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PE®EPAT

Breimrycknast  kBamdukanuonHas — padora mo  Teme  «[loBbimmeHue
M3HOCOCTOMKOCTA OMOPHI TPABEPChl CTAaHKA-KA4YalIKM» COACPKHUT 72 CTPaHUIIBI
TEKCTOBOTO JIOKYMEHTa, S5 TMpWIOKEHUH, 32 pUCYyHKA, 19 HCHOIBb30BAaHHBIX
MCTOYHHUKOB, 2 JIUCTa TpaduiIecKoro MaTepuara.

CTAHOK-KAYAJIKA, OITOPA TPABEPCHI, XPAIIOBbII MEXAHU3M,
PEBEPCHUBHOE JABWXEHUE, N3HOCOCTOMKOCTH OIIOP,
MOJEPHU3SALNUA, ITIOAITNUITHUK KAYEHU .

OOBEKT pabOTHI: ONOpa TPaBEPChl CTAHKA-KAYAIIKH

[{emu paGOTHI:

- TIOBBICUTH  M3HOCOCTOMKOCTb  OIMOpPBI  TPaBEPChl  CTaHKA-KaYaJKH
MOJIEPHU3ALIMEN TAHHOTO y3J1a.

3agaun pabOThI:

- TPOBECTH aHAJM3 BIMSAHUS PEBEPCUBHOIO TPEHHsS HAa PabOTy y3J0B H
MEXaHU3MOB;

- IPOBECTH NaTEHTHO-UH(POPMAIIMOHHBIH 0030p KOHCTPYKIIH,
MCKJTIOYAIOIINX PEBEPCUBHOE IBUKCHHE,

- pa3paboTaTh HOBYIO KOHCTPYKIIUIO Ha OCHOBE PACCMOTPEHHBIX TATCHTOB;

- BHEJIPUTH HOBYIO KOHCTPYKIIMIO B CTAHKH-KAYaJIKH.

AKTYambHOCTh Pa0OTHI 3aKJITIOYAETCS B BO3MOXKHOCTH COKpAIICHHUS 3aTpaT Ha
BBITIOJITHEHUE PEMOHTHBIX Pa0OT MOIIMITHUKOBBIX OIOP TPAaBEPChl CTaHKA-KAYaJIKH U
MPOJIJICHUU BPEMEHU DKCIUTyaTallMd B MEKPEMOHTHBIN TTEPUO/I.

HoBu3Ha TeXHWYECKOTO MPEAJOKEHUSI COCTOMT B TOM, YTO HCIIOJIb30BAHHE
XparoBOTrO MEXaHU3Ma B KOHCTPYKIIMH OMOPHI TPABEPChl HE HAXOIUIO TPUMEHEHUS B
CEpUHUHBIX MOJIEISIX CTAHKOB-KAYaJIOK.

O PEeKTUBHOCTPIO TEXHUYECKOTO TPEIJIOKCHHSI  SBISICTCS  ITOBBIIICHUE
NIPOM3BOJIUTEILHOCTH TOJIIUITHUKOBBIX OIOP 3a CYET COKpAIICHHS PEMOHTHOTO
BpPEMEHU.

B pesynbrare mnpenctaBieHHOTO B pabOTe MAaTEHTHO-UH(POPMAIMOHHOTO
0030pa ObUTH PacCMOTPEHbI KOHCTPYKIIMU IIAPHUPHBIX COCTUHEHUMN, UCKITIOYAIONTUE
PEBEPCUBHOE JABUKEHHUE U TIOBBIMIAIOIINE JOJITOBEYHOCTH y371a. BhInonHeH pacuér Ha
JIOJITOBEYHOCTH TOJIIITUITHAKA KAYSHHS B YCIIOBUSX PEBEPCUBHOTO JIBHKCHHUS.

B wrore Omuia mpemyioxkeHa MOAEpHU3AIMS KOHCTPYKIIMU OTIOPHI TPaBEPCHI-
CTaHKa KauyajJKd C 3aMEHOM pEBEPCUBHOIO JIBIDKEHHS Ha IPEPHIBUCTOE
BpalaTeabHOe.
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BBEJAEHUE

CoBpeMeHHbIE o0opynoBaHus HEMBICIIUMBI 0e3 HCTIOJIb30BAHUS
MOJIIIUITHAKOBBIX y3JI0B, KOTOPhIE BO MHOTOM OOYCIaBIMBAIOT pabOTOCIIOCOOHOCTH
MEXaHu3Ma B II€JIOM. Y3el MOJUIMIHUKA O0eCleunBaeT BOCIHPHUSATHE OCEBBIX,
paauaibHbIX U KOMOMHMPOBAHHBIX HArpy3oK, a TakxKe IMPeJoTBpaIlacT OCEBOE
CMEIIICHHE BaJja.

[TogmMNHUKOBBIM  y3esl 00beAWHSET B cebe TMOMAIIUIHUK U  KOPIYC
TIOJIIITMITHUKA (YaIlle BCEro OH M3rOTaBIMBAaETCA U3 uyryHa). Kopmyc MoxeT cocTosTh
U3 JIBYX WJIM 0oJiee yacTel, KOTOpPhIE MOTYT OBbITh NMPHBHHYEHBI Ha TOCAJT0OYHYIO
MOBEPXHOCTH OOJATaMHU.

BnepBrie moAmMITHUKOBBIE y3JIbI OBUTH W3TOTOBJICHBI B SIMOHWH, a MO3XKE B
EBpone u Amepuke OOJbIIMMH TeMIaM{ HA4aJlo pPa3BUBATHCS MPOU3BOJICTBO
MOAIIUITHUKOBBIX Y3JIOB.

HaunbonpmuM crnpocoM MOJIB3YIOTCS MOAIMIUITHUKOBBIC Y3JIbI  CIAETYIOITUX
mapok: IlIseuusi — SKF; I'epmanusa — FAG, INA, IDC, ELGES; fnonus — Koyo,
ASAHI, THK, NSK, FYH, NTN, IKO, EZO; ®pannus — SNR; CIIIA - TIMKEN,
ROLLWAY, McGill. [Tpon3BoACTBOM MOIIIUITHUKOB 3aHUMAIOTCS Takke ABCTpUS,
Uexus, Kurait, Pymbinus, Ucnanus, Cepous u ap.

HecmoTpss Ha oOwiMe UMMOPTHBIX  IMOJIIUIHUKOB, OTEUYECTBEHHBIC
MOAIIUITHUKY ~ SIBIISIFOTCS  IOCTaTOYHO KOHKYPEHTOCIIOCOOHBIMU — M3CIUSIMU U
HEKOTOPBIE 3aBO/IbI MTOCTABJISIIOT CBOIO MPOAYKIIUIO B 3apyOexHbIe cTpanbl. CaMbIMU
KPYIHBIMU  3aBOJAMU-TIPOU3BOJAUTEISAMU  TOAIIMIIHUKOB  sIBIstOTCS:  "Kypckuit
TIOAIIMITHUKOBEIN 3aBo", "Bomkckuii mo qmunmHUKoBEIN 320", OAO "MoCKOBCKUM
MOAIIUITHUK", "CapaToBCKHil MOIIMITHUKOBBIN 3aBoA", «Camapckuit
MOAIIUITHUKOBBIN 3aBOI.

O6iacTh TpPUMEHEHMs MOJIIUMITHUKOBBIX Y3JIOB HEBEpOsSTHA orpomHas. OHu
MPUCYTCTBYIOT TMPAKTUYECKU BO BCEX KOHCTPYKIMSIX, B KOTOPBIX HMEIOTCS

IIOABHMIXXHBIC 4aCTU.



[ToxpeMHO-TpaHCIOPTHBIE 17} CEJIbCKOXO3SIIICTBEHHBIE MAalInHbI,
AJIEKTPOJBUTATEIH, JeTaTeNIbHbIE anmnaparsl, JIOKOMOTHUBHI, BaroHsl,
METAJUIOPEKYIIUE CTAHKH, 3yOuyaThle pEAYKTOpbI, 00OpYyIOBaHHUA HEPTSIHOW U
ra3oBOil MPOMBINUIEHHOCTH M MHOTHE MAIIMHBI U MEXaHU3Mbl COJEpP)KAaT B CBOEU

KOHCTPYKIIMU 00IBIIIOE KOJTUIECTBO IMOAIIHUITHUKOBBIX Y3JIOB.



1 AHa/IU3 MOAIIUITHUKOBBIX ONOP B PesKMMe PeBePCHBHOIO JIBUKEHUS

1.1 Y3161 MaliuH ¥ 000PYA0BaHUM ¢ peBEePCHUBHBIM ABHKECHUEM

Bo MHOrmX MeXaHHW3MaX KOHTAKTHPOBaHHE TPYUIUXCA MOBEPXHOCTEH
OPOUCXOAUT B PEXKUME PEBEPCUBHOTO TpeHHs (BO3BPATHO-TOCTYMATEIHHOTO,
BO3BpPATHO-BPAIIATEIBHOTO).

[TpumepamMu Takux Tap TPEHHUS SBISIOTCS Y37bl TPEHHUS TPAHCMHUCCUU U
XOJIOBBIX YacTe TPAHCIOPTHBIX MAIIWH, TMOJBMXHBIX €IMHHII KEJIE3HOIOPOKHOTO
TpaHCIIOPTa, HAIIPABJISIFOIINX CTAHKOB, Ky3HEYHO - IIPECCOBOT0 000PY/I0BAHUS U T.J.

lapaupsl MIATYHOB, TOJKATEIN W HAMPABISIIONINE KYJAaYKOBBIX MEXaHU3MOB,
IITUPOKO HKCIIOJIB3YEMBIX B MAIIMHOCTPOCHUU (TSl YIIPABICHUS KIIallaHAMH, KPOME
TOTO B CYyNMOPTaX CTAHKOB aBTOMATOB, HECYIIUX PEXKYIIUE HHCTPYMEHTHI, a TAKXKE B
pa3IMYHBIX MallMHAX aBTOMAaTax JUIs IPUBOJOB ABMKCHHS PabOUMX OpraHOB) U Psij
JIPYTUX y3JI0B MOJIBEPKEHBI OTPUIIATEIILHOMY BO3JICHCTBUIO PEBEPCUBHOIO TPEHUSI.

[ITapHUpPBEI MAHUITYIATOPOB, TPUMECHIEMbIC B KOHCTPYKIMSAX TPAHCIIOPTHBIX H
TPAHCIIOPTHO - TEXHOJIOTMYECKUX MAIIHMH, HCIOJIb3YEMbIX B CEIbCKOM XO3SHCTBE,
JIECO3arOTOBUTEILHOM TPOU3BOJACTBE, CTPOUTENHCTBE MCHBITHIBAIOT Ha cebe
HETaTUBHOE BIIMSTHUE PEBEPCUBHOTO TpeHUA [ 1].

B crankax OompmmHCTBa THNA JUIsi 00paOOTKM HA HUX JeTalied HEOOXOIUMO
MEHSTh HampaBlIeHHE HEKOTOPHIX IBWXKEHHH. B 3TomM ciiydae mpuberaror K
HCIIOJIb30BAaHUIO PEBEPCHUBHBIX MEXaHU3MOB.

PeBepcuBHBIE MEXaHU3MBI TAKXKE MPUMEHSAIOTCS B aBTOMOOWJIBHBIX KpaHaX C
MEXaHUYECKUM TPHUBOJOM. 3/1€Ch [aHHBIA MEXaHW3M CIYXHUT JIsI W3MEHEHUS
HaIpaBJIeHUs BpalieHus: 0apabaHOB IPy30BOM U CTPEIOBON JIEOEMOK M TTOBOPOTHOU
4acTH KpaHa.

PeBepcuBHBIE MEXaHH3MBI TPUMEHSIOTCS B METAUIOPEKYIIMX CTaHKaX.
Bo3BpaTHO — mocTynarenbHOE JBUKEHHE MHCTPYMEHTA BCTPEUYACTCs Y JOJIOEKHBIX,

MPOTSKHBIX, YACTH 3y0000padaThIBAIOIIMX U HEKOTOPBIX APYTHX CTAHKOB [2].



K y3nmam, paGoTaromum B peKMME BO3BPATHO-TIOCTYIATEIHHOTO JIBHKCHHS,
OTHOCSITCA JIETAJIM JIBUTaTesieil BHyTpeHHEro cropanus. OHUM U3 BaKHEHIITNX Y3JI0B
TPEHUsS SIBISICTCS [WJIWHIAPO-TIOPITHEBAs Tpynma, pabodue OpraHbl KOTOPOU
paboTaloT B YCIOBHUSIX PEBEPCUBHOTO TPEHHUSI.

Kapnannusie MEXaHU3MBbI aBTOMOOMJICH, MOPITHEBEIE TaJIBIIBI,
pacnpenenuTeNbHbIC  Ballbl  JIBUTATENCH, KOPOMBICTIA  PACIPECITUTEIbHBIX
MEXaHHU3MOB, OIOPHI KPUBOIIUITHO-IIATYHHBIX MEXaHU3MOB OTHOCATCA K Yy3JiaM
MaIlVH ¢ Ka4aTeJIbHBIM JBUKCHUEM.

B xpuBOmMMOHO-IIATYHHBIX  MEXaHWU3Max  MPOWCXOAUT  BO3BPATHO
-MIOCTYyNaTEeNbHOE JIBIDKEHHME TIOJI3yHAa 3a CY€T BpallaTeNbHOTO  JIBMYKCHUS
KpUBOIIMIA; B  KPUBOIIMITHO-PEEYHBIX  MEXaHWU3Max, TMPHUMEHIEMBIX B
3y0010JIOEKHBIX CTaHKaX, MPOUCXOAUT COOOIIEHHE BO3BPATHO-TIOCTYMNATEIIHLHOTO
JIBWKEHUS IITOCCENIO C JIOJIOSKOM; B KYJHCHBIX MEXaHU3Max, KOTOpbIE
UCIIOJIB3YIOTCS B TPHUBOAAX TJABHOTO JBIKCHHS JOJIOEKHBIX M TIOTMEPEYHO-
CTpOTaJbHBIX CTAHKOB, IIPOMCXOJUT  BO3BPATHO-TIOCTYIATEIBHOE  JIBFDKCHUE
pabouero oprasa [2].

VY31mbl ¢ peBEepPCHUBHBIM TPEHHWEM YacTO BCTPEYAOTCS B HePTErazoBoM
o0opynoBanuu. Omnopsl TpaBepchl W ONOPbl OajaHCUpa MPHUBOJAA IITAHTOBOTO
CKBKMHHOTO Hacoca (CTaHKa-KavyaJKy) COBEPIIAIOT KauaTeIbHOE JBIKEHHUE.

KauarenpHOE ABMXKEHUE SIBISICTCS MPUYMHOW MPEXKICBPEMEHHOTO BBIXOJa U3
CTpOsI TIOJIMIUITHUKOB OTPOMHOTO KOJUYECTBAa OOOpPYAOBaHMS, B YACTHOCTH CTaHKa-

Ka4daJKu.

1.2 Biausinue peBepca Ha 10JIr0OBEYHOCTh Y3J10B MAallIMH U MEXaHU3MOB

N3yueHnem BIUSAHUS PEBEPCUBHOIO TPEHUSI HA M3HOC MATEPUATIOB 3aHUMAJIOCh
OOJIbIIIOE KOJMYECTBO KaK OTEYECTBEHHBIX YYEHBIX, Tak W 3apyoOexHbix: O.I1.
boynen, JI. Teii6op, EBmokumor B.Jl., P.H. Ilporacos, III.M. bumnuk, P. Bapna,
B.B.Anmxep, B.. Komennaut, A.C.AxmartoB, b.B.Patuep, A.I'. MosuanoB u ap.



3HAUNUTEIBHBIN BKJIAJ B W3YYEHUE PEBEPCUBHOIO TpeHHs BHEC EBIOKHMOB
Bagum JIMuTpueBHY, HCCIENOBaHUSA KOTOPOIO IO3BOJIWIM H3YyYUTh MEXAHU3M
MPOTEKaHUSI PEBEPCHUBHOIO TPEHMS, a TaKXKE J1aTh CPABHUTEIBHYIO OLEHKY paOOThI
Y3JI0B MAILIMH PA OJHOCTOPOHHEM U PEBEPCUBHOM JIBH)KCHUSX.

BBIIO  yCTAaHOBJIEHO, YTO IOBEPXHOCTHM TPEHUSA NPHU PEBEPCUBHOM TPEHHUHU
UCIIBITHIBAIOT Ha ce0€ HEKOTOpble M3MEHEHHS, B OCHOBE KOTOPBIX JIEkKaT YIpPYro-
IUIACTUYECKHUE U IJIaCTHUECKUE AePOopMaliH.

Pa3HooOpa3Hbie SKCIEPUMEHTBI AJI1 U3YyUEHHUsI CBOMCTB PEBEPCUBHOTO TPEHMUS

IIPOBOAHIINCE B OCHOBHOM Ha MalIMHAX, daHAJIOIMYHBIX HpGI[CT&BJICHHOfI Ha PUCYHKC

1.

1 — HemOABMKHBIN 00paselr; 2 — KOIbIl0; 3 — BKIAABINT, 4 — BTyJIKA

Pucynok 1 — Cxema MalimHel TpeHUS

[Ipu peBepCMBHOM JBUXKEHUU TPYIIMXCS MOBEPXHOCTEM CHIIBI TPEHUS U
COOTBETCTBYIOIIME WM  jaepopManud  MEHSIOT 3HaK. Ilepemena  3Haka
nedhopMHUpOBaHUS B TEPBYIO OdYepelb OTpakaeTcs Ha YyOpyrux, a 3aTeM U Ha

wiactudeckux aedopmanusax. [Ipm  peBepcHBHOM TpeHMHM CHJIBI TpPEHUS U



COOTBETCTBYIOINE UM JIehOopMaIlii BHE 30HBI KOHTAKTa 3HAYUTETHHO OOJIbIIE, YeEM
IIPU OJTHOCTOPOHHEM TPEHUH.

3a cu€r BOJH ynpyrux jaeopmariuii MNpOUCXOAUT YCKOPEHUE pa3BUTHUS
YCTaJOCTHBIX MPOIECCOB BHE 30HBI KOHTAKTa, @ IOTOM U B 30HE KOHTAKTA.

Yopyrue nedopManuii MOBEPXHOCTHBIX CJIOEB BHE 30HBI KOHTaKTa HE
MCYE3al0T, a COXPAHSAIOTCS, HAKAIUIMBAIOTCA M, Ojarogaps IJIACTUYECKUM
nedopmalvsiM B 30HE KOHTaKTa W BOJIM3HM, CTAaHOBSTCS ocTaTOuHbIMHU. [loaTOoMy
peBepc  OTpakaeTCss Ha  OCTATOYHBIX BHYTPEHHUX  HANPSDKCHUSAX  000MX
KOHTAKTUPYIOLIUX TEN.

Ha pucynke 2 wu300paxeHbl JMIOPHl HANPSHKEHUA I OJJHOCTOPOHHETO
nyjabcupyromero Ttpenuss (kpuBas 1), peBepCMBHOrO TpeHUs (KpuBas 2)
MyJIbCUPYIOLIETO TPEHUSI C OJTHOKPATHBIM PEBEPCOM uepe3 5 MUHYT (KpuBas 3).

JlaHHbIE ~ 3aBUCHMOCTM  OBUIM  YCTAHOBJICHBI ~ METOJIOM  ITOCJIOMHOTO
CTpaBJIMBaHUST W U3MepeHueM JedopMmaiuii, a Takxke peHTreHorpadhuuecKum

MCETOAOM C UCITOJIb30BaAaHUEM KOCOI'O CpC3a 06pa3u013.
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Pucynok 2 — PacnipenienieHre BHyTPEHHUX HAIPSDKEHUHN 1O INIyOMHE OT MOBEPXHOCTH

TpPEHUS

[Ipu peBepcuBHOM TpeHUM HaOMOMAEeTCI CBOEOOpa3Hasi 3aBUCHUMOCTD
nedopmanuii 00pa3oB OT TIIyOUHBI CTPABIECHHOTO CJIOS — 0Opa3oBaHUE TUIOMIATKH

paBHBIX Jehopmanuil.



Ha pacnpeneneHne HanpspDKeHH CYyIIECTBEHHOE BIMSHHUE OKa3bIBaeT HE
TOJIBKO 4YacCTbId PEBEpPC, HO M OJHOKpATHBIM pesepc. JlocTtaTouHO pa3 NMOMEHSTH
HaIlpaBJI€HUE TPEHUs, 4YTOObI 3MIOpa HANpPSHKEHUWH NpPUHsIIA BUJ, CBOWCTBEHHBIN
4acTOMY PEBEPCUBHOMY TpPEHUs (PUCYHOK 2, KpuBas 3).

3HaKONEpEeMEeHHbIE  CIBUTOBble  aedopmalud  HOpUBOAAT K Oosee
MHTEHCUBHOMY,  4Y€M  IpH  OJHOCTOPOHHEM  TPEHHUH,  PACIIATHIBAHUIO
MUKPOCTPYKTYpPbI, 00pa30BaHUIO HOBBIX MOBEPXHOCTEH M Pa3HOOOpa3HBIX e(PEKTOB
KaKk B TIOBEPXHOCTHBIX, TaK MW TIyOMHHBIX CJIOSIX MeTayia. BosHukaromme
nedopmanyu B OOJBIIEH CTENEHU pacroiaraloT pabodure MOBEPXHOCTH K 3aJHpaM,
CXBaTbIBAHUID W H3HOCY, [0 CPaBHEHHID C OJHOCTOPOHHHMM TpeHuem. llpu
PEBEPCUBHOM TPEHUU HAOIIOJAETCS YBEJIWYEHUE IUIOTHOCTU JE€(PEKTOB, YTO
MPUBOJNT K KOATYJISIIUA TOYCUHBIX JePEKTOB (BaKaHCHUIl), KOTOPBHIC B JAJIbHEHUIIIEM
00pa3yoT MUKPOIIOPbI, yCTOThI U TPEIIUHBI.

CaBuroBele  MPOLECCHl  IJIACTUYECKOTO  JA€POPMUPOBAHUS, YINPOUHEHHMS,
nedekTooOpa3oBaHUsl HMEIOT pa3jIM4yHOE MPOTEKaHWE TPU OJIHOCTOPOHHEM U
PEBEPCUBHOM TPEHHH, YTO MPUBOJIUT K Pa3IUUMsIM B OCTATOYHBIX HAIpPSHKEHUSX
CpPaBHUBAEMBIX PEKUMOB TPEHUSI.

PeBepcuBHOCTD TpeHUS BIMSET HA U3BMEHEHUE MUKPOTBEPIOCTH IJIACTUYECKUX
nedopmanuii. B 30He KOHTaKTa IpH PEBEPCUBHOM TPEHHHM 00pa3zyeTcs MEHBIIMA U
PaBHOMEPHBII HAKJIEI 110 CPABHEHUIO C OJHOCTOPOHHUM TpeHHeM. Takue paznuuus
BO3HMKAIOT U3-3a IMepepacnpe/ielieHus] MIacTUYecKor aegopMaluu noja AeicTBUEM
KacaTeJbHbIX CUJL.

[Ipy peBepcMBHOM TpPEHUHM TMPOUCXOAUT  OOJbIIEe  Ppa3yNpOUYHEHHE
MOBEPXHOCTHBIX CIIOEB METajlla, YeM MpPHU OJHOCTOpPOHHEM TpeHuu. [loBbllieHHAs
TeMIepaTypa SBISETCS OAHUM U3 OOBICHAIOMUX (PAKTOPOB 3TOTO SIBICHHUS.

CBoeoOpa3Hoe  pacrpejielieHHe Hakjiéna TMpud  PEBEPCHUBHOM  TPEHHH
OOBSCHAETCS TEM, YTO Pa3BUTUE YIIPOUHEHHUS IMOJ BO3/IECHCTBHEM 3HAKONIEPEMEHHBIX
nedhopManmii  MPOXOJWT B JBa drama. Ha mepBom 23tame, Onaromaps
3HAKOTNIEPEMEHHBIM CIBHUTOBBIM JiepopmanusM, B MeTajule ObicTpee, 4YeM Mpu
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BO3HMKAET MPENEIbHOE YIPOUHEHUE, XapaKTEpHOE I JaHHOTO pexxnma. Ha Bropom
JTare 3HAKONEPEMEHHOE Je(POPMUPOBAHUE HCKIIIOYAET BO3MOXKHOCTh YIPOUHEHUS
MEeTajula ¥ MPUBOJUT K pacUIaThIBAHUIO MHUKPOCTPYKTYPbl M HHTEHCU(DUKAIUU
YCTaJIOCTHBIX ITPOLECCOB, KaK CIEACTBHUE, YIIPOUHEHUE CMEHIETCS Pa3ylPOYHEHNUEM.

[Ipy peBepcMBHOM TpEHUU TeMIlepaTypa TpPEHHUsS BbIIIE, YeM IpH
OIIHOCTOPOHHEM, MO3TOMY 3TO IPUBOIUT K OTHYCKY HOBEPXHOCTHBIX CIIOEB H
YMEHBIICHUIO TIIyOUHBI YIIPOYHEHUSI.

OCHOBBIBasICh Ha JTOCTaTOYHOM KOJIMYECTBE SKCIEPUMEHTOB ISl M3YUYCHHS
BJIUSHUASA PEBEPCHUBHOCTH TPEHHUS HA YIPOYHEHUE IIOBEPXHOCTHBIX  CIIOEB,
EBnoxumoBeiM B.J[. BmepBbie ObUT cheinaH BBIBOJ O Pa3BUTUU Pa3ylnpOYHEHUS
IIOBEPXHOCTHBIX CIJIOEB 4Yepe3 IMPOMEXKYTOUHYIO CTaJAUIO0 NMPENEIBHOrO YNPOYHEHUS
METOJIOM 3K303JIEKTPOHHOU YMUCCHUMU.

OKCIEpUMEHT NPOBOJWIICA HAa CIEHHAIBHOW MAIlMHE TPEHUSA, HA KECTKOM
OCHOBAHMH KOTOPOW 3aKpEIUIsIach METaUIMYecKas IacTuHka pasmepom 0,3x5x100
MM. [lo mnacTuHke ¢ onmpeAeEHHON Harpy3KOoi M CKOPOCTBIO OJTHOCTOPOHHETO WU
PEBEPCUBHOTO TPEHUS MEPEMEIAJICS CTAIBHON MOJI3YH HOXKEBUIHOU POPMBI.

[Tpu peBepCUBHOM TPEHUU MPOUCXOTUT yBeIWYeHHE Ae(opMannii MIACTHHKY.
XOoTsl moclie HECKOJbKUX PEBEPCUBHBIX IPOXOJ0B IPOUCXOAMUT CTAOMUIM3ALUS
nporuoda miIacTUHKH.

Ha pucynke 3 BHIHO, YTO BeJIMYMHA MPOrMOa MpPU PEBEPCUBHOM TPEHHUH

(xpuBas 1) Bblle, 4YeM MPU OJTHOCTOPOHHEM TpeHUHU (KpuBas 4).
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Pucynok 3 — 3MeHeHne nornda MeqHou miacTulki (1,4) 1 BETMUYMHBI MUKPOTBEPIOCTH

(2,3) B 3aBUCHUMOCTH OT YHMCIIa MPOXOJIOB MOJI3yHA U XapaKTepa TPeHUs

Kpussle 2 u 3 oToOpaxaroT BEIWYMHY MHKPOTBEPIOCTH OJHOCTOPOHHETO U
PEBEPCUBHOIO TPEHHUs COOTBETCTBEHHO. KpuBas 2 JIEKWT BhIIIE KPUBOM 3, 4TO
COOTBETCTBYET 00Jiee BBICOKOMY yIpOYHeHUI0. OJJHAKO, U PU PEBEPCUBHOM TPEHUU
IIPOUCXOJNUT YBEJINYEHUE MUKPOTBEPAOCTH, IO CPABHEHUIO C UCXOJIHBIM 3HAYEHUEM
€€ BEIIMYUHBI.

[TocnenoBaTenbHOE M3MEHEHHE XapaKTepa TPEHUs OTpa)kaeTcsl U Ha Mporuoe
IUTACTUHKH, U Ha MUKPOTBEPIOCTU MOBEPXHOCTHOI'O CJI0A. DTa CBSI3b OTOOpa)KeHa Ha

pucyHke 4.
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Pucynok 4 — B3aumocssi3b nedopmanuu miacTuHky (1) u MukpoTBépaoctu (2) npu

HN3MCHAIOIIUXCA YCIOBUAX TPCHUA

KpuBas 1 coorBerctByer nedopmanuy IUIACTUHKH, a KpuBas 2 —
MukpotBépaoctu. Ilpu mepexoge Ha OJHOCTOPOHHEE TPEHUE MPOUCXOJUT
YMEHBIIICHUE  BEJIMYMHBI  AedopManvMii U yBEIMYCHHE  MHKPOTBEPIOCTH.
[Tocnenytomiee peBepCUBHOE TPEHHE CIIOCOOCTBYET YBEIWYEHUIO AehopMalvu U
3HAUUTEIIbHOMY YMEHBIICHUI0 MHUKPOTBEpAOCTU. HyXHO OTMETUTh, YTO U MOpHU
peBepce MOBEPXHOCTHBIN CIIOH IJIACTUHKH IOJTyYaeT HAKJIEN, XOTh M HEOOJIBIIOH , 10
CPaBHEHMIO C OJHOCTOPOHHUM TPEHUEM.

[Ipy wu3yyeHun ymnpouHeHHss U Jepopmanuil MOBEPXHOCTHBIX CJIOEB
OJIHOCTOPOHHETO M PEBEPCHMBHOIO TpeHHUs ObUIO 3aMedeHo MposiBaeHue 3ddexra
baymiuarepa,  KOTOpBIH  XapakTEepU3yeTCsl  MOHWKEHHBIM  COMPOTHUBIECHUEM
MaTepHayioB HAYaJIbHBIM OOBEMHBIM IJIACTHYECKUM JAeopManusM MpH MOBTOPHOM
Harpy>kKeHUM yCWJIMEM IPOTUBOIOJIOKHOTO 3HAaKa. JTO CBSI3aHO C TEM, YTO IOCIIE
yAaJIeHusT Harpy3kd B Ooiiee ciadbix 3épHax neOpMUPOBAHHOTO 00pa3iia OCTAIOTCS
BHYTPEHHHE HAIpPSHKEHUS] W CYMMHPYIOTCS C BHEIIHMMHU HANpPSHDKEHUSIMH  OT
Harpy3ku obOpatHoro 3Haka. CoryiacHo Teopuu auciokanuid, 3¢pdext baymmuarepa
oOycnaBnuBaeTcss 00JerY€HHBIM OOpPaTHBIM JIBUKEHUEM JTUCIOKAIMI K UCTOYHUKY C

WX YaCTUYHOU aHHUTHUIIAIIUECH.
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HepaBHOMepHOE pacmpeneneHue Haki€na Mo JUIMHE KOHTakTa IpH
PEBEPCUBHOM TPEHUHM OMPEIEISCTCS BETWYMHOM CHBHUTOBBIX Jedopmanuii u
CMELIEHUEM CIIOEB METaJIa B CTOPOHY JABUKEHUS.

Jlnst  w3ydeHuss pacrhpeieNieHus CIABUTOBBIX JedopManuii 1Mo TIIyOWHe
Marepuana MPUMEHsUICS MEeToJ makeTHoro ooOpasma. Ilaker u3 50 Meraminueckux
maacTuH pasmepom 20x15x0,5 MM nomemancs B JuTelHy0 (opmy, CHaBIUBAJICS
nox npeccoMm ¢ ycunueM 4-5 kH, nocne yero B Gopmy 3anuBaiics pacriiaBICHHBIN
amroMuHUN win 1uHK. [locne oxmakaeHuss MeTajia Harpy3Ky CcHUMaiu, (Gopmy
pPacCKphIBAIM M M3BJIEKAJIM TOTOBBIM oOpaser. [lomyueHHbie 00pasipl MOIBEPrakCh
TPEHUIO O BpAIIAIOIIEECs] CTATIbHOE KOJIBIIO B UCTIBITATEILHOM MalIuHe (PUCYHOK 5).
[TakeTHbIlt 0Opa3zel] MPaKTUYECKU TMPEACTaBIsUT CO00M IEIbHOMETATITNYECKUMA
Opycok. Jlyist ompeneneHusl BEIMYMHBI CABUTOBBIX nedopmaliuii oopaser pa3pesanu

10 IPOJIOJIBHOMY CEUYEHHIO A-A.
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1 — Habop macTuH; 2 — 3aMbIKaroIIee Iato; 3 — onpaBa (KHIKUN MeTalln); 4 — TUTeHHas
dbopmMma; 5 — crou npecca; 6 —KOJIbIeBOM 0Opazell

PucyHok 5 — Cxema u3roToBiIeHHs NaKETHOrO 00pasLa 1 MOCIEAYIOIIEro TPEHHs
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B pesynbTaTe TpOBENEHHBIX WCCIEIOBAHWUN OBUIO YCTAHOBIEHO, YTO MIPH
OJIHOCTOPOHHEM TPEHUU CIBUTOBBIE AePOpPMAlMM HMEIOT TOJOXKUTEIbHBIN 3HAK.
Y4acToKk MakCUMaJbHBIX CIBUTOBBIX Iedopmariuii cMemaeTcs B CTOPOHY BBIXOJa
KOJbIla H3 KOHTakTa ¢ oOpasuom. [Ipu peBepcHMBHOM TpPEHHH CIBUTOBBIC
nedopMani UMEIOT O0Jiee MHTEPECHOE pacipe/iesieHre, N300pakKeHHOE Ha PUCYHKE
6. KpuBas caBuroBbix achopMamnuii UMEET TIOJOKUTEIbHBIE W OTPHIIATEIILHBIC
BeTBU. KpuBas 1 oTBeuaeT MakCHMMaabHOMY W3THOYy PHCOK B MPOJOJIHLHOM CEUECHUHU
30HbI KOHTaKTa, KpHWBas 2 TOKa3bIBaeT IIyOWHY pacHpoCTpaHCHHsS IaehOopMariuii.
[TonoxxurenbHble 3HaYeHUsS jaedopmaiid 0003HAYaeT HM3THO PHCOK B CTOPOHY
HAIPABJICHHUS TOCJIETHETO BpAIllEHMs, TO €CTh BBIXOJIa KOJIbIIa M3 30HBI KOHTAKTa
(06o3HaueH 3BE3A0uKOM). OTpULATENbHBIE 3HAUEHUS JAePopMaluii IMOKa3bIBAIOT

n3rud PHUCOK B HAIIpaBJICHHUH, IIPOTHBOIIOJIOKHOM BPAlICHUIO KOJIbIIA.
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Pucynox 6 — Pacnipenenenue caiBuroBsix aedopmManuii o 30He KOHTAKTa IMPU PEBEPCUBHOM

TPEeHUU

[Tpu u3ydyenun pucok mo mMukpodororpadusm Oblia 3aMmedeHa 0COOEHHOCTD
peBepcuBHOTO TpeHus. llepeopueHTarusi TEKCTYpHOU nedopmariui MpOUCXOAUT B
MeTajuie He cpa3y B MOMEHT peBepca, a mocteneHHo. Jlehopmaruu oT mepBoro
HaIpaBJICHUS] TPEHUS YCTOMYMBO COXPAHSIOTCS B MeETajlle, YTO B JajbHEUIIEM

OTKJIAJbIBACT OTIICHATOK Ha Pa3BUTHUC CIABHUIOBBLIX I[C(i)OpMaHI/Iﬁ N YCTAJIOCTHBIX
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MPOIIECCOB MpU peBepce. MI3MeHeHne CBOWCTB B IMOBEPXHOCTHBIX CIIOSAX MeTalia
MHTEHCHBHEE PA3BUBAETCS CO CTOPOHBI BXO/1a KOJIbIIA B 30HY KOHTAKTA.

[Ipn peBepcUBHOM TpeHHHM HabOronaercs Oosbluas AePEKTHOCTh CTPYKTYpHI
TPYIIMXCSl TMOBEPXHOCTEW, YEM MPU OJHOCTOPOHHEM TpEHUH. PeBepc oOKa3bIBaeT
BIIMSIHUE Ha (POopMHUpOBaHME AUCIOKAIMOHHBIX TIOJIEM B 30HE KOHTaKTa IO
MOBEPXHOCTHIO TpeHus. [IpoucxoauT moCcTosIHHASA MEePEOpPUEHTALUSI U MEepEeCTporKa
JTUCIOKAMOHHBIX TIOJIEH.

[Ipu peBepce B TOBEPXHOCTHBIX ACHOPMHUPOBAHHBIX CIIOSX MeTajla
oOpa3zyeTcst 0oJibIas TUIOTHOCTH JUCIOKAIIHMM, YeM TIPH OJTHOCTOpOHHEM TpeHuu. 00
3TOM MOKHO CYJIUTh HAa OCHOBE PE3YJIbTAaTOB OIbITa, B KOTOPOM MEJHas IIACTHHKA
IIOABEPrajlaCh TPEHUIO O CTAIBHOW NOJ3yH. Hampumep, OTHOLIEHWE IIIOTHOCTH
JTUCIOKAlMM MpU PEBEPCUBHOM TPEHUU K IUIOTHOCTH JUCIOKAlMK  MOpH
OJIHOCTOPOHHEM TPEHUH, €CJIH 00pa3Ilbl 00€3KUPEHBI COCTaBIsAET 2,28, CO CMa3Koil B
KaueCcTBE Ba3eJIMHOBOro macia — 1,75, ¢ gobOaBieHMEM MOBEPXHOCTHO-aKTUBHOM
npucanku (2%-Has 0JI€MHOBAsi KUCIO0Ta) K Ba3eIMHOBOMY Maciy — 1,44.

[Ipu peBepCcUBHOM TPEHUH, KaK U MPH BCAKOU AedhopMaliuu, B TOBEPXHOCTHBIX
CJIOSAX MeTauta o0pa3yroTcsi HE TOJBKO JUCIOKAIMH, HO M TOYEUYHbIE Je(EKTHI,
oOnamaroniye O00bIIeH TEPMUYECKON aKTUBHOCTBIO M CTIOCOOHOCTHIO K AU(dy3UN.

[[noTHOCTH, BakaHCHI TIpU PEBEPCUBHOM TPEHUM OOJbIIE, 4YEM MpH
OJHOCTOPOHHEM TPEHUH. B OombITe€ ¢ MEOHOW IUIACTUHKOM W CTAJIBHBIM IOJ3YHOM
3HAQYCHUE OTHOIICHMS TUIOTHOCTU BaKaHCHHM TOCIE€ PEBEPCUBHOTO TPEHUS K
IJIOTHOCTH BAKaHCHM MOCJIE OAHOCTOPOHHETO TPEHUS paBHO 1,5.

bonbimee uyncio nedekToB MpU  PEBEPCMBHOM  TPEHUU, UYEM IIpH
OJIHOCTOPOHHEM, yBEJIWYEHHE CBOOOJHON TOBEPXHOCTHOW DHEPTUM BBI3BIBACT
paznuyre B (PU3UKO-XMMHUYECKUX M MEXAaHHMYECKHUX CBOMCTBAX TMOBEPXHOCTHOU
CJI0€B, KOTOPBIE B UTOTE ONPEAEIIAIOT JOJITOBEYHOCTh AETale MalUH.

Pe3ynbTaThl  ONBITOB  MOKa3bIBAlOT, YTO NPU PEBEPCUBHOM  TPEHUU
HaOJIFOAAeTCsl TIOBBIIICHHBIN W3HOC MAaTE€pPUAIOB MO CPAaBHEHHUIO C OJHOCTOPOHHUM

TPEHUEM.
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[Ipu Tpennn o0pa3ioB 03 CMa3KW MPOIECC M3HAIIMBAHUS COMPOBOXKIACTCS
BUOpAIMsIMU, IIYMOM M OOJBIIUM H3HOCOM. SIBJIEHMSI CXBaTbIBaHUA, 3aeJaHUs
MOSBJISIIOTCS HE Cpa3y, MM TMPEIIIeCTBYeT 0oJjiee CIIOKOWHBIM peXuM pabOTHI,
KOTOPBIN TIPU OJTHOCTOPOHHEM TPEHUU B CpelHEM B 2 pasa joJbiie. Bo Bcex ombiTax
IIPU PEBEPCUBHOM TPEHHUM MOJYyHAIUCh Oojiee TpyObie pabodyue MOBEPXHOCTH. DTO

MOKHO yBHUJAETh Ha MHUKpodoTorpaduu, nmeromen yBenndenue B 30 pa3 (pUCYHOK

7).

Pucynok 7 - Mukpogotorpadus nopepxHocteit TpeHus 00pas31oB U3 cTajiu 25 nocie

OJIHOCTOPOHHETO TPEHUSI U PEBEPCUBHOIO TPEHUS

Uccnenoanus EBpokumoBsiM B.J[. mokazanu, yto Oosibliiee pasynpoOvYHEHHE
IIOBEPXHOCTHBIX CJIOEB M PE3KOE CHWKEHHE H3HOCOCTOMKOCTH HACTYMAeT IpHU
YBEJIMYEHUH YACTOThI peBepcupoBanus [3].

Taxum 06pazom, 3HaKONIEpEMEHHOE NMPOTEKaHUE CABUTOBBIX JedopMaluil npu
PEBEPCUBHOM TPEHUU C YBEJIWYEHHBIM YHUCIOM J€(EKTOB, pPa3yNpOYHEHHUEM,
MOBBIIICHHBIMU TEMIIEPATypaMH MW YCTAJIOCTHBIMU IMpOLIECCAMH MPUBOAMUT K
HEXEJATEJIbHOMY SIBJICHUI0 — IOBBILIEHHOMY II0 CPAaBHEHHUIO C OJHOCTOPOHHUM

TPEHUEM U3HOCY, KOTOPBIA Ha3BaH OTpULIATEIbHBIM 3(PPeKToM peBepca.
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1.3 O0mue cBeIeHNS 0 MOAIIMITHUKAX KAYCHUSA

[TogmMnHUKY KaueHusi 00ECleurBalOT BOCIPUSITUE OCEBBIX, pagualbHBIX U
KOMOWMHUPOBAHHBIX HAarpy3ok. [lo cpaBHEHHIO ¢ MOIIMIMIHUKAMH CKOJIBKCHUS,
MOAIIUITHUKY KauyeHUs] MUMEIOT PsJi MPEUMYIIECTB: MEHBIIUM MOMEHT TpPEHHUS B
MOMEHT IyCKa, MEHBIIINE O0CEeBbIC Tabaputhl (B 2-3 pasa), IpocToTa 0OCTyKUBAHUS U
M0JIaYu CMa3KH, HEOOIBIION PacXoj CMa304YHbIX MAaTEPUAJIOB.

OCHOBHBIMH DJIEMEHTAMM TOJAMIMITHUKA KAueHMs SIBJISIIOTCS: Tejla KadeHUs,
BHYTPEHHEE M Hapy>KHOE KOJblIA C JIOPOKKAMHU KAay€HUs U cemaparop, KOTOPBIH
paziensieT Tena KaueHus (PUCYHOK §).

[TogmMnHUKN KadeHUsl KIACCU(UIMPYIOTCS MO CIAEAYIOUMM MpU3HAKAM: IO
HaIpaBJICHUIO BOCIPUHUMAEMOW HArpy3KHM OTHOCHTEIBHO Basia, 1Mo ¢opMe Tel
KaueHMs, TI0 YUCITY PSAAOB KaueHHUsI, MO CIIOCO0y CaMOyCTaHOBKH.

[1o HampaByieHHIO BOCIIPUHUMAEMON HArpy3KH MOJIIIUITHUKA ObIBAOT:

- pajvalibHbIE: BOCIPUHUMAIOT PAAUAIbHYIO HArpy3Ky, HaIlpaBICHHYIO
NEPHEHIUKYJIIPHO K T€OMETPUUYECKON OCH MO IIUITHUKA;

-  YIOpHBIC: BOCIPUHUMAIOT OCEBYIO HArpy3Ky, HalpaBJIECHHYIO BJIOJb OCU
MOIIUITHUKA,;

- paJualibHO-YIIOPHbIE: BOCIIPUHUMAIOT  OJIHOBPEMEHHO  HarpysKy,
MMEIOITYI0 paualbHOE U OCEBOE HAIIPaBIICHUE;

- YIOOpHO-pajuajbHble:  BOCHPUHUMAIOT  MPEUMYIIECTBEHHO  OCEBYIO
Harpy3Ky ¥ 4aCTUYHO PaJIUAIIbHYIO.

[To ¢hopme Ten KaueHus:: MapUKOBBIC U POJIUKOBBIE.

[[Tapuk uMeeT TOYEUHBI KOHTAKT C KOJIbI[aMU, BCIEJICTBUE YETO UCTBITHIBACT
OOJbIIME KOHTAaKTHBIC HANpsDKEHWsA. PONWMKM WMEIOT JIMHEWHBIH KOHTAKT, 4YTO
YBEJIMYMUBAECT HArpy30YHYIO CIIOCOOHOCTH MOMAIIUITHUKA. POIMKONOAIIUITHUKA MOTYT
obITh uHApHUUYeckue (1,2), konnueckue (3), uronpuateie(4), 6ouxkoodpasneie (5), ¢

BUTHIMU poJuKaMu (6) (PUCYHOK 9).
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Tena kadeHua

Kopryc

Pucynok 8 — KoHCTpyKLUs NOJUIMITHUKA KAYEHUS

4 5 -]

Pucynok 9 — ®@opmel poaukoB

[To uncny psIOB KaueHUs: OAHOPSATIHBIC, TBYXPSTHBIC 1 MHOTOPSITHBIC.

[Io cmocoby camMoycTaHOBKH (BO3MOXHOCTH KOMIICHCUPOBATh IMEPEKOCHI
Ballbl): camMoOyCTaHaBiuBaronuecs (chepuyeckue), TomMyckaromme padoty ¢
B3aMMHBIM NEPEKOCOM J0 4 TpagycoB, U HECAMOYCTaHABIIMBAIOIIUECS, IOTYCKAIOIINE
nepekoc koiiel ot 1 10 8§ MUHYyT.

Taxke NOMIIUIHUKA KA4eHUs] MOTYT KIAacCH(UIIMPOBATHCA IO Kiaccam
TOYHOCTH: HOpMaJIbHBIN (7, 8, 0), moBbilIeHHBIN (6), BHICOKUN (5), TPEIU3UOHHBIN
(4), cBepXIIpeU3UOHHBIH (2).

PaznuuaroT MNOAMIMIHUKKA KadyeHHWs 10 YPOBHIO BHOpaIlMu: HOPMAaJIbHBIH,

MMOHWXCHHBIN, HU3KUM [4, 5, 6].
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1.4 IloBpexaeHusi NOANIMIHUKOB KaYeHHsI MIPH PeBEPCUBHOM [IBHKEHUHU

[TogmMNHUKK KadeHUsl SIBIAIOTCA BaKHEUIIMMU JeTalssMU  OOJIBIIIMHCTBA
MaliiH W MEXaHU3MOB. BbICOkne TpeOoBaHUS TPEIBABISIOTCS K WX HECyIIeH
CIIOCOOHOCTH M HaJ&KHOCTU. B CBSI3M C ATUM MOAIIMITHUKY KAYeHHs YK€ MHOTO JIET
ABJISIFOTCS] TPEIMETOM MHTEHCUBHBIX MCCIIEJOBAaHUM.

3avacTyo, 3Has MPUYMHY NOBPEXKACHUS, MOMXHO IMPUHATH COMYTCTBYIOILIWE
MEpbl JJs TMPEJOTBPAIEHUS BbIXOAA MOAIIMIHUKA U3 cTpod. lloBpexneHus
MOIIIUITHAKOB KJIaCCU(PUIIMPOBATH HAa MIEPBUYHBIE I BTOPUYHBIC.

[loBpexneHus, HMMEHYEMbIE  NEPBUYHBIMU,  [OPOKIAIOT  BTOPUYHbBIC
MOBpPEXJEHUS (YCTAJIOCTHBIE PAKOBUHBI W  TPEIIWHBI), KOTOPBIC SIBIISIOTCA
HEMOCPEACTBEHHOM MNPUYMHOM BBIXOJIa NOAMIMIHHUKA U3 CcTposi. K mnepBuyHbIM
MOBPEXJICHUSM MOYKHO OTHECTH:

- HW3HOC, BO3HUKAIOMIMI MOA AeicCTBUEM aOpa3MBHBIX YaCTHUL, BCIEICTBHE
HEJ0OCTATOYHOT'O CMa3bIBaHUs, a TAKXKE U3-3a BUOpALINIA;

- BMSTHHBI, BO3HUKAIOIINE M3-3a HEMPABUILHOTO MOHTAXa UM Ype3MEpPHOM
Harpy3KkH, 1moJi AeCTBUEM UHOPOIHBIX YaCTHII;

- 3aaMphl: 3aAMpPbl HA TOPLAX POJMKOB W HANpaBISIIONIMX Ooprax, Ha
pPOJIMKAX M JIOPOKKAX KAYEHHUsI, HA JOPOXKKAX KaueHUsl HAa PACCTOSHUU TEJ KauyCHUs,
Ha MOCaJIOYHBIX MTOBEPXHOCTSX, B YIOPHBIX IAPUKOTOAIIUITHUKAX;

- MIOBEPXHOCTHBIE pa3pyLICHHUS;

- KOppo3us: riay0okast U KOHTaKTHas (GpeTTUHT);

- IIOCJIEJICTBHSI MPOXOKACHUS JIEKTPUUECKOIO TOKA.

K BTOpUYHBIM MOBPEKIECHUSI OTHOCSAT:

- YCTAJOCTHBIE  PAKOBHMHBI, BO3HUKAIOUIME  BCJIEACTBHE  YPE3MEPHO
MPEABAPUTEIBLHOIO HATATa U HEKPYTJIOCTHU MOCAI0YHON MOBEPXHOCTH;

- TPELIWHbI, BOZHUKAIOIINE BCIEACTBUE HEMPABUILHOIO MOHTaXa [4].

Ha Beimenmmx u3 cTpos MNOMIIMIHUKAX MOXKHO OOHApyXUTh COYETaHHE

IIEPBUYHBIX U BTOPUYHBIX ITOBPEKICHUN.
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Bonpioe BiMsiHME Ha JOJTOBEYHOCTh MOMAIIMITHUKOB OKAa3bIBAET XapakTep
JIBUKEHUS, @ UMEHHO PEBEPC.

B pe3ynbTaTe peBEpCHBHOrO TpEeHUsI HAOIIOAIOTCA Takue ke Ae(EeKThl, Kak
Py OJHOCTOPOHHEM TPEHWH, HO MX 00pa30BaHME MPOXOAWT C OOJIBIICH, YeM mpu
OJIHOCTOPOHHEM TPEHHMH, CKOPOCThIO. BO3HUKAIOT IUIACTHYECKUE U YIpYyTrue
nedbopManuu, MPOUCXOJUT TOCTOSHHAST TEPEOPUCHTAIUS  MHUKPOCTPYKTYPHI,
MHTEHCUBHOE 00pa3oBaHHe Pa3HOOOpa3HbIX N€(PEKTOB U HOBBIX MOBEPXHOCTEH C

o0pa30BaHUEM MHKPOIIOP, yCTOT U Pa3BUTHEM TpeuuH [7].

1.5 MeToabI NOBBIIIEHNS J0JTOBEYHOCTH MOAIINITHUKOB KAYeHUA

Metoabl NMOBBIIEHUS AOJATOBEYHOCTH PA3IUYHBIX JETAJIEH U Y3JI0B IPHUHATO
JETUTh HA HECKOJIBKO TPYyIIIL:

- KOHCTPYKTHBHBIE

- TEXHOJOTHYECKHE

- DKCIUIyaTal[MOHHBIE

B Hacrosiee Bpemsi CyIIECTBYEeT MHOXECTBO CIIOCOOOB YBEIMYEHUS
NOJITOBEYHOCTH  NOAIIWIIHUKOB  KadeHusa.  I[lpoaHanm3upoBaB  pa3jaudHbIC
JUTEpaTypHbIE HCTOYHUKH, YCIOBHO 3TU METOJbI MOKHO Pa3JeiINTh Ha CIIEAYIOLINE
TPYMNIBL:

- HCHOJIb30BAHHE HOBBIX KOHCTPYKIIMOHHBIX MATEPHUAJIOB;

- HCHOJIb30BAHHWE HOBBIX CMAa30YHBIX MAaTEpPUAJIOB;

- IIOBBILIEHHWE TOYHOCTU U3TOTOBJIEHU IETAJIECH MTOAIIUITHUKOB KAYCHHUS;

- ONTUMM3ALMS BHYTPEHHEU T€OMETPUHU MOALIMITHUKOBOIO Y3714,

- COBEpIICHCTBOBAHUE TEXHOJOTHUU MPOU3BOJICTBA U COOPKH MOMAIIUITHUKOB
Ka4yeHUs;

- MOJEepHHU3aLMs KOHCTPYKLHUHU ITOJUIUITHUKOBOTO Y3114,

- MoauduKalMs TMOBEPXHOCTHOTO CIJIOS JeTajied MOJIIIMIHUKOBOTO Yy3ia
(HaHeceHWe TMOKPBITUH, XHUMHUKO-TepMHUYecKas o00paboTka, TepMOMexaHU4ecKas

00paboTKa, MIacTUYEeCKOEe MOBEPXHOCTHOE Ie(POopMHUpPOBAHUE).
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Jlnst BbIOOpa METO/Ma TOBBIMIEHUS JIOJTOBEYHOCTH TOJIITUITHUKOB ObLT
POBEIEH MAaTEHTHO-UH(POPMAIIMOHHBIN 0030D.

N3Becten mnarteHT P® Ne 2523872 «lllapukoBblii OeccenapaTOpHBIM
MOJAIINITHAK KadeHus» [8], KOTOpPBI MOXET NTPUMEHSITHCS B MalO0OOPOTHBIX
BBICOKOHArpy>KeHHBIX MeXaHu3Max (pucyHok 10).

[loBbIlIEHHE  JOJATOBEYHOCTHM  pabOThl  MOJUIMIHUKA  OOYCIIOBJIEHO
BBIIIOJIHEHUEM CKOCOB HA MPOTHUBOIOJOXHBIX CTOPOHAaX JIOPOKEK KayeHUsd
HApY>KHOTO KOJIbIIA Y MEHBIUIMX IO BbICOTE€ OYPTHUKOB, YTO IMO3BOJSET 00ECIEYUTh
BBO/I IIIAPUKOB B MOJIOCTh MOAIIUITHAKA O€3 TOTIOTHUTENBHBIX YTyOJeHU U pa3pesa
HapYKHOT'O KOJIbIIA.

ObecnieueHre BOCIPUATHSA MOALIUIIHUKOM OCEBOM HArpy3ku B 0OOHX
HaIpaBJIeHUSX OOYCIIOBIEHO CHMMETPUYHBIM PACIOJIOKEHHEM OypTHKOB Ha
Hapy>KHOM KOJIbLIE TpPH BBIIOJHEHUH HAPYKHOTO KOJIbLIA € OOLIUM OOJBIIUM
OypTHUKOM, pACHOJOKEHHBIM MEXIY JOPOKKAMH Kay€HUsT Ha OCH CHUMMETpUU

HApPYKHOI'O KOJIbIa.
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1 — HapyKHO€ KOJIbl10; 2 — BHYTPEHHEE KOJIbII0; 3 — Tesa KaueHus; 4 — OypTuk; 5 — OypTHK co
CKOCaMu

Pucynoxk 10 — beccenaparopHslii MOAMNAITHUK Ka4EHUS

N3Becten naTteHT Ne 2386870 «YCTpOWCTBO M1 MOBBIICHUS JIOJITOBEYHOCTH
MOJIITMITHUKOBOTO y3i1a» [9] (pucyHok 11).

B naHHOM yCTpONCTBE MEXTy HApPY>KHBIM KOJIBIIOM MOAMIUITHUKA U KOPITYCOM
MMEeTCsl KOJbLIO C TmepeMeHHol TommuHou. I[lpu paboTte y31a Harpys3ku
pacrpenensoTcs CIASAYIIUM 00pa3oM: yrpyrue jaedopmaidd OOobINe TaM, TJe
OoJibllle HArpy3Ka Ha Teja KadeHUs W MEHbBIIE TOJIIHMHA KOJbIa, 32 CUYET YEro
Harpy3ka Ha OoJyiee Harpy>KEHHbIE Tejla KauyeHUsl CHUIKAETCS, a Ha COCEIHHE
noBbIIIaeTcss. TeM camMbIM MPOUCXOAUT JUKBUIAIIMS KOHIICHTPAIIMU HANPSKEHUN B
OJIHOM MECTe, MOBBINIACTCS 3OPEKTUBHOCTh UCIIOJIH30BAHUS MOIIIUITHUKOBOTO y3JIa,

YBCINYHUBACTCA €TO HaI[é)KHOCTL Hn JOJITOBCYHOCTD.
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1 — kopmyc; 2 — Hapy>XKHO€ KOJIbLIO; 3 — KOJIBIIO0; 4 — TIOKaJbHasl 30HA KOJIbLIA; 5 — Teja KayeHust; 6 —
BEKTOP paJMaIbHON HArpy3KH Ha Tejia Ka4eHHsl; 7 — INIOCKOCTh MUHUMAJIbHOM KECTKOCTH

Pucynok 11 — [ToamumnHuKOBBIN y3ei

U3zBecteH Taxke mateHT Ne 2457239 «IInactuuHast cMa3ka s IIOQIINITHUKOB
kaueHus» [10].

[ImactuyHas cMa3ka cocTouT u3 JluTtona-24 M TOpOIIKAa HaHOoAJIMasa
JICTOHAIIMOHHOT'O CMHTE3a ¢ MaccoBoi moser Hanoanamasa ot 0,1 % mo 0,01%.

DKCMEPUMEHTAIbHO MPOBEPEHO, UYTO MPHU TaKOW KOHIIEHTpAIMU MOPOIIKA
HaHOQJIMAa3a CHIXKAETCS IIEPOXOBATOCTh MOBEPXHOCTEH, YMEHBIIAETCS KOJIMYECTBO
Nne(EeKTOB TOAIMIMITHUKOB, TMOBBIIIAETCI HUX CPOK CIYXKObI, a TakKe IMPOUCXOJIUT
moBbIIIeHHEe  3(P(EKTUBHOCTH CMa304yHOro Marepuana. OJHAKO IOBBIIICHHUE
KOHIICHTpAIMK TMopolika HaHoaiMmasa cBbimie 0,05 % npuBOAUT K YXYIUICHHUIO
CMa309HOTO0 MaTepuaia M yBEIMYCHHUIO KOJUYECTBA NMEe(DEKTOB HA Telax KaueHUS U
TopoxKax. DPGHEeKTUBHOCTh TAKON CMa3K{ IPOBEPSIACh HAa MOMMIAITHAKAX KauyeHHUs,
KOTOPBIC MOMEIIAINCH B MAIIMHY ISl UCIIBITAHUS MOIIUITHUKOB Ha JOJTOBEYHOCTb.

B cmasky no0aBisivch pa3iMuHble KOHIIEHTPAIMU MOPOIIKA HaHOAlIMa3a OT
0,5 no 0,01% wmac.nanoanmazoB. Yactora BpamieHuil coctaBisia 8925 o6/MuH,
panuanbHasg Harpy3ka — 10290 H, ucneitanusa amunucsk 4,5 yaca. 3aTeM NOAIIMITHAKA
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MO/IBEPTaINCh KAYECTBEHHOW U KOJMYECTBEHHON OIICHKE MapaMeTpOB Ha PacCTPOBOM
AJIIEKTPOHHOM MUKPOCKOIIE.

B xome wcmpiTaHus OBUIO YCTAHOBJIEHO, YTO TMPHU KOHIIEHTPAIMH TOPOIIKA
HaHoanMma3za, coctapisonieit 0,1- 0,01 %, IpoucXoIUT YMEHBIIEHUE IEPOXOBATOCTH
Ha 30 %, a KoIM4ecTBO BUIUMBIX AeheKkToB (TiIy0okux 60po3n) — Ha 40 %.

Takum  00pa3oMm, TMpu  COOMIOJIGHUM  OMNPEACIEHHOW  KOHIEHTPALUU
HAaHOAJIMA30B B CMAa30YHBIX MaTepuagax, MOXKHO 3HAYUTEIbHO TOBBICUTH
JIOJITOBEYHOCTH TIOIITUITHUKOB Ka4CHHSI.

CymiectByeT crnoco0 TMOBBIIMICHHS JOJTOBEYHOCTH TMOJIIUITHUKA KAadeHUs C
KOHUYECKUMHU POJIMKAMH, TOATBEPKIAEHHbIA mareHtom PO Ne 2270379 [11].
[ToBbimieHre HAAE&KHOCTH TOMAMIUITHAKA JOCTHTACTCS 3a CYET KOPPEKIHH yTiia
HaKJIOHa OOpa3ylolell KOHWYECKOTO POJIMKA K €ro OCH WM 3a CUET KOPPEKIUU
MOJIOBUHBI PA3HOCTH YIJIOB HAKJIOHAa OOpa3yIomuX JOPOKEK KadeHHsI KOJel| C
KOHUYECKUMH pPa0OYMMU TIOBEPXHOCTSIMH OTHOCHTEIIBHO OCH KoJiell auf .
BcenenctBue 3TOro MpOMCXOAMWT BBHIPABHUBAHME KOHTAKTHBIX HAMPSHXKEHUNW BIOJIb
TUTONIAIKK COTIPUKACaHUsl JOPOKKHM KAauCHUS KOJICIT M KOHUYECKHM POJIMKOM B
HalpaBJICHUM OCH poyimka. TakoW crmoco0 Obul NpuMEHEH K  YIOPHOMY
POJIMKOIOAIIUITHUKY C KOHHYECKUMHU POJIMKAMHU. YTOJ KOPPEKIMH KOMIIEHCHUPYET
HEPAaBHOMEPHOCTh KOHTAKTHBIX HAMpPSHKCHUH BIOIbh IUIOMIAIKH  COTPUKACAHUS
JIOPO’KEK KaueHUS KOJICI] C POJIMKOM B HAIIPaBJICHUHU OCH POJIHKa 03 yuéTa KpaeBoro
s dexTa u TPUIOKECHHOW HArpy3KH K MOAIIUITHUKY, SKBUBAJICHTHON JTUHAMHYECKOU
rpy30M0AbEMHOCTH TIoAMUITHUKA. [IpriokeHne Takoi Harpy3Ku K MOAIIUAITHAKY HE
U3MEHSIET BEJIIMYMHY KOHTAKTHOTO HAIpPSDHKEHUs BJOJIb TUIOMIAJKKA COMpPUKACAHUS
JOPOKEK KauyeHWs C POJUKAMH B HANpPaBJICHHM OCH POJUKA, OHAa OCTaércs
nocTossHHOW. [Ipu  yMeHbIIeHMHM HArpy3Kd Ha TMOJIIUIHUK — MPOUCXOIUT
nepepacrpeielieHie KOHTAaKTHOTO HAINPSHKEHUS B CTOPOHY YBEJIMUYEHUS KOHTAKTHOTO
HaIpsHKEHUST CO CTOPOHBI TOpIIa OOJIBIIETO JUaMeTpa POJUKA MO OTHOIIEHUIO K
BEITMYMHE KOHTAKTHOTO HAMPSDKEHUS y TOPIA POJIMKA CO CTOPOHBI MEHBIIETO

nuameTpa. Takoe nepepacnpe/ienieHle He YMEHbIIAET A0JATOBEYHOCTh MOUIUITHUKA,
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TaK KakK yCJIOBUS pabOThl CO CTOPOHBI OOJBIIEro JuaMeTpa KOHUYECKOTO POJIHKa
Oosee Jerkue, 4eM co CTOPOHBI MEHBLIETO IUaMeTpa.
B pesynbrate Takod KOHCTPYKIMH JOCTUTaeTCsl YCTOWYMBAs W JUIATEIIbHAS

paboTa MOAIIUITHAKA B YCTIOBUSX HEPABHOMEPHOCTH PACIIPEACIICHUS HATPY3KHU.

1.6 3akaouenue

B mepBoii rinaBe Obu1 mpoBeiéH 0030 MOIIUITHUKOBBIX Y3JI0B C PEBEPCUBHBIM
IBI)KCHHEM, H3YyYEHO OTpULIATENbHOE BIMSHHE peBepca Ha TPYILIUECS Maphl,
pPaccMOTPEHbl METO/bl YBEIMUYEHUS M3HOCOCTOMKOCTH MMOJALIMITHUKOBBIX Y3JIOB,
MpOBEEH MaTEHTHO-NH(OPMALIMOHHBINA 0030 CYIIECTBYIOUINX METO/IOB MOBBIIICHHUS
JOJATOBEYHOCTH MOJIIUITHUKOBBIX Y3JI0B. AHaJIW3 MaTepuana IO0Ka3blBaeT, 4YTO
MOBBIIIICHUE JOJTOBEYHOCTH TOJIIMITHUKOB KaueHUs, a TeM Oosee paboTarommx B
peKHUME PEBEPCHBHOTO TPEHHUS, SIBISETCS aKTyaJlbHOM TEXHUYECKOW 3aJlaueil.
Hcxons w3 storo Oblia MOCTaBJeHA CIEAyIOMIas Iefb paboThl: IOBBIIICHUE
M3HOCOCTOMKOCTH OMOPHI TPaBEPChl CTAHKA-KayaJIKl MOJIEPHU3ALMEH JaHHOTO y3Ja,
B KOTOpPOM pEBEpCHBHOE JBI)KEHHE OylneT MpeoO0pa3oBaHO B IMPEPHIBUCTO-
BpalllaTeJIbHOE U, KaK CJIEJICTBUE, YBEJIMUYEH CPOK CIY>KObI OIIOPBI U CAMOI'0 arperaTta
B IIEJIOM.

Jlis nocTrKeHHs TaHHOW 1eIM He0OXO0IMMO PEIINUTh CIIETYIOIINE 3a/1auH:

- TPOBECTH aHAJM3 BIMSHUSA PEBEPCHUBHOTO TPEHHs Ha paboTy y3JO0B U
MEXaHHU3MOB;

- IPOBECTH MaTEeHTHO-MH(POPMAIIMOHHBIHI 0030p KOHCTPYKLUH,
HCKJIIOYAIOIINX PEBEPCUBHOE IBUKECHHE;

- pa3paboTaTh HOBYIO KOHCTPYKIIMIO HA OCHOBE PaCCMOTPEHHBIX MTATEHTOB,;

= BHCAPUTDb HOBYIO KOHCTPYKIHUIO B CTAHKHW-Ka4aJIKH.
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2 KOHCprKHHﬂ H YCJIOBHA IKCILIYyAaTAllUA CTAHKOB-KA49aJI0K

2.1 OOmmue cBeeHHUA 0 CTAHKAX-KAYAJIKAaX

OO6nacTh TpUMEHEHHUS TOIIIMITHUKOB B He(TEra3oBoil MPOMBIIIJICHHOCTH
aocTtaToyHo mmpoka. OHM pacroyiararoTcsl B y3j7aX MEXaHHW3MOB, BOCIIPHHHMAs Ha
ce0s 0OJIbIIME TOCTOSIHHBIE U TIEPEMEHHBIE HAaIPy3KH.

[MommumanKy (QYHKIMOHUPYIOT B COCTaBe OYPOBBIX YCTAaHOBOK: (TaJeBBIX
Onokax, KpOHOJIOKaX, BEpPTIIOrax), HacocaxX, »3JEKTPOIABUIATENsIX, BHHTOBBIX
3a00MHBIX  JABUTATENAX, TypOoOypax, peaykTopax, Jebénkax u  Apyrux
000pynOBaHUAX HE(PTIHOMN OTpaciu.

PaznuyHbIMU BUIaMU MOAIIMITHUKOB KAU€HUS M CKOJIbKEHUSI OCHAILIEHBI y3JIbI
CTaHKa-KavajKd: oropa OalaHcupa W ONOpa TpaBepChl, INATyHBI, PEIYyKTOP,
AIIEKTPOJIBUTATEIb, KPUBOIIUITHO-IIIATYHHBIA MEXaHU3M.

CTraHOK-Kayajka SIBJISIETCS HA3€MHBIM IPUBOJOM ILITAHTOBOTO CKBA)KHHHOTO
Hacoca.

M3 Bcex CymIeCTBYIOIIMX CMOCOOOB 100bIYM HehTH B  HEPTIHOU
IPOMBILUIEHHOCTH IITAHIOBBIA HACOCHBIN CIOCOO SIBIISIETCA camMbiM MaccoBbIM. OH
npuMeHseTcs Kak B Poccun, Tak u B qpyrux HeQTe100bIBAIONINX CTPAHAX MHPA.

MunumyMm nBe Tpetu (oHAA IEHCTBYIOMIMX JOOBIBAIONINX CKBAXKUH CTPaH
CHI skcrutyaTupyroTcsi IITaHTOBbIMU CKBaXHMHHBIMU Hacocamu (LLICH). Ilupokoe
npumeHenue IIICH o00ycnoBieHO KX OTHOCHUTEIBHBIM YJIOOCTBOM M MPOCTOTOM
AKCIUTyaTalliy CKBAXHH.

HoObrua nedtu YIIICH siBnsieTcst cambIM cTapbiM U3 METOJI0B JOOBIYM HEPTH.

Uctopus pazsurus YCIIH 6epét cBo€ nayano B 2500 rogax 10 H.3. B Erunre
(manbonee m3BecTHBIM ucTOopuueckuit (akt). [lom0OHBIE YCTAaHOBKHM MPUMEHSIIUCH
Takxke U B AQpuke (pucyHok 13).

Vxe k | BeKy H.3. pUMJISHaM yJajioch JOCTUYb COBEPUICHCTBA B Pa3BUTUU

YCIIH (pucynok 14).
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B mrare IleHcunbBaHus Henaeko OT ropoja TaWTeCBWILT CKBaKHMHAa,
npoOypennast DnsuHoM Jlpeiikom, 27 aBrycra 1859 rona mpana nepByro HeQTh. DTOT

JICHb TIPUHSITO CYNTATh HAYAJIOM HEPTSHOM 3PHI.

HepeBsiHHbIN BanaHcup

HabuTtas kamHsiMu LKypa ko3na

BogsiHasa ckeaxuHa 5
A KameHHbIN KyBLUMH

Pucynok 12 — Cxema erunerckoit Y CIIIH, npumensiemoit B 2500 romax g0 H.3.

Pucynok 13 — Adppukanckue KOHCTPYKIMH
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BanaHcup

: Hacoc gBoiHOro AencTeus
[epeBAHHO-KOXKaHbIA

Pucynok 14 — Pumckuiit YIIICH

3a pgecarku jer oakcrmnyarauuu  ckBaxkuH IIICH, craHku-kavyanku
3apeKoMeH10Bau ce0s YPGEeKTUBHBIM U HAIEKHBIM 000PYI0BAHUEM.

Wx pyHKIMOHAIBHOE Ha3HAUYEHUE COCTOUT B CIEIYIOIIEM:

- CO3/1aBaTh BO3BPATHO-NOCTYNATEIbHOE JIBUKEHUE KOJIOHHBI HACOCHBIX
HITaHT ¢ HEOOXOIUMbBIM TEMIIOM;

- o0ecrneunBaTh CHUJIOBOE YPaBHOBEIIMBAHUE CHCTEMBI MOJbEMA MPOTYKIIUU
1acTa;

- JIOIyCKaTh PEryJMpOBaHUE PEeKUMa OTKAYKU MPOTYKIINH;

- TO3BOJISITh OCYUIECTBJICHHUE TEXHUYECKOTO JUarHOCTUPOBAHUS
CKBOXXKMHHOT'O 000pYy10BaHUsI 0€3 OCTaHOBKH Ipoliecca 0TO0pa MPOIyKIHUH.

W3 npuHOMNUATBHO BO3MOXKHBIX TEXHHYECKHUX CPEICTB, CIIOCOOHBIX
BBITIOJIHATh YKa3aHHbIE (DYHKIIMH, HAuUOOJBIIEE pacHpoCTpaHEHHUE BO BCEM MHpPE
MOJTy4nJI TPHUBOJ] MEXAaHWYECKOTO TPUHIIMIA JEHCTBUS, W3BECTHBIM KaK CTaHOK-
KaJajka.

Hlupokoe mpuMeHeHHE JaHHOE OOOpYyAOBaHUE MOIYYHJIO B YMEPEHHOM U

XOJIOJIHOM MAaKpOKJIMMAaTU4YeCKUX paioHax. llltaHroBass CKBakxvMHHas HacOCHas
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YCTaHOBKA COCTOHUT W3 TPEX MNPHUHIUIHUAIBHO PA3IUYHBIX YacTed — CKBAXXUHHOIO
Hacoca, HACOCHBIX IITAHT U HA3€MHOI'0 MPUBO/IA.

Haubonee ciioxHON 4YacThl0 YCTAHOBKM IITAHTOBOTO CKBAXKMHHOTO Hacoca
SIBJISICTCS. HA3€MHBIN TPUBO/I, HA3bIBAEMBIN CTAHKOM — Ka4aJIKOM.

CraHok-Kayajika COCTOMT H3 psJa CaMOCTOSATENbHBIX Yy35I0B. OOmMi BHI
HAa3€MHOTO MNPUBOJA NPEACTaBICH Ha pucyHke 21. M3roraBnuBarOTCAd CTaHKU-
kaganku 1mo I'OCT 5866-76.

DOyHIAMEHT CIIYKUT JJISI YCTAaHOBKM M KPEIUICHUS CTaHKa-Kadaliku. Moxer
COOPY’KaThCSI MOHOJUTHBIM (OyTOOETOHHBIM WIIH KEJIe300€TOHHBIM) WJIH COOPHBIM -
13 OETOHHBIX OJIOKOB MJIM METAJLIA.

Pama mpennasHaueHna sl ycTaHOBKM Ha Heil Bcero obopynoBanms CK u
BBITIOJIHACTCS W3 TPO(PMIBHOTO MpOKaTa B BHUJE JIBYX IIOJIO3bEB, COEAMHEHHBIX
TIONEPEYHUKAMU, U UMEET CIEIUANIbHYIO MOJICTaBKY MOJ peayKkTop. B pame nmerorcs

OTBEPCTHUS O] aHKEPHBIE OOJITHI JIsI €€ KperieHus K pyHaaMeHTy (pUCyHOK 15).

Pucynox 15 — Pama cranka-kavaiku

Croiika siBIsieTcsi OmoOpod [uisi OajmaHCHpa U BBIMOJIHACTCS U3 MPOQPUIBHOTO

MpoKaTa B BHJIC YETHIPEXTPaHHON Mupamuibl. Horu CTOWKHM CBSI3aHBI MEXITYy COOOM
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nonepeunHamMu. CHHM3y CTOMKa KpENMUTCS K pamMe CBapKOW WM OojTaMu, CBEPXY

HECeT IUIUTY TSl KPEIIEHUs OcH OajaHCcHpa ¢ TTOMOIIBIO JIBYX CKOO (pUCYHOK 16).

Pucynoxk 16 — Croiika craHKa-KadaJlku

bamancup npeaHazHadeH I NEpedayd  BO3BPATHO-NOCTYIATEIBHOTO
JIBUKEHUSI KOJIOHHE IITaHT. BeimonHseTcs U3 mpouiIbHOTO MpoKaTa JIBYTaBPOBOTO
CEUYCHMSI M UMEET OJIHOOAIIOYHYIO WJIM JIBYXOAOUHYI0 KOHCTPYKIHUIO (pUcyHOK 17).
Co CTOpOHBI CKBaXMHBI OQJIAHCHP 3aKaHYMBAETCS MOBOPOTHOW rosioBKou. K Hew
MOHTHUPYETCSI KaHaTHAas IOJBECKA CAJIBHUKOBOIO IITOKA, NMPEJHA3HAYCHHOTO IS

COEJIMHEHHUSI KOJIOHHBI IITAHT C FOJIOBKOW OanaHcupa.
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Pucynok 17 — banancup craHka-kayanku

Omnopa OGanmancupa - och, 00a KOHIIa KOTOPOW YCTAHOBJICHBI B CHEPHUSCKUX
POJMKOTIOIIIUITHAKAX 6, PacTOIOKEHHBIX B UyT'YHHBIX Kopmycax 1 u 4. K cpenneii
JacTH OCH 2, UMEIONICH KBaJpaTHOE CEYCHWE, MPUBAapeHa IIaHKa, 4epe3 KOTOPYIO
ormopa OanaHcupa C TOMOIIBIO OOJTOB TpucoeauHsieTcs K Oamancupy. Kopryc
MOAIIMITHUKA 3aKPBIBAETCSA KPBIIIKOW &, HA KOTOPOM pacmojlaraercs KOJbIO 5 u
npokiaaka 7. MexXIy KOpPIyCOM M OChIO TpaBepChl HAXOJIUTCS IMPOKIIAT0YHOE

KOJIb110 3 (pucyHOK 18).
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Pucynok 18 — Omnopa Ganancupa

TpaBepca BBINOJHAET POJb CBA3YIOIIETO 3BEHA MEXJIy KPHUBOLIUITHO-
IIATYHHBIM MEXaHU3MOM M OajaHCUPOM U KOHCTPYKTHMBHO BBIMIOJIHSETCS B BHUJE
NPSMOJIMHEWHOM Oanku u3 mnpoduibHOoro mnpokara. Kpermnenue k OanaHcupy
HIAPHUPHOE MPU NOMOIIH C(HEPUIECKOTO POIUKOMOIIUITHUKA.

Onopa TpaBepchl HIAPHUPHO COEAUHSET OanaHcup c TpaBepcoil. CpenHss
4acTb OCH YCTAHOBJEHA B C(HEPUUECKOM POJIUKOMOIIIUITHUKE, KOPIYC KOTOPOIO
OontaMu TOpUKPEIVIEH K HIWKHEH mnosike OanaHcupa. KoHubl ocu 3axarbl B
KJIEMMOBBIX 32KMMaxX JABYX KpOHIITEHHOB. boyee moapoOHO y3en OyaeT paccMOTpeH
BI.2.2.

KpHUBOIIMIHO-IIATYHHBIA ~ MEXaHW3M, TIOKa3aHHbIH Ha pHUCYHKe 19,
MpeaHa3HayeH i MpeoOpa3oBaHMs BpAIaTEIbHOTO JBUKEHHUS Bajla PEAyKTOpa B
BO3BpPATHO-IIOCTYNATEIbHOE JIBUKEHUE OalaHCHpa U COCTOMT U3 JBYX IIATYHOB U

JBYX KPUBOILIUIIOB C IPOTUBOBECAMU

Pucynok 19 — KpuBommnHo-1maTyHHbIM MEXaHU3M CTaHKa-KA4aJIKH

[MatyHn — cranpHas TpyOHas 3aroTOBKA, HA OJHOM KOHIIE KOTOpPOIl BBapeHa

BEpXHSIS TOJIOBKA IIATyHA, a Ha APYyroM - Oammak. [lamerr BepxHeil TOJI0BKY IIaTyHa
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HIAPHUPHO COEAMHEH ¢ TpaBepcoll. B crankax-kauankax CK8-3,5-5600 u CK 10-3-
5600 B BepxHEH roioBKe maTyHa NpuMeHEH mapHupHbii noqmunyuk [IC. bamMak
0onTaMu MPUKPEIUVIEH K HIKHEW rojioBke maryHa. llamen kpuBommna KOHYCHOH
MMOBEPXHOCTHIO BCTABJISIETCS B OTBEPCTHE KPHUBOILIUIA U YEPE3 PA3PE3HYIO BTYJIKY
3aTSATMBACTCS C NOMOILBIO TAEK.

Kpuommn - Benyuiee 38€HO peoOpa3yoero MeXxanu3mMa CTaHKa-Kayalku, B
KOTOPOM MPETyCMOTPEHBI OTBEPCTHS ISl UBMEHEHUS IJIMHBI X0/1a YCThEBOT'O IITOKA.

BrinosHeH B BUjie NpsIMOYTOJIBHBIX TJIACTUH C OTBEPCTUSIMU JIJIsT KPETICHUSI K
BaJly pEOyKTOpa W TMPUCOEAUWHEHHs IIaTyHOB. Ha KpuBomuie yCTaHOBJIEHBI
IPOTHUBOBECHI, KOTOPBIE MEPEMENIAIOTCS C IOMOUIIBI0 CHhEMHOIO YCTPOICTBA,
BCTaBJIIEMOIO B MTOMEPEYHBIN Ma3 Y OCHOBAHUSI IPOTUBOBECA.

Penykrop, wu300paxeHHbli Ha pucyHke 20, BBIOTHACTCS ABYX- WU
TPEXCTYNEHYATHIM C IIEBPOHHBIMM 3yO4aThIMM  TEpeaadyaMu, 3aleluICHHEM
HoBukoBa 1 CHMMETPUYHBIM PACIOJIOKEHUEM KOJEC OTHOCUTEIBHO Omop. SABISAACH
OCHOBHBIM y3JIOM CTaHKa-Kadallku, OH 00eCleuynBaeT HaJAEKHOCTh U JOJTOBEYHOCTh
paboTel 00OpymoBaHUs. PenykTrop mnpeaHasHayeH Jisd YBEJIWYEHUS KPYTSAIIETO
MOMEHTA U YMEHBIIIEHHS YaCTOThI BpaiieHus. Ha koHIIax BeAyllero Bajia HaCcaKeHbI
BEJOMBIM IIKUB KJIIMHOPEMEHHOM IE€pEeAayy M IIKKUB TOpMO3a. Ha KOHIax BeIOMOTro
BaJIa PACIIONaratoTCs KPUBOLIUIIBI.

CMmazka 3y04aThlX KOJIEC M MOIIIMITHUKOB BajlOB OCYIIECTBIISICTCS] M3 BaHHBI

KOpITyca peayKTopa.
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Pucynok 20 — Penykrop cTaHka-Kadaaku

JIByXKOJIOJOYHBIA TOPMO3 00O€CIeYrBacT OCTAHOBKY OajaHcupa B JHOOOM
IIOJIOXKEHUU TPU BBIKIIOYEHUHN JJIEKTpoaBuraress. JIeBoil M IpaBoll KOJIOAKAMHU
TOPMO3 MPUKPEIUIEH K Bally peaykropa. IIpy moMomm CTSDKHOrO yCTpOMCTBA
KOJIOJIKM 3KUMAOT TOPMO3HOM LIKUB, HACAXKCHHBIN HA BEAYIIUN BaJI pEIyKTOpA.

DNEeKTpOABUTATEAN JJIs IPUBOJA CTAHKOB-KA4aJIOK IPEACTaBISAIOT COOOM
OJTHO-, IBYX- U YETHIPEXCKOPOCTHBIE ACHHXPOHHBIE TPEX(Pa3HbIE ANEKTPOJABUTATENHN C
KOPOTKO3aMKHYTBIM pPOTOPOM UM TOBBIIIEHHBIM IIyCKOBBIM MOMEHTOM. OHu
BBITOJIHEHBI BO BJIArOMOPO30CTOMKOM UCIIOHEHHH [12].

PaboTaeTr craHOK-Kauyanka cieayromum ooOpa3om. Ilpu momoiy KIMHOBBIX
pEMHEN BpallleHHe OT dJIEKTPOABUIaTeNs MepetaéTcs Ha Beqymui Ban peaykropa. C
o0eux CTOPOH BEAyLIEr0 Bajla 3aKpEIUIEHbl KPUBOILUIIBI C IPOTUBOBECAMH,
LIAPHUPHO COEAUHEHHBIE C ABYMS IIaTyHaMU. KpUBOIIMIHO-IIATYHHBIA MEXAHU3M
nepenaér BO3BPATHO-IIOCTYIIATEIBHOE JIBH)KEHME Ha TpaBepCy, B CBOK OYEpPEb
TpaBepca 4epe3 pacrloOKEHHYI0 Ha HEH Omopy nepenaér JBUKEHUE Ha OajJaHCup ¢
rojoBkoi. ['omoBka OanaHcupa uyepe3 KaHATHYIO TIOJABECKY YCTHEBOIO INTOKA
COOOIIAET BO3BPATHO-IIOCTYATENBHOE ABHKEHNE KOJIOHHE HACOCHBIX LLITAHT.

HemanoBaxHo BbIOpaTh MpaBUIbHOE YPAaBHOBEIIMBAHUE CTaHKa-KadyajKH, TaK
KaK IpH paboTe HEypaBHOBELIEHHOIO OaJaHCHUPHOIO CTaHKAa-KadaJKU 33 KaxAbld

JIBOMHOM XOJI MPOUCXOJUT HEPABHOMEPHOE HArpyKEHHUE 3JIEKTPOJBHUrareis. ITO
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BBI3BAHO TEM, YTO INpPU JBMKEHUHU IUIYH)KE€pa Hacoca BBEPX, HAa CTAHOK-KAdaJKy
AefcTByeT cToNIO MJIACTOBOM >KMJIKOCTH B TpyOax M BEC LITAHT; JBH)KEHUE BHU3
IUTYH)KEp COBEPILAET TOJBKO MOJ JIEWCTBHEM Beca ILUTAHT, 3JIEKTPOABUIATENb MpPU
3TOM pasrpyxaercs. Takum 00pa3oMm, BO3HHUKAIOT HEPABHOMEPHBIC HArpy3Kd Ha
CTaHOK-KayaJIKy 3a IUKJ: MpPU XOJ€ BBEPX OHU MAKCUMAJbHBI, MPU XOAE BHHU3 —
MUHUMaJIbHBI. HepaBHOMEpHbIE HAarpy3Ku NPHUBOJAT K IPEKIEBPEMEHHOMY BBIXOIY
U3 CTPOs DJIEKTPOIBUTATEIIEH.

BoipaBHUBaHMS HArpy3kd MpH JIBOWHOM XOJ€ HACOCHBIX IITAHT JOOMBAIOTCS
ypaBHOBelIBaHueM OanaHcupa. Ha 3agHee miedo OanaHcupa yCTaHaBIUBAETCA
HA00p THKENBIX TIKUT. Kak caMOCTOSTENbHBIN BUI yPaBHOBEIIUBAHUS TaKOW CIIOCO0
HE MPUMEHSETCS, TaK KaK WHEPUUOHHBbIE HArpy3Kd OBICTPO paclIaThIBAIOT
KOHCTPYKLHIO CTaHKa-Ka4yaJIKu.

Haubonee  OmaronmpusiTHBIM  ABJISETCS ~ KPUBOIIMIIHOE  (POTOpPHOE)
ypaBHOBemMBaHue. Ha Tskénple KpUBOIIMIIBI MOMEIIAIOTCS MPOTUBOBECHI C 00EHX
CTOpoH. biaromapss IMOCTOSIHHOW CKOPOCTH BpallleHWsT KPUBOLIMIIOB, HA CTaHOK-
KayajKy He JACHCTBYIOT JONOJIHUTENbHbIE WHEPUUMOHHBIE HArpy3Kd, Kak IMpHU
OanmaHCUpHOM ypaBHOBemMBaHUM. OJHAKO C BO3pAaCTaHUEM MacChl KPUBOIIUIIOB
YBEIMYMBACTCS HAarpy3ka Ha OIIOpHbIE MOAIIMIIHUKK peaykropa. PoropHoe
YPABHOBEIIMBAHUE MPUEMIIEMO TOJBKO JJII OYEHb MOIIHBIX, M KaK CJEICTBHE,
TSDKEIBIX CTAHKOB-Ka4aJIoK.

B 0OJbIIMHCTBE OTEUECTBEHHBIX M 3apyOEKHBIX IPUBOIOB TNPUMEHSIETCS
KOMOMHUPOBAHHOE YPABHOBEIIMBAHUE.

VYpaBHOBEIIMBAHUE  MO3BOJSET  CHU3UTH  MOTPEOJIEMYI0  MOIIHOCTb
ANeKTpoJBUraTesisi B 5-9 pa3, 4TO 3aMETHO TMOBBIMIAET 3HEProd(PPEeKTUBHOCTD

000pyTOBaHUS.
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1 - 6amancup; 2 — TpaBepca ¢ ONOpoii; 3 - aTyH; 4 — HIKHSS TOJIOBKA IAaTyHa B coope; 5 —
HIDKHSISI TOJIOBKA IIaTyHa B cOope; 6 — MoABecKa CalbHUKOBOTO IITOKA; 7 — KPUBOIIHUII B cOope; 8 —
IIPOTHBOBEC B cOope; 9 — TOpMO3 KOJI010uHBbIHN ¢ hpukcaTopoMm; 10 — croiika B cbope; 11 —
IJIoIaAKa peaykTopHas; 12 — pama; 13 — muomaaka HuxHss; 14 — ocHOBaHMe momaaky; 15 —
KOXKyX; 16 — KpoHIUTEHH noxa aBurarens; 17 — orpaxkaenue; 18 — peayxrop; 19 — mxus; 20 —
3JIEKTPOABUTATENb

Pucynox 21 — Cxema OanaHCUpHOTO CTaHKa-KayalKu
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B 3aBHUCHMMOCTH OT KOJMYECTBAa OJHOBPEMEHHO OOCIY)KHBAE€MbIX CKBaXKUH
CTaHKHU-KavaJKy ObIBAlOT MHIUBUIYaJbHbIC, CIApEHHbIE U TpymIoBble. Ha mpakTuke
Yalle BCero NpUMEHSI0TCA NHIUBUTyaJIbHbIE CTAHKH-KAYaJIKH.

B 3aBrcuMoOcCTH OT XapakTepa nepeiadu JBUKEHUS K IITOKY MHAUBUAYaJIbHbIE
CTaHKU-KayaJku ObIBalOT OanaHcupHoro u Oesz0anmaHcupHoro tumna. Haumbonee
pacnpocTpaHeHbl OallaHCUpHBbIE HWHAMBUAYaJbHbIE CTaHKU-KAYaJKH, KOTOPBIE
OTAMYalOTCd OT 0e30aJlaHCUPHBIX TNPUHIUIOM JAEUCTBUS U KOHCTPYKLUEH
MeXaHu3Ma, MpeoO0pa3ylolero BpallaTelibHOe JABMKEHUE Baja JIBUrareis B
BO3BPATHO-NIOCTYIATENBHOE IBUKEHHUE IITOKA M KOJIOHHBI ILITAHT.

CraHKHM-Ka4aJIKU BBIITYCKAIOT B TPEX UCIIOJIHEHMSX:

CK — cranok-kaganka

CKJI — cTaHOK-KaJalKka ¢ Ae3aKCHaIOM

[TIIT'H — npuBOJ ITAaHTOBOTO TITyOMHHOI'O HAacoca

B otnuune or CK IIIITI'H umeer ykopodeHHsli 6anancup, omiinynyro o CK
KOHCTPYKIIMIO TOPMO3a, IUIOIIAAKYy OOCIYXKMBAaHUS Ha PEIyKTOpe, IUIOMIAIKY
00CITyKUBaHUS HA CTOMKE.

CK ormuuatorcas ot CKJ[ Tem, d4YTro Je3aKCHalibHbIE CTaHKU-KadaJaKd
o0ecreuyrBaOT pa3HOe BpeMs XOJAa LITAHT BBEPX M BHM3, TOTJA KaK B aKCUJIbHBIX

CTaHKax-KadaJIkax 3TO HPOUCXOJHNT 3a PABHBIC IIPOMCKYTKH BPECMCHHU.

2.2 Omnopa TpaBepchl CTAHKA-KAYAJIKHU

B crankax-kadajakax MPEeHMMYIIECTBEHHO HCIIONB3YIOTCS OMOPBI TPaBEpPCHI Ha
NOAIUIHUKAX KadeHWs. CpemHsss dYacTh ONOPHI TpaBEepPChl 3aKpelUieHa B
chepruvIeCcKOM POJIUKOTIOIIMITHIKE, KOPITYC KOTOPOTO OOJITaMH KPETUTCS K HUKHEH
noJike OamaHcupa.

Bo3MOXHBI pa3nmuyHbIe BapUAHTHI PACTIONOXKEHHSI OMIOPHI TPaBEPCHI U OMOPHI
OaslaHcHpa OTHOCUTENIBHO JAPYT ApyTa U Tena OajaHcupa:

1) 006e omopsl pactoiokKeHbI 01 0aJTaHCUPOM;

2) o0e onopkl pacnoiokKeHa HaJl 0aTaHCUPOM;
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3) omopa OamaHcupa pacloyioKeHa Haja, a omopa TpaBepchl — TOJ
OaaHCcUpoM;

4) omopa OamaHcHpa pacmojoOKeHa I0J, a omopa TpaBepchl — Hal
OaTaHCHUPOM.

Ha mpaxTuke HanOojee paldoHalIeH MEPBBI BapUaHT PACIIOIOXKEHHS OTOPHI
TpaBepChl OTHOCUTENBHO TeJla OaaHCUpa.

Onopa TpaBepchl, Kak M omnopa OanaHcupa, COBEpILIAET KayaTeJIbHOE
(peBepCcUBHOE) ABUKEHUE.

Onopsl TpaBepchl HMMEIOT pa3jIMYHOe KOHCTPYKTHBHOE HCIIONHEHUEe. B
OOJIBIIMHCTBE CTAHKOB-KA4aJOK OHU MPEJCTaBISAIOT COOOW MOAIIMIHUKNA KayeHUs,
3aKJIIOUEHHBIA B METAUTUYECKUI KOPIYC, KOTOPBIA U3TOTOBJIEH U3 BBICOKOMPOUYHBIX
METaJIJIOB, HAIIPUMEp, YyTyHa.

Omnopa TpaBepchl KpEemHUTCs K TMOJKe OajmaHcupa € IMOMOIIbI0 OOJITOBOTO
COCTUHEHHSL.

KoHcTpykiust onmopsl TpaBepchl H300pakeHa Ha pUCyHKe 22.
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Pucynok 22 — Onopa tpaBepchl
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Pucynok 23 — Tpasepca B coope ctanka-kagainku CK 8

1 — ock TpaBepchl; 2,9 — KpbIlIKa; 3 — KOPITyC MOIIUITHKKA; 4 — MOAIIUIHUK; 5 — 1m1aiiba; 6
—raiika; 7 — nmpoknajaka; 8 — koneio; 10 — mpodka; 11 — maiiba; 12 -6ont

Pucynok 24 — Tpaepca B cOope
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2.3 IIpuyuHbI BBIX0/Ja U3 CTPOS ONOPHI TPABEPCHI CTAHKA-KAYAJIKH

Ha nonroBe4yHoCTh NOAIIMIIHUKOBBIX ONOpP TPaBEPChl CTAHKOB-KAaYaJIOK
BIMSICT psAl (PaKTOpOB: KayveCcTBO CMAas3KH, MaTepHaj MOJIIMITHUKOBOIO Y3Ia,
MPaBUJIbHBIA MOHTA)K, COOTBETCTBHE y3Jia U JACHUCTBYIOIIECH Ha HEro Harpy3ku. Ho
JaXe NpHU COONIOJEHUU BCEX TPEOOBAHMI MOHTa)XKa M JIKCIUIYyaTallMM MPOUCXOJUT
OBICTPBIM BBIXOJ M3 CTposs oOmopsl TpaBepchl. Haubonbliee BausHUE Ha
M3HOCOCTOMKOCTBD y3J1a OKa3bIBAET PEBEPCUBHOE IBUKEHUE.

PeBepcuBHOE JABMKEHHE YCKOPSIET MPOLIECC HACTYIUIEHHS YCTAJIOCTHOIO
W3HAILIMBAHMA MIOYTH B 2 pasa, 110 CPAaBHEHUIO C OJTHOCTOPOHHUM TPEHHUEM.
Ha pucyHnke 25 MOXHO yBUIETh pa3inure MOBEPXHOCTEN JOPOKEK TPEHUS IIPU

PEBECPCUBHOM U OJHOCTOPOHHCM TPCHUMU.

Pucynokx 25 — Mukpodororpadus moBepxHOCTEH TpeHHs 00pasloB craimd 25 mocie

OJTHOCTOPOHHETO W PEBEPCUBHOTO TPEHUS

Ha moBepXHOCTSIX TpeHHs BO3HUKAIOT BIAAWHBI U YIIyOJICHHS, BO3HHKAIOT
MakKpo- U MHUKPOTPEUIMHBI, KOTOPhIE B JAJBHEUIIEM NPUBOIAT K BBIKPALIMBAHUIO
MeTaJla.

[locne HacTymuieHHsI YCTaJOCTHOTO HM3HAIUIMBAaHUS MPOMCXOAMWT aBAPUNHBIN

HN3HOC.
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OT HaAEKHOCTH OTAECIBHBIX Y3JI0B M MEXAHU3MOB, 3aBUCHUT HaJIEKHOCTH
arperata B 1I€JIOM, TMOSTOMY HEOOXOJIUMO OOpPOTHCS C PEBEPCUBHBIM TPEHHEM U
WCKaTh PA3JIMYHbIC TEXHUYECKUE PEIIEHUS U 3aMEHbI JAaHHOTO BUJA JBHKEHHUS Ha

OoJree mpocToe.

2.4 3akiiroueHue

CraHKU-Ka4aJIKu  SIBJISIIOTCS  HamOoJiee  pacnpoOCTpPaHEHHBIM  MPUBOJIOM
IITAHTOBBIX CKBAXKUHHBIX HacOCOB. OKk0j10 60 % CKBaKWH IKCIUTyaTUPYETCS HUMEHHO
CTaHKaMHU-KadaikaMu. Bo 2 rmaBe OBLIM pacCMOTPEHBI OCHOBHBIC Y3JIbI CTaHKa-
KaJaJKH.

Kak oxa3anoch, HauMeHee JOJITOBEYHBIMU Y3JIaMU OOOPYIOBAHUS SIBISIOTCS
OTOpbl  TpaBepChl U  OajaHcUpa, KOTOpPbIe TOABEPKEHbI ~ MHTECHCHBHOMY
W3HAIIMBAHUIO, BBI3BAHHOMY OTpUIIATEIbHBIM 3(()EKTOM PEBEPCUBHOTO TPEHUSI.

Cpoxk ciyx0bl OITOp COKpaIlaeTcss B 2 pa3za 1Mo CPaBHEHHUIO C OJTHOCTOPOHHHUM

TPEHUEM.
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3 Texnuueckoe NPEAJO0KCHHUEC MO0 MOBLINICHUIO H3HOCOCTOMKOCTH OInopbI

TPaBepchl CTAHKA-KAYaJIKH
3.1 Pacuér pecypca padoThl NOAIIMITHUKA KAaYeHUS

Jlns oneHku pecypca paOOThl MOANIMITHUKOB, paOOTAIOIIMX B YCJIOBHUSIX
PEBEPCUBHOTO TPEHHs, HEOOXOJUMO MPOU3BECTH PACUET HA JOJTOBEeYHOCTh. [lox
JIOJITOBEYHOCTHIO TOJAMIMITHUKOB Kay€HUsI MOHUMAETCSl YKMCIO OOOpOTOB, KOTOPOE
OJIHO U3 KOJIell MOJIIMIIHUKA COBEPIIAET OTHOCUTEIBHO JAPYroro Kojibla A0
NOSIBJICHUSI TIEPBBIX MPU3HAKOB YCTAJIOCTH MaTepuaia Ha OHOM M3 KOJIEl WIH Tell
KaueHHSI.

B coBpemMeHHOM TPOU3BOJICTBE CTAaHKOB-KAYaJOK IIMPOKO MPUMEHSIOTCS
IBYXpsIIHBIE CcPepUUeCKUe POJIMKOMOAIIUITHUKHA, BOCIPUHUMAIONINE PaTUuaIbHYIO
Harpy3ky. Pacdy€Tr Ha N0OJITOBEYHOCTHh MPOBEAEM Ha MpUMEpE MOJIIUITHUKA KauyeHUs
3626 I'OCT 5721-75.

Pecypc pa6OTBI IMOANIWMITHUKA Ka4CHHA B YaCaX PaCCUUTBIBACTCA KaK:

10 106
LF(%)3 o (3.1)
rae C — guHamuyeckas rpy3onojabEMHOCTb, H;
P —>KBUBaJIEeHTHAs JUHAMUYecKas Harpyska, H;
N —4acTOTa BPAIICHMS KOJIbIIA, MHH .
HMcxomuple manabele mommumauka 3626 I'OCT 5721-75: € = 850000 H,
n = 1300 o0/mMuH. B cpeaHem SKBUBaJIeHTHas JWHAMUYECKas Harpyska
chepuueckue porukonogmunuuku cocrasisier 100000-120000 H. [Mpunumaem P
=100 000 H.

3 10°

=1
60-1300 6068 uacos

_ (850000
"1 100000

Pecypc pabGoTel mommumnHuka ¢ y4€TOM OJHOCTOPOHHETO BpPAIIATEIHLHOTO

JBUKEHUSI cocTaBuil  16068uacos . Cpok CiyObl MOJIIMITHUKOB, pabOTaIOMUX B

42



peXUME PEBEPCUBHOrO TPEHUS, B 2 pa3a MEHbIE corjiacHo uccienoBanusm B.JI.
EBnokumoBa. CrnenoBaTenbHO, pecypc paOOThl MOAMIUITHUKA, COBEPIIAOIIETO

KavaTeabHOE JBIKEeHUE, cocTaBisieT, 8034 Jaca.

3.2 CywmecTByomue  KOHCTPYKUUM omnop c MeXaHU3MaMM

NPUHYAUTEIbHON GpuKcanue

PeBepcuBHOE TpeHUE 3aMETHO CHWXXAET JIOJITOBEYHOCTH MMOIIMITHUKOB.
boprba ¢ orpunatensHbiM 3h(EKTOM peBepca SIBISIETCS aKTyalbHOW 3ajadeil B
He(TAHOMH, JIECHOM " nepeBooOpabdaThIBatOIIEH POMBIIIJIEHHOCTSX,
MalIMHOCTPOEHUH.

M3BecTHO 1IapHUpHOE coeauHeHue [16], copaepikailiee OXBaThIBAIOILYIO
MPOYIINHY, OXBaThIBAEMYIO NPOYIIMHY, COCAMHUTENbHBbIA mnayien. OcoOEHHOCTHIO
M300pEeTEeHHs SIBJISETCS HAJIUMYME JIBYX JONOJIHUTEIBHBIX BTYJIOK, YCTaHOBJIEHHBIX
TakuM o0pa3oM, YTO OHHM MOTYT [IOBOPAYMBATBHCS KaK  OTHOCUTEIHHO
COEJIMHUTEILHOTO Majiblla, TAK U OTHOCUTEJIBLHO OXBaThIBAEMOM MpOYIIUHBI. Takxke
M300peTeHne CHAOXKEHO YCTPOWCTBOM TMPUHYAUTETHHOM (HUKCAluu  BTYJIOK
OTHOCHUTEJIbHO OXBATHIBAEMOI MPOYILIMHBI TPU TOBOPOTE OXBATHIBAKOLIEH MPOYIIHHBI
B OJHY CTOPOHY M OTHOCHUTEIIBHO COEIWHUTEIBHOIO TNaiblla MHpU OOpaTHOM
noBopote. Ha o0oux Toprax BTYJIOK BBIIOJHEHBI OTBETHBIE XparoBbIE 3yObsl C
Pa3IUYHBIM HAMPABIECHUEM.

CoeanHeHue BKIIOYAET B ce€0sl OXBATHIBAIOLIYIO MPOYUIMHY C ABYMS IIEKaMHU
1, oxBaThIBa€MyI0 MPOYIIUHY 2, COEIUHUTENbHBIN nael 3, 1Be aHTU(DPUKIIMOHHbIE
BTYJKU 4, KoJbLa 5 U 6, KOTOpbIE pa3KUMarOTCs NpyxuHoil 7. Ha BHemHux 9 u
BHyTpeHHUX 10 Toprax BTYyJOK 4 BBINOJTHEHBI XpamoBblie 3yObsimu. Kombiia 5 u 6
BBITIOJTHEHBI C XparoBbIMU 3yObsSIMU Ha BHEMIHMX Topuax 11 co nummamu Ha
BHYTPEHHEN LMIMHAPUYECKON IMOBEPXHOCTH, YCTAHOBJIEHHBIMH C BO3MOYKHOCTBIO
HUTKIIEBOTO COCIMHEHUs CO cpeaHel yacTthio 12 manbia 3. CoeMHUTEIbHBIN Haiell
HEMOJABW)XEH OTHOCUTEJNBHO oOXBaThiBatonleil mnpoymuHsl 1. @opmbl 3yObeB

COCMHAEMBIX JEeTajled OTBETHBI Jpyr Jnapyry. OxBaTeiBaeMas NIpOYILIMHA
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BBITIOJTHSIETCSI COCTAaBHOM C 3alpecoBaHHBIMU BTyJkamu 13 u 14 u 3akpbiBaercs
Kpbiikoi 16 ¢ Buntamu 15. Ianen 3 u meka 1 coennHeHsl ¢ moMoup0 cronopa 17,

maitoer 18 u BuHTOB 19.
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Pucynox 26- [llapaupHOE coequHeHne

PaGotaer mapHIpHOE COEAMHEHNE CIEAYIOMNUM 00pa3oMm.

OAHOBPEMEHHO TMOBOPAYMBAIOTCS Tajier] 3 U Kojblia 5 U 6, 3yObs KOTOPBIX
3aleruIsioT 3a coboit BTynku 4. Takum oOpa3oM, BTYJIKH 4 BMECTE€ C MayiblleM 3
MOBOPAYMBAIOTCS OTHOCUTEIBHO NPOYIIMHBI 2 3a CYET MOPOCKAIb3bIBAHUS B
XParoBbIX COETUHECHUSIX.

[Ipn oOpatHOM MOBOpOTE Manblia 3 BTYJIKU 4 MPOCKANb3bIBAIOT B XPaIlOBbIX
COCIMHEHUSIX C KOJbIIaMH 5 u 6 W ocratorcs 3adUKCHUPOBAHHBIMU XPAlOBBIMHU
COEIMHEHUSAMU OTHOCHUTEIBHO MPOYIIUHBI 2.

[Ipy TakoM KCHOJHEHUH WIAPHUPHOTO COCIAUHEHUS C JBYMS BTYJIKAMU U
YCTPOMCTBOM MPUHYIUTEILHONH (HKcAMM KaKJIOH W3 HUX OTHOCHTEIHHO
COCIMHUTEIBLHOTO Majblla W  OXBAaThIBAEMOW MPOYIIMHBI, OOECreuYnBacTCs
OJIHOCTOPOHHEE TMPEPHIBUCTOE BpalIEHUE BTYJOK MPU PEBEPCUBHOM JIBHKECHUU
nasibla.

CymectByer u300peTeHHE, TOBBIIAIONIEE PECYPC Yy3J0B TPEHUA C

PCBCPCHUBHBIM JIBHKCHHUCM. I[OCTHFaeTCﬂ 9TO 3a CUET KOHCTPYKTHUBHOI'O UCKIIFOYCHUA
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PEBEPCUBHOTO TPEHUST W BBEACHHUS B KOHCTPYKIMIO IIApDHUpPA MEXaHU3Ma
OJIOKUPOBKH pPabOYMX TOBEPXHOCTEH, MPU ITOM MPOUCXOJUT aBTOMATHYECKas
KOMIIEHCAIMs U3HOCA.

[[TaparpHOE CcoeaMHEHHME BKIIOYaeT B cebs masen (Bam) 1, cpemHss 4acTh
KOTOpPOTr'O BBITIOJIHEHA B BUJZI€ JBYX KOHYCOB, COCIUHEHHBICE OCHOBAHMS KOTOPBIX
COCTaBJISIFOT CEPEAMHY Baja; OXBATHIBAIOUIYI) IMPOYUIMHY 2; PEryJUpOBOYHBIE
BTYJIKA 3, YCTAHOBJICHHBIE C HATSITOM B WIEKAX OXBATHIBAKOLIECH MPOYIIMHBI 2;
OXBaThIBAEMYIO MPOYIIMHY 4, COAEpXKAIllyl0 BTYJKY 5 ¢ BHYTpPEHHEHW paboueid
MIOBEPXHOCTHIO; JIBE€ BTYJKM 6 C HapyX HOM MWIMHAPUYECKONM M BHYTpPEHHEU
KOHUYECKOM MOBEPXHOCTSAMHU M BO3MOYKHOCTBIO IIOBOPOTA KAK OTHOCUTEIIBHO IaJIbI[A
1, Tak ¥ OTHOCUTENBHO BTYJIKA OXBaThIBAEMOW MPOYIIUHBI 5, IPU 3TOM BHYTPEHHHUE
KOHMYECKHE MOBEPXHOCTH BTYJOK 6 OTBETHBI KOHYCHBIM MOBEPXHOCTSIM manbua l;
TOPLIEBOM CTOMOPHBIA MEXAHU3M, COCTOSIINN U3 TOPLUEBBIX KAHABOK, BHIITOJIHEHHBIX
B BHUJIE XPalOBbIX 3yOheB 7 HA HApPYKHBIX TOPIEBBIX CTOPOHAX BTYJIOK 6 U OJIOKOB
OPYKUHHBIX TOJYKOJEU §, 3aKpEIUIEHHBIX Ha BHYTPEHHUX TOpLAX BTYJIOK 3 €O
CBOOOJHBIMH KOHIIaMU 1[I, M30THYTHIX B pajJualbHOM HAINpaBJICHUM U TPU ITOM
npousib MPYXUHHBIX KOJIEIl OTBETEH MNPOPUII0 KAaHABOK 7, TaKkKe KaxkIaoe
MOJIYKOJIBIIO B CPEIHEH YacTu uMeeT u3ru0 I, HampaBieHHBIM BEPIIMHON K TOpIaM
BTYJIOK 6 M MOKAMAIOIINN UX K CEPEIMHE MIAPHUPHOTO COCAUHEHUS;, HEHTPAIbHBIN
MEXaHU3M OJIOKHPOBKH, COCTOSIIIUNA W3 KAaHABOK B BHJE XpaloOBBIX 3yObeB 9,
BBIIIOJTHEHHBIX C BHYTPEHHEN CTOPOHBI BTYJIKM 6; pacnopHod BTyiaku 10,
YCTAQHOBJICHHOW C HATATOM B BTYJIKE 5; NPYKMHHBIX MoJjykoinen 11, 3akpennéHHbIx
Ha Topuax BTYJOK 10 M MMeIMX WU3rHU0 BHYTPh B pagualibHOM HAMpaBIICHUH,
MOJIYKOJIbIIa OTBETHBI KAHABKAM 9; peryJMpyromyo CTONOPHYIO raky 12.

[Ipu moBopoTe MpOymIHHBI 2 OTHOCHUTEIBHO MPOYLIMHBI 4 B OJHY CTOpPOHY,
cBoOOMHBIC KOHIBI Il momymaitd 8 BXOomsAT B 3alelJieHHWEe C KaHaBKaMH B BHUJIC
XpamnoBbIX 3yObeB 7 NIBYX BTYJOK 6. BTylkuM HauMHAIOT JIBHXKEHHUE, B ATO BpeMs
CBOOOHBIE KOHIIBI MPY>KUHHBIX KoJiell 11 MpocKamh3bIBalOT OTHOCUTEIIBHO KaHABOK
B BHJIE XpamoBBIX 3yObeB 9 BCJIEACTBUE Pa3HOHAMPABICHHOCTH OOPa3yIOIINX

JeTaJlel HEHTPAJIbHOIO M TOPLEBOIO CTOMOPHBIX MexaHu3MoB. Ilpormecc TpeHus
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IIPOUCXOJUT MEXKIY HApYyKHOM IOBEPXHOCTBIO JBYX BTYJIOK O W BHYTPEHHEU
MOBEPXHOCThIO BTYJKHU HpoymuHbl 5. Ilpu JIBHXKEHUM NPOYyIIMHBI 2 B OOpaTHYIO
CTOpPOHY, CBOOOJHBIE KOHIBI MOJIYIIaii0 8 BBIXOAAT M3 3alleIUICHHUs] ¢ KaHABKaMU B
BUJE XpamoBbIX 3yObeB 7, TMpOCKalib3blBasg OTHOCUTENIBHO JApYyr JApyra.
OaHOBPEMEHHO B 3alEIJICHUE BXOJAT CBOOOIHBIE KOHIIBI MPYKUHHBIX mosykodery 11
C KaHaBKaMHM B BHJE XpanoBbIX 3yObeB 9 BTYJNOK 6, BCIEACTBHE 3TOTO BTYJKH
HaynMHaIOT JBWKeHue. [Ipouecc TpeHus OyAeT MPOUCXOIUTH MEXKIY BHYTPEHHEU
MOBEPXHOCTHIO BTYJIOK 6 U HapYy>KHOM MOBEPXHOCTHIO Majibla 1.

Takum o0pa3oM, mporiecc TpeHUs OyIeT MOOYEPETHO MPOUCXOAUTH MEXKIY
IBYyMsSl BTYJKaMHM 6 W BTYJKOH 5, 3aTeéM MEXIy BTYJKaMU 6 M COEIMHHUTEIBHBIM
nansiemM 1. KomneHncanus 3a30poB JocTuraercs 3a c4éT u3ruOoB | Ha Mpy>KUHHBIX
MOJIYKOJIbLAX &8, MO/UKUMAIOIIMX BTYJIKM O 10 HANpaBJIEHUIO K CEpelIrHE
IAPHUPHOTO COEIUHEHHUS.

JIOJITOBEYHOCTh y371a JOCTHraeTcs 3a CYET 3aMEHbl PEBEPCUBHOIO JBUKEHUS
Ha TIPEPHIBUCTOE BpaIlIATEIbHOE, MPHU OSTOM MPOUCXOIUT €IIE U KOMIICHCAIUs
3a30poB. OJIHAKO TPHU JTOCTHIKEHHUH 3a30pPOB OOJIBIIION BEJIUYMHBI, OHU MOTYT OBITh

JUKBUMPOBAHBI TOCPEICTBOM 3aKPYUHUBAHUS CTONOPHOM raiikoit 12 [17].
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Pucynok 27 — lllapaupHO€E COETMHEHUE C aBTOMATUUECKON KOMIIEHCAllMel N3HOCa IOBEPXHOCTEN
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M3BecTHO IIApHUPHOE COEOUHEHHE , KOTOpOe BKIOUaeT B  ceds
OXBaTBIBAIOIIYIO MPOYIIMHY |, OXBaThIBAEMYIO MPOYIIMHY 2, JIBE BTYJIKH 3 C
BHYTPEHHUMHU W HApYy>KHBIMU IOBEPXHOCTSAMH PAOOUYMMHU MOBEPXHOCTSAMHU, YETHIPE
O50Ka TMPY>KUHHBIX MOJIYKOJIEL, COCTABIAIOIIMX MpPYXUHHBbIE MAiiObl 4 — 1Ba ¢
MpaBbIM U JIBa C JIEBBIM HampaBlieHHWEM OOpa3ylollel MWIMHIPUYECKON CcCrupaiu,
pacnopHyI0 BTYJIKY 5, BTYJKY 6 C BHYTpeHHEH paOoyeil MOBEPXHOCThIO W Majiell
(Bax) 7. AHTU(PUKIMOHHBIE BTYJIKU 3 BBITOJHEHBI C BO3MOXKHOCTBIO IMOBOPOTA Kak
OTHOCHUTEJIBHO BTYJKM 06, TaK M OTHOCUTENBHO Nayiblia 7. BIOKH, COCTaBIAIOLIUE
MpY>KWHHBIE 1aiiob1 4 BKiIro4aroT B ce0s 2 (1...n) cexTopa koinbia. /[Ba 6moka 4 ¢
Pa3HOCTOPOHHUM HAaIpaBiIeHUEM 00pa3yroUlel HUIMHAPUYECKONH CIOUpPAIN Kpensarcs
K TOPLIEBBIM CTOPOHAM PACIIOPHOM BTYJIKM 5, YCTAHOBJIECHHOW C HATATOM B BTYJIKE 6
U aBa Omoka 4 ¢ pa3HOCTOPOHHUM HampaBlieHHEM O0pa3yromiel HUINHAPUIECKON
CIIMpalu KpEImsTCs K BHYTPEHHUM CTOPOHAM OXBaTblBaromleld npoymuHbl 1. Ha
BTYJIKAX 3 C TOPLEBBIX CTOPOH BBINOJHEHbI KaHABKH, MMEIOIINME BUJ XPanOBBIX
3yObeB, U MO HANPABICHUIO OTBETHBI HAINIPABJICHUIO CBOOOJHBIX KOHIIOB MOJYKOJIEI]
0JIOKOB COCTABJISIIOLIUX MPY>KUHHBIE 11al0bI 4 ¢ BO3MOKHOCTBIO UX 3aKIIMHUBAHUSI.

bnaromapss HanMuui0 MEXaHU3MOB OJIOKMPOBKH, COCTOAIIUX M3 OJOKOB
NpPY>KUHHBIX 111ali0 4 1 KaHaBOK, BHIMIOJHEHHBIX B BUJIE XPAaIOBbIX 3yObEB Ha TOpPLIAX
BTYJIOK 3, MPOUCXOAUT MPeoOpa3oBaHUE PEBEPCUBHOIO TPEHUS B MPEPBIBUCTOE

BpalllaTeJIbHOE.
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Pucynoxk 28 — lllapaupHoe coeAMHEHUE C ABYMsI 30HAMU TPEHUS
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[Ipn nmoBopoTe OXBaThIBAEMON MPOYIIMHBI 2 OTHOCUTEIBHO OXBAThIBAIOLIEH
NpOyIIMHBL 1, OJIOKH COCTaBISIOMIUX TNPYKUHHBIE MAWObl 4, 3aKperuieHHbIE Ha
pPacopHOM BTYJIKE 5 BXOJAT B 3aLEIJIEHUE C XPAIOBBIMU CEKTOPAMU HA BHYTPEHHUX
TOPIIEBBIX TMOBEPXHOCTSAX AHTH(PPHUKIIMOHHBIX BTYJOK 3 W COOOIIAIOT MOCIICTHUM
JBIDKCHUE, B TO BpeMs, KakK, OJIOKHM COCTaBISAIONIUX NPY>KUHHbIC MaiObl 4 Ha
BHYTPEHHHMX  TOPLEBBIX  TOBEPXHOCTSIX  OXBaThIBAWONICH  mpoymuHbl |
IPOCKAJIb3BIBAIOT OTHOCUTEIBHO KaHAaBOK B BHJIE XPAaINOBBIX 3yObE€B Ha BHEIIHUX
TOPIIEBBIX MOBEPXHOCTIX aHTU(PUKIIMOHHBIX BTYJIOK 3 M3-3a Pa3HOr0 HaIpaBJICHUS
o0pa3yromux MWIKHAPUIECKON CIUpaid B OJIOKaX COCTaBISIOMIUX MPY>KUHHBIE
maiidobl 4 M KaHAaBOK. B ATOM ciydae TpeHHE MPOUCXOAUT MEXKIY BHYTPECHHUMHU
MOBEPXHOCTSIMU aHTU(PUKITMOHHBIX BTYJIOK 3 U HAPYKHON MOBEPXHOCTHIO Mayblia 7.
IIpu oOpaTHOM XOJ€ OXBaThIBAEMOW MPOYIIHWHBI 2 OTHOCHUTEJIBHO OXBaThIBAIOIIEH
NpOyIIMHBl 1 OJOKM COCTABJSIOMIMX MPYXXWHHBIE IMaObl 4, 3aKperyieHHbIe Ha
TOPLEBBIX MOBEPXHOCTSIX PACIIOPHOM BTYJIKM S5 BBIXOJAT U3 3aLICTUIEHUS C KAHABKAMU
B BUJ€ XpamoBbIX 3yObeB Ha BHYTPEHHHUX TOPILEBBIX IMOBEPXHOCTSIX
AHTU(PPUKIIMOHHBIX BTYJIOK 3 UM MpHU AAJIbHEHIIIEM ABMKEHUH MPOCKAIB3bIBAIOT JIPYT
OTHOCHUTENBHO Jipyra. OTHOBpEMEHHO OJOKH COCTABJISIOIINX MPYKUHHBIE MIai0bI 4,
3aKpEIJICHHbIE HA BHYTPEHHUX TOPLIEBBIX MOBEPXHOCTIX OXBATHIBAIOLIEH MPOYIINHBI
I BXOmAT B 3aleIUIiEeHHE C KaHAaBKaMU HA HApPYKHBIX TOPILEBBIX IMOBEPXHOCTAX
aHTU(GPUKIIMOHHBIX BTYJIOK 3 M cOOOMIAlOT UM JIBIKEeHHE. B 3TOM cimyuae, mporecc
TPEHUSI TMPOUCXOAUT MEXKAY HAPYKHBIMU TOBEPXHOCTSIMU AHTU(PPUKIIMOHHBIX
BTYJIOK 3 M BHYTPEHHEN [TIOBEPXHOCTBIO BTYJIKH 6.

Takum 06pa3om, 3a cueT MEXaHU3MOB OJIOKMPOBKH, PEBEPCHUBHOE JBUKEHUE
npeoOpazyercss B IPEPHIBUCTOE BpaAIIATEIbHOE IMOOYEPEJIHO IO BHYTPEHHUM U
HapY>KHBIM TIOBEPXHOCTSIM aHTU(DPUKIIMOHHBIX BTyJIOK 3. M30aBienuwe oOT
PEBEPCUBHOTO TPEHUS MO3BOJISIET OBBICUTh U3HOCOCTOMKOCTh JAECTAJIEH IIAPHUPHBIX
COEMHEHUN MoYTH B 2 pa3a [18].

N3Becten npyroi nareHt «lllapHupHoe coennHeHne», pe3ysbTaTOM KOTOPOIro
SIBJISICTCSl TIOBBIIICHUE HAJIEKHOCTH M JOJTOBEYHOCTH IIAPHUPHOTO COEIMHEHUS 3a

CU€T YCTpaHCHHA OHHOﬁ 30HBI TpPCEHUA IIpU OJHOBPEMCHHOM MCKIHOYCHHUN
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peBepcuBHOCTH  TpeHus.  lllapHupHoe  coeauHEHHME  BKJIO4aeT B cels
COCIIMHUTENBHBIM Tmaznen |, OXBaTbIBAIOIIYIO MPOYLIMHY 2, OXBaTbIBAEMYIO
NPOYUIMHY 3, THIIb3Yy 4 0XBaThIBAEMOU MPOYIINHBI, aHTU(PPUKIIUOHHBIE BTYJIKU 5 U 6
OXBaTBIBAIOILIEW U OXBATHIBAEMOM MPOYIIMH COOTBETCTBEHHO, IIPY>KUHHBIE KOJIbLIA 7/,

KaHABKU B BUJIE XPAMOBbIX 3yObeB 8, GUKCUPYIOIINE KPBIIIKU 9.

6 2 8 3 4 5 7 7
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Pucynox 29 — lllapaupHoe coeAMHEHHUE C OJTHOM 30HOU TPEHUS

KanaBku B BuJe XpamoBbelX 3yObeB, pacrmojarammuecs Ha Toplax
OXBAaThIBAEMOM M  OXBAaTBIBAIOUIEM BTYJOK, W NPYKHHHBIE ITOJYKOJIbLIA,
3aKpeIUIEHHBIE Ha COEAMHUTEIBHOM TMaiblie, MPEICTaBISIOT COO0OW MeXaHH3M
MPUHYIUTEIBHON PUKCALUN.

[IpeanoxenHoe coeauHeHne padoTaer cienyromum obdpaszom. Ilpu moBopote
OXBAaThIBAEMOM NPOYIIMHBI 3 B OJAHOM HAaIPABJICHUM ITOBOPAYMBAOIIASICS BMECTE C
Hell aHTU(PUKIMOHHAS BTYJKA 5 C BBINOJHEHHBIMH Ha HEW KaHaBKaMU B BHUJIE
XpamnoBbIX 3yObeB 8 BXOAMT B 3allCIUICHHE C MPYKUHHBIMHU IOJYKOJbLAMH 7,
U30THYTBIMU B PaJHaJIbHOM HAIpPAaBICHUU U 3aKPEIUICHHBIMU HA COEIUHUTEIBHOM
nanpiie 1. CoenuHuTenbHbli mamery 1 okaspiBaeTcs  3a()UKCHPOBAHHBIM

OTHOCHUTEJIbHO OXBAaThIBAEMOM MPOYIIMHBI 3 W COBEPILIAET MOBOPOT BMECTE C HEM.
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Pasnoe HampaBneHue oOpa3yroIMX KaHAaBOK B BHUJAE XpamoBbIX 3yObeB 8§ Ha
aHTU(QPUKIMOHHBIX BTyJKax 6 W TPYXKHUHHBIX IOJyKOJIEl 7  BBI3BIBAET
OTHOCHUTEJIBHOE NPOCKAJIb3bIBAHUE, TAK YTO IIPOLIECC TPEHUS BO3HHUKAECT MEXIY
COCUHUTENBHBIM TajblieM | U aHTUQpUKIMOHHBIMU BTylKamu 6. Ilpu oOpatHOM
XO0JIe OXBaThIBAEMOW MPOYUIMHBI 3, KaHAaBKM B BHJIE XpamnoBbIX 3yObeB &
aHTU(PUKLIMOHHON BTYJIKM 5 M MPYKUHHBIE KOJIbLA 7 BBIXOJAT W3 3aLEIUVICHUS U
OJTHOBPEMEHHO BXOJST B 3allCIUICHHE KaHaBKU B BHJE XpPAaNoOBbIX 3yObeB 8 U
NPYXUHHBIE TMOJYKOJbLA 7 aHTU(PPUKIMOHHBIX BTYJOK 6. Takum o0pazom,
COCMHUTENbHBIM maner; | oka3piBaeTcs 3aUKCUPOBAHHBIM OTHOCUTENIBHO IIEK
oxBaThIBarollel nmpoymuHel 2. [Ipu 3TOM KaHaBKM B BHUJE XpamloBbIX 3yObeB 8 Ha
aHTU(PUKLMOHHON BTYJKE 5 M MPYXKUHHBIE MOJYKOJbLUA 7 MPOCKAIb3bIBAIOT JIPYT
OTHOCHUTEJIBHO JApyra M MPOLECC TPEHUSA IPOUCXOAUT MEXKIAY COCAUHUTEIBLHBIM
najabieM | U aHTUQPUKIIMOHHOMN BTYJIKOM 5.

Takum oOpazoM, 3a CUET MeXaHU3Ma OJIOKMPOBKH IIPHU MTOBOPOTE MPOYILIUHBI B
OJIHy CTOpPOHY HCKJIIOYAaeTCs OAHA W3 30H TPEHHWs, NPU JABWXKCHUM NPOYIIWHBI B
00paTHYI0 CTOPOHY 30HBI TPEHUSI MEHAIOTCSA. B uTore mpoucxoaut npeodpa3zoBaHue
PEBEPCUBHOIO TPEHHsA B NPEPBIBUCTOE BpauiaresnbHoe. ONUCaHHBIA MEXaHU3M

oOecrieynBaeT MOBBIIMICHUE TOJITOBEYHOCTH MIAPHUPHBIX coeanHeHu [19].

3.3 KoHCTpyKTHBHOE mpeNJiOKeHHe IO TMOBBIIIEHUI0 J0JTOBEYHOCTH

ONOPbI TPABEPChI CTAHKA-KAYAJIKH

JIns uckirodeHus: oTpuIaTeaIbHoro Ahdekra peBepca npeajiaracTcs U3MEHUTh
KOHCTPYKIIMIO OITOPHI TPaBEPCHI CTaHKa-Kayajaku (pucyHok 30).

Pemenne TexHWuyeckoM 3aayd, CBSI3aHHOW C IOBBIIICHHEM CpOKa CITY>KObI
MOJIIIUITHUKA KAYEHUSI ONOPBI TPABEPCHI, OCHOBBIBAETCS HA PACCMOTPEHHBIX BHIIIEC
MaTeHTax, MPEJIaraluX 3aMEHY PEBEPCUBHOTO JBUKEHHUS BPAILIATEIbHBIM.

[IpencraBnennsiii Ha pucyHke 30 y3en CTaHKa-KayallKu UMEET CIETYIOLIYIO
KOHCTPYKIMIO. [IOAMMIHMK KadyeHUs YCTAHABIMBAETCS BHENIHUM KOJBIIOM 1 B

KOpIYyC 2 MOJIIWITHUKOBOM OIOpPBI, BHYTPEHHEE KOJIBIIO 3 CAJAUTCA C HATATOM Ha
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BTyJKY 4. Uepe3 BTYJKY MPOXOJIUT OCh 5, 3aKpeIUieHHas B JIBYX KpPOHIITEHHax 6,
YCTaHOBJICHHBIX Ha TpaBepce 7. BTyika uMeeT BO3MOXKHOCTh BMECTE C BHYTPEHHUM
KOJIBIIOM TMOJIIMIHUAKA COBEpPIIATh MOBOPOT OTHOCHUTENBHO ocu. Kopmyc

MOAIINITHUKOBOM OIMOPBI JKECTKO KPENnUTes K Kopiycy 6anancupa 10.

10 2
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Pucynok 30 - Cxema NoAIIMITHUKOBOM OIIOPBI TPABEPCHI
C XparoBbIM MEXaHU3MOM

Ha BTyJsiKE ¢ MOMOIIBIO NINOHOYHOI'O COEIMHEHUS yCTaHABIMBAETCSA KOJIECO 8
XparoBOr0 MEXaHW3Ma, KOTOPBIM OJIOKUPYET BpAIICHUE TMOIIMITHIKA B OJHOM U3

HaIpaBJICHUI C TOMOIIbIO cOOauKu 9.
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[IpyHUMIT AEHCTBHUS HAHHOTO YCTPOMCTBA 3aKitodaeTcs B ciaenyromem. [Ipu
JBMKEHUW TOJIOBKM OaJlaHcupa BHHU3 IUIEUO OajllaHCcHupa BMECTE C JKECTKO
3aKpEIUIEHHOM Ha HEM OIopod | IOJHMMAaeTcs BBEpPX, COBEpLIas IPU 3TOM
OTKJIOHEHUE Ha HEKOTOPbIA yroi (pucyHok 31). B 3TOT MOMEHT BHYTPEHHEE KOJIIIO
3 NOAIIMIIHUKA KAa4eHUs] BMECTE CO BTYJIKOW 4 cCoBEpHIaeT MOBOPOT BOKPYI OCH U
OTHOCUTEIIbHO HEMOJBUKHOTO BHEIIHErO0 KOJbIA. XpaloBblii MEXaHU3M HeE

6JIOKI/Ipy€TCH, co0auyka CKOJIB3HT 110 SY6LHM XpalltoBOIro KoJeca.

1 — xopryc onopsl; 2 — Hapy>KHOE KOJIbLIO MOJIIUITHUKA; 3 — BHYTPEHHEE KOJIbLO

MOALINIHIKA; 4 —BTYJIKa; 5 — OCh TPaBEPCHI

Pucynox 31 — Cxema paboTbl KOHCTPYKIUH [IPU ABMKEHUH I'OJOBKU OajaHCHpa BHU3

[Ipn wu3MeHeHWM MABWKEHHUS OalaHcHhpa, KOTrjJa IUIEUO OITyCKAaeTCcs BHU3,
TpaBepca ¢ OMOPOM TakKe HAUMHAIOT ABMXKEHHE BHU3 (pUCYHOK 32). B 3TOT MOMEHT
BHYTPEHHEE KOJIBII0O 3 TMOAIIMIHUKA OKHO HA4YMHATh IMOBOPOT B OOpaTHYIO
CTOPOHY, HO co0ayka XpamoBOIO MEXaHW3Ma BXOAMUT B 3allellVIeHHE C 3yObsMU
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XparoBOro KoJjieca, TEM CaMbIM OJIOKMpYs BpallleHHe BHYTPEHHETrO KOJblla U
UCKITIOYAET BO3MOXXHOCTH pabOThI MOAIIUITHUKA.

Tak Kak BTyJIKA C 3aKpEIUICHHBIMM HAa HEW NOAIIMIIHUKOM Kady€HUus U
XparnoBbIM KOJIECOM CTaHOBSITCSI HEMOJABWKHBIMHM, a JIEMCTBUE CHJI KPHUBOIIUITHO-
MIATYHHOTO MEXaHHW3Ma JIOJDKHO NPUBOJIUTH K MOBOPOTY TPABEPCHI OTHOCUTEIBHO
Oaylancupa, TO NPU JBUKEHUU TPABEPChl BHU3 BO3HHMKAET CKOJIBXKEHHE OCH OIMOPbI

TpaBepChl 5 OTHOCUTEIHHO 3a0JIOKUPOBAHHOM BTYJIKHU 4.

1 — xopmyc onopsl; 2 — Hapy»KHOE KOJIBLIO MOAIINITHUKA; 3 — BHYTPEHHEE KOJIBIIO

MOAIINIHIKA; 4 —BTYJIKa; 5 — OCh TPaBEPCHI

Pucynox 32 — Cxema paboTbl KOHCTPYKIIUH ITPH JBHXKEHUH TOJIOBKH OaaHcHpa BBEpX
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Takum oOpazom, pu 0OpaTHOM X0 OanaHCcHpa MOJIIUITHUK KaYeHUSI BMECTE
CO BTYJKOW TpEeBpamaloTCs B OJWH HEMOABW)XHBIA TOMIIUITHUAK CKOJBKEHUS
OTHOCUTEIHHO OCH OTMOpPHI TpaBepchl. CleaoBaTeNbHO, TPU JBMIKEHUU TPABEPCHI B
OJIHY CTOPOHY paboTaeT MOANIUITHUK Ka4CHHSI, B IPYTYIO — MO IITUITHUK CKOJbKCHUSI.

[Ipu Takoii paboTe MOIIIMIIHMKA PEBEPCUBHOE JABMIXKEHHUE IMpPeoOpa3yeTcs B
NpepBIBHOE OJTHOCTOPOHHEE BpaIlaTeIbHOE IBIKEHUE. ITO CIIOCOOCTBYET TOMY, UTO
IoCJIe KaK/IOTo IHKJIa KadyaHus OajaHCHUpa MOAMIUITHUK KadeHUs OyAeT MOCTOSHHO
MPOBOPAYMBATECA HA OMpENETICHHBIM yroia. Takum o0pa3oM UCKIIOYaeTCA
KOHIIEHTpAIIMsl HArpy3Kd Ha OJHUX U TEX XK€ IUIONIAJIKaX KOHTAaKTa U MPOUCXOJUT
paBHOMEPHOE TepepacipeiesieHIe paIualbHON HArPy3KU Ha Teja KadeHHs M KOJbIa

IIOJIIMUITHHUKOB.
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3AK/IIOYEHUE

B nannoii pabote Obl1a pacCMOTpEHA IIaBHAs MPUYMHA MOBBIIIEHHOI'O H3HOCA
M, Kak CIJEJICTBHE, OBICTPOrO0 BBIXOJA W3 CTPOS MOJIIMIIHUKOB KayeHUS —
peBepcuBHOE  JBIKEeHHE. OTpUIATENbHOE BIUSHUE PEBEPCHUBHOTO  TPEHUS
HaOmogaeTcss B OOJIBIIOM KOJMYECTBE MAIMH M MEXaHU3MOB. PeBepcuBHOE
JIBUKEHUE TPUBOAUT K OBICTPOMY HACTYIUICHUIO YCTaJOCTHOTO W3HAIIMBAHUSA,
NPUBOJAILETO K aBApUIHONW OCTAaHOBKE 000PY/I0BAHUS.

JIuteparypHo — uHGOPMAITMOHHBINA 0030p MOKa3a, YTO MPoOIeMa MOBHIICHUS
JIOJITOBEYHOCTH IAPHUPHBIX COCAMHEHHM, pabOTaIONUX B YCIOBUSX PEBEPCUBHOTO
TPEHHUsl, SBIIAETCS AKTyaJlbHOM TEXHHYECKOM 3a4a4el W B HACTOSIIEE BpEMS.
[ToaTomMy B manHHO# paboTe ObljIa MOCTABIICHA II€Jb - MOBBICHTh M3HOCOCTOWKOCTH
OMOpBl TpaBepChl CTaHKa-Kadyanku. [l pocTwkeHuss 1enu ObUIM  PElIeHb
CJIeIyIOIIUE 3a/1aUu:

- MPOBENEH aHalIU3 OTPULATEIBHOrO BJIUSHUS PEBEPCUBHOTO TPEHUS HA
paboTy y3JI0B;

- paccMOTPEHbI KOHCTPYKIIMH, UCKIIFOYAIOIINE PEBEPCUBHOE TPEHHUE;

- Ha OCHOBE MPOBEAEHHOT0 NATEHTHO-UH(POPMALIMOHHOTO 0030pa JIsl OIOPHI
TpaBepchl CTaHKa-KayaJlKh pa3paboTaHa KOHCTPYKILHSA, 3aMEHSIONAs PEBEPCHUBHOE
JBUKEHUE Ha MPEPHIBUCTOE BPALATENHHOE.

B TexHuueckoM NpemNIOKEHHHM, BBIHOCUMOM Ha 3allUTy, Mpeajaraercs
N00aBUTh B KOHCTPYKIIMIO OTIOPBI TPABEPChl MEXAHU3M NPUHYIUTENbHON (puKcanuu
— XparoBoe KoJieco U cobauka, BXOJslIasl B 3allelJIeHue ¢ 3yObsMH XparoBUKa. 3a
C4€T HOBOM KOHCTPYKLMH y3ja OHOpBI TPABEPCHI IPU IOBOPOTE B OJHY CTOPOHY
Oyner paboTaTh MOMIIMIHUK KAadyeHHs, MpPU OOpPATHOM TIOBOPOTE - MOAIIMITHUK
ckolbxeHus. Takum  00pa3oM, pEBEPCMBHOE  BpalleHHE CMEHSETCs  Ha
OJTHOCTOpPOHHEE MpephIBUCTOE BpaileHue. M36asmssicy oT peBepca, Mbl JOOHMBaeMCs
CHI)KEHHUSI KOJHMYeCTBa J1e(PEeKTOB Ha TMOBEPXHOCTSIX TPEHUS, MOBBIIIAEM PECYPC

MOAIIMIIHUKOBOIO y3JIa B 2 pa3a COINIACHO uccienoBanusM EpoknmoBa B.JI.
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JlaHHO€ TEXHUYECKOE PEeIICHUE MOXKET OBITh NMPUMEHEHO BO BCEX KOHCTPYKIIMSX

6aHaHCHpHBIX CTaHKOB-Ka4aJIOK.
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IMPUJIOKEHUE A

[Tatent SU Ne 1170204

FOCYAAPCTBEHHLIN HOMMTET CCCP
no AENAM WU3OBPETEHUA U OTHPbLITWH

OMUCAHUE UBOBPETEHUA

K ABTOPCHOMY CBUAETENLCTBY

t191§__unn 1 1 702 04 A
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(21) 3703463/25-27

{22) 21.12.83

(46) 30.07.85. Broa. Ne 28

(72) M. C. Ceprees u C. A, Bywakos

(71) Jlenunrpanckana oppesna JlenuHa neco-
Texnuueckasn axkagemua M. C. M. Kuposa
(53) 621.828(088.8)

(56) Asropckoe ceupereabcreo CCCP

Ne 1008525, ka. F 16 C 11/06, 198].

(54) (57) 1. INTAPHHMPHOE COEIWHEHHE,
COAEpKALLEe OXBATHIBAIOULYIO MPOYLIHHY C 1BY-
MA UIEKaMH, OXBaThiBaeMylo NMpOyWHHY H COe-
,ﬂ.HHMTeJIth!ﬁ nafjel, oTAUYaouieeca TeM, HTO,
C UeJbly NOBBILUEHHA H3HOCD}’CTO{|‘-IHBOCTH Tp)"*
LMXCA NOBEPXHOCTEH NyTeM YycTpPaHeHus pe-
BEPCHBHOOQ TDEHHA, OHO RONONHHTENBHO cHab-
HMEHO ABYMA BTYJKAMH, YCTAHOBJECHHBIMH C BO3-
MOXKHOCTbIO NOBOPOTA KaK OTHOCHTEAbHO 0XBa-
THIBAEMOH NPOYUIHHB, TAK H OTHOCHTELHO COe-

AHHHTEABHOTO Tadblla, W YCTPOACTBOM NpPHHY-
NHUTENbHOH DUKCAWHN KAMAOH M3 HHX OTHOCH-
TeNbHO OXBAThIBAEMOH MPOYLWHHBL, [PH OJHOM
HANPaBAeHHH NOBOPOTA OXBATbIBAOLLEH NMPOY-
WHHB H OTHOCHTEALHO COEAHHHTENBHOrO naJb-
La npH OﬁpaTHOM HANpas/eHHH NOBOpOTA.

2. CoepuHeHue no n. |, oTauxaioweecs Tem,
uTO Ha ODOMX TOPUAX KaAA0# H3 yKasaHHbIX
BTYJOK BbINOJHEHBI Xpanoewle 3y0bA, Hanpas-
JIEHHA KOTODBIX HE TOPUAX Pa3iHu4Hbl, HA 060-
HX TOPUAX OXBATHIBAEMOH MPOYIIHHB BbITOA-
HeHbl Xpanosbie 3y6oA, QopMa KOTOPHX OTBET-
Ha (opMe 3y6beB Ha BHEIHHX TOPUAX BTYIOK,
a MEX1y BTYJIKAMM YCTaHOBJAEHBl HBA pas-
HHMACMbIX MPYHHHOH KOMblla, KaMI0e H3 KO-
TOPBIX BBEIOOJHEHO C XPanoBbIMH 3)’6bﬂMH Ha
BHELWIHEM TOpUe, hopMa KOTOpHX oTBeTHa dop
Me 3)’5!:23 Ha BHYTPEHHEM TOpuE COOTBETCTBYIO-
ueH BTYJKH.
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1

HsobpereHHe OTHOCHTCA K MallHHOCTPOe-
HHMIO, B YACTHOCTH K UHJAHHIPHUYECKHM KHHeMa-
THUECKHM NapaM C PEBEPCHBHBIM BpallaTeJib-
HbIM JBHIKEeHHeM B npeaenax yrJa, MeHbIuem

360°.

Lleab u3oGpereHns — MOBbILIEHHE H3HOCO-
YCTOHUMBOCTH TPYILHXCH MOBepXHoCTel  my-
TéM YCTPaHEHHA PeBepPCHBHOrO TPEHHS 3a cuer
TOrp, 4TO APHMPHOE COEJHHEHHEe [NOTOJHH-
TeJibHO CHABMEeHO ABYMS BTYJKaMH, yCTaHOB-
NeHHbIMH C BO3MOMHOCTBID MOBOPOTA Kak OT-
HOCHTEJIbHO OXBATHIBAEMOH [MPOYLIHHLL, TAK H
OTHOCHTELHD  COEAHHHTEABHOMO nafbila, H
YCTPOUCTBOM NPHHYAHTENbHOH (PHKCALLHH KaX-
fI0H M3 HHX OTHOCHTENbHO OXBAThHIBAEMOH Npoy-
WHHBL, IPH OAHOM HanpaesficHHH NnoBopoTa 0OX-
paThiBaOuell MPOYIWHHB H OTHOCHTENBHO coe-
AMHHTEJBHOrO Naibla npH obpaTHOM Hamnpas-
JeHHH TOBOpOTa, KpPoMe Toro, Ha 00OHX TOp-
Hax Kamaoil M3 yKa3aHHbiX BTYJOK BbIMOJHEHbI
xpanosble 3yOb#A, HaNpapieHHs KOTOPHIX Ha
TOpUaXx pasiuuHel, Ha ODOHX TOPLAX OXBAThiBA-
eMOil TIPOYLLHHb BLINOJTHEHb! XpanoBoie 3y0ba,
¢dopma KoTopeix orBetHa Qopme 3ybhes Ha
BHEUWHHY TOPUAaxX BTYJAO0K, a MeXay BTYAKaMH
YCTaHOBAEHLl jlBa pasdHMaeMbiX NPYKHHOH
KOJbl&, Karmioe H3 KOTOPbIX BbINOJHEHO C
XpanosbiMu 3yGbAMH Ha BHelHem Topue, Gop-
Ma KOTOpbiX OTBeTHa (hopme 3yObeB Ha BHYTpeH-
HeM TOpUE COOTBETCTBYIOWIEH BTYJIKH, H CO
LHAHLAMH, yCTaHOB.ﬂE}{HbIMH ¢ BO3MOMHOCTBIO
B3aHUMOAEHCTBHA CO UNIHUAMH COEAHHHTENBHO-
ro nadblia.

Ha wuepreme cCxeMaTHUYECKH
wapHHpHOe COENHHEHHE, paspes.

llapuupHoe coelHHEHHE COAEPIKHT OXBa-
TLIBAIOULYIO IPOYILHHY (He NnoKasaHa) ¢ ABYMS
wekamu |, OXBaTHIBAIOULYI0 NpoyuIMHy 2, coe-
aMuMTeAbHBIE naneu 3, ABe BTyaku 4, qBa
KoMba 5 M 6, pazKuMaemble NPYMHHOR 7.

OxpaTbiBaemasi npoyliiHa 2 BhilOJAHEHA C
XpanoBbiMu 3yObAMH Ha BHYTpPeHHHX Topuax 8.

Brynakn 4 BuinoAHeHs ¢ XpanoBeMH 3y0bsi-
MU Ha BHelHHX 9 W Ha BHyTpenndx 10 Topuax.

Konbua 5 u 6 BLINOAHEHL € XPanoBbiMH
3y6bAMH Ha BHewHHX Topuax 11 W co uviHua-
MH HA BHYTPEHHEHR UHJAHHAPHUYECKOH noBepx-
HOCTH, YCTAHOBICHHBIMH C BO3MOMKHOCTBIO 1MITH-
LEBOrD COeAHHEHHS CO cpejiHeli yacTbio 12 coe-
AMHHTENLHOTG nadbia 3.

H300paKEeHO

20

25

30

35

40

45

2

CoejiHHHTeARHBIH Najel 3 HenoABHKHO Coe-
AHHEH ¢O WIHeKaMu | oxBaTbiBaiolled npoy-
wKHb. BTYJIKH 4 yCTAHOBJEHBI € BO3MOMHOCTHIO
BPAlLATEAbHOr0 H HOCTYIATENbHOr0 BHKEHHH
OTHOCHTEbHO OXBATLIBAEMOH NpPOYWIHHb 2 H
OTHOCHTEJbHO COeJHHHTEJNLHOMO naJiblia 3.

Koablia 5 M 6 ycraHnoBJeHbl ¢ BO3MOM-
HOCTBIO IIOCT)‘E]aTe.ﬂbHOFO ABHMEHHA OTHOCH-
TeNBHO Mafbua 3.

B Ka/I0M XpanoBoM cOeHHeHHH (dopma
3y6beB OAHOH M3 COBNHHAEMbIX AeTafel O0TBeT-
Ha Qopme 3ybnes APYroH AeTasiH.

OxBaTuiBaeMasi NPOYIIHHA MoXeT ObiThb
BRIMOJHEHA COC'I'aBHl’}F{ C SQHPECCOB&IHHHMH
pryskamu 13 u 14 W 3aKkpenseHHol BunTamu 15
KpbiWKoH 16.

Maneu 3 moxer GuiTh coeinten co wWekoi |
nocpeactBoM cTonopa 17, wafiGe 18 u 8BuH-
Toe 19.

apuupuoe coeanHenue paboTaeT caeiyio-
um obpazom.

[py nosoporte nadbia 3 B OAHOM H3 Ha-
ApasAeHiit NOBOPAUHBAIOUIMECA COBMECTHO C
HHM Kosbla 5 n 6 coouwmu 3y0bsiMu yBAEKAIOT
3a coboll BTV.IKH 4.

l_lpii ITOM ]’;T)".fIKH 4 MOBOPAUYHBAIOTCH B TOM
He HanpasJaeHHH OTHOCHTEBHO NPOYLHHE 2
H ABHMKYTCAH EIOCT)"I'!aTt‘."lbllO COTHOCHTENLHO NPOY=-
WHHE 2 W nadblla 3 338 CHeT NPOoCKa/lb3biBAHUS
B XpanoBbIX COEAMHEHHAX € NPOYWHHOH 2.

[pu nosopore naaeia 3 B 0GpaTHOM Ha-
npaBAeHHl BTYJAKH 4 NpoCKaab3ablBawdT B Xpa-
NOBBIX COSAHHEHHAX ¢ Kodbuamy 5 H 6 u oka-
apIBAOTCA  3a(GHKCHPOBAHHBIMK  OTHOCHTENLHO
I'ID(}}{LUM}[bI 2 KPHHE)BbIMH COeNHHEHHAMH.

BrinonHenune HiAPHHPHOTO COefHHEHHA C
nByMsi BTYAKAMH M YCTPOWCTBOM NPHHYIH-
TeNLHOW (MKCAUMH KAMKAOH H3 HHX OTHOCH-
TeAbHO OXBaTLlBaeMon NPpOYIIHHB H OTHOCH -
TeNbHO COSAHHHTENBHOIO nDadbla ofecneyt-
BaeT OJHOCTOPOHHEES LHHKIHYeCKOe BpalleHHe
BTYJIOK TPH peBEPCHPOBAHWH COEJHHHTEILHOrO
nanbila, 4eM ofecneuyysaercs CAHOHANpaBJIeH-
HBIH H3HOC WX HAPYMHBIX MOBEPXHOCTEH, TPH
OOHOM M3 ua]lpaa.-'[eunﬁ noBOPOTa MNadbla, H
OJ'B.HOHEHI]'JE!BJ](‘HHI:[ﬁ H3HOC WX BHYTPCHHHX MO~
BEPXHOCTEH, NMPH APYroM Hanpas/ieHWH NOBO-
poTa najgbila, NpHueM H3IHOCY [oAJeHaT HE
YACTH TPYLWHXCH ['EOBEEJ.‘(HUL‘TQH B npeiaedx yr-
Jia nooporta. a HeJAHKOM BCe prlunem no-
BEPXHOCTH, YTO OOECreuHBaeT NOBbliLIEHHE H3-
I{OC(J)"C.TO}‘:{'-{HBOCTH TPyYUIHXCH TIOBG‘DXHOC‘TQ;{.

Cocrasuteas B. PomaneHxo

Pepaktop C. Tumoxuua

Texpea H. Bepec

Koppextop B, I'ipusax
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INPUJIOKEHUE b

[Tatent PO Ne 2242644

POCCHHCKAS ®EIEPAIIHA

RU""2 242 644 "’ C1

PEJEPAJIBHASA CIIYKBA

MO HHTEJAEKTYAJLHOH CORCTBEHHOCTH,
NATEHTAM M TOBAPHbBIM 3HAKAM

(51) MITK

FI6C 11/00 (2000.01)

U2 OIIUCAHHUE H30BPETEHHS K HATEHTY

C._HE ASACTBYET (NocneaHee U3MeHeHWe cTatyca: 27 06.2008)

(21)(22) 3anska: 2003118950/11, 24.06.2003 (72) AsTop(sL):

Cepebpancknii AWM. (RU),
Cwmorynos H.C. (RU),
Mowapankos ®.B. (RU)

(24) Mara Hauaaa orcueTa CPOKa ACHCTBHA NATCHTA:
24.06.2003
(45) Onydauxosano: 20.12.2004 bion. Ne 35 (73) [latenToo6maateTs(m):

(56) CIMCOK SOKYMEHTOR, UMTHPOBAHHBIX B OTUETE O Boponesceian cocynaperpennas

noucke: SU 1170204 A1, 30.07.1985. US TCEC TR AR KA AR (RY)
3432214 A, 11.03.1969. US 4203684 A,
20.05.1980, US 3554588 A, 12.00.1971. SU
1008525 A1, 30.03.1983.

Adpec ana Mepenmuckn:
394613, r.Boponcik, yn. Tumupsscsa, 8,
BIUITA, nateHTHBINA oTAEN

(54) HIAPHUPHOE COE/IMHEHHE

(57) Petpepar:

HzobpeTeHne OTHOCUTCA K MALIHHOCTPOCHHUIO, B HACTHOCTH K KHHEMATHUECKHM NapaM ¢
PEBEPCUBHBIM BpPALLATE/ILHBIM JABHMEHUEM, H MOKET MCIOIb30BATHCA B MaHUILYJISTOPAX,
MCMOMHUTENBHBIX OPTaHax TOPHBIX MAIUMH, B CTPeNax rpPY30NOTbeMHBIX YCTpOiCTB.
YerpolcTBO COAGPIUT OXBATHIBAIOLLYIO [POYLIMHY C JIBYMs LIEKAMHM, OXBATbIBASMYHO
MpOYWWHY, COSIUHHTENRHBIH Mamer, ABe BTYJAKH, MeXaHU3M NMPHHYIHTENBHOH ¢ukcanun,
PAcMOPHYI0 BTVIKY, HA TOPTAX KOTOPOH YCTaHOBIEHET TTPYKUHHBIE MOMYKOIBIE, HMEIOIHE
cBOOOMHBIE KOHIIbI, M30THYThIE B pajMalbHOM HAMpABIEHWH K [EHTPY LIAPHHPHOTO
COEIMHEHHA H R3aMMOJIHCTRYIONIIHE ¢ KAHABKAMH B BHJIE XPAITOBBIX 3yOheR, BHINIONHEHHBIX
Ha YacTH BHELIHHMX UMMMHAPHYECKHX MOBEPXHOCTEit ABYX BTYNOK, H ABE& PerylHpOBOUHbBIE
BTYIKH, [OJOKEHWE  KOTOPbIX  OTHOCHTEIBHO  OXBATHIBAWOIIEH  OPOYIUMHbL M
COCAMHUTENBHOTO  Mafbllda  PErYJAHPYETCH  PETYIMPOBOYHON  CTOMOpPHOH  raiikoi,
VCTAHOBRJCHHEBIE B TIMEKAX OXBATHIBAIONUIEH MPOVIOWHEI, HA BHYTPEHHHX TOPIAX KOTOPBIX
3aKpeneHbl NPYKHHHbIE NONYWaifbl, KaXAas U3 KOTOPBIX HMEeT B cpeaHell 4acTu n3rub,
BEPUINHON HANpaBIeHHBI K TOPLAM JBYX BTVJIOK H HOKMMAIONIAH WX, W CBOGOJIHBIA
KOHell, H30THYThIH B OCEBOM HANpaBJeHHH W B3aWMOAEHCTBYIOIIHI C KAHABKAMH B BHIC
XpanoBeIX 3y0LER, BBINOIHEHAHBIMH HA TOPIAX JBYX BTYJIOK, TpHYEM HATIPABIEHAS
CBODOMHBIX KOHIOB NPYKHHHBIX MONYINARD ¥ NMpyKMHHBIX MOIYKONEl PA3MW4HO, KpOME
TOTO, CPEAHSS YacTh COCTHHHWTENLHOTO Malblla BLITOJIHEHA B BHJE [IBYX KOHYCOB,
OCHOBAHHA KOTOPHIX COCTABNAKT CEPSAHHY COCAHHHTSNBLHOrO Manbla, a BHYTPEHHHE
[IOBEPXHOCTH [BYX BIYIOK BBIIOJHEHbl TAKHKE KOHYCHBIMH M OTBETHBIMM KOHYCHBIM
NOBEPXHOCTAM COCAMHUTENLHOrO nanbia. TeXHUYECKHH PE3yNbTaT - KOMOEHCAlNs H
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PEry/lMpOBKA M3HOCOBbLIX 3330POB M [OBBIMICHWE HAJACHKHOCTH M JONIOBEHHOCTH
LIAPHUPHOTO COEANHEHUA NPH OJHOBPEMEHHOM HCKIOUCHUH PEBEPCHBHOCTH TPCHUA. 3 ML
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H300peTeHne 0OTHOCUTCA K MALIHHOCTPOCHUID, B YACTHOCTH K KHHEMATHYECKHM Napam ¢
pPEBEPCUBHBIM BPALUATE/NbHbLIM ABHXKCHHEM, 0 MOMKET UCIONb30BATLCA B MAHHNYNATOPAX,
WCTONHUTENbHbIX OPraHax FOPHbIX MAllKH, B CTPENax [Py3000AbeMHbIX ¥CTPOMCTB.

H3BECTHO lIAPHUPHOE COCAMHEHUE € ABYMS BTYJIKAMU, YCTAHOBJIEHHbIMH C
BOBMOIKHOCTBIO OBOPOTA KAK OTHOCHTE/IbHO OXBATHLIBAEMON [IPOYLUMHbL, TAK U
OTHOCHTENLHO COSTNHUTENLAOTO AL, H YCTPOHCTROM TTPHHYANTENLHOMN huKcalnn
Kaxa0H 3 HAX OTHOCHTENBIO OXBATLIBAEMO MPOVIIMNE MPH OANOM HATTPaBIeHHN
MOBOPOTA OXBATEIBAIOLIEH MPOYIIHHEI H OTHOCHTENIBHO COSAMHNTENBLHOTO NaibUa NpH
o0parHOM HanmpaBieHHW MOBOPOTA, KPOMeE TOre, Ha 0DOKX TOpUAX KawA0H U3 yKa3aHHbIX
BTYJIOK BbIMOJHEHbl XpanoBbie 3yObsl, HANPABNEHHS KOTOPLIX HA TOPLAX Pa3JHUHbBI, HA
000MX TOPUAX OXBATHIBAEMON MPOYILUMHbI BbITONHEHbI Xpanoebie 3y0ba, Gopma KOTOpbIX
orBeTHA popme 3yObCB HA BHEIIHMX TOPLAX BTYNOK, & MCHK/Y BTYJKAMU YCTAHOBICHBI ABA
PABKUMACMbIX [PYIKUHON KONbLA, KAXKA0E U3 KOTOPBIX BbINOJHCHO ¢ XPANOBBIMHA 3y 0bAMuU
HA BHCILHEM TOpLE, dopMa KOTOPbIX 0TBeTHA hopMe 3yObeB HA BHYTPCHHEM TOpLUE
COOTBETCTRYIOLLEH BTYIKY, U €O LIMLAMU, YCTAHOBIEHHBIMH ¢ BO3MOMKHOCTbE)
B3aUMOJIEHCTRHS CO IJTHIAMM COSAMAUTENLHOTO Manbia (SU ABTOpCKOE CBUIETENIECTBO
Nell170204 A, kn. F 16 C 11/06, 30.07.85, bron. Ne28).

Henocrarkom 1aHHOrO WAPHHPHOTO COEANHEHNS SIBJASICTCS HEBO3MOKHOCTh
KOMNEHCALU WU M PErYJIHPOBKH H3HOCOBBIX 3a30POB U CNOKHOCTE KOHCT PYKTHBHOTO
MCTNIONHEHHS MeXaHH3Ma NPHHYINTeNbHOH GHKkcaun.

Hzobperenue peluaert 3anady KOMOCHCALMYE U PECYIUPOBKY U3HOCOBBIX 3a30p0OB H
HOBLILIEHH S HANEHKHOCTH U A0ATOBEYHOCTH LUIAPHUPHOIO COSAMHEHUS IPU OAHOBPEMEHHOM
WCKIIIOUEHU U PEBEPCUBHOCTH TPEHUS.

JLiist 31010 B IUAPHUPHOM COEIMHEHHH, COACPIKALIEM OXBATHIBAIOLLYIO [IPOY LLUHY,
OXBATHIBAEMYIO TIPOYUIMHY, COSTUHUTEIBHBIN Maell, B¢ BTYJIKH H MeXaHH3M
NPUEYIATeNRHOH hHKcallni, coTnacHO H300pEeTeHAI TOMOTHUTEIEHO BBEICHEI PacTiopHas
BTYJKa, HA TOPLAX KOTOPOoit ycTaHOBAEHbI MPYKHHHBIE TOTYKONbUA, UMEOLWHe CBOGOIHBIE
KOHLUBI, H30THYTBIE B PAAMAIBHOM HANpPaBASHUHW K UEHTPY WapHUPHOTO COEAHHEHUSA U
B3aUMOfeHCTBYIOLHE ¢ KAHABKAMY B BHJe XPaNoBbIX 3y0beB, BbINOJHEHHBIX HA HACTH
BHEIIHWUX LMIWHAPHYECKHX NOBEPXHOCTEH ABYX BTYJNOK, H /IBE PErYIMPOBOYHbIE BTYIKH,
NOJMKEHHUE KOTOPLIX OTHOCHTENBHO OXBATHIBAIOLIEH NPOYLIHHBL U COEAMHUTEILHOMO
najblUa peryiupyercs peryliupoBodHOi cTonopHoi railkol, yCTaHOBIEHHbBIE B LIEKaX
OXBaThIBAIOLICH NPOYIIHHBL, HA BHYTPEHHHX TOPIAX KOTOPBIX 3aKpelJieHbl [IPYKHHHbIE
LOAYIIAHOEL, UMeHOILKE B cpejHell yacT H3ruG, BeplinHON HAIPABICHHBIH K TOPLLAM IBYX
BTYIIOK H NOKUMAMHEN UX, 1 cBOOOIHBLH KOHEIl, H30THYTHIHA B 0CEBOM HAIIPABICHHH H
B3aUMOJEHCTBYIONIHA ¢ KAHABKAMH B BUJ¢ XPAIlOBBIX 3y0beB, BEIIONHEHHBIMU HA TOPIIAX
[BYX BTYJIOK, IPHYEM HAnpasienus cBOOOJHBIX KOHLOB NPYKHHHBIX NOAYWAH0 1
NPYKHHHBIX NONYKONEL pa3uuHO, KPOME TOT0, CPefHss HacTh COAMHHUTENBHOTO Nalbua
BbIMONHEHA B BH/IE BYX KOHYCOB, OCHOBAHHS KOTOPBIX COCTABISIOT CEPeinHY
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COCAHHHUTENBHOIO NaNbLa, 4 BHYTPEHHUE NOBEPXHOCTH ABYX BTYIOK BbINONHEHbL TAKKE
KOHYCHBIMH H OTBETHBIMH KOHYCHbIM TOBEPXHOCTAM COCAMHUTEILHOrO NajbLa.

Ha ¢urype 1 n3o0paxeHo iapHupHOoe COeMHEHHUE B pa3zpese, Ha hurype 2 -
HPYIKMHHBIE [10IYKOIbLA, HA (purype 3 - cTOMOPHbIE 10y KOJbLA.

1lapHupHOE COEAUHEHHE COAEPIKUT COEIMHNTENbHBL Nael 1, OXBaTblBAIOLIYIO
MPOYUINHY 2, peTYTHPOBOUHEIE BTYNIKH 3, OXBATEIBAEMYIO TPOYIIAHY 4, BTYIKY
OXBATBIBAEMO MPOYUIMHGT 5, IBE BTYIKH 6, TOPLUEBEIC KAHABKM B BUIE XPamOBLIX 3y0seB 7,
NpyKUHHBIE nonylwailsl §, HapyKible KaHaRKH B BUAE XPamoBeiX 3yOnes 9, pacnopuyio
BTYNKy 10, npyxuuusie nonyxonsua 11, perynuposovnas ctonopuas raiika 12,

JlBe BTYNKH 6 YCTAaHOBIEHB! € BO3MOKHOCTBIO MOBOPOTA KAK OTHOCHTENLHO
COEMHHUTENLHOIO Nanbla |, TAK 1 OTHOCHTENBHO BTYIKH OXBATLIBAEMON NPOyILHHBL 5.
PeryiupoBOUHbIE BIY/IKK 3 YCTAHOBICHB! C HATSIOM B LIEKAX OXBATHIBAIOIEH NPOY INHLL 2,
a COC/MHUTENbHbIH najel | yCTaHOBJIEH TAKKS ¢ HATAIOM B PEry/IMPOBOYHBIX BIYIKAX 3.
TIpoduian kaHaBOK B BHJE XPalloBbIX 3y0beB 7 H 9 pa3HOHANPABIEHbI OTHOCATENLHO APYT
Apyra B paguajJbHOM HAIPaBICHHH, H CBOOOIHbIE KOHIBI IPYKHHHBIX HoyWLAait 8§ u
LPYKUHHBLIX IToNyKosey 11 Takike pa3sHOHAIpaBIeHbL.

B npennokeHnHOM WApHUPHOM COEIHHEHHH aBTOMATHUECKasd KOMNEHCAUNS H3HOCA
JOCTHraeTcs 3a cueT ynpyroctd usarubos | Ha npysnHHbIX noayiaiidax 8, a npu
JOCTMXEHHH U3HOCOBBIX 3a30p0B OONBIION BENHYNHBI 32 CHET 3aKpyUHBaAHUS
perynupoBOUHON cTONOPHOI raiiku 12, kpoMe TOro, peBepcHBHOE TpeHue npeobpasyeTcs B
NpepbIBHCTO BPALLATENbHOE MOCPEICTBOM TOPLEBbIX U LHIMHAPHYECKHX MEXAHH3MOB
OPUHYAUTENbHOM (huKcalty, COCTOALUY COOTBETCTBEHHO U3 IPYIKHHHBIX IOy aib 8,
B3aUMOJCHCTBYIOMIHX ¢ KAHABKAMY B BH/IE XPallOBbIX 3y0beB 7 W IPYMUHHBIX LOJLYKOJIEL
11, B3aumMoeHcTBYIOMX C KaHABKAMH B BUjE XPallOBbIX 3yObeB 9.

1llapHupHOE coeqnHeHHe padoTaeT cIeaylomuM obpasom. [1pu moBopore
OXBaTHIBAIONIEH NPOYMINHEI 2 OTHOCHTEILHO OXBATHIBAEMOI IPOYIITUHE! 4 B O/IHY CTOPOHY,
ceoboausie koHLB! IT npyxuHHLIX Monywai® § BxongT B 3alenneHue ¢ KAHaBKaMU B BHIeE
xpanoBblX 3yObeB 7 ABYX BTYNOK 6, coodlias ABHKeHHe MOCNeAHHM, B TO BpeMs Kak
cBoGoAHbIE KOHLBI NPYXKHHHBIX Moaykonen |1 npockanb3biBaloT OTHOCHTENLHO KAHABOK B
BH[E XpanoBbiX 3y0beB 9 U3-3a pa3HOro HanpaeneHus o0pa3ylomnx Aetaneil LeHTpanbHOro
¥ TOPLEBOTO CTOMOPHBIX MEXaHU3IMOB. B 3TOM Clyuae Npouece TPeHUs NPOUCXOANT MEXKay
HAPYIKHON NOBEPXHOCTBLIO ABYX BTYIOK 6 M BHYTPEHHEl NOBEPXHOCTLIO BTYIKH
OXBaTblBaeMol OpoyIMHHBI 5. [IpH peBepcHPOBaHNH, T.€. HOBOPOTE OXBATHIBAIOIIEH
NPOYIIHHEI 2 OTHOCHTEIBHO OXBaThiBaeMOl MPOYNIIHHE! 4 B 00paTHYH CTOPOHY, CBODOMHBIE
KOHIIBL IIPYKAHHBIX NTONYIIais 8 BEIXOAAT U3 3alENIICHHS ¢ KAHABKAMH B BHJE XPalOBBIX
3y0beB 7 U IIpH AanbHelIIeM JBHKEHHH NTPOCKAIB3BIBAIOT OTHOCHTENBHO IPYT APYra,
OJTHOBPEMEHHO CBOGOANDBIE KOHIB MPYKHAHBIX MMOJYKoIen 11 BXOAAT B 3alleTIeHue ¢
KAHABKAMM B BMJE XpanoBsiX 3yObeB 9 AByX BTYJ0K 6, coodluas nocnenHum asuxenue. B
3TOM CNyHae Npouece TpeHus OyIeT NPOHCXOIMTh MEKAY BHY TPEHHEH NOBEPXHOCTBIO ABYX
BTYJIOK O M HAPYKHOH DOBEPXHOCTHIO COeAMHNUTEIbHOTO Nanbua 1. Takum obpazom, npu
PeBEepPCHBHOM ABHAKECHHH OXBATHIBAIOWRH NPOYLWHHbLI 2 U OXBATLIBAEMOH NpoyILIHHBL 4
OTHOCHTENbHO APYT APYra TPEHUE MEKIY COCAMHUTENbHbIM NANbLUEM 1, ABYMs BTYAKaMH 6
H BTYJIKOH OXBaTbIBaeMOH IIPOYIIHHEL 5, COCTAB/IAIOMHX IOMIUHITHAKN CKOJIbKEHHS,
npeodpa3yercs BO BpamarenbHoe, MPHUEM MPOIECC TPEHH MPOHCXOANT B ABYX 30HAX
TPEHMS, MOOTEPEIHO MEKY ABYMS BTYJIKAMP 6 W BTYJIKOH OXBaTHIBAEMOi MPOYIINHE 5 1
MEKTY ABYMS BTYIIKAMH 6 ¥ COSIMHATENBHBIM TTanbiem |, T.e. OTHOCHTENBHO KawmK a0
paboueit MOBEPXHOCTH ABYX RTYNOK 6, H PeBEPCHBHEIT TTpolece Tpenns mpeofpasyeTcs B
npepLIBHCTLI BpataTensneit,. Komnencauna W3HOCOBLIX 3a30POB JOCTHMAETCA 3a CUET
usrndos [ (dur.2) Ha npyxUHHBLX Noaywaiifax 8, KOTOPBIC MOMIKUMAOT ABE BTYNKH 6 N0
HAMPABIEHNIO K Cepe/iiHe [APHHPHOrO COeAHHEHNA. [IpH NOCTHIKEHHH H3HOCOBbLIX
3a30pOB 00NbILOH BEIMUHHBL, OHU NHKBUAKPYIOTCS NOCPEACTBOM 3aKPYUHBAHNS
PEeryaupoBOUHON CTONOPHOM raikn 12.

B npeiomeHHOM WAPHUPHOM COSAMHEHMH 33 CHET YUPYTOCTH U3rudOB HA HPYIKMHHBIX
MONYKOTBIaX TOCTHTASTCSA aBTOMAaTHYECKas KOMIEeHcalna n3Hoca ToBEpXHOCTeH, a pn
JIOCTHAEHUH OONBITON BENTWHWHE M3HOCA, TOCAEIHNI THKBHANPYETCH MOCPEACTBOM
3AKPYUWBAHWS PETYINPOBOUHOH Taifky, KpoMe TOTo, BpalaTelbHOe JIBIKERTE
npeodpasyeTcs B NPEPLIBHCTOE BPAIIATENLHOE NTOCPEACTBOM MEXAHHIMOB MPUHYANTENLHON
(UKCALMH, COCTOSAMINX U3 TTPYKHHHBIX NOMYWARG, MPYKHHHBIX TOJYKOJIEL H KAHABOK B
BHJ€ XpanoBbiX 3yObeB, B3aUMOAEHCTBYOLNX MEXKAY COOOH, B Pe3yNbTATE HEro
MOBBILIACTCS HAACHKHOCTD M 10NTOBEHHOCTh Y3/1a TPCHHUSL.

Mopmyna H300peTeHHS
llapHupHOE coeHHEHHE, COlepKallee OXBATHBAIOLIYIO IIPOYIIHHY, OXBaThBAEMYIO
OPOYIIHHY, COeTHHATENbHEI Nanell, ABe BTYIKH H MeXaHA?M IPAHYIHTENbHOH QHKCAIIHH,
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OTIIHYAOIIEECs TeM, ITO OHO JOIONHUTEIFHO COEPIKHT PAcIOPHYIO BTYJIKY, HA TOpLAX
KoTOpOH YCTaHOBTEHBI MPY;KHHHBIE TOTYKONBIIA, HMEIONTIE CBOBOMHEIC KOHIIE, H30THYTHE
B paZHanbHOM HAMpaBIeHHA K IEHTPY MapHUPHOTO COSTNHCHHUA H B3aUMONIeiCTBYIOMRE ¢
kKaHaBkaMM B BHJE XPamoRHIX 3yOheR, REIMONACHHEBIX HA YACTH BHEITHUX IHITHAPHHSCKAX
MOBEPXHOCTEN ABYX BTYJOK, H JBE PEryJIHPOBOHHBIE BTYIKH, MOJONKEHHE KOTOPBIX
OTHOCHTENBHO OXBATHIBAIOLIEH NPOYLINHBI H COEJUHHTENLHOTO NajbLa peryninpyercs
PerynnpoBOMHON CTOMOPHO raiKoi, yCTAHOBIEHHBIE B [LEKAX OXBATHIBAIOLLEH NPOY WLHHbI,
HA BHYTPEHHNX TOPLAX KOTOPbIX 3AKPeNneHbl NPYKHHHbIE NONyWailel, kaxaasn u3
KOTOPbIX HMEET B CpeiHeit 4acTn n3rnG, BepLIMHON HANPABIEHHbIH K TOPUAM ABYX BTYNOK
U DOMKHMAOMHui HX, H cBOOONHBI KOHEN, H30THYTHIH B 0CEBOM HAallPaBIeHAH H
B3aUMOIEHCTBYIOMHEH ¢ KaHABKAMHE B BHJE XPallOBBIX 3y0beB, BHIIONHEHHEIMH Ha TOPIIAX
JIBYX BTYJIOK, IPHYEM HalpaBIeHHSA cBOOONHBIX KOHIOB NPYKHHHBIX DONYIIaid u
NPYXHATABIX TOAYKONeN PA3IAYNO, KPOMe TOTO, CPEeIHsIsT YacTh COSANTHTENBHOTO Malbia
BBITTOJTHEAA B BU/I€ ABYX KOHYCOB, OCHOBAHUS KOTOPEIX COCTARIAIOT CEPEANNY
COENHHHUTENBHOIO NaNblia, 4 BHYTPEHHHE MOBEPXHOCTH ABYX BTYIOK BbIMONHEHbI TAKKe
KOHYCHEIMH H OTBETHBIMH KOHYCHBIM NTOBEPXHOCTAM COSTHHUTEILHOrO Malblia.
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(51) MIIK

F16C 11706 (2000.01

13 $OPMYJIA TOJTE3HOHN MOJEJIH
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Boponesckan rocyAapcTheHHAR

ARpec I NepernHeKH,
MIeCOT eXHHM ¢ CKAM AK AN eMH I

394613, nBopoHex, v TuMHpaiena, 8,
BIUITA, mATeHTHbIH 0T A0

(54} IapHHPHOe COLAUHEHU S

QopMyia MONe3HOH MOTEIH

[TapHUpHOE COEOHHEHHE, COAEPKALNEE OXBATBIBAKINYIO IPOYIIHHY C IBYMA LIEKAMH,
OXBATBIBAEMYK MPOYIIHHY H COEAHHHTENBHBIA Manell, OTTHYAKINEECS TEM, YTO MEXKIY
IOBYMs BTYIKaMH YCTAHOBIEHA pAaclopHas BTYIKA, Ha TOPLUAX KOTOPOH 3aKPEINEHLI
NPYXHHHABIE MONYKONbLA, B3aHMOAEHCTBYIOIIHE C XPANOBBIMH 3y0bAMH JBYX BTYIOK, Ha
BHYTPEHHHX TOPLEBRIX CTOPOHAX M€K OXBATbIBAWOWIEH NPOYIIHHBL TAKKE 3aKPEIIICHLI
NPYKHHHBIE TMONYKOIBUZA, B3aHMOACHCTBYKIIHE ¢ XPaloBbIMH 3YOBAMH IBYX BTYIOK,
NpHYEM HANPABNEHHE XPAMOBbIX 3y0beB HA TOPLAX KakAO0H H3 ABYX BTYIOK PAa3THUYHO.
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GENEPAIIEHAA CNYXKBA
Mo UHTENNEKTYAJIbHOW COECTBEHHOCTMW,
MATEHTAM W TOBAPHbLIM 3HAKAM

112 ONMMCAHWE N3OBEPETEHUA K NATEHTY

(21), (22) Baseka: 2003119908/11, 30.06.2003 {72) AsTop(bl):
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(54) WAPHWPHOE COEQMHEHKE

(57) Pecbepar: BNOKOB MPYXWHHBIX MONYKONeL C BO3MOXHOCTBIO WX

M3oBpeTeHne OTHOCUTCHA K MAalWHOCTPOEHWH, B B3aUMOgeRCcTEMS, NpYYeM Npodiunu KaHaBoK B BuOe
4aCTHOCTW K LIMMWHAPUYECKMM KMHEMATU4ECKUM Napam XpanoBbix 3y6bes Ha BTYMKax, YCTAHGBMEHHBIX B
€ pPEBEPCMBHBLIM BpaLLaTerbHbLIM ABUKEHNEM, U MOXKET L|eKax OXBaTblBawlled MNpoyWUHB, W BTYIKe
MCMNOMNb30BATLCH B MaHUNyNATOPHOM OXBaThIBAEMOH NPOYLWWHEI M CBODOAHBIX KOHLOB
TeXHoMoruIecKkom oBopyaoBaHn. YeTpolicTeo COOTBETCTBYIOWMX MM MPYMUHHLIX  ronykoney
COASPXKUT OXBaTLIBAIOLLYK NPOYLIWHY, OXBaTsIBagMYo pasnuUuHbl NO HanpaBrneHWr. TexHuYeckui pesyneTtat
NPOYLKUHY, CO8MHUTENbHBIA nane, TMNL3Y — MOBbIUEHWe HageXHOCTM U [OONroBe4HOCTH
OXBaTbIBAEMOM MpPOYLIWHEI, [Be BTY/IKMW B LigKax LIAPHUPHOTO CO8AVHEHWs 33 C4YeT YCTpaHeHUs oAHoN
oxBaTblBAOILE NPOYWWHLI, BTYNKY OXBaTbiBAEMOI 30HBl TPEHWSA MpWM  OOHOBPEMEHHOM WCKIOYEHMA
NPOYLWMHBI M MEXaHW3M NPUHYAWTENBHOW hrKcaLuu, PEBEPCUBHOCTU TPEHWUA. 2 WN.

COCTOF!LL[I/IUI M3 KaHaBOK B BUAE XpanoBbIX 3y6beB n
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(54) JOINT COUPLING
(57) Abstract:
FIELD: mechanical engineering.

SUBSTANCE: joint coupling comprises female lug,
male lug, joining pin, sleeve of the female lug, two
bushings in the webs of the female lug, bushing of
the female lug, and mechanism for forced locking. The
mechanism for forced locking has grooves made of
ratchet teeth and unit of spring semi-rings mounted
for permitting their co-operation. The shapes of the
grooves in the bushings mounted in the webs of the
female lug and bushing of the male lug and free ends
of the corresponding spring semi-rings are directed

oppositely.

EFFECT: enhanced reliability and prolonged

service life of pivoting joint.
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M3obpeTeHne OTHOCMTCA K MALUMHOCTPOEHWIO, B YacTHOCTA K  LMIWHAPUYECKUM
KUHEMATUYECKUM NapamM C PeBepCUBHBIM BpallaTernbHbIM ABWXEHUEM, U MOXET UCMNOMNb3CBaTLCS
B MAHUMYTATOPHOM TEXHONOIMYECKOM 0B0pYO0BaAHUN.

V3BeCTHO WapHUPHOE COEAVHEHWE C ABYMA BTYNKaMM, YCTAHOBMEHHLIMA C BOSMOXHOCTLIO
NMoBOPOTA KaK OTHOCWTENBHO CXBaTbIBAEMOW MPCYLUMHBI, TaK U OTHOCUTENbHO COEAMHUTENBHOrO
nanbua, W YCTPOWCTBOM MPUHYAUTENbHOW BUKCAUMM KEXOOW M3  HUX  OTHOCWUTENbHO
OXBaTbIBAEMON NPOYLWHEBI, NMPYM OOHOM HAMpPaBAEHUW NOBOPOTA OXBATHIBAKLWIEN MPOYLWHWHbLI K
OTHOCUTENBHO COEAMHUTENBHOrO NanbLa npu oépaTtHOM HanpaBnNeHUK NOBOPOTa, KPOME TOro, Ha
obonx Topuax KakgoA W3 yKa3aHHbIX BTYMNOK BbIMOMHEHbl XpanoBble 2ybbsl, HanpaBreHWs
KOTOPbIX Ha TopLax pa3nWuyHbl, Ha obeux TopLax OXBaTbiBAEMOW MPOYLUMHbLI BbINOMHEHBI
XpanoBble 3y6bs, hopMa KOTOPbIX OTBETHA hopMe 3yObeB Ha BHELLHUX TOPLAX BTYNOK, a Mexay
BTYJIK&MW YCTaHOBIIEHbI ABa pPa3XUMaeMbIX MPYXMHOA KONbLA, KaXa0e M3 KOTOPbIX BbINOMHEHO C
XpanoBbiMW 3y6bAMKM Ha BHeLHeM Topue, d¢OpMa KOTOPbIX OTBeTHa dopMe 3yBbeR Ha
BHYTPEHHEM TOpLle COOTBETCTBYHILEA BTYMKWM, W CO LNALAMMK, YCTAHOBMEHHBIMUA C
BO3MOXHOCTBIO B3avMOAEGWCTBMA CO LWMUaMy coeguHuTensHoro nanbua (SU ABTopckoe
ceupeTenscTeo Ne1170204 A, kn. F 16 C 11/06, 30.07.85, Bron. Ne28).

HepoctatkoM gaHHOTrO LIAPHWPHOMO COEAVHEHWUN SBMNASTCA Hanuuue OBYX KOHCTPYKTUBHbLIX
3330p0OB W [OBYX 30H TpPeHWs, B peaynbTaTe 4ero nNpuv AeACTBUM [AMHAMWYECKUX Harpyaok
CHWX@EeTCH M3HOCOCTOWKOCTL Yana TpeHus.

M3obpeTeHne pellaeT 3afady MOBLILLEHWS HAAEXHOCTW W AONrOBEYHOCTU LUAPHUPHOrO
cOeAVMHEeHUs1 32 cYeT YCTpaHeHUs1 OAHON 30Hbl TPeHUs MpU OAHOBPEMEHHOM UCKNHYeHUM
pPeBEepPCUMBHOCTU TPEHUS.

Ons 3700 B LWAPHWMPHOM COEAMHEHWM, COOEpPXKalleM OXBATLIBAKOLWYID MPOYLMHY,
OXBaTLIBAEMYI0 MPOYLUMHY, COSAWHUTENbBHBIA Nanel, runb3y OXBaThbIBAEMON MPOYLUWHLI, BTYIKY
OXBAaTLIBAEMONA MPOYLLUMHEI U MEXaHW3M MpUHYAWMTENsHOW hUKcaumm, cornmacHo maobpeTeHuio,
AONOMHUTENbHO YCTaHOBMIEHbl ABe BTYMKA B LUEKax OXBaTblBaKOLWEW MPOYWWHbI, 8 MeXaHW3m
NpUHYaMTensHO dukcaumm npeacTtaenaetT cobol kaHaBkM B BuOe XpanoBbix 3ybObes,
pacnonarallWmUecs Ha BHYTPEHHUX Topuax BTYNOK OXBAThLIBAKLIEA MPOyWWMHbI M Ha Topuax
BTYMIKM OXBATLIBAEMOM NPOYLIWHbI, M BNOKM MPYKWHHBLIX MONYKOMEL, 3aKpernmeHHble Ha
COEAVMHUTENLHOM NanbLe W BBINMOSHEHHbIE C BO3MOXHOCTbIO B3aMMOAENCTBUA C YNOMAHYTBIMM
KaHaBKamH.

Ha dorrype 1 1M3obpakeHO WapHUpHOE COedMHEHWE B paspese, Ha durype 2 - NpyXkWHHbIE
nonykonsua 7.

LlapHupHoe coeaVHEHWE COOEPKUT COEAMHWUTENBHBIA naney 1, oxBaTblBatOWyH NPOYLUMHY 2,
OXBATLIBAEMYHO MPOYLKMHY 3, rMnb3y 4 OXBaTbIBAEMOW NPOYLUWMHBLI, BTYIKY 5 oOxBaTbiBAEMOA
NPOYLLMHBI, BTYNKM 6 OXBaThIBAOLLEA MPOYLUWHBI, NPYXUHHBbIE MENYKONbLA 7, KaHaBKA B BUAe
XpanoBbix 3yGbes 8, (huKCcHpyoLmne KpbILku 9.

BTynku oxeaTbiBalOLLeA NpoylwunHel 6 U BTYNKa OXBaTbiBAEMON MPOYLWKWHbLI 5 ycTaHoBNEHbI €
BO3MOXHOCTBHO NMOBOPOTA OTHOCWTENbHO COEAWHWTENBHOTC nanbua 1, npudem [Be BTYNKW 6
YCTaHOBMNEHbI B LUEKaxX OXBATbIBAKLLER MNPOYLWKMHBLI 2 WU UMEIT YCTPONUCTBO MPUHYANTENBHOR
duKcaUMu OTHOCMTENbHO COedWHWTENbHOrO Nansua 1 Mpyu OAHOM HanmpaBneHWW NoBOpoTa
OXBaTbIBAOLWEA NPOYLWMHBEI 2 OTHOCUTENBHO OXBaTbiBAEMOW MpOYWWHbLI 3, U OAHA BTynka 5
YCTaHOBIMEHA B MMMb3e 4 OXBATbiBAEMOW MPOYLUMHBLI 3, UMELLas YCTPOACTBO MPUHYOUTENBHORA
hrKcauMn OTHOCUTENBHO COEAMHUTENLHOMO Nanbla 1 npu obpaTHOM HanpaBneEHUW MOBOPOTA.
KpcmMe TOro, Ha 4acTu BHYTPEHHUX LMMUMHOPUYECKMX MOBEPXHOCTEM CO CTOPOHbLI BHYTPEHHUX
TOPLOB BTYNOK B, yCTAHOBMEHHLIX B LLIEKaX OXBaTbIBAOLLEN NPOYWWHbI 2 U Ha YacTW BHYTPEHHNX
LUNUHOPUYECKUX NOBEPXHOCTEN, Ha TOPLAX BTYNKKU 5, YCTAHOBMNEHHOW B rMMb3e 4 oXBaTbiBaeMon
MPOYLLMHbI, BbIMNONHEHEl KAHABKA B BMAE XpanoBbiX 3y6beB 8, HanpaBneHus KOTOPLIX Y BTYNOK 6
OXBaTbIBAWWEN NpPOYWWHB W BTYNKM 5 oOXBaTbiBa@MOW MPOYLUMHBI PasnuyHbl, a Ha
COEAUHUTENBHOM nanbue 1 3akpenneHbl NPYXUHHbIE nonykonsua 7, MMmewliue ceBoBoAHbIe
KOHLbI, MPOdWIb KOTOPbIX OTBETEH Npodhuno KaHaBOK B BUAE XParoBbiX 3yObeB 8, NpyxMHHbIE
nonykonbua 7 W KaHaBkM B BMAE XpanoBblx 3yBbeB 8 BBLINOMHEHBI C BO3MOXHOCTBH MX
B3aUMOOENCTBUS.
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MpeanoxeHHoe WapHUpHOe coepuHeHue paboTtaeT cnegytowum obpasom. [Mpu nosopoTe
OXBaTblBaEMOA NPOYLLUWHEI 3 B 0OHOM HarnpaBneHUM NOBOPaYMBAaIOLLASACH BMECTE C HEW BTynKa 5
C KaHaBKaMu B BUAE XpPanoBbIxX 3yObeB 8 BXoOWT B 3aLenneHne ¢ NpyXUHHBIMIK NOnyKoneUamu 7,
KECTKO  3aKpenneHHbIMM Ha coeduvHuTensHOM nansuye 1, W coeavHUTEnbHbIR naney 1
CKasblBaeTcHd 3adUKCMPOBaHHBIM OTHOCUTENBHO OXBATLIBAEMOWM NPOYLWWHLI 3 1 NOBOPaYUBaETCA
BMecTe ¢ Hel. lNpu 9ToM, 13-3a pasHoro HanpaeneHus obpasyioLUnx KaHaBOK B BUOE XPanoBbIX
3y6beB 8 Ha BTyNKax 6 OXBaTbiBAOLLEV NMPOYLUMHEI U NPYKUHHBIX NOMYKONeL, 7, KaHaBKN B BUAE
XpanoBbix 3yGbeB 8, BLINONHEHHLIE HA BTYNKaxX 6, W NPYXUHHBIE NONyKONbLA 7 NPOCKanb3bIBakT
APYr OTHOCKTENBHO OpYyra U NpoLecc TPEHWS NPOUCXOAUT MEXAY COeAUHUTENBHBIM nansuem 1 n
BTyNKaMm 6 oxBaTbiBaloLLei npoyLnHeL. [NpyU noBopoTe oxBaThiBaeMoi NpoyLWHEl 3 B obpaTHOM
HanpaeneHWN KaHaBKWM B BWAE XPAanoBbIX 3yObeB 8, BbINOMHEHHBIE Ha BTYNKE OXBAaTbIBAEMOW
NMPOYLWKWHBLI 5, U MpYyXWUHHbIE NonykonbUa 7 BbIXOAAT U3 3aUenieHUs U OOHOBPEMEHHO BXCAAT B
3alennieHne KaHaBkM B BUAe XpanoBbiXx 3yObeB 8 M MpyxWHHBle nonykonbua 7 BTynok 6
OXBaTblBalOWeNd MPCYLUUHBI, B pesyrbTaTe Yero COeAWHWUTENbHLIA nanew 1 okasbiBaeTcs
3aPUKCMPOBaHHbIM OTHOCUTEIBHO LWEK OXBAThIBAIOWEN NPoyLWWHbI 2. [1py 9TOM KaHaBkv B BUAE
Xpanoebix 3y6beB 8 Ha BTYNKe 5 OXBaTblBaeMOW MPOYLUMHLI W MNPYXWHHLIE nonykonsbua 7
npockanb3biBaloT Apyr OTHOCWMTENbHO JApyra W Mpouecc TPeHWs MpoMCXOOMT  Mexay
COEeAUHUTENBHBLIM NanbLem 1 1 BTYNKon 5.

Takum 0bBpa3oM, 3a CYET BBEAEHWUS] B KOHCTPYKLMIO BTYNCOK 6 oxBaTbiBalOWed NpPoYyLWUHbI
NWKBNAWPYETCA 0OHA 30Ha TPeHUs (0AWH padwnanbHbIA 3a30p), @ 3a cYeT pasHoHanpaBneHHbIX
obpa3yioW X KaHaBOK B BUAE XpanoBblX 3y6LeB 8 U cBo60AHLIX KOHLOB MPY>XWUHHBIX Nonykonew, 7
Ha BTyrnke 5 oxBaTbiBaeMCON NPOYLUMHEI U BTYNKax 6 oxBaTbiBatoLlel NpoyLUMHLI NPOLEecc TPEHUS
Byoetr npoucxoguTb MOOYEPELHO MEeXAy COeOMHUTENbHbIM nanblem 1 W BTYNKOA 5
OXBaTbIBAEMOA NPOYLUWHEI U Mexay COeOUHUTENLHBLIM nansuem 1 1 BTynKkamu 6 oxeatbiBalowen
NPOYLLKWHBI, NPUYeM coedMHUTENBHBIN Naney 1 Bce BpemMsa ByaeT BpawaTbcsi B ogHy CTOPOHY.

B npegnoXeHHOM LWApHUPHOM COeAWHEHWM, 38 CcYeT BBeAeHWS [JOMOMHUTENBHbIX
AHTUPPUKLMOHHBIX BTYINOK N YNPOLLEHWUA KOHCTPYKUMK MEXaHW3Ma NPUHYAUTENEHON uKcaunn,
yNpasgHAeTCA ogHa 30Ha TpeHWA (O4WH paduanbHbIA 3a30p), B pesynbTate Yero CHuXaeTcs
cTeneHb BNUAHUA AMHAMUWYECKUX Harpy3ck M MOBbILWAETCA HAOEXHOCTL W AONrOBEYHOCTE Yana
TpeHus.

dopmyna nzobpeTeHuns

LWlapHupHoe coeduvHEHWe, COAEep#allee OXBaTbIBAKOLYH NPOYLWWHY, OXBaTbIBAEMYHD
NPOYLLUWHY, COEAMHUTENBHBIA NaneL, Mnb3y OXBaTbiBAEMOR MPOYLUWHBI, BTYMKY OXBaTblBAeMOR
NPOYLLWHBI 1 MEXaHW3M NPUHYOMTENBHOR (hUKCaLWK, OTIIMYAKLLEECA TEM, YTO AOMNONHUTENBHO
COOEPXUT ABEe BTYIKW, YCTAHOBIIEHHbIE B LEKaxX OXBaTbiBAOLWENA MPOYLWWHBLI, a8 MEXaHW3M
nNpUHYyauMTensHOR dukcaumm npeacTtaenset coboll kaHaBkM B BuAe XpanoBelX 3ybbes,
pacrnonarallmMecs Ha BHYTPEHHUX TOpUax BTYNOK OXBaTbIBalOLLEA MPOYLWMHBI M Ha Topuax
BTY/IKA OXBATLIBAEMOM NPOYLWWHLI, M BNOKM MPYXWHHBIX MONYKOMeL, 3aKpernyieHHble Ha
COEJUHUTENBHOM Nanbue U BLINOHEHHbIE C BOSMOXHOCTLIO B3AUMOAEHCTBUA C YNOMSHYTLIMU
KaHaBKaMMu.
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