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NPEOHCIOBHE

[pHHLHOE  COBPEMERHONO KOBCTPYKTHBHOrO OQOpMIeHHs npouecca
NePEMEIINBANHA CAMKHANCH B NepHoA CTAHOBAEHHA XHMIvecKoll TexHo-
sornn (konenw XIX — navamo XX peéka). OnHEKO METOA HiKenep-
HOTO PAcHera nepeMelnBEHIA HAYANH paspalarsBaThes 3HAUITCILHO
noawe, # copasoussie nocobns 1930-x Tr., BRaOUaBLME, HanpR-
MEp, METOAMKH pacyers nponeccoB abcopOuMn B pexTHqUEEaLNN, ene
He CORepMANN ceeldeHill © pacdere Mewanok. ChcremaTHyeckoe Haywue-
HHE NPOIECea NepeMelHBaRNA ayanocs B cepeanie 1940-x rr. na ocuose
NPHMEHEHNS METOACE TeopHil nojpbun. Paliote, BunonHeHHEe B no-
CALYIONIHE TOME HCCABHOBATENAME HAYYHBIX WK, BOSTABBIREMLIX
B. B. Kagaposwn, [1. T. Pomanxossm, M. C. Iasnyienxo, A. H. Ina-
nopekim, C. §. Fsopckam B CCCP, . Pawrronom, M. Onpury,
A. B. Merumepon 8 CIIA, 1. KonupepOonxom e BennkoGpuranum,
C. Harata 8 Sloonun, X. Wrelipnow 8 HCCP, packpunit oCHOBHHIC
3BKONOMEPHOCTH NPOLECCa NEPEMCUINBARNA 1l SANOMHAN OCHOBH Me-
TOAOB pacueTa annaparos ¢ mewankami. Pesyanrara stix pabor oGoh-
uersl B uapecrinx monorpaduax [1. T. Pomauxosa (eFappasmiteckiie
npoleces xinuseckofi Textonorniy, 1947 r), B. B. Kadaposa (s[Tpo-
1ece nepeMewmpaing B kwikax cpeaaxs, 1948 r.), Tl lrepGauexa
u Il Taycka («llepememusanie B RIAKHX cpedaxs, 1961 r.), @, Xon-
namna w D, Hanmaua (e X vHueckie peakTopsl it CMeCHTEAN 1710 MIUKO-
(haannix npoteccoss, 1974 r.), @. Crpenka (el lepemeiunsanie i aunapaT
¢ memankamux, 1975 r.), 3. A. Bacunsuosa 4 B. I'. Yinaxosa (¢Anna-
paThi € TEpeMELBAIOLIHMK  yeTporeTsamuy, 1979 r.).

C 1960-% rr. B nofxoie K HCCAEHOBENHIO H MATEMATINECKOMY ONH=
CARIIG NepPeMELINBEHIA HEMETHANCH HOBLIE TEHASNI, XapaKTepHIyIo-
uecs Gonee roy0oKOM TPONAKHOBEHAEM B (UIRYECKIH  MEXEHHSM
poecca. Flpu anannse l'lEpEMEHJIiBEHHﬂ BCE Malle cTani HenomL3o-
BATLCH NONOMEHIR noaysvnupuyeckofl reops TypOynenthoers [lpanar-
na— Kapmana, teopnn AokansHo nsorponsofl typOynestaocrd Koa-
uoropora—O0yxoss, & TaKKe Merostl GUSHEO-XEMHYECKON ruapou-
HaMuKi., BamHBIM 3TBNOM E PESBHTMM HOCHEAOBANHT nepemeiunsaiin
ABNAOCE NPUMEHEHNE METOJOE XHMHYeCKON wkiubepHerHKn i CHCTEMHOTO
aHaansa, paspaboranknix axanemukon B. B. Kadapostm 1 ero mronoh.

Hayunbie peaynsTarsl, AOAYHCHHELE B STOT NEPHOA, NO3BOAAKT pac-
CMATPHBATL PasJHYHLE CTOPOHE NPOHECCE C EAMHRIX TEOPeTHYeCKuX
NOINUHA ¥ HE $Tol ocHope NPROTHINTECH K Co3MAHMD eI HOA, CHOTEMN
METOACH PagueTs THAPOMMEAMIKH, TenJo- 1 Macconepenoca, Henonb-
sopaue 06X 3aKoHoMepHocTER TYPOYAEHTHOrO Il AEMHHAPHOTO Tele-
HHA MWHAKOCTEH NPHEMENHTENRRD K HECTHLIM CAYUEAAM TEHCHHA MNEPemMe-
LBaeMofl cpellsl OTEPHBAST BOSMOMHOCTH JUIA  yueT# ocofenHoCTeR
KOHCTPYKILIN BONAPATOR H MCWANOK H CYLECTBEHHO pacuumnprer of-
JI2CTH NpHMEHEHNA METOACE PACYETa.

B gnure ofiofileks ocHOBHLE AHHEE O nepemeltysanun, onyian-
KOBAIHLIE B OCHENERA neprog B OTEUeCTEEHHON H 3apyGesion HayTHO-
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texuiyeckol apteparype. llnpoxo HCnONBIOBANE TAKKE MATEPHANN
KOUGEPEHIIT NO TEOPITH 1T TPAKTHKE NEPeMLIUNBANNA B MHAKHX CPEAAX,
perynspio nposopumbix Hayussn Coserom A CCCP no npobJene
«TEOPETHHECKHE OCHOBLI XHMHUCCKOH TeXHOIOTHM».

Ipn wanMcaHNE KHICH ABTOPH OPUENTHPOBANHCH HA HEHMEHepoB.
NPOEKTHPOBUIHKOE 1 HeeAelonatenefl, paforaiouiis B NHMINECKOR |
CMERIBIX € Hefl orpacanX MPOMBILINEHHOCTH, ¥ CTAPANNCH CICNATE MATe-
pian yaoOubM KaK A NOHHMEHHR (PHAHYECKOrD MEXafTaMa paceMa-
TpuBaeMuIX ABAEHNM, TEK W N8 HCOONLIOBAHTA Opi WHKEHEDHBIX
pacyerax. OCHOBHEE METOLHKH PActera HmMOCTPHPYIOTCR npisepan,
BASATLIMHE N3 NPOCKTHON OpPaKTHEI.

Paaymeercst, KHHTA He HCUGPNLBAET Boero MHOroobpasis 3anay
TeOPHH H NPAKTHKN nepeseumBanns. OUEBHAHO, 4TO Aafsueiimie He-
CAROBANHA DPHBEIYT K KOPPEKTHPOBKE, & B pAAE CIyHaes K nepe-
CMOTPY NEKOTOPEIX MATOMEHEX 3ech npeicrasaeniifi. Astops nona-
FAK0T, YTO MATepRATH KHNTH Gyayr criocobersoBaTe nporpeccy B of-
JBCTH NepeMeluHBaHIA | YMEHBIUCIHIO YHC/E BNNAPATOR, NPOEKTHYEMBIX
10 HETYHIMIN HAH HE OCHOBE HEAGCTATOYHO KPHTHNHOND CHCL0BakHs
TEM HAW HIEIM YKE N3tecTiLiM Texnuseckim pemeniss. [lockonuky
MOOHE METONH HEMEHEPHOrO pacueTs, CRONL On COBCDUICHHE OMH
Wi GENH, He ABIAIOTCA YHHBEPCANBHEME, uenecoobpasio oGpaulars
BHEMANNE HZ NPHEELEHHEIC 8 KHITe YK238HIA 06 00nacTsX npiMeneHns
TEX WM MHEX BHBOACGH H PACHETHHIX PEKOMEHAALH, 8 TAKKE PYROBOA-
CTEOBBTHOA HIDKEHEPHEM 3ADABHIM CMBICAOM, Kuropuil senmercs Heol-
XOIEMEN  sfiemenTopM  mofioro NPpOEKTHOrO pacuieTa.

AsTopsl CHHTAIOT NPHATHEIM JONTOM BLPA3HTs GNarofapHOCTL CBORM
yurensm B. B. Kagaposy, I I'. Pomauxosy n M. C. Tlasayusetiko,
COTPY/IHHNECTBO ¢ KOTOPWMI CHIFpano peifaiclilyio ponb B o po-
BAIMIG HANATAEMEX HIME NOJCKENHid H NofX0JOB, & TAKKE cOTpyll-
unkam JlenHMMxivMama, npHERMARTIM TROPYECKOE YYaCTHE B 1iC-
chaeoBAaTETBCKIEX palorax.

AptopH otMenalor Gossiuoe BAHSHWE, KOTOPOE OKasadn Ha HEX
pabotmn H. M. Jasoponxosa, A. H. llnanosckere, B. A. Mamocosd,
B. B. Idunwmauna, F. [1. Conomaxi, B. H. Cokenoea, C. 3. Karana,
H. H. Kyacsa, B. B. Koncerora, nocesiudelie nepeMentiBating nian
CMEXHEIM BONPOCAM MPOHECCOB M 8NNAPETOB XHMUUECKON TEXHOMOTHH.

Farasa 1

OBlIIHE CBEAERH A
O HMPOLUECCE NMEPEMELIHBAHH

1.1. TEPEMELIHBAMHE K AK CIIOCOB HHTEHCH®HK ALHH
XHMHKO-TEXHOJIOrHYECKHX TIPGLECCOBR

Mepemewupanite — oniy #3 HapGonee pacrpoCTPanENHEX APOLECCOR
XHMMYEOKOH TEXHOMOTHK. AnDapami © nepemelnsaiouiiMe  yeTpofi-
CTBAMIT HCMOABSYWTCH ANA NPOBCACHNA BECHMA PAIHOPO/NEY TEXHONO-
FHNECKAX MPOLECCOB, TAKHX KaK KPHCTANNIHAZINA, abcopOuig, IKCTpara-
pOBAHIE, TOMOTENHEE H TETeporeHHnle XHMHUECKHe pearuuu o T. 1.
Pacesmarpieas GusHKO-XUMHYECKYIO NPHPOAY 3THX (IPOLECCoD, MOMHD
BLULENHTL HECHOJALKO TPYNN ABJEHHH, KOTOpbie HENOCPEACTBEHHO CBA-
381k C YCNOBHAMI NEpPeMemiBanng: 1) cMeienne B3aHMI0 PACTBOPH-
MBX MUAKoCTER; 2) PHpABHIBAHIE TeMICpaTypHl B olneme nepemerii-
gaeMoit cpesit; 3) pacn pejieierie B3BEIIeHHLIX YacTHI, B ofpeme MINLKOCTH
HAN OPeIUTEPAEHHE KX OCEIAHIA; 4) QHCOCPripORAHIE KANedh M-
KOCTH AN Ny3WpBKOE rase; 5) rennoofmen; 6) maccoofnen.

IMepeMellHBalHe MOXKHO PACCMATPHBATE KAK CNOCOD NHTEHCH(HKAILIY
NPONECCOR pacnpesesenin PACTBOPEHHMX BEULECTB, BIBCIUCHMBIX &~
CTHIL H TEnJoTh, & TAHe AHCNEPTHPORAHHA Kaneib # NySLpPLHOB
B MIJKOCTH nyTeM NpHBENCHNRS €€ B BHIHYXUIEHHOE JBHIKCHHE.

J10 pHIHYECKOMY MEXHH3MY NPOULCCHl, NPOTEKARHE KOTOPLIX yeKO-
prReTes NpH nepemeinieanii, MOMHO LONDasSACAHTL Ha TPH GCHOBHHE
rpynnii., [lepayio B3 HEX COCTEBARIOT NPOLECCH Meperoca pacTeoped-
HLIX BENECTR, BARCIIEHNMX Y4CTHL # TENAOTH Ha paccTosf KUA, Ke caHul-
KOM MAMLIE NO CPABEEHNIO C pasMepansi annapata. ITH NPOLeccy HIPaoT
OCHOBHYID POJH NpPH CMEEHAH B3IANMHO PACTROPHMBIX HKHIKOCTEH,
CYCHemIHpOBaRIT, BUPABNHBANINN TemMnepaTyphl. HX pesynwtar Xxapak-
TEpUIyercs CTefenkio OAHOPOAHOCTH nojell KORNEHTpaii U TeMnepa-
TYPhl HIH BPEMEHEM JOCTHMEHNS S3j8HHOH CTeNeHH ONHOPORBOCTH W
MONHOCTLI) ONPEJEAReTes MAKPOMACUITA0HEIMIL XAPAKTEPHCTHKAMI NO-
TOKE MIAKOCTH B annapare.

Ko sropoit rpynne OTHOCATCA Opouecch Apofitenns wxaness B my-
suphKon, PaiMepnl Hanenb H NystipbKoB M2JK MO CPAaBHEHHI0 C pas-
MEpaMH Annapata, NOSTOMY KOHETHMIT pesynbTaT TepemMellHBaHns —
anamerp o6pasyiouliXea Kaneib # NysHpLKOB HAH HX NOBEPXHOCTL —
MaJNo 32BHCIT OT MAKPOXApaKTepHCTHE NoToka. Ok onpejiensiercs raan-
BN OOPasOM HETEHCHBHOCTEIO MHKPOMACITAGHOH TypOYNEeHTHOCTH HiTH
BENHYNNON CABHIOBLX YCHAHA B MaimX snemenrax obwema, conocra-
BUMEIX 00 PB3SMepam © YACcTHUEMH JHCOepcHol dasn, K. pauuoli rpynne
CACAYET TAKNEe OTHECTH CAYHAH, KOTA# BLIDABHUBANNE KOHUEHTPAILHA
PEATHPYIOIHX BEIECTR HA MAKPOYPOBHE HEJOCTATONHO ANS HOpMANL-
HOTO OPOTEKAHHA XHMHMECKHX PEAKIUHT H CYUECTBEHHYIO ponb HrpaeT
CROpOCTL NogBaia HAM CTBONA BEULECTR HA MHEKpOYpOBHE, BOOTE JO
paccToauiti, Ha KOTOPWX DPOABJARIOTCA CiJIBL  MEMMOJeKYAAPHOTD
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Puc. 1.0, TEINIECENS FEACUEA W XAPALTEPNCTHEN NOTOES NpH nEpeMcilinan g .

paaumopefcreng. Xors cun]{;ucm nepeRoca B saeMedtax ofinema croib
MAZABIX Macurratos (RENEHHH MUKPOCMEIENNA) onpeiensercs 8 nepayo
ouepelb GHBUKO-XHMHRECKHME CBORCTBAMM CDRJL H Al thy 1L pIOLILTEX
BEIMECTE, HA HEE OKASHIBAET BANAHHE H MHKpOMECIITROHAA CTPYKTYpA
NOTCKA.

Tperwio rpynny o6pasylor anjekis Tenno- H MmaceoofiMena Ha Tpa-
HIlaX Pa3fena MHIKOCTL—KOPOYC annapara, KUAROCTL —BHYTPLEHRE
yeTpoficTBa, MHAKOCTh — B3BCWICHHLE YaCTHIW, KANAW, TySbpbKH.
OctoBlice BANAHIHE HE CKOPOCTh NEPEHOCE TENOTH HITH BEULECTBE LpPH
STOM OKASKIBEIOT XAPAKTEPHCTHRKH NOTPANIYHOrD G0N, KOTOPLIE IABHCHT
ot yeaoeufl TeYeHus nepeMelnnBacMoll cpeNt B HEnocpeactserioll G-
30CTH K mexdasznofl noBepxHOCTH.

« Bo seex paceMmoTpenibiX cnayuanx HuTeHCHQHKaUWA TeXHOonorive-
CKHX NPOLECCOR RBNSETCH PESY/ILTATOM TEYCHHR KHIAKOCTH B ENNJparte,
oiHaKe TpefioBaiia K XAPAKTEPHCTHKEN NOTOKA H KONCTPYKLNH anna-
para MoryT GHTh Pas/ANYHBIM B 3aBUCHMOCTH OF OcoferHocTell HNTeH-
CHAMINTPYEMBIX ABNEHNH 1§ XapaKkTepHoro fas uiux maciiraba (puc. 1.1).

1.2. KORCTPY KTHBHOE OQOPMAEHHE NPOLECCA
NEPEME IIHBARHR

Tpasuuponnui B 060pYIOBARKA NN NEPEMELINBANHA — BEPTHKANb-
pefl REAPHYECKIR ANNAPAT © MELANKOK, OCh BpaieHHs KOTOpoil
cosnanaer ¢ ocuio annzpara (pre. 1.2). Taxan KoncrpywTuBHAS CXEME
panfones patilopa/ipna; OHa cnomuaach Gonee JIByX THCARY T Hasan
W 10 CHX MOp HE npetepnena NpHRIETHANLHEX Hayexenii (pue. 1.3).

B Hacrosuice BpeMs B NPOMBIIITEHHOCTR NPHMEHAOTCA PasnHunNbLe
MOLHQUKZHHA ANNSpaToR iR mepemelnBannn. O0sesM annapatos
¢ semankami cocrasnaer or 10 o 1o 2000 M*, Hapecrnn yerpoiicTea,
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e, 1.8, Caesn annapata < AR H-

i mpimag;, § — etolea ppaEnony. J yEAGEfenbe nanh; 4 —

o MmiRaEe; §— xopnyc: f — oBppa annapate {zannd. 7 T
rRBARER DYDOWKA: 4 — GTPAMATCRNIAR Heporapoir 3 — we- ]
warwn; 10 — s nepelinaunnLun

plecneHHBAKILHE nepeMeumpanne B GeToHHBIN : -7
coopyReHinY O0TEMON HECKONLKO COTEH Thi-

caq wyOuuecknx serpon. PaspaGoran taae 3
PR CHEUMBIBERX YOTPORCTE AAS NEpeMeii-
papI (NeT/IeBEE PeAKTOPHW, craTHueckue eme 0 Hf
cureny, nagnerapusie vewaikn i T. m). On-

flako B nonaBnmwoen OoNELIUNCTEE ChyTaes .
KOHCTPYKIHA 2NNapaToB A NepeMeiiBauny

COOTRETCTRYCT TPARHUNOHHOR cxese,

OcHOBHLIMY TEMEHTAME TAKRX annaparos 7
ARMRIOICA KOpIyC, NpRACH, YHACTHEHRHE, Bas
i oMelwanKa., KOHCTPYRKIUE 9THX SIEMEeHTOBR
ACCTATONNIO JIETANRHD OUHCAHEN B QNP BOUHEY - )
nocofuax 12, 31. B nacroswen pazpene npu-

BORATCA TOALKO T¢ CUEIEHNA, KOTOpie Heol-
XOMIME TIpH  BLGOPE KOHCTPYKTHBIONO BapHANTa &UNZpata nphume
HETENLHO K TpeboBaHHAM TEXHOMOTHYECKOTO TpONEcts.

Kopnye annapaTos TPEAHUNOHHOH HOHCTPYKIUNH HMEET BEpPTHKaAb~
EYIO UBAMEApHYuEcKYio ofedaiiky, KpHIUKY, M8 KOTOpO# ycTauasal-
BaeTCA NPHBOL Menankd, H juuue. B kauecrse Martepnana ropnyca
HCOONBRYIOTCR ©TaMl (YRAEPOUNCTLIC H JIETHPOBAHKKE, 3 TAKKE JBYX-
onofinme), amoMIHEH, THTAH B ux cnnasst. Kopnyea annapaTtos, npen-
HasHEYeHHLIX JUA o0OTpeBa OTKPLTHM DAaMeHeM, HHOrIE H3roTasin-
Basor 43 uyryua, Jlan sautityn) MaTepHasa KOPNYCa OT ROPPUsHE IHPOKO
HPHMEHAIOTCA  HEMETALTHIECKRE NOKPWTHA — (YTEPOBKE XHMHHECKH
CTONKHME KEPAMBYECKIMH WA PESHHOBBIMI NANTKEMH, (TEKIOAMANI-
poBaIHE, IYMMHPOBAHIE, TOKPLITHE JAKAMH H SMANRAML. Arrnalm'm.
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J:n:. .4, Kopaye annapdrs ¢ pylatimofl uy noayrpyGud:
— KPPy annaparn; ¥ entyrpyhin: 1 — opemapeoli seenny wa TRYTIW DOMIOTD TPOGITR,



paboyee MSRNEHHE B KOTOpPHX ominygercs or atmocdeploro, Kak npa-
BILTO, HMEIOT SAAKOTHYeCKEE Hue o kpuiwky. [Ipe pabote npH atmoc-
diepuon gasnenun (snoj vanHBy) annapate cHAOKAWTCA NAOCKHMH
AHHnEMH B KPRINIEaM. KI}HI!'-IECHHE AHHUA HCRONBIYIOTCH B &t napa‘rax
CNOJL HANAES B TEX CAYYAAX, KOTA HeohXOAHMa NepHOIHYECKan Burpy3Kka
BAIKUX MPONYKTOR MM OLICTPO paccaanBamiunxes cycnensuii. Che-
AYET, OJHAKO. 32METHTh, YTO TAKAA KOMQUIrypauu| AHILLE SETPYAHAET
(EpEMEIHBAHNE § CNOCOOCTBYET HAKANANBAKMIO YACTHL B MIKHE]
HaCTH KOHYca i 3a0iBke BUNyckHOro narpybra. Ewe omin HenocTaTok
BNNBPATOR ¢ KOHIHMECKIIM JTHHILEM 32KMOUAETCn B TOM, 470 ofuem nepe-
MeHRaeMoll CPENk HUME YPOBHH PECNONCKEHRA MEIUANEN B HHX 3Ha-
yHTenbHO GONBHIE, %eM B annapaTax ¢ AHHLEMH ApYrax THnoos. Tlph
ONOpOMHEHHI BNNAPATE NEpEMEINBAHIE NPUKPAllasTCa nocle obia-
HMECHHA MEiUanyKH, 9To II]‘}IIBOJ'I.IIT K OTJ0KENn0 GoNBILero Koanvectnsa
OCHNKA. YUNTHIBAA TEKMC NOBHUIUBHIYIO METBIAJIOEMKOCTH H TpYIOEM-
KOCTH H3DOTOBJEHNS ATNADATOB C KOHHYECKHMA AHHILAME, HX npHwme-
HEHHE MOMKHO CHHTATL ONPABAZHULIM TOABKO B OTrpAHHYEHHOM YHCAe
crnepManLuLX  caysaes (uanpimvep, npH HeoOXOMMMOCTH JIEKAHTAIHHN
HECMELTHBAIOUIMXCH  MHAKOCTEN WAR  CYCNen3fii  HusKofl  KOHISHT-
pauHi).

Kopnyca annapatoB Moty GeiTh NeJbHOCBADHMMH HIH © orhemiof
Kputikoi. [lpiMeHeHHe OTBEMELIX KpPbILeK JUIA Kopnycob Goablioro
AHAMETP2 CHNTAETCA HENENeCO00pastM, NPEMIe BCEl'D [3-38 NORLILe) -
HOTO pacxona Meranns, TPyAOceMKOCTH usroTosnenns duiaknes Gonh-
HIOTO AHAMETPaA H WX ynhorhenks. BosMomnocTs RHYTPERNETO OCMOTpa
H HHCTKH anpapara, a Taxke coopkn it pastopKA Melwanok i BEyTpen-
EHX yCTpoiicTs o0ecresnsaeTcs B 3TNX cAYHanX NyTeM YCTaHOBKN NIOKOB
ADeTAaToRHo BONBINOTY pasMepa.

Ha spuinike paamemtaores narpyOKH, npeiHasHayequne aas oou-
BOJ2 M OTBOJA BEUleCTB, JNA YCTAHOBKH KOHTPONLEO-HIMEPHTENLHEX
npuGopor 1 T. n. Paameuenne narpyGKCE HE KOpOyce aniapara menee
HENATENBHO.

Jlns nojeojla WAH OTBONE TENNOTH KOPNYCa annapatos cHabXaoTcs
tennooiMenttmiE  pyGawkamn, Yaue Beero HCNoNB3IYOTCA TAANKHE
Eﬁamxu. noBTOpMiouMe opmy EKopnyca annaparta (em. pwe. 1.2).
Hepsay ¢ opuBapiuaMil B OTASNBHLEX CAYHARX NIEMEHAKITCA CLEMHME
pybawki (manpumep, cTanbHEe pyOaLIKH THTAHORLIX ANN&paros).

pn nasnenun tenaonocutens >0,4 Mlla 8 ceRsn ¢ neacctaTotnoh
MECTHOCTEIO rnangHx pyGawer annapatw obopyaywncs pyGamxanis
u3 noaytpy6 (puc. 1.4). B srom caysae noayrpyba obmmno npnsapi-
BAETCA TONBKO K HHAHHApUMECKOR 4acTH Kopuyca, 2 suannTHYeckoe
AHHULE YaIle Beero cHaGHEeTen HapyKiusM SMEERIKOM 13 TpyOK nosHore
CEUEHNA.

Ipusonom nepemelunsaouere yerpolicTea npakTHUECKN Beerd chy-
AT SACKTPOIBHTETENb, CORIMHEHHLA ¢ BANOM MEULIANKM NpAMCl nan
noamxaoiiefi nepenaveit. lpaMan nepefaua BCTPEYAETCA CPARHHTEALHO
PEAKO; OCHOBHEMI OONACTAMI €€ MNPHMEHCHHR HBAAKICA annaparth
Manoro oOnema (menee | MY), nepeHocHEe MEINAIKY H aNNaparthl ¢ 3Kpa-
HHPOBAHHLIM SEKTPOABHFETEAEM.

n

Paee. 1.0, Cxestp aniapats © wepkyAnigionsoll TpyGoll n onpoumfoRaNELis
O T POURINGRO M

| — Bpnye 2 — uMpEYRRUUCHNES TPYON; & — MOwAnKE © niaom i i |
RIRTOBRRME JADNsCTRME, ¢ — SREREN Dol SAENTRCGARNTATEND.
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OKpanHpOBaHHLIE SNEKTPOIBHTATENN HCNONLIYIOTCA |
g KAYECTBE NPHBOAA aNIapaToB, NPELHAZHEYCHHBIX LMIA
nepeMeliHBARNS TOKCHUHLIX, BIPLBO- H NOMAPOONSCHEX
BOIIECTE NpI OOPHLCHHMX fgapnenngx. Mexay pore- 3
poM M CTEfopoM 9ruX aenratenell pacnonaraercs SKpa-
HUPYIOUWER CHAL3E, TepMETHYIC CTIGTRIDUIAR 30HY CTa-
TOpa OT MOAOCTH POTOPE, COEANHEHHOR € BHYTPEHIHM 3
APOCTPAHCTROM ANNapaTta. Annaparhl ¢ SKPaNIPOBAHHEIM
NEKTPONPHBONOM TMEIOT BHCOKHE HACTOTL BPaUeHNHs
pana (1500—3000 of6/muE) n caabmaioics MEINaaKaMu
nefoabiuoro fuaverpa. Ban mewankn ans obGecnevennsn suGpoycrol-
HHBOCTH HENAIOT KOPOTKHM KOp[l‘yC E.IIHEIPHTH OBLIYHO HMeeT HHTHH}"I‘}I‘TO
(opmy, BHYTpH &N0APAETE YCTaNABINBAETCH HANpaBasuouian Tpyba
(puc. 1.5). [lpu pacnonowenun npHBOAA #3 KPHIUKE annapara Kosd-
uirenT 3aNOIHERRA annapata fomwen Gtk 07H30K K ennmnne. Hiw-
Hee pacnoNKeHHe SKPAUNPOBAHHOND NPHEOAE NOSBONAET IKCNAYATH-
pOBaTH annapars ¢ Mano# BulcoTOfl 3EBNOAHEHHRA.

JLNA yMERBUIEENA YACTOTH BPAILEHHA MEILAAKH N0 CPEBHEHNIO ¢ Ba-
JOM SVIEKTPOABHraTela OpHMEEAIOTCA PEAYKTOPH pPasHuHLX THNOR.
B oreuecTBeHHOR NPOMEILNEHHOCTH Bapfionee PacnpoCTPAHEHE! ey K-
TOpE € NJEHETEPHOR NEpelaqel, ucnonb3yemuie B coyerannn ¢ duian-
HEBLIME MEKTpOABHTATENAMA (MOTOp-peaywTopi). Hacrora ppaiicHus
BLIXOANOIO BAJA CEPHAHMX MOTOp-pefykTopos jfocTuraer 315 ob/mom,
MOUHOCTE — oT 3 1o 132 kBr. locTouncTsa nnayerapnux peayKropos—
KOMNAKTHOCTE W OTHOCHTENBHO Hefonbiioi Bec. OIHARO NOMNMAHNKH
BHIXOJIHOTO BANA NNAHETAPHHX PEJLYKTOPOB HE NpHCnocobneHs K Boc-
NPHATHIO 3HAYHTENBHEIY OCEBLIX # PAAHANBHEIX HATPY30K H BaN MEIaJtkH
YOTEHABJIHBEETCH Ha OTACNBHEIX NOMUHNHIKAX, pasMellaevblX B cTofixe
npisopa. CoeluHesHe BaAa MOLANKH € BANOM MUTOP-PENYKTOpa OCY-
IECTRAfETCA nocpeacrsom  ynpyrofi mydrd. OGuYHO npHMEHAIOTCA
KOECOMBbHLE BANL, ONOPpaMH KOTOPLIX CAYMKAT ABA NOMUANHIKS CTORKH —
pamsaneho-ynopHEf  (BepXunAK) M papHanbHul  (HuMHIH).

Opsoonopesie cToffkl HCNONBIYIOTCA B TEX CAyuanX, KOMa Ban
Meaaky cHaGxel KONuepoil onopoli — MOAIANHITKOM CKONbAEHHH,
VCTaHOB/IEHHLDY HA funuie annapava. Takofl enocof yCTZHOBKH Bana
JonycTiM Npi neépeMeliiBaNiE Cpell, KOTOPLIE HE CONEPIKAT BRMOYCHNI,
BLUSHBAICUIRX nosuilelHEl N3HOC TpyiuKxes netanell. MaTepinanoM Kol-
LEEHK ONOp CKOMBMEHHA MOTYT CHYMHTL ¥yryH, Gpousa, ¢roponaacr,
PESHHA W HEKOTOpLIE Iy FAe MATEPHAML C BHICOKOH H3HOCOCTOHKOCTLIO.

Henonssopanke npHBOACE PACCMOTPEHHON BLILE KOHCTPYKIH, Xa-
PAKTEPHIYIOUEXCA COOCHBIM DAIMEILEHHEM STERTPOJBHIATENR, PELyK-
TOp& n pana MelsNKH, BL3KBaeT yaenfmenye ofiilel sucoT annapara.
JT0 cospaer onpenenciisie Heyiolersa npu oficaymusassn o6opyo-
nﬂnmf N DPHBOAHT K YOENHYeHU BRICOTH NPOUIBOLCTREHHNY NOMEC-
HLEHILE, NOTOMY B NOCAEUHIE FOL NOAYYAIOT PACNPOCTPAKEHHE NPHBOALL
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C napaiaesbEWM pacrnofokelileM ocefl BANE ABHrETeNs (MOTOp-peiyK-
Topa) W sana mewanxn. JLna nepenaun BpamenHs K Basy Mewankn
Henoapayercs  ay0yaTas HAN  KANHOpEMEHHAR nepefaya.

Knunopementine penykropsl o6naadior paaoM AOCTOMHCTB, OCHOB-
HEIMH H3 KOTOpEIX sunsoren Gecilymiuocrs pabots 0 npocrora obcay-
wupanis. OfHAKO OHII DPUMEHEMLL NPH EUZKHX NEPESTOUHLY OTHO-
wennax. Kpome toro, npu Ux HEnons30nanii HEOOXOAHMO BPHHIMETE
CHEUHATLENE MEpPHL N0 NPEACTRpALEHING ofipasoBania CraTHyecKorn
ANeKTpHYeCTBA.

Fepumerisanun annapatos © MEWBIKAME OCYUIECTRARETES NOCpen-
CTBOM TOPUEBEIX, CIALHMKOBLIX H MaHMENNWX YNAOTHEHNH, a TaKKe
MNPO3aTROPOE.

Topueskinyt ynaoThemissn cralmaiores o6LYNO ENNEPATH, TPEn-
HasHAYEHHLIE INA DEPeMeliNBAHNA TOKCHYHEX W B3PLIBOCNACHEIY Cpell.
CCHOBHLIM Y310M TAKOrO yNAOTHEHIA CAYIKAT B3 NPHTePTLIX KOALUZ —
NOABIAHOE (KaK Npasnio, CTANLIOE) 3aKpenfie noe ua pany, u nenojl-
pHAEOE (00LIMMO M3 yraerpaiita), yeraHORAEHHOE B KOpHyCce ynaor-
nenis. Henpemessnnm ycroppem sanesnoll pafiot ynaorsenns me-
JAETCA HENpPepLBHEN NOLEYE YRACTHAIOULED RUAKOCTH B 3830p MemAy
KoAbiAME. K ynnoTHRIOUMM KHAKOCTAM NPEALSBARKTCH B3 OCHOB-
HHX TpefioRaknn: 1) oMM JONMHN COUTBEICTBOBETE KOPPOSHOHHOA
CTORKOCTH Marepnana ynnoTHeRns H 2) nunanadue HeDOJABUIIE KO-
YeCTB MKIAKOCTH B annapat He JIOMKHO OKashiBaTh OTPHUATENLHONO
BANAKMA HE X0l TPOUECCA HAH KAYECTBO NPOAYKTOB.

Annapatel unA NepeMEHIHBARNA HETOKCHUHLX H HeB3pLBOONACHLIX
AMEKOCTER DPH HEBLCOKHX Lapienuax (no 0,6 MIa) ceabmaor cansun-
EOHLMY YOAOTHEHHAME, NPHMEHAIOTCH TAKHE MAHKETHHE ynIoTHenis
1 riposateopi. OrveTns, YT0 rHAPO3IATBOPE NONYCKEKT Bonee BLICOKHE
YTZIOREIE i pajnanbuuie GUestus BAN0B, YEM VILIOTHEHNA ApYTriX Tinoe.

Jonropedsocts YOAOTHEHHA aNNapara # NOJUHOENKOD CTORKY NpH-
BO@ BO MHOrOM 38BMCHT OF DNpaBHABHOCTH BLIOOpE AMBMETDZ BaNE,
KaYECT8a erd N3TOTORNEHHA # MONTama. OnuT NPoeKTHPOBEHNA BNNapa-
TOB NOKaSLIBAET, YTO AWAMET) Bana B GOAMUIRNCTEE CAYNEER onpeye-
NSETCH HE DPOYHOCTLIO, & XapaRTepHCINKAMH BHOPOYCTOHYHBOCTH.
HanGonee onacen pesmum paboTe, NpH KOTOPOM HaCTOT3 BPImeHus
pana Gnuska K yacrore erc ceoloanux konebaknf.” B 3amucnmocty ot
COOTHOMIEIHA YaCTOTL BPAWEHNA I COGCTBeHNOl YaCTOTH Balkl nepene-
UIHBAIOWNE YCTPORCTE MOTYT G1Th sTHOKIIMEY (H4CTCTa Bpallelina Boiile
CaOCTBEITHO) WA SMecTRIMEN (Y8CTOTa Bpawenun ke cobcTEen oI,

*Jlna annapatoR ¢ Memlankamil TPAMMHONHON KOMETPYKuHi HanGo-
JIee X@paAKTEepHO MPIMEHEHRE ©KecTKHXy Banog. OTHOMERHe YarToTH
Bpeuienns K coGereensofl wactote takux sanos e smine 0,7 [4, 5.
B omnensnuix Coysasx HCHONLIYIOTOA ANOAPATH ¢ HIMHAM HAN GORO-
BEM BBOAOM Bang. Taxne KOMOTPYKIHH NPHMEHAOT rIaBHBEM 06pasou
TOF/A, KOIIA TPAAHINOHHOE PasSMEILEHHE NPHBORE NO KAKHM-ARGO npi-
YHHEM HEBOIMOMKHO (HanpHMED, B GamiEAX 147 OTGENKH HeAN0Nosn).

" Bonpoow onpefencinst uncroral ceooMnex  woaeBaunll manow  {eofcrseiod
HECTUTE) MEURDK sCraeoeaitt n pafiorax |4, &].
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P, 1.0, Memangu, WEADARIYEMLLE AR NEQCMOWMALINA BRIKNN CPON:
8 — peaTodnan; & — AeNTONHAR ©0 clpeddidil 8 — CEPEoKOGEN; & — i ERORGN C HANEandmi-
ugef TrrytoR; I'= wrsuem;, 7 — sonactk; 3 — cupeliod;, 4 — wanpihgEoUng TRy,

KOBCTPYKTHBHEM SNEMEHTOM, HENOCPEACTEEHNO nNpenasHatTen b
JTA NPHBEACHHA HHAKOCTH B BLLHYHICHIIOR \BHMKEHIE, CAYKIT MelanKa.
Koudurypaiuuy Memanky 44cto npnAaercs H3NRe BaKHOe SHaNenie,
M 3TO npHBEso K Oonumomy pastooGpasmio koucrpyruufl. B neficran-
TENLHOCTH e COAAAHNE HOBHIX KOHCTPYKIHI MEWANOR AN HX MOAHGH-
Kaumil, K&K Mpasuno, Hepanuoranwho. *[IpaKtiké noKasuieaer, 4ro
GONBIIANCTEO 38087 nepeMeiliiiBaHiin  Moxer GuTh YCMEUHO  pelieHo
NyTeM HCMONLICBAHHA OTPaNNYEHHOID YHCAE8 KOHCTPYKUHN MeUaacK.
[Tp# ITOM /18 OTAETLNEIX THNOB MEWANOK CYUWECTBYIOT Hanbonee xapak-
TepHEe O0RACTH OpHMEHeHHR H JHANaSOHE TCOMETPHUECKHX COOTHO-
wenni. B €acTHOCTH, AR NepeMEIUMBAHHA BHICOKOBASKHX Cpel npH
JAMHHAPDHOM pEfHME HX TeqeHId NpHMEHAICTCA OOLIED NHERKOBRIE,
negrognue # ckpedwopwe mewansn (puc. 1.6). llkexobwe mewanxn
MOryT OPHMEHATHECR B COYETaHMH ¢ HanpaenmoueRt Tpylol. Cxpelxo-
BHE MEWANKH MCNOTBIYITCA HONTH HCKMOUHTENLHO [AA HHTCHCH-
uinanun TEnnoODMEHE *; CKPEGKH 3EKPENNAIOT ¢ DOMOULID LWAPHH-
poB wan npysud (puc. 1.7), obecneqiean TeM CAMbIM NAOTHOE NpHAC-

* CxpefKOoBEE NEWBTKN NPHMERMOT TAIGHE 0 Npil TypGyarmTioM pemine. B smix
CAYMAAX RCOOABAYEICA NPEHMYIMECTECHHO KONCTPYRIUNA, ToRAfmman wa pue. 1.6, &

Bud A (robépsymo)
I

e

ko5

PUE. 1.7, Cxemia spennenne ckpetaa: )
8 = Wapnmpuae; 6 — o opyscrng; [ — copEsorTATKEEe WYSHes, §— paneq mapiaps; 3 — nide
CTY I -Or DU HBUTER b EROPOTA CRPEORA; §— NABETHWE: § — CRpROOK; € — cyenkd anmspamn, 7 —
BEPIMKANERIR WThiCD] & — WAPNHPUAR DofReCKn; 5 — WPy
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Puie. 1.5. Mommae, wino. e 148 nepesds
mRREn WHANACTR) cpognedl BRaKOCTIE

I — pany 2 — sxophas wEukiva: 3 — pisiag
WAt

raHHe HX KpOMOK K CTCHKe anna-
pata. B kpynuux annaparax ckpeb-
KM YCTAHABWBAKT HHEOIRa B CO-
YeTauu ¢ menrtounofl  MeanKon
(pne. 1.6).

KOHCTP yKTHBIEIR THOK MEWATOK, NPHEMCHSEMEX A07 NepeMelliBa s
Cpefl Manoh u cpeateli BASKOCTH NpH TYPGYNEHTHOM DEXHME, TOPASI0
Go7ee MHOTOYHCAEHN,

o senmunne oruowenns pagnycos annapara § vewanku R = Rir
MEWANKH MOAPASIEARIOTCA Ha nBe Karteropit, Slkopwe o pamubie
mewankn (puc. 1.8) npumessiores npr snawenuax R = 1,06-+1,25 *,
RX NPHHSTO HCNONBIOBATH JUTA NEpeMeliHBauns MuiHocTell noBuiIen o
BISKOCTH, OCOOEHHO B CHAYYaAX MOJBOAA AN OTBONE TEHACTL qepes
pyfamry. TIOCKOABKY CKOPOCTH HAKOCTH BOJAHAH CTEHKH annapara
yBenuHBaercn ¢ ymenmennem R (cm. paznen 2.1), opuoit nz ofnacred
OPHMEHEHHA AKOPHLIX H PAMIBIX MEIIANORK ABAAETCH TaKKe nepeme-
WHBake Cycnensui wacruy, ofnasgouiy CKACHIOCTHIO K HaTHNAHT0
HA CTEHKH.

Ko sropofi kareropin orhocsiten AonacTHue, TypGiHKbE # Apyrie
Melank, ucnoneayemue obuuno upn R = 1,5. Ha pue. 1.9 u 1.10
HIOOPAMERE! MEIIANEN, PAITHYAOULEECH CHOCOGHOCTLIO COSAABATE MEp H-
mogansuoe (ocesoe) UMpRySAUHONHOE Tewenme. B annaparax Ges
BHYTPEHHHX YCTPOHCTE NPH PABHLIX 3HAYCHHEX OTHOWEHHS OKPYIKHOM
CKOPOCTH KPan JIONACTH MEWANKI it o6TeRAINIeN 66 MUAKOCTH MeanK,
mﬁameaﬂim ha puc. 1.9, ofecnewnpaior unpRyAaunonusil pacxon,
NPHOAHSHTENBHO B [Ba paza Gonbwnfl 1o CPABHEHHIO C CO3AJABABMLIM
MElIanEamMi, noxasaumumi Ha puc. 1.10. Crenyer, olHako, HMeTh
B BHAY, NTO yKasauuoe pasanyNie 8 OONbIUHHCTEE CIYMEEE HE HMEET
NPAKTHYECKOTO 3Ha4YeliA, TAK KaK CKOPOCTE OCEBOIO 1OTOKA B anna-
PETEX C MEWanKaMn paccmarpusaesuix rpynn ez 1—2 nopaaka nixke,
HEM CKOPUCTE OKPYXXHEOFO TEUeHHS, HFPaIoWero ocosuyw pons. B npe-
NENaX KEWJIOK HI TPYNN JIETAAN KOHOTPYKIHE HE OKASLBAIOT 32METHOrO
BAHAHHA HE CIPYETYPY noroka. Tlpn pacyerax MOULHOCTH, NOAR CKO-
pOCTEH H T. . OKASLIBAETCA NOCTATONHEIM HONONB3OBAHNE KosddmpienTa
CONPOTHRJACHHUA MEAAKH **, KoTopbifl paccuiThiBaercs, HCXOAR N3
reoMeTpHe nonactedi, u B uHTerpansHoll opme OTpEKaAET OCOGERHOCTH
B3&HMOJIEHCTBHA MEAnKy ¢ NOTOKOM.

I10 He IHAYNT, ORHAKO, UTO BOE SANEYH NEPEMELTHBEENA MOIYT OHTh
Pelielsl pH HCNOAB30BAHHN MEWAAoK ofnoro Tuna. B ceasy o Tem,

*B SMATNPORAHHOR ANNEPATYPE MEDATEN STHK THIOR TIPHMEROT JB¥ImE W PH
tooTHowHERX R — 1,5+ 2,

** HDnn Meumdion, acermx 1A pHe. 1.9 5 1.10, sosbduies T conpoTimaeiH
l:mmn!nr\nr ot 0,56 a0 23,5, nogpolue STOT BOTIPGC PACCMOTPHABETER D pas-
Aene 2.1,

I

Pie. 1.0, Melsdaml, MenolsayeMue npH orHomziung K 3 1,5 u xapagrcpuaywouiives Gommel
HHPEYAH G0N (PTG TATEARH AT

& — putvonns  [(MROMEAREPUAR); 6 — TPEXAORECTHANT # — WECTRACHACTHSN, & — ROYIACNTACT.
HAK; @ — ARipUTAN TYpOEHEL,

Puc. 1.00. Meminaun, WCnOTLIYEMIEE DN OTHOMCIHAR T o LB M EapaTepueyiulecs  Mesihe
el M pRYAKUMOETON 1POHARO LN TEARIOCTRIO

@ — uMpmanepuaw; O — AEYRACONACTHAS © BRePTHERRLTRWWE SOTACTRMIG 7 — TYphunan & —
wneTk=saf (feaiime KoTeecs).

yro Hebop CTaHNEpPTHKX YaCTOT BpAIENHs, MOULHOCTEH H KpyTAULIX
MOMEHTOB NPHBCAOB OLPAHHYEH, OKAZKBAETCS LENEC000PasHLIM IPHMEHEe-
HIE MELIEN0K ¢ PA3IHTIEMA 3uate AN KOhDIIHenTa CONPOTHRASHHA,
LenecoobpasnocTs HOCNOABLIOBANNA MEINAMOK TEX i/ HHBIX RORCTPYKUMH
YacTo ONpeNnensercna TaKme
DCDﬁEH HOCTAMN TEXHONOTHI
usrorosmesnsn. Hanpumep, opu
FYMMHDOBEHHN HANI SMATHPO-
BAHHH MEILANOK HanHYHe ocT-
PLX YINOE H KPOMOK npenst-
cTeyer olpasopanie Hanem-
HOrO  nORpuTHE.  YaoOHLIME
ILAA ryMMAPOBAHNA OKaswRa-
OTCA  TonacTHHE  MEelnankn
(pue. 1.9, 1.10), a2 ana smami-
POBAHHA — MELIBIKA HI3 CITIIO-
miennwx TpyG (puc. 1.11).

e, L1, Smanmponbiiiue MeniRanie;
o= pMpieLnepnan: 0 — TPexAOnactHon
FO CIpenos i IHLS Kpentenied nonaceei;
B — TpeamOnRCINes; & — AUYLOOIOCTHER]
H — AnYXNnsecTEES € HANIDEERME [0
MhoTaMp, ¢ — sioguon,




B rpoMBILIAen oot HCNoALSYIOTCR H Meanky Goiee y3Koro HaiHa-
uweriw. B nocaepnne roaw nonyuwna pacnpocTpanenie Tak pasuipBae-
man pesepuas memaaka (puc. 1.12), npeacrasnsionias coGoll guck
¢ nonacramy B popme 3yGios. OcobeHHOCTh TAKHX MEEN0K — BHCOK e
SHANEHNA PASHOCTH CKOPOCTER ADHACTEN MeHlafkKH M nNoToka obTeran-
el HX KuAKOoCTH, OCHOBHAR OGABCTE NPHMEHEHHS — NPNTOTOB/EHHE
TOHKOJLUC OepeliuX . kKomnosunuin, llna npogeiedus npouetcoy pacreope-
HUA Tasos HACTO HCNOMBIYIOTCH YCTPOACTEA, COCTOALLHE M3 MEWaJK:
(o6uuno — sakpreran TypOunnan, pic. 1.9) w nanpasasiouero annapars
© Boanywaoi Tpy6oi (pne. 1.13).

3a nocnenmne QBANNATh JET B NPAKTHKY NepeMelinBannn N3 HOBWX
KOHCTPYRIWHA Opouie BOLINY TONLKO (PE3EpiLEe Memanky 1 sMannpo-
BAHHLIC MEWZAKN I3 COMOWERHHX TpyG © H30THYTHMH JIONACTAMMN
(pue. 1.11), wasumaemsie wHOrRE nMmnennepunivmi. Cnenyer saMmeTuTs,
Y10 Pe3YALTATEL IKCNEPHMENTANLELX PaloT, BLBONHEHHEX HE38BHCHMO
B paspuy JabOpaTOPUAX, NOKA3ANH, YTO HMACHAMEPHHC MELETKH 1O
PhesTHRHOCTH HE OTAHYAIOTCA OT MEIANUK C NPAMEIME JONACTAMH,

HMerescusnoets nepememinsanna 8 snaunrensiofl mepe saepmcHt OT
HANHYIA TEX WAK HHLX BHYTPEHHEX HenOABIKILIX yerpoiicTe. To dynk-
HOHATBHOMY HAZHAYEHNID 3TH yoTpolcTad moryT GWTh NOAPa3jeNeHk!
Ha Tpu rpynnei: 1) yerpodficrea ans opreHHsauny nortoka; 2) tennool-
MEIHLE YCTPORCTBE; 3) TEXHONOTHYECKHE TpYGONPOBOANt, 8 TAKMKe TpyOn
AR PasMEEHH  KOHTPOABHO-BIMepuTensusx nprbopos.

Han opraunsanun notoka kanbonee YacTo HCNOABIYITCR OTpama-
TensHLe neperopoaki (pac. 1.14). Llensic yeraHoskH OTpaMATeNbHBIX
REPETOPOMNOK CAYKHT HIMEHEHHE CTPYKTYPH NOMA CKOpOCTER — yMeHb-
WEHNE OKP YIKHOA cocTarngiollell CKOPOCTH NP CODTRETCTBYIOWEN yBe-
Juuernn ocescl B pagHanekof cocraensmiowx. [Tpenmyulecreenno
OKPYHHON XApaxTep ABHMKERNA nNepeMennigaemoll cpeint B Annaparax
Ges BRYTPENHHX YCTPORCTE B PAJE CAYNAES OrPaNHYIBALT BOSMOMHOCTH
METEHCHUKAUNY OCpeMelliBaniA BCARACTEHE OOPasoBatia BUPOHRH.

-

. S

By

Puc. 113, DpesepEas wemniue,

i
I — crarop:; 7 — porop (aumpaoren TYpOHMERE smemangR); 0 — sectyiikas Tpyds.

fuc. 1,13, Yorpoficteo gmn ncacumanin M CTEpTEDORGEN Ta20:

Puc, 104, Croesa passetienin o Tpoma T geperopotos B annapstes
I' —wopnye: § — grpasatenbuas (TEPe DPOgKE,

L]

0
8
)

Y

—5 =t <0 %o

Fut. 105, Cxemul oTpssarersi
i, i — € NpHMMME SOMACTEM, & — & HACTWFTHWE AOnacTRie, &

perRoef parEul pTHE REtEn.,
[Tpy nepemeuIMBaHi B CHCTEMAX 83 —HIHIKOCTD ORPYHOE JBUHENHE
NPHBONKT K cEnapamim ny3aLpbKOB ra3a i CKanTHBAEII0 HX B IEHTPanD-
noif sore annapara BOMHaN Bana. TrAmenkie TBEPALE S&ECTHUL TaKe
MOTYT CENapHpOBATHECH, CKANNNBAACE Y CTEHKN annapars.

O6uiuHo OTPEMATENLHEE MEPETOPOAKH NpejcTaBAnIoT coboil naocKue
AAGCTHHG wrprEoR orono 0,1 Auaverpa annapara, ycranoBJeniue oce-
CHMMETPHYHO HA HEKOTOPOM PACCTORNKE OT cTenKn kopnyca (0,2 nmpyi
neperoponkn). B annaparax ¢ geMerasiHSCCKuMM NOKPHTHAMY (3%a-
ANPOBAHNEIE, (YMMHPOBAHHHE W T. 1) PONb OTPAMATENLHEX NEpero-
POAOK BRNOJNHAKT oTpamarent (pic. 1.15), 3akpenanemsie HA KpHUIKe.
JINA ROBBHUEHHA MECTROCTH npi AeHeTBIH THAPOAHHAMHYSCKHX HAIpy-
30K OTPAMATESN HTOTARMIBAIOT 13 TpYO. Yeennuenine a000B0R nAOMaNH
CTPAMATCACH € HEAHI0 YCNAERAS HX BO3ACHCTEHA Ha NOTOK JOCTHracTCA
KaK CO/UOUINBANNEM TPYO, TAK W MPHBAPKON K HHM JACOOMHUTETHHMX
aneserror (pre. 1.15). B HexoTOpIX cAyianX OTPaMETeNH BBOAT Hepes
canpuik. C uenso uaveHennsn no00BOR NACIAAN OTPAMATENN B page
cayqaes nengior nosoportump. Orsernv, 9TO WamMeHenie MOULHocTH
B PESYJIBTATE HEMEHEHIH l?'l"ﬂﬂ YCTAHOBKN OTpamarenedl 00bMHO Hepe-
NHKO W coctapasier 410 %,

Haupasnmoune TpyGu (andehysopit) caykar Q08 Co3jigHHs 8 auna-
paTe npeHMyliecTReRHON NepitHonanbol WHpRyaaLuE (puc. 1.5 w L6).
Mx npuvensior Kak NpH JEMHHAPHOM, TEK B npu TypOyaentnon pe
MIME TTEPEMeIBAHIA: B NEPBOM CAyYaE — B COYETAHUH CO UIHEKOBLMK,
4 HO BTOPOM — € NpOnNEepHLM (BitnTobuam) memankamn, HatiGonee
HACTO BITHTOBBE MELIANKH ¢ uanpasnsoueil Tpybofl HonoB3YIOTCA Ban-
naparax prAyTOl dopMpl © skpannpoBantLiMl npusotasi (pue. 1.5),
Kora no TpeGusanuam suOpoycTOfMHBOCTH BANE MEILANKY UpHXOLUTCR
verapapauBaTy BOAHaN KpHUNKY BAN aEmnE. B annaparax obudnof
KOHCTPYKIHH NPHMEHeRIE HANPABARIOWHY THYD, KaK npasiiio, Heuese-
{?fmpBEITD, NOCKOABKY OHO DpHBOANT K CYUlECTEEHHOMY  YCNORHEHHIO
RORCTRY KILHH fE2 noBLILEHHA HHETEUCHBEHOCTH nepeMelneanmg.

Tt 2 7
‘ il L



e, 1. TH. Cxemid reusoo0memnd s Sasspn s
I — wopnye; f — soungeuTprima® suessnK; § — oepliGennl Asmesmpkl 4 — osneRTop.

B xauectee puyrpenuux rennocOMeHuBX yCTpolcTs B annaparax
€ MEIANKAMIT HAULE BCErD NPUMEHAIOT sMeeBHKl, B annapartax obnemom
mesee 5 v ameeBHk OGRINHO YCTAHABAHBALTCS COOCHO C BANOM NEpeMe-
wnBamero yerpoficrea, B annaparax Gonuwero o6LeM8 MAWE HCNOAL-
BYOTCH HecKonmbko nepudepniinpx aveesukos (puc. 1.16). Kouueurpn-
HECKOE DACHONOMKEHHE ABYX H OoNee 3MeeBHKOD Bemenatenbio Ha-3a
YXYALIEHHS NEPEMELUNBANNA | TenNoo6vMena B MeRTpyGHOM npocTpan-
cree. TlarpyOKy Ana BBOAA | SLBOAS TENNOHOCHTENA HI 3MESHIKOB MOTYT
[PACOONATETLCS HE KpuUIKe, JHHILE WK CTeHKaX Koprnyca. B anpaparax
€ aNTHEOPPOSHOHHBIME DOKpHTHAMA  (fyTepoBaHuble, TyMMHpOBaH-
HHE | T. N.) BROA OCYWECTBJRETCH Yepes KpbilKy. M(ecrKocTh smeeni-
ROB oficcneqypacres nyTen Hx Kpendeuus B coepianbHux rpefeHkax.
Iina coxpapeHina AOCTATONHO PABHOMERHOTD NEPEMELINBAHNR BO BOEM
ofieMe anmnapara paccTofkie MEdFY BHTEAMH 3MeenKa ofiHYHO np-
HEMdeTCcR OAHSKHEM K UHaMmerpy TpyOrl.

Jlpyrofi, menee pacopocTpaHEHHLH THN BHYTpeHHNHX Tenncolmer-
HBIX YCTpOiicTe — TpyONaTEC NEPEropoRKH, YCTAHEBAHBAEMLIE PajIHANE-
no BONH3H CTEHOK annaparta. B orjigne OT 3MEEBHKOB 9TH yerpoficrea
TPYAOEMEN B H3TOTOBASHEN H MEHEC HALeMuu Bi-3a Gouluoro Yuena
CBAPHLX COBJHHEHH,

K rexnonoriseckan tpyGonpoBofiam oTHOCATCR TPyOW nepenasa-
BAHHE N YCTPOiicTRa ANA BBOJAA MHIKHX HAN rasoo0pasHEX KOMOOHEH-
T0B. Bron rasoolpasHuX peareHToB OCYILeCTBIAETCA ¢ nomowbio Gap-
Gorepop, YCTaHABNHBAEMBIX ¥ AHHULE NOJ MELIANKAMH H NPECTABARIO-
wix coboi nepdopupoBastte TpYGh!, HEOrHYTHE B dopae Topa. Orsep-
criin Gapborepa umeior puamerp 20—30 wmm; A48 NpeAOTBPELIEHHA 38-
GHBOK WX pacnomaralor Ba cropone TpyGu, ofipautesnoll K newrpy
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pisa. Cymmapuan naowans orBeperTifl 1A BLIXO[AE Fasa NPHHEMAETCH
g 1,5—2 pasa Ooneiie naowWail nonepedsoro CeYeHns noiBOASHEro
rasonposcfia. OTMeTHM, Yro passep oreepcritit Jvian BulXOAS rasa He
ORASLIBAET BAHANEA HE HETEHCHBHOCTL MaccoobMena B annapatax npo-
MELFTEHHLY pasMepon.

Kouctpykuns BHYTPEHHEX yeTpolicTs 0 Y3N0B HX KPenaenis RomkHa
ohecnedBaTh BOIMOMHOCTE BHYTPEHHErO OCMOTpa # MHCTEH annapara.
JLnsm CHIDHEHHA HeYPABHOBEUIEHHEIX HATPYA0K HE BAN NepeMelHBaIOErD
yeTpoficTBa HENOABIKMHLE BHYTPEHHHE YCTPORCTRE JHENATENLHO pacno-
Nararh CHMMETPHYHO OCH EI'IEHIJHTH o & ﬂﬂJ{Dfl BRICOTE. an&ﬂTB[JEI.[[E-
Hie BHOpauuil oGecneuNBaeTCs DYTEM JKECTHOrC KPensiCHHs BHYTpPeH-
HHUX YCTpollcTe K KOpnycy annapata.

1.3. MPHRIANA MPOEKTHPOBARHA K HHIKEHEPHOIO
PACYETA AT APATOR € MEILAJIK AMH

HureHCRpIKAIHA NEPEMELINBAHASA HE BO BCEX CAYMAAX TIPHBOAHT K #H-
TEHCHPHKAIWH TEXHOJOTHYECKHX NPOUECCOR, HO BCErNd CBASAHE C yBe-
JIHYCHHEM 3aTpaT SHeprun i cToumocTi oGopyaosanis. [osromy suifopy
KOMCTPYKIHH # PacHeTy annapara ADKHO NPEALIeCTBOBATE YACHEeHHE
ponit 1 Tpebopaiuii K HHTEHCHBHOCTH MNEPEMEiUNBAHHS B JA8HHOM TCX-
HONMOrHYeCcKoM HPD-IJ,E('E@.

3anaua BHABNEHHR POAH  REPEMCLINBANEA pewacTes Hawbosee
npocTo, KOTAZ NpOSKTHpYeMufl annapar NpeAHAIHANAETCR [ Nony-
UEHNA CMECH € 3alapHofl cTenentn OLHOPOAHOCTH coctara. Hanpumep,
TEXHONOTHYECKHM HABHAUEHNeM SnnaparoB-CycrneRsaTopoB, HacTto ycras
HaBJHBAEMEIX B KOMDJeKce ¢ UARTpaMH, ABNAETCA CYCNEHAMPOBAHIE
OCANKE (NOUIEPKAHIE YACTHIL BO B3BLLEHHOM COCTOAEHN Mepe) noja-
veli nyJsibnel HE (PHALTPR) nyTeM nepemewnsanns, Apyrum npumvepom
MOIKET CAyHHTH yCpeaeHie pacTBopa CHHTETHUECKOrD KAYUyKa, noay-
HAEMOI'0 H3 HECKOALKHX Napanienbio patoralouix KacKasX o=
MEPHSATOPOR, ¢ lenbi0 YMeHbIeuys kojefannfi koHpentpauun M
MOJEKYNRPHO-MACCOBOTO PACpENENnennn nonuMepa. IhheKTHBHOCTE ye-
PelHeHHs npH  3afaHHBX OOLEME M NPON3BOANTENLHOCTH &Mnapara
3EBICHT TONLKO OT HHTEHCHBHOCTH NepeMEIIHBAHHS.

B Gonsuwmsicrse cayyaes neobXoNHM, OnEako, aEannz ocoberrocTe
TEXHOMOFUYECKOro NPONECCa | 38BHCHMOCTH YCAOBHH B CKOPOCTH ero
NPOTEKENAA OF WHTEHCHBHOCTH NEPeMCUIHBAHUNA,

Pacemorpim npoitece 06paGborkl KHCALX CIOYHIMK BOA MEKTPOXEMH-
HECKOTO NPOH3ROACTBA LIENOYHLIM PACTROPOM B PEAKTOpE NepHoaHue-
CKoro sefictena. Peayawrar npopecca — kosedhoe auavemme pH m
NPOAOAMUTENLHOCTL HENTPANTHIANNN — OnpeAensAeTcs Kouuentpained
PEarenToR, PEXMHMOM LO3HPORRHNA I BPEMEHEM COZpPERaHNS KPHCTannos
Obpasyiuterocs B pesynbrare peakiin ocajka, Pons nepemeiinsanng
Orpaenyena pacnpeienchueM pesreita B o0LeMe annapats, W 510 cay-
HT Hexoanofi nocuAkofi npy BHOOpE THAA MEWANKH, ee pasMepoE M
CHOPOCTH Bpauesds.

Heckonexo Gomee cnowen cnywafl npomRejienia SKIoTEpMINECKOH
PEAKUNH  nONVKOHAEHCALNN B peaxkTope HenpepuBHOTO JeficTBis
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Facxoa Packoy Prexan i Himamaian Fanxon, Temooparyje
wonwepn § A il AR TURIDCTR TUMlpaTy H reoloeg o -
ST HATRRIATORS PeRne T MORLELTEY Qi e
L i | I
¥ ]
Cpeiiiee cooTro-
Ll EEie O ILEH - Tetuhodni -
TPl il peeskio ~ FEEITHTIT
Mepo

jr Arinadigias P pearcLimaii —[
E - | Feosdediumens |L
i TEARGTIIN !
I v |

‘ ] |
I[ JNlowansiue 3yenHn CpeiHsn TEsIcpary pa 1
1 COOTHATLE MR B LG I
| onehrrpaiil * :
Nosanree s i |
TEnIIEpOTY P I
|

|
i

Etpprar

Mathariicrnsl coun i uethino-
MeXEHEUeCHMe cRolCTuE DO Mepa

Pic. 1,17. CTDYKTYpHAS CXEMD [IPOMECSR THIHESTAL CATIN,

(puc. 1.17). BosmommnoeTs nomyuensns nonygMepa ¢ SaianibiMy csoft-
CTRAMW SABHCHUT NPEeHJle BCErD OT COOTHOLIeHs packojion MO![DMEHDH,
ONpeeSFiollero Cpeiine no angapary snayelins HX KOHUENTPAUHH, H
CEOPOCTH OrBO@ Termnors., HenlocTatoduas HHTEHCHBHOCTL NepeMeniy-
DaHis MONET NPHBECTH, OAHAKO, K TOMY, Y70 JIKe npH tpebyembx
CPejiHMX SHAYCUHAX KOHNUEUTPALMM W TeMREpaTYpH B aNNapate Wx
JIOKANLULIE FHANCHWA B HEKOTOPWX OGNACTAX peakilNoHHOTo ofimema
BRUIYT 33 AonycTHMBE npefent. Takim oOp#3oM, Sajgaua nepeMeiy-
BAHWA, HAPARY ¢ WHTeRCHgHKaURel TennoofivMend, coctont 8 olecneye-
HUH TpefyeMoil CreneHH OHOPOANOCTH nofell KoHUCHTpaHil W Temne-
paTyps B annaparte. BuGop ycnonufi nepemennpaiin B 1aHHOM cayyae
NPOBOLHTCH © YHeTOM JIBYX TpefopaHuit: 1) obecnevenus Heobxoiumoro
KOMPPHILEEHTa TENAOOTIBYH OT nepeMewnpaemoll cpenw 0 2) nocrame-
HHA HEKOTOPOH CTENEHH PABHOMEPHOCTH PACNpele/eHHs KORUEHTPAIMil
PEATCHTOR ¥ TEMOEparTyph B annapare.

Jlas BENOAHEHUS ANANOIHYHOTO BHANHSH PANA TUOCBHX APOLECCOS
C TOMKM 3penus lenel nepememupanng sMoxer Outy nonesps tada. 1.1,
= [locae Toro Kax BHARIEHH LEAH NEPEMELIUDAHKA, CTAHOBHTCH DOS-
MOXHEM OIOOp KOHCTPYKTHBHOrO THHA annapara o Meulanxu. Kax
Gbi10 NOKasao b pasjiene 1.2, see MEIMANKH NOAPASNENNIOTCA WA Ape
OCHOBHEE rPynas no o6AacTd ux npuMeHenus. Mewaakd ojnofl Ha
X rpynn (rypOHuHbe, JNGUACTHLE, PaMHLE B ApP.) NpeiHasHAYEH
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Tofaugye 1.1, DOracty NpPUMEHEHHE ANNSPETOR © NEPEMELINBAMILLHMI
YCTPONCTRAMHE H LCAH NEPEMELIHBLHIN

Tlens e estosnannm
uE : o I
JAMNEIELEE
Texnpnoruneckoe WRZnANCIWE E B & E E (- u a u =
afEpETa FrE b e EE :; ESR
=3 | 2 gt |E= |22z| 278
32 | 32 [ 5% | Ea %ig) 550
E=T (=) = o [= Exwm
88 | 5 | E§2| SE=| dda £32
=f | 2k | 2B5| 552 3628| £2
Npwromonneye ovecell BaagMio pacTeops- |
HMER IRIUTRDCTEN
[MpuroToraenue cycnensm i
[Tperoropiciisne sMyaucui -+
Pactaopennd TeEpALX SneTHn : -
Sxorparponmine 03 Tepaex ey (i | T
NIEA UTATTE)
AiNDCTHRR IKCTPRKTIR + + -+
Ncoplia: (necopiiiun) rason 4 -} -t
Kpuctammiaams 13, pactgpos B -+
loMorennan peaxius -+
Fereporeiiny polixuin:
MPNIKOCTH — TECPAAR (jasd -+ +
HUAKOCTE — WHAKOCTH -+ i
FA3 — HEAKOCTE -4 -+
Hanpesnnwe Wi oxassmeie:
TOMOTERIEE MHJIRGCTER o
Cyenemani - =4 -
SR E =
NEOTEPMINECRAR T SRAOTUPMITNECKIR
pemKigin:
TOMOTCIHAR -1 ot i
TETCPOICHIAR B CHOTEMSX
HUIHOCTY, — TOEPIAN. (hasa & ! i
HHAKTCTE—MHIKCOCTE l | { 1
Ay —HMHIIRDETH -i ..].. e --I...

NPERMYIIECTREHHO JUTH NEPEMELIHBANHA NPH TYPOYJCHTHOM pEXHNME,
MELWAAKY sTopoll rpynng (WHekopse, AEHTOSHLE) — NPH JaMHHEPHOM
PEKUME TEUEHHA nepeMetHBaemol cpean. Tpanng rHipoiHuasMHYIeCKHX
PEMINMOB OnpefenneTcH BenwunHol Kpurepun Pelinonnica, paceuuTel-
BAEMOTO 110 CKOPOCTH NOTOK#, pPasMepam annapata W BASKOCTH CpefiH.
Bonpoc of onpesenenis snaveniii Kparepns lgeﬁnmmrn, OlpeenAIo-
UHX TPaHHUY THAPOAHHAMHYECKHN PEMHMOB, PACCMAaTPHEAETCH B pas-
Aene 2.1, [lpr npeapapuTenbuoM BEOOPE NEpeMelUBBAILINY YOTPORCTE
MOMHO HCXOINTE M3 NpHGAHKEHHON OLEHKH, NOJ4TaN, 10 B annaparax
ofibemom menee 10 m* rypOynestumil PeHHM COOTBETCTBYET SHANENHHM
EHSKOCTH epejtt meree | [Ta-c (1000 clT), a s annaparax oGvemom 10—
50 ' — nepee 2 Tla-c (2000 cIT).

p"—‘l'iﬂf-lﬂil.'!awm. Kacailmecs olinactell mpUMEHEHRA MEHIANO K pas-
THURMX THROD npu npopeieHiy nanbonee pacTpoCTPaHCHEKX PO lec-
COB, naum B Tafnm. 1.2.
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Tafauys 1.7, Pesoseiyemide THRW MELTAJOK B IARNCHNMOCTH OT TeXHOARFHYECHOM

HAIHAMCHME AnnmapaTa

Iegpome-

Hoamautiise ammopurs ugﬂu‘:;:n Pexonengyestidl Yian WemanERs w;gg:r“":
Cyewcnie gaayvio pacmo-  Typifiy- Tpexnonsernan,  mecTie Omeyr-
PoMuix wEnkoeTeld, BToM  AglTHsA AHCTHAR, AGNACTIAR, KIETHE- STRYIOT
WHEAE TPl ITHgim . xe- BAH, TYpOHIaN, AoracTiiam,

MITVECKON  peaKin TREXAONACTHAN © HARNOHHE-
MU _OMACTAMM, SManUpons -
Wil MCLIRAKH  Boex  THnon
Jenmmap-  JIenvounos, WHCKORASR, pioM: Crooyr-
(R HiaH, NeHTOTHAN OO CKpefiKi- TNy IOT
MH *, MEDDUAR SMASTHPORHN-
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W PexouMenyeren TonbNo npi imAddEl NTencHENGIO | TEnzonGEeHa.
&4 Tlpntiesie Annaparon e oTpRMATRALHEDY NEPEFOPOAOE AAN CYCOO@ANPONGINN Ya-
CTHI, TWOTHRCTE NOTOPEE MEsk)iiE, MAnTHOCTH  CPes, e PEtosieiay eI,

TeoperHuecKkie BRBOAE W NPAKTHYECKHE MAHHLE, PACCMATPHBACMbE
B NOCAENYIOUHX [NaDAX, NOKASLDAIOT, TO MEAAKH, NepedHcacHibe
B Ka#uoil cTpoke tabn. 1.2, Gonee nan menee pasHouednsl. Hmeiommecs
MENIY HHMH PAasuHyHs NPAKTHYECKH BCETAd MONYT ObiTh KOMUEHCH-
pOoBaHEl 34 CUET JIHEMETPA | YaCTOTE Bpallleris. Hanpumep, ansa jlocTs
MEHHT OMIHX M TeX e yoaonHil pacnpe/iefienns B3nelieHHsX HacTHLL
HACTOTA BpalleHis TYpPOHHHON Mewanxku jomxHa Ourb CYILECTBeRHD
HHKE YACTOTH BPALLEHHA TPEXAONACTHON MEUEAKN TOMO HKe [HaMerpa.
Caejlyer OTMETHTH, 4To Ha BROOp Thila MELAAKE MOTYT RIHATH
JONOAHWTENbHEE CoobGpasienns, cpajalHLe ¢ peobuMiE  TPeboBaHl AV
K HOHCTPYKUHN annapard. 370 OTHOCHTCS K annaparam Maaoro (mexee
I v wan ovens Goasioro (cesuie 100 vY) ofuesma, K annapatan U3 Heme-
TANMHYECKHX MATEpHANOB HAH © BHYTPEHHAMH HEMETALIHYeCKHMH
AHTHKOPPOIHOHNEIMH MOKPLITHSME  (SManipoBaHHbE, FYMMBEPODAHIME,
({yTepOBAHHLIE), B KOTOPEIX HEBOIMOMHA MPHBADKA BHYTPEHUHX YCT-
poficTs, K anfdapaTaM BhICOKOTO JIABJieHHs W T. n. B GoapumncTse cay-
H@ep pexOMeHjianud, nprsetennae B tabn. 1.2, BHNOJARWME, W OKOHY&-
TeNlbHbE BRG0P THRA MEWANKH OCYILECTBARETCR HA OCHODRAHFH [esyiib-
TATeB pacyerioll oueHl palHYHEY BAPHAHTOR C YIETOM CTaH/APTROTO
PRAG AHAMETPOD MEIlan0K W HOMEHKJATypLl NpRBsoapn (MOTOP-pEiyK-
Topop). KpHiepuest npHeMaeMOCTH TOTO WANW HHOTO NpeABApHTEALHO
BEOPAHHOND BAapHaHTa CYHHT COOTBETCTBHE PACHETHHX napameTpos
NepeMeitHBanin  (MakCHMANBHO ADMYCTAMON CTEMEHH HEOJHOPOAHOCTH
CMeIleHHS, BeJHYHHE TEIVIOBOTO MOTOKa, CPEAHero IMaMerpa Kanesb
HHIKOCTH W 7, jL.) TPeBOBAHHAM TEXHONOIHYECKOTD NPOLECea.
OfioctiosaniocTs TpeloBannil K OAHOPOAHOCTH CMEILICHHS BO MHOTOM
MPefionpesenner TeXHOAOTHMECKYID paboTocnocoBHOCTL H  SKOHOMIENE-
CEYE sSMpeKTHBHOCTE 1POCKTHpYEMOro annapara. Tak, npH KPHCTAnN-
AH3EIHY B annapare HENpepelBHOTO APHCTEHS HEJOCTATOMHO paBHOMEp-
10€ pacnpesesesiie YacTHIl MO BLICOTE NPUOCNT K NOCTENEHHOMY HAKAN-
MHBAHIIO KpynHLIX KPHCTANA0e B TPHACHHONR YacTil annaparati yMeHb-
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weHno sipdexrisioro obbema i nponsBouTensuoct. B ro e spems
HBJHINNee YecToueHde Tpefiopakuil K cTenenn oJIHOPOJHOCTH conps-
AeHo © HeoOOCHOBAZHHLIM YREIHYEHEEM JaTpPaT ISHePTHH, HanpHMep,
YMEHBILEHHE PASHOCTH KOHUEHTPAINR CYCNEeH3nH B BEPXHEN ¥ HHKHed
yacrax annapara ¢ 10 jjo 5 % Moxer norpefioBats NOBLIIEHKA MOULHOCTH
npunona b 8 pas. [lpaxkTHka NOKE3MBAET, WTO NPH ACHOM HOHWMEHHH
CYLUECTHE TEXHONOIMMYECKON Onepatuy KomdecTernan GopMyanponka
Tpefonattil K NepeMeiliBARNI0 Fe BMSLDBAET Yy MiKeHepa-TeXHoa0Ta
Kakux-mito satpysuenit. Onnaxo HHONa onpejenende Tpebosaduh
K MEpeseniiBannio CRAIAH0 © HEeOOXOHMOCTEI0 HIYUEHHR MEXallnima |
KHHETHKHE NMpallecca i BXONT B YHCNO 38884 NalOpATOPHEIR HAH TOJY-
NpOMBIIITEHHMX HoonefonaHi fi.

B GonbineECTEE cnyyvaen Hanboaee SKOHOMHYABNY OKA3LIBAETCH NpH-
MEHEHWE ANNAPaTOB, CEPHAHO BuNycKaeMmux 0o karanoram [6, 71
[lojGop # npoBepKd APYIHX BapHAHTOB KOHCTPYKTHBHOrO ofopMrenms
enecoolipasia, KOTA# CEpHIHBIE ANmapaThl He MOrYT GLTb HCNOALIO-
BANE H3-33 HECOOTURTCTIMS MATCPHAALHOIO HenodHeuusn, pabouny npe-
AENOB N0 TEMNEPATYPE W JIABAEHHIO HAM H3-3a HEOCTATOYHO BEICOKOH
HHTEHCHBHOCTI nepeMelmpaniia. OTMETHM, YTO B 5THX CAYNAAX KOH-
CTPYHPOBAHHE CNENHANbIOrG ANNAPaTa HE SBJISETCA  eHHCTBEHHBIM
peieHneM, HEPEIKo PANHORAAbHEIM OKASKLIBAETCA BHECCHHE H3MEHEHHH
B TEXHOJIOIHIO Mpolecca, HamerenHe offkema annapata & v A, Hanpy-
MER, TIPH HEAOCTATOMHON BEAHWHHE (AGILATH HOBEPXHOCTH PyGamk
HeODXOAHMAA NPOHIBOANTENBHOCTE ANAapaTa JUiA TPOBEACHHS SK30-
Tepuuneckofl peaxuuu momer Ourrn ofecneyess He TONLKO AyTenr BRe-
HCHHA AONOAHNTENBIGIX TeNA0COMCHMENX yeTpoficTs, Ho W npejpapH-
TERLHEIM OXAAXNEHIEM HCXOAHEX DeUecTR Nepet BOA0M HX B annapar.
[lpx nepeMeumbaiig CYCNEH3WH B psjle CAyHael OKA3LIDAETCH BLITON-
HEH YBCAHUHTH CTENEHL HAMeAbUeIla JACTHI, YeM MOBRILATE YACTOTY
BPALUEHHA || PA3MEps! MEIANKH iR obecneseHis NOJUepHaHHA Kpyn-
HHIX HaCTHL BO BIBSUIEHHOM COCTUAHI,

* [MpeapapuTenbitit Bulop aniapaTop ¢ MEUIANKaMH NOSBOJRET ne-
peliTH K BRINOJHENHIO PACHETON C WEAbID ONpelenenitd Hanbonce SHOHO-
mMHvHOrO * Bapnanta, Pacuer sakmiouaercs B oupejeiensy Xapaxrepi-
CTHE NGAA KOEUEHTPAUHA | TeMHeparypu, BETHYHHEL TENJA0DOTC NOTOKA,
BHXOJA NPOAYKTIOB Peakilid, NPOACIKETENLIOCTH Onepaiun o 7. m.
H NPOBEpKe COOTHETCTBHA PACHeTHWX BOAHYHH TPeDORAHHAM TeXHONO-
rup. Kax cnenyer u3 puc. |.18 n npumepon, npuBoguMEX janee (cw.
ra. 4 - 12), pacuers BENOANSOICH B HeckonsKo stanos. lleppum sta-
110M ABASETCN rHApoARAANETecKill pacver. Otmerism, 4ro cama no cefie
HHEGOPMAITA O BeNHuITHE W pacnpejieneiil ckopoctell nepenelBaemoil
cpeil JUIA OIEHKN TPHMEHRMOCTH alnapata ofnuyHO e ‘Tpelyerca.
Peayavrarsl TyApoAMHAMHHECKOIO PACYETa C/AYKAT, OAHaKe, neobXo-
HUMBIME HCXOUHBLIMH AGHHBIMH  HA NOCAEIYIOMUX STAnaX f[apH onpene-
JeHHH MOWHOUTH, 8 TAKME CKOPOCTH NPOTeKanns (IpeleccoR Nepernca
CMEMIHBAEMBIX DEILECTH H TeMAolst ©§ annapare.

* Uesin, cepsififio BRNYCMACMEX. ANTAPATOD H CTOHMOCT: SRCTUIYRTRILN CHIMGEICTCH
© YMENBIHCINEM HX MECCH ¥ MOUINOOTH 1piBa.
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Pre, 118, Fepynyernad Onon-CocMa  GHENEPHITT PaCSUTE  VIPOMBCER  RPESATLIHNAINGT.

Yuer MpoIHHaMHYECKHX XAPEKTEPHCTHK MOTOKa HeOGXOMHM W s
HAJIEHNONG NEPEHOCE PeaynbTaton JaGOpaTOPHLIX]H | HOAYI POMBILLIEH.
HLIX JKCTICPHMEHTOR HE OPOMBILLAEHHHE OOBLEKTH NPH OCYLIECTBACHIH
mMaciuTalHOro nepexoa.

HeofixomimocTs B maciraGHoM nepexoie BOSHUKAST, Kak npanido,
B TEX CNyYasX, KOrfg JIHHLIE O XapaKTepHCTHRaX o0palathinaemuix
MPOAYKTOR HeJocTaToMno noaun. Kpome 1010, paspaloTKa HOBLIX Tex-
HONOTHHECKITX NPOUECCOB, TPOBOMAMEIX B ANNApDATaX C MEMIANKAMM,
OOHIMHO BRAIONAET B KAYECTDE O/NOTO H3 STANOD CTAAHIO TOAYNIPOMBIILL-
JeHHol anpobalidii | AOBOJIKH.

B oluem cayuae npocToil nepeHoc pesyabTaTop NoAY APOMELIVIEH-
HLX  HCCAGAOBEHKEL WA NpoMBIAeHHEE OOLEKTH NYTEM COXpaHeHKs)
MOCTONHHBIME KAKHX-AK00 NapaMeTpop HeBoamomen. [lostomy nuaor-
HEE SKCTIEPUMENTH AOMMKKLL PacCMaTPHBATBCA He Kak wmeroll subopa
THIIE MEIaIKkH H HacToThl e¢ BpallleHMA NS JaHAOrO Mpolecca, 4 Kak
Crocol nomyvenis weiocraowedi Hexounoll WndopMansy s pacuera
npoMbilieRHoro annapara. Ofuruo Takoll Wadopuauiell chymaT Tpe-
GoBatiA, NpEIbIBAAEMEIE K CTENelH OAHOPOIHOCTH NOs KOMUERTP AT
H TeMneparyp B annapate, pexe — (mdiueckue coofictea cpea. Ha-
NPHMEp, NpH MACCOOOMEHE B CHCTEME a3 JKHKOCTH SKCTEPHMEHTH
Ha MOJeAHX NOIBONAKT ONPENeTHTh SHaueHHe Koufduumedra nponop-
UHOHAABHOCTH § YPABHENHH MACCOMEPENaYR MUl DPeaNbHLEY BelEcTD,
CORCPMALIX cayuaiiHBie TPHMECH, & NPH PACTROPEHNH TBEP/LIX YACTHIL—
MONYUHTE JAHHBIE O KHHETHKE Npouecea.

lanbonee majesnme fanHue LA NpoekTHpoBaRNA wmoryT GuTh
MOMYNEHE, ecni macuTaGHBMH NEPEXOA OCYIHECTBARETCH §e (CHHSY
"E!E]!xs. T. € OF MOJeNLHOTO aNNdparTa K npoMeniAeHHoMy, a naobopor—
SCLEPXY BHHSY, T. €, KOr/E BEGOP obueMa annapata LA HecaetoBain,
E’;{ HOHCTPYKIHH 1 yCRoBRIT NepeMelutiaiis NPOBOMTCH HA OCHOBARNH
e YAETATOR NpejBapHTenbHON pacsetinoi OUEHKH X&PAKTEPHCTHK Apo-
"THDPYemoro ofibexra, B GonbimMecTse cayuaen Takan OUeHKD BO3-

ﬁmua' H HENOCTATOYHDCTL MCXOJHBIX JIBHHBIX O HPOUECCe HE CAYMHT
fl Hee npengTCTREMEM.
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[peapapirenbhsil pulop HPOMBILLIEHILIX BAPHAHTON nossoase’
DIEHHTD pE'ElJIhTm ﬂﬂt"l.‘l:l.lﬂllhl‘blf’ IlpE.U,EJ'JH CHOPOCTIL IIP'DIIEHLT_‘DB. CcTeneHy
OUHOPOAHOCTH NOA  KONUEHTPAUKE H TeMneparypel 1 1. . 3anaua
MIZIOTHEX SKCHEPHMETOB NpH TAKOM MOJAXOjE COCTOHT B nponepre
BOAMOMHOCTH NPOBENCHAN HEYYACMOTO mnpolleccs B fPEABAPHTENBHO
pubpanioy annapare # B YTOUHERHN TEXHONOTHUECKHK NapamMeTpos
npoliecca U rpebopanHil K NEPEMEHBAIMRID.
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raasa 2

THAPOIHHAMHKA NEPEMEIUHBAHHA
[IPH T YPEYJEHTHOM PEJKHME

Tipu TypOYAEHTHOM PEKUME TEUCHHA nepeMeiBaHIE HUIKOCTER npe-
CTapjifieT coBON pesyJbTar JIByX OAOBPEMEHED npoTekaloupx  npo-
yeccon: 1) KONBEKTHEHOTO MEPEHOCA AOCTATOMHO  KPYIIBIX SMENMEHT0B
ofbema cpejibl © HanpasienHbM HOTOKOM MMAKOCTH W 2) Haxnaausalo-
{HXCH HA HEro NyNBCAUHOHHBIX ARHMKeHnft  pasnHIHoro macturaba.
Hanpasaenne H CKOpOCTb STHE TypOYAEHTHLX JBHKeNHH nepeMer bl
BO BpeMeili H B NPOCTPaKCTBE.

TypOydiesriie NyabCaurORHLIE HBIOKEHHA W WX HMHTEHCHBHOCTD
HEnOCPencTBenio chAzamul C XapaKTepiCTHRAMI OCPEJHENINOT0 TEues
qits *. B CBA3H C STHM OLAMM H3 HEOOXOTHMUX sAeMEHTOB MaTEMaTIHe:
CHOMD MD,D,EJIII[JGB:HHHH IIp'Uu.EC'[TE l‘EEpl!NE'IJ.]HBaII.IIH SBAACTER orycanme
rHPOIMHAMIEH OCPEAHEHNOTO HUAPABNEHHOTC TEUEHHA MUKOCTH B Al
napare. Busyambisie HaGAONEHHH W peayJIbTATH MHOTOYHCACHHBIX T3Mes
peRiil CBHJIETENBCTBYIOT O TOM, J10 oOmAs KapTiina Teuenns 0 KoHKpeT=
Heie OCOGRHHOCTH NOJAs CKOpOCTed CYIUECTREHHD SABMCAT OT THIA ME-
(HAJIKY, COOTHOLUEHKH pa3sMepon Kopryca, Hamtiis | THTUA BHYTPEHHHX
yerpoiicta. Tew we metiee, CymecTaYIOT onpefesennme ofiue 3aKOHO-
H{!pllﬂ{‘.‘l’i‘l. KOTOpLIE NO3IROIAICT paccl_.'la'rpnaa'rb HEP&K‘I‘EPHCI‘HIU! TEeHHH
TiepeMeliHnAeMoit Cpelbl B PASIHNRLL yCAOBHAX € ERMHLIX noanii.

* Foaes mogpolio oM. oA 3.
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QOpMHPOBAHKE NOAN CHOPOCTER B NOTORE KHAKOCTH ONPEACARETC,
BO-TEPEBIX, ABHKYULUMI CHIAMM, NPHAOKEHIHIMIT K AUAKOCTH W3BHE
W ABNSIOHIMAMNCH NPHUHHOR  BLEITYMUIEHHOTO ABHIMEINH; BO-BTOPBIX,
ypABHOBELUBAIGIIAM  STH  CHITLL rHAPABIHYECKHM COTIPOTHENCHUEN Ha
HENOABHIKHEX TOBEPXHOCTAX, OTPAaRUYHBAIONEX  NOTOK, B-TPETLUX,
ofimeiion sneprieli MERy COCEAHNMH CAONMM FKIIKOCTH. Taxum olpa-
30M, CHCTEMA YPaBHEHWIl, OMHCHIBAIOWAR none cEopoctell B annapare
¢ MeWanKofl, BRMOMAET YPaBHEHHH, OTPARaroUHE: 1) paanMOCBASh
MEHTY BENHSIHON ABHIKYUIAX CHA W THPARTHUECKHM COTIPOTHBREHHEM
npH JIBAMENKIL NOTEACTEH MELWAIKH B HOTORE AEpEMEILBAEMOR  CPEHBE
9) HAAMYME HAPABNHYECKOTO CONPOTHBAGHHA HA Tpanine noToK —
KOPIYC ANDApaTa H 3ABHCHMOCTH BERYHNL CONpOTHBIEHHA OT KOH-
CTPYKUMH ¥ PASHMEPOB annapara, a TAKKE 0T CKOPOCTH NGTOKS, 3) mexa-
gy ofMena sHepTHeil Wian XapakTep pacnipesenenus cropocrell B no-
TOKE,

B sikeneprOl npaxTiKe Taxkoil NOAXON K pactery 008 cKapocTedt
peanH3yeTcs B noAysMnipiEeckoll Gopme; B ReM NpEANOnAracic He=
HONL30RAHNE KOYGPUIHEHTOR THAPABNHYECKOTO CONPOTHBAGHHA W an-
HPOKCHMHPYIOULEX sappcHmocTedll, HAIIEHIRX HE OCHOBANHR pE3Yab-
taToB namepeimi. HecmoTps Ha Heusfexubie YnpOLeHns, STOT noJxaen
orpamaer Hanfonee BasHbe (UIHUECKRE 3AKOHOMEPHOCTH  (POPMIPO-
paniif HoToKd. Ero npuMenenie noasonser B npoctoit M eEonOpasioll
dopMe OnHCATs FHAPOMNHAMHKY OCPE/IHEHHOTD TedeHid B annaparax
¢ MELATKAMH TPEMEHHTENBNO K COMBIIOMY SHCAY KOHCTRYKTHOHBIX
BApHAHTOR.

2.1. NPOOHJIE OKPYRHOH CKOPOCTH MHIAKOCTH
B ANNITAPATAX BE3 BHYTPEHHHX YCTPOHCTE

B IAHHIPAYECKHX annapaTax Ges HENONBHIKHEIX BUYTPEHRIX YCTPORCTR
COSNBETCA TPEXMEPHOE TeYeHHe WUAKOCTH. MHorouHCaenime SKCAepH-
MesiTanbise ganibe |1—6] CBHIETENLCTBYIOT O TOM, YTO ABC HS TPEX
1 POCTPACTEEHELX COCTARAAIOLX CHOPOCTH (palanbias M ocesas),
KAK TpEBNA0, BO MHOMO pas Mehbile ORPYHHON CKOPOCTH HHJIKOCTH,
SHAYEHNS KOTOPOR NOSTH 1 HSMEHRIOTCH M0 DLICOTE annapata W mpaks
THYCCKH HE IADUCAT OT BLCOTH pacnoiomenmst memanki. [lpodwail
OKpPY#HOI CKOPOCTH TOKasaHul Ha PHC. 2.L

Hanerenne OKpYMHOI CKOPOCTH U N0 Paguycy r Halle BCEro o
CHEAIOT 1A OCHOBE MOAGTH «KOMOMHHPODaHHOTO BHXpRS®, (puc, 2.2)
[2- 8], Ofven AHAKOCTH NPH HCNOJIBIODANIN STOR MOJAEMH NpeacTan-
NS0T K&K COBOKYNHOCTE OGLEMa BHXPEBOR S0HE I, B xotopoll yraonas
CKOPOCTSH MHAKOCTH NOCTORHHA H HE HSMENseTcs 1o pamiycy, # olibema
SOHB! I0TCHIHAABIOTO Teuerns [/, A1a KOTOPOR XapaKTepHO HaMeneHie
ckopocti obpaTHO TPOMOPUHOHBABLHG PATHYCY. Jlns yorpaHeHHs pas-
PHiBE HenpepuBnoCTH Npoguas MOAelb AONOJMHRIOT Tpernefi aonoil —
IIPOMENYTONHON, KOTOPES Pacnofiomeld B O0A4CTH MAKCHMYMA CKO-
pocti (8], KauecTReHHO T8 MOAETb BROAHE COIVIACYETCA C SKCNEPH-
MCHTANBLHRLMH  AAHHEMN.

Ocnopofi paciera CKOPOCTH MPH HCAOALSOBAHIN MORGTH ¢KOMOHH-
POBANHOIO BHXPAY CAYIKAT SHMITHPHNECKHE COOTHOUIEHHHA, COASHNAIOLTE
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VIVIOBYIO CKOPOCTB BRIUYMIBITOT0 BHXPR @y W €0 pRAMYC ry € Xapax-
TEPUCTHKAMH alMIapaTa H MEWANKH, 4 TaKXe co CcBOACTBAMI  CPED!
[2- 4, 7). AnbTepEaTiBHOe MATEMATHYECKOE ONHCARNE TEVEHHS KO-
ctu oenoBunaeTcs [9] Ha TOM, 9TO NPH YCTAHOBHBINEMCA PEXRHME AOMHKL
BENOAHATHCS YCAOBHA PABHOBECHS BCEX [PUAOKEHHRIX K CHCTEME CHA
i MOMEHTOB.

[Ipi BPAMATILIOM ADIMKEHIH MKHAKOCTH OTHOCHTENLHO OCH amnmd-
paTa yOAORHE PABHOBECHH MOMEHTOB MOMET ObITh BHPAKEHO B popme
PABEHCTBA KPYTHUIETG MOMEHTa, MPH/OKEHHOIO K MUAKOCTH NpH JIBH-
JMEHHH AONBCTER MEANKH, H MOMEUTd CONPOTHBNAEHHA HA CTEHKAX M
AHWULe annaparal

Mug— -Muopn =0 211
rie Muopn== Mer + M woneT conporimaeiia kopnyea, H-m; My — xpyra-
utll s, H-s; Meq 8 Mgy — MOMENT CONPOTHIACINA 1@ CTERKAX I IHRLLE ROPIYCR
annnpara, Hew,

KpyTsanué MOMERT HA JORACTRX MELUATKH BOIHUKECT KAK peayabTaT
PASTIFYNS CKOPOCTEN ABUIKETTHS NONACTER M MHAKOCTH W MOXeT Gurh
onpeaenen [10] no ycwaman, elicTBYIOUMM 18 AONECTH.

B naubosce RPOCTOM CAYNAE, T. €. NPH BPalUleHHN MEIANKH C Bep-
THKAMBHEME  ANOCKHMIl  NPSMOYTONBHBME  JonacTsivit  Buicoto fiy,
PACHONOMENALMY Pajitanbio (HANPHMEP, ABYXIONACTHAR HaH TypOuH-
nad memanka — ov. puc. 1.10), K saesentapuomy YHSCTRY JUTHHH
NOHACTH NHIOMKENa CHN3

dP — tu Dy iy (2.1.2)

CORAAIDIEAHR KPYTAILHE MOMEHT

LT
AMyp = ba = 2"’ Fardr 2.1.3)
ot F— papdye, s, fi — NACGTHOCTL Cpoik, kr/u®, u () — CHopocTe: DOTEXHINg Y4b-
e noacri na pamsyee r, sfe; By — wosddutsenT FapEtARsECKeio CONporHnTeiig
JIOTHCTH.

L E T

] L

g4 05 op :
M T

Pre. 2.1. Tipodium oxpymilol CHOPGETI EEAKOCTH B ANOIPATE AHANETPOM LM nopacrinl me-

wiiakofl guaserpos 0,06 m (1] ]

flucroTa mpamensR wWotlaRH (N obft). I — 1.8; 2 — 1.06; 53— 0,52, Craoiinse Aafun =

poewer Do yposdenise (2.1.29) {2.1.38).

41 8E 4

[ [l

Piic. .5 Cxéma popeny  sKomGRIAPORARIOTT BEADTS®
| — mixpetan sons; M — soAE DOSIIRALIONG TeNETIN,

poc. 2.8, Bawncumos e Ly o Beo

=8

|

| — OTKpHTas TYpOHmves weiimapis
©— DONHCTIME Mermas s J§ — ofTe
sl BANCTIML,

M A

BripasuM ckopocrb OOTEKaHHn Kak pasHOCTH CKOpoctedl Jonacrs
H OKpYMHOTD: MOTORKA HA pamiyce r

u(r) = tgr — vir) (2.1.4)
) BEEAEM 0OO3HAHEHNH:
— . e
Fee =i oh g At (2.1.5)

Anecy @y — YIAOBAR  Chopoors  memankn, pailc, ©(r) — okpymiing clbpoct
W/MNCTI BA PATMVEE £, MIC g — DAIIYC MOLIEIKH, M.

Etimt npenedpeit DIAHMILIM BIHARHEM nonacteil, cyMyapusi Kpy-
TrmHi MoMesT Moxer Outts Bupaen, cornacuo (2.1.3)—(2.1.5), kak

r-'hn“'ﬁ"ﬁ

|}
Myp = 2ty — j Lol — o (P)EFdr (2.1.6)

Fan
CAC Fpg—— PALHYC DUYTPEHIMX KpaMok notacrell, M) 2y — SHONO MELIATOK BA BLAY;
2y MMCAD NOOBCTeR Meimankd ", Tay !.,,,frn.

Bxoasuwi B ypapwesne (2.1.6) rosfpuument conporHBnenns Jo-
nacTH wMemanyd L, ARASETCH aHanorom KoadiHEBeRTOB CONPOTHRIEHHA
IPH NOTMePeNHOM ODTEKAHHH TJAACTHH HAW APYTHX Ten naoxo ofrexae-
wmoil dopue. Hspectio, yto npw passuTonM TYPOYAEHTHOM pexiime
(Re = ullh =300, rae 1 — xapakrepusfl Jukelfinnidl pasMep Tens, M)
KOSOOUUMCHT CONPOTHIVIEHWS TENS ONPENSNelHoll FeOMETPHH ARIAETCH
NOCTONIHOR DEAHSHHON ¥ NPAKTHYECKH 1€ BaBHCHT OT CKOpOCTH 06Te-
KaHis. 9o noapoiser awiectd &, 8 ypasuennn (2.1.6) sa sHak wire-
rpaga:

phofrt ¢
My s —— I [F— i (P2 7 dF 1.7

¢
L]

Mpanomephocrs nogoGHOrO NpechpasoBaHiA NOITHEPHAUCTCH TaKKe
Ten, yro L, me sascHT of Kpurepus PefiHonbica, BHPamennore Yepes
BLICOTY sonact memanks h, ¥ ckopocis ee ofrexanus (puc. 2.3)

Ren = pu () falpt

A B — ninaMnseckes BRaxocTh cpeua, Ta-c,
s

ML_H“' YVpamieane (2:1.6) pschpoctpsisercs un MEwRaxs © Zx= 8 npr paCCTOsHIg

u.lwﬁl:: Cocemiunn memaany (D0 mweoTe) e weiee Hy naserpe Mol TTpic 6ot

o r_:lllf_'-rlc sonncTell ji MaAKIX PACCTORHEAX MENULY MOIIANKAMI BRAIMIICS BAHRM)E

R Cil MpHOGINT K CioRenio fisddmipienTs conpoTRineEiR. B1o, ne-CylLCTRY,

s |OPHNEG. KIRECTHOMY RERIIG0 CHIMENIR CONPOTHENEHHS TpyloK Npl WY pRIMemE-
oo TocHuax myuxax [11].

2




Tobaunys 2.1, XapakTepHCTHRN MCOIAAOK PICTPOCTPRMERHBIX THIOB

]
& 8
1 . b
Tom sewanon puiyers | & i-é S| b | b | B

ow | & %E

- E mee| o
TpexaonacTian 1.9, 6 3 an 0Is — 1,15 0,68
T-ﬁ:ﬁummn 110, @ (7] 90 04 0,5 3.5 B4
HlectunonacTnas 1.9, [ 45  0.2H —_ 20 30
Inerenan .10, 2 12 a 30 — — 235
Jlonacrian 1.10, 6 2 9 02 - 292 0,88
Pamunr 1.8 2 a0 20 0,14 ?.9 1,268
Jonacman | smaaupes LAl 2 2 5 02 - 22 088
[T :
TposaondcTias wa- 1.11, a, &, & 3 ad — —_ — 23
JIH TifaR
ﬂnmmn ¢ timaons 11,8 2 45 D2 — 290 10
HEMH NCORATTAMN, 3=
ApPUBATIHRR ;
Hu]::puan manmipe- LIl e 2 o0 |2 0.2 22 Ll
Eau%z;iman 16,0 -6 — — 004--02 22 —
Gpesepuan 112 18 — = — - E}.ﬁm
Mponeancpid 19, n 3 — — - ’

OpHMeTn ke | — Wapipe AomieTn

Buavennn L, onpepeneniue no ypaBHeHHIO (2.1.7) Ha oCHOBAHHK
WaMEePEeHHBIX OKPYKHEX CKOpoCTefl MWHAKOCTH W KPYTAMEX MOMEHTOL,
npusexens: B rabn. 2.1.

Kak cnenyer w3 ypaswenus (2.1.7), ana yuera BAHAKHA KOUCTPYK-
(gl MellanKl HeT HeoOXOMWMOCTH CTIelbHD  PacCMATPHBATL TaHHe ee
XHpAKTEPHCTHER, KaK YUCNo W BLUCOTa Jonactell; HX MOWHO 3aMEHHTH
BHTErpanbHoll  XapaKkTEPUCTUKOIL — KOSMPHIMENTOM  CONPOTHBEHHS!
MEHIAAKH Lyt

a5 1
m .
Mup = s —g = | [ — 8 O 7 218

Ty

Ypanrerne (2.1.8), 5 orausue ot (2.1.7), » pasiofi Mepe ApHMEHRHMO
KaKk Anf pajdanbio-oNACTHRE MELAJoK © BEPTHHANLHEIME JonacTsMil
(8 ToM unCAe, © nepeMentol BrcoTOM AOnacTH), TAK #H I8 MEmanoK
ApYrux KoHCTpyKIWfi (Hanpumep, nponiennepis). Bxopsuan o HETO
geAHYHHA [y — OAHOAHAYHAR XAPAKTEPHCTHHA MEILANOK AAHHCIO KO-
crpykripsoro THna. [lpn  TypOYJEHTHOM peAHME nepemetisanns
pesiunia Ly nocTosnba H HE 3aBHCHT OT KOHCTPYKIMI annapara, €ro
pasmepos u Kputepns Pefinoneica (puc. 2.4). Jins paMaibHo-aonacT-
HIIX MELUANOR C JIONECTAMH TOCTORHHON BHCOTH NpR 2, < 8

Foe = tadn _";5; ¢a {2.1.9)
w .

r
i

G

T I T I W —— i
4450 0 in? 6 a6 [ [

o, rpaa

puc. T4, JasncumocTe By, o7 Meg:
| = OTHpSTZE TYpOUNEE setnanie; Fo— [ ponennep eR: MelamEd.,

puc. 2.5. NODPEERR, YINTMOAOUEAS YTON NEKEONA AOTACTCR.

Ilna  paganbro-nonacTRWX Mewanox 0e3 pasjellmiomero jHcKa
L, = 2,2, ¢ paspeamiunim jMckom &, = 3,5.

KostxpiusienT ¢, B ypanuennn (2.1.8) ymimupaer yron waknoua
qonacTel K ropuscHTansiofl maockoetd (¢). Ero sagicHMOCTs O o npi-
pejeda Ha pHE. 2,5. JHauveHHA KOSPOHIMEHTOB CcONpOTHBASHHA AAN
METITANDK HEKOTOPHIX Hanbonee pacnpoCTpPaHeHHBIX THNOB, pPacCuuTAH-
nwe no popmyne (2.1.9) wan nallientsie no pesyabTaTaM HIMEpelHs
npodHAA CKOPOCTH o KpYTAULEr) somewra, npubeiess B otaba, 2.1,

MomenT ¢ua ruApapAHYecKOro CONPOTHRACHUA HE UHAHHIPHYECKOH
CreilKe anmnaparTs onpesensiercs Kak

Mex = 2aHR* {2.1.10)
e M — prcood Sanoaneswst antapata, M; K — paieyc apnapata, M; 6 — KOCATOI-
ioe wanprseine, [a,

Bemuuuia T momer GulTh BHPAXKEHa B JAAHHOM CJyHae Qepes okpyx-
HYI0 CROPOCTH HMUIAKOCTH:

o
T=tp o (2:1.1%)

foe ¢ — BOSQIIREHT THAPSITHGCCKOTO CONPOMMACHHT KOPUYCE AONApATH.

JnaueHns OKpy#Holi CKOPOCTH MHAKOCTH HAMEHRIOTCH NO pamkycy
(em. puc. 2.1), nosvtomy sospfmunest ¢ mower GHTh PASTHMHEIM B 38+
RHCHMOCTH OT TOFO, KaKOe SHaYeHHe CKOPOCTH MPHHSTO B KauecTse Xa-
paktepuoro. Yrobu isGexarb HeonpenefesnocTd, cBgsapuoll ¢ Bwifio-
POM TOFO HAH HHODO JOEANBHOIO SHaNeHHd, HCRnoJbayeM, No SHANOIHH

CO CayuanmE TederMst v TpyOax, B HavecTse XapaKTepHOR BENHYIY
Cpeamelt CKOPOCTH NOTOKa:

R
o '—--;?—-J-Ulfr}dr (2.1.12)
[

Toraa b coorperersur e (2.1.10) # (2.1.11)
M = ne)pHR% (2.1.13)

| Moment conpotusnenns mmmma annapara My, crporo rosops,
AGIKen onpenensThes  HUTEPHPOBANKEN BHpAMKEHIH

dMpyz = npeg®® (r) ridr (2.1.14)
a1



[ PHe. 2.0, 3amncwmocis ©p 01T Re:
F— A 1 -
10 I — R = | lckpefrommy Mewmiaga) 2 — R ==

I = |05 3 — B w33 {—=R=2
S
m—r
i
(7l & 2
j G OGABCTL BHICOKHX OKPYHHBIX

cropocTell  cocpejloToMens B Uek-
v m o o o % TpaabHON vacTi annaparta. Cosjanae-
Re Mu€ STHMH CKOPOCTAMM BHCOKHE
KaCaTe/lbibE HE“pH}HEItHﬁ NpHIG-
WEHE (18 MATHIX pajHycax W APHBOMIAT K CPABHHTENLHO HeGOMBIIM MO-
menras. [py oTHOWEHHAX BHICOTH SANOANCHHH ANNEPATSE K €70 pajuycy
NOpAAES eNEHHIE H GOJEE MOMEHT CONPOTHAMCHHS AHHILE HE NpPEeBL-
waer Y/, ofmero Momesita conporusaenns *. B cbasw ¢ srum uene-
COOOPA3HD BLPA3HTE MOMEHT CONPOTHRAGHHA JHHILA Hepes CPeAiolo
CROPOCTH!

8 npegenax or 0 ao R ¢ yuerom
KPHOHSHE WAH YKJOHA AHHIRA (158
Allllapator ¢ JAHHOEM  STAHMTHYE-
CKOMl WA koumueckoll kowdmTypa-
un). M3 pre. 2.1 cheayer, oAHAKo,

n
My = T;.c,ﬁ%ip (2.1.15)

CymmapHBiil MOMEHT COTIPOTHBACHHA KOpmyca:
M, ape = M+ Mgy = - VoOirR sy (2.1.18)

M ropn
rie Pep = vepl (tgra); R= Tp= Rirs
Jlns annapaton o CBOGOAHLIM YPOBHEM HMHIKOCTH
v+ =4H/R -1 (2.1:17a)

a /NS UETHKOM 3aNONHEHTHX ANnaparos
y=4HR 42 (2.1.176)

Kosdduunent ¢;, sxomaumfi B ypasseune (2.1.16), we sasucur ot
THRA MEWAIKH H aBasercs (yHKIMeHd Tombko Kpureprs Pefinonnica u
cootHomennn pamiycop aunapara # memanki [14—161. Kpurepnii
Pefinonnica B JAHHOM CJAyyde ObpaXsaeTcd, N0 AHANOTHH € TeyeHHeM
B Tpy0ax W KaHanax, 4epes CPeAInon CKOpOCTh NOTOKA W €ro Xapak-
TepHmil paamep:

Re = o/ {(2.1.18)

DgeneprMenTaIbIAS saBnCHMOcTh ¢ 0T Re nokasana Wa puc. 2.6.
K&k cagiyer Wy npupesentibiX JaHHBX, 0pH TYpOYJENTHOM PemiMe

* Srint OOLRCIETCR OTCYTCTERE BARRAHE (GOpPMI JULHIE ENNBRATL HA npeLeses
HHE cRopocTell NPHMEINTENLED K aumra-m clupanprirod sondurypag, Jas coyvwaen
nEpesMeupanKE 0 coopywenuax ¢ f {R=10,6 catayer wcmonbioars Gonge ToNHOS

pemerie, npemeacimioe o [13)
32

e, 2.7.  JonHCHMOCT =Ml cappocin © — ==
= 1{iag} OF PAAMYER ¥ = firy TP pARnRNIWMX THaaE- w
HEAX BAKOCTH Cpdas (vrpivimnn sewyans, B — 2.4).
Craninpe AR — 0o ypanrenkn (2,1.20) u (2.1,38),
Kpunan it Mo Qeﬂ

I 0001 T

7 0015 3. 100

a 0,045 .10

H 1,055 8.8 15

a 0,357 1,96 10%

f 117 ERYEIT

7 B.1s 0.3

(Re = 1500+2000000) sta 3amicuMocts MOMeT GHTH anmpoKCHMHPO-
paHa Bh'fpﬂmeﬂ]'lm

£p  JxRe o (2.1.19)
a npH samkmaprom pesiive (Re <3 1500)
cr = lyRet (2.1.194)

Kosuusenre &, w hy we saoucar or tuna memanku. Tipi R = 2
PeMHHE A, noctosiEa # paska 0,095 [15), npy Menswnx suavenisx R
Oua YDEMMUKBAETCS € yMeHBUIEHHEM DACCTOSHRH MEMIY JOMacTAM:

MEIIANKH H CTEHKON annapata 0 moseT GRiTh paccuITana no AnnpoKcH-
MAIHOHHOMY YPABHEHHID

by = R/(20,35K — 19,1); LB=R=2 (2.1.20)

Hns annapaton co cKpeGKOBHME MEMATKAMH, T, 6. NpH OTCYTCTHH
sas%poa mmﬁ nonactsio W crenkofi, A, — 0,8 [16].

UMECTHHIE amanins KpusblX [y = f(Rey), L= f(Re) u o, =

= F(Re) (puc. 2.3, 2.4 u 2.6) nossonsier obuacHT c,:tt(:mlﬁ}:ﬁ mp{am

TP BUMAWUA BRSKOCTH M, COOTOETCTBEHNO, KpHTepha Pefivonsica

Rey = prdy/p Ha cKopocts #unkocti, Kak caenyer us puc. 2.7 w 2.8,
Fon UPH MOBLINEAEH BASKOCTH CPejik,
04 - 1. €. npn ymensienny Re,, suavane

1 % | HaGmonaercs cpasurTeNbHO HeboIb-
LIoe CHHIKEeHHe 3HaveHkil cropocTi,

Gak g Dopua npoduas CKopocT npH FTom
W coXpanusercs HewaMenwoil. Hayu-
P ' 5 naf ¢ Rey nopsjka 1000, cko-
‘ POCTH PE3KO NOHHIKAETTH, HTO conpo-
k. BONGIARTCH W3MEHEHHEM XapakTepa

atl
. i Fre, 2.8, JanucHmocn. onpymiult  cmopocTH
4 mﬂ.,g/ . ‘ L | %en = Yepi(®ifo) oT wawvepun Pemxnmaca

gt wE mr Wt 0 R

Rey I — Typbunsan wemnasas; K = 7.4: £ songer-

HEE  MellmnEaA, I!_a—- 2.
2 J1- H. BEparvicund 43




paciipénenenns (ymMeRbINACTCR YIod Haknora kpusoil @ (F) npk F—0).
fiph ele MEHBImHX HAREHHHX Re, (nopsara 50—100) smamaune BRI-
KoetH BHoRB ocnabesaer.

Jlaisn yaoGerna ananisa NpHpaciaen BHPANEHITE MOMEHTOR (2.1.8)
o (2.1.16) B pelunm novtyverHOE ypanHenHe oTHOCHTENLHO BEMHYIHBI
Eufoy:

=

7} Y Yep
ot 0,157 =

1
I[i‘--u{r}]‘f.ﬁ

P

(2.1.21)

[Tpit ojsaxonoil cyenedi BAHALIL BRAKOCTH Cpefisl Ha KOS(Qw UHEHTH
CONPOTHBACIISA MetanKy i Kopiyta npaBas uACTb YpaBHeHHH (2-1.21),
XapaKTepiayiollasl pacpenenciue OKpYIHOH CKOPOCTH, ROMKHA OCTas
BATBCH MOCTOSHHON W f1e 3aBHCETh OT BAIKOCTH, Kak caenyer Wi cono-
cTABNEHNA KPHBLIX HE pHC. 9.3 4 2.6, opuuaKonRan crencih 3ABHCHMOCTH
gy H Ly (o Gy) OT BRIKOCTH HMEET MECTO TpH JaMiiapHOM pexmiive i
oTHM OOBACHAETCS OTCYTCTEHE BAHAHNA BRIKOCTH TpU  BHAHEmIAX
Rey < 50. [lpn passitom TypOyeHTHON PERIME XapaKTep BIHAHNA
pusKocTH HE Kos(hilMenTE ConpoTHRICHRE ﬂgoasmmamﬂ. HO HeIHa-
yuTensHo. FlosToMy Npi SHaYeNHAX Rey =1 (yeaosun TypGyaeHT-
joro OBTEKAHNS CTEUKH o nonacrell MEIATKH) YBeTHYCHHE BARAKOCTH
HIPHDOIHT K HEAHAYHTEABHOMY Y MEHLIIEHIID CKOPOCTH TIOTOKE. Offacmt
1 POMERY TONHBIX apaueiiiil  Re, = 50+ 1000 cOOTBETCTBYION Re, =
— B+500 w Re= 10+1500. B smix ycagauax fOTOK B OCHOBION
qacTi annapara eiie ocTACTCH naMHHApILM *. a pexum ofTeKapoero
JNONACTH NOTORA OTBENAET nepexojARol o6ascTH. Crenens BAHATHA BAS-
Koot HA €y M Ly B 570/ 00aaCTH CYULECTRENTO pasnuuaercs, 8 CKOpOCTh
notoka pesko iamelseIcn BASKOCTEI0  MEPEMELIH BAEMOTL  CPesbl.

Vpaprenns (2.1.8) # (2.1.16), nonofHeRHLEe dyuKiiel, XapaKie-
pusylomefl HSMeRERHE CROPOCTH 1o paiiycy annapara, CTpaxalor pIan-
MOfSHICTEHE NOTOKS € MEWATKOA I KOpITycoM annapara i MOTyT CHyHHTE
ocuoBofl npi pacHeTe npodnisn CKOPOCTH.

[Npescranun OGLEM ATTAPATH CcOCTORLLEM B3 IBYX oOmactedl (pHC. 2.9),
KOTOpHE PasHHAIOTCY  XApAKTEpON Epernca MOMEHTE HMIYALCH s
B uentpanbioil obnactil [ WMEET MeeTo ofiMen MOMEHTOM HMIYJAbca
MERAY CAOSMH FHAKOCTH, MERILY HCOUKOCTBED 1 JIONACTAMI MEUIATKH,
4 TAKIKe MENIY JHUAKOCTHIO N JHWIEM ROpTIyca anmapara. B neputhe-
pifinoit ofnactn [1 oOven MOMEHTOM HMAYJBCA OCYIRECTBAACTCR TOMBKO
MEAY CAOAMH HHAROCTH I MEXNULY skiiRocToIo B kopriycon. [lockoAbKy
npopuab OKpY#HOA CKOPOCTH B oGnactt | npejcrannser cofel naapryo
HenpepsiEayin iy HKUHIO, aBilM Er0 OnMcanEe b bijge psja no
crevieiam T = rlrg. Orpaiiuumcs  HETHPLME qeHaMH  pitia:

vy () = thgr (e r® = e A f 4 ul. t=i= {2.1.22)

& O3 STOM MORHD CYAI MO XapaxTepy SARACMMOTTH ef = f(Re) na puc. 2.6.
s+ Bosee NORPOGHO STOT RONEOC pACCHATPHBACTCH B peajeat 2.6,

a4

E
v A .
i (52345
LoE ]
| o'k
I | iI H
m?
] - fp? .
1 R » " R A=

i

Puc, 2.8, Cxesa goyxonnol Moges npodiian ekopocri:
I —d=ur ('1:‘?* -+ Ve LLE A T IT—u= L T

Puc. 2,00, Tiapamurp pacnpeiencs - ’
i oot o I:fl.; enppocTi gy = | (E) An MOmanok © ropisoitraakitam  pac-

Gauenns Yy MUXORATER TIO ]"pul!la!;liw (2.1,290).

1m_lil.\'m ONUCARHH pacopesesennsn ckopoetn B olnacti I npimesi-
mah:w k annaparam ¢ Dldy = 1,5 (D — miamerp annapata, dy —

eTp MEWANKH), KaK W B MOAETH  SROMGHHHpOBANHOTO BUXDAS
HCNOMBIYEM BHPaNenHe ' S

opr | =r=FR (9.1.2%)
rae o (rg) — OEPYMEHER CHOPOCTH WIAKGCTH 1B pRAIYEE 7y, ME,

Juavermn K it
. EHTOR NOAHNOME H pemHuHnY U (7
HeXoas #3 yoropiil we rpsumnax. [osaras Y 0t} Cup ERSHIE

vz (r) = v re)/r

W/mg = 1 H defdr < 0 npn r=10 (2.1.24)
i yudTHBa#, wro o = 0 (r)/r, wualipem:
Yo =0; g =1 {2.1.25)

Hanee, Wcpoanays yenopke conps
D | 99) 1 - HEHHOCT
(2.1.22) w (2.4.23) wa rpanHue nﬂyg Uﬁﬂﬂm‘ci;li HpOGUACH ICKOpLEHR

vy () = {r) i Ao doy

NCITY Y M i dr S TR {EI'IM}
virg) = (144 ) wwrn (2. 1.27)

Yo=—0,6— 1,2 (2:1.28)

Fawum ofipasom, ypaoiesus npodias cEOPOCTH NPROGPETAINT BHA

By () == P8 - furd 4= 1) . P=rf<1 (2.1 -24m)

€ (7) = (1 4 A - a7 npt 1< i=R 12.1.286)

W= —0,5— 1,25¢ (2.1,268)

Kak coenyer wa

ypasuennfl (2.1.29), ana nc i
M o o I y WTHOFO  OnUeaKt -
A CKOpOOTH B paccMarpHpaeMol (popMe JA0CTATOMHO nnﬂnn;ﬁnl;';g-

ue
a5



meTpa ;. 3HaueHHA STOre NApPaMeTpa ONpejensior, WCXOAA W3 noay-
HeNHHX BRLIE BuipaKeHnfl AN MOMEHTOB NpH NOJCTAIOBKE B HHX 3Haue
wih ckopocTi Ha (2:1.29). Tak, ckopocre ofirexanis JONACTH B COOT-
percroinn ¢ (2.1.4) Oyner pasua:

B{F) =F — 0y (f) = =17 — r® (2.1.300

Moacrapass (2.1.30) B (2.1.8), nocae WnTerpupoBaHiH HAXOAHM:

[ (1pry 2014 (=) | @)

YusiTeiBan, YTO BEAHMHHA Fpy A0 MEUIATOK C FOPHSOHTANALELIMA
RONACTAME  (MONACTHEEX, TYpOHIHLX M JIDYTHX aRaforitiinx HM) €O
crapnger <0,5, ynpocrum ypasuenwe (2.1.31), npeueGperan snave-
HHAMH 7y, B BHCOKHX CTeneifx:

Mo i‘ii*gf"i (0193 + 0,222y, - 0,12643) (2.1.52)

Ananoruunanm  ofipasoy A0AXHO Obtb npecOpasopano  ypanHeHHe
wns Momenta conporreaents (2.1.16). C srofl neabio, NCHONb3Ysi BhPE-
skenns (2.1.12) w (2.1.29), Bupasiy Cpemio0 cKOpOCTs Ty, Kak

1 R
B
Peg -é— l;l- o (F) df -} il- 8 (M df |= E_i {2.1.33)
rne By =1 4 0ty 0502 - 2 (1 -+ s ) In R (2.1.34)
Orctopa, corascao (2.1.16) u (2.1.19), naxomim
X -
Mnapn = %T&%Ig'wg'%‘fnﬂ? (2.1.35)
W, Bupaman xkpurepuil Peiironsaca c yuetom (2.1.33) kax
Re = poepR|p’= 10,7858, Hey (2.1.36)
HMEEM?
M apn =‘%}ﬂ”’fg'\'ﬂﬂ;'mfa¢?{ﬁ {2.1.37)

Juece Re, = padifp.

lNpupassinas 8 coorpercToin ¢ (2.1.1) nonyuensne pUpaKeHns Lis
KPYTALLEr0 MOMEHTA H MOMEHTS CONPOTHENEHHN, HAXOMIM:

, 0.4 + 0,222y + 0, 12543
Ja R 11 -F 0,40 + 0.5¢ 4 2 (1 -k 1) In ]

1.76
{2.1.38)

Ypasrenne (2.1.38) cesianisaer napamerpui pacnpeaeacHiis OKpYwH-
HOM CKOPOCTH Wy W Wy ¢ reoMeTpHYECKIMH XEPEKTEPHCTIKAMK anmapara
i MeliEaAKi, @ TAKKEe CO cBoNcTBaMi Cpeibl. Pelnenye STOro ypanHenus
copmectio ¢ (2.1.28), mumosHmemoe WHCAEMHbM HAH  TPA(UUECKHM
(pue. 2.10) MeToROM, NOABONRET ONPEAEANTL SHAUCHHA Wy 0, B jiasiee
pmnggb npodiiib OKPYAMHOR CKOPOCTH NO  YPaoHEHHAM (2.1.29a
u 2.1.206).
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Puc. _!.II. JaBUEHMOETE MIpYMIOR ExopocTi or uMean TyphiusEHLE MEHR0E S BTy
I — H="06T 3 — 1 = 6,30, Concitinue mupm — pacyer He yPsuiesas (20,29) {8 1.58)

Puc. .12, FapHCHMOCTH GHpYEMON CROPOCTH OT CooTmolithies PROMEpER ATMBPATE W WIH Mo

I — typOvnuan Mewanms; F — dexpuTan T {
o T T (9.I.3|}.w yPOmunan  selanes.  Conowiiue  Jisiin — ppcier

Hsnomennas Metomka pactuera npopepesa INCNEPHMEHTANLHO B pas
6orax 114, 161 npu seauennax R — 1,5+ 15; 2, — | =4 Re, =

8002 000000 nas  oTHOWEHWH BBICOTH  SariHEHHS annapara
K ero juaverpy f/D = 0,6+2.6, 1. e. npaxriveckn 8o scem paGoven
AMAlasoHe, XAPAKTEPHOM [IA ANNapartoB © MemaaAkami. ¥YpopeHb
TOWHOCTH pacuera wanOCTpepyeica pue, 2.1, 2.7, 2,11 ¢ 2.12. 3anu-
CHMOCTH Anf pacHeTa NPOPHAR CROPOUTH NpH oTHoweruax H/D < 0.6
iR 2> 15, XapakTepHBX He CTOMLKO MAA ANMapatos ¢ MemaTKaMy,
CHOABKO IS COOPYKeHHR OMHCTKH CTOMHBIK BOJI, NPHBEACHS B pa-
bore [13).

Ypaseeine (2.1.38) PacnpocTpausercy Ha MEIUANKH BCex THilos,
Y ROTOPHIX UPOAGAbHLIE OCH NONACTell PacnONOKEHN! POPUSOHTANEHO,
T. €. TEPREHHKYAAPHO OcH Bafa (Typlumsnie, jdonactine, npones-
fephgie W T. 0.). B cayuae Mewanok ¢ pepTHKAABHO yOTAHOBTEHHBIMI
JONACTHMI, LIS ROTOPLIX OTHOWEHKE (Fo—rp)/fiy CYLIECTREHKO MEHbILE
CANTHUG, T. €. 78 KaeThentx (cM. puc. 1.1.10), akopueix * (cu. puc. 1.8)
i AHBNOIHYHLIX HM MEWANOK, ST0 YPEBHEHHE AONHHD OuTh HECKOIBKO
iaMeneno. [ockonsky wmpiua b nonsctel MeMmanok STHX THOOB HE
Tpeantiuger 0,2ry, ckopocTh ofTeKanmus JonactTell Momer Obith ¢ Jo-
CTatoqnbiv  NpHGAHKERHEM BHpameHna Kak

4 e 0 () (©.1.39)
Wik B cootsercrmng ¢ (2.1.30)

U= —umgrp ({3 -}~ Jy) {2.1.490)
——

1 " FIROPULE W pAMALIE MEMEAKI TPHMEITIOTNN, Kk npaaun0, npi B <2 1,5, B sma-

;::Eunuuunﬁ ANBAPATYPE O UHCTAR WOOOMBAYIOTCR W onpd R — 1,5+ 2, Bansuine ro-

:_}Lﬁﬂii‘lil.‘mlll:ii JACMENTON KOHOTPY MY CTRE A T X HEDPHME W paMiex sooanor Ha
HOARIEMIRY TeqeHHR Dpi TYPOYACIIIION PeailMe npesepexumo mano [15).
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L = )
3
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1 1 i
Qs GEe grk g 02
™M

Pae. 2.13. MapusMeTH PacnpRAcAtiig CRopotTH 1y = | (E) iR METLAOK € SCRTRKIMEILN pac=
nesokeimem aommetel npe § > L5,
Fuaneins Py HARORRTCE 00 YPEREEU 0 (2:1.259m),

Puc. 2,14, Npoduun oxpysaioll cKopoCTIt B SNOAPATE © pamiioll sewaamoh;
I To = 1,08 2 — R = 1,53 Crisoigiilde’ AUNNH— PACYET 10, yPRIBEHARN (2.1:27), (2.1:45)
(2. 1.62).

K pyramp MoMenr, ApHaOMeHHBIl K MONACTAM MENalKH, B AAHHOM
enyuae MOXCHO ONpPEeNiTh  CJeayioiim olpasom:

2
M“;. - E:.;;]Jln.lnbfu LII:-:—— {2,1 .41}
yau B coorsercreuu ¢ (2.1.40)
o
Mup = Zslmp ‘;'? (s -+ 4o)? (2.1.42)

KostdnitienT CconporHBmeHin  Melusiok paccMaTpHBaEMOTO THIA:
L = LaZafinb [2.1.43)

rae Ky = hylry; 5= birg, B = ro— Finyy— WHPHNR AONECTH, M.

Suauenie L, AR BEPTHEALIBIK JIONACTER NPH b r.:tﬂ,E u A, =05
mosker npymimatees [15] paBres 2,2 (e, Tabn. 2.1). 4
Conocrapnas Bupamenns (2.1.42) u (2.1.37), nonytaem ypasHen

s ONpelleeHisi MAPaMETpoB  PaCHpeneasHi CKOPOCTH

(W -+ 1‘2" = @1 .44)
2R U+ 04y -+ 0,542 {1 i s I R~

ananoruyHoe phipasennio (2.1.38). Pacuer napamerpa 1y, @ aa:mr-&nfs-r
JHAALHOTD ﬂpﬁ[b!lﬂﬂ DI{py}Kﬂﬂﬁ CHCI]'!‘.')CT'H ﬂ]}OLKJJIHT::H no I;F]lflﬂ“m;
(puc. 2.13) u ypapueH#sM (2.1.29) 6 ToM e HOPAIKE, IO W A
JOK © rOpHSOHTANBHENH JONacTAMK. 3Hauenue Loy TR pamuuxl S [CE-
HEIX MEWAToK © Jonactssy wapkoR b = 0,14r cocTapaser 1. ;
raba. 2.1).4

Pacnpenencane ckopocteit npu R = 1,05--1,33, Pesyaurarhi usme:
pesmit llljg.: 171 noraswsaior, 4To (jopma npouas cROpoCTH, COOTRET

a8

E—24

crpyan H&E(;pameuﬁoﬁ na puc. 2.1 a 2.7, XapaKTepHa TobKO Ui
annapatos ¢ K = 1,5, Tlpu menswnx snavennsx K 8 o6aactit pamyiycos
ro < r < R ualmojaercs usmeHesue xapaxrtepa sapicumocti o (r)
i npi B oxono 1,3 kpiasie @ (/) nprofperanT oTpuuateasiyo KPHBASHY

(pue. 2.14). JIas annpoKCHMAUHH TAKOTO npodKas Momer Obrb Henoms-
3088H0 DHpaKeHHe

R 'fa
o () 'vfrnj(h,_:n)’ : n=r=R (2.1.45)

EHaAMOTHYHOR NPHMEHAEMOMY IR OUHCAHKH NpodHin CKOpOCTH HA ndioc-
kofl nnactuue [18). Caetyer aamernts, wro npumeHente snpoduas Yor
U BHHOM CJIYYa€, B OTJAHYHE OT NAACTHHLE, HE BLITEKAer H3 KakuX-nubo
TEOPETHYECKHX NOCHNIOK; STA 3aBUCHMOCTL HCNOJbSYETCH TONLKO B Ka-
YECTBE ANNPOKCHMALHONHOIO Bhipawenna. Jins annaparos ¢ pajnanbro-
JOMACTHEIMH MOANKAMH TAKAA ANNPOKCAMATIRA Brofiie YAOBACTHOPH-
TEJABHO OnHChiBaeT H3aMepeHundl npoduab. Tlpuvermmeasdo k pamuum
it AKOPHBIM Metlaniam Buipamenie (2.1.45) xapakTepHsyer ToabRO ocpes-
NEHHYR KapTHHy Teyedusi, NpH STOM HE YYHTHIBAIOTCA MECTHHE BO3-
MYULEHAS, BOSHHKalmie oOmian Jonacrefl mewanxu [171

B obnacti 0 < r < ry npodman ckopoctd, Kak ® B NpeauIymeM
cayuae, onichiBaeres mominomom (2.1.27), a coornowenne Memay
napamerpamu \y H Ay onpepeasercss w3 ycaoput (2,1.24). Tlopcras-
nAA Uy (rg) w3 (2.1.40) # Bupamenne

dﬂ:(r} _'__“_ l-l-*'l""‘rl
dr re=ry =i 'E = [21«4‘5}

o (2.1.24) u (2.1.27), nonyuaem:

Pa=—5;— Saly {2:1.47)
e
g, — TR—1+1 : 6 BER—1)+1
T B4 TR R—1) 1 (44

Beauuuna cpeasell cKOpOCTH B PAcCMATPHBAEMOM CAyHae:
ep = Ba/(ZR) (2.1.48)
rie s cogrpercteEn © (2.1.12), (2.1.27) u (2.1.45)

By = 1= 0ulfu = 0.5+ 175 (1 -y 4-1pe) ['E 1) (9.1.50)

Henoassyn coornomense (2.1.49) s ypassennn (2.1.16) n yumtai-
Baf (2.1.19a), umeem:

i3 .
Myopn = g~ hpuiriBy  RyRelr (2.1.51)
Mockoseuy Brparenns, onucuBalowMe npoduns cropocts B of-

dactn 0 < r < 1y nipy R = 1,5 1 R = 1,05+1,33, copnaaaor, npi
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PFac, 9.15. NApaberp pACupesentiig ERGPOETH
yo— 1 {E) pnm mikttipsos © nEpTHIAALNEM pucs
30 FOMENIER AONECTCR (WHORELE, PRMITLE ¥ T. nh

npn R < 1,84,

2

i ONpEENeHHl  KPYTAULETO MOMEHTE
WE MElIANOK ¢ FOPHSCHTANLNO W BEp-

i THRANBHO  PACTIONOMEHHEIMA  JOHa-
i CTAMM B fanHOM cysae MoryT Obirs
wenonssosar ypastenus (2.1.32) u

bl L L e (2.1.42). Tlpunvensn 3aKon coxpane
¢ o ¢ T 14 @H® MOMENTE, JUIf Mealiok ¢ ro-
i PHSONTANBEIN  NOMACTAMM HMECM
B ¥ e 0, 1 - 022249 01259
REE AR 0+ 0B+ LT (k) (R 1t

(2,1.52)
a Ui MCHIAADK € BEpTHKAMBHEIMY JOTIACTAMH
4 — bll + 1;'!]‘ L {2_ 1 .[ﬂ}
ol 11 0,y -+ 0,52 -+ 178 (1 4 41 4 %a) (R — )

Pacuer 10 ypapHeHHAM (2.1.52) w (2.1.53) kax ® B NpesyTy X
CAYIARX, OCYUMECTRISETCH SHCACHIEIM veroom. TpHMeRRTEIBHO K paM-
HBIM §| AKOPHEIM METURNKaNM, A KOTOPLX PACCMATPHBAEMBIE 31ECH COOT-
HOMeNHs Hanbones XapaKTepHbl, MOIKHO BOCHONESOBATECH TPAfHEOM,
npHBCIeNHLIM HA PHC. 2.15.

VOBACTOOPHTENLIRs TONHOCTE PACCMATPHEACKOTO Meropa pacuera
npodmas CKOPOCTH MAMOCTPHPYETCH cONOCTABNEHHEM pacieTHhIX |
onemiLx panasx na pue. 2.14 1 2.16. Kax caiefiyer 13 STHX PHCYHKOB,
yBeauyeine pasmepa Memanki (1. e. ymesbitiene R) Beerjiz CONPOROM-
laeresi  MOBHIUCHHeM OKPYMIOf CKOPOCTH [OTOK4, HECMOTpR na
yoensuenue KesdhuuenTa IEIPABJHHECKOLO CONPOTHINENHR  KOPTYCa
{cw. puc. 2.5).

E=2

Ve

01— &
I P
68
I aa
606
Q04 i L] i} A L L 1 i
 § 11 L2 2] a2 s 06 a8 W _{' L2
r

Pie, 2,00, JanucHMOCTE oxpyxnoll CxOpoCTH BT COOTHOLLERNIR phasscpon RoMEAPATE W [T E
(AnYEpSANAR sppactean meidoma, L= g6 Rey = 2,5-10%),

Cnaotifs JRiUH — [acyey oo ¥ pamiEiHEM {2.1.29) u (2.1.38),

pec, 2.17. Npodinse vepymiol chopocTi | anuapare ©o ckpelaossf weinaoll (R = 0,26 w1
B 1,08 2, = 11 0= 0,001 Ma-c

Criaoiaiay miuks — PACHET 1O FPRanEiHEmM (2.0.58) m (L1GT).
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Pacnpenenenie CKOpoCTeR B annaparax co CKPeGKOBLIMI Me IATIKAMM.
B pasnesie 1.2 yKaSHBAJNOCh, WTO ANS MPOGEACHHA RpoLeccon, CONpo-
PONCIANOHIHXCS GONBIIIM BEUICJIEHHEM MK NOTIOWIENHEN TEN0TE, 9acTo
HCTONb3YIOTCR ANAAPATE €O CKPEGKOBLIMH MELIAIKAMH. 3asop MEHTY
crenkofi Kopiyca i NOBACTEI0 MEUanKi (ckpeGroM) B TAKHX annaparax
CFCYTCTRYET, § PAJHYC MELIANKH Fo NPAKTHYCCKR paBen pampycy anms:
pata R. T1podins cKopocTH B ocnopHof wacTH o’beMa annapara co Ckp
wopEn Memiankani (pue. 2.17) Gau3oR no Xapaktepy K npodi Mo
5 aNNApATAX ¢ MEMANKAMM APYIHX THROD H MONeET OLITE anTpPoOKCHNH-
pnuall FOJTHEOMOM

vy (1) = wor (a7 - af® - 1): =r=tg (2.1.59)
Juoee F = rirg; re — PEARYC PRCOGANHENAR OCH CKptGHos, M

BEaman cTenkd npoduib CKOPOCTH TaiKe aNTPOKCHMHPYETCS (16l
T HOMOME

g (F) = 0 (re) (et 4 Bof + 20773 l<F=R (2.1.55)

Kak cuenyer us omsrrmsx sansmx (151, nipw R -1 maxcumym
e KpuBoll v (r) pacnonaraerci B 30m€, HENOCPEACTOEHIIO OMeTaeMOMH
nonacrisi. Tostony, yauTssas, ¥ro b < R, npuveM B NepBoM npHGIIE-
HEeHH

de

_H?:[i f%[i: o (r) = v (F) Hph = re (2.1.56)
B pesyjbTare COBMECTHOIO peuienns ypasuenuit (2.1.54)— {2.1.56)

C yueToM YCAopHA HA CTEHKe Kopnyca

o= L {2.1.57)
NONYHAEH:
iy (F) = F (aF? - er® -k 1) O=rF=1 (2.1.588)
ax (7] = ¢|+¢l+qr,;{l—(%:_ll)5] l=7=TR (21586
e — —0,38 — 1,339, (2.1.588)
Jaetn
R = Rirc {2.1.59)

Jlnst onpefenenun NAPaMeTpa Yy Bhpa3HM KPYTHILNE MOMEHT, 1pH-
Soxenuufl K cgpedram (uneno ckpebROB 2,;, OLICOTR W HPHAA * cxpel-
Kop, coorpercraenno, h, n b), Kag

s

Myp = Latalinbire 5 (1.6

* INop wppriol cRpedKa NOMRMACTER WM PIRe NPUERUEN © il
G TR P s HPOEKIHN CRPEURA HA MEPEANCTR -
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= Pur. 218, 1 pacnpeseseinn  Cuo-

R'E POCTH Ay = EE] AR CRPEdROEIE TWELIAROS .

?QHTH:QTT W, HELCQUSTEN DO YREBNCHIUD
-t.GHnk:

IMonaras
t=wgre — v {rg) = —tire  (fr— a)
(2.1.61)
H YUHTHIBAS, 4TO
L = Latnfigh {2.1.02)

HMeeN:

T T My = Luteniee (% -+ W)*/2
¢ (2.1.04)
e fig = fgirg: 8= 1Hb'r;.
B coorsercroun ¢ (2.1,12) u (2.1.58)

tep — Bal(2R) {2.1.64)
My = g~ Pepsigrevittly REG™ (2:1.65)
rac
By = 14044 4 0,54: + L33+ F ) (R—1) (2.1.66)
Orciona, no ananoree ¢ (2.1.44):
F O _ 40 (4 Pal® =
g, Rt R+ 0,4w 4 0,5 -+ 133 (14 $u -+ gu) (R— P

(2:1.07)

Onpenenesie NAPAMETPOB PACHPEACAELHS CKOPOCTH Yy H 1, B anina-
patax co CKpeOKOBBIMH MeANKAMY OCYHICCTRIRETCH HYTEM 4HCAEN=
woro pemennn ypapnennn (2.1.67) wam ¢ uenonbsoBanues rpadiuka
(puc. 2.18). lNpn pacuere L, KoaduuHenT CONPOTHBACHHS CKPeDKOD Ln
npesumaerca (161 papisv 2,2

2.2, CROPOCTE NHAKOCTH B ANINAPATAX
C HENONBHKHHIMH BHYTPEHHUMYH YCTPORCTBAMH

Veranopka B annapare HeNOABHMILIX BHyTpetwx yerpofiers (orpa-
MATEALHWX NEperopofok, TpyG nepesaMbanus, otpamarencli u T- i)
APABGINT K YMEHLIUEHNIO CKOPOCTY OKPYXKHOro TeIeHHA. Ounospesenyio
¢ STUM NPOHCKOWT YDENHYCHHe PAAHANLIOH W OCEBON COCTADMRIOUIHN
cropocTi. Pacnpenesiense cxopocieilt 8 JAHNOM Cly4Yae SaBHCHT FRap-
HbiM OOpazoM OT PeAMYMHiE THIPABIHYECKOrO CONPOTHBJICHHS, OKASH-
BICMOIO  BHYTPEHIHME YCTPORCTRAMH NP WX OOTCKAHHE OKPYHHHIM
fotokor. B Tex cayuasX, KOTA2 MOMEHT CONpoTHoACHH# PHYTPENHHUX
YETPOHCTE NeBemiyE ¥ CYHISCTBENHO He pesuillizer MOMEHTA COTpOTHD-
TETHR KOPTIYCa aNNApaTa, XepaKTep pacnpeiesenni OKpYMHOH CKo-
POCTH aNanorHien PaCCMOTPeNNOMY © NPEmsylenm pasiene, a ocesas
W paiManbyas COCTABAKIOUME MO-NPEKIEMY OCTAIOTCH MHOrD MENbUIE
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oxpy#uof, TTo Mépe yredutenia conpotHsacHns BHYTPENNX yerpoficrn
pabmopaeres pee Gonee 3RAUMTEALHOE YMEHLIUEHHE OKpYMUELX CRO-
ocTel.

B annaparax ¢ OTPMKATENbILIME AepeTopoaKami, obnagamunMu
pECEM@ BECOKHM CONPOTHRICHHEM, BCE MPOCTPANICTBEHIHE COCTaBAAIIME
cKOpOCTH ORasumawTes Gouakawi no semwunie 1191, a sepumonans-
yas UHPKYNAUAA CTZHOBATCH BEMBEANEM SAEMEHTOM UHAPOIHIAMH-
yeckofi oberanopky [20). Opmeit nz nanbonee cymecraennux ocober-
HOCTell NOTOKE B S5THX YCNOBHAX ABNYETCH DH3YANLHO nabmojgaeman
[21] wecTAUMOHAPHOCTL NOMS CKOpoOCTed, NCPHOAHYMECKOE BO3NHKHODE-
e W SATYRBHKC BPYIHLIX BEXpei.

Hamepenin oTgenbipX CocTapnfiouidx CKOPOCTH NOTORE B annapa-
taX € NeperopoAKAMH OCYMECTANAfHCE B paje palor, NpHBEieHNbIX
g [22 ], Hapecmin TaKkiRe HONHITEH TEOPETHUECKONO HCCNENOBAHNS JTOF0
cnyuan ‘redennn {23]. Ognawo jAocTarouno HONHOE ONHCANHE TIONH
ckopocTedl, Aaxe B dopme IMTHPHYCCKHX 3BBHCHMOCTEH, [OKa He noay-
weno #3-33 OoBOR CADHMHOCTH KApTHHL TEYEHHHd, H eaHNCTEEHND
peanbHbM B HACTOSLILCE BPEMA IIPCUCTABIAETCH KAYECTEEHHOE ONHCAITHE
XAPAKTEPA PACTpEleNenis CKOPOCTed Ha OCHOBE yRpollentux Moneneli.
B 4acTHOCTH, OUEHKA XapaKTepa pacnpeitienda ocesofl cocTapanowef
CKOPOUTH 0O pajillycy 20Tapata NpH pasMemenHn sewl2nkn plansH
AHHILA MOKer GuTh Clesana Ha ocHope creayiowux gonywennd [24 1
1) BaufnHe OKPYAKHOTO NOTOKA HA NPOJEAE CKOPOCTH OCEBOTO TEHEHUA
npenelpestno Maio; 2) NoBopOT OCESOTo NOTOKA B pAAHANLHOM HALpAS-
NEHHH OT HEeHTPA K nepHdepHH NpoHcXoANT 8 ocHOBHOM BOAH3K HAG-
CKOCTH Meinanku, obparnbifl nosopot (ot nepudepun K ueurpy) —
8 HeNOCPeACTBERHOR BAHIGCTH OF NOBEPXHOCTH JKHAKOCTH H, CNEAGBa-
TeNLND, OCERER COCTABNRIOILAR CKOPOCTH COXPAHSIETCR NOCTOAHNONM
10 BRICOTE,

B pamyax pECCMBTPHDEEMON YNPOMEHNOH CXeME TEHEHHA TPOQPHL
OCEBDIl CKOPOCTH HHCXOARMMErD WOTOKA ONICLIBAETCH ypPABHeHHeM

—p % Vo —’h‘;_jl) = Agpr (@.2.1)
LA Vo — TYPOYNCHTHEN BRIKOCTS, Mo Ap — nepennn masnenws, Tlalw, @(r) —
DOCRAR CHOPOCTh AMAKOCTH HA pamRyce r, w'c,

Ecan, conepgyn [24], npeanmonowuts; 910 TypOyienTHas BASKOCTDb
HOCTOA NI ¥ He 3aBHCHT 0T paanyca, obliee peuenne ypannenns (2.2.1)
MOMHO TONYYHTL 0 BHAS

wir)=Cylnrf Cyi4 f::vf (2.2:2)
3453088 yonoBUus
dwifdr =0 npat r=10 (2.2.3)

: HE rpanune uncxogsuiedl ¥ pocxommuiel seToel UHPRYNAUROHHOTO
Ul'i't‘}'pa

o w=2_0 npE r=rg (2.2.4)
Jen;
A
# () = pr (P —F) (2.2.5)
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Hanee, pupamas DHPKYNALKOHKET PACKOA § Yepes JOKaJbHLE 3Ha-
MERHS CKOPOCTH

"
g= EH-I Ity (rylrdr} [2.2.6)
i
HMeen:
Ap =g Eﬂ‘:l (2.2.7)

nry

Obuee pewtenye 1as Brewinel YacTH KORTYPA, T. €. NS BOCXOASILEro
NOToKa, Takwe uMeer nuy (2.2.2), Maniwibaya yehoBHe conpsissedin
KpHBEIX wy (r) u wy () BA rpanuue noK

dl'.lJl ﬁIm,

oy =te—0 W A e P npH =y {2:2.8)
H YUHTHIBAH, YTO U3 YOAOBHS HEPaspPLIBHOCTH
R
¢—2n jiw,{r”m 2.2.5)
o
Haitaes *:
i M e YL N 5
wr) = W(E e 1), 0=r=R {2.471[}’
m=RIVZ (2.2.11)

Hecvorpa nia cyryGo npubanmkennmil XapakTep HCXORHLIX NOCHIAOK
(w0 npu r=R), ypassennsi (2.2.10) u (2.2.11) ynoenersopy-
TENBHO  OTPRIKAIOT KaWeCTDEnNH  Xapakrep pacnpejeseilus ocesod
COCTABASOLEH CROpoCTH. 3TH ypasuenws moryr OuTh HCOONBIOBAML
H Any HONHYECTBEHAWX OIEHOK, HCXOMM H3 HIBECTHOFD 3RaYenus LLHp-
Kymsiuonnore pacxota . Onpefenenne peNAYHNEl § BL3EBEET, ORHaKO,
CepresnHe IATpYMlelns, IJHCHepHMENTAnbHO yeranosneno [221, wro
UMPKYNANHONIEH pacXof § ANNAPATAX € OTPAMATENLHKIMH Nepero-
POAKAMH CBASAN € XAPAKTEPHCTHKAMH MELUASKH YPABHEHHEN

g = 2k d;, (2.2.12)
Fae i — yBacToTa spauteHnn Memiagsn, ofic] dy — anamMeTp Metiaake,

Kos(upuuwenr pacxona &, sxogsiuiuii  ypasuenne (2.2.12), usme-
HAETCH B WHPOKHX npefenax [22] u 3anHCHT or THRA MEWANKH, COOT-
HOWENHTI ee pasmMepoB, a TAKKE, N0 AZNNEM OTAENBHEX ABTOPOB, OT
pasmepon annapara [25] w ceoficte cpeant [26). Kak cnepyer us pe-
SYJABTATOR IKCHEPUMENTANLHLIX HSMEPCHUH, BLINOAHEHHEX pPEaIHY-
HEIMH MeTOAAMH (HpPSMOE HSMEPeHHE CKOPOCTeH MUAKOCTH, HIMepeHHe
BPEMERH BpaBHHBANHE KoHuentpauudt u ap. [22]), nna TypGrnnwix

* Ha ofinacrs o nenocpiarmiossoll Susocrh o cronkn ypuimeune (2.2.10) ye psc-
NpOCTPaBACTCA.

4o

e anok ky = 0,5-+1, a pna nponeanepusx k, = 0,206, Ins Gone-
MANCTBA KOHCTPY KM NEWBANOK ¥ ANNAPATOD 3HAUCHUS k, HeHIBeCTHLI.

PacueTiian OleRKa OKPYHHOIl COCTABMMOWEH CHOPOCTH cosiaaua
¢ MEHBIIHME SaTPYAHEHHAMI W, KaK Npasuno, Moxer OHTL BHNONHERa
2 OCHODE AAfNBIX O PeOMETPHH Aannapata W KofpduuuenTe conporTws-
JeAns Memank Ges nonoNnHHTENbROA IKCREPHMEHT AN LIORH HHDOPMAILHH,
B annaparax ¢ snyTpeHnuMd ycrpoficTsaMu, Kak U B FNAARCCTEHHBX
annaparax, XapakTepHCTHKH OKPYIKHOTO HOTOKA NOMKUL YIOBNETBO-
paTh TpefoBanuio pasHosecus momentos (2.1.1). Tpn srom Buipamenne
JUISL MOMEHTS COMpOTURNEHUs AonatHo Guith gonomueno (27 | cnarsemsn,
YUHTHIBRIOILEM THAPARMHYECKOE CONPOIMBIEHHE BHYTPEHHUX YcTpoiicTs
npH HX OOTEKARHH ORPYIRIHM  (0TOKOM:

Myp = Meonp = Miopa + May (2.2.13)
3nech,
My = 3 My (2.2.14)
2

rae My = MoMEHT conpoTHieHns {10 BHYTpessero VeTpoictsa, Flo; Ty — UHCAD
viyTpesnEx yerpoficrs.

B 7ex cnyuanx, Korja WHpHEA NPOSKIHH BHYTPEHHErD verpolierea
lia PaIManLuyio WIoCKoeTh He npesnimaet 0,3 pajkyea annapats, MOXKHO
npenebpeys MaMEHEHUEM CKOPOCTH HA YUACTKe papnyca, SaHATOM DHYT-
pennuM yerposictsou. Torpa

My = Ezhrip—l-’—g-!l (2.2:15)

rac £ — KosdmIMenT COnpOTHMIGHIA NIt NGOEPednoM OOTEKNITNE i-r0 BIEYTPEMICLD
verpoliernd; fj — maomans npoekii f-ro yerpoficraa va MEPHIHOHANLHYIO TUTOCKOCTE,
M7, ry — PAIMYT VCTAHOBKN 70 yoTpoficraa, M o (ry) — GRPYMHEAR CHOPOCTH MILIKOCTS
oA pagwyce ry, m'c,

CTporo rosopsi, yeAaonneM MPHMEHEMOCTH BHpamenns (2.2.15) sp-
MACTCR TAKME MOCTOAHCTBO IHAYEHHH OKPYXHOH CEOPOCTH IMMAKOCTH
Mo BucoTe annapara. OnnTHEEe FANHEE Ilgl CEMIETEABCTRYIOT O TOM,
1T0 B ocviopHell WacTn ofbema o0 yenospe pringausercd. Hekoropoe
YHEMHHCNHE OKPYXHEIX CKOpOCTEl HACMOAAeTCR TOALKO B Y3KO# ob-
MACTH BOJIMSH MellankH (B 30He papwaneHoll cTpyw, orGpacuiBaemof
JONACTAMH),

B Gonsumucroe ciyuaes sryTpenume yCTpoWcIBA NPEACTABARIOT
COOOH URAMEAPHIECKHE HAH TNOCKHE SNeMedth (TpyOHi, nAacTHim,
ClmoctyThe TpyBul), s KOTOPHX SHAYeHHS KosdbHuMenTon CORpIo-
fhenenus T; sakmouens s opefenax 1—2 (raa. 2.2).

Buipawan kpyrsuinit momest Myp 10 ypasuensio (2.1.8), a moment
COLPOTUBNCHRA KOpnyca annapara — po ypasuenwo (2.1.16) ¢ yue-
Tov (2.2.14) u (2.2.15), nocne npeobpasosanus nonyyHes:

i
whe | F—T0 rar =G vo @+ YVt () @20
Tim %in ¥

Vpanuenwe (2.2.16) conepmut penuME 0 (1), Tep M8 (r), n ans

FTO Peweina neobxomima (YHKUMH, XApaKTepHayioman GopMy npo-
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Tatiaya 2.2, KoshdmuenTi rsipasiRaecsoro conpoTHEREHHA

Ton & LE1ICE Coorm nm‘“ﬂ‘hll
verpadicrs Crgsin PAAMADOR t:mi:}lmmh; L
] (.68
Oreenmraft. e i 0.74
ntinp. Tpyte (28] 10 D.&2
40 0,98
oo 1.2
hls= 1 i)
2 1,15
OnuHosHaR G- 4 1.189
cTiun 28] 10 1,249
18 1.4
o0 2
flmnctiia y crens h
KM,  OTpaMaTeAb- === 510 o
1L TEPErOpOLKn b
r
-
Orpasarent — 1.5

dmnn oEpysNoR cocraBasiomeR cropectd. B yenoBuAX, ROTAA THCA0
H OAOMANE HETIOABEICIHK DHYTPEHNHX YCTPOHCTH HEBeNHKH ( YUk <
*an

< 0,6RH), moment nx conporusnein My, HE NPEeBLIIAET YADOCHHOIO
MOMENTE CONPOTHRIENHS KOpAyca annapard, & Popma npoduns cropocTi
He [PETEPesacT cymecTienrny HaMenenuil no cpamnenno ¢ Qopmoi
npoduna B annapatax Ges sHyTpeuHHX ycrpoficrte. B arux enyuanx
JUTE ONMCEHMR 3aBMCHMoCTH © (r) Momno nonssosatses [27] annpok-
CHMHPYIOIWAMH YPapHennsMi, npusenennnvi B paspese 2.1, Tax, npH
MEPEMENIHBARKE  MEUANKAMH C POPHIOHTAABLHWMH JOTEACTAMI JUTA
R = 1.5 pacnpegeneyue cKOpOCTH B aNNAP2TAX ¢ BHYTPENNIMI yeTpofl-
CTRAMH MAJOro cevenua (uanpumep, ¢ TpyGoil nepenapiuBanna) onucs-
BaeTcst ypasnesues (2.1.29). Toacrannas auatvenns o (r) u o,(r) us
ITHX ypasnenn#t 8 pasencrso (2.2.16) u nenohways coorserciyioilee
yeaopri R = 1.5 aupanmenne (2.1.37), ans cayuas yeTaHOBKH BRYTPEH-
HHXE yeTpoileTs nmeeM B obnacTH pPajHyCOB rp = ry
1,76

=B
2,5, (0,19 0,222, + 0, 1253) = '?E' R n;ﬂ-“ Al
U]

(1 90 Y2 @2.17)
T

Uncnennioe pewenwe ypannenwn (2.2.17) cosmecrno c (2.1 295)
[OIBOVRET ONPEIEIETH In2UEn s |y # |y 1 janee o ypasrensan (2.1 1292)
w (2.1.206) ocymectsuts npubmixeninslt pacuer NpodiAR OKPYHRHOH
CHOPOCTH B annaparte, 3nadeini KOsppHUHeHTOB CONPOTHBACHIR Mela-
nok Ly, npneejens o taba. 2.1, snawenun A, paccunTHBAOTCH 10 (Bop-
wyne (2.1.20).

Angnornyysie ypasreH#A MoryT OwTh MONYHEHB W iR APYTHX
THAOD MEWANOK K cooTHowenuii R, paccmorpesnmx 8 paspese 2.1

TlpH yBeHYETIHH CONPOTHBNEHRA BHYTPEHHHX YCTPORCTS CHiGKEHRE
NOKANBNLIX  BHAYENHA OKpyMNOA CKOPOCTH CONPOBOMIRLTCH TaKHe
craaAMBandes OpodiaA, T. €. BHPABHIBAHHEM 3HANENHR OKPYMKHBIX

cropocTell KifKooTH Ha pasiux paamyeax (271 [pn X Lfi > 0,5RH

L
PAZAHYHE MENY NOKAALWLIMH SHANCHMAMK OKPYMHOR CKOpOCTH B OC-
ponsofl wacty obvema annapara (p ofnacrn suauenndt r = 0,5r) ue
npespiger 10—15 %. Jro nossossier nps pacuere NPHEATS B 0EPDOM
NpHGAKMKEHIH

6 (r) = By (2.2.18)
n orciona B cootsercieni ¢ (2.2.16) nonywTh
0,25 — 0,670, + 0,507, P o
A f';’:pf:"' =5 (Roey Re* ™ + E b (2.2.19)
iy
B tex cnyyasx, korja
¥ Lifi >0,6RH {2.2.20)
£y

MOMETT CONPOTHBNCHHS BHYTPENNHX YCTPORCTE OKASHBAETCH SHANH-
TeNbne GOMbILE MOMEIT2 COIpOTHBACHUA KOPAYCa aunapara, i ypanne-
nue (2.2.19) mojer OHTHL HCHOABIORANO B ynpoulesntofi dopme, orpa-
Maowel ToNLKO CONpoTHRAEHHE BIYTPeHIHX YCTpohcTn:

2.0, (0.25— 0,075, + 0.50,) = T 0 2 R [2.2.21)

hu
Oreiona

_ 0,33 — V0,11 — 0,25 [0:0 — Kiipd

vep= 05— Kon [2.2.22)
Tae
Ry : firi ;
2.2.83
Ko ;ilt“ 2 ;' 1 { ]
T

Vpaenewna (2.2:.19) » (2.2.22) — opuenTHPOBOYHEE, HOCKOABRY
ONUCHIBAKT TONLKO OCPEAHEHNTHE XAPEKTCPHCTHKH pacupeiieneHls OK-
PY®HII0 cKOPOCTH H e OTPaMAIOT JOKAILHLIX ocofensocTel NONA CRo-
POCTeH BGAH3IA BRYTPERHUX yoTpoficTa. Te ne menee, Wi yHHTHBHOT
HITHSNHE OCHOBHEIX KOHCTPYKTHBHEIX XBpakTepHCTHR anmapara H He
TPebyior wefloib3oBaius NONONHHTEILHREY OTETIBX N2AHER * Kax

" Suptcnns kosdhiniEHTOR CONPOTHUIEHHE BUYTPETIA ytt}szm COPEREARIITES
1o Cipasouol ARTopaTYPE, HANPHMED 10 28] wmir o Tatia. 2.2
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(1.1

asf-

u. |y SR EE N i 1A S iy w20 8 ”
1 10 77 4%, : >
K g
o o
Pac. 216, Janncamacte oNpysuof cHODOCTH OF XappeETepncTHE  SUFTReHHNL mmT-l.
Kpwusy — pacuer oo ypassiciwa (2.2, 10}, oo — seenepumcntoannee ganete [27 ]

Jlinnietp nithepars (8 u): F—0% ¥—].2

Pae. 2.20. TapHossioc fi CREAINEFD dMAMEHMN yulofl CHOPEETH OF COTTPOTHRBENNS . HHYTREH I
yerpuficTe (anvapsr © TYplantod ummﬁ:_.g =87 Loty = Bt ry = 0, FR; ¥ =02 Rnu i
= 10%; fep- £ — CPEAINE SHATAMIA oEpy ROl EROPOCTI PPN OTCYTTTIMN 0 [ ILAINER Bly-
TPEHHUK YCTPORCTE, COOTHETCTREHEG).

crenyer ws puc. 2.19, pacuernue ouenkm B JOCTATOMHOI Mepe coras-
EVIOTCR C peaynbTaTaMH Fi:i‘MEpEHHﬂ-

Pacuetsl no ypasHeHMsM, NONyHeHNbM B HACTOMWEM pasjene, a
TAKKE JIAFHEIC HIMEDERWil YKA3nIBaIOT Ha TO, 8T0 NPH YCTANOBKE B an-
napare NenoABMMHEIX YCTPOHCTE OKPYIKHAS CHOPOCTH OBLMMO CyIeeT-
BeHno cuikaeres (puc. 2.20). Hake nanmuane TpyGu niepeflaBauBenun

(E;’ %: 0,1 +|‘J,2) MOMET NPHBOAHTL K YMCHBLICHHIO cpejiiell cKo-

pocrit kuakoeTH wa 1016 %, npuuem sro winsuue yeunusaercs
¢ nopunlenner Reg, 7. €. ¢ ymennmenuem xosdipuuseita conpornsne
HU Kopryca anmapara ¢y, _

HeobxoiuMo oTMETHTS, YTO Ha WenofRimibe yerpofieTsa, yeranos-
JesiKbe B anniapare, ASACTBYIOT THApOAHNAMIeCKHe CHin. Pacter sTux
CHJl MOMET OCYLIECTBIIATBCA € HENOIBIOBAHKEM INANCHITH OKPYIKHON CKO-
PocTH WHAKOCTH v (r;), onpeleasieMuX N0 NPHBEACHHKM BHIlE ypante-
nuam. Cuna, apeficroyiomas ng (-e yerpoferso:

o o
Py — _'E, = py 25D (2.2.24)

lMorpewnoers pacyera P; cocrasnaer 15—20 %.

2.3. OBPASOBAHHE HEHTPAJIBHOH BOPOHKH

Flpn epampTenLROM JBEMEHHH MHAKOCTH § ANNAPATAX € MEUIAAKAMH
nabmoazerca obpasopanie NEHTPASBHON BOPONKH, CONPODOAAZIONIEECS
NOABEMOM HHUAROCTH ¥ CrenEd annapata (puc. 2.21). Ecam yrnosas
CKOPOCT L NEpeMeliiBaenon Cpelsl BWCOoKa, raytuna BOPORKH CTAHCBHATCH

48

pare. 280, UERTPAINITAS BOPOVES B ANEAPATY © TyDARINGD

AL LD,

= .
CONOCTABMMON € rayBUNOl yCTAHOBKY Me- [ -
WANKH WIH fawe npensuaer ee. [1pn Gonb: ‘L‘T | 4
oM PAIHYCe NOBEPXNOCTH  BOPOHKH 1nia = 'f

ypoBHE PEACHOAOKEHHA MPIIATKN B MUAKOCTS
NOrpYHENs) TOALKO KOs Jonacrei. o F=& -
paBpioUen o YMEeRbLWENiNo naomann nong- ?
crefi i, K4K caenyer Wa ypasnenus (2.1.7), i
NPHBOAHT K VMEHBIUCHHIO BEAWUHHE Kpy-

TAUETD MOMEHTA, DPHIGHEHNOTO K Wuikocti. OaHospeMenno naGmo-
RACTCH YBICHeHHE BOSAYXH B MHIKOCTH, €r0 AHCHepPIHPOBAIHE W
O0pasOBAHHE FAIOMHAKOCTION CMECH B 30M€, HENOCPEACTRERHO OMe-
racuoll nonactsimi. Crenonatensiio, JOKIENAR MAGTIOCTL cpeas, ol
TeKAOWER NONACTH, OKAZLINALTCA IUME CPeAlEll ee NAOTHOCTH B anna-
pate, ulo TAKMKE BRSWBACT YMEHLLUENHE KPYTALEr0 MoMenTa.

B yenosusx, worne o6beM BOPOMKH PesiHK, ee obpazcsanye npupo-
AMT K NOBHIICHHIO YPOBHS MUIKOCTH BOAHSH CTEHKW annaparta, 7. e.
B cooTeeTcTeENl ¢ (2.1.10) & ypemmenmo PHLPABNIHYECKOTO. CONPOTHE-
TeHHA KOpIyea. |lockankKy BHCOTA MoasemMa MHAKOCTH o0BITHO OTHOCH-
ICIbHO HEBEAHER, SAMETHOIO YBCAHUCHHA KPYTILIEND MOMENTS HE npo-
WCXOART, 2 NPH NOCTHIHEHHW NOBEPXHOCTHIO BOPOIKH BHYTPEHHUX KPo-
MOK JONBCTER Mewamin nalmonaercs CYWecTReHNOE CIIDKEHHe Mol
HoeTH *.

Mpu crporanm copnatenny oeu BPAUWEHHH MELIAJIKY € OChi0 BANApaTa
BASIHHE ROPOHKH AOKHO OHN0 G OrpaMiuduBaTECH PacEMOTPEINBMH
Suie SENenuaMi. Ha npaktake, ofnaKo, HMEIOT MECTO STHITTHYROCTE
ruplycos, SKCuenTpucHTer, Guenne sana w T. 1. MostoMy B peanbamx
YENODUAX, OCOOEHHD UPH HANHYHH B ANNAPATE NENOABIIKEBIX BHYTPEH-
HILX YCTPORCTE, OCh BOPONKH COBEpIIaer NPEHECCHPYIOLEE (BRMENHE
OTHOCHTENLHO OCH ANTIApaT4, a ee rayOHpa i, CefoBaTes o, CROPOCTS
AUAKOCTI M KpYTSRHl MonenT ua Bany rkomefimores. Bosuukmoumue
TPH ITOM HeYPBBHOBCIEHIHE THHAMINCCKNE NArPYIKH OTPUUATENLIO
CRASLEBATCR Ha palorocnocolHOCTH MOAHNEUKOR H yunornenni (1s-
BECTHH fame cayqal nsruba man nofoMKy sajgos MEIanok).

Pacematpisaensie orpuustensise Boanelersrs, cegsanue c ob-
PillOBANKEM BOPONKN, NPSKTUYLCKI HORMOMAIOTE R, ecimit BepluEia Bo-
POHKH pacnoasraercs ohiile CIYNMUE Mewankn, Takoe yciosie, fip-
ARTUBLeEOsT, No-CyuecTey, aiuim N3 Tpeﬁunamrﬁ K TpAMEHHMOCTH ar-
13paTatt ¢ nepeMeINBAIGIMM  YCTPOHCTBOM, MOMKHO SBINCATE Clie-
AViowmm obpasom:

Hr— Hy > by

a »
5 fog dfm MOUHET CAYMHTE ofnacHesnem ormermmuelicn B panERE paboTax, Hampiwep
31, zamkcumocmn wonmocti oF Kpwrepin Dpyae Fr — iy lg.

Vayriieas norpenmocTn PacueTa tiyOnEld BOPOHKN, 3 THRME BOAMOMHLIE Hilfe-

B =,
CUHA YPOBHR MINOCTH, ONYCTHMOE St Ay BOpONKN CARRYET 200
I3BCCTH M Samacom,
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.i% fric. B89, Pacueriiufl rpadms gan onpeiemuMnR ray-
P il BOPOARI.

rae Mg — Blicora ypounus MIKOCTH Y CTEHKM
anmapata, M; Hy — royGupa BOPOLKE, M, g —
BHEOTE PAIMCILERIE MEOaTki HAL JHALEM, HaMe-
PHEMAR N0 CEpPERNEE BLCOTL Jignactedl H cotri-
% wingman oftdano (1-+2) ry, m.
- Ecnp anmapar cralied nepeaiBinbLM
narpybkoMm W SKCTMYETWPYeTCA NpH He-
NPEPHBHOM PEMHME, BENHYHIA Hy, . €. MAECHM2/LNAR BHCOTA YPOBHA
MHAKOCTH, NOCTORHHA M ONPeAeAReTch BLICOTOR  pRIMBILUENHA Ta-
Tpy0ka. B ocTanbhbX CAYuaRX OHA B4BHCHT OF of’bema BOPOHKH.
Jlns aunapatoB C MAOCKHM AHHIREM Hg unp‘enmam-gﬂ H3 COOTHOLHEHH

_ Vig4Vn
T T aRE

=t

Hg {2.8.2)

rme Vi — ofives ®imkoctn n annapare, s Ve — bnes Boponke, W,

Ilnsi anuapaToB C SATHNTHIECKHMM JARHILAMT:

Hir=hux 4-%—& (2:3.3)

Aneen By, — BucoTa sEia, s Van — ofmen mraia (30 ]:
Vau = 0, 166nR? (2.3.4)

Hexoanoll nocHAKkol npn pactere rayGusisl H o0ueMa BOPOHKM a1y~
MUT YCNOBAE DABHOBECHS 3IVEMCHTA IKHAKOCTH [2, 3}

ppd— 20 g (2.3.5)

e g — yoKopeine esobonnore nagesns, wWel, b — BEPTHEAALNAR KOUPIHHETE, M.

Pewense ypasuenus (2.3.5) soswowio [9] na ocuose ypasnenug
fipothHna OKpYHK1oll CROPOCTH, NPHBEACHHEX B OPEALAYLIHY pasienax.
Onn ofaacti pauuycos 0 < r < rp BHEPAREINTHE, ONHCHBAKNILES
oMY BOORKH, MOKEF GWTH TONyyeno HITETPHPOBAIIHCY YpABHEIINR
{2.3.5) ¢ WCNOAB3OBANHEM YPABHCIHA npoduan cropocti (2.1.29a):

ol [ 0 airg I s
bir) = :ru ] n":’} dF = ;’ﬂ (—é— ‘I;if?'l'"é"'l‘?fﬂ + -éwr' +
0
- o ) 2.3.0

fast paauycos r > rp w3 ypastienns (2.1.206) npu R = 1,5 umcew

i

hirp=h, ¥ z

b (1- ) (-t -+ ) (B-8:70

a TIpH R < 1,33

""”"‘«"'TR“('+¢1+%]"‘[lﬂ 'E[ +

_{.

i [‘4?

A

P 1 e ) t%a—ﬁ}k-- s —k - ll{(h_;_)* (_%_ﬁ)*]] (2.3.8)

3pech b (¢) — sepanaibnan  KoOp;

3 e LT nuaepmu:‘m BOPOHEM HE PAEANRYCE T,
CTCHNTLIBEEMA OF wieststell TouEN BOpoaEN, M, B — KOOPIIETE NOBepXUDCT . 1
e o P NOBEPXNOCTY BOPONKH

: “’H - uy (r) Ugr’
50 (St Lot )

{2.3.9)
Oiman royOnaa BOpoHKMH:
o
Hy = B +—= (1 ¥k, (2.5.10)
e npt B> 15
1
ko= 1—— (2.5.11)

i npe R = 1,33

by =B |n(t—;) = D=0 . Ch—k])
{ R +§{ ’ Bl E - X

()

Jns ynpoutenus pacueron :
A HE pHC. 2.22 npHBEfAeHA 3ABACHMOCTH &
UT COOTHOWEHHA PAANYCOB aUNAPATA W MEMATRH. -

Ofben, sanumMaeniil 1
_ : n BOPOHKOH, MOMHO ONPEACAHTH -
HHEM ypasHenus b e

AV = nrt dh (2.8.13)
Onpenenns dh 8 cooteercrenn o (2.3.5) kak
a“
k ==7§’-’hm (2.3.14)
Umeen:
et [ ¢ g
Vi= =20 L[ o {r_]r':!r-l-J 1G] r‘rif] (2.5.15)
1 =

al



Focsie irerpuposauus ypasuenws (2.3.15) ¢ yuerom (2.1.29) w
(2.1.45) nomywaes nps K = 1.5

o4
gy T, 2 1 9 i
V°=_E_" [T+T¢;+T¢=+ g hRt T ht

—F—é-lﬁ*}-{"i"h'i“h}?"‘ ii"] (2.3.16)

n npt K < 1,33
L
v, % =

2 I |
[TI "i‘%‘h +‘;I.?‘l‘: i —;— Yo+ Wt

U (- nm.u._n.m“sé:] @.3.97)

Ypassenus (2.3.6)—(2.3.12) u (2.3.15) (2.3.17) nossonsior npo-
BOANTHL pacuer BopOHKH, obpaayowedics p annaparax 0es BHYTPeniHX
yerpoficTs W 8 AUNAPaTaX C CHMMETPHYTIO YCTANOBACHHBIME BIYTPCHHEMH

yerpolicrsans npn 2/l < 0,5RH [v. e. p npenenax npiMeHHMOCTH

g
ypapsenusn (2.1.202) (cm. paspen 2.2) |. HeoOxonumble s pacuera 3na-
deHHR Wy, H by ONPEAEARIOTCR N0 METOAHKAM, HSAOMEHHLIM B pasenax
2.1 n2.2.

M3 mofyHeNHmX ypaBrRenufl cJeayer, 4o B reoMerpHyYeckH mnofol-
pEX annaparax npH Gauskux ssavenunx i, rayGHia 0 GopMa SOPOTKi
3ABRCAT TAABHLM o0pasoM or cooTrowenus w,r/g. B stoM cayuae or-
NOCHTEAREVID TY0NHY BOPOURH MOKHAO NPEICTZENTE KaK

Ha _ "

- - @ 3.18)

C yeenuvenwem ofbeva anfiapaTon YacTOTa BPAUICHHR, 8 CAejond-

TeALHO, BEMHUHHA mﬁrnfg B OTHOCHTENLHASR TAYOHHE BOPCUHKH YMENEs
JURIOTCH, W BAWANNE Boponky, nanbonee sanerHoe 8 anuaparax Manu

PAIMEPOB, NPH HCPEXOAE K FPOMBILIEHHEIM Macurraban mnaﬁeaawg
D10 OBCTORTENLCTEO. HAKAAAMBAST ONPEACICHELE Orpanuienna ua Qu-
SHYECKOE MOAENHPOBATHE NPOUECCOR, (POBOAHMBIX OpH NepeMeiln
win. B uactHocTH, BO MPOIHA CHYYaRX HHTEHCHBNHOCTL NEPEMEILIHDA
Bust, neofxonAMas 1 NerKo ofecnedusaeman B TpOMEULIEHHOM annapa
fea BUYTPEHHEX YCTPONCTE, OKaswBaercs egocTiMEMoll B nalopato
WOl HAR TOMYNPOMBILLIEnNON Mofenn BeaefcTBie oOpaionanis  Bo-
poitkn. [Mosromy, necmorps nia Gonee IHHPOKOE PACHPOCTPANENHE B TIPO-=
MBIULICAHOCTH ANNAPATOB Ge3 BHYTPENENX YCTPOACTE, SKCHEPHMENTAh=
HLIC HOCHEI0DRUMA TPOROASTCS MPEHMYLICCTBRNN0 B ANNAPATAX C Nepe=
FOPOJKAME.

a2

2.4. MOIIHOCTSH, MOTPEBJAAEMAR HA MEPEMELIHBAHHE

FIpHBeACHHE RHAKGCTH B BHNYRABIHOS ABHMKENHe TpelyeT nenpepuin-
HOTO MOLBOAA SHeprun. Consh MeMILY svepruef, sarpavdnaemofl B eu-
HHILY DPEMCHH (MOIMHOCTHIO) W YCNOBASIME NEPEMEHIMBANAA TIPHHATO
supamars (22, 31—33] 8 dopue saBuciMOcTH

N =K ypn’d, (2:4.1)

MOUoETH, By

Koatdmumnenr Ky, nasusaesiiil 4870 KPHTEPHEM MOUNOCTH H HHOTAA
paceMaTpuBaemidl KAk ananor kpuTeprs Jisepa (34 |, b obues caygae
SBNAETCH nepementiolil esnmunoil. OB 3apHCHT OT THNE MEILANKM,
pa3MEPOB H KOHCTPYKIIMH annapara, a Takxe oT csoficrs cpeas. JLnn
rnanfofee uai"-leuuux KOHCTPYKTHBHEIX BApHANTCD B auteparype (4,
b, 22, 31—33 | npuBoOAATCA IKCHSPHMENTANLHIE KPUBEIC 3aBHCHMOCTH Ky
or Rey — pndi/p. Ilng HexoTopux MEISanoK ITH Kplisse rnoKa3ans Ha
puc. 2.23 - 2.20. TpuMenurensno K yCAauHAM, JM0CTATOYHO GAR3KO BOC-
MPOH3BOARULEM YCAOBHA SKCHEPHMEHTOB (NOAHOE reOMETPHYECKOE 1io-
JobHe, COOTBETCTRHE QUANS30HOS 3uayenull Re,, Bopounka ne JlocTHraceT
CTYTNIIE MELIANKA), METOA Pacuera MOLLHOCTH C HENOALIOBAHHEM TAKHX
KpIanX BRonie najemen i ofecnenpsaet tpebyemym tounocts. B Gosb-
UIMNCTBE CAYUAER, OAHAKO, NpoMBILLTEHILE ANNAPATE OTIAHYBIITCH OT
YNPOUIEHALK AAGOPATOPHKX YCT2ZHODOK H Aaxe HeGoNhillne KOHCTpYK-
THBTEE OTARYUHS (HanprvMep, HIMEeHeNnHe COOTHOMEHNA BHLICOTHL H AHA-
METPa annapara, YCTAHOBKE D AaNNEPATE HEMOAEHMHLIX BHYTPEHNHX
YCTPORCTE, HSMEHEHHE PAsSMepoB HIH HHCNZ NONacTel Memanku) MoryT
NPHDOAHTE K SHAYUTCILHLIM OTKJOHCHHAM MOULNOCTH OT pACHETHOH.
Crenenb BAMANHA TeX WAM WILX KOHCTPYKTUBNEIX DPasiuumfl OKAZhi-
naeted nepemennof® [4, 5] u sasucHT o7 yonosuil nepemelHEaLHA |

rie ¥

* Hanpumep, Digsuie WHCOTL 387I0MHCANS. SNMEPATA OGEMNO YORINBIETCR © yoe-
SRtenuen anavendR Kpamepen Pelluoanfics w & npoMiiuieinx ANNAPHTRX CHIDLIRIETCH
CHALMEE, SEM B Jmtwam'pmﬂ:.

!

w 7 ; . 1 - - L i L

A R A
'HE;L Ry

Puc, 2.93. AncOEPUMEN TR ME EpHRLE KN =] {Reyy) fom anmapavos € wyphuisin WO AT
Wisar iipet N = B

I'— atinpes Gen, neperopodon, B -3 & — SNUBPAT Ges TEPEl OPOAsk. R — 4, 3 — nin@par
© CTpaREvOIEHIMN peper opoEnmMy, K = 354

Pume, 2,04 scuepumenransiue kpeaue Kyo=[[Re, ) A8 aunaparod © ponscrusdMi Weu.
TN apk I = 2R % H= L&
T ANHARAT fex oTpEMATERBMWE HeptropORiK; 1 — ANARET € OF pains Y BRLS HEPeropODRiNIL
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Pyie. .80, SucmoprdenTALe gpmun Ky, =
= (Reg) aan munapaTon o TREEADTIACTH LI

| w pasm Mn semankann o & = 2.
ji‘;‘:- | I'ﬂ_tmuu.-] Anuizpat R
r Tpexao: bea oTpEmS- 3
NncTHRaiN TeNLILEX [FRpe-
FapaRos
F To = To me 4
3 » { oTpE=ATeNL: —4
(rd] 1 i i i - RLIMN DERETD-
i T ¥ O ERa
! w K Wt 0w L Pamnas l-m'; FIpEsn 115

Rey TELNIE DEPE

T

cooficTs uaKkoeTi. TTONLITKH yNeTa OTKAOHCHHH OT ICOMETPHHECROTO
nogolns TyTeM BBEEACHHA IKCIEPHMERTAAbIB X (IOAPABOK TTPHBOLAT {351
K CAOKHEM SMIHPHYECKHM YPABHRENHAM C YIKHM IHANAIONOM TIPHMCHH-
mocTH. B cBAE3K ¢ FraM npENOuTATENbHES HEIOJIL30BATE METOIL pacyerd,
oeAopalnBli Ha HENOCPEACTREHNHOM yueTe g3AnMoNeReTBHA MUY Mme-
wankoil m NoTokoM nepeveltipaesol cpens [10, 15, 161

Mouipoers, moTpefifemyld Ha NEpeMeniHBanie, MOMHO BHPASHTh
KAK NPOMADENCHHE YIOBON CKOPOCTH MEMAMKH ©y WA KPYTAUTH MO-
went Mg, Hprackeninil Ko nonacTsi ”

N = welMyp 2:4.2)

Oueguifo, 9TO BOAHHKHODEHHE KPYTHILEIO MOMCHTA BHISHIBRCTCA Ha-
JIHYHENM PAIHOCTH CKOPOCTEH MERy JORACTIMY MULBIKH H HWHAROCTBIO
1 KpYruli MOMENT PABEH MOMEHTY CHJ CHAPABAHHCCKOrO CONPOTHB-
AeHus nonacreil npu ux obrexanui. Cegss memily DemHiunol Myn
?2 ?asijnpeumelmm ORpy#Iofl CKOPOCTH ONMKCHBASTCH SABHCHMOCTHIO

Moscrasnsa (2.1.8) 8 (2.4.2) W yuwTHBas, WTO we = 274, HMEEM

i
N = 3,872, 2 pn’d, _[ [ — 3 (P 7 dv (2.4.9))
;I"‘
1 B coorsercTEnn ¢ (2.4.1) *

Ky = 3,872k

|
ky= J [F — & (F)f® FadF
¥

rie

B ypapuenunx (2.4.3), (2.4.4), KaK n 8 ypasueHHsix PACTIPEeNeH it
CKOpOCTeH, DACCMOTPERAKIX B NpEALUIyIlHX paspeNax, BCe KOHCIPYK
THERWE OCODEHROCTH MCIANOK YYHTHRAIOTCR IHAUCHUsMH KOO
WHERTA CONPOTHEACHHR [y, KOTOpHIE NpuBenetin 8 1a6a. 2.1 Wi pacciu
THBAOTCA mo dopuyse (2.1.9). Benwunna L g Meiianok AaHHO
TEOMETPHE NpH TYPOYACHTHOM peikiME COXPaHRETCR nocrosiniofl,

* PagymeeTc, MOIHOCTS: MOKNO PROCSNTINSTS W HENOCPEACTORHNO 1O YPRBHCE
(2.4.3), 7. e. Ges yeooassdnaini Ky,

a4

33/{348 COCTONT B olpefenenun Kospdiuinenta ky, CBRaMBAIOIEro Mo -
NOCTH © XAPAKTEPHCTHKAMHE OKPYKHOTO TEHEHHA XMWIROCTH B annapare,
Taxkum 0BPa3OM, PacyeT MOULHOCTH OK2SHIBACTCH NPOAOIIHENICM riHapo.
AHNAMHIECKOID pacuera annaparta.

Kak nokesano B paspeaax 2.1 u 2.2, cBsi3h MEMAY CROPOCTLIO Olve-
xalHA Jonacrell ¥ npodwies OKpY IO CKOPOCTH B aNMRPATE YCTAHAS-
NWBRETCA W3 YCNOBHR PEDHOBECHS KDYTHUIETO MOMENTa M MOMenTa co-
NPOTHENEHHR KOPHYCA BNBAPATA W BHYTPENHHX YCTPOACTE:

My = Mywpn + May (2.4.6}-

Buipaas gpyrswmf moment o coorpercreud ¢ (2.1.8) u (2.4.5)

75
Fuluf) m:fn kn

Mup (2.4.7)

H HCTIONBIY A BEPAMENNNA NS MOMENTOS CONPOTHBENHS Kopnyea (2.1.16)
v eryTpennnx yerpoficte (2.2.14), umeem c yuerom (2.1.19a):

3 L] i = 02
ZIIIC'KI‘N — --ﬁ e e ‘R“'?ﬁ_ﬂ:gﬁ + kﬁ 2 :fl'.{ __gil ry
Tnp

(248

55
Hﬁu

Benuunanl ky, ©(r) u 0., © ypesuennn (2.4.8) ssnsorest dynk-
WHAMA  PRCIIPEIEICHIS OKPYMHON CKOPOCTH JHAKOCTH., KaK Opzo
nokasano o paspenax 2.1 u 2.2, pacnpesenenie CKOPOCTH B BNNAPATAX
C MEUANKaMM COHOZHANHO OnHCWMBAETCH HNOCPeICcTnoOM  GAloro Dapa-
verpa. B annaparax Oea BuyTpenm#x ycrpoHcTs maM © yerpoflcTBamu
f}CLlTHJ'lFIH'JI.LLHMH HEIAYHTEA BHBIM FH,H{]BRJIH‘IWK]!M EﬂﬂpB'PH'H.I'IEHHE‘N. TE{-I
Kim napaMerpom® caysut Wy, [lpH wanwaud sHyTpennux yerpoiicTs
¢ GOABIIHM MULPABITHYECKEN CONPOTHRNEHHEM POih NApAMETNA PaCiipe
Aenenus CKOPOCTH BHIIOAHRET Oy Takum obpasom, snadenun &y,
Uop u @ (r), BXopammue B ypasuenue (2.4.8), moryr Gurn BI:I'pHH-LELu.;
Nepes OHE M TOT Me napaverp. Pewende ypapaesus (2.4.8) nossoasier
ONpefennTh ITOT BApAMETp, & 3aTeM Haltu ky no ypasueuun (2.4.5)
Y TIOTpebasemMyio MettaKoR MamHocTs no ypasienuas (2.4.4) u (2.4.1)
!_[Ut':m.nhxy caaraemuie ypasnenun (2.4.8) pxmousior neananin, o_rpa:
HEOHHe Bee OCHOBREIE 0CODENIOCTH KONCTPYKIHH aNnapara i Mels Ky
i Taxme cooflcTea nepeselnpaeMoii cpean (vepes snauenne Reg), Ta-
ROI Metof pacyera MOWNOCTH OXBATHBACT NPAKTHUECKH BCE OCHOBMNE
i';";;f“ NEPEMELINBRIHA NPH TypOysentHom pexume. [lpumesenne us.
;I:Lp.‘l;umm METOME A HanCoee PRCIPOCTPANCHINK KONCTPYRIMA an-
il 0B ¢ MelaRaME Goace poapoliio pacemarpusaerca niske. Bupa-
: CHHS it onpenenetun Ky, 8., # O (r;), HeoGXoAUMBIC TP pacdeTax
'PiBesenn B Taba, 2.3, '

———

" B ypasmequn npodman ckopoctn ax '
ap ; olisT rapaniTpe Py e Yo Cnuaxo im cpg.
t.“;;"; :”Hlﬂiluﬂ apmicimocTiio (2.1.29) waw (2.1.588), W, rm,na;afe.rn.uu, BEARYHNR
(} MOMET pACCHATPHBATECH KAk QIYHKUMA OHOIO HEpEMETpA,
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It 515
ry

10,4t -0 5ipat2 (141 4-Yn) In R

fip

»% (B —1)

|0, 480, Bipet 170 (11 1a)

hy, Gep # @ (1) OpR pacueTe NOUHOCTH

0,14 - 0:22241%s + 0.125¢

f)z=Trg W

=
)

MAUAAGR W ATNApETa
nacramy npe. R |

0SRH

=

K onsTPyET RENAE X A[ARTR IR
il

Medpaxe ¢ rODCORTAIRIWMY A0

0oy
- 11|

@ Tadwmya 2.3. BMpREEHNE 179 ONREAENCHHS

(=g

14+

[
(=2}

0,125y

O+ 0,222y

MemngEn © FopEoHTaIbHEMY A0RE

fen

e e 1
ri

b ke &
et

ptpe) In R

—

¥paswenue (2.4.15)
0,52 (1
¥ [R—1)
Vpangenne (2.4.260)

—_—

1504y 0.5 e+ 1 75 {11 ) X

1044y

Bop)?

(1

iy =+ )
(s = a)®

0,250,678, -+ 0,50%,

A0mas

Fi :5- r.
Zan

.5!’.1 5 ;!fg Be-
“am

. B Eift >

TRIHHMMH J0na-
Fi =g W

eravi e £ o= 0,50

= MLGRH

133,

THEBARHE
0

R=
RH
R< 1,3,
Ril

npH
fi= 05
crmen ipE R = LG, 1l = rgm
= 0,0
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-
“ it
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“fur

Memaawe © nepTREAABHEIM  A0Ra:

MO@agKs © BEPTHRATRMMMY Jg0omi-

CTHEMH

Meumadxir © TOpRIoH
cTRME npu
Memanxu © nep
CTAMW TIPH 7§ o=

E
-
r
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N

Meanki ¢ FOPA3ONTaABHLIMK JaonacTamu (ry, < 0,5r5) npu R =
— ,5 u L UJ < 0,5RH, [puvesurensuo K wewanka ¢ TOpHIoH-

Ziin
TAABHO PACHOJOMCHHBIMI JONACTAMA (typGunibie, AONACTHHE, AHCTO-
gue, fpouensepuue, HMneaneprse i 1. i.) npodwab ckopocrs B of-
nact 0 < r < rp ONHCHIBACTCH NOJNHHOMOM (2.1.292), 2 pennauna ky
vomer GHTh DEpAMEHa Yepes HEPEMETPH PACTIPENENENHA CKOPOCTH T
e

Ky — 0,197 40,2229 35 -+ 0. 12593 (2.4.9)

pu R = 1,5, . . B YCNOBHSX, COOTEETCTOYIOMAX NpEACam Nph-
MERHMOCTH ypapienns NpodHaR CROpocTH (2.1.206), napamerphbl \y
# 1 CHR3ANE. MeAY coboi Aunelinol 3aBHCHMOCTRIO (2.1.29n). Cpeanss
OKPYKHAA CKOPOCTH Uy, NPH PASIHYHLIX BRPAHERRAX npodman CEOpocTH
OTIPEAENISiETCA HEpes MRPAMETPL Yy H W N0 ypapHenwo (2.1.33) (oM.
taxe tabm, 2.3), a ckopocrh ofrexans ARYTPCHHEX yeTpolicTB, yora-

HOBJNENEKX HA OKPYAKHOCTH PEAHYCA rg = fpy HAXOLHTCH B COOTBETCTHHN
¢ (2.1.296) wax

@ (ri) = (1 i+ ¥/ i (2.4-10)

[MopcTaBass Buipasenus jNa onpeieiennsn ky, Oop 0 U (ry) B pa-
penctoo (2.4.8), nodysaem:

£, (01143 0,222 - 0,12642) = T iz WR[1 -+ 00y + 0.5
"

TR0 ) MR (R Y b @D

i

Uncnentoe peuseuue ypapsierus (2.4.11) coBMecTHo € (2.1.298)
OABOVIAET ONPEACARTH 3HATEITHA Py N Py, 2 IaTEM OCYULCCTBHTL PACHET Ky
" VOUHOCTH, norpebasenoll MPR ARHHMX YCIOBRSX DEpEMEIHBANHI
Pemenre ocyulecranserca Ha IBM wnu mpyunyio, nyrem nopbopa 3Ha-
yenusi Wy (B npejenax or —2 o +2), HpH KOTOPOM pasHiocThb npasoil "
fenoft wactedl ypasnedna (2.4.11) ue npessiuiaer 0,05 2, Luky. 3uatie-
HHsL KOSGQHIKENTE CONPOTHBACIHS BHYTPEHRUX yerpoicrs Ly Dllllmllﬁ-
Asores 1o Tab. 2.2 KK 1o CHpaBOuNoN JINTEpaTy pe {(nanpumep, 1281).

Ilpy oreyTeTBHM B ZNNAPATE BHYTPEHNAX YCTPORCTE KPYTHALLER MO~
MEHT paABen MOMENTY ConpoTHBAERHA KOpryca. B sTHx yCnoBHAX npH
NAHHOH BEAUTHIE Zyly 2MAUSHAE 1y 3AOHCHT TONBKO OT COnPOTHRNEHHA
Kopiiyca anuapara: BOSPACTAHHIO CONPUTHANEIHA (T. €. ypesHgenuo y
i R) Wl BASKOCTH CPEAN COOTBETCTDYECT NODBINERNC Yy, YMEHBIIEITHT
CKOpOCTH IOTOKA W, CREiGRATENbHE, YOENRYeHHE by 1 Ky. Sra saBHCH-
MOCTH onucwnaercss ypaswennen (2.1.38), koropoe CpHsuBacT MApPE-
meTp W, ¢ sennwunol £ = y/(zuly Rei™). Jna yaobersa pacieron 1a
pric, 2.13 nprbejieHa SADMCHMOCTL Wy - f(E/R), a ua puc. 2.26 —
sapucHmocTh ky = [ ()-

&7




-8 Pric. 2.8, Zaphosmocte kpe= | () A wcimion e
b [/ PHOUHTRILHLINE SOTACT AL,

brnog-cxema pacueTa TnpencTapiena
Ha pue. 2.27.

FipH Handyde 0 anoaparte orpama-

A TCALHLIX TICPETOPOLCK HJIH APYTHX BHYT-

i ¥ penunx yerpoficre ¢ Gopuuiofi nobopoi

nnomapsio (X Lf; = 0,56 RH) naGmo-

JIBETCH BHIPABHUAAHHE SHAYEHHR OKpYMH-

7 TOA CHOpOCTH RO pafgHycy annapars, M

W 8 obagevH panuycoe r = 0,5r, cropocTs

MOMHO NONATATL B HEPBOM NPHOAHMEHNN

NOCTOAUNOH W pasnolt Uyp. [IpUMEHHTENALHO K STHM YCAODHSAM DefH-
YnHa ky momer Gty Boipaxena, coriacko (2.4.5), Kak

-
Lot
-

1
by = j (F — Gcp)¥r dr (2.4.12)
Fan
uan npubiikenno

=~ 2 | = =
K= J {F= utpfr dF o i 1.r:'p (2.4.19)
L]

l Fnoun nexoLis- anp J

By uny rpek-
1nHe yerpoficras

1
~ T uBeg
! , +
\u| 'II"l trqp
Ypasniesmn (2.1.38) ¥ pubmeti ¥ pnntessi
(2 ra4), (2-1.53), (24,11}, (24.15),
(2.1.53}, (2.1.681. (2.4:24). (242
Puc. 1.10; 2.13;
S A
] Y
1 ;
kh‘ y i |‘
¥pannesnn PR TR
(24.9),(2420) (24.13).02.421)
1 ¥
Y
Ky

¥paumenwe (1.4.4)

Pue, 2:87. Raow-cxesn DacubTd MOMIIOCTH  apy R = 1.5

a8

_:1.1:5_1 MOMEHTA CONPOTHBACHHA KOPNYca annapate B HepooM nprGau-
RENHHE T MOKKO NPHIATS BRIpaKeNie, BXoAfLiee B npasyw vacTs (2.4.8).
MoMeHT CONpPOTHBACHHS BHYTPEHUMX YCTPORCTE TpH © (r) = Oppt

Muw=P—5 =3 13 Z & -%';- (2.4.14)
Ton

Orciofg 8 cootBercTonn ¢ (2.4.6)

& fn A
{uze (026 — 0,678, 4 0,507,) = o T VTR R, E g, Lot

him

(2.4.15)

Bennauna ky paccuwrmpacres no ypasvenwio (2.4.13) ¢ wenonszo-
BANHEN BHAREIHA Dy, ONPEACAEMOTO HYTEM YHCNEHHOTO PEILeHH ypas-
nenus (2.4.16),

Pacuerninie OueRKN B pesyaLTaTil usMepenuil NoKasMBaloT, 4T0 B A8 H-
HOM CAyuse OCHOBHOE BAHAHNE HA MOWHOCTL OKASHBAET CONPOTHENE-
HKE DUYTPEHRUX YCTPONCTA, 3 BKNAJL CONPOTHBCHHA KOPIYCa, KAK npa-
BHIO, HESHAUKTENEH, JTO TOABONAET WCHOALIOBATL YUPOUEHHWR Me-
foj paciera, pe Tpebywmnil pemenusn ypasuenus (2.4.16). Cymeerso
METOLE COCTOHT B OLGPEAENEHNN HATEPDAJA, B KOTOPOM 3AKJQYEHO SHA-
denie ky JNA paccMarpusaewmuiX yenoswit. Husunuit npenen stofl pe-
JTHYHNLL — BHARENHE Ry wyy — PACCIHTHBACTCR 10 ypasuenuo (2.4.13)
N3 OCHOBAHHH 3SHAYEHHH Dop e, OUPEIEASEMOro 1O ypaftenso
(2.2.22) wnn no pue. 2.19. 3amerum, 4T0 ANs pacueta by e, MOMHO,
cornacuo (2.2.21), nonssoparues dopmyion

kn i = KmlﬁZp. MAKC {2.4.16)

Jduagenne Ky, onpesessercs no ypashenwo (2.2.23).

Bepxwuit npepen sesnguibl Ky W COOTBETCTDVIILEE eMmy 3Haue-
HUE Ry waye OTpenensercst no ypaswenwo (2.4.8) npu  noscrasonKe
0 €ro fipanyio 48cib HABACHHOIO SHAYCHHT gy e

n}‘r.’ﬁ?.?ﬁ =175

(7
. off. MENE ] .
ﬁﬂ" MaKc E'E’u;s Reg_ns + Kuaep MEKE {2 -4-”'.'
HAH
ki mane = &y wame (1 4 ), (2.4.18)
e A = A;{mﬂﬂ o i'quT (2.4.19)
= 2,2 (Rogp, sane Rey)0w Z bt -%'—
T
—————

-
CHm Kan covayer ws peaynntaton, waiokenisx p posgeae 2.6, NOBLCHWE WHTEN-
m.m:fr'“'m TYPOY/AENTHOCTH 8 NOTORE, DH3MBAEMOE VETauonKoll nuyTpeinunx yerpolicrs,
1 'imee"leﬂnHﬂ- K NOHLILEIANG KOos@dmimmenTa conpoTeBAenns kopnycn cr. B pacoma-
My, H:gd’::[]"{al! 5TO 11e NPHOERET, OAHAKD, K SENMETHEM MOCPELIHOCTAM, NOCKOIbKY
o0 S 1
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B ycnoBusix, Korjia sMomenT cCOnpoOTHRNEHNA KOPMYCA MaM 10 cpanie-
HHID € MOMERTOM CONPOTURJEHHA BHYTPEHHMX YCTPOACTR, BeAHWHHE
By s W Kavmane PASTHMAIOTCA MESHAYHTEALHO. Pacuers moKasuiBalor,
YTO A3IKE B annapartax weSomplliono PESMepa np¥ OTHOCHTEIRHO BICO-
KOH BA3KOCTH CPelsil, T. e, il HU3KHX SHaveHuAx kpirepua Pellnonuica,
pesuunna A we npepwiaer 0,2, Ilng npoMulIeHHIIX GnNapaTon npy
Re, = 10" pacxomuenie Memay 3HaYeHHSIMH MOLUIOCTH, HailieHmLMi
no ypassenuio (2.4.8) ¢ nenonsacsanuen Tabn. 2.3 H npHOIHKERHBIM
MeTo/ioM, He npesmusaer 10 %. B annapatax ¢ oTpamarenbHEMH nepe-
FOPOAKAMH HAM 3MEEBMKAMH BOAHMHWHE Ry . OKasmBaercst ofbiiHo
B npenenax 0,18-0,22, a apavenne A cocrasnsier menee 3 %. Teoperu-
HECKHI BEPXHNIl TPEfien MOLLAOCTH COOTBETCTBYET YCAOBHAM BpAICHHA
Melanky 8 nespaufaioweiics  mHARoCTH (g, = 0).

Cornaciio (2.4.12)  (2.4.4) 8 srom caydae

L]
by op = J ridr=0.25 (2.4.204)

Kp wp = 09T peZae (2.4.2006)

PSCCMSTFHEEEMHQ YCnopHA: BETPEYRIOTCH HAa NpakKTHKEe DEKo, Oco-
GeHHO NP HCNONBIOBAHAN MEIIANDK © BLICOKNM KOXMpHIMERTOM CONpPO-
THIViERHS. Jlag TypOHBREX Mewanok WaHOONHIIPE HIMEDEHHOE aHave-
aie Ky cocrannano 7,56 (npy Ky gp = 8,15). 310 axavenwe Obo 3a-
(MURCHPOBAHO, KOTZA B annapare HenoCpejACTBEHHO Hajl H NOA AONACT AMH
MELEnKH OnAN YCTAHOBACHH WETHIPE PAAHANILHEE AASCTHHH LUHPHHOM
pasvoit R u seicoroft okono 0,5 K kaxuan. B annaparax o uernpbms
OTpamaTeNbHLIMH neperopoakamn wpnsoi (0,16 -+0,25)R ana pacvera
MOLLHDOTH  FOPU30HTAIBHO-A0MACTHEX MEAToK © 0wz, < 10 moxmo
NOML3NBATBCA  NpHOMHAKennmn  ypasuenuamy  [10]

gy == 0,17 (2.4.212)
Ky = 0,7non (2.4.216)

YpasHennsi 408 PacHeTa MOULHOCTH NPH HANHYHH BRYTPEHHHX yor-
pofiers BHLBEJEHH B NPEANOAGHKEHHM, 9T0 OOTEKAHHE KaMIOrO M3
HMEIOIMXCA B SNNAPATE HENOABHAHEIX KOKCTPYKTHBHHX SIEMEHTOB
MPOHCXOAHT HE3ZBHCHMO M HX B3aMMHOE BAMRHMe orcyTtersyer, B vex
CAYYANX, KOTAH PACCTORHUA B PaJHENLHOM HANPAauNeHiH Memny ofve-
KEEMBIMH SAEMEHTAMH M&IL H CPABHHME C WHPHHEDH KAMAOIO H3 HHX,
MOMET HaOIONaTECA HEKoTOpoe yBeadyenHe Koa(xiliucHTOB rHAPaB/IH-
HECKOrD CONpOTHBACHHI. TEH. AR TR yﬁua'rmx SNEeMEHTOB HPH BEIHMHHE
3a30pA HOPHAAKE HOMOBHEL AHEMCTPE SNOMEHTA KONDPHMUNENT CONpO-
THBREeHHs yoenwyunaerer 0 1,3 1.5 paza. Tlps manux paccroppuux
MENCLY ofTEKAEMEMY TEAAMH B TAHTCHIHATBEHOM HanpaBAewHl HMeeT
Mecto ofparHoe spaeHne — yMessienue xoadihuiHenTon conporuene-
WA, OTHECEHHEIX K Kanuiomy ua ten [28], nockoasky Kamumil nocne-
AYICUHA SAEMEHT HAXOANTCA 8 THADOAHKEMHYECKOM CAGIE Npeibiay-

mero. 2to CAYIHT OOBACHEHHEM CHHIKEHHSA MOUHOCTH UDH YBEJHYEHHI
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pec. 3,20, 3amucHmocTs Ao TRall senamm K

of WEEAN T HORIRpIULL b OTPUEATEMMIMX DEpCTBROLoN -'*'ﬂ-k
(Kyg — mumvenne Ky, coommerernymuice annipary 6es ) 7
pny TRCMEY yerpolicmm) f22]. )

CYMMAPHON  NUOWAAN  OTPayKATENBHKIX
neperoponiok  (puc. 2.28), obmapymen- sl
noro B PAAE SKCTepAMeHTanbuLX palol

122, 36, 371. 1 . i |
Mewaakn ¢ sepTHKATBHBME  gona- O gz g ge  w
craMi TP R = 1,5 (kaersesne, sxop- Talul

Huie, pamisie W T.n.). Ilps coommowennax R = 1.5  npodmms
OKPYIKHOH CKOPOCTH B aNMAPATAK € MEIAKAMH PECCMATPH BaeME X THTION
nosolel NPOdHIIO CKOPOCTH B annapaTax ¢ TOPHAOHTANLIC-IONACTHLM
MOILANTHAMA H ANNPOKCHMHPYETCS aHATOTHYHEIMK YpaBresiAMy. Bohen-
CTBIE STOTO FHPAKCHHA JUTS MOMENTOR CONPOTHEJIEHUS KOPHYCA Amma-
para i BHYTPERHUX yCTPOHICTE B ypaBHEHAH NABHOBECHS MOMEHTOR COXpa-
HRIOTCA TAKHMH 3Ke, KAK M B CVUARX TOPHAOHTANLHO-NONACTHEIX METs-
nok (oM. Tafn. 2.3), # npaBas YaCTb YPABKEHMS DPABHOBECHS MOMEHTOR
HICHTHYHA Npasof YacTH ypanuenss (2.4.15). B 1o e spems supamesnne
Anst KPYTRIENO MOMEHTA B 1€BOI YacTH ypasuenus (2.4.15) cymecrsenio
namensercn. Kak 6uno nokasano n pasjene 2.1, npi OTEOWEHHAX
birg = (ro— run)/ro=c0,2 {2.4.22)
MAPARTEDHWX AR MEWAMOK € BEPTHKANBHBIMH JODACTSMM, CKOPOCTH
ofrekakis fonacrell MomeT ObTh © ROCTATOMHEM NpHGAHKEN e Bbipa-
MLl HEPEa SHAYenHs CROpoCTeil NODACTH H MUAKOCTH Ha paznyce* ry,
a Dpipawende A ky, cornacio (2.1.40), uMeer Bux
Fy = (= ) (2.4.29)

Bganmmnﬁab MeMIy napamerpamu Yy mpH R = |5 supaseercs
JIHHENUKWM cooTHouenes (2.1.29p).

Ilpu oreyteTeMn B annapare HENOARKMIKHLIX BHYTPERHKMX yeTpofiers
(M, = 0) kpyraumh voment, paccurasaemiifl 1o ypasHermsim (24.7) n
S:%@] Paseh MOMEHTY conpoTHBJIEHHA KOPITYCa annapara |ypanHenie
PP s el e SR L T
(2.1.44) v no pacuero epaditKy Wy — e
1.4 r p My rpaduky W, = f(E), npusesensony wa
pite. 2.13). B annapatax ¢ BEYTPESHUMA yeTpoficTBAME ypaBHeHHe paRHO-
BECHS MOMEHTOB AONONHACTCH CATAEMBIM, YIHTHBAIOUHM MOMEHT CONpO-
THRACHHA BRYTpeniix yerpollers. B cooreercreum ¢ taba. 2.3 npH

2 Ui, < 05RH

T

2o . Zrhoyh o
ke (Y Yol = ls”;"f [ 0804 05 +2 (14 s 4 oa) I 7] 4
i
+ RO w0t Y b (2.4.24)

L

© AMENGEHNIDE BOTIVINEHEE (T g
TILIORIACCE 1 TIPH o0paloTHE SECNEpHMENTRIE I
AANMEIX ¢ HenRK HAXCHACHIA SHagenidl En Anm amnx mewmaon [15].
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3uauenin Py W 1y, HeoGXOIHMER LN PECYETE Ry, ONPEENuioTes ny-
TEM uMeheHHOro peuwenun ypaenenus (2.4.24) cosmecrio ¢ (2.1.298)
ppyunyo #an wa IBM. :
[Tpi GonbinoM COTPOTHENEHHH BHYTPEHHHX YCTPOHCTS
B = (1 = 8cq)® {2.4.25)

Torna ypasnenwe papsopecust momertoB (2.4.8) nproOperaer sui

b (1— Eq;)i= :h'fw-ﬂ’135 ﬁ:.rﬁ;grﬁ_‘_mp Z z,

(2.4.96)
2.2 Rﬁﬂ'

hiry
=
o
Onpepestts by B PACCMATPHBAEMOM CJAYHAE MOMKHO TRKHKE yTIpouieH-
HLIM METOJIOM, AHANOTHYHEM HCNONBIOBAHHOMY BGIlUE [JIH TFOpH30H-
TanbHo-AonacTHEX Memanok. OH 3aKkAiON4€ICH B PAcYeTe BEPXHErD M
HIKHETO TPRNCA0DE BeNHTIHL by no ypasuexuay (2.4.16)—(2.4.19), B ko-

TOpHIX
Oap. anc = V(1 +V Kay) (2:4.27)

Memankn ¢ BepTHkaiBHEMK nonacTami npi R < 1,33. B paccma-
TPUBAEMLWX YCTOBHAX NPOfHIL CHOPOCTH B 30He MeMAY MONaCThIo H cTeR-
KOR annapara (ry < r < R) npuGauOResN0 OMHCKIBAETCA ¥38KOHOM .
IoacrasoBka suaverus 9., A8 BaHEOTO coyuan (raGn. 2.3) B ypasHenne
(2.4.8) npH OTCYICTBHH B annaparte BHYTPEHHHEX YCTpONCTB NPUBOAMT
K ypaseemuo (2.1.53). 310 ypassesue yaK COOTBETCTBYIOUMI emy rpa-
dmK (cm. puc. 2.15) B coueranuu c (2.1.47) u (2.1.48) nossoaser Hafing
Y, ¥ 1y H fadee no ypasHenio (2.4.23) paccunTath 3HaucHus ky.

[px ycranoske BHYTPEHHHX YCTPORCTE € MAIhiM CONPOTHBACHHEM
(tpyba nepenaBAHBAHKA 1 T, N.) B 3230p€ MEKAY JOMACTHMH MCIUIAIKI W
eTeHKoll ckopoeTk ofTekauus ©(r), HenosiLsyeMas B BHIDAMEHEH JA
MOMENTA CONPOTHBACHHA M, MOXeT GuTb paccywtans no ypabHEHHIo
(2.1.45). Opntake, YUHTWBas M2AYI0 BEJHYMNY 3a3cpa, MOXKHO YTPO-
CTHTE PACIET, NPHEAB B nepsoM HpHGanmenin

o (ri) = ® {ro)/2 (2.4.28)
Torie ypasheHie paBHOBECHA MOMENTOB DpHoOpeTaeT BHA

2yl (Pt 2)® = 'Iz—ﬁfc?“%ﬂ—‘ {1 -F 0,44 0,50 175 (1 -+ a4 ) (R — D4
(1 4 ¢ -+ gu)* iy 2.4,

Eau

W SRATEHEA Y, o Yy, HeOOXDAMMER IR pacieTa Ky, ONPEACTRIOTCH MYyTEM
ero YHenenporo pemieris copmectio ¢ (2.1.47). llpenean: suayenui Wy
NpH YHCACHHOM penieHni MoryT 6umh HaliieHn: HS yomoBiH it

S s Ol .
‘1_1—5’5_ ‘1-11;—]—‘-_ (F (2.4.30)

e S, # S, naxonarcs no ypasHenHio (2.1.48).
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B annaparax ¢ SKOPHEMH Melzankami B OTHCALHMX CAYHAAX BEY*
rpentne yerpodicrsa (wame scero jarwmkn IKMIT) Moryr veranasmi-
8aTLCA B UEATPA/ILHOH HacTi (B 30He r < 7y), WHOTAA OHM PACNONATAIOTCR
moL YITIOM K OCH annapara. Meron pacuera MOUHOCTH NP STOM 8Ha0-
THYEN PACCMOTPERRBIM Bhillie, OUMAKO HCNONMLIYEMHE BLIPAMEHHA 1A
MOMENTH CONPOTHE/IEHHA BHYTPEHHUX YCTPOACTS OTMHYAIOTCH OT npi-
SCACHHLIX H JIONHHDL OTPAXKATL KOHKpeTHule ocoGeHHOCTH PACHON0KeHH A
OOTEKAEMBX S/ICMCHTOB H CKOPOCTH B 30He HX pacnionomenns. OrMeni,
470, HECMOTPH Hd Manyio NoGOBYIO NAcuans BEYTPERHNY YeTpoficTs, HX
WTITAHHE B3 MOMIIOCTE MOXKeT ObiTh CYULECTBeHHLIM.

Crpelkopse mewanmxu. OcoleHHOCTs ypasHenuil, ONHCHIBAIOHUIX
npodHAL CKOPOCTH B annaparTax ¢o cKPeGKOBEMH MEenanKams, 3aKm0-
HAETCH B TOM, YTO FpaKuitell conp et st IBYX vacreil npoduna, annpox-
CHMHPYEMBEIX PAGNHYHLME BLPAKEHHAMY, CTYKHT He Paanye MeLUaTKi
roy KOTOPuifl B AAHKROM Coywae pases pu.m?écy annapara R, a panyyc pac-
NOJIOKEHUA OcH ckpelka * r.— R — b/2, n OespaaMephbie BeaHaHHbl
Fu 0(r) B ypasrerunx (2.1.58) NPEACTABNTENL! KaK T = rir, u U (r) =

v (N(wgre). Kpome Toro, kpyrsummil Momess MoMer Gbith Buipansed
MEPE3 MOMEHT CHAL THAPABAHYECKOrO CONPOTHEACHUA (NpH oOTeKapum

CKPEBKOB €O CKOPOCTBIO & = wyfe — U(r)), OpHnomensofi K exrpetram
Ha palyce fo:

Myp = Btk (2.4.31)

Oriomeriiie umpunn ckpebron b k paguycy annapara R oGeuso yzoB-
JETEOPACT YCAOBHIO

bIR =2 (R —re) /R <0,2 (2.4.02)

il BEeSIMUMHA fiy MOMET BLITL ONPEAENPHA, Kak H B caydae AKOPHEIX H
PaMHLIX. MemanoK, no ypasienuio (2,4.23). 3asicumocts memny napa-
METPAMM PACTDEReeHis cKopocTH Py W s yCTAHABAHBAECTCA ypaBHe-
e (2.1.588). Tlockonbky amamerp ckpeGKOBLX MemaJiok pabeH ama-
Metpy atnapata (dy — 2R), a B xauecTse XapaKkTepHoro pasMepa B Bl
PAEHHM MOMEMTd WX cONpoTHBAeHHn (2.4.31) ucnomssyercst paguyc
PACTIONOMERHA OCH CKPEOKOB Fy, BEMNWHMA KOPEHUHEHTA MOLHOCTH
Onpenensercs: crenyiomEs ofpason [16]:

Ky = 7,748k | R® (2.4.33)

TS
R'= Rirc = R{(R—5/2) (2:4.34)

B annaparax co expeGkoBLiMH memiankami BHYTpeHHHE yerpoRcras
OOLI1O OTCYTETBYIOT, H MOMENT PHAPABIHYECKOrD CONpOTHRNIEHIS anna-
PETa pased MOMENTY COUPOTHBAEHUS KOPNYCE, ONPEReIAeMOMY 10" YpAR-
Hetinio (2.1.66). VpasHense paBHOBECHR MOMEHTOB npMMeHHTEALHO
" ITony eayuaio umeer eup (2.1.67). Snadenus napamerpos pacnpesene-
HHs cropocn, weolXomMMeie Ais pacuera ky W MOUAMOCTH, MAXOANTCH

—

e

- Bt

CHopocy, | |PHCM MOIBOARET YOPOCTRTL MATEMTHYCCHOE OIMCAHHE PRCUDCASEHMA
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i Ld il i

n:? | I

I _ . af
21° 107 0% 4107 g0z

He,
Puc. 2.9, Zanicasnere Ky = [ (Re ) am cupcBRon e METIAIUN © PEMLIM YNCE0W CEpelron]
CANGHIMIE AN~ pacseT e ypasncmoe (3.9,83),

o=

Pric. 2.50, JTEENCHMOCTE MOmMOCTH OF WHPRHK cEpelses, (Kyj, | —smeicise Ky opn birg
o i, 8; enacutuam MTTRR — PUCHET 100 ¥pasuenns (¥.4.85). :

nyTeM MHCASHHOIO pelllerns YpaBHEHHA (2,1.67) nan ¢ nomOUiBR TPés
GHxa, npusetentoro va pue. 2.18. 3asncuMocTs Ky ot Rey, a Takme or
HEKOTOPBIX KOHCTPYKTHBHLIX XAapAKTEPHCTHK CKPEOKOBBIX MEIIAI0K
("MEN0 CKPEOKOB Z;, HX INHPHHA b) MAMOCTPUpYETCA pHC. 2.249 n 2.30.

B canan ¢ TeM, Y10 Buwicora ckpeGkos hy; o6bMRO paBRa BRICOTE 3&-
[ONHEHHS ANNAPATA JKHAKOCTLIO, # FHAPARTHYECKOE CONPOTHBAEHHE
JHHILE aNUapaTa MA0 110 CPaBHEHIIO ¢ CONPOTHAIEHIEM CTEHOK Koprycd,
MOUIHOCTE, HoTpefiinenan cKpeCKORBIMH MELIATKAMYE, HAMEHREICH IPAMO
NpONOPUHONANENO Hy, TOTAR KAl BIHAHHE UHPHEL cipebkon b oxasur-
saerca oTHOGHTENEEO caabim, [lpu mManoll LHpHHe ckpebRoB ee ynenHde-
Hie OPHBOIMT K HEKOTOPOMY TNOBLILUEHHI Ky, HO panerefitiiee Bodpac-
capie b BpEmBacT cHMcenne mourRoctH. Ha veprwi sarann, Takofl xa-
paKTep 3EBHCHMOCTH NPEJCTABIAETCA HADANOKCANLULIM, TN HE Mevee
oi creyer ua ypassenui (2.4.33) w (2.1.65) u nojrBepmiaeTc Hapepe
Huamy (pue. 2.30). Sro ofbricHaerca TeM, WIO YReTHUEHHE IUHpWIH
ckpelka NpHBOAHT K YMEHLIICHHID PAAHYCA NPHIOMHENHS paBHofedcs-
BYIOWEH CHI THAPABAHNECKOTO CONPOTABNLHNA cKpefKon.

Bupamenin (2.1.43) v (2.162) ans gos(duunenta conporTisncHHs
MEWASIOK © BEpTHKAMLHEIME JOMACTAMH, Kak H COOTBETCTBYIONlee BHpa-
aenite (2.4.33) ann Ky, orpamainoT ssanmoachcisie HOTOKE TOMBKG)
C BepPTHKANbHHIMH JOMACTAMM Mellasok. BuaHsime TopHIOHTARLHMX.
(pa/MANEHBIX) KOBCTPYKTHBHBIX SNCMEHIOB STHMH yYpasHEeHHAMH He
VUHTLBACTCH, H PACYETHHIE IHAYCHHH MOULIOCTH MELIAI0K (Hanpumep,
AKOPHEX H PEMHLX), OTAHNZIOWMHXCH KOMHMECTBOM FODHBOHTANEHLIXS
SNEMEHTOR, OKASLIBAIOTCA OOHHAKOBLIMH, Hetpymio yOetuTLCA, 4TO.
BJIHRHKC pﬂmtﬂ-ﬂhﬂlﬁx SAEMCHTOR H2 MOUUHOCTH B JEHHOM Cny4Hie HEBE-
NUKG B MK HAMMYHE TR MOWIEZOK CTaHRAPTHON KOHCTPYKUHK JeRCTHiH-
TENLHO MOMEeT HEe NPHHHMETRCH B0 BHHMAaHNE.

OueHHM KPYTAULE MOMEHTLL, NPHAOMEHHME K BEPTHRANLHLIM 0=
nacTAM H FOPHEOHTANBHEIM DepekIaiiian pasuoil Mewankn (pyc. 2:31).
COOTROIWEHHA pasMepoB  Mellank  COOTECTCTEYIOT  MpHBEJCHHED
B Tabin, 2.1, Kos(dmuenT conpoTHBaeiy pasen 1,46, Pacuer no ypas-
Henuio (2.1.53), BLNOAHeHHE NPHMEHHTENAERD K anmapaty cy = 9 &
I [——”I?.FE npe Re, = 10°, npBOAUT K SHaNEHHAM Py = —0.5 H 1y
= {119,
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Pruc. 251, Cxess pabiot seamod,

TL
.. Tis b= (Li6r:
_cooTBeteTBin ¢ (2.4.7) 4 (2.4.23) Kpy-
THLIHH MOMEHT, npUAOKeniEl K BepTURaE- i
HbIM JONECTAM Metianks Gyaer pased L o]
| 1
? T_
L)
M, = 1ABp ﬁ (0,326)* = 0,077 1pwfr:
(24.35) I
Tenepn onpesemim moment cun ruapa- o —

CAHYRCKOTO COMPOTHBNEHHS, NPHACHEHITE X

K TOPH3OKTALHEM Nepexnansam, pa
» CCMATPHBAR WX KAK JBYXPAAHVIO
NEYXAONACTHYIO MEWIAAKY ©0 CACAY RO MH xapaic'rﬂpucnmaiﬂ{p: ¥

rio = 0,84 (2.4.36)
;"_ = 2.2!. hn = 2 (08 Iﬁﬂl
= B =2.2:2 St — 0,8 (2.4.37)

Sra Me : attla
! KOTOpOM cooTBTerBYET ypansenim (5.1 S e
Wy U . Tlpu 1.292) u nafinennniy suavesnsm
¥l 2. LipHnomesrh K vell nomenr m
et 6 :
cravu ¢ (2.1.8) 1 (2.4.36) caenyioumm o LTk BLIPAMCH B COOTBET

0,54

'ﬂ
5 | 1e— o (087 e = a2
0

Mup. 5 = 2m_5lm, op

L

5P —— (0017545 + 0,04624, 9, -+ 0,08147) (2.4.36)
Orciona opw 4y, = —0,5 P = 0,175 mmeenm:
M =5 0 8“ mgrg T

wp. @ i fi b - U.mlﬂ'ﬂ—»u.ﬂlliﬂ?ﬁm?}g {2.4.39)

”Emf H“hl;;}h; Kﬁia::;«:; KPYTRIME MOMEHT, NPHAOKEHNLIT K rOpH3oITALL-
" Bepm:-:ﬁ.imnmu H, COCTABRCT. MeHge 2 % moMeHTa, NPUACKERHOTO
nom R onacTaM®. Ouesijno, Hro B3auMofielicToie Mexwny
ot PEMEIIHBAEMOR CPeld W IOPHIOHT AN BN NEpeRAATHHAMI

OM COOTHOLOGHMM MOMEHT oD HHYTOMHO H He MOMKeT OKa3kBaTh

BAHA
SR HE Tone ckopoctefl B annapate W noTpelaseMylo MOUHOCTS.

Kamnoe uz Ypanienuil, upHBeicHELX B HACTORLEM pasjene, OTHO-
L

CHTCA K ONpEARneHNoN ¥
¥ pynie KoucTp 7
—— T0 YKUHI B reoMeTpHuecku
Toa 8 tenopeon H Memalok (cu. Tatn. 2.3). Ofinacts npuhwxciﬁmmgj
) 10M PACTIPOCTPANAETCR Ha BCe CYYAH, KOMA BOAMOMHO Ma

MATHYSCHOE ONM
. (e Cabie npoduns cKopocTH 0 1 {
_1 IBTeHuA annapara W Mewanks, ; TR

-_—

i
1 3ameTHm, u niipana K
My v 10 PEND HICT TOALKO O MOMEHTE CHJ SECKOro CONpOTHEAE

i v
:-.'muﬂf:tm MEITICH. BR NpOURDeTE Cheayer }I"l]BThmHTE, 'i!IH'D mpn:ilai?;mzm Frl':rpc*m.
2 CENPHANMBIOT BRCh Ky TRDIS MUMEHT, DRpysOReHIER & Menmoke -

T H. Bpsrmosnil
&0




Ka P, #.3%. Conocranwenne  pacaeThodt (oo
WAN AMENA]) U OULTHOR  SRRNCHMDETER KH =

1) % = f {Rey) pam TpexammETrol meusamen, (g =
f

o = 0;50; F = 8)-
WM& Jlnu MewmanoK cTalAapTHLEX KO-
[T B Y P YT U Y crpykimfl  koaddwilHEHT CONpOTHE-
Ciot m? WF |, 10°  feHds paccyuTBinaeTca 1o opMy-
© Reg  asm (2.1.9), 12.1.43) nan (2.1.62).
[TpHMEHATEABNO K MEINajKaM €0 CA0KHOA KOHCTpYKuMell JaouacTel
ONpe/ieneniie Ty BOIMOMHO Ha OCHORE MHHHMANBHOIO 00BEMA IKCTEpH-
Meltaabnofl ungopManuy (HanpHMep, MOULHOCTH, HAMEpeREOI NpH Tpo-
H3BONLHEIX, HO H3BECTHHX yenosuax). Pacuers jUta jpyrux ycaosuf
nepeMelHBaNns (Hmd AN annapaTos ApYrol reoMerpRE M JIPYToro Mac-
urrala) MoryT BHNOARATECA (3 I0NONEHTRAbHNX OBTHLIX TaHHREIX. Tlpu
HOHOUILIOBaHHA STOTO METONA OTnagaer HeolXoiAMOCT: TONYHEHHS SKC-
nepumerTanbBex  kpusbix Ky = [ (Rey) # CAOKHHEX SMIHPHUECKUX
3ABHCHMOCTEH, XAPAKTEPUBYIOUMX BAHAHIE HAMEHCHHA OTIEALHEK KOK-
CTPYKTHEHRRX XAPAKTEPHCTHK ANBapara ¥ MElaNkd Ha MOWHOCTL 133,
351, Counocrasnenne kpusux Ky = [ (Re,), nonyueHHHx pacderibiv
TYTeM, ¢ SHCNEPUMENTAALION 3ABHCHMOCTEY, NPHBEAEHO Ha DHE. 2.32,
a Taxme 8 patore |10].
s nonyweHHLX ypasHenHA chefyer, B HaCTHOCTH, HTO € YBEAHUE-
WHEM CoOTHOWEHNR R er'o sauanne Ha Bemigniy Ky ocnabesaer. Tipu

R — 0o, T. €. B YOIOBHAX, KOTAA T/IOWAKL CTEHOK M JIHMILA arinapara
(coppymensis) BenHKa, OKDPYMHAA CKOPOCTE MHIKOCTH CTAHOBHICA
HHNTOMKHO M&/I01 110 CPABRENIIo €O CROPOCTBIO AonacTed 1 BeHUHEL Ry
# Ky uprobperalor HekoTapse NPE/eTbHBIE A8 AAHNOR MEeInanky 3Ha-
gepun®, GMM3KKe K HIMepeHHHM B annaparax ¢ OTpamarebibiMg Nepe-
ropoakas [22], B wactiocTy, AAs NponeisepHON MEMATK, paboTaio-
wefi B BeckoHedHOM ofBeMe MHuaKocTH, snaverne Ky G0 SKCHepUmMen-
ramstio naiizeno (8] pasuiam 0,42, a 5 annaparax ¢ NeperopojdKami ans
arnx vewanox Ky = 0,4,

1o HAMOCTPHPYET 06LIYI0 SaKOHOMEPHOCTE, KOTOPas COCTONT B TOM,
wro Ky TEM CHAbNEE SABMCHT OT YCAOBHT NepeMeiliMBatis, MeM MEeHbLIE.
pastocTs cKopocrell Jonact Mewlank# M OGTEKAlOUICH €€ JKH/KOCTH.
OnHuM M3 TPOABJRHHT STOHl 3aKOHOMEPHOCTH HEJACTCA TAKKE BAHAHHE
BRBKOCTH CPeibl H2 MOLIHOCTH, BRIPAMAEMOE OGLNEO 8 (hopMe FABHCH-
socrit Ky o Rey, ITpn mamax anavennax K oxpyHas CKOPOCTL HEpe-
MerHsaemMol cpeiil B 0ONacTH I < iy CPABHHTEABHO OHAKA K CKOPOCTH,
aonacreft mewanky. B 3mux yesosuax nebopiioe HIMEHERNE CKOPOCTH
IKHJAKOUTH 38 CYET BRIKOCTH MOMET (IPHBOIHTE K CYIIECTBEHHOMY HIMEles
HHIO PASHOCTIE CKOPOCTEH CPEthl I ONACTEH H, CEOBATENLHO, BEANMHNED
K. Tpu Gonptumx R 3uauesns 0 (rg) MaJLl N0 CPABHEHHIO CO CHOPOCTbIG:
AOUHCTEH # HSMEHENHE BHSKOCTH HHAKOCTH NPHBOANT K caalomy:

* Kax crenyer us ypanmeinl (2.1.29), (2.4.4) w (24 9), youomm n,"ﬂa:-.]r,—tﬂ'
COUTBETCTRYIOT 3HAveHA Py = 2, Yy = —3, iy =2 0,19 W Ky = 07 Lo,

&6

BOIJICHCTBHIO HE CKOPOCTL ofTekannn. COOTBETCTBENND BAMANHE KpHTe-
pus Pefinonnica va Ky okasusaercs Gonee cnaGum. Huenno takoli xa-
PaKkTEp WAHAHHA OTMENZETCH B SKCNepHMERTAnbHEIX patorax” [32],
CoBepiienro ananoriuso U AMTHAHNE BLICOTH IANONHENHA anuapara
AHHAKOCTBIO. M Bemiyenie BLCOTH 3aNOAHE NS B0 BOeX CAYYARX MPHBOINT
K BOSPACTANHIO THAPABAHYECKOTO CONPOTHBARHMS KOPIYCA H YMeRSLlE
HHIO OKpY¥HOW ckopocTi notoka. B annaparax Ges BHvrpepnx yor-
poiicTs 310 Bnever 3a cofoll anawMrentioe nosLLUEHKe Ky — AR 0.
MACTHEIX MCLUANOK PACYET 110 NOAYYEHHLIM BB YPABHCHUAM PHROINT
K 3AaBHCHMOCTH Ky ~ (H/D)*F (ho onsrresm pansun [31] 5 smix yeaoe
ruRx Ky ~ (H/D)"%). B annapatax ¢ UTPaMATENLHEIMA NIePEropoJIKamit
BAHANKE BLICOTW SANOJHCHHY HE3HAYHTENLHO H, KAaK NpaBuio, MOsKeT
HE TPHHHMATHCR BO BHHMANHE. 3aMeTHLIM OHO CTAHOBMTCH TONLKO ANR
MEULBNIOR © BoicoKIMK KosddpimienTane  conporusnents. B uscraoc
B aunaparax ¢ TypOHnHOf MEWAAKOR YBeANTeHME BUCOTH A2N0ANETH S ar
:'li E ﬁ .:L:}mf: %2{} MPHBOAKT K NOBMINEHHID MOLUHOCTH NPHOTHANTEABHG
a b %, nn ETHEBEIX MO = '
i anok (L = 23,5 abn. 2.1) a10 HameneHe
3J1eCk TIPORBARETCA eL1e DAHA IHKOHOMEPHOCTL: BAHAHHE HAMENeRI
CONPOTHBNEHIA KOPNYCA HA MOUINOCTL TeM CUMibHee, YeM BLILIE Koaddi-
UHERT CONPOTHBIEHHRA MELTANKH, i HA0GOPOT, BAHSHHE YHEME MCLIANOK |
kos(pHITHERTA X CONpOTHBACHUR (1. e. Ynena JonacTel | Bx HRICOTH )
13 MOUIHOCTE Ten GoJkile, wem Builiie CONPOTHB/EHHE Kopnyca annapara.
llpumepom MONeT caymuTs HAMEHEHHE MOWLHOCTH NpH yCTaHOBKE Oipa-
WMATENLHBIX Neperopofok. JLaia Memanok ¢ manum KOShOHIHeHTON CO-
NPOTHENREHNUA, Banpumep nponesnepunx (L, = 0,66), yeranoeka s anna-
pate ueThpex neperopopok umpHuol 01D npu R — 3 u Re, — 108
HHOMBSET YBEJHUEHHE MOWHOCTH NpHOMHIHTENLHD B AB3 pasa, TOIja
KiK. i TYPOMHHON Mewlanky orHollenie COOTBETCTBYIONMX BHAMEHUH
iy cocrasnser oxono B.
| Pacderiiie ypasienun, npupeiesHie B sacTosuen pasnens, orHo-
CATCH K BEPTHRAMBHLM  IHAMEADHYECKHM annaparam TpamHuKonEol
RORCTRYRIHK € DacoNodienien Baja nepeMeliBalomero yerpoicraa no
ocH vopnyea annapara. Henoarsosanmsti nofxon Mower Gure NpiMeHen
MR ZPYIHX. KOUCTPYKUMA anuaparor ¢ Meankamit (sanpuwep, iaa
CNLIANATOR. C HECKOMBKHMM MEgiKamMil HA SKCISHTPHNHO PECIOAO-
HCHHMX BEPTHHANBHLIX Banax [39]).

2.5. MOUHOCTH, NOTPEEJIREMAS B TEPHON N¥YCKA

Mateprans, nanomennue & HPEALUIYIHE pasfienaX OTHOCATCH K rifipo-
ﬁ:::{iﬁmqw}m YCTEHOBHBLIEMYCH DEMHMY TiepeMenmBatius, T. €. K yeno-
S .Iuc-r_un CROPOCTH TeHeHHA MUAKOCTH NOCTOANKA, 4 YacToTa Bpaule-
o ug.emaﬁun COOTBETCTBYET HOMWHANILHON WACTOTE BpamenHs Bana
e J;La. pH nycke MEIANKH B HENOABMIKHON HHAKOCTH NPOHCXOANT,
i pm :::tl YBEAHUEHHE CKOPOCTH MIBHMIEHHA H BPalaTeabloro MOMCHTA
S (f. } ANKH M ABHIKYILHXCS “acTell HPHBOAA, H, BO-BIOPHX, UIMeHe-
kA apocTi OCTCKANNS JOMACTell HHAKOCTLIO OT CPABHHTENBHO GoNk-

: Beuuus (pu v (rg) = 0) o 3naveunis, COOTHETCTBYIOMMX CTAIHO0-

3 e




HApHOMY PeXUMy. 910 06yCcAOBIHBAET Peaxoe yBEAHUEHHE MOMUH
B HayanbHE NepHOA BPEUICHHA MCTHANTKH, T. €. TaK HASHBAEMbIE 4I1YCKO=
BLE LEPErpyaKkHs.

Kag nokasaso 8 [40], v acHHXPOHRRX SAEKTpOARUIATENCH, ApHMe-
HACMHX OOHYHO B KAYecTBe NPHBOJIOB REPEMEUIBAIOWNX YCTPOICTS,
B NYCKOBON TEPHON H3-3d YBENHUBHUA CHAL TOKZ CBEPX HOMUHANLHOID.
aHauennn: T!}'IUHCX{},ILHT HHTEHCHBHOE BLUIEAEHRE ‘TENRoTH, YTO L‘OS.!I.&ETJ
ONACHOCTL NEPErpesa ABHTATeNls H BHXO/AS €r0 H3 CTPOsR HAH CHHXKeHHSA
cpoka caysOm. [lostomy ponycrimas amrrensHocts nMyCKOBORO fes
PHONE — TPOMEKYTKA BpEMElH, 338 KOTOPOE [POMCKO/NT CHHKEHHE
MOUHOCTH A0 HOMHESNBLHOIO SHAYEHHN MOUHOCTH ABHTaTenf — Oonpe-
penfercd, ¢ OAMOA CTOPOHH, OTHOCHTeNEHON BenHTHHON Neperpy3ok,
# ¢ ApYrod — Maccol, Easanbrol Temneparypoil # VeIOBHAMH OXJaXMle
Hus asurarens. B cpeapen, oHAKO, 408 TPeXhasHblX aCHHXPOHHLIX JBH-
ratenedi ¢ KOPOTKOSAMKHYTEM poTopoM mMougoctsio ot 0,6 no 100 kBt
npH JBYX HOBTOPHLIX TIYCKAX B XOJOJHOM COCTOAHHM HJIH NpH QiHOM
NeBETOpHONM Nycke npit pabodell TeMnepaType JONYCTHMAR [P0 ORI T b
HOCTL NYCKoBoro mepuosa Ty, cocrasarer 12 ¢ (411w ojieum ua yeaosui
npe BwWGOpe NPHBOMA NEPEMEIUHBAIOIIErO YCTPOHCTBA ABARETCR BbINOM-
HEHIlE HEP2BENCTRE

TaI2 ¢ 2.5.1)

Cnocof yuera NycKOBLX NEPErpysol NpH NPOEKTHPOBAHWH annapas
TOB € MELIAAKEMH COCIOHT B TOM, 9T OpH Bwlope NpHBOSia SHAYEHHE
MOLTHOCTH, COOTBETCTBYIONLCE YeTaHOBHAIIEMYCA PEMUMY, YMHOMAIOT Ha
nonpasoums kKosdwiinent ky. Taram olpasom, Tpedyemy o HOMKHANL-
HYID MOUHOCT NPHBOAS ONpPEAeasioT Kax

[
an}‘ﬁ'klrﬂ (2.5.2)

FE ] — K. 1 I NpHECEA.

3navennn Ky, OpHBCEHMLE B anteparype [42, 431, panmnt | +-4.

TosHpfi MeTOM pacyers HAMENEHHS MOUMOCTH B NYCKOBOR nepHon
Wil nonpaeki ky, veoGxomumoll ann BuOOpa NPHBOLA, JIOJUKEN OTpa-
MATH OJHOBPEMCHNO PeyKUM PasroHa HGIIKOCTH B annapate H PemHM
YBENHYEHHS CHKODOCTH Bpawenis poTopa JEHTATENA B 3aBHCHMOCTH OT
pEMenends MOMeHTa CcOnpPOTHENEHHA, T. €. XAPaKTEPHCTHKY S/exTpo-
neurareasn. Pacversive ouengn [41 ] nokasueaior, oavake, 410 nps yeno-
BHAX, YAOBRETBOPAKMUX orpanudessio (2.5.1), wactora BpaueHns po-
TOpa JBHraTens yme wepes 2 ¢ okaswpaeTcs OAHSKON K HOMHHEALROMY
apaueHHio. 370 NIOABOARET OFPAHIMNTLECA YNPOLEHHBIM AHAAHI0M HeCTa-
HHOHAPHOTO TEMEHHA HHAKOCTH H NPEACTABHTE NEPHON NYCKE COCTORIILUM
M3 NBYX gacTefl — MEpHOLA pasroHa MELUAAKH, NPHHHMAEMOro pan-
neM 2 ¢, W MepHona pasroHa MHAKOCTH [pH NOCTORMHOA yritoBoll cKo-
POCTH MELLANIKH.

Ocuosofl aMann3a HIMEHEHHs MOWMOCTH B nyckoBoll nepwon®, xax
H NPH PACCMOTPEHHH YCTAHOBHBINEIOCH TEYeH S, CAYHHT YCNOBHE COXpa-

* Monaraowafl vinke meton paciets paapadioran pvopami coswectio ¢ O. M. 3as-
conom i B, B, Hpomesio,
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sennn MomenTsa (2.1.1), nonoaHeHHoe B AaHHOM CIYMEE CRAraeMuM, yik-
(HAAKIIHN  YBeAHYeHHE COOGCTBENHOTO BpAIATEALHOTO  MomeHTa .\
HUJIKOCTH B annapare:

dA

7‘1— "T" MI:II'I'ID tT] .I'I'fj"] t‘:l =0 (25.3}

e T = BpEMA.

Bpaitatenbini MOMEHT KONBIEBOrO SNEMEHTA HHIKOCTH suicotoil A,
sARJIOYEHHOTD MEKIY UHIHHAPHYECKHMH MADBEPXHOCTAMH pamiyca
w r -} dr, BupamacTes Kak

dh = 2nptio (r) ridr (2.5.4)
Crrciona
R
A (x) = ﬁ" dA = 2npiTeyrfL (%) (2.5.5)
3neck

"
e j 5 (7} P2 dr (2.5.6)

n
H=Hm (2.5.7)

MozcTaminn BRpAMERHE BpAN{ATENLHOrO MOMeHTa Makoctd (2.5.5)
8 (2.5.3) ® Bupaman Moonp () # M,p (¥) no ypapmenusm (2.2.13) u
(2.4.7), momyracs:
e gl ] g = il .
_n!!?-;—‘u+%r]7ﬁasip[1‘]+-fﬁﬂz§t .f;; 0% (11 7) — - 2k () - 0 (25.8)

il ]

e
(2.5.9)
Havaneuwe yenosus pns pelnenus ypasnenns (2.5.8), coorsercray-
LG MOMEHTY Masala pasrowa xuakocTH (wepes 2 ¢ noene nycka),
HMEIOT BHAC i
@ =g Bifry =0 i =0 {2.5.10)
Pacemorpus cayvall nepeMenmBaiia MelIAnKaMH ¢ TOPH3OHTANb-
HEIMH JonacTamy opH R = 1,5, korna npoduib cKOpOCTH ONHCHBAETCA
vpapHenusanmy (2.1.29). Tlpu srom pns yaolcrsa supasuM napamerpsl
pacHpeienents CKOPOCTH Wy H Wy, 8 3aTeM pemiuuin dLIdT, Uy, 0(r) |
By depea Uy — SHaveHHe CKOPOCTH MUAKOCTH HA panHyce ro

T wyt

npH t=1

% y f”;tﬂ @2.6.11)

tep — ¥y -4 %o {7) (2.5.12)

0 (ri, %) = ba (7)/re (25.13)

R, (%) = 0,198 — 0,4666, (7) + 0,28647 () (2.5.14)

Jiech wy — [RE—0,476)2 (25.15)
o= 0,3/(2R) (2.5.16)

%y = (0,94-2 In R)/{(2R) (2:5.17)
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lpeofipasyed nupamenie (2.5.8):

0 (%) _ 1, [0.193 — 0,666, () + 0,286 §(0)) —
— [ + Bty (1) 4 336F ()] — 153 () (2.5.18
rae
Ea ;
= — %.5.19),
it Al g (
¥ aﬁm (2.5.20)
# NV I
R
o —lo (@521
anffay 1
Hanee
d._ i ~ ¥ - -
u;?[t] = a0 (%) - agfy (F) 4 0y (2.5.%
Jners by = 0,2850 — 33ty — ty

ay = —2uguyt, — 0,406,
ag = 0,193t — ity

Pemenne ypasieris (2.5.22) ocnomisercn TeM, 9To B BHIpameHHE
ly BXOAMT BEJAMWHHA KOS(HUHEHTA CONPOTHBICHHS €y, KOTOpan, Kak
caenyer 8 ypassedun (2.1.19a), sasucHT oT cpeiHell CKOPOCTH NOTOKA'
Upp CUIHAKO, YUHTHIBAS MAMYI) CTEHEHE STON0 HIMEHEHHA, MOMHO ONpes
JEnWTE BenHYKEY ¢ N0 Ypasheruio (2.1.19a), npunan seanuuuy O, 0=
cronunoil 1 pasroll cpeaHell CKOPOCTH CKPYMKHOFO NOTOKA NIPH YCTaBOo=
suBlemcs pexame®. Pacuer cpesueit CHOPOCTH IPOBOAMICH 1O ypaBHes
HHAM, npiBelerHuM B pasaenax 2.1 o 2.2, ITpoHuTerpHPOBAR BLIPAIMKE=
nie (2.5.22), nonywim ypasdenie, Kotopoe nNpHOAHMEHHO ONHCLBAET
HIMENERHE OKPYIKHOH CHOPOCTH KHAKOCTH T, FI} B [epHOnN BHXONA HE
CTAIHONAPHHEA  pesnm:

| (2o () 4 — VK ) e+ V&)
y—A (20,0 (%) - 03+ VA ) (0 — ' —A)

e o= oy —a

B coueramu ¢ {2.5.9) u (2.5.14) ypasueune (2.5.24) nozsonner
pacCYHTATEL HIMEHEHHe MOIHOCTH B nepol nycka (pue. 2.33).

{2.5.24 |

F=

* Tapot yOPOILEHHE 146 BLSEIAET CYILECTRMNL OWNBoK, & 1 anNEpaTax c i
RERMHBIME BHYTPCHHIMN YCTROACTEEMI NPAaKTICIECKN Boolule HE CHASWBACTCH Ha. Y
SYALTATAX PACYETA,
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Pre. 500, KAPNKTED MAMCHEARD  MOMOOCTH B ﬁ-\-f‘-’
yyceesof {aumpat ¢ Typln M- !
M u’:- o b f-':?.'a'
gnavense 3 Ll — 0126 RH; 2 —0, a4
T iy

[ s - a5

“CTH B Kavectse ¥ (1) B ypasie:
nie (2.9.24) Henonk3aoeath sHaveHte 4
Uy upe COOTBETCTBYIOLICE HOMHHAMNL- @
voil  MONIHOCTH RpuMBOjA, A 4aTem
NOACTEBHTE HallienHoe anaderine 7, i i
B ypaBHesye 2 2

- i L] ] 1 i

T .=2+_1‘F.,u[,_ (2.5.26) 200 400 E0 G0 mmiwa
TO MOIHHO ONPEACIHTE NPONOMNKUTENLHOCTD OYCROBOTO Nepioia — BReMa
JOCTHIKEHHS  MOULLOCTH, COOTBETCTOYIOUEH HOMMHAMBHON MOMIHOCTH
npHBoaa. - -

Coasb MERAY Opgp M MOINOCTRIO NpHBOAa Bupakaeres (hopmynoi

B0 up == 0,82— V3 5lky oy (2.5.27)

KOTOpaR Noydela B pesyabrare pewesust ypassenusn (2.5.14) oriocu-
TeNbHO By (T).

XapaKTepHCTHEN NPHBONA VUHTLBATCH HpH STOM BenmHauHON Ky
viperensiemoll B coorsercTsuK ¢ (2.4.2) u (2.4.7) Kax i

i‘_‘._f‘q‘
EE 5 IR I Rl
20; 22 24
locaesiosarensuocty BuNOAHEHIA pacuera

: ! NOKA3aHa Ha pHe. 2.34.
i Xy THON. 24 ] Ypasnenue (2.5.24) moxer Gurs pacnpocr-
{ PEHEHO Ba APYIHEe TMIIEI MEWER0K H COOTHO-

[ foatywei2e | WEHA PASMENOS ATINAPaTOB, paceMOTpelHse
1 B Npeauayuix pasienax. Bupamenun npome-

r__ : : HYTOMHEIX NAPaMETPOB MR STHX Cay%aes NpH-
MW, 0 aufin 2.4

3 BOJIATCH B Tafn. 2.4,
| Xy e H pesynwraTs Hasepenufl, noxasnisalor, uTO
S NYCKOBAH MOWMNOCTL B PHIE CAYYACE MOWKET

N
b0y

Kt up = [2-5-23]

Pacuerst no ypasseniio (2.5.24), Tak me xan
CYLECTBEHHO (B 3—5 pas) npesocXo/inTh BemH-
SHHY, X@8paKkTepwyl) VIR  yCTauoOBHBILETOCH
pesmuma. Jlaa  ananuaa

- HAMEHEHHA  MOULHOCTI
E T. Ypaumesmo (2. 5204 “ ;

L, ¥ panslimiee. {2, 5273

3aKOHOMEpHOCTER
B NYCKOBOR nepion

-
o Y PRl (2 5. 26) Pic, 2,84, Gaew-cxems pucaers NPOACTRINTEALMOETH NYCHonora

e T
il



— 2
Iy

L= ®xnp

Lifi = BORA

—
*np

npW ry o> 0.6y 0
v

Mamdaws € BEpTH-
RiGiBiENA JomncTasi

\

-_"
Van—0.0861

-

0.254;

Sl
0.67—)"

4wy

— 0,671y

U.ﬁh — 13

¥ bify = 0.6RH

upl £y > 0,
‘B“

TARBHHME J0RI0THWHE

Memaanu & ropuIon-

P

14
13

aonserEMl TRW R o< 1,03,
5 (R—1)

®—1) [ R~
4.1

XR (R—1) + 5 ®— 1}’*]
ﬁ-—xf.f;

F—V¥ hynp

2R (1 — 51)
* Suagesun 5) Sy PACCINTAHDAOTCL MO YPEBHEHNEM (2, 1.4B).

fy—¥ily—14
— 21y - xawals)

MBLBAKA € BEOTHEIS RN
0.6 —0.18; + 0,555

0.4 —10,565;

i

0,143 — 10,1675

Ll < 0.5RH

Zam
0,108; — xits

0.82 — V' 551 kxap

NWMH danactaMi TP
R = 1.3 Fj =>Fe il
R — 0.476
— Pyamsls — 04660

Memaari © FopHACKTANE-
0,2801; — %3y —1a

Beau-

RHWEN
Y1
He
Iy
iy
Iy
iy
dy
Iy

By g

N Tofsuyg 2.4, Bupamennus, WCnoAb3yeMuie APH PACHETE NPONOTKNTETLHOCTH MYKOBOTO MERNOAR

pu, ToOE. ToRLOoeine nycuonol  nEpoTIYINV
& yhlHaenson ofuesa aTmapaTa Gex BHYTPEM=

e yerpoiiors, B=8 a,t,— 5.4 (xypbun-
pun meliimana), ¥ o= 0.

B

yROGHO BOCAONBLIOBATHOR BEJHYH HOH
pyCKOBOH nNeperpysii:

D == R Ruod
T

By = 2RI | — g1
N

o 40 &l 7] 100
(2.5.29) LA

fae dy pp— BEABYIE Ky, COOTDETCINYIOWER JEateHue Tp = 10

Kak cnejgyer M3 ypaBrends (2.5.24), Bpemsi AOCTHHENUA OAHHX M
cex JKe anaueniit ¥y wsmensercA ofparThHO TPONOPUHONANBED %acToTe
ppallleHHR MElankH, i B CBASH C STHM yBeqHdenKe olbenMa annapatoe
¢ coXpAMeHIes TeOMerpUyeckoro NnoAcOHs NPUBOIMT K 3HAUHTEALHOMY
roBHILERNIo neperpyskn Ay (pic. 2.35). Tlpu Manux R, nanpusmep 8 cy-
qae MPUMEHEHHA PAMHEIX HJH CKPEOKOBLIX MEIUATOK, JAME npH nefoan-
X YACTOTAX BPAUIEHHS DASBUBAIOTCH BHICOKHE KPYTHLLHE MOMEMTHL
5 CBA3H C THM PASIOH MKHIKOCTH NPOHCXOAHT (HICTPO M NYCKOBLE Nepe-
rPYSKH OTHOCHTENBHO HeBesMKH. [pyrdM BadHBM hakTopoM, OKdSH-
BAIOUTHM CYILECTREHHOE ETHANHE WA BeMMHHY A, SBASETCH CKOpPOCThL
oOrexanni nonacrefl MEINANEM NPH CTAIMOHAPHOM pexkme. Ymenb-
[ieHHE ITOfl BEAHUHEL] T CONPAMEHHOE ¢ HIM NOHHAeHHe iy BCETIA NpH-
pOAHT K TIOBHINCHHIO TYCKOBLIX HEPEIpY3OK MM yBenHseHHIo npojoa-
HUTENBHOCTH OYCKOBOIO NEPHOAR, [losromy npn opHRAKOBON CTAUHOHAD-
Ol MOILHOCTH NYCKOBAR MOIHOCTL NOBLILIAETCH € ymenudeHHeM Ko3(-
(MMUHEHTa CONPOTHBIERHT MEMIAIKH HiH MPOHIBEIRHH A 2l

¥ nesmuerie MOMENTS CONPOTHEICHES ANNAPATA 34 CYET NOBLILIEHIN
IEKOCTH WAH TPH YCTAHOBKE HENOABHMMLX BHYTPEHHHX YCTpoilcrs
BCET 13 CONPOBOHAETCH CHHIKEHHEM NYCHORKX NEpEerpy3ox. B annaparax
¢ OTPANKATENLHLIMH NEPEropoAKavt NYCKOBAA MOIHOCTL MU0 OT/HYAETCA
o7 cramHonapholl H HATHYME NYCKORWX NEPETPYSOK, Kak NpasHioc, Mo-
HET HE YUHTHIBATECR.

Ilyckosue LeperpyssH He BOSHHKaIOT U B annaparax Ges oTpamaTenb-
HbLX [IEPEropoAcK, KOrAa MOLIHOCTH NPHBOLA HAMHOTD fn 3—5 u Gonee
pas) NPESHIUAET BRMWYHHY MOULKOCTH, nofpeGasemoli npd YCTEHOBMB-
IEMCR PesKHME nepeMernipannn. B stux caytanx seniunsa Ry upy piC-
CuHTMBaEMAaR TIO ypabreniio (2.5.27), npeBuiuaer npeneseioc * avaye-
Hite by (n1s MEIHAZIOK ¢ FOPHSCHTAALHLNMI AonacTamd (.25, & juia meills-
0K ¢ nepTHEAaNbHbME gonacrsvi 1,0).

26. MPEAMNOCKIJIKH TEQPETHYECKOIO AHATNH3A
THAPOIHHAMHKH NEPEMEWHBAHKA

Bruwe Owno ormedenc, Wio CTPOroe TeOpeTHYeCKkoe pellienne 3aiadd
Pacnpegenenus cxopocTefl B anUaperax ¢ MeIIANKaMH, KaK, BOPOYEM, |
APyrix sanag TYPOYAEHTHOIO TEYEHNUS! HHIKOCTH, OKA HE HOJYHEHD. o

= E’m:aa*r HBBEMBIE MPERCARNLIC Stveitin fy COOTBETCTEYIOT BPALICHHID MCOMACK
1] i":FUIIIFIJHﬂinR ”’Mm-
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CBR3AHO | CO CROMHOCTBIO TPEXMEPHOI CTPYKTYPE NOAR CHOpOCTEl & aMm
uapare, # ¢ ofiun YPOBHEM H3YHEHHOCTH 3aKoloMepHocTed TypOynens
HOrO Teners xuikoerell [44—47 |. Tem ue senee, cymecrayiose np
CTAMIEHHA O MEXAHIME NEPEHOCA HMNYAKCA B TYPOYAEHTHLIX NOTOKAX |
NOCTPOEHHEIE HA WX OCHOBE NONYSMIHPHYECKHE MOJIeTH NO3BOJSIOD
B ynpotiesnofl gopue NPoAHANHIHPOBETE MEXATHAM DOPMUDOBARHA NpOs
(AR OKpYHHOIT CROPOCTH B annaparax ¢ Mewankave [48].

Pacnpenenesye okpymnoll cocrannsiomell cKopocTH NepeMennaes
MOH CPCJl HPH YCTAROBHBUIEMCR PeXHME JOVIKHO YAOBNETBOPATS NPl
MDY coXpancHus momenta. [IpH sToM HeoBXoMMMBIME SNeMERTAMH MaTes
MATHHECKOTO ONUCANHA CAYMAT BHPAMEHHA NOMEHTa CONPOTHEACHITR
npH o0TeKalHH JoNACTEl MeWIANKH | MOMEHTA CONPOTHEMCHUS KOPIYCa
annapara, a TakmKe QynkuMa v(r), onpereamou@an gopMmy npodmas
cropootd. Tunpapmiueckoe conpoTHBAesHe AONACTell MEWAanoK He Mo-
HeT OpTh TEOPETHICCKN OUEHEHO, W MUK B0 PACUeTa MPHXOAHTCR NoJibe
S0BATECH WHTEIPaAbEEIMH  XapaKTePHCTHREMH — KOS(AWIHeHTAMN  cO¥
npompncnus [10]. 3akouomeprocty qopMuepopanss npodwas o () i
XAPAKTEPUCTHKH THAPABNHWECKOTO CORPOTHBACHHR KOPTIyca MOryT Ohire
KaUECTBENHO, A B OTJENBHGIX CTYUAAX H KOIHYECTBEHHO NPOHATIHIHPO=
BAHLl TEOPETHHECHH HA OCHOBE Mofenedt Ty pOyaeHTHOrO OOMEHE HMNTY. IR
COM.

Pacesorpunm paniosecie sneMeHtapHoro obmema MUAKOCTH BLICOTOI
H, 0rpanusenroro oyms (HAHHAPHYECKIMI NOBEPXROCTMY PaJiH YoM
Fur - dr. Yenossem yCTaHOBHBIIErOCH JIBHMEOHUF WHMIKOCTH, 38K/II08
SeHMHON ‘B 5TOM o6beMe, HBARETCS PABHOBECHE NPHNCKEHHNX K HeMy MOS
MEHTOB!

dMyg — dMeonp — dMyge = 0 (2:6.1)
nece dMyp — uiMciionme KpyTHGIO MOMHTA, THPHADHECHINND ¥ SAeMeliTApHOD
offEeMy AUIKOCTH, B PEIyILTATE Gro BSAHMOACHCTRME © AOTIRCTHME MELITRE, MR yaas
crie dr, Jng dMpge — MenienBe MoMeRTA, COONEBIEMOND  KBCATETENbLINI HETPH HE
HUHNH 10 AHAHBADHYGECKRY NONCPXHOCTRE PAARYCA ¢ W r~F dr, T 'Tg_m'n._— i
HEHHE MOMEHTS CILT THAPRBJIHGECKDTO CONPOTHAARENR, BOMHHEAMILERO [TPH TaMMOs

JERCTRUN GEPY#ECTD IOTOKA © YSACTRANME JHBME | BHYTpEHHNY yorpollers, Jnitiogais
BLBMIE MENRY HOREDXHOCTRME PRAHyCoM £ # ¢ dr, Jbs

Beansuna dM, i, B obuiem e momer GuTh BEIpANKENE Kak
Myp=q () dr {8:6.2

e 1 {r) — by HEIR TAOTROCTH pECHpEeNeHin KPyTRILLIO MONCITTE [0 pamiycey, Tin/md
B ofnact pajMycoB ry, < r < 75, T. €. B 300, OMETAEMOll NONa-
CTAMK MeUIanKH, momert dM,, MOMeT GbiTb BHpaX@en uepes pasnocTh
CHOPOCTER HHAKOCTH ¥ Mewanky no (2.1.3); B ocTansHoi wacTi annapars
My, = 0. Takunm ofpasos, npH NEPEMENIHBARNH MEIATKOR ¢ 4HCAOM]
Jonaerell 2,

oy 2
mz{ iy LIS WO

0 MR T E By

dneen 8y — nnowecTRo InauEnR PAIHYCOB, 1D KOTOPEX UMEET MeSTO Wellotpeas

CTHCAHOE BIAAMO/CHCTRAC TIOTOKA C JONACTRMH NEWANKH; CHMBOA € OlfayacT Lpie

HAUIERHOCTE, 8 € — OTCYTCThNE TPUNAKIGKEOCTE £ X MBoKooTny O,
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Aan € (2.6.3)

[TpHpanenHe MOMENTS CHA TPEHHA MEMNY COCEIHHMH CNOSIMH M-
FOCTH MOMHO BRPE3HTL Yepe3 Kacarelibubie HanpsKelHn T

AMyne = 20Hd [r¥% (r)]

KACATENLHOE HEOPHMIHEE H3 NOBCPXMOCTH pajuyca r, Ta;

(2.6.4)
race T

Tounoe onscanye KacaTeNbHBX HanprmenHil B sakpyveRaoM Typiy-
JEHTHOM NOTOKE, KAKHM SDBJIHETCH NOTOK B annaparte Mt‘lumﬂﬂ, CBR~
240 CO SHEMHTEALHEMH TpyaHoCTAMM. [TpH npuOGAHMEnHOM aHANHIE
BLIPEMEHHE LI T MOKeT GuTh noaydeno [48] wa ocuose NOMTYSMEHPH-
YeCKHX THNOTER3, 1HMPOKO NPUMEHFEMHX B NPAKTHKE PCIUCHHA NpH-
KAAZHBX 3afa4 ruapoMexanuky [45—47 ],

Onvofl #3 TAKHX THNOTES ABANETCR FHIOTE3A enyTH TIEPeMelH BAHKAR
[panamng, HEMONLIOBAHWE KOTOPOH NMPHMEHHTENLNO K BPaLLATeIRHOMY
JEHAEHHR) wujikoci naer [491]:

de (<] de (i}
[ S M| Pt Ty
Tﬁm(ﬂ!—l_r)lﬂr_!-r\
voe L — Al MyTH DepeNCIiHnRENS, M.

Jlnn ocecMMMETPHSHOIrO NOTOKA, B KOTOPOM OKPYIKHAR CHOPOCTH
NOCTORNHA N0 BHCOTE, YACTHLE NpOH3IBOAHLIC B Bupamesnn (2.6.5)
MOJKHO BEMERHTH OOKHOBENRBIMK NPOM3BOAHEIMH, JIMHRA nyTH mepeme-
inmBaHKs | npUHHMaETes NpONOpUHORANEHON WipHEE 30HE TYpOyneHT-

(2.6.5)

HOFO MEPEMEIHBENHA ¥ MOMeT OwTh 3anucada [50) B supe
{=ual {2.6.6)
L i 0rerm
3 L= 2.6.7)
s { R—rm P fm==r=~R {

e rg,—pluuq-c paCTIONCIRERIA. MBKCHMYMB OKPYIRHOR CROPOCTH  MOHAROCTH (CM.
pue. 2:0).

C yuerom (2.6.5) n (2.6.6) nmeem:

dMine — 2ntipettd [ 18 (G2 + =) |45+

r

J (2.6.8)

Cnaraemoe dM,p B ypaswernu (2.6.1) B obmem cnywae npepcras-
nier cobofl cymmy

dMounp = dMau + M (2.6.9)
Bemuunua dM,, — MOMEHT cONpOTHBACHHA BAEMERTAPHOTO YYacTka

IAOTATH  HeNOABHIKHLIX BHYTPEHHMX YCTPOMCTB — MOMXET ObiTh, no
ananorun ¢ (2.6.2), Bupamena xax

Muy = (r)dr {2.6.10)
Jpecs i (r) — dyrsmis 1AOTHOCTI PACH]ETE R
Y as
Gip—s=fir MR e By
$ir) = .L‘ - (2.6.11)
(i} _
0 we v E Qup

fae by — mucora -ro enyTpesdero yerpolicias, M; $g, — MHoReOTED SHAGCHHD pajin:
YOOH, HA KOTOQLIN HMELT MUCTO HENOCPefCTIvinoe BSainonelicinge okpysioro noToks
C nHyTpeHHHME yeTpoftcTRaMI
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Bemnuuna dM , 8 npoctefities caytae (Nnockoe ARLLE) onpeseas
KaK

dMpy, = eV (r) dr (2.6,12

B npeasayuiux pasnesiax npy pacyere npofuis cKOPOCTH HIH MO
HOCTH BEHYMHA T — KACATEILHOE HANpAMKeHHe HA CTEHKAX M JHMUL
KOpnyca antlapara — ONPefeasnach © NOMOLLKIO SMITHPHYECKUX YpaBs
el ¢; = [ (Re). Boadoxua, oinako, 1 TEOPETHYECKAA OLEHKE 310
BOAHNHULL, OCHOBANNAR WA MpHMEHeRHH runoressl Jlanpay o Xapakrep:
saTyxanus TypoyAeRTHOCTH BONHSH TEEpPARX NOBCPXHOCTEN, & Tak
TEOPHH  JIOKAMBHO-HAOTPONHOR Ty POYNEHTHOCTH B?(]mmmpnua—ﬂﬁy{
xoBa [44]. [lepenoc umnyabea B TypOynEHTHOM NOFPAHHYHOM CJIOE
glimHsy TBepAO NOBEPXHOCTH OOBMHO ONHCLBAICT YPaBHEHHEM (46

(2.6.18)

flie V — KHECMATIHGOORAN BHSKOCTD JRHAKOETH, W¥ei vy — Typlyielhthan nE3KoCTh,
wi/e; y — pacCTOsIHHE OF CTEHEH, M.

Bripasun gacarenbHOe HANDIMEHHE C NOMOLLBI0 3#BHCHMOCTH

T = o/l (2.6.14)

3nech v — CHOp FAAKOCTI BARTH 0T CTemkil, Ne; Ry — COMpoTHEACHHE nepes
noty HMnyakea |8 w(H-c)], onpesearesioe no ypanucHHio:

empir4 i 2

o

dy ]

Re mﬁ[ s (2.6.16)

Jonyckan, ¥10 OCHOBHOE COTPOTHBNEHRE HEPEHOCY HMIYJbea CoCpe-

norovero [46 ] b saskom noacaoe *, LA ONPEAENEHHR Vv, BOCNOIL3YEMCH

runoresol Jlampay, npeanoraraiouei [45, 48, 52| wsmeunenne TypOy-

JIeHTHON BAIKOCTH B BASKOM NOACAOE NPONOPHMOHAIBNLIM WeTBepTON
CTENeHH PACCTORHMA OT CTenkn ™%

Ve =¥ (w/ba)* {2.6.16)
C yuerom (2.6.16) wmrerpuposanue Bupaxenus (2.6.15) naer:
n_ By
— s 2.6.17)
o= VZ v (5.8

ToamiHa BR3KOro NOACNOR By CBR3ANA ¢ BEANYKHON CKOPOCTH H3BECTHEIM

cooTholllenien  [47]
tgbgiv — 11,5
Onhciopa B coorneTcTadn ¢ (2.6.14) n (2.6.17)
v 0078wy

O6HYKO OCHOBNAA TPYAHOCTL TPH  PACNETE NPOIECcoB  NepeHoca
K CTEHKE COCTOMT B YCTAHOMICHHH SaBRCHMOCTH BEITHMHEL U, OT XapakTes

* 370 pasHOCHALHG AONYUICHIR O TOM, 4T0 FPAAHERT CHGPOCTH nile NASKOID
CNON SHAMMTEALHO HIDHE, oA B erD Npeieanx.
** Takoil XEPAKTED JABHCHMOCTH NOATREpHACH Iwcrepimentamsso [S1].
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pHCTHE MakpoMacuraGuoro Tewewns. Jlns pellends storo sonpoca
fPENNOIIONIM, 410 HHTEHCHBHOCTL TYPOYJEHTHOTO NEPEHOCA B BHIKOM
noacace, tak ke Kak H B mape notoka 152—54 1, onpenensercs raan-
HEIM OBPA3OM YABCAUHAM CKOPOCTH MEKCHManbHoro Macurraba, B pac-
CMATPHEAEMOM CAyYae STOT MaciuTab Jonen HMeThH NOPAAOK TOJHHHG!
pRAKOre noacmos O, T. & CYUIECTBCHMO Menbille macurraba TOTOKA.
B coorsercraii ¢ (2.6.18) 3101 maciurab npersimaer BRYTpeRnHil Macirral
TypOYAeHTHOCTH Ap, OTBEYaIOWMA yeaoBiio

Taxum oGpasom, 8, 1m0 NOPAAKY BEAMYHHB COOTBETCTBYET OGAACTH
vACWITABOB, ANS KOTOPHX TPHMeHnM «akol asyx Tperelin Komvoro-
posa— Obyxosa 145 ]:

0p == &y (256.21)

3aeck By — AUERILHCE SHAYEHHE AHCCHNAIME SHCPIHH 1 CAHHHIE MACCH (8 Brlwr),
HOTOpoe Momer GLTh B nopBoM NpHOJLMCHEH SEMORERD CRe/iHEM SHATCHHOM

K 3
oy = T}.;’fx=f—m‘f' (2.6.:22)
rae Vg — offseM cpenst B BNDApeETe, M.
Conocrasnenne pupamends (2.6.21), (2.6.17) u (2.6.14) npaer:
T (r) = 0, 144p (ev)*# o (r) {2.6.23)
dM g = 0,288np (Bev) 28 v (r) P2 dr (2.6.24)

[lpy wenonesoBarny Bupawennit (2.6.2), (2.6.8), (2.6.10) n (2.6.24)
ypanBeMHe PABHOBECHS 3MEMEHTAPHOTO 00DBEMA MHAKOCTH HpHoGperaer

AU
o dofr) , ovir) y| de(s) ot ] _
& [+ S SRt ||
() — V() —0.288p (ev)o B () R
2nffpatLy
B kauecTe YCROBRN OANOSNAYHOCTH APH PELIENIH STOTD YpanHeHHn
HCNOAL3YETCR COOTHOLIEHHE

(2.6.25)

o (r) = o npR r=ry {2:6:26)
H HETErpanLHoe yoJoBHe p%ﬂﬂm’l MOMEHTOB
Mir— Mag -+ Men + Moy (2.6.21)
(08 Fp— PRAYEC BAAR MELISTHEH, M; %
My = J @ (ndr (2.6.98)
R
M =J Y () dr {2.6.29)
7
My = 0,288 (egv)0ss I v {r) r* dr (2:6.30)
0

Beauynna M, — MOMENT CONPOTHENEHHH LUHNHHAPHYECKON CTCHKM
HOpIYCa annapars — paccuMTEBaeTes no ypasnenmo (2.1.10). Snavemie
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- Puc. 2.3, IanncumocTs sosddenuesra L
ne or ' npu E= 1,8,
Toumm pacwer oo ypamncninoe (2.6.33).
a1 .
e
Q061 = o T = 1(R) B namsom cayuae, no
ananoru ¢ (2,6.23), momuo enpe-
002 ; . ; q ACNUTE KaK
f 2 3 4 5° _ &6 T (R} =0, 194 p(egv)™** v (1) .
R (2.6.31)

rie o (B) — oMpymrar CHOpPOCTR MIIEDCTIE TiA pamyce r — R — &, wie.

Kak ormesanoes B pasgene 2.1, & annaparax 6es BHYTPOHEHR yoT=
PORCTE MOMEHT CONPOTHBIPHHA IMANHAPHMECKON CTEMEH KOopnyca cy-
LICCTHENHO NPEBLINALT MOMEHT COUPCTHBACHHA JHHNIE, H, CAE10BE-
TEABLHO, SHClCpHMEHTanbHme 3aslicimoctH ¢ = [ (Re) [ypamwenue
(2.1.19), pue. 2.6 orpamaior rnaskbivm 00pE3OM 38KOHOMEPHOCTH TH=
JPaBaHYeckoro conpoTHenis crenky annapara. B ¢sssy ¢ 1M npes-
{c;a;g::fnﬂ HHTEPECHBIM CPEBHHTL € HEMH TEOPETHYECKYIO0 SAaBHCHMOCTh,

Ha conocrasnenuns supawenuil (2.1.11) » (2.6.31) cnenyer, uro
KOSBAHUHERT CONPOTHRIEENA KOPNYCa O; MoMer Oullb BHp@Med kaK

v (R)
2

[48

ep — 0,258 (eqv).ss (2.6.32a))

HMH
¢ = 0,288 LRV oo (2.6.390)

L7
!Jdl

Vpasueure (2.6.326) no xapakrepy samspns kpurepin Pelinonsica
aHANOTHYHO SKCNepHMenTanbiol sapucusocty (2.1.19a), npi stom

s O(R) ROm
175
op

Ror = 0,288 &0 (2.6.33)

3uauenun A, paccunranine no ypasienuio (2.6.33) wa ocnosanmy
PEIYALTATOR IKCTIEPHMENTANLROIO MAMEPEHNS OKPYMHWX CHOpOCTel M
MowHOCTH s R == 2,0, Gan3kH K npunenentomy B paspene 2.1 ocpes-
HeHnomy sHauennio 0,045, nafizensomy s patore [14 ] wenocpencrrento
HEPES MOMEHT CONPOTHBAEHH A I CPENHICID CKOPOCTh MM AKoCTH (pre. 2.36).

Ypapsenun (2.6.25)—(2.6.27) npencrasnmior cooll  saminyTyIO
CHCTEMY OHM COMEPMAT TONLKO OfMH HCHIRECTHHN napamerp, Tpebyio-
R SKCHEPUMCHTALHOID ONPELENeEHs — NOCTORKEYIO & B BUpaKeHiH
AMiEE DyTd nepemewBanus (2.6.6). Pesaynvrars YHeNeHHONO PELIEHHA
smx ypasienuE npu a = 0,07, upusenensue na pue, 2.37 u 2.38,
YRASHIBAOT HA TO, YTO DACCMATRHRAEMEH YIPOIeNHan cXena B OCHOBHLIX
CBOMX YePTaX NPABMIBHO OTPAMAET MEXAHHAIM (OPMHPOBAHHR OKPYK-
Horo noroka. Chnenyer 3saMeTHTh, UTo pPacveTHLI npodiab CROPOCTH HE
OYelE MYDCIBHIENCH K BWGOpy TON MAW HHOA M3 CYIMECTBYIOUIHE MOAY-
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ymM/e v, /e
o

o

005

0 8,2 ] 06

G G G842
M m

it 2,37, Rpe chapoeTH B BRGOPATE Alumorpos (.1 M (pasian weimaona, e = 0,15 M,
i n-‘:ﬂr'; -, ﬂ = 0,4 &, cpths — nogusdl pacTRop CaucpRuE, Vv = 0600017 wle),

Guaneiiin s (0 pagfek: § — 685, } — 4.4, Craguomee JWimn — pociezhiue
fac. 2.8, Mpodutas CRUPHCTH B AUNUpETe arilbwo oM 1,2 o npn natiiige BRyTReaing yerpolicra
( Dl = n.lﬂﬂ') i senscrioll mewmigm (r,=0,25% M, oy = K15 pap).

—_—

\Epy
Crnowilas Sunn — pEoued no ypesueimmo (2.6 38).

SMIHPHYCCKHX MOAenel TYPOYNCHTHOIO o0Mena. Kax nokasaro 8 paGore
|48], pacuersl, BHIOTEEHHLE Ba ocHope ennockois Motenw Tlpannras

dor) | do(r} :
() otz 20| 20 | (2:6.54)

OpHBOART K OMHSKHM pacterHElM KPHBBIM © (r) NpH COOTBETCTBYIOUEM
HIMEHCHHH BeHMUMHE o, W ypasrexne (2.6.25) momer Ourh HCNOAL3O-
pEHO B ynpouerioft dopme:

3 'rir_d"{f] do(r) [\ _ @ (r) =1 (r) — 0,288 (egv)** o (r) mpr? =0 npia =0,
dr dr dr I paiLE

(2.6.35)

Taxuy ofpasom, pe3yNLTATH aBaNH3A NOATECPHAAIOT NPEANOMOHKE-
e O TOM, 9i0 OCHOBHOE BuHsmie Ha Qopmy npodwas OxpyMHHOM
CKOPOCTH B ANNAPATAX ¢ MEMUANKAMH OKA3WBARET HepeHoc MOMEHTA MM-
nysneca TYPOYACHTHEMH HYNLCAIHAME, BOSHUKAIONHMN KaK ChejCTRie
HANHYHA TPAJIHERTE CKOPOCTH. 30 clipaBeyIHBO, OJIHAKD, TOMbKO MM
ANMAPATOR 683 BHYTPEHHMX YCTPOACTB WAH C BHYTPEHHMMH yerpoficT-
BAMH, OOMANAICHIIMY HESHAYHTEJLAKM rHAPABIHYECKHM CONpoTHBAIE-
uner. Tlo mepe yBenHMeHHS CONPOTHBNGHMA BHYTPEHHHX YCTROHCTD
CYLLECTBEHHYIO POJAb B [epPeNoce MOMEeHTa HAYHHAeT HIpaTh MepHiHo-
HANLMAH LWHPKYARIMA HAKOCTH, FPAAMENT OKPYHKHON CKOpOCTH NpH
s1oM ymenbiuaeTes. Paciersan ONeRKa NOKaswBacT, Yo B dnnaparas
¢ OTPAKATENLULIMH NEPEIOPOZKAMH TNEPEHOC MOMEHTE NOJMHOCTEI OCy-
LeCTRARETCS UHPKYIATHOHHBIM (OTOKOM. 3T0 MOMET CNyHHTL ofbAc-
HendeM BWPABNHBANKS HAYeHWH OKpYyMHOA CKOPOCTH NO pajgnycy,
OTMEUEHHOrO B pasjene 2.2.

. eTCs npEMENNTE pACCKofokEufl annapaT GE3 RUYTPUIHKX
mnﬁ,':fmifmﬂ”ﬁ (R = 8,3 u; Trypmumgghmumnm |:::r.] = {}.Eﬁ}::?ttu=

8.4) W npwsosom woumoctem 3 kBT © unctoroll bpaigeiks BEXCOLHOPG BANE A —

2,17 ofl¢ (yraosas cxopocts oy = 13,6 'pufi? IR eperelERiEn M HocTH
(= (1,089 Matc, p= 992 win’) obmenon 2,6 e (= 1,25 &), Bucors pacnonnie-
s pequaaKe A aranes by = 0,25 u. K. n, b opimage n = 00,
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eTen 1T, JUOCTICHOMIEA i M 5
ﬁunnrﬁzﬂ e ;;lpc,nmn njl,n it CIOCTE HPHBOIA W HE NPEBMCYT A0 £
Pewiewne, L Uepnwil stan  pacuera — onpesenie NEPEMETPUR  pEcn
RENEHHA CROPOCTI Py 1 Yy N0 YPARHEHEAM, DpURC esam n paasene 2.1,
1.1. B = Rir; = 080,205 = 3,50,
1.2, Re, = pud?/p = 992-2,17-0,45%/0,000 = 4,33. 108
13 Ho (ZLt7a): y= 4 I.25:"I}.t;5—f- =725

14 Tlo (2488 E= —— 200 — 106
] 1.8.4 (4.33. 103)0.%5 "y

1.5 Mo pee. 2.10: 1)y &= 0,2,

1.6 flo (2.1.290): = — 0,5 — 0,25 = —0.75

2, Ha propom STEne pacueTs 0o ypasHelmim, NPHBEeNHEM B pagseae 2.3, on
HEARIOTCR pasMepld TICHTPATLHON BOPOHKN
2.1 Mo (2/3.9)
13,640, 225¢ 1 1
by = =58 (|02 (075 —

] 4 ;
— = 02.0.75+ 0,2 — u.?s.) — 0,95
1

22 Mo @311} k=1 — 5y = 02
2.3, o (2 3:10):
. 2
Hy 1-0*25-}-%:'?—&“ 40,2 —0,78)2 0,92 = 0,43 ™
24, Mo (2.3.16):
3,14 13,67.0,225¢ 1 1 2 1 2 .
V= S [ 702 1 (-076) 20,2 (—0.75) +

|
5 02 b = (—0.75)" - (1 -}-0,2— 0,75 In 3,55] — 0,063 18

25 Mo (239): Hp— &g{g_‘;‘% — 12T M

- 2.6, Paccrosimie no ocu annapaTh oT RHEULR G0 Hitkitell vac sopoikiu: Hp— Hy=
= 1,27 — 0,43 = 0,84 w30 paccrosinue Goabie, e BLCOTA pASMEIEHWN MCIIATK
syl utingem annapara (0,25 o). Chenennreatio, ofpalonaiEie PopoiKn we HPETHTETRY
MPOBENCHIG) TpOeeea,

3. Caeayinuwil Svan pacvera — Onpeleneie MOWHOCTH, noTpefineMor Ha nepe-

MPMTBARNC,

3.1 Ilo tabm 23; by 'ﬂ.ll%}éfd—iﬂ.wlhﬂ‘,i 0, E2608 = 0,1:0, 220,222 %

¥ 0.2 (~0,75) |- 0,125 {—0,75)* = 0,041.
12 Mo (24.4) Ky — 3.87-1-8,4.0.041 = 1,33
3.3, fo (2.4.1): N = 1,35.992-2,175.0,45" = 250 Br.

4 JakiousTensuili sTAN — NPOBEPRA HECOXOAEMOCTH PACHETR BP0 TR

nocHl nyoxoboro nepionn. e (2,5.28):

A 2.3000.0,9 N
NTF T5.4.000 13,09.0,225

0,44

Mockonuxy Hailgenusn peawinnn by yp, OTBOYMIOHAR MOUHOCTH WPRRGHL, [
URET Apeseniioe fAs TypORNHEYE Mewanox susgesue ky = 0,25, pacuer nyckosoro’

peakiMa B AN IgM cayie He Tpedyeron.
Mpumep 2.2, Tlposepiry NPUMSIHMOCTE  MOTOR-PRAYRTOP: | MOhocTeio 5.5 wBr

(n= 0415 ofic, k. .0 = 0,8) o Kavecme HJ.IEHDJ],I‘I NEPEMELIBLOIere YeTpoic s

Banapata ofeesol 400 9 (R = 4.5 M, H = 5,8 M) ¢ nnyrpenia yerpoiicTamn
&0

fewn =3 [y
m:n—- ].2'5 M,
L1 g.ﬂﬁ‘;ﬂ" ol ;

Pewenwe [Meposilt sTan pactetd — ONPEICACHHE MONHOCTH MM yCTANOBME-
EEMEH I,

I.1. R= Rin= 4.5/1.26= 3.6

1.2. 3) &fi = 3:1-0.8 =24 ",

I
1.3, O,5RH = 0,5-4,6-58 = 13,05 Mt B
B coorseroviin © Tala. 2.3 walineimend mmgeinom £ = 1,6 E Lifi < 0,6 kit
i

—fh=0En, r;i=23m L= 10 Meuarka — vpexEncnocTony
i;&_-[{,aﬁﬁ, wy— 2,61 paj). C:mﬁr_ma mungorr: p=— 1656 weiw,

CTROYEOT  BLIpRei

fepy = O,y 10,2223y =+ 012545 (a)
Top — 1 4-0.4p, + 0,55 +2 (1 -+ ¥+ ya) In R/(2R) (6)
o (ra) = (1 44+ a7 (8

[MofeTaemy STH slpaimeinn B papetcrio (2.4.8), nonyudes ypapuenine ATH onpe-
penexin Bapaserpon § i Yy, B opassom crysde OHO CORMTALACT © YpaBieiien (2.4.11}).
Brpelsy nocTonHiike MHOERTETE CLErAEMIIX ST Y PanHeH kAL

1.4, 2,0, = 1-0.56 = 0,56

15. Re, = nd¥fv = 0,416-2,55(3,05- 10" %) = 2.87-108.

16 Y= AMIR 4 1 45EADE | =616
an  fhe 5 2:3,04:0,095-6,16:835 . ..
o = — (0881
YT 5 ReE Y T6 (2,87 108035

18 R 2 g?{ft- — 3,6:3:1.0,8/(4,5-3) = 0.64.
4

anPnEw ypatieine (2:4.11) x sany;
0,56 (0,147 4 0,229, -+ 0,1254F) — 0,0381[1 + 0,44 +0,545 +
+ 21+ i) In 36]L18 — 0,68 (1 )t =4 (r)
I, pEMAR 670 ConMecTHD © ypamiennes (21 Hn), nafien snagenion Py W Py, NP KOTO:
iy &~ 0,

1,9, B eooriercinnyg © PesyALTATAME SuCIeiioro poueknn ypaniosis (r), Bhinca-
HCHNOID EAETOROM NONORUINGI0 [EAEHNRY:

% Vs My &

2 2 0,012 —1,02

2 —3 0,193 0,1033
L1] —0.5 0,03125 0,275

| —1,75 0,0543 — 00572
1.9 —2.37H 0, b2 0,0458
1,25 —3.06 0,116 10,0073
1,125 — 1,906 0, 1047 —{,0142

1,15 —1.687 0,1108 —0,00274

npuHiMsem Yy = 1% Y= —2

1,10, Tlo n. 1.3a: ky=0,1-1,2% + 0,222.1,2 (—2) 4 0,125 {(—2)* = 0,11.
111 Tlo (244 K= 3.57-1-0,60-0,11 — 0,238,
112 [e {2.4.1): N= 0,238 1656+ 0,415%2,60 = 2760 DBr.
2. Bropofi STAN pacuers — ONPERRTeHKE TPORCHRUTENMIOCTII NYCROBOID HEPHONA.
lopanoK PACKETS COOTRETCTEYCT piBEEHHOMY Ha puc. 2.34.
2.1. = Hliry=58/125= 4,64.
022 To (2 Iﬁ:i-i}: B, =1+ 0412 F 05(—2 | 2(14 1.2 -2In 6=
99,

&1



2.3, C yueron (2.1.33): top = thrgBy/(2R) =261 1,25:0:99/(2:3,6) = 0,45 wf

24 fio (2118 Re= R s /(5,08 100 o= 5,55 106, :

25, Mo (2.1.198) ¢5 = 0,005 (2,25, 108945 — 4 36. 10-9,

2.6, Mo (2.5.15): w; = (5.6 — 0.476)/2 = 6,24,

27, o (2.6.16): % — 0.3/2-3,6) — 0.0417

2.8 Mo (25.17) %= (0,91 510 3.6)/(2:3.6) = 0,48

29, Mo @519 b — 100014460620 154107

2.10. Mo (2.5.20): ty = 4,36 10-2. 6,16 5,0/(B-4,64-5,24) — 5.41-10°3

211, o (25.21): fy = 3.6:3-1- [0.8/(4,5:3) 1(4-3, 14-4,64-6,24) — 1,76-102

212 l0(2.5.28): 0y = 0,385-1,54- 1073 — 0,48 5.41-1072 |, 76-107% = —1, 3
> 1

gy = —2:0,0417-0,48-5,41-10"> — 0466+ | 54-107° = 9,34 1074
iy =0,193.1,54- 1077 — 0,04175-5.41- 10°* = 2 BR[04
20138 Mo (2.5.28): hypp = 2-5500-0,8/(140,56- 1656-2,61%-1,25) = 0,175.

2.14. Mo (2.5.27); tgyp == 0,82 — V' 351-0,176 = 0,036, _
2.15. Mo (2.525: A= 4 (—0,00182) 0000288 — (—0,000084) = —3,08-10-8

2,16, Y —A = V308 T0°F — 0,00176.
217, 20,Bqmp — —32-0,00192-0,036 — —0,00014.
2.18. I1o (2 5.24);

s o1 . -0,00014 — 0,000834 — 0,00176) {—0,000834 4 0,00176) _
" 0,00170 T (—0,00014 — 0,000934 - 0,00176) (—0,000934 — 0,00176)

2.18. Flo (2.5.26): Ta = 24- 134/2,61 = 534 c

Taxim ofipasos, yeagmie (2.5.1) we shnonunerch, W npreoa Mownooren 5,5 wBf

WENPETONeR No YCAODHAM YCHE:
Mpuwep 2.8, Tlposepims  (piMeldMOcTL MOTOP-peRY KTOpa  MotgjiceTeie 11

(n= 2,16 ofle, o= 13,5 panle, 1 =0,9) a sevectse OpuBoiE annApATA
2 p (R=14n H=35u) ¢ verupexgonacruofl Mewasxol (hy — 0,1 o, o=
= U, 2y = 4, ry= 0,45 M) N YCTAHORKC B ANNAPATE WETHPEX Cernuil SMECHUNDE

{pne. L6, rs= 0,4 M, dy = 0038 M, r; = R = 0,9 M, 48cI0 BUTROR B o F
=X, 1:— 4, L= 1,8. Cooficraa saikoctu: p— 000 woisd, v = B 10-7 sife.
Pewenne 1. DNepauli stan pacwers — onpenenesne wosduuimiersa conp
BACHME MCLIUTHE Dy 0 XAPAKTOPUCTRE CON CHUMN BEFTREHENE YeTpoilcTa.
Vol Mo (Z.1.9) w puc. 2.5: &y = 2,2.4.(0,1/0,46)0,6 = 1,17.
2. NoGoeas nactmne aseeniwal fi = 2dargry = 2-0,038:04- 20 = 0,61 mt
13, D0k =412-061 = 2,9 w'.

=
14, 0.8 RH =0,5'14-3,5 = 2,45 3,
1.5, R = Rir,= 140045 = 3,11,

2. Bropoll svan pacier — onpeieliense MowWHoc no hpiisenioll MeToTHKE

cootmercTaymutei coornoweniont R = 1,5 # 3 fili > 0,5 8H (o paspes 2.4).

&
2.1. Mo (2.2.23): Ky =B111-1,17)-4-1 2 (0,61-0.9/1 4% ~ 24.7
2.2 Mo(2220): Ogp, wune = [0.33 — V0,11 —0.25(0,5 — 24,7))/(0.5 — 24.7) =

=008 .
23 o (2172 ¥ ~ 4350441 = 11
24. Re, = ndi/v=2,15-0,9%(8-10°7)
25 A= 0,095 (cm. pangen 2.1).

26, Bepruuh npegen senuwsiis ky no (2.4 17):

3,14-0,085- 11-3,112.78.0, (9172
22.-1.L17(2,18. oo o=

2.18-108.

ki paste — + 24,7-0,00° — 021}

2.7, MascoMmuiteio nosmondioe ipueiie Ky 0 Rangos cayvse onpeietieTcs Hi

(2.44): Kniwane = 3.67-1-1,17-0,211 = 0,855,
MaxcuManbioe anauerne MOMHOCTI o (2.4.1) Nogane — 0,055-900-2, 15
0,9% = G047 Br == 6 kBt Do 3ubgenne wpme, oM Beanydus NNop = 0,911

([

—

— 0.9 uBr, CatioBatenso, MOUTHOCTE NPREOAA AOCTATONHA TR NOPCMCLEBARWA TPH
yeTAlIONKE gothipex sucenukon, [ockonkky by 0 neguon nycka Taksme we wower fboms
footiie 025, pacaer nycRoBOro posimi e rpelyercs.
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FTraasag 3

MAKPOMACIUT ABHBIN ITEPEHOC
B AIIMAPATAX C MEIIAJIK AMH

3.1. NOJY IMITHPHYECKHE MOIEJH MAKPOMACIUT ABHOIMO
NMEPEHOCA [TPH TYPBYJEHTHOM PEMXHME

Xaparrepuas 0COGEHHOCTS TYPOYACHTHOrO TEMEHHS 3aKMOUAETCH B TOM,

ST0 HAMEHEHHE CKOPOCTH SMEMEHTOB MHIKOCTH N0 BETHYHEE Hanpapie-

HHI) HOCHT XaotwyeCKHH Xapakvep M NOTOR OpeicTaraser coboit coso-
EYTHOCTD Heynopsiouerusix puxpefl pasapwsoro maciurata. Heymo-

PRACNEHELI XapaKTep JEHKEHHR SACMEHTOR MWAKOCTH B TIOTOKE, No-

CTOSHHOE Hanldle B HeM HESATYXaHRIHX H‘CKBMHUJ.EHHﬁ COPenenseT Bhl-
COKYI0 HHTEHCHBHOCTD OfiMeHa SHepriel, MEccoll U MMDYALCOM BO BCEX
HanpanneHnsax. B cpAsH ¢ HeNeTepMUHBPOBAHEEM XapaKTepoM H3Mene-
HHS CROPOCTH HARGO/IEE CTPOTHM NOIXOAOM K OMHCAHHI TY POy ASHTHONO!

&4

reneHHA ABANCTCH NpHMEHEHKE CTATHCTHYECKHX konuemmft. Hreeaeno-

paiHE CTATHCTHHECKHX XAPaKIcpUCTHR TYpOyJeMTHOCTH B HACTOSIIEE
ppens BEACTCH BEChMa mHTencHBHo. Tem He wewee, CTATHCTHHECKRHE MO-
(e TYPOYAEHTHOTO Teuewns aanexy or sasepuerns [1- 31 w eite e

LAXOONAT MPAMEHEHHR B PACYETHOR NpaRTHEE.
CTHH{HHLII‘CI{HQ NOOXOA, ONUEKD, He SEAARTCH eANHCTBEHHO BOIMOM-

ppiM. BoTEX cayuasx, KOTJia TeMenHe B CPEHem fBIALTCR HanpaRnelHbM,
(OAE MPHOBEHHEIX SHAYEHHTI CKOPOCTH U B TYPOYACHTHOM NOTOKE MOIRET
orth mipeactasneno 1] kag pesyabTaT BSaMMHODO HANOMEHHA Banpan-
JETHOTO TEYEHHA © MOCTOAHNHONR CKOPOCTBIO U M XaOTHYECKH M3MEHFKI-
LIHXCA MIHOBEHHEIX NYJALCAIMOHHMX CKOPOCTeH ¥':

v==0+40" (.1.1)

B teopuit TypOyJenTunx notokos obmuno Jonyckaeres [11, wro
MPHOBEHHBE KOMIOHEHTE CKOpOCTH yjlornerpopsior ypapsenusm Ha-
pre—Crokca. HMenonsays suipamenwe (3.1.1) ypasnennn Hapse—
CroRea WA CuaMaenoll mHAKOCTH ¥ VUITHIRaH NPARHIR OCPelHeNHS Xa-
paKTepHETHE ToToka, Beeaentnie Peinonpacon (11, moxio nOAY T
yPARHEHHS MR TYPOYNeHTHRX Tedekini (YpanHelns Peftnonsaca):

da , - o i TP 0 T/ ST T
ol g +age +0 g +® )= I
A—p @F |, d{—pav) , 8(—pu'=)
=== g T

it  de . dB ey
par Fas e Te):

ap . i {—pu'v’) A—p @), d—'w) 41
— e e SISl S ©1.9
@ _ B @ _ g@
o [Fr+a g te ]
ap L O (=pwt) A () a—p )]
== TEVe =5 — T B
il it i
awtayta !
M

Fe i, g, W COOTRETCTHENNG, X-y = 1 S-ROMNOReNTI cRopocTi, V5 —g 4 g ¥

—-—';ﬂ: . p— HEnAciMe, | — AMHAMMUCCKAN NNARCGCTE] [} — RAOTHOCIL RIIKOCTH,
HIPTA OBIIBYLCT CpenNel IHEYeNNC, A OrTpex —ypOyaeHTHYR: HYLCARIID.
Cuerema (3.1.2) orangaercs or ypasnenufl Hapse CTokea nanianen
cnargembiX, AONOMHSIONIMNY SHAUEHHS KACATCALHWX HanpswenuH, Ko-
TOpBie OOYCAOBAEHD MOEKYNAPHON BRSKOCTRIO. I mno.nlnnre.nbume
CaarpeMsle MaILiBAKTCR WanprieHusamn Pefinonbaca, & TARME BUXpe-
BEIMIC WAR TYPOYJIEHTHLIME KacateabuiMi Hanpsmenuami. B obuiem
cayqae VIR HecxkHMaeMmoR supkocT STH TYPOYAREHTHHE Hanp:lmelflif
r TR 5§ T= -
B copreercranm ¢ (3.1.2) supamanren wak p (u) p @)% p (@)% prvs

T p.r:!Tw'.
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hhpi*'.:i;“.ﬂimncmuu» MENAMMIME NEPENDCA DA

Hopmanvusie puxpeswie manpske-
WA paBEsl p ()%, a TYpOYNeHTHIE Hae
NPAMNEHHA CABMIE ONPEACARIOTCH KaK

POCTL mepeMoca  umnysbed, obycao-
R TII T IITI el BJACHHYIO HAJIHUKEM B mOTOKE Typhy-
ACHTHLIX NyALCAUKA eKOpOCTH.
Crporoe peuenne ypansennii Pefinoabacs satpyaneno. [Nockonbry
cuctema (3.1.2), cocroninan us UETHIDEX YpaBHenHil (ypasilenne wepaz-
PRIBHOCTH ¥ yDABHEHIR NEPEHOCE KOMUNECCTBA NBHMEHHS N0 Kaxofl
H3 TPEX NPOCTPAKCTHEHHEIX KOOPANNAT), CONEPIKHT JECATD HENIBECTHbIX—
CPEAHEE Nanneniie, TPH KOMNOHEHTH CPeaHell cRUPOCTH ¥ WecTh HANPS-
wenyit Peftuoanpca, Anm  NpaKxTHYUECKOrD HCNONBIORATHS CHCTeMBY
(3.1.2) npu pemtenuu npuxnafnsix 38584 naxe n YNPOULEHHOIT NOCTaH0BKEe
ee He_nﬁm;mmn AOHOJIHNTE  COOTBETCTEY HIIEMK BHDAMEHHAME Hanpa-
WEHWI TYpOynenTHoro tpenns Pellnonnaca. Bycenuneck {41, paccma-
TPHBaES npocToll Gepepuennbit notok [0 = @ (y), @ (1) =@ (z) = 0]
NPERTOKNA NETPAIKEITHE TPEHHN, XAPAKTEPUIYIoULee T}'pﬁ}mEHTﬂHi';
MEPEHOC UMILYJIBCY, OTIPElENSTh BLIPAMEHH AN
ey 1
Tr e —.dq—d-y— (3.1.3)

HJH B HECKONLKD MHOM BHAE:

T-(-—-—.l.'-gpa- [314'

ITH cOpTHOIERNA N0 (OpsEe AHANOTHYHI BLIDAKEHNIO KACATEILHOTO
HANPAMEHHN B namuuapuos notoxe (ypasuenne Huotonsz). Poss peay-
UHEBL MONIEKYNRPHON BEIKOCTH B HEX BHNOJMHAET Kos(ubillwenT Typoy-
AEHTHOTO ofiMena Ar WK TYPOYNEHTHAR BAIKOCTL £, — Adlp, voTOpan
ABISIETCR #e duanueckus cBONCTROM WHAKOCTH, 8 QyHKUneR xapaKTe-
preTik ee Tedennd. MurencusHocTs TYpOysentHoro nepesoca TenaoTel
B PAMKER PACCMATPHBABMOTO NOAXCAS ONPEAGIAETCH, N0 BHANOMHH C £y,
BeauiuEol a4, (kostpdummentom TypOyaeHTHOR TEMIEPATY POIPOBOANG-
CTH), @ nepenoca petlecTsa—peusuuol D, (kosdduumentom Ty poyAcHT-
Ho# auddysun). Haxomnenne koaddmuientos TYpiyfenTuoro nepenoca
??ﬂﬂ:}emgl APEANMETOM TONYSMNHPHIECKHX TEOPHH TypOYJAeHTHOCTH

¥ e .

Hpw pewenun npuwnamnsix sanas wauGosee WHPOKOE MpHMEHEHHE
HAXOANT NONYSMOUPHEECKAS TEOPMS NY'TH NEPeMELIBEHNES, BLIBHIFY-
vas fpanpraem [6], Mexanuam seaenpi rnepenocd B TYpOYJEHTHOM no-
Toxe no Tpawnran momer GuiTe NPORTIOCTPRPOBaN 1ia ApHMEpe Mao-
CROTO OCPEHENHOND TEHEHNS ¢ DANHAKOBLIM HATPABACHHEM BO BCEX TOM-
KAX MPOCTPAHCTEA | CO CKOPOCTEI), HSMERSIOLEHCs TONbRO NP1 nepexane
OT DAHOH AHHIH TOKA K ApYTof (pre. 3.1). Coraacko rnovese Mpauntas
TYPOY/EHTHII NOTOK PACCMATPHAZETCH Kak COBOKYNHOCTE JKIUIKHX
OGLEMOB (eMOuTeiin), Kamoubii wa KOTOpHY obnagaeT coBCTBEHHON cxo-
86

pui; (I = f) # xaparrtepusyor cro-

pOCTBIO H ABHIKETCA Ha NPOTFMEHIT HEROTOROrD PACCTONNHNIA B Bije He-
PAIPHBHOTO Lesioro, coxpanss crol uMnyabe. FlyeTs o Takofl emonbs,
noJyuHBunii wmnyase B oonoe (i, —{) u ofaaamompi  CKOpPOCTHIO
0 (yy — [}, nepemeiaeTca wa paccroande | B HanpapaeHuu, Nepreniu-
KYJMAPHOM K OCHOBHOMY HANPABJICHMIO TEMEIHA. B noBoMm clloe #MOJIL»
HMHLKOCTH OVAET HMETE MEHBIIYIO CROPOCTE, YeM OKpYKailias ero cpega.
B sros cayvae

ﬂ'ﬁl'-"{!p’ﬂ‘—ﬁ{yl—‘nﬁ‘—!(%) {3.1.5)

Ofbem, nepexopsuunil 8 caoit y, us g, + [, B HOBOM MecTe HueeT
GONBILYID CKOPOCTh, YEM OKPyMalILas Cpeas, W pPsHoCTb ckopocred
B FTOM Clyyde COCTABARET

Aty = U {4y -} n--:i[yl}::!(—j-g- {3.1.6)

Kanioe u3 snauennit Ay w Avy MOMET PECCMATPHBATLCH Kak Typhy-
JEHTHAR MYAbCALNS CKOpOCTH B choe yy. B stom cnyude ocpennennoe
BO BPEMEHE 3HaueHne AGCOMOTHON BeaRunnL 3Tol myAbCalH:

&) = (/A8 | 41 A5 =1 | 42 @1:7)

dy

Anamna sasucumocm (3.1.7) nozeoasier npuaate seduunne [ cneny-
otei duanveckuit emiica [6): «... nyTe nepemewmBanus npejcTaniger
cofiolf TO paccTospHe B TONEpPedNHOM HampaBfieHHW TeuYeHus, KoTopoe
HACTILE MHAKOCTH, HBHFAsCh CO CPeftHell CKOPOCTLIO CBOErD MepBOKa-
YAJIBHOTO C08, AQJIKHE NPOATH /LA Toro, wTolbl pasHOLTL €8 CKOPOCTH
11 CKOPOCTH TEYens B HOBOM MECTE CTafa PpaBHOH OCPELHEHHOMY SHauve-
Hily abeoioTHON BeAHYHHEI NPoAGALHON nyabCcanun TypOyaenTHOro
TEYEHIRD.

Henoassys (3.1.3), a taxme npeanonomenne Tpanaras o naguynn
ET[TDI!DPI_LHOI{BJIMIDCTH M'EH'U].}’ IT‘S«’JIECE!H‘IHMH CI‘:ﬂprCTII B pasfigdHiEX Ha-

- dy
npasaenusnx [u'| ~ | 0’| ¢ yuerom oTanuMa sHaka T OT snaxa T

MOMHO 38MHCATE:
di
v (8:1.8)

3
dy
B nonysmnupuueckoi teopunt Tlpavnras nyTe evelterus [ nangercy
ipynrure npocTpancTReRNEIX kOOpAKHAT. Hanpamep, B cayuae TeveHnn
BAONL DASAKOH TASCTIHE €10 BEJAHYHHA TPONOPHUMOHANLHA PACCTORHHIO
o1 naactHHel. B CROGOAHBIX TYPGYJAeHTHMX notokex (7. e. pasan or
OTpEHEEHBAICILIX NOTOK NOBEPXHOCTER) nyTh (Mewenus ofuluno npeit-
ONAFaeTCH NPONOPLHOHAMLHBLIM WIMPHHE S0Hbl TYPOyJCHTHOLD NepemMe-
iepanKs (HanpuMmep, B CAYYsE SATOMEHHOR ©IpyH — NPONOPUHG-
fanbRbiM PEARYCY CTPYH Ha jauHom paccrosunn ot conaa 17 ]).

Ha conocrasnennst gopmyan (3.1.8) ¢ ypasuenwem bycennecka
Koapduinent TypOyienTHOro ofivena A« MOMeT OHTH BHpaNeH KaK

Ao
T [ @.1.9)
87

Ty = pI* I

A = pi?




@ TypGynenTnan BAsKOeTL B opuyae (3.1.4)

T
er=p | 2|

{3,110

Hegocratkom pacemorpentoll runoTess ofbuo cuntalor 7o,
roAyueHHke KA ee ocriose qopmysl (3.1.9) n (3.1.10) npusoust K #ynes
BOMY SHEYEHWIO KOS(Pdwinenton TypOyneNTHoro nepenoca B oGAacTaN
MOTOKA © HYJNEBbIM IPAAHEHTOM CKOPOCTH, HAMPHMEp Ha Ocm TPYOH
STOTO HEAOCTATKA AHLIEHO APYroe, fojee CACHIOE BHIpaMenyue Typhys
JEHTHOTO KacaTeAbHOIO Hanpsmenis |1 ], Takaxe npennoxennoe [Mpan i

Pl =
=tV (%) +4(G)

OHo #e nonysuao, ofEako, pacupocTpanenis B NPAKTHKE PacdeTon,
NOCKOMBKY COREPINT ZIBA XAPAKTEPHBIX MACINTAGA, MOAACKAIMHX IKC
NEPHMEHTANLHOMY onpenesenuio: [ w [, B wapecTHoil Mepe amamorom
ypaeuenus (3.1.8) snnserca apyroe Brpamenve T,, TAKKe NpHEaLnes
mamee Tpanprmo (4] w nonyyennoe npe npeinodomenns, YTe LIHHA
“TYTH CBOGOAHOrO NpoGeras TypoynenTHLX smonells GIHIKE K nonepey
HOMY Paimepy SOHB! TYPOYJEHTHOTO NepeMeliMBayn:

. 1
Tr = b {Gpunue — Tpuy) 'i!_:;-

@y

(3: 1,12
Fie ¥ — RespduiienT nponopLEoaybioo T,

Cxonnan runoreaa soippunyta Tefiiopos [81. Ona ocnosana na np
NONOKEHHH, YTO TIPH MOMEPENION NepeMeIieH TYPEYNEHTHOND MOJEE
CoXpanaercs HemsMenuoil He nepROMAYSNBMAS CKOPOCTL U, 8 NEPBOHE
HANbhOE JuaueHHe 3aBuxpennocTy dU/dy. 3ro npusoant K dopumy.ae

1 dé | de

T 2 F‘ T

oranmamencn or (3.1.8) tonbro muomuTenes YV, Ipyrumu caosamu
AnuHa nyTH cvenesns b veopuy Teiinopa 8 |72 Gonswe memwunnn I,
BeefieHHon [lpauninem.

COGEHHOCTE PACCMOTPEHIBIX MOJENeR 3aKM0NAeTCS B TOM, YTO BCE!
OHW npenmosiarator peauuuny ! sapHchmell 0T  MakpoMacurralbHLIE
XBPEICTEFHETHI( notToxa IOHPHHE 30HLl CMEIUEHHA HIW PacCTOAHME
OT HENOLBIKHON TRepHOit nopepxuocTH. [TpuHuMNHANEHO Mo Jlony e-
nWe NeMHT B ocHoBe Monesan Kapmana (6], B pasgax srof runovess
AIHHE NYTH NEpeMellMBAHHA He 3ABHCHT OT MacWTa60R MOTOKS H on-
PENLARTCS €TI0 JOKAALHHIMK XapAKTEPHCTHIAM)

| di / d*a

dy |[|dg?

* Brposem, 5To MucHue e wRANETCR ofimorpunrei. Tax, asrops [7] shckeuss
BAIOT NPERNOACIHENIE, Y70 § 0GIACTAX C HYMENsM rPaieTon ¢HopocTi HON PERTERHOTD
TEUEHHN TIOPOMKIEHAHE Ty plysentiioctn Jefcrmmmenhio npeielpestiiMe Mano, & nalme
RAEMHIE B STHX 30HAX NYABCAINN CROPOCTH BESHEHL aupdyanell muxped wa apyrx
obafcreli noroNi.

a8

I = (3.1.14)

K umeay 4acTO HCNOAB3YEMHEX OTHOCHTCS TAHMKE rHnoTesa Paﬁ::;pna‘
|61.- Ha ocroBanii IKCNEPHMEHTOE 0O HIMEPEHWIO HMNYJdbca B ::b
crsix TypOysenthoro nepemeimpanns Peitxapil npeioiHi mnnem.
cpOfOUIOH TYPOYAEHTHOCTH, B KOTOpOR DPHHHMAETCH, W10 pa:,rrpei 5
jie MPOADABRON cpejsell COpOCTH MONET (WTh NpPecTanieHo S
uollbio QyAKIHK omubok. Paccmaipueas JByMepHOe ABHIKEHHE W 23
peGperan camamu Bssxoctw, Pelixapy upejnoxun caeiywiiee yp
peune HMIl‘_f.ﬂH‘_‘ﬂB B HanpasfeHiE X Ay oCpelertoro noroKa

8 (P ppa)q % g (3.1.15)
o ) i
I KOTOPOM BEAHHMHEA uU ONpejessiercs Kakx
ety (L (3.1.16)

T

- macirab A = A (x) sasesT TONBRO OT X W AHANOTHYEH NyTH nepe-
.I'AJ:“EI]HBEHHE. (}nnam(ai OTANNHE OT JUIMHB NYTH NEPEMELMBAHNS, Be-
nupEa A He HMeeT onpeneseRHoro (MaMuecKoro cMmicna. Tak Kak
f VCAOBHAX cpolonnol TYPOVAEHTHOCTH JABACHHE NPAKTHHECKH no-
CTORHHO, ocHoBHOe ypapnenne Pefixapfa uis pacnpejeneHHs CKOPOCTH
¢ yuerom (3.1.15) w (3.1.16) npumer BHA

dut ol
7 MO

B pamiax npeucraBaenuilt NONYSMIHPHUCCKHN IHOOTES TYpOyaenT-
HOCTH MAaKPOMBCIITEOHOE PacNpejeneHie KOHUEHTPaLHH CMeIHBaEMBIX
BeleCTB WAL TENJOTH B AnNnaparax ¢ MewaikaMi ACNMKHO pacCMaTpH-
BATLCE KAK PE3YJLTAT JIBYX OJIHOBPEMEHHO NPOTEKAIOIIHX Npollectos —
KOHBEKTHMBHOIO MEPENDCA B HANPABACHHK TCUCHHS OCPelHeHHOTO TOTOKA
w TypOynenTroit aidpy3nn. C yueroM TPEXMEPHOTO XBpAKTEPA TEHEHHA
MHKOCTH W HaJHuHa TypOyieniHof jmdysie B OCEBOM, pama_anhmm
i TAHTEHUMANLHOM HEMPABJIEHHR YpPaBHEHWe MarpOMaciiTabHoro nepe-
Hoca MOoXKHO sanucatb B dopme

ﬂc {k l:lc 1| ﬂﬂ _a_ "J'l ﬂﬂ
P i e e~ T al)

dc il i
%‘ ”':pmj g(ﬂ;’q; =0
rie ¢ — KomenTpaimn, DI, ﬂf.:ﬂ, D7, — nokinmee ;;m-uem: posphinierTon Typ-
iy, ! B HAMpAWRCinG ocel x, & W T, [ 5
:.ne%:;:: ;;ﬁid;}nsgumauu%xa agnauM sensercs Haubonee cTporol, NparTi-
HECKHE BOSMOMHOCTH PACYETHOID Menosbsopaums ypaswenns (3.1.18)
ORAKWBAITCA Kpafilie OrpaHHUeHHBIME H3-38 CIOMHOCTH 3ARAHWA Ipa-
HMMHBIX YCAOBMET H TpyAHocTeli puumcaiTentHoro Xapartepa. Kpowe
1070, B PEATIHBIX CAYHEAX HHKOTA He MoryT OuTh AOCTATONHO HALEHKHO
OrpefeneHb JOKSAbHEE SHAUEHHA NPOCTPaHCTBEHHEIX CDL‘T&B.HHKHREN
cKopoeTH M, U W w H xospduunentos TypSynewtsorn nepesoca Die
DY, n DY, Bo peex Touxkax nomoxka. OTveueHHsle TYpAHOCTH YusercH,
OiiHaKo, oOofTH HA OCHOBE YIeTa OCOREHHOCTER CTPYETYPH DOTOKa B Ka-
&89

3119

{3.1.18)



;l;;m.:} AHATHIHDYEMOM Calyuae, A TaKKe HENOAb3OBAMIA, TaM Tne
{'l:{ _;:m:s. OCPCANERtLX  koxpnHenToB nepesnoca.
. annapa'rgﬁ h:zol:l::;auu B TIOCHENYIOHAX PasiensX, npuMenure bl
_ KaMi TEKHE YHPOIUeHNS, Brnon !
. J ) HEHNEE Ha oct
z:;g:l{iaﬂ iﬁ?{;ﬁ‘r} PBl ONST CHOPOCTEl, COSASI0T npeanocuimKy mnrf =
NEe BaMHLIX 3akonomeprocTedl Ma
. Makpomacirtafnoro
gg:f:h'a TAKIKE /N pelueHns MHOTHX 3afay npuﬂna;mom xapaur';gf:-'
SAHIWX C pacueToM nosm KOHUCHTPAUNI M TemmepaTyphl.

3.2, 3AKOHOMEPHOCTH TYPEYIIEH
THOrO DEPEHOC
B ANITAPATAX EE3 BHY TPEHHHX ycrmﬁcrg{f .

E;f::{;r; :;:.rraa 3aKOHOMepHoCTell TYpOynentHoro nepeHoca B anmna:
i mé{mu ms:imm fauinie of ocobenHocTax FHAPOHHAMH
i &:I; : E::emn Cpeini. B actHoers, apuMenntensio i anna-
PR :-'ewe:my:p{ :15:: YCTpOHCTs win ¢ sryTpesnumm yerpoiicTeami
D) TPYOM LEPEAARMMBAKHS W T. 11) HCXORHOR NOCHITKON
e Y mm TOT KT, uTo OKpyKitas CHOPOCTH H
Hyu:;x 'nra-;::a Jﬂ’fﬁimn s:}:g::nue NPOCTPAHCTBEHNBE COCTABARIONTH
;) €T, ONpelenns JAOKanbHWe sHa

g‘?:}]:t_qmu.uenmn TYPOYNEHTHOIO nepesoca no YpaBHeHHo IS.?E?D“}E

ACCTBRTL TPaIMenT ekopocTH ocpeitersoro TEYEHHRA ¢ pami}anh:

HbIM FPa7IHEHTOM ORPYXUON CROPOCTH
e T T poeti 110). Yaursmas nanuaye ocesolt

COTe B OcHOBHON 4acTit oObema, wmesw
2 | dufr) J
D =1 —d}-! @21y
341
rae Dy (1) — noranssioe suauenme kos(ibHumenta Typbynentuo
HOOA 8 o7, | deir) ro mnepe-
a papmyce r, m%c, ‘ — alcoMoTiioe

P s SHAUEHHE rpagsen
oup}'r::mt CKOPOCTH Hia pammyce r, oL, i
CRELYET B3 pue. 2.1, 2.7, 2.14, kpusne v (7). xa ;
npmlmnb“:;ll(‘pymnnﬁ CKOPOCTH 8 amlapagax C uééﬁéf«fﬂﬂﬂfﬂ
e I rp:; [ei:-lem‘r Mancm?:u, KOTOPOMY  COOTBETCTBYET HysieRoe.
St Ta cxopocti, Cneaosarenbuo, & annapare CYIRECTRYET -
A ypanueuueu mgl%plwrecwaa NOBEPXHOCTL, Ha KOTOPON B COOTBETCTRMN
fanew M (3.2.1) wospdmment TYPOYRERTHOTO nepenoca ofipauta-
Yih BAH 10 Kpafinell Mepe peako yMenbiaetes 10). Takum of-

- panuaﬂg:m;}“;ﬁmu me;imgi,; KOTOPEINK MPOMCXOINT SHAUM-
TPH Kamion w3 sou. Ilepe '
x _ ‘ PEMEUINBAHHE Me-
mf'a}.ir.u :;gz}:u smm_z..m OCYULECTRAAETCH raanHuM ofpasom sa cuer MepH -
kol ::Tp:éi.gz;uzul 10]. Tpanuna pasnena PRCCMATPIHBAEMEIX 30H
AHHAPHYECKYO)  NOBepXHOCTE 1yc
7m HECKONBKO MeHblle pa ( : Wbl o
- Pajyca MelsankH W pasen pagpyce :
ORPYHHON croporTi. i Rl
o P Suauenie r,, onpenensercs nyTeM pemenvs ypap-
2 Ir)

o qulrfi 4- :i%?l?n + 1 =0

3,2.2
" (322

g 08 T 45 M T 0 X5 7 405

o, A0, BApARHEBAUNE KOS VDAUAN TRACCEDA B ped vpasnHef (@) wonepudermiinolt (F) sonax
pnapaTh  (AEOPRaN Memasns, £ o= 0,2 W, rp = I IThM, & = 0,12 ofi/c); Toduw — pACHET no
ypaseniiie (4.1.4) » (4.1.5).

noTyHeHHoM0  auddbepeiiitnpoBaHHEM YPaBHEHHA TpodMAR OKpYHHOR
cropocTh (2.1.292) B sone 0 < r < 1.
anbosiee oOMA 8HANMS YKBSLIBACT HA TO, YT0 CYILCCTBOBAHKE
AR HIPHYECKON NOBEPXHOCTH, 1id KoTopol kosdduunent TypOynenTHoR
neddiysrn oOpaliaeTeH B HYAL, AO/BKHO NPHBOIHTE K pasiHYHOMY
LA AKTEDY HSMEHEHHS HOHUEHTPALHH CMEIMBAESMLIX KOMIOHEHTOR B of-
gucTax 0 S r sy H < <R MpH BBOAE ONHOND M3 HHX B Ka-
1yi0-ae60 #a 3on annapara. Ha pue. 3.2 noxasannl kpeBbie pameHesys
KOHLENTPANHH STEKTPONHTE B ABYX 30HAX annapars, NocTpoeHHLe No
[eayNBTATEM H3MEPEHHS © NOMOMLI0 [ATIYHKOB SAEKTPONPOROAHDCTH.
Bro/l Tpaccepa Nposssoiiics Ha (I0BEpXHOCTE MuMkoetH pOavan Bana.
[MpuHoinuanbdo  paannydkifl.  Xapaktep sasncimoctel ¢ = [ (3)
B uenTpanibhoft (0 <2 r << r,,) v nepudepufivoll (ry < r << R) uactax
ATMAPATA MOMET PACCMATPHBATLCH KAK MOLTBEDMIEHHE BuBOIE © CY-
LICCTRORYHME B annapaTte MOBEPXHOCTH pamMyca rn, TYpOyJesTHuR
nepeHoc yepes KOTOPYIO B PagHaibHOM HENPABTeHHM OKASLIBACTCR H8-
TPYAHEHHBIM. 3TOT BLIBOL NONTBEPMAAETCA BHSYadbHBIMH  Habmupe-
HHSIMH  PACTPOCTPAHEHHSA OKpacky HIK obeciBeudBAHHA HUJKOCTH
7 annapare. Loy B annapat, SaN0JHeRFs# caaliiM pACTBOPOM HES0H,
o APUCYTCTEBMH HHIKKaTOpa (denondmraneny) BBCCTH HA [OBEPXHOCTE
nAHSH CTeHEd HADRITOYHOS KOIHYECTBO KICACTN, TO NPOHCXOANT ObicT-
roe (1—2 c) ofecupetiipante pacTropa B nepudepritnoi yacTn obbenma.
[} uenrpe me annapata B TEYEHWE HEKOTOPOTO Bpewern (10 HECKOMBKHUX
AECATHROB CEKYHH) COXPAHSIETCH OKPALIEHHBI UHANHAPHYECKI CTOMD
wukoers * (pue. 3.3). Hatmopewns [10]
HOKEsLIBAKT, HTO AHEMETDP H BHICOTE OHpa-
LIEHHOTO UHAHHAPE C TCUYEHHEM BPEMEHH He
YMEeHBIIATCA. LIpH STOM BHYTPEHHAR HaCTh
NAHHIPS OOECUBEUMBAETCH NOYTH OJHOBpE-
MEHMO ¢ pepueprEHOR YACTLIO annapera,
8 OKpacKa COXpaHfercs TONEKO B Y3KOH

* Tarne #abJHJIEHUN OPOBORUAICE  DHEARHLMN
EBTopaMIL— oM, , narpamap [10—12],

Pric, 3.3, Brayatcuuns aenTpaasnofl sons necpeacreom
VK i MR
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Poc. 3.4, Comocwannciing pacue i suaneinf IRANYEA PRafeas AR 200 C O L THGING i
I — peayaursre cmamon QEpRLIMRENNG, 7 — PedyaiTarsl oliuloe ¢ THRALIMN e Ty

Puc. 3.5, Buayaassanis qentpaasofl som ¢ NOMOMILS MHCTHY RAYIYES,

RONLIEROH ofinactit. 3uagenus paauyca stofl obnacty, 1. e. panny
OKPANIEHHOTO UMNHHADS, OKASHBAIICH BeChMa OIMSKUMM K anaq
HHAM Py BRUHCTEHHEM N0 ypaswenio (3.2.2) (puc. 3.4).

Ha prc. 3.4. npusenesmu tawke AAHHBIL, HOAYYeHHbIE ADYIHM M
TOROM — HIMEPEHIEM DAIMEPA 30HH KOKINEHTPHPORAFHS THEPABIX |
CTHIL, NJOTHOCTE KOTOPBIX HEME MA0THOCTH cpentt [13]. Taxpe S BCTHILIEL,
NOMEIEH e BO BpAUAIURICS NOTOK, T. €. B noje HEHTPODEMMEIX CHJL,
AONFRMEL NEPEMEILATLCS MO HBUPABJIEHHIO K OCH BPaeHIs, a nx nepeHoe
B OOPSTHOM HANPaBNCHHA (K CTEMKe annapata) ocyuiecTRaseTCH 'rypﬁjr-'
neaTHoi Awdipysued. Ouernamo, uro s sTHx VCAOBMAX NETKHE YACTHI.
MOTYT Nepecexath NOBEPXHOCTh C HyJeBWM IHAYeHHEM KOS(MHIMenTs
TYpOyneaTHOH Aadkby3HN TONBKD B HalpaBlesis oT nepudiepun K uewtpy
W I0AXKHL KOHUCHTPHPOBETLCS B 30He pamuycom () < r<r,, *. HalGmope-
HHS 38 ARHOKEHHEM SaCTHIL KayuyKa W rpanysl nONHSTH/EHE, BHIONHEH-
Heie B paGote |13 ], nokastiBaiot, 4ro ocHopHan Macca waeTiy AeACTBI
TEABHO COCPEROTATHBACTCH B NEWTpAALHOR wacTy annapara (puc. 3.5).
Hexoropoe xomnvectso sactin, YHOCHMO® 13 TOfl S0HE UKPKYISIHOH-
HEIM TIOTOKOM, BECEMA HERCAHKO W KOHIEHTPAURS B nepubepiitioil soue
BONAPSTA HHYTOAHO Maid. PATHYC S0HK COCPEAGTONCHNS MACTHI e 3B~
= CHT OT UX 5Hena; O GIM30K ¥ 3HE-
10 HEHUAM ryy, HALAEHHLIM B pedy -
TaTe pewenus ypagHenus (3.2.2).

a8 * Tounee, wacimm moswum Gurrs
pacopensiesie § HOAACTH, IIE AeRcTRIE
HENTPOOCHEIMN Cual Y pamiGBeLUBACTeR
TYpOysenvHoR nuddyanel. B mauson
a6t CAYHAE BTH YCAGIHA BROOAHSIOTES Njn
NCER r< Fopy, D TOM GECHE 0 plmyse

TN 308,

Puc, 0.6, Jamucumocty PAANYCA  BENT PN
il i Py = iy UT NapameTRa pacnpe-
?r MEIDHEE CROPOCTH ;.

e/ bHO PRIJENEH Ha JIBE KORUEHTPHYEC KN E BOHL LUHH IEﬂpH‘IE’.!.'.Kﬂl-i noBepx=

PacCMOTPEHELIE SKCTEPRMEHTANILHEIE PE3YJBTaThl YKasSLBaloT ¥a
40 ofvbeyM annapatoR (€3 OTPaIKATENBHBIX (EPErOPONOK ACHCTBH-

HOCTHIO PAMYCE i, COOTBRICTBYIOUIEIO MEKCHMYMY OMPYMHOR cwuo};
crir. Ha groll nosepxHocTH KoaQpuuenT TYPOYIeHTHOTO IIEpBlEUCﬂ Ma i
110 CPEBHEHHIO ¢ KosqrHiuenTay epenoca B ofenx 3oHax H 0 e, e
wly 30HAMH OCYIECTBJREICS 38 CUET MEpRAROHANBHON EH]&H}MIHHH:
PuHyC TREHHIE PASNENa 30K ry, Ha xotopolt du (r)dr = 0, onpene
awercs mo ypasuenmio (3.2.2), IInn cxpeGroOBEIX MELISNOK BEJHUNIA [
pupia paamyey ock CKpelKoB o (cw. paznen 2.1). ,i;{m MEILATIOK APYTHX
THINOB 3EBHCHMOCTE Ty, OT ), NpHBeaeHa Ha puc. 3.6. B GoneiuMHCTRE
i:!ﬂ‘.K’lHHEﬂI{HK cAy4acs 3HaueHne BENHYUHHE F; SEKOYEH0 B npeienax

0,7+ U.S) Iy

4.5. OCEBOH H PAIH AJIBHEIR ITEPEHOC B AITMAPATAX
BE3 BHYTPEHHHX ¥CTPOHCTR

M3 sakonoMepHOCTel NPOUeCCOB 1epeHOta, OMHCAHHLIX B MPEIbILYLLIEM
H3JIEAE, BRITEHACT BOSMOMHOCThL MATEMATHHECKONO OfHCAHHA na_::emm
nepemelliHBaliNg B annaparax THnossx kouctpyxim#t [141 Ges otpaxa-
TeilbHbIX TEPErOPOAOK ¢ OANOR Memankodl, yCTaHOBAEHHON BOAMIH
JHBlLE, & OCHORE YNMpolienHoR UHPRYARUHOHHO-IH{PYSHOHHOR Mate-
natnueckol monestd [101. B cootrerctend ¢ SToft mojensw annapar
pACCMETPHBAETCH KBK COCTOAIMMA M3 NBYX KOHUEHTPHHECKHX ﬁang
(pue. 3.7) — oenrpanewofl (3oua [, Der < r',.J it mepHifepHiHO

(zong 2, ry < r < R), nepemelBanne B KAMIOH H3 KOTOPLIX OCyle
CTRAMETC B peaynbrate TypOysentHoli anddysuit, 3 obMeH MeRay
KOTOPHIMK  OOECTIEMHBALTCH UMPKYAsune] JudysHs wepes TpaHuity
30H TIPH HANHEHHE [MPEVASUHE He YUHTLIBAETCH.

Hanuupe WHTEHCHRHOIO TEHICHUMANBHOID Tedenis HHAKOCTH MNos-
BOJIAET CYHTATH PACHPEAENCHHE KOHUEHTPAIKT HAK TeMIEPATYPH B Kawm-
it H3 30H OCECHMMETPHYHLIM, W TypOynentan AHGGYSHA B OKPYRHOM
HAMPABAEHHH MOMKET e yuriuBaThes. Takum ofipasom, l-ui're:fuunum“'rh
HPOTEKANNA MpoONeCcs NEpeMEHBANNE ONPEASNaercn CROPOCTLIO Typ-
Gynentioi puduysus B OCEBOM W pajHENbHOM HANPABICHUAX, 8 TAKKE
HHPEYNALUHOHIIEM PACXOAGNH HEIKOCTH MERLY UEeHTPANEHOH W §e-
pripepuilnoil 3cHaMH. g

Cornacun ypasuennio (3.2.1), nokanbnde 3Have- N
Hg gosdpuisenta TypOyaenThol an(iiysHe onpelie- ol Swa?
NAKvIesl KaX DpOM3BEeneHwe KBaxpara AMHE OymH [N
lepemetmBania [ Ha abCoMOTHOE 3HaUEHNE rpajienTa ) : Bis
CKpY#HOR ckopocth | du (r)/dr . |

lavwa myTH nepemewsaums npuipmaercs [10] |
PONOPUHOHANBHON 1UMPUKE 30HL TYPOYABHTHOTO Che~ l
lEHES B HanNpamieHuy rpajpRenta: |

| =at {3.3.1) ,
TG o — SMOUPUIecKken kosQdumeT.

Pue. 8.7, Copmia mayxxongoi om ey siosmo-on pryamiporetfl sopesin s
Peioca § AROARATAE G03 OTPAMETOARN KN NEEErDRoION.-



. rﬂmmn{ny B ANNapaTe CYUECTBYIOT IRe KOHULEHTPHYCCKHE 30M)
PBHUNER pashesa r = r, W pemuyuma { onpefennercs * kak

li=ayry nps b=r<rm
e fo =g (R — rp) npu Im=r<f
X do
R ] R P

ﬂg[R-rm]E,ﬁd:i’ AP

5 i
d"ﬂ {n I
dr

L'

Cé {R . rn}’

Buipamene rpaumenta ckopoctn |duvy ()ldr| w |dey (F)dr] noags

MM Jmdeperiponannen cootreTcrR
PYARHOR CKOPOCTH, NpdBpenenunx & rn. 2. B YACTHOCTH, A annaps

€ MEIANKAMY, XAPAKTEPUIYIOWMMXCA COOTHOIE
HHAMH =
OTBETCTEHN ¢ (2.1.29) wmeew: = ag

doy (r) : 3
@ = U (WP 34 1) (3.3.7

dﬂ. [f] _

e
dr — _Fll -

The F = riry,

Hockonbky npw r, < r
™ = Fp Npouseoptan du, (r)dr orpsuarensia
B 310{i ofnactd ee abCOMOTHOE AHagenp: ¥

dr
| | =~ s+ garr 1)

C yuerom ypasuennil (3:2.1), (3.3.2)—(3.3.8
2.1), (3.3 +.0.8) puipaxennn '
KaALHEIX anaueHifl vosdmusentor T}’pﬁ'y.f[t'HTHﬂ)m nl;JEHOCB B ﬁ‘:?m;'

Tax O&d OTPAMATENLHLIX Neperopoiok npe R = 1,5 npuoliperaror nup

= ajugreit, (A - 4 1) npE
Dy = —atgoyrg (R — ) (1P 4+ 3975 1) npm
Er:? = @Hg(ﬁ_ 'F;H.J! _]...-!-_‘:-'..:_:I__‘.I':_‘

msr<l (3.3.10)

Octioprue  ruzpomHaviaeckpe NapamMetpsl P, 4y paccunTHIRdS
OTCH No MetofiKe, onicantofl B . 2, a spagenue fm ANn 8NDEPETOR
PACCNATPHRACMIIX COOTHOLIEHNII ONpeAesAeTes no ypasweriio (3.2.9)
WIH 6o rpafmry r (), npunesernomy ua puc. 3.6..3uavennn o .
KOS(MpHIMENTE  NPONOPLUHOHANBHOCTH B BOIPEMEHHAX  NANHL I;I;’T ]
nepemewmpanna (3.3.2) u (3.3.3) — npuMennTEIBLHO K Chy4yasm mepe-
HOCa B OCEBOM # PajHANLHOM HATIPABJEHMH (cM. 1. 4) Hafljenn Skene-
puMenTansuo B patotax [10, 151,

* Mupexcwr | w2 sipn v {r) oo ; 2
Cri e res 3 B LL Q:I}'I:IIETI:FH}IDT YusCrram npodiniR B OpOMEKyTRAR

o4

fn l5@.'-=r§rll (338

npn ner<hk (336

YIIHX ypasHenuil npoduas 0.

{3.3.76)

0<f<r, (230

npi lsr<R @3.11§

OfbaHo 1A ONPEJENeHRs MHAPOANHAMHYECKHX LapaneTpol, Xapag-
op H3YIONMHE MBKPOMACLITAGHOE NEPEMELINBAHNE, NPHMEHTIOTCR METOME,
cpn3aHEbIE ¢ 0OPaBOTKON SKCHIEPUMENTANLHEX (PYHKURA OTENHES Hecae-
qyeNORt CHCTEMBI HE MMITYJIBCHOR, CTYNEHUATOE HAW NEpHOANTECKOE BOS-
uyiiense wa sxoge [16, 17]. Henonesopanne sTix METOAOB Mpeino-
nGrAET OPraHH3auHio HeNPePLHBHOTO NMPOTOKA KHAKOCTH HEPe3 annapat
¢6 CTPOrD TIOCTORNHEIM PAcXOoM. JTO BLIBLIBACT YCJOMHEHNE SKCNepH-
wenTalbHoll YOTaHOBKH ® 3atpyjrser padoty o annaparami NoCTETOYHO
fionsmors ofibena, 8 oCOGEHOCTH ¢ MHIKOCTHMH, OTJHYHLIME OT BOAL],
pGo JETA NOAYMEHWA AOCTATOMHO MONIHOH BYHKUMH OTKAMKA Ha OJMH
oHIIT  IJURHO PACXOJCBATLCA KOJNHUECTBO KHJKOCTH, parHoe 3 5-
KpETHOMY Offbemy sanostelus annapara. B casan ¢ sTHM ana onpejene-
s Kosdrdwurentos TypOyAeHTHOTD TEpeHoca B anmapaTax © Metlad-
RAMH HCNOALSOB&N APYIOit METOJ, anadoTHIHET NPEMIOKEHHOMY B pa-
forax [18—20] ans vayseHns NPOIoALHOTO MepeMelnBaHEA B KONOHHAX
i CCHOBBMIBIL Ha WAMEPEHHR BPemMelil pacnpeiesenns Tpaccepd,puuin-
MOTO MTHOBEHHO B (QHECHPOBSHHYIO TOUKY ofbema HeupoTodHero anna-
puta. [lockoasky sHaueHns KosdprupeHTOB TYpPOYJACHTHOTO Mepenoca
i OCCBOM W PAIHANLHOM Hanpasienuu pasauuaiorcs (2], vx namepenne
Oy ULECTBRRADCE PASHENEHO,

M3MepeHHA HEPEHOCE B OCCROM MANPABAeHHM (Mo RHICOTE) BHIOIHA-
qMeh B MOAGNHX annaparos Tpamsumontol xoucTpyrume (. puc. 1.2)
ofivemoM o1 20 am® zo 2,6 M npr BBORE TpacCepE B BEPXHION HACTL
HeHTPENLHON SOMBL M H3MEPEHHH ero KOHHEHTPAlMM B BepXuell uacTH
nepudepuiineii sons. Tak Kax IHPHHA 30H B PECCMATPUBAEMBIX YOO~
£HAX CYIECTBEHHD MEHBINE BHCOTH, DAAHANbHLH Nepenall KOHIEHTPaHH
TpRCcCepa B KaMGION H3 301 OKasuBaercsl HesHaunTensusiM. B stux yeso-
nax nepeHoc Tpaccepa NPH Ero MrHOBEHHOM BBOIE OMHCWBACTCH ypan-
HEHHAME OiHOnapameTpiueckoll nriphysnonnol Mopesmu:

ﬂC} ':"-'1

= . Pe
i St = g Tl DuFy - (3.3.12a)
ds deg . Py
.Fl—ﬂ_—t'— = /i + D"‘I“"Tﬂ'ﬁ" (3.3, 126)
¢ TpaHHYHBbIMH B HAYAJBHLIMHE YCAOBHAMY
q{r,—rl}—}l}q-lF:%:D: %—— O0nmpuh=H, t>0 (3.3:13a)
q{cl—c=}+DﬂF.-E;iA i %Flh— =0 mpu k=), T=0 (3.3.136)
v oy u=0(H—h)"* e T=10 {3.3. 13n)
Spech oy i £y — CApEiMepHEe KOUIEHTPMUM Tpaccepa: n souax 1 w2 0 MomeRT
NpeMeHH T
ey, 2= C.a{% h)—Ca (3.3.14)

[p—

* Muperc | wan 2 sanuont o7 3onhl REEAEHNA: TPACCEDA.



FAE &y, fp — EPCANHE ROHUCHTREIGN TRACCEPE 11 ANNAPATC B MOMCHTI BpesOd T
H %= oo (1. e §O nMOfa TpAcceps I nocae ero pacnpeneseinn); ¢ e (T, K) — woy
LEHTPALMA TPACCEPA B MOMRNT Tl ¢ — INPXYASURCGHHET PacXoR Mmoo MEHIY X
HAMIL, u.r"’fc, f-'l = nrfn. Fgerx {.'?2— r?r) — MACKATH TONEPEUHOTD CouCHIR LeUTHS
noit w nepudhepnfinodt son, M 1 — BcoTa SanoaeHEs anGApaTA, M; I — nepTHEATEH] L
KoopavHars, m; Dy Dyg— ocpensieisbie 010 CoNguHm 33 nYaHHN KOUGEhUIEHTOn. Ty
Oynewmnod jxhysus B GCCHON HANPARTEHER B Kamiol 1o s, M ]

3uauenust Dy; # Doy onpefensnones 1o (Gopmysam

m
D, _.—g—j Dir dr (3.2.15
dog i i

R
2

— | D% dr
R*—r2 I o

m,.m

Henosibsys seipamenns (3.3.9)—(3.3.11) npumenurensio annapa
Tam ¢ R = 1,5, umeem *:
Dy =a’u‘ndffn{l'ﬁ¢]fﬁi+ Ly, 4 1)

Dy = gy ST [1,60 (75— 1) + 15wy (7 — 1) +

(3.3.10

+ (7= 1) +2 (0 e+ ) ]

B yavectse @, npuuumanach senMunna, ofecneupnaioman  Ham-
Ayullee COBHANEHKE KPMBHX & |h—p = [ (1), BoiuHcAeHHEIX myTeN
peweruns ypasrennkt (3.3.12) w (3.3.13), ¢ skenepumenTanbiLMn KpHS
BLIMHL.

HaUEHNA UHPKYNAUMOHHOTO pacXofia ¢ HaXOAATCE 10 TeM ke
IKCMEPHMEHTANBHLIM KPHBLIM HE3ABHCHMO OT Beauuminl o, [10]. S
OKASHBACTCR BOSMOMHEIM B JaHHOM ciayuse Grarofapst ocoGesHocTaM
cetemst (3.3.12). Kak noxasuiBator pacuetsl, sameseHue sHadenuit q
OPHROMAT K MEPEMEUlennio KPHBLIX & fr—y = [ () silonn ocu T, Tons
KBk HSMeHeHHe kosfpunuenton TypOyNeHTHOIC mepenoca, T. e. sHAuE
Uil @, BHALIBaET AL KAMeHeHHe dOpML KPHEBIX (puc, 3.8). Ilas
YCNOBHH, PASINYZIONMXCS TONLKO SHAYCHUSIME @4, 5TH KPHBME HMCKOR
ofmyin touxy nepecenenns | — ¢, (v) iy = 0,13, Uepes naunyi
TOUKY NPOXOAHT TAKME NWHHA, COOTBETCTBYIOILAS CAVYEASM  OueHb
GOALUINX o, T. € YCAOBHHM HISATLHOO MEPEMCINBAHHE B Xaxuoll
H3 3om. Beaencrspe s70ro BeAHUMEA PACKONE UMPKYMNDYIOUEN IS
KOCTH ¢ B PaccMaiPHBAEMBIX YCNOBMAX MOMeT GuTb mafiieHs, HEXOmR
H3 SHCTEpHMEHTAABHOID 3HAYEHHA BPEMENH NOOTHAREHIA i{t)HliEH't‘p .
Uui Tpaccepa Cy () fu—p = 0,87 no ypasmerusm inn yosopul wieasi
lOFC DEPEMEIHBANNS B 30MBX BHE 3aBHCHMOCTH O dopmu kpusol
| — & (Y|p—y n suavenns a,.

(3.3.1%)

* KosteimerTal npomoprnosatetocTi n DUpPaKeINE L fne NYTI OEpem e
BUHUE B tenrparibol wonepadepufnol aoiax npwmsvaores |10 | omasakosms o i
HiMie oy, Hupexe «Os o3umunet nepence u coenoM Hanpanaeii.

9%
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Pacnpejienexile Tpaccepa B CHCTEME, COCTORAILEN N3 IBYX 30H HICaNL-

HOTO  NEPEMELIMBAHHA € HWPKYARUHOHHLIM OOMEHOM MEMLY HHMH,
ONHCHBAETCH YPABHEHHAMH
fey =2 q s — diy L. q 61— ) =0 (3.3.18)
W CTH TR E TRy
B cnyuae wMnynscHoR nonayw fpacceps B UCHIPANLHYID SOHY
&y = (Fy - Fa)/Fy; =10 uph F=0 {3.3.19)
pewenue ypapnennil (3.3.18) wmeer amp
gR't
o - (3.3.20)
Ly exXp [ ].";?_!{ - P‘;I]
Orewopg mpo 1 —p = 0,18
- M|
=it olE =) (3320

Rty
TAC Ty — npels AoCTHMeHA  KomesrTpalla ¢ = 0,87,

Supueiine c, NP H3YYCHNH NepeMeludsanns 8 annapatax ofuemoM
n0 2.5 wd ¢ Memankami pasnoobipasusix Tinon, coctapaner 0,45 + 0,05,
Kak cnesmyer us puc. 3.9, sra peanunua npu TypGyAentHom pesruMe
COXpAHAETCA TOCTORHHEON B LIMpOKOM AHANa3OHe IHAYCeHWH UEHTRO-
Oexuoro kpurepna Peftnonsaca. [lpn seaueminx Re,, COOTBETCTBYIOHINX
TEMHHADHOMY PesMMY Teuernis nepeMemmBsaeMon cpens (cwm. . 2),
HabGMOLACICR PEIKDE CHIRKEHHE oy

LIupryAsUHOMHET PaCX0A MHUAKOCTH ¢ B annapartax ¢ mMeilaiKamy

PACcMATPHBACMBIX THOOH PacCYMTHIBEETCH, MAK H B alnapatax C oTpa-
HatenbHBIMH NEperopofikamMy, no ypaswenmo euna [21
a@

Jdle Mo Bpnfiaien M




Pue. 8.9, FssicnMocTs &, o7 ﬂ.nn.

E tex caywanx, Koria pazHorTh PATNMYCOR BHerIHell # BHYTDEHHE
KPOMOK JIONBCTEH Mana No CPaBHEHHID € PajuycoM Memankn (r, —
— Tan & Tp), BeNHUMNE Kk, Opn TYPOYJAEHTHOM pEXHUME MNPHHAMAET
AGCTOAHHbIE IHAYEHAS {U.D?ia — pamisie # sikopame mewsaxy, 0,014=
fipesepunic mewsnkn). [lns MEWAACK € FOPUSOHTAABHBIMH JIONACTAM
BeAuunna k, SEBHCHT OT OKPYMHOH CKOPOCTH Cpeill Ha pazuyce Fy
(prc. 3.10). Jlnn ypolictea pacueToB 5ia 3asHCHMOCTH ANNPOKCHMEPO
sada [10] ypasnernem

kg = g exp [6,98 (rg)) {3.3:2
roe B coorBercTBHH ¢ (2.1.29)
6 {re) = == et | (3.3
Jns oTKpBITHIX TYPOHEHBIX MEILUANOK, & TAKIKE ANA JONACTHLX Mes
HIANOK © BEPTHKAALHWMK aonactame ¢, = 0,0013, jans mewanox ¢ Has

KIOHHBIMH  JIONAcTAMHE, TIPONESAEPHHY H SEEPWTHX TYPOHHHEX ME
wanox ¢, = 0,0028.

=i A
LT

ar

i 2 az a+ 05 GE a7 s
by [T =te gt ﬂ

Put. B.10, 3auncHMocT, PACEOAS ¢ OT ONPYREOA CROPOCTH ERANUCTE B PRAMYCS Ty

I — npoteanepyie, SURPLITLE TYPOMIIGS MOLTRAKN I MECIRAHI € wARIOMIEMN fouacTimn § —
MEIAARN © BEFTHEAAUNERD DOMECTIHMN; J — axoppus 6 pasiiug Moo  — RByxpaiae
MELBTRA OTRPMWIDIG TYPEMNNGe T, [

a8

[puseacHHbIe PESYABTATH OTHOCATCA W ANMAPATAM © CODTHOHICHHAMK

R = 1,B. ng annapatos, ¥y KOTOphiX Beauunna R aaxmouena s npe-
penax 1,33—1.08, ypasuenun (3.3.4)—(3.3.6) ocrawrca B enae, ua-
MEHAETCH TONLEO Bulpamennn kosphrurenTon TypOynenTHol anddyann
n nepudepuinoi sowe (r, < r < R), B cooreercteiu € ypasHeuuem
(2.1.46) aficOMOTHOE 3NAYEHNE MP2AHeHTa OKPYMHHONL CKOPOCTH B 30He
n<r<R npp R =133 — 1,06 pupamaercs Kax

do | 0 e
J'HF'I "F:E—'n'-'-(ﬁ—?}'u N (2ks

wonpH F=+ R etpempTes K GECKOHEUHOCTH, W10 JHILEHO (HaHNecKoro
evuiedd. OAHAKO NOCKOMBKY CTENEHHWE BHIPAIKEHNS ONHCHEAIOT Tpo-
fHJib CKOPOCTH Ha PACCTORHMAX OT CTEHKM, NPeRBIAIINEY TOMIHHY
peiakoro nogenos 6, (61, swpaxenwa (2.1.46) w (3.3.25) cneayer pac-
NPOCTPARHTE HA OONACTE, HECKOABKD MEHBILYIO, HEM DACCTOAHWE MEMNIY
NOBEPXHOCTLIO paanyca F= | B cTenxoil annepara. Tek Kak TojlUpHA
ERIKOTO NoAcnos &, obupo sapepomo mensine 0,01R, ofinacts npume-
newnf  ypaewerusn (3.3.25) uweseconfpasHo OrpaHMuMTE SHEYCHHAMM
pauycoR ry < r < 0,99R. Torpa s cootsercrsne ¢ (3.2.1), (3.3.3)
i (3.3.25) noranbune sHaverna kosddmiEenTos Ty poy nenTHOI Andxhysun

" 1 ::rz (1 g ) (R — )"
[F, &= = - Rl

TE T I]"I'ID U?_ ” J,w_r}.:
H OCpenHeHHOE 3HAaUYeHUE

Dy = s ST (1,60 (P~ 1)+ Lo (7R 1)+ (= 1) +

opy 1 <<r<S0988 (3.3.26)

+ 0,25 (6,93R -4 1) (fs + s+ D] g = 0,45 (3.3.27)

Juauernsn pagMyca rpannil LeHTPAILHOR # ueprepuiinodl 30H F,
R ASHHOM Coyuae onpefefsiores MyTeM peéilleHus ypasnenua (3.2.2)
¢ yyetom Bnpamenns (2.1.47), cessniBalomero napamerpul P, H .
B gacrnom enyuae R = 1,15 ypapnenne (2.1.47) cranoBnrcs tomnect-
peMHEM ypapuenuio (2.1.29n), uro noaposiser onperensrs f, € NOMo-
ULlo TpapHKa, NPHBEAEHHOFD Ha pue. 3.6.

Jlnn annapatoR co CRpelKORLIME MEWANKAMM TAKME XAPAKTepHO
HANHTHE JBYX KOHUEHTPHYECKHX 30H, TYPOYREHTHHA ofiMen mesiy ko-
TOPHIMH 38TPYAHeH. B pauHOM cnyuae, o/IHAKO, paEHyc padHuLl 30H fin
COBNANAET ¢ pasuycoM OcH crpefros

m ='!|:-'_—R_h,r2 [33.%}

WK GNMSOK K HeMy W ONpeiesisieTcs HEMOCPeACTREHHD M3 KOHCTPY KTin-
elX X@pakTepicTHi mewanky. JIpyran ocodennocTs annapaton ¢ CHpes.
KOBLIMHE MEILANTKEMH COCTOHT B TOM, UTO B HHX He Halnonaercsa 3amMeTHoro
IHPEYAAHOHHOID NIOTOKA, 8 ofiMel MemIy UeHTPAanLHON # nepudepuii-
lioH 30HBMH NPOMCXOAWT B OCHOBHOM 33 cHer mhdiysuu wepes noBepx-
HOCTH PAINYCE Iy, W RBASETCH OYEHL MEANEHHEIM. JIOKabHbIe 3HEUEHHSA
koaduumernros TypOynenTroll anddysHr B UEHTPAIBHOIN BOHE annapa-
TOB €O CKPEOKOBLIMH MEIIATIKAMM PACCUNTLIBAIOTCH, KAK W B npeisiny-

1* o8
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Prc. 3.1). Sasncumocri wosHdugmenTn I sﬂn AEPCMOCINNANAN Gy 8 OCEMOM . (AN [0 A8
e

wex cayuasx, no ypassennio (3.3.9), & ocpensenHbie 3pavesms Dy
B coorBercTEMM ¢ (3.3.28), (3.3.15) u (2.1.58a8) — no ypassernio

Dy = eyt (L6, -+ 1,54 4 1) npu

Tl nepudepufinoll 30 ¢ yueToM Bupakenus npoduas OKpyHHON
cxopocti (2.1.586) umeem

DYy =236y (V1 + e+ ) (7 — 1) (3.3.30),

Vit Vet o po7R?—1  098RY—
Pa=tafi = (T ) e n<r<R
_ (3.3.31)
e 7 = rlre; & = Rire.
Suauenue  kospuiHenta NPONOPHHOHANLHOCTH €, B annapartax
o CKpeOkosbMe  Mewankamu (pue. 3.11) waiineno [22] paswum
0,22. Ypapwenus ZA% pPaECHETA UHPRYMAIHORNOrO pacxons ¢ o Kosdd-
duienton rypGynestaoro nepesoca DY i Dy b annapatax ¢ MEMaTKanH
PAINHYHEIX KOHCTPYKUMA cpejens » tafin. 8.1,
Jokanbuue 3uavenns KosddiiMeHor TypGynenTioro nepesoca
B papeasnEom sanpasacuun DT, paccudtumaionos, KaKk ¥ Ros(HLHE-
EHTH MENEHOCE B OCEBOM HANPARIEHHH, N0 ypasrenusm (3.3.9), (3.3.10),
(3.3:11). Orminuee saxmonaetcs B T0M, 470 B KaYecTRe KoadipuiHenrTa o
B STH BLPAMENNA BXOT BRIMYMHE Gy, B OOIIEM CAYNSC HE PABHAS Cly.
Metop uamepermis @, NPHHIMTUANLHO AHANOTHTEH HCTONBIGBAHHOMY
NP HIYMEHHH MEPEHOCE 1O BHICOTE i ONPE/ENeHtH &, CynlecToo merosia
coctont [15] B uamepesym eripasinBanisn KomesTpanni Tpaccepa B He-
NPOTOYHOM afNapate W COMOCTARIEHHH NOAYYCHHBIX PE3yAbTATOR C pac-
NETHBIMH KPHBLIMM, MONYNCHHLIMIT B DE3YALTATE PELIEHHS YPSRHEHUS
HectauronapHolt andidyskir B PaNHANEROM HaNpasleHHN:
o -
—&?—i’nh’?‘i- [D;'_p {rjr-g-f- (3.3.49)

MPH YC/IOBHAX OLHOSHATHOCTH, COUTBETCTRYIOUIAX WMAYJBLCHOMY BBOAY
Tpaccepa B leHTp annapara.
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b<sr<r. (3.3.29)

Totatiyge 3.1, ¥panpensn pon pacuera sosdimpsuron ryphyacnriof andidyann

Jospnbiipf eobthfui et Clepepnenssiall
Typlymentnofl middymmEs wen I ET
TY pOyAeuTHon
Ainpdiyaun o
- | L LR LR Erhes HatpLn -
Xapoyrepnc: ObsacTh AN aRAT T CELTTS W nENHM
s ATTRPATS pARRYCEN
W MBI
= - =
[ Ea LT - nomgp -5 W CMED
Yhan- ﬁﬁ yprn- | BE ypan- g*ﬁ'
KEHun SE | weinn |23 o] uesum s
=31 =15 ®AG

Annaper Gea O F= f,.l. (239) pss (.39 (3.3.16) 045
F T
1

0.22
(33100 045 (@3.100 022 (33.17) 045
0

OTpRMATEND- m=T=
X NEpEropo- =7f=R (33.11) 0456 (3.311) 22 (3.3.17) 045
ok R> 1.5

Annapars Ges D==F==Fm (335 045 (339 022 (31516 045
CTPRMATEN b F, F=1 (@A) 045 @3 022 (3320 045

r _\-'.
HEIK AEfEripa- l=F=<R (3.3.26) 0456 (33260 028 (3320 045
Aok 1.05=

=

=R=13

AnnapaTe oo O7<im (339 022 (339 011 (@329 022
CRPEGROBMMN  §_.—F=R (3.330) 022 (3330) 0,11 (3.331) 0392
MELLIBN HAMH

Arinapati c O F= R — — = - (4B —
CrPIMATENL-
AN NEPErt-

pOIEAMI

3jiece DT, (r) — nokanbuoe ananesne woagduiHeTs 'ry’]'vﬁy:iem-
HOCTH MENEHOCA B PAMHATLHOM HanpasJIeHWy Ha pamryce r, M*/c.

Yenosiem NpEMERKMOCTH ypaeeris (3.3.32) amasercd orcyrcreie
HEONHOPOAHOCTH MONA KOHUEHTPAURA MO BLICOTE aNNapara 1 B OKpYHK-
HOM HENPaBIeHHN:

ar ie -
=5 =0 (4.3.33)

Jlns ofiecnevenms STHY yoaosiil uamepenis srnonvens [15] o anna-
parax pHamerpom 1 —1.5 m ¢ manoft rayGuuol 2anoniedss OpH BEOME
Tpaccepa B IEHTPANBHYI WacTh annapara, T. €. B 30HY, Tie
BLIPEBHHUBAHNE KOHLCHTPAIMA B OKPYWHOM HEMPABICHHH NPONCXOJHT
MPAKTHYECKH MIHOBEHHO ONarofidps BHICOKHM JIOKATbHHM IHAYEHWAM
OKP YHHON cKopOCTH.

Pacuet sitaueHuil tapaMerpos cROpoCTs ) ¢ 1, He0GXOMMEX a8
onpesesensi D3 ((r), NPOBOANTCS N0 YPABHEHHSM, NONYIEHHLM B p8-
6ote 116], man cayuaes nepemetumpasus v annaparax ¢ H << R. Pe-
aynbrartsl wamepenril nokasweawor [15), w10 swavenne o, Kak # opn-

T



BCAICHROC BLILEC IHAYEHHE @&, TPH TYpPOyAeNTHOM pexiMme snane
ROCTOAHHLIM. OHO HEe 3ABMCHT OT THNA K DA3MEPOR MEIIANKY, HAME
H BHCOTH annapata, a Takme auavenwit Re, w pasuo 0,22 40,
Ilns ckpefikontix mewanok @, salmeno panmsm 0,11

d.4. TYPEYJENTHA! TEPEHOC B AITITAPATAX
C OTPAMATEIBHBIME HEPETOPOIIKAMH

B npemsinyumx pasnenax ann onpesenesus xoshdmitientos TypOynen
HOTO nepeHoca GbIH HCTIONL30BAHE NOKANLHLE XADAKTEPHCTHRH pac:

Mpefeliehis CROPOCTH rnepemenrsaemoll auikoctd. Jlin ammapatos
¢ OTPEAMATCALHLIMI NEPErOPOAKAME TAKOM NYTh B HACTORINEE BPEMA OKa:

SLIBECTCSH HEBOIMOXHBIM, NOCKOABRY OTCYTCTBYET A0CTaTOMHO NOJHAS §
HEMEXHAS MHIPOPMAUNEA O JOKANDHBIX XBPAKTEPHCTHKAX NONS CROpOCTelly
HMmeioutnecs: B nurepatype [23, 24| pesyastatel senocpeicTpes: IX
HIMEPEHHH XAPaKTEPHCIHK TYPOYNEHNTHOCTE (MyALCRIHOHMEIX CKOpaO-
crefl, HHTEHCHBROCTH TYPOYACHTHOCTH W T. L) MoKa TaKxe Orp&aHKYeHEL
K Tomy e coBpemernoe cocTosiBe Teopuu TYPOYJIEHTHOCTH He O3B0
JAET OCYILECTENTE pacyeT kosfdmuuenton TypOynenTHOTO nepeiioca HA
ocHobe Takkx JisrHbix [31. B cnsian ¢ stum onneanne npoiteccon Makpo-
MECIUTa0HOTO TYPEYMENTHOrO MEPEHOCA B SNNAPATAX ¢ OTPANATENLHBIMI
NEPErOPONKAMN OCHOBLBACTCS OOLTHO H2 TeX HIH HHBIX MOAENBHEIX IPefs
CTABNMEHHHX.

3a nocneuue ABa ACCHTUNETHS NPEAOKENO GOALLIOE THONO pas-
JHTHEIX MATEMATHHECKUX MOJLNCH aNnapaTon ¢ OTpamatebHbIME Tepe-
ropoaxami. B pamkax stux momenell ofibem annapata o6uuHO paccMa-
TPHBAETCH KaK COBOXYNHOCTL RYEEK WACANBHOTO MEPeMeluHBaHus, 30H
UAEAJILHOTO BLITECHERNS K 3aCTORHLIX 30H. O6Men mexy sonaMi npi-
HEMACTCH JIHGO yCTAHODHBIUMMCH, B BHIE NPAMEX, NepexpecrHilx Hu
UHpRYAsUHORREIX noTokos (2528 ], anbo Reasucranmonapmum, noj-
HHHHIOMKMCH HEKOTOPOMY cTatHeTHucckoMy sakony [281. Ociosmme
NaPaMETPE MOAIER, HeOOXOMMMEIE JUI5 KX PACHETHOTO HCNONBIOBEKNS
(0O%eMu 1 YHCNO ANCEK CMEINEHNF, BEAMUMHE LHPKYIAUHOHHBIX noT0~
KOB W T. JL), NOMAIEKET onpeiencimio nytem obpaborkw pesyaLTaTon
IKCMEPHMEHTOR HE MOJEAHPYEMOM @NNapare WM HE €10 YMEHbIIeHHodn.
MOMETH.

Boamoxho Taiswe onuecanre npouecea TypGyaestaoro oueta g anna-
PaTax € OTPANATENABHWME NEPErOPoikani B pamkax AnddyaroHHON
morean [13] wa ocHoBe HCTOALIOBAHHA OCPENHEHHON XAPAKTEPHCTHKN
TeHEHHA — cpennreit (wddekTrmioiy) cropocTn noToka Wy, ONPeIEIR-
EMOH M3 JHEPTETHNECKOTO GANAHCE NIOTOKE C YNETOM BCEX COCTARMAIONLNY
cropoetd  [30). Mexompoit nocsunkod NPy ONPERENeHdy We, CAYMHT
TO, WTC NPH YCTAHOBHBILEMCH peXHME MOWHOCTB, Nepelasaesas Me-
WalKo# NOTOKY KMAKOCTH, PAcXOlyercs HE NPEOAOJIEHHe rilpaRtige-
CROTO CONPOTHBACHHA B annapare:

3
N — o <P F
= ﬁ T
rae F — naotags nopepxuocTH cTemox W ming annapata, s cp — KOS HITHE T
CONPOTHRACHIHE,

2

(3.4.1)

0.
a1g
ﬁ i L L A b a i R i L
e 1ot 10t 15 4.8
HRey
Pic. B.02. JanMCAMDCTE Cp, @, (A0 DESYARTHTEM MIMODENMA pOCHpEAESsMNn BIBeineymLx Wi-
cmn) or Ituq:

| — tonipaT. 66 STROMATEALNILY TEpEropaion; § — BMHapaTA € OTPRSITENRILMET e Cpoa -
EE B,
Bemuunsa F onpenenserca s oveBMIHONO  COOTHOMEHHsH
F=aRMyy (3.4.2)

e Y =Z(H/R) - | zan snnapiton co CROBOAMLIM  YPORTIEM  MHINOCTI,
o= 2(HIR) 4 2 now tesunoM SANGAREHELIX ANNAPATOS,

Bupamas K UHEHT CONPOTABNEHHA C€; B ypaeHenHu (3.4.1)
6 cooTpereTRHi ¢ 311 ¢j~ 0,33Re%* (rpe Re = w. RIV), nueem:
ep= 1,28 & s 3.4
wen = 128 (G ) (449
Onenpasi cpeamee suauendie rpaimenta CEOPOCTH KEK
g /
i~ ek
W TIPHHEMAR JUIIHY NyTH NEpeMeimMpatis B sjpe NOTOKE NPONOPUHO-

HanbHOR pamiycy annapata, mafinem mo (3.2.1) sdbexmunnoe susgesme
KOsipiIHeHTA TYPOYIIeHTHOTD NepeHoca:

Dw = Irm!Rﬁ.'cp f3."|. 4
Tk — RosGEEET APONOPLHONANLIOCTH,
C yuetom (3.4.3) puipexenne (3.4.5) npumer pum
N G086
D’d’ = l.?-&': (W) {3.4.5)

|.neun=aﬁ.

B uambonee pacnpoctpasensnix cnyuasx  (npe Luze < 10, o
ctp, €0)
N o= 0,720 o'l

n.q‘ fam “-E&%Wﬁ [;"z"}ﬂ.sﬂ Rnﬂ.{ﬂ'ﬁﬂﬂlﬂ; “,-?'5 tadn

Besmmuna o, pasea 0,45 (puc. 3.12). 310 anavenre G0 ONpelenero
B patote [13] nyren ofpaborkn pesynnraros sKCnepHMENTOs 0 nepe-

F T/ L]

(3.4.6)



q Puc. 3.1, Cxema auduyauonio-unprynsunonioll Mogesy 1a8 S00ARETH)

— € GTPEMATEALNBME NEPECOHOIHAMMN .

MEWHBAHHIO CYCTIEH3HH HE OCHOBE OIHOMapan

1 HOBE g

cxoil Judysnonnolt Mojens, it

e [pu pacuere anmaparon NPOMEILUIEHHBX PAIMEPOR
MOMHEO HCNOJB30BATE APHONUMEHHOL YpaBHetne *

: g == 0,435nd\D ( Bt )*' ! (3.4.8)

L]

Beawuua Dy, orpetensemas Mo  ypasnennsng
{ﬁ:;;‘:ﬁ“{fg.é.ﬂ&‘pmamw BKAZJL B MEPEHOC KAK Ty[=
it MM, TaKk M L OTH

rakot (puGasmente we nﬂmueym'p:am. OHO nﬁmﬂggggglﬁ;nyx'
mmqm ymmmp:mmnnm CHCAHHE noaH Kﬂliummﬂuﬂﬂ.ﬂa
HEX qacTHil (em. ra. 5). Jlns cnyuzen nepememuBanun Bsausug
pat‘:mplim mupxocrel B opaGorax [32, 331 npeanomena Gaiiee
g;[:t El}-?rs:m?gn?ﬁh, OTPRIKBIOIAR HANHIWE IHPKYASAUKE, @ TAKHKe TYp-
bt MENA KAK B SOHAX BOCXOMANIeH # nucxofsuel sersel
o YARIHOHNONO KOWTYPA, TEK M MEHAY STHMH 3ouamk (pec. 3.13),
T MOJENIL HAXO[MT NPHMEHCHME, HENPHMEP, TIPH PSCTETE BPEMEHH
BHpEBHHBAHHA Konuentpanuit, Tlpu nepemeiumBanuH cycnenswit oHd
.U.Blr}r’r peayabraThl, GAHBKHE K NOAYNEEMWM NPH HCOONBIOBAHNH Dag.
s apanm_:::nﬂ _sm:-ﬁ MOJIGAH BRIIONAIOT JIBE THAPOIHHAMKECKHX narzgé
s qu Gt;l ?ug..nnuuommﬁ pacxof ¥ kosfdmithent TypOyaesTHON And-
yaHu, U063 51 napaMeTpa onpeeasiones pacuetrsis nytem. Liupgyns-
THORHLIA PACXON PACCYHTLIBACTCSA N0 YPABHEHHAM, NPHBEACHHEM B }aa-
aene 3.3. Kosdwment typOynestHofl auddysun (tounee, oro ocp ;
HEHHOE 3HATEHHE) OMpeaeineTes Kak ' g

D, = to, = (0,1R) "= ey (3.4.9)

Ime 8y — .
. 'u: CpeiNee MGG THOCHNATIE SNCATEN B @UHNHGE MBCCK NepoyetLiBa eMoll
. K n'dy -

g - Ip— S=—— {(3.4.100

3.8, TYPEYJAEHTHBIA MEPEHOC B ATTITAPATAX
C MHOPOPATHBIMHE MEITAJIK AMH

;{au NOKA3ARO B T4, 2, YCTEHOBKE HE Bady [BYX wan Gonee MemanoK
wannspa'rax 0e3 OTPAKETENLHBX NEPETOPONIOK HE NPHBOIHT K CYIECT-

H::E;M HIMEHEHHAM XAPEKTEPA pacnpefleNeHMs OKpyKuoll cocTanin-
el CKOPOCTH 110 CPABHEIHIO C OJIHOPS/ELME Memankavu, B cossy.
€ STHM TIPH YCTAHOBKE MHOTOPSARKIX MELIANOK, KaK CleAyer u3 puc. 5.14 '
TAKXNe XAPAKTEPHO CYLIECTBOBANMC WHAHHAPHYECKO nma.epmmrrln pa-
IMYCE T = rp, pPajsanbubi TypOyaentHul nepeHoc uepes :io'wpl;m'

* Bupamenue Dy nprofiperaer nu
f n {34, it 3
[ T t‘{nnmwm‘lénlm oT Et].'ln‘ri-pilﬂ FEEF[TICIBJ!I’:,E(:;“ EHERSRSE. BIREACH) Koy
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sarpyAHen {em. paspen 3.2). Kosdbdmusents TypOynenTrON AEGKhysH#
b BOHEX F < Fy W I >0y PECCUMTLIBAKTCH 1O yPaBHEHIAM (3.3.16),
(3.3.17). B 10 we ppeMs Xapakrep BAHAHHA UHPKYJIAUHORHOIO ofiMeHa
eIy 30HAMH B ANNEParax ¢ MHOTOPS/IMBIMH MCLI/IKAMIL OTAHYE-
oTCS,  ST0 OKASHIBAET CYNIeCTBEHHOE BAHAHME Ha NPOTERANKE NMpOUecs
cop nepenoca. Habniofenks B HaMEPEHHA NOKAsHIEBAIOT, 4T0 NPH ycra-
HOBKE BTOPON MEaKi eHHEA HHPKYARIHOHELR KOHTY D paipymaercs
i1 oBpasyercs CHCTEMa HHPRYNAUHOHELIX KOHTYPOB, CXEMATHUIO noKa-
sankan #a pue. 3.15. Tawum obpasom, KakK IEHTPANLIAN esr=
< ), TAK H neprdepHiHan (rs <7 < R) aonn annepara ORasbiba-
I0TCH  PAACTEHALIMIT HE YHBCTKH CPaBHHTCNLHO HeboNBLILGNR BHCOTH.
TypGyncuthas JHGDYsHs N0 BHCOTC KAMJIOTO H3 STHX YOACTKOR NpO-
HCXOJUET CPABHATEABHO GLIETPO, H NPOTEKANKE npolecca nepeMelHBaHi R
ONpEReARETCH rAaBHENM OOpPa30M WHTEHCHBHOCTLIO obMmena Ha TpaEHnax
LHPEYASIHOHHLIX  KOHTYPOB.

Kak caeayer #3 prc. 3.15, Tpasuiil 1MpRyJAsUHONHBX KOHTYPOR
NpPOXONAT, BO-MCPBLIX, B IMOCKOCTH MEILAIOK (cevenue [) 1, BO-BTOPLIX,
B TIIOCKOCTH, PECTIONOMEHHON B ITPOMENYTKE MewIy MCUIANKAMH (ce-
verme 11). Mexaunan ofMEHS HE STHX TPERMUAX OKA3KBAETCS PAIMHL-
HBIM.

B ceuewnn | NOTOKH UMPKYASTHOHHHX KOHTYPOB, PAcTONORCHUIX
e 1 BLIDE MEHIANKHE, CMETKAIOTCH B 30HE, HENOCPEACTRERHO oMeTaemMon
HonaCTVH. BHICOKER HHTCHCHEHOCTS TypOynenTHocT! B 370l sone [24]
CGECTEIHBAET IJIHOC NEPEMELNIBAHHE NOCTYNAIOMHX NOTOKOE, H, TAKEM
0Opason, NMOTOKH, BLIXOAILHE B nepHgepn itey 10 30y (oGnactit 2 4
wa pue. 3.15) ¥mMewT OAWHAKOBLIA COCTAB.

a rpannle [, 3akAOYEHHON B npexeaax IeRTpanbHON 30HE (06-
N8cTh PAANYCOM Fy) TPH ACpeMCLUBAEHH TYPOHHHEMK MelialRaMH
ofiMeH MEKRY OOMGCTAMH BbIUE M HHKE MEIUANKH NPAKTHHECKN OTCYT-
CTBYET H3-38 HANHWHF JIMCKa (car. pHc 1.12, #). Ha rpammne /] kakue-
o pHenniHe BOSMYLLCHHS OTCYTCTBYIOT, B CBRIH € STHM ofiMeER B Bep-
THRANLHOM HANPARNEHHHE B 300AX ()<t < ryHly <r< R OpoucxoidT
kay caeactpie TYpOynenTHOR AHGGysHE.

Ofmen meauty ofinecrsvi I o 2, 2ud, 4ub, 4u b asnsercy,
Kak H B ANTAPATAX € OJMOPAIHBIMH MEWAAKAMMN, PESyAbTdTON MUDKY
nst, Beanunpa UHPEYARINOHHOID 10TOKA Ha BXOAC B obnactn 2 w 4
(PBTINE K HHIKE OAOCKOCTH CHMMETPHE Metankn) ONpeaeraascs B paGore
[34 ] mo pesyJibTaTam HIMEPCHHR BPCMENN BHPABHIBANKA KONIEHTPIUH
Tpaccepa, BROAMMOTO MMAY/ILCHO B obnacts 1. DRCNepHMEETH NPOBOLKI-
nicw B annapatax ofemon or 0,02 s0 0.5 M.

B coOTRETCTEIN ¢ MOJYHEHHMMA Pe3yAbTaTaMil B aunaparax ¢ Typ-
GHENLIMM MEIIGTKAMH CTANAAPTHRIX COOTHOWEHHA TPl SHAHEHHHX
v [ wyry) = 0,35+0,6 * HAPKYARNHOHERIT pacxo/l B KAWAOM H3 KO
TYPOB MOKHO OUEHMBATH TO YPABHEHHIO

. nrmm (3:5.1)

* 970 COOTRETCTHYET YCAGHHSIM DEDCMELMBENIA MAJOBFIKNX CPES 0 MBI -

WK AMRAPATAX © cooTHOuEAME R = 34 FIl R} == 2.
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Pacemorpentsie 3akonom
EPHOCTH xapa :
m:; ﬂfa azjlnﬁna?;ma. B KOTOpLIX pfm“f;?n'ﬁﬁ
EBHO JHam :
WaW  npestimaer em!] a HH?:TH E:;ﬁpiacr:ﬂ]l mﬂ:;f
ti:;aw?'mymuuax OTAENBHKM r_mpr{y.nmum’mmm-
wTypam (pec. 3.15), Gnuska panKycy anna-
PaTa MK NPEeBHILAET ero. VCTaHOBKA B anmapeTe
GONBIIONO THEJE MELIANOK MPHBOIHT K pmmfr HEH~
mm:mhuxaiqm LMpRYARNHOMEONG o6Mena M .
If.:-EH'I]:rHthHm'I O<r<r) # nepudepuitnon
anu“»er < l.'?} JOHAMH  @nmapaTa, pasHoCTE
('KD[JHQCLTrI:-pmm“ MEAY STHMI 30HAMH CTAHOBHTCR
Puin e CTh MaRPOMACIITAGHOTO TEPEHOCE B OCEROM.
AETCR. SABHCHILEH TOMLKO OT TypOYAeHTHOR A~

HesHauuTenLHON, TH
HATIP2RNeHKH
qiyagn.
ITHX YCOOBHEX MNpOlece nepel el
= EPeHOCA OnHcuBETCH Y
K:}wuuafal;;ﬂmpummﬂ Inghyanonnofi Momemu. Dcpenﬂguég:la;:f:mm'
sppuinenta TypOyaenTHOrO NepeHoca onpelensercs Kax o

R
2
Dy=— [ Dirar (3.5.9)
wo
uaﬁI::.ri?:?w’:aﬂpamep MPOTEKANHS NPOIECCE MAKPOMACIITAGHOTO Nepetoca
e sy, HENPHMED, B SKCHCPUMEHTEX € annaparom jaHaser
; ool 0,7 M, cHaBKenuLM OMHRATIATHD A AHOM Tpex qnngg:

I(T)
e
: I qé,
T\ | }' EE'
I-rg,@:\"' i
& } gz}
S
Ei—-_—r__; - "4 |
{ \ absk
{ j il
I-Fr \4 Ll i 2
b1t aozf-
N ar L .
¢ T 2 J'

Cxemn CTPYR %—=rfa
] TYPM ROTORON 1 ENTAPATE € ABYNPRN b [EPeMeUTRAD LN yorpoficmaom

Puc, 5.16. Conocramsenne

S el st e w::m:l: ® cl:{.umu: dyvngeR pacopesessiun Epemesn opeGums-
P — o3 ofic Pe=10
Pe=alliD_ :

196

Fxe. 3.16.

03, F—n = 3 v
n 0,73 offt, Pe =44 Cinoomme Simun — PeCHETH N

wofi mewanxoin (B = 1,07, #bs = 33,5). Msuepenun noxasanit, HTO
KOMILEHTPEIHSA TPECCEPA HE MINMEHSETCs NO pauuycy annapara, a SKe-
fepHMEHTANIBHEE KPHBLIE Pacnpeneeris BpemeHn npefuipasun Cpe
g anfiapaTe BechMa OAHIKH K PacCYHTAHHBIM 1O YPaBpHEHHIO QAHONEPE-
weTprmeckoil andxhysnonnofi voneaH

g;- = w-g;_' . Dy —a";: (35.3)

¢ YCROBHAMH OAHOIHAYHOCTH

K s=10, h=0, e=0
=0, k=10, w {opg -+ €) +B""g|,'i' L] {3.5.4)
ar
k=1, —a-h-ﬁB

COOTRETCTBYIOMMME CTYNEHSATOMY BOIMYILLEHRIO HE BXOAC B NPOTOYHLIH
annapar.
Fiecs W — CPETARA PACKOMNNR CKOPOCTE TEUWCHUR MIUIROCTH NEpes annapat, MiE.

PeayisraTsl H3Mepemnii, NokasaHHbie Ha pHC. 3.16, nospoasIOT
onpefenuts 3HAYeHHA Dy H, CAE0BATENLHO, BEIHUHHY Go. Snanenne e,
pafifledioe B pe3y/LTaTe STHX HamepeMii, KaK W [ anusparos CTEH-
napTHON KOMCTPYKHMM okasanocs pavttim 0.45.

Bansude yBEJIMYEHHS UMC/ia MEIANOK Ha Npoiece makpomaciuTat-
HOFG Mepeloca B ATMAPATEX € OTPAKATENbHEIMH (EPErOPORKAME BO
MHOTOM @HAJIOTHIHO ONUCAHHOMY AR CTYHas annapatos fes BHYTPEH-
HHX YCTPORCTE. AHANOIMF 978, OAHAKO, HETOJHAN. E/muuil  UHpRyan-
[LHOMHLI KOHTYP B [@HHOM cAyYae TEKME paspyliseTcs H ofipasyercH
HECKOMBRO JIOKAILHLEX KOHTYPOR — N0 2 B 30HE gauol mewanke. Tlpe
51OM HZ TPEHHIAX KOHTYPOB, PACTIONOKECHHEIX B MAOCCKOCTH MEUNANIH,
nafageTes, K&K M NpH OTCYTCTBHHM HEPEropojioR, AOCTETOSHO HHTCH-
cHBHE oOMen. Ha rpaniuinax, pacnonomentpX B MPOMEXYTREX MEMLY
MEIIAJIKEMY, VCAOBMA CYILECTBEHHO OTHNFIONCs. Mockonsky BeAnTHHA
pajHansuoil coctananiollell CKOpOCTH, uanpasiieHsoll K ocH anmapaia,
3jlech SBARETCH MAKCHMANGHON, 8 MpodHs OKPYHHOR CKOpPOCTH B allfid-
parax ¢ Neperopojikamy MpaKTHEecKy BHIpaBHehibiA (cv. paspen 2.2),
TPaiRCHT CROPOCTH HA paccmarprBaemofl Tpannie ofipaligeTci B HYlb
(HJH YMEHBIIZETCH N0 MEHMMATHHON PEHYHNE), H 3T0 B COOTBETCTBHE
¢ ypaprerren (3.2.1) JonsHO MPHBOMMTE K AOKANGHOMY YMEHbLIEHHIO
CHOPOCTH TypOyJieHTHOTO TIepeHOCE. IMpe caunakosoil obileR BLICOTE
janoAHeHHs BONEPETA MePexofl OT OLHOH MEWANKH K JByM H Honee
NPUBOMT K SHATHTENLHOMY Samefmienio mpoliecca hepenoca [35 ]
MakcuMaibnoe BpeMs NepeMeniMpanus Ha(IIAECTCH npi paccTOALHY
MENY MEMANKAMH MOPFAKA MOJORMNE! JHAMETpa annapara, JadibHe-
L6 YHENHUEHHE THCAA MeaToK MPHBOIMT K €10 NOCTENeRHOMY YMEHE-
wiesino. MMelecs Nanusle CRHASTENbCTBYI0T O TOM, HTO RpH cooT
someunsx HID < 3 #enons3opatie MHOTOPRREX MEILANOK B annapa-
Tax ¢ OTPEMATENABULIME TTEPerOpoAKEMI HeeTeconipasko.
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Fraasa 4

[MEPEMELLIHBAHHE
B FOMOrEHHEIX CPEIAX

[epevewnBanHe B OHOGEIHLIX MUIKNX Cpenax nﬁwino npemmnﬁﬁ
¢ Hens NOCTHXEHH A sgaapnofl creneun OHHOPOMHOCTH ftl;"."lﬂ HOHIE =
Tpaunit WAK TEMIEPATYPHOTO NOJA B annapare B caryHans reruimﬁ_maa
JHOO CMELEHEE NOTOKOB ¢ pa3aninoil KoHIeHTpallHel o TEMTEpATYPOH.
[p¥ nojbope HiAN NPOEKTHPOBAHEY anNapaToB BO3HKKEET IBd pojla
agnau: 1) pacuer Epemenit JIOCTHIKEHHA JA/AHHON CTeneny ommponﬂmz
CcMEleHHR 18 aImApPATAX NEPHOJMNECKOro JICACTBHA M 2)  ONpElencHH
MAKCHMANBHEX MCPenaios KOHIEHTPalA M TeMOepaTypsl NpH ycTaHo-
BHBILEMCT PEXHME B MPOTOMMLIX annapartax. B uacmnmgﬂ N[EI.B::E Ea;:*
CMATPHBAIOTCH METO/b! PEIIEHis STHX 38134 MyTEM MaTEMATHY P::l {:)
MOAICAHPOBAHHA [ONH KOHUEHTPAUUH H TEMNEPATYPHOTO NOJH NpHM 7
HUTENBHO K CAYNaAM HEPeMENBENHS HKHAKOCTER ¢ ONHIKMMH SHavens
AMB TIOTHOCTH B BAsRocTH: OcHoBOR METEMATHHECKOTO MOCIHPUBARKA
CIYIKAT AEMHEIC O 3KOHOMEPHOCTAX MAKPOMACIITAGHOTO Ty pOyACHTHONO
MEPEHOCE B ANNapaTax ¢ MellanKaMmil PasiHuHEIX KOHCTPYHIWH, H3Ao-
AEHHBE B npenuyneft riape. 3ajaun pacierd NEPEXOAHLIX NpaIeccon,
BOSHMKAWLKe IpK paspaboTke CHCTEM BBTOMATHYCCKOTO YIPaBacHHS,
3/lech He pacemarphpaiores. Cheiyet, OAHAKO, 3BMETHTD, HTO BO MHOTHX
CAVHARK PACHET IHHAMMYSCKMX XapaKTCPHCTHK @NNapaTos ¢ Megmnxan:;
(KPHBEIX OTKIHKE HE TE MM WHBIE BHAN BXOJHEIX BOAMYTIEHUI) m;-'ﬁm_
OCYLLECTRAATECS NYTEM PCIEHHS NPHBOJHMBIX HHIKe Jmddpepenuy =
WHIX YPARHEHHA MAKPOMAcWTalHOre MepeHoca MpH COOTBETCTBYIOLLE
IANBHEH  HATENbHBIX Y CAOBHH.

4.1. PACIIPERENENHE KOHUEHTPALUHA PACTBOPEHHAIX
BEUIECTE B AITIMAPATAX C MELWTAJIK AMH

onnueckoro peficrens. [lpumennTesvio K annaparam
2:;;::;;:&;?25:? leleﬂmﬁﬁ Ja7EUE PAECYETd CTENeRH OIHOPOMHOCTH NOMH
kourenTpanuil ofLYHO CBOIMTCS K ONpeaeientio npnnmm;re.nhum:l;:
nepedeniiBaHNA, HCOGXOMUMOR JNH  JOCTHHEHHS 33;1&:}1;19 ﬁengm
OHOPOAMOCTH. PECTIPENEACHAR PACTBOPEHEBIX HELLCCTH. prAe pa
sTofl BEAMYHHE, HAPSULY ¢ NPAMEM €€ MCNOAL3OBEAHHEM JLIR NpOBERKH
NPUMEHHMOCTH NNApETE W MEPEMEIHBAIOINErC YCTPONCTEA B }Iam'inimi'
npoilecce, apufaetcs Gosee olumh cmbics. B ugacthocTs, ERTOPHI .
paceMaTpHBAIOT thpEBHHBEiHH[- Il:{}H]_(l.‘.lﬂ"_pB.lLH'ﬂ KaKk OCHOBHYH Ii[;.ll.‘:e
nepemelnHBanng, NOCKOMbKY €ro 3ajakeil BCera nmnelgna a?ulr”mlm
KOHUERTPAUHORHOTG WIH TEMNEPATYPHOrO TPalHEHTa. P F:re e
APEANETAETCH HCIOIL30BATE BPEMA BLIP3BHHBANHA KOHIERTpanuf (ppe

* [log Crenessi0 OGPOIHOCTH SMECH YAME BCEFD NGIHMIETCR CTENSHb HpHlainKe-
NHR NPENSABIEX. STANCHHN  JORRALHOR KOWURHTPALMN WAH TEMTEPATYPM K cp:[;nn,lzii:
no ﬂTITLHpﬂTy BHBNCHEAM. Rﬂ.l‘lﬁmiﬂﬂ STE pesmyuna MoMeT OLIT, nxnpaﬁ'rl:pumw*ﬁ'
cooThoweries (Cop — Arsgnc)/6ep, OIHAKD mm-raaifm i Apyrie enocolsl

stofi semenms [, sanpimep, ypasnesse (4.1.2) 109



FOMOPEHHIEIMN) MR KOAWYCCTBEHHOTO CPRBHEHHS HHTCHCHBHOCTH
sfxper THBROCTH MEPEMCIIHBARNA MEIUANKAME PASAHYHEX THAOR. Am
TOpH (3 ] pacemarpusamr BETHNMHY BPEMEHH TOMOTCHHIAINN Kag napa
METP. XEpaKTepHsyouufi crenent GuIH30CTH YenoBHi NEPeneiNBa R
B’ annapate ¢ Memankof K YCAOBHSN WAeambHoro cmeniesits, w o
JIEFSIOT CUMTATL ENNEPET HCHPEPWBHOTO nefcTais MIEATTHLIM CMECH
TEJEM, KOFJA OTHOLEHHE BpeMern TOMOTELHISNHN K CpejiHeny BpemMeHin
NpeOuiBams cpens annapare t/te, < 0,1,

Pacuer spemennn phipapumnais KOHUCHTPAUME npHEATO NpoBos

I no ypasnennam suna

™= kR (4.1.1)

FAe Kz — Kosddmoerns, sanucnul ot Tuna MELEUIRIL i Zocuraenoll creneny o/opon

neer; R = Riry — omioimeiiie ph.rug'u Annapam R x passycy seumsies r; m—
ELIATERD, NPRATHINTRARNG papnul 2

Taxue ypassesns noayuenst wis pemwanok naubonee pacnpoctpase
BLIX THTOB B annaparax Ges neperoponok [5] u o neperopoarami (61
B Somaunsicree cnyuaen, ONHEKO, 3TH YPABHEHH? OTHOCATCR K KaKOMY=
TGO CJIHOMY 3HBNEHIHID CTemne OiHaponEceTH, Hanpumep, pesyustars,
npHBLACHELe B paGote I5), nomyumesn npu  cremens OJIHOPCIHO

E=IT:':_:-5‘!"-] - 0,67 (4 15;

T © — NalMesbee NOKATLHOE ARAgSHie ROHUEETPERA. pacnpeacnsesioro HEN(CCTRA
(rpaceepa); o — HENAILRAS HOVIEHTROIME. THACCEDA » ANNAPATE, O— CPeanRy KoR
UeHTPALHS TPACCOPE @ ArnapaTe nowte FOECPILUCHHEN 0 CACLTHRANNY,

Bostee ofwmfi nogxon x PACHETY BPEMEHN BLDABHHBAHNS KOHILEHTPa~
WiH COCTOMT B OIHCAHKH Nporeces cHeTeMoli YpasHenuit Makpomacurat-
HOTO Wepenoca W petleduu srofl cHeTeMn o HCRONBIOBAHMEN JIGHHBIX |

0w
TYPOYNEHTHOO neperoca.
Annapare nepuopnyeckoro ReficTenn Ges oTpamarentinix nepero-

PONOK. AUNApaT ¢ Mewaakof Ges CTPARATCNLHLIX NEPETOPOROK CleayeT

PACCMATPUBATL KAK cOCTORMmMI B3 Apyx ROHUEHTPHYECKHX 30H — IleH-
TPanbhol 1 nepudepuiino, PASACHEMHBIX TIOBEPXHOCTHIO PAIHYCOM £
(ex. puc. 3.7). Cornacso Taxof MOREJH, TIEPEMEUIHBAHHE ABIHETOR Pe=
SYALTETOM COBMECTHOTO BO3RelCTRiS HUpHYARIHOLEOrO ofivena MERAY
SOHAMY W TYPOYAenTHOR pdysun B k2ol na 30i. ITpe sTom 33 cuer
BLICOROT OKPY#HOl CKOPOCTH #itaARoCTY PaCTpefienctue Konnentpaum it
B ammapare ocecummerpuno. Hasmuumne TYpOynentioll muddyann u ma-
Ja% MpHHE Kamaoll w3 son mo CPABHEHNIO © MX BHICOTON HpuBoanT
K TPAKTHICCKH MORHOMY BHPaBHHBAHMIO KOHLUEHTPAUMH WO paguycy.

VLA ONHCAHNA NpOIlecca BuipaBHMBans KOHHEHTRAUKKY B Kamnofl us
300 YPaBHerns ofnonapamMerpuyeckod midyskonnof Monesw (3.3.12),
Brifiop rpaunuinix I_iw:.nc-maﬁ SABHCHT OT MECTA M cnocoba BBONA CMeruy-
BACMLIX Bemtects. Tlpw nmmysabesoi BEOJIE pacnpenennesoro peecTsa
ria

ﬁpl-:y.usmummmx PECXONIAX nepemensipaemot cpefnl 1 KosqdwimerTax.

CHEMp MOl Bk
. 4.1, Koheuuo-pEinocTian i dei
p:.lul;n'm'luu wospenTpaundl B annspaTE (63 0TRA

oAkl NEEOROAUK.

5 BEPXHIOK) HaCTh yeHTpaabrol ig:f;{
anmapara rpagHiHLe yc;;r%ml{g}
};Lﬂ-t‘rnyw‘r Y paBHEHHAM (3.3. o

Jlag 4ucAeHHOTO perienHs ypa o
pufl (3.3.12), (3.3:13) mx Hmﬁm:
paano  ppeofpasoBaTb B KOH e
PESHOCTIYIO (POpMY, npn{’:m:'rma:;r:I ;
wio w3 308 annapara (pHe. x }M?B
;:iJHf}H}'ﬂ|iﬂl'T}I:ld!:-Lﬂ Tﬁ:&ﬁ:ﬁnbﬁ) no sscore (Hiz — war xoueuHo-
pacnonomxeH

. IMpw nocra-
GCTHON  CXEMBl; 2 — UHCNO SNEMCHTEPHBIX Uﬁg}rrpmtg?a.)mu E K& oM

R Goabiuom 2, T. € npi smamux Flz, koHn oft # 3aBMCHILEH

ey HTAPHER OOHEMOB MONHO MpPUHETH nm;&“:“rpa“““e Mo

3 SAEME KOMIeHTPAINE H

- BPEMEHT!, @ TPalHeHT - uueiinon npuom-

'Pnb“?mf; gJ![]mEHﬂ;PHNMH obvemamy BHpasnTL 8 l;'l ‘-H nﬁﬂuumﬂ: Hiz

cOCEH KAK OTHOIEHHE PasHOCTH KOMIEHTPauni B i

FHEHHH

de Gl —C (4.1.3)
(E)f. i+l ez

-— iT I! [ l-
rae €y L3 1 Ko RItHA B SJIMH'B;!HI-II pfinevax ¢ B & 1
E [ LS

depentEanbubX Y paBHenu:

S ‘::t = g (tar — 1) D Fy (5g — &) (2/H)
z

HFy de; — g (or.3— i) INFy (6iy — 20p i y) [271)
z dr

= & & = =

Hi dé gleey— )+ DiFy (€4 — &) (27H)
r dr

fiFs [ff:.ll _ q*r‘__ rtﬂ.]+ an"“ (Friz — Cein) (ZH)
—_— ——-—--dt

(4.1.4)

= s ke =
o wow %

. o0 w

s el s w b & =

HFy den q{rh.; i) -+ DeFy (x4 — 20n - eh00) (77 H)
:

Hie Gt _ i (Ege.1— Cgz) -+ DyFy (Fae. s — ) (2/H)
z iz
: 2 = HOTO CENERNS [HEHTP ATB=
Aneen Fy =nr,, Fy=n(R —rfﬂ] NACHGTH. NOACPEYHD

i c » o s Paium ].'IBCITPE.I'.'.UHI-
noft . [l{-plﬂjﬂpllﬂllﬂﬂ WM, COOTRETCTBCNNG, MY, &, [+ KO HT | : 3
M N h 5 Senier ._].'Il'lrm E"m‘t. pﬂH‘ll‘ﬂHHE B J0NRX 0T p
CMOTH DEOT TG - § AT LI ANNGETH




o

¢ !m:;::"ﬂ:l_u H T:mbuuﬁ KONHERTRAURN b annapate o dopuyae (3.3.14); D,, Dy <
:mqaqmmw“m. e mly;ﬂ:gr:mn;wmlzuu P MeRTpASUIOR M repudepifinod 'emnz' "
b 7 WL MPHNHMBEST SHAYEANR oT 2 0 2 — |, wnnowe & —

Tlpw pasvemenuu Tourn peona B pepxueh uacti nepudiepuilioit Somig

HEMAJbHLIe YCAOBHA, C0 § 3
R WTBETCTBYIOI¥EE  HMITYIBCHOR nojlaye Tpaccepay

O === — z
1 £E= =Ey=rrrm=ip =10

. £4.1,53)
B cnysae srona B sepxmon uacts UEHTPANbHOR 30¥Hb |

o= (B2 i
1= (®m)a o CEh === ==0 mpmrT=0 (4.1.56

Ypassienns (4.1.4) u (4.1.5) smouaror s
A JETHPEe n
ﬂ‘uﬁmﬁnfﬁtﬁtﬂmqwuwcaym ofictanopky g annfpmfp_ﬂ“pi'ﬁ:;wmrﬁ A
AHOBYIN B "1'; éH_:?"-PMHEnHHu SHAUCHKS KOMMHIMenTos TYpOYACHTHOM
UM PRY AU HELT panskoRt (D) u nepugepuitiofi (D.) 3omax, a tarme
e e agig:ﬁﬂ (q). necnerinie suasenns sTux napamerpos
B ra. 3. Yucno ZI:I W;Mmliij 10 YypaBHEHHEM, NpPHBEICHHEM
H3 YCROBNE YeTofin, BEHHO, YHCO ypawsiennfl 22 onpenensiories
i _ﬂi HBOCTH KOHETHO-PRSHOCTHOMN cxems i TpebyeMoit To4s
*IEHI-IEMP? }n ;TT(::!'FEUIEHHH. Tomuocrs pemesns noswuuaeTcs o yeenna
' -1 X InA R
ROCTATONHO BLICOKER TONHOCTH cTEErnmuuaE;:n?]f:ﬂg Eigm[a_inlnamn"

L 3nin |: L

H (4] P LHH
H!HHJ“:I 3 I'-Il.'“ E WOHICHTREY B MECTE “uqnﬂ iiblﬁ AtD 13 yoacmus Faﬂeﬂ'
CThHa LinHHIe HﬂlllLﬂHFﬂl&hH BO #OEX TOMKHX .&lll}apnTﬂ "FH T = O

Ca2

10

ast

oz

Pac. 1.2, !!.luucm EOMLHTRAIMN Tpoccepn p avelne

Epusnn ] Toeri meaaen Fo. ™ iy, £ TTpussey
1
I P in
L ot = 0,425 63 Facuer 1o ypanen; 1
j Typntian giisg ﬂ'ﬁ 4 Ay
- .18 i
1 L Ficaer  po ypaugewie (4. 1-7)

liz

e, =R2)(RR—7) npe v =00

0% i 0o —an
Rey

Pre. 4.8, SamiEHMOCTLE 1n.'x“ nw ﬂr.u And annapaTos AR AN LAY THON.

peuanmy 4 — nponeanepiise [B1 ¥ — pponesscpribie [E); 4 — mnywnopocreae [67; 4 — myp-
fiie | 16 1 Clumumss AupaN — paciel no ypaenese (4.0,4)

KPMBHE HOMEHEHHS HAKUMEHBIEro JIDKENLEONO SHANENRA KOHUENTPAINY
(B TOYKE, COOTBETCTBYIOUEN BEPXHCH Ha&CTH nepudepiittoi 3016) NP
HMTIYJIBCHOM BBORE TPECCEPE B BCPXHIOW H3CTh nenTpaabHol 30K,
3eck e poukamMi 0GOIHEUEHN PeayALTaTH SKCNepHMEHTANTBHBIX W3-
mepenslt * g anmapare obbemom 1 w®. Kax chenyer ua pnc. 4.3, peayn-
TarH PACTETOR XOPOMO KOppPEeNHpyiTes © onyOnHROBAHHBIMY B paloTex
|5 8] AAHHLIMH H3MCPEHIH 15 MEUATOK PAATHTHEIX THROB (Ty pOHEKas,
AoNAcTHAH, NPONEANEPHAN) NPY NEPEMENIHBANKY B ANNAPATAX AHEMETPOM
or 0.8 no 3 M.

Kpupsie Ha puc. 4.2 n 4.3 xapaxTepusylor BIMsHHE yCAOBHH fepe-
MeITHBAKUA Ha CKOPOCTE HAMEHEHN HEHMEHBLIETD IHANCHHS JoKanbHok
KOHUEHTpaIHY Tpaccepa. TIpH BROAE TPACCEPE B LEHTPANBIYIO S0HY anmna-
parg, offbeM KOTOPOH, K&K NPaBiio, COCTIRARET HefonbIye Hacth
oflero ofeend, B HEM B TCYEHHE QAHTEALHOTO BPEMEHH MOMCT COxpa-
HSTHLON BECHMA BHICOKER Kounuewrpaumus. B CBA3H ¢ STHM NPEACTHBJIAET
nirepet olieHKa CTeleHM DJIH{.I]JQII]IDCTH No BEARMHEE MAKCHMAIBHOH
PAIHOCTH JIOKAJLHLIX 3HAYEHHH KOHIEHTPAIHH

Cpntid — Cammi (4.1.6)

Ar :
L Ldee tn— Eii

T fyamn — Lox

Ha pwe. 4.4 npHbeicHa 3aBHCHMOCTH Aty (1) mns venosufl,
COOTBETCTRYIOULHX KPHBBIM Co. (Y) Ha pue. 4.2. M3 faunnx, npencras-
AeHHMX Ha pHe. 4.4, caeayerT, TT0 yMeHbleHHE nepenaia KOMILeHTRaH
Alyne MPOHCXOMIT TeM GricTpee, Wem MeHbie R {310 CcOOTBETCTHYET
cONMMKeHI0 anavennit ofineMoB newrpaibuoil n nmepudepriisofl 30H).
Peay ibTaTsl PACYCTOR H H3MEPERHil NOKAsLIBAIOT THKMKE, HTO NpH onHof
M Tolt e MommocTH, notpebnsemofl HA NepeMellHBaHEEe, CINHAKOBAH

* Mamepenisy HPOBEARIE AETOPEMN € NCROMBIOBANEEM METOMHKI, ONFCANKCH 8 [a-

Gorre [T).
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— e, 4.4, Makcumnininuil nopenay - sows sl
i Anagunml ReNUCHTROUNN [ VERANTENMETHRY ¥ e
i TopesmuNBAliNG CM, B NOANHCN K OHE. 1.9,

CTCNeHb QAHOPONROCTH  CMEeIeHHH
T. € ONHHAKOBOE 3Eaverne Aoy .
AOCTHTEETCH 38  MeHblilee Bpempl
A CAY98e NPHMEHCHMS  MEiadoKR
¢ 00JIEE  BLICOKMMH 3HANCHHAMH
I (em. paapen 3.3). Ing mMewanok
¢ QIIHBKOREINMH £, YMEHBIICINE BRE
MEHH CMEIICHHS TWpM JarHOT MO
L - . HOCTH MMEET MCCTO NPH CHHMKEHEH
anavenui  xosdxbmumMertTor  conpa
THBAEHHS MCANOK T,. |
Tpebyenoe Bpems WM HUTEHCHBHOCTS TEpEMEIMBAHUT PEIHO 03
PACTAET € yHECTOYeHHey Tpebosauuil K ONKOPORHOCTH CMEIIEHHS B 8
napate, @ pPacyeTHOE BPeMA J0OCTINEHHR abcomorholt oaHopoAH
emecst (Abyaee = 0) papto GeckoretHocTn. Pasymeeres, stor ciyvail
Upe/lenbiblil, ORMAKO YRasaeHbl XapaxTep samncumocTn Ttpelyer of
NPOCKTHPORIHKS BHEMATENLHONO OTHOWEHHS K ONpeAeteno i
TOMHOH cTenens onnopofuoeTy cuewenns. Heobocwosansoe 3amkenie
3ajlasgempx npe pacuere angdenuil Ac,, .. MOMKET NPHBECTH K PEIKOMY
YXYRUSHHIO TEXHHKO-SKOHOMHYECKHX Mokasarenell annapara. Konkper-
Hue rpefoBaiyA K CTENEeNH OAHOPOAHOCTH JOMKNL ONPEAEAATHCH
HCXOJIAl M3 OCOBEHHOCTEN TIPOLECCE € YHETOM PeasnHOl TOUHOCTH Jloak:
poBanks cymewnsaeMsix pewects. Ha npakmike s Soanumucrse ¢nyvaes
MOTYT GhiTh NPHHATI 3HAYCHHS Aly. fopstka 0,05 u Gonee. Bpews
JOCTHRENHA TAKOH CTENEHH OHOPO/BOCTH B NPOMBILINEHIEIX aNNaps
Cpensuy ofneson o6uuto HeBeHKo — 3—10 Mum.
Ilns oleRcurBx pacueron yroGen NPHGUIGKERIRIL METOM, OCHOBANHIAN
HE MCMOAB3OBARHH yNpomEenKoit cxemul neperoca. Ecau npenebpens J
MEPENSRoM KORNEHTPaIKE Mo BUCOTE LENTPAALHON | NepudepiiHoi 3cu™
H NPEICTHRNTL KAMAYI0 H3 30H HACANLHLIM CMECHTENEM, TO JUIS ONHCARNUE
npoueccs BLPABHHEARNS KOHUSNTPALNH MO0 BOCTIONLSOBATLCH Pellts
Aitey ypasuensi (3.3.18): ' '

e (9 =1 -¢x]:-[ -VT(%";'_—'MJ (4.1.7)

m

TRE Gy — CPEnAN KonneuTpauns & nepadepuiina sowe v wowenr v, ¥
pare, M.

Yaumisan, wro Vo, -+ Veey = V, uafiges:
& =+ (R) (1 - &)

e Vy = nri H — ofien nenvpazisol sout, w; p=1 (RE—rl) H — ofnen mes
pudepitinelt 30nm, &' ¢ — cpUIBERR KONUSHTPALRA B UENTPRTREDE 30l

ofineM anm

(4.1.8)

* B pannom coyuie THXOE YAPOMENHE RBANETCH AUBaLO FpyOun. Paouety nos
HASEINAKOT, 70 TPETL, ROJIERTPALRE N0 BRICOTE COMOCTANIM © Aty ic, KOTH 0 ROHL0ES
STOH BETITHT L,
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Atyane (1) =y (1) — c2(x) {4.1.9)
woc yuwetom (4.1.6) u (4.1.8)
Re qRs X
Aesnnic = F:‘ exp [— W—a—j—} {4.1.10)

Kak caenyer wa puc. 4.2, ofinacte npHMCHCHMSH npuﬁ.ﬂumeﬁ'ﬁa{;
ypasuensi (4.1.6) # (4.1.10) cooTsercrayer snavennin 0.8 < ¢ < 0,95.
Bue ITOTO JHEMA30HA MOTPeIHOCTH NPHOANIKEHHOrD MeTolla PEsKo
BOAPACTAET. .

pemsi TOMOTEHH3AIHH, OIEHHBACMOE N0 HEHMEHLIIENY NOKANLEOMY
1HENEHIN0 KOHIEHTPAINN (s, HE 38DHCHT OT MECTa BBOj@ B almapart,
i npuGamsentoe ypasreune (4.1.6) momer OuTh HCAGMbL3OBAHO ApH
poOlle KAK 8 UeNTpakbuylo, Tak ¥ B nepudepufinyio sony. Bemtwmna
ACyaye HPH BEOLE B 30y Gomuimero ofibema CyIECTBEHHO CHHMEETCH.
Takum ofpasoM, B TEX CAYHEAX, KOPJE UEb HEPEMELIHBANNS COCTOHT
B JOCTHM(EHHM SERAHMOTO TEpenais KOHNEHTPaLME 338 MHNMMAaNbHOE
BpEMSi, BEOJ PaCTIpejleiHemMoro BelecTsd HCOOXOMAMMO OCYIUECTRIATE
¢ 30Hy Goaswero ofiwema.

PaccMoTpelibie BeTIE SAKOHOMEPHOCTH H MpUBEJIEHHEE YPARHCHHT
NPHMEHHMEI, ECAH  PACTpefe/eHie KOHUCHTPAMH CMEINBAEMbIX BC-
NECTB MO PamHyCcy Kamjof B3 SoH annapars HaM3Ko K panmmepn;ﬁuy,
Ilpn manofi BEiCOTE annapara Mo CPABHEHHIO C €0 JHAMETPOM (HD <3

<~ 0,5) ® GoaplMX OTHOLLEHEAX PalKyCcoR ANHAPATA H MEIHAIKH (R = b6)
PAIAANE MOKANBHLIX 3HAYEHMI KOHICHTPAUMH B PAMENLHOM Hanpas-
eHHH  Moser Owmh cyutecreermofi. KoOrig pasHocth Kouuentpaimi
B OCEROM H OKPYAHOM HAIIPABJCHHAX Masa M0 CPABREHMID C MX nepena-
noM N0 PAAMYCY, MPOMECC BEPABHWBEHHA KOHUEHTPauMA onwcuBaercs
VpaBHeHHEM 3.3.32}:" o

Jins pewenusi ypasmeunn (3.3.32) socnovubsyencs, Kak ¥ B I'l]')t't%hi-
jlyleM cnyyae, KOHETHO-PA3HOCTHON cXemofi Mofens nepexoca !
Ipeacrapun ofkem annapara B BUAE COBOKYNHOCTH 2 KOHIEHTPHHCCHHX
snemenTApHEX 00neMoB pasuofl wupuisl. Kasaph #s smHX 00BeMOB
PACCMATPHBARTCH KAK ANCHKA WIEANHHOTO CMEINEHHH C KOHUCHTPAIHER
C;, OBMEH MEMIY RuelKaMy ARARCTCH peayabratom Typbynentuod andg-
hysuu. TIpy A0CTaTONHO GONBIIKX 2 TREMEHT KOHIEHTPALNN 1a TPAKHIE
COCENHMX aieMenTapunx ofinemoB [ M £ -+ 1 MOKHO BHIPESHTE CJEMNYI0-
um obpasan:

»

do _ Cipg—c1 _ CEa—¢f (4.1.11)
ur Figg— i Rz

* 970 OMUCANNE, KBK H NOCACTYINQHA ANATHA, HE OTPAMBET NAMTTHA NEPEHOCS
BEIMESTR PAAMEILILN NOTOROM W PEIFALTATH PRCULTR HPEMEIN pa.nﬁ:;'ammm {npmz:
pacc U ch
CHERVET MATPHBATE KAK DEPXiico orenky. Ormerin, umo npi 6oJsmmx '
: n.‘:&t‘mmr# 3373-?nmwu prAREakHoH CROPOCTH TEEAR OIEHKD OKEIWHBAETCR BECBMA fans
Holl & (KTHvecKke NBOORSEMEN SHBIERHIEN [9].
115




ﬁax:;ﬂm:uf:f??“::“m OMUCALHE NPOIECCa BUPABHHBANNY KOBIYEH
s cTeme OOLIKHOBEHHKWX JndepenunanbibiL ypa

o tE on
i e . AL e
A — Fr Pole—a)

(i "?-l)%?—

&8 W omie Wl emlly

2“ H .
_'F-'.r_lnvﬂ--h’:--l (cra—e) —Dri(ein—2)] @118

.......
------------

“(RH“’E—I}‘%‘?I_ 2RTe 1 pyn

iz oy (G —5)

pae DY, — sokanssoe sn '
pi augpne gosddmienta Typlyaonmioro fepenoca A oRpVMIN
:.-I-]r::_‘ FI:::H::E .:;a ﬂnmq:ﬂﬁfim no-ypasrenuene (3,390 (3.3.11), »®c; r; = Rz - ml.m"
1-10::7{'1?:}1 Et;;ﬂ:;u:ﬂ R 00BbeM NeHTPATBHON 30HL, OFPARHYEHHLT TOBEPX:
ol annapz‘ra.}r M Fm < rg.lcmaannﬂ HESHAMHTENBHY 0 %acTh o0ts
el s H;tfpnnmmmenbﬂunb Npoileces  BLIpaBHHBAHNS K
et hi0 E}&npenmnﬁtﬂ HETCHCHBHOCTRIO [EpeHOCa B |
A 30He, NOSEQNSET YNPOCTHTE  PelIeHHe CHCTE!
-1-12) B HCHOMBIOBATL WA BCEro anmapata ypapHenne Kosduimen

Ty poyaenTHon tuddyann (3.3. . :
llonaras, wro ;5""1’_' e ?f: R.] lu];- %ﬁiﬂemmﬂ s nepudepuiinodt soH

i [t
P = jouts (0 + 1) 75 (o1 i)

rie Py H Ay — napanMeTpu

0,22 fom. paszen 3.3). PACOPEEACHUS CROPOCTH; Gp — Kosdduitiony,  pantil

Hasiee, epops Gespasmepnyio nepemennyio
T == Zuageng (1 4y 4 1) 2/ (4. 1.14) ‘

YOpoCTHM CcHCTENY ypamuesiufi (4.1.12), npejicrasus ec B oGobimenHol |

dopme:

dey
7 LS
1
Flin —6 b — Ly
ey i =1 1
dv Zi— | (4. LG |
dr, - [T

Vi (:—IHEE_”

: TEIMM tmpaanm._ pacnpeaeserne ROHUSHTPALKT ORAILIBAETCR YIS
WHEH TOJLKO OO nepemenuoft ¥. Pemesme cHereMsl  yparnexnil

f;l.lﬁJ ABET BOSMOMHOCTE NONYUHTE O60fiieHHse pesyibTaThl !

pc. 4.6, JamrtkmocT: seaWuniis 1—c (R} oT KOMnacick B R
ppn MMOYALENDMN WENDRE TPALCEpA B TEETD WA TR !.ﬁl
g8
pasuux snavendil nepemennofl ©, mmpamae- 7
b =

MOl KaK
B =1/r= ﬁﬂ?bﬂ.lg qu_'[ + ¢|+ ])u‘m {".].[ﬁ} q‘q =

Ha puc. 4.5 npuselena KpHBAR HIMEHE-
puf KoHnewtpanui ¢ (R) — [ (8) wns chyuas
PROJ@ PECTPEIENREMOTO BeLICCTEA B LIBHTPANb- &=
Hyl0 9ACTH anmnapara, YTo COOTBETCTBYET Ipa-
HHIHEIM YCAORHEM

T=0 ]
(11T L

iy = =

Gy=i-mj="sa=gg=0 mpn

Menonssopanpe s1oil KPUBOH NO3BONRET NPOROJMTE OICHKY BPEMCHH
ROCTHIMEHMS 3amaunofi CTenesy OAHOPOAHOCTH  NOJH KonuesTpaimil
i PAAMBALHOM HaNpaByeHuy Mo Qgopmyae

S T {4.1.18)
2w, (9 -F Yo +1)

[Tpy pacuerax SHAYEHHA \; W Y BUIHCATIOTCR N0 METORHKAM, NPH-
BEJIEEHBIM B TA. 2,

AunapaTe HENPEPLIBHOIO AeRCTEUS. [Tpy pacyere H MATEMATHIECKOM
MOAEAKPOBEHHK TEXHOJOTHYECKKX NPOIECCOR HONPEPLIBROJIEACTBYOIHE
(MpOTONTEIE) &NNApaThl © MEANKaMH, KaK NPasiio, TONAraioT HICLIb-
nome omecntensmi 13, 10]. Onsaxo yenopsst omnopojiHoro paciipenc-
JIEHMS KOHUEHTPALHE CMeNHBaeMbX BLILECTE, OTREIAIONHE ol MoaenH,
B peanibHBIX ANMAapaTax BHMOAHAIOICS JIAACKO, HE BCET/ld, M CTENEHb
(iAH30CTH K HALZNEHOMY CMEIEHHID OOBIMHO 3@BHCHT OT yCAOBKEH Tiepe-
MeIIMBANHS B annapare. B cBsiaK © STHM NEAECO0GPAIHO PECCMOTPETH
ocobertocTd POPMEPOBENHA TIONN KOHNEHTpauuit B annaparax mpH
venpepuBHoM pexume nx paGors. OcroboR anajksa, Kak H b caytae
AnMAparoB NEpHOJIMNECKOFO NeACTRRE, CAYMHT L PRY AFIHONHO-AH(-

GVIHOHHAR MOAENE MEKPOMACUITAGHOTO nepeHoca (prc. 4.6).
[TpH 3RZWEHHAX PACXOACH CME-

r ges & i ' minpaennx seutects G u g (8 m'le),
Ll b e L15‘= | MAALIX NO CPABHEHHIO C LMPKYXss
! e d_ﬁl_f HHOHHBIM PECXOAOM MHAKOCTH B an-

™, | NG ~ mapare *, M ycNOBHRX BBOSIA W BE-
4 ' BONA3 TIOTOKOB, COOTBETCTBYROUIMX

*Srn yoIoeHE TPAHTHYECKN BOETAR

DEETTOTHMETCR,

=
-

—
- Piic, 4.4, Cxebn (2 06} anpsyampronno-auifiby-
_/J nipindl  Mansam mus:a.':mmu FOTOROE  BE-
HECTRA B BENPEPERROgE yankjiss anoapare Ges
STPANMATCALNLE DEPUropoaos.

T

HT




cXeme, npejcramnientol na puc. 4.6, g,

OnNHCEBAETCH cucTemoll mddpepentnanbunx ypaBuensii;
ey

iy

npp. 0K rs

diy dee
'l£+‘?:l—dh'—'—ﬁ ="d7ir;_=ﬂ

C I'PaHHYHLIMK YonoBsuamy:

NPH  ryes r R

e+ 9 (er — It ‘
:tn €a) +DyFs ——=0; Ft‘ﬂ npr k=10 (419
Gog - DyFs 22 _ o
s =+ DyFs & = Bro gtz - fq+s}r1+?-h!-'.%-—ﬂ npH A
Monaras o
g=hjill: o=(0+pe * (4.1.22

NpHBEREM ypaprenus (4.L19)—@.1.21) « OespaameproMy BHay:

"t (ggH dg

DyF, az (4.1.234
dey _ gl des =
a2 DiFs & ° e
g-+9) H de
— i d
DA et =0 Fo0 moreo
GH ey
7% T |
e (et H Gt H .
DiFy * '_f?ﬁ_‘ﬂ"[-{_f;};%_+% 0 AR =]

Vpasuenun (4.1.23) ¢
s BARAAL "
YCNOBHAMMH, [OSTOMY gl-lﬂ W mexny coboil

JIP}'TGI’{J:
Ly = .41 exp [H_I[;!;_.:::_;i!_ :J _!_ AI;

Moctosnmmie Rosgd

HUHEHTRI 1
HOBAHHI Ay, Ay, By, By onpeneasioresi wa oo

TPENENHEX  yenosull (4.1.24) » (4.1.25)
-“'I —ﬂ; A.:—g—ﬂ'_l-_q_'

G
E‘I“ﬁ' » H:=—q+gexp[ﬂg_'|"_"}.]1

IF,
P =
rE= (4.1:20

* Bropoe ux
f“u.‘- =r 0,
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e ) ]
Yestemih ‘{.E.m COOTRETCTOVET  3RaYeNN MOMLEHTPAILI 1A BiROe

pacnpenenenne KOHTIEHTR a1l

TOALKO TPaEHHY Kbl
MOTYT OITo peweHs He3ZBHCHMO oaHo Of

cn = Hy exp [%E:;_‘Ei] z} -+ By Ni '

c
—
(¥ L2 {h—ﬂ'—ﬁ-&
i} Sy wh 7 e -
LH i 1 'l 3 GB d i ] i
(1 a1 G2 03 i G5 [/ oy aes G ar  om
Hom Ll

. 4.7, PAEHpEACAEIND KOMUSITT AN THACCERR 00 NICOTE nepipupniinod oo B DERpo; -
,L;nrrnmm annapare (D = 0,4 w gByLAnARCTIAN MEBLUITRA, dw == 0,10 My, n = B olic; pac-

ApCACS0INE NOTONOR — CaRE no pec. 4.6, @).
CrnclUiEN THNRE — PocweT Do ypannenysm (1.1.28).

pic. .0, PECIpopesenMe RoHIE TRRYWN Tpattepa no pagnycy 8 e plamiape fersyoten -
pure (L = 0,3 W nRYXMONUCTHRR memRANE, dy =001 M3 CHEMA pRCNERREICHAN naToRon — Ne

pee. 4.0, 6).
Viacrota spalgees seomcr [mooffe): | —2 7 — 4 Cnangsse JNREN — PocveT iy YpanEe:
T C L E

Taxum obpasow, YPpEBHEHRA LAH pacieTd KOHIlEHTpaUMi B HexHTpank-
voil ¥ nepudepHiiHOil 30HAX HMENT CACMYIONUT BHA:

gt+6-+q
A= ¥y
g-+ttaq G o AELT9 -
FEq —E+thp[ oy (1 t]] (4.1.280)

IpHMEHHTEABHO K YCAOBHAM BBO/Z, TIPE/CTARNEHHEIM HE PHC. 4.6, 6,
vpastente (4.1.236) npumer BHA

(4.1.28a)

Oy ==

dy (g+Gg i dee
— = =0 (4.1.29)
H MpH (PAHEYILY YCIORIAX
%_‘--—.U; g -44q) (e —ww) - r;‘r.+n—;:,r'-%?- =i npe ==0 (4.1.30)
%‘:— = g+ q lcn~nﬂ+.£-':f—l-d-;—' mpe 2=1 {4.1.31)
perenre ypasuenufi (4.1.232) u (4.1.29) npuofHT ¥ BHLIPEHCHIAM
PN £ . I r= 1 (4.1.32)

g+tae

Ma nosyuerHsX SaBHcHMOCTEH CreAyer, IO OpH BBOAE Tpacccpa
6 BEpXHION WACTH ICHTPANLHON 301H, 8 PacTHOpHTEAA — B HHKEIOW
uacth nepuipepuilnoit sonrm (pHe. 4.6, ) KOHIEHTPAUHA B Kamioh u3
1O0H coxpansercs noctosunoi. B cayuae BepxBero BeOLd oboux cmenm-
vaemplXx fnorokoe (pie, 4.6, @) HMCET MECTO H3MEHEHHC KOHUCHTpamii
no BecoTe nepudepuitHoft 30HL, OMHCBIBACMOE YPaBHEHHEM (4.1.286).
Ha npakTuke B YCOBUSX, KOTIE g < ¢, @ OTHOWECHRS pasMepon annapa-
ToB He cAMMIKOM oramualTes or Tpamimornnx (H/D < 3), snaueHHe
HOMILIeKes ‘HF: H ¥3-38 BHICOKON MHTEHCHBHOCTH TYPOYAERTRONO
OOMEHA CYMECTBOHHO MEHBIUE EINHMIE H H3MEHEHHE KOMIEHTPAIHHE
no puicote nepudepriipoil 30HN, TEK XE KaK | HEHTRAABHON, HesHatH-
renbuo (pue. 4.7). Pasnuume K¢ MEXY ROHUCHTPALHAMH B JBYX 30-
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A Poe. 4.9, Janiicimiocrs, crenenn CAHDPOSHOCTY ERd
03 HHE OT PRCXORA NEP0S AlnAPAT.

Cruiian AudiK — pacwer no ypessenoo (4, 1,3300
-
e HAX Mower GuTb cymecTsennuy (puc. 44
H 4.9). MakcumansHoe 3Hageisie e e
ar naja KonneuTpawyi * onpejensercs b oge
OoTECTCTEMN © (4.1.28) kak
- . Afwane = €3 — t3 = G/(g -+ g) (5158

41 0z o a3 OfbAo @ MEOTD Melsuie ., NOITOMY

A BEANUHIY  UMPKYJAUHORNONO  pacXORid

HDC'TBTDHH}I'[O JUTH NOCTHMEHHA SEJI,BHI'!Bfi CTENeny DAHOPOAROCTH B AL
napare, MOXHO ONpefensTh 110 fopmysne

q=0jhey, o {4.1.34 ‘

Tae Mg, g — NPEARABND AONYCTHMOE SHANCHNE PASHOCTH AOXATBHEYX R DA
B Annapare y
Annaparel ¢ oTpakaTessHEMN Neperopoixams.** B pasnesie 3.4 Gt
NOKAIZN0, HTO B 2INZPATAX € OTPAKATENRILIMI NEPEIOPOAKAME TIEpE
HOC PACTROPENHLIX BEUCTB OCYUECTBAAETCH OATOBPEMEHHO HHPKY /N
UHOHIEM notokom H rypOysentiolt auddyswell. B coorsercrein oo
exeMofi, npuseseinoil ua puc. 3.15, ofuen annapara momer Guirs np Ak
CTABJIEH COCTORIUMN H3 JBYX KOHIQHTPHYECKHX 301, COOTBETCTRYIOUUMA
BOCROASILER ¥ pHCXOAAmed BETBAM IWPKYJIALNONNOTO KOHTYpa, M
STOM B KamAoH 3012 HMeeT MecTo wml;rnemuan andehyaus. Om
B OTANNHE OT annapatoB (&3 oTpaXaTeNbHLIX NEPEropojiok, B Aas
CAyd2e ofiMel MEKILY S0HEMH OCYIECTBINETCSH HE TOABKO BOSEH
IHPKYAAINH, HO H 38 cyer TypOysentuoi anddpyaun uepes rpan
pasfiena 3oM, COOTBCTCTBYIOULYIO HYJEBOMY 3HATENHI0 OCCBOl CoCTand
et ckopoctn. Ornowenne nomaneil nonepesnoro cevenns /1
JO¥ HE 32BHCHT OT COOTHOLICHNS PAIMYCOB anlADATa K MEILAKS I Boer
Ganako K enMnune.
Jpyroe ovawane cocTONT B TOM, 4T0 BOE NPOCTPANCTBENTILE COCTAD:
ARIOUHE CKOPOCTH M WX FPAAHERTH B annapatax ¢ ofpamaTebisi
NEPErOPOAKEMH ABIRAIOTCH BENHYNHAMH OAHOIO NOPHAKA. 3TO No3BOASE]
npenefipest pasiudven auavennit xosdgmimenta TypGyaentuodi gy
(ysuM B oceBoM W pasHaibuOM nanpasgenHsx. Ecau YOpocTHTS [k
BEACHIYIO CXEMY NEPENOCE H CHNTATH NOAE KoMIenTpalnit ocecnMmerp
fhiM, A TP3IHENT KONUENTpaiHl Wa rpaniie paspens sou BupaInth
B JiHHEHHOM npuGamkennn Kak

33,2

e ———

€y —0>Cp

R2

(4.1.3

* s yeaosnll BeOfa, NPEACTABARIHEK NA PuC. 4.6, 0, MAKCUMEAEIEH fopOiAD
ROBUCHTpATUNA #aeer Mectn fHph 2 = | o
** ManareMie suke pesyumiTi noyueRs setopasi cotnecrio ¢ 10, B, Ko
TortM i J. C Popaecssm,
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o MoHo, caeayd |11, onicath npolece BLpaBHHBANHS KOHUCHTPaItHil
y p ABHEHHSIMA

I']'L'] o 42Dy

o G D~ (= )
%;wi‘&l_ﬂ,% -%EL:-{E[ &) (4,1.96)

3pecs . w— CHOPOSTE  OCEROMD

= 0,71R — pazuyc rpeEHuis 300 -, @ c.pn:l.l:mu .
uupll}*ﬂﬁllll;gmm notoka, m'c (eM. paInEn '2,2];45-, — DCpesHEHHOE SHANBHNE Kowgbu
nueHTA TYpOyaetmioR audspysin (oW, passen 3.4).

Hernonssys HOPHE TepeMelibe

Hy2 |
€ — Ly , P& 1 = e
q._,—_c_'._gi; sz_.__l_z_’_' _q_ﬁq,]g(ﬁ) s
h
S (g |

npuspenem ypaspennsn (4.1.36) ® nuny -

: B 2AQ—0  (4.1.38)

dp_ 1 P9 oM g L SR SR AT S

gt - Pe oz + 3 s Pe a* iz

Tounoe pemenie 3TOH  CHCTEML ypaBiHeHH{l npw  TPaHiyHkX
YCHOBHSX

Q=0 " g =8 (2 upe ® =10 {4.1.39)
=10 npe. z=10 i z=1 {4.1:40)

vokno npeacrapits (111 wax
(4.1.41)

Q= i Ay, cos (nkz); 6] Z By sin (akz)
kb =]

Jece & {2) — ommocToponnRn AeanTa-gyrmn Jipaxa; Ag = 1, By = 0,

Aﬂll"ﬂ'—ﬂ’k"l) 7 s i
2 (ch]r"m_:-mci.t-[- ST B-'I'p[ ( + e ) ] A
npR k< -
A= f oy [ wrme 7T nikEy
S Asmy —AB ) [__ T
E(mslr"_ﬂs.;.nl.nl T T exp (‘H' Pe j |
npu. &k > A? ‘
| (4.1.42a)
2 A
MOV [ (14 3L)] o r<d
VA] = Hik!
By = s
| e [ (44 5E)] et
Y —AT 4 732 (4.1.426)

b't-l [l ¥ -F ; ] H.
3 ACANE CODTHETCTREYCT IBEHCTE I Jlmwcﬂ nonepedHDio  Ceue HE 30
O )



Puc. 410 Hamanwrine

. BMARCIMATLA O NEPEHARD Mol
l'liﬂl;; B anmapave & i
= 17,5

HYOR0AKREN DD BOCKENN i

I — patwer no yponiesno (8:5.42); 7 — pacusr g pwe
Wrtimoey  ynaantsno (F. §48),

C yuerom Q= (p, — )2 nomyuzey
86=20 =3 ¥ B cos nkz) (4.1.48
k=0

Pacuer np (Popmynam (4.1.42) g (4.1.43
OKEILIBAETCH NOBOALNG Tpomoankum. [
NPHOMILKENHOR  ONENKH  cTeneny oJLio
MOCTH CMEeHHs B annapatax o OTPaMa:
TEARHLIMK - NEperopoRans Lereconlipas
0 s - 75 PACCNOTPETL yrpomennyo matemarsec .

% MOAeAB, npeicTabue KaNYI0 M3 30H Kag

S0HY WiesnaLHOro CMeLenHa:

"%rr'!-‘—}—:*[ﬁ—'fﬁ‘i“%}:—ffl—

(4.1.44)
Havanbume YCIOBIS, CODTRBETCTBYIOIHE HMOYAkeHoll nofaue Tpaccepa
B HEHTPaNLHYIO 3omy *:

:5‘1:; — W ‘Inr r
o g a—a) _""‘Q';{:l L H

o=ViV;=2 i t3=10

Pewenne cucrenm: ypaBuennil
(4.1.45) nmeer mug

o= 1 4 exp [- (%"*%)1.]:

Ouo nosposnser Moy
HEHHON OleHKH w3y
BO BpeMeHi:

np g=0 (4.1.45)
(4.1.49) npr navameuuy yenoBusx

r,-_l-—exp [——:%r——p —?—) r]'

{1‘I'
Pamene aan npuGan-
TPEUHH MeMIny apuay !

o= cg— gy =2exp [— (—%nf--i— _%n_) 1]

YunTteieas, wio p BNNapatax ¢ oTpPAKATENbHNMN AEPETOPOLK aNH
re = 0,718, a raxixe spogs Geapasumepnyio MEpeMerityio T — ¢ (w/H),
ona cayuan H = D wmomue HEPEeNUCaTh ypasueinie (4.1.47) B Gonee
KOMDAKTHOR dopue: '

Ac =2 exp [—(%2—1—9)'3J {4.1.48)

Conocrannenye Peaynstaton pacwera no
(4.1.48), npupegennoe 1a puc. 4.10

Wb SHANHTHYECKOE Bt
CHEHMSI nepenaga Koutey

(4.1.47)

YpaBHenusin (4.1.43) w
+ NOKE3LIBACT, 4T0, Kak u & wyyae

* ¥unrHean, wra n ANRBPATAR C OTPAMATENLHBIME DEPETONONKAMIE  OTHOIDCHRE
IIDUENCH nofepespons cevenng HOHTREALYOR 3 nepegepninoll sor panpo AR,
olineME STHX 505 OIASHANTOR OANHARORLME [ PAUHES mOAOKHKE ofnewa annapard.
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AHENT METOA #
arop 0e3 OTpAMATeNbHLN HBPE"“F“’MI;W’ yﬂ;??::f'r Y IOBIETHO P -
aﬂ:a:taptm}'lmwe CNY yPaBHCHEE (4'1'4:.3,““0 lI;EIIIDSIWM CTENEHH OAHO-
e H cpasui CTCTH
; 18 TONLKO ApH Cp
pellbHY T?LT{] n_ B OpablMicTee cayuaes 3To Cﬁ:ﬂw“ﬂﬁ
'-"ﬂﬂfjf"ﬂérmim TpeBbOBEHHSAN K CTEneny sl C;uuﬂeuf‘m'mx
“PEE::;:}:msﬂne ypastienne (4.1.48) snazie apurono é[;:e:mmro nepe-
P i Ocpeientoe snavene xospuunenra s oo Yjanaenn
Pca Dy, HEOGXOMNOE ANR pACHeTa, oS n::m;ﬂ‘-‘-““‘m"““m“ 3
,, . . HOTO 10
, LHPKYNRIHON
(3.4.12), €ropocTh
(popryae: 9 ¢ _ %
S TR

pasemuo (2.2.12), we.
rre @ — WAPKYIRUMONILG PECXOT, ONpeAeTIeMuit N0 ypasH 22.12)

(4.1.49)

AX

- MEPATYPB B AINNAPAT

- ;s?;é# Erﬂ";’aﬂ;ﬂurmmmx NEPEFOPONIOK MPH HAJHYHH
HCTOYHHKOB H CTOKOB TENJIOTHI

, acrapaenuani (12, 131 mexa-
L . [ECTBYIOUDIMI NPEACTE e
i me““'rgﬂ;gm B T)_:,'pﬁynﬂmmm NOTOKE HACHTHYEH MEKGﬁ m:g-
gl EHHEY BELECTD B KOSQHIHENTs TYPﬁ}'JleHﬂrmmﬁuﬁ
s p:::ﬁaw:mhpnmmﬂg iy s e
Py nenill nep
2 pa ypae : YafX MOMKET
T('da;:emf:ﬁa;maé?gﬂlmm“ HEBOCIARN & m“{""ﬂﬁ cs:g.'lﬂﬂ‘ﬂﬂ pas-
" Tec.].m,,m pasanuaTeen. TnaBnoit npUumHOl okl sl
U' :lue rf}ammumx YEnoBHH, OYCROBACHHOE W o3IMIHEHTH MONeRY-
rernon Rpyras npAvna: COCTORTD TOM, nr!-uunn Ha B MOpAAKA
napHoB TeTIepaTYpONpOBOAIIOCTH M KoCTEl! 1 f@iKe mpH BHICORUR
= oaduiienTos MonekyspHoli bRy, BEJI2N MOJIEKY s p-
arata Kospumenta TYpOYJIENTHOrO NIEREHOCH KA3aTRCH 3AMET-
"'”aqE“"Mmca TENAOTH B OTASIBHEX CRYNAAX MOKET ?[ ol
HOrG NEpel [oro, PN 3naUNTEALNON HEDIHOPOAHOCT gl
- KFD,T: aTé MOMET BOSHIKATE CCTECTBENNES nnnmﬂgﬂc s VILLECTBEH-
;EE::;: ?{namgﬂﬂﬁ““ ¢ MEANE R H"-:'} J’En;gﬂmx KOJHYCCTBEH-
- EFOPOAOK HMeET
”IITKHI;:S:‘;OE&DM i S mamgm‘;:m:rmﬁﬁmngmlfmm Fis
1BE 30N, PAS/IENCHEIE WHANTAPHYECKON noBep e Ty POMHIOT MELIANKH
Fpn IHaMetpe 1 Bcore annapata 2,2 M, AaveTp aHpapTHLIl annapar
! pH JiHa m’re spamenns memankn 130 o6/ (or [;:er I
ucaion 10 % T14) FARRYC TREMIN S0 Ry Rowmoe 7 paken
; 0,3 M, 8 UHPKYASIMONHLI] PACKOJL M JIHOCTH PacCUHTH-
(F-EE}L:?“M”#E Kmmwm wpﬁyﬂeurﬂﬂn TENANONPOBD
I' 3
Bactesl N0 YPaBHeHHo (4.2.1)
== by = popiyr

i TYPONPOBOAHCTTH {1y

{ asddiment yAeHTHOI TeMTepa il

oo ity Kooy Dol USTL 1
i ; RESHY T

ypaenenuny (3.3.9)—(3.3.11). Ouenxa e




10% Br/(m-K), 4o cymestseiio Gonpiue KoaMuIHenTos mosexyns
TENNONPOBORNOCTH ?nanpump. Jois eos 0,61 Briim-K) ). Ouess
ST0 B PAcCMATPUBAEMHIX YCJOBHSX MOJIEKYISIPHER  TenAonpoBOLH
OKASLIBBCTCA  CywecTBennof TonkKo npu nepenoce  TennomTu :
NOBEPXNOCTE pasfena 308, Ha KOTOPOI HNEET MECTO PE3Koe citig CHT
KOS(OHIHENTOB Ty p6ynenTioro nepeHoca. Ouennm  BO3MOMKnYI0

AHGHIY TENNOBOrO NoTOKa Q,, uepes ITY NOBEPANOCTL 38 CHET MONeKy
AAPROE TeNAonpoBOAHOCTI: f

Qe = 2atral] —:5— At (4 2 Ay

TEE A — tennonpoBoinoeiy simkocts, Brifw-K); At —
wenTpasbuol ® nepudepniioll sopmi, K

Bemunna 8 — romumna enost, » KOTOPOM PESKO CHWIKAETCS HHTENs
CHBHOCTH TypOyaenTHoro mepesnocs — nio MOPAAKY BERHSHILL AOMMHE
Gurh Gnuska K BityTpennemy macwialy TypGynenTHocT 1121, pas
NAPATOD € Mewiankan & cocasaner okoso 10~ w. Jlan Bosu pacuety
OCHOBANIBIL Ha npHBesenisIX OlLEHKAX, adeT: | '

MEPEOAs TEMNEPATYPH MU ‘

0.61

QM = 2'!1'0,3'2.2 __l'[_]T_

Af - 25 280 Af (4.2.32)

B 1om e annapare notox TENNOTH,

TEPENOCHMENT 38 CueT UMPKYARS
iy, pasen

@it — gep AL — 0,047- 10°.4, 19+ 10° Ar — 197 000 A (4.2.36)
Fe €p = 8,19 107 JIm/(xr+ K} — rennoesxocrs i |

Takuw obpason, MOZKYMHPHLIH fepenoc Tenoms yepea AOBEPXHOCTH

pasiciia 3aon cocrasnser okono 10 9 of O0LIErD TEMIOBOrD NoTOKA

MEAULY NeHTRAAbION 1 nepudepiiiof 3onamm 1 B Goabumerse coysaes
MOMET HE YUHTHIBATLCR ¥,

18NI0THUHAS OLEUKE BANAHMS ECTECTRENHON KoMBEKIN nossoser
CACNATD BLIBOJ, YTO NpH fiepenaje TesMneparyp venee 10 K poanukai
PA3NOCTL WWIOTHOCTER JKUAKOCTH B UEHTPA/BIOHN it nepudepsiinoii soi
MOFET 'HEHBOIUPTI} K MIMEHEHHIO 1P KYIIUHONROTO pacxosa 7 He 6o
qeM #a 510 %, [lockoanky croab Buicoxie nepenauL Temneparyp
B 200aDATax C MEMANnKamii, KaK npasuno, je BCTPENAIOTCH, ECTECTBRH
KOHBEKIlHeR npH pacyete noss TEMIIEPETYP
SAMETHOTO HCKLECHIA pesysbratos. Takum olpasom, S2KOHOMEPIOCTIE
ipoprmposaiis Temnepatyproro nonn B ANNapaTax ¢ Mertas Kanmy MOHCHD.
CHHTETE BIOAHE ENAJOIHYHEINY ﬁaccmmpennum (PHMEHNTENBHO K e
PeNocy pacTeopeninix semects. HeoGXolHMocth creli ansioro suanias
bonpocon. pacnpeneneitni TeMnepaTypw 8 wactosmieli riame BLI3BZHA

OTIMUHEM YCJIORHIT Ha IpanNiaX, 8 TaKiKe NPHCYTCTRHEM B annapare
HCTOUNHKOE W CTOKOB TEHAOTH.

MOHO TpencOpeas Ged

* Hexamwenie cocrapsgm ANOAPATH OO CHpeOROBMGT Metas
LHPKYARINS MUAKOCTE NRAKTIECKN CICYTCTRYET (cM. pasten 4.4)
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Kasy, B KOTOpME

Gl

fip

1.1k Cxpma pOTONDE TERE ANNAPAT C pafhatiinaf.
pac- =700

HeoopoaiocTs TeMNEepaTyproro ngﬁﬂ

p aNNEAPATAR € MewanKaMu npi mmeax-
(HECTERNHBIX  TEMJIOBWX peRTOB 5
r3-'. MOYKET BOAHMKATE Kak CAENCTRHE Te
I“-:-[HMEHB ¢ pyGamkol HAH BCTPOCH MM
f::lf:'nm{'}meuimmn ycrpoficTeani, a ml{ﬁ
ya-3a BBOAA MOTOKOB © PA3AHNHOH TEM
p‘ﬁ;lp:si' TeMnepaTyp B annapatax ¢ p:.;
gakasu. [Tpn Tenaoobuene ¢ pyGauiKo < i 1)) 5 oo
puc. 4.11) pewrpanviian 30ua anndpare € ol B
s B W CTOKOB TeNJOTH, 1l TeMneparypa m fion D mes
NG 80 BCEX TOMKAX DPHBHA TEMNEPATYPE B BEPXHEM Cf,ltr?e Lol
"f“”?ﬁ”fﬁ:nn aonnl. Pacnpenenende TeMOepaTypbi B nepHdep
l::?eﬁrﬂ, =< r < R) onicuiBaeTCH YPaBHCitHeM

[ A

P gy d‘: — pepUyafe %:Ttﬁ-—fﬁ‘ Kplta—1p) 0 (5.2.9)
win B OGeapasmeproft dopne
ATy gH dfy  JKeH o g (1.2.5)
a2 appfp de Fl'-‘p‘thl

oofmens, M, Ty =

" H — nrompie  NODEPXHOCTH  TEIR prcore f,

3'“&? rﬂip_ ‘2;:”: = h/H; Iy — Temnepatypa 8 mprﬂmpﬂﬂ““‘[‘%“:z l;;ﬁaa.um. K;

- {ty — fg)l HI_I’E;I KoopanEaTa, M; 1 — TeEail ye ‘:L‘I'I.HD:EF Ko — rosddmunest

i ’L;““'E"mh"‘ HoriepeNtiory_ cedena nt’pli&n_l:m;ﬁ' Ferend n'wﬂgmm_., B/{m- K);

e - ot S M ki ' i
“"mmﬁ.;wn;?::nﬂ;e";mdl kouddmisenTa TypOyaeRTHOR HW*;::::’EE e

o epudapiioR Soe, MIE. Iy — TeMnepaTypa TOCTyRMaILE

TMpuMesiTensio ¥ CAywaio BBOAA MOTOKE B HENTPAABHYIO 30HY
AnmapaTa FpauMylLe YCNOBHS WMEIOT BHA

!
Gepp (1—To) -fp’\'n&[ Tadze =0

qf,f-t?';—ﬁ)+-£l£';;—"&-d—;ﬂ-.. 0 npie =10 (4.2.6)
—‘g‘— ={) npn 2 =1

: : oy — TEMNE-
ne G — pacxon MomkocTi wepea anhapat, we, To— (fh — (p)lle — tg); 1 — TeM
rne (g =— b

g K
Parypa 8 HenTpRALBOl sone, .
Pewenye ypannenin (4.2.5) npu six rpam{qngx ylu'mmmx {4.2.6)
1 noCTOsNNHON TeMAeparype TenjonocHrenst B pyOallike:

T — At (1 — Q) AP (1 —Qika)  (427)

A AT 125

Ty




3lecs

by & P
---E-“’\._.h c"}‘{l—?)-—r[(ﬂll
Ne
Az =—4 A 'E—,.—
2 e
. P Py
M.!——E'-‘l_“V—{!"‘l'P! (4.9
3 qH = L ﬂ:lﬂh'pfp a = ﬂ‘T:Fi; z
fl.———'u"F ; 91~W1 0y =gl
ZaRK ol
Qs —GT‘_'—:;”—-. Fy=a(R"—r)

HNpereasusie suavenny TEMICPATYPH COOTBETCTRYIOT BEPXHEMY CF
HEHHIO annapata (2 = 1), MakcHM2ABIRI Nepenai TemMnepatyps pases
lan— 1y
[}

ATpane = =15

(4.2.10
e by — TeMTEpETYPa B BEPXBEEM couekin neputbepufinol SoHEL

Swaueime ATy, bospactaer c yseauuennes kosddrnuenta tenaos
OTIAYH H CHHIKAETCS C NOBMIETHeM HHPKYNRIHONBOIO PackDza # KOs
stpdminmerra TEWNEPATYPONPOBORHOCTH (g,
~ ¥pasuemis (4.2.7)—(4.2.10) onucwsaior uamencime TEMNEPATY DM
o Beicove nepudepniinoi sons. Koadapmiurerr TypOyaentuofl reunepas
TYPOUPOBORHOCTH Gyy NPH pacyerax npriniMaercs THCACHHO DaBiHM
KosduitimenTy typoynesTro) subysun Dy v onpenenseres 1o ipopniy=
fan, NpHBEEHNLIM B pasjene 3.2. Ceenennis, neoGxasmimae A pacyera
K Himenta rennonepesawn K, comepmarcs » ra1. 6,

ACHeTH NOKA3LIBAIOT, Y10 CTEneis NEQIIOPOHOCTI PACHPEALCHIR
TEMIIEDATYPH, XApakiepHsyeman spauenyest AT \ayer  NPH GAHIKHR
Kostityentax Tenaonepenain cnalo SERMCHT OT THna W pasmepoB:
Metankn, C ysenyuenuen oobema annNspara ona BaspacTaeT, a ¢ nonLiue-
HHEM BRIKOCTH nowmkaetes (puc, 4.12). Sror PESYALTAT npeacTannneres
HEOMUIBHALIM, ORHAKO OH BOOMNE OGLACHI

M, TIOCKOJILKY B mpejenax
sHaveniit Kputepnn Pefinoanpca, COOTRETCTBYIONMX Ty pOyaenTiomy.

PERHNY TeueHusl, napaverpul, onpenensioume HRTENCHBHOCTD TypOy=1
ACHTHOTO Nepenocs (UHPRYISHOHELT pacxon u rosqepiunent Ty pOy-
AEUTION TEMNepaTy pONPOBOANOCTH), 3ABHCAT OT BASKOCTH B OMCHb Masofl
CTCNEHN, 3 KOS(PUIHENT TEN0OTAINH © yBenuycHeN BAIKOCTH CHITHES
ETCsl BECKMA 3nauyrentHo. Tarim 06pason, ymennsuwenyie nepenaja reymes
PETYPH SIBARCTCH CCTECTBEHHIM CNENCTRIeN yMEHbIIEHIE TenNoBOrD
notoke. JLis annapatos THROBmX KOHCTpYRIuA ofvemom 1—50 v® [14

DPIL Tenjiooviate K MmAKoeTaM, Tennoduanieckie croficraa KOTOPLIX
GNU3KH K cBONCTRAM NOAM, BeNHYHES AT uwe 9AILE BCETD HEBETHKaE 1t HE
BRIXOIHT 33 npepeas snagewiii 0,05—0,1. Hpn wenoavaosam sonmx.

TENADHOCHTENEH, T. €. NP OTHOCHTEABHO HEBLICORHX EosdubunsenTaxn.
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Gove, qéq ar 0B Gz 02

I_[‘ g6

s, 412, Baswesnners ATyqye OF BEARGCEH i nEpeMELEHWASMOH  CPOAM,
AHE . " -

poc. 4,13, CIBMA NMOTORDE & AOMAPATE © OAHOGWTKONKNM SUSEEHEOM.

300 ] € Beer
rennonepenatn [300—500 ET!(M“-IIT{}I neml:fmﬁa?&:ﬁm““
ok i . [lpn ® :
UKAILIBAETCH NECYLIeCTRENIL e TN e

500—3000 Br/(m*-K) u BHcoRMX sud
T il HEOAOPOIIOCTH

: BAEMDIl HHJIKOCTH
1 rpEIoIEero napa ¥ nepemenin >
ﬁﬁ?ﬁmﬁunn TEMNEPATYPE MOMET B OTACIBIAIX i:ﬂy‘iﬂﬂxﬁ:plmnml’?
fil 1ar{:ewuuy (na 2030 'ﬁ] YMENbIIEHIO TENJDBOr0 NOTO B
g2 PaccmoTpetiibie BHIUE YPABHEHHA HE OTPAMKAIOT ua.rm-i':h S5
Mena Memay nepemeinpaemoll cpenoft M g,teulsur.g;u;' a::gzg:rei;ﬂ.m s
; WBOAMT, OAHEKO, K Ccyllecrnel e
I[:Il:i:t:xlt[:nangt:mrlg;naé'ypu. OrmerHm, 4TO LS OIENKN cTenen (:Lﬂ::gag hﬂ!
L~0£:'rn TEMNENATY PHOFO NOJ5 MOMKHO ummnuarhmﬂeurli ammm b el
x;emmm. paceMaTpHBasn NERTPANBIYIO ¥ :mpnﬁuﬂp:ﬂ;yh; Aoy s
C UHPRYNAIMHO
KaK 301bl HACANLHOTO CMEEHHS s
l:lIMIT. FTOT NPHEM AHANROTHYEN NPHMeHsENOMY M: t;uel!}x:: l;m alganl:;ﬁ:
HOCTH PACHPCAC/CHUR KONIenTpaIli IE paait;‘-lf} :.’-I'.ti':lmllgmlﬂﬁ el

: KOB [DHC. %. !
enlille cnocabe RBOAR H BRIBOAR NOTO
ypasueHui HMeeT B

: s —peg G Tr=0 (42.11)
o (Ty — T+ [pKeTe = 0 Gnep -+ qpepTs— pep(G+9) Ty
Ee pemenue pacT:
| . T,:(lr'@) T (1.2.12)
Ta= l_fph'p (E--}l) g0 p
p NG

T TES
Angaorugnnie pelerns Moryt GETh JErKo nmy'l&:t:} mﬂ'?{“uﬁﬂ‘:mn
CXEM BBOAZ H BLBOAA NOTOKA. TaKoll METOR MO0 ¢ yenex HFTO.FHH,I{IIE
J.l:TIﬂ almapamn C HHAKHME TENNOROCHTETTAMIL HITH |_;p|r ﬁﬂhﬂf&ﬂam o
y ‘ 3 IIE![.'I}RHBEEO[II,E] €T ¥
creliwy, ocolieliio B annaparax | ? J[m!iMH-
CPEBHHTEABHO HHIKOI TenIonpopoocTsio, Ecm e J:Sélnfgi?bﬁ::m;mu
TUpyeres raasiuM 0Gpason TeEnA0OTAaUCH K nepemer ikl
(Kunenue wan KOHLERCALNS na{qp{g:;mm}. HpeanouT
b HHFAMH SBHEHH S ) i
BThlf:ngﬁnepary?a ANNAPATAX CO BCTPOEHH :e':": Emmufg;n:;
MBI ALLE B MEEB!
snementami. TennooGMeribIe aemMenTh (Hauny =




YCTAHABAUBAIOTCH B NepHOEPHiON 301e ANNAPATOR (1, < r < R
B Tex cay4anx, Korfa ofulan DLCOTA JIMEENHKOE GANAKZE K BHOG

AHIKOCTH D 2NNAPATE, PACHDEENSHHE TeMNepaTypel B NEPBOM MpiGIAN
HKEMUH MOMET OLTh ONMCAHD, KAK W Npi TenjoolMele B ANMApaT
¢ pyGamkamyt, ypasiennamu (4.2.5) y (4.2.11), a naomanp TennootMen
HON moBepXuOCTH onpeaeasnerces Kak f, = 2nryly, tne o ¥ & — pans
WnHa TPyt smeenika. Hame seero, oiaxn, BHCOTA IMECBIKE CYLLCCT
BCHHO MEHBINE BHCOTH 32M0JANEHNA ZNNAPATR, YT0 MOMET OKA3LBAN
CYUECTBEHHOE BIINNHE Wa TONE TeMNEPaTyp, ol Npesle BCero — Hg
XAPAKTEP PACTIPEACACHHA TEMNEPATY PR N0 BLicoTe nepudeprimon 3ouk
Ha5  OUEHKH ITOTG  BANAMAA PACCMOTPHM  NPEREAbHH  Coysal
(pre. 4.13) — TenqoobMen €O SMEEBHKOM, HMEIOULIN HYNEBYIO BHC
Tpil KOKEYION TENJOBOM NOTOKE H paciojomenibi o nepidepsi
sone wa suicore hy. [pn oTeyTerany nepenata Temneparypul no pannycy
nepuGepHinoi sons Takoll SMECBIK MOMNO NPEACTABNTL KaK NAOCKIR
HCTONHIE TeNioThl naoasio Fy ¢ HANPAKENHOCTHIO (yACABILM TE/108
BEIM TIOTOKOM)

F=Ny/Fs 14.2[

Ne= :Ka (ta— 1) (4-2.14)

tne Ky — Hn"ﬂl?ntutl'll‘r TCNAGNOREIRYE O TICpeMelmaeMoil cpeie Kk el § .'
B ameesyie, Bri(m'-Kl fs -— temnepiryps tennonccusens » Jm!:t-auuc, K u;f “—-m'rm"
paTypa nocryraouel muskocT, ' i

_Hpu pEIMCIIEHIN BEOAR H BHIBOAA, npescraBieniom uwd puc. 4.13,
nepenoc Tenaotel 8 nepuepuiinoit sone onuckezeTcs ypaRicHReM:

3ieck

diy dPly
e

{(1.2.18)

wan ¢ yuerom Ty = (& — L)/, — L) lem. ypaswenwe (4.2.5)) |
n'*Tl - l‘,l'HdT; 0 ]

# ﬂ"-_!F[d' o {412-13‘ |

- |
[nockocTs pacnonomenisn HETONHEES TeNNOTH 25 REANT nepuepuin=

Iylo 301y 110 BLICOTE Ha ABE YacTH, o ypashenie (4.2.16) nonwio pe-!
IIATHCA OTARABHD JAR Kamaol H2 3THX gacted.
['paiinuBne ycnosus IR yYacTRE 2 = 2!
T="Te np r=gz
s : (4.2.179
e npn 2—=1

Otuee pewenne ypasuenus (4.2.16) nueer pun

Ty = Ay A* (4.2.18)
ene & = (GH)(axFs).
Yuntreipan, uro 8 coorsercroun ¢ (4.2.17)
dT
T |y = b =0 (4.2.19)
HMEeN:
Ap =10 i M —Tm {42wx
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Takin OGPA30M, 14 YIACTKE BEILE NAOCKOCTH PACTIONOKERNS HCTOY:
KA Tenaa (IMEEBNKa) TeMnepaTypa NOCTORHIE N0 BRICOTE.
JLaw ofinactit 0 < z < 2, PACNONDHKENHON HUKE SMCCBHKA, npeq-

cragin petienye ypasuenus (4, J6) kak

To— By+ B™ (4.2.21)
npH YCAOBHAR OIHOAH ATHOCTH
—dii—}.(r,—'r.;--u e z=1]l
: T . (4.2.22)
2 = ——
-E]'-i"_ FITE =0 ﬁﬁll 4 F-) ‘
' — n-ar'u.ltl‘ . ? N QH
rue PR 3 . ——-H‘" s -

Cosmecruoe pemwenne ypasnenuit (4.2.22) c yuerom Ty — | QT =
= (. gaer:

ap PT i)
By | — Ty (Tv’-’- - t;l): By =—_—~M,_: (4-2.24)
Anecs Q %IE-'L; Ton = FI (4.2.24)
PP 1@+ o (1 —2e7%)

Henomsays ypassenss (4.2.23) u (1.2.24), nerpyano yGefnThed, 470
npu peaibubX 3navenusx xos@guinentos Tennonepefaui W NAOWELH
NOBEPXHOCTH TEMAOOOMEHE HITENCHBHOCTD NEPEMEIHBARNA B ANNAPATaX
¢ MeIanKaMi oOLNHO BHOJHE OCTATONHA JUAS NPAKTHYECKH NOANOro
BHPABNHBANNA Temneparyps no smcore. llepenay Temneparypbl MLy
SOHAMH TAKHKE HEBEAHK M NORHKAETCR € YMEHLILCHHEN BEAHTHIE TEN0-
BOFO NOTOKA, 2l BRSO COBNAAAINT C PE3yAbTATAMH SKCNCPHMENTANE-
HEX HaMependit TennepaTyphl. OnbiTHbe naiibe GhLIH NoAYyYens B anna-
paTte € KOABUEBHM SNEKTpouarpesarenem 8 nepugepuiniof sone. Onw
YKASKIBAIOT A NOCTORNCTEO TEMIEPATYpH KEK N0 BHCOTE, TERK # 10
pagiycy uenrpanbnoil n nepudepuiinoll 0ub, KaOKAN W3 KOTOPHIX
B GENIHK YCJAOBHAX NO-CYILECTBY NPEACTARNAET COGOR 301y HACAALHOTO
cvemenny. [lepena) TemMnepaTtyphl MEANUly A0HEMH MOWCET AOCTHIATH
CpaBHHTENLID BHICOKUA Inaverd (e, puc. 4.14).

Takum 0Opasom, AnR pacuera pacHpejencius TeMneparypu B anna-
PATAX CO IMCEHUKAMI ¢ NOJHLM OCHOBAHHEM MO0 IPHMEHATE YNpOLILen-
upie ypassennsn (4.2.12); pacver snauenuft ¢ i K, npoBogutes npu ITom
no MeToMKaM, sanmxennum B ra. 3 i 6, HeoOxotumo samerTs, oanaxo,
UTO PACCMOTPENNEE 3AKONOMEPHOCTH PACHPEJCHeHA TeMnepaTyphl Xa-
PaKTEpPHE TOMBKO AN ANNAPATOE CO SMECHHKRAMN, NOLEPXIIDCTh KOTOPHX
COCTABANET OKOMO NONOBHHL! NOBEPXHOCTH CTENOK It MEHES, a4 KOHCTPYK-
IR KDENAEnHa e CO3EACT 3NauNHTENRNaro l'lfﬂpﬂﬁﬂllﬂt’i‘.ﬁﬂfﬁ CONMpOTHB-
NeHNH OKPYIRHOMY NOTOKY. YCTalloBKa 3meeRdkoE ¢ (oJbluoit nopepx-
HOCTBIO, 1 0COGEUHD — MHOTOPSANBIX SMEEBHKOB, NPUBOANT K yBestie-
HIEO PHAPSBANYEOKOFO CONPOTHBACHNS LPEYAAIHONNOND, KOHTYpE WM
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Al K Pic. 414, Conodvanuesme foevernmx o T

& spuennfl oepenaga TEMIERATY RN MEWAY DOHAMMN.
A i.‘lﬁuln Bhrinpara (n w'): J - 008: 2 — 017 2
2.

a B
I
L= R N [

CHREMEHINID  BeAWSHIIE IHDK YA o0
4 HOrG pacxona ¢. Cnencrewes s
MOMET ABHTBCH  YBENUNEHHE HEDJ
HOPORUOCTH NOJIH TEMNEPATYP B afp
napare.

Hpu eBoge notokop ¢ paaauTHa)
TEMAEPATYPON XapakTep ee pacnpex
; . fienus B obbeme annaparta OKA3LBACTES
] 6 AHANOTHYUHM HAGAIONAEMOMY B CAye
Ao K HAE TeNADOOMENE CO ameemHKaMH np:

L5

WLx ypaspenunm (4.2.11). Hanpunep, npu esoge ropaveii BOnH B [ef-
TPANLIYID 30HY, 8 XOJCHAHOH BOJH — B nepudepniinyio 30ny # BHBOAE
ROTOKOB U3 nepudepuimol 308el ypaBneHus TenioBoro Gananca jnn
HENTPANLHON 30MM K annapaTta B IleMOM HMelOT Bl

Gl'rl' ";"q!l —— tGr+i;','l h=0; Gric - Ggly — (G +'Gp] =10 [4225}

rae Gy, Gy — pacxon ropmiell W xohomnaft vomu,

e, ey by — TenmepaTypa ropsuehl
N oxoaociol Boje, K

Oreiopa
_ LGivdp - Giyfe ]
i = (4.2.26)
g g el (e — ) y
Al =1y ly—= [G,r'f'f!') {Gp ") {42.2?’,

Conocrannense pacueTHmX § ONLTHMX anatenuii Af 8 #nnapare
TIpK BEONE MOTOKOB € PasaNYNON TeMneparypoil npuseseno ua pHc. 4.14.

4.3. PACTPEAEJIEHHE TEMITEPATY PhI B ANNTAPATAX
€O CKPEBKOBBIMH MEIIAJIKAMH

OGen annapatos co cxpedKomsivg Mellia/iKamu, TaK e Kak 1 annaparou
€ MEATRAMH IpYTHX THNOB, COCTOMT M3 JIBYX KOUIeHTPUYECKNX aon,
PESACSIEHIBX 1GNP HYECKON OBEp XHOCTHIO, PAIHYC KOTOPOIi 1y = Fa
(ex. pasnen 2.1) 8 gamiom enyuae we sasycur ot HATENCUBHOCTH nNepe-
Metpanig.  Ocofiennocts annaparog co CEPLOKOBLIME  MelaaKan
SARAONACTCA B TOM, HTO UHPKYJRUHS HHAKOCTH MEKTY 30HAMK npaKTi-
HECRH OTCYTCTBYeT u obMen Tenjotol ¢ Maccoll momer OCYUIECTRAATHEH:
TOMBEO B PE3ysibTate panuanbioro nepenoca sepes NOBEPXIOCTh pasnena
S0H., 3T NPHBOAKT K BOSHHKIOREHUIO B AlNApare 3NaIUTEALHON, Topa3zo
fonbwell no CPEBHCHUID ¢ MeMAAKaMH IPYTHX THHOB, HEQMHOPOHOCTH
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cpeIIEHHS, BOCNPHHUMAEMON HHOII8 KaK HAJINUE B sn-na'pamrazﬂﬁiﬁ?n
onbl. TIpuOAMMKEHHNN PACUET CROpOCTH nepenoca wepea rp s.a ﬁ.m'i
T GATh BLINOAHER, A JONYCTHTY, HTO B nenocpecTaennol G

A ”-ﬁ-n o1 nee KoadduiHenT 1ypoy/IeHTION0 NEPENOCa PEAKO YMEH hIIACTCR
:-:u:;:‘lr'?nnﬂﬁ't‘tﬂ CONOCTABUMBIM 1O BETHIE C Hnarlx}mrmen;t}f: mﬁﬁg:ﬁ;
[0 TEnaon OBOLIOCTH, & NpE F = ly nﬁpauwc‘miﬂ B HYJIb. ;
:::::1-:2311:15 p];cnpeummmsi TEMNEpaTYpH B annapare mgﬂfﬁrﬂ uxfrl:;:e
LoRATEER atagenyen Koxpguimenra mmnt':pawpnnpuunmlﬁ,‘ PO AU
.=1[;E..'.1(Tl'al3-'1ﬂ&T colcl cyMmy KoSgEinIHenToB Ty poy AeHTHON | G yanp
w0l resneparyponpoBoanocty [15] n usnensieren no paunycy:

: ({5 wd
0= aﬂ_p-|- a, = ay o +h(er) (4.3.1)
roe @ o — JoKAkioe 3nasende xoshimiresta Typlynentioft veanepary ponposos-

e AEPRON TEMICHATY PONPOBOIGCTIL,

HET o M¥E gy — HoagAHUHERT MOSERYIHD ,
l:gim Illl.a—parﬁ'xl:;;:]:m:arr MONCKYSERPHON  TENAONPOBOMIOCTH  HEpEMEIIBACNON  CpCiM,
Er/{m-K). |

Kak nokasauo B ra. 3, JOKanbinie IHa4CHHA nu:-nln’pmlgmr.ra Typﬁ:,!;
JEHTHOR  TeMOEpaTyponpoBONOCTH  ABJAAIOTCS ¢Fll.:|l~‘1'::||; c;ppyﬂﬁrn
) i ' { 3ERHCHMOCTD
OKPYIHNOI CHOPOCTH Ha PAajMyce r, X :
i.als.ﬁepoa :.mm;]mcu. a TAK)Ke OT CBOACTE CPeAbl ampaumerc% B c.c:orm:*r_}
crenn © (3.3.9) u (3.3.30) s nentpansuoi sonut annapata (0 < r < rg
y paBHEItHeN

af =07 , =002yl (44 —F—1)F—1) (4.3:2)
a ps nepudepuiinoll son (ro < r < R)
all =08 = 00242077 (0,67 — 0,33¢y) (r— 1) {4.4.3)

rne & = ritgy WP — NapameTp PACORCREACHHE CHOROCTH, ONPCABTHEMER MyTes peiie-
wist ypussewng (21,67} ' =
Bocnosisayenics ypasuenusnmi (4.3.2) w (4.3.3) pas Dl;ﬂlll;l;ﬁ;ﬁﬁ‘:ﬂl;
! ' / 2 npunepe n .
acHpefeienns TEMIEPATYPHE N0 paauycy H
Emﬂ P_I-]lmpmma TEMAOTH K CTCHKE B anNAparTe ¢ paBnoMepno p%crr:rp;
neJeibing B 0OBENe HCTOUHMKOM TENJOTH UHTENCHBHOCTRI @ ol
JlonyerhM npu STOM MOAHOE OTCYTCTBUE rpaguenTa remneper;iryp A
nucore (dl/dh = 0). B pacomarpipaemsix yeaopusnX paguanbisil nep
TENNOTH ONUCHIBAETCH Y aBHEeHHeM

] o= (4.3.4)
i 2ape, v
iaw B Geapaamepioil dopme ¢ yueroy (4.3.1)
S A Sy (4.3.5)
o
2( LP g
A
3ney
I 1 B (4.3.6)
s

£ 5»‘: — Temneparypa 1a ocn annapara, K. s



Puc. 4.16. PackeTnml  pag

NP OIS TEMIEPATY DI B I[rnlp.“-q-' ; J‘.'.'
Exkpefronal nmgll. 8

R~

ar Kauectuenumit  ananpe
FTOM0 YPABHCHAR B €0
Tamnw c© (4.3.2) n (4.3.8)

I NOKAILIBACT, YTO NPH SHAS
HEHHAX OTHOCHTEALHOTO pas
0 . - L ayca 7, GAMSKHX K effe

04 [iT] o " uiue (8T0  cooTpeTeTH

FpaHIe 301), Beanyunz al

NPHOMDKEETCR K HYMO W Tpaiwent temmneparypu d7/dr npu F=1|
IPHOODETAET MARCHNaNLHOE 3navemie. Hucienive peienne ypasmeims
(4.3.5) npn rpamnunu yeaosunx

T=0 npn F—=0Q

NOSGOAKET yOEANTHCA B TOM, 91O npu auavenwsnx —0.,6 < W, « 0,5,
COOTBETCTBY IOWHX TYPOYAENTHOMY PEKHMY NIEPEMBIIHBARNS B annaparax
CO CKPEOKOBLIMH MELIAAKAMM, TEMNEDATYPa CPEabl B HENTPEILHON 1 e
pipepuitnoil sonsx annapara oxaaupacTes NPAKTHYECKH BLPaBHEIHON
(pre. 4.15), a obnacts cymecTeEenmmx TEMIEPATYPHHX  TpaleHTOR
JOKANHIOBANE B YSKOM KOJALIEEDM NpOCTPANCTEL, HENOCPEACTECHHO
NPHMbIKAIONMEM K MOBCPXIOCTH HyAEBOD rpajHenTa CKopOCTH 7 =1).
Tako#t Bun pacnpeaenennn TEMIEDATYPH XAPAKTEPEH A CHCTEOMEL,
EOCTORALIEHN M3 ABYX o6nacTell §eanbinore CMELLeHNA, PasAefennbix cTem-
KOR € HEKOTOPEIM KOLEYTRIM TEPMHNECKHM CONPOTHEACHHENM. ITA Moneb
W NPHHUMECTCR 33 OCHOBY NPH PacYeTe PACTIPEACaCHHS TEMNepaTypol
B annaparax co ckpeGKonuivu mewaiakamn [15]. @uapuecknil camicy
NOHATHH TEPMHYECKOTO CONPOTHR/ICHHS MOIKHD NORCHITD, paccMaTpiBan
FPamuily pasaefa 30H Kak HekoTopefl offbem, aaxmoyelisi MEs Y
LHAMTAPRYECK UM NOBEPXHOCTAMM C PAmIyCaMH ry i . MNockomky
TOAIHHE Fg — 7y MANA N0 CPABHEHAID C PALNYCOM KPHENINKL 7., pasuans-
HH MEPEHOC TeNNoTLl MOMKET OTE OnHCan NPOCTON 3ARHCHMOCTHIO

df df
) =-ﬂn.r._~ﬂpt:pa = ﬂ'.'l‘quﬂ-aﬁf—

3nect dRy — TepMItecROE  ConpoTHACHIE Caok (o K »%B1) vouutasol dr © xo-
BEdTICHTOM TeMILTIATY ponpoBOBOCTH @ (r):

dRz = drj{peya) (4.5.7)
Orciona nonnoe tepymueckoe CONPOTHBAEHHE

17 Td
dr e ¥
R = a— — e | 4.3,
U pepd @ pe, ) o {4.3.8)
ry Fy

Bripaman sapicumocts TCMICPATYPONPOBOAHOCTH. OT paauyca no
ypaenenunn (4.3.1)—4.3.3) u opunuman 7, — 099 4 ry= 1,01,
MMETHE

132

I
g it b APk j il? - : B
A=t o3, 000G (B — 7 — 1) ¢ — D oy
i d7 ] (4.3.9)
+ i[ 0,0242a,r7 (0,67 —0.33) (F — 1)+ @y,

Y B
[TpH HETETPHPOBHIN B PACCMETPHBAEMHX NpE/eax € JOCTATO
P HOJHKEHHENM MOKHO CHHTATE, YTO
st —F— =4, — 2
(. yuetom 3TOr0 YNpomienws {HTerpHpoBanHe nmpaﬁyiﬁwg;{iﬁg
NPHBOAMT K YPABHENNID, ROTOpOE nunalinz:‘e:p ::g:;:ﬂypacﬁpmmemm
NPOTHBACHNA CPANMILEL pazneaa 3oH i
f:m;;ucm Py @ !IEI]:E‘S HErn — C reoMeTPHYECKIMIl pasmMepasu annapata,
CKPEGKOBOH MEIAAKY W CBORCTRAMM CPEMLL:

(4.3.10)

| 2,42 10 werk (2 — 1) +
Ry= e [ W thyy
" 0mBlnype, L 31T 290
oy 8,110 g (2 — ) ] (A.3.11)
+3 = s

Takum ofipa3om, Npi pacieTe pacupeAtaCHHs 'reip.{ln;fri;ipu ant;ﬁn:;
co CKpefiKOBON MEWAAKOR MOKET pacma'rmm:-r::gﬁﬁpmmmmcmpamwmm
A 300, PasNENeH UL .
H3 BYX KOHUEHTPHYECKHX ; et
EpMUMECKITM CONPOTHBABHHEM &y,

Fo R 1] YeCKH paBuoMEepio, H
{ 13 301 NpaKTHYECKH P '

TEMNEPATYPL DO paanycy Kamaon oAl

ncunnﬂh:-nf F;IJEHTUP[:M‘ Ol PeARTAOILIHM xagax;:gﬂg:tﬂl}%;ﬂ;ﬂlu: Biedis

BB RANON HZ 30H, ABISIETCH TYPOYS t

E:z'::l};r}gam-mm‘ Jlna ee yuera, KaK ¥ B ciy4ae oCenoro nepﬁ:m:.'ﬁ[ :3 2:2:&:1"

: i il, JIOCTATOMHO BOCTID
TAX € MELHANKAMH ADYFHX KOHCTPYRIUH, e
pstdnmuenToB. TYpOyAeHTHO

DCPEAMENTTBINIT SHAYCHHAMH K 5

{T;Jpﬁy.ueurnm‘i TEMNEPETYPOPOBONROCTH) B Hﬂa}ﬂmﬁ M3 301, KOTOp
pPECCTHTHBAIOTCR 110 ypapuenmnnn (CM. paaned 3.3)

r{"
: el 312
%= Iuﬁffljr_" rdr = 0,060y7 (L6 + 150, +1)  (3.3.1%)
J". 0

s uerrpanbiol soun (0 < r < ) M
R

: o 2 I.ﬁ'.'
oy = R’—-*E Ia;{!f—fr.:} |T rdr=
e
! | D97 —1) 0,96k — | 43,33
_p gttt (OFRD DR

R —1

ras pepudepniinoll souw (r, < r < R), rie o, = (0,22 — wosdxpuituent

EHHH,
JLIHIBL TYTH nepeMelnpalusg B OCEROM Hanpaph =



= QIM ﬂfﬁ!—ﬂfﬁ:& PHE. §.18, Cxema NOTORON 0 ANEBAPITE o CRpOBnONo MetEime

]

-] Henonsacsanne  paceMorpeniod MOjtenn
foat; L I o
1 TeNnsHD Y ﬁpl)ﬂ"l‘HTb FHC‘IE‘TI.-I PRCH[JEH(“JIEI! Hu

NPEACACHUT  TeMIIepaTyph pacemorp

FECRESErTE- [T i —

Gty tﬂfﬂl-_mf{'l,
ChlBaeTeH YPaEHEeHEM

PO &7y Gripe, o,  oar,

B 48 Ry de Ry *T‘} =5 i
a B nepudepritnofl 3one ¢ yderom TEnnonepexays wepea crenky
n(R:—7%) Pty oy, G(RP—1D) d7s
i s R et
o} 23:, (T — T3) -+ nRE Ty =0 (4:3.15)

re Ty o= (b — Iy — toh Ty = (tg — tp)(tn — tp)y 2= hiky, Wy — nawna cHpefe
KoR, paBHin & SAHHOM CTy48e muCOTE ANDAPHTE, M; p — TOMINDATYPE TERAOHOCHTEIR
8 pyGainge, K; f;, fu — TEMOEPATYRA B nenTpankiod i nepapepufinol sompix, K:lh—
TENMEPATYPA Cpeymd A BXOfe B anmapar, K

B wauecrpe rpamumnux YCAOBHEA HETOABIYeM YPABHCHHS TENNDEOID
Bananca Ha BXOLE 1 BEIXOAE HeHTPAILIO] ¥ neputbepuiinoi aon:

N

dTy
T = [ npg z= |
dr
G =Ty + e —-=0  np 20 (4.3.16)

p2

2
G——-EI——[T,— i.}-!'ﬂ(ﬁﬂ—ff]% 0 pn 2—':0.

Pesynbtar  coBmectHOro  wmesenHoro pelenis  ypanuennit
4.3.14)—(4.3.16) aan Caydan Tenqoolmena B Annaparax ofbemom
2 M 2007 npeseaens wa puc. 4.17. M3 tx CACAVET, UTO B ien-

TPaALHON 301e annapata BCASACTEHE DONCE BLICOKIX anavensit Koddi-
UHERTA TypOynentinoR TemneparyponpopoHocT NPOUCXOAHT NpaKTi-
HCCKH nomioe BLpaBHMBAKE TEMIICPETYDPH N0 BNcoTE. Yuitiean, uro
Pananbubil npodyns TeMrepaTypul B STON 30He TaKMe BLPABHEeR (CM.
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ypasHeuui (4.3.12)—(4.3,13) ToAsoAseT :ma

NEPATYPI NPUMENHTEABIO K PA3IHUHLIM CAY a5y
B TOM HHCAE M OPH HEYCTIHOBHELIEMCS pesine
TenaocoOnena. Jlns anannaa XapaKTeps pacs
HM  cnygal
OXABHACHHE KUIKOCTH B NPOTOYHOM annapare,
Ipunennrensno ® cxeme NOTOKOR, NpecTaniens
1 HOH ua pue. 4.16, YCTEROBNBLINACH npojohikil

NEpelioc TeNaAoTe B lledTpansiofl aone ¢ YHETOM
€ NPHTOKE uEPE3 Tpanmlly pasness aon r, Oni=

i i
1
3
e GEF
o i2 2 2
'i \ T?
.
. " m 7 w
e &2 4 # ¥ i=h by

i) w nepdepnfuofl (7,) sonnx:
L7, HastHomim TEMIEPATY W 00 nucore 8 genTpRasHal (T . .
Pu *:' 1T'.'ﬂu'.R=- 1M, B = 0,5 ofifc, ymcao cwpebion 2y = 2 — V = 0.2 b, R = 0.U5 u.,
-r- = L7 ofife. 2 =3 3=V =02 w", R=026 n="7 offc; 1z ==

puc. 4.15), npy MATCMATHHECKOM MOJIEIUDOBAHHH cHpedKOBRIX ann apa‘r:;
¢ coonomennasy Hlr, < 3 USUTpAnmIy 0 301y MOAHO CYnTaTh 00acT

[LeanbIIoro CMELLeiA Ha nakpoyposne. B nepugepuitnoi 305&. 3?5*:2:;:;
gosdipuienTos TYpGyAEHTIIOND NEpeHoca SHAYHTEILHO Hi o =£ i
ECET0 B CBSH3H C Malol BeTHHHoR [IHb 0yTH NEPEMEBaIN Slit
— rg) W NpH HEKOTOPLIX PEMHMEX HIMEHEHHE TeMIepaTyphl r:::rr Bt
3rofl S01LL MOKET GHITh 3MAUNTEIbHLIM H CONOCTABHMbIM _:: “n i
nepenana TeMnepaETYpPH MERAY HEHTpaibatuH W :iep}lr_lleplfi Ee] 31'::ﬂ ::01
Peayastatel p2cHeToB W IKCNEPHMEHTANBHLE [amibIE ﬁyﬁﬂ:ﬁ e
TAKMHE 11a T, WTO PB3HOCTH TEMNEpaTyp MEMAY MERTPANBION il a]i:mm
a0l 30HaMH 8 ANN2PETAX CO CKPeDKOBLIMI MELUANKaNY, KaK np ':unﬂ'
ropa3R0 BLALE, HEM B 20NBPETAX C MEIUANKAMN APYTHX ngginmmr;
ona momer gocnirars unorge 15—20 K, 3vo nﬁc—rnnrﬂ;ﬂm‘u oS
VIHTHIBATE 1PN pacuieTe Tennonepenain (Gonee NOApoGIO cm. i

E1in
LB Opewim, BOSMKAOCTH  AOCTISHELHN PANBOMEPHOTD  PACTPEIEN X
ﬂatrgnplﬁoﬂqnpncanua  aniapare Ge3 BHYTPUHIEY VerpolicTs Ofentv 3._l2 s cl‘t?.p'
Gty nuﬁpc MEUTRINDH. X APANTORHCTILEN ANTAPATH 1 MEmSIKR, a mxm{a:.- )ﬁ?ﬂm cvoa & ma?“
.n'mjjlmmnﬂ CPLIB COOTBETCTHYIT npWBCARisnM & npusicpe 2.1 n:-l mg Lm%
& annapate — 2.5 w7, TPeGYEMan KOHEUNTH KORUCHTRAUME NPHCAIKN — : % e
HpEMA pnept'uum;mmu-m— 120 ¢, HBEYASLHER KONOCHTPALHS [DpPHCATKH -u; i:‘ il
% Aaqenil nApIMETROS  PACTPEASACH T CXOpoCTH, Haﬁ%:;uul;a B rﬂygg.m i
g ‘ acHers  anmapaTs, cocTaRARET P = 0.2, - —0,75.
FU"“;“:]‘L‘?;‘::‘“E. li ITo (4.1.&: A Capne = m‘ o — ﬂ.ima}fﬂ.ﬂrﬁ == u.ﬂﬂ.
To puc. 3.6 Fm == 0,78 npu §y = 02 -
3 o (3324 8 (e — 020,754 1= P'uﬁﬂg
4. Flo (3.3.28); ky = 00013 ex (6,9:0,45) = 0, -
5. Mo (3.3.29): ¢ = 0,099-2,17-0,45" = 0,0067 . o
6. TTpuEniseHBEYI0 OHERKY CTUNEHN QUIOPONHOCTH  pacnpeatsieng IpH
spemt T — 120 ¢ sunonnwm no ypaswesioo (4.1.10):

bt

(0057 -3,66% L0
3,568 ("‘ T80, /8% (3,87 —0, 5]
Acymue — —u-:.?g,-f

) ={,05 < 0,08

HOT  Tpefonaime
Tariw ofipaaos, paccvaTpupiensill ANNApaT VAOBASTHOR p i
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MMEPEMEILTHBAHHE
B CHCTEME JXHAKOCTH —TBEPIAS ®A3A

Tf:'mmm\a\ 50% annaparoe ¢ mewanxamy,
10CTH, NCHONL3YIOTCH QI8 nepeme
. LIHBAHIE MHAKHE €, Cu :
:ﬁ;iﬁiaiam“m Texnanornieckne nponecen, npn?a,ﬁ]muﬁchfra;&ﬁi
» Bechma paspoolpassan. Bo oeex ¢
JHMBIM Y CROBHEN NIDHMENHMO e s i bl
) CTil dnnapara cayxut ofecnede
HTHE CY k'
ﬁ:f;ﬁ::ﬂ;lﬂ;ﬁ;uﬂu;n?fmm cmegleu:m. Hactonmas raana numiﬁf:u“a-
. Sanadi. JaMetim, uTo Iech 10T

M, ACCME i

SS:EPHIIGE‘TH NEPEMELITBANN T TOALKO TAKNX mncnepcm.ﬁc c;ir-rzﬂﬂrl:w m’é

gl oﬁﬁ;ﬁ' ,:J‘:gﬁ Hmn[ﬁux XapaKTepHhl A0CTETONHD BHEHHHE":‘KQ-

i CTHIL  BOnpockl nepemeliueaina cycnenawii, ne
Ep HIHX CHACHHOCTH K GHICTPOMY DASAEAEHIIO NOCIE NDEKD:

:;ﬂ EI:'EFE:]QT-'IEI'HI[DHIHHEL (konaoummae wan GIM3KHe ® num (:I-JCTl:ilewshFI]}auiﬁ
.aﬂ:p WEAIOTCH, TUCKOABKY MAS T2KMX CHOTEM NpHJIOMIHNMDI Ime*r'n

p c:ie-m NnepeMemnpaniy roMOréHHMy Muakocted e

. c”cfél.‘:g,;l ;?&l{“?;;h“p"mmm?g npu pemenyy sagag nepeMenHBapmis

—-TREPRaN Gasy, Tak Wau Hiraue cpaas
SUB};HHEM rHApOARHZVMHYECKH X NHPBH'I‘L‘]}II(T‘I'HH noToKa ?‘?(T;:‘(;cha‘:lllzﬂh.
Et}l{“ paalt[l?l ?:cf:{ﬂpt’gh BAHAHHE BABEITUCHHBIX MACTHI IIH‘. nogse rxrgpuic-r:ﬁ‘
oa(pdmunenTH TYpGyJEHTHOID nepe : '
- ¥ EPEHOCE B NOTOKEe CYCHRHINM, & TaRMe

NpHMERAEMBIX B MpoMBLLIEN-

pa noTpeGasemyie moutocts, Tlpn TypOy/enTion Tedemi IHHAKOCTER
p Tpy6AX il KAHANAX HAZHYHE BIBELIENIIMX FACTHIL B IOTOKE HE BLSLBAET
<aMeTHOFO Hamenertia nponas cxopocty (1], oanako npHBOINT K HEKo=
LOPOMY CHIBRENHIO KON IHenTa ConpOTHICITIA 121, a B cayuee Tenac-
GTREUN — K yMenblenno auagenisn kprrepin Hyccenwra (3], Taxoi
xZpAKTEp BANANNA BIBCLEHIX YACTHI OGEACHACTCS [3] nossaennem
v C)"Cﬂﬂiﬁllll HEHBIOTOHOBCKHX E‘Hﬂfll’.‘TB. a CTENCHE ITOrO BAHANKHEA B 3Ha-
AHTENBHOH MEepe SABHCHT OT OTHOWIEHIA MACC TBEPAOH (Pashl i HIIKOCTH
ity TIpH 3uasenunx my/my; < 0,5, Xapakrepunix s ApaKTHIECKNX
CAVSACE NEPeMENBANNAS B 3NNADATAX C MEIIATKAMH, CHHKEHHE KO-
IHeHTa C{Illﬂ;]ﬂTHHJ'IEIII!fI u kpurepin Hycceanta ne npessinaer 510 T
(2, 4, 5l

Iyauenns Kosdguuenton TypoyaentHoll Anpdyann 8 cnaoumoi
(hase (I HAANYHH BIBEWEHITLIX YACTHLL, N0 J@HNBM pabuTh 161, npakTu-
"eCKH HE OTANYaloTeA ot anadennit Kosfdmumentos nudgysun npy o1CyE-
CTEHH QACTHIL AGXE B TEX CIyyasX, KOFja Ciiomion Qasoi ARIfAeTCs ras
\ OTHOMEnHE naoTHoCTEl micnepexofl W crnonmoil (az npeaCTEBNET
cobofl seauunny Oosee 10°. Ouesnaiio, Y10 B KIIKOCTSX, T. €. B yOI0-
EHAX, KOrgg ornoiieHie maoTHOCTER has He nMpesbillaeT 10, sausuuenm
TREpALIX MacTHIL Ha Koaddiment TypOyAEenTHOTO NEpeocd B cpaomnoh
(pase Moo npenedpeds,

Bonpoc 0 NPaEoMEPHOCTH HERO/L30BANIA ¥oadipuiienTon Ty poynenT-
HOTO ePeNnca MHAKCCTH AR ONHCANNS TPANCNOPTA BIBEMEHHEX TacTHIl
oxasknRaeres Gonee cnoxnmy. B patorax [3, 5] nokasano, yTo B TEX
CAYHANK, KOPAE NAGTHOCTH HACTI CYMECTECHNO NPERLUIAET MIOTHOCTE
cnaoimof ass, NyALCEIMONALE CKOPOCTH YACTHI W ROSEPHIHENT
X TYpOyAerTHON Aucpyaisn MOryT 3aMETHO OTIIHATHCR OT AHANONIHEX
xapakTepHeTHK cnaolmol ¢ass. Tak, Anfl TREPAKX FacTHIL BaBELISH LK
f TA3cBOM MOTOKe [oTHOWeNHe NAOTHOCTER HacTuil M rasa Pr =
— (1=2)-10°*1, npu Tesenun s Kanane 76> 76 ny® oTmedelo cuIpReHe
cosdutienta Typoyaention auddysun 8 10100 pas 5], Opnzko
C FMEH!:I;.I.IEII[-IEM OTHOHIENH S ﬂﬂml{mﬁ, NOBLILLEHHEM CRODOCTH, A TAKKE
yHeJUHEHHEN PE3MEPOR Kanana OTHomenie KoagupuiuenTor TypOyIeHT-
HOFD [IEPEHOCA YACTHIL W CPEAH SCHMATOTHHECKY NpRGMKARTCA K CI-
putte (3] # NpAMEHMTEABIO K YCIOBHAM NEPEMEUINBAINA B CHCTEME
HUAKOCTH—THEEpAAN (838 B annaparax ¢ MEWanKaMi NpaKTHUCCKY 1e
OTARNAETCS OT Hee. DMOT BHBOJl NONTBEPXHAZETCH TAKMKE HMCIOUHMHCT
namisvn (7] 0 paseictae nyJbCBUMOMHKX CKOPOCTEN JKHARUCTH o
BIBEIICHHMX B Hefi TEepauX dacTHil. 3uauehnd CKOPOCTIL ABHIREIMS
HECTHIL OTHOCHTEABNO FKHAKOCTI NOL JECTBHEM MECCOBWX cun (cHaa
THAKECTH, UenTpofiexiian cuaa) B obues Cayiae Moryr HAIMEHATRLES B NOAE
Ty pOYACHTHEX NyAbCATl H3-aa neaunelinoro XapaKtepa 3aBHCHNOCTY
CHAPABAHECKOTD CONPOTHBACHNR YACTHIL OT CROPOCTH ux ofirexanns [8].
JxcnepuNMenTanbi b ASHHLE [5] nokaawpaloT, OANAKG, HTO STH HEMEHE-
IHA [epenmy n (‘.'HO]I!DCTI: OCaNgIesna 9acTHi Fﬂ.’i.ﬂll‘{ﬂul’ﬂ pasmepa
B annapate C MCWANKOoH BechMa (IH3KE K uamepennoll B noKoneHes
HITKOCTH. SAMETINE OTKAONENHS B CTOPOIY CHIKEHHSA CKOPOCTH HatJio-
nanues [51 TOALKO NpE BECbMA BHICOKIX CKOPOCTAX OCAMAEHNS (Gonee
0,15 0,3 mle),
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Takum ofipasom, pH pacsere. nepemMeumsanig cycnensnit of
OKA3LIBAETCR BOSMOMHLIM HCMOIBIOBEIIE ypaniennil nosy cropo
KOSPPUUNERTOB TYpAyAesTHOrD NEPEIOCE, NONVIEHNBIX [pUMeHHTE
K NEPEMEIIMBAHIID TOMOTeHNBX IKHKOCTel ITpn 3rom eycnensps
CMATRIBAETCS KAK KBASHTOMOTCHIAR CHCTEME, BRIKOCTH ROTOPOi pa

BHIKOCTR Muakofi thasel, a cpenuns nnoriocrs paccunTiBacTCH
YPABHER AW
Pop = (1 =) p4 ppy

1
frem= ( I —x 4 X
g ™
FIC Py — QA0TUOCTE HUREOCTH It wacTan THELANHA t!:::_JLr. T [
1! MHECOOBRE NOAR SICTIL TN i
Crenyer, oanako, uvers s BILLY, MT0 Hanomermblt nogxen K pacy
H TPHBOIMEIE TANEE 338HCHMOCTH HPOBEPEHB! SECNEPHAMCHTAILND i

OOBEMITHIN  KOHICHTpAISIX macnepenodl s g0 20 % n macconmx
o 40 %.

Yol CYCNEHAHPORAHHE B AITI APA TAX € MELIATK AMH

Mummvaneio fonyermsah yposens wirrencianoeris nepeveiinanig

B CHCTEMAX JKIAKOCTh TEEDOAR fiaza COOTEETCTBYET YCADRHAM Cycnejl=

AHpOBAKNA, T, e, YCAORNM, 1) ROTOpHX [l_ﬁl‘.fﬂt"‘”[ﬂaﬁ'l‘ﬁﬁ mon

HaUTHIL ¢ Andns anpapara uaw NPETOTBPALENHE NX OCeRaily, ,”,J'lﬂ
HacTHn, He Dﬁ.‘]&llﬂlﬂillﬂ! CEMAOHHOCTEIO K CANRTIaHNK, 3T Ang Chyvans

NPAKTHYECKH COBANAIT.

TPUE HACTHIL € AHKIGA MOXET NPONCXOANTH TOALKO B TOM CNVYae,
ecan norremuas cula F

Foea = Vulon — m g 6.1,
ree Fy— ofnom wserunn, 8 —yeropoune eoefo inoro nagenus, st

[ockoavky seprukainnan COCTaBNANNAY CpenHel CRapoCT NOTOK:
BOAMIN AHNItE O6pEWAETCR R HYAL, HETOUHUKOM DOSHWRHOBEHIT NOgbEst
HOR CHAY MOTYT COVAUTE TOIBKO FORHAUHTANBNAN COCTARMAOLLAN CRO-

OCTIF DOTOKA han Typliynestane nynseamn Jasacnus BGanzn punia.

ONPOC O TON, KaKoil M3 STHX (GaKTOPOB HueeT PCIMaIonee Iuauer e,
NOKE 10 MOMeT CUNTATHOR OROHMATEYbHG BHIHIHONnNLN nase Jums frdnGogee
APOCTRIX CIy4deR DINOMEPHOrD TENeilus B MAOCKHX Kananas 9], »
OCHOBOH METOROR PACHETA NEPCHOCA BABIIEHNLX MACTHIL NOTOKAMH B TPY-
fiax 1 Kananax CAYHET SMTNPHYECKILE opmyar. [Len sognsx cyenemsyit
WHPOKOE pachpotTpanerwe nogysina, Hanpumep dopuyaa Hlamosa
01, korepas o HECKOALKO Npealpasoraiinom Bute Momer OuTs npef-
CTABNENA KAK COOTHOMENHE MeXy *HESRITHRAOMEN» CROPOCTLIO NoTaKa
Vua (CKOPOCTH, NP1 KoTopoh obecneud sacTes nogses HACTHIL) I CKOPOCTHID
OCaAuIEHNA (erpap annnueckoft EPYnHocTbion) gacriy:

Yun = 5u3uon -2 (5.1.9)

FAC @i — CHOPOCTL  CEARCEHIN Yoot we H — royfana |

WITORS RAKDOTH, M.
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B L L |

nune DPHADKENHNAS K nexcamedl 18 aue waCTie
NPH BOSACRCTBIN 113 Hee NOTOKE HWIKOCTH, npesuluget CHAY TRMECTIR

; ocika ro. oT ¥ROTOYM A
5. 0. JamCHMOCTR PAAMYCE STIOREN WA oc %
Pn:._ueulln meminmn n (D= H = | u; p.:rm:u:-mf.-muu 0
::,....prpeu dy = 0% 8 mg. = 0,008 mic: = 10 )

CrnomEaN AMINE — PACNET no ypesneime (51,40

a
1]

Henoakioeanue 3700 (OpMYan B coueTanHy
¢ ypaewenuamu npodints cRopocTH (EM. ra, 2) il
NO3BOJRET TIPOBECTH OUEHKY YCAORWIT nogpema
uacTHIL € ARMING ENNapaTos ¢ Mellankamn. B ua-
cTROCTH, IR annapaioB (€3 oTpamKaTenbHbX a2t
11CpETOPOAOK YCADBHE WEIBUAMBENHA AHULLE Ha
PALHYCE I MUMLG 341IHCATH B CACLY LIEM BH/LE:

i ] ¥ 1
0 (r) = 5,3wochlee Gy W3 4" n!siau
roe o) — oKpyMuUBR CHOPOCTR NOTOKE HA pasyee r, Mie, b

[Tpu cooTHomEHRH PaANYCOB annaparTa u Mewanky R = 1,5 m:afunn,
NONTBINE BOEFO 32REPIHAAETCN B nepmpepufhmﬂ gacTH e, Menonssys
vpasnenie npoduan cropocTH AT IToi soum (2.1.296) u tbnpgg;ﬂb}:
f[ﬁ.l 3), onpejennm HauMenbiukil pajnyc 3aneranig ocagKka (ian Hanbou
it papiyc ero nogwena) [11] kak

I :
r=O80uyh — bt (5.1.4)

Mumanbioe navenie OKPYHHON CKOpoeTH Aonscrell MELuanku,
AOCTATOYHOE LA NONHOTO MOALEME YacTUIl ¢ fuMila, OTReYaer YCAOuHIO
fou = R {b.1.5)

Creiona _
5,3y [FoMR
VitV
rreYiy g — NAPAMET[Y PUCOPEICACHIA CEOPOCTH, ONPEienREmbpD 1y ypanenin (2:1,55),

Ypasueune (5.1.6) naXonnres B Xopoiliess COOTESICTBHN C OI'IH'I'I-LH!EI:
Jannmyi (puc. 5.1). Caenyer uMeTh B Buty, 4To OGNECTH €0 npflmeummﬁ-
OrpaHiyeHa CycnedsuaMy, B ROTOPWX HMHAKOCTE 1O ¢I-I3H‘1:ECI\HM CHO!
cTBEaM GoH3KE K BOAE, 2 HacTHIIBI HE HMEIOT CHADITHOCTH K CAHNBNUID.

Pacwerel no ypasnenuio (5.1.6), a TaKkme HMEIOUHEs IKCTEpHMENH=
FALINE ) SKCIAY BT2UHoNNIBE Lavinne nokaamsaior (111, 4To voutoeTs,
HeoGxoMIMan st npefoTepatiesys OOPE30BANNS OCAIKA HE JHHILE
anpapata, o0LUNO NOMMIKECTCN € YBEIHWEHHEM AHAMETpa MEWwankn M
ymenbmenyen ee kosfduinenra conporupaenns L. Takolt xapaxiep

3EMHCHMOCTH COXpausiercs Toabko mo K = 1,82, l?pl-l ﬂﬂ.ﬂhllEﬁu[E'l:
Y RETHYEH HI ,E,IIEMETPE MENanK § CHHMEeHHH oe }Fl JIOBOH CKG[JG'I?T

HAOUIORACTCA OCEAHHE YACTHI| B HeHTPANBLHON Y8CTH AnRia annapa‘r:é
Peaynwrari naGnmoneunfi noasonsior YCTaHoBHTL, 4T }meluupe"ﬂ
BLICOTH YCTARORKH MEIBTKH HAR JIIHIEY chocoficTeyer ilﬂ,i‘l;‘h-t’:'M} u::lg::' .
Hpeamepnoe npubaAnKenie MeILBIKN K JHNTIY MPHBOANT K }I:EJIH i
vougioeTs. [Tostomy BeiCoTa paaMeiienin MEANKY Hal HNLEey B i
UIHHCTBE cay4aes BuiGupaercs 8 opeaenax (0,5--1)dy npn R = L&
i (0,075-0,15) dy, npu R < 1,33 [12].

(morolsin = (5:1.5)
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3HaveHBe CKOPOCTH OCAMACHRS YacTHIL Weo, HEOBXOMHMOR IR pacte-
TOB no ypasneitio (5.1.6), moer OuiTs BRUMHCACHO MO HABECTH AN ypas-
wenusiv. B odacTHOCTH, A% KPYRHEX WacTHIL HENpaBHAbLHON  (PopME
MOKHO [IONLIOBATLER YPaBHeRHen 3

woe == 1,15 ¥ da Apgip Bl
e AD—= flg— p — paanocTE nAOTIOCTER hat, kv, dy— paamep waoTing M.

&.2. PACHPEQENENHE KOHUEHTPALRA B3BEIEHHAX YACTHI
0 PALHYCY H ITO BBICOTE AIMINAPATA

Cymectsytor aBa NOAXOAA K pPacuery pacnpefiencHys Bipeuies X
uacTHI 8 ofLeme annapara NPH lepeMeltilBaiii B cuCTeMax TBEpLoe
TENO —MUAKOCT. ORUK H3 STHX HONXOAOS, HMEIOUU, NOKANYH, HANGG.
JIEE IHPIOROE PaciPOCTPAHERHE B NPaKTHKE H3yYeHns MEPEMEIHBAMS,
SAKIOHACTCS B OTHCKAHHH HEKOTOPOTO KPHTHYECKOr0 3HAYCHHI YacToTh
BPAUIEHHS Melliaakn fannoro Tune u paamepa (ng) [13], npu xorope
AOCTHTEETCA PABROMEPHOC pACHpeenente KouuenTpauull cycnenans
B annapate. 3HAYEHHS Ny HAXOUAT ONBLITHEIM nyfes, a PE3YILTATHL
HCCAENOBAHHI OGKYNO OGOBIEAT B BHAE SKCNEPHMEHTAILHLY 3ABHCH=
mocrelt. Hanpumep, mns nponensepHmy meulazox 1131

Regp = 0,105 Ga™ 56 4R 149 (5.2:1)
e E"-':ju ngde v — kprivepui | Peimonsacs; Ga

v Ty =

rﬂn"—ﬂﬂﬂ;—
Sp=py

&gV — wpirepud
-d-i’-ffm'. g — cpeimid PHSMED HACTAIL M.

Obaacte: npumeneurs ypasrenus (5.2.1) COUTBETCTBYET aHAYEHHNM
Reyy = 2,3-10°+-3,8-10°; Ga = 3,5- 1007 | - Pg, = 2,3 104
+8,25.10°% R = 2+3.

Pa3HoBHIHOCTEIO TAKOTO 1TOIXOAA MOIKIO CHHTETD METO/L, cocToRuwil
B HEXOHJIEHWI MUHHMAILHON MommocTr Ny, pocrarounoll ans passos

MEPHOTO pacnpeneneHust wactuil. Jnavenust N, Taxme ONpeneasmes
skcnepumenTansro. B patore [14 | ronyveno ypannenne:

Ny = C Apg (xip Dp dufp)t (5.2.2)
FE Xop — CPEAMAR KOMLENTPAMR: TOLPIGIX HBCTHIL B CyCHEism; € — nectonnnan,
AEBRCHNIAY  OT THRA  MEasEN,

Pabotsl, ocHoBainme Ha HCTOTBAOBAH it pPaceMaTpHBAEMOro NOAXOAR,
UPOROSKAOTCR H D HACTOMllEE BpemA; X Pe3yAbTaTOM ABANIOTCH
SMUHPHYECKHE YPADHEHHA JUIA TEX HITH HHBIX KOHCTPYKIHE annapaTos 0.
MEUANOK. ITH ypaBHenun YAOGHW!, TAK KAK NO3BOJARIOT, 3a0ABUINCE,
HANpUMED, IHAMETPOM MEIIAJIKH H 2MaPaTa, HAHTH Ny NYTEM AeNMeHTAp-
HEX pacuetos. OHE He NO3BOJMIOT, OAHAKO, NOAYUHTH KAKYIO-JHG0!
HHPOPMALHIO O XapakTepe H/# cTeneHu ORHOPOJIHOCTH. pacupencicHHA
HACTHY B oGLeMe.

Hpyrofi noaxon upeanosaraer onucampme PECOPENENERHA JacTHil
B CPEAE W DGAsvpyeTeA Ha AHA/NZE NPOUCCCOB NEPEHOCA B annaparax
C metliaakamn. B pavkax sroro noaxosa namesense KOHUEHTPAIHN YaCTHIL
B SJIEMENTAPHOM O6BeMe HUAKOCTH ONHCHIBAETCA YPABHEHNAMM, KOTOPHE
140

oYpANKBIOT OCAIAERNE (BCNANBARHE) MACTHIL, X ABHIKCHHE :[;tgimg np:;
jbih NOTOKOM H hEpenoc 3a cuer ypOyJientroll auddyanm 4
crefiwen cnyyae:

ax dx ¥x

7 = (Woa— 1) —-—Dr 5y

.y — wxoopiihata, M Dy — wosddus:
& ¥ — WOHDEWTRAIHS WACTHL, B CYCIEHINH; i
ot J:')-nﬁj'mnmufo Tepeioss MACTHIL, NUC, & — CHOPOCT OCRENUERHOTD TEUEHNA D
H |
e pAsaEHHN, oLl Y, Mic,

B pactosliiee BPEMS 9TOT NOUXOA HUASETCA AOMHEHPYIOULHM aagar.iig-rngx
0 H3YYEHHIO TPAHCNIOPTA YACTHIL NOTOKAMK B TPYGeX H “aﬂmbansa;mé
161, TIpumennTensuo K annapatam ¢ MEUIAAKAMI €rd Hﬂ-mg-ner-rmoﬂ
(cHOBBIBAGTCA WA TPEACTABACHUAX O l:-;m?:an;lauxamme u TypOy
AW, HANMKEHHBIR B l]pﬂjlﬂ.'ﬁ'm ' »
q“q;’pgcnpe:umune KOHUEUTPAIHH BIBCIEHHLIX HACTHI| Em::l . p::m{
annapata. [Ipn HaAMURH HATEHCHBEOTO OKPYXHOO JIBHKEH & Jumes
CTH, KK STO HMEST MECTO B annapatax §es oTpamaTeNbHbiX nlegm HE&ETEF:
pACNPelCACHHE KOHUEHTPAUM MacTHU no PagHycy ycr;:.::mu i
B PE3YJLTATE HX [BHMEHUA NOA JeficTBHEM UEHTPOOEKHG digtioleil
pHpyKOlMiL akTap) B nepexoca B npu:mmnoﬁomi{::t it III:JE kil
TypOyaenTroi midgysued (cum&muamunh thakTop). i Hmm ke wot
OTHOCHTENLHO REAKOCTH NOZ AelCTBHEM HEHTPODENHOH © I EM e
eTCH TEMH Ke 3AKOHOMEPHOCTHMH, 9T0 H OCAMICHHE NOM AEHCTOH s,
TameeTH. Pasauupe 3akaoMaeTcs B TOM, 9TO B AAHHOM Q-"[?::iieﬂ[;um
YCKOpEeHHS ChoOOOHOrO nanenns g BHINOAHRAET ilempﬂtiﬁmx Cn
yekoperee v¥r, 1 B CBA3N C 3THM CKOPOCTh AUHIKEHHR h:lri',_; S
B pAJMAJBHOM HANPABACHHH MONET ObiTh BHpaKeHa

{5.2.3)

wyy = woct! ¥ ar #2.9

; A GECTHI HE pagHyce
e — NOKAMBHOE SHAYRINE CHOPOCTH PAMHUIGHUTG SDHKCHH { yee
Ir-lif.'r?: mﬂﬂ“cuupmna OUARIERHA YACTHIL nojL J:ljfﬁmtltll CHJIE THMUCTH, M(E U -—0K
I.!,'.'M-.Hlaﬂ CROpOCTE HALIKOCTH HA panMyCE £, MIC-
Koaddmunent TypOynentrof 1uddyaun b panmmmm: HHEP(%B;E;“H
CTBHH € YpaBHEH 34)—
HA OKPYKHOCTH PafKyca r B COOTBED
{3.3.&)’3331{:«& sipasercs (hyHKImeH pacupejenen s OKpyKHOk c:;puigt';
Kak G0 foKasano B paspene 3.1, 8 annaparax Ges nep HpTg X
CYUIECTBYIOT ABE KOHUEHTPHUECKHE 30HW € DA3mmuLy Xapa pr
PACHPEAENEHHA CKOPOCTH, pasfeienine numpxuoﬁ'arﬁﬂginﬂg:;pn%
CT - amUyca MEUIaikH.
kovopeit coctasiner 0,6—0.8 p | bl
' A B BEpXHEd H HHXHER WacTH p
UHPKYARLHOHROTO NOTOKA B i Ao i
anne, Moxuo noaararh, ¥
HCXOOHT HATEHCIBHOCE I'[EPBMELHHB LA
plfiHas s0Ha) ycpelnne
s, peiXonamas us sons 2 (nepmep :
NoBopoTe W NPRXOAKT B 30RY 1 (uenTpanLias S0Ha) ¢ sexoTopoil cpefued

KonuenTpaiHen

(5.2.5)

g R
= fr
2 ep ) j' xr
rﬂl

i



Auanorusno,
peprilnylo somy:

CPEAHAN KOHUGHTPAUNA CYCHEASIH 1ia BXOAE B nepm

Kinn—
e 2
L]

Honycrunm, wro wnpkyasunonssil notax PACTIPEACARETCR N0 CeYEH NN
;:mi-w.nﬁ i3 300 papHomepHo (npodmab ocenof CKOPOCTH BLIpABHEH),
KOHUCHTPAIHA TBEPABIX YACTHIL 1O BRICOTE H3MEHAETCS HE3HAYUTENBHO,

FTHX YCIOBHAK pAlMANbROe paclipesenciue kou -
HEHTpA N
onncusaetca [18] cucreyoli ypasnenni EHTpaunil wacTHil

¢ [ 2t (e — b2 <] 2 =0 gm0
m
d[zmhr (m“x_n;{ii” = (5.2.7)
_—ﬁm ep — X) dr = 0 TP res << 1< R

rie B — sogennioe i
b Jnavenne Kostibiuserta Ty phyaeRTHOR Aty -
FMBALHOM HANPAITEHN 2ol 4

e HA GEpyMHOCTH paiuyea £, whle; g — unpryamimomadt pec-

B ypapucnuax (5.2.7) nepouit wien xapaxre Hayer
MO REHCTEHEM UERTpOGemBOl CHR & nn:{xpiayaugnn?m 'I[]]Jefl-ﬁ’:!nrzp‘;[ ac:'::f
POR — NEPEHOC YacTHIL © UHPKYAAUHOKALM notokoy. B npnﬁa'rr;H CH-
CTEME KOOPJIMHAT NPH ABHMEHEH YacTHU © HACTHOCTRIO, npesbiianied
NOTHOCTD CPeAbl, CKOPOCTH PARMAABHOTO BHUMEHISR L NPUCHAHBAETCR
SHAK NJIKOC, & LT YaCTHIL © NAGTHOCTBIO HHAKE IUIOTHGC';L CPEL — 3HEK
MHHyc. B kavectse yenomwll ommospausocts HPE PEUIEHHH cHOTeMEl
ypasueauht (5.2.7) moryt GHTE HENOIBIOBANL COOTHOLIGHAR, KO
ABIAKTCA COICACTBHEeM: T i

1) conpsmennoct Hpodiael KOHUEHTPAURN Ha rpanle aon

Xy = Xy d.r, A d.f. - d‘xl d':,
“dr dr ? &F 4

2) oceBOR CHMMETpHU pacnpejene
. HWR KOHLEHTpai ya -
PATE NP HaAUNMK HENPEPHIBHOTO Npohuas o L

MpH r=1rm (5.2.8)

de
= =" npi r=10 {5.2.89)
d) oteyTermun TypGysentroro NEPEHOCA Hepes rpannny soH * e
Ewmffx—ff‘-lﬂ ap =%y apj = [5 E.I.I'.'IJ

TAE Xy, X3 — SHautsd xopmempatufl o uenTpaakall o mepudepuinicl o

- ‘I‘ .
mpofinG :}-Eﬁy :ﬁﬂ Tizﬂq,"wmmm MERES STy FPEGILY MoMI0 npenefpeus. Bonee no-

2

[ xrdr (5.2.6)

K poMe Toro, KOHUEHTPALNH B HENOCPEACTBENNON CUIH30CTH Y CTEHKH
pLNapaTa DpeantJaraeTcs 3alannomn:

X=Xp npH r=R {(5.2.11)

Vuprhgas, 4T0 NOKANBHEE 3navennsn KO3(pHinenTa TYpOYReHTHOT
NePEHOCE MacTHL, KaK OLiAD HOKA3aHo BHINe, MOTYT OHITh OnpereteHbl
a0 ypasuenusiv (3.3.4)—(3.3.6), u noxcrasass e (5.2.11) 3uasens
oxpyxsoR cxopocty (2.1.29), noayuum:

1) ans wewrpansnoil aonw (0 < r < 1)

am — wortor® (P + Wi+ WV gin (5.2.123)
Df) = 0,055 (A 4 e |- 1) re, (5.2.126)
2) ans nepudepuiinoll soun b oGracTH F < 7 =< |

iy = tioeligP™ (P8 4 ur® - 1)V glre (6.2.13z)

B = — 0,080y (War* -+ 3ier® -+ 1) (R = rn)® (6:2. 136)

iBobascrn | <7 < R

i = Moct (1 -+ ¥ -+ /(P2 Vo) (5.2.142)

D = 0,080y (14 ¥4 - ) (R — i) (5.2.146)

Cucrema ypassenuii (5.2.7) p coueramun ¢ pwpamenuaMu (5.2.5),
(5.2.6) u (5.2.8)—(5.2.14) osro3HauHO CBR3HBAET PaCTpENeNeHie KOH-
LEHTPaLKK BApCLIEHE R YAcTHIL o Pﬂ'ﬁﬂ}’cy C XapakTepHCTHRAMH anna-
pata u mewasaky. Pewesnne sroft cuctenmt) ypassennil, nonysennoes [18],
MOMET GRITh (pORAMOCTPHpOBaHD B dOpME HarAsaNON (uIHIECKOH MO~
Henl nepenoca TREPAMX uacTmil B ofnese. IlpeacrasnM, 4mo ofaacti
Ol Sl fm < T <logH g <r= R COCTOAT H3 KOHUEHTPHUECKNX
C/l0EH WACAABHOTO CMEUIEHHA, WHPHHA KamAore U3 KOTOPHX COYMHT
MAPGM  KOHEYHO-PA3HOCTROR CXeMH no  pafuaibuol  Koopjumare *.
Pagnanbiiit o6MEH MeXUY CAOAME CCYINECTRARETCA B peayabTare Typoy-
JIEHTHOTO NEPEHOCA H NEpeHoca NoR ﬂEﬁﬂﬂHEM I.[EF['I'PDﬁE}HHMK CHA.
1 lockonbKy npH GOJBLINX 2 CPajHeRT KOHUEHTPALlHH Ha TPEHHIE MEKAY
COCENHMMH  CAORAMIT  MOMET (LTh BEIPAMER KAR OTHOIUEHHE PAazHOCTH
KOHUEHTPAINE B CAOAX K WHPHEE CACA, TaKoe npeobpasoBanie moneai
noasoiiner aavenuts ubdiepeniuaNsHEE ypapHeRyR cuctemoit n3 3z
anrefpauneckux ypasHenni DHA3

Zel

e [l‘..riﬂt-rl (T — x) ffﬂi {l"' * ]]I +
R—n

rE) s
+2aH (reawnieXen — i 156) -+ o H;.l ~(anr=s)=0 |@BAI15)

*Ujojo cnoes r onpefensercs o Xoae slimscantesunoll npoucaypu, noxons
yehonull yerofuuBacTi pAIHOCTHOR CRENB! W SANBRAHGE TOUHOCTH: PACHETA.
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F7ie Ui CADER LUeHTPaSLHOR 30HE D<crer )
L

ey =Xy op = ' '
i [ t L;. (g — )%, (5.2.1
= ] =i
W F =ark, aun ctoes nepipepnition 3oum (r,, < r < R)
xﬂll = I" op = __,_l_ I=z rn r
3 b ¥ (i —r)) %, (5.2.17)

i=l

HF=n(R— ).

Spmen Dy, Dy —
b Higy — auavennn Dy, SOOTHETCTRYINHE  purmYCEM £y o I

dnavenns papuycos suemued

rpa z '
ONPEIENTHIOTCH U3 coOTHOWeHMIT RESIR PRIy o ol

ri = irmis npE I =Si<ls
i =Im 4+ (I—2) (rg —rmliz i z 4 Il % (5.2.18)
Fi=ru— F—22) (R — )z npR 2z | 32 |
':..]JE,II,IIEE IHAYeHHe RI’}HH&HTPEI_UIH HACTHIL B annapae:

Fep [rfnxlv:p T (RH“ 'ix}"nepl.fk! (5.2.19)
Cucrema ypasuenni (5.2.1

ekysun, Hompog o 9)—(5.2.19) we COEPHNUT Kakux-aulia

B MHCIO 32JIAHHEIX WA
il HE MOTYT OuiTh
S e t;tpﬂnmemmm B NpPeLBUlYTHNY FAABEX,
OH CHCTCMBI, TAK e KaK FKCHEPHMEH TaMb-

HLe JARHRE
18], nokasuwsaior, yro s anHApaTax 663 OTPAMATEIbHENR.

neperopoaa) :
EPEFOROAOK npR natoTHOCTH HACTHI, npeBvINMIGILEd NJAoTHOCTD Cpensl

(e > p), ochosrag
! Macca Toepsioft daswu
B [epH j OKASKWBAETCH Cocpe
nﬁpﬂ%&":ﬂﬁ:ﬁﬂ;ﬂfe annapata (puc. 5.2). Ilpu p, < p p.;:g;,iﬁg;gﬂ,
HOH 3ome (oM. puc léﬂ:’)m l[if:cqmmm EQHUEHTPHPYIOTCA B uﬂﬂ'rpn.ﬂ:li
: A - d.4). CMOTPERNLG X -
::;c'ﬁ;g{m::::”mmmmmn}'m' C ToM, NTO iﬁlggmiﬂlﬂcalmpm&mmﬂ
fRaRHoe urrpn}rnpgﬂﬁemmn CHAE NPOHCXOTMT HAMHOTO GlcTpee ':érn“::;:
BaAY CyChe ;w&muum noTokoM, 7o ocobenno Bamno upu' nepeme-
L s Hnl;m ctﬁrl.:it:]'mmm HACTHHI HHME naoTHOCTH GEEMJI
= 0,608 oo HEX cooTHowennsx Rir, — 3 T
~0,8 obmem uentpasnibuoft aoum ' NS L
Hacts obie COCTABANET OYeHb. iebo, ‘
o obbeMa annapara B Ko UEHTpanua raepnof gasw ’;hﬁlrm

30HE OKas
e aap ;;ﬂeFaﬁ“gg MHOTO pa3 (Ha nops oK u Goaee) Britiie, yem cpegysy
- NOBRITIEHHE KOWHEHTPALUME CoBiaeT TPyaHoory npn
3 f
; x, MpoBeRennK TEXHONOTHYECKH X Ilpl?n--
i Heccns, OcobeHHO eci Yact il of
: JERANT CENOHHOCTEI K CAMITAHNKG.
0=
Pre. 5.2, PRANASEHGE  PACAPESEan
TRARMN NBCTMY B DnnapaTe o MHOR Mot
Kol (B=0,3m, d, =0, lcu?’m'f.'m e
: Smaveniin wo. (0 mfic): 0.06%; 7 — 003
3 E%n:j:;g““ AUNAN = pucwer i ypanme 1n+
- o ) {5.%.98), g

+11 H"‘l'.. i

[IpHMENNTEABHO K CYCIEHIUAM C BAOTHOCTBIO HaCTHL, npeskillaiomed
[(JIOTHOCT Cpeibl, PAIHANBIAN CENapaius Npi NEPHOIHUECKOM PERIME
,alioTHl ATMAPATOB He WEpaeT cyiecTReRnol poas *. [lpu meppepuinonm
PENHME ONE MOWET, OAMAKO, NPHBOAHTL K HEKOTOROMY YMEHLLIEHHIO
cpeJIHEro Bpeseiy NpPEGEBAHHA HACTHIL B annapare (cm. paanen 5.3).

Cienen s HeoAHOPOAROETH 110 pamiycy, B OTIHYNE OT HEORHOPOLIOCTH
pacnpeenelns o BHCoTE, HE MOKET GLITH YMEHBILEHA [IYTeM MODEIIENHA
JaCTOTH BPAREHNIA MELLANKI. 370 spAseTcs O/IHHM 13 CNeNcTBNIl HEIHa-
GHTETRHOTO BAHAHHS UHPKYAAWHoHHOro pacxona. B cooreetcTBum
¢ ypasnennsyn (5.2, 14), peantuas wy o Dy MaMeHsIoTCA NPAMG mpo=
NOPUHOHAABHO YIVIODOH CKOPOCTH MEIANKH H YBEJIiEHRIo woadufn -
unenta TypeyaerTroi auddyauy (hakTop, crocobeToyunnl nepemeuin-
BANWI0) CONMYTCTBYET (PONOPHHOHAILHOE YBEMIMERHE CKOPOCTH Uy
(harTop, cnocobeTeylomil pasieneHiio cycrenami). B 710 me Bpems
CTENeHb BINSHNE uaveTpa Melianky wa w, » DY pasmnyna, » ysejuye-
HHE AHAMETP# MEIIANIKH NPHBOANT OAHGBPEMENHD K YBENHYCHHIO cpeanefi
KOHILEHTPALMK cycrienann B nepuhepHitioi JONE It NOBHLLEHHIO CTENEHH
CAHOPOAHOCTH €6 pACTpEneIenis N0 pajsycy STol 30Hbl.

HayGonee anauNTENBROE BABSIHKE 113 CTeNeHb OAHOPOAHOCTH pacnpe-
peneHin MacTi B npeaenax nepudepuiliol 30HE OKA3LBAIGT CKOPOCTD
OCAMACHIRA HBCTHI W, (pic. 5.2) u macurabu annapara. Kak creiyer
us ypasuennit (5.2,13) u (5.2.14), ¢ yseanueHHeM pailMyca annapara H
wetankn (R = consl) cKopocTE PEAHATILHONG JABHMEHUA HACTHLL YMENL-
wiaeTcA, & koaduinent TypGynenTHOH Audxpysny yBETHUHBACTCR. o
NPUBORT K CHHUMEHMIO CTENEeHH HEOHOPOLNOCTH PATHAABHONO pacnpe-
[eneHKS, it B Aunapatax cTanAapTHEX Konctpykiui [12] obvemom Gonee
10 o* npw @y < 0,00 /e pantasbibil nepenan KOHUEHTPAIHN HACTHIL
g nepndepHitoil 30HE HEIHAYNTEACH.

Cnaboe Baisiiie UHPRYIFUHOHROEO OOMENa MEHILY J0HEMH NPOABIIA=
eTCA B TOM, WT0 Ynenbl ypasHedkh (5.2.7), BRTIOVADIHE UHPKYTALHOkH=
HET PACXOJ ¢, GOBUHO MAJIBL (10 CPABHERHIO CO CAATACMBIMH, YUATHBAI"
HMH  PATHATBHOE ABMMECHKE dacTill non AchCTnHem ueHTpoteRnoi
CHAR ¢ TYypOYAeRTHYIO andeby3nio. S0 NU3BOARET CYILECTBENND YNpPO-
CTHTH MATEMATHYEUKOE ONUCAHNE ¥ NOMYYHTL 8HAJANTHHECKOE BLIPAHEHHE
NS pacieTa PANNANBHOr0 NPOQEIS KOHLEeHTPalln.

OrpasuyuBancs CayTaem pajuansHOro nepenoca HacTHi, € iuor-
HOCTBIO GOUTBLIE TIOTHOCTY cpenbl (py = (1), HPEHEOPENEM B YPABHEHHAX
(5.2.7) prusiies HUPKYASLUA # OLHOBPEMENHO TRPHMEM

x=0 npw r<_rm (5:2:20)

Torps s nep,ﬂpep"[mnn FOHL! HMEEMT

i
= Dp g~ =0 e

* Hoxmouenne COCTEDARIDT BNNEpATH C Rirg = 2, B KOTGPHX CPERANA KOHLSHTRA-
WA dacTil B mepspepitAioei 3oHe MOKEET NPERRIUATE CREARKID o annzpaty Ho H—
80 % . B coman © STiM NEEMERLHNE NKOPHL I DEMEEX WEmIA0K A8 HEEMEiBainy
cycnesanfl memenatensro (cm. ratn. 1.1).
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Pue, 5.3,
Xy WeRN Xep/E R aF wommsencs K,
18

LLTTE T T T — con

g neaafnenmo SGexTa paaiansiol cenapatiu. Mosromy B 7ex coayuan
7

Emend-

gorjia  pajnaibHan mewmﬂgﬂlb c&fﬂ;ﬁiﬂ?:::&u::cgm;uﬁapa'rax

; AHHE CYCIIEHIKN / o

en LA, THEPEREI Ti HACTHLL HILXE (40T

B obuactax nepudepuiinon ¢ OTDGMATEABHIIN HIEPRTOPORKEN. mmﬁg:f ?;Hl::inpﬁuux WAH SAMEHsIo-

I, coovsereTByOmuXY  pajuycay HOCTH CPEAW HENOALICBARNE ﬂ“"ﬁpmngu ueupenEcmEpaalln. Crenyer,

‘mEr<rn W rne<r<R, b piX BX BHYTPEHHHX YCTpoHCTH “"”" :fmcueﬂue NEPETOPONIOK TaAKNE
pamenis s w, u DY paanuiu (/11 8K0, OTMETHTE, ¥TO NPH Pq < @ 0P

0%

¥ ] CTH
: : AMHANBHON HEOHOPOIHOCTH,
R-zp B ypanuewwe (5.2.21), crporo ropo. ji€ DCETfia FApatTHpYyeT nunuin; :;;ﬁ:;m:e p ::_l n! g
;}ﬁ. P, caAenoBasao Obl peniary OTHEbHD: (| UpH HCHONBLIOBAHWE TH Sainae mnmm-r i wcymecrmuumm o
0 AN ABYX PACCMATPUBACMBIX OG/as paaHAABbEBI NEpenaj KoHLeHTp DL N GutTh OO TS
o W 2 CTeil. 3ameTum, oanako, uro obves [} CBA3H € ITHM NEPEMeLIHBARNE CYCHENS) THOWeRIAX K == 3.
J *é i {b OONACTH 7 < 1 s 1o ph R = ¢ NENETOPOKAMH KeNaTEAbHO NPOBOANTS NP O =

HE npesuiiaer 10 % or ofime
obvema nepudepuilnol souw. Do

HHR (5.2.14) Bo mcem nuanasome

Pamtycos 1, < r < R i npusecry
ypaenenne (5.2.21) x puay

dx

NOSBOASIET HCHOMLIOBATL YpaBies

HR r“-ii = '-'-dF = U 152 '.-‘_
aﬂﬂ:lr
K= woo/[0,05 (R — ren) 2V ol (5.2.93
£ = xjixg (6-2.2
FAE: Xp — KOWORHTPAUMR  w#cning  fa panuyce R,

lpw rpanmmon yenopus, CAERylollen HenocpencTaenso u3 (5,2,

x| apw 1= R

pelierne ypannenns (5.2.22) NPUBOIT K
Balowemy npodwsis KOHIERTPALHA:
¥ =< exp [ — Ky (R — #1%)/1,5]

Ceasb Mexuay nokatbrum
KOHUERTPauMe! vacmiy B ann

POCTOMY BHIPEREHII0, OnHehE

SHAUCHMEM KORUEHTPAUNK X, w cpeaued

dpaTe xg, MOMHO npescTaBTL CACY OILHNE
oGpasom:
# 5
Xep e — 2020 { — K, F13/1,5) ;
P [ ekl — i X
T
R Rl Se4d e A
F b f i
Tt L TuwE R ('_'“i.s ) (5220
=1

Ipw anavenuny Ky <1 pan NPasofl YacTH noAyYeRHory paBenor
Grictpo exomires, Tlis YUPOIEHHA BUMHCTCHEE MOMAO nojbsops

TaKHE ypHBIHMEHHON rpafuieckoll 3astcumocteio Xepl¥py = ¢ (K, 'F!),
npuBeacHnol na puc. 5.3, ]

Yeranonka g ENGAPATE OTPAKATEABHLLY
BHYTPeHHUX yerpoiiers ¢ YL, = 0,5RH (¢

B
RONY CHHKEHIIO OKPYMHOR COCTABAS IaLel CHOPOCTH 1, KaK (JIGACTRHE,
46

NEPETOPOIOR MAH IPYTHE
M. . 2) npusoaur K pes-

7 anna-
Pacnpefenense KONUENTPAUMH BIDCIICHHBIX uacrn:Tg: ;:taw[:fy'rpmi-
ata. Kak nokasado peilue, npHMEHRTETLHD K annap e Pyt
H n:. ;rm—puﬁtm 3AKOHOMEPHOCTH pachpe/le/eHus umrr; i ﬂll;;; bl
cooGpasio paccMaTpHBATE TONBKO ATA NEpREepRine :u.:) 3 'Cﬂﬂej]}HEHHE
- -p:}jx sHANEHHAX KOHUEHTPAIY CYCHCH3HW (ofbeMH i
LL-L-ﬁc'rHu Ao 20 %) w OTCYTCTBHH 3HANHTENBHOH pn:;na.nmn{::m in o i)
!LI.:JETI‘. NpPaiece NEPeHaca YacTyll B OCeBOM HANPABJIERInH M
[19] npoeTayM ypasHerHEM

de 5.2.28)
X (woc — wa) 4 Dy —p- =0 I

fmoil zone, wies Dy — ocpensess
ne ity — ) NOCXORIUCD OTONA B ephGep Sl
:'c':_- ﬁm-lefﬁ:épt::;#hu:mmra TypGyseaTnofl miufxpyasty N ocENOM  HETPABRA
nepadepiinolt aonsn, wf/c

[py rpaspusoM ycaonuu

X=xg npe’ h=0 (5:2.25)
pemteppe ypapienus (5.2.28) nmeer BRI o
xfxy = exp { — Pey) (5-2.°

se, 2= hiH.
rne Pey = (o — o) HiDy — Mmonwpunmposansed  xpurepill  Tlex:

Te
VuHTHBAR, 4T0 CPEAHEE FHAYEHHE KOHUEHTPALKH YaCTHI NO Bhic
PaBHO

(5.2.31)
i

H 1
!cp-"‘-—l-]‘Jtﬂ!= .I.-\"dl
1] ({]
- eH-
Halifled COOTHOWRHEE MEHULY CPEIHEM 3HAYERHEM W NOKAABHON KOHL
aline
Tpaipeit na Brcore fi:

x  Pewexp(—Peud)

(5-2.37)
fon  L—exp(— Pey)

¥ aCHETHd

Ypsenesun: (6:250) = (B.2-53)  nossanmor upoponye fAETeis

Pnc;m eHHA KOHUERTpauuil papelennuX YacTiu B ﬂgm Eml:m =
acnpenen . neMs HX TPHMEHH CR

WaaKamy pasdngmax koneTpykipi. Fpen ¥ 147



AL e Puc. B4, BammenmoeTs  pacnpe ey

ROMUAMTPALMH SBCTHID N6 BKCOTE
G pava oF SncEn fesae,

Pe-01 BETCTBYIOT nNPEASIAM [IPHME

i s HEMOCTH METOACE PACueTa fife
&!f PAMETPOB TYPOYJIEHTHOTO figs

L penoca, NPHBEJIEHHLIX B [, 3.

05 — pearedHoe SHEMENNE
i i h:,i KOSXDIIMENTE TYPOYIeHTHAR

Andprhysun, nenonbayemoe npiy
PACHETAX, HaXOIWTCR N0 ypasHeHUK (3.3.17) wam (3.3.27). Cropocrn
BOCXONMAMETO IOTOKE WHIKOOTH Ly ﬁtlpEﬂEﬂHETEﬂ EaK [

wy =4[ (R*—r3,)] (6,2.33)

3uauenie LIPKYARUHORROTO PACXONA ¢ BHMWC/SCTCR (10 YPEBHEHINO
(3.3.23). Caenyer ormernts, wto B GoabLIMHCTBE CUIYHHER CHOpOCTH!
UHPKYARIHEOHHOTO NoTOKa B nepudepuiinoft soue annapatop Ges pepe
TOPOLOK CYLIECTBEHMO MEHLIIE CKOPOCTH OCANIEHNHS YACTHL H HAM e
BOCXOJIALLETO NOTOKA MOXET HE YUHTHBATLOS.

Ypaeuenun (5.2.30) u (5.2.32) NPAMERIME 0 1A anNapaTos ¢ OTPa=
RATEbIEMY. nepeTaposikam. B atom eayuae kpurepuit Tlexse [17]:

Pe— tined fDq

rae Duayp — ocpennennce Sniseune RosddgMnnEita Ty phyaEnTROR Fuchdryamm, | pacouil
ThlBsEMoe no ypansesiio (3.4.8).

[Tpu pacuere pacnpenencunsn HOHUSHTPALUA WaACTHI, nAGTHOOTS
HOTOPLIX HEME MAOTHOCTH CPEll (Py < p), BenHuHHE CKOPOCTH Ocangie-
HUS Woo (IPHCBAMBAETCR 9HAK MHHYC.

Puc. 5.4 wanwerpupyer XEPAKTEp MIMEHEHNT KOHUSHTpaWmy no
BHICOTE annapata, COOTBETCTEYIOMHH ypannen o (3.2,32) npu pasiapunux
SHANEHKAK Kpurepun [Mewae. 3apenmoctb crenen HEOIHOPOAHOCTH
PACTIPE/IEAEHHA OT HaCTOTI BPAINEHHA MEHATKH HOKASAKA 114 puc. 5.5,
Kak caenyer us smux preynsos,  oGaacty Pey — 0,6-0,25 ymenbuienmo,
sputepusn [Nexse, orpanaiouero arhowenne CKOPOCTH CEnapaiuni yacri,
NOJ AeHCTBHEM CHJIB THMECTH K CROPOCTH WX mepenoca TypoysenTHON
Aiippysuedl, coorpeTciByeT SHAMHTENBHOE NOBLILEHIe CTENCHH OHOPO/=
ROCTH pacnpepesienns Koruertpaiif, Mpu Gonee muakmx Pe, snavenis
XlXop npHGNRIKAICTCH K emmHNILe
ACHMUTOTHYCCKM (pue. 5.5), W no- :,f
CTHHEHHE NOTHOR oAHopogHocTH
cycnenaun vpedyer, no Kpained \ !
MEPE TEOpETHYECKH, GECKONEYHO

|
|

Pnc. 5.0, ZupncHmocts xonyes TRANHH =
RATEAR W MOMOCHME Wi nui€ore Ao ff = 0,1 s
(prnan I} w hif — 0,9 (wpunas 2} 07 waeTe- I
T MDPACHEE M EaaNn {annapat glamerpoM

0,9  umpeasepian e, = 3,15
%oe = 1, 00EZS mic). [ - - - - - A
Cawnpunide  amimy — pacwer o ypunne f & ' - # -
e (B2 R,

14§

L

(cOKOH  WHTEHCHBHOCTH mepemenmsaiun. B consn c srim auu:;
AR NPOCKTUPYEMOro annapars & GOALUIOR CTEHeHr 3aBR
B lmrn HAacKOAbLKG ofocHOBaEK TpeloBanHA K CTENERH OJHOpON-
e TH p;.mpenencuuﬂ kouuenvpawni B annapare. Jlas fn}llblll!:ﬁ-u:‘l’ﬁi
i (HECKMX C/IVHEER BOOAME JOCTATOMHD BHAYEHMS Xyl Xop ==
”]'.ﬂlhr—'-l 15 *, yto cooTpercreyer uncham Pe, = 0.3. Fmemu-mnu;
--':'Eﬁllliil.i"di-ll:'ﬁ K CTENEHH OQHOPOAHOCTH NPRDONT K pnlr;arr.umy ;‘-n;:['mc;-a}luaﬁ
E-Ir‘mnnc-m (HanpHMEp, CHIMEHKE BEAHMUHBLL Xypue!Xep © 1,10 A 4
yTen yBenuienys 9acToTh BPALUeHIii MELIAIKN CBA3ER0 tliunnm}:zugﬂu
JOIHOCTH B 25 pas). Maanmmee cHimesne TpeGosanmil K cPeﬂ L
0 ;iunpcmﬂnm'l-l CYCHEH3HI TAKKE HEWKENATEABHO, NOCKOIbKY I'If:: o él.r ot
i | ],-1.5-:—0.5 MOMET NPOHCXOMHTE OCaXJIeRHE HEKOTOpOH Hac
i ﬁiﬂmﬁpﬂmﬂl HANOMEHHE ﬁac::mnlr_:lb uunuma.mmptéunlﬁ:m:ﬂc;wﬂz

CKOTOPOR CKOPOCTLIO OcANUIenHA .. Ha npaktuxe p
'::;,r:r;"lami I:Ipli x-.f:-mi:'i'cﬂ CTATKHBATLCH cu??iﬁ;“.::m ygﬁ:ﬁ::ﬂgﬁﬁg
ocrasg. O4MEBHARO, YTO NPHMEHHTEND : :
E':rﬂpﬁienenﬂmﬁpanneuu AM MOMET ObITh BLIIOJIRER A uaﬁ?ﬂ ‘Plr:::e
Ml HACTHIL € MOCAELYIOUHM CYyMMHPODaHHEM HGHIJ.EHTpaHI.: s
neern, OfHAKD, B STOM HET HEODXOMHMOCTE H nmamqnaﬁaﬂl.:lu sl
nGeCNeYHBACTC HPH HCNO/ALIOBAHHE CPEANETO pasMepa H '
AETREMONO KaK

&
dep = E gy (5.2.35)

=i

e dp — MURCHMATRIER TUBNMETP ssctuil -1 Hpukivn), W (y — Jona MacTHiL gannoi
: : it
thpakiig; & — whcno Gpaxin

Ipn 3710M YCJAOBHE NPEAOTBPAILEHNHS OCAMACHHA erﬂmﬁj &:ﬁ)
i MAKCAMAJILHONO pasMepa. v
IOMERG DETOAHATECA II8 YacTHil : HEP
OHO HEe BO BCEX cayvasx ofmsavrensHo. Moryt seTpeyarses m?ﬂlrl)i:::
Horga canepmamae KpYyUuHbIX HacTill B CycHeH3HE IIEEIE!JIIIKG: a IIEEHT sl
HECKAR YKCTKA AUNAPATA BHTOJHEE, YEM SHASHTENLHOE NOBLIIIEHH P
IHEePTHY Ha nepeMelluBanne.

5.3. MEPEMEIIHBAHHKE CYCIEH3HII B ANNAPATAX
HEMPEPRBHOIG JEACTEHA

Pacnpeag/ieHne KoRUERTPaltAR BIBEIIEHHIX RacTHIL B ofbemce "Eﬂiﬁigﬁ

BACMOI CPeALl fe OHBAET HASATBHO OJHOPOAHBIM, l'[p;:I é:z?:u‘,:r paﬁun-
ANHTENLHLE OTKAO

cnocobe NpoBefeRHs nNpouecca Hean s
CTHE CAYNAEB HE WMEKT 3H ¢

MEPHOTO pacipefieNenns B GoabiliH -

i'iarilpljﬂlﬂp. IpH HENPEPHIBHOM PEMEME paﬁml:; eﬂigpi;;imﬂeﬁgﬁeguuma—

] JIUAET Ha
HOCTE pacupeneferisl 3aMeTHO B SHeicd
HeT 3TONe BAMAHAS MOMET LYY
nHn yactHy B amnapate [20] n wey 2
HLIM 0GPA3OM CKA3BIBATECH Ha pesyabratax npouecea (211, [lan anasu3a

* Zymne — KOHIWHTPOIHS CYCNEnans sAmEY NODEPXHOCTR HPH PP AN Y SHIA
LB
OMHEPATA PN Py o= P- 149



Puc. 5.5, Croma RO
PaxmEuelinn pi
TUNON CYCOCHINK D FPOTOAMHOM :::-:.:e.

DUHILENA  neoaHopofiocTH pacrpeng
JEHUA  KOHUCHTPAUHN cycnemamy |
WHTEHCHBHOCTH  nepeveliubamns i
Pacnpejesesse Bpemeny npeGuman
HECTHIL paACCMOTpEM cayuah nepeme
UMBANHS cycmeHsuu B nportounon
r Cxnputsp  SNUAPATE © OTPAMATENbH LM
2 | ity  POKamm (npu Ox/dr 0) npn crynes-
WATOM M3MEHEHMH KOHHeNTPAILm

CTHIL Ha BXoge o1 » :
£ n A0 X Cxema (=il
NOTOKOE  ripuBEaeHs Ha pncr 5.6. PEaMeIlelns BBOAA H BhBOLE

M i
cnyuang? ;:f:;z:r:s Hl:lrﬁﬂa‘lﬂl-!l: ANnapara no reepaoci gase s paccMaTpHBaEMop
WTh 3anHcan B dapme HHTETPANBHOrG COOTHOmCHNA:

x
Hxepm+ sipsas = Hrop (1) + [ wpey e (5.3.1)
i}

3nevs, Xy X — Kow

i Xoy — BOBIEHTRRIHN 4achiy 1y

;:HE]“:IL;;ME BCyNR (o e BXUSE B annapatT
ETE 10 BOSMVIWE 3 T

XOfA 1 MOMEHT T3 wy il

Ao BOSMYIGIKA (T <=
B Xep (T} — cpemine Kouentparyy -mme
¥u — KOHUEHTDANHE CYCHEHIH D TovKe Dide

P = PECXO[INER CHOpOCTL cyemer !
ACAREMER  DPM MINEIY  OfBEMHLLX mnmfempm;,,, f_*m; qep::i; I&m!apar (B mic), anpe-

rae G — pacwosn cycnensin, e,
Henoanayen Gespasmepryio nepenennyio

T="1tgp (5.3.3)

P Tep= Hlugy= ViG — cpemes npema npefbnaiKe cpem B anmapate, c.

lpneens ypaswenue (5.3.1
Avpbepenunposan g nmi'uu;n:] IR A 2 a

dx
i —f r:'[}ﬂ i g tE‘E‘{JI
3nec,
1
Xep (T) = ﬁl-xl_’z. ) dr: z =MNH (5.3.5)

u:mﬂ::::'r 1::3&11331:::}1 l155..3.-!]' HeCOXOMHMO SHATH pacnpejienenue KoruenTpa-
OT€ B HECTAUMOHAPRLIX YCAOBHAX X = F (2

== s 2. -

Gore [20] Guso YCTAHOBARHO, WTO TPY 3HANCHHAX el

Pew = (@ou — wp) HiDyg < 0,45; wp/ivge =< 0,17 (5.8.6)

* ¥eaomms (5.3.6) ¢
s OOTBETCTRYIOT NipakTHEE e
msﬁm kKakux-nitbo orpamineil mga ofsmer,
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PEMEUNIDERYN Cycnensill o pe jine-
TIPHMEHEHNS PEIVALIETOD, i/ faras

e 5.1, GYHKUNA PACHPOUEACHIR BpEMER rped Lann- T
,“'I'" awcTiiL @ ANNRpATE: h
;o rypouninan weaans (dy = 0.070 w0 = 080 .
e — D) # — AcwRcTHRR weitinars (dy o 01
," .3 . Pe=03)g & O 1 KT R LR T T u""""“
e A TR - PACSET i a6k \
: 2
LpUBLIE PACOPERENeHHA KOHUEHTpalmi 35

| BECOTE X (Z) B TEYEHHE BCErO 1EPHORA a2
(epexainoro NpoLecea MouTH HE OTHYa-
joren 0 XapakTepy ot kpuBoit xy (2), co- _
(THETCTEYIOIEH CTALRONAPHOMY COCTOR- T
10 B HENPOTUNHOM ENNAPATE H ONHChH:-

paevol ypapuensem (5.2.30). Tlpn 3rHx yO/IOBEAK MOMHO TAKME Npe-
nefpenn peanumMnol @y, B shpaxennn Pe,. Ovcona

XxeplT)  Xep | —exp (— Pe)

%a(x)  xu  Peexp(—Pe) (5:3:1)
rie Xpp, Xy — IHNNEHRH, COOTOCTCTBYVINRE VOTAHODHNIDEMYCR peMuMy b HENPCToT-
10N anTaPNTE,

Kak chegyer ua (5.3.7), cooreowenne X, (1)/x, (¥) npe naunsix
VCAGDIAX TIEpeMelIuBanKs, XapaKTepuaylounxcs snavenney Pe, spas-
e1e NoeTORNHOR peasunnoll, HE SABNCALLEN oT BpeMelH. 310 No3B0AREeT
npeactasntb ypapsmenne (5.3.4) 8 sine

b
=]
tn
b
Im
=
[

diy (1) iy
N W i B H
Ly — xp{1) I Xep (5:3:5)
Yuyrapsan, 9To
Xn = Xy npe T=0 (5.3.9)
0 pEAVIbTATE HH’TE]'PH poBanns AOAVIHM BIJEFSH{EHHG:
xn— & (1) ( Xy -')
T —exp | — T (5.4, 10
Iy — X P Xep i )

Orretona B cootperereun © [22] naverpaasnan QyHKUMA pacupenene-
1A BREMENTH HpEﬁHHﬂHHFI HacTiy B annapaie

Tt — % A
Ful®) =ﬁ_l ﬂ;p( rm 'I.') {5.3.11)

Kak wspectro [221, npn npeanbHoM nepemellnbanmy PyHKUHA pac-

Npegentniy BpeMens NpethiBaniini HMEeT BHL
F (1) =1 —exp (—¥/tep) (5.3.12)
rie Typ — Cpeakee ppesst npelhBannE CPATE B MOAPETE, C.

M3 conocrasnenun supasensit (5.3:12) n (5.3.11) ¢ yuerom (5.3.3)
CAEYET, UTO pacnpeiencHse BpemMeny npeOLBARHS YACTHMIL B annapare
COOTHETCTBYET YCAUBHAM HABANEHOMO camelends (puc. 5.7), HO npH 3TOM
cpeatee spevs npefMBaHKA MZCTHIL OTIHMEETCHA OT CPCHEro BpeMeHH
Upefunanus HHAKDCTH Top'

Fq (1) =1 — exp [—xftq. cp) (5.3.13)

To, e Vep (Xeplxy) (5.5.14)
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Takum obpasom, Openuec Bpemfi npefuBAHKA YacTHI 8 anuapar
B GOIMEM Cityuae He paBlo CPELHEMY BpEMEHH (IPCOMBAHKA Huaxol ass
W HSMEHAETCH NPONopUHONANLHO  OTHOUIEHE0 cpeatel KoRuenTpaumm
CYCIEN3MIl K e€ KOHUERTPanuy B TOUKE BHMXoAa 13 annapara. Beinunn
STAr0 DTHOINEHHH 3ABHCHT KAK OT HHTEHCHBHOCTH LEpeMelinBARHA
CBOHCTB (a3, yuuTHIBAEMHX KpHTEpueM Hexne, Tak 1 or pasmewen
TOSKH BuBofia. B cootvercreun ¢ (5.2.32) HPH BUBORE CYCNEHIuH
ﬁ”fgm 2 = h/H omowenne X . /x, Mower GuT PACCTHTANO N0 ypaBHe-
H
Xop. | —exp(— Pe) .
r.r ~ Peexp (- Ped) G

Mpu nuorioeTs wacTiu BRWwe naoTHOCTH cpean (p, > p) peanyiHe
CHOPOCTH OCANUIBHHS WACTIN W, BXQJAEH B BHDAMENHE KpHTEpIS
Texae, npuceanpaercs anak [WHOC, & MPH gy < p — 3HAK MUAYC.

M3 ypansenus (5.3.14) CACAVET, HTO IPH 3NAYUTENLHEIX OTKAOHEHHAX

PACTPENCTCHIS KORUEHTDAIUE CyCIIeHBHH OT PaBHOMEPHArO Cpeiee

DPENA NpPeOHBaUKs TBEPAOR dASH B ANMNAPATE MOMET OTAUNATHOR OT
CPEAHErD Bpeweln npebuBarua Muaxocrn ua 30—40 %. Ha pue. 5.8

UPHBEIIEHN PE3yALTATH SKCNEPHMENTANLHOIO OTMPENENEHHA CPEAHEro

BPEMCHH Npelubanus YacTiil 10 KPUBLM OTKANKA BNNAPATA HA CTYnenya-
TOE BOSMYIIERHE npe pas HdHof HUTeHCHBHOCTH nepemettsanus 120),
M3 pucynka sicuo, uro Tu, cp MOMET OBITH KK MEHBILE, TAK K OGOALLE
CPeIHETO Bpemens npefBaHts MUIKOCTE Tep. Makeumansnoe anavenne
% ¢p COOTBETCTBYET YCNOBHAM OTHONA CYCTEHIMN U3 TOUKH € MUHIMEIIE-
Ol MoKensLHofl KoMuenTpatuedl, MUHWMARBHOE — M3 TOUKH € RAHGOAB-
Liedl JoKaneRoi KoHUEHTPaUNel TBEPAMX YacTuw. Ha puc. 5.8 u ypanne-

T_lr i
=3 asr
Q6

ga}

i)
T
i

o
o

LG

Gs}- Mty 7 82r foy =

2 i L. k
’ B’ 4 Os L2 (6

Fe,. T

l‘w.msu.l:‘."!l:.::::nmm CreAuero. mpemain npolsinahum «ncTm o annapeTe Hr wm:n:ullmcnt-.

OTlo cycnesamn 1 Toni © MK IMEIaUo] noKan

€ MIHEHMAARIDR  Solanunol  wosmeny o sl §s
(50,14 ' <

Enull stntentpanEeR (xpuhan T) 0 Wa Towiwn |
}- Cnmowsge Junin — pacteT Bo ypasmen

Pue. B.9. Synsumn | Fy (T) Alm wacrinl  aniipire Ges GTPAMATENLM LT AEPETOPOROK e
HREMUAN. pARHARRHON hesaippoaiocre (D = 0,3 m, TypOuiinine [ TTY TS

I— dy = D120 W, Wi 0065 wile: ¥ iy == 01wy S = B0 Wi 3 — umoassdion Cae
e e I"I'DI;R = T}'. Cumomnes NUEHN pacYrTHiee
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pie (5.3.18) caenyer Takme, NTo NP RATHYHE OCEBOH HEOMNOPOAHOCTH
pOCHPEAGAEHITR PASHIIA MEKAY Tu cp M Toyy MOMET GRITE YMEHBIEHA
(i TEM CHIMEHHA 3HAYEHT ]\'.])HTE[JHH ﬁexne. T. €. N¥TEM NOBBILEHIIA
jIHTEHCHBHOCTH (epeseluyBarEn. Ypanrenus (5.3.14) v (5.3.15) 8 pasnoi
wepe NPHMEHHMBL i SR annapatop Ge3 BRyTpeRRNX ycTpoficte. B stoM
caydae B kpuvepwit Tlekne smecto Dy nNOACTEBARETCH OCPEAHCHHOE
sHauenne wosduuwenTa aypGyaentaol audipyaus 8 nepudepnfinod
soune Dy,

BimaHue pasHanbHoll HEORHOPOAHOCTH PacupeNesennn YacTHIL Ha
CpefHes BpeMsA nx npe(uBaHiy B annapate TakMe MoMeT GUTh YITeHo
1181 no ypasnenmo (5.3.14) (puc. 5.9). B 3vom cayvae penntiiuia Xep/Xy
ol DERBJNETENH 10 YpasHenmo (5.2.27) nay ¢ nomoutkio puc. 5.3. B Tex
CAYMARX, KOTHA OOHOBPEMEHHO HMMECT MECTO CYULECTBEHHAR HEQAHOPO-
HOCTE MO BBEICOTE W pajMycy amjapara, cpeiHee ppems npelmbavis
HACTHI MOMRO Ilpllﬁﬂli}HEHH(} OUEHHTD NYyTeM pﬂﬁ,ﬂﬂ-‘lhll[ﬂ'ﬂ }"[E‘I‘E BINH-
unfl oboux daxtopos. Pesyasrupylouiee snavenne Xqq/x,:

Xopl*s = (Fopfulon (Fep/Xa)p (5.3:16)

rie (fep/Tplne, (Top/Sn)p — IHAUCHUR, CUPEALIREMBIE NWEAABHCHMO T0  YPEBIENHAM
(5.3.15) u (8.2.27)

Annapatsl ¢ MemanNKaMmi AR nepeMellDaHnd cycneHsmii vacro
ACAOAL3YIOTEN B KAYECTEE PACKO/IHEX EMROCTEH JUTA NHTAHEA HEnpepLB-
HOREACTBYIOIMMX TexHOMoTHYecKnXx JuHnl. Takue ansapara paboranr
U nOJAYHENPepLBHOM PCHHME (3AMPYSKa — NEPHOMNECKAn, BEIPYIRa —
HenpepsiBian). 3anaua ux pacuers COCTONT B ONPELEnenin yeaoBii nepe-
MEUIHBAHUA, OGCCHEMMBAIOLINY NOCTOSHCTHO KOHUEHTPALMI MACTHIL HE
BLIXOME M3 ANGAPATA NO Mepe ero onopoxuerns. Ecan npenetpeus rpa-
JHEATOM KOHUESHTPAUHN B PaiMANBHOM HANPEBJCHHY, YPaBHEHHE Mare-
pragbioro Gajanca annapata nonyHenpepLiBHOro AeHCTEHA € HUMCHIEM
BEBOAOM MOMHO 3anncats [23] kag

!
Xephl = xep. wlfiyy— i FopelT (6.3.17)

i

THE Xpp, Xy — CHENRRA KOMIEHTHAINA CYENCUAMN B BINAPATE o KONBCHTPIMN WA M-
¥OAe D O MOMENT T, Xep,n — BEULALIOE IRGNCHWE CPeANeR xonuewtpausw; Iy, H —
NLCOTA SN0 CYCTIRNANM D ATMAPATE D HANAAUHL MOMEHT H B MOMENT T, M,

[lpr passomepnoM H3SMEHEHHH BHICOTHL CACR MHAKOCTH (HOCTORHCTEO
ofbeMHoro pacxopa, wy = dH/dv = const) ypasnenwe (5.3.17) npu-
LONTCH K BHAY

"l

Xaphf = xopiwhiy — xotlH (5.3.18)
h

Bpoas Gespasmepnue nepemennme [/ H, = H u XXep, 4 = X, NOCAE
iipeobpasopanys B anddepenusposanusn (5.3.18) noayuaem:

H diep =+ sepdff = il (5.3.19)
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Prc. E.00, JamnckmotTe KOHULEN TR W
CTMI WA BRANORE M AANGPATA nou -
HEEKRND JEfiCTRES OF WLTOTE SANOMhe i

Chaolinge AnFEE — pocTEr e

Monaran G/Fy ¢ wee, Bhpo=
3HM  KOHUEATPAUMI0  CyCnCHaui
B TOYKe Buixona (z —(0) o coop
BeTCTBHH ¢ (5.2.32) kak

Ko = Kcp Pefll —exp (- Pe)]
(6:3-20)

tne Pe = wigoMilgy
B coorsercrsui ¢ (3.4.3) u (3.4.5) i annaparos ¢ OTPaMATEABHENME

HEPETOPOAKAMH 3aBHCHMOCTE KoaPhHUHEnTa TYPOYAEHTHOIO NEPelioca oT
BHICOTH CHOA CYCNEHAHK BHpamaeTes opmyaoil

Dyyg 7 Dog, wFT 1 (5:%.21)
rie Doy n— snsvenne Dgy npu H = Iy,
Orciopna
130
Ro= Zop Peqtt (6.2.29)

I — exp (— Pey/i'™)

[Mozeraens 510 supamenne B ypasuenwe (5.3.19), ¢ ynerom rpanmy:
HOro YoiaBua

Xep=1 npu H=1 (5.3.23)
HMEeM:
g = 4 exp [ — Pe, it = 11,26
fop = [ — exp{ =Py~ P [Pen (7% — m} (5.3.24)

Conocrasienne ypasrenui (5.3.24) n (5.3.22) nossosser nodydnrs
OROHHYATENBHOE BLIPAJHEHHE, KOTOPOE CBA3KBAET KOHUWEHTPEUMIO YACTHIL
HA BLIXOJie H3 annapata c TEK}'LILHM JHAYEAHEM BRCOTH 3a00JgHenin:

Py Hv3e B,
I —exp (— Pey %)

5% [ 1 —exp (— PeyHio0)
I —~exp (— Pey)

Xg= Xap. u

_ 101,46
exp [Pey {7113 - m] (5.3.25),

Hs eruipaxesnun (5.3.25), 7K e kak W u3 pesyasraion HaMepern iy
(23] cxepyer, uro npu anauennsx Pe < 0,2 KOHUEHTP RIS HACTIHL Hal
BLIXOJIE H3 2NNAPATA B TEYEHHE BCEMO MEPHOAA BEIPYIKH HE3HAYHTEILHO
OTHHYACTCA O HAYanbHOl cpennel Konuentpauun (pnc. 5.10). Mpu
anavennax kpuvepnn [lexae 0,3 n Gonee namenenne Konnentpammm ua
BhIXO/I€ MOMET OLiTh CYLHECTBERHEIM,

Tlpussiepy 5.1, TIpaBeputs. npuMesuMOcTs Annapata ofesmor 80 o' (R 2.5 n
muicoTa asnorseAnd I = 3,3 M, menommesibie DUyTHeRINE YOrpolicia oroycTeyim)
e Typhitnnol Menaakoll (S = 84, za=1,rg— .65 m, s — 1,06 ofilc, wy = Gﬁg_
Pame) juint HEpCMOLMBANHS CYCHCHRRYM € MACCOBOJ KOMEEHRTPAwmel teepacd e
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5 % (pg= 2165 wrind, dg= 00001 &, p= 1210 kr/i?, u = 0,0012T1a.c}. Donyernuay
paIiCTR konuenTpaidil Teepnoll isu b ockobnoll WACTH OOLEMA RIMOPATE COCTAU-
aner =10 5.
2 Pewenne 1 Fepuf s;rnrr CI_ ﬂl;ﬂmmﬁnggmwﬁunrﬁ PBCUST,
L —L G0 ¥ - 5
L1, Tlo (52) pep 1{( o + “21435) (287 weind,
2% Reg= r::prrdﬁﬁ: = 1237106+ 1,26%0,001 2= 1,71 108,

B = Riry=2/0,625= 40,
- Tin (Y178 ¥

4-302,5-+ 1= 0,28
Mo (2.1:38): E = 6,28/[1:8,4:(1,71- 10008] = 0,021,
Mo pue. 210 Yy = —0,4; no (21.20n): §— 0,5- 1,96.04 = 0.
Mo (5.1.7) wye = 1,15 ) 1075 (2166 — 1210) S.81/1210 = 0,032 we.
1.8 o poe. 3.6: Fey = 0,86,
3. Bropoit 378n — Ollenka PEAMANBHOTO PACHPEACTEHNR AACTHIL
21. To (5.223): Kn= 0032/[0,05(4 — 0,86)* ' 5.81-0,625] = 0,096.
22 o puc. 53! xpplxreel
Tawns  OOpIEoM, DATHRNLHER  UECSHOPOANOCTE  PECTPeNefelBy  KOnmerpam

UHCTHIL HECYIILECTIENEE.
3. Tpemnft 5Tan — pacdeT PACODEEABHMA YacTHU No Buicore nepiifephfinoll sonu
.'.IJ]I[H.[IHTH_

Al Mo (3.8.17):
Dig = 0.45%.6,66.0,6259

i

I.
|
I
]
]
|

o =y B

(4 — 0,862
A8 — ), B

404 (0860 — I} 4+ 2(— 04404 1) In4] = 0,67 w¥jc

2. To (43.20) 6(ry)=1—04-1 0= 0,
3. Ho (3.3.23): kg = 0.0013 exp (6.9:0.6)= 0,0816
4. Mo (3:329) g=0,0816-1,06-1,26° = 0,168 wm¥c.
B, rw= rofm = 0,625-0,80 — 0,54 ».
€. Ilo (5.233): my— O108/[3.14 (2,5 — 064 ] = 0.009 wic,
7. Pey= (wge — tg) /D4 = (0,032 —0,008) 3,3/0,57 = 0,133,
3.8, Hauloupimie H HEHMENBEINE JORATHILE SHASEHIS KONIENTPANIN OnpeseTii,
HCXOAE  ma (520470

[— 1.6-0,4 (0,86 — 1)

= = Pew AL 0,134 .
Kypmarg — Xge—g = Xpop = cxpl:—l}tu} = (0,05 ] —“ﬂF{—u.laﬂ}_ﬂl{ﬁm
Pey, &xp (— Pe,
Xy = Xpeq = Xap 1 .'1 upp[( Pg:]'
_ 0,18 exp(—0,138) :
= (1,06 F—exp(—0,189 — 0.0467
Jro coorieTCTEYET PRYHOCTH soslesTpalifl B spmapare 27 Y%,
JHTEPATYFA
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Faasa 6

TEMJAONEPELAYA
B ANMMAPATAX C MELIAJIK AMH

OcnoBofl pactera rengcofMena B ANNAPETAX ¢ MEWAAKAMH, KAK I B TOI1-
nooOMeHHEIX annapartax Apyrax Tunon [1, 21, caymur ypasnense

Q= KF Algp (6.1)

rie O — tenaonoll notok, Br; K — woaddament  tennonepenaw, Bri(p® K); F—
MACHIANE NOBRPXMOCTH Tendoobuenn, uh lep — cpemuns pAIHOCTE TEMNERATY Ters
JonocnTenes, 1K

Koatxpimtinent tenaonepesaun K aan niockoll crenkn OnpenenneTes
no iopMyae:
|

N e (6.2)
?+Et'.'l +_ET

3neck @ W Oy — KOSQOMILEHTY TERAOOTAMM OT nEpeMcLimnacsol cpems u of
TEMAGHOCHTETH 1 Tenanoluenion yerpolicme (B pyGaumke, ancenuie), Br/(w-1); Rey—
TOPMMMECKOS CONPOTHDACHHE MAGCKON CTRNKR  ANNAPATE VAN TenAOOGMERROCD yoT-
poficina, s -KiBr.
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B ofiuem cayuae R, onpeiensierch caenyloutnm ofpasom:

(o] -
Rer= Z R (©6.3)

[ ik — YHIO CAOen MEDTOCATNRON CTERKN] 6’, — TONMUHES (-T0 CAOH MATEDHANA CTRHEH
il

v A — TERaGRpoBoAHOCTE (-fo cao, Br/{u-K)

Beawania nAOWALH TENI0OOMERHOR NOBEPXHOCTH OTIPEEARETCH KaK
nACIHARL CTEHOK ANNAPaTa HAKH BHYTPEHIHX YCTPOHCTE, OMEBAEMHX fepe-
pellinBaeMol epesioil § TensosocHTesen. Mokmodenne cocTapinior anmnas
paTH C pyGawkoi ¥3 noayrpy6 (em. puc. 1.4). SpdexTannasn MIOLAAD
remdan00MEHHON HOBEPXHOCTH B 3TOM CAYHAS OKRILRAETCH Medblle, dem
nACLLANL CTEHKY SNUAPATA, CONPUKECAIONARCS C NepemMellnBaenol cpe-
jofl, H3-33 HANHYHA NPOMENYTKOB MEHNY NOJyTpyGamH.

VupTupan, UTO YCJAOBHA TENJOOTHAMH HA YHACTRAX CTEHHH Mexuy
noAyTpyGAH AHAZOTHUREL YCAOBHAM Ha pelpax opeGpesnnx 1py6 [1,
2], pan paceeTa annapatoB PACCMATPHBAEMOrO THNA CAEAYET N3O

pATECA YpPaBREHHEM

(6.4)

1
K=
(R et St )

it (+ ) VT

i — MONOBHHA AARIE XOPAH OCHGBARNHA MOAYTpYOM, M; ! — NOJOUMIE PACCTOHINN
hesity TOMyTRYOKAME, M (oM. pue 14).

Beawunpa @ ans nodayrpybu pamiyca r, onpéijesneTcs Kak

Jnecs

a=rq ]/-irﬂu— | (6.5)

L
rpe he— BCOTR TOAYTRYGH, M.

Meroa pacyera cpeaneil pasnocTH TEMNEPaTyp Al 3ABMCHT OT crocofia
POBEREHHA NPpoLecea W THHE TenioolMeHNoro yeTpolcTea

Kak nokasasmo ¢ ra. 4, NoKadbHEE 3HAYERHA TEMNEPATYPH PEpeme-
iiyBaeMoit cpeml NpH TYpOYIEHTHOM PEHHME OOBMAO HEIHAMHTE/LHO
OTANMBIOTCH OT cpejnelt Temmepatypsl B anmapare ®, u Al sasucut
TOABKO OT H3MEHEHMA TEMNepaTyps TenjoHocuTeNn. DopMmysinl AR
HanBoJiee THORMHLX CAYHACE TenJoobMEHA npuBenenn & vabn. 6.1.

* Cayual TeraoofivMens o anoapatay o0 CKPESKOBEIMY MEHIEJAKAMY, B uma[&u:
Arpeneag TeMmERATYPE MokeT OwTs CYILECTBEHHENM, PHCCMATIRBACTOH D gnme:m 3,
¥ PACIPEAETEARE TEMICHATYpH B TAKNX HANBPETAX ofNcano o peazene 4.3.
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Tafauye 6.1, dopuyaw tan pacvera cpenred PEIMOCTH TEMOEPATYD B ANMAPATAX © MEMAIKAMH
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pyDamine, ZAMNE YPYOKN Swesnkka ¥ T. 1m.)| Ty — SpeME

OFosnake wwn L— mmoftul  passvep Tensoobuensofi DOBEPIHOCTH (asicoTn

HECTAUMDHADNGT Bpttleccal

= mﬂ?pl fﬂ‘p_’!lg._ﬂ!_:liﬂlﬁﬂ CTEAR f-r—' TEMTAPATY A TOMACHOCHTOaN, MHAFKCM (BEF = BXOJ, BHINN — mu_&.

Kb = HONEIN.

== HAREAN,

g.1. TEITJIOOTHAYA OT MEPEMELIHBAEMOF CPERBI

Bonpochl TEAOOTAAYH OT NEpEMEIHBACMOR CPEaH B ANNAPATAX C MELa -
pamh OTHOCATCA K HanboJee usywennwm. B awteparype npusojpurca
GONLUTOE IS0 HECTHBX SMOHpHUeCKUX ypaswennil [3—5) mra ornens-
prX THOOB MEWAM0K, 8 Takme oD0CLIEHHEE NOAYIMIHPHYECKHE 3aBUCH-
woctn 16—81, obaacre NPHMEHEHHA KOTOPHX OXBATHBAST WHpPOK#i
/#analon yCnoBrit nposesenrun npouecca. Hapaay ¢ stam paspaGoran
pell TEOpPeTHuECKUX monenell neperoca B norpasntsom cace [9-12),
HOTOPHIE B TOI WIH HHOH CTENeHn OTPAXaT (PHIHYECKHE 0COOEHHOCTH
Ten000MENa B annapatax ¢ Mewankami. B Hactosiiem pasaene Teiuo-
nfMeH AHAMTHIUPYETCA HA OCHOBE OAHON H3 atux mopeneid [11, 12],
HCNOJTB3YEMOH BBILIE NPH AHAJIH3E 3AKOHOMEPHOCTEN THApaBIHYeCKOro
conparHpienus (paspen 2.5), a B nOCHERYIOUIEM — NpPH ONHCARKK MACCO-
nepefady (r1. 7). 9ta Moesb YIUTHBACT OAHOBPEMEHHO KAK OCPEHERHbE
XapAKTEPHCTHRY TYPOYAENTHOCTH, TaK H OCOBERROCTH CTPYKTY phi MaKpao-
MACIUTAGHOIO TeYEHUMR B aunapartax ¢ MemaiKaMmy.

Cropocts mepeHoca TenaoTsl B OCHOBHON WACTH oOLEME annapaton
C MEeLIANKaMH OnpenedfeTca TypOyaenTHofl TeMneparypoipaBoioCThio
(ri. 4), & CKOPOCTE NEPEHOCE MMIYABCA (MM MOMEHTE HMIY/IBCE) —
TypOynenTHoR BA3KkocThIO (paspen 2.5). BGamsu teepiofi nopepxsocty
(2 HOTPEHKYIHOM CJDE) HMEET MECTO 3aTY XakKe TYPOYJCHTHRX nyJbeallis
i cuiKenne RoSMPHUHERTOB Ty POYJEHTHONO NEPEHOCa HMIYALCA H Ter-
sotil. Ha Hexotopom pacetosuuy or crenkn §; auauennn TypGyientroi
i MOAEKYJIAPHOH BR3KOCTH OKASHIBAIOTCA CONOCTABHMBIME, 2 B HENOCPe/-
cTBEHHON (JIH30CTH OT CTEHKH BKA3J TYPOYJACHTHOTO NEpeHoca CTano-
BHTCH HHNTOMIBIM H OCHOBHOE BAMAHIC Ha nPOYHAL CKOPOCTH OKA3KBAST
MOJIEKYNRpHAR BA3KOCTE cpeasl *. O6nacTh noTOKd HA PACCTORRHAX OT
CTEHKH i < 8y, B KOTOPOH 3aMETHO BANAHHE MOJEKYJIAPHON BAIKOCTH Ha
nepenoe uMnyasca, obsiyno Haswisaior [13] ssakum noacnocem, [lpu
snaveni s Kputepua Tlpanatas Goasiie eainnub, XapaKrepHbix s
OoabimuucTa MAKOCTel *¥, OCHOBHOE TEPMHYECKOE CONPOTHBACHHE
COCPEROTONEHO B Nperenax Baskoro noacion [14], u eeanuuna wosddm-
LECHTOB TEMAOOTAENH ONPelefeTcA 3aKOHOMEPHOCTAME HEpeHOCa Ten-
JOTH B 3TOR oBNacTH NOTOKA.

B ofiiem enyyae Tenaonoll noTOK uepes MLy nacliasy noBepx-
HOCTH, HOPMANBHOMN K HATPABACHHIO TENIOBON) NOTOKE, MOMHO BHPAIHTD
KaK

ge = pep (@1 +0) G =~ (1 — tex)
dy T

6.1.1)

fNe fu — yreamstafi Tengonol notox, Br/w®, p — mwiothoev cpend, /W' ¢p — yremws
Has renacemxocts, Ma/(rr-K); a, @y — coxpduimenni morekyanpuol u TypeyaesT-
Ol vemneparyponpovonocT, M¥c; Ry = 1/o — tepmumeckoe conporimnense, s3- K/Br.

Ecan ofaacts uamMeRCHHS TEPMUHECKOIO CONPOTHEACHIA, 8 CRefoBa-
TEIBHO, ¥ 0GAACTL CYUECTBEHHONO HAMEHERNS TEMNEPATYPH OrpakHyeHa

——

o B SonpupscTee Cayuaen npliusraTesiios SMGNCKYARPHARS ONYCRASTCN.
" 3uavenun Pr<f | Xnpaxvepinl L8 PRCTAADOR METRLAON,
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Hpeenamu BHAKONO NOACION, BENHARNY TEPMINIECKOro COMPOTHBISHIA
MOMKHO ONPeACAHTL Kak |

8 y o 4
Q qr s gr
Orcioga ¢ ywerow (6.1.1)
1 T dy
.iw Pep ﬁ[ o dy

B coorsercrsum ¢ runovesoit Janaay (18] xosddmument typOynenr-
HOPO NEPEHOCA B BRIKOM MOACA0E HAMEHAETCS MPONOPIHOHAALHO YETHER.
TON CTCNEeHN PACCTORHNA OT CTEHKH *:

ay = Uit/ 53

INoperasus (6.1.4) B (6.1.3), nneen:
I dy n | YaE
fe= w;-ﬁ[ S te - 2y2 “F"p]' Y

1 _ﬂﬁ o
— T?:—T“P‘rl/—nq—

Tonmmsa sazxkoro noficaon 8y i ckopocTe TyYpOYNeHTHBIX MynbeaLyil
Uy ntactiitata 8, consans |13 ] coornolennem

Regp = tybo/v — 11,5 (617

flie ¥V — Kinesaviieckag  Epanoors, MYc
Bupaxasn na (6.1.7) perununy 8, u onpepeass cxopocts TypOyneHT=
Hulx mynscaurh macwraGa 8 no Koamoroposy—OGyxony [16, 171
v = (egl)' (6.1.8).

aanuitem (6.1.6) B cnenyiowei fopme:

= ulEB?FF lﬂa‘l]ﬂn! P-rﬂ.“ﬂ tﬁ_ 1-' I||

Benuuuna £; — JMCCHNANNA SHEPrUH B efRHNIE MACCH NEpeMeIuns
Baemoll cpejial — Momer Oulth (IPHHATE panuoil

kg = N/(pV)

e N — soumocts, norpeliseman na nepesewmeanne, B,V — offeem tepenenn-
naenafl cpesn,

* Takoll xapaxTep SABNCIMOCTH FBXOAHT SHCHEpHMENTEALIOE nmmupmmiﬁ.;.
uanpusep, 8 patore [159]. OmseraM, ofinako, 410 GAMIKHE pEIyAKTATE MOryT Gums
nostyaeHE 3 pH- dy = Uyf8) [10]. ]
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i
mr 10 ,"}& mi
Rey,

0'-e

i0° ié' 0% 15'
Rey,

P, Gl TealoOTHEYA OT CTEHAN BINAPETH © OTPRMATEAMMISMI REPEropoakim W oTkpurof
TypOHnHof memmsa i

¢ — onvruwe fesieie [18], 2 — oowrive guionee [20); chnowmkas ninomm
pescn &1 1.

POCUET 1O Ypali=

Puc. 6.2, TEOROOTAESA OT CYCHNH annspata (63 0TPAMATEARHEE NEPECOPOADE C OTEHTOR TYp+
oo s uo s '

! — onwmise paansie (210 crnounian ameEn — pacser uo ypaswenno (6112},

Brpanan nanee momuocts no (2.4.1) kak

N = K ppndl (6.1.11)

npeofipasyem ypasnesine rennootiady (6.1.9) i npeicrasum ero 8 opye”:

Nu=%£==ﬂ.zu;sﬂ-.?‘n¢f;npﬁ.zs ( % )w( BT )u.rs “L“ ).o.u.

(F.1.12)

3aeck fler, | — GRIKOCTH Al winpaenoll cpeibl IpK TEMIEpPBTYPE CTEHKH W
cpeanedt Temepatype o anmapare, la-c; Ky — kpurepull Mougmocms (oM. ra. 2); Rey —
prody/p — Kpurepui Pefnicisnca; n — wacToTa  ppamewsR  memanks. ofic, ID,

thy — NWAMETR Annapara W mewanks, o, H — BWCoT2 RUIKODTH B BNNOPATE, M.

Ypasuenne (6.1.12) nonyueso va ocHoBE NPEANOAOHEHNHS O TOM, TTO
NHCCHAAUNA HEpTHH  BOAN3H TenmoobmeHHOR nobBepxuocT  GAuU3Ka
K cpejiHedl 1o annaparty BeMuHEe &, onpeaensemodt no gopmyne (6.1.10).
JT0 YpABHEHNE PACHIPOCTPAHRETCN HA CAYHRaH TennoohMend B aniaparax
¢ pyOaMmKany mpi HanuIHn | OTCYTCTRHI OTPAKATENBHRIX NePCrOPOSOK.
Trn Meuankm 1 €8 PAIMEpH HE HIPAIOT POIH, W PN OAHHAKOBBIX Vb=
HEIX 3ETPATAX SHEPrill KOIGMUIeHTH TENAOOTAAYN B ANNAPATAX C Me-
LIANKAMH PA3THAHEX THIOB OIHHAKOBL. IT0 BIOMHE COTNACYETCH € SKCTIe-
PHMCHTENBHEIMA JAHHBEIMI 10 Tennoolmeny B annaparax pasaudHLIX
tinos 1 macwratos [19—24] (puc. 6.1—6.3), B ToM wene n npu nepe-
MELIMBAHAN  NEHTOUHBIMIL MEMARNKaMH HOpH  TYpPOYJeHTHOM peiHMe
(em. e 12).

Pacuernute ausud, npuBedesHnte va puc. 6.1 —6.3, noayuens no
vpasreno (6. 1.12). [Tpn 3tom B0 Habemanie HCKAMOHNT IKCHepHMEH-

B, ”' Hilz?g?aua (W)™ ppoasTER AAR YNETE HEIMENEHHS HANPABAEHIA TeILAOHOTT
TTOHA

6 1. W Bparuineknn 161



Ona onpenenenns V., NPHMEM WHPHIY' cresa npuGAWIHTeas
pasuoit 1,5d, [29, 30], rorna

Vl’ﬂ = m.l.d] (lurifu —'% tﬁfg) {ﬁ.l 1:

rAe Ra— paanye ashikn amecuiks, sz dy -

Hapywuei AHdMeTp TpyOila SANTEC I )
My By — nucoTa ameetnks,

M Zp — MNCAQ BHTHOD IMCCTHK.

Molwnors, saTpaunssevas Ha NPEOONEHITE rHAP ARINECKOTO COMpL
THBACHHS IMCCBHKA, YUTaHOBNEHHOIO B KAHANE © NNOULAHIO nonepe
HOTO cenerun Fy, Moxer GuTh onpenenesa no Gopmyne

Nen < LapuFo/2 (6.1.1
B annapare ¢ OTPaMATRNLHLINY NEPCTOPOAKAME IMECHHK PacnonomHe

AH00 B 30HE BOCXOMLIETO NOTOKA, AHGO B 30HE HHEXOMAUIENO HOTOKS
[lnomane nonepeuroro cetenns srax aon (cm. . 2):

Fy = nD%8 (61,16
Kosddmuueny ruspannudeckoro conpotisaesus ameespka |31 :

B = L1Sxgaazn/(] -~ xang)® (6.1.17)
Jnauenne kosddnimenta ¥, onpepeaseres o dopuyne
Hy = 16R 12 (6.1.1
4 JHAMCHHA ¥; 4 ¥y — 1o TNIPHBCACHHBIM HIKE AaHHEM:
ty/(epd) 2 5 10 20
* 0.4 0,53 0.7 0,88

Ha 0.1 02 03 04 0.5 0.6 07 08 00
¥3 076 082 04 027 018 012 0,075 004 p02

Ckopocts ofitekanns ameespka & Momer GuTo HPHHATA pasHGil
cpearell CKopoctH 0CeBOro HOTOKE MHAKOCTH | OTPEIENeHE Ha OCHOBE
PACHETHBIX 3HaueHill MHPKYNMIRONHOND pacxoia q. Chepyer, opnako,
OTMETHTD, UTO YCTAHOBKS SMOCBHKA NPHBOIUT K YBENHGOHKIO CHApaB
HECKOTO CONPOTHENCHUA HUPKYNAUHOHHOIO KOKTYDA M, KaK CICACTBHE,
K CHIDKCH IO unpryasumMoniore paexofa. JIns onenks creneny cHmmxes
Hiist pacxonia Oyjiem paccMaTpHBATL MEMIANKY B TIepPBOMW npnbanmenn
Rak HAcoC NOCTOAHHOID HANopd, ANS KOTOPOro BeNoInseTcs yCnoBu

Eepetif2 — (B + L) pie®2 (6. 1.19)

Fae tg — wosidmtimeny CONPOTHERCHHA UIPHYIAUHOHNOID 10w Ypa b anfilipare, g —
CREAHAA | CROPOCTH  LUIPKYARIKONNONG OTOKA Hpy oTCyTCTWEN ameenikn. me

B coorsetetsin ¢ ypasnenney (2.2.12)
tiy = Bg/(nl¥) — 16k ndy/(nD¥) (6. 1.20)

Conpornaienie uupryasiuostoro KOHTYpa B annapare uphk orcyr-
CTBIIH IMCCBIKA ONPEACHACTCH TAABHEM oOpasOM HAANYNeM ABYX HOBO-

* Gopwyaa (6.1.14) yusrunaer, uro uacrs G6secTH CALAA 3AHATA CAMIM, SMEERN KOM.
164

roB notoka na 180°, u xosduminent conpoTHBaenns Ly momer GHITE
LDnepmm npuGamxenin npuust pasuey 4,0 311 .
- 3 ypaswerus (6.1.19) ¢ yuerom (6.1.20) nmeen:

16k gndu [
nbe 44t

Takun ofipagom, ypassenus (6.1.13), (6.1.19) u (6.1.21) B uu'imeaé{;‘l:i
¢ (6.1.9) nosBogasioT anpeaenaTh rosthhiHeHTE -rennnnuEFuu“l{L:Tz:z -
gaM ¥ B ANNAPATAX € OTPaMATENLHEME Heperopoakami. lou oum-c EEI A
yeta wamocTpupyeres puc. 6.5. Pacuer 1o stHm ypa:THEmlﬂ::: sl
pACT, UTO YCTAHOBKA B annaparte oTpamareabibix nuptml:mﬁe et ;:{2_
BOAMT K VBCREHYCH G I{D&jﬁl‘!l]iilhlﬂ!llTE TEII-’IO{YTRB_'{H or IM oa 15:.HH_E
CMOTPH HE NOBHILLEHIE MOLILIOCTH, HGPpEﬁJ'IHEMDH HE [TEpeM = I{ﬂmu:
JaveTHM TAKKE, U0 B annaparax 6es neperopoiok SHAHCHH J:m A
|HEHTOB TennooTiaui K ameeniky (puc. 6.4, 6) u x pyGaiixe (p: :

yAKTHYECKH HE passiHualores.

N ;';aHHCEHMH, nguueneunue B HACTORIEM pa3jene, afﬁncnrcuﬁnigr?;u
ronops, TOMEKO K CHyHasM NepeMeiliBaHmsi roMoreHHsx ;:-I::I oA
OnHako OHR MOrYT HCNONLI0BATHCR A MPH pacueTe Tenfooratl Bl
]‘MI‘EHHHI CHCTEMEX, HEONPUMED B cHCTeMaX THEPA0e TE.'II'D-—}HHJI" hc.
Peaynsrardl PAa SKCREPHMEHTANLHLIX pator, [IWEEFTHHH:MB&B ];,1 c,"y
TCNAOOTLAEYN HPH {epeMetInBanii cycrnensnfl ['32—- , 1o - Hei{u:
41O HAMHYHE TECPAX YACTHIL B GONLUIHHCTRE CAyHAeH tlp}lﬂﬂﬂ.ﬁl T et
FOpOMY  YMEHBLeH D KOMPPHMITHEHTOB Tennonepeiatn K Cre i
paTa. Crepessb cHinkeHuA Kosddunuenta TenN0oTAAMN nug acTaeT l{e &
NHIeHEEM OOEEMHON Kmmenggamm wzcrul. B patore [35) npw Iu:‘;:ﬂ r:u
Tpanksx Teepiof dasw 60 % waGmonanoch cHuxeHue KoIqgH lmrsue—
renoorAzan B 2,5 pasa. Asropamp 3roit paGori BEIOAHEH TEOp i
CRE @HAAN3 BAUAHUS KOHUEHTPaHK i cBoHeTs TBEpJoll dhasul u npejyt
HEeHO NpHGNIHKEHHOE ypaBHeHMe

acfe = (1 —q)a (1 + ¢ Bplp)*=
e g — ROSGEBUHCHT TERAOOTAAMH 0T CyCnensa, Brf[if’;.[{j: g E};ﬂfr?]m Kk
UONTPALI wACTHE AP — pAsNoRTH nacTiocreli dus, KoM a= 0,8+ 1,0.

Ilpn pepeMeinBaRMUN CHOTEM MHIAKOCTL—HBIKOCTD pacuﬂeaen:;;
oTrany momer GuTe Bunoanes [36], kak w pis dnernx mmuf)ch , P
YCAOBHH HCNOJBIOBAIMA B KauecTBe CBONCTS Cpelhl (hHIHueCK p
MCTPOB CMECH. ‘ 1

Etaunue 0 TenmooOmene mpH  nepemelluBadHp B c:u.wmalx ras
WHJIKOCTE B HECTOALICE BPEMA KPAiHe orpaHiienkl. H:meumn: HTO lcnatt;
III}IILIEEHTH TENAOOTIANN K CTCHEC BINTapaTa NpH MOJLAYE Ta3a E..Hrll."gﬂlﬂ:'ll:ﬁ
o cpaBHentio ¢ navepsiemuvy 8 xuakocti. Mlan annapata c Typ r::;HHE
Mellgnkoll M OTPANMATEABHBIMHE NEPEropoiKaMi noayieHo ypab
[37]

(6.1.21)

(6.1.22)

Nu = alyfh = 1,35 Rel, "R e 0 PO Sipufpic)™ (6,1.23)

IO TeUenHN
- PHUBACMUIH NOAXDA K packeTy Tenacofmens s soue nrp:uuuu
"f"""ﬂﬁcmcﬁ;;:nauue TAKIKE HPHMEHHTEARHO K CAYHmIO oGTeRamy 11yukon TpyG [12].
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e Rew = (ndy 4 duy) dy'v — MeapdmIpoBaniig  wpurepui Pellnoanaen: Pr
= Cplbih — Kpicropnil [panayan A% mankoeTi: Fry — %' — enTpoCemiil
KPUTCRuE  Ppvas; oy — npubeaciian CHOPOETS  fhaa, mic

Chenyer ommerntn, wro 3Hauenun kospduunenta TemnooTLauN
PacCUHTaKNBE no ypaBHEeHINO (6.1.23), Gamnskm x sHupcasemum
(6.1.9) 1 (6.1.10) npi yeaosuy, yro MICHIC MOUIHOCTH, NOACTARARCHMOE
B (6.1.10), onpenenend ¢ YUCTOM DNANKA BBOAA rasa (cm. passen E}.I-
Vueustienne vompocTy PE3YALTATE AlONa rasa ofrio He Npestitaey
50 %, u NOCKONLKY B ypasienne (6.1.9) mommocrs BXOANT ¢ TIoRa3aTeNeN
Crenienu veero 0,25, BaAHAHNe BEONA 834 Ha o HEBEHKO.

6.2. TEIINI9OTHAYA B AITITAPATAX €O CKPEEKOBRBIMIf
MEIIATIK AMH

CrpeGrontie mewanky IPH LCPEMEUTHBANNN BABKHX WHAKOCTEN 06eCTos
WHBAIOT 3naukTeNbHo Oofiee BHICOKYIO. HHTCHCHBHOUTL Tennoo0meHa 1o
CPEBHCHMD ¢ MeluanKavi APYTHX THIOB, B TOM UHCAE no CPaBHE NI
C BIUIKHMH 110 KOHCT]Y K Lts] AKOPHLME HAN paMHBIMH Metiiankamn [38],
TTpuussoi CYIMECTHEHHOTD  NOBLILEREA Kostdmitmenton TEINTOOT /1A
ABJIAETCR OTCYTCTBHE 3a30pa MEKTY CTenKofl i JonacTeic Meimanks
(ckpeGroM). Tlpu pemserny CKpeGKa npomcxonur yaanensne Harpernx
(nuameunuxf SNEMERTOB NOTPAHKYHOIO CNOR C NORCPXHOCTH Tenna:
OOMEHE U 3aMeHa uX o0LeMavH MULKOCTH W3 obaacti, yaaneunoft ot
CTCHKH. ¥ CTCHKH npoucxomT HATPEB (HNH OXNBKACHNHC) FIHX S/eMOH~
TAPHEX 0GBEMOB KIAKOCTH B Teenpe HPOMEKYTKS Bpemenn v = 1/(z,n),
FIE 2, — Yicno ckpeGKoB B oaHoN cevenul. 3a1eM OHH BHOBDL nepeHos
cares ckpebkom B Aapo noroka, OTEPHIBAS TEM CAMEIM A0CTYN K noRepx-
HOCTH TenmooGmena woBof nopmus sxugkocrn. B HerocpeacTae HHOM
GIH30CTH OT crenku KOHBeKTUBHLWE Tennooluen pe Hrpaet sameriol
PO, W B Havansieil nepitog nepexoe rentorss OCYIECTBAACTUR 34 oo
MONCKYNAPHOR TenaonpoBoNmOCTH B Sewente WHUAKOCTH, MIHOBEHHG
PUBCACHHOM B CORpUKOCHOBEHHE © NOBCPXHOCTBIO  Tennoolvena *

Tarofi cayuafi TCINONEPCHOCA ONNCHBACTCA ypaBHeHyiey HECTaUHOHAD
HOl Tennonporomacty

di a2 |

C IPAHHUHBIME YCNOBHS MU
f=fey npr y=0 y 'r::-[l}

f=fg npn >0 w T—0 (6.2.

TAR & — PBCCYONHKE OT cTetm, M g = Lilpey) — KOMPBRUNEST Moaekyas ol TOMI =
TyponponognocTH, e,

Pewenue ypassesys (6.2.1) ¢ rpamuanbmm yenosusun (6.2.2) mo
GrITh npeacranneno [42] kak

2 Apep
¥V Tep
TAE Top — CPe/NEE DPeMn KONTaKTa BACMEIITH HHAKG

(6.2.3))

CTH € NIOBCDXNOCTEID Tensoofisena, g,

* Onucanuce e PEIERHKE AN CAYNAR TeILIOT
ERIMH  MELIBAKAMH DOAYSEHO HESHBHCUMG B palortax

4K B slnspatax oo cxpeGuo-
39—11]
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— Crass
B cayuae ainapara co CKpeGKOBOH MCIIA/KGH Bmll:;rii::&ig;:gfﬂmm
5 TH " -
= : BREMEHI MEXAY ABYM .
et coBOH NPOMERYTOK . : OBED XIOCTHE
J[i;-mnmwmmmli CKpefikoB Nepea AaHHYio TOMKY TOBep X

._ﬁn d.
tep = 1/(zan) 16:2-4)

Orciona

= _L I"'—i'f.ul”’vn {6:2.5)
n

' O
j TennoBofl NOTOK, nepegapaeMuil nepes crenky annapata co CKpeiKonon
MCLLASIKON:

Q= —2 V pephnzaF (to— ter) (6.2.6)
14

v

B ypasserun (6.2.6), B oTAnune or ypasHEHHA TCILIOOTAa41 I:K;_ﬂ“ﬁ‘
maTach MEIANKaMH APYTHX THIIOB, BETHIHHA b — ngfpa:r;p:miap'&ﬂ'
I-'m B SAPE TYPOYREHTHOIO HOTOKE — HE paBHa scpe:}:p;g»epnﬁuo il

colioff TeMneparypy B

spavernio [ i npejscrananer . Kak nokaaano
R o Bmﬁﬁ:nﬁmmft?u;&ania:{f sﬁmﬁt MECTO ABC
B rn. 3, Boannaparax co cK OTOPBIX MOMET

: > g, TEMOEPATYPE B KO b
(OHUCHTPHMPCKHE BOHBI T < e W T [ qeuKan
?;,':llléctaglaﬂo paanuuathes. [panuua paspena 3o '““;nﬂﬂmel“:hm R
10REPXHOCTE PAHYCa OCH CKPeOROB ro — ofnatact f};«?ui {1pit OHpene-
HEUHBIM TEPMUMNECKIM conpoThanennen R,. B cnnan ¢ i :mnr[jranmmrcﬁ
neHnI TENROBOTO NOTOKA 10 ypasHeHmo (6.2.6) HMNTOE;H_"M (IPUBEACH-
snanenye Temieparypu k., pacganmﬂev-';l‘-' s Yﬁifﬂmm HOABIOBATLES
A ] OMHON OIECHKH MO ;
nuM B paagene 4.3. lna opuestupos = A
LEE‘JIIH!!;:mﬁ TAK HEIBBAEMOI0 KarKymerocs KOS(pPULHCHTE TeNnnoo

; ! 6.2.7)
Rl =

5 TG
e Ry — TEPMINECKOE CONPUTHIENNE TPAONUL PI3NSITR 501, Paccii ThasEnsmol
[ - |
yoangenus (2.3.11).
| : ac-
HMenons3oBanye npusineHnoro ypanHeis t(?ﬁ?:ﬂe;’:u:;!ﬂz;;rﬂpu
1e HCIIO/IB30BARIEH k
CHHTHIBATL, TEMTOROA HOTOK © A
NepemMeLHBAEMON CPean, & B CRYHSae HENPEPWBHOTO Npollecea
Patyper cpeall Ha BHIXOAE H3 alnapara.

6.3. TENNAOOTAAYA B TEMNJOOEMEHHMX YCTPOACTRAX

Onnoft w3 HeoOXOAMMEIX COCTABAMIONINX FIPH unpei‘:?fg‘;; nmgﬁ
UHEHTOR TEMAOHEPCAaNE B CONTBETCTBHH C nupa.ml."lg ﬂoﬁcvn;ax. Meropm
KOS(OMUHERT TENooTauH B TentooOMerHIx }B.JTI:HH'I'C!I criewnpase-
PACHCTa TEIMIOTARYM B JTUX yCTpoficTBAX He &ﬂHHHu OCYIeCTBIAETCH
CKUMI A ATAPATOR © MeULAAKaMy, I pacdet naT unaumz-rx b Ukrena:
"o opsosy “;Dﬁ nﬁmenarrc;ﬂul:;‘ 'Me&t:gg:.mﬁhﬁﬂ Eamra TENNOOTARH
l‘_\,‘[lt’ [y, TeIIg Me“}r [t ] £ o "IH”EPaTaﬁ" C Memania-
B TenioobMeHBLIX yﬁpoﬁcTnak HPHMEHITEABHO K ; SR
|-::u||:l,'1;uf B paGore [43]. B mactonuiem pasfenc NpHBOANTCH CREN peod.



TOABKO O HanGosiee WaCTO IPHMEHACMIAX MCTOAMKAX DACYETE Tero
AdNH B YCTPORCTBAX THIOGBLX KOHCTPYKuHi, pacCMOTpeHHRX B 1, |

Tennoovaaus 0T KHAKOTO TENNOHOCHTER B raajkoi pybawke. Onn
I3 KOECTPYKTHBHEIX ocofennocTeR makux pyGamex annapaton o e
mankavu (cm. puc. 1.2) 3akmousercs B8 ToM, 4To cedeine BXOAHOMO |
BrixofHoro narpybkos 8 80—100 pas mewwine miowan nonepestian
CeNeHHR KaHanma pyfamkp. CKOPOCTH WIAKOPO TENAOHOCHTENS B [
TpyGKke ofuuiio coctasnser |—3 m/c, a cpenusisi CKOPOCTH TCUCHH
B pyGauke we npesnitaer (,01—0,03 m'e. Onmir nokaswBaer, 4ro B 18
KHX YCHOBUAX PACipeNeieniie pacxoia N0 COueHuio pyGamki oKasy
BACTCH HEPABHOMEPHEIM (HMCIOT MECTO Tax HA3MBACMas CTpYilHOCTE
TEHCHUH H BOIHHKHOBEHHE 3aCTORHEIX 301), OllHako, HECMOTPA Ha HAM
e ofnactefl © OYHOCHTEABHO BLICOKUMH NOKAALHBIMH CHOPOCTSIME
KOIRPHUICHTLL TEIOOTASMH OT MUAKOCTH K CTCHKE KOPRyCa, Kak npa
Blao, He npessinaot 300400 Br/(m*-K), 2 sakowomepHooTn Tenmos
OTAANI ONpEtEnRIoTe cBOGOAHON KoHBEXINCH. 3T0 CAEAyeT e ToNbKG
H3 PACUETHWX OUCHOK, HO H N3 NPAKTHYECKHX ASHHEIX, KAK MOKA3AHO
B paboTe |44 |, n@se AECATHKPATHOE HBMEHEHNE PACXONA TerTOHOCHTONN
HE OKA3LIBACT 3AMETHOIO BAUAHMA HA BETHWHRY Kosddmpienta Tennde
oraaun. CreposaTestso, pacuer KoxfhuuHeHTos TeIR00TAaYH B IaIK 1%
PyGamkax Moser ¢ AOCTATOMHON TONHOCTHIO NMPOBOANTHCH MO ypPaBHE:
HHIO TENNOOTABMN K BEPTHKAABHOR MOBEPXHOCTH NPH CBOGOMHON KOHS
BEKLMH:

G —:‘:}'T— (GrPry)!

rae Gr— g!f‘zﬁm.vi — wpurepnli  Upacrode:  Prp = v /o, — xpurepun  [lpanarsg
Ann Tenamiocurean; fy — pucora pyFaLKR, M; Ve — KENCMITIMCOKAR DESROCTL | o
weewreay, MRe; ar — Rosdmiment Temwpnn'qunxnnammcm. miie; B — rendteparyp
A Komhilbiier . ofiemiors pnmuu{unun, K™ A —cpennnn pagiocms TevnepnTyp
MUY cTenroll o TennoROCHTE e,

Rosapuusiertis C v [ 3aBHCAT 0T pesmma Teuenis sUAROCTH, Offpes
Aengemoro eenmuHHOR Komiwtekca Gr Pr:

GiPry <102 10-2—§-10° 5-100—2. 107 =210
C 0,45 |18 0,54 0,135
f 0 ¥R U, 1

Temnepatyprniflt  Kosgmusnent ofwevMHOTO pacuntpenist  onpeses
NAETCH HO GopMyne

__ Pra— v
e e (e — T pax)

FAC by, — MAOTHOCTE TENAGHOCHTEAR: NPw. TeMpepaType fy, o, KEMT; by, npgy — TLB0T:
HOCTE: TRILIOMOCHTEAH NpH TeMTERaTYPR v, e, KOS bp pe el iy — HB%astioe W)
KOWEHHOE 3HAMEHNH TEMACPATYPL  TeILI0NOCHTSAN,

Cpensis pasasocTh remnepatyp:
Af= |l cv — I gix) {(6.3.3)

Bnech fy, oy — TEMNEPATYPA. CTelRR RUpIyts co croponly [yGam.
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o B, InUHCRMOCTE A, OF TEMACPRTYRE RS HRCLIENH- I Ir o
Ths nupon no amsn 1431: b . =
n - L ol capcH; — AT x [ ]
'H,l,l"'.'.'i_.'-‘:_-pﬂunuiﬁﬁ:f"_"mun RARPARD. Z500F 5004 [ 1]
2 ) ST S {560
[pu pacuere no dopmyae (6.3.1) me- | o) o
qoNB3YIOTES  TenaofusHieckne  CBOHCTBA o] il
TEIOHOCHTERR 1IpH Temneparype o, suc
Konjencanus napa 8 pydawke. Pacier oot am daan
: g 3 nepa B py- (i Mty
mernaoo0Mena (ph KoHaeHcanmy I ol 4 !
falke OCYLCCTBAAETCA MO YPABHEHUAM, FZ3 4pF 36

t,K
1|[_1I-IMQHHEMEIM ofblgHe 0 EJT}"JRE'B Tenno-

i il ; NoBepx-
oraadn Ha WI0CKol BepTHKaALHON ;
HOCTH, TAK K&K KDPHBHAHA CTRHKH KOPITYCA aiilapars, Ha KoTopon npucml:FE
xOLHT KouaeHcauns napa, wenemika. HauGolee nacto A4n STHX ueae

wenonsayercss ypassenme [18]

.86 e

= AMiaps (P — pm) &7 ]" (6.3.4)
ar 0,048 [ i

re Ap— TendcnposoaioeTs  Wompencata, Bri(u-K). py — nooTHOCTR KOHAGHCETH

KI/MY, Py — TENOTHOCTL maps, Kr/w¥; g — ycKopenne cmﬁommmnuunen:m. Mm-.n: -~
rolAaTH KOMTEHCEIERN 1fme’nr: Bic — WEKOCTE  Ronpencata, 1eC, in T pa

Typa mhckuenkoro napa, K; M — sucora pySaumkm, .
Jlns yroGersa ypasuenne (6.3.4) MoMno npeacTaBHTh B BHAC

-I'! — (6.3.5)
S =0, H {tn — Fricx)
rae Ay - [W%pn (pre— pu) 8/ u] ™5 (6.3.6)

Muowurens A, yduThiBacT f):noﬁr:ﬂ!a TENAOHOCHTENs 1iPIl TeMIeparype
E = /2 (puc. 6.6).

' 5!;’;;4:!;;1:;}[6.5:.%] noayneno Hyccenhion An HASAIHINPORRHFOTO
CAyuas HEBOIMYMEHHOr0 JaMIHAPHOIO CTEKAHHA NACHRN NpH n-r::uy:x
CTBHMH  FpAAHEHTa ' TemMneparypsl 1O TOJLUAHC. Flpn anaves o
t e (b — ty, )] <5 lrne cpy — ynenbuan TEMOEM:MZ';T B:HHE‘.I
nencara, M/ (kr-K) | kosdeuuHeHT TeRAOOTASNN MOMET CYUL il
yRenuiHBaTRCR, 910 yuntusaeres [18] nyrem Bsepenns m:gm;::}:ﬂ umat
i ¢, HA HEHIOTEPMHUHOCTH MCHKK, & TaKKe &, Ha BOAHO0Opa :

}"mﬂ ‘pli - PII] g.f ]B.ZEE nE {53'?}
g~ 0948 | P [ ereany
: Aoer 7l ]“""5 (6.3.8)
3ncch 8 = [(—-j:n - Heior
0,5
By = [] R [ l'_:.m._] (6.3.9)
£, = R.;Hﬂ'fﬁ (6.3.10)

Fe Meer W o= SHaHelins TEIGON POBOANCCTH I HEAKOCTH I{DE‘I_JEII'.'.'.EI.‘E'E npy e
Neparype  crenkl, Regn — Hpwiepnfl  Prinoapaca ang ek

Rena = Gl (6:3.11)

. Tpa, Krj(M-¢
Pie G — paexod MOHACAEATA L pacuere ua I ™ cMoqennoro. epRMeTpa, m-€) &



Has annaparon ¢ pyGatawi
G () melhy

(6.3
rge ) — redions) marok, Bs
[pit Regy < 1| sonsooGpazobasine orevreraver, |

npisMaeres, pasroll earsne.

Ofsact apuveserns  ypasnesnit (6.3.4) (6.3.10)
: _ 3. ) COOTBETCTE
IHaucHuAM Rey, < 260, [Ipn Gonee pucOKHX 3HAREHIHSX Rejs pacy
Momer nposonuteen [18] no ypasmenmo

nornpanska

Rerin

2 s
Ay Vu J
b L &0l | 23003 41 Py (RS 88) (Pry o, )8

HaH Smeesnkax. B stom cayuse (2]

11 il
. Rel\ip 0% Ly )ﬁ,lq.h

oy = (.023 ——
da Prox

(6.3 14)

R dl - mnyTpemnist amaneTp TpyOie ameesHka SRENBATCITIIIMH  AHAMETE HoJYs
TPYOW, w. by — TenaonpoBOHeCTh TENACHOCKTENN Bti(s-KY: pr. ja, or — BRAKOST
*r*_:mmuucrmnn pH t-peqn_rﬁ TEMTIEPATYPC &y W TeMOCPATYPE CTEHEN L, o, [l0-0; Re; =
= podifu. — kpiepuil Peflyeanica: @, — CKUPOCTE TRHAONGCHTCA®, NIC B —
HOMPABKIL KA ISOTHYTOCTH, KAHARY HOONTRYOR AN SMeeBHES, '
Tennodmanueckue cuoficrna )

, TEMAOHOCHTRNS. Oupenens : / -

Hefl Temmneparype S

Frop = Uroax =+ Tromg)/2 (6.3 15),

lonpasxy YUHTLIBAKOULIE KPHBH3KY Kaxan
X ) a, pac :

£ = | 3,64/D (6.3.16a)

4 NNy aMeeBitka
gr = | -+ 1,8 (d5/Rs)

(6.3.166)
e D — suawerp annapaa, w; Ry

PEAMYC  HABHOMN SMOCHHKD, .

B xauectse paamepa di B ypasuesun (6.3 162) ucn Wil
el OBEYETCH IKBH-
BANCHTHHI anametp noayvpysi, PaccuHTHIBACMEN Mo t]J:l'}pMyJIE

d:‘l = 45‘!‘?’] [5.3.17}'

Saecn Sy =058y [ — 20 (1 —he/R] — nnouiaie  non :

CRENIDID.  CONERMN
f;:;&’;ﬂ}ﬁ{%ﬂ f'nmf:;ﬁ: 391_! + Re V5 (ke/Rx) 8,3 thelRz) — | - nepumerp oy
y’pnnm:.um;} (6 5) @ AAHiL Xopily OcHOBAHHR HoAyTPYGW, onpeseinesan o

Cropocts Tenionociens g noayTpyte:
wy = Ve/S,
ofeeMinill  pacsos  Tenaoiocntesn, smYc.

(6.3.18)
e Vi

7o

pue. 8.7, Monpupsa . od  wpdibinoey !‘F
o sondGUINERTY CONPOTHRMCHRI LSO
ny TR T
L o
14}

¥

Kounencauwna napa s py-
OallKe 3 nonyTpyd MaM B3me- gl = %
conke. Jlng pacuera Temno-

OTAYH B CAYYae KRoHIeHCAHY
napos B pyGALWKe W3 noAyTpyl nil aMEEBMKE npH JMaMHEapHOM pe-
A HME MOMHO Henovk3oBaTh (2] ypasHenue

Aopu lpw —pr) 8| | ”“'zﬁ 6:3.19
2 “'5"’5{»,.[:,. e ae L oyl == izl (A

llnn vypbysentnoro pewsma (Rey > 5000) pekomennosann [21]
(hopmyna

1]
Ridy

ey 0,026 (idy) PrO® ([ (ow/pn)™ 4 wil) o] ** (6.3:20)

Rex  dulfes — frce) (ne); o — $a/(ndl); wn = 4Gy /(vd’)
(i, Gy — Matconse pacxonn apd W KOHAERCATE, Kr/c.

Cuppasamveckult pacuer tenaooimennnx yerpoiicts, Onwofi n3 3a-
JdY pacuera TeNmooOMEHHHX YCTPOKCTE HBJSCTCH ONpTIencHNe HX FHA-
PEBANNECKOTo conpornBaelis. TIpH HENOAL30BaHHH FaLKOR WHIHHADH-
deckoll PyOalIKH OCHOBHOM COCTABARIOWEN rHAPaBANYECKOTO CONpo-
THBAGHAS CAYMAT NOTEPH HA NPCOAOCHHE MECTHLX COMpoTHBACHHHA
UXOIHOIO W BHIXOJHOro naTpyGroB .

[Moreps Hanopa, BLI3LIBACMAS MECTHEIMH CONPOTHBACHHAMH IUTY-

nepos [18]:
Ap — 1,50 (=7/2) (6.3.21)

Motep wanopa npy Tederiy B pyGatikax ua noayTpyo win veesr-
kax onpegensiores 311 ¢ yveroM KpHBHAHH KaHaNoB N0 YpaBHEHNIO

ap=4,03ep f -d-';— (6.3.29)

a8
I8 Fop — TNONPABKDA, VIHTWOSINGAR RAMNIIE RpHERaT6 Ranasa (phc 6.7). I'— hausn
Epj"ﬁbt SMBEBINA AR llmm}'ﬁﬂ. M.
TMpu kowgescanny napa B pyGalukax us noayrpy6 wan sMeeBHKaX
FEHMHHA TONACBOTO (OTOKA HE MPEeBHilacT Hekotopolt MakcHmMatnHON
BeAHYNHL, onpesensemoll no. gopmyne

Quake = 1'7|Pnrndi'.£ Vani
re b — ofuing micorn DNeconka il pyOalek) #a ROayThyo, M

Dosiee pHCOKHE 3nAYCHHA (@ HENOCTHMUMBL 113-32 YBEAWMEHHA THIL-
PABAHYECKOTO COMPOTHRACHHS 3MEEBHKA M0 KOHICHCATY.

(6-3.23)

* [aomaan NPOXOAKORD Coaerns pyGMLKE SaunTesnin Goabte mowanm unepes-
NOFD Crueiiis WTYUEpoD, 1 okAnl Eanaas pydawky & o0uee conpoTHiieris Heanain-
TERE).

g



Nprmep 6.1. Cnpepenirs sosmondicets e '
p 6. 1. ! oTRosl Teloti peanin = 00
_}i;lpn 1;] _ foien. annapae  obwevos 1 o (D= 1 M, nucc?rs &nﬁﬂ
[k- iy Jg UETHRM  OTPAMATERLHEMY. Hepercpoakasm whipnaoli 0,1 m 1 ameesn
et M, dy = 0,032 H.Iha-‘—' 0.7 M, zg = 6, TOUUIHA CYenKn Tpyfu Smees;
g = 0,002 M, k=465 Briim:K) — oy pur. 1 If). Throman veraocofMernoll i
Eepm;ﬂnmn ameesira F = | 4 N8 Tlepemciineasne WNapaTe OCYILCOTHAHETCR i
_l_llj;lq sewankoft (L= 8,4) ¢ anamerpom dy — 0,36 M W 43CTOTON MpAILEHHR 1t =
_ﬂfilwt Crofittua CEIHIH B annapore: p— 1050 weim®; p= 0,0024 [fa- o
'En—_ IR&I .313{# wr-K) A= 0,61 Br/(w-K). Temtonocutens & 3mcenuke — Hon
Sron etimocnain Ve GBS Ml R 10 Kindtr-
L s o] s Ll fi R o
= 33 K (40 Q). TennoupcHTen (Boxomnn) Ly, ,,:rm-;gg I{F‘?m ‘%}fmmpaw ]
Pewenne I Feppufl svan pacvera — otpercnense Koshduiuenrs vense

OrnBNN OT liepenauunaenol cpe, '
2-3,14-0,37-0.032 [1,5:0,7 — (3,14/4) 6:0,032)} =

LE Mo (6.1.74):
= 0.?%? “{; ( ). Ve
2, Crp. 1640 % « 047 npi hafzads = 0,706-0,052) = :
;2(:111; ;rgl]_m}.- ’5‘5? m-n.:t?-'u.rﬁfa',’l-=ntm =Py
A Crp. 164 =y = 0.54.
15 o (6117 & = 1,15-0,47.0,19-6/(1 — 0,19-0,547 = 1,17
1.6 Mpiunnacs, syauenue kg = 0,5 (cM. paanen 22] -

_ 16:0,6:3.25.0.36° §/ 4

17 Mo (B121): w= = :
i 1 ERTE ] TV = 0,3b mle.

18 Mo (6116 Fo— 314178~ 030 b

1.9, flo (6.1.18) Nem— 1,17-1050-0.35%0.392/2 = 1p Br.

1100 o (6.1.19): Eon = lﬂ!'[lﬂﬁﬂ-ﬂ.ﬂﬁ?] = 0,14 Bi/kr

LIL Kpurepuii  Npanaian:  Pr— cpt/2 = 4190.0.0024/0,6
L2 Tlo (61.9); o= 0267-1050-4190 (ﬂ.|4-n.tuﬁiflnﬁn’j“-'—‘ﬁflg.i§§-'" =

= 5;%11?.:!{".'”
: NOR STAN PACYETA — OiEpeReneine ! i
:; im-rpunmm ARaMET ot di=d, — Eﬁng:-ﬂ::l;;&a'r}:ﬁ e 593,3'@3335“% o
2. Tlaowany nolepestiono ceve - 1 8, = ¥
ot peu ceuenun TPy Gl ucenuin: S = Nd) 4=3,14-0.028%4—
2.3 Tlo (6.3.18); we= 1,5-10°7/(6,15-10°%) — 2,43 n
g; l-égnmpm; ;’;'umnmta: Re = p,lm,,d_;.fp'}- l{]'ll]rE,ic:!.-ﬂ.Et?E’atJ.ﬂﬂl = ;8- 107,
5, HTEfH palmian:  Pre = cpgie/ly = 4190-0,001/ =
26. I GA160: 0= 1 B Oa0an = 1 o — 08T
: W BAR, 4O 0 A4 ol {UTH o Ja B ' -
— 10,0123 {0,61/0,028) {ﬁ,ﬁ-lﬂ‘]ﬁrﬂl‘?mﬁ;}?’?el- '.ll'i"l‘ 'i-‘yhu‘ Eﬁ':'u".' E:‘ﬁ'& R
::Ir#:::tm:':ﬁm s-r;::w ggf:ﬂc;ﬁﬂ-— onpeneiente  Koaduiuerita }mmmlepmnw.
wku;_:’lcgu F-;m"ﬂgg-‘_ 5;:%1 i :“ n;mm:‘ -rigigmnum IEPHITHMARTER 00 TTPAK:
e A u"ﬁﬁ.fgi T-_J'- er — Ror b (8/8a) = 0,0007 - (0,002/46.5) = 743 »
33 Mo (62 K= — J - ’
b ”nj (173425) + 0000743 + (1/7900) B60 Bri(w*-K)
. ikl sTan pacuers — LAOBGTD
NOTOKA METOAOM JIOCTER0BATRbHIY |:3|;:|Féi?m"ﬂ':ﬁt R
.10 Mas nepooro npitamsesna;

THM T, N |‘-'1'ﬂ‘r‘-"r. - i 00015 10004190 =287 K
4.2: Mo atin, 6.1
1
AfD '::Lﬂl r "r nx 987 — 283
T I—frax 3@ K
I{’lm 313 287
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43, Ho (6.1) QW) = BEO-1,4-28 = 33600 Br.
44. lar wroporo apriiiimenis:
QoL 31 600

i) - e e g I : i=

Lt ’1 nx =+ Vapacs Ltk 0,0015- 1000 4190 2682 R
4.5, Tlo +iGa, 6.1:

) [— |
Al ﬁ-“‘}“ L e —213K.
T it 1. In -
§ — 19 33— 288,32
T B

46, Tlo (6.1); Q™ - 860-1,4-27.3 = 32 870 Br.
Takum obpasom, QUQ® — 33 60032870 — 1,02 = 1. Croacni et ko, [eaihng
sk renaosoit muton Q=243 000 By npepluser Hudinoe anavesie ) 25 D00 Be.
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MACCONEPENAYA ITPH NEPEME I HBAHHH
B CHCTEME JXHAKOCTH — TBEPAAS ©A3A

Onnny ¥3 HasHaueHuR annapaton ¢ MEWaNKaMy ABTRCTCH NPOBEICHHE
MPOUECCOB PACTBOPEHHS, KPHCTAANHIZUAN W3 PACTBOPOB W BHLLEJA~
UHBEHNS. XOTH AEPENHCACHHMC (POLCCCH CYIICCTBERHO PARTHUAIOTCH.
o uanvecKoll npHpoae W 3aKOHOMEPHOCTAM KHHETHKH, BoaneficToe
Ha HHX fAepeMelInBanii ﬂffpﬂﬂEﬂﬂﬂEﬂ CHHHEINMY SHEOHOMEPHOCTHMHE
MacCOOOMEHZ MEHIY (EPEMEIINBARMON HOUIKOCTHIO 1 BIBEllICHHMMI
B HEfl TBePALMMK YACTHILAMM,

Pactsoperue — npouece, conpoBomAAIOUMICS TEPEXOAON B PACTBOP
BCULCCTBA, BBOAHMOIO B #NN8PaT B nuie Teepaux wacrwil. ITps srom
HACTHIE COCTOAT H3 BCULECTBE, NEPEXOAsIIEro B pacTRop, 4 HMCIOULHECH
B HHX HEPACTBOPHMHE NPHUMECH HEBHAYHTENLHE # HE OGPasyInT EAWHON
CTpyKTYphi. Ilpouecc pactoopeuns upeacrasnser coloil CORDKYRHOCT L
TIOCACIOBATRNLHO NPOTEKRIOLHX CTAfHH TIepexoia BellecTna ¢ 1oBepX-
HOCTH TBEPIOIG TeNa B PacTsop y roBepXHocTH pasjaena ¢az w oTsoma
PACTBOPEHHOTO BEUIECTBA OT HOBEPXHOUTH B SAPO NOTOKA B Pe3ynbTaTe
M;lﬂEH}'J"IDHGﬂ 1 rypOyaentHoit anddivann. Cropoctn PaCTHOpeHHH,
74

cTpOIO FOBOPSL, 38BHCHT OT CKOPOCTH NPOTERAHHA Kamaofl 13 srux

cranit. TIpaKTHYECKH K CTAAUA TIepenoca PacTBOpEHHOTO BEILECTRA
o1 FpAaMiiE pasfesa B AUPO AOTOKA OKaSHLBACTCH BO MHOTO a3 fionee
e ANICHHON, UeM CTAZNS 1ICPEXOa BEIlecTha 13 TBePI0M hasu 8 pacTeap,
| B CHEN C STHM KOHUEHTPAaUHA PECTBOPHIOUCIOCH KOMAOHCHTE Ha
JOBEDXHOCTH MacTHun Momer (biTh MNPHHATE PABHON KOHUGHTPAILUI
pacuerua. B TAKIX YEJ0BHAX CKOPOCTH NEpexoila BellecTsa B pacreop
sonnoeTsio onpereaseTca [1] pacTBOpHMOCTHIO BEHECTBA, TIOWAILLO
(UBEPXHOUTH KONTAKTA, T. € TrPAHYJNOMETPHHCCKHM COCTABOM MACTHIL,
4 taKme KoxphIHEHTOM MACCOOTAAYN Ha TpaHHue TBEpAas f3n -
FIAKOCTE €0 eTopon xinkoR ¢assl, 3anuCuuuM OT HHTEHCHBHOCTH
nepeMeltiHBaHHA.

BruienauuBaHHe — [POULCE HABICUEHUA PACTBOPIMOro  LCJEBOro
OMTIOHEHTE, HAXOARUIEroLs B BHIAE TBEPAKX BRIIOUCHHHA BHYTPH HacTill
HHePTHOrO HoCHTENs, OORasyKHNero NOPHCTYIO CTPYKTYPY. Cyunocts
JrOrO NPOLECCA COCTORT B TOM, HTO XKHAKHIL PACTBOPUTENL NPOEHKALT
RIVTPH HOPHCTORD HOCHTENA W PAcTBOPSET Hesesofl KoMIoHenT, 3 pacT-
pOPEHHEOS BEUeCTEO Anddysaupyer Baonk op i NEPEXOLRT B OCHOBHYIO
vacey MKHAKOPO pacraopiTena. IlepeHoc B NOPAX OCYHECTBAACTCR TOABKO
wonekynspHoit audehyaneit # rporexaeT 3HANUTEILHO MCLJICHHEE, HEM
NOCACAYIOMAR CTAIHA NEPeHOCa PACTBOPEHHOND BEUIECTBA OT HacTHL
g SApO NOToKa. B cBA3N ¢ BHIIEHSIOMKEHHLIM BAHANME WHTCHCHBHOCTH
jepeMelHBaHAS Ha MaccoofMel NpH BHLLeNaMHBANHN B YCTOBHAX 0.1
HOFG CYCeHARPOBAHIIA TBepaoi haskl oGHTHO HEBEAHKO W DCHOBHOE BHH-
NZHHE MPH pacueTax anvaparypsl yaenncres MaTCMATHHECKOMY MOAETI-
POBARRIC KUHHETHKIL H3BACUEHHS PACTHOPHMOTO KOMIIOHENTA U3 10p 1l

KpHerannnaannsi 43 pactsopos *  Hpejcrasaser coboil npouecce
0OPE3OBAHEA ¥ POCTA KPHCTANIOB B NEPCCHIMUCHHLX pacTBOpaX. Cro-
pOCTH €ro NPOTeKalliy, 7. €. CROPOCTh YBeTHHEHHH KOHUSHTPAULHK
rpepAof fasel, onpeaeafeTcs HE TONLKO HHTEHCHBHOCTHIO MaCCHOTAANN,
Ho W ApyriMi GEKTOPEMIE CKOPOCTHIO 3APOALICOOPAIOBANII, TeMIOM
CUMMEHNST TeMAGPATYPH NPH  OEPeCHUEHHH, HHCTOM W pasMepaMit
UACTHIL BEOANMOR B KpHCTAAAM3aTOp Sarpasky i T. 4. [1—3]. Ha npak-
(HKe KAYECTBO W pasMepll oOpasylomHXcs KPHCTAIIOB HacTo HMEoT
Codee BEmHOE 3HAMEHME, uen ckopocts Kpueranausaums. Caenyer
OTMETHTH, MTO K&K CKOGPOCTb 3apoabilucofpasoBaHid, TAK H rpanyio-
erpuuecknil cocTap 00PA3YIOUINXCH KPHCTAMIOB 3ABHCAT OT HHTEHCHE-
HOUTH HepeMelliBaunA, D74 3aBHCHMOCTL, OJNAKO, JANCKO HE OOHO-
‘pauka W Wsyueda kpafiue wepoeratonio [2, 31

Hacronuan mhaBa (0CBHUEHE B OCHOBHOM NPONCCCY PACTBOPCHHT
THEPAKX MACTHIL B YCACBHAX NEPCMELIMBAHKA, COOTHETCTBYIOUIX NOJ-:
HOMY MOABEMY MACTHIL ¢ AHHUE W pacnpencaeHdio ux B obneme armna-
pata. Ecan WHTEHCHBHOCTE MepeMeilpnarns HejloCTarouHa JUTH 1IOLeMa
dacTu € AHHLWA W PAcUPEAeNeHHa MX B ofbeme annapara, cKOpOCThL
pacTpopeHusa JUMHTHPYETCH NeperocoM pacTBOPeHNoTo BeliecTna B 1po-
CTPAHCTHE MEMILY JEXHAUIMMH HA JAHE MacTHUAMW, WTO NPHBOUNT K CHH-

* B (EIEAHER BPEMS STOT HPHUECE HAIHIBAIOT Mactonoh K prcTaanusaunedl n ovauame
Y ﬁf‘mJ_ﬂTﬂ ll-bl]"ﬂ[llHHﬂllllil HHIIDHPHCI'!A.'W'D-
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WEHMID BEAHNNIE JIOCTYIHOH 1IN0 MECCO00MeI nosepxuocti. B oo
YCAOBHAX AMe REIHAUNTEALHOE NOBHILCHIE YACTOTH NPALLCHHEH M
wankKH npusonT [41] k peskomy yeennuennio toan wacti, BIBCLICH iy
B MUAKOCTH, # CKOPOCTH pacTopenis. Takoll xapaktep 3abicumog
HabaoaaeTes BndoTe Ao suavenufi Pe nopsiaka 0,4 0,5 (cm. v, §

7.1. MACCOOTHAYA K B3BEIEHHBIM YACTHIAM
B ATTHAPATAX € MEIWIAJIK AMH

Mpouece maccooraaun Ea rpawwune nucnepenas fiasa — KuaKOCH
MPHHATO ONHCHLIBATE YPABHEHHEM

dx

= = Bya(Gue - 0) (7.1

TAE & — ROHUENTPAUMA THepAoR doaw, KiW', € — KOBUEHTPHELKA PACTOPENIIGTO ne
WHETEA. § OCHOBHON MACCE PACTRODA, KEMY T — WpeMy, ¢ Ope KOHUCHTD ATIHA.
CuueNR (pacTpopumocTs), kris®, B — mosddmmiens Maccootiau, e, F,,; 1L
Uik TOBERXHOCTH MarTOOlMENA, INKMI4cIER B eaniilie phzena opesn, M,

Ipn obrexanun chepiueckoll THEPAON TaCTIIH  HEBOIMYILEHHEH
MIOTOROM ABAKOCTH KOPMUMCHT MAaCCOOTAAuN ONPEJCSEeTeA 0 ypans
Hennio Ppocenmura [5]:

N = 2 -4 0,6Re’ r8c' s

dnect. Nu fda/D, — kpurepuit  Hycceanra anfbyaun; Re = udgy
Kphtepiil BORCH, Se WO — wpirepuit  LImiarn;  dg — awamerp wacTs 1
wi D — sosdmuumest muddyani  pacthopriowerocs  BepecT#a § prcTnipe, e
:n —{ CROpOCTR OUTERARAA  S8CTHIN, M/C; V — KMNEMEIMVECKAN BSIKOCTE  DACTE

AHATHA MHOTOMNCACHHIWK SKCHCPHMEHTANBHEXY AEHHMX 110 MACCOOTS
Adue npn pacreopenwt [6, 7] noxasuisaer, uto ecam HCHONBIOBATE
ypasHenn PPoccAuHra A0 nepeMennBanns, oazaras ckopocTh ofires
KAHMA MACTHLL PABHOA CKOpOCTH WX ocangesnd (u — w,.), pacueTHe
IHAVCHHA KOXPPHILHEHTOB MECCOOTAATH OKAIEIBAIOTCS MHOIO MiKe H3Me-
perrnix. K vomy e 310 ypaewenie npenckasmsact SHAUHTENLHYIO
IABHCHMOCTL KOS(UUMEHTA MACCOOTAANN OF pasMepa uactiyg (wepes
Cro BIRAIHHE HA CKOPOCTL OCAMOCHHA) W OTCYTCTORME BAMAHHA HHTEH
CHBHOCTH FCPCMEIIHBAHNA, TOTA# KaK 3KCICPUMEHTH, Ha0BOPOT, CRi
ACTEALCTBYIOT O CYMECTREHHOM BAHSHHH HETCHCHBHOCTH MEPeMeIlHEa il
H OTCYTCTBHH 3aBHCHMOCTH o7 pasmepoB wactiy * [B 161 .-

Ouiitnr w3 nyvedt paspewesun ykaaapHoro nporusopenun cocrour (8]
B HEHOABL30BEHIH HEKOTOPOH «abhextuBHONs CROpOCTH OTHOCHTENLHOTG)
ABIUKCHNA HACTHIL, NOACTAHODKA KOTOpol B ypashesne Opocchuura.
NPHBOANAA Okl K PABEHCTHY PACMETHHIX W (DRKTHUECKHX IHANCHWIT Kexach=
(mmenta maccooraanun. [lonsrka OTPEAANTh TAKYK CHKOPOCTh KaK
CROPOCTL NDOCKANTAIMBAHHA HACTHIL NOA JeficTBHeN ManoMacLTaGHEIX
TYPOYACHTHEIX YCKOPEHHIT HE [IPHBOAHT, OAHAKO, K HenaemoMmy pesyib-

* JameTHoe DARMIRE PAAMEPOR SICTHIL, OTMENEHNCE asropasi pators [4], o6use-
HREETCR NEAOCTATONNO HTENCHINBIM Nepeseummanien. Paover NONAIBMOT, W70 GAK-
RHUUE PAIMEPOR NACTHIL nalmonandcs B yCACKIAX, KOTAR Yact, THePACH (Rl B0 X0/
ARCH B ocagke

{76

Kak HOKASHBEET aHains, nunogwennui 8 pafove [I71. npn
LA YOTOBHSX NEPEMEILNBIHEA CROPOCTE NPUCKATLAHBAHNA Ya-
critit, KaK 'npam'l.nn. MaNa M0 CPaBieBHI0 €O CKOPOCTHIO OCaAACHTH .
[ cuRdn ¢ IruM Hanbonee OOLNHEM [IpHEMOM FABARETCH l]().ﬂ}"iﬂlliﬂ{’
SunpiMeckix sapucumocrei  [6, 181, uaﬂsuﬂammtlx uﬁdmn:rlluu},mn
CROPOCTE HJIH HENOCPEACTBEHHO KOSPhULHEHT MACCOOTAAUH € Xapax-
popHCTHEEMI ANApATA N MeIanKi.

JIpyrofl nyTh ONKCANHA IABHCHMOCTH MACCOOTAAYH OT M KTEHEHBHORTH
jepeMCLIHBAHNA CBH3AH € YYeTOM BOSAEHCTBHA MaJoMactTaGHON TYP-
[y ICHTHOCTH HA CTPYKTYPY HOFPaHUYHOrO ¢10d BOJH3N MOBEPXHOCTH
guernie (10171 Ulpy wenoabseBaxiy HEKOTOPLK AOHOMHHTEIBHEX
AOUYULEHIE, paccMoTperHuX B M. 2 u 6 npuMeHuTENBHO K CyNanm
[HAPABNMHECKORO  COLPOTHBACHNS 1  TennooGMesa, OH nﬁec:xeuum
[19 21| BoaMo#HOCTE paCueTa Hoapebum{eum; MECCOOTHANN B Allla-
patax ¢ MEIANKAMK PASTHYHKX KOHCTPYKUMHA ¢ RocTaTouHol Aas npak-
THREH TOUHOCTBHIO.

B pamkax sToro nojxoga CKOPOCTb MECCOOTAEYH OT HOBEPXHOCTH
YACTHIL, BABCIHCHIONA B TYPOYACHTHOM NOTOKE, ONpeIeTieTcs Ha HIHem
sogekyaspaoll u TypOynesTHON Andehy3un # rpajiienTtd KoHLeHTRalluK
PACTEOPACMORD BellecTRa BONHAH HOBCPXHOCTH:

~ de
! [Dc i D4} d—y“

TATY

yead

(7.1:2)

notok nentectia,  krint-c); Dy — BosdimunenT TYPOyACHTHON AWy,
pRCCTOREHE 0T  N0BERXHOCTH maccooivena, M
B coorsercrsun ¢ runoresodl Jlaupay o xapawrepe aaryxaHua Typ-
{ yIeHTHOCTH B BA3KOM roacaoe [22] BEIPASHM BEJAUUHHY KOXIHCHTS
rypAynerTaon. anddy3ny  BGAMIK TBEpAOT NOBEPXHOCTH Kak

Dy 8ovg {4/ Bo)* (7.1.3)

L 8y — YomguHa BESKOFG HOACAOR™, M. Uy -— XBPAKTOPHCTHNOCKAS  CHOpOCE (oM.
puznen’ 6.1), e

Ha ypammennn (7.1.3) cneayer, uro Kosdduiukedt typGyncHTHOM
muppyaun D, ~ y*. Cornacso ypaswenmio (7.1.2) ywenwnenne [,
IPUBOANT K OHCTPOMY CHIDKCHHIO rpajiuenta Kouuewrpainn. B cesan
C STHM HaMEHEHHe KOHUCHTPAUNH B Mpesenax BAIKOrO NOACIOR MONHO
CUNTATE PAKTHYCCKH PaBHLIM  pasHocTH KoHueHTpalni mexay rpa-
el pazena w aipom noroka. Orciona AndebysnoHHoe conpornBaerie

e )
LU H |

si3kore noacnos Ry - 1P paeuo
Ciine — € ¢ dy LA : b (T-1.4)
. i D Auleg 22 Dy

il KoadrpHIHERT MaCCOOTAATH _
B 9.9;" v, 1726

i

(7.1.5)

* Brakyh popenof — ofascts  gocrhtonnt smAux poccioppil plandm  nosepx-
bocTi (y == 8), B DPeACASX KOTOPON NPORBANCTCR: BAHENHE MOICKYARPHOK GAIKOCTH
it npodman ckopocty [92].
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Kak nukasano s pasjenc 6.1, 3asHeuMOCTh BETHAMII Ug ¥ Oy OT you
BUll nepeMelliMBAKIA  ONICHIBAETER  CHCTeMOR  ypasuenifi:

Reg - vabo/v = 11,5

i L ]
[F 92 ]
e _E“ -ﬁﬂ

[?'1‘.
(7. L7

3..IL'I.'.I.- Fy OOPEARCHHOE SHPSCHIT JuoCHiaiiin SHEPIHR B ETHIHIE NIty I
MELUIHRARMON  cpean (B Br/ur):
Ep— h‘j‘tﬂnpl’ll [i"].

rae N — MowmocTs, norpeGanenan 1a nepesmewssante, Bi, pe
HOCTE eytilenann, kr/m’ ¥V — ofbem nepesmoununomol cpetd, MY

C yuerom coorsomenuin (7.1.6), (7.1.7) supaxesne (7.1.5) npu
peraer Bui:

- CPLAHAR

B 0,267 (tgv)"1Sc " (7.1.59

Oreyrersne sasenmocTit Koxphiimenta Maccooriaun ot pasuep
qacTin B ypassenny (7.1.9) obwACHASTCA TEM, HTO CKOPOCTh Maccoohs
MEHA ROHTPONHpYeTeH TYpOyJsenTHMl nynscaunsym, macural Koros
PHX 10 HOPSAKY seMHwEiFb OMH30K K TOMIHNE BAIKOro noncnof 8
i HE 3aBicHT or pasvepa ofrekaemoro Tena. C TeoperHuecKofl TOMKH
APEHHA YPALHEHNE, ((OAYYEHHOS HA OCHOBE TAKON HCXOIHON TOCHITKH,
HOMKHO OBITH MPHMEHIMO TONLKO S5 HACTHIL, PA3MEP KOTOPLIX YAOS-
JETBOPAET yenosuw d, > b;, dro ANA ANNapaTos ¢ MElaTkaMy obuuHe
cootsercreyer dy = 0,06+0,1 M. 370 cornacyercs | ¢ peayasTaTAMN
SKCUCPHMEHTANLHLIX  HaAMEPeHUN, NPUBCACHHLIMM, HANpWMEp, B pa-
Gore [16]. B cayuae pacTsopenis HactHi MEHBIIHX DAINEPOB, KO-
HIEHT MACCOOTAAUH ONPECANETCH B OCHOBHOM BEANYHHOR CKOPOCTH
OTHOCHTENLHOTO ABIIKCH S HACTHIL B HHAKOCTH H YBENTUUHBACTCH C YMEHb-
menwes ux auamerpa. OrMeTnM, UTO BPEMs PACTBOPEHHH CTOMEL MENKHX
HACTHIL OKASKBAETCA OOLIMHO oveHbL ManuM. B cpdau ¢ stuMm npu pac-
wete obitell NPOJIOKHTEALHOCTY NPOIECCa PACTEOPERHR HCNOJBIOBA-
Hue ypassienus (7.1.9) aAnn seefl COBOKYNHOCTH YACTHIL MOMKET CO3NABATS
HEKOTOPEIN WHIKEHEpPHHIT 3anac.

Pacuer no ypassesusm (7.1.8) u (7.1.9) npusoant & Hekaropomy
CPEAHEMY MO annapary aHaueHmn Koxpdmienta maccooraaun. B 1o me
BPEMA WCTHHHOE PacipesencHve sHeprui B olbeme annapara Gupact
cytlecteeHio Heoanopoassm [23 ] Ouenxn nokaauBaior, oHako, 41a
pasine Mexay suauerHamMu i, puupcneHuuMI ¢ yuerom w (Ges yuera
HEONHOPOAHOCTH PACHPEACACHNA JHCCHNAUHN SHEPTIH, COCTABNAGT BCEIO
10—15 %, 1. . He BLXOANT 33 NpPEfeaN SKCTEPHMEHTATLHBIX NorpeL-
HOCTel npH H3MepeHuy KoxpdmumenTos Macconepetaun. Takum oOpasom,
NpH pactete MaccoolMeHa ¢ TBEPLEIMK G&CTHUAMH B ANTNApaTtax ¢ orpa-
WMATERBHBIMH NEPETOPOAKANMH, T. €. NPH PABHOMEPHOM pacnpeleneHuu
qacrii B oleene, ypasuenne (7.1.9) moxer nenonssobaticn 6e3 nonpasok |
HA HEONHOPOAHOCTH DPACHPCACACHHA ANCCHNANUN SHepru B ofheme
NePeMBIINBACMON CPeaLl. JT0 COTRACYOTCH H ¢ PEIYALTATAMH 3KCHepH-
MeHTANBHLIX Hanepennft [24, 251, npusegenpivg wa puc. 7.1, 3amerus,
WO 3HAqCHUA KONPMUMEHTOB MACCOOTAAYN K HenopemxHoll noBepx-
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e, Tole  SUMMCHNOETE  HOBHGHUILIER
MACCOOTAIHN 0T DEMNHI W dHeeHnimin
usl PEINI

§ — peayasrars peforu (344 7 — pe-
avantard podorel’ [85) ¥ — coicrue-
uian RAHHME ANTORGH] cnAomieg Al
s pacsET, o ypassewuse  [70100)

(I
#(5a
a4

poCTH  (Habpumep, nOpi pae-
TEOPEHHE  KoubleoGpaasoro
cpasua, 3aNpeccoBAHHOIC B aogldiis
AHHILE AMIEpaTa ¢ oTpama- Yo dor
reAbHBIMIL Neperopoakamu [26])
HE OTJAHMEIOTCA OT ROS(MMINCHTOR MACCOOTAAHH K B3BCILCHNEIN YaCTH-
iane N TAKHKe MOryT ObiTh paccydransl no ypasrenwo (7.1.9) (pue. 7.2).
[ rex cnywasx, KOrja uacruusl pacripesenenn 5 ofnese wepappo-
MCPHO H O0JACTH UX COUPEAOTOMCHHS ABAACTCH OAHOBPEMEHHO olJIaCThIO
MOBLILUEHHBIX JORANLHEIX SHAHEHUN AHCCHNAWNK SHEPTHI, H3MCPCHHbIE
iHAUEHIA  KOSDHIHERTOB MaCCOOTAAMH MOIYT 3aMETHO (IPCBBLILLATL
PACCUMTAHHBIE € HCMNOAL3OBAHHCM OUPLAHCHHOTO 3HaueHus kg Heopwo-
POAHOCTE PACAPEAEASHNS MOMET CAVHITE NPHMHHON TAKWX, HA NepBLlf
BACAAA MAPaJOKCANBHEX HBMeHIl, Kak ysenuuenue xosddbunnenrton
MACCOOTAEYN [IPH CHIMCHHE MOUHOCTH, HAGMONACMOE HHOIZA NpH
lepexone Kk annaparam Gea orpaxarensHEX neperopoaor (271,
Kax Omno nokazano 8 1. 5, B annapatax 6e3 oTPAKATCALHBIX
HEPErOPOAOK BOSHHKACT paiMalbHan cenapanis BIBELICHHBX YacTiu
non aeficreuem 1eHTpoliemuon cunn. [lpn naotHocTH wacTHl, npens-
HAIOUIER  IIOTHOCTL MHAKOCTH, OCHOBHASE WX macca B psile chyuaen
OKa3HBARTCA cocpefioToneHHoN BOMIsH crerHoK antapara *. Mamepenns
uuTeHcHBtoern  Typoymentrocrw (27| nokaammnalor (puc. 7.3), w4ro
HonpHeTerHoll obracti annaparos 6es neperopotor (f = 0,85 R) watmo-
A4eTCH YBEAWUYRHHE NYABCANHOHHEX cKopocTell npuGaHsimentho B 2,5-
4 pasa 1o cpaBHennio ¢ ocranbHofl yacTeid obsema **, 310 cooTEeTCTBYET
YUEMHYEHHID JOKAALHOR Anccianun sneprun B 25 30 pas 8 B coue-
TAHUH ¢ ABABCHHEM PATHANBHON CENMAPAINMH YACTHIL NPHBOANT K YResdk-
HeHMO CpeAnero 1o annapary Kosddmuuenta saccooraaun. Jan yuera
T2KOFO siBNeHHA B ypasnesne (7.1.9) ssoamrea nonpaBka ky = |:

B = 0,267y (£a/v) " 1s5c s (7.1.10)

* 3o ocolenio xapakTepHo BAR ANNBPATOR MAJONG AHAMETRA,
** Avancrusnull pesyaster Gwa romyuen 8 patore (28] npu msMepeRnH nHTEICHT-
HeeTH TYPOYIRATHOCTH B THAPOLHKAONE,

Puc, 7.2, 3auncHmMoc Dk KOMESInneiTa MacConTiusn OT HITEn-
CHENOLCTH DEPEMEWRRLHHA 8 CRORCTY CPEAL Npit PUCTHOPEHHN

att %

4. e

5o neEnoanMH L obpaion (£ = 0, 158 m; oTRpuTan  Typbaiian
A KE, = 0,078 m).
Touxu I —+ WEsMeEps ofi pasion ‘m Tedanny), Chaonag Jw-
| niiem pocser o ypambese (7.1.9
i
. Buey v penpnh (RTINS
Crepaory PaHYC, W MAANYC, ™
£ i 0,066 76
- e F 0,054 0.0
m i 510 3 0, (8 | n4r
4 0,065 L]

(e V8 e
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Epl
Puc. 7.3, (Tpodiiie MEEHCHBHOCTE TYPERYRm mHocT B mﬂr anamMerpon 0,21 s Oea oo
TEAMNLX DRROIOpoADK © TPEXIOnaCTRON sewsanol (d, = 0,14 M) [27]:

Swavenin n (b offel = 4.1:°2 — 3,33 43— 2.5

PHc. 7.4, JauMeuMoc te nonpELOTHOrO koSdduneima @a OT CTEARNEN HEPEEHROMCPHOCTH
NOID PRCOPEACARHIN ToERRLAX ABCTHRG N sTMAPATE €3 OTpARATENLHLIX RO O ROK

3uavenue ky 3aBHCHT OT Crenenn panMAnsHON HEoAHOPOAHOE
Pacipefiencuis HacThi W Moxer Ohith NPeACTanaeHo B Bute QyHK]
OTHOLUCHKS! KOHUCHTPEUMN 4acTHIL ¥ CreHky K cpeanell KoHueHTp
b annapare. Fpadik aapucHMocTi By o7 X../xp MPUBEAEH HA pHe
Merouika pacuera xp X, Ha ocHOBe cBGICTS dias u XaparTepreri
ANNApATa W MEIANKN H3NoMena b paspese 5.2,

7.2. PACTBOPEHHE B AITNAPATAX MEPHOIHTECKOID
AEACTRHA

HauGonee npocro sagaua onucanust KnHeTHKHY PACTBOPEHUS petl
A8 MOHOAHCTEpCHEX uacthy cdeputeckoil wan kyGuvieckoit dop
ECAN NMPEWIOAGKITL, 10 HX KOHQUIYPAILHA 10 MEPE PACTRODEHH
HIMEHHCTCH, 8 KOHCYHAR KOHIEHTPALNA PACTBOPE MHOIO MEHBIIE
ueHrpaunn Hactmennn (20 Vueuptuenne paanyca swactuite no
PACTROPEHMS B PACCMATPHBACMBIX YCAOBHAX ONHCHDACTCS ypaBHEHie

E d Cyar

dt T

YauTeean Hesasncumocts KosddiinenTa Maccooraun P oot paaml
PoB SacTHLL (M. pasies 7.1) u ronaraf pajgnyc dactHuel (PR T
PABHHM ry, B pesynbrare uHrerpuponauus (7.2.1) ponyuaew:

Ity Beac

T r?l '-'
Fu 16
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- 1.8, Ofolmennad waneTiveckan kfmilan pactan o
R L ko pNCIEPEH K NECTHEL B NI GETEX © OF R 5 v
ﬂ"m‘“ neperofioaknsn (0 = 0,3w, 4, = 0.1 w) [20]  {0OF O!,#‘g,.--“n".— .
T n, e 1os, V“ -]
TouEn Tui MEURELEN ¥ wlic " o 6 =1
— bF ( o=
' Ok pTas  TYROEI BEG E.0 0BG x=J
Han & = .'
y JinyEacnbcTHaER 48 B fa 0,3f
:. OikpreTeR TyplEn: An R 0,35 q.? L v-5
na
4 Ij'1:|;l;.mllul..'ﬂllll Bl B.53 0,55
5 T pexnopacTHnm 6l 17 0,35 0 I . i n i
—_— L as
Crisudipioi  Aniten pacnet noe  yphonenmoe  (7.2.4) Tﬁ’

[TocKONBKY NP MOHOIHCAEPCHOM HAYANBHOM COCTERE uACTHIL WX
MACCOBAS KOHUEHTPAUNA B MOMEHT T NPONOPUHOHANLHE TEKYILEMY
sHANCHHIO PAAHYCa YacTHUb B KyGe, Hmeem:

ﬂculﬂ 3
x (1) xa(i_——wq *t) 743)
Oreiofln KOBICHTPAUUA PACTBOPA B MOMEHT T:
Bruac o)? :
o{t) = Xy - X (1) = I".[I (I ere 'r) ] (7.2.4)

Bpessi nonyoro pactBopesns Nactiil HavaldbHOro pajuyca ry oupe-
NeJeTeR Kag BpeMs aoctikesus r(xr) — 0. B cooreercrsun o (7.2.2)

T Parn/{(Blnac) (7.25)

Hpu nurencusiocts nepeveniibaiis, xapakvepHofi 0as Hanbosee
pacnpocrpanentodt  cepultnoll anuapatypu (e = 1 Brikr), rosjdm-
HreHT MaccooTnain fipH PAacTBOPCHNH HEOPIEHHUCCKHX BEUeCTs Tipen-
Criniser coboit senwunny nopsaka 10 mie, a NpoOAOMKHTENLHTE
PECTDOPEHHA YACTHH © HAYAAbHLM paamepoMm 2r, — | MM cocraBiser,
Cornacuo (7.2.5), okono | mMuH. JKCHEPHMEHTANTbHBIE JAHHBIE 110 KNIe-
THEe pacTeopesns MoHoAHCHepeHnX wactni, vonysenuse [20] npu
PALIHGHIEX yeNOBHSIX NEPEeMCINBAENS, NPHBCAeHH KA pue. 7.5 B dopue
Obofiuennoft kunernmeckofl dyskumn® & - 1 (x qu fleizg). Bu-
Péxenne sroil (hyugimy A chydas pacTBOPEHHE MOMOAMCIEPCINX

Yacri
3
o (1 L_)‘
Ta

{"FHI!L'BFIHE KHHETHKH PACTROPCHHA YACTHU lID.ll'_EﬂnHl‘llE]'!flfﬂm na-
HENbHOro cocraBns OKAIMBACTCS IHAYHTEALHO Gonee caomusi. Jlucnepe-

S—
—

5 * Tanve NPEACTADNCNNE KHUETHEH PACTOORENNR  OOCCTeNHINET HHEBPHARTHICTH
WETHYCe K i VHELIN DO OTHOWEHNID K mTeRcuBiueTy nepensmisannn (5]

a8
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Bl COCTAR CyCrensi NPUHSTO XapakTepusopats Nnxbepeniuranny
GyuKunel pacnpenenewis HHCTHL no pasmepam [ (r),
TaKHM 06pa3oM, YTO BealiuNES [ (n) dr npeacrasaser cobofi HHCNO vaCTH
B EAnHHLe obbema, pagnye ROTOPLIX SAKAONEHN B NPEAenax r u r - d
Ilpy srom wneno wacrun pasuycoM or 0 sio r B eannnue obbema pany

f.—l‘[!{r]dr

a Oﬁ!.l.l.ﬂﬂ MACOBRER HOIIIL&HTpaIuIH 'ﬁ!l’.\T“i.l B CYCHEHEHH
L=
4
%= uipn [ [y e
L]

B npouecce pacisopenns AHCRIEPCHE COCTAB YACTHL M3MeHserey
1 KARAOMY MOMEHTY Bpemen Oyner coorsercrBoBath HEKOTopan diyHKL
pacnpeaenenus f’a:. 7). Jlis onpepencuus svoi dhy HKLHY
H3MeHeHHEe YHeAa wacTay panuycom or r o r
BPEMEHH MY MOMEHTAMM T 4 T - EN
PpaKiIs nonoaHUTCS YacTHIEAMN » PAINYC KOTOPLIX B peaymbTare pact
PEHHS CTAN MEHDLILE YoM ¢
M YAAYT YacTiib),
HaMeHEeHNe uHena waetny [ (r, 1)dr 3a Bpems dt;

L 0 {rage— [ (e 1) dr s {MLM,“" 5 [‘15,,&]:11 7 2

dt
Ipn dv - 0 n dr—+ 0 ypastrenue (7.2.7) npuoGperaer sup

i § i} [ I35 '
A 1] (7.28

Buipaxan nanee dr/'dr no

ypasuenmo (7.2.1), nveenm past PacTBEOpOR,
NANERHX or Hachiinen s

Nirit)  Peyee ir. x)
= ) (.29

O6mee perenne ypasnerys (7.2.9):
( Peua,
[0 =y e v )

e — dwwkiiin, nis ROTORON JARHCIT OT PACHPEAENTHI SacTs LTI paamepas 5 g

AR SOMET Dpementi foy ()

[puvennrensuo & wacrumay
pyuKuua f,, (r) umeer sun

Tux A7) = A (r. 0) = 2a8 (r— £g)

Anecs 6 {r — ry) — JeasTi-hyikusn Anpara; z
GHPEIETHENOD M3 GUEBIANGID | COOTHOME IR

MOHOHCTIEPCHOTO HAYANLHOTO COCTARS

(7-2.14
= WHCAO MACTING B M He hrend
Bj:n

Tgi= —
dnr,

7212
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[3 srom ciyuae oupaxenie (7.2, 10) MOMHO NPeACTadBNTL K

L it | Pinoe N1 (7918

fifrs 1= q~( ﬁ-{[-“:' T r) i i (.rn = T)J )
i o1 CciJ1a F -‘
T | 4 1 Eira .

x (1) {H-‘o TJ"_'i“ Rraih = TPtz (' = ﬁ t) (72 14

{f]

Herpyano yGeanthes, wro ¢ yserom (7.2.12) ypasseune (7.2.14)

(pEnecTBeRno ypasuennio (7.2.3). ' .
5 [Tpn pacmgpemm YACTHIL NOAIJIICTEPCHOTO HAMAJLHOTO COCTEBA,

CapaKTepHayiolnerocs (pyHKiuell pacnpejesesns no passepax [y, (1),
i.n'r:I(Z'HHE ypasueunsn (7.2.9) npumer vun

v (r+ .ﬁ'gf.f_ o) = fun (7 +%r) (7.2.15)

&) = r"j"“': ol ux (" + ﬁ'i%t).n‘r
i

(7.2.16)

Buoas HoBYWO nepemennyio {  r - Pey, 1 py, nocae npeobpaso-
ponng supaxeuns (7.2.16) noayuaes:
Tamn e Ty Re¥ My

fpl" #T a !
% = — Ty fus (0) (.— _ ‘['—:) d (7217
Byt iy
W
e (M5 %0 i) - . )Ed’ o
E = Fax (1) (fmm: - Tn, sann '

Frannc® “o,matc
L0 Ty qenme = Pl mane (Fonsc) — BPEMA NOAOIRD PECTROPEINN SACTILL MANCHMANBHOPD
Hauahniorg. paaseps, © %
Pewenne ypasuennst (7.2.17) nan (7.2.18) ¢ HCﬂMh:gg:g::;ng:;g
on hyukliie pacnpefencHui vactul N0 pasMepaM
AGIATE KHIETHUECKYID KPHUBYIO pac-
TEopeHUs pacueTHLIM nyTeM. 3yaye-
His Kospdmimenior  Maccooraadi
PECOUMTLIBAIOTCY 10 Y PEBHEHHAM
(71.9) wan (7.1.10) Ba ocHopa-
i xapakTepueThk annapara, me
Liddkn n cpoiflers  paboyux cper.  4er
EL"HMEpu sxcneplmema.rmlﬂoﬁ " f;
Pacuernofl kpusmx € — [ (v, man) i

a2

P 7.0, Opaximoiinsal eocrin hexonion L s 1
NN gy, murl:'rnnmlu!mrl B ERCEPETEN - " 25
Tax 37

F 0
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r Paic. 7.7. OGoGenmae wnusTHYeckan Kpinan  pacraop
NOARANCHOPLITLIA. MACTHIL 0 ANNAPATAR ©  OF P MATEN 1A '

Lok ‘/i“__;‘. peperopoaeame 1271
l Toupn | Goow | D M Tun senmnani ngu:t
®
ek
& ¥, -7
! 0.4 0. Tpexionacriian §.80 15
v J ¥ 0.8 0.6 OTRpuras 717 Bl
Typhiksan
E) o5 0,15 To e & L]
a2
Cranititammamas — pacury oo ypanseusian (7. 1.9 0 (7.2, 18]

0z 06 10
TITy

AN Cayunst HCXOAHOPO pacrpeienenss
CTHIL 10 pasMepaM, npPHBEASIHOIO Ha
puc. 7.6, npeacrapdeHs Ha puc. 7.7 u 7.8
Kuneruka pactsopenns wacrhu u annapare Ges NEpPercpofiok  KAJo:
crpupyercs puc. 7.9. [Tps srom, 1OCKOABKY RPOAGTHKHTENBHOCTH nper
UECCa  ONPEACTSICTCA NPeUMYIMeCTHENHO KHHeTHRON pacTBopeHns Hais
Bonee KpynHux Qpakunit, nonpanka by s annapatos Ges OTpama
TEABHBIX NEPErOPOIOK Halliena no puc. 7.4, HCXOAs M3 Xa8paKTepHs
CTHE WACTHI MAKCHMANEHOTO pasmepa.

B npaktike HHACHOPHLEX PACYETOB NPOIECCH MECCOOTAZYN OT MOH=
AMCIEPCHEIX SACTHL OnpeAe]eHHOe PacrPOCTPAHEHHE LOAYNIA CpeaHuil
MOBEpXHOCTHO-00BeMIL auamerp uacting: d,, Bxo' Fyn.

Pacuern n FRCrepimenTansune nanesie 127 | nokaswsalor, ognake
HTO B CAy4ae pacTBOPEHHS HCNONL3OBAHWE STOH BENHNHUL BMECTO
peaTLHON (fyHKLIHI pacnpeleaenins SacTHLL No pasmMepaM HEeXenaTesLHo,
TAK KK MOKRET MPHBOMHTE K CYLLECTBEHIEM NOTPeiuHoeTsM (V. pue. 7.8),

Ypanreune (7.2.18) noasoasner PECCYNTLEBATL PACTEOPEHHE 1@
OCHOBE JIAMNEX O AHCNEPCHOM COCTABE YacTHl B HAMalbuiill Momeny

. 3
c 10
1 s .
Ey’ .
f{ -
- b L)
aef - 1
l. !
aol 42t
0 A i = i i i
i “f 7] & . 0 7] A &0

— e

e, 7.0, Kuneriuecsas spunas pacTRoponie aomm
MMCNEPENEE GECTHE B annapirax © 01p
TEALHWIME NEpeT OO LKA MK {D = D3 M} TReXIORBCTHAN Mo, d..llf—- L | u';:.

I PRCMET © YUrros (IpaKIcHONNor coctaan; 9 EalEy 3
BYAMCTPY MADTHAL,  TTAKM, — mcn::pnmurrunmmm;nru‘: SN URSIRROTHO e

PHE. T.8. Kanrmies pACTRODEHIS MOLOANCNEPCH hX NOCTHY B Aana T 3
Tax (3 o TEd
neEparopoos (1 hdm, M = 0,38 ompurn TYPORAn Mira R, J’“ = 0,1 m, :Df.: 17 --:.
fy 0.4 M), *
I PEEYET DO ypaniennim (71 ) W (7 2.168) 2
€ yueToM  NONPRANW. b = 230 Tuykw
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pacser nn ypawstmnaas (70100 w (7.2 160
FROTEPUMENTANLITRE  fAm . -

pevent. Jlas 9roro mexonnyio (yuKWIO pacnpereacunn HacTu no
nadMEPaM ANNPOKCHMHPYIOT KaKoH-AN00 aHanTHYECKON 3aBICHMOCTLIO,
nopcranasmior ee o (7.2, 18) n nanee WHTErPHPYIOT noayuennoe sWipame-
pie Boobmem Buje nan uncaenko. Boimomen w npyrof cnocob — cye-
neHAMID HA BXOAE B annmapar NpPescTapisioT B BHIE COBOKYUHOCTH R
(paKIUMA Y3KOTO COCTABA €O CPEIHUM HAYAJILHIAM PASMEPOM YACTHIL Faj,
4 JATeM 3HAUCHHE KOHUGHTPAUHM HEPACTBOPHBLIMXCH HACTHU X (T)
pACCUHTLIBAIOT KAK CYMMY 3HAYEUHH OCTATOUHNA KouitenTpaunfi vacTii
rampoft paxuiy, HaleHnnx no ypasseruio (7.2.3).

*
Y. = L
X (1) = Xq L Xy (I - E:%t) (7.2.19)

=1

e Kgf — MBCUORER NOMA WnCTHIL £0 HpERIR B icXoanoll cycnenani.
Ypasrenusn (7.2.17)—(7.2.19) ornocarcs K Cayyaio nonyYeHus pas-
GaBJeHHLIX PACTEOPOR (Xy . Cye)- AUBJH3 KHHETHKH PACTBOPEHUA NpH
HPOH3BOALHIX KOHUEHTPAUMAX TBeplofl (haski BunonHer B pabore [20].
HMexoas M3 npeanoyioxerns of SKCNOHEHIHANEHOM XapaKkrepe naualb-
HOM dIVHKUHE pacnpefeNennsi YacTHi ne pasmepay, asropamy Ouuio
MoNyHEHO BEIpasKEiHe N8 pactera KHHETHYECKOR KpHBOH pacTBOPEHH:
F(t) - (1 —8) 11 — bexp(—27))? (7.2.20)

rie e _'“..’fﬂ. (I —Bb). o — napaderp naNALLuol QYR paclipeedesih wIcTRIL Do

aexp (—ar). ¥ — npueenennui  wosfdument QopuB  SACTHIEL

paamepiay fux (r) 1 I
OTHOWEHHE WAYATLNGRN MAccl Teepaoi das ¥ offeemy ®ua

(Cuar—ra)ipy p
HOCTN

[ipr b < | pacTBop CTAHOBHTCA HACHILENHBIM NPENAE, YEM PACTBO-
PRTCH BCE MACTHI(, NpH & > | pacTHOpP HEHACHIIEH JldXe Noc/Ie pacTBo-
pennst seex yacruil. B caywae b = 1 wa (7.2.20) coenyer:

£ (7} = [} 4 v {axfp/ipad] 7 (7.2.21)

7.3. PACTBOPEHHE B ATTHAPATAX HENPEPBIBHOIO

MERCTBHA

Kak Guifio noxkasakso B ra. 5, pacupelenesiie ppemeny npeGupanns
YACTHIL B ANNapaTe ¢ MEIIAAKOR B yCIOBUSX, COOTBETCTBYIOUIHX PABHO-
VEPHOMY PactpeleseHHio HacTHil B o0BeME, ONHCLIBAETCH ypaBHEHHEM
F) = (1.3:1)
FAC Top— CREANCE BPEMA NPeCHBARNR. YACTHIL B ANNApaTE, €.

[Tpy pacnpenesensd yacTi, GAHIKOM K PARHOMERHOMY , BEAHYHHA T

MoweT GuiTh © AOCTATOMHLIM RPHOJIDKEHNWEM ONpEleeHa Kak

L VIiG

M V — pfeen annapata, @ 0 — obeempwil packol CYCNeIis Uepes annspar, Mo
Ha ypasreuns (7.3.1) crneayer, wro naxe npH overs Gonsuinx aua-
CHHAX cpeaHero BpeMent npefineanid B NOTOKE, HHXONALLEM H3 anna-
PaTa, cofepmaTes HacTHL, BO3PACT KOTOPHX MEHBILE BPEMEHK NOJHOTO
185

¢ ep

(7.3.9)



pacTEOPCHNA, & NoAHOY pacToopenie Teepaol §assl TeopeTHNCCKH
BOGOLLE HEAOCTHIKITMO.

Paccmurpis wiMEHeHIe YHCIE SACTHIL pajuycom oT r Ao r -+ dr
B ofbese antiapara HenpepLlBHOTD neicTens. 3a spema dt pacemarpu-
Baemas (PPAKLIA HONOMHITCH YACTHUAMMH, BXOASLIHMH B A1NADAT C N0~
CTYNAOULHM NOTOKOM, @ TAKMHE YACTHUAMH, DAANYC KOTOPLIX B peiyib-
TATE pacrBopedus cran Mmensiue r -+ dr. Oanospesesso W3 cocTasa
SOl PpakuHy yHIYT YACTHIL, BHHOCHMEBIE BEXOJHEM TOTOKOM, 8 TaKKe
HACTHIIN, PanHyC KOTOPEIX CcTan seubwe r. CrejoBarenbHo

G d G :
o () e [”;‘#]rwm— 1) dr g — [I_‘gﬁ’]rm —D (733

Ipu dr -+ 0 nmeem:
o
7 (10 | # Ut — =0 7.84)

vae fug (r), Jir) — ymapin pacnpencionis qaotiny N0 passepas i Bxoue B anna,
PAT W BHEXOAE HI HEro.

Kax enenyer u3 (7.3.1), pacnpesesenne spesMest npebuiBanis YacTuil
B anmaparax ¢ MeijaiHaMHi COOTRETCTRYET HICANLHOMY CMELIEHHID.
B cossk ¢ srum Qyukuun [ (r) xapakrepsyer Taxkie W pacnpeienehye
YACTHL MO paaMepam B camom annapare [30

TIpH e > Xy HAMBHEHNHE PAJHYCA YACTHIL N0 MEPE HX PACTBOPEHNS
prpepensercs B coorsercrani ¢ (7.2.1) Kak

_ﬂ'{._ = fitunc .
Hee & N (75e)

TIE Xp — MAYBANHAR  KOWUCHTDAIME  Thepach  daiw, srisd

Taxum oGpasom, NPHMEHHTENLHO K CAYYAID HENPEPHEBHOIO PACTBOPE -
HHR noawancnepenbix Yactull, ypabHenwe (7.3.3) npuoGperaer nun:

j':%“ .t!_.:rfr_} = -g'f fr)—=— %fn: (03] (7.3.6)

Ansi wererpupopanis ypasnenns (7.3.6) ncnonsayem Meroj sapua-
uun nocrosivvoi (Meron Jlarpanxka [31]). C srofl uenso cHawana npo-
HHTECPHPYEM COOTEETCTEYIOULCE OAHOPOAHOE YpapHeHue

F"'-Fl"“ﬁ' f%i = _.ﬁ_f (=0 .47

Ofiee pewenne ypasuenus (7.3.7):
fir) = Mefr (7.3.8)
vae 8 — Gpal(ficuneV) (7.39

Tenepe samennm nocronnuylo M B (7.3.8) nexoropoil dynkumedt
M (r), 0pH nOACTAHOBKE KOTOPOIl BRHpamenne

I{r) = Mir) o™ (710
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yAORIETEOPAN0 Okl MCXOAHOMY HEOLHopoAxoMY ypasreniio (7.3.6).
[Togcrapns (7.3.10) v (7.3.6), Hafgem:

M)~ — Bl (ne™™ (7.3.11)

r

M)=— 8 6[ Fax e} € atr -+ A (7.3.12)

Orciona 8 cooreercrann o (7.3.10)

F

1 =™ { B I fus (r) € edr - A] (7.4.18)

i

MprrnyMan BO BHHMAKKE, HTO YACTHI DONKIIONO pasMeps b cycnen-
31K OICYICTBYIOT

[0 npu r—soo (7.3.14)

onpesesM NOCTORHIYIO METErpHpoBalnn A:
A=B j s (r) e ar (7.3:15)
/]

Oxouvarensioe Bhpamesye (QYHKIHN PACUPELEAEHNA YacTHIL 1o
PH3MEPAM B BNTADATE NPH HENPEPHBHOM PACTROPEHHH HMEET BuA

I (1) = Be'* Jh.;trl eV (7.4.16)

r

B Hanbonee npocrom CAyYae — 1PN BEQLE B annapaT MOHOAKCDEpPC-
HBEX HACTHL pajnyca r,— petwenne ypasuveuns (7.3.16) momer Ouirs
nosyyeso avanwrivecks. Jlag sroro npeacrasum  yHKLMR pachpe-
ACAEHHA SACTHIL Ha Broae fu () B Bupe O-gynxunn dupaka:

Fux (1) = 28 (r — r4) (T.3.17)

MNoaerapnan (7.3.17) 8 (7.3.16), &5 peaynwraTe HHTErpHPOBaHHS
noAYyNaeM:

(7.3:18)

Ez'fﬂf""-ui npil F="ry
Fin = { 0 npl £ =y

Onpejiensig yaccy TEEPACH (asn, HAXOAMIUYIOCH B einHile obnuema
annapara B BHAE YACTHIL AHAMETPOM OT 7 o r + dr Kax

dit = $ynpyr?f {e) dr (7.3.19)
HAIJIEM OCTATOMHYIO KOHUSHTPAIWING  HacTin.
fy

4 3ru , B 6 -
:;%mjj{r};’dr=—:rnpqh[fﬂ S — ]
e



0 0 i =

Pwe, 700, Jnmscnmoc e 0THOCNTOSLHON KONBEHTRALNY DACTROPA OT DTWOLEENN CPeRuero Bpe-
Sl pe0Eaine B ANnapETe UCNPepMNIEro ACRCTINN K DReMEIN NOAN0TO prcopean (kpnean F)
M OT OTHOUENHE TERYIEID IHAUCHHE BROMeHN k RREMEIH noMI0NRe BRCTHOREMIE 8 FTNIHATE 16
opEnEcKkorD seflcTREA (KprBian )

Toukn - SReieMeRTaRRbE JRHBHL

Bripasum Teneps 7, no (7.2.12) H, yunrhisas, 410 B COOTBETCTEMI
¢ (7.3.9) n (7.2.5)

ﬂrg 1["'.'{_'1 Tn t'?.:]-.'-’!]
yupoctum ypasuenne (7.3.20):
_ 3 G rl —Ty ]
E=ulra=| ~€+-ﬁ - -—{3—“ =) (7.3.22)

Ty — BpEMH HOANNorG pICTUUPEIER NICTHIL paswycs ry

Janée, pasaards ¢ B psij N0 CreneHaM Ty, AL snageidi T, < 1 *
AOAYYHM.

* = 0.25% — 0,05i] (7:3.23)

Orclona KOHUEHTPALNS PACTROPA HA BLIXOAE W3 BNNAPATA NpPH PACTEO-
PEHHH MOHOAWCNEPCHEIX MACTHIL

¢ 1 — &= t— 0,21, 4 0065 (7.49.24)

e € — CTeneNb PACTROPEHA NATTIL,

Ha pue. 7.10 npusenesa 3aBHCHMOCTb € OT CPELHEI0 BPEMEHH Mnpe-
GLIBAHHS CYCNeH3MH B annmapare, OTHECEHHOTD K BREMEHIN NOAHOTD
pacTaOpenns “actuu, Kak cneiayer 3 pHCYNKE, AOCTHMEHHE BHCOKOH
NOJHOTE PaCTBOPEHHA B ANNAPATAX HEUPEPHBHOro nelcreua Tpebyer
AHAUHTENBHOIO YBETHUEHHS O0bEMA (10 CPABHENUID C ANNAPATAMH NepHo-
AHYECKOro' JEHCTRHS.

Ypasaesns (7.3.20)(7.3.24) ovHOCATCR K CAYMAKD BEOAA B ania-
pat MoHoancnepeHmx  uwactHi. Opnako s ypasHenns soryT Guirs
MPpHMEHEHE H ANE NOABAHCNEPCHBIX WACTHI, eCNH DPeACTABHTL UCXed-

* PRccantpuBbiemse qepaneicTio NpRETHIecKn  BoRran  nsnoangeTca.
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HyI0 CYCTIEHAHIO KAK COBOKYNHOCTL Kk y3wknx dpakunil dacriuy, paiuyc
KOTOPHIX SAKTIONEH B NPEILENAX MERLY fy, iy W fy;. [1pit pocTaTouso Godb-
woM k NCXONHAS KOHUSHTPAUWME YacTill Kamooh (bpanum-l onpesne-
NAETCH KAk

£ = Pl () Fai (Fas— 1) (7.3.25)
4 ypasuenus (7.3.23) n (7.3.24) npucbperaior Bug
i
%= _Elxgiu.zscf, 0,06 (1)’ (7.3.26)
=
[
¢ 1Y) =} [o.25 - 0.05(xf)") (7.4.27)

FAE Ty = TofTeys T — BPEMR IOAHUND, PICTROPEHMR HACTHIL PAAKYCA 7, €, kb — mac-
COBAR 204K NBCTHL PASHYCA Fyp B HCXOAHOR eyenensny.

Kak Guao OTMENEHO BhiLLIE, OUHOR M2 HCXOAHEIX NOCLIIOK NpH BHBOAE
ypasypeusdl (7.3.20) (7.3.27) spanaock yeaoBHe NpakTHYECKON paBHO-
MEPHOCTH pacnpeaenedinn YacTHil B o0beme annapara, HeobXoaumoe s
puinonkenns papenctea (7.3.2). TIpH OAHOCTYNEHUATOM PACTBOPEHIH
B YCAOBHAX, KOrjga CTENnelb PACTEOPEHHNT ¢ ﬂp}iﬁﬂ}lﬂ{ﬂﬂfﬂ K eIniHIe,
pacemitpunaeror TpeGopanie NPakTHYeCKH BCErNA BLINONHAETCA H3-3a
HHYTORHONO  CONEPMAHNS B AnHApaTe HacTIl KPYIILIX pasMepos.
[IpH MHOrGCTYNEHRATOM PACTROPEHHN YMEULILEHHE PAIMEPOR YACTHL
B NEPBOM ANMAPATE KACKA[A MOMET OKAJWBATLCR HENOCTATONHHIM IR
YCTRAHEeNHs BAHAINHS HeOAROPOAHOCTH, NTO HHOCLE NPHBOANT K CHiKe-
HHIO eTeneHl pactaopenns wactii. flostomy npH BuGOpe anmapaTos
M1 MACTHMHOTO PACTBOPEHHA UeNecoolpasHo HPORGAHTL NPOREPKY
srfodHenns yeaospit Pe < 0,3 w IG, < 0,1 (cM. rai. 5) npHMEHHTENLHO
K WACTHIAM MAKCHMAILHONO pasMepa.

ITpHBEjenINE BLIWE YPRBNENHSE NOSBONAIOT PACCYHTLIBATE ANNApaTH
AN HeNPEPHBHOTO PACTHOPEHHA MPH MSBECTHOM HCXOAHOM (hpaKiHow-
oM cocrape TRepan X uacTiil, Korsa (ipakuUiOHHbIA COCTAE HENIBECTEN,
BOAMOMEH PACHET CTENEHH PACTBOPEHHR HA OCHOBE IKCIEPHMEHTANBHBIX
KHHETHNECKHX KPHBHX ¢ [ (t), TNONYNEHHBX NPH MEPHOAHNECKOM
PEMUME PACTBOPEHNA W PABHOMEPHOM Pactipeiesiesin vacTi B o6bene
onuwrHoro annapara. HeoOXonuMevMi IS PACHETE faHHEIMN SBASIOTCH
PACTBOPHMOCTL NACTHIL (o M KOMpdwtitient Anpyann pacTBopseMoro
pettecrna D . Pacemorpny ypasHeHHe Matepiaisioro Gaaanes annapara
HenpepEEBHOre AeHCTEHA:

(4] (¥ X] = Fﬁ!“ﬁ.ﬂf"nz Top [?3%‘

Viennnan nNoBepXHOCTh KOWTAKTS (a3 Fy,, BXOASWAT B YpaBHe-
Hite (7.3.28), nan cdepHueckHX WACTHIL ONpeAensercd B COOTHETCTBMM
¢ (7.3.16):

= - =
Fyi -1:1JJ[.—; A dr 4nﬂJaﬂfﬂ | Fun tere e dr (7.3.29)
) r
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Mamensisi nOPRAOK MRTErPHPOBAIAR HA o6paTHuf 1l netionbays Bi-
paxceniie [ (r) ('?.318] JAS QIPAKIHI SECTINL © HCXOAHBIM DARAYCOM 1,
3auuued ypasnenye (7.3.29) kax

T r 9 8
Fyy — 418 j'hn {r) ['%' = +ﬁ{! —& ”’l] dr (7.3.230)
L]

Il riocie PasnokeHHs €~ B pal noayunM:
o
1 Br BYe B2 |
F‘ﬂl_ iT[.BI.’m([!jf’(T _1‘12‘,"'!'—‘.‘?'——:@—+ )dr [?.3.3],
(1]

Ilanee, orpapMYHBARCE N0 AHANOIUH © (7.3.23) neyms nepewivy
uneHaMH pHAs, npeactasim ypaswenne (7.3.31) B caenyiouteir dopme:

4B | " Bt T ‘
Fyn 5 I Fux (7} 2 dr — = = Ifmc (r) r2dr {7.3.32)
(] ]

[Mpaanannsipyen ‘feneps WieHb NpPanoil MACTH YTOTO ypaBHEHNs.

M3 otiperesennus diynkumy pacnpesiesenns Macthit no pasmMepan
fux (r) cneptyer, uro w@Naabuas KOHHEHTpaWNA HacTHI B cycnesan,
nOCTYnamiles s annapar, pasua

o
4
Xy = TN jj’.r; (r) B dr (7.3.33)
[/}

Orciopa ¢ yuerom prpamesns (7.3.9) nepeufi ynew Npasol gacT
ypasienin (7.3.32) momuo npeacrasnrh B Buae

xnli
r— (7.3.34)

ing T X H
T ‘Lf!’: [.r)r"‘dr = T

JLin BpiicHenis GUSHYECKOTO CMBICTA BTOPOTQ WAeHA ypABHEHHA
(7.3.32) nafinem naomansL NOA KHIETHYecKo Kpusoli x (1) - x, — e (1),
onpeaennemyio no (7.2.17) xax

J x(t)dt = -;—up.. Tlh j Isn (r) (" E—r';'ri T)ad’ (7.5.85)
U a Beyact/py

Hamenss nopsuok nurérpiponanun, uaiues:

- (B
4 Ir (Tine) " - Beéine Ty
Ilhjd‘t 3 :tp.,J-f J’ fu:l”'(f TT)d‘t aﬁ-—-cu-—.é}-’.
o o o
[ T ey it (7.3.3)
1]

M3 (7.3.36) caeayer, wio sropoil wien npapoil wacTin ypanucHig
(7.3.32) momer OHTE Brpaen Qepes seanyiny (0N noa SKCAEPH-
menTankHON Qymiatied v (r), noaysernoll P MEPIOANYECKOM PacTBo-
pEHIHE

L= o

”ﬂﬂi T . ﬁlf"-r = ﬁ" i
- J;... (r) 7% dr Tnlﬁf:m dr ijxmﬁ (T.4.37)

Taxnwm ofipaaom, BupaKeHle YALILHON NAOLLAIH NOBEPXHOCTH KO-
ruxTa as v nenpepwenoneficreyomem anngpave (7.3.32) npuoGperaer
Bl

ey
: Wi G :
Fya BeuncV VY¥hcyac l.l[lh] dx (7.3.38)
Beeaem oboanauenye
FA0) = X (5% (7.3,29)

Hanee pasnennm w yMHOMHM NDABYIO 8acrs ypasseuus (7.3.38)
Ha BENHYHHY Ty, yane — BPEMHE MOJHONO PACTBOPEHHR HACTHL, CBA3AH-
HOE C HAUGOJBIINM PAIMEPOM YACTHIL B HCXOLHON CYCTIEHIHI Fyugpe COOT-
HOHIEHHEM

T, s — Purpnme (Fcyar) (7 3.40)
Yuurupas, uto orHowenwe VIG npu pasHOMEpHOM pacnpeseneuiin

HACTHIL B 00LEME PABHO CpeinemMy BpeMenl npefubanun NacTHL B anna-
pate, npeactasuy ypaswenne (7.3.38) B oGoGuensoil dopme:

Fan Xy To, Mnite (|_ _!_, j,:tﬂdr) (7.3.41)

Pufmanc Frep Tep
0

Ypasuenue (7.3.41) B coverannn ¢ (7.3.25) MOMET 0nyXHuTE OCHOEO
MIE pacyers Npougcca pacToOPEMHs B HenpepLBHOACHCTBYIOWEM po-
MEIUJAEHAOM @NNAPATE C HONOJALIOBAHHEM KHHETHUECKON (hyHKIHY,
noAYySeHHON B aaboparopwux ycsopunx. TTopsiok senonnenus pac-
HETOR CABAYIOULH,

I, Hexoas #s xapaxrepuerik nabopaTopHOro annapara B MEIaIK,
4 TaKe IHaueHuil Cyae M DU, no ypasvewuto (7.1.9) paccunrunaercs
KOMpHIMERT MaccooTaaun f,.

2. Ha ocnope SKCHCpPUMEHTAJILHOTO 3HAYEHHS BpeMens NoaHOro
PACTBOPEHMA T0, wuxe W Ps 110 thopmyae (7.3.40) paccunrusaercs Hanbonn-
WHR PAAHYC YACTHI B HCXOMHON CYCHEHSHE Fyg..

3. o IKCNEepHMEHTANEHLIM AAHHLIM O KHHETHKE DACTBOPEHHN Yie-
MEAHO AW rpafuuecky OUPelensercs BEAHYHHE HHTErpaia

WMIORC

QB
R{v)dr— j % (%) v
1]

e
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4. Ha ochosanun npeisapuressuo suGpanipy snaseui i AHCCHTA
W sepriyt v, Ni(pl) no ypasuenmo (7.1.9) onpesensercs xosd
rument Maccooraaun fi i no ypasserino (7.3.40) paccusnrhinaeres sia-
HEHNUE T, wauo A4S NPOEKTHPYEMOro annapata. PaccuwTuBaeTes TaKK
Cpeiinee Bpesms npefuBanis T, 1o ypaskenno (7.3.2).

5. To ypasnenwo (7.3.41), onperenserca F,, a 3aten no (7.3.28) —
RONUSHTDALWS YactllL X HA BHXOAE HI BUNADETH.

74 BEIILENIAYHBAHHE B AININIAPATAX € MELTAJIK AMH

Kak Gujo ommedeno Bo BBOAHON WACTH HACTOSUER raabh, npouece
BLILENAYHBAHHA COCTOMT B H3BNIENCHH PACTEORHMOre UEICBOTO KOMMNO-
HENTA M3 1IOp HHEePTHOIO HoCHTENs. B Haubonee npocTom Caysusae, KOrms
BCE HOPL 3HN0GAHER: PACTBOPHMBIM KOMIOHEHTOM, PACTEOPHTENL, no-
CTENEHHO DACTEOPAA HENEBOH KOMIOHEHT, NPOMHKAET BUYTPhL nop, M.
NPOUECC NPOTERAET B ABE CTafHi: AHdpyans B nopax n nepexoc PECTEO-
PEHHOI'O BEWECTBA OT yCTLeB Nop 8 sapo notoka [1 . Boamowen u Gonee
CAOMHLIT BAPHAHT. NOPHl HE JANONHEHH PACTROPHIOUIHMCS BELLCCTEOM
H B HEX HAXOANTCH Bosayx. B orom cayvae muaxmil pacrsopurens
BHANAME KOHTAKTHPYET ¢ BOSAYXOM, HAXONAUMMCS B HENOCPEiCTECHHON
GnU30CTH OT YCTHA AOpPH, A 3aTéM noj Jefcraves Cia RAMHANAPHOTO,
aapnenus [33, 341 sxoaut B cBOGOAHYIO HACTH NOP, CHHMAR HAXOHF-
wuiica B wux soanyx. Caeaylomen crafuel sasasercs pacTeOpenne
BOSAYXa B MMIKOM PACTOOPHTENE, YTO CHOCOUCTRY €T HENOCPeACTIeHHOMY
KOHTAKTY PACTUOPHTENR C UEJAeBLIM TPOAYKTOM, KOTOPLI nepexonur
B PACTROP 11 WARMEKAETCH W3 nop. Mexauuam K CKOPOCTL HABACYCHIR
MOTYT OHTL PASJHYHLIMG } 3EBKCAT OT CTPYKTYPH NOPHCTOTO HHEPTHONO
HOCHTENA, PasMEPOB H KOW(PHIYPAlKMY NOp, CBONCTE WENEROrD HOMIO-
HEHTA H PACTEOPITENS, a4 NpPH BECEMA HEernyOOKHX NOpax ¢ IWHPOKHM
YCIBEM — OF rHAPORHHAMNYECKO! o0CTAHOBKY BOMH3N NOBEPXHOCTH
TBEpALX uacTHi. B olulem cayuae mnonuoe Bpems SKCTparHpoBaHMS
OnpenenseTcs CymMoil BPEMEH BCEX NOCAEIOBATEALHHX CTAANIA, OINAKO
MpH TEOPETHHUECKOM HBANNIE OOWYHO NPHXOANTCH BEOAMTL DAL ynpo-
wennl. HanGonee pacnpocTpanennum sibisercs Aonyiienie, s Coor-
RETCTEHN © KOTOPWM UCAEBOH PACTBOPHMLIN KOMIOHEHT SauiMAET nep-
BOHANANLHO Bech obweM nop. Toraa Anst NepuoAHYeckoro npouecea
BLenaunBanust 13 cepuueckol YacTHULl MOMKHO 3A1HCATE CAELYIOlLeE
YpanueHue smarepuadnnoro Gasiawca

(i) 34

(178
._EF[_ T r‘:pugi‘l) B w.'bwf ( ; {T‘ “

oy FEfy

e Dy = Dol rq — Paiiyc useminu; ity — NopuemeTs MATEPHRAD  (OTiETe

ofbeMa nop B ofsewy wacTim)
3anucuBag Ganake Macon As TEPHOANYECKONO IIPOLECCE SKCTPAT-
POBAKKA Kak

lr
wll—)  cne— ____;;r_“ — (7.4.2)

TAE % — NAYEALIUE CORCMIKIIIE MEpeXOsilaero BenweToy 8 Toepaofi quae, oriece-
Mot Koeguane obhemMa REIKOCTH.
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7 taxme Ganail HA NOBEPXHOCTH HacTHIl

ax
—HM? ™ ﬂfr[r—r.[—cmj {7.4.3)
¢ YHETOM BHIPaXEHHA
Guae—¢ 11— (mly) 7.4.4
Ac o Ty A=)
MOMHD HOAYUHTL OKOHYATENLHOE YpaDUeHHE KHHeTHKH Hﬁﬂpﬂﬁllﬂﬂl
[ ulix
) — ois T (o) = = 7B
alFy () — Fy @)1+ (g 1) [Fa (0) — Fa (0] 5 N

daech by = ryfray §= rlrg) ty, £y, ¢ — COOTRETCTHOHNY, PRAKVCH Maeriling, Urpas
GoTarkoll Do 0 yeRyigly paoeye miyvpe  orpaborannoll sopd; AC = Oupg — €
a Cyad — Cay .,_l)l'l" b= (.‘m-‘fm-ﬁ ')”l
n L ! fnoe— Gy — ¥
— 8-t 1

261
— el s
B TS T
Fs (8) = Yy In (1 4 &); Bi — ProfDy
[py venpepuision pexume BULIENAUHBAKIS ypPABHEHHE A Onpe-
JEAeHHR KOHIEHTPALIH WENERoro KOMIOHEHTd B pacTBOpe Ha BLIXOHEe
13 annapara () mmeer sua (1)

[
Fi(6) = —=1n I {7.4,6)

Tt

: | .
e ! 8 ., &
'ikﬁljﬂup [-— Enlle (e — 0 T (? 2 &
o

)] dy— V' (6x— )
(74.7)

rie Wy, V — meryuiiil ofeey Teepiofl (ass i ofimem UHETON MHIKOCTH, MY oy — ToR-
HOHTPALS | PACTOOPHTCAN Ma bxofie b ammapar, ke/s®; &= N.‘;Wgnr?; N — uncao
WALTHIL, WMEOLGH Y npess mpelusasin or myds o Geckoneunocmi,

3uayense u ala B ypasHenun (7.4.7) B 3asHcHMOCTH OT napa-
vetpa A = ripeeyl [D; (e — 6) T1 MowuO Haftth  mo puc. 7.11.

PeayauraTsl pacyeroB, BLINMONHAEMHX HA OCHOBE nNPHBEIEHHBIX
IABHCHMOCTEN, OPHEHTHPOBONHE, NOCKONbRY B BOBINHCTEE peanbbiX
(IPOLECCOB MOPH MHEPTHOTO HOCHTENR HMEOT HENpPUEHALHYIO TEoMe-
TPIYECKYIO (OpMY, a8 CHeAOBATEALHO, H HEPABHOLOCTYNHYK NOBEpX-
HOCTh. BoJIee Hajekpue pedyibTaThi MOryT GLITH NOJAyNeHsl NpH Henob-
SOBAHNN IKCIEPHMEHTANLHLIX JHHBIX 10 KUHETHKE SKCTPATHPOBAHMIL.

B cEASH ¢ STHM CJMH H3 Hak- 3
fionee pacnpocTpaHeHHpx me- ).
TONOR ANAJUSA HPOLECCOB H3-  mg™
ENEYEHUS  PACTROPRIOIMXCH e g3}
BRIIOMEHHTT M3 HOPHOTHIX Ten e
pOHIBOABHOI  (opMB  OCHO- e
BAH HA NOAYNEHHH KHHETHYE- P
it
a.
Puc, T.00. JamicnmMOtTM  OnpPEACHERNG n: 6,15 - : .
7 wiig )
I AATerpian & ypanmennw (7.4.7) or nil- o g 2 20 ¥ i ﬂm
naseype A |1]. ""‘u: 1
1  Jla He BparmHexRH 193



Oy UAIOT SKCHEPHMETALHO NyTeM anannsa npob TBEPAORO MATEPHA:
Han npob pacteopa. B npouecce TaKOFO IKCHEPHMEHTA PEFHCTPHPYETCH
JABHCHMOCTE Gy (T) B onpesenneres dymkiis '

T
6 (x) = I lonae — & (1)) dv (7.4.8).
g ;

Ocratounan pons wesesoro KOMOOKEHTH B TBEPAON ase Takme
ONPEACARETCS N0 ONWTHBIM JAHHLIM W3 MATEpHANLHOrO GajaHca Kak

YO = | —xt oy 1)~ el (7.4.9)

Ha ocwope skenepnvenTansnux auayeHyi € (1) u 9 (1) anm coor-
BETCTBEHHLIX MOMEHTOR BDEMEHH TOMYNAIOT XADAKTEPHCTHUECKYIO (yHK=
umio 6 = f(y), rotopas 3arem HCTONB3YeTCH IR packera nepHoaH-
HECKOro HMH HEAPepLBHOrO NPOLECCa BLUNEAAMHBAHMS.

H3 nprpesenunix suite coepesmii o H3IHYECKOM MEXAHHIME pOIecea
FHCTPArHpOBANKA | TEOPCTUYECKHX 3aBHCHMOCTER CACAYET, 4T6 Npojod-
MHTENLHOCTL  NPOUECCA ONPEABTNeTCH FABHBM  OGpasoM CKOP OCTHIO
ANQAYIHE BELIECTBA B NOPAX H NPAKTHYECKH e SABHCHT OT HHTEHCHB-
HocTH nepevewnsanns, OcHonHuM TpefOBAlMEM K NEpeMEIHBANIIO
B AniUparax JUf BLIETAYMBAEUA ABINETCH YAMe BCErO OOECTeNerie
YCNOBHH CYCReHAMDOBAHHA — OITBEMa YACTHIL © AHHING pacnpenene-
HiA 1X B o6vese annapara. [Tpn 570M J0MHHA YIHTHBATECS 3ABHCHMOCTE
CPEAKEro Bpevent NpeOLBaKHA TRepaoR (usul B anmnapare or crenedi
PABHOMEDHOCTH pacnipeneacHisA YacTHY B ofbeme, a TaKkike or pasmelne-
HiA Tovek orfopa cycnedsum (cv. ra. 5). '

Hipecrin, omraxo, HPOMLWULIEHHBIE TIPOUECC  BWIIENATHEATH
CKOPOCTD KOTOPLIX SABHCHT TAKKE OF HHTEHCHEHOCTH nepmemnnﬁnnn:
10 [PONCCCL BWINENANHAAHWA ¢ XHMHNECKOA peakimiel, B KoTophix
OLHHM H3 PEATEHTOR CAYMNT M3, HANDHMED KHCAOPOA (NpoLeces OKHCe-
JNTEILHOTO BbieAauuBanisn) wan CO. CropocTs TakMX mHpoueccos
OMPEACARETCH CTENCHLIO HACKINEHHS XHAKOrO SKCTPATEHTA pearentoM,
NEPEXOAMINM 13 rasosoli (asw, W, CAENOBATEARHD, CHOPOCTBIO MACCO-
NEPEAAGH MemAy MHAKOCTBIO H rasom B annapaie. [loBbillenne wpres-
CHEHOCTH TNePeMELIHBAHHA B PACCMATPUDACMBIN CAYMANKX CKAILIBAETCS
TOMBKO 1O ONpEleneHHoro npejena, COOTBETCTBYIOUIETD MOCTHEeHHID
PAEHOBECHS  MEKAY PacTBOPOM M Ta3oBoil  dadoii.

Npymep 7.1, Onpeaeasts woaMOmIOSTS TipRMERes TS anrapars olseMon 2.® (D=
= 1.4 M, Exlcora smontenin H= 1M, ofses niepemenniingimolt cpeatl V= 1.6 M%) corpa-
HITEABNEMI Neperopoaxan i TypGunnol sl (Ky =5, L, 8,4, =0 450, n=
=283 qﬁ:c] S HETPEPEBIOTD PACTROREANE NRAEPETBION COAH (py = 1800 kr/3, D, —
=12- i} _‘u‘h:, Lupe =390 krin’) b sone. Cuoficrna pacteapa: p — 1100 Kriw?, =
=1 f-_ln we. Pacxaa G- dadfa (1,1 1079 wc), nauanbas KOHMETD a5 TRepaoi da-
344 X = 40 kUMY, Tpeliyenan crenenn PACTROpeiin — fe penee 89 % (£0,99), Hexoging
ihpaxumonnid cocran colin nenssecTel. IGneTika PACTROPCTRA Haywanars u raloparopias
ANIAPATE © Meankoll i reperopoiKkam obzemon 0,003 w (pacuetioe siavenne Aot
Anenofl wotgroen 50 Br). Monyueno annpoxcnmitiniinoe ypausenue | — & () —

=X (1) = exp (—0171), Bpems nodnoro PACTHOPERHE  cotTaBARG Ty .. a0 30 c.
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Pewenne I [Mopuail avan paesera — onpeacieine: RusdMEents  MacoooT=
pawl 8 aabopaTopHlix yOIOBIRX,
L Tl (7.0.8): g = 50/(1100-0,003) = 152 Br/kr,
| 2. Kpurepafi  Obanra: So==wDg= §1.1077/(2- 10 % = 454
13 Tlo (719 Pe= 0,267 (15,2:9,1.10°7)"a 464~ "« = 1,66: 107" mic.
2. Byopofi stan pacueTd — olipegedelHe DOSMUMHOCTIT NO/BEME R DA Pegene:
i MACTHIL B MPOERTHpYEMUONM JANEPSTE.
2.0 Ma (7.3.40): npuanenell pojiiye nanfonbiigx saeminy ryapc = 30-1,66 ¥
[0 4. 380/ 1800 == 0,0011 » )
22 Mo (B.L7 wee= 115 Y 2-0.0011-5,81 (1800 — 1IDO)1100 = 0,135 wlc
2.3. B= Rir,= Dldy= 14/045= 3,11.
24. B ocommercmin © (4.2 yu—=2(HIR) 1= 2([1‘0.'.3} + 1= 3,86
256 To (3.4.8): Dgpgy= 0,435:2,83-0,45:1 4 [B.4 L/(3,11%:-3.86)] “* =~ 0AT2.
2.6. Tlo (5234); Pey= 0,135 170,472 = 0,256
2.7. Mo (6.2.82) oriomenie aanGobLETo JOKAARIOND JIGNEHER KOHILIPAIHI
shepatix wacTHil (mpn =0, T e, AFA) K CPoAUeMY  Siaetin: xmﬁ-u’xnp=
Pegf [ — exp (—Pop)] = 0,286/ 11 — exp (—0,286)] = 1,156,  Tamum ofipsaow,
0 annipite JOCTHIAETCH PACHPeReAesie SACTHE MEKCHMEALNIGID YAABRTIOID. piaMepa,
ocTaroyHo (IR0 K pasHoMepHoMy.
3, Tporudl 3viin pacuers - anpeicsense RosQRUIHENTS MACCONEPREEE 0 1poeK-
THPYEMOoN  AITEPETE- _
3.1, Ho n?;-i.ij' N = 5 1100- 2,890,456 = 2300 Br.
3.2 Tho (7.1.8): # = 2300/(1100-1,6) = 1.3 Br/wr.
33 16 (719 B= 0,267 (1,3:9,1-107)"+-454~™+ = 895:10°% w/c.
4 KOI-IE'CII‘[{-I“ Fran pl]i‘.'\!l.'T CTENOmY pACTUOGEHITH B N POCETHDY CMOM arll‘laﬂnﬂ‘_
4.1, Tlo (T.3.40): To, nane — 1800-0,0011/(8,595 107 390) = 57 c.
42 To (7.2} wap— Le/a.oonn— 1450 e
4.3, HMogcranum mod 3nek nemerpags B (7.5.41) suapasenie skcnopusostantaol
sunernaeekoll pynruan £ (1)

oo
, 1 l
=, }T 1) — 01T L= L
Jeotm oy — — e o T HI e
L]

Orcioga 1o (7.3.41):
40 5,68

57
Py« = T800.0.001 1450 ('— tago ) — O 1M

44 B coomerctmi ¢ (7.3, 28)
x— Xy — Fyafeunctep = 40— 0,79-8,95- 107F-3090- 1450 = 0,0163 krfm®

456 Crenems pacroponps: @ = [ — ([@ixg) = 1 — {0,0163/40) = 0,999, Tanum
ofipE3om, AOCTUTACMAN CTENElh PACTHOPENHS TPN BMEpPaHAMX YCIOBHAX TEpemMenH-
EAHHA CYLECTHEHNG NpeRbier TPeOVEmyIo o0 Sanmimo. Juseriy, oindry, o cii-
HOHHE HHETECHENOCTIL NEPENPUINBANNA 8 JSHHON COVUEE OFpSnMuylinaercs YOToRHAMY
Pacnpeieatiind Thepioit QEdan B anhapate
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Fraasa 8

NNEPEMEIIHBAHHE
B3AHMHO HEPACTBOPHMBIX )KHAKOCTEH

Lleato nepemenvpasiis paakmuo HEPACTROPHMBIX KuAKoCTell B annapa-
Tax ¢ MemasKamil oOLYHO RBJARETCH NOMyMeHHe SMyJILCHi ¢ pasmepanmi
kaneat 0,1—3 wm * wan snrencndukauns maccoolMena. [Mepawit cay-

* Ilna npHCOTOBAEHHA TOHKOINCHEPCIX m{umﬂlc BHCOKOR eTenenn  yerolui-
BOCTH. [PHMEHAIOTER CNeHRameyie yorpoficrea [1, 21
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gafl, KAK NPABHAO, BCTPEMAETCS B AHOAPATAX AN5 SMYABCHOHEOH HoJiH«
MEpHIAUHH, 8 TAKIKE NPH NoAYNEHHH MACAOBOMNHKIX SMYJIbCHEL, npHMe
geeMBX NpH xoaonwofl oOpaCoTse merannos; TpH npunenemjn 5THX
onepalnl  Ueis nepeMeBsanis COCTONT B MOJYYEHIN Kaneab ik
GaCTHIL TIoMIMepa Tpedyemux pasmepon. Bropofi caysait cmercfﬂye'r
[IPOBEAEHII0 MPORECCOD HHAKOCTHOR SKCTpaKiMH {""m, AHANOrHUHLIX
il OTepalti, HanpiMep NpoMLIBKY TEX WK HHEIX APOJAYKTOR ANA yis-
JCHHA MPHMECEH), a8 TAKIKE XEMAYECKHX pemmuﬁ B CHOTEMAX MHAKOCTL—
SOUIKOCTE, B B84 TepeMElHBAHNS 3aKIOYaeTcH B obeCTieYeHiH
rpelyemoll HHTCHCHBHOCTH MACCONEpetatH. .

Jns onMcaHns MaccooOMEHE B CHCTEMAX  HAKOCTh-—MHEAKOCThH
qalll@ PCEr0 NOML3YIOTCH ypanHeHHem

{;E = Bug (e — €] (8.1

3peck § — maccomdfl MOTOR WeLECTRA B eANNHIE OfLeME ﬂlnlpﬂfﬂ.fll‘l’l"_‘Mh*E};
Cpae — KOWIEIITPALNIE GACROTENHE, Kr/MY €-— KOHUERTPANAR PACTROP, et flos —
ofeesuutl  Kosdiernt Macconiepetaie (), .
OGpemiblit KONKPHIHEHT MACCONEPEAY) O PEAEIRETCH Kak
ﬁuﬁ - H'Frﬂ fa-?]

rae p—g puggenT Macconepegeiy, Moy Fyy — yaetsesa BACIET: TOTERXHOCTH
Hnl:ngm w (0 enunHiE OOHeMA nepemelEBavol cpens), w/ad.
: it &nb H yAEPKHBAK-
Beminna Fy, ssanercs Qysxiiedl iHaMeTpa Kanenb v ya :ire _ :oe
el erocobHocTH annapara no awcnepcroit quaze (1AM, 4o 10 XKe caMoe,
¢ OOBEMHON KOHUEHTpALMH):
Fyp= tip/dy, o (8:3)

rie dip, 0 — Epeanii NonEpXHOCTHO-DOBEMUER pitaMelp Kanedh, M — ofueMmpas
nudmsl jjueneponnit (asn

Takum obpaszom, TApH NPOEKTHPOBAHHK ANNAPATOR C MEUTANKaMM,
IpENHASHANEHHEIX VIR NIPOBEAEHHA NPOIECCOB NepemMeiiiBatia BIdHMHO
HepaCTROPHMBX MHAKOCTell, 3ajadeil pacdera CAYWHT OOLYHO Onpene-
Aerille passiepos wanenh, ylepmupaomedl cnocobrocTn annapara o
mcnepcHoii $ade u koadduurenron maccorepensaun. B orex cayvasx,
KOFA@ K 3THM NApAMETDAM He NpeABABARIOTCS HECTKHE TPEGOBAHMS,
Pacuer CBOAMTCH K ONPEIefeHHio MHHHMANGHOK HHTEHCHBROCTH nEpe-
MEWHBAHAA, AOCTATONHOR Ans pacnpejefenns oaHol ks (a3 B upy-
rofi [3]. Cneayer ormeriTs, 4TO COBpEMEHHLI YPOBeHb HI3YNEHHOCTH
pOLeCed IIEPeMEIIHBANNA B CHCTEMAX MHIAKOCTL —MHIUKOCTD HE BCEria
NOCTATOMEH AR pelueHnst stux sagay o rpefyemoft rounocrsio. TTpaxTi-
HECKOR fpHMeHEHNE pacYeTHMX (opMya, HMEOIUXCH B JHTEpaType,
OCAOHACTCH EULE W TeM, Y10 BeqHYMHa NOBEPXHOCTH KOHTakra (a3 K
rosgpHitHenTId Macconepeiatit MoryT CYIecTBEHHO }.«L'iHEHﬂThC:ﬂ HB—:}H
NPHCYTCTBHA HeGo/IBIUNK, HHOrAa HUMTOMHEX KONMYECTE CAyualHmX
npimecedi. [Mochennee OOCTORTEARCTRO Cosfaer ocolule TPYUNOCTH TpH
nepexofe o7 YHCTLX NAa6opaTopHEX CHCTEM K HPOMBIIIIEHHBIM MPOLY K-
TAM, COCTAR KOTOPBX SABHCHT OT MHOPHX TPYAKO KOHTPOJH[YEMEIX
dakropos. B CBadH ¢ ITUM TOVHOCTH PACUETOB NPHMEHHTENLHO K anfia-
param A/if NEpeMeliNBatia B3AHWHD HCPACTBOPUMEIX KHAKOCTER nﬁmtg
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Hesucoka. B Gonvstmucree cayuaes, ofiHako, oka foctatouna s oGecs
neuenns  paforoenocolHOCTH TIPOCKTHDYeMbiX HNNAPATOB W ofpeaene:
HUR Cnocolos NOBLINCHHA WX KPeKTHBHOCTH.

8.1. MEXAHH3M JPOBJIEHHA KANEJb
B TYPEYNEHNTHOM NOTOKE

Hpobaense npencrasaser coboit pesynurar  DeACTEHE KA Ranmo:
1) pashocTs AHHAMHNECKHX Hanopou, fedopsupyiowedt kanmo, v 2) no-
BEPXHOCTHOTO MATHMCHHH, KOTOPOE NPOABARETCH B BOIHHKNGBEHHH
KallHUADHOIO  AABIERHA Py, NPensTersytomero sedopmain:

Pr= 26 1ry = 4oidy (8.1.1)
FAE 0 — nosepruccrnde ‘wamosenie, Hsl dy — jnaverp manmi,

[Tprussof BOSHUKHOBEHRA PA3HOCTH JMHAMHYECKHX HAMOPOB CAy MuT
HAAHYRE TPAiNEdTOR CKOPOCTH CRAOIINOA (@Al B OKPECTHOCTSX RanaH,

141 san xoneGanns camoft kanam * 15—7). B NEPBOM CAyMae npy paa-
HOCTH CHOPOCTell Al pasHoCTh AHHAMNYECKHX HATOPOB Ap, mower Gure
BRPAMEHA KAk

App = p (A?,2) (£.1.2)

Apg == iy (A0%/2) (8.1.3)
FAE )y P~ NAOGTHOSTE coiommon | aueniepenoll (as, wris®,

B yCIOBRAX, KOrjia KANKAAAPHOE NaBJeHNE npeRmIIART PA3HOCTE
ARHaMmueckix uanopos (p, = Ap,), kanns coxpausier YCTORNHBY IO
cpeprueckyio gopmy. lMNpr p, < Ap, uposcxoaut nebopuanis ¥ Kanng
IpEBpaaeTes B S/LMNCOMA Bpamenns. Haumenimnii panuye KPH-
BHAHB NOBEPXHOCTH IMUIHICOM/JA OTBEYAET YCAOBHIIM:

Bpy = py

Fijiap = 40/ {pAv®) (8.1.4)

lNosepxRoCT KanvK npH $ToM, ecTecTBeHIO, YBenHUNBacTos. B cay-
H4e, eCAM BRAHWHHA MAOIMEnH MoBEPXHOCTH AePOpMIPOBANKOR  KanaW
OR43LBAETCH OoAbwe, uem cymma naowazeil nosepxwHocted) ABYX HaH
Goaee Kanens TOrO e CyMMapHOro olbema, CYILECTROBANNE enHHiuHoi
RANAR  CTAHOBHTCH  SUCPreTHYECKH HEBRTOAKWM "* W npokexoanT ee
pacnan. KHueTHyecKkan IHEprus OTHOCHTEJLHONG MBI Hemis OTAEALHLIX
dacrelt kanam M aehOpPMHPYIOUER ee MUARCCTH JO/MKHE OTH nocTa-
TONHA A TOYO, 4YTOOL KOMOEHCHDOBATH YBEAHYEHHE NOBEPXHOCTHON
sHeprid olpazoBabiixes kaneas. B paSore [8] Guno noxasaso, uro
MRRENAALHONY HIOBITRY SHeprin (okoso 1 %) cocreercryer seneuue
HCXONHOR Kanin Ha jpe HepaBHOBENUKHE YACTH, OTHOWENHe OOLEMOE
ROTOpuIX cocTasaser npubaniuTensuo 1 : 1000 (410 oTBeNaeT oTHOILCHHIG
AmameTpor Goabuiol M manoll kanens oxovio 10 : 1). Pacematphsaemmii

a BO BTOpOM

* TTpuMennTenbng K ClCTeMaN  #IgkocTs — HIHOCTS, (apaRTEpREVIOITHNMGS BaHa-
KIMH SHANCHESME TACTROCTeR chaoiinoll o uenepeitoll das, paagkune MERAY ABYMR
MEXBRHSMAME HE TPHHIMITTEBND, ogHaKe TP Apofineiin  rasoniy NYsLpLKon one
MOMET IMETE: PO SHRuEHie.

** Cuctema CrpemiTon K MiMYMY nenRepxnotTHol SHeprun, onpeaetaemol kax
NPORIBEREIIE BEAULHIL IOMEAN NOBEPXHOCTH HA MOBE)XHOCTHON MATRRemIE,
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cayuail fgasercs npesensinM. Ha konnwecToenHnX ouenok caenyer,
yTO 1IPH YCJAOBHH paBeHCYBd sHavewnh p, u Ap,, T. €. y#e upy BECHMA
siamaX JefopMalnaX, KEHETHYECKAN SHEPTHA OTHOCHTENRHOID ALNKEeHHA
JOCTATONHR JLA8 3HAYMTEALHO GOALIIEND YUEAMYEHHS NAOMANH TIORepX-
Hot T KRS,

Pa3HocTh AnHaMHueckux wanopon, JeopMepylomas kanmo W onpe-
nenfemas cootHouenuamu (8.1.2) u (8.1.3), cooGutaer kanne xHHe-
THHECKYIO SHEpTHIO

o Aw (8 15}
a==gF5

ROTOP&S JOCTATONHE ANA YDEAHYEHHA NAOWAAN TIOBEPXHOCTH KanjaH Ha
HETHYHHY
FE 5 Aot
Monaras Av = Uf 0 NOACTABANA BWPAWEHHE KBAJAPATA MyALOALHONS
noit ekopocrs u3 (B.1.13) B nocseanee papeHCTBO, MoJyYaen:

Af = 3jsnd,

Takiim oGpasoM, MUHHMANBHARE KHHETHYECKas sHeprita gehopmalini
AOCTATOMME OAR YBeJHMENHs NOBCPXHOCTH Kanan Ha ¥/ ee nexonso
BENHNHHb.

Peansuoe orsowenne obveson Goibwofl B manofl gapens o6HYHO
mensine 10 : 1. Kak coepyer us gansniy ckopoctioli knsochessn (91,
BOTEX CAydasX, korja ortHOulesHe noayocel snamncompa, olipasoBap-
eroC (P nehopMaLiy Kanay, ne npebsitiaer 4 : 1, npoliexue npu-
BOANT K OOpA3OBAKII0 ABY X GANSKKX 00 passmepy Kaneaw. [py Gonbumx
AEPOPMAIHAR  PAIPHIB JIHICOKAA NPOHCXOAHT OAHOBREMEHHO B HE-
CROJMIBKHX. MeCTax.

Herounukom BOIHHKHOBEHHS pPasHOCTH  JMHAMHYECKIX HANDPoR,
neopMupyloulel B KpobaIel Kanmo By phyaeHtHOM HOTOKS, ABJIRIOTCS
MATOMBCUITAOHBIE NYJLCALNN CKOPOCTH. Y4eT B3aiMOCBSAIH  MEHy
OCPEJHEHHLMH XAPAKTEPHCTHRAMH STHX HYABCALUHT H HHTCHCHBHOCTLIO
lepemettkpanns ocynlecrunnercs [6, 7, 10] va ochose Buzoaon reopHn
AokanbHofl waorponHoit TypGynestaoctt Komoroposa-OGyxoea [11, 12].

Kak ormesanocs B ra, 3, paspiroe TypOyAEHTHOE TEUCHIE WHAKOCTH
KAPAKTEPHAVETCH HANOMKEHHeM H# OCPENHeHHLIl HanpaBAenHull NOPoK
CysafiMbix  NyALCaiHil CKOPOCTH C NEPEMCHHLIMH HANpABAEHHEM W
HMIMATYAOR. D70 nyALCAUHOKHOE NBHIKEHHE XAPAKTEPHIYETCs NynLca-
HHOHHOR CKOPOCTLIO U M macumaGom A — PACCTORHHEN, HA KOTOPOM
MIHOREHHOE SHAUEHHE CROPOCTH M3MEHASTCH HAa BEJHIHHY Uh. ﬁepuo,n*?';,
NyALCAUHH Macurraba & — npems HaMeHEeHHS CKOPOCTI Ha BEAHYH Iy U), —
1o nopsnky pasen AMui. MaCHMAnbHUM IHAYEHHEM NYJECAIHONHEX
CEOpOCTEll B TNOTOKE OTBEVAET H Maxcumanbuuh sacwrad L = [, onpe-
Jensemufl pasmepamu ofiiacTH, B KoTopof npokcxoanT redexne. Tlo no-
PAIKY BENHUHHL NYMLCANHOHHAS CKOPOCTH Uj COOTHETCTBYET PaIHOCTH
SHaueHHil cpeaned! cropocti Ha paccrofunn [ Taxue nyauCaitly HOCHT
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Manomennpme saranas 1. Mexaunav apobiesis kanenb B Typl
JIEHTHOM ULOTOKE HBAHIOTCA OGIENpHHATHIMH M HCNOALAYIOTCH  NPE
ananuie spnennll AMCneprupoBakis B ANNapartax © pasiHYHBIME CROs
cobami nepemewnsanns 6, 10,

8.2. PASMEPH! KAITEJIb H YAEPKHBAIOU AA CITOCOBHOCTD
ANMIMMAPATOR C MELUATK AMH

B annaparax ¢ mMewankami, Kak H B APyriX Cayyasx AHCOEPrHpoBa
HHA, KA AHcnepcHoRt (asu MMeloT pasinuknie pasmepi. Pacnpezes
JIEHHE KE(eAb 10 pasMepaM NpHHATO XaPAKTepH30BATL AH(QEpeH LH:
anbHofl gynKuse pacnpeaenenns f (d). o onpenenenuto 310l dynes
LHH NpoH3BeNeHHe .

@ () = [{d) d (D (8:2.1
ecTh 1045 ofveMa ancnepcuoil diaibl, JAKAKOMEHHAN B Kananx AHAMET-
pou or d; Ao d; | d (d). TloBepXHOCTb KOHTAKTA NOAHAKCIEPCHLI
KAnenL B ejHuMile ofuema onpenensercs wepes auipepeHUHANbHYIO
YHKIGHO pacHpelenesin Kak :

dyanit
Fyn = By T (F (d)d) d (d) (822)
1]
THE 2y — ofiilee YHCAO Kanedh B (AHHHIE offtenAa,
Henoabayerest rtake HHTErpanbuan  QyHKLH
d
F@) = [1adam

L1

pacnpeaenexns
(g2

KOTOpasl XapakTepHayer Aoaio Kanean jauamerpom He Gonee d. B coot-
peTeTBHK ¢ fanstimi |17 ], nHrerpansHas QyHkUHA pacnpepencHis
Kanenb 1o pasmepaM B annaparte ¢ TypOHEHON Mmewankoll i otpama-
TEALHLMH NEPErOpOAKAMH  aNNPOKCHMHPYETCS ypapHeHHeM

F (d) = exp ( d,::m-_- 2 -:—) (8.2.4)

Fae o= [J.E-I:’! ll’gg'nc.

Jliamerp HaMbBONLIIHX Kanedb . CBAIEH €O CPEAHHM 1OBEpX-
HOCTHO-00BeNMHEM AHameTpos d,, o coorsomenmem [17]

dygne = 2,640, 0 {H.E.E_j
Nudxpepentnantran ynKimnsa pacnpelesesis Kaneis npeicTasneHs
Ha puc. 8.1. Owna onucuipaercs ypaerewwen [17, 18]

== dnuﬂc - __""Ml.lll'l ]
I = 0,613 =2 txp[l].ﬁl.'i(l Lume )

(B.2.6)
uau B Beapasmeproli Gopme

“d}:j’(%) 148 da';' cnp[ﬂ.ﬁw(l 2.64 "t';")] ®27
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puc. B, Tk

HASLNEA GVINIAA PACADeENTHIA KANE
o pasmepis |17 ).

f(d)
15

B OonbiukHerse cnydaes juamerp HanGo-
ALIWIKX Kaneas He mpesniaer 2—3 M, Ha-
MEHBLIIHE KANJIH HMEIOT pasMepnl  Nopsiika
0,030,056 mm. B censn ¢ Tew, 4TO IKCOEPH-
MEHTANLHOE onpelencune QyHKUH pacnpeje-
NEHMST Kanedb No pasMepas pechMa Tpyacem- 05
KO, CTeneHb MNCNEpCHOCTH Wallle BCEr0 Xa-
PAKTEPHAYIOT BEJIHYHHON CPEiHero nopepxHo-
cTHO-00BEMHOTD [HAMETPA Kaoeah, onpejedse- - 2 - 3
MOFO TIO ?anuemtw (8.3). Mamepenun avamerpa / d
Kanesib dy, o BLINOJHEHH 80 MHODHX paborax.

B uactrocri, B pabore [19] npumennrenbso k nepevemmpanuio Typ-
ONHHLIMH M JIONECTHLIMH MEWaAKamMll NOAYYeHO ypaBHeHHe

doo=06 We O, (8.2.5)
rae We= nfdip/c — wpurepuit  Befepa; ¢ — ofuesmpag  KoNUenipaiMs  gicnepe-
iodl Qhasn,

Kosgnusent [ 8 srom ypasresun ans wecrhionacraoll typGutHoi
melliankn npw R = 3 waiigen passum f= 1 | 9¢, a mns acnacrsoil

vewanky ¢ z; — 4 opy R = 1,33 — pashum f — | + 3,75¢. Baua-
KOE ypaBHEHHE NOIYYeHo NS JonacTHeIX mewanor [20]

dy. o = 0,063 We—%7dy (8.2.9)

e f= 14 3,34,

B paGore 21| ans annaparoB ¢ neperopoixami NpeAtokena 3a-
BHCHMOCTB

dp,o

e CWe DS Re ey (8.2.10)
3,12':[- RI’.‘“ —] pcﬁmﬁf"}‘l-pi
Pep= PP (1 —gf (8:2.11)
S o
1 l‘ W= i T
Pap l—q[+ 5‘]»“_'_"“] (8.2.12)

ey, joy— AMHAMHYECKAR BHAKOCTL Cndoiuioli B AHcnepenoll dsas, Tla-c.

nggum:eur C & ypasuenuy (B.2.10) ansi TypOMUHIWX MEANOK
Pasen 25,9, amn nponennepumx — 13,85 [211].

Jlas nponeanepHHX MeIanoK B annaparax Ge3 oTpamaTesbHLIX
lleperoponok B paGore (3] nonyweno ypasnenwe

0212 ( ph )U,Sﬁ( Ap )I‘l.% (du )l,fil .;.D-ﬂ

Fﬂ: du Rﬁ; [ —i:l—“ =il

(8.2.13)
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B pane nyGnuxauufl npn o6paboTre ONBETHEIX A@HHLX HCNONbIYETCs
TaK HaswBaeMbifi cayrepoBckuil  mamerp:

I
E zld?

FAC Z; — YBLOO Kanenh  [(HaMeTpoR di n cARHnLe olLemd.

dy =

Hanpumep, & pabore [22) monyuenwo ypannemne
daidy; — 0,081 (1 + 4.47¢) We 08

Anasornunsie ypaBHeHKA, CBASHBAIOLUINE PA3MEPE! KANEh C HaCTOTOR
Bpallerns W AHaMETPOM MEWanKu, KoHuentpauuedl nucnepcrofi dasu
H cBoficteami Qas noayuens! Tawke B paborax [23—27). :

Ananus pesynbTaToOB H3MEpEnHil, BRINONHENHLIX PASANYHLIMH METO-
JAAMH, TIOKASLIBAET, NTO CPe/HHi IHamMeTp Kanesb B Annaparax ¢ meuan-
KaMH sBasercs ¢y HiaHen yaeabrol MOmMHOCTH H NOBEPXHOCTHOIO HaTH-
HenHs, Bupamaemon npROMHKEHHD Kak

‘f“"“u'ﬁ(piv) 0

(B.2.15

(8.2.16)

Bpems fpocmoxeuns yCTOHUMBLIX pasmepoB  Kanefgh  COCTABAAE]
o6bmno oKono H M.

Apanus ppobnenun wanens |6, 10] ocnopnBaercs ma nonymerns,
UTO pacnpeienenne JHCCHNALUH SHeprun &) B obLeme annapara GAH3KO
K PaBHOMCPHOMY, H TIPENTIONaraeT ONpelesieHHe CpeiHero 3uayeHus
JHCCHNALNN SHEPTHH TI0 BEsIYHEE MolHoCTH, Tnotpebanesofl Ha nepe-
MELIHBAHHE:

(8.2.17)

Ioncraens supamenne (8.2,17) B ypassenwe nanbosbilero ycro
YHBOro JAHameTpa Kaneaws (8.1.14), noaysum:

- o ARG S N —04
=38 () (7)

by = NipV) = Ko, |V

(6.2.18]

HITH

e — 0,8 f_Y |04 - o
85Ky We ( 3 @21

Ypaereune (8.2.19) no xapariepy pauanus Kputepus We xopowo
COTJIACYETCH C© NPHBEACHHBIMH BHINE SKCNEPHMEHTANBHLIMH 3aBHCHMOS
CTsvH, HO abCoJIOTHEIE SHAYEHWS JIHaMeTpPa Kaneib, pacCuHTAHHHE TIO
ypapuennsv  (B.2.18) wim (8.2.19), oxaswsaiores Hamporo Gombine
HabGmonaemuix B sicnepuMente. OGpaloTKa MHOTOUHCACHHKX ONLITHHX
J@HHBIX, HOJYYEHUBIX B annapatax C MemankaMu pasHeX THNOB NpH
Kouuentpatms ¢ = 0,05+0,1, npusommr x ypaswennio [18]

D.ﬁ § _Dl‘
dy o= 0,18 (%) (7%’4) (8.2

Moxuo monaraTs, 4TO CTOND SHAYHTENBLHOC DACXOMMABHHE MEMIY
TEOPETHYECKHME PEIYALTATAMH Il ONLITOM EBIBLBAETCH OJHOBPEMEIHEIM
peficreues apyx (axtopos. Bo-nepBeiX, aMOMRTYla nyALCAUHI CKO-
pocTd mpencragnser cofoit cayuaiiHy® BEAMuUHIY, PaCTpEALSCHEYI0
B nepeoM npubaHKeHHH 10 HopmanbHomy 3akony [28). Ecaw npep-
NONDHHTE, YTO pasMep Kanesb Onpenendercs BenHuHHON MarcHsalibe
HHX TyJabcauuil cxopoctw macwraba o, papHpx *

Ui = 3} (07 ) (8.2.21),

W NOACTABHTE U,yc B Bhipamene (8.1.13) emecto v , 70 kosddmusent
B ypasnenun (8.2.18) npuoGperer snauenue 0,83.

Bo-propux, ycsioswe paBHOMEPHOCTH pacTipefesielus JAHCCHIALMK
SHEPTHA B peasbHOM anmnapate ¢ mewankofl oOLNHO HE BLITOAHAETCH.
Kak nokaspsalor pesysbrarsl uamepenndt [30], sGansw  mewransu
CYIECTEYeT o6AacTs, B NpefenaX Kotopofl NOKaNLHLIE 3HAYCHHA JHCCH-
HALMH SHEPTHH NPeBELAlOT cpeinee N0 annaparty anavenwe s 50—
100 pas. Ecan fionyemiTh, 410 Apolieste npoHcXoauT riIasisiM ofipasoM
B 30HE MEIAJNKH W NpHusTh B ypasuenun (8.1.14)

gy = T6N/pV (5.2.22)

o Kostiprnnent ypasrennsn (8.2.18) npumer ¢ yuerom (8.2.21) snaue-
use 0,185, wio ouenb GAHAKO K SMNHPHYECKOMY 3HAUEHHID Kos(iH-
unenTa B ypassenuu (8.2,20).

B coorsercrsun ¢ (8.1.7) noxanbieie 3HaYEHHA AHCCHTIALNN SHEPTHI
CBABAHE C JIOK&ABHBIMA JHEYEHHAMM NYJLCAUHDHHON CKOPOCTH COOT-
HOIIEHHEM

ef = (w)*/2 (8.2.23)

Ilpu ofrekanuy snonactefi MEIWANKH MOTYT BOIHHKATD NyJAbCALMH
macirrala BEICOTH JONaCTH A = afi,, CKOPOCTb KOTOPHX HBAAETCH
BEJIMYHHOH NopsaKa ckopoctn obrexanus Jounacreh (em. ra. 2). B anna-
PATAX € OTPAWATENBHLIMH [EPEropoiKaMH I = Wyl M

Uy =T
":l

s (8.2.24)

e rg— PAIAYC MEWAAKN, M; @y - YrIOWAE CKOPOCTH RPONICHAS MEWAIKN, pPane,

Chroiona

!g, mage = “'E"Bgf(ﬁh,,] (8.2.25)

Mowmmocts, norpelnsemas na eMeIBAHKE, B ANNAPATAX C nepe-
ropotkamu, B coorsercTeny ¢ (2.4.216) npubnuKenio onpenensercs Kak

N == puiry =0,09pLtilrd (8.2.26)

* Hopwanesioe pacnpesenenne cayusfnpol seansing xapaxtepuayeren [29] coor-
HOWEHHEM Spape = 38, TAC 8§ — CpelHeXBIAPATHNHOC OTEADHEHHT cayuaiinoil Bean-
SHIR 0T CPEEro SiavueHiil. :
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e pymmt
G571 . :
\ =t
g4} N~ v -2
x V-3
a3k T.
\
42 L L L i i i
1G 20 o A0 50 160 =0
WeTh- U(Te)
trira)

Phc. 5.2, Cpeamnft apndmtrviecnill momerp wanean (Fep) nas weunmon:

f — ovepurag Typhieees menisis (n = & 3.4 5,77 oofe): » — TPCXNGIICTTAR METIRAKS © 0=
FRYTHMIL B inone aonecresn (n -— 5: B.0: 6,24 rd,fcl: J — TPOXACHECTHER MELIGATKE € JOHACTHMIT
B ORAAE PREOYIOIRNRE THIACTIR, YEPOAenWy nog yraos 78,5% & pauiiiuiis (ABCTIMNE TN
EPONUITElinns CTymiiis Menrrne.

Jﬂmmp seinnow dy, — 0,25, pusnerp antispars D = 0.5 M

Bripaxasn cpesnee 3HAUCHHE IMCCHUALMH SNEPTHH B annapate no
(8.2.17) ¢ yuerom (8.2.26) u conocTaBnsis noMyueHHOe BLIPAKEHHE C yPaB-
Hennem (8.2.26), nafimem:

A
0, mainc - 1y
Fo Lurthat

(8.2.27)

YpapHenne (B.2.27) nosponser o0LACHWTL pasiHuMe B CTEneHH
JHCTIENCHOCTH TPH TepeMeHBAHNK MEANKaMH PASNHYHLIX THIOE.
Hs nero crenyer Taxke, 4T0 AN TONYSEHHN KANEAh MAJRIX PAIMEPOB
SHEPTETHYECRH BLITOJHE MELIAJNKH MAJIOr0 AHAMETPA H C HHIKMMH KO3~
Quusentamy conporTusienns. Maaomennwe coobpamennn HauecTBeHHO
BNOJNE CODTBETCTBYIOT onbiTHLIM sanbmm [31]. Kax crenyer, B uact-
HOCTH, B3 10l pabort (puc. 8.2), npy O/MHAKOBON MOWROCTH CpexEnft
PASNED KATEJAE YMERBIIAETCA C YBEAHYEHHEM CKOPOCTH OGTeRanus
JonacTel, 4TO COOTBETCTBYET yMenbliendio xoxpduupenTa conporHeae-
HHA MELIAJIKH, ee aHamerpa M Beawunns h, (oM. ro. 2). Hexoropue
KAYeCTBEHELIE CTOPOHB ST0I0 HBASHHA PACCMATPMBAAHCH TAKNE B pa-
Gorax 119, 32).

Oryveruy, oHAKO, YTO BWTIONHEHIKE KOMMYECTHEHHHE H KAUCCTBER-
Hple OUEHKH He WCHepripBaloT BCEX PACXOXACHHI MEXIY TEOpPHEeH H
onuToM. Tax, TeoperHuecKas MOACHb H (oJYYeHHHE HA ee DCHOBE ypaB-
HEHWA He OTpa}aloT HalMoaemoro Ha NpaKTHKe 3HAYHTEIBHOTO yBe-
JIHUEHHR CpeJHero paaMepa Kaneik ¢ NosbliUeHHeM HOHIEHTRALHH
mscneperoil  daser.  EctectpennmM ofbscHenwen 970l 3aBHCHMOCTH.
NPEJICTABNSETCH BAKAHHE KOAMCCUCHIHN KANEND NPH HX CTONKHOBEHHAX,

PaccyoTpum TEOPETHHECKYIO MOZEAL CTONKHOBERHIl kanems B Typ-
Cysertiom notore, omucannyio B [5]. [lpeinonoskum, 410 BOKpYr
Kawnol kanau cywecreyer cepuueckan olnacts pamycom R, TipH.
NON2JaHH B KOTOPYIO BCAKAS APYras Kansn obH3aTenbHO CTONKHETCH
I conberca ¢ Beinenennol Kangefl. [lounTro, Yo rakomy venosuio Gyner
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oTHEYATE CcepHYECHas NOBEPXHOCTL pajMycom R - 1,5d,, BGnusu
KOTOPON BOSHHKACT TPAJHEeHT KOHUEHTPALHH W COOTBETCTBYIOWHI emy
andebyanonnstil NOTOK, pasubifi Cpelueny YHCNY Kaliedb, NepeceralotiHx
5Ty NOBEPXHOCTL BeJengrnne TypOysentrore Aswaendsn. Ilam xonu-
JECTBEHAON OUEHKH CKOPOCTH nNepenoca Kanens nenonsayem anddy-
FHOHHOE YPaBHEHHE

div (Dypgrads) =0 (5.2.28)

Py il OT MOCITTAGS 11V~
re Dap— sosbduuent 1y poyaciriof adiyaun, Iaucsin
catp 3".. SNCCHTTATEIT SUCPEMR 1§ TYPOyAention noToke £y; 2— MHCAD Kaneds B enR-

pine  ofpems;

[panuunse ycnoBiss Ans ypaBxeuds (8.2.28):

2=0 npn r=R } (8.2.29)
Z2=2 NPR T—+o3
[MpouuTerpupyes ypasneune (8.2.28):
e nu.pr-% -7 (8.2.30)

rA€ [ — NOTOX KAUEE W& eANUNLY FOREpYHOCT pamycoM R B canimiy spescion A —
HOHCTARTE.

Kosduument TypGynenmioit jndbysun D,, B cootsercisun ¢ (5]
ONPEneNNeTes Kak

Dyp = nk = ()’ %2 (8.2:31)

[loaaras, uro nepesoc jucnepcuoft ¢asw B QuKCHpoBauHOR ranje
OCYIECTBAACTC NPEHMYIECTBENHO NyAbCAUNAME, MacurTab KOTOpmX
COTOCTABHAM C© pPACCTORHHEM MEMAY CTANKHBAIMHMHCA KaIWiAMH I,
HMEEN:

Dy == (egr) ' or (8.2.42)
Moncrasnss (8.2.32) & (8.2.30), nocne HuverprpopanHusn HalneM
2o — Y feg 4 B (8.2.33)

Ho© yYertom rpaunuBmy  ycnopdin (8.2,29):
2fze = | — [Riz)"Fs (8.2.24)

Oreopne 8 cooreercTRuN ¢ (8.2.30)
" _ ,'Ifl}r';ihﬂlh
YunTHBan CBi3b MEKAY MHCAOM Kanedb B emuuiue ofbema H olben-
NEIM - copepskandeM Jucnepenoll ¢ass ¢
2y = 6/ (71d3) (8.2.35)
noayqaes YPanucluue Ans OUesKH 4YaCTOTH CTONKHOBERHi 8 paciuere Ha
Oy Kanmo:
(8.2.36)
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Kak cnenyer us ypapnends (8.2,36), nosputenne kKoHuenTpauu
FHCTMEPCHOR (Jasnt NPUBOAHT K YBEJHYEHHIO HACTOTHl KOanectueHiuH
Kanesb, H 510 MOMET CAVKHTE 0ObHCHEHHEM BO3PacTarHn dp, o ¢ yDe-
JHYERHEM ©, OIHAKO, KOAWYECTBCHHAA OLEHKA YacTOTh KOoaleCUeHIHH
Kaneab no ypasiennio (8.2.36) oxasnmaercs sasuiuennoll, Ypassenne

=17 10728, %7

nonyuerioe B palore 133], naer anasenns HacToTH  KoanecueHUiHH
nopsaka 0,02 ¢, 1. e 8 107 pa3 menntue. Hesricorne snavenns $actor
KOANCCHEHUHH Kanesib B ANNAPATAX € MEUANKAMH TIONYYeHBl TaKMK
B paGore [23). Ctone Gosbiioe passHune MEXAY TEOPETHUECKHMH H
NMPaKTHYECKHMH JMAHHLIMH CRHAETEALCTBYRT O TOM, 4TO TONBLKO HEGCIJH:'_"
a8 YaCTh CTOJKHOBEHMHl NPUBOAHT K chHsuuio xanens. Mwewres
Taxke panupe [341 0 tom, uto pEOA B annapar ¢ mewankeil neGONBLIOTO.
KOMHYECTBa MHmtocTR, obpaaywineli onny U3 das u conepramed pacr-
Bopeiue NoGaBKH, MOXMET NPHBOJNTL K BLICTPOMY (32 HECKOMBKO MHHYT)
YBEJHUEHHIO Pa3MepoB Kanenb. ITOT Pe3yAbTAT NOKAILIBAET, HTO,
HECMOTPS Ha HH3KYI YACTOTY, posib KOasecueHuwn B (QopMHPOBIHHI
RaneNnsb CyulecTBerHa.

B cooreetctBHH ¢ ypapnexies (8.3) niomans noBEPXHOCTH KOHTaKTa
(a3 3aBHCHT HE TOMBKO OT PasMepoB Kanedb, HO W OT o0LEMHOR AOJH
JHCNEprupoBarnofl assl ¢, HAILBAEMOH TAKIKE yIEPIKHBAIOWER CAO-
coOHOCTRIO aTMapaTta no axcnepcHoft giase. IToT TEPMHH, CTPOTO FOBOPH,
NPHMEHHM TOMBKO K NOapaTaM HEeNpPepHBHOTO NEHCTBHS, B KOTOPHIX
BEAHYHMHA @ 3ABHCHT OT HHTEHCHBHOCTH NepeMeliHBAHNE. B Hﬂnﬂpﬁ'l'ﬂ:ﬁ'
NEPHOMYECKOTO NeliCTBHS auanoroM TEKOE BenHYHHL SBAseTCH o0nen-
HOB COZiepIRanHe IHCTepripoBaiHON MHIROCTH, BaBelienHol B cnyiomiol
thase. [lpu nenocTarouHON WHTEHCHBHOCTH NMEPEMELUHBAHUS BEJHNHHA
MOMET OTAHYATHCS OT cooTHOWEHKS obremon thaa B annapare. [lpu manoi
Yactore Bpaliennn 0GbeM AucneprupoBarmoll RMAKOCTH MOMeT OHTE
ONEHb MalAHM, @ TPAAHEHT KOHUENTpauMH mMcnepcHoli dasui no BLICOTE
Gonewny. C nopsluleHHeM HacTOTHl BPAULCHHS MEIUANKH Aons JAHCnep-
FHPOBAHNON KHAKOCTH YBESHYHBAETCH, W NPH HEKOTOPOM IHAYEHHH A
ONHH H3 CNOEB NOJHOCTBIO Hetesaer. Bpena nosHoro paipyuiennsi cfiof
WHaKoeTs, obpasyouell aMenepenyio a3y, COCTaBAAET HECHONLKO
RECHTHOB MHHYT; C YBEJIHUEHKeM n1 0RO OLICTPO yMeRblaeTen J10 2—3 MHH.

B paGore [3] Bpejeno noHstHe onpejessiomen 4actoTsl Bpaule-
HHA (ng), NocraTouHoll 1AM PAsHOMEPHOrO pacnpenesieHns Kanedas No
BEICOTE ANNApAaTa, JKCNEPHMEHTANBHOR HAMEDEHHEe SHANERnil 1y BuToJ-
Heno B paborax |3, 351

Pacuernoe ypapsenwe, noayuenvoe 8 [35], umeer sua

Re, = 2.2 ( Re:fWeu)”"m ArfAlEpa (8.2. 38}

me Re, = ngd fv; Re‘ll;fWe! = pdyolp®; Ar= & Appeip®.

Jlns nponennepuux memanok o = 1,25, ans Typbunnnx a = 0,85,

Bosmoxen u Gonee ofuii nosxos K pacuery pacnpenenenust ¢as
B ofueme annapata, AHANOTHYHBH HCNONBLSOBAHHOMY NPH ONHCAHHH
nepeMenmMBanis cycnerauii. Kar noxasano B rai. 5, ycnoE#e paBHOMEp=
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Horo pACHpEiesenks Aucniepcnofl gasu N0 BHCOTE anHapaTa MOKET OLITh
c(hopMyHPOBAND CAENYIOUHM 00pason:

Pe = Wocl|D: = 0,3 (8.2.39)
rne g — CHOPOCTE OCaHaeHAH (BCinmRanKE) YacTHIl HAH Kanedb. w/e; M — Bucora
sanonHCHRS  antapara, s Dy — xesgdgrumenTt MaKpoMactiTalinoro  TYPOYACHTHOTD
nepenoca  (TypbysenTion  awpdysun), e

Koadmumerrr TypGynentrolt middysus D, NpRMENHTENEHO K anna-
paTam C OTPamaTENbHEIMH NEPeropojikaMi Onpenennercs no ypanae:
uiio (3.4.6) wam (3.4.7).

JLns pacuera CKOPOCTH Ocamuienss (BCOJLBARHA) KaNCAb MAJBIX
pasMepoB  BOCTIONB3YEMCH  YPaBHEHHEN Anamapa-Pribunnckoro:

o noB08 8 ()
S TR T

(8.2.40)

Jluavetp xaneds d,, . ONPENESHM N0 yPaBHEHHIO (8.2.20). Ha ypas-
nenudl (8.2.20)—(8.2.39) u (3.4.6) maiifem MHBHMAJLHOE SHAUEHHE MOUL-
HOCTH, HEOGXOAMMOE JUISi paclpejesienis Kanejb no BLICOTE anNNapara
npu H =D

: e [3 (41 0,66 831 :
Noyi= 0,045 [T__pn-l--’!u e (8:2.41)

Jlanee, Brpaxas MOMHOCTL B ANNAPATAX C NEPeropoiKavy no ypas-
neruam (2.4.1) u (2.4.216) npu 2, = 1, moAyuHM ypaBHENHE

0,572 T 3 (Ba+ 1) '3-355( R”f:)“-“""‘ 1
S tﬂ"*[ i+ 30 ] we! K

KOTOPOE NPHMEHHMO Wis PACNETa ONpE/eNsIomell YacToTH BpaIEHHA
B annapaTax ¢ MeajkaMi pasaHiHLX THNOB. »

Ormersy, wro ypasuenue Anamapa-PuGunnckoro (8.2.40) monyueno
AR CAyuan FAMHRAPHOTO OCAMAeNHS (BC/BIBARKS) OJMHOUNOR KanaH
B HEBOIMYIULEHHON HAIKOCTH H €€ HCNOJABIOBAHHE IPHMEHHTENBHO K OCAH-
JeHKIo Kanesb B TypOyAenTHOM noToKe He BnoJise 000CHOBAHHO. B cenasn
¢ gTHM ypapuenue (8.2.42) cnefyet paccMaTpHBaTh Kak npubankennoe.
ConocTaBNeHMe PE3yNLTATOB Pactera no ypasrenuio (8.4.42) ¢ onkTiLMH
nanvamy [3, 351 npupeneno ua puc. 8.3.

[Mps YCTAHOBHBIIEMCH HENPEPHBHOM Pexmme palOrhl aNNapata KOH-
uentpawss pucnepenofl ¢asn Ha BEIXOJIE paBHa ee oGbemuofl none B NH-
TR, 8 YACPKHBAIOILER CHOCOOEOCTh () SABHCHT [27, 36 ot uuTencus-
ety nepemeumpanus (puc. 8.4). TTpH pepxHeM pasMelleHHH OTBOAROND
natpyGKa W pp<_ p HeNOCTaTOUHas PABHOMEPHOCTH PACNPENENCHHil
(A3 N0 BHICOTE NPHBOAMT K CYUIECTBEHHOMY CHHEKEHHIO yIepxupalouieh
cnocobHOCTH W, KaK CHeICTEME, K YMEHBIICHHIO NOBEPXHOCTH KOHTAKTA
i CpenRero Bpemeny TpeCLIBAHHS JHCNEPCHOR ¢asm B anmnapate. Ipr
'y = P YMEHBUIEHHE HHTEHCHBROCTH NEPEMElIHBANMNS BH3HBaCT NOBLIIE
HHe yZmepwuBalomed CcnocoGHOCTH 10 CpaBheRHIo ¢ oGoemuolt  foned
nucrepenoll gass B muTaHuK. HeoGXonuMo OTMETHTE, STO YBEAHUCHHE
KONLEHTPALHN JMCnepeoft (assl B HINKHEN HECTH MOXKET NpRBOJHTD
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Puc, 6.3, ConocTRBICHAE ONWTHME AHEdeHnfl onpefesuinell 4acTors) BpRIelNg  MeldoTm
NRN OEPeMTINTRAIIN B CHCTCMAN ROLINOCTE — MUNDCTH € BLMHCIEHHNMI 110 yhonneunw (8.2, 42),

K JIOKAJNBHOMY YBEJIHYEHHIO PASMEPOB Kaflesb, & CAeAOBATENBHD, K yBe-
Juueryo KontenTpauru. Peayarratom momer siBurecs olpauienne das
It HapyuienKe yeroiuuBocTH paGoTsl annapata. Mapsectrm cayuau naka-
THBaHHA Timenoll asH B annapate uYepe3 HECKONBKO YACOB NOCHe
nycka.

[lpu vepsicoRMX KONUEHTPAUHAX AHCTIEPCHOR (asut B yeNoBUSX, KOTA
cpeauee spems NPECLIBAHKA CPE/Abl B ANNAPATE CYLIECTBEHHO NPEBhi-
WIAET Bpems CTAOHAH3aLUMH pasmepoB gavens (5—b6 MuRB), sakonomep-
HOCTH pacnpejieneHds kaneab B o0LEme annapata ¥ OCHOBHOM aHANO-
PHUHB! 3AKOHOMEPHOCTAM PACTPEele/ICHs THEPANX HACTHI, PACCMOTPEN-
HBM B I 5. B MacTHOCTH, NPHMENHTENLHO K ANNAPaTAM ¢ OTPANATEN -
HLMH TIEPETOPOJKAMH PACTIPE/IEJCHHE N0 BRICOTE Kanens fuamerpom d;
HPH Py < P H HEMPABACHHH NOTOKA CHH3Y BBEPX MOMNHO ONHCATH YPaB-
Heniem *

Goz = (1 — W) exp (— Peni) + Wi (8.2.48)

rite Peyy = M (wogi -+ we) Dy — sonngmunposainuil xpurepuh NMegae aan kaneis
nuamerpan di; G gulge; 2= R H Wi = gy [(oosei - wel gy ] Yo — xohuenspa:
UAS JINCTIEPCHON haskt B HHTAHUN, Wye ) — CKOPOCTL BCNMLIBARKA KAMENL SHAMCTPOM
dj, Mic; gy — ofweMubi Pacxol KENEnh JMAMETPOM ) YEPCS EXHHRILY COUEHUN annE-
PaTA, M/ W — NPHBEREHIAN CKOPOCTH NBmselnn efgowmolt dhasw vepes annapart,

§ s'c; Dy — ocpeapeniige Jnaue-
i tHe Kosphunmelita TyphyscurHop
g Ampipyam,  wtc,
* Bueop ypanueinn agmn-
THUCH BHBOAY ypasicius (5.3.7)
o5t |18].
Puc. 8.4, 3anuchHMoCTh WG
by 2 well enecobuocTw o “nﬁf Bpane-
i mewmaen (cnctemi noja — Gen=
2 seak:
5 ; — p:;;um HD Y pastEnmg g.g
NET N0 U L.k
r,08/c TOuH - ORI Rue (6]
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Orciofa cpennsist N ANNAPATY KOUUEHTPaUMs Kaneab miamerpom d;
UITI]E.D:MHETCE KaK
]
|
= | wiede= (1 —=W0) o 11— exp (— Pend] + W
]

(8.2.44)

Ypasuense (8.2.44) moxer GuiTh HCNONBLIDBAHD IR HaXOMIENUHS
yAepKHBAIoNEil cnocobHOCTH annapaTa NP HSBeCTHON AH(xpepeniiHant-
Hoit GYHKUHN pacnpejienelns Kanens 1o passepam. Bupaxas BeaunHn,
pxojHluMe B ypaetenue (8.2.44), uepes dyuKuHIO pacnpesenerRns Kak

@io = yof (ds) d (d) (8.2.45)
g =gl (di) d (d) (8.2.46)
HMEe:
fi {0 VD g U —ep P + Wi @@ (824D
rie f — ofpennull pacxon mncnepewofl dama, e
Wi - gi/[(®se -+ twe) o (8.2.48)

Orciona ofiias yAepAHBAIOWAN CNoCOGHOCTL annapara no JHcnepe-
noii hase:
1 !

= et i
.-,,__-uj (1—W)) g ! —uptl’mrllﬂdld{ﬂ}*l-ﬁ[ Wif (@) d(d) (8:249)

Ypasuenue (8.2.49) B coueranuu ¢ (8.2.6) u (8.2.40) yapsnersopH-
TEJILHO OTHCEIBAET SKCNEPHMERTaIbHbE AasnEe (pHe. 8.4). Jlis npakrd-
YECKHX PACHETOB MOMET OuiTh HCNOABIOBAN TAKXKE YNPOLIEHHLIH METOR
[18]. Tockoneky wmaxcumys pacnpenenenus (8.2.6) coorpercreyer
KanJsM, AHAMETP KOTOPHX GAHI0K K dy, , ABYX(E3HYIO CHCTEMY B anna-
PaTe MOMHO PACCMATPHBATL B NEPBOM TIPHONMIKEHHH KaK MOHOHCHepe-
HyHo!

1
T = (1— W)= —exp(— Pey)] + W 4.2 50)
e W= gll(@acy, , | Wc)fols Pew= H (wac, o+ wa)Dri tac, , — CHOPOCTR

BCRAMBANKYE  Kaners jpamerpom dy, o, Mic.

Pacuer o dopmyaas (8.2.50), (8.2.40), (8.2.20) npu < 0,8 npw-
EOAMT K SHAVEHHAM yaepauBaomedl cnocoGHOCTH, HECKOSbKO 3aBe-
LIEHHBIM TI0 CPABHEHHIO € BLIMHCASHHBIMH 1O Gonee TOMHOMY YpaB-
nennio (8.2.49). Sanauedl npaKTHYECKHX PACcUETOB Haule BCEro ABAACTCA,
OAHAKO, BRG0P YCADBHII NEpemMenIHBanHy, OOECTIeUHBAIOIHX NOCTHHEHHE
suayenufi ¢ B puanasone 0,9—1, Kax cnenyer ua puc. 8.4, B 70M AHana-
sone gopmyda (8.2.50) naer snosse yAOBAETBOPHTEbLHLIE PE3YJIBTATH.
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8.3. MACCOOBMEH B AHCIEPCHBEIX CHCTEMAX
MHAKOCTH—HHAKOCTSH

Ilpi oTeyTeTBMH XHMHMECKOTO B3AHMOJENCTBUN TOTOK BEILIECTBA Wepes
TPAHHILY PA3JIENA MHAKOCTE—HHAKOCTE B enniHue o0hema onpefensercs
137, 38] ypasuennen

q = Fypltp {Cx— Cuac, ) = Fyak (Cnac — ©) (8.3.1)

re E, kp— sosqdiupeniia macconepenisin 1o crolimol o amenepenroit dissas, m/cy
O, € W Cupc, Ggoc, n — KOHUCHTPANI NEPEXORUEID BEUICCTBE M PUBNOBECHIE KOl
HCHTPAINM B ¢rjouniofr u Ancnepenor asox, Fyp — Yreabiiis (OSSpXHOCTE  pas<
mena aa (em. pasper B.2), 1/

Coornoienne MeXJly 3HAYEHHAMH Gy M Cuac. ni
Cyac = Yuac. n (8.3.2)
rie | — wkosixbulment pacnpenenciiss,

Kosdupuusentn Macconepenaun k u ky moryr OuTh BHpameHs Yepes
KoS(Guuents MaccooTaaut co croport Kamaol us das P u f*

1 ’ 1 o
G S TR e S i -
B Pn L

Ypasuenne (8.3.3) onucuBaer pacnpocrpalennsil Ha NpaKkTHKe cay-
yail couavepHnbIX audhyanonnux conporuenenuil obeux dias. Boamomx-
Hhi TAKXKE [iBe nperenbhsix cutyaumsa: k= [ npu UV 5 $/P, u ky= fiy
npu 1By > 1GH).

Maccoolpen Ha rpasHue KHAKOCTL— HMUAKOCTs npu TypOyNeRTHOM
peKHME TeuenHs npenctapiser cofiofl BeChMa cAOMHOE (QHIHYECKDE AB-
JEHHE H eI'o0 MEXAHH3IM NOKA He MOMET CHHTATLOH BLIFICHEHHBIM 138 L
B nactosuiee spemsi CyHleCTRYIOT B2 NOJAXOAA K AHANHSY MeXAHH3MA
BAHAHHA TYPOYNEHTHOCTH Ha maccoolMer. B nepsom ciiyuae onpesene-
HHe KOSQMIHENTOB MACCOOTNAYH OCHOBBIBAETCH HA HCMOJL3OBAHNH
ypaBHeHus ycranopupiuefic JmddysHH B NOTPaHHuHOM CNOE, AHANO-
riunore ypaeuenwio (7.1.2). Yenopue satyxauns TypOynenTaoit auddy-
SHH B BR3KOM NOACAOE Ha TWIOCKOH NOABHMHON rpaHiUe NoJyuerRo B pa-
Gore |5] B BHAe coormOwenHsn **

Dy = 00/ (8.3.4)

[Ne [ — PECCTONNME OT TPaHHIM, M; A — HAHMENLIDHN PanAyC EPHBERIHIT RedhopMa-
il nosepxuocTs, onpesensembl kak A = 20/(0f), M; By — BCARVHHS NYJILCAIKOH:
noft exopocrs Tipn ¥ — A, e

Buipaman cBsab MeXAY Uy B A mo s3akoHy mpyx Tpercits Koamoro-
popa—O6yxosa (8.1.7), nocne npeolpasoBanin NOAYHAEM:

Dy = pojg?/20) (8.8.5)

* ¥Ypasuenne (8.3.3) orwocuren ® npocrefiuemy caywao, xorms penmunnen f fiy
# ) 1ie SaBHCHT OT KOMUSHTPALWH NEPeXO/IFMEre RCWECTEE.

** Kan crenyer w3 conocrasienns aupasensit (7.1.3) 1 (8.3,4), aaryxsune typly-
nesTRON jnishyany s0ansH gehopaupyemoll Tpaunig PASAENs NPONCYORNT MejjicHHER,
yen Hi TBepjofl nopepxHOCTH.
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Orciona o arajoruy ¢ (7.1.4), auddysuonnoe CONpOTHBAEHHE KA
rpanHile

Rp= HI De -1 P8 1(29)

a2t foh (8.3.6)

Ypasnemne (8.3.6) orpamaer 3aBHCHMOCTL koshHUHeHTE MBCCOOT-
paun o7 GUSHKO-XHMHHECKHX CBOHCTE CPe/ibl H HHTEHCHBHOCTH nepemMeLls-
panns. [No-BRAMMOMY, OHO BCE e He NBARETCH AOCTATONHO ofiuM, TaK
KaK BEJIONAET BEJHMHHY JAHCCHNAIHH 3HEPIHH TONBKO B onxoii ¥3 has.
Kax caeayer us peayJsibTaTos HIMEPEHHH, BUNIOAHEHHLX B ClELHATLHEON
ayeflge © NAOCKOT NOBEPXEOCTHIO PAINIENa H HEIABHCHMBIMH MEILIANKANH
B Kaw/ioi us xonTaxTHpylomHx Qas [39—41], xosddmunent MaccooT-
Ja4K B Kaxoll (ase NPAKTHUECKH B PUBNOM Mepe 3aBHCHT OT HaCTOTH
BpaiieHusi O0eHX MewWwanoKk. IJro CJeRyeT, HAlPHMED, W3 ypasHeRNus

o, . u, [ e\ b Vo (837)
EET—;S.IS. 107" (ReyRe) (p:) (0-54’ B Eadi

koTopoe noaydeho [41] nyren oGpalioTkH ONHITHLIX A2UHBIX B BRIOUAET
4aACTOTH BPANIEHAR OOEMX MEWANOK C ONHHAKOBLIM NOKAIATEsIEM CTe-
uw:’ic-mn yHeTa BAHFHNR JIHIBMHYECKOrO B3aMMOJIEIICTBHS (ias Ha Macs
coOTHAYY B KAXION H3 HEX npeanomen B paGorax [38, 42). Cornacno
[38, 42), maccoolmen Ha MOABHXKHOA TPaHHUE pasjiesia ONHCHIBAETCH
ypaBHeHHsiMH BHJA

Nuy = CRe™Se (1 +f (8.3.8)

e f— GaKTop ARHAMHYECKOTD COCTORHMA NOBCPXUOCTH pasiena has, oTpaNAIOUHT
SIEPIMD  BYAMMOACACTIRE 118 Tpanile.

OcHOBOR BTOPOTO NMOJIXOAA ABIAETCH HCTIONLIOBAHNE MONETH HECTE:
unoraproi auddysun s0aHIH TPaHHUE pasnena (43, 44]. B pamxax
orolt mozems npexnonaraercs 441, wro TypGynefinbie nyascaliii He
SATYXAIOT [OAHOCTIO BONHSNH TPARKIL PA3/IEna H TIEPEROC BELLECTBA K
SApa NOTORS OCYULECTBARETCH JMeMeHTAMH HHIKOCTH (e1ypOyneHTHEME
BHXPSIMHY) BOAOTH 1O casmoll NOBEPXHOCTH KORT2KTA. IMpH AOCTATOYHC
BHCOKONl WHTEHCHBHOCTH TYPOYJEHTHOCTH Bpemsi npelsiBanus 5TH)
SMeMEHTOB Ha TPAHHIE HEBEJHKO M HMEST MECTO HeCTAuHOnapHas Mone
kynspuan jwyans. Uepes nexoropoe Bpews, Mazioe no CpaBHEHHK
¢ NEpHOAOM CTACHAMAALWH NOAR KOHUEHTPALMA B MOTPAHHUHONM CIOC
NPOHCXO/HT SAMELIEHHE STOTO SAEMEHTA MHJIKOCTH SAEMEHTOM H3 SIP:
NOTOKA, ¥ NpONece HEeCTAUMOHAPHOH ANGy3HH TOBTOPAETCH. Hexons
H3 TIPEATIONOMEHHS, STO BEPOATHOCTD CMEHEI SNEMERTA HE IABHCHT mlﬂt
BO3pacTa (T. €. 0T BPEMEHH ero HaXDK/enus 1a rpanuie), B pabore
NOSYMEHD YpaBHEeHHE

p=V¥Ds (B.3.6
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KOTOPOE CBA3LIBAET KOMQUMIHECHT MACCOOTAAYN ¢ S-PAKTOPOM OBHOBACHHS
NOBEPXAOCTH, NpeacTanatiomen coboil o0 TOBEPXHOCTH, OOROBMAE:
MYl B equnmuy Bpesent. [lockonbky 0GHOBJICHE IOBEPXHOCTI CBS3AHO
€ cosepiuenier paloThl NPOTHE CHJ NOBEPXHOCTHOTO HATHAMEHHS, BOMH-
HHHY S nipefioxeno onpesenste (45, 46] kak oTnowenne seanHEE 3Hep-
rus P, nOABOAKMON K E/IMHKIE NOBEPXHOCTH B SAMFHILY BPEMeHH, K KO3~
QuIeHTyY Mex(a3sBOLO NOBEPXHOCTHOTO HATSIKEHHS:

5= Pla (8.3.10)

OGucpnenie noBEPXHOCTH SIBAKETCS CHEACTBHEM ee nedopmanni nof
nencTeieM TypGynesTHHX NyJbcauuit ckopoeTi. Macurrab HanMeHbiIMX

nysnbcauufi, neGOPMHPYIOUHX NOBEPXHOCTD, ONPEefeNnsnerca corfnacHo
(8.1.4) no ypasueruio

Py == 20)(pe) (8.3.11)

Hanee, yyutsipan, uro uactora nyabcausuit macwiraba A papra vk, u
HCNIOMB3Y S BUPAKEHHE «3aK0oHa NBYX Tpereits (B.1.7), nupasum suepriio,
NONBOHMYIO K EIHHHUE NOBEPXHOCTH €O CTOPOHH KamaDi (asw, cae-
NYRomHM  o0pasom:

W

* v
Brre I..E.["MLJ_I gt e Y ~ (P0PEl) s (8.3.12)
. 2 i3 hymn

Tex xax nedopmaumu nobepxuocTH mnon seficTenem TYpOY AeHTHEIX
Tyfnbcaunii 8 kamaoil U3 $as npuBOANT K OGHOBAEHHIO NOBEPXHOCTHOTD
105 HMHAKOCTH OAHODPEMERNO NO ofe CTOpOHH rpaHiiunl pasjena, ya-
T0Ta OGHOBJEHHS TOBEPXHOCTH onpefensetcs no (8.3.10) uepes cyMmmy
HeprEi P — P, -+ P,. Tlosciasne 910 3nauenne B (8.3.9), noayumm
apucunocTe 146 |

5
b~ ot o/ P A

= VR 7] (8.3.13)

WOTOPan yAORNETBOPHTENBHO COrAACYETCH C ONLITHHIMIE Ranummy |30—
1 1. TIpy orcyrereim nepemermBaims B omiol ua a3z ypasrenie (8.3.13)
ie oTamuaeTes ot gopmyant (8.3.6), nonyuennoil Ha OCHOBE HCNONLIDBA-
M5 craunonapuol mozenn. Caeiayer ormetdts, 470 00a ONMCAHHBIX
IEXANNAMA — CTALMORAPNLIK H HECTAWIOHAPHLIH — MOTYT paceMarpi-
aTbest 147 ] Kak oTnenalomue 1By NPeAETEILN CAYSARM: CAYUAID DUSHD
ONBIUHX # OYeHb MANLIX 3NAYEHHH Cpemicro Bpevenn npeGLipasun ane-
IEHTOB MUAKOCTH Ha rpanuue. [lpomewxyrounsfl cayuait (spems  Kou-
BKTA CONOCTABUMO C Bpemenem cTabuiMsauun npodmis KonueHTpamni
- NOTPaHHYHOM Cfioe) pacosmorpen B paGorax 147, 48]

Tarum ofpazom, naxe npumennTensio x Maccoobyeny Ha TAOCKO
PaHHLE pasfiena B HACTOslNEe BpPeMsi He BLIPabOTANM EIMHME npej-
TABNCHHN H METOIHL pacuera *.

* Maccoofmen ma rpanie BIUKOCTE — MHIKOCTH AOTIOMHHTEABHO OCHCHNRETCH
Hues npamecedl, ocoGerno [1AB, a Taioke cnonmannolt seRdaanof TypoynenT-
OCTHI0 (TAK RasbiBaemudt sddexr Mapaironn), KOTOPaS BOSHIKAET KAK CHEACTBHE HIME-
M NOBEPRAOCTHOND HETINEHHA BAWL TIOBE[XHOCTI,

I

pue. B, Kosddimanesnu
MacCoaTARMM B cnaniunndl e
A B ANNEPATAX C SofLraci iy
| = MBCCOUEPONDC 3 SN
pofl  dmsnl B AHETRPCRYID,
& — maaiepeiRse Wl Ane-
neperoll eI B enaGLIEY®.

Mo

"
¥

P10

1 2
0,778 ny 56 M08 e

[lpu maccoo0Mene ¢ KanaaMH 381848 oKasuBaercs eule Gonee cnox-
HOM, MOCKOALKY 3/6Ch MOTYT ONHOBPEMEHHO PEANH30BATHCA HECKOMEKO
MexaHMaMOB. K&K crienver #3 mMatepiasoB NPeayluero pasaena, B 3oHe
MEILANKK Ha MAcCOOOMEN MOMET OKasHBATHL CYULECTHEHHOE BAHFAHKE Jie-
dopmaums Kanens, Hx onebanus W apoGnenne. B ocHoBHON 1aCTH oﬁmn;a;
pA3MEp KSNedb MeHbiue, ey macwTab mynscaunil, cnocoGHbx Aﬂb?ipotl‘r S
POBATH TIOBEPXHOCTE, W NOSTOMY MOMKNHO OXHIATh, HTO SAKOHOMED
MECCOUTAAYH €0 CTopoHsl cnnownofi asw aHaROrHWNLL MaccooTiave
K TRepEM uacTuilam. Onpenenenroe BJAHsHWE HA Maccoo0MEH MOMET
OKASHBATE TAKKE H KoANECUeNIs Kaneib. DKCTepHMeHTANBHEE Heone-
NIOBAHKS MACCOTIEPEiaiH B CHCTEME JKHAKOCTH —HHIKOCTL B annaparax
C MEILAKAMH BEChbMA HemHorounchenns. B paGote 341 nan cayuan mac-
COOTAANH €O CTOPOHBI CHAOUMOR (hasbl NPl NepeMCHIHBAHHN HeTHpex-
JIONACTHOI MEWANKON B annapare ¢ OTPAKATEABHKMH NEperopoLKasy
NOJAYYUENo ypaBHEHNe

B = 0,016ndyS"° (8.3 14)

KOTOPOE ONHCHIBAET TAKKE Pe3y/bTATHl H3MEpenHil ¢ TyPOUHHEIMH Me-
maml:::il [49, 50]. 3naqemﬂl KO3(PHILHENTOR MBCCODTRANH B CHNOWNOT
dase, wsmepennvie B 134 ], cocrapasior (1+-2)-10" wmic (pHc. 85) ue
5—10 pas npessiualoT 3nauenHs KopQHEHERTOB macmmna;}:; K Eaep-
JiM YACTHIIAM TIPM TEX ke auavenusx ynensnoil mommuoctd N/V. B Tex
cayuasX, KOTZa@ JHMHTHpYOlleli ABASEICH MACCOOTNAYA CO CTOPOHEI
nHcnepcHol asn, ANR NPHOAHMKEHNOTo packieTa MOKHC noAbL3OBATHCH
meronekoit [37), ocnoBauofi Ba MONenH BHYTpeHHER UHMPKYJIALHMN
s wanne (mojens Kpomura—Dpraka [511]). o
Ha puc. 8.6 v 8.7 npunesens dHAYEHHS CTeNeny HIsJedenits ID-_

= (ea (1) — G MCuac. n — Ca.x) W Kpwrepun Ulepeysa Sh = f.d/Dy,
pacCUHTaHHBIC TS?I no Kpoumry Dpiaky B Bune GyHKIHH KPHTEPHS
Dypre Fo = 4D t/di. 3peck ¢, ; — HAYANBHAS KOHUEHTPAIMS Uene-
BOT'D KOMNOHERTA B JucnepcHoil dase; T — spemd, . Ouenku 1o 3THM
rpagukam H ypasnenmio (8.2.20) noxassiBawT, _;l'm! npH GOLYHEX 3HA-
uenunx xosdduumentos auddysun nopunka 107 mile n i;;ﬁulmmx ang
npakTHKH npenenax yrensuux mouwoereh (0,62 xBr/w®), npu xoto-
PHIX AOCTHIAETCS pacnperenenue micnepcHod Qasw B o0beme, npojo-
HHTEABHOCTD TICPHOAS WIBAGYCHHA B OTCYTCTBHE XHMHUECKON peam::
1
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Toslitn — oIMTHibie JAREWe, CrUCETESE NN — PRCYCTHE,

ONPEAENsieTcs MaccooTnavell B aucriepcHoli dase. Bpemn nocrsmenns
99 %-uofi cremesw wmapnewenus (410 coorserctsyer Fo e 0,15)
cocraenner menee 10 mun.

Kosgduunerta maccoorsaum 8 conommofl ¥ enepcrol dasax oxa-
SLIEAIOTCA COMMEPHMEIME TOALKO NPH HEOOMBINHX 3HAYEHHAX CTEnenw
uapnevernns (0,2 = 4 < 0.6). B stux caywanx pxnan maccooOMena co
CTOpOHL Kaxnoh w3 das  obuwmii kosthuinent Macconepenaus oueHy-
paercn 1541 no sepmumne nepamerpa 1 — D PP d,). 3aswcemocts
CTENEHH HSBJACNCHUR 07 KpHTEpHs Dypoe npy paznyuHLIX 3HAYCHHUAX 1)
npencrapiena na puc. 8.8 u 8.9, Ha nux cnesiyer, uro BpeMs A0CTHMENHN
creneis nspneqeiiin A = 0,205 (410 COOTEETCTRYET IHAUCHHAM 1) =
= 0,001=-1) & o6LMpLIN YOAOBHAX COCTABANET OKONO | MHA.
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Pite. B.8. JanwcAmolTs crepess masicveninp [
s e o B (necuuennn) A or Fo npit consmepiiMMs danonids

Smavennd o J— g & — 0,00 I — 0,00 4 — 0.1 5= 10

e, _a.s. AnnrcumocTy epiTepne Uirpayas Shoor Fo npil colasepiimiag $asons conpormmme=
Jumveriin v S — 0; 2 — 0,000 3 — 00 F — bi; 8§ — 1,
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IMpreeieHane OUEHKH NOKASLIDAIOT, 470 BPems H3BJeHeHus B oTcyT-
CTBHE XHMHUECKOH PeaKIHH Majl0 N0 CPABHEHHIO C OOHYHLIMH N8 anna-
PATOB € MEIIANKAMH 3HAYEHHAMH NPOROJHHTENBHOCTH TEPHOAHHECKHX
onepaunil, npoaomKanxea, kax npamuno, Goaviie 30 mun. B cesian
¢ FTHM OCHOBHEM TpeboBa HHEx NPH BHOOPE TEPEMEHBAIOIM X YCTPONCTE
JAS ANNAPATOB NEPHOJMMECKOrD JERCTEHS OKaswBaercs ofecTieuexie
AHTEHCHBHOCTH TEpeMenBanils, Heolxonumol ain pacnpepenenusn (a3
g ofseme. Tlpu HenpepusHom cnocole nNpoBelerHs Npolecca cpentee
Bpems npeluiBanus B annapate, neobxoiimoe 8 ADCTHACHHA 3anannon
CTENEHN HIBASUENNH, MOMKET NPEELIIEATL COOTBETCTBYIOMEE Bpemy TIepHo-
pAveckoro Hapaesennst B 510 n Gonee pas (oM. puc. 7.9) ¥ B cBASH
¢ rHM TpeCOBAHKA ¥ HUTEHCHBHOCTH NEPEMELINBAlNS NOBRIIZIOTCN.
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NEPEME LHIHBAHHE
B CHCTEME T'A3 — )KHAKOCTH

Lleasio nepesMeuinBanis B CHOTEMAX A3 —iHAKOCTD CHYMHT, Kak mpa-
BIJIO, HuTeHCHOHKAUNS maccooOMena. Teopus ¥ MHOTOMSTHWI npakT-
YeCKHH ONbiT CBMIRTENBCTBYIOT O TOM, MTO NpHMEHeHue s paceMaTpu-
BAEMOR LA ARNAPATOB EMKOCTHOTO THNS, TAKHX K4K HNNAPATHY € Me-
UIATKANH, @ He KONOHWBX MACCOOOMEHHMX ANNAPaTOB ueeconlpAIHG
B TEX CNyuanx, KOrjs tpebyercs NOrOmeHHE 3HaYHTeNhHEY KONHYErTS
TPYIHOPACTBOPHMHEYX ra3os, o0wumo © nocseayiowedl Xumukeckol peak-
LHefl MEHaY NOFAOIIeHHKM T430M H BEILECTBAMH, HAXONMIIAMECH B pac-
TROpe. K YHCay TAKHX NPOUCCCOB OTHOCATCS, HATPHME, NPOLECCH DKHC-
JEIHR, XAOPHPOBanHA M T. . Beckma pacnpocTpaHeHHyo Ipymy co-
CTABIRIOT TaIGKE npoleccl MaccoofMena B TPEXGaINLIX CHOTEMAX a3 —
HMHOKOCTE-—THEPAAR a3a, KOTIA NOTJOMAeMuH HHAKOCTHIO rasoobpas-
HEIfl PEATCHT B3AHUMOJEHCTBYET ¢ BABEWEHNEMY B 3HTKOCTH THEPHMH
uacTHUamMy. K 370l rpynne oTHOCATCR HEKOTOPHE NpONECCH BhlMeatH-
BaHKi, B KOTOPWX NCPEROA B PACTBOP HIBNEKaeMbIX W3 TBEpOi (asH
BEIIECTs TPelYET WX MPEeABAPHTENLEOIO OKHCAEHHS, KapODRHSALMK
H T. 0., NPOLECCH IMAPHPOBAHHA HA TBEPILIX KATANKSATOPAX, A TAKME
218

npouecch GHOOKHCAEHH#A NpH GHocHHTE3E HAW OHONOIHYECKOH OulCTRE
crouabx pod. Bo Beex smux cayuasx o0ilas CKOPOCTh NPOTEKaHH A po-
necca B Gonbiied HUH Menbiiell crenest onpesenseTcs CKopoctio nepe-
X004 B PACTBOD pearenTa n3 ra3osofl diass i BLIOOp MUTENCHBHOCTH nepe-
WCUTHBAHNS JIHKTYETCR TpebOBAHHAMH K HWHTEHCHBHOCTH Maccoolmena
MEHY TASOM M HHAKOCTEIO *.

Cnocolsl HATEHCH(PHKAIMK MaccoolMena B eMKOCTHWX annaparax,
pa3NEpH B KOHCTPY KUK STHX SNNAPATOB BEChMa pasnoobpaann. O0nem
panfoneplUMY anmaparoe Lns ONOCHHTeZa JOCTHTAGT B HACTOSIEe BpeMa
wecKonukux coren |11, a obrem coupemennuX caopyme_lmﬁ nng GHoNoTH-
HECRON DUMCTEH CTONHLIX BOjJ — MHOIMX Thicsid xyOuueckunx merpos [21].
[lepemeumBanKe B STHX anmapataXx # COOPYMEHHAX MOMET OCYULeCT-
WISATLOH HE TOJALKO NOCPencTnoM obLMAB MEIUAZNOK, HO M yTeM npHme-
nennn GapGoTamubix # rasandrunx cucrem 3], cneunanbinx nepeme-
LHBAIOUWMY YCTpoiieTE BeacwBalomero tena (2, 41, pasnwunoro pena
cswertorEny yorpoifiers [6] w 1. p. B nwrepatype BuickaamBalorcs
paanHuLLe MIeHHs 0 CPaBHHTEAbHON S(QEKTHBHOCTH BCEX STHX CrOCOo-
fios npopeaets npouecca, B nactosuee Bpems nanbonee pacnpoctpa-
HEHHBIM HA NPARTHKE ABARCICH, O/HAKD, NPHNEHEHHE TRAMUHORHbIX
ANNEPATOR € MEWATKAMH M OTPamaTenbHeIMH Teperopojkamu (oM.
pie. 1.1), cHabmennbix GapOoTepon JU1s BEOAS Fa3a noa Melanxy.

Heecroamas rAaBa TIOCBAUICHA PACCMOTPEHHIO BONPOCOE TEPEME[HH-
BAHHS TAIOMUAKOCTHLX CHCTEM HMEHHO B TaiuX annapatax. [1pu smom
OCHOBHOE BHHMAHME YHSAACICS MEpeMeLMBANNID ABYXJ@sHX CHCTEM
I 83— MHAKOCTD B ANTAPATAX C OTPAMETENLHEMH NEPEIropoaKamMl — Bo-
npocay ONPEeSeACHHsl MOUHOCTH, ra30CONEPIKaiH, NAOMANH NoBepx-
nocTH KouTakTa (a3 W cKopoCTH Macteotaaun. Kpome Toro, npuBojsites
HEKOTOPLIE fAHNLIE O BAHAHHA NPREYTCTBHA TEEPILIX HaCTHLL B CHCTENE.
Bonpecs maccoobmena B 6apOoramnEx 1 FasIHQTHEIX ANNAPATAX, & TAKKE
ocoGernoCTH NepeMeliMBanna n Maccoolmena B (epMenTaunonnoil anna-
PATYPE B KPYNHOMACIITAGHIWX COOPYIKEHHAX N OSHCTRH CTOMHEIX BONL
B HACTORULEN KHMTE HE PaceMaTpHBAIOTCH, NOCKOABKY OHH MOAPOOHO
oCHEleHs B enennansuoit aureparype 11—3, 61

9.1. MOIHOCTL NMPH NEPEMEINHBAHHK B CHCTEME
FA3—HARKOCTH

Bpon rasa B annapar n ofpasopaline B HEM FA30KHNKOCTHOH CMECH NpH-
BOMHT K CHIMKEHMIO wolipocTH, nortpelssienoll Ha nepemeiyBanue,
ECAEACTBHE YMEHBUICHHA NIOTHOCTH CPCIR B 30HE Jonactell Melanki
[7—10]. xcnepupenTansiue PeayabTa i, OTPAKAIIIHE 310 CHIIKEHRE,
TP EAOMKERD IT]? olio6iaTh B hOpME SABUCHMOCTEH

e = (o) (©:1.1)

L

* Phaypetion, WCnOSEIYIOTCH 1 TAKEE METONIK MMTCHCH(MKNIEE NPONECTE, KAK
NOBLGeHNE  AEBIEHON, H TEMICPARTY P, }'BEJ]H'IEIIHE yJI'E-'ThIIfIﬁ NOREFRHOCTH TEEPERIX
HECTHILH T. ., QIHREKD 5T0 B OOFBLINHCTRE CAYHAER THRKHE CONPOBORLIETCH COOTRETCTEY-
WLHN NOBLILIEHHEN TEROOBAHEH & CROPOCTH MACCOOOMOHE MENULY FRION N SRINOCTED,
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Piic, B.3. Mpadiaeckin wOPPeannne AN DECWETE MOnHOCTH & ANNADSTEY © )
NEME FYphannuse Mowsamamn [15]. Bpa ORkG- ¥ Muaropes-

KOTOpasi npHBeJeRa Ha puc. 9.3 W TOXTBEPHIEHA SKCNEPHMEHTAMH HA

annaparax oObemoM nio 100 m™.

3ok dy.er — 0,30, 2 seawumna Np/Nor onpencasercn ms CACNYIOULHX COOT-
HOLICHAA:

N N N .

New — 3000 npw —= == 1000 = 3000 Br/s? {9.1.42)
L4 Sy npn - = 3000 Br/m?
Wix PH = / (9.1.46)

9.2. NHCITEPIHPOBAHHE 'A3A, ¥YREJBHOE
FASOCOREPIKAHHE, NJIOU{ALL ITOBEPXHOCTH KOHTAKTA ®A3
H NNEHOOBPASOBAHHE B AHNITAPATAX C MEUIAJIKAMH

Crpyxrypa rasomujikocTHol CMECH B anNapaTtax ¢ Meltankans BO MHOTOM
SHABHCHT OT MHTEHCHBHOCTH TIePeMelHBARKA, YCIOBHl BBONAa rasa W ero
pacxona. B cayuae spona raza wepes GapGortep, pacnosoxmeysil nojL
MEAAKOR, NPH HHSKOH WHTEHCHBHOCTH NepeMeiMBaANKS AHCHEPrHpo-
BaHHE Tasa NPaKTHHECKH He NPOMCXOMMT ¥ HaOMIOAAeTCH ero NojLeM
B USHTPAIBHON HECTH ANNAPATA B BUAE KPYTIHLIX nysuped. Havano ause-
NEPIUpOBaNNS Tasa H yBEIRSenia rasoconepmarus (puc. 9.4) coorser-
¢ CTBYET HEKOTOPOMY MHHHMANB-

g3 . HOMY. YPOBHIO HHTEHCHBROCTH ne-
i PEMEIIMBAHWH, KOTOPLHI 3ABMCKT

x -1 OT PACXoNa rasa, pa3sMepos anna-

a2 para # ceoficte das. Kak noxa-

3aHo B paGore |16, npu nepe-

PHc. 0.4, JdniCHmocTh TAINCOJOpMBEHNE oF

NACTOTH BPRUEHNE homAAkn (CHETOMR noj-

uEfl pACTROD ENTHOLANPOIRL TAMA

L e e 0005 mic, H =Dy (18, 11]:
I 8 ) —dy =03 m B =045 n 1 —d, -

T M no¥fc 016 s B = 0,29 .

=i
-
%]
——
(=¥
o
o
&

MelHBAKN  TYpOHIHON Mellankofi B CHCTeMax BOAHME DPACTBOPH —
pO3YX pacemarpHBaemsll NpejenbEsl YpoBelib WHTEHCHBHOCTH nNepe-
MELIHB3HHS ONPENeNsAeTcn YPaBHEHHAMH

(f?";ai) tgD)'’* = 0,07 upr D < Im (8.2.1)

(328 50 = (25

e My — SHEYEHRE NaCTOTH BPAWEHRR MEWmAKY, (B o6/c), cooTReTCTRYRHILE Ny
ancicprponaiian, hy = H/3 — pucoth yorsiopkn MOLRIKE BEL ANOM ATTAPETS, M.

OBGnacrs npusesenns ypaguennit (9.2.1) orpanyuena COOTHOLLCHH {MH
o’ = 0,08 m/c; 01 =< (H — )/ D =< 0,6 {9.2.3)

Ypaeuenue pnn onpepesenwsi ny, noaysennoe B paGore [171%,
HMeer Bun

npan D> | (9.2.2)

_“Ld"._ = A B (Dydy) (9.2,9)
{ngp] id
dpecs pon TypOmnnes Mematok A = 1,22 g B = 1 495; pan sonscrodx Mesigno

A =220 w 8= 0,6,

B ycsopusx, KOrja HHTEHCHBHOCTH MepeMeliMBaHusi B amiapare
HESHAUNTEJILHO TIPEBHILIAET TIOPOY AMCNEprHPOBAHNS, OCHOBHAA Macca
NOAABAEMOrs B anmapar rasa AHCNEPTHPYETCA H B BHIE MEAKKK NyShIph-
KOB pacnpejessercs B 4acti gOuema annapara, PacrofomEHHO Bhine
NOCKOCTH PasMellennn Meiankd, a ofnacts HiXe MEIANKH HE aspu-
pyercs. [Ipy yBeAMuenHH MacTOTH BPAIEHHSR YCTORUHBOCTL fACNEHMS
aNNApaTa HA E5PHPYEMYIO W HEAIPHPYEMYID 30HL HapyLIaeTcs, H TIpH
NPEBBITLEHHH HEKOTOPOID KPHTHYECKOID 3HAMERAS WACTOTH BALEHHS]
Bech OOBEM aNNEPATS OKAIBIBACTCH  SANONHEHHHIM  TAS0MHIKOCTHOH
cmechio, PaccmaTpuBaemas KPHTHWECKAR BENHWHHA MaCTOTHI BPAMEHHH
n' yBEJHNHBAGTCH C BO3PACTAHHEM PACXONA Fa3a H BLICOTH PACTIONOKE-
HHA MEMAAKH naj fudues annapara (puc. 9.5).

Ilas typGhanex mewanox B paGore [18] nomyueno vpasuenwe

Wi = 0.0075n% (1 +dhﬂ£!am . @2:5)
0,35 -F u.mexp[-- 0,138 (F_) I

Eme onno sBnenne, XapaxTepHoe s NepemMelinBanus B annaparax
C OFPAMATESLHLIMH NEPEropoiKamMl H OKa3HBAIOILEE 3HAYHTENBHOE DIHS-
UHE BA HHTEHCHBHOCTL MacCOOUMEHa B CHCTEME Fa3—MHIKOCTE — Camo-
IPORSBOALHLI 3aXBAT 432 HA NOBEPXHOCTH NEPEMELIUBARMOL HHIKOCTH
NPH 4ACTOTE BPALLEHHS BLIUE HEKOTOPOrO 3HAYEHMSH g MO HEBJNEHHe
nalmojiaeTcs B TeX CJAYMAHX, KOTLA BEPXHHN Kpall OTpamaTenbHuX
NEPETOPOAOK BLICTYNAET Haa YpoeueM nepemeninbaemol cpemst [lo wa-
fmonennam [16], saxsar Bospyxa — caeicTBne 3axnonuBanns HeboNb-

—

* OTMeTRM, WTO pACNETH MO0 YPabHEHHRM, nonywenmsin 8 pafiorax [L16] w [17],
VPHBOEZAT ® SHAUNTEALHEN PECXOMTEHNAM.
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Fic, 0.5. 3RENCHMOCTL 7'ty OT PACKOAA TRSA MRHEY ANOEPAT.

Conpmppe Ay — pacwer o ypaoumms (5,2.5); [ — ky/D = 0.5 If — hy/D = 0,25:
nesiin dy (o 'wm) 1, F—0.55; 3, 4-0.7; 8, 6~0,188; 7, l—&{:‘iﬁ LR ot

e, 0.6, 3anncaMocTh rABCafEpmAMIn O YECTOTHI . e
Kyxn € moneprioent (dy = 0,010 W, D= 0,20 ) T8 e FRAERIN mE

ggxﬁnxxpeﬁux ofpasopanuil. an pacuera auavennfi ng, BLUE KOTOPHIX.
BJICHHE NPHBOMHT K YEENHUYEHHIO TA30C0JepIKanis ne. 9.6)
e pabore |16] npennomeno ypaenenie 2 b h

() ) -5y

Ypasuenue (9.2.6) nonyueno nns OHHHEIX Melass

< (H— h)D < 0,2 + 1?15 (dy/D). =R et
B patore [19] yeranopneno, wio senmuuHa nj 3aBHECHT Takme OF

PHCCTORKUY MEHNY MEIANKOR H NOBEPXHOCTHIO AWAKOCTH fiy,. B pesyib-

TATE SKCTIBDHMEHTOR Ha CHCTEME BOAA—BOINYX B annapatax o0beMoM oT

4 70 100 M* ¢ OfHO- 1 MHOTOPHAHNMH TYPORRHLIMH MCIIAAKAMHA B 9700l

paloTe NoAyueHo CooTHOTIEHHE

FT {d]u,'lh,u] = “.35
e Fr = (n)Y4dwis — wprrepull @pyna,

Cpenriee rasocopepkan e rasomuIKOCTHOR cmeck. [lps suavenusx.
HACTOTH BPAIEHHS MEWANKH n > n NepeMelinBaemas cpesa B annapare.
TIPEACTABARET COGOT TA3OMHAKOCTHYIO CMECh CO CPERRKM YACTBHEM Ia30-
COREPIKAHHEM!

_Hgw—H :
=t (9.2.8)

TAE Mg — DUCOTE €105 TABQIKHAKOCTHON CMECH B anmap o, — pue HrTOdte
TieHHS ANTIAPATE WHIKOCTER) ‘0 OTCYTCTHNC MOfmin IM;,'T:.' ' R

B peanusnix ycnoBRAX BENHUNHA CPEANETO rAsOCOMEPHANHE MOKeT
coctaBaate o1 2—3 no 1520 9; ona BOIpACTAET © YBENUNEHHEM Y-
CTOTH BPAIEHHA MELIAAKH HAK yeabuoi mouHocT N/V, a npn cobio-
pennn yeaosuy Gyl(ndl) < |G Hndi) 1y (cm. paspen 9.1) — u opH
224 ]

OBEILENHH pacxosa rasa. Bausnus pasmepon oTeepcThil GapGotepa 14
ra30COAEPMANHE B aNNapatax KPyNHoNabopaTOPHLX: W NPOMBIIMIEHHLX
wacinraGop o6uMHO He nabniofaercs.

Jlns pacueta CPEANEro FasgCOREPIKAINR MPEIOKER PA IMnupHue-
cxux Koppensumit [14, 17, 20—25], ocwoBasmHX, Kak NpaBMno, HA
peaysbTatax 1aGopatopHuX HeeaenoBaniit., [pw oGpaboTice skcnepHMet-
TANBHKX JAHHBX Ta30COAEpKAHNE HAUle BCEro NPeacTaBNIAlT B BHAE
(pyHKLHH CPEJIHerc no annapary 3HAUCHUE JMCCHIALMM SHEPTHH NP
NBAA0H YacToTe BPAUIEHHN W JAHAMETPE MEILANKH

g = NeJ(pV) (9.2.9)
(wan yaensnoit Moumoctd Ny/V) u npHBeaerkoi CKOpOCTH rasa
w' = Gp/ (D) (9.2.10)

XapawTep 3aBHCHMOCTH § OT STHX NapamerpoB MOKHO NPENCTABNTL
(23251 cnepytomms 0OpasoM:
A~ [Nr‘l.-‘.'jﬂﬂ? {lﬂ‘ljﬂ'ﬁ

(9.2.11)

Hapsay © ymenbuoli MODROCTBIO W PECXOAOM rasa, ONpelleeHHoe
BAMAHNE HA BEIHUKHY Fa30COACPKann s OKAsHBAIOT QUIHYSCKHE CBORCTBA
(a3, Ypasuenie, OTPARAOLIEE FTO BIHAHHE, NONYTEHO B padore (201

e 0.5 p \DE g4 f w05
g= aqﬁ - 0,000216 (-—é») l’g (m) (9:2.12)

3ncch Wpe — CHOPOCTE BCONWEAHAS NYSHPLEOR 838, NPHHHMBCMAR B PacCMaT-
pHsacwoli pabore pannofl 0,265 m/c; O — noBepxEOCTIOE WATHIKCHMC, Him.

Yxcnepumentsi [20] nposesentt B annaparax amamerpom 0,164 w
0,5 M ¢ TYPOMHILMH MEIANKAMH NPH SHAYCHHAX Y/EALHON MOLHOCTH
or 0,25 a0 5 kBr/m® w npusenennoil ckopoct rasa ot 0,003 no 0,018 m/c.

Vpasnenne (9.2.12) npunsito 3a ochoby B patorax (26, 271 npw ob-
oblesHy pannsx Gonee BECOKIX PAcXoaoD rasa. Tak, HanpHmep, B pa-
Gore (271 npewnoseno ypaprente

e ) s ()44 (25)" (4) ()™ a0

T€ Prys Pr— TASTHOCT: FEas fpn smolfiepios i paGoues AnBmCHHMX, wrim?, Ng—
CYMMAPHAR  MOWWOCTE, SaTpsuuBacMa Ha nepememmBaune, B

Cymmapnan motpoets Ny B ypasserun (9.2.13) onpefennercs © yue-
TOM TPEX COCTABSIONMX — MomuocTH Ny, 3aTpaunBaeoll MewanKoi 1a
NepeMEIHBARKE FAIOMMAKOCTHON CMECH, M MOULHOCTEH, NOABOAHMEIX
¢ ra30M 3a cueT ero kHreTHueoKoi (V) 1 notenunansyof (Ny) sneprun:

Neg=Np 4 Nu+ Ny (9.2.14)
Ipecn
N, = G s /2 (9.2.15)
Np = Gepgh! {9.2.16)
T Wy — CKOPUCTH TA3E Ma Blxoxe w3 Gapborepa. mic.
& 5. H. Bparawcanf 225




Wi

| L .

f et " P

2 4 5 &M @ 70 &

fme. 0.7, Ppadow g/ = [ (4) [14].

Moinnocts, notpebngemyio upn nepe it
! ] MEIIHBAHNN  FAS0MHAKOCTH
evect, asropsl [26, 271 paccuntesamy no ypasnennio £

Ny = 0,706 (Nndt, [GO-55)040 (6.2.17)

n'nnguennnmy B (8]
JIHSHHE YCTOBHE NepeMelinBanns Ha rasocofepxanue een
WMCAOBAHG
tagke B pabore (28] w annaparax anamerpom 0,25 w 0,5 M ¢ TypOrHEBLIME
MEHanKamit npi BASKOCTH Muakoctv 1o 22,4 mlla: ¢, INpusenesnan cxo-
POCTE r'asa B onutax cocrasianna 0,005—0,03 mle, yrenunan mougsoeTs —
or 2,5 no 12 xBr/v®. B pesysbrate ofpaborki onBITHEIX JAHHLI noaty-

HeHL YPABHEHHRA, OTPANIIOUNE BAHAMNE PACXOAA rasa 2
s ; Ea1k a5
HOCTH W BABKOCTH Cpembi: P 1 YABILHOH MO

1) npu p = 0,001-+0,0025 Ma-c.
P= 0.33 (w'-‘lwnc}n'm.(ﬂ'“ﬂ"jc'”("T"‘nn} =
2) npx p = 0,0025+0,0224 [Ma-c
0 083 (e 5 ) 1 )0 (L1 0

Py

(9.2 18y

(9.2.19)"
rie NV — yneminas mowsocrs, kBvisd.

Hapsny ¢ ypasneswamm snga @ = f (g, '), n oKeH
NAUHK, CRAAKBAIOUHX l‘&BO(—:DJlEleaHHE{ aennzrpegsﬁmau {E' H;l;;{;pﬂﬂ;
PHCTHKANE MEIIANRY — ee iamMeTpom i vactoton epauenns. Haubonee
HOAMON K2 STHX KOppensunil apasercs ob6obuiennas rpaduyeckas asy-
ciMoeTb (puc. 9.7), nonyuennas v pabore [14]:

Jaecs v =K/A) (9.2.20)
0,0063 (l_-l-:L
K=10 > (9.2.21)
H AL G =
A (T) (m;;- WE)G.ETI'Fr 92,22
M

We = n'dyfVc — uwcno Bebepa; jip — wsakoett, Bosa npit 293 K, Ma-c.
2586

pre. B.8. JEBICHNOCTI FEIOCOLCPMANRE OT @

srsiof : ofine-
A TR i nﬁ:?ﬂ:ﬂﬁ'}\f,w = o5 i
= 0§ ll"l"' - ?
Kpuubse COOTRETETONIOT YPREIEHINH: [ =
(G:9.08% F— (9.210): § — (0.2.20).
(13l o 5
ConoeTagnenie SHavenydi ra-
40COePIKanist, PACCUHTARNEY [0
ypapsenunm (9.2.12), (9.2.18) v pos !
{0.2.20) NPHMERNTEALNO K anma- 808 Gats w,wi?ﬂ'«"“-"

paryj ofbemom 10 M°, namro ma
pHe. 9.8. K

[Npupesiestbie Bullie YPABHEHHS NOMY4eHp HA OCHOBAHHH SKCHEpH-
MERTOB ¢ MHCTRIMH FuakocTsvi. [lpy mHcneprupoBaiiy rasa B pacTso-
pax NEKTPONIHTOR Fa30COAEPIKAINE OKAZKBACTCH O0B4HO CYLLECTBEHKO
pre (Mosker poctirath 40 Y% [29]). Hanuuse 8 annapare Baserienysix
TBEPAMX HACTHL NPHBOIMT K HEKOTOPOMY CHIDKEHHIO [AS0COMEPHAHHN.
Ilnsi YMETA STOTO CHHMEHHS B YPaBHEHHs (9.2.18) » (9.2.19) ssopuTCS

MHOMATENE eXp (—1,22%,). B KOTOPOM X — Maccosas Ao/ TBepioH

(asw B cycnensud, Kr/xr [281.

PasMepsl ny3upeRon H NAOIALL TOBEPXHOCTH KOHTAKTA (as. Io ey-
mectByiolyM npexcrasaenunm (27, 30 ] mexannam gpoGnents NysHPLKOB
rasa 8 TypOysNEHTHOM NOTOKE B OCHOBHOM BRANOIHYEH MeKanusmy
neHwst Kaneas, noppobiuo pacemorpenioMy n paspene 8.1. Jpobnenne
PACCMATPHEAETCH KaK Pesynbrar AeHCTBHS PasHOCTH  [AHHAMAYECKHX
HanopoBs, AehOpMUpYIOMMX Nysupek. [IpH 3TOM pasHOCTE Hanopos
OMKAA NPEeBHINATh KANUNASPHOE J8BAeNMe, mpensTcTsylomee aedop-
mati. B [30] wa ocroBanas npeAnoNowennd s, Y70 Pa3HOCTE ANHaMHYie-
CKHX HANOPOB BOSHAKAET KAK PeIY/BTAT JBHIKEHNA Tasa Noj AeicTBHeM
Ty pOyAEHTHBIX NYALCAIRT CKOPOCTH MUIKOCTH, NONYUeHo yPABHeHTE Ins
Jamerpa HanboMbLINX NY3LPBROB, YCTOMMBL B TYpOYNEHTHOM HOTOKE,
licnomw3ys sTo ypaerestie i nosaras (eMm. paspen 8.2), 4t0, BO-TIEPBBHIX,
MEKCHMATILIIDE SHANEHWE NYMAbCAUNOHHON CKOPOCTH Uexe PaBRO 3z
¥ 470, BO-BTOPHIX, JIOKAMbHOE JHAYEHIE IHCCHTIANHI SHEPIHH B 30HE Me-
manke &7 ~ 75¢, (311, nonyuaem s pasmepa nyswiped dy:

d, = 0,155 (—i-)”‘“ (% 0% gout (9.2.23)

Ypasnenue (9.2.23) 8 uesom BepHO OTPAXKAET XapakTep BIHAHHS
HETERCHBHOCTH NEpeMelMBanns Ha pasmepst nysuperos, Tlo nopsuiky
BenpuuKE pacuernsie snauenin dy (1,5—2 My npu yaenbHofl MOLTOCTH
orono 1 xBr/m*) npubanmaiones & BLMHCAEHHLIM N0 IMITHPHY ECKOMY

VPRBHEHHIO
2 \—"Y y
dy (R%) I Rl T

S i T Ll

7= 2 4 079 |t (I,ﬂmr (45

(rae jip, p—BAsxKocTE raza W Fuaxocrd, Tla-c)

nonywennomy 8 pabore [32] B pesyssrare namepenwil sbnvan nonacted

vewanky. B 1o e spems B oCHOBHON 4acTH 00beMa Iy3sIpbKH OKasbi-
ﬁ. ’ﬂ'

(9.2:24)




Pie. 8.9, JupncnsacTh SRETOTE KO
UCHIWN OYAPRKON 0T YACTOTE N[
wane Ty plmso i smoesammn ,‘Ilm = 0,67
D000 m, H=04m [34] |
Suesenin o’ (wsfe) | — 0,00; § — 0,08
4 0.047.

BRIOTCH SHAMATENLAO KpYyNHee,
Mo npanwey [20], npw nepe-
MeiBanHy  TypOrHHOR  Me-
mankolt B CHCTEME BOJ2—
BOBJYX Cpeawee 1o annapary)
3HaueHNHe WCayTepOBLROION IHE=
MeTpa mysupbKoB *  MoKed
OHTH paccyniano no ypasHe
113108]

d5 = 4,15 (0/p)"6 za_u"q'lu'ﬁ+ﬂ,
(9.2.25)

[Ipn BricoRnX pacxosiax rasaw’ == 0,018 m/c, 7. e. B yonosunx, xoras
SHEPTHS NOTORA FA33 CONOCTABHMA ¢ SHEPIHER MEXARHNECKOrO Tepemetin:

panis, asroput [27] pexomensywoT ucnonb3osath ypasnenne (9.2.25)
B BiIoH3MeRennoil dopme:

dy =416 (o/p)" ® &g 0" (NN ) (prolon) ™" ¢"+F 10,0009

25 S
n,obyc

(9.2.26),

Pacuer no ypasnenusiv (9.2.25) u (9.2.26) nokaswisaior, wio cpej-
Hifl IMAMETP NYSLIPLKOB B OCHOBHOM 4aCTH O6bEMa annapara cocTapaser
5—6 mm, 7. e, B 2—4 pa3aa Gonbwie, yeM p 30He Mewwankn., EcTecTBenLM.
OOBACHEHNEM STOIO PASTHYHA MOMET CAYNHTE BIHAHRNE KOANECLeHIHH
nyaupskoB (33 ). IRCIepHMERTANBHOE KAMEDERNE YACTOTE KOANECUCHILII
NY3LPLKOB B annapare ¢ Metnankol Obio npopeiero B pabore [34 ).
M3 pesynutatos smvX namepenwii creayer (puc. 9.9), 4o cpeimss vacroral
Koanmecuerign nyaspbros cocrapnser 6— 10 ¢'; ona snaunTeNbio BrweE
HACTOThl KoanecleHnHil KaneNb Npy nepeMeliMBaiiy B3aNMHO HEPACTHO:
puMblX mupkoctedt (pasgen 8.2). B woauwix pactsopax snexipoiuTon
CAHPTOB, T. €. NpH CHIKeHUN 4acTomsl koanecuenunn [33], paamepst
Ny3EPbKOB CYHECTSenHo ymeRbmaiotes, [lpumenntensio x cHeremam
raa—BojHLe PACTBOPH SAexTponHToR B pabote [20] nonyveno ypasne
Hue

dy, = 2,26 (0,m™ % ey N0 (/1)
& Ans BOLHOCTIHPTOBLX pacTeoOpos
ﬂ: = L.0 {ﬂJ'P]F'{' lr{l._c'{‘r'ﬁ-ﬁ{ur"#)u'?ﬂ
Pasmiune mewpy pasmepani mySbpLEOB B PA3NLIX TONKAX 0OBEMA

npusotut [35) K ToMy, UTO PeTHUANA YAENLHOR NOBEPXHOCTH KONTAKTA
}as B pasHBIX wacTHE anmapaTa cymecTsenHo pasamuaercs (prc. 9.10)

* Cu. ypomsienme (8,2.14),
228

.10, Hasenenne 25

ypEaguofl  nowe H RONTANTA
o pRARYEy EinEpATA {ﬂ = 0,18 M, tl'“ ==

= 0,040 w).

Pde
a1 »

e

Jhireparype

KpHBaE w', wc I n, offe

20t

/ 19,2 |
¥ nhzs 28 36
a 0,017 17.7 a8
'] 0,016 5 a8
5 00929 .68 24

L5 pacHeTa OCPEAHERHOra 10 OfBeMy 3Hate-
WIS YASTLHOR TIOBEPXHOCTH KoWTaKTa Fyp
np @' < 0,018 m/cnpabore (20 ] nomysena
3apUCAMOCTD |
Py =144 (p/0)° e (0w, )"
(0.2.29)

R

ik
13

10
/R

Fm'fﬂ'

T

Tlasi Gomee BHCOKHX SHAUEHHIl NpABEACHHON CKOpocTy rasa e paGoTe
|35] npepnoweno BHpamene

i (9.2.30)

Fyga— 1.4 (p/0)’%ed* (o' femc)™*® (Ne/Nr) (peipes

MenooGpasosasie B aninapaTax ¢ MeUIANKAMH. Iucneprupopanie
rasa B MHAROCTAX, COACPMAULMX MOBEPXHOCTHO-AKTHBHHE BELLCCTEA
(nanpumep, npH GuockuTese), OOLTHO CONPOBOMUECTCS OOMITEHEIM HEHO-
ofipazopankem. B STHX YCNOBHAX NYSWPBKH 1233, BCINBBAIOULKE B nepe-
MeLIWBAEMON MUIKOCTH, NEPEXOART B CCH NeHsl, a 3aTem Mo Mepe ee
paspylienis — B rasoBylo nogymky. Becora cios NEHW MOXET OHITE
SHAMHTENLHON, ¥ B PAIE ClyYaen TPEOYETCH yBENHUERe BRICOTH &nTa-
paTa @ NPHMEHEHHE CHERHAIBALX NEROraCsiix YCTPONCTE M mﬁamu,_
nonaensiomux  nesoobpasosanwe, [llpuGnuennsit ananus npolecca
nelooGpasoBanis B annapaTax ¢ MewajKanM Oun BEINOJHER B pabare
136] na ocnoBe npeinoo¥enas, wTO cAOH NeHbl PACNPE/EIEH paBHO-
MEpHO ND CEMEeRHI) annapara.

¥Yeennuense obbeMa CAOR NEHB 38 MPOMEXYTOK BPEMERH 4T MORHO
IPECTABATL KaK PasrocTh 06LeMa rasa, NePexoiaIero B nexwy, ofibenMa
Nedsl, NOABEPIIErneH PaspylierHior

dVy —dVp —dVi {9.2.31)

TMpH RoCTaTONHO WHTEHCHBHOM nepemensanni (n > ng) B neny
TePeXOuT BeCh a3, NoJapaeMpi B annapar, Ecie B cooTsereTsitil ¢ SKC-
nepiMenTansasvm ganusmi (361 mpursTe ofbem meHwl, paspyuiam-
Ultites B eAMRHNY BpeMeRy, NponopuHoRanbuny ee obilemy o0nemy:

—=—Mn (9.:2.32)
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ﬁ',t" Pwe. 011, Zapncw t 1
S B MOETE NONCTA
- DEML 07 SECTOTR HPRLLETIRE m'l‘nr:ln& ss'i':“ i
0,003 P eyamgartiinfl tienok. | %3 # — oaear sarpin, 010

o002} TO JNS eHHKUE NJCHIEAN TIONEPEedIoro of
HELHS ANNapaTa MOMHO 3anHCaTh ypamu
He (9.2.31) 8 puge

forl- dh
g 2 . =0 — khy (9.2.39
4
(3 ] 10 rpe by — Blcova enos nema B MUMeNT T.M; &

RONCTAHTE CHOPOCTH PRIPYUICIHR Deid, o),

mf
Py ¥ f! I ":l (0,23

Orciona npesensras
. BLICOTA MENk Npi _
Gotsl annapara: PH yCT2ZHOBHBIUEMCS pemyMe pa

Hy=lim hy=n' 3
(0 Sl n Ik (5. 2,45

qﬂaiz::rrhm:ua KONCTANTH CKOPOCTH paspyienis k xapakTepusyer yerol
; €Hbl H 3aBHCHT OT DHAHYECKON NPHPONLI MHAKOCTH M rass.
c::uempamm H CHOACTB NOBEPXHOCTHO-AKTHBHKIX Bemects. [lpH rig
o H;:::}uaxrcnnﬂcmx has ona CHIDK2ETCH ¢ YMeHbIIeRHEN PE3MEPOB My
Megmnm'mé u;.n ; gﬂa::.;:meaiem ylenbrol MommoeTd (puc. 9.11). Axenepns
_ CHHE R MOMET TPOBOANTBCR NYTEM H3IM >

EHNA CKOs

POCTH paspyuienus Nexbl NOCKe NPEKPAILERNS nojauH rasa noelprpaaneuﬁ

9.3. MACCONEPERAYA NNPH HEPEM
EUHIHBARH,
B CHCTEME T A3—KHAKOCTSH -

Eaa‘::! gme OTMENAZIOCh B0 BBOXHON wacty sacvosell raasu, nepemeian
o HENOMLEYIOT JNs pHTeNcHgM Kauun Maccoobmena MERIY razom i
Duauxmn :]r; “:Eﬂ ?Hxﬂuiinﬁqf*;;i KOTAA DPACTBOPHMOCTL Fa3a HeBEHKAs
_ i : v HOKA3ILIBAIOT, 9TO B 3THX YCNOBHAX CKO
53;;::" w;::c;omz:{:r:lﬂ :ﬁaimpuum ghaaqnogns qxa;al OBEMHO He sBAReTCH THMH-
= eHnsix Sh =« 25+ 30 xosddmument mace 1

A 2 OOTIaue
3;:;.{3::%:& thase cocrasnser pemunny nopsiuka 0,04 mle, Torna kax aide
(dmunenta Maccooiiaun B Muaxoll ase npm HHTEHCHBHOM

(HERTAM MACCOUTA2YH B CHCTEMax W AKOCTh—IKHJIKOCTE, T. €. COCTas-
amor 1391 (2+4)-107* wle. s ux pacyers B pabore 125 npesnoxero

g'pﬂliHEFﬂ|E

Fdn . Ifndﬂdn 0.8 0.5

——=1{,33 Sc™ 9.3.1

D{: ( H ) { :'
(1o Se = wipDe) — xputepiit Wy, Do — xosddmuuent mosekyarpnoll anddy-
G B CHAGLEOR fuse, MC

Haubosee 4acio cRopocTe MaccoofMena npW AHcrneprdposanii rasa
g HWIKOCTH OTHCHBAKT YpaBHeHHeM

.-j% — Bot (Cpam— ©) (0.3.2)

(a6 g — ROAMMECTAO TOTAOMERNOrC rAdonSpasHOIe KOMMONENTa, Kr/i'; T — BpeMs, €
cpamm, €—— PABHOBECHAN KOMUCHTRAIMA TOTJOUAENOID KOMIGHCITA W €10 CPONHA
sontenTpais b pacroope, kr/s’; Pos = fFyy — obvesui xosdrpument MaccooT-
paum, €% Fyy — ynensiss DOBEpXHOCTE  KONTAKTA das, Um

B TeuenHe AHTENBHOr0 BpeMeHH OOBMHLIM CNOCOGOM H3YUeHWs 3a-
BHCHMOCTH CKOPOCTH MaccoolMena MeMAy rasoM B MHIKOCTBIO OT HHTEH-
CHBHOCTH NEPEMELIVBARNSA CAYHAT HCNOTHEOBANNE Peakilii ORUCIEHHS
cyABpATA HATPUA B PA3GABACHHOM BOJHOM PacTBOPE KHCROPOIOM BO3-
fyXa B npHCyTCTBMM karammaatopa — CuSO, wam CoSO,. Tlepsuie pa-
(0T, BRINOMHEHHBIE ¢ NPUMEReHHEM 3TON0 MeToja, NoKasanu 401, uro
CKOPOCTB NOIVIOMEHNS KUCAOPOAS 32BUCHT OT YJIENbHOH MOMHOCTH W
npHBEeHHOI CKOpOCTH rasa. B 4acTHOCTH, JUIA ciydas nepeMeninBanis
TypOHEROI Mewmankol B aei ¥ nocneayompx (37 ] paGorax nonyHent
CODTHOMEHNUA BHAA

Boo ~ (=)™ @ (9.3.3)

uadenysl NOKAIATEN® CTENEHl oy, K3MEPEHHLIE PAsMHUHBIMI ABTO-
pamy, coctapmsior ot 0,43 po 0,95, snavenws oy — OT 0,4 no 0.84.
Crosib 3HAYUTEBHLE PACXOKACHHS OOLACHAIOTCA TeMm, 4TO ¢ yBeapHe-
iieM WHTEHCHBROCTH TEPEMEUMBAHHS BJMSAHHE BEIHUIHB YIACTLHOR
MOLIHOCTH H2 CKOPOCTE MACCOonepeaiy ocnabesaet (puc. 9.12). B wact-
toets, 0o pankum npy @' = 0,016 m/c 1391

Bog = 0.00 (N V)"-8; Ny/V << B+ 10 xBr/M® (9.3.4)
Poa = 0,153 (N V) ¥, N V> 8+ 10 gBiymd (9.3.5)

B coorsetcisny ¢ nannsivi (411, npn BECOKHX 3uavennax @' Bemk-
UHHA YHSJABHON MOLIHOCTH ROMMHE OUPEJENSTHCA € YHETOM SHEpran
NoToKa TAa3a.

HeofixoauM0 OTMETHTE, YTO SKCABPUMEHTHL € TIOFJIOLEHHEN KHCAO-
POz BOAAYXE pacTROpOM cyasdmTa HATPHA NPHBOIAT K SHAUHTENEHOMY
3appienno obtemanlx kosdduuHenToB MaCCONepesaul no CPaBHEHHIo
¢ Hamepsiembini npA GuakteckoRt ateopGuun. Tpuunnoit yesopenns an,
COpOLIN SBARETCH, HAPHAY C© YCKOPHIOUIMM BIHsHItEM OLCTPOH peaKilin
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o Pue. H. 02, JannoimoeTh ol
EOBHMITCETI MACCOOTAATH DT )i

=t voll MoIHOCTH, fl, megn

*® =37 ¥ noTokomM rasa [41]. i
- Juanenpe w* (w wle): | — D,0084, X
- 4 0085, 3 — 0,007, 4 — 0,004, 8
o= 0,088, '6 — 0,102, 7 — 0,136,

Pos/ 9 o
=
o

o v=5

a ﬁ -~ L, . N
¥ o0HapYHHBAEMOE B IKCHep)

MEHTAX 3HAYHTENBHOE YBENNY
HHE Ias0COAEPKARNA ¥ VAEN
B, W Wolt  NOBEPXHOCTH  KOHTEKY

il tas, BLIBAHHOE OPHCYT
BHEM B PaCTBOpE SnexTponHTa. B HacTOfmee BpeMs HET SAMHOIO MME
HHE O TOM, COXPaHfieTcsi Ji NPONOPHHOHANLHOCTE MERLY OObEMHBIN
Kos(prnentTaMy Macconepenaus npH OKMCACHHN CYJAb(HTE HATPHS
(uantecKoi abeopbupn KHEAOPOLE BONOH B JOCTATONNO WHPOKOM AN
301E yONoBui nepemetitpanks. Beectoporuss SKCNEpuMeHTaNbHAS 1IPE
BepKa, npoBenentas B paborax [39, 42], nokasana, 470 NpH OIHHAKOBE,
AHAYEHHA X YILNBHOTD rasocofepKalus § oTaotienne snavesufl Pog, M
MEPEHNELIX 1PH OKMCAEHHH cyabdmTa w usnteckoll abeopOup KHONE
posa, paeno npubausurensuo 3; suavenns flog, Hamepenusle 8 cayvan
duanueckoit abeopbuni ¥ AecOPBUEE KHCAOPONA MPH PAANAIHEIX YCIE
BHSAX NEPEMEIHBARKS, NPAKTHHECKH COBNAAAIOT E&ER

3asuenmocthb Pog npn uanteckoi aGeopOumm oT yeloBuit nepe
muBapus # cooucte cpeatt (42 ] wmeer suy

ﬂnﬁ = 3R05 {ND:V)""“ ‘{I“'ETDE'Ep_n'“ (g, -

F.'p EI_?

gt - y

~ 3amerum, uTo B ypasuenuw (9.3.6), Tax e Kak w B paGore [41]
obbemubil KoaubuienT Macconepenaud upeicTaBier B Buae (PyHKIN
YAeN:HOM MOLLHOCTH W BEJAMUKHE! YAIBROTO rasocosepxanus . B pa
Gore [43] sror nogxon oGofiier Ha cayHai MACCOMEPenaul B CHCTEMS
Fa3-—HUAKOCTL—-TBepaas (pasa. Kak cnepyet w3 pesynstatop pabors
[43], npucytcTore B CHCTEME TBEPAMX YACTHIL NPHBOANT K CHUIKCHH
ofbemHEX KoshpuurenToB Macconepenaun B 1,2—1,7 paa. Vpasnenne,
nonyuexnoe B 3T0H paboOTE 1P OKUCAEHHN CyABDHTA HATPHA:

oo =072 (4= )" g0 [1 g (]_:T)Uﬁ il T

FAe x - MACCORAR KONUCHTPAUMA THEPAMX wacTull B cycreHmuM, Wr/s; pg — o
urﬁ:mﬂumu, Kt/ dy — cpenimil auamerp wactitl, M Ne ¥V — yienwees MougEoch
kBT,

Ha puc. 9.13 npusesent peayasTatel KSMEpeRuil o6beMEOTO KOSqRhH:
[ieHTa MACcCOOTAAYM NPH CEHCIEHHH cynhqm’ra HATPHA KHCHOPOAOM
Boagyxa (karanusarop — CuSO,), BEHNOAHENHBIX SBTOpAMH B aunapaTak
ofbesom 20— 250 jim® ¢ Ty pOHHHLIMY, JONACTHBIMH, NHCTOBbIMH H 3AKPHE
ThiMH TYpGunabivi Memankamy (441 Jlwametp wmewanok cocrapnsik
75—100 mm, uneno mewanox wa sany — or 1 so 4, npueesennas cKo:
pocts rasa — go 0,05 m/c. Ha ToM e pucynke npescTaBieHtl Aanibie
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Puc. 9,13 JasHenMocTy ofkemnore KowpgRIREITE MACCOOTHANY OF yaeauoh mowmnocTi (N -
B OTEYTCTRME DOpgln TEa).

Ml OCTE, T
TourM Ton seinsAKH Odeew annopaTn, M" Yeaonnw szmepeunll
; 0,02 0,25
j T!‘P’ﬂt:ﬂ“n m“._”n N ‘l
: ?ﬁ.‘é‘:ﬁ: TXSORRS* . 0.05 CORpcHenie. oy 1 bnTa KaTpHa
& JldnmcTiman 0,02 - 0,05
B Muneanepian 1 U.g‘i!— gflgfdﬁ
7 memncmncryan 5] 0,61 — 6,005 dusnuecHin  HOCOPEIIN. B
' 2 cutteme woamyx — cyabdar
WHTPLN
@ PRECNST N0 YPAWTEINM (9.9.28), (9.3.1}

[45], nonyuenite B YCAOBHAX OKHCNEHNS CY/AbdHTa HaTpHs # MpH thu-
sineckoll abcopGunn kucnopona. Kpowme Toro, Ha pHc. 9.13 wanecena
LITPHXOBAA NHAUS, COOTRETCTBYIOUIAS Pe3y/IbTATAM paCieTa 0fbeMHOro
Kxoa(xPHIHENT MACCONEPEAtH C WCTIONL3OBANHEM YPABHERHA A6 JHas
veTpa myasiperos (9.2.25) # ¢HCTHHHOTO® koaxpuiinenTa MaccooTAAYM
(9.3.1). Kax cnegyer ua puc. 9.13, pesyawTathl pactera ynome'rrﬂupu—
TensHo Koppeanpylotes ¢ nanusivy (451 no tpuanueckoir abeopOu.
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Fraea 10

THAPOAHHAMHKA NEPEMEIIHBAHNHA
1TPH JAMHHAPHOM PE)XHME

[} passene 2.1 6e10 NOKa3aKo, YTO TYPOYIeHTHLIA PeXiM Te4enis nepe-
MELIRBAEMOH CPE/Ibl B aNNAPaTAX C MELLANKAMY COOTBETCTRYET 3HAYCHHAM

xpurepus Peflnonnaca Re = vopRiv = 1500, rje vep — cpejee snatie-

HIE OKpYMKHO CKOpocTH cpend, R — pagwyc annaparta. [pu Gonee

HHAKHX 3HavenHnX e 3aKoH Havenenns KacaTelbHBIX Hanpsmenni na

CTEHKAX annapara CooTBETCTRYeT Mamunapromy pexumy [1] n redenne

OCHOBHOH Macchl JKBIKOCTH SRASETCH namuuapubid *. B 10 xe spems

peXaIM OOTEKaN|S JONECTeH MeIANKE oCTaeTes TYpOY/IenTHHM B BeChMa
mipoKos jmanasone anauennit Re, = Layrg — 0 (rg) ] Ao/v [3]. Taxue
YCJAOBHS, KOPAA Tpelie Ha CTEHKE SIBJRETCA NaMuHapHEIM, 2 ofTexanne
MeUTanKH — TYpOYAEHTHEIM, CAGAYET, NO-BHANMOMY, CHHTATD NEpPexol-
#oit o6aacTeio nepenelBanns. B uactonuell rmase paccmaTpuBaiTcs
YCAGBKS, 1PH KOTOPLIX JEAMHHAPHOE TEYEHHE HMeeT MeCTO BO BCEM ofibeme
aNAPaT4, B TOM upcne w BOAM3M JonacTel, UTO COOTBETCTBYET 3Hate-
nisim Re, < 3080 [3, 4],

[TpakTiKa repevelMBanis NoKasana, 4YTo npUemMaeMas WHTEHCHB-
HOCTh NEPEMElIMBAHES BHICOKOBAIKHX cpel MoueT OnTe obecneuena
OOLIMEO TOABKO NPH HCNOMEIOBAHMH TAKHX KOHCTPYKUIH Meluanox, Ko-
TopLE enocolibl CO3BaTh HHTEHCHBHYIO OCEBYIOD (MEpHIHOHANBHYIO)
LEPKYMALUHIO IKHAKOCTH NO Beell BLICOTE annapata. dromy rpaﬁona:mic:‘
i HapBoabilell Mepe COOTBETCTBYIOT IIHEKOBLIC H JEHTONHBIE MELanky ™
(em. pue. 1.6), novromy jJansHediiee HanoMenne nOCBANOIEETCH [NaBHBIM
oOpaso Metnankam sTuX Tinos. OCHOBHEM (AKTOPOM, OnpelesiotiHM
KapTWHy JaMREAPHOr0 TeYeHs, ABJAETCH BASKOE B3aNMOIefCThHE CIOeR
AHAKOCTH. 32KOHOMEPHOCTH BA3KOIO B3aHMOJICHCTBHS OTHOCATCR K YHCTY
XOpOUIO HAYMEHHBIX, @ OTCYTCTBHE HEeJAHHEHHBX WHEPUHORHLIX ‘NeHoB

* [puneiennoe  kpumiyeckoe anavenne Re coomercrsyer auasesnaM Rey —=

= B00-+-2000 (21, ;
** B fex cayuasx, xorma Tpelopatne BLCOROfl HIPPEHCHBHOCTH NEPEMCIIMBAININ

CTCYTUTBYET, HPUMEHSIOTCS TARME pamuie, A npH wurencndurauuy Tenncofuena —
UNpefixosuie Memmaaki, Heroropue ponpoctl ix paCYCTa TAKME PACCMATPIBAICTCR B HE:
CTosupeR roane.

235



B YPABHEHWH JIBHIKERHS NPHBOIMT K €ro anauwtensHomMy VnpouleHiio,
S1u 06CTORTENLCTBA AENAI0T BOIMOMHOM CTPOrYI0 NOCTAHOBKY H TEOPETIR
HeCKoe pellieHne HONLIIOTD YUC/E 3a184 NPHMEHNTENBHO K pasnoolpas:
HBIM CAyuasM Jdamuraproro tevenws L1]

Tpumenenne TaKoro NOAXOXA K FHAPOJAHHAMHYECKOMY pacuery annas
PATOB ¢ MEWANKAMH CBA32HO, O/IHAKO, C CEPLE3NBIMA TPYUHOCTAMH. [l
B TOM, 9T0 NOTOK B SINAPATAX C MElIANKAMH XapakTepH3yercs CylllecTs
BEHHON TPEXMEPHOCTLIO, @ nepemMenBAeMbIE CPEAbl Hamle BCEro Npesms
CTABAAIDT COGON JMONEPCHH W PACTHOPH BHCOKOMONEKYAAPHLX COSH:
HEHNWil I X2PaKTEP HX PEOJOIHMECKOr0 MOBEACHNA NPH JNAMWHAPHOM PE:
HHME ORAILIBAET ONpeiensiouee BANSHIE H2 QOPMHPOBAHIE NOJH CKO:
pocreit. Cospemenitiii VPOBeih H3YNEHHOCTH BA3KOCTHHIX CBOHCTE TAKH

MOCTH OT YCNOBHA TEHEHHH.
PaceymoTpenssie ocobennocTii 3aTPyARAIOT NPHMEREHHE TOMHEIX Pellle
HHIT ypapueuni ABHMeHHs, W B CBA3H C STUM OCHOBON TMAPOAMHAMKYEs
CKOTO pacueTa annapaTos ¢ MELATKaMH NPH JaMHHADHOM PeXuMe, Kag
H HPH TYPOYACHTHOM, CAYIHT HCNOALIOBANKE GO/1Ee HAN MEeHee Y IPOolLeHs
HEx Monened, Tlpy 31oM, B OTANYKHE OT TYPOYACHTHOTO PEKHMA, TORHOCT
Onpefeerna BASKOCTHEIX CEOMCTE CPeikl OKasHBAETCH BaXHENLINM (iak
TOPOM, BARSIONIM HE HAAKHOCTE NPOEKTHHX PELIEn i,

10.1.XPEOJIOrHYECKHE (BA3KOCTHBIE) CBOKCTBA
HHAKOCTEA

BA3KOCTHHE CBONCTB2 TA30B M HHSKOMONEKYJAPHELIX MKHAKOCTEN O
chBaioTed  ypasnenweM Hulotoua:

T—py (10.1.1)
rae T — kacarenshoe Hanpsmcune, Ma; o — aunamipicckan BRakocts, [aic; v — cxo
pOCTL Chbpura, ¢,

Beanuuna p 8 ypasuennu (10.1.1) asnsnercs xapakTepuctukof uH
TEHCHBHOCTH OOMEHZ MMIY/ABLCOM B HAUPABACHHH, HOPMANBHOM K N

fi BHCANLHMX Pas0B BEANYIHZ JIHHAMUNMECKO! BASKOCTH 3ABHCHT OF
KMHETHHECKO 3HEPTHH MONERYN ¥ MOMeT OLiTh BLHOJIEHA HA OCHOBE
MOJERY IAPHO-KHHETUNECKON Teopun. AHANOrudHas TeopHs Kanedbi
HHAKOCTER NMOKA He paspaboiana, ¥ B CBA3H € ITHM BEJAHMHHE BASKO
ONpEnenseTes SMNHPHYECKH KaK

p=TH4 (10.1.2)

[TpuMEHHTEALHO K IKPOKOMY KAACCY MBOKOCTEH, HASWBAEMBIX H
TOHOBCKHMH, JIHA2MHYECKas BA3KOCTD |i SBJSETCH (PH3HUECKOIN KOHCTAE
Tol, OTpaXkalonlefl CBONCTEA MHIKOCTH. Cyuiectsyior, OiRaKo, HHIKKE
Cpeibl (TAK HESLIBAEMBIC HENHIOTOHOBCKHE MULKOCTH), BRIKOCTh KOTOpPH
3ABMCHT HE TONLKO OT UX Pussmeckux cooflcTB, HO W OT yenorui Tevennsly
T. €. OT BeNH'UHHB CKOPOCTH ciBira. BABKOCTL TAKMX cpesi, onpeenies
My 10 ypasrennto (10.1.2), o6uuno #asuBaiOT SKBHBATEHTHOR HAH
PeXTHBHON BAIKOCTHIO, B NanbHedileM uanomenuy oua obozuaua
CHMBOJIOM [y,
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PeosorHyeckHe MOJleNH HEHbIOTOHOBCKHX WHakocTel. Peonorwie
CKUMH MOTENAME MUAKOCTEN HASLIBAIOT TEOPETHHECKHE WK SMIHpIYe-
CK i€ BRIPAMKEHISA, ONHCHIBAIONHE BIAHMOCEA3b MEXILY CKOPOCTHIO CIBHTE
[pH TEUEHHH HHAKOCTH H BOIHHKAIOUUME B HEHl HANPSKEHUAMH, C s1oi
TOMKH 3PEHAS HEeHBIOTOHOBCKHE MWIKOCTH NOAPAsSAesioTcs [5—8] na
1p# OCROBHBIE Fpynnb: 1) cpesbl, NS KOTOPHIX CKOPOCTH CABATA ABJIAETCH
(yHKUEER BeARYHHE RANPAKENHS CABHIA W HE 32BHCHT OT BPEMCHH aefi-
CTBHA HANPAMeHHs; 2) Cpesl, Ins KOTOPBIX CBASH MEMNULY HAlPSIKEHIeM
ji CKOPOCTBIO CAIBHTa 3ABHCHT OT BpeMerH HellCTBHA HANpsKENuH | 3) Baa-
Koynpyrie HNNKOCTH . ).

WAKHe CHCTEME, OTHOCSIHECS K 1IePBOH U3 NepeYdClennuX rpyni,
| CEOK) OMepejlb, NOAPAsAensioTes Ha GHHIAMOBCKHE, NCEBIONAACTHYHLE
u munaranTEHe WuakoetH. OcofeRnoCTh GEATaMOBCKHX KHIKOCTER 3a-
KJIOYAETCS B TOM, YTO HX TEYEHNHE HAUHHAECTCH TOJBKO NP BO3IEHCTBIH
HEKOTOPOFO MEHHMANBHOTO HENPSMEHHA CABHIE. Peonornyeckoe nose-
[eHHe STHX CPejl ONUCHBACTCH YpPaBHEHHEM [Mlpenora—bunrama:

T=T 4 W (10.1.3)

rne Ty — nNpenenuice wanpssenie cheurs, Tla v — naacTiieckiy BE3KOCTH, Ta s

TMeennonnacTAYHEE § JHAATANTHLIE HHAKOCTH NPOSBARIOT TEKYHECTh
npi MOGKX OTAHYHLIX OT HY/R KacaTeAbHLIX HanpAKeHs X. B wnmexep-
HEX TPHAOKERHAX NOBEAEHKEe STX MuKocTel Hanbonee 4acTo onuck:-
BAKIT CTEIEeHHLIM 33KOHROM

= K{" (10.1.4)
rie K — moncucredTaocts, Fla €3 m— HHjJIEKC nOBeneHus.
SderTaBrA BRIKOCTE TAKMX «CTENEHHBIXS HUAKOCTEH:
po= K™ (10.1.5)

B oramume ot ypasienns Ulnegopa—bBunrana, swpamenne (10.1.4)
HE WMEET CTPOrofi (prauteckofl OCHOBLI W X0 NPUMEHERHE HEPEIRO N0/
sepraercs kputnke 15, 71. Ono spasercs, oAnako, Becbyma yIOGHOR (op-
MO annﬂoxcumaums KPUBLIX TEUCHUSR JUIS LIHPOKOIO KAACCa PasimyukEX
no ceoe Hpong cpen.

C q::rpmggbﬁﬁﬁ 'ru-fu-n apenus ypassenne (10.1.1) moxer pacemarpu-
BATLCH KAK wacTHHil cayvail cTenenHoro saxona. [leficTeuresisHo, NPH
m=1

= Ky

yro wuewrnyno ypasaenwio (10.1.1) npu K = p.

[ps m < | SKBWBANEHTHAS BAIKOCTH YMEHBLUIZETCH C YBeANHeHHEM
CKOPOCTH CBATA. T2KHE MHKOCTH HA3LIBAIOT NCEB/ONNACTHYHEMIL.

Cpenst, ans KOTOpHIX m > |, ofpasyioT Knace AMAATANTHHX M-
xocteit. [Tpi #X Tevennn yBelyueniie CKOpOCTH CIBHIa NPHBOAHT K HO-
BLILEHIIO IKBHBANERTHOR BASKOCTH,

HKUAKOCTH, BRSKOCTHBE CBONCTBA KOTOPHIX 3aBHCAT OT MPOACJKH-
TenpyoeTd gelictann wanpaxernil, peint (7] na nea knacca — THKCO-
Tponmkie u peonekTiunbe. [To XapakTepy 3aBHCHMOCTH speTHBHON
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BASKOCTH OT CKOPOCTH CHIBHTE STH RUAKOCTH ANATOININE! COOTBETCTREH
NCEBAOINIACTHYLEIM § IHAATAHTHEM, MX oTamunTessnas ocobeHHOeT
COCTONT BTOM, 4TO, HANPUMED, NPM TEUEHH THKCOTPONHORN MHAKOCTH CHEE
PHEUUE BASKOCTH C yBEMIYERHEM CKOPOCTH CIBUIA NPOKCXONUT HE CPasy,
4 € HEHOTOPRIM JamasguBamiem ¥,

Cpejid TpeTheil 13 nepeunchennnX BRilE TPYNN npoABARIOT OANG-
BPEMEHHO CBONCTBA, X2PAKTEpHE KaK JLif TBEPALX Ten (ynpyrocTs),
TaK M Ans muakocrell (TexyvecTs).

Heenenosayus PEONOTHMECKHX XADAKTEPHCTHK MMUNKOUTEN NpoBos=
ASTCH NP TEYCHHH HHIKOCTEHR B YCJNOBUSIX, IOMYCKAMOMUNX CTporoe Te
PETIHECKOE PEIUCHAE YDABHEHNS ABMKEHHA. 210 T2K HA3LBAEMbBIE BHCKO
SHMETPUTECKIHe cyMau TedeHns — Tedente B npsmoil Tpy6e ¢ Gosbiunmg
OTHOLIGHHEM JTHHBL K ANAMETDY (Kemiansprsii BHCKO3HMETD), TeYeHHE
MEILY ABYM® KOBKCHANLHLIMH UMJIHHAPAMH, OJMH H3 KOTOPHIX Bpas
IHAETCH (poTauHoHHEL BHCEO3RMETD), 00TEKaRIE NAT2IONErD [apa . aps

BECEMA DasHOOGPAsHLY, OHH TOAPOGHO OMMCAHE! B CHEUMANLUON ANHTE:
patype [5—8].
AECh TIDENCTABMACTCS 1ENECOO0PAIHEIM PACCMOTDETH CAYHAH BN~
HENHH HUJKOCTH B KANWISAPE W B 3330PE MEMIY KOAKCHANBHBIMK LU
AMHAPAMH, TAK KaK NEPBLI U3 HUX HanGonee YACTO NPHMEHALTCS B Peo .
JOTHNECKHX H3MEPERNSIX, @ TeYeHIte BO BTOPOM HHOFAA nenoaeayetcs 9
KaK ZHANOT TeYeHus WMHAKOCTH B annapate ¢ Memankod.
Tewennwe s xanunnspe. Pacewotpuy  mmmnapadeckui  saeMent
HHAKOCTH pajmycoM r i anunoit h 8 Tpy6Ge pagnyca R. Yenossies pasio-
MEPHOTO ZIBHIKEHMS STOTO SNEMEHTA HBJSETCH PABHOBECHE CHMAEI, CO3IA-
BAEMON pasHOCTHIO fasnennii Ap = p, — po, W eau TPEeHHN:
2arht — ntAp {10.1.8)

Otcions  kacatentHoe wanpsimenie

T = r Ap/(2h) (10.1.7)
Brpasum T 8 cooteercTein ¢ ypasueniey (10.1.4) kak **
T K (-g;)" (1018

FIe W — cRopects, mic.
M3 conocrasnenus (10.1.7) u (10.1.8) umeen:

20 (g m

dr Kk (10.1.9)

* llan npenotspamenus veperpyick npminoics ATMAPATUS, NREMHASHAYCIHIK

A8 NEPEMELIHBAKNA T HCOTPONHAIX. CPEll, PACUET BONETCR C HCTIOMLACHAen peonory

HCCKNX KOHCTAHT 7IR $HYAEBOTDD MOMERTE BPEMUAN, T. €, [IPUHMCHTCALIO K MARCHMA b
HOH BRIROOTI. [

** Cropocry cxpura npu npamoinielion Teqeiim PabHE FPAAHENTY CROPOCTI.
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. 10.1. Tpojeesn cxopoctTd cre- Wiy
.'.'::iuus i Tefi w wpyraoh vpybe 20
Ape PRANLY SHANBNMER H.

Janee, yurerpupys 3o 20
BLIPAXKERHe NpH rpanH4YHOM
yvONOBHH

npur==R
(10.1.10)

w=10

NOAYSHM BHPAKEHHA Ju6
CKOPOCTH

l.m (RVHm _ 1(1im))

i ( 8p (10.1.11)

v =1Tm \aKn

# ofBEMHOTO pacxofa MHIKOCTH

H i
m ApR A\1lim
q:ﬁnjmd‘r= T am nR'( 3kh (10.1.12)
0
Ovewopa oo
= R (10.1.13)
®ep=FRET = T¥am (ZKH) k
i wa conocrasnenus ¢ (10.1.11)
wir)  |4+3m {I—F]+t”m]) (10.1.14)
Wep _ l4+m

rze F=r/R.
m=1mn
[MpuMeRHTEABRO K HBLIOTOHOBCKON MMIKOCTH, T. €. np
K =I|):, sutpasienwe (10.1.12) npespamaercs B u3pecTHOe ypanhenue
I'arena—[lyaselinn:
Ap
9=k TR

(10.1.15)

Xapakrep aasucHmocTh npoduas ckopocTs B TpyGe ot WHJCKCA He-
HEIOTOHOBCKOIO numeuunl M, COOTBETCTBYIOUUHH 3ITOMY YPaBHENn,
namocTpupyetcs puc. 10.1,

}’panugue {l&l.l?] NO3BONAET ONPEAENITL 3HAUEHHS pennﬂrn;e-
CKHX KoReTanT K u m MuIKOCTH H2 CCHOBAHWH HIMEPEHHHX 3HAYCHH rq
i Ap npu useectiux R u i — pannyce # AnuHe Ranmnnpa.ﬁﬂﬂﬂl%:uiog;i
cTBa obpaloTki 310 ypasnenue ofbrno npeoGpasoansator. Ha (10.1.
ClefyeT, ¥T0 CKOPOCTh CABATA HA CTCHKE:
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Conocrasass (10.1.16) ¢ (10,1,12), BLIDA3HM Yoy YEPES PACKOL g

Yor =g () = LI g,

Jlanee, Bulpaxan KacaTensioe Hanpsxedie ga cretke no (10.1.7) xas
Tor =ApRI(2H) = Py

10.1.17)

un.l.'lﬁ

W NOLCTABAAS NONYUCHHBE BHIDAKEHHA LA Vor 1l Tey B ¥ cTe-
_ : apHe
nednoro sakona (10.1.4), umeem: SR i

I+ 3m

Fri 4m

m
)" kwr (10.1.19)
Coomnowenpe (10.1.19) 06L4HO HCNOALAYETCH ANA HAXOIICHNS SHA-
genuﬁ K u m no skenepuMmenTansibin rpadmkam Ig P, = | (lg W,).
enuuunnl Py u W, Ha3uBaior 00BMEO KOBCHCTORTHLIMK nepemennbiv [ 5],
Teuenine 8 3a30pe Mewpy KOAKCHANLHBIMA HHARHAPAM K. Pacemorpum
JBHIKEHHE 3NEMEHTADHOrO 06bena KHIKOCTH, MMEIOEro dopMy nonoro.
WHAHHRLDE Paikycom I, BUCOTOR f 1 Tomunkoil dr, B 3a30pe Mexjy ABY VS
xgaxcna.nbnmm HATHHAPEMH, OAHH H3 KOTOPHIX BPAIACTes. YoloBuen
PEBHOMEPHOTO BPALIATENBHOIO JIBHMKEHHA 3TOFO 3/MeMENTAPHOTO OGbeMa
CIYMNT PABEHCTHO : -

d i
——-P—d: =2nh-E]t{r}r’] =)

(10.1.20)
HOTOPOE BHPAXKAET NPUHUKN COXpanenus momerTa. Tlockonsky 310 yeno-
BHE BLINOAHACTCH W HA FPAHKNE BPamAIOMErocs WHAKKAPE, K KOTOpOMY
NPHAOKER KpyTailnii moment M, ., nMeem

T{r) = Myp/(2nhre?) (10.1.21y

% IC:EEM CABHIa B C/YYAE BPAUATENBHOIO ABWMEHHS ONPeLenseTca

0 =r2000)

(10.1.22)

FAC (r) — yraceas CKOpPOCTS MGiIKOCTH HA pasmycE r, pag'c.
[lopcTemnas Buparenus § u v 8 paseicteo (10.1.4), umeen:

i) M 1/m 1
et B RS A
dr ( 2nkh ) )

(10.1.23)
Ins cayaas spaitenus BHYTpPeHHEro IWHAMHIPa:

npH r= Ry
npn r= Ry

o=@y

o (10.1.24)
3aecs oy — yroonag CROPOCTY BHYTPEHHEND  Wsun,

Apa, panc;

dHyTpoliHero uRmiipa, M; Ny — patilyc HAPYWHOMG (GLTHHAPA, M,
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Ry — pagnyc

Hurerpuposaune supamenns (10.1.23) upn st rpapnyuuy yeno-
piAEX JBeT: o "
) m gp AHm Tlim
m,..—.-——-( , ) I —R (10.1.25)
o QﬂthE ( L] )
rie Ra= Ru'Ru.
Buipamas orsoiense M/(2aKh) B (10.1.23) ua (10.1.25) » noa-
cTaBasig noaysennoe suipaxenue do (r)/dr s (10.1.22), naitpen ckopocts
C/IBHFA HA CTEHKE BHYTpeHHeroD nuaunipa (r = Ry):

?nsémﬁﬂ_“ﬁm— (10,1.26)
Booas KoHCHCTEHTHHE (EpeMeHnble
Py =1,= M, /(2R]) (10,1.27)
Wp=2tﬂa*i-_—l-ﬁ_§— (10.1.26)
npeoGpasyem ypasrenne (10.1.25) x sy
R, (10.1.29)

r 1 i
— m
Pp=K L-—-—ul i ) W
yAOGHOMY JiAA HAXOMUICHHA 3HaYeHuit m u K.

10.2. FHAPABJIHYECKOE COITPOTHBIEHHE TPH TEYEHHH
BA3KOH HHIKOCTH

QOcuoBoll rHAPOHHAMHYECKOID DACUeTa ANNApATOB € MELWANKaMH TipH
NAMUEAPHOM PeXiiMe, TaKk He Kak W npy TypOynenTHOM (171 2), CAymuT
npuGNUKERNOE ONICAHKE MO CROPOCTEH nepeMellsBacMol cpejibl Ha
OCHOBE Y4eTa CHA Il MOMEHTOB MHIPEBIHYECKOro CONPOTHENEN s Ha rpa-
HHUAX NOTOK—MEWanka W noTok—Kopnyc anmapata [4, 10—I6].
B cBsian ¢ 3THM, Npexie wem nepefiti K paccMOTPEHHI0 THAPOAME AMirYe-
CKHX 3ajau HE]'JEMEJ'JJHB'HHHH, liﬂﬂﬁﬂlﬂﬁpﬂﬂﬂﬂ OCTANOBHTECH HA METOJlax
PACHETA THAPABAHYECKOIO CONPOTHBAEHHA NPH TEYEHHN BHICOKOBA3KHX
i HEHLIOTOHOBCKNA Cpell.

B annapataX ¢ Meiankamii o0HYHO PEAnusyioTes HeTwipe cayuas
Tedenufi: 1) oxkpyKHOe TedeHue nNpH HANHYHH THAPEBAHMECKOTO CONPO-
THBACHNIS HA UHAHIAPHYECKOR CTeRKe annapara; 2) ocesoe TeueHHe
BTpy0e; 3) oceBoe TeueHe B KOILIEBOM Karane, 4) ofTeKanne Ten OKpy K-
HHM OTOKOM.

B uepsom cayvwae 3aKoHOMEpPHOCTH [HIPABIHYECKOrO CONpPOTHBIIE-
uuA Xapaxrepusyiores ypasnenusmi (10.1.4) w (10.1.20). Bropoit cny-
yafl paccMOTpPeR B NPeaLAylLleM pasiene Ha fpHMepe TeqeHns B Kanus-
nspe. OCTaHOBHMCR H2 JIBYX OCTEBIMXCH CNydasX TeuenHs.

Ocesoe TeueHHe B KoubleBoM Kamane. Pacemorpum pasnobecue
INEMENTAPHOIO OGHEMA MHAKOCTH BHICOTOH fi, OrpaHHMeHHOro WHAHH-
IPHYECKHMIT IOBEpXHOCTAMY pamnyca r i r -+ dr, NpH RATHYHI PAIHOCTH
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SMEMERTA TIPHAOKEND OceBoe yennue 2ar Ap dr, KoTopoe ypaBHOBeiln-
BACTCH CHAAMH BASKOTO TPEHHA HA UHAHHIPHUECKMX [OBEPXHOCTHX P
iior -+ dr takum ofpasoM, 4T0

Aprdr—hrd [T (r})] —hr{r)dr =0
Obuiee pemenne 3T0rc ypasrenus:
A C
vo=gr(r+=%)
Packpupas Bwpaxenne T (r) A% HBIOTOHOBCKON IKHAKOCTH 1O

(10.1.1), umeem;
dwir) _ Ap Cy
& =5 )

(10.2. 1))

(10.2.2)

(10.2.3)

w— _[ d (r) = -%(% L Cinr +c,) (10.2.4)

Onpesiensis auasenns nocronuusx C, u G, ¢ YYETOM YCnorui na
Tpanulax
wir)=20 npi r=rg ]

Halijien anavenus ocesoll cKopocTH

__bp a1 o 10.2.6
o= (3= et n ) (eas

H 06beMHOIO Pacxofia MUAKOCTH

s ’ _ e
qzﬂnjm(r;drz—’w' [r‘:I—r‘—-—-—(r: rﬁ}l
n

r=iry (10.2.5)

Sph ® In{ruirn) i)

Pettenne auasioruunofi 3aspaus fam cayuas Tevenms €CTENneHHOIn,
HHIROCTH nonyueno B paGore [17]. Tlocroswman wuterpuposanus G,
ypasuenus (10.2.2) onpenenena npu 37oM us yeI0Bis, 4TO Ha HEKOTOPOM
PAJIHYCE 7y OCEBAN CKOPOCTH NMPHHMMAET M2KCHMA/LHOE 3navenue, npo-
ussopnas (dw/dr), obpamgercs B wyab, 0 chefosaTeabHo, T =0 W,

C, = —rin. B stom cnyvae eupaxense (10.2.2) moxer Gure NpencTan-

JIEHD Kak
T= A'P (_r — fi‘.)
2 r

Coswectioe pewenne ypasuenuit (10.1.8) u (10.2.8) npusoaur K cie-
NYIOUHM  YPABHEHRSM PRJUIANBHOTO PACTIPENENOHHS OCEBOH CKOPOCTH:

r
__ (. Ap \lUm (,'2" )”mdr 0pH rp<<r=r,
w [fl = (W J" T—- r m “0‘2.9‘!]
fn

{10.2.8)

[
re

o 1/mt
i
r

nadeine pamyca MAKCHMYMA CKOPOCTH f, HAXOJIAT TyTeM UHCNEH-
HOTO MHTETPHPOBEHMS YPABHEHHA

'r(:?'—')llm"'ejf ('—-:.E)”m dr (10.2.10)
Ea '

CKOPOCTH,
OTPANKAIOIIETD YONOBHE COnpskeHus ABYX 4acteii npoduns
nrrEleunaem:lx ypasuennsmi (10.2.92) u (10.2.96). Pmynb'rfrhl}:am}gnf
no TOMY ypasnennio npencrasnestt na puc. 10.2, re X = nlrg, 5
= Pl PACXOA MIAKOCTH HEPES KOMBUEBOR Kanan onpap.gnnaflrcsr? 3 pe-
ayaLTaTe MiTerpupoBanks ypasHenuin npoduns cropocts (10.2.9);
r
Aprg 1 m
q:?:t-[m[r]rdr.nr‘:( 2:!? Q

r

(10.2.11;

o

1 .
roA2] (Y m) (,_)I.'md r)
Q= .[ |Y‘_(l"u ) ‘ r fa
X

pennsi (10.2.12) senoansercs Yucaenno. PeaynsTartel
pacf::giﬂ:;eigra:mem :;a puc. 10.3 B KoopanHarax © —_Xh r.chB -*:
= Q{1 — X)pHm/[2 - (1/m) }}. 3navennss © nps X = r'1:|a ;uﬁlé
raubl 10 ypasuenno (10.1.12) ans cayuag Tedenus B KpyrnoH TPYDE.
O6GTexanne Teaa AaMHHAPABIM noToKoM. [TpuMenHTe bHO K JaMiHap-
HOMY OGTEKAHMIO JUIS PHJA CAYHAER NOMYYEHB TOUHBE AHATUTHUECKIE
HJIH YHCACHHLIE PELIEHHS Y PABHeHUA NBHKERNS L1]. Tem ne menee, B pac-
HeTHONR NnpaKTHKe ANA onpe- .

Jneth

(10.2.12)

JefeHus THAPABIMYECKOrD 4,
COTPOTHBIEHAS OOBIMHO HC- a,Tr
NoJL3yeTes ypaBReHHe o
pued 218 48 02
Ap ={—— (10 ) g\
08\
GEN ey |\
v 0
Lo X~08 o
ar
8
3 — 65 ar
-
7 ao
0 L] i i | A . ] : B
2 4 &6 8 W 1”2 a5 - o 0
I/m 0 42 a4 4 &

Pre. 10.2. 3ABNCHMOCTE PAAMYCA MAKCHMYME 0CEnoft CHODOCTH B KOJEUEROM KAHAN oF MHRCKCE
W oTwouEHEn X

Puc. 10,5, 3aprcnmocTh B OF HHZEHEa m K oTHOWENAN X,
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KOTOPOE BK/IOYAET WHTErPANbHYIO XapaktepucTuky L — Kosgrpuument
TH/ApaBAHYECKOro conpoTuBnenns. B otmnuwe oT TypOyneHTHOro pemuma
obrTexanus, senuunna Kos(duUUenTa riAPaBINYeCKOro CONPOTHBNCHHS |
TeA B AAMHHAPHOM NOTOKE 3aBHCHT OT KpuTepus PefiHosbjca:

L=2/Re (10.2.14)

rme Re = pul'p — xpurepuflt Peiinoannca; o
XAPSKTepHLIE pasMep Tena, M.

B xavecrse xapaxrepnoro pasmepa ! o6LMHO HCOONLAYETCH MiliH-
MaJibHbIT pasmep noB0BOro ceuenns (MPOSKLUHH TENR HA NAOCKOCTD, Tep-
MEHANKYAAPHYI0 K HANPABNCHMIO ABHKENHS Tena wan obTexaouero
notoka). B cyuanx, KOrja BOIMOKHO TOYHOE PELIEHHEe YPABHENNS JABH-
WeHHA, KOSQMUMENT A pPACCUHTLIBACTCH AHANWTHYECKH, OJNAKO AR
GosnbuigHeTBa Tesl (NNACTHHBL, AKCKH, UHJIHBAPH) €r0 BENHYHHA Ollpese-
JACTCH OITHITHLIM 11yTEM.

B KOHCTPYKUHSX MEWANOK WYalle BCero BCTPEYAOTCH NAACTHIIL,
PACHONOKEHHLIe B MEPUIMOHAALHOR NAOCKOCTH anunapaTta W pasniNain-
mpecs COOTHOIEHHAMH nonepesntiX pasmepos. Muorga rsiockie ssae-
MEHTH! YCT2HABANBAKTCA NOJ YIAOM K HANPABAeHHIO BPAIeHHS MELIANKIE
(cm. puc. 1.6). BetpeuaioTes Takke WHAHAAPHYECKHE SEMEHTH (TpaBep-
ChI JIEHTOURBIX MEIUANOK) W 3NEMEHTH ¢ cedendeM B opme anaunca,
Gonbilas neyock KOTOPOTO PAcnonOKena nonepek noToka (menacts
IMANUpOBAHHBLIX MemanoK), JLna 9THX SJeMenToB, KaK ¥ AN Gonbipm-
€Tea Ten woxo obrexaemoll Qopmul, Koadepuument A caabo 3asHcHT OT
HX KoR(urypalnn B NAOCKOCTH, napannesvHolil nanpanienwio ofirexa-
HHSL ¥, M 32KOHOMEPHOCTH WX FMAPABINMECKOTO CONPOTHBIEHHS MOMHO
pPacemMOTpeTE HA NpHMepe INOCKOI naacTribl, ofTexaeMol B nofoBom Ha-
NPABIERNH OKPYXHBIM NOTOKOM.

MomenT cin ruAPaBANYECKOro COTIPOTHBAERNS, NPHAOKENHNN K N1a-
CTHHE BHCOTOH h npy O6TEKAHHH €€ OKPYMKIILM MOTOKOM, BHIPaXaeTCs
Hak

cEopocTs cbToxanmns tena, Mo [ —

a
M= »‘lj.p {r)rdr
¢

(10.2.15)

Fle £y, rg — paavycHl sRyTpennel w papymucli kposox naacTHuW, M p (r) — nap-
nefide Ha pascriNy N8 pammyce r, [Ta.

Tpexspe wenm nepelitn K onpeaenenno suna dyuxuu p (r), sametum,
YTO JLA5i MEUIANnoK XapaKTepHEl ABE PA3INUHBLIX CXEMB DAIMEINENNS KOH=
CTPYKTHBHBIX 3nementos (puc. 10.4) — nepupepuiinan ¥ UeHTpanbHas,
[15] *=. Tepudepuiirtie 51eMenTsl paCTONOMENE H2 SHAYHTENBROM YIA-
neayy o7 ocH, Oy XaPaKTEPHIYIOTES FEOMETPHUECKHMH COOTHOLICHHSIMH

* Koadupnuments conpomipneisis maps, YATUNCHAOrO Cepoiis, nAOCKOro ANCES
H UBNUHAPA, OOTERAEMMX IVLOCKOMAPANNCALITN NOTOKOM, GARSKH No mmmtp'[lm]

** Ilenee punexcams €m § <ip oOOIHAYAIOTCR  COOTBETCTDEHIG XAPAKTEPHCTHRH
NEpHPEpHAIIX 3 UeRTPATRHEX snemerTos (ineeTin).
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prc. 10,4, Catma pRIMELEITIR SAOMENTON  KOH- a 5
CTPVEHHN MEIIEDOR B TROTORE: T 0O ’i- e,
e 3 (atiuieat 3 = ow ELT T
7 2
(ro—re)rg =bylry € 1 w hiby > 1, _//" “
H FI0 (03BONAET PACCMATPHEATH Fep ; ﬁ
HX oOTEeHAHME KaK NAOCKDE H B lep- ; 1 24
BOM npuOmikenns nosomuts [12] ? g
pilry=plrep) (10.2.16) ﬁ “2 ;; 1
OTciona MOMEHT, 1PHIOMEHHER | 21 - ! _Hj
Kk nepuiepititol naacTHHE: AT 3#4 1% g

My = ’Ibnf‘-pﬂ {fﬂp) (10.2.17)

3ncch rop = ro— (by'2) — PAZNYC PRUMCIICHHR OCH NABCTHHE, M By — WHPHA:
MPOCKING epudepHinol  NIacTHUL HA MEPHIHCHANRIYIS NACCKOCTE, M pirep) —
AdBAcime @ paguyce rep. [a

Onpegenns p (rep) no ypasuennam (10.2,13) w (10.2.14) u nenoansys
B KaYPCTBE XapaKTEPHOTO pasmepa B suipameniu Kpurepus Pefinonkic:
IWHPHEY TWACTHRHL by, Hadjem:

My =2 yhrepticp (10.2.18!

roe ey = o (rop) — CROPOCTL OBTERAUA IIACTHHEL, M/C.

Tlasi UEHTPANBHEIX SJEMEHTOB (T. €. SeMeHTOB, 15 KOTOPBIX ry/fg <
< 0,5) 1eobXOAUMO YUMTHBATE WAMEHEHHe LaBjeHHsi No pajguycy
Pesynprary wamepenni [14, 15] nokasusator (puc. 10.5), uto xapakre]
H3MEHENHS NABNCHUS MOMeT OHTb C JOCTATOMHEM NpHONHIKEHIEM oni
CAH JHHEHEM COOTHOLIBHHEM

p(r) = p (re) % (10.2.18

3aeth p (rg) — Nanmenue Ha pieinnell  KPOMKE  [SCTHUHW, BLpAMAEMDE  Ypan
HepEs
(ro) _ da _put (ro)
P (r0) = cnr""g e (10.2.20
rae u(rg) — ckopucrs ofTexanns - BUemLCH KPOMEN I3CTHI, ML,
Onpegeasin kxpuTepuit Pefinonbaca Kak
Re = i lro) ra/lt {10.2.21

B pesyakrare wnTerprposanus (10.2.15) noayyaem ypasnense MOMEHT?
NPHAOKEHHOI0 K HEHTPaNbILIM IAACTHHAM:

My = %.’z [l - (‘;—:)aj Fo fitt (o) (10.2,22

Ocnopuble panbbie 0 koshhuuuentax Ay w A, jna nepupepuiRbIX
HeATpaNbALX naacTHE Ghin noaysens [12, 14, 15] na skeneprventant
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Pre. 10.5. Pacnpeaeseise xunseinn no Paanyey ueqTpPoNkuoh AT npu Bty >
Iungennn q‘bu: =06 2—02 3 —nll.

Prc. 10.6. Cxesta yeTaWOnKH AR WSMEPEMIA CONPOTHITEINR AAGCTYI
I — nnvorpakcdopmrrop; 2 — snexTpogbsratent: J — pERYXTOR; 4 — Tamamnﬂ_ﬂ CoCyI
§ — YropRwl noauenebK; 6 — PRAMARERLH TOALINKG 7 — IDIECTHNAS A — TenECKanIYecKul
KoopasmgTing: ¥ — waai 10 — opysossia | Doisucserp. 1

Hofl ycranoBke * (puc. 10.6). 3asucumocts kosdiunnenta CONpoTHRIE-
HuA nepudepuitnuX maacTiy A, o7 peauunHL 3p3acpa ¢ — R — fy npy
h > 1,56, nokasara wa puc. 10.7. Jlon naacTus, yCTRHOBACHHEX NOJ
YIJI0M K NOTOKY, 3anaueHue b, onpenensiercs kak

b= by o5 (10.2.23)

Fie By — WUPUHE DABCTHRBL, M; 00 — YIOJ MEMiY TACCKDCTRIO BABCTHHE 1 pamycom,
TPOXOSRUIEM Yepes ¢e Nepamiiiio KPoMEY.

3apncamocTb KOSQHIHENTA CONPOTHEACKHS HEHTPANBHEIX TIAACTHH
Ay OT OTHOCUTENLHON BEAWYMALI 3230pa MeN(Ty BHemmedl KPOMKOH nna-
CTHHEL # cTenkol (¢/by) u coornomenus pasmepoB nnactunil (hfrg) npu-
Bezena na puc. 10.8.

TIpumennTensgo K 06TEKAHKMIO MAACTHH HEHBIOTOHOBCKIMH HUHAKO-
CTAMH BEJIHYHHE |L B YPABHEHHAX moMenTa conporupienns (10.2.18) u
(10.2.22) nomxna Guith 3aMeHcHs BeTHYHHEOR SPPEKTHBHON BASKOCTH Jig.
B cocmeercrony ¢ (10.1.5) ins ee naxomenns HeoGXoMMO ONMPEAenTE
SPYEKTHBHYIO CKOPOCTH CRBHTA npn ofTekannn. Pacder sdderTHBHOR
CHOpOCTH ciBura ockoslisaercs [15] wa ucnoabsosanun snavenni koad-
(HHIHEHTOB COMPOTHBICHNH JAEMEHTOB KOHCTPYKITI I R A By

* Tipit uawepenuy Kosddiinenta cassi cxpefkon [19] so ppameswe
HPMHBOAMIT WEAPHUPRO SAKPENACHIYIO NJACTHHY, YION. PACHONORERHN Kotopoll K ya-
NPEMIERIIN BpUWCHe cocrasans 30°. B cooTeeTcTINM © PesynLTATAMM HMCpesul,

CTEACHD WCPOXORETOCTH CTENKH e ORAINBAET JHMETHOID BAHRENA HE BCANHHARY MOMCHTH|
COTPOTHRTEHHE.
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puc. 10.7. AANNCHMOCTR iﬂnﬁtﬂlﬂlﬂm I.“g'.m_ pes
e prnex napcTin oF £/b W yran aTam & npi
Wy > 1,5 (hy = 130 aan /by =10) 14. 12, Wl

3>

o=

Pacemorpum ofiTekanue nsyx Teda
¢ xapakrepHtm pasuepos [ u ¢ xos-
(MUHEHTaMH COTPOTHBACHHA by M g.
npn ofTeKauun HX HeHbTOHOBCKOH

HULKOCTHIO CO CKOPOCTBLIO U, Cor_.ue.mm
ypasuennsm (10.2.13) u (10.2.14), or-
HOLIEHHE [aBiAeHni Ha& 3TH Tena MOMK-
HO BHIPAANTE KaK

2-(4)/ (1) )

(10.2.24) b

¥ 2 ® =z 8§ B

L~
=
=

Beepen nonstie shdexTHBHOTO KECaTeNLHOFO HANPAMERHA T, COOT
BETCTRYIOMETD SMEKTHBHON BAIKOCTH iy

PlPs = TalTee (10.2:95)
Torpa ns (10.2.24)
T _ A B (10.2.26)
Tan Ao P
HNanee, yuuTHBan, 4TO
T — Pa‘\‘p: Ton = Pﬁ?lﬂl {10.2.2?]
npeacTasum cootromenne (10.2.26) s caepyiotied popue:
Yo/h = Yaolho (10.2.28)
l‘n E
180
o H
w b
soF Ao
i i i 20 i i 1 S
0 64 48 12 12 [i] a8 15 24 32
of by hiry

Puc. 10.8. 3aBHCHNDCTS ROBREHUNENTR |y, IR HEHTFDAALULIZ HARCTHI or ¢l p hfry > 145 (@)
H oT h;‘ru npn r;h“ > 0,5 (0) |14, 15).
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Pue. 1LY, JanmcwmocTs sddexrianod cropocTH campra Vg ©F Yeaounih ofresaunn nascTH (LR
UENTRAARMLIK pascTHl A~ "‘u‘”’u' pan neprgepnftiax namcTie A — Auibp)

Xnparepucrionm KepaKTepHcTHEN
Towka i e b Tuiskn i
BowM ‘ c/b I birg b, oM J e/l I b,
! 0.01 0.4 6.07 3 0,034 0,07 —1.2 0.24—0.34
4 .06 0. 385 0,185 4 0,087 0,1—0.3 1.0

Bulpasus pennuuny yo KaKk oTHOUIEHUE CKOPOCTH OOTEKanis # K He-
KOTOPOMY XdpakTepHOMY JHHERHOMY pesMepy l,, noayunm:

I
Yo = mﬂl (10.2.29)

Taknum ofpasom, shdeKTHEHOE 3xasenne CKOPOCTH CABNTE NPAMO
NpONOPUHOHANTLHO NPOHSBE/IEHHI0 CKOPOCTH OGTEKalns nJaacTHHB Ha
KO(MIHEHT €€ CONPOTHIVIERHS . JTOT e Pe3yIbTaT CACAYET H3 LaHHEX,
nonysennex [16] npu usmepenun ruppapinuecKoro conpoTHBACHNsH
MAACTHY, OOTEKAEMEIX HEHLIOTOHOBCKOM suaxocteio. Ha puc. 10.9 ya
Aautbie npusesientl B puae rpadmka y, — f(Mi/b). TTo uamepesnomy
B ONbITaX KPYTHALEMY MOMEHTY pacCuHTHIRENBCH Benunia shderTnanoi
BHIKOCTH € NOMOILIO ypaBHCHNHE, caefyoumx na (10.2.18) u (10.2.22)

Ha==2Mg/(Rihreptep) (10.2.50)
Mo = 6My/[haftbys (ro)] npo ry =0 (10.2.31)

a 3ATEM MO Pe3YNBTATAM BHCKOIHMETPHUCCKKX HamMepenull ina Kamoro
HANKCHHONO Takum 00pas’oM 3HAYEHHS BASKOCTH ONpEejensnach cooT-
BETCTRYIOIMER €MY BEJHYIHEA CKOPOCTH CABMra.

Hs conoctesnesns jauuHx, npejcrasaenunx ya puc. 10.9, u swipa-
wsenns (10.2.29) cnepyer, 910 Ans HEATPAALHEX 3JEMEHTOB NpH U =
=l (rn)

(fo 26y = 421y {10.2.30,
248

a s nepuepuinpx anemeTos npn ¥ = g (rep)

(loho)n =420y (10.2.31
rAE fy - pAAHYC BHEWHCR KPOMKH ueittpadbnol mracTun®, w; bn — HpHHa Tepn
opufinoh nractiibl, M

C yuerom sThX cooTHOomenni pupamenns s(pdekTuproll ckopocT
CHBIF2 YA00HO NMpescTaBuTs B caenywomell Gopume:
. Au . . Ay urg
"l!nl.u: -L_n t!ﬂ’ k] 1'15'!“ — T: ——m-—[b;r'} {10.2.32

fo

tne bg= 42 rgp= rg— (ba/2h w(rg), ({rcp) — paaHOCTE CEPYMHEIX CHOPOCTE
MOWATKE § WHAKOCTH HE PAmiyee rg M ru-fbn} MiC.

Tonyuennsie sepakenns (10.2,32) B coveranuin ¢ ypabuenuem sfpex
tuedoft ssskocrn (10.1.5) u rpadukamy s onpegenenus Ag u A
(pre. 10.7 1 10.8) nossoanioT npesojnTs packeT SqhexTHBHOH BR3KOCT
H XAPAKTCPHCTHE THAPABAHYECKOTO CONPOTHBICHHA SJEMENTOB KOHCT
PYKIHH MEINANOK NpH MX OGTEKaHHMH HEHLIOTOHOBCKHMH MHAKOCTHME

10.3. MOINKOCTH TPH MEPEMEUIHBAHHH BbHICOKOBA3KHX
H HEHBIOTOHOBCKHX CPEN

Meton pacuera MOUHOCTH TPH JIBMHHAPHOM peXHME [lepeMELBan
OCHOBHIBEETCH H2 ONPENETEeHHH MOMEHTOR FHADARIHYECKOTO COI!PDT‘HEJIE
HUA (IpH OOTEKARMH UeHTPAIbHEIX M nepudepHiHEX KOHCTPYRTHUBHEL
sqemenToB metianok (em. pasnes 10.2) notokom nepemeinpaemoli cpes
(4, 10, 14, 15].

OuenniHo, 9T0 KPYTALMA MOMEHT, DPHIOKeHHKH K Melanke, pape
CYyMME MOMCHTOB FHJIPaBAHYECKOro CONpoTHBACHHH, MPHIOMEHHBIX Np
oOTEKaHUM BCEX SMeMeHTOB ee KoHeTpywumu. ITpm mManniX suauedus
Kpurepus Peltnonnica, sosMyIienns, BOSHHKAOIHE MPH OGTCKaHNN TE
3ATYX2I0T HA HE3NAUNTENLHOM pacctosiuny **. Baaronaps stoMy 06T
KaHie OTACAbHLIX KOHCTPYKTHBHEIX SJIEMEHTOB MOMHO paccMaTpHBaT

KaK He3apiicimoe:
Mﬂp = ﬁ Mni + E Mu* (]0-3.]
= k=1

rae Mg, Magx — MOMEHTH  FHAPERAHYCCKOID COTPOTHRACHHE, TPHRIOKCHHLE, COO
RETCTBOMND, K f-MY UelTpaannomy 0 R-My nepudeprfiiomy saementam, JIs; zn, 2n
YHCAO  HEHTPANLHMX o nepudepuitiiby  anesmeiton.

B coorsercreun ¢ ypaswenuem (10.2.22) cymma momentoR, npuiK
HEHHLX K HEHTPAIBHbLIM SJEMEHTAM KOHCTPYRUHK MEILATKH, MOMET Gl
BHpaKEH2 Kak

n
i Mpyi = E “é—?-mﬂfli-"m [1 == (—E’I— )31 tt (rai) (10.3:

i=l =1

* Pagiyc rp i umpHEa by HENTPANHOR NMAZCTHHE GAHSKH 110 BETINIHE,
** Happumecp, Npi GOTCEBERN apa 0C TEYERHE OXBETBIBACT CAOH MHEKOCT
wa paccsomumie ne Ooace ¢ro miewerpa [1].

2



Bnech ry — pamnyc Band, M N (re) — pasiiocts OKpyMIBLIX CKOpocTel 1o HoNfs
PRALNOIO SADNCHTE MCHIBIKH H CPeAl HA pakiyce roi: '

U (rop) = Worg; — v (o)
[Ie @y — YrIons® CKOPOCTH Mouwm@aky, pag/e.

Ananorsuno i neprthepHiTHRX SJEMEHTOB KOHCTPYKIHH MEUIATKI
o ypaeuenmio (10.2.18):

{10.3.3

he *n
2 Mux =§—é—lu}tﬂ|rnw[rnr. 8 (10.8,
k=1 ]

3pech u (rops) — PasHOCTb OKPYMHBIX cKopocTeil k-ro nepudeprit:
ROTO BJIEMEHTA ¥ CPEJLl HA PALHYCE Fepy, MiC:

& (rop k) = Qurap k — 0 (rep k)
Toph — PRANYC  pASMEILCHMS  OCH  CHMMCTPHN R0 nepuiepuitmoro  SacwMoHTE

{cll:. puc 10:4), m:
Top k= foh — (bp/2) {10.3.8)
Tae By, rgk— wnpusa k-ro  nepudepiiitoro saeMenta W PAAHYC PAIMEILEHHE erg
BROUINGH EpOMKES, B
Taxum obpasom, B coorsercrsun ¢ (10.3.1), cymmapuuil kpytsumyil
MOMEHT, APHAOKEHARH K Memange:

% r
Myp = § ‘é—’-ﬂll‘#lfﬂ! [1 — (:?n)s] & (rof) + ;,Z:,T‘ Akl

X( 1 =) ot repe (10.3.7)

Ypapuenne (10.3.7) no cyumectBy anANOFHYHO BEPANKEHHIO JUIR
KPYTHILErO MOMEHTa NPH TYPOYNCHTHOM PEKiMe, B PH €ro Hemo/bao-
SaHHH HeOGXOAHME! CBEJICHHS O PajHallbHOM H OCEBOM PACITPENENeHnH
OKPYHOH CKOPOCTH HAKOCTH U (r). Onna ua ocolennoctedl ammHap:
HOTO DEMXHME NEpEeMEMBAHNA COCTOHT, OJIHAKO, B TOM, YTO BCAC/ICTBHE
BEICOKOH BR3KOCTH MHAKOCTH MOMENT ClJI THAPABIHYECKOTO COMPOTHBAE
HHHE KOpNyca annapaté OKAS:BaeTCi BECbMa BEICOKHM, 8 OKpYMHas
CKOPOCTh CPEAB — Maloi 110 CPARHENHIO € OKPYKHOH CKOPOCTHIO Me=
manku [20, 21 |. B GonbumscTee clydaes 310 HO3BOARET ¢ AOCTATOYHLIM
Tlll:l Garxenyen npenelpedsb INauenHsiMe v (fo;) # U (feps) B pasescTsax
(10.3.3) n (10.3.5) 5 BLPa3HTL COOTBETCTBYIOMINE IHAYCHNHS CKOPOCTH
offrexanus Kax

(10.3.5)

u {ﬂ}r] = Uyrpps W {(rope) = mor“( - .i)

¥ (10.3.8)

[lopcrapnns 51w 3Hauenus B ypasuenwe (10.3.7), umeem:

il n
o 3 [ (2 s
sl

x(l ﬁi%)?" 2 (10.3.9)

Ky K
fo
+~5
[ A=f
4 10!
2 X
4 Rey
1 o
3
04
62 w0k
q} ] 1 1 1 1 1 1 L
1 2 4 & 0 Z0Rey en? 107 L0 10 Rey

Prc. 10,10, JanwcamocTe Ky oT lhu AOR MOUNOE, ﬂ:rﬂinﬂ.ﬂ: M3 HEHTRAEHK STeMENTON.,
IMprmee AWl — pactier no ypanrenmo (10.3.12), Touxn — onuTnse ARpise

Jibrm 2 b by 5 By dy 3 .'I;g;-
Tun memanse — S el il o :
'rn-':un an dyy Y tha Ay w [P PR
i TypoHHHR fi >2 0.25 _ 0.2 — - 4
ki QURCTILE 2 >d ~1,B — 0,1 - —_ 41
3 [ineronan 1 1,75 ~{,5 1.0 3 — Q.75 l‘}
4 > 1 1,75 ~06 L0 3 .03 0,03 14
. 3 I 1,58 ~0,5 1.0 1.B 1.1 0,1 231
6 » I 2,13 ~056 10O (] 11 0.1 iza]

Odoamamen nn: by =ry — ry — WKPIRD AONBETIG WL € — (NHED SEIUPE. MEXKRY
AonnETHID M cTeRRofl AMIRPEEE WA TpYOM. M; dp — AEaueTp waoprenmoel Tpylsg 2 — mer
AOOBETH UMEROEON MELSRKE, W,

01’(’.'10}[8. MOILROCTh, ﬂOTPEﬁJlﬁEMﬂﬂ- Hna ﬂ{'pE‘ME!HHBﬂI—IHE}
£, ?n
| . 8 |
N = oM, = u%‘i - h by [1 = (';”-T ] 2+ ETR“,‘M*):
b=1

{e=]
(-2

Vpaereune (10.3.10) ofecneunsaeT BOIMOMHOCTE PACYETA MOHIIHOCTH
MEIIANOR MPOMSBOJBHON, HHOT/A JidMe BeChMa CNOMHON KOHCTPYKUHR
[22] ra ocHoBaunk Ramueix 06 ux reomerpnr H ceolicreax cpemm. [lpu-
MEHUTEABHO K MEIIAJKAM THNOBEIX KOHCTPYKUMH MCTOJ PacyeTd MO(HO
CYLIECTBEHHO YIPOCTHTL. PaccMorpum, nanpumep, Jonactuue, TypOuu-
HBIE HAH [IHeKoBwie Memankd (cv. puc. 1.6 » 1.10). Memanku stux
THIIOB MMEIOT JONZCTH, KOTOPHIC N0 KOH(PHIypauuH W pacnoomesnio
OTHOCHTCA K TPYMNE LeHTpajbhbix saementoB * (cv. puc. 10.4). Ilo-

(10,3.10)

* MoMeHT THAPABMIUECKOTO CONMPOTHRAGHHS AHCKE TYPOHNHRIX MCIBADK HECYe-
CTBCHCH 10 CPANHENHIO C MOMEHTOM COTPOTHBIRHNS TP J0G0BOM OOTERANNN JOMBCTCH.
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CKOJIbKY Kamnas Memanka NaHHOrG THNA cHalReHa JOMacTAMM Ol
HAKOBON reoMeTpuH, HMeeMm:

N = b [1— ()] s (10.3.11)

e 8 cayuse TYpORHHON MEUSAKR rp — PERHYC BHyTpendell KPOMEH JOWACTH, M.
Ypapueune (10.3.11) moxer Guite Serko npeo n}:asoaauo B Tpa/R-

u,um i m dopmy — B dopmy sasncumocrn Ky = Ni{pn*dy) ot Re,; =
/. YVunteipas, 910 wy = 200 u ry = 0,5d,, nmocse npeobpasosa-

| e [1- (2 )] ne

Xapaxtep sapmciamoctn Ky = [ (Rey) ana typ6uuHeX, NonacTHHX
H IIHEKOBRIX ME[UAJOK, a8 TAKIKE CpanieHie PACUETHLIX NPHAMBIX € NAH-
HHMHI  IKCTICPAMERTANBHEIX uamepennft [4, 14, 23] noxkasame Ha
pue. 10.10. Tpu onpenenessin dy, o puc. 10.8 Beanunna oTHOCHTENBHOT
3330pa [UTH IIHEKOBLIX MELIATOK ¢ nanpapasmouest TpyGoii (eM. pue. 1 ﬁ)

(drfdy) — |

il
Ky = zx l‘ﬁ_ -1q (10.3.1

Eire= (10.3. 13]1

a Gea manpapasouei TpyOu
Clrg = {Dfdy) — 1

ene dy — suyTpennult nuEMeTp Kanpangwmomel TpyGe, M

Ormerus, 4ro pesuvba fi, s ypasuenun (10.3.12) onpepensiercst
K&K BLICOTa NPOCKUMH MOMACTH Ha MEPHMOHANLHYIO IA0CKOCTh, Bo-
NpOC O MHRANMANLHOH BeJHuHHE YTJia HAKNOHA JOIACTH, NPH KOTOPOM
IPABOMEPHO TaKoe YIpollenne, ChelHanbuo He uayuadcs. Pesysabrarst
CPABHEHKA PACNETHLIX M ONMBITHHX 3HaveHnit Ky, npusenchusie B tabil.
10,1, cCBHAETENBCTBYIOT O TOM, YTO JIH (HEROBHIX MEanoK obecneun-
B2ETCs!  JIOCTATOMHO XOpOIee COBRAneHHe ¢ (aKTHUCCKHMH [aHHLIME
114, 23—311 npyu warosux oteomennsx sidy = 0,6 (sro cooTneTCTHyeT
Yray HAKNOHA HapysHON KpOMEH JonacTd o :=-E") |

[lIpu pacuere MOUHOCTH PAMABIX W JICHTOYHEIX MCINANOK HEoGXOJMM
COBMECTUEIT Y4ET MHAPABAHYECKONO CONPOTHBACHHH KaK HEHTPANhHEIX,
T2k W nepudepuilHpx snementoB. B T e Bpema pacueTHHe OUEHKH
NDRESLIBAIOT, YTO JONA MOMENTA, MPHACKEHHAR K HEHTPAILHEM SJeMel
TaM MEMAJNIOK PACCMATPUBAEMBIX KOHCTPYKUME, ne npeswiuser 20 %
70 03INAYAET, WTO /I8ME IHAUHTECAbHAA NOTPEnNiocTh NPH pacuere Mo:
MEHT2 COMPOTHRJIEHHHA LEHTPATLHEIX 3JEMEHT0B HE CKasLIBAeTCs 3aMers
HEM o0pasoM Ha TONHOCTH pacyeta cymmapuoll moutHoct. B cBraH
€ STHM YNPOCTHM YPaBHEHME 1% MOMEHTOB UEHTPanbHuIX naactiy M
(10.2.28) u coorsercTBylOmee WM caaraevoe B ypasuennn (10.3.10),
NONOXMB ryfrg = 0. Jlanee, onpeiesny paanyc HEHTPANLHLIX NeMeH-
TOB fg KK PACCTOSHEE OT OCH annapata No BHYTpeHHeH KpoMKH cnsi-
BAHHEX C HUMH nephdgepHiiHbIX 3NEMEHTOB:

rop = ro— by

(10.3.14)

(10.3.15)
262

Tatauta 10,1, MomHOCTL WHERDBEX MEUIAN0K

—_— = | i ta NHR&“ Jurepn 1]
i L dy iy CIOTROE [ PACHETHOE PEYE
0,333 1,52 1,06 2,28 ROO 495 24
0,495 1,62 1,06 2,28 570 4495 241
0,5 L5 113 1,56 235 250 1!5]
0.5 295 1.13 23 300 370 25
8 3,0 1,13 2,64 800 425 26
0.67 213 (e 2.0 0 340 27
0,67 1.67 1,167 2,167 3590 325 28
0,685 1,62 1,06 2,28 5256 490 24
0.7lh 1,68 1,11 1,42 230 242 27
0.76 3.0 1,13 2,64 h2o 425 26
0.8 24 1.2 2.47 240 310 25
0.8 1,67 1,2 1,67 150 210 25
1,0 1,75 1,03 3,0 H90 690 14
1.0 1,58 9 | 1.5 220 266 28
1.0 1,59 1,1 1,5 283 259 29
1.0 2,13 1,1 I, 220 265 2
1,0 1,6 1,13 2,31 210 370 25
1,0 2,25 1,13 2.31 210 370 25
1.0 3,0 1,13 2.64 BO0 424 26
1,06 1,62 1,06 2,28 570 407 24
I.15 28 1,16 3,15 520 440 30
1386 L4 1,08 1,42 150 256 27
1,5 3.0 1,13 2.64 425 26
2.0 3,0 1,13 2,64 520 425 26
0,5 1.5 — 1,66 92 104 25
0.8 1.6 — 1.67 72 112 o5
0.8 2.4 — 247 111 166 25]
1,0 1.6 — 1,56 62,5 105 25
1.0 1,59 —_ 1.5 140 101 [28
1.0 1,75 — 3,0 20 201 14
Lo 2,95 — 2,31 100 15 -]
[T 3 25 —_ 3,15 336 241 30
1.5 1,67 — I, 124 128 [31

Takum ofpasom, AAf PaMHEIX, JEHTOMHLIX M JPYTHX MEUANOK,
DRMOYAOUIHX 2y, OJIMHAKOBHIX UEHTPAJLHEIX M 2, OJHHZKOBLIX NEpH-
thepuitHEX s.nemmrma ypassenwe (10.3.10) rlpm':ﬁp(rrae'r BiA

(1 5!‘!’") $1 u—hn Ky ( —

3amncnmocts Ky = [ (Rey) ans Eammux NEHTOUHLX H CKpeOKOBEIX
vemaniok npueeaena Ha pre. 10.11, PeayabTaTet pacyera 110 ypasHesuio
(10.3.16), omsirasie nanume (12, 30, 32—37), npusepenune B 1ata. 10.2,
a TaKwe naniue |22 ] CBHeTeNnbCTRYIOT O NPHMERIMOCTH PACCMATPHBAE-
MOMO METO/ PACHETa NPH IMArOBHX OTHOWEHHNIX JEHTOYHLIX MEIIaIoR
s/d 0,5.

sﬂi’u [EpEMEiHBaHHE  HEHBIOTOHOBCKHX CPEfl pacyeT MOUHOCTH
OCJIOMHAETCH TeM, W10 BEANUHHA BHON BAZKOCTH CPEMbl i,
nopcrasaseman B ypanuenus (10.3.10), (10.3.12) n (10.3.16) smecto |1,
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ratauge 10.2. Mouisiers NEHTONHRX MELIASOK

xyntu
= D by by Jlwrepa-
“u Cm e ok iy o orwwoe | PRt TYED
0,495 1.1 1,05 | 0,097 8 207 185 32
0.517 1,08 1,15 | 0,135 8 230 195 a2
0.61 1,04 0,92 2 0.09 14 590 420 30
0,76 1,065 0,95 b4 0,118 12 420 410 &8
0,77 1,098 1.0 2 0. 12 3o 330 H
1,0 1,58 16 2 0.1 6 270 252 12
Ly 1,0 I 2.2 2 0,1 10 480 480 12
1.0 1,26 1,0 2 0,1 g-" 216 224 ab
S et B E
ST : : 1.0 1,1 2.2 E 1 2
S el s Cadaama bl et 0 Bl 1l 2 ober & 950 20 [
TIpAMEE JHHIN — PRESeT pm ypassemuo (10,3.16), Touss — onsnibie MuUmRss. :g ]l"!I)ﬂ }(I} g g.: g: SE?IB 'g;g %
Jlusiun Ton D tiy by ¢ P . 1.0 1,068 0,65 2 0,1 6 230 223 [12
" In| — i— | 5 1.0 1,055 1,1 2 0.1 G J32 365 12
son | Memsten | & l b ||| | B | 10 1055 115 2 01 6 365 355 (12
1,0 1,06 1,0 2 0,105 6" 300 335 36
1 HAnopasa o 2 )0 0l 035 2 0.1 - 1,25 1,0 1,08 2 00873 6° 250 285 37
p : 2 2 19 o1 o8 2 o = 20 188 LIS 2 01 4 236 23 12
4 Crpofiwonew. 1,0 0 D62 GOT © 6 ooLe —
- > 1.0 4 0,52 0,07 n 1] 0,01 —_
'3 » 1.0 8 0.8 0,00 0 Fil 0,01+ - .
: 'Mm‘f‘"'" HPB g %EI& g: g‘g ’E ggg :g ® Hucno GeNTPLALILME SNEMERTON B UNTHPYEMEX Padorax pe yKESano o ORRWATG mpe pics

SETON OPISITHROBOYID,

* Movest, potlrHaoupl 68 TeHTpanbisy sheMEnTAN chpeliondll Memhakn, npil po
¢ YaETHELNCH. s

Tafiuga 10.5. Pacaetiue W onutaue 3padenna Koaddunnenta A

ABRAsieTcd QYHKIMER CKOPOCTH CABHTA H MAMEHAETCH B 3apHCHMOCTH OF 15 MEWIBAOK HEKOTOPWX THIIOB

THITE MEadK # pexuMa ee pabotel. TpamimorHu noaxod k pacu

MOIIHOCTH B 3THX Yenosusax coctout [7, 38--411 B ucnosssopanni < | =] &
SKCTepuMeHTANBHLIX  3apuckmoctell Ky = f (Rey), nosyuensux nps Tutt Dl V|t | ||t lon]cle|Bs|82] ¢
MEHHTRNLHO K HLWOTOHOBCKHM cpenam. [Ipn stom kpurepinii Peilnonnics weunamw | T [ L ar | BN | | B | Eﬂ Es | &
BHIpANAIOT yepes PEeKTHBHYI0 BR3KOCTH Cpen: oz | 22| &
Re, = pnd/n,
Upexo- 164 — — — — 1 1,5 05 00 1,0 1682 157 [47]

[peptoxen pss MeTonoB onpejenennsi Beanduksl  sddexTnpHON mas ¢
siskoctd [7, 42—45]. HauGoaee wacto ennunna sddgertninol cKOs TPyl . -
s P A, = 0.1.5) Wieke- 1,67 — — — — | 0,20 05 067 1,0 11,0 69, (35]
poctit cipura, /iMas oA pacdera p, no gopmyae (10.1.5)) g 6o :
onpeneanercst no merony Merunepa [45], 1. e ¢ noMombIo SMmIPHYE Tpy6b

CKHX YPaBHEHHN Bijad

Jlewrous 1 ,5& g I ,‘I) : . : 1 ,g éé.ﬂ

o Han 1,0 I, - 1. ol

M= (10:3.08 Sropuse 1) 2 059 2 018 03 = 1616

e A — KosgewiteHT, ONPEIEAREMNA sKCNePRMORTANLHO o Fapicamull or wna B : LIl 2 10 2 01 04 — 180
reomerpun meuraakn [40, 45]. & B page cayuaen # or BenWNIEE 3a30pa My MexBil Homer 1 @ — — 2 02 056 — 110

kofl # creskofi anmapara [46].

PaccvoTpesnuii meton yio6en JUis pacuera TeX Meanox, LIs 0
PEX HSpecTHL! 3HaueHusn Koddpwumenta A (cm. 7abn. 10.3), oan

He s

—

T Bognmapyemiod deTovpHKe He yRASAHO.

ApH HIMEHeHHH KOHCTPYKUMH MEIMANOK HAH COOTHOLIGHME pasm
254




HX STEMEHTOB NpHMENeHHe STOro MeTojia TpebyeT NpoBeleHHs cnertas
HEIX SKCNEpHMEHTOB Ha MOAeqsnX. OrveyeHnsan orpaHHYeRHOCTE MeTonal

it HyRe,
Cpfi3aHa ¢ TeM, 4YTO OH NPEYCMATPUBAET HCOOVB3OBAHHE HEKOTOPOTO _ﬁﬂm“
EANHOTO 3Hauenus sdextupHON ckopoctn cneura (uan sqdexTiBHON
BH3KOCTH) JUISi MEMIAJKy B LLenoM. I 200 +
Kak noxasaso s paspene 10.2, ofrekanue oTe bHEX KOHCTPYKTHB-
HEIX SVIENEHTOB XapaKTCPHIYETCH HHMMBHAYAMbHLIMH 3HAYEHHSMH CKO- e -
POCTH COBHTE Yoy B Yo m ONpenensieMsivy mo dopmyaam (10.2.32),
ITHM 3HAYCHUAM COOTBETCTBYIOT S(MPEKTHBNEE BA3KOCTH il
¢ Opy 4
A il A m_'E_ % | M ! i i
po.u= K (o Y™ ke (2n JL)"T o.n = K [ 58x ieen ooz o w
By = I-m:

x( ::: hl)n]"’“' (10.3.19)

Honcrapans  swpaxenns (10.3.19) 8 npanyio ugers pasencrsg

Pic. 10,12, JunmcumocTts yncan Ky or l!:.',. # HIAEKCA MENRNITONODCROYO NORCHCHNS /T I Me-
IAMOK, COCTORTIME B3 NENTRATHIIME SACMENTON,
lpmmide JMike — pacver mo ypaeueaio (10.3.21), YOukm — ODLTHLE JAHELE,

(10.3.10) # supaman u (ry) # # (rep) no (10.3.8), nonyusem ypashenue T [ D | by | o | 2 | ]| e i
| W ol e | Rl a0 | | A | & | B | P L
n E A TOKH ™
I ek | = ra A |
V=% [Z 6hg ! Kb [l_ ( oi ) J r%"_l_ 2 215‘"-1 & ! Honacr~ 2 1.6 0,5 — Lo - 0.6 1,0 241
o s Tome 3 Le er - 10 — o e fitl
2r, 3\ m=1 by \2 2| . " il U8 &8 o K8 i o1 1vp3s
XKD, --':'-) (l — ) (10.3.20) 4 Ulerer : ! .
ok by 2.'“) | 13;; :n

KOTOPOE 1O3BOJSIET MPOBOJMTLE PACYET MONIAOCTH MEILANOK NpOH3sOb-
HOll KOHCTDYKUMK 1D NEPEMENINBAHNY CCTeNCHHBIX JHIKOCTEN © HE-
BECTHBIMH DEOJIOTHYCCKUMN KOHCTauTamu K u mi.

HpumenuTesbHo K TYpOHHHEIM, JOMACTHLM H 1UHEKOBEIM MeilanKam
npeobpasosarie ypaprenns (10.3.12) ¢ ncnonssobanmen (10.3.19)
NPHBOJHT K PACUETHOMY YPaBHEHHIO:

ToHOCTH W3J0MEeHHOTO METOAA pacyera OGJM3KA K TOMHOCTH TPaJHIHON-
HOTO METO/3, OCHOBAHHOIC HA Wenoaksosakuu ypasnesus (10.3.18) »
SKCHEPHMEHTANLHEIX 3HaueHHH KoapduumenTa A_. _ ,
Caepyer oTMeTHTb, 9T0 JUIH MENAOK, COCTORUIHX TONBKO W3 leH-
TpaAbHEIX WaR #3 nepudepuiinux snemenros, ypasxenus (10.2.32)
NO3PONAIOT ONpesietaTs 3uauenwsi A pacserHmm nyrem. Hanpumep,

_at" L gm b I\ “\— ! NONCTEBHE 3JHANCHHE us (10.2.32) B (10.3.18), ¢ yuerom (10.3.8)
¥ = (a2 Zat % [I- (T) ] (Re,)™ (10.320) NOAYSHM JIR nnnac'r:ﬂ;. TYPOMHELIX W UIHEKOBBIX MEIaNoK:
A= 2}111;:’10 {'ID..“023)

rie Re, — pn*=" L /K.

E
Jinsi NEHTOMHEIX, PAMHWIX W CKPeOKOBRIX MEIANOK aHANOTHYHOE AHANOTHYHO JUISl SKOPHBIX, NEHTOMHBIX M CKPEOKOBBIX Mem2nok *:

npeoGpasopanne ypasuenus (10.3.16) paer:

e h 2b.\2  ghhm s s =L
) P A O Loidig m_"(_.&
! [ﬁ:aem"‘“‘ i ( )ttt g ()%

A m——“:“ g"—— l) (10.3.24)
e L]

Pacueribie W onsTHEE 3HaveHnsn A 41A MemaloRk HEKOTOPHX THROB
npupeens & Tabn. 10.3.

* Bunag NCHTPATLRLIX SACMEHTOR B THIPAEBANSECHDE CONMPOTHRATIIHE STHX Mela-
MoK, KEE Npasiiio, HeIHANHTEMCH.

9 7. H. Bparwneuni

Pesyarratu pacuera no ypapsenuam (10.3.21) u (10.3.22) u skene
pHMeHTabHLE Aankwe [9, 19, 44, 45] npusenenst na puc. 10.12 1 10.130
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Puc. 10.18, JusMcuMOCTR K.N' orT lh:l M HlptdCa GEHLOTORORCKOND NORBADIIN ZN6  weANDE

COCTORMINE HI HEHTPAABMMY W pepfrepinfiug suenelTon.
Jiwiny — pacser no ypassewino (10.3.22). voskm — oluTnie Rewibe.

Jinmvnw Tun b hy by e hy 5
" g || —= | =— | 37 |™ e m
[rougy | MEDOAKN | dy | | ° dy | "
1 fikopwin 10 2 LD ol 05 2 il — 1,0
¥ » Bl -3 cLOD OGH GE Ry = 168
3 s LI 2 Lo oM 65 3 D = 0,53
4 2 i 2 1,0 o OB 2 oir 0 — 0,325
5  Cxpedke: 1.0 6 082 007 0 8 Dore 0.5
PAR
6 Tows LD 4 §2 007 0 6 001E — 0.5
7 > LO 2 082 007 0 6 o0le — 0.5
®  dkopkam 1.05 2 1.0 0106 028 2 0105 — Lo
L3
9 = L26 2 1.0 0125 Lo g 0128 — 10—
0.3258
1o » 20 2 Lo oR 865 2 0.2 [
1" Newres-  LOE 2 L0 G0 0,96 == *s Lo 1.0—
nas 0.351

= MOMEHT BN MCHTPEOLMEY STOEMENTAX NPN pARCYETe we Yuuidanacs. 8 B g ripyesoss

HETOMNNKRe e YEsDANE.

10.4. PACIPENEJEHHE CKOPOCTEF JKHAKOCTH B ANMAPATAX
‘C JEHTOYHHIMH H HHIHNEKOBBIMH MEUWIAJIK AMH

Ione cxopocreit npn aMHAZPHOM PEXHME NEPEMEIIHBAHHA BHICOKOBAS:
RMX HHAKOCTEH, KAK M NIPH NEPEMEIINBARKH MANOBASKHX CPE/l B YCAOBH! t'_

TYpOYJIEHTHOTO peMHMA, SBAAETCH TPEXMEPHBIM W XAPAKTEPHUSY
258

1 ATHUNEM OKPYXKHOTO TEUEHHN B Mepi/Hosanbuol wpryaswnn. Ouenra
pCJMYHEEL OKPYMHON CKOPOCTH MOMerT OhiTh BLNONACHA, HCXONH M3
yCJIOBHA PABEHCTBA KPYTALICTO MOMEHTA HA BANy H MOMEHT2 CHJ TH-
JPABJANYECKOTD CONPOTHEJCHHHA, NPHACKEHABIX K KOpMycy annapara:

an=Mmq-p l‘.!ud' U

Humest B Biny riepBoe npulanenne, Onpeieny MOMEeHT ColpoTHiJe-
MR Kopryca 0e3 yHera CONpPOTHBACHHS JHMILA:

Meanp = TorF R = epp !JEP TR H (10.4,2)

(e Tep — KacatenwHot nanpkense, 118; vep — cpemee snautnue oKpysiuol cxo-
poctit, Mie; R, H — panuyc W pscOTA SaNOAHCHHR ANNARSTE, M-

Karx noxasaso 8 [20, 211 (cu. Tawwe puc. 2.6), kosdduunenr conpo-
THBJICHHS! €; TIPH JAMIHAPHOM PEXMME He 3aBHCHT OT THNA MELIAAKH H
CNpEleNIfeTcs CAeAVIOmHM obpasom:

of =ha/Re (10.4.3)
rie Re = pocpRfR.

3navenne A, NpH OTHOLIERHE PAANYCOB annapara ¥ Memwanku Rirp =
i~ 2 noctosiuyo i pasto 24. [Mpu Riry = 1+2 pesnunna A, Asasercs

dyukumedt R [21]; n1s ee pacuera MOXKHO NOJL3OBATECH ANMPOKCHMa-
unonHoft dopmynoit

__ 138R (10.4.4
b= ok —1 :

Ms (10.4.2) u (10.4.3) nmeen:
Meonp = fiky pecpRH {10.4.5)

Kpyraugii MOMEHT Ha Bally MENIa/IKH PABEH MOMEHTY CONpPOTHBJEHNH
HH JonacTefl MUAKOCTHIO H ONpEJensercs Kak

N
My === 0,5K pri*dS, [n (10.4.6)
Bupaman Ky 11 nestouenx Mewanok no ypashennwo (10.3.16) n

npepelperas B NneppoM NPHOSMIKEHHH BANAHHEM UESHTPANLHBIX SJEMEH-
T08, NOCAEe NpeolpasoBaHHA NOJAydaem:

M“a%znlnha(l —3—:)zpnﬂ: (10.4.7)

Hanee, npHpapHWBas BEIDAKEHUS MOMEHTOB M ynp 1 My, HMeeM

Zn i ?!J; f.!u
ver =5 25 (l——) {10.4-8)
HJIH . .
Uep _ 2Zn ko hp dw by
e =aes eI %) (10:4:5)
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Puc. 10.14. CxeMsd OCERON0 BOTOKE 0 ANDADATAN CO WEEKonodl (o) W EesToumol (£) st

Pite. 10.16. fpodman ocenofl cxopocTn D AnpafiiTe co WHPKOBOH MeMAAEOR] v WA paBARLINE
-rwinﬂnfl=- 0,3 W, H =104 m, annn.w i m‘gu - 8 ;__-’_dnu 10, refR = 0.5, ' Re, =
= 44

Touki — onuUTEER JAGHNILE, CTAMUNAR AWHIH — [ACHOTHIE,

Auanornussic npeclpasopatHs ¢ HCTIONB30BANNEN YPABHEHNA MO
Hoetk wrekopux memanok (10.3.12) npusonst K ypaeHenHo s pacs
4eta KPYTHIUIEr0 MOMEHTA ¥ OKPYIKHOH CKOpPOCTH B anNaparax Co e
KOBbIMH  MElIaSKaMu:

M, = Zubaha [ 1 — {:—)a] i (10.
1 5 (5]
AN °

Vep Zn kn ha du

=t o e (2

Ouenky a0 STHM YPABHEHHAM NOKASLIBAIOT, YT0 B ANAAPATAX C NEH-
TOYHBIMA H UHEKOBLIMH MEITANKAME OKpYHHaf COCTABJIKIONIAR CKO-
POCTH CPapHUTENLHO Hepesnka, Hanpumep, B annapare ¢ JeHTodHol
semankoi npu by/d, — 0,1 n B = 1,2 orromenne v.,/(wyry) cocranaser
senee 0,15 8 cayuae nepeMeiBanns (HEKOBOH Meilankol 370 OTHO-
mesne B 2—3 pasa MCHBIIE.

Ilpn cTone Manbx 3HANCHHAX OKPYHNHOH CKOPOCTH OCHOBHOE BJIMAHNE
Hd NPOTEeKAHHE NPOLECCa NePeMeliHBAHKE B annapartax ¢ AEHTOMHLMH i
IMHEKOBLIMH MELIZJIKAMH OKa3LIBacT ocenas (MEPHIMOHANBHAR) UHPKY-
anums. Tpn onucanny ocesoli WMPKY AN Cpe/ibi 06BEM annapata pac-
cvarpusaetcst [13, 161 kak aamunyTeifl HPKYASUMOHHEA KOHTYD
(puc. 10.14), kotopuil COCTOMT M3 IBYX 30H, NPEACTABASIOUNX cobo
KOHUEHTPHYUECKHE KOJILUEBHE KaHAJIK ¢ MPOTHBONOJNOMNHLIM Hanpane-
mien motoka. Hewtpanbhas 3oHa (3oma ) orpasnviesa NMOBEPXHOCTLIO:
BAJE W WHAHHAPHYCCKOR MOBEPXHOCTHIO PAIYCA r,, KOTOPAS XApPAKTe-
pHayercH HyJepniM 3HauenneM ocepoll cropocti. Ilepudepnitnas sona
(30Ha Z) 3aakmouvena MEXy NOBEPXHOCTLIO r, W cTeHKoll annapata.

20

B onHoil 13 30E (nepudepniiHof— LR WHEKOBOH # uenTpanbuoll —
s JEHTOYHOR MEIAJOoK), KHJIKOCTbL ADHMETCHA HOA nelicTBHeM pasHo-
111 AGBJCHIS, CO3ABACHMON METIaNKOT, Gea HEMoCPeNICTBERHOrD BIARNMO-
LcliCTBMS € JOMACTsMM, M Teuenue B STON SONE BrOAHE BHATIONHYHO
CAyUaID OCEBOTO TECHHS B KANANE MENUL JBYMA COOCHLIMH NENOBHIK-
H URMEAPaMi. B TOR 13 301, TAE MHIKOCTh HENOCPENICTBEHHO Baall-
vonehicteyer ¢ Mewanxofl (enTpanbnag — B CAy9ae IHCKOBLIX, MEPH=
(epnilHas — B CAy4ae NEHTOHHRIX MEILAA0K) KApTHHE TEUeHHH omog.r:c:
{ACTCH HEPHOIMNECKIMI JIOKATbHLIMH BOSMYUIEHAAMI NOTOKA HpH -
xonun aonactedl. B nammEapHOM TOTOKC 3TH BOSMYIIEHHA, OLHAKO,
GLCTPO 3aTyXalT. Bpemsi WX CYIECTSOBEHMA Majlo 1o CpaBHEHHIO
¢ NMepHOAOM MENLY JBYMS TOCAEAOBATENbHEINH NPOXOHIEHHAMH Me-
\ANKH 9epes NZHHYI0 TOUKY, TIOITOMY OHH HE JMOJDNHEL OKA3BaTh ouLy-
THMOTO BAHSHHS M2 pacnpelenesue OCeBOl CKOpOCTH.

ArcneprmenTanbte Hamepenusi [16] noxasusaior (pue. 10.15),
yTo Pachpejesiene OCesoli CKopocTH B ofenx 3oHax OJHAAKOBO MO
XapAKTEpPY; OHO BIOJHE COOTBETCTBYCT OBLIMAG KapTHHe TeueHHs
s KOJNBLEBRIX KAHAJAX H JUIH HBIOTOHOBCKMX IKMAKOCTEH (cv. pasjen

10.2) mower OuTb ONHCAHO YpanHEHHIMH

2 ol =

ApR? | i = 10.4.138

w, () e (rg —p i (ralta) In r.) npk ry=r=r, ( )
|—77 F

ApR® '(_z ) npr re<r=~R (10.4.136)

ARt (9 o, " —Tw g P
o= \'" " Y17 Y

e
! i ) — ocenas CKOpocTs B enTpanveoft 1 nepudepudinofi sonax, M
I.\E;l “l'f v ﬁtnzrmp:s JSBACHEE WO APEONOICHHE [HAPBRIHYCCRITK COnpOTHRVIERNA

u uewtpamspok u nepudepuisiof sonax, s F=riR.
OueBHAHO, YTO CKOpOCTI @ (/) B ty (r) Can3ankl MEXIY coboil cooT-
HOeHHeM

. it R
g—2n Iw,{r)rdr:injuu(r]rdr (10.4.14)

a Iy
M3 (10.4.13) u (10.4.14) noayvaesm A (HPKYAALUHORHOIO PACXONE -
- "‘g‘;f’*’ = “"B’*:H“"" B (10:4.15)

=22

3 (FE_F’). =ty =4 (I_'r'l’) 4,16
R < I S Y

TuAPABIHUCCKOE CONPOTHBACHNHE LHPKYARUHOHHOTO KOHTYpa HpEi:
cTapnser coboil cyMMmy conpoTHBaennit B souax [ ¥ 2 H MECTHBIX COmpo-
THENERHIl Ha noBoporax notoka, Onenka no OGUIEHSBECTHRNM ypasHe-
ussiv ( Bamprmep, npueesennsiv B (1, 48 1) nokaauBaet, 9To B annaparax
TpaaH LHOHALIX MeOMeTPHYECKHX COOTHOLIEHH I MPH JaMHRAPHOM pemn;i



TeYCHHS BRIAL COMPOTHIVIERHA Ha TIONOPOTEX B OGILEE MHAPEBINYECKOL
COMPOTHBJCHNE KOHTYPE HEIHBUMTENCH, H CyMMapHbiil nepenan namne
HEH MOMET Gbllb BHpPameH Kak

Ap = Ap, + Aps (10gd- 17y
Henombsys sto pasesctso # supaxenne (10.4.15), nonyuaem ypas:
Henwe

—Ap TR Bap
g=4 BuH 'I-;'!i

KOTOPOE YCTAHABAHBAET CBASE MEMNOY UHPKYARIMOHHEIM PacxonoMm #
THAPABJHYECKHM CONpoTHBAEHREM KorTypa. [laa ofecnegenns HpKy-
JFAIAR HHAKOCTH 5T0 CONPOTHB/RHHE JNO/DKHO YPABHOBEIIHBATLCH [Ads
HOCTBIO jaqennit Ap, = Ap, coanasaemoit npy BPAILEHHH MEIIAIKH,
[lpu srom K wemanke pomwno Gurs NPHJOKEHO OceBoe yeumie Py,
KOTOPOE Cesisano ¢ penususol Ap, cooTHDImeRnesm

.Pg = ﬁqug
TRE fa — TIOCHENL. COUCHIR S0HE, 8 Kovopol yoianoufleHs MeilEnKa, ME.

JLns annapaton o IMHEKOBHIME MEANKaMy f ecTh nouans
TPaibHof 30HH

(10.4.18)

(10.4.19)

Ri=a(3—n) =R (r—7)
a8 JAsi annapartoB € JNEHTOUHKMH Melaikamy — nepuepnitHoi  30HBI
fa=n(RF— rd) = =k® (1—7%) (1044.21)

Beanunny ocesoro ycwams P, onpepensor [12, 141, ucxons ua
FEOMETPUUECKHX XAPAKTEPHCTHE MEIANKH W cBoficre cpeant. [Mpu nem-
HEHHH JIONACTH, PACTIONOMENHDN NOJ YINOM & K HANDAENEHHIO JIBHIHE-
HiA, HA SNEMEHTAPHYIO NACILAIKY JONACTH NeHCTBYIOT OCEBOE B TAHreH-
unansuoe yeuaus. [lpu manux yroax saxaona [1) '

dPn:‘ ip! lg'“
rae Pyf— tanrcnumansHce  yewawe, H,

Tanresc yrsia HEKAOHA MOMECTH K NANPABJIEHHIO €€ IBHIKEH
CBEfi3aN ¢ IWAroM BHHTOBROA JHHHH MCIUGJKN COOTHOLMEHHEM

ok g5
o= s =

30cCh 2y — SHUNC NIAFOB; § — AT MOIANKH, M,

Orcoaa B ofinem cayuae

Po= ’ﬁrf

Fy

Polr)s
r

dr (10.4.24)

tae Py (r) — TanrcHiansioe yomAWe, NPHADKEHECE K CUHHEND NAOLALH nmmnm'
na pamyee r, [la; 25 — uneao nonacelt; ro, rp — Buyspensnl it HApyRELR pannye
Jonacrefi, M. ]
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£ 10 i)
MidH

Pac. 10,18, SARMCHMOCTE OCESOTO yEWIR OF up}nw moMeRTa (d) ) KpuTephn Peflnonsaca (6}

LR ORMGIATONN T f‘n = I] MHERORLIE ML .

Crnom e ATEEN = pacyer no ypaauemno (10.4.37), TouRe — OiTHRE ABHAEE

JTnnun b UL iR Al dy y
u TONKEE dy dy dy _d,-, G Jluteparypa
=2 1.0 A0 - 0.3 161
5 et Lo 3,0 .04 0.3 15
3 2 1,0 1.5 == 0.25% 49
1 3 1.0 .5 1.1 0,05 % 40

£ TIpMIMTO OPMEHTHERONHG,

JLnf WHeKOBHX MEIIZA0K TAHTeHIHATLHOE §cu.nne JHHEHHO yBeIH-
GUBAETCS 110 PaANYCY W ero pacnpenenenne Py (r) COOTBETCTBYET ypanhe
nitio (10.2.19). Mcnonssys 570 COOTHOIUEHHE B COUETANMHE C (10.2.20) n
IPHAHMAR BO BHIMAHHE, UTO JUIS IUHEKOBHIX MEIAJOK BeNHuHHA Liara

HE WUSMERREeTCH No paiMycy, Hﬂ:’:m‘.
(]
zahas [ g pu® (ry) r
Py =252 j Re —dr

n

(10.4.25)

Bupaxan Kputepdii Pefimoabica sepes cKopocTh ofTeKauns fio

(10.2.21), ¢ yverom (10.3.8) nmeem nas wmHekoBol Memank:
O e e

Jlasiee, COMOCTABNAR 5TO PABEHCTBO € BHP2MEHHEM KPYTRILENO
momenTta wnekopoll mewaner (10.4.10), nomyuaem:

(10.4.26)

Pou = m:"'gi! (10,4.27)
65\ —(rairy) 4.28
tne Fm = iy | — (refrof® te 2

3aBHCHMOCTE  OCEBOTO YCRJTHA INHEKOBLIX MEMIANOK OT KpPYTHILEro

MOMEHTA, a8 Takme o1 Re, npueenena ea puc. 10.16. |
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2.H Pic. 10,17, Jaapciuocrs ocesol CHAM OT KpyTH
0 TO MOMEETE A7 ASHTOUIHME MeDIRADK |Iﬂ|.'”

[- Coavlumun Jpny — PREYOTHLE, TOSHM — OfWTiNe
L AN LE 1

Tl ezt o 2 5
nwn | W | B T &

i 1.1 i8] 2 1.0 1

2 1.5 o1 2 1,0 1

3 106 0,1 2 1,0 i

4 1LOE 0.1 ] Lo |

g M 5 1.8 o 2 Lo 2
1= it 1
Ma il H

Ilpn onperenenny 0ceBoro YCuams JeHTONHON MEIATKH, YUNTLRAH
MANYIO [IHPHEY €€ JIOITECTH, MOMHO BoCnohaoBathes [12] sHauennes
TEHFCHCH YINA Ggp, COOTBETCTEYIOMEID pamuycy r = rp — (b,/2):

— — P‘Ts '
T =FER o= ST Gora) o458

Oupeseisis nanee TaRMEHUNAILHOE YCHITHE, IPIAOKEHHOR K AONACTSM
MELLIANKH, KaK

_ _2Mup .
Py — gy (10.4.30)
HoJiyuaey
Py = g 200 10.4.31
o= IFHH&AT (10.4.31)
7 2%
re = — (10.4.32)

C yuerom supawenns (10.3.4) umeen:

n
Pon = T“z,,nnspn {10.4.38}

Onbrrisie w pacuernsie suaverus Py, npusetest ifa puc. 10.17.
Heno/msys nomysenume Bupamenusi ocesoro yewaws (10.4.27) i
(10.4.31) n ypasuenust (10.4.18)—(10.4.21), noaywn [13, 15] pacuer-
HLIC YPABHCHUA, KOTOPGLIE CBASLIBAIOT PC/JAHYMHY UHPEYJIAIMOHHONO pac-
X0/ia NPH NEpEMEHBAHUH HBIOTONOBCKHX CPefl C BeHYHHON KpyTH-
Eero MOMCHTR N HEIIOCPEJIETHEHHO C XEpakKTCepHCTHKAMH ﬂffﬂ:ﬂ?ai’ﬂ H
MELDAJKN W CROMCTBAME  CpPEIL:
1) nns weHeKkoBMIX Memanok:

Pog 2 Pabbe

S aH (D PP 164 (BR) (71— 73

= () (B ) S i ooss

My (RIrb) Wins fafla .
Pa 4 P (10.8.34)

2) nnf NERTONHEX MEINAnokK:

— PG“R" ﬂlﬁl . ﬁflt[l {Rarfg) Fa _B‘ﬂ'
S (1—r2) Pk Ba 16p (HR) (1 —7) Tt Pe

= T () (B () e o

JloranbKLe sHatenis ocesol CROPOCTH B MEHTPAILHON B mepHepiil-
vol 3oHaX wy (r) o wy (r) MOryT Guth BEIPAMENH! HEPES UNPKYTALKOK-
Hul pAaCcXol Kax

e ; ]

mo=i: -7+ g o

g (10.4.36)

npn rn<=rery  (10.4.38g)

_ [ =7 ¢
WE(J']—-—"'—— &—kalnf—.r

] npw ressr< R (10:4,386)

[Mpuveieinue ypannerns LA pacuetd ¢ 1 w (r) Bknodatot Beanynuny
re — palMyc TPaHiilEl 30H BOCXOJAIIEN0 ¥ HACXOAAINEro MOTOKa.
Jlns wnekoBuX Mewanok ¢ uwaupapasiowel tpybol pamuye fp panes
pamuycy TpylGw. B annapatax ¢ JeHTOUHEIMH MElIANKAMH, 3 TaKMKe
CO  HHeKOBLIMH  Melankamy Oes wmanpapnmomen TpyGu  noacHeHRe
FPEHHUEL ry ONPENCNHETCH YCA0OBHEM CONpsKeHHA rpoguael CRopocTiH
BOCXOJINEre #f HHCXONAIIETO NOTOKOB:

1__':%2_.“"3’;# npi r=ry {10439
TMoacTapasns B 370 PABEHCTEO BUpakKeusA ocenoil cxopocty (10, 4.38),
noayuaem:

i [g _fG=f l : [.__..u___"";; EF] 10.4
Tl T Fen(Fzifa) 4 Ba L #xin(lfrn) = GOS0y

Ypasuenne (10.4.40) nonyckaer TOILKO HUCTEHHOE PefeHHe, NO-
ITOMY JUIH (PAKTHYECKHX 3pacuemn yaobHee NOAL3OBATHCH SlNPOKCH=
satmontol hopmyaost [137

ty = 0,57 + 0,367, (10.4.41)

s jedrouncl w wnexopoll mewanok ypasuennsn  (10.4.40) u
(10.4.41) cornacyioTca € IKCNEPHVMEHTANLHEIMK NBHHEIMH; A5 JCHTOUHOR
MEHIBAKH €O CKpeOKEMH 3uauenne r, HCCKOMBKO HiKe pacueTHOro *
(111 » moxer Ourre npuesto passem (,5.

* 310 BLEAREND, TO-MUUMOMY, YESANENHEM CONpOTHIVEHRA OCenoMy TTOTORY B e
prdepiliHoR Sone W3-38 NANHUKE AONOANITEALINE KOHCTPYKTHEHMX aicnenimon (Ca.

pic. L6k
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s dZ,
- 3
e o A
e
a .
il ~ 2.0 3 2
T 4
e oot oy
—(_ ™ u
a4 |- o =]
0 ., = a o
¥ =L i 1
e q L " Rey
=1, 18
r-dl..
73
Vo
ax Ll - ¥ n—.ﬂ.ﬂ_.-.'_n' SRSk, bl £
k. Za A **—1'—1—*’1’?—:1-"—*—* ——=————4
+
-
Q) e ®ox¥eEx N = Hy X i ”
IF,’ i i L
/05 Gr 10 = ‘W Rey
r:':. [i.llﬂj. TinpeyaneiroinGfi PACCOR B ANDAPATAX © SPATOYMMMN M GINEEORLIMK ME TN ME
e
cﬂnﬂuﬂm AHHHAH — POCHCTHME; TOURN — ONMETHEE SN .
Jlmunn Tun b *q H . bg n dy Nwre-
et W |55 7 & e no | & | eeves
! Jlewvounan 11 2,18 2.8 g 01 0. 1% - [zl
¢ HiseKnnis 1.76 a 2.5 I - 0.4 - L aninee
an
| Linexonan 1.75 3 2.3 I - 0.4 .03 '
€ TpyouR
4 To we 1,68 1.6 1,0 I — 0.25% L 30
5 » 3 1.B: 1.0 I _ 0006 * Il 50
* £ 3,19 1.5 1.0 1 — 0,95 % Il 1]

* TipupeTn Yeaonuo.

Peaysibratil pacuers UMPKYARWHOHHOIO PAECXOA8 B ANUAPATAX €O
UHEKOBLIMI 1 JIEHTOSHLIME MEIIATKAME 1 SKCHEPHMEHTATIbHLIE AUHHEE,
noayuerHue B paborax (12, 16, 50521 ¢ Henobsopauuem pasnnitbX
METOA0B Hamepens, nprpeaentt wa puc. 10.18 w 10.19, pacuernuft u
onuthit npodmab ocepofi ckopoers [16) — na pue. 10.15. Hamepeune
IHPRYJASUMOHHOTO pacxofia B patorax [12, 16, 50| ocymecransiocs
nytem onpesencuns cpearero (no 10— 15 samepam) spemenst unpryIs-
UMK YACTHIH ¢ NAOTHOCTHIO, PABHOR IJOTHOCTH CPE/ll, & CKOPOCTh OCe-
Boro notoka uaxommaack [16] no spemers npoXxomaesns uacrHueil
MeEpHOro oTpeska mytd. B patore [51 ] npn napepenun qnpRyIRIUOHHOTO
pacxojia B anmapare co miHeKoM B Hanpasisiomel TpyGe ueononssopan
266

Pac. T0L190. JanVCHMOCTE N PRYI R o
HOr0 PECXOAR B ANAAPETE CO WingKopod
memaagnfl @ wanpanasmiiel TpytoR ot
IWAFOBOFD OTIGLEH NN, 70

Iiprpnam ARNHE = PRCYET DO YPaRLERD e -7
uﬁ.q.u-}. TouKN — ONWTIEe BEdiEe [61] o=2
h DAtk T
(2] w3
=) 7) ot
e |
e I=ral's B 3
r;—r': F - Ps Q.E -/ -
.

Bnasemun Dld, [ — 162 — 2,08, 3 —

2.85. 04 GE @8 40 42 14 %6

&/d
JAPYTOR MeToa: KHAKOCTh W3 TPyO! OTBOAHAACH B HOJBUEBOR JIOTOK,
W uamepsnch ofbeM KHAKOCTH, HAKAIMHMBAEMHI 3a onpefedeniil
npome K BPEMEHH.

HeoOxoauMo saMerTHTs, YTO NPHBENCHHLIE BLINC yPABHCHHA H IKCMC-
PHMEHTANBHKE JIBHHEE OTHOCATCA K CAYYaHM, KOr/ld BRICOTE MEILIAJIKH hy,
MAZI0 OTINYACTCH 0F BucoTH annapara (f, = 0,7H). Npu sebonbumx
SHBYEHHAX fi,/ H EMEET Mecto NOKanbHas UHPKYARUHS BOAMSH MEmIAARH
0 caaboe TEepeMElIHBAHNE OCTANbHON MKIAKOCTH.

Mpn nepememmsanuy  HenbiotoHoscknx  wuakocreit (531 ocesoe
YOH/IHE ACHTOMHLIX ¥ IIHEKOBBIX MEUAOK ¢ AOCTATOMHON TOMHOCTHIO
{puc. 10.20) orsevaer ypaewenwsm (10.4.27) u (10.4.31) npy ycnou,
YTO B KAYECTBC BASKOCTH NpPH PacucrTe KPYTAULEr0 MOMERTd HCnoJb-
ayerca SdQERTHBHAK BRIKOCTH, onpepensemasn no gopuynam (10.3.19).
C yuerom ITHX COOTHOIEHHE

Py =—22- %‘)""'(1ﬁ :—:)h"sh’lﬁﬁ“ (10.4.423
e () heeze e

Ypaerenus npodas 0CEBOH CHOPOCTH B KOJbIEBHIX KaHANAX WUCH-
tpanstol B nepmbepuiiiofi 30H NPH TEUEHRH CCTENEHHOMY HHAKOCTH
s coorpercrein ¢ (10.2.9) npuobperaior BH

wiror ) 5o

—— 4,444
IHE NPl FpssF=im (0.4 }
fa
ApiR \bim je r \tm
i
wy(r) = R (—Hszx ) J (r——’;“-) a7 npr Py P=Fr  (10.4.446)
r
ﬁp“ﬂ Fni ¥ r&;ﬂ Iym : -
wyir) =R (',ﬂf—f) g (T— r) dP npu Py<s F=Fny (“}4"&3}
fr
1 a :
i m
wy (r) =R ( ﬁﬂ;:i HMS (r — rr ] oF mp Fre=r=1 (10.4.456)
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b Puc. 10,20, FauNEWNOET, DEERGTD yl:u.nu- OF BOANYRH
‘ﬁj TNIate ImoweTs o mueRanof (a) W wnexosoh © wanp
k amwmed rpySed (6) momatos (.:I'H = 0,12 M, dﬁﬂ =

afidyy == 1,0} npn nepesE WEIHRT HEFLOTOHORERO
i (nopanoro pecaops KM, = 0,5).

e F = riR rmy, Fmg — SHAYSHHN pAANYCA MAKCH=
MYM3 CKOPOCTH B USHTPRAEEHOW W nepudepuinal
HOHEX, M.
SHAYEHNA Tpy H Ty ONPEACNRIOTCS U3
YCAOBHA CONPSMEHHN fIBYX HacTell npo-
duaa cxopocrs B KamiIol N3 30H YHCACH-
HElM MHTETPHpOBaHHEM. JTa onepauHs Mo-
wer GpTh yOpomesa © noMowhio rpaduka

(em. pue. 10.2), Ha KoropoM
Y = rauiry ang X = Fpfiy;
V=rm/R aan X=7y (10.4.46)

JnavenHa pajAyca f, AAA ANMNAPATA CO WMHEKOBOR Memanxoli #
Hanpapagoneli TpyGofl 38/1210TCH HA OCHOBE TEOMETPHYECKHX PAIMEPOB
anmapara # TpyOu. Jlas weekopolt memanky Ges nanpasasiowed TpyGsl
¥ MCHTOMHOR MCIUBNKH F, naxopmres u3 yenosus (10.4.39), xoropoe
B coorpercteny ¢ (10.2.8) npuurMaer sua

20
Mylds

=3
T 2
Ap (T-t?‘—’f] = Aps (,—,‘_iim (10.4.47)
T J

Tlocae npeofpasosanma noayuuMm:

" Fa Ty (Bpi/p) ;
= |/ ol coe

CooTHOIEHNE IEPeNajos AEBICHHSE B 30HEX MOMKET OLITh PaCCUNTAHD
H3 YCJ0BHA HEPA3PHIBHOCTH UMPKyJAsunonnoro notokd. B coorsercrsng

¢ (10.2.11):
L AmR NIm o ApaR A\ Nim
g n () "o = (k) M

F(10.4.49)

¥ fr L..|. | L 1 -L-I- o Lk
QL=JI?:"..;?|“ i mdr; Q:‘—'Y]F;n‘_rglm Nl
s = (10,4.50)
Orciona 1
.g.:'?'-,-. (%:_ s (10.4.51)

Henombsys 310 cootHOwEHte, NPHBEACM BHPAMEHHE (10.4.48) w

BHILY
=] 1 .

. r«'ﬂ"'rmlinifﬂllm
e 1/ 1+ (280"

(10.4.52),

Pewesnue ypasuennit (10.4.50) w (10.4.52) b oGwenm cayuae moxer
GLiTh BHMONHEHO TOABKO yBeaenno. JIns npakTaiecknx pacueroB yol-
nee Henoabdosars rpadrr (em. pue. 10.3), ¢ NOMOWBIO KOTOPOTO BEJIH-
yunsl 2, w £, onpegensiorest Kax *

o lFr— Fﬂ]i <+ (hm)
2+ (lrm)

0, = a (X) npi X = Py Fy:

(1 — 7?0

10.4.53)
12+ (Tym) S

o (X)

npr X =y

{2y =

eayabTaTsl NHeAeHHoro pewenns ypasnenus (10.4.52) cobmecrho.
¢ (10.2.10) ane wexotopux 3uavenuil 7, = r/R npescTaniens ** Ha
we. [0L21.
§ Cosiab MEHIY OCEBEM UMPKYANIHOMHEM NOTOROM H X3pPaKTEpPHCTH-
Kamil MEaJoK W ANTAPATA YCTAHABJHBACTCH NMYTEM COBMECTHOIO pac-
eMorpesnst ypasvennsn (10.4.49) u (10.4.17) ¢ yuwerom Bupamesni
(10.4.26) mis mmexosol Meanxy

_ER A (DAY adeshl) —(ralrd: V"o o a8 100454
=7 (3) i (E—A) (o) ™ -

i (10.4.31) ans NeHTONMHOR MELIATKH

0= (R (1)
X' - 2y hesh :
2D (= 1) (1 - 77) (@7 +5)

]""";7;.;:,,-@;5I (10.4.55)

Henonssys nonysensue Bupamenns g, npeofpasyeM ypaBeeHps
]Jaj'ﬂ»laathﬂrz pacnpesenckns ocesoft cxopocty (10.4.44) w (10.4.45),
NOACTABHE B HUX BRpameHHa Ap, u Ap,, KOTOPHIC CHACAYIOT H3 ypaBHEe-
uun (10.4.50)

* Korn 1eNnepaTypa CRESEBAeTeR ToANKO 1A Bemvnne K, @ Bnauchee m COXpa-
HAGTCR WERSMEHNEM, HANHYRE DCPENANS TEMTCPATY] MENY SOHAMN NPaKmEcKd we

HEMTHAET SHIVEHNT Fi.
** [Ipi 7y — 0 umBRCHMYM OCCBOR CHOPOCTH B LENTpaALMCE 30He COOTROTCTRVET

r=0,r e F,_;="0. Bmyeine &, o sron caywme: ], = (TTEE?) FE'HU"".
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Puc. 10.21. SanncumocTe pAAMYCs rpodins 300 WEPSYARILOHIOTD KonTypa oF o omoF .
Juawensw Fps ) — 0,10 2 —0,01; 3 — 0.

Pue. 10.22. 3aSHCHMOCTS LUPRYARLHOUNGFD PACKOMA OF 17 AN ADTTON LIS W EeEORd L MeIl Lo,

B pesynsrare npeofpasopanss nogyumm:

@y (v} =;-m5-11-5 (-'l','——r) dr OpH Pus=F=Fm (10.4.57a)

npH Py < F =7y (10.4.576)
NpH Fe=F=fm ﬂﬂ.-ﬁ.ﬁ-ﬂl}_

HpH Fre==F=c| (10.4.588)

Ypaprenun (10.4.54)—(10.4.58) nossonsior npoBOANTH pacuer 1mp-
EYJRUNOHHOTO pacxoia ¥ npoduis oceBoll CKOPOCTH HERBIOTOHOBCKIX
€pen 1pE namuHapHoM pexume, Bawanue penuunnn noxasatens m
HA THPKYJARIMOHHKA PACXOA NPH MOCTORHHON YECTOTE BpameHns Me-
ulanKe HiumoctTpupyerca puc. 10.22,

10.5. HEY PABHOBEUIEHHBAIE PAIHAJIBHBIE HATPY3KH
HA BAJIBI HIHEKOBLIX MEUIAJION *

OcolentocTbio 06LHHO TIPHMEHABMEIX ORHOJONACTHLIX (OAHOIAXOLHIX)
WHEKOBHX MeIanoK, OTIMYaimel HX OT MEWAJAOK APYTHX THIOB,
SBASCTCH OTCYTCTBHE OCEROH CuMMETpHn. B CBASH ¢ 3THM Ha Ban Me-
mianky AefcTByer HaruOaomuil MOMERT, BLISBANHLN HATHUMEM Heypan:
HOBEIICHHGLX PAAHANLHLIX THAPOJMEAMITECKIX HAPYSOK. 1

* HAnsraemue uike ; '
=k Pesy/LTATEL posyueiis astopams coswectio ¢ 10. JI. Bpa-

270

e

V.

Fue. 10,93, Capmpl EpOnACHAR RAAS €0 WHCKOBOR MCWLAROD (3] W PEIAUSENNE PARMYC-BEATODR
W TANIEN U HAALIOrD yomann, me IHErO HE RONACTE Mednwase ().

Haa onpenenenun FB,I‘LBHJIBHHK yeHAHM, HPHIOHEHHKX K MELATKE,
pacemorpum, caenyst 1541, spemenrapruifi yyactok sonacti wmexosofl
memankk (puc. 10.23) B oxpectHocTi ToukH M ¢ koopamuaramu r 1 2.
AnementapHuifi MOMEHT OTHOCHTENLHO TOMKH O, cosjaBaeMuil TaMres-
usansaofl cunofl dP, moxer Gtk npencrasien B BHAE BEKTOPHOIO
NPOHIBEACHHS

i ik
dM=dP X1 —|dPy —dPy 0 |=—ilzdPy— jly dPx+ k (1,dPx + 1< dFy)
[

(1.5 1)
rae i, f, k — OpTH, hweonie sanpannenss ocell xoopamnar Ox. Oy n Oz & cropony
RX BOSPACTAHIN.

Mepewe apa cnaraemux ypasHenHa (10.5.1) orpawxator nsruGa-
WOUHA MOMEHT OTHOCHTERbHO Touxn O

Mgy = — ily dPy— jle dPy (10.5.:2)

& TPETHE CABTAEMOR [IPEAICTABNAET COOON BLIP2MEHHE KPYTRINETO MOMEHTA

AMy = k (ly P+ 1z dPy) (10.5.3)
Mojynl npoeRUHR BEKTOPOB [ " dﬁ (puec. [0.23) onpepenawrcs

COOTHOILCHHAMH

dPy = cos pdP; =2

(10:5.4)
ary

[y = rsing by = reos dPy = sin g dP;



Prc, 10,24, Samncumocts Mo TM o oF B by )

Mo byl = 2.8, hyls = 3,5,
A
20| B cooTperciBRN ¢ JaHHLIME pas,
R
10.2, Monyae sekropa dP momer Gum
o6l BBIPAMEH KaK
Fa
a2l Jrl dP =T ~Ljrdr dz (105
b 4 i} i i r. ]
¢ Gz g4 aF g 10 i
I/, roe T = migun.
CeAzsb Mexny yriom ¢ H KoopAWHATON 2 HMeeT sHA
= 2nzfs {10.5.6

~ C yuerom sasweumocredt (10.5.4) u (10.5. |
Gaiomero MoMeHTa: ( ) m (10.5.5) olpeneyiuM BEKTOp Ha

& by oty { ey
Migp — T(—_{ J' Izslmp? dr:dz—{‘[ J-:cdsw%rdr a‘.!) (10.5.7)
"'hl'd ﬁ. L= y

Brenem ofosnavenus

1 = 2nhy/s; pe = 2uthfs (10.5.8)

W, yuntnigan cootsowende (10.5.6), npoussenem sameny nepemesioft:
5 : :

2=y dz:%dw (10.5.9)

Tocste wurerpuposammn ypasuennn (10.5.7) nonyumm:
- ‘;l o\ 2 o
Mune =T -'5;; [1—({; ](— iTwhwﬂw-iI wmwvn')=
L L]

= ."5'; [-: = (%)'J (— o — jb) {10.5. 10y

riie
t = sii g — sin gy — P2 co5 g+ Ty COS Gy}

b = cos §a—cus (g 4 p2 Sin Py — Py Sin 4y

AGcomoTnan BesMuRE2 HITHGRIOLIETo MOMEHT2 OTipelenseTcs or-
ciojla KaK

Mae = T2 [ 1 —:;'L)’]V'Efﬁ (10,5113

Ha pwc. 10.24 npenctasaena sasncumocts otrotenst i mosesra Myop ;-
(nprt raybuHe NOTPYMEHHA MEWANEW B NEPEMEUTHBAEMYIO MMAKOCTD
— hy, B cayuae usmenenust hy, o1 by jo hy) ¥ momerry M e
(npn noawolt raybune norpysmceuns sewmankn by, = hy — i) or Ju/l,.
%2

i =

Ha puc. 10.24 enenyer, 4ro, #arnBaionyiit MOMEHT 1O BEIHUHIE CONO-
CTABIM € KPYTAUHM, & B HEKOTOPHIX CAY4asx (0COGENHO MpH Helenowm
GTHOLLCHHE BHICOTH MEIIANKH K INATY BUETOBON JIAHWN) MOMET ero
CYWECTREHNO (TpeRHmaTh. Takie YCJAOBHA COIMAIOTCH, HANPHMED,
{pH ONOPOMKEHNH UAW 3ANOTHERHN annapara ¢ paboraiomel memankoi.

Mpivep 10,1, Paccuntars momHecTE, AoTpefanemyn #a IHBAHKE, ¥ Oip-
xynHIHORNEH  pacxoa Henporonosekol woukoern (K = 18 H-c®®/w', m — (0,56)
u anmapate ofiesor 20 " (D — 2R — 2 n, H = 52 M) c aenvounoll Memmakoll co
cipebras, Koncrpyrpn crpefKoso fenTovHoro yeTpolicres nokasawa us puc. 1.6, 6,
SCHOBHBIE XUPAKTEPHCTHER: rx — 0 quamerp Acwiodnol  Metiankd — Ly = 2r

1,9 M; paiwye ooH peprukanuioll nadrs Ry - Dy/2 — 0,85 snicota aesrouod
MetanKn ip= 5.2 % §= L5 0 unipnnn notiscty Acnrouioi ek — by = 0,19 m;
cwaserp mmanrs by 0,121 s mupuna npoexnay CEPelKa 1A Paun@ankHyin o
Koeth — be = 0,066 Wi 20 — G 2n 20 2y — 0. HacToTa BPAWEHHR MCIIEARR 0 —

- 0,58 offe (0= 3,33 panfc).

Pemenae | [lepssim stanod pactera EBaseTcR onpeienenne syauenill ®py-
THILETO MOMCHTE, OPHAGKENNOM K OTACALILM SHEMERTIM  KOHCTPY KIHH.

LA Tlo pe. 10.7 Juauenin kosddanuierTon canpoTieaesns nepinhepiiiibx sae-
menTon gt 1) ate ckpebros Ay = 130, npw e b= 0] 2) panmonscyeit nenTowmniE
emanEn g = (D — D)2 = (2 — 1,902 — 0,05 m npu_&nlbn = 0,06/0,19 = 0,263
anaverwe Ap = 32; 3) ZnR DEPIHKANBNMX BUAHE 0y = (D — Dy — by )2 =2 —
— 1,7 — 0,121)/2 = 0,0895 m npw cy /b, = 00895/0,121 = 0,74 anmienwe A = 21,

1.2, B cootsercrimn © (10.2.32); ho - 42.

1.8, Ilo (10.3.159):

"’ﬁ R m—]
P:-.c:'f[“T., Tc")"] .

) 1304 2-1
=18 [S'I‘ﬁ ﬁﬁ_

Py, n =K [“LTE(:—;H— ') J'Il]m---l 5

. 32 19 0,561
— 18 [3,|4 = (EE‘ l) |L53J

]ﬂ.ﬁs—-l

l)ﬂ.l'ﬂ — 18Ta-c

= f,2 Tla-c

Mo = K [n%(ﬂ‘—ﬁﬁ- - l) "]m—r:

1,7 40,121 ]O.Eﬁ—l

=13[3.14%(W—1)n.53 =61 e

1.4 Do (l0.39)
I be \?
'M:n-p, £ Il."_f' i'flpu.(hﬂ (I _'EET) MDRQ'_:
— 61301852 (1 — 29) 13,38 13 = 11 500 Zix
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2] fle (10.3.1)

2I.I
an: El M“t - MHP-°+M"Prﬂ + Murhlﬂ = !i Em‘l— 25“}—|- 'l:BIU 7 !ﬁﬂzﬂ
22 Do (10.3.10):
N:Mun =3,33-18320-=62m BT-—'fﬂ.? kBt
3. Bamoupremnnit ITan  pacyers — ' : '
3.1 [lo naune paspens l';].d nnn gﬂﬂ:&ﬁﬁgﬂiﬂﬁuﬂf rﬁﬂm

32 Mo pre ID.SG— f = Fulre = 0 3
33 Mo (lodgay " o X=rulre= 0.8, = 0.28mu X < 7= 0§

_fT ﬁ*,— F "I""ﬂl'l} nlr.nsﬂ,?ﬁ
Ql = 2 —l-— 'T,“mj G' — ds'lﬂ; nl?g == U.Uﬂ?ﬁ[.
(1 — pgyhilim) 1 — 05hm
e 2 (1,m) = { &;g)a 0,78 = 0.0155

3.4 Mo (10.4 65):

g2t (DN Dy shasi ..
) 17(5.) (b.q 1) [gn*m) (% = :){,_ ’3}{‘?1“4-;3;1)}‘ "%
xopat- 25 (75) (Gn- 1)

3 [ e 2.42.1,9-52 mx
¥4 »
2.3,14%.52.90 (tﬁih 1) (1 — 0,67 (0,00755%7 4 0,015°58) ]
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M H s, tom T _nftl Inlllnp.nu-::ma MepeMCiNDaNHE B ARIKEE Cpesax

Faasa 11

PACHTPENEJIEHHE KOHUEHTPALWH
H TEMIEPAT YPbI ITPH NEPEMELL HBAHHEH
BLHICOKOBSI3K HX CPEJ

Ogiia 13 OCHOBEHX 34424 NEPEMENTHRAINS BHCOKOBRZKNX CPem, TAK e
KAK # MANOBASKNX, COCTONT B JOCTHMEHNH PABHOMEPHOrO pacrpejiese-
HUA CMEMNBACMBIX BEHICCTB, TENJOTH WA WACTHU JMCHePCHOR thaam.
B 10 e Bpem xapakTep saMsHUA CTPYKTYPE H0is CKOPOCTEN # ChOHCTE
NCPEMELTTBAEMON CPesl HA NPOTEKARHE ITHX NPOLECCOB NPH JaMunap-
HOM peEMuMe CymecTBento ovansed. UmHo ws ommuuit saxmovaercs
B TOM, 4TO BAUAHHE MACCOBLIX (FPABHTAUMOHEHX, BEHTPOOEMHEK) CHI,
NEfCTBYIONEX HA BIBEINEHHEIC B MOTOKE NaCTHI W cnocobeTBYIOnHX
PEAENEHHI TETEPOrCHHEIX CHCTEM, B BHCOKOBA3KMX Cpesax ofHYHO:
PORBRACTCH B HEIWAUUTEABHOIN Creneni. [Ipn BRsKocTsX, cooTBeTCTBY-
OOHX TaMWHEPHOMY PesHMY [CPEMEUIHBAHNS, OCAHICHHE BIBELCH-

HEIX HACTHIL MMEET TAKKE JAMUHAPHHT XapagTep u Momer Owrh oni-
cano ypasHenmes Crokea:

dz (M (1

1
e (g

Wy <

TAC dy — pazmep wacTWiL, M [y, f — RAOTHOCIL UBCTHIL M AWAKOCTH. KP M |1 — -
HAMHUNECHAH BRINOCTD KmakocTi, Tla-¢; f — yckopesye csofopaoro nazgenns, o'ed

Ouesikn noKasuBaoT, Y10 CKOPOCTH OCAMNGICHHS YACTIIL COCTABISET
O0W4HO menee | mwle, T, € anauMrennno Mensile CKOPOCTH  TEYeuNs
NepeMeLLKBAEMOK Cpet. Takum o6pasom, upH ananuze pacnpenencuus
KOHUEHTPAUHT BIRCIIEHUNX YaCTHIL W Kaneab nepeMelIBACMYI0 cpeay
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MOMHO PAcCMATPHBATL KaK KBAIHIOMOIEHHYI0 * W pacuer nmmm:
[POBOANTLCS IO TEM XKe YPEBHEHHAM, W0 PACNET NEpeHoca PacTBo
FEHE;r:?mﬂmwau ocofeRAOCTh MEPEMEIIHBAHAA BHICOKOBRI-
KHX CPEJL COCTOWT B TOM, Y10 NEPEHOC PACTBOPERHLIX BELIECTH H mnﬁ:
5 JEMHHAPHOM NOTOKE OCYLIECTBJASETCH 3IHAUNTEALHO MELIEHTCE, '
5 TYPOYMEHTHOM, H HOITOMY, HECMOTPA HE CyUleCTBEHHOE CHH?HBIII*}:]-
KOSMAHLMENTOB TENNOOTIAYH C NOBLILICHHEN BAIKOCTH CPeIsl, Heu,:sm
pOJHOCTD TIOJS TEMMEPATYPH B AAHIOM CAYHEE OKA3LIBAET TOP
fosbllee, & YACTO K OlpeleNnioles BAHAHKE Ha HHTEHCHBHOCTD ?MD;
obmena. Ilporexanite Tpoueccon MaccoolMena ¢ nuenepcwoi (aso .HPH
ePEMEIIHBAHHI  BLICOKOBA3KHX CPER obLMHO TAKIKE KOHTPOJIHPYETC
NEPEHOCOM TEJEHLIX KOMIOHEHTOR B CILNOLWIHON haze.

11.1. PACTIPEAEJNEHHE KOHIEHTPAUHN PACTBOPEHHBIX
BELLECTE

B GoABUINHCTEE NPAKTHUECKAX CNy9aes npi BuOOpE THOAZ M Pasuenos
VElIaZIKH H HACTOTH €€ BpaULEHHA JUTH nepemewpatis mmxuaﬂam“:i
Pl OCHOBHBIM BOHPOCOM SBJIAETCH BREMS CMEICHNS — upeagﬂ [ﬁ?ro—
eins Tpebyevoll cTenesi DHOPOAHOCTH TIONS Knémempmﬂ a' #od
Naps APOCTOTE METOA0B H3MEPEHHS (euayansroe nabaiolerHe 38 pa p"_
JlesleHHeM OKPackH, KIJH}?’KT{JMH‘FHHECKOE HAMCPEHHE HIMCHEHHA 1-:;‘; x
uenrpaupn saextpoanta (1, 2] i uamepenne BpeMerH BHPEBHI{B?aiiI}
TEMIEPATYpIl [PH  HMIYALCHOM BROJE nojor petoll  HHIKOCTH ok
pakonaes Gonboft ofsem dxCnepumenTaibrofl Lmquuau}i[li 0 lnl"?l e
CMEIERNS B ANNAPETAX C MEMIAJKAMH DRMIHMHLX THROB 11-- /51 <48
JAHEHE B CONETARHN C IAHHLIMN O MONLHOCTH HCHOJAL3OBANE B prae pg“
gor 12, 3, 8, 14, 17, 18] pna oueuxH leﬂBHHlTE-'thU-ﬁ 3¢¢\\é|mmnoc'r‘
MeLIAN0K. Pe3y IbTATH CPABHEHHR NOKASAMN, 410 B YCJOBUIAX namm;;g-
HOTO PEMHMA JIEHTOMHBIC H 1UHEKOBLIE MELIAJKH olviafaoT -agum‘ A
HLIMI TIPEHMYTILCCTBAMH NEell MOLANKAMH JPYTHX THIOB (nﬂp Hfﬂ:ﬂ'nH:
PAMHBIMH H T. /i) BCIRICTBHE COSAANHSA HETEHCHBHOM oceunH uupecye_m
M, OXBATHBAIOUEH OCHOBHYIO HaCTh ofkema annapara, meml;l.;le A
cBEIeHHS: O MEXAHWIME MepEMElMBAHME TPH JIAMHHAPHOM PEXKIn ke
pesyABTATE NPAMBIX HAGM0ACHHH NOKAILBAIOT, UTO npH cmm_;t::lm ;::HD
JKEHHH HIIKOCTH npoiiece ofMeHa BEmMecThoM NPOTERacT HEKJIO i
MEIEHHD, | TIOSTOMY B JIEHHOM CAYYd€ OKPYHHOE Tedenue :ﬂ?mﬂﬂé ;
B OTAMLME OT TypOYNEHTHOrO pessiMa, obecneiHBacT nepenoc q:; o 'p_-
raaskEM OGpA30M 10 OKPYKHOCTH B JIHUIL B HE&H&H.H'?EII;EDH cTenes "
no pamMycy ¥ BRICOTE annapaia. [Mpn nanuady OCEBO uu;?rcy:;ilu i
(cm. prec. 10.14) na nopOpOTAX HOTOKA [PH €10 nepexofie H3 uempﬂmI o
soim B nepudepuiinyio i OOPATHO PEIKOE HIVCHCHHE Hanpaaneuuﬁm
YEHUA NPHEOINT K [EPECTPOAKe npodHAR CKOPOCTH W K BOSHIIHO s
cipiroptx  aedopmarmh [19, 201, criocofeTByionx  nepesteul
5eMEHTOB JKUAKOCTH U3 cnoA B caof. Takas ynpouiennan cxema Hpo-

* Tagoll Hoixon onpawian IpH &e = 0,1w, Tae W — OCERAR COCTABARIOWAR CRO-

POCTH epeiid, MWC. b



Pec. 110, CxeMma cuetwciiin » annapere © Senvoudol wesnsol,

TEHEHHR NPOUECCE NMEPEHOCE NMPH HAMUHEE  oceBoff
UHPKYAATIHN. HCNOAL3YETCH HHIKE B KAUECTRE OCHON,
2 ir) ANA ONHCAHUS NMPOLECCa BLHIPABHKBAUNA KOHUCHTPAS
. UWHH NpH NEPEMCLIMBAMKI JICHTOUHEIMIL 11 [LHEKOs
Ll BBIMH  MELIAJNKAMH, 1
EE} | Jleutouune mewasmu. Pacuer npoueccs nepe-
L F HOCA PACTBOPEHHOTO BEULECTBA OCHOBHBaercs |21 %

r Ha  WCIONIL3OBAHUY  CXeMbl, npecTaBaensoft na
pHC. 111, YVunmwean, 4io ua npaMoanmelHux yya-
CTREX BOCXOASTIETO W HHCXO[SLIETO NOTOKA pajii-
AMbHOE ¥ NPOADABLHOE (BIONL MUHMHM TOKE) nepe
MEIIMBAHIE HeIHAUMTENBHO, W AOJAras pacnpeie
JAEhHe KOHUCHTPAUMI OCECHMMETPHUHEIM, ONHIIEM NHPOLECC HEYCTAHO:
BHBUICTOCH MEPCHOCA TPACCEPE UMPKYNSUMOMHMM TOTOKOM ypaBte-

ary

e
W‘-ﬂh[f}—m-'-=ﬂ npH rg< r<re

np orgsr==~R

Saecs wy (r), we (r) - AoKMEENBE SHauCHNS CHOPOCTH  OCCBOTO  TEY
v . » eHiln B 5
paauioh (1) w neprdopwimon (2) somnax, m'c; Ly, fy — NOKANBHLIE IUANEHNN amut :
ﬂ:"x:a Tp:_nc:p_a L pﬂrr::aﬂhntﬂ W nepibeprinon amiax; ry, & — panuycit paas w g
: oM Py — /T TPENHLLY poagens o i !
ekl yo o pHasens lenipaikpor W nepEdeprAnon Son (oM
B mecrax nopopora notoka ma 180° umeer mecto muTERCHBHOE pa-
JHANBHOE NEPEMENIBANME, NOSTOMY MOMHO HOJOHHTH KOHUEHTD T
TPHACCEPA MA BXOAE B UEHTPAILHYIO 30HY MOCTOSHEON Mo pajuycy

(defdr = 0 npn h = 0) » passoft

R
2
€1, nx ﬁ—,q—"J-ﬁuh; r} oy (r) dr

fr

(1113

FRe § — UnprynRimoniudl pacxon nepestewsaenol cpen, MY,

Aunanoruano ma sxoze notoka B nepudepuinyo sony:

F,
1 g = —?i-lr'ﬁ; (7 r) ray [ﬂdf
q o

* Buanaxoe amicanie nponeces nepeveniipanis & annspare '

. , Te & AeToHoR o

npefaosess o patote [ﬂT]B Hedt CnsnnaTL HEMH alﬁ:mpﬂummn i Bna;;:ﬁmm'

::E.prgyp: ﬁ,:::mm [ucmmmnnn ML HAKMO EATICYNMPOBANHLE KPHCTAANH DASHEPOM
.. wioue caofl (BT JeiicTnne 1 TREPRLILY uyHe

SPKO BHpAReol ocenofl nupwymu.l S PREEESK A e
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Ypasunenng (11.1.1) —(11.1.4) B coueranmn © rpamiMHEMH W Ha-
GaILHUMA YCAOBMAMM, OTPAMAIOMEMI 0CofeHOCTH BROAA 1 BLIBOA
CpeAnt, H ypaBueHuHsiMH $alma.msﬂuru pacnpenesienns ocepoii CKOpoCTH
(10.4.38) u (10.4.57), (10.4.58) oGpasyor 3BMKHYTYIO CHCTEMY, KOTOp#s
moMeT OpiTh peiiena uncnento. JLag npaktuuecKHx pacueron yjolnee,
OHAKO, SAMEHITL STH YPaBHEHHS KOHEOYHO PA3HOCTHOR HHTeplpeTauueh
pacemarpusaemoii Mopean (21 ). Npeacrasim nextpansryio u nepudepnii-
HYK) 30HL COCTORIMMY KAWIAA K3 Z KOHUEHTPHYECKHX CJI0EE TOMLUHON
Ay = (r; — r)z B uenTpanewoit ¥ Ay = (R — r)lz 8 nepudepninoft
aone. Jlanee, Kad/uill H3 DPACCMATPHMBAEMBLIX CJIGEB NPEICTABHM Kak
pasgesennnil no Becore Ha m siveex sucotol H/m. Ulpn pocratouno
Gombuix 2 ¥ m Kamkgan sueldka no ofihesy mana no cpasfennio ¢ obne-
MOM SOHE! 1l MOJKET PACCMATPUBATLCS Kak suelKa HAeaNkIoro CMeweHHs.
ITpu takoli unrepnperawnn ypassesns (11.1.1) w (11.1.2) samenmorcs
cHeTEMON o0LKHOBERHLIX Ypapnennil. [lnw uenTpansHoil 308K

H der s
woa e
Hodei g
W E e
............... (11.1.5a)
r
T swrgeh, m
M At m h;l-l .3
';r == = r i,m
Y faen
| R |
st nepidepritol SoHLI
I
If d E le.Knl
Ch 1 i—l
WA k|- 2 e
3
el |
=y r (11.1.56)
iHodeuj
e @ dtn, fon— )
1 Fuim
e ~ Wh (Chy .t — i, m)

Jneck mh, Wy MANEHEA OCEBON CROPOCTH MWMAKOCTI [R PASRYCE £p W rh. M,
Fro i — SUESINN PIIAYCE T0 H A-rO CHOH, ONPe/IeTRENNE KK

I r..-|-{h+w[l—0.5}. r,..—:,-i-.!—"?—:i'l‘-l-u 05 (11.L6)

NAGUEAL Eeiehii ro W dhero cron, Y
TR (Rl S0) - L =(rk (11.1.7)
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Hanpasnesue mysmepatun sy
. ! eex 1o swcote (I < j < m) npun
CBEPXY BHN3. 3Hayenne 2z BrOupaercn TakHM oﬁpaam-{. ‘ITOI;I:I q;un

HANOCH YCAOBHE HEPA3PHIBHOCTH noToka. Cr
: EIleHB 7T
ASETCR  BEAWNRRON TOYHOCTH  ONp

<ty (11.1.8)

ﬁ 2
(v / Froi — 1
k=341 l:gl

me::emmnnymn UPHHHMETD SHauenue &, nopaaka 0,01—0,03. Uk
AMEEK 110 BLICOTE /! TIOAUMPAETCH B XOAC PEHIEHNS CHOTEMH, HCXONS 13
YOJOBHA JOCTUMEHUS SANAHHON TOMHOCTH €€ PeleHus.

Ha pue. 11.2 npencr:
S S HBJIEHL  PERYABTATH :
PN HAYSALHBIX YCAOBHHX: el e

npe 7= 10 .ﬂ'“‘lm-——_-?T_
i
m pIg
k=241 (11.1.9)
gy=Gi=1 .t =L ..sm

=0 k=241, ...25 j=2 ....m

Mf COOTBETCTBYIOT HMUOYNLCHOMY BBONY TPACCEDAE B BEPXHIQK
il mepuq:repnunuﬁ sonb. Ha stom ke i:fm-:n HPHBEACKE Peayith
s MepPeRus konuuenrpaunn tpaccepa (HCl) » ammapare auaverpom
iy 05}; ¢ JNERTOMHOT MEemanKon JaamerpoM 125 Mu i wacTotolt spamesing
2 vl Brakocrs epenw cocrasasaa 20 [la-c. '
cayantatel weesesiosatnit [3, 211 noxaswpawt, uto Bpems cae-
LIBHHA T, NOHUMAEMOC KaK BPEMA ADCTHIKEHMH ASHHOH CTEneHM OxHO-
POLAHOCTH paclpe/lefienns KOHUEHTPALNIT, TAK IME KAK W uupxy;sw.uunn#
HLIH pacxofl ¥ npodmab ckopocti (em. pasgen 10.4), He assuent o

BAIKOCTH cpens. Ilpw stom memnpy 7. M o
: LECTBYET
NOPIHOBAALHOCTD *, WTO CoO ;e'r ':Tn‘-'l'ﬁmm yer obpartHan n

Tefl = const {11

* Pacuers' w SKCHepRMEHTE norass
K BAK0T, W0  HeOINDPOIHOCTE
HOHmENTREaUA nopsgxa 4345 U mﬂmn' OOBIHD 38 BPEME T — ’Eﬁ’gﬂ?ﬁ:

Ten
2mi . ec-1
l'i:: o © =
£l 5o L] ot O
I - w0 i
Lk
Rﬁq

Pot. B2 HaMelieswt woulenTpaunn Tpacceps s BIRAPUTE TPM HMTYALCHOM MEONE.

Ennommie aunny — pacuaer
T B = 7T IR i 9 s — omimie abmke

Prc. 11,8, JaupcyMOCT. BeEmin g Tplt OF l'te":

I = panrme patotie (1) 2 — gmpoue préors 121 )
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piic. 1.4, Caema noTOKe NEpEsMEEMBGEMON CPERL M AIMARATE €O Mne=
ROROR MELEINOH,

Orsersn, 910 raxofl XapakTep IABICHMOCTH o
BLIPAKEHMA BHJI3 (11.1.10) nonydens BO MHOTHX
SKCTepHMEnTaNbHEX pPaloTax 1O H3MEPEHHio spe-
venn cvemesms 11—161.

Besmupsa T,1 3EBHCHT TOJABKO OT COOTHOLUCHHS
KOHCTPYKTHBHHIX Da3MepoB MELUANKH W ANIdpars,
pacurrab annapata # CBONCTBA CPEAb! Ha 3TY BEMH- 4|
qUHY He BauAlor. 310 CAEAyeT, B HACTHOCTH, W3 ql _deud v
rpaduka (puc. 11.3), NOCTPOEHHONO 1O JIBHHHIM [3,

91 ). Suauenns T, npuscjenwme na pue, 11.3, coorsercryioT a0
crikenuio B guelixe (22, /) Kouuerrpanun, pasmoii 0,75 KOHEMHOFO
SHAYCHHHA .

llnexoenie mewamy. Kax crefiyer #3 gaunux paspensa 104, wupry-
ASUMOHELIEL PACXO] B ANMEPATAX CO UIHEKOBLIMI MEIANKAMH MEHbILE,
yeM € JeHTOUHWMH NpH Toil e wacTote Bpamenus. B 10 me spems
IKCMEPHMEHTANBIBE PEIYMIBTATH UOKE3LIBAIOT, HTO AN [ HCHOBLIX
sewanor (om. 1an. 11.1) anavenun npoM3BeseHNs T B 23 pasa
pnme, weM JiA  aewrtosswx  (pue.  11.3).

Oranustrenbias 0CoGEHHOCTE UWHEKOBLX MEAJIOK 3BK/IONAEICH
B TOM, MTO IIMPHHZ JONacTH Memanky Ganska (41s Mewanox ¢ Harpas-
asiontell rpyGoll — NPAKTUNECKH paBNa *) K umpune HeHTpATBHOH 30ML,
4 OKpPYIKHES CKOPOCTh JIOMACTH CYILECTBEHHO Goabie CKOPOCTH MMARD-
crH, W GnaroAaps 9TOMy B ANNENATEX CO HIREKOBLIMH MEUIRNKaMH epe-
MELLIMBAKIE MENUTY CJAORMH NPOMCXOLHT HE TOJALKO B MecTax noBopoTa
(OTOKE, HO W B 3HAMMTEILRON wactH ofbema.

TaxuM ofpasoM, NpW ONHCEHME Npolecca nepeMemmBanila OKadL-
pacten poaMomnty (23] paccmarpusath HEHTPANLHYIO 30HY KaK 30HY
aneanbHoro cvemenun (puc. 11.4). B stom cayyae HIMEHEHHE KOHICH-
TPAIH TPaccepa B HEHTPANLHON 30HE ONUCLIBAETCH YPARHCHHEM

iy q
L ) —0 THRY
e VT S

- —

* Anmapath to IWCKOEMME Mewaaramu xapaxrepuayiorex  [26, 27| coomhote-
wHaMi &g 7= 1,652.5, rofrg 221,01 (0AC ry, Py, R — painychl mMClsnKN, Hanpasag-

omeh TpyeE B AnnApaTa M),

Pae. 11.5. PesyanraTel  pREVETR  HAKE-

WS HOREE N TRaUNR N ToudAax
annapata € soopawmaTaMn BIH w o r/R.
K puntie | MH L

! My 0:20

% “, 0,749

3 L' 08
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Prc. 118, Janucomocts wasimeiiis TOUR
f WOHREN TR pacoe ol fIHH
:::,:‘: = Ry W rfR'= 0,08 wnnapata co I:‘::umll“:&:uunn .H'lllllﬂ:ﬂnl]ll.u!: . ;;:i =
OEIHEE AHHAW — pocgermsiie. 1ou o :
i {noofife): | — 19 ¥ - I.4:'.1 = |.|f"f'-"”if.a?-"m 2R i e i it

CAR & wx — KOAUEHT LR LRy )
o YI;BBHL'IIIIIIJ fll.]r.lii]. f TRBCCLRA HE bxoje B WHTPATERYIO 300Y, Onpeaeanevma

llepenoc tpaccepa B
i (“'ngj. e nepudepufinoll 30ne onncuBaetTen ypaBnHe-
Ha puc. 11.5 u 11.6 npue

: i BEAEHL KPUBHE RWPaBHHBEHUT KO -

HHH 5;- BCCEPA B anmaparte Co uHeKOBOR Memankofl u uanpal;.iril:gp :ﬁ

;1;3;:3- ngéepunummm YCAOBHSX, COOTBETCTBYOMUIHY IIM!tEﬂhﬂHﬁlﬂ}’
- 4 B BEPXHIOW YaCTh UEHTPAALEOR 30mW. A

SKCNepUMetTanblue aasicnmoemn ¢ = J (1) n : Hamm“ﬂmtwc

M € = OnyuEHW Talwe
Eﬂl {!'.'LH Pac-;ev#m H SKCTIEPHMEHTANLIEE KPHBHE r23. 25 | nan -a:n;l;amn
CROBOR wewaanoll Ges wanpasasoniel TpyGu HpHBEeHM npa

pre. 1.7, a suavenns t.n aas memsan METp
OK ¢ paanuu
XapakTepucTukamy — B 1abn. 11.1. ! e B

T
ol u:fm :i:“ memnam RONUERTPOUHE b ANnapATAY

= . . i ” Jubkeniie 7, n
EC Bl I Al - B g
Pucuer- O~ L
Mo s
1,68 1.0 1.4 0,715 1,1
| 1 i 075
:.gg Lo iy 1,38 108 0,75 4 i Elz
yigh I 1.5 L0 1,1 0,98 70 63 |
" :.ﬂﬁ 2.0 0,67 il 0,75 160 B0 ll
3. 12 :;'r!r 115 1,15 0,75 1] 75 15'
LI 1.0 1,04 0,58 210 220 23]
S 0 1,0 1,04 0,75 110 1S )
His } 3.0 1.0 - 0,98 4R() 470 '
B 23 ap 1] e 0,75 B60 250 i?i
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Pric, 11.7. JamncamocTs Aisameiil ROAGERTRERMR TRRCCEDS B TOURAx offhiMa © KOURIMHATAMK
hiH = bjy w r/R = 0,UN annaneta co ipsencaof Mewsikol Gey sanpresoomEed TpyGM npn LNcTo-

TRE BPOLICHHR MEann (B OGE)
Jo— ;g ¥ = 12 &~ 0,44 cOonommwe EEREN — PICHETHRE.

11.2. PACITPENENEHHE TEMIEPATYPEI B AITNAPATAX
¢ JEHTOYHLIMH MEIUAJTKAMK HPH HAJHYHH HCTOYHHROB

H CTOKOB TERJOTA!

3KOHOMEPHOCTH NEPCHOCE TENNOTH B O0LEME (ePeMEeIIHBAEMON CPE
MPHHIMOHABHO AHAJOIMSHL 3aKOHOMEPHOCTAM NEpeHota pacTBopeH-
HIIX BEHIECTB, PACCMOTPEHHEM B NPEAyues pasnene OrmmuTession
HepTOil NPOIECCOB TENJIONEPENOCa ABIRETCH HATMUNE HCTOWHAKOB Wi
CTOKGB TEN/0Tu, KOTOPHE CAYMXar npuuuHol BO3HWKHOBENMS PasHOCTR
TeMiepaTyp B PazAHMHEX TouKax ofvemy. Fue oxsa ocobentocts npo-
TERZHHA NPOLUCCCOB, CBASANHLIX € MEPEHOCOM TENNOTH, 3AKMONAETCR
B TOM, YTO (IPM IHATHTENbHON paanuue JIOKAMBHBIX 3HAYCHHA Temnepa-
TYPBl HADY IIAETCA NOCTORHCTBO (PHIUYECKHX CBOMCTB epej, 1 B NepByio
OuEpEeib — BHRAKOCTH, YTO IPH JAMHHAPHOM PEMIME MOMET NPUBOANTD
K Hekameuuo nosas cxopocredl. Ilocneanee olGCTORTEALCTHO, OiHAKO,
NpH PACMETE ANNAPATOB MOMET HE UPHHHMATLCS BO BHuManne. Jleno
B TOM, NTO LEMLI0 NEPEMEINBAHNA SBAAETCH NPRAOTBPALICHIE IHAYR-
TeABHOT HEONHOPOHOCTH N0/ TEMNEPATYPL B annapare, H npH obocHo-
BaHHOM BhifOpe ycJAOBHfl nEpPeMEINNBAHNA PAINNNA NOKE/IbHLIX IHEYE-
Huft TemiepaTypu B OcHOBHON uacTH o0bema Hesenuka (Peiko npessi-
nmiaer 5— 6 K), a BLZIBAHHOE €10 UIMEHCHNE BASKOCTH HE MOMET Cyuie-
CTBEHHO OBIHATE HA THAPOIMHAMHYECKYIO O0CTRHOBKY.

H3 ynesns TEXHOMOTHYECKMX OlEpaluil, OpH OPOBEICHHH KOTOPHIX
OCHOBHYID POJIb  HTPEET (EPEHOC TEINOTH B NAMHHADHOM HOTOKE
MEPEMEIINBAEMORN  CPE, MOMHO BLUIETHTH ABE OCHOBHEIC TPYTIHLL.
9710, BO-NEpBLIX, ONEPALHYN, CBASAHNLIE C HAIPEROM WIH OXJamne-
HHEM nepeMelpaemoll Cpei  NOCPEACTBOM BHEWHWX HCTONHMEKOB
(renovocntens B pyfamike annapara), W, BO-BTOPHIX, (IPONECCH,
XAPAKTEPHAYIONMECS OLHOBPEMEHHO HAMNUHEM BHEMIHEro Tenancd-
MEHA (MArpEBa WM OXAAMAEHHA) M BHYTPCHHHX paCTpEACneHHLIX
HCTOYMHKOB WA cTOKOB Tennotu. Buijenenue wam morJoiiesne Ter-
oTH B o0beMe nepeMewHBacMoli Cpeil OOHNHO HBJRETCH peaylb-
Tatom xumunveckoil peakmin. [loaxof K MaTeMarHueckomy OmiICaHHIO
pacnpencsiensis TEMOEPaTYpH B ODEHX imcmmpnu&mux CHTYaIBAX
ananoriyel nanomenuomy B paspene 111 npumenurennio K repexocy
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Piic. 118, Crestn Wopenn pepenota Tenastul,

=i 1
{ |-.-§ e, = Pepaclicfie, fai Qur g = Poprplute §
&
— — e — _ H
'-\T ﬂ_tlj:g qr,j mR—"-:—-K{f.‘_fﬂ.;}
= Ho,
N5 i BN
| fll e &
L1 wh pacteopennmix Bemects. [lpouece nepenoca
e 5 1‘ TENNOTI  ONMCHBACTCS  YDABHEHHAMM  BUAd
= Y E (11.1.5a), (11.1.56) san (11.1.56), (11111,
[Fo B Ej'?.- KOTOPBE  JOTIOJHAKTCH  CHAraeMbivM, YUHTH-
4 BAIOMMAMI  HAJAMYHE HCTONHIKOB WM CTOKOB

rerstotsl.  Hanpisep, 8 cayvae oxnamnenns
BASKON CPensl B annapare © JNERTONHON MEHankoil W pybBawkol
(prc. 11.8) uaneneinie reMueparyps ONNCKIBACTCH CHOTEMOR ypasHenunis:

It di,
woae wiha—lyy)

--------- @ By m.w @

...............

£ el
(o i)

H dip {12y
oy Ut — o)

H diy )
T i i)
i de,m
woar o ok o=tk m)

Tiie I.'{* = n b lsshes g — 1

YpasreHna ans cnos k = 2z, rpanuuaniero co CreHKof annapard
mﬂgﬁﬁa 'tmmge oT Enylgjaa NEPeHOCA BELIECTHA, YUWILIBATL TAKKE
: i ¢ pyGamkoit. [Ipn noctosmsoll TemnepaType Tennonock-
reas 8 pybawke 7, (v, h) = const): R, %

I dlu g

Kol {ln—1
P = = e (ly, nx— T2z, 1) - ol ly I, 1)

m {-E == r;r} pr
H dles, sz (-I! ol )
o Ml — ) f:tR -—pr-r_" :t-l.l] (11.2.9)
Bdawn 2Kl (tg — fas, )
=3 b z (! = 2z !
m o dr War (fez, mon — Par, i) + R —a) D

B svux ypanwennx f ' ¥ {
, W Fy, p— TeMnepIrypd cpesla o auchse £, f B suduenr T fy —
TOMBEPATYPR  TenAominTean B pyGawne; Kp — soufdmunenrr unm:anupr,-m-m_"

284

SuaueHns TEMTEPATYPH HE BXOJE B HEHTPAAbHVIO (f &) W nepude
puitnyio (f;, gx) 30HH ONPEACASUOTCA, UCXOAA WA YCJOBHA YCPEAHEHHA
Ha nopopoTax notoka (esm. pasnen 11.1) xax

2 x
E ity m E Faumds 1
Iy iy = =iy ],' i -!—-L— (11.2.3)
Y ¥ fwi
f=2-H1 '

Cucrema (11.2.1)—(11.2.3) zononusieres  ypaBueHnsinM, OTpaHKa-
DILGIME  HauaNbHoe pacnpellenenne TEMNEpaTYRE B obbeme annaparta.
[1pi NoCIORMNIGH HauaNBHOR TeMRepaType Bo Beem obneme:

o= =1 npit ¥=10

TIp# persennn CHOTEMB SHAYEHMSA CKOPOCTH /0B y, Wy, W pajHyca
CPARMILE 30H r, PACCHHTHBAIOTCH N0 YPEBHEHHAM, NPHBEACHHLM B pas-
seae 10.4, a napamerpst 2 B M (YMCJIO KOHUEHTPHYCCKHX CJIOEB N0 Pa-
JHYCY B fNEEK N0 BHICOTE) ONPEleAKTCH U3 YCIOBHSA OCTHHKCHHA TPE
Gyemolt Tousoerd (om. pasnen 11.1).

B pabore 28] npwpeaennl PEAYNLTATH YHCICHHOTO PEUICHUS STOH
CHCTEMB YPABHEHIH NPHMEHHTEALHO K CAYHAI0 OXMAMICHHA HEHLIOTO-
HOBCKOI #MIKOCTH (PAacTBOp KapGOKCHMETHJLLEMON03L) B annapare
obnemom 20 M" co ckpebkopo-neNTORON Mewankoi. Jlnaverp annapara
coctasana 2.06 m, ewicora 6,7 M, muamerp Aewrosnon mewanku 1,96 m,
yactora spantenns 30 of/mus. Kouerpykuns annapata noapoGHo omnH-
cava B 129]; xostduument rennonepenaun cocrasasa 500 Br/(w?-K).
K&K cApilyerT M3 DACNETHMX H SKCACPHMEHTZNLHHX AAHHLX, OOJNACTh
HEHGONBLUINE MEPeNasjoB TEMIEPATY Pl COOTBRTCTBYET 06A3CTH HAHMEHL-
IWHX 3Havenkl CROpOCTH UHPKYARIMOHHOIO MOTOKE (CM. pasnes 10.4).
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Fraagea 12

TEIIVIONEPENNAYA TPH NNEPEMELIHBAHHH
BBICOKOBA3KHX H HEHBIOT OHOBCKHX CPE/N

Hurescudnranus TEI0OTAANN K BA3IKHM RHAKOCTAM B annaparax
€ mMemankami ofbuHo Tpebyer SHauMTeALHHX SaTpat Imeprun. Mo
ITOMY ZIMAPATH € MEWANKAMY NPUHATO HCNOIB3OBATH MR Harpesd
HAH OXAZMNEHHA HMIGKOCTER B TeX cayuany, Korga TendcafiMes coue
TACTCH € ApYrofl TeXHoNoriYecKoll unepanwed, TpeGyiomied nepemein-
BAHNA (NPOBEACHNE XHMHUCCKOR peakuiy, yepeaHenue cootass u +. 1)

B Tex cayuamx, worga orBog miM NOABOT TEMNOTH ABISETCH NN
CTBCHHOMN UenkIo Texnoaornseckoil vnepanuy, Godee sdhPerTIBHO HpHME
HEHUE CrellHansHelX TenIo0OMeHRLIX annaparos.

K unciy takux annapatos, npeasasiauesiux 25 HATPERA W OXNA-
MACHNS BLICOKOBASKHX CPEl, OTHOCATCA, HANpHMEp, PoTOpHO-CKpelKor
BLIE TpyGuaTiie Tensoobmennnkn (BotaTophl), ceabacHBLE GHCTPOXOL-
;ur{ CKpeOKoBOl MeWAIKOR ¢ wactotofl Bpawenun 1o 3000 o6/mun (1,

L. Tlo KOHCTPYKUMH W XapakTepy PACHDEACICHNA TeMUEPATYPH pac-
CMATPHBAEMBIE YCTPOHCTBA 3a3HNMAIOT TMPOMCKYTONHOE NOJOMCHHE ME
WIY annapatamu co ckpebioBoll MEAnKol 1 Tpy6GuaTsIng TenaootmMen=
uiKami. Kax nokasuBaior peayantatel psiaa wcenegosasuit (3, 41,
IHAUCHHUA KOIDIMIHEHTOR TEMIDOTAAYH B HUX COOTBETCTBYIOT ypaBHE:
Hino s ckpebkoppx mewanor (6.2.5). B 1o we npems rpaaneimil TeM:

256

[lePaTYsl B OCEBOM NANPABICHWIL B annaparax sToro THna ofuune Bo
AMHOFO Pa3 NPEBLILIGIOT PALNSLHEEC TPAAHEHTH, TOTAE KAk JUiH aund-
paTOB ¢ MEWANKaMy xapaktepua ofpaTHa® KapTuHA. Bonpocs pacuera
BOTATOPOR BWXOAST 3a pPaMKE ASHHOH KHUIH, OHH M3JO0MKEHH B pRie
nyGavkaumnii |1 —4 1

OCHOBROE COREPXAKHE HaCTOMUEH TaBhl NOCBAUICHD TenaoobMesy
B ANTAPATAX © JCHTOURBIMI I ITHEKOBLIMM MEIMANKAMI NpK AamiHap-
nom pemume *. [TOCKoNBKY B HEKOTOPHIX CIYNaRX annaparthi ¢ Meiuadi-
KaM# PACCMETPHBACMEIX THROB NPHMEHFIOTCH A0S MCPEMCIHBANKA M-
KOOTCH ¢ HIMCHSIOWEHCS BRIKOCTLIO, HUKE NPHBCACHD TAKME CBEACHHA
o TepdoubMene B STHX annaparax npH TypOyNenTHOM PERUME.

12.1. OCHOBHBIE 3AKOHOMEPHOCTH TEHJOOTHAYH
ITPH JTAMHHAPHOM TEYEHHH HbIOTOHOBCKHX
H HEHbHOTOHORCKHX CPER

PacomoTpiM JaMIHEPHCE TEHCHHE MIAKOCTH noc/e BXOAA €¢ 8 HEKOTO-
puii  npsmoyromseai sasas  (pre. 12.1). Henocpeacteenun  nepei
BXOAOM B KAHAN MUAROCTD HMEET HEKOTOPYIO: NOCTORIHYIO 1O peemy
CEYEHMID CROPOCTD Wy, # TEMNEPaTypy fix. TIpH BXo7€, B TORKE © KOO~
patoit | = 0 npoMcXoanT TopMomkeHHe TOHKOTO CA0S MULKOCTH, ConpH=
Kacalomerocs co crelkoll (@ = 0 npu r = Ry, 0 1 = 0) 1 nossnsercs
AMHAMHYECKWIT norpasnudbil caofl — obaacTe, B npeaenax ROTOPOH
HMEETCH CYIMCCTBEHHBIL TPAAMEHT CKOPOCTH MO HOPMAfH K Hanpasic-
Hiw tesenus. [MocKoNMbKY PACXOA MHAKOCTH COXPEHRETCRH HENIMOHBLIM,
TOPMOMERHE NPUCTERHONO CJAOR AOMKHO CONPOBOKIATLCH OARHCBPEMEH-
HBIM YBCAHRCHHEM CROPOCTN OCTadBHON HacTi NoTOKA. Mo mepe nddb-
Heflero NpoABKeRNs wikoery no kanany (Tpy6e) Topmosmenne pac
npucTpangeTcH Ha Bee Opsec ylaleHHWE oT CTCBKH CIOM, & CROPUCTS
HEBTPANBHON WACTH NOTOKA COOTBETCTBEHHO YBEJHUMBAETCS. Hakouel,
HA BEROTOPOM PACCTONMHN OT BXOLA norpaHnisERA caofl pacnpocTpa-
ffieTcs A BeCh MOTOK W npodiiis ckopocTH craGuansupyercn. B cay-
44E TEUCHIR HLIOTOHOBECKHUX MHAKOCTCR B Tpy6e ycrasoBHBUMIACH 11pO-
dutne exopocrit nproGperaer hopmy napatonsl, on HCLIBAEMOH HEBECTHBIM
ypapieniiem Tarena —Tlyaseiuis,
TIPH STOM CKOPOCTS Ha oCH TPy o L
CTAHGBHTCH PABHOR Dy — 2@pe I

TMpy  TeueHHH  HEHBIOTOHOBCKILX Mg ' 1
Ly ‘j.r__‘/-"/ FERD, ,-‘:-’_..-' ATV FrE

* B psAc cayuaen JAH EpEMELLIL iy i
DAHKE  BECOKODHIKHX CPEA NPHEMENS- :‘,\{ b ok O
e Memiarkn ©  rpyfEaTeisn A0na- - S~
CTIMM, KOTOPHE ChHymar oRRODPEMEiG
Tennoohmensumi saeaesrtamn [5, 6. &

Pirc. 12.1. PRanuTHE AHIAMUYBCROIS N TeM=
MEPATYANGIO ROTPAIMIWE caoen (d) i WE-
e KOS@HMIIeN TR TRLrOCTARNH N0 Fil-— e
AMipe waEnas (S)

I = rpaiwins AR EMUEeTROTD CaoH; ] —rpn i
HHRa !!llll!'p.ll'!‘ll'lllﬂrl- EJos L4




L M. 1R, AaneenmocTs  Geapasepiol i

(1A H] WHARKCA  IGIERIOTONDICKOrD doncatimn 18 [,

YnHOll cpeanell CKOPOCTH, B COUTBET-

fost cTeil © ypaerenwen (10.1.14), coor-
HOINEHHEM
i} I i L Eaipwe = Elﬁ;]. Eﬂ;i{!_ “? ]'“
a5 w15 20 M
m

TAE M — HLIEKS WEABMTOHORCKOND NOBEAEHHN

Hawaabuuii ynactok 1pybul (0 < [ < [}), » nperenax Kortoporo
NPaKTHYECKH 3aKaiyuBaetcn QopMIpoBaKie norpasuuanoro Clon, Ha-
ILIBAOT YHACTKOM JOIEMHNECKON HJH THAPOIHHEMHYCCKOHN cTabuan3a-
uui. Ero pmisa onpepesserca kak

Gm--2ym o — |
b 1o () "R I (12.12)
l.w!fm n
Racen Ry i.—(-ﬁ-:ﬂ“j‘TrLMnmmn RpuTepri  Pelinonsnea®, K —
H m

HOHCHCTENTICCTE Crenenncl Muanoctit (o, pasnen 10.0), oy — suexoanewis) - ana-
METP Kanaan, onperensesull 6o ofiesIpeorius coornomcHam (U]

Kos(duuuenr L, & ofiley cayuae 3anucs of Qopubl KaHana 1 ks
JEKCA HEeHLITOMOECKOTO nosepennn m. Kak caegyer wa |8, 111, ero
JHARCHHA UIF TPYO I HNOCKHX KaHadoB GUH3KH 10 BeaHUMBE ) MOyl
Guite onpescsenst no pue. 12,2,

B cayuse, korga crenka TpyGL HAH KBHANE HMECT TEMDEPATYPY furs
OTIHUHYIO ©T HauanbBoN TEMIEPATYPH IKHAKOCTH iy, OAHOBPCMEHHOD
C TOPMOMCHMEM NPHCTEHHHX CAUEB RUAKOCTH OyneT npoHCXONHTE
Harpes (oxmangenne) sTHX CA0EB 33 CUeT TCHADHPOBOAHOCTH MHUAKOCTH,
T.c. OGyaer passipatecn  venaoeoll (reMpepatypumil) norpasnaisit
cnoit. Jlauna ysacrka crabuiansanmuil TeHA0BOr0 HOTPAHKYHOTO cnod fs,
ONPEACAAEMAR KaKk PACCTORHNIE OT BXOAA, HA KUTOPOM 3HAuUCHME r.u:&n—
GHupnenTa TENNGOTAGHH ¢ CTAHORITCA NOCTORHHLM € TOMHOCTLIO po 1 ™,
coctagaser [10] nan BuicToMOBCREX MUIKOCTEN

Iy = 0,05, Re Pr (12.1.3).

Raecn  Re o paggdy p — epurepsli  Peilwonbacs,  Pr— cpjuh — kpieprit
Mpanatns, cp — YAEAhHAR TENAOEMEOCTE  soakocry, J[st/ia-K), o g — smamingec-
KaR DRIKGCTH MuanoeTH, Tiec. A — TennonpoRoakocTs #uikoomw, Br/(se-K).

Hs conocrapnesns (12.1.2) npu m — | u (12.1.3) caeayer:
Is/ly = 1,7Pr (12.1.4)

* B pafiore |8] ncnonsscsass meckoabko s Jopma BRpasen R obofhineRiorg
Kpirrepus Pefinonbacs,
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yiarvma Avnamusecncll cTaGumoannl & Tpyce ot

mmgroerein 171, nonsuasowmxed
(i 8 screnersoMys 3axowy (10.1.4), cko-
pocTL Ha och TpyGHl CBR3aHa ¢ BelH-

119 BHCOKOBR3KNN CPel, NCPeMeIliBAHNE KOTOPWX NPUTEeRseT Npu
AaMumapiom pexive, kpurepuil Tlpannran Mower pocturats 1000 u
fonee, 8 NPOTAMCHHOCTL YUBCTEA TENJOBON CTAONIN3ALNN MBOTOKPATHD
NPEBLULLET MY YuacTKa craGuansatun fpoduurs CropucTy. Tarum
obpasoM, npH AoCTATONHO Goabiuoil APOTAMEHBOCTH KaHaia 8 ueM
NOCJCAUBATEILIO PEANHAYIOTCR TP pemuma ‘renacoraaun: 1) remic-
OTAA4A TIPH OAHOBPEMENHOM GOPMHPOBANIN AKKAMINECKOrO W Temrepas
TYPHOTO NOTPAIMHHBIN CAOER; 2) TEMJOUTAaua B YCIOBHSX QUPMUpORA-
HUS TEMITEPATYPHOTO NOTPAHUEEOTO CHOR NP TOJHOCTBIO ChopMrpo-
pasemes npoduae ckopoery; 3) TeNA00TAANA B YCAOBHAX HOMHOCTHIO
COPMUPUBABILIXCS  TEMIIEPATYPHOIO N ANBEMHNECKOrO, CAOED.

B nocaeasen caysae kos(dduuuent Tenn0oT/Iaun He 3aBicHT o1 Koop-
aniaTs | W CKOpOCTH notoka, a kpurepudl Hycceasta npuobperaet 191
noctoninoe snaueine. Jlan TpyGul

Nu, — adfh = 366 npy RePrd/L < 12 (12.1:5)

A HAotKoic. Kanana.
Nu— @dyh — 7.6 npn Re Pr (d. /L) =70 {12.1.6)

rae L — AAMHE KAHANA  puE TPYOLL M.

Ananus yoiaomiil TenoofMeHa NPHMCHETEILHO K (EPBLIM ABYM
PEXIMEM BHNOABACTCS Ha ochose runotest Jleseka [111. Cornacso
37Ol PHUOTESE, TIPH BLCOKHX 3uaveHnsX kpurepus Tpanatan (crporo
ropopst, tpn Pr — oo) TeMnepaTypuil norpakiukkil caoi (1. . o6
ABCTR, B KOTOPOFl NPUNCXONT M3MEHEHNHE TEMAEPATYPh) COCPEAUTONEH
B BecbMa manoll npucrersofl ofviacTH RHHAMHYECKOTO CAOA, TAE CRO-
PUCTH AIKOCTH T ABARETCH JHHElHON (DY HKIHEN PACCTORHKA OT CTCHEM:

u (g) = Vor¥ (12.1.7)
Faeen oy = ow/ily — ckopocTe camera npn gy = 0, L

Ypasseune nepenoca tengornl (Gea yueta ee BblIeaeHNR 33 cuer
BASKOIO TPCHMN) moeT GuLTh 33MHCAHO Kak

o _ _a &

o T Yerw O

the a—= Mpep) — wosddmunenT TEMIERATYPONPOBOANOCTI  HHAKOCTH, e
TMonctalopKoil

(12.1.8)

y ¥ Vor (12:1.9)

(9:: f Vyer aﬂ)”.
Iz

ypansenwe (12.1.9) npespawaercs B oGuKIOBEHHOE Anddepeninaibuoe
YpaBHeHne:

n=

] il 2.1.10

289



Pewenne storo ypasnenns aaer (111

i I -y
* ) = s Y Verlh) (9ﬂj Vyes [l}dl) (12.1.11)
i

T
Juecn {; — woopaunava  wauaes YuACTRN  TeroOGMEEs,

Ypasuenue (12.1.11) 8 papuoii Mepe npnuennmo jin chyuses Tese-
HIF HBIOTOHUBCKHK H HEHBIOTOHOBCKHX uakocTedl, Chever 3aMeTnTs,
OIUAKD, HTO OHO AOJAYNCHD Ha OCHOBE NPEANCAUAHCHIS 06 OTCYTCTBHH
BIANAHES Tpagienta TeMIepaTypu B nolpasisuom cioe Ha npodiin
CROPOCTH, & ChenuBaTeNbHo, M Ha kosddmuwent tenacotnaun, Jlas
yuera sroro eamsuus npssato (9, 10] ucnonssopary mBoMsTEN
(Wi )®",  Hasusaesmuii ofbiEig nonpaskoii 3uaepa—Tefa. [Tpnme-
HHTEALHO K HEHBIOTOKOBCKNM CPesaM 13 monpaska nmeer eun 71

Wilei, { Hﬁm-—!-';;}_'mlrﬂ K r.u
S Gm "
SR [E=WT N

Mo GonbumkcTsa HuaKoCTEl B OIPAHHuCHHOM AHANASOHE TeMIe
PETYP ORB3LIBAETCH BOSMUMHLM NPEHEOPETh 3aBHCHMOCTLIO NHACKCE M

OT TEMIICPATYPB K HCHOALIOBATE NOMPABKY B HPOC KK A0
TaKk wTo B obiueM Buae paeky 8 npoctoll gopwe (K/Ke, )™M,

(12.1.12)

i =1y
A et K
“) = g5V Vx (“" Jrve "”) (xe)™ w2

Iy

Onpeacaeniie ckopoetyt capnra ¥, (1) #a yuactre, COGTRETCTRYIGHLEM
THAPOIHHAMINCCKH  CTa6UAN3NpORARKOMY  Tesernio (I > 1)), npuse-
AHTCH Ha ocworaind ypastenuli npoduasn ckopoctr (10.4.45). Ipume
HUTEILHO K yuacTRy ! <7 [, rAe anBavMuyecKss CTAGRIH3ANNS CHIC HE
NPOR30LLNG, ONPeaeNcHie CROPOCTH CABITA CBA3AHO CO SHAYNTELHEMH
Tpyasocrami 1111, v s onesks Bauswns wauassporo yuwactka wa

auaucHre Kosdipuinenta Tenacotiaun yiolHee nonLgona OCTHI
: ThCA 11
ypaBHesem ' PO

Nigp, 3 = Null 4 0,12 (1;/1)%8] (12.1.14)

KoTopoe noayteso s patore [8] 8 peayantate annpokcumati sicaes-
HOTO PElicHHR 3ajaui. -

daece L — gnans kamens, sy No— kpi i T 1
it Crn prTepilt Hycoeauta He ydacThe nigipoas-

Hs npuseaennux ypasnennii v puc. 12.1 CAEAVET, 4T0 JOKaNbBHOC

SHANCHHE KONpQHUHEHTA TeNIOUTAAYH OKASLIBACTCH HANGONLUIN HA
YHACTKE THAPOAHHAMHYCCKOR CTAGHAM3ALMHE HOPARHYHOTO CAOH M

-
Huneke sers oduadaer, s
N ,ﬂ‘r- HEh U mmmrmemau DEJIHYHHE l‘.‘ﬂﬂmﬂ'lfi‘n}'ll"r TMIEF&-
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YMCHLIISETCA N0 Mepe yBeAHucHHA pacCTofnnf of ToMKH BXoAa Tenfo-
HOCHTEAR A0 TeX NOp, NOKa HE ACCTHIHET CTAUMOHBPHOIO 3HAYCHHS
(12.1.5) wan (12.1.6). [osromy nameserie AL YUATTRA HEBOAMYILLEH=
HOTO TEUEHHR OKA3LIBACT B pRAE Cayyaes GoAblIee BANFAHHE, WeM CKO-
POCTH AOTOKA, 1 HaNGOJNEE BLICOKAA HHTCHCHBHOCTE TenaouOMeHa B anna-
PaTaX ¢ MelIATKaMH JOCTHIACTCS B TCX CAYNaRX, KOFLa NX KOBCTPYRIHSA
oBeCHQUHBACT NCPHOLHUECKOE BOZMYIICHHE TOTPaRiudoro Ciod.

12.2. TENJIOOTHAYA B AIIMTAPATAX €O IUHEKOBEIMH
MEITANK AMH

MuresicnpHocts TeNI00TAEYN B ADAPATAX CO INHEKOBLIMY MELSIKAMN
HPH AGMUBAPHOM PEHHME TPAKTHYECKHM NOAHOCTLIO ONPEAEaneTCs Xa-
PAKTEPHCTHKAME OCEBOTO TCHCHMA B nepudepniinol sove annapara.
OleKi NOKASUBAOT, YTO NPH BAIKOCTAX M CKOPOCTEX NOTOKE, COUT-
BETCTBYIDUMX YCAOBHAM [ICPEMCILNBALNA B NPOMIIIACHUMN anliapaTaX,
npouapenenne RePrd,/H o6uumo npesbimacer 70, Dro casauact, 410
pucota annapata M poctatousa nas CTaOHANIANEH FUAPOLHHAMHYE
CROTD M HEAOCTATOMHE JLiR CTAOHANBALHM TCMUEPATYpPHOrO norpabii-
soro caon. Kak caenyer ua ypasresus (12.1.13), B pacemarpubaenbix
yOAuBHSX KOMPDHUHEHT TeNAOUTAaYH 3aBUCHT 0T koopawkat ly u L
ONPEREAAIOCILHX  TPOTHMEHHUCT: YHACTEA Tenaoofmera, 1 BEAWHHHB
CKOpOCTH CBHTA Ha cTeske Y., (1). TIpn ocesoym Teuesiil KIAKOCTH Ko-
opanBaTa L, COOTBETCTBYET HIDKHEMY CCHCHIIO NpuBapkH TelootMen-
HOlt Py6aKit, & UPOTHKEHHOCTL YNACTKA TEroobMeHa pabHa BLicoTe
pyGauicn h. Ecan npeneGpens BAMSHHCM YNacTKa THAPOARHaNHYECKON
cTabuaiaalmy it NPHEATD Yo, NOCTOAHHOR, MOMHO NTPORHTErPHPOBATS
pupamenie B upasoii wactn ypasmenns (12.1.13). Tlpunns L, =10
HOAVHHM BEIDANEHKE AN JOKANBHOIO 3HAUCHUA KOMPPHUNCHTA TEro-
OTA3UN:

(1) — 0,545 J_“E‘,"—) (%)""“ (12.2.1)

Koopanuata | B JanHoM CJyuae €CTh PaCCTURMME OT Hauana Tenio-
obvernoll pyGaiiky, HaMepacMoe BAOAL oOpaaylonen CTEHKH annapard.

Oreoha CPELUHil No HOBEPXHOCTH TeMtooOMena Kos(MuiMenT Tenno-
OT A

- m:rfa = nsu(Bex) " (N (12.2.2)
o

Bennunsa y., onpeaeanercs nyrem angxhepesudpobanig  ypabHe
fis npoduas ocevoll ckopocti B nepngepiiinon soke (10,4.45):

‘ s () B, q[[—?fﬂ)'m .
e G R A

rae Fm = f R @ — UNPEYNRUBGHRGE POCKON, MUC; Fm — PRAHYC MARCHMYME OCE
poir, ckopGeTn B nepiepainoh aone, M By — napanetp, phecywTupasmedlt o ypae-
Henwe  (10.4.50)
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[logeranun s1o shipasmentie B ypasnente (12.2.2), nocne npeobpascss-
HHA DOAYYIM:

e/ ST

flas yuera nosuitenssn NoKaAbHWX anauennil kosdduunenTa Teno:
OTRAYIT HA YNACTKE THAPUAHHAMHYECKH HEYCTAHOBMBIIEIOCH TEUCHIN
B Boipawenie (12.2.4) soguTes Honpapka, aHAJOIMUHER HCHONLIOBAN-
Hoft B (12.1.14): '

(12.2 4)

3, _ﬁ _
- u,nr_:,_ ‘,.fq_[!ﬂ:Tf;)’#(%)n.u [|+a|2(—:IL)°‘“J (122 5)

3uaucuue I, onpegensieren no ypapsenmo (12.1.2),
lpusons supamenwe (12.2.5) & Geapasmepuomy susy, HOAYYHM
YPaBHCHHE TenMooTaauy B OKonwareasolt gopme:

Nu= 11 [ (1 =2y (1= ) (1 —rR)m pe o] 5

5 (%)P.h [l-l—ﬂ,l?(—;}'——)um]
da =2R(l —fv)i Tx=raR (12.2.7)

Nu  ady/h — wpurepuli  Hyccessta; Pe — wgpdy/a — kpurepnii  Texae, Wep —
CHEating CROpOCTL OCEBOro NoToka o nepindepuitmeit soue, e

{12.2.6)
Jpecy

gk o ® B
lop _HRQ(] - ’3} (12:2.8)

Ypapuenne (12.2.6) npuMenuMo AR ATAAPATOR €O ITHEKOBBIMN

MOLUATKAMH KEK 1IDH HAAMSHN, TaK § 0PN OTCYTCTBHM Hanpasasionedl

TPy l'eomerprueckiie xapakTepneTHKN ANmapata W MeIaNKH B ITOM
ﬁpmﬁemu: YUHTBIBAIOTCS HCPES HX BIHABHE HA NAPAMETPH T, Fry
Se M ¢ 3HaveHHA ITHX NAPIMETPOR ONPEAC/SIOTCH PECUETHHM I1yTeM
no ypasnenusm uun rpageikad, npupesensmm e pazgese 104, Ha
prc. 12.3—12.5 npencrannens peaynbtar uamepesnit Tenaooriavi

TIPH HEPEMEILHBANNI [THCKOBEMH MEWAAKAME B annapatax AMaMeTpoM

0,21; 0,3 w04 w 112, 13]. Kputepun Peftnonsaca n Mpanaran saa
HCHBIOTOHOBCKHX FUAKOCTEH paccunTuiBaiick Kay

Re, = pn, fp; Pe' —ep /A (12.2.5)

3nayenme JCKTHBHON BAIKOCTH M, ONPEACHANIOCE 10 YPABHEHIAM
pasnena 10.3. Kak caeayer ua APHBENEHHLIX AakHuX, Ypasrcine (12.2.6)
oBecriewitBaet yAOBAETBOPHTEALHYIO TOYHOCTh HE TONLKD npe aamMinap:
HOM pexume *, Ho B npn 3Bauenunx Kputepun Pefikosbaca Bnaoth
fo 107, cooTetcTBYIONMX NepeXoasofl oBAACTH MY AAMMHAPHLM
TYPOYICHTHLIM PERHMAMH.

" JlaMrHaDIHET PEREN SR IeRODNX MEWATOK © HEnpaBnmauel TPYBOll cooTHeT-
CTEYeT ananenpam wputepun Peltuonbfcs mexee 80, a Gea tpylin — menee 30

202

Sx

L] i
6107
Rej,

u'm[m.'\'l._.l.ju'HJ oT ﬂ!; JUNN LD O L ABLIRAO N AT

pom it o 0y 18w (oume 1w F) 0,08 w0 (ronkn 4} v apmapate (£ = 0.3 w) Oea vanpasanomed
vyl _ :

! — mtuesToioicin e EaieceTh (pr = 0.8 2 8 — noTonoseann sagkeets (ol 1L0) enaoig-
HIA JHEN — pucyeT no ypesuesmo (12.9.6).

Pie. 125, Jannciimocts A = hu][i‘l

Mpu TypOynestuom peswusme (Re,; > 1000) 3aKOHOMEPHOCTH TeRiO-
OTAAYH B ANUAPATAX CO IUACKOBLIMK MelajikaMu Ges Hanpapaswoued
TPYOR HE OTAHMIOTCR OT paccMoTpensEX 8 ri. 6 npumednTe bHO K Wt
wankam gpyrux Tinos. Heobxonnmpie s pacyeTa 3uavuenin Mo#octH,
noTpetnaeMoil Npu TYPOV/ACHTHOM PERUME, PACCHHTHIBAOTCR AAW LUHEe-
KOBLIX MELISA0K N0 MEeTOAHEaM, onHcaBusm B . 2, npn atos. wostidii-
UHEHT CONPUTHBEICHHA MEHIATRH Onpeiennercs no |11J|'IM}'J'IE'

Ew = 222 (hairy) Yuu

re By — BLCOTR JONACTI. M: fy— PRINVE NEHIAAKN. M; @4 — uncho Jonactefl (KEK
NPaRHne L8 THHCROBEX MENANoK 25~

(12.2.10)

#e
LT

-

hoonely Wn
L ERELLL

L]
L

0
Re. Rey

puc. 124, Sammcwmocry A; — Nu/| 1 K Ko™ '] o Roy ane wnekesmx meitsnox g
wETpom dy e (.08 M [ = 0268, TouRK [) WO, 12w (¢, = D45, vourn 7) & annapate (0= 0.3 w)

€ nanpantaiigel TRyGol.

Crnowmse Aneim — pacset no ypasneno (12.2.6), Toue — cnspse aenmwe 1131

! 4] )
Pue. E.6. Jamucudocrs Ag— Nu -?— FIG'M(“L-'.U 4 or quuu wiexomof Moaman g
# e
werpom o = 0,21 M {fe = 78y » annapare (0 — 0,4 =) ¢ sanpanasoned Tpylion.
Cracmwie anius: | pacseT. ma yponmewwo (12265 F — patimr o yparioene (10,92, 128
TouRN — oo Hesnwe (121
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[ipn mepemelmbanm wnekoBofl mewankoll ¢ HanpapnswILei TRV~
Guli B nepudiepuiisoil SoMe anmapata oceBaw COCTABASiOLAR CKOPOCTR
ANIAETCH JoMHHupYonel. B 9THX YONOBHAX Tenaoolgaua K Clronke
OUHCLIBACTCA  OOIENIBECTHIIMN YDABHEHUAMH LR Cayuas TypOyaeHT-
HOTO TEqeHNA B TPYGAX MM KaHANAX, WAlPHMEP VPABHCHHCM:

Nu = aty/h = 0,002Re* Pr0:3 (om0 058 (1014 (12.2.11y

Aneen Re = pocpda!in — kpirepih Pefinoniacs mns nepripepiHON. 30mw; Wep —
CPEMHAR  CHOPOCTL  Ooenora  Tetdenss b nepmbepuimofl 3ome, onpeneanesas uepes
WHpRyARIICHERT pacxon no ypamienwo  (12.2.8).

Beanunna uupufmnuﬂuuuuru pacxond § nps TYpOYVASHTEOM pexiMe
onpeaeanercs [14], wmexons ws Ganawca oceBoro yewAns HEKOBROH
MEIATKE P 1 IMAPABIHNECKOTO CONPOTHRICHIS! LHPRYAAUMOHHOTD
Kortypa. [lpn TypBynentiom pemume Teuenns, B oTasume ot JaMuuap-
HOTO, BRAAL KACATCALHLIX HANPAMEHNA Ha APAMOIHHORHBIX yHacTKAX
UHPEYNAUHOBHOTO KOWTYPA B OGIEE THAPABINYECKOE CONPOTHBACHHE.
nesiaunrenel. OCHOBHYIO POTe B STHX YCAGBUAX NEPAIOT CONPOTHENE-
HHR B MECTaX TIOBOPUTA NOTOKA NPI BXOJE 1 BLIXOAE HS HanpaBasiouel
TpyOul, onpenesnemuie |9, 14] xax

Apy = P, 3 Apy = pug, (12.2.12)

TAE Wop.y — CPCANRR CHODOCTL MMOLONOCHE # lenrpansiion sone, a'c.
YuuTuiBan, uto

q'—nﬂ‘?(i‘s. 'ri}ml:[l.l —I'I'R?{l—l"an. (12.2.13)
OHPEACAHM CYMMAPHOE THAPABIHYECKOE CORPUTHRIEHHE KOHTYpa:
1—r3)\®
MPony — 80y + Apy = pul, [I + ( = :,) ] (12.2.14),
|

rie by = rg/R i — pagayc BAAA mewaden, M.

lpn yeranomusuemcs pexuve Beimunna Ap.ogp 4HCICHED pasha.

NEpenagy Jasjiesnn, KOTOPuil CO34ECTCH NPH BPALICHHH I1HHEKOBOR
ML KH

P.'

Apme m (12.2.15)

Ocesoe yenane Py, npHAOKEHHOS K HAKAONKOI NONACTH, uiTexaemon
TYPOYJCHTHLIM TOTOKOM, MOMHO B LEPBOM HPUGIHMKEHIN onpeseanth
no ypasuesnw. (151

Pa=Puliga {12:2.16)
TAE 2 — yron HEMWIoNs nagcrind (Jonacii) no oniolutisg x HalPADAEHHE JBHRE-
Hes (yrom arawn). Pn— aofonpe  youmwe,

JoGosoe yeuaie P, SBASETCA PEAYSITATOM AeACTBHS Ci THAPABIN -
HECKOrO CONPOTHBACHNA, MPHAMKCHHEX K JOUACTH NpH ee ofTeKammu
ORpY®uwm notokom- [lpu Typbyaestiom pemuse obTeKanns TouKa
234

NPIAOKCHIS PABHOACTICTBYIGUIEH FTHX o1 pacnoiokena Gausxo K
Kpa aonacty mewaaxi (oM. o, 2). B swofl oGaacti

10 — s{#) (122 17)

Buipaaim P, sepes kpyraisth movent metianaun gak Py — M.
Hockoabry My — Nwg 1 N = Kppn'di 10

P, = Kypnid},/n (12.2.18)
Hanee, ¢ yuerom (12.2.15)—(12.2.17), useem:
AK ypr'd,,

et M 1221
A=A -

Ipupapsnsas npassie uwacTH suipamennfi (12.2.14) n (12,2.19),
nocie npechpajoBarvs Noaysae:

G

Kndy (17— 75)

ey = 2ndy (%3-) ‘/m (-7 + (7 F (12.2.20)

Aau

i -N u.—‘ls '3—'3
- 0,5 (-HEM-) (1 _rEJ 1/ (:‘_ f;}-'-’q-),irf rz;_? (12.2.21)

Jlin oupeacaenns ssauedin Ky, BeoGXORMMOIO NPH PacueTe Wey, ¥
Nu, nas mHeKoBOfl MemankW B yCAoBHAX TYPOYACHTHOrD PEXima
MOKHO HOABL3OBATLCA Y PaBHCHHEM

Ky = 08 (hairg) Rey, ™" (12.2.22)

L. 18
3

KOTOPOS MOAYYeHO HA OCHOBAIHE SKCNEpHMenTaibdbiy aanuuy [14]
npH rolry = 1,06. 3asucemoctt kperepus Hycceabta on Kpurepus
Pelinoneaca, notysennas 8 patore |[12] npu TypOynesthom pexime,
nokasasa Hna puc. 12.5.

12.3. TENNOOTHAYA B AITNAPATAX C JEHTOYHEMH
MEITAJIK AMH

Kak cigiyer M3 fameuX o ruiponuuamuke, npusejeunnix B ora. 10,
UNPKYASILHONNLIT  PACXO] B annapatax ¢ JeHTOUMBIMH MEematiani
OfEYBD,. HHKE, YeM CO BIHEKOBLIMH FPH TEX e YBCTOTEX BPAILEHURA,
B 10 ke Bpems nMeolliecs Aaanbie o tengoobvene [16—201 cennerenn-
CTHYIOT U TOM, 9TO KosthdMuMesTul TenAooTiauy IPH nepeMelnBasing
JENTONHEIMH MCl@KaMil cylecTeenso seiie. Habaonaemas HHTCHCH-
(hHRanHa TennooGMena CBR3AHE ¢ TEM, YTO AHAMETD JCHTOMHON MELIATKN
aasnTenbHo GoIbIEE, H BCACACTBHE STOTO JLIS ANMAPATOB C NEATOTHLIMI
MEANKaMH XaPaKTephi GoJlce BHCOKHE 3HAHEHNA OKpPYIKHOR CocTan-
ASOWeH CROPUCTH HUAKOCTH — Kak nokasano e pasapene 10,4, cpenree
SHAYCHNE OKPYHHON CROPOCTH locTHTEET B faiHoM cayuae 0,1 ckopocti
Jondery. Taknm ofpazom, KHAKOCTL B aN03PATE ¢ JEHTOUHOR MeAA KON
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ABHIKETCR BAQE CTENKN 10 CRABHUTEILHO HONOIOR cimpanu, K peay.
THPYIOULA8 CROPOCTL €€ TENCHMS NPeBLIAeT CKOPOCTH OCeBOTO 110
B annaparte co MHeKOBOIl Meltaakoil 1Py Tofl #e yactore Bpamennn. T
ITOM  YBENHUWBAETCS CKOPOCTH CABHFA HA CTeHKe You H nnmwé 0TCH
3paueHins  Kosgdimuenta Tenacoraaun. i
Ewe onuum dakropom, CAOCOBCTBY LM TOPBILEHTO KosddiLies
TOB TEANOUTIAYN B aNNAPATAX ¢ JCHTONHWMH MOLEIKaMIl 1o cpaBies
HITIO CO ITHEKOBLIMN, FBASETCH TO, 4TO PALNYC NEHTONHON MeINATKH Ol
J0K K pajuycy annapara o npoxomaeHue aonacreil NPUBOIHT K 1EPHOAH-
HECKOMY BUSMYULEHIIO NOIPaiigioro caos, 1
COOTBETCTRIN C ypahenuaMy (12.1.13) w (12.2.2) ymesbiuenne
HPOTHAKEHHOCTH  YuacTKA HCBOSMYLIEHHOTO TENCHHR CONMPOBOMAACTCR.
MOBLILIEHIC] NOKATBHEIX )t OCPEAHEHBLIX 3HATEHNT &, B cayyae AeHTows
HEIX mewamox veauuuua [ — [, npeacramnner cobofl paccrommme, Ko
TOPOR KHAKUCTS HPOXOAHT 33 HEPHOR Ty MEMIY ABYMS MOCTENOBATEN

HEMI BO3IMYILCHIEMH:
=1 If :nzp - u»E_P (12:3 If)ll

TAE bep — CPERHAR ORPYMRHNN CROPOCTH MNIKOCTH, ONPLICAREMER 1O yPEBHENNR)

(10.48), mic; wey, — epeanns CKOPOCTE OCEROTO TEMENKA B NEPHgepnitnoR ok anmi-

pata, onpencarenss no ypamrenminh (12.2 B), wic.

Has  onpepeaennn v, paceMoTprm EHHEMATHKY  OTHOCUTEALHOIO
ABHIKEHHR JONACTH MEWAnKN # HEKUTOPOro S1EMEHTAPHOrO oObeMa
HUAKOCTI BONH3H cTenkn. C ueakiy ynpouwesis GYAEM CHITHTH JBHIKE-
e naoeknm. Jonycerim, wro B HEKOTOPLI Hava bl MoMesT Bpemenis.
(v — 0) paccuarpusaemuill snement HHLKOCTH REXOIHTCH B TOMKE ¢ KO-
OpausaraMu i = 0 ux = 0, rae 4 11 X — KOOPANHATH B OCEBOM 1 OKP Y-
HOM HAUPABACHNK. 32 BPEMH T JTOT NMEMEHT NpoXoanT HEKOPOpOE pacs

eroruie Iv Baods anunn 00c n okasusseres B touke O, o KOOI Hd=
TaMH '

Zyp = UgpT; (12.3.2).

Tlpn nnockoll nmutepnpeTaiii ABIKEHNA AONACTE MEILANKH npei-
CTABARET COBOl MPAMYIO NHENIO, YpaBHeHHe KOTopolt Hueer Bug

Yy = Wept

Ya = v — xnS/(ndy) (12:3.3)
B navansuplil moment T — 0, COOTBETCTBYIOUMA MOMEHTY nepece-
rlremm ane?mrra HHAKOCTH € Koopasnatamy x = 0, y — 0 Jonscrsio
. BTOpas (no Xoay mewanku) honsers [1 npoxoaut sepe: ! ¢ Koop-

JIHHATAMH : } ’ A pedmﬂﬂ} .
_ Xy = — uily/2n. fim =10 (12.3:9)

Ms (12.3.3) w (12.3.4) ann nonacta 11 svees:

o = — §fZn (12.3.5)

Jlonacts pepemeiiaeTs napanseasuo camoft cebe s HANPABACHHN
OCH X CO CHOPOETHIO Wyrfy M HEPE3 HEKOTOPOE BPEMR T NEpPeceraer ook i
B Totike :
s 5 B

Yor = gy -F @oto Ty T = =g Xuy =10 (12.3.0)
e Gy — YraoRas CROPOCTY. MEaRN, Pan’c; fy — PEANYC Meusankd, w,
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Orcwopa, coraacwo (12.3.3), vpasienne, oNACWB3AWLCE DOJMKEHIE
AONACTH B MOMEHT T

- 5 -3
Yuuy == oy g = — K o (12:3.7)
[Nowropioe BOIMYWIEHHE JIONACTHIO SNEMCHTA MKHAKOCTH B MOMENT
Ty, OSHAYAET CORNALEHUE KOOPUMHAT TOMKN Xgr, Yoe H JUNACTH 1I:

Tova = Xa'th ¥or, = Y0 (2.5

[Moperaens Fri 3uauedus B (12.8.7) u yusTeBas COOTHOLICHIA
(12.3.2), safinesm nepHoOa T, MEMAY ABYMA NOCACAOBATEALHEIMHE BOIMY-
LeHHRAME: g

Nz .
- 12.3.
e Ulgrg — Ucp — Tdputiep/s (225

Taxum o6pasoM, NPHMEHWTEALHO K JACHTOUHBIM MEILANKAM YpPaB-

nenne (12.2.13) wurerpupyerca s npenenax or 0 no Iy
o [ Rery e f K A0
a— o () ()

iy

(12.3.10)

a m:gxmm NPEIES MUTETPHPOBAENS [y OUPEREARETC B COOTBETCTBIM
e (12.3.1) n (12.3.8) xak

(ndu/z,) Vugp -+,
tilgrp — tipg — Ndyiticp/s

CKOpPOCTL CHABHT2 HE CTOHKE Y B CAYHAE TENCHWA ECTENeH BOI®
MHAKOCTH MOMWHO HafiTH, BCXOAR H3 BEAUNHEL KACATENBHOID HANpH-
WCHHEA HA CTCHKE T, CO3dBaEMOro OCEBEIM H OKDYVHHLIM NOTOKOM,
Teuchie B HOIPaUHMHEOM CA0E C JAOCTATOMHLIM upuﬁnnmenuem MOMET
cuptaTheR NACKHM, B 3THX yCAOBHAX KaCaTenblloe HANPRMKCHNE Ha
CTEHKE € YUETOM OKpYMEOH 1 oLeBON COCTARAMOLLIN CROPLCTH MO0
pupasurek [21] wag

(12.3.11)

Ty Vm (12.3 12)
e T M 1,—|:|:¢:Tannmm1;! KacaTebHOre HalpPRICHAN, Tla
Yuwrueasn, uto B coorsercrsun ¢ (10.1.4)
= @K (12.9.13)
Hafinesm _ _
Ver = (Vi ¥aT) ) (123.14)

3nech Yo, o — COCTARARIIHE CROPOCTH. CARHTE B OCEBOM W OKDYMXHOM HEDpAN-
dewg, ©F,

Beanunsa y,, onpesenaercs, KaK H B CAYHEE  NepeMeliMBaHiin
MIHEKOBEIME MElANKaMy, no ypassesmo (12.2.3). Bropas cocranasio-
LWAR CKUPOCTH CABMTA Y, MOMeT GuTh Hajilend, HCXOAs H3 BeNHSHHB
KACATENRHOIO HANPHMEHHA T, KOTOPAR CBASAHE C MOMCHTUM FHpaB-
JHUECKOTD CONPOTHRACHHST Kopnyea CcOOTHOLEHIEM

Mc.onp =2ﬂm’f'[,
ree H — boTa SANONHCHHR anapara, mw.

(12.5:16)
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VunTLBan, 410 MONCHT Conpo'
! IPOTHBAGHNA KOPNYca Paned KpVTRILes
uoMenty Meuiaakn My, oo BRIpaxan ¥, uepes T, 1o {I?.ﬂ.l‘]?'runeen

¥ ".*"I!IE Vm 3
v (Enwm (12.3.16)
Orciona ¢ yueroM CooTHOLICHHA MERL M )
MOIUHOCTBIO: Y KPYTHIHM MOMEHTOM #
h- — 2:1!1-‘““. IIE-B. l.’}
Haflinem:
e N 1/m i
Vo= ( TR ) (12.5.18)
W

Vor — [(:,mthﬁ)m"—r (%ﬁ_))z«]mm (12.3 19)

_ Buauenus Q, u T ONPENETRIOTCH € HOMOUIBID pue. 10.3 w4 10.2.
Pacxon ¢ paccunrsisaercs no ypasuesio (10.4.55).
HMenonsaosakne  ampakenii 52.3."}] u (12.3.1) npeanonaraer
10 RAKAOE TMPOXOMKICHHE JONACTH MEUIANKW NPMBOIHT K ﬁnnume;;
PASPYIICHHIO NOMPAHHYHOTO C/OA MA BCIO ero Tomuuny. [Ipakriyecky
TAKOE JONYWEHNE ONPABAAHO TOALKO HPH HYJEBOM 3asope Mexay Jio-
hacteio wocrenkoit. Tlpn Rirg > 1 norpaswunwit caol paspyinaetcs
HE TIOMHOCTBIO, W € YBEAWUEHifeM oToliesun R/r, nabmondercs ymenb-
ienne kospduunenta Tengooraun [20). B ceaau ¢ srim B ypaBuenie
I[IE.B.ID) BBOAHTCR MOMNPAEKA, YUNTLIBAIOMAS BENTUHNY 3asopa Memy
JUNACTLIO ¥ cTenkofl uepes ee BaMsME Ha KoaddHImesT ColpUTHBAE-
Hilst nonactit (eM. pasmenn 10.2 n 10.3) *:

7 (Rir) = Y /130 (12 3,90)

3uaucame A, onpegensicres no puc. 10.7. T1 eolipasyn ypashen
Lljgilﬂ] € yuerom ronpaekn (12.3.20), nmnrqaeﬂ JLs n};urﬂﬂnuxmﬁ::
R:

: haVerd2\ % 0 K Noie
Nu — 0,16 (L'w_‘) (K) (12.3.21)

Llpy suanennnx wkpirepun Pelinoabnca

P (t5p + wrgp)! = (™ Tam
K [ om—-2ym
T( m )

Reg > 10 (12.3.22)

ypasuenne (12.3.21) ponomisercst (cm. paszen 10.1) mHomutency,
YUHTEIBAIO.UIY NOBLILLICHHE NOKANLHEX 3HAUCHIA KONKDHUHCHTE Tenso-

"B s1oi nonpaske wmicno 130 — sesuunpa Kespunimen® Ao AAs ChpeGiyt.
2°8

&8

i 1
1 10 0? 0*

Prc, 120, Samncmmocte A, — I\.uf“p;'lﬂ.aﬁl_x Hur}u'“] or It.-:l SR e el el
npe =03 o, H/D = 185 4, = 0,97 m bidy, =00 Uy =T, Fyg= 01

1~ eHlLoTORCHCKEN | MupRoeTe (m = 0.6 F — nuoTouckckes) suganecth (A0 = 1) enaomens
AHNHE — pACNET no ypasiemos (V23 21).

Pric, (4.7, 3anncisocrn Ag == Nu;d-ﬂ- Pt [—‘:‘—]0'21 ot Ih:-.n AN ARNTOMNHLA  MOWRA0K
| Mgy

W !
wpn D= H = 0,16 m; 5 = h =0,184 m, v = 0,1 (20}
Anpuenyn efd: § — 0,24; 5§ — 0,66; 3 — 0,76 Comownnie Arnun —pacuet no ypasmenn (12,3313,

OT/EYH HE YYacTKe IHAPOAHHBMIYeCKH HE‘ﬁ'ﬂﬁHJIHEI!IIpEJBEHHﬂm Teqe-

HiA:
. dadads Y [ K N0 ly \06 :
Nu= o.mﬂ L ) ( xc-;-) [1+c-.1? (T.‘) ] (12 3.2

Ha pue. 12,8 npeactanneisl peaynbTaThl H3MEPEHMUA KOSGGHUHEH-
TOB TENAOCTARYM (P AEPEMCIIHBANIYE HBIOTOHOBCKHN ) HEHLWOTONOE-
CKNX CPCA, BEIIOAHCHHBX aBTOpaMit & annapate auamerpom 0,3 M. 3nech
JKE MPUBEJIEHA PACUET HAN THHUA, COUTBETCTBYIONAR ypasseno (12.3.21).
Kpurepnn Pefinoasnca u Mpauaiasn npr pacuerax gns HEHbOTOHOBCKHX
epen onpejensnuck ne ypassenusm  (12.2.9).

Ay
mx

J . ¥
i [ i

Pie. 12,8, Jansenmocms Ay Nu%”ﬁ“-m (T"—-)“'H or Rey miu esrounOR metmAMM
-~ ct
npH D= 03 M, iy, = 0,28 m, b, = 0,007, v, =1 [18].
Cronoanise s | — pacwer o ypashemmo (VE8.21)) 7 — poeyer no ypariesine  (0.1.12)
npn Pr = G0,
209



= [-;"—)n'“J or Re, iuis sestioounol s wan)
iy
npe Do 0,055 M, HID < LRy = D148 my
by, = 0,108, sid, = 1, Fp— 0,88 18]

CRnowmiee  Jnimu: | — PATNET T Y DUBHEHYIO
W i""-' -‘4-?]; ¥ — pacier oo ypansemin {f 1. 13 npy
't =

k3

'} i il
] 10* 10
Rey,

JKenepIMeHTaNBILE pesyapratel pabor |16, 19, 201, noayvesnsie 8
annapartax gnamerpod (0,156—0,3 w, npusejenn wa pue. 127129,
Ormetuv, uto 8 pafiore [19] HecaeauBaKa TAKMKE JEHTONHAR MENIaNKE,
AOOOOPYAOKATHAS ABYMA AONONHHTETLHEIMK JONACTRMMH i puHoi0, 108d,,
pacnosemennsiNg Giike K ocH ua paanyce 0,54r. Hanpasnenwe na-
BHBKH JONOJHHTENBHLIN NONACTER Ou/0 NPOTHBONWIONKHLIM HATPAR-
JEHNIO HABHBKY OCHOBHEIX AonacTell memwankn. OnuTHee nankse, npus
BEACHHBIE B ITOA paGoTe, CBUACTEALCTBYIOT O TOM, IO YCTEZHUBKA 0
NoaHnTeAbHBX JAunacTei NPEaKTHYECKH HE CRa3LIBACTEN HA HHTCHCHB-
HOCTH TefJonepenavin.

Ha puc. 12.8 u 12.9, napsny ¢ ganisit 0 TeHACOTAZYE NP JaMI-
HAPHOM  PEMUME, NPHBEACHB PCIYVILTATH HIMEPEHIA  TenJooTaauH,
BLIIONHERHOID B pa x 116, 19] upu vypbyscnriom pexime nepe-
sepany (Rey > 1000). 3ti peaynbrarst Bros#e yAORIETBOPHTCALHO
?g?cuaam'rra YpaBHenHEM Tennocifaus npi TYPOYJIEHTHOM pemnme

1.12).

B rex cayuasx, korga TpeOycics SHauNTCABHER MHTEHCH(NKALHS
TEIAGUOMEHa, JEHTONHLIC MEmIATKN HCIONESYIOT B CONCTABNN CO CKped-
Kamu (eMm. pue. 1.6, 6). IxepepumenTht 0o CRPeOKOBRMI WeIAIKAMM,
npoBefenssie B paborax [22, 231, nokazaau, 4ro npy AaMUHAPHOM pe-
HHME nepemelinBanilg XapakTep saBucHMucTi KosdpuipesTos Tenao-
OTAAUM OF KOHCTPYKTHBHHN XADAKTEPNCTHK MEAaNkn o csoficts cpeas
COXPANRETCA AHANOMHYIHIM ONHCLIBARMOMY YpaBHerned (6.2.5), rotopoe

NOJYHEHO HPHMEHHTENBHO K TYPOyaeHTHOMY pexumy. B To e pems

abCOMOTHHE 3HadenHs KOAGHIHEHTOR TEIMIOOTAAYH OKA3LIBAIOTCA 3HE-
UHTeABHO HHKe. [lo nanssiM nsmepernit B annapatax ofivemom 0,25 m®
1221 » 16 »* [23], npuGmnwesuuii pacuer xos(duukesTor Tensoor-
ABNH N5 CKPeOKOBHX MEMANOK NMPH JaMHHAPHON DOMNUME nepemenin-
BAHHA MOXKET (POBOHNTECE RO YPABHEHHIO

= 04 Vpepinte {12.3.24)

Mpuseep 12.1. Onpeieants wosfuumess TeniooTaAsH 07 NENEMEMREIEMOR Chen
K CTEHKS BNNAPATA C© NeHTOMHON Mewankof. eametpiueciie poaMepll snnapata u pep-
SOPHAECHITE WONCTAHTE) CPEql COOTEETCTRYIT YHR3ahHMM B npisepe 101, Xapakre
PUCTHRY JERTOUNOR Mewanrn: iy — 2rg — 1.9 M8y — 0,18 % by = 520 5= 1.9 m:
In = 2 n= 0,63 oflc {Uy= 3.33 paitle); Py = 0. Conllcraa cpeasi: p — LOT0 krlw®
€p— 2720 Jwmi(wr:K), A= 042 Baim-K). a Kifocg) = 144107 "mlic,

Pewenne | Nepneth smn pacuera — onperenenne Cpease cropocT oce-
BOID HOTOMA D nepmpepniacd 3000 anmapard,

300

A Pue. 120, Daancumocr. Ay, — Nu %ﬂl‘rﬂ-“ x

1. Nockoasky XaparTepeeTREE JONACTER NNTOHHON MPILATKY, KOPNYca &ATia-
PATA i TICPEMELIEENDN . CPEIE COnNATNIOT © npuBkciibME 8 npevepe 101, u3 #ero
MOCYT GuTh SanMCTBCEANL SMALCHHT ?.f; =32, . o= 6.2 Meey My, = 2510 J0x;

i'-n'—— 42.
1.2, 1o {IB.4.4I{: #z.— Qb7

1.3. IMa'pae. 10U 0.7 1iph X = Fy/Pg = 0, 8y — 052 apn X = ry=10,60.
14 Tlo (10.4.53):
7P T
a, . QELOSTT oo ool 0= {—TQ 0,62 ~ 0,008
79 "
115, Mo (10.4:56);
BT B 2NV(L9 N\
=3 w(7s) (em—!)x
; _ 2.42.1,9.62 L0 oiat
93,148 592 (n“.’rﬁ_ 1) (1 — 0,57 (0,0141955 1 0008877

¢ 0,0088.0,63- 1,94 = 17-10°% m/c

G702 - rer s A
1.6. (12.2.8) wep T =057 28510 mYic.
2 Bropull sman pacyeTa — ONPEIEALHHE CROPOCTH OKPYEHOIO TCICHAR
2.1 R = Rlrs = 100,95 = 1.0653.
P 133 1331063
22 To {]U g = Lm‘lﬁﬁ_ 0 = 1066, 1.063 — 1

23 To (10.4.8)

3]

]‘IIJ'I Ay dn ( By ’
il — = Vo2 =
Yep = Zn hn H fi] 1 iy [ "

32 52 1.9 0,19 -
:ﬁﬁ‘ﬁf‘ﬂf(' = Tg") 0,53 1,9 — 0,22 mjc

3. JawmodrreasHull  svan — packer  KospRUSERTR  TemooTasun.
AL, Mo (10.446) 1 pie. 102 ¥ = Fpy== 0.77 npn Vm = 179 0 X = Fy— 0,57,

f - LT
39 Mo (1223 ju— QOONTU 0TI _ 444 o

3.14 19 0,0088
: 2510 [,7o ) -
33. Tho {12316 YYo= (W =344 &}
34 T (12.3.14) For = (04472056 4 342 08OULI L a5 ot
3,14.1,92

113 =«

35, Mo (1239 % = smapar 059 3,14 1.9 0,0286/1.9

A6 To (12381) &= 1130255 00266 ~ 025 w
A7 Mo (12227): dy= 2(1 —0,67) = 086 m.
1 292 1 0285%)!~(0582) g g 56
a8, Tho (123320 Reg— 070(0 i s-u.aﬁ}m T = 14.1.
T( 0.56

49, To pue 122 L, &= 0.0 npie_m= 0,56

10,56 19\ 0,0 ,
310 Mo (1212 =220 Wns.'gni )" “ia-01 - 0271 w

a01



. 32135 (L8R A D27\ 0E
1_‘, | ,3 H s —— e - '_
LR 016 (g rartor) |- 012 (gg) " |

.12, Takum ofipesen, e = Nub/dy = 360-0420.86 — 175 Br/(u*K).
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CHITETHYCCHOTD Hayuyka. 1970, Ny 7, . 1115,

23 Beeowen B M., Bopobow B. M., Hononesiuld O B.. Ywoios B. F — B wi- Teor
l;gr:l W MPaKTHEE NEPUMEIREAINE & Mud kX cpenax M- FHMIT3xnm, 1976, ¢ 8l—

Taasa I3

PACYET NTPOLECCOB XHMHYECK HX
MTPEBPAIIEHHH B AIMMAPATAX C MEUIAJIKAMH

Kak sasectuo wa pabor no xisiseckofi kusernke 11, 21, nanpan-
JeHHEe ¢ CHOPOCTL XHMNYECKHX pEﬂKILHﬁ B MHIRKOCTH, B TOM 4HCHe H
Ha FPAHHLE C TBEPAOl, raspolpasHol waM wKol gasoll, nenocpencr-
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HR norpannaacro caon/Tlep. © wem, nox pen. JI. T Jlofusne
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BEHHO JARHCAT TOILKO OT COCTABE PEAKIMONHON CMECH i TeMICPETY P,
a cTenellh NPeBpAEHIT — TaKiKe H OT BPeMENH NPOTeRalNs peakiiy
(«BO3pacTay WMEMEHTOB O0LCMAE AWAKOCTH, B KOTOPLIX [POTEKSET pe-
aRmmA). ngpoansaMiika noToKa B PEaKTOpe, a caellonaTelbBo, 0 yo-
JIOBHE TEPEMEIUHBAKKA MOIYT BAHATL HE XOM XHMUYECHOTO Npespalie-
ANS TOALKO Mepe3 11X BORAEHCTBHE HA NOKANBLARE 3HAYeHHS Nepedncnen-
HEX napameTpon. Xapakiep STOro BAHAUKE MOXKET OLTh PAsIHNHBIM W
3ABHCHT KAaK oT ocobeHHocTel peakuun, Tak W oT THIA PEeaKTopa W pe-
HKima ero paburel, B rnpoctefiucM cayyae roMorcHHol peaximn Gea
FHAYNTETLNOTD BHACTCHHA HAH NOTIOUEHNS TenaoThl BAHAHNE HHTEH-
CHBHOCTH HCPEMEUIHBAHNA NPOABIACTCH Yepes BOZNCHCTBHE BA (oje
KOHIEHTPARICH B annapate, a npH Henpepubyoym pemnme paborut anna-
paTa — TAKKE Ha pacnpencienie ppeMeny npebubanun Baaumonelicr-
BYWOLIHX BEUECTB B PeakpHoRHOM obOmeme. B cayuae peakuvn co 3ua-
YHTEABHLIM TENACBEIM SPERTOM CYHIECTBEHHYWD, a8 HHOIE@ M onpeje-
JAHIOULYID  podil HIPEET BAHAHHE nepeMellHBaiHy Ha HHTCHCHBHOCTD
TennooliMera, T. €. Ha CPENHIO TEMNEPATYPY B annapate, H Ha pasHo-
MEPHOCTE pacnpeencuus TeMneparypul B obnemc. [TpH 1poBepely
MEJIEHHEIX PETEPOreHnHIX PeakINil, AVMHTHPYEMBIX CKOPOCThIO Hpe-
BpAIUEnHA B PACTBOPE, PLAb HEPEMEILHBAHHA HEBEAHKA M CBOAHTCH K
ofiectieuenino pacnpenesents a3 B ofineme, wanphMep k Gosee wan
MEHEE PABHOMEPHOMY PECHPCACTCHHIO BEIBEIICHHLIX wacThu. B eayuae
OLicTpiax peakuuil, AUMHTHPYeMBIX Andepy3nil, a Takme B IPOMERYTON-
HBX Qlyuan X OCHOBHBLIM TpEﬁUBHHH{’M K IIEPEMELI.IIIEEHIHG ABIRETCH HH-
TescHuKaALHN mMaccoobmena.

Creayer oTwmernTs, 410 3AKOHOMEpHOCTH PaloTH XHMHYECKHX pes
AKTOPOB TPH NPORCASHH I TOMOTERHIX PEARIUE C PASANYHOE KHBETHROH
B YWIOBHAX HACAALHOIO CMELLIEHHS — MOJHOCTLIO OAHOpOAHoro pac-
npefeaed A KORUeHTRaUM i1 TepMneparypuel — OTHOCHICA K uHCAY Hau-
fiosee uayucHHwx. Bompockl pacyera TakHX pEakTopoB MATATAIOTCR B
CHeNHaALHLX MOHOrpagHaX lpl 3, 4. Cpasunrensso nogpobuo oche-
LEHEI B ANTEPATYpe TAKKE BUNPOCHL TEOPHU H pacuera reTepurcHHEN
pearuil B cHoTeMAX MHAKOCTL — Teeplas ¢asa, ras — MUAKOCTE H
#uikoeTh — winkoers 15, 6). B chuan ¢ IriM 8 Hactosmilel riane,
sHapaLy c Hanlonee OOUNMHE 3aKOHOMEpHOCTEMI NPOTEKENIA pearumnil B
YCIOBHAK MWASATBHOID CMEHIERHHA, OCHOBHOE BHUMAHHE YACHEHD TEM
ACTIEKTAM PACYETE PREKTOPOB, KOTOPBIC HCNOCPCACTBEHHO CBA3aHhl
YHETOM BAHAHHY HHTENCHBHOCTH NepeMeildBaiis He pacnpejeicnie
KOHUEHTPALNE ¥ TeMneparyps.

Flps npoBeaeHHl roMOreRnLIX peakinii B KHLKOCTH ANOAPETIH C
MEIIANKAMH NPHMEHAIOT YAULE BCErO B TEX CAYHAAX, KOT/A MeJaTeIhHo
ofiecTioueHHe PEBHOMEPHOIO PACHPOACIEHNA KOHUCHTPALHH 1| TeMne-
patypsl 8 06keme. B cana ¢ 3ruv BRGop nepemeitinBaiowero yerpoficisa
M pexuma €ro paborn nopuupel ofeCneyeHo onpeaeaer ol crenciil
PABHOMEPHOCTH CMEILEH A, ADCTATOYHOMR AR TOr0, 4106k CYHTATH annapaT
HACANBHBIM CMECHTENEM, 8 PBCYST CKOPOCTH PEakLNH I CTeNeH ) Hipespa-
LEHIA BEACTCH HE OCHOBARHY YPABHEHTH MOISTIN HACATBHOTO CHMELLEHH#,

Kak oaeayer u3 matepuanos 1. 4 w11, nopsliesne crenedy pasio-
MEPHOCTH CMELICHIS CBASAE0 © YBEMIHeHneM SHePreTuueckiny JaTpart
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A NEPENELTIBAHEE, NOSTOMY O;IBRM 13 GCROBHBIX BOTIPOCOB MPH [IPOSK-
THPUBAHRNH DESRTOPOD € MeElUaNHAMH ABAACTCH palHOEanLHOE onpe-
fenepne TpeCoBaniil K OIHOPOANOCTE CMEILICHHE,

I3.1. PEAKTOPhl HLEAJIBHOrO CMELUEHHA.
KACKAZ PEAKTOPOR

YenoBieiMn HACANLHOTO CMELICHHS HASHBAIOT YCAOBME BECKOHOWHO
BHICOKOI HETCHCHBHOCTH NOPEMEIHHBAHIA, NP KOTOPHX 3IHAYCHNR KOH-
HEHTRALHH 1L TEMREPATYPH BO Beex TOYKax ofivema annapata s mobof
MOMEHT BPEMCHH onHakoBul. HaMeHeune KoHueHTpaUMH npoHCXOMNT
BO BCEX TOUKAX OOBEME OAHOBPEMEHHO, 1 BEIECTBO, BROAKMOC B KaKyI0-
ANBO YaCTHL ANNAPaTa, MPHOBENHO PaCNpEENACTCH no BCEMY oOmemy.
OueBrAKO, 910 Takas MOsCAs SBARETCH HACANHIHPOBAKKORN, M a npaK-
THEE MOKHO TOBOPHTh TOMBKO © TOH MAN HHOH CTENCHH NPROTImKeHH:
K 3THM HACAAbHEM YCNOBUAM, NPUNCH CTENCHE HpIBARMKENNS 3aBMCHT
HaK OT HHTEHCHBHOCTH TIEPEMEIUUBALUMS I PAIMCWIEHHS BBOAOB M Bbi-
BOJOE HCXOAHLIX BOINOCTH M APOAYKTOB peakilii, TAK M OT KHHCTHEM
pearuui. Tem mie mewee, sta Moens Gaarogapst caoell NPOCTOTE HCMO k-
AVETCH NPEMEHETENLHO K PEAKTOPAM C MeliafikaMe Hanfodee 4acto.

A CAYNACH TEPEMEIIHBANHA MANOBASKHA CPel B HCNMpepwBHOAelicT-
BYOUHX annapatax THNOBLIX ROBCTPYRIU tpH GoAbLIX BpeMeHax
npebuBaking (12 u u Goaec) ee npuMCHERKE OGKINHO NPHBOLKT K G-
CTATOMHO TOHHLIM PC3YJLTATAM.

Mpi nepiommueckom pemKUME HPOBCACHNR PEAKINI MATOMATHYEC-
KOE ONMCAMNE NPOILCCE B PEAKTOPE MAeANBHOIO CMEIICHNA COBRAgaeT
C ypaBueduenm xkueeruky peakumy. Jlos sHeoGpartuMmpix peakuni

dey 1 o -
Stk SRR (13.1.1)
TAE £ — KOHUSHTRIUE |'-u|.- pearenTa®, krin® T — #pesn, € Kp— KowcTanTa oo
-
poctt peawaunr, ¢ 'a(krinY) % 72— wicao pearentos.

B npocteiliien caywae peawuun nepsoro nopsika A — R:

de
=t (13.1.2)

OcTatoniian KOHIUCHTPAUHS eAreHTa B ANNApPaTe B MOMEHT BpeMenn
T OONPEAENACTCH B PE3VALTATE HHTEMPHPOBEHUS STOTO BLIPEKCHHA Npy
HAYANbHEX YCIOBHAX
€=y npr T="0 (13, 148)
KaK
&= Co BXp {(— RuT) (13 L:4)

AHBNOINYIEE BEDAKERNS NOAYYeHN AA8 ApYrHx, GOAee CAOKHBIX
peasnnit [1, 7).

* KOnUuenTpaims soser Gemh BEPANERa 1) pasiHinuX CAHIHIAX, TP STOM CoOT-
BETCTBERND MENNETCR M PASMEPHOCTS KORCTANTH CKOPOCTIL PeAKTMN By,
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Tlpi nenpepuiBHoM periMe Mateplansiuli Garanc peakTopa nme:
albloro CMOICHNA MOMNO [PEACTEBNTE CHCTEMON w3 § ypanueinii
(o upeny BeUecTs, YuaCTBYIOULHX B peakumy) BHi3

il
%— % Cimx—6)— (13.1.5:)
HIH
de 1
Ii_TI ?'I'f (i wg — i) — [ (13 1.565)

Tae Q — pacxoy peokiponnol ovecw; Yo, ¥ — ofsem annapava, MY cj, ) gy — KOH-
NCHTPAINTA {10 PEATENTA B 2NMAPATE I N HeXOMNON CMECH; Toyp - CPEAIICe BEMA
npedlnanKd. PEAKLMOHMOR cMECH B Aunapare, ©; fp — KuHeriweckan dyvixupm, ¢!
Han peakuwn nepBoro nopaaka cucrema (13.1.5) cBoawics & o
HOMY VPaBHCHHIO
dr 1
dt  Tep

{tux — ) — kpt (13, 1.6)

JIan NeyCTAHOBHBILErOCH DEMHMA DK HAYAABLHBEIX  YCAOBHAX
=y npi T =0 (13..7)

peiienie ypasuenna (13.1.6):
= (o TEi— S R =
L= ("-ﬂ 1 | 't' k|b1t.':1 ) oxp [— “ + I!"I.:I"I‘-‘I.'I'l.’ 1¢:|| ] + 1 + k]'itl.:[l- ”3'!‘3)

[lpn YCTAaHOBHBINEMCH PEMHME, T. €. npy T —» oo:

T Cox 1.4
c o {13.1.9

Kak chicayer w3 npeatTaniesis o peaKTope HACANbHOTO CMEeNIeHUA,
KOHUEHTPaLNs ¢, paccuHTHBaemas no ypassesmo (13.1.9), ecrb wou-
UEHTPALNA RO BCEX TOYKAX ANN2para, OHa PaBHa TaKme KOHEeHTpaiim
#a BhXoge na annapara. CneaopaTensno, CTenells NpeBpallcHUA 1)
B peakrope:

- Cug -t hpup (13.1.10)

Cog Utk kptep

AHaJOTHUNEE YPABHCHHA (OAYYCHL Ann praa Gosee caomkinix pe-
akunit [1, 71

CpaBtickie pearkTopos NepHORHYECKOIO W HENpepLBHOro nefcToHy
VKASLIBACT Ha OAHO NPHELUNTHANBROE PA3THNHE MEXAY BumH, B peak-
TOPE NEPHOAMNECKONO NeCTBIA KOHUCHTPALMS DEarupyIoX BEUECTE,
A CACAOBATENLHO, H CKOPOCTL PEBKUITH H3MEHAIOTCH 0T MBKCHManbHmX [cy
W (de'dr)—e, | 10 MUBHIMBILHEMK B ganBOM NPOLECCE  KOHEYHLIX 3Ha-
HOBHA [Cypy 1 (drfd-r}h,nm]. TOrla Kak fApH  HeMpepuBHOM pexnMe
PatoTH KOHUECHTPAIE B PEAKTOPE I CHOPOCTL PEAKUHN BCErta psBHb
MUHIMATRHLIM A0 JEHHOre nponecca, CHHMENHE CTKOPOCTH PEARIHH
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Pwe, 13,1, JenncaMOcTE OTHOLMENNE ofweMOR PEONTODON NEIDEPERIORD W 0 arn -
crmma Vo /V o or eYtnomn npespaticine 1 asw cyx = 10 um-mgn p-mnmm:f: nnol..t.i:l
fmdrpamn oGoIRATER NOPRAOK peasunit).

Pec, 187, Ppaduircioe ONpeac/vHEE wHCAR PEARTOPSE N B KEEKANP 0O MeTony [lsonen,

NPy Aepexojie oF NepHOINECKOro criocola MPOBEACHNS NPOLeCta K He-
NPEPHBROMY MPUXOANTCS KOMICHCUPOBATE [YTEM YBEAHMCHUS Cpej-
HETO BPEMEHH npebuBanng CPeill B annaparte, W OGHEM praxTopa He-
HpepuiBloro ACHCTENA HPK TOH e CTCNCHN NPEeBPANIeHHA Beerna yuoe-
Anuupaercs. M3 puc, 13.1 coepyer, yro pasmuuse ey ofnemamu
NCPHOANYECKH- 1| HENPEPHBHOACHCTBYIOINETD PEAKTOPOB EO3PACTACT © MO~
BHIEIETHEM NOPAAKS peakuun o creneny npespawenus. lpn npose-
JNEHUH PEAKUNN BTOPOTO WANH TPETHErO NOPAAKA B ONHOM HEnpepHBHO-
JieficTBYIO1EeM annapare WICanbHore CMCIUCHKS BLICOKHE 3HAYCHHA 1)
APAKTHYECKH HEJIOCTHFKHME], W B 11X CAYSARX BMCOTO OAHOTO annapara
NPHHATO UCHOALIOBATL KACKall PEAKTOPOB — CHCTEMY M3 ABYX WA
fonee anmaparos, cOGMMHEHHHX nocaeloBaTenbio. CooTnolente ol
MOB pPEaKTIOpoB B KackKaide momer Gurh pasnudkbiM. Bonpoc off onry-
MAABHBLIE COOTHOMEHHAX OOLEMOB B. 33BHCHMOCTH O ocobennocTed
RHHETHRN PCaKuHK CAYMHT TPEAMETOM crepHafbubix HeodelopaHni
{est., wanpumep, |8, 91). Hawe scero, onsako, us coolipaskenni yaoberea
SKCIIYBTAIHH Ha BCEX CTYNEHAX KACKAHA HCMOABIYIOT ANNAPATH OfH-
Hakoporo ofeema. TIpn 31oM 3HAYCHUN Tep AN BCEX cTyneHell onuna-
KOBL W B Coyyae peaxiill nepeoro nopRika KOHUEATPALUA B RepsOM
peakrope kackala pasua

Cux

Ly = ———————
t I -l" k'ﬂrp

(13.1.11)

BO BTOPOM

(13.1.12)

£y =

£y l!“!
| "I— ﬁ'p‘ﬁ:p {I "‘|" ‘.’-pTr_]‘]l,
I H2 BHXOae W3 KacKalla, BHEMoYailiero 2 ﬂ}*ni‘]i{'n:

n »
TF kel L

Jlnn peakupil, NOPANOK KOTOPLIX OIAHNACTCH OT NCPBROrO, TaKOH
AHAAKTHYECKHTL METOR NPUBOANT K BECEME POMOIZKHM 3ABUCHMOCTIM.
B cBA3H © STUM NP MIBKEHEPHLIX PACYCTAX YACTO NPUMEHAIOT rpadu-
yeckne meronu [, 3, 10], kotopue  romy xe ne Tpefiyior noayuenus
SHAJNTHYECKOrO ONMCAENA KNHCTHRH peskumi. B kayecrse¢ npuvepa
PACCMOTPHM TIPHMCHEHHE OHOIO W3 ITHX MeTonoB — Metons Dwownca
[1]. Ocuopofi pacyera no SToMy METOAY CAYKAT PESYNETATI HIMEpPE-
HHR KHHCTHEN PEaKiiil, NpecTasnenne B Bijie Tpajmka do'dr — [ (€)
(pue. 13.2).

CKopocTh Peakuuy B n-M PEAKTOPE KaCKana HONMKHA YIOBAETHO=
PATB ypasweHHIo MatepnasbHoro Gadarca:

do 1 i
(Tr = e o) (15.1.14)
CIE Cpoy — Kunlgiopanss B peakrepe n— |1,

Bupamesne (13.1.14) npejeragasier coGofi ypavuenue npsmoH au-
HUM, KoTOpan wakaoHesa nof yraom e — arclg (—1/t,) ¥ ropraou-
TAALHON OCH H NEPECEKAET €€ B TOYKE &, — Cp.g. TONMKE NEPECceqcHMA
grofl npavoRt o kpueoil do'dy -~ [ {¢) yiloeaeTBOpAET OAHOBPEMENHO
YPABHCHHIO KHHETHKH PEAKUME § YPaBHEHHIO MaTepuasbHoro Ganawca
(13.1.14), n, cnegopatennno, ee alicuiueca paBHa 3HAYEHNIO KOHLEN-
TPALKH £y .

Takum obpasos, onpepedenpe Tpefyemoro uscsa peakTopoR
KACKAZE TIPH AAHHOM IRANCHIN T, B KARIOM N3 HUX MOKET OCYLLeCTs-
AATLCA 8 cneaywouieym nopsake. Ha Toukm Ha ocl abeuuer € = Gpy
(puc. 13.2) npoBOANTCA NPAMAA NOA YTADM, TAHFEHC KOTOpOro pasen
— /%, Aficuneca TOuKH nepeceuenus 1ol npasoit ¢ kpueol de/dt —

f {c) naer womuenTpaumio B NEPBOM pEAKTOPE kacKajza. 3arem ohe-
pailif HOBTOPHETCH 4As OfpeicacHin KOHUCHTPRAUKH B NOCASIYIONUIX
PEaKTOPAX BIAOTE [0 AOCTIREHHA 381anHON CTENEHH NPEBpalleHiis,

HNpyrue rpagmucckie Merons onucarn B [1, 31, Cywmecrsylor Takke
gueneniie meronst 19, 10], koropue noseoaRior HOAYYHTE pelleHne
ina moBoro THNa peaknuy 1pH MmoGoM YKeae | COOTHOLCHIK 00LeMOB
PEAKTOROB, 8 TaKie OpelsiHTh ONTHMANBHLIE XAPAKTEPHCTHRY Kac-
Kajia.

13.2. PACYET PEAKTOPOB C ¥YYETOM HEHUTEAJBHOCTH
CMEUIEHHA HA MAKPOYPOBHE

MaTemarnueckoe ONHCAHKE PacNPEABNENER peareHion 1 TeMunepa-
TYPH B PEaKTOPAX ¢ MEINanKaMy NpHELHITHATBHO HaN0MIYHO ONHCATTHIO
pacnpepencuns pacTHOPEHHMX BCLIECTD W TenAOTL, PaccMOTPEHHOMY B
ra. 4 w11 [pouece nepesoca PearedToB B IAHHOM CYY2E TAKMKE ONH-
CHBACTCR YPaBHCHUAMI KOHEEKTHEHOrO ncpewoca, typoyacirnoi nhd-
thyaun u TemieparyponpoBoarocts, Oranyne sagnodacrca B TOM, 9T0
1N YPABHCHUA ACTIONMSIOTCH CNAracMbIMH, YUHTLIBAIOUUNK HEAHSHE
pacmpeienentbx HCTOYHHKOR HAN CTOKOB BEULECTBa (38 CYer XUMHuec-
KOM pearuinn) it tenaoru (Gaaroiaps ce rennceomy spgiexry). Peuenne
ITHX YpapHeuuil HacTo CCAMKHACTCH HEIHHEHHHMM XapaWreépom 3ab-
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CHMOCTH CKOPOCTH PEAKLKI OT KOHUCHTPAINT PEarcHTon 1 TeMiepaTypy.
Cheiyer orMeriTy, 0lHAKo, 4TO Y KASAHNLC 32TPYAHCHHA B OonbluMECTIE
myqa&:a MOTYT €iblTh YMEHBILERI NyTeM BBEEAEHIN HEKOTOPLIX. YIpo-
Henni,

Kak yse orsmevanocs, annapars ¢ Meniaikasi o6uyso NPHMEHAITT B
RAYCCTEE PPakTOPoB B TeX CAYYBAX, KOMA2 MENATeNnHo obechneynTs
CAOBHH RPROTCKAHHA peakumy, GANZKNE K WACAALHOMY CMEleHNo.
PHTEPUHEN NPUMEHHMOCTH TOTO WAH HHOIO MEPEMeNHBAILIero yoT-
PONCTBA ABARETCH JOCTHIRENNE 3aLaNNoll CTencHy npuGANmerns K
ITHM YCADBUAM, T. €. nojaepanie KOHLEHTPALNHA PEareHTos il Teyfe-
PETYPHI B PAsHLIX HacTAX ofibema B JONYCTHMMX APCAGAaX. Oripene-
JEHHE MBKCHMANBHO AONYCTHMBIX OTKAOHEHHA JAOKaALEMX 3Havenufl
KOHUEHTRALMI 1 TEMIIEPATYPI OT CPEAnUX 1o annapary npeacTasanet
COBON CAMOCTORTENBHYIO 33Uy, KOTOpas pErIaeTeH B xoJ/le paspaborkn
TCXHOMOIHI NPOUELCE € YHeTOM MeXBHMIME | KHHETHKH PEakuny, Tpe-
Gosannil K KavecTsy npoiykToB, 8 TaKme PeAnbHON TOYHOCTH AOSHpO-
BIHUA KOMIOHCHTOB pearionnoi cmecy, KodeGaunii nx cocrasa i
TeMueparyphl. B GoamuMncTse onyuaes AONYCTHMEIE OTKAOHCHNA 0-
KAMDHLIX 3HEUCHKH PaboNHX NAPAMCTPOB OT CPEANNX CPABHHTEAbLNO
HEBCAHEN, 1 BAHAHKC HEAUMHENHOCTN YPEBHEHWIT KUHETHKI HesHauu-
TeARHO. 3TO HO3BONRET B MHTepBane patodix KoHnentpaunil o revne-
PATYp ANNPOKCHMKUPOBATL YDABHEHMUSI KHHETHKN YOPOUEHHLIMI AH-
Hefinevu  sasucnmoctany.  Menonssosanue YOPOULERARY  ypasueyd
KHHETHKH PCAKUMH, & TAKKE PACUeTHLIX 3aBucumocTelt JAns onpejene
HHH NApaNETPOB MaKPOMACIITAGHOIO NEPEHOCA (LHPKYANUHONHOIO pac-
Xoaa, kosppuuncntos Typoyaentuoll  audkhyaus,  pasmepos soH),
NPHBEACHHLX 8 TPEILAYILNX rAaBax, ofulYHO NO3BONSET OCYICCTRHTL
PACHET DEBKTOPOB € YHETOM BAHAHUS WHTCHCHBHOCTH MCPeMeuIpanus
Ha CTCNCHBL HEONHOPOANOCTH NONS KOHUCHTPAIMS 11 TemnepaTyph Gea
NPHEACHEHHA AOMOAHNTCALHLIX SKCOCPUMEHTAALILIX JAaHHEIX.

[IpnHunnuansrne ocoleHBOCTI BLNONHERNA TARIX Pacyeros MOMHO
NPOMNNIOCTPHPOBATL HA fpUMEpEe peakTopa ¢o cKpefkooli memankoft
111 npu typGyncwrnon pemune nepeMenHsann. Kowerpykuus pe-
aKTopa nokasana wa pic. 13.3, Jlonyerun, uro B sTOM peakrope npo-
TCKAET RaTanuTHNCCKan peaknus puia A — B, Kotopas conpopomia-
ETCS BLIACACHHEM TENAOTH B KonnuecTse ¢, KIDw/kr pearenra A. Cmec
pearenta A, Karannsatopa il PECTBOPHTENN HOAAETCH 1 peaxrop Hocne
NPEABEPUTENBHOTO CMeliennn. (CxemMa BBOJAE W BWBOMA NOTOKOB mpej-
cragnena wa pue. 13.3.

B cootsererBum © pesymsvaraMs, WIJOMCHHBMH B paspenax 3.3 u
4.3, ofivem annapata co ckpeGKOEON Meluaakoi NpejscTasnneTcH co-
CTOALULUM H3 JBYX KOHUCHTDHYECKMX 30H, UHPKYASINOHHEIR ofMen
MEHULY koToprmu orcyrtersyer. Tlpw stom uenrpaanuas soka (3oua /,
0<r<r) no xapakrepy pacnpencnesns KOHIEHTpAuHA o Tesie-
PATYPH MOMEr pacCMATPHBATLCS KAK 30Ha WICANLHOIO CMEINCHHS.
B nepudepulison sone (r, < r < R) namenenne HOHUeuTpaunit » rem-
NEPATYPHl N0 PAIHYCY TAKME HEIHAYHTEALHO, W NPOLECCL HepeHoca
B 310/ 30HE ONMICLIBAIOTCA YPAaBHCHUAMIL. QAHONApaMETpHYecKDR ande
Gysuonnon moftenn. TMockKoNLKY peakius TIPOTEK3eT 8 YCAOBHAX Bhi-
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Puc., 135, Kodcrpysumm (o) i cxipa savesiariecioll mescan (6) poaxsips co cepeliuonoll me-
wnnkoi. .
NENeRnA TeNACTH W e OTBoAd Yepes CTeHKY annapard, I.tan!MET!.{';H“
Koe DIIHCEHHE PearTopa nmm:xaer YPaBHEHNS MaTEpHAALHOIC W TEN-
Aoporo GaNaHcoB LCHTPaALHOH  30HLI
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Q@ (Gnav— €3} — @ —— (€1 — Canr) wrfHf, (0 =0 (13.2.18)
R nrifig
@t - h)— Q-—"E,-—— {fy— f:8) +—Tﬂ—'1.fp(r] —
o
Shire ) dh — 132 16)
— —'0 {
rEI-RvJ (fy — ta) dh

# pudipeperiantuue ypaBuenis NPOLOALHOTO feperoca pearenra A o
TCRAOTH B nepuepuitnoil somne:

Q i g 21ir, gy BRK 0
‘gjfi‘fﬁ:'“f-’la?"f'}?;fp(d-l' ek, fe) 5 (0

(13.2.26)

THY YPRBIH MUY pluespfl pocxod peakiionon cmecs; MYe; Cunm, On
e Bm:::ﬂ!.‘t};ﬁpﬂimﬂ punrﬁ?tu Ao mexcpmoil cuoei, b eHTpRTLIGE Sone® § m;w&n:ﬁ::
goteTpis 0 oepbepiiinoll sone ns sseore i by, 0, By — TedmERRTY A Hl: o
HOR CMECH, TOMIEPITYPN B USRTPRARION 30UC 1 ADIGILIOE Sy 1uu|¢pmp1': iy
tiepuhepinci auue i secote f, K o, foy — KORIEHTRAUEA B TCMBEPHTYN Fl:l- e ol
depiitiei aone ga gwcore H fp — Temnepimypa renaonocTens B pybamie, A -
Keshaiient  Tenaonepenany,  Br/i(n®-K);  re — pauive rpEndid paadicra m K
pusges 33), m; H, B — pucota W pazave aniapard, s Ry — Tepaivcckoe conpy ’
RACHue Tpisuiin paanean son (o paspen 4.8). w*-K/Br Dy - lm_a:i‘tblmurm e
GyaenTiorn nepenoca B bepmpcpiiiol sove (Cw. padses 37), MU

* Kok Chenyer na onpefentyys wiesunoro cuemtuns (pasien 13:1), woienrps-
WAy npeacranaser cofoll Taxme o HOW@ETPRIND K BRXGAE U3 PEARTOPS.
809



1°C a i
T . WS
1 e

f

S ‘ "q.lk
| Tl S 3 3 i i F i
O ar ar a6 ar. w 20 ar e
_ fim ns
& e
0 = f Pee. 13.4. Paciertuie  pacnpegcae-

- nan:
€ — TEMNepaTYpu 8 peakTope © R o=
260 1 ; SIS w H=1 M 1.=4, n =
. =308 otfe, B = L1, 0 =0.21 u¥/n,
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. ) n—=333 off. K11, @
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Ge* ¢ B= 1k n="IU004 off, Q= 728N, !“=¥9°C. i'll———'lﬂ'C‘.
== 1 Fa Ll 2 — 2. =4, R= 1B,

pannukue  yenosus, COOTHETCTBYIOLLHE CXCME, TIPHECAEHHON Ma

puc, 13.3:
d
T ‘5:&—'=0 npw b= H (1.2, 3a)
G fe: 0 -
_ﬁ{"_f‘}_‘u‘%;‘“ g () - D:‘%',--- 0 npw =10
(13.2.36)

Ha puc. 13.4 n 13.5 npescTapiienst pesyasrarsl QHcAeHHORO peiue-
HiHA ypasnesnit (13.2.1}—(13.2.3) nprvennTeasio k cayuasm npose-

ACHHUE DEAKIMN B annaparax co CKPeOKOBBIMH Mewankamu oftesom

0,07 w 16 m* [11, 121 ¢ uenoabsosanies annpoKCHMALMORHORD Ypas-
HEHUA  KIHETHKH -

fp (e} = 0,085F¢ (4.5 - 0.41)

Tae:f — KOHTUCHTPAIKI HETAAMIROPE, £ — KOUILEHTPAUNE HCXOOHOYO. PEarelity, § —
TeMnepaTypa, C '
Kak creayer ua rpadmkos, ysenucnue ofnenma peakropa jane npn
YMEHBIICHHH CrencHn HOHBEPCHH MPHBOANT K YBEAHYCHHIO PasnHocTH
JOKANLABIK  SHAYEHH TEMNEpaTypul B PasHHIX TOUKaxX OGHCMA.
Pacesorpennslit METON ynpolients KHHCTHYECKHX GyHkunfi npy-
MCHHM TOMBKO B cAyYae HENpEepuBHOAEHCTBYOUWNK peakTopos. [lpw
NEPHOLIYECHOM 1AH NoAyHenpephisior® pexumakx palord peakropos

® Mueercn 8 miny pemsm paGors annapara, npn KOTOpOM BATPYANE GIMOPO
eATENTER OCYWECTBANETCH NENPEPHNIG B TEYEHNE REKOTOPATO BPEMENH, @ BHIPYIE3
MPCIYKTON PEBKUIN — N0 CKOHSEHNA OFEPaI.
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puc. 13.5, CONOCTARNEMIE SlMTHIK mItenll §oimenTr- ;
(il HPORYETE PCARIONA € PACCANTANNIAMN NG ypasuesway  (Gilusc, o

{1320 —(13.0.9) o1
anagein  offhemn  peakrope  (m oW 0 o— 18:0; F— 0,070 - e
0,08 o
- w1
06 | .
STOT METON HACTO HEOPHEMTCM B CBAYH [ < =
¢ GONLIINM JIMATAZ0CHONM HIMEHCHHS KOHIEeH-
Tpaunfl, a cacnoBaTENLHO, W ckopoetH pe- G07F
AKIHM B0 BpemMen. i
OfteEM W3 BOIMOXHLX  crocobos ynpo-
ULCHHS 33/la4l Pacyera PeakTopoB nepHo-
JWNECKOrD WA [OAYHENPEpPHIBHOrO Hel-  app G0 006 qod 4y

CTBUA SBJARETCH paccMOTpeHye weyerapo- (6 hon %
BUBIUETOCS Mpouecca Kak COBOKYTHOCTH

KBasierayrorapaux coctonuui [13 ] Muumn cnopams,“annapar samve-
HACTCSH PaBHOLEHNLIM 110 PACTIPENEACHHIO KoHuenTpaunfl (Ho ve no npo-
H3BOLHTEALNOCTH) PTHIOTETHNECKHM KacKajlom W3 P HelpepHBHOCHeTRY-
Wi peakropos. [1py SToM CyMMaproe Bpevs fpefiiina His peakiionsol
CMECH B TAKOM KACKa/€ TIPHHUMACTCH PEBILIM AANTEALIOCTH PACCMATP -
BAEMOID HepHOAHYECKOrO Npolecea, a K&mnoro peakropa — pag-
HUM 00BEMY TICPHOAHYECKY AciicTeyroulero annapara. [lim yuera He-
HACANLHOCTH NPOCTPARHCTBEIHOTO Pacnpefeaenus KoRuenTpaunfi n rem-
nepaTypbl MomeT OLiTh HCOONL3OBAH APHEM, ouHcarHuA s ra, 4
IlpHMEH]ITQJleO K EJ!}"I&ID HEYVCTAHORHBIZEroCn nepem:-:a pamu-
pennnlx sewiects. Kamnblil peakTop yenoBHOTG Kackana paceMaTph-
paertn Kak copokynuocts 22 siveexk® nacansnoro cvelpenns. [pu Typ-
GyAenTHOM PEXHME OOMEH MEHY AYeHKAMH OMHCHIBACTCA YPABHEHUAMM
UMpEYASUHY H TypOyaeHTHOR Jundeby 3. Jlan o6ecncueiia cooTBereT-
BHS MUY NONAME KOHLUEHTpaiuil B peakTopax ycAOBHOTO KacKala
¥ 3aMEHHEMOM HMH PEAKTOPE BEOA PEeAKUKOHNOR CMECH B Kanyw
syeliky mt-ro peaktopa (m-# BpeMewHOl crynesn) OCyUeCTEARETCR
W3 olHOuMeHHOR  adelikn  npemsaywero, (m — l)-ro peakropa
(pue. 13.6).

Hanpumep, npuseHaTeNLHO K annapary 0e3 oTpasarenbHHx nepe-
FOPOMIOK PacipeteseHiie KoNIeHTPpaiil (-ro pearenTa B ni-M peaktope
YCAOBHOIC Kackaja w3 p CTYNCHCH COOTBETCTBYCT pacnpeleneuiio

KOHUEHTpaunil B HAERTHYHEOM 11O
¢ " EOHCTPYRLMH U pasvepav peak-

T

ML
‘_-u i ,,_':.l L.r

* Mo eymeemay T Hachi sean-
MITCH NUSARAMM COTEM [IRSHOCTHOR CXe-
j Il MEl. Hpchh suoex z, KAK 0 NBCHO EBpC-
b mMEHHEIR  otynencR  p, onpegesmencH
B OXGAE PEUCHEA CHOTEMN ypaBiend,
HOXONH uH YOAOnisE AOCTHHOHE S8iaH-
—T— S T noil ToNIeTTR:

Fue. 130, Cxesih  aspiasicTiionapuwoll so-
REAN BERAEATLNOTG DEANTOPA NCPHOAK ECHOTD
aelcTEn,
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TOpe MEPHOAHNECKOIT JICHCTBUS B MOMENT Bpemedn v - mO/p u onue
chBaercd  cuctemoll ypasnesun:

(A — ) ol — ) + D (e — ) —

Rl
2

v (e e )+ a(Gy, o — 97 )+

Folya nH
+ =g (G, (=26 Ay, ) 0 =0

fpley=0

oy (7 — e ) el =R )
+=r {‘?—I.i"‘ﬂi]_%ﬁhlf‘? 0

i
U (e, e — G, 1) F (el (— )+ (15.2.4)
Fullg
+ !” (<21, ¢ — G, ) — F—‘-:f fple) =10

”:(‘T_f—";ﬁ ;'J*i"‘l"[f?'_:.a - )+

Falgz
+= g (G, 2y, A+, )=t =0
"E(&E.'Ii & ) FHa (o, i — a )+

Fyldez .
+ tﬂ (s, (— @, t)"%fptfl =0

Specs B — pnpreALHOME NEpROIMYECKONG TROICCCE, LT
: : o & By £y —na

UEHMA UeHTPRALHOR o nepadeprithol o ammpp:rn (cu, 1. :.3] a:'; g— lmpuy.::
MHOWHLIR pacxe epeas) n annepare (eM. ra. 3), MY D, Dy — ocpermeitinge siivie
;um K mng:srlrm Typlyaenthol wddyann B geRTpaanmol 1 nepfeprRoi sonax
pﬁ:'. Ilrg 6}}:10:;."5'1-9%:3!- L2 ...znj=z+ 1, ., 2% xapaktepusyior (.
il Y p ' Iillfl ::::qpq:m B:_Il;l‘.i'ﬁt M — HOMED PESHTOPE B yoAONION KECKae,

31_{aqcmm pacxojia peakuMoHBOl cMech depes ANeHER pPazHOCTHOR
CXEMBI PEAKTOPCR YCHAOBHOTO KacKafia onpenensiones, WCXOAS W3 ye-

JIOBUH NOCTOAHCTBA CPENHEro BpeMeHy npebuBanns. Tak b
o Ry : . B i
PanibHOH 301K : R

By = Fillipiiad)) fpn |==l=2 (13.2.5)
ana nepudepuiinof 3onw
ty = Felip(=l) npy 24 l<j<lr (13.2.6)

B ypasuenusnx jnn IEPBOTrD PEEKTOPa YCAORHOID KACKA/LA 3HAYCHHA
KOHUEHTpauull onpesensiioren U3 Haya bHLIX YCACBHH, COOTBEICTRYIO-
312

Uik HpaKTHuecKin yeaoeuam sarpyskn  pearentos (7 = en, o)-
TTpeANOKEHHEA ANNPOKCHMALNT NO3BOANET CHECTH 3aJlauy Maremaril-
YOCKOTO MOAETHPOBaLNA NEPHOANYECKN JCACTBYIOUECTO peaKTopa K pe-
TICHITO CHETEMB! W3 22pk anrefipandecknx ypasnennit. Heesorpa Ha 10,
YTO NOPSIOK CHCTEME OKashiBAETCH BRICOKHM, €€ PELIEHHE OCYHLCCTRS-
¢TeAl  JlocTaTodlc npocto, 6o OHO CBOANTCS K NocAeloBarvenbHOMY
pelentio i cueTem H3 22 aareOpantecKix ypasiennit (o yHeay Ksasi-
CTAIMOHEPHBLY COCTOHHMIL).

B cayuasx noAyHENPEPLIBHOIO pPEMIMA BLACHHA IIpOIecca 3afaua
MATEMATHYCCKOID MOACAHPOBAHIA OCAOKHACTCH TEM, 4TO B Xoie npo-
HECCa UMEET MOCTO YBENHYeHNEe PEeaKUHOHHOIO OGLEME, @8 H3MeHeHie
KOBUEHTPALNT MPOHCXOANT HE TONILKO 38 CYeT peakilMi, HO H B peayak-
T4TE BBOJIA AOSHPYEMBIX PEATEHTOR || pacTBOpRTe s, ITH COCTORTENLETH
VHUTHBAIOTCS NYTEM COOTEETCTBYIOWETO NIMEHEHIN CHCTENB! YpaBHeHul

13.2.4).

‘ [MockoasKy NOCTORHCTBO 00BexMa pi-ro annapara yeAoBHOTO Kackajia
mPH HENPEPLIBHOM BBOAC PACTBOPA i-TO Pearenta Cy,, ¢ pacxonom G
pecnespnaercs npH  COGMIOJICHHN  PABEHCTBA

7 E.I r ’I
Yo+ ¥ a=RAt+ B atie a2
= =41 =l =2l

pacxofl PeaRUHOHHON MaCcChl Hepes KanUlylo NocACAViollylo CTYNenhb
KacKaja AOMMed YEeTHSHBATHCA 110 CPABICHMID € Npeiujywed cry-
nensio. B yenosunx, korga G&gnz - const, 1ns cofmojenus pasencTsa
(13.2.7) uenecoolGpasHo NOAararTs NPHPAUIEHIE PACcKOLE Yepes [0 HUCARY
-t BPEMEHHON CTYNEHH N0 CPABHEHINO C OAHOMMCHHOT ste Ko (m — 1)-#
CTyneHH MPonopuHOHanbhbiM ofmenmy sAueiki:

d;"_n'{--hyfgl np 1 <ISE
,f",-_ggﬂ*'ﬂ;_ﬁ"i g rk 1l =% (13.2.8)
3 7z P 2

rpe F= Fy -}~ 3 — noouwmay nenepeiioro  ceucHiR  anmapars,

[Tpu pavercTee 3pauenull Bpemeny NpebHBAHKA BO BCEX annaparax
YCAOBHOTO KACKala (YT0 COOTBETCTBYCT JIENCHHIO BPEMCHH MNOMYHENpE-
PLBHOIO NPOEcca Ha pasHbe YACTH) H3MEHEeNHe peaKUNoHROTo obLema
B XOIE NpONEcca YYHTLIBAETCA COOTHOIIEHHEM.

Gt}

the Hp— NGCOTE JANOANSHHR ANTAPATR B MOMenT BpeMesn T, s My — ininasiun
BHCOTA FANCAHENNS AUOEpElD, M,

Takuy ofipazoM, ecAH HanpaseHHe ABHMECHHSH A03HPYeMOro Ko-
NOHEHTA B AMAPATe COBNAAEET € HANPABNCHHEM BHYTPCHHEH HUPKY-
SELNH, PACipPEACHeHIe KOHUeHTpannil (-1o pearenta na m-i BpeMeHnol
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CTYNEHH 1PN BBOAE €70 B BEPXHICIO HACTE LENTPANLHON 300 MOKE §
onHeano encremoi anreGpauNcCKNX VpaBHeRni:

SR Gl B o G B P e

FrDyr FoH™
i (R T i B

hite) =0

S T @, D+

Fiby2

F ks
o (R = ) (o G (B, e )

F I
+%(‘T| i) — F'f fnle) =D

+

Flf™
(G, ¢ 25 1+, 0) 'Tfp(fl ]

T~ D) G (€, )+ 08210

FalDg ELHm
+ H ("T+‘S‘. i __"":t+t.. 1)_' lz i (e} = 0.

..........................

g (G =R D) (e, o )+

& & =

Fallsz " FH™
'i'_;fT'(“?—-l. 20 i+ R, ) - =—hid =0

..........................

w (e — e )@t G (R — %, i)+

Fallyz Falf™
+ :fm (@—l. — % 1) !: Ipe) =0
rae
GI=G(|—~%-I—T—I npt |=it=z;

G; -G(l—%) (2— J%'—) upn 2Rl <% (18.211)

Ananoruumele ypasgenus moryr OuiTh 3anKcavul AAR yCA0BNi Re
NPEPLBHOID BECAE NPOHSBOALHOID YHCAR peareHTon B niobyld Janau-
HYIO TOMKY annapara. '

[TpuMEHHTENBHO K YCAOBHAM NEPHOMNNECHOrD Nponecca, Korjla
BCC pPearenThl BBEJleHL! B annapart no wauada peaunn 1 G = 0, cucrena
(13.2.10) npespawaercs 8 cuevemy (13.2.4).

[Tockonsiky unena waros Ho KOOPAMHATE (22) It BPEMEHELIX CTYTCHER
(p) 0pH MCNOAEICBAHUN PACCMATPHBAEMON MOACAN ONPENEANCTCR, He-
XOAS H3 yeADEHE YOTONYUBOCTH pasHOCTHOH cxeMbl, 8 TakMke J0CTH-
Ji14

Puc. 187, SamuceioéTh nepemAsR Kbits
WETEALN § PERRIODE DOAFHONPEALIBND- Atk
rio peficTant OF WOUCTANTLE  CEOPOCTH
peaxighi (¥ = | % &, = 0,26 m, n = LE-
= #§, 17 afic).

Funsesiwen O (n Wa)c ] — 0 7 — 0,16
3 — 1,08,

WOHHA 3ananuoll TOuHOCTH, 8
napamerput £y, Fy, Dy, Dy v g,
OTPAMKAIONINE TIJIPONNHAMN e~
CKYH OOCTaHOBKY B PEAKTO- ] ) g _]
pe, paccypiupaores ua oc-  © Bd T L2
NOBAHHM  XAPAKTEPHETHE arn- Ky Atiesire ' )
napara ¢ Mewankel u csoiicrs

cpensl no doparyaan, noaydeHsuM 8 ra. 2 u 3, ans pacuera no ypa-
prermsM  (13.2.10) neoGxonuse amwb  HEGOPMANHA © (U3HYCCKUX
cEOMCTEAX peakuMonHoll maces B KHHETHSeckoft dyHKumm fp (¢)-

B yeaosuax, KOria (uskyeckue csoficrsa i ofneM peakumoHHON
cpejibl B XONC MPoLEcca He NPETepPHesasoT CYIHNECTBEHHLIX HBMEHCHU,
AHAYEHHSE NEPeNNCACHALIX BHINE NApPaMETPOB AAF anlaparcs nepHo-
NWHECKOro JeCTEHA COXPAaHMIOTCH NOCTORUHLIMKI B TEYERHE BCETO NpO-
uecea. B enyuac nonynenpepuenoro pemuma cuerema (13.2.10), crporo
TOBOPA, JOVINHA OLITH NONONHERE YPaBHEHHHMI IAH YUCTA HIMEHERNH
faPaMETPOB MOACAN C MIMEHEHNEM BLICOTL 3ATIOTHERNA 21NapaTa MUK
ersto. Ha marepuanos 4.2 n 3 caellyer, O[HaKO, 4TO Np#H passuTom 1yply-
JACHTHOM PEXKIME f2Ke JHAYHTEALHOE YEEAHUEHNE BHCOTL 3anonficHun
ANRapara W CBONCTE CPeL HE NMPHBOAHT K CYNECTBEHHOMY H3MCHEHHIO
PACCMATPHBACMEIX NZPAMETPOB. IT0 NOBOARET NP HX onpeneieHin
HCXOQUTE #3 CPEAHero SHAYCHHA BRICOTH 3ANOAHCHHA annapara i cpei-
HUX 3xauenHil PUINGECKHX KOHCTAHT.

Peayabrars petienus ypaerennuf (13.2.4) u (13.2.10) npavennteanto
K CAYHEHM NpoBeicHuA OHMOACKYARPHEWX peaxwiil BToporo nopaixa
NOK33KBAOT, 9TO TPH TePHOIHYECKOM PEXHME NPOLCIKHTENEROCTh

Ao O
17
A i “
il
Gifa o4k
i
o L (- i i =
i rs 1 2z 3 4K
fi R

Pair. 108, Masoysanemall pepoial A0RusnIpagnl B SRNEPATE  HOANNENPENERILONG HeRcTERR
Vo= s am® N =98 Bz Ry, = 10 moas/{En=c)

o — TpW AacAg B OEpRPERIRIE a0RY: § — NP ATGAR 8 MERT A MY BONY.
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M. 130, Hasencune sOmesnrporue menoan & peaks
TOPC NOAVERNPERMINOre geicveay (BEOR KUCIOTLE B (@

pee iy oMy, AOOBCTIHER seUEKR ).
Kﬁﬁ:- W, m* ﬂll‘ L] Drﬂi.:'l: L4 G, pu'fe
I 0,02 0,2 L5 1.8 0, 0050
I 1.2 0 0.0 2,68 noe
I — doirrpoassian 3ots; 3 — pepedopafiuiog sons:

T, A

CTROUINLE JMHiE - [Bocderille

CYWECTEOBAHUA 3AMETHON HCOAHOPOAHOCTH  PACHPEUCNCHHA KOHUEHT-
pauuii 8 peaktope GAN3Ka K BpeMEHN BHPABHUBAHHA KONLEHTPa-
HHi  CMeliHBaenblX BEICCTE MPH  OTCYTCTBHK  peaknuu (cwm. ra, 4),
B peakropax nonymenpepustoro peiicrens [13 ] peopnopouriocrs pac-
npelenesis KORMERTpaniil COXPaHAETCR B TENSHHE BCEro nepHoia no-
JEUH AOIHPYEMLIX HENPCPHBHO pearenTos. [IpH 3TOoM CTENeHb HEo/HO-
POAHOCTH TOBLIIAETCH € POCTOM PacxXola JIO3HPYEMOro peareHia o
YBENUEHHEM KOHCTEHTEL cKopoeTH peaknun (puc. 13.7). 3uauwrennnoe
BAVHHME H3 CTENCHb HECAHOPOAHOCTH pactpelefcHis KOHUCHTPa il
OKa3uBaer ConTHoOIMeHHE pﬂﬂll)"ﬂﬂﬂ annaparta o Melllankl, 8 TaKMe pEB'—
meinenne Touex sBojta (puc. 13.8). Yenosun, nanbonee GAH3KHE K ije-
ANLHOMY CMELEHNHIO, ObCCHe BAIUTCA NPN BBEOIC LOfaBaeMulX Henpe-
PLIBHO BellecTE B 30HY Oonbnierc obbema.

Peaynvrar peiuenun ypasuenuit (13.2.10) nokasuimaior rakme, yro
B aninaparax ¢ TVPOMHHLIMM, JONSCTHLIMK, PAMHBIMH i AHANOrHUHBIMMY HM
MELIANKAMH JIaKE B cyyae BechMa GuICTPHIX, NPaKTHYECKH MIHOBEHHEIX
pPeakunil pacnpeleNciie KOHUERTP2UK B npeieaax KuMiuol H3 30H
OK23BEACTCA NPAKTHYECKH BHIPaBHCHHEM HE TOALKO MO PAAHYCY, HO M
N0 BHCOTE 1 OCHOBHLIM SBASCTCA NEPenajl KoHueHrTpauuil mexuly so-
HamMtl. 3TO NO3BOARCT JinA lmmeucpﬂﬂﬁ ONenKr BAN3IOCTH annapara
HEPHOAHYCCKOID AN NOAYHENPEpHBROTD JeACTBRA K PeakTopy wieann-
HOTO CMCLICHHA NCNOABLIOBATL YNPOUeHAELA METOL, KOTOPRA cocTour
B pacyere pacnpeieNCHIT KOHUEHTPALHA B annapate npH OpoREneHIy
B HeM OecHoneqno Guerpofi (sriiosennodl) peaxuun. Tlpn stom kamias
M3 30H paccMarpuBaercst Kak 30Ha MACAILHOIO CMEILIEHMA,

Hamenenne KOHUEHTPAUMA peareHTOB® ApH MIrHOBEHHON ABYXKOM-
NOHERTHOR PEAKIHN MONET GLTh YUTEHO, BCaN KOHLEHTPAUHN OANORO U3
PE2reHTOR MPHCBONTH 3HaK Muuyc. ITpunenuTensno K cayuain, kKorjia
ORMH W3 PEarcHTOB HAXOAUTCA B annapare, a Jpyroil HenpepnBHO No-
JlaeTen B annapar ¢ pacxopom G < ¢, ypaseeHMs marepuanbioro Ga-
JIANCA KaWA0H 13 30H 1o l-my pearenty MOryT ObITh NpEICTABACHE &
eneiyiouedl popme:

/ 3
Vi %: €3 [q—l-“- ﬂﬂ-—‘fl-] — [q+ 1'6‘_;"] — yGeoy (13.2.12a)

Vs f:'r- = [qr—l- 'PG%] —iy [q+{| —y)G -\{,’H {1 —94) Gey  (13:2:126)

* Tlpt wenoass o PHCCAMBTPHENEMONG METONR BCC MOHMCHTPAIMK BRpAMMOTCH
B C-SHBMS waH Ke-sxuine,

216

Bue, 13,10, Masepmenue oMy rpacnyg  seaogy &
B PEARTODE FORYRENPERUBNOTO AeRCTIIN (WWOR o
B USIEEALIYI0 Aoy, OTKpWTAE wpl!nhn_-’z:'-

dgan, Vo=0,0 &, 1 = 0,9 ofic, & E
G = 0,008 sm¥/ch: nE
I — uewrpaguuan aona; ¢ — nepwdmpalnan oo '
WE: CRACIITMG AN - pAcSoTHLG
f2
e Y — Anh pacxoas, TEanieNoTO B LeH-
TPUMLUYIG 300y, £ — Koo pais noas- o :
BACMOTO 8 MUNAPAT | PEATONTE, Kr-SkKE M, T AL

G pacxos pearents, #%c: ¥y, 1 ofmenas
pestpaakned o pepidepaiond o, g

Pewenne ypaswennit (132 12) ¢ uavansuumy  yeaosussm
&y, = Oy ] gt T =10 (12013
NPHBOAKT K BLIpAMEHHAM

‘rl
('l" '——V)l'-'nﬂ _rrl'_"" GV G
Ty T A ey Ve T {1 —y)Ge,
e =1+ v (If|'| Ve B -+ 7S I
(13.2 148)

V, : ;
¥ —r c.,(.-l-'. __llq_
SRR o Y P IS

(riciod  pasHECTh KOHTIEHTPAINN MENGTY SoHaMI.

ar = ley—1ds] (’f %)%(r-%'—t) (13.2.15)

Ha pue. 13.9 w 13.10 npeacrapnenst 3uasennst KouueHrpauni &
uenTpanspoil 0 nepudepufinofl 30HaX, PACCUHTAHHLIE NO yPARLENHAM
(13.2.14a) u (18.2.140), 1t OnurHGe AauBE, NONYUCHHELIE Ha anlApaTax
obuesom ot 0,02 10 1,2 M ¢ AonacTeniMi B TYPOHHHLIME MELATKAMH
npe wefrrpanusauns weaoyn (KOH) 8 yeaosiax wenpepuLiBHoro #uofa
kueaort (H,SO.). 3ameris, 410 yeioBusi 31HX IKCHEPHMENTOR GhTH
BROPEHE! HCKYCCTBEHHO © UEABIO NOMYNEHNs BHCOKWX 3HavesHnil pas-
HOCTH HOMLEHTPaUMI, ADCTYIHLX ANA HBASKHOro H3vepenns. B npo-
MBITEHHBIX AHMEPATAX THOOBLIX KOHCTRYKUMA Npu peanblisx npoLon-
HUTEALHOCTAX TeXnonornyecknx onepauini 80 —60 Mun »n Goaee) pas-
AHWIIe HOHUEHTPaIA © pasHmx TouKax o0bema Kak Npasiio Heasn-
YHTEABHO

13.3. MOJEJIHPOBAHHE XHMHYECKHX PEAKTOPOB
C YYETOM YPOBHA CMEUIEHHS

B paspene 13.1 npy pacemorpennil peakropon HASAAbIOrO CUEICHIA
npeinoaaranoech, Yro 8 ANNEpare UMeeT MECTO pPaBHOMEpPHDE pacnpe-
JAenenne pMoaekysa Beex pearnpyiownx semecrs. pn peanpuhix ye-
NOBUAX (IEPEMCIINBAHIA MOFYT, OHAKO, BOSNHKATL TAKHE CHTyaum.
KOT /12 PaBiovepio PacHpesenciib e MOASKYIH PeaiipyIoing BELecTs,
8 3MeMEHTH OHeMa PASIHYRUTO COCTABa. PasMep ST 3M9CMENTOR MOKeT
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GBITH HHSTOMHO MAJ 110 CPABHERIND C A3Mepami annapara, Ho BenHK no
CpaBHenno ¢ paamepamu moderyas. Ulpn rakux yenoouax obuviue Me-
TONH HAMEPeHUA SAPHKCHPYIOT PaBENCTBO NOKATBHHX KOHUCHTpauui
BO BCEX TOUKaX ObBeMa, W SKCHCpUMENTANLHLE KPUBLE pacnpefcacHns
Bpemenn npeluBanus OyAyT COOTBETCTRATL YPanMCHMAM MACANLHORO
ememeri. B 1o me ppems pacripesencuile KoHuentpamil na Monexy-
AAPHONM YPOBHE, onpelledsioliee NPOTEKanHe Il BLIXOA peaKiuuil, Momer
Ot cyulecTBeHHO HeparHoMepHLM. Takus ofipason, cTeneHb OAHOPOIL-
HOCTH pacnpefeZieHns CMelNBACMBIX BEUECTE B CAYHAE HPOBEIEHHA
EHMHYCCKHX pcal{r.u!ﬂ. B KOTOPLIX DNPHHIMaIOT YuacTye japa wan Goaee
BIIGE MOAEKYN, CNEAYET, (TPOTO TOBORS, XapakTepH30BaTh HE TONbLKOD
pacnpeieae e KONNeHTpalii (B ToM cMLICHe, B KAKOM OHO LCHOAL-
syercs B ra. 4 v 11w g pasgene 13.2), wo u yposnen eMeniciust, [Tpe-
ACNbHB cayuail, KOra MOeKy/IH PCArCHTOS PACTPELENEHB PABHO-
MEPHO, COOTBETCTRYET IICANRHOMY CMEMCHHIO HA MUKPOYpOBHE (MHKpPC-
cueienin). Bropoe apeientHoe COCTOAHNE — PaBHOMEpHOE paciipe-
ACNCHHE MAABIX HCMEHTOB 00TEMa CMEIIHBACMBIX HILKOCTEN 1pH
AOATHOM OTCYTCTBHH B3ZHMHOTO NMPOHHKHOBEHHA — COOTBEICTBYCT kijle-
AALHOMY CMELCHII0 H8 MaKpoypoBee (Makpocselienio). [lpyrue sos-
MOMHWE COCTOTHUA CHCTEMB, NPOMEXYTOMHLE 10 OTHOLIEHINO K pac-
CMOTPEHHEIM MPeenbiLM cayuanm, npenoxkeno |14 xapaxrepusopars
Crenenwio cerperauny (paspeaensn) J, koropas no mepe npuinnme-
HUA CHCTEME! K MACAALHOMY CMCIEHRID HA MUKPOYPDBHE H3MEHAETCH
or | po 0. Jlng Keangecrsentoil oneHkl creneni cerperanun 8 patore
[14] seejentr nOHATHR <KOMUEHTPALIM B TOTKEs It CBO3PACTA HKHIKOCTH
B TO4Ker. OnpejiesieHie «8 TOUKE» NMOJAPATYMERAET yCPEAHEHIE KOHUENT-
PauMi # BospacTa no offacti, ONeHb MAJofl 10 CPABHEHNIO C PACCMOT-
PEHHEM BpiIe 3aeMeHTOM ofibema, Ho jgotrarouno Gonpuol, yrobm
CONCPHATE MHOFO MOTCKYJ.

Eean pospact Moaekysn t HOHHMETE KEK BPEM#, KOTOpOE [POIMO
€ TOIO MOMEHTA, KOT/IA MOJIEKYNA Nnonana B CHCTeMY, TO MOMHO pac-
CUHTETL JIHCNEPCHIO BOGPACTA BCEX MOJCKYJ CHOTEM, T. €. CPeine:
KBANPATHIHOE OTKNOHEHHE BOIPACT MOACKYA OT CPEAnelo podpacTa:

o= (¥ — T)® (13.3.1)

3prch T — cpeminit BOIPICT BOEX MIVICKYS, NOTOPE HENCSITCH 1 CHETEMe o Al
MOMEHT mpomern; OGLAS 9epTa CBERXY YKEIWBACT NN CPCONEE SEANPHIC AOH DOOX MO-
AoKya.

Ecan pan wancioft «roukns cpesnuii sospact Moekyn oBOSHAYNTD T,
10 JHCTIEPCHA BOSPACTA O MOMET CAYKHTL KoaWSeCTsenHoR wepod

CTCIICHN pas/ienennsn:
Oy, — (1p—1)? {(14.3.2)

Tlpit wacanbnoM CMEICHHH HAE MOACKYJADHOM YPOBHE Cpeanni
BOIPACT BCCX MOJEKYS B KanUofl TOMKe GAMHAKOB W paBeH CpeaHemy

BO3pacTy ‘Beex modexya s cucteme. B stom cayuae jpucnepeust pasne
HyA0 M

J Gy /0 —Ojoy = 0 (13.8.3)
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Pue. 1001, NocatansiTesial  MoguaL :
upn.?r.yrmpnm CoCTOnMnd  CRMERICNn N ﬁt] I T T U
L& 1. |
i Cejwidids R e
e [ T [y Tl ’_.-

[Tpn cMewen Ha MSKPOYPOBHE CHOTEMA SIBNAETCH NONHOCTHIO
pasjenennoi (CerperupoBatHon) | ANCTIEPCHNA BO3pacTa paswa JHcnep
CHE BO3PACTa BOEX MOMERYH:

J =0 fo, =1 (13:34)

Mpeaeastiony 3nasenuio J == 0 coOTRETCTEYET NOHATHE SCOCTORHIA
MAKCHMANBHON ChelunBaemMocTHs, saejennoe B pabore [16). [as mobod
APYTOH CTeneHy CMEHIeHHs BeaHuYHNa J OKAILBACTCH MENBIIE CAHHILL
7 MOMKET CAyMUTL MEpoll CpaBueHns vPOBHEN CMEILEHHA B PAsAHuHLIN
peakTopax.

B ocliose MOAENHPOBERTA COCTORHUA gacTHyHOi Cerperaunl, Kak
NPaBuio, ASKIT NPEANOAOKENHE O TOM, Y10 4acTh PeakuyonHoll cpein
HAXOAMTCH B NOANOCTBIO CErperipoBaHIOM COCTORHHH, & 4acTh —
B coctonnnu mukpocsmewmenns. CootHowenne o0LeMOB 30H annapata,
B KOTOPHX OCYLICCTBAEHO CMEeNHe Ha YPOBHE OTAENbHHEX MOACKY.
W SNEMEHTOB HHAKOCTH, FABHCHT OT PLAKHMAE lCpeMCINBAHHA H KON~
CTPYKUHH peakTopa.

HanokeHHan KoHueniks Halia CBOE OTPameHue W pasBuTHE B pa-
Gorax 16231, Kak wmzsecrao [10], anauenns spemenn npelunanis
OTAGABHEIX SNEMCHTOB MHAKOCTH B annapare ¢ Melankoil HeoAHHAKOBL!
H pacupenenciinl N0 HeKOTOPOMY 33KOHY, 3aBHCAINEMY OT CTPYRTYpbL!
NOTOKOBR M ocofedHocTell Makpomacwralioro mepeHoca B annapare.
Aetopw pafior 116, 171 npescraBuan cméch Ha BLIXOAE W3 annapata
COCTORLLEH U3 WIEMEHTOR MMIKOCTH, KOTOPLIC NOKILSOT CHCTEMY B CO-
CTOAHUN MAKpo- nal  Mikpoemewenns. TTepsyw rpynny ofpasyior
SNEMEHTEL € MAALMH, @ BTOpYlo — C GOABIWHME 3HATCHUAMH BPCMUHH
npeGusainn, la 5710l OCHOBE MOCTPOEH PRAJL MATEMETHHCCKNX MOUGALH
peakropos, omucapuux B [16]. Tak naameaevasn nocaejioBaresbHasn
mogens (pue. 13.11) orpaxaer LONyILCHKE, YTO NOTOK OOCTYNACT B peak-
TOP B CETPErHpoOBaHHOM COCTOMHHH, NPI ITOM Y&CTE NOTOKA C MafhM
BpeMeHeM npefLiBaHuA NOKHMHET PCAKTOP B TOM M€ CerpernpoBaHHoM
COCTORMMI, @ APYras 9&cTh notoka — ¢ GonbinM Bpesenen npebuisa-
HMH — AOKHHETr PeakTop 8 COCTORHHH Mukpocmemenws. B ochomy
NEPENACALHOI MOACIH TPOMERYTOUNOTO YPOBHA CMEmeHin {pﬂc. 13.12)
NONOKEHO JONYIIERHE, YTO NOTOK elle [0 nocTynaelis § peakrop co-
CTOMT H3 37EMEHTOB, MEPENCIIAHHLIX YACTHIO H3 MAKpo-, a 4HacThio —
HA MHKPOYPOBHE, NPHYEM KOAHYECTBO TeX H JPYTHX JIeMeHTOR onpe-
JEARCTCS BEANYNHON HEKOTOPOI'D KPHTHYECKOD BpPEMEHH npelumanns.

[lns pacuera CTENeHH TPEBPELICHIS HA OCHOBE PACCMOTPEHHBIX
W asanorpsusx wm vopenel TpeGiyerca (171 smamse kpurndeckodn
BONHIHEE RpevMeHy TpeOHBaBiH, JOCTATOMHOR IR MHKpOCMelients,
# GynKii pacnpesescnus ppesenn npeSuBaEis JUIA BCEX NOCTYNE-
OUX B peartop notokos. By srix GyHKUMA B CBOIO OYEDE/l 3ABKCHT
OT CBOIICTB BELISCTB, VCAORUA NEpEMeumMBanNg, 3 TAKHKE OT CXCMH
NPOTOKa 9epes annapar.
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Tlpepncwen Takme pus moseneii 118 231, ocHopasnsy: Ha npes-
CTERACHNY 00BEMA PEARTOPA KaK CHCTEMBE 30H MAKPO- N MHKPOCMELe-
g, Tag kak sweprus, nomsolman mewankofl K nepevenmsaemoi
HIIKOCTH, pacipepensiercst 0o ofLeMy HepasHOMEpHO, B peaktope
CYMECTBYI0T OONMECTH € PasaHuHOl creteHbio TypGyanzamin. Tlpu srom
B 30He Hanboaviiel TypOYAUSALNK, pACHCAOKENNON BOAHSH Memanku,
COIAIOTCA yCnoBus, panbonce Gharonpunrtiwe jan MUKPOCMELLEANH.
Paccumarpuraesas: 3akoHoMepHoeTs Haua nanbogee nofnoe amenne
B MaTeMATHHCCKON Mopend, npHsesennoll B paGorax [20 231

IHa pue. 13.13 npescrasnena cxema maremariueckoi: MOJICAH peak-
Topa ¢ sacTiyHOR cerperaunell, npeiowenuoli B pabore (23| Hpa-
MCIHTEALHO K annapaty ¢ oTpamartenbuuMi neperopopkamu. B srofl
MOJERN OOMeH MEXLY 30HON MHUKpOCMEWCHES (30HA MEWAAKK of-
emon V) 1 IBYMA 30HAMH MaKpocMeuiesust (ke MEILATKIN, ofbemoM
Vie 0 suie memanin, ofsemom Vi) paccumarpusaercs kak peayastar
Hanyuns eyxwoutypaoil umpkyasuuw. [lapaverpn Mopean — omio-
WIEHHE OOBEMOB 30H, WHPKYAHUHOEHLT PACXOJl, @ TAKKE uMCHO Fveek
cMetienis N B sowe Vo — onpemensiores nytem obpaGorio IKCUEPIL-
H_EHTaanHx Janngx. l'Ipu Hanmn ceelenufl o KiudeTnke peakunn sra
MOLENL NOIBONHET PACCHHTATL CTENEHD NPEBPALIEHHS ¢ YUETON BANAINA
YACTHYHOR cerperamnmy.

Peaynbrars ananusa, sunoarenroro & patotax (22, 23 ), nossomian
BLMBHTL ONPEACAENALIE SAKOHOMEPHOCTH, CHASARNKE ¢ WIHAHNEM YCI0-
BHH NEPeMeiHBanis Ha CTENeHL COrperati b peakTope. YcraHomieHo,
B HaCTHOCTH, uTO BLICOKaN CTENEHb CErperaumi B allnapate ¢ Menaakoi
MOZET HMCTL MECTO JIZNE (P H BUMCOKNX 3HAYEHHAX KPETHOCTH LRPKYAS-
UHH, ecan obLem 301 MUKpOCMeluennn man. APYTON CTOPOHE, NpH
MOCTATONH0 Goabinx sHaveHusx V., (9o, ouesiano, COOTBETCTRYET
MAINM OTHOLLEHWAM pajnycon annapara u semanku Rirg) YCAOBUA
alnapare NpHOMMKAOTCA K MIKpocMeweHio. Bunoanen raxmxe PR
patior [24—28 ), nocesuenmx Teopernueckomy PacCMUTPEHIIO BIaNMO-
CHAIN MEWIY HITCUCHBHOCTBIO CMCILEHHH HE MUKPOYPOBHE If AOKaAL-
HLIMIE X2pakTepieTirami rypOynesthocTd. Pasgutie 31010 nanpasdie-
TSt NOSBOAHT, MO-BIAMMOMY, PEIIETH 381840 PACUETA PEAKTOPOB € yue
320
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YPOBENR  CMewenns, ne  upnberas K 3KCHepPHMEHTANLHOMY

OHPEACNENHID NapaMeTpos CNeIICHHA B MOAYNPOMBIIAEHILIX HAN 1Ipo-
MBILINEHITEX  YCAOBHAX.
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Faasa 14

CHEIHAJBHBIE THITHI
MEPEMEILHBAIOULHX YCTPOHCTE

Hupiay © annapurasie Tpasniioniol RoNcTpy R, daBecTioe [renpocTpiiesie & npo-
MEILAEHNOCTL DOy R BUTRDETE KA NepeMOuBuo e YOTPoicTR HEKDTOpUX Cne-
IRAbEx Kodcrpysit i Tunop [1—3]. Tlpesae ocero 570 amespame, couGmeiae
BORCLBAIIME MOIEIREMS, BUHTOSLME MEIAIKaME © nHpRYARoRiol TpyvGolt (2e)-
‘vaopon). eneprypyiongimeg yerpolieroase i T 0, o Tekose snnapotl | Bodunoro
oiesa (400 ! Gonee), I8 KOTOPRIE XAPaKTEPHO HOOOILIOBAHUE HECKOALENE nepe
MERHMGGIENY FETPOILTE © HEARRNCEMBIMY TTRUDoEsE Peryasnpro nyfauEyioTen Tikme
coofittesy of WCTIETAHNHY # NPOAKTILEHNOM DRRMEHCHEE aniipiTon, B Kormopey nepe-
sMoniBsHee  obecncunpaeren GUATOMAPA BOSEPATHO-NCCTYRHITEALIONY  ADHMCIG  Me-
mnm; (mfpanyonnoe. mepemMekinsaiie) man mHckocT (Myapcaibiciiioe nepeMeti-
Banue).

- M ameha demexaiiriecnnx cnocofion fopesicuiisalng idibosés upord papin-
cA. HASAETCH HEfeMCUNBAHEC NOCPEICTROM CraToro rasa (GepboTampoe, TasaufTioc)
i Crpyfiee nepenMeinRaine. Foanrenidl HETEPET i NOCACHHEE BPEMT JIORBARETCH
TAIGHE K TAK NAIMABSENLIM CTUTIECIIM CMPCITenail, Tipe)Easnudeliuy LG YeTRnonKu
HENOCPLACTBAIIG Hil TEXHOMOPHYECHIR  Tpy0onpuBoiss.

YowpoficTea i BUOpAUMDRHOND # OyfLCALNOHHOND Dependinnsanii.  Bufpaiyion-
ANC MOIEAKYE BEnoAEITeR. oo (48] nodopye THeKGD, spRpetAenit 1A Bep-
THMEALUEX WITANCEX B COBCPINAMINE BOSDPATHCG-TIOCIYNATEAEHoS Ihnmenne. Haotota
roaebamill APCKOE D IRMICHMOCTIC OT THITA TPIMeTReNOTG TPikHaLE, cocmamiker or 35
A 100 L wanavryas woneGanill — ao 20 mm. [dan cosmamim B AmIApaTE, nApRAY

© sanosvacirrnfinol Ty povATHTIOCTE, THNME W olero  (HPKYATITHONMORD TENeinN

BAWCKNX MMPKITCH OTEEPCTHS & dopme yeeuennbiy koiyoos, Boaescrane paammus s Kosd-
UUEEHTAX CONPOTHRASHUR CVMEIOULHRCA W PACUTNPRIOAXCH Runanos Kodeluis Jeka
€ WOIYCHRMK OTHUPCTIEMNE DPUDOINT K Dol isenien nanpsaaenporo resesus. Cro-
POCTE FTOC0 TESCHIN JAMHCHT OF YEAA KOUYCHOCTH GTRCPCTHE, WX SHEAR, 0 THKME aM:
tsryan w wnerord Do g (7], opn smommyse 2 s i woctore 50 ¢ epopecrs
BURGaE TPy us orhepcriit soker pocTiraTi 2 wic B pexoroplix enyusie © Genius
T HCHRN N ePeROILNEA B SHNAPATe YOTOUNRIHBIIOT AR JIHCKS, CONEpLE-
iy Ketebayin n | Bonpocam regapoasiaMess, Tennae- b saccoobnen
N ARAPATAX © BRGPHUMONIHIM DEPEMELTHEHHEN TIOCENLLEN0 SHatnTeasoe Yncio palor,
PeynsiaTsl shix pedor noapobio paccmatpusaiorcs B souorpadiy [4].
TIyAECAUMOHNGE NEpeMeLEHTmDiler  yeTpoficTen npeacTananer cobol (8]
NOTPYHRENHIYI0 B aNTapar HuMepy © pacopesemireneriol nonccmo w cictemcll cona
(pue. 14.1), Kamepa codammenn © nyducaropos —yorpolicrood, Mormopoe reuepipyes
OVALCHINNE NABACIES Tass (B oraetibnbiy chywanx — MunRect). Tlpa nonshoenyn ga-
RABHHA (npRAMOl TEHT MyMLCREKN) NEPEMEAINEICMAR CPEAE U KAMEPH TIPOXOANT B pae-
NPT ETES L HYI IOIOCTE || 40pes COVTE IjIHCKHIETCH U AMapaY B miEne Prspionanpi-

A Puc. 14.1. Cxoma  SWApATR
L € TYRLCALMOMILIM  (EPEmT o
RN YOTRORC VR

1 — wbpnye annapara; 2
HYARCANOERRN KANepa, 3 -
HOpimye nyanchmmiijiiore e
peReEImEREre  yorpoficrng
. Consawig 4 — HyascUnpe.
mips B — xoa B T
CofipUBOAE; — WO TR
pepACTPEACARTEAMINA  NeXo-
HEEM € RHEKTROLRN AT eaEh
7 — Tpyfonpoucd tOpoca or-
afoTERECrD  oMETOro. TAXA
n l'IIiDCdIIT)' LT S - T
oumcTay PECHRER CHal-
TOOD TRAN; # Ko preecif;
AH — HImEEEITHE HCCTh
MufEocT B Ny Sscamuoniof
WimEpe e SfesH HEAL

Puc. 19.%,  fpHugn-
AARARH e Cafpn CTa-
THNECHINE  CMOCWTEnen .

vnespax crpyit, Tlpy eOpoce puienpn 8 Kasepe (QOPEHINR THET yJLcaih) sikocTs
nop peRcTaie ohpasonmMucrocR. B UEPHOR NPANOTD fAXTa HAGHTOUHOIC CI0H IMHIKOCTH
B alillapire BOGBMILLIETTH b KEMepy Neped 7o me conaa. Commollicnie Bponel mdxofia
MMAKOCTH WE RUMepl M OOpETHOrO Teteilin cocraniper [8] | - 31 :5, wanonenue
BHICOTH JKHIKOCTH B REMEpe 30 npesin il — o 1— 1.5 v Cropocts sukotti o co-
nax paons 2—4 w'e, vactoTa pyvaecsmill semaT 8 npeaenax 0,52 ¢ ). 3arpars
SHEPTHI 1A HYILCAIOHROE nepeseiipanie cocripnmor or 0,05 a0 0.5 kB un | o
ofsomil HINPITE.

Bomman wacm, wecaeaosaih 8 ofnacTi nyALCAURGINOR INRapATYPH OOCBAIICH
Boljpoesn puBoTe MaccoofMeHtNE Keanin, OCHORRKE PeaYABTITH, OTICCHILECH & 201E-
PATAM CMROCTHORG TIHE € YRCHIMOUITM TEPOMELLMBAIIIEM, & TAKME peROMEnIRiti
VIO PRCHETY. 3 RoHCTPYNPOBSHRI0 3TN ANNARETOR pECCMaTpRBmoTcn o monorpafe (8]

Cramumecine cpeckTenn. JUIR caetoing liomukon siankoeTell paarilinem cocTana
BONDCHSINNR GEpMof EEE DPHMeRATE CIHTWMBCRHE  eMecHTREAN — yorpoficras, He
CONAEPMALLING NOIBNRGIEY SACTCH B YCTRHDBIHDBEMIE HelocpeeTsesno 1 Tpylonpo-
poax. JIehcTone Takux yorpolicTe ocHOBAHO HA MCODLA0BEHNN SHOPTINE NOTONA CMe-
HIMIEeMI Y BEllcTn AR CORNANKE BRCOKNX JOKAALHIWK HANPsMEniR conura; © SToil
neabio B evecHTescioll cexitin TpyGonposogs  voermisRmumsiored wyphyminsapyiaye
peranKi. OEnEane, S0 MPH FT0M NPOHCNOAKT ROBHEEHE THAPARIHNECKOTO CONpo-
THBACHNE,

HouEtpyxime CMOCHTONREIX SAENMCITGE, OMWCINNLE B ANIepiTy[ie, Xapagmepi-
FYwcH MCKEmonTeIrEm pasiooGpaanes. B Soanwaiicrse cnyuoes, OXLERKe, oM npe
crianmoy cofofll (pHe. 142, 0) nacckee SHEMENTRL HSUMIYTHE N0 WoTToRGH AIHIE
B9 U610 by mianwn cnonall ooy paiung (pee. 14.2, 6), ofecnednRaKume
DASACIPHEE HOTORI Hit OTAILHLE CIPYHE, W 3nkpysiEanie o ciowoe [ [G—28], Fm
SICMEH TR ST ETIBRTIIOTER 30 NOTATAIN AH 10 CHITETIOCREY MaTepH&IcE, & Hopaye
cutouTenell 0 pear cayeEs — TARME W2 Hpospadusoll anacTaicen, (29

CromiricKue cMecHeam IPIOMCHRIOTER. 1TH N0 PeMOIsnEmis - wijikocTed pmuluml’l_
O TOM Tiiche o prconGit enaxocte |14, 29]. Haorig px WONIEIBIYIOT ZAS 1) PEABNDHTEAL
HOPG CUCHIEHRM EARCATON OCPeL BROICM HX B PEARTOpN ||3|

Creayer or-omwte, 1o vreso Heeaeosani, hocnmden iy wayueiing coberaenin
(PORECCH  NEPCMCIUEBITNR D CTATHNCCHILK CMRCHTCNHX, onueHl Henevrko, Hmwoores or-
JRdhHEE paborh, TOCBAMEHHNE BONPOCEM Tpoitasioro B cOpaTiong nepeMeinnnmiing
Womssepeltio GyuKiupil pecnpessicnng Bpescill npefisanns (0], B patore [14]
PNBYEIBHO HIYHANGCL pacipeeioiie Tpacceph n couenit esecsitenst. B Gonlwmuctoe
CAYwicE; canikn, OMERTOM NUETEIOBINIG, CIYHaT THAPIEIHYECROE ConpuTHBAEIE
W orennooluen [15, 31, 52] Floatop crammiechx cuccurenell Han npoasel s
YOIROBoK oG OoyUETTIENCTOR  SMIMPRNeCHIM Ty TeM,

¥erpoficTea aar Geploramsoroe W rsaidmioro nepewerinsanss. | lepenenmenie
C I Fnes, Yilge Nocry CHRETOND BMYEIYXA, DPHMEHAETCR B PHYE RIMHLE q‘rpnt‘.."l-cl'l
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Fec, T8, Fipwsgism i g ©oes i oepestumeaiinm © o MOuE 0 SaTire raiss

0 - wmTpLasiae Goplorepoys G - oo cuptignnum Gaplorepos; A — ¢ Baplovepon smaiuro
NOTPYIREUIH; £ — © rRsGgTHon AFvlon. @ — KoyXopYIME annipE ¢ resagmape TpyGian
- phpEyonnoll TpyGoi;

J. 3 = maop o namop wouasocti: 3, 4 BXOA 0 BISOR PEoed 8 — reane(ruan fpasdwise)
TPYOR;  — HupryANUMCHERR TpyEs, 7 — TpyOuan aocks; K 2 — sacfl W saX0R TericHacHTeE A

NPOMELECTIGETI, WalpIMED 0 TopHopyasol, Tiuendi o apyrux, B xsikeckol npo-
MEILTEHIOCTH TURCH Cnocol NepeyMeiiHbanis HBXOAHT NPHMCGTHEE B TEX CAYNARX, KO
HOGAgE B AKEpaY GORLIIONG KOJEGOCTEA FA3a CBHAAHA © oCODEHHOCTAMH TEXHOAOTH:
WECKuro mpoilecca (GepfoTamBan NOMMEPISAINCHTAR ONONPETY P, annspomd IAn oum
e rason - GroacrtecRol ONHETRE CTOHMX B 1t T. A). HMeeToR Hecgoanke Tino-
HWX HORCTPYETIEINE cxent ammaparoe. Hasfoace ipocTin 3 dx preainayercs iy
POCTIPEARIICHHA TASD N0 HOeMY CENCHIN0 ANNARETE NOCRSICTINN T3P RCapeleaiTent Horo
AcTpa (Bapfotepa), yomloBaeiHoNG B npraciaol vicre annapara (pee. 14.3, 6)
H STHA  ANUAPATON XAPEKTONIL OTHOCHTEILIG MEHMCORNE SHONCHNR NPRESIEnoN
cxopiorme rasa (40 0,1 s'c). Tlpe mams peeciens s cROpocTax (HRHe 0,02 aic) moawem
ri%a CCYVIHECTOARUTCR Tanmiiin ofpnsos o e paasioll qacTh Snnapats, wwe NpHBein|
KBS EROBEI D npansen ol MeplancHannoR unprynrnug. Herelcisgocrs. nepe
MElUMBOIH npy TEKKK posiisex onpojoaseten |33, 84 cnopocisg 1 pRYIRIEKOHROTO
Tevenmus HOTypoyacionon whhyonein Ulps opueejcaibX CROPOCTHK, TPeHEUINOHIHE
VRO R BULE, TS PACHPLIESTETOR 110 CCUTI I ANNBPNTE (GONee ABHOMENID B oCon:
Ilb!r ng_:irlmr £ HITEHCMBNOCTY NOpeMeIInBaNNS oXasLbReT Typlyaeiitaan tudgyins
f—37 .
JLaw yoeansenion GHPRYFSUMOIIONO PatRins o PRAE CAYHAED TasopactpeaenieiL
Hoe YCTpuRcTRe YOTRHARAVRAETCE BumH CTelKy anmapord (puc. 14,3, 6). Tacan cxesi
RHpAKTCpIE, HAIPHMOD, AR COUPYIKEnR GHOODMECKoi OICTHI CTORHKX. Dol (aspo-
tensos) (38, 381 [lpn wenogssoeamn Fesa © HUSKEIM WCETONRM THRTCHEEM. o
PRCHPEICIFTEALHOE YCTPICTBO B aspoTenKAx yoranamminiercy (puc. 143, o) kn ne-
Boikinod erytwme (0,.6—1 M)
flpy patosonantnom BH00PE CONTHOOENIT  PAMOPHS CHOPOTTH URPRYASUHORIUI
TOTOKA B AHNNAPETAY [accMaTRuBaemuy Tnos aocteraer 0,25—04 wle flaw joco

34

Puc. 1.4, Beacuinmoulis mowiamn:

I — CTATOH; I — YYpOUEHAR MWELORANRD IENPLTORD TIT0C & — neacummoupne  Tpyoa,
Jhisigf b pEIMED APHASAEIM B ACARYK OF JHENUTPE SRR '

Phe. 195, Cxesa AlinapaTa ¢ pusavoacil semasol W gndibysopou:
| — mumronan semenia) £ — aeddnoop © Tenanofiweriiofll owepofl, § — pydatiks.

Meiikyl GO0ee BRCOKHR CROPOCTE  IpKYAmiline NpuMesRoT Taansfmuse annapang

(pre. 143, 2 @), B rex cayunnx, Koras HeLi CAVHMT TOALKO Hepesompmnige i
Ael, HEBATEYeTeR OO0 oilim Wil neckunexo rasaidrisx Tpyll Gonboora

mianeTpa [pue. 14,3, 7). _

s obecneyeirn oTHet AL HoRB Tenaoth peapaBoranst [40] sosyxaTpyGime
raanidmene annppata (puc, 143, @), [Tpefoaeioe siaweinue npyseieiion  cxopocri
rasn 1 Fasndimnax TpyGax coctananer 2 a/cl CROPOCTE UHPRYARIMONNOIG TESeHER TP
sTom Moeier nocrerats | mic (41, 42

Baptorannan i radmian (napETY P omiccires K dieny nanfonee psyscnix
T;giml; ';ﬁq‘rﬂ:,l';umamm_ MUTORIA e pECieTR oBOBienk B PRIC CHCRMATLHLEX Moporpadih

Beacsisaionie pewamm. Jlan (poseiEnia NPOUECCOn, CREABIITRX € NOCrACUICHMEN
rosos, S3UNNETENLE0E  PECUPOCTPANCTG NOAYSILE rHpETR © Nepeseiliogomhin
YOTpOcrBamy  coctpaibnofi  KoscTpyRuws,  ofecnennbaioliiell  BCACHBRIIE TS
B MHIKOCTR 33 FRICHOND MPOCTHAICTHA anrhpara. O0Hns 13 BRPHANTOR TAKOH BONCTPY K-
1y RLIRGTER yewndiee ¢ povies sanos i rpyipiss aonacrsss [45], Jlpyroli, Gonce
capsHGl BApHAIT BCACHIIOULETD YCTRORCTEA COCTONT M3 TY RO Memank i Tpyt,
COCTHIOILER TRAONY 6 HOTYIRY 1181 RIROSTeI0 © 3unoR wewaasy. lepnoi ofascrio
DPHAEICNME TREHY YEIPOACTE Snamveh GIoTalioiiise MALDGI, NCHONBIYCMEE (1K
OOOrmIeio Py o oropuoR - poMsiiaeinocTH; B EsCTONIEE BPeME GHE HCNOTEAYITeR
B ATTAPETAX PAUTIMHOM TEXHOOrHIeckor Bavimuenin [46.—49). -

B Gonniisiiciie cayiaen peackumonee yorpoiiorso chafwaercn 1yplinsnohl seiing-
Koft Jakperoro Tuna, scackmaminias rpy0n jooonascres (pue. 144) nascrinamiame
usnpuaamaEry  Anmnparem  (cratopom).  lockonuky  rayGing  pasMetesin scatkma-
owero yerpofictsa ofeMHe. nepetiKas [0.5—1 M), 408 ofeciedeHiR nepeMeiIHnimg
A TOM e BANY YETHHBRTIEMOT O TeNLIY 0 MCIRAKY (38, 48, [0, bi ]

Himetcusporms snccooliMen) MeaKIy TAson W WHIKOCTHD B SO0ARATAX © DCACHIB-
IOEHMI MEUTTKAMIE ONPEIENRETCH PACXOI0M BCBCHBACMOND I MILIHOCTE Nk, & Tarse
PRIMEPEMK. NYSHPEEOL # seaminiiol gosiduineiTd spccooramie. Hecacnounmin STi
potpocon GulE BEOONHeWK B pabotax [46H2], weral pecieTa MACCOODMENS W son.
|gm111.39r.li:llma|muﬁ A PEIYILTATAR YREIBHHEK HCCACNOEAHIE, MLIoMed B MOHOD:
dhisn .

Annapats ¢ WHpRYIMLAoRHEN KouTypost, Hak 6600 oraeteno 8 pastene 12, anne
PETH € SKPEIHPCBRIIHN ANeXTRonpHioIos ofiiviin coabminores OucTpoxoaioit Bin-
ToBOfl MUILAAKGE 1 HanpET o el tﬂyﬁnn (undryaopos) 153, 54 ). Ulpee stond o anfio
pare (puc. 14.5) comiperen sty Tiil GpRYARINOIIRR KOWTY], 11 SHITODGS MEdIanEA
OPAKTINECKN CAYMIT Ooeshiy HACORE,
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Pre. 1800, Yespepcazenan sapastepicTiin sHNTobON memniki (ow. puc. 14.7).

Pirc. 1.5, Basmosan Meiusass © mocroninium diaros.

B wiecree Meanol & Ennaparax. PHCCMBTPHEACMONO THIR UOITEALIOE RPONS
NPUMEIIRCE BHNTE © npoduatporiiinsi donactamm (531 Pesyastans Gosee nowi-
uix neeaenoparafl [S5—57] nosasany, oinsko, w0 5 0fARCHH GOTUIEX UHPKYAN-
THOHHBLX PECXOADN I MIHKIR 1AI0POB, XAPAKTEPHLX LN anfaperon Aol KellcTjys-
LM, CORETILERCTED NPOgHAR JoNACTel e URASHRET CYUECTReRNOrD RINAHER Ha K. 0. 1,
D coian © 9rim B BACTONLICE BPEME ANBAPATE © (IPKYARILHOINNM KOFTYPOM ofumiio
CHAMKAIOTCR TPEXNOMACTHLIMI MELAIHAMY, JONSCTH KOTOPWX MMekT NOCTORINYH) TO-
HIHNY W HpHNY B COMMYTU 10 BEETOROH JessH (REHTGE ¢ AOCTONIEEM (Daros) | 56—
58]. B [pu,me CAYHAEH HCHOERIYINTEN TARHE MERTRR © TUIOCKHMN HERTOHENH Jona-
oo [64 ] THApossiamiseckui pacuer ENABPATOR C UHPRYARIBOMNGM KOETYPIM
TPUMILITHATBHD HHAADIINEH PRCYETY. ocopstx (ncocon. OcnoBoil pacicTs caysuT |
YHUREPCRABKAR XRPARTEPHCTHRE — AMAIPANME 1D OCHM HOTOPOD OTAKON Jibening

iHeHTon nanopd (Kg) n nodiu tl\'q}:

Ap Q
Koy —a— s K. =—— 14,1

e Ap — namnenue, Tla, p — paomigeTs MHUAKOCTH, KUY, 8 — NactoTd, payelis
MestiEngl, of'c; dy  anawerp semanen, My 0 — ofisemieil pockoi MUAKoCTH, MYc!

Ha pre. 14,6 npupeaein <apakrepucTiiin uin Tpexnonscrnsy smimon (puc. 14.7)
€ nocToipise Aty otrowenes § — arclg i s'dy, peanam 08 10 112
Ha 510l Me AHar pamie 1aneceins Kpinse HIMeneTi i o ). A 1], JLag onpe wnenns
HHpRYAHHONHOTO packoia @, CoaganeMoro JaHIuIM NN o KONTYpE Nalinoi | reome-

TPHH, 3AXHGTCR  PRAOM EHOCHH h“a H, NoaBIyses ypassemsen Ap* Zh?
H CHRARGUHLIMG JANNLMY O FHIPEBANYECKIX Conpomiedunuix (oM., nsnpusep, [89]),
ORpPEIRENIOT IHAUCHNA HOTEpH  MANDPE, COUTBETCTRYKMIIHE Kk T IHENEHHIO  [HC-
xoan QF i 0o (14.1) pocCuMTHIBENT COOTRETCTIYIONIE JuaYCHi K4 Manee, wanock
TONKH gﬂ'ﬂ Kf,] i anarpasmy (puc, 14.6), HaxoinT TouRY nepeceuvnni K pmai h’f.’, =
=f [Kq) € YHHBEPCENBHOI XApAKTEPHCTHROR PHETE PH ASKENOM WATHOOM OTHOWENHH.
Tlo anateiivi Kig 0 Ky, copmrerereywiiinm s10il 1o%ke (palouss Touke), paccuTil:
DAL MOTHILNEE SHERCHHA (0 W Ap A@HH0r0 BUHTH B AZHHGM konType, Mouocts, no
TREBAREMET BHNTOM, OnpeiiileTen Kak N LQA}:, MK STOM HCHOIBLSVETCH OHA-

WEHRE K. 1. [ )], COOTRETCTOYIOICE paiiaennok peloued youke ya giarpasie, Qa1
yeurali dopraninof paboTel BHNTA B RANECTBE CCeBOTD Hacora mraneren [60] yeaomie
CICYTCTBUN HANMTOIIL  pay — Dfiy 5= Py etk pap — palioues asmiehwe 8 anna-

261

—
e o -—_-_
-— -— ..-‘.
= - —
P, TN, Cauma OEraesord peaxTopa: _
I — moiigbinn sebliien (acenol  nieoc Kopoye: & - pyGains

pare. Do, py — saBfesie iMCUIEnIoro nopa nepesmeummseson sowocts, 1la Apg —
HepRalL aangcrie A sonscTgx weniaise, T,

Apn g_r;.mq,(%g;) '

Beawunsa € — warmrannonnEn  kospgditimenT onpeaeasetcd Mo Kpima,  npa-
Benenibne va pe. 14.6 _

Anpapatel © oppryAHLHORILY KORTYPOM B SKPSUNDORIIIIM  DpiBoAoN  Yipiae:
URIOTCH, KK TANBKIC, NOE MANGRIAKHY CPen W AaHmme, npusejelaue Ha pac. 146,
OTAICORTOR & MHAKOCTAM © Kimemariieckon naakoerns 10710 »® ¢ |54 B

Mps nadsun B annapare TengoobMelisX  yorpoicrn (pyOimikd, BEpTHKAIBHEE
TpvOEL H KOABIERON KaHAIR W Wy aHioHuaR TPYOa, BunoIuCUNER 0 RMe Teo-
OOMOTTHGH  KAMEPE)  PACRET TERAOCOTASNN O7 NEpescmnniencll cpemh HpouaHTIe o
abnests Jophyass, npneeTeniny o aureparype 161 Meton yuers snusing samelien:
HUX GHCTHIL I CAIA [P (e PeMCIiBAIGEN fEYX W TRexdEInex coeTeM, AHBNOTHENEE
npHMEITeNoNy R FaakrakoeTinx notoko [41] waromen B patore [62],

HPRY © anpnapatasu © Andepyaopom, Hasecyed [69—65] ciue njmn THi annapa-

TN € FAMEHYTHM HWHPRYAHILHON IS KoY pOM — TaK ARESHBACKEE NETAERLE PprakToph
(prc. 14.B). TMpivencine takux annaparos cuwraeren eaccoofpianum [65] npy npo-
BEAEHHH penKiMil © BRCORRM VARNHUM Tenunsiiened e, MeTo) nx FHApOTHHAMBE
CHOMD PECYETA (IOTHOCTRIO SHANOLHYEH  OfHCaN-
HOMY  BLINE  NpUMCHHTESRIG K AROApETAN i] | ii

L Mﬁtﬂop:m T — -
FPCMELLIMAONIEE  YETPORCTEA  ANNAPATOR l I g |12
z

foauiolo ofeena, [Ipe yeeangemoe  ofiterd
annapatos ¢ sowEakass or 1020 &' go ¢
100 &% wafimoaeTen BOspacTalie  OTHOWRIN 3
BWCOTH 2NNBPSTOR K WX namerpy M/D, Ham.- t
Nefniee  yBCIHREe 00eME XEPRKTCPHEYLTCH
ofparnoi Tepzesunel], 1A aTMapaTon OOLEMOM
200300 »' n Ousee THIMMHBME #BSHOTCH
coorsmucing. ID s 04=0,7 [0, 67]. Mua

METP TAKHY ANNAPATOR  COCTIRORET  ofiLising
=812 . TipliMentihe TPRanuHEonnoi exemi

B STHX yeaoneax Tpedyer  onoJlaoBalng e
XOXOHEX  MUOANoK  Gofcliorn  aMaMerps w
NPHBOAOR © BECHME BUCORINH KPYTHUIHMI Mo-

Fic. 14,0, Caogma MEpTIERSINGD Muoronpeesamn o
BITRPATE! .

I'— Wopnye dnnapaTa; I — ENTRASWIAE el
3 = neppkEpuda e WEDTRTA




Prc. 14,10, Cxesa rOPIGIONTAILIOTD MHOTOHPHNBAIOI Coniioimponasry ANNAPATA ANE MAET (=
0 B CHETEMAX FAS — WHARDETE.

nterrasit (25 000 H-m # Bonee). Mostony 6o Mormx cIysans oxsssmaeTes TINTE S
man [67]  wenosesbmaiie  sMudrospreaiitol  oxen nepeseninsmmn  [68—72]
(puc. 14.9 w1 10) wan memazok ¢ wipiupHLm Kpeiuonmen sama |73, 74 | (puc 14.11)

XApanTef oCPeanemionn Teei s BTTKOCTH B MIANATAE © MUOIONPHIOANLIN fepe-
setlidFAII UM YCTPORCTAOM, CXEMa Kavopiio Nokaasis 13 pic. 14.9, & ocnonm NEPTAX
HHBAUCAMI RApEKTEDY TCNCNIE B OFNAPATAX © auiol HeiTpanhie pacnoacmetiod
wemankaf (em. paaaen 2.1). B ceusm © sTnn TR0 HnAMIGecKiil pacier TN ANNapa-
Ton ocHonkisseren |75, 76] na omcsmgn npodeas okpyaRioll CopocTt cTentikLM
Heurmioneons (2.1.20). [Lnn ofpeaesieine mapaserpon sl PEATEHAIL CONOKYMTIOCTR
MEHIAROK SANENSETCR  HEROTOPON  SSKOHBANOHTHONS (W pUibuo  pachontmennoll  Me-
UIATKO, KOTOpas NP TUM ME KPYTIOWEM MOMENTE 06ecnernasT \Cien ik HpOguTL
DKpYHIOR ChopatTH. Panyc cakmmasenHoflls metivigi: ry = L2 (Ry + ry). Yacora
BIONIA SIERHBAICHNION: MEILEIKY fy—=uff2nR, (1 —0,62R% 4 G.Ilﬁi’.}l. STD COOT
BETCTRYET IHSYCHUNM (TApAMETPOs Pactpeiedicninn ckopoctn Wy = 0,114 nfy = — 0,68
Aiteh Ky = Ry're; Rn— pamuye ocell mepadepuiinty MOwsmok, M; 7o, Fy — paimyc
HenTpATHOl 1 nephfeininol MEUATEN, Mi U — DRPYRNGR CROPOCTE SKUAKDETH 1)
paakyce Ry, mic.

Hecuey cROPDOCTH WHANCCTH © N PAGMYCE YCTRHOBKM nepuiepiinigy  pemanog
OCHOBAN HE ApHHILOE COXPANCHUI MONENTE, KOTOPHT APHNENHTEILUG K SaHNGMY oay-
(MEIO JUTICLIALTCR b BWIe ypERietis Cananch EpyTRILETD MOMeHT, MOMEHTUR Conpo-
THBAEHIRN KOPHYCa RAApETH it nepudepuiliux fepemeiERaeniy yerpofcrs,

(P2 oltarabalB) (el &) + Kiypn'd}, f(25) =
= :,puf‘;nﬂ]!-ﬂ + p:nz,r&mr:m"w“,"l

(14.2)

B ypasmeysn (14:3) cumpomy,  oGoasavenisie

HHARKCUM  €Th, OTHOCHTCA K nepsdepoinsiM M

wiannzn, 681 mgiekos — WoenTpadisholl Mean-

Ke. OfGatiaietiin COUTBeTCTHVIOr HEROULIE) L
B . 2

P B4 00, CacMip Anmapavi ¢ Wmpne P s K se e
BASR l.?'ﬂi P DEC W RANR SO T RS AR % Y0 -
A Lo .

AnancHne CKOPOCTH © BA PALBYCE VORHOBKN 100 HOPOMCHMIMIOUIHE Yerulicrn
CHHIANG €O CPUHEN CROPOCTRIO. CONTIIIIEHEN

Ve — U2 (0724 4 0,024 In R/ [ 2R, R (1 — 06247 +0,14R2))

Bediistimy £f » nepsost apaficeening s BpaisEth nocToninei i pasiol 0,0045,
Snaveune KPITEpHA MOUTOCTI TERTpatbrol Mmewanky Ky 8 Sinapirax paccaatjima-
EM0F RUHETPY RIHK 00810 npHGTHRIETCR. K eft 30 B ANOapaTax © oTpamareib-
LML NEpEropoIKAMT,

Muroinl | pacdeTd DLERHWDANH KONGEITRENMA. PACTROpOINNY  BelesTn,  FEpe-
MELIHBBHIR CYCTICHIHA, TEMTo il MACcoOlMENA B AMNEPATAX © MHGFONEHBO/IIEME nepe-
MEIHBAGHWMME YOUPORCTHEME  NPEHIHIHBABHO SHASOMANIL PACCMOTPERHLIN B 1 peil-
AYULHE TIABAX GPAMUINTEALHD K Snnaparam o seiankany obuginay kanerpyriodl Flpe
STOM aHANCTHA . KoabjRueHTon TYPOYAenTHON Jmpy3HE B ENTRATENOE H aepuipiii-
Hifl BoMAX BNTEPETR OApEiEAfHYCs nu ypeenenans [77]
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