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Hlamamu moezo noeubuiezo 3ams
cneyuamucma  cgoell  npogheccuu
OUNAOMUPOBAHHO20 XuMUKQ OO0K-
mopa Boavgpeanea Bbapona no-
ceauyaemcs

HpeILI/ICJIOBHe K ISATOMY H3JaHHIO

[Tocne yerBepTOro U3jaHus 3TOH KHHTH O
KOHCTPYKUHMAX YIJOTHEHHH OHa Oblia nepese-
JleHa Ha aHTJIMACKUH, NOJBbCKK#, HTANbAHCKUH,
$paHIy3CKUH U SAMOHCKUH S3bIKU H OBICTPO
packynseHa. [leped nATHIM H3JaHMeM KHHra
Obla nepepaboTaHa Ha OCHOBE COBpPEMEHHBIX.
JaHHBIX, IPHYeM 0co60oe BHUMaHHe YAeJeHO pe-
3yJnbTaTaM HOBeHIIUX HCCAeNOBaHUH, BKJAKOYAS
JlaHHple, omnyGaukoBanHble B CCCP. Pasgensi
«YTeuku» u «ToplOBBIE YIIIOTHEHUS Ha TENJIOBBIX
¥ aTOMHBIX 3JIEKTPOCTAHUHAX® CYLIECTBEHHO JO-
NOJIHEHbI ONHCAaHHEM COBPEMEHHBIX  KOHCT-
pyKuui.

Beccriopen TOT dhaxt, yto ¢upma «Deojop
Byprman JMXTyHrcBepK», DPYKOBOJAMMAs aB-
TOPOM, MNPHHALJIEKUT K HauGosiee H3BECTHHIM
NpenPUSTHSIM 10 H3TOTOBJIEHHIO TOPIOBBIX YII-
JOoTHeHHH. Jrta ¢upMa BpIlycKaeT NpeHMylle-
CTBEHHO BHICOKOHArp yKeHHble ClienalbHbIe YII-
JIOTHEHHA, B KOHCTPYKUHUAX KOTOPHIX HCIIOJIb-
3yjogcs HOCTYNHBbIE HOBEHLIMe Pe3yJbTaThi HC-
C/IeIOBaHUU H 3KCIVTyaTalllH.

locnoauny ®eonopy Byprmany, Biajenabuy
sToi upMbl, st ocobenHo o6g3aH. I Gmarofa-
peH TaKxke HHIXKeHePaM-U3rOTOBHTENAM Haco-
COB, (upMe 110 NIIIAHUPOBAHUIO JHEPTHU U 3aBOAY
3a HHTEHCHBHBIH OOMeH ONBITOM, KOTODHIH OKa-
3aJl OrpOMHOE BJIMSIHUE HA Pa3BUTHEe KOHCTPYK-
UMH TOPUOBBIX YyMJIOTHeHHH. QcOGeHHQ XOTe-
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Joch Gbl MHe 3/lecb OTMETHTb ¢uPMBI «KJlefin»,
«lanuyia Bekkep A/ ®dpankenTaliby, « Kpadr-
BEPKC-YHHOH» U CHenuajbHoe MNpeAnpusTue
«O6pur xefim».

B To Bpems Kak B 1969 r. cTOMMOCTb H3roTOB-
JeHHsl TOPLOBBIX ymjorHenuit B ®PI' cocras-
asiia 40 maH. mapok ®PIT, B 1973 r. oHa BO3-
pocna npumMepHo Ha 65 muaH. Mapok @PT.
YBesHueHHe NMPOU3BOACTBA STHX 3JEMEHTOB Ma-
ke GoJiee 4eM BJBOE COOTBETCTBYET cpeAHeMY
NPOLEHTHOMY YBeJHueHHio of6bema Bceli NpoO-
MmeiienHoctd OPIT. 3tuMm npexne Bcero 06bs-
CHSIETCS CIMOCOGHOCTh K 3allMTe OKPYyKamoueh
Cpelibl TOPIOBHIX YIJIOTHEHH, KOTOpEIE o6Gecre-
YHBAIOT HAMMEHBIUYIO BEJUUYUHY YTEUKH U3
BceX BpaIAlOMUXCs YMJOTHEHHH M o6Jajaior
OUEHb BHICOKON JOJIFOBEUHOCTBIO H HaJeX-
HOCTBIO.

IIpu Takofi cuTyauuu 4YacTto NPHUXORUTCA
CChIIATBCSl HA 3amaTeHTOBaHHbIE KOHCTPYKIUH
YIJIOTHEHHH, XOTS JieTajlbHOE HX ONHCaHHE COT-
JIaCHO COOTBETCTBYIOLIUM NaTeHTHHIM NIPaBaM He
BCErfa OKa3BbIBaJOCh BO3MOXKHBIM.

dpxapa Maitep
Edipas0ypr/Jlo#tisaxrans, uionb, 1974 r.
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BeJIHYHHA OCEBOTO H3HOCa YIJIOTHEHHS;
IHPUHA KOHTAKTA ~ YIJOTHHTEJNbHBIX KCJeL;
panuanbliass Ty6MHAa KaHaBKH;
BHYTPeHHHUH jauameTp 5¢p¢deKTHBHOH YIJIOTHS-
fouie NOBEPXHOCTH;

cpenHuil fuamMeTp YNJIOTHSHOWEH MOBEPXHOCTH;
JMaMeTD BXoja YIJIOTHsSeMOH cpejbl;
THApaBIHuecKHil xHaMmerp;

papuesbHad TOJLIMHA CTEHKH;
Ko3¢¢ UL ClT TPEHUs;

paccTosiHMe MeXAy cepenvHaMH MHKDOHePOB-
HocTel; .

TOJIIHHA CMa30YHOH HJEHKH B YIUIOTHHUTE/Le
HOM 3a30pe; .

Ko3((HUIUEeHT HarpysKH;

aKcHasJbHasi TOJINMHA KOJIbLA; -
OTHOLICHHE TPOAOJBLHOTO YAJMHHEHHS K Morme-
peuHoMy;

YacToTa BpaleHHd,;

HapyXHoe JaBjJeHHe TIPH pacyete Ha Mpou-
HQCTb; i

BHYTPeHHee JaBJieHHe NPH pacuere Ha MpoY-
HOCTb;

cpesHee ZaB/jeHHe, CO3JaBacMoe TPYKHHOM
HA MNJOLLaNH KOHT&KTa YMJOTHHTENbHHX KO-
neu;

CpeiHee KOHTAKTHOE€ JaBJIEHHE;

cpezHee AaBJeHHe B YIJIOTHHTEJIBHOM 3as30pe;
pazuanbHOE NpPHpAlLleHHe JaBJeHHs B YIJIOT-
HHTeJIbHOM 3a30pe B pajHalbHOM HampasJe-
HHH Noj AgeHCTBHeM UEHTPOOEXKHBIX CHJI;
JIaBleHHe YIJIOTHSieMOH cpeppbl;

JaBJieHHe BHeIHeH cpejbl;

JaBJIeHHEe 3amuparouieil cpejbl;

KOHCTAHTa;

BHYTPEHHHUHl PajHyC YNJOTHHTEJNBHOIO KOJIbLA;
HapyXHEIl DagHyCc KPYroBOTO LHJHHADA;
BHYTPEHHHH pajuyc KpPyTOBOrO LUHJIHHADPA;

HaJIMYC CKOJIbIKEHHUS;

tm =05 (ra+ ry), cm—
p, CM —

s=23A+ Sg» MEM —

cpennuli pamuyc yn/oTHOWEH NoBepXHOCTH;
IJIeY0 TPHJIOKEHUS HarpysKH;

cyMMapHoe KopoG/JeHHe YIJIOTHHTEJIbHOTO 3a-
30pa;

SMa,» MKM — MeXaHHuyeckoe KopoGJeHHe Moj jeficTBHeM

OCEBBIX Harpysok;

SMr» MKM — MeXaHHyecKoe KopoOJeHHe NOA JAefcTBHeM

STa, MKM —
STr, MEKM —
t, °C—

u, M/c —

vg = Ndmn/6000, M/c —
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Cy = 1,185 105 —
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W, CM—
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L, y—
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Mp, xrc-cMm —

Mg, Krc-cm —
Mp = Mg+ Mp, xrc-cM —

NR = MRo, krc-cMm/e, 1. c. —
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pajgHaNbHBIX HaArpysok;

0CeBoe TEIIOBOE KOpPOoGJeHHe NMPH pagyuanbHOM
rpajueHTe TeMIepaTyp;

pajualLHOE TenjoBoe KopoGieHHe MPH aKCH-
ajJlbHOM TDajHeHTe TeMIepPaTyp;
TeMNepatypa oxJaxJaomell HIH yIJIOTHAEMOMH
cpenw;

CKODOCTb TEUEHHS;

cpeaHfis CKOPOCTb CKOJIbXKEHMSH;

Imar o KaHaBKaMm;

YHCJIO KaHABOK JJ1Sl THAPOAHHAMHYECKOH cMas-
KH;

4acoBOH H3HOC TOPLA YIVIOTHHTENBHOTO KOJb-
na;

KO3(pQHUMEHT TeMIepaTypHOH TpeluHOCTOl-
KOCTH MarepHaxna;

KospOdHUHEHT TeMnepaTypHOH TpeluHOoCTOH-
KOCTH KOHCTPYKIHH YIJIOTHEHHS;
aKCcHANbHLIA TpajueHT TeMmneparyp;
paavaJbHBI TPajgHEHT TeMneparyp;
Ko3dduuHeHT POPMBL IPH pacuere XKOPOGIgHNI;
K03(pQHUHEHT TEeNJIOOTAAYH;

KoaduuuenT QGopMBI NPH pacyere TeMmepa-
TYPHOH TpeIHHOCTONKOCTH;

KOHCTaHTa TEYEHHS;
KOHCTAHTa TEUeHHS;

K03 puiHeHT nepecyera;

HapyXkHuIf puamerp addekTHBHOH ymiaOTHA-
tomelt MOBEPXHOCTH;

JAMaMeTp CThiKa;

JHaMeTp Basa;

MOAYJIb YIIPYTOCTH;

nJolaAk TMOBEPXHOCTH KOHTAaKTa;

iomagb THAPABIMYECKOrO HarpyxeHHs;
(dakTHyeckas mJomagb KOHTAKTa;
TBEPAOCTb;

Ko3(ppHIIHEHT MOJHOTH MHKpoNnpoduf;
CPOK CJYXKOGbBl TOPLOBOrO YMJOTHEHHS;
NPHBEJIEHHBIH MOMEHT;

MOMEHT TpeHH$f, 00yCJOBJEHHHH Gap6oTaxkeM
JKHJKOCTH;

MOMEHT TPEHHS KOHTaKTHbIX MOBEPXHOCTEH;
CYMMapHEIf MOMEHT TpPEHHS B YMJOTHEHHH;
MOTEPH MOINHOCTH B YIVIOTHEHHH;
pacnpesieJieHHass Harpy3kKa;

YCHJIHE TIPYKHHBHI,

YCHJIHEe MPHMKATHS KOHTAKTHEIX MOBePXHOCTEH
B YIJIOTHEHHH;

Py, xrc — ycuiue THAPABIHYECKOTO HarpyKeHHS,

PR, xrc —

Pgp, xrc —

cujla TPEHHS PaguabHOTO YIJIOTHH IEIBHOTO
3JIeMEHTa;
YCHIHE OT jaBJeHHS B 3a30pe€;
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Q, cm3/c, cM3/MuH, cM3/4 — yTeuka;
Ry, MKM — cpejHsasl BLICOT2 MHKPOHEPOBHoCTEl;
Rumax, MKM — MaKcHMajlbHasi BHICOTa MHKPOHePOBHoOCTell;
S, krc/(cm?-c) — kozpduument 3asopa;
Sp — KozpduuueHT 3amaca IO pa3phBY;
T, °C — Temneparypa YIJIOTHHTENbHOTO KOJbL2;
AT, °C — mepenaj TeMmHepaTyp NOpH OTKase B pa6ote
YMJIOTHEHHS OT TePMHYECKHX TPEllHH;
AT min, °C — MeHbluee u3 3Hauenuit AT B mape TpeHus;
W, krc-m/c, KKajl/4-— TeNJOBbIENEHHE B YIJIOTHUTENBHOM 3a30pe;
W, Krc-M/c, Kxan/u-— TelJoTa, OTBoguMasi yepes Kogbllo A;
Wp, Krc-M/c, KKajl/u— TemloTa, OTBoauMasi yepe3 KoJbLO B;
o, 1078 cm/(°C- cM) — Ko3GduLEeHT JuHEHHOTO paclfipeHuss Ipu
Harpese;
B — TemnepaTypHubii KosdduuHeHT npH pacuere;
v, kr/m3, r/mM® — naortHecrs;
MKM — JAHaMeTPaJbHBIH HaTAr MpPH IPeCCOBBIX NO-

’

caiKax;
® = nn/30, ¢~ — yraoBast CKOPOCTh;
— YaJHkeHkE;
1, kr-c¢/M2, cIl, T1 —  puHamMHuecKasi BSI3KCCTh;
(1 xr-c/ecm? = 100 nyas; 1 nyas = 100 casTH-
nyas);

A=Ay (1 + BT), xxan/(m u-"C) —Ko3pULUKEEHT TelONPOBOJHOCTH;
v — kos¢¢uuuent Ilyzcccna;
OpB, Arc/cM2 — mpejea NPOYHOCTH JIpH H3rube;
Op, Krc/cM?® — mpejes NPOYHCCTH NPH CIKATHH;
Oz, Krc/cM? — mnpejiel TNPOYHCCTH IPH PaCTSIKEHHH;
A/B — napa TtpeHus; A — Bpamamomuiics 3JEMeHT;
B — HenoiBHXHBIH 37€MeHT (To e OTHOCHTCH
K caMocTosTesNbHbBIM uHIekcaM A u B);
Ha — wusHococTolikufi clol Ha XPOMOHHKeJeRoH
cTany;
GG — cepHlit YyTyH;
Ko — kaMeHHBIl yresb, NpONUTaHHBIA CHHTETHYE-
CKCH cMoJIokt;
Pre — npecc-macca u3 rpa¢uTta, nponuTaHHoro ¢Qe-
HOJIbHOH CMOJIOH;
RG — nurefiHasi oOJOBSIHHO-UMHKOBasi GpoOHaa,

1. Beegenue

YnsoTHeHusl NpefHasHayeHb! AJs1 pasfiesieHHsl NPOCTPAHCTB ¢ Pas-
JUYHBIMH JaBJIeHHsIMM, PaGouyiMy cpeflaMH uJu TeMnepatypamu. OHH
NpefloTBpalialoT, HanpuMmep, NPOHHKHOBEHHE IOCTOPOHHUX YaCTHIL
B pa6ouyio cpelly WM YTeUKY CMasKH M3 Kopmyca.

1.1. Tunbl ynjoTHeHwi

Muoroyrcnennsle TN YIVIOTHEHUH, TPHMEHSIEMbIE B TTPOMBILIIEH-
HOCTH, NpefiHa3HaueHb! JJid PellleHusl Pas3inuHbiX npobaem. B saBucu-
MOCTH OT YCJOBU il 9KCIJIyaTanyu 1 TpeGOoBaHy il B HENOABUKHBIX COeJlN-
HEHMSIX [IPUMEHSIOT NJIOCKHE YIJIOTHEHNS, KOJbIa KPYIJIOTO CeyeHus
UJH CBapHbIe COeJMHEH}sI, B YCTPOHCTBaX C BO3BPATHO-NOCTYNATENb-
HbIM JBHKeHUeM—MsTrKie HaOKBKH, MaHXKeTHHE YIJIOTHEHHS, MOopIl-
HeBble KOJIblIa, MaTaJJIHuecKHe caJbHUKHM WAy MeMOpaHbl, a Y Bpa-
WAIOUKXCSl BaJOB — JaGHPHUHTHBIE ¥ BOJIHOBBIE YIJIOTHEHMS, Callb-
HYKH, MaHXeTol, C-o6pa3Hble KOJblia, aKCHAJbHBLIE WHJIH pajHalb-
HBle TOPLOBble YIJOTHEHHUs, H3rOTOBJIEHHBIE K3 pa3/MYHBIX MaTe-
pHaJIoB.

1.2. O6nacTp mpUMeHEHHS] TOPUOBHLIX YIJIOTHEHHH

TopuoBbie ynjoTHeHUsT 10 KOHCTPYKIMH MOXKHO pas3fie/IUTh Ha JBe
OCHOBHBIE IPYINIBI: aKcHajbHble U pafuanbHble. Ha puc. 1 nokasaHo
aKCHaJibHOe TOPLOBOe YyIjoTHeHHe. [JoA JeficTByeM OCEBBIX CHJI
MOTOK CTPeMHUTCS NPOHTH B pajiiajibHOM HaIpaBE€HUM uepe3 3a30p
C YNJOTHeHUsIMH. B pajfina/ibHOM TOPLOBOM YIJIOTHEHHH (pHUC. 2) He-
repMeTHYeH 3a30p MeKJY BaJjioM, BTYJKOH H YNJOTHHTENbHBIM KOJIb-
IIOM, T. €. yTeuyKa NMPOUCXOAUT B OCEBOM HampaBjieHHH. AKcHaJIbHOE
TOPLOBOE YIJOTHEeHHE, obecneuuBaioliee JYUIIYI0 TePMETHUHOCTb H
HMeloliee MOBLIIICHHYIO Hafle’KHOCTb, AOJrOBEUHOCTh, Bce OOJIble
MPYMEHSAIOT BMECTO paHee rOCHOACTBOBABIIEro YMJIOTHHTENbHOIO 3J€-
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MEHTa BpallAOMUXCS Ba/JOB — CANBbHHKOBOH HaGuBKU. TopuoBoe
YIJIOTHEHHE OGecneyuBaeT YNPYrorePMeTHYHOE COeJHHEHHe MeXAy
HEIIO/IBHKHOA M BpaUlaloOMeNcs TOPUOBBHIMU KOJBLEBLIMU MOBEpXHO-
CTSIMM M BHINOJHSET QYHKUMH YIJIOT-

HeHHUs, NOAIMIHUKA U TenJioobMeH-
HUKaA.

(

e ———— N

— — RN~ g

[—_—_— =N % %

P %—:J

— — A~ IR = 40

_ L 6/ 7

Puc. I. AxrcuainbHoe Toplo- Puc. 2. PaguanbHoe TopuoBoe ymJoTEe-
Boe YWJoTHeHHe [2 *]1: HHe:

1 — Bpamjaiongeecsi yHnJaOTHUTENb- 1 — meTannuuecknft GaHpax; 2 — rpadwuro-
HOe KOJbLO; 2.— HeNOABHIKHOE BO€ KOJIbIO; 3 — KOJblieBasi BOJIHHCTAA Npy-
YOJIOTHHTEJILHOE  KOJbIO; 3 — JKWHa; 4 — HemoABHXKHOE KOHTPKOJBLUO; § —
Ha)XUMHas TMNpPYXKHHA; 4 — nof- BaJsl TYPOGHHH; 6 — onmopHasi BTyJaka, 7 —
KJlanHoe KOJbIO; 5 — YMJIOTHH- KOpNyc yNJOTHEHHS; 8 — KOPAYC TypOGHHBI
TeJbHOE KOJbLO; 6 — onopHoe

KOJIbI O

B HauaJe 3TOTO CTO/IETHSI B MALIIMHOCTPOGHHMH MOSIBHJMCH TOPLIOBbIE
YIJIOTHEHH I, KOTOPLIE HEe pellajid Bcell TPYAHOH npoGjeMel repMeTH-
3alMH, HO (PyHKUMOHANLHO H KOHCTPYKTHBHO GBIJIM Jiyylle TPaAULH-

Pacmouxka ned nodwunkuk
2 Snympu xopnyca
Dy
OceBoe ne ES; SS}_ \\
pemeleHu ] = A4
1 J/R |
a) 5)

Puc. 3. TopLoBbie ynioTHeHuS:
a — mpocrefiweft KoucTpyKunu [218]; 6 — ¢ pesuHOBHIM YNPYFrHM KOJbLOM KPYrJoro

ceueHHsi oceBoro feficrsus [11*}; 1 — 6ypTuk sana; 2 — YTIJIOTHHTEJNbHBbIA 3a30p; 3 —
sanJiedHK Kopnyca o

'OHHBIX MAIFKMX HaGHMBOK M CaJbHHKOB. [IpHHLMN PaBoTHl npocrefieft
KOHCTPYKUUH YIJIOTHEHHA (puC. 3, @) 3aKJIOYaeTcsl B TOM, UYTO GYPTHK
BpaIIAIOLIerocst Bajla KOHTAKTHD yeT HelOCPeACTBEHHO ¢ II0BeP XHOCThIO

1 ITudpsl co 3Besnoukolt B KBaApaTHBIX CKOGKaX AaloT CCBbIIKY Ha CITHCOK QH[M,
NPHBEJIEHHbIX B KOHILEe KHHTH.
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Tabauya 1

Kaaccudnkanust akcuajdbHbIX TOPUOBBX YNJIOTHEHKid
B 3aBHCHMOCTH OT AAaBJEHHsl, CKOPOCTH CKOJIbJKEHHsI M Harpysku

rpymna R | Coogperm | Hagyee
Huswas 1 <l vg < 10 pivg < 10
Cpennsist 11 p<10 vg < 10 pivg < 50
Bericokas: 111 p1 < 50 rg < 20 pivg < 500
Bricwas IV p1 > 50 vg > 20 p1vg > 500

kopnyca. OfHaKO 43-3a OTCYTCTBHSI HeOOXOAMMEIX MaTepHaJioB 4 o6pa-
6aTHIBAOIIMX CTAHKOB, KOHCTPYKTHBHBEIE MPEeMMYIIECTBA TOPLOBLIX
YIJIOTHEHUH He ObliM peanu3oBaHbl. JIumb B 20-X rojax OHH OBLIM
BIlepPBLIe MPUMeHeHbBl BO MHOTHX XOJIOAMJIBHBIX YcTaHOBKaXx. Ilosnnee
cTafli NMPUMEHSTh PEe3UHOBOE YNPYroe yIJIOTHEHHe, TaK Ha3biBaeMoe
V-o6pasHoe Koabuo (puc. 3, 6), B Auanas3oHe napameTPoOB, COOTBET-
crBytomemM rpynne I (ta6i. 1). Iro ynJaoTHeHHE UMEJO TAKYIO 2Ke KOH-
CTPYKLHIO, KaK npeiblAyliee, OAHAKO YMJIOTHUTEbHBIH 3JIEMEHT W3
YOpYroro MatepuaJa Jydille KOMIeHCHPOBaJ TellJIOBble M MeXaHHYec-
Kne OceBble IlepeMelleHHs .

HaunGonbinee pacnpocrpaHeHde B 3TOT NMepHOA TOPLOBblE YMJIOT-
HEHHUs MOJy4YuJd B aBTOMOOUJsAX. MX ucnojip3oBanu B BOASIHOM Ha-
coce JABHraresieifi BHyTPeHHero CropaHsi. B Hacrosillee Bpemsa BoAs-
Hbl€ HACcOCHI ABUTATE/Ie UMEIOT UCKJIIOUHUTE/BHO TOP IOBbIE YIJIOTHEHH 5.

ITpedbsiBasieMble K YNJIOTHEHUSIM TpeGOBaHUSA ObLIH, eCTeCTBEHHO,
He3HAuHTeJNbHBIMH, TaK Kak AaBjeHHe 0XJaxIaiomel KUAKOCTH MOYTH

‘He mpeBwilano 1 Krc/cM?, cTemeHb 3arpsisHeHHsi Gblia HeGOJbLIOH,

TeMnepaTypa peiko npesbiiana 100°C, a ckopocTh cKoabxkeHHs 1 m/c.
Orum TpeGOBaHHAM BIOJIHE OTBeyasH NpHMeHseMble MaTepuasel. Co-
BEPIIEHCTBOBAHHEM MeTOJIOB WM3TOTOBJIEHHS M YJyYilleHHeM CBOHCTB
MaTepHaJjiOB MOXKHO He TOJIbKO NMOBHICUTb HaAeXKHOCTb, AOJITOBEYHOCTD
YNJIOTHEHHH, HO ¥ CHUSUTb CTOMMOCTb UX H3roTOBJeHHsA. [locse TOro
KakK akKCHaJbHBIE TOPIOBBEIEC YNJIOTHEHUs ONpaBAajH cebsi B KpYMHO-
CepUHHOM aBTOMOGHMJIBHOM IPOU3BOACTBE, 06GJacTb HX NpUMeHeHUS
pesko pacupudgack. [Tocse 1945 r. X cranu MIMPOKO HCNOJB30BATDH
B HAaCOCOCTPOEHUH U KPYNHOH XUMHYECKO# MPOMEBIIINIEHHOCTH. Beeld-
CTBUE BBHICOKOIl HaJleXXHOCTH U SKOHOMHYHOCTH TOPLOBbLIE YIJIOTHEHUS
MOJIYYaI0T UCKJIIOYUTEIbHO GOJIbIloe NpUMeHeHHe B Hedrenepepaba-
THIBAIOMEH NMPOMBILIIJIEHHOCTH, B OYHCTUTENbHBIX YCTAHOBKAaX, Hacoc-
HBIX CTaHIMAX, a Takxke Ha TaHKepax.

C 1945 r. ags TOPUOBHIX YIJIOTHEHHII KPUTHUECKHMH CUHTAJHCh
AaBsienue 15 Krc/cm?, ckopocTh ckoabxkeHuss 10 m/c. B TeueHue mo-
caelHux 25 JieT AaBJieHre U CKOPOCTb CKOJIbXKeHUS MOBHICHJUCH GoJlee
yem B 10 pas, u B HacTosmee BPeMsl B TEXHQJOTHUECKHX YyCTaHOBKax
¢ TOPLOBLIMU YIJIOTHEHUIMH pabouee AaBjieHue Aocruraer 500 Kre/cm?.
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Tak kak o6/acTh NpPHMEHEHHS aKCHAJIBHBIX TOPLOBBIX YMJIOTHEHHI
HEMNPepLIBHO paClIUPsAETCs, TO OCTAHOBHUMCS JIHIIb HA OTHEJbHBIX
npuMepax HX HCHQ/Ib30BaHHUS B OCHOBHBIX OTpac/isiX HPOMBILIJIEH-
HOCTH. B creflyloluX pasflelaX paccMOTPeHbl aKCHaJIbHBIE TOPIOBhLIE
YIJIOTHEHHd, KyacCHdHLupoBaHHbie B-Tabi. 1 N0 AaBjleHUI0, CKOPOCTH
CKOJIbXKEeHHMSI M Harpyske (MOA Ha-
TPY3KOH IIOHHMAIOT NpOW3BeAeHMe
BHYTPEHHEro JaBJleHHs Ha CKOPOCTb
CKOJIbXKEHHs).

arrnvrne NN
TR
e

Puc. 4. Topuosoe ymiorhenue co cmeH- Puc. 5. T'upponuuaMuveckoe ToOpLO-
HBIM  KOHTPKOJDBLOM,  YCTaHAB/IMBaeMoe BOe YIJIOTHEHHE KOJEHYAaTOro BaJja
B HI}COCG AIA oxJaxjaloweil xuikoctw  [189]:

9T

| — Bpamaiomeecss KOHTPKOJBIO; 2 —,

1 — HeNOABMKHOE  YIIOTHHTENbHOe  KoJbllo;  HETOABHXKHOE YIUIOTHHTEJbHOE KOJBIO;
2 — KOHTPKOABLO 3 — MacJ0pa36phIsLHBaIOMIH Topew;
4 — MacJoyJaBJMBaloOmas Kamepa

TpancnopTusie cpefcTea. B 3710l 06nacTd TOPIOBLIE YIJIOTHEHHS
UCYHCIAIOT MUJIHOHAMH IITYK. OHH 0GecleudBalOT repMETHUHOCTb
paboTel HacocoB AJIs oXaaxKAatouel XKUAKOCTH (PHC. 4) H HAarHeTaTelb-
HBIX B aBTOMOGHJ/ISIX, TENJIOBO3aX, CYAOBLIX ABHTATe/ISAX, a TaKkKe NPHU-
MeHSI0TCS B KayecTBe YNJIOTHeHHH KOJieHYaThiX BaJioB (puc. 5). Top-
LOBbie YNJIOTHEHHS HCIO/Mb3YIOT B POTAlMOHHBIX OeH30HAcOcaXx,
KopoOKaXx mnepejau, FHAPOTpaHcGOpPMATOpPaX M THAPOAMHAMHUECKHX
TOPMO3aX THAMKeJLIX I'PY30BbIX aBTOMOOUJEH.

B NOAMINTNHHUKOBHX y3/laX TYCEeHHUHBIX TAradail ¥ aBToMo6uAell mo-
BBILEHHO# MPOXOAMMOCTH OHH MPeNOTBPAIAIOT YTEUKY KOHCHCTEHT-
HOIl ¥ XHJKOH CMa30K, NPOHMKHOBEHHE MOCTOPOHHHUX YACTHIL M rps3-
HO¥ BOALI BO BHYTPb. YCJOBHSI 3KcIJyaTalid YAJOTHEHMH B 3THX
MallnHaX C TOYKH 3PEeHHs AaBJieHH s, CKOPOCTH CKOJIbJKEHHSI U Harpys-
Ku coorBercTBYioT I u II rpynmam mnpuBefeunofi KijaccHpukaumuu
(cm. Taba. I).

BoitoBasi Texnuka. ToploBbie YIJIOTHEHHSI IPUMEHSIOT B CTUPaib-
HbIX MallMHaX, aBTOMaTaX, MOEUHO-CYIIHJIbHLIX arperaTax # IEHTPHU-
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¢yrax, nocyAOMOeuHBIX MallHHAaX W MICOPYOKax, a Tak:Ke HarHeTa-
TEJIbHBIX TOTVIHBHBIX ¥ UMPKYJANHOHHBIX BOASHBIX HacocaX. Ha puc. 6
NOKa3aHO TOPIOBOE YMJOTHeHHe KOMOWHMPOBAHHOIO aBTOMaTta JJif
CTHPKH H CYWIKH Gesibs. Y IVIOTHEHHE NPEJOTBPAILAET YTeUKY CMa3KH U3
apHKONOAIINNHHAKOB U NPOHUKHOBEHHE K HUM BOJBI H rpA3u. B sTom
YIJIOTHEHHHU MCHOJb3YIOT JBa MaTepHaJsia BBICOKOH H3HOCOCTOWKOCTH:
OKMCb MeTaJjljla W cHenHa/bHBIH NPecCOBaHHBIN MaTepHaJ/l, NOJy4eH-
HbI U3 HCKYCCTBeHHOH CMOJIBI. B ciiyuyae paGOThl NP BHICOKOH TeM-
neparype Pe3uHOBBIH YeX0Jl M3rOTOBJISIOT H3 CHJIHKOHOBOH DE3HHBI.

Puc. 6. Henoapuxuoe TopuoBoe ymJoT- 7] 5
HEHMe CTHpaJbHOrO aBToMara [2*]:

!/ — Bpamalomeecsi KepaMHUecKoe KOJbIO;
2 — T-o6pa3Hoe KOJbLO; & — H3HOCOCTOH-
KO€ KOJbLO M3 CHHTETHYECKOH CMOJIbI; 4 — - - -1
9eX0J1 U3 CHJIUKOHOBOH pe3MHH; 5§ — KOpnyc
YILIOTHEHHS; 6 — HaNpaBJsoOmWas NPYXKHHE
H NPefROXPaHUTEJNb OT NMPOBOPAYHBAHHUA; 7 —
NMPY}KHHHOE TPyGuaToe KOJbLO; 8§ — HaXKUM-
Hasi TIpyXKHHA

TopuoBbie ynoTHeH s, ycTaHaB/INBaeMble B GEITOBLIX MallMHAX, MPH-
MEHSIIOT B GOJTbLUMHCTBE CJIyYaeB B YC/IOBHsIX, COOTBETCTBYIOMHX I rpyn-
ne kjaccupuranuu (cMm. tabxa. 1).

JHepreTMka M HacococTpoeHue. B 5THX OTpaciAX MalIMHOCTpOe-
HHsS TOPLOBblE YNJIOTHEHHS MPHMEHSIOT B KOHJEHCATHHX (puc. 7) M
NUTaTe/IbHBIX HACOCaX KOTEe/IbHBIX arperaToB, B BOJASIHBEIX TypOUHAX H
B CHCTeMe OXJaXKAeHHWS reHepaTOpPOB, BEHTHJSATOPOB, M OCOGEHHO
B s/lePHBIX JHEPreTHYeCKMX YycTaHoBKaX. Kpome Toro, Topuosble
YIJIOTHEHHS] YCTAaHABJ/IMBAIOT B llleCTePeHYaThIX HacocaX, LEeHTPOGexk-
HBIX BEHTHJ/IATOPaxX, Hacocax JJs TepPeKauKH CXKHKeHHLIX Trasos,
aca/sibTa ¥ MacTHKH, B KOMIIPECCOPaxX, XOJOAUJbHEIX yCTaHOBKAX H
BaKYYMHBIX Hacocax. DKCIVyaTamHOHHbIE YCJIOBHS JAJIs 3THX YIJIOT-
HeHMH COOTBeTcTBYIOT mapamerpam I—IV rpynn (cm. Tabm. 1).

XumHueckass u HedTAHAs NpombiuuieHHOCTh. Ha HedTemepepa-
6aThIBAIOMMX M XHMHYECKHX annapataXx TOpPUOBBIE YIJIOTHEHHS HC-
NOJIL3YIOT OCOGEHHO IHMPOKO. C HX NMOMOLLbIO FePMETH3HPYIOT Bajibl
NepeMeIMBaOMKX YCTPOHCTB, HCapHTeell U cMecHTe e, KalanApoB,
NOJOrpeBaOIMXCs 1apoM, UeHTPHUPYr, BeHTHJSTOPOB H HAacOCOB,
paboTaomux ¢ pasTuuHBIMH cpefiamd. Ha puc. 8 mokasano TopioBoe
YIJIOTHEHHEe BBICOKOH aHTHKOPPO3HOHHOH CTOHKOCTH AJist paGOTHl NpH
HH3KHX Harpyskax, Ha puc. 9 — TOpuOBOe YMJIOTHEeHHe AJs XHMHYe-
CKHX annapaToB ¥ HacOCOB. JTH YIJIOTHeHHgOTHOCATCS K [—IV rpyn-
nam (rabsa. 1).
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Puc. 7. PasrpyxeHHoe YIJIOTHeHHe Aist PaGOThl NPU BLICOKOM gaBsenuu [1*]:

1 — dnanen, xopnyca; 2 — HeMoABHIKHOe KOHTPKOJNbLO; 3 — OHOpHOE KoJbLo; 4 — Bpaua-
lolgeecst yNJOTHHTENbHOE KOJbIO; § — KOPHNYC YNJAOTHEHHs; 6 — paAua/bHblfi YNJOTHHATEJNb-
HbIH 3JIEMEHT; 7 — NpPYXHHA; 8 — CTONOPHHI WTudT;, 9 — pasrpyxaiwomas BTyaka; /0 —
KOJIbILO KPYrJIOro ceueHust; // — apoccesbHOe KOAbLO; /2 — UHPKYJSUMOHHBIN KaHajk

Puc. 8. TopuoBoe yn/oTHeHHe HapPYKHOrO PacloOOKEHHST B Pa3o6PaHHOM COCTOSI-
HUH, o6Jajawouiee BHICOKOH KOPPO3HOHHON crofikocThio [11%*]:

I — nJjockoe yMJIOTHHUTENBHOE KOJbIO K3 noanTerpadropstunena ([1TD); 2 -— KepaMuueckoe
YMJIOTHHTEJNbHOE KOJbLO; 3 ~— CMEHHOE YIJIOTHHTENIbHOE KOJbLO M3 ycujieHHoro IIT®; 4 —
uexon (cuabdon) us IITP; 5 — cTonopHelt WTHGT; 6 — OMOPHOE KOJbBIO; 7 — HAXKHMMHAS
Npy>KUHA; 8 — 3a)KUMHOE KOJbIO; 9 — 3a)XKUMHOH BHHT
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ABHaIHOHHAN M KOCMMuecKas TexHMka. B caMosieTax H pakerax
C TOMOIIBIO TOPUOBLIX YNJIOTHEHHH repMEeTH3UPYIOT Bajbl rasoBbIX
Typ6HH, TYPGOKOMIIPECCOPOB, THPOAarperaToB 1 HarHeTaTesIbHBIX Ha-
COCOB OPIOYEro H CxKHKeHHbIX rasoB. Ha puc. 10 nokasano BeICOKO-

¥
1L

Puc. 9. TopLoBoe YyIJIOTHEHHE C BH= Puc. 10. CneunanbHoe ruapoaHHaMuue-
TOHOBLIM KOJIBHOM B JBoliHON 0Go0- CKOoe  YIIOTHEHME  BHICOKONIPOH3BOAM-
souke u3 I[1T® pist xuMHUeCKUX anna- TeJILHOTO TeHepaTopa ¢ Mac/ISHBIM OXJia-
paTtoB U HacocoB [2*]: wpaendem [189] (n = 11 500 o6/muH;

p = 17,5 kre/eM?; ¢ = 80--125° C)

! — Kopnyc YNJOTHeHHsA; 2 — ABYX-
OIIOPHOE  KOHTPKOJIbLIO; 3 — OIopHoe
KOJblo; 4 — YIJIOTHHUTEJbHOE KOJIbLO;

B HaMHMEan MpyMHEA: 6 — pasTpy. CKOPOCTHOE YIJIOTHEHHE, BHINOJ-

Kamouas BTyJKa; 7 — YNJIOTHEHHe pas- i
rpyxaiouwieli  BTYAKH; y 8§ — cTomopHbIf HEeHHOEe MO HENOABHXHOH CXeMe.
BMHT llaBJIeHl/Ie B TaKHX YNJOTHEHHAX

yacto cootBerctByeT I u II kmac-
CU(QHUKALMOHHBIM TPYNIaM, 8 CKOPOCTb CKOJIbXKEHHs MOXKET JOCTHUIaTh
100 m/c, mostoMy Harpyska Goabmeil yacTbio coorBercTByer II u
ITI rpynnam (cM. taba. I).
10T KpaTKHit 0630p HUJIIOCTPUPYET JHIIL MHOroo6GpasHe obaacTei
NpPUMEHEHUs aKCHAJMbHBIX TOPUOBLIX YIJOTHEHHH, PasjIM4yHOE HX Ha-
3HAYEHHE U YCJIOBUs paGoTul. Jipyrue BONPOCH PacCMOTPEHHI B Clledy-
IOMUX pasjenax.



2. OcHoBHble cBeJdeHHMsi 00 aKCHAJbHbIX
TOPLOBbIX YNJIOTHEHUSAX

AxcuaJibHBIE TOPUOBBIE YNJIOTHEHUS B 3aBHCHMOCTH OT KOMOHHa-
MU MaTepHaJIoB U PasMepOB H3rOTOB/AIOT OOJNBLUIYMH NapTUSMH B He-
cKoJbKO (10—1000) Teic. WITYK, MeJAKHMH cepusmu Ao 100 wT. wiu
B OIHOM 3K3eMI/sipe. B mociielnue rofiel B CBSASH C POCTOM JAaBJeHH,
TeMIepaTypPsl U CKOPOCTH CKOJIbXKEHHS YPe3MEePHO MOBBICHJHCH Tpe-
60BaHUS NMPex/ie BCETO K TOPHOBLIM YIJIOTHEHH M. DTO BbI3BaHO TaKiKe
[IpHMEeHeHHeM HOBBIX XMMHUeCKUX coefHHeHHH, 06/yueHHeM, KOTopoe
BJHMsieT Ha cBoficTBa MHOTMX MarepHasoB, H3MEHSAIOIUX CPOK HX
CIIyXKOBI.

lepmernsupyemele XKUAKOCTH M ras3bl MOTYT OBITH CaMbIMH Pa3HO-
06pa3HLIMH, HANPUMED: KUAKUHA KHUC/I0POX, BLICOKOHArPEThIH BOAOPOXR
H BOJHBIE PACTBOpPHI, MUBHOE CYCJO, PAcTBOPHI KpacHTeseH, OTCTOf-
Has BOJa, Pas/iMyHbIE KHCJOTHI, INEJ0YH, YIJIeBOJAOPOMB], acgaJbT,
KaKao-nacra, paJHMaKTHBHble Trasbl H XKHAKOCTH. UTOGBI TOPIOBBHIE
YIJIOTHEHHS OTBevaJ v BceM HeOOXOAUMBIM TPeGOBaHUSAM, HEOOXOAUMO
HCMOJIb30BaTh KOPPO3HOHHO-CTOHKHE, NMPOUYHBIE H TENJOCTORKHE Ma-
TepHaJsl. CoBpeMeHHEBIE TOPIOBbIE YIJIOTHEHH T xapaKTepusyxoTca cJje-
AyIOIKMMH AHanasoHaMH HapaMeTPoB:

Huamerp Bana Dy B KOHCprKuHH MM:

Hepa3beMHOM . . . . . 5—500

C COCTaBHBIMH erJleblMH na.fxbuaMn go 1000 u Goublie
Hasnenne p;, xrc/emM® . . . ... ... 10-5—450
Temneparypa £, °C . . . . . . . . .. —200—450

>450 (npH JOMOJIHHTEJNb-
. HOM OXJIaXJeHHH)
HECKOJILKO 06/MHH—

CkopocTh CKOJILKEHHS Vg . . -
100 M/c u Gosbine

OnHakKo npu 3TOM HaAO O6PATHTh BHUMAaHHe HAa TO, YTO AOCTHKEHHe
npeleJIbHEIX MapaMeTPOB BO3MHOXKHO YacTO TOJBKO B C/yyae MmpHMe-
HeHHs ClnenuaJibHEIX KOHCTPYKIHH M BCHOMOTATeJbHBIX INPHCIOCO6-
JeHu#.

Ilpu onpeneneHHH TreOMETPHYECKUX PasMepOB U KOHCTPYKHIHH
aKCHA/MbHBIX TOPHOBBIX YNJOTHEHHH HeOOXOJHUMO YUYHUTHIBATDH IUECTh
B3aHMOCBSI3aHHBIX MeXAYy co06oii QakropoB. )KesnarenbHO, YTOGHI
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TOPLOBOE YMJIOTHEHHE OTBeYaJso cjelylomuM TpeboBanuam: 1) makcu-
MaJ/JIbHO BO3MOXKHOH repMeTHYHOCTH; 2) HauBhICIIeH M0JrOBeYHOCTH,
T. €. MHHUMaJbHOMY H3HOCY; 3) HauBBICIIEH HAAEIKHOCTH, T. €. OTCYT-
CTBUIO HeOOXOAUMOCTH B TEXHHYECKOM OOC/YKUBAaHHH H DEMOHTE;
4) HauMeH bIUUM MOTEPAM HA TPEHHEe U TeIJIOBRIJeNeHre; 5) MUHUMAJb-
HBIM pasMepam; 6) HauBbICLIell S9KOHOMHUUHOCTH W MHHUMAaJIbHOH CTOH-
MOCTH .

IlockoabKy, K cOXKaseHuio, He BCe 3T TPeOOBaHHUS MOXKHO peaJH-
30BaTb B OJHOH KOHCTPYKIHH, TO KaxKJA0€ YMJOTHEHWHE SBJSETCS pe-
3yJbTaTOM KOMNPOMHCCHOTO pelleHHs, KOTopoe AOJKHO YUMTHIBATh
SKCIVTyaTalMOHHBIe (AKTOPBLl U COOTHOIIEHHS MeXAY HUMH.

2.1. KoHcTpyKums, NPUHUMN JEHCTBHA M CHJbI

B akcuasbHOM TOPHOBOM YMJIOTHEHHM OCeBasi CHJIA TIPHIKHMAeT
Bpallaiomleecss YMJIOTHHUTENbHOE KOJBIO K HeMOJABHKHOMY KOHTPKOJIb-
Iy, Uau HaoGopot. ITyTu yTeuku B oceBOM HanpaBJIeHHH MeXAy KOJb-
LIOM M BaJIOM HaJeKHO NMEPeKPBITHl pPaJlasbHLIMH YIJOTHHTEJIbHBIMU
9J€eMEHTaMH, TAKHMH KaK KOJIbLO KPYIJOro ceyemm MmaHxera, C-006-
pasHoe KOJIbllO, MOpPIIHEBOe KOJbUO H T. Ha puc. 11 nokasauo
HarpyeHHOe YIJIOTHEHHe Ipocreieil KOHCprKuHu

B ofwem cayuae TOpLHOBOe YNJOTHEHHE COCTOUT U3 HEMOABUIKHOTO
pPaAnMaNbHOrO M BPAIUAIOINEroCs aKCHAa/JIbHOTO YIJIOTHHTEJIBHOTO 3Jle-
MeHTOB. Heno/Bu:kKHas ¥ NOJABUKHAS YNJOTHUTE/NbHBIE MOBEPXHOCTH
OOBIYHOTO CaJBbHHKA B 3TOM CJyuae NPAKTUYECKH BHITOJAHO 3aMeHeHbI:
reoMeTpH4YecKHe MapaMeTPsl YNJOTHHUTENbHOH MOBEpPXHOCTH MOXKHO
BBINOJIHUTDL 60JIee TOYHO M C MEHbIUMMH 3aTpaTaMH, He H3HALUMBaeTCs
MOBEPXHOCTL BaJia HWJH €ro BKJaJpIIA.

J1s KoMmmeHcauuu HapyLIeHUS MHapaJ/ieNbHOCTH TOBepXHOCTeH
YIJIOTHUTENBHBIX KOJIell, BBI3BAHHOTO TEPMUUECKHM YAJHHEHHeM He-
Tajefl y3na ¥ YINJIOTHEHHS, a TaKiKe H3HOCOM 3THX IMOBEPXHOCTEH,
HEOOXO[UMO UMeTh N0 MeHblueHd Mepe OAHY ynpyrywo AeTajb, TaKylo,
Kak MeMm6paHa, cu/ab(OH, 3JaCTHUHAs pe3WHOBasi (acoHHas JeTajb
HJIH TIPYXKUHA. '

Ha puc. 12 npefcraBsiena oyenb mpocTasi KOHCTPYKIHUs TOPIHOBOTO
YIJIOTHEHHd. 3JeChb Pe3UHOBbIH CHIB(OH BLINONHSET He TOJNbKO PyHK-
[MI0 PaJiaJbHOTO YMJIOTHHTENBHOTO 3JeMeHTa, HO M TNPYXKUHBIL.
Kpyramuii MomeHT nepelaer cuibdoH. OAHAKO 3Ta KOHCTPYKHHUS
HeHalle)kHa H3-32 HeJOCTaTOYHOH (puKcamuu OT mposopora (cMm. pas-
nea 8.4) m omacHOCTH paspyuieHus cuabdona. B ocobeix ciyyasx
MOXKHO HCMOJIb30BaTh YCHJHE MAarHUTHOrO MPHUTsXKeHud (puc. 13),
YMEHbIIAIOIETO YIJIOTHUTEIBHBIR 330D NMPH HeAOCTATOUHOM BHYTpPEH-
HeM JAaBJeHUH p;.

TopuoBele ynIoTHEHHsST MOTYT ObITH CKOHCTPYHPOBAHBI H CMOHTH-
poBaHBEI TaKUM O0Opa3oM, YTO HArpyskKa Ha YIJOTHUTENbHBbIE TOBEpX-
HOCTH MOKeT MepeJlaBaThCs, HANPUMEP, TOJABKO depe3 MpPYKHHBI HJH
MaHkeThi. OZHAKO HEXOCTATKOM TAaKOro ymJaoTHeHus (cM. pHC. 6)
ABJISETCS TO, YTO OHO MOKeT paGoTaTh TOJBKO B OUeHb Y3KOM JHanasone
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Puc. 11. Harpyxennoe Topuo-

BOe yNJIoTHenHe [2*]:
1 — xopnycxoe

YIJIOTHHTEJIbHOE

Puc. 13. MaruuTHoe TOpIO-
BO€ YIVICTHEHHE ¢ H306parxkeH-
HBIM NOTOKOM CHJIOBBIX JIMHHE

KOJIbLO; 2 — YIJIOTHHTEJbHOE KOJib- [10*]:
10; 3 — HaXXHMHasi IPYXHHa;, 4 —

YIOPHOE KOJIbIO; § — KOHTPKOJIBIO;
6 — omnopHoe KO/bLO; 7 — CTONOP-

HBIH WTHOT

4
a) ; 6)

Puc. 12. Ilpocroe TopioOBOE
YIIOTHEHHe:

a—1oCTaBJ/isieMblii KOMIUIEKT; 6 —
B c6ope; I — KOJIbLO H3 CHHTe-
THYECKOK CMOJIBI; 2 — pesHHOBHIf
CHJb(OH; 3 — KpbliibyaTKa; 4 —
KOpIyc Hacoca
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1 — HenoABHAKHOE KOHTPKOJIbIO;
2 —- yrjekepaMHYeckoe YILIOTHH-
TeJbHOE KOJIbLO; 3 — MarHuTHoe
OIIOpHOE  KOJbLO; 4 — KOJbIO
KPYIJIOTO CeueHus, mnepegaloee
KpyTsimui MOMeHT

Puc. 14. Oceprle cHJIH, feficTByIOImUe HA YIIOTHH-
TeJbHbIE KOAbHA:

PH ~— YCHJIHE THAPAaBAHYECKOTO HarpyKeHus; PS —
ycujue OT AaBJIeHHSI B 3asope; Pp — oceBas YIJIOTHS =

foulas CHJla, AeHCTBYIOIAN Ha KOHTaKTHLIE MOBEPXHOCTH;
Pp — ycuiine NPYXHHB; PR ~— CHJia TPEHHS pajunalib-
HOTO YIVIOTHHTEJIbHOTO 3JIeMEHTa

JaBJIeHHH, MOCKOJBKY MpPH NOBLIIIEHHOM BHYTPEHHeM JaBJeHHH P,
YIJIOTHUTEJbHEIE TOBEP XHOCTH PACXOJATCSA. ¥ CHJHe THAPAaBJIHYECKOTo
Harpyxenus Py JeficTByeT OTPHIATENbHO, TaK KaK HanpaBJeHO
NPOTUB YNJOTHSIOUEH CHJIbI, TIO3TOMY MOYTH Y BCEX TOPIOBLIX YMJOT-
HEHWH NpU MOBLILEHHH BHYTPEHHErO JaBJeHHS p, YBeJUYUBAETCH
THApaBanyeckasl HarpyskKa Ha YNJOTHHTeJbHble NOBEPXHOCTH.

ITo puc. 14 MoxHO BilfleTb HanpaBJeHHe AeHCTBHS OCEBHIX CHJ Ha
yIJIOTHHTENbHEE Kosblia. OceBas ynJjoTHswowas cuja Pp, KoTopas
CTPEMUTCSL YMEHBIUMTb YIJOTHHUTEJNBHEI! 3a30p, COCTOMT U3 YeThHIpeX
COCTaBJAIOUMX. YTJIOTHUTENbHAsS [TOBEPXHOCTb yAePKHBAEeTCsl B KOH-
TakTe NPH HEAOCTATOYHOM BHYTPEHHEM JaBJeHHMU YycuJanem Pp npy-
JKHHBI, KOTOpast MOXKeT OHITh PasHYHOfl MO KOHCTDPYKIMH: KOHHYE-
CKO¥, IIUJIMHAPUYECKOH U TapebyaTo, a TaKKe MeTaJlJINYeCKHUM CHJIb-
donoM. YacTo npyxuHB paGoTaloT COBMECTHO C PE3UHOBHIMH CHJIb-
(doHamu u MemMOpaHaMH. YCHJIMe MOXKET CO3/aBaThCA MJH ORHOH MpY-
KHHOH, WK HecKoJbKuMM. Hampumep, B yNJIOTHEHHH BaJbiOBOYHOIO
cTaHka ¢ BaJjoM JuamerpoM Dy = 100 cM, npumeHsioT 128 mpyxuH.
OOGLIYHO MPUHUMAIOT CpefiHee YAeJbHOe JaBJjeHHe OT HpYXKUHBL, APU-
XOJslleecst HA YIVIOTHUTENbHYIO NOBEPXHOCTD, py=0,5+0,25 krc/cm2.
Ycuaue rufpaBJIHYECKOTO HAarpyxeHus Py paccudThIBAIOT N0 MJO-
1ajy, BOCIHpHMHUMAOLIEH JaBJeHHe:

Py = Fyp,, (1)
rfie no puc. 14 u 16, 6
Fy=mn(dj— d*)/a (2, a)
wag no puc. 11 u 15 npu Dy = dy
Fy = n(D* — D¥%)/4. 2, 6)

Touno onpellenuTb cuny Tpenus Pr paAHajbHOTO YIIJIOTHUTENbHO-
rO 3JeMeHTa MOYTH HeBO3MOXKHO, TaK KaK MPH MOBHILUEHUHU JaBJeHH,
H3HOCE M HarpeBe OHA MOKET H3MeHSThCs [0 BeJWyHHe W HalpabJe-
Huto. Cuna JaBnenus Pg, B 3a30pe ABJAETCA IJIaBHOH KOMIOHEHTOH,
KOTOpPOH INpOTHBOJEHCTBYeT yIJOTHsloWas cujga. OHa 3aBHCHT OT
¢opMel 3a30pa, rJayOHMHBI 1IEPOXOBATOCTH H COOTHOIIEHHMS Harpy-
30k. CymMmMapHoe ycusue Pg, KOTopoe JieficTBYeT Ha KOHTAKTHHIE YIIJIO-
THHTEJIbHBEIE TOBEPXHOCTH, OOBLIYHO PACCUHTHIBAIOT 1O GopMyae

Pg=Pp—+ Py — Pg, = Pg. (3, a)

B oco6uix cayuasx (cM. puc. 6) cuaa Py orpunarenbHas. Teraa
ANt pacyeTa HUCMOJbL3YIOT BHIPaXKeHHe

PG=PF—PH'_PSp_'——PR' (3, 6)

Us gopmya (3, a) u (3, 6) ciaefyeT, UTO Als1 HOPMaAJBHOrO GyHKIHO-
HUPOBaHHUsl YIIOTHEHHU S HeOGXOAUMO, YTOOB CyMMa CHJI, CTPEMSIIUXCA
CXKaTb YNJOTHeHHWe, Gulia GoJblle CYMMBI CHJI, CTPEMSIIMXCS pac-
KPBITh CTHIK YIJOTHHUTEAbHH X KoJell. Ha puc. 15 nokasana KoHCTpyK-
IMsl YIJIOTHEHHS, Y KOTOPOrO NPYKWHA ¢ TMOBHIIEHHEM BHYTPEHHEro
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\\\ Puc. 15. YnioTHHTeIbHEIH  cusibhon
NpH PA3NMYHOM BHYTPEHHEM JaBiie-
po=10kecfem? HUK:

a — ycuJHe INpPYXHHH JeficTByer; 6 —
YCHJIMSI IPYXKHHBl HeT, JeHCTBYeT TOJBKO
rufipaBjuueckass Harpyska; I/ — ymJiaor-
HHUTEJIbHOE KOJIbIO; 2 — pPe3sHHOBHIi
cuibdon; 3 — npyxuHa; 4 — Gpacjer-
T Hasi TIpYXHHa; § — YNOpHOe KoJbLO

JaBjeHus p; CXKHUMAETCsI A0 CONPHKOCHOBEHMS BUTKOB, H CHJa He

yuutbiBaercs. Ilpu NaBnesuu p; > 3+4 Krc/cm? AeficTByeT TOMBKO
THipaBJMuecKasl Harpyska.

2.2, Mapamerpsl ymJIOTHEHUH

Ilpu paccMoTpenuM NpHBeleHHBIX KOHCTPYKUHMH OBbLIO  YCTaHOB-
JIEHO, 4YTO 3(¢eKTHBHOCTb paloThl YNJOTHEHHS 3aBHCHT OT ero reo-
METPHUYECKHX DPasMepPOB H CXeMbl KOMIOHOBKH. Kpome Toro, cyie-
CTBeHHOE BJIMsSIHHE Ha yTeuKy, NOTePH Ha TPeHHe, HAAeKHOCTb, AOJ-
rOBEYHOCTb, OKa3bIBAIOT cClelyiolue (aKTophi:

1) xo3pdunuent varpysku k = F,/F unu (C yueroM yCuJus Hpy-
’KHHBI) OTHOLIEHHE Pg/p,;

2) CKOPOCTb CKOJIbIKEHMS;

3) 1LepoXoBaTOCTb M MapaJlIeNbHOCTh KOHTAKTHBIX IOBEp XHOCTEH;

4) TemnepaTypa YNJOTHSIeMOH XUAKOCTH U KOHTaKTHBIX NOBEpX-
HOCTeH, a TakxKe ee H3MEHEHHE CO BpEMEHEM;

5) ¢opma 3asopa, 3aBHCAIasi OT MEXaHHUECKOH W TeMIepaTypHOH
ledpopmauuy B nporecce paGoTH;

6) coueTaHHe MaTepHaJOB Napbl TPEHHS;

7) ynnotHsiemasi cpefia, ee CMa3blBalLlue CBOMCTBa, TeNJONPOBOA-
HOCTb, CTelleHb 3arpsi3HeHUs U XHMHUECKHH COCTaB;

8) pexXHM TpeHusi, BUGpaLusi, THAPaBIHYECKHE YAADPHI, TEePephiBhl
B JIBUXKEHMH, NYCK NOJ HArpyskoH, nepuojuueckasi pabora 6e3 cMmas-
KH, Harpes WJHM OXJaXK[AeHHe, TeueHHe KHUJKOCTU MO HanpaBJeHHIO
AEHCTBHS LEHTPOOEXKHOH CHJIBI, pajuajibHOe OHeHHe, a TaKxke Ipo-
YHE KOHCTPYKTHBHBIE U SKCNJyaTallHOHHbIe (AaKTOPHI, HPHYEM pellaio-
llee 3HaueHHe HMeeT BO3MOXKHOCTb OTBOAA TEMJIOTHL.

2.3. Kaaccudukauusi ynjorHeHuii B 3aBHCHMOCTH
OT CXeMbl KOMIOHOBKH, HArpy3KH M KOHCTPYKLHM

B 3aBucuMOCTH OT CXeMbl KOMIIOHOBKH, HATPY3KH W KOHCTp YKUHMH
TOPLOBBIE YNJIOTHEHHS! NOAPA3Ae/]siioT Ha pasjMUHBE TP YIIbL

Cxema KommoHoBKM. [lojBIKHasi B OCEBOM HaHpaBJIEHHHM YacTh
TOPLIOBOTO YNJOTHEHH S, HAXOASILASCS BHYTPU YNJIOTHSIEMOM HOJOCTH,
MOXKeT BpallaTbest (puc. 16, @) uau GBITh HeMOABHXKHOH (puc. 16, 6).
Ilpu BHyTpenHeM pacroJIOXKeHHH HENOJBHKHOrO B OCEBOM HalipaB-
24

JIeHUH KOHTPKOJIbIA, KOTOPOE B CBOIO Ouepellb MOXKEeT BpatilaTbCs HJIH
6LITh HENOABHIKHBIM, YIJIOTHSEMass MOJIOCTb 3anupaercss B Hampas-
JEeHUH Talesusl AaBJeHust (p, > po)-

ITpy HapYXHOM PACIOJIOKEHHH KOHTPKONbLA YIJIOTHAEMas MO-
JOCTh 3amupaercsi HeBpaatoleiics (puc. 16, ) HWin Bpallarollencs
(puc. 16, 2) MOABHXKHOH B OCEBOM HAamNpaBJIeHWM YacTbiO TOPLOBOTO
ynnotsenus. HecMoTpst Ha To, 4TO YIJIOTHeHMS ¢ HeBpaulaiolleics
TNIOJIBU2KHOM B OCEBOM HaNpaBJIeHNH YacThbIO BCJAEACTBUE MEH bIlIeH CHIIBL

Q -
V-

——

6)
Puc. 16. Bo3MoKHbBle CXeMBl KOMIIOHOBKH TOPIOBBIX YIJTOTHEHHH
[2*]:

a — BHYTPeHHss BpawaowWwerocsi YWIOTHeHHs; 6 — BHYTpeHHsiq Hero-
JBHKHOTO YIUIOTHEHHS; 6 — HapyXKHasi HeNOABHIKHOIO YIJIOTHEHHS; & —
Hapy»KHasi BpPal(aloLerocs YNJIOTHEHHS

HHEePLHMH M MalblX NOTepb HA TpeHue NMpH GapboTarke MKUAKOCTH (CM.
pasjie 6.3) BbIrOAHBI IpexKAe BCEro MPH BHICOKOH 4acTOTe BpalleHHs
WK GOJIBIION BSISKOCTH Cpefibl, B YIJIOTHEHMM C Bpallarolledcs 4a-
CTbIO YCJIOBHSI OTBOJAA TeNJOTH 6oJjiee GaaronpusiTHBIE.

Kpome tore, Bbi6Op CXeMbl KOMIIOHOBKH YHJIOTHEHHSI 3aBHCHT
OT mepenaja TeMIepaTyp B paAHajbHOM HalpaBleHuH OT Auamerpa D
K d, uau Hao6opOT, OT HalpaBJieHHsl AeHCTBUS LEHTPOOEKHOH CHJBI,
cosfawlleli JaBjeHre, MPOYHOCTH MaTepHaJIOB Tpylleficss naphli, KOH-
CTP YKTUBHBIX ()aKTOPOB, XUMHUYECKOH aKTUBHOCTH XKHAKOCTH, a TaKXe
BO3MOXKHOCTH GBICTPOH 3aMeHbI WJ/IM JIETKOCTH KOHTpoJst. Bce mpel-
CTaBJIEHHBIE HAa pHC. 16 BapuaHTBH! CXeM KOMMNOHOBKH YIJOTHEHHH Ha-
XOAAT TNPUMEHEHHe.

CyLIeCTBYIOT TaKKe ClelHabHble KOHCTPYKIHH, ¥ KOTOPHIX HOA-
BHXKHAsl B OCEBOM HalpaBJIEHWH YacTb MJIH YIJIOTHHTENBbHOE KOJbIO
ABJSIOTCS NJaaBamolMu (puc. 17). IlpeumymiecTBoM TaKOH CXEMBI
KOMIOHOBKH SBJISIETCS TO, YTO NpPHU JI000H 1IepOXOBATOCTH INOBEPX-
HOCTH BaJla MJIH Jaxe ero QopMmbl (ceueHuu) obGecrieutiBaeTcsl TepMeTH-
3al{si B MeCT€ YCTaHOBKHM YIJIOTHEHHS.
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Srto ynaornene XapaKrepusyetcs efile ayuiuiM oTBoAOM Tenaotst
(cM. ri1. 9.2). OfHAKO HENOCTATKOM €ro MOMKET OKa3aThesi HajHyHe
ABYX YIJIOTHHTEJ/IBHEIX 3a30POB H SKCUEHTPHYHOCTH MOJABHIKHO B OCe-

BOM HalpaBJeHUH YacTH TOPLUOBOTI'O YMJOTHEHUS.

A7

Puc. 17. Tnaparomee Topuc-
BOE YIIOTHEHHE C JABYMS NOZ-
BUXKHEIMH B OCEBOM HamnpasJie-
HHH KOJBIAMH W JBYMS KOH-
TPKOJIbLIAMH

! — TO;L{OBOG YIJIOTHEHHe H3
NnTF;

— HEMOABHXHOE KOHTp-
KOJIblO; 3 — Bpamamuieecsi Koli-

Harpyska. TopuoBmie ynsioTHenus
KJACCHQHUUHPYIOT TaKxkKe MO BHAY Ha-
rpysku. Kpome Toro, ux mnojApasfensior
110 OTHOIIEHHIO KOHTAKTHOIO JIaBJeHHUS Pg
K BHYTPEHHEMY p,, 4 TaKxke 1o Koshdu-
LHEeHTY Harpysku

k= FyF. 4)

OO0bluHO Ha mNpaxkTHKe mpeHeGperaroT
YCHJIHEM NPYXHHBI ¥ HPOBOAAT KJacCH-
¢uKauuIo N0 KO3pHHUHEHTY HArPy3KH k.
IlonGopom pasmepoB MOXKHO CIPOEKTHPO-
BaTb TOPLOBOE YIJOTHEHHe, JJs1 KOTO-
poro snavenus k< 1 (puc. 18). Ecank <
<1 (puc. 18, a), T0 uMeeTca B BHAY pas-
TPYXeHHOE TOPLOBOEe VIJIOTHEHHe, a
ecii kR =1 (puc. 18,6) um k> 1
(puc. 18, 8) — HarpyxeHHOe TOPLOBOE
VIJIOTHEHHeE.

TpKOAbIL0 Y GonbuMHCTBA HArpyXeHHBIX TOp-

LOBHIX VIVIOTHEHHH OTHOIIeHHe K =
= 1,1+1,2, Tak Kak BHYTpeHHUH AHaMeTp KOHTPKOJIbIIA JOJIXKeH
ObiTb Bcerfa GoJbine JAvaMeTpa BaJja Dy,. Pasrpyxensoe ymJjor-
HEHHe BLINOHAT ¢ Kosdduuuentom k£ = 0,6=-0,9. Ilpu ymenbure-
HHH KO3((HUHEHTa R MOBLILIAETCS CONPOTHBJSIEMOCTb TePMHYECKOH
neperpyske, OAHAKO YBeJHYHBAETCS H ONAacCHOCTb PAaCKPHITHS CThIKA

e—————
)

a)

Puc. 18. TopucBbie YIJIOTHeHHS C Pa3iMYHbIMH Ko3(duiMeHTaMH HarpysKu

YMJIOTHUTE/IbHEIX MOBepXHOCTed. Tak Kak B pasrpyKeHHOM TOpLOBOM
YIJIOTHEHHH, IO SKOHOMMYECKHM COOGpaXKeHHsIM, HeXeJaTeJbHO Ha-
JIH4Me 3aljleunka Ha Bajy, TO HEOGXOIMMO BBECTH B KOHCTD YKIIHIO
AONOJIHUTE/IbHBIA PaXHA/IBHBIA YIIOTHHTEBHBIH S/EMEHT A pasrpy-
30UHOM BTYJIKH, T. €. NPHMEHHTb JOMOJIHHTE/bHOE YIVIOTHEHHe, lepe-
KpbiBaiollee NyTb yTeuku (puc. 19, q).
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Ha puc. 19 noxasano pasrpyeHHoe YIJIOTHEHHE AJsi BHICOKOTO
AaBJ/IeHHsl ¥ HarpyxeHHoe JJis cPe/iHero JaBjeHHs, KOTOPbIe TOJIBLKO
32 CYeT 3alPeCCOBKH DPAa3JIHUHBIX YIJIOTHHTENBHBIX KOJEL MOXHO
HCIOJIb30BaTh KaK JJIsl BaJOB C Pa3/HUYHBIM JAMaMETPOM, TaK H Npu
pa3MMuHEIX Ko3hPHUHEHTaX Harpys3ku. PaccMOTpHM pacuer AuaMeT-
poB D u d. .

Npumep 1. Ynaorsenne uMeer Kosdduuuenr Harpysxku k = 0,75 (puc. 19, a).
Mycrs puamerp Bana Dy = 6 M, TO/LUHHA CTEHKH Pa3rpysouHoil BTyakH 0,5 cwm,

<

dy
d
D

a)
Puc. 19. TopuoBble YMJIOTHeHMSI € Pa3jiMYHBIMH KoadduuHeHTaMu
Harpysku [2*]:
l}le — ]:a:larpy)xeﬂnoe ynjioTHeHue k& = 0,75; 6 — HarpymeHHoe YIJIOTHEHHe

Vi3 ycnoBnii NMpouHOCTH WIMPHHA KOHTAKTa YIJIOTHUTEJbHHX Kojen b = 0,5 cM

2 2
o dopmyane (4) & = il = £—~—df—’— Tak kak IMpHHA KOHTaKTa b = 0,5 (D— d)
F D2 —d2 - ’ ’

TO noJsiyyaeM KBajapaTHoe ypaBHeHHe

D*®— 4kbD |- 4kb6® — dff = 0; (5,4)

D = okb x V (2kb)® — 4k8% + d 2. (5,6)

Tlpu 3apaHHBIX BelMuMHAX C YUETOM I'MAPaBAMYECKOI'O AMAMeTpa pasrpykaiomed
BTYJKM dy == 7,0 cM noayuaeM Hapyxuuit gnamerp D == 7,74 cM, a BHYTpeHHHH
avaverp d = 6,74 cm. Hacro npuHHMaIOT OKpYIVIEHHbe BeJHYHHB, H3MEHAS He3Ha-
YHTEJbHO IUMPHHY KOHTAaKTa YIJIOTHHTEJBbHBIX KoJel, KO3(h(HLHEHT Harpy3KH HJH
JuaMetp dg.

Konctpykuus. UTto6bl HCNOJIB30BaTh TOPLOBLIE YIVIOTHEHHs NpPH
BBICOKOH Harpyske, a TaKxkKe repMeTH3HPOBaTb ra3 HJH Cpelly C He-
JoCTaTOYHOH CMasblBalolliel COCOGHOCTBIO, Yepe3 OTBEPCTHS MJIH Ka-
HaBKM Ha YIJIOTHHTEJbHO! NMOBEPXHOCTH NOJAIOT CMa3blBaIOLIYIO, OX-
JaX/IAoMyI0 HJH 3aMHPaloulyl0 XHAKOCTb, HarHeTaeMylo ClielHalib-
HEIM HAacocoM mOJ| JiaBjieHHeM ps OOJBIINM, YeM BHYTpPeHHee JaBJje-
HHE p;. DTOT XKe cnoco6 NMPHUMEHSIOT VI H3MeHeHHs1 Kos(hdHuHeHTa
HarpyskH k. Takoe TOpuOBOe YNJOTHEeHHe Ha3bIBAaeTCS THAPOCTATH-
yeckuM (puc. 20). Perymupys MaBjieHHe pg, MOXKHO BJIHSITh Ha ApyrHe
napaMeTphl yNJIOTHEHHS, TaKHe KaK yTeuKa, M3HOC, NMOTePH Ha Tpe-
HHE H JOJTOBEYHOCTh.
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Ecan Ha KOHTaKTHOH NMOBEPXHOCTH YMJOTHHUTENLHBIX KOJIell npe-
AYCMOTPEHB! KaHaBKH, KOTOPbE MPH BPAIEHHH CNOCOGCTBYIOT CO3/a-
HHUIO THAPOAMHAMHYECKHX NOJeHl JaB/eHHs H CMa3KH, TO 3TO yiKe IHj-
poanHamuyeckoe Topuosoe yniorHenue (puc. 21). Kanasku na ymior-

e )

Puc. 20. Tuapocratnueckoe top- Puc. 21. T EPOJIMHAMHYECKOe TOPLOBOE YIJIOT-

LOBOe YTJIOTHEHHE HeHHe C KaHaBKaMH, pacllojOXKeHHBIMH 110
xpyry [2¥] (D =25 cm; p, = 80 xrc/em?;
vg = 18,5 M/c; ¢ = 50=-70°C; ynJaoTHseMas
cpena — peaxTopHast Boja)

HUTEJIbHON MOBEPXHOCTH, KOTOPHIE NEPEeKPHIBAIOT TOJBKO HacCTh KOH-
TakTa yMJOTHHTEJNbHBIX KOJIel, MOTYT HMETb KJIMHOBHAHYIO (OpMY.
BriGopom pasmepoB M MOIGOPOM MaTepHaslOB MOXKHO AOGHTLCS TOTO,
YTO NOJ AeHCTBHEM KOHTPOJIHP yEMbIX TEeNJIOBBLIX Hedopmauyil Npousoi-
AST CyMeHHE 3a30pa, CO3JAlONIee TMAPOAMHAMUUECKHH MOMAMOP.

5 Puc. 22. I'uaponuHamuyecku-rup-
" pocTaryyeckoe akCHaJbHCE TOD-
LOBO€ YMJIOTHEHHE:

I — HenomBHMKHOE KOHTPKOJbLO; 2 —
KaHaBKu JUIss TFHAPOAHHAaMHYECKOH
CMa3ku; 3 — OMOpHBIE KOJbLa Kpyr-
JIOTO ceueHus; 4—Bpallaloleecs ym-
JIOTHUTE@JIbHOE KOJAbLO; 5 — aKcuadb-
HO€ TOpUOBOE YMJIOTHEHUE; 6—OTBep-
CTHE NNl CMasblBaloLlell KUAKOCTH;
7—oOTBepcTde Ajs MOABOAA 3amupa-
o1eil XKUAKOCTH; 8 —oTBepcTHe Jas
CJiiBa 3anupamouieil XHAKOCTH, 9 —
PHAPOCTAaTHYECKAST KOJbLUEBas KaHaBKa

KombuHanuo 0o6oux croco6oB npepcTaBisieT TMAPOJNHAMHYECKH -
THAPOCTAaTHYECKOe TOPLOBOE YIJIOTHEHHe (pHC. 22), NpHUMeHsieMoe
ANt paboOThl B TSXKE/BIX YCJAOBHAX. DTO YNJOTHEHHE MOMKET rUApO-
CTATHYECKH PAaSrpyxaThCsi NPH PeryiupyeMOM JaBJ€HHH p, 3aIH-
patouieii ¥ cmaswpiBalouiell XKHAKOCTH H PaGoTaTh MOJ Harpyskoit npu
BEICOKOM BHYTpEHHEM JAaBJIeHHH p,. KanaBKM B HENOJABHKHOM KOHTp-
KOJible MNPH BPAIUEHUH YNJIOTHEHHs CNOCOGCTBYIOT CO3MaHHIO MOJel
AaBJeHHA 1 CMAa3KH MEXKAY YIJOTHHTEbHBIMH IOBEP XHOCTSIMH, a KpoMme
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TOr0, OXJIaKAE€HHI0, NIO3TOMY TaKOoe YIJIOTHEHHE C MUHHUMAaJbHBIMU [TOTE-
PsIMHA 3HEPTHH MOKHO HCNOJb30BaTh NPH OYeHb BHICOKMX Harpyskax.

Kpome yke Ha3BaHHEIX THIOB YNJIOTHEHMIl CJflyeT OCTAHOBHTHLCH
Ha TOPLOBOM YN/JOTHEHUH JBOKHOTO JAedcTBHsA (pHC. 23), KOTOpOe co-
CTOMT M3 JABYX TOPUOBLIX YIJIOTHEHHH. Ero npuMeHSIOT rJaBHBIM

Puc. 23, VYuniorHeure
JBOHHOro pcHcTBHS nepe-
MCILUMBAIOLLero ycrpolcraa
C JBYXDSAHBIM CaMoycTa-
HABJHBAIOLIUMCS  POJIKKO-
BbIM IOJIUIHNIHHKOM, pa3Me-
IEHIIBIM B OTHe/NbHOM Ka-
Mepe:

1 — Bpamaioumuecss YNnJOTHH-
TeNbHblE  KoOJbLa; 2 — ne-
TIOABHXKHOE KOHTPKOJIbLO ¢
OJUHApHOH OMopoll Ha KOJb-
1O KPpYFJIOro ceyeHHs; 3 — He-
TIOABUKHOE KOHTPKOJIbUO ¢
JABOHHOH oOMOpoii Ha KoJabla
KpyrJoro ceyesus; 4 — pTyJ-
Ka BaJsaa; 5 — ynJaoTHeHue
BTYJNKH; 0 — JpeHa)KHoe OT-
BepcTHe; 7 — KaHaJl nojauyu
3anupaloleii XUAKOCTH; 8 —
KaHaJl CcauBa  3anupawoieit
2KULKOCTH 9 — MoOHTaxKHast
cKoGa; /0 — MOHTa)KHHH OT-
XKUMHOR Goar

o6pasom npu paGore 06op yAOBAHUSI C Fa3aMH, CHJIBHO 3arp si3HEHHBIMH
TBEPALIMH YaCTHILAMH KHAKOCTEH, XUMHUECKH OMAaCHLIMH HMJIH BBICOKO-
HarpeTeiMH cpegaMv. B 3Toll KOHCTpyKuuM npelycMOTpeHa AONOJ-
HHUTENbHAS UMPKYJIALMA CMashbiBalOLIeH, OXJaxJammeil u sanupao-
miefl XUAKOCTH. B pesysbTaTe MoAnepkuBaeTcss TpeGyeMoe HaBile-
HHE p3 3alHpaiolmedl XUAKOCTH, HEOOXOAUMOe JJIs CMa3KH YIJIoT-
HUTEJIbHBIX IOBEPXHOCTEHl M OT- :
BOAA TENJIOThI, BhbiJestomelcsa
npu tpeHuu. Huorga B wensx
6oJiee KeCTKOH YCTaHOBKH BaJia
pajuanbHbIH NOAHMHUK pacro-
J1aralT MexAy JABYMSl YIJIOTHE-
HuaAMH. OJHAKO NPH 3TOM MOTYT
OBITh MCMO/Ib30BaHbl TOJNBKO Mac-
Ja, HUMeolHMe BecbMa HHU3KYIO
TEIJIOnepefaoulyio CrnocoGHOCTb.
3aKJIoueHHe Heo6XOAUMO
yKasaTh Ha clelHaJbHYI YIJI0T-
HHUTEJBHYIO TOJIOBKY, NpelHasHa- Puc. 24. YnnorTHuTe bHAs roJoBKa C
YEHHYIO TVIaBHBIM 00pasoM JJisi WAPHKOBHIM NOMUMMHHKOM  [4%]:

YIJIOTHEHH S NOJOrpeBaeMbiX Bpa-
AN XCS KaJJlaHJPOB U BaJIKOB
(puc. 24). Boaauoit nap uiu ua-

I — Kopnyc YNJIOTHUTENbHOH TrOJIOBKH, 2 —
CaMOCMa3blBalOUWHUHCe MOZWUNHHUK, 3 — IMO-
JIbI BaJl; 4 — HENOABUKHOE YMJIOTHHTEJb-
HOE KOJIbLO; 5 — Bpallalolleecs: KOHTPKOJIb-
10; 6 — LIapUKOBHIH NMOAWHNHUK
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rpeThiii ra3 MPOXOAUT Yepes MOJLIA BaJi, a 3aTeM OXJaXKAeHHBIA BO3-
BpalaeTcss Mo ApPyromy Kanany. Tak Kak yTeuka B 3TOM clydae He
ABJSIETCS KPUTHUECKOH, TO BMECTO PafiHaJbHOrO YNJIOTHATEABHOTO 3Jle-
MeHTa OCTaBJSIOT Apoccequpylomui 3a3op. UYacTo BeaeicTBHE CHIL-
HO¥# BHOGpaUKH YIVIOTHHTE/bHbIE OBEPXHOCTH AeJaloT cdepHyecKUMH.

2.4. PagnanbHple YIJIOTHHTENbHBIE 3JIEMEHTbI

YI/I0THHTeNbHEIA 3a30p ABASETCS OAHMM U3 NMyTeH yTeukd. YTeu-
KH MOTYT NMPOUCXOJHUTH B 3a30paxX MexAY BaJOM M KOPIYCOM YIJOT-
HEHHS U MEXAY KOHTPKOJbLOM B KOpnycom mamuHbel. UTOGH 0Gecrne-
YUTh, TePMETHYHOCTh B 3THX MeCTaxX, HCIOAb3YIOT KOJbIA Pa3HOro
MIONEPEYHOr0 CeYeHHs] H H3rOTOBJEHHbIE U3 Pa3/lU4YHbIX MaTepHaJiOB.
Ha npaxTike yamie BCEro NpuUMeHSOT pe3HHOBbIe YNPYyrue MaTepHaJIbl,
KOTOpHie TO3BOJSIOT INEPEKPHITh YBeIUYeHHHIE MHKPOHEPOBHOCTH
Ha TOBEPXHOCTAX, a KPOME TOro, JIy4yile 3aJepiKUBalOT HWHOPOAHbIE
yacTHUH. B Ta6n. 2 npuselleHa XxapakTepHUCTUKa BaxKHeHIIUX 3JacTo-
MepoB.

QXAII'AI:CCMC%

a 9 8 2 9) e) ) 3) ) K)

Puc. 25. PeanHoBble YNpyrue YNJIOTHHTENbHHIE KOJbLA DAa3fHYHBIX CeYeHHH:

a — Kkpyraoro;, 6 — X-06pasHoro; 6 — KJAHHOOGpasHOro; & — KBafpaTHoro; 0 — L-oGpas-
HOFO; € — TPeyroJbHOro; a# — H-o6pasHasi MaHKeTa; 3 — LICBPOHHAsl MaHKeTa; # — Kpyr-
JIOTO ¢ TIPOpE3blo; K — YIJOTHHTeJNbHAsd KPOMKa, HarpyxeHHas NPYXHHON; 4 — Kpyraoro
C ABOHHON O060JIOUKOM .

-..Ha puc. 25 nokasansl nomepeunble ceyeHHsI KoJiell U3 HauGoJee
NpHMEHsIeMbiX MaTepHasoB. Kak B-TOPIOBOM YIJIOTHEHHH, TaK H
B KOHTPKOJ/IbIE 3TH YMJIOTHHTENBHBIE KOJbIA YaCTO MpeHa3HAYEeHH!
IJsl mepeflaud KpyTSAIEro MOMeHTa. B TOPIIOBOM YIJIOTHEHHH KOJbLA
KPYIJIOro ceyenus, umetoue TBepAocth no Hlopy (rpynma A) 60—
90°, #cmoJb3YIOT OGBIYHO C JAHaMeTpaJbHHIM HaTsirom B 5—12%.
Onunako HeoGXOANMO H36eraTh OCTPLIX KPOMOK, IOCKOJbKY NpH c60pKe
HJH B fIponecce SKCNJAYyaTallHH C KOJell KPYTJOro CeueHHs cpes3aeTcs
TOHKHH CJIOH MaTepHaJja. .

Ha-puc. 26 npuBe/ieHsl noJydenHsIe B HenbiTanuax [Napkepom [12% ]

3aBHCHMOCTH JONYCKOB KOJbllda KPYIJIOrO CeYeHHsI OT BHYTPEHHEro
JaBneans 1 TRepAocty no IHlopy. IIpy BeicOKOM AaBieHuH Aas ycTpa-
HeHHs BH/ABAMBaHHA KOJell KPYIVIOTO CeyeHHs B 3a30p MeXAY
KOJIbIIOM U BajIOM YCTAaHABJIHBAIOT ONOPHbIE KOJAbLIA M3 KOXH HJIH
noauterpapropatuiena (I1TP).

Ha puc. 27 nokasaHo TopuoBoe YIJOTHeHHe, B KOTOPOM NYTh
YT€UKH B OCEBOM HANpPaBJEeHHH NMePeKPHIT MOAND YXKHHEHHOH - MaHKe-
TOH. Pe3annoBas MaHKeTa HMEET BLICOKYIO OABHIKHOCTh B paZnajIkHOM
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haitpaBfienin, ofiHako hpi ee nphMeHeHUH yBefiuMBaioTcs U fotepit
Ha TPeHHe.

M3 onwiTa H3BecTHO, YTO 3JaCTOMEPHI B TOPLOBLIX YMJOTHEHH X
ABJAIOTCA Haubogee cnabpim 3BeHOM. HecmoTpst na GoJbluoe uyucao
CYLIECTBYIOUHX HCKYCCTBEHHBIX KayYyyKOB, HA OCHOBE KOTOPHIX MOXKHO
M3rOTOBJATh YIJOTHEHHS AJas GOJbIUMHCTBA Cpef, €llle BCTPeyaroT-
Csl TPYAHOCTH B O0ecreueHHH repPMETHYHOCTH, HalpHUMep XMMHUYecKHX
H HeTeXHMHYECKMX HacOCOB, KOTOPHIMH MEePeKaduBalOT PasJHUHbLIE
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Puc. 26. Biusune BHyTpeHHero naBie- Puc. 27. TopuoBoe yMIOTHeHHE C NOJ
HHS, JOTMYycKOB M TBeproctd mo Ilopy  NpyXHHeHHOH MaHMKeToii:

(rpynna A) Ha BOSMOXHOCTb BbIABAHBa-  ; _ YIUIOTHHTENbHOE KOJBLO; 2 — De3HHO-
HHS KoJIel, KPYrJIoro ceueHus 6e3 Yyuera BLIl uexos; 3 — pafHanbHaA GpacieTHas
NpUNyCcKa Ha pacllHpeHHe 3a30pa B Mpo-  TPyXuHa;, 4 — HaXHAMHas MNpyxHua; 5 —
uecce sKcrTyarauuu [12*] (100 000 yuk-  XOPAYC; 6 — KOHTPKOJbUO

JIOB ¢ 4acToToH 150 B MHHYTY NpH NOBHI-

UIeHHH JaBJIeHUsI OT HYJISl 10 MaKCUMaJb-

HOro)

cpelibl. B KayecTBe ynJOTHUTEILHOTO MaTepHala B 3TOM CJy4ae MOXKHO
NPaKTHYeCKH HCIIOJIb30BATh TOJILKO INoJuTeTpadropstusen. Jlocra-
TOYHO W3BECTHbIE 3aTPyJAHEHHS BO3HHKAIOT NMpH NPHUMEHEHMH Mac-
CHBHBIX 3JIEMEHTOB H3 MOJNHUTETPAaPTOPSTH/EHA, OCOGEHHO MpPH BHICO-
KUX JaBJeHHSAX ¥ [ePHOJHYECKH MOBBIIAOMUXCA TeMIepaTypax
BCJIEAACTBHE BBICOKOTO KO3((QHUHEHTa pPacIIMPEHHSI, HH3KOro KO3¢-
¢uuueHTa TENJONPOBOAHOCTH, KECTKOCTH, XapaKTepHOH AJs pora, H
XJaloTeKy4ecTH 3TOro marepuata. ITosToMy HOYTH Bcerfia MaccHB-
Hbleé YNJIOTHUTENDbHBIE 3JIEMEHThl U3 MOJHTETPapTOP3THAEHA HEo6X0-
AHMO YNPOYHATD.

[TpyunHO# yYacTHIX OTKa30B MA4CCHBHLIX YNJOTHHTEJNbHEIX Je-
MEHTOB K3 MOJIUTETPAPTOPITHAEHA [IPH MEPHUOAHYECKH H3MEH SIOUUXCSl
SKCMJIYaTaUHOHHBIX YCJIOBHUSAX SIBAAETCA HEOOBIYHOCTb pacIuHpeHHs
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Anunpenst IMonunyperan —40—--120 | 80—300| —700 (70—95 X1o| — | X | X | X | Xi—|—]JOo|—|—|—|—|—|—1—
dnacroMep «ken-®» | CMewanupit  nosmumepu- | —50—--180| 30—120] —700 |60—90 X|X| —|l—lo{X]J]o]l—|—|X|—=|—|X[X|[X]|X]|X
3ar tpudropaTHIEHA H
HeCHMMETPHUECKOTO
audTopaTHIEHA
Buton Cmewannnit nonumepu- | —60—--200| 80—16C| —300 |60—95 X1o|l o[ X | X | X|XIXjo|l]o|l—|—|X]|]o|lo}|—{X
3aT HECHMMeTPHUYeCKO-
. ro paubTOpITHIEHA H
rexcagTopnponuJieHa "
nro IMosnrerpapropstuser | —200—--280 |140—310] —200 | 55D XXX GPX] XXX XX XX XXX XXX
DruJIeH-nponuIe- TH/eH-NPONHIEH —40—--200| 50—16C| —500 [50—95 XIX]J]ol|l—|—{X|]—]|—|—[X]OoO]J]Oo|X|jo]|X]|X]|X
HOBBI Kayuyk
OTOPCUAHKOHOBH | DTOpPCHAMKOHOBHH Kay- | —60—--230 | 55—85 | —400 [40—80 X | X X | X|o — —
KayuyK 4yK
OGOSHadYeHHA: X — CTOHKH{; O — OrpaHHuYeHHO CTORKHH; — — HecTOHKHM.
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storo Martepuana (puc. 28). Ilpu_ Temnepatype okoso 20 °C mosisist-
€TCs 3aMeTHOe M3MEHeHVe 00beMa, KOTOPOoe OOBsCHseTCs KPHUCTAJIHI-
YEeCKHMH NpPeo6pasOBaHHUAMH. YTJIOTHHTEJbHEIE JIEMEHTH, KOTOpHIE
o6pabaThiBaJi BHIIIE MJH HUKE 3TOH TEMIEpPaTyphbi, H3MEHSIOT CBOM
pasMeprl, KaK TOJIbKO IepeXxolaT 3Ty 30HY.

* Toc/ie MHOTOJIETHU X HCIBLITAHUH YA/I0Ch CO3AATh KOJIbLO KP yIJOTO
CeYeHHsI C ABOHHOH MOJUTETPaTOPITHICHOBOH 0GOJOYKOH W cepled-
. 10°%¢ HHKOM H3 YIPYroro Marepuasna (CMU.
600 puc. 25, 1), KOTOPOe MPH OTKPLITOH

KaHaBKe MOXKHO 3aMeHHTh OO6bIY-
l HBIM KOJbIOM KPYTJIOTO CeueHHs

6e3 H3MEHEHUs KOHCTPYKIHH.
KoJsbua kp yrioro ceuenus ¢ ABoi-
200 I HOH mosMTeTpadTOPITHACHOBOH 06O-
I JIOYKOH HJeajbHEIM 06pasoM coue-
0 TaloT B cefe XUMHMUECKYIO CTOHKOCTb
=200 -100 0 100 200 t,°¢ MaTepuajia OGOJIOYKH C 3IJ4CTHY-
Puc. 28. Koapduuuent sauneiimoro HOCTBIO  MaTepHaja  CepAeUHHUKA.
pacluMpeHus o noauterpadropaTHIIE- KpOMe TOro, mMpu 3TOM IOSABHJACH
Ha B 3aBHCHMOCTH OT TeMIEPaTypsl !  BO3MOXKHOCTb HCIIOJb30BATh GOJIb-
lxe MOMYCKH U Gojee rpyGo obpa-
GOTaHHYIO TMOBEPXHOCTb, YeM B CJiyyae NPUMEHEHHS MACCHBHLIX KO-

Jiel, KPYrJoro CeueHHsl W3 HOJUTeTPadTOpITHJIEHA.

B xayecTBe TepMHueCKH BbICOKOHATDYKEHHOTO MaTepuana cep-
AeyHHKa OOBIYHO MNPUMEHSIOT CHIHKOHOBHIH KayuykK, 3THJEH—Ipo-
NMJIEH HJIH BHTOH, KOTOPBIE NO3BOJIAIOT OGEcHeyuTb paboTocmocol-
HocTb npu Temnepatype 250° C. IlloB Ha HAapYXKHOK 06O/MOUKE CaACAYeET
pacmoJsiarate Tak, 4TOGbI OH HaXOJHMJCS Ha CTOPOHE, IPOTHBONOJIOXK-

3

&)
Puc. 29. Merannuueckue HWJH YrieKepaMHYeCKHEe YIVIOTHHTEIBHEIE SJEMEHTH:

« — MeTaJNIMYeCKas MaHXKeTa; 6 — IoJoe KOJbllO; 6 — MOPWIHEBOe KOJblLO; ‘2 — MeMGpanHOoe
KOJIbLO; O — JpOCCENHPYIOMME 3a30D; € — JaGUPHHT

400

HOH HamnpaBjeHuio JaBiaeHus. Kpome Toro, Ajs npeloTBpauleHHs
BbIIaBJIUBAHUS NJIEHKH B 3a30p, NpeAyCMaTPUBAIOT ONOPHOE KOJIbIO,
HanpuMmep U3 YCHJIEHHOTO MNOJHTeTpadTOpaTUAEHA WM HTOHA. Koub-
[a KPYIJOro CeyeHust ¢ ABOHHOH 060M0YKON H3 IOJUTETPATOPITHIIEHA
OKa3aJIUCh NPHIOAHBIMU AJisi pa6oTel npH JaBjeHud Ao 100 xrc/cm2.

Ha puc. 29 nokasansl KOHCTPYKUHH PafUabHBIX YIJOTHUTEILHBIX
9JIEMEHTOB, NPUMEHAEMLIE B TOM cJyyae, KOTAa paboyasi Temneparypa
BBICOKA JJIf 3/1aCTOMEPHBIX MaTepHaJIOB HJIH KOTAa Heo6XOLHUMO 0be-
ClIeYUTh MHMHHMAJBHOE COIPOTHBJIEHHE OCEBOMY IMeEpEMENEHHIO, Ha-
NpUMEP HPH APOCCeJHPYIOUUX 3a30pax U JaGUPUHTAX.
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2.5. Kondurypauus u cnocoGsl yCTaHOBKH
KOHTPKOJeL

loToBoe X oKcnsyaTanuu YNJIOTHEHHE COCTOMT H3 TePMETH3H-
PYIOIISro SJeMeHTa M HENOABUIKHOTO B OCEBOM HANpPABJEHHH KOHTD-
koabua. Ha puc. 30 npeZicTaB/ieHbl /iBe THIMUHBIE KOHCTPYKIHH He-
noasuxkHoro (puc. 30, a) u Bpamatomerocs: (puc. 30, 6) KOHTPKOJIeLL.

YHacto B KauecTBe KOHTPKOJEN MCNOJb3YIOT 3aKa/leHHble TOPLO-
Bpie TIOBEPXHOCTH KOPNYCOB MIAPHKOMOAIIMIHUKOB HJM 06paboTan-
Hbl€ MOBEPXHOCTH KPLIIbYATOK BOJASHBIX HACOCOB CHCTEMBI OXJaX-
Aenusi aBTOMOGHJEH. ITOCKOIBKY UHCTOTA M INJIOCKOCTHOCTb TAKHX
NOBEPXHOCTEH, & TaKXKe H3HOCHBE U (PUKIUOHHLIE CBOHCTBA Ma-

Prc. 30. Ycranoeka KoHTpKoJsel:

a — HenopsuxHoro [2*]; 6 — Bpamarowerocs

TEPUAJIOB ITHX HeTajedl sBJAIOTCA HENOCTATOYHLIMH H HX TPYIHO
3aMEHHTb, NPENYCMATPUBAIOT JIETKO 3aMEHseMOe KOHTPKOJbIO. [Ipec-
COBBHIE U TOpsiyve NOCaJKH NMPH YCTAaHOBKE KOHTPKOJel AeJAaloT B 0CO-
ObIX cJyyasx, HalpUMep, NPH BHICOKOM U OYEHb BBICOKOM JaBJEHHH,
cootBerctBytomeM III u IV rpynnam (cm. ta6a. 1), B cBsi3u ¢ Tem, uTo
pasbopka KOHTPKOJell 3aTpyAHEHAa M NPH STOM BO3MOXKHA yTpaTa
(GYHKUHOHAMBHBIX CBOHCTB YNJIOTHHTE/IbHLIX IOBEDPXHOCTell BeJek-
ctBUe Goabmiux Aedopmauuii. Ha npakTike B OCHOBHOM 3TH KOJbIA
YCTaHAB/IHBAIOT TaK, YTO HX JIETKO MOXKHO 3aMEHHUTb, OJHOBPEMEHHO
YIJIOTHsiSl KOJIBIIAMU U3 3J1aCTOMEPHOro MaTepHuasa (puc. 31). [Ipu Kou-
CTPYHPOBaHHHM KOHTPKOJIEH, CJAeLYeT o6paTHTh BHHMaHHe Ha MEXaHH-
u4ecKHe M TePMHUYECKHE CBOHCTBA MNpPUMEHSEMBIX MAaTepUasioB, TAKHe
KaK KOXpUIMEHT TeNJOBOro JMHEAHOro pacilUPeHHsi, 4yBCTBHTE/b-
HOCTb K KOHLEHTPATOpaM HanpsiXKeHHH, a TaKkKe MJI0XYw o6pabaTo-
BaeMOCTb OKHCJIOB METaJIJIOB U Kap6uaoB. Uallle Bcero np MMeH sIi0T KOH-
CTPYKIUHH, NOKasaHHBEe HA pHuc. 31, a, 6, s, NPUUEM KOHCTpYKIHH,
noxkasaHHas Ha puc. 31, a, NPeANoUTUTe/IbHEE C TOYKH 3PEHHs IPO-
CTOTHI H3TOTOBJIEHHS M COOPKH M HAMMeHbHIeH ceGeCcTOMMOCTH.
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Kosibia KpyrJioro ceyeHusi, H3roTOBJIEHHEIE U3 PE3UHBI, KOTOpbIE
JOJIKHBL TOJIHOCTBIO IepefaBaTh KPYTAIUH MOMEHT, YCTaHAaB/IMBAIOT
¢ AuaMeTpasibHBIM cxkaTHeM He MeHee 10%. Buyrpeduuit auamerp
KOJIblla KPYIVIOrO CeYeHHs! HeoOXOJAUMO BHIOHPaTh MeHblle JuaMeTpa
NOCaJloYHOU MOBEPXHOCTH, YTOOBI YMEHBIIHTh ONMACHOCTh IPOBOP auMBa-
HUsI, OCOOEHHO B XOJIOJIHOM COCTOSIHMH IIPH IyCKe. DTa KOHCTPYKIHUA
OKasasach NPUrOAHOH M paboThl MPH JAaBseHuu Ao 75 xrc/cm?. Tlpu
GoJiee BLICOKOM JiaBJ/IeHUH IPeNyCMaTpPUBAIOT ONOPHEIE KOJbia. KoJb-

<

5) 8) 2 3) ¢)

% N

‘)K) —a) T ) K)

Prc. 31. KoHCTpYKIHE H c1ocoGh YCTAHOBKH XKOHTPKOJIEI IIPH [IOMOMIH KOJell
Pa3JHYHBIX CeyeHHH:

a — Kpyrjoro; 6 — NpAMOYFOJIBHOTO; 6 — [-06pasHoro; ¢ — KpyrJoro (&ByX, pacmo-
JIOKEHHBX B OJHOH pagHaNbHOH RJAOCKOCTH); 0 — GACOHHOrO; € -~ KpYIJIoro (mBa
PaBHOTO AHAMeTpa); s — KPYIJIOro (ABa paBHOTO AHAMETpA); 8 — KPYLJIOTO (PacroJo-
JKEHHOTO B KaHaBKe KOHTPKOJIBIA); & — KpPYIJIOTO (pacloJIOXKEHHOrO B KaHaBKe KOp-
nyca); £ — KpPYIJIOro (pacnoJiOKeHHOrO B OTKPHTOH KaHaBKe)

fla KPYIJIOTO CcedyeHHs U3 NOJHTeTPadTOpP3THIEHA YCTaHABJIHBAIOT
C AHaMeTPaJbHBIM cxkaTHeM 5%, a TakxKe mpelyCMaTPHBAIOT JOINOJI-
HUTeJbHOe MpPeJoXpPaHUTeNbHOe YCTPOHCTBO OT MPOBOPOTA.

Ilp¥ BLICOKOM JaBJIeHMH NPHUMEHSIOT KOHCTDYKIMH, [OKa3aHHbIE
Ha puc. 31, 6, 2, 0, 3 ¥ u. KoHCTpyKIMH, NIPUBeJeHHbIE HA pHC. 31, e U
¢, MMEIOT TO NPEUMYIIECTBO, YTO B YCTAHOBKE YYaCTBYET TOJBKO OJIHO
KOJIbIIO, B TO BpeMs Kak Jpyroe BbIIOJHAET QYHKIHIO YHJIOTHEHHS.
DTHM JocTHraercss 6oJsiee BBICOKAsi 3KCIJIyaTalMOHHAS HaJeXKHOCTb.
KoHuTpkosb1o, KOHQUTypanus KoToporo BUAHA U3 puc. 31, x, IPHTOA-
HO IVIaBHBIM 00pasoM /I BBICOKOHATPYIKEHHBIX TOPLOBHIX YIJIOTHE-
HHH IIPH yMEPEHHBIX JABJEHHUAX, TaK KaK KOJIbIO KPYIJIOrO CEYEHUS
He ofecreyuBaeT NPaBHJBHOCTH YCTAHOBKH, a JIMIIb HArpyxkeHO
BHYTPEHHHUM J\@BACHHEM XKUAKOCTH. Kpome TOro, B 3TOM YNJIOTHEHUH
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IpH COOTBETCTBYIONeH 06paGoTKe OMOPHBIX MOBEP XHOCTEH OYeHb MAaJIbl
MeXaHHUecKHe JehopMalMK KOHTPKOJIbIA U YJAYYIlleH OTBOJ TEMJIOTHI.

Muoraa usrorosurequ yniaotHenui [316] mocrapisiior KoHerpyk-
MU ¢ 06EHMH IPUTEPTHBIMH TOPLOBBIMU NOBepXHOCTsIMH (puc. 31, o
u 3). OllHaKO NPeUMYIIeCTBO yACIIeB/IeHU s 3allaCHbIX YacTe#l IpU ynpo-
IEHUH peasii3yeTcs O4eHb PelKO, TaK KakK B Ipolecce SKCIIyaTaluu
TOpIOBas YIHJOTHUTE/bHAS IOBEPXHOCTb, HE HAXONAINASCSH B KOH-
TaKTe, 3arpssHAeTcs OTJIOXKEHUSMU OT VIJIOTHUTEJBHBIX KoJiel H
KOHTDPKOJIEII.

IlpeumyiiecTBO pPE3HHOBBIX 3JEMEHTOB, KPOMe TOro, COCTOUT
B TOM, YTO JerKo ofecrneynBaeTcs MJOCKONAapaJsienbHasi yCTAHOBKA
YIJIOTHUTETbHBIX IMOBEPXHOCTEH M NPH 3TOM OYEHb XOPOMIO
HOrJIoNaeTcsl MOSIBJSIOEAsiCS BHOpamus. JIOMycKH Ha pasMephl OT-
BepCTHHl B KOpIyce YNJOTHEHHS, KOHTPKOJBIA M KOpPHYyCe MaHIHHBI,
OXBaTHIBAIOIUX BaJ, HYXKHO BBIOHPATh BO3MOXKHO OOJIBIIUMH, HO
B JONYCTHMBIX IpefeJ/ax.

2.6. IlpeccoBble M ropsiude nocanku

YacTo yHJIOTHHTEIbHOE KOJBIO U KOHTPKOJIBIO YCTaHAB/IUBAIOT
[JoCpelcTBOM IpecCOBOH UJM ropsueil mocaiku. Kpome Toro, mpume-
HSIIOT KOMOMHAIMIO TOPsidedl 1 NPeccoBOH NOCANOK, a TAKKe COUETAIOT
€e C KJIeSIIUMH U YIJIOTHSIIOIMMMY CPEACTBAMH, TAKUMH KaK SIIOKCHJ-
Has cmodsa. Ecau Kosiblo M3 HemnojBepr-

HYTOH OTBepIKJEHHIO IJIACTMACChl HA OC- Kombyo 1 >
HOBe (heHOJIIIPE030JI0BOM CMOJIBL 3alpec- - /{ Konouo 2
COBBIBAIOT B JIaTYHHBIH KOpIyC, TO 3TO >

U

IPUBOJUT K Pa3p yIIEHUIO BCJAEACTBHE KOP-
po3uH, TNPOXOASIIEH INOA HaTpsKEHHEM.
OchoBHasi mpofjeMa NPU YCTAHOBKE KO- =
Jel, TMOCPEJICTBOM IPECCOBOH U ropsue
noca/iox Zaxmoqae'rcg B TOM, YTOOH He *L:“—‘——:L'L—‘—:—‘;
MOJIBEPraTh MaTepHas HANPSAXKEHUIO, IPe- Pyc. 32, Pacuernas cxeMa
BpIIIAIONIEMY JONYCTHMYIO BEJHYHHY, H  NpeccoBOH u ropsyeil necalok
o6ecneyuTh HANEKHOCTh €ro 3KcIJayaTa-
HMUM. Y BA3KHX MaTepuajoB B OCHOBY JJisl pacuera OepyT mnpefen
TEKYUecTH, Y XPYNKHX—BpPeMeHHOe COIIPOTHBJIEHHE Da3phIBY.

Ha puc. 32, rie Koabno / — BHelllHee, a 2 — BHYTPeHHee, NOKa-
3aHBl cje/yIolie HaNpsKeHUs Ha HaTare 0 = D — d;: HalpsKeHHUs
pacTs:KeHus: B KoJibue [

a4
d

0y = 651 =~ ‘SEI (6)

elElD < _ﬁEL)
< 1 + e2E2d1 > dl dl 1 + 62E2
W HallPsIXKeHH s CXKaTHA B KoJble 2
8E, 8E, (7)

~

eaLady ek ) '
<l+ e £yD ) P D(1+ ey

02:
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Hnst Toro uto6bl YCTPAaHUTHL BO3MOXKHOCTL YTEYKH B 3TOM COelH-
HEHHH H HCKJIOUUTb BO3MOXKHOCTb MPOBOpPaYMBaHHS KOJIbLA NPH
Hepefilaue KpPYTSALEr0O MOMEHTa, YHCTOTa IOBEPXHOCTeH W HAaTAr
JOJIXKHBI OBITH GoJsiee BpiCOKMMM. HeoGxolMumo ofpaimaTh BHHMaHue
Ha TO, uTOOBl IPH YCTAaHOBKE C INPECCOBOH HJHM ropsueil mocaikoil
BHYTPeHHUH AHameTp d, He YMeHBLIAJCH A0 TaKOU CTENeHH, NPH KO-
TOpOH yMJIOTHeHue Osokupyetcs. [lnMHY 3anpeccoBaHHOH IOBepX-
HOCTH PacCUHTHIBAIOT N0 BeJHUHHE NlepeflaBaeMOro Kp YTAHIEro MOMeH-
Ta W BuIOHpalOT B mpejenax 5—20 mwm.

Kpome TOro, Heo6XOJMMO YUHTHIBATb HaAEXKHOCTb NPECCOBOH H
ropsiyeil MocaJOK NpH BBLICOKHX TemnepaTypax. ONacHOCTb BHIXOJA H3
CTPOSI BO3HHKaeT INpexJe BCero NpU IeperpeBe HJM OXJaxAeHHH
MAaIIMHBI, IPH NMYCKe MOCJAe OCTaHOBKH. Bo BpeMms paboThl IPU Tpe-
HUH TOPIOBBIX NOBEPXHOCTEH BHYTPEHHEE KOJIBIIO IOYTH BCerja Harpe-
BaeTcst OOJIbIle HAPYXKHOTO, IO3TOMY TeMIlepaTypHas HaleXHOCTh
COe/lMHEeHN sl MOBHIIAETCH. B ciayyae MpHMeHeHHs Topsde#l MJIM mpec-
COBOH NOCaJ0K PasMephl JOJIXKHEI GBITh BHIGDAHBI TAKHMH, YTOOHl NPH
HauGoJIblleM NpUpameHud Temneparypsl AT, BO3HHKalOUeM B Hepa-
60ueM COCTOSIHHM, OCTATOUHBIH HATAr B 3aBHCHMOCTH OT AHMaMeTpa H
nepelaBaeMOro KpyTSIiero MoMenta 6ui1 He Menee 25—50 mkm. Cre-
IMaJbHble BONIPOCH NPH ONpelle/leHHH KOHCTPYKIUH yriemeTaJljanyec-
KHX KoJlen, M BBHIOOpD OTHOUICHHH MexAy AuaMmeTpaMH KoJel 06oJjee
nofipoGHO paccmoTpexsl B paGore FOura [139].

Mpumep 2. Heo6xofuM0 H3TOTOBHTH TOPLOBOE YINIOTHEHHe, Y KOTOpOro rpadmu-
ToBoE KOsbio (£, = 100 000 krc/cM2, op = 1400 xrc/cm®) nosmxkHO CHITH 3ampecce-
BaHO B 060#MY H3 HepXKagetoweii ctanu (E; = 2 000 000 kre/em?, cq,9= 2000 krc/cm?),
PasMepsl Kosew npuBejeHbl Ha puc. 32:

Koapno 7 KoJabno 2
D;=9,0 cm D = 8,23 cM
dy= 8,2 cm d=17,0cm
e, = 0,4 cm e, = 0,6 cM

Paccuntannoe mo dQopmyse (6) HanpsikeHEe pPacTSKeHHS B MeTalJIHYeCKCM
xoabhe / 0, = 510 krc/cM?, paccurTanHoe o GopMyJe (7) HeNpsAKEHHe CIKATHA B Ipa-
(buTOBOM KoONblie O, = 340 krc/cM?. O6a HanpskKeHs HMEIOT LOCTATOUHBLIA 3amac
N0 JOMYCTHMBIM BeJHUMHEM.

Mpumep 3. YnioTHuTeabHOE KOJIbUO M3 KapGHAa Bosb(pama (pHc. 33) AOMKHO
6bITL 3enpeccoBzHO B 0GOHMY H3 HepxkapetomeH cresid. IIpeaycmorpen Hardar 8 =

t

x

—1

—2  Pyc. 33. CoequHeHHE KOHTp-

~3 KoJiblia ¢ o6oiMoit ropsyefi o-

-
p Q/; / cagkoii:

] — KOJIBIO KPYTJOr'O CeYeHHs;

Packu 2 — pasrpymxeHHOe onopHoe
03-45° KONbI0; 3 — OTBEepCTHE AN (DHK-
’ ~~4 canuH OoT IIPOBOPOTa; 4 — KOJbUQ

W3 TBepAOro clJjaBa
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= 300 mxm, [Iycrs tiocagounmii nuamerp Dp = 15 oM, xos¢duuuentsr aurefmoro
— = 0,
pacuiperust &; = 17,0-1076, a oy, = 5,6- 1076 cm/(cM- °C). Heo6x0xuMo0 onpeneanthb
PasHOCTb TeMIepaTyp, NPH KOTOPDOH MOMHO HaJCXKHO 3alipeccoBaTh KOJIbLA:
8

Heo6xogumyio nehopMauuio MOXKHO HOJNYUHTb, €CIM, HAIDHMED, KOJbIO K3
TBEpJIOTO CIINIaBa OXJAJUTh B CyXOM JIbAY, a 06oiiMy HarpeTb. IIpH 3anpeccoBke KoJell
o ropsiyel Mocajike Ha KOJAbLAX NMPoTayuBaioT dacku (puc. 33). [Iyis Kosew H3 Xpyn-
KOrO MaTepHana ¢ BbICOKHM MOjyJeM YIDPYIOCTH BeJMUHHA ! He JOJKHA NPEBHINATDH
CIeyIOMIHX BEeJHYHH, 3aBUCAMIMX OT jHAMeTpa:

dyeMm .. ... .. L3 <6 <12 >12
(MM . ... . .. 07 1,2 1,5 2

B mpoTHBHOM ciyuae CyILIeCTByeT ON2CHOCTb Da3pYIUeHHSI 3alPeccoBaHEOTO
Kosblia moj jelicTBHeM HaNpsmKeHHH CKaTUS, BOZHHUKAIOUIUX CO CTCPOKBI OCCHMEIL
I'ny6una 3ampeccoBKH B 060AMY LOJMKHA GbiTh OPHMEPHO PABHA TOJLIHHE 3aIIPECCO-
BaHHOI'O KoJbIla b.

2.7. Pacyer TOJIMHBI CTEHOK

TopnoBrle yn/aoTHeHHs, paGoTalollye NPH BLICOKOM JaBJEHHH,
JOJIKHBI HMETh HeOGXOANMYIO SKCILIYaTaIMOHH VIO Hafle)KHOCTh, rapaH-
THPYIOILYIO OT BHE3AlHOTO BBIXOAA HX M3 CTPOS H3-3a pasp yIIeHUS.
B nepBoM npuGauxeHuu AJs pacuera
Ha NPOYHOCTHL KOJIBLEBHIE JAETaJH TOp- Pa
HOBOr0 YIJIOTHEHUS. MOXKHO IPHUHSTH '
KaK TOJICTOCTEHHEIe INOJible LUJIHHAPBI
C He3aKpenJIeHHBIMH TOPIAMM, Harpy-
JeHHLIE BHYTDEHHHM MJIH Hap YKHBIM
AaBjenveM. [CorjlacHO cxeme, IOKa- -—
3agHON Ha puc. 34, noayueHa c¢op-
MyJa JJas pacyeta MaKCHMaJbHOTO
Hanpsixenus (no Jlame)

Ot

2 2 2
Pi(ratr) —20da  (9)
t 9 P 2pg
Ta—T;

Puc. 34. Omopa Hanpsxkenu# B
TOJICTOCTEHHOM  YIJIOTHHTE/IBHOM

KOJIblle TNPH JeHCTBHH BHYTpeEH-
H TPHBEJICHBl PEIIeHHA, TMOJYYEHHBI® gero M HapyXKHOTO AaBJEHHH

Poapkom [237].
Has caygas, xorfa HapyxHOe JaBjeHHe p, = 0, NOJMyYeHbI:
MaKCHMaJIbHOe HamnpsiaKeHHe PACTSKeHHsl Ha BHYTpPeHHe# CTOpOHe
CTEHKH

r2 —[—r2
Oz =Pis (10)
a 13
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yBenuuente BHYTPEHHEro pajuyca 10 JeHcTBieM BHYTpeHHerod
AaBJleHUS p;

Ary= p _ff_(’3+’3

. ﬁ+v), (11)

Ta— 7
yBeJn4yeHe HapyxKHOro paJlHyca
r Qr?
Ara.—_—piT"(—ﬁ>. (12)

Ins cayyas, Koria JeHCTBYeT TOJIBKO HapyxKHOe JaBlleHHe:
MaKCUMaJbHOe HalpsikKeHHe CXKaTHS Ha BHYTPeHHeH CTOpOHe
CTeHKH

2p
0D=—1TU:/T.)2" (13)

yMeHbllIeHHe BHYTPEHHEro pajauyca

. 2r?
P
Ary——BoL (W\) (14)
YMEHbIIEHHE HapYKHOro pajuyca
2 2
Par rg+r

Ecau B oCHOBY pacuera YNJIOTHHTENBHBIX KOJEl, C HOCTOSTHHBIM
TNONEepPeYHbIM CeYeHHEM II0JIOKUTh NPUBEJEHHbIE (GOPMYJIBI, C YUETOM
KO3(pUIMEHTOB 3amaca, TO Pe3yJbTaThl pacyeTa OKa3bBalOTCs AOCTa-
TOUHO HaJexHBIMU. [IpH yBenruenuu Koa(pPHIMEHTOB B LEeNsAX NpefoT-
BpamleH¥si paspymeHHss XPYNOKUX M TedeHUsd Bs3KUX MarepualioB
HeOOXOAMMO TaKyKe YUHTbIBATb IOBBILIEHHBIE TeMIEpPaTypni, THApaB-
JuYecKHe yAapsl, BUOpauuio u T. 4. [ToBepxXHOCTH JOMKHA GHITH HO-
BefleHa R0 3epKanbHOH. Heo6xofumo usberarb OCTPHIX KPOMOK, a
TaKyKe Pe3KHX NepeXOJIOB IONepeyHbIX CeueHUH KoJjem. DTO mpexie
BCEro OTHOCHTCS K KOJIbllaM M3 IIJJACTMAacC M yrieKepaMHKH, TaK Kak
Yy 3THX MaTepuasoB Ipefies MPOYHOCTH OOBIYHO CYINECTBEHHO HUXKE,
YeM Y METaJlJIOB, H U3rOTOBJIEHHBIE U3 HUX JeTalld ABJSIOTCA Haubogee
cnabbiMi 3BeHbSIMH TOPIOBOro YIIoTHeHUs. Kpome Toro, meo6xo-
JuMO, 4TOOGBLI 3TH MaTepuasbl BblAepKUBANIH HArpysKy OT CiKaTHs
B HECKOJIbKO pa3 GOJIbLIYIO, YeM OT PacTSKEHHf.

Kak npasujo, KOJbleBble JeTajli TOPLOBOrO YIJIOTHEHHS HMEIOT
nepeMeHHOe MNOIepedHoe cedeHHe. HacTo OHM BBHINOJHAIOT QYHKIMIO
JIONIOJIHUTENIBHOTO YCHJIEHHsI, KOTOpasi MOXKeT GhITh MOBhIILIeHa 06pa-
30BaHHEM IJacTHYHOro couJieHeHus. CorJlacHO HcCCJeJoBaHHSAM Ap-
Hospfia [12] B yrasix u rpaduTax 4acTo BO3HMKAKOT MJacTHYECKHe Jie-
dopmanuu, npumepHo pabHele 0,02%.
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Il xosen U3 yraist, rpaduTa ¥ CTEKJONJacTHKa ¢ XOpomo ofpa-
GOTAaHHLIMH NOBEPXHOCTSIMH, Y KOTOPHIX IEepeXoJl OT OJAHOrO Molepey-
HOr'O CeUeHHs K JIPYroMy BHINOJHSIOT C AOCTATOYHO GOJBIIMM pafHy-
COM 3aKPYIJIEHHSI U OTHOIIEHHEM BBICOTH M3HOCAa K KPUTHYECKOH TOJI-
IMHe CTEHKH B YIJIOTHsIIOILEH YacT Koabua a/b < 1, okasanuch npu-
FOJHBEIMH Clefyiolide COOTHOmeHUus1.  COTJIacCHO  COOTHOIIEHHSM
(puc. 35) B KOJIbleBBIX AeTansix I ¥ 2 BO3HUKAIOT Pa3jidnuHble HaIps-
KEeHHs, cpeliHee H3 KOTOPBHIX Haxolar 1o dopmyJe

on=0,5(0;+0y). (16) Y
U3 popmya (10) u (16) ¢ yuetom Ko3d- T
q:iHLlPIeHTa 3anaca mnmoJydyaeMm JOIyckKaemoe a
BHYTPEHHee JaBJIeHue < R
| = 202 17y S JARFPEEE
pe—mrr A 8
SB |3 5+ 5 5 o |Yacme konsua 1
Top — I Tag —T5
Yacms Komvua 2
a us ¢opmyan (13) u (16) fomyckaemoe BHell-
Hee JlaBJieHHe
pu = 9p (18) Puc. 35. YmioraurensHoe
a s / 1 1 : KOJBIO C TIePEMEHHBLIM Q-
B( T (L>2 + T <i)2 TepeuHbIM ceueHneM
my Ta2

B ycraHOBKaX ¢ CHJIBHBIMH KOJle0aHU MU U BUGpaiye# UM € Nyab-
CUpYIOMYM [JaBJjleHHeM HeOOXOAMMO YUHTHIBATH YCTAJOCTHYIO NpOY-
HOCTH IIPUMEHSIEMOro MaTepHalia, T. €. NOJIOXKHUTb B OCHOBY pacuera
M3BeCTHbIE HANPSKEHUS PACTSKEHUS M CXKaTUs U BeIOpaTh Ko3ddu-
IUEHT 3allaca MPOYHOCTH Sz = 3+-4. »

Ha npumepe AByX CTeHNOBBIX HCHBITAaHUH IOSICHEHBI (HOPMYJIBI
(17) u (18), a Takxke OTHOCSAIIHECST K HHUM NMapaMeTPHl KoJjel, TaKue
Kak 111epOXOBaTOCTb [IOBEPXHOCTH, 3aKpyrJieHHe PaluyCoB U OTHOIIe-
Hue a/b < 1.

MNMpumep 4. JIBa uJAEHTHUYHHX VIJIOTHHTeNbHBIX KOJbLA H3 3jekTporpadura
6e3 MeTalJHYecKoro Kapkaca (0z= 145 krc/cM?, a/b = 1,23) oTIHYAIOTCS TOJBKO
TeM, YTO Y KOJIblia, MOKa3aHHOTO Ha pHC. 36, @, eCThb pe3KHH HepeXxoj NMOHePeyHOro
ceueHns B Touke G, a Xoablo Ha pHC. 36, 6 HMeeT pajHyc 3aKpyrJieHHs r = 2,5 MM.
OG6a xosblia B HEMOABHXKHOM COCTOSIHHHM GbIIM HCIIHITaHbI BHYTPEHHUM JaBJEHHEM,
IIpUYeM KoMblo / paspymmiaock npu p; = 16 krc/cM2, a Koabio 2 npu p; = 28 Kre/eM?.
Ecin mpHHATH 3amac NPOYHOCTH 10 paspeiBy Sp = 1, TO BHYTpeHHee JaBjleHHe,
COOTBETCTBYIOLIee BHIXOAY U3 CTPOS KOJbla H BHIYHCJAeHHOe Mo dopmyae (17), p; =
= 20,7 xrc/cm?. HecMorps Ha Goabiuoe uncao a/b = 1,23, 3amac NpoyHOCTH SB ==
= 1,35 gas xonbua 2, B To BpeMsl KakK /Js KoJbla / BCIeACTBHE KOHLUEHTPAIMH Ha-
npskeHuil B Touke G BesnumHa Sp = 0,78.

Mpumep 5., [I1s TOPHOBOrO YIIOTHEHHS HYXKHO CHPOEKTHPOBATh YIJIOTHHTE/b-
Hoe K0JIb110, paGoTaroliee MpH AaBJeHuH p, = 200 krc/cm?. [To xuMHYeckoll CTOAKOCTH
MoxeT ObITh HpHUMeHeH YroJb, NPONHTAHHBIH (eHoabHOH cMosofi. Ero mpepen mpou-
HOCTH Ha cxkarne 0p = 2500 xrc/cM2. OT YrolbHOro Koablia KPYTSIHA MOMEHT Hepe-
JlaeTcs MeTaslIiuecKol 060iiMe, HalpPeccOBaHHOH Ha Hero ropsuefl mocajkod H Hpo-
xneg.}g%oﬁ"no MECTY coefuHeHHsS. 3a OCHOBY GbLI MPUHST ITOKa3arelb ceueHHd a/b =
== 0,50.
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Ha puc. 37 mokasan®l jBe ONBITHEIE KOHCTPYKIMH 3THX KOJIell, TpHYEM KOJbLO 3
OTJIHYaeTcs OT Koablia 4 Jumb hopMoit cevenus B Touke G. Ilpu HenbiTaHHAX KOABLO 3
paspyIIHJIOCh NpH pg = 140 kre/em? (puc. 37, a), IMHHS H3TOMA IPOXONHUT MPHMEDHO
nozx yraom 45°, B To Bpems KaK Koabllo 4 (pHc. 37, 6) BhLIepKaJO HCHILITAHHUS LPH
JaBienun pg = 300 xrc/cm2. Coraacuo dopmynie (18) mis Koaell, BEIIOJHEHHHIX HO
pasmepam, JaHHBIM Ha pHc. 37, ¢ yueToM KosdpunyenTa sanaca Sg = 1, KxpuTHUecKoe
BHellIHee JaBjeHHe p, = 332 Krc/cM2. TakuM o6pasoM, npu TpeGyemom paboueM aas-
JeHHH pg = 200 Krc/cM? KosbdHIHeHT
3amaca Sp — 1,5 a4 xoabua 4 H 2 1
8B = 0,7 gns xogsua 3.

Pa Pa
T35 r
37, 53 =kh
S
G il
SR S
;‘ ~ Kl
<R ) <
LU [I" ,UL
[
y _____i_ 1 ]
a) 5) a) ).
Puc. 36. Bnusnne dopmer mepe- Puc. 37. Bauanue GopMbl mepe-

X0Ja TONEepPEeYHOro CEYEHHs TIpa-
¢uTOBOrO KOJBLA, HAaXOASALIErocs
noa JeficTBHEM BHYTPEHHEro JaB-
JIEHHS, HA ero HPOYHOCTb:

X0j/la IONIE€PEYHOro CEYEHHA YroJab-
HOI'0 KoJiblla, HaXOAALIEIOCA IIOJ
L[eﬁCTBHeM HapYXHOro JaBJieHHS,
Ha €ro NnNpovYHOCThb:

a — ONbLITHOE KOJAbWLO /; 6 — ONHT-

a — ONbITHOE KOJbIO 3; 6 — ONRITHOE
HOoe Koabuo 2

KOJbLO 4; [ — yroJbHoe KOJbLO; 2 —
oBofima

HecmoTpsi Ha TsKesble YCJHOBHS HCHObITaHW#, B npumepe 4
KOJIBLIO HMeET BBICOKOE OTHOIIEHHe a/b = 1,23, a B mpuMepe 5 B KOJIblle
BO3HUKAIOT AONOJIHUTENbHEIE HaNpPSXKEeHUS OT ropsauyell mocaiku, pe-
3yJbTaTel B JOCTaTOYHOH Mepe COrJIacyloTcsl C pacyeTaMH 1o Gopmy-
Jgam (17) u (18). Kpome Toro, oueBHAHO, UTO HYXKHO H30eraTh pe3KHX
1epeX0J0B B NONEPEeYHOM CEYEHHH BCJIEJCTBHE MOBBHIIEHHS KOHIIEHT-
panuH HaNPsSIKeHUH B 3THX MecTaX W ONACHOCTH paspylleHHs Xpyn-
KHX MaTepHaJIoB,

3. CteHabl aJjs ucnbiTaHWii yNJIOTHEHWl

Iy onpefiesieHus BJMSHHS Pa3/HYHBIX NApPaMeTPOB YIJIOTHEHHUSI
Ha ero paboTy HCHOJB3YIOT CHeNyaNbHLIE HCHBITATEIbHBIE CTEHJHI.
IMpocrefimefi KoHCTpyKuyel MOrJia Gpl GBITH MAILMHA ¢ YCTAHOBJEHHBIM
B He# pabOTAIOLUM YIJIOTHEHHEM, OLHAKO B 3TOM CJly4ae O HEM MOKHO
CYAUTD JIMIIb TI0O HEMHOTHM NOKasaTesissiM, TAKUM KaK yTeyka, a TaKxKe
U3HOC NPH JIMTETbHOM HCNBITaHHH. OOBIYHO NPUMEHSIEMEIE CIIelHalh-
HBle HCOBITATE/IbHBIE CTEHAB! [MO3BOJIAIOT ONpPee]MTh yTEuKy, H3HOC,
(GPUKLHOHHEBIE TIOTEPH, NOJISI TeMOepaTyp NMPH PasIHYHbIX HarpysKax,
CXeMBl M THNBl KOHCTPYKIHH - YIJIOTHEHHS NJA Pas3jMyHBIX nap ma-
TEPHAJNIOB, CKOPOCTell CKOJIbIKEHHs, JaBJeHue CPelbl U TeMiepaTypy.
Bo mMHOrHX ciyyastX HCOBITAHHS TOPLOBHX YIJIOTHEHHI OrpaHHYH-
BaIOTCS TOJIBKO W3MEPeHHEM H3HOca H KOHCTaTauveHd repMeTHUYHOCTH
HJIH HErePMETHYHOCTH yHJIoTHeHusi. /st TaKuX Hcc/efloBaHUE peKo-
MeHJyeTcs NMPOEKTHPOBATDb NPOCTHIE CTeHAL AJsi UCOBITAHUI HA M3HOC.

3.1. CreHa AJg MCNBITAHWI HA M3HOC

IpocTeie CTeHAR! AJs1 M3MEDEHHs] U3HOCA U YTeYKH OMMCAHBI MHOTHMH
aBTopamu [64, 88, 177, 227, 248, 279]. Ilakcron u IloGept [227]
IJIsL UCCIIENOBaHVs M3HALUMBAIOUUXCS AeTajledl MCIOJb30BaJH BepTH-

'KaJIbHO-CBEPJIMJIbHBIE CTaHKH. JIpyrue wuccieloBaTesNu NpeAJararmor

HCMoJIb30BaTh IVIABHBIM 00Pa30M MCHBITATEbHEIE CTEHAbI, B KOTOPHIX
I/ KOMIIEHCAIMH OCeBBIX YCUJHMH YCTaHOBJIEHBl ABa YHJOTHEHHS.
Hecko/nbpKo TakuX CTEHAOB AJIs1 HCIBITAHU Y HAa U3HOC MOXKHO COeIUHATD
NocJIe0BaTeNIbLHO WJH NMPHUBOAUTHL B JABHUIKEHHE OTHEJbHBIM ABHraTe-
Jem. Ilpu Tako# ynpomgeHHOH mporpaMMe HUCHBITaHUH HEOOXOIHMO
CJIE[MTh 32 BO3MOYKHOCTBIO OBICTPOH M NMPOCTO¥ 3aMeHbl YIJIOTHEHUS

U KOHTPKOJIEL.

3.2. TopcHOHHBIN HCIBITATEJIbHBIH CTEHJ

JLJ1s1 NOBBILIEHNS] TOYHOCTH U3MEPEHHUd, T. €. HCKJ/IOUEeHHUs NOrper-
HOCTell, CBA3aHHBIX C YCTaHOBKOI [ABYX YNJIOTHEHHH M yCpelAHEHHEeM
HX IoKasaTeseH, MOXHO HCIOJbB30BaTh CTEHA TOJBKO M OJHOTO
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yriotaenus. OfHako TPYIHO YpaBHOBeCHTD OOJIbIIKE OCeBEIE YCHIMS,
He BBI3HIBAs NPU 3TOM JOMNOJIHHTE/BHEIX IOTEPh Ha TPEHHE B onopax
UM TPpYOOUPOBOAAX IS UUPKYASAIUH XKHUAKOCTH, KOTOPHIE CJIOXKHO
onpelenuTsb. Ha puc. 38 nokasan TOPCHOHHBIH MCHBITATENbHEIH CTEH],
npeatoxkennbii Maftepom [177, 180]. Jror crens npuBoguTCcs ABYX-
CKOPOCTHBIM 3JIEKTPOJABHTaTeJieM MOIIHOCThIO 3,3/4 KBT ¢ wactoroii
Bpamenust n = 1500/3000 oG/MHH uepe3 TPEXCTYNEHUYATyIO KJHHO-
peMEeHHYVIO mepeflauy, NIPH 3TOM YacTOTa BPAIeHHUsl NIMHHAENS] MOMKET
u3MensaThest oT 1500 1o 5000 06/MuH.

1 23 45 6 ] 6 07
' : |
.................... / s
. \ Y |
AN | T3

&3/ 8\
iy Av

Pac. 38. Crenp ¢ usmepuTtenbHbiM Topcuoom [1771:

1 — ynmopHBI# TOAUWMIHAK; 2 — CMeHHHIH dnaHen; 3 — TopnoBoe YIJIOTHeHHe; 4 — YIJIOTHH-
TeJIbHOE KOJbIO; 5 — KOHTPKOJbIO; 6 — cHCTeMd OXJdXKAeHHS NOAUMITHUKOB; 7 — CMEHHBIH
TOPCHOHHBIN CTepXeHb; 8 — IOABOA XHUAKOCTH; 9 — OTBOX XHUAKOCTH; [0 — YCTPOHCTBO AJis
KpelJyieHdst NpHcHoccOJeHns] ¥ M3MepeHHs] KPYTSINEro MoMeHTa; // — KOHTpoOHOpa

Jsis1 TOPUOBLIX YNJIOTHEHHH Pas3JHYHBIX Pas3MepOB NPeAyCMOTPEH
pPacnoJioKeHHBI ! CHAPYXKYU CMeHHBIH (uiaHen 2. Ban ycraHoBseH Tak,
4TO PaJyaJjbHble CHJIbI BOCIPHHIMAIOT POJHKONOAUIMIIHUKH, a GOJIbIITHE
OCeBhle — DaBHOHArpy:KeHHbIE YIOPHBIE IMapUKOIoAuMIHUKH /. Mo-
MEHT TPEHHsI U3MEPSIIOT CMEHHBHIM TOPCHOHHBLIM CTePKHEM 7, KOTOPHIH
OJHOBPEMEHHO HCIOJIb3YIOT AJSl NMOABOJAA M oTBOAa xuAxkoctu. Oce-
Bble YCHJIMSI 4epe3 TOPCHOHHBIH CTep:KeHb Iepelatorcs omope I1, Ha
KOTOPOH CMOHTHPOBaHbI MITYIEPLl THOKHX TPYGOIPOBOJOB MaHOMETPa
H HAacOCHOrO CTeHAa. YroJ 3aKpYyYHBaHUS TOPCHOHHOIO CTEPIKHS
nepeflaeTcsi BUOPONOIJ/IOMAIONMIEMY PHIYATY ¢ MleyoM AJuHO# 250 mM.
Yepes 3TOT pniyar, KOTOPHIH HMeEET TapHPOBOYHOE YCTPOHCTBO H
pacxofomep BeHTypH, yroJ 3akpyuuBaHHS npeo6Gpasyercsi, H omlpe-
JeJIUTh ero MOKHO 10 cToq0y KUJAKocTH AnnHOH 500 MMm. ITocae coort-
BeTCTBYIOIIEH TaPUPOBKY KP YTSAIIMH MOMEHT HJIH KO3((hHIMEHT TPeHus
MOTYT OBITh NPSMO CYHTaHLI CO HIKAJHI.

Ha usmepuTesibHO#l yacTH cTeHJa TOAIUNHUKH PaboTaiOT OPU
HOCTOSIHHOH TemIlepaType, HOANepKUBaeMOH CHCTEMOH OXJIaxkeHHUs 6.
OTO HCKJIIOYaeT NOTEPH HA TPeHHe, BO3HUKAWINHEe B MNOAMHKIHHKAX
NpH HAarpeBe YIJOTHSIEMOH cPeAbl. YTeuKy coGHpaloT B H3MepHTe/b-
HBEIH UMJHHAD. DTa KOHCTPYKIHS CTeHJa MO3BOJsAET JOCTHYbL OYeHb
BLICOKOH TOYHOCTHM H3MEPeHHUs, OIHAKO HeOOXOZMMO CUHTAThCs C He-
JOCTAaTOYHOH JMOJITOBEYHOCTHIO PAGOTH YIOPHHIX IONIIHIHHKOB TIPU
BLICOKHX CKOPOCTAX CKOJIbXKEHHSI H CPeJHUX AaBJEHHSX. '
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3.3. Crenn s mcnbiTanmil NpPH CBEPXBLICOKOM JfiaBJIeHHH

IlpoBomMTL wMcHBITAaHUS  yHJIOTHeHHE IPY  JAaBJEeHUH CBHIIIE
50 krc/cm? cliellyet Ha JOCTaTOUHO Ge30macHOM crensie. Kpome Ttoro,
HYKHO Y4eCTh BOSMOKHOCTb MIPOCTOM M GHICTPON 3aMeHbl YINOTHEHH .
KOHCTPYKIHSI MCHEITAaTeNBHOTO cTeHAa ¢upmbt «Peosiop Byprman»
[2*] ans maBaenus go 200 Krc/cM2, oTBewamomas sTUM TpeGoBaHusM,
NokasaHa Ha puc. 39. JIoCTyn K TOPIOBLIM YIJIOTHEHUSIM 00ecIey-

Nzl

N
N

Puc. 39. Crenn 19 HcmbiTamui
IPH BHICOKOM JaBJICHHH:

!l — pBuratesb € mMepexsgoOYeRHeM
quca nosocos; 2 — 3yGyaTo-peMen-
Has nepegada; 3 — jeBast Kamepa
pa6Godero paBjeHHsi; 4 — CMeHHas
BTyJIKa Bana; 5§ — Topuosoe ymaor-
HeHWe; 6 — HEemOJBHIKHOE KOTDKOJb-
10; 7 — BXOAHOH TpyGompoBOA Bhl-
COKOro haBnieHusi; 8 — Tpy6onpoBox
AJisl  OTBOJA KHUEKOCTH; 9 — MaHo-
MeTp JJIT W3MepPeHHsl JaBJEeHUS
yma; 11 — camonunyugmit BaTTMETD,
AJist U3MePeHHUs! yTeuKH; /4 —cTaHWHa

[ i i ]
[ 1

10 — pucrarnuOHMHLIN TEPMOMETP C YKasaTeJieM MaKCUM:
12 —nneKcUracoBBlil 3alUTHELL KOXYX; /3 —npueMHuK

Baercs noc/ie CHTUS KPHILKH Kopnyca. PaGoune noJoctn Aist Kamaoro
YIVIOTHEHH S Pa30CIIeHbl H H3rOTOBJIEHb! H3 HEPKABEIOMIEr0 MaTepuasa.

IlpuBoz cTeHNa OCYIIECTBASETCS OT ABHIATENS C HepeKJII0YatoIHM-
Cs HHCJOM MOJIOCOB MOIMHOCThIO 7,5/10 . c., ¢ uacToTol BpallleHu st
1500/3000 06/mun uepes 3y0uaTo-peMeHHYI0 mepefayy, HCKJIOoualo-
LYo MPOOYKCOBKY peMHsl. Bajbl pasHmiX AUaMETPOB MOXKHO ycTa-
HaBJIUBATH A/l PA3/IMYHBEIX YIJOTHEHHUH HECJOKHON 3aMeHOf BTYJIKH.
HacroTy BpallleHUst INHHAES MOXKHO H3MEHSTH 3aMeHOH 3yGuaToro
wkuBa. Jlis paccMatpuBaemoro Auwamnasona KPYTAIMX MOMEHTOB
IPUMEHEH JAOCTaTOYHO HaJeXHBIH METOJ 3/IeKTPHUecKOro U3MepeHust
MOMEHTA TPCHHUSI NMPU MOMOLLY TapHPOBAHHOIO ABHUraTe/ist U CAMOIH-
LIYINEro BATTMETPa. TeMIepaTypy perucTpHpyIOT ¢ MOMOMIbIO MHOIO-
TOHEUHOro camonucna. JIONONHHTeNbHASL HACOCHAST CTAHIIHS, COCTOSI-
lias M3 MOPUIHEBOrO HAcOCa BBICOKOIO JaBJeHHs MPOH3BOLUTENbHO-

cThio 15 j1/muH, AKKYMYJIAiTOPa, 3aNpaBOYHOH eMKOCTH U TenJ0o6GMeH-
HHMKa Ha pHC. 39 He IOKa3aHa. ‘
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3.4, CreHn aas MCOBLITAHHA YNJOTHEHHMH
nepeme IHBAOMUX yCTPOHCTB

B ynJIOTHeHHsIX NlepeMelHBaOIUX YCTPOHACTB AvaMeTp Basla MOXKeT
cocTaByaTh 5—45 cM. Macca ynjioTHeHMI JJIs STHX BaJIOB NPEBHIILAET
uorAa 1000 kr (cM. ra. 9.1). B mnepememmBaromux ycTpoHCTBAX
MOXeT OhITb TJYGOKHEl BakyyM, a TakKxKe JaBjleHHe, JOCTHraouiee
250 Krc/cm?. BOJIbIUMHCTBO JeTasiefl YNJIOTHEHUH NepeMelinBaoluX
ycrpoilctB, 0co6eHHO GOJib-
moro  AuameTrpa, paboTaroT
npu cpeliinx JaBleHHUSX WU
CKOPOCTSIX  CKOJIbXKEHHS [0
10 M/c. B mnacrosiee Bpemd
VILJIOTHEHU ST JAOCTHIJIH CTOJb
BBICOKOH HafeXKHOCTH (CM. I.l.
57 u 9.1), uTO CTEHJOBLIE
HCIIBITAHUS MOXKHO He MPOBO-
AuTb. OJHAKO INpU JAuaMmeTpe
BaJsia 1o 10 cM, a B OTJeJIbHBIX
c/aydaax o 15 cM MOTYT MMETD
MeCTO OY€Hb BBICOKHE JMAaBJIC-
Hus (Ro 250 kre/cM?) U yacTora
BpalleHusi (B0  HECKOJBKH X
TeICAY O0/MUH).

Ha puc. 40 noxasan crenj
JUlsT MCNBITAHUH TepemellyBa-
IOIMX YCTPOHCTB TNpH JAaBsc-
uui  po 150 krc/em® Moau-
Puc. 40. Crenx pnst ucnbiTammit ymsotHe- (DMUMPOBAHHBLIA MPHBOJ BbIIY-
HHUl InepemelInBaOLHX yCTpoﬁCTB NnpH JjaB- CKaeT 3aBoJ «HCI)HYJIJIep». Me-
aenu fo 150 xre/em® [2*] 15l BaJibl, MOXKHO HCIHBITHIBATD

YIJIOTHEHUST AHameTpoM Dy, ==
= 5=-15 cm npu paeaenuu Jo 150 krc/cm®. MoumisiocTs npHBOAA
perucTpupyercss 3JCKTPHYECKHMM CAMONMIIYIIUM BAaTTMETPOM B COOT-
BETCTBHH C TapUPOBKOH ycTaHOBKH. [laBjeHue sanmupaloiiefl cpeipl
JMJIs TOPUOBBIX VIJIOTHEHHI ABOHHOrO JefCTBHH B 3aBHCHMOCTH OT
BuJa pabouell XHUAKOCTH cO3Jaercsi MOPIUHEBLIM HJIH IIleCTepeHua-
THIM HacocoM. B o0colwix cayuyasx MNpuHyAUTebHAas [UPKYJIAILKS
OCYILECTBJISIETCA IIOCPEACTBOM IlepeKaulBaloOUMX YCTPOUCTB, BCTPO-
€HHBIX B ymJoTHeHue; HA puc. 40 MOXKHO BUIETb HEOOXOAMMYIO I/
STOr0 3anPaBoOYHYIO €MKOCTL C PYYHBIM IOANHTOYHBIM HACOCOM.

3.5. CreHa AJsl MCNbITaHUI YIWIOTHEHMI
MPH BBICOKMX CKOPOCTAX CKOJbXKEHUS
AKCHaJIbeIe TOPLOBbIE YIJIOTHEHHA HAaXOAAT NMPUMEHCHHE B BbICOKO-

CKODOCTHBIX KOMIIpeccopax ¥ TypOUHAaxX, HalpuMep B CAMOJIETHBIX.
CreHJIOBbiE HCMbITAHUS YIJOTHEHUH, KOTOPbie 06bIUHO PaboTaloT MpU
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‘B KOMIIJIEKCE C HACOCHLEIM

Puc. 41. BricokockopocT-
HOH CTeHJ JJisl YOJIOTHEHHH

yeTpoiicTBom [2*]:

("max = 7000 06/MuH;
Og max = 73 M/ci Ny =
= 84 kBT; Dw max = 230 mMm;
Py max = 50 Kre/em?; fmax =

== 100° C)

AaBJieHHH J0 15 Krc/cm® Ha BecbMa BbICOKHX CKOPOCTSIX CKOJIbXKEHHS
U C XHAKOCTHBIM OXJaxJAeHHEeM, OKa3biBalOTCS OYEHb JOPOrMMH.
TawenGepr [279] npuBoAMT onucaHHe BHICOKOCKOPOCTHOIO CTEHAA
dupmbr «Konnepe» [8*].

Ha crensie ycTanos/ien npuBoJAHOH JBUraTe/1b MOMHOCTbIO 50 J1. C.
¢ yacToTOH BpallieHust na Buixode n = 3000=- 11 000 o6/muu. Yacrora
BpalleHHsl IUNMHMHJAeNsT NPUH COOTBETCTBYIOIIEM [€pPelJaTOYHOM OTHO-
IIeHHH KOPOGKM CKOpOCTeil M MJOCKOPEMEHHOI INepeflaud MOXKeT
nocturath 21 000 o6/muu. JloaroBeuHOoCTh peMHst NMpH v, = 150 m/c
coctaBiisier 100 u. Kak npaBuso, mnunHienb umeer Auamerp Dy =
= 15 cM, OJIHAKO ero MOXHO YBeJqHuyHTb A0 Dy = 25 cMm. JlonosHu-
TeJIbHO YCTaHaBJHBaeMbifl BO3AYIIHBIH KOMIIpeccop cO3jaeT J[asie-
Hue p,;=17,5 xrc/cm? npu npousBogutesbHocTd 1400 a/MuH, a snek-
TpuyeckKHH BosAyxonojiorpesatesib Momuoctbio 30 kBT, npoussoau-
TeJbHOCTBIO 140 si/MuH HarpeBaeT BozAyx Ao 550° C nmpu aaBjeHHH
14 xrc/em?. Macsisibl#l Hacoe cTeHJa MPOU3BOAKTEbHOCTBIO 19 J1/MHH
obecrieydBaeT HMMPKYJAsAnUI0 Macnaa, Harperoro ot 20 o 230° C non
JaBseHueM 5,3 krc/em.

Ha stoM cTeHfie MOXKHO NPOBOJAMTH HCIBITAHUSI NPH JaBJIEHHH
raza 0—15 krc/em? B fuanasoue temneparyp 20—600° C, ckopocrsix
CKOMb3KeHUs 0 150 M/c M NpH pasnuuHBIX PacXoAax U TeMmrepaTypax
oxJazKaawLlero Macaa. [ToApo61io BHICOKOCKOPOCTHbIE CTEHAB! OIUCAHBL
Barkucom [327], Baauxortom [334], Lentemepu [337] u Maiiepom [393].

Ha nokasannom na puc. 41 cnenuanbHOM HCIBITATEJNBHOM CTEHAE
IPH CKOPOCTSIX CKOJIbXKEHHst 10 73 M/C MOXKHO NPOBOAHTH HCIBITAHHSA
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TOPUOBBIX YNJIOTHEHHUH C X HACOCHLIMH YCTPOHCTBAMHM, a TaKKe Tell-
JeoOMeHHHKaMy ¥ MarHUTHBHIMM GUJIBTPaMH, BXOISLIUMH B cOCTaB
OX7aXKAAIoIero HUPKYJISIHOHHOIO KOHTYpa. JlaBileHue, Pacxoh
TeMIepaTypa PerucTpupyiorcss npuGopamu. BBuly GosblHX moTEph
Ha 34BUXPEHHS YNJIOTHsEeMOH XHUAKOCTH, BO3HUKAIOIIKME MPU BBICOKMX
CKOPOCTAIX CKOJIbXKEeHHS, HeOOX0AYMO NpeAyCMaTPUBaTh JAOCTATOYHYIO
MOIJHOCTh NPHBOAA ¥ €MKOCTb TeIJIOOOMEeHHHKa. BoJiee moapoGuo
C 5TUM MOXHO NO3HaKOMHThcSl B pasnene 9.7.1.

BesleficTBe  BHICOKOTO IIyMa, CO3JaBaeMOrO BHICOKOCKOPOCTHEIMU
cTeHfaMU 0pH paboTe, UX HeOOXOAHMMO YCTaHABJIUBATH B 3BYKOH30-
JHPYEMOM IHOMeIleHHH.

4, YTeuku

T'epMeTHYHOCTD TOPLOBHIX YMJIOTHEHHH MOXKET HapyIIAThCS IO
pasquuHelM nNpuuvHaM. OORIUHO yTeuKa cpelbl HNPOUCXOJIUT dYepes
paluanbHBIA YIJIOTHUTENbHBIH 3a30p, o6pasyeMbil O6eHMMH YIJIOT-
HHUTEJBHBIMA HOBepXHOCTAMH. OJHAKO MNOBpeX/eHHHE pPalualibHue
YIJIOTHUTEJIbHEIE 3JIEMEHTHl, KaK HalpuMep, HOBPEXIEHHOE KOJIbIO
KPYIJIOrO CeUeHHsI, MaHKeTa, MoJyunuBmas ycalKy, a Takxke GoJbluas
IIepOXOBAaTOCTh Ha WX PabouiX HOBEPXHOCTSIX CIOCOGCTBYIOT HOMOJI-
HUTEJBHBIM yTeuKaM. To e caMOe MOXKHO OTMETHTh NpPH Je(eKTHBEX
HPECCOBRIX MJIH FOPSIYMX NocaJKaX, a TaKkKe Y HOPUCTEIX MaTepHalioB
YIUIOTHUTENBHBIX KOJlell APYruX AeTajedl ynjoTHenvis. MHbie BO3MOK-
Hple TYTH BO3HHKHOBEHHS] HerepMeTHYHOCTH OYAYT H3JIOXKEHB B
ra. 4.10. TlpexIe Bcero HeoOGXOAUMO PACCMOTPeTh HauboJee BeposAT-
Hble YTeyKH yepes YNJIOTHUTENbHbIH 3a30p MeXkAy TOPIOBHIMY NOBepX-
HOCTSIMH YILIOTHUTENbHBIX KOJlell.

4.1. TpepmecTByiouine HCCJeI0OBaAHUS

B 1949 r. Xatinne [111] usyyasn naBneHus ¥ yTeukH B 3a30pe.
Kak u B GoJsee mnosmuux wuccaepoanusax [30, 41, 248, 258, 310],
OH 6a3upoBaJjca B CBOMX pacueTax Ha JOMYIIEHHH O TOM, UTO B TOp-
LIOBOM YIIJIOTHEHHH HMEIOT MECTO NPOLECCH THAPOJHHAMUKH, a yTeuKa
MOXKeT OIpeleJATbCs HO H3BECTHOMY JJIsl JIaMHHApPHOTO TedeHHs
yepe3 palvasbHBId 3a30p ypaBHEHHIO

- 12nd :

(19)

Boon u ero coaBTopnt [32] paccuuTriBanu yTeuky yepes MJIOCKO-
napaJuieNlbHBIA 3a30p mo (opmyae (19), a pacxox moinoctH Np —
no ¢opmyse Heiotona

Ng = Fuuj/ho. (20)
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B pesysbTraTe ObIJIO CleNaHO 3aKJIOYEHUE O TOM, YTO Y TOPIOBBIX
VIIOTHEHHH NOJA AefcTBHEM TaKUX YCJOBHH paGoOTH HNOTEPH Ha Tpe-
Hue npu pa6ore B Macsae B 100 pas Gogblue, uem npu paGote B BoJe,
ecJlM COOTHOIIEeHWe BSI3KOCTH BOIBI M Macsa cocraBasier 1 : 100.
Bblo Tak:ke NMOKAa3aHO, YTO HA OIbiTeé BO3MOXKHO OTKJIOHEHHE OT Teo-
peTHYeCKHX PacueTOB, NOCKOJBKY BBICOTA KUAKOCTH B 3a30pe PelKO
OblBaeT IOCTOSAHHOH, ¥ BCJeACTBHE Da3HOCTH TeMImepaTypnl KoJer
dakTuyeckas ¢opma 3a30pa CUJBHO OTJIMYAETCS OT MapaJliesbHOM.

B uccnenosanusnx Ckobens [258] ¢opmyanst (19) u (20) 6ptau npu-
HSTBI MCKJIOYHTENIbHO JJisi OOOCHOBaHHSI pacuera, XOTsd Hchbitafusi
TOPLOBBIX YIJIOTHEHHH OJHO3HAYHO YCTAHOBHJIH SIBJIEHHE HHTEHCHB-
HOTO H3HOCA C YaCTHUHBIM CXBaThiBaHHeM y 7-—9 mnap MaTepuaJos,
KoTtopele uccaefosanu no I u Il rpynmam marpysku (cm. taba. 1).
HsMepenHbie npu 3ToM Koadduuverth Tpenus f = 0,1-+-0,6. Tpyt-
HOBCKH [287] cTaBUT TOPLOBBIE YIJIOTHEHHS HA CTYIEHb HHUMXKe KOH-
TAKTHBIX, IOCKOJIBKY Y HHX OTCYTCTBYET KPHTEPHH VIIOTHUTEJBHOTO
3a30pa C 3apaHee onpefieJleHHBIMH Pa3MePaMHM, XOTsI IPH HHBIX YCJO-
BHSIX PaboThl PaKTHUECKH KOHTAaKTa MOXKET H He OBITb.

B o6mupHbix uccaeloBanusax “Maitep [177, 190, 191] noxkasan,
uyto ¢opmysa (19) He MOKeT GHITL MPHUMEHeHa AJIS pacyeTa YTEuKH,
TaK KaK TOPIIOBBIE VIJIOTHEHUS [PEUMYINECTBEHHO pPaGoTAIOT IIPH CMe-
HIAHHOM K FPAHHYHOM TPEHHY U TOJBKO B HCKJ/IIOUHTEJBbHBIX CJyYasiX—
‘B THAPOAMHAMHYecKOM pexxuMe. Beaxam [21] npeanoxus npuHuMaTh
HOPMHPOBAaHHBIE CPaBHHUTEJbHLIE 1OKAa3aTeNu AJsS TOPLOBBIX YILIOT-
HeHHUH, OCKOJIbKY, HanpuMep, B aHTJIMHCKHX BOEHHOBO3AYUIHBLIX CH-
Jax JJsi BaJIOB MaJIbIX AMAMETPOB CYUTAIOT JIONMYCTHMOH yTeuky Q =
= 0,17 cm3/MuH, B TO BpeMsi KaK B aMePUKAHCKHX BOEHHOMODPCKHX
cunax Jonycrumoe Q = 0,0042 cm®/muu. B amepuxancko#l snurepa-
type [99], [310] uHOrZa HCMOJB3YIOT BHIPAKEHHE «HYJIEBasi yTeuKay.
OnHaKo mpu 3TOM HeOGXOZUMO HMEThb B BHAY, YTO MOJOGHBIH TEPMHH
BBOJAMT B 3a0JyKJAeHHe, TaK KaK o3Hauaer yteuky Ho 10 cm3/y, xors
Kanau He obpasyorcd.

4.2. TexHuuyecKuil YIJIOTHUTEJBHBIA 3a30D

OO6biyHO TOPLOBBIE YIJOTHEHHUS NPUMEHSIOT C IJOCKHMH IpPUTEp-
THIMH TOPIIOBBIMH [TOBEPXHOCTSIMH M TOJIBKO B CCOGBIX Cy4asiX, HanpH-
Mep B VIJIOTHUTENBHBIX TOJIOBKAX, HCIOJB3VIOT cepHUecKHe YILIOT-
HUTENbHbIE NOBePXHOCTH. OJHAKO HCXOAHBbIE INOBEPXHOCTH MOTYT
JledopmupoBaThbes NOA AeHCTBHEM CHJ, NPH HarpeBe M usHoce. [lpe-
HMYIEeCTBOM IJIOCKHX IOBepXHOCTeH siBJIsieTCsl BO3MOXKHOCTh KX 00pa-
GOTKH U KOHTPOJISi IPOCTHIMH CPeACTBaMH. B JanbHellleM B KauecTBe
HCXOJHOTO 3a30opa Gy/leM paccMaTPHBaTh TOJIBKO IIOCKONApaJienb-
HBIH 3a30p.

MHorosieTHH#l ONBIT 3KCITyaTal¥H TOPUOBHIX YIJIOTHEHHH IMOKa-
3aJl, YTO KayeCcTBO MOBepXHOCTeH, 00pas3yomuX YIJIOTHHTENbHLIH 3a-
30p, o6ecreurBaeTCsl BBINOJHEHHEM OnpellesieHHbIX TpeboBaHU# K Lie-
POXOBAaTOCTH H HEIJIOCKOCTHOCTH 3THX NOBepxHOcTe#dl. B Hacrosmiee
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Bpems AJisi YIJIOTHEHHH HEOGXOAUMO H3TOTOBJIATH NOJHPOBaHHLIE NO-
BepxHocTH ¢ R, = 0,015+0,5 MKM H HelJOCKOCTHOCTBIO B 2—3

-CBETOBBIX ITOJIOCHI. Cpeﬂﬂﬁﬂ apncbmemqecxaa BBICOTA 1I€pOXOBATOCTH

R, (B MKM), MOJIyueHHAasT aJIMa3HBIM HIHGOBAHHEM WM CHEnHaJbHOH
HOJIMPOBKO#, AN KaxkIOro MaTtepHasa pasjHyHas.

Kap6un sosnbppama . . . . . . . . . . 0,015—0,03
MeTtannuueckye MaTepHasNbl . . . . . . . 0,2—0,3
TBepAbHl YTOMB « « « « o « v v v o« . 0,3—0,4

Kepampka . . . . . « « . « .« .« . ... 0,35—0,5
YacTo 115 U3MepeHHs HENJOCKOCTHOCTH NPUMEHSIOT HHTepdepeH-
IIMOHHEIA H3MEPHTeNbHBH HPUOOP ¢ MOHOXPOMATHYECKHM Te/HeBBIM
ocBemenrem (1 cBeroBasg moJioca renust = '/, JJHHBI BOJIHBI =
= 0,29 MKM). PekoMeHJan UK O MPUMEHEHHH JONMYCTHMOrO YHCJa CBe-

/
=777 )
T

2)

Prc. 42. TenuyHele mPHMePH PacMONOXEHHS CBETOBHIX MOJOC IPH MOHOXPOMATH-
YeCKOM OCBEIIEHHH:

a — HMCXOJHOE INOJIOXKEeHHE NMpPH H3MepeHuH; 6 — napaJuiesbHbie CBETOBLIE I10JIOCH 03HA4aloT,
YTO HEeMJOCKOCTHOCTb HAXOAMTCA B TIpefesax JoNycKa Ha CTeKJSAHHYIO IIJIacTUHY; 6 —
YIJIOTHUTEJbHOE KOJIbIO HMEET OXHY BOIHYTYIO CBETOBYIO NOJOCY Ha JJuHe 6asn ML; & —
YIJIOTHHTEJbHOE KOJIBLLO HMeeT ABe BHINYKJ/HIE CBETOBHIE MOJOCH Ha JAJuHe 6assl ML; [ —
IJIocKoNnapaJJelbHas CTeKJsHHas nJjacTuHa; 2 —— YIJIOTHHTeJbHOE KOJAbLO; J -~ KOHTAaKT
noBepXHOCTeH

TOBBIX IT0JIOC YACTO PacCHPOCTPAHFIOTCA Ha KOJIbLA C PA3NNYHBIMH AHa-
MeTpaMH. DTO He COBCeM TOYHO. HemocKOCTHOCTH YMJIOTHHTENBHBIX
KoJiel], I0JIXKHEI ONPefie/IATh [0 YHCAY CBETOBHIX MOJIOC OT H3MEpPUTeNb-
HOH 6a3spl, NpHYeM OXZHOBPEMEHHO HEOOXOJUMO YUHTBHIBATH TAKIKE OT-
KJIOHEHHE NMPUMeHSeMbIX IVIOCKHX CTeKJSIHHBIX IJIacTHH. [Ipumense-
Mble B TeXHHKe CTaHAApTHBIE MJIOCKHE CTEKJ/ISIHHBIE MJIACTHHBI AMaMeT-
pom 10 200 MM MMeEIOT, KaK NPaBHJO, OTKJIOHEHHE OT HAeaJibHOH ILJIO-
ckoctn =0,1 MKMm.

Ha puc. 42 moka3aHo HECKOJIBKO THIHYHBIX NMPHMEPOB PACIOJIO-
JKEHHSs CBETOBBLIX I10JIOC IPH KOHTPOJIe TOPIOBBIX NMOBEPXHOCTEH YIJIO-
THHUTEJBHBIX KoJlen. Kak TOJbKO TOPLOBOE YIJIOTHEHHE C MJIOCKHMH
IPUTEPTLIMH YIVIOTHUTENbHRIMH MOBEPXHOCTSIMH HauyKHHaeT paboTaTh,
¢opMa YNJIOTHHTENBHOTO 3a30pa MTHOBEHHO H3MEHSieTCS H3-3a Je-
¢opmanyH KoJsel, 0OYCJIOBJIEHHOH CHJIOBBIM 3aMBIKAaHHEM, HalpHMEp
Yyepes BXOJsAIIME B HHX CTONOPHBIE IUTH(TH! HJHM KOHIIEBHE 3aXBaThl
NPYXKHHEI, a4 TaKzKe JeHCTBHEM OCeBbIX H PaJHaJibHBEIX CHJ H Iepella-
AOM TeMIiepaTyp.

[Ipn KopoGJieHHH KoJsen (opMa 3a30pa MOMKeT OHIThb BHITYKJIOH,
BOrHYTO¥ HJH KJHHOOGPDA3HOH ¢ KOHTAaKTOM IO BHYTPeHHeMy d HJH
HapyxHOMYy D auvamerpam. Ecaum pexum paGoTol YHJIOTHEHHS OCTa-
ercsi IOCTOSIHHBIM, T. €. He H3MEeHSIOTCS NapaMeTput p;, Ug, ¢ H T. A.,

51



TO MPH YCJOBHH NPHMEHEHHS COOTBETCTBYIOMEH Hapnl MaTepHaJoB
U NOMNepXKAaHHs HYMKHOTO KOHTAKTHOTO JaBJeHHS B TeueHHe JOo-
CTAaTOYHOTO BPEeMEHH, YIJIOTHHTEJbHBIH 33230p B Ipoliecce H3HOCa G-
JeT BOCCTaHaBJAMBaTbes JO IJIOCKomapaJjenbHoro. Heo6xomumas
HPOJAOIKHUTEIbHOCTD NPHPAGOTKH 3aBHCHT NPEXJe BCEro OT BEJHUYHHBI
KOpOOJ/IeHHsI, KOHTAKTHOTO AaBJeHHsl M H3HOCOCTOMKOCTH Naphl Ma-
TEPHAJIOB M MOXKeT JJIHTHCH AJIS TOPLOBOrO YIJIOTHEHHS] OT HECKOJb-
KHX MHHYT JAO HEeCKOJBKHX MeCsEB.

910, MeXKAYy NPOYHM, OGBSCHSET, NMOYEMY B MepHOA NPHPaGOTKH
Heo6XoAuMO paboTaTh HA pexRHUMax, obecrnedrBamMuX 6o/iee BHICOKHUIT
H3HOC, YeM Ha OOBIYHBIX 3KCIJyaTallHOHHBIX pexumax. OIHaKo ecH
B mpomnecce NMycKa YNJOTHeHHe IMOJy4YaeT CePhe3HOe INOBpekJIeHHE,
HanpyMep BO3HHKAIOT TPeIIMHbl OT TEPMHYECKHX HaINPsIXKEHUH, CPesbl,
BBIIIIaBJIeHHE MeTa/ljia H3 MeTaJJH3HDOBAaHHOrO yrjsi (MIPH IpeBhl-
HIeHUH TeMMepaTyPHO! TI'PaHHUUBI AJs JAHHOrO MaTepuasa WM AJs
YIJIOTHUTEIBHON NOBEPXHOCTH), TO YIJIOTHEHHE CTaHOBHTCH HepaGo-
TOCIOCOOGHBIM. KopoG/ieHHsi BO3HHKAalOT B TOPIIOBOM YIJIOTHEHHH
npexae Bcero NpH NepHOANYECKOM H3MEHEHHH pPeXHMOB PabOThl, 3TO

HCKJIIOYHTENIbHO YCJIOXKHSET TOYHBIA pacyeT yreueK. Takum o6Gpasom,

Ha M3MeHeHHe (GOPMbl YIJIOTHHUTEJNBHOTO 3a30pa OKA3kIBAIOT BJIMSHHE
4eThipe IVIaBHBIX [IapaMeTpa: OCeBbie H PajuasibHbie CHJBI H Nepenalml
TeMIePaTyp MO ITUM Ke HalPaBJAEHHUSIM.

4.3. Mexamwecxoe HCKaXK€HHE YIVIOTHHTEJNbHOTIO 3a3opa

Mexannyeckue cuiisl, MOJ JAeHCTBHEM KOTOPHIX H3MeHsieTcs dopma
YIJIOTHUTE/IBHOTO 3a30pa, ONPEAEISIIOTCS TIaBHBIM 06pasoM Koaddu-
UMEHTOM HATPY3KH, a TaKiKe BeJHYHHOH M HaIpaBJeHHeM JaBJEHHUS
ynjaoTHseMoii cpelil. IIpu KOpoGsieHHH KOHTaKT PabOdyMX MHOBepX-

Puc. 43. 3xcrpemaibhble cayyaH
HCKaxXeHusl (OpMbl YIJIOTHHTENBHOTO
3a3opa NPH KOHTaKTe IO AHAMETDPY:

a — BapyxHomy D; 6 — BHyTpeHHeMmy d

HOCTEH YNJIOTHEHHS OCYHIECTBJIsIETCH MK [0 BHYTpeHHeMY AuameTpy d
UM 1o HapyxHoMy D (puc. 43, a u 6), npu 3TOM HeH36eXKHO CHIbHO
u3MeHsiercst Kos(pdunueHT Harpysku. ECAH KOHCTPYKTOP 3HAKOM
C 3THMH 3aKOHOMEPHOCTSMH, TO, 3alaBasi COOTBETCTBYIOI[HE Treo-
MeTPHYeCKHe pasMepbl M BBIOMPasi MaTepHa/, OH MOXKeT PacCyMTaTh
npeAnosaraeMoe KopoGJjeHHe U JOOUTBCs, YTOGHI OHO He IPEBHIILIAJO
KPHTHYECKOTO.
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4.3.1. Bansinue GCeBbLIX CHA

KopoGsieHne yn/iOTHHTEJBHBIX MOBEPXHOCTEN 3aBHCHT OT KosddH-
UMEHT4 HArPY3KH Kk TOYHO TAK e, KaK M OT KOH(Urypauuu u crnocoba
YCTaHOBKH KOHTPKOJIEIl.

ITpexze Bcero cielyeT pacCMOTPETh MOMEHTHI, BO3HHMKAIOLLHE BO
BpamaiouieMcsi Kosbue A (puc. 44), KoTopsle MOTYT NPHBECTH K pPas-

“JIH‘«]HOMy KOpO6J’IeHI/IIO YIIJIOTHUTEJAbBHBIX HOBerHOCTeﬁ B 3aBUCHMOCTH

OT BbIGpaHHOrO KO3(dHIHeHTa HATPY3KH K YIJIOTHHTEJBLHOrO KOJIbIA.

Konbuyo B Konsyo A

Puc. 44. Topiosele ynioTHenns, pa6oTaioliie ¢ PaIHUHEIM KOS(HIHeH
TOM HarpysKd k£ npu JAeHCTBHH BHYTDEHHEIO H HAPYKHOTO JaBJeHHM:

a—k<l;6—k=lLie—k>l;j2—k<l;0—bk=1;¢—Fk >1

MoMenT, BOsHHKaOWHH Ha cpefneM paauyce r, = (D -+ d)/4 xoab-
na A, :

My=P, (rp — rm), Krc-cm/cm, 20
rAe
D, = kp,b, xrc/em, (22)
H
rp,=(D - dy)/4, cm. (23)

Yem Gosblle KO3hGULHEHT £ OTK/OHSETCA OT k£ = 1, Tem GoJiblie
MOMeHT M, a cieloBaTtejbHO, Bo3pacTaeT KopoGJjieHHe BCJeICTBHE
yBesiH4nBalonielicss pa3HOCTH IlJIeY PhYara 7y, — f,,. CorJacHo Tabmi. 3
Anst cayyasi r, > r,, KOPOOJIEHHE Sy, IOJOXKHTEJSbHOE, T. €. KOH-
TaKT [POUCXOAHT No Auamerpy D.

Has cayuas r, = r,, KopobieHne Syy, = 0, T. €. KOHTaKT OCTa-
ercst HeusmeHnbM. [l cayuas r, < 1, KopoG/ieHHe OTPHHATeNbHOE,
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T. €. KOHTaKT MPOXOAUT MO Auamerpy d. AHaJNOrHuHBle KOPOGJIEHH:
MOTYT BO3HHKAThL ¥ B KOHTPKOJbIE. Hanpumep, MOMEHT B KoJiblie B
(puc. 44, a)

Mp=Pp (b, — by), (24)
Tle
Pp=p;; (25)
by~(Dp + dp)/4; (26)
¢, = (Dp — dp)/2. (27)

B srom cayyae CrpaBelJIUBLEI Te Ke 3aKOHOMEPHOCTH, YTO U s
YOJAQTHUTE/IbHBEIX KOJEI.

Tabruya 8
Mexanuueckasi nedopMauns YNJAOTHHTEJLHBIX KoJiel NpH AefcTBHH
BHYTPEHHEro W HapyXKHOro JaBJeHHH M PasNMUHBIX Kodpduumenrax
HarpysKu
OrnomenHe Konrakr
Puc. 44 ﬁ?x%d;gﬁzeglr Rasnenne | mied g;l/‘;: aanpy KopoSuente
a <1 Pa >1 D +
6 <1 pi <l d -
[ 1 Pa 1 —_ 0
e 1 o 1 — 0
7 >1 Pa <l d —
e >t pi >0 D +

lis konbua npoctoit Kondurypauuu (puc. 45) 8 pabore F'emma [90]
npuBefileHa (GopmyAa Qs pacueTa yIia 3aKpyudBaHHs

P = EpTnrgr - (28)

[naBHoe HanpskeHHe B Toukax / u 2
G—Mfm
Omax = = 1r; In rgfr; ° (29)

Tak kKak yron ¢ B KaxoM CJy4ae O4€Hb MaJ, TO MOKHO NPHHATb
sin @ ~~ ¢, Torja KOpoGJieHHE YNJIOTHHTEJILHOTO KOJBIIA

SMa = q)bCFs ’ (30)

rae Cr — xo3dduuuent dopMsl.
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Hckaxenue GhopMbl 3a30pa ¥ KOHTAKTHOE KacaHue Mo Juamerpy d
uad D npu JeHCTBHH OCEBBLIX CHJI NOJYYEHO KAaK CyMMa OTJENbHBIX
KopoOaenu#i A u B:

SMa == Sama -+ SBMa- (31)

Taxum o6pa3oM, KopoGeHUe 3aBHCHT OT (JOPMBI KOJIbIA U BLHIOPAH-
HOTO C COOTBETCTBYIOIIUM MOJyJI€M YIPYTOCTH MaTepHaJa.

3Hak KOpOOJEHHST S H ONpeJessieMoe UM KOHTAKTHOE KacaHWe IO
auamerpam D (+) uau d (—) COOTBETCTBYIOT NOBBLILIEHHIO JABJAEHHS
NpHu HCXOJHOM NapaJjsesbHOM 3asope. Ecau B mpomecce Kcniyarta-
IWM YIVIOTHEHHS BCJEJCTBHE H3HOCA NPH NpHpaboTKe BHOBL OOpa-
3yercsi mapaJJeNibHbIN 3a30p M NPOHMCXOAHT CHHXKEHHE [IaBJEHHs, TO
8HAK Nepej s H3MeHsieTcsl. Tak, HanpHUMep, KOHTAKTHas JIHHHS IOJ

P & Pm ‘ D T
] d
4 fa - N Py
r; i 1
= x| L]
171 | a) 0)
r_ﬂ I :2 : .ﬁ n 1 [}
P O — 2
b 11 | U
o BEm |
M77,77. S '
() % 7 .L N\ |
v f) ?)
=1 Puc. 46. dopMa 3a3opa npu
< PasJMYHBIX YCAOBUAX JKCITAYya-
Puc. 45. Ynpyras nebopmannsi Kosblla TaIUH.
npHu neficTBUH 3KCLEHTPHYHO npﬂﬂox{eﬂ- a — ucxoaHasi, s = 0; 6 — nocJje

Harpy»eHus JaBjeHueM, s > 0;
8 — B SKCIIyaTalldy 1IOCJE H3HOC-
HOi mnpupa6Gorku, s =0; e —
nocJie CHHUXKEHHS faBjeHusda, s < 0

HOfl CHMJIBI, co3jalolelt MoMeHT M

jelicTBHEM CXKHMAIOLIEH HarpysKd NepeMellaeTcst OT HapyKHOro AHa-
merpa D (puc. 46, 6), a BcJaeACTBHE H3HOCA OHA CHOBA CMENIAETCS.
Ilocsie o6pasoBanus B IPOIECCE SKCIVTyaTallHH HOBOTO NapaJsieIbHOro
3a3opa (puc. 46, 6) JHHHS KOHTAKTa MPH YMEHBIIEHUH [aBJEHHS
nepeMeriaercss K BHYTpeHHeMy nauamerpy d (puc. 46, 2). DtH H3Me-
HeHHs (GopMBl 3a30Pa MOIYT CYIIECTBEHHO MOBJHSTH HA PabOTy TOP-
IOBOTO ymJIOTHeHHS. IIpH 3TOM, ¢ OHOHM CTOPOHBI, YNJIOTHEHHE MOXKET
HCOBITEIBATL TEpMHYECKHe neperpysku (puc. 46, 6), a ¢ apyroii cro-
POHE!, MOXeT He ObITh KOHTAKTa MEXJY YIJOTHHUTEJbHBIMH HOBEpPX-
HocTaMmu (puc. 46, 2).

B npuioxeHHH K CIEAYIOIIHM pasjiesiaM, NOCBSIIEHHBIM JAedhopma-
UM YOJIOTHHTENBHOTO 3a30pa, NPUBENEHH IPUMEPEI pacyera, OTHOCS-
IHecs BO BCEX CJy4YasiX K OJHOH H TOH XKe KOHCTPYKIHH H K HEH3MeH-
HBIM YCJOBHSAM 3KCIJIyaTaluH.

Mpumep 6. B TOpPHOBOM YIUIOTHEHHMH, MOKa3aHHOM Ha PHC. 47, YIJIOTHHTENbHOE
KOJIBII0 A M3rOTOBJIEHO H3 CTe/IHTA, a KOHTPKOJIbLO B — u3 yras. J{aBieHHe ymnor-
BAeMOl cpeal p, = 50 krc/cM?. BansiHHEM ycuausi npykuHbl npeHe6peraeM. Ilpu-
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HAT Koshduuuent ¢opMbl Cr = 1; D = 6,25 cM; d = 4,75 eM; b = 0,75 cM; dy =
= 5,0 cM; & = 0,82,

Koabno A Koabuo B
1= 12cm =13 cm
E 4 = 2000 000 xrc/cm? Ep = 140 000 krc/cm?
rm = (D + d)/4 = 2,75 cM Dp= 6,8 cm
rp= (D - dm)/4 = 2,82 cM by =231 cuM

rp — rm = 0,07 cm by = (Dp -+ du)4 = 2,95 cm
¢ = (Dp— dp)/2=0,9 cm
'mB = (DB + d)/4 = 2,88 cm.

Hcxons ua dopmya (21), (22), (28) u (30), moayuaeM gist Koablla A MeXaHHUeCKOe
KopoG/ieHHe, BO3HHKalOIiee OT OCEeBHIX CHI,

_ 126%kpy (rp —rm) rmCF
AMa E 413 1n (D/d)

= 0,56 MKM. (32)

B KouTpkonbue B npH TakKHX e YCJOBHSIX PaGoThl BO3HHKaeT KopoGieHue,

KOTopoe MO3KHO paccuntathb o dopMysam (25), (26), (27), (28) u (30):

_ _12bpyey (by — bo) rmsCF__ 15,9 mMxm

s
BM 3
¢ Egly In(Dg/d)
Bocronb3oBaswucs dopMysiolt (31), monyuuM cyMMapHoe KOpoG/ieHHe Sy ==

= 0,56 4+ 15,9 == 16,46 MxM. IIpu 3TOM OCHOBHOe BJIHSIHHE OKAa3LIBae€T HH3Kasl Be-
JUYMHA Moayas ynpyroctd E KouTpKoabua B.

TakuMm ob6pasoM, NpH HarpyXeHHH jAaBjeHueM p, = 50 krc/cm?
CHauaJa NMPOHUCXORHT INIOTHOE KOHTaKTHOE KacaHHe No auamerpy D
Konsiyo A 3§ (puc. 49, 6), TpH KOTOPOM HEPBOHa-
Iy (A yaabHBIA Ko3hdUIHEHT HAarpy3KH IIO-
= Boimaercss or k= 0,82 mo k> 1.
a Kanbuo B [NoBBIIIEHHAS] HArpYy3Ka yCKOpSeT NpH-
= paboTKy, H TmoC/Je JOCTHXKEHHS Be-
JMYHHB H3HOca S = 16,5 MKM, NpH-
xojsiefica NpeHMyIecTBeHHO Ha Yyro-
JbHOE KOJbIlO, BHOBb O0pasyercs na-
pasnenbHb 3a30p npH Kosddunuente
Puc. 47. YnjorHenue, NpUHSITOE k= 0,82 (puc. 46, ). IIpu nocaeny-
npn pacuere sepopMauy B mpu-  IOUEM SHAYHTENBHOM CHHMEHWH Ja-
Mepe 6 BJICHU S JIMHHS KOHTAKTA NepeMelaercs
K nuamerpy d. B stom ciyyae XuA-
KOCTb II0J, JaBJIEHHEM p, MOXKET NPOHHKHYTH B 3a30p (cMm. puc. 46, ),
3HaYeHHe R yMeHblLIaeTcs, NPHYeM KOHTAKTa YIJIOTHHTE/JIbHHIX IIO-
BEDPXHOCTel MOXKET yxke He OBITb.

IR

= S Sy

4.3.2. BausiHde paauajbHbIX CHJ

YIJIOTHHTEJNbHOE KOJbIO, KOTOPOE HAaxXOAUTCA ION JeHCTBUEM
BHYTPEHHEro AaBJjieHHs, AebopMHpyeTcsi, o0pasyst HapyKHBIH KOHYC
(puc. 48, @), BCTEACTBHE 4yero BO3HHKAaeT KOHTAKT NO Auamerpy d.
Ilon neficTBueM HapyKHOTO AABJIEHHSI IIPOHCXOAHT KOHHYECKOE CyKe-
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Puc. 48. Vnpyras | + .
JedopManusa KoJbLa
¢ 3ajeJKoil npu jaeff- < ] 7 L+&\\
T ==
Z

CTBHH JaBJeHHUS: 1

B

—H
/
7

]
| ,'mj

]

EERREREEY
) Pa z
a) 5)

uue (puc. 48, 6) ¥ KOHTaKTHpOBaHHE no Auamerpy D. Jas moJgoro
HMJIHHAPA, HMEIOLIEro OJUH CBOOOAHBIH, a APYrod 3aKkpelyieHHbH Ko-
HeIl H HaXOASILerocs Ioj AeHCTBHEM FHAPOCTAaTHUECKOTO JABJIEHHS Py,
Buseno u I'pammens [24] npuBoast aubdepeHnuanbHBE YpaBHEHHS
H HuX pemeHus. EcIH m — OTHOLIEHHE NPOJAOTIBHOTO YATHHEHHS
K IIONepeyHOMY, a NOCTOSIHHAs BEeJHYHHA

3(m*—1)
m*b3r2,

@ — BHYTPEHHEro;
6 — HapyxKHOTO

¢t = : (33)

TO COTJIacHO PHC. 48 ¢ yyeToM IpaHHYHBIX YCJIOBHH NosyyaeM nporu6

Ap — ey (1 2chgl cos gl ) (34)

Eby T Tch® gl Fcostql
H YroJ InoBOpOTa TOPHOBOrO CEYEeHHS
—9 "mP1 ( shql cos gl — chql sin gl (35)
P=2q Eb,y ( ch2 gl + cos? g/ ) ’

Kopob6senne yniaoTHHTeMbHOH MOBEPXHOCTH
Syr = @bCr, (36)
rae kosbdunuedt ¢opmel Cr = const.

lpumep 7. YnmorHehue, nokasaHuoe Ha pHC. 49, HaXOAUTCH NOJ AelCTBHEM
Hapy>XHOro fAaBieHusi p == 50 Krc/cM? B HMMeeT CJeLYIOLIHe XapaKTEPHCTHKH® b —
= 0,75 cM; d = 4,75 cm.

Koapuo A Koasmo B
E 4 = 2000 000 xrc/cm? Ep = 140 000 krc/cm?
Ip=15¢cm Ip= 1,0 cm
D—bp
rmA= —2—A = 2,81 cMm rmB = #j = 2,88 cMm
maq — 1/0,3 = 3,33 mp — 1/0,2 =5
by = 0,625 cm bp = (Dp— d)/2 = 1,0 cm
D = 6,25 cm Dp =6,8 cm
¢4y = 0,88 g5 = 0,346
q4 = 0,97 gp = 0,765
l,'qqA = 1,46 lpgp = 1,15
sin 1,46~1 sin 1,15 = 0,91
cos 1,46 = 0,11 cos 1,156 = 0,4
sh 1,46 = 2,04 sh 1,15 —= 1,42
ch 1,46 = 2,27 ch 1,15 = 1,74
sh 1,46 cos 1,46 = 0,224 sh 1,15 cos 1,15 = 0,57
ch 1,46 sin 1,46 == 2,27 ch 1,15 sin 1,15 = 1,58
ch? 1,46 + cos? 1,46 = 5,16 ch? 1,15 4 cos? 1,15 = 3,2
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Komsuo 8 Puc. 49. ¥YmuorHenme, paccMa-
{ TpHBaeMoe NpH pacuere xebopma-
‘ LHH B npumepe 7

W3 dopmya (35) u (36) npu Cp = 1 caepyer

Py ( sh gl cosql — ch gl sin gl

Samy = 2bg "ET R gl T cos? gl = 1,83 MM
M AJI51 KOHTPKOJIbLA
_2:0,75:0,346-2,882 (—) 50 ( 0,57 — 1,58 \ _, ¢
SBMr = 140 000 3,2 = HO MKM

O6a Kosblla UMEIOT KOHTAKT 10 D; oflnee KopoGieHue, BosHHKaOLIee TIOL BJUS-
HUEM Pg . .
Smr = Samy + SBuM, = 1,83 +4,8 = 6,63 MM,

Kak u B npHmepe 6, KOHTPKOJBIO € MaJbIM MOAYJIeM ynpyroctu E
xapakrepusyercs Oosblioii ynpyro#fi fedopmanueii. Bosee moxpo6-
HBIE HCC/IEJOBAHUS MEXAHHYECKHX KOPOOJEeHHI pasrpyKeHHBIX YIJIo-
'Eggge].nbﬂmx Kouser, npoBenensl Pumepom [85], Hay u Typn6ynnem

4.4, WUckaxeHde YIVIOTHHTEJNBHOrO 3a30pa
B pe3yJbTaTe TEIUIOBOT'O BO3JeACTBHUS

Ha ¢opmy ynnoTHuTesbHOrO 3a30pa KpPoMe€ ONHCAHHHIX MEXaHH-
YECKHMX CHJI OKa3hiBaeT BJIHSHHUE TeMrepaTypa U ee IPaJiHeHT B YIJIOT-
HHTEJbHHX KoJblax. Ecau npu ynpyrux aedopmanusx peliaroimyMu
(dakTopamH ABJNAIOTCS NpexJe BCEro MOAYJb YNPYyrocTd £ u pasmeps!
KoJIblla, TO Ha KopoOJieHHe, BLIBBAHHOE HArPEBOM, BJAHSAIOT B HEPBYIO
ouepelb TENJIOBas XapaKTepHCTHKa Naphl TPEHHS, a HMEHHO, Ko3¢-
(GUIHEHT TeNJONPOBOAHOCTH A, KOd(HLIHEHT JHHEHHOrO paciIHpeHus
upyu HArpeBe &, (paKTOPH TENJOOTAAYH, ONpEeNe/sIoOllHe B COBOKYII-
HOCTH C KOHCTPYKUHEH KoJIblla IpajHeHT TammepaTtypsl U ¢opmy 3a-
3opa. Ha reomeTpHio YIJIOTHHTENBHOTO 3330Pa BJIMSET IPafHEHT TeM-
nepaTyphl KaK B 0CeBOM, TaK U B PaaHa/JbHOM HallPaBJECHHUSX.

4.4.1. BansHde 0CeBOro rpajHeHTa TeMIlepaTypbl

I'panueHT TeMneparypel B OCEBOM HANpaBJIEHHH NPHBORUT K Je-
(dopMaluH YIJOTHHTENBHHIX KoJel. Korja MHHHMAJbHOE BHIJENEHUE
TEIJIOTBI IPOHCXOAUT Y HAPYXKHOTO AHaMeTpa D KoJbla, TO BOSHHKAET
KOHHYECKOe pacliipeHHe KOJblla B pPajuajbHOM HANpaBle€HHH, a4 ¥
Juamerpa d; — KOHHYECKOE CYKeHHe KOJbIA.
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Jans Kosablia, ympyro 3akKpemeHHOTO TOPIOBOH MNOBEPXHOCTBIO
Ha BHYTPEHHEM HJIM HapyxKHoM auamerpe (puc. 50), Heiomen u Pop-
peit [216] npepnoxuan GopMmysabl IJISi pacueTra TEMMEPATYPHHIX Je-
dopmaumii. B npeanosio:keHHH JHHEHHOCTH TPajHeHTa TEMIEPATYPHI
B OCEBOM HANpaBJEHHH H coryiiacHo cxeme (puc. 50)

sz = 0,5aC, (75 — ri) Cr, (37)

rae C, = (T — T/l

B TOpUOBHIX YMJIOTHEHHSX MHHHMAJIbHOE KOJHYECTBO TEIJIOTH
BbICJISIeTCS] MPEUMYIIECTBEHHO Y Auamerpa d wiu D. [Tpu MuHHMAJb-
HbIX BBHIIEJIEHHSIX TEIJIOTH y JuaMer-
pa D noj BAUSTHHEM OCEBOTO I'PajHeHTa ;
TeMneparypbl BO3HHKAeT OTPHLATENb- -
nasi npedbopManus Sp,, T. €. KOHTAKT %N
npoucxoiut mo puamerpy d (cm.
puc. 50). I[Ipy MHUHHMAJBHOM BBIJENE- <& d Ty
HUH TEMJIOTH Yy Auamerpa d BHEWHSS I d
30Ha KoJbla siBJAsieTcst GoJlee Harpe- ;S "]%
TOH, W KOHTAKT KoJell HPOHCXOIHT %
no auamerpy D. B astom cayuae ge- %
dopmanusa Sy, MOJOXKUTENbHAS. £ :

TNpuvep 8. OnwiTHOe YMJIOTHeHHe, paGoTa- a) %)
omee TPpH YKa3aHHbIX HHXKe pexHMaX, UMeeT Puc. 50. TennaoBoe KOpOﬁJIeHHe
TP2HEHT TeMINepaTyphi B OCEBOM HalpaBJie-  gojiplla NPH HANHYMH TpajHeHTa

HUH: . TEMMepaTyp B OCEBOM HampasJe-
Cag = 95°C/em  (Ban-  Cpy = 65° Clem HUH H yIPYTOM 3aKpeIIeHHH TOpP-

ra

r

finde npoduabhoro pe-  ap=>5,3-1076 1,°C  p,.
3MHOBOro KoJblal) rqa=3,17 eMm.
e = 1,45-107 1/C 0l uapyoNy muaerpy. 6 —
H Ha
r; = 2,37 cMm; YTP y A py
ITo ¢opmyne (37) npu Cp = | KopoGiieHHe YMJIOTHHTEJNLHOTO KOJbLA

Sary = (—) 30,0 mKm,
a K0p06JIeHHe KOHTpKOJIbLla

spr, = (—) 7,6 Mxm.
O6uiee kKopobJyeHHE
sy, =30,0 47,6 = (—) 37,6 mkwm.

4.4.2. BausHHe PagHaJbHOTO IPajHeHTa
TeMIepaTypbl

B TOpIOBBEIX YNJIOTHEHHSIX OGBHIYHO HECKOJNBKO HCTOYHHKOB BBLE-
JIEHUH TEMJIOTHI, CHJIPHO BJHSAIONMHMX HA PACIpeAe/eHHE TeMIeparyphl
B KOJbIIAaX B paavajJbHOM HanpasjeHHd. Kpome ¢pHkItHOHHOrO Ha-
rpeBa TOPLOBLIX NOBEPXHOCTEH JOMONHHUTENbHHIMH HCTOYHHKAMH TEll-
JIOTHl MOTYT OLITh YIUIOTHSIeMasi cpe/ia, HarpeTbie JEeTajay Baja u Kop-
nyca, a takxe 6ap60Tax KHIKOCTH.

B 3aBHCHMOCTH OT HamnpaBJIeHHS TEIJIOBOTO NMOTOKA (MHHUMANLHOE
BbIJle/ICHHE TENUIOTHl NMPOHUCXOAMT y Auamerpa d wan D) pacmpepene-
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HHUE TeMIIepaTyPhl B YNJOTHHUTENbHBIX KOJbIAX OKAa3hIBAaeTCs BechMa
pas/vyHbIM. 30HBl YIJIOTHHTENBHBIX KoJiell, HauboJjee YAaJeHHbIE OT
30Hbl ¢ MMHHUMAaJbHBEIMH BBIAENCHHUSMH TENJOTHl WM OJHXKE pacroJo-
JKEHHbl€ K HCTOYHHMKY TeIVIOTH, HMEIOT HaHGOJbIIYI0 TEMIEPaTypy.
Onu pacuupsiroTcs GoJsbIle, YyeM APYrHe SOHBI IIONEPEYHOro CeuyeHHs,
H HM3MCHSIOT (OPMY HepBOHAYaJbHOTO 3a3opa. [IpH VCIOBHH HEH3-
MEHHOCTH BHIJIE€JEHUS TEIMJIOTH, pEXUMOB paboThl M JIHHEHHOCTH
rpajdenrta Tteminepatypbl B pajuajgbHoM Hampasnenuu C, = (T —
— T ,)/e (8°C/cm) mosyyeHa npuGaHKeHHass GopMyJa AIsi onpeiese-
HHUs KOpoOJIeHHsI KoJibLla B OCEBOM HaNpaBJIEHHH:

Sp, = albC,, (38)

rie- o — kKo3hUIHEeHT JHHEHHOIO pacIIMPeHHs B AHAana3oHe TeMile-
paryp 0,5 (T + T,); ! — ToMuuHa KOJbIa B OCEBOM HaIpaBJEHHH.

I'panvent Temnepatypsl C, B paavaJbHOM HAaNpaBJAEHHH 3aBHCHT
npexJe BCEro OT HCTOYHHKA TEIVIOTH, KO3((dHIHEHTOB TENIONPOBOA-
HOCTH H TemJjonepefauH, KOTOpPble B CBOIO OuYepelb ONpelessioTCs
BHJIOM KHAKOCTH, €e BS3KOCTbIO H CKOPOCTbIO TeueHHsi. Touubie 3Ha-
YEeHHd [/ MOCTOSIHHBIX PeXKHMOB PabOThl MOXKHO ONpPENENHTh TOJNbKO
3KCHepHMEHTANbHO. .

Ecsn MHHHEManbHOE BblJE/ICHHE TeIJIOTE IPOHCXORHUT Y AHameTpa D,
To AedopMauHsa Sy, OTpPHLATEJNbHAsl, H KOHTAKT KOJell IPOHCXOIHT
no BHyTpennemy auamerpy d. Ilpu MHUHHMAMbHOM BBIAEJNEHHH TEIJIOTHI
y Auametpa d gedopmaius Sy, IOJNOXKHTENbHAS H, KOHTAKT KOJEIL
ocyiiecTsaseTcs OnKKe K HapyKHOMY AHameTpy D.

Mpumep 9. YnaoTuerne ¢ MUPHHOH YNUIOTHHTENbHOH MoBepxHOCTH b = 0,75 cM

NpH MOCTOSIHHBIX pexxuMax PaGoThl HMeeT CJIeAYIOLMe PajHa/ibHble TPafHeHThb! TeMIie-
paTypel H XapaKTepHCTHKH:

Car = 80°C/em Cpr = £5°C/cem
o4 = 14,5-1678 1/°C op = 5,3-166 1/°C
la=— 1,8 e Ip= 2 cm

Kopo6nenue, paccunransoe no dopmyne (38): s BpallawIerocss KoJblla
SaTa = (—) 15,6 MkM, zis1 HELIOABMXKHOTO Koabla Spr, = (—) 3,1 Mxm. CymMapHoe

KopoG/ieHHe YIVIOTHHTeBHOIO 3a30pa Sy, = 15,6 -+ 3,1 = (—) 18,7 Mxm.

B sToM c1yuae ocHOBHA s 10151 KOPOOJIeHH s BoI3BaHa BP a0 HMCS
KosbuoM A, y xoroporo GoJbme KO3(DGHIHEHT o H MeHbIle KO03(-
¢unuent TemsonpoBofHocTH A = 10 xxaan/(mM-4.°C). B coueranuu
C JYYIIHMH YCJOBHSIMH OTBOJA TEIJIOTH NPH BpAllleHHH 3TO YBEJHUH-
BaeT IpaJ{eHT TeMIepaTypbl B pajHalbHOM Hamnpas/eHHH.

4,5, HajoxeHne oTHeqbHBIX BHIOB KOpoOJeHHI

CYMMap HOE€ H3MEHEHHE YIIJIOTHUTEJNbHOT'O 3a30pa TOPHOBOTO YIIJIOT-
HEHHA B 3KCIVIYaTallHH COCTOUT HU3 OTAC/HbHBIX MCXaHHYECKHX H Tell-
JIOBBIX KOpO6JIeHHﬁ VIUIOTHHTEJbHOI'O KOJbId H KQHTPKOJbIA:

S=ZSA—|— SR, (39)
60

rie xopob/ieHue Bpamamlerocss Kosabua A

Sa=Sama + Samr -+ Sara -+ Sarr (40)
a KopoOJieHHe HENOoJABHKHOIO KoJablia B
S == Sgma 1+ SeMr 1 SBTa + ST/ (41)

JIns coxpaHeHHs B YCJOBHSIX SKCIVIYaTalHH IJIOCKONAapaJlenb-
HOH QopMbl 3a30pa HeoOXoauMo, uToObl cymma s = 0 [mo dopmyne
(39)] mpu so6eIX ycnoBUsIX paboThl. Tak Kak oOTAeJdbHbIE KOpobie-
HMS B TOPIOBOM YIJIOTHEHHH BecbMa pAasJiMYHBI, TaKOe HAeaJbHOe
pelenue B JEHCTBHTENHHOCTH €IBa JIH BO3MOXKHO.

B coorBercTBuu co cxemolf, mokasanHo#i Ha pHc. 44, Ang pas-
JIUYHBIX KOHCTPYKIUH{l TOPIOBBIX YNJOTHEHHH KOHTAKT IO BHYTpPEH-
HEMY WJIH HAPYXHOMY JHaMeTpaM B 3aBHCHMOCTH OT COOTHOILEHHS OT-
JeJNbHBIX KOPOGJIEHHI MOXKHO ONpenenuTh no tabia. 4. 3HaKH NpHBe-

Tabauya 4
Ornenbhble KOPOOIeHHS THIHMYHBIX YIUIOTHHTENbEBIX Konen A u B
TOPUOBBIX YIJICTHeHMH NPy cnocofax HarpyxeHuil, nokasasxbx xHa puc. 44

:9-_( . KopoGaenue Kojenn, A H B
B
9E§ X
o]
° % % E Mex aHHYeCKoe TeIJIoBOe OnacHocThb
- Eo|gH
) 2 | gt
o a @ | s s s o -
s & . s | 2 E °| Ma Mr Ta | STr | (%) (-)
1] a Pa D |(-H)D|(+)D| (—)d|l (—)d| 4| 4 ] Packprrue
CTBIKa
21 a | <Y pa d D D D D 8 YIUIOTHH-
31 e Di D d d d d 8 TEJILHBIX
4| e P d d d | D| D |4]4 Koen
5| 6 Pa D 0 D d d 2 [ 4 |y
6| 6 1 Pa d 0 D D D 6
71 0 i D 6
Pi 0 a d d Heponycru-
BblIe/IeHHe
91 ¢ Pa D d[D)| D d d 315 TeTUIOTHI
106 [|>1| pa d |d[D]| D D D 7 1
11| e pPi D D d d d 2|6
12| e Pi d D d D D 6 | 2

MpuMeuaHHue B KBagpaTHHX CKOGKAaX YKa3aH KOHTAKT IO AHAMETPaM HJsi
KoJiblia B, OTAHYHBEI/I OT KOHTaKTa IO JgHaMeTpaM Ais kKoaena A. (IIpuM. pen.).

IeHBl AJ151 cIy4asi HapacTaHHs Harpy3KH IPH HCXOAHOM IJIOCKomapaJ-
JIJILHOM 3a30pe

Ec/an 11oc/e BO3HHKLIETO NPH 3KCIIYyaTalHH KOPOOGJIEHHS KoJell
B pesy/ibTaTe H3HOCA YIVIOTHEHHH BHOBb oOpasyercs mJjocKomapas-
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JIeIbHBIH 3230p M NMPOUCXOAHT MEXaHHYyecKasl UM TepMHUecKas pas-
rpyska, TO 3HaK KopoOneHHs MeHseTCss Ha o6parHbii. Hanpumep,
B PasrpyKeHHOM YIJIOTHEHHH (cM. puc. 44, a) cymMapHoe KopoGie-
HHe S NPH MNOBLILIEHHH HArpy3KH NOJOXKHUTENbHOE, T. €. KOHTaKT KO-
Jiell, MPOUCXOJUT Mo AHaMeTpy D.

ITocsie o6GpasoBanus mapaJjiielbHOTO 3a30pa BCJAENCTBHE H3HOCA
B 3KCIJIyaTallHH IPH Pa3TPy3Ke 3HAK MEHSAETCH Ha NPOTHBOINOJMOXKHBI.
B sToM ciyyae KOHTaKTHasi JIMHHS NepeMellaeTcs K AuaMerpy d;
B pe3ysabTaTe CJAELYyeT OXUJIATb NPOHUKHOBEHUS XKHJIKOCTH IOJA JaB-
JICHHEM p, B 3a30p NPH COOTBETCTBYIOLLEH THAPOCTATHUECKOH pas-
rpy3Ke, yBeJHUYEHHH YTEYKH H BO3MOXKHOM

i T,I_J PAaCKPHITHH yNJIOTHHTENLHOTO CTBIKA KOJell.
-y : B yn/IoTHeHHH OCHOBHasl ONAaCHOCTb 3aKJIO-
D /%’ yaeTcss B HeJONYCTHMOM IOBBHILEHHH TeMIe-

paTyphl 32 CYET yBeJHUEHHs KoapduuHeHTa

Konouo A HarpyskH ONpejefolerocss CyMMapHbIM
2 KopoOJsieHueM 0 BeTHYMHBI kB == 1.

] : Npumep 10. KopoGnenus, paccyHTaHHEE B NpPH-
Konsuo B Mepax 6—9 cBefieHH B Tabia. 5.

CymMa KopoGJieHnit NpH MexaHHYeCKOM EO3-
aeHcTBHR sy = () 23,1 MKM, a TepMHUECKOM Sy=
= (—) 56,3 mxm. Ucxons u3 atoro no dopmyde (39)
cymMapHoe KopoGiende s= (—) 33,2 MKM npH mno-
f fi BLILIEHHH faBieHus 10 p; = 50 kre/em® v vg = 10 m/e.
01649 Takum o6pasoM, B 3TOM YIJIOTHeHHH AJIsl NpHBEJCH-
L,,\ HLIX Bbllle ycJoBui paborbl npeoGnafaer KopoCiJe-

o) 3 HUe OT TepMHueckoH Harpysku. Ecan gonyuenne
o ToM, uro KosthduuneHr cdopMet Cp= 1 He G6blIO
CJHIIKOM TPY6BIM H YYTCHO BJHSTHHE BCeX OCTaJIBHBIX
TPaHHYHBIX YCJIOBHH, TO NPH INOBBILEHHH HATPY3KU
BO3MOXEH KOHTaKT MO BHYTpeHHeMy aHamerpy d.

Ilpu HCIBITaHHSIX 3TOTO YIJIOTHEHHS Ha BHY-
TPeHHeM JHaMeTpe MeTa/JJInyecKoro KoJblla oGHa-

Puc. 51. Bunauue uametic-
HUA YIJIOTHUTENBHOTO 3a-
3opa B pesyJabrare peii-
CTBHST TEMJOBOH Harpysku
Ha MeCTHBIH H3HOC:

a-— KaHaBka -H3HOCa TWocne  pYXKeHa KaHaBKa, NOSIBUBIUASCS B pe3ysanTare H3-
ZemonTama; 6 — dopMa 3a-  jgca, TrAyGMHOW hy = 3,8 MKM W I1HpuHO# by =
sopa B SKCIUIyaTaluu == 200 MKkM (pHc. 51, @), B To BpeMsT KaK Ha OCTaJbHOI

NOBEPXHOCTH cpefHdAs riy€uHa IIepPOXOBAaTOCTH Rg =
= 0,3 MKM. 3Ta Kanaeka o6pz3oBajach NIpH KOHTaKTe ¢ BHYTPeHHell KpPOMKOI W3Hc-
COCTO#KOTO YroJbHOTO Kosblla (pHc. 51, 6) B TeuenHe HCCKOJBKHX UaCOB IKCIJYaTalHH,

N - . Tabauya 5
KopoGnenyss B ONBITHBIX YNJIOTHEHuSIX
Kopo6aenne, MKM Koasuo A Koasuo B sA + sp
T ;Ma‘ b #)o.86 () 15,9 (+) 16,46
Sitr - (+) 1,83 (+) 48 (+) 6,63
T Spe (—) 15,6 (=) 3,1 (—) 18,7
LI sy, (—) 30,0 (=) 76 (—) 37,6

Kpome Toro, MpHBEACHHBIE PAcCCY:KIEHHST ObLIM MOATBEPIKACHBI pe3yJ/ibraTamy
¥3MepeHUil Kojell MeTOLOM MOHOXPOMAaTHYeCKHX CBeTOBBIX nojoc. [lanee €nuio jo-
K232110, YTO TPH TOBLILEHHH YECTOTH LpaileHusl u o0yC/iOBJEHHOrO 3THM EO3pacTa-
HHS TCPMHUECKOTo KopoGJieHHs B yNJioTHeHHH ¢ k = 0,82 MoxeT NOJAHOCTLIO OTCYT-
CTBOBATh KOHTAKT MCXKAY YIJOTHHTEJNBHBLIMH TOBEPXHGCTAMH.

+

Npumep 11. PacnosoxenHOe BHYTPH Bpaliaionieecsl TOPLOBOE YIUIOTHEHHE,
repMeTH3HpYIOUlee Macjo pH Temneparype 30° C nox paBienHeM pg == 50 Kre/cm?,
“Meer KOSppuUHeHT Harpysku k = 0,5. Huxe npubeneHbl xapaKTepHCTHKH Mare-.
pHanoB djeKTporpadur/crans,

Konbuyo A B
E,xkreleM® . . . . . . . . . .. ... 100000 2 000 000
A, Kkan/(M-u..°C) . . ... oL L L 60 37,5
a, eM/(eM-°C) . . . ..o ..o 2,0-10 11-107¢

[lpu paGoTe H3MepSJIH CJAAYIOLWUC TN2PEMETPhL:

Ug, MIC . 5 10
Q, eM3u . ... 0,2 0,5
0,055 0,051
T,°C v v v e e e e e e e e 68 100

Temneparypy u3Mepsau Ha paccTosiHUl 1,5 MM OT YyRJOTHHTEbHOMH NOBEPXHOCTH
CTaJbHOTO KOMbLA.

Ecnu pabouce faBlieHue CHUXKANOCh 10 Pg = 20 Kre/cM2, TO YIUIOTHHTENLHBIE
TIOBEPXHOCTH Pa3befHHANUCL NIPH CKOPOCTH CKOJbXKCHHS Ug = 0; 5 u 10 M/c. Ilpn
NPOBEPOYHOM pacuere MexaHudyecKoro KopoGienust no dopmydaam (30) u (36) nis
xonbua A ¢ TonuuHOH e = 0,4 cM, MONTYuYeHhI CJCAYIOUIME BeJHUYHHBI: S AMa =

= (-+) 15 MkM H Sapr = (1) 30 Mxm. Takum ofpasoM, cymMmmapHoe MeXxaHHueckKoe
KOPOGIEHHE § 0 = (-+) 45 mMKM nmpu KoutakTe mo auamerpy D.

Mexannueckoe KopoG/ieHHe CTATbHOrO KOJblla B 0Kas3aJjoch IN0JO-
JKHTENbHbIM H COCTaBHJIO JIUIIb HECKOJbKO MHKPOHOB. XOTS I'PajiHeHT
TEMIIEPaTyPbl HE H3MEPSJIH, MOXKHO CKa3aTb, YTO TePMHUYECKOoe KOpob-
JIeHHe Sp ObIIO 3HAUHMTENHbHO MeHbUIHM. IIpH nofZoOHOM Harpy:KeHHH
rpajieHT TeMIepaTypbl B TOPIOBOM YIJIOTHEHUH NPHOJH3UTEIBHO
NpOHOPIHOHANEH KO3(PGhUIHEHTY TPEHHS TOPIOBBIX HOBEPXHOCTEH
W of6paTHO NpOHOpLHOHANEH KO3(PGDUIHEHTY TEMNONPOBOAHOCTH A.

B cocrosHun nokosi (vy = 0) npu pasrpy3ke Takxe HabJO-
Ianoch pasbeIHHEHHEe YIJIOTHUTEJNbHBIX MNOBepXHOCTeH. 3IT0 JOKa-
3bIBAJIO, YTO NMPH BO3PACTAIOMIHX peXHUMaX Ha PaboTy 3TOfl KOHCTPYK-
IIMH YIJIOTHEHHS] B MPOTHBOMOJOXHOCTL YIJIOTHEHHIO U3 npumepa 10,
rie npeoGiaajaiyu TepMHueckue AedopMalliu, BAHSIOT IJaBHEIM oOpa-
30M MeXaHMYecKue AedopMaluH.

JIsi MHOTHX YNJIOTHEHMH IPH HM3MEHEHHH PeXUMOB paboThl He-
BO3MOXHO TOYHO OMNpPEJeNHTh HCKaXKeHHe YIOTHHTENbHOTO 3a30DPa
no ¢opmyaam (30), (36), (37) u (38) H3-32 OTCYTCTBHSI TOUHO H3MEPEH-
HOTO TIpajJHEHTa TeMIepaTypbl HAM APYTHX T'DaHUYHBIX (aKTOPOB,
a JIOCT2TOYHO N0 (PH3HYEeCKHM U MEXaHHUECKUM XapaKTepHUCTHKaM Ma-
TepHasa KaueCTBEHHO OLEHHTb PaGoOTOCNOCOGHOCTh YIJIOTHEHHMS.
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4.6. Bausinne MCKakKeHHSl YNJIOTHHTENbHOTO
3a30pa Ha yTeuKy

B mnpeapinymux pasjsenax OblJIO pPaccMOTPEHO BJaHsIHHe Jedop-
MaluH Ha reoMeTpUIo 3a3opa. Bo BpeMs: HeyCTOHUHBOroO IepexoiHOro
NepHOZAAa IIPH U3MEHEHHH YCJIOBHH SKCIyaTallUH U3MEHSIOTCS YTeYKH
u motepH Ha TpeHHe. OTHOILIEHHE pg/p; MOXKET KoseGaThCsl IPH 3TOM
B IIHPOKHX NpeJeJiax, H, Kak yxKe OblIO [I0Ka3aHO, MOXKET NPOU30HTH
NOoMHasT PasrepMeTH3alMs M3-32 PACKPBITHS CTHIKA YIIJIOTHUTEJbHBIX
NOBEPXHOCTEH HJM HEJAONYCTHMOTO IOBBLILIEHHs TeMiepartypsl. IHa-

npuMep, ecad mnpu AedopmailuH
Tabauya 6 oGpasyercst 3a30p Takoi (GOPMBI,
Ymenbulenne yresku Q (8 cm/u) YTO TIPOHCXOAHT NPOHHKHOBEHHE

C yBeJIMYEHHEM BPEMEHH NPUPaBOTKH B HEro YIVIOTHSIEMOH KHIAKOCTH,
BCJIEACTBHE KOMIMEHCAUHH KOPOGJ/IeHHst

H3HOCOM (Napa MATEPHAJOR TO BO3HHKAET THAPOCTATUYECKAS

CTEIAT/METANIM3UPOBAHHBIN YToNb; pasrpy3ka, H yTe€uka IIOBbi-

macio npu 80° C; vg = 5 M/c; maercs. Ecau KoHTakTHOE naBJie-

k= 0,75) HHe p, ele JAOCTATOYHO BeJIHKO,

] TO B IpoIecce H3HOCA BHOBb 0O-

Mpupa- Py, Krc/eu pasyercss  MJIOCKONapaJe/bHbil
60TKa, © 20 35 s 3a30p.

Taxum 06pasom, U3HOC sIBJSIET-

csi crabuausaTopoM, Crnoco6eTBy-

é g g 5 21325 IOLIMM BOCCT2HOBJIEHHIO HCXOIHOH

3 2,5 45 7.5 ¢dopmbl 3a3opa. B mpouecce npu-

4 2 4 6,5 paGOTKH H 3KCIJIYaTALHOHHOTO

H3HOCA YTeyKa yMeHbIaeTcsl, I0Ka

CHOBAa He JOCTHTHET IOCTOSTHHOH
BEMYHHBI, COOTBETCTBYIOIIEH BEJHYHHE NPH IIJOCKONapasJesbHOM
3asope. B Tabn. 6 nmpuBeAeHBI 3HAYEHUS YTEUEK IIOCJE€ HECKOJbKUX
gacoB paboThl AJS Pas3JHUYHBIX JAaBJEeHHl YIJIOTHSIEMOH Cpenbl p, H
COOTBETCTBYIOLIMX UM Aedopmauuii. Ilponecc npupabGoTKH B TOPLO-
BbIX YNJIOTHEHHAX MOXKET JJIUTbCS OT HECKOJNIBKHX MHHYT JIO HECKOJIb-
KuX MecsineB. Ero npomo/iKHTENbHOCTh 3aBHCHT [JIaBHBIM 06pasoM
OT BEJHYHHBI KOPOOJNE€HHsI, H3HOCOCTOHKOCTH MarepHajJoB H Har-
PY3KH.

JInsl noJiyyeHHs! NOCTOSIHHOH MHHHMMAasbHOM YTeYKH Heo6XOxHMO
CBECTH K MHHHMYMY HCKaxeHHe (OPMBI YILUIOTHHTEJNBHOTO 3asopa.
Kaxpas npusenennas B gopmynax (30), (36), (37) u (38) BequunHa
BJIMSIET Ha pasMep YTeuku Q.

IMupyHa KoMbllda KOHTAKTa b HMEeT ocob60e 3HAUEHHE, TAK KAK OHA

HE€ TOJIbKO BXOJHUT HENOCPEACTBEHHO BO BCE€ YPABHEHHUS MIJs pacyeTta

nedopmaiuii, HO U KOCBEHHO BJIHsieT Ha 006pa3oBaHHe M OTBOJ TEMJIO-
Tel. Ha puc. 52 u 53 nokasaHo H3MeHeHHe YTeUKH M Koa(dduuueHTa
TPEHHS B CJyuae HCKaxeHHs (GOpPMBI YIJIOTHHTENBHOro 3asopa, oly-
CJIOBNEHHOMH TJIaBHHIM 006Pa3oM TEMJIOBBIM BO3JEHCTBUEM C KOHTAKTOM
Pa3IMYyHOMN IUMPHHBI 10 AMAMETPY d H JaBJEHHEM p, NPH IOCTOSHHBIX
pexumax paGorel. C yMeHblUIEHHEM pa3mepa b CYIIECTBEHHO CHHM
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XKaeTcsl BeJHYMHA Q, B TO BpeMA KaK KO3(pQHUHUEHT TpeHus [ yBe-
JIUYHBAETCS. e

YuuTeiBasi H3JIOXKEHHOe, YkKe ceffyac cJjefyeT OTMETHTb, YTO
€CJHH B YIVIOTHEHHSX C Pas/IHYHOH LIMPHHOH KOHTAKTa, HO C OfH-
HaKOBbIM KO3((HIHEHTOM k mocie JO0BOBHO AJIMTENbHOH TNpHpa-
GOTKH BHOBb BOCCTaHABJIHBAETCS NapaselbHplil 3a30p, TO NpPH BHI-
core 1IEPOXOBATOCTH A — 1,3 MKM OHO paforaer B pexuMe rpa-
HHYHOTO TpeHHs. IIpH 3TOM yTeukd H KOSDOHLHEHTH TpeHHs GbLIH

0, cm%/4 Obl OMHAKOBO GOJbLINE AJIA JiO-
\ "
N 6ol IIMPHHBL YIJIOTHEHHS, €CJIH
0,\5/\:)‘:‘/ Obl Temnepatypa B 3asope OwlIa
(\r/ HHXe KDHTHYECKOH TOYKH KHIIe-
/ AR HHA CMaskH.
1700
[]
50 5y
/T i
/ / o,awi
X . \
10 0,03
M ! 4%,
5 f 002X, ;QA;
< \‘qg
4 aor |~
14 L=
0 10 20 30 p,,keclem? 5 20 35 py Kecfem?
Puc. 52. Bunsnue wmMpusmt Puc. 53. Buausanue wmpuun
YIJIOTHEHHSI b Ha HCKaxeHHe YIVIOTHEHHUS b Ha Koa(uuueHT
(bOPMEI  YNJIOTHHTEJILHOTO 3a- Tpenus f, peanusyeMoe uepes
30pa, OGYCJOBJIEHHOE TEMmIo-. ZedopMauuu (crennut/yraerpa-

BBIM BO3JICHCTBHEM H, C/lefioBa-
TeNbHO, Ha yTeuky Q [crennnt
(10)/yross (20), Macsio 30° C;

Vg — IOM/C; k= 0,82]
Ilpn usmeHeHHH GOPM YIIOTHHTENLHOTO 3a30pa, 06yCJI0BIEHHOM
B OCHOBHOM TENJ/IOBHIM BO3/ICHCTBHEM, HAa YTEUKH H (PPHKLHOHHBIE
NOTEPH MOXKHO BJHATL TOJBKO H3MEHEHHEM KO3((DHIHEHTOB TermJo-
TIPOBOAHOCTH MAaTEPHAJIOB Maphbi TPEHHs. DTO ACHO BHAHO U3 Pe3y/b-
TAaTOB HMCHBITAHWH, NPHUBEJEHHbIX B Tabu. 7. Ecnu ¢ ypennuenuem

dur; k= 0,82; vg = 10 M/c)

B 4 pasa Ko3(pQULUHEHTA TeNIONPOBOAHOCTH HEMOABHIKHOTO KOJbLa
‘B (npn. A =const) yTeykH yMEHbIUMJIUCH JIHIIb B COOTHOLICHHHU

orl:1,18 nol:22 (cm. taba. 7, Q:/Q5 1 Qs5/Qy), To NIPU TAKOM 3Ke
YBEJHUGHHH  KO3(p(HLUMEHTa  TeIUIONPOBOAHOCTH  BPaLAMOMIErOCH
Koslblia A YTEUKH CHHXKAIOTCH B COOTHOLICHHMH OT 1 : 2,63 1o 1:12,4

“(cM. 1aba. 7, Q,/Q; u Q./Q,). dro pasinune o6ycaoBJseHo, ¢ onHOM

CTOPOHbI TEM, HYTO NepBOHayaJpHas nedopmaunus kKoabma A 6biia
S8HauyHTeJIbHO GOJIblie, YeM KoJbla B, a ¢ APYroil CTOPOHBI, 3HAUH-

“TeJIbHO GoJiee 6naronpum‘ﬂmmu YCJAOBUAMH TENJOOTBOJAA OT Bpamato-

merocss kKodpua A.
3 3. Mafiep 65



) Tabruya 7
Bausnue kosdpuuyuenta TenJonpoBOgHOCTH YNIOTHHTEJIBHOIO KOMbLA
M KOHTPKOJIbLA Ha M3MeHeHHe (hOPMBI YIJIOTHHTEJbLHOrO 3a3opa H,
clenoBaTeaLHo, Ha yreuky Q M KosddHuueHT Tpenus [
(k= 0,82‘; p: = 50 xrc/em2; b= 0,75 cm; macao npu 30° C)
‘ BeanuHun vg= 5 m/c vg= 10 M/c
N Majrp.
KKaja/(m.u.°C) Q. cu¥a f Q. cM¥u f
1 10/15 90 0,002 50 0,004 ~
2 10/60 02 0,0043 296 0,0045
3 40/15 11 0,0046 133 0,0047
4 40/60 5 0,0058 €5 0,005
A’A = const vg=>5 m/c vg=10 m/c
Q/Q. 1,45 1,18
Q:/Q, 2,2 2,05
7‘3 = const
Q/Q; 8,2 2,63
Q./ Qs 12,4 4,45

HameHeHue ¢opMbl YNJIOTHUTENbHOTO 3a30pa, 0O0YCJOBJIEHHOTO
H3MEHSAIOUUMUCH YCJIOBHAMH 3KCIJIyaTallMH, B OCHOBHOM 3aTpyj-
HSleT pacyeT yTeYKH U NPHUBOJHUT K CHJIbHOMY PacCEUBAHHUIO Pe3yilb-
TatoB uX usMepeHubi. Iloka ¢opMa ymJIoTHHTENBHOTO 3a30pa BCJek-
CcTBHEe KOPOOJIEHHS OCTaeTcs HEeyCTOHYHUBOH, HeNb3A OXKUIATb COOT-
BETCTBHSA pPe3yJbTATOB CTEHIZOBHIX HCILITAHUA NpaKTHYecKMM HOKa-
3aTesIsM NpPHPaGOTABIIHXCA YIJOTHEHHH.

4.7. Bausinue WIEPOXOBATOCTH NMOBEPXHOCTH

Hapsagy ¢ ¢opMo#i ynJoTHHTeNbHOTO 3a3opa Ha paboTy ymJaor-
HEHHs OKa3biBaeT 3HAUYUTEJbHOE BJUSIHHE IEPOXOBATOCThH YIJIOTHH-
TeJbHBIX nosepxHocTell. C yBeJUUeHHEM BBHICOTH MHUKPOHEPOBHOCTEH
HOBHILIAETCS YT€UKA H OHACHOCTh PACKPHITHA CTHIKA YNJIOTHHTEJbHBIX
NOBEPXHOCTEHl B pasTpyxkeHHOM ymJoTHeHHH (kR < 1). Xokkeab
[121: 122] B cBOMX HcCleNOBaHUAX C NJOCKHMHU KOJBbLEBLEIMU NOBEPX-
HOCTAMH M CMasKoi 06e3 JaBJeHHUS] MPH CKOPOCTAX CKOJIbKEHHS A0
20 M/c moKasaJ, 4TO yxKe NPH MaJblX KOHTAKTHHIX JABJIEHHUAX (pg ~
~ 1,6 xrc/cM?) TommuHa cJosi cMasku h, =0 Mexmy. MHKpONpO-
punamu.
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B oGblUHBIX YNJIOTHEHHsX Ge3 yrayOuaeHuil B KOHTAKTHBIX M0O-
BEPXHOCTSIX, XaPAKTEPHLIX JJIsl THAPOAHHAMHYECKHUX TOPIOBBIX YIJIOT-
HeHuil, B YNJOTHHTEJLHOM 3a30pe, KaK IPaBUJIO, HE BO3HUKAeT THJ-
ponuHaMuyeckoro nojamnopa. OaHako KOpPOOJeHHe YMJIOTHHTEILHOTO
3a30pa NpPH MeXaHHUYECKOM U TePMHUYECKOM BO3AeHCTBHH MOXKET IpH-
BOAUTL K IOBBILIEHHIO THAPOCTATHYECKOrO AaBJeHusi B 3asope. Hus

TOPHOBOrO YIJOTHEHHS ¢ MMJIOCKONAPAJJIe/bHLIM 3a30POM T pPH k%l

OOBIYHO UMEeT MeCTO KOHTaKT TBEPIBLIX TeJ, MPH KOTOPOM HETEPMETHY-
HOCTb MEXKJY YMNJOTHUTCJbHBIMU IOBEPXHOCTSMHU OIpenesnasieTCsl Bbl-

SED N
=] =
LS :
basa usmeperus L=~fmm | * %
o o 5c 3
X =]
el <
a ¥
"
R~

8)
Puc. 54. Dcku3 K onpejeJeHHI0 BHICOTH 3a30pa N0 BHICOTe MHKPOHEpPOBHOCTEH ¢ yue-
TOM KO3(QHUKCHTA TNOJHOTH YMJIOTHHUTENBHBIX TOBEPXHOCTEH:

@~ Ry = Rt K=1 6 — R, <Rpaxi K=067 ¢~ Ra € Rppaxi B3@HMOMDOHH-
Kalolue PHCKH

cotoil MukpoHeposHocteit. Xokkeab [121] BuluHc/HI BHICOTY 3a30pa
N0 BBICOTE MHKPOHEPOBHOCTEH

h = 0,5(Ra + Rao)- (42)

OnHako MpUHATOE TMPH 3TOM JomyiueHnue, U410 R, = Ry
(puc. 54, @), Ha npakTHKe BHIMOJHsSeTcH odeHb pexko. ITostomy
HeoOXOAMMO YUHTBIBATL KO3(DOhHIMEHT MOJHOTH MUKponpoduass K =
= Ry/Rya. Cormacuo wuccienoBanusim Maitepa [177], B KOTOpBIX
npogesano okoso 1000 u3MepeHuft BBICOTHL MHKPOHEPOBHOCTEH
VIIOTHUTEJNBHBIX KOJIell, B MOAABJSIOWEM YHCJIe cJaydaeB Ko3d-
¢unuent noaHoTel mnoBepxHoctelt K > 0,67. Cpemnas raybOuna
mepoxoBatocTH (puc. 54, 6)

Ra = (Rl + R2 s Rn—l ‘|_ Rn)/n' (43)

Ilpu oTHOCHTEJNLHO OJMHAKOBOH BHICOTE MHKPOHEpPOBHOCTEH IIO-
BEPXHOCTEH YIJIOTHUTEJNBHOTO KOJbLA H3MepHTeJbHast 6a3a OOBIYHO
cocrasasier 1 mMm. Ha ochnoBanum ypasHenusi (42) u (43) Maitepom
[177] BouiBenena npubamkeHHasi sMmmnupuueckasi GopmyJsa, YUHTHI-
Balomas Ko3(hPUUHEHT MOJHOTHL YNJIOTHUTEJNbHON MOBEPXHOCTH:

R} R R R
hm 0 Bty Rowc) o5 Rows g Rome)
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Aro ypaBHenue npuropso ais K = 0,67. Jas K =1, no Xok-
Keso, ¢opMmyJsl (44) u (42) paBHO3HAUHHI.

Ilns ciyuwas, Korja NPHMEHSIOT MaTepHasbl ¢ B3aHMONPOHHKAI0-
IWHMH puckamd (puc. 54, 6), dopmyay (44) ucnonb3oBaTh HEJb3s,
TaK Kak B 3TOM cJydae BbICOT2 3a30pa A OOBLIUHO 3HAYUTENBHO
MeHblUIE, YeM OlpefesieHHasa 1o QgopmyJae (44).

Cornacuo yrtBepxaenuo Iladdepa [2481, mias Topuosnx ynaor-
HEeHHUH, TepPMETH3HDYIOIMX BOAY, B3aHMOINPOHUKAOIIHE MHUKDPOHEPOB-

Puc. 55. YnJIOTHHTeNbHBIH
3a30p C B3aHMOIPOHHKAIO-
WMMH pPHCKaMH (yBeJHue-
Hue B 10, 100 u 1000 pas;
pa6ora 300 u; mpecc-Macca
u3 rpacdura, NPONHUTaHHOTO
(eHoNLHOH cMOJIOH/6pOH3a;
d= 27 ecm; D = 3,2 cm;
pg = 6,75 xrc/em?; p; =
= 5 Krc/cm?; Boga Rpax =
= 13 MkM; yrteuka Q He
MOAAAeTCS H3MEPEHHIO)

HOCTH JI0 7 MKM He BJIMSIIOT Ha HajexXHocTb ynsorHeHusi. Ha puc. 55
NpH Pa3sHOM YBe/JMYEeHHM T0Ka3aH YIJIOTHHTEJbHBHIH 3a30p, o6paso-
BaHHBIHA B3aHMOMPOHUKAIOUIMMH MUK DOHEPOBHOCTAMH BEICOTOH 13 MKM,
yepe3 KOTOPHIl, OJHAKO, YTeUKH BOJAbl He HabMAanoch. DKcrnepH-
MeHTaJIbHO YCTaHOBJIEHHAsl BBICOTA 3a30pa JJIl B3aHMOIPOHHKAIOUHX
PUCOK MOXKeT CHJbHO BO3pacTaTb C POCTOM 3SKCUEHTPHCHTETa Bala

h' ~ (Rmax 1 + Rmax 2)/20- (45)

PacueT BbICOTH 3a30pa B TOPUOBBIX YIJOTHEHUSX MO BHICOTE
MHKDOHEepOBHOCTeil Bceraa fBJ/siercss NPUOJIHXKEHHHIM, TaK KakK Lie-
POXOBATOCTb MOBEPXHOCTEH PeaKO ObIBaeT OJMHAKOBOH U K TOMY Ke
MOXKET H3MEHSITbCs Bo BpeMsi paGorel. OpHako pa3Gpoc 3HaueHHil,
nonyyaeMelX 1o Gopmyse (44), MOKeT ylepKHBaTbCs B BeCbMa Y3-
KUX npejenax.
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4.8. JlaBjeHue B 3a30pe W KOHTaKT HOe
JaBJeHHe

Ha rtopuoso#i nosepxHocTH F TOpPLOBOrO YMJIOTHEHHS AeHCTBYET
oceBasi CHJa, KOTOPYIO coryiacHo ¢opmydam (3, a) u (3, 6) MOKHO
ONpejie/IUTh U3 BLIPaXKeHHUS

Pg = Pr = Py — Pg, = Pp.

Cusia TpeHHs pafHa/IbHBIX YIJIOTHUTENbHBIX 3/71eMeHTOB Pgp MOXKeT
WU3MeHATbCHA MO BeJHYMHE U HanpaBJeHHI0 B 3aBHCHMOCTH OT YCJIO-
Buil paborel, moanpeccoBKM U HarpeBa. OIHaKO NpPH nafbHeRineMm
pacCMOTpPeHHH JJIs TOPUOBBLIX YIJIOTHEHHH npuHuMaloT Pp =0,
€C/IM YCJIOBHSI paboThl JJIHTENIbHOEe EPEMsl OCTAIOTCS MOCTOSHHBIMH,
TOCKOJMBbKY B 3TOM CJyuae YNJIOTHHUTENbHBLIH 3J€MeHT NpU KoJeGaHHu
JKHIKOCTH M BUOpALMU MalUWHBI HAXOAUTCH B COCTOSTHMM IOKOS,

O naBnieHHH B yNJIOTHUTEJBHOM 3a30De€ Pg, B JIMTEPATyPe HMEIOTCS
pas/MuHble CyxJAeHHs. BenuuuHa 3TOro AaBJeHUs M €ro sMmopa
no wMpUHe 3a3opa b kpaliHe BaXKHbI JJIST ONpEJENEHHS PasMepoB
YIJIOTHEHHS, TOCKOJbKY OHH BJIMSIIOT He TOJNBKO Ha YTEUKy, HOJTo-
BEUHOCTb U DEXUM TPeHHS, HO U Ha HaAJEXHOCTb PaGOTHl yIJIOTHe-
Hus. [loaroMy Ha Bompoce 0 AaBJeHUH B 3a30pe HEOGXOJHUMO OCTaHO-
BUTbCA Gostee MoApOGHO.

Taxue uccaenoatenau, kak boon [30, 311, Xaitnue [111], Kon-
nepc [310], Madpdep [248] u CkoGeabr [2581, koropwie npu pac-
CMOTDEHHH BONDPOCOB 00 YyTeuKe HUCXOAAT U3 JEHCTBUTENBHOCTH ypa-
BHeHUs1 JlaMHHapHoro teueHusi (19), mpeamonaraioT nuHefiHoe maje-
HHUe JaBJeHUS 10 IUMpUHe ynJaoTHeHHs b. Buusanue ynjorHuTeNb-
HOTO JaBJleHHs p, OHM He yuutweBaioT. Bpkuu [41] B cBoeit Teoperu-
Yyeckoit pabGoTe, MOCBSIIEHHON TOPUOBLIM YMJIOTHEHHSM, YUYHTHIBAET
9Ty BaxHefiyio BeJuuuHy. IlosyueHHble MM JaHHBIE COTJIACYHOTCS
¢ peaysabTaTaMH JpyTruxX Hccienopanuit [30, 31, 111, 248, 310 wu
2581, TONMBKO NMpH YCJOBHH, YTO BHYTPEHHee JaBJieHHEe p, = 2p,.
Huave npu p, = p, 3a30p OKa3blBaeTCHi HArpPyKeHHBIM BHYTPEHHHM
JaBJleHHeM MO Bceil wHpuHe b, a NMpU pg > p, — Pa3TPyKeHHLIM.
Bpxuu paccmaTpuBas aGCOMIOTHO MJIOCKHE MOBEPXHOCTH M HE YUH-
ThIBAJI BUOPAIUIO.

Ipafinep [99] Ha ocHOBaHMM HCCJIENOBaHHUI MOMYUMJ JAaHHbIE
06 U3MeHeHWM [aBJIEeHUS B 3a30pe B 3aBUCHUMOCTH OT K03(ddulueHTa
Harpysku k H BA3KOCTH 1 (puc. 56). Cor/aacHo NMPOBEJEHHBEIM OMbITAM
IPH TepMeT43allMU Ccpel C HU3KOH BA3KOCTbIO (mpomaH U GyTaH)
BO M30eKaHM2 MOTEPU KOHTAKTa YIJIOTHUTENbHBIX MOBEPXHOCTEl pas-
Mepbl YIIJIOTHEHHSI JOJKHBI ObITh TAKHMH, YTOOH 3Hauenue Rk = 0,7.
Hanpumep, npu repmerusauuu BOAB! B LEJISAX YCTPAHEHUs] PACKPHITHSA
CTHIKa YIJIOTHUTEJNbHHIX MOBepXHOCTell Owbiia OBl JOCTATOUHOH Be-
apuuHa k = 0,58 =- 0,6, mpH repmeTH3aUUM Maces C BBICOKON Bf3-
KOCTbIO YMJIOTHEHHSI YyJOBJETBOPUTEJbHO paGoTaeT MPU 3HAUCItUH
k =0,3--0,4,
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