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BBEJAEHME

nHO# 3 manbosee 9KOHOMIUHBEIX (GopM HOKPHITHA 3AaHHi Gonb-

X TIomaelt ABAAIOTCA Kynoad. [Ips pasIuUHbIX OUEPTAHMAX

§ KOHCTPYKTHBHBIX (opMax OHi [O3BOJSIIOT OOECTeYuTh Hau-
MeHBIInil pacxoy, MaTepranos 1o CpABHEHHIO C APYTAMH KOHCTPYKIHAMH.
34 [ocAeHIe TOjlbl STH NOKPHITHS MOJYYHJIH [IHPOKOE pacmpocTpane-
uHe KaK B TPAXKJIAHCKOM, TaK H B POMBIIL/ICHHOM CTPOHTE/LCTRE.

ITo cBoeit KOHCTPYKIEA KyTojlad MOLYT ObITh PasHBIX THIOB: KynoJa-
oBo/09KH, pebpucThie Kymoaa, peGpPHCTO-KOMIBIEBLIE, pe6pucTO-KOJIb-
HeBble C PemeTyaThiMi CBAAMI, ceTqarhie.

Kynona-o60M04KH BLIMOHAIOTCS B PA3IHUHBIX KOH-
erpyKkuusax. OGBYHO [OBEPXHOCTb ITHX KYNOJIOB SBSETCS OBOJOUYKOH,
KoTOpAsi TOMYHaeTcsl B Pe3yIbTare ppailleHusl BOKPYT BepTHKAJLHOIM

©OCH MepHHOHATHHOH oGpasyionei KpuBOH: AYrd Kpyrd, SIIHIICE,
TiapaGoyibl, IHKJAOUABL HIH Kombuuanuy us Hux. Ilpu BLITIOJTHEHAH HX

B KeJe300eTOHHBIX KOHCTPYKIHAX KynoJia MOTYT ObiTh KaK MOHOJAT-
peME, Tak M COOpPHBIMH. MoHONKTHBIE KyNoJia BEITOMHSIOT ©ORIYHO
rankuva, cOopHBIE — peOpPHCTHIMH. yKenezoOeTOHHDIE KynoJia-060-
Jouku (puc. 1) cocroaT M3 ABYX OCHOBHBIX KOHCTPYKTHBHBIX 3JICMEH"
70B: 06OJIOUKH KyINoJjia W ONOpHOro xonbia. Ilpy Haauuni B KymnoJe
UeHTPAJLHOTO MpoeMa yeTpauBaeTes TakKe pepxuee (oHapHoe KOMBIO.
COoprule WKeNe300eTOHHEE KYTNosia-060JI04KH  4acTo BEITOMHAIOTCA B

| puje MHOTOrpAHHMKOB, BITHCAHHbIX B C(epHUECKYI0 TOBEPXHOCTE H3

OTIeNbHEIX TPATEIHEBHAHbIX 5IeMEHTOR, HJIH B BHJie CHCTEMBL ycranas-
JHBaeMbIX APYr HA Jpyra, CBASAHHBIX MEIKLY COOO0i KOHHUECKHX 060~
JIOUEK.

PeGpucthe Kynoaa COCTOST M3 OTHENbHbIX IIOCKHX e
Gep, MOCTABJICHHLIX B pajManbHOM HanpaBIeHIH; Bepxune mosica pe-
Gep oGpasyioT oBepXHOCTh KYmo/d. Tpu 1P AMONMHEHHBIX pedpax
‘o6pasyiorest MHPaMHAAIBLILIC WM KOHMUECKHE Kyloja; B BEpHINHE
Kynoja pagualibHoO pACHOVIOKEeHHDIE pe6pa MpHMBLIKAIOT K BEpXHEMY

. gompiy. MHorja mpyu 4acToM PACTIONOMEHIH peGep HitH ycrpoiicTse Ha

BepiIMHE KynoJa (GoHaps KONBIO HOJYdaeTcsl SHaUHTEbHEIX pasMepoB;
[OrJA B 1eJIAX TOBBIIEHH HKEeCTROCTH ¥ YCTOHUHBOCTH OHO cKpenasercs
BHYTPEHHUMU peGpaMi 110 Kpaitneii Mepe B JBYX AuamMeTpajibHBIX. T0=
CKOCTSX.

Pe6pHCcTHE BCIApYyHIeHHbIE KymnoJia ABIAIOTCS pacrnopHoit CHCTEMOIH.

- Pacnop Moxer ObITB BOCHPHHAT KOHCTpYyKIHell (QyHAaMenTOs, cren

| Ml CTIeIHANBHENM OTOPHLIM KOUTBLOM, OIOPHOE KOJIBIO NPOSKTHPYETCH
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B IJIaHE H3OTHYTHIM 110 OKPYMHOCTH HJIH B BHJie MHOTOTPAHHHKA C 3K
CTKHM H/IH IIADHHPHBIM CONpsKenueM B yryax. [Ipu jmocrarouno u:.
CTOM pacHoJIOKeHHH peGep BO3MOXKHO YCTPOHCTBO KPYIJIOFO KOJBIL:
IIpu pefixo mocraBaeHHbIX peGpax KOJbUA AOMKHB TIPOSKTHPOBATHC |
MHOTOYTONLHBIME BO U30exKaHHe WX paGoTsl Ha H3TUG H Kpyuenue. H.
ONOPBI KOJIBIO YK/IabIBAETCsl CBOGOAHO W JO/MKHO ObiTh 3aKpemien:
OT TFOpPH3OHTAMLHOTO cmewlenusi. HaumGomee pacmpocTpaneno kecTko:
MHOTOYTONBHOE KOJIBLIO C ONOPAMH B YIJIAX, HMEIOMMMH MOABHAKHOCT!,
B pajuanbHOM HampaBieHHH. Mexjly peGpamu 0GBIYHO YKJIABIBAIOTCSH

Pue. 1. )KemesoGeronnsiit xymosn-o6osoura

CHEUHAJIbHBIE HACTHJIBI HJIH CO3AAeTCSl MeMGPaHHOe NOKpHTHe. MeM-
GpaHHOe MMM NAHENbHOe MOKPHITHS 00ECTIeYHBAIOT o6myio ycroiiyu-
BOCTb pe6ep H3 HX TJIOCKOCTH, YMeHBLIAs pacueTHyio AMHHY peGep.
Insa cospanns obmeil KecTKOCTH KyIIoj1a HeoOXOJIHMO yCTPauBaTh ¥Ke-
CTKHE CBSISCBBIE NMAHEIH B IVIOCKOCTH MOSICOB, MPH 3TOM CBS3H MOTYT
ObITb JIHGO CIIOMIHEIMH, OO Hepe3 OJHY HJIH Yepes HeCKONBKO IaHe-
seii. Ha puc. 2 mokasanbl npumepsl MeTasnnyeckux pebpHCTBIX KY-
TOJIOB,

B pe6pucTo-KOonblUeBHX Kynoaax (puc. 3) me-
PHAHOHANbHbIE pefpa NMepecekaloTcsi KOJLLEBBIMH NPOTOHAMH, OMOS-
CLIBAIOUHME Kynos HenpepeisHo. Ilocnefnne moryr GhiTh HCHOMB30-
BaHbl KaK 3aTSUKKH KynoJia. B stom caywae kosblua me Tonbko paco-
TalOT Ha MECTHBIH H3rHG OT HArPY30K KPOBJIH, HO H BOCIPHHHMAIOT HOp-
MabHbIE YCH/HS OT OOmed paboTel Kymosad, a B CAydae KECTKOro
CONPAMEHHA KOJEl ¢ peOpaMu — H H3THOAIONMIHE MOMEHTHI OT 3KeCTKOCTIH
y3q0B. OfHAKO BCJENCTBHE MaJOH JKECTKOCTH KOJel M peBep B mJo-
CKOCTSIX, KacaTeJIbHbIX K IOBEDPXHOCTH KYIOJIA, BJMSHHEM JKECTKOCTH
Y3JI0B MOXHO npeHeOpeub H CUHTATH, UTO KOTBLA NPHMEIKAIOT K pedpam
UIapPHUPHO.

PeGpucTo-xoabuense Kynoma c¢ pemeTrya-
THIMH CBA3SMH (PHC. 4) mnpeicTaBasior coGoli gaubHefmiee
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Puc. 2. Pe6pucreie KynoJa
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yBe/IHUEHHe CBSIBHOCTH CHCTeMbl. B TakuX Kynosax, MoOMHMO KeCTKI! s
B CBOEHl MJIOCKOCTH pefep M KoJell, PAcrnosiaralorcsl Packochl, yuac
Bylomue B obuiell paGore KynoJia, YTo NPHBOAUT K YMEHBIHEHHIO YCHIIH |1
B pefpax U KoJbllax.

CeruyaThe KynoJaa NpeicTaBisioT coG0f MHOrOrpaHHHKH
BITHCAHHBIE B chepHUecKyio HIIH APYTYIO MOBEPXHOCTH BPAIIEHHS U CO
CTOSIIMEe M3 OJHOTO CJIOS KOHCTPYKTHBHEIX 3jiemMeHTOB. CeTka OGhIH(
obpasyercsi H3 TPEYroJbHHKOB, Tpamneuu#l, poMO0B, NATHYTONLHHKOB,
LIECTHYTONLHUKOB H ApyTuX (uryp. Cergartble Kynojia ABIAIOTCA pac-
nopHoit cucremoii. [nsi BocnpHHATHS pacnopa OGLIYHO YCTPAHBAETCS
HIDKHEe ONOPHOE KOJbLO, KOTOPOe CYZKHT OCHOBHBEIM 3JIEMEHTOM He-
CymieH KOHCTPYKLUHH KYHNO/d.

B cepeiyHe npouuioro H Hauaje HBIHEIIHEro BeKa MIHPOKoe pac-
npocTpaneHHe nosyuusu cerdarsie Kynosa IlIsexmepa (puc. 5). Oum
cocToAT H3 pebep, JexKaluX B BePTHKAJNbHBIX, MEPHAHOHANbLHBIX IJIO-
CKOCTSIX, H MPOXOAAT OT ONOPHHIX TOYEK A0 BEPIIMHBI KYMOJa HJH
J0 CXKATOTO BEPXHETO KOJbLIA, NOANEPKUBAIOMIEro OOBIYHO CBETOBOMH
(doHaph, a TaKkKe H3 KOJiell, JIeKAINX B TOPH30HTAJIBHEIX MJIOCKOCTHAX
U IPEJCTABMIMIOMUX P MapaaienbHbIX OKPYMKHOCTEH, CBSA3EIBAIOMIAX
pebpa. B nuockocTH omop, B 3aBHCHMOCTH OT NPHHATOTO crocoba Omu-
paHHs Kynosia, qu6C yCTpauBaeTcs ONOPHOE Koubllo, aHb0 pebpa He-
NOCPEICTBEHHO OMHPAIOTCS HA HUMKEJEKAImMe KOHCTPYKIHH. Bepxmee
KOJIBIIO 4ACTO HCIOJIb3yeTcs: KaK (onapmoe.

B ofpasoBanHEIX peOpamMit H KOJIbILAMH TPaleLHEBHIHBIX MaHEIAX
YCTPauBaloTcs CBSI3H K KaXKIOH MaHeJ H H3 JBYX NepeKpelldBaroluxcs
pacKocoB, KOTOphle paGOTaioT TOJILKO HA PACTSXKEHHE H BBIMOJHAIOTCA
H3 KPYTJIOH W/ MOJIOCOBOH cTanu. BmecTo JABYX MEePEeKPeCcTHHIX JAHaro-
Halell 3TOT KyNoJsi MOMeT OHTh BBIMOJIHEH TAKKEe C OJHHM DPacKoCoM,
paboralonM Ha CKATHEe H PACTAKEHHE B KaXKIAOH TpanelHeBHAHOH
cekiuu. Ecsin pacKocel COCTaBIAIOT MaJible YIVIEl C MEePUIHOHANLHBIMH
pebpamy, TO MOXCHO NIPOBOJHTE OJIHH PACKOC 4epe3 JiBe COCeJHHe MaHe/H
UM YAAIATH Kaskjloe BTOpoe pebpo B 30HE y BEepXHEro Kojbod. ITH
KynoJia TpPH MajJioM Pacxofie CTajd MOKasajH HaJeKHylo padoTy BO
BPEMEHH. .

3a pylexom HHMPOKO HCNO/Ib3YIOTCH CETYaThie KYNoJa, NpeioKeH-
uele B. @yanepom. OHH COCTOAT H3 CTANBLHLIX TPYOUaTHIX TPEYTOJbHH-
KOB HJIH IUECTHYTONBEHHKOB, MOHTHDYEMBIX Ha CepHUYecKoHd MoBepxXHO-
cTH. TTOKpHITHSA KYIOJIOB BEIMOJNHEHL H3 aJIOMHHHEBLIX JINOO CTANLHBIX
JIHCTOB HWJIH M3 CBETONPO3PayHEIX MarepHanoB. OCHOBHOe HperMylie-
CTBO 3THX KOHCTPYKIMH COCTOMT B NPHMEHEHHH OJHOTHIIHLIX 3JIEMeH-
TOB H 3aNOJIHEHHH CETKH JIETKHMH MarepHajaMH, BK/O4ds CBETONpPO-
3paynsle. MoHTaX KYNOJIOB MOXKET OCYIeCTBAATHCS Ge3 JIecoB nyrem
NOAPAIMBAHNAS TPH TIOMOIIHM JIOMKPATOB HJIM ITHEBMATHYECKHX YCT-
poiictB. B mrare Masmuoiic (CILIA) nocrpoeHo sganie BaroHOCTPOM-
TENLHBIX MAcTEPCKHX B BHJe cdepuueckoro Kynona auamerpom 114 u,
BLICOTON 36 M C TPEYroAbLHLIM CeTYaThIM KAPKACOM H3 CTAJIBLHHIX TPYO
nuamerpoM 150 mm, K KOTOPHIM KpPensaTCsl MIECTHYTOJIbHEIE TAHEJIH H3
CTayILHOTO FoucTa. JKesle300eTOHHBEIE CETYAThIe KYMojia BBINOJHAIOTCS
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U3 TPeYroJbHHKOB, pOMOOB HJH MIECTHYTONBHUKOB, BIIHCAHHLIX B C(|1
PHYECKYIO NOBEPXHOCTh, C 3aM0JHEHHEM CEeTKH JIETKHMH, B TOM 4HC (¢
CBETONPO3PAYHbLIMH  MarepHanamu. OcCymecTBIEHHBIE B PasJHyHi
CTPAHAX CeTuarhle KyNno/a NepekphBaloT YacTo 3HAUHTEBHBIE TIIONLA) (1,
OOBIYHO OYepuUHBAEMBIE B ILIaHE KPYToM M MMeIomie chepuuecKoe ouc|
tanue. JluameTpsl OCYIIECTBIEHHBIX CETYATHIX KYMOJIOB JIOCTHTAl T
200 m, a B HacTofmee BpeMd NMpPOEKTHPYIOTCA KymoJa enie GOMbill
pasmMepoB.

ITpu BLIOOpE OUEPTAHHA KyMO/a OOLIYHO YUHTHIBAIOT CJIEAYIOLL
OCHOBHBIE TPeOOBAHHA:

dpXUTEKTYPHbIe — YAAUHOEe COYETAHHE KYMOJA € OKPYMKAIOLLHY |
1 GJH3KO PACMOJIOKEHHEIMH 3/IaHHAMH H COODYYKeHHAMMH;

TeXHOJ/IOTHUEeCKHEe — TpelymoiHe Bulfopa TAKOro OuUepTaHHs K
noja, KOTOpoe [03BOJSIET HAWJydYlIHM oOpa3oM HCMo/b30BaTh €1
00beM, CO3/|aBAS IPH STOM YAOOCTBA JJI5 BEJeHHs MPABHJBHOTO TeXH
JIOTHYECKOTO IPOoIecca;

MHHHMATLHOTO pacxofa MAaTepHajioB Ha BO3BeJeHHE KYTMOJLHO! N
NOKPEITHS;

MAKCHMAJILHON THIH3AUHWH 3/EMEHTOB TIOKDEITHA,

NpPOCTOTHL H YAOGCTBA M3TOTOBJEHHS 3JEMEHTOB TOKPHITHS; -

MPOCTOTEl H yAOGCTBA MOHTAMXKA HOKPHITHS;

JONTOBEYHOCTH H YA00CTBA yXOia 338 KOHCTPYKUHMSIMH;

COOTBETCTBHSI KOHCTPYKIHHM H OUEPTAHHA KYIOJOB XapakTepy Jcii
CTBYIOIHX HATPY30K.

HanGonbmee pacnpocTpaHeHHe KYINOJbHBE TOKPHTHS TOJYWHII
Haj OOUIECTBEHHHIMH 3HAHHAMM (Tearpe!, LUUPKHW, CTANHOHHE H T. IL.)
4 TaKKe Haj TPOMBIIIJICHHBIMH, Kpyraasd (opMa KOTOPHIX JHKTYETC:|
TeXHOJIOTHYECKHM npoleccoM (pe3epByaphl, CTyCTHTeNH, IIambac
CeHHBI H T, 11.). DKOHOMHYHOCTbL KYNOJBHLIX NOKPBITHH Jenaer HX Ipi
MEHEHHe pPAIlHOHAJbHBIM HE TOJNBLKO HAaJ COOPYMKEeHHAMH, Kpyriia
(hopMa KOTOPEIX AHKTYETCs TEXHOJOTHYECKHM MpOLEeccoM, HO B psju
C/yuyaeB H HAJ NPOMBILVIEHHBIMH 3TAHHAMH, TIe KPYrjas HJH OBal-
Has (opMbl IVTdHA HE MPOTHBOpEYAT TEXHOJOIHYECKHM H IIJIAHHPOBOU
HBIM YCJOBHSM (KpyTJ/ible B IJIaHe CTOSHKH 1A rapaxei, cGOpouHbI:
1lexa, HCHBITATE/NbHBIE CTAHIHA H T. IL).

B oreuecTBeHHO# N 3apy0e:KHOH NPaKTHKE HMEIOTCS MPHMEPLL HC-
MOJIL30BAHHA KPYTJIBIX 37aHui, 060pyNOBaHHBIX PAJHyCHBIMA HJIH JHa-
MeTpaJbHBIMH MOCTOBHIMH Kpamamu. PaguycHbie H JHaMeTpajibHbic
kpansl npumenenst 8 CCCP jnsi psiga 3fauuii, 0fHaKo OHU TPeGyHT
HHAMBHAYaJbHOTO 3aKa3a H HX CTOMMOCTb HECKOJBKO BBILIE CTOMMOCTH
OOBIYHEIX MOCTOBEIX KpaHoB. [lofikpaHoBbie NyTH NPH 3TOM TaKkKe He-
CKOJIBKO yHopoxkalores. Bee 310 I0/KHO GBITh yUTEHO MPH BhIOOpE THII
3HaHui.

Kpyrasie uin oBajbHble B [J1aHe 3/aHHsT MOTYT ObITh HCIOJB30BAKLI
JJISI MEXaHHYECKHMX TIPOH3BOJCTB, TEKCTHILHOH MPOMBILLIEHHOCTH H T. 1.
[TpensitctBueM jJisi BHEAPEHHS KPYLJBIX 3AaHHH B NPOMBIINIEHHO(
CTPOHUTEJIBLCTBO ABJSETCS TO, YTO OHM HE BCErja MO3BOJIAIOT pamuo
HAJNBHO HCMOJNB30BATH TEPPHTOPHIO IPOMBIIIJIEHHOH TUIOMAAKH, He

COOPYIKATh 3JaHHA OYEPeNsiIMH, 3aTPYAHAIOT HX
WOAQKHSIOT KPaHOBOEe OGOpPYAOBAHHE M TPeGYIOT HOBOH
Cyexsonoryueckoro mponecca. OjHAKO 3KOHOMHYHOCTH
IPUITHT, BOSMOXKHOCTD HX BO3BEJEHHUSI C HCIIO/IB30BAHHEM
WPOCTHIX B M3TOTOBJIEHHH COODHBIX 3KeJ/Ie300eTOHHBIX HJIH
UMeNTOB, TpocToTa M YAOGCTBO MOHTaXKA, a TaKkKe BO3-
MPOKpLITHST HMH GOJTBIIMX [UIOmazell Ge3 YCTaHOBKH NPO-
OHOpP CO3LAIOT YCJIOBHSA HCIOJIB3OBAHHUS 3THX KOHCTPYK-
[PMTHI LIHPOKOTO KPYra MPOMBIIIIEHHBIX W OOIIeCTBEHHBIX

We TOLBI, TO-BHAMMOMY, HanGoJee MEPCHeKTHBHBIM OY-
# KYIOJOB M3 JIETKHX METAJTHYECKHX KOHCTPYKIHMH, mo-
AMMMH OIIWHKOBAHHBIMA HJIH AJIOMHHHEBLIMH MeMOpaH-
BpOdHIHPOBAHHBIME JIHCTAMK. Bce CHCTEMB KyMmOJIOB SfiB-
POKPATHO CTATHYECKH HEONpPENEeJUMBIMH, H OINpeJie/ienue
BBALHBIX SJeMeHTax KYIOJOB TIPEJCTABISAET CJOKHYIO 3a-
JENHEM 33aHHOTO OUEPTaHHsI KYIOJa MM Cedenui pedep,
MCKOCOB MOXKHO M3MEHATh BEJIHYHHBI YCH/IHI B 3JIEMEHTaX

0P ONTHMAJILHOrO pelIeHusl, T. €. NOJy4YeHHsl HAHMEeHb-

CTOHMOCTH KYTIOJIOB, NPHXOZUTCS! PACCYUTHIBATL GOIb-
) BapHaHToOB. B 3TOM ciyuae HEOGXOAUMO HCIOJIL30BAThH
WHCJHTENbHYIO TeXHHKY. [lyia GONBIIHHCTBA KOHCTPYK-
BeMLIX KYNOJIOB MMEIOTCS NPOTPaMMbl, O KOTOPBIM Ha
) CPABHUTEJLHO OBICTPO TNOJYYHUTH YCHJIHS B 3JIEMEHTaX
PasHYHBIX 3arpyMeHHsX.
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FTJIABA

HYNONA-OGEO0N04YKM

fMpumepbl OCyMeCTENEHHBIX HOHCTPYHILHH

ynosa-060/I09KH OTHOCATCA K CTapefiliM THNAM [1POCTPAHCT-

BEHHBIX KOHCTPYKUHH, NPHMEHABUINMCA €lle B JipeBHeM Pume.

Oanako oHM He NOJYYH/IH 3HAYNTENLHOTO PACTPOCTPAHCHHS H3-3a
GOJIBIIOTO Beca NPH BHITIOJNHEHHH HX B KamHe. C MOSIBJICHHEM Kee30-
GeToHa STH KOHCTPYKUHMH, GYAlyYyH JAOCTATOYHO SKOHOMHYHBIMH, HALILIH
mripokoe npumenenre. B CCCP u 3a pyGexom umeercst psiji HHTepec-
HBEIX TIPHMEPOB OCYIUIECTBJIEHHBIX KYIOJI0B-060/04eK.

ITepsoiM kpynubIM coopyskennem Takoro poga 8 CCCP Goin Kynod
Anamerpom 60 u, BHINOJHEHHBIH B MOHOJHTHOM JKeJE300eTOHe, Hajy
snanueM Oneporo Tearpa B r. HosocnGupcke. Crpena nombema Ky-
nona 18,6 m. OGosiouka Kymosia TONIMHOM 8 ¢M apMEpOBaHA JBYMsI
cerkamu U3 crepxuen 6 u 8 mm ¢ marom 200 mum. OnopHoe KoALUO Ky-
ona pasmepom 60 X 80 em apmupoBano 18 crepikHsSIMH AHaMETPOM
25 mm. Ha ofmy cexpmylo mepuMeTpa ONOPHOTO KOMBLA KYIOJI paspe-
3dH CLEHHYeCKOH KOPOOKOH M MOHOJIHTHO CBSI3aH HA 5TOM y4acTKe C ee
MOIHOE pamoit [1 ].

COopHElii Kene300eTOHHEIT Kynos juamerpom 42 M co CTpenoi
noakema 8,4 m nocrpoed nay snamdem [ocumpka B r. Kuese. Kynou
co0pal H3 [UIGCKHX TpamnelMeBHAHEIX IaHenell, 06pPasoBaHHBIX pas-
Pe3Koil ero MepHIHOHaJIbHEIMH H KOJBIEBRIMU ceuyeHusamu [ ].

CGOpHEIM Ke/1e306eTOHHBIM CEPHUECKUM IMOJIOTHM KYTIOJIOM HA-
merpom 40 m co cTpenoil nogbema 3,18 x mepekpHITO 3MAHUE I BAHH
B r. lxanryGo. Kynon BGLITIO/IHEH W3 LIECTH THIOPa3MepOB CGOPHBIX
Xe/1e306eTOHHbIX NaHesel, HMEOMHUX B MEePHAHOHAJILHOM HAIpAaBJe-
HHH CTyneHyartoe ceueHue. CTyIeHL o6pasyeTcs HONepedHIM pebpoM
BEICOTOH 15 cu. OnopHoe KOJIBLO U BepxHee (JOHAPHOE KOJIBIO Ky1moJsa
BBINIOTHEHE! B MOHOJIUTHOM KeJle300eToHe. ITOT KynoJ OB CMOHTH-
poBan Ges necoB. J[0 3aMblKaHUs KaXKJOTO KOMLIA TIAHETH IOAePIKH-
BaJIMCh MOHTaXKHBIMH cTpenamu. Hegocrarkom sTofi KOHCTPYKIMH SB-
JISIETCSl JBOiHAs TOJMHA 000/104KH Kynosa. [IpuBenennas Toamuua
Kynmosia Ha 1 u® mona cocrasasier 15 em [1].

CGopHEIil Ke/e300eTOHHBIN KyToJ jHameTpoM 76 x co cTpesnof
nogsema 13,5 m coopyxken Haj 3paunuem [Bopua cnopra B r. T6HiHCH.
Kynos paspesan na 11 ropusoHranbHbIX KOMBLEBBIX SPYCOB H COOpAH
#3 496 nuuT opuHHAanUATH THNOPasMepoB. CGOPHBIE MIUTHI PeGPHCTHE,
TONMHHA IHTEL 3 cm. PeGpa HWKHEX CTYNEHeH IVINTLI BBICTYNAIOT
BHH3, d& BEDXHHX — BBEpX, MOSTOMY NpPH YKJajKe IVIHT JPYyr HA ApyTa
floJ1yyaeTest rJiajKas NOBEPXHOCTh KAK C HAPYMKHOIi, TAK U C BHYTPEH-
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Sropoisi. O6uias BbIcOTa ceyeHHst 060J0ukd 40 cm. 31ech, Kak u
/e B 1. LixanTy6o, dakTHuecKd HMeEIOTCs JBe ImThl. [lpuBenen-
lHHa GeToHa cocTaBJjsier 15,6 cm tipu pacxoge craau 18,9 ke
b &* nona [2].
Kynoa nap poiHKoM B T. JIpHelKe sIBAsieTCsl 4acThio cdepsl, Iua-
) 010 37 m. Kynos BbinosiHeH B CGOPHOM 3Ke/1€306eTOHE H COCTABJIEH
15 ropusoHTaJILHBIX KOJBLEBHX sipycoB. Pacxon marepuasos co-
Ma: 6etoHa — 18 cm, crann — 14,1 x2 #a 1 x2 mona [2].
L00pHLIi JKese300eTOHHBIH MHOTOrPAHHLIR Kymos puamerpom 44 m
Erpesioii nogbema 6,7 m coopyxen naj saanvem locuupka B r. Kpac-
ipcke (puc. 6). On coGpan u3 144 MJHAT LIECTH THIIOPA3MEPOB C OIH-
MMEM HIDKHMX TIJIMT Ha MOHOJIMTHOE HMIXKHEE OMOpPHOEe KOJbLo I H
HHX IJIUT — Ha BepXHee MOHOJIMTHOE KOJbLO 2 AuamerpoMm 13 m.
Ppubie TIATE Kynogaa secar ot 1,9 po 3,6 m. Ilmuter Tpaneumenuy-
6 B naaHe oKalWMIeHEl 1O HAPYXKHOMY KOHTYDPY pebpamu. Kpome
IpyKHEIX peGep, uepes 1,08 u ycranoBjensl monepednbic peGpa; Bce
I nveior BeicoTy 24 cu. Tonuguua mautet 30 su. IlnuTe apMupoBassl
WIpHLIME Kapkacamu u ceTkamu. PeGpa pauuoit 6,5 4 umeior nepesom,
DeCrieunBaoOLUil  NpUOAMIKEHHe MHOTOTPAHHHKA K cepuyeckol mo-
Bpxuocti. Kynoa Obwi co6pas HA NMPOEKTHOH OTMerke. MOHTax ero
MICS B ONpefie/JeHHOH moc/enoBarenbHocTd (puc. 7). Ha mogmocrsix
DHHPOBAJIOCh HIIKHEE ONOPHOE KOJIbIO H YCTAHABJHBAJCS HUXHHUH
i, TUIUT — KOPOTKHX M JJMHHBIX 4Yepe3 OfiHy, ofpasysi 3y6uaryio
PXHOCTb. 3areM B 3yOubl 3aBOAMJHCH IUIHTHL CJIELYIOMEr0 spyca
| IPHBAPHBANKCE B YeTbIpeX TOUKAX K paHee YCTAHOBJEHHBIM ILIHTAM
TAK 0 BepXHero KoJjbia. Takum o6pasoM, MOHTaX OB NPOH3BENeH
De3 JiecoB, Kpome ydacTka HIKHHX TWAT. [Tocie cGopku miuT capu-
JINCh OCTaJibHble 3aKJajHble JEeTaJd H B3aMOHOJHYHBAJHCH  IUBLI
(puc. 8). Pacxox marepnanoB Ha KymoJi, BKJIOYAs HHIKHEE H BepXHee
JIIOPHBIE KOJIbIIA, cocTaBu: OeToHa — 14,25 cm, cramu — 28 ke wa
M? TODH3OHTAJbLHOH INPOEKIHH.
B Martcysme (SnoHHS) Ham 3a/0M, KOTOPHIH MOXKET OBITb HCIOJIL-
BAH KaK THMHACTHYECKHH, KOHUEDPTHBI HJHM BBICTABOYHBLIH, OblJI [O-
POEH H3 MOHOJIUTHOTO 2KeJIe306eTOHa KYIIOJI CHEPUUECKOro OdepTaHHsl
Anamerpom 50 m co crpesoit mogvema 6,7 m (puc. 9). OKpyKHOCT,
‘0bBpasymomnas OCHOBaHKe, JIEXKUT He TOPU3OHTANLHO, a C/1erka HAKJIOHHO.
h Kynon ycranossen na 20 efie306eTOHHBIX KOJOHH TPH MOMOIILH onop,
,-q_n__m@xmmzzx Karkamu. Kaxcaas onopa COCTOMT M3 JBYX ILIMT, MEXLY
..ioeowzz_: pacroJioxeHbl /iBa Karka quamerpom 36 mm, gaunoit 100 mm.
- Kynon, taxum oGpasom, omipaercst na 40 KaTKoB; cMelieHHe HX orpa-
* HHYMBAETCS IJIACTHHAMH, MPHKPEIJVIEHHBIMH K ONOPHBIM ILHTaM. Ta-
Kas Oopa MCKIIOYaeT Iepefauy TFOPH3OHTAIBHOTO pacmopa KymoJa
Ha omnopnl. Tonmuua o6o/0ukK Kynosia 12 cu. Kynosa He mmeer siBHO
BbIPAKEHHOTO OMOPHOTO KOJIBLA, A KOHCTPYKUHSI 3anpoeKTHPOBAHA
- TakuM 00pasoM, 4TO y OCHOBaHHA TOJIIHHA OCOJIOYKH IOCTENeHHO
BeHuMBAETCSA 10 70 ¢p; TaM M Pacroiaraercs pacTSHyTas apMarypa.
a 4acTh KynoJa H 3amMeHseT ONOPHOE KoJblo. Bec xymoma cocras-
nsier 15 000 m. Bepuimua ero nocse CHATHS onaayOky ocesna Ha 10 ms.
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Hranpsuckas dupma «Buuumency BO3BOAHT Kese306eTOHHBIE Ky-
NOJIEHBIE TOKPLITHSI Ha MHEBMAaTHUECKOH onany6ke, NojHHMAOMWER OT
3EMJIH BCIO KOHCTPYKIHIO, apMarypy, GETOH B KHMAKOM COCTOSIHHH H,
€CJIH HYXHO, M30JIALMOHHBIE U ApyrHe Matepuansl. ITo stomy merony
BHAuasie BOSBOJAUTCS KOJIBLEBOH (DyHJAMEHT, B KOTOPOM TpPH HOMOUIH
CENHANLHO 3AM0KEHHBIX HANlYBHBIX [IIAHTOB OCTAB/ISIIOTCST OTBEPCTHSI,

oGecneynBamIie B JajibHelllieM 3aKpeiieHne B HHX FOPH3OHTANILHO
pacrnosiaraemol MeMOpaH:l H3 apMHPOBAHHOTO HEONpeHa.
ITnesmarnueckas onanyGka mpeficTaBisier coGoik memOpany u3 ap-
MHPOBAHHOTO HEHJIOHOM HEONPEHa, OCHAIIEHHYIO [0 KpasiM TpyGYaThim
Kpensienuem. MemGpana mpukpemsisiercs: K (yHAAMeHTY, ofecTieqnBas
MeXaHHYECKOE 3aKpelieHHe H IHeBMATHUYECKYIO HEelpPOHHIAEMOCTh.
Ha mem6pany yxnajeisaiores cnimpanu, sakpensiemsie K KOHCTDYKILIHH
dynamventa ¢ 1Byx koHuoB (puc. 10, a). B Hux BeraBnseTcs pabouas
dpmMarypa Hs CTaJIbHbIX NMPYTKOB, 3aKPenvisemasl OfHHM KOHLOM K hyH-
JAamMenTy, Npyroii ee Kosel cpoGopmniii. Kpensenue apMarypbl ¢ Hay-
MIHM 11O NEPUMETPY QYHAAMEHTA CTA/ILHBIM KOJIBLOM HMEeT apHUpPHOE
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Henue. PaGoyas apmarypa COCTOHT M3 NpsMOMHHEHHBIX CTepK-
ielt 1nameTpom or 4 1o 8 MM, BCTABASIEMBIX BHYTPL CHHMpasieill U CBO-
OO croMB3smEX B HHX. IIpH nogveme crmpanm nedopMupyiorest,
D0ecneynBas HeOGXOJMMOE TOJIOXKEHHE apMarypsl, a pasMelleHHEe
BHYTPH HEX NPYTKH 3aHHMAIOT MPOEKTHOE TOJOKEHHE.

20,6715
v

6)
| 16,50
JHK-6

240

21930

6) 1080

1080 , 1080 1075

[

F=r

240

Tepemenno

2800

3240
1060, 1080 7080

Puc. 6. Kymoan wmapg 3ja-
nuem Focuupka B r. Kpac-
HOsIpCKe

a — nnaH; 6 — paspes; @ —
naura [DKK-2

OcHOBHBIMU TpeOOBAHUSIMH, NPEAbABISEMBIMH K cIHpasnsiM, $B-
JSAI0TCHA:

TOJJiEpKane GeTOHA M NPEJOTBDAIIEHHE €rO CHOJ3AHHS BO BPEMsl
nojbema;

TOLHATHE M YCTAHOBKA B TIPOGKTHOE MOJIOXKEHHE PaGouell apMaryper;
obecrieueHne NpaBH/IBHOA TOMIMHB CIOS GETOHA;

PeryiupoBanue NOAHATHS HOPMEL.

Dopma Kynosia 3aBHCHT KaK OT THNA NHEBMATHUECKOH onany6ku,
TaK u or neopmupylomero AeiicTBus cnupaneii. Hsmenennem pacmo-

____.Sxozmmnumwmammaozﬁosmzmmmqw%oﬁz%mmnoamm MIAPOKUX Hpe-
JAenax.



Ilocnie ycramoBku crmupaneii W apmarypst Ha FOPH3OHTANBHON MO-
BEPXHOCTH KOHCTPYKUHS 3a/MBaeTcs]GETOHOM C [004BKOI 3aMeisiu-
TeJeit cxparbiBanus. Ha sanuteiit GeTon nepej nopusTHeM Kymosia Ha-
KJIA[ILIBACTCS TIOJIOTHO M3 moJiMBHHUAXJOpHAA (puc. 10, 6), mpukpen-

Puc. 7. Mourax naur

Puc. 8. O6wuit Bugy cobpannoro Kynona

Jsgemoe K (QyHIAMEHTY CreldanbHOH CHCTeMOll CXBATok. 3To MOJOTHO
3AUMIAET KOHCTPYKUMIO OT JOXK/s, & TaKKe OT HCHapeHHs T neficT-
BHEM COJIHEWHOTO H3/Y4eHH:H, COCOGCTBYeT yjepuKanuio GeTona, ofec-
NEYNBACT BOIMOXKHOCTL IIPOBEIeHHsT BHOpALMH.

Ilocne Toro xak yJsoxkeHa HapyxHast gopma, mepen HOAHATHEM Ky-
noJia B €ro LeHTP yCTaHAB/IMBAETCSl OGOPYAOBAHHE, HEOGXOAUMOE IJisi
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palliK; OHO IOJAHMMAETCs BMeCTe ¢ KOHCTpyKIeH Kynosa. [lamee
K1Y TIOJOM M HUKHell MeMOpaHON Harmeraercsi BO3AYX, KOTODHIH
HHMaeT BCIO KOHCTPYKUIHIO B HYXKHOE [OJ0XKeHHe, TPHAAaBag KyNoay

7]

| J YV 3t

=

=

F50
el
u
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Puc. 9. Kynon nag satom B Marcyame

@ — obiuit BAN; § — AeTaNbk ONOPHOTO yaaa: [ — HHMHAA ONOPHAA NANTa, 2 — BeDPXHAR
oHopuas naura, d — aHKepsl HHmEHe!ll onopHofll naHTeE, 4 — ONOpHBE KATHKH, § — aHKepl
nepxuell onophofl NAHTH

okongarentuyio qopmy (pue. 10, ). 3atem nponsBoauTcA BHOpalHs
GeToHa MOCPEJICTBOM CIELHANBHLIX BHOPATOPOB, YCTAHABJIHBAEMBIX
Ha posuKOBEIX I1raccH (pue. 10, 2). laceu, npukperenusie K Bay,
PACTIOJIOKEHHOMY B BepXHell 4acTH KyIoja, [pUTIrHBAlOTCS BHHS,
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ONHChIBAs ChHpasbHele apHxkeHns. Kawnuwiii BuGparop o6paGaThiBaer
NoJiocy, KOTOpas YaCTHYHO HAKJAJBIBAETCA HA MOJIOCH!, YIJIOTHEHHBIE
APYTHMH BUOpatopamu, uto 00ECNEeuHBAET XOpolIee YMJIOTHEHHe Beeli
TIOBePXHOCTH Kynosia. BeTon Ha KymoJse nocse BUOPAIHH CXBATHIBAETCS
H 3aTBEPAEBACT MEXKIY JABYMSI HENPOHHUAEMBIMH MeMOPAHAMM MPH MO-
CTOSIHHOM HCIAPeHHH BOJbI H MOJIHOMH 3AIUTE OT aTMOCHePHBIX SBJIECHHI.
Hcnonssyemeie yctpolictsa, perysupyomine Henapenne Bogs!, ycKope-
HHE CXBATHIBAHMS, BbI3BAHHDBIE KAK COOGCTBEHHLIM TEIIOM, TAK H H3JY-
YEHHEM, MO3BONAIOT H36EKATh YCAAKH; MONYUaeTCs MOHOJMTHAS CTPYK-
TVpa 0e3 TpeHiyH.

: P
i
b

XapakTepUCTHKH MPHMEHsAeMOHl 6eTOHHOH CMECH NpPHMEPHO Caepyio-
uke: nmecok — 57%, miebens pasmepom 12—15 uan — 43%, nement —
400 ke na 1 m*, BopouementHoe orHouenue — 0,5. Tommuna cnos 3a-
nuBaevoro GetoHa omnpejensieTcs TOJUMHOA cnupanei. B npomecce
NOJHSATHA KOHCTPYKUMH C YBEHUCHHEM €€ MOBEPXHOCTH KOJHYECTBO
PSNOB METAJTMYECKOH apMaTypsl yMEHbIIAETCS, a BMECTE C Hell yMeHb-
aeTcs ToJHHa cj1os Getona. TeMm He MeHee BCA CHCTéMa paccyuTaHa
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Puc. 10. Kynoabubie :ow?_~

a — MOHTaX cIHpanbHOH apMmatType; 6 — yk

HHJAXJOPHAA; 6 — KYIOJa INOAHAT HA HYXKHYIO w!.k
ToCs

i

T4K, 4TOOLI B OKOHUATEJLHOM BHJE
NOJIYYUJICST HEOOXOAUMBIH 3aIUTHEIH
caofi apmatypel. Onany6ka ceHMa-
ercs ¢ KynoJja depes 1—3 nus, B 3a-
BHCHMOCTH OT pasMepoB Kynosa H
armocdepuelx yenosui. Korma Geron
JAOCTHTHET HEOOXOHHMOH NpPOYHOCTH,
BBINYCKAIOT BO3JYX H3-NOJ MeMOpaHL!
U CHUMAIOT onanyOky kymoja, lns
NOJIYYEHHST OTBEPCTHH B KyINoJe Ke-
J1e300eTOH  BBIPE3al0T OOBIYHBEIMH ITH-
Jgamu. B ciayuae HeoOxoaumocTu B
MECTaX MPeANo/araeMoro Bbipe3aHus
OTBEPCTHH MOMKHO COCPE&JOTOUHBATE
YCHJIMBAIOLLYIO apMarypy.

Kynona Takoii kouerpykuum pua-
metpoMm 10 30 M BO3BOMHIHCE up-
MOH B passH4HBIX Mectax. Ilo Mue-
HHIO HPMBI, 3TA TEXHOJOTUA MO3BO-
JISIET CO3/1aBaTh OGOJIOYKH C NBOHHON
KPHBH3HOH, BKJIIOYAA 3/IJIHNTHYCCKHE

KYIIOJId € KBaJPATHEIM OCHOBAHHEM.
B nun obanowsn wymona INocnenHue MOTYT GHITb BBIOJTHEHEL
Ma HENOCPEACTBEHHO Ha (yHaaMeHTax
H NOJIaX UJIH HA BLICOTE MPH MpejBa-
BDUTENLHO TIOCTPOCHHBIX TOPH3OHTANBHBIX OCHOBAHMAX. B ciyuae He-

o

hupmbr «BuHHIIEACH

DOXOMMOCTH HA HHXKHEH MeMOpaHe MOMKHO pacrosarars TEPMOAKYCTH-

Meckue M30JAMMOHHBIE MaTepPHabl, KOTOPLIE MOAHHMAIOTCS MTHEBMATH-
MECKMM CTIOCOGOM BMECTE C OCTA/IBHEIMH CTPOHTELHBIMH MATEpHa/TAMH.
. Crauuusi HarHETaHHA JJisl TOABEMA KymoJa Iuamverpom 30 m
COCTOMT M3 BEHTHJTOPOB HHU3KOTO JABJIEHUS, MOMHOCTH KOTOPHIX

paBaa 10—15 xem. BuyTpennee naBjeHue s noxbema MeMOp aHb!
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1 CTPOHTeILHLIX MATepHaioB 00pryHo coctasiser 250—500 wat 60d. ci.
Ilonaua n oTBOJ BO3AYXA OCYMIECTBASIOTCS MO TPYOAM W3 TIOJHBHHHJI
XJIOPHAA HAK APYTHX MaTepHanos, NPOJOKEHHbIX Noj nosxoM. Peryimi-
POBKA BO3/yXd NPOH3BOAMTCA OOBIYHBIMH JAPOCCENbHBIME K/Iamanamy.
@opma cTaOMNHM3HPYETCA MyTeM CO3AaHHA LHPKYISIUUH BO3AYXa, T. €.
HArHeTaHusi BO3JyXa B IHEBMATHUECKYIO ONMajyOKy M BBUIyCKA Hau-
OOJIBLIETO €ro KOJAHUECTBA jUis NPEJOTBPAMIEHHST NyJIbCAHH Beeil
topmbl. CusATHE onajsyOKH € KyHoxa HPOH3BOJAHTCS TOCPEHCTBOM
OTKPBITHS BEINYCKHBIX KJAIAHOB, KOTOpPBIE AOMKHE 00eCIIEUNTD ITABHOT
ONyCKAaHHEe NHEeBMATHYECKOH (DOPMEL.

Fg — PAANYC KPHBH3HBI HOPMAJLHOIO CEUEHHH, NepueHHKyasp-
HOTO K MEpHIHAHY B AAHHOH TOYKe (IJIHHA HOPMAAH K IO-
BEPXHOCTH JI0 OCH BpamieHus);

fe — PaanMyC KpHUBH3HBL chepuuecKoi 0GoMouKN (ri=ra=1r,=
= const); 2

P ~— TCPEMEHALIH yro/l B MEPHAMOHANBLHOM CEuCHHH 060JI0YKH,
OTCUHTHIBAEMBL OT OCH BpamIeHH; 0

Po — HOJIOBHHA NEHTPANBLHOTO yria NYTH O6OJOYKH B MEpHIHO-

: HAILHOM CeYEHHH !

P31 — yrod, onpepesstouluii KPyroBofi BEIPE3, OTCUHTHIBAGMEI OT
OCH BpaleHH;

I — pajuyc mapamnenn (r=r,sin g);

O — YTOJ MIHPOTEL, OTCUHTHIBAEMEIH OT HHIKLEIO Kpas o6oa0YKH
AO TOTO CeyeHH#, Ile ONpPEAesiOTCS YCHIIUS;

Ve — wqummmm_ummm paBHOAeHCTBYIOmMAn BHemHed HATPY3KH Ha
H4CTH ODOJIOYKH, PACTIONOMKEHHON BRIIE PACCMA _

TpUBAE

. CeueHHU; i £ i

P — yroa mmpors B IIAHE HIDKHETO KPyra ciepHueckoro Kymosma,

OTCYNTBIBACMEIL OF JHamerpa, HEepHeHAHKYNAPHOTO HANpPAB-

JIEHHIO BeTpa;

Yo — PAacnop Ha eIHHHIY JUIHHBEL KOJIBIA;

Vi — YCHIIHE B ONOPHOM KOJBIIE;

P — Bremmsis pacuernas HArpy3Kka HA eNUHHIY HNOBEPXHOCTH;

x — BHEIIHsIs1 HAarpyska ma | m Kouabua;

B — kos@dumuent Ilyaccona;

Z— HOPMAaJIEHAS K MOBEPXHOCTH O0OJMOUKH COCTAB/ISIONIAS BHEI-
HeH Harpysku;

P, — Bepruxanbnas COCTABJISIIONIAS BHEIIHEH HArpysKH.

a) (2

Pacuer kynonos-oGonouex
C BpaujaTenLHOW cummeTpues
no GeamomeHTHONR TEoOpUM

C Touku 3peHdst craTHYecKoH patoTel O0OJOYKHM [OJ HATPY3KOii
HAUO0/Iee BRITOAHO GE3MOMEHTHOE HANPSIKEHHOE COCTOSHHE, YCAOBHAMI
CYIIECTBOBAHMSA KOTOPOTO ABJIAIOTCH: MJIABHOCTH M3MEHEHHS TOJIIHHEI
000JIOUKY, pajMyca KPHBH3HLI €€ MEpHAHAHA W HAaNpaBJeHns Kaca
TENLHOH K HeMy, YNpYyTHe CBOHCTBA MATepHa/oB, 4 TAKMKE I1aBHOCTI
H3MEHeHN A HATPY3KH, AelicTBylomel Ha 0B0/M0uKY.

Iepemenienie xpaes 0GOJOYKH KAK pPagHanbHOe, TAK M YIVIOBOC
Jo/KHO Obith cBoOOAHEIM. Kpaesse MepHAuOHAILHBIE YCH/NA HEOOXO-
JMMO HanpapjATh MO KacaresbHOM K mepuamady. B stom ciyuae xpas
000/I04KH OYLYT HAXOAUTHCS B YCJAOBUAX CTATHYECKOH OIMpPEETHMOCTH .
Ipu napymenuy HA3BAHHBIX YCJIOBHIl pelieHHe 3ajaud O pacuere 06o-
JIOUKH MOMKET OBITh MOAYUEHO MYTeM CYMMHPOBAHHA HANPSUKEHHH Ges-
MOMEHTHOTO COCTOfIHHA C HANpPSIKEeHUAME, ONPERSTAEMBIME € TOMOULBIO
MOMEHTHOjl TeopuHu.

OcnoBHOH MeTO pacuera 000J04eK 10 GE3MOMEHTHOH TEOPHH OC
HOBaH Ha TOM, uTo 0fonouKa paboTaeT KaK ToHKaa MemMOpana H I103ToM )
MOABEPIKEHA TONBLKO HOPMAMABLHBIM CHJIAM, AEHCTBYIOUIHM BHYTPH ec
noBepxHoctd. Ha npakrTike 3TO MOMOKEHHE MOMKHO TPHUHATH B OTHO-
LIEHAH BCEro Kynoaa 060I0YKH, KPOMe yUacTKOB, NPH/IEraiomux K Gop-
TOBBIM 3JIEMEHTAM.

JLns onpefeneHuss HanpsEKEHHOO COCTOAHMS 0001049KH MeMOpaH-
HOTO TUNA JOCTATOYHE! TPH yDaBHEHHS, BRIpAKAIONIHE PAaBHOBECHe Oec-
KOHEYHO Majoi uactinnl o6Gonoukd. Huke npHBOAATCA OCHOBHEIC
opmMyJILl AJ1A ONpPefeeHAs YCHIHH 110 Oe3MOMEHTHOH TEOPHH 0DOJIOUKY
(puc. 11).

[prusaTsie 0603HAYCHHS!

N, — yeuaus B 0G0JA0UKE 110 HATIPABJICHIIO MEPHIHAHA HA SAHHHMILY

JUIHHEL Konbileoro ceuenus (N; = a;0);
N, — KonblleBOe ycHIAWe HA eJHHHIY AMHHLI MepHOHaHa (N =
= 0,0);
§ — TosuEHA 00ONOUK,
[ — erpena mogpeMa KynoJa;
r1 — pajuyc KPHBH3HLI MEpHAMAHA;

Puc. 11. Pacyernas cxema KYnoJsa ¢ mapuupro nogRuKaEM onupa-
HHEM 110 KOHTYPY

@ — reoMeTpuyecKkoe IIOCTPOeHHE i oGo3maAuelisn: [
) : : — 0Cbh Bpainenns —
TAHTEHUHAIbLHEIE ONOPHI IO NEPUMETPY; 6 — cxemd m:wqu@:m:ﬁ eﬁ:b:m.w qu.
MeHTe ofoNnoMKH :
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[TpomonxeHnne Ta6.a. 1

CxeMa 3arpysKeHHusd N,

Ny

Ipumevanune

BeprukajibHas :
1

HarpysKa Ha =—py 3l

MaJoM KOHTYpe
Py Mo/ M

p, SN
sin?

2arly

K onnueckas

Harpy3axa ot
coOCTBEEHROTO
peca g, me/m*
Toamuna
obonoYKH
flocToAHNAA

—&r2

2 cos o

— gr, cos o

9 sino
80—

= o0

PasromepHo
pacnpejenenHas
Harpyska Ha
TOPH30HTANLHOH
MPOeKLHH P,
me/m®

—Prs

— prycos?a

2 sin 2a
Prap

@ = o == const

Iugpocrarntie-

CKOe jpasjiesue |

KHIKOCTH C |k

o0LEeMHEIM BECOM
v, m/md

I

J

= IEAruTNIQV

= 2 3

il

—vra(h+y)

TIpn BepTHKAJIBHBIX HArpysKax Ha KynoJi ycusust Ny u N, onpeje-

JSIoTcs 1Mo GopMyJam:

Vv
Ny=——2—;
3 2mr sing
}; _?_.ul .
i

ZNH\NA - kH|.v.

PacrsiriBaioliee yCHIHE B ONOPHOM KOJMBLE

Vv
Np=—t—,
2 tg g
IIna chepuueckoit 000JIOUKH

ri=ro="re 2H+2N”N\n..
d\euwaw%bm sin qdq.
0
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Jlnsi KOHMUECKOH 0GOJIOUKH

. ry = 00; @ = = const.

B Ta6n. 1 npusesens Gopmyanl Jis onpeenennsi 3HaueHHd Ny,
W N, /5 HEKOTOPHIX BHJOB CHMMETPHUYHOTO 3arpyxenus B chepu-

»

KHX W KOHHYECKHX KyTOJaX.

Pacuyer o6ono4YeH BpPalLLEeHHA
Ha HECMMMEeTpPH4YHYIO (BEeTPOBYIO) HArpy3HY

acuerT cepHIECKOTO KYMOJIA HA BETPOBYIO HArpysky (Kak Ha He-
HYIO) TIPUONHIKEHHO NPOUIBOAHTCS 1O GE3MOMEHTHOH TEOPHH.
Hs MOMKHO OIPENENUTs 1o gopmynam Tada. 2.

PacueT cepuueckoro Kylosa Ha OLHOCTOPOHHIO HArpysKy THIA
@roBoit, MCXOAsl M3 HOPMAJbHOM K JIOBEPXHOCTH KYIOJIA HArpysKH:

p=0,4p, (1 +sin @ sin); (6)
N, = 0,4pr, ﬁlwlx_..w”wmﬂeel (24 cos @) (1 —cos ¢)? sin i“ (7
(5) 3= 0,4por MPM + Taue IMWWWI (24 cosg) (1— Sm_ei a:i . (8)

23




Chsuramomas cumaa
( — 2
S— _ 0,4pprc . _(2+-cos e.u (I —cos @) cos,
3 sin® @

€ py — HArpy3kKa Ha CAHHHILY nJoMianu TOPH30HTANBHON IIpOEKOHH.

9

Tabnuma 2

¢ B 2pad Mepunnonanpube cunbn Ny
10 0,5 pre (0,0350 sin ) 4 0,0033 sin 3 p)
30 0,5 pre (0,1009 sinp + 0,0352 sin 3 %)
50 0,5 pre (0,1373 sinvp -1 0,1299 sin 3 4
70 0,5 pre (0,1199 sinp + 0,3972 sin 3¢
90 0,5 pre (0,0000 sin P+ 1,2000 sin 3 )
¢ B epad Koneuesnie cuam N,
10 0,5 pre (0,1134 sin p — 0,0078 sin 3 )
30 0,5 prc (0,3326 sin p — 0,0728 sin 3 1)
50 0,5 pr (0,5138 sin{p — 0,2180 sin 3 1)
70 0,5 prc (0,6764 sin 1 — 0,5297 sin 3 1)
90 0,5 prc (0,8500 sin 4 — 1,3500 sin 3 1)
® B 2pad Cusuraowmune cuapr S
10 0,5 pre (0,0356 cos P — 0,0048 cos 3 1p)
30 0,5 pre (0,1165 cos  — 0,0571 cos 3 P)
50 0,5 pre (0,2134 cos p — 0,1897 cos 3 )
70 0,5 pre (0,3506 cos ¢ — 0,4906 cos 3 1)
90 0,5 pre (0,5657 cos Y — 1,3254 cos 3 P)

Bnuanwe pasnuunoro empga 3arpymMeHun
Ha pacnpepenexnme ycunmii B mynome-o6onoume
cthepuiecHoOro o4yepraumn

YCHIIHSL OT COGCTBEHHOTO Beca, HAIPABJEHHHIE BIOJIb MepUAHAH

(puc. 12, @), ysenuuusawores K ONopaM, a HanpasJeHHbIE 110 mapaJie-

JSAM,— H3MEeHAITCs [0 BBRICOTE KynoJa: B wmﬁummm QaCTH — CKUMAIO-

WHe, 3 B HHXKHEH (Y ONOPHOTO KOJMbLE) — JHG0 CHKHMAONIHE, nu6o

PACTATHBAIOMME B 3aBHCHMOCTH OT NEOMETPHYECKHX Pa3MepoB KYIOJa.

CHeroBast HAarpyska npueHMAaercs PaBHOMEpPHOH HA EIHHHIY ILIO-

a1 TOPH30HTAJILHOH TPOEKIHH,

Mepunnonaibuas cuia o CHEroBOI Harpysku (puc. 12, 6) octaercs ||
TIOBCIONy CHHMMAIOLIEH, B TO BPeMsl KaK KOJIbIEBAs CH/JA M3MEHSETCs iy

OT MAKCHMANLHOH BEJHYHHEI CATHS Y IIEJBITH O HYJIS M 3aTeM JC
MAKCHMa/IbHOH BeJIHYMHBl DAacTSDKEHHS y ONOPHOrO KOJblA. YTog.
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OTOPOM KOJIbIIEBbIE HATIPSKEHHST PaBHLI HYJIO, COCTABJSIET TPH-
A o

BHO 151 MOCTOAHHONH HATpy3kum 52°, nas cHeroBoit — 45°.
10r0 4To6b H3GexkKaTh KOJIBIEBBIX PACTATHBAIONMX HAIPSKEHHUI,

noabeM KynoJia Je/aTh MeHbllle —  ——

1 1
FOpH30HTAJIBHOTO

4 5

wflffffffuwn peosie,

_...vf//as.:. :

Puc. 12. Snoput yenauit Ny u Ny
B KynoJje-o6oJouKe

a — 1pH unwﬂ%ama: Kynond cobcTReH-
HBIM BecoM; — NPH 3arpyienyH Ky-
fona cderosoft Harpyskol; 4 — npu sa-
PPYMEHHH KYI0Ja ¢ NPOEMOM B BepIlHHE
COOCTHCHHBIM BECOM; 2 — NIPH 3ATPYHKeHHH
HYnoaa ¢ npoemMoM B BepliuHe cHeropoft
HArpyaxoll; @ —npu sarpy;xeunn Kymnona
C NpoeMoM B BepIHHE BEDTHKAJNBHON Ha-
IPY3Koil o nepHMeTPy BepXHEro Kodbla

H0/IOTHE Kyrona yAOGHBI TAKKE H C KOHCTPYKTHBHON TOUKH 3pe-
) OCOGEHHO TIpH BO3BEJIEHHH WX MOHOJMTHBIMH, TAK KaK GeTOH B 0C-
@HHH Kyrosia MOXeT GHTb yioKeH Ge3 HapyKHoi onanybku. Ilpu
IPHOM 3KEe/1Ie300eTOHHOM KYMOJIe OTNALaeT HeOGXONHMOCTh B KOJbIIe-

l'opuaonTansupii pacnop u COOTBETCTBYIOIIHE €My KOJIbLIEBBIE YCH-
1l B ONOPHOM KOJTbIE YBEIMYMBAIOTCH [PONOPLHOHATLHO KOCHHYCY
iTPaJIbHOro yroa, T. e. yeM Gosiee MOJOTHE KynoJ, Tem GoJblie TH
bl. DTO OTHOCHTCS TAaKKE M K BIHAHHIO H3THOAMOMHMX MOMEHTOB
¥ Kpaes 060/0ukH. BrIGOp ONTHMA/BHOTO MOABEMA KymoJsia onpepjeJsi-
i1 xapakrepom narpysk. ITpoektuposanne KynosoB st noKpeITHA
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YcroliumBocTh Hynonos-o6onouen

r ‘-. .
ara !

My=—N

K 2
P CJIH 3aMKHYTafg OCECHMMETPHMUYHAsI chepuuecKkasi o60ji04Ka HaXO-
Ny=—N_; (14 il MOX NeHCTBHEM HAPYXKHOTO JABJICHHSI, TO IO yNPyrofl TEOpHH
‘ 1eCKAs HArpy3Ka

My =uM,. 15 2F gb?

2 T\ 1 A ) QNU = ﬂj 2 AMWV
HanGosipuine nonoxuresnbusie sHauenns M, (puc. 13, a) naxopsar: ) S .t
B CEUeHHH, Tfle ® = -, | 9TOM C/lyyae BEJHYHHA PABHOMEPHOTO CKHMAIOUIETO HAMPSIKEHH
S 2k )

| - 0 s qre . 24
My = 0,208N,; =2 (16 T (24)

IlpH apHHPHOM COeNUHEHHH OGOJIOYKH C ONOPHBIM KOJBLON KPUTHUCCKOE HANpKEHHE

(puc. 13, 6) ycunusi BHH3Y OGOJIOUKH y ONOPHOTO KOJBLA GyayT: Egd 25)

e
P Vg =

, et
Ny=n, 220 . (17 -
2k q — JaBJieHYMe Ha EMHHIlY MJIONAJH CPEAHHHON NMOBEPXHOCTH;
. ” r. — paguyc cheprr;
Ng= —Ny: (1 m — TOJIIHHA O0O0JOUKH,

E8fctgp PHTHYECKOE HANDSIKEHHE 110 bopmysie (25) ¢ HEKOTOPEIM 3amacom
5 _

M =0, My= 0; (19 T ObITh OTIpe/ieNIeno i Job0ro BHIA HATPY30K.
12(1—p3)re AKHM O0pasoM, 3afiauya CBOJHTCS K ONPENEJEHHIO CIKUMAIOUIHX
o B fizkeHHit B 0GOJIOUKE OT BCEX BUJIOB 3ATPYXKEHHS W COMOCTABJICHHIO
mﬂaxw“ (20 KPHTHYECKHM HanpsokenueM. [IpH NMpOEKTHPOBAHHH IKese306e-
fIX 00O0MIOueK C/eNYeT NONOJHHTENLHO YYHTBIBATE POCT Aedopma-
N OHCTPYKIHH BO BPEMEHM HM3-3a MOJ3YHECTH MarepHasa, a TAKKe
Q= — = M . (21 HOCTH BBIKJIOYEHHS M3 PaGoThl GETOHA PACTAHYTOH 30HBI.

' CHJIy YKa3aHHBIX OCOOEHHOCTeH KeJie306eTOHA KPHUTHUYECKHe Ha-
(H TOHKOCTEHHBLIX 3JIEMEHTOB KYIIOJIOB OKA3bLIBAIOTCS 3HAUUTEILHO

HaunGonbmee snauenne M, no aGCcomoTHOR BeqHUHHE HAXONHTC
'HU3KHMH, YeM NPH KDATKOBPEMEHHOM HCIILITAHHH.

B CCUEHHH, TAE © = M:M . WI3YUECTh U HEOTHOPOAHOCTL OETOHA C HEKOTODPHIM 3aMACOM MOXKHO
b, 3aMeHA B (DOPMY/IaX TEOPHM YNPYTOCTH MOAYJ/bL YIIPYrOCTH
My = —0,161N", w \ (22 JLysem fedopmanuit £, ¢ mo eowzuﬁo.
m 6 5= m. . AM@V
37ech My — MepUIHOHANLHBIE MOMEHT HA eJMHHILY JJIHH! 2 4

KOJILIEBOrO CEueHus; .
M, — KoNblUEBOH MOMEHT HAa EAMHHIY JJNHHBI Mepil
JHOHAJNLHOIO CEUEHHS;
6 — yron mnoBopora xacaTenbHOH K MepHAHAHY
® — YroJ IIHPOTHI, OTCYUTHIBAEMBIH OT HHIKHEI
Kpasi OGOJIOYKH J0 TOTO CeUeHMsl, THe Ompe
JENSIOTCA  YCUJTHS,
Ny = — N, — KonbleBoe ycuiane B 30HE 0GOJOUKH, NMPHME:
Kawiieli K ONODPHOMY KOJBIY, BBLIYHCJEHHC
N0 Ge3MOMEHTHOH TEOpPHH.
OtH GOpMYJIbl BBIBEJEHE! JJIf NOCTOSHHOIO £, HO C M3BECTHOH TOu-
HOCTBIO MMM MOKHO MOMBL30BATLCS M IPH HEPEMEHHOM &. ‘

podeccop A. A. TBosfieB cuntaer, 4TO ANs FAAAKUX CPePHUECKAX
eK (MOJ'BeMHCTBIX M [OJIOTHX), 4 TaK:Ke /s 000/I04€K BpAIIEeHH S
HBHOCTH MOJIHOH pacyeTHOll HArpysKu He JOJIKHA INPEBHIIATH

awm @m

— PafuyC KPHUBHU3HBI B BepLIHHE AJs1 06OJIOUEK BpaIeHM .
LOOTBETCTBEHHO HaNpsKEHHe OT PACUETHHIX HATPY30K

< OIE, D56 8 (28)

e 40 re
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IIpoBepka ycroituusocTs Kynosa mo 1ol GopMmyJe oGecreunBa:
HaIle)XHOCTh TOHKHX KYMOJNBHBIX KOHCTPYKIHH.

JoKHO GBITL COGMIONEHO TaK:Ke YCJIOBHE, IpH KOTOPOM MOJIH.
pacueTHas Harpyska Ha 000JIOUKY OTBevasa bl HepaBeHCTBY:

P <04nE, ,6°= Jmm 8. ©

JI0T TONBLKO CIKUMAIOIIMe HATPSIKeHHUs.
| HampapJeHUAM Mapasyieell B BEPXHHUX YYaCTKAX BO3HHUKAIOT
PBLle CKMMAIOIMe HAIpSKCHHS, a4 B HHKHHX — MOT'YT BO3HHK-
. KOJIbLIeBbIE PACTSATHBAIONIME HANPSRKEHHS. DTH HANpPSIKEHHS Bbl-
U1 feopManHio KynoJa, BCAEICTBUE YEro OH CTAHOBHTCSI HEMHOTO
. IIpH 3TOM CO3JAI0TCA HeCOJbIINE HANpSIXKEHUS H3rubda.

WK KaK HanpsuKeHus U3ru0a HeBeJMKH, TO HMH OOBLIYHO IpeHeGpe-
1 060IOYKY CUHTAIOT MO GE3MOMEHTHOMY HAMPSUKEHHOMY COCTOSI-
Tonmuna o6ooYKH HA3HAYAETCS! MO KOHCTPYKTHBHEIM COOGpa-
iiM, B OCHOBHOM M3 YCJIOBHEl YCTOHUMBOCTH.

IPi  MOHOJHMTHBIX KYNOJax TOJIIMHY 000J0MeK DeKOMeHAYeTCs
6.1/ m Lol MMaTE paBHOM '/ 450 paguyca KpUBU3HBL KYIOJIA, HO He MeHee 50 mn.
&= _\ F (= COOpHBIX KYMOJIaX MHHHMAIbHAS TOJIIHHA IIHTBL NPHHHUMAaETCH
it 30 mm, pasmep pebep, oxalmiAOmMUX cOOpPHEIE /EMEHTH, OIl-
JNETCsl PAcyeTOM YCTOHYHBOCTH KyIoJsida B II€JIOM H TpOBepseTcH
MOHTa)KHOMY cocTosiHHIO. Kpasi KymoabHOTO MOKPHITHS — OKaii-
51 ONOpHLIMH KosbUavu. HanOosee OTBETCTBEHHBIM 3JIEMEHTOM
UTCSl HIEDKHEe OTIOPHOe PacTsHYTOe KOJIBIO.

OHOIUTHBlE KYIIOJAa APMHUDPYIOTCSl CTEPXKHSAMH, pPacloJaraeMbIMH
CPHEaHAM M 10 KOHLUEHTPHYECKHM TOPH30HTANbHBEIM KpPYram.
D CTepxkKHeH, YK/aJbiBaeMblX IO MEepHAHAaHaM, C NMPUGAHKEHHEM
DUIHHE TIOCTENeHHO yYMEHbBIIAeTCS B COOTBETCTBHH C YMEHLIIEHHEM
i OKpYy:HOCTH KynoJa. IIpu TomuyHe o6osouku Kymoaa 1o 70 mm
[pOBaHKe ee PEKOMEHIYeTCsl NPOU3BOAMTHL OfHHAPHOH CETKOH, pac-
aeMOll mocpefMHe ceueHHst 060JI0YKH.

Ipi GOJIbIIMX TONMHAX BO M36e:KAHHE YCANOYHBIX M TEMNepaTyp-
TpeiyH 060I0UKH apMupyloTcs AByMs ceTkamu. Kak oguuapHwle,
JIBOIIHBIE CETKH DEKOMEHJyeTCsl BBIOJIHATL H3 KPYIJIOi apMaTypHl
eTpom 4—6 mm ¢ mrarom crepxkueir 150—200 mm.

MECTax NPUMBIKAHMS OGOJOYKM K HUIKHEMY ONOPHOMY KOJIBILY
poBaHue MPOU3BOJAHTCS MO pPAacyeTy Ha BOCHPHHATHE OIIOPHOTO
JAI0NIero MoMeHTa M 00sA3aTesbHO ABOHHOM apmarypoil (puc. 14, a

IpuBesenssie GopMysEl COCTAB/IEHBI NPUMEHHTENBHO K 0600/,
HOCTOAHHOH TOJMHHEL. JlJisl NMOBBILEHHS YCTOHYHBOCTH CGOPHOTO K\
nojia Uesecoo6pasHO NMPOEKTHPOBATh €ro PeGPUCTHIM, CO3iaBasi np
MEpHO OJIHHAKOBYIO M€CTKOCTH B 060HX Hanpassenusx. [Ipu nposep .
Ha YCTOHYHBOCTL PeOPHCTHIH KYNOJ MOMKHO 3AMEHHTD TJIALKAM pukT
HOH TOMMIHHBl. PUKTHBHAS TOMIHHA KYN0Ja ONpefeIsieTcs o thopmy i

/

QUKTHBHBIH MOAYJb YIPYTOCTH
F -
mm. b= ma ’ Aﬁ._

bdgy

TAe b — paccTosHHE MEXJAY OCSMH COCeAHHX pebep;
F — nyomanp ceuennus:, o6pazoBanuast OfHUM peGpoM BMeCTe ¢ npit
MBIKAIOIIUMH Y4aCTAMH Teqa O06OJIOYKH MIUPHHON b;
[ — MOMEHT HHEPIHH TOrO K€ CEeYeHH,

Bo uabexanne 06pPasoBaNHs MECTHBIX BBINYYHH DACCTOSHHE MEIK,

peGpamu pekomenjyercst Hasnauars He Gosee 100 8 u He Gosee 7 /1)
TAe /' — MEHBIIHH PajuyCc KPHBH3HEI OGOJIOUKH.

Ha ocroBanuyu npomMsBeeHHBIX PA3/HUNLIME ABTOPAMH HCCIENOR!
MHi YCTAHOBJIEHO, YTO B NPEJBAPHTENBHO HAIPSHKEHHOM ONOPHO
KOJIbIIE KynoJa B Mpouecce OGKATHS TPEJBAPHTENBLHO HATPSIKEHHO
apMaTypoii MOTEPH YCTOHUMBOCTH He HpoHCXOAUT. IlostoMy pacuc
OMOPHOrO KOJbIA HA YCTOHYHBOCTL B NpONECCe OGKATHS MOMKHO 1
HPOH3BOJUTE.

Penomenpaumm no sniGopy TMNOB pasmepos
M HOHCTPYMPOBaHMIO Hene306eTONHBIX
Kynonos-06ono4Yex

,gmﬂ%ﬁm HH2KHEr0 OIIOPHOTO KOJiblid, BOCIOPHHUMAIILEIO pacnop,
HTBIBAETCST Ha IIOJIHOE YCHJINE DACTSIXKEHU S Ge3 yuera @N@OHE Ge-

B KOHCTpYKIMSIX NOKPBITHI yauie BCero MPUMEHSIOTCS OGOJOYKII
CPeAMHHAsl MOBEPXHOCTH KOTOPHIX ONMCHIBAETCS YPABHEHHEM Irap
SJIHNCOHA BPAIIEHHST HJIH NPSAMOTO KPYroBoro Kouyca. Taxue 06
VIOUKH MOTYT GBITH HMCIOJIb30BaHbl TAIOKE B KAYECTBE NOANEPIKHBAIOLL
KOHCTPYKUMH ]ISl CPaBHHTENLHO TSKEILIX HALPY30K, HATPHMEP o
BOJBI MJIH CBUIYUHX MarepHasos.

Konnueckue Kynosna npuMeHsIOTCS! B NOKPHLITUSIX TIPOMBIIIEHHbI!
M TDAXNINAHCKHX 3HAHHI, 2 TaKmKe Haj pesepByapamyu IpuH HeBOMBIIH
muaverpax (a0 30 m). Oriuyasch NPOCTOTOH NPOUIBONCTBA PaGo:
OHH MEeHee SKOHOMHMYHBI, ueM chepHuecKHe OGOJIOUKH,

J HeNsiX S5KOHOMHH META/JIa U NPeJOTBPALIEHU s OSB/ICHU S TPELIUH
OPHOM KOJIbLie ¥ IIPHONOPHOI 30He OGOJIOUKH IIeJeco06pasHo po-
JINTH TIPEBADUTEJIbHOE HANpPSKEeHHEe KOJblla MyTeM OOMOTKH ero
}i BEICOKOTIPOUHOH NPOBOJOKOM € MOMOILBIO Kap yeenbHOH MalliHbI,
IMEHSEMOH I/l aDMUPOBAHUS CTEHOK KPYIVIBIX PE3epByapoB, HJH
KTPOHArpeBOM HAapYKHOH KONLLUEBOH CTEPIKHEBOH  apMaTypwl
c. 14, 6).

Llpy BbiO/THEHMM ONOPHOTO KO/IbHA Ge3 MpeiBapHTENLHOTO HAMpS -
151 €T0 apMUPYIOT KOJILLUEBLIMH CTEPKHSIME AnameTpoM 25—40 mu,
KyembIME cBapkoH (puc. 14, a).
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Jnst yMeHbInenus CeueHHs PACTAHYTOH apMAaTypB! OMOPHOTO KOMLI\A M M3 BAXKHBIX MOMEHTOB INPH TNPOEKTHPOBAHHM KYNOJOB-060-
1e/Iecoo6pasHo 3aMeHHTh cepUuecKHil KYMOJ 3J/HITHYeCKUM. Beui IBAACTCST PABHJIBHBIA BBIOOD THIIA OMMPAHHS KYNOsa HAa HHKe-
YHHY 0GKATHs ONOPHOTO KOJIBIA CIEAYeT NOAGHPATH TAKOH, YTOGH 01/

e KOHCTPYKIHH.
obecrieunBana Ge3MOMEHTHOE COCTOSTHHE OBOJIOYKH NpH MOJHOH 1 !

¢ BCEro KyImoJl ONMHPAaloT HA HENpPepHIBHYIO ONOPY, HO I/ Io-
rpyske na xynon. [lpu srom CyMMapHoe HalpsKeHHe B ONOpHOM GosblIKMX 3AAHHH €ro MPHXOAHTCS OMKPATh HA OTAE/bHble KO-

e

Puc. 14. letaln apMHPOBaHUS MOHOJNHUTHI
a — ofHYMHOe apMHPOBAHNE OUOPHOTO KONLNA; (6 — APMHPOBANNE C NPefBADHTEAREO HA

. KeJ1e306eTOHHBIX KynoJoB-060/04eK
HEIM KOJIBLOM, € — ADMHpOBAHHEe cOOPHOrD 3JeMeHTa NAanTH: | — npojoibioe

pepo, 2 — nonepeduoe pefipo, § — BPMATYDPHAN ceTka NJuTH, 4 — cBapHHe Kapka ep; ¢ — ApMHpPOBaHHE NPOLOABHEX pelep; d — uxan cOOPHOTD ANeMelTa MANTHE
£ — y3e ] ConpaiiedHd NPoAOABHOr0 pefpa ¢ NPefBaAPHTENLHO HalpAMKeHIbM OIIOPHBM K( ofiontHoe pelipo, 2 — ceapHofl Kapxac npojoasuoro pebpa, 4 — cranbHble 3a-
Kaajible SneMenTh B Npojosibiom petpe, 4 — crTajabHble 3aKJagHbIe TACTH B SJEMEHTAX Ko Ihle CTEPIKHA 3aKJAJHKX S7eMEHTOR KOJbLA, § — HHMKHEe ONOpPHOE KOJbWO, 7 —

NnpefBapUTE/JbHO HANPSIXKEHHAs] apMaTypa KoJbla, 8 — GEeTOH OMOHOJIMYUBAHHA Tpe, ||
KOJIbL@; %iC — Y3eJ CONDPSKEHHS NPOAOJBLHOro pe6pa ¢ BEPXHHUM KOJBLOM: I — NpoJo.il
TO e, B IPOJI0JIBHOM pe6pe, 5 — CoeJMHHTENbHAA HAKJajKa, NPHBAPUB: (|

MipsikeHHod apMmaryps, 9 — ueMmenTHbt pacrsop, [ — apmarypa 3JeMeHTOB
BEpXHee ONMOPHOE KOMBIO, J — CTANLHBIE JAKJAAHBIE HMeMeHTH B KOAbUe, 4 —
(MM 37eMeHTaM pefpa H KOJbLUA, 6§ —— 3aJeJiKa LeMEHTHBIM PacTBOPOM

KOJbLle OT MNPeJBAPHTEJbHOTO OOCKATHS M pacnopa KYIoJaa KOMKHO
OLITb PABHO KOJIBLEBBIM HANPSIKEHUSAM IO Kpaio 000JI0UKH, BBIYHCIIEH-
HEIM o Ge3MOMeHTHOH Teopuu. IIpu ycTpoiicTBe Ha YPOBHE KOJIbild
TOPH3OHTAJLHOTO [OKPBITHS HJH IEePeKpPLITHsl, OMOSCHIBAIOLIEIO KY-
TI0J1 110 BCeMy NepHMeTpY, peKOMeHAyeTcs NepefaBarTh Paclop Ha mepe-
KpuitHe. KoHCTpYKNMA TepekpHTHS B 3TOM cJy4ae JOJizKHa OBITh BbI-
NOJIHEHA ¢ y4yeToM Nepejalomerocsl Ha Hee pacropa.

Hbl. B 3ToM coyuae KymoJs MOMKET ONHpArhCsl HA KOJOHHY Hepes
IHA/IEHO YCTPAUBAEMYIO MOAKYNONBHYIO 6anKy (M Toraa s cobeT-
HO KyToJsia onopa HempepsiBHa), JH00 HENOCPEACTBEHHO HA KOJIOHHY.
aju3upys BO3MOXHBIE CIOCOGH! OMHPAHHS KYMoJa Ha HHXKeJse-
€ KOHCTDYKIMH, CJefyeT NPHBECTH HEKOTOpble DPEKOMEHIAUHH.
. ONWpaHWK Kymoja Ha HeNpepH BHB e xesae3obe-
DHHBlE CTEHKH Ienecoo0pasHO Kpaii ero CoejidHATb CO
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CTEeHKaMH »ecTko. Takofi THII onHpanus jocraroumno Hanexen. Ky

1PH STOM HCIIBITBIBAET B OCHOBHOM HOPMAJILHBIE HANP SIKEHH A, 32 HCKJ
HCHHEM y4YaCTKa y ONIOp, [jie BO3ZHMKAT HEGOMBIIHE :m_.mamaﬁ._:_ (
MOMEHTLI; OHH JIETKO MOTYT ObITh ONpEJesieHbl H3 YCJIOBHSA COBMECTHL
Aehopmannit xynosa u umiHELpa, Ha KOTOPRIH Kynosr onupaercs. Dt
HPHEM OMHPAHUs PEKOMEHAYETCS LIS MOJOTHX KYIIOJIOB, nepexpLiBal
IHX TOA3EMHbLIE Pe3epByaphl.

Ilpn ommpanwu xynona ma cmiom use byunpamenr
HIH CT € H bl 1eecoo6pasid 06ecneynBars no BOSMOMHOCTH CBOGO
HOE NepeMeIleHHe U MOBOPOT ONOPHOTO KOJIbILA. |

Hast obecrieuenns ceoGoyHoro nepeMenienus 0GONOUKH TPH TeMi
PaTypHBIX H yCAIOYHBIX JIehOPMANHAX OMOPHOE KOJTHIO CJe/yeT ol -
PaTh Ha HIXKENeKAY0 ONOPHYIO KOHCTDYKIHIO nyTeM MPOKAAJKI
TOTL ONOPHBIM KOJIBIOM MO PAJHAJIBHLIM HAIPABJIEHH M HMITHHAPHY -
CKHX KarTkoB, JHO0 YKA3AKH JABYX CTAJILHEIX JIHCTOB C rpaguToBo |
HJIH HHDHOH NPOCJIOHKOH MEXKAY HHMH.

Ipu onupanny Kynona ua oTfenpHbe KOMOHHET 1Ol OMOPHEIM K011 -
HOM Kyrnosia 1eqecoo6pasHo YCTPAHBAThL CHENHAIBHYIO MOAKYIONBHY 1)
GaNKy, HA KOTOPYIO OHO ONHPAeTCs, ofecreunBas o BOSMOMKHOCT |
CBOGO/IHOE TepeMelieHte H HOBOPOT Kpas Kymo/a u nepeiasast, TaAKH |
00pa3oM, Ha MNOAKYNOJILHYIO 0ajiKy TONBKO HOpMasbHbIe :m_“._u%mx_;
B srom cayuae nogkynonsuas Ganka JO0/DKHA GBITh PACCUMTAHA HA M
PHO M KpYYeHHe MY OmopaMH.

Ilpu omupanuu onopuoro xombua KYIOJd HemnocpPejCTBEHHO HA K-
JOHHBL CJIC/IYET yCTPAHBATH KATKOBBIE OIOPHI, OOECTIEYHBAIONINE CB( -
GojHOE pajHanbHOE TepeMeleH e Kynosa mo komonuam. Ilpu 310
BOSHHKAIOT 3SHAUUTE/bLHLIC BEPTHKAJbHbIE HATHOAOMME W muﬁmE:_
MOMEHTBLI B KOJIbLIE H 000/IONKE KYNOJa, a4 TAKKE B KOJOHHAX KOTOpB! ¢
AOMKHBI GBITh YYTEHBI IIPH [POSKTHPOBAHHH. _ .

ITpu xecTkoM mpHcoennHeRmH OMOPHOTO KOJIbIIA K KOJOHHAM LEJic-
CO06PasHO CO3aTh NMpeBAPHTENLHOE HanpsoKeHHe KoJbLd Ha MOCTO-
FHHBIE HATPY3KH, [OCJIE Yero CTHIKH Y OIOP MOTYT GbITh 3aMOHONHYEHE!
STO TOSBOMIUT YMEHBIIHTL H3THOAIONHE MOMEHTH B OIOPHOM KOJTbL1
Kynona u kojiounax. Ilpu nanuunn B 1eATpe Kynona BepxHero eommw___.
YCTPAHBAIOT BepXHEe CKATOE KO/IblO. 3afie/ky KYmoid B 3T0 KOJbLL)
BCJCACTBHE MAJIOl BeNTMYMHE BOZHHKAIONUX MOMEHTOB MOMKHO He yau
TEIBATL. CGOpHEIE H COOPHO-MOHOMATHEIE KYTOMA COCTABIASIOTCS OGLIUH )
M3 PEOPHCTHIX KPHUBOJMHEHHBIX TIIHT, OMHPAIOLAXCS © OHOI CTOPOHLI
Hd HHXKHee ONMOPHOE KOJIBLO, & ¢ APYroif — Ha BEpXHee KOJbIO, Moj
ACPIKHBAEMO® BO BPEMs MOHTAMKA BPeMEHHBIMI JlecaMi. TaKue SJeMeHTL!
IIPHMEHSIIOTCS i KynoJioB Auamerpom ao 40 . [Mpu Goapmmx gua
METpax Kyroja MOHTHPYIOTCS! U3 COOPHBIX KPHBOJHHEHHBIX HJIH ILIO
CKHX DeGPHCTBIX HJIHT, BHIPE3AHHBIX M3 KYNOJA 1O MePHAHAHAM i I3
pannensu.

Ilpn cGopke kymona sToro Buia Ge3 PHMEHEHHS JeCOB €ro aje
MEHTBI COEJUHSAIOTCH C ONOPHBIM KOJbIOM H MeXAY 0G0l cBapKoi Mme
TANTMYECKAX 3AKJATHBIX YacTel, MPelyCMOTPEHHbIX B COOPHBIX 3Je
MEHTaX NPH MX H3TOTOBJIEHHH.
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Ilpy BO3BeleHHH KYIOJOB B COOPHOM XKes1e3006eTOHE OUYePTaHHe HX
[OMeryeTest BeIOMpATh TAaKUM 06pa3oM, 4To6bl BO Beell o6oJjouKe
Ka/Jn TOJIbKO HANpPSIKEHHsA CHKATHs; 5TO BO3MOKHO IIPH BeIGOpe
TATOUHO ToJsIororo Kymnosa. OrjiensHbiM COOPHBIM 3/1eMeHTaM B Ipo-
LHOM HAaNpaB/leHHH TIPHIAIOT OYePTAaHHUSI KPHBOH KYIMoJa, a B IO-
UHOM — MX BHIOJHSIOT IJIOCKAME (puc. 14, 6—a).
JIeJIbHBIE TPATIEIHEBH/IHBIE 3JIEMEHTBI, U3 KOTOPHIX COOUpaercs
10,1, oOblgHO MMEIOT AJuHy 70 10—20 m, ouepueHHYIO 1O KPHBOM
lo1a npy mupruHe nouuay Ao 3,7 m. Il HApy:KHOMY KOHTYPY TaKOH
eHT OKafMJsieTcsl ITIPOAOJIBLHLIMM peOpaMH, HAlpPaB/eHHLIMH IO
BujianaM, u depes 2—3 m pefpamil, HallpaBJeHHBIMH 110 KOJbLIAM.
IIHHA TLIUTH 0GOJIOUKH Mexny pebpamu mpunumaercst 30—40 mm
PMEpYeTCsT PacloJIOKeHHOH NocpeyHe IJINTH OJMHOYHOH CBAapHOH
KOl 13 KPYIJBIX CTepkKHeHl juamerpoMm 4—5 mm ¢ 1ma-
{ 150—200 mm. ITponosnbHele pefpa apMEDPYIOTCS CBAPHBIMH KapKa-
H [0 pacueTy U3 YCJOBHH HX TPAaHCIOPTHPOBKH H MOHTaxa. B Ie-
{ YMeHbIlIeHHs CEYeHHsI NMPOLOJbHBIX pebep MNP TPAHCIOPTHPOBKE
OHTAaXKe OHU MOTYT CHAaGKaThCsl BPEeMEHHOM 3aTsKKOH.
Jlnsi 3aMOHOMMYMBAHHS KYNOJA TO JHHMSM CONPSKEHHS OTHENb-
| COOpHBIX 3JIEMEHTOB OCTABJIAIOT 3a30pbl mHupuHOi 80—100 mm.
JATypa B MeCTax CONPSKeHHH NPOMOJIBHBIX H HONEPEeYHBIX pebep
pHBAeTCS, TOCJE Yero CTHIKM MEXAYy peOpaMH 3aMOHOJIWYHBAIOTCS.
Ky GeToHA Jijist COOPHBIX 3J1eMeHTOB 00bpiuHO npuHuMaioT 200—300,
| CTHIKOBBIX coefuuenuit — 200. i
3 MecTax CONpSIKEHHSI 5JEMEHTOB OGOJIOUKK C ONOPHEIM KOJIBLOM
OMEHIYeTCsl CTBIKOBATH CTEP:KHM pelep 3JeMeHTOB OGOJIOYKH C BHI-
KaMH MJIH 3aKJAJHBIMH YacTsIMH, IPEIYCMOTPEHHBIMH B OIIOPHOM
blle {puc. 14, e). / .
DIIOPHOE KOJIbIIO MOXKeT OBITh BBIIOJHEHO U3 COOPHBIX 3JIEMEHTOB,
- HauGoJjiee YaUHO OCYIIECTBJISETCS IIPH YCTPOUCTBe ero npejBa-
CIIbHO HaNpspKeHHBIM. B 3TOM ci1yuae oTjienbHble 3jeMeHTEl KOJIbIla
LIBAIOTCSI HA OIOPBI, BBITYCKH apMaryphbl CTBIKYIOTCH, IIBHI Me-
HUMH 3aMOHOJHUHBAIOTCA. [Jocsme oTBepieHHsT GeTOHA CTHIKOB
bII0 OOKHMAIOT HampsaraemMofi apMarypoli, KOTOpPYIO 3aKpbIBAIOT
\KpeT-6eTOROM TOJUIHHOA 20 mM.
PH CO3LAHHH ONOPHOI'O KOJIbLlA H3 COOPHBIX 3JIEMEHTOB 0e3 NpesBa-
€JIbHOTO HANPSIKEHHSI apMarypa B CTHIKAX JOJIKHA COSIMHATBLCS
Kolf, oO0eCHeunBAOLLEell PABHONPOYHOCTL CTHIKOBOI'O COEIMHEHHS
HOBHBIM CeueHHeM COOpHBIX 3JIEMEHTOB KOJIblIA.
eTasb CONpsKeHHsl (POHAPHOIO KOJblLA C IPOAOJBHBIMH pelpamu
{dsana Ha puc. 14, gc. Tlpu- cOOpHBIX KymoJax ONHPAHHUS KOJbIA
OIOPbI JIOJIKHBI BBHIIIOJHATLCSA TAK e, KaK H_IPH MOHOJHTHBIX.



FJTABA

N PEEPUCTDBIE KYNONA

OHCTPYKIHA PeOPUCTHIX KYIOJOB COCTOMT H3 TPeX OCHOBHE! ¢
-Awamzm_:om_ HHXKHETO ONOPHOTO KOJIbIA, COOCTBEHHO pebep |

BepxHero xoJbua. Ilgockue pe6pa ycTaHaBiHBAIOTCA B pagua i
HOM HAlpaBJEHHH H CORRAMHAIOTCS MEXKLY COG0i B BEpUIKHE C MOMOLIL |
BEPXHEro KOJIbIaA, BHH3Y OHH OOBIMHO OMHPAIOTCH HA HHUMKHEE OTOPH
Koablo. B stom cayyae cocraBisiomue ONOPHOro AaBienus y pel|
Ha QyHAaMenTbl GYAYT TOMLKO BepTHKAMbHEIE. [OPH3OHTANBLHBL pac
110p BOCIIPHHHMAETCS OMOPHBIM KOJbIOM. [Tpu Hannuuu cKanbHBIX Tpy il
TOB BO3SMOXKHO UIAPHHPHOE HJIH JKECTKOe ONHpaHue pebep Henocpesc:
BEHHO Ha (yHAaMeHT Ge3 yCTpOHCTBA ONOPHOro Koublia. CoemuHeH!
peGep y BepIMHbI KYMOJd MOXKET ObiTh LIAPHUPHOE JHGO JKECTKOE.

Crernenn ecTKOCTH COeHHeHHs peGep Y BepIUIMHBI KYTOJa 3aBHC|
OT KOHCTPYHPOBAHWSA 3TOr0 y3na. ECiH A IPHCOEAMHEHHS NpPHMC
HSIOTCSl CBAPKA HJIH MKECTKOe 3aMOHOJIHYMBAHHE, TO COMpSIKEHHE peli |
B BEPUIHHE C KOJLIOM MOXCHO NPHHHMATD JKeCTKHM. Takoe comnpsisKeH |
BCex pebep B BeplIMHE OKA3biBAeT BJMSHHE HA pACTpefie]eHHe HaTpl
XeHHi B peGpax KynosoB majioro guamerpa. IIpn Gonbimx anaMerp:
KYTIOJIOB BJIHSIHHE 33JI€JIKH B BEPXHEM KOJIbLE MOKHO HE YUHTHIBATH |
CUNTATh CONpSIKEHHe pebep BBEPXY KYNOJa LIAPHHPHBIM.

Hacto HeBOSMOMKHO M TMOYTH BCErjid HESKOHOMHYHO CO3JABaTh 31l
uiemaeHHe peGep B (ynaamMesTax, Mo3ToMy OGBIYHO PeGPHUCTBIE KYTMO.id
OMHUPAKTCsl Ha (YHAAMEHTH MIAPHUPHO. JIa OGeCcleyeHus KecTKoC! |
H YCTOHYHBOCTH PeGPUCTOro Kynosia HeoGXOAHMO YCTPauBaTh MO Kpail
Hell Mepe B JABYX MECTax CBs3eBble NMAHENH, MAYUIME OT BepUIMHBL KV
nosia jio ero onop. Ilpu ananuse paGoTbl peGPHCTHIX KYINOJOB NPHH!I
MaeTcs, 4To Bce peGpa nepeceKkaioTcsl B OJHOH TOYKE — B BEpLIUHE.

BuiGop paunonanbHOrO OYepTaHHsT PeGPHCTBIX KYIOJOB CBOAHTC
K PEIIEHHIO 3aJa4i O pAalHOHAJLHOM OYepTaHHH pebep-apokK, C Tey
4TOGbI MOJIYYUTh MO BO3MOKHOCTH TAKOE OUEPTAHWE apOK, NPH KOTOPO)
3HaueHne M3ruGaoUMX MOMEHTOB B peGpax OblJ0 Obl MHHHMAJLHBIM.

OG6bluHO OCHOBHOII OMpefesiomeli HATPY3KOi B Kymose ABJSeTCs
OCECHMMETPUYHAS BEPTHKANbHAS HArpy3kKa OT COGCTBEHHOrO BeC:
cuera u ap. Ilpu 3ToM Kakpas apka paGoTaer CaMOCTOSTENBLHO H pac
CMAaTPHBACTCH OTHEABLHO OT KYIoJla. 3HASl HAPYSKY, MOMKHO TOCTPOMT|
KPHBYIO JIaB/ieHHs1 ADKH OT OCHOBHBLIX Harpysok, IO KOTOPOH H TMpi+

HATH €e OYepTaHHe. Bricora NoabeMa KYIIOJia MPH OJHHX U TeX XKe Bed

COBBIX NOKA3aTe/IIX H3MEHseTCA B MOBOJbHO HIHPOKOM JyanasoHe -
or 'y no '/, nuamerpa.
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PeGpucThie KYNOJa MOTYT OBITh BBINOJHEHBI B META/JIHUECKHX, XKe-

0GETOHHBIX WJIH JEPEBSHHLIX KOHCTPYKUHAX. OHW MHOTOKPATHO

Y MCIOJIb30BAHBl B PA3JMUHBIX CTPAHAX [Jis MepeKkpuITAs 3HAYH-
0JIETOB.

. mem“.mwm Hesana, okoso Jlac-Beraca (CUIA), mocrpoeno peGpucroe

NoJibHOE TNOKPBEITHE HAJ 3[aHHEM KOH(pepeHU-3ajsa (pHuC. 15). 3na-

e umeer Kpyrayio dopmy auamerpom 81,5 s. IToxpeiTHe BEITOJIHEHO
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B CTATBHLIX KOHCTPYKUHSX B BHAE PeGpUCTOro chepuyeckoro Kymosa

C pafgnycoM KpPHBH3HLI 85 .

Kynon coctont u3 weTbipex ocmoBubix SJIEMEHTOB: CXKATOTO KOJIbIIL
B Samie kymona; 16 perreryateix pefep, ycTAHOBJCHHBIX IO Mepupua-
HAM; ONOPHOrO KOJILUA Yy OCHOBAHHSI Kyrona, 16 OTNOPHBIX CTOEK, H 1

KOTOpBIe OrH paercs noxpbiTHe,

mekmmm CKAaToe KOJIBIIO ABYTaBPOBOrO CeyeHHUd CBApHOE H3 CcTaJt
HBIX JIMCTOB.

PeGpa xynosna soimossenst B suge Kienanbix peweruaruix gepw
KAMK0€ pedpo H3TOTABNMBAIOCL H3 Tpex uacteil, YKPYMHEHHBIX R

CTPOHTE/ILHOM IJIOMANKE TIPH AOMOMIH BLICOKONMPOYHBIX GOATOB.,

Onoproe KosblO BBIIONHEHO H3 TSZKENBIX ABYTABPOBBIX GAJOK ¢ Ll -
POKHME [0JIKAMH, YCUJCHHBIX CTAJbHBIMU [10JI0CAMH, HABAPEHHBIMH H.|
NONKH. OHO COGIHHEHO YIJIOBBIMU HaKnaaKamMu ¢ 16 ONOpHBIMH CTOfi-

KamH. CoeMHEHHE OCYIIECTBISAIOCH BLICOKONPOYHBIMH  GO/ITAMH.

Takum o6pasom, Bce HIETBIDE I/IEMENTA COEAUHEHDBI APYI C APYrom
YTOGB! OGECIIEYHTh WX COBMECTHYIO paGoTy. (

Host MoHTaxka Gbina coopyKena B IIEHTPE KyNoJsia BpeMeHHAas Bep
THKA/IbHAS GaluHst, Ha KOTOPYIO VKJAABIBAIOCH BEPXHEE CIKATOe KOJIBIO
Dammns mmena xsamparnoe cevenme co CTOpoHoit 3,66 M M BBICOT)
23,5 .

Onnospemenso na 16 crojikax MOHTHPOBA/IOCh HHIKHEE ONOPHO
KOABLIO; OHO OBLIO PA3MENIEHO HA CHENMATHLHOM MPHCHOCOONIECHHH, N0
SBOJIFIOIEM YCTAHOBHTH €TI0 B NPOEKTHOE NOJOKeHHe. 3arem Kparon
TPYSOIOABEMHOCTEIO 25 m GblIA CMOHTHPOBAHLI penleryarnie peGpa
KOTOpHIE 1OC/IE HX YCTAHOBKH B NPOEKTHOE MOJIOMKEHHE NPHCOCHHHA
JHCh K BEPXHEMY M HHXKHEMY KOJBILAM BLICOKOMPOYHBIMH  GOITAMH.
Iocsre sakpenuienns Bcex Gosrros MOHTKHAA GalHa Oblia OnyieH:
H Ha STOM 33aKOHYCH MOHTAXK OCHOBHBIX HECYILHX KOHCTPYKIHH MOKpHI
THdA. Tlocne storo momTHpoBaNMCH OCTAMBHBIE KOHCTD YKIHH.

Ha coopymxenne Kontepenu-sara sarpaueno 1700 m cramm.

B Ceseproit Kaposunne (CLIA) nas BoicraBownoro 3ana, KOTOPBIT|
HCIOJIBBYETCA TAKKE A PasJuYHOro poja COPEeBHOBAHMH, Obl MO-
CTPOeH pebpHCTHi Kymoa (puc. 16).

Kynon mnpegcrasnser co6oii CTANLHYIO apPOUHYI) KOHCTPYKIHIO
¢ MEHTPAJILHBIM CHKATBIM KOJBIOM H PACTSIHYTHIM OTOPHBIM  KOJIBIIOM.
JKene306eToHHbIe KOJIOHHBL CKOIIeHb! HAPYIKY, 4TO OPEIOXPAHAET OKH
H cOOpHEIE CTEHBI OT HOMKILS, Kynon umeer guamerp okoao 100 s 1 yera-
HOBJIeH Ha 48 KononHax. CeKiup pedep aanHoi 45 m 1 Becom 14 m Kax-
Ads Oblin coGpaHbl HAa 3emde M CMOHTHPOBAHBLI MEKAY KOJOHHAMH W
HEHTPANBHBIM CKATHIM KOMLIOM Anaverpom 13,8 a, pasMelleHHEIM Ha
MOHTAKHEIX Jiecax. Bo usbexxanne nepasnomepHoit Harpysku Ha cma-
TOC KOJLIO B KaXKIOM CEKTOPE MOHTHPOBA/IOCH OJLHOBPEMEHHO IO TpH
Takux pebpa. Kaxpmas tpexpeGepuas cekius Kynoja Ohl/1a TOJAHOCTHIO
cobpana, cBapena H BMecTe ¢ [IPOTOHAMU H COEIHHHTE/NLHBIMH GONTAMH
yCTanos/icHa na mecro. Ha cransmoit kapkac Gburm YJIOKEHDBI Tpex-
JUOHMOBEIE IOCKH, TOKpLITEIE CJloeM GeTona 25 MM, 3aTeM I10 CJI0I0 Kap-
TOH@ YCTDOEGHO TIOKPBITHE H3 AJIOMHHHEBLIX JIHCTOB. =
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fJioro B mjane kynosa. Huamerp omopuoro kossua 94 u, crpena

peva 12,84 m. Kynon oGpasosan 80 peGpamu-nojyapKaMmu, Oliki-

QUIMIMHCST HA TI0JI0e OMOpHOe Koablo. [lo Beicote pebpa CBA3aHLL
5l FOPH3OHTANLHBIMU KOJbleBbIMU Oasikamu. Ilo peGpam y.jioxeHbl
[BO/IMHEHHbIC IVIUTBl M3 JIECKOIO 0eTOHA € KPYIJIBIME OTBEPCTHSIMH
{ OCBeIeHHS.

16. Kynosnbhoe noxphiTHe Haj 3JaHHeM BLICTABOYHOTO 3a/a B CeBepHOH
3 Kaponune

D konyca. OnopHoe KOO TMOM0e TPANCHHEBUAHOTO CEUSHHST HMEeT
TPYIOBl TIPefHANDSIKEHHOH apMaryphi:

1) _ﬂ\am mooﬂ%smm%xm pacmopa KynoJia; CocToMT u3 142 nyukos,
BKJIEL TYNOK — M3 IICCTH npoBoJIoK AuameTpoM b mm. IIyuxu yio-
bl IO HADYXKIOMY MEPHMETPY KOJIbIld CHMMETPHYHO OTHOCHTEJBLHO
pa TsxkecTH ceueHusi. Kaxppllh mydyox Hampsrascsi OfHOBPEMEHHO
[ECTH TOYKAX IO JJIHHE KOJbIA; )

) AJisl BOCIIDHHSITHST H3THGAIOMHKX MOMEHTOB B BEPTUKAJBLHOH IJI0-
OTH; COCTOUT M3 64 myukoB Haj onopaMu M 60 MyukoB B mpoJerax
..._‘JN KOJIOHHAMH; i

) s BOCHPHMHATHS KOCBIX PACTATHBAIOIMX YCUJIUA OKOJIO OMOP.
‘BeTon peGep ONOPHEIX H NMPOMEKYTOUHBIX KOJIEl 060JI0UKH KYTOoIa—
pKn 450,

[lpenBaputennHo, HaNpsKEHHAS NPOBOJOKA HMeJA DIpefiel TeKy-
i 12 500 xec/cm® u mpefien npounoctd 15 000 kec/cm?. Hauanbuoe
Psixxenre npoBosok cocraadano 10 500 kec/cm®. Hanpsikenne ¢ yue-
norepb Obno 8500 xec/cm®. Pe6pa MOHTHPOBANNCH C BpPeMEHHBIMH

PKKAMH U3 ITYUKOBOH IPEIBAPHTENLHO HANpPSDKEHHOH apMarypL.
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§eTcA MAasTHHKOBAs ONOpa, BOCIPHHHUMAIOIAS BepTHKA/BHYIO CO-
SAIOLLYIO AaBjieHHsi OoT pefep, a TrOPH3OHTATbHAS COCTABJSIOIAS
GBITb PA3NIOXKEHA HA JIBA HANPABJEHHS BJOJb IPUMBIKAIOMMX
W1y SJIEMEHTOB MHOFOYFO/ILHOFO KOJIBIA H JaJiblie BOCIPHHHMAETCS
IJIBHIKHOR OMOPOIi, pacrio/iaraeMoil mocpeuHe CTOPOH MHOTOYTOMb-
0 koabna. Hus apok MoxeT Taxkike HMeTb H INAPHHPHO HENOABHIK-
) OTIOPY; Pacnop apoK B STOM CJAyYae BOCIPHHHMAETCS KOHCTP yKIHeH
Bce apxu Kynosia ofMHAKOBOrO OYEPTAHHS, HO MOTYT MMETh Pa3/IHy-
nonepeunoe ceyenre. KOHCTPYKTHBHO CONpsiKEHHe apOK OCYIIECT-
eTCS IPY TIOMOIH BEPXHEro KoJiblla, KOTOPOe JOJIKHO BCErja mnpo-
PHPOBATBCS JKECTKHM.

IMocne ycranoBku mosmyapok GETOHMPOBAJHCE KOJiblieBble GAJKH H 1O |
JHBA/TACE OTOPBI MOMYAPOK. BpemenHEIe 3aTsKKH H MOIMOCTH, HOALe)
AKUBAIONIHE BEPXHEEe ONOPHOE KOMBbLO, YAAJMSIHCH OIHOBpEMeHHO.

a)

X
a5 12y 6) i

S 5 Lt JE by L

Pue. 18. Cxema peGpucToro Ky-
MOJBHOTO [MOKPBITHS

4 — CXEMA PACHONOHEHHA apok; 6 —

»w t .m ‘_._.—w—..—n._qnu.ic_._._.:n H3 RLIGETCHHYIO H3 KY-

nona aApky CHAB  BIAHMOAERCTHHSA
0CTANBHEX APOK

6)

43400 32100 . 13500 | 13500 32100 3kop,

| L

Ilo peGpam ycTaHABJIMBAIOTCS KOJIbIEBBIE NPOTOHH. st oGecneye-
#l YCTOHYMBOCTH M HEHSMEHSIEMOCTH KYIIOJIa, 10 KpailHell Mepe B
yX CeKTOpax, O/IKHBI OBbITh YCTPOEHHI XKECTKHEe CBS3eBble MaHeJH.
JKJlasi apKa BOCIPHHMMAET TOJbKO HATPY3KH, HPHJIOKEHHBIE B €€
KOCTH, U B KJIIOYEBOM CEUECHHH MOXKET MOJIYYUTH PEAKTHBHELIE YCH-
OT NPHUMBIKAIOMWHKX apOK JIHIIb BEPTHKAJbHBIE MJH TOPU30HTAJb-
€, NPUJIOXKeHHBIE TAKKe B €e IJIOCKOCTH. BoKoBbIE CHJIBI BOCTIPHHHE-
OTCSA KOHCTDYKIHEH KPOB/M M CBS3EBLIMH JIMCKAMH.

Yeunust MOTYT GHITH ONpPEesIeHEl H3 YCJIOBHI COBMECTHOCTH fedop-
IlHii BCEX apPOK B KJIOYEBOM CEYEHHH.

Paccvorpum cHauana sarpykenne OgHON apKu.

OGosnauuM CymMMapHOe 3HAYEHHE PeaKUUil BCeX He3arpy:KeHHBIX
JOK, NPHMBIKAIOIHX K 3arpyXeHHOH, COOTBETCTBEHHO yepex X, U
9, T7ie Xy — paBHOJEHCTBYIONAS BEPTHKANBLHEIX CHJT, 4 X, — PABHO-
HCTBYIONAs TOPHSOHTABHBIX CHJI HE3Arpy:eHHbIX aAPOK, MPOXOAsi-
Sl B ILJJOCKOCTH 34TPYXKEHHOH apKu.

Torja ypasnenns MeTofia CHJl MOT'YT GhITh 3alHCAHB B CJEAVIOLIEM

Hle:
- \AEXHn_IbE.XNITQ:VHOW
A X+ ApX, + Qgp = 0.

15000 |12840
27840

47000 AR 47000

Puc. 17. Kynonsuoe NOKpHTHE Haj 3laHueM naBunboHa B Bearpage
a4 — nadn; 6 — paspes

CraTruueckmii pacuer peGpmcrnix Kynonos
C WapHWpHBIM CoenuHeHMem peGep B HnwYe

Pacemorpum xynos, cocrasnennbii us 4pOK, COBJIHHEHHBIX B KJIOUC
II4PHHPHO M OMMPAIONIMXCA HA HHXKHEE OMOPHOE KOJBIO (puc. 18),
YeTpoerHoe caenyioummum o6pazoM. B mecrax onupanusi pedep ycranas-

40

(32)
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Cuna X, shsbiBaer CHMMETPHYHOE 3arpyikenHe Kamuofi apku, ;
cHaa X, — KococHMMeTprynoe 3arpyIKexne.
Coraiacio oGprumomy MCTOLY DOIeHHS MONOMHM cHbt X, — ] |
Xy = 1. Byznem uckars snavenis KOI(DDHIHEHTOB KaHOHHYeCKHX ypan
wennit. Tax kak ycumme Xy = 1 cummerpuuno, a yeunue X, = | ko
COCHMMETPHHYHO, TO Ay = O u YPABHEHHS pacnanaiores na jsa, B Kay

i, H Oy, — TNEpPeMelieHne mm._uE::E.. TPeXINAPHHUPHOH apKu
= - 1Oj JIeHiCTBHEM BHEMIHEH HATPY3KH COOTBETCT-
BEHHO 1no nHanpasgenuio X, u X,;

Q; — YrOJl MeKIY HATPYMKeHHOH M [-if apKoii;

n — YHCJI0 apox;
Rk — 4HCI0 OLHHAKOBO 3arpysenHplX apok;

AOM H3 KOTOPBIX GyAeT mo ofHOMy HEH3BECTHOMY: M, u Ny, Ny — usruGaiompe MOMEHTH H HOPMAJBHBIC CHJb|
AunXi+ay, =0; B TPEXLIAPHHPHOH apKe OT JeHCTBHS COOTBETCT-

A Xy 4-a,, — 0. “ (35) BeHHO cHt X; = 1 u X, = 1;
, i ' M, u N, — usrubaioniue MOMEHTH H HOPMAaJIbHBIE  CHJIEI

Teneps onpegennv ornensno snaveny
W He3arpyKeHHbIX apoK.

X, un X, aas 3arpyKeHHE \ B TPEXIIADHHPHOH apKe OT BHEWIHEH HArpy3KH;

S; B S, — yCWIHSI B HHIKHEM KOJBILE OT OMOPHOTO JaBJIe-
HHsl TPEXIIADHHPHOH apKH TIpH JefiCTBHH Cujl

il X,=1luX,=1;
S, ¥ S; — ycumus y qeBoro u MpaBoTo KOHUOB pedpa

B HIHKHEM KO/IBIE OT ONOPHOTO AABICHHS TPex-

!  WAPHHPHOH apKu 1PH AeiCTBHH BHemHell wHa-

rpy3KH; )

E, I v F — Monysb ynpyroetd, MOMEHT WHEPUUH M [1J10-

Waab MonepeyHoro cedenus pebpa;
Ex v F, — MoIyab ympyrocts u miomajs MOMepeyHoro
CEUCHHS KOJbla;
[ — LAMHA CTOPOHBI KOJBILA; )

— NEPEMEIeHne BepLIHHBI 3arpy;KeHHOH Tpex-
LIAPHHPHON APKH MOJ JEeHCTBHEM COOTRETCT-
BEHHO cHiutbl Xy = 1 u X, = |, npuaomennoi

B KJIIOYE TOH apKH MO HANPaBJIeHHIO X, u X,;

@11 nea M O35 ey — TO Ke, B HE3arpyKEeHHbIX apKax; g

Qi1i B @gy; — TO e, B HE3ArPYHKEHHOH apke, st KOTOpPOil

Jarpyrceny
ToKT

Pue. 19. 2nwopu M3rHGaloIHX MOMEHTOR B TpexwapHupHoft apke

@ — npu pgeificteAn X, 1, 6 — npu peiicreun X, I, Dpunoxennux B KmIOUE apKH;
pacueTHas cxema AJsi onpefesnenus 3Havenns X,

8 --

(lyq

L sarp H oz garp

Hns onpepenenns X1 v X, u3 ypaBHenuii YIPYTOCTH HEeoGXomumMo
BBIYHCJATEL CAEAYIOLIHE MEpeMelieH s :

G11 M @3y — MEPEMEIICHAE BepPLIMHLI TPeXIIAPHHPHOH apKu
NMOA JIeHCTBUEM COOTBETCTBEHHO CHJE X 1= 1

i 5 ONEHCTBHS B BEPUIHHE;
U X, = 1, npuiioxennofi B Kmoge s1ofi apku CHEGRGITRABTCR n:aﬂmmﬂxa _mvmmomﬂ mmmmmwn_ Mmu
Mo Hanpasnenuio X; u X, (puc. 19, @ u 6). 2ayy ey — CYMMa TEpeMelren 11 Py
/ i ) HBIM apKau;
' m: e 283, 1 Zay; — CyMMa nepememmenHii a,, 1o Beem 3arpyKeHHbIM
an = J dy+4 | —-de+ ; (34) H He3arpy:xKeHHsM apKam.
b i . 55 Exfy Onpepenenne 3Havenus X,. 3uauenne X, npuuu-
! ' ICA TOJIOKHUTEJIDHEIM, €C/IH CH/la Hampasaena BHH3. Kosdipumment
My M, .. NpN, (S5 +81) 8,1, 4 COCTOUT M3 JBYX yacTeii: HepemMeIeHHs 3arpyKeHHOH apKH OT CHJBE
G1p= TEl dx+- F dx - . ; (35) = | 1 nepememienns BCeX HE3ArpyIKEHHBIX APOK OT CHaibl X, — |,
0 b i Eufx DEMELICHHE 3ATPYHEHHOH APKH — g1 4qpp-
! / HJist ONPEAE/IeHH sl ePeMEIIEHNS BCeX HE3arpyKeHHBIX apok yera-
* M3 (* N2 28% MM BHAuaje, 4To cuila X, = | pacnpenensiercs MEMy Hezarpy-
G = | ——dx+ t de+—*%; (36) HHLIMH apKAMH H COCTABASIET MIst (-l apKH BeHuHHy
J Er J) EF EyFy _
0 0 1
N\S M N>\ N L nrw.: | ..w.:w S./ By1i mea . 1
= = =7 .
\Nw\ = 2 wﬁtnl_ﬁl T2 ﬁ&kl*l (il i 2K 5 A.md :!.J_ | n |
i L EwFy / e Ayyines m =
0 0 e i11ics Liires

1

1
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[Tepememienne i-fi He3arpyKeHHOH AapKH M, CJEIOBATENBHO, BCCN
OCTA/IbHBIX He3arpyKeHHBIX aPOK TPH NMPHJIOKeHHH K HAM eNUHHYHOI

CHJIEI COCTABHT
4111 nes l

]
n—1 n—1 :

Al . T, R |
11{ Hea p——
11 wes a4y es
1 1

n—1

1
roe Mb.| — CyMmMa; ﬁmn:_un_n.ﬂmummmm.ﬁn& Ha BCe mmwm—‘wv\vﬂmmmv:.
11 Hed

1
apKu.
Torna

n—1

1
dyy zarp [n: " 2

1 1

k:llng:mmﬂn I_: n—1 = A—1 .

MJ 1 Y |
A Y111e3 11 nes

3Hauenue X, AJs1 3arpy:KeHHOH apkKu Oyjer

1
n—1

1l
P a11 wes

1
n—1 »

1
@31 sarp M T 41

1

Xumm% .

a Jas -l He3arpy:KeHHOHU apku
n—1

1
ay T TR
? 41 wes

X1 3a rp ¥

jenne X, A5 3arpy:KeHHO# apkH 6ymer

o 1
L
— 1 o ap n—1
..x“_. BERDF— T =T _ S — ay n Anmwv
e
11 &y
| Ka)cIoi He3arpy:KeHHoH apku
a a 1
Xy Hes L =1L S C mev

n—1 ayy
an Anb lﬂ + _v

DIjla Bce apKH MMEIOT OJHHAKOBbE CeueHHsl H R apoK OfHHAKOBO
PIKensl, Tora suauedve X, AJsd 3arpy:KeHHOH apku Oyjer

=== dp .gl— dip i kE—1 o
k“_.uu;. == ay n I_I 7T n =
_ G (a—1—k41\_  ap n—k
(38) o ay A n i an n ' (44)

M0G0t He3arpy:KeHHol apku

X, wes Yo h o Aﬁmv

gy n

\OTJla Bce apKH MMelOT OfAMHAKOBble CeUeHMS W 3arPy:KeHbl OfHHA-
,n==Fk, X;=0.

Jnpenenenune anauenuna X, [lonaraeM, gro sarpy-
| ogHa apka. Torpga Mexny 3arpy:KeHHOH apkoil M HesarpysKes-
| BO3HMKAEeT He H3BECTHAsI MOKa cujaa X,. YpasHeHHe Ajs onpeje-
5l 5TOU CHJIBI HMeeT BHJA:

.\—wwkmlﬁlamn = O.

(39)

= Y%
X, A (46)

' A,, COCTOMT M3 JBYX 4acTei:

Xy Hez — n—1 o n—1 =

1 |
d11i nea — 1 sarp —— 4| |@y1ivea m W
iy nea a1 sies 011 Hea

1 1 1

Q1p
n—1

1
Qy31i | Ga1sarp ﬂ +1
He3

1

Korga Bce apKu UMEHT OJHHAKOBOE CeyeHue, Torjga

n—1

e
Q11 nes ay

44

\_B = gyt a_mw ’ (47)

@y, — NepeMellieHHe BePXYIIKH 3arpy:KEeHHOH apKdH mog meficT-
i pueM cuiel X, = 1 B Hanpasaenun X, (Hanpasienue X,

(40 MpHHHMaeM JEHCTBYIOIIUM B  [JIOCKOCTH  3arpy:KeHHOi
apkH),
nmml nepeMellleHHe KJIIOUEBOTO CEUEHHS] BCEX He3arpymKeHHBIX

apox mnoj feiicTBueM cHabl X, = 1 B Hanpasiesuu sarpy-
. JKEHHOH apKH.
Jlns onpenenenust amw MOJIOXKHM, YTO B apKe [ OT CHJIH kw = 1

wnnKaer ycumde Xp;. Torja mepeMelieHHe K/IO4EBOTO CEUCHHS B ILIO-
peTH (-1 apkH 6yzeT
gy X g+
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Mexny nepememennem KITIOUEBOT0
4POK H nepeMeniennem i -if dPKH B ¢BOell
n:.wwm m%_wwmnx@oo; (puc.. 19, 6): nepememenne i-ii

P no @y, S, THE &, — yrou MEXIY 3arp
st aToro ke MEePeMeNnenns {-ji
3asHcuMocTh. Torga

aycosa, =X,

a
orciona o &

a
Xgj=22
U= Tou C08 %

Bosbmem cymmy TMPOEKIHI Beex cun X,
aPKH H yuTeM IPH 3TOM, 4TO CyMMa MPOeKIIN i
EHHOH apKM paBHa efumuue, Toraa

n—|

a,, Jlouat A I,
Va2t
1
orciona
' 1
Qoo = n—1 ’
’J cos® oy
P22
1

[ii== |

1

apKH.
Torga
0 1
\umw == Uy 3arp .._I ni—1
AA cos® oy
ad Casi
1} .n
Yeunue B sarpy:xenHoi apKe cocTaBuT
a.
Xm sarp — T 2= — 2
Aol 1 ]
@33 3arp |- A
\ Y cos?
- l._ Baaf
Yeunue B i-it Heaar :
¥ PYXEHHOM apKe npu cune X, = | Oyner
.
X % = Cos o
2i Qag; s s n—1 '
cos® o
7 Ugag W —t
l hmmm
]

16

CEYCHHS BCEX He3arpyKeHHL. |
IIOCKOCTH eyIecTByer CIIeAY 10
dAPKH B CBOCH IJ0CK: -
YAHKEHHOH u i-if apkoi,
ApKH Bellue GHIa HanHcana elle oH

Hd JIHHHIO 3arpyKenuo|
1 X, HA AHHHIO aarpy-

re cos? a; o :
— Ma :
€ ani yMMa, pacmpocTpaHsieMass Ha Bce HE3aTD V3KeHHbI¢

P 3HAUEHWH TOJHOH CHJBL X,

Caly \ @y cos oy
.Xmmmw - 1 ’ T (51)
Qspsarp -+ Gas: Y cos® oy
N\ cost ad 22
P, 1
od o
I

Ecau cuurarth, yTO BCe ApKM UMEIOT OJHHAKOBLIE [ONEPedHBIE Cce-
fiA 1 3arpy:KeHa OfHA 4PKa U [IPH STOM Y4eCTh, YTO A — YHUCJO APOK

Kyrnosne SH$N (rmne i =1, 2, 3,4,..., n—1), 10

n—l1

\h
I|w
Moo%SHMno%QNl_Hh]HH:
fi==l =1 2 2

DOpMYJIBL JJ1S1 BeJIHyuH X n X npHObGpeTaT BHJ:
1 2 zarp 2 Hes

@ap 1 4 ap __ _ @p n—2 : Ammv

daarp Tt 1 9 v Qs n

CHJIE B He3arpyKeHHoH i-fi apke

QAqp COS OL; Qyp 2 COS O
vmm_.mmw = = : = 2 =, Amwv

-2 n—2 (T n
QEAHl_I V

n—2 2

3arpyeHne BTOPOH aPKH BHI3OBET AHAJOTHUHBIE YCH/IHS BO BCEil
CTeMe, HYMKHO TOJbKO MBICJIEHHO TOBEPHYTH BCIO CHCTEMY HA YLOJ
By TepBoii 1 Bropo#l apkamu. Takylo e onepanuio Cjenyer mpomus-
i IIPH ONPENEJICHHH YCHJAHE OT OCTANBHBIX 3ATPYMEHHHIX apoK.
a¢jie Onpefie/ieHusT CUT B3aUMOASHCTBHA YCHJME B 3arpyiKeHHON
Ke Oyger

(48)

M H.\SanXH\SHJ_IXNNSM.,“ (54)
AA@v >\<“\<bl_lwvm“_.\<“_.!_lxm>\m.
JIns1 He3arpy»KeHHbIX apok
M; = XMy -+ Xo; My, “ 55
N;= XN+ Xy N, 92)
JInsT HUXKHETO KOJbILA
Ava g rw_A“ rWEITXH«.rWHITXN«.rWN. Am@v

' TakuM 06pa3oM, 3arpy:KeHHAs ApKa KYyIl0JIa MOXKEeT paccMmarpu-
ITbCS OT[eJIEHHON OT Hero M HaXogfuleidcs moj JeHcTBHeM BHeIIHeH
ArpysKH U CUJl B3AUMONEHCTBUSA Xy parp U Xg .4y (pHC. 20, ).




_ ropusoOHTaNbHas X, u uaruGaowuii Mmoment X, AelicTByomHe B 110

Hesarpyxennas i-a apka moxer 6pito BEIEJICHA U3 KyNosa u pac
CMOTDPEHA TIOX MEHACTBHEM CHJ B3aHMOLEHCTBHS X 1imes B Xg;,..
(puc. 20, 6).

His cnyuas, xorja y Husa Kymoga OTCYTCTBYET KOJIBIO H pef) i
ONHPAIOTCS IIADHHPHO HA HHUKeJEXKAIHe HeNOJBHKHLIE OTIOPHbIE KO-
CTPYKUHM, 3HAYeHHS YCuimii Sy, Sy, S; n S} NOMKHH NpHHEMATH |
PaBHBIMH HYJIIO.

st cnyyas, KOrma HH3 apoK KecTKo 3ajenan B (yHAaMeHT, ko
3hGULHEeHTE a4, @y, Q1p» @yp ROJIKHBI GBITb BBIYMCIIEHBI /ISt APKI,

Y KOTOPOH OMOpPBI KECTKO 3aj -

11, Ay, Qg3

NpaBJJieHHH CHJIbL .Ng H

g1, Ag3, Qg3
Qgy, Aga, Qgg
Quu. an. Qwu

Xsu Xy

7 i3 6) JIdHBI, 4 B KJIOUE HMeeTcs Imd)-
: HHp.
B ocrankHoM Bce BBIKJ1AZK 1t
iﬁa H?..ﬁ 0CTATCH Ge3 H3MEHeHH S,
L\._.uu__.a \«m-.x?,

Puc. 20. Pacuernue cxemmr apoK pef-
\ PHUCTBIX KYMOJOB [l0cAe ONpefeseHIis
CHJI B3aHMOACHCTBUS B 3aMKe KYIOJia

Crarnyecumi pacuer peGpucToIx
HYMOnoB C MeCTHuM coenuHennem peGep
B Hnwove (pamHbie Hynona)

Puc. 21. Pacuetnas cxema KynoJa IpH JeCTKOM CONpS-
XeHUH pebep B BeplIHHE

a — pacueTHas cXxeMa KyfoJsd: [ -— MdATHHKOBAast omopa, 2 —
HEMOABHXKHAA onopa, 3 — pelipa Kynona, 4 — ONOPHOE KOJbIO;
6 — pacueTHad CXeMa JArpykeHHOH apKu

KOHCTPYKLMS TaKOrO THIA HMeeT MecTo B KYMnoJax NpH Xeci-
KOM COEMHEHHH BCeX pebep MexAy coGoil B BepilHHE MJIH C BEPXHHM
KOJIbIIOM.

Paccvorpum coywail, korma xynon o6pasyercs cHcTeMoft peGe)
OJHHAKOBOTO CEYEHMsI, OAHOOOPA3HO pACIOJATAeMBIX MO KPYTY, Kam-
Aas Napa KOTOPLIX NPEACTaBIsAeT co0oi ABYXIIAPHHPHYIO aPKY C ynpy-
FOH 3aTsKKOMH. 3aTsKKAMH CAYKHT HIKHee onoproe Koabuo. Ilycr:,
STO KOJNBIO YCTPOEHO TaKHM 06pasoM, uto peGpo onupaercss Ha Hero
TIpH TOMOILH KauaIOMEHCs OTOPLI, @ TOPH3OHTAJILHASL COCTABJAIOMA |
YCHHA BOCIPHHUMACTCSI SJIEMEHTAMH HMIKHEIO KOJIbUA, MPHMBIKAK -
OHMH K peGpy, H Yepes STH 3JeMeHTHl Tepefaercs Ha HEMOIBHIKHY ()
OTOpY, PACNONIOKEHHYIO MOCPENHHE CTOPOH KOJIblIA.

Kak u panee, mpenmosaraem, uto peGpa moryt pa6oTrarh Ha M3Iu’
B BEPTHKANLHOM HAlNPaBJIEHHH TOJBLKO B CBOEH IJIOCKOCTH, GOKOBA:I
7K€ JKECTKOCTh HA H3I'HG M KPYueHHe He3HAUUTE/BHBl, U HX BO BHUMAHHC
NPHHHMATL He OyfeM.

Pacemorpum cayuait, Korma sarpymena ogua apka no auaux O0—0
NPOH3BOJILHON HArpysKO# B MJIOCKOCTH apKH (puc. 21).

[Tpexnonoxunm, 4To BCe OCTA/BHBIE APKH OTOPBAHBI OT 3arpy:;KeHHOI!
Aexamedt B miockoetn 0—O0. Torma mexy 3arpy:XeHHOH W Hesarpy-
MKCHHDIMH apDKAMH BOSHHKAIOT HEH3BECTHBIE CHJILI: BepTHKANBbHAS X,

!
)

2.
N1 2 a
——dx Mm_ )
EF T EFy

M}
& = —dx
1 El |T.
0 0

A =0; a13=0; ay;=0; a3, =0;

n L]
EFy '

l
>\w
o — | 22 %+%mlm§+.wmw
0 @
1

N
\Sm\sua \<u\<u .
” ” Ilk |&k~
menmm ; |_| EF
0
!

ny aH.
e E&i%ﬁ&i 3+ Hy) <0

cKkoctH 0—0,

48

i onmpenesienusa BeJHYHH X, X, U X3 coCTaB/isieM TPH ypasHe-
PYrocTH, 1sid 4ero Heo6XOAMMO BBIYHCJIHTE CJIELYIOUHE MepeMe-

— TepeMellleRHe BePIUHHB IBYXIIAPHUPHON apKu
or marpysok X, =1, X3 =1, X, = 1 B Ha-

— TO e, B HampasJeHu cuisl X, OT Tex xe CHJI;
-— TO K€, B HAaMpaBJieHAH CHJbl X4 OT TEX JKe CHUJT;
— nepeMellleHHe BepPLIMHBI JIBYXIIAPHHPHOH apKu

OT BHEIIHEH HATPY3KH B HanpaB/eHHH cu1 X,

(57)
(58)

(59)

(60)

(61)

(62)

49



. .- el 5 . o GCJIA BEPIIMHA 3arpYKeHHOH apKH MepeMemasTcs B CBOEH MIOCKO-
AN S H% s Y R e T PR Amml_lmmu alty v 1 (6 Hd BesnyuHy A,, TO COCTABMAIOMAS 3TOTO TIEPEMELIEHH I B LJIOCKO*
EL EF EFy : ApKu [, Kotopas ofpasyer ¢ sarpy:enHoii apkoii O—O yrox oy,
o = g ’ T Ascosay. -8 A
el . N.: " mz N Apn 1OBOpOTe BEpIUMHBI 3arpyxenHoil apkn O—O BOKpyr ocH,
s, = %ﬁ mw Fdx- , %a‘«. (61 leH/IMK Y AApHON TiockocTH O—0, Ha Ay COCTABASIOMAS YIjia I0-
2 o 0 : _
3pech - My, My, My — uarnGaioniye MOMENTs! 1 HOPMaJILHBIE CH./|

u Ny, Np, N; B IByXmapuupuoi dpKe OT #eHCTBUS Ci-
OTBETCTBEHHO cun X, =1; X, =
... . X3=1 (puc. 22);
H,y, Hy, Hy — yewnust B HUIKHEM Kojiblle OT OIOPHO! )
AdBJEHHA JBYXIUADHHDHON APKU NPH fei -
CTBHH COOTBeTCTBEHHO cuil X; = 1, X,
=1, X3 =1;
Hp w Hj — ycunus y eBoro u npaBoro KOHIos pedpa
B HHJKHEM KOJIbIE OT ONOPHOTO AABJEHH
ABYXUWIADHHDHOH ~apKH 1npH  JAeficTBi
BHELIHEH Harpysku;
I 1 F — MOMeNT HHepUMH W miowajn TIOTIEPEYHO! O
ceueHHs pebpa; .
Fy — Nomans nomepeuHoro ceweHHs KOJBIL
dyg, Ayg, Ay, Qg — TEPEMEIUECHHS DABHBL HYJI0 BCJEACTHI
TOT0, uto M| ¥ N, ABAAIOTC CUMMETpPH! -
HEIMH, 8 Mg, Ng u M,, N, — Rococu -
METPHUHBIMH (DYHKLHAMH,

Ecin HHKHEE KOJIBUO OTCYTCTBYET H ONHPAHHE pebep ocymec
BJISIETCS. HENMOCPEICTBOHHO HA (YHIAMEHTE C IOMOIILI0 HeNOABHIKHO! )
apHupa, T0 sHauenus H,, H, u I, pasusl aymo.

Ipu peiicrBun Ha apky cuabl X3 = 1 ropusoHTaNbHbI pacrop 6y -
JeT paBeH HYWNO, N03TOMY npousBenenns HoHi, H: u Hy,Hs B K031(-
(PUIHERTAX @3, Ay B Ay, TAKHKE DABHBL HYIO.

3uauenns X, MOTYT GHITh ONIPEJieIeHsl, KaK H paHee, mo hopmy.a g
(42) u (43):

"

.

Puc. 22, Bmiopu W3rn6aioutny MOMENTOB B A8y xmap-
HHPHO#i apke. or JMeflcTBHA JIHUIHHX HEH3BECTHHIX,
NPATOMEHHLIX B KJIIOYE aPKH
@i 5 — cxesd JATpYHeHNA N 3NI0pa MoMeH'Ton B apke npu aefi-

.vm _ Qp n—1 CTBHE CHAIbt Xy = 1] 612 — 10 Me, TpH fellcTBHHE cHIR X = |}
Kaarp e S an K n > d W — 10 ke, OpH AelicToun cunm Xy = 1
ay 1 1 i} 4G ¥ )
.XH Hes — mlﬂ. “n woxﬂ%ﬂ OCH, NEPNEHANKYNAPHOH - MJIOCKOCTH dpKH 1, Quﬁ,mﬂ

} 3T0 Ke HnepemelleHHe MOJKET ObITh BBIPAXKEHO Yepe3 HeH3BecT-
rpe n — 4YucJo apox. y HJIHA B [-H mm:mm. 4 HMEHHO:
3HAUEHHS BeJHUHH dy, H Gy, B 3TOM CJiy4yae AOMKHBI OBITH BbIUI -
JieHBl J/1s1 JBYXIIADHHPHOH apKw.
Haa onpenenennsa anavenuit X, u X, Heo6XOIHMO COCTABHTH T
YPABHEHHSI YNPYIOCTH, TPHPABHAB TFOPHUIOHTABLHEE NepeMereHus i
HOBOPOTE! BEPIUINI 34arDY:KCHHOM apKH W HE3arpyIKEHHBIX apOK.

h _.
Xotrgy nT.kmanw.H.Dm COos 0.5 (65)
Xoass | Xaaaa = Azcosa;.

ypaBHEHUS JEHCTBUTENBHEL JIJI5I - BCEX He3arpyKeHHeX n—I1
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3anuieM 3TH YPABHEHWSl H NPOH3BENEM HX CJOKEHHE MOUNEHH( M3 stux ypaBHeHHH MOryT ObITb OTpeje/eHbl 3HAUEHWs HEH3BeCT-
wcmo:x%mwmmm:m?wzmcémomm:mnézvmmmmmxm:mnomnm ...Xusxu.

{ il esarpy:KeHHbIX apok
gy 2 X5€08 0+ gy > Xicoso, = Ay D cos’ay; g Aty P
. I
i = —
Gga D) X208 &ty + agg X, X5 cos oy = Ay Dicos’a,. X2 X

; i 2
Umes B BuRy, uTo D, X35€0S¢; €CTH CYMMA NPOEKIHH BCEX CHJT He-
3arpyKeHHelX apok Ha Jauunio 0—O0 3arpyeHHoit apKu H yTO, CJeno-
BaTe/bHO, OHA paBHA X,, MOMKEM HaMHCaTh:

2 ;
COS oy}
n—2

. (67)

COS ;.

k.‘wu lluku

n—2

Oupenenns snaderns Heuspectnbix Xy, X, n X; u3 ypaBHEHHi,

S Xjcosa;— — Xy; Mcosoy— a.m..w . oM:
Wisi 3aTPY2KEHHBIX apOK
By= — LnKatanX)2 M= M, XM+ XoMy+ Xo My, | (68)
n—2
2H2u+.vm.u>ﬁ+\&929+ X3Ng;
Ag= — Egkﬁ. nmbkt.w : /Il HHMKHErO KOJIbLA
) : H=H, 4 X{H,+ X3H,; (69)
C npyroil CTOPOHBI, sl 3aTPYMKEHHOH apKu
A X x Yifi HesarpyXeHHbIX apoK
N - ik M, = X{Mi+ XiMy+ X3M3; | i
=3, X0 XoQas: : . .
- “. H i~ Agllgg + Aglsg N,= XiNi+ XsNo+ X5Ns; ‘
Qg g -~ Aogdy ; 1
- T =y + Xy + 03 Xs; JIfl HHIKHETO KOJIbLA
2 H,=X{H,+ X3H,. (71)
Baa Xyl g X ! : )
__GaaXs i Gna Xy = Gy, + Qs X3+ 233 X; SIH 3aTPYXKEHO HECKOJILKO apOK, TO CKIIAfBIBAIOT BJIHSHHE OIHOH
n—2 eHHON apKu C BJMSIHMEM APYrol W T. A., NPHYEM OTAE/NbHBIE
2 | MOXHO ONPEJC/IHTL M3 HalileHHBIX Besmuun X;, M; u H,;
n—2 ‘n—2 e | IMKJIHUECKOH 3aMeHbl. )
29X T - ur_l.‘.;wkmm_ e v+a§ =0; W51 TOro uTOGH TPH ONpELe/eHHH YCHJHE B apKax MOXKHO ObijO
2 2 H30BATL M3BECTHHIE (GOPMYJbl W TaGJHILBL, JONYCTHMO SaMEHHTh
= e KOJIBUO CeueHHeM YCJIOBHOM 3aTSKKM B IJIOCKOCTH apku Fg.
2 JIi YCHJTHE B 3aTsKKe NPHEATH H, TO yCHJIHe B 3JIeMEHTaX KOoJbla
aﬁ.vnmn*nauwkwl*naun — =0 Ph Y 91 P y
) (puc. 21)
1 H
2 =
= 2sin —
n 3 2 on
52 X3+ A5 Xy +0gp —————=0, JlitHeHAe SEMEHTa KOJbla
ey 9 AS Ha = Ha .
HJIH OKOHYATeJIbHO 2 2-2sin " EF  4EF sin—<.
n—2 2n 2n
o O Xyt 0 X3ty 2 =0;
e Al AS
n—2 (66) AL &5,
32 X3+ ass X5+ a3, Tl 0. 2 2sin =
n
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T

OCOBEHHOCTHM PACHYETA UMKNUYECKMX

st CHUCTEM
2n
Ha ]
AS=—— —;
2EF sin ——
2n
Ht Ha :
e T e . ;
VEEHE 2EFy m_zawf ') EOPHCTO-KONBLUEBLIE W CeTyaThie KYynoJia mpejcTaBngior coboii
i MHOTOKDATHO CTATHYECKH HEONpPEe/UMEIE CHCTEMBI, B KOTOPBIX
SF .1 . 4 = 1 OGBIYHLIM TIyTeM BECHMA TPYAHO ONPEAENATL BHYTPEHHHE YCH-
) e az m_:uﬂﬂmﬁ:m_: o (72) B nanewefiniem wuanomenuu npuusto, uro KYNO/IbHAS CHCTeMa
Pl ) n

ABJIEHA H3 OJMHAKOBLIX pe0ep-apoK, PABHOMEPHO PaCCTABICHHBIX
rge F, — nyomaje nonepeyHoro CeqeHus YCJOBHOH 3aTSKKH;
Fy — niomaghb NONepeuHoro CeueHHs KOJbld;
| — nposeT apki;
@ — AJIHHA CTOPOHBI KOJIbIA,
st pacyera GeCHIapHHPHOrO PeBPHCTOTO Kymoia, pebpa Kotoporo
JKECTKO SaKpernJieHbl B .BepIIMHE H B' ONOpe, MOMKHO N0/IL30BATHCS Bhi
BEIICHHBIMH Bbillle (opMynamMd.”
B s1oM cayuae mepementeHus a;q, Qy,, Qgg, Qg A1, Qspy g, CIE
AYET ONPEAE/isTh s GeCLIAPHUPHBIX APOK C MKECTKHM 3alEMJEHHeN
B onope npu sHauenusnx H,, Hy,u H, = 0.

Reosb ke

p R cosdha

Puc. 23. Cxema nukanveckoro PeOpHCTO-KONBUEBOT0 KYNoJa ¢ yKa3aHHeM
PasJIoXenusa PaAnaJBHBIX Harpysoxk
a — nnad; 6 — obuwuit BuHA

| OKPYJKHOCTH BOKDYT BePTHKANBHOH OCH, NpoOXoAsiefi 4epes meHTp
0/1a, HE COCAMHEHHBLIX HJH COEMHEHHBIX PElICTUATBIMH CBA3SIMH,
HAKOBOTO CEYeHHSI H OAHOOOPA3HO PACHOIOMKEHHEIMH npH obxozne
flos1a o OKPYxKHOCTH. TaKyio cucreMy Mbl GyJeM HA3bIBATh HUKJIH-
H, MpHYEM LMK MOBTOPSeTCH npH o6Xoge no OKPY)KHOCTH uepes
; B peGPHCTO-KOMBICBOM KyNojie OH pasen YOIy MEXEY OCAMH
COCEHHX peGep, a B PeGPHCTO-KOJNLLUEBOM KYNOJE € PelieTdarsmi
3AMH — YIUTY MEXKLY OCAMH [BYX COCEAHMX PELIETUATHIX CBSI3ef
i TIPH CIVIOLUIHBIX CBS3AX MEXAY ABYMs COCEXHHMH pelpamu.

,wmnnzmqv:mmm STOT Kynoa B mnane (puc. 23) u o6osHAuasn yepes o

2
HYeCKHH yron, mosyuuM o = =— . IIHKJBI 10 OCSM 3JEMEHTOB
m

JOHYMEDYEM OT HyJIEBOro o m—I1 (B mpumepe 10 7). Kakosst 66
W11 BHEIIHHE CHJIb!, ACHCTBYIOUIHE HA KYNOJ, OHH MOTYT GuITh pas-

HEI K&KJasi HAa TPH COCTAB/SIONIHE: PATMaNbHYIO R,, BepTHKA/b-
U, u ranremmuansnyio T,. Kaxaas Takas TPYINa CHJ MOMKeT
iTh PA3/IOKEHa C JIOCTATOYHONH TOYHOCTBIO B TPUTOHOMETPHUCCKHIT
L, nofobHe pagy Dyppe:

e



gﬁéﬁ T... hham _Wmh._uw

el wrew =005

w‘\«\\uw\&?@mgﬁ* .\ﬂnawﬁﬁ..x :

o) =g, (4318 0 Seasp 4 2M0cos 2 t... )

_h\o‘\_nhm“«ﬂw.nqnﬁlﬁ cosp?.. )=
=p(057G63 Teosg - 021 2e0s 3y .., )

Faznowenve soepyany § pad

a ref-7;
bm(l*2% w&.\sw roos F ),
y=
202 1~ womeg yara;
m—yuene yanad
Ars m=&
8 =E(1+2cosmp + Zcos g+

*2eos Jngtcosdag)

Ha pajHalbHblie H BEPTHKAJILHBLIE CH.JIBI

— N0 KOCHHYCaM
= Ry+ Rycosno++ Rycos 2ne . . .- R, coskna;

+ U, cosna+ Uycos 2nee+ . . .Uy cos kne,
Ha TAHTeHUHa/JbHBIE — TI0 CHHYCAM

T,=To+Tysinna+ Tysin2na -+ ... 4+ Tysinkna,

Ta6auma 3

WU Vrew eqcosg ] Bmopoy s § % Cos2@ CymMaphas HozpyIna

Dmopod wnen G212g,co020
2128
~Gi8xs
A=

+40750

. n — HOMep Yy3.a;
k — 1e/10e YHCJIO, HOMEDP W/IeHA PA3JIOXKEHHS.

Pazsioxenue [eHCTBYIOMKMX HATPY30K B TPHTOHOMETPHUECKH{l PN
[pbe TPOH3BOIUTCA MO opmyJe

e Sl (76)

k=1
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3necn

— COCTABNAIOLIAA TAHTEHIHAJILHOTO II€PEMEIIEHHs, OTHOCH-
IEerocs. K #-My ysmy; -, LS o ;

T — HauGogbliast Mo aGCOMOTHON BeJHUMHE H3 TAHTEHIMAIBHDIX
COCTABJSIIOUINX NepemMelnediii npu sin khe = 1.

0 9TOMY HPH3HAKY O06pasylorcs jBe rpymnnbl BeJAHUHH (nepemelie-
BHYTPEHHHX CHJI): nepBasi rpynua HOCHT painajibHbili Xapakrep,
caeityer gopmyvie (81); Bropas — raurenumanbusii xapakrep,
I3MEHSCTCST 110 OKPYXKHOCTH corsnacHo gopmyaie (82).

WK, ATA KynoJid, NOKa3saHHOro Ha pHC. 23, pajnajbHble CMELIEHHs]
) JICXKALUX 110 OCH peGep, OTHOCAIHXCA K JaHHOMY LHKJY, IPO-
libie nedopmaini pebep, yIvisi MOBOPOTa pebep, ycuinus B peGpax,
DAlolLHe MOMEHTHI H IICpPEpeskiBalollHe CHJILI B MEPHIHOHAJLHBIX
KocTsX peGep sIBJAAIOTCA PANHAALHLIMH BEeJAHUHHAMH, T. €, H3Me-
IC 110 3aKoHy Qopmyant (81). TaurenummaibHBIE CMEMIEHHS TOYeK

- = ~,§ . |
aolwﬂw I (@) do; (77)

B
Sulh [ () cos pdg; (78)

T

| o
ay= M«IH_ I (@) cos 2qdy; (79)

L L I T Y

s
25

Ay, = W% f (@) cos med. (80)

B 1a6n. 3 npuBeneno pasnomenne mantosee HACTO BCTPEYAIONHXC i
Harpysok B TPHIOHOMETDHYECKHE PANB M MNOKA3AHO rpauuecky co-
HOCTaBJIeHHe JI51 CIVIONIHBIX SANAHHBIX HATPY30K ¢ HATPY3KaMH, 110-
NYAAIOIMMACS. IPH CYMMHPOBAHHH TPEX YJIEHOB PasioNKeHHs.

B ﬂm.m@m | npuseieno pasmomenne B PSIL HECHMMETPHYHON uacT|
BETPOBOM HarpyskH; B rpade 2 — pasmoxmense CHeroBoOR HarpysKH i
MOJIOBHHe Kynovia, H3MeHsiouleficss mo sakouny p () = pocosp (ric
Po — HODMaTHBHAA CHeroBas Harpyska); B rpade 3 — pasioxen::
PABHOMEPHO  pacnpefeieNHol Harpyskd MOCTOSHHON HHTEHCHBHOC! |
Ha OIHOH NOJOBHHE Kynodaa. :

M3 conocrasnenns 3axannoit HarpysKH ¢ CyMMapHOH NpH TPex uii-
HAX Pa3NOKEHHA BHAHO, UTO COBIANEHHE 34eCh AOCTATOUHO GIHAK(.
H JIA NPAKTHYECKHX PACYETOB MONKHO OTPAaHHUHTBLCS TPEeMs guenan |
pasaoxennsi. B rpade 4 npusenens (opmyabr pasmoxkenus B psig co
CPELOTOYRHHOM Y3JI0BOA HATPYSKH M jam [PUMED PAE3/IOKEHHS ee JI/1]
BOCBMHYTO/IBHOTO KO/IBHA. B 310M cayuae passoxkenue JOMKHO GhiTh
NPOH3BELEHO HCYEPTILIBAIONIE TOUHO I/IST BCEX WIEHOB PA3VIOIKEH N 51
HIPH STOM HH OLHHM H3 HHX HENB3s NpeHeGperars.

IIpu pacemorpennn pemenns sanaun pacyera HHK/IHYECKHX CHCTC!!
A. U. Cerans ycranosua, uro NP NeUCTBUH PAAHATBHBIX WJIH BEpTI-
Kanbubix cHyt Rcoskno. m Ucoskno, npunoXerHsx 1o ocwm LHKJT1-
HECKOTO yHacTka M CHCAYIONUX 10 OKPYIKHOCTH 110 KOCHHYCOHJa L
HOMY 3dKOHY, HJIH NPH TAHTEHIHANLHEIX CHJIAX Tsinkno:, caenyromy
fI0. OKDYXHOCTH 10 CHHYCOMIAJIBHOMY 34KOHY, Te e COOTHOMIGHI
UMEIOT MECTO JIRt JIOGBIX Nepemellenni H BHYTPEHHHX CHJI. Tak, 1a
NPHMED, NPH ACHCTBHH PAAMANBHBIX cHiT Rcoskhc MERIY paymans
HBIMH NEPEMEIIEHHAME CYLIECTBYET 3aBHCHMOCTD

6, =48, cos knez, (81)

€H peGep, yrJbl MOBOpPoTa pefep B TAHTEHIUANBHOHR IIOCKOCTH,
Balolie MOMEHTHI, NEePepesbBaoNe CHIbl H KPYTSILHE MOMEHTEI
| e TIOCKOCTH CIGYIOT TaHTeHUMANbHOMY XapaKTepy, T. €. Ha-
floTcs o saxkony Qopmyasr (82). .
I CTaTHYECKH HeONpe/lesluMasi CHCTeMa ABJSieTcsl MUKANYeCKOH,
HiIHIe HEH3BECTHBIEC (CHJIBI M TepeMElIEHHST) HPH HarpysKax, Hi-
HOLIHXCA JI0 KOCHHYCOHAANLHOMY 33aKOHY, CIEAYIOT MO OKPYMKHO-
fhopmyie (81), a npu HArpyskax, H3MEHSIIOUUXCA 110 CHHYCOHAANS-
axkony,— (opmyJe (82). A A Sy
IPHHHMAsT KXY TAKYI0 TPYNINY 3a OfHO OGOOGIIEHN0¢ HeH3BECT-
Mbl IIPHXOJAHM K CHCTEME C De3KO IOHUIKEHHBIM HHCJOM 'HEH3BeCT-
TakuM nyTem pereHne HHKJIMYECKOH CHCTEMBI MOMKET GHITh CBe-
) K PelIeHHIO HeCKOMIBKHX 3aad. ¢ 0GOBUICHHBIMH CHJIAMH. 3
) NepBOH 3ajlaue IO HYJIEBOMY W/eHy psiia Mbl GYjeM UMeTh Jefro
JCHMMETPHYHOI Harpyskom ok

%Ow QQv ﬂ@-
[epBOMY wieny psja Gylem HMETh KOCOCHMMETPUUHYIO Ha-
, M3MEHSIOLLYIOCS 0 OKPYMKHOCTH 110 3aKOHY I :
Rycos na, U,cosna, Tysinna.

llo BTOpOMY M NOCTENYIONIHM YJeHaM HAFPY3KH H3MCHSIOTCH I
3KHOCTH 1O 3aKOHY

Ry coskno, Ugcoskno, Ty sinkne.

docne onpenesieHUsl YCHIUA OT OTHAEAbHBIX BHIOB 3arpysKeHHs MO
BBOMY, NMEpBOMY, BTOPOMY H MOCHEAYIOUMM YieHaM PASJIOMNKEHHS
YCTaHOBJIEHHST OKOHYATE/NLHBIX YCHIHH J0OCTATOYHO NPOCYMMHPO-
h 1OJIy4eHHbIe YCHJIHS OT BCEX U/IEHOB Pas/OMEHHH Harpysku.
¥iCI0/1b30BaHHE H3JIOXKEHHOTO B 3TOH IJIaBe NpueMa IJis pacyeTa
JIMYECKUX CHCTEM MOKA3aHO HA NpuMepax (cM. rj. 5). -

rie 8, — panuanbhoe [EPEMEIIEeHHE 9/1EMEHTOB, OTHOCSIUXCH K A-M'
y3ay; ‘ :
8, — 1O XKe, OTHOCALIHUXCS K HYJIEBOMY yaay.”
Ananoruuno mis TaHreHIHANBHEIX COCTABJISIONLHX nepeMeIesu!|
T, =Tsin kna, (82)
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Pacuer na gmefictBue OocecHMMETPHUHBIX HATPY30K CBOAMTCS K pac-
IVIOCKHX apOK C YCJOBHBIMH 3aTAXKKAMH-KOJIbIAMH, KaXIasd H3
OTOPHIX TIOJIHOCTbIO BOCIIPHHHMAeT NPHXOASLLYIOCS Ha ee AOJIO Ha-
PY3KY, TaK KaK CHJbI B3AHMOJEHCTBHA MEXKLY apKaMH B KJIIOYe PaBHbI
Yo,
[lnomany ceueHHst YCJOBHOHM 3aTSIKKH NPUHHUMAETCS TaKoH, 4YTOGHI
ipyrue nedopManiy ee ObIH PaBHBL yNpyrum AeopManusM Koabla
| AMaMeTpaJbHOM HamnpaB/JACHHH OT TOPH3OHTANBHBIX peakluil Bcex
e6ep. Eciu KoabLO HMeeT BHJ MHOTOYTOJIbHHKA, TO IJIOMAAb CEUeHUS
C/IOBHOH 3aTSXKKH, S5KBUBAJEHTHOH KOJIbILY 1O YIPYrHM AeopMalHsiM,
braacHo dopmyae (72) Gyner

F,=2F,sin>.
2n

OHCTPYKIMS PeGPHCTO-KOMBIEBOTO Kynoaa COCTOMT H3 EM%M X
peGep, YCTaHOBJIEHHHIX B PajHaJbHOM HANpABICHHH H A __U
HEeHHBIX MeXIy cooil pAfoM KoJel, 06pasyiollix nomzmﬁc._.
ECTKYI0 INPOCTPAHCTBEHHYIO CHCTEMY. Kosnbua Kynodaa, :ozxc?__,oa: P
MaJbHEIX YCHJIMH, BO3HHKAIOMIUX NMPH paGote ero B LeJIOM, M w:wﬂ .
GoTaTh TAKIKE HA MECTHBIH H3THO KaK NpOroHbl. B oyepueHHYIO Kp Y
KyIo/ia BIHCHIBAETCH MHOTOYTOMBHHK H B KOHEHHOM CHETE nosysae
HK. :
zmommmwwmﬂqngm NpeACTABJIAIOT COO0H CIJIOWIHbE HIH meﬁamnqm_ ___._
[UIOCKHE KOHCTPYKIMH, COEIHHSIOLUIMECS B BEpLIMHE C TIOMOLILBIO E._,.
[HAJBHOTO KOJIblla IIAPHHPHO HJIH XKECTKO. Bepxuee xoamr:o Lu,a._wa:___r
061allaTh 3HAYHTENBHOKR JKECTKOCTBIO Ha KpYyUeHHEe H H3rHO KaK :s__
CKOCTH KOJIblid, TAK H H3 €ro IVIOCKOCTH. :nozmﬁﬁon:z% moavnmﬁ% _
COeMHSIIOT K pefpaM »KecTKO HJIH Emu:ﬂmmﬁm HO OHH 00JazaroT
a u3rubd TOJNBKO B CBOEH IJIOC 4 |
moow.v.:iw ﬂmmnmmnm::m yeroiunBoctH pebep Kynoja H HEH3MEHAEMOC ,
ero B LeJOM, 10 Kpaiinell Mepe B JIBYX OTCEKaX, NO/IKHbL GBITH %ﬁwﬁ_w.m __
JleHbl CBepXy [0 HH3a Kynoja MKEeCTKHE CBA3CBLIC nmmgﬂ. FE {
OGBIYHO YCTPAHBAIOTCA JKECTKHMH B BEPTHKAMLHOM [IOCKOCT 3 el
SKeCTKUMH M3 TWIOCKOCTH. MX 3KEeCTKOCTh Ha H3THO M KpyueHne
CKOCTH MOXeET He Y4HMTHIBATbCfl, MOSTOMY OHHM MOTYT mon:wwﬁ
HarpyskH, Jexanipe TOJbKO B MVIOCKOCTH pebep; moxomv_wwm h:%mﬁ(,
fiepefaloTcsl Ha KOHCTPYKIIHIO KDOBIH H KECTKHE CBA3EB e |
B nanbHefilieM Mbl GyZieM paccMaTpuBath PeGPHCTO-KOJDBIEBBIE 1)
nona, npejcTaBasollke COO0H UHKIHUECKYIO n:ﬁ?mw. L.
Jlnst onmpefeneHds YCHJIHH B IHKJIHYECKOM pe nxﬁwz m:mE:?_.
KynoJie ¢ IapHHPHEIM COCHHEHHEM pebep B KJiOu€ pasox L
JeficTBYIOILYIO Ha KYTOJI HarpysKy B psill Dypbe m«nooquqm i
myanoii (76). B nanbuefimeM GyaeMm ONpeiensiTs yCuin y (
poafeficTBHA KaXIOro 4ieHa PasMOIKeHHA.

Puc. 24. Pacuernas cxema Ky-

NoJia C YCJOBHHIMH 3aTAXKKAMH PHCTO-KOJIBIEBOr0

OpY OCECHMMETPHYHO{ Harpys-
Ke [

Puc. 25. Pacuetnas cxema pe6-

Kynoaa co
CKBO3HBIMHM IIADHHPAMH TTPH OCe-
CHMMeTpPHUHON Harpyske [

. B 510M ciyuae 3afaua cBORMTCS K pacueTy apKH ¢ KOJHYECTBOM 3a-
DKEK, DaBHBIM KOJHYECTBY KoJel. OnpeiesieHue JHIHUX HEH3BECT-
X B YCJOBHBIX 3aTAXKAaX MOXKET ObITb IPOH3BENCHO MyTeM Paspe3kH
BX 3aTSKEK, KPOMe HHIKHeH, H 3aTeM COCTaBJIEHHEM M peLIeHHEeM
HOHHYECKHX ypaBHeHH# (puc. 24).
CrieftyeT OTMETHTD, YTO TaKas OCHOBHAsl CHCTEMA PE3KO OTIHYAETCs
- daxrnueckoii. Henocratkom ee Beifopa siBnAeTcss HeOGXOLMMOCTD
IMHCTEHHS KO3((PHLHEHTOB YpaBHEHHH € BBLICOKOH TOYHOCTBIO H3-32
WIBLIOH pasHULBl B UX 3HAYeHHAX. [l onpenesieHHs YCHJIHH MOXET
b PEKOMEeHJ0BaH ApYyroii cnocol. 3a OCHOBHYIO CHCTEMY NpH pac-
TE NPHHHMAETCSA KYMOJ CO CKBO3HbIMM IIADHHPAMH B MeCTax CONps-
BHHSL apOK C KOJIbL@MH. 3Ta CHCTEMA NPH OCECHMMETPHYHON HATrpy3Ke
WISeTCS HeH3MeHAeMOH W GM3KOH K JeicTBHTeNbHOH. B nanuoM cay-
B pacuer CBOAHTCA K ONpefefIeHHIO JTHOIHHX HEeM3BECTHHIX H3THOAIO-
HX MOMEHTOB B apKaX, B MeCTaXx CONpPSIIKEHUs] HX C KOJbLAMH-3aTHK-
@My (puc. 25).
TlonyuaeMble ypaBHeHHsI YNPYrocTH NpH BLIGOpE TAKOH CHCTEMBI

PWABHHTEJBHO JIETKO H QEOH@O boEEanm MeTOIOM MOoCJIelOBaTeNIBHBIX
PHOTHKEHHH,

PacueT Ha HArpy3Hy No Hynesomy “ineHy
pPasnoMeHunA
(ocecummeTpuuHan Harpysna)

K 3Toif Harpyske OTHOCATCA cOOGCTBEHHLIH BeC COOpYXeHHs
HyJeBble WIEHBI TPHTOHOMETPHUECKOro psia of BCEX OCTaJIbH!I
Harpysox.
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Pacuyer ywunuuecHoro peGpucro-Ho
“HONb
HYNOna C WapHUPHbLIM nﬂﬂh::ﬂ::n!ﬁﬂﬂﬂﬂu
B KNIOYEe Ha Harpy3Hy NMepEOoroe Umena
 PA3NOMEHMA; NPONOPUHOHANBHYIO COS(Q
(HocoOCMMmeTpHYIHAA Harpyaxa)

oomﬁwﬂm%oemwx 3TOil Harpy3KH BCE KOJIbla CBOGOAHO TEpemMellalorc:
¢ pebpamu u, ¢ ,
T pe6p , CJIEJIOBATE/ILHO, B woaw.:mx.mm BO3HHKAET yCi
= B stom cayuae pacuer snementoB Kynosa cBomutes K pacuety apor
:wﬁm.m H3 KOTOPLIX HAXOMHTCS MOJ BO3JIEACTBHEM CBOEH KOCOCHMME!
puuHOl Harpysku. Makcumanbuasi narpyska, a ceioBaTeqbHO, H Maxk
n:zw.:w:zm yeuaus mosBJAoTes B apke, rie ¢ = 0 u cosg =1
acuerHas cxema npeicrapaser co0oil TPeXmAPHHPHYIO apky.

Pacuyer yununuyecuoro
peGpucTo-HoOnbuern
Hynona ¢ WwapHMpHLIM CoOeMHeHMem -_-uoaam.“u
B HNO4Ye HAa Harpy3Hy BTOPOro 4“neHa
PA3NOMEHUA, NPONOPUNOHANLHYIO COSs 29

[py wapuuprom npucoeHenii JIEMEHTOB KOMbIA K peGpaM ycH-
JHA B 3JMEMEHTaX MNPOMEeKYTOUHbIX KOJEI PaBHBI HYJIO, HOSTOMY OT
HarpysKkH, mponopuHonaapHoii cos 2¢, pebpa wmna:z_qwamaﬂ wxmx
4APKH ¢ HHXKHEH YCI0BHON 3aTaKKol
(puc. 26).

[Ipu xectkoM 1pHCOeAHHeHHH
KoJlell K peGpaM, ec/lH y4ecTb, YTO
HECTKOCTBIO pefep Ha H3ruG H3 mJo-
CKOCTH H KPYYEHHEM MOXKHO MpeHe-
Gpeun; ofllas KapTHHA pacrpeiene-
Hust ycHanii 6yner GaH3KOH K Takoii
He, Kak H [pH [MAPHUPHOM MPHCO
elMHenyn ‘Koael K peGpam. i

B cuny wuanoxeHnoro B GOMb-
IIHHCTBE BCTPEUAIHXCA HA Mpak-
THKE CJIy4aeB HArpyskH, MpoONopiHo-
HalbHO® €Os 2¢, Jaxe NPH Hempe-
PLIBHEIX KOJblI@x petpa Kyrnoaa mo-
HHO PacCUHTRIBATD KaK OTAE/NbHLIE
dpKH C HHMKHEH 3aTAKKOH MM He-
- [OABHIKHOH OMOPOH.

:vmm_wﬂw %.wwﬂxomm&o yuecTb paboTy Ha u3rub MpOMeKYTOUHLIX KOJer
£l arpyskn, H3MemflolleHcs NPONOPIHOHANBHO C€OS2(,
b SMEHEHHE BEMIHHDI IHAMETPA NPOMENKYTOUHBIX KOJIel|
s nmwwmwﬁi:m%wmmz. H3MEHAIOMEHCHA HPONOPUHOHANBHO COs2(,
s HO ONpeleIHTh (eUeHHe SKBHBAJEHTHHIX 3aTAMEK U
PKY C YCJHOBHEIMH 3arskkamn [2]. : . :
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on. 26. Pacuernas cxema Harpys-
H Ha RYmod, Hsmensiomefica o
3aKony cos 2¢

[Ipu 3arpy’XeHHH Kyno/ia Harpyskoit no BTOpOMy HJCHY pasioxe-
i1 B pesyqbTaTe B3AHMOACHCTBHS MEXy apKamu Kylloaa B KJIO4E
p3iuKaer BEPTHKAILHAS PeakTHBHAs Cuia, KaK B apke ¢ HEIO/BUK-

Dl K1I04€eBOIT ONOPOH.

PeHOMEHAAUMM NO HOHCTPyMpOBaHMIO
peGpucTeIX M peGpucTo-HONLUEBBLIX Hynmonoe

. PeGpa peGpHCTHIX M PeSPHCTO-KOMbIEBHIX cOOPHBIX KeJe300eTOH-
BIX KY1OJ0B paboTaloT HA BHEUEHTPEHHOE CKaTHE C He0o/bIIHMH K3~
woaoniMe  Momentamu. s Jydiiero HCIOML3OBaHUS MaTepuHaia,
quTBIBAST HEOGXOAMMOCTh OOecredeHusi yCTOHYHMBOCTH pebep B, ILIO-
KOCTH KyToJia, INONepeuHoe cedeHHe HX PEKOMEHIyeTcs BRIMOMHATEL
[ByTaBpPOBLIM, APMHPOBAHHBIM CBAPHBIMH KAPKACAMH H CETKAMH. Onop-
0e KOJBLO KYTOJIOB LeNeco00pasHo fie/laTh MHOrOyrofbHEIM B IIate
§ KBajpaTHHIM HJIH NPAMOYTOJbLHLM B TIONEpEUHOM ceyeHHn to’ cpe-
JauHLIM YIJIOM Vs onupanua pebep. Bee npomexKyTouHke KOJLIE pe-
{oMeHJlyeTcsi pacriofiarath TakuM o6pasoM, 4To0bl ryiaBHas ocb momne-
SewHOrO ceyenust Gbia HATIPABIEHA MO PaAUycCy, U BBINOMAHATL HX KBAL-
YATHOI'O M/ MPAMOYTONBHOIO MONEPETHOro CeHeHus.

Jlast obecreyeHusi YCTOHYMBOCTH PeOPHCTO-KO/BLUEBOIO KyfloJa,
lo Kpaiineil Mepe B IBYX AHAMETPAbHbIX HAMNPaBJICHHIX, JODICHLT OLITE
fIpelycMOTPEHBI JKECTKHE CBSA3H, NPOXONSHIHE OT BEpXa 10 HH3a KY-
ona. B cayuae HeOGXOAMMOCTH YTEMJICHHS KPOBJH KyToJa 1o pedpam
i KOJIbIIaM MOTIYT OLITh YJIOMEHbl JErKue rneHo0eToOHHLIE HJH JApYyrie
qTHTHL. JLJist HEOTAIIMBAEMBIX SHaHHi BO3MOXKHA. yCTaHOBKA JIEpPEBsH-
HLIX IPOTOHOB, ONMUpAlOUIHXcs HA pebpa KymoJa, 1o KOTOPhIM ycTpar-
paercsl OOpeleTKa H MOKPHITHE KPOBEJIbHEIM Ke/Ie30M. Bepxnee onop-
HOe KOJBLO Kynoaa AOJKHO GHITh BEIMOJHEHO XKECTKHM, TaK KaK OHO
paGoraer Ha H3ruG u Kpyuenue. Conpsixenue peGep ¢ BEPXHHM H HHX-
HHM KOJBLAMH TaK¥Ke DEKOMEHJAYeTcs KeCTKOe. Ounmpatue TNPOMEKY-
TOUHBIX KOJel, MOXeT ObITh JHGO KeCTKHM, Jqu6o mapuupubiM. Onopy
Kyrosia CJelyeT pacroJiarath Ha UHIHHAPHUCCKHX KaTKaX, HanpasJse-
MBIX BJAOJIbL PajHycoB Kpyra TakuM oGpasoM, yro6bl 0GECTIeYHBAJIACH
cBOGOHbIE pAlHAIbHEE [epeMellleNiss W He JONyCKAIHCh TaHreHIH-
adbHbIe. ] /
B cayuae BLINOJHEHHS TAKHX KYIOJOB B CT@IbHBIX KOHCTPYKUHAX
e6pa 0ObLIYHO JeNaloTCsl B BUje HNPOKATHBIX HIH CBAPHBIX JBYTaBpOB.
[IpomMeKyTOUHbIe KO/IbIlA, YUHTLIBAs, 9TO YCHIHA B HIX OGBIYHO. HEBE-
IMKH 1 COueHHS X MOAOHPAIOTCs M0 KOHCTPYKTHBHBIM COOOParKEHHM,
Hieqnecoo6pasHo  BHIMOJHATL 3AKPLITOTO  CEYEHHs. Himknee oroproe
KOJIBIO OOLIYHO MPHHHMAETCS ABYTABPOBOTO KOPOGHATOrO HIIM KPEcTo-
BOTO ceuenisi. Bepxnee Ko/pno, paboraioliee Ha BHELCHTPEHHOE CHa-
THe U KpyYeHne, JOMKHO ObITh MPHHATO KECTKHM 1a Harub H Kpyuemnue,



FJTABA

PEBPHMCTO-HONbLUEBDI .
E Kynon
C PELWMETYATDLIMMX CBA3AMM %

nosia ¢

—*wnznm:: %MHSM:MEE& CBSA3AMH 00pa3ylOTCA MHOrOrPaHHUKAM

HAJBHBIX peGe :ommuumon._, b BpalllenHs, H COCTOAT H3 MEPHIH(
KOCHI. ¥ CHAUS wOw:m_w Pt WRAON KU PR B S Ost) aMGTCH Pt
NPHHAMAIOTCS  CBS 4I0IHe OT BHEIIHHX HATPYSOK, YACTHUHO B
RO TG CHO mm%m:. yMeHblIa#g MpH 3TOM YCHIHS B peb mxo.
- .wmemmaoWo _uww:mma MOABJIEHHIO MHOTOUHCJIEHHBIX namawwmg

€TKH CO CJIOMHLIMH i
zmnqgmx nepejioMa rpaHefi Kymnogaa Y3/7aMH CONPSIMKeHHi
HO ’

O::Muwﬁ_w mmw.” K TARAX KYNOAOR BOceMA PasHooOpasus
LOM, mon:c%:x?_wam 4BEPIIAIOTCS HHIKHHM DACTSHYTEHM ONOPHBLIM KOJb-
aaetcs ropus omthhﬂwﬁ mwmzo_u Kynosa. CBepxy Kynoa oGeIYHO n?.u

JIOCKOCTBIO H HMee

TOPOMY [IPHCOE, T BepXHee KOJIbIO, K
ammqomwm PHCOE/IMHAIOTCA Bee PeGpa; YacTo 3TO KOJBUO NOALEp: o

Dt (onaph B LEHTpPe Kynoaa. pIKHUBae'

PHCTO-KOJbLEBLIE KYTIO,
Ja ¢ pelir
:o.aﬂvm?nm G BT CROUB peleTdaThiMH CBS3AMH MOTYT Bbl-
epa ¢ ; §
uepes wh:m nmmmﬂmmuwwﬁmwh%wﬂmhw coGoil NOMAapHO PEUIETKOH TaK, YTo
0/ILKO KOJI 6 e z
2) peleTya blfa 0e3 cBA3eH
Thlé CBSI3H YCT :

TOpax. YCTPaHBAIOTCS HEMPEPLIBHEIMH BO BCeX CeK-

ITpusenem
HECKOJIbKO TIPHMEpPOB
e i
c :Moﬁwm_._nﬂwm::m_z: nmmwmﬂm. POB  PeGPHCTO-KOJLIEBLIX  KyMonoB
noJab
._.:o_.%o znzm_”mezomwqum Haj 8laHHEM BHICOKOBOJb-
coGoii LHJIHHAD h:mzﬂﬂ >3 cmmo heliipa :u:n. 27w mmv NnpencraBiasger
sores e e T pom 227 m, BbicoTolt 69 M, MOKpEITLIT Kynoso
o6nem 3 487 000 w%. :cwwEmhv roita spatmd 41 300 &% n%oz,_,mhwxzm
’ XH .
49 800 2. PXHOCTB KpoBu 43 550 #*, noepXmocts cten
Hecyumii
_Amuxmnwﬂﬂz:fw%%_mo SAsanE DRGSR § CRAIMAING KONCTPyIIRAY
St iy e _”:s €CKOH 4acTH cocToHT H3 60 paBHOMepHO vmn:oho.
Ko 2omm nomhmﬂm %HW% 3LaHHsT pelleTyaTHX KOMOHH ¢ warom 12 k-
pacrionaraeMbiMi ye : H,_amvmhm OGOl MPOCTPAHCTBENHLIMH KOMbuaMH,
BAETCH Ha PacCTOH wmm_m A 0 BHICOTE (ICPBOE KOILUO yCTaHABIH-
e x:m M OT TOJ1a), H BEPTHKAJIBHLIMH CBA3SIMH, yCTa-
el oy PANDOND AXIOM mIare KOMOHH. KOJIOHHBI COCTOAT u3 IBYX
bk %Em;.x%m umc ceueHust BeicoTOH 600 MM, COEIHHEHHBIX zmmmwm
NPOKATHBIX YrOJKOB. P
BoTealt n B. Paccrosinne wme
panHanbEOM Hanpasienuu 2,5 s, KomowHbl :cxwiwwhmwﬂﬂ”
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KO ¢ moMollplo OaliMaka i aHKepHHX O0OJTOB.

WHlaMeHTaM KeCT
bl MEeXKLY coboi1, pelerTyarbie ABYXBET-

ih1la, COENMHAIOIHE KOJOHH
e 10 BeTBAM KOJOHIL
DacueTHBI AnaMeTp Kynodad
lel B BHJE MHOTOTpanHHKa, B
ipejcTaBiieT coGoit pebpucTo-KO
Mil CBSI3SIMH.
[Ipumbikanne Kymona K IUJIHHADH
D10 HETIOBHAKTIBIM.
‘Pajuanbisie pefpa KyUOJIbHOTO [OKPLITHSL peleTyarhie BBICOTOM
kotopas 00ycJOBJICHA HEOOXOAMMOCTBIO  YCTAHOBKH YCTPOUCTB
§ noabema rpy3os. K HecyllnM ROHCTpYyKuuAM peGep B 77 mecrax
JIBEIIHBAIOTCS Tpy30TOLbEMHBLIE yerpoiicTsa, paccuuTaHHbEe Ha Bec
| 5 m, a B yeTHlpex Mecrax — J0 30 m.
Jlasi obcayxupaHus YKasaHHBIX yCTPOHCTB npesycMaTpHBaoTCH
MexoJHbe rajepen i miomankH.

‘HikHee ONMOpHOE KOJBLO KyroJa B

og__mm:omm:mmmemEmeom
bpMbI, TOSICAME KOTOPOii ABJISOTCA ABA cBapHBIX ABYTaBpa. ITpome-

yToUHbIe KOJIbLA KyNoaa 3anpOEKTHPOBAHBL mEnogmwkmmsnmnho‘

ix pepM H3 MPOKATHBIX YrOIKOB TABPOM.

Jlisi KOHCTPYKIMK KOJOHH, peGep KymoJa, ONOpHHIX H HEKOTOPBIX
DOMEKYTOUHBIX KOJIell, HCTONb3yeTca CTalb mapkn 10 XCHJL, octane-
hle KOHCTPYKIMH H3rOTOBJSIOTCA H3 crani mapkn BmCr3Cn.
PaBHOMEpHO M0 TIePHMETPY 3AaHus pacnoJiaraircs WecTb JHDTOB

| IeCTHHLL.
B KauecTBe HeCymlero sjieMenta Kp
asesy (HpHHOM 3 M, onuparomuecs Ha pe6pa KymoJa, COCTOSUIHE H3
HOTOHOB, K KOTOPHIM C MOMOILBIO camMOHApesHblXx (0JiTOB MPHKPEm-
FeTCsl CTalIbHOM nvoexhsvommm:_&m gacTiy. K HacTHIY MapoBbIM MPO-
ipesoM MPHKJIEHBAIOTCA TenJ0-1apo-HAPOHS0/AIHONHEIE GmOKH U3
lepJIUTONeHOTIONHCTHPOMA C MacTHUHOH KpOBJEH.
[TpunsiToe pelleHue noTpeGoBaio CISYIOLEro pacxoja cTaju (B m):

9297 u, crpena noibema 32,5 m. Kymoda
[[ICANHOrO B LIAPOBYI NOBEPXHOCTD,
JIbLEBYIO CHCTEMY C MPOCTPAHCTBEH-

wecKOfl 4acTH BLIOJIHEHO Iap-

1

OBJIH TIPUHSATLI KOMILIIEKCHBIE

]

COBCTBEHHD KYIMOJ - « « + + =+ = = * =" 3570
MHANHApPHYECKAs YACTb - - = = = * = * *t 3130
gaHenH MOKPHITHS, BKJAKWYAsd HACTHI . - 1175
npoune KOHCTPYKIHMH . - « - « « = = = " ° 3360
PR e

Mroro . . . 11235

Jlast ofecrieueHus THIHEHHHECKHX yeaoBuil B 3JaHHH, MCKIIOHAIO-
JMX NOSIBJCHHE LI H HEpaBHOMEPHOS JBHIKeHHC BO3AyXa BHYTPH
HOMEIIEeHHS, [IPEIyCMATPHBAIOTCS BHYTPEHHNE orpaMjiaioniye CTeHEl
i nojsecoil 1moTodoK. Orpaxuaioule CTEHE BEIMOJHAIOTCA B BHAE
[IpeiBAPHTENIEHO HaNPAKEHHBIX CTAJTBHBIX JIHCTOB TOMIIHHOMN 0,8 mm,
[pUBO3MMBIX B pyJoHax, pacKaTHBaeMbIX 1 HanpsraeMuiX Ha Mmecre
 yCTAHOBKH. [TojBecHoil MOTOJIOK pellier B BHIE dhaxsepka, M0 KOTOPOMY
yKAaBIBAIOTCS IIIOCKHE apMOLEMEHTHBIE [LTHTHL ronuunoi 10 mm, pas-
mepamu B maane 1 X 1 a.

[lomajKy B [JIABHOM 3/laHHH, PacriojiaraeMeie 0 KOJIOHHAaM, HC-
nosb3yioTest AAs  1a6opaTopHBIX  H TeXHOJOFHUECKHX TOMELIeHHH,
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IPOTOHHI, 4 — cBAA3X B YPOBHE BepXHEro H HHAXK

Puc. 27. KymoabHoe TOKPHTHE Haj 3JaHHEM BbICOKOBOJIbTHO
au); ¢ — HoNepeuHHlil paspes:
5 — oIOpHOE KOJblo, 6 — K
orpaxAaiomas CcreHa, 9 — NJQIIAJKH IO KOJIOHHAM

A; 6 — cxeMa HeCyWHX KOHCTpYKUHE Kynosa (ma
Eero I0siCOB,

ro HCIBITATeJbHOTO HeHTPa

| — pebpa Kymoaa, 2
OJIOHHa, 7 — KoJiblla II

— NPOMEXYTOUYHBIE KOJIBLZ, 3 —
0 KOJOHHAM, 8 — BHYTPEHHAA




[IOMeIeHH IS YCTAHOBKH Je6eloK, OOCJTY KHBAIONINX NOJ'BEMHO-Tpal!
NIOPTHOe 0GOPYAOBaHMe, H MOMe

IUEHHH, B KOTOPHIX pPasMelialoTes np
XKEKTOPhl JUIST OCBEIEHUST 3312,

DyHIAMEHTH KOJOHH TJIaBHOrO KOpIryca BBINOMHAIOTCA Ha CBasi:
Ormerka Bepxa mnomkosomHEKOB ¢yHzamenTa pacnosmaraercs ma o)

MeTke 1,55 u nuxke YpoBHA noJia. BauMaku KoJoHH YCTaHaBJAUBAIOT(
Ha NOIHUBKE TOMHMHOH 50 mum.

[lo kynony npunsita o6mneruenmas KOHCTPYKUHS MOKPHITHSA.

[
<

=

T:n. 28. V\wbz COTNIPAXEHHUA 3JIeMEHTOB KynoJga Hapg 3MaHHEM BRICOKOBOJbTHOI'O

HCTIBMTATENBHOIO neHnTpa
@ — C UHIUHADHUECKOH HACTBIO; 0 — ¢ BEPXHUM KOJbLOM;
KOJBLIO Kymosia; § — peGpo

Kymona; 4 — cTtuk pepa KyInona;
6 — omnopHas crofika: 7 — TAHTCHUMAOLIAS olopa;

! — xosoHHa; 2 — ONOpHOe
5 — cTHK omopHoro KOJIbILa ;
8 — BepxHee omnopuoe KOJIbILO

B
Ho npodumuposanuomy macrun

Y HarJieMBaercss MapoOWsOJSNUSA U3
ONIHOro c¢jiost pyGepousa Ha Gur

YMHOH MacCTHKe, 3aTeMm YRJIaaeIBaOTCA
IVIUTBL U3 caMo3aryxarlouiero dmﬁbEHOdmIOHOEEOH:UO.:N TOJIIIHHOH

50 mm, mo TIEPJIHTONICHONOJNUCTHPONY yKAANLIBACTCS NOACTUMAIOIIH fi
Clo#t pyGeponsia, a no Hemy YCTPAHBAETCA KPOBJS U3 YeTHIPEX CJIOeB
P€3MHOGHTYMHOH  MacTHKH, 4PMHDOBAHHOH JBYMSI CJIOSIMH CTeKJIO-

TKaud. CHapy»XH KPOBJIsI 3aluiaeTcs OKpackoi sakom AJI-177 ceerso-
AJIOMUIHHEBOTO TOHA.

Hapy:xubie crenossie or
KepaM3nuTOGETOHHELIX NaHes]
Ha sricore 18 x or nosa
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PaXIeHHs BRITOJHAIOTCS H3 OQ.::EO&N:IEN
efi pasmepom 3 X 12 u, Tommunoii 240 mm.
NaneJqy HaBeCHHIE ¢ FOPH30HTA/ILHOM paspes-

H# caMOHEeCYLIHMH,
g THKAJbHOR pa3pe3ko
: CTéHEI pellleHBl ¢ BEP YU,
. %WMMzsnm m% cTa/buble 6anKH. BepTHKa/ibHBIE IIBBEl CTE p
X .
_. aMH. 3
JOMHHHEBbLIMH HaKanKk o
..MEquonqmwommmx: 3TOTO COOPYIKEHHS :nnoavmowmhxmwmmwwwxg
..._%Em MaTepHajbl, 32 HCKJIOUEHHEM %n%ﬂ.zwh Mﬂﬁmﬂ%x b 2
.. enbHBIX IJI0CKH ’
B rcioencine [lps pacuere 0OBGONOYKH
X 5 10 oGosoyky. llpu p
Te MNPOCTPaHCTBEHHY el
émﬂm:h%:oamww_a: NPHHSATHI, YIUTHIBAS w::xmawmoowvmnmmwwﬂom ",
: ; OCTOSIHH
.. meperpysku: Ajs mocros
nyloniie KosQQuIHeHTb . e
_....ummm_ cHeropoii Harpyska — 1,6; nas wmawoMMMc nmmummoemmmozw
.Romn,.,am:m: pACCYMTHIBAJMCE [0 CrenHa o it
JlennpoMCTpPONPOEKTe METORY HA OCECHMMETpHUYHOE 3 : m_ﬂw%mamzm
v mmmmmo,d Beca H CHeroBoH HarpyskH, a TakKe :momwm_ ek S g
PpYIKeHHs CHEroBoil Harpysko#, BeTpPOBOH, aonm%n o
: mwoe 060py0BaHHs TOABECHBIX IPY30B M AP. st p e
WYHBEE HATPY3KH OHH OLUIH Pa3JIOXKEHB! B TPHT o e
g M_, # Le. PacueTHas cxema KynoJa NpuHATA B BHIE ummw imnrar
_om mwnqmzz co cassamu. I[lpu pacuere Obina mnzo?mom ine
b cTeM.
. Or0 IHKJIHYECKHX CH
, Mas JUIf pacdera cTp Pacter
_. =z.w :mmnxm mwomwwmhmm na IBM rno crennanbHo wmwnmmﬂ%mﬁﬂ uwo.%mh
e W% Yuer npocTpaHCTBEHHOH pabOTH BCEro COOPYKeH ol
._Mwﬁqmav:o CHH3MTb PACcXOJi CTANH HA HeCyllHe zmmnﬂ%ﬁ” E.Emhxm
" Monrax 51010 COOPYeHHsl MPENYCMOTPEH B nanwmoqz i Eoiss
prc. 29). KonoHHBEI YKPYNHSAKTCH 10 NOJHOH :xmmzzx o ¥
CTAHABIHBAIOTCS B NPOEKTHOE TOJIOKEHHE C BpeMe e
.. aﬂﬂ MOHTHPYIOTCS 3JIEMEHThl MPOMEXYTOUHBIX xohmmvﬂn M mo.w.ommmzm.
. i _ Tke 64 s W cBA3M
HOe KOJbLO Ha OTME | e
mﬂﬂv wﬂwwﬁhmqméu:cm BLIBEPKH T€OMeTPHUYECKOro ”mmmvm%:%%o WQE =
i ; I0TCA MOHTAXHbIE CT
: M cBsgeil ycTaHaBJIHBA L
.,H_ﬁm:wmﬂmz wmwmwzﬁoenm SJ1EMEHTEI IEPBOTO muwm,”m wq%%%ww:w E::om
.._n.nq.cmEm_.“_ us pebep, KoJiel U CBA3ed IHPUHOW 12 M 1l
: 4 m.
18 . Bec Takoro aaemMenta 5 e
.. %_o OKOHUAHMH MOHTa¥Xa NepBoro fpyca i:oaw Mwﬂwmw cmndummhm-
IeDEBOIATCS ¢ KOJBIEBOrY MyTH HA TpaBepcHLIE B uo it
3 w rie MOHTHPYIOTCSI yKpynHeuusie GIOKH BTOPOT aozmﬁﬁmmx
Tocre 31010 yCTaHABJAKBAIOTCA KOJMBIA M CBHSH B mo”wm Gy
Me Gnokamu. MonTaknsie OGJOKH KynoJja zo:a:am::m e
:m%ﬁ:m [OTOJMKA ¥ KPOBJH S YMEHbIICHHS BJH
| : HOTO
0 m‘wﬁwﬁﬁ HACTHJIOB KPOBEJLHOTO MOKPHITHA H E:Hﬂﬂm%ﬂmmm oro
ercst
j enpno. CHauyana MOHTHPY
TOTOJKA Beflercs pasi ¥ .
W LITHE, a 3aTeM I[I0Jl €r0 3alllHTOR MoBECHOMH =cqohoﬂw I, e
i mmn.xo:n%?:mn MOHTAXKHHIX CTOEK MPOroHOB H e
850 m. [los MOHTaMKa CTOEK M KYMOJa HCMOJAL3YIOTCs DALl
e - i ercs
mm.yﬁmwm* KPOBE/ILHEIX MaHeseil 1 MOJBECHOTO NOTO/IKA mvm_o%m_oﬂ e
¢ TOMOIIBIO TPOCOBBIX JOPOXKEK, 3aKPENJIeHHBIX B leHTpe. lIp
resbHOCTb cTpouMTeNberBa 30 MecsleB.
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Pue. 29. Cxe
Ma MOHTa)Xa KOHCTPYKIHH KymoJa Haj spanmeM BbICO
b e i HCNBITATJABHOTO LeHTpa o
S Daa 0 + I — ydacTox nonrororku u c6o 12 —
CEe Ll _mw_w_»amﬂxw?mw.lmz[ MORTEMARA mhcanzngﬂ.mwvwmwhﬂmmmzm e b
8 — MOHTAXHAN CTORKE: 9 — Mmoo ORTAME RPAHOB; 7 — TPOXO a Kpan “BReties B;
e :mmwsgoam :._.m_wmmzn Tporon; 10 — _,u_.nmu_:_mznﬂn a :.uw:.m S b
CHbIR KpaH wa ykpynHmreasuoft naonzw ﬁ.o:miﬂ.h.%hhﬁ!ag

"Kynonapbnoe MOKpHTHE Hajg cKmajaom cyme-
oro kommenrpara JIHcakoBCKOro TOpHO-
GoraTHTeJNbHOTO KOMOHHATA (puc. 30) BEIOMHEHO
‘Bujle PeOPHCTO-KOMBIEBOTO KyNoJia o cpepUUECKHMH CBA3AME, YCTa-
apiBacMbpiMu uepe3 cextop. Omo omupaercst Ha CTEHKH KpYTJIOTO
naaHe jKene306eTOHHOro IHJIHHAPHYECKOro pesepsyapa. Kymnoi
gepueH B BHJe MHOTOrpanHHKa, BHHCANHOIO B chepHUeCcKylo MOBEpx=

_ 11850

(A

Puc. 30. Kynoa Haj 3laHHEM CKJala CYIIEHOTO KOHIEHTPaTa JIicaxoBCKOTO

ropHOOGOTaTUTENBHOTO KOMOHHATA
goro yana; I — pebpo Kynena; 2 — onopHoe KOJIBILO*
3 — pepxilee Kolblo; 4 — NIPOMEIKYTOUHOE KOJIbILO; 5 — nporoH; § — sakaagnofl JHCT B XKe’
neaofetoHHOil cTeéHKe peseppyapa; 7 — cTHIKOBag HAKAAAKA pebpa; § — neHTpHpYIOLUEA npo”
knapka; 9 — CTBHIKOBOH IIOB KOJbIA; 10 — ynopHl, ycraHapjnpaenMble fnocie MOHTAXAa KyIloJa

‘4 — nnau; 6 — peaapes; ¢ — Jietanb onop

‘pocTh; AMamerp ero 24 m, crpena NoOAbEMA 4,3 m. Ilsenaauarb panu-
anpHLIX pefep OMHPaIoTCs BHH3Y Ha ;Ke/1e300eTORHYIO CTEHKY pe3ep-
Byapa uepe3 HUJKHee ONOpHOE KOJIbUO, & BBEpXy HA LEHTPaJbHOEe
KOJIbI0. Pe0pa BHITIONHEHb! H3 NPOKATHOTO asyraspa Ne 30. Himxuee
onopHoe KOJBLO CBapHOE U3 TPEX nucron. B Mmecrax mepern6a pedep
YCTAHOBJIEHb MPOMENKYTOUHBIE KO/bUA T3 NpOKATHLIX ABYTABPOB, KO-
TOpbie CJYIKAT OJHOBPEMEHHO poOroHaMi KpOBJIH. Mexay KOMblaMH
JIMeIOTCs JIOTIOHATENbHEE TPOToHbl. CpAsH H3 NPOKATHBIX YTOMKOB.
Bepxtee KOJbLO CBapHOE JBYTaBPOBOE M3 TPEX JIHCTOB. KynoJ omu-
paercst Ha sKeJ1e300eTOHHBIH pesepByap 4Yepes CTaJbHLIE TIJIACTHH [
OBEpPXHOCTH KOTOPBIX HaTEPTH rpaguTom.
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Puc. 31. Kynmox Hag Kopnycom crymenus Kaparaiiaug-
CKOT0 FOPHOOGOTaTHTENLHOTO KOMGHHATA

G — NJaH; 6 — monepeunbii paspes; ¢ — ysen ONHPaHHS KyNoJa
Ha HHXKHIO KOHCTPYKUHIO; | — HHIKHEE ONODHOE KOAbLO; 2 —
OMNODHASA CTOHKA pe6pa; J - BepXHsS ONOPHAs MOXYIIKA: 4 — HuxX-
HAS ONOpHAs HMOAYIIKA; 5 — WHJIHHADMYECKEE KATKH, 6§ — aHkep-
Hble GOJTH; 7 — JKele306eTOHHAA ONopHas HoAYyMmKa; 8 — mpo-
TOHB; 9 — YrOJOK ISl KpeIUIeHHs NPOrOHA; [0 — CTLIKOBAR Ha-
KJIaAKa cTeHKH pepa; // — Bepxuee KOJAbLO; 12 — NPOMEXYTOUHEIE
KOJMbUA; I3 — pe6pa Kymoaa; [4 — CBA3H: I§ — cTORKA tdonaps
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CTO-HONLUEBLIE Hynona
1&0@“.-“50.-..5...5!: cBRA3AMM
yepe3 CEKTOp

BaeMbIX
WSl KYMOJA B3 TIOCKHX pebep-apok, YCTaHas/IH -

i MMM“MM”M :mnWmmamm::. H papa xoJen, o:omn%wm“m:hmwv.i
___...mmvm MEXAY CoG0fi COEUHSIOTCS NONapHO ﬁmﬁm._mﬁ :.awEme . i
~ Pe6pa u KoubIld Kymojia NpEACTaBjsiior €O o:o.zm o i
[reTuaThe TWIOCKHE KOHCTpYKuuH. B mme:m% xm:mm Tt b g
|COeJMHSIIOTCS KeCTKO K BepXHemy Koublly. DEp s e e e
oTCs1 JKeCTKHM HA W3THO 1 Kpyuenne. JLis MOBLL e ok

w.wm napel pefep, Kamaasa H3 KOTOPBIX pacrnojioxena B J

MJAOCKOCTH, IMPOAQIKAIOTCAH B KOJIBIO.

KynoanbHnoe nokpuTue mag Kopnycom cry
L€ H H s Kaparaftaunckoro ropuoob6oraru
TEAbHOTO KOoMOGHHAaTa (puc. 31) npexcrasaser coGoi peb
PHCTO-KOJBIEBOR Kymosi; nHamerp ero 56, 64 u, crpena noasema 10
Hpajuars Bocemb peGep ABYTABPOBOrO cegenmst ONHPAIOTCA BHU3Y Hi
OTIOPHOE KO/IBIO H B K/IOYe Ha BepXHee KOJBIO ABYTABPOBOLO Ceue
HHSA.

Kynon npencrasasier co6oii MHOTOTPAaHHHK, BIHCAHHEIA B cepy.
B mecrax nepesioma pe6pa coenmmsiores TIPOMENKYTOUHBIMH KOJBLAMH .

Has ofecrieuennsi XecTkocTd # 3 YCJIOBHH CEKTOPHOIO MOHTaMN:
KynoJla Kaknas napa peGep cOeiMHAETCS cHCTeMOl cBsizell. )Kemeso-
GeTOHHbIE MJINTE NOKPLITHS ONMHPAIOTCH HA KOTbLA H NOHOTHHTETBHBIE
HPOTOHEL, yCTAHOBJICHHBIE MEXKIy KOMbUaMH. [IOMHMO KPOBEJBHOTO
NOKPLITHS, HA peGpa Kymo/na OMHPaeTcst TMepexofl, CORNUHSIONAN 3/a-
HHE CT'YCTHTEJIeH C HACOCHOI, YTO TpeGyeT 3HAYHTEeNBHOTO YBeJIHYeHH S
B STHX MECTAX CEYEHUS JIEMEHTOB KyMoJid W OMOPHOIO KOJIbIA.

Huxnee omoproe kombuo Bocnpruumaer FOPH3OHTANLHYIO COCTaB-
JAIOULYIO aBaIeHus pebep H nmpencTasiserT coboi KeCTKHi MHOTOYTOMb-
HHK. Yepes ONOPHYIO CTOMKY KYNOJ ONHPaeTcs HA KATKOBLE OnOopEI,
TOABHAHbIE B DajiHANLHOM HANPABACHHH H HENOABHMKHBIE B TaHTEH-
1HaJBHOM.

Kynonsnoe nokpmrTue wmapg pPE3epBHBM
CKMTafoM rirHo3emMa HOBOKYy3HENKOro anoMuHue-
BOTO 3aBoAa (puc. 32) mmeer cheprueckyio (opMy H BEIOAHEHO B
BHJIE PEGPHCTO-KOMBUEBOrO KYIIOA ¢ POCTPAHCTBEHHEIMH CBS3AMH, COE-
AHHRIOMHMH NONAPHO pebpa KymoJia TaKUM 06pPasoM, UTo CBS3H OKA3hi-
BAIOTCSl Y€pes CEKTOp. 3Nanne B NIIake HMEET KPYrayio Gopmy; JHAMeTp
Kynona 42 u, ctpena noxsema 7 m. PeGpa KYIoaa BHH3Y ONHPaloTCsl Ha
CTEHKY CTaJIbHOTO LHJIHHPA YEPE3 ONOPHOE KOMABIO, a4 B KJIOYe Ha
LEHTpaMbHOe (OHAPHOE KOMBIO AHAMETPOM OKOM0 9 1.

TToMHMO HIDKHETO ONOPHOTO M BEpXHErO KOJell, HMEIOTCs YeThIpe
IPOMEKYTOUHEIX KoJbua. Tpuauars peGep kynosa asyraspoBoro ce-
9eHHs1 06pasyioTCs M3 TPeX CBAPHBIX JIHCTOB, Onoproe KosibLO Tpes-
CTaBJISET COGOH TOPH3OHTANBHO PACTIOVIOKEHHYIO ABYTaBPOBYIO CBap-
HYI0 6anky U3 Tpex JmcToB. IIPOMEXYTOUHHIE KOJNbLA H3 1IBesIepa
C YrOJIKOM.

Ha xynos, nomumo cranbroro mem6pasnnoro NOKPLITHSI, OMHPAETCs
rajepesi, B KOTOPOH DA3MEIAloTCs TPAHCIOPTHHIE YCTPOHCTBA TVIHHO-
seMa. [locnesuee 06CTOATENLETBO BHI3BAIO SHAYMTENBLHOE YBeJIUYEeHHe
CeueHH# pefep M ONOPHOro KOJbLA,

Monrax kynona Begmercsi ¢ ycrpoficTBom BPEMEHHOH LEHTPaJbHOM
Gammu. Ilocsie MOHTA)Ka HHIKHErO OMOPHOTO KOJbIA KPaHOM MOHTH-
PYeTCs Criapennbli CeKTop, CocTosmui H3 AByX pebep TPOMEXKYTOUHBIX
KOJIEL, MPOTOHOB M KPOBJH B BHAe MeMOpanbl Tonmuuol 3 mm. Ilocne
YCTAHOBKH Ha MECTO peGpa NPHBAPHBAIOTCS K BEPXHEMY KOJBILY H 60J1-
TaMH IPHKPEIIAIOTCsl K Hukuemy. Ilocsie 3TOro MOHTHpYIOTCS OCTAMB-
HEIE META/ITHICCKHE KOHCTPYKIHH, PACTIONIOKEHHbIE MEXKIY CBSSEBBIMH
; CEeKTOpamil.

Puc. 33. Cxema peGpHCTO-KOJBLEBOTO KymoJaa €o cipepu-
< qecKofl pemleTkoll uepes cexTop

TOTCH TAKHM O@ﬁmwog. gTOOLI OHU MOTJIH BOCHPH-

i MJOCKOCTH, M He-
CeHHBle TOJBKO B CBOEH
HACPY3KH, Hampas J
m:wmﬁ%ﬁ wam mmn:mxamzm? HATPY3KH, MEPHEHAHKYIAPHbIC IT
n=m BBHALY MAaJofi JKECTKOCTH HX B STOM mmmummaﬁ_ﬁw .
= w. eTYATHE CBSISH SBJAIOTCH JKECTKHMM JHMCKAMH, S
Af M.—.
c MaTh HATPY3KH, AeHcTBYOmKe NEPIEHIHKYJISPHO ILJIC m
el GHBIMM BOCIIPHHHMATh HATPY3KH, JEHCTBY

e ﬁmmmm..mw M%wonmNam B KakoR-muoo Touke pebGpa AeHCTBYIOT
i L m%m m_.m [IJIOCKOCTH, TO K 3TOH TOYKE JOJIKHBL MPAMBI-
L eTuaTol CBS3M, YPABHOBEIINWBAIOLIEH COCTaB/AIONYIO
S umﬂm No HanpaBJIeHuI0 CBA3H. Ecnu 3TH cUJBL [IPHAO-
iy aMp NPHMBIKAHUS pemeTyaToii CBS3M, TO HA 3TOM
s Mg 6T CNOCOOHO BOCMPHHHMATH H3ITHOAIOMIMH

efpo LOJFKHO it
WMMMMM.@;W n_womw MJIOCKOCTH NPOJIETOM, PABHLIM JJIHHE TaHEJH pelu

o0HO pacnoiarats B IIJIOCKOCTH
s oMmEmmmmn%ewmwmwwwsmwwn umavﬂ ABJISACTCS ow.mcmmmw.ﬁmmo
B .n%m._,ow mmmm:. KoubIia [JoJAKHEL OTIOSCEIBATL BECH KYNOJ
Sl ﬁmE,m LIBATHCS: OHM OOBIMHO SIBJIAIOTCS TAKKE TJIABHLIMH HJIH
o il :vm%ss aqummmzx W HCHOJNL3YIOTCH KaK SJIeMEHTHI pelieT-
monanMMM%% Emmx:z obpasoM, KOJbLA paboraror Ha H3rTHO B CBOeH
gaTo .
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IJI0CKOCTH
e ﬂwww_,vuw.ﬁm. NPHXONSAMEHCH HA HHX OT NPOTOHOB HJH TPON
P, @ TaKxKe HAa HOPMAILHEIE YCHIHS, BO3HHKAOIL

B HHX I i -
pa obuelt paGore Kymosa. IIpHcoennnenne Koabua K umo_:..

MOXKeT OulTh JHG0 KeeTkuM, aubo ma
KYIIOJIa NPHCOEIHHEHNE MOXKET BBITH M
HECTKOCTH pefep H3 IVIOCKOCTH.

PHHPHEIM, OAHAKO IIpH pacue

Lsin2ke

.wqmmamxp.

Pue. 34, OcuoBHasg

. 34, CHCTEMA KYIOJa ¢ yKasaumem a ¢

: JHULIHG

yeHaHil B nepepesaniuX KOABIAX H BHElIHef mmwgm__wazmwm%.mﬁmzx
YjieHy pasioMenns st

Hmknee onopHoe KoJ
bILO OOBIYHO KOHCTPYHPYeT
i cd B Buje 3
YTOJBHHKA C JKECTKHMH Y3/1aMH B MECTaxX NPHMbIKAHWS nmawv zmm._oao
CTaX TePesoMOB OHO OMHPAETCH HA HOJBHIKHBE OMOPH, KOTOPLE =
NMyCKaT cROOOAHLIE PANHA/LHLIE IepeMelleHUsT, e m.c:mmxmm peIe NO-
TAHTEHIHAILHBIX . e o
CratuueckHnii pa
cHeT Kynmouaa (obur
. He coo6 -
Hug). Onpcannas KyNnoJibHAas KOHCTDYKUHS TNpPEACTaBAseT nomomumxﬁm
FOKPATHO CTaTHYECKH HEONPEJCTHMYIO CHCTEMY, B KOTOPOfi ob iy
:q,_.mz BECbMA TPYAHO ONPEIEIHTh BHYTPEHHHE YCH/IUS T
JanbHelieM H3JOXeHHH IPHHATO, YTO .
o » 9TO KYTIONbHAS CHCTEMa $iB-
AsieTCs WMKJIHYECKOl; peGpa KYToMd COCUHEHb! TonapHo peme 5B
THIMH CBSI3SMH OJLHHAKOBOTO CEYEHHS H OfiHOOGpa3Ho wmnzoaoﬁwnm-
HBI
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PHHFTO HIAPHHPHBLIM BBHIY MaJoii

npu o6xojie Kymnoja 1o OKPYKHOCTH HUEPC3 yrodi Memay OcAMM JBYX
\OCEJHAX PEIIeTdaThIX CBAEH.

[Ipucoeauuete KoJell K pedpaM, a Takxke MPHCOELHHEHHE pElleT-
athix CBsigelt K pebpam H KOJbIAM MPHHUMAIOTCS mapuupapivMu. Ta-
kUM 06pasoM, BCE MPOMEKYTOUHRIE KOJIBIIA TPEACTABNSIOT COGOH map-
HEpHBE MHOTOYFOJbHHKH. BepxHee ¥ HIDKHEE KOJIbIA BHITONHSIOTCS
3KECTKHMH.

PaccMarpuBasi 3TOT KyNos B IIAHE, 0603HauNM uepe3 ¢ HEeHTPa/b-
HEIl YTOMI MEXKAY OCSIMH JIBYX CMEMHBIX cpeprueCKHX CBSI3EH o = mﬂ: !
LIMKJIbl IO OCAIM PemeTdaThX cpaseit mponymepyem ot 0 zo n—!1 (ua
puc. 34 po 7).

K pelennio 3afiaufl 06 ONpPENe/eHiH JMIIHAX HEH3BECTHHIX B peb-
PHCTO-KOJIBIEBOM KyTOJse CO chepHuecKoit peleTKoi MPUMEHUM MeTO-
JMKY, ONHCAHHYIO B TJ. 3.

OcecHMMeTpHYHBE Harpysxu Ha Ky IO
(HyneBoit UJIeH pdanoxenus). B sTOM cayuae yCH/ust B peleTKe PABHBL
Hys0. Yeuine B KaxIoM KOJbLUE HMOCTOSIHHO II0 BCEMY €ro MEPHMETpY.
Fopu3oHTANbHOE NEPEMEIERIe BEPXYUIKH KYNOJa PaBHO HYJIO. Ta-
KuM 06pasoM, CHCTeMa HPEACTABJIAET coGofi psiAl apoK, COENHHEHHBIX
KoNbIAMU-3aTsKKamMu. Torfa s OIpEie/eHHsl YCUIHH B KOJMBIAX
MOJKHO HAIHCATH CTOJBKO yPAaBHEHWH YIPYrOCTH, CKOJIbKO HMeeTcs
3aTsiKeK. .

10 pemmeHUe HE OTJHUACTCS OT PEHICHIs: AJs peOpPUCTO-KOJIBIEBOTO
kynosna Oes CBsizell, MPHUBEACHHOTO B ria. 4.

Harpysk® Ha 4acTH Kynodaa Kak yxe Oblio yKa-
34HO B TJ. 3, Kakjad CWja HJH rpynna Cui MOXKeT OHITh C J060H cTe-
[IeHbLIO TOUHOCTH PasJjioXeHa B TPUTOHOMETPHUECKUH DS 1o dopmyJIam
(73) — (75).

Penerie LHKIMYECKOI CHCTEMBI PACHANAETCA HA HECKOILKO sagau.
Hysiesoil uses pasiokenus npeicTaBiset cob6oft cyuai moaHOH KpPy-
FOBON CHMMETpHM HArpyskH. B STOM Ciydae yCHIHA B CBASAX pABHLL
HyJI0 # BHYTPEHHHE YCHJHH OT STOTO YACHA ONPeleNaTcd, KaK s
peSPHCTO-KOMBIEBOr0 KyNoJd. [Tepssiil 9JeH TPEACTABJISAET COOOH KO-
COCHMMETPHUHYIO HArpysKy, HW3MEHSIOMyIoCs IO KOCHHYCORAATLHOMY
34KOHY, @ BTOPO# H NOC/EAYIOUHE YICHBT — ypaBHOBEMIEHHEIE 1O KOJib-
1IleBOMY CCUEHHI0 HATPY3KH, HPH KOTOPHIX FOPU3OHTANLHOE CMeleHHe
ocH KyroJja paBHO HYJIO.

Pacuer Kynoja Ha HATPY3Ky 1O k-My qneHy TPHTOHOMETPHUECKOTO
pAja NPOM3BOAMM METOJOM CHJI. B kauecTse HEH3BECTHBIX TpHHHMAEM
oGOBIIEHHbIE YCHIMsE B KOABIAX, KOTOPbE B KaMIIOM KOJBLE npH 3a-
JAHHBIX HATPYSKAX, BbIPAKAIOUAXCH yjieHaM TPHTOHOMETPHYECKOIO
psiia, H3MEHAIOTCS MO ONpeJIeIeHHOMY 3aKOHY.

B kauectBe OCHOBHO CHCTEMBI MPUHAMACM KYTIOJ C [MEPepe3atHbIMIL
B CBOGOAHBIX OT CBf3eH YJACTKAX KOJIbIAMM. B ocHOBHOHM cHCTeMe
CTPOMM SMIOPHl MSTHOAIOWEX MOMEHTOB 1 HOPM3JLHBIX CHJ B pedpax
1 HOPMaJbHBIX YOl B peieTrax cBs3el 0T eAHAHYHOTO 0000HIEHHOTO
yCuaHs B KAMKOM KOJBIE H or jelicTBylomiell BHEIIHeH HATPYBKH.

T




IMocne onpenenerus Benuunm H3THOAIOMHX MOMEHTOB M HOpMAJ|
HBIX CHJl B OCHOBHOH CHCTEME BBIYHCJISIEM 3HAUCHHS COOTBETCTBYIOMLH
TIEDEMEIICHHH, 3aTeM COCTaBJSeM KAHOHHUECKHE YPABHEHHST MeTOj.
CHJI, H3 KOTOPBIX H OMpEJessieM JIHIIHAe HeH3BeCTHRe YCHJIHSA B KOl
IaX. YpaBHeHHIl YNPYrOCTH MOXKHO COCTABHTE CTOJILKO, CKOJIbK
HMEETCA NPOMEXYTOUHBIX Kosiew. [lasi BepxHero Koasua, B KOTOpON
conpsraiorcs Bce pebpa, ypaBHEHHS He COCTABAFIOTCS H YCJIOBHO cun
Taercs, 4To pelpa coemums
I0TCSL JIpYr ¢ APYrom B Bep
IIHHE KYNo/ia IapHHpPHO.

Pacuer kynosma mo kasx-
AOMY 4/IeHY  passoKenus
HMEET CBOH OCOGEHHOCTH,
nosToMy OyleM paccMarp-
BaThb PeUIeHHA JJs Kaxoro
4/eHa OTAeJILHO.

3HAYEHHS] YCHIHH B KaK-
AOM KOJIbLE 10 OKPYHKHOCTH
B CBOGOJIHLIX OT CBfi3eil cex-
TOpAX CBSI3aHBI OMNpE/eNeH-
HOH 3aBHCHMOCTbIO (pHc. 34).
[ns nonywenus stofi sasu-
CHMOCTH BBIIETHM KOJLLEBOl
CTEPIKEHb HA yYacTKe KynoJaa
MeXKLY yaaamu n, n -+ 1 u
HANHIIEM JJIS HErO YC/AOBHS
PABHOBECHSI B COOTBETCTBHH

-~ C HHUKJIMYECKOH TeopHeil.

I[lokasannble Ha puc. 35 cuapl R u T — 570 CYMMHPOBAHHEIE BO3-
AEHCTBHS HA KOJBLO CO CTOPOHBI BHEIIHMX CHJI H YCHIH# B OTGpOmen-
HEIX (NepepesanHbIX) CTEPIKHAX, MOAUHHSIOUHECH KOCHHYCOH/Ia/IbHOMY
H CHHYCOHAANLHOMY 3aKOHAM. PasfioxuB KamAyio H3 3THX CHJI 110 JIBYM
HATPABJICHUAM H COCTABUB yDABHEHHE PABHOBECHS CHJI, HAYILUX BIOJD

Puc. 35. Pacuernas cxema xynosa aas ompe-
AeIeHHs] 3aBHCHMOCTH MEXAY YCHJAUAMH
B KOJIBLUE [0 OKPYHHOCTH

CTepIKHA ka.i._. MOJTYIHM:
ana k= 1
Reosnoe T sinna Reos(n+1)e , Tsin(a+ o
\K.... T e =t = + '
! o 71 q (27 o
2sin — 2cos— 2sin— 2cos —
2 2 2 2
[R cos nae—R cos (n - 1) o] cos w =
=[Tsinna -+ Tsin (n+1) o] &:Ww
w.wmm: (n+0,5) e sin lownl cos WH T-2sin(n+0,5) o cos Wmmzlwlw
R=T; (83)
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R cos no Tsinno _
X | = — =
e 2sin \MI 2 cos Mx
B i
mhoom =9o0miml|m5 no: sin — lxnom?.*.o..muﬂw
e sina = sina
¥ 008 (n-+0,5) a : 84)
Na.a._._ﬂ 0l cos 0,5
m»WmX mnomranlﬂmmnaan Hzno;?]ﬁ]:auf
T o o
Rt wmﬂnrwl mnowlm 2sin >
Tsink(n+ e |
=t . )
2cos, ——
2
& =
[R cos kno.— Rcos (n+ 1) ka]cos >
i k -
— [T sinkna T sin (n+- 1) ko] sin—-3
; . ko nOmPH
R-2sin h;+o_9w9m_:q 5
k2 gin2;
Hﬁ.mmmuﬁa+o.m§98mq 5
ka o
R sin ——cos — e
e 22 _RetgZtg—; (85)
— koo . o 2
cos — sin —
T2 2
o ko .
— tg — sinkno.
R cos kna R ctg 2 ; 2 Hxnoiﬁ:x\l
Koot = s gel 2 sin %
Mm_=|w- cos 5 >
% sin 22 b i in 0,bka)
mncm|m|m_= |w-m_: R (cos kna cos 0,5ka — sin kna sin 0, -
a— = -~
= in — cos 0,5ka
sin wog %mh..wnanm. 2 sin 5
o
R cos — cos (n -- 0,5) ka.
R cos (kna 4 0,5k2) 2 — A cos (n+0,5) ka,

rjie

o

sina cos 0,bka

9 sin — cos 0,5ka

2

R cos 0,5

"
.
sin a cos 0,5k ~

A=
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Takum o6pasom, npu moGom £
X, wp1=Acos(n-40,5) ka. (86

ITO M €CTh 2AKOH M3MEHEHHs VCHJHI 110 KOJIbILY BAONL OKPYHKHOCT !
Torza mosmem nocTpouTs MLOpE veumuit M u N past npunsrofi oc

HOBHO# CHCTEMBI OT BHEIIIHell HATPY3KM H YCHJIH B KOJABLAX, HAMEHSIO

HHXCS1 COTVIACHO NOJYYeHHOH Bbillle 3aBHCHMOCTH, npn A = 1.
Hocrpoenue smiop M u N or BHemueHr ua

TP ys k. IlpuknagpisaeM HATPYSKY K CrapemubiM noJryapkam, coe-
LMHeHHLIM cBg3siMH. B panvuefimem ycunus ONPEIeJSIOTCST B ONHOI

noJiyapxe.

a)

Puc. 36. Pacuernble cxeMbl MOJyapok B OCHORHON CHCTeMe OPH PasNUYHbLIX
3arpyXeHugx

Ilpn peficreun ocecummerpuunoil HATPYSKH TO HYJIEBOMY HYJEHY
PASJIOKEHHsS BEPXHSISl TOUKA MOXKET HMETh CBOGOIHOE BEPTHKA/BHOE
nepememenne, 1V, = 0. Cucrema ¢crarnueckn onpepenuma (puc. 36, a).

IIpy jelcTBHN KOCOCHMMETPHYHOR HArpyakd Mo NIEPBOMY 4JieHy
PAsJIOKECHAA BEPXHASL TOUKA HMEET CBOGOAHOE TOPHBOHTANLHOE Mepe-
memenne, /1, = 0. Cucrema craruuecku omperennva (puc. 36, 6).

Ilpu peiictBum Harpysku mo Bropomy NOCTC/YIONHM uieHaMm pas-
JIONEHHA BEPXHSS TOUKA aPKH HEMOABHIKHA M JJIst ONPENENeHHs YCH-
JHiE OT BHEWHeH HAarpy3KH paceMaTpHBaeTcs JABYXUIADHUPHASA OLUH
Pa3 CTaTHYECKH HeonpejenuMas cucrema (puc. 36, g).

IToctpoernne sanwop M u# N B OCHOBHO# CH-
CTEME OT eJMHHHUHONW JHMIHEeH HeH3BECTHOH
[lpuknansiBaeM K OCHOBHOH CHCTEME CHJTHL B PaspesanHbIX KOALUAX
npu A = 1. 3navenns sTHX ycusmii

X, i1 =cos(n+0,5) ka.
Cucrema cun X, || MOXeT GbITh 3aMEHEHA ABYMSI CHCTEMAMH CHJI—
R (papuaneneix) 1 T (TasreHuHanbHbIX).
R,=Rgcoskna; T,=T,sinkno.
80

Maxkcumanbapie 3Hadenuss Ry 1 T, IpH HAarpyske, COOTBETCTBYIO-
eit A = 1 (puc. 37), OyAyT :
Q .

in % TG Yo
monXEm_:WHMmE 5 cos ==

o ko a . ka
—tg—= —sin —.
To= Roctg 7 tg B 2 cos 5 5
OnpenensieM yCHIMs B TOAyapKax OT TAaHMCHUMAILHLIX HArpysox
— T,sin kno ¥ pajHambHBIX HArpysok R = R cos knot. o
Ilpu k£ = 0 Harpyska oCeCHMMETPHYIHA. TadrenuuansHas Harpy
TCYTCTBYET. YCHJjiHE B PEINeTKe PABHO HYJIO. Yeunust 0T HarpyskH

a) &)

(87)

NiR
| &

X g =605 0,5 ke

Puc. 37. Feomerpuueckas CBsI3b MEXAY YCHIHSMH Ro, Xo1, Xa0
a — nyag; 6 — guarpaMMa YCHJIHH

B 3JeMEHTax pefep U KOJell ONPENeNsAoTcs, KaK B peGpHUCTO-KOJIbILe-

Kyrone 0e3 peleTKH. 3 i
cazvﬂ k=1 hwmaﬂm%aE:m B MJIOCKOCTH CBSI3CBOH TAHETH TaHTeH

nuanpEsie cuakl T BHI3BIBAIOT KOCOCHMMETPHYHLIE YCHIHA B ﬁmESMM..
Dty ycHnHs MOTYT GBITh ONpeAe/eHbl HA OCHOBAHHH C/IEAYIONMX co

aenuit (puc. 38). ;
3 mzhmamws u3 oOmell KOHCTPYKIMH KYIOJa CeKTOp ABC, nooemm%%ﬂ
HBlil JBYMA [ONyapKamd, COSJMHEHHBIMH TPEYTOMLHBIMH CBS3 : )
OnopHble SAKPENVIEHAA NPHHHMAEM B TOUKAX A u B noﬁoh:ww@ wmm“ -
THKanbHOMY crepxkHio V4, Vg H MO ORHOMY CTEPIKHIO 1 4, ;P
IOJIOMKEHHOMY B NJIOCKOCTH OCHOBHBIX apok. Kpowme Toro, s omm%:m.
eHHst NPOCTPAHCTBEHHOHR YCTOHYABOCTH HeoOXoAHM crepient Uyp
MOrympii BOCHPHHSATL YCHJHEe, MepHeHjuKy/IspHOe K OCHOBHOH 10~

TH ApOK.
nxow.wmzpﬂm U MOXKET ObiTh ONpejfejeHa H3 YCJAOBHA PaBeHCTBA
AB o

Hy/I0 CYMMbl MOMEHTOB BCEX CHJI OTHOCHTEJLHO BEPTHKAJILHOMU onﬂ

4 y, MPOXOJsilel Yepes ImapHnp C. BasB cymMMy MOMEHTOB BCEX nm
wﬂwuw sameTHM: CHJIBL V, M Vg mapanjienibHer OCH y—y, a CHAbL I,

2 -
« H . nepeceKaioT ee; CNefoBaTeNbHO, MOMEHTEL STHX CHJI PaBHbl HYI0:
. :
d B= O Wy =Tl

U, gd+Ta 0, P8 .
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Yeunusa B CTOHKAx p
CUIETKH MOTYT OLITL O .-
NHX COOGPAKEHHUH. y& pellenieHbl H3 ClIelyK

Pagnoxum marpysky T na CHMMETPHYHYIO H KOCOCHMMETPHIHYIO.

CuMMeTpHUHAst HATPYSKA BHISHIBAET PACTSDKEHHE B CTOMKE, PaBHOE E
2

Vcusane B packoce cd Oyzet
N

_y @ _ Tdd
cd ab e mM:ﬁ d

)

b

Puc. 40, Jefictene cun T na B AeJeHHEIL CEXTOP KYNONA

a — cxema pacrnpejienenns yeuaill T3 6 — epns 7 TPHKAGALEBAIOTCH B Y3NOBLX
TouKax lepeceieiins APOK KYMONA ¢ KoJbUAMH 1 penteTkofl; ¢ — PASNDMKEHHE YCH- @
awit T WA BeprHKAALHOE W TOpPH3OHTAJIbHOE HEADARJAHHA

Yeuue Boab cTepkist apki BC, NPUIOKEHHOE K TOUKE C, ompepe-

Puc. 38.
38. Cpasepas maHeAb Mex1y AByMs ! JUTCS W3 TpeyroibHiKa ecd m Oyier

a — obuwni =%u%mu=mzm y - - =
— o6wri BHA; 6 — nAAH; 8 — BuA HA . ce Ta ce
apKy ey /4.8 Ne=Napy=— =2 "2 (90)

n

e ce, cd ¥ de — COOTBETCTBEHHO JITHHBI cTepikued ce, cd u de.
CuJibl, TPHJOMEHHbIE K TOJyapKaM, MOryt GeITE pas-
IOYeHbl HA TOPUSOHTAJNbHbBIE W BEPTHKAJLHBIE, TNPHYEM
aHak (HanpaBjenue) MX s 00eux CHApeHHbX MHOJyapoi
paauiii (puc. 40).

[Toj feficTBHEM ITHX CHJI ONPEASIAIOTCH YCHIHS B 10y~
apke, B ToM qEcie H peakuus .

Cymmy ABYX ycuumit Hy, HMEIONHX pasHbIe SHAKH, MOMHO
npefcTaBuTs (puc. 41) B BHjE CHJIBL

maummg m.aw . a:

He. 3 .
Mwmmmxm.m E&. KococnmmeTpuunas narpyska BHI3HIBAET B HOJIypacKocax
4 € YCHJIMS OJHOTO 3HAKA CO CTOPOHbI apkit A—C H NPOTHBO-
OJIOAKHOTO 3HAKA €O cTOpoHE apkH B—C (puc. 39, 6)
. 39, 6).

9)

Puc. 41. Tlnam cextopa Kymola € yKasaiueM HAmpaBleHHA CHJ
Hyn Sg

Puc. 39. Paznoxenne cuann T
I'lpoge Cymma MpoeKuri BCex CHJl S, HA TOPU30HTANLHYIO OCh 0—O0 co-
iy %m mﬁﬂmnwm@mqu f—n, OTGPOCHB JIEBYI) YACTh M YUHTHIBAS, YTO CTaBJISAET

pxne Ny, = — N,,, nanumeM snasexne ZOmeaow oT-

HOCHTE/ILHO BEPTHKANLHON OCH y—y, NPOXOAAMIeH gepes TOuky C:

n' ’
s n
> mmvHM_mcmzm no =~ So,
1

9N, x.—Ta=0: .00
abXn Ta 0; valmual . Ammv

n

rjie n’ — KOJIMYECTBO CHJI S, paBHOR HHCJy Map TOMyapok.
Veunust XS, pPacnpeessiorcs Mexy BCeMH TApaMH noJyapok

L3

no sakony H, = HoCOs no. U3 yCJOBHS, YTO MPOCKIHA Mmz paBHa
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npoeKuMH S, (PaBEHCTBO CYMMapHbIX npoexnui cum). Orcios
Hy = S, ¥ Ha 0fiHy 1IOCKYIO HONyapKy

5 mm” I|||.wc9 ; (92)
2.c05s —
4
H, = Hg cos e, (93)

rie H, — ynpyruit paguasnsubi ormop, JEeHCTBYIOMMH Ha [Be noJty -

apKu;
H, — 10 xe, Ha opHy miockyio noNyapky.

Cunbt Hy BOMKHBL GBITH yTOYHEHE IIDH pacyere Ha PajUaNbHbIE C(
CTaBjisilolKe HATPY3KH R, = R, cos ne.

Ipu £ > 2 ycuane B Bepxmem saKpenyieHuH H, onpenessiercs: kax

B OJHH pa3 CTATHYECKH HEONpPEeAeNHMOll CHCTeME

6y 8rpr
Hop = N g Hor=
HH

U B COOTBETCTBHH C XaPaKTEPOM HATDY3KU
taz = Sa cos kna; H = H . sin kna.

3arem crposites smopst M u N.

Onpenenenne kospduumenrtos KaHOHHUE -
CKHX YPaBHEHHH METOAA CH N [l HATPYSKH 1O Kaxk-
AoMy wHieHy pasnoxenus (& = 0, I, 2, 3) cocTaBasiercs CHCTeMa Kamo
HHHMECKMX yDABHEHHM M JUI KAXJAOTO YJIeHA PasOMEeHHsS] HAXONSTCS
BEJIMYHHBl OCOGMIEHHBIX HEH3BECTHBIX, 3HAYCHHS KOTODBIX 3aTeM CyM-
MHPYIOTCSI.

Huxe nokasan o6muil BHx cucTemsr YpaBHEHUL.

Ap X+ Ao Xo+- Ay X5+ ... +Ap= 0;
DE.XHuTDSXn'TDENwlT v FAp=0; (94)
Ag1 Xyt Ago X+ Ags X5+ . .. +Asp=0;
B namnom ciyuae
Ap=8" + 61" -+ 85N 1 87N 465V
A =0 - 854 + O L85 S )

Ar = O 81 4 685V + 85 1 65

’

RM TM RN TN CN
Ap=98p R T @:u A3+@:u :c+.w_w AE:T@:U ()"

B snauenusix kos(huiienToB nepsril HiKHuiT HHJIEKC O3HAYaeT HO-
MED Apyca, L1 KOTOPOTO ONPEAENSETCS NepeMeieHte, a BTOpoi — HOMep
fApyca, B KOTOPOM npuyioieHa oGoOLIEHHAsi HeM3BeCTHAs chia X,

84

B cBOGOAHBIX UNEHAX MNEepPBHIH HUMKHHH HHEEKC ommmnmm._.m Huﬁwm
AJS KOTOPOTO ONPEAe/IseTcs :mnozmﬂmmwmmmw ma%%%mmbmmmm
. i e: =

1. BBISRIBAIOMIEH TEPEMEIIeHH
R P (T) — TaurenuuajibHasi BHEIIHss HArpyskd.

. .mwm_
..m%ﬂ%%&h%h%mﬂz O M B 8RNy, PaBHBI HYJO, TAK KaK i wz”w%om
iP (T g i

— eTpHuHAasl, 4 HarpysKa
apbl TIONYapoK HArpys3kd R — CHMM %& o done * pane

i1

KOCOCHMMETpHUHAS; KO3(hHIHEHTH 8/ ey Oip ()

—_— szi
110, TAK KaK A1 KAOKAOH mapsl nojiyapok marpyska T — kococ
yerpHunas, a marpyska P (R) — cHMMeTpHuHAS.
au:
Boamoxnbl 4acTHBIE CAYY
BHEIIHss HAIPY3KA MPHJOKEHA B BHJE PALHAIBHEIX CHJ
@GZ

TN _0
i iP(T) 1

Es . H.
@_.:JHO. m::j 0;

BHEIIHAA Harpyska NpHJioKeHa B BUJE TAHTEHUHANbHABIX CHJI

RM _ . RN .
@:u:clo_ a:u:d 0

op-
JSIOTCA 1O CcheAyomuM ¢
Unensl 8RM, RN u jpyrne BBIMHC

MyJiaM: ! YWl 3
.\SW\SM%. @.zzl | w N; Eaam“
@Mw:g” | mN ’ ' T - »m_.m.n
g 0
Ou P orar
e (M Mpds .ﬂzuﬁ_fE“
@«.S —y ¢J mN i g [. mwﬂh
g : (96)

-1
: R
M ds
o NEONR O v M;a el
@«.5 = ; ..m.m..n i . a

5

L3 T 7o
CNENp (rydS oTM M M piy
8RN = v Yip(Ty El,
iP (R) l EFq .

v 0
0

u T I ; o .
. §— IJIHHA ORHOH TOAyapKH; [ — O
ejibl MHTErpupoBaHus: s — [ 1 [ :
mw m.mwmm pEIIETKH BKJIIOUas KOJIbLA, MPUMBIKAIOMEN K OHOK mmoh%z
M.Em. sHaK 3 TMOKA3HIBAET, UTO MHTErpaj Gepercs no Beem NHoJyapk
]

Ky1IoJia.

3ueck §RM 1 RN — ofobmennoe TNepeMelienne Konblia (-ro
m

gpyca or BO3felicTBus cocTaBsmomeld R
00OOIEHHOTO HEH3BECTHOTO YCHJHA B
KOqblle m-TO fApycd, BLIYHC/IEHHOE MO
smopam usruGaiomux Momentos M, u

HOpManbHBIX cHil N B apke;
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™ TN CN
8im~ + 8im -+ 8im — oGoGienHoe mepeMelenue Kogbma i- o
sIPyCa OT BO3JEHCTBHS coCTaBJsomeii /*

0GOGIIEHHOTO HEW3BECTHOTO YCHJIMs i)
KOJIbIle mM-TO Apyca, BBIYUCACHHOE i)
SMIOpaM H3THOAIIKX MOMEHTOB M
HOPMaJIbHBIX cusl N, B apke H HOpMa.
HbIX CH :

SEM 4 R a1 N, B pemerke;

(P (R) 1P (R) — OOOCHIEHHOE TepeMeleHHe KOoJbLua i-1 )
Apyca OT BO3JEHCTBHS COCTABJISIOLI
P, BHemmheii Harpysku P;

™ N cN
8ip'ry -+ 8ip (1) + 6P (r) — OOOGmennoe nepeMemenne Kombma Q-

spyca OT BO3JAEHCTBHA COCTABJASION ||
P, Bremneii marpysku P.

Bripaxenue gt 68M moxuO npeoGpasosars caenymomum o6paszol

5 5
4 R u
,w M] E..Mmml A | m MPocos na MR cos nads |
El V I
P § Er
Ry 11 Rs d
[ mMPemfReas ) n | MPomPBods
=|—2— cosno=—— | LM
El 2 Ef

0
Bripaxenue gaa 6§74

0

(97,
S T T ]
,wJ\SN \SS%I. % \5? mE;Q\SMomm::Q%
M El M -
; p 5 El
S T T , s
MToMTods MTupgTe
— r% s SUE e, mmﬂ.w no, — IEI E
El M D Ef '
0 0
RM
Bripaxenue ais 8%; Lo
S s
R
«%b\: EEEB.” % 3%.&339&.“_5__. cos neuds
M El M : ™~
: : Ef
MBom ds QY * MR
< i "Mp (g, cos? oy = MPMp (g ds

e === 5 (98)

: o { 2 Eil
0

AHajiorHyHble BLIPAXKEHUST MOXKHO NMOJYUIHTH M /IS OCTANBHBIX KO-
spunnenToB.
Kak BHZHO, BO BCE BHIPAXKEHHA BXOLHMT BeJIHUHHA

2
xeT OBbITh COKPAIeHa, T. €., He MPOUSBOAS CYMMHPOBAHUS TI0 BCEM IIO-

, KOTOpast Mo-

56

[yapKaM KyIOJa, MOXHO B yPAaBHEHHs YNPYTOCTH MOACTAB/ISTH KO-
bbUIEHTE!, BBIUMCJACHHBIE JJs MOJYapoK C MAKCHMAaJLHBIMH 3HAue-

_m=<=\u. m”mcu ﬂ”ﬂasw w”wc.

Pemus YpaBHEHHS, HafileM 3HAUEGHUS HEH3BECTHBIX OT KamaAoro
JIeHa pasJioeHud M BbIYHCJIHM YCHJIHS B 3JIEMEHTAX KynoJia. Oﬂ@mﬁm-
M OKOHUYATeJbHble YCHJUS B dJIEMEHTAX KynoJja, CyMMHpY#A yCHuJud,
jOJiy4EeHHbBIE JJIS KaxKJ0oro 4jieHa pasJ/iQmKeHHsl.

.Qﬂ‘:ﬂ.—.ﬂ:-—@:f:ﬂﬂr—ﬂ Kynmona © peweTHaTbiMH
CBASAMM B HaHaOmMm CeHTOope

ManbHefiiiee yBeJHUEHHE JKECTKOCTH KYMOJA MOMKET ObThb AOCTHT-
HYTO 33 CYeT YBEJMUEHHs KOJIHYECTBa CBi3ell. PaccmoTpum HHKJMUe-
JKHil KyIIOJI, COCTOSIIHMI M3 MKEeCTKHX B CBOEH MJIOCKOCTH peGep H KO-
lell, OOBLEJMHENHBIX PEIIeTYaTHIMH TPEYrOJbHBIMH CBASAMH, HPOXOAA-
MUMH B KaXKIOM CEKTODE.

B 3TOM KynoJie K/ NOBTOPSETCA UYepe3 yroJl Memjly OCSIMH ABYX
cocennux peGep. TIpucoeauHeHHe TPEYTOJNBHBIX CBA3eH K KOJbUAM H
peGpam, a TaK¥Ke NpPUCOCHHEHHE pefep K KOJbLaM NPHHAMAETCH IIap-
gHpHLIM. B JianbheiiieM GyAeT NOKasaHo, 4TO MAapHUPHOE HJIH XKEeCTKOoe
IPHCOEIMHERHE KOJIell K peGpam, HMEIONHM Majylo JKECTKOCTb B roph-
8 OHTAJBLHOH IJIOCKOCTH, Ha BeJHYHHEE YCUJIHIl, Ha o0el padoTe Kynona
Mano OTpaxKaercs.

Paccmarpusas sTOT Kynos B Iane, 0G03HAYHM Yepes o yros MekLy
ocsiME JIBYX cMexHbix peGep. ITukibl no ocsM peGep nponymepyem OT
0 o n (ua puc. 42 jo 15).

PasfloKMB BCe BHEIIHHe HATPY3KH B psjp Dypee, npuveHnM AJd

pacuera METOJHKY, ONUCAHHYIO B VI 3.
B KauecTBe HEU3BECTHHIX MPUMEM YCHJHS B KOJbUAX MEXKLY CMEK-
HEIMH CeKTOpamu. JIJisi 5TOTO MHICJIEHHO paspexeM pe6pa BJOJIbL MEpH-
IMaHA BO BCEX LUMKJMYECKHX y4acTKax W 0003HAYAM B3aNMHOE YCHJHE
'B KOJBIE MeXAY STHMH peGpamu uepes X, Tlie BepXuuii WHIEKC 03HAa-
gaeT HOMep SAPyca Mo BBICOTE Kymnosa, d HAKHHH — HOMEp ys/ad B Me-
cTe paspesa | X, — 0OOOImEHHAS HEH3BECTHAS CHJIA B KAKIOM spyce).
. Tagum 00pasoM, KOJIHUECTBO HEH3BECTHBIX YCHJIHH OyaeT paBHO
KOJIHUECTBY 00OOMEHHBIX cul X, T. €. YHCJY KOJIel, 10 BHICOTE KyMoJa,
B aHHOM Cjyyae uerbipem. Biarogaps HCTOJIB30BAHHWIO CBOHCTB IUK-
JIMUECKUX CHCTEM PE3KO YMEHBIIAETCH KOJIMUECTBO HEH3BECTHBIX YCH-
Ml B KyTOJIe.

Vamenenusi 0GOGIIEHHBIX KOABUEBHIX CHyl X MO OKPYXKHOCTH HaW-
JleM, BBUIENHB KaKOH-HHOYAb YYaCTOK KOJIbIlA MEXKAY Y3/aMu n+l, n
(puc. 43), n 3anumem jisl HErO yC/JOBHS DABHOBECHS B COOTBETCTBHH
C NUKJIHYECKOH TeopHed. DTH yCJOBHS MOTYT OBITh 3amHCaHbl TAK XKe,
KAaK OHH SANHCAaHB! MpH BEBoAE GopMydst (84), ¢ Toif suue pasHHLEH,
4TO MAKJHYECKHH YTOJM 00 B pacCMarpHBAEMOM CJiyuyae paBeH B TJIAHE
Yray MEXAY ABYMSI CMEFKHBEIMH pebpam.

Jlnst pemreHusi 3ajjaun yCTAHOBHM COOTHOIICHHS MEXY PajHalb-
HEIMH H TAHTE€HLHAJbHBIMH YCHIHSIMH.
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Bullenus yuacTox Kosibla Kymosa, AJsi Jao6oro Apyca MOMXKHO 3:

IHCATH, 4TO PAAHANbHBIE yCHNsE R M3MEHSIOTCS 1O 3aKOHY Cos knc.,
2 BO3HHMKAIOUHE B y3/1aX NPHMBIKAHHSA CBs3€H B KOJMbLAM TAHTEHIL -

anpHeie yeHausa 7' — no sakony sin (n -+ 0,5) k.
3neck T 1 R — CymmupoOBaHHbIe BO3ElCTBHS HA KOJIbIIO €O CTO

POHEI BHEINHHX CHJI H BCeX OTOPONICHHBLIX CTEPKHEH, MOFIHHSIOMHXC s,

KOCHHYCOH/IAIbHOMY H CHHYCOMAANTLHOMY 3aKOHY.
ReosFker ; \m%m;p\
\s <

5
Rcos 2k /s
Z

Reos8ka

Recos 15 ke

Roos 14 ka \ ‘
13 !
) \ 7
Reos 13kex

Puc. 42. Ocnosnas cucreMa KyImoJa ¢ yKasaHHEM pachpefeieHHs PajHAIbHEIX
H TaHTE€HUHAJBHHX YCHJIHH

Hna yuacrka kosmeua n, n -+ 1 (oGosuauen Ha PUCYHKE XHUPHOU
JIMHHEH) 3anuieM PaBeHCTBO YCHJMH C/IeBA H crpasal

R cos (n+- Sanl_lﬂmm:g:_la.mvnﬂchomwaﬁﬂ

2 sin w 2sin |Ml
B o) [cos (r4 1) kao—cos kna] = — T sin (n - 0,5) ko;
2sin =
2
|a|a [—2sin (n+-0,5) ko sin 0,5ka] = — T'sin (n +0,5) k.
2sin—
2

Orciofia

o mlﬁmm (99)
sin —

= .?f?.
.uw.m T n \-.....‘m.ymw .ﬁm-(
YRy mn(nl

Puc. 43. Cxema ydacTKa KyroJa ¢ yKasaHueM JHIIHUX
HEM3BECTHHIX

BriieJIHB OiMH CeKTOp (pHC. 44) H YCJIOBHO OTASJIHMB OT HEro NmpuMbl-
KajoImMe XKOJblia W CBSI3M, MOMEM 3alkcaTh CHJIBL, JNeACTBYIOIIME HA
CEKTOp B YpOBHE KaxJoro spyca.

6)

; i
2cosin+ffkasing Zoasknasiny

9 ?
\«._.—u.___ i+l L] }\.:Hn‘m._?fd.mﬂ
sos(netlkar  2sinOskasin(ne05)ka

Puc. 44, PacuerHas cxema KynoJja jjisi Onpejeqenis sasH-
CHMOCTH MEMKAY YCH/IHSMH B KOJBIE A0 OKPYHHOCTH
a — o6muil BRI cexTopa; 6 — OJAH CEKTOpA

3uaueHud YCUJHH, JIEHCTBYIOMKX Ha OTAENBLHBIH CEKTOD OT CMeX-
HOTO CEKTOpa B YPOBHE KamJIoro Ko/bid, MOryT 6LITh BLIPAMKEHBI CJIe-
AYIOIMUM 006pa3oM:

X, —Reoskna _ ¥ coskna, (100)

wmmslolal
2
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rjie

R
N_,H||R|” (1071}
2sin —
2
kn+_ﬂkcogﬁa+_vw9w (102

Xyi1 n=Tsin(n+40,5) ka=

___Rsin0,5kasin na+o_m:|gﬂ X 2sin 0,5e sin 0,5ka sin (n 4- 0,5) ka
sin 0,50 0 sin 0,50 S

= 2X,sin 0,5k sin (n - 0,5) ko. (10.1)

Or cuinl
) X, nX, 11 BO3HHKAET TOJIbKO YCHJIMe, JefCTByIOmee 111

pebpo B ero miock in % i
P octH, paBuoe X, 2sin— u X,.2sin >

9 P y Ha 3sJi¢-

MeHTEI cBf3ell AeficTByer cuaa X 1
nt+l, n°

IIpuusAB HeHusBecTH
O€ 3HaueHHe cuanl X, = o
BHE CJIEAYIOMHX CHJI: o = 1, monysum Bospedic:
Ha pebpo-n
X, =coskna,
Ha pe6po n + 1 ! '

Xy =cos(n+1) ka;
B yaJie NPHMBIKAHHS CBSI3eH K KOJIbIY
X i1, = 2sin 0,5k sin (n+0,5) ka.

mhowm_ ﬁ%%mmww:wnmomm:om omnemazz BLIOHPAeM KYMoJl ¢ PaspesaHHbimii
JIbHOH OCH pe0paMH C ONOpaMH B LEHTpe, NPHHHMA .
MBEIMH D33HEIMH B 3aBHCHMOCTH OT pPacCMaTpHBAeMOro 9ena wmmhcﬁm
m.
MMME:WMMWNHFOWW paspesax, B MecTax HPHMBIKAHHS CBs3eil, s%mmamnz.
4 yousns, pelieNAIoniie BAHAHRE CMEKHEIX CEKTOPOB.
Sl xwﬂoﬂmzmmmmxm 3THX YCHJIHE 1O OKPYXKHOCTH KYMOJa, To-
i R mm%wnm OIHY OCOOLIEHHYIO HEH3BECTHYIO chay X,.
o B ,» IIPHHSB 34 JMLIHHE O0OOMEHHEIE HEH3BECTHLIE CHJIE
0 JIoM spyce, OyleM HMeTh CTONBLKO HEH3BECTHBIX, CKOJIbKO .
COB KOJIEll, , i
_,v_.uwmmwvm@%%m S3MNI0p ycHAHH OT BHemHuHe# HA -
coiaEE WA UWHHX HEH3BECTHHX B OCHOBHOI
S IuE mhma:g H3 o0iel KOHCTPYKIHH Kynosa cektop ABC,
e _H__.Smam pasjeyieHHbIME BJIO/Ib MEpPHAHAHA MOJyapKam,
gl JAbLAMH H TPEYTOMLHBIMI CBABAMH (puc. 45). Omnop-
e ) 51 NIPHHAMAeM: TI0 OAHOMY BEePTHKAJLHOMY CTEpPIKHIO
4 g BToukax A u B, no oaxoMy crepxkuio H 4 ¥ Hy B nnockoets

efep u Mo OIH
pebep JIHOMY CTepikHio U 4p B TIJIOCKOCTH ONOPHOTO KOJIBLIA.
90

B Bepxuefi Touke C YCJOBHS OMMPAHHS 33BUCAT OT HOMEpa ujieHa
JIOMEHU 5.

[Ipn AeficTBUM OCECHMMETPHUHON HArpysKH (ayJieBOH uJeH pasJio-
fiiis) BEpXHSA TOUKA CEKTOPA MONKET HMETh cBOGO/HbIE BEPTHKAJb-
je nepememennus (puc. 45, a). Cucrema ofpamaeTcss B CTAaTHUECKH
Ipefle/IHMY0.

Ipu jeficTBHM HATPYSOK MO NEPBOMY UJEHY PASJIOMCHHMS BEPXHAA
[KA CEKTOPA MOXET HMeTh CBOGOJHOE FOPH3OHTAJNBHOE NepEeMENICHHE
wc. 45, 6). CrucTeMa CTATHUECKH ONpejeumMa.

" [Ipn JeficTBUM HATPY30K TNO BTOPOMY H NOCJEAYIOUAM HIIEHAM pas-

JKEHH51 BEPXHss TOUKA CEKTOPa HEmOABHIKHA (puc. 45, 8). Cucrema
IMH pas CTaTHYECKH HEONpeAeanMa.

L
aj e 6)

Vo Ve

H b H ¥, Hl HK He W Y

Puc. 45. PacueTHbie CXeMH CEKTOpa KYMoJa B OCHOBHOH
cHcTeMe NDH pasfMYHbIX 3arpyXeHHfX

 TlocTpoenue 3MiOP YyCHJIHH OT BHemHed HaA-
PY3KH B OCHOBHOMR CHCTEME BHelHssl HArpysKa MpH-
aNBIBAETCS K KAXKAOMY CEKTOPY, COCTOSIIEMY H3 ABYX pebep, KoJiel
CBA3EH MeKAy HHMH.

Ecyii BHeIIHSisE HATPY3KA NPHJIOKEHA TONBKO K pebpaM B HX ILIO-
CKOCTH, TO YCHJIHS BO3HHKAIOT TONBKO B peGpax, & B SJIEMEHTAX KOJIbIA
i peleTKH OHUM He BO3HHKaioT. Eciu BHeMHHE YCHHS NPHUJIOKEHBI
K pe6pam He B HX IJIOCKOCTH, TO HX CJIEAYET Pa3JIOKHTEL HA HANpasJe-
Hue pebep M KOJell H COOTBETCTBYIOMIHE JOIH 5TOH Harpys3kH IpHJO-
IKNTHL K pefpaMm H KOJbLaM.

IlocTpoenune aniop YyCHAHH B OCHOBHOH CH-
cTeme oT MUMHHX HeuspecTHH X. Cuna X3 (Bepxuuit
HHJIEKC O3HayaeT HOMep fApyca KONBLA) TIPHKJAAHIBAETCH K OCHOBHOH
CHCTeMEe IIOCJIEIOBATEJIbHO B KaXKJAOM sipyce. Or cumet Xg = 1 BO3HH-
KAIOT YCHJIHsi B pe6pax, KoJblax M CBASSX Kynona. :

PaccMOTpHM CEKTOP KyNoJsid MeXJy TOUKamH 1 U n 4+ 1 (puc. 44).

CxemMa onupanus BepxHeii Touku C NoKasana NPHMEHHTENLHO K HEp-
BOMY UJIEHY PasJIOXKeHH:.
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Or peficteus cunst Xy = | BoamHKaOT yewmms:
B IVIOCKOCTH peGep B moJyapke n

2 cos kna sin W ‘
B noayapke n + 1

msm?-I;nmaW“

B KOJIbI€ HA y4acTKe, NPHMBIKAIOWEM K pebpy n,
cos kno;
TO e, NPHMBIKAOmeM K pepy n -+ 1,
cos (n--1) ka;
B ysjie NPHMBIKAHUS CBASEH K KOJbILY
2sin 0,5k sin (n -+ 0,5) ka.
Or ycunnii, NPUIOKEHHHX K pe6paM, B MOCAEAHHX BOSHHKAIOT 13

THOAIONIAE MOMEHTEI, HOPMAJbHLE H MOTEPEYHBIE CHJIbI, KAK B nosfyapke

C onupanyieM B Touke C (B 3aBHCHMOCTH OT HOMEPA UJIEHA PA3JIOMKEHHS ).

Or ycunmii, npuNOMKeHHHIX K KOJBUAM, B NOCACAHHX BO3HHKAIO!
HOPMaJIbHbIe CHJIEL.

Ot ycunuil, NpHIOKEHHBIX B ya/ie MPHMBIKAHHS CBASEH K KOJIBILY,
BOSHHKAIOT HOPMalbHBIE YCHIHA B CBASAX H KOJBUAX M KACATENbLHLIC
yerjusi B peGpax OT NPUMBIKAIONEX K HHM SJEMEHTOB CBSi3ell ABy
CMEKHEIX CEKTOPOB.

Onpegenny ycunus, BOSHHKAIOMME B S/EMEHTAX BEUICASHHONO Cek-
TOpa KyIoJia OT HArpy3OK, TNPHJIOKEHHEIX B y3J€ NPHMBIKAHHS CBS3ei]
K Koablly H paBHbix 2sin 0,5 kasin (n -+ 0,5) ke

IIpu % = 0 narpyska ocecuvMmerpuuna. Sra cuaa pasna HyJo.
YCHIHS B CBASAX PABHBI HY/IIO, W BCE YCH/IHA B Pe6pax M KoJplax
MOTYT GLITH ONpefe/ensl, KaK A5 peGpHCTO-KOALIEBOro Kynona Ge3 pe-
HIETKH.

[Ipu k = 1 or sroifi narpysku Bo3HHKAIOT KOCOCHMMETPHYHBIE yCH-
JHA B PEIIETKE H KACATE/NbHbIE KOCOCHMMETPHUHBIE YCHJIHMSA B peGpax.
OGosrauum 310 yeuaue uepes T, = 2sin 0,be sin (n 4 0,5)e (puc. 46).

Onopnas peakunst U, , mMoker GuTh ONpefeNeHa M3 VCAOBHS pa-
BEHCTBA HYJ/I0 MOMEHTOB BCEX CHJl OTHOCHTENILHO BEPTHKAJBHOH OCH
Y, Npoxoisuel vepes mapuup C,

Ups=—T,~=. (104)

Yeuansa B packocax bg u fg HAXONATCH PAS/JIOMKEHHEM CHJIBI i
B y3Jie g HA HANpPaBJeHHs bg U [g.
YCHIHA B 9JIEMEHTAX KOJBIA Ny = — N;, MOXHO yCTaHOBHUTS,

NPOBEAA CEYCHHE f—1, OTOPOCHB JIEBYIO YACThH H B3SIB CYMMY MOMEHTOB
OTHOCHTEJILHO OCH Y:

Nyo=T12 (105)

2%n

Veusue BIosh cTepiKHs pebpa Ny, MPH/IOKEHHOE B ._.manm f, onpe-
SeTCs KaK CyMMa NpOeKuuii Ha JHHMIO fh or ycwimi Nj, :..2.;,
yeuaue Ny, NPHIOKEHHOE B TOUKe b,— Kak eymma Mwmmxpmm Ha
enst .
_ bk or yeumuit Ny, B Ny bwwh%n_%nmo onpen 0CTAJB
ble YeHTHS B SJeMEeHTax KoJell H p / |
Ew: k > 2 peakTHBHbIE YCHIHf B TOYKE C onpefensiorcs, gak B
HH pas CTATHHECKH HEONPEfeiMoli CHCTEME, TOCse HeTO BCe priypc-
eHUS YCH/HN NPOMSBONATCA AHAJIOTHYHO NPOBENEHHOMY IS f — |,
* Ilocsie nocTpoeHHS SMOP HOPMAJILHEIX CHJ H H3THOAIOWAX MOMeHTOB
uHeasioTest Kos(duuueHTH KaHOHHYECKHX YPABHEHWM METoxa cuu

0 KAKIOMY WICHY Das3JIOXKEHHS.

Puc. 46. Cextop KymoJaa
@ — ofmufi Bux, 6 — maaH; 8 — BHR Ha peGpo

Huxe mokasan o6uiiil BHX CHCTeMBl ypaBHEHHH:

ApXi+ApXa+ ApXs+ . .. +A1p=0;.
Ap Xy AgsXa -+ A X+ ... +Ap=0; (106)

DwHXHITDwstITwawa_I -6 I_lbwwlllo.

B pannoM caydae
Ay = 81+ 6%y + 671 -+ 8115
A1y = Ofo -} Ofa + 8fo + 815

M

(107
Ap=38, +8p+8+8

AHAJOTHYHO BLIMHCAAIOTCA M OCTa/ILHBIE xcmeemmmmﬁz.

B snauennax xospUIMEHTOB NepBbii HIKHHH HHIEKC 03HAYAET
HOMEp sipyca, JJIl KOTOPOIO ONPeJenseTcs nepemMeiienne, ,m Blopoit —
HOMep sipyca, B KOTOPOM NPHJOKEHa OGOOMeHHAs HeH3BECTHas CHJia
Xj. Bepxnu#t ungexc y 8 osHauaer mepeMemieHHS: «K» — Or yCRAUS
B KOJIBIIE; ¢C» — TO JK€, B CBSI3AX; «P» — OT HOPMAJNBHBEIX YCHILj B pe6-

. pax; «M» — OT M3THOAIOMMX MOMEHTOB B pepax.

]
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m o
CBOGOJHBIX UYJEHAX NepPBEI HHMXHHA HHAEKC O3HAYAEGT HOM |

spyca, AJsi KOTOPOro onpenenserca NEepeMelleHHe, a BTOpPoH —

pakrTep Harpyski, BEI3BIBAIOLICH MepeMelieqne. mmuwmam m%mx 2

KHE ke, KaK i B NMpeibiymux Kosdduuuenrax. bt
Kos@prumenTs ypaBHenuii BHIACATIOTCS M0 CCKYIOUEM GOPMY 11!
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hbsﬂ%mwmmww Mwwwwcs%%mwmmm“mwI,E:Em 9JIEMEHTa KOJIblid; s -
NIOKA3bIBAEeT, UTO :maw%wa QM mawwmm (LE St T L
TOpaM CBsI3eH H MO JJiMHE wwﬁ xoﬁumw.o S
K
3llech 1— HOpMaJIbHOe YCHJIHE B KOJIble OT OGOGIIEHHOI)
. cum Xp mepsoro spyca;
Ni — HOpMaNbHOE ycHiHe B CBA3SX OT OGOGMIEHHOI!
| cunst X mepsoro sipyca;
N} — nopmannuoe ycuime B peGpax or 0GOGHIEHHO]
1 cnist X nepeoro sipyca: .
i — H3raGaomuil MOMEHT B peGpax oT 0GOGmEeHHOI!
o cunst Xy mepeoro sapyca;
5 — mm_,mam,_ommpmm MOMEHT B pedpax or o00obumenHoil
= el wm.:ﬂ X§ BTOporo spyca.
p — HOPMa/IbHBIE YCHJMS COOTBETCTBEHHO B CBSI-

wmxmnmqvmx H swﬁsamaEmmzozﬁ_em@mm-
Pax oT BHeUIHeH HarpyskH. Lt
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AnajjoriyHoO BLIUUCSIIOTCH BCe OCTaJIbHBIE ﬂow@%sﬁsmm‘ﬂz npu He-

f3BeCTHBEIX H CBOOOJHEE YJIEHBL.
Kak 510 HMEJNO MeCTO B BHIDKEHHH (98), momem yGeiuTHCH, UTO
B JIAHHOM Cilyuae, COKPaTHB BCE BEIPAMCHH koa(puIHEeHTOB YPaB-

! < n
HeHUY HA = MOMKHO, He NpOH3BOAS BEIUHC/IEHHI TI0 BCEM 3JEeMEHTaM
KymoJsia, B ypaBHEHH ST ynpyroctu MOACTAaBUTH Ko3((UIMeHTEl IpU HE-
J{IBBECTHBIX, BBIUMCJIeHHBIE JJI15 I0JyapoK C MAKCUMAJILHBIMY 3HAYEHHAMH
panyaJibHbIX <osasm. 3gaueHusa 3THX %ns.E\:m BBLIUUCJFIOTCA OCAEN0-
. o

-~ , B KOJb-

BaTe/bHO B KAXKAOM spyce: B pebpax npu R = Xj 2sin T

RUs HA SJEMEHT KOJblla OHOTO CeKTOpa CHJIbL Xp=1,
OT JefiCTBHSl CHJI, TPHJIOKEHHBIX
I TP MaKCHMAaJbHOM 3HAYCHHH

w X 2sin 0,5 ka (1. €. NpH

jlax — OT JAeHCT
B CBE3AX, KOJLLUAX M pedpax —
B y3JaX Iepeceyenus cBSIZell M KOJIE
ofiCTBUS HA SJEMEHT OJHOTrO CEKTOpa CHJI
@HAUEHHH BeJVYUHBI sin (n + 0,5) ka = 1).
} Tlepevemenus OT BHeIIHeHi HArpy3Kd ONpeIessioTes AJisi SJIeMeH-
TOB OJ[HOTO CEKTOpa, B KOTOPOM 3HAUCHHE €€ aBJIsIeTcs] MAKCUMAJIbHBIM.
PemuB 5TH ypaBHEHH$, NOJYYAM 3HAUCHUS ycunuil B 3JIEMEHTax

KyroJsia: OT BHeWIHe# HarpyskH, OT 00600LICHHBIX HEH3BECTHBIX CHJI X5
U1 KAKIOTO UJsieHa pasjIOoKeHus.

ITpocymMMHpOBaB 3TH YCHJIHA,
B 3jleMeHTax KynoJda.

onpenesnM OKOHUATeJbHEIE YCHJIHSH




FJIABA

a CETUYATBIE KYNONA

Omﬂﬁm&w KYIo1a-060I04KH NpeACTaBASIOT COGOi MHONOrPAHHHKI!
B Mw%_oﬂzhxw M_mewwmnm%o HJTH JIPYTYIO TIOBEPXHOCTh BPAIIEHH |
L. Oro CJIosi KOHCTPYKTUBHEIX 3JIEMEHTOB, Of

MApAJIVICNIME H MepHIHAHAMH. YUacTKH MOBEPXHOCT
BBIOHDAIOTCS TAKHM 00PA3oM, YTOGK MOJIYUHTL MHHHMA/IbHOE KOJIHUe
CTBO DASHOTHNHEIX 3JEMEHTOB H CORNHHEHHIL.

Ilpocreiimmie cetyarsie kymosa 06pasyiotcsi pebpaMi U KOJbIam
MEXIYy KOTOPBIMH DacrloJiaraioTcsi packochl, B CBf3H ¢ uem YCHJTH 1
PACTIPEACIIAIOTCS. 110 BCeH TIOBEPXHOCTH KYNOMA HA BCE 3JIEMEHTH
OTO NPUBOAHT K NOSIBJCHHIO MHOTOYHCAOHHLIX ¢1a60 _ummoamEme ane
MEHTOB DEIIETKH, YCAOKHAIOMAX Y3kl COTPSIZKeHHH TpanHeifl KymoJia
H3-32 GOJIBIIOTO YHC/IA MeperHGos, BOSHHKAIOIMIMX MEXIY ILIOCKOCTSIMII
CBAseH.

[Mpocreiimue cucremsr ceTuarpix KYIIOJIOB COCTOAT H3 PafHa/bHbIX
pedep, Koseln M AHaroHajei, YCTanapNuBAEMBIX B KaMcaoM Sm:m:.:m..
BUIHOM 3JIEMEHTe, 06pasoBaHHOM peGpamu ¥ KoJbuamu. CHHSY Kymo.l
wMMMuEmSnm HHXKHAM PACTSHYTHIM OMOPHBIM KOJBLOM, BOCIPHHHMAIO-
o %MMMM@ Kynosia. CBepXy Kynos oGHHYHO Cpe3aeTcsi TOPH3OHTAND-

OCTBIO M HMMEET BEpXHee KOJBLO, K KOTOPOMY NPHCOEMH-
HAIOTCSE wma_uw. Yacro 310 Konblp NOA/IePKHBAET CBETOBOI (OHAPD,
YCTpauBaeMblH B LEHTpe Kymnoga.
: Emoﬂmﬂ@mzm:xx CETHATLIX KYNOJOB MOrYT GBITL BeckMa pasHOOG-
wcwwwwe HPOKO PACIPOCTPAHEHB! B mocJeiHee BpeMsl KymoJa ¢ Tpey-
M CETKOH M3 TPYOYAaTLIX 3JIEMEHTOB, NPH STOM BCE 3JEMEHTEI
OMHOBPEMEHHO y4acTBYIOT B paGoTe Kymosia W IpPH JMIOOBIX HATpPy3Kax
KaKJbiH S/NEMEHT SIBJIFCTCS OJJHOBPEeMEHHO pedpoM H CBS3BIO. ITH
Kynoaa mno csoeit paboTe npuGmnkaoTcst K Kynoaam-o060J04KaM.
W.Mammmwawmm:cn? IPHMEHEHUST CeTYaTBIX KYNOJIOB ONpeensiercs
:aoEmnma._oz:a:oSvB H  BOSMOXKHOCTBIO NepekpeiBaTh  GOJbLIHE

Ipn guamerpe Kynoaos or 15 710 60 4 ceryatsie Kynosia KOHKYPEHTO-
CIIOCOOHBI C OGBIYHBIMH TLIOCKHMH KOoHCTpyKUHAMU,. [Ipn 66mbmux gua-
METpax CeTyarble KOHCTPYKUHUH ele Gojree NpHBJeKaTe/IbHEl H, TOMHMO
SKOHOMHYHOCTH, OTKPHIBAIOT HOBBIE MEpCHEKTHBHI ISt no.&Emmmm ap-
XHTEKTYPHO BBIDA3UTENBLHLIX KOHCTPYKTHBHBIX (DOPM 3AAHH.

Uil XapakTepHCTHKH COGCTBEHHOrO Beca KOHCTPYKIHH MOKPBITHH
KynonoB puamerpom 40 x 1. T. Paiir [14 ] npusopur CJIelYIOIHUe OPHEH-
THPOBOUHbIE JAHHbIC BECOBLIX NoOKasarenefi (B kec/m?):
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Kynon co6opa cs. [letpa B Pume . . . . . . 440

JKenesoferonnas obomouka . . . . . . . . . . 130
Cranbebe GEPMEL .« « + o« & v o v 4 o0 44
CeTuarhtii CTAMBHON KYTMOJM + - .+ - « « « « « = 9

z@: MOHTAaXKe OJJHOTHIIHBIX 9JEMEHTOB U ofecneueHu CPaBHUTEJIBHO

‘mpocToli c6OpKH Y3JIOB COeNHHEHHil MHOTMMH aBTopamu ObliH paspa-

6oTaHs! 1 MPHMEHEHbLl OPHIHHAJbHBIE Y3JIOBBIE COEAUHEHH A H KOHCTDPYK-

THBHBIE 3/ieMenThl. JIJd Y3/I0BLIX COEJIMHEeHHH CTaJbHBIX CeTYaThIX KOH-
CTPYKIHiI HCHoJb3yloTcs GOMITH, CBapKa, a HHOTZAA H cKJjelika Ha 06ase

SIIOKCHAHBIX CMOJI. JKeneso6eToHHLIE CETUATEHIE KynoJia CTPOSATCS M3

Puc. 47. Kynon maj sfanieM BaroHOCTPOMTENBHBIX MacTePCKAX B lTaTe
Hanunoiic

PENIeTUATHIX [PSMOYTOMbHBIX, TPEYTOMBHBIX, POMOOBHIHEIX, IIECTH-
YroJLHEIX H APYTHX MHOTOYTOJIBHBIX MaHeseH, BNHCAHHBIX B NOBEPX-
HOCTH BpAIIEHHs. YSJOBHE COEJHHCHHS 3JICMEHTOB JKeJIe300eTOHHBIX
KYNOJIOB OCYLIECTBAAIOTCS HA GOJTAX, CBAPKOH 3aKjaJHBIX dYacTed,
CBapKOil BHINTYCKOB apMaTyphl € NOCJAELYIOHHM 3aMOHOJMYHBAHUEM.

Kynon nap spaunvem [Tanopamel oGoponsl Cesactonosisi, MOCTPOEH-
HBIIf B Hauaje BeKa, SIBAMETCH THIHYHBIM MPEJCTABATENECM KyIoja
[Isexiepa. O Ol paspyuen Bo Bpemst Bofinsl 1941—1945 rr. u Boc-
cranossen B 1956 r. [Iuamerp kymnosna 39 m, Boicora 9 m. Kymon siB-
JifieTcs. MHOTOrpaHHHKOM, BrHcanHeiM B cdepy. Ha xymoa mspacxono-
Bano 54,5 m cragu; pacxon cTand, BK/IO4Aad Pacxoipl Ha OHOPHOE
KOJblo, cocTaBasier 45,4 ke Ha 1 x* npoekuuH Kynosa.

Ceryarsie KyIoJia TOJYYHJIH PACHPOCTPAHEHHE i NOKPHITHA HE
TONILKO TPAKAAHCKHX 3[aHH{l, HO H NMPOMBIIIVIEHHLIX. 3J/laHHE BaroHo-
CTpOHTENbHEIX MacTepckux B rate HWasmuofic (puc. 47) mocrpoeno

4 M. E. Jlanunukuf 97
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Has xynona norpedosasnocs 220 mecTHYTONLHBIX MaHE
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Pue. I
48. Kynon uan sjaunem ayautopun ua [apaiisx B

Ilpumepo
ool A ByaopHe 5a Lasniax (pue. 48). On MpOiceaIEer
co0oi ; i - Sl
e “:Mmmmm_ﬂummmm%%::nm::zx B cdepy, H COCTOHT U3 @wwmwwﬂwﬁﬂﬂ
e noﬁmmmm_mw KOTOpbie TeOMETPHYECKH OGBE/IHHEHbI pac-
- s e emamxﬁw co6oii, 00pasyioT JKeCTKHH KYToJl.
bt o mwg BHYTpPb; €e MeHplIasd AHaroHajb yCHJeHa
s mﬂw mm. Muaverp kynona 44 m, crpena nopbema
mepos. Coopka ESQEmru%hmmm%ﬂﬂﬂﬁ%mﬂme:mmmhmw o
L ) a IHM 00pasoM.
3 :Mﬁt%awwwmwﬁ.ﬂ.ﬁwwﬂmm MauTta BeICOTOH 29 M yCTaHaBJMBAJach
oo <ni) e g g _a kynosa. Bokpyr 310l MauTs coGHpaJjcs ca-
i i wﬂ,m:omw ,n_o.:m. 3aTeM OH HOJHHMAJICS HACTONBLKO, 4TOObI
e o e aw CJGNYIONMI TIOSC NaHedeil, KOTOpPHf aHaJo-
HEHO IIGERuaRIcy, B 4K JI0 TeX Mop, 10Ka Bce manesd He OblIf ycTa-
Tngrd e yIoJl HpHKpemisica K 25 Kejie300eTOHHBIM KOJIOH-
' | HHBIM 110 OKPYKHOCTH noJja. JIas coeluHenHst pombo-
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BUJIHBLX nauenef B MecTax yYTJOBBIX CTBIKOB OLLIH HCTOJL30BAHL! JIBa

THIA OTJMBOK, KOTOpbHIE oGecTieunH HX TPOYHOE COENMHEHHE. [ocne

TOTO KaK BCA OCHACTKA Gena yOpaua, KyroJ ocen na 20 mm. ILast 3a-

KOHOTAYNBAHHA y3.J10B Cc [eNbio ﬁﬁpﬁOEthmﬁsﬂw Kyrona :ﬁizmmm.ﬁnm—

Ccrienuanbbliil A3OMSIHONHBLH MaTepHas — THOKO.

Ha SImaiike Oblji MOCTPOEH AMOMUHEHEBBI  Kymoar Hak CKJIaJ10M
cyxux OOKCHTOB, JKCHOPTHPYEMBIX B CITA BopHBIM HYTEM. Jna-
merp Kynoaa 91 a. OH npejcTaBJsieT co6oil cpepruecKuil CErMeHT Jaua-
serpom 91 a, peicotoit 30 A, yCTaHOBJICHHBIH Ha HOKOMD BrIcoTOl 7 M.
CrepiKHH COOPYZKEHHIL COCTOSIT W3 AJIOMHHHEBBIX TpyO Amamerpom
9F oM, COEJIMHEHHBIX B y3J1aX € [TOMOIILBIO KPYTJIBIX KOHHUECKHX TLTACTHH
ronmunoit 19 mam. CoeUHERNE Tpy6 ¢ KOHHYECKHUMH nIaCTHHAMH OCY-
[ECTBASAOCH C HOMOMLBIO {1 POKOTOJIOUHBIX JIBYTABPOBBIX 6anoK, npu-
BapeHHBIX K KOHLAM tpy6. Crepiun KynoJa coenHensl Ooaramn H3
BLICOKONPOYHOM HepyKaBelouiei CTamy. Kpoasi M3roTOBJEHA U3 JIUCTO-
BOTO AJIOMHHHSI TOJIIAHOM 3,2 MM, yCHJIEHHOTO TIPOKATHBIMH npodu-
asvu. Bec xymnosnd, OTHECEHHBIH K riepeKppIBAEMOH ITOMLAH, jlaeT pac-
xoj, Marepuaa 22 ke na 1 ;2. K uenTpy KymnoJa nojBerieH pajHanbHbIi
kpan Becom 85 m, KOTOpBIl MOZKET [loROpauNBaTHCA HA 360° n nHarpy-
KaTh GOKCHTHL HA KOHBEHEp. Kyros paccunTat, Kpome ToTO, HA ypa-
ransbiil BeTeP 9290 xm/¢. MonTax KymnoJaa npouaBefied o cTaNbHBIX Je-
cop H3 TpyOuaThIX 3SJEMCHTOB, PACTIOJIOMKEHHBIX HA BpALIAIONIEMCS
mocty. C Nomoiibio 3Toro MOCTA MOKHO TIOBOPAUMBATD MOHTAKHBIE Jieca
#a 360° o soicoTst 24 M. s c6opKH [LeHTpaJIbHOI UacTH KyroJia ObLia
BO3BEeHa NEHTPaNbHAT GamHs; Korjga ee y6pamm, Kynoa Ocel Ha
5,56 ma. Ilepen NOCTPORKON Kynona OBLIO MPOBEJEHO MHOTO MCHBITAHUI
vojeniet B maciirabe 1 20, 1 : 25, a TaKiKe OAHOTO cerMeHTa B HATY-
pAILHYIO BEJMYHHY. Tlpu 3TOM OKas3anoch, HTO cocpefoToueHHas Ha-
rpy3Ka OT pajuanbHoro xpaHa Becom 85 m BEI3BANA gHauMTe/IbHbIe H3-
rufaione MOMeHTE B KOHCTPYKLHH.

3akpbIThiil CTAHOH B T. X piocrone (CILIA) npepHasHate JUTSL WL
B Geficbon, ¢yrbon # T. IL (puc. 49). Om MOXET BMeniaTth A0
60 Thic. 3pUTEed.

CrajioH NepekpHIT KynoaoM juamerpoM 196 A co cTpesioli MojibemMa
98,35 m. Kymoj ommupaercs pa 72 Kauaijomuecs OMOPHL, NOJIBHIKHBIE
B pajHaibHOM HATPABJICHHH H 3aKPErICHHEIC B taprernnanpHoM. Ky-
[0 HMEeT CETUaTyIO NOBEPXHOCTD H3 pajgHasbHBIX H MepHMOHATBHBIX
pe6ep. Te u Ipyrue peGpa OJUHAKOBOH BHICOTHI — MO 1,52 M, cBapHbIE
ua crann mapku A—36.

Kyrnosn 5Toft KOHCTPYKIUUH pacusierieH Ha 12 CeKTOPOB © yrJaoM pact-
BOpa KakKJOro cexropa B 30°. B KamAOM CeKTope, KpOME TJIaBHBIX
pebep, pacnonomerbl naTh TPOMEKY TOYHbIX. [TpomerKy TOUHbIE pebpa
onupaioTcs Ha ONOpHOE KOJBLO, CcOeMHSAIOTCS B MaATH ys/ax € rJ1aB-
upvy - pebpamu W ¢ TATHIO KOHILEHTpHUECKHMH NpPOMEKY TOUHBIMH
KoubliaMit. Takum 00pasoM, BCi ceTuarasl NOBEPXHOCTH COCTOHT B 0L
el CJOKHOCTH W3 432 TpeyroJbHHKOB, MPHIEM MHHHMAJBHAS
JJIMHA CTOPOHBI CaMOTO MaJioro TpeyroJibHHKA 18,2 m. Tak xak
BLicOTA BCEX 3/IEMEHTOB Kapkaca gynona OJHHAKOBA, CTAJO BO3MOK-
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HBIM JIOCTHYL IIOYTH PABHOMEPH

1 OTO pacrpeesieHHs1 CO6CTBEH
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K HHXHBell nanTe MM, TPHBAPEHHBI

100

Jljisi TMpOBepKH PAcueToOB HA CTATHYECKHe cayuan HarpysKk Oblin
NpPOK3BEJeHE KCIePUMEHTHl 1a MOJieH, MacmTad KoTopoil GeL Yy
OnopHOE KOJIBIO BEINOJNHEHO B BUIAE CKBO3HOII ¢BApHOH (hepMbl Bbl-
coroit 1,52 s. OHO CMOHTHPOBAHO W3 79 smeMeHTOR AnnHOf 8,63 m Kaw-
gpifi. Kak M BCe OCTANbLHBIE JIEMeHTH Kynosa, 37d (epma COCTOHT H3
M POKOTIONOUHBIX ABYTaBPOBbLIX 6aJ0K MO OJHOH B BepXHeM M HHAKHEM
fosicax, PACIOJOXKEHHBIX TOPH3OHTANLHO. K BryTpeHHell cTopoHe no-

JIOK MPHBAPEHBI CTEPIKHIT H3 YTOJIKOB 75 % 75 % 9,5 mm, ABIAIOUIHECS

pemeTKoii (epmbl. Bepxuuii noAC OMOPHOTO KOALILA gecur 530 ke Ha
1 m, a puxunit — 465 ke na 1 m. DleMeHTEl, W3 KOTOPBIX COCTOWT
KOJIBIO, GBI H3OTHYTHL 10 papuyca 97,8 m B NJOCKOCTH CTCHKH -
POKONO/I09HO BYTABPOBO GANKH, 3aTeéM JOCTABJEHBl K MECTY CTpOH=
TeLCTBA, THAE CBAPEHBI.

OnopHoe KOJbIIO OMHPAETCST HA CHCTEMY H3 72 xauamoompxcs onop,
JIONYCKAOUHX PajHaNbHOE JABHKEHHE KyIond, HO 3aKpeIIeHHbIX B TaH=
reHIMATLHOM HATPABJCHHH H, TakuM 00pasoM, NpeloXpansdiouiix
ONoOpH OT BO3HHKHOBEHHS B HHX H3rHOAIOLLHX MOMEHTOB.

JIsenanuath rAaBHBIX pedep pemeTyaroil KOHCTPYKIHHK, a TaKKCe
npOMeNKYTouHbIe (hepMBEl HMEIOT KaK BEDXHHH, TaK U HIKHHIT nogca us
IIHPOKOTIONIOUHBIX IBYTABPOBHX GaJIOK. Bec Bepxuero nosca 103 k2 Ha
1 m, umxnero — ot 85 o 103 ke na 1 . Petrerka BHINOJIHEHA H3 YTIoJi-
xoB 75 % 75 % 9,5 mm. Brmcora stux depm 1,52 M, aauna — 16,7 M.

JlBa TAKHX 3JeMEHTa OblTH CBapeHbl W YCTAHOBJCHE B [POEKTHOE
nonoxenne. Onun KoHell OblL1 HAKPENKO COETHHEH SoaTAMH C OIOPHBIM
KOJIBIIOM, B TO BpeMsi Kak JApPyrod omupancs Ha OAHY H3 MOHTAKHbIX
Gamen. TlocJe TOro Kak ObLIO0 CMOHTHPOBAHO OJJHO M3 TJIABHBIX pedep,
YCTAHAB/IHBAJIHCH IPOMEKYTOUHEIE (epmbl CETIATOTO KynoJsa, OTXOs-
jpe oT Hero. B sTHX (epmax BepXHHe MOfAca WMEIH BEC OT 663 no
78 k2 na 1 m, a nmkHAEe — OT 44 110 78 k2 na 1 m. Pemerka Gbina Bbl-
[OJHEHA N3 ABOMHBIX YromKkoB 75 > 75 < 9,5 mM.

JlnuHa MepHJAHOHAJBHBIX (epM Kapkaca Mexly ys/aMu 9,1 m,
Beicora 1,52 . OHH COCTOAT H3 ABYTABPOBHIX 6ANOK B BEPXHEM M HIDK-
Hem mosicax. Hexaneko OT UeHTpa Kymnosia BeC BEPXHHX [105iCOB COCTAB"
nser 115 ke na 1 m, mpHdeM NOJKH TABPOBHIX fan0K JOMOHHTENLHO
YCHJICHBl HPHBAPEHHLIMH JIHCTAMH 20 % 25 mm. B ppyrux MepHAHO-
Ha/BHBIX PeOpax CeTUaToTo KynoJia BepXHue rosca MMeloT pec ot 115
10 94 ke Ha 1 x. Bee HIXKHHE [104CA BECHT 85 ke na 1 s, Peunetra Bbl-
NOJIHeHa U3 TeX JKe JBOHHBIX YTOJKOB.

JIis MOHTAKA CHOPTHBHOrO 3ana norpetoBaoch 8200 /n cTPOUTENb-
woil cramu, 3 uux 1950 m nouwio Ha ceTYATHI Kynoa H 680 m — Ha
OmopHOe KoJiblo. st OnupaHHs IVIaBHEIX y3J/0B KYIOJIbHOLO TOKPBI-
THs GHLIO MCHOMB30BAHO 37 MOHTaXKHBIX Oaiien; oOuwii Bec orop Co-
crapnsii 450 m. Jlast 9Toit uequ mMOTPeGOBANHCH HEThIPE MOHTAKHLIX
kpaua. Ha xamjofi MOHTaKHOM GamHe OLLIN YCTAHOBJEHLI BIHTOBbIC
JIOMKPATE, 4TOGB OOECTIENHTH TOYHOCTH MOHTAMA CTPONTEJILHBIX 3Je-
MeHTOB. CHauana GblIH CMOHTHPOBAHBI TJjdBHble pedpa, MOCHe STOro
NPOMEXKYTOUHbIE (pepMbI B OIHOM CEKTOPE H 3ATEM NPOTHBOTONOKHbIH
CeKTOop.-
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Bec Kymojia ¢ ONOPHBIM KOJBLOM Ge3 onop COCTABJAET 80 ke Ha
ga 1 m2 Coopymenne Obl/IO PACCUUTAHO Ha IMOCTOSIHHYIO HArpysKy
146 Kec/m®, Bpemenmyio — 73 xkec/mt, omHOCTOpOHHIOW — 37 keclm®,
FOPH3OHTANILHYIO BETPOBYIO — 195 Keclm®.

OcyHIECTBICHHBIH B X BIOCTORE CETUaThlil KymoJ € TOUKH 3pEHu:
paboThl ero 3JeMeHTOB aBJsieTcs yIauHOH xomoqawnsmm_ TaK KAk BCe
663 MCKJIOUEHHS S/EMEHTH BOCHPHHAMAIOT neitcTByionie Ha Kynoa
parpysku. [TosToMy pacxol MaTepHAaJoB Ha KYIOJ TAKOH KOHCTPYKHIHH,
[O-BUIHMOMY, OYeT MHHAMANbLHBEIM. OjiHAaKO € TOUKH 3peHHs KOH-
CTPYKTHBHBIX pelIeHrH yaJibi COnpsiKEHUH 3/IeMEHTOB KymoJa BECEMA
CJI0WKHE!, TPEGYIOT BBICOKOH TOUHOCTH W3TOTOB/EHHS B COOPKH.

Hay ckaafioM ITHHO3EMA TaKUKCKOTO AJIOMHHHEBOTO 3apojad Bbi-
[OJiHEREl TPH KYTo/1a-000/104KH JHAMETPOM 66 m co crpesoil nogbeMa
14,5 m (puc. 50).

Kynos npencrasJiser coGoii CerMeHT 1apa W COCTOHT M3 HIKHETO
OTIOPHOTO KOJBIA, 24 papuanbHBIX peGep, UeTHIPEX NPOMEKYTOYHBIX
KoJiell ¥ BepXHero qonapHoro KoJpid, BIIHCAHHLIX B 11APOBYIO TNOBEpX-
HOCTb-
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Ha Bpems MOHTa)a B yeTbIpeXx 06Pa3OBAHHBIX PEOPAMH H KOJBILAN |
OTCEeKax MNPeAyCMOTPEHO YCTPOHCTBO KpecToBHIX cBsiefl. Ilocne yeri
HOBKH H BLIBEDKH MOJOIKEHHSI OYEPUYEHHBIX MO OKPYKHOCTH pelep 1)
HHM DAcKaThIBAETCS JIHCT TONIHHON 2 mm, paGoTalomui Kak MeMopaii |
Mexly pebpamu. MemGpana npHKpeniseTcss K nosicam pedep BHICOK
NPOYHBIMH 00JITAMH YEPE3 HENPEPLIBHYIO KECTKYIO CTANBHYI0 HAKIAJK
Jl1si yBeqHUEHHS! CHABL TPEHHS MEXKAY MeMOpaHoi H pe6poM MeMOpal -
VKIaABIBACTCS HA BEPXHHH nosAc peGep, MOKPHITEIX 3MOKCHAHON CMOJIO|
C BTOIVIEHHOH B HeE€ KOPYHIOBOH Kpouikoii. IlepBoHAYaNLHO BHITH(
B memOpaHe He mpeaycMarpuBanoch. MemOGpana siBAsieTCst OFHOB)!

2800 1300

2800

1470

Puc. 51. Konongansune cOOpPHBIE Kee30-
GETOHHElE CeTyaTHle KynodJgra
a — MOHTAM Kynonaa, 6 — onanylka nauenu

MEHHO HecymmeH W Orpaxkiaiollell KOHCTP yKIHeld KPOBIH | HCIIO/b3yeTcst
KaK PACTAHYThHIC SJEMEHTBl KPECTOBLIX CBf3eil MEKAY KOJLUAMH B K-
Aom OTceKe Kynosa. PeGpa Kynosia BHITIOJHEHbI B BHJE CBAPHOIO JBY-
T4Bpa, BBLITHYTOTO no okpyxHocTH. Illupuna Bepxmero nosica peGpa
ONPEJIeIHIACh HEOOXOAHMOCTHIO PA3MEEHHsl HA HeM ABYX PSOB BEI-
COKONPOYHBEIX GONTOB.

Huxiciee onoproe MHOTOYTo/iBHOE KOJIBLUO BHINOJHEHO H3 TPEX JiH-
CTOB, 00pasylomUX KpecToBoe cedenue. Bepxuee kpyryioe B nuase
KOJBIUO AHAMETPOM O M BBITIOJNHEHO B BHJAE 3AMKHYTOTO MPSAMOYTOJIL-
HHKa W3 YeTHIpeX JIHCTOB, 4TOOLl NPUAATEL €My HEOOXOAMMYIO JKECTKOCTE
Ha u3rub B ABYX MJIOCKOCTSX W Ha Kpyyenwe. Ilpotus Kaxpmoro pebpa
KymoJsia yctpoeHa Oniopa B BHjE Kauaiowmieiicsi CTOWKH Beicotoil 1,32 .
Kynos onupaercst Ha cTOfKY uepes WHJIHHIPHYECKHI KATOK JIHaMeTpOM
8 cx. Brusy crofika onupaercs Ha dbyHaaMeHT uepea TAHTeHIHAJLHYIO
onopy. Onopmasi cTofika, TaKuM 00pas’oM, HMeeT NONBHIKHOCTL B pa-
AHAJILHOM HATIPABJEHWH H NPU NOMOLM GONTOB 3aKpemjieHa B KOJbIie-
BOM HANPABJICHHH. YUMTBIBAS, YTO CKJIAJ TVIHHO3EMA HE OTAIVIHBAETCH,
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- e COCTOST OOBIMHO H3 TPYOHATHIX
, JIEMEHTOB, H3 C 7
- . \ TEpIKHEH HJIH
- nézmmmquwwwﬂ %S_::o_.o Kymoaa PELIeTYATEIX %m_u_sw ¢ napan-
;5 — cxema Tpeyromnoft  JIGJIBHBIMM IOACAMH, obpasyio-
IIEX TPeyroJkHylo CeTKy, H
aBHOMEpPHO pac
s p p PACTIONIOIKEHHBIX
:omm_uumwwwwn_ﬁ: %Mmou,ﬂnm:mxxom. BIHCAHHEIX B IPOCTPAHCTBEHHYIO
. To4Hplfi pacuer ceTuaThX K
1o, -
n:awnmomﬁo OKOHYATENLHOTO DeleHns. e
HaCT
s i M%“pmwmv_wv%wﬂ% %%nm pacuera 3TMX KYTMOJOB 4aCTO NPHMEHAIOT
) yeTa HENMpepEIBHLIX 000J0ue
k. B -
smmmww,amwmo HCI0J1L30BATH GE3MOMEHTHYIO TEOPHIO i
¢ 6 .
» hmsnw__w vﬂmﬂﬂ_ﬂwom Mhowwmmzo%ma ObiTh IIPAMEHEHA, JaKe ec/in 060J0uKa
b JAajdeT SHAUMTENLHOH 11 :
a4 H3MEeHEHHMEe KDHBU3HBI S tbged
, BbI3biBaemoe OoJiblell wac :
& e _ . TLIO HATPY30K, Ha-
qmon:mo:ﬂmm%.mﬁh% Hm, HMEET MPAKTHYECKOIO 3HAYECHHS. mmwawzm:wmmm
PET € 0 MPeHUMYLLeCTBO, 9TO OHA II
e > U ; wrogHa ans mobof
PMBI CPEIMHHOH [OBEPXHOCT w i
U KYNoJia TIOJNOXKHTENLHON
H [IOYTH [/t BCEX CTIJIONI ST ETOIOK.
J HBIX BCTPEUAOIUXC
o mUXCA B MOKPEITHAX HArpysox
M IpeHMyliecTBoM OeaMoMme i .
HTHOH TEOPH
n._.omﬁ:h:m CTATHYECKH OTpEeTHME. D
€3MOME
. Hmzmo%w%whmﬂﬂéhm HE MOXKeT ObIThb HCIOJL30BAHA, KOTJA Kpas
OMEHTAMH HJIH HOPMaJibHBIM
YCHJIUSIMH, KOTHA COCPeloTOo e
. UEHHbIC HATPY3KH IIPHJIOK
i p eHsl B J1060M
biee %xﬂﬂﬂﬁﬂﬂ:@ M:wwﬂxwm TaMm, rjie MPOHCXOIUT 3HAUATEJbHOE H3MEeHe-
. JIS 3THX CJIY4deB MOKHO OIpE
H[He U KPYTHALLME MOMEHTE H e
110 MOMEHTHOH TEOPHH KOHTI
e THYaJLHBIX 060~
€K BPAIIEHMS M CKOPPEKTHPOBATL Oe3MOMEHTHOE pelleHHe.
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MEXKLY 0e3MOMEHTHBEIMA %OSES&ZS

CTEPKHAX 3aiaH
MOXKET 6bITh MCIMOJL30BAHA npH onpeie

noJie-060JI0UKE.
aJIbHOTO KymoJjia 000JI0UK
Tanbl HOBHIE pelIEHHs TO

06OJIOUKOil ¥ CETUATHIM KYTOJIOM.

cfi K YCTaHOBJEHHIO B3aMMOCBS134
B KOHTMHyanbHO#i ofojouke ¥ B
HOll ceTuaTo@l cmeTeMbl; TOrAd Ge3sMOMEHTHAsL TEOpUs
JleHMH ycuauii B CeT4aToM Ky-
Fcu HeT pelieHAd JUis sananHoit GopMBI KOHTHHY-
W WM HATPY30K, TO JLOJHBL 6biTh BEIPA0tO-
Ge3MOMEHTHOH HJIK MOMEHTHO! TEOPHH.

GOB YCTaHOBJICHAS cBsizeil MEXAY KyNOJIOM-

Takum oGpasom, 3afada CBOJIUT!

CymecTByeT psji Croco

ocofoM SBJIAETCA Od@@u.m.:mmso %Q\E:\mm_ B JIIOO0M

TIpocTefiumuM CIT
mecTe 060/104KH HO GeaMoMeRTHOM TeopuH (CM. TJL. 1).
W
a) 6) 8) » y
<= — Nxy
.w.__ //D.\\ |
— ’
_ _\% o A __ V31 H e
7 LI

Bl 3JeMEHT ceTuaToOro KyunoJa

eHTa CETHATOrO KymoJaa; 6 — cxema
penennofi 06oJ0UKe

Puc. 53. Hccaenyemuiil TPeyroabi
THEE OCH; 6 — CX€Ma 37eM

a — KOOpAuHA
MeM6paHHBIX ycuauit B 1pH

cs HA KOCOH 3JeMeHT (pHc. 52), 6ymeT

2.~&N

2 cos —
2

Veuaue, npuxofsuieecs Ha KOJIbILEBO#l S/eMeHT (pHC. 52, 6), cocTap-
(110)

aser
MJNHZRM..
pHOM KOJIBLE onpejessercs o dopmyaam 1Ll

Ycunue, TPUXOASALIEE

Veuae B 010

B dopmynax (109) u (110):
N, u N, — MepHAHOHANbHOE H KOJNBLUEBOE yCH/MSI HA IMHHIY
[HAPHHBL COOTBETCTBYIOIIETO ceueHHsl KynoJa, onpe-
feqsieMbie 1o QopMyJiam TiL. 1
| — mar TPeyroJbHOH CETKH,
§ — JJIHHA OTPe3Ka AYrH N0 MEpHLHAHY MexKy pacemar-

pUBaeMbIM Y3/O0M H GnuKAlmUM KHHM3Y Y3J0M;
A — yrosi y BEpUIHHEI TPEYro/ibHOH CEeTKH B paccMarpu-
BaeMOM CedeHHH.
Bostee TouHOE pelIenie MOXKHO [IOJIy4HTh HA OCHOBAHHH CJIC[YIOUHX
CO06p aKeHi. PaceMOTpPHM CeTdaThiil Kymod, COCTOSIIIHH M3 paBHO-

CTOPOHHHX TPeyrofibHHKOB.
eMEHTBEL CEeTKM H HanpaBjeHWsd. Bynem cun-

Ha puc. 53 noxkasassl 3.1
rarh, YTO YCHJMsS B CTEPAHIX COOTBETCTBEHHO paBHBl Sy, Sy H Ss.
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‘Ocu nons 6
) €3MOMEHTHOH 0060,TOYK
JOUKH MOTYT © :
TAK 4TO OJHa yT GBITh BCEr[a IT
AHA 0Ch OYJIeT mapanielbua oHoH H3 oon cwMMwmeowmmv__
2 1. alnu

LIEM YCJIOBHE paBe
HCTBA NPOEKHHH o
: VCHJIMH B penieTke
H 3JeMeHTe

OGOJTOYKH.
Ha BEPTHKAJIbHYIO. OCh y HA AJHHE v\, 31

S S =
2Sut-ghdg =W/ 3l,

OTCIOJA

\<\«” .__..w-.._l.WuLIMN_
Ha ocp x 23 : {111)

(SyLsp e _

OTCHOAa 5 uu 2 N .nh ?
N,=SetS)V3

AHanoOrHYHO 2 ' (112)

N — S2—S8s

g - ( _,wv

rme N, N, u N
X i — COCTaB o
O £y JAIMLHE 1075 YCHIHH Ge3aMOMEHTHOH 06o-

ITpeoGpasys
peolpasys PTH 3aBHCHMOCTH, NOJYYHM

Xy

i

1= g5 NN (114)
.m ”lN i Y
rw ”F. f = Yass

3 .—\w.l F.}Et — .wZ»ﬂtv. A“_.HQV

Ynpyruwe cBolictea oGonouumn

Yhpyrue cBoi o

mmmao%\w\*mom nmﬂﬁnh,eﬂmmo‘wm%uohmo: KOHTHHYA/IbHOH 06OJIOYKH KyIIo

Sy Wi nion i MKHO ONPEleNiHTh, €CIH Ha 3JEMEHTHI nmeam,

CYUTATh, YTO SJIEMEHT! MgukR paclipocTpasisercs sakom Tyka mnm-

® odE e zOQaww zmmgmeos 0G0JI0YKH, HPOXOAfAmHe B mmw%bs

S/CMEHTOB CeTYaToro K CTb PASIATHLIE CEUEHHS, TO,XOTH Mare o

000JIOUKH yuona MSOTPOIHBIH, MatepHas e,
HE BCerja GYAeT M30TPOMHLIM. aHAaJIOTHYHOMH

[orxa ajis1 060J0UKH 34KOH I'yka Gymer
3 .
5 a yKa OyJeT BHIPAXKCH CJAEKYIOWUM 06-

o r o
o ain
&= A,u‘mllﬁmu
B, E] (118)
LY llank
S (115)
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BripasuB 3aKOH I'yka uepes HAMPKCHUA, MOJIY4HM

E, ,
c,= - ﬁmal_lc‘kmev..
1 — by

(120)

E, ,
o8 = , t_ ‘ ﬁmml_l _pwmxv 3 Cw:
Tk T.«Tﬁt

(122)

el
dh@ = Q <«.c.

1 — KO3 HUIUEHT [Tyaccona;
G — HOPMaJIbHBEIE HAMpSKEHU,
T — KkacaTesbHble HANPSKEHHA,
¥ ¥ & — OTHOCHTE/BHHIE nedopMauyuy;
EunG— HOpMAJbHBIH U CABHTAIOMMH MOAYJIH
CoOTBETCTBYIONIME 3HAUCHHH CO
[MTPUXOM TOKa3LIBAIOT yrnpyrue
TMOCTOAHHBIE A KOHTHHYaJbHOH
06GOJIOUKH. .
PaccMoTpuM edopMaiHio SJ1e-
MEeHTA TpPEyroJbHOH pEIETKH B
cJryuae, Korja yCu/ns Sy, Sau S
pacCTATHBAIOIIHE. [Tpu moGBIX Ce-
yeHsix  BeJMUHHY  YAJIHHCHHS
MOJKHO OINpEieJiTh 10 3aKOHY
Tyxka:

31ech

yIpyroCTH.

Sl

=ZF°

[TocTpouM INJaH nepemelenni
(puc. 54). Yaepxupas B [IOCTOSTH~
HOM TNOJOKEHHM Touky A W Ha-
npapsienne AB, MOXKHO yCTaHO-

BUTb, UYTO Toyka B cMenlaeTcs Ha BeJIn
maeTcsl BMOpaBo OT CBOEro dmvmommnmvaOﬂ

Puc. 54. Hedbopmanusd 3JleMeHTa IOA
ZeficTBUEM IPOM3BOJILHOM  HArpysKH

ypHy Ay, 8 TOUKA C cwme-
0 HOJIOXKEHHST HA BEJIHUAHY

(Ay -+ 2hg— 2R3) |w. ¥ BBEpX Ha BeJHYHHY (— M+ 2)e - 2hy) w\wm !
Torna oTHocHTeNbHbIE JehopMalHit GYAYT
g W, : (123)
g 55 +mwwp+ 255 . (124
Yoy = am.m 2 (125)
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Han i
PSIZKEHUA B NPHBEAEHHON 000/I04KEe COCTABAT

Q.ﬂ“ ?_hlﬂ nu
t (126)
9=t (127
)
Tyy = Ny
il (128)

rie ¢’ — mpHBENEHHAS TO
JILIHHA aHaJOTHUHOH
M gopmynst (117) mpu 6, = 0 monyuum S

E,=2=
a us opuya (111) n (126) i i
o, — 45, + S+ 54
2y3n (130)
YuurbiBas, yro npu o, = 0
.m.m I_) er —= Og
u3 Qopmyast (123) nonygnm
. By=—2s
aHAJIOTHYHO TpH o, = 0 VSR b
.m...m__” 2EF
Takum oGpasom LS (=
mhn" ;n. = 28
Monyan casura Gyjer ==
G'—V3EF
a " G

Hcnonbays
BBIBEJICHHBIE YIPYTHE
HOCTOST
6bITh 3aMHCAH CJE[YIOUUM 00pasoMm: HHBIE, 3aKOH I'ykKa MoxKer

_ VBEFR |
O.k 4l Awm\«l_. mm\v, - p A—W%v
V3EF
Oy Sk o (135)
_VEEF
T =" Ve (136)
v r 1
=y = —.
M= (137)
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PaceMoTpeHHEN BLIE cayuail TpeieTaBiieT ocolBlil HHTEPEC, TakK
KaK O HAHOOJIEe YaCTO HCTONBL3YETC & ceTuaTmx Kynojax. Ec/id Io-
ans CeueHus crepikcEeil OyIeT HEOAHHAKOBA, nanpumep Fy, Fq H Fg,
o aHayeHHA YHPYrAx BeJHIHH GyRYT

. ZVAFRE {
m_ﬂn m_wul,.ﬂ 1 ﬁ Mwmv
BB (139)
It f.im.u
L Fy
AL (140)
ALt
:u\idl\lu..h_-l_ i ; (141)
A ﬁ%:%ﬁ
a3
o=t A\ (142)

Ynpyrue MocTOsHHDIC TIpUBEARHHON oBoI0uKH He MOPyT ObITh oIl
pejlefenbl, noKa He yCTAHOBJICHEl SHAUCHHA €€ rpuBeeHHON TOMIMEHDI.
1. Paiir [14] pexomenjxyer [IPHBEJEHAYIO TOMUIMHY KOHTHHYa/IbHO’

OmObO_ﬁﬁ.: D_.:uwﬁm.:mqw :m.:.m O_E:.mmﬁom_u_x ceyeHHAX 3JIeMeHTOB
# =2V 3" (143)
Tje r, — pajuyc UHEpUMH CeyeHHA.
Toraa
il - (144)
Blry
EF
G =——:; 145
8lry A u
i =) (146)
3
[Tpuseenuas TOMINA obosouKH Juisl caydas paBHOCTOPOHNEH
TpeyronbHoOl pererkit € ABYMS PA3JTUIHBIME ceueHnaMH OyJeT
7 fa) :
i s =k Am L 6 147
x  3F + 2 v ()
4 47 i
e 28 ?-.-1“ . 148
4 m.h.‘w \ # m._. v h V

W A3 KPyTJBX Aﬁ%@ ImpH OMHAKOBbLIX celde-

Jlnst ceTdaToit 060IHOUK
Has TOJIHHA OBOJIOUKH onpejiesiAerTcs no
d 2d
T, e. OOJBIIE,

HESIX JMEMEHTOB NpHBELCH
dopmyaie (143) ¢ ydeToM TOrO, 4TO \Vq_ H.\vvn._ﬂun,

yeM TOJIIMHA Kapkaca.
11t



o _
Monyns ynpyrocTd A5 NpHBeAeHHON 060I0UKH GyAeT 3HAUHTEN!

MeH I'
bIIE MOAYJA [Js 3JEMEHTOB PEIIeTKH. Tagum Om_ummoz ceTya
3

ofonouka :
ﬁmmoﬂmm.ﬁ KdaK JOOBOJIELHO TOJCTad H3 CPABHUTEJIBHO whmaﬁ._,_._

HOTO Ma
TepHaJa. YCTaHOBUB TOMNIHHY H YNpYrHe CBONCTBA NpHBEJel

HOHM KOHTH i
HYaJbHOIl 0GOJOYKH, MOXKHO BCE YPABHEHHH, BLIYHCJIEHHLIC

AN KynoJioB, BK
ThIe omgocxw. J104ast H3THG M KPYYeHHe, PACIPOCTPAHHTL HA CeTu:
ITocne on .

KaeT BOmpoc wwnﬂwwwm: YEUVIRH D ONCNERTAK, SETNator0 KyRoXa Bosnu-
siers. Datianan Rk POAOMBLHOrO H3ruba NpH NOAGOPE CEYeHHH 3Jie-
Hoveme (1. = B Ju. Ha B 3TOM CJiy4yae NpUHUMAeTCH PaBHOH INHHC
wxamox:m;h - lIpH paBHOMEDHOM pajuajJbHOM JaB/E€HHH Ha nec..

ynous1, pasHoM ¢, MeMOpaHHBIE YCHJIHS B JIIOOOM MeECTe CO-

Q) B 6 |
X

5 y > H.;

B g

; p
uc. 55. w:mzmmm AJIst aHaNu3a [oTepu
YCTOHYHBOCTH
a -— nhan; 6 — paspea

r

CTaBJIAIOT .
g KacaTeJbHBIE YCHJIHA DABHBI HYJIIO. Yeunus B aJjieMente
y

coryiacHo dopmynam (114) — (116), 6yayr
glr « _=m?El
2y3 B

rae n.w — pazpuyc cheps.
TCIOA NPH [OTepe YCTOHYMBOCTH OTHEJNbHOTO 3JIeMEHTa

_ 2V 321l
Tep=——""p—* (149)

MecTtrast norepsi yCTOHIMBOCTH MOKET M
(e _ MEeTh MEeCTO HpPH IIPHJIOXKE=
e %M%M.Mommwoﬂm%m oo:.: B y3ze (puc. 55). B cuyuae @Emcm:@w_%,mo
formena; mhoau CeT4aToro Kymnosid B CTHIKAX 3HAUECHHE KPHUTH-
PeNoTOYeHHON HArpy3KHM Majio H HAXONUTCS B Ipelenax

9FER _p - FER
Ve SPeSyag (130)
”_hmwﬂwﬂamﬂ%mmwmwwwwﬂm YUHTEIBAET HEMOJABIXKHOCTE y3/10B B H yTo sje-
it p HMBI, & IpaBoe 3Ha4YeHue Py, ONmpeiesieHo0 H3 yc-
, 4TO 3JeMeHTH BB pacTsrHBAIOTCSI U TOTO 3K ceye '3
" z_m._,us. TIEPEMEIATLCS [0 Mepe WX 3arpyIKeHHUs. e R
omum‘mmwweﬂmmnomzm IPUBENEHHOM HAa NPONOMbHBIA H3THO JJIMHBEI MOHCHO

AJiIl BTOPOrO CJjyyasi, PacCMOTPEHHOro B dopmy.ie

p, — mEI _ EFR
P onr V3R (151
1e

V3
Orcrona _.“E._ 55 ﬂﬁx:d\ “\m.w JN.

rie r, — paguyc HHEpIHH CeueHHUs;

h — BeMUUHA MPEBLIICHI touxu A Haj NPUMBIKAIOWMMH K Hel

COCEHUMH Y3JaMH.

B csydae 3KeCTKOrO COEIHHCHU 5/EMEHTOB B CTHIKAX, OOecmedd-
BAONAX PABHOMPOYHOCTH CTHIKOBOTO coeMHenusi C OCHOBHBIMU CTEpK-
HsMH, B TOM uHcje Ha usrué Kpyuenue, npobiema moTep MeCTHO#M
YCTOHYHBOCTH HCUe3aeT. TIpy OTCYTCTBUH ITOTO yCIOBHA foTepsi yCTO#-
QHBOCTH OT MECTHBIX COCPEOTOUYEHHBIX HATpPY30K MOMKET NPOH3OUTH
npH HEOGONBIIOH HX BEJUUMHE.
TloTepro OOwieH YCTOMUMBOCTH ceruatofi 060JOYKH MOKHO HCCJEN0-
BaTh paccMaTpuBas peleHue L SKEWBANCHTHON KOHTHHYAJIbHON 06o0-
704kd. KpurHueckoe paBHOMEPHOE pajuanbHOe JaBjenne Ha cepuue-
CKyI0 060JI04KYy C pPafuycoM 7 MOKET OBITb BHIP2XEHO B BUAE

vaﬂw%“\w. (152

rie k —— IOCTOSHHASA BeJIHUKHA.
Ha ocHOBaHUU KiaccHueckoit TeopuH, MpH b = 0,3
2
_.ﬂm” x.l]]”.nﬂwwu..
V3l —pd)
DKcriepUMeHTHl [IOKA3BIBAIOT, yro k 3HAUUTEJIHLHO HIKE 1,21. Ons
cepuyeckoro  Kymnonia [esiecoo0passo IPUHATD suauenne k = 0,4.

Toraa E‘t"”
0k (153)

r2

C yueToM BhipaKeHu# I E’ u t' no dopmyaam (143) u (144)
anr@m?:. (154)

1r? I,

CeruaTbie Kynona sBAAIOTCS BeCbMa yAAuHOM KOHCTPYKTHBHOH (Op-
Moii, KoTopast no yCJOBHAM 5KOHOMHYHOCTH H KOHCTPYKTHBHOH 3ipex-
THBHOCTH B AajibHeiimem OyAeT LIMpOKO HCMONB30BATHE . _

Bonpoc ofuieil yCTOUNBOCTH CcOTUATHX KYMOJOB ABISETCH OJIHIM
U3 BAKHEHIIHX ACNEKTOB NpH PEIICHHH sroil 3ajgaud. B Hacrosmee
BpemMs BeJyTCs MIMPOKHE TEOPEeTHHECKHE H sKCIepUMeHTalbHbIe HeCJe-
JOBAHHS YCTOHUMBOCTH ITAX KYTOJIOB HA MOJEJAX. YuuthiBaa TPYA-
HOCTH, CBA3AHHBIE C AHAJHTHHECKHM eC/ieoBaien oouell yCToHuH-
BOCTH CEeTUaTBIX KYNOJIOB TPH HeCHMMETPHUHBIX HarpysKax or CHera,
BeTpa M JIpPYyrHX, [[eJ1eCO00PA3HO TPH TIPOCKTAPOBAHUH KynoJsion 00Jib-
MIX IHAMETPOB H3YUATb STH ABJEHUS HA SKCTIePHMEHTANbHBIX MOAGIAX
¢ y4eToM NpHHATHIX pelnenuii st y3/IOBbIX conpsiKenHit.




TJTABA

r ONOPbI KYNONOB

axjoe pedpo Kymosia IMpHKPenssieTcss K OCHOBAHUIO OIOPOH,
-Aoamo:maxmmmo_;ﬁ._ HENOABHKHOCTEL 3aKPEIVIeHHs] B BEPTHKAIBLHOM
U JIByX TOPH3OHTAJLHBIX HANPABJACHUAX.

OnopHoe fapJjienne MOKeET ObITh PA3JIONEHO HA BEPTHKANbHOE H JIBA
ropH3oHTaNbLHLIX. BepTHkanbHOe JaBleHHe NepefaeTcsi HA OCHOBAHHE
coopyeHust (KOJOHHEI, CTEHB, (YHIAMEHT W T. I.), @ FOPH3OHTAJD-
HBIE COCTABJISIIONIHE OMOPHOrO JABJEHHS AAI0T PACHOop.

JInst BOCHPHHSATHS TOPH3OHTANELHOTO PAcnopa B HHXKHEH YacTH Ky-
nojia OOKYHO YCTPAHBAIOT CHENHAILHOE ONOPHOE KOJbLO, KOTOPOE Jis
PeOpPHCTEIX KYTIO/0B MOMXKET HMETh B IJIaHE OUepPTaHHe KPyTa HJIH MHOrO-
YIOJNIBHEKA C JKECTKUM HJIH LIAPHUPHBIM CONPIKEHHEM B yTylax.

OnopHoe KoAbUO B BH/E KPYTa BHENCHTPeRHO pactsuyro. [Tpr peaxo
MOCTABJIEHHBIX pedpax ONOPHOE KOJLIO KPYToBOTO odepTanus Oyxer
TaKkKe padoyarb HA BHELEHTPEHHOE PACTsKEHWe MPH 3HAYHTENIBHBIX
H3rHGAIONIX MOMEHTAX; B STOM CJydae KOMbIO OGLIMHO BbINOJIHIETCH
MHOTOYTOJILHEIM.

Huke npHBOIATCS HEKOTOpPhIE BOSMOMKHBIE THILL ONOPHBIX KOJIE.
Bo Bcex cayyasx KOJBIO JIOVDKHO CBOGO/HO yCTAHABNHBATECH HA HHXKe-
JleXKaniee OCHOBAH)e 1 3aKPEIJIATLCS OT TOPU30HTA/ILHOTO CMEIeHHs
HA Cayuail ZelicTBUA HECHMMETPHYHOH HArpysKH.

I tun. HanGosee mpoCTHIM BHIOM OIOPHOTO KOJbIa SBJASETCsS cTa-
THYeckH onpenenumoe (puc. 56, @), B KOTOpOM yCH/IHsi OT JIOGHX Ha-
TPY30K MOTYT ObITb JIEFKO BEIUHC/EHLL.

B mecrax onmupanus pefep ycTpauBaeTcst MAsATHHKOBAA omopa, Boc-
npUHAMAmas oT peGep TONBKO BEPTHKAIbHYIO COCTABJIONLYIO AAB-
JIeHHs, A TOPU3OHTA/bHAS COCTABJSIOMAs BCETAA MOMKeT ObITh Passio-
JKeHa Ha [Ba HANPABJEHHS! BIOJbL MPHMBIKAIOMUX K Y37y 3/1eMEHTOB
MHOTOYTOMBHOTO KOJbIIA H Jajblie BOCHPHHAMATLCSH HENOJBHIKHOH
OMOPOI, pacnoJiaraemMofi NocpefiiHe CTOPOH MHOTOYTOJbHHKA KOJbUA.
HenopsuKHas onopa Ao/KHA GHThL NPHKpenaeHa K (GyHaameHty s
ofecrieyennsl HENOJABIMKHOCTH BJOJb CTOPOH MHOTOYTOJbHHKA KOJBIA.

IT Tun. KaTtku YEKJa[piBaloTCs BIOJML CTOPOH ONOPHOTO KOJIbIA
TAKHM 06Pa30M, YTOOBI OCH HX CJIYIKHJH NPOJOJKEHHEM CTOPOH KOJbILA
B OJlHY CTOPOHY, HATIPHMED MO XOAY 4ACOBOH CTpesKi. CTepXKHH onop-
HOTO KOJIblld B y3JaX HMEIOT LIAPHHUPHOE COINpSIKEHHE.

Ha puc. 56, 6 H306paKeHO KOJBIO BOCHMAYTOJLHOTO PeGpHCTOro
kymona, JIuunu aa’, bb’ u Apyrue NOKASHBAIOT HATPAB/CHHE OCeH |-
JHHADHYCCKHX KATKOB, A J(BOMHbIE, NEPIEHAHKY/ISAPHbE K HHUM JIHHHH
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0603HAUAIOT BO3MOXKHBIE TepeMelleHus STHX OINOop. Takum 06pasom,
KaTK{ MOT'YT mepeMemarbest TOJBKO 110 IepreHiuKyIapaM K COOTBETCT-
BYIOIIUM CTEpHKHSM KOJIBLA. Kax BUAHO M3 DHCYHKa, BCE OCH IHJHH-
JPHUECKUX KATKOB CJIYKAT IPOJOKEHHEM CTep:KHEH KOJbLA B ou,m%
CTOPOHY 1O XOLy 4acoBOf crpeniky. Kynos ¢ yeTpOCHHEIM TakuMm 00-
pasoM KOJIBLOM MpeACTaBadeT co60ft KECTKYIO FCOMETPHUECKHM Heus-
eMyl0 CHCTEMY.
meHmE M\E\E. Bee M:cmz OJBUKHEIE LHUIMHADHYECKHE; JIBIKCHHE UX
TIPOMCXONUT TI0 PaJHATLHOMY HAMDABJICHHIO. Takas cucTeMa B ciydae

5

2
4
/ “—

\
/4

. 56. HegoTopuie THIIHL KOJCI
he 11; 4 — ToABMKHAA onopa; 5 — Ha-

- HHLe olld
gy il 5 eHUA 5JIEMEHTOB KO

6§ — WecTRIE COTIPHAM
nepernta

] — MasaTHHKOBAdA orniopa; ;
npasJjienue HepeMeleHus ONODPEL

4eTHOTO YMC/]A CTOPOH TpH MAPHUPHOM CONpSKEHHH oawvvmmmstWawww

B yajax TeopernuecKi SIB/ISIETCS M3MEHACMOH nmnqmz_mm, g

OTIOPHBEIX KATKOB MEpPECeKaioncs B OJ(HOH TOYKE :Eo.mo. ).
TIpu GosiblioM uHCie yrioB NpaKTHYECKH BO3MOXK urumom -

HOM UHMCJE CTOPOH YCTpauBarb [apHupPHOe Zmoﬂowﬂ%hrmcz e

¢ onopamMu B YIiax, MMEHOUEMH OABHIKHOCTL B Paji

JIEHHH. ..A oTd Hmovmngﬁ.—moxs TaKoe KOJIbIO ABJISAETC -
Vi ]

npaBJeHHE w.mﬁwmmmxm BCeX ﬁ:&&mbﬁmcmnxﬁx KATKOB K HEHTPY KYynona,
N@ﬁ@& HEKOTOPOM pame ne6oJIbIIoM OTKJOHEHH
JKEHUA HECKOJIbKHX. KaTKos OT enTpa

et (@) pa HenojBHKHAS
1V rui. Oxna ono 3 ;
sKeHHeM 10 HarpaBJjeHuio qyuei, coefHHAONINX HEMNOJBHIKHYO ONOPY

¢ TIOJBUKHBIMH (puc. 56, 2).

Jblla B MeCTd X

e npu uer-
A H3MeHAeMol KOoH-
W HanpasieBHil JABA-

cHCTeMa CTaHOBUTCA HEUu3Me-

ocTaJibHble TMOJBHIKHBLIC ¢ 4BHU-



B nByx no :
C »
XOHuT :Wmﬁmahﬁwﬂ“ﬂx CAYHaAxX TIpH HSMECHEHWM TEMNEPaTyphl MPOKC
COXPARSIET CHOIO N Jm:o:cEEm Y3708, HpPH KOTOPOM MHOTOYIFOJBHI K
OHH HMEIOTCS: :.ﬂ%nwﬂoﬂwﬂ%a (opmy M B KOJLIAX, H B MPOTOHAX, €C/Iii
; IpE I He BOBHHKAST HOIO S

umﬂv«ozﬁumcg H3MEHEeHHH TeMIepaTypsl AR e TP

THIT. )
s :chmwmﬂwﬁww M_moq.om_,oawmom KOJIBIO € OIOpaMH B yTaax, HMe-
remmanLHON (pic, 56 PAIHANEHOM HANPABJICHHH H wm%muammmm B Tai-
HOM KeCTKO wwemwoz,%hwwﬁmm@m e R L S g

. : € B KOJIb x
wom%_xms._. H3rub u KpyueHue O e P 7,

aKoe KoJa .
s no:umwﬂ%m Moneﬁoﬂs MPOCTO B H3TOTOBJCHHH, HMEET OJIHHA-
OCTATONHO SKOBROM m”womnmw yasax mepecedenus pedep ¢ KoJbIaMu ,:

. Bosnuxaomue n
KD VICHH PH STOM YCHJIHSA
amu_w: m.nmnmmmwwﬂﬂwm%%%ou:mmm.:mxa H HPaxTHUYECKH mw. ammaﬁ%._.m ﬂ%ﬂzz
. DTOT THI L

umnWwonqvmmmzxm. KOJILUA MOAYYHI HAKOOJEE IHHPOKOE

pH XOpOHMIMX TPYHTOB

BIX YCHAOBMSIX M HOTR
OCHOBAHU X HJH YCTPOHCTRE H
mmhmammzm Mp%nwo .wmo_EoS KoJIbLa pedpa _Q:oam_uz_o@q aﬁﬂhwwmwwwm
KynoJs ¢ Emn,_,_wm mwzqu. B sToM Cayuae Gyjem uMers nmm?n,_ﬁwm
‘ AeranHeiME B Qynjament peGpamu (puc. 56, €)
y ).
Pac :
HeT HMIHHEro MHOFOYyronbHOro
MEeCTHOro HOMbLILA

Onopa »
e aﬂaw %ﬁwowo KOJIBILA YCTPOEHA TAKHM OGDA30M, YTO NO3BOJSIET
f o mﬁﬂwﬂﬂﬂﬂﬂ% uo.u.,_mmﬁmoﬂ?.%uacw. H 3aKperjieHue B TaH
u. Torma BosuHKAaOT y
OHOPHBEIE pEaKIHH

a) R cosknea

Lainkne

Rycoskin-1)e

éﬂz.oﬁ 3
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Taonuna4

HuxHee ONOpHOE KOAbLO (B BHAC MHOFOYTOJbHHUKA B nJaHe)

CTLY L1 -
mMh ME M, 1

p

.
25T ===
-
. eos (n - 0.5) & .
o1 R cosin P RN 0 0| 0 T = Tysinnc
sin@
To= Ry
| S — .|||||||.||||||||I|.|||llll|||l|.l||||.
cos (n 405 — T, sin kna
=2 E 0 0 0 o
AL = [0 kou
2 sin — cos 0,5 ke T,= Roctg — tg —
2 2 2
i|||||||||||||||.|.|.|.|.]i|||||||.|l|!|l|l|l|l|||||.|1
R,r sinoe :
k=m [} e cos knG o 0 Lt]
2/ (cos o —ERS fex) |
Bpects  f — HOMED SpKHL T,— KacaTeabias Onopias pear-
I — goumep waeHa PR e (MaRCHMANBIOR amane-
M — Guea0 ApUK; HHE),
N — HopManbias ciaa B KOMBIES R, w M,— puetinss panuaspnas yaao-
MY jsruGaoniEf MOMEHT B FOpI: Bast Cuaia B HEeUILUA MONCHT
M L GHTANLHOR HIOCKOCTH; # pagnaasofl MAOCKOCTH (MR-
B 3 CHMAABIWE .w:::n:.:.nu. BASTHIE
Z: _ paribaomnit MoMenT B neprh- w3 pAcuETAa KynoJaa 1A Ha-
Kanuiofl MACCKOCTH] rpyaKi no cooTBeTCTRYHIEMY
M. — KRDYTAUHH MOMENT; HAERY

Kp
ME B pmKaes onopHOM KOARLE npHBCfENL B yTAAX pepernta

Mpumesanie it

ROMBILE,

%

Hamp apienssie TO

noft (puc. 57, @).
KOJBIIO TOJL AefiCTBUEM JABYX BH/OD Harpys

nofa HA OINOPHOE KOJb
R cos knot, 1 TAHPERIMAJBHOH, H3MEeHAIoLeH

Ipu ofonx BHAAX HArpyaxku
3aKOHAM.

[IpH 9TOM MOXKHO PacCMATPHBATL

@ M, sinkna
km coskna
N,cosknc

a HUIKHETO ONOPHOTO KOJIbILa

OK ¥ OTNIOPHBIX peanui; 4 — sJe-
JeHdfi BHYTPEHHUX yeuanil

Puc. 57. PacuerHas cxeM

4 — DaAaH ¢ yKadaHIeM BHellHuX Harpys
MEHT KOJbIla € YK23aHHueM HATIPaB

ALKO B TAHTEHIHAIBLHOM HATIPABJICHHH TO KacaTe/b
CRODOTHOE HECTKOe

KH, :mwmhm_oﬁmmnm OT Ky-

10: PAafHaNbHOMH, HaMeHAOmeca Mo 3aKoHy
cqt no sakomy T sin kno.

yeuamnsa B KOJIBLE HEMEHAIOTCH 110 TeM 7KE



Wn_uun:mm OINOPHOE KOJAbLO

Ta6numa 5

(xpyraoe B njaane)
My My
. o )
Eanom.hlnwliﬁu X My sin h-w|]£
et 2 sin —=
92 2

M, = \Sr cos (na -+ f)

n/2 MN B\w
\SQAM oomaglo.mv = E__thOm :Rlo_mv

Myp = My sin(nee -+ B)

GT’

. o
o
Rycos ﬁjl ﬁ.v cos[ = p
k=0 2 bc__.. 9 B
2sin w 2 o s
2 f
k=1 0
0
_Resina
k=2 2 (cos — cos kat) Ryrsino P
¥ cos (knot+ B) 2 (cos o — <os ka)
3pecn § —
B Ta6J. A@. yroJ B npejesyiaXx pacCTOAHUSA MEXAY TOYKAMH INPpHJIOXKEHU BHeIIHeHl HarpyskKku
/.

B Ta6n. 4 mpuseieHs! GOpPMYIBl A8 O
KOJBlIEe OT PA3JIMYHBIX BHIOB vmzvam%m :mm_wwmmmmﬂﬁmwwm Mm:,mwm Qm ks
3aHbl HANpPAB/EHUS BHYTPEHHHX YCHJIHH B KOJIBIIe wOmo:.m e
yCHJIHEe TOJy4aeTcs MyTeM CYMMHDOBAHHS YCHJIMI .mom:mmwaqwhw:om
KAJKJL0T0 YJIeHA 3arpViKEeHHs! NPH BO3JeHCTBHH oGoix BHJIOB amw_,xk 4
Pasiuusbie KOHCTPYKTHBHBIE DELIEHHsT HHMKHETO KOJb i
B MpefbAyIHX rJaBax. R

PacueT BEpXHEero MeCTHOro HOMLUa

Harpyska, mnepeaaioniascs
apKaMH KynoJa Ha Be
XHee Kou

10 Kax/IOMy YIEHY PA3JIONKEHHS, H3MEHACTCS N0 TeM vxowmﬁomma WMH ¥
geT xomEm NPOUSBOJUTCH OTAEABHO HA HATPY3KY'HO KaKJIOMY “Emmn.
mwhm. HaueHHe HATPY3KH Ha KOJbIO Gepercsi K3 pacuera KymnoJa :w
HATPY3KYy 0O COOTBETCTBYIOLWEMY HYJeHY Psila B MeCTax NpHM
pefep K KOJbILY. T

Ilpu & = 0 (ocecHMMeTpHUHAs HATPY3Ka) BepXHee KOJbIO, HKECTKO
coenMHeHHOE ¢ pefpaMH KynoJja, HAXOIHTCS TOJ mogmmn,_,m&mz
ANLHBIX CHJ W MOMEHTOB, JIEXKalKX B panHajbHEIX :honnoo..,muumbx‘
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|

M=—"" 1 M= ——""
(=L ffies
GT’ + (5 o

Wl Eh cos (kna + P) M, sin ko sin(kna -+ )

2 (cos & — €08 ka) 2 (cos o — cos ko)

(ot 0 go @) T' — MOMEHT HHepHUN [PY KPYUEHHH; ocTajipHble OB03HAYEHHs Te XKe, uTo

[Ipn k = 1 (kococnmmeTpruHa HATpY3Ka) BepXHee KOJbLO HCrbl-
TEIBAET JefiCTBHE MOMEHTOB M BEPTHKA/LHEIX cHJ, Jekauux B pajH-
abHBIX MJIOCKOCTAX H MPOINOPIHORANBHBIX COS a.

[lpu k > 2 Ha BepxHee KOJBLIO feficTByeT CHCTeMA pajHabHBIX
CHIT, H3MEHSIOMHXCH MO 3aKOoHy R, = R, cos kno, ¥ CHCTEMA MOMEH-
TOB, JEKANMX B PAJHAILHBIX MIOCKOCTIX, B3AUMHO YPABHOBEIICHHBIX
i M3MEHSIOMHUXCS 110 3aKOHY M, = M,cos knot.

Taxum o6pasoM, pacueT BepXHEro Kojbla A YKA3aHHBIX 4JICHOB
pa3ozKeHusl pacnajaercs Ha pacuer OT JIeHCTBHS PajHAMbHBIX CHJl
paiHabHBIX MOMEHTOB. : :

B TaGn. 5 npusefieHs! GopMy/bl A Olpee/eHns YCHIHH OT STHX
BHJIOB HATpy30K; Ha PHC. 57, 6 MOKA3aHbl HANPABJCHHA BHYTPCHHAX
yeuanit B Kosple. Pasandubie KOHCTPYKTHBHBIE DEIICHHs BEPXHETO
KO/bIlA ONHCAHBI B MPEABIYIUX TaaBaX.



TJIABA

AHANU3 PA3NHYHbIX KOHCTPYKUMHA
a HYNONoB

€J1e30
V-h:ﬁwwﬂwmmﬁ%mwmxﬁw Womoaxqzzm Kynoja [OAyuYHIH IIHPOKOe pac-
; ANA HHX HMEOTCS BIOJIH
JiHe HafexHbe
pos _ METO/B!
u‘ne_uomwawmmmwox Ewﬁ%w:uommzxm. Opunako Bo3BejeHNe HX auomw.nﬁ
YerpoRces @Mxmo onajyoKH, CTOMMOCTL KOTOPOH COM3MepHMa Co
e m%:o%c MW TBEHHO 000/M04YKH. HoBbie mpeokeHus Mo BosBene
TIHEeBMATHYECKOH onayGKoii :
O MoKa HalwIF
a::mmm%hm KynosoB JAuaMerpoM go 30 . S
HEI
xmhwnqwxm .M_u:wwwammommaommzm _ Kynona-oGo/IouKH  ABASIOTCS  BIOJHE
i wamzmx KOHCTPYKIHEH, HO OHH TPEGYIOT A/l W3TOTOBJIEHHS
i UEMMMM mﬂm.:oam YCTPOMCTBA JOPOTOH CTanbHOM OmanyGKi
NpH Onpe .
e p PE/le/IeHHH pACcXofa CTaTH B CTOMMOCTH
Ectn i i
1 nmouﬂﬂﬂzwﬂwzwﬁvo:ﬁmm NepeBAHHON onanyOKd JJs H3TOTOBJIE
HTOB KYMOJIOB, OTHAKO :
OCTHIHYTAsT 00
e oo ; I y opa4yuBae-
il H%%%M_a M_MMM% ..._M Wx 3TOM TPYIHO COO/IOCTH TOYHBIE -,mozm%m.
, 9TO ABJS i
wnd ercsi 00d3aTeNbHBIM B JIaHHOI
P .
:oammMWﬂnEM. pebpHCTO-KOJIbLEBEIE H CEeTYATHIE KEJIe300eTOHHBIE K
i Onﬁ. BITh PEKOMEHIOBAHHl B TeX ClydYasx, KOrja mm:o.:mmzmm
:womwﬂ . :MNEMMHW mmn%mﬁszx KOHCTPYKUHAMH BHIMOJHEHO H3 JIETKAX
IeJel OCBEIeHHA) HJH H
0 . enpo3
:xmﬁ@ﬁvmmo, TJIACTMACCHL ¥ Ap.). R A T
TaJjibHble KYINOJIa PeKOMeH],
yeTCsl BBINOJHATH
CTO-KOTBbLEBBIMH H CeTYaThIMH. el 1
I
vmmahx:ﬂ %m_ﬂwzmwﬂwwhoﬂconm 00 yCH/IHSX, BOZHHKAIONHX B KYIOJNAX
THH, A9 Kynojia JHaMer
oM 66 u, 1
mero ckyaj rauHosema Tamx e v, 18 SEM
) HKCKOTO aJTIOMHHHI
e eBoTo 3aBoja, Ha O9BM
pacueThl JJ5 CACAYIOUHX KOH .
CTPYKTHBHBIX i
PeOPHCTO-KOMbIEBOH KYIOJ ¢ e v
S R i
. y APHUPHBIM TIPHCOSAHHEHHEM KOJIEl]
pe6pHCTO-KOMBIEBOH KMol
1 C JKECTKHM TPHUCO
K cmqwmz (pamHbI KymOJ); e
Pe6PHCTO-KOMBIEBOIi KyNoJa co ¢
BA35MH, pacIojio i
nomm@xmooam Kynosa (ceruarsiit). i TSI RN
L %M“mwmm %Mmm:m ONpPEeAeNSIINCh LISl CAEAYIONNX BHIOB HATDY30K:
MMeTPHYHAs, OLHOCTOPOE - .
ot ; POHHSISI CHeroBast, BeTpPOBast
) Kasana B njjape cxema peGpu v .
: CTO-KOJIBLIE
a Ha puc. 59 — cxema ceTyaToro Kymnosa. SRR
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Ha puc. 60 mpuBefenbi 3HAUCHHS HOPMaJIbHBIX yeunuii B pedpax,
KOJNbIlAX W CBA3AX, a TAKXKe 3HaAUeHH s U3ruGAIOMUX MOMEHTOB B peC-
pax NpH 3arpyXeHHH Kynoaa OCeCHMMETpPHUHO HArpysKoi 105 kec/m®
{coficTReHHBIH BEC).

ARanusupyst NOJyueHHBIe JaHubic, MOXKHO yTBepKAATh, 4TO IpH
OCECHMMETPHUHBIX HArpyskax yCHJHs BO BCeX paccMaTpuBaeMblX Ba-

pHAHTaX TMPAKTAYECKH OJHHAKOBLI.

Ha puc. 61 noxasansr 3HaUCHM TEX KCE yCHJIMIL NIPH AEHCTBUH OJIHO-
cropouHeil CHEroBoil Harpysku 40 Kkoc/m® no cxeme d raba. 3. Ha pac-
CMOTpeHHsl STHX JIaHHBIX BHJHO, HTO TpPH HEOCCCHMMETPHYHBIX HArpYy3-

TSN T H AN
Ot @)
AR SISRUX )
N A AR LT
DAY
RN KK TS

OSEIRDNKIKT

Puc. 59. Cxema ceTuaTOTO Kynoda

Pre. 58. Cxema peGpPHCTO-KOAbUEBOTO
KyioJaa

Kax aHayenus ycuauii B peOPHCTO-KOJIBLUEBHIX KynoJiax co CBA3SAMA
AHAYNTENHHO MEHbIIE, YeM B PeOPHCTO-KOMBIEBLIX HIH paMHBIX KyHO-
nax. B pammBIX Kynosiax marmbaiomue MOMEHTHI B pe6pax NpHMEpHO
na 15% MeHblIe, UeM B PeGPHCTO-KOJBIEBRIX C MapHEPHLIM TPHCOCTH-
qerHeM Kojiell K peGpam; Mpi 5ToM HaruGaomue MOMEHTEl B KOJbIaX
He3HauuTeNIbHbIe.

Ha puc. 62 NpHBEJEHbl SHAUEHHS TEX Ke yeunnit npu AeHCTBUH
BETPOBOI HATPY3KH 55 ec/m? mo cxeme I TaGa. 3. M3 paccMOTpeHHA
STHX JAHHBIX BHHO, YTO B KYNOJAX CO CBASAMH Haruoaoniue MOMEHTB
B pe6pax 3HaYWTEJbHO MEHBIIE, UM B Kynojax 6es CBA3CH.

Takas e KapTHHA DPACHpellesieHHs yeuamit mojyduaercsi npu co-
CpPEJIOTOUeHHEIX HATPY3KaX B OTACLHLIX yagax kynoaa. Cerdarsiit U3
TPEYTOJLHAKOB KYNOJI SBJIACTCS HEeKOTOPOi Tpancopmanner peGpucTo-
KOJBIIEBOTO KYTOJA CO CBS3SIMH; W3THOAIOMME MOMEHTEL B HEM TIPH He-
OCeCHMMETPHUHBIX HATPysKax OYLYT TAKKE 3HAYMTEJHHO MEHbLIe, UeM
B PeOpPUCTHIX MM PeGpPHCTO-KOMbIUEBHIX Kynoznax Oes cBsiaeil. OpHaxo
npu BbiGOpe BAPHAHTA KYTOJd 3TO MOJIOMKEHNE He BCerja spJjsgercs pe-
matomuy. Crefyer HMeTh B BHILY, UTO IpH NpOeKTHPOBAHAH PeGpPHCTO-
KOJBIEBLIX KYTOJOB CO CBA3SAMH YCHJMSL B CBAIAX HeBE/UKH H HX
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_____ 2 | 1% :f;_zg 017 l4z10
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— ~ » ML v
=825
~4.02
\=4,91 [~
-539
(—5.25
6,21 o
5710
58,10 CH
58,16 =t

Ppe. 60, D
. 00, Omopa usrubawomux
MOMEHTOB W HOPMAJ
BHBEIX CHJl B KYIOJe I
PH 3arpyeHUH . k
JAaHbl 3HAYEHHS HOPMAaJbHEX fH).]n) OCECHMMETPHUHOU HAarpy3Koil (B ckoGKax

— P€OPUCTO-KOJIBLEBOK KYIIOJ CO CBA3AMH (ceTH4aThd); 2 — =
al €0pHUCTO-KO €B! y
peop i peop L o
1 el @ i 6 bl H KYNoJa € XEeCTKHM INPpUMBIKAHHEM KOJel K PeﬁpaM (DaMHHﬂ

Ycurun 8 ceasax

‘ I
L B r
405

Yeunn \
s B me ’ —1,26 —0.90 | v ‘
' = —0,9
i —{0,81

ManbHBEIX cusi B Hambosee sarpyxeHHOH apke TpH oNHOCTOpOHHell CHEroBoH

GKax NAHBI 3HAUEHUS HOPMaNbHBIX CHJT)
¥e, 9TO B NOJITHCH K PHC. 60

Pue. 61. Dmopa H3ruGaoOMKUX MOMEHTOB U HOP
zarpyske (B CKO

O6osHayeHHus Te

Yeusrus 8 c6a3AX
Howmep cBA3H MEXAY KOJbIaMH l -2 l 2—3 \ 3—4 l 4—5 l 5—0
__________-—___._.__-______________.-____________________
Voumusn B me l 0,45/0,04 ll —0,25/—0,72 \ —0,35/—0,92 l —0,10/—0,74 l 0,20/—0,44

.
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i
= LD

i Harpyske

o

i apkKe NpH BETPOBO

PMaJIbHEIX CHJA B HauboJgee 3arpy:KeHHo

JaHbl 3HAYEHUS HOPMaAbHBIX CHJI)

(B cxoGkax

Puc. 62. Dmiopsl 43ru6aomux MOMEHTOB M HO

O6Go3Ha4YeHUA TE JKe, UTO B NOANHCH K puc. 60

Ycurun 8 ceasax

Ta6aumna 6

Toamunna 060JI0ueK HEKOTOPBIX Kene306eTOHHBIX MOHOAHTHBIX KYHOJROB

il £ = M M
aHMeHOBaHHe B o | [pumeyague

3panus : 53 =€Q

e | 8hk= | 5SS
Ha |Ofs |8 |

Brcrasounmii 3ag B | 50 6,7 | 12 Cihepriuecknil MOHOIHTHBIR
Marcysame (HAnonmns)

BricraBounniii 3an B | 94 12,841 8 To me, cOOpHET
Bearpage (IOrocnapus)

Brcrasounnfi san 8 | 60 11 10 Cipeprueckui MOEOJATHLL
Kanndopuun (CIIA)

Cnoprusuuil sax n | 75 9 10 SnARTCOBHANEI MOHOJIHT-
Canonuxax (I peuns) HBIH

3an B AunsGyxepke, | 66,8 | 7,1 12,5 Chepuuecriii MOHOMHTHEH
wrar Heo-Mexuko (TomuipHa 0GOJNOUKH Y onop
(CILIA) 22 ca)

Bacceitn 8 Jlennnrpa- | 76 17 10 DAAUTCOBHIHBI MOHOJIHAT-
Ael S Huli (ToauiHHa OGOIOUKH ¥

; onop 36 ci, y BEPXHEro KOJb-

OnepHuil Teatp 8 na jgo 15 em)

HosocuGupcke 60 18,6 8 Cpe purrecknil MOHONMATHEL

Ta6auna7

Pacxoj mMaTepHalioB Ha O@O.:O..:au\ K ONOpPHOE KOJbLO MJIT HEKOTOPBIX
XeJjie300eTOHHBIX KyMNoJoB
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[
(3]
o
[
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(=]
bz,

[=] '
L lase jEs
Em_‘w_ﬁwﬂw—ﬂmmmo m E 2 =g [TpumeyaHue
Gy |BmE | 898
Ha |&52|&EE
Pajpnanbuue crycriuTeis 25 |14,5 | 20 MoroaHTHE
waxT ¢Kanuraibaans
Pajnansibe CrYCTHTENH 32| 8,4 | 16,3 Edoprnit
Kokcoxumuueckoro nexa Ka-
paraHAHECKOro  METaJny pri-
HecKoro 3asona
Prinok & JloHenke 37 |18 14,1 To xe
[l rambaccelil DeMEHTHOrO 40 | 11,4 | 14,8 C6opHbl ¢ DpejHa-
sapoga B KpacHonpeke IpKEHHBM  ONOPHBIM
KOJIbILOM
Banuoe spanue g LixaaryGo 40 |15 20 CGopHerit
Tocunpx p Kuese 42 (16,5 | 32,6 To xe
TFocuupk 8 Kpacuospeke 44 |14,25| 28 »
Msopen cnopra B Toraucu 76 | 15,6 | 18,9 »
Baccelin B Jlenuarpane 76 121,5 | 20,6 MoHOMUTHEIH
Paguanpuniii crycrureas | 104 | 18,5 | 19,6 CGopHBIH
(npoeKT)
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Tabnuma 8
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Texuu
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JORHAM MHHUMAJBHOM AOIYCTHMOM rub-
rpa GOJILIIOTO KOJMYECTBa MajoHarpy=
GosbleMy pPACXOAy CTanH, 4eM NpH
HH PAMHBIX KYNOJAx 6e3 csf3eld.
IPUXOASAIIAXCSA HA KyNoJ, H €ro
YTO YCTPOHCTBO cBsa3edi 1o
JOBOJEHO TPYAOEMKYIO pa-
e, TEM PO BO3BECTH KYIOJ. OpHaKo chefyer
cBsizeil He MOMKeT CYIEeCTBOBATD pedpHCThIH
eM pamHOro), TaK Kak
obecrneyeHns yCTon-

NpMXOAMTCA MOAGHPATE 10 yC.
xoerd, HeoGXoauMocTh yCTpPOHC
JKEHHBIX CBSI3€H MOZKET HPHBECTH K
pEOPHCTLIX, peOpPHCTO-KOJIBUEBbIX

Bee 5TO 3aBHCHT OT BHJA HArpysok,
ouepranusi. Kpome TOro, Haio VUHTBIBATD,
cpepuaecKoi  NOBEPXHOCTH npejcraBaser

GoTy H 4eM HX MeHb
[IOMHHUTB, YTO BOOOILE oea
HIIH cmmﬁ:neo-zoa_kmmom KynoJ (3a mexmouens
OHM HYzKHBI JIJ15l BOCTIPHHATHS GOKOBBIX HATPY30K H
YyHBOCTH peGep M CIKATHIX KOJCH Kymoaa.

Takum 06pasoM, KaK BUAHO H3 H3JI0MKEHHOro, Heb3s JaTh obuiue
peKOMEeHAAIHMH JJafl BCEX BCTpeYAIONUXCS CaryHacs. YuntniBasg, 4T0
COBpeMeHHas BbIUHC/IHTEAbHAT TeXHHKA TIO3BOJIAET CPABHHTENLHO Ot -
CTPO ONPEHEJHTL PACUETHRIE yCHJIHSL JJIs KYIIOJIOB pa3/IUYHLIX KOH-
CTPYKIMIL, CefyeT pacCMOTPETh BApHAHTHBIE peuienus, VUMTLIBAsT BbI-

CKA3AHHBE B HACTOAIIEH riaBe coo0paeHN .
B Taba. 6—8 npHBefieHbl TEXHHYCCKHE janHbe An5 HeKOTOphIX 0CYy-

[NIECTBJIEHHBIX H wm—ﬂﬂomﬂﬂmﬁommmmmx KyToJqoB.
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