 82) samenyM pacxofl mpomIBefeHmEM
7G*Wep/4, YMHOREB U Daglens Ia vg, M NCPCTPYNNUPOBAB MHOMRHTENH,
nocne CORpamenuif Tomyams

A

_—7“,,_22 84 1 vip
T ypd d 2%

=W d

wiH, Oplbed K BALY gopMyTh {1 59), oromvaremsno mafifer

h Ly

" p }‘EW’ (183)
TAe +1 — KooUIMERT HoTeph HA TPLOHE ITSA NAMUHAPHOIO TeuemMs

A;=8Re (184)

TToTeps mamopa 12 Tpemme WO JUIDHe HpPY MAMHENAPHOM TEUCHHH IPO-
TGO UIOHATREA CKOPOCTH B mepnom cremend [ksagpar cmopeetu B dop
myte (1 83) AAf TAMHHADIIOrO TETEHHA IO YICH HCK)CCTBCHHO YMHOKE-
MIEM T e TeHIeM 1A Ucp] a koaddunuent } - opariro uponopuEonajien Re
M CaelloBaTeNbHC, CKOpOCT]ZI Vep

SR IMvasenas (1799—1869 rr) — pamuyackuit yrensid, nomyusmai
dor 1y ty (I 82) oncmepumer Ta ;pHwM HyTest B 1840 T



Bman 3aKoH pACHPEACICHEA CKROPOCTENl IO cedeNmo TPYOW aerno
oupenennts koaGdunment Kopmoinca o yuurwpwommu Hepannomep
HOCTL pacHpefie/eHdA CKOPOCTeH R }papuenumu Bepuytin Iaa caydos
c’rnﬁmmamponanﬂoro TAMYLUAPROTO  ICTOMHN  KUTKOCTH B  KpyLiTol

Jan sroro B bHpamenuu (1 o4) samcuuwu cxoparth mo fop
Myne {1 78) M cpelmion cxopoctd mo Jopuyie (1 81}, a tarme yuren
aro § = g u dS = 2nrdr 1locae woNeTamoBOR 1 COKPANLEHIT TOTy €M £

o rdr
7
o

1 S s ”
— \PdS=16{1~ —
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O6osnannn nepemennyro 1 — 72/1§ depes z, Hafigen

2

Q
a=—8{z*dz=2z*|}
T

Wrar peficTEHTeNbAN KMEETIMECKAR SHCPTHA JAMHRAPNIOrO 1010Ka
© MApaGONMYEeCKAM pACHPEAeTeHUEM CKOPOCTeli B 2 pasd UpeBHIIACT
KUACTHYECKYH JHEPIUIO TOTO 3Re UOTOKA, HO WpH PABHOMEPHOM DACIpe
fiellednn cropoCTeH

Taxuy xe ITyTem MOKIO NOKA3ATH, ITO CERYHTHOG KOTIYECIDO AR
SREHII IAMHAAPIOro TWOTOKA ¢ HApAGOIHTIECKHM Pacnpefe (CHHEeM CHo-
pOCTe].l B ﬁ paa GOIIBIIG KO THIECTBA ABIGKENELT TOrO KO NOTOKA, HO mpH
PABHOMEDIOM PACUPCABNCHME CKOpocrell upmiem xosddunment f,
HaswpaeMsi kosddunmenrom Byccnuccka, B faHHOM Caydae paken ¥/

Wanomennan Teopust MasyIapHOro TeweBNA REAKOCTH B KpyrToi
Tpy6e XOpomO HONTREPIKAGTCH ONEITOM, M BHBEEIHLIL BAKOU COmPO
THBTCHAA OGHYHO He HYAVIAeTCSl B KAKMX JHGO HONPABKAX 33 WCKAMD-
"CHIEM CIACTYRmAX Chydaen

1) npu TevemMm B pada’bEOM YUACTKe TPyOH, Ifle OPONCXORAT mO-
crenennoe gopumposanne mapaboTHYECKOTO HpoduiA Ckopoctell (aTOT
BOIPOC PACCHOTPEN B ¢ IeAyiome maparpade)

Z) UpH TeweHNH € TEITOOGMEHOM,

3) UpE TEMEHNH B KANMTIAPAX M 3asopax ¢ ofaArcpanmued,

4) upy TeweHuH ¢ GOTLINMME IepemaTaME Aapiemds {(mn 2—4 pac-
emorpenit 3 I 1 27)

125, HauaTsHBi Y9ACTOR JaMMIAPHOrO TEYEHEA

Lenm sunmroeTs u3 Kakoro 160 pesepByapa mocTyOaer B MpaNYI0
TpYBY DOCTOAHHEOLO AUAMETPA H ABIHACTCA 1O I[eH JAMUHAPHIIM TIOTOKOM,
TO pPAcUpeneTeHue CKOPOCTEN HO CeUEHHIO TPYGH BG/HAM BX0MA mOTy=
YAeTCH NPAKIUSECKH DABHOMEPHHIM 0COGEIIo, ecan BXOj BEIOJHCH
¢ saxpyrnesnen (puc 1 45) Ho savem mom peliciumess ¢ET BfizocTH
UPONCXOANT ICPepacHpefieNedne CKOopoclefl mo CeveHMAM CJOL RN
HOCTH, IPATEKANC K CTRHKe, TOPMOSHTCH 8 DEHTPANLHAS FaCTp 110
TOKa {Ipo) IJIe emC COXDPAHATCH pABIOMEPHOE PACLPETENCHNC CKEO
POCTEH ABIGKETCH YCKOPEIlmo, Y10 OGYCI0BTIeHO HeOGXOXUMOCITIO NpO
X072 depe3 HCNOMOINS O ILIOWAAD OUpeflelleHHOTO PACXOfa ,AIGIKOCII



TIpn aTos TOTMHIA C [0eB 3ATOPMOMKCHEON JRMAKOCTH HOCICHeRdo yne
IUMKMBACICA, JIOKA 11@ CTARET PaRHOM panmycy tpyGH T € moxa ciom
TPHUAL] BOMEE K OPOFAGONOTOMHLIM CreHKaM He COMKHYTCA ua OCH
Tpy6H  [locTe 370T0 yCianas IRBAETCA XADAKIeDHNI JIA jaMERAPIOFO
Tevenna napad: Wi opod s cropocTeit

Vuacror or EadaTa TpyGH, HA KOTOpOM {opumpyercs (crabiutmsm-
pyercs) mapaGoamiecxuli mpoduar cropocrell, HasHBACTCH Haua.LHA ¥
Juacmroy meneHUA (vay) BSa HPCASTAME 51010 yUACTHa Hveen crafn-
JIMBAPOBAIIIOC JAMUHADHOE TBUErHe, MAPaboNHIeCHEN Hpodeih CKO
POCTeH OCTABTCA MEN3MCHHLIM, KAX ORI X OEIIA MTONHA Tpy6a, IpM yo10
BHE COXpALBLHA 6C upAMOTUHenocTlr ¥ MOCTOARCTBA ceveHps Maio-
JRCHHAA BHINE TEOPAY NAMKMAPHOTO TEUEHES CUPABERAWPA WMEHHO
ANA DTOr0 CTAGHIHBNPOBANHOIO IAMUHAPHOTO 18UeHAR W HEHPUMEHNMA
B MPPIe 12X HAYATBHOLIO Y4acTha

(N e il

==

Pac 145 Dopua
ponamhe _ mpaiain
chopocteli ma Ha
9aTEHOM YUACTKE

Jlnst o1pefienenvs TTURST MATANLHOTO YSACTKA MOMKHO [OIb30BATECH
wpuGanacrdoi gopuynoft llmatepa BEHpamawomeil 91y AIEHY oOTle-
ceuuyi ® AEAMETpy TPYOH kak gynkumo uncia Re

Tas/d = 0,029 Re (1 85

CompoTRRI8HEE Ba HARATEHOM YIacTKE TPYGH DOTywaeTcA Goxsmre
9eM Ha DOCAEAYWMEX ydacTkax OODACHASTEA DTO TeM, TI0 SHAUSHFS
npousso (Hou dr'dy ¥ crenkm TPYOH ITa mavanemom yJacrre G6o1pme
geM HA y9ACTKAX CTAGWINSEPOBAREOTO [CUCHYs, A IOTOMY Goibme o
KACATETHE0E MANPHAKCHME, oNpefletsicMoe 3axoHod Hbiorowa, m mpu-
ToM rev foThme, ves 6IMAe PACCMALPRBASMOS COICINO K HATALY TPYOh
I € oM deuslie KoOpAuara &

Tloleps HauOpa HA ydaeTke TPpYOL [LIHHA ROTOPOTO ! <T laq, OLpe-
neaferca mo gopmyaav {1 82) muu (183) u (1 84), mo ¢ mompanouHbM
roypPunmenToM 4 G6.emuv exuunn BHAYGHMA ITOTO KO3QPHIEEHTR
*OTYT Gbirb maf \exnl 10 1papmry (pue 1 46) na KoropoM oH wWaofpa-
meH Kar dyuxius Geapsayeproro mapamerpa x 10% (dRe) G veeau-
GEITIIeAT HTOTG HAPAMCTPA KeaQPHUTERT K yMBRbIIACTCA I NpH 3HavYenmd
2/(d Re) = lngwr{d Re) =0,029

¢ ¢ upy & = [y cTamopwrcn panmam 1,09 CuegomatensHo, compe-
TUBTEIIIe BCEr0 HAIANBAOro yuacrra TpyGu na § % Gonmme wem compo-
TADTIEH[e TAKOID e YIACTKA TpyGhl BIATOro B OGMACTH CTaGMImM3R-
PODAHHOrO J1AMUHADPHOTO TeTeHER

Htn ROpoTREX 1pY6 smaueHWA DOUpPaBouEOTO Kosduumenta kb
KAK B0 i3 Tpadura, BecsMa CYIECTBEHHO OTIMYAIOTCH OT EMEANL



Horga mamra I rpyGm Goavme gimpsr lugq HAYAJBHOTO YUACTHA,
moTeps Hdﬂopﬂ CHIAMIPIBACTCA A3 LHOTePH HA [avs TeHoM yqﬂCTKQ u
BA YIACTKe CTAGH THILPOBAMHOLO TONEl[rs

i ¢—Tuaa) ] 22
hﬂ,=[1 0D, A0 g, £l | 2

Vasrieag dopmymn {1 84) u (1 83) m BBO inAA coorBeTL HVIINYO

npeolpasorania, noTyIAEM

1{, A%
hp = g 0,165 +047)2_§'
Betn ormoeuvenwuas juana [ d Tpy6onpoBoTa HOCATOYEO e
AHERY, TO JOMONEATCTBNEN WIeH B cxobkrax, pavubmr 0163 wvoawmo

(£ 86)

#,0

5
N
17

Pue 146, 1,5.__&

Bannen

wmoers Rowpiuntienton 3
n ¢ 0T napamcipa

2 10%/(dR1) 14

i B

7 4 § & 10 12 & 1 ¢ 20 22 24 o Aai0
ahE

BBRIY MATOCTH HE ynTHEATE OT13i0 upy yIownvinIbix pacuerax Tp)y6,

ATHEA ROTOPUX COM3WEPIda € [,y 9r0T WTCH CTeayer YFHTHERAID
JIns HAYATHIOTO VISCTKA TPYGIT ¢ mIABHLDL BYOTOM KoaddmiueTr

Kopuonuca o moapacraer oT emuEnuu jo jByx (¢at pme 1 4b)

126 Jlaxumaproc Tevenne B dasope
MeAyIy AB3MA CTClI aMi Il B GpAMOYTO1bHBIX TpyGax

PacemoTpny nampEapuoe Tt ue s 3ag0pe  OGPA3OBABROM ABYA
DAPATNENSHEME JIIOCKRHMI CTEIiMH  PRCCIOANHE MeAUly KOTODLIIL
pasmo a {pac 1 47) Hada 10 Koop, HAT HOMECTIN B CCPeATe 5A30pa
Hanpaemu 0cs OT BEOTH TOWETHST 4 0Ch (Jy — IO HOPMATH K C10NKA T

Bosprieu 1Ba ROPALAMBHBIN [OI CPETHLIY CEIGHRA HOTOKA Ha PacCrof
HUR [ ORNO OT Ap}10TO T PacCyolP 1M mo10K UMPHHOH PABHOH €xil
HAme Bogieamm 06wy ROAROCTIT B $opue TPAMOVIOLHOrG nppalie
fnenImeta  pacIoNoAenIOTo CIMMETPHIRO OTIGCITeINT HO ocn Or MP Ky
S QI TOTORA If AMEIOmMEre pa3Meps

gs ' 4
eropor I X 2y X 1



BanpueM yoaopue pa PHOTO JIBIDKGHNA BIY obrena
Boss ocu O
2ypep = — M (dv}dy) 2
1€ prp = Py — p, — PA3EOCTL NABTEnyil {fepemam) B paccharpuBae-

MDIX CCT(HIHX
Brag MHUYC ofyeaqopacr Tes, Yro OponsBogHAL dv/dy orpuna-

TETLHA

z 4
)
TT— =g
A T i Puc {47 Cxewa
wo L e o
| 3 2 —2F |1 7 TaMupapEoro Teue
I { s B 3asope
L | L4
R e o |

T3 npeAwiyiero maifey NPUpAmMEHUS CKOPOCTH dv; COOTBETCTBYIO-
Imee OPOPAmMEHHAI0 KOOPMHHATHL dY

dv=— p'm ydy

Hocne HHTerpHEpOBAMIS oMY UM

__Pip g
v=—gg ¥t e
2
‘1ar KAE UpK y =— /2 v = 0, maxommm C_T;—I;— 5 Orxyfia
Pap [ @
=t (S ) )

Janes 1ONCUATAEM PacXom ¢ NPUXONAMUNCH N eJMIAINY MHPHIH
UWOTOKA [AJ8 Uero BO3bMEM CUMMETPHENC oTROCTTENBI0 ocE 2 ne
BIeMenTapHLie MTOWALKE Dasepor 1 X dy B BHPA3HM HTeVeHTAPHHI
pacxog
P (

dg=vdS=-—- Wl y?)‘ 2dy,
0TIy A
o e \ o
o pra
= u\ (7 =9} dr =" (188)

BHPpasiy HOTep:o apTenls Ha TPerle gepes noans pacvor Q@ = gb
B 3as0] ¢ mapwuod b £ 1; moaywum
Pprp=12010/(0°) (1 89)
For e ofna m3 cremok o6pas’ywiqax 3asop, HMEPeMEmAeTcs B Ha-
UPARTCHNH, HApPATICIbHOM ADPYION CICHKC, & RABIGHHO B 3asope Io-



CTOAHRO BAOXS AANHH, UOABIDKHAS CTENRN YBICKAST 8a CO6OH fHwa-
KOCTb, U BOYHNKAET TAK HASHDBACMOC (DHKLMOHFOE GE3nANOPHOC TIBH-
sieEHe  BLifojmM B TAKOM DOTOKE HIEMENT K4k wonasamo ma puc 4 48,
B paCCMOTPHM feficTsyiomue Ha ero cu 11 Tax Kan fau ieqnd p, TPH-
JAREEHHE K JeBoli H MpABOH TPAHAM BIEMCITA OMUIAKOBE TO KA PaB-
HOBECHST CHJ He0GXoXEMO, ITOOH KaCcATENBHBIC HANPSKCHUA HA HEAHEH
H BEPXHEH rpanax OmJm OB TakMKe OQUHAKOBL, T e T — const

b

Pac¢ 148, Mpodmas ckopo  Pue 149, Ilpodwmm cropoereii n aasope ¢ ABm-
crelf B 9asope ¢ gmwkymeli. Kymelica CTCUROH B € HEPEUAYOM JANCHEL
€A eTenroii

Tipumenns Aug 9T0T0 cTyuad 2axo HboToma noxywmm T =
= —Udv//dy = C (smax MEHyC B3AT WoTOMY, IT0 Epm dy > 0 dv < 0)
H I0CAC BTerpHpOBAKNS

v=—(Cmy+Cy

Tocronerne ¢ w C, naiffes, YUATHBAA dTO HA rPAHMIAX LOTORA
upn § = a/2v=0xn npH y = —a/2 v = ¥ TAE ¥ — CROPOCTH CTElKE
Orcioma
C=upja n Cy=u/2

Tlocne moperamopkn € m C; B mOCIefHE® YPABILIHEG MOAYYHM Ba-
KON DACHpeneleHmA CKOPOCTel

v={12—ymyu (1 90)

Pacvon ¢ mufrocrn, mpuxofAmuicA HA eIEEMIOY MIPERH 3a30pa,
ONPENSIRTCA MO CpPCHUell CKOpOCTH

g=(#/2)a (191)
Ecnu ke yrazanHOC OePEMEmEHNO CTCHKT HPONCYOGUT UPO Iepe-
TANle MADICHTA B AIULLOCTH, 3aNOTHAOMEH 3430p TO 310N Pacmpe
TTGHRA CKOPOCTC B MOl HAMKe' Kak CyMsy (IIN Py3HOCT B 3aBICH-
MOCTH 0T HANPABT1Eds EOWKENIA CTenk.n) Bhpawemm (1 87) n (1 90)
Prp [ 8® 1 ¥
sl ———\u
W \Z o
Pacrpeneaerre cKopotTeil B 3a3ope IOKA3amEo HA puc | 49 p By Y
BApUAHTAX [L) H&HpaB‘]eHHe EBIACONA CTEHKN CO nlafacr ¢ a7ipdB
JIEHHeN [(2UCHES KOKKOCTI MOT AeficTpIed mepeTana mabiennit 0) we-
HPaBACHUC JBMKEHEMI CICHKH IPOTHBOMOJOHMIO TEUEHHO JRITHOC" U



Pacxon KEIKOCTH €°pe3 3a30D CINHNYNOE WTPHES B 9THX CAYIAAX
OmpeTeaRTCA KAK CyMia PAcXojeB, BHpwKaevsx opmynamm (1 88)
a(191) e
g = Prpa®{12u0) L. (1/2) 0

Ilepsoe c raraevoc (opmvIH HABHRACTCH PACYOIOM NANOPHOIG TEHC-
HAA, a Bropoe — (QPERIUOHHRM PacXomoM

II])"BQHEHHMM BHPIUKOHK@\{ MOWIO TAKKE [0Th30BATHECH B TOM CIHY-
9ae, korga 3430P OGPasoBal ABYMA IUMMHHAPAYCCKAME IMOBCPXHOCTAMME,
NAUPIMEp HOPIIIEN N IUINIFIPoM, NPH YCIOBHE, 9T0 3a30p MEKAY
HEMP Majl [0 CPADREHHIO € [MA
METpPAMH WOBEpXHoCTell Wm0
BEPXHOCTH PACHOLOMOHH COOCHO
(pac 150, a)

Ecin mopmens pacionomen
B TULIEHAPO € HEnOTOPHM JKC
rentphenteron {pac 1 50, 6), To
3a30p ¢ MeANy HEME Gyner mepe-
MPHUOH BerHEBEOR

ae—Rtecosg—r=

=ao{l--ecosq),

e @y =R —rne=ela
PacemaTpinat duement sA30pa MEPUAOH rd@ KA DNCCKYHD meab,

TOTYYRM CHEZVIOMEE BHPKOHNe JAA DIENCHTAPHOTO PaCXOA’

Pac 150 Cxemsl ROHLCHTIUROIO 11 SRC
NEHT] HI0T0 Sas0POB

_ Prpf

= —rdp= TinT {1 +ecosgPrde

200
Vuterpupy # 10 oXpyAII0CTH paifleM HONgHE pacxof

21
Prpi} (' o dp =0, 1L 3 g2}
r\ (d4ecos dp= 1470 et}
o0 h(+ “r)‘PQD\nZ/
prplnr
™me Qu:~,,—*ﬂu -~ PAcr07 DPN COOCOOM DPACMONOnCHETIN TOPMAA B DHIAHApS

(upn kommemeprEON mean)

3 sroro mumpamema ¢ ieAyer 4ro HPH MARCAMATHIOM DECISHTDR-
catere (& — 1) pacxon Q = 2,50,

Tipm pacucrax Tegemmu ;KTAKOCTH B 1pyGax ¢ HOXPYLAMM nomepes-
RbM COMeHHey MCTOTEIYIT TAK HAYMBACMUE TIIpaBIEYeCKHI pamuyc,
{ABOMI OTIOICTINI0 TAOMAAE CeaenHA R €r0 CMOTEHHOMY Hepmverpy I1.
£ = S/11 man raTparnmieckmv pmaveTpoM Dy = 4R, (ava Kpyrioroe
COTOONA LMMPABIANCCKUI MUAVETD paBed Teomerpuieckosy Dy = d)

Tp 1 19ummaprov Tedenun B aTOoM coywae pacwerit BEAVT mo 0506
mennoii gopyyre Beficdara—Japen (1 59) » Koropywo Buecto d mop-
crapaor Dy, & BMecTo A — Ay = Ry, T @

s B2 64
ES Tl )

N

TAe h — mompaBOTHBIA T mix 0T JopME

Py =1

(192




X OpaMoyroasHOTO CcederRmA (@ ~ b) D
= f(b/)

1.70] 1 15 2 3 4 5 19 0
k 089 092 097 107 114 119 132 150

2adla + &) 1k =

IIns cedcuua B GopMe pabHOCTOPOLNETo TPG)YFOILHUKA €) €TOPO-
wamu ¢ k = 083

127  Ocolzie cryyam JAMENAPHOTO TeuCURT

Temesime ¢ TemToodMenov B paccMoTpemmmX BHITE CIyTAfAX JA INHAPEOTO
Tedenuy He YYRTHMBAROCH L MeHeHNe TOMIEPATYPH M, CASTODATLAGHO WIMCHEHEE
BAAKOCTH MIIKOCTI KaK B HPetleNiaX MONEPeuHOTO CETeRNS rax i B0 NO10Ka
T e OPe[NOIATANOCh MOCTOANLCIRO TCMUEDATYDLL IO BCEX TOYKax motoxa I[lomofuoe
weucHEe B OTTMIEO OT T ICUAM  CONPOBOKFANUIMXCA UIMEREHIEN TEMICPATYPE

TECKAM
Ecan mo rpyGoIpOBORY [BWKETCH JKUIKOCTR TeMUCDSTYPA 1010£0U BHATE
TNLRO BHILC TeMIePATYPH OKPYMAKIel CPLAN T0 TALOS TEUCRNS COAPOLOAKTACTOR
TOICOTAATCH Ueped CTCRKY TPYOH DO BEPMIHION0 CPety M CACIOBATETLOO OMiAs
pemmcM JRAARGCTE HOTZA he TCMIEDATsPa JRMAKYILLE COF JLIGIROCTI EILLES Tenme
pPaTypu OKPY/Ranmel ¢Pefisl, To OPOHCIOTHE OPATOR XCId eped oTurky Tpy O,
B PeayuIBTATe AWIKOCTR B NPONCCCE Tevemia
HarpeBaerca

B ofonX yragaEEHY CTY4asX OPK TeTerHm
B IROCTH TMPOMCXOMET TENI00GMER ¢ RICIUHCH
CPCTONM  CAIERORATCTHHO  TEMUEPAT) Pa IR0
©TM A TAKAC €C BASKOCTH AL LOXPANAMICA No
CTOABERVIN, Il TEWCAHC HE SDISETSH UIOT PMI
TCCKIM HUBTOMY qmpnym (1 88) n (189
nomysemaRe B
BAKOCTH IO CeNERMO nomm pE ToTCHNH
FHEJKOCTE €O anaqmenbnm\x TemIO0ONCHON BYIK  puo 4 5(
ARIOTCA B DONPABKR:

Hpir Teqemm COHpOBG)l(}laIODIEMCJl OXNak
TICHHENM 3¢ KO TI0CpCCTEE HED
TIPOAeraAK e & cre nne mrem 1eMIepaTypy
Gotee BRAKYID, a BASKOCTh foJee BHMCO tyle,
YeM B OCHOBHOM Ape LOTOKA Be leACTBNC DTOre pomcXxo-ur Gojiee HHTCACHBIOC
TOPMOKCHEC NPNCTOREHX CHOER JKNTKOCTH W cnnmenue TPAgHEETA CIOPOCTH Y
cremkn ITpu rewenru HATPCDJHEL 06} c10B TeH
HMM OPATONOM TemId qepw CTeERY DPUCTCEHHE cwn U ROCTH DA 0T Golleo
BLCOKY® TeNueparypy N HORIE€HEYD BAIKOCTL BCIGTCTBEE 9er0 1PAJNRT
CKOPOCTH ¥ CreSKH (07Tee Dhcoraf TaKEY o0pasoM BCT[CITHE TeD TOOGsen1
wepes cTBm(y priu MEKTy KOQKOCTIIO I BEGHIDen CcPeof Tmapymaercun pac-
BAKOH PACHpeNC ICHIH CRO[OCTOL

Ha prc "IE1 novaceust CDANBETEIRAHC Tpadwice Pachpegerenus ckopocter
IPE W30TOPMHueckolM TeYeNmu () TPH TeueRM) C OXTaM[eEneM (2) ¥ ¢ HarpcEa
EHen (3) FRUTROCTH, Ho APA OJTHAKOLOM PACXONG U HPHA {PEO CRAIKOBOL BATROCTH
FRBIKOCTH B jpe moToka 2 pHCYEKA BUaHO, 9T0 OXIaAIemne KU TKOCTI RTey.T
Ba cofioli yRerHIeHEe Bepasnoxepxuc-m PpacIpese TeRDA c).opocyen (@>2),am
TpepaRme I (@ < 2) 1 © oBrrmmLI

iy

npodain IpH OTKA OT ua0T ! 0 TeueRN A
BN3IHBACT NIM¢HERmE 3aKOHA comporvipieRma [Ipm gvum BapHOM TEYeHNH BilIKODX
FARKOCTel B TPYGAX ¢ TCTT00TjAvel (OXNAAIeANeN) COLPOTHBAEHAE 110T)YAeTcH
Sonpme a Opw 'reqemm C TPETOKOM TCIUIOTH {HATpEBRRHEM) — MCHRLle HCu OPH

laoTEpMﬂ‘lecmu redeH
BTy TO!‘O qro TO‘TBOC peieAne 3aga4l ¢ TEYCHNM HETROCTR ¢ TeH1000veHoM

Y0 yemy

Pacnpeseaesne cko
pocreil npu m3oTCRRET ckow (1)
H meuzoTcpueckom (2 B 3)
reveunY




TeT pTyDIT A Dif 3 OCTA NI OCTH O TMONCDRTROMY COUCTMID ¥ BIOTH TRYGH a
L0 PICCH ITPUHITT T 1) ske TOTAAN | J1SHILY CeVeHIiy FPYOML  OTE 3y T0TCA
upm Twentio 1 hopy yTon s rosdluanentra Ay, mpe.|10&eHROU &LAACY I OM
MOA Muxeennt

i
M= Ry

re Rey — i0 0 ke EOmTea HO[ M 0f w0 Cp Auel BAM OC1u 3L ITxocTH
\ 7= BA3LOCT 1 1,IK0CTI COOTHE(LINYI \\A CPCAELL TeMIL AL} P CTCWL T ¥y —
CPRY 5 1 g8 OCT 3EMTOCITL

Tetrame Bpi GOTb X UCPEIATIX AIBICITT OMHT (13K 1sndtT 310 TIDy Ta i1
E1) G TP HIT B B IX K TPYTRY OPOICY0TE 1M 1oJ TCIErBleM Golpwux
ueN>IaTos AR 1) A (OM‘V‘IO TCCROTLBIUY Jec 1T1 0B W( MY 1aeT an#) Matedye Hapopa
P10 1b 1010FR OT 23MBAGTCA CVIMECTEERHO LCINTGHHEM T € IBE3OMeIpho KaA
031 LI IOTOT 1 HOCTGRHEIIOT0 COUNI 3AMCTHO HCKPURTAeren a4 danel 1ljaseitin
NACT 3AATMIC 1 UYI0 HOTP A0 1+ OGLACHARTCA JTO T(M, M10 UPU [OBCI p¢ 1w
TIOTePA HHEPTINI Ha EAUENIY PACXO,(A 7L U IKOC LI PRCTET NPOLCPIHOMATEIO Mepcl Y
FARICONE 7IT0 L77€YeT 33 Coou RArpeamuo (LUTKOCTH Hpu DOTHMHUK IC K 1Md,ldL
JARTRNUA 7 YMEWLFICIT . (8 DAY OCTH

C Ipyrou ¢ropois Tak KAl ns 3H0CTh ATIKOCTH BOIPICT 1CE ¢ YOG L CRHL 128
JIeRmA, & a9aTe ToTO! 1 0ua 6, 5PT HOEST T IO, @ BAOMb HOTOKA (73 LT YMI UFIT IThCR
Beae (CTHe [1(OKHR fapdennt Takuw 05pasM’ BAIKOCT! TrepevieRHA B0 TOTOKA
I, KL [i03Y Th 4T OEODPCVENIIOTg ACHC B ma ice 'rennepmg,pu d 1aBTeRUA PO
TOTBK rpatnent dp/dz oByenn
Yane DOTOKa GOT6E & B KOHNE HOTOKY MUELIIC qem O cmqu 73 sancna Mya
seuma

UTo 1 sLTCR PCAONA TO IOBLIMIANE TEVIH DRTYDE YWEBGLIT'ET Nitdkocr n
€MI0R 11T IO CTOCOGLITICT YPelMueANI0 PRCYOAR ¢ Bt onoe A1BEERE B il 1
TOCTH TLONT FMACT BA3KOC (b 1 YMERIWAET PACXO N0 CPABHLLAI ¢ G0 3EATEHLICN TG
Mvisumuo Py TOM ke Iepella)le ,apTMeRNA I e DAHATME 1HX nAYX a1 1opos

LA DPACXOw TWEHCICH LPOT 0TI 10ARKY

C OTUk AHURM BBAOM T(WMITADLOrO IC€ CuMA OPEXCIOTCH GTAI! LBATBCA OCO
Gemno ¥icro 8 BEICOKOINMOPEG X [OUPOMATTHEAX 1 001 ACTICTEHEM G0 MUK mepe
[3,108 aB TCIHtL TIFOFCYOTIT NMEePPTEKARTIC BAAKON JhHIROCIU UePed MaTHe $330PAl.

PACCUOTPNM 921Uy O TAMLEAphOM TCRCHUE T 3agope me [ uUOA @ ANro1
2 rADHHol b ¢ yIcToM Baunsug AR BASKOCT JIABTeRI A u TC ineparype [pm ato 1
TOUYCTIN 10 IIIOTHOCTH AHTIOCTA HE JABICHT OT AA57IOPHA U TeMNeDaty D
A COOTHOTY MG Pasaepon zazopa afb — 0

Jan 0 ROBPEYENIHOIO YYCT1 BUMARAS HA BASLOCTH A\, u<ocru TBICHUA A Tey
TPATYPrL uPnEWNAM B cooryercrhny ¢ §opuymamm {1 17) b {1 13)
P=pelP—pIa—(T —T)b (193)

BTeck nuacne 1 oTnocmTca K BeTH (MHAM B Eauane U010k 1A’ Cpie 3EATe-
OHA Beun 1 @ B f Brmy TIpIseeHE ) 10

Bocwoabiyemea noay ernott 8 n 125 dopaymort (1 89) no RDUMEENL Co T
I ROMe it JUIlIHC [ y130(a a & ero aTeMenty ¢l = dz Ompe (© wis 13 2708 fopuyma
PrHx0T Q Oy e 1 uMern

dp o
¢ 7r D 94

(311K MU 4y, BBOTTYM HOTOMY YT0 DONOAPTENSNOMY IPUDANERNIO * COOTBETCTSYET
OTPUL iTe ) 1100 IPHEPRMEHNC 5}

Tiomy eHHO® REIP-LNLIIVE OTANY 100K OT dopayTa (1 89) ron uro B Eem dp/dp
W |1 T 0T, 7 TePest I TN BOTBMHHAY SABNCATUAE OF 7 LIpU 9TOM, €61 O
='t901 { 81075 UOTONR (EHKOCH a0cOTIOTEO ) T0 0RO Iep d
TPOTODLIFOP I THEO APYTOMY

3ammuen Teueph SDdvHeAle JNEPIMI 1 € DaBeRcTBO Memuy norepell sneplmw
DA TPRHUC Iepeme et B 1¢WI0, U DPHPOCTON Tel10Bou DHEPriu 4 BTROCTI 3a
EAHUTITY BpeneRn

Qee{T—T)=1 (py—p)Qy 1 95)




TJI0 ¢ — IC(T0eMI 0CTh AKUTROCTN /& — rod(duument yumrrnanomuait 1070 paGoTh
CHT DALY CCCH WOTUPIS WTUT WA UATPCRAN B IKHAXOCIR p — fApTeRI¢ B KOHDE
yuaom 1

Tipu A —= 1 TETE 00T (3 14 B CTeHRY OTCYTCI VET L BUji TCPA.MAA oHEPIME ofy
GCIOBIIERMAst B3 OC(bI0 UNOT 11 1 Penskilic WILAKOCTH Ifon & = O TPOHCXOFWT
CTOMIb HATRHCUDAT TCTTOOTIANA N C1EHRY UT0 TEMIEPATYDA FRUKOCTI He TOBH
MEETCA (1A0TCPMUTECKOE 1€ 1enHe)

Us sapanetam (1 95) aeesr
I—Ty="Fk(p,~p)cc

Hogno 107€1 20001 THCTGRORI S velDuncmia B dopyy1y (1 93} monymma

. By

(p1 ) at+_2
pmpe” I o) (1 98)

Lieno b yyew maiifeonyio cBASE ME LAY K M p GIsL NATCLDEDOBAHUA YPABRIO
EGA (1 9y) liocke pasmencTiur nepesMenmuX BMECTO ypavReEUR (1 94) Syrew wyers

B S e(p,-p) (m+g) o

dp 1208
= Gpte

Yipousnejs METErPHpPODAKHE MmOTYTUM
1)
120,20 1 (B1—p) (H—;ﬂ—)
B A i +o
at e
YlocToARHY0 NATErpEPOBAHLA € HAUMEeM U3 YCHOBAH B MAYAABHOM COYMeNUH,
Tne mpn = = 0 p = p;y Caepopate1sno

1
Cmm e — ——
&+ Bhy(ee)
Ilyers p kOmUYEOM ceuenun ToToORa OPE & = ! p = pysg = 0, B peaymrrare
Br
aib 1 ( = (ﬂ+7) )
=T e ! aom

Byopaman B gopuyny (1 97) menmupsa p ABNZETCA BAIKOCTHI0 B HATATHHOM
CeUPHIM NOTORA, T © DPA p = pym T = J, OHA MOMET GHTH BHPAKERA TePas j1y —
TA3LOCTH upn p = pyos = O m T = T, no dopuyrne (1 86), T e,
iy =tge®?

Ann nsorepMuaccroro Toemun b gopyyde (1 97) erepyer mosomuts k = 0
C yueToy IpepsliyIIeIo B BIOM ciaydac NOTY9EM

avh
e 12gia
. Haiigem ormocnrcasust pacxop Q, PABRENI CTHOMEHAIO PacX0d IpH HepeucH
HOX BASROCTH B DAcXomy DpM W = [g = cODst (XA BTOTO Pasieddl ypampEe~
mme (1 97) na
Qo=p10% /(1240
n nonywHn

(11— ) (1 98)

ﬁ
R B (o) e

Ma pug 1 02 mpeAcTas ICHAL BABKCHNOCTA Q 0T p; Ho popare (1 99{;‘:": Tpex
2 1 AMT 10 (3),

HUIKOCTeDl (1), TPamcdo) maToPUoOre Macua
TPHUeM [y NYX CTYUAeR & = | (GroyTerame TemnooGmema) u k = 0 (E3otepumue-
CKOe Teuenme) KPHHEHE COOTDETCTDYI0 € ADYM KpaHmuM DOrKRaaM  PacyojATcA




JIDTONLEO CYmIecTBeREO PeansEhe Tpomectls OMICHBROTCA KPRBHME —IOTODEO
P 1¢U0 1ATAOTCH MCKTY OTINN UPefe T HuMl KPUDIMT B cpAam ¢ TeM 910 CKOPOCTH
Te ypriuAl FWWAKO T D 8130P1Y MPN CTOTh HEICOKUY NEPelia a¥ JABTEeEAA OTUCHD Be
JMEY W RABAAA WacTRA HpeGupact B 3a30po BECHVA HLINATHTETHECE Bpessi GOILe
BEPOATHLIM MPE (CTUANNCECH Ded HM TEUSHHT BPR KOTOpom A= 1, T e 71e0T006
e WIPAET BENIIHIGTAVO puiy D10 UPEAOTO semD ORTBepAAIOTE HORHMT

KSePRMEHTY IbURINE  UCCACAQH IAMAMM TICRAOTEPMINECKOr0 TCSCRRA B 3830paX,
Dposezemsny 10 A Colammw OfRAKO BIH AC MCCMEODANKA NOKABLBAIOT T
UpH yBETHIEAN OTHO(‘MIe'thCu[ ATHOH 383074 l/u 1 umcia YIpanaria, PaBHOIO
Pr— poh (6 — TH) A TaKe
Tipu yMeHBMeRRN dncxa Re pOJIb Tennooﬁuena noapaCTﬂeT 1 Tponect wxeuuﬂ MORET
upuﬁmq.m,m B uao':epumecku y

eopua ony P py OT /1 W MOCTPORTD
ceonanymmne meaue T € Eeapaauepsm MHOPEL ;mn-wnnx D1OUL MOTOKA
(pne 1%3) HaR pmimo na TPAduKa eM BHI IABJNEHI p, Tew COABIIC GTATOME
THe KPHPHX 0T OpsMoll cooTercTeymmei saxory Myasciiza

T T
16—
ket 2
1 "
5
12 .
1 —
08— \N 7
o5t —— k=0 =
4 !

o0 4 Gp Ml I 0z 0% 26 498 xJL
Pac 132 3asneswoctn omiocm Poc {53 Hamenemme japtenna BUOTH
TEALHOrO PAEKORA  REIKOCTH OT 2a30P3 € YUUTOM [CJCMCRIIOCTI ESIBROCTI
MEBIeHIT

Tewennc ¢ ofnmrepanmeit. [1HOIJa OpA TeUesHE Wepe3 RaulIdgpel B MaTue
Basopsl Baloflaesca fRIeHHe, KOTOPOE Ie MOMKL1 ObTh 0GHACACKO JAROHAMH IMI
paBnEkd OFO 3AKNEO9BEFLT B TOM U0 DACXOR JKHIKOCTH 4epes KADHTIAP BIT
3a30p © Tedemiey BPEMENH YVCHBIAGTCA HECMOTPSA RA 70 TT0 NeDeLaf madilemi
10X KOTOPEIM MPORCXOHT IBMKEHAe KIAROCTH, 0 e dmomyc ckue CROIICTRA OCTAITCH
ACHIMEHIBMA B OTIe ThILIX cCIydasnx AHHKOCTH [0
BPENCHE MOMCT TPEKDATATHCA MOTHOCTLM DTO ABJCHNE T CUT HASBAHIe ODMUTE
panuA § OT0 UPHTINHA KPOETCE B ToM WI0 FPA ONPCHOTCRUAY §CHOBRAX VMeHb
jigeTcA NTCMamb MOMEPedHOrO CEYERNA KARATA (3830pa KANUAARPA) BCIEICTBIO
X MOERYIl JEHA OCTR It (TO CTERKAX

TotluEa AfCOPOTTORHCIO CNOR IUIA MACET COCTAY IRET HECKOThKO MIKDO
MLTpOH TO3TOMY HPH TEVeEHH yepe3 KAaUHIIAPH H Majlble 3a30PH BTOT C10ii MOMKCT
CYMCCTBEMIG YNOTbRINTh MI0KIA b N0IEPETHOTO CETSRN WH TUIKE 0 THOCTHIO HEPE
K]Th CTO

Trapa 6 TYPBYJIERTHOE TEYEHUE
128 Ocaoresie coemenust
B n {22 6rro ykasamo, 9To AIA TypEIEHTHOTO TEYEHHA XApax

Feprio NepeMenTHBARNE MIAKOCTH, HyJdbCanHd ckopoctel B Aas Temnmi
Ecou ¢ ToMOmELI0 0C060 9YBCTBHTEBHOTO NPHGOPA CAMOMMCIA IAMe-



PHTL U 3aNMECATL MYTLCATIAM HYOPHMOD, CKOPOCTH TQ DPEMEUN B dur-
€MPOBAHIOE TOURC MOTORA TO NOJIYYAM KAPiury TGEOGHYIO TOKABAI-
moit ra pEe 154 Cropocis Gecmopmmoumo Ko.CGme1CA OKOAO HEKO-
TOPOTO OCPeNHCHHOTO Vgcp 1i0 RPOMENIE BHAUEHILHA KOTOPOE B NATHOM
CAY44e OCTABTCSA IOCTOAHHBIM

TpaeKkTopin YacTEN, NPOXOAANAX Yepe3 AAHH}K NENONANKAYD
TOURY MPOCTPAHCTBA B PASHWC MOMEHTH BPEVEHH, NIpelCTaBIAlT coboir
KPEBL® JNHUH DPABTMTHON (OPMEL, pA Ha TPAMON Th
Tpy6n Xapaxrtep JNHIE TOKA B TPyOe B IAHAKE MOMEHT BPEMEHH TALKE
orEyaeTcA GotemmM pasHocOpasmen (pme 4 55) Tawum obpasom,

oA

£

v}

&

Pue 154 MHyrscanga cropocrn B typ  Pme. 55 Xapagrep mnnii Toxa a
GyHeHTHOM DOTOKE TYPOYROHTHOM GOTOKR

€TpoTo ropopf TYpOyIeHTHO® TeugHHC BCEINA ABMAETCA HEYCTAHORHB-
mAMCA TAK KAK SHAUSHWA CKOPOCTEH M JABNEHWH a Take TpaeKTo-
PHE 90CTAL, M3MOEAITCA L0 BpemenE OJHAKO €T0 MOMKHO PaCCMaTpR-
BaTh KaK YOTAHODOBWIESCS TEUeHH® IPH VCAOBAHM, UTO O0CPERICHHH®
o ApeMesd 3HATenus CROpOG’ﬂ!ﬁ H ﬂBBJeHEﬁ, a TAaKMC ITOJANBIH pacxon
I)TORA € H3MEHAKTICA co Bpemenmem Taxoe TCUemme BCTPEYALTCA HA
WPIKTHKS FOCTATOTHO TacrTo
Pacmpenenenne cxopocrefl (OCPEATIPHELIX [0 BpPOMOHE) ® Tomeped-
oM CeueHEM TYPGYJeHTHOTO IOTOKA CYMECTBOHHO OTIMYAeTCA OT TOTO,
KOTOPOEe XapaKTePHO ANA JaMAHAPHOTO TEYeHRA Ecan CPABHUB KDH-
BHE PacIpelieTenns CKOPOCTeH B JIAMBHADHOM M TYPGYAHTHOM LOTO~
KaX B OfiHOj B 10ji fke TpyGe m mpHM OFHOM M TOM ;KE pacxofie (oTmua
ROBOW cpemHelt cxopoerm), To OOEAPSAKMM CYINECTHORNOE pPasTmINe
(pue 4 u6) DPacupegenenme cKOpPOCTON WPH TYPOY.CUTIOM TeHLHHE
00108 PaBROMEPUOC, & TAPACTAHME CKOPOCTH y CTeHKH GoTee KpyToe,
qeM IPW MAMEITIp 10M TeUeHHH, XTA KOTOPOTO XapamTepen mapaboli-
WeCKAH 3aK0N PACTIPENENIEKHA CKOPOCTeH
cpsoE © omi kodd Pumment Hopro tea ¢, yemrmpanmnd wepan-
HOMEPEOCTh PACHPEICICHI CLOPOCTEH B ypabmenmm Bepuyiir (o
o 1 16) upu 1ypSynentmoy 7TeYeHDBH BHAYNTOTRHO VEHBINE, HOLETH
TpR NaEARPros B oridme OT JaMEEADHOro TeYEHMs, THe o N 3aDH
cor or Re u paven 2 (em m 1 24), sgech xosddumment o seagerca
$yuxunmen Re & yMeHmbmaerca ¢ yBeamueHMer poctepmero or 113
upu Re = Reyp fio 1,025 mpr Re = 3 10° Iiak smpmo ms rpadaxa,



npuseficaroro na pue 4 57 *, mpunaa ¢ npu sospacraunm wmcna Re
npuG.mAtaeTe] K eUmUENe, HOSTOMY B GOTEIMEnCIAe CIYYaeB IPH Typ-
3 TeHTHON TEUSmIIH \OMEO IPWEAMAIB ¢ = 1

Tan wox mpn 13 pGYNeNTIOM TCICHMI OTCYTCIRYET CIOHCTOCTH MO
10Ka 11 TPOUCKOANT TIePEMCUINBAHKC HULKOCTR Janod Tpenud Hpotona
B 310V cIyvac B[JI)J;‘EBET JHMB Maay} YacTtb mOTUOFO KacaTCIbHOTO
manpamenya  Brarogaps mepeMemmBanmi ANIKOCTH U HEOpPepLAHOMY
TEPLIIOCY KO (uecTda JABWKCHEA B momepeTot HANpaBTeHNN Kaca-
TOTHIOE HANPHKEHNE Ty HA CTEMKe TPYOH B TyPGYJOHTHOM MOTOKS 3HA
WITeTHIIO 60 (hme, geM B TAMAHZPUOY, IpH TeX #Ate IHAYERHax gncaa Re
M | MIAEIECKOTo 7 #BTEIIA Pr3/2, TOTCINTANNEIX 10 CPefneii CLOPOoCTH
¢ OKa

a i

30 38 4F 4F 42 g fe

Pruc 106 Ipodmm cropoctei 3 Pue 1.57 3apmemoers wosdiuumenra o
LaMALAPIOM 5 TYpSyrepTHOM e oT Ig Re
ToRax

B cBaan ¢ oTEM moTCpM SHEPTMYM mpI Ty POYICHTHOM TEYEHWH KEX
KocrH B TPYGAY TAONO MONYIAIOTCA HHHME, HeXeTH IPH JaMUHAPHOM
B typ6yscaraom moroke npm Re >> Be,p ToTepd HAMOpA HA TPEHHE
HO ATHNG BHAYHreThHO OGALINE, WeM HPH JIAMEHAPIOM TETCNHE IPE
TEY K€ pagMepax TpyOH PACXOMe i BIJKOCTH JKHIKOCIHW, & CIeXoBa-
TENBIO, (PM GAHEAKOBHIX Wucaax 1Re (MauuEapaslil PeREM IpE aToM
HeYCTOHTHL)

Ec¢iu mpm navmsapmov Tedewum moTepsa HAopa HA TPeHue Bo3pa-
CTAeT IPONOPEMOHATBHO CKOPOCTH (PacXoiy) B mepBoil cTemeEm TO Ipw|
nepexone 1 T pbyaeHTHONY TEUCHHIO 3AMeTIH HCKOTOPUH CKATOK CO-
DPOTHBTENIA W 3aTeM GOMEe KPy10€ HApACTAHIe BOAWIHAL fgp HO KPH-
Boit AuaKoli K mapaGoTe Bropoil crenemm (pme 1 58)

Bemny c omnocin TYDOYTENTIICro 1eueHHs m 1pylHOCTRH ero ama-
LITUIeCKOr0 WCCTEMOBARM I0 HACTORINETO BPEEHN 15T eFO e HMEEeTCA
AOCTATOYHO CTPOTON B T09HOK reopmu  (CyIECTBYIOT MONUYOMIEPETE-
CHUC MPHOIMEENHLC TEOPUM Daupivep Teopma Lipaummia ** m mpy
CUC KOropHe 3jech HG PICCMATPLBAIOTCA

* Brepoue monyven B B _Hekpacokum Teopemirsecks

0 Upaspgras (18751953 rr) — uamecTEEN TOMCULRE yacman B of-
NACTH ) I (POVCX2HNKY T adPOME 1MURA  TOARMO Teopin TYPOYILETHLY Tevenui
Pa3p10aTLBAN TeOpIo T1X BABHRAMMOLO LOTPAENTHCIO CAOA 2:IAROUTH (BO3LYXA),
HPUK  \CTO K HOREpYHOCTI OG1CKALNOTO TeTa, Tecpiio hpuTa # ap Paborast
B 0LUOLDCM B I eTToHIeHCHONM JHRBCPCITCTE



B Gownmumicrse cryTaen JuIfl MpAKTATECKIX paceeroD, CRAIANIELY
¢ TYPOYICHTHBM reYerlcs LKHAKOCICH B TPYGAY 3011 By10TCH AKCIepu-
MERTAKBOBINE JAHENAE, ©IC.CULIIL3 1POAAHNBY [ HA OCHONG TEOpH:
THAPOTHHAMEICCKOL G TON061A

Oc.ronmon pacueinon HopmyTod g7 MOTEPL NATOP 11 pir TvPEYIENT
TOM [e7endi B Kp)f‘[lﬂx prﬁd‘ HRBIAETCH J.LO [ID] LOJOBIMAHCA RBIOE
Kag ommApIecrad Gopuy a (1 59) massiaeran gopuy ou BeicGaxa—
Jlaper 1 Invewmas cregyommd b

1y
ey
e Ay — WORPPUTIHEHT meTeph Ha TPeH 16 up [ TyPOYTEHIHOM TCUGHUT HAB 103§
paouenr Jyper

hap =

B cregviomen naparpage Gymer moxasamo mogyuemme (GOpMySILH
BeuncSaxa—Jlapc MeTogon alaToda pasMepHOCTEH

JTa OCHOBHAH (opiyia DPUMEHMMA KAK IPM TYPOYICHTHOM, Tax
H OpH TIMMODADLOM TegeHWM (eM m 4 24) pasmame BaKTOMAETCS
JMIE B 3HAUEHMAX Kodjuruedra A
Tar Kax Dpu TypOyaenTioom TEUEHMI hmp
moTeps HAUOPA HA Tpemme mpubAM
BATCLHO HPOMOPIHCIraThOR CHOPOCTH
(= pacxory) Do DTOPOil CcTemEHM K03¢)
QUUUeUT LOTepb TA TpeHHe B Qopiyie
(159) p mepsom mpEGTHKeRMM A
HAHHOK pr6}:l MOAHO CUM1ATh BCTHTI-
HO# IOCTOAHROT

OpHako T3 3aKOHA IMIPORAAAMI
wecroro monofua (em n 14 21) cuemy 4 v
er, 910 Koapunment }, rar e, Lak Pue 138 Bammumocts ky OT
u Ay moAen Gbith Qynkimeft ocror H ¢
HO10 Kpm:epm{ E[OJ106EIH HANOPHBIX
moronob — umeia Pefimospaca Re a Tawme MOKET 3aRMCOTH 0T Oe3
PasMEPHOIO reOMeTPHIeCKOro (axwopd — OTHOCHTeqbIOR mepoxoBa
ToeTH WHY rpemmeft mosepxnocTa 1py6u, T e A, = j (Re, A'd), rme
A — cpegraa RuCOTA GyropkoB mepoxovaroci, d — gEaMerp TPYGH

Hoipa 1mepoxoBatocts TpyGu HE BTMHEr A 0C COLPOrMBIEOLAE
(#a A;) TpyGy HasBBaboT 1WIPABIITECKHE 1AaTK0E [lug aTHX cTyuaeB
xo3fpnuuens A, ABTievcs GYHRmmeE aumb Wncia Pelimonsgca Ap =
= f; (Re) Cymecrsyer pom smupn ecEaX M HONYOMOIMPHIECKHX (HOp-
MYT BHPAaXAKNINAY 8Ty (VEKAMO WA TYPGYIeH HOIO reucHma B Frg
PABIMYS KH TTAROX TNYGaX; ofmon s HauGoaee yRoBHLX M VIOTpe-
GETC.1Hx Aw retes popmyta 11 K Homnkousa
Ay =1/(1 81g Be—1 5)2 (1 100)
npumenmyan opn e @ Re or Rey, go Ie, parEcio HeckoToEmL Mt
AHOHaNM

Tlpu 2300 << Re < 10% o410 m01530BATHCA Tan/Ke doprrymoit Bua-
amyca
%:=0 3164/ Te (1 101)

Aeniusiopud TupBypenmnbii.

a
L




(Qgcopa BHAHO, 9TO ¢ yPeaumenmeM Re xosdpummment A, §Meub
maorcA, 0GHAKO JTO jyreHDIIeHNne ropaio Melee 3raqaTeJsHC WCM npl
smammrapeEov tewenmn (puc 1 50) 910 pasnuume B saKOHAX M3WCICUEA
KODQ(ANMeHTa A CBABAHO © TeM, UTO HOHOCPEJCTBLHWOS BIHSHHE BA3
KOCTH JKEIKOCTY Ha CONpOTHBIEHMe B TYPOYIeNTHOM MOTOKE TOPA3Io
MeHbme YeM B TaMHHAPDHOM Ecam » HOoCHeLHEM norepu manopa Ma Tpe-
HIe NpAMO OPONOPUHEONATBIL BA3KOCTH (cM m. 4 22) 1o ® TypGymenr
HOM HOTOKEe Kar o10 ciexyer m3 gopmyx (1 59) u (1 101), oma npo-
TOPIEOHATREH BASKOCTH B cTenern !/, OcmopmEyw poan B obpazonamumn
ToTeph PHEPTHE IPH TYPOYTEHTHOM TEUeNMN WIpaioT IepeMemMBanue

W PacceuBAFEe KIHETHYECKOI

A ANEPrEM 3aBMXPEHHHX Hac-
008 A=t TuuH
97 A 7 uHCLY TApaBAEIECKH
g’aﬂ——i” [T (fighe~1 5] rIafkux  Tpyo nfo.fmo e
4'175 r GO/IBIION [OrPeIIHOCTH OTHe-
VN CTH NENbOOTARYTHE TPYOH HI
004 et MBETHHX MOTAINOB (BKITIOWAA
%03 ¥ AIIOMHIIEBHE CILTABE) @
4oz TAKAE  BHICOKOKATECIHOHHBID
s01 " Tle CTAXBRLe TPyOH
s - Taxam ofpasom, Tpybs ymo-
2 3454 9 0 #he? tpeGusevie B Kadecrse 10m-

JIABOOPOBOTOD H TM,[[))OCUCTGH,
B OOBYHEIX YCIOBUAX MOSKEO
CUNTATh THEPABIEIECKA TJIaf
KA r BAS IX pacdera TONBIORATHCA MPEBOIEHBEHME dopuynams Bo-
JOTPOBONEEE CTANLHHE M TyTYHAE TPYGH PAANKHMI Henhad ¢IATATh,
¥AR KAK ONE OGLYEO AT NOBNTIESH0e CONPOTHBIEHHe, H (OPMYIH
(1 100) u (1 101) m1a upx we copaBepIABE

Puc. 159 Banpcmmoctn jn B h; oT WHE
na Re

i

Pue 160  Jlawrmaprmi
ppacremmmit  enoii  mpn
TYpGYIenTHOM TCYCIME B
Tpybe

Tawurapssnt caod

Boupo¢ 0 CONPOTHBIEHEN MMCPOXOBATHX TPYG PaccMOTpeH Hilhe

[XaK NOKA3HBAKT ONHTH Prza mccaemosaretedi (]I 1 Huk)panmae,
T T Tvpmueuxo, Pefixapara m gp ), OPH TyPGYAETITIHOM TOTLIHH A~
}OCTH IEMOCPENCTBEHHO Ma CTErKe TPYGh 0OBAHO MMCETCH JAamuAapHBIL
envii (puc 1 60) 3ro ovens TOORMI CIOM KUTKOCTE, NBNKEAN® B KOTO
POM ABTACICA CTOUCTHM 1 Hp T 63 mepevemprands B ero mpe-
Jlenax CROPOCTH KPYTO NAPACTacT OF MyJAA O CTEHKe A0 HEHOTOpoH




KOHeumol BeXmwmmn! vy HA rpamm-e cios Tonmusa 8, JTamMATapmoro
caos1 xpafille HePeaNKd UPUICM OKABbHBAETCA 9rv wnero Re, momean
TAHHOC IO TONmEme O, CKOPOCTH vp M KHIEMA)UIECKOH BAIKOCTH v,
€CTh BOJIWIARA [(OC1OANIAA, T €

vda/V = const

312 BeJMYEHA B COOTBETCIREE C TeopHmell TEAPOIMHAMETECKOrO I0-
TOGHA MMEST YHWBEPCANLEOS MOCTOAHHOS SHATeHHe LOJOOHO TOMY, KAK
nocronaso Rey, min Tewemms » tpy6ax IlosTosy Dpm yBemmdemmd
CKODOCTH HOTOKA It C;IeJ0BATETHHO, Re PACTer TAaKKe CKOPOCTh Ung
A TOATOHHA 6" JAMUHADPHOTO CJI0A YMEHBIIAGTCH

129  Typoy: e TeueHme B
H HEKPYTIbIX Tpydax

Ecmm pap rappanmwaecksd roafxex Tpys xodfduouedt mOTepn Ha
TPOIRe BIOIHE ormpefeasAerca Yucaom Re, 1o Bt mepoxoBaTHX Tpy6 Ay
2aBI(AT eME W OT I[MePOXOBATOCTH DHyTpenMell HoBepXiocTH TPyGH
Ipn avom Bamen me aGcomiorHiy pasmep A 6yropkop MIEPOXOBATOCTH,
2 0 H0BICHUE 57010 pasMepa K pajmycy (mrm mEAMETPy) TPYGH, T e
TAK HA3BBAGMAH OTHoCHTENLHAA mepoxoparocth A/d Onma m 1a e
aBCoT0TIAS MePOXoBATOCTs MOJKET COBEPIIEHHO HE OKAJKIBATL BAMAHEA
Ta CONPOTHBICNIAE TPYGH GOMBIIONo AUAMETPA, HO CHOCOGHA IHATMTENBI0
YBeIHIHTH CONPOTEBIENHme TpyGsl Manoro pmamerpa Hpome roro, ma
COMPOTHEISHNe BlUgeT Xapakrep mepoxosarocti Ilpocredimimn ¢Tygaem
Gyner ToT, KOIfA Bee GYTOPKM MePOXOBATOCTH EMEIOT OfMH M TOT e Pas
Mep A m ogmEAKOBYIO HOPMY T € IPE TAK HASHBAEMOM PABHOMEPHO
PacipeIereHHon JePHMCTOH IMEPOXOBATOCTR

Tarum o6pasou, B 0TOM cIyIae RodGQOHIMEHET A, 3ABHCHT KAK QT Re,
Tax W 0T oTHOWOHNH A'd (mam A/rg)

Ao=7(Re, A/d)

Xapaxtep pimsmna HTAX KBYX NAPAMETPOB HA COUPOTHBICHES® TPy
OTIETIMBO BUJIeH N3 rpamEKa, KOTOPHI ABAAETCA PedyAbTATOM OMHTOR
U U Makypamse

M ¥ Hukypapse memsran Ha CONPOTHETEHMe pAf Tpy6 ¢ mCRycer-
BEHIIO COBMARHOI UePOXORaTOCTBI0 HA HX BHyTpEllllEﬁ MOBEPXIIOCTH
Mepovonarocrs 61i1a MOTyTeRA TyTeM HPHKIEHKE TECTHHOK OIPENeNen-
HOTO pasMepd HOTYYCHHOTO BpOCeMBAHMeM LECKA Yepe3 CIIeIHATHREBO
cara Tem camphy GhIA DOTYYCHA PABHOMCPHO PACIPeNeTEHHAN JePHH-
CTaf MepoxXoBarocTs IempiTami s Gyl TPODECHE UPA MAPOKOM AHATA

; 1

B0HE OTUOCHTEABHEIX MEPOXOBATOCTEN { a TaKme TIceN

T T 900 13/
Re (Re = 500 — 10°) Pesy:nratsl a7us mcmuTaEmH NpemcTABRERH Ha
pac 1 61, re mocrpoensr xpussie sapmemrrocrn kg (1000R) ot 1g Re nna
pAga smasennit Asr,



llaxaonnse opavite A m B COOTBCTCTBYIOT JAKOHAM COMPOTHBJICSHIA
Trajkux 1py6, v e dopuynas (1 100) u (1 101) Tlocne ymuoicenns Ha
1000 » xorapudrvupoRALIS DONYIHM YPABECLMA OPAMIX

Tg (10007 1) = 1g 64 000 — Ig Re
lg (1000A) = Ig 316 — | Ig Re

TITpUxoBLIvE TOMEAMA TOKABAIM KPHUBLE KT TpyG ¢ pagTHUNOl OT
HOCUTEJBION MMEPUXOBATOCTEIO A/ry

M3 paccmMoTpermA 1padHKA MOIKIO CTeJaTh CIeAYIIEe OCHOBHLIS
BIROIE!

1 Tlpm mammnapmom revTeHUn MmEepoOXOBATOCIH> HA CONDOTHBJEHEE B
Blser, MTpOYOBEE KPEBLIE, COOTBErCIByHONING PABIMTHBIM mepoxona
TOC1AM IPAKTIMCCKM COBHANAIOT ¢ NMpaMoi A

£y (10003)
y

\

¥

20
19

78

1. 3asncaMoers

lg (1000 A) or Ig Ro yua

Y6 ¢  RCKyceTReHuON
1LIEPOROBATOCTHIO

17

16

Iz

1

I
13} —
12

25 30 34 X8 4z 46 B0 54 56ig%

2 Hpmrmwecroe gmcno Re or inepoxoparccTm DPAaKTHYECKN Ie 3a-
BHCMT, WTPHXOBHE KPHEHE OTRIOHHIOICA OT OpaAMOR 4 mpuGra3mrennHo
mpu offuos u Tonm e Reyy

B o6iacrm Typ6ymemTHoTe Tevenss Ho mpu meGosasmux Re u
A’ry MepOYOBATOCTh KA CONPOTHBJSHNE HE BAMACI; MTPHYOBHE ILUHWE
Hd HEKOTOPHX Y4ACTKAX COBNARAICT ¢ OpAMol B Ormaxo TpO YBOTHTe-
von Re Jr0 BuAHIC HAMHHAET CKABBIBATECA H KpHMBHe JUIH lUepoxo-
LATHX Tpy§ HAYRHAIOT 01 KIOEATLCA OT IPAMON COOTBETCTBY TOLECH IAKOILY
COJPOTUBICHIA LIAUKEX TPyH

Tpu Gonennx Re 1 GOaBMEHX OTIOCHTEILNLIX MEPOX0BATOCTAX
hoo( mument A, LCpeCIAGT 3aBHCETH Or Re M CTAMOBUTCT MOCTOHRHLIA
AT AAIIIon OTHOCH (€51 hEOK mMePoYOBATOCTH 31‘0 COOTEETCTIBYCL TEM
I YACTKEM DMTPUXOBLY KPHBHX TAe O0n@E NOoCae NEKOTOPOTO mOXbema
PACTIO TATAIOTCA MApATTETHIO OCH aGCHmee

larnmy o6pasoy, 418 KamEoN L8 KpUBLIX, COOTBETCTBYIOMRY mepo-
XoBaILV rpyGaMm OpIr TYpPGYAEHTROM LEUCHAN MO/KHO OTVMETHTH CUCAYI0-
e rpu 06TICTH 3navenui Re o A 7, ormmaaomuecs gpyr oT Apyra Xa-
PakTCpoy N3MOIENId KoofQuumenra Ay



Tleppaa oftactn — of tacth MaTex Re 11 Ay, rae wood friaent A,
oT l!lepOXOHQTOCTl‘( Ile 3@BI'CHT 2 OUPCHCTACTC I TUINp FUCIOM BE, 2ro
ofqacTh THAPNT THICCKM Ia (kux Tpy6 Oua ne (ueer arecra pos MARCH-
MaTLHAX duatenii mepoxosarocTn B on-rtax M Hunypanse

Bo propon 06aacTi KouBduuuint }; 3aBICHT ofICBPENEI[I0 OT ABYX
mapaMeTpoB — wucua Re ¥ 01HOCHTENLAOl MEPOXCBaroCTU

Tperva ofnacts — o6macrs Goanmux Re um Alr, 16 woshdmun-
ent }, e sapncutT or Re, a ompexgewterea ammL oTEocI @l HoL TOPOXO=
TATOCTBX  JTY OGTACTH NA3IBAIOT O6IACTBIO ABTOMOASTHHOCTH WM
PeHMOM KBaPATITHONO CONpOTUBICHNH, TAK KAR HeIARHCUMOCTE KOad)
¢unmenta A, or Re o3mawacr wro noreps mamopa HPOmOPUMOHATBLA
CKOPOCTH BO Dropou crement [ev Popwy 1y (1 59)]

UT06H Jydme yACHEIb orn 0CODEIHOCT COmpOTANICIHA NePOX0Ba
7Y 1930, HEOBXOAUMO yIeCTh adnTHe JaMuHapHoro cyox (cu 1 1 28)

Kax yrasdgmanoc: Brune Tpm yBeTmaenmu Re Tonmmsa TAOMEHAp-
HOro €0ft 8; YMEIbMAeTCH, HODTOMY AMM TYPGYICHTHOTO MOTOKA HpH
masax Re ToTmura gammuaproro cos Gosmbe DHCOTII GYTOPROE MEpo-
XORATOCTH NOCITCAHNE HAXOTATCA BHYTPH TaMILIADHOTO CHOH, 0GTEKAOTCA
mrasno (6C30TPHBEO) M HA CONpOTHBTCHME ne PammoT llo mepe ypeTd-
uerma Re rotpmwa 8; yyemsmaercA 6yropriu MmepoxoBalocTH RATE-
BapT PRICTVIATL 3a OpeletlIn Cjied H BAHATL H1 (‘011[!01!.'&11‘[9“1[9 HPK
Goay muy e Toqmuma JawiFapioTo €10 CTRHOBHTEA BeChMa Malof
a GYropLE MepoXoBaToCTH 05 rCKAIOTCA Ty pOYIemILLIM HOTOK0M ¢ BHXpe-
06PaIORAHAAMT 38 KAKIBM GCYrOprOM; dTHM U 0OBACIACTCH KBajpaTHY-
UHA 34KO0H CONPOTHRICHNH, XapaKTeplLill Ana ganmoit oGmacTn

Tpadux 1 M Hurypayuse rosporser Z0CTPOUTD IPHMEPIYIo 3ABHCK
MocTh 0T e MOTyCTRMON mEPOXOBATOCTH, T € TAKOTO MaKCHMATIHHOTO
SHAYELUA, NpH KOTOPOM MMEPOXOBATOCTH TpyGHl eme 1l BANFeT HA ee
comporubnerse [[Ta 31010 CHEgyeT B3ATH Te TOYKM Ha rpaguie (CM
pre 4 61) B KOTOPHIY KPUBBE TIA MEPOXOBATHX TPYE HAUMHAKL OTKILO-
LATBCA OT HPAMOn B 1 rafkex Tpy6 Owepmamo wro ¢ yoenmgemuem Re
BHAUEHIE JION}CTHMOM MCPOXOBATOCTH YMENBIIACTCH

Orhirst HIRypagse mpoBOMHIUCE HA TPyGAX CHAGKCAHEK HCKYCCT-
BEHIIOY PABIOMEpPIO PacipedcToHHOH 3epHUCTOH MepoXoBaTocTLID Jaxa
HATYPAIBHEX MEPOYOBATHX TP) 6 3AKOH HIviemenna }, or Ro moyTaeres
HECKGTLKO WUEIM, 3 MoL0Ma RPIBHX Mocle 01KTONCHAS HX OT SAKOHA
Aas roagxnx 1py6 Ha pue 1 62 s nomytorapugamdeckux KoopAHHATAX
Aanbl PEAYILTATH OMEITON TOCTARTERHEY BO BCecomsHoy romyOTOXHI-
weckoy muethryie I' A Mypmusny Hoadummen A; 1Ts Hary PRIBNBIX
MEPpOXOBATHX TPYG HA ) paduKe yRasan B aBmcr woenk or Re juA pas-
uBX 3gavenun d/A,, rge A, ~— abCONIOTHAA MEpPOX0BATOCTH, JKBABATEHI=
MAJL 10 CONpO(MLICHUIO SePIICTON Nepoxopatoetn B omsray 1 M Hu
Kypagse JU14 HOBHX CrawpmeiX GCCUIORHWX TPYS PeROMEHpyeTCH NpI-
HEMATD NPy pacilerax suatenume A, = 01 MM, T1a Tpy6, Gupmmx B I0-
TpeGmemm, A, = 02 mn

Pastaame B XapaKrepe KpuBEY, Npefclamienshx ma puc 161 &
162 obpacasercs ey, UTo B LATYpuOu TpyGe (em pmc 1 62) 6y ropsE
TMEPOXOBATOCTH UMEIOT PAsTHIOVIO DEICOTY M UpPH 3 BEJUIIEHN L TACT Re
HAYAOAIOT LLICAYIATh 34 MPEXENTs TAMIHADPLOLO CTOA HC OfUOBPEMCIIO,



a mpm passmx Re Bemgxy sroro mepexom oT ammim, coorsercrByomed
CONPOTHBICIMIO TTANKuX TPy6, K TOPH3OHTATHHWM IPAMEIM COOTBET
CTBYIOIIM KBALDATHIFOMY 3AKOHY, NPOMCXOXNT ATA HEATYpUMX TPYD
Gonee naapmo, Ge3 mpopaia KPHBWX, XAPAKTCPEOTO JiA rpagura
H M ITmxyvparse
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Prc 162 3asucmyocts Ay or Re A TPYG ¢ ecTecTRemEOH LICPOXOBATOCTRIO

I[ﬂﬂ OPAKTHYCCKEX PACTETOB [0 OOPEAEHETHIO CONPOTHBTeHUA peash-
TILIX mepoxonaTmX pr6 MORHO pPeKOMEH[0BATh TAKKe yﬂunepcanbuym
gopmyay A I Anprmyaa [2]

Ar = 0,11 (As/d+-68/Re)/%, (1102)
TAe A, — 9KBHBATCHTHAA aGCOMOTHAS mMepOXoBaToCTh, & — KHamerp
TPYOH

XapaxTepaue amavenus A, (B MM) JIA TPYS H3 PABIMAMLIX Mare-

PHANOB OPHBONEIL HILKS

C 8xmo ]

TpyGs TANyTHE M3 JATYHI, CBHENA Meld , . 0—0002
DACOKOKATECTRERENA GeCmOREN® CTATLIAe TpyOR 0,06—02
CranvEne TpyGu 01—0»
UyryRmse acpAIBIMPODARENE TPYGH 0102

Yyrymume TPyGH . 0210



Ilpm Re << 20 d,A, ¢opumyra (1 102) mepexonmr B NMpHEDETENHYI0
r mve :bopmyny (1 101) Druasuvea g1 raapsuy 10y§ a mpe BRe >>

== 500 d/Ay — B oy w3 1Y UM BIOTHE MEPOXOHATUY Tpyb, T € AT
pe;ﬂmm Knanpam‘mom COMPOTUETENHEN (ARTOMOTE [BHOCTH)
Ap=0 11 (Ay/d)'/4 (1 103)

Taring 06pasoyy myTeM CPABNEmHA TUCTEIHOTO SIAUCAUS OTHOME
mai di Ay ¢ 9ncToy Re MOAUIO JCTUTOBUTE TPAMTH YKAJAHHLY BLIME
06 Tacieit (PeXmAOB) TypGYREHTHOTO TeGeHHA D MEPOXoBATHX TpyGax

Ha mpIxrExe wacTo MPHXOMNCA WETH NIEN0 ¢ TVPOyIenToHM Téue
mnesr B MeRPY rILX 1pi6aX, TpUMEHSICNLIX, HADPAMED, B 0XHaAIAOMAX
yCTpPoilCTRAX (PagHaTopaX TCONOOGHCNIEKAX OXIAANROEIAX TPaKTax
meuravenel] ugp ) Pacciorpun pacuer HoTeps Ha TpeEEe OpH Ty} AeHT
oM TETSNEN B Tpy6e ¢ TMONepeTHLIM CeTCHHEM IPOHIBOTLEON (HOPMH
CyvMapuas cmta Tpeuns, TeHCTBYOMAR HA LHEMHII0 MOBEPXHOCTE DO~
TOKa JiTHHOR
T =iy,

e [1 — mepmyverp cederns, T, — EAcaTeAbmOe HANPHMOHEE HA CTEHKE SABHCA
mee B OCHOBHOM OT J]llﬂﬂﬂlll‘]eC](OI‘O MBEICTIHA T @ OT C]JEF(HEE CROPOCTI TeTeHAA
W (IOTHOCTH AERKoCTH (oM m 1 16)

Wraxt npn sajamEofl IIOmaRm cesenus S U JAHIOM PACXONE MKEN-
KOCTII, & CTCHOBATGALEO M mpPW FanHolt cpefsedl cKopocTm cuta TpeHUA
IpONOPUEOHAISHA HepHaerpy cedemua  I100TOMY mia yMORBMEHEA
CTIH TpeIIf, a TR MOTCPD PHEPrAM HA TPEHUE CiefyeT yMeHBIIATH
nepamerp cévenusn IHamvemEbmuit WepEMeTp NP 33TAHHOM IVTOTMARM
EMEeT KPYIee ceuemme, KOTOpOe HOITOMY SBLAGTCH HAMBHNO;HOHIIIM
€ [OUKH 3PSHIA HONYYeNAA MENHMANBHLIX TOTeph 2IlepruM (Hanopa) Ba
TpeHEE B TpyGe

Il RodwIecTBemIOl ONCHKE BAHAHHA (0P CeyeHms HA HOTEPIO
Hamopa MPH TypOYTeHTHOM TEYENWH TAK 4e, KaK H OpPH TaMEHAPHOM,
B pacieT BBOIAT TWXpABIIUSCKEA pagmyc [, mmu gmawerp Dy (oM
n 126)

Me.XBO TOTE30BaTHCA TAK e, HAK U mpH TaMuEapioy pemrve 0600
memmolt gopyrywoit Beficfaxa—Jlapen, upmaem B oTTHmG OT TAMUHAp-
H010 PeSEMa B ICPEOM DPAGIMKEHHE HOIPABOTHHI Rospdmument &
mpuENMNa©T pasmum epurinie Taxum oBpasomw, Moa moboil gopyel ce-
TeHHA

v I
hyp=hr g 4H o =App— o % (1 104)

Tlpn otoM kooQgmuuent A, TOACINIHEBAL TO Teym e Gopuyiam

(1 100) — (1 103) mo =mecwo Re empamaror wepea D, Re = Dw/v

1 30 Ilpawemenme weTopa amoamsa pasvepHocreit

@opuyns Beicata — Japen m Be 1¢6a¥1 @ HEKOTOPHE ApYTHe COOTHOMEmME
THOPABJIUEY MOTYT BT NOTYYemsl M} Ananman pasMeprc~Teil B oCHOBL 1TOTO Me
¥OlIA AeRET Tak NadWBACMAE Ll TOPCMa MR TeopeMa BIKHHIesa KOTODAS JAKTIO
TASTCA B CHEIyomeM (YENIMOHATLEAA 3aBAEHVOCTE M ¢1Y n DUIMUCCT AT Das
MEPHEIMA DCTMTHAMH BCEIAA MOMET GTH Hpeofp130DaH1 T YDPADHCHHE® CONePHMt



mee m GespasMCPHEY FOMFHEUIMY TOX Lo PIIITecl q¥ ReTH9AN {TAK MI36IAACMBIT
THECEN ) MPHUEM M 0CCL LA MOHBIMG n P AuoTl p — m — z upejicTaBanet cofod
TNCHO MEPRENDHX (0LOBNIIX) (ANIME HAUPILICD B MOX TGRS I TILAPOMEYAITy & —
CTAINIS! VUAIIR, BP(WMCHQ T MACCH, 1 ¢ 2 4 1 TCNTMOTCYBIRE | NEPETIC TeHHEM
e;xuanum»; l\oﬁﬁnmercn CILC TCMIEPAT) Jrd, CTETORATCALHO z = 4
1 Grim prceMOTPCR TAKOH Cryaaft Kot s pamue wre Tepoyia i, 2ami
canncc i paznepnm\ BCINTHEAX CHSBIT N0 Mt 1y Cobyll DATE PASWCDHKX Nepo
MONDNX vy py ¥ Py I hiy A uOCHE plBe enun 37010 ypaBHeHKN & Geaparnepuowy
BHAY B hem yCTALMCL Onlib st OUs[ aJMODILIC pepenelnntle 4gcto Juvepa Ea u
ROBDPuLLCHT HOTCPD
accwonpun woTysonie dopsyant Bei G ix1 — flap

OuChILmO 910 BA MOTEPI0 ARBIENHS HA TPCHNE D 'rpyﬁb Prp = hyp pg BamAIT
{IM MOIVT RNWATE) CCHyomue $arropts AMima I I AHaMuTp & 1py(lh( cpeTEER
CHODOCTh TCYCHNA U CBOILCTRA ALKOGTIC 0 Ul GPENRAR 1CoTY GyTOpLOB 1EpO
XOBATOCTH A WA CTERHAX XpyGms

Barm i HOTepecy 10110 PYRKLI0 B Doe
po=hH( d v pp b)

Ynexno nepevenEEY n = 7, ¢ac(opaTeTRyo B cooTnCTeTRmH ¢ Km Tcopevoit
mn n—zg=7—3 —4 O DMCCTO MPETBIIYHICTy WMOMEM JAMCATh

=0y fp ),
THe T T, Y 11 7y — GespasuePHAHe KOMIUILKCH DET KOTODBIX HAliges €Tegyio
o3
5 oA 1 MePEMEHHY PHOEDEM TPir ¢ FEIABUCHMHDIY PASNOPHOCTANT BETIO

vapmuMy B ceJA TPU OCHORIMX CUMHIN {UInny L Bpeuunn T mmacesr M) mampu-
Mep d v 7| p mX pasyepmocrm B cmereme LTM

[dl=L [pl=LT" [p]=ML>
BiIpasny MAcHa T ny Ty W g HA TpI D HO

KOTODUIX CTEMOHML # y H 2 (O CoOTROTCTRYINNIN JiIl 16f CAVS) 0CTAILEBIT TeTHPCX
UEPEMENIBX & WMCRNO pigp, ! L B A ROIOPHC NMEIOT CHERYHmIe PA3MEPHOCTH

[p]=M/LT* =L, [p]=M/LT [AJ=L
Tarny ofpasom GyleM yern

Prp !
P
ol gt

[ U S
2 gt RSP

IIa*f1en mee 12 mokasaveliew crertete ¢ @3 yeTOPIA Geapi3uepuoeTn Deay i
Cell T 7 e CpABHCHmEM pasMepTocTes UPA L 7' m M Bo BEeY YeSHPeX Rupame-
HEAX, 8 WHMCRITO

ToXAzaTCIE cTeneHy mpi L
—A—zty—3z A=w by —3z,
— =Pyt yy—55y, A=iprih— %

moXazaTeT { vTenen ; mpa I
—2=—y O0=—p —l1=—y, O=—y

TmokataTenn ¢romean upp A7
1=z, O0=u 1=z 0=z

PUIR CORMCOTHO [0} YCHIse YPABURHILL HoTydae
2=0, y—2, s5=1,
%
=1
23=0,




Tarny o6pasorr, Temeph mmecTo Beipan epms (L {0s) M MokeM 3mBcars
rooAy

Qo d)

AN ) IATEIDAA DPONOPIIOHANI HOCTh MEAAY p o 11 [ d u BHMP 1K e [icda Pelt
HOTRCH, BAXOIEM

2 1y A
= 222 7%<Re 2 TagTnaa 11

g~ d g
. Pazmep | Pagwepmocts Lonr Geapaa
OGO3HA UIB { yurinn ¢y 90103 e nanc | o emmmas | o1 | mepmas mépe
hr OLOHTATCTLEO HCT: 4um cH R T

g L
=k 7 g5 Pip Re/(n %) po? Prp/(Pv?)
T8 Ay=y (Re, Asd)

TasrM _ ofpatoM  momywumay ! u d ijd

gopryny BeiicGaxa — Jflapen 4
TAK;<C HEGOPMANMO o TOM KAKH
rit GawTOP WM OPe e neTcH hoad-
uaHOET Japey ?q

TOMY e DesyTbIaTy MOimHO
TPty eCits BMeCTO pelIeREs CHCTo
8163 12 VpanBomImn CouTITib 186 v MjC v 1
IRy COREPRADYH UCPBOHAUANR
NG pasyelHEe NepeM EWIO  HX
PABMEDHOCTH 3a"eN uemi Tt 10 o o 0 1
DOGPAHNGG N3 yeIOBHS MOTYSCHI
603PBMEPHITK TICDCWERNEIX | it
KomHeN MOBHE Ge3pasuepHHE If P
mMeHEWe (Tabm {

Ofpamenne B euHUIY Tpox
HOBWT DCPCMCAKEX T H BIPUET da
€060 % YWErBILINC UigcHa depeMeR
EHX HD TPH

(R I S T R )

A M d ad

Trara?7 MECTHBIE THAPABJIHYECKNE COUPOTHBIEHNA

131 (QOmmc cpegenna 0 MECTHBIX CONPGTHBIEHIDIX

Brime yrasmsanock (cu 0 1 17) uTo rEfpaBumveckue molepd aEep-
THE [eTATCA Ia MECTILe IOTEPH M IOTepH EA TpeHne no mimxe Ilorepm
HA TPEnne B UPMyEX TPYGAX MOCTOARHOLO CEUCHUH DACCNOTPEE IPH Ja-
MERADHOV (M ra 3) m rypOyuemrHou (ca Ta 6) rewennax Pacemorprm
motepr  06YCIOBreHEIe MECTHEIMU THAPABTHYECKIMH CONPOTHE Temm-
SAMA, T © TAKEVE 2TEMEHTaMH TPYGOTPOROLOB, T KOTOPLX BCaelcTsne
HBMEICHHEA Pa3\epPoB mAH KOIPHrypanny pycia UPOUCXOMNT K3MEReHHS
CKOPOCTH NOTOKA, OTPHE TPANSNUTIIONG HOTOLA OT CTCHOK PYC & H BO3HE-
HAKOT BOXPEOGPAZOBAHIA

B o 117 6snn npuBeens mpaduepsl BSKOTOPSIX » €€THEY CONPOTHE-
JCHON T AaKa KaK Syimpnyect aA o6mast opuyan csuan Mec raoil HoTepn
HAlOPa W ChopocTn MOTOKA, T © ¢opiyTa (1 57) BeilcGaxa

o =C0%(20) = 10%/(2¢5")



IIpocresinme MecTiIe TANDABAANECKHE CONPOTHBIGRMA MOIKHO DPA3
AGHUTSL 1A PACIIUPRIUIA Cy KEOUA M IOBOPOTHl PVE 1A KL H3 KO
TOPHX MOMeT GEITH DICIANAEIM WEM mOCTeNenrbny Botee ¢ TOMRLE Ciiy
WAM MECTHHX COLpPOTHS [EHMH UPENCTABIS 10T COGOM COCHTHeHUA KT

OmHanuu mep TeHsIX OP: HmEX coupoTMETedrE 1aR HaAIpH
MEp NPY TeTCHHH MIKOCTH wepes BeHTHTH (e puc 1 28 2) moror me
KDHEBAHE1CA, MEHACT CHOO HANDPABTIEHNE, C)/hAGTCH M WAKONOH pACKLOps
©TCA [0 MEPPOHATATHELIX DAIMEpOB IPH TOM BOIHHKAWT WH)EHCUBIINE
BEXpeobpasosanas

Pacevorpnm mpocreiimme MecTHEe CONPOTABIENON IPH TypoyTeHT
moy pe.xmme resenns B 1py Ge Hoadumnenrs: noteps § upm TypGy aent
HOM redeHyu onpe/IesIA OTCA B OCHOEHOM (JOPMOM MECTHBIX CONPOTHE TeILH
H 0MeHL MAJO M3MCHAIOTCA ¢ H3MENSHEEM aGCOTIOTHEIY Pasepos pycin,
CKOPOCTH IIOTOKA H BAGKOCTH V MHAKOCTH, T € ¢ mamemenmen umejia Re
moaToMy 0GHYHO EPUFHEMAIOT, YTO OOM me 3aBuCAT 0T He wro oapazaer
KBagpaTHIOEH 8aKON CONPOINBTENHA HIH aBTOMOJEAbHOC1H MecTnble
CONUPOTHPRENAA FIPH TAMMIAPHOY TEYSHLI PACCHOTPAN B KOILNE THABL

132 Bamcaanmoe pacmmpesnc pyeia

3naueHUA KOA(HUNOCHTOB MCCTHBIX TOTEPh B GOTRIHHCTBE CT3Yach
IONYYd«OT E3 ONBITOB, HA OCIOBAHHNM KOrOPMX BIBONAT 3MIHAPATLCHIE
bopaynu min crpost rpadukm O
HAKO A BIE3ANOOT0 DPACmHAPERLid
< PyCIa Ip«d TYpGYAeETHOM 1CUSHER
LOTCPIO HATOPA MOAIIO POCTATOHIO
TOTIIO OAITH TeOlJeTH‘]eCKEIM my1es
Ilpm  BHEe3AmAEOM  pACWIMpPEHHN
’ , pycma (rpy6e) (pue 1 63) morox
CpEBAGTCA € yIOAa M DACIIHDHENCA

S% 8 @ | e BHE3dIHO, KAk PYCA0, a HocTe
|Sz ot MeHHO, DPWYeM B KOJBIEBOM IO
— e ——— - —— 2B orpaReTBe MOMIY TOTOHOM M CTeR
xoft TpyGu obpasyloTes BHXPH KO

@ 10pHe B HDIFIOTCH HpPIAHofl no
Teps omeprem Ilpm sroM, xax moe

hpacin

! Z Ka3uBawT HaGiwmeund, OpeHCXo
Pac. 163 Bresammce paciumpoume MUT LeNPEPHBIBIL 00MEM gacTHRaMIT
Tpyiu AUTKOCTH MEM[Yy OCHOBHLIM HOTO

KOM U 3aBHXDEHHOH ero Tdcibio

Hpose Toro, ocnopmon BIYph TOpONAART [pP) Fue, Goxee MEXKmE BEADi ,
KOTOpPH® YHOCATCA IOTOKOM H LD 3TOM pacmagaiorca rFa ewe Gomee
nenxve pipu Taminr 05pasom NOTOPA SEEPrEN UPOHCXOLRT BE TOILKO
B OCHOBHOM EEXPE HO I 10 ARG CEENYKNETo 3a HIM yIacTid NOTOLA
Paccyorpmm Aba CeYCHNA 10pH3OATAIBIOTO TOToKa I — I — B 10
CKOCTA PAcIHUperuH TPYGH B & — 2 — B TOM MeCTe rde NOTOE, PACHT
PUDMACS, 3amONHAT Bee cedeune mmpokom Tpybut Tak kak morTok
MONJIy DACCMATPUBACNLIME COUCAMAME DACIUPHEICA TO CKODOCTH ero
ymenbmaeTcH, a fAaBaende poapacraer llosrory sropoil mpesoMerp mo-



KaswBacT phicoTy ma AH G4nr Tyo wev mepmm i mo ecam Gir noreps
HAnmopa B MawnoM MecTe ne GiIo TO nropolt wcCiomerp moXasat G
BoiCOTY GOTRITYIO (IC 118 fpaey UTA BHCOTA T €CLu MeCTHAH NOTEpPH Ha-
OpA M@ Pacmirpem e
Go>Ha "I A Tan1enue, CLOPOCTH U HMIOMALh HOTOnA B cedcwm | — 1

COOTBLICTLEAII0 TePL3 P, 1y WS, aBcedentnd — 2 — Teped p,, , 15,

TIpesne wey CoCTaBTATL WCLONHEE JPABIICHIA, CACTACM Tf I JOLy-
menus

1) pacmpeperenne cropocteli » cewcunax I —1 @ 2 — 2 paeno-
repHLe T € ¢y =, = 1, 9T0 OGLTUO M NPINIT 1aCTCH TP TV PO\ TerT-
noM Pesmre

2) macarenbi0e MANPAKEHRe H1 CTERKC TpyObl MEXIy CEIeHHAME
1 —~1I1u2— 2papro uyr0 T e mpemeGperacir CI 1M TPOHUA MaTok
WO CPABHENEF0 ¢ CIjTaMH JaRTeHHA

3) laprenue p, » cegenmu I — I AemCTBVET 10 Beel mmontatm S,
TOTOM}, 4T0, Xors TpyGa H pacmmpmiaack, FOTOR B ceuemnu J — f
eIle COXPARMI CBOM P pasep, ¢ TbHO 1M CKOPOCTD,
HV aB ieHse eme HO N3NMCHANACH

Bamnuieyw xua cevenmit I — [ m 2 — 2 ypanwenne Bepuymim ¢ yue-
TOM TO1ePH HAUOPA Apaey BA PACMHpEIHe, H OPHIHMAS 7 = 0,
ToTy Ty

n vy Py v
o T3 =95 T3 T waca

3aren mpumenim Teopewy Dizepa of HIMEHOHNH ROXEYECTEA NBI-
meHHa (e w41 20) Kk QEKCHPOBAHEOMY IULTHHAPHUECKOMY 0GBEMY,
BAKTIONEHHONMY Moy ceucwmamu ] — I, 2 — & m crenkom rpyGer
'quH aToTO ompegenumM pﬂDHOJJOﬁCTBy[ﬂmy]O BHEMHONX CILT, JEBCTEY OIHX
Ha ))BCQ\!EITP]ZB&EMHﬁ ofbem o HampaBlIeHH# RBIDKEnUA T € CHT JapTe-
HAA YunTEBAs, 9T0 IIOMAAH OCHOBAHNH MIMKHApPA CTOBA W CIPACA OJM
HBKOBI 11 DARKH S, & TaKie CIATaf, 970 B ceweynm I — I Jay 1Cue Py
PABEON2DHO pacOpefeneHc mo Beedl Iomann S,, VOTyIRM padHopei~
CIBYIOMY}0 Chay WUCCHIIO PABHYIO COKYLINOMY HMIYJIBCY

(P1—12) 52

CooTBeTcTByIOMEe DTOMY HMOYTHCY HIMOHENH® IO THYECTBA NBIKe-
AMA nabifiey Kax PasEOCTh MeIily CeryHIHLM KOTITIeCTBOM ARMA eHHA,
BEIHOCHNEN B3 DAcCMATPHBAEMOTO 0GBeMA B BPOCOMEM B HETO, NPH paB

1€ PHOM pefeielnd CkopocTeil 10 CeTRHMAN 3TA [ABHUCTE PADHA
Qp (v2~vy)

Ipapasnmsan ogmo ® mpyromy, HOXywry
(P1—p2) Se =00 (v: — 1)

Pastennt motywenwoc ypasmemne Ha Sp;pg vumTsiBar, U0 Q =
== 1,5, npeofpasyey NpaBYI0 TACTH YPABHERNA
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Crpy ynapopaB wicull MOTY4Md

Y R I C
pg_I ZJ+ 28

Cpasmerne mocaeJEETO JDABUGHNA ¢ PAWEe DANHCARAIIM yPADIC
#ney Bepuymnm Xox13HBaci NOIIYI0 MX AHATOIHO, OTHVIA Jienacy
BHBOT TO

paem = (v, —v)*/(28), (1105)

T 0 ToTepst HAIOPA OpH HHEIAIHOM pacmupeﬂ[m PpycTa panna CKOpocT-
10MY HAmopy, ONPCENeHHOMY IO Pa3HOCTH CKOpOCTeN JT0 MOAOIKENHe
9ACTO HAILIBAIT Teopesoit BopAa b wocTh HPanny3cKOre yIGKOIO, KOTO
puil B 1766 r DHBen »Ty gopmymy

Ecti yuecrdb, 970 ¢OTIaCnO YPABHOKAK PAcxoua

1Sy =0y,

TO HOXYUSLHHI Pe3YIBTAT MOMEO BANMCATH €Me B BHTe, CODTBOTCTBYIO-
meM ofmeMy ¢Iocoly BHpPaKCHHA MECTILIX IoTePh

(A_SPn_pri
h""”“'A 1 S:) 2 —'ZZg

(11057
CuemosaTenbRo, ATA DUEJATHOTO PACHIHPEHHA pycia Koagduuuent
TOTeph

E=(1—8y8a (1 106y

Jlorasaunmas Teopeya, KAE H CICHOBAZNO OMUIATH, XODOINO IOX
TBAPHIAETCA OMBITOM NpE TYPGYIENTIIOM 1OMeHHM M [MHPOKO HCIOAS
3yeres B pacyeTax

Koraa miomans S, BechMa BEIMKA O CPABHEHHI C MIOMALBI S
B, CTCHOBATEABIO, CKRODPOCTL Uz MOYKHO CUHTATE DABHOL HYTIO, HOTEps
HA Pacmupenme

Frpaem = v,/(28)

T € B ITOM ClyJae TepHETCA Bech enropocrHofl Wamop (RCSl KATIETHTe-
CKadA DHEDTHA, HOTOPOX 06M&MAST FKHEKOCTL) KOSPHUIMENT IoTEPH
£ =1 Tarouy caydalo COOTBETCTBYeT, HaUPHUMED, NOBOA FHIKOCTH
mo TpYBe 1t pesepByapy AOcTATONO GOMBIHX Pasvepon

PaccsorperBas moTeps mamopa (PRePTHEH) Ui BHE3ATIHOM PACHIH-
PEHIU PYC 1a PACKOTY CTCA MOKHO CIHTAThL HCKTWIMTETHIO HA BHY]E
0603301‘13!.]]1.\(!7 CBA3ANLCL € OTPRBOM HOOTOKA 0T CTEHOK, T © Ia 10T+
Jiep1anlic HeNPCPHBIONG BPAINATEABIOr0 ABHKEHWA KHAKMX Mace
€ TOCTOANNEM HX 0GHoBTemmey (ofvemonr) TosToMy 9TOT LA LOTEPH
DHCPIIY TPONOPHBOHATBLKEY CRODOCTH (pacXofy) Bo propoll cremenu
HASEIBAIOT L,0TEPAMI 118 RHXpeoGpadoBanme B KoLEToM cIeTe oHm pac-
X07y101Cs< Wa paboTy CIIM TPEHHSA, HO He HENOC[eTOTRONHO, KAk B HPAMAY
TPy6at MOCTOAHKOrO COYCNIA & 9eped BHXPEOGPABOBAKNG, KAK 2TO GHI0
YKasano k HaTALC Daparpaha.



1 33, Mocrenennoe pacmmpenue pycia

Tlocreneno pacmupALmaAca TpyGa masisaeren juddysopon Te
YEHME KENKOCTE B U ysope CONPOBOMIASTCA YMCULOIITIEM CKOPOCTH
oy ynemmeuneM AABNEHIH a CACMOBATETHOO, IIIJEOEDBBOIHIH"PM RuCcTAge-
CHOH DIePIMy MUIKOCTH B BUEPTHI0 AABTEIFA YaeTusl ALY weiics
KEAKOCTH TPCOJOTLTANT HAPACTAIOMC® FABTORHC da Cuer CBOGH KIHOTI-
GeCKOW JHEPTHH KOTODPAS YMEHBMA®TCA BHOAb NHPHYI0PA H 1TO 0CO
6enno pazkuo, B KANPABTEBUR OT 0CH K crciike Clom KHAKOCTH NpMie
Hamie [ CTeHKAaM, OGJ[ﬂnﬂmT €TONb MATOH KRIIETHYeCKON JHePLMCH 9ITO
HHOTA OKA3K/BAIOTCA 118 B COCTOMIME IPEO[OTERATh IOBAINICHHOE [[ABJIe-
mAe, OBE OCTAHABIAUBAIOTCA MIN Name LUAYMHAOT JABHraThes 0Gpatiio
OfparHoe IBUAERUe (IPOTMBOTOK) BHBHBACT OTPHB OCHOBHOTO 1I0TOKA
or crewkn u Buxpeodpasopanna (puc 1 64) Haremcumnocin sray ante
HMIT DOspacraer ¢ yoenmieRneM yria pacmupenus qufdysopa a suecre
€ 9THM PACTYT H TMOTepH HA REXpeobpajoBagms » mear

Sm 51

Puc 164 BuxpeoGpaaosammm 5 Puc 165 Pacuerman exema juddy
nadhysope Bopa

Kpowe roro, » aupdysope mmemrcst ofuIANC MOoTEPH ma Tpenme,
uonoGHEe TeM KOTOPHE BOHEKAOT B TPYGAX MOCTOAHHOLO COUCHUA

TMo1Hy10 TOTCPI0 HALOPA Fugpy B HMGHYI0PE YCIOBHO DaceMaTpi
BaeM Hal, LYMMY IBYX C.IaTaeMLX

Py = lixp + Mprems (1 107y

0 by B hpacw — MOTEPE HAUODA HA TPEENE I PACHITPemie (Ua BEXpLoSpasoma
nne)

HOTeplO nmanopa Ha TPCHEe MOMHO upuﬁ*m‘»[(e}mo TOJCYUTATE CACAYIO
mmm coocoGom Pacesorpuy kpyrasm gupdysop ¢ upamornneimon 06pa-~
syouleil @ ¢ yraoM o npn sepmuae JIycis paaMyc DXOALOro OTBEPCIA
nnQPy3aopa paBeH 7; BLIXONHOTO 7y (puc 1 65) Tax war pagmyc cevedus
B CHOPOCTH ABIVKHHA /KIHKOCTH SBTIIOTCA BEJUTHHAMI TePeMelhMI
Bodb APy 022, 10 CIACKYST BIATH J16MEHIADHELT oTpedok Kuddyaopa
AmuEoll BROTH 06pisyomedl dl W UA HWEro BEIPA3ITh SOEMER1dDHY O
HOTEpIO HATIOPA HA TPelue o OCHOBIOH Qopymne

a0
dhgp T or O
TAe p — CPOAHLH CKOPOCTL B NPOHIBONDHO BIATOM CETCHMI DAJAYC KOTOPOTO r




Is paemesTaDHOTO TPeyTOTRREKA cuemyer dl = dr / sin (a/2)
Ilngee Ha OCHOLAIIN yPABHEHEA DACYONA MOAUO 3aLHCATE

v=uv{rjry*
170 vy — cnopocts B Haane padibysopa

Topciapmyt 9TH BHPAMCHOA R (OPWYTY A1A dhyy, 1 BUIOLNIN NiTE
TPHpORAENE B MPEAETAX OT ry A0 7y, T € BROAB BCero Arddhysopa camrax
TP 3TOM KOA(GUIEENT A, MOCTOHMITLIN

ar M0
Ay = Gy (T) T
OTKY7R
P
P S ﬂ-#[ _(’_l ‘JL’L
= T Y F T Tmam L \w)
b

HIR

{1 108y

bp =

1
S8 (2/2) (1 T

e n = (Sy/Sy) = (r/r)* — cremend pacmmperns AEPHyz0pa.

Bropoe craracmoe — moTePA Hanopa ma paciupenno (A2 BEXpeobpa-
308anne) — mMeeT B udpysope Ty i npAPOAY, ITO u MPA BHEIAMNOM
Pacypesun 110 MEHBINCC 3HAYCEHE, MOITOVY OHO ofEaa0 BBIPA,KACICA
10 Tou e opyyre (1 103) nuur (1 106), 1o ¢ mompazoumuM Koaddunnen-
ToM h, MOILINIEM eIl

[ L“'_;;ﬁl’=k(1_ E,;

(1 -%)’% (109

Tax wak » angdyaope Lo cpIBUSAM,O € BIESAUTGHIM PACIIVENAC T TOP-
~ 0ACHHE mOTOKA L% 61 ¢ graeAnce ko)pdummen; k masHpanT ROS()
¢unenion eyrrgenus Dro ynacnennoe suauenne gid Kadg@ysopor ¢ yr
I RauyeroeTd & — 5 — 20° MOwno ompeneTars Mo mPudIEemmoi
topuyae
] =sina 1110y

Vunrunan mony emse gopwyasr (1 108) n (1 109), me.sno mexonnoe
piipamenne (1 107) nepenncats B 1o-c

2 1 Lyl _ v
po= [ (1= (= LS = B 3 REE
2 KOYipHmmenT COTPOTHD 1CHNA AHPHYI0PA MOKTO BHpPasETh Qopvy.ioit
A 1 . 1y
gnw:m@-ﬁ)wma(ui) 112

Tlocnemiree Rupaherme MOKA3KBAET, WT0 KOOHEUIIEHT Ly SIBHCHT
01 yina o, koadunmenta A, n CTCICHRM PACIIADSHIS 7

Bampo RuACHATE XapaxTeD SABMCHMOCTH {nup OT 3 ria ¢ C yseamae
DHEM Y10 o TPA 3aJlaEHbIX Ay B 1 HOpBoE claraemoe B dopmyne (1 112)
ofiycTopaeBnoe TPEHUeM, YMEHMIACTCA, TaK Kak AHDQY30p CTRHOBHTCA

9%



KOpO'10, & BTOPCe CAATAEMOE ofyesoBrentoo BuxpecGpasonanEeM u or-
pHBOM IToTOKA, YBETUIMBAETCH lpH yvensmonoy . e yIma ¢ BUXpeotps
30BAHHE YMEHSWALTCA, MO BO3PACIAEL TPEAIP, rak KOK IPH Jafanuty
CTEDOHH 7 PACIMpPSHHA Jug
$ysop YRIHHAETCA ¥ MOBEpX &
HocTh ero Tpl}BHﬂ Yheaudn
Baercs 2

QyEsiwmA Ly = f (&) e
er MEHHMYM IDE HeKOTODOM
HaMBRIOZEeHuUteM  oOTHMANh- 4,2
HoM 3HAYEHMH Yri1a o (puc
16{2 g1 1

 HAYEHUe JTOTO YA MO 4 ~ polil
HO HpEGIWEeHEO HATH Cie Z 4 64 w2 # B ayd
AyOmEM cHoco60u B QOPMY  Pac 160 3aBncuxocts fzap OT YoUR @
ae (1 112) sasemmm sin (@/2)
wepes sina/2, npommddepenmuprvest moTyveNmoe BHPAkONNE IO o,
HPUPABIAEM HYIH M DEINHMM OTHOCY TEABHO & Il.nme\i

P ha (1 1Y eove
de T T &\ T enta

+coso | 1—7 :0,

OTHYIA ONTAMAJLHOE BHATCHNE o

12
4

oy = Aresin "

Tlpn mopcrasosre B 8Ty Hopuyay i, = 0,015 — 0,023 an =2 —~ 4
HOTYYRM Cogr = 67, UTO COOTBOTCIBSET JKCHEPUMCHTATHEBM JdHHBIN
Ha mpawraxe A7 COKpameHNA TnHEM Hudyropa OPHE 3aNAHHOM 1
OGHYHO IPARMMAIOT NECKOALKO GONLMMe Yr1H ¢ a upeHHO & = 7 — §°
OTU Ke BHATOHEA YINIA O MORHO PEKOMEHIOBATH H MVIA KBADATIIIX
anddysopos

>
-5%5
<\o§’

Puc {67 Jugpdysop ¢ mocto Pae, {68 Crymenvaruii
ARABM T

Jaa npaMoyroTERENX Akpdy3opon ¢ pacmmpennem B OAHOH MIXOCKO-
et (maockme ABGHYS0DH) ONTEMANBHET yro.u Gonblle, €M IIA EPYT
ALX ¥ KpaApaTHHX, H COCTamiAer 10 —

Ecam ragapETH He TO3BOARIOT yCTﬂHDBlTB yilas «, GIRIREE K onra
wazbuoy, To ApE o >> 15 — 25° nemecooGpasuo orxasaTeea oT AMpHY-
20pa ¢ upamoaEEEnNOf 06pasyomeil ¥ NPAMENATH ORAHE K3 CHEUALDb

4 99



Y poddysopos manpumep, Audysop, ofecmeTHDAIITM WOCTOABHEIE
IpagmenT RaBIeHHA BIOTI  OCH (dp,dz = comst) H, cremoBaTenko,
PUGAMIUTENBHO PAREOMCPHOE HAPACTARHE JABTCILIA (IPA NpAMol 0Gpa
sviomien 1panrent Kavrennd 3 GEbacr sgots puddysopay (pme 1 67)

VedBICENE Tonepn sReprit B 1armX gndysopax mo cpasneiumo
© oBErubm 63 fieT Tey Gowpmme, 96y GoLbINe YroX o, m mpu yraax 40 —
60° moroant go 40 % or morepdb B ofmumEX Kby 3epax Hpome Toro,
mo1oK B KpHBolmentonv AHGPYsope ornmdaeicas Sonemel; yeioir
GEBOCLIK) T € B HEeM MCHLIIC 1CHACHOUHK K OTPLILY IOTOKA

Xopommue pesyabraTél AaeT Takmo crymewaarhil auddysop cocrom-
muE w3 ofpunoro AnpPY30PA © ONTHMATLEEM YIIOM M CIOLYIOILCTO 3a
11w BFedannoro pacumpenun (puc 1 68) Ilocrenuce ve phanBaer Goab-
MY HOTEph DHEPIMI 7K KaK CKOPOCT B ITOM MOCTE CpaBaMTENBHO
nvanm Q6mee €onpoT TaROTO [WHy30ePa INATATE IBHO MEHLINE,
qem 0GHITI0L0 AUGPY30PA TAKON K UM W & TOH K CTOUCHBI0 paACIH-~
PLRRS, OKA3AHHOTO H& pHC)HKE MTPHXOBHME NIHHIMH

Bouee mogpouuwe crenenss O CienuabokX AupPyaopax manu B cue
neEansnoit mureparype 110 11}

134 Cymenne pycxa

Bresannee ey.xesme pye1a (rpyGum) (pne 1 69) Beeraa mmsbiBaer
MOHS (Y10 IOTEPIO DePi Flj, 98M DHC3ANHOE PACIPCHHE ¢ TAKKM JKE COOT~
TmoNICAMCM THomagel B ooy cirydae moreps ofychormena, Bo-mepBEX
1peHTEM TOTCKA 1Py BXOjle B Y3KYW Tpy6y U BO-DTOPHIX mOTCDAME ma
paypeoGpasosanie Ilocnenime BHBAOTEA TV Uro TOTOX HE 0GTERACT
BXOJ 10§1 VI4GT & CPHIDAEGTCN € HErc ¥ Cymdaercl]; KOABOeBoe ;K¢ NMPoCT-
PAIICTZO BOKPYL CYeINIofl ACTH [OTORA BANQTIACTCA BADUXPEHHOH
HNLIOCBIO

B nponecce anpneiimero PACHHPEmA HOI0OKA JIPOUCXOXNT MOTEPS
Banopa, eupenieasesan popmy ou Bopra (1 105) Crenovarensuo, mox
1ad morepa HaHoepa

%
Lewn g

(1 113)

vi (e—b)?
P =V
T
TRe £y — woabmmp uT MoTepn, OGYCTOB NI TPERUSM NOTOKA HPH BXOAE B Y8
«yi0 1py63y 1t sabmemiuait o1 S/ Yy 1 Re, vy — CKOPOLTH MOTOKA B CYIKEHHOM MECTE
Toyae — KOIDHUANEET €OUPOIHIACHYT BIKIVTHOLO CyAfCIUA YABMCAILA OT CTLHEBI
€3 /KCHI?
Jlun npariauerguy pacueTon MoMHo IOTh30BAILCA HOTYOMTIHPITe
ckon gopuyaon U E Muetbdnsa
Bopme= (1 —Su/S1)/2= (1 —1/ny2, (1114)

e n = 5/5, — creneHs cy;KCHuH

U3 dopmyTH cucayer, UTO B TOM YACTHOM CTydae KOFJA MOKHO
cuurarh Sp/Sy = 0, v e npm BEIXoge TPYGH B3 peaepeyapa LOCTATOYRO
GonbwiyY Da3MEpoB U HpH OTCYTC1BUE SAKPYTICHEA BAOATOTO yIaa,
KOO HIUERT CONPOTHBIEHAA

Lopme=Lax = 0,5
00



Baxpyraenmey BROAHOLO YIA (BXO/L0f KPOMKE) MOAKLQ 3NiATHTSIRIC
YMEIBITS HOTCPI0 HATOPA Hpi BXONe B Tpy6y

ToeTelenHoe €3 ACiHE TPYOH T € ROWMLILCKIS CxOTIMAHCS rpyha,
waswBaeica Rouysopom (pue 4 70) lewemue mumpocru s woudysope
CONPOBOAIACTCA YRenmIeien COPOCIH IF maTellHe\ MBI CHIIH AR KAk
IABJAGKHE MIKOCII B 1avaTe Koufyaopa BLIMC 9CYM B Kole, IPOTRH
K BOBHIOKHOBEHIEO pHXpeofpasosauiiit B cpupons 110T0Ka (kak B Auddy
sope) ner B koudvaope nmeloTea ymmp norepH na Tpene B ennsm e 91im
COIPOTIBAEHHC 10IhYIOPA DCCINA MEHDUIC FeM COuPOTHRTEHIe 116010
e guddysopa

Poe. 169 Bresamwoe cywemue Puc 170 Koupysop

Tlotepio HAHOPA HA TpCIEe B KOW{Yy3ope MOKIO MONCIHTATL TAK K,
®ak oT0 jemany AIA AJPdyaopa T e CHamANA BIPAIUTE LOTEPIO MIH
HIEMEHTAPIOr0 OTPeSKA A 3aTeM BHNOTRATH HHTETPIpoOBaure B peayrs
TATe WLOTYIHM CHERYDOUYI0 HOPMyITy

h —*“—'—(u‘)”? (1113) RN

™ = §ain (@ 2) W2 ~—
HeGo1nmoe puxpeofpadonanie N OTpLD LO - —
TOKA OT CTEHKH C OJUIOBPeMEHHLIM CHKaTHer 1o —

TOKA BOSHUROET THINb FH BLIXOXe B3 Koudysopa o
B MECTE COSRMACHIH KOUMIECRO rpyGs ¢ gunum
puyeenon JI1A Mukmmganuu BHYpeoGpadoamm  Pae 171 Cowro
T CDM3AHEHX ¢ HHEM TOTEDb DEKOMEIYeTCH KO
HHAECh} 10 gacrL IJaaBio (‘/OIlpfﬂ‘ﬂTB C DN TUHEPHICCKOH HTH KOHNGC
CHYI0 9ACTH 3AMCIATh KPWBO 1UHEHION, NTABHO NCPeXONAVE T K HMIILH
apuseckyo (puc 1 71) lipa aroM momHo MoUYCTHTH BHAMMIC 1buUYO
cremens CyMCmivi # IpA HeGoubufolfl MIHHE GO 1 0CH I mefoxbufis
WOTCPAY

1{oodunaciT CONPOTHBACHNA TAKOTO INIABHOLO CYMeRuA IA3HDBAt-
MOTO COMIOM HIMEHAICH Uplinepmo B mpepeaax § = 003 — 0,1 B s
BECHMOCIH OF C1eMCHM W UTABIOCTH Cy:enua i Re (Gonnmmw Re coor-
BETCTD)Y 101 MAJbIe JHRUCUNA { W HaoGopoT)

135 Hosopor pycaa

Bresanupii momopoT TpyGH < HIM  kesepo  Ges  saxpyTiaenu A
(puc 1 72), 0GHI9HO SLISHBACT 3HAYUIENLALIC HOTEPH JHEPIME TaK KK
B HEM NPOMCXOTAL OTPHIB MO10KA M DUXPCOGPABOBAHUE, TPHTEM BTH T )=

wr



TepH Tem Gombme, wem Goxsme yron § Ilotepio mamopa paccumrmpaipor
no gopmyae
b= Geant®/(2€)

Hoap@namert coxpoTnBAeHNN KOMEHA KDYIJTOTO CoTemus Luon BOB
pacraer ¢ yseamdenued 8 ouens Kpyro (puc 1 73) m mpm 6 = 90° nocrm-
TIOT eXHHUMBL

Hocrenenntisn uopopoT TPyGH, LI 3aKpyTIenHOe Roneno (puc 1 74),
Ha3HBAGTCH TAKKE OTBONOM IlMaBHOCTh NOBOPOTA SHAUMNTENBIO YMOHB-
MaeT MHT b BEXPEOS ,a TETbHO, B CONPOTHD-
ReHRE 0TPOAA 1O CPABHEHMIO ¢ KONGHOM JTO yMeHBIIEnme TeM GoXbme,

Znor

T

|

|
BRRVAN
uu

d ~— ‘, —
020 40 B 7§

Puc 172 Koneno Pre 173. 3abmeumocts Loy Pac 174 Baxpyraen
or yrw § BOE Komeno

Hey GOTBINe OTHOCHTEXLI i padUyc RpEBAIEE OTDORR R/d, U opm locta-~
TOEHO GOJBMOM er0 JUAYCHME CPuB NOTOK L 1 CBADAHHOS ¢ HHM BHXDE-
0fpasoBaEme YCTpAHAETCS NOANOCTBN Kos@uuEeur COmpoTHBIEHMST
0TBOA {ory 3aBHCHT 0T OTHOmEHHNA R/d, yr1a 8 a tanse opusl momeped-
HOrO cedeHna Tpy6s

s orBofor kpyraoro cevenms ¢ yreoy 8 = 90° a R/d == 1 mpm
TYyPOYACATHOM TeUeHNH MOJKIO TONB30BATICA DMIU( 19eckoil poprrymoit

Cors =0,0514-0 19/R (1 116)
Jaa yraop 8 << 70° KosgdumHenT COnpoin edr A
Lorn="0,9 8in 8{om, (L 117)

a mpr 8 = 100°
tora= (0, Tt 0,35 ) o * (1 118

Tloreps Bamopa ompenenseMas mpupefieMmwME  rophdERwenTanm
{orsy YINTHRACT JMIND NOUONHATENBHOE CONDOTHBTEHNE OGYCHOBICHROS

* ®opuyan ({ 116) — (1 118) mpepuomenn avTopom
w2



KPHRUIHOE Pyeaa, IOSTOMY NPE pacdere TpyGompoBOROB, CONEPHRAMMK
OTDOAH ¢TeAYeT AMHHL TEX OTBOJOB BRALUATEH B oOUIYyI0 AXHHY TPYGO
IpoBOJA, HO KOTOpOH NONCIATHBAETCA HOTepA HA TPEHNS, a 3aTeM K 0Tk
ToTepe Ha TPEHHE HYIKHO T00aputs OMOAHETEABHYM HOTEDO 0T KPH-
BI3HS, yio M Eora

136 Mecrame conpor opn TeueLnu

Hamoxesnoe p npeuAYmAX Taparpadax pamuodl TIaBE 0THOCWIGCT
R MeCTHLM THEPALIHYECKHM MOTEPAM MDH TypOyIEHTHOM peKH‘ie 1697
wAf B TpyGomponoe Hpu yaMiaapmoM Dexmyve, BO-NEDBHX, MeCTIb 3
COMPOTHBIEHAA 0GMYAO HIPAIOT MANYIO pOTh IO CPABHEHH ¢ CONPOTI™
JCHEGM TPENHS M, BO BTOPHIX, BAKOH CONDOTHDNEGHAA HBIACICH Gouee
CTIO/RIBIM ¥ KCCIeTOHAH B MeHbMe cTémens, wey mpy ryplyTentnoy
TEeYCHAI

Letn npe Typ6y TeHTHOM TEYEHHH MeCT
HEe DOTeDH HALOPA MOMHO CIuTarh TPONop =
IEOWANBHEMI CROPOCTH (PACXORY) Do BTOPOi @/ %
CTeneHA, 3 KO3G@HOEeHTs noreps { ompene

7 AON

JIAITCA B OCHORHOM (OPMOE MELTHOTO COIPO
TUBTEHEA M IpakTAuECKH HO gapmcar 0T Re
TO OPH TAMARAPHOM TEIEHNH IOTOPIO HANOpa
Fny cTETyET paccMaTPHBATL KAK CYMMY

Prc 175 Cxema muxicpa
iy = by + homxp, (1119

148 hrp -— HOTEDA Bamopa OOYCIOBIEHEAS HENOCDERCTROHHLIM MEUCTREEM CII TPO
HWA (BI3KOCTHA) b IAEAOM MOCTHOM COUPOTUBICHEN M MPOTOPITUOUAILNAS BAZKOCTH
EIKOCTH ¥ CKOPOCTH B TOPHOH CTeNeHM hgmyp — TOTePA CBA3AEHAA ¢ OTPHBOM
HOTOXA ¥ BHXPOOGPASOBAEFEM B CAMOM MOCTHOM CONPOTHBTOHNH H 1 83 HIOH &
OPONOPLUHOHANENAA CKODOCTH BO DTOPOH CTemeHH

Tax manpmmep mpn Teuennw wepes sxmkiep (pme 1 75) caesa or
NTOCKOCTH PACApENH BOAHTRAST MOTEPS HANOPA HA TPEHUE A CHpANA—
Ha BEXpE0GPAsIOBAHAD

VAuTHBAA AAKOH COUPOTHBJICHHA HDH NAMHHADIOM Tededis [or
soipassesna (1 83) w (1 84)] ¢ nonpankoil Ha HEAYANLHEBIH yTdCTOK 8 TAKKE
gopmyay (1 57) bupasenne (1 119) MomEO HPEACTABATE B DU

A v v
=g T8y
e A u B — KoHCTAHTH B B o1 fopmu weor

HOTO CONPOTHBNORAL

TlocTe pmedemms jpasmEenma (1 4119) ua ckopoerHol Hamop mojry IuM
06m(ee BRPHKEHLE ATA KosdQnnuenTa MecTIOro ConpoTARJIELMA IpH Ja
MHBApIOM TeUeHAH B TpyBomposome ¥

{w=A/Re B (1 120)

* Ilonyvens A ][ ATLOTYACH M aBTODUM OUIODPEMCHHO,
€063



Coorsomenne ve Ky IepoHM H DTOPHY wieRasm B Popuymax (1 119)
u (1 120) sapueur or $OPMLI MCCTHOTO CONPOTHBICHRA W WHcTa Re

B TaKOX MECTHFX CONDOTHBACHNAX TZe MMEe1CH y KU KAHAT, ATOHA
RO10POro SHATI[THLC NPEBLIMAST €T0 MOTEPCHHEN paanep, ¢ MIABHLME
0uePTAFTVIE DX0(2 T DEIXOfla KaK, HAmpHMep Noxasano na puc 1 76 @,
a gmena Re wamer CoTepA NANOPA OMPOICTAETCS B OCHODIMOM TPEIHEeM,

)

Ea
D

a) 7]

Puc 176 Mecrnoe CORpOTARICHIE

A 3aRoI COMPOTUBIEINA 6AUI0K X AuEenmomy Bropom wren B dopuynax
(1 119) n (1 120) » oToM ¢uyuae DPABeE HYTIO RJIM 0%CHD MAI L0 CPap
TieyHIo C IepBLIM
Letit swe B MECTHOM CONDOTHDTENNH [PEHWE CBCASHO K MHHEMYMY,
mampumep Graremapa ocTpoii kpomke (xak ma pne 1 76, 6) u mmeorca
OTIBE DOTOKN 11 BEXpeoBpasonanme, a wncta Re mocraromo penusn
TO TOTEPH TAmOpA TPONOPOEONANE
NS - HH CKOPOCTH (M pacxopy) upaGam
SUTEIBHO DO Bropon CTEICHU
I(7"§ Ilpm mEporoN AMAIA30IE HIMC
ICHIA MHCTa Re B OMHCM H TOM Ke
NECTHOM CONDOTHBICHEH BOIMOAEN

I
T
4
sl

)
/i
L

w0t Kax auHemmblA (upw Maabx Re), Tak
Ne 7 = B KDaApATHUEENL (0ps  GoTbmEX
» Re) aaxox conporubreuna a Taxue
4 7 0 MeMAY HHME 06iacTh

5 comporABiens mpu cpefunx e

7 ™ ] I AAST TAROTG UIMPOKO
s = — ro jpmamadona Re aasmcHMocin §
or Re B morapr@mudccrnx xoopgy
4 oW w' w7, W' garax pama ma puc 1 77, rne Moka-
Pue 177 dapucmsocrs £ or wnena Rer  SAHEL PE3YJLTATL UCHBITARMM THECTH
© — qerporni guerp 4 — awagpamm i Conporupaenmn  Haxonnwe mpa-
=0 05) 3 — waposolf kwEK 4 — pagreM  MBIE COOTDETCTRYIOT JHHEMHOMY 33
LU KTABAL 5 — JrOABHI 1 — TEOME P
KONy CONpOTHBIeHNA (Kosdipumm
edr { ofparAo NPOHOPHECNAJICH
Re) rpupoaupehmsic yuacrku — mepeXojiHoll o6xaCTH, A TOPHIOATATE
M@ BPAMBE — RBAAPA I HINOMY JAKOHY LN ABTOMOLEABHOCTH (k0adhdn-
ument { ne sapment or Re) Taxme rpadurm A KOHKDETHBIX MeCT
UNX CONpOTHByeHHH 06LHHO CTPOHT HA OCHOBE ONLITHWX NAHEHX
Uxoiaa pMecto ABYwiennoll GOPMB BEIPAKSHHA MECIHHIX THAPABNH
TECKRX TOTEPD NPUMEHANT CTCICHITOR OHOY TR

Dy = RQ™
104




TAC K — pagycpEAS BCARMMEZ m — TOKA3ATE1b Crememm 3ABHCAMEE OT Qopyer
MeCTHOro p n Re n iica © npejerax or 1 go 2

s mecTubix conpoTupienuit m Re, mpw xoTopux sakom compornm-
TeRuA GTHIOR K JMHEHAHOMY, TdC10 UPUMENAIT LLPAMKE ue MECTHHX
THAPABINYECKUX TOTCDD 9epPed YKBHDA TCHTHHE RIUAbt [y IPyGompo-
BOIa T @ GAKIIFECLYI0 ATHRY lgys TPYGOIpPOBOMA YBETHMMBalor ma
ATHHY, JKBJBALEHTUYIO N0 €BOEMY CONPOTHB [ENIIO MECTISIM COMPO|MB-
JeHIAM

Tanun o6paaoy,

Tpaon = Lyau 4 boun A 121

n

Sho g i L e (t 122)

UncreHHble 9HAYCHA DKBHBATENTHHIX JJINI (OTHECEHHHY K ANaMeTpy
TpyGOLPOBONR) ATA PABTHYIKY MECTHEHIX CONPOTHBTCHEE OGHYHO Ha
AONAT OOWTIFM IIYI€M.

Hoxasammaa »n n 4 32 qas TypGYIIEHTHOTO peXIMa 180PEMA O IOTEDe
Hamopa npu BHC3AMIOM DACOINPCHMI PYCTd Npu .Y(ﬂ!\ﬂjl[{lpﬂo“ pexure
nmempumenmma €10 B rou, 910 B ATOM CTyaAe Y.Ke HETPAEMTEMU TO
JOUYmeHHs KOTOPHE Jlenajch NpA [OEAZA1CNLCTE OTOM TEOpeHEl,
a EMeHHO IPEINOTOXEeHNST O DADNOMEPHOM PACHDPENETeRHH ChopoOCieit
B cevepnAax I — I u 2 — 2, 0 IOCTOMACTDE JADTEHII [0 BCGH wEO-
nau S, B cenennt I — 7 m o paBenciBe HyII0 KACATe 1l HLIX WAIpS-
FHEHIR

Kag DOKA3HBAIOT IOPHE IKCHEPUMCHTANBILE KCCICAOBANNA [2],
Koo(pQUIHERT T0LePh 1A BEE3ATHOTO PACHINpeAuH DU 0Ferb Madnx Re
(Re <C 9) cirabo sanucur 01 coOTHOMERNA TiOMafiel I B OCHOBEOM oupe-
menserca amcaos Re mo gopuyte puma [ = A/Re JITo gmawmr, 910 TE-
WeUHe AB [ACTCA GeiorPuunHM W HOTEPA HA DACIINDEHIE MPOLODINO
HaIbOa cropoCTH B mepsou crememu Hpn 9 <7 Re <2 3500 koagdmuuent
1OTeDE 3aDHCAT KaK of 9mcTa le Tak M OT OTOOMEHAA muromajelt
Hpn Re >> 3500 uoitio camrath Bromme cipanepnmsoit Teopemy Dopna,
T ¢ dopmyxry (1 105) (quemo Re onpecmaeres no AHAMCTPY U CROPOCTH
Ji0 pacmupeHud)

Korga mo TpyGe mopmsomuTes AMAKOCIb £O CKOPOCTRIO U; K pedep
Byapy Goxbmmx pasMepon, rae v, = 0 TO MOKHO CIHTATH, YTO TePAEICA
Besi yAGTbHAR KHIETIGECKA SHOPL A KUIKOCTH KOTOPAS [ CTabmnu
3EPOBALHOTC TAMATAPIOTY WOTOKA B KPYraoi 1py6e pasua

h=omwi2g="rilg

Ecnu ke HOTOK HE ABIAETCH CTAGHIN3NpOBAHHLY (fiupa TpyoH

1 < lyau), TO KOYPHATWENT Gty CHEAYET OUPEASANTb HO TpaduKy, Hau-
Homy Ea pme 146
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Taapa 8 HCTEYEHME JRUAKOCTA YEPE3 OTBEPCTHA
H HACAJKA

137 Hercuenne uepes Maabie oTBEPCTHA
B TOHKOi CTeHKe NpH HOCTOHHHOM HAMODE

PaceMoTpEV DasIRTHE® CAYUaM WCTeTeHHA KHAKOCTH O3 pedepBy-
apoB, BAKOR KOTIOD Wepe3 OTBEPCTHA W HACAIKN (KOPOTKHE TPyOKH pas-
1o 1 opiB) B aTMocdepy HIN B MPOCTPAHCIBO, JAMOAHEHHOS ra3oM WIR
10H jKe JKULKOCTEI0 JTOT CAYIAl NBHKEHUs
HUATKOCTE XaPAKTEDeH TeM WIO p IpOLRCce
FACTCYENAA 3aNAC IOTCHUMANELHOH IHEPIHHE,
KOTOPEY 0GNaJlaeT KHIKOCTE B pesepBYA
pe, mpeBpamaerca ¢ GombmmMy mam MEHB
MUME DO1epAME B KUECTHHECKY) HEPIHIO
cnofoffHON CTPYH HAEM Kamessn

OcHOBHBIM BONpOCOM KOTOpHA HHTEpE
CYyeT B AaHIOM CJAYIae, ABISCTCH oupe)xe:[e
HNE CKODOCTHE HCTeHYEHWA H pacxoma MREX
KOCTH [JIA pasiusesix GopM orsepermi &
Pae {78 |Hcresemue ns HACALKOB -

Ppesepayapa wepes Maxoe 0T Pacemorpam Gonbmodt pesepayap ¢ MK
BepeTie KOCTBIO TIOJ JABTEHMEM py, HMEOUIAL MAI0E

KPYIa0e OTREPCTAS B CTEHKO HA TOCTATOYHO
Gosmoi r1ybune H, or cmoGommok momepxmocrm (puc 1 78) Yepes
9T0 OTBEPCTHE JREAKOCTH BHTEKAT B BOJAYMIHO® (ra30B08) MPOCTPAH
CTIO ¢ AABACHASM p;

Ilycts orpeperme mmoer gopvy moxasammyn Ha puc 179, e, T e
BHIOO (IEII0 B BEAS CBEPTIeHI B 10RKOM cremke Ge3 oOpaborku BxoHOM

Puc 179 MercicEoC wepea Epyrioe oTsepeTHe

Tpovst I HieeT Popry moxazawnym ga pre 179, 6,7 e swroamemo
® ToMCTOA CTEHK® HO C 330CTPEHEEM BXOJHON KPOMKH € DIemmed CTo-
pOREl YCHOBHA HCTEIeHUA MUAKOCTH B OTAX [HYX CIYHAAX GyXyT Co-
Bepmenyo ONHHAKORK VY YACTUNE FKHAKOCTH DP]IGJIH"(&FDTCH K ()TBep»
CTHI0 M3 BCET0 MPHIeHMAMmMEro OGT-EMEI, OBHATAACH YCKOPEHHO mo pasrEy
B WUIABHLIM TPaekTopusm (cs puc 179 a) Crpya orpumaercA or
CTEHKW V KPOMRM OTDEpCTHS M 3ATEM MeCKONbKO CokmMaeTes Ilwaum-



IpMIeckyio (OPMY CTPYR HPHLEMAET XA PACCTOFHINN DPABHOM DDHME[FO
olnoMy Amamerpy orpepernn  CaaTie cipynm ofyciopgeRo BLOGXoim
MOCTHIO TOTABIOOTO [lEI]eXOI,(ﬂ 0T PA3NMATHEIX Hr\lllJﬂB']eHllﬁ IBA'KeENA
JKHIKOCTH B DeSepoyape, B TOM TACIe OT pallATbHOre JBU/KEHUA [O
CTeH:€, K OCEBOMY JIBMILEHHI0O B CTpYE

Tar kax paa\lep OTBEPCTHHA Opefnoaal deTCA MAJAbBM [0 CPADACHIH
¢ mamopoM H, m pasmepaun peseppyapa, I CIEN0OBATeNBHO ero fGoko-
BHE@ CTEHKHE U ¢BOOOIHaA MOBEPXHOCTD AMIKOCTH HE BTMMOT HA OPHTOK

A R OTBEPCTHIO, TO TCA cmaTne CTP) i

T ¢ HamGOMBIe CRATHE B OTAHTHE OT HECOBEPMERHOTO CAATHS, KOTO-
POe PACCMOTPEHO HEMLE

Cremendb ¢KATHA omeHmBaeTcs K03YPWUACHTOM CHATHA &, PABHBIM
OTIOMERNI0 MTOMAN CKATOTO MOMePETHOro CeReHUs CTPYH K IMIOMALHE
OTBEPCTHSA

= 8e/So = (defdo)® (1 123)

3amumen ypanEenue BepavITN MTA ADMACUINT AHIKOCTH 0T 6BOGON-
nolf moBepXuOcTH B peaepryape (cedenne O — O ua pne 1 78) rre few-
JieHHe Dy, & CKOle‘le: MO/KHO CUBTATh DABHOM O% 110 10 OHOIO @3 Ce1e
mEf cTpyM (cedenme I — J) B Tou ee uacid, A€ OHY yIRE OPIHFIA DE
TRUIpAYeCKYI GOPITy @ RADLeLMe B Hed  CTCIGBAIETIHO €1e4aToCh
paBUEN AABACHIIO p, oKpyAanmeir cpetir Byaen uvero

Ho+Br=1 23+§T

oo 5 — mwummm conpoTuBTeRIA 0TBEpuTIT

Bsoaa pacwermeim mamop M — Iy (po — py)/(pg), moayTren
2
H= oz @+1),

0TCK1a CKOPOCTH MCICICOHA

1 ST r5=F
V== VH =0V 2. (1 124)
THC ¢ — HO3(JHNHEHT CKapPOCTH
¢=1Vea+i. (1 125)

B cayvae mpeatnmolt swmakoctn { =0 o =1 caeosaTeThHEO
@ = 1 7 €RODPOCIE WeTETEHMA MISANbION HHAKOCTH

=1 2H. (1 126)

13 pacevorpe susi fopwyast (1 124) woaR0 3akmioanTs, 110 KODG
QuiMeH? €LODOCTI @ €CTh OTI OMIENAe ReilCTBITETBIGH EKOpOCTR HCTE
GeHUS K CKOPOC1L IHTEANKHOI AMAKOCTIE

=10/} 2, 27H = vlvy (1127)
JIQPICTBBTEJ]I)H&H CKOPOCTh HCTEICHMS ¥ BCETJa OeCho EKO MEUROe

HMlea 1O B3 34 €ONPOTUBICHHA, CTEROBATELHO, Koddi] zmuent cxipo-
CTH RCETHA MEHBIIE ¢jIHIb



PacnpefcIeHne CKODOCTOH T0 COUCHMI0 CTPYN ARIACTCA DABHOMOD
HuM nMie B cpegmell wacim ceweHma (b Afpe CTPYN) NAPYIRIBIE &e
CirOli AIKOCTH HECKOJBKO JATOPVOINGH M3 34 TPEHHS O CTeHKY (Cv
puc 179 6) HKar nokaawpaloT OOBITLI, CKOPOCTD B HAPE CTPYHM IPAKTH
UECKII PaBHA IGIeAJI LHOLK (va=V'2gH) nosromy bpefenmsiit x0dddU-
NI ChOPOCTH ¢ CIeLCT PACCMATPUBATE KAK LO3dmaucer cpemmed
cropocin Leum mereuerwe mpoumeyomml » atMocdepy To mammenme mo
ECENy (LICHED DUIMDRPIYCChO CTpyu papmo aTvocdepHoMy

TloxcunTaeM PACXOS HAHIKOCTH WK OPOHIBEJeHHe XeHCTRMTONLHOMH
CKOPOCTN HCTEUeHHs D8 $akTHICCKYI0 HTomanh CCICHIA CTPYH, a ATeY,
nemonuiya coornoneryA (1 123) m (1 124) momymms

Q=Sw=eSy )V 2 (1128)
TIporasesieie xoQPUIEEHTOR & U ¢ mpunATo oGozmEauars Gyxsoft W
¥ uasmpall KoadPummenToOM pac¥xofa T e
p—tq
Torga ¢opsyay (1 128) MOAHO OROUUATENHNO JAMUCATH TAK
Q=nSy V ZH wm
Q 1S,V Zap, (1120
Tde Ap — PACICINIA PIBMOCTL JABACTHH WO JedcTBUEM KOTOPoH HmpoI.YojEt
HCTCYO 1

1pu novorp supasesms (1 120) pemaercsa ocwTobpas 3agaga —
ompe ge 1ae1csr pacxod ORO MpWmennvo Mg BCeX CIYUAEB HCTeYenms,
PACCHOrPOUILLIX I HLOM 1t CTeYomAY napaipadax Ipyasocrs ucmoan
30DANNH JTOCO BHDAMKENHS ONKTIOYAETCH B AOCTATOUHO TOYNOH OmECHKe
Koap@uIpieH1A PACY oA

It ypaprcmns (1 129) cnenyer, uTo

@
PESV BIT T sy Qu

Q

70 3HamIT, UT0 ROSPPUUMEHT pacYofa eCTh OTHOMEHIHE ACACTBH-
TerbHOTO PACXOXA K 10MV PACVORY Q.. KotopHit mme 1 §H Mecro mpu oT-
CYTCIBAL CHATLA C1PYH M CONPOTWBAeuus Betmdnma (Qf me spmgeres
JACXOMOM LI UCTCICHAN KAEAIBHOE MAAKOCIHH, TAK KAK CHaime C1PYHE
GyZeT HMETB MeCTO H IPH OTCY1C1RHA THAPABIMAICCKUX NOTCPH

MeficTrinenpupil pacxofl BCCIXA MENBMC TEOPETHUCCKOTO, i, CIef0-
pa1enLuo kodduiment L pacXona BCerAa MeEbIIe CAEHMUL DCICHCTRHEG
PAUAGWA VY $AKTOPOB CAATHA CTPYM M CONDOTHDTICHES B OfHUX
cryganx BOTBME Biuser mepsim AaKTOp B LPYTHX — BTOPOH

DnejenHile B paceyorpenue kospdmmuenin ¢haToa e, cOuporaBae
HEs {, CKOpOCTH @ M PACXQJA )L JARUCAT B MEPAYIc OYepes OT TANA OT-
nepeind W HACAARA & 1AKKe KAK 1 Bee Geapasmepuile koad@mi(uenTR
B mnpalximkc, OT OCIEOBIIOTO KPHTCPH IR/ POAMHANHICCEORO HOLO6HT —
q4cad c
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Ila pme 180 moxasamst sasmemmocty * wosfuumentos € ¢ m p
mun mpyrmoro oreepcrin of Re, IoAcumTAUOro 10 Epea TEUOH €KO
pocii mCTEUEHNE T C

Rey =v,dv=dV 2gH

1o rpagmea pugmo, 4To ¢ yweraucuuen Re, T e ¢ 3menrmonsenm
DIEAIAT CUT BAJROCTH KOSQPUIUENT ¢ DO3PACIAET B CBASM FUCHB-
menHeM koaduupenTa comporEBACKEA { 4 KodPNOUCHT & YMCUBMA
©TC/l BCTIEACIBHE YMEHBIIHHWA TOPAMOMENHS ;KHESKOCTH ¥y KpOMEM 0TB€1)>
CTHA W yBeTHICHBH DARKYCOB KPEBHANB HODEPXIOCTH CFPYH lia €6
YUACTREe OT KPOMKM Ji0 HATAila qUTHNAPITIEChOR TaCTH SHAUEHER Koo~
QURECHTOR j W € MPU DTOM ACKMII
TOTHUECKE MPAGIMAAIICH K HX
BHANCHMAM COOTDEICTBYION gy
HMCTCYCITHIO HACAJI HOM JKUAKOCTH,

T e mpan Bey - co 3navennms a8
911 ¢->06 Jro Gumsko 07
K TEODETHIECKR  HAHJCHHOMY ;0
Kupxrogon smauenmo e Dpu o

e

Tomemum  mncaTomom  swmkocrm 07 L at fy(Re) ‘
Tepes mROCKYIO MeIb o4 ! - i
8= (2 1) % A R

HKoopgumuoent pacxoga W, om By i
pemelgeMuit  MpomdsefielmeM & Pue {80 Sammemnocrs e, ¢ B s ot Rey
Ia ¢ ¢ yne‘ll{‘]e;meu Re cuaga- JIA BEPYTIOT0 OTDEPCTHA D TOUKOH CTCUKES
ua ybeTHYBBRETCH, 1r0 0fyCIoB
JeH0 K] YTLIM anpﬂcTﬂﬂﬂeM ¢ a JaTenm, JIOCTHTIIYD MAKCINATHIOTO
SHATEHMT (nar = 069 mpu Re, — 350), yvenbmaercs n cpasm co
JHAVNTENLHEM TAfenueM & B mpu Gonbwmx Rey, wpanruuierr ciabunm-
supyercs ma anadenmm, pansos p = 0,60 — 0,61

B c6ractn secoma maanx Re, (Rey << 25) poar DAIROCTH HACIPTLKO
BEJINKa, a TOPMOGRCHHEE FHHIKOCTH ¥ KPOMEM CTOTh 3HAUMTCIBIO 9T
cixaTue crpys oTcyTernyer (¢ = 1) 1@ = p B arom c1ymae Momno nom-
20BATLCA (OPMYTIOH, BHTEKAHESH BI TEOETHECKOTo pemernns Biocta
[2]

p=@=Roy/(25 -t Rey)

OFK} a

=V 156/Ref +-1— 12,5/Rex (1 130)
Jasm ManoBA3KMX it (BopEr, KepocmEa M Ap ),

meleeme KO10PHIX  ofmumo TDPOECXOJMT TQH JOCTATOUHO Bompmux

yncaax Re, b Wl TCA B HeGOILIMX TIpefs-

aax B pacuerax oBedio OPUIAMAIOT CTERYONEE AX OCDCAICHEHC SHa-
wemmsa e = 0,64 ¢ = 0,97; p = 0,62; { = 0065

* G AT A na OLLTOR PAIALX uBTOPOB.
109



Hpn meTeYeHAN MANOBA3KAX JRHAKOCTEH Wepe3 KPYIioe oTBeperHe
B TOOKOW CTeNKe HMMeeT MecT0 SHATHTONBLHO® CrkaTue CprM H BeCbMa
neGoThmoe CONPOTARICNAE NO3TOMYV Kosddunmear pacxofia [ MOTyHA
€TCA HATATENBHO MEHHIUR SIHHAIE, FIABEEM 06pAB0M, 32 CI6T BAMAHHA
CHEATAH CTPYH

138 1 opn CIRATHR

IeroBopwennoe ¢ 1THC erpyn BalTogaeTca B ToM CIYT1ae, HOTTA H3 RCTCYe-
HHO JRILIKOCTH 9€Pe3 OTBePCTHe I HA cTpyR BAaAENe G
20CTi GOROEHT CTETOK pe3epEyapa OrpaUMTNMCH PAaccMOTPCHEEM JACTHOTO Ciydas,
KOIa OTBCPCTRE PACIOTOREHO AA ORMNAKOBHEX DPACCTORRMAX OT VTHX CTOHOK T. &
H4 OCH CHMMETDHH Ppesepayapa (puc 4 81)
Tait KK GOKOBBO CTELKE IACTHIHO HANPAB
NADT ABMAGHEE JRILIKOCTH HPU HORXOL0 K
0TBEPCTHI0, CTPYA N0 NAIXOJO M3 OTREPCTUA
CHEMACTCH B vienbuled CISNEHH, %ex npm
LCTCYeHHY 3 DesePBYAPA HEOTDANMNEHHLT

PasnCpoB, Kak 10 pacewar e
A cmarEa B T
VMENBMICHIA C:KATHA CIDYN BOBDACTACT Ko
CKATRA @ HO, B hoO
oppanmenr pacxona
roe 181 Cxema Tipu W3 HEABET
oLaTHn eTpyU PHYECKOTO pesepEyapa KPYIIOTO Ccodemus

9epes KPYTAO® OTDEPCTHE DACHONOMEHEOS
8 LCHTPe TOpnoReE cTeHKW, mpm Goapmmx umenax Re woshdumsert camatam ep
MOMHO HAXOIAT no Cleiyomeldl fopuyde, COOTBETCTBYIOMEH TEOPETHYCCKOMY
pemesnm gamsou sapnauu H L IRYROSCKIN MIA MACAJLHOE HKEIROCTH
&,=0 5740 043/(4 1—n) o 131

rhe 1 = §,/§; — OTEOMeHNe IIOMEAnW OTBEPCTHA ® MJIOMANH NOTEPETHOIO Cete-
HUA Pesepeyapa

conp a Tawne T ¢ CKopocT
IDH HECONCDMCENOM CATHH MOKEO CHETATH He 3aBECAMEME OT COOTHOMERHA n
nI0DEACH (eCTE n He CIAWKOM (JBIKO K eEENDe) B NPEOAWACHHO DABRMMN HX
amavemsse 1o Tpapuiy Ha prc 180 Toarouy KOMGDWANGHT PacIONa fiy — e,
a pacxon Q=w,So V 2¢ll, rjte Wanop H HYMHO HAXOMEL ¢ FIETOM CKODOCTHOTO
Halopa B Peaepryape

oL (1132

139 Ilcresenne nmoa yposens

‘[ac-m MPUXOOHTCA EMETh JEl¢ ¢ HCTeUYeHHen ’RUJKOCTH € B aTMO
cdepy i He D rasop}io Cpery a B IMPOCIPAHCTBO, 3AMOTHEHHOE BrOi e
swanKocteio (pue 1 82) Tarmofi cayualli maswpawr HeTedeHEmew mop
pODEub, NIA ACTEUeHAEM Yepes 3aTOT'TeHH0e OTHEepeTHs

B aroM cydae BCR KOMETHTECKAs SHOPINA CTPYH TOPASTCA HA BHXp8
0fpasopanme, KAX U BHEIATHOM pacmmpennn IloatorMy ypasnenme
Bepayams ans cevenuit O — @ 1 2 — 2, THe CKOPOCTH CIUTACM PABHLIME
UYAP, Bamumey B cJAeRylOmeM safe (¢ yderonm koopdaumuenra x)

e
atant gt Yi=n+ B4 fag



pivysg
- .
H=Hy+ BT — (o) o,

e H — pactermmit mamop § — kooddument compormy icaun oTBop-
CTHA, IMEOI(IA KXPHMEPHO TO K€ 3HAUCIIME, ITO I 1 PU HETECULId B aT 10~
cfeDy; v — CKOPOCTH MCICUENEN B CiKa
TOM CedeHIM CTPYM

Orcioma

1 S
,-ﬁl/ZgH=(pV2gH

Q=vSc=eqS,V 2gH =S, VZgH ﬁt* jﬁ

v

s

Takrmy 06pasoM, MMeeM TO sHe pacder
Hue GopyyIH 9ro H npd HCTEYCNEE B E‘@ o
BO3AYX (ras) 10MbKG pacdeTHHE Hamllop
H B nasEOM Ciydae mpefcTamiser coGon 2
PRAHOCTD FHAPOCTATAIECKHX FAmOPOB Lo
06e CropOEE! CTEOKH, T ¢ CKODOCTH H
PAcXON He 3ABMCAT OT BLICOTH PACIIOTO-
AEHIH 0TBEPCTHS

KHosgduumensst cxmarma B PACXofia TpH HETeweHWHE ION, YPOBCHB
MO/KII0 OpUBAMATH T jie, YT0 H OPK HCTEUCHUN B KO3AYMBYIO CPCY

Pre | 82 Ilcresenme DOT ypo+

140 licrewemue wepe3 macajkm Opi MOCTOMHHOM
Hailope

B,

HaCcaJROM HASBRAGTCA KOPOTLHASL prGxa
ﬂ]lﬂl]ﬂf’[ l)ﬂBHUL‘[ HQCKO‘ILKI‘[M AnaMeTpam Ges DBKPVIIEnHA BXOI[HOK
wpomin (puc 1 83, a) Ha mpawinke Taxoll HACAMIOK FACTO IO Iy IACTCH

L
!

.l
., ‘
@17/\‘7 Eﬁ”/f T

Puc 183 Mercremse nepes mEcmmn nummpEecREil HACATOR

-\,,

B TOX CTYTAAT KOT/IA BHIIO [IAIOT ChepIense B TOICTOH ¢icike I I'e 06pa-~
GaTnBaiT BYOAHYI0 Kpomxy (pmc 1 83, 6) Hcrewenmue wepes Tawoil HA
CafloK B TA30BYH CPCAY MOKET HPONCXOAHTH AROHKO (Xemd TeucamA,
COOIBETCTBYHOWAA NEPBOMY DEeKEMY, mokasasa ma puc 183 a B @
Crpya nmocsxe Bxofia B MACATIOK CRAMACTCA NPUMEPUO TaR &e, KaK H Opd



HOTeTEHHH 9ePe3 OTHCPCTAE p TOIKOM CTCEKE 3aTC¥ BCIENCTBUE BIAWO-
ZefCTBUH CiRATOM WACTH €1PVH C OKDy RKawired o0 2aDEXPEIIOl K[
ROCTRK, €1pyA IOCTCAErIo DACHIMPASICA 10 DadMePOB OTBEPCTHEA M 13
1ACALRA BHVONNT DOJHED Ceuelneyy JTOT POAMM LCTEICHUA IAIEDAKT
6C30TPLIBHLIM
Taw xag 0a BLIXORE W3 1ACAKA JHANCTD CTPYH PABEH AMaveTpy Or-
pepeTHA 10 € — 1 u C7ejopatedrHo po= @
y
09

i |
S0 7000 5000

Puc 184 #Ta pacioa
puueckore maca,wka ot Re

Oep IMATRHNA TOB BAA DTOTO PENITMA BCTEHS
HAR MATOBASKuX &ufKocred (Gounnme He) cxemylomue
p=9=08;, {=05

CpaBrenne ¢ OTREPCTHGM B TOHKOM CTSHKE TOHA3HBALT, WT0 Ipn Goa-
OTpPHIBHOM HCTCUCHIU TEPE3 OUIERRPAYEeCKRE HACATOK (UCDBHIE pe i)
pacxo}:l molryJyaercsa foTbmC Ye s Ipir ucTegcHnnu Utpe3 oTnepcTHe H3-38
OTCYTCTBHEA CIKATIUL C1PYE BA BIIXOJE MY HACAZAKA CI(UFOCTB A€ OHa3Ll
DALTCA MENDIe BCIRTCTBMG JHATATENLHO GONBIeTd COMPOTARTOLNA

Hoadpruuont p pacxoNia muTHHAPILECk0) 0 HACUAKA TIPT OIHCATHOM
(mepsoM) peiive mETETCNIUA FKIIKOCIM B TA3onyio Cpely Sapmcur OT
otrocETeaBmol Annme nacaaka {/d u uncta Re fa prc 1 84 npopejenst
ONMTIEE KPUBHC 3aPHCHMOCTH p o1 Re aRa pasmux I/d ma oCmonammm
KOTOPHX “OKeT 6bllp PCKOMENORAHA IMAMpHYCCKAA dopmy1a AnA
KOPPUIACHTA p NPH HEPBOM PEAKMNE HCTEICHRA

1
W,— (1 132)
THed
3 fopyy asr cxenyer, wro mpt Re — 0o g = gy = 0813
Mummna1plias ovHeCHfeAuial Anmpga #acagka Ld, Ipw wWoTopon
MOIET PEARTIONATHCH TEPDLU POKAM KETRTeNNH, DABIA IPUGII3ATeNLU0



enmnmne Oawako X XIPHE gocTaToTmow 3uaveamu ! d me BCETAA BOSMOHCH
BTOT PEItIM

Haiiley JABTICHITG BUYTPH Hacafika W YCIOBIE OPH KOTOpOM BO3-
wMomen ACpswil  Se10TpHDIBH peRmM BeTeTEIM

HVCT!: HCTCTEHHE JKUJIKOCTH NDOHCXOAUT IOA ACMCTDHCM AapJCHUA Pa
B cpey Ta3a ¢ Aab lemrey p,; PacueTHLUE manop IpH coBepmICHHOM CrRa~
THH (370 DOHATME TIPHMEHIMO H {4 HACAJIKOB) B D10M CIydae

H=p, — p:i(pg)

Tar KK B CTPYC Ha BHXOJS M3 HACAAKA JaDNCHLE PADHO p, B CYHeH
HOM MECTE CTPYH BHYTPR nACAKKA, TAe CKODPOCIh yBeIMIena, AaBjieHne py
TORMAMENO 10 CpABHeHIo ¢ p, IHDm 970w Yen GoNiLMe HANOD, TOA KOTO-
PHI DPORCAOHT UCTEUENHE A CTefoBATENLHO, M PACXON Teped MACANOK,
TeM MeHble afCo0THOS RADISNHS B CY/HOHNOM MBCTe CFPYH BHYTDPH Ha-
cafka I’asmocTs ganaeEEm p, — p; PACTeT IPONOPITHOBATLIO HanoDy H
HoxaKew 0To, cocTanis ypabuemne bopsyian fis cesemmn [ — I o
2 —2 (ev pune 183, @)

Prof v (a—w)
P T

llocne, nmit wnen ypapgenus mpencrabumer cofoif morepio HAIOpA
Ta pacnufPeHNe DOTOKA hOTOPOE B AAHHOM CTy9de IPOECXOJAT IAMepHO
Tan e Kal U TP BueJalmoM DACIHPGHAM PYCHa M, CTEA0BATCIBHO
anpepenfarca fopmyioit (1 105) Caarme CTPYH DRYTPH LaCaKA Ome-
HEBac1CA TeM e KOOQYANIenToM CAaTHH €, 9T0 I B CAYIAe OTREPCTHA,
LO3TOMY HA OCHOMAHHE YpabIemnd pacxona

vy =1/e

Heraouus ¢ DOMOTIBE) BTOTO COO1TOMCHMS CKOpOCTh Uy M3 panee

P 1 p
gamucalaolo ypasnerna LopHYymmE # 3aMenis B yes CKOPOCTb U; €0
BUI M uepe3 K T CKOPOCTH HACAARA, T © vy = ¢ A 2gH,
Haligen By il BACARE
1 1 2 1
2 -

== [en e (;— 1) Jnglf—zm‘(;— i)ng-

Topesarans coga ¢ = 0,8 1 & = 0,63, nomyvaen
pa—p1~=0 T3Hpg (1 13%)

IIpn DexoTopoM KpuTHIeCHOM Hamope Hy, aBcosoTnoc maniedns
BHYTpY MACARKA (cedense [ — I) cTamOBWTCA DABHHM HYEO (WTA TO%-
Hee jap 1NN HACHUQHNLY NAPOD) H HO3TOMY
Hip e pu/(0,750g) (1135)

Cregonarenio, nps H > Iy, nesicnue p1 Aoaake Bmio 6w crath
OTPHOATC ITHBIM 1O OTPHI@1eIbINTY ﬂﬂﬂ'}eﬂﬂﬁ B HHIKOCTH HpﬂKTﬂ‘IE>
CkK He 6HBaeT MODTOMY ¥ MePDLT Peum ACTOUeHHd Lpm H>H.q.
NenaeTcA THBOBMOMIILIM Onut JTo HOATREPAJAET N MOKABLIBAGT, 10
upu [T = Hy, mpoucxofur sned ® B, PRTHENMA ¢
mepoxojl OT NMepBoro peatd Ke plopomy cm pac 1 83, o)




Bropoit pesnM HMCTESEHAA XApaKTEpUSYeTCA TeM, WIe CTPYA mocie
CAATHN YO He PACIAPSETCS, a COXpanfer NMIHEAPHISCKY0 Popuy &
nepeMemaeTcs BEYTPH HACANKA, Iie CONpUKACAACh ¢ ero cTeEkaMu Ilcre-
geiHe CTAHOBHTCA TOYHO TAKAM ;K€ XAaK I #a OTBepCTHA B TOEKOH CTOHKE,
© rTeMm e sHademmmum kooddummenton CaemoBaTesBEO, PR TEpe-
Xone or mepnoro I)EH(BVI(] KO BTOPOMY CHODOCTB BOapaOTBBT, a paOXOn
YMenEITaercss §xarojaps CEATHIO CTPYH

Ecim 4epes ommcandri HACANOK HPOMCXOAAT HCTeYeHHE BOIH B ar~
Mocdepy, To

Hy= pe/(0,75pg) = 10,33/0,75 ~ 14 u

HKorpa pasmenue p,p BACHI[EHHHY NAapoB HCICKAOIER FKANKOCTE
COM3MEpPHMO C [ABNCHHEM p; CpefH, B KoTOple NpOHCXONNT ACTedeHHe,
B Dpemefpevs BeTHYMHOM pypn HemBAA B dopuyre (1.134) cuemyer
UpUBATH p; = poy B peayabrate mecTo dopmyad (1 135) mas wpmrm-
WECKOTo HANOPA LONYyIAM

Hip= (P2 — pu 2)/(0,7508)

Ecix mocse mepexoja OT mEpBOTO pEFKEMA UCTEUEHAA KO BTOPOMY
yMeHbmuTh Hamop H, To BTOPOil pemmit SyleT COXpAHATHLCA BILIOTH KO
cavbix MaaWx H DTo BHAYHT, UTO BTOPOIl Per<EM HCTEUEHHS BOSMOIKEH
npn mofHX HamOpaX, B cmeRomateabno npu H <7 Hy, posMovEn o6a
pe.HEMa

Hpu ucrevenms 9epea pUINHJPMYCKLil HACAJOK HOMl y POREHE mEP-
BRIl perHEM HACTEYSHEA He GymeT ommvaTheA OT omicanHOro Bmmie Ho
Korfla afcOMOTHOE JalIesuo BIyTPH Hacagka Gaarolaps yseinienmo H
TafaeT 10 AABIeNNA HACHIENIEX NaPoB, NEPeX0Na KO BTOPOMY PerRaMy
He TPORCXOANT, & HATANAEICH KABHTANMOHHNI DeMMM, IXPH ROTOPOM
PACXOJT NIEPECTAET 3ARMCOTD OT MPOTHROAADIEHAA Po, T € NOIYIALTCH
spderr crabumaanmn, ommcanmmit Brme (cv 1w 1 23) Ipm aron wem
MeHBIE OTHOCHTCLIIOS HPOTRBOKABTNEARE py/py = Pumux/Psx = P KOTO-
POe ABTIACTCS KPuTepres KABKTamMM, Ten mmpe o6racts KaBATAGHE BHY-
TPH HACAJKA W TeM MedLme kod>dUIEeRT pacxola |

Taxun 06pagom, mpn UCTCIENAN KWIKOCTH 1003 DIYCMIHN LA THHDH-
TecMil HACATOK Hoj YPODeHE kosddmpuent |1 ADNACICA QYHRIMCEH TPex
BedpasyepHIIX KPHTEDNE, 8 HMEHIO
w=7@/d, Re, p)

Peayaprathl HoseIxX TATBHBIX HCC ]t ATOTO CTy4as
BeTeYeEAS irpobefenurx B M DoMIIEDLIM U Ap , DPeCTADICHSl B o3~
PasMepEHY Koopiunartax Ha prc 1 85 Ha pme 185 « panm sasucumo-
oru p or Re npm //d = 3 g1 pana sEavenni p, maunnag o7 p =~ 0
KO P > Dup, TA€ prp — KPUTO4ECKOS IHAYEHHe D  COOTBETCIDYIoN(ee
HAYALY HABHTAINY M, CTEJOBATENBIO, KPHTEDHIO ¥y (cv T 123) Ha
puc 185, 6 mokaseHH 0BAACTH KAPHTANNOHEHIX ¥ (eBKABUTAUHOHHLIX
PeRUMOB HCTEICHHA qepea Bacafkn ¢ [/d = 3; 5 1 10 Ypenusenme pyp
apE p Re eM KO & Cia-
TRA CTpYN BHYTPH HACALKA, T € ynemmennem CTELHM CIKATHS, & YMEHb~




MeNAe pup NPH YBeIWYenmn ['d mMpomcxommr W8-3a BOIPACTAHHA AaBIe
HHM B C’RATOM CedenHHE BCASJICTBHE YDeauTeNHs NOTeDh HA TpeHne Ho
Anmme UACATKA

Tawma 0fpasoy DHEWHAN NEIAIAPHICCKMY 1ACATOL TMeeT CyIle-
CTBEHULC HEJOCTATRA J1d MEpBOM pCiKmve — SeibIroe coypoTABISRHO
7 NefOCTATOYHO RHCOLEN EO2QIHIHERT pacYofla, a HA BTOPOM — 0UCIDL
musknii nosddumuent pacxola HelocTarkod ABISErCA Takse ABOMCT-
BeHOCTh DEAKIVA LicTeuenta B TazoBywo cpedy upu I < Hyp a caetn-
BATCILHO By TMad 10CTH PCY0JA Hpu pankoM H ¥ BodmOAIOCTE Kanh-
TAIIN TPY HCTCYTHON DO YPOBCHL

Tlp# 1eooabaonHAI 1T IHIPUEECKOTO HACATKA (CBODPTOHUA B TOM-
CTol CTCHKe) HALpIMep B KATeCTHO FRMKIepoB Apoccexcit ntu dopey
HOK DTH HETOCTATRH cJeA}CT YINTHBATE HI(A YAyIOIaTh HACATOK

s T 4 T =7 ;
7 2Dxp Obnavmp Hexafu- ="
08 ((-'—"035' 04 AL Lt
. A T0'30 03 pextrod 1fd=10
i) 020103 / i
9 /6 !j,lﬂ_ 9 Ay DBngems
/ o0 7 ‘naBumauuonmsix
05 o - pemural
g
0% 3 e Lo %
? wizm? 10 200 Ry 2 03203 18* 340% Rep
a) 6)
Puc 185 B pma Hacagea mph sc

TeYcBHN O] ypoLeHsn

Bremmm pEIEFIpEYecKnd HACAKOK MOMET SHTh 3HATATEILHO VYT~
meH [YTOM 0AKPYIeHUA BXOJHOH KPOMKH (CM IITpEXODHE JNHWH Ha
prc 4 83) mim yerpolcTDa KORMUGCKOTO BXOJ2 C YIJIOM MONYCHOCTH
oroso 60° (car mmknep Ha pHc 1 75) Uen Sonbme panaye sakpyrenns,
TeM BHIe KoagdupmenT pacxoia u Hmme Koeddupuenr compoTHpICHHA
B mpesene Tmpi panuyce XKPUBHIHEL, DABNOM TONI[RHE CTEHKH, TUARHE~
ApEUecKmiA Macafox NpuGAAKACTCA K KOHOUZAABHOMY EHACANKY, BN
COmTy

HKononmanpasii macagos, uta conto (puc 1 86) ouepiusaerca mpn-
fnu3nTe ILHO MO GOPMe BCTCCTBEHHO ¢RMVAQRICA CTpym I GaTolaps
ar0)y OfecmewnBaeT Ge30TPHBIOCTD TEYeHNA BEYTpH HAcaka M OApaj-
KOTHLHOCIPYHHOCTS B BEIXOAHOM Ceqemmt JT0 BEChMA paCTIPOCTpAHSHNEIR
HacajOR TAK KaK OH WeeT KOapHmEent pacyola OnEaKuH K efMHHLE,
B 0YeTE MAILE TOTePR (Ko2pdmuuent craras & = 1) a Taxke ycrofua-
DEOf pestHM TeucHmA 3 KaBHTARER

3navenna Kod@UIHERTa CORPOTHBJCHAA Té ¥e, 9T0 W Npdl NIaB-
Hom cymenmm (cm m 132), T e { =003 — 0,1 (6éapmmm Re coorser-
creyior Manbe { B 5ao6opo1) B coorsercramm ¢ oTEM p = ¢ = 0,89 —

9,



Hapdysopamii nacagor npejeraniaser cofom Kopfnrmapgamo comma i
nuggysopa (pme 1 87) IIpmerapra muddysopa & comty Bacwer sa co-
fom cruneume AABICHMA B Y3KOM MECT® HICAIKA 4 CICJOBATeNbHO,
YBEIMIEHAC CKOPOCIH M PACX0Ja JKIGWROCLM deped mero I[lpu ToM e

Kabumauus H

Pue 186 Commo Poc 187 Jufxpysopanii nacanok

AHAMETPe YIKOTO COYeHIS, TT0 I ¥ COMIR, W TOM -Ke HANOPC muddhyaop
UHH HACANOK MO KET Jlalk SHAYNTETLHO GOTBMINE PACKON (yBCIHYEHHE
nio 2 5 pasa) wem COmio

Taxue Hacaiké FPHEMEHHIOT D TOM €AYYaC KOTa 3ajaHul KHAMETp
Y8KOTO CeSERHA U MATOp It TPESYeTes IOy INTh BOGMOMHO GOIBMEH pac-
xop Omiano HCMOAB3OBATD HBGEYIOPUEN HACAZOR MOKIO UMD IpH

At

G2 4 6 81012418 1820224

Pue 4 88, BanmeumocTs liodll)l‘bmllltll Puc 1 89 Buyrpemsns upumm (pavic-
T& PACKOAA My OT BADOpa cenii pacanor

ueGoapmax Hanopax (H = 1 — 4 m) TaK Kax HDatie D Y3KOY MOCTE Ha-
calxa BOIHMKAeT Kamwraipiyr CiefieTehed KapBTAaniu SBIAKICH §LCTR-
deque COLpPOTUBICUUA H YMeHbmeHHe UpomyckHOit cmocobmoctm Ha-
cafika

Ha puc 188 nanenne menra pacxopa nudhyaop-
HOTO HACAJKA C YBEIUYCHNEM NAMOPA DCJIENICTBME KABMTAIWHM BOIHE-
xaomel B Y3KOM MECre NACAZKa DM HCTeYeHHM BONH B a1Mocgepy

M




Hoa:[;(ﬁuumem pacxofa OTHCCEeA R HTOMATW ¥3KO|O CEVOHOHA, T € fly =

= Q/51

Hpuﬂenouunn KPIBAA DOTYHCHA R De3YThTaie MCHMTANIL mahdy-
B0PHOTO HACATHA 00TALATOUIET0 NANDETONREIIT: [ y 10y 1 C1eTIeH] [0
PACHIMPCILLT, KOTOPLIC 00ecmedmBamn1 HaubO B KOYPEANECHT Pac-
xoza

Bayrpennuii gpunnpigecsnii Bacanok, uTE nacator Bopma mao-
Gpaden o1 puc 189 lam KO CreMATHILCKU MOKA3AHLI ABA DERMMA
TCTEEH fiH, AHATLOITIHME POKMMAM ACTeIPIAA Tepes BHemlIHi NaTaHy pil-
WECKNL AACATOK, 0uePTaHA CTPYH LUPIL IePBOM PC/hiae MTORASAIL COMOM
HLIMU  THWMAMT, A IPH DBTOPOM — MTPHXOBEIME TR Kar gacTumt
HUAROCTH III)USJIIIZI‘HK)TCR K BXOQHOMY O1BeDCTHIO 1dCaTha H3 BCCTO
opuaedtaiiero 0§peMa A HOKOTOPHE U3 NIX MOMAA0IIEC Ha TTepudepuio
CTpyH, MIVEEAIOT HANDARMEHHE CBOCTO ZuAReHET na 180°, To cremeus
CYRATHST CTPYM B Jalldoy uacaike Goxbme a KoaQ@HIUCHT ¢ MeHbIIe,
9eM BO BHOMICM [\ THAAPINCCKONM HaCaike SHAUCHNE € B Hrony CIydae
Tpl FCTESCHARN 1eATLHOT YRHKOC T MORET BLITh MoTydIeHo Ha OCHODA
TWE TeoPeMbl Jniieph 08 MINEHPHIE KONUUeCTRA ABEKenas (¢ o 1 15)
Tlpmvenmy oTy 1eopevy K GUKCHPOBaHROMY OGBEMY B BHJIE Kp3ToBoro
wumipa ABCD coocnore ¢ nacagro, u ¢ ocxosanneM CD, focrarouno
YHAneRHHM OT wacatka (rme v — () Ilpemefperas TONMEOL CTEHKE
HAC4/Kd, HA OCHODANAN FKABANIOM TCOPEMIL DU B10POM DERIIMe MCTe
WemHA 1101y AWM
PSo=pS.v?
TAE p — AADTORIE B | ATPE ocyondHEA €N Sy m 8¢ — MI0IMAAE 0TBEPETIuL uAcHIta
U cevennsa mpw {Cirht RABJGHNE JRHOIKOCTY HA KOJLIEBHE |LIOIATA CCHOPAOME
umanrpa A BCD ypanBEOBeUMBaOTCA A WOLITO IRGE JARNLINe Do mIowan S,
B 1IOCROUTI AB DPiBEO HYIIO}

C ppyToir cropoll, Aus CKOPOCTH MCTEHLINH HMEeV
v=V2pio

Hocne mORCIaHODKN BIOPOrO YPADHEHAA D LEPBOC M CONPAMSHHL
H2 p H p HOTYIHM

=8p/8o=12
IToMY BHAYCHEMI & COOTHOTCTBYIOT BHAYENMA KoaPdmmenros pac-

xofla g = 0 71 m moreps § =1, IT0 HONTBEPAJIAGTCA ONLITAME HpH TOp
BOM E;KuMEe HCTCIeHHS M GOnpMAX Tucrax Doixoxsica

141  Herevonue gepes OTBEpPCTHA 1f HACH/IRE
opu Hanope (

Pacemoipiny onmoposgentic OTKPHTOCO B AaTMOCHepy COCYHA IPOHa-
BOJIBI0M Lis SMIJ uepes TORHOE OTBECTAC WTH MACANOK C KOdddmuenToM
p (pmc. 1 90) B si0u cuywae mcrevenue §yner MPOMCKOAETH OpH Hepe
MEWHOM UOC18HCHHO YMempIIAlOUIeMCA Nalope, T e, CTpOre rCOBOpHA,
TOIHE ADHEICH MEYCTINOBUBITAVCH



ORRaKo ecTn HAnop, & CTIeOBATETHIO I CKOPOCTH HCTEWOHHS H3Me-
WARTCA MENIeHEHO TO ABHIKCIIEE B KamJLIM JJEIJ.IHM]'& MOMEHT DDeveHH
MOKHO DaCCMATPHBATE KAR YOTRHOBUBMIESCA H /1 POMEHAA JA/A%H MpH-
MERETH ypanmenue Bepuylln (KBasmMCTANONApIOE TedeHme) (603HaunB
TOpEMENHYI0 BEICOTY YDOBHA MIAKOCTH B C€O-
Cyle OTCIATHIBAeMYI0 OT N\HA Hepes i 110
MAAb CedeHHST Pedephyapa 11a DTOM YposHE S
a mronajs OTBEPCTREs S, W R3AB GecKomewHo
MajHil OTPEe3OK BPEMeHH df, MOMKHO 3auMCAThH
caefyiomee ypapHerne olbeMOB

Sdh=—Qdt uam §dh=—pS,V gk d:

ThRe dh — HBMCHCNTGe Y[OBEA SKMAKOCTE B COCYAe 34
Bpema

Prc 190 Cxcwa onepon 3Har MEEYC OOYCIOBTEH TEM, WTO YIOJOKH-
menmAm RC3CPBYApA TenbHOMY OPHPAMEEwI di COOTBETCTBYeT OT-
PHOATEeABHOE IPHEpameruc dh
Otcroma Bpems UOJAHOTO OmOpOsKuenHsa cocyna Becorod H maiimem
EAEAYIOmAM DyTeM (CIRTAR P = const)
1 T
_—_— — 1136
ns,V2g S Vi ( )

hliH

HUnterpaa MowEo NOTCTATATL, CCTM MSNECTEH JAKOH WIMELeHHA
mromanu S mo peecore k Jlum mpmamarmueckoro cocyia S = const,
CNeROBATETHIIO,

S ¢ dh 28 250

n —
L2 =By L (1137
wSV2g ) Vi 18V 2% WSoV ZgIT

Yuexmreap aroil POPMynH pasem yamoenmomy ofwedy cocyla
a aHAMEHRATeX: NPeACTaLIsacT cofoll pacxol b Hala THHHI MOMERT omopos
nepws, T e npu mamope H CleXoBateThHO Bpews IOIHOTO OHOPoMEE-
HEA cocyna B 2 pasa Gonbine HpeMenu ucTeIenIsn TOTO Ke 06'BeMa ,KHIKO-
CTE Dy MOCTOANHOM HANODE DABHOM INEPBOEATANT HOMY

Taapa9 TUAPABJINYECKUH PACYET TPYEOIIPOBOOB

142 Ilpoeroit TpyGomposom mocTOMMIOr0 ceveRHAm

TpyGompoBoll HAIHPAKT NpOCTHM, ECIW OH He AMeeT OTBCTDTCAMIL
Hpocrre rpyGonpoBons MOTyT SHTE COSXHHEN: Memay €oBoM Tax, wro
OHH oGpaaymT TocaedoBaTeILHOE coenuneﬁue, napa]meuhnoe COeIMHeHTE
e pasgersrienHEn TpyGomposon TpySonposomsl Moryr GbTB caom-
HEME, P KaK Mo bHEE TAK @ HAPALIEThHEE
COeMEUEHES AN BETRH PA3BETBIEHHN




Hnarocrs npmxercst mo TpySonposony Gaaromapa Tomy, 9To ee
ameprp B Havaxe TpySomposofia Goaple weM B KoEe OJTOT Uepeman
(pasHOCTB) YPOBHEH “Hep: #K Mo¥ker GLITH CO3AH Tes MM HHEM CHOCO
©ou paoroil macoca ©maroflaps pAa3EOCTH YDPORHEH mgKocTH [AaBIeE
E#eM rasa B vammeocTpoeui M HPHXOAUTCH BMOTh IeJ0 IIAJHEM 05pa
BOM € TAREMA TPYGON popOfaMl, ABAMeA NS TAEAKOCTH B KOTOPHIX 06yCaI0B~
snego paboroit Hacoca B HEKOTOPHX CHRNUATBHEIX YeIDOMCTBAX npn
MOHAGTCA Ta30fATIONIAN TOTATA JHUAKOCTH, T € HCOOTHBYETCH [aB
nenme raga Teuenme ;KETKOCTH 9a CIeT PABHOCTH YpoRAeH (PadHOCTH Ico
METDHTIECKMX BHEOT) OCYMECTDISSTCA BO BCIOMOTATEIBHLIX yeTpolcrBax,
a Taxk/he B TAJDOTEXNHKE M BOI0
CHAGHCHEN

Ilvers  nmpocrom  tpySomposon
TOC1OAIIHOTO CeIeHAS PacHoTokes
OPO3RoNbI0 B NMPOCTPAKCTBE (PHC
191), meer ofnyo mmEny [ m p,
puamerp d M COREPKMT DAA wecT
HHX CONpOTHBIGHWA B HaTambaeMm
cesonmu (I — 1) reomerpuIeCKas
BEICOTA DABOA z; H HAfLTOWHOE JaB  Pue 1 91. Cxema mpoerors TpySompe
aenye p; a B Komedwom (2 — 2) — Boma
COOTBCTCTBOHHO 2, B p, CKOpoCTH
TOTORA B 918X CEUCHAX BCIEGACTARO NOCTOAHCTBA JHAMETPA TPYGH ofu-
HaKOBA H PADOA v

Banumen ypaspenne Beprytan pis cevennii I — I m & — 2 Cumran
0y — Oy B BCKI0Yas CKOPOCTHHE HANOpPH, DONYTIaoM

g

atl=nt Sk

Pz
HIH
Begnt 2y S (1 138)

TIpe30MeTpETECKYH0 REICOTY, CTOMMY B IIeBOi 9acTH YpaBHEHW:
(1 138) masonem norpeSubiy namopor Hyorp EcCiH e s7a BuCOTa aafame,
70 GyneM Ho3HBATL ee paCHONATAeMEM HALOPOM Hp.ey Kak putuo ma
$OpMVIIEL BTOT HANOp CHIATHBASTCA M [€OMETPHIECKON BEICOTH Az =
=z, — 2;, T4 KOTOPYIO HONHUMALTCH B B Op pié
1o TpyGompoboly, IEeaOMETPUTIECKOM PRICOTH B KOHIG TpyGompoBoma M
CyMMEL BCEX moreph Hamopa B TpyGompomope

CyMuMa ABYX THepsux ciaraeMux Az -+ p./(pg) ects CraTu9ecKmm
Hamop H ero MOhHO UPeACTABATE KAK HEKOTOPYIO QKBEBMEHTHYD reg
MeTPHIECKYI® BHCOTY He, DOXbeMA KEAKOCTH, 8 HOCACAHEE CHArBSMOD
Zh — KAk cTOMeHNyI0 (yHKIEI pacxoya, Toraa

Huvip=Hort Sh=Her - KQ™, (1139)

¥ moKazATEAL m

rae TPy
BMEIOT PASHE® IHATCHWA B JABHCEMOCTH OT PEKHMA TeYeHman



Jan namMIaPHOTO TCIONHS NDH 3AMeHe MECTHSIX COmpoTasb IeHmit
SRBEBA IeHTHLIME Nunnaad o Gopwymars (1 124) n (4 122) uonywum

Sl = 128V 1pacaQ(rgd)

CaegosaTenbEO
K =428Jpiea/(mgd?) u m= (1 140)
rre Ip'mw =1+ ls}ln

Jlaa Typ6y 1eHTHOTO TRYenIa fem gopaynrr (1 57) m (1 59)], prpamas
CKOPOCTD TePes PACKON, MoiryYaes

- - 1\ 1802
Sh={5+md) oL
CJIelpBaTCIbBO0
I\ 1 16
E=(2tth gug 1 m=2 (1 141)

@opuyna (1 139) nononmenmax mupamenumm (1 140) o (1 141),
ABTACTCIT QCHOBEOM ANA pacaeTa mporThx TpySomposonos Ilo mem mokH0

Hyomp, Hromp

Her
2

-y

Her

=
q
@ £
Pac 192 DBasuewwoerm Dorpefusex mamopon or  Pre 193 Cxema camorex
PACKONIA FKIJIKOCTH B TPYOOmpuBOTIE Horo Tpybom pososa

MOCTPOUTE KPHUEYI0 UOTpeSmoro Hamopa, T € €10 JABHCEMOCTL OT pac-
xoma FHIZOCTH B TpyGomposome Yem Gornwe pacxol], KoTopmil meod
XOAMMO TOMABATE N0 £pySoupoBoxy, Tex Go1bme no1pebunit manop Ilpm
JIAMWHAPHOM TEYeHNH 3ta KpHBasi m3obpamaercA mpsmmofi Mumwea (Ui
6ABaKOit K DPAMOH NP YICre 3aBHCAMOCTH [y, OT Rc), mpu TypSy
JieATHOM — mapafofiolt ¢ lOKA3aTemeM CTEHeUd, PABHWM JBYy»M (IpH
Ap == const) umn GUEMIKHM K ABYM (OpR yuere 3apumcmMocTd A or Re)
Bexmanaa Hop mOMOMMUTENBHA R TOM cRY9de, KOT[A MMULKOCTH IONHM-
MaeTeA M JBHKCTCH B MOMOCTh ¢ MOBLIMENIEN JABRCHUEM, I OTPHN@-
181b1A TP 0N YCKAREY JKEAKOCTH WIH IDEKEHUN B HOAOCTL ¢ Padpeie-
HEEM

Kpymnsua  Kpueuwx  norpefmoio  Wamopa MIA  NAMHHRPHOTO
(pmc 192 @) maypbyaeuruoro (puc 1 92, 6} perxuMOD TOYEINA JABHCHT
or COTPOIHBNEHRA TPYGonposoRa K m poapacTaeT ¢ yHennuenucs 1ALl
TpyGOOPOBONA K §MCHLICHUCH JMAMEIPa, A TaKAe ¢ YBE 14USMICY MeCT



THX TEAPABIEYECKEX conpo’msnex—mn Kpowme Toro, mpi mavMmuapHomM
TeUCHHA HAKIOE KpHEOH (KOTﬂpylﬁ ATA BTOTO TEYCHHA MOHNHO CHOTATH
TpANOIL) HBMEHAGTCA NPONOPITIOHA THIO BRAKOCII FKMIKOCTR

Touaka uepece\mmm KDUBOW HOTPeSHEOre Hamopa ¢ o¢hko abemmcs
upn Hey = = 0 (toara A) ompejeIAeT PacxXO TP ABLMACIHH FROM-~
KOCTH caum‘el\m[, T € 3d CUeT THML PAFHOCTE FCOMETPHIECKIX BICOT Az
Torpebibiii HAMOp B 9TOM CTYTAE PADEH HYIIO, TdK KAK AADICHIE B Ha~
T8 i B KOHNE TpYGonpoBOfa paBHO aTMOCPepHOMY (32 Hadano TpySo-
OpPODOiA  CaMTACN CBOGOMIEYI0 TIOBEPXHOCTH D BCPXHEM peacpﬂyape),
TaKOH TPYGOMPOBOX YCNODMMCA HA3LIBATh CAMOTOUHLIM (DHC 193)
Ecan B xorne camorenoro TpySoRPOBONA MpOHEXOTUT HCTEUEHEE FHUA-
#otTn B atMocdepy, o B ypavwemun (1 4139) naa movpeSmore wamopa
K IOTCPAM HAmoDa ciejyer AoGaBHTL CKopocTIioff HAIo]

HnOrga BMECTO KpMBLIX TOTPeSHOTO IIANOpa YA0GHES IOMb3IoDarbCH
RAPAKTCPUCTHKAMA prﬁonponona

Xay 5

TcH aa Th CYMMap-
ton noTepyA Banopa (unm nasneum) B TpyGoupososie oT PAcKOfA

Dh=F@Q)

Taxnu 06pasoy, XaparrepucTira TpyGouponoia npepcras1icl cofoi
KpyByo uorpebmoro wamopa, VIO B HAYalo T Xapax-
sepructura 7PyGOUPORORa COBNANACT ¢ KPUBOHE nmpeﬁxmm Hamopa WpR
He =0, nampumep goria TpYySONDPOBOA JCHKT B TOPHIONTAILFOH
ILTOCKOCTH, A IpPOTHBOLJBACHEE p, OTCYTCTBYeT

Paccmorpmd Bo3MOFKIEC Aajlagl Fa PACTET IPOCTOro T]ybompobosia

Sopwma | Hewoduwe dguwve pacxon @ JARIEHEE p,, CBOMCTRA HENIKOCTH
(P M V), PasMeps dmﬁunpnanm 2 TaRiKe NATUPUAT. i RAILLTBO uoBt PYROCIA TPY6
mavop Hnorp

Peuienue. ITo pacxrmy o puaMerpy d Tp}ﬁoupmsu'm HaXOUAT (KOPOCLH Tee
Hum v, 10 v 4 MV oupesie 10T Re W [CMEM TeUchun 3aleM MO £ou1EeTCTRYIOMuBY
$MyNAM (MUl ONHTALLM MABEND) ONCHHBAOT HCCLIUCG COM[DTURIOHHE (L. /d
¥ [ BPE JaMuHADIOM B § npu Typfvies raos TcseHsn) 1o Re n un poxoBaroctn
oupepeastor tgbutuerr A ®, HHEew, PowdnT QcUODHue ypammenwe (1 439)
oTROCHTCILHD Hyorp

Tpu TamManapEay Te"leuwl[ PACCIHTRIAATL 3 He 0GHIATCILHO MOKEO CP sy Onpe-
ponume & 10 gopyTo

Bagaua 2 Hexodnue ammwe pacmonaraesuti mamop Hpaen CHORGTER M-
KOCTLL, nce pa3vepIl u mepoXoHatocTs 1p3Gonposoma [lafiti pacxon

Pevienue BAARIOTCA PeAMMONM TCTCENs OCHOBHDAINCH Hd BAROC M MKHTKOC M *
78X KaK pecHie P piad] 0 B TypG)JCHTHOrO
TUMLENS

1 Tipu MAMHBADHOM TCYOHAH M 38MCBE MECTHWY CONPOTAACHUM 31<BUBATEHT-
HEMy JUIMHAMT 337ATA DCWAETCY NpOLTO 3 Ypanmemmt (1 139) ¢ ymom gopyym
(1 140) Baxonnr pacxof ¢ DPH 3T0M BmecTo lggrp mopctaBagior fp,

2" (pn rypOYIeBTOOM TeTENNR 2aawv HALO PEUATo METONOM EOCTEROBATC -
HUX uprisRewRY By Vpadricckn

* Pexang rodesusl B BAAHOM CTy7Tae bOKBO OMPOACTHTL cpoBmeEneM Hpaco
KPHIM® €U IHN €F0 3BaveHHEM Hy KOIODO® MOKCT OHTH DHPAWEHO L OCNOBG
¢0}Myn (1 139) m (1 140) cmenyomu L obrason

[ry 3z\w,p\d
“agds

Hip=Ha+ = Her Hu+ “eup



B repeom cayiae AMenT 0N ypapHomme (1.139) ¢ nByMa memamecTREmMN Q
R Ay JIUA peleBRA Sajaull 3A4AI0T JHAYEHE® KODQPEIMEHTA Ay G YETOM Mepoxo«
BaTOcTw Tk KAk oToT KoadGULICHT NSHCHRETcm B CPAPETGTHEO YSKMX Hpede
sax (b = 0 015 < 0 04) Gonbmoii ommbrm npm erox me 6yter Tem Bodee w10
UPH fadbdeimneM ompeneeEnl (@ KosdbUBIEHT Ay OKASKBAETCH D07 KOPHEM

Peman ypasmerue (1 139) ¢ yverod mspamesma (1.141) ommocuremsso ¢
HAXOZAT PAacXof B Hepaod DPHOMIKOHEH ITo HanyeHHEOMY ( ouperetnir Pe B tep
BOM UDEOIDKEHAE & uo Re — yi&e Goice Toumoe smaucEac Ay Cnosa moacias AT
I0/IY9eHHOe DIAUEHRS 1 T0 JKe OCHOBHOG YPAPHENME If DCIAIOT ero OTHOCHTETLEO ()
Haiiga pacxex Bo BTOpPOM NPRONEIEEHUE uu.uyqam Goapee M HeHbee Pac-

© nepREDL NPHE. Eom REIMKO, TO PACTLT BO-

KOJRAIOL B TOM K6 LOPAnKe Pasmuna ueamy KURANM UOCTCIYIOUIM 3HAYCHHEM
M Up TEAYLEM GYEET AeJaTHCA Bue MeHLIGe M MCHBLUE

OfumBy SupaeT BHOMNHE AOCTATOIRO ABYX EIE TpeX UPHSIEM ewtit 114 noty-
WeEEA UPReMTEMOH TOYHOCTH

Jli#t poriewmA To5s o sagmm rpaqmqecm cmocoBont oTposT wpuoyo worped
HOYO HB0PA AR AAKHOTO TP © yaeTon T e. mIm pupa
SEAYeHHE ¢ nunC‘ml‘bmamT v Re Ay m Haxomen, Hyorp MO d:opuym {1 139) BaTem
1HOCTPOHE puny® Huorp OT @ I 3HAH opaawary Huorp = Hpaen HAXOAT COOTBET-
CTAYOMYIO eif abluucey T e

danawa 3 Herofroe dannbie DPAcxof ¢ pPACHOTATACMAE HADOP Hpacy CBOH-
CTBA MUIKOCTH W BCO pasmepH Tp)GoupoBofia kpowe anayerpa Hautn myamerp
TpyGonposoxa

Peuteryie  OCHOPHBAALS 114 CEOHCTRAX JKOAKOCTH (V) B4A410T POIKEM TCZémun *

I MAMAH@PHOTO TEWeRHS BATATA DOMaICH NPOCTO HA OCHODE ypavTerusd
{1 13%) ¢ vucrou eapascoma (1 140) a mmemo

128\ Ipacsl)

— e 1142

1/ g Brpaen— o) (1
4 B % GoMLmoH CTADAADTHN AWAMETD B 1O

TOMY iU YDPABHCHMW YTOUNSKT 3HARSHHC MATOPA mpn BANAHHOM @ WIH HAoGepor

Tlpu 1ypGyNenTHOY Tesemun Demcmme ypaBamemna (1 138) ¢ yuerom supaxe
aua {1 441) oTROCATCNELO d YULE BCOTO BHIOOTHNTE CIIEJYIOLEM oopaauu EELCLEN
DAL CTAH, (ADTHRX 3EHANeHMN ¢ M ITA 331aFHOT0 @ NOACTHTATL PAZ DHAHEANH Hyorp
BATEM HOCTPOUTL Tpadux SABACAMOCTH H porp 0T ¢ K 10 BaA8RHOMY K paor B0 KPBIY

T d BHOpPATE Soanmon AMAMETP H YTOMDUTE
Haomp
143, C p TpyOonp
1. TbHOE Boaksew mecrno1oxo 1py6 Eampm-

vep I 2w 3 pas/mmuHOil [TAHK DABHOTO JHAMETPA M CORePKALX Pd3
RUYHBE MECTIHE CONDOTHBNGNMAA, W COSNUEEM WX LOCACKOBATEALIO
(pmc 1 94, a) B pesyabrate notyunm XIpocroit TpyBomponon nepeme
aor) CeYeHHHA

Ouenupzo 9TO npH MOAAve AIAKOCTH [0 TAKOMY TPYGOmpoBOmY
PacXOR BO BCEX NMOC;Ie0BATeNbHO COSTIFREHHNX TPy§ax OfuN B TOT me
a MONHAA MOTePA Nanopa Mesxy Touxamm M m V panma cysme moteph
HALOPA DO BCEX MOCHEAOBAICIBIO COSIMNEEHWY Tpybax 7T o umeers

* Pejkuu TeweHUA MOMEO OnPORenuTs cpapHerneM Jpscy C Hyp KOTOPHUI paseu
{opu parEOM @)
2BQ 2@ Fn?’vﬂl Ref,

Hop=Heat g gmwvige ~Her F g5




CHOMYOIze OCHOPHAE YD aPIEHEA

O=0:=0=0;
Nhyox=Xh+Xh+ Sk

JTA ypapHeHmf onpefelAlOT NPABHTO NOCTPOCHDA XAPAKTePHCTHR
TOC 1670BATEIBHOLO CoeqUHERENns Tpy6. JIycrb [Iamel XapaxTe pHCTHKE
TpyGonposonon I, 2 u & (pme 1 94, 6) Urelu mocTpours XapakTepm-
CTHRY BCEro NoCTefioBaTelpHoro coegumennsa A — .V, caemyer B Coor-
BeTCTBUH ¢ Bupakenwen (1 143) crommTs NoTepH HATOPa TIPH OFHHAKO-
BHIX PACXONAX, T € CI0AKETH OpJAHHATH BCeX TPeX KPABHY IPU PaBHHX
abcmmecax

(o 143)

5 35
M1 [I:] z kS ” h
4 4 12,2, O ) O 2
s @y 2:%2 7 43
n hy
2 Zhy j7
2y
/) ) 7

Poc 194 I

Tak kak B paccMaTpmBaemoM Gomee ofmem cTydae CKOpocT: B Ba-
wane M u KoHle N TpyGONPOBONA PASINUHL TO BEIPAKENH® NOTPESHOIO
nagopa M1 neero TpyGonposona M — N B oramane or Goparyast (1 139)
MOTLKHO COTEP/KATD PAaBHOCTL CKOPOCTHHX HAOPOB B KOHLE I HAYAI®
TpyBonponona Hpm-lmmﬂ a =1 maeen

Hoorp=an =+ T S s e — Hoy o OGP K™, (1144

=zy—z.
) Hp=1zy M+pg

MaparnesvHoe coeguaenne Takoo coefuHelie TECKOILKUX TPOCTLIX
Tp3Gouporogon (Ranpumep I 2 m 3) mesay roikavm M @ N mokasaro
na puc 195, ¢ Jlna mpocroth KonycruM, 970 TpyGOIpOBOXK PACHOI0-
SKENEL D TOPUAOHTAABHON I LOCKOCTH

OBosnadun monmbe Hamopu & T09KaX M H N COOTBETCTBENHO Uepe3
Hy w Hx pacxol » OCAOBUOM MATHCTDAId (I ¢ 70 PadLeTBTEHMH H
nocie causaun) — dopes (, a B mapadneasnbx TPyGompoBomax Tepes
Q. Q. 1 Q; eymMMapHIe mOTEPH Hamopa B 9THX TPYGOEpOBOmax uepes
Eh Xk, 1 N

lHpe,r.:(e HCETO AT’ CAeTyXmee 0TCBHANOS ypaBHeHHe

Q=01+ Qi+ 0s (1 145)



3aTeM BHPAsWM IOTEPH TANODA B KAMGOM U3 TPYGOHEPOBOKOB Tdepes
BONNBIO alops B rodnax M a N
Sh=Hu—Hy; Yh=Hy—Hv; Xhy=Hy—Hy

OTciona mexaeM C1eAyIOLIME BasKHLIE BEImON
Ehy=Xhs= Xl (1 146)
T e IOTepH Haropa B NApamIedbHEX TPYGompomonax paBHK MCHTY Co~
Goit IIx MozHO BHPAIATD B 06MeM DHAE YePes COOTBETCTBY IOMIIe PACX OBl
caenyomuM  ofpazom
Bh=EQ" Bh=KQ' Xh=KQ,

rae K O m — ONpeuARIOTCA B 3ABACAMOCTI OT PO/ Towerma dopry 1axt (1 140)
wnn (4 141)

Cuegonatenrao » fomoxmenme % ypapmewmo (1 145) momywaem Ha
ocroBarsy paseners (1 146) ewe gpa ypavuerns
QU =K.Q,  (1147) EQr= K,QF (1 148)
Cmcrema ypapmenuit (1145) (1 147) u (1 148) mosmomuer pemars
HADPEMCD, CIEAYOMY0 THOKIOYIO 3a7aTy Jaghl Pacxofl B OCHOBHOIN
MarMCTpazd Q W BCe pasuepl TPYGOTpPOBOT0B, OIPENCANTS PACXOME
B IAPAJIRO ILEHX TpyGouposoiax @y, Qy 1 Q

5
Iy g,
h
|
|
|
f A
061 8 (40l 4
a
Pue €95 T T s

Tomezyact, nmpasenumue (1 145) = (1 146), Moo cocrammis
CTONBKO YDABHEHI, CKOABKO NAPALIETLHLIX TPYGOUPOBOTOD MCILY
roukama M w N

Uz ypasreunit (1 145) m (1 146) serrexaer cuegyomee bammoe mpa-
BAJIO IR HOCTPOENHA XaPAKTEPHCTIKH Napaenbmoro COS/UMHeHOA
HOCLONLKHX TP} GONPOBOAOCB CACAYET CTOMMETH aBCrnuccH (pacxo,ii) Xa
PAKTePUCTHK 3THX TPYGONpOBOZOD OPH OJEHAKOBLIX OpAMHATaX (Zh)
IIpumep Taxoro mocrpoemna mam na pme 195 6

UsiorseEnste cOOTIOMEN A N NPABHAA AVA A PAT N THIHK TPyGompo-
BOJIOB CODABEIMBLI, PAIYMEETCA, TAKKE B ToM cXyIde KOTAA TpyGo-
apopomir £, 2, 3u T M (oM pme 1 Y6) Ho cxoparca » ool Touke N,
294



4 TIONAIOT JKEAKOCTL B PASHLIC MecTa, WO ¢ ONWHAKOBEMH TABIITAHME
U pABHHMH BUBCIOPONMA BWCOTam# Eciu .me mocmefHee YCTOBMe He
coBII0NIAeTCH, TO PACCMATPMBARMEIE TPYOOUPOBOIH HeAB3A CIHTATE Ha-
PaTTEABHBVH, & CTEyeT OTHOCET: K PAsDs,1y DasgelsIenIsX TpyGompo-
TOAOD

PaaneteneRnoe coeuuenme YCIOBHVCA HAYHBATH DAsBETH TEHHBIM
CORLUHEHEEY COBOLYIHOCTh HECHOXLKMX TPOCILX TPYGOTPOBONOB MMo-
WIUX 0740 oOlee CCMEHEEe — MCCTO PaspeTBUCHUH (HTH CMBINAHAA)
Tpy6

Hn

-

e,

Hemz_|Femy

Pz

Puc 196 Passermaewmali TpyGomposon  Pe. 197 Hocrpoemmo KpmRoM No-
TPEGHOre mANOpA AIA POIBETHICLHOTO
Tpyfenpoeeta

Ilyere ocHOBHON TPYGOLPOBO MMEeT pa3BerBTere B CEUeHAR
M — M or geroporo orxogat, uaupusep rTpm rpybe /, 2 m 3 pasuwx
PaIMepoR COBCPMAMES Pa3 MIHHE MECTHLe compoTnniennd (puc 1 96)
1 eonerpuae e BLHCOITL z;, %) ¥ 2, HOREYRHX CEUeHNE B AablesiH
P1, P2 M Py B NEX IYCTL GyOyT TAKME PABITHYHEME

Haiinem crasp mempy maptenmes pyr == Hppg B cedenma M — M
B pacxofaMu (Qy, Q, m Q, B TPYGOIPOBOAAX CUMTAS HANPABIEHNe Teude
U B TIIAX 38 aHHEM

Tax jKe £aK v (1A TApaLIeJBHEX TPY G0IPOBOAOB,

Q=C1+Qe+0s

Janncap ypasuenne Bepryannm mus cesemmr M — M W KOHETHOIO
ce9eHusT, HANpEMep ICPBOre TPYGONpPOMOTA, MmOTYIAM (Upeneperas
PABHOCTBIO CROPOCTHEIX BHICOT)
Hy=12+4p/(pg) + Xl

OGoanadan cymyvy [ABYX MepPHY WIEHOB B IpaBoll Yacrit ypapmeNia
wepea Ho, W BHpaiad TpeTMll WIEH Tepe3 pacxofl (KaK 8TO Aeraioch
BHIe), HOAYdTaenm

Hyt = Hep 4 K0Q7S



Amagormuso AAd IBYX APYFHX TPYGONpPOBONOD MOMHO SANHCATH
Hy=Hora - K03, Hu=Hers+ KO

Takuv 06pasoM, TOTyTaeM CRCTeMY YeTHPEX yPaBHeHHI ¢ TeTHPEMA
nemssecTuniME Qy, Qp, Qs mw Hy

Ocooseoli 3ajaveil MO pacdery paspersaedHoro Tpybompomoma mn-
JIACTCH CUeIyIONIAA XAHE PACX0A B ToMKe M Dee pasmepst BerBell (priio-
A ‘BOMQTPM‘X&C“KQ BHICOTHL Z) MABACHUA B KOHRWUHHX CeUeLUHAX @ BCO
MECTHW® COMPOTMHISHNA ONPEACTATE DAcXofiu Qp, Qp B Qu & rammo
notpebuniiit manop Hir = Hypopp, Bosmomml @ apyrme BapmaHTH IoCTa-
HOBKM Bajadul, PemaeMoil ma OCHOB® TOM }e CHCTEMII yPapHENHH

Tocrpoenne KpuROi MOTPeGHOTO HADOPA IA PA3DETBTIEHNOTO TPY-
GoUpORORa BHIIONHARICA CIOKENMeM KPHBHIX MOTPeGHBIX HANODOR 1A
Berpeir Mo WPABHNY CTONLHHA XapAKIePUCTHR DApATACNLHEX TPYBoupo-
BofoB (pme 1 97) — cnoMennem a6erpee () OPH OXMHAKOBHX OpIHAA-
Tax (/1)) Hpusbie norpeSHbX HATIOPOB MIH Bersel orMeuen:l nEfpamm
1, 2 w 3, a cymmapHAA KpupaA T € KpWBAA morpebmoro Hamopa i ia
BCEro paspeTsienms, ofosuazena Oykpaym ABCD Ms rpadura scuo,
YTO YCNOBMEM UOAAYH JRMAKOCTH RO BCOG DETBN fABTAeTCA HEPABCHC1RO
Hu > Hew

1.44. Cuoxnsie TPYGOHDOBONB

CoromEpil Tpy6ompoBoX B OfMeM CIyIae COCTABNEH U3 MPOCTHX
TPYGONPOBORCB C LOCTENOBATENLHEN A HAPATUIE/BHEM UX COCRMREHACM
(puc 198, ) mun ¢ paszersmenmama (puc 1 98, 6)

N ot N AL

a} ¥

Puc 198 Cxemsi CIOMBGX TPySOUPOEOROS

PaceMorpaM PasOMROYTHH CTOMMLUE TP)GompoBoN ¢ pasBeTRMEHE-
AMA B ¢ pasfadueil FRAMKOCTH B KOHEYHBHX CETEHHAX (TOUKAX) BETBEr
MarmcTpanbHell TPYGOIPOROT Pa3BETEASCTCA B Toukax A M C. e
KoCTh TomaercA  rouxam (cesenmmm) B, D u E ¢ pacxomamu Qp Qp
s

Ilycry, Rm3BecTHB PadMeps MATHCTPATE B DCEX BeTBed (IpoCTLIX
Tpy0OIPOnOKOR), 3a7aHbE BCe MECTHEE CONPOTHBIEHAS & TAKMC TeoMeT-
PHEYECKNE BHCOTM KOHETHWX TOYK OTCTHTHBAEMES OT ['TOCKOCTH
M — N ® pafuTOYlNe [ABTeOW] B KOHEUHWX TOUKAX gp Po ¥ Pg
B aToM cayuae MOTYT OWTs CAefyiomue OCHOBHHE 3afain 06 Pacuery
YKagalmmoIo TpyGONPOBOAA, COOTBETCTBYIOMNE APYM MEPEWM 2ajadad,
PACCMOTPOHIEM B T 2

190



Bagava { Tam pacxop Q b ocnosmoli marmetpatn MA Onpeteants
pacxonsl B Kuimol Beroy — Qp Qp, Qp a Takse morpefEMI Hamop
w Toune M Hoorp = Hps = pu/(g0)

Bapasa 2. Jan Hamop B Totke M — Hy Oumperenntb pacxog B Mara-
crpans () B PAaCXOAH B Kampoll ve1sm

Ofe 337998 pPemMapT Ma OCHOBE OJQUOHK W TOM jKE CHCTEMH v]abhe-
OEf YHCT0 KOTOPHX Ha eMHANY (OTbme YHC A KOHEYNHX BeTBOH,
2 UMEHHO

ypmmelme pacxoonp

Q=0Qs+0n+0x

pADEHCTBA NOTPefHHX mamopos Axs sereelt CD u CE

Her p+ KepQb =Her £+ KexQF,
paBencTEA HOTPeGHHX HamopoR inA verss AB m caomuoro Tpybo-
npososa ACED

Hep p+ Kax@h=Her p + KopQb + Kac (Qp +05)",

BHpAMEHEE U moTpebHOro Hamopa B Todke M

Hu =2 — Ko1aQ™ + Hen 5+ K 1003

3gech, KaK ¥ phme, GEINTECKNHE CMHCT CTATHICCKEX HANOPOR B KO-r
neunsx Toukax B D u E ror e uro m 3 gopryne (1 139), a conporms-
souun Berseli K M [OKAZaTean Crenemm m ONpENBnAKICA B 3aBECHMO-
CTI OT peRuMa TeTeHHA (cM 1 1 42

Pacuer cromumX TPYGONPOBONOB YACTO BANONTAWT CpadoanauTade-
CKEM CIIOCOGOM T e, ¢ MPUMPHEHIeM EpPHBHX HOTPeGHOre mamopa HIm
xapakTepucTuk TpyGompononos Hpmeywo wmorpebmoro mamopa Huorp
JLI BCETO ¢10KUOTO TPYBOTIPOBOJA MORHO OCTPORTE CEYTOMUM 06pa-
30m

1) cromnuit TpyGouposoR paabHTh Ka paf HPOCTHY;

2) MOCTPOHTE KpPUBhE MOTPEGHMX HAMOPOB VA KAMAOTO WA IPOCTHX
Tpy6OUpPOBONOE, TpHYEM [AA DeTBeH ¢ KORETEOHM pasfaveli — ¢ ywe-
ToM Her, a WA OPOMERYTOUHHX yuacTkOD (RampmMep, AC m MA) —
6e3 yuera Her,

3) coaETE KpEBEIE TOTPEGHWX MAMOpoB JAsA persedl (M mapammeds-
HEX JAHUH, eCTH OHH MMOIOTCH) IO APAaBILy CIOMEHAA XapaKTepPHCTHR
TApALIETBIHE TPYGOLPOBOJIOB,

%) mOMYWeNNYH KPUBYIO CIOKHTH ¢ XApaKTePUCTEKOH mocnefosa-
TeTHHO TP o TpyBonp IO COOTBETCTEYIOINEMY Npa-
uny (em uw 143 mr x

laknrM 06pazoM, IpE pacieTe HYKHO RATH OT KOHeWUHY TOTEK
CNOKEOTO TpYGOUPOBORA X HAYANBHOH €Fo TOYKC T € IIPOIMB TeTe-
IAA RAJKOCTH

PyKOBOXCTBYACH STHM IPABEIOM, MOMEO HOCTPOHTh KPHBYW TCTpPEl-
HOro manopa MaA moGOTo 0 Tpy6oup KaK IpH
HOM, TAK & NpH TYPOyJICHTHOM DEKEMS TeUeHHR




BEIOXHED OmMICAEROS NOCTPOENHe U TOAYIEB Ipadnk Hyorp = f (Q),
MO0 ¢ CTO NOMOIBIO pemiaTbh PAcemolpensue mipme safaum 1 m 2
B PABIOTIIBIX BapanTax Hpowme roro rpusas morpeSuoro Hamopa Hyerp
HeoGXOTMA JTA PacTeTd CROIMIOIO TPYBOmpPOBOIA ¢ HacocHol Noxaue.d

CrosEmI KOTLHEROn TPy GONPOBO]T IPEACTABNIAET CHCTEMY CMELHLL
BAMAHY 1HX KOK1YDOD — KOJeL ¢ 0TGOPOM /REIKOCTA B § WODHX TOYKAX
HJIA € HBeupCPLIDIIOR paa;{z\\lcﬁ ee [a OTHeTI HLIX yTIacTRaXx

Pacevorpyy mpocrefimmii  cAygan  Korja TpyGoONpoBol COCTORT
u3 ziByx xoaeiy OABC w ADEB (puc 1 99) Touka O spnsercs mepput-
hoit TOYROI (Y3TOM), M0 ROTOPOIl MIKOCTL NOKACTCH B CETh C PACXOIOM
Q, W rrie, CICTOBATENBIO HANOP mMECT IauGoTbMee spaneHne B Tog
xax A, B, C D u E nponcxomir 0160p KUFKOCTH ¢ PaCXOTaMH, KOTO-
phie oGosuatensl coorneTctBenHe Qu, Qp Q¢ Qp u Qr

Pagmumuple safatTu pacuera TAKoro W 0ONee CTOMHHY KOTBUEBBIX
TPYGOIPOBONOB OOLTHO PEMAT AHARMTHICCKHM METOZOM HOCTENona

TETBHHIY 1 pEGIImEeHHIT W

& 0 1 4 AA 5 4 D74 T DM ¢ mpuvesenmen

BIEKTPOAHATOT B Tpn

& 2 3TOM  OCLODBHIDAIOTCHA — HA

4l zle, sl MBYX 0fs3aTe. 1 HLIX YCI0-

DUAX AHATOTHIINX TPebo-

BANTAM K PACUOTY HNICKTpH

1, 3 i, 7 weckmx ceiew Ilepnoe yo

¢ ﬂg ¥ ”7 3 JoBme — Gamanc pacxopos

at‘ ﬂﬂ ﬂ[ T € pasedcTse OPATOKA K

OTTOX KMIKOCTH JUTS K&K

Pac 199 Cxema ciokoro koasuesoio TpyGo Ao yamoBoir roukm, Tro

npososia COOTBETCTBYET HEPBOMY 34

rouy Kmpxroda u saexrpo

TexHEKe (CHTa TOKA amAmoOrmIEA pacxony) DBropoe yeaonme — Ga-

JIAHC HANIOPOB, T € pADEHCTRO BYIK ANrefpamIecKOm C3MMbl mOrepsh

HAmOpPA [ KGKJOL0 KOAbnd (KOHTYPA) MpH HOCUeTe IO 3iAlpanIe-

OHI JBIGKCAWA TACOBOH CTpPESIKM IJIH OPOTUB Hee uTO0 cOOTBETCIBYET

Bropomy saxomy Hmpxroga ( MANDARCHHUA aHa o MOTepe

gamopa) I[loTeps mamopa CUETAIOTCA MOJOMHUTCHBIBIMU €CHU HANPAB-

feHEE DOJcYerTa COonnmafaeT ¢ HAaOpaBIeHHeM [ADILKeHuA RUAKOCTH,

H OTPHUASCTLHEME, €CHH HALDABISHAE NOKCTETA TIPO [IONOTOAHO Ha-
OpPABNEBNIO [BHKEHUA AJKROCTI

Han6oTee TnmYmoum XTA pacgeTa CAOKHEX KOIBIEDLX TPYGOmpo-
BOMOB (ceTeil) ADMAGTCH CHENyOmAA B8aJada, KOTOPYI0 PACCHMOTPHM
Ha UpmMepe Tokasannon Ha pme 1 99 exemu mByXxombmeBoro Tpybompo
poxa JlaHH MAKCEMANBHSIA HAaNOp B HAUaAbHOH Touke (ysae) 0 — H,
MIHERMATLAIA Hamop B nanfonee yfmaicuuoll rouke K — H,:, pacxomu
B0 BCCX MIECTU YBIAX (o1 Q) N0 Qp) W AAmOL ceMA yuactkon / —7 (1mmuii}
(o1 I, mo 1) Tpebyerca ompesetaTs AMAMCTPH TPYGOIPOBONOB LA DLeX
CeMH yHACTRAX

OcofennocTbi0 IAHHON 38739H, KaK W APYLAX 3a7ad Pacuera CIoMt
DEX KOWLIEDHX TPYGONPOLONOB ABAAGTCA TO, TTO IEMsBECTHRMM GyIyT
PACKOAL Ha OTAGNBHBIX yUacTKa¥, B IAHAOM UPHUMOPe — PACXOAH 0T

A 23 %




70 Q7 m mamoput B YeTHpex yamax A B € w D Takmm 06pazom ncero
mmeen 18 RenaBecTHHIX I{POME TOTO HEW3BECIHO LApARNCAIE FBHIKE
A FRERKOCTH BO Blopom yuactke (AB)

Jlns HaxoRMeHHA OTHX HEHIBECTILIX MMEIOTCA CATyoue ypapHe
npsi WMecTh yPasEeHPH 6aTanca PacxoXos f s MECTH Y3100 Juu ypaBHe-
HIA (alanca HAOPOD 1A ABYX KOOI | CepMb ypanHedui CRIIGIBAIOLINX
TOTepPIo amopa ¢ pﬂCXOHOM ANA KaKJoro ud ceMHd YqacTKOB laxum
ofpasow, wiciao ypasmewuit (15) mewnme wieta mensrecTHEIX (18) wo-
910My OPH pelteyuy 9aAads B HepBoM NpufuunemHi HAK0 3a/aTh KUA-
MCTPLl HEROTOPEIX yTac1kos IIpone neero 210 cuedarb X1 yuacTkos 6
u 7, DOZAOMEX MOTHOCTE K KONEYNon Todke £ TaK KaK IS HUX H3pe
cren cyMyMpHuit pacxox (Qo = Qs + Q)

Peme{mc CHCTEMBI ydeHeHVIﬁ TIPMXOH FCH BhITIO/IHATE NIeOTIIORPATIO
HE TOALKO MOTOMY VIO BHODAHHEE AMAMETPSI OKABAMNCH HEYTATnsMu
HO H IOTOMY, WTO OKOHUAIGNIHO NPHHATHE AmAMeTPH Tpy6 ma ncex
yUaCTEaxX Ko TEHH cooTnercrposart [OCTam

Vaobruim pacqeTHEM OPHEMOM 1DUMEHAENMBLM ppl HeGoTpmOoN ancie
®omew, ABAACTCA caellylonwit Crosmpt KoOMrteBoft TPy 6OmMpPoBON Mbre-
JIEHHO PAZPHIBAIOT D WANG0Tee YAATeNON TouKke & M I ORHOR W3 [OUCK
yuacrka £ Ha 7DA CTOMHMWX paseerBiennsx 1pyGomposoga OADE
u OCBE Torpa pacxon ma yuac ke O4 6vier a@,, a wa y lacrke OC —
(I — ) Q, Snavenne xoaddumuenrta o MOKIO NPAGIREIETENBNO OTe-
HATE TaK KAK W3pECTHN PacXoibi Qo M Qp B ORHOM H3 }KA3AUHBIY
TpyGompoBonor B Q¢ B (Jp — B APYrom; HEM3BECTHH JEME Qp B Qr
W3 KOTOPEIX CKTafbraercsa Qp

Janee BHMONEAIT pacyer KAMIOrO HI ABYX CIOAHLIX Pasne1rien
EHX TPyGOLpOBOTOB TaK, KK DTO GBUI0 ommcano beme Ectn 3 aToM
PAacaeTc OMpeleAANTCA ANAMETPH, TO NPH OKOKYAIEILHOM HX BHGODPS
HYXI0 COGMIOCTH paBeHcIBO HoTeph nanopa p auunax OADE u OCBE

145, Tp p ¢ it i n
Brnne paccMOTpeHH, IO CymecTDy, JUINIL OTASNLHLIe YIACTEM Mpo-
CTHX H CAOKEHX TPYGONPOROTOB, & ne BCA CHcTeMa HOJATH A{HTHOCTH
{kpoMe Dpocrefimeidl caMOTeUHOm CHCTeMH) DB MAENOCTDOCHHH Kak
Ve 0TMETANOCh, OCHOBNHIM CT0C060M IMONATI FRUKOCTH ABIASTCS TPI-
HyAUTENbHAS HOJaTa HACOCOM DPaccMoTpmy coBmecTHY© paboTy TpyGo-
TpoBCa ¢ HACOCOM M MPMARNI pacuera Tpybomponona ¢ macocnoft moxa-
Tq0i HHIKoCTI
TpyGomy ¢ ii i momer OBTH PABOMKIYTEIM
T ¢ TAKHM DO KOTOPOMY SKM[KOCTD JIepeKATHBAETCA M3 OHOK eMKOCTH
5 apyrylo (pme 1100, @) nam 3aMKEYTEM (KOTHIUBHM), B KOTOPOM
QEPKYTHPYET OfT0 B TO ke Kotmuecrso memroctd (pme 1 100 6)
PaceMorpry pHavalNe Pa3OMKuYTHi TpyGompOROL N0 KOTOpOMY
HACOC MeperaTBAeT FRHEJAKOCTh, HANpHwep, N3 HIALHCTO DOBOpBYapa
© HABTENHEM p, B ApYTof pesepeyap (WIm B kamep}) ¢ JABTEHEEM Py
Bricora pacmoTo.emiA OCH HACOCA OTHOCHTETHHO HIDKHEro YpoBHA Iy
i TOH uA  a TpyGomposof,
O KOTOPOMY IMW(KOCT! HOCTYIAGY X HACOCY, BCACHBAIOMIM rpyho-




TpoBOTOM, MMM NHEWEH BeACHBAHER BrCoTa pacmomomeRdA Komed-
HOTO CETeHIA 1pvﬁonpono)m, UIH BEPXECTo ypomm mmpmocra H,
TABHBACTCA [EOMETD: BHCOTOR Ha
1O KOTODOMY HBAKOCTh [(BEReTCA 0T HAcOCa, mnopnmr, an sl
HardeTanaA

Cocrapay ypasuenne DepHynzam Adf TOTOKA JHMAKOCTH EO BCACH-
Balomex TPyfonpoBome, T e AnA cedemmii O—0 n [--I (upmEAMag
@ =1y

H=m+Ry +zfzo-, (1449

‘VYpasaenue (1 149) gnnseress OCHORHEIM AJA PACIETA BCACHBAIOMHEX
TpyGorponopod OHO HOKASHBAET, 9T0 NPONSCC BCACHBARNA, T. €. HOLBEM

Poe 1100 TpySonpononu ¢ macocwol TopaTes

JREAROCTH B8 DHCOTY H, eit xmmer i DECP: T mpe
BCEX T ui o 3a cuer

ma (c Hawca) P, Tak wag sro ges-

aesme o0WIHO OLBAGT pechbMa OID , T ere

chefyer Tam, YTG6W DCpeR BXOROM B HACOC OCTANCA HEKOTOPHH Bamac
NABACHHA py, TEOOXOEMMHN AJH €0 HOPMANBHOH BGeCKABUTAUUOHHON
paboT

Bosmoman crefyiomme 3a8a9a Ha pacleT BCACHBANMIETO TPYGompo-
BOAA

3Jasasa 1. Jlams sce pasmepi H pacxof M TpeGyerce uafita aGoo-
FIOTEO® TABTEHHE DEPe BXOAOM B HACOC,

Pemenue srok sajavu mpenctanager cofoll moReponLIT pacter Boa-
CHWRIOOETO TPyGomposoma AbcomioTHOE ZaBIeRme p,, WOIYEEHH0O
oo mo (1 149), cp J0T C T€M, KOTOpOe HEJACTCA MHHH-
MaJIPHO HOUYCTAMMM [0A JABHOTO CNygas

3apaua 2. Jlano unuxuaxsE0 HonycTEMOR AGCOADTHOS AABISNEE N8pell
BXOAOM B NACOC p; m rpelyercA HaliTH ONEY H3 CAGRYIOMEX mpe-
RENBRO AONYCTHMNX BENEIEH Himar, Qmaxs Gwin BAE Pomin




Banmmewm ypanrenne DepayIIn AXA ABHKeNmA JKAGKOCTH M0 HATIOP-
HoMYy TPYGONDORORY T e ANA cedeuus 2—2 m F—

(1 150)

Jlesag wacte ypaseenun (1150) mpencrasider coGofi smeprmi
JEAKOCTH HA BLIXOC B3 HACOCE, OTUECEHMYH K SNHEHIE BECA

AWAROrEYEAA ODUEPTRA JKHIKOCTA NOPS] BIOTOM B HACOS MOKET
Gurh BRMECIENA DO ypaBEeHHD (1 14Y)

]SO —
pE+2§ pg —Hi—Xhya

Haunem mpapanexue dHECPIAH RETROCYA B HACOCE T € ONPSTemnns
Ty SHEPTHI KOTOPYI UpHOOPSTAEI, NPOXOMA Yepea HACOC KaRmam
eMHANA BECA MIJKOCTH OTa JHEPTHA COOGMAETCA JRANKOCTH HAC0LoM,
T0DTOMY Ol HOCHT HASBAHME HANOPA, COSKABAEMOr0 HACOCOM N 06oama
TAeTCA 06BIRO [fyye

Dna maxompennsn Hyae BIUTEM nociegHee YDABICIHE H3 yDPAaB 16-
nma (1 150)

Huno=(2 4 1) — (B8 4 )= My Hy 4 BE - Sho s Bl

nto
Hugo = Az BP0 KQP, (1 151)

The A3 — MONBAR TEOMETPATCCKAA BHCOTA NONLONA MIUKOCTH (e puc 1100 a),
KQ™ — cyma IIpas.iiiecKyX IOTeph BO BCACHEAKWIEW B NANOPHOM TPYSanpo-
BOjJAX

Ecan ¥ peffleTBUTOIBHONR paanocm Az yposseii 10GasmTs pasumocth
ILOJOMETPHYCCKHX BHCOT {Py — g)’ (pg), TO MOMHO DACCMATPADATH
Rax 0sf yBOANSCARYH DPAsHOCTE ypomHelk
Hey=Az 280

ox 5
u gopmyay (1 151) mepemmcars Tam:
Hugo= Her + KQ™ ( 151

Cpasumy monyuenxoe Bupamesns (1 1517) ¢ gopuyaoit (1 139) pas
TOoEpedHOTe LAN0)a OTeBHRHG, T

Hiac = Huorp 1132)
OTo0 pPADENCTBO HMOKEO PACIPOCTPAHATH HA BCE CIYIad YCTOMTuBGH
PAGOTH HACOCA, COBAMW 0 ¢ Tpy6Gonp B chopayanposaTs

B BEAE GIEAYHLEro DpaBsAa NPA YCTAHODHBIMOMOCA TCUEHUH RETKOCTA
B TPYGODPOBOGE HACOC DASDHBACT Hamop, PaBHmil morpebmoMy

Ha parencrse (1152) ocmesmBaetca Meroy pacieTa TPYGOIDOBO-
NOB, BHTAEMHX HACOCOM, KOTOPHIL 3AKILOYAETCH B COBMECTHOM HOCTPOe-
WHY, B OJHOM B TOM /K¢ MacmTaGc B Ha opmoM rpadaKe JBYX KPEBHX



nanopa Hyerp = f; (@) B xapaxrepucrnim macoca Hyge = f, (0} =
P HaXORAenMH MX TOUKY nepecewenms (pmc 1 101)

B navememmem (Bo Bropolt m Tpernelt wactnx) Gymer HocTaToTHO
MoApofo €KA3AmO 0 XapaKTePHCTHKAY HACOCOB 37eCh Me mOKa JajmM
JMIB ONPCTCICHEC YXaPAKTEPUCTHKON HACOCA HASKNBAETCHA BALVWCHAMOCTD
T'aoopa  €O3MABACHOr0 11ACOCOM, OT ero nofaTn (1)80‘(0]]3 ;(mm(oc'm)
PN nocToANmOi wacToTe BpameHmsa Bama macoca Ha pme 1101 mamo
IBa BapmaETa rPaduKA @ — JUTA TYPGYASHTIOTO pe/KMAA TeHelHA B TPY-
Gonposoie H KCHIpofeRHOro Hacoca H 6 — [UIA JAMNEZPHONO PCHIAMA
T 06!evmoro macoca

H

¢ P 4 ¢ bl q

Pue 1101 ipagmeckoe maxonienne pafoveli Touxn

B 1oure mepecedents 1papoil moTpedmors nauopa B XaPAKTEPHECTHRE
HACOCA YIMEEM PALCHCTLO MOAULY NOTPEGHLIN Uai0pod H LALO oM, COIfia~
Baemuy macocoy, T e pavercrpo (1 152) Jra rouka maammaeTca pago-
9eHm TOUKOH, TaK Kak BCerla peammsyercsl pessuM palorel macoca eif
coorsercteylompit Y1061 monywmTe Apylylo pabodIyie ToIKy, HEOG-
XONAMO #TH HiMENHTh OTKPHTH® pPETYIHPOBOTHOTO KpaHa (BeRTHIS
3aMDWEKKN), T e U3MERHTh XAPAKTEePHCTAKY TPYGOIpOBOAA, WM H3ME
HOTb 9ACTOTY BPAMEGHMA BAXA HACOCA

Veasarmeii pacueTdpiil Tpmev JUIA HaXOHENEHRA paboued ToIKM
TOPHEMCHEM B TOM coydae, Xorfla ©=acToTa BPAMCIHA npupoga Hacoca
1[€ 3ABECHT OT MOIHOUTY, HM LOTpefaAenolf, I ¢ OT HATPYSKY Ha Baly
Hacoca JTo MVEET MECTO HANpPHEMEp NpH COSNHICARN HACOCA C DEEKRTPO-
JBETATe/ICM LlepeMCHHOTO TOKA WIF C HHEM JIBII QTe/IeM, MOMOCTh KOTO-
OTO BO MHOTO pad (OTLLIC MOMHOCTH HACOCA

Jas samkmyroro TpySompoboga (pHc 1100 §) TeomeTpEUecKas
BLICOTA NOfLeMa SKOAKOCTH papEa OyTio (Az = 0}, cTefoBaTeaslo,
OpI 0y = Dy

o= X1 =(ps — p1)/(P&),

T € MENAy NOTPeGEHM HANOPOM W HATIOPOM, CO3[IaBAEMETM HACOCOM,
COpaBeTABO TO e paBeHCTBO

3ammy-rmu prﬁouponon 06A3ATeNBIO0 JTOWREH HMETh pacmaparenn
HEH HIA KOMHQHCHHHOHI]HH 63‘10]{ COB}IHHQHBHH € OJHUM H3 cevennii
1pyﬁoupmm;la "apre BCEro ¢ COTOHEEM y BXOHa B HACOC, Tje Janiemue



mMeeT MAHEManbmoe aHademne Bea ororo Gawka aGcomoTioe NABICHEE
DEYTPH SaMKHYTOTO TPyGompoBona GbiM0 BB [1EOTMpENEeREeHELM, A TAKNIO®
nepeMeHHBIM B CBASH C KOJGOAHNAMHE TEMOEDATYDH M yICTRAMH Yepes
OenaroTHOCTH

TIpr maauTum pacHHpHETETHHOTO GaTlka, HPUCOBIRHENNOLO K TPy-
Gompopony, kak morasamo ma prc 1 100, 6, maBmeHme mepex nxolom
B HaCOC
p=pot+ g

Tlo pemmmie p, MOwuo TOACINTATH AaBIeHHe B A060Y cevenmm
samenyToro TpyGonponoga Kcam pmapaesne B Gauxe p, UAMEMETh A4
HEKOTOPYW DeTHYANY, TO BO BCEX TOYKAX JAaHHON CHCTEMBI ganienuo
HBMEIIATCA LA 1y JKC CAMYIO BENMMILHY

Dagor MOmno BRIOYATS TAKME R 3aMKIYTHE TPYGOmpoBOR, nak
nokazano ua puc 1100 6 mrpuxopou nmymem (rpyGompooj BEYIpH
GaTKa mPHE OTOM MONKEH WMETH pPaldpHD)

146  Ocwopbi pacyera razonpoBOjOB

flpn ycralmopupmevcs [BUAEHHH BABKOLO Ta3a mo Tpyle mocrosm-
HOTQ CeYGHOA B CHAY LHOCTORAHCTBA DIOMD TOTOKA MACCOBOTO Pacxeia Qp
MOMHO 3aIICATh

Qun/S =vpy = v, =10 = const (BROIb MOTOKA) (1 133)

Tar ®ax ABMKCINIE TA3a COLPOBOMKIAETCH Tpenmen, AaBJCHHE ero
UAZlaéT BAOTH MOTONA, Ta3 pacmupseres CTefoBATeNbHO, MIOTHOCTH
©r0 0 yMEHLWACLCH, & CKOPOCTH v, KAk 070 DIUo ms dopmyas (1 153),
YBOTHIUBAETCA

Tpo momgow oTcyTeTDMIr 1eII00GMEEA ¢ PHEMHOW CPOmoll mpoiece
PECIMHPEHNA Tpn ABWACEIN Tada Gymer agmabaTukM a UPHE MOTENCHD-
HOA TEILIOOGMEHe TeMIeparypa 1asa BIONb rpyGLl 0CTACTCA HOCTOAHNOI,
T € TPOMCXOIUT WMBOTepMuUIECKhHA mpomece em Kopowe rasemponon
H, cleloBaTeTbRo, 4YCM MelbOie Bpems OPOXMHICHHA ero JacTouaMa
Tasa, TeM GnmKe mpouece K agmabarnomy I maoGopor, wem Goxsme
OTHOCHTEIBHAA [UIMIA Ia3oUpOBOLA TeM GJIHAe OpOIece K H30TepMI-
geckoMy lmedgo oro m Gymen TpenronaraTh B Ta3oNPOROAAX H pac-
CMOTPUM OCHOBH WX PACYETA Mp eIbNO K H30TEPM y nBu
MEHHI0 rasa D TPyGax

Brpasum wmeno Pefinoaslca Ans TmoToRa 1a3a b TpyGe depes Mac
COBHIT pacxof, Tasa N AEHAMHIECKYIO €r0 BABKOCTH

Ro = vd/v =4Q,,/(ndy)

Orcrona PEAEO, UTO WNMCA0 PemHOIBACE MOMKKET MBMEHATBCT BROAD
DOTOKA B TPYGe TMOCTOAMHOTO AMAMETPA AN Ja CUST M3MEHSHWA D3
koctm ¢ Ho BASKOCTb Ia30B y 0€ JAaBMCAT OT MABJRHN, A OmPCRe
NASTCA JMMDb TEMOCPATYPOH, WOITOMY NpH M30TEPMHIECKOM M[ONECCE
nemsKReRAA Tasa M0 TpyGe umcao PerHoiblca GYNOT 0CTABATECA TOCTOAM-
HuM Brose moroka (aepoparensmo, Koopgmument A moteph Ha Tpe-
MEe N0 gUERe TakKe GyAeT BeIMUHHOR mOCTOAWION BEoAb TPYOH mO-




CTOAHMOre AHAMETDA HECMOTPA Ha BO3PACTAHEEG CKOPOCTH MOTORA
Tasa.
Jeyma GecroEEWHO CNHIREME APYr K APYLY CedeHAAMHA BHACIEM
BAEMEIT prﬁbl AimHon dz (pHC 1102) Hpeueﬁpernn FOpABBOME]-
0

HOCTB® | p o CROPOCTD
B 3eROM cewemm Tpy6ul v, B Hpa-
dx rou v Fdv, a HaBaeHRA — COOT-

] BETCTBOHHO p B p + dp
21 iprdp v TpuMeRrEM K BEIRENEHHOMY 51e
=N - Pﬂ—ﬂ—|— meETaproNy ofBeMy TROpeMy mexa-
¥ 4 , HExE 06 RaMememuE KOWHOCTHA
Y I il 32 ENEEH-

.73

ny BA A
B nanpamxe TOTORA

Pee 1,102, Cxewa jax pacsera raso-
Lo Qo =pSv o,

1

THe S = ¥4

970 mpEpAmEHMe HOIYIAeICA B PpesydbTare HMIyIpCA BHEMHAX
€O [ABNeHHs H TDPEHWA 3a TY ke eAmunmy BpeMoRn CeKyHIHLE #M-
WYALC PARHOALHCTHYIOIEH CHIH

dR={p—(p-+dp)]nd*4 —rynd dz=—nd® dp/k —xnd dz,
THe t; — KacaTcIhHO® HANPANCAN® HA CTENKe TpYGH

{lpapaBEEpad COKYHNHEH HMDYIBC CIi LPHPAMCHUI0 KOJWIECTBA
IBIKEHNH, mOJIyIaen

——dp wds=p g L pdy wam dp+pd( )+4’"dz 0

Hemonsaya dopuyay (1 61), Buecro WPopsuTymiero BIDLMEHER
BammmeM

1”+d( )+1"_"f=0
VmEOoRED ypaBEenmme ma p%, Gymem maeTh

dr
ppprd(y) +a% Ot

Tak kax m» coorsercremm ¢ ypasmenmex (1453) (pw)® = const,
T0
PR =—v"d (o),
moaromy ypasmemme (1 154) Mommo0 mepenHcaTs B BIAS
wopdior 4 dz (ol
2 T T d 2

=0 (1154)

pdp —
Hcenonpays ypasmeman cocronsds p = p/(RT), nMecto moCIefgrero

BEIPAIKOHILT TIOJ YTAM

pdp. (VP)‘ 407 _ d-‘v [

BT 2"



Tax Kak oo yeromn I — const, MOKHO BENOAHETE EHTETPHDO-
Danpe BAOAEB FA30IDOROMA, T € B OpPefenax or p, ne [ H COOTBOTCTDERHO
or =0 g0 z =1 Byaem wumern

(poy | P 3 (p)?
K—TI“;;-:’“T{T‘ (1 155)

Orcionia ompejiensie MacCobHi pacxof rasa
L i—
Q“=n7pu=ﬂ;;-pl/—l——— (P'P;:, (1 156)
(x Laam 7) RT
B pammEmx TpySompoBogax HpE MBNKREHHH rasa €O CKOPOCTAMM,
BHATHTENLHO MEHEHIEME 3BYKOBHIX,

Ayd > 21n (pyp)

B orux yemopEax smpasenden 2 1n (p,/p) B dopuyae (1 156) Moo
npereSpedb © HOAYYHTH YOPOIIGHEYIO (HOPMYZLY

Tt —5d
Q"':TV ;mpz" (1157)
Y A, it B (1 156) = (1 157), ompe-

ARNAETCA TAK ke, KAK B LA UECKIMAeMBX mafkocrell mo umety Re
n oF i 3t TOCTH

MpaBefieM HexoTOpue MOLOJINATEABHLE CBEleHMA 00 mIoTEPMIMe
CKOV FOUEHWA ¥aza mo TpYGONDPOBOTAM

G nomompio fopuynm (1 153), a Taske ypapEemsA COCTOALHAA H
YPaBHeHHEA R30TePVNM HCKmOTEM H3 GopMyam (1 155) masterms, ssens
B Hee CKOpOGTH, H UpHBENeM Kk BHELY
i 1 1 1 v =
l=k;l-=RT(~v—f———ﬁ)—Zlnv (1 158)

1

Honyuenmoe ypasuesse IepemumeM B Ge3pasMepUHX BeIHTUHAX,
BBOJT OTHOMEHIE CLOPOCIA MOTOKA K CKOPOCTH 8BYKA, T € 9HCIO
Maxa

M=vja=v/)»RT,
TH® % — H3BECTIMI W3 Tepl B8 BOIAYIA B
ABYYATOMBHX TadeB x = 14

Torna nmecro Baipaswenns (1 158) Cymem miers

(3 —50) —2m g {t 19)

7 1
b= ltm— e

3

Tiporaggeperunporan ypasmenne (1 159) mo M, cumran M, = coust,
u ompefexEn dM, DoayTEM

Mal

M Trame—1)

AmanE3upya 970 ypaBmeHHe, NPAXOXEM K BBOLY, TTo B CIyRae
WIOTEpMETECKOF0 TEWCHRA IpH 3Havenmm M® < 4/x B nuadmnpude-
135



Cexoit TpyGe cropOCTE BOMb TOTOKA RospacraeT (mpu di > 0 m dM > 0),
a npn amadcnmix M? > 1/x cwopocTs mjonn LOroRa yMCHLIIAETCA
Caenoratensio, 3aagenmne M=1/)"% ana U3OTEPMUYECKOr0 ABIIKC-
HHA 1432 B TpyGe snpuaerca xparmaecknM Jlepeiitn wepes aro aHage-
ume M, woropeo pasuo My, = 0,845, coxpamas nsorepvruecroe KBA-
JKeHNe, MeBOIMOAKHO, TAK KAK vajenmee orkjIoHeHme wmena M ot My,
B CTOPONY YBeNHuGHHS MEILIET 3HaK Wpwpamends 4V m BOSRPAMAET
OTOK BIODH K KPATNUECKOMY COCTOANMIO

3aMeTuM UTo NPH anmabarHoM Npotecce NDEMCHEA Ta3a TAKMM
rpErMUeckmy wreaoM Maxa apmaerca gncio M = 1

Tiana 10 HEVCTAHOBHUBINELCS BIKEHNE JKMAKOCTH
B TPYBAX

147, Hejcramosmapieees NBIGKEHAE MRMAKOCTH
B 3KECTEHX TpyGax

Kax yxasmpanoce puime (m 1 12) meycraHoBHBmEMCA, WIT HECTA
IHOHAPTHIM MDMKOHNSM HUKOCTH TCH [BHheHHe, HED 08
mo spewenw IIpE 3rod Xpu
FMEHUWd KAK BEKTOP CKOPOCTH,
78K U JaBIeHEe B FRAAKOCTH
ABNFIOTCA  GYAKUMAME  HE
TONBKO KOODAMEATL TOUKH, TO
u_ppemen:m Takmu 06pasoM
Ov/of £ 0 m Jpidt £ 0

B morore mpeannnofi He
CHmAMACMOH RMAKOCTH BHJE
JEM  GMEMeHT CTPYHLKW JTH
neit di u DIoWaspl CeTenda
Puc 1103 Cxewa jgun Pwboja ypaswemmn dS (pmc 1 103) [Ipumermm
BCYCTAHOBRBIGCIOCA TEHEHA K Macce 3Toro sJaeMeHTa Rro

pol saxon HbioToHa mpmIer
ypabEeHue BJamnmeM B UPOEKOOH Ha HampasJaesne KaCaTeJdbpOH K
ocepoll aummn crpylikm Bymem wmers

i/ d
pds —<p+~‘£ 1) dS --pg dS dicosa—p aS iy
n1a

ap N
— i fpgeosadl=pGrd

Yacroas OPOH3POANAA OT AABJACHHA P HCIIOJB30BAOA LOTOMY, 9TO
fapaenmfe, TAK He KAK H CKOPOCTB v, ABjAeTcH (pymKuuelt ABYX HEpe-
Meuusix —! M { 2 YDaBOeHme ABWKENHA BAOHCANO AT OMpPeAepem-
moro momenta Bpemen: B mpamoii me waeTw ypapHeHmn samwcaHa
TorEAA OPON3BOJHAA OT ¥ N0 f, T € TOINOC YCKOPeHNe, KOTOPOE PAREO



CyMMS TOKANBIOTO (MECTHOT ¥ JICHEOTO HECTATyIo
BﬂpHﬂ(‘fl‘b]O ABDEIINA H KOHDOKT““[[O[‘O yCRopemm ONPeACAAEMOTO Ieo-
MeTpHel TOTOKA T e

dv  dv  oudl v &

o W %
at gt Tald ot a

Yaurspad, W00 coso = ~—dz/dl, THe 2z — DepTHRAABEAA KOOPAH-
nara ey ypBHenme p B BEAE

1.9,7 v v
D At i), (7)dl+a‘dl=0

Unrerpepys BRomb Crpyiikm or cevemma I—I fmo covenma 2—2
B TOT e (PUKCUPOBAHHLL MOMENT BPEMEIM, [odydTaeMm

Do
1 {ép 8 vt v
?SﬁdlegSde—S“\z)dl-}-S =0,
T
B
—uA v
—ptelm—n) it +Sa;dl=0

Tlocne menenna Ha ¢ w meperpyNuHpPOBKE UICHOB YPRBUEUHR GyneM
TMeTE

A
z,+ +V,_ +£’?+;;+%lsgit’dz (1 160)

Toxyaenroe ypaBHeRNe orimdaeTcs 0T ypasmeEAA Depmympawm mus
€TpyuRd HAeATbIOH JRENKOCTH THNE yeTBePTHM TLIEHOM B MPABOH WacCTi,
l(DTOpL[ﬁ[ Ha3BIBACTCH HHePOOOHHHEM HANOPOM

4

1 or
b= 1 ]S L (t 161)

M3 ypasmerua (1 160) scem ¢ mit  CMBICT 1oro
Hamopa hy, 9T0 OCTh DPAB3HOCT HOMHHX HAUOpOR (UOMHBIX 3HEpPrnid
JKIJIKOCTH  OTHECEHHEIY K GAUMENG BOCA JRUKOCTH) B CEUeHHAX 1—1
u 2—2 B pammbi P mE MOMEHT B , obycronmennan
¥ (mnm T ) MOTOKA JRMOAKOCTH

,T_[:m HOYCTAHOBHBICTOCA TOTOKA RABKOI IMEAKOCTH NeOGXONMMO
YieCTh eme HepPABHOMEPHOCTh PACHPOJCCEHA CKODOCTeH H UOTOpH
Hanopa, carefosareinbro, ypapmerue (1 160) Syner umers Bun

z‘+%+al;g =tab Er oy gt +Vh+hm, (1 162)

Vpasnensme (1 162) cxommo ¢ ypaswenmmen (1 62) BepmyTmt un
OTROCHTeNLHOTO NIBIREHAA, B KoTopoM unem AHy, TAKKe HA3HBANT



BECPIHOERNM HamopoM Onmako penwIAuH hng B AHgy uMeoT pas-
HHH CMHCT
Jlnsn TpyBH HOCTOAHHOrO AUAMETPA JOKAJILHOE YCRODEHHO @ =
== Qu/Jt TARMKe UOCTOAREO BEOAL TPyOH, CTENOBATOABHO, MHODIACHRHIE
Hamop
Lo

*S 7‘;(1,—1,)?1 (1 163)
£

Ectm 1pyBGonpoBON COCTONT M3 HECKOABKUX YSACTKOR € CCTOHESME
pasHBX mWromagell 8, Sy BT N (Mam TPYGOIPABOR NPECOSNEHEH K I~
NEHJpY, B KOTOPOM YCKODEHHO JBH/KETCA HOPMIEb), TO MEEPIUMONHELE
HAmOp ATA BCETO TPyGONPORONA paBeH CyMMe WHEPIEOHMHHX HAOPOB
ANA KaKZoro yuacTka IIpm STOM COOTBETCTBYIONEE YCKOPEHHA OIpe-
MeNAIT 03 ypapMenmi, mpefcTapasiomEx cobom pesyrbrar Amdpeper-
NUPOBALMA DEpALEmnT pacxofa () mo Bpevenm, T @

=8101 = Sa0a = Sya3 =
B ypasuennme (1 55) B aroM cydae BMecTo figy C€Iyer mONCTABHTE

Xl = hga ~- P -+ Frnwa -+

VizepruoHnasil namop kg BBOAAT B NPaBYI0 FacTh ypannesan (1 55),
TPHYeM €T0o 3HAK COOTBETCTBYET IHAKY YCKOD Iipn

HOM VCKOPCOHH ¢ BEeIHIUHA hm_, TaxAe HO!IO)I(IZXTQ.’U:E[&, qT0 (2HAYAeT
YMeHbIIeHHe HOJHOTO HAOOpA BIOAER MOTOKA ANAJT0TEYUHO YMCHBIIITHIO
ero BCJOACTBEE TENPADIAMCCKRUX CONPOTADIEEBH OfHako EHEpIHOM-
HBIH Banop HEJIB3H pﬂCC'\lanHl}ﬂTb Kak 693]10:!5]’]3'1‘!{0 TIO'lel]'{llBHﬂ
Tlpr orpui@TeIbROM YCHODENHE (TOPMOKCHUH [OTOKA) BENHIANA &
OTPUNATETILHNAS, A OTO IHATHT, 4TO TOPMOTKEHHE DOTOKA CTHoCOBCTRYeT
BOIPACTANMIO MONHOTO HATOPA MKAXKOCTE BAONG LOTOKA, T € ero Aeil-
CTBHC HPOTUBONO/I0KIO NEHCIDED TAAPABIMIeCKHX compoTnpiennmi Bee
CEA3ANI0e OTHOCHTCA JAMb K HO\(y MOMEHTY DP Hi
K PARIOYCHOPEHHOMY TBIREHID mum{ocm (a = const) Ilpm pepe-
MCHHOM LeTUYOLe ¢ Xapakrtep pacnpefenennA HALOPOR BIOTEL MOTOKA
HIMENsAeTCd C TeTeHHe BPeMOHU.

B pmze npumepa ma pme 1104, ¢ merasama 1pyGa MmOCTOAHHOTO
cedenmms, COSAEHF-OmAA JABA peseppyapa BrEyrpm TpyOH Haxommrea
MOPMeEb KOTOPHH ABHAETCS CHpapa HANEBO CO CKOPOCTHIO U H ¢ IOJo-
ANTEALHLM yeRopesdes d ( TAKUM e YCROpemHeM ABMKETCH REI-
roocrk B TpyGe JlNA KamyIoTo U3 YUACTKOE TPyOH — BCACHDBAIOMETO
(R0 mopmIS) K TAmopmoro (3a DOPHIHGEM) — HA PUCYHA® MOKABANE JH-
HHN H3VEHCHHA MOMLHOrO ®amopa (4 -— i}, MbeaOMETPAIECKHX BHCOT
p — p) A TakKe LOTEP HANGPA Zhy W BHEPUHOHHOIO HATOPA iy
B HEKOTOPHH ompeliencxHHE Mouent ppemerE M3 puncymka BHiHO, 9T
HIePUHOHHMI HANOD IpPH HEYCTAHOBHBINEMCA TEYOHHH cuocch'rnye'r
CHELKENTI0 [ABJIEHEA H Ja/e DO3HAKHOBEHH na]«yv\m 38 TOpIEHEM
H BHI3HBAET BoTee SHATATENBROE nepex P
10 CPABREHHD C )CTRHOBEBIMEMCA JBHMOHIOM




Ha pre 1 104, 6 noxasaus 7e e JMERA PR OTPHUATENBAOM YCKO
PEHHR g TOIO Ke YIOPHIHA npH Toik sKe CKOpOCTH “ﬂﬂpalﬂlelﬂ(oﬂ chopasa

naneso B arom cayuae HaTop pycr moTep:
HAOOPA H TEXPABI: ymou 3HAK Ha 00paTHEIT
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Pme 1104 HNoctpocnue mueaomerpuzecwrx aumdi B mmgd
moanore nasepa

P72
7
Pae 1105 Vauenenme npofmnn
cropoeTell WP  YCROPORROM AN
BApHOM FBEAeRHH
7
a9

Tapp: mOTepE IPE B obmeu carywae
OTMHIAH OT HOTePh HPE YCTAHOBMBIIENCA [BIDKCEMM JTO CBA3AED C BHOM3MEHe-
=HeM mpodmiln exopocTeli MmO ceuCEEI0 TPYOW Ta¥ DpM YCKOPONHOM NBIGKEHUH
KEIKOCTA Hpodmas peanercd Gouee NONHBM (kOoPQEIECET o yWEHLIIAETCA) a WpE




PoMeyoHmoM — Gomee BHTAEYTHM (o yReamizmaerca) Ha pme 1 105 noxasamo
m H] ii o ceweHMO TPYGEN IIPH YCKOPGHEOM JAMMEAD-
HOM npu Tpex x pacxoaa {puc 1 105 a — up¥ paB
HOMODROM IBIKeRmE puc {105, 6 — npm_yexopouHON) Kak BHANO HA PUCYNEA
B OTIABILIX CUYFAAX DOAMGA CTOHKH TPYOH MOBEMRANT jaw® NPOTERCTOKE

B 9acTHOM CAy4ae NaMITAPEOrG TeGCHHA C FAPMONMYCCKHM M3MEHeHHEM pac
XONa 10 BpeMerT B 3akom Iyaseiira (1 82) sammcamnbii A%A AHHOTO MOMONTA BPe
MOHH, IA]0 BBECTH MOMPAROUEHE Kodmmmemt x KOTOPLHEA 110 MCCHCIOBAHMIM

H Tlonona, momacien pyBKIuCH (+3pazhepHOE 4aCTOTSl

D=0 (32v)
TZe ( — YIU0BAA 'ACTOTA 1oMe0aHIm EMIROCT ¢ DAIKOCTRE ¥ B TpySe juaver
pom d

Be 4acroTa 00paJoM CHASIA0 C OCTIORHEIME KDHIO-
pusdu T0A0GUN [IA UPHHOTO CAYYAR — ¢ Smeyawn Peiflnoabica m CTpyxia
TlonpasoTmsii Kes(@AIICHT % MmO maiita mo Gopuyie J H llonosa
VER+04

TIpA §NoTIT EAN 9acTOTH DOPPACTAENG THAPANIUIECKIX HOTePh MOINET GSTH
BecEya 3NATUTCALHEM, TPH 16N Pas Tl 1he MeAIy HOTUPAMH NPI AAVINAPIOM K TYP-
BYTCATHON DPEKUMAX YMEHLIASTCA

148 Tuppasamvcckuii yaap

TufpaBTuieckuM yAapoM OONTINO [ASHIBAIOT De3Koe MopLelnne
HABJCHWA BOJIHHKAWNEe B HANOPHOM prﬁonponone OpHA BHC3AIIOM
TOPMOMEHUH NOTORA ;KUAKOCTD T0YHee rozops rugparmwueckuil ynap
npepcrasiAer cofom KomeGaTeTbHHE mpopect, BOSHAKARMUE B YUPY-
TOM TPYBOmpOROAe ¢ RaneJbHOMH FMMIROCTEIO TPH HHE3AUHOM H3MEHEHId
e CKOPOCTH JTOT HPONEce ABMACICA 0UeHb GHCTPOTETHHM U XapaKTepH-
ayeTcs]l 4epefovajpey pC3KOX LOBHIGHOH H HOmDReNuil [apleBmN
Msmenenuo ZADTICHMA mpH 3T0M TECHO ¢ ynpyruma pedor
nRAME KHAKOCTE W CTCHOK TpyGomposoza

Tunpasrmaecknil yZap Yame BCEIo BOBHEKAET Ipm GricTPOM BAKpPH
THE WA OTKPHTHA KPANIA BIH MIOTO yCTPOWCTDA YIPABICHEH
OXRAKO MOTYT GHTh W NPYTAE OPHINHH €ro BOSOHKHOBEHHA

Leoperuteckoe u P TAIBHOD HCCHE THIpARIHIE-
CKOL0 yAapa b TpyBax GmT0 mmepsue Bunoxmeme H. E #yxonckmm ¥
0 onySAHKOBAHO B ero gyinamMenTaanmon paore ¢O rEnpaBIEIECKOM
yAapes, RHmexmeid b cper B 1898 r

ITyets p xomme TpyGsl, WO KoTOpoOl JKHAKOCTH IBILKCTCA €0 CKO-
DOCThIO ¥y, POMBBETEHO MIHOBENIOE 3aKpPHTHE kpama (pme 1 106, a)
Torpga CKOPOCTH TACTHN, HKEAKOCTH, HATOMKHYRAIMXCA RBA Kpad, Gymer
moramena, a HX KHHETHyeCKad DHeprma mepeiimer B pabory medopma-
AN Crefiok TpYSH i mugkocti IIpn ooy creHKU TPYOEH PACTHTHBAIOTCH,

*HE Myroscxnit (1847—1921 rr) — emukmil pyccxuit yueHHit
CHHE i i

oimE @3 YaupKm, —XOTOPOrO
B 1 Jlennz: nassan «oTnoy pycckod apHaumi» Ene 10 Toro kax M yKoBCKpH magax
BaHIMITICA DOMPOCAMM JBHAIMII ON OTYD: pag ¢ X pabor
B ofmacTH THAPABABKM K AAUMMAICH AEPaG: ¢ ]

Beelt cBOCE HUBHU



a MHIKOCTE GREMACTCA * B COOTBETCTBNE C NOBHMIERNeM TABNCHEA Apyy
2 BATOPMOMEHHHE 4wACTHULl y KpPAHA Iaberaior apyrme, COCRHiHO
C HUMH YACTHOL M TOMe TEPAKT CKOPOCTh, B DPE3YNBTATE HerO Cede-
HHG 7 — R P TCA BOpaBO CO <, HA3LIBAEMOl CKoO
POCTEIO VAAPIOE BOTHBI cama e NepeXORHAs ofmacts, B ROTOPOH
AADTeHIe H3MEIALTCA HA A c 8
BeNUUARY Apy, IABLEA i —
CTCA YIapHORW ROATOL
Hoipa ypmapuas sox-
Ha TDepeMecTOTCa o pe-
3epBYapa, HIAKOCTD 0KA
HRETCA OCTAHOLIGHIION U
cmaron ro meelr Tpy6e
a cTemkm TpySH — pac
TARY1 by %’napuoe mo
BLIMeNne gapiaeuna Apy,
PpacIpocTpannICA 11a BCIo
Tpy6y (pme 11086, 6)
Ho raxoe cocromame
He ARTACICA panHOREC
uevt Ilog  meircrnmem
nepenajga xapacuuA Apgy
GACTHAME HHTKOCTH 3CT
PEMATCA ®3 TPYOW B
Pesepbyap Ipmuen 310
ABIKONEE HaTHETCH ©
CCUCHIA, HOTOCPENCTBOH
HO OPUIeramere  pe
sepeyapy Temepk cede
HOE 1 — 1 NOPEMEMAC™  Pye { {06 Crajum ILIPIsTITECKOrO YAIpA
€A B 0BpaTuOM HAKpap
JeNmE — K Kpany — ¢ TOR Ke CKODPOCTBIO ¢, OCTABIAA 33 COBOH BHA
parvenpoe mapaenme p, (pue 1 108, ¢
Huikocrs B Cremkm TPyOH TpeNNOIATaTCA YUOPYIHMHE IOBTOMY
OHH BOJBDPAmAITCA K IHPESKHEMY COCTOAHHUIO COOTBETCTBYIOMEMY Aab-
JeRuio p, Pagora geopManum moNROCTHIO HEPEXONUT B KMHETHIECK) O
BHEPTHI0, W JKANKOCTE B Tpyde mpmofperaer nepBOHAUAINBHYIO CKO-
POCIE ¥y [0 HAIDABTEHIYI0 TeNEPh B NPOTHBONONOKEYIO CTOPOIY
370l cKOpoCTBIO «EEAKan Kotomma» (puc 1 106 2) crpemmres
OTOPBATLEGA 0T KPAHA B Pe3YNILTATe BOBHUKAET OTpMmATeIbmas ymap
HaA BOJIHA TIOR AABACHEEM py — Apy;, KOTOPAs HalpPABIAETCA OT KpaHa
K Pesepsyapy CO CKOPOCTBIO ¢, OCTABIAA Sa COGOM CRABIIEECA CTEBRE
TpyGH 1 PACHHPHBITYICA SKEAKOCTh, YTO ODYCHOBIEHO CHIJHEMEEM
napnenma (pme 1 106, /) HKunpermuecxas sHEPTHA RAAKOCTH DIOBB
mepexonaT B pafory fedopMayui HO GPOTHBONOMOKHOTO 3HAKA

* 1 , K4K 010 0EITHO JONYCKAGTCH B 8a
RATAX THTPABTERR B JAHION CIVHAe HOTRT TBK ka wata CHRBMACMOCTE AR
NOCTH W ARIAETCA I ynapHEOTe
aannenun




Cocronnme TpyOL B MOMERT MPHXOA OTPATATEALHOR YAADHOH BOAIK
¥ pesepByapy mokasaso wa puc 1406, e Tar me Kak ¥ aas caydasd,
Baobpameuroro ra puc 1106, 6, ono me mpaserca papmopecuns Ha
pac 1106, % NOK43AH NponECC BHPABMEBAMEA NABJIEHEA B TpYGe
B peseppyape, P ABIHCHEA hER-
KOCTN €O CKODOCTHIO Uy

QOuepypno, 90 KAR TONBKO OT HAST OT pesepnyapa P
BOJIHA NON fapacHmeM Apg; NOCTATHET KPAHA, BOIHWKHET CRTYAILHEA,
RO HMEBIIAS MECTO B MOMEHT JaKpWTHA Kpaga Dech IRKI IMEpan-
AHYECKOIrO yAapa HDOBTOPHATCA

B omurax H B Hyronckoro 6wno saperncrpapopano go 12 nosskx
IMKI0B ¢ TOCTENOHEMM YMeHBIEEWeM Apy, us-3a TpemBH B TpyGe
M paccenBalnA 3MEpIEA D pedepByape

Ilporeramme TAEPARIBIECKOTO YIADA B0 BPEMENH KLLIOCTPEDPYETCH
Amarpavwolt, npegcrammeruoit ma pue 1407, a 7 6.

Pusrh R i
S 3
3 3
toh | B X B} b Y

= £ §
N NG
f
[ Y ‘—*—’ ‘—r’ =t
2) J 8}

Puc 1107 Hascnei i 1as ienmsl 00 BPEHEHN Y Kpaua

Jlmarpaysa, moxajannas mrpuxobsvu EmmsuE ma pue 1107, @,
XAPARTEPHIYET TEOPeIfIeCKoe HIMENenne NABJeNBA pnyg B Touke A
(cm pue 1 106) momocpensTBEHHO y npana (JAKPHTHE Kpaga Lpemoda-
Taerca Mruopemuuy) (IJOMHHME IHHEAME JAB DDHNCPHEME BAT Rei-
CTBUTENBION HapPTHAE us mo BP B geiiciBa-
TEALHOCTH JaBJieHHe BAPRCTACT (A TAKIKE NaJaer), XOTHA G KPYTO, HO
He NIMoBeEHO HpoMe Toro, mmeer Mecro saryxamme komeSammil mamie-
HEH, T € YMOUbMEHRS er0 AMILIATYANMX BHAUENHI M3-3a TpeHUA K
VX0ia OHEPIWE B pesepByap

o} KapTaHA " MOBET YTh JHIND
B 10M CAyYae, KOMMA MMEeTCH MOCFATOURBI 3alAC JABIBHA p,, T ©
KO8 py = Apyn ¥ IPH CHIKCHBE JBBACHHA HA Apy; OHO OCTaeTCA
ONOKLTOABHEM Eemy jKe JaBICHEe p, HEBEABKO (370 OHBAGT 0TCHE
TACTO), TO TEPBOHAIANSHOE MOBRUNGHME faBACHEA UDH yHape Gymer
TDPUVMEPHO TAKEM e, KaR N B Hpefajymewm ciylae O[HAKO CBHheHES
AAWICHAS Na Apg, HeBoaxomo; aGCOINMTHO SABACHHE y KpaHa Majaet
NPARTHIECKA 710 HYAA (Ps =~ —0,1 MIla), wHEIKAA KOTOHHA OTpH-
BAEICT OT KpaHa, T KABATAEA T 0Gpasy naponas KaBepa
B cBman ¢ sram mapy 5 1) , B XApaKTep
HoydaeTcs TPHMEDHO TRKEM, KAK

nokazano ma pme 1 107, 6



Topumen#e AapIeHEA Apy,; JOTKO CBABATE CO CKOPOCTAME U, W o,
€CHE PACCMOTPETh 2IEMEHTAPHOE IiepeMelioHme yRapHOM BOAHM dz
3a BpoMA (i ¥ DPEMCHEATH K BAEMEHTY TPYOH dx TeopeMy 06 wamede-
A konmYecTBa Apwxennr IIpm orom momywmm (pme 1 4108)

{(Po+ Apg) — po] S dt=Sp (vy— 0) dx
Qrciona CKOPOETL PACHPOCTPAHOHEA YHAPHOI BONIK
¢= dz/dt = Apvy/{puy)
OTKyAa
Apgn=pvec (1 164)

Tonysenmoe mupamenne nocEr nasparme fopy yuu Ayroseroro

Poc 1 108 Tepemene  Puc 1 {0) Cxemm gedpopmaiua TPYORI H 3aLR0(1H
HEE ypapHoif BOAKEL
a0 mpemn dt

ITo mora meMsBLCIHA CKOPOCTH ¢, NOITOMY YAAPEOE HABIEHwe Apy;
naLieM APYrEM DYTEM, A IMNENNO M3 VCIOBHS, UT0 KOKCTUISCKAsm
OHCPTEA JKEAKoCTA Topexomwt B pafory medopMammm  pacTaKenma
cTeHoX TPpYOH U C/LATHS FROIKOCTH HINHETHYECKAR YHEPEMA ,KUTKOCTH
B TpyGe panuycom r
)2 = nrtlpvy2

Pagora reopMANME paBma DOTEHNHANLEON JHEDIHE AeQ0pMUpoBa-
HOTO TeTa I COCTABNAPT IOJOBHHY UpPOHABENEHHA CH [H HA 3} ATOHEeHHe

Bupamas pagory nedopuanma cremox TPyOu xar paGory cma fas-
nomust ma oyta Ar (pac 1109, @), momyvaem

Apgrdarl Arj2
Tlo saxomy T'yxa
& — A
o=Bld T g A b, (1165)

TAC 0 — HOBMAJLIOC HANDMKENAO B MATEpHANe CTeHKA TPYGR KoOTOpo® CBABAHO
© manderped Apyy M TOMIUAOL CTCHKA § OTuOMmeRmeM

O =Apyr/é (1 166)



Bupaaup Ar ma3 ypavmemas (1 163), a ¢ ma ypasueans (1 160),
ToxyiuM pafoTy AcQOPMALMH CTOHOK TPYOH

Apinrdi/(SE)

PaGory cmatna EugrocTm ofbevom V MOMAO TpeacTandTh Kak
pabo1y cut maptewsn ma oyt Al (pue 1109, 6), T o

3 SApdl=§ Apy, AV,

Amna ro1Evgo 3akody I'yka JUIA JNRGHHEOTO yAJHICUEA OTHOCHTENb-
v e ofnena AVIV ¢ ma 3aBE-

uoe
COMOLTBIO

(AVV) K = Apyn,
e K ~ CDEANCE HAN FANNOTO Apyy 3UAYCHEO AxmaGaraoio MOAYAA YHPYLOCTR
Wiykoora (M u 1 3)

Tpunns sa V ofbed MUIKOCTH B Tpy6e, NOAYIHM BHPAACIHC pa-
GOTH CKATEA HKEAKOCTH

1 Apgenry
2T K

TaruM 06pasoN, ypapHeNne dmOPTHHE MpEMET BEJ,

1 seldpy, el Ap)
(PO N Wit -
g WOl = —g

Pemas oro ornocoTensEo Apgy, moTyumy dopuyry HlyxoBexoro

1 =
Bp=pto 7t = put0 1 167)

Takmy 06pasos, CKOPOCTH PACHPOCTPAHEHHA yAPHOK BONHE

R — (1 168)
VolE+ 20r, L)
Ecnu npepmonomars, 1ro TpyGa mmeer abco10THO KCCTHAS CTEHKN,
7 e E =00 To OoT MOCAeNuEro BhlpasenmA octamerca ammb )V Kjp,
T 0. CROPOCTH 3BYKa B ONHOPOFHOll yHPYTOil Cpelé ¢ INIOTHOCIED p
u ofmemmrm monyaes K lem gpopmyny (1.40)] Musa Bomm s1a exo-
pocts pasma 1435 wm/c, nna Gemsmma 1146 m/c, man macma 1200—
1400 m/c Tax Rak B paccuaTpuBaeMoM CIyTae CTEHRH TpyGH me adco-
JOTHO JKCCTKHS, TO BeMHYEHA ¢ MPEACTABTAET cOGOH CKOPOCTh Pacmpo-
CTPANEHNA yTapHoM BOMIE B yUPyroH KUNKOCTH, AANONEIOmES yOpy-
ruu_1pyGonponox J1a CKOPOCTH HECKONHKO MEHBIIE CHKOPOCTH 3BYKA
Korxa ysempmemme ckopoctd B rpy6e IpOMCKONHT He [0 Hy:S,
4 [0 BHAYCHHA v), BOSHEKAGT HenoaHbii MIJPABIAICCKHE yaap @ (op
myna JHykopckoro mpHOGperaeT Baj,

Bp=pw—viec



Dopuynsr FHYKOBCHOTO CIPABE/UTHBEL IIPH 0TSMB GHECTPOV BARPHTAT
Kpada miM, TOWIEe FOBOPHA, HOLMA BPOMA AdEKpLITHT

toan <<to = 2lfc,
rae ¢ — dasa rmapanammeckoro yaapa

Tpm s10M yeaoBuu mveeT MeCTO RpaMoii 1EAPADNHTECKE ymap

ITpu taaw => #, BOIHAKAET Henpaxol TRAPABIAYCCKHR yAAp, NPT
ROTOPOM YAApHAA BOJHA, O1PASMEIINCH OT PC3CPBYApa, BO3BPAmAETCA
R KpaHy paHemie, 9em oM GYAeT IOTHOCTHIO sakpur Owesmino, dro
UOBEMeHN® fabrenns Apy; Upm 8roM GyMeT menbme, dem Apgy mpm
mpAMOM yAape

Popot2ipg

[ [ L)
Pac 1t 110 Hspacranme Puc { 11{. Cxemu Tymuxosoro TpyGonposona
YRapHOre  NaRTemEA  ups
Toax > %o

Ecan mpemmonours, 970 CKOPOCTh WOTOKA HpH 3AKPHTHE KpaHa

YMEHBMaeTCA, a JABIENHe BOI AHEeHAO TO BP TO MOKEO
samucars (puc 1 140)
Apa/Bpyn = toftaars
OTKYX8
Apiw= Apyaloftenn = pVoe21/(etoar] = 0Vo2 baan (1169)

B rynuromom TpyGompomoge ymapHOS HaBmenne
MOET YBOIMUNTHCA B 2 pasa (HOX yHapHHM [ABTSHREM 37eCh MOHH-
MAETCA PO3KOe MOBLINEHNS AABTEHEA B TpyGompoBone, o6YCIORIEHHO®
BHCSADAHM UOAKMUEnNeM ero K WCTOUHAKY BLICOKOTO JaBIEHHsN)
Tostcuay ato cxemoif (pne, 1 114, @) B CAEAYOIMEME PACCYATIOHIAME
Myers TpyGonpopos ¢ MATATBHEM [8B7SHEEM Py OTACICH KPAHOM 0T CO
€yla 60aALMOro ofmeMa (wis Oacoca) ¢ BHCOKMM fAaBrenmeM py Ilpm
MCHOBEHIIOM OTKpLITAN KpaHa JaBIeHEe B Hayane 1pyGONpoBona Bio-
BANTHO BOBPACTAET HA Apyy = p; — p, DBo3MEEmEAA DOTHA HaBIeITHA
€O CKOPOCTLIO ¢ IEPeMEIACTCA K ROHILY TPySoiupoBona [laniemue sa ce
(QpPOHTOM OTNHIAETCA OT AABNCRHA mepeR (PONTOM HA Apyy, A CKRO-
pOCTB JKAAKROCTH B MIOCKOCTH (I'lp[)l]Ta Bo3pacTaer OT BHYIA M0 Uu onpe-
netsiemoit gopmymor (1 164]

vo=Apys/(pc) (1 470)



B MOMeHT DOJXONia PPOHTA BOAHM K TYNHKOBOMY KOHIy fapieHue

U BO BCOM TPY FBRAHTHTAETCT U APga B AAAKOCTH
npEOGPETACT CROPOCTD Uy TockonbKy favaeitice ABMKEHMe MO
©TH HEBOIMOMKHO, CROPOCTh CTOI6a MUAKOCTH 0O ITOCTEID TACHTCA, A0
TOAHUTENBHC yBEAMIHBAA, B CHOX 0TEPOAb, MALJNeHHE HA APyg = lel)

Taxmy 06pasoM, B TPyGOTPODOAO BOIHTRAET NCBAA (oTpaseuHAf)
DOJHA JABMCHNA HATDABNEHHAA X KPAHY (daipwKKe), aa (poHTOM
ROTOPO#H JABNeHLE N0 CPABHENMI ¢ MePBOHATATHILY BOIPOCHO Ha 2ADyx;
a crOpoCTh EmEKocT V=0 (pac 1 111, 6)

Qopuymst (1 164) m (1 168) motTymems UpH HCIOABIOBATEE pPAMA
VID ¥MX Jomymemei MBOCTL 3aKoHA ['yRa mpE Fedop-
Mamul TPYGH m KIMKOCTH, OTCYTCTBHE TDEEAA B ROIKOCTH H ADYFEX
BUNO0B PACCEMBAMUA SIEPrMU B IPOmMECCE yAAPA M PABHOMEPHOCTH PAC-
Tpe[eIeHAS CKOPOCTeHl MO ceTeHmIo TPYOH

DRCIePHMOHTAJILHEE HCCIEAOBAHAS THIPABIMILCKOTO yHApa ToKA-
BHBAKT UTO ECHH JKMIKOCTL HE COXCPIRUT BOIJYIIIAIX IOpHMeced m Ha-
YANLACE AADIEHEe p, 06 DEIHKO, TO, HOCMOTPS 18 MEDETHCIERHER
nomymernsa, gopMyaa iHykoBcworo JocTaTouno XopomO HOATBEPHNA-
ercs ONNTOM HepaBHOMBPHOCTS PACHPENCTCHNA CKOPOCTe, a ¢7eqona-
TeABHO, W DEKOM TeUEHWA B TpYGe (Hammmapmoe wyi TypGy1entmoe),
Kanasoch GH NOdAHEL BIUATE HA BEIAIAHY APy, TaK KaK 01 37610 3ARH
CUT KEMETHYCCKAs SHeprma moToka, ONHAKO 5TO BIMAUME NpAKTHICCKR
otcyreipyer. OOBACHAETCA §TO TeM, W10 NPH BUESALHOM TOPHOMEHRR
TOTORA IPOMCXONAT ¥HTCHCHPHEIA CABMI CIOEB JKEAKOCTH M GoIBINAA
ToTepA 3UeprnE Ha BOYTPEHHE® TYERRS, KOTopafd HOPHMCPHO KOMUEH-
cupyerT H30HTOK KHHOTHUOCKOH BHEPTHN 0a CUeT NEePABROMCPROCTH
cKopocTel.

Ilpn JELEbES 133 4 AX py # Oousmux Apy, mocuen-
HEe WONYTAWTCH HeCKOIbKo Gomummmm, wem mo gopuyire Fyrosexoro,
BCHSNCTBEG Bo3pacTaHMA MOAyAfZ K T ¢ napymeRuA JHMHEHIOCTH
H3MEHSHUSN AeHOPMATHN IO TABJEHMIO

CrocoGkl MpeoTEPAmEHUA ¥ CMATISHEA THENPABAMTECKOIO IIAPA
BEIGHPAIOY JUTA KAKAOTO KOHKpeTmoro cayuas HamGomeo spdertnrnim
METONOM CHMKGHEA ADyy ; ‘M HMpAMOTO
THIPaBTHIECKLOrG YAAPA, Yr0 UPA 3ajlaHBOM TpyGolpoBofe cLommTCH
K FBEANICHVE BpeMCNW CpAGATHBANAA KpPAnos m APYTEX yeTpolicTs
Ananormumsii a@dexT MoCTATAETCA YCTAHOBKOH Iepey oTHME yeTpoli-
CTBaMM  KOMIGHCATOPOB B BHAG JOCTATOUHEIX MECTHEIX obLeMoB
JROZKOCTH, THAPOAKKYMYIATOPOB WA TpPeNOXpAHETSILHHX KIANaHOD
VueHsIIeERe CROPOCTH B prf P x (yme-
ZHUEHEE fHAMETpA TpyG mpm ny He AIAEHE
TpyGOIPOEOIOR (1A HONyIeHMA nenp;moro ‘YRapa) Take czocofernyioT
CHIGRCHMIO yRapHoro Aasmenua WHOTMA BMECTO BCEX NEPETHCICHHEIX
€noco6on yvenbmenna Apgy mpi TAl0T OPOCTee He mpoY
HOCTH CMAGHX JPCHLEB CHCTEME

IlpeAcTaBuAeT HHTEPEC COLOCTABACHEE YAAPHOTO MABNCRET Apy;
€ WHePIAOHHEM Py = pghpy (cm 1w 1 47)

Eenm pace:naTpHBATh HeNpAMof yAap ® TPeANOJOKETH, WTO CRO-
POCTD KUTKOCTH U YMEHBINAGTCA HPH SAKPRITHE KPIOa N0 JWmedmoMy




aarony B $ymxumn vpemens {, T0 B dopuyne (1 169) ornomenne vy/iapm
MOAEO JAMEEETE jemopouues a = dv/dt Toima ata Gopmyua HpEMET
bER Apim = 2pel uim

Ahin = 8pin)(p8) =2 (a/g) | = Zhem:

Taxuw 06pasom ygapusif HATOP (47U AaBlepHe) OPH [ETPIMOM
TRIposape B 2 pasa GoThmE WHCpPIUOUHOTO HAamopa Caemoparertmo,
€cnan TpeSyeTCA paccuMTark Tpyby HA HPOFHOCTh, TO pAcUeT CTeAyer
BECTH [I® mo WFEPITOTLOMY, &
WO VIAPHOMY [ARJICHHI0 ’

la poc 442 pam rpadum {
CpaBEeDHA  yAApPHOTO Apgg 1
(cnnowsan AHBHA) N BHEPLMOL \
HOTO pgg (MTpEXOBAs# JHHHF)
A@BTeIHAN B 3aBUCAMOCTH or
BpeMenu sakpHTHA npaa Ilep-
Boe LHOCTPOEHO o  dopayie
(L169] mpm fean > 2, a8 npH
taan<<f, B coorneternan ¢ (1 164) [V tsax
UPHERATO HOCTOANHEM  BTOPOO
ompejerene no gopsyre (1 163)
€ 3aMeROl ¢ = Pyllgay B Pom =
= pftm

Kax rupgo na rpagura, MoCTPOPHHOTO NpH ¥y = const, upn foay = £, 2
pr = Py Onnano mpE fgew < f, MHEPIHOHAOE TAaBJACHM® HRIALTCA
HePEATBIHM, UPH fzy > f, HHEPTIEOHKOS JADISIME MOMKHO PACCMATPH-
BaTh KAK OCPCIHCUKOC TO DPEMEHM JaBieHE® TPH THAPABIHIECKOM
yrape

Ap g3 max
!/
/

Puc {112 Cpaspcmme yjsapsoro u muep
HORHOFO FABIEHEI

Taapatl B3AINOAENCTBHE MOTOKA
C OrPABHMYHRAIONINMH ET0 CTEHKAMH *

1.49  Cpxm pericTBsd IOTOER2 Ba CTCHEH Kamata

Oxnpefeamit CHRY, ¢ KOTOPOH HOTOR MEHCTRYET HA CTEHKH HEIHO[
BEKEOTO KABALA UA yIACIEe vekly cenenwawd 1—1 u 2—2 (puc 1 113)
ABmienue KUALROCTH IPHOEMACM YOTAHOBHBIIMMCSH

Pue. 1113 Cxema Jam ompenesenmm
CHAN JARICHAB NOTOLA ¥a CTEHRE He-
O \BIKHOTO amARA

v

Ha KBEKOCTH, HaxOIAIRYIOCH HA y9aCTKe NOTOKA, ACRCTBYWT Cie-
Ryomue BHeMuHe Cwiki F; — cEAa Kasxensi B cedemun I—I; F, —

* Hamncasa O B DBanbaxopsm



cmna nasreEns B cedermn Z—2 G — mec mwaxoctn R — cmaa © KO-
TOpom CTEHKA KAHANA [IeHiCTBYer Ha .KOgKoCcTh IlocTepmAs ABARETCA
pPaBHONEHCTAVIONE CHT JABICIHHH o  TPeAWA  JACHCTDYIOMHEX  HA
SKUIKOCID [0 HOBCDPYHOCTH CTEHKH Kamiia

Pe3y ABTUPYHOIAR BHEMHAX CHT, NCACTDYOMEX Ha KARKOCTH,
FeFi+Fot G R

Cormacro ypiererrmio (1 67) KoTmucoTRa NRmAEHHA

Febyt bt G R=0ut— Gt

BeaederBue panemcTsa cun [IeficTBUA O OpoTEBofedcTRus cwia R,
© KOTOPOH C1eHRA JEHCTBYET Na KIJIKOCTh pabia cumie N, ¢ koTopoi
AVHTKOCTh TeHCTBYET HA CTEH-
Ky, 0 IROPABTCAA B 0GpaTHYIO

cropory N = — R Torpa
N=Fit bt G+ Qs —
— Tt (1 17)

B orom ypapmepmm BeKTOpP
F, +F, +G = Ny — crate
9ecKad COCTABIAIONAH Peak-
g MOTOKA; DEKTOP Qmly —
— Qs = Ny — JuBAMEATE-
cKad COCTapIfOUlAd PCAKOHA
ToToKa

CRTH RaRJemHst

Fi=pS1 Thi=pS,, (1172)

TAe pp M py — MABAERNsE D 1eATPAX TAKECTH BXOMHOTO H BEIXOIHO) @ cedemndl Sy
B S, — 0 jonaTg BXOJHOrQ M BHXOLNOro Ce¥eBuil DOTOKA

Harpyska Ha CTeNKH KAHAKA ONPEAeSFeTCA PABHOCTbIO AaBJEHHE
FRIVIKOCTIL HA RHYTPOHHIOI® HOBCPXHOCTE CTOHKE M arMocfiepuoro Aan-
MeHWA HA OapymAvo mnosepxmocts Ilosromy cmam Fym F, cuegyer
HAYOMI1L 1O HIBHTOUMEIN AABACIHAM Py ¥ Py

Hanpamep IycTs :uAKOCTH BHTEKAET O3 Pelepsyapa Uepes KONEHO
¥ IpHCOSANHSHAbIL K Hewy nacagor (pme 1 414, @) Onapemenmm emmsr,
narpyseaomue Bonrosue rpymme gaaunesoro coemmAeHEs A Bec ko-
Jena | uAcalea )IHTHBATH He Gymev

Jlna pewemin 3ajauu cesenneM J—I, upoBemennsin Yepea gaanme
BOe coejmHenue /A, oTpexmeu Kotewo m macagok (pme 1144 6) Pac-
CMOTPuY X papHOBecHe Ha OTPORAHHKE HoNEHO # HACANOK JEMCTBYIOT
cuam N, pactsi npapmas it Nep cpesaoman GOnTH, B CHI8 © KOTOPOil
nOTOK TEHCTBYCT Ha creskM Kolewa m Hacagka Cormacno ypaBde-
mmo (1 171), mocaemuan cxnagpBaeTca m3 CHAH AABIEHUA F| = PiogsS,
B ceweniit J—] peca G KUAKOCTH B KOJOHO M HACAIKE, IMHAMHATCCKEX
peakunit Nymy = Qv = Qpv, morora B cevemmn I—] B Ny, =
= Quvy =Qpv, b Buxoguom ceuennm 2—Z Hacafha (31€CH  Piuas
S; B ¥ — COOTBOTCTBeHHO HIBHTOUHOe japjienme, IUTOMAAL COTEHUS

Puc 1414 Cxewa waa ompeexennn marpya
NI HA GOATLI (UARHLEOTO COUICTR



W CKOpOCTH FUIKOCTE B ceuenuu [—7 v, — GROPOCTD JKANKOCTH Iid
puyone w8 macanka) Cmia pabenna B cedownu 2—2 F, =10

CHPOBKTHPOBHF BCO CHJN HA TOPH3OUIATROQOC ¥ J!OpTﬂ}{B‘IhHOO
HATIPABICHRS, DOAYIEM

Np=Fy+ Nuni; Nop =G+ Nynua

Onpegemny cuTy NedCTBEA MOTOKA 1A CTEHKH JIGMKYIETOCH KaHA 1a
B BTN Ca)dae ABHAEHWe AHTKCCTH ABIHCICA CTORHEBIM €@ JacTHIBL
ABHAYTCH, BO NOPBLIX, OTHOCHTEAPHO KAHANA, BO BTOPH Y OUH BMECTe
€ KaHATOM COBEPIIANY NepPeIocHOs NRmEkenne OTnociTe bHOS JDHAACHLS
AALKOCTH NPHAMMACM §CTAHOBHDIIAVCH

Ina pememusa mocrapnenmof 3ajavd HCOGXOANMO HPAMEHETH YpPaB~
newme (1 67) wommuecTBa AMURENNS K OTHOCHICTBIOMY JBHACIEIO
supkocTE Ha sRBIKoCTh, HAXONANIYICA B OTHOCKTENBHOM NBEACHUN,
xpoue cma Fy @ F, nanierfa B0 BXOKUOM 1 BEIXO/IHOM CCTENAAX, ClIsl R
peﬂl(]lﬂﬁ CTEHOK KAaHAJa H Beca G, JenCTBY I0T ﬂepeHOCﬂﬂﬂ CHJIa HOEpP
wuutt Upep w0 KOPHOMHcOBA cHia moepmEm Uye, 3 ypapmemns xomm
9EeCTB1 ABHACHAA BOJyYmM, 9TO0 CHJAA }Ieﬁchm OO0TOKA HA CTEHKY ABH-~
JRYIMErocA Kanaxa

Ne=—R=Fi+Fot G+ Unep - Urop + Qo1 — @roa (1173)
™me Q,,,, — Mactonuif PALXOH AMLKOCTH B KAHAJC w; M W, — OTHOCUTENBILIC CKO
POCTH REAKOCTH BO BXOMIOM H EHXOAHOM COTORUAX YIACThA

Ilpu mocrymaremsHOM ABIACHRH KaHama (BpamaredbHoe KBEKEHIN®
KaRana BOKPYT J\GHTPA TAKECTH OTCyTCTByeT) KOPUONUCOBA CHIA HHOP-~

[HE PABHA NYAW & mep ma P papHa mp HIO
yCKOpBH]IR ] HAaHAJIA HA MEICCy )I\II)IKOCT]/I B ueM
Unep =)Glg (1 174)

Eennm kanan mDiDKeTeA WOCTYNATETLHO, ¢ UOCTOAHHOL CKOPOCTRIO,
10 Uwp =0, Unep =10 m

N =P - Gt Q01— Qi (1175

1,50  Cunxa pefiersna erpym Ba erenwy

Onpepmeanm ciny geficr if CTPYH, DLITEKAONIOM M3 OTL8P=
CTHA MTH HACATKA HA HONOABIGKHYI0 CTEAKY Jra 3afiada ABIAAETCH
TACTAMM CTyIaed PACCMOTPEHHOH B WPeJHAYIEM maparpage sagaTm
OXEleNeHAs CUTH NEHCTBHA IOTOKA MA CTEHKH Kamaja Pacemorpmy
CHAYANA CTEHKY ROHAYECKOH (OPMEL ¢ 0CHIO, CORNAAIONEH ¢ OCHK) CTPYH
(puc 1 115) Ceuemmuvu J—J] m 2—2 DRENEM yYaCTOK mOTOK (edTe-
HEe 2—2 mpencraBiaer cofoif mOBePXIOCTH BpdUieEMA Tak KaM JaB-
Jemna Bo BXOAHOM I—I W BuxommoM 2—2 ceUCHHAX PADHL aTMOcdep-
HOMY To cumh Fy M F, fapaemuda papmel Oym Becom BLjememEOfo
yuactka moroka mpemeGperaey Ilpm orom crarmueckas pearmmsa mOTOKA

No=F4F+0=0 u N=Ngyu=0,01—0unb; (1 176y




Eenm mpemefpess 5ecoM MHTKOCIH #, (JCHOBATCNEHO, PadHAIeH
BLICOT PASAHIHHX TOTEK Ceeuns 2—2 a TaKme THAPABIHYECEHAM COMPO-
T H3 ypi Bepryniam, ma s -1
W 2—2, WOTYUAM, WTO CKOPOCTH B BTHX CeYeHHAX OJHHAKOBH U =
=uv, = v Booay oceBom cmMweTpHM DOTOKA cHTa €ro JeHCTBUS Ha
CTSHHY mappaB1eHa BAONL oCH Cnpoelrmponan Ha 3To HL\I]]'JQBJ]OUEB
BeRTOpH CHI, DXoAammx B ypasmenme (1 176), moxydmu
N=Q.v,— Quncosa=Qnv {1 —cosa) 177

PaccaroTpaM UacTHHE CAyTal

1 Crpys natexaer Ha maockyo crouky (pme 1 116, a], mepmemum-
Kyaapu3®o K motory (e = 907

Tipa orom

N=Q,v (1 178)

2 (remxa mMeer ‘mmeoﬁpaaﬂyxo dopuy (puc 1116, 6) Crpyn
nopopanmBaer ma yroa a = 180° Ilpm aron

N=20,» (1 179)

OnpefeTHN CHTY JEHCTBHSA CTPYH HA UAOCKYI HOHOABIKHYIO CTEHKY,
pacnezoxennyo moj yriom ¢ K ocm crpym (pue 1 117) TlpEumriaes,

)

1
prora
[— 0 —
bece
9
Pre 1115 Cxema gan onpege Pee {116 “lacmmie cayvsm pediersma
ACHEHS CEAB! KCHCTBHA CTPYH MA CTPVI Hd ETeHKH

WENOIBINKAOE KORHYECKYL TeND

9T0 KHEJKOCTh pacTeKaercd OO HOnepXIoCTH CTCHKA TOABRG IRyMSA
TOTOKAMI MACCOBEE PACKOKH KOTOPHX paBHE Qmy A Quy [ag Toro
9TO6H MU IKOCTh L€ MOLAA PECTEKAIBCA B GOKOBHE CTOPOHH (Wepuen-
AEKYAAPHO K T ), CTeHKe I Popuy menoba
Ipmuamacs, uro cwru rpemm O TOBEPXHOCTH CTCRKE HpeHeGpekumo
manss Ilpm arom cuma NV FelcrsEA cTpyu Ha CTEHKY HAIPAapieHA I p-
NeHNERYSAPUO K crelke DBoygelww cevenuawd ] —71, 2—2 B 3—3 yua-
crox moroxa. Tak kak cmiu Fy, F, ¥ Fy gasaeuns, pedcrsyounme » ce-
wenmnx i —1, 2—2 u 3—3 PABHEL MYAI0, a DEC FMAKOCTH TPEHEOPEKAMO
Maj, CTaTHYeCKan peaku@s HOTOKA PaBHA HYJI0 H CUAA OMCTBUH HOTOKA
Ha CTEBKY

N — Ny = Quu1vs — Qv — QuusVs
CHpo¢KTEPODAB BERTODH €W, BXONANNX B yPABHEHHE, HA HATPAB-
AREE y, MepUEHIAKYIAPHOS K CTEHKE, M HAMPARICHH® I, HapPanxeils-




HOO eif, moyTaM

N,=N=Qnsing, (1 180}

N,=0=0Qpu¥1 €05 & — Q303 3- Qpy5¥s (1181)
Tean mpenebpens THpaninzecrusis MOTEPHMIE HA TPEEUS FRATKOCTE

0 CTeHRy, To CKopoctm B cevepmax I—I, 2—2 u 3—3 GyMyT paBEN

Tpu orom ma ypassenna (1 181) momyunu

Qny €08 & — Qg+ Qs =0 (1182
Coracmo yPaniemiio pacxonos
Q1= Qs+ Cua (1 183)

Ilo ypasmemmsv (1 182) m (1 183) mommo ompenesate pacxomst
Qg 1 Oy )

Cmny posfeficend cBoGORUON CTPYR HA KOHAYCCKYH CTENKY, JBE-
ARYMYCs HOCTYNATENbHO C i P B CKOpOCTBIO I

Pue 1117 Crema uarexamin Puc 1118, Cxems parerqwuust crpyn na
CTPYNl Ia IAOCKYIO Te0
CTeRry

(pmc 1 118), mozswo mamrs mo ypasmeEmio (1175) Ero caenyer upa-
MOHHTE K YTACTKY CTPYH, PACHOMOMEHROMY MERNY cedommsinu J—7
o 2—2 Tak e Kak W B Clygae HeNMONBIARHON CTeHKE, CTATINCCHAR
peaxmma
Ney=F 4 Fy G =0

Cuta feficTBEA CTPYN Ia CTeHKy HANpapuena BAoab ocl Copoexrn
POBAB Ha 510 HALPABICHNE BEKTOPH CRE, BXORAMEAX B ypanperne (1 175),
HONYIHM

N =0, (0, — wy 005 &)
OtnocrTeabIa”A CKOPOCTE KARKOCTH B cevenmd f—1
Wy=0y—u,

TA® v, — BBCOAMTHAA CROPOCTH KRIKOCTE B CTPYO,



Ilpenefperas rRApapuMUecKINT HOTOPAMA 1 PAa3HUMEi BLICOT ToMeR
® cevenmAX J—] m 2—2 m3 ypanuenusn BepnyJlad gl OTHOCHTEJBHOTO
HEWKEHIMI [0 IyYNM w, =~ w; Maccommi pacxojl KHAROCIK OTHOCH-
TEJIDHO CTOURE

Qo= 01018 = p (01 — 1) S,
rae S -— MIOM@AAT CETCHHR CTPYW
Orciona cmta JEACTEMA CTPYH HA CTONKY
N=p8(v;—u)*(1 —cos0) (1 184)
151. VYpasucnue MoMeHTOB KozmwecTBa NBHMeBIH

A yer u
B pABHOMEPIO BpAMAON{AXCA KARMIAX

Myers teno A (pme 1 119) maccoit m pPmIKETCA €O CROPOCTBIO D,
CHpoeRTHPOBAB KOAHYECTBO [DEIRCHHMA Tena My HA Hampaplemsue,

e
E/
«©
d
&
¥ 1

Pue 11419 Mosenr Puc. 1 120 K swisony ypasnenmn MO
KONITECTSA JSIKCAUA MEHTOR KOJNYCCTEA JBLACHER /15 YC

HEPHeHMRYTAPHOS K AyTy, IPOBejleEnOMY K Teny A m3 Touxn O m
YMHOXMB TOAYYeHHYI0 HPOSKNHI Ha pacorosnne OA = R moaydmm
MOMEHT KOZHMYECTBA NBMKCHNA TOJA OTHOCHTeIHHO TOSKN O

L=mvcosaR (1 185)
Ecne HA TETO neﬁcTnye'r CHJIa, TO 32 CYOT MIMEHEHHA €ro CKOpPOCTH

KOIUIeCTBO HBMKEHMSA, a CHe[loBATeThHO, § MOMEHMT KONHIECTBA JIBH-
AeIAA uaMeusioTcs  1lo Teopeme © MoMenTe KONMYECTRA NBHKOHEA



CeKYIJIIOe HIMEHPIHE MOMEITA KOJWIECTBA JBEKENHA PABHO MOMEBTY
BHOIMHMX CHJ, JCHCTBYIOUNIX HA [IAHEOE TCJIO

aljdi=M (1 186)

Hp]mem.nl YPanHeH: € MOMCHTOD KOAHYECTDA ABR {CHRUA K yCTAHO
BHBIMEMYC(A IOTOKY LHUJKOCTM B [PABHOMEPHO BPANLATONIEMCST KJABAJIS
(pre 1120) Brgerou komrposrwumu uosepXuoctaud A u B ofuem
SKHAKOCTN, Faxofsmleiicsi B Kamane Yeped npove.XyTOK BpeMeHH di
obbem zugroctn AB mepevecturca B moiokcane A'B

Hsxenenye aomMenta KOAMTECTBA JIBIKEIHS HKUILOCTH 33 BpeMs dt

dL=Lysp—Lap

O6nem A B cocrour s ofnevos A A m AB” MomenT KoTuecTsa
JBWwRenns AugrocTd B o6seMe A'B’ panen cyMMe MOMCHTOB Ko.J4TecTBa
ABIKEHNA RHAKOCTH B ofpeviax A'A u

Lap =Laa+Lan
Anranormano o6nev AB cocroumr ua obvessos AB' m B'B Torma
Lap=Lar +1Lnn

“P“ YCTAaROBABINEMCA ABBACHAH MOMENT KOAUYECTBA ABT REERA
sKngkoeTH B ofBCMe AB’ Kax B ypabuegwu maA Lg-p (MOMGHT Bpe-
Menw § + df), Tas U ¥ ypabuemum i Lap (MOMOHT Bpemeru f) OfH-
HAKOB MDOJDTOMY

AL=Lsp—Lap=(Lsa+Lap)—(Lap +Lep)=Las—Lnn

Ofbvemut A’A w BB’ papnsl ofbesav KEAKOCTH, HPOTERAIOMEH
uepea mosepxuocrn A u B 9a mpemd di CaegoBaTenbHO, MACCH JKET-
KocTH B OTEX ofbemax pasmm Q,df, rme Q, — MaccoBmE pacxof,
KDTOpHﬁ IpH YCTAHOBMABINEMCA [DMKEHHH MRIOZKOCTH ONHHAKOB ang
cevennit A m B Orciona
dL =@, divycog Ry, — @, divy 003 2R = @y 6L (v a0 — v, Ry,

THE Uy = v 005G M Dyy = Uy COS 0fg — OKPYKHLE COCTABASIONNG® a0CoTIOTEOMN
CKO[OCTH HOPOKA HA BXOJS B KAl W Ba BLIXOJ® W3 HETO, DABHOH [EOMOTPINCCKOR
cymme » = u -} w (oM pure 1 120)

CeKyHANOC MIMCHEHHE MOMEHTA KONHUCCTBA JBIKEHINA :CHIKOCTH,
HAYONAMEHACA D KaHalle, PABHO MOMEHTY M MIeHCIAYIONMX mA Hee BHEI
nEx CHa

ALJdL= O (0,aBs — 0,0 B) = M (A 187)

K smemAmM cmraM, MeHCTBYONMEM HA ARNIKOCT B KAHAE, OTHO-
CATCA CAIB, ¢ KOTOPHIMRA CTEHRH KARANA NEHCTBYIOT HA MEAKOCTH,
CH'IH JIaBNeHAR M TPemHs Ha mosepxuoctTsix A u B m cuma tamectn
Tlo ypanuermo (1 4187) MOIKHO OUpCTICNATH MOMERT CHJ JCHCTBAT CIE-
HOK Kapaxa Ha RHJKOCTh



usctez  JIOMACTHBIE HACOCH
U THAPOIUHAMUYECKUAE IEPEJAYN

Tnasai2z OCHOBBI TEOPHM JOUACTHBIX HACOCOB

21  Beepenme

I'u@pmuwecmmu MAUUHARI 1TA3HBAIOTCA MATINEH, KOTOpDhe €006~
WAT upo'rexaxomen Yepe3 HHX KHAKOCTH MEXBHHIECKYIO OHEPIHAI
(racoc) ambo momrydanT OT KANKOCTE YACTH HHEPIEHM ¥ IEPESalnT eo
pagodevy opray [nA IOJe3HOr0 HCIONB3OBAHEA  (sudpasaueckudl
Qeuzamesv) Hacocs ABIAOICA OJHOM M3 CAMLIX PACTIPOCTDAREHHHX
PASHOBEAHOCTEH Mamun MX NpEMCOSIOT KU PASTEINHX Nened, Hawyn-
HAA OT Bojl0cHAGxeRNA HACRJNGHUA W NDeIUPMATOR H KOHYad Hogadeh
TONIMBA B ABuTATCAAX paKeT | HEApoADOraTeT HMEIOT GOILmOe 3HA-

denne B pmeprermse B speus 8 G Comso oxono
20 % mceit snexTpoIHepIUN BUPAGATHDACTCA Ha MEAPOAACKTPOCTRUTHAAX,
Jna Acood FHADaAB] SHEPTEE PeK W Ipeofpasopamma

€0 B MOXAHWJECKYI0 DHOTHIO DPATIAIOMIEIOCs BATa IGHEPATODR Ha TH-
NPOIIEKTPOCTAHNUAY MPAMENAT [HEXPOTYPOMHE, ABIAOMEECT OXFOR
3 PABHOBEAEOCTEM TIHApofpararteneil MOMIOCTh COBPeMEHHHX Tup
poTypbuu goxoxar go 650 tic ¥Br TypGEEM HCHONB3YOT B OPR Gype-
UHA CEPAREI

Hacoc ® rmgpoppmratenE DpuMesAwT Takke b zudponepedaxaz,
HAFHATEHUEM KOTODHX MDJASTCA [Epeata MOXAHMGECKOH SHeprEm
0T ABHTATENA K HCHOINTTETRHOMY paouedy Opragy, a TaKme mpe-
o0pasopanme BEAA H CKOPOCTH JIBIVKEHHS WOCAEHRHOTO NOCPSNCTBOM
mukoctn  I'mpponepeflaza COCTOMT M2 11ac0CA U TEAPOABHIAfen i
Hacoc, paGorawomumu 0T ApATaTENfl COOGMAET SRENKOCTH OHEPTHEO
Tlpofina dweped macoe, MMAKOCTS NOCTYNAeT B TANPOIBETATENH, THe
Tepenaer MEXAHMICCLYI0 BICPTHO MCHONHETETLIOMY paGoteMy opramy
Haspawemme rugpomepenau rakoe e, KaK M MOXaHHICCRAX Nepexay
(Mydrhi, Ropolrm ckopocTelf pemyKTOPH B T Jl ), OFHAKO 1O CpaEHe-
HHIO ¢ ITOCASMHIMI OUH HMEIOT CICLYIONHe IpCHMYMPCTRA

1 Bompmasn nmapsccTs pagors Jlodrsl, nemsbeisibe B daeMenTax
MEXBHATOCKOMN e NATH, a Talhe HETOUHOCTh 66 W3TOTOBIGHAS MpPUBO-
naT K paGpanmaM BRIo0YeHUe n BHRIIUCHN6 MEXAHEYCCKOH mepejaud
RBAH HIMEHOHNS €6 NepedaTOTHOr0 UMCHNA COMPOBOMAAGTC TOMIKAME

2 Bo3moxBoCTh TONyIeHEA GECCTYIPHYATOrO MAMEHERHA TepejaTos-
BOrO umcna B mex: X mepe, X TISPEATOYHOTO
TaCIa OGHYHO NPOm3BOAUTCA CrymeHsmu MexamEvueCKEe Ieperadlu,
AONYCKAWTMHO GECCTYNEHTATOR U3MEHOHMO MepefaToTHOr0 JHCHA (Ha-
mpumep, (PHKIHOHALE) HELOCTATOTHO HAJGHHE W BOTYT UDHMEHATHCA
TORDKO TpH MATOH MOMHOCTH




3 TONYTCHAT i y{ HA BEAY
mesM Bamy OT Harpyak¥, NpEIOKEHNON K MCHONHHETSNBHOMY opragy
910 yupomaer ofcnyRRBaAEE MAIME B OpefloXpanfer ABATATE/ b U TPAHC-
MECCHI0 OT I8PerpysKn

4 DBo3MokHOCTh Hepefiada GONLIMAX MOMEBOCTCH

5. Mannie raGapBTiNe PasMepH H Macca

6 Duicoras HaIGKHOCTH

DTH DpemMyMECTDa HPMReAA K GCIBMOMY PACIPOCTPAHEHHIO THADO-
Tepefiad, HOCMOTDA HA MX HeCKOULKO MENBIIEE, deM y MeXanmyecKEX
nepepa1 KI1

B cobpeMennoit TeXHEHe NPHMEHACTCHE GOJBIOE KOIMTeCTBO PAazEO-
pmanocreii ruppomamun  HawGonnmee pacopocTpadeHKe moayIEAR
OoOBeMEEE W JOMACTHHE HAcOCH M Tappojperateianm Ofbemmme FHAPO-
Nammms (DOpPIMHECBHE, MecTe-
peHENe, AKCHANBHO-TOpUIHE
Bme ® T 5 ) paGoranT Ba
cuer HWIMeHEHWT ofbema pa-
GoTaX KAMEpP, HOPHOMNTECKU
COCTERANIIERCA € BXOTHEM
H BHXOMHEMM marpyGkams Pa
Gourm Opranon AoHACTHOR Ma-
WETE ABTASTCA BPANKRIONEs
oA pabouee xoJa€cO, CHAGKEH
HOE JIOHacTAMU :)Hepl‘ﬂﬂ or
padouero KoTeCa HKENEOCTE P
(momacTEENT Bacot) uam OF .

AUIROCTH  paboueMy Kouecy r:,?w 21 o“'e““ nemvpoSeuoro  macoca
(ToDacTHHE KBETATEXB) Hepe- TG00 TIIA

IdeYcs DyTeM [EHMAMETECKO  xapdyess

TO B3aEMONEHCTEHA aonacTei

KoTeca € oOTexanmCE MY ENkocTh K lomacTrIv pacocam OTHO-
CATCH NeATPODRIKIEE H OCEBHC.

Hapre 21 pasiena np i cXeMa TenTp yacoce
TIporoumas wacTh HacoCa COCTOKT H3 TPEX OCUORBHYX DSTEMEKTOD -— IO
sofia I paboucro xoteca 2 m oreofa 4 Ilo moppony MHRKOCTD HORASTCH
B pafoice Koaeco H3 0 TPy Ha: pabo-
Uero KOAeCA ABIAGTCH Nepeflada JKEGKOCTH DHEPIEH OT JBRIATEAA
Patouee koeco nenTpodeREOro HACO6a COCTOMT I3 REIYMEro @ ¥ BEo-
MoTo (060fa) 6 AECKOM, MENNY KOTOPWMH WHAXOJRTCH AOHATHE 6,
WIOTHYTHE, KAX OPADEI0, B CTOPOHY [POTABOLOAMKHEYK HaupPaBTe-
W BPAMEHHA Koweca DBemymumr mucioM paGouee ROJGCO KpPEHHETCA
Ea Bajy. HUEIXOCTE NBWHeTCH TOPE3 KONIECO M3 LEHTPAIBION 60 UACTH
x mepugepun I[lo orsony mEpkocTs oTBOEETCR oT paGodero KoJeca
X HATODHOMY DATPYOKY HNH, B MHOrOCTYIEHUATHX HA&Cocax K Cle-
EYIOmENY KoJecy

K mawmGosiee pacTpOCTPAKSHRIM JONACTELIM THTPOJBBTATENAM OTIO-
CATCA PAKEATEHO-OCEBHIC W OCEDNE rmipoTyp6unsl Palmanso 0Cesas
TERPOTYPOARA NPUHTINAAISHO HE OMIHUACTCH IO KOHCTPYKOUHE T IEH
TPOGemHOro Hacoca IlanpapicHme ppmmenms AKEIROCTH B Hew H Ha-

2 — paGowce OO § — OTHOH; € =
5 — manik




TPABNGIDE BPAISIHNS KOTECA TPOTHBOMONMKHA JIBIKEHNI B IBHTPO-

Gemmom nacoce PammareEo-0ceBas TypOuma M NEHTPOGEMRHEE HAcoo

ABAAOTCA OGPATHMBIME MAINEHAMH H MOT'YT pafOTaTh Kax B TYpPOHHIONM,
TAK M B 11dCOCHOM PEKTMAX

Paccviorpuw mofpobmee mexaHHAM mepegawd SUEPrum B JOMACTHOH

Tanpovammue 1Ipn ofTekaHEM mOTOKOM KpblIOBOTO Upodmis (Eampm-

MePp, KPHTA CaMojeTa) HA Oro Bepxueif m Hipifedl mosepxmoctax ofpa-

8yercA mepemaj, AABACEWA N ClHeNoBAaTeNbEO, BOJIHAKAET cmra P

(pme 2 2), KoTOpas HA3HBAGTCH MONEEMIOH CTWIOH AMNANOrmIHO DIOMY

BOIMUKAET MOJBEMNAA Crla HA JONATKAX PafoTero KOMECA JONACTOOR

THAPOMATIMEBL Ipa IPHKCHHMH HX B JKNIROCTH ¥V 10uacTHOrO Hacoca

1AOPABICHIe MOMEHTA IOJBeMIHX CHI TPOTUBONOIO¥HO HallpaRICHI0

T roteca Ilp 9TOT MOMEHT TpH BPAmeRHn,

Ko/I0CO cOBepITacT pabory Jna

g 9TOre K KoJNecy OT JBATATONS

NOABOJHATCH JHEpPTHS, KOTOPEIH’

COrNMacHo JAKOHY COXpaHeHH

~———  HepIHM IePefaercs KPEKOCTH

~——— H yRETHIEBAET €€ YACABRHVIO

auepimo B maxbmeimem ygems-

———

oas DHepraA ARPENKOCTA TACTHIHO
Puc 2 2. Cuna, 112 EpHIO p B TEIm10 U3-3a Tpe-
woii mpodmuin LHA MeKAY CHOAMU IRHIKOCTH B

HACOCOe H, CAEN0OBATETHUO TEPHA
©TCH 'JacTHINO OCTaeTCH R (OPMe MEXAHUUCCKON YACIbHOH SHEPIHH,
COCTABTIAA 1OTNE3Hpil manop nacoca Hacoc KOHCTPYRPYIOT TaK arTolh
moTepR ONepPTHI 6[)]"[[[ BO3MOAHO MAThIMH

JIOHACTHOTO ADATATENA (Tufipo1ypOnms) HATIPARIEHUEe MoMenTa
TOBEMHLIX CuJl COBIALaeT ¢ naipapTelllICM BPANIEHHA KoJcca Boaneﬁ
CTBYSL (1A TONATRY JHEIROCTb BPAIaeT pafouce KOLECO, MepefaBad emy
2HEPTHIO

Jionaeruite HacOCH 6GWBAOT OMIOCTYICHIATHMH H MIOTOCTYTIeHTA-
THMA  ORMOCTYNEH\ATEI® HACOCH HMEIOT 0fi0 pafodee KOTeCo MpEOTO-
CTYU@HYATHIE — 11BCKO.LKO JTOC/IE[ORATE (bIIG COENIIEHHNX paGo‘mx o
Jec, SanpenNewHmx ya opmor pany Ha pume 21 wsobpamen ofmocty-
TEHIATH HACOC KOOCONBIOre THua Pafouee KOTCCO y BIMX [AcocoB
JAKPENTICHo HA KhOHUE (KoHCosw) Bana Ban me mpoXogur weped ofaacTs
DCACEIBAIMA yTO HOSBONAET UPAMEHNTH IPOCTENMVIO (Gopwy Mompofa
B BIIE OPIMOOCHOTO KoHy3opa

Ha puc 23 H306paze” OAnOCTYNeHIATHH HACOC ABYCTOPOHHETO
BX0Ta Ou umoe! Pa3npamPaOIUicA CHEPAILHLIL NOTBON (cM puc 2 47)
HluprocTs BXOAET B paGouee Komeco ¢ ALYX CTOPOH By MmA HOTOKaMH
B pabouem Kouece sTH WOTOKHE COBAMUAOTCA M BEXOAAT B 0S¥ 0TBOJ

OfpocTyNedTaTEe HACOCH COOGIAIOT REZWOCTE OTPAHMTCHIEN HA
nop * JlaA MODHIMEREA pamopa IPEMCNANT MIOrOCTIEHIATHe Ha
COCHI, B KOTOPHIX RLAKOCTE IPOXOUT NOCAETOBATE TLHO Yeped HECKOIE KO

* I[auopow macoca HAIHDACICH pHEDTHA, COOBIABMAA LM OIEBHIE BEca ,KIJ-
KocTR
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pafounx xomec, PakpemTeHHHX HA OfEoM Baxy (pme 2 4) Ilpm srom
OPONOPIHMORAIBHO YHCIY KoJIEC YBSANTMBALTCS MAIop HACOCA
Ocepbie EACOCH GyTyT PACCMOTPSHS B I

Puc 24 Cxewa Mmoroer Hacoea
1 =~ pavotee HOWeCO 2 — HARPALIONEE ANNApar § — TWADABTHNECKAT NSTA

2.2, Mojasa, Hamop H MeWHOCTh Bacoea

Pagora macoca xapam‘epuayenﬂ ero MofaTel, HanopoM uoTpes-
AAOMOM bio, KIEL = Hodauen macoca
HAJKBASTCA PACXON] MUFKOCTH Teped HANCPHHNN (BLIXOJHOM) marTpy-
Gox Tar e Kak # pacxen, oflada MoKer OHTL 00DBCMBON { ) v Mac-
coBoit ((Jwm) Hanop H npencramiser cofnii pasHOCTH DueprEs BREHEIH
BeC) KEJKOCTA B COTOHNN IOTOKA [OC/IS HACOCA Zy + P/ (PZ) = Vol (26)
B TIepeR BEM Zp + Pa/ (p8) + Ui (26)

H = 23— 2,4 (pu — p2)/(Pg) 4- (v — v3)A(22) @1
M BHDAFKAETCH B MOTPAX
M Hacoea IO IOTP ) Ha3H-

BAPTCA DHEPTHA, MONROLIMaR K Hemy or ABETATEN: 33 SfMHHLY Bpe-
wenm  MommoeTs MOKIO OHPEleABTs W3 CIeAYOmux CooGpakeruit
Hamgan eguUOANa Beca MEIROCTA, NPOMENMAs dYeped macoc, npuoGpe-
TAer SHEPrH B Koumuecrse H, 3a eJMENNY BpeMeHN epes HAcoc Lpo-
Teraer xumKocts Becom Qpg CmefeatenkEo SHepruf, UPEHOGPETCH-

M BA GNUHENY Bp 'bi0, Ip i wepes macoc, IR
none3nas MOmHOCTL Racoca
No=QpgH 22

Mougmocrs macoca N Goabme noaesmoi mommocrn Vg ma DO THTHIY
ToTeps B Hacoee OTH NIOTEPU ONPHEBANTCH RIIL, wacoca 1, KOTOpHil
PaBoH oT! M0 ITOTEAHOH 'd HACOCA K NOTpeGIAeMOon

q=NyN. @3




OTcrofa MOMIOCTS, NOTpebafemMaf HACOCOM,
N =Qng/n 24
asuratexas L no ypaBBe-

Tlo
nEAM (2 2) (24 1\10umocm BupaskaroTea B efmmnuax CH » narrax,
B TeXHETECKOM CHCTEME e[[HHMI — B KFC M/

23, Baranc 5HCPrEE B JONDACTHOM Hacoce

Ha puc. 25 P faxanc sHep B M macoce K Ha-
cocy MoxRONEICA MommEocTs . UacTh BTOK MOIEOCTH TepASTCH (upe-
Bpamaerca B temro) [lorepm Mom
AOCTH B 118C0CE JCIAT Ha MeXammie-
CKHG, oGheMHLe H THIPABNETECKNe, _ o .| | % z
Mexanuyecnue norepn. Mexanm

YEeCHHME ABJIAIOTCA DOTEPHE HA Tpe
HEe B DONMAMHNKAX, B YIIOTHE- N\ \)
EHAX baja W I1a TPEHH® HADYKHON

TudpaBnu
TIOBEPXIOCTH paGOdAX KONEC O JKER Mexany O0benwoe vecnue
ROCTH (AMCKOBOE TPERHE) Jeerue
Mompoers, ocraromasnca 2a BH Homepu

WETOM MEXAHWTOCKEX HOTEDh, MEPS- Pge 25 Baame Suepram B iomact
]éﬂe’l‘(‘/il pﬂGD‘DlM KonecoMm )}(]A}IKDCTE BOM BACOCE

weckoii Omeprma, mep KOJOCOM BeCa HPOXO-
AAmel Tepey HETO SMEUKOCTH, naannnewca meopemuneckuM Kanopos H,
Oxn Gonsme Eamopa H Hacoca Ha BeIHIHHY TEAPABIMYCCKUX TOTepd /i
IpH TCYCHHH }KHAKOCTH B paﬁo‘mx OpTaHax HacoCa

Hy=H-hy. 29
Uepea paGouee ROALCO MPOTEKAET B CORYHMNY KMAKOCTH 00BeMOM Qx

mam Becor Qypg CaefoBaTeabmo, THAPABANYECKAS MOMHOCT: HACOCA,
T & MOWHOCTD, CO0GMAeMAaA KMAKOCTH B KOIece,

No=QupgHr (29)

Benmamna MeXaumueckmx NOTeph ONOHHBALTCA METWHLIECKUM Kij,
ROTOPH{ PaBcH OTHOMEHHK ocTﬂBmeucﬂ mOCHe TPEONOACHUA MeXAHN-

YeCKAX COmpOTABICHEH p muocrE N K " N,
morpebaseMoll macocom
Myex = No/ N @7

Obvennsie notepnn PacoMorpum ofmeMimbie DoTepu B OAIOCTYOEHTA-
ToM ERCOCe FRHIKOCTh, BRXONAMAA B3 PAGOUOro Koaeca B Komuvectse Q,
B OCHOBHOM TOCTYmaeT B oTBox (Q) H, clIepopaTefsHO, B HATOPHLIR
naTpybox Hacota, B YACTHYHO BOZBPAmMASTCA B HONBO Wepea 3a30p
B yuroTaennn ] Mesny PabolaM KOMecoM M KOPUYCoM HAcoca (yIeuka gk,
puc 26) Ymepras mnuhocm pa[Aomeic B MOABOA,

Jra morepm of Yreuxu ofy NeHE Ted, 4T0
NABAGNEE HA DHXOAE WA PAGOUETO HoNeca GoARme, TeM D TOABOAL.




Vredka TeM 3OAUATENBICC TeM Gonpme 33301’) D YILIOTHCHHI 1 WMEMY
PpabounM KO 10COM H hopuycoM macoce Js Toro AT06r yMEHEBIINTH
yredxd, CIefyer yMEHBINHTh DTO!I 3430p [0 MHOEWYMA, NOHYCKACMOIO
TEXTNonoraef MAroroBTenuA H AcdopManuel Dafa M KOPOYCA HACOCA
OpH X HArpyske BO Bpema paboTsl

HPO\IQ I\ZlCCMOTIK‘HHBIR YTEUCH SENIKOCTH HMEIOT MeCTO YyTeYKM 4eped
yunornenna paga Omn 00mAMO Ma (bl W HpH PACCMOrPEHHE Gaganca
MOIIIOLTE HME MO/EHO NpeHc6pedsn

O6emuiie nosepn onenusanTt ofseansia KILJ, paBaLy oTHOmERIIO
MomAocTm N , ocTasnieilcsa 82 BATETOM MOI(HOCTH, 3aTPAadmBaeioll ua
O0BeMHEIC 110TePH  I¢ TBIpABTHICCKOM MOmmocTH Ny {(¢M puc 2 35)

=N [No=(No— N}/, 28)

me No — SaTpATHBAEMan va ToTepn

Kamgas equnoga Beca ,IIKOCTH mpOTEKIOMEH WPes yITOTHOHU®
paGouero xoleca juocnr emeprmo H, (neHeBATENbIO, MOIIOCTD,
8aTPATURAEMAS 153 OGBEMOHC NIOTePH

No= gupgHy
Tak wax pacxop uepea roteco Qy = Q L g (em pme 2 6),

N'= Ny — No=QuogH— gspgH, =QpgH. 29
Tloncrasup Bmpamenna (29) n (2 6) 3 ypasuenwe (2 8), moTysmm

Mo = Q/s = QHQ + g4 (210)

B mmorocrymenyaTmx Macocax cermmomnoTo THEA (cM  pHe 2 4)
TaKi¢ AMRITCA YICIKHE HKHIKOCTH gepe3 3adopul MEKAY BaJOM H nepe-
TOPOTKAMI — JHAGDPATMAMY,  PasaeTMOMEVE
CTymelm, H Wepes rHEAPABIMYECKYIO WATY
Torepu omeprum  ofyCTOBIEHHI® yredKaum
uepes yIAOTUEHHA Aya@parM OTHOCATCA X IM-
APaBANIECKUM H MCOXAHATECKEM WOTep/M, a
uepes THAPABAHILCKYID HATY — K OGDHEMULIM
JIJIH MIIOTOCTYHeHIATR X CERNHOHHBIX HACOCOB
oopermuwit  KILJ[ ompemensercr Tamme mo
yparwermio (2 10), ofHAKO EPE 3ToM OOX gy
CICAYeT mOFHMATH 16 yTeUKY 9epo3 yHIOTHe-
nme pafowero Koicca OAHOH CTymemm, a Cym-
My 9TOH YTEUKN M yTCUKH gy B THJPABINIEC
KOoH DATe

Tappasmageckue notepd. TpersuM Bumonm
moTeph BHEPTUE B HACOCC ABIAIOTCA MOTepH
[a OpeoloJenuc IHAPAD [1YeCHOT0 COUPOTBBJ‘IQHHH mogBoma paﬁol{ero
KONeCa H OTBOAA, HIM THEpanamueckme unorepn OmE omemmpawores
audpasawieckun KITJ N, Korophil papem oTHOmenH0 MoNe3HoH MO
HOCTH Hacoca Ny K momuocTa NV (cm puc 2 5) CoraacHo ypabmemmsin
€2, @25 =)

W= Ny’ = ) 8= B(H by @1

Puc 26 ¥Yieusm b yo
JOTHEHI:  PaGoICTe KO



Kax 6suto ykazawo B m, 2 2, KI1JT nacoca

n="~NyN
YMEOIKEB M PA3NeNnd UPABYI0 94CTh ypaBHEHHT 11a N N, meTyIad
Ng N' N

n=—1v—“mTf~TthnTlmx, 212)

7 e KIIJI Racoca paBen mpomanefeHio MAFPABIMIECKOFO, 06LEMHOr0
u mexanmieckoro ILIIJL

24  OcrmoBroe ypannenue JoN2CTHIIX NACOCOB

OCHOBHOE YDABNENNE JONACTHEX HACOCOB MOWHO BEDECTH HA OCIO
BpamEan ypabsenna (1 187) MOMEATOB KONHBTECTBA JBHIn€l.ls

M =0 (2B —vaRy),

PHMEHENNOT0 IA JKAAKOCTH, HAXONIMekicd B pagoyey xoTece Hacoca,
KOToDoe HpefcTABIAeT Cofolf cHCieyy Kamatos PaccwarpmpaeMpil
06BEM FHHIKOCTH CTPAHMUCH MBHYTPM U 110 nepufiepuM HOBePXEOCTAMIT
BPAEHEA, COPABYWmMIME KOTOPLIX fH 1JJOTCA BXOMHEE I BLIKONHNO
BPOMKH JomaToXx MovenT CEA AaBACHYA 1A OTH IPANGNE DaBen YA,
TAK KAaK HOPMAAN K MOBEPXHOCTAM BPALICHNA HPOXOAAT UEPE3 0CH KO
gdcca CHIEL TpeHHS HA YKASAHIWY T[PANNIAX OPEIEGPEREMO MAINL!
Tlootomy Moment M, NeHCTRYOIHEE HA AMUKOCT B KOTECO 00yCIOBILN
TOMHKO BOIACHCTBHEM HA HEE CTEHOK RAHAJIOB KO/ECA { JUHATOK M BHYTPeH
HAX LOBEPXHOCTEH BCAYIIEro B Beiomoro muckos) Ilop sexmumiod Q,,
8 ypapmeEnn (1 187) cuepyer moHuMaTh MaccoBEE pacxof Qux = Qup
FRIIKOCTH Heped KOTeco

VMEOHHM HeCiieinee ypaBHENHe Ha YriAoDYH CKOpOCTh O pBGO‘IOTO
roneca Ilpomspeponme Mo ects cexynamas paoTa KOTOPYIO COBED
maeT pafouee KOaeco DOINCHCTBYA rla NAXOAMYIOCS B HEM MHAKOCTH
Ora pabora papHa SHEPIAE mEpelaBaeyor PaGoTiy KOTECOM HeWIROCTHE
B MUIHWIY BPOMEHM WM IM[PABANYECHOY Mon(uocty Ny Orciona

Ne=Quntd (02l — 0,5 1)
Cornacro ypasuenmo (2 6) ¢ yaerom roro, 910 Qup = Qur,
No= Qg Hy

0l

Caeponarensno,

QungHr = Qi (V2P —v,a 1),

Hy= H = (0/g) 0ally — v fty) 213
Monysernoe ypapaenne X 1ACOCOD GbuIe BIep-

Bbie BEBejeHo Jinepom OmO cpAdLBAET HADOP HACOCA CO CKOPOCTAME
JIBNATENAA JKAAKOCTH, KOTOPHIE BAPHCAT OT UOKAYM I 9ACTOTEL BpaImCc-
HESl HACOCA & TAK)Ke OT reoMeTpHE pafouero wosteca @ moaBofa lloTox
Ha BXOJI® B KOTeCO COBIAETCH HPEAIECTDYIOMAY KONEeCy YCIpolcTROM —
monnogos  CieronaTensHO MOMOHT CkopoctH v, R, #a pXome » Komeco
OIpeREIALTC KOMETPY KOREH NONBO/IA B NPAKTUIBCKH HE 3ABACHT OT KOH-



eTpyknma kosneca IloTok Ha BHZOMe M3 KOmEoa COBMACTCA CAMEM KOTe-
coM, M0BTOMY MOMOHT CKOPOCTH Uy,R, OmpeelirercA KOHCTPYRIBe
KoJeca, OCOGEHNO TeoMeTpHed ero BEIXONHHY BACMENTOB (RApysKHEM
ARaMeTPOM, NINPHBOH JIONATOK, YIJIOM VCTRHOBKM PX Ha BEIXOJE)
O yp Raer b O 3aMAHELIV HATIOpY, 4aCTOTe
BPANEHHS H IOfAYe BACOCA PACCIMTATH BHXOAHHE 2I6MENOTH paGotero
KoJeca

TTofEORE MEOTHX KOHCTPYKI[AM, HANpAMep IpPAMOOCENIH xondysep,
7o 3aRPYIEBAIOT HOTOK M MOMCHT CKOPOCTH 0, R, — 0. B arom cayuae
TeoperHIECRAI Bamop

Hy=(0/g) vl (2 14)

25 I M B pad Kozzece
IenTpoGenOro Hacoea

B pofouem worece macoca WACTHIN MHKKOCTH ALIMKYTCA OTIOCH-
TensE0 Paouero Koneca m, KpoMe TOTO, OHH BMCCTE ¢ HEM COBEPINRIoT
meperochoe gemrenme CyMMA OTHOCHTETHIOr0 H NEPENoCHOro BHKEHRN

&

Pac. 27 Cxema AIa PAcCHOTIXHHN JBIDRCHHA KUAKOCTH B Pi-
Gosex rozece

faer aGCONOTHOE ADIVKERES JRAIKOCTH T ¢ JBHIKEHHE e¢ OTROCHTeTBHO
HEIOADIIKHOTO Kopmyea Hacoca Cropours afCONOTHOTO LRIKEREA ¢
(a0COTIOTHAS CKOPOCTH) DPABHA TCOMOTPUTECKOH CYMME CKOpPOCTA w
JKEIAKOCTH OTMOCHTENbOO paﬁo‘!em Koaeca (OTHOGVITQIIBHO]‘a cxupoc’ru)
R OKpYAUHOI CKOPOCTH ¥ PaG0€Cro Kojeca (MOpeHOCHOR CKOPOCTH)

wtu (2 15)
Jlns yopowenEa paccyixjennft omyckaeM, TT0 DOTOR B paGoTer
ROJZIeCe OCOCUMMCTPRUHBE [IpH STOM TPaeKIOPEH BCEX TACTHI KRAKOCTH

B OTHOCHTENbHOM ABINKEEMHA OABBAKOBN IIpEMeM, 9To OHE coBZANATOT
¢ KpPHBOW OLEPTAHRA JomaTKA AB (pnc 2 7) OTrOCHTENBEHS CROPOCTH

v

aCTHI, H, X Ha 0EOl OKD; . B Ha-

p o KacaTeabHol K aTKH B paceMaTp it
TouKe Y] TacTo cxemol o
amcaa A018T0K B peseTni B IOTOK B P Konece

He ABRACTCA OCCCHMMeTpHumMM Jlapiense HA JMmeROE cropode JNo-
o0



yaTkn (TGPORHAS CTOPONA JOMATKA WO OTHOMCIMI X HAIPABICHHID
oo ABWReHMA) 6ONbIe €TeM Fa e TRNbHOH cropome Cornacmo ypamue
umo Bepuyain wem Gounme Naplesde Tey merbme cxopocts Ilosrosy
OTHOCHT@ABHAA CKOPOCTH 9ACTHI, ARM/KYIIAXCS DAONL JVIEBOH C10-
pOIN NONATKH, MEHBINE OTHOCHTENbHOH CKOPOCTH JACIMI ABN/KYIIIXCS
BAONB @€ THABHOA cToposst OTHOCHTIONLHEG TPACKTOPHE TACTHI 1e1o
CPOMCTHORI0 NPAMLIKAIOMAX K TOIaTKe, CoBmanaior Mo dopve ¢ momar
xoii. TpacKropan ke OCTATHEHX YACTHI OTIMTAIICA OT Hee
Ws ypavrerma (2 13) caemyer €To cKopocTR v, 1w H u 06pasyior
TpeyroabHBE cxopocreii Ha pme. 27 mzofpakemo ciomenue CKopo
cTen AnA mpoussorsuof Tousw K mnyrpm momeca Cormacmo cuesie
GeCKOHeUHOTO TMCIA JONATOK, OTHOCHTCIBIAS CKOPOCTh W EAIPABTENA
Do KacatesbHON K Jonarke OKXpysLRAA CKODOCTH I HAIIPABJCHA 10 Kaca
TeAbHOE K ORDYRHOCTH HA KOTODOH DPACHONOMEHA DPACCMATPHBACMAN
TOUK& B CTOPONY Bpamenma paGozera koxeca
Pasxomay alcoTwTHYIO CKOPOCTh D Ha jDe B3AHMHO NePHERMUKY
JApHELE COCTABAAIONEAE U, — OKPYRIYIO COCTABTAIONMYIO ab6COMOTHOM
CHOPOCTR H Uy — MEPHAHOHAIBHYIO CKODOCTh — NPOCKEID a6COTIOTHOR
CKOPOCTA HA ILIOCKOCTH, HPOXONAIIYID T€pes 0k FOAeca W PAcCHMATpH-
BaeMyo TOYKY JTa INIOCKOCTH HASHIDATCH MepHRHONATBHOM
Bpenem enemyomume o6o3Eauenus
o — yroa mexAy aGcoNroTnoll vy mepemocHOH i CKOPOCTAMI B
ROCTH
P — yron MeKIy OTHOCHTENBHOH CRODOCTBIO W B OTPHIATE IHEEM
HaDpaBIeHReM TEPOHOCHOH CHOPOCTH L AHAROCTI
Pa — Yroa mMexoy KBCATEABHOE K JIOUATKE H OTPHNATENABIHM BHa
npapienueM mep it pocTH u v
Bregem Takac muferc 1 AnA 0603aHAUEHWsH CKOPOCTEH M YTIOB Ha
BX0Ze B pabouee K0MSCO W MIACKE 2 st 0GOBHAYEHUA TOX JKO BOJIUS
HA BUXOTE U3 Fero
TlocTpouss TpeyroabHEK CEOY it pua rouku G # xpomkn EF
pabBoiero xomeca (e puc 2 7) MePEANOHANLHYI0 CKOPOCTH Uiy ONpE~
TeJdM WA ypapEeHUA pacxoga IIpHHUMAA pacmpenesneHne MepPHIHOHAID
HHX CKOPOCTeH I0 MEpAHE PaGOuero Koieca paBHOMEPHHM, NONYIHM

v = Qu/S1 = QoS4 (2186)
e @y — pacXop BMIKOCTH DPOTEKAKINGE 4Yepea Koaeco §, — MAOIAMS HOP~
MANLHEOTe CETCRNA MePHIHOHANBHOr0 [OTOKA

MepranoRaNLEENM HABHBAKT D it morow,
Tepes paGodce KOZOCO €O CHOPOCTAME, DABIHME MEPHAMOHANLHEM
MENME cToBaME MEpMIMOHAIBHHH NOTOR €CTh DOTOK NPOTEKAWIIHR
fes OKpymHOH CKOPOCTH depes NONOCTH BPAMEHHEA, O06PABOBARHYI
BONOMEM B ROIYHUM JACKAMA paGotero komeca HopmanvEoe ceuenue
MepHAMOHAIBHOIC LOTOKA EMeeT $OPMY mopepXmocTm Bpamends Oma
ofpasonana ppameHEeM ROKDYT OCH Kojeca amemn CD, mepecexapmeit
NOA, NPAMEMHE yTAaMA JHEER TOKA MEPENUWOHAJISHOTO HOTOKA, K IO
xopameii gepes Touky G CormacHo Teopese I'mapiema, miomanms S,
2T0l TOBEpXHOCTH paBHA nauEH b, ofpasyn~
mei CD HA pammy OKpY/KHOCTH, ONUCHBAEMON HEHTPOM TEKECTH Iu~

A 262




B CD Opn ee wpamiewnu BOKPYT OCA HAcOCA
So= 2Ry by, 217)
e My — PARITC HA FOTOPOM DACIONONCT TNTP THmects miunu CD

UacTh MODEPXHOCTH BPANEHUA B3HATA TeNOM JOMATOK, LOITOMY
mCKOMAS MIOmAAb HOPMATHUOT0 CCYENHA MEPHAHONATHHOLO WOTOKA
8y = 1,5, e Py << 1 — wospfuyuenm cmeckenus Ha Bxone B pabo-
9o KOIeCco

Benmanua v, OmpelelAeIca U3 CAeAyIINX caolp meesmi IMaomans
Sy=2nBuyby — 035z
Ine g, — TOTMHHA JIONATKE HA BXOC T,

B OKpY/KROM
(pme 28) z-— uwcae Joma
TOK

Upr6muxenno ua Tpeyro1n
unka ABC
oy 5ysin a
TC 5, — TOMIMDA ZOMATRM Fa
BXOTC MaVeDCHEAR IO FODMAAM
K 6 [I0BePXHOCTI

TeI0Aa

Br=S1/So=
= (2nRy—s0p)/(2nRyy)  (218)

Pne 28 Bxoguoi ywacrok momarxn pufotera

Ko1cca Y mpambonee pacmpoct

DAHEHHWX HACOCOR BEAH-

anma ¢, Ko1eGnercs or 0 75 (mamxee xoreca) o 0,88 (Gonpmue komeca)
OKOHMATE.IBUO TIOTYYHM

Vi = Q/(2n B bybano} 219

B o 24 Guiro 0TMEUEHO WrO MOMEHT CKOPocTH U, R, H, CICKOBA
TeALHo OKPY/RIAST COCTABMMIOMAR U,y A6COAIOTNOM CROpOCTH HA BYOIe
ompepensorea RoHcTpykomell mojmoga Mmorme pasmopmpmocT:m mOJI-
BORA HE BAKPYVHBAKT MOTOK, IpH 3ToM v, = 0 Owpymman cocrapiso-
max aﬁCOHIOTHOﬁ CKOPOCTH Ha BXO/e JIe panHa HYTO ANH COHEPAIBIOTO
moxpoia (¢M pHC 2 47) 1 UacTo [1A o6PATHNY KANANOD GATpaBRAOMET0
anmapata (eM pme 2 49), caymammx TONBOMOM HpPOMEKYTOMHBIX CTy-
nepen CEKONUOHHBLIX HACOCOB

OxpymxEan ckopocrs pabouero komeca
= ol (2 20)
TAC © -~ YTHOBAA CKOPOCTH paGouero kojera Ry — Pagmyc Ia KOTOPOM Pacmo
JIoMcCHa TOUKA § BXORHOH KDOMKE Xomeca (cM puc 27)

3HAA BOMMIEAR WUy, U,y B Uy, MOMKHO TOCTPONTH TPeyTONLHUK
cxopocreil ma bxofle (pEC 2 9) W, CJIGKOBATCTHHO, ONpEJe TATH OTHOCH
TeNbHYM CKOPOCTd wy W YIMB &y ¥ fi;

Happasaenme BXOTHOTO 2ieMeRTA JODATKE cleAyeT BLGApars 61os
KEM K BaOpaDienmo OTHOCHTENpHOE Ckopocr® w, B mpormmmow cay
wae HOAYUACTCA OTPHB NOTOKA OT JONATKE ¢ 0GpadoBammeM BEXPOBOT
somb (cM pmEC 212, 6), CHABHO yReNHIMBAIOMed WNOTepM mA BXOAC



B paouee KoIeCo Onur moxasusaer, aro wax HIJI, rax u secora,
1A KOTOPYH HACOC CHOCOBCH 3aCOCATh MXHIKOCTS (BBICOTA BCACEIBAHMA),
YEEAWMDAIOTCA, €CTH BYOJHON OMNEMENT A0UATHH DAGOTero KOIECA
yeraxopETh IO OTIOMENIIO K OKPYAUOCTH He Liofl yrIow f, oiyaan
[EMCA U3 TPEYTOARHHKA CKOPOCCEil BXOEA NOCTPOCMIOIO Juim pac-
"eTHOH MOAaTd Wacoca A TOX Yriom [y OOTemmM yraa 3, ma 3-—8°
Tlpm TaroM HeGOABIIOM OTENOHSHAN BYOMHOIQ JNEANEINA JOHA) KL OT ua-
TpABIEHHA OTHOCHTENbHOM CKOPOCTH OTPLIBA NOTORA OT NOTMATRM HE L0 Y-
HaeTcA HESOBB]\[ Yrold MERJYy Halipas [EHHEM OTHOCHTE ThIIOH CKOPOCTH
H HANDABICHNOM BYO/HOTO JAeMelTAa NOoMaTKH yIaoM aTakW

Hagarsmsit Y4acroK TONATKA YTOMAJOT IO nalIPADIEnn K BXOoAioin
rpoMxe UpEmMepmo b 2 pasa {eM puc 2 8) ma mruome, pasHofl 1/3—1/4
JUIAHL JONATKH, D490V BXOAU}I0 KPOMRKY 6 INTRH Chpyridior Baa-
romapsA DTOMY )JITMAIOTCA YO
JOBHA obreranua BXONHOA KPOM
KU M YMEeHBUIAWTCA 1n7paBanic
CRUC TOTEPH HA BXOMG IRMIKOCLI
Aa  JONATKE pagowero Koueca
HKpove toro, mpu oTom yBemudn
BaGTCHd DBHICOTA BCACHIBAHUA Ha
coca

Iipn nocTpoeHnE TpPEVI OTHHEK

xa CRopocTeli BXofa 6410 yurewo  Fue 29 Tpeyroasume ckopoeredl aa
BXORC B padodce KOAECO (IMTPHX nyHKTHD
CTecHCHI® TOTOKA TOMATKAMY  pan ompun  HOKASMBAET MANpaBICEEE
Cnegopate 1bHO TPEYLO ILHIK  BXONHOrG DIEMENITA AOLATKI)
EKOpOCTeﬁ nOC‘l‘llOeH HIH TOUKIH
PACIONOKEHAON HEMOCPOMICI BeHHO 3R BXOHUM Hd JOUATKE paBodero
Komeca | I HCKOropwX pacucros He0GX0TMMO SHATD OTHOCHTGABILYIO
" ﬂﬁCOTI[OTBylﬂ CHKODOCTH MOTOKA HEIIOCpPCACTDEemIo mepe | BXOAOM Ha
JomaTKW, T & LOTOKA HE BOSMYIIEmEOro Jomatkawm Bacaem mmpcxe 0
AnA 0f03EATCNA CIOpoCTell 5T010 MOToRA YumThIBasK y pasyenuc (2 17),
TOTydnY MEPHIBOHAN LY CROPOCTH

Uno = Q/(Sono) = Q/{2nlbyno) 221y

Crecuenue MOTOKA JODATHAMA 1@ MOMIOT CKASATLCA A DeANMHE
okpy&HOiH cocrannApei abconormoi cropocrn  CaenosalcanHo

Uy = Vi
b TpeyrofibHAK CKOPOCTel mepen BXoxoM B pabodee Xoxeco ulobpamei
ma puc 2 9 WTPEXOBOH MEHEM

JHEgKocTs BHLXOMMT H3 pPAGOUETO KOMECA Ueped IHTMI(PHISCKY (O
TOBEPXHOCTD IIoMAABIO

Sy = 2nRobyty,
TRe R, — mapymuil pagmyc pabodero xomeca {cM pEe 27) b, -— MADERA Kay 112

DPaGOTCTO KOMECA HA BEIXOT® 1, — KOBPHUUMCHT CTCCHOMML HA BEXOKE £a PAGULLLO
Komeca

P oy
= (27— 56)/(21Ry) @2



I]6 0, -~ TONIIEEA JOHATKH HA BHYXOME, B

0y == 84/810 Ban @23

Y man6onee pacup HACOCOB B 2 v, or
0,9 (wanne macocu) no 0,95 (Goxpmme macoes)
MepuREORANEHAA CROPOCTR HA BHXOJE

Vg = Q/(20Rybao1o) (224)
OrpyBad CKOPOCTE PaboTero xeaeca Ha BHXOLR
ty= ok, (2 25)

ORPY/RIAas COCTABJANMWAN CKOPOCTH JREAKOCTHE Ha BHXoxe s pabo-
Wero KOIECa v,, OMpeReNAerca H3 ypaBHenmda Jmaepa (2 13) mo EaBect
LOMY NATOPY macoca SHAA BOMHURHHL Uyg, Uy H Uy, MOTKHO NOCTPOHTR
TPeyroTHHER CKOPOCTel HA BHXORe U3 xomeca (puc 2 10 Tpeyromsmmk
ADC) n OUpEReNATh N3 HETO BENHTNHY H HARDABACHNS OTHOCHTE THHOK

cKopoctd w, OUHT HOK2a
8 SHDAeT, UTO0 HAUPABICHHE
OTHOCHTRNbHOE CKOPOCTH W,
HE COBLANACT © HANPANTE
HAeM BHIXOFIOTO dJeMenta
3 TONATKY, ITO HE COOTBETCT
Vg —*1 Byer cxeme GECROHETHOTO
Vygoa ————t} wyocaa nonarok [IpEumEA
3TOT0 OTKIOHEHHA OTHOCH
Pac 210 Tpeyroremms ckopocTelé B2 Buxofe TEJNHHOTO NOTOKA HEAKOCTH
1z paovero Kozeca OT BHXOGHOTO  GIAEMEATa
AODATOR B HUSPOAH KA
rocry  PaGouee xomeco SaKpywWBaeT JKEAKOCT, YBEMHIHDAA MOMENT
abComoTHOR CKOopocTH v, ! VHepums npensrcrayeT 270My MaMOREIMIO
movenTa cxopocrn IIpm GeCKouOUHOM YmCIC JOHATOR TPAGKTOPEH OTHO
CHreNLHOIO NRIGREHAS NPERONPeNeNcHn (opMOll JOmaToK, HOTOpHE
FIpenATCTIYINT UHOMY MABIVREHLI0 KEJKOCTH r[pll KOHeYmoM “ucie
JIONATOX HPOXOME MEMAY HEMM WUDOKN ¥ TPAEKTOPHA OTHOCHTEIb~
more JBWRCHEA 4YACTHYEK MOTYT OTIANIATHCS OT (GOPMEL JIOMATOK
B aroM cnyvae ¥3 3a RECPHAH, TPEHATCTRYONEH YBeNAICHAI) MOMEHTA
v, R aBco n01H0st C1OpPOCTH, TPAGKTOPHH TACTHI, HAMOHAITCA TaK, WTO
MOMOHT P pacr B it cremenm CnemomaTennmo
HeficTBRTONbAOE 3NAUENNC OKPY/RHOK COCTABANMMER v, aGcomioTHOR
CKOpDOCTA HA BHXOJle UPA KOHETHOM YHCHe JONATON MEHPIE, UeM 3T0
CTeTYCT COMIACHO CXeMe GeCKOHEIMOro XMHENJ JONATOK Dy, << Vyseo

«Heroxpyrna» NOTOKA W3 32 KOHEYHOFy YHCAA JOMATOR, T ¢ yKAJAH-
HOC BHTMI® YMCHBUICHAE OKPYMRHON cocTaBimomell a6C0n0THOR CROPOCTI
TeM Go/lbile, GeM NMpe KAHAJM MERIY JOIATHaMA paGOTEro Koaeca, o,
CHEfOBATENbHO, TeM GOJNbIMe, 9eM MeHbIe THCXO & JOUNATOK u Goabme
yro1 P MemRY nomaTKoR M OXpYXHOCTH® {cM pEC 2 16)

Jinsa GONBIEICTRA NEHTPOGEKEHX MACOCOR 4HEMOKPYTKA® NOTOKA
3 3a KOHEYHOTO YHCIA AONATOK MO/KeT Ghire HPHGNHMEHHO Halijema

=
4 % Vo Py

gz

see



o dopmyre Crogonn—Maiaenn
Vyzc0 — Uyt == UaT0 SiR Pyn/z (2 26)

Buuncans 0o ypasaeruo (2 26) ORPYRHYD cocTanaA0myD A0COMI0T-
HOR CKOPOCTH V3, MOMHO TOCTPOUTH TPEYTOABHEE CKopoctelt ABC,
COOTBETCTBYIONIAE CXéMe GOCKOREMHOTO THCIA ONaToK B sToM Tpeyroas-
HHEKE CKOPOCTll OTHOCHTENBHAA CKOPOCTh Wye, BANPABNLHA 10 KACATOTEH
ROH K BRXOIHOMY BIEMEHTY Hs tpeyr onpe
AexAeM yToA B, YCTAHOBKE BHIXO[HOTO BAEMEHTA JODATKI Bnan yrs
Pra B Byn, DOTYIAEM OwepTAnME JONATHHA B WName Komeca Cregyer orme
TUTH UT0 Yame NPE paczere pafodero Komeca neﬂ’l‘poﬁemnoro macoca
BHATCHAEM YINIA Pyy 3aKaWTCA HA I C00 X
B O 27, K ONPEAeNAIOT TRKOH fuamMeTp Koaeca Dy, npn [{OTOPOM ofocme
anBaeTcA 3ajanHEH Ramop Bonee mofgpofre pacger mpoToumoi morocTH
merTpo6eKIOro Hacoca 6ymer mamoKeE B m 2 23

Ilpa GecKOHETHOM IRCAO TOmATOK COTMACHO ypaBHeHm®o (2 13) Teope
THUCCKHE HANOP HACOCA

Hroo= (0/8) (Wus00fa — 0,0 R) (227
ror manop Gosbme Wem HAMOP NPH KOHEYHOM yuCHE JONATOK OIpe
ney 213) se GORBUICH BOTUTUITE QKD Y-

mm €OCTADIAIONER abCOMDTHOR CKOPOCTH Ha BEXONS (Pyawo - Vyo)

TIp POX0sICRNT XKEAROCTH Teped paboTee KOAGCO NOBNTIACTCA KaX ee KHHE
THYECKAs, TAK 0 Abnan speprad ( CKopocTh MWAKOCTA HA BH
Xope B pab0duero Koneca papHA v, EA BXOfe B Hero vy CTeI0BAaTeNBAC UDHPOLT
BUUETHYECKOR mepmn CIMEEIE DeCa MHAKOCTE M DukgMUMECKUL HaROP

Hypu= (v} —vi)/(28

Ksappat aﬁconmmoﬁ CKOPOCTH PAaBeH CYMM®e KDAIDATOR MepuIuOHATLHOH I
OKDYMHOI COCTABNAIOMY CACHODATENBEO,

2 pa 2
H gy 20 + i Yt
=g b
Mepnn,uonanmns CI(opucTn VM, " Dy cpnanm‘enbﬂo MAJIH B PaaHoCTBI HY
DR p vy Mo orom
e upwmue 'Iac'ro MOBO KPY i abco
[OTROH CROPOCTH WA BXoje v,ﬂ Torya
Hp == vie2/(28) 2 28)

TIprpoCT PHEPIOM AABJICAME eQHHNIN RECA KEAKOCTH OPH €e mPONOKICHAH
wopes paﬁoqee KOIECO WMIH nomewyuatbhtli nanop,

Hpox=Hz < Hya 29

26 X nenTp: fiacoca

PaGoune opralldl Hacoca PACCIATHBAKT A OUPEASICHHOIO COTLTA-
THS DON@YM, HANOD2 W TACTOTH BPAIMGHHES MNPHYEM pasmepw i gopmy
TPOTOULOHE MOTOCTH DUGHPAWT TaK, YTOGH THIPABIEYECKUe HOTEPH IDY
paboTe ma oTOM perxnMe GLIH MEHEMAaNbHEME Takoe coueramme MONATY
Taltopa B TACTOTH BpalleHHS HABLDAErcA paciemuus pexcurod Ipm
YKCILTYATANER HACOC MOKOT PaGOTATh HA POREMAX, OTAMIAMX OT pacuer

167



goro Tag, NPHKPWRAA BANBERXY, YCTAHOBNENIYIO HS HANOpHOM TPYGo-
npoRofie Macoca ymenemaorT mofaty Ilpm aTom Takme W3MEHReTCH Ha
nop pasEHBaeMbli Eacocom JmA MpABEABIOH BKCIIyaTalum HACOCA He-
ofxomamo amars, kak uswensiorea Hamop, KIIN u momgoers, merpe6-
NAevad HACOCOM, MPH MAMEHOHNH €ro MOfad;m T € B8IATh rapakmepus
cmuky HACOCA, IO KOTOPOI IIOHAMAGTCA BABHCHAMOCTD IAN0PA MOWHOCTH

# RITJ] or mogadn macoca Ipy MOCTOHIHOM JACTOTe BPANISHMA
Orparoammes p peRHeM CXYyIad SRHAKOCTH K P y
Komecy Ges momenta cropoern (v,; = 0) IIpn 210 TeopeTRYecKkmil mamop
npE GECROHETIOM YHEIE 10

n const TaTOK, COTJAaCHO ypaBRHCE-
Hru=f(r) o (2 27)
Hyoo= (0/g) Viacolly =
=l (230),

Uz rtpeyrosbimia cko
pocreii Ha DHXOme M3 pa-
Gouero Komeca (cM pHC
210) m ypabuemma {2 24)
HaXOMMM

Dyaco =tz — Vyz ot for =
=ity - 0tg PaaQu/(2nRrbrps)
231)

Tloncrapue aro nuipaxe
mre B ypasgenme (2 30)
z‘:,cea 211 Xapaxrcpucruka ucuTpoSexnoI0 U8 107 vy

Hyeo=ullg—
I — yueqbelle 0amopa Hs 53 KOUCWIOro WETA N0Ma. reo = UY/g
208 norep B II—

s 0 anax et b TIE—ORPE__y 010 B0 00 Roby)

ua 3%0ge D PaGonee Koleco & OTROR Ayy
2 32),

Ha ypabmenma ciegyer 9YTO 33BUCHMOCTh TeOPeTHIECKoro HAOPA
Ipi GeCKOHBTHOM Wicle MOmATOK OT pacxona Qx 4epes Kojgeco MHHe
man (pue 2 11) Ipn nopave, panHoil Hyo (3aBNAEKA HA HAOPHOM TPY-
GomopoBoje SaKPHTA NOJANOCTBI)

Hyoo=uifg

TIpm KORERHOM §IC;ie TONATOK 3ABUCHMOCTH TEODETRAYECKOro HAMOpa
H; or pacxoma wepes paGodce KoJieco Tome anmeiinar Tar xak a ofm
TAKOBHY HOflATAX TEOPETHUYCCKHY HAMOP IPH KOUCYROM UACTE JOMATOK
ACHRIIE, e IpY Geckometnom, npaMas Hy = f (Q,) pacmonomena HuwKe
npmyoit Hreo = f (Qw) Ws ypasuenmit (2 26) m (2 13) caegyer, aro npué
JEHENTo OPMble Hoo = f (Q) n H; = f (Qx) napamnexsun

Ilanop paseHBaeMHI , MEHBINE Teop 0 Ha BeNATAIY
THIPABINIECKAX BOTEPDH

He=Hy—hy
268



OTH moTepm COCTOAT M3 NOTePL lyy mpm mxomo B paGouee Koxeco m
B OTBOJ H NOTEPb hx B KaHAJAX HO7BOMA, pafouero koaeca W OTBONA
(moTepm B KaHalax Hacoca)

Tlorepn B xagazax BACOCA MPHGTIIKEHII0 IPOTOPINOAA THHH CKOPOCTH
MUIKOCTH BO BTOPOK CTENEHM W, CJEOBATEIRHO PACXOLY BO bropoil
crenexn

= kQ}
The k ~ compoTHRNCONO KAHANOB

Ha puc 211 msobpamena mmroe ocu abonmec kpusasg by = f (Qy),
ABAAMANCT MapaGooit ¢ DepmuIoll B HaTage KOOpPIHHAT

Pacemorpma motepn mpm wxoge B paGouee komcco Ta pue 212 a
m306pamen Tpey1 onbHMK ABC ckopoCIoll BXOA IPK DACIETHOM DeKEMO
Tlockoasky pacemarpmpaem ¢Tydail OTCYTCTREA 3anPYTRE Ha BXOJe 1 Pa
Gogee xoueco (v,; = 0), TPEYrOMBARK CKOPOCTEH ADIASTCHA LPAMOYIOTE
BHd Hanpapnenne bXoAHOTO BIEMEHTA TONATKY OPN PACIETHOM PCIKIAO

Puc 212 Tpeyroasemen cropocreii ma Bxoxe b PABOTICE KUTICCO Mpu PASHLIX pescr
mex paGoTnl macoca

BHOEpaeN GAM3KEM K HALUDABICNMO OTHOCHTCIBIOH CKODOCTH I
®oeTH wy; (efosaTeabno HPW Pécueriom Pemme By = fin o morep 1
1a DXoue B pafouee KONBCO UPAKTHIBCKH OTCyiCisyior IIpm ymerbiie
HEH TOZATH MepUAMOLanblas CKOpoCrs ymensimaercs Hanpastenne
aBCoMOTHOR CKopocTH OHpefe IAETCA KONCTPYKIULC IOfBoNa W 0T TIONATR
B SABHCAT, HO3TOMY D ALLOM CILYIA¢ 3AKPYTKA MOTOKA IR BYOAe pAaBHA
HYdIo He3AaBHCEMO OT Mofadun (v,; = 0) Tawnw oGpazom, mpn yvesmme-
HEM Tofaur noaydaem tpeyroapEnk ADC cwopocresr Ja pue 212 a
BUAHO, 9T0 OpH MEPACIETHOR IOJaYe NAmpABIEHHe OTHOUUTETHEOMH CHO-
pOCTH W, HE COBUALAET C JANPABTEHNCA BXOTIOTO DIEMEBIA 7omaTKi
{B1 7 Pun) [IpH STOM IOTOK OTPHIEAGTCA OT JIONATKM H 0Gpa3yeTca puxpe~
Bas soma (puc 2 {2 6) Hanmume KOTOPOI BEJIeT K AOMOJIHRATE TLIIEIN 110
TCPAM SGHEPrun

Ilpnemna noreps y Bxona B orpox caeaywman Ceuenus oTBona pac
CURTHBAIOT TaK, YT0GH IPH PACYETHOM PeKMME MOMENT CKODOCTH JKI, (KO-
CTH B OTBOAE GHUI PABENl MOMEHTY CKOPOCTH ma BEXOze us pafodero ko
seca IIpm sToM DMKAKOTO MIVEHEINA CKOPOCTeH ¥ BXOAA B OTBOT HeT, N
norepy UpR Bxofie paBEH Hymo I[P yMeHbmeRHE HOfawd HACOCA Uepesd
TO K€ CeueHHE OTBOZA NPOXOAMT MeHbmEi pacxox mugroctn Crefosa
TCALIIO, CKOPOCTH B OTBO/J€ H HX MOMCHT IPH YMEHbIICHHA TomaYd yMeHb
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T0A0TCA IPONOPIBOHANBHO MOCAETHeH CKOPOCTH jKe Ha BHXOES B3 pabo-
wero Koneca sozpacraor [laa 0 YHCTA NOUATOK 3TO XOPOWO
Bramo w3 pac 213 To ske mONy9A€TCA M OpH KOmeIHOM IHENE MOHATOK
Taxem 06pasom, Tpa mofa9aX MERBMAX DPACIETHOH, MOMENT CKOPOCTH
IKEAKOCTY Ha BEXoZie ma paGouero xosneca GOThbie, gen B oTROAE AH2NO~
THYIOO mpH WoMavaX GOMBIAX PACIETION MOMEHT CKOPOCTH JKHIKOCTH
B oTBONe GOJBIIE, YeM Ha BEIXONEe B3 pafoducro kowteca
CrefjonaTelbEO, NPE NOJAUAX, OTIMYAKK OT PACHETHON, NOTOKH BB
TeKaomei w3 pabouero KOTeca M TEKYIIeM MO OTBOXY MHAKOCTH HMEIOT
DAJALIC MOMOHTH CKOPOCTH
IIpn camamwa sTAX mOTO-
KOD B oTnOlle HAGNBAAWTULA
BUXpeoGpasopanme ® AO-
nomInATe ThHBE IOTePH
Ha prc 2 11 mame ocm
abenmec maobpamena kpm-
Basi Jipy = f (0} Tlpu pac-
CTHOM pacxofe Qxp moTe-
Pue 2,13 Tpeyrousmumu cropocteii ma nmxoge DR KAK Y DXoxa B pafowes
Jouero Koreca mps PAIEWX PeaMax pa KOJALCO TAK M Y BXoda, B
BOTHI HacoCA 01801 pavmel pyao  Ilpa
OTKNOUCHUY 11OJATA OT Pac
werHOH oTH moTepHE GHETPO ynenmupaloTcA DBWuTA WA opumar IWERR
Hy = f ((Qy) OPAMHEATH KPHBHX HOTEPh B KAIAGAX HACOCA M Y DXOJA B pa-
Gogee KOIeCO M B OTBON, moaydmy kpuByo H = f (Q) saucmvocrn ma-
nopa Hacoca OT pacXofa yKEAKOCTH Yepes Koleco
HO,’_‘,B‘[B Hacoca OTANYAeICHA OT pacxofia 4epes paﬁo'lee KOJeco Ha
BEJHYEHY YTCICK

Q=0 —g«

Yuer yreuek npmEBofET K CABETY KPHBOH BANODOB BAeBO Ia Bend-
URHEY YTeUeK (yx

s ypasnenns (2 13) cnenyer, 4ro TeopeTPUecKmil HANOD Be BaBACHT
OT poAa KERROCTH (B ypapHennH (2 13) OTCYICTRY®OT BeNMIMDH, Xapak
Tepmsyonie cBoiCTBA ) I'uppasamseckse norepa
apamorcen Ppyrunmen He @ caefomaTesbHo, SABACAT 07 BASKOCTH FHA-
kocra Opmaro, ecaim Re penmko m mMeeT MecTo TypGyNEHTHAA apToMo-
[ENBIOCT, HOTOKOB B Pabod¥mx opramax Hacoca, T0 THAPABIHYECKHS
TOTepH ¥ CIIEJOBATEBHO, HAMNOD HACOCR OT pONR HKATKOCTH HE SABHCAT,
noaTony rpadex pOB Xapax’ 0 Hacoca
TUIA PASHMX JKMJAKOCTER, 6C/AM MOTOKH B PAGOYAX 0Pramax HACOCA ABTO-
MOXebHBL

Tocrponm xpanyo " May (2 6) rrmpas.
MOMHOCTS

No=QuogHnr.
3aBEcEMOCTL TeopeTHIeckore mamopa Hp oT pacxopma gepea paboueo
Roseco nemeiima (cM pac 2,11) & moyxeT GRTH DHPAKOHA yPABHCHEEM

Hy=A—BQ«

— Vze




O'rcmna TAIPABAATICCKAN MOIMHOCTH
Ny=pg (AQx— BQx)

Bro yp ABIACTCA ypa TapaBois Tepeceraomeit 0ch
aﬁcjnuac B rouKaX Qg =0 u Qu = A/B [puc 214, xpmbaa Ny =
=1 (@t

Mexannweciue more y M;f{a/ 1 const
pPHE MAJI0 BaBECAT OT IO  p
mawE Hacoca IlpmGapsp /7
MOIEOCTh MEXAHHISCKAX
mOTePh X rEApaBImTe
CKOI  MONIDOCTH — {OJY
waem kpusyo N =f (Qr)
3ABUCTIMOCTH  MOIIKOCTH
Ha BaTy Hacoca Or pac
X0[a IRELOCTH Tepes
pabouee komeco [Jlaa
N0 TyYenAT KpABOH MONY
HOCTH  XAPAKTEPUCTHKM
Hacoca ocraerca yuecTh
obwsevmsie morepm  Ipu
9TOM KpuBy® IV = f (1) Pue 214 Xapacrepmeruta memvpofexacro maco
nago CMECTATH BJEDO ca, TOIVICRITAX Teopermicel
Ha BeNHYAHY YTeUeK ¢,

Hwmen kpmeme N = f(Q) n H =f(Q) nocrpors mpmpyn KIII]
N0 YPAaRHEHHI

; —f/aﬂ)
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n=QugH/N
NxBr Hym
5o 7= 145008 mun]
4 30 o,
2haat | 7, % N oot
s} 3ol o} 20 ™
sl e
5L 20| sol 10 = —
“Lw| sl o /,/ e Wi
2l ol 20
] 0
W20 30 40 50 60 7
Pue 215 X 0 Adcoca, 1y Re
OepAMERTANLRO

Tpu Q =05 H =0n =0 Cnenorateasno, xpmsaa KIIJI nepece-
kaeT ocy abemmec B mauane xoopamuar (Q = 0) m B TouKe, e e nepece
KaeT Kphpaf HAmopa



TIpHBCelIse DEINC PACCYK/ICHASA ABTAOTCA OPEGIHMCUNLVE, TAK
KAag 011H Il YIATHBAOT prjia LI)ﬂ](TOpOD DJIHAKRIIAX Ha HAIOP A MOIIIOCTR
B 9aCTHOCTA OHH 1€ yUHTHBAKRT BTODHTABIX TOKOB BOBHMKAKLINX mpH
MAHX DOAYAX, ICYCTANOBHBIIEIOCS IBWRETHA KIAKOCTH B KANATAX
Ko'eca TPE MePACIOTHIAX PemmMAX BT [ [lodTOMY MaparrepueTHya Ha-
cocn, IDQTI)OQBHHH TEOPEeTHeCKH Ha OCIOBANHEA ONACAIIHEIX paccCyie
Huif, AN0X0 COINacyerca ¢ JAuHbIMA ONHTA XapaKTePHUCTHKA HACOCA
MO4OT GLITH TOJ YUeHA JAMDb ONBITITHM IyTeM

Ha pme 215 m3of XapaKTOpUCTHKA IHTD 0 HACOCA
Ha men mamecems! KpEuule 3aBHCHMOCTH nawopa 7, momuocre N KIIT n
T AOmy CTHMOLO KABATANEOUIOLO 3amaca Akgoy (€M T 2 19) or mojawm @

27 Bufop yrua yelaloBsH JONATRH HA BHIXOJe

I praxofie @9 pafioder o 1KOECA JON yTKE MOTYT OWTE WIOrIyTIA 1O HANABAE~
HERO npaienyd masai (8., < 90°) mmw Bucped (B > 90°) miGO oKAIANBATHCA
panuazbmo (i = 90°) (pue 2 16)

Pai=90° Pen=90° Sen>90°
P

o % ¢
Pac 216, dopuil noEs10% HEHTRAGEKAONS HACOCA
Ha pac 217 P TPEYTONT HNKR DA Buxone A3 paGodero

Koneca ¢ GOCKOHEUHRIM YiCIOM HOMATOR, COOTBETCTBYIMIR, OTHM Tpem Gopmam
nomatoR  Wa TpeyroJhRugop CKOpOcTed clemyel WTO UPH yeemwdemum yriaa fon

Ve Vit e
T Wi o
'~ " W
k3 U Vi ad Pac 217. Tpeyroxsunka
l ‘ s cropocrei  Ha  mixo,e
U1 TONATOK PAdATTHLIX
. Uy dopy
Yoz
e —

o
iz
OKPYHHAA COCTABTiioman RGCONOTHON CROPOCTH Vo YOGITINDACTCA Caerona
TebTO COTNACHO yPaUHEHAIO (2 27) AP HACOCA TDH YBON MO Pyy NOBIIACTCH
910 fenaet @A HEDDHM BITNAA, HMrOHLIM UpPAMEEGHNE NOUATOK IUIOTAYTHX 10
xopy suepen. Tew me mMemee paboMue Komeca enTpoGEHHEIX HACOCOR RO THANIT,
Kak opapyT0, C JONATKAMA, MAOTUYTLME WO XoAy Hasag llpuaumw eroTo Cic
nywmze



1 Mo puc 2 16 cuepyer wro y paGoumx xo:lec ¢ PAZMAABHEMY M HIOFIYTHMA
BUepen WAHAT MeREY OTyIaCTLA 7 ¢ Goxemum
yrion wero TOTEpM b EEX
Gonpme  TeM B KoJCCAX C ZOmaTHAME HBOCHYTHMA HA3aj

2 Hafinew 0THOmMeHH® NOTEENUANbHOTO HANOPA Hner K TcopeTmieckoMy Hyp
Cornaca0 ypapEeRuaM (2 29), (228) (214)

Huox _Hi—Hm vy | v
PTTE T T T wale 2uy

P peasyuun Tpu GeCKOEETHOM JOCIS
J0TATOK © yqemu ypasmeuna (2 31) monyuma

vul
Peo g + uy ® ctg Pan

W3 aToro ypapHeRuA Bujuo YTO Iem GoTemie yrox ,; TCM MeUhINe Rosddmmmene
peaknmn Taxum o6pasoM upu yPenwscEmu yriaa fon YCTAHOBKH JOUATEN H DEIXOAS
TOBHImALICA AOIA CKOPOCTHOTO
Hamopa Koropstii fomuen Guik
TPeobpACRAR B ILC3OMETPRIC P
cxnit B AngdyBOpEOL MacTH oT 7}
BOMA, UTO CONPOBOREALTCH Gonn
muvu THIPARARIECKMMM TOTE
pAMH.

3 Hapne 218 moGpake
HU  TEOPETHIECKHO  XApaKTepH
«tERE Bcoca ¢ GCCROHESHLM

qucutoM JNomaToK MPH PasIui- /// S
HEX YIAAX }CIAHOBKE JNOMATHI A ~Ly

P &
Ba Brxone Ua ypaswcmns (2.32) e Ea <,
caepyer, 970 Ipm Pag > 90° 1 23 N
ctg Bon < 0 manop  yveamar =

BACTCA NP YBEIMTCRIH MO {axH, =
npzE Pun = 90° m clg Poy = 0
manop me saBucyT Or nopaus, Pae 218 Xapaxrepmermnm  uemrpodesnoro
apu Pan < 90° ® et Bpy >0  macoca ALT pasIMMHEIY (opM TomATOK
HAUOP YMOHLWAGTCH TP yBeam
wemmn mofasn DoPMA IAPAKTCDHCTURE MOy SAINMCHCH on Byn = 60° mpmmo-
AuT K HeycToignBou pafoTe HACOCA B YCTAHOHKE (CN I

4 Mo pae 218 ciepytt 4TO FHAPABMIVIECKAA uoumncm N = Qg ngTm,

n TLOCOB € B3OPEYTHAMY
naxq,l MIMEHABTCA € mmeucnwem O0/auN CPADHETENERO Moo BTo codgact Gaaro
NUPRNTHEE YCTOBWA AT PAGOTH KOTOPHH Dpu

mogaun uacoca B JIORONIBHO MAPOKNX mpejenax padoTaeT mOUTH B TOCTOAHHOM
pexume Kpyre KpuBas HACOCOB 1 0TI KM
HIOTEYTHO U0 xoz(y TOepe NPHEOINT K ToMy $I0 MEIHAUATY [BUEC HEYCHeHuI
HOZATH DERYT 1t GOALIIONY MAMENCIVIO MOMHOCI H CACOMATOTAIO % REOSYOMI
MOCTH B ibMparh JBET&TENb TNODHUISHHON MOMHOCTE

HACOCAX Yrojt JONATOX HA BEMOKE AHGHPAOT B mpe-
nenax fun = 16 — 40°

28, Ocenbie Hacochl

Pafouce KOJECO 0CEDOTO HACOCA HMOXOME HA rpe@Hofl RUET Kopabis
(puc 2 19) OHo coCTOUT U3 BTYAKE I HA KOTOPOR 3ARPEMITCHO HECROTLKO
somacreit ¢ Mexanmam Iepejlais SEePrEE OT PAGOUCro Komeca AHEKO
erm TOT e, 9ro H y MeHTpoGesxmoro Hacoca OTBOgoM Hacoca CiyIKET
0ceRojl RANpaRAAONER ANIApaT $, ¢ MOMOLBI0 KOTOPOre YCTPaHRETCH
BaKpyIKA JKMKOCTH 1 KHHETUTIECKAA dHCPTEA eo DpeoGpasyerca B dHep-



roo fapuenEa  Ocepie HARCOCH NPHEMEHAKWT UPH GOJSBIIMX HOFATAX T
MaTHX HANOpAX

B oceBoM HACOCO MAMIKOCTH NBAKETCH IO NIIERIPHISCKHM HORepX-
HOCTAM, COOCHEIM ¢ BaToM Hacoca (JIe[l0BATEN IO, PANUYCH, HA KOTODHX
FREJKOCTD BXOAMT B KOMCCO W BHXOEHT U3 HETO ONMNAKODH, CKOPOCTH
U, = 1 = U H OCHODHOE YDaBHCHHO NPHAHMAST BIT

= (u/g} (Vua— Vua)

Ha pme 2 20 maofpamena xapakrepacTaxa ocesoro macoca Hamop
maxcumater mpu mofate Q = 0 Ipm sansix nogawax xpusas If = f (Q)
KPYTO majjaeT BEMZ HMER XapanTepRHLM mepermt e rouxe 4 B oramuue
OT IEHTPOGERHEHX 1ACOCOB MOIRHOC b OCOBRX HRCOCOR MOHUARLICH MpPH
yBETEICHEA NoJaul B HMeeT HauGoTbmos sHATeHHe IPE IOASEe, PaBROL
03 M0

% Kn N rdm
n=33008fun

5010 }

= }§ q/\

N

<

0 0w 700 Gafc
Puc 219 Cxema ocesore Poc 220, XapaxrepucTHES 0CEEOTO HACOCA

Hacoca

Penoe BOIPN« Tamme UAUOPA U MODUEOCTH 0CEDOTO HACOCA NPU MAZKX MORAYAX
OGYCHOBAGHO TeM 9UTO LM HEPACIETABIX [OKAYAX HAUOP COOONIASMAH KONeCOM
JRATEOULTH HA PAsmiX PAUYCAY, Pasmugen DBenie (CTBME 3TOMG nPH MAIHX HOJATAX
Ha UACTH KoJeca BoSHNKAST OBPATHOC MRINKCING JKUAKOCTH H3 OTBOfa B padouce
xoaeco NHOroxpaTioc MPOOFAICHHR j1 HIKOCTI gepel Ko 1eCH nPHBONHT X JONOT
HUTETIOON Wepejade eii 3HEPITHM 0T jomacTel OfRA®e 9TOT OPOLECS COMPOBOIK
naeTes THpAB:

B ocepoM Hacote MOKEO DaCIEpPHTH JHANA30H paodnx mofatw u
HAOPOB, B KOTODOM HAcOC PafoTaer SROHOMEYHO IPHMEHIAB LHOBOPOT-
aue nogacta C ¥yraa JIONACTH XApaK’

RACOCA CHIBLHO TCA 1pR TBHOM OUTEMAID
Horo KIIZ




Trasat3. ORCINIVATALIOHABIE PACYETELI
JIOMACTHBIX HACOCOB

29 M TeopaR B Hacocax

Teopnst moRoGRA mweer GONBINOE 3HATCHEE NPH NPOEKTHPOBAHBH H
TaTHHOM WH JTOOACTHIX Hacocor Teopms moiofna

AACT BO3MOKAOCT 1O M3BECTHOH XAPAKTEPHCIMKE OAION0 HACOCA IONY-
YUTH XAPAKTePACTHKY APYToro, €CId MPOTOYEH® TOM0CTH 050NY HICHCON
TeOMET PHYeCKM , & TAKAL mep aTh XAPAKTOPRCTAKY HACOCA
© OMIEOH TACIOTH BPANGHIAA HA APYTYI0 JT0 0 Teruner IKCLEPUMENTaTh
HOE HCCHEIOLAHAE TONACTHOTO HACOCA, AABAA BO3 sOMHOCTL IO TYYHTH
XAPAKTEPACTAKY MOMEHOTO LATYPIOTO HACOCA ©,yTey NCHLT.IHUA €ro
YMEHBIIENHO MOMIeIR MiH jKe HCIMTHEATH HATYPL.il macoc ma gacToTe
BPRIENAS, OTAWIAOMEACA OT TOH T2CTOTH BPAMEHT na Keropoii Hacoc
SKCIIYATHD} €TCA

Wenonpaya Toopuio mofoGua MOHEO BHGPATE MONQIRAHE Hacee Npo-
TOTUAA HOAOCTH KOTOPOro TeoMeTpATeCKH MOK0GUA NOM0CTH DpICKTEpY-
€MOTO [acotd (HATYPHOIO), DACCUNTATH COOTHONICUHI PAIMOPOD BTEX
HACOCOB H CTe0DATE THHO LOMYYATH PAsMepHl PABOTNX Opramop Ipoex
TupyeMo10 nacoca Ilepecumras mo TCOPER HOAOGMI XapaKIePHCT! KY
MOJIGALIIOTO NACOCA MOKHO NONYYOTL XaPAKTEPRCTHKY HPOEKTHPYENOro
nreoca Tanoit cmocof mpoexTHpORANNA HACOCA IIDDPOKO TPHMCH 1ETCS

ITpupelensie Hivke (OPMYIH IEPECTLIa MAPAverpoR HACOCH CIpa-
DeIFUEH UPi COGMIOTeNEn CAGAYIONWX YCAOnmi

1 p X TIO0CTEH macoca, BRI0YAND-
mee TawKe NORoGHe INCPOXOBATOCTEH MODBEPXHOCTH €IeHOK BHYTDCINAX
KaHAIOB SQSOPOB B MICACBNX YIVIOTHEHHAX ¥ TOAIHH JIOUATOLX Pﬂﬁﬂ‘
uero Roxneca

2 Kunevarsyeckoe momoGne Ha rPANANAX LOTOKOB 1 PanMiaME IO
TOKA ADNATCA B TACTHOCTH, €r0 COUCHEE Y BXOAa B HACOC H JIBLDKY-
npecd JONATLA Koseca WA BHIONDEHAA yCAOBH KHICMATHYCCKOTO
nofofHs Ha rpaHMNAX NOTOKOB HEOGXOAEMO WUTOGL CpefHff CKOPOCTh
AUAKOCTH Vpy ¥ BXOIA B Macoc GRuIa MPOMOPIECHATLIA OKPYIRIOHA CKO
poctd paBodero Koaeca u

Vpz o = D60~ nl,
Ti0 B — 9acTora BpameRER pafouero womteca L — XApAKTeDHLM DAIMCD MACOER,
HARPTIMED NNANETP KoICCH

Tlonaga 1aceca paBua NpON3BETENHAID CKOPOCTH vhy HA IMIOMAMRE
HOPMAJBHOTO Ce¥eHHs MOTOKA y BXOa B HACOC, KOTOpPasT HPOmOPIHO-
HaWbHA AucHmoMy pasuepy L no Bropoit orenenn Orcioma

Q cvvpglZoonld,

IR

Q_m (51 )’ 2 33
&=\ (233)
i) 1 VI 1EPBOTO HACOCA, MEAEKCOM 2 — st

BTOPOIO TACOCA TeoMCTPHICCKE nono6ﬂoro neproMy



3 Iumammseckoe moToxon Jluua Bauop
HHX YCTRHOBHBUINXCA ToTokos TpeGyoer pasencrsa Re, koropoe y momacr-
HMX 11AC0COB OGHIINO NPEHEMAIOT paBEMM 2,0,/

Crescraner BHNIONHOHAA 3THX YCIOBHIl ARNZIOICH

1) KEEEMATHICCKO® HOKOOME BO DCEX TOTKAX TOTOKOB; HpH DTOM
70610 CKOPOCTH MARKOLTR
vasvggaonl; {2 34)

2) papenctso Tmena inepa Eu RoTopoe ANA MANOPHOrO [pHIKe-
HuA paBHO gAHcr/t? W, ClIef0BaTeNb1I0, IPONOPIBOHANBHOCTS PASHOCTH
crariyeckay Banopos AH o; CKOPOCTH RAXKOCTH BO DTOPOR cremenm m 1/g

Pemmvi paBoTh macoca Ipi KOTODRIX BHNOMIAOTCH OUHCAHHKG Yo~
JOBHA HA3LIBAKTCA HOAOGABIMEA

Teopna mogo6UA TO3BOTIACT YCTAROBATL GOPMYJN Hepecvera mapa-
METPOB JOTACTHHX HACOCOB, OTPENEMAIONIE 3aDMCHMOCT: UONATH, Oa-
TOpA MOMEHTOD CHJ H MOMEHOCIH IeOMETPHUBCKE MOROGHKX HACOCOB,
paforawouux ma TopofHLIX Pe;KEMAX, oT IX PasMepOB M TACTOTH Bpa-
Hemsa

Tlonaua HAcOCA NEPCCTATHBAETCA mo ypasEEBHIO (2 33)

Ilanop nacoca coraacmo ypasuennio (2 1)

H = Bl + Ba¥/(29)

e AH, — za ++ (pa — pa)/(p2) B A0%/(2g) — pﬂaEOUTB COOTBATCTBENHO CTa-
TACCTUX T cxopoc'rm.lx BANODOR nOCTE BACO(A W AO HE

9 pasmocTH HANODOB HPODOPUMONANBHE CKOPOCTH JKEAKOCTA BO
BTOpou cremennm H 1/7*

Al ouv¥lg AV (2g)eov/g,
nua'muy HAmop macoca
Hoo vty
Tlponuman g, == g, M yIarupaa ypasrense (2 34), moryTaen

H, {12
=\ @3

MoveHT coT B3aMMONEHCIBEA TOTOFA CO CTeHKaMA RaHa1oB M oo
a9 peAL? (e w4 20) Orcopa monywus Gopuysty Hepeciera MoMcETA
cna

My M= pmiLi(pn3L) (2 36)
MomrocTs, UeperasaeMass oT Baja Ha paGouee KOIECO,

Ny=oM,,

rne Ay — MOMEHT COX € HOTODHIM MHUAKOCTH melUcTRYeT HA Pafodcs 1oMeco (B Tom
9HCHe CHT JUCROBOIN TPCHUA)

Yuarsigas ypavacuse (2 36), maxogmm
Naoopnr®Lo, 237




M Th HACOCA TP b Ny Ha BERETHIY MOL[TOCTH,
pACAONYeMOil A TPeHUE B YITOTIENNH BANA O HOAMNIMIEKAX J13 MO
Bocrt 110 ypasmenuio (2 37) se uepecamrrinacres Opmako ecam HACOS
RO CIRIIKOM MJI, TO HOTOPH HR IPENHO B VIU(O IHOHAAX BaTa W A O~
HEKAX MOJIB A AT TpubimKerHoTo nepecicld MOMHGCTI HatoCA MOMHO
TpEMennTs ypavuenns (2 37) Caepopatexrmo,

m~n el mr @3%)

TIpu cobmomenmI BCeX Yo TORIMU 1LOROGIA PACXOR D HEACBEX YIIOTIE-
HHAAX nacoca OpouGplACcHaJen ero mogade, ruipasamieckne ToTepd B Ha-
coce, LOTOPHE JANA MOLOGHKX PeKUNOB HPONOPIHONANEHE CRODOCIH
HEIKOCIM RO BTOPOfI CTONEHN NPOMOPIUOHANBAK HANOPY nacoca, THCKO-
BEHE MOTepi MOI(UOCIH Npondpyuonajbmkl doumuecrtn Ny Orcona ma
ocmopanun vpasaerwii (2 10), (211) u (2 7) caenyer pabenctso Nua
MONOGHEIX peAunos o6bemRoro u runpannedeckoro KIIN u nprbanaen-
HO@ paDeHcTno Moxammueckoro KIIJT

Nu=1lor I=rz Tmex 1" Nexz N~ M 239

TpnBenennsiii Bhime BLLAOJ (FOPNYIT Mepecuera me chiaan ¢ ocobenmo-
¢TsMn PaGoTCro mpomecca JONACTIIONO 1AC0CA, MDATOMY (OPMYJIE COpa-
BEANUBL HE TOTHKO [ JOMAC! IIbX IACOCOB, HO U [L1f Apy1 uX DHJIOR I
poMamumy (B TOM Wicae KBprarereil), umewowns Bpamaommecs paboune
OpTAIH M NERIMIALE paboyuil npomecc

Teomerpuaecxoe mo4061e DleaeB X vinoriennil, MOPOAOBATOCTH CTE
HOK W TOXTREb TONATOK me Beerna Bhmoannerca Ofuruao y Goee Kpym-
HBIX HACOCOB 3830PH B YINOTHEHIDIY, MEIDXOBATOCT, B 1OJMAGA J0TIa
TOK NTHOCHIOTHHO NEWLIIe, eM ¥ MAALX Pasemctso Re qua motenn u
HATYPH TaksHe II¢ Bcerga yaaetCA BRIV TOATH OI[IHIAO CC/1 BT OTKIAOHE
AmA or nonobus mesexmm, To Gopmy i (2 33) (2 35) (236), (238) n
(2 39) mawT MOCTATOUMO TOILII® PE3yHBTATH

Mopumyak nepectera AnA HOTO M TOTO KE HACOCA, PAGoTARUIEIO HA
pasunX gacravax spamenus (L, = L,), npaamsawt sug

Qu@s=rmafrz; (2 40) HylHy = (ny/n) (241)
NyfNg = (n,/05) {ny/n) 242

Tak Kak 0GHEO NPN H3MEHEHNN JACTOTH BPAMENHs 1aCoCa PareH
crio Re me pmmepaiumsaerca, T gopmyxa (2 41) maer upuGImEenmbA
pesyasrar Ilo orojf e mpuMme, a TAKKe NOTOMY uWTO MOMHOCTH TDE
HAS B NOMIIANNAKAX U YIIOTHEHMAX Dala Mo ypaseenmo (2 42) ue mepe
camThBAeTCA (opMya (2 42) raxie mpnfamenna ONLN TOKa3HBAKT,
uro opmyna (2 41} AnuAeTcA Goxee TOTUOM, NMPH FOCTATOUO GOMBILHY
ampavenunx Re = wRy/v > 10° ee MOmRHO IpEMCHATH faske B TOM CAY
WA, BCNH JACTOTH BPAMGHEA JMATATLILHO PAsANIAOTCH



2.10. Tepeever THE T
Ha Apyrymo 'mc'rn'ly Bpamenna

IIpenmonosxm, wro EMeeTCH XAPAKTEPHCTHKA Hac0Ca RPE TACTOTO
BpANIEHUA 7;, @ JBATATCAh ITOT0 Hacoca PaGoTaer IPH 1acToTe Bpa-
MIeHES 7y, OTTHYHOH OT 1y JLAS TOro 4roGH CYNMTS 06 IKCIAYATANMOH-
HHX cBoficTBax Hacoca BeolIozmme mMerhb €10 XapAKTePHCTHALY HDH
To# gacToTe DPAMEHUA N, UPH ROTOpoft oF (aKTidecin Gyjer paborars

3ry XApAKTEPHCTERY MO

fm HO WONyYMTH HyTew Lepe
Kxgm CHeTA HMCHIEHCH 3apasre
1540 PHCTIKE 113 HOBYIO TRCTOTY
| ., ~ BPRUELEA I, 10 GOPMYIAM

d | (2 40)—(2 &3 u € 39) Jan

2L BTOTO BANAKTCA PANOM 3HA
Hy et wemnil mogad Q@ ¥ 10 prew

F meficA XQpaKTEPHCTHKS Ha-
cOCa 1AXOIAT COOTBETCTRY

Ml tomme M Lanop H; mom
M= nocts Ny m KIT v, (pme
? 221) Topcrassp meitnen

M- = HHe AN 9aCTCT BPAameHRA
7 n, seammnss Qy, Hy Ny @

B 7/, 21 ,7,—2500 N n, B ypasmemms (2 40)—
i B4 lz 40 (2 42) m (239), noryvanor
/ ! |f” 3gavenus HOAANN Q;, HATO

r a pa H, MoummoeTHn N, m

| ” ! I 1, xoTopme HBAR

o 7 heg 2 308/ 0TCA KOOP/IHHATAME TOYOR
Pnc 221 Iepecier xapasTcpucTR¥L Kacoca YAPAKTEDHCTUKN Hacoca
BA JpYIYI0 SACTOTY BpAIMERIE TPK 9ACTOTE BPAMBHAA 7y

Ilo oTEM  KOOpIEEATAM
CTPOAT HA XADAKTCDUCTOKE DA TOUCE, COSANIHB KOTOPHS IUIABHBIME
KPHBNMHA, NOJYJAIT HCKOMYH XAPAKIEPECTHKY HAcoca HpH TacToTe
PPAMERTHA 12,

Haitnen » KoopAmnaTax Q — H TeOMOTPHEECKOC MECTO TOWEK POMRK-
308, TONOBHAX PemmMy, KOTOPLH ompeaeaserca Toukoi 7 (pme. 2.22).
,T.(Jm 5T0T0 noxcTaBUB Koopnunate Q; u J; vouxm 1 p yposnenua (2 40)
= (2 41), oupeieN ™ HANOD B MOAATY IPH PASIMIENX BHANCHWAX JACTOTH
vpamennd B pesyanrate HaFmeM pap Touex. 2, 3,4, , COGIMHIB KOTO-
pHe MiaBHOL NHAREA, HOAYIAM KpLsYo nOJOOHHNE pexciMos PAGOTH Ha-
eoca Iloxamem 910 5TA KPuBafA NPECTABIAST KBAAPATAIHYH napadony
¢ pepmuHOl B Ha%ane koopmEAT JiAA 9TOTO MOLCTADAM B YpPABRHEHHE

(241) ny/n,, Bail "3y (2.40),
HyjHy = (n3/na)? = (Qu/Qa)?,
B

H.jQ3 = Ho/Q3=Hy3jQi = = HQ=const=s



CrefoBaTelbHO, YPABHEHW® KPUBOH mojoSHLIX DE:MEMOD HMEET BN

H=s @43

Tan pesunon n i BRI ¢
CTONLABI TOWHOCTH MOMEO CYMTATH OREEAKOBEMI CTCI0DATeULIX  KPLBsiL 1000
HHX DPeAMON ABNAIOTCA TAKA0 LDPMBUMM DABHHIX 00TCMAERY H IiIpapimiccXuX
KN A macoca & KO no DOAMOB O OCTARTCA hOLTOE

HEN Mex noTepn B3 ToTeph KAK EA AACKG-
Do TPeHwe TAK M HA TPCHIE P YIAOTHCHHAX BATA M NOlUunEELAX lIpH BoapacTa
HUN TCTOTH RPATIEHII MODWOCTH JUICKOBOIO TPCHOA YRCTHTHBACTCR NMPOLOPIL 10
HRJLHO IEAPARNETECKON MOMMOCTH (WIH YACTOTE BPANIGHHA B TPETHUH CTereHls)
HoTepu ¢ Ha TPEHIe B }ITOTHeHNAX BAJI2 W HONINUHUKAX PACTY! JERTHTEABHO
MeATeHHee TeM MADARIIECT A MONIHOCTD B POAyUSTATC NpH YBeTHTOHR UACTOTH
BDAaMeRAT Poife DOTePh Ea TpeHie B YIHOTHPEEAX BATA i UOJWHNHEKAX B Gamauce
BHEPIUM YNEmLIASTCA qTO UPHAGAMT & YHEMUIGEHMMI0 MEXRHM (CCAOTO K CIeIOoBa
¢ (51710 0Gmero RIT
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Puc 222 Kpusee mopoGmeix perm Puc 223 K onpeneacsmo 1ne-
Mon Tore spamcmaA, Ups KoTopoH

XaPaKTEPHCTHEA NPOXGAAT Teped
SATAHEYIO PEAHMIUIYIO TOUKY

IIpeanonoxmy, 1To oT Hacoca TpefyeTed MOTyumTh mOZadvy (, mpm
nanope H, W 110 PeREMARA TOYKA & ¢ Koopaunaramn Q, m IF, ue mesmr
Ha XAPAKTePHCTHKE HACOCA MOTYUeHHOH IIPH SacToTe BDAERHR 7,
{prc 2 23} Hanxo ompemesnTh TAKYI0 9AacTOTY BP2mEHHA, IpH KOTOPOXK
HACOC CMOKeT 0fecueynTs 3aflammsil pesmy paGoTH JAPYTAMY ClOBAMH,
OnpeNCARTh TAKYH YacTOTY BPAIERHAA 7, TPM KOTOPOE KPHEAA HAIO
por H = | (Qé XAPAKTEPECTHKH IPOfifeT Tepe3 3aNaunyo TouKY 2 ¢ Ke-
opampaTama Q, I H,

lckomylo 9acTOTy BPAICIHA 1, MOKIIO 0NPOREANTD, HCHOALIVA $op
myne (240) w (2 41) mepecuera Ilockoabky OHU CHPAPEXTHBH TONBKO
JUIA 1OKOGHEX PeIRAMOB TO ATA TOTO TTOGH Mo,KNO GHIIG MMH ROCIOIE-
B0BITbes, mE06X0MUMO HAATA Takoh pemma (Q;, H,) paborm Hacoca
IPH 920TOTe DPAWCRUSA 7y, ROTOPHI GEIT 6H MoT00eH 3aIaHI0MY PE/RAMY



(Q,, H,) Bumme 6wimio qro p pagoTH Hacoca
aexar Ha mapafore mopofunx pemanod H = sQ Jromy yperHeHHIO
HOMKAN YAIOBIETBOPATE KOOPIUHATH 3aNanHOH roTkn 2 m HCKOMON TOTRM
1 Tonoxerne ToUxH ] maxofmm IpagueeckuM nyTem Ias aT0To OPOBO-
AEM Uepes sajammylo Touxy 2 mapabory mopobueix pemsmmon Ilepece-
"enme mapaGonul ¢ kpuoi nanopos H = f (Q) npu sacrore npamenns n,
naet pemmmuyo touky I ¢ xooppumatamm ¢ m Hy Tax kax Toukm
T 2 meMmaT 1a OFEOM M TOH e Napabone TOMOGHHX PEeKIMOB TO PEeEME
1 7 2 nopoGEK & JUIA HUX CHPape[VIEBLL (OPMyJEY

Q/Qs=nafne,  HyjHy = (nyny)?

B oax $opMynax memspecTHa TOAHKO TACTOTA DPAMENEA 7, KOTOPYD
MOKEO ONPEACTHTh 1O F0G0My M3 YpRBHEHUI

211 Koo r GueTp ™

Brime 6510 ykasaxo, 9T0 B AACTOsIEE BPeMA [APOKO NPAMEHSETCH
TPOEKTAPOBANIAE HOBOTO HACOCA MYTEM Iepecuera To hopMyaaM TOR0GHS
PAIMEPOB CY(ECTBYIOIUEro Hacocd [lNA 10r0 UT0fM BOCHONR30BATHCA
ITHM METOfION CIeAyeT HOparTh CPCAE BCEro MIOTOOGPASHA CYLIECTRYI0-
X HacoCoBp M\lell)mﬂx TEXIHKO He hig: g
TaKofl HACOC y KOTOPO10 peiKuyM HOXOGIHI BANANUOMY PeKHMY PAGOTH
IMPOEKTAPYeMOT0 HACOCA, GEw 6 GnE3ox K omTmManbHomy Jina aroro
HeoGX0InMO HAllTn HMapamerp, KOTOPL CAYIRIIL GH KpaTepHEM NOK0GML
M, caeoBaTeNLHO, GLla G OfEIAKOD A DCeY HoAoGnbX macocop Ompe-
mexne no safamasiy B Q U # TPOERrApyeMore Hacoca sTOT KPATepRit MO~
JOGHA ¥ CPAPHAB €T0 ¢ KPOTCP AME TNoMoGHA AMEIONIXCA RONCTPYKIMH,
TONYyIHM BOIVCANOCTE NOZOGPATE ITeofXORUMEE HACOC

B mpexupymenm maparpage 6510 BHACHEHO YTO A MOOCHHX HaCo-
coB, paGoTawmEX HA MOROGHMX DPEMIMAX CHPARGUIURN YpABHEHNS

QufQa= (mjmy) (Ly/Lal® . Hy/Hy = [mLy)(neL )]

i ypanReHFA MOKHO 3ANMCATH WHATE

Qul(a L) = Qef(mal3) = Qi(nL? =q; (2 44)
Hij(mL)? = Hyj(ny L) = Hj(nLy =k (2 45)

Beamupns ¢ # kb 0qunakoBH JMA HONOGHHX HACOCOB, PAGOTAMEX
B MOpOGUHIX DERENAX, H, C TEBO, S A xp mo-

pobua  Opuako omk e Moryr GHTb OIpeeNeHH [is npueu;upyemoro
Hacoca, TAK KAK HEHBBECTON ero pasmep

JiAs ToTO WTOGM MCKIOYNTH U3 ypaBReHEHK (2 44) o (2 45) ammEeiimaii
pasmep L, po3pefem npanylo m NeBylo JacTh ypavpmemma {2 44) Bo nro-
pyio CTenenk, a ypapmenns (2 45} — B TPeTHM B pasieNdM yPaBHEHHS
onmo Ha [pyroe

QensLS (HPn2L?)
AIH
nV QEY =V ¢ =ny

QD = g,



Hak mapaveTps ¢ B R, Tak # 1y OMMHAKOBE KA TOOMETpHIECKH
womo6ir ¥ 1aC0COB MPE PaBoTe MX HA MOAOOH{LIX peKHMAX HesaBuCHMO
oT mIeTROCTH Tepemelaesol muarocrn CrenonalcibEo mapamerp Py
ABIAETCA WCKOMBIM KpATepAEM MOTO6HA Kro MOMIO maspath ydewnol
wacmomod 6paYEHUL

0 GoabInee pacopoCTpaHOHHe MO TYWIT TAPaMe1p 1,
masLIBaeMbrit Kuot{)t]mymemou Geserpoxopmoern o » 3,65 pasa Go rner
YHenBHOH MACTOTH BpameHRsA

2, =3 650 V QU (247
Kosgpuumenr 3 65 me mameHsoT Qn3EvIecKOTo CMBICAA 1, KOTOPLIl
TAaK e KOK H Ry, ABJIHETCA KPUTED! {ur ) HACOCOD

Ero npoucxomiesne HCTOPHIECK0E

Bxopamme B ypanﬂeaun (2 46) ® (2 47) peamaumN MMCKOT CAERYIOM(HE
pasmeproctn Q B M¥/¢, H B M, » B 06/yun

T macoC TeoMeTPHUIeCKR NOROGHHL farmoMy ypn notate @ — 0,075 mde
fMeeT Hamop 1 8 TO COrMACHO ¥PaBkem (2 47) ro 1:0aPIIUERT GbICI POXOAMOCTE Tt
Pazen gacToTE BPOMEERA HAcOCa Heuctnnrennmo

36501007

ng =
e 1374

Tla oTom OCHOBAHWM FacTo Kod(HMINENTOM GHICTPOYOHOCTT HAIWRALT TR
CTOTY NPAMEHHA: HACOCA T[EOMTPHTECKM UOLOHUOTO I HHOMY KOTOPEIH ypil {d(10pe
1w vopaer 0 075 w¥c sKmroCTH

Rosdmment GreTpoXogmocTn patTuyer paf PASHIIX DEMUMOD pa
Gorm macoca Hazomest kodd@nuuerry GLLIPOXVILOCIH  OMpPOTETEHH b
FUIH OILrUMATHHOTO DeKUMA, T € [JA DEKHMA, COOTBETCTBYIIMEr0 Mah-
cumansuovy srawenmio RILI, woapguyuenmom Guemporodnocmu nu
coca Leam macocu reoverpuiect m Mogobau To kosbuuuenisr Geerpo
xXoXHOCTH y HuX ofmmakostl CnefoBaTensmo pPapCHCTRO roedduuuen-
TOD GHCIPOXOMUOCTH ABIHCICA HROTXONUNMEM IPUIIALOM TOTOBuR Laco-
cop ITockonsKy Ba BAZAMIEE SHAYCHUS TAPAMETPOB 2, Qour B Hopy 1,
CTEMOB 1[eNbHO, JUIH 34JAHEOT0 JRAUCHUN KodhHEIHen a Ghcrpoxon
HOCTH MO/RIIO GKOHCTI!&HPOBBTB HACOCHI ¢ PATHBIME COOTHOMEHNAMI pan-
MepOB, paBeEcTBO KOAPOUIHSHTOB GhCTPOYOXHOCTH 1€ AUASETCA LOCTA-
TOYHLIM IPHIHAKOM IEOMETPHIECKOr0 mONoGHA macocos Opraxo mpax-
THKOH ycTanOBTeHH LA RAKRAOrC Koagdrrgnenta GLHICTPOXOHOCTE COOT

Hacoca, Ol (Ve ONTHMAJBIBIC TeXHUKO
SROI'IDMH‘IECKEG HO](EIEQTSJ[H EC.Y]L‘[ OTPAIIBYUTHCA JAHIOL JTHMH vame
BCETO IPIVCIAONUMACA B HACOCAX COOTHIONICHMAMS pA3MEDOB, TO
paBeHCTEO  hoddUIHENTOS GLCTPOXOMHOCIH CrafloBETCH He TOJBKO
AEOGXOTUMEN HO ¥ B H3BECTHOI CTENeNH {OCTATOMHAIM IPUIHAKOM {KpPH
'repmem) TEOMeTPRICCKOTO nonoGym BACOLOD

B3 E 0T Ta GueTpoxofHocTi pafomme Kotecu
JIONACTHLIX HACOCOB MOISHO DPABNeNuTsh A CACAYWIEE PABHOBMAHOCTH
(ra6m 2 1)

1 IHenmpodencwwe LenTpoGesubio sacoc GHBAIOT THXOXOLIBINY B
mopmMaabHmMA THX 0X O (T M 6 MACOCH HMET MATHH Koa(iinu
enr GuerpoxogaocTH (n; = 50 — 90) Ha ypasmennma (2 47) caomyer,
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9T0 IpHE IOCTOAHROH Tiopade A JaCTOTe BPAIHPHHA (quy COOTBETCTBYOT
TOCTOAHHKHA NHAMETDP TOpIODHMH pabowere kozeca Dg) xoadduument
GLICTPOXONHOCTH TeM Mexbine, 9eM Goubme Hamep Urofs momydmTs
Gomvmoi mamop, meobxopmMo mmers Gomsmodi gEaMerp D, paGogero
Koxeca, FOITOMY THXOXOAHNe pabodde Koxeca NMEIOT GOTBIHOe OrHO-
memme £,/D, mmamerpos, noxopsmee o Tpex JIOmATKE paoderc o-
Aeca OBHHHO HMPIOT HpOCTYI0 NEIRHIPEIeCKYI0 gopwy ¢ 06pasyomei
IEIGHAPA, MApATIeNbNoil oCH Lacoca

Madb¥LMH ABIANTICA KoOTeCa, nMeiomme 7, = 80 —
-— 300 VYreenmuennme 6micTp H, G YMEH] na-
1nopa, DejieT K YMEHBIIeHW BLIXOTHOTO [HaMeTpa pafowero Komeca
(Dy/Do = 2,5 — 1 4) Jlua jMeHLmEHUS FUJPAsIUUECKUX DOTepPh Ha
BXCAe B pabodee KOIECo, 3HAUCHHE KOTOPHX B 0DWIEM Gamlanmce snepram
BOSPZ\CTﬂe’T o Mepe yMEHRMEHHf HADODa Hacoca, BXOHHDiI Y9aCTOR
AOIATOK i BrixopHOl yIacTok EMeer
ARIHAApEIECKYI0 dopMy.

Hoayoceane (ng = 250 ~ 500, D2/Dy = 1,4 — 0,9) Vsenpmurs
orsouicame D,/ mo Jmavemms, GAMSKOTO IIN MEHBIIErO EMIIHIILK,
MOMHO TOALKO B TOM CIYYae, 8CAH BHXOANYIO KPOMKY JONarloK EAKJIO-
nuth k ocu Kpove TOro, HAKIOH BLIYOTHOL KPOMEE ofecucumsacT
Gonee MAABHYI (OPMY JIOMATKH, 9TO yMEHbIaes TEIDABIMIECKMe I0-
Tepu B paosem komece UTobmM moayWHTH Ha pAJHHIX CTPYMKAX, HMEH-
IDRY PasHLI JMAMETD BHXOIE, ORMAAKORLIT BATOD, HPHXOANTCA AONATKY
BHIOAHATE (BOFHOH KPHBASHKW HE TOOBKO 1la DXOIE, HO M HA BhXode

3 Oceavie, usu nponeasepuse (n, = 500 — 1000; D,/Dy = 0,8)
Tlpn nanpEeHIIeM YBETWYEHHR OGHCTPOXOAOOCTH HAKTOH BHXOLHOR
KPOMKH JIONATOK Boapn\cwaer, H OHA CTAHOBHTCHA NOYTH nepueﬂnmﬂym{p-
BOR Kk ocm Hacoca [Ipyu 5TOM TACTHLE MUAKOCTH ABWKYTCA Yepes pado-
gee Koaeco npnﬁnnsn’renbuo Ha POCTOAHHOM pPACCTOANHEN OT €TI0 OCH
B ormwume or GonLMHMBCTBA LERTPOGEMHHX HACOCOB KOAECO 0CEBOIO
Bacoca He HMeeT HapyMKHOTC 0Goma

B raba 2 | npapefies Taxie XapaKTepHCTHKHA JTONACTHNX HACOCOB
Ho sepe ypenmuenns KodQduiuneHTs GHCTPOXOTHOCTH KpuBAA HANODOB
H = f (Q) crapoBaTesi Bonee kpyTok Momuocrs NpH mojase, paBHOR
LYo, YOCARIEBAGTCA ¢ pocToM GHerpoxopmoctn Bcam y macocos ¢ Tu-
XOXO[NHHMH H HOPMAALINME KOJECAMH MOMHOCTD BO3PACTIET € YBENHYC-
HHEM [OOfa9d, TO y OarpcoB C MOAYOCEBHIMH KOTECAMM OHA IOUTK He 13
MEHSETCH C W3MEHeHeM IOATH, A ¥ HACOCOB C OCEBEIMH KOIBCAMH C yBE
NAYCHASM MOMAuH yMeHMmaercs YoM 6obime koodduiuent SueIpoxof
HOCTH, TeM Kpy3e magaer kpupas KIIJ| mo 06e CTOpOMK OT GITHMA IBHOIO
POKUMA M, CICJOBATONLHO, TOM MEHbIN® CTANOBHTCS JUATNA30H MOAAY,
D KOTOPOM pafoTa Hacoca dkoROMMYecKH BEropma OfHAKO M3 3a yReJad
Yeuns KpyTHAHK KPHBOH p PHCTHEH ONTHMATH
HLIX HANOPOB NpPH YBETHYCHAH GHICIPOXOXHOCTH BO3DALTAET

Tar kak l]ﬂﬂl]p JOUACTHOIO HACQCA HE 3aBHCHT OT pona neporadn-~
paemoit wugkocTn (cM I 2 6) yAemsHan wacTora BpamenmA H Koadm-
LHeET GHMCTPOXONHOCTR TAKMKE He BABHCAT OT POAA MHAKOCTH

MHOroCTYmeHIATHI HACOC LPEACTABIAST COGOK HECKOJRKO MOCTefo-
BATENLHO COSMMMEHNEX OTHOCTYLeHIaTHX HACOCOB (€T} meHefi), HOITOMY




JIIA Hero NPHHATO b e T GHICTD A CTYHeHH,
& I1e BCero HACOCA, A Tero B ypapuenns (2 46) u (2 47) cnenyeT mojcras-
NATH HAWOP ORKHOM CTYTOHN

PaGouee ®omeco HAcoCa ABYCTOPOHHEr0 BXOA MOMKHO pPACCMATpEH-
BaTb KAk iBA TAPAITTLEO COSMHACHHEIX KOIIeCa, ODTOMY MpH OILpefene-
OUE KoaQUMIEHTA GHCIPOXOMNOCTH TAKOTO HACOCA JHAYENHE LOLAYH,
BYoTamec B yparwennma (2 46) m (2 47) cuemyer 6parn pasmmM Q/2,
e Q — mojaga Hacoca

212 P 6.
HeRTpofesumx Hacocos o0Touxoii paboumx wosee

Tlpegmonosmm, Mro OT Hacoca Tpebyercd Ionywuurs mofazy Q' m
Hamop H’ M pe;kmuHax To9Ka A ¢ xoophmmatamd Q m H' aemHr nmxe
XapakrepueTukn Macoca (puc 2 24) llyers pemratens macoca He umeer
PEryTADOBKY HacTOTE BPAUIEHAA (ua
npAMep, ACHHXPOHNL [BHTaTeNd ©
KOPOTKOBAMEHY1LM  poTOpoM)  Jlas
TOT0 YTOGH PaboTa HAacota COUTBETCT-
BOBATA pemUMHOM Togke A caemyer
TaK H3MEHWTH €r0 XApaKiepmCTURY,
TOGH OHA MPOTITA Yeped ITY 109Ky
Feln Heansd pemuTh aTy 5ajady Ha-
MeHCHEEM 9aCTOTH BpageDMA Nacoca,
TO OPUMEHAKT 06TOMKY pPaGouero Ko
meca W0 napymuomy gnametpy Ipm
YMEUBIIEHHY HAPY#RLOTO AKAMETDA pa
Puc 224 lapaboxr ofroves Gowere xonreca [y OKPYKHAA CRO

POCTR Uy 11 BEIXO1€ W3 KONOCA yMEHB-
maeTes, IT0 BOACT K yMensmenuro Ramopa CleIoBaTesbHo, Mph OGTOUKS
KOACCA KpWBafg XapaKIePUCIMKH HACOCA IOMIMKACICA M HpH HEKOTO-
poM snawermms Dy LpOICT UPpes BaNAHHYIO PEKUMHYH) TOTIKY

Oukiter IOKASKBAKT, ITO A1 PACTIETA XaPAKTEPHCIMKN HEHTpoGer-
HOTO Hacoca, TONYuaorelics ocae 06TOTKE ero pabodero Komeca, MOKIO
TPAGAMKEHEHO HPUHATH NPOIOPLAOHANBHOCTh TONAYA meppol CTeleH,
a mamopa LTOPOH CTENEHNM HApyMAKHOTO RHaMerpa paGowero noneca

Q0 =DjDy  (248) IP = {(DyDip (249

Ty 3aDNCHMOCTH NOTYMeHH 9SMOHPHIECKH ONKTH TOHABHDAIOT
TAKAMC  qr0 JIIA DEKIMOD, YROBRETBOpANIEX ypasmemuAM (2 48) m
(2 49) KIIJ macoca mpulnn3nrensHO OAURAKOB, €CaM 0HTOUKA paGogero
Komeca He CHMIIKOM DeInKa

Toncrarun B ypapremue (2 49) orwomesme D,/Dj, maBfiennoc mns
ypasuerns (2 48) momywmm

HiH = (QIQ'® wmu H/Q'=H'/(Q') = covst=c,
OTKYAd

H=c(n. (2 50)




CrnefosaTensno, Pe/KEMH, YAOBIeTnopsmiomme ypasHemmiy (2 48) m
(2 49), pacmonaramorca b none H — Q na mapagonc, IMeomen BepmMERY
B HauaJe KOOpAIHAT Lyflem waasnaTs 9Ty mapabony napaloaou oGmo
uex Llpm 06TOKe paBodero KONECA LO HADPYASHOMV AMAMCTPY TEOMETpH-
weckoe TNOfoONe HADPYIIACTCH, IO3TOMY mapaGona o0TO 10k ue mMeer
HHIero 06mero ¢ napafoaol TonoGHIIX perKmI0D

OupefleM, A0 KAKOLO JmAMETPA HeofxommmO O6TOMATH pabouee
HKONeCo, UTo6L XapaxTepHCTHKA HACOCA MPOTITA 96PC3 PEIKIMAYI TOUKY
¢ xoopmunaramn Q m H Ilponemew uepes ory Touxky mapaBouny o6ro-
wex {cm puc 2 24) Ha mepecegennn 970l mapafoii ¢ XapaKTePHCTRKON
HACOCA HAXOAEMM pesxpMHyl touxy B ¢ roopmmuaramu Q m H Jas ro-
uex A 1 B cnpasennubh ypasmenna (2 48) u (2 49) Iloncranus B a0Goe
H3 3TEX ypaBHexmil woopgunars Touwer A u B u apas fmamerp D, pado-
gero KoJeca go o6ToukH, OMpemelden Awarerp D ofTowennoro roieca

Hpm Gonpumx ofroukax paGodero noxeca KILJI nacoca ymennmaetcs,
T0 OTpamHYuBAET 0GTOURY Ilpeflebmas menmauna OBTOTKE pagowero
KOJECA 3ABUCHT 0T KOAPHULECHTA GEICIPOXOMIOCTY Ky
B« .eun 60 120 200 300 350 > 350
(D:—DjiDy v 020 015 (3% 009 007 000

Hacoc BLIroXEO SKCHTYATHPOBATH TOALKO B ofacTn pucorwt KT
B GOUBIMX BHCOT BCACHBAHEA [MANRIX KABHTRUMONTIHY 3amacod (en
o 219)], mooromy pAomEIA Hemoas
90BaTbCA HE BCSI XADAKTCPUCTHEA DA
coca, a TONBKO uacTe ee MmEmuvann
Kaf MOfa9a pagovero yJaCTKA Xapak
TEPHCTHRE IACOCY OMpENe TRETCS o
nycramuiM cumicended KIL mo cpar
HEMHI0 ¢ MAKCHMANBIIBIM, MaKCHMATH
185 Moflata — JIOTyCTUMHM CHIKEHE
em RILD mum, wame, AOMyeTHMBINM
VIOBWICHREM KABHTAIMOHKOTO 3a1aca,
KOTODHIA Ipn nopavax, GoibmmX ou
TUMANBION, pesko BO3pacTaer (cM
pac. 215) IIyers kpusas I ma puc Pue 225 Toze macoea
225 sApnserca XapaKTepHCTHKON Ha
€oCa ¢ MEOBTOUCHHHIM KOTECOM YuacTok AH XapaKTepHCTHKM ABILA-
ercst paboumm IlocTpomM XapdKTepMCTHKY Hacocd NPH MAKCEMAIb
Ao 06ToKe paGouero koreca (kpusam JI) m wmarecem Ha mem rIpa
wnupt C m D pabowere yuacrka Cocgmams rougd A & C, a Tamme
rourit B n D momywum versipexyroxsnuk ABDC Bee peimuuble Toarm
YCTHPEXYTONbHMKA MOMHO TONYINTH, TPHMEHASN HPOMEHYTOTHYR 00
TOUKY pabouero komeca PeXKAME, Memamme & MpemeNax UeTHpPeXyrodb-
HUKA, YAOBICTBOPAKT TPeBOBAHMAM, IpelbHBALeNHM KaK IO 3MaTeHNI0
LI, Tak & mo SLCOTaM BCACHIBANEA M, CIEAOBATETHIO, ABIATCH Pabo
ump  Yerupexyroasnnk ABDC Hasbsaerca noaem Hacoca

Ha pme 226 naobpasmen cBOMmENi rpams DOI€M KOHCOTLHEIX
HACOCOR, NIOCTPOGHHLI B NOTapHYMAUECKAX KoopmaHaTax Taxme rpa
GHEM IPUNATAIOTCH K KAfAA0TAM HACOCOB, BHIIYCKAGMBIM IDPOMBIIIICH-




HocTslo, B 00xerdanT sHbop Hacoca (O daMAHUEM SHATCHUAM HOTATH X
Hamopa HAXONAT Ha CBOJHOM IDAGHK® PEHHMEYI0 TOTKY ¥ COOTBOTCTBY-
MY eii MAPKY H YaCTOTY BPamEHUA HACOCA)

H

2 /';!"\hv M
e i N
o) . H
71
%
20 N, 3
oy
) %o N
5. N/ &
_t> — e /| [ .
" VRN '\\y <&/ N > b &)
9 ér o ) e/
? iciey I e ]
% [ N
s 1 |
52 I % 5 a7 5 20 3 W &0 4,z
Puc 2 26, Ceoguuiii rpadiuik noqell KOMCORBHBIX mACOCOR
213 H 3 u ee
Ha pme 227 Gp cxeMa it u K macocy 7,

MPHEBONIMOMY OT DJEKTPOIBUTATOAS 6, EJKOCTL HOCTYNAET U3 XpHEM-
more pesepsyapa ! mo monsofAmenMy TpyGonporony 72 Hacoc marmeraer
JKEAKOCTE B HANODHEN pesepsyap 2 mo Hamopmomy TpyGomposonmy 3
Ha manopuom Tp360IpOBOKe HMESTCA PrYTHDYOMAA ANBIKEA §, HpE
TOMOTILE KOTOpOil mamMeHAeTCs MofAYa Hacoca Muorga Ha BamopEoyM Tpy
GOmpoBo/ie YCTAHABIABAKT 0fpaTAiiu Kaanad 0, aBTOMATHIECKA Hepe-
KPHBAOMMNA HanopHuil TpyGONpeBos OpH OCTAHOBK® HACOCA M IDOMAT-
cTBylomail GarofapA STOMy BOSHEKHOBeHRI0 OGPAaTHOTO TOKA KEA-
KOCTH 13 pHOTO pedepByapa Ecim B pesepryape
OTHAMYACTCA OT ATMOCHEPHOTO MAM HACOC DACHONOKEH BWKO YDOBHA
HHAKOCTH B UpPHEMITOM DPE3epRyape, To Ha TMOABOZAMEM TPYGORDOBOXE
YCTAHABNMBAIOT MOHTAMHEYI0 BANBWKKY 7/, ROTOpYH HEPeKPHBAKT UpH
OCTAHOBREe M/IE pEeMOHTE Hacoca B mawame moxsofamero TpyGonposoma
YACTO IpefycMATPABAT OPHEMHYK CeTxy 13, TpefoxpaHRAKMYI0 HAcoe
OT NOTa\AHAA TBEP/IMX TN, B IATOBOK KAaNaH /4, naomuil BOIMOKAOCTS
SIHTE HACOC M HONBOXAIEA TPYGONPOBOA HKHIKOCTEI NEDE]l NyCKOM
PaboTa macoca ROHTDOIHPYeTCH IO py 4 KOTOpHE

nojavy Hacoca, M0 MAHOMETPY J H BAKyyMMeTpy HAR uanoueu-py 9
Th BAHOp HACOCA,




Hasosem yposmE cBoGORmON uonepxuocm KOAKOCTH B NPHEMHOM ¥
HAOpPHOM Pe3ePBRYAPe " M YPOSHAMIL; Hy
BHCOT HANODHOTO M NDHACMHOTO yposueu — 2e0 LeMpUECKUN HANOPOM
HacocHold Yemarncexu

J[717 TOT0 TT0GH TEEMETATh KUAKOCT, [0 TPVEONPOBOKAN yeTanoRKY
¥9 IPHEMAOTO Pesephyapa B HANOPHHIA, HOOGXONEMO IATPATUBATH 9HED~
THIO HA [!D)I‘héll JKUAKOCTN HA BHEOTY H, ma Ipeogonende PA3pocTH AR
ugenmwi p” — p’ B pedepsyapax & Ha I CYMMapuKIY ragpaBim-
WeCKHX NOTeps Zf,; 0 @ Banopuoro Tp3Gomp Taxnm

Pac 227 Cxewa macocmol
I YETAROBHE

Ana mA BecA FKAML-
xoctu 3 TUpAEMIIOro peacpByapaA B HaMODHHI 10 TpyGompoBoxaM yera
HOBKH, AN ROMPeGHNI RANOp YCmanoeKY

Haory 0= Hy o+ E2E- 4 Shu = Hon + Bh, (2 59)

e Her = Hr + (p — p )/(pg) — CTAaTHYECKAH BATOD YCTAHOBKH

X 71 it TCH b
ToTpeGHOTO HAUOPa OT pacXojia KUEKOCTH Ieomerpuwveckm® wamop Hp,
MapaenEd p”’ u p' W, CNONOBATENBHO, cTaTAUecKHR Hanop Her OT pacxona




ofbrano ne sasrcAT IIpm TypGymeBTEONM penmMe IIAPaBIMYECKUC TOTEDE
TPOTOPIMOHAIBIN PACXOAY BO BTOPOj cremeuu

Shg = kQ?
e k — compuTaBeime TPYSOUPOBOTOB NACOCHOR YoTamONKH

Ha pme 2 28 cnpara maoBpameHna XapaKTepaCTAKA WACOCHONH ycra-
TOBRH, ciIcBa — CXEMA YCTAaHOBKA VYPOBHH 1A KOTOPBIX PASMEIIEHB
SIeMenTs YCTAHOBRM, HA CXEMC BEMIEDTVHL B MACMTAGE 0CH UALOPOB
rpaguka  YpoBCHL B mpuem
HOM pe3epByape CoBMemen G
ockio abemnce Tak wak ora
THIECKAM HROOP yCTAHOBKH OT
[DOTAYN  HACOCA HE BABHCHI,
Xﬂ])dl\"lepl’lCTMK-] nacocon yc¢
TAHODKW IPeACTABIAeT CyM
MADIOy XapaKTepUCTHKY IIOX
BOJSIMET0 B HATIOpIOi0 TpY
Gouporomon Xk, = kQ*, cue
mMEHHYI0 BROTb OCH HANOPOB
Ha ke aauny e,

Hnomp

Puc 228 Xaparrepuermia macoe
HOH yeramoniH

2 14 Pafo1a macoca Ba cerh

Hacoc parnoii HacocHol yeramoBra pafoTacT fa TAKOM PeXuME, TPH
KOTODOM LOTpEGHLIM [AMOp paBeHd HAMOPY nacoca, T € OPH KOTOPOM
PHEPLUf, TOTpeGNACMAA mpH  JPH.KEOAH "
JRMIKOCTA [0  TpvBOIPOBOAAM  YCTANOBKH
(moTpefniLii mamop) paBua OHEPrHY, C00G _Xﬂ
MAaeMOu SRHAKOCTH HACOCOM (KATOP HacLowa) 4
JUI GupeneqcHHI PesnMa PAGOTL! HACOCA FT £
clegyer na ofuoM M ToM ke rpaduke B 2
OAMIIAKOBLIX l\]aCUllf\ﬁﬂX OaneCTIl X¥dDaKie-
PHCTHRY [ACOCA M TACOCHOH 3CTAHOBKN
(pre 229 Papemcrso mamopa HACOCA
NOTPeBHO10 HAIOPA VCIIUOBKE MOJI)9aeTcs
LA pesnva, oupefeasedoro Togkol A me
peceuenyx Xxapantepucrh  llokemem 9ro W a
TACOC He MoMWeT DABOTATH B peswmse, OTTHY  pye 229 Ompeeacume pe
HOM OT pe.sia A [TPeNmo 1oiu, 410 MACOC  sima prBOTHL TACOC ! 1A CeTh
paboraeT & peskame B B arox cnydae mamop,
€00BmacKLIT IACOCON KHWIKOCTH, paped Hp mnamop pacXomyeMhu mpu
JBVGKIHH JKyFKOCTH 0 TPyGonpopofaM yerauonke Hpgporp<Hp Tanns
06pasom, SHEPTAA PACXOMyenas UPH IBEAGU Y MKUAKOCTA 0 TpyGoupo

Snomp

#,




BOJAM YCTAFOBKM MEHBIIC BREPTHM, coobnfaenoil eil Hacocom HaGurow
SHEePFMA B HUAKOCTH HJAET Ha IPHpAanieHne ee KUHETHIECKON dHepruu
CneopaTemnsIo, CKOPOCTH HUNKOCTA YBEAHTABASICA Y BEITeHNE CKOPO-
CTM NPRBOANT K YBEJHTISUHI PACXOR HKOTOpoe DYNET IpoHCXOANTh A0
Tex mop, noka on cpasaAerci ¢ Qu Eemm mopawa macoca Bouwme Qa
(roura C), To coOGmIAeMAIi HACOCOM HAmOP MENbINe IOTPEeSIHCVOTO
HepmocTaToK 9HEPrHN BOCHONHACTCH 32 CUeT CoBCTBOEION KMHeTHMYecKoH
QHEPTHE FATKOCTE JTO HPHBOART K YMCHBINCHMIO CKODOCTH JBHAREHUS
u, CACAOBATENLHO, K VMEHLIMEHHI0 PAcXoma 0 Q4

PaccMoTpAM TACTHBI® CTYTad HACOCHHX YCTAMODOK

1 IlpmemunE u wanopnsil ypoBEE cOBmagaoT I1pH 3TOM reoMeTpme-
ckul Hamop yeranoskm Hy = 0, p” = p* n xaparrepmcTmra HacocHOK

Puc 230 Onpemetenmue peiama pador  Pue 2 31 Oumpenenesme pexuma

HAC0CA 0A NACOCHYW YCTANOBKY DPM  PAGOTH! macoca NMA YCTANONKY ¢

H=0mp =p OTPAUATCABHLIM TEOMETPITICCIIM
mamopom

YCTAHOBKE TpefcTan1Aer coboil KpuBYIw Huorp = kQ (pEc 2.30) Beco
HALOD BaTpadyHBACTCA Ha MmpeofoJeHHO I‘ldJ:(paBumqecxorO COMPOTHUBIE
e B cucrene HapocnM Ha XapaxTepHCTURY yCTaHOBKA XapAKTEPUCTHRY
nacoca Ilepeceuemme Xpmpo# Hanopos H = f (Q) macoca ¢ XapaKTepH
erakoit yeramoskn Hyorp = f (Q) MaeT paouyio 10y A, onpemernsmio
MY pexAv paGoTH HACOCA

2 Hamopmmu ypoBeHb HAXOAMTCH HEKe upmemuoro (pmc 2 31)
TeoMeTpuIecKui HALOD HpA JTOM OTPHLATENEH, TFOITOMY ero CIeLyer
OTKIAALIBATH BOA3 oT ocu aGexuce rpapura Ilycrs p” = p’ Ilpmenmsii
YPOBEHB CXEMHl YCTAHOBKH CORMEmAaeM ¢ 0Chio abcumec IlocTpomB ot
upaMoii BC BBepX Kpusyo moreps Shy = AQ®, moTyIEM Xapaxtepy
cTPKy yoranokm Ha mepeceuenmm Kpmuoii mamooB XaparkTepHECTHKE
HAcoca ¢ XapakTepuCIMKOH NACOCHON yCTAHOBKH HAXONAYM 104Ky A,
KOTOpAA OmpefiensieT peskuM padorsi Hacoca Touka mepecewenna xapak
TOPWCTHKR YC1aHOBRH € OCBIO abelumee maer pacxofl Qp B TpyGomponone
npm OTCYTCTEMN Hacoca BRIKTeHme HACOCa yBETIINAO PACXOJL B CHCTEME
na pexutHEy Q4 — Qo




215. Heycroit padora
{mommas)

B HeKkoTOpHX cAysaAX paioTa Macoca ABJNETCA HEYCTOHYABOH Io-
Aaua pe3ako HINENACTCA OT HAKGONLIIETO 3INadeHMs [0 HyXs, HAKOD
KO. B BHAIX x, Habx € TRAPABTHISCKHO
YEAPH, DIyM B COTPACEHAS BCel MATIMHH B Tpy6ONPOBOTOR, DTO ABTEHHS
"aspiBaerca noangscer TloMmasx Dpomcxofar y HACOCOB, HMEOmEX
xpmByIo Ramopos H = f (Q) ¢ samapammeii aesoll BeTBbio (prc 2 32),
T © KPHBYIO HATODOB, HMEIy Maxcumyym npa @ >> 0 Taxryio xapak
TEePHCTHKY BMEIoT OGH“IHD TUXOXOMHEIE HACOCHD

PacemoTpuM HeycToRwHBYI0 paboTy HILOca IO CX@Me, U306parkemmoR
sa puc 2 32 Hacoc 7 moflaer jKHAKOCT mo TpyGompoBopy & B peaep-
Byap 5, OTKYAA OHA IOCTYmaeT IO
Tpvbe ¢ k morpebureno Ilycrs B
HATATSHME MOMENT pe3epsyap sa-
LONHEH JROKOCTBI0 [0 YpOBHA d.
TIpn 1oy Hacoc pagoraer B pe-
JKHNMe, onpefensevod Touxom A
Ectm pacxop KuIKOCTH, OTBOLH
MEf ¥ DOTPECHTeNI0, Memblle mo-
maum Hacoca Qa, TO YDOBEHDB HMJ-
KOCTH B pe3épByape NOBSINAETCA,
Xﬂp&l{’lepﬂc’l‘““ﬂ YCTAaHOBKNA CMena-
erca EBpepx H IONAYA HACOCA B
COOTRETCTBUMA € KpHBOK HAMOpOB
I = f(Q) yvembmaeres Mo  TeX
Poc 232, K onpencacmuto somw me  Top, Moxa pabodas Touxa Ee 3aif
yeroifmunofi padoTr macoca mer motomesss M Ecam mpm

9TOM IIOHATA HACOCA IIPeRHmAeT
Pacxof, KoTopLlll cHpacuBaeTca U3 peaepByapa 5 IO Tpy6e &, 10 ypoeHs
B pesepuyape WNOBLICUTCH €0 GONbIIE M XapAKTOPHCTHKA YCTAKOBRE
Tmpofifier DHme XapakTepHermxkm Hacoca IIpu 8TOM HOTpedHEG HAmOp
crager Gonsme HAIOpPA Hacoca, B peayJhrare Uero NpoMaolifer ¢puB
nozana Tlon peficTemeM 06paTROrO TOKA MKHAKOCTR 0OpATHRI wianas 2
sakpoercst Hacoc Gymer padorars upm momase Q = O m wamope H,
Ha 3a orcyTcTBEA NPETORA JKAAKOCTA B pedepryap § YPOBOHS KHIKOCTH
B UeM GyfeT NOHMKATHCS (RUIKOCI: TWPOKOMKAET BHTEKATH K3 pesep-
Byapa § mo tpy6e 4) Ilocme toro kaw ypopeHs NOHHIATCA N0 BLICOTH,
cooTBETCTBYIOmEH HANOpY H,, Hacoc cmopa perynmT B pabory. [lopasa
PB3K0, CKaUKO0GPasno, BO3pacrer N0 (g, COOTBETCTBYiommed pabouei
Touke B Ypouenb B pesepeyape OHATH HAYHET NOCTETEHEO NOJUHMATHLCH
® ABNEANe HOBTOPATCA

CpuB mofiaus Hacoca W Iepexojl ere Ha XoJocTol pemmm paGoTw
MOTYT NOAYIBTLCA M NPH HEHBMENHON XapaRKTepHCTHHE YCTAROBKH (ypo-
BEADb B pesepryape 5 MOCTOSANEH), €C/AHN XA PARTEPHCTHRA YCTRHOBKE Nepe-
COKAST XapaKTePACTARY HACOCA B IBYX TOuKax (rouxu C i D) xapakrepm-
ermkn) OT0 MOMKET BOSREKHYTH UDH TACTOTH
(anpaMep, @a-9a Bp nafieuna p ICKTPOCOTH, UUTA




1omeR JBETATEb) TIpm atom XapAKTOPHCTHKA HACOCA TOHM3HTCA H IO~
maolifer CPHB UOJATH 10 HYIH TIpr nocaenyromem noBHmMenAR TACTOTE
Bpamesda HACOC Gymer mpofomxarh paGoTaTh UPHE XOJI0CTOM DeKEME
[( 0), TR KaK HANMOp, COBAABAGMEH MM UpA Q = 0, MeHbme CTATHYS-
CXOro HANOPA YCTAHOBKE Ilo 3TON K8 NPAYNEE MOMIAK MOMET BOJNHK-~
HYTh OPE OAP&ILILHOM PaGoTe HACOCOB, €CAH BAIOp NP HyJenoi mo-
AaTe O7IHOTO B3 HACOCOB MEHLINE HANIOPA BTOPOTO HACOCA NDH 6o OAHHOY-
Holl paGoTe Ha ceth (HampmMep, ecam Ba puc 2 38 Il < Hp) B srom
cayaae BP 05X 9ACTOTH HA3COCOR MOMKET IIpHBO-
CTE K CPUBY HONAYH mCpROPO HACOCA [0 HYIH

TlogameM WI0 HACOC He MOMET PalOTATE B PCMIMMAY PACHOJICHENMEME NeBeR
TogRy M KacAHMA XapaK1CPECTHRN HACOCA U MacOCnofi y(TaHOBEM {(em pmc 2 32)
IIyeTh pexam PaGoTH HACOCA OTHAVNATCA 0T PLKAMA, TADAKIEPA3YEMOT0 TCUKOH D,
B Cr0pony GOMLMUX moas (Touxa E) IIpH 2ToM NoTpeGHHI HANOP H g o MOIBIE
manopa Hp, cooG(EaeMoro MRAKOCTA HACOCOM (H ; nory, << Hy) B ummocts mmeercs
udGHTOK PBODIEH KOTOPHIl }ieT ¢@ MPHEPAMCHINE ee KnHeTHuCcKol ameprny Ilpm
9T0M CKOPOCTh AHAKOCTH yheTRYUBACTCH KO TLX NOP NOEA PALXORX O FOCTHTHET BHA
9eHNH COOTBETCTBYMINEro pe:mmmoll Toake ¢ Ilpu OTKIOHERHRE pesKmia HAcOCA OT
pemaya, XapaKIePRIYOMOro ToAkof D, B CTOPOBY MENDITHX HOJAT morpebHEN BA
itop Gorme Ramopa macoca HefocTaToR SHUPIEH B AIJIKOCTH mpMBEeT K ee 3a-
MOJIGHHK H, CAEOPATENEHO K DALVHEI Hofain io nyrA Take odpatoy Dpa
OTKJIOREHEN DPeautMa DafoThl HacoCa OT PIBHERECHOTO PCgaIMA (Todka D) OB He
BOSBPAIAETCH B HEPROHATATHEOS MOTOMeHMe CAEMOBITCIIHO pemeMa PaGOTS
macoca Jtemwamue Jesce vo ikm A HeycrOiInBh TAKIA 51 @ CIOCOGOM MO0 MOKA-
8ATH YTO POMEMEL DPAacHOTOKeRHNe Opasee Touxu [, ABNAIOTCA YCTOMYHBHME H
HACOC B HHX MOMeT paborars PetaMH DacnoMOmenume MeXgy Toukamn M & B
OUACHE B CBHIH ¢ BOIMOJKIOCTRI0 BOINEKHOBENEH NOMUAMA TR KAK IN OTHX pe
AtEMAX y TURY NACOCA B JOYX TOY
HAX, DOPTOMY TPAHHNEH YCTOHqMBEIX PeXRMMOD MBIAOTCA T0UKA B, a Ho ToIka M

XapaxTrepueTakn He X HOYCTOM i ofmacTH, Ha
BHBAKT CTACHILEHME HacoCh, IpUMeHACMHE AR MORAYH KESKOCTH
npi mep! X peXRAMAX HMETh CTAGHIILHLC XAPAKTEPACTHKE,

216, Peryampobanme pemcama paloTml Bacoca

JlapEOM XapaKTepACTHKe HACOCA B HACOCHON YCTAHOBKE €OOTBET-
CTRyeT TONBKO OlHA pafouas Touka Memny Tem, Tpafyemad DojaTa
MoONer B3IMeRAThCA JIAA TOro 4T0GM maMeunTh PexEM palorTsl Hacoca,
HEOGXOAMMO HSMEHHTb XApPAKTEPHCTUKY Eacoca IuGO HACOCHOM YycTa-
BOBKE OTO XapaKTep s TpedyeMoi
nojauA peryanp Perymm, TEHTPOGEIRAKIX
1 MAZEX OCOBHX HACOCOB MOKET OCYmECTBIATHCA ABGO IMpH LOMOIGH pe-
TYAHpYOMeHR SafiBFKKE (WAMEHACTCA XADAKTDHCTAKA HACOCHON YCTa
lIDBl(H) iniiy FACTOTHI { TCH xapax‘mpn
craxa nacoea) Mmorga manme ocenme HaCcoCH PETYIHPYIOT MEPEIYCKOM
TacTd pacX0Ra W3 MADOPHOre TpYGONpOBONA BO BCacHBammui Pabora
YCTAHOBKE €O CPefIHMMU M KDYUHLME ,
HOBOPOTHEIO NONACTH, POTYARDYETCHA HSMEAGHHEEM YrAa YCTABORKH JoTa
cTeji pabowero Koneca, Tpu P XAPAKTe! nacoca

Per B « Mpy uTo
acoC NOMKSH MMeTh IOJaTy Ke (a, COOTBETCTBYOMY0 TOUKe A mepece-




Wemmas XapaKRTePACI MKH HACOCA ¢ XAPAKTEPACTHROM IACOCOH YCTIHODKE

a Qp << Qa (puc 233) Orofi moxmawe coorneTcTBYET paﬁoqan rouka B
xapaxTepmermra nacoca Urobm xa PHACTHKA

nepecekasach ¢ RpuBoii Hamopos H — f(Q) ® Touke B, neoﬁxonm'

YBeARIATH HOTepH magopa B yCTamoODHe 3To ocymecn-nnne'rcx ]]pﬂl(phl

TECM pe[‘y'mpyloulen BAABHIKY, ycn‘aﬁo}meuﬂon na naropHOM 1p\00

npoBofie B peayibTate YBCTHICHAA NOT€ph HANOPA B YOTAHORKE XAPAK-

TepHCTHKA HACOCHOHl YCTANOBKM mOHIET K¥pyWo M TepeceweT KPHRYK

nanopos [/ = f (Q) macoca 5 roure B Ilpu srom pescmsie moTpe6r it

RAmOp YCTAIODKA CKUAXEDAETCR ma 1amopa Hpy pacxonyemoro B yera

HOBKE TPH DRCINTYATALH ¢ IO THOCTHIO

H OTHPHITOH 3aNPEAKOM, U TOTEPH HAMO

& pa h, B sampmxke TakmEM 0Gpasow,

perynupoBagne paGoTH ILACOCA LpOC

’4< CEJHPOBAMIEM BLI3LIDRET HOonoNnnATe b

1BIO HDTepﬂ Bﬂﬂp[‘lﬂﬂ’ CHHELAIoNTEE

RIIJ ycranopkm, mosroMy 3ToT Cuo

cob meskoHoMirdeH Qpuako 6Gaarofa

pPA WCKAOIHTENBNOH TpPOCTOTE PEry

JAPODAHRE JPOCCeNnNPOoBAHMEM HOTYy-

HIO0 TamBoMbiee pACITPOCT PRHEHIE

] Peryruponanie E3MeAeHNEN TACTO

TH Bpallenas Hacoca l3meHenne gac

e TOTH BPAmENAS KACOCA ReJler K H3ue

HeHHIO €ro XapﬂKTOpﬂCTHHM u, CIeLo

Pac 23 Perynampouanue paforst patensHo, paGouero peatmma  (pHC

mACOCA MCCOAMpOBANUE 234) Jlaa perynmpopanusd HaMene
IHeM FACTOTE! npameun;i HEOGXOTAMBL
JBUCATENH C TIep ol IacTovoli mp TPOFBETATENN TO

CTOAHHOTO TOKA, NADOBHE H rusobhe TypOmau u IBHrATeNH BIYTPEL
nere cropanma) llambonie pacopocrpaneEHne ACHEXPONIEE DACKTPO-
ABHraTeNN ¢ KKOPOTKOIAMKNYTLIM DOTOPOM HPAKTHYECKH ME JOMYCKAKT
WaMeReHWMA JACTOTH Bpamenusa

Ipamenseica Tamme He YacTOTH BEJT
€ONPOTHS 1elHA B LCML PUTOPA ACHIXPOHHOTO NBEFATENs C (BA’oBLIM po
TOpOM, d TAaKe TUEPOMY(TOH, YCTAHOR ICHHOHM MEHAY IBHIATEdeM H
HACOCOM

Pery1opopanne pagoTsl HACOCa H3MCHOHMEM €TI0 WACTOTH BDAIEHWH
Gosiee DROHOMMTAO, YeM PECYNRpOBAIME ApOCCeTHpoDaHmes Jake Hpu
MeHeRne THIPOMY(T I COMPOTHBIICHIA B LIEIH POTOPA ACHHXPOLIOTO IBI-
TaTeAx CBA3ANINGE ¢ JOMOTHATEIbHKMN OTEPAMIL MOUHOCTH, JKOHOMUT-
HEe WueM PerylampoBamme IPOCCEXHpPOBAHHEM

Perylupoanie IepeiryCron Oro ocyn\ecmnnewn nepeuyckﬂw qacTh :.um
KOCFH Hacocom ©3
ofiBogpomy Tp3DOpPOBOLY HA KOTOpOM ycn-monnenn aaummu:a (oM cxemy ym-a
HOBKH a PuC 2 36 3aBUEKG 2) [IpH HIMGHEHMH CTeTOHI OTKPHTHR 3TOH 5a IBIKKI
E3MEHUOTCA Pac X0fy MePENYCKAGMOIT JKILIKOCTY i, (ALZIODATIBUO [HICKO] BO BICI
Hefi ceryp  DHOPTHA FKHIKOCTA HPo (ONARILE 0O oﬁnonnony Tp3 GOMPUBOAY TCPACT(R
TmoBTOMY POl D




P HOBOPOTOM ii Omo mpameAARICA B CPCIHEX
n KPyl]HHX OBOPOTHONOIACTHEIX OCELHX Aacocax IIpH momopote Toma
Creil MAMEHAOTCA XaPAKTEPHCTHHA HACOCA M CIEOBATEILHO DPeMMM ero
paborsr (pue 2 35) K] macoca mpe mosopoTe roracTell yiverseTcs
NeIBATHIETHHO, NOITOMY BTOT CUOCOS peryIMPONALLA 3matiiCTiHO
DKOIOVIHGHee Dery THPOBALMA JPOCCe THPOBRHIE

H

Poc 234 Perympopenme Pue 235 Pervuiporasme

paGoTs1 HACOLA MBWELCHIIEM paBoTi ocenord macoen L

ACTOTL  BPAmEWHT MememHCM YrTA  YETATORKI
TomAcTen

Pue 236 Cpansenme HEOMOMHYNOETR PaaHLIX CHOEOGOB PCTyTHPOBA
WA PedoTH HAtOCA

Cpasnuth SKOROMATNOCTE POrYIAPOBAmMA PaGyTll HACOEY PIBAUULINGT CHOCH
GaMB ppomie BCErO 110 NOTPEG [MEMOIl RAcOCOM MOWmocTq 1IyeTh xpusig O L
(puc 2 36) APTICTCR XADAKTEPMCTUKON RACOCHOM YCTAHOKIT DI DOYNOETHIO 0”
KpuTol peryampyomett 3aipinke I & kpmeHe Hy 0 v, — KpHBHIMH maro 1) i
MOMHOCIW XapakT(PHCTURI 1acoca O 9acToTe BPAIEHIS fy. | €4 1M pageTa Hd
coea oUpeNeNACTiA Toukom A Iloida micocA paBHA Qy DCHBIDYIO o1ty Qg

MOMKHO LONYIATh CAETYOMAMI C0COSaME



1 Ap ! PETYIIEPYIONTY 1, ememacn
POACIMEYIO TOSKY HACOLA BAOTE €1D x4pAKTCPUCTUKE U3 A B Bup Monmocts ne
Tpef1ACMAN BACOCOM NPH pafioTe A sTeM peskume LaikeM no wpMnod NMOmE0CTE Y (

Ora pavme Vg
2 A 1ac r0mu Tipn aactorit
PERBMIAN TOYLA CVMEni2eTcs BAGIH ILE HACOCHO i ¥ w3 A

B Bgp 9T0My pesiny pabOTH COOTBETCTRBYET WACTOTA BPAIiCmUA ng MOWmOCTSs
HACOCA ONDC;ICHALICH N0 KPHBOT NOMuocTyr Ny MOCTPOSHHOM (T WACTOTEN Bpame
Eun n, Oma pasma Npqop

3 Hep Tlepemyck oTxpuTEEN 2 Tax Fax
npy peryaup TEPELIYCHOM PACOCHON YCTAHODRE RO WaMe
BRTCH <8 1 0ETAETEA OTRPHITON TO IpE PACKoRE Hatacmon YO1d

HOBKH (Jp H&IOP DAcOCA PaBEHl moTpefHOMY mAOOPY YCTAHOBKNM ONPEASTAGTCA
opamEaToli Hpep XaparrepucTor® OA gacocmoii yeramobks [lpm arem Eamope
PN HACOCA COOTBETCTBYOT T0UKe Brep FNHAROCTL NOKABAGMAA BACOCOM, ACTISIO
YXOTUT BO RECUTION ¢eTh (Qp} WacTHIHO B TPYHOUP
BOX (7g0p) \Iom!‘mu‘b Hacoca mpn pafote ma peasave B, papRa Npoo,

Ha puc 2 3G cheayeT, uTo H4MREBIAA MOMMHOCTH MOZYYACTCH IPU PEryIEpo
BaHNI bavMemenneM YACTOTH BDAIIEHusl HECROTHRO GOMLIle MOIHOCTD MM peryIx
POBam APOCCMPODAHUEN  CANAR GOJLNIAA — NMpH PETyJPOBAREN NePemycKoM
Npgn < Npgp < Nppep JI0T DE3YILTAT CUPABENAED AWIb LA HACOCOD, ¥ KOTO
PHX ¢ JBCTHYCTINCM TTONATY MOIUHOCT: YBelMYMBASTCH (THXOXOIUKC B WODPMATLHWE
neBTpoDesHE® Hacoer') Lelm ¢ yBeJmUeHEeM uOJAUH MONIAOCTE YMEHBIIAlTCHA
(ManpaMep B 0€LDWX HACOCAX) TO DeiyTHPOBIEHE DEPEUYCKOM IKOHOMKIHEE DCTY-
JNPOBAEHA APOCCCHMPOB UHIEM

217, Il Teabnag m paGora
HACOCOB Hd CETh

HOCJ[G)IOBE\TBJBHOS COCIUHEHHE HACOCOB 061‘[‘1}_{0 OpUMCHAETCHA 1A
yBe IHUEAUA HANOPA B TeX CTyTafx, KOrfa OFHI macoC He MOKEr CodfaTh
Tpedyemoro mamopa IIpm aTom mogava macocod o EHAKOBA, & 0OIHER
HAOOpP papeH ¢) MMe HADODOB ob6oux HACOCOD, BIATHX IDH OQIOA B TOH e
nonade CrefoBaTeNpHO, CYyMMapmas XapakrepEcreRa Hacocos I 4 I
(puc 2 37) moayuaeTch caomemuey OpREBAT Kpusux wamopon I m IT
opoux nacocos [lepeccuenme cymMMapHon XapaKTepuCTHKH HACOCOR € Xa
PAKTSPHECTHKO HACOCKOH yCTAmOBKB [acT padowyw ToMKY A Koropas
onpegresrer uofavy Q m cymmapmmi manep H; -+ Hy; ofomx macocos
Hponena wepes Touny A DepTURAIbAYI0 MPAMYIO DONYIEM Ha Nepece-
wenul ee ¢ Kpwernir Hamopos I m IT wawopw macocon Hy m Hyy

IIpy TOCHEI0DATETBHOM COGMEECHNN HACOCOB MATKOCTh, HONBOML-
man K macocy II wmeer snaunresnuoe mamrneune [Ipm orom gmastenme
» Hacoce II moser NpeBHICHTH BeJHYHEY, JONYCTEMYI) MO YCIOBHAY
DpourocTH B srom cuyuae mHacoe I cmemyer paamemath o0Tflensmo oT
Hacoca I, B TaKoH TOYKE HANOPHOrD TPyBHONpPOBOA, B KOTOPOH JARICHHC
HUAKOCTH CHERACTCA [0 (esomacHOre fas mHacoca 11 awagenmsa Oty
TOYKY MOMHO OODeTeTNTh TIOCT}]O]ZIB nbeaouerplmeckym JHEOHD HATOP-
BOTO TpyGonporoaa

TlapaTiesHOC coepumenne HAcOCOB OGEITHO DPUMCTIAIOT JAA YRETH
weriA nofaun Hacocw, paboraompe TapaneibHo A OARE LIERUHE
TpyGoNpoBo, OGHIHO YETANABNARAKT GINIKO OEH OT APYLOTO, B TPefe-
nax ogHoro mammEmore sana Ha pme 2 38 cmesa morasanma cxema Takol
yeramorku ABYX Hacocor Tak kak macocw 11 m I maxogaTen Gumako onmm



0T Hpyroro, a TPYGONPOROA, HA KOTODLE omE paGoTANT, AMMHHLI,
MOBAD b COM, X i HANOpAHX 1pyGompo
pogos A0 ysacsoil Toarm O [lycrs mpmemusie yposum oGonx Hacocos
opaaakora Ilpu 970 Hamop HACECOB OFHHAKOR, TAK KAK OFMHAKODO IaB
JeHme B Toune O CoanaBaeMOe OGOHMI mAcOoCaMu 3Janernm ofa Bacoca
OFHEM, BMEIOUWM TOJady, PaBAYH CYMMO #0Aad 0GORX HACOCOB BIATLIX
upH oWHARCBOM Banope l{pa TaKoH zaMede PeMEM DPAGOTH HACOCHOW
YCTAHOBKHM He HAMPHETCA JlAA DOUYYCHEA XAPAKTEPHCTHEH HIOTO Ia
€0Ca HIN CYMMAPHOH XApAKTEPUCTHKH ABYX HACOCOB, CAGHYET CTOAATH
@Genaccsl TOwK KPUBENX Hamopa H = f (() 060IX HACOCOB, BAATHX TpH

Al

Puc. 237 Ospepesesne peanma  Pue, 2 38. Ounpenesense pesema padoTul
patoTat ooeaH

Tacoc o, HAxO
HCHEWIX HAC0C0R JUImExeA 8 GAMZKOM PACCTOAHUE

Ofuou ¥ TR xe opaunare MILiwm cropaMBE CHeHyeT CTOKETh KPHOBHE
mamopos 1 m IT 060ax HACOCOR 10 TopHzoUTAAN llepeceTemRe cyMmap
Hon \apakrepmcrurm 1 - Il ¢ XapakTepHCTHKOW HACOCHOM }CTANONKE
pacT pabouym TogRy A AGcumcca TOUKE A4 paBmA CyMMADHOH molane
o6omx HacocoB Qp + Qpr, OpAmEAara — Uamopy Eacocos Hp = Hy
IIponeaa Yepes Touky A FOPUROHTANBEY©O OPANYIO MOTYYIM Ha Iepece-
wenun ¢ wprssma [ {1 nanopos peskumyLie rousn C u B nacocos I u 11

Onpepemum peAus paGoTH ABYX pasmbiX UApaw 18AbBO CORINBEWHEIX
HACOCOB, } CraHOBUCHHLIX Hd 3HATKTE ThHOM paCCTDﬂH).IH opgun oT leymro
{psc 239) Ilpu sToM Heab3x IpereGpeTs CONPOTHBIEHHEM NORBOAL
mell o HANOpuO JAMER 10 TOUKH B coegBEFHEA TpyGomposogon [yers
TpHEMHLI® §pOBHH HACOCOB HAXOMATCH HA PAasiMX oTMETKax B rouxe 5
ROCTANHUM THE30MOTP BB[C-O’la MHIKOCTH B HEM PaBHA Nbe30MEeTPHET S
cxony Tanopy pp'(pg) B cevennm B [IpusuMas aa ITOCKOCTH CPARre
HUA TPHEMALIE §POBEND Hacoca 1 m mpeneGperax cKOPOCTLLIM HANOY O 1,
H0;Ty7%eM HOTHMHE RALOP HUJIKOCTH B COUCHUN

¥ =zn+ pa/(pg) (2 2)



Ina pemenus NocraBueHHoi nafaum n306pasm HaTHCHAMOCTH TOI-
1OTO HANOPA i B Cewenan B oT pacxofa MULKOC1H mO TpyGOmpoDOmaN
yeraropkn Ocb afennce 1 padiuKkon cosneEnIM ¢ DpHeMILIM YPOBHEM HA
coca . Hammmem vpapnemws ABWKCHUA JRAAKOCTU mo TP)60TPOBORAM
AB, CB u BD

1 pyGonposod 4B Hamop racoca I pacxomyeTcs na mONHeM HMETKOCTH
ot vposua A 5o yporusa B M BHICOTY zp, COYNANEE B Togke B nLelomer
puuecKoro wamopa pp/(pg) B OPCOTO[EHHE PHApABANIECKEX HOTEPH
hap u TpyGonposoge 4B
(CKOpOCTHLM — HATOPOM
B ceweEpm B mpemedpe-
Taerr)

Hi=z5 - po/(pg) t han

uTH, CcOT1acIIo ypas
wemuio (2 52),

y=H;—hap (253)

Ilna mocerpoenus 3a
RUCHMOCTH § 01 PAcXofia
UKot B TPYGOnpo
pone AB cmegyer, co
Tracoo ypaerernwo (2 53),
B9 oplEHAT XapaKTepH
crupn [ Hacota 1 BH9ECTH
THAPABAHYECKH® LOTEDH

TpyGomposone AB,
TPOIOPIHAOLR THHEE PACYORY BO BTOPoi cremeny B pesyapTare DOTYdmM
kprBy0 1B, Roropyo mazoBew XapakrepumeTmkoi macoca I, mpmpemem-
mou g Touke B

Tpybonpoeod (B Hamop macoca 1T pacxogyerca ma moxbes ;RETKO
cra or yposeA C [0 yposust B Ha BIICOTY Z5 — zo cosfanme b TOUKe B
TLE10MeTPUYACKOTO NANOpa pp/(pg) W TPEoJOIeHEE IHIPABIHYECKEX
boTepL /3 B Tpybonposome CB

a

Tue 239 Onpeyesermme pexnma PadoTH Dapat
RIBIO COSUUEREHIK HALUCOD

Hyp = (21, — 3¢) - Ps/(pg) + hen,
orciora
y=Hi+2c~lco (2 54)

Ilan nocrpoemus saBHCIMOCTE y Or packopa mo TpySomponoxy CB
meoBXOENO K OPHEEATAM XADAKTOPUCTHKE Hacoca [1 TIpUGABHTL BECOTY
Zc, HEXM ADYTHME CJIOBAMU  DOCTPOUTH XApAKTepWCTHKY Bacoca 1 or
€ro IPHeMIOTo YPOBIA (ypoBeHs ) W OT OpAHEAT NOMYquBIIErOCH Tpa-
¢nka |{ phrvecTs rulpapaecKno oTepH B TpyGonponoge CB B peayas-
TaTe noTydaex Yaparrepucrury 118 macoca 11, mpupenernyio K roake B

Tpy6onposod BD Ypannenne Bepnynnm nan cesennit 8 u D mmeer
BET (CKOPOCTHENRI IANOPOM B cevenuu B mpeHeGperaey)

2+ po/pg) =20+ oo



Orcrona
y=zp+ksp (25%)

Jlas mocrpoenua 1puroit BD sampomoctn y ot packain rospiio
nporatc BD HCOGAONIMO [ MOCTOAHIION BCTUMURE 7p TPLGAB [ Ty B
ameckre HOTEPH 8 1pyGomposo e BD, mPOmOPHEOHATI HIIC Dat udy
RO WTOPOH CTETIEIT

Pacxon B TpySonposo (¢ BD pasen cyyve pacxoWon B Tp3G0LNposo
nax AB u CB

Qep=0Q: | Qu (2 50)

Docrporn ¥pusvio IB 4- 118 5aBUCIOCTII ¥ 0T CYMMPHOLI0 PAC YO8
B Tpyv001 poBo 13X AB 1t CB JIma 31010 HeoGXONO I 15l KARIVLO 8T8
eI J CYMMUPOB 11b A6CLICCL mpIBeleH Y xaparTepucrik 13 m I8
(cymmmnoBars Kprubie 15 u 118 no ropuzowuia i) Hacocman veramopka
paboiact UPH TAKOM 3MAgelmiy ¥, Opd KOTOPOM pacxoil 3 TPy Somponose
BD pancn ¢yyne pacaofon b TpyGonposoanx 45 u CB, T e mpu Koro
pon wbeTccH cyMuapuoll xapartepucrukn 18 + 118 m kpupoft BD
OUHAKOBH  JTOMY JAOBTETBOPHES 109Ka M TepeceTeHHA STHX KPHBEIX
ABcui o1 Tourn 1 pasia pacxony b TpyGonposone BD Opmuwara pasma
y Opag pemitIHHY ¥ NOMHO HAIITH N0 TPABEMCHHEM A8PaKTepUCTHRAM
18 u 113 pacxonm Q) o Qyy mugrocrn B TpvGompososax AB u CB, pas
upie mofagan wacoean I i I, a mo uasocTrniv mopavay Qp o Q) 1o Xapar
wepnerukay [ 1 I{ Hacocon manth nx namopu H; n Hy

218  Pa6o.a macoca Ba pazBeTsicHHELI TpyGomponox

Ha pue 2 40 uaobpamerna cXOM1 §CTAFOBKI ¢ pasBeTBIeHHON COTHIO
Tlacoc WOXIeT #Ii (KOCTH B JiBa pesepbyapa C u D, pacmonomemHuc nl
paane'x yponoAx TpeSyerca ompons ruts pednm PAGOTHL macoca I pac-
XOTIT B 0GONX OTRETRTOHMAX

BosyomBsL Bi CTyTas PaloTe Jlacoca Oa COTh

| ¥poBORL AWTLOCTH B TBE30METPE, ) CTAIOBACHHOM B ToUkO B,
BLUIC )POBAA PLIGIKQCTM B peaepeyape D (y > zp). B »rom cayuae
MEAKOCTH OT TOYRU B NsIpnetes kar B pesepsyap C, Tax T b pesep
Byap D

2 VYponemb :LUgKOCIM B TBEIOMETPC HIGhe YPOBML HHIKOCTH B po
sepeyape D (y <Cz5) DB otou eaymac mupgxocts wo tpyGomposoxy BD
AanACICH B NANDABIPHUA OT TOYRH D & touxo

Paasfepes cray (1n mepsLi ¢TvIai padoru macoca ma cerh Hamuuies
ypanOCIuA IBMAMENHA JKUAKoCTH mo Tpybouposonam AB BC u BD

TpyGonposod AB Hamop uacoca ycramonmemioro 1Ia TpyGoopoBojie,
TPaTITCA 1A TLONLCM JRUAIKOCTH A BLICOTY Zp, COIAmAE B TOuKe S mueao
MCTPHIECROr0 HAMOPA pp/(Pg) 1 HA IPEOAO (CANE 1MADEBINICCHTIN 110+
Teps hap B TPYGOmpoBOTe AB (cxopoeTauiy Hamopoy B ceweuun B ipe
HeG pe1aevr)

H=1zp+ ppl(pg) 4145,



orcoaa
zp+-po/(pg)=y=H—l.n 217

Tocrpom rpadur 3asmemMOCTE MEKEY BAIOPOY ¥ b y3XODOl TOUKE B
B pacXoioM B rtpyGonposoge 4B IlmA 3Tore, COTHACHO yPaBUIEHUIO
(2 57), mec6roamio ma opammar Xapaxrepmerirn H = f (Q) wmacoca
BHYECTL 1THADADIAYECKNe HoTepm B Tpybonposome AB B peaynbrate
TIOTyqHM MmN rpaXOBYI0 JHDHI B — XapaxrepuCTHRY Hacoca, mpHBEREH
HYI K Touxe B

Pue 240 Onmperevemnic pemuma pafoTsr gacoca Ha pas
BETDIEHNYIC CLTh (RCPOLH Cywuaii]

Tp posod BC Ha y Bopuyian HAmHECAHIOrO JiA Ceue-
mmll B ® C, motyssm
2+ ppl(pg) =2 +hse W y=zc--hpe (258)

IIpuGanne K mocTOAHHON BeIHIKEE zZo TIApaBIUIeCKHe DOTEPH lpc
B TpyGouposofte BC mpemopuEOHaibHEE PacxXofy BO BTOpoil CT.INeHH,
noryaaM Ipadmr BC 2aDHCHMOCTH Memy J B pacXofom B TpyGOmpoBone
BC

Tpybonposod BD Ypapuenue ApmaeHUA MEAKOCTH IO TpyGomrpoBoLy
BD ranoe me xak m A1 TpyGonposona BC

y=zplsp (2 59)

MIpn6aprs K TOCTOAHEO!M Zp OPAHENATH KPEBOI DABCHMOCTH PHTPAD
THTECKEY HOTePh hpp B TpyGenporose BD or pacXona, moTywus Kpim-
Byl BD OpefcTaBmAnMyn coboil 3aBECEMOCTD MERLY ¥ H PACTONOM
o rpyGomporone BD

Pacxen » TpyGonpononie AB pasen cymme pactolos B TpyGOIPOBONAX
BC u BD

Qas=Qs¢-+Qnp (2 60)



Tlocrpomu Epmsyso BC + BD sammemvoctm y or cysMsl pacxogon
» Tpydonpononax BC u BD Jlna aToro reoGXoamMo cyMMEDOBATS KpH
sue BC u BD uo ropmacsrann Hacocman yerawopra paboraer mpa Ta-
KoM BHAYCHHH J, HpHE KOTOPOM pacxon B TpyGomposone AB paporm cymme
Pacxofos B prﬁonpononax BC m BD, T 6 Dpu wOTOpOM ABCIMCCH
cymmapHOji RpuBoii BC 4 BD u npnsefeEROfl XapakTepHCTIKE Hacoca B
OHHAKOBH DTOMY YIOBIETRODAET TOMKA M Iepecedesmmn oTHY KPHBLIX

Pue 241 Onpegenesme pessmma paboTw Hacoca ma paa
wETBACEBYIO CeTh (BTOPOi cAyuai)

Agcumeca ToIRE M papHa pacxofy B Tpybomposoie A5 H, CIeIOBATENBHO,
nonaze Haceca Opgusara papEa y SHas mONauy HACOCA, 11O €ro Xapax
repactike H = f (Q) ompepenaen manop H 3uas moamop y B Touke B,
MOJKHO HAUTH pacXolH B TpyGonposomax BC u BD [[IA 91010 cuapiyer
4epes Touky M TpOBECTH TOPMIOHTANBNY O JTHOAID [0 HEepecederus
¢ wpnoe BC m BD  ABeumeen towex mepecesennsa E m F opamyr me
KOMB® PacXofl B orseTninesnax BC u BD

1lepeiiziest KO BTOPEWY LIYam PaGOTH HAcOLa Ha COTH, HPHM KOTOPOM
YPOLCHDL AUMIAKOCTE B NHE3OMETpE A€ YPORIA MWLIKOCTI B pe3cpnyape
D (pme 2 41)

MerormKa pemenms 3Tof 2aJaYN OJMHAKOBA C MCTORAKOH PeMIeNEA
TDPSTHIYmeH 3afaqu Y PABHEHMA ABKEERN JRUNKOCTH TO TPYOOIPORO
fav AB u BC Bo BTOpOM CIy4ag e OLIWYAKTCA 0T YpaBHeHHE B MEPBOM
ciyuae Cuegoparensuo, kpupiic B o BC 3apECAMOCTH HAaIopa y B TOUKE
B or pacxoTos B TpyGompoBogax AB m BC Bo BropoM ciyuae cTPOATCH
TAK M, KAK M B HEpBON

PaccuorpiM ABIEEHED MHIKOCTE 00 TpySomposory BD VYpanmense
Bepuyanu pan cevenni D u B Ameer sax

Zp=2p-} pe/pg + lap WM Y=zp-lgp (261)

Caegonarenbno, Anf WOCTpoeHEs Kpmpoid BD aapmemocTd y O
pacxofa B TpyGomponofie BD HeoGXomEMO 0T IMOCTOMHAOH zj BEIECTD



OPAMHATTI KPEBOi 3aBACHAOCTA THAPABTHIECKAX IOTepT B TpySonponone
BD or pacxona

Pacvor & tpy6omposoge BC pancH ¢ymMue pacxomoB B TpyGomposo-
max AB u BD

Qsc—Qas+Qsp (262)

Tfoctpoun kpmsyio B | BD sabmepwmoctiy y oT Cywwmsl pacyojon
B TpyBomponogax AR u BD Jlum ororo ciomnM Kpuswe B m BD mo
TopnsonTaTE ¥ CTamoBKA PafoTacT mpH TAKOM 3daTeldM ¥, OPH KOTO-
poM cynma pacxomos B TpyGomposomas AB u BD (afenmcca TOIKE KpH-
Boii B 4 BD) pasna pacioxy s tpyGonposoge BC Jromy yeToBmo CooT
perc1Bver T0UKa M nepecerernna Kpuewx BC u B + BD Abcuymcca arofi
TOTKH DaBEA PACcXoAy B TpyGomponope BC, opauxara — y lio mspeet-
HOMY 3HA9enNo y ompemetdey Ho KpEpuy B u BD pacxons Qap 7 Qap
B TpV6onposonax 48 u BD Ilo manceruoil momage macoca (pacxox Qan)
naxofiuy ero uamop I/ mo xapaxrepuerure /I = f (¢

113 mpaneAcEHEOro CaCAyeT, UTO IS ONDENCHEHHA PORAMA DAGOTH
HACOCA @A DPABDETBISHNYI0 CeTh HCOGXOANMO WpENBAPHTEJBIIQ ySOaTh
DAIPABTEmIO ABMACHIA KEIKOCTA Do TpyGomponony BD Meropuka
anatusa ctegyoman Crpomy sasucmyocts B 1 BC mamopa y B y3tonolt
ToUKe B 0T pacXonos B TpyGonponofax AB m BC, wak yrasaHO BHIIE
TlpeanotosKiy, IT0 TpyGonponof BD mepekphr B 8ToM cIywae pactogbl
B TpyGonposofax AB'p n BC ogmBakonn JToMy yAOBIeTBOpHET TOYKA G
nepecevernA kpupbix B m BC Opanuala rouu G onpejiensier 0 ToKeEne
VPOBIA KEIKOCIN B mbe3OMETPe Opu mepexpHTOM Tpybomposojge BD
Ecaw j0uga BEme ypoBHs AHNxocrd B pesepnyape D (ye > Zp,
pac 2 40), To upu oTEpurmy TpyGonporona BD IKHIR0CTH MOTEUET OF
Toukn B p pesepsyap DD — mepenm caygax paGorsl Eciu me yg << 2
(eM puc 2 41) To mpu oTRpEITHE TpvGomponona BD KEAKOCTH 10TCYET
3 pedepayapa D k rouxe B - BTopoi caywair paGoTel

Ttasats HKABUTAIUA KOHCTPYRINM JIONACTHBIX
ACOCOB

219 CymHoc1b KaBMTALHOHHBIX HBICHNIl

Raeumayuey 1aalibacIcA HEAPYUICHAE COTONHOCTH MOTORA JLIAKOCTH,
o6yc (0BICHHOE M0ABTENEEM B HEH IY3HpPLEOB HIE IONOCTEH, BaHONHEN
uLLX Taposr Lk TazoM HapmrayHA BOSHEKAET HPH TOHEKEHAH JABICHUA,
B Pe3YilITaTe Tere MAAKOCT 3AKNIACT MM W3 Hee BE[ICNAETCA pacTpo-
peHERE ra3 B moroxe AmakocT: Taroe AABTEHHA T
o6LMHO B ofyacTM HOBLIMENEMY CKopocTeii B GONbMHHCTBE €Tydwaen
AJMIKOCTD HACTONBKO OLICTPO HpoXoMmT depe3 061ACTH IOHMHKEHHOTO
AABTEHOS, 9TO0 TA3 HE yCIeBaeT BHACTATLCA B 5T0V ciygae KapHTALA0
TACTO HASHBAKT DAPUBOj IlonocTH MTH NY3MPHKH, 3200 TIEHHEE HapoM,
VBJERAIOTCA OOTOKOM D 06JacTh IOBHIIEHHOTO AaBACHHA 31]905 nap
KOOMEUCHPYCTCA M NONOCTH, 3aIOTHEEHBIe MAapOM, 3amukalTea Iloc-
TCACTBUCH KABUTALEYM ABIANTCA CIeXy0IIfe OCHOBHHE ABIemus




1 Bpoams marepmana crenok kavana Ipm gomjescandy MyaupbKos
mapa AABJEHHC BOYTPH TY3HPLKA OCIAEICA MOCTOAHHLIM I DABHEM JAB-
NeEUI0 HACHITEHHOTO TApa, AABXCHKS ME MEAKOCTH MOBHIIRETCA MO
Mepe UPOARIKEHHH My3LpbKa CIACTHIE AMIKOCTH, OKPYHAWIIEC oY
SHPCK, FaXOfATCA HOJ fleficTDHeM BCO BO3PACTAOIIEH PAa3noLTH 8B TEHNA
HUAKOCTH B JaBTenmHd DOyTpH TY3bHpPBKA U [IBVAIYTCH K €r0 nearpy
yeropemse IIpn moTHOR l\oazxencaurm TYSLIPHKA OPOACXOIUT CTONKHOBE-
HEE UACTHTL AIAKOCTH P M OB MECTHBIN
MOBHITEHEEM JIABICHAA , TOCTATAIOMEM COTEH MeTANACKATh JT0 IPHBOLHAT
K BH]I[E}]S‘IMBE\HB\O Marepna.ﬂa CTeNOR KaHaJoB OQNUCAHHBIE MEXaHH-
WeCKUH TpONECC pABpYIMCHMA CIGHOK KAaHMAToD [TASEIBAETCA 9pOIMEis
H ABIHEeTCA maEGoICe 0UACTEM CJHeCTBACM KaBOTauM

2 BuyKoBHe ABIEHNH (IyV, TPECK, yAApH) H BUGPAnHA yCTANOBLH,
ABAMOMBECH CTefiC1BUeM KOJeOamHY MM(KOCTH, KOTOPHE BLIZBAHLI 3a-
MBIKANEEM TOJOCTEH 3amoTHeHHBIX napoM

Yverpmenue mogawn mamopa, Mommocts 1 ILIITT momactmore
acoca

Hnorsa HprToIIea WMCTH TET0 ¢ HOTOROM ALIKOCT] X KOTOPOY MORMeITaHk
My3RPLin tasd [IPH 1pOX0N Kepdn OY3HPTKOR Ycpea ofIACTe NORmHEEHOre NAR

1eRA T X HH fi pocr I aTeILA0
KUHNGHTPAnMd Ta31l JTO MOMeT DPUBECTH X TALEHUI0 HOfa4f W Hamopa macocs,
XoTopoe TIp e TBIT0 CHAOTCA CTCTYOmM V)

ROHNCHTDAU(R T34 B FKHIKOCTH BOTET ¥ CM(LEOMY YMEHBTUENIO CKOPOCTH sDYKa
T8 upn o6beMHOIl KONTEHTRANINA Bo3LyXa A boje papHon § % CcKOporTs anyka
cocrapager 120 m/e upu 10 % — 40 mje CKOPOCTh mmAKocIu B MARGOMCE y3ROM
Ce «mHl KAHATA AE MOKeT GHTL Goanimo 3AYKOBON UOBTOM} YMCTIBIUCHLeE CfopoCTIr
8BYKA, TOT} @IOmeecs Ipo
X CEMNemuy CKOPOCTH AHTROCTI M MOAQTH HCOCA I{poMe TOrO DM YMERLITOMI
CKOPOCTH BBYTA J10 .;Haﬂemzm GIHSKOTO K CKOPOCTH AENKoCTy (qmcde Maxa Gimsio
R 1} pearo KaHATA O

VMEHBIUAGTCA TOT & Taxoe napymmne peatiMa padoTr WACOCA MOKCT BpousofiTd
3 NPW OIBYROBEIX (1 OPOCTAX MULKOCTA B peyiikTate T0ro uro B OOUTHANEHON
WACTH KOTMECA CRAWALUBACTCS rasd OTCENa o nexrpoﬁom
Hux T oT AmTroci Takre ABICTMN UacTo HABMBAWT TA30BOH KaBE
Tamumen

B iomactHOM HACOCE mApOBAd KABOTALAA BOJIHOKAST Ha MOmATHE
paGotcro godeca oOLITAC BGIN3M ¢ BXOANOE Kpouku JlaBnerue afech
SMATHTCTBEO HEMO NABICHNA BO BXOMLOM HATPYGKE MACOCA BCTBNCTBNE
MeCTHOro BOIPACTANNA CKOPOCTH P HATEKAHNA Ha JONATKY I u3 3a
TUADABTHYCCKAX DOTepL B IOABOAE

Ianmmew ypasreume Beprymtau X CBOGOAMoL MOBEPXMOCTH HtuJ|
ROCTH B NEVHOM peaepByape i BXO[EOrO naTpy6ranacoca(cy pae 2 27)
3a TILOCKOCTh CPABHEHWA HPUMEM CBOGOXHY0 MOBEPXHOCTH RUAKOCTH
B DPHCMHON pe3epryape

P8 =H, +pg TZg'Hl"'

e Hy — paccTOAARC OT NPIEMHOro YPOBHM A0 OCH Eacoca, HAsRBAEMOC BHCOToX
BCACHDANKA vy U Ppp — CKOPOCTh MAKOCTH I afconwrmoc AABACHHC BO BXOHOM
pyOxe macoca; by — ToTepH B sAmeM Tp




(2 63)

Taxmr o6pasos gapieHne y BXOJA B HACOC X, CASOBATHIBEO, B pa-
Gowem Koaece Hacoca Tem »emnpme, Yem 602[5]1!9 BBICOTd BCACHIBAHEA

o THApPA COmPOT B oM
MeNEe NARACHEE B UPHEMHOM pedspayape IIpn nocraroqno BoabaHT
BHCOTE A A cOUpPoT HIH
npr MaIoM B p peaepnyape :[almemle Y BxO-

ha B paﬁn‘me K0Jeco CTAHOBHTCA HACTOABKO MAJEM TTO BOZHARaeT
opuTamia  Takum ofpa30M, KABHTANEA OTPAHATHBAET MLICOTY BLACH-
BAKHA HATOCA

H, nsconst
L4
& r——-———
|
i
14
Ik 2h
Puc 242 Kaswrauponsan xapsste Prc 2 43. Kamavangommme sasep-
PHECTHER HALOCA Hbl B padoden Komece
Hasoseu ® gana TMOAROTO HAOpA

JRIKOCTE BO BXOAN 0 NATPYGRe HACOCa Hazl JanTeHHeM et HACKIEHIIOIo

mapa Ilo ompeaeTenso KapATAMOREME 3amac
P

An=Toyt Pam

o8 23 g

TAO P — JIABNEHNE OACHUICITONO HAPA FKORKOCTI

(2 64)

EcTi BoCh KaBETAIMOHHEI 32IaC IIpeoGpPasyercA B OBTACTH MmHI
MANBHEOTO TaBTeUAA B KAIGTHYSCKYI0 SHOPTHIO JRUIKOCTE i pacXomy-
eTca Ha mpeofoTeHNe THAPABINYECKOTO COMPOTIETeHNA NOJBOIA HACOCA,
TO AapTeHEC WOHMAHTCA [0 JABISHRA HACKMEHEOTo UAPA HUAKOCTH
¥ DosEARHET kaBmTanmmA [aBmiagmommE samac, NpE KOTODOM IPOHC
XOAMI KADMTAIMA HA3HIBAGICH KPUMUNECKUN

Ilas ompepeleHns KPETHTECKOTO KABETAuOHHOTO JANACA HpPOH3-
BOMAT KAaBUTANMUOOHEIE MCIIHNTAHHA HACOCA B pESV]lIzTBTB KDTOPHX ann
KamJI0T0 pemsOMa pPaGOTH HACOCA HOAYIANT KASUMAYLOHHYID Zapak-
mepucmury (puc 2 42) OmHa mpeficTaBIseY coGoH 3aBHCHMOCTS Hamopa
OT Kapi rARAOKHOTO JAMAta MpH M0CTOAHAOH 9aCTOTe BpameHHA H IOAaTe
Ilpu Gotemmx Ak KaRHTANHOHHH® HBICHMA OTCYICTBYIOT M HAlOp O
KaDETaUIOHEOr0 3AMNACA He 3apucnT BosHEKmoBemhe RAaBHTARMH BeleT
K 06patoBaNmio Ha BXOANOM YIACTRe THLIBHOj CTOPO.K JONATKH HOTOC
TH — Kameplhl, BANOJNHEAHOHW HmapoM (puC 2 43), U3 KOTOPOR WOTOKOM



BITHOCATCH NMYSHPHKE Iapa WM KE CAMA KAREDIIA LIePAOTHISCKH OTpPLI-
BAETCA B YIUOCHTCH o mepe y: a HOHHOCO
saliaca JTMEA M TOTIIHAA KABePHH NOCTCIEHNO ymenmsmmajorcs IIpE
ee JoeTaToumoll JNMme HaMEHAETCA MOTOK Ha BEIYOTe H3 Koleca, 9T0
OPHBOANT K YMEHLIICAHIO HaNopa nacoca

Pe/smm, TP KOTOpoM HATHLAETCA TAfICHHE KATIOPA, HAZLBAIOT e PEEY
KPUTHYECKEM peREMOY. KMy cOOTBETC1EYeT HEPDEM KPHTHIECKNT ha-
BATANHOHHMIT 3amac Ak Ilpn maTpHeumeM yMeHLMOHWA RABNTALHOH-
TOTO Bamaca KaBeDHA, YAUNUANCE, APAGAGKAETCA K KOHLY JOLATKL
D10 conpoBXRAALTCR BCE Golet CYmMECTREHALM WIMEHEHWEM NOTOKA Ha
BuYOfle ma Pafouero roteca H, CACROBATENLHO, Dee GONBITMM YMEHBIIE-
muem panopa IIpm BropoMm KpETHUeCKOM KapmTammommowm samace (Ak)
KaBepHA TepseT ycToHYaBoCTE B e [TuAA GHCTPO yBenHImBaeIcs ITo
BLI3BIBACT Peé3K0e yvcubmerIe Hamopa

V \IOTEX THXOXONHHX NACOCOB HEPBELE KPUTHIECKUU peAd [ HA
KappTalMONHOl XapaKTepHCTHKe He 06Iap) KHBACTCA

Pafora Hacoca Ha pe/smMMAX PAIBLIOH KABATARAT MOKET IPIBECTE
K AHTEHCHBIOMY OPO3HORNOMY H3HOGY, I103TOMY IKCINTYATHDOBATE HACOC
B ofmactH MesRIy mepBeM H BTUDHM KPHTHYECKEMY DEXBMaMI MOHHO
TOABKO B CAY9AAN, KOTHA K H3HOCOCTOLKOCTH HACOCA HE TIpER®AE 1ATCA
HOBNImEHEHE TPeGoRamEA (HanpAmeD MACOC KPATKOBPEMENIoro peil-
CTBIS) €cIH NpE pafore Hacoca B JTON OOGXACTM 3pOSHE He BOSHHRACT
BN ecam paboTa Haceca B 9TON OGZACTH KPATKORDCMCIHA

Onurst Tupysesraama (ITHpin) NORAZaTH, W70 [ INATJNBORIAA POILI BOS~
HHKAET €CJH CROPOCTE HAaTeKABNA TIKOCTH 0OMBING mOporopol, ITocaeqEaAs sa
BICHT 0T DOJA yKHAKOCTY, MeXAHMIECKIY CBOICTD MATCPHATA PABOUero Koseca H
THCNA KaBuTamad (e, 0 4.21) TPE KoTopoM BOSHEKAOT KABNTALMOHILE ARTEHW
Iostonmy DpPI CROPOCTH HATERAUNA FKUAKOCTH HA JONATKI KONECA wy Meubwed mo-
poropoit pafiora B of tacTir Aky > Ak > Abyp me HDPUBOJHT h BPOANI

IlepsBit KPUTHISCKH] KABWTANUOHAKE 32aHAC HIRM, B CIyIae MONy-
crasocTa pabosk B obnactm Ak > Ak > Ahy, Bropon upmuEMAKT Ba
HAUMEHBIIYI0 BETHINHY KABKTAIIOHIOTO Japaca, npu RDTOpOﬁ BO3~
MOKHA JKCHAYyaTamms Hacoca YUTo6H HAcoc HE pafoTAN B PEEEME He-
BOTYCTUMO CHNLAON KABHTATEN W3 32 NETOYHOr0 YTOTA DCeX (akTopos
B pacieTe, HA3HAUAKT HeGOTbiUoe UPCBHIENRE JONYCIIMOTO KABHTA
NUOHHOPO 3amaca Haj Kpuiudecrny OBEGNO 9T0 upensimenme mpulE-
mawor pasusivm (0 1—03) Ahy, Menbmee 3maTeHHC BHONPAOT eCAR
PACMET BEAYT IO MCPBOMY KPUTHIECKOMY KABUIAIHONHONY BAACY I KPR
THWECKHM KABNTanuomukHi samac peTmk CaemosaTeplo, ROKYCTHMESIL
HKABHTALHOHHLI 3a0ac

Ahgon=(1,1-+-1,3) Al (2 65)
Brfpap ROUYCTUMEI KABHTANWMOHHLW 3amAC, MOJKIO NAMTH I

AaHnol YCTAHOBKII JBIO JOOYCTUMYIO BHRICOrY BLA~
cupanua M ypassenmir (263) m (2 64) BLICOTA BCacHBAHMA

Hy—

P __Ap_ Panm_ 2 66}
b—An—BE gy (2 66)



o oxenavaTamnm HIcoca CTeIYeT KONTPOTHPORATH Fe PAGOTACT TH
1ACOL B PCAEME 1Cl10myCTINGO CHULION KaRmTamn  lawkou  EOH1POUB
Y0610 OPOHSBOIMI) [0 MOKIZAHHIO LAKYYMMEIP) YCTAIOBTEHIONO HA
uxo;uI0v HaTpySre nacoca [l 9TOre 140 SHATD 1OTYCTHVBIA BAKY )M
Ha Bxo e B racoc lla ypanne ma (2 G4) ranoft Bany y v, tear eanyyarvem-
DULECrER GV OTRAL 6CACUORHUS,

w2
Hy =D0=Ps _P—Pon [ D __ \p 2 67
ot o [y 8 2 67)
Iie py — CapoMCTpRTCCKoe japieEue

D3\ (5 1«TH MCINITALNE HACOCA WA KADIAML 10 [1POCAT Ha »apIKTC
DECTITKY Tacoca ofLTHO B (0P 4€ KPITROIr 31p 1CUVOLTT 0w CTHYMOTO
KAB [1AMI0IHOL0 311 Aty 0T w0daun (ou pre 2 §5)

220  Oupenercnize KPHTIYCCKOT0 KABMTAINOHHOIO
aanada

OmLini1 mOKa%(BAIOT WTO 06 1aCih MMHAMAILHOLO NABICHHT D KO-
TOPOH BOIHWKAGT KABMTALAA PACUONOME 1A HA THLIBKOA CTOpOHE MO~
gaTko ROAM3N BXOFHUE wpomir ONpefennms AABIeHHE B oToll ofmacTd
Jns 57070 manmmen ) pabueurEo Bepumyum AmA coTemi# CTPYHERIL JRILT
ROCTH, DACIOTOMCHHEIX [A BX0Ie D NOABOX §1 HEMOCDE/ICTBCHED ICPCT
BXOT0M 1A JONATKY pabouero o reca IIpm oTom mpirven, wro rogpaptm-
TeCKIe noTepﬂ B HOmRoNe MANH II OMI Moo Opexefpess Torma

P % P

268
o0 2 +24.7 268
TIC po i 1y — aBCOMOTIIIC 1Ak KIEe W CKOJOCTI MOTOKA 1epOT BXOKOM HA JONATHA
peotero KoTea (e n 2 1)

Hammwen ypesnenme DepmyATn JTA OrHOCATENABUOr0 [BU/HKEHNA
FMTIKOCTIL [ULA CeEe) dH CTPYUKE DACTHOSOINCHAO 0 TEPell BXOoM F1a Mo
mMatin pabouero koTeca uw cewenmA K B KOTOPOM JANTGHHE MIHRNMATHHO
Tar ®ix o ceveHuA GIM3RE oIno K APYTOMY, Zy = Zx B Uy == UK

Yimpas T TOTEPAMI II]) peraen  [lpx aros
P n Pmu | Wi
gt =% T
OTRV,a
Prm_fn i 5 po wh [ wg n
0, o T2 T3 oy % |\un ) 269

HdBUTaHﬂH U IMOIeeTCA OPIF PABCHCTBE MIUNMAJBAOLO [IaBTellAd
JABTLHITO HACHIUCHHOTG TAPA URPEKAUNBAGMOHR SKEROCTE, T © NP
Poun = Pur Hpm a10v

Jig ? Poup—DPn o
A = =2y
\ua, pw, 2 v

CCTS hpUMINECKOE U1 €10 Kaeumayly, obosmatentoe B o 121 Gyxnoi »
Jna  suTeMa1A%eCKH MOAOGHMX OOTOKOB OTHOLIEHHE CKODOCTeR



wy/wy W, CTEAOBATSNBI0, IPATHIECKOE TACTO KABHTALAA by, ONATAKODH
Or poma :REAKOCTY ¥ €¢ TCMIOPATYDE KDPUTHIecKoe THCI0 KADMTALAL
MaJO0 BABUCHT €CIM THCIa Re moTOKOB B pnﬁo'}ew KOJiece He CumuEKOM
CHIBED PasyEIA0TCA T €CION HOTOKA ABTOMONSTBHN B mpoTneEoM cIy-
9ae KPHTHUECKOe UHCIO RABATAIHEE DABMMING 313 3a PLIIOTO pacmpefe-
menma cxopocredf y mXofa B paGodee komeco Tak Kak cropocTn wy
M wo ABMANTCA CKOPDOCTAMM Y HOCHKA TQOATKA TO TMTMA PABEBECTBA Kpi-
THICCKMX GHCET KADUTAIIHA Ayp TpefyeTcA ImaBHbiM 06Da30N TeoMETpH-
9eCho¢ nofobne BYOHEIY SneMEeHTOB TONATKI E moroka Jlake 3Hawn-
TCILHOE OTKOHERLE OT UOTOGUA BHXGTHBIX 3 TENENTOR MaJ0 CHASHAARTCH
ua snaweHmm Axp Laxpv ofpasoM KpUTAYECROe WHCTO KABMTAINI
Mup 32BHCHT OT GOPMBI HPOTOUHOIN UaCTH BXONHRIX I1€MEHTOD pafouero
KOTCCA ¥ HAUPABTENEM LOTOKA M& BYoJe B hero (peikmia paborsl ua

coca)
Ha ypapmednu (2 68) m (2 69) moTvamy
Po_ Vb Pmp_ Y, 7
pg+2gv—pg =gyt gy (2 70)
J1s KQEMTANEORBLY PEAMIMOD Pnin = Pun I
Paip VE Pun T wh
s P P

WL, Corlacto ypasHEesmo (2 64),
v wh -
Moy = B Do 51 @7

Tlonyvernoe ypanueHue sBIAGICA OCUODIEN PACIETHITV I PABISUAETE
waputanur M3 supa.senza (2 70) CIEfyer 9I0 mABTEHAE Py TEM
MeHEIE, yem GOTBME CROPOCTH rp H Lo Cropocts wy ManCIvazsra
A CIpy RO, TeRYmCHE BIOTL MEPEAHETO ANCKA Y ROTOPOH Amauerp
BXOJa W C¢neflOBATC IR0 TIEPEROCHAH CKOPOCTh &y naunbonbmmue CiropocTs
vo 37€cH Takmke 0GHTHEC Mancmmanbma ClemopatetnHo haubo.ee ouac-
TOH B OTHOWCHAW KABUTAmIN ABIACTCA MePHPEPHUHAX TOU&A DYOLION
KPOMan Bﬂ‘ﬂim{ﬂOBeHﬂe mecTioit KAaDHTALMH B OTHENLHLIY CTPYIKAX
Ee OpmpomdT K HIMEHCHHI manmopa Hacoca IociegHee LIPORCXO,inT
JBmE TOTHA, KoIfla HABUTAIMA 3aXBATHIBAET JOCTATOTIO 60‘”\[’1)’]0 06*
JACTE PAGOTEro KOMeca 1modToMy Oh0 6B HempaBHTLIKM IPOMEHATD
ypasmerme (2 71) mi1g mepugepmiimoit crpyiimm IpmyerAnT cro amsm
CpeiIeis CTPYUMET JI O Up H 2y TOHIMAIOT a6CO JOTHYIO 1 01H0CHTRIBIYIO
CKOPOCTH MeIOCPEICTBEINIO nepefl AX0A0M Ha TomaThm pabouero Kodeca
Ha CPefHem CTDYike MOTORA

Vpapnenme (2 7i) UPUTOAIO KaK LTIA HCPDOro, Tak 1 IV# BTOPOrO
KPHUINFeCKOro KADATANNONIOTO Pesuna HPHATrIecKoe UneT1o Kadmrannia
Ap AIA BLOPOTO KPRTHUECKOTO PCARHVA MNEHpINe deM }p ATA LePROTO

Us ypapmemmst (2 71) cmefyeT uTo KpUTHYECKE KABRTAIRONHHE
3a0aC 3aBOCHT TOJBKO OT ChOPOCTH IBIKCANA FRUJKOCTI Ompeflenaenolt
KONCTPYREEH HACOCA B PeREMOM ero pabors Ou me 3apHCHT 0T 6apover-
Puueckoro JaBIeniA d MA10 3ABHCAT 0T DONA @ TemMnepaTvibl MITROCTI,
ecam ymeza Re DOTOKOB B DaBoue KOTeCe HC CTHINKON CHILLHO DAB



AHIAWTCA WIE MIOTOKH ABTOMOTCALEA H SCAN FKIAKOCTE OJHOKOMEONEHT-
HR a Co TeMIePaTypPA CYWECTBOHHG HEMKe KpuTAMCKod, J10 [aeT mo3
MOEHOCTE GCHGADIGBATH POIYIHTATM HCIMTAEA HACOCA Ta mﬂi -
KOCTH WA QUPEe TeHUA KaB1aRUOUWOTO 3amaca Kpu pabere aAceca
HA FPYTON MEEKOCTH.

Cen yeupepatypa moukocmn Giuaga ® KpmTmueckoll, T0 H3-3a TEPMOTRHAMH

ecroro a§)@em p Tpa e

& S zanac 3 © pOCTOM TemTe-
aTypur ¥ Mno i (Capoeil Bapa
BABACAT 0T coo'mome]ﬂm 2ApoBOH u ABFK0E fas npu amn HMIMEHAIOTCA YOROARA

HRA KABEEH W cBOft-
('ma HATOCA O CPRENEHHND € BTO CHOHCTRAME TWpPx pmﬁ«n HA OHOKOMIOHERTHOR
IEHAROCTH

Hus wcnoaszonamna ypapEenns (2 71) HeoGXOAUMO 3HATH KDPHTHIEC
XO® YMCHO KABATAIME hyp QWO OHpesetRercA WO SMUIHPEUECKEM $Op
MYJAAM O OUMTOEY TAOTHNAM KOTOPHE NOPEBEJOHEl B CIERUAZEHEX
TOLo6uAY

Buisenem dopa 1y DepecueTa KPUTHYOCKOT0 KABETAKHOKIOLO 9aHaca
Ilycrs nea_reoMeIpu¥ecKE WOROOHEX Hacoca paGOTAnT ® HOAOSHBIX
pemnmax [lo ompeneveHmo KPUTHYECKHN XA\BHIATIIOMNAE 3amac

pu D

Alyy =

Hpﬂ KABATALOH Py Kp/( 08) — pun/(pg) = Apsp/( PE) ecTh pazumma
MHeIOMETPHAACCKAY HAM0ODOB RO BYOJHOM Cedegil IOTBONA U B Cewe
HER, II¢ faBenue MWHEMANBNO Lenn nmperefpedb pasumueil ypobeit
omx CeYOHTI, T0 PAIBHIA RbE3OMOTPHMECKIT HAnOPOR OyIydd PaBirom
PAYHOCTH CTATHYECKU} HALOPOB, TPOHOPNIGHANBHA CROPOCTH AHAKOCTE
B0 »10poii cremean {ex 1 1 20)

Aprofpg) A2 Alloy o vt Tloaromy ¢ yuerou ypasaeuus (2 34)
Al 2o 02 oo (md)?

nITH

My (L

s = {mia) * @7
Vpasnemze (2 72) mo3BodseT T K PHT T Ka: H-

HHH 84TAC HACOCA 1€OMETPHISCKM HOZ06HOIO ApyroMy HAacOCV, RaBHTA-
1QMOBIIIE CROHCTDA KOTOPOTO MJRECTIM, HAM e DePeCINTaTh RPHTI
UCCEMIT KABUTAAONILIM 3alAC HACOCA © OAHON YACTOTAl BPAmMERHA [a
EpPATy o

Ilpncexeuusst BRu0T $OPAY TH nepecreTa me CAAZAH ¢ 0COBEHY OCTAMY
pafouero Nporecca AONACTHGLO HACOCA, HODTOMY GOPMVIA CHpPABEIAMEA
ANf BeeX BHAGS HACOCOB, MMCIOMIX BPdmARIUEcd pabouue OplaHsl
AT¥ QUKIAIHEE paboaus Epogece

Jncaep AbEG YOT a0 ONHKe CBOKCTB& X0
TACTIHX HACOCOB, 34 HCKIIBOHAM HD—B!ULWMOMY HACO(0B C EOPOTKEMHA
JORATHAM, 3ABHCAT TOJLKO OT yCI0BEH Bxofa B pabotee xozeco,  me




BABHCAT OT YCTOBMA BEHXONa H3 HETO (0T GOPMHI JONATOR B KOTeCa HA
BHXORE N OT KomCTpyKiun otBofa) Ilovromy nua rtoro, wrobu dopmy ta
(2 72) 6una cupapeNEBA, KOCTATOYHO COGMONEHHA TIeoMETPUIECHOIO
noxo6HA TOMBORA W BXOJNHHX 371EMEHTOB Da6overo Komeea m me OfAda~
TeTbHO cobmiomenme mOKOOHA OTBOA B BHXONHHX 2IEMEHTOR KOX€Cd,

¥ickmoume @3 ypapmewmn (233) w (2 72) ammemmmm podsmep L
Jlns aroro BogneneM MpaRyio M NEBYIO YACTH ypasHenux (2 33) b €1eMeRB
2/4 a ypasmemma (2 72) B CTeNeHE 3;4 M DadfelnM OFNO VDABHEHEe
BA Apyroe Kpowe Toro, yumomus 0Ge GaCTa KOAyIHBIIEToCH yPABRONN
Ha 107 ¢

AN
(8h,p 102 (Akny o /10)
CregoBare 1nm0, DeTHUBHA

n¥a

= gy 10)75 @)

ORHHAKOBA [NA BCEX TEOMET)HUeCKH MOTOCHHX HacoCop pm mY pabore
na momobmerx pexmmax o amatolum ¢ rosdmmmenton GHICTPOXOT-
HOCTH Hacoed |ypaBHeHEe (2 47)} ee HasuBalT Easumayuexnm ¥osf-
Puyuernmon Gucmpozednoemy Ypapoenue 6uno monyseno G C Dy~
nessnt W3 mero chefyer, uT0 KADHTAllMOMHEEE CBOHCTBA HACOCA TOM
Bume dev Gompme C IIpm paboTe B ONTHMANLHOM DEEEME IACOCOBy
TIOXHX B KABHTAKHOHHOM OTHOMIGHHN (HANMDHUMED HACOCOD RAJA BATPHS-
BeHHKX JRNAKOCTEN), KamNTANHORMEN wosddumument GHeTpoxoamocTH
[A Iephoro KPHTAYECKoro pexma Cp = 600—700 ¥ Mensme, MIIA
obpranex Hacocor € = 800—1000, mna Hacocod ¢ MOBSIUEHELIMY KaBH-
TanuoRREMH cBoifcTBasu Cy = 1300 n Gonee Irn xosdumments ompe-
He TeHE IPH NopieTamoBke B dopayy (2 73) mojtauu Q (B mi/c) wacToTH
BPAmEHHE X (B OG/MUH) Ahqg (B M)

VpasrenEe (2 73) H0350T4eE OIPLICTATh KPHTUICCKEN KABNTAIHOR-
HER 3AIAC M, TPE THOM & KB samace,
MAKCHMATEHYIO SaCTOTY B ecan ey c

V¥ macoca geycropeuiere BXofg (M prC 2 3) DOTOK NONRTCA To-
POBHY MeMAY NBYHA DXOFam# B pabouee koxeco llooromy jpus macecom
it D 0 BYOfa negaus, pxonamee » Popuy1y (2 73),
eneayer 6parh papuuy .2, rae Q — moflawa macaca Oreioga CHCEVeT,
|TO FIPE FOM e KPUTHICCKOM RARHTALMOBHOM 3aace B Toi jhe Hogade
TACTOTA BPAMIQHGS Y FACOCA ABYSTOPOHIIC O DX04A wo4keT OuTh pubpaua B
V2 pas Gotemeir Tev y ORMOCTOPOMHETO DTo 0O K8 OCHOBHEX Lpe~
MY IIECTR HACQEOR MBYCTOPOHHETO BIOM@

Cor 126170 I3 TOKENIOMY B ACTOATEIT I'ABE MATePRANY KPHTHICCRUIT
KapUTANUOULKH 3aNAC MOMHO ONDPEACTHTh CICTYIOmMEMA CIOCOGarI

1 Ilo peayTnTaTaM KARRTARMOHHOIO HCEHTAHIA Hacoea [loTyder-
HBH ONMTHEN IyTeéM KPATHIeCKAM KABATARHOHHHH 3aliac IepecimrTLi-
BAOT HA FPYFHE MEAKOCTD, Y4CPOTY BpAMCHES H pasMepn mac( C)B 16
dopuyne mepecweTa

2 Tlo ypanmmesnro (2 7).




3 Tlo ypammenmm (2 73)

Apanrs ypasimenus (2 71) monetan gro AwA yrenpmedmA KABHTa-
TIOLIOTC 3AMAcA HeofXO MO ¥B( 1uinBaTh BXomioll guaverp Dy pa-
60uero KOTEEA & ro Mupuoy b HI RXOTe W yMelbluaTh TOTIMIEY T0Ta-
TOK ¥ DYOda [lpm wpeeprtost § e tw icHn famerpa soga K1l na-
coca najgaer L)]O Orpauu LHBACT BO3JM ) TOCIT TORKBII €IIAH IABHTALWOL-
OHX RATCCTB EACOCA Iy [EM Y BCALPHIA ,J1aMeTPY BXoTa  Yeeanderine
I\]Hpﬂl]!ﬂ paﬁanero Rojeca Ha BMOTE CILIB(IO JOBHIDAECT KABATALIOUILE
KaMeLTDA HACOCA CPABIIIC 1bHO MaTo nmommaaa KT ITa pue 244
306 pAIRCAN TEHTPODEKHOC Pabo
qee KOTeCO ¢ HODHIUEUHLIMI Ka-
HATALMOLLLIMT KageeTnavd Y £
KOTO KOTeca MpH BTOPo KPH1LuC
eron peaine C goxoguy A0 2300

& k&
_u <+
S —
Tuc 244 Pafouce oiceo Puc 245 Yeranoska mpeiswiouen
€ NOBBIMICKRLIML EABITAIM HOFO TUECRA WCPey PRONYMHN KONECON

OB IBIMI RAYECTHAMI[

Jpsrmu cmocoGoy MODHIUCHITA KABHTAIMOMAN Y KA9OCTB Hacoca
ABIACLCH JCTAHORRA 1@ TYOHO B pabouee KOTECO MEpROM CT3IEIA Oce
BOCo woJCCA (Puc 2 43) KOTOpOE MOBLIUIAeT NARISHHE ¥ BYOTA B HEHTDO
Bemnoe KoIeco uTo ofecUeInnaer ero GecKaBMTARFOHIYIO padory Jam
YIYUMeHIA RABHTANEOUHMX RATCCTE CAMOro IpPeTBLTICHIIOr0 0CEBOrO
KOMECA YBETHIUDAIT eT0 HADYHHEE IHamCT) K YMEHBIIAOT TOMIIHIY
BXOAHON LPOMKI .0MATEI PacmpocrpameHHas KOLCTPYRIMA O0CEDOIo
HOJeca C JomaThaMd OYCPTeHHENIL 6 BANITOBOY NOBEPYOOCTH MOAYIH 1&
Ia3Ranne TPENBLIOTEnuoTOo MESKa Y 1Hacoea ¢ OPCABK THOYEHHELM
mHeROV se1ndmAa C 11 B10DOM KPITHIECKoM pesmve focraract 5000

221 TomerpyRrupHbie PasloBOgHOCTH Dafodero Kogeca,
HOiBOIa W OTROMA

T[poToInad moTocrs BCCY JOMACTIMX HACOCOB COCTOMT M3 TPeX oOC-
TOBHEIX DIEMENTOB — mojBOAa, Dubouero Kedcca u oisopa Ilasmawe
HHEM pﬂﬁof{ero KoJieca ABIACTCH uepeflada FHRHEIKOCTH JHEPrHHA, NOABO
mEMON K pany Iacoca OOHmHO pafoume KOTECA OMINBANT HEANKOM
DMecTe © Jomarnamu MaTMe KoTeca THXOXOTHMIY HACOCOD, HMEIOUE®



Y3KiHe K{aHaThR TACTO DHILOJHIOT CﬁOpl[M\l[[ HpH JTOM NITAVIIOBAHIINIE
MONATRE OPHBADHRAOT HI PO TeNLIBAXT K JHIrbIM FUTA IMTAMIOHAIIBNM
BOLOMOMY M BETSMCHY KICKAM 1Teoima ¢6OP1IOC KO TECO COCTOMT TOXBKO
H3 ABYX qacTeil — HI BeXymere AOCKA, B KOrOPOV HHJ)PeBEPORAEEr NM0-
maTRn # M3 Degowolo Aucka CEOPUAA KONCIPYRIMH [4€T BORVW/KIOCTD
NPOMABONATL 1((ATe 1Ry 0 06paboTKy BHYTPEHFe(l TopepXiociy ®ama
JIOB Medly JOTATKAMM 9ITO yMEHLLIACY 1aAPapIUIecKUe noiepu i yre
NMHYABAC1 BPOAMOHIY K CTOMKOCTL PAGOTCIO KoTeca

Yncto 100ATOK Y UCHTPOGORUEX KOTEC OGHYUEO PABHO MCLCTH—HO
CATH, ¥ OCeBEIX h0OTeC — TpeM—EATH Pabo¥HC KoJeca HAcoCoB, HOpe-
KAQUUBAIOMUY 3arpASNCHEKO JKUIKOCTH, HMEIOT JBe 1eTHpe TODATHYE
(cm  pric 2/18) PaGouee komeco JTEX IACOCOB HALIOMIAIOT IMHPOKMM
y\ie]]hlllcﬂ"e YACTA TOOATOK H yEBemuTeyue TOHPHNE KOTeca § BCTAIA-
BACT MTOINAfb OPOYOAOR MEKIY JOMATKAME H NPEUATCISYET AKYIODH
BANIN0 KJHAIOB

PaGogme koleca DHIIOJHANT ¢ ONHOCTODOHHEM (CM DHC 21) mmn
ABycropormmM (cM pue 2 3) Bxopom HoXeco npycropommero BXofa
HMEOT Apa DeJoMAIX JECKA m OAMH BOAYIOME AMCK co crymuied In
KOTeca HWeT J(BA DXOfld (REAXOCTH DXOAHT I KOJNECO C ABYX CIODOH)
H ONUE WEIXO]t

ITo momsoxy mukocTs momaerca B pabodee KOMECO H3 TOZBOIAmETO
Tpy6ouponoga IMogpox moamen ofecUCYRTH MO ROBMOKHOCTE OCeCHM-
METPHUNEI [I0TOL Nia BXOAC B KoJAcco ECHM 0CeBam CHNMETPHA MOTORA
¥ BX0[la B KOTECO OTCYTCTBYET, TO TPSYrONBHUKH CKODOCTOR M, Caomo
BaTENBHO Yrasl fq HAKIOHA OCHOCHTeNEHOM cKopoeTH (em pme 2 9)
pasaEdael 004 PAasHHY TOYCK BYOJHO1O CeUeHHS IOTOKA, PACNOaOMeH~
HHX HA OFMIAKONOM DACCIOANNE OT och Kofmeca B aToM ¢iywae mpH Mo
6ol yCTAHODKe LYONLOTO SACMCHTA JOMATKE HA HEKOTODHYX CTPYHKAX
TON y9a0TCA Ipesmepo Golbline YrIH ATAKA (YIi0y ATAKM HA3HBACTCH
YTON MeHTy JIOMATROM B OTEOCHTETROON CKOPOCTHI HA BXOfE), NPHDBO
ODAmie I CPHBV OOTOKA € JIOOAlKK Ir10 BBH3BIBA€T MONOTIHTE THHE®
CAMPARTMICCHAC TOTEPH M MECTHO® CHILKeHHe XABTEHTISI, B DPesylbrare
KOTOPOIO 3MEHBINAeTCA [OIYCTHMAH BHICO1Aa BCACHHAHHS HMCOCA

OCHORBERMY $OPMAMM MONBOLA ABTAWTICH CIEN) OINHE

Hpanoocnuii wongysop (cw pme 2 1) OpmuewHEiOr 8 TOM Cuygae,
eCin 1)1160'][30 KOJICCO 2aRPOILIeR0 KOHCOThI0 A KGIHE DAJIA [1acoca U Bajx
He mpoxogur uepes mojsof Cxomamuiicd komve (kKondyaop) ob13maer
CoCOBIOCTLIO BLIPABHIRATE Ioe cropocTew [ngpanmmueckoe Comnpo-
TOBTedue KOHGY30pon wecnma naté Takmm obpasow mprroocuuns
ROHQYIOD YAOBIETBODSET BCeM TPOGORAHITIM TPEABABITEVBN K LOT
BOZa A

Ro1on,e80% nodeod (pme 2 46) mpepcraniuier cobord KOMBIEBON KaHaT
TOCT0AHHOTO COTCHINT PACIO TOIREHIELE 10 OKPYIROCTH RX0TA B paboTee
KOMECo. d 10T KAHAT COCTUHEH ¢ BXOJAHM IATPYOKOM H1C0CR DACTIOTOKEY
#Hv c60KY MOPHeMAMRYTADHO K ocH I{0TBIEBON HOTBOX LPHMEHAIL
B MHOTOCTYNPHIITWX HACOCA\ CEKUMOHAOTO TANA (e pac 2 59) B na-
vecTBe MoABeAa nepsoii crynerr O we 06eCIeTNBAET 0CeBOM CLVMET A
WOTOKa ¥ BYONA B Dagouee Koleco L[ak ORPYMBIA COC1ABTIIOWAL CRO-
POCTH RHIKOCTU OANPABACHA ¢ LpPABOM CTODONE MO 203y TacoBod



CTnenKH, ¢ ZeBoit — APOTHE nee Kpoie Toro aa BATOM HECOCA HDH ero
obrexenmn obpazyerch BHXpeBan 30ma Hapvmenne ocopolt cmmyerpum
TIOTORA ¥ BXOla D paﬁollee KOIeCO HECKO [LKO ymerrbmae’rcx TPB yBeTk-
HeEPH QNOMAAR COweHHST KOTHOEBOTO KAHATA W CICOBATENLHO, YMEHB-
TOBHA CROPOCTH SRAJKOCTA B HOBBOKE
Cruposswanis nodsod (pmc 2 47) npemcrasmser coGoft cmmpamtibii
RaHAT pacHOTONeBHMI N0 OKPYMHHOCIT BXoja B palouee Roueco
B ormime oT Konemesera
TONBONA  OCEBME CeYSHNA
CHMDATLAOLO  TWOABOZA HO
OMEIARORH, a IOCTENeRHO
¥BeXRYHBAKTCA OT HOCHKA
4 egkoers, nporekam
H¢ NOABOAY, HOIYIAET OK
DPYRIYD  COCTABAMRINYI
crOpOCTE (U1 #<0)  Jr0
ycrpanser 05pazeBanHe
BHXPCBOH B0HMN 3a BANOM
H YWOHGHIACT Mipymenue
GCeBoli CAMVETPHR HOTOKA
y BX0ja B Dpabouee Koac
co Hpome toro, mamuyne
OKPYIKHON  COCTRETAIMEH
CHOPOCTH YRHEBILACT OTHOCHIERLHYIO CKOPOCTH REMKOCTH HA BXOAS Wi,
UTO CHEXAET rw,upap:xmcme TIOTEPR B KOlece § YB¢IMIBBEET ROKYCTYH-
My®0 BhHCery ReacupaHER CHMDAXBENE Noakoq HAXOMET b HACTOMMES
BpeMA TNpOKOe UPEUEIRIEE B HACOCAX [BYCIOPOHHETO HCACHRANMA
(em pme 2 3) w mumorocTymen-
SATHY MACOCAX CHPARBHOTG
(e pme 2 58) B cexyEomEoro

THHOB “ 4
Hasnatesmes oTBORA AB
qAeTCA I

1) cobparemeaR0CTH, BEIXG
IAMYR FO0 ODeprpepar pado-
¥ere Keleca, W HOJRECTH e
K HamopHdMy mnarpybry Ha
coca manm pabovewy homecy Pme 247 Crmpansait mearen
crepyomei crymemn
2) yMEHLITHTE €KODOCTh H, BW it B3 7 ROTECH,
npeoGpasonad mpH DTOM KHIE1MUECKYIO JUEPTAR B LOTeHnNaihHym
DAEPIUI NABNERHA ¢ POSUOKHO MCHBITAME 15 PARTHICCKANA DOTEPAMH,
J) PACKPYTHIE MIIKOCTH, BAKPYTeHEYI0 paboTENM komecon
OcHoBMMME $OpMAMIT OTBOMIA ABIAIOFCH Caellykmue
Crupaackuil oméod (b puc 2 1) mpeicranineT CO60M KaHaM, pac-
TOIOKEHEH{ 0 OKDYBOCTH BHXO0I2 K3 pabogero Koieca, U3 KOTOPOIO
JKIIROCTS YXOXAT B HANOPRWE Iarpylon 4 B HADpPA S IGUHNN, Re:RameMm
B IIOCKOCTH, HEPHeHARKYTApHOE K oCH Hacaca (CeBHE CEJEHNA dTOrO
RaHATd YROIHUABAOTCH, HATABAN OT fOKKA 5, COOTBETCTRCHRO HaMe-




HOHHO PACXOAA FRIIKOCTH, UpOTORalmes wopes ceveude oToga Cmm-
panssblif KaHAA TEDOXOXUT B npﬁuoocmm Jxm{)q;}:mp Yleubmnne
CHOPOCTH IPORCXOZUT TTABHHM P
a4 me B CHEpAIbHGH TACTH OTBOJA Cnnpanmm oTBOX npn.uelu(lo’l‘
B OALOCTYNOHYATHX HACOCAX OJHOCTODOHHero (cM puc 2 1) m meycro
pomrmero (cM pme. 2,3) BXojja A MEOTOCTYMEHTATHY HACOCAX CHMPATBIOI0
TETA (CM prc 258

Lo wviyesots omeod (puc 2 48) mpemcramisier coGoR KAHAN HOCTOARLOTO
CeUPHIIA PACTIONOMSHHSIA BOKPYT pabouero koneca H Kamany LPHMH
RaeT nalmp}mr“[ HATPYGoK Hacoca KoARmenoil 0TBOX NPEmMEHART B MACO
cax, X 3ar SREEKOCTH B pHX COEDATLHBE
OTBOJIBI HeNPHMENNME TaK KaK
HAYANLHHE Y4ACTHY CARDATHHOTO
KaHATA, BMEIMe MAIHE Cceve
BUA HENPOXOSINMH JUIA KPYIHLIX
TBepIHX YacTHD Hpﬂ TOCTORH
HOM CETeHHH KOTHIEBOr0 KaHAla
CDEAHMS CKOPOCTH SKEAKOCTH B
DAIHEIX €r0 CETCHAAX HEOUHAKO-
BB, TAHE KAE DacXOFB AEAK0CIL,
TpoTeKawIel wepes pazHLIe e
YeHHA TBOJXA PasTHIHH (yBeTH
TABAIOTCA OT A3BKA O0TBOAA) Tlo Puc 248 Hacee mua1  3arpssHCHEBIX
aTOMy m3feskaTh JONONEATENS  FREROCTeH
OHX OOTepr HA BX0fe B OTBOR,
BOSHMKAKIIHX W3 BA CAAAHEA NOTOKOB KMEKOCTH ¢ DASOEMH CKO-
POCTAMM TeKymed ©0 OTBOLY M BHIXOJsIIel u3 pafodero Kojeca,
HeTh3A

Harzpaa/wmu;mi annapam ABIAETCA COBOKYIROCTBIO HeCAONBEAX
COEpPANREKX KAHAI0B, DACHONOMEHHEX BORpyr pabodgero womeca, o
KOTODHM HEAKOCTL — pevemaercd K Daboduemy kojiecv caefymmei
CTYOEHN EJIH BBIIYCKAOTCA BIDIDL OCH 1acoca

Ha pac 2 49 waoBparen P it anmapar ¢ GesnamaTOYHEIM
KOM 1,2BHM IpocTpaHeTROM JKBEAROCTS, BHXOAMIan B3 pabodere Ko1eca
NocTyIAeT B COOPaIbEYL YacTs FG Hampapamomero amapara Tax sxe
KAK H B CHODAJBHOM OTBOE, DafmaxbEbE CeTeHWA COMpaThHod Facrn
AATpan: ro annapara T YBE THYEBAIOTCA COOTBETCTEEHHO
YBeRUTCHLI PACKONA AANkoCTH CHAPAIbENY YIACTOK IOPEXONHT B AU
dysop GV 3pecsh KOHETOUSCKAs SHOPIMS NPeOGPasyercA B IOTEHUE-
ATHHY 0 BEREPrE0 fABTEEMA Jlaree RANKOCTE TI0NaTAeT B 5e30naTouHoe
mpocTpanctse BCD, rae ora Tanpaienne H 0T TEHTPA
x nepudepun mA NBmEenme or Hepupepnm k uemrpy IIpompa Geamoma-
TouHoe MPOCTPAHCIRO, REIKOCTE NOCTYNAer B oﬁpamme xauagm DE,
ROTOPHE MOABORAT 8¢ k pabouemy xozecy cxexylomei crynern B oﬁpar
HHIX Kauaiay NDOICXOT flaibmeiies mpeoGpasopanme KHHETHTECKOM
BHEPrag B JBRYIO oc. YIACTOK 0DpAT X KaHAIOB
MMeeT HAUPABIeHile GIEBK0® K POfHANBHOMY, TOOTOMY HIIKOCTH
BLIXOANT 13 OGPATHEIX KAOAZOD ¢ MAZOH OKDYRHOE COCTABIAKUIEH
CRODOCTH.




Ha].l])ﬂ}l.rl!{lomﬂe &ﬂHﬂpﬂTH < 693][0ﬂﬂTO‘I[IbTM KONBICBLIM NPOCTPAD-
CTBOM NPWMEHAT B MHOFOCTYOeHYATHX HACOCAY CeKNMOHHOrCe 1HOA
B srux e 17€0CAY MCHOTHIYIOT HANPADIARmUe ANnaparil ¢ Hempe-
pHBEHMH haHamamn (puc 2 50) Mlugrocrn, mevopmapiam n3 paboTero

I ¢
1 nanpobnmowwr.
sonaimon C \
Puc 249 Hanpapisiongi aunapar ¢ KOTSEOBI APOCT

HoMeca MPOXOIHT 9€pe3 CUHMPRTENYI0 TacTs BC m nuddysop CD  Hugp-
$ysop BHOOMHAWT 06RTHO TpAMOTEHeHEbM HoHCTHAN yuacToR Angdy-
Bopa marubaor x NeaTpy Haummad or cevenma G—G Kauad OTKIOHA-
©TCA O IIOCKOCTH HSPUCHINKYIAPHON K ook TACOCH, H yXOIAT B 0CEBOM

A-AfBud #g ronpabasdwi annepamy

HANpapBIennH, coesauAs xudidyao) ¢ 06PATHEIME KATAIaWE, o KOTOPLIM
SRUJKOCTB ¢ MANOR OKPVKHOM COCTABMAIOMEH CKOPOCTH HORROAHTCA
K pabogemy roxecy exenyioweit crynean Hanposigompe ammapatst
€ HeNPEPLIBIEME RATATAVE UMEOT MeIbOIMe THADABINIECKHe MOTEpH,



TeM HAPABTAIONYIE AMIAPATH ¢ 563 TON\TOTIBIN KOTI [[@BLIM IPOCTPAHCT-
BOM M (;7aronapfA OTOMY IOCTCLOHHO DbliOCHAOT IOCNE,[HUE

B Hacocax ¢ N0 LyOCCRAIN T OCEBEIM KO 1000 HPAMEAOT A paniLa0-
INAM aTmapaT, B KOrOPOM Raramid 06paaoBawtl 10maTkaMi IBOHHON KpE-
poar B (st pue 2 19, moa 3)

222  Yungrenns paboucro Komeca n pata Ocepam cmra
HA poiope Hacoca

Pamee 6un10 omeacwo (ev m 2 3), 410 1A yMCHGOEIUEA § TSR
FINKICTI B3 0710/l B HOTBOM Y BYOfa B PABOULE KONECO BIIIO (HAIGT YII
J01HeEDe B BAJe MAJOT0 Jalopa 1 MCIKTY })EIEO‘][[H ROTCCON | KO})ﬂyCOM
(ca pne 2 6) CreHky 01000 3a30pa HBHAINIRAIOTCA ROBCTHmO GHCTPO
13 2a 69 1bwmof GKOPOCTH AHAKOCTI B HeM, CI0¢OBCTRYOITEH XTMIIeckovy
H DPOILONHOMY PaapyreHnio Marepmana. OcobeHHo GLCTPO OHK M3HA
WMIODA01CA TP mWIZAgE B AEAKOCTH abpasmpmex gFacTunm Jlod Toro
qro6sl IPE WIROCE § TNTOTHAMETO 3a30pA e GPHEILIOCH MENSATH Dadodee
KOJECO 17 KOPIYC NMACOCA A HIIX TACTO JAKDEmTAIOT CVeHHbIe YIOTHY-
TeNbITHIC KOThIA, 06pass omue } ITOTHAIGIIY 3a30p (cm puc 2 3, Koar ma
3 ub)

Mexoryneaunie yrnnoigesun (cu puc 2 39) yMmenslmaomme yredrn
TePO 3 3830 P MEIIY B1TOM U THAPPATMArIT, Takxe BHTONHALT 0GHTHO
D By,TC (e 1eit ¥, 06PAOBAKHLIY CAICHEHIME YITOTHATE THEB A KOTBIAVE

B uecrax BOlAOftA RATA O3 KOPIYCA HACOCA MAIE BCEr0 YCTAHABII
Bapr canpomry (pne 2 5l) Vmormemme ofecmedupactes wabubxofi 1,
KOTOPAA CRUMAGTCA KDHIZKOM & ITyTeM SATATHBIMUA raex muomier 3
Habupiy MaroTobT410T T8me BCETO U3 CHSNHAILHOTO X T00TaTO6yMAAI0
TO MR HpH BHCONOI TCwWuepaT)pe Meperasmpacvoii i mIkocTH acec-
TOBOT0 NIHypa KBAmPATIOro CCUCHuA H Oepel yCTaHOBHROH UPOTHTHBAKT
cyaskoll 18 rpadrTd W TexmHIecKoro mpa HBEVD yROATHEBEAOT OrETb-
ABMI KOMbianl L.ro Hedpdfi HAMATHDATS TA DAL OLMHM KYCROM TAK
KaK IPH 9TOM TPYAN0 L0 Ty\NTH PABHOMEDIIOE 10 OKPYIRKOCTH IOGMATHE
naGyoku Tenao DyIeTAOMECCA NMpH TPEHAN Daia 0 UABUDRY b OCIOB-
110 OTSOANTCA AIIKOCTHIO U POCITARAMMENCHT TePed CalbOAK, UHOITOMY
3Te\qr 1 MUAKOCTH Tepe3d ca1pmmK Heobxomumva IIpm pabore marepias
nabisR  MAFaNIBaeTCA UepecraeT MIOTI0 OpNTeraTs h BANY B yTeuka
SHHIKCCTA YREIMIUBAOTCA Hoamuy TAgKO (aThbOMKA I11aT0 Bepﬂoﬂﬂ
GeCKU OOATAITBATH De1x OOBTOPHO® HaTAREHDe KPPRIMOIEA C& (LHHKA
HO AT YIMOTHEHWA INTH TPEBOINT K IPe3vepHOV) HAIPeBY CAILHIXA,
T0 HaGHBKY HeoB6xo;umvio cMeHiTs [Yabmpka paGoract no cae ut 200—4000
B 3aR: CUVOCTH O1 CYENEHA 3ATPAIHCHUA KIIKOCTH 1 MATePLIATA NAGARRE

Cﬂ"lbll![KL{ Ha BCEICBIBaH)"[eﬁ CTOPOU@ HACOCca He JO THRHH AOUYCKATH
BACACWDINNH BOITYV4 DBUYIPb Macoca  Jlase HeGoubMaA TPOTOIRR
BOSTYXA CEBIO (MEMLAST mamop molawy m IKIIIL macoca Kpowe Toro
BOBIYX, OPOTEXALLIL TePe3 CaTpK (¢ OTBOgUI Temio CaIbRER rpe
ercA ¥ HAGHBKA JOROT CropeTs, OOOTOMY Ha DBCACLIBAIOMCH CTODOLE
€CaThIMKA [ie JAT ¢ FUPABTIECCK MY 34TBOPOM, [(OTOPBH:[ COCTORT M3
ROTbma 4 ADYTABPOBOTO CEVEHRUT MOMCIUIOHROKO ME/RIY KOTLUAMH HA
6uprm I{ 5TOMY KONLEY MO TpyGKe § HONDONMTCA JKUARCCTH NOJ Kante-



mieM  Uopes KHAKOCTHO® KOTBIO THAPABTHTECKOTO 32TRODR BOSNYR
e MOMeT HPOPBATHCH BHYTPDh Hacoca HUEAKOCTD B3 Koapka 4 BHTEKaeT
napyXy H BHYTPP HACOCA, OTBONA HPH BTOM Temio oT RAGRBKME CATbHMEA

(M 33ULATHL BAKA OT UCTAPAHRA B CAXBHUKAX H KOPDOIAN Ha HETO Haje-
BAIOT BAMMATHHE BTYIKE 6

Byecio canpBEuKoBMX ymEOTHONmE YACTO IPUMEHAWOT TOPLOBHE
(puc 252) B HPHmMKY YINOTHEHAS 3AIPECCOBHBAIOT HONONBIAHOG
KO0 J MTADEL TPCHAA, K KOTOPOMY UDYRAROK 3 # KaBIeRmeM ;RKoCTH
TPUARUMALTCA BPRMIROMESCT KOAbLO ¢ YIIOTHAONESe PeaHHOBOC KOIb-
10 4 MPEUATCTBYET DPOTEKAHHIO YREJKOCTH MOHAY EAIOM B KOABUOM 2

Pre, 2 51. Caavmme Pre. 252 Topnosse ymiomne-
nze © ymsoTRmIO.
S ROABUONM

Bugop Matreprana Tpymelica mape (xoxer 7 K 2) BABHCHT 0T arpeccmB-
HOCTA e i Hnn wanoar Muproered
(BoxEl, BONHHX PACTRODOB MATOR PALAHE B Ma. Y medrrenp
Aysson) Koawuo I MareropaamwT m3 rpadura, OPONUTAEAOTO (EHONO-
$opMaAbIeruAHON CMOTOH, CPRIIIOM HIH APYTHM HANONHITOAEM, 3 KONE-
1m0 2 — Ma xpomectoi craxm 9X18 Topmosme ynnoTueHES 3EATUIENBEO
JO:IFOBETHeE CANBNAKOBHY, me TPeGyT ofCHYKHBAHEA (WORTMKKH),
PaGoTA0T MPAKTHICCKE ¢ WyJeRoH yreuxkom ONHAKO TOPNOBHE yOIAOT-
HeHAS CIOMAHEe M JOPOIRE CANLHEKOBHX

Ha paGouee xo1eco meurTpobeimore pacoca NeiicTayer oceBad Cuaa,
HaOpaMIeOEad B CTODOHY BYofe. OHa BOIRMKAET raaBEbM 06pasoM
73 38 HEOMBHAROBOCTM CHJ JIABACHEA, [EHCTBYIMAX CUPABA M ClIeBa
BHa pabouee xowreco (pmc 2 53) JlaBmemme py ma BHXOZEe M3 paboucio
woneca 60NbmE HABACHEA p; HA RXofie B HETO Y BIexaeMad paboumu
KONECOM KAIKOLTD B HPOCTPAHCTRE My PaGOddM RoaecoM H ROPOY
coM Racoca (B DAIyXax Hacoca) BPAAeTcA ¢ YIAOBOH CROPOCTHIO,
pasHOil IPHGINIATENLRO WONOBAHE YII0Bok CRopocTH paboero Koaeca
Beenerbue BpameRus sRAKOCTU JaBNeHNe HA HADYKHHS NOBEPXHOCTH
Pa6oYero Kojeca HIMENAETCA BAOAL pagmyca mo napabommuecroMmy
aaxomy B oGnacre o1 R, &o Ry Ramnenns cnpasa H Ci1eba DABEH U ypas-




sosemusawrca B o6nacta ot Ayno Aa fasicHEe clepa PaBHOE AADAEANIO
¥ BXOMIA B HACOC, SHATUTEAHAO MOHHING qeM CIPaBa 310 BEAET K BOIHHKHO-
BesHsO 0CeBOM CHAH NamnenHA A, PabHOR 00BeMY IMIOPLL PaIHOCTH JAB
JMeHKH 18 TMPABYX I AeRyM HAPY/RHME LOBEPXHOCTH pafouero Resoca

Carepyer OTMETMTE, Wro yEENHUSHHe YTOUCK, MOAYYADMeecs IpH
HIHOCP YIIOTUSHAA Pafouero KONecd, MPUDOJET ¥ HIMBHCHKO 3AKOHA
pacupeneremuf HaslenEA B ofmactst or Hy mo Ry ¢ MeBom CTOPOHE
KO0CA 3TO MOXET UDHBECTA K YBENHMCHHIO OCEBOH CHIM NARIEHHA
» 152 pasa. Ocesan cuia 0By TAKKe pi
ABHAA BHROHEA MHAKOCTH
# paoues RoIBCO M3 0CEBO-
ro B pagaaasnoe Opnaxe
OOAYIAIMEecH TpH  STOM
YCHIHE SUATUTOABHO B
¥ Hacocos ¢ GoABMIAM KO-
sdunmenron  GrcTpoxon
gocTE Y KOHCOTHAIX Ha-
cocon (cm pue 2 57) oce
BAK CANA BOBHEKACT TAKAE
H3 32 TOTO WT0 HA HAPY:R- Pme 2.53 K onpenesemmw ocesof cmmmt na
HNIN KOHET Bana [elicTpyer PpaGouem mozece
aTMOCHEPHOR HABNEAN, & [ — oWopA IARJCERA BA fenyio DOBEpKIOCTH KOMCCa}
WA puyTDeHERE — ane-  § T Shoa Lusmocrs vt oo el
AHe OTHHYHOE OT ATMOC
peproro Tlo oToff jKe npEuMHe DPOIHAKAST OIONMUTEALHOS YCWAHS
Y HACOCoB C HPOXONHLIM BAJIOM, €CIHH £ro Illlﬂ)de]‘l) B ofoux KOHNCBHX
VOJAOTHEHHAX peaxiwricE [IpROGSmKennc 0COBAA CHTA HA POTOpe IAcOCA
A= (R} —RS) Hog, 274
rAe I — mamop Hacoca

Pasrpysra poropa Hacota 0T GCEBOTO YCHARH OCYIMECTBARSTCA CJie-
BYOMUME cnocofayn

1 Ipumesennest ABYCTOPOHHEX hoaet (cM pme 2 3), ¥ KOTOPHK
faaromapa CHMNETPHK He BOSHHKA®T OCEBOH CHME, WM CHMMETPITUBM
pacmonorenmeM DaBounx KOIEC y MHOTOCTYNEHYATLIX HACOCOB (CM
puc 2 38) 3ToT £HOCO6 PAsTPYIKH MPAKTITECKH IIe MOKOT 0fecmeuntsh
TONHOTG yPABHOBENMBAHMA OCeBOH CHABT TAK KAK HpPH HEO[AHAKOBOM
BLLD O THOHUH 1 L3HOCE 3a30P0R B YIIoTHOMHAY PaGounX Kojec, a TAK-
7K€ 113 33 HANMTAR YTeWeR B MeKCTYRCHEWX YITOTMCHMAX BAA MHOTO
CT3 IIATHX HACOCOR RAPYMASTCH CHMMET{HA TOTOKA YTEUeR U CTe
AO0BATSIBHO CHMMETPHA DPACHPE[SIeHAA JADIENHY HA HAPY.HHHE LO-
BepxuocTH konec [lan gmrcanmu poropa D OCEBOM HAUDABMELNNH K BOC-
OpAATRA DeyPADHOSCMEHMHX 0COBHX CIMl EPAMCHANT DajHaLbIo YHOP
HBE OO ImIIRA

2 YerpoucrnoM BTODOTO VINIOIHCHEA 5 IR BeAymeM KHCKe pabouacro
KOJIECA I DAArPYBOUMLIX OTBEDPCTHA 3 y cTymumsr (cm pue 2 57), Gna
rolapa 9eMy NOYTH ION10CT LK BHPABHNBAKTCA AABIENHA, ACHCTBYOULIO
¢ ofemx cropoH pafoucro KONECA B NPOCTPAHCTBE MEFNAY YIOTIEHHACM
¥ BAXOM YINGTHEMHE 5 yCTAHABIHBAIT HA TOM KO PAZMyCe, IT0 H yIAOT-




mewne ma mepenmen amene OcraTounoe yCEMHC ROCUDAHAMAETCH pajd-
AJBITG YROPEBM Wi (B WA'IBX HACOCAX) PAIUHATBHAN MAPHRODOAUNI-
gkom  HeflocraTroy 970ore ¢mocoBa poarD}3KM 0ceBou CHTH AB IIeTCA
cumnenne ISTI) macoca u3 aa ybeamvepus YTeuex

3 Verayourou 1un\pammugeckoil matit Takolr cuocof paar pyarm
TPUNEHALICA B )[l]OFOG[yuC[i'!E\THX HacoCaX CEKHHOHHOr0 THua (CM
pue 259 Iyex rn/(pannnqecuou marsr 1 (pme 2 54) sexpen 1apT Ha
BATY HACOCA € NMANOPHON CTODOIH 3a mocHAOUHIY paboumm xomxecom 3,
7l{aaKocts u3 paBowero Koaeca 3 MOCTYNAET Yepes KONbiEBoll 3asop 2
I HPOMEACYTOTUVIO Kamepy 7 3arem oma HPOXORUT YeDe3 TODIOBLIE
3230p 6 B PaSrpysouHy KAwepy J, coelmHeHHyW TpyGkOM 4 ¢ HOR
010N TepROM CriNend Hacoca ['ak KAk AADICHRE 8 TMPOMEARYT10Iof
KaMepe 7ARYATLTLIO GOTbme, 4eM B
paarpy30MI0l Ha [MMCK rHAPABIMIE
CROE unTH JEHCTBYCT €A, PAsrpy
/KAIOMAs OCLBYX) CHIY POTOPA

lugpapargeckan maTa ABIAETCA
CAVOPeryRUPYOIIMCS  JOTPOUCTBOM
satop 6 3a cuer O0CEBLIX CMCIIEHHIE
poTopa ABTOMATHYeCKH YCTaraBaHBa
eTCA TAKEM UTO DPABHOCTE CULI Japie-
HUisI Do 06€ CTOPOHH AMCKA IIA 'Rl PAB
Ha cu1e Ha poropc macoca JleftcTBm
TeTBl0 LYCTHh Ocebas chia 4 poTopa
ysemwanrcA IIpm oTom PoTop Hacoca
CA\ECTHICH Bieno 8asop 6 yMenbuimr
C51 F18TRA AWIKOCTA UePE3 HETo CTa
mel Menbme HCDEHAT JATI1EOHA B 3asope 2, TPOTMOPIAOHANbHGH yTed
KaM BO BTOpofl Cremevi yMenLNIHreA 970 OPHBEIET K BO3IPACTAHHID
JlaBJeHHA B TPOMEyTOIHOH hamepe ¥ u ¢aelopaTelLHo, K yBUHNIELHIO
pasrpysramouteti cubr Ilpir oToM mocTeZEIN CTaHeT panHA 0CEDOH cmTe
Tlpu pasrpvake oceBor CiuLl ¢ HOMOU(BI0 IMAPAD THIECKOH Tl yHOP
1ble MORMUNKUKE He TPebviorca HepocraThOM THADABIAIECKOM ILITH
ABIHIOTCA JAOIIOJOHTE ThHLIE YTedKH (¢ TPeHMe JHCKa o ?ﬂl‘-‘nl’(OC’l‘bY
yuvensmapomue HIIJ[ mHacoca

Pre 204 Teapapusmeckan mATa

223  Ocuonsl pacyera AODACTHHIX HAcocop

Jus TcoMeTPHYIECKU MOTOSESIY Bacoco PAGOTAIONMY B NofoCREX petnax
T B AR HACOCOB MMCIOIIRX BucT) ny OTHO-~
meRne @ (a]9) = ¢ onmEakopo OTCIOAR A00oH TNHEHBKI paiMe) HACOLA MOKHO
OTPETEINTE o YPABECIIR

P

b
OGosrms 1/y/§— K noaywmu

L=KiQn @75
Ha 0"noRaBrmH CTATHCTARCCKOH ot NAEHHX IO 1COTpO~

BemEEM nacoLsdt TONYHeRH €ne (FIOmme 3aBUCHMOCTA kKodppummidTa K OT K,



1 JIon onpepeTCHER Bapy:KEOTO mmamcipa D, pafiodere moteca
I
Ea=935(n/100) 2 Dy=K, ) O (270
2 J[17 mOXORERNA mupuEH b, pabouero Kouca HA BLIXOA

1
it 7y << 200 K =0 8 (1,/100) 2
npn 2, > 200 Ky, =0 630 (n,/100)/° b= &, 7/ 0,n @M

3 Tipnt BHMHECTERNT NpyBeACHIIONO ANAMETPA BXON I B paGodes wWoaeco D, ann
neproil CTYIRNIE MEOIOCTYiCIafhX I A1 OUHOCTYNCHTATHIX BACOCOB npuUKIMAKT

=4 45 mua nc’rsm,m,u CTYICHEN MHOMOCTYICINATETY HACOCOR ellecootpasno
BHOpats K, = 35—4 Jlua Komec ¢ NOBAWCITIANI KARLTANUOMNHMIT KAMCCTDINK
Ky =436 Ilpuaewcnuun MLAMETD BAORA

Do= Ko/ Qrm

31 Dy MOKNG ONpeietuth amamerp Dr TOPTOBNEL pafodero Loteca (Ca
puc 2 44)

Dy=V D¢+ diy, (278)

e dye ~— [NAMCTP BTYTEN pafouero Komeca

Beranecunsii M0 ) parmeEnio (2 76) nuoveTp Dy B pathoolimeM 310‘15»101-“1
TakmM ofpasoM UTOGEl NpA NPUEATOM YIe Pun MONywITCA HyKEEM Ha

Cronoil PacTeTA CIBoTa HACOCA ABIAWTCH CHE)LyEOLNe cnoﬁpmemm nycn,
EA 3pr07Te N paGowero xoxera 0TEOta Her B 9TOM cayuic Ha JaCTHUH muUROCTS
TC MEfieTBYIOT HUKAKNC CUIM M MOMCHT KOTHUECTHA [DHAEHINL YacTWL NOCTONHEH

L=mypR cos o.=const

Ce0BaTe THIO MOMEHT CKOPOCTA
vy =GOSt == vy Ry 5= My (279
BumoNmm eronif COUPIILAON TACTH 0TNOAA MO MOBCPYNOCTH TOKR PAcCMOT™
PEHBOLO {I0TORA JRETKOCTH JIPM BTOM JKEAKOCIS NDHKETCA 14K AC KAK I OpI 0T~
CYTCTDHT OTBOJA (TPEHHCA O CTCHKA OTBOAR HPEEESDEracM) W CTHMHNE [OTOKOD
BEIXO [IUIET0 U3 PAabOILTo ROJIECA H ADIKYLIETOCH N0 OTBOLY LPOECKOINT C OkHA
BOBAIMU MOMCHTAME CKOPOCIH CJICAoBaTeIbHO, TOTEPH HA BYO/C B OTBo OTCYTCTBYTOT
Onpene 1 pacxofl KO OCTH Ueped 0ccBOQ ceverne 4 — A cnnpalbmoro 0T~
DOJa  pacmoJoeRRoe NOf yruoM § K ASHKY (pne 2 55) Pacxop gepes slemerrap
¥} ONOMAARY WHPANCE dr I gauHOK b
dQy=vybdr
TlocTasma CKOPOCTb vy N3 ypaBHennA (2 79) M MPOUNTCIPEPOBAB B Epencaal
OT paguyca My HIHKA 40 Dapy/mlLoTo paiuycd R COTeHUI [okydir

il
Qp=M, s' Lo, @ 80)
3

Pacyop KIIROCTIT 98pes cejenme 4 — A paneE Pec¥o;ly jMHAROCTH BUTRRI0
meli m3 pagovyero Kojleca ma yrae ¢ CICJONATENHHO,
R

[ b
Qp—gh 0= s ;‘S 2, @8
A

R
Huorerpan § (8/r) dr ompeensuor rpadueckn  O6mamo mo ypapmemmo (2 81)

4
PACCYNTERAIOT TOMbKG KOHNEpoe CeYeHNe CuMPAIbBOI SacTh o7Boja IacieT BeayT



MOTOGM HOC CeToHAA PO
DepRIOT MX N0 ypapHemHI (2 81) 1 REOCAT COOTBOTCTBYMINE HOPPEKTABN [LTOMAIE
npouemyroqnmx CeyCniii 0TPoAa 0GuHO JBHHMH YEIY @
BIOMY OT HaHIKA

Ypmmcﬂne (2 81) cipaBog D0 TARMKe AAA COHDAILIOH YACTA RANPAANABIIOre
ammapar

Bc'xexcwue CTeCHEHEN BXOJHOTO ceqemm JOMATKAME JKAIKOCTH pXoanT B HA
upnn:mrnnmu ammapat ma yrae 360.Y, 1@ Py — KoddmienT CTECHOHES HA BXOR®
(. m 25) Tlootomy ow — qQ/(360 %) Tak KaK y mampaBinomero aunapata
b = const

Qq=9Q/(360%) == Kb In (R)Ro) @32)

TMMpoKo TPEMEHMeTCA NPOSKTHPOBAHEE HOBOTO HACOCA NYTEM IIepeciera o
noxodnn

TIpoeKTHP} eMoMy [[oDSIOL pacieTa HACOCA RO 3TOMY MOTORY CAETYIONIWIL

#

g 13
Poe 2955 Cxema pu1 pacueTa cmm Puc 256 K pacuery maco
PANBROTD 0TBORA €4 GepecIeToM [ABME]oN MO-

ZeABHOCG AAcoca

1. [To 3amaEmEM 11071890 (y RAGODPY Iy ® HacCTOTe RPAmEHHES My ONPENeTANT
l(oaq@nlmem- BHCTPOXOANOCTH Tigy
OMIX HACOCOB BHCOKNO TeXHHNO HROHOMMIECKHE
nolcaaa-renu PHGADAIOT HACOC (MOJETBAMA) MMERMEI 7gy (B 06NACTH MaKCHMAILL-
moro KKIIJl) Gamskmit & mgg HATYPHOTO macaca
4 \apaKTCHCTULE MONeTBHOIO HACOCA DAHOCAT KPABYID BaBHCHMOCTR Ry
or 0 (pme 2
Ha XapawTepHCTAK® MOAALHOI0 HACOCA HAXONAT DEAMM  XaparTepRaye-
MBI roqhm‘i A mpm KOTOPOM ngy PABeR 7gy HATYPHOTO HACOCA HAIMENHOMY IO 33
HEEI0 3101 DEeENM padeIN HomoGeH pacderHOMY pedltwy DARGOTH HATYPHOIO
macoca
5 Ilo ¢opmymav mepecicTa

Qo _ mu [ Luy

=) @
Ha [ Ly

=) @89

TP Qy B Iy — TMogava U BAAOpM 0ACALHOrG HACOCA HpH Po.dIMe XapakTepmaye
MOM To9ROH 4 HAXOJAT COOTHOUICHNG PaaMepOa BATYPROTO H MOAONLAOrO HACOCOR
0Ge Qopmy IH [OMKEH 1ATh OMUHAROBYI0 BENWYHEY Ly/Ly 070 ABIAETCA LpoBep=
Kofi WOUHOCTH pacdera






