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2.2.4. DUSUYECKHUE OGAKTOPBI
ITPON3BOJACTBEHHOUM CPEJBI

PacueTHasn onenka
YPOBHeil BUOpALK B 00MTaeMbIX MOMEILICHUAX
MOPCKHX CY/I0B

MeToanaeckue yKa3anus
MY 2.2.4.1518—03

1. GénacTs, NpUMeHEeHHsE

1.1. MeTtonuueckue yKa3aHUs YCTaHaBJIMBAlOT NPABUNIA PacueToB BHO-
pauu¥ B OOMTaeMBIX MOMEILEHHAX CYNOB HAa CTaQMH TNpPOEKTHPOBAaHMA B
obecrieyeHre MeponpUATHit MO NMPENOTBPALIECHHIO OBKIIEHHOM BHOpanuu u
MO CHW)XEHHUIO ee N0 AOIyCTUMBIX YPOBHEMH, corjacHo . 8.1 caHMTapHBIX
nopM CH 2.5.2.048—96 «YpoBHH BUOpaliHi Ha MOPCKHX CYAax».

1.2. Meroauyeckue yKa3aHuA NpeAHa3Ha4deHbl AN OpraHu3auMid, ocy-
IECTBIISIOUIMX NPOEKTHPOBAHNE MOPCKHX CYAOB H LIEHTPOB rOCCAH3MUAHAN-
30pa, OCYIIECTBJAIOLIUX [OCYHAPCTBEHHBIH CaHWUTapHO-3MHAEMHOJIOrHYeC-
KMH Hagsop.

1.3. Meroauueckue yKa3aHMs paclpoOCTPaHSIOTCA Ha pacyeTsl BHOpa-
UMK OJHOKOPITYCHBIX BOJOM3MEINAIOIIMX MOPCKMX CyAOB ANMHOH Gonee
30 M, IUIaBAIOINMX 110 YUCTOH BOJE U BO JIbAAX.



MY 2.24.1518—03

2. HopmaTuBHbIE CCBLIKA

2.1. @enepanbublii 3aK0H «O CaHHUTApHO-3MUIEMUONIOTHYECKOM Gnaro-
nosTy4uu Hacejaenus» oT 30 Mapra 1999 r. Ne 52-D3.

2.2. Canurapubie HopMel CH 2.5.2.048—96 «Vposnu BuOpauuu Ha
MODCKHX CyHax».

2.3. Tlpasuna knaccuduKalMy U NOCTPOHKH MOPCKUX CynoB. Mopcko#
Peructp cynoxoncrsa Poccuiickoii ®enepamyn, 1999.

3. O0nHe noIoKEeHus

3.1. Lensio pacueToB ABNfETCs ONpeAeNeHHe yposHeii BUOpanuM na-
Jy6 nmoMelLeHuii B MecTax NpeGpIBaHuA SKUNaXKa U aCCaKUPOB.

3.2. Pacuetry moAanexaT NPOJOJBHAA M BEPTHKANbHAs COCTABIAKOLIHE
BUOpalUMH B OKTaBax CO CpelHEreoMeTpU4ecKMMH 4dactotamu 2, 4, 8, 16,
31,5 u 63 I'i, NOJHOCTBIO OMpeHeNsIone BUOpaMOHHEIe YCIOBUs OOMTa-
HHA Ha CyJax.

3.3. PacueT npous3BomMTCA MA creuMHKaIMOHHBIX BapHMaHTOB 3a-
IPY3KH CyAHA Ha OCHOBHBIX SKCIUTyaTallMOHHbIX P&XKUMaX.

3.4. B xauecTBE OCHOBHBIX MCTOYHHKOB BUOpaLMHU B CyJOBBIX MOMeIle-
HMAX paccMaTpHBarOTCA:

¢ paGoraromue rpeGHbIE BUHTEI,

¢ riaBHble MAJOOGOPOTHBIE M CpenHeobOpOTHBIE AH3EILHBIE dHepre-
THYECKUE YCTaHOBKHU.

Jnd cyioB 1€A0OBOro MIaBaHHUs U JICJOKOJIOB, IOMMMO BbIIEYKa3aHHBIX
BO3MYLIAIOLIMX CHJI, YYMTHIBAIOTCS TAKXKEe YCHJIHA OT YIApHOTO B3auMOJAeii-
CTBUSA KOPITyca CO JIbAOM.

3.5. B xauecTBe OCHOBHOI'O METOJA PacueTOB HCHONB3YETCA METOJH KO-
HeuHslX 3neMeHToB (MKD3). Meronuueckue yka3aHHs OPHEHTHPOBaHbI Ha
HCIOJIE30BaHME KOMIIAKTHBIX THIIOBBIX pacHeTHBIX CXeMaTH3auui, I03BO-
JISIOUIMX MAaKCHMAalbHO CHU3UTH TPYHOEMKOCTh pacyeTa NpU COXPAHEHHUH
JNOCTATOYHOM [UIS NpaKkTHkd ToyHOCTH. IlpaBHna cBeJEeHUA PeanbHOrO KOp-
myca ¥ HajACTPOMKM K KOMNAKTHBIM MOHENAM 0a3sHpyOTCA Ha pe3ynbTarax
TEOPETUYECKHX M 3KCINEPHMEHTAJBbHBIX MCCIENOBaHHH, a TakkKe Ha OMbITE
pacyeToB 0 HaTyponoAo6HEIM Mojemnsam [1].

3.6. CtpykTypa ¥ NOpSAHOK pacueToB B OOIEM BUJE MPEACTABIAIOTCA
cienyromum obpazom:

4 Ha repBOM JTane A OLEHKU BO3MOXXHOCTH BO3HHMKHOBEHHA pe3o-
HAHCHBIX ABJICHUH B IMaria3oHe H3MEHEHH JacTOT OCHOBHBIX FAPMOHMK IEpPHO-



MV 2.2.4.1518—03

JMUECKHMX BO3MYWAIOMMX YCHIWH BBIIOJHAIOTCA PACYeTHl 4acToT CBOGONHBIX
xosnebanuii KopItyca CyaHa B LEIOM, HaACTPONKY M NAy0 MOMeleHH!H;

4 Ha BTOPOM 3Tane BBINOJHAIOTCA pacdyeThl YPOBHEH BBIHYKICHHOM
BUOpauny namy6 oOuTaeMbIX OMELIEHUI i OLICHUBAETCS HX JOIYCTHMOCTD;

¢ Ha TpetheM 5Tane (NpH HeoOXOAMMOCTH) pa3pabaThiBAlOTCA pPEKo-
MEHJAUMU MO MPUMEHEHUIO KOHCTPYKTHBHBIX WIIH APYTHX MEpONpPUATUH,
HanpaBleHHBIX HA CHIDKEHHE YPOBHEH MOBBHIIEHHON BUOpalMH, OLEHUBAET-
¢4 3(QdexTHBHOCTP M JOCTATOYHOCTh NPMHATHIX Ui 3TOr0 B KaXIOM
KOHKPETHOM CITydae Mep.

4. PacueTHoe MPOrEO3HPOBaHHE YPOBHeH BAOpannu naxyo
HoMeleHH i MOPCKHX TPAHCTIOPTHLIX CY/IOB

4.1. Tpeboeanus K 3HAYEHUAM COOCMEEHHBIX Yacmom

Mopckue TpaHCIOPTHEIE CYAa, KaK NPAaBAIO, MMEIOT KOMITAKTHYIO MHO-
TOApYCHYIO HaACTPOHKY, a B KaueCTBE INIAaBHOro ABMUraTeNs — Manoo6opor-
HBIA Wik cpeaHeoOopoTHBIM Ausens. ComocTaslienne BO3MOXKHBIX 3HAYEHHMI
HHU3WHUX COOCTBEHHBIX YAaCTOT KOPITyca, HaICTPOMKHM M Maly0 NMOMEIueHHi
3TOH TpyNIEI CyIOB C AMANa30HOM 9acToT, B KOTOPOM B MPOLECCE IKCILTya-
TalMK CylHa U3MEHAIOTCA YacTOThl BO3MYIIAIOINMX CUNl OT paboTHl rpeGHBIX
BUHTOB M TJABHBIX [BHrarefeil, MO3BOJAET 3aKIMIOYHTH, YTO OCHOBHBIMH
(hakTopamH, ONpelNeAIOMUMY BO3MOXHOCTh BOZHUKHOBEHHA MOBBLILIEHHOM
BUOpaLUU B NOMEINEHHUSAX, KaK MPABUIIO, SBJISAIOTCA:

4 B OKTaBaX CO CPEeAHEreOMETPUYECKUMH 4HacToTaMu 2 U 4 'y — coB-
MajeHue MWIM GJIM30CTh HU3IIMX YacTOT CBOOOMHEIX BEPTUKAILHBIX Koneba-
HUM KOpITyca M 4aCTOT BO3MYINAICUINX CHII IIEPBOI'C U BTOPOFO MOPAXKOB;

¢ B OKTaBe CO cpeaHereoMerpuieckoit yactoroii 8 I'ly — coBmaneHue
Uy 6aM30cTh NMEepBOi COBCTBEHHOM YACTOTHI MPONOHBHBIX KoneOaHumit oct-
POBHOM HaJCTPORKHU H JIOTTACTHON 4ACTOTBI;

4 B OKTaBe CO CpeAHereoMerpuveckoi yacroro#t 16 ' — coBnaneHue
MM ONMU30CTh HU3MUX COOCTBEHHBIX YACTOT NAIYD MOMEMIEHHH W 4acTOT
OCHOBHBIX IOPAAKOB MaJIOOOOPOTHBIX AU3ENeH;

¢ B OKTaBe CO cpeiHereomeTrpudeckoil yacroroit 31,5 I' — coBmane-
HUE MM GIH30CTh HU3IIMX COOCTBEHHBIX YacTOT nany® nmoMelieHuit ¥ 4ac-
TOT OCHOBHBIX MOPANKOB CPEeAHEOOOPOTHRIX OU3ETIeH.

B oxraBe co cpeaHereomerpuyeckoii yactoroit 63 'y mpobnem, cBA3aH-
HBIX ¢ HapyllleHWeM BUOpalMOHHBIX YCJIOBHH OOMTaHUS Ha CyJHE, OOBIMHO
HE BO3HUKAET.
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B cBA3H C U310)KEHHBIM, K 3HaYEHHAM COOCTBEHHbBIX YaCTOT YKa3aHHBIX
KOHCTPYKLMiA Ha CTaJyH [IPOEKTUPOBaHUA MPENBABAAIOTCA CAEAYIOIUe Tpe-
GoBanys, HMEIOLIKe LENbI0 HCKIIOYEHWE BO3MOXKHOCTA HMX PE30HAHCHBIX
KoNeOaBuii:

4 3Ha4yeHHA YacTOT MEPBEIX TPEX TOHOB CBOOOIHBIX BEPTHKAIBHBIX
Konebanmii KOpIyca XOJDKHBI OTIMYATHCA OT YAaCTOT BO3MYLIAIOMMX CHJI H
MOMEHTOB [1EPBOT'0 ¥ BTOPOro MOPAJKOB Ha PAacYETHBIX PeXUMAaX XoJa CyJHa
He MeHee ueM Ha 10 %,

¢ 3HaueHMe HuM3eH COOGCTBEHHOU YACTOTHI MPOHOJBHBIX KoneOaHui
(OCHOBHOMH 4acTOTBI) OCTPOBHOM HAICTPOMKH HOJKHO OTIMYATHECA OT JIoma-
CTHOM 4acToThl He MeHee ueM Ha 20 %;

¢ 3HayeHuA HM3LIMX COOCTBeHHBIX 4acTOT HAGOpa M HacTHia Hoieid
nagyOHBIX NEPEKPHITHIl MOMeUIeHui JOJDKHBI NIPEBHILIATs 3HAYEHUA HaCTOT
BO3MYILAOIHUX CHII, He MeHee YeM Ha 30 u 50 % cOOTBETCTBEHHO.

4.2. Pacuerivl ceof00HbIX KoNleOanui
4.2.1. Ilocmpoenue pacvemnoi MoOenu KOpnyca u HadcmporiKu

Jlnd onpeneneHust coGCTBEHHBIX YaCTOT KOPNYCa U HaACTPOMKH B Kave-
CTBE OCHOBHOI'0 PacYETHOIO METOJA HCIONb3yeTCs METOJ KOHEHYHHIX 3je-
MEHTOB. B HaUansHOH CTaauM NPOSKTUPOBAHMA U NpUOMKEHHOU OLIEHKH
CoGCTBEHHOM YacTOTEI HAACTPOHKH PUMEHAIOTCS aHaTUTHIeCKHe GopMyBL,
MpUBEACHHbIE B IPHIOXK. 1.

Ipu ucnonezopannu MKD B KauecTBe pacueTHO# MaTeMaTH4ecKOi MO-
ACSM IPHHATA IUIOCKaA IUIaCTUHYATO-CTCpIKHEBaAsA CXeMard3apus CyaHa
(puc. 1), MOHEIUPYIOIAA pacHpeciCHHE XKECTKOCTHBIX M MACCOBBIX XapaK-
TEPUCTHK KOPITyca ¥ HAICTPOIKH.
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Puc.1. TunoBas pacyeTHas MOJ€EIL CYAHA.
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4.2.1.1. Kopmyc
Kopnyc HaGupaeTcs U3 NpsAMOYroJbHBIX MIACTHHYATBIX 3JIEMEHTOB, pa-
60TaromMX B IUIOCKOM HANpPSHIKEHHOM COCTOAHMM. TONILMHBI 3THX JNEMEH-
TOB — O, , M ONPEJENAIOTCA U3 YCIIOBUA:

F7
d =L rue M
i 3
H;
F}"f — MIOWIajb CBA3EH Kopmyca, paboTaromUX Ha CABUI B CEUEHUH
i-ro mnauroyTa, a;
H, — BeICOTa 60pTa B CEYEHHUH i-TO IIMAHTOYTa, M.

Bepxusia nary6a 4 JHHINE MOJCIMPYIOTCA CTEPXKHAMH, paGoTaloluMu
Ha pacTaxeHue-cxaTue. [liomanu nonepeuHsIX cedeHui crepxuel f;, M,

MOJEHPYIOIMX BEPXHIO Nanyby W HHMLIE B CEYEHHH /-rO LIMAHrOYyTa,
NPYHUMAIOTCS OJMHAKOBLIMU M BHIMHCIAOTCS N0 hopMmye:

2 (e H}
?' J,-!—ai"l—zl- , TrAe (2)

1

fi=

J ,.“f — 3(dexTHBHBII MOMEHT MHEpLMH [ONEPEeYHOro CeyeHus: OTHO-
CHTEJILHO FOPH3OHTANBHOM OCH CyHA Ha i-M UINAHTOyTe, M'.

Macca xoprryca ¢ y4€TOM NPHCOEIMHEHHOH Macchl BOIBI PaBHOMEPHO
pacnpeaenserca Mo oMaiyd COOTBETCTBYIOIIMX MIACTHHYATHIX 3JIEMEHTOB.
CrepixHeBEIE 3JIEMEHTHI BBOIATCS € MIOrOHHON Maccoif paBHOH HyJIo.

PexomeHpanuu no onpeneneHyo 3QpeKTUBHBIX KECTKOCTHBIX Xapak-
TEPUCTUK PacYETHOH MOJETH KOPITyca U NPUCOECIUHEHHBIX Macc IpUBEIEHBI
B MpUIOK. 2 1 3.

4.2.1.2. Hancrpotika

OCHOBHEIMM TapaMeTpaMH, BIMAIOIIMMH Ha 3Ha4€HHe NepBoil cobct-
BEHHOH YaCTOThI HaJCTPOHKH, ABJIAIOTCA:

4 OKECTKOCTb HaJCTPOMKH Ha CIBHT;

4 MaccoBas Harpyska HaaCTPOHKH;

4 KECTKOCTH KperyieHHs HaICTPONKH K KOPIycy.

XecTkocTh HaACTPOMKM Ha CHBHI ONpemensercs, riaBHbIM o0pasoM,
HapY>XHBIMH OOKOBBIMU CTCHKAMM, BHYTPEHHUMHM TPOTSKEHHBIMH (HE MEHEe
IBYX TpeTeH ANMUHEI HaJCTPOHKHM) NIOCKHUMM NPOLONBHBIMU NepebopkaMu H,
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B MeHblLel creneny, Nanybamu spycos. CyMMapHbIe TONUMHEI 3THX CBA3EH,
BIUIIOUEHHBIX B PacyeTHYIO cxeMy 6e3 ydyera MMEIOMHUXCA B HUX BBIPE30B
(mBepeit, WUIIOMHHATOPOB, MIOKOB U T. A.) M 63 NOAKPEIUIAIOUIEro UX Habo-
pa, 06pa3yioT TONIIMHBI COOTBETCTBYIOIMX IUIACTHHYATHIX JJIEMEHTOB. Top-
LBl CTEHKY HAICTPOMKM M IonepeyHble nepebOopKH B pacyeTHOH MOJeNH
He yuuthiBaloTCA. ['odpHpoBaHHBIE NPONONBHBIE BHYTpEHHHE nepebopku
YYUTBHIBAIOTCA C MOJJOBUHHOM TOIIUHOI.

IMTany6el APYCOB HAACTPOMKHA MOIENHPYIOTCA C MOMOLIBIO CTepKHel,
paboTaroluX Ha pacTsKeHUe-Cxatue. Ilnomane crepxus k-ro spyca fy , re

BBIYHCIAETCH 0 dopMye:
fe=05-8,-b,, rme 3)

8, — mIpuBelJeHHad TOMUKMHA NMajyGHOro HacTHiA C Y4ETOM HpPONONb-
Horo Habopa, M;
b, — mupuHa Apyca HaACTPOMKH, M.

Macca HaaCTpOHKU pacnpefesseTcs MO MIACTHHYATHIM 3JIEeMEHTaM Co-
OTBETCTBYIOILETO spyca. CTep)KHEBbIE 3JIEMEHTBI, MOMAENUPYIOLUIUE JKECT-
KOCTB NaITy6, BBOAATCSA C HyNEBO# NOFOHHOM Maccoi.

Hancrpoiika cumurTaeTcs %eCTKO CKpEIUICHHOM C KOPIyCOM B y3JNax, Iie
ee GOKOBBIE MIIM NOTIepEYHBIEe CTEHKH OnepThl Ha 6OpTa WM MPOYHEIE mepe-
Gopxu Kopmyca, AOBEACHHBIE OT BepxHell mamyGbl no ABoiHOro ama. B oc-
TaNbHBIX Y3JIaX MEepeBA3ka ¢ KOPIyCOM CYHMTAeTCsA MOJATIMBOM KM KOHEYHas
KECTKOCTh KPENIECHHA B Y3/le YYHMTHIBAETCH BBEACHUEM CTEP)KHEBEIX 3Jle-
MEHTOB C HYJIEBOH MOrOHHOM Maccoii, paboTaloIUX Ha pacTaKeHue-CKaTHe.
JKecTKOCTb CTep KHEH IPU 3TOM BHIYHMCIIAETCS W3 NPEeABAPUTENBHOrO CTaTH-
YEeCKOI'0 pacyeTra COOTBETCTBYIONICH IIMaHrOYTHOH paMbl, 3arpyKeHHOH
eJHHUYHON COCPEAOTOUEHHOH CHITOM.

Hapctpotika MoxeT OBITh MPHHATA KECTKO CKPEIUIEHHOH C KOpITycoM,
ecly OHa ONepTa, [0 KpaiHeli Mepe, Ha JiBe MoliepeyHbie nepeGopKy.

ITorpemHOCTs ONpenenceHus COOCTBEHHOM YacTOTHI HaACTPOMKH IIpH
UCIOJIb30BaHMM IUIOCKOH pacueTHOH Mojenu He npesbimaet 10 %, ecnu 6o-
KOBBIE HapyKHBIE€ CTEHKH €€ APYCOB JIEXKaT B OAHOH IVIOCKOCTH MIIH OTCTOST
Ipyr OT ApYyTa Ha CMEXHEIX Apycax MeHee 4yeM Ha 2,5 M. B ciywasx, koraa
yKasaHHOe OoTcTOsAHMe Gonpme 2,5 M, He0OXOOMMO UCMONB30BATh IIPOCTPaH-
CTBEHHYIO PAaCUYETHYIO MOJENIb.
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4.2.2. Onpedenenue 0OCHOBHBIX COBCMEEHHBIX Yacmom nanyb nomewjenul

Meroauka pacdyera BuUOpanMHM nary6 NOMEILEHMI pacCMaTpUBacTCA
HIWXKe Ha NpUMepe XHIBIX APYCOB HaJICTPOEK, OJHAKO MOXXeT GBITb pacrpo-
CTpaHeHa W Ha maxy0bl HOMELIEHHi, PacrooKEeHHBIX B Kopnyce. ITamy6sr
APYCOB HaACTPOEK NPENCTaBIAI0T COOOH MIOCKHE MEPEKPHITHA, HabpaHHbIC
11O TIPOJOJIBHON WM MONEPEeYHOH cucTeMe Habopa U pasfeNeHHbIe ¢ MOMO-
IBIO CUCTEMBI HECYIIMX METAINMYeCKUX BRITOPOJOK Ha p:aA nojeit. Pacuery
MOJIeXNAT HU3IINe COOCTBEHHbIC HaCTOTHI INACTHH HACTHIIA U MOJKpPEILISIO-
wero Habopa 3tux nonei. s HEKOTOPHIX KOHCTPYKTHBHBIX THIIOBBIX BapH-
aHTOB OCHOBHBIE YacCTOTBI 3THX 3JIEMEHTOB IO/ MOXHO OINPEAENHTH C M0~
MOLIBIO aHATMTHYECKUX HOPMYIL.

4.2.2.1. bnok KaloT NpH nonepeyHoi cucreMe Habopa

Kone6anusa KOHCTPYKUHUH 3TOro TMma (puc. 2) XapaKTepU3yIoTcsa ABYMs
COOCTBEHHBIMH YaCTOTaMH, OJJHa U3 KOTOPHIX ABIACTCS HHU3IUEH COGCTBEH-
HOH "acToTol GHMMCa H COOTBETCTBYET KOJIeOaHUAM MaTyGHOTO IEpPEeKPEITUS
B LIEJIOM, a BTOpas — I€pBOH YacTOTOH MaxyOHOro HaCTHIA, MOAKPEIUICHHOTO
6uMcamMH, M XapakTepusyeT KojieGaHMA IUIRCTHH HACTHIAa OTHOCHTENLHO
OUMCOB.

Huswas co6erBenHas yacrora OUMcoB A,, Iy onpeaenseTcs u3 ycioBus
CcBOOOHOTO ONMUPAHHA UX 10 KOHIAM:

A, = . 4
"o @
my=p-(0-8,-5+1,), rne Q)
! — pacuerHas IMHA NponeTa Gumca, M;

E — Momyns HOpMaJBHOH yNIpyrocTu Marepuana KOHCTpykuyd, [1a;
m, — ToroHHas Macca 6uMca, ka2/m;
I, — MOMEHT MHepIMH 61UMCa C PHCOETMHEHHBIM TOSICKOM HACTIIA, M

p — IUIOTHOCTh MATepHUaNa KOHCTPYKIMH, K/M;
d, — ToNUMHA NaTyOHOro HACTHIA, M;

— paccTosHHE MeXIy Oumcamu, u;
J, — miomwane monepedHoro ceueHus GuMca 6e3 NPUCOEIUHEHHOTO

2
TIOsICKa HacTHa, M';
¢ — KO3Q(HUUMEHT, YYUTHIBAIOIMH yBeJIMYEHHEe MMOrOHHON MaccoBOM

Harpy3kd OMMCa 3a CYEeT MacChl M3OJUSILUM, MOKPBHITHH, HOAIa-
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JTyGHOro HaCBHIIEHUS U T. II. (IPH OTCYTCTBHM TOYHEBIX J@HHEIX [0
JOTIOJIHUTEABHON MaccoBOll Harpyske AONYCKaeTca NpPHHHMATh

@ =1,5).

Bopr Merannuyeckas

Bumc BBITOpPOAKA
A 4 ‘/

»

Pamueiit

i

| |

| |

1 | I
I i 1 r— + _1 /Kapmrn-{rc

| |

|

|

NN o ] e

I / HPOSONBHAS
BBITOPOJIKa
L L ..!

Puc. 2. TunoBas cxeMa 1amyGHOTo IEPeKpBITHS
¢ nonepetdHoi cuereMoi Habopa.

Huzmas coGcrBeHHas 4acToTa IUIACTHH nanyOHOro HacTwia A,, I or-
peneiigercsd U3 pacyera OaIKU-IIONOCKH, MOJETHPYIOIICH 3TH ILACTHHEL:

T D
A= —_, 6
Al b ©

3

D= _.E_Sl._z_ R (7)

12-(1-p%)
m,=p-¢-5,, rame 8)

§ ~— umHa OanKu-IIOJIOCKHU (IIMpUHA MIACTUHEL), M;

M~ xoapdunuent [Tyaccona.
Ocranbubie 0003HaueHns Takue Xke, kak B Gopmynax (4) u (5).

11



MY 22.4.1518—03

4.2.2.2. Baox KxaioT 1IpH [IPOIONBHOM chucTeMe Habopa

B stom crmyyae (puc. 3), XapaKkTepHBIM ABJIAETCA BO3MOXHOCTH IPOAB-
NeHHd TPeX Pa3MYHBIX COOCTBEHHBIX HaCTOT KOHCTPYKUHM. M3 HuMX omHa
ABAAeTCs HU3WeH coOCTBeHHOH 4yacToTON 6MMca M XapakTepusyeT Koyeba-
HUS NanyOHOro MepeKpsITui B LienoM. Bropas Asigercs Husmel cobcTeH-
HOH 4acTOTOH pefep MKeCTKOCTH H COOTBETCTBYET KONeOaHMAM MONA Tepe-
KpPBITHA MEX Ay OuMcaMu.

TpeTbs uyacTOoTa COOTBETCTBYET KONEOAHMAM IUIACTHH HamyGHOrO
HacTuna Mexny pebpamu xecTkocTu. Kcmonb3ys nMpuUBEACHHBIE BHIILIE
bopMynBl, MOKHO ONpPENENUTE KaXKIYI0 H3 TPEX OCHOBHBIX COOGCTBEH-
HBIX YacCTOT:

¢ yacroTy GuMca ¢ mpoaeToM b, cduTas ero cBOGOAHO ONEPTHIM IO
KOHUAM;

¢ 4acTOTY MPOJO/BHOTO pebpa KeCTKOCTH C MpOoJeToM [, cuuTas ero
cBOGOIHO OMEPTHIM Ha GuMcax;

¢  YaCTOTY INIACTHH HACTHIA, Kak OaJKH-TIONOCKHU C IPOJIETOM S, CBO-
foaHO onepToil Ha MPOAONBHEIX pedpax M eCTKOCTH.

I 1

L4

i

W

3 - y - A L.
AT
THILJIEPC
HJIHH _L.
YCHUNIEHHasA _——— _————— ——
CTOMKa

Puc. 3. Tunopas cxeMa nanyGHOTO IEPEKPITHS
¢ IIpononbpHOM cucTemoit Habopa,

B Gonee croxHpIX clyuyasX KOHCTPYKUMH nany6, xorma majiybHoe me-
PEKpBITHE MOJKPEIUIEHO CHCTeMO#l mepekpecTHIx Ganok (puc. 4), 4acToThl
CBOGOIHBIX KoNeGaHuil Takoro MmepeKphiTUs B LEJIOM PacCHUTHIBAIOTCA Me-
TOXOM KOHEUYHBIX 3JIEMEHTOB.

12
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Puc. 4. Tunosas cxeMa nany6GHOro NepeKphITHs
C NIPOMEKYTOIHEIM KapIUHICOM U YCHJIEHHBIMH GHMCaMK.

4.3. Pacuemnoe npoznosuposanue
Yyposuelt esinysicOen ol eubpayuu nany6 nomeuieHuii

Pacuer BBIHyXIeHHOH BMOpauuu namyG oOHMTaeMbIX NOMEIIEHHH mpo-
U3BOJUTCA Mociie obecrieyeHus yCIOBHH OTCYTCTBHS pe30HaHCa HaNCTPOHKH
B LIEJIOM C nomacTHoi gactoroil (1. 4.1). Ecni BO3MOXKHOCTE TaKOro pe3o-
HaHCa B pe3ynbTaTe pacyera CBOGONHBIX KoseGanuii OOHapyXeHa, TO JOJK-
HBI 6BITh 0043aTENBHO MIPUHATHL MEPHI 110 €r0 YCTPaHEHHUIO.

Pacyer BeIHYXIeHHO BUOpaLyu nanys npou3BOJUTCS B IBa dTana:

¢ Ha NepBOM 3Tale pacCUYUTHIBAeTCS BUOpaLMs KECTKUX CBsi3ell Kop-
fyca W HaJCTPOHKH, SBJIIOINMXCA OMOPHBIM KOHTYPOM M HMCTOYHHKOM KH-
HEMaTUYEeCKOro BO3OYXIEHHA A Nany6 noMelleHui;

4 Ha BTOPOM 3Talle ONpejeNfiOTCA YPOBHHM BHOpallMy caMuX nanyo
MOMEIUeHUH C y4eTOM HAHUHaMU4eckoil mobGaBkM, oOycnoBjeHHOH Koneba-
HUAMH NaTyOBl OTHOCUTENBHO €€ OIIOPHOTO KOHTYpa.

4.3.1. Pacuem ebiHyI#cOeHHO UGPAYUU JCeCmKUX C8A3eU

Omnpenenenue ypoBHeil BUOpauMM )XeCTKMX CBsideif Kopmyca M Hai-
CTPOHKHM MPOM3BOAMTCA C MOMOIIBIO MX MIIOCKOH INIACTHHYATO-CTEPKHEBOH
CXeMaTH3aluM, KOTOopas MCIONb30BaNach paHee IUIA pacdera CBOOOMHBIX
konebanuit (1. 4.2.1).

13
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B xayecTBe OCHOBHBIX I'apMOHMK MEPHUOAUYECKMX BO3MYILAIOWIUX CHJI
U1 CYAOB, NIABAIOMMX N0 YMCTOM OTO JIBA2 BOJE, PACCMATPUBAIOTCA BEPTH-
KaJIbHBIC YCHJIHA MEPBOFO, JIONACTHOrO U YABOEHHOIO JIONMACTHOrO MOPAIKOB
oT paboTaromux rpeGHBIX BUHTOB, & TAKXKe BEPTHKANbHbIE YCHIUA U MOMEH-
THl OCHOBHBIX NOPAAKOB Au3sesied. PexoMeHJauuyl 1O BBIMUCIEHHUIO BO3MY-
IIAIOLMX CUJI JaHbl B NPUIOXK. 5 M 6. PaBHoAelcTByIOIAsA CUA, HHAYLMpPYE-
MBIX IpeOHBIMU BUHTAMH, IPUKIABIBACTCA B CEUEHHH, OmbxaiiieM K AUCKY
rpeGHoro BUHTa. CHJIBI, BO3GYXAAaEMble INIaBHBIM JU3eNieM, NPUKIANBIBAIOT-
Csl B LIEHTpe TKECTU Auzens. MOMeHT, HHIyUHpYEeMBIi IU3eneM, 3aMeHsIeT-
csl mapoi cui.

PexoMeHnaanMu Mo y4eTy HEYNpyroro CONpPOTUBIIEHHA NPU pacyeTe Bbl-
HY>XAEHHOH BUOPAMHU NPUBEASHBI B MPUIOXK. 4.

4.3.2. Onpedenenue yposuei subpayuu
nanyb nomewjerui

YpoBHH npoaonsHOR BuOpauuy nary® noMemeHuid NpUHUMaloTCs pas-
HBIMH YPOBHAM BHOpaLIMU >KECTKMX CBs3ei, Ha KOTOpBIe 3TH Namybbl omupa-
YoTCcA. YPOBHU BEpTHKaNbHOH BHOpauuy nary0 B OKTaBax CO CPEAHEreoMer-
puueckuMHU yacToTaMd 2 M 4 I'll TakKe NPUHHMAIOTCA PaBHBIMH YPOBHAM
BUOpaluK >KeCTKUX cBA3ell. B OkTaBax CO cpefHEreOMEeTPUYECKHUMHU 4acTo-
Tamu 8, 16, 31,5 u 63 I'y paccuuTHIBaeMBble YPOBHH BEepTHKANbHON BUOpaly
namy6 onpenensAloTCs KaK CyMMa YpPOBHA BHOpallMMi OIMOPHOrO KOHTypa W
JHHaMH4YeCKO#l 106aBKH, Y4UTHIBaIOMEH konebaHus nmamyObl OTHOCHTENIBHO
ee OIOPHOrO KOHTYpa.

Ilpu BeINOJHEHHH TpeGoBaHU# MO MCKIYEHHUIO PE30HAHCHHIX KO-
nebanuit nany6 (m. 4.1) ykasansas go6aBka K ypoBHIO BUOpauuu omop-
HOro KOHTypa Many6HOro nepeKphITHA B COOTBETCTBYIOIEH OKTaBe CO-
CTaBJIZEeT.

0 n1b — B OKTaBax cO CpefHEreOMeTpUUECKMMH YacToTaMu 2 u 4 I'ny;
3 nbB — B OKTaBe CO cpeHereoMeTpHyeckoi yacroroit 8 I'y;
6 nbB — B OKTaBax co CpefHEreOMETPUYECKMMY YacToTaMH 16, 31,5 u 63 T

Ilpy BO3MOXHOCTH PE30HAHCOB 3NIEMEHTOB MainyObl ¢ Kakoi-nuGo u3

YacTOT BO3MYINAIOMUX CHII, COOTBETCTBYIOLAd NUCKpPETHAs COCTaBJAOIIAs
YCKOpEHHs OMOPHOro KOHTypa AOJDKHA ObITh yBennueHa Ha 18 nb.

14
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5. PacyerHoe NpOorHo3MpoBanue BUOpau B NOMeIIeHNsX
JIEIOKOJIOB H CY/AOB JIe0OBOr0 MJIABAHHA

5.1. Ocobennocmu eubpayuonnsix pacientos

Oco6ennocTd BUOPAIMOHHBIX PacyeToB CYJOB JISOBOrO IIaBaHHA H,
rIaBHBIM 00Gpa3oM, JIEZOKOJIOB [0 CPaBHEHHIO C OOBIYHBIMYU TPAHCIIOPTHBIMH
CyZaMM MOJXHO pa3fe/iuTh Ha JBe YacTH:

4 0COGEHHOCTH, HENOCPEICTBEHHO CBA3aHHBIE C WX ABMIKEHMEM BO
JpJaX, MPUBOAAILNE, BCIEICTBHE IMHAMUYECKOro B3aMMOJCHCTBHA KOpIyca
M TPeOHBIX BUHTOB CO JIbJOM, K BO3HHKHOBEHHMIO HIHPOKOMNOJIOCHOTO CHIEKTPa
B030yXaeHUs BHOpaUMM M H3MEHEHMIO AUCCHMIIATHBHBIX XapaKTePHUCTHK
KOpIyca;

4 0coGEHHOCTH TOCTPOEHHA PacHeTHOl MOJENH CyHaHa, CBA3aHHBIE C
0COOEHHOCTAMH apXHUTEKTYPHI JIEJOKONOB (Manoe oTHOoWeHUWe L/B, Hamiiue
TIPOTSXEHHBIX HAJICTPOEK), NPUBOJAAIINE K H3MEHEHHIO 3 ()EKTHBHBIX JKECT-
KoCTeft Kopmyca, a TaKke MPUCOEIMHEHHBIX Macc BOJBI. PexoMeHmamwmu mno
BBIYMCIICHHIO 3THX N1apaMeTPOB AaHBl B [2].

OnpeneneHue ypoBHel BHOpaunuu B NMOMENIEHHAX paccMaTpHBaeMoil B
HaCTOAMIEM pa3jiefie TPYIIB! CyJ0B IIPOM3BOAMTCA B [(Ba 3Tana — CHayaja Ha
YHCTOM BOJE, a 3aTE€M BO JIBAAX.

Ha nepsoM 3Tame ypoBHH BHOpaLMM pacCYMTHIBAIOTCA Ha AEHCTBHE CHII
oT paboTaomux rpeGHEIX BUHTOB M MEXaHHM3MOB, Ha BTOPOM 3Tamne, KpoMe
TOrO, YYHTBIBAIOTCA CHJIBI JUHAMHYECKOro B3aUMOMAEHCTBUA KOpIyca CO
JBJOM.

B kayecTBe pacyeTHOro pexkuMa IIaBaHuA BO JIbIAX, NPH NPOTHO3HPO-
BAHMM BHOPALMOHHEIX YCIOBHI OOHMTaHMs HA JIEJOKOJAX, B HacTosIIee Bpe-
Ms1 OOBIYHO MPHHUMAETCH PEXXUM [BIKEHHMSA B CIJIOLIHOM POBHOM JIEZOBOM
none co ckopocTeio 40—60 % oT cnenuduKauMOHHON! Ha YHUCTOH BOJE MpPHU
MOIIHOCTH 3HepreTHyeckoit ycranoskd 70—90 %. TonmuHa npaa, COOTBET-
CTBYIOIIAA 3THM YCJIOBHAM, ONpelesseTcd N0 KPUBBIM JIEAOTIPOXOAUMOCTH.

5.2. Boamyuwiaroujue cunsl 6 1€006bIx YCA06UAX NIACAHUA

ITpu onpepeneHuy mnapaMeTpoB BBIHYXICHHON BUOpalMH BO JIbAax
NPHUHUMAETCA, YTO BO3MYLIAIOIIME CUIBI OT TPeOHBIX BHHTOB M JHM3ENBHBIX
JHEPreTHYECKUX YCTAHOBOK HEMOCPEJCTBEHHO HE 3aBHCAT OT HAIUYHA Jie 0~
BBIX YCNIOBHH M BBIUHCISIOTCA TaK Xe, KaK JUIi COOTBETCTBYIOILUX YHCEN
0B0pOTOB Ha YHCTOM BOZE.

Bo3sMmymatomue cuibl, 00ycloBiIeHHBIE YIapHBEIM B3aUMOAEHCTBHEM
HOCOBOH 4acTH KOpITyca CO JIbJIOM, OINpefesaroTcs 4yepe3 (QyHKUMIO CIek-
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TpanbHo# moTHOCTH S(@w V) (@~ YacToTa KONebaHuil, ¥ — CKOPOCTh CYAHa).
MaremaTH4ecKast MOJENb U BEIYHCIIEHUS 3TON GYHKIMH, TIOCTpOEHHas Ha
OCHOBaHMH HATYPHBIX SKCIEPUMEHTANBHBIX HaHHBIX [3], mpeaycmarpusaeT
anmpoxcuMaumio Gysxunu S(@ v) B BUE:

S(@,v)=w-v* " .o )

[Tapamerpsi g, ¥ > W, 32BUCAT OT TIAPAMETPOB JICKOBBIX noxeit. Bug stux

3aBHCHMOCTEH ONpEeAeIeH IKCIIEpUMEHTAIIbHO MJIA CYAOB pa3INYHOro BOAO-
u3MeleHusa ¥ 6onpinoro Habopa AexoBBIX YCIOBHH. ANropuUTM pacyera BbI-
HY)XAEHHOH BUOpaIu KEeCTKUX CBA3EH KopIlyca M HaJCTPOMKM nop HmeicT-
BHEM YCHUIHH yJapHOTO B3aMMOJEHCTBUS KOPITYca CyAHa CO JbJOM CBOIMTCSH
K MOOYEPEIHOMY BBIYHCIACHHIO NUCKPETHBIX COCTABJAIOIIMX BHOpauuy ¢
HOCNEeAYIOIHUM UX CyMMUPOBAHHEM B OKTaBHBIX IOJOCAX CO CPEIHEreoMeT-
pHUuecKUMH yactoTaMu 2, 4 u 8 't

3a TOYKy NpHJIOKEHHUs] CUIIbl yIAPHOI0 B3aUMOJEHCTBHUA KOpIyca CyaHa
€O HBAOM NPHUHUMAETCA CEYCHHE HOCOBOrO MEPNEHIMKYNApa, a cama Cuia
CYMTaeTCAd AeHCTBYIOMEH B BEpTUKAIHLHOM HAIPABICHUH.

5.3. Koappuuuenmsr doemnpuposanun e nedossix
YCROBUAX NAACARUA

Koadduuments: neMnupoBaHus BUOpalM CyIOHA NPH IUIABaHHM 110
YUCTOH BOJE M BO JIbAAX CYHIECTBEHHO Pa3IMYatoTCs. '

Ha yucToit Boge 3HavyeHus xod3dduuueHtToB aemndupoBaHus y nNpHHU-
MaloTC B COOTBETCTBHM C PEKOMeHZamusaMu npunox. 4. Bo neaax ¢uzuye-
CKajg nmpupoJa XeMndUpoBaHHA HHM3KOYACTOTHOH BHOpauum KOpmyca MeHs-
€TCsl, COOTBETCTBEHHO MEHSETCS M MaTeMaTH4eckas 3aBUCHMOCTh IS onpe-
ngeneHus koadpduuueHtoB gemndupoanusa. Ilpu pacyerax BHIHYKISHHOM
BHOpauMu B AHana3’oHe 4acTOT HEPBBIX MATH TOHOB CBOGOAHBIX kojeGaumit
Koprryca, Ko3ddurpenTs! qeMnpupoBaHHA U JEHOBEIX YCIOBHI TaBaHUA

L
¥, BBIYUCIAIOTCA 1O dopmyrne:

yf =y+a-t-K(n), rne (10)
Y — koadduuuent memndupoBaHUs KojdeGaHHH Kopiiyca Ha YHCTOM
BOZE;
t — TOJIUMHA Nbla, M;
n — HOMep TOHa CBOOOJHBIX KoJieGaHuii;

o — SMIHMpHYecKuii K03(pdUIMEHT, 3HaUeHHe KOTOPOro NPUBEAEHO B [2];
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K(n) — penyxnuonuslii ko3(duLeHT, 3aBHCAIMII OT HOMEpa TOHA U
NPUHKMMAEMBIM PaBHBIM 3HAYEHUIO COOTBETCTBYIOWIErO K03d¢H-
[HEeHTA MPU BBIYHUCIICHHUH MTPUCOCANHEHHBIX MacC BOBI.

Jna mocnenyromux TOHOB konebaHuii kopmyca (LIECTOrO UM BBIHIE) KO-
L
3¢ duumeHT Y, npuHHMaercd pasHbeiM 0,05,

6. PacueTrHoe NpOrHO3HPOBaHHE BUOPALHH B NOMeEIEHNAX
MaJIOTOHHAKHBIX Cy/I0B

6.1. TpeGoeanusn K 3HaUEHUAM COGCMBEHHBIX YacMOm

K nanHO# rpynme cyZoB OTHOCATCA PHIGONPOMBICIIOBEIE CYAa, OYKCHPHI,
Mansle JiegoKons! ¥ np. K ocobeHHOCTAM 3THX Cy[OB ClEAyeT OTHECTH:

¢ Maoe oTHowenue L/B;

¢ HCHOONB30BAHME B KayeCTBE INIABHBIX ABUTATENed cpeXHeoBOpOTHHIX
IHU3CIICH;

¢ HeOonbluue HAACTPOiKy;

4 pacHOJOXKEHHE XHUNBIX M ClyxeOHBIX NoMelleHuil B HENOCpexCT-
BEHHOH GJIM30CTH OT MAWIMHHOIO OTAENEHHS.

OcCHOBHBIMH (haKTOpPaMH, OTIPENENAIOUMME BO3MOXHOCTE BO3SHUKHOBE-
HMA NOBBIIIEHHON BHOpaLUUH B TOMEIIEHHUAX, KaK IPaBUIIO, ABJIAIOTCS:

¢ B OKTaBe cO cpenHereoMerpHuyeckoit yactotoil 16 I'il — coBnanenue
Wi O7IM30CTE HU3MIKX COOCTBEHHBIX YacTOT BEPTUKAIBHBIX KoJeGaHuil Kop-
ITyca ¥ JIOTIaCTHON 4acTOTHI;

4 B OKTaBe CO cpeaHereoMerpudeckoit dactoroit 31,5 I'u — cosmnage-
HMe WK GNHM30CTH HU3WMX COOCTBEHHBIX HacTOT Mamyl ToMeIeHMi U dac-
TOT OCHOBHBIX [IOPAXKOB CPEHEOOOPOTHEIX AU3eNneit.

[IpoGneMa pe3oHaHCHBIX OPOJONBHEIX KojeGaHMi HAACTPOUKU B LIeJIOM
IUIA JaHHOM rpynnel CyAOB 0OBIMHO HE BO3HHUKAET.

OcHoBHBiE TpeOOBaHUA, MpexbiBiieMble K COOCTBEHHBIM 4YacTOTam
KOpITyca W KOPITYCHBIX KOHCTPYKIMH MAaJIOTOHHAXHBIX CYIOR, dopMynupy-
I0TCA CREemyIomMUM o0pa3oM:

¢ COOCTBEHHBIE YaCTOTH! IEPBBIX TPEX TOHOB CBOGOAHBIX BEPTUKANIb-
HBIX KoyeGaHuii Kopryca OO/KHBI OTJIHYATECA OT YACTOT BO3MYLIAFOIINX CHJI
NEPBOro MopsAnka OT paboTaromuX rpeCGHBIX BUHTOB M INIaBHBIX JBHraTesneit
He MeHee 4eM Ha 10 %;

¢ HusmMe COOCTBEHHBlE 4YACTOTHl Namy0 oOMTaeMBIX MOMeIeHu
JOJKHBI NPEBBIIATh YaCTOTHl BO3MYILAIOIMIHX CUII OT paboThl rpeOHBIX BHH-
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TOB U [JIABHBIX ABUraTeNeil He MeHee uyeM Ha 30 % mia Ganok Habopa u He
MeHee yeM Ha 50 % Juis niacTHH HacTHIa.

6.2. Pacuemut c40600HbIX Konebanuii u ypoeneii
GbIHYIHCOCHHOU guOpayuu

Pacyers! cBoGoaHbix KoneGaHM M ypoBHeH BBIHYKICHHOH BHOpaLMU
IPOH3BOJATCA B COOTBETCTBUU C NMPaBUJIAMM, U3JIOXKEHHBIMU B 1. 4.2 1 4.3.
PekoMeHIalUWH MO BBIMUCIEHHIO 3 (eKTHBHBIX XECTKOCTEH Kopiyca, a Tak-
e MPUCOSHMHEHHBIX MacC BOIBI, YYMTHIBAIOIIHE APXUTEKTYPY MalOTOH-
HaXKHBIX CYJIOB, JJaHbI B PMJIOXK. 2 U 3.

7. PexoMeBAANAM MO CHHIKEHHIO YPOBHEH BHOpannu
B 00MTaeMbIX CyHOBBIX IOMeIEHAAX

HacTosmue pekoMeHAAIIMM HMEIOT LEJIBI0 JaTe BO3MOXXHOCTh KOHCT-
PYKTOpPY B NpOLECCE MPOEKTHPOBAHMSA NPEAYCMOTPETh KOMIUIEKC KOHCTPYK-
THBHBIX MEPOINpPHATUH, HEOOXONUMBIX U O0ecneyeHus yCnoBUil oOOuTaHusa
B CYHOBBIX IOMEILIEHUIX, B COOTBETCTBHH C TpeOOBaHHAMHU CaHHTAPHBIX
HopM BubOpauuu. PexoMeHaauuu pa3zpaboTanbl Ha OCHOBaHHH MHOTONETHETO
ONbITa pacueTHO-TEOPETHYECKUX U IKCIIEPUMEHTANIBHEIX HCCIIeHOBaHHN BHO-
palMu Ha Cy/laxX pa3iM4HbIX THIIOB M Ha3HA4eHHH, a TakXke OmbiTa UX Mpak-
THYECKOIO IPUMEHEHHUs NPH NPOEKTUPOBAHUH STHX CYHOB.

7.1. Mopckue mpancnopmusie cyoa
7.1.1. Oxmasul co cpednezeomempuueckumu yacmomamu 2 u 4 I'y

OCHOBHBIMH TNPUYHHAMH BO3HHKHOBEHMs IOBBILIEHHONW BHOpaluu B
3TUX OKTaBaxX ABIAIOTCS COBMAACHUSA HU3LIMX COOCTBEHHBIX YacTOT BEPTH-
KanbHBIX KojebaHuil KopIyca CylHa ¢ YacTOTaMH BO3MYIIAIOIHUX CHII Iep-
BOTO M BTOPOIO IOPAAKOB. B CBA3M € 3TMM Ha CTauM NPOEKTUPOBAHMS Cile-
JyeT npenoTBpallaTh Pe30HAHChl YKa3aHHBIX YAaCTOT, HAIPUMeEp, NyTeM IOJ-
6opa palMOHaNBbHOM 0alTaCTUPOBKH Cy[Ha, a TaKKe NMPUMEHUTh rpeOHbIe
BUHTHI U M3€JIM C Maioif HEYPaBHOBEIIEHHOCTRIO.

7.1.2. Oxmasa co cpedHnezeomempuueckoii yacmomoi 8 I'y

OCHOBHBIMH NpUYUHAMHA BO3HUKHOBCHHA MOBBILLIEHHOM Bn6pau1m B
9TOM OKTaBe OOBIYHO ABJIAIOTCA:

4 DPE30HaHC OCHOBHOM YacTOTHl NMPONOJSIBHBIX KoJeGaHH# OCTPOBHOI
Ha/ICTPOMKH C JIONAcTHOH 4acToToMH;
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¢ BBICOKMI YPOBEHb BO3MYILAIOLMX CHJI JIOTIACTHOTO HOPAAKA, UHIY-
HUPYEMBIX TPeGHBIM BHHTOM.

I'naBHBIMU axTOpaMH, ONPEAEMIOMHMH YHCISHHOE 3HAYEHHE OCHOB-
HOH 4acTOTHl HaACTPOMKH, AB/AIOTCA — €€ BEICOTA, KECTKOCTh HA CHBUT H
JECTKOCTH KPEIUIeHUS K KOPIYCYy.

JIns 3KecTKO 3aKpenneHHBIX HaACTPOEK MPUONIKEHHO MOXKHO CYMTATH,
YTO KX OCHOBHAasA 4acTOTa IPONOPLIHOHATBHA OTHOILICHHIO

JGF

5 9i3

— BBICOTa HAACTPOHKH,

MOQYJlb CABUTa MaTepHasia OOIUMBKY CTEHOK HAaICTPOMKH,

— IUIomajAb CeYeHHSA MPOIOJBHBIX CTEHOK H mepebopok, paboTtaro-
IMX Ha CABUT.

"o
|

Caosurosaa xectkocts G * F OponopuMOHanpbHA CyMMAapHOH TONIIMHE
BGOKOBBIX Hapy)XHBIX CTEHOK M INIOCKHUX BHYTpeHHuX nepebopok. [Ipu stom
OCHOBHOH BKJIaJl B HE€ BHOCST NPOJONEHBIE CTEHKU, COBMEILLEHHBIE APYr C
IpYroM [0 BBICOTE B OIHOI IIIOCKOCTH.

Haxcrpoiika MOKET CUMTATECH JKECTKO CKPEMJIEHHOH ¢ KOPIyCOM, €CliH
€€ TOpLEBBIE Hapy)KHBIE CTEHKH COBMEIIEHBl ¢ OCHOBRHBLIMH INONEPEYHBIMH
nepebopkamMu Kopiyca, a OOKOBEIE Hapy)HbIe CTEHKH U BHYTPEHHHE HECy-
wue nepeGopku onuparorcs Ha 6oprta, TMGO Ha BEINOPOJKH, KOHCTPYKTHBHO
IOBENCHHbIE 10 ABo¥HOro nmHa. IIoNaTAMBOCTE KperieHHs HaJCTPOHKH OKa-
3BIBAET CYIIECTBEHHOE BIIAMHUE HAa OCHOBHYI YacTOTy, €ClM XKeCTKOCThb
ONOPHEIX KOHCTPYKImi cocTapnser menee (0,5—1,0)-10°H/m. Ipu o6Hapy-
KEHHM PE30HAHCHOM BUOpalUM Ha TOTOBOM CyZAHE JJIA NOBBIOICHHA cOOCT-
BEHHOH 4acTOTH HAaJACTPOEK MHOTJA MOXXHO PeKOMEHJI0BaTh YCTaHOBKY pac-
mopok. Ha puc. 5 nokasaHa cxeMa yCTaHOBKHM HAaKJIOHHBIX PacliopoK B INIOC-
KOCTX HapyXXHBIX CTCHOK, PEKOMCHIOBAaHHAd INA MOBHILIEHUA YaCTOTHI
HAICTPOUKH OJHOr0 M3 MOPCKUX CYAOB. PacyeTHoe yBelndyeHHe YacCTOTHI
ripu 3ToM cocTtaBuio 7 %.

V3BecTHBIM cIMOCOOOM HCK/IIOUEHHS DPEe30HAHCHBIX KkoneOaHui, BHIAB-
JICHHBIX HA TOTOBOM CYHHE, SBIAETCA 3aMeHa ITATHOrO BHHTA HA BHHT C
JpYTHM HUCJIOM JlonacTtei.

BenyuuHa BO3MYIIAIOUIMX CHJI JIOMACTHOTO IOPAAKAE, MHAYLHPYEMBIX
rpeGHbIM BUHTOM, IVIaBHBIM O00pa3OM ONpeneiaeTcs €ro reoMeTpUIecKUMHU
fapaMeTpaMy M paciofioXKeHHeM 3a KOPHYCOM CyZIHa, a TakKe CTECICHBIO
HEpaBHOMEPHOCTH MMOTOKa B Aucke BHHTA. CyIIECTBEHHOE BJMSIHHE HA BO3-
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6y)xzxaem>le BHHTOM MNEpPEMEHHBIC HArpy3KH OKa3plBA€T ITYJIbCHPYIOIaA Ka-
BHTALMA Ha JIONACTAX.

Puc. 5. Cxema ycTaHOBKH HaKJKOHHBIX PaCIIOPOK
Ha CyNOBOH HaACTpoMHKe.

BenuunHa HepaBHOMEPHOCTH MOTOKA B JMCKE PEOHOrO BHHTA 3aBHCHUT
0T 00BOXOB KOPMOBOH OKOHEYHOCTH, '€OMETPUHA M PACIIOJIOKEHHUS BBHICTY-
NAIOIIMX YacTel, a Taioke PaclloNIOKEHHs BHHTA 3a KopmycoM cyaHa. C ue-
JIBIO CHIDKEHHS HEOJHOPORHOCTH NOJA CKOPOCTeH B AUCKE BHHTa PEKOMEH-
nyercs [4]:

4 [P NPOEKTUPOBaHMU ONHOBAIBHBIX CYNOB CO CPENHUM 3HaUeHHEM
xoadduumenra obmeit nonmoTsr Kopmyca (0,65 < § < 0,8) npuMeHsTH B KOp-
MOBO# oxoHeyHocT U-oOpaznbie i ymepeHHo U-o0pa3Hble MIMaHTOYThI;

¢ s GHICTPOXOAHBIX OJHOBANBHBIX CYIOB C MJIOH NOJHOTOH 0GBO-
108 (8 < 0,65) nenecoobpasHo npuMeHeHHe yMepeHHO U-06pasHbIX KOpMO-
BBEIX minaHroytos. HauGonee 3¢ eKTUBHBIM CPeACTBOM BEIPaBHHBAHHUA IIO-
TOKa U1 3TOTO THNA Cy[OB ABJAETCA MCIONb30BaHHE KOPMOBOH Gynb60BOi
Ha/IeJIKH;

¢ 1ns cymoB Gomsmol mosmHoTH (O 2 0,8, Tankepsl, pyxoBO3bL) C 1e-
JIBI0 YMEHBIICHUA HEPaBHOMEPHOCTHM MOTOKA NMpeANoYTHTEIbHEee HCIONb30-
Bath V-06pasHbie H yMepeHHO U-06pa3Hble KOpMOBBIE IINAHIOYTHL;

¢ Ha IBYXBalbHBIX CYJaX C BBIKPYXXKaMM PalHOHAIBHO HCIOJb30BaTh
HapyXHOe BpamieHWe rpeGHBIX BHHTOB, a Yrojl HAKIOHAa KPOHIUTEHHA BHI-
KPYXXKU K OCHOBHOY ILIOCKOCTH NpUHMMaTh paBHbiM 20—40 rpaxycos.
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ITpu 3amanHo# GopMe 06BOAOB CyaHa palmOHaNbHA YCTaHOBKA Ha KOp-
Myce BBIPaBHMBAIOMIMX MOTOK YCTPOHCTB — HAMNpaBIAIOUMX KPbUIBEB, Haje-
JOKH T. I.

Jns [HOCTHXKEHHSA INpPUEMIIEMBIX YpOBHeEH MyJbcaluii peKOMeHAyeTcs
NPUHUMATE CHEXYIOIIMEe BENMYHMHBI MMHUMAIBLHOTO 3a30pa MEXAY KOHLOM
JlonacTty 1 oOIMBKO#N KopITyca:

JUIA OJHOBAIbHBIX CYNOB

%20,15“,1-10_3(0—60"), (11)
JUIS ABYXBaJIbHBIX CYIOB
r
—20,25, rae 12
> 2 (12)
r — 3a30p MeXIY KOHLOM JIONAacTH U HapyHOW 0OIIMBKO# Kopiyca, M;
L — CcpedHss BeJIMYMHA Yrja 3a0CTPEHMsS IIMIaHroyTa B MUIOCKOCTH

JUCKa BUHTA, °;
D - nuamerp BuHta (D=2- R), m.

Ha nByxBanpHBIX CyHax pacCTOSHUE b, M MEXIy CepeluHOM cedeHHs
JIOTIACTH BHHTA Ha paJHyce, OTCTOAMIEM OT ero ocu Ha R’ =0,7 - R, u axrep-
HITEBHEM MM KPOHINTEHHOM PEKOMEHIYeTCS NPHHUMaTh B COOTBETCTBHH C
HEPaBEHCTBOM:

b
) > 045 (13)

C uenpio CHWKEHHUs BUOPALIMOHHBIX HAarpy30K, NeHCTBYIOIHX Ha PYib U
4epes ero 6annep Ha KOPITYC CYAHA, a TAKXKe JOCTHKEHUA YAOBJICTBOPHTEIB-
HBIX pe3yNbTaTOB IO XOJIKOCTH PAcCTOSHHE 4, M MEXIy rpeOHBIM BHHTOM
(cepenuHOM ceyeHMs JIOTIACTH Ha R"'=0,7" R) 4 pyneM IOMKHO YIOBJIETBO-
pATh TpeboBaHuUIO:

a e
—2>15--2-0,025, (14)
D D
a NpeleabHO JOIMMyCTHUMas M3 COOOpaXXeHUil XOIOKOCTH OTHOCHUTENIbHAs
*
TOJILMHA Py/iA Ha ypoBHe R =0,7 - R cedyeHus jonmacTd rpebHOro BHHTA
JOJKHA OBITh:

Em— .i E-”'—:
DSO,16+0,3 D’ HO He GoJee D 0,25 (15)
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3HayuTeNbHOE BIMAHME HA BEIHYHHY BCEX BMIOB BHODAUMOHHBIX Ha-
rpy30K, HHIYLHMPYEeMBIX BHHTOM, OKAa3bIBalOT [€OMETPHYECKHE XapaKTepH-
cTUKH rpeGHoro BuHTa. Haubonee CyIIECTBEHHO aMIUIMTYIHO-4aCTOTHBIE
HapaMeTps! BUOpaLMOHHBIX HArpy30K 3aBHMCAT OT YHCIa Jionacted rpeGHOro
BuHTa. C pOCTOM YMCIia JonacTel aMILIUTY (B! HAarpy30K YMEHbIIAKOTCA.

C uenbio CHIKEHU BUOPAIMOHHBIX Harpy30K TaKKe PeKOMEHIyeTCs:

¢  IIpY NPOEKTUPOBAHHM FPEGHBIX BHHTOB, CHH)KATh Harpy3Ky K KOHILY
JIONAcTH 1O CpaBHEHHIO ¢ ontuMmansheiM 1o KIIJ[ ee pacnpenenenuem mo
Tex nop, noka uHmykTuBHeId KITJ{ He ymensmmurcs Ha 1,5 %. Ha yxe mo-
CTPOGHHBIX CyJaX, B Cllyyae TOBBIIEHHOH BHOpalMM U IPU OTCYTCTBHHU
HHEIX BO3MOXHOCcTeH 60pBOBI C Hell, MOXeT OBITh AOMyIeHo Gonee 3HAYM-
TENBHOE CHM)KEHHE Harpy3ku Ha KOHLIEBBIX CEUYEHMAX, pasyMeercd, ¢ COOT-
BETCTBYIOIMM yMeHbieHHeM KI1J] rpe6HOro BUHTA;

¢ Ha BHOBb IPOEKTUPYEMBIX CyjaX, 6e3 IJI€ZOBBIX YCHICHHH HIU
HMEKIMX HU3KHi NIeJOoBhIH Kiacc (He Belme JI3), peKoMeHIayeTcs yCTaHaB-
NUBaTh TpeGHBIE BUHTHI C YMEPEeHHOH caGieBHIHOCTEIO tonacrei (yron cal-
JIEBUAHOCTH MEHBILE IONOBHUHBI MeXJIonacTHoro yrna). I'pebHele BHHTHI C
Gonpmoil cabneBUAHOCTBIO H3-33 TPYAHOCTeH ofecmedyeHHs Hamiexamei
MPOYHOCTH LieJecooOpasHO HCNOJNB30BaTh TOJNLKO JUIA yXe MOCTPOEHHBIX
CYZIOB, Ha KOTOPBIX OOHapYXUJIach HENOMyCTHMas BHOpaLus Kopiyca;

¢ I8 TPaHCNOPTHHIX CYJOB Ienecoo0pa3sHO NPUHUMATh KPHUBH3HY
npoduineit ceveHuit IONacTH NO BO3MOXHOCTH GoJbLIel, 6M3KOM K BepXHe-
My npeneny ofecnedeHHs MHHUMAJIBHOIO Pa3peKeHHs MPH NMPOEKTHOM pe-
»uMe paboTh! rpeSHOro BUHTA.

7.1.3. Oxmaea co cpeornezeomempuyeckoti vacmomoti 16 I'y

I'napHBIMM NPHYMHAMM MOBBIIIEHHON BHOpauuM B JaHHOH OKTaBe
OGBIYHO ABMAIOTCA PE3OHAHCHI HU3LMX COOGCTBEHHBIX YacTOT Naiy® mome-
MIeHUH C YaCTOTaMM BO3MYILAIOIMX CHII MaloOOOPOTHBIX AU3eNeH. YUHTEI-
Bas 3TO, OCHOBHBIE PEKOMEHJAUMH HO CHIKCHHIO ypoBHeH BHOpauuu naryd
HarnpabJIeHbl Ha MOBBIICHHE MX COOCTBEHHBIX 4aCTOT.-

Jins TUNOBOrOo KOHCTPYKTHBHOIO BapHaHTa NayOHOIO NepeKphITHS,
NOKA3aHHOTO Ha pHUC. 2, HU3LIMMH COOCTBEHHBIMH YaCTOTAMH, [1OMaJAIOLIH-
MH B PE€30HAHC, MOTYT ObITB!

¢ yacToTa OuMca A,

¢  4acTOTa y4acTKOB NaiyGHOro HaCTHIAa MEXIY OUMCaMM A,

H3 dopmya (4) u (6) cnexyer, yTo HU3LIHME COOCTBEHHBIE YaCTOTHI 3Jie-
MEHTOB KOHCTPYKLUMM MEPEKPHITHA MPONOPUMOHANBHBI X OCHOBHBIM pa3Me-
paM H mapamerpam, T. €.
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Otcroma BHAHO, 9TO JUIA YBEJIHYEHUA 3THX COOCTBEHHBIX 4acTOT Heob-
XOIMMO:

¢  YMEHBUIMTh ANMHY @poneTa GMMCOB WIH YBEIHYHUTH MX MOMEHT
HHEPLIUH;

4  yYMEHBIUUTH LINALHIO WM YBEIHIHTE TONIMHY HACTHIIA.

Eme onHuM cnocoOOM MOBBIMIEHHS COOCTBEHHBIX 4acTOT OMMCOB ABIA-
€TCst MoJKperyieHne namyCsl paMHBIMH CBA3AMHU. IIpuMeps! moixpervienuii
NpeJCTaBIeHbl Ha pUc. 6 U 7.

n

0
st

JononuurensHee 6AMCE

: | Jononuu-
TEJBHBIA
| |< .4-- l KapJIHHIC

—+- - -
T
NN T T O N N N N s I

Puc. 6. BapuaHr nogxpenneHus NaTyOHOTO NEPEKPHITHS AOIIOTHHTE ILHBIMM
pPaMHBIMHU KapJIMHICOM ¥ GuMcamu

=7

ITunnepc Jononxu-
WIH N\ TeNbHbIH
ycx«men- KapJIMHIC
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|
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Puc. 7. BapuaHT NOAKpPEIUICHAA [TATyOHOTO IEPEKPHITHS AOTIOJHUTENBHBIM
paMHBIM KapJIHHICOM U ITHIUIEPCAMH.
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| |
l |
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|
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[NTany6Hble nepekpITHA ¢ NPOACJIBHON cucTeMoit Habopa KOHCTPYKTHE-
Ho 6onee MpeAMOYTHTENHHE! [0 CPAaBHEHMIO C BAPMAHTOM IIONEPEUHON CUC-
TEMB], T. K. IpH THIIOBBIX pa3Mepax CBa3el:

4 mnauys 700 MMm;
4 TOJIHHA HACTH/IA 6—8 mm;
¢ npoduns pebpa KeCTKOCTH noyroco6yns0 T Ne 10—12;
4 paMHBIE CBS3M C BRICOTOM
CTEHKH INopajKa 250 mmM;
4 PacCTOSTHUE MEXAY PaMHBIMH
CBA3AMH NOpsiAKa 2,5 M;
¢ UIMHA KalOThl 4,5m

M NpH YCJIOBUH OINMMPAHUA PaMHbIX CBA3CH Ha CTEHKH KOPHIOpa NpeiCcTaBiisi-
€TCS BO3MOXKHBIM YBEJIMYUTH COOCTBEHHEIE YaCTOTH! JIEMEHTOB NAIyObl IO
25—30Tu.

TIoMHMO yrKecTOYeHHs KOHCTPYKLMIt Mamy6, [Jis CHYKeHHA BUOpalud B
oktase 16 I'lt, ciemyer CTpeMUTECA MAKCHMAJILHO OTAANATE XKHIIbIe U MEAH-
UMHCKME NMOMEMICHHA OT MallMHHOTO oTAejieHusa. CymecTBeHHsIH 3¢ dext
JaeT BBIHECEHHE IIAXThl FA30BBIXIIONA 3a Mpeensl xkunoro 6ioka (puc. 8).

Puc. 8. CxeMa pa3MelieHus ra3oBbIXIoNa
BHE [PEJIEJIOB XUIOro 61oka.
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7.2. Manomounasicusie cyoa

OnbiT U3MepeHUii NoKa3bIBaeT, YT0 HauboJiee YacTo NOBBIIIEHHas BHO-
pauys B MOMELIEHUAX HANCTPOEK MabIX M CPEOHHX CyHOB Habmoxaercs B
OKTaBax CO CpefiHereoMeTpudeckuMu yacroramu 16 u 31,5 I'u. Ilomumo mep
[0 HCKTIOYEHHIO PEe30HAHCHBIX konebaHuil, 3¢ dexTHBHBIM crocoboM yiryd-
ureHus BHOpaLMOHHBIX YCNOBUH OOMTaHMA Ha CcyjaxX NaHHOH IpyNNbI sBIA-
ercs BUOPOU30JIALIMSA HAICTPOEK B IETIOM.

A
[-—D

3|88 s |38 138 oL%g@]
4 5
3 H

B =E

Alll. 2

5

Puc. 9. YcTaHOBKa HaACTPOHKY Ha aMOPTH3ATOPax.

I — 6110k OOPHBIX aMOPTH3ATOPOB; 2 — YNOPHAIH aAMOPTH3aTOP; 3 — CTPaXOBOYHEIE
YCTPOMCTBA A/l OrPaHMYEHHMS] BEPTHKAIBHEIX IEPEMELIECHHH; 4 — CTPaXOBOYHbIE
KaHaTBl; 5 — CTPaXOBOYHBIE YCTPOHCTBA ISl OTPAHHYEHHS TOPU3OHTATLHBIX
niepeMelieHui; 6 — neMndepsr.

IpuHiMnuanbHas CXeMa YCTaHOBKW CYINOBON HAfCTPOIKM Ha aMOpTH-
3aTopsl MoKazaHa Ha puc. 9 [5]. B kauecTBe OMOPHBIX UCIONB3YIOTCA pe3u-
HOMETAJUTHYECKHE, [THEBMATU4ECKHE WM MpPY)XHHHBIE aMopTu3aTophl. Cre-
peAud W c3ajd HaJACTPOMKM YCTaHABJIHBAIOTCA YMOpHBIE aMOPTH3aTOPHl U
CTPaxoBOYHBIE YCTPOMCTBA, KOTOPhIE NOJKHBI BOCIIPHHHUMATE 3KCIUTyaTaly-
OHHYIO Harpysky MpH Kauke, a TakkKe aBapuilHble Harpy3Ku B Cydae CTOJK-
HOBEHMs cymoB. Jlna obecnedyeHusa 3HA4UTENHHOTO BUOPOU3OIHUPYIOLIETO
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addexTa BCe HeOMOpHBIE CBA3HM (TPYyOOIPOBOABI, 3JIEKTPOTPAcCHl M T. A.)
CHabXaOTCA DAaCTUYHBIMKM BCTABKaMU M KOMIleHcaTopamu. OJHHM M3 OC-
HOBHBIX HapameTpoB, 00ycCIaBIHBAOWMX 3((EKTHBHOCTE AMOPTHU3ALMH,
ABIAETCA COOCTBEHHAA 4HAcTOTAa aMOpTHU3HpyeMoro ofvekra. B amoprusu-
PYIOLINX KpeIVIEHMSAX CYAOBBIX HAICTPOEK 5Ta YacTOTa JIEKHUT OOLIYHO B
npeaenax ot 1,5 mo 5 '

7.3. Cyoa nedoeo20 nnasanun u 1e00Kob

HosblitenHasds BUOpalys B MOMELIEHUAX CYIOB HAaHHOM rpynmbl Han6o-
Jiee XapaKTepHa, NpexJie BCero, A JeaoKonoB. OIbIT M0Ka3kIBaeT, YTO IO-
MHUMO H3JIOKEHHDBIX BBHIIIE PEKOMEHJAlMi 10 HCKITIOUEHHIO Pe30HAHCOB Hajl-
CTpOEK U NaixyOHBIX MEPEKPBITHH, HA HUX CJELyeT CTPEMHUThLCS pa3Meliartsh
SKMIaX B cpenHed 4acTu cynHa. IIpu 5TOM »Xuibie NOMEILEHHA yOaNsIoTCs
KaK M3 30HBl Iy4HOCTeHl HM3MMX (opM cBOOOHBIX KojebaHUH Kopiryca,
BO30Yx/JaeMbIX NPU YAAPHOM B3aUMOJEHCTBHMH CO JBLOM, TaK U M3 palioHa
pacrnosnoxeHus rpeOHBIX BUHTOB. KpoMe TOro, BBUAY OTCYTCTBMS Ka4KH IpH
JIeJOBOM [UIaBaHHHU MOABIAETCA BO3MOXHOCTH YIYYHICHHS YCIOBHIl OTIBIXA
SKHUMaXxa ITyTeM BHEAPEHUs CPEeINCTB HHAMBUAYaNbHOM BUOPO3AMMTHI Crajib-
HBIX MECT.

3axkinouenue

IlpuMeHeHWe METOAMYECKUX YKa3aHuii B MpOLECCE MPOEKTUPOBAHUSA M
HOCTPOMKH CyZHa NO3BOJAET:

4 TNpPOrHO3MPOBAaTb OXKHMJAEMble YPOBHH BUOpauu B oOMTaEMBIX I10-
MELIEHUX CyAHa H OLIEHUBATH WX HOMYCTHMOCTE;

¢ HaMeTuTh (B Cllyyae HEOOXOAUMOCTH) M MpopaboTaTh KOMIUIEKC HO-
TIOJIHUTENBHBIX MEPONpPHATHH, HalpaBNEHHbIX HA CHIDKEHHE YPOBHEH no-
BbILIEHHOH BHOpaliK 10 JOIYCTHMBIX IIPEJENOB;

¢ 1npoBepuTh 3PGHEKTHBHOCTh H NOCTATOYHOCTE IIPUHSATHIX B IPOEKTE
MeponpuATHil no ofecrneueHu0 HOPMAaTMBHBIX TpeOOBaHMM K BENMUMHAM
ypoBHel BUOpaiuy nary6 B 0OHTaeMBIX IOMENIEHUAX CYIOB.

CpaBHeHHe pe3yJIbTaTOB PAcueTOB C JAHHBIMH HATYPHBIX 3KCIIEpPHMEH-
TOB MOKAa3aJ0, YTO MAaKCHMaJIbHblE MOTPEIIHOCTH PacueToB 110 aNropHTMaM
HACTOAIMX METOAMYECKMX yKkaszaHuil coctaBisaioT 10—12 % npu pacuerax
4acToT CBOOOIHBIX konebaHuii 1 6—38 b (B CTOPOHY 3aBBIIEHUS PACYETHBIX
3Ha4YeHMit) Npu pacyeTax ypoBHEH BHIHYXIEHHOH X0H0BOW BUOpalHH.
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Mpunoxexue 1

Hpudamxennasi oneHKka
3HAYICHHSA OCHOBHOH YacTOTHI HAACTPONKH
HAa PAHHMX CTAJMAX MPOEKTHPOBAHHS

Jns npenBapuTeNbHON ONEHKH 3HAYeHHs OCHOBHOM YacTOTHI Haj-
CTPOMKK Ha paHHMX CTAAUAX NPOECKTHPOBAHMA MCIIONB3YIOTCH CIEXYIOmUe
aHAIUTHYECKHE POPMYJIBL.

And KOHCTPYKTHBHOIO THIIA HAACTPOEK, TOKa3aHHOro Ha puc. I1.1:

7\.=0,17-k-"l'ﬂ8:—h(—;—, rue (IL.1)

— OCHOBHas 4acToTa cBOGOIHBIX koneGanuit HauCTpoiky, Iy,
— BBICOTA HANCTPONKHU, M;
— MOPOTSHKEHHOCTh HAICTPONKH, M;
Macca HaJACTpOKH, k2;
— OCpeIHEeHHas CyMMapHas TOJIIMHA IIPOJIOJIBHEIX CTEHOK, M
MOZyJIb CABUIa MaTepuana HaACTpoiku, I1a;
— JUIA XKECTKO 3aJeJIaHHBIX HaJCTPOEK;
,75 — AJis ynpyro 3afellaHHbIX HAACTPOEK.

]

Qo ~=>
|

XX
il
(=2

LIl 7777777777

Puc. I1.1. MoHOGIOYHBIA THII HAACTPOMKH.

Jins KOHCTPYKTHBHOTO THIIA HALCTPOEK, NOKA3aHHOro Ha puc. 11.2:

A=0].k- [AF%D 1.2
T e (2)

a‘=Gth 2= Gth F=1-5, F,=1-5,,

=033-M,-a>, T,= M(a1+0,3302+ala2)
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hy, 1, M;,8, — COOTBETCTBEHHO BBICOTa (M), IPOTMKEHHOCTH (M),
macca (k2) 4 OCpefHEHHas TONIHHA TPOJOJIBHBIX CTe-
HOK HIDKHETO 6JI0Ka HafACTPOHKH (M);

hy, I, M3, 8, — COOTBETCTBEHHO BBICOTA (M), TPOTHKEHHOCTH (M),
Macca (k2) U OCpeJHEHHas TOMIINHA MPOJONBHBIX CTe-
HOK BepXHero 6JI0Ka HaCTpoiKu (m).

VLTI

Puc. I1.2. CryneH4aThIif TUIT HAACTPOHKH.

TTorpemHOCTb ONpeAeNeH:s A 1O BHIIENPUBEACHHRIM QOpMyiaM Ipu-
GioxeHHO paBHa 30 %.
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Mpunoxexune 2
Onpenenenne 3¢ PpeKTUBHOI KeCTKOCTH
CYHOBBIX KOPHYCOB

Jlns ydgera ocoOGeHHOCTEH AMHAMHMYECKOro aed)OpMHpOBaHHS Kopmyca
OPUMEHAETCA CXeMa pPEeRYUUPOBAHHUA HKECTKOCTHBIX  XapaKTepUCTHK,
6asupylomascs Ha pe3ynbrarax pabor [6, 7].

Onpenenenre sdexrupuex MomenTos uHepuwn J7 , M* ¥ wiomaneii cps-

3ei F,."/ , M, paGOTAIONIMX Ha CIBH, IPOM3BOMMTCS CIIEIYIOLIMM 00Opa3oM:

JY =K, J,, (IL. 3)
F! =K. F, (IL. 4)
u=l+3-m-\u (IL 5)
1+3-m
5(1+3-m)’
R | . - e
6(1+5-m+75-m°)
m=B:3n (IL 7)
H '6(
hQQu)+2-
_sh@u+2-u (IL 8)
du-ch”(u)
B-m
u=——(n+l), rme 1.9
7 (n+) IL.9)
J; — MOMEHT MHEepUMH MOMEPEYHOro CEYEHHUA KOPMYCca OTHOCHUTEIBHO
FOPU3OHTANBHON OCH Cy/IHA Ha i-M UINAHroyTe, M
F — nnomwans CTEHOK MOMEpPEeYyHOro CeYeHHs Kopryca CyiAHa Ha i-M
mrasroyrte, M
B — mmpwuna cynsa Ha Muzerne, m;
H — Bsicota 6opTa Ha Muzere, M;
L — wauGonpluas muuHa cynna, M;
&, — CpenHss TONMHA BEpXHe# Nany6bl ¥ AHULIE, M;
0. — cpemuss Tomuuza 6opra, M;
n — HoMep TOHa KoneGaHuii.
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Apunoxexne 3

Onpene.rlelme OPHCOEAMNHEHHDbIX
MacCC XKHAKOCTH

TpaauIMOHHEIM IPUEMOM YUYeTa WHEDIMOHHOrO BIMAHHA 3abopTHOM
BOZIBI AB/IAETCA 3aMCHA PellleHNs THAPOYIPYToi 3afiadd pelIeHneM 3aa4y O
xoneGaHuAX YNpYroro Tena, MOFOHHas Macca KOTOPOrO yBelMieHa Ha Tax
Ha3bIBaeMYyIO BEJIMUHHY IPUCOeHHEHHON Macchl XUAKOCTH.

OCHOBHEBIMH ACHYLICHUAMH MPH BBIMHUCICHHH NPHCOEJUHEHHBIX MaccC
ABJIAKOTCA:

4 OKHMIKOCTh, OKPYKAIOIlasd CYAHO, HJEaJbHA M OJHOPOJAHA, TeYeHHe
€e NOTEeHUMAIIBHO;

¢ CMelleHus Kophyca CyAHa NPU ero Bubpanuy Maisl;

¢  BOJIHOBEIE SIBJICHHS Ha CBOOOJHOI NMOBEPXHOCTH HE YUHUTBHIBAIOTCH;

¢ ¢dopmMel cBoGoaHEIX KoNeGaHMit KOpnyca B BO3JyXe W B BOJe
COBNANAIOT.

Pacyet npucoeauHeHHOH MacChl KOpIyca Cy[Ha IIPOH3BOJAT M3 YCJO-
BHUA €r0 IUIOCKOro o0TeKaHHUs ¢ HOCNeXyIouiel nonpaBkoil Ha BEIUYUHY KO-
a¢duuMenHTa, YYUTHIBAIOMEr0 TPEXMEPHBIH XapaKrep TEYEHHS >KUIAKOCTH.
OrnpezeneHye NPUCOSIMHEHHOM MAacChl NPpH NIOCKOM OOTEKaHUM peanusyer-
cd C MOMOIIBI0 KOHGOPMHOro oToOpaxkeHHsA 00JacTH, BHEIUHEH K KOHTYpY
UIIAHIOYTa K €ro 3epKaNbHOMY OTPAYKEHUIO OTHOCUTENHHO CBOOOIHOM mo-
BEPXHOCTH, Ha BHYTPEHHOCTh €JMHHYHOIO kpyra. Mcnonb3oBaHue Takoro
noaxona B paborax [8] u [9] no3BoNMIO MONYIHUTH IS TOFOHHOW IIPUCOEU-
HEHHOMN MacChl IIPHU IVIOCKOM OOTEKaHUR M, , K&/M CIeXyIolee BEIpaKEeHHE:

mm=~725r>b2-cy, (IL. 10)

C =(A-)-(A—a+1)+1, (L 11)

oc=1,5-(1+7»)—0,5-‘ﬁ+10-k+73—3—2-—}‘£— , (I 12)
m
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o |

, (1. 13)

S
c=—,
2b-d
3.
MI0THOCTD XUAKOCTH, K2/M
NoJymHpuHa paccma'rpnnaemoro CeYeHHA, M,

yrny6neﬂﬂe pacCMaTpUBaEMOro CCYEHUsA, M,
o 2
Ioanb IOrpy>KCHHO! HYaCTH CEYCHUA, M .

roe (I1. 14)

La s
!

HW3-3a npoJoNbHOrO MneperekaHus B y3nax ¢GopM koneGaHuil U BIUAHMS
OKOHEYHOCTe! Kopmyca ¢akTHuecKas MOrOHHas IPHUCOCAUWHEHHAs Macca
JKUAKOCTH m, k2/m OyneT paBHa:

m=m,, -K-(n), rne (I 15)
K(n) — xoapduumeHT, yuUTHBAIOIMIA TpEXMEPHOCTH OOTEKaHUA,

n — HOMep TOHa KoJebaHui.

Otor ko3dduuMeHT onpesenteTcs KaKk OTHOHIEHHE KHHETHYECKHX
SHepruil mpy Tpex- ¥ IBYXMEpHOM obTekaHuH. [[i1 OCHOBHOTO TOHa KOJie-
6anuii xopmyca ero 3nageHue cocrasiier 0,7+0,8, ¢ yBenuyeHueM Homepa
TOHa BelmuuHa K(n) cymecTBeHHO ymenbinaercs [10], [11].
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MpunoxeHue 4

Onpeaenenne napaMeTpoB AeMI(pHPOBaHHUS KoJIeGaHMil
KOPNYCHBIX KOHCTPYKIHii

OCHOBHEIMM KOMIOHEHTaM# AeMIUPOBaHUA KoJieGaHuil KOPITyCHBIX
KOHCTpPYKLMH SABIAIOTCA:

¢ KOHCTpYKUMOHHOE AeMidupoBaHue (IIOTepH HEPrUM B Marephalie
KOHCTPYKUMHU B TIpoLIECCe €€ NepHoarYeckoil neopmaiuu 1 notepu Ha Tpe-
HHE B KpEIUICHUAX 3HEPreTHYECKOro U JAPYroro o00pyAoBaHUs, HAXONSIIE-
rocst BHyTpH Kopiyca);

¢ JuccHnauys xonebaTenbHOM SHEPIUM B IIEPEBO3IMOM CYJIHOM Ipy3e;

¢ paccesHHME 3HEPrHH B OKpPYXaloMmylo cpeay (THAPOXUHAMHYECKOE
neMngupoBanue NpU reHepUPOBaHWM BOJH Ha MOBEPXHOCTH BOJBI BOIM3H
KOpIlyca M NPH aKyCTUYECKOM H3Ny4YeHHH BONH JaBJIEHHA B XHAKOCTH, a
TaKKe MOTepU SHEPrHM NPH B3aMMOAEHCTBHY CO JILAOM).

B mpaxTHKe pacyeToB BHOpALMH KOpPIyca M HAJCTPONKU HPUHATO MC-
N0JIb30BaTh NUMHEHHYIO runoTe3y ®oxrta, B KOTOPO# STH KOMIIOHEHTH! CBEJIe-
HbI K eJMHOMY 5KBUBAJIEHTHOMY MapaMeTpy AeMrHpOBaHUA Y C NOMOIIBIO
KOMILIEKCHBIX Moxyne# ynpyroctu Ek m cnura Gk , onpenenseMsix mo
dopmynam:

E, =E-(+i-y), (I1. 16)
G, =G-(1+i-y), (I 17)
Y=€-@, rae (I1. 18)
E u G— Moxymn HOpmansHOH YNpYrocTH M CABHra MaTepuana KOHCT-
pyxuuy, lla;
& — K03(UUHEHT HEYTIPYTOTO CONPOTHBICHUA, ¢/paod;
@  — vactora konebauuii, pad/c.

YucneHHble 3HAUYSHUA & 3aBUCAT OT THIA CyAHA M OIpEjeSeHsl B pe-
3yJIbTaTe CHELHANBHEIX SKCIIEPHMEHTOB Ha HaTYPHBIX 00bekTax [12,13].
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Mpunoxexue 5

Onpenenenne nepuoIHYECKAX YCHIIHH,
00yc/ioBJICHHBIX paGoToii rpeGHbIX BUHTOB

ITpu paboTe BUHTOB BONM3H OOMIMBKY KOpITyCa MHAYLMPYIOTCS Pa3iny-
HBIE 10 YacTOTE M MHTEHCHUBHOCTU MEPHOJMYECKHE YCWIHNS, OCHOBHbIE rap-
MOHMKH KOTOPBIX BO30YXIAIOT ABAa XapaKTEPHBIX BHUAA XOJOBOM BuUOpaumu:
xoneGaHMsi C YaCTOTOMH, pPaBHOM YacTOTe BpalleHHs rpeGHOTrO BMHTA — BHO-
palus Nepeoro nopsjka, ¥ konebaHus ¢ YacTOTOMN, paBHOM YacTOTe Bpalle-
HYsL TpeOHOro BUHTA, YMHOXEHHOH Ha YHMCNO ero jomacreif — JionacTHas
BHOpauys.

BO3HHKHOBEHHE BO3ZMYILIAIOIEH CHJB! NEPBOrO NMOpsAKa SBJIAETCHA, B
OCHOBHOM, CJEICTBHEM I'UIAPOJAHHAMUYECKOH HeypaBHOBEHICHHOCTH rpeOHO-
ro BUHTA, 06YCNOBNEHHOMH, B CBOIO 04epe/(b, HETOYHOCTHIO €ro U3TOTOBJICHUS
(Pa3HOIIAaroBOCTEIO, PA3IUYMEM YIIIOB MEXY JOMACTAMH U T. 11.).

B ocHOBY pacyeTHOro MeToja OLIEHKM 3TOr0 YCHIMS TOJIOXKEH alro-
PMTM, M3NI0XKEHHHBIH B pabore [12]. MakcuManbHO HOMyCTHMas HETOYHOCTD
H3rOTOBNEHUA rpeCHOro BUHTA MPUHHMMAETCS B COOTBETCTBHU C AEUCTBYIO-
mumu TpeSoBanuaMU (I'OCT 8054—81 «BunTh rpeCHble METAITHYECKUEN).

BosMymarouye yYCUIds JIONacTHOTO MOpAAKa BO3AEHCTBYIOT Ha KOPITyC
CyIHa ABYMs IIyTAMH: HEIOCPEJCTBEHHO uepe3 Boxy (IMyNbCUpYIOIIME IMA-
POJHHAMUYECKHE AABIEHUA) U 4Epe3 ONOPHbIE KOHCTPYKLMH IOAUIMITHUKOB
Banonposoja (YCHiaMsA, BOSHHKAIOLIME Ha JIONacTsIX BHUHTA NpH ero pabote B
HepaBHOMEPHOM IIOJie CKOpocTeit).

Pacyer MakcHMaJibHON BENHYMHBI MyNbCUPYIOUIUX JaBJACHUH U HX paB-
HOIEHCTBYIOILEH OocyllecTBIseTCH Ha Oasze anroput™a paboter [12]. Tak kak
NpH ONpELeNeHHBIX YCJIOBUAX Ha YCHJIMS JIONACTHOrO IMOpPAMKA CYLIECTBEH-
HOE BIIMAHUE MOXET OKa3aTh KABUTALMA, B pacHeT BBOAATCS COOTBETCTBYIO-
mue ko3 uurenTsl, yuuThIBatomue 3TOT GakTop.

ITepuoauyeckye YCUNIMA Ha JIONAcTAX BUHTA BOHHUKAIOT BCIIGACTBHE TO-
FO, YTO YIJIbl aTaky U CKOPOCTH Haberarollero Ha JONacTd HOTOKa M3MEHS-
10TCA 32 BpeMsi 000pOTa BHHTA H3-32 HEOOHOPOAHOCTH II0JIS, B KOTOPOM OH
paboraer. Tak kax 0GbIYHO JaHHas1 KOMIIOHEHTA JIOMACTHOTO YCHIIHS HeE mpe-
BOCXOJMT TONOBHUHBI PaBHOACHCTBYIOIEH MyAbCUPYIOIINX [aBleHUH, B
npeanaraeMoil METOJMKE HCIIONB3yeTcs NPHOMMKEHHBIH METOA pacyeTra He-

YPaBHOBEIIEHHBIX YCHJIMI Ha JIONacTaX rpeGHOro BMHTA, OMUCAHHBIN B pa-
6ote [14].
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Mpunoxexue 6

Onpeaenense HeypaBHOBENIeHABIX YCHIHI,
reHepupyeMbIX CyAOBHIMH JH3EIAMHA

PaGora CynoBhIX Au3eneil CONmpoBoXKIaeTcs 0Opa3oBaHUEM HEYpaBHO-
BEILEHHBIX YCHJIHH, KOTOpbIE NMPH ONPENeTeHHBIX YCIOBUAX MOTYT BHI3BAaTh
HeZOMyCTHMYIO BUOpauuio. B kayecTBe OCHOBHBIX NPHYMH BO3HUKHOBEHHS
STHX YCHJIUit MOXKHO BBIACTHTD CIETyIOMHUe:

4  «KVHEMAaTHYECKYIO», CBA3AHHYIO C KOHEYHOCTBIO YHCIa LIAJIMHIPOB
nuzens,

¢ «EedOpMALMOHHYIO», OOYCIOBIEHHYIO KOHEYHOM KECTKOCTEIO OC-
TOBa MEXaHHU3Ma,

¢  (TeXHONOTMYECKYIO», BOHHKAIOILYI0O M3-3a HEM30EXKHBIX MOrpell-
HOCTell M3rOTOBIIEHUS OTHEABHBIX YacTell IU3eNA H UX COOpKY.

Jns onpenenenys HeypaBHOBEIIEHHBIX CH/I U MOMEHTOB, 00pa3yromux-
cs npy pabote MamooGOPOTHBIX Ju3ened, MOryT ObITh UCIIONH30BaHBI JaH-~
Hbl€, puBencHHbIe B [15]. B aToii paboTe Mia Kaxaoro THia CyJoBOro Ma-
J0000POTHOIO RM3ENA TPUBENEHBI 3HAYECHHS HEYpPABHOBEINEHHBIX YCHIIHMA
Pa3nMYHBIX IOPAAKOB, BEIYMCIEHHBIE C YUYE€TOM NPOCTPaHCTBEHHO# Aedop-
Maluy ero Kopriyca.

OneHka BO3MYINAIOMIKUX YCHIMIH, COOTBETCTBYIOIUMX YAacCTOTAM OCHOB-
HBIX TIOPANKOB CPEXHEOOOPOTHBIX AM3eiel, MOxeT OBITh BHIMONHEHA IO
JAaHHBIM DPE3YJIbTATOB U3MepeHUH BHOpPOYCKOpeHHI Ha OMOPHEBIX KOHCTPYK-
LKAX OCTOBA B MpOLECCE 3aBOACKUX CTEHIOBBIX HCHBITaHuil. IIpu aTom
NPEACTaBAAETCA BO3MOMKHBIM IIONTHOCTBIO Y4E€CTh OCOOEHHOCTH JKCIULyata-
LMK KOHKPETHOrO AM3€Ns, a TaKKE XapaKTEPUCTHKM €ro KpereHud K QyH-
JaMEHTHOH paMe B MalIMHHOM OTHAeNeHHH. Ha paHHUX CTaausx HpOeKTHpO-
BaHUA, a TaKXXe B Cly4ae OTCYTCTBUA Pe3yJbTaTOB CTEHAOBBIX HCIBITaHUH
JIOMyCKaeTcs BO3MOXHOCTh UCHOJB30BaHHA HOpM Poccuiickoro Mopckoro
Peructpa [16], xoTOpble perjaMeHTUPYIOT NMpenesibHBIE YPOBHHM BHOpaLuu
CYNOBBIX QU3eNeil B YaCTOTHOM AMamna3oHE, MEPEKPHIBAIOIEM BEPXHIOK Ipa-
HULLY YaCTOTHOM MOJIOCHI CO CpeHEreoMeTpaIecKoi YacTtoron 63 I,
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