PJ1 34.21.306-96
YAK 621.311

METOJUYECKHUE YKA3AHUSA 1O OBCJIEJOBAHUIO

JAANHAMHNYECKOI'O COCTOSIHUSA CTPOUTEJIBHBIX

KOHCTPYKIMI COOPYKEHUI U ®YHIAMEHTOB
OBOPYJIOBAHUSI SHEPT ONPEAITPUSTUIA

Pa3padorano OTKpHITEIM aKIMOHEPHBIM oOmecTBOoM "®upMa 1Mo Hanaake, COBEpPIICHCTBOBAHHIO
TEXHOJIOTHH U HKCIUTyaTaluu 3eKTpocTaHumii u cereid OPI'POC"

Wcnoauurenu B.II. OCOJIOBCKHUU, JI.B. TEH
YrBep:xkaeno JlenapramentoM Hayku v TexHUKH PAO "EDC Poccun" 24.06.96
Havansuuk A./I. 5SEPCEHEB

Beeoeno enepsvie
Cpok oeticmsus ycmanosnen ¢ 01.06.98

Hacrosmme MeTtoanueckne yka3aHMS YCTaHABIMBAIOT IOPSAAOK OPraHM3alMU 00CIEIOBaHUS
JMHAMHUYECKOTO COCTOSIHUSI CTPOUTENILHBIX KOHCTPYKIMI COOPYKeHUH 1 (yHIaMEHTOB 000pyI0BaHus,
OLICHKH HX IIPUTOJHOCTH K JalbHEHIIeH OSKCIUTyaTallud W TpeJHA3Ha4deHbl JUIS HHXEHEPHO-
TEXHUYECKUX PAOOTHUKOB  CIICHUAIN3UPOBAHHBIX M  IPOEKTHBIX OpTaHM3alMi, IepcoHana
SHEPTONPEANIPUATHH W SHEPrOYNpaBICHUH, 3aHMMAIOMIMXCS  OKCIUTyaTalWeil, peMOHTOM |
TEXHUYECKUM O0OCITy)KHBaHUEM.

1. OBIME MMOJIOKEHUA

B mHacrosmmx Mertoandecknx yKa3zaHHSX I[peAcTaBleHa HH(POpManus o XxapakTepe H
MHTEHCUBHOCTH KOJIEOAHHWH OCHOBHBIX JJIEMEHTOB CTPOHTENBHBIX KOHCTPYKIMH (Anama3oHe
COOCTBEHHBIX M BBIHYXKACHHBIX YacCTOT KOJICOAHUH, 3HAUCHHUAX KOJeOaHMiT), NpUYNHAX MTOBBIIICHHON
BUOparMy (PE30HAHCHBIX SBICHUSX M IIP.) M MEPONPUATHAX [0 YMEHBIICHHIO KoJeOaHMi
CTPOUTENBHBIX KOHCTPYKIIUHM U (YHIAMEHTOB 3/1aHUH U 000PYIOBaHUS.

OO6cnenoBaHue AMHAMHYECKOTO COCTOSIHHS CTPOHUTEIBHBIX KOHCTPYKIMH JOJDKHO IPOBOAUTHCS
KBaIU(HUIUPOBAHHBIM IEPCOHANIOM, 00JIaJalOIMM HAaBbIKAMH NPOBEACHHS UCIIBITAHUI 1 HAOIIOACHHH.

B Meroauueckux yKa3zaHHSX JaHBl CBEICHHA II0 TOAOOPY HEOOXOIMMOM ammaparypsl s
M3MEPEHU BHOPALIUH CTPOUTEIHHBIX KOHCTPYKIIUHA U 000pyIOBaHUS B 3aBUCUMOCTH OT OCOOCHHOCTEH
oOceoBaHNs JAWHAMHUYECKOTO COCTOSIHHS CTPOHMTENBbHBIX KOHCTPYKIMA M PEKOMEHAAIH I10
00paboTke MaTepuaIoB 00CIeT0BaHUs.

[lepeueHb TEpPMUHOB U ONIPE/ICICHUH IPUBEICH B PUIOKCHUN.

2. IPUYMHBI IOBBIIEHHOW BUBPALIAH
CTPOUTEJIbHBIX KOHCTPYKIIUIA

2.1. OcHoBHOW mpHuMHOK BHOpanuii GyHAaMEeHTOB M 0O0IIEro BHOPAIMOHHOTO ()OHA B TJIABHOM
KOpIIyce W APYIruX 3JaHusX U coopyxkeHmsx TOC sBusercss paboTa OCHOBHOTO M BCIIOMOIaTEIBHOTO
o0opyznoBaHHs (MAIllMH C AWHAMHYECKHMH Harpy3kamu — TypOoarperatros, KOTJIOB, BEHTHISATOPOB,
JBIMOCOCOB, MEJTBHUIIL H T.J1.).

K o6bekraM 00ciienoBaHUsI OTHOCATCS:

(byHOaMeHTBl TypOoarperatoB, OT BHOPALMOHHOTO COCTOSIHHS KOTOPBIX 3aBHCHUT HaJIC)KHOCTb
paboTHI 3HEPTOOIIOKOB;

(byHOAMEHTBI arperaToB, y4acTBYIOIIUX B OCHOBHOM MPOW3BOACTBEHHOM MPOLECCE, OTKIIOYCHUE
WM 3aMEHA KOTOPBIX HEXeNaTeNbHBI;

METaJUTHYECKIE KapKachl BONOTPEHHBIX U YHEPIeTHICCKUX KOTJIOB,;

JJIEMEHTBI OMOPHBIX KOHCTPYKLMiL, HA KOTOPBIX pa3MEIICHO O0OpYIOBaHWE, YYBCTBUTEIBHOE K



BHOpaIuy;

MTOCTOSIHHBIC pabo9re MecTa 0OCITYKHBAIOIIETO IEPCOHAA;

HECYIIHE W OTPa)kTAIOIIHe 3JIEMEHTHI CTPOUTEIBHBIX KOHCTPYKIMH, KOTOpPBIC MPH PE30HAHCHBIX
SBIICHASAX MOTYT CTAaTh I'€HEPATOPOM HHTCHCHBHOCTH ITyMa, NMPUYMHON CHIDKCHHS WX MPOYHOCTH H
YCTOWYHBOCTH, @ B HEKOTOPBIX CIYYasX JaKe UX OOpYIICHUS.

2.2. OyHIaMEHTHI MAIIMH MPH IHHAMHYCCKOM HArPYKCHHUH SBIISIOTCS HCTOYHUKOM BOJH, KOTOPBIE
BBI3BIBAIOT BHOPAIUH APYTHX QYHIAMEHTOB U CTPOUTEIBHBIX KOHCTPYKIMN 30aHUI U COOPYKCHHUH.

[Ipu ompeneneHHBIX YCIOBHAX (YHAAMEHTHl MAIIMH W OOOPYIOBaHHS MOTYT WCIBITBIBATH
3HAYHTEIFHBIC KOJICOAHNS, YTO CIIOCOOCTBYET pa3BUTHIO aedopManuii GyHIaMEHTOB M KOHCTPYKITHIA,
YBEITUUCHHUIO OCAIOK OCHOBAHUS, HAPYIICHUIO paOOTHI MAIIMH U TEXHOJIOTHMICCKOTO TPOIIECcCa, a TAKkKe
OKa3bIBaTh BPEIHOE BO3ICHUCTBIEC HA JIFO/ICH.

CucremMa ocCHOBaHWE — (YHIAMEHT — arperar IpH TUHAMHYECKHAX BO3JCHCTBUAX JOJDKHA
BBIIOJHATH CIEeAyIoIIMe ycaoBus [9]:

CpeIHee CTaTHYeCKOe MAaBJICHHE TOJ MOAOIIBON (h)yHIaMEHTa Ha €CTECTBCHHOE OCHOBaHHUE p I
BCEX THITOB MAIIIMH JOJDKHO YIOBICTBOPSITH YCIOBHIO

p —<jcojc] R; (1)

o 2
TAC p — CpeaAHEC CTATUYCCKOC JaBJICHUC IO MOAOIIBON q)yHHaMCHTa, Kre/cm 5

Jeo — K03 hunmeHT ycnoBui paboThl, YIUTHIBAIOLINI XapaKTep
JMHAMUYECKUX Harpys3okK;

Je1 — kK03 durment ycnopuii paboTH TPYHTOB OCHOBaHUS,
2
R — pacyeTHOE CONPOTHUBIICHUE TPYHTAa OCHOBaHHMS, KI'C/CM";

HauOoIbIIas pacyeTHasl aMIUTUTyAa A KosebaHuil (pyHIaMEeHTa He JOJDKHA MPEBBIIATH IPEIEIbHO
JOMYCTUMYIO aMILTUTYRy A, , T.€.

A< Ay 2

KosiebaHnst (yHIAMEHTOB HE JIOJDKHBI OKa3blBaTh BPEIHOTO BO3JCHCTBHS Ha OOCITY>KHBAIOIINI
MIepCOoHaJI, TEXHOJIOTHYECKHE TIPOIECCHI, 000PYI0BaHNE, PACIIOI0KEHHOE Ha (yHIAMEHTE WM BHE €ro,
a TaKkKe Ha CTPOHUTEINILHbIE KOHCTPYKIHH.

2.3. [IloBeimenHas BuOpamms (QYHIAMEHTOB MAIIMH C JUHAMAYECKUMH Harpy3kamm |
MPWIETAIONINX CTPOUTEIBHBIX KOHCTPYKIHMI 00yCIIOBIICHA!

OTCYTCTBHEM Ha CTaJMM TPOCKTUPOBAHUS B psijie CIy4aeB JOCTATOYHO HAJEKHBIX JAHHBIX O
(haKTHYECKUX JAWHAMHYECKHX Harpys3kax, IepefaBacMbIX MallMHaMH Ha (YHIAaMEHT, OCOOCHHO
MalIHaM{ HOBBIX THIIOB,;

HEKOPPEKTHBIM OIpEIeNICHUeM PacuyeTHhIX 3HAYCHUH MapaMeTpoB KoyieOaHni QyHIaMEHTOB U3-3a
HECOBEPILCHCTBA PACUETHBIX CXEM CHUCTEMBbl OCHOBaHME — (DyHAAMEHT — MAIllMHA WM HETOYHOCTH
HCXOIHBIX JaHHBIX O CBOMCTBAX OCHOBAHMS, B TOM YHCJIE €T0 IMHAMUUECKHUX XapaKTEPHCTHK;

OTCYTCTBHEM IJIsl MAIIMH HEKOTOPBIX BHIOB METOIOB AWHAMHYECKOTO pacuyera MX (yHIaMEHTOB,
YUHUTBIBAIOIINX C HEOOXOIMMOHN JOCTOBEPHOCTHIO CHEIU(HUKY COBMECTHOH pabOTBHI TaKMX MAIIMH C
(yHIaMEHTOM 1 OCHOBaHHEM;

HEy/ZauHbIM (B OTHOIICHWM YMEHBUICHUS JAWHAMHYECKHX BO3JCHCTBHII HAa KOHCTPYKIHMH U
obecrieueHns] HOpMaJIbHOW PabOTHl MAIMHBI) pa3MenleHHeM (QyHIaMEeHTa B IUIAHE M PACIIOJIOKEHHUEM
caMoOi MalMHBI Ha QyHIaMEHTE;

HECOONIOZICHHEM B TIIOJJHOM OObeMe TpeOOBaHMH HOPM IIPOCKTHPOBAHUS W IIPUMEHEHHEM
HEepalMOHAIBHBIX KOHCTPYKTHBHBIX PEIICHHH OTAENBHBIX YacTel M 3JeMEHTOB (yHIaMEHTa,
MPUBO/SIIIMM K 3aHIKEHHIO HMX MacChl M JKECTKOCTH, YCIOKHEHHIO (OPMBI BEpXHEH YacTh
(¢yHnameHTa, onupaHuio (yHAAMEHTOB MaIllMH Ha (yHJAMEHTHl HECYIIEro Kapkaca 3maHus 0e3
JIOJDKHOW BHOPOM3OIISIINY;

HEIOCTaTOYHBIM YYETOM IPH MPOSKTHPOBAHUH (YHIAMEHTOB 10/l MAIIMHBI TAKUX CIECIU()UIECKIX
(akTOpOB, Kak MOBBIIICHHBIE M HEPaBHOMEPHBIC TEMIIEPATYpHBIC BO3JCHCTBHS OT MAIIMHEI,
yBEIWYEHUE aMIUTUTYZA KojeOaHuil (yHZaMEHTOB IpH TIPYyNIOBOI paboTe HEypaBHOBELICHHBIX HIIH
yIapHbBIX MaIlInH;

HEY/IOBJICTBOPHUTEIILHBIM Ka4eCTBOM paldOT 110 BO3BEICHHIO (DYHIaMEHTa i MOHTAaXy 000pYyIOBaHUS
(B 4acTHOCTH, M3MEHEHHEM MapKH OETOHa, IIOSIBICHHEM HE IPEIyCMOTPEHHBIX IIPOCKTOM IIBOB
OETOHMPOBAHMS, HEAOCTATOYHOH WIM HEPAaBHOMEPHOM >KECTKOCTHIO Y3JIOB KpEIUIEHHS MallMH K



(hyHDaMeHTy u 1p.);

U3MCHECHHEM YCIIOBHI 3KCIUTyaTallid CUCTEMBbl MalllMHA — (DyHIAMEHT — OCHOBaHHUE BCIICACTBHUE
W3HOCA MAIUWHBI U TIOSIBJICHHS JKCIUTyaTalMOHHBIX PACLEHTPOBOK; OCIAOICHHEM CBSI3M MAalIWHBI C
(byHOAMEHTOM ¥ TOSBICHHEM CMCIICHUS MEXKIy KOMIIOHCHTAMH CHCTEMBI; CTaTHYECKUM H
JUHAMUYeCKUM JedopMupoBaHneM (yHIaMeHTa, HApYIICHHEM ero KOHTakTa ¢ OCHOBaHHEM
BCIICJICTBHC BOSHUKHOBCHHS IIENIeH MEXTy OOKOBOH MOBEPXHOCTHIO U TPYHTOM 3aCHINKH, CHHKCHUEM
NPOYHOCTH TPYHTA NPH XApaKTEPHOM U1 BCEX MNPOMBIIUICHHBIX IUIOMIAJ0K IOIBbEME YPOBHS
TPYHTOBBIX BOJ ¥ OJHOBPEMECHHOM ACHCTBHYU BUOpALINiA, a TAK)KE H3MCHECHUEM KOHCTPYKTUBHOU CXEMBI
CTPOMTEIBHBIX KOHCTPYKLIHMH B Mpolecce JKCIUTyaTauud (H00aBlICHHEM WM YTPaTOHM OTACNBHBIX
CBSI3€H, 2JIEMEHTOB, H3MEHECHHUEM KCILTyaTallHOHHBIX HAIPY30K, 3aMEHON 000pyIOBaHHS H T.1.).

3. OCOBEHHOCTHU OBCJIEJOBAHUA
JUHAMMNYECKOI'O COCTOSHUA @YHIAMEHTOB OBOPYJ1OBAHUA

3.1. O6cnenoBaHne TMHAMUYECKOTO COCTOSIHUSA (DYHAaMEHTOB 000PYAOBaHUS BKIIOYAIOT:

oIpe/ieJieHHe COCTOSHUSI MAalIMHbI, LEJIOCTHOCTH CBS3U €€ ¢ (DYHIAMEHTOM, a TaKkkKe Xapakrepa W
cTenenu nedopmMupoBaHus pyHIaMeHTa;

M3MEpPEHUE OCHOBHBIX YacTOT COOCTBEHHBIX M ()OPM BBIHYXKJCHHBIX KOJeOaHWi, (akTHuecKux
aMIUTUTY X KoJieOaHui hyHAaMeHTa IS

YCTAHOBKH JOIYCTUMOCTH [6] UX BIUSAHHS Ha pabOTy MAaIIMHBI ¥ TEXHOJIOTHYECKUH MpoIiece;

M3y4YeHHE pacCIpOCTpaHEeHUs] KoyieObaHWH OT oOcienyeMbix (DyHIaMEHTOB M HMX BO3/CHCTBHS Ha
COCEIHHE COOPYKEHHS.

3.2. O6opynoBanne TOC B 3aBUCIMOCTH OT UyBCTBUTEIHLHOCTH K KOJEOAHUSIM OCHOBAHHS MOXHO
pacnpenenuTh, Kak oka3zaHo B Tao. 1.

Tabnuya 1

Kaaccel o6opynosanust T9C 1o 4yBCTBHTEIBHOCTH K BUOpanuu

Kiacc CreneHp [IpenenbHas Bun o6opynoBanus

YyBCTBUTEIBHOCTH BHOPOCKOPOCTH
000pyIOBaHUS K OCHOBAHHUS,
BHOpanmu MM/C

I BricokouyBCTBUTENBHOE 0,1 Mexaanueckne KOHTPOJbHO-U3MEPUTEIIbHbIE
pUOOPEI, JIEKTPHUYCCKHE YIIPaBITIOIIHE

l'IpI/I60pI>I, BBIYMCJIUTCIIBHBIC W YIIPABJIAIOMINAC
MalllkHBI, TOYHBIC OIITHYCCKHE l'IpI/I60pI>I U T.II.

I |CpenneuyBcTBUTETBHOE 1,0 TouHBIE CTAaHKH B MACTEPCKUX H JJA00OPaTOPHUIX
IIT {HuskouyBCTBUTEIBHOE 4,0 CraHKH 0OBIYHOTO KJIacca TOYHOCTH
IV |HeuyBcTBUTENBHOE Cg. 4,0 TypOuHBI, KOTJIBI, HACOCH, BCHTHJIATOPHI,

JABIMOCOCHI, MCJIbHHMIIbI U T.II.

BonpmIMHCTBO MamvH M HEMOIBIKHOTO o0opynoBaHus, mpuMeHsemoro Ha TOC, otHocuTes k [V
KJIacCy 10 YyBCTBUTEJILHOCTH K KOJICOAHNSIM OCHOBAHMS.

K BBICOKOUYBCTBUTENEHOMY OOOPYHOBAaHHIO OTHOCATCS COOPKM B  paclpeleluTeNIbHBIX
YCTPOWCTBAaX COOCTBEHHBIX HYXJ, B OJIOUHBIX M IJIABHBIX LIMTAaX YIPABJICHHS, YIPABISIOMNE M
BBIYHCIIUTENbHBIC MAIIUHBL, TTYJIbTH YIPABICHAS U JP.

3.3. DKCIUTyaTalMOHHBII NEpCOHAN TOJDKEH CIEANTH 3aTeM, YTOObI BUOpALUsl MAIllH HAXOAWIACh B
npejenax, permaMmeHTupyemsix ITTO[12].

3.3.1. IIpu skcrumyaranmu TypOoarperaTtoB CpeaHeKBaIpaTHIECKUe 3HaUYCHUsI BAOPOCKOPOCTH OTIOp
MOJIINITHAKOB JOJDKHBI ObITh He BhIe 4,5 mm/c. Ilpum BuOpockopoctu cBeime 7,1 Mwm/c
9KCIUTyaTUPOBaTh TypOoarperarsl 0ojee 7 CyT 3ampenaercs.

[Ipn Hanmuuum cHCTEMBI 3alMTHl MO MPEAEITFHOMY YPOBHIO BHOpAllMM yCTaBKa CpabaTHIBAHUS
JOJDKHA OBITH HACTPOEHA Ha OTKIIIOUEHHE TypOoarperara rmpu Buopockopocts 11,2 Mmm/c.

BpemeHHO (10 OcHaleHHs HEOOXOIMMOW ammaparypoil) paspenraercs KOHTPOJIb BHOparuu 1o
pa3maxy BuOponepemerierns. CorocTaBieHNe U3MEPEHHBIX pa3MaxoB KoJEOaHUH ¢ HOpMAaTHBHBIMHU
CPEIHECKBaPATHIECKUMI 3HAYCHUSIMH BUOPOCKOPOCTH OCYIIECTBIICTCS HCXOAS W3 CIIEAYIOMINX
COOTHOLLEHU:



CpenHekBaipaTHYECKNE 3HAUCHHUS BHOPOCKOPOCTH, MM/C ....coveeveueennene 4,5 7,1 11,2

OKBUBAJICHTHOE 3HAUCHNE pa3Maxa BUOpOIepeMEICHHUMH,

MKM, TIPH YaCTOTE BPAICHHUS TYpOHHEL, 00/MUH:

130 200
65 100

3.3.2. BeprukanbHas (yIBOCHHAs aMIUINTY/Ia KOJIeOaHHMI) U TIONepeyHast COCTABIISAIONIAs BUOpaIny,
M3MEpPEHHBIC Ha TIOAMINITHIKAX 3JI€KTPOIBUraTeNeH, COUICHEHHBIX C yIIIepa3MOIbHBIMI MEXaHU3MaMH,
OBIMOCOCAMH W JPYI'MMHM MEXaHH3MaMH, Bpamaompecss paboune 4YacTH KOTOPBIX OBICTpO
W3HAIMBAIOTCS, TOJDKHBI OBITH HE BBIIIC CICAYIONINX 3HAUCHHUI:

CuHXpOHHAS 9aCTOTA BPAICHUS, O0/MHUH .........cc.een.e. 3000 1500 1000 750 u menee
JormyctiMast BUOpanus MOAIIHITHAKOB, MKM................... 50 100 130 160

3.3.3. Ans sneKkTpoaBHUTaTenell OCTaIbHBIX MEXaHU3MOB HOPMEI BUOpAIMU JTOJDKHBI OBITH HE BBIIIC
CIICIYIOIINX 3HAYCHUIL:

CUHXpOHHAS 9aCTOTA BPALCHUS, O0/MHUH .........ccueen.e.. 3000 1500 1000 750 u menee
JormyctiMast BUOpanus MOAIIHITHAKOB, MKM................... 30 60 80 95

Homyctumasi BuOpanusi TNOALIMITHUKOB pPabOYMX OPraHOB BBHIIICHA3BAHHOTO 00OpYAOBaHUS
TIPUBOJUTCS B MACIIOPTaX U MHCTPYKIMAX TI0 SKCIUTyaTalllH, NPUJIaraeMbIX 3aBOJIaMHA-U3TOTOBUTEIISIMH.

3.4. Meroguka TpoBeleHUS OOCIENIOBaHMA JUHAMHUYECKOTO COCTOSIHUS — (pyHZaMEHTOB
TypOoarperaroB pexycMaTpruBacT HECKOIBKO JTAIIOB.

3.4.1. HerocpencTBeHHO epe]] MPOBeICHUEM U3MEPEHUH BHOPAIIMK HEOOXOANMO IIPOU3BECTH COOP
W aHAJIM3 OCHOBHBIX CBEJECHHH MO KOHCTPYKIIMH, MOHTaXXy, PEMOHTY M dKCIUTyaTaluu TypOoarperara u
ero (hyHIaMEHTa, a TaKkKe JaHHBIX KOHTPOJIS 32 BUOpanuel BO BpeMs SKCILTyaTalliH.

3.4.2. Ha mepBoMm 3Tare HeoOXOIMMO ONpPeeNUTh 001iee BUOPALOHHOE COCTOsIHNE (PyHIaAMEHTa U
BBISIBUTH 30HBI C IOBBIILICHHBIMH aMIUIMTyAaMH. [ aToro npu pabote arperara B pabodeM pexuMe
HEOOXOANMO M3MEPHUTh aMIUIMTYAbl BHOpPAIMU IOJIIMITHUKOB TypOoarperara u ¢yHaameHTa. Touku
n3MepeHnsi Ha (yHIaMEHTe BBIOMpAIOTCS B HEMOCPEICTBEHHOM ONM30CTH K ONOPHBIM JIamIlaM
MOJIIMITHUKOB, B MECTaX COIPSHKEHHS KOHCTPYKTHBHBIX 3JIEMEHTOB, Ha KOJIOHHaX, B CEpeIHHE
MIPOJICTOB TIPOIOJIFHBIX M MONEPEYHbIX OaloK, Ha HIDKHEH ONOPHOW IUIMTE WM pocTBepke. Touku U
HanpasieHus (ukcanuu KojeOaHWi ciemayeT BBHIOMPATh HCXOIS W3 KOHCTPYKIMHM M Pa3MEpOB
(yHIamMeHTa, TUIIa MALIMHBI ¥ XapakTepa ee KperuieHus K pyHIaMeHTy.

Ha puc. 1 B kadecTBe mpuMepa npuBeAeHa THroBas (opma (KapTa) Ul CHATHS ITapaMeTpOB
BuOpay Gyagamenra nox Typouny K-300-240 XTI'3.

3HaueHNE aMIUTUTYAbl BUOpAIIMN ONpEessieTCsl B BEPTUKAJIBHOM, MONIEPEYHOM (IIEPIECHIUKYIISIPHO
OCH arperara) U Ipoj0JIbHOM HaIrpaBJICHHsIX.

3.4.3. Ha BTOpOM 3Tame He0OOXOAMMO BBISBUTH IPHYMHBEI HEOIArONPUATHOW JHHAMUYECKOW PabOTHI
¢ynnamenTa. [ ompeneneHus CTENCHNM BIMSHUS BO3MYINAIOIINX CHJI, BOSHUKAIONIMX INpH padboTe
TypOoarperara, Ha 3Ha4€HHE aMILUTUTY 16l BUOpanyy (yHaaMeHTa CIIeayeT BBITOIHNTD [IUKI H3MEPEHNH
npu paboTe arperara B pa3IMYHbIX paboUYHX pexuMax.

OTH n3MepeHusi He0OXO0AUMO BBITIOJHATH NMPH HYJIEBOW Harpy3ke ¢ HOMHHAJIBHBIM BO30YXKICHHEM
Ha reHeparope u npu Harpyskax 25; 50; 75 u 100% s onpenencHus BIUSHUS U3MEHEHUS Harpy3KH
Ha BHOpanuro (hyHJaMEeHTa ¥ OLIEHKH KadyecTBa pabOTHI arperara.

3.4.4. [lna ompeneneHUss PE30HAHCHBIX 30H (yHIAMEHTa W3MEpPCHHS BHOPAIMH IOJDKHBI
TIPOM3BOAUTHCS IIPU paboTe TypOoarperara Ha XOJIOCTOM XOy NPH PAa3IMYHON YacToTe BpalleHus (0T
900 mo 3000 06/muH) yepes kaxasie 200-300 06/MuH.

Ha ocHOBaHWM TONY4YEHHBIX MaTepHaJOB CTPOSITCS TpauKu  aMIUIUTYJHO-YaCTOTHBIX
XapaKTEPUCTUK PA3NUYHBIX TOYEK (YyHIAMEHTa M OIPEIEISIOTCS 9acTOThl COOCTBEHHBIX KoJieOaHMI
ero osyneMeHToB. Yactora cOOCTBEHHBIX KOJICOAHHMH YTOYHAETCS IIyTeM €€ W3MEpeHHs IIpH
OCTaHOBJICHHOM arperare. CBoOonHBIE KoieOaHus siaeMeHTa (yHIaMeHTa BO30YyXIAroTCs yIapHOH
Harpy3Ko# M 3aIMCBIBAIOTCS Ha IUICHKY ocnuuiorpada.
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SHSIEY

Puc. 1. Tunosas ¢popma st BuOpouccienoBanns GyHIaMeHTOB TypOoarperatos MomHocTs10 300 MBT:




1 -7 - COOTBETCTBYIOIIVE TONIIUITHAKA TYpOHUHEL; §-12 - hyHIaMeHT BOMM3K NOAMHUITHUKOB; 13-56 - pyHmamenT typboarperara;
B - BepTukansHas, I1 - momepeunas, 0 - oceBas BUOpanus

Ha puc. 2 mpuBeneHa B KadecTBe NpUMEpa aMIUINTYAHO-9aCTOTHAs XapaKTEpUCTHKA OOHON m3 paM ¢yHmaMeHTa moj TypouHy momuocThio 200 MBT. ITompemsr ("mukun'")
rpaduka MoKa3bpIBaoT MPOXOXKICHHE arperata 4epe3 pe3oHaHC ¢ COOTBETCTBYIOLIMME COOCTBEHHBIMH YaCTOTAMH.
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Puc.2. AMIIUTY/IHO-4AaCTOTHAsI XapaKTEPUCTHKA pureis GpyHaaMeHTa



3.4.5. BouiBneHue oTpbiBa (YHIAMEHTHOW IUTMTHI, OCIAOJCHUsS KpEIUIeHHsS aHKEpHBIX OOJTOB,
TIOSIBJICHHSI TPEIIMH B (yHJaMEHTE M 3a30pPOB II0 OIOPHOH IOBEPXHOCTH KOPIYCOB ITOAIINITHUKOB
OCYIIECTBISIETCSI C TMOMOIIBIO KOHTYPHBIX XapaKTEPUCTHK, NPEICTABIIOINX COOOH 3aBHCHMOCTB
BUOpAIlMM OT PACIOJIOKEHHS TOYEK H3MEPEHUs Ha IIOBEPXHOCTH OIOpHI, IWIMHApA (KOpIyca
reHepaTopa, GyHAaMeHTa U T.IL.).

KoHTypHast xapakTepuCTHKa MO3BOJISIET ONPEASIUTH IIPOCTPAHCTBEHHYIO (HOpMYy KoJIeOaHUs
ONOPHOM CHCTEMBI arperara, 4To HCIOJB3YeTCsl NpH pa3paboTKe MEpONPHATHH 10 yCTPaHEHHIO
PC30HAHCHBIX SIBJICHUH.

KoHTypHas xapakTepucTuka CHUMAETCs IIPH OJHOM JHOO HECKOJBKHUX YCTaHOBHUBIIMXCS PEXHMAaX
arperaros, OOBIYHO IIOJ Harpy3koi. [IpenBapHTENBHO COCTaBIAETCS CXEMa PacIOJIOKEHHS TOYEK
u3MepeHus. B Kakmol TOYKe IPOM3BOAATCS W3MEPEHUS aMIUIUTY[ W (Da3bl OPHUEHTHPOBAHHBIX B
IPOCTPaHCTBE KOMIIOHEHTOB BHOpanmu. Ha puc. 3. mpencraBiieHbl IpocTelas cxemMa pacIiooKeH s
TOYEK U3MEPEHUs M KOHTYpHas XapaKTepUCTHKA BUOpaLK OMOPHI, a Ha pUC. 4 — HEKOTOPHIE CIIydan
CHIDKEHHS )KECTKOCTH OIIOP, BEISBICHHBIE C TOMOIIBIO KOHTYPHBIX XapaKTEPHCTHK.

34.6. Jlna ycTaHOBICHHUS JepeKTa KOHCTPYKIMH WM WHIWBHAYAIBHBIX OCOOCHHOCTEH
HCCIIEIyeMOro arperata W ero (yHIaMEHTa COIOCTaBiIsieTcsl paboTa HECKONBKUX OIHOTHITHBIX
arperatoB M uX yHIaMEHTOB.
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Puc. 4. CHuxeHuHe KeCTKOCTH OIOP:
a - IpH "ONPOKUABIBAaHMN" KOPITyca MOANINIHNKA; O - BCIEIACTBHE OTPHIBA ONOPHON IIOBEPXHOCTH
TI0J] IEHCTBUEM PEAKTHBHOTO MOMEHTA CTaTopa; B - pH Ae(opMannyl OIOpHOH MOBEPXHOCTH;
d - 3a30p; F- cuia; o - HaIpaBJIECHHUE BPAILCHU



3.5. [l oueHKM BIHMSHUSA (QyHIaMEHTa Ha YpOBEHb KoJieOaHMH 3JIEMEHTOB cTraTopa Typboarperara
PCKOMEHIYETCSl TIOJIb30BATHCS COOTHOLICHUSIMH MEXAY KojeOaHWsMHU omopbl arperata (A, ) u
HECYIIEro ee eMenTa QyHaamenTa (A ).

B 1ab1n. 2 npuBeneHBI pe3yNbTaThl aHAIN3a 3TUX COOTHOIIEHMI 10 12 Typ6oarperatam K-300-240 +
TBB-320-2 u 12 typboarperatam K-300-240 + TI'B-300. Koadduunentsr K (K = Ay /Ay) umeroT
pasHble 3HA4YCHUS AL Pa3HBIX OIOP, YTO XapaKTepH3yeT pasHylo AMHAMHYECKYIO II0JATIMBOCTh
nocinennux. CyIiecTBeHHas! pa3HUIA 3THX KO3()(UIMEHTOB Ul OJHHUX M TEX K€ OIOP OJHOTHUIHBIX
TypOoarperaroB oOBSICHSICTCSI paBHBIM Ka4eCTBOM HM3TOTOBJIECHHA (DyHAaMEHTOB M MOHTA)Ka ONOPHBIX

KOHCTPYKLUH.
[IpenenbHBIM U1 HEKOTOPHIX TypOOarperaToB sBisercs 3HaueHue K < 1, 9yto He HaOmomaercs y
OonpIIMHCTBA TypOOarperatoB, IOCKOJIbKY cpeanue 3Hadenuss K = 1+10. ComocraBieHue

ko3 puuuenTos K ¢ OTHOIICHMEM IMHAMHMYECKUX IIOJATIMBOCTEH ONOpP a, M (PyHIAMEHTOB 4y
MOKAa3bIBAaCT, YTO OTHOUICHHE AMHAMHYECKHX IOJATIMBOCTEH B OOJBIIMHCTBE CIy4aeB HaXOMASATCS
BHYTPHY MHTEpBaja 3Ha4eHUI KodpHuureHToB K 11 JaHHON OIOPHI.

Koadunuentst K mnpuMeHHMBI Ui OLUEHKHA ITUHAMHYECKOTO COCTOSHUS KOHKPETHOW OMHOPBI
THIIOBOTO TypOoarperara u HeCyIlero ee 31eMeHTa (hyHIaMeHTa.

HeynoBneTBopHUTENIbHOE COCTOSHHE KOHKPETHOI'O HECYILEro 3jieMeHTa (yHIaMeHTa MOXKET OBbITh
KOHCTAaTHPOBAHO B CIlydae CYIECTBEHHOIO (Harpumep, oonee uem 50%) cHmxkeHus K 10 OTHOIICHHIO
K CpEIHEMY YPOBHIO.

Tabauya 2
CooTHoIIeHNEe MEKTY KOJTeOaHUSIMH OTIOP MOAIIHITHUKOB M 3JIEMEHTOB
dynaamenta Typooarperatos 300 MBT (K=An/A)
CooTHolIeHNE
AMILUIATY T
3aBox| KojeOGaHMH U Howmep noammmnanka
JUHAMHWYCCKUX
MOJATIMBOCTEN
3JIEMEHTOB 1 2 3 4 5 6 7

TypboarperatoB| B 11 B I1 B I1 B II | B 1T B 11 B 1T

JIM3 |A/Ap(Makc) 1,15(3,75]11,27]2,60]7,25] 3,50 |4,30] 5,50 3,20] 5,00 |7,20] 5,75 {2,85] 3,50

An/Ay(MUE) 0,8510,91]0,74]0,78 1,68 |0,83 | 1,62 1,25 1,55| 1,62 |2,65] 3,10 |1,77] 0,83

An/Ay(cp) 1,002,30]1,20]1,43]3,80|2,33]2,50]2,40|2,20| 3,60 |4,65]| 4,45 ]2,30] 1,65

a,/ay 1,2514,2511,7711,67]| — | — |2,88]3,53|2,97| 3,16 |3,60| 7,44 |13,44| 5.45

XTI'3|A/Ay (Makce) 3,7514,00]2,25]3,00]3,20|2,36]6,30|3,00|17,5| 5,00 [17,5] 4,00 |5,60] 3,70

An/Ay(MUE) 0,69(1,00]1,10]1,00]0,290,50]2,50]0,552,90{ 2,00 {2,00] 0,85]0,80] 1,30

An/Ay(cp) 1,4713,0011,47]1,80]2,00|1,60]4,00]1,75]10,0] 4,16 15,70] 2,80 {2,85] 3,00

a,/ay 2,66 14,4514,5413,22]8,20|5,20]3,80)3,70|17,3| 10,0 |3,70] 2,00 |3,10] 6,23

Ipumeuanue. A, Ay u @,, 84— COOTBETCTBEHHO aMIUIMTY/bI KONEOaHUH U aOCOMIOTHBIE JUHAMUYIECKHE
MO/IATIIMBOCTH OTOpP TOJIIMITHAKOB WU HECyImuX dJeMeHTOB ¢(yHmamenta; B u II — coOTBETCTBEHHO
BEpPTHKAIBHBIE U MTOTIEPEYHBIE KOJIEOAHN.

B T1abn. 3 mpuBeneHbl OCpeAHEHHbIE 3HAa4YeHUst KoddduimeHToB BHOpauuii st (yHIaMEHTOB
COBPEMEHHBIX MOIIHBIX TypOOarperatroB, MOJy4Y€HHbIE Ha OCHOBE HMCIbBITaHHH (yHAaMEHTOB TypOWH
JIM3 u XTT'3 momHocTsi0 200 11 300 MBT.

Tabauya 3



OcpenHeHHbIe 3Ha4YeHNs1 KO3(ppuuMeHTOB BUOpanuii 1is1 pyHAaMeHTOB COBPeMEeHHbIX
MOIIHBIX TYp0OarperaToB, NoJIy4eHHbIC HA OCHOBE HCNBITAHUI pyHIaMeHTOB TYpOuH JIM3 n
XTI'3 momaocTnIo 200 1 300 MBT

Koaddunuent Bubpauuii cOOpHbIX GyHIaAMEHTOB TypOOarperaTton
mourHocThio 200-300 MBT (K)

DNeMEHT paMbl Y3en a1eMeHTOB Cepennna Purenp [IpomonbHas
paMbl BBICOTHI KOJIOHHBI 6a.HKa
B IM1 [Ilp | B II (op | B IT [Ilp | B I1 Ip
[Monepeunsie ,7125(25(20(08*|08% 1,7 | 1,8 — |20 | 1,5 2,0
[1-06pa3Hble pamMBbl
[Monepeunsle 25130 (3035135 1,5[30(35]| — 1201|201/ 35

[T-o6pa3HbIe pambl CO
CABOCHHBIMH CTOUKaAMHU

Hezamknyteie pamsi| 2,0 | 1,5 | 35 |35 (|15 (20| — | — | — [25 | L5 5,0
(6e3 croek)

* 3pagenne K = 0,8 B cepeaMHe CTOEK MOJYYEHO B yJNAJICHHUU OT IMOALIUITHHUKA, OOBSICHIETCS
FI/I6KOCTI)IO CTOCK U HAa OLICHKY )II/IH&MI/I'—IGCKOﬁ HaACXKHOCTHU (bsz[aMeHTa HEC BJIIUSACT.

Ilpumeuanusn: 1. TpeaBaputenbHbie 3HAYCHHS KOA(DPHUIUESHTOB MOUICKAT YTOYHEHUIO MO MeEpe
HAKOIUICHUS] JIAaHHBIX Ui Ooniee MoMIHBIX TypboarperaroB. — 2. B, II, TIp — COOTBETCTBEHHO
BEPTHUKAJIBHOE, MOTEPEYHOE U POIOTEHOE HATIPABICHUSL.

Koaddunmentsr Bubparmn audhepeHIpoBaHbI 0 KOHCTPYKTHBHBIM 3JIEMEHTaM (DYHIAMCHTA.

Jdns  obecrieueHWss HOPMalbHBIX YCIOBHH 3KCIUTyaTallMd JIOCTATOYHO, YTOOBI aMIUIMTYHBI
TOPHU3OHTAIBHBIX M BEPTHKAJIBHBIX BHOpanuii 0AaJOK M IUIMT BEPXHETO CTPOEHHS (QyHIaMeHTa s
arperatoB ¢ uactoroid Bpamenms 3000 oO/MHUH He mpeBblmamd 15 MKM B 30HaX OIHPaHUSA
MOJIIMITHUKOB W 25 MKM BHE 30H ONHMpaHUs MOALNIMINHUKOB. [y MomarperaTHBIX KOHCTPYKLIUH C
arperatamu Ha 1500 00/MHH 3TH 3HAYCHHS yIBAHBAIOTCS.

3.6. Koncrpykims (GyHZaMEHTOB [OJDKHA YIOOBICTBOPATH TpeOoBaHUAM [6] wucxoms u3
BO3MOXKHOCTH TIpeOBIBaHUS MEpCOHAJIa HAa BEPXHEM CTPOCHMH (yHIAaMEHTa MeHee 1 4 B TedeHHe
pabouero aHs.

B T1abn. 4 mpuBeneHB! AOIyCTHMBIE 3HAUCHMS NMapaMeTpOB BHOpALMM Ha MOCTOSHHBIX pabOdMx
MecTax B MPOM3BOJCTBEHHBIX NMOMEIICHUSAX NP HENPEPHIBHOM BO3/CHCTBHH B TedeHHE pabodero JHs
(8 1), ycranoBieHHsIe [6]. [Ipy MpOOOIKUTEIBHOCTH BO3CHCTBUS BHOpaiui MeHee 1 9 TOImycTUMBIE
3HAYCHHUS NApaMETPOB BUOPALIMHM CIIelyeT yBEJIIMUUBATh B 3 pasa.

Tabruya 4
CannTapHble HOPMBI 10 OTPAHMYEHUI0 BUOpauMy padoyux MecT
CpenHereoMeTpudeckue u Awmmutyna (nmukoBoe | CpenHeKBaApaTHIECKOe 3HAUCHHE
IrpaHUYHbIE (IaHBI B Yacrora, 3HAYCHUE) BHOPOCKOPOCTH
CKOOKAax) 4acTOTBI nepeMerieHHs
OKTaBHBIX 110J10C, 'L I'm IIPU TAPMOHUYECKUX MM/c 1b OTHOCUTENIBHO
KOJIEOAHUIX, MM 5-10 mm/c
2 (ot 1,4 o 2,8 BKIL.) 1,4 3,11 11,2 107
1,6 2,22
2,0 1,28
2,5 0,73
2,8 0,61
4 (cB. 2,8 10 5,6 BKIL.) 3,2 0,44 5 100
4,0 0,28
5,0 0,16
5,6 0,13
8 (cB. 5,6 mo 11,2 Bxu1.) 6,3 0,09 2 92
8,0 0,056




10,0 0,045
11,2 0,041
16 (cB. 11,2 o 22,4 Bxi1.) 12,5 0,036 2 92
16,0 0,028
20,0 0,0225
22,4 0,020
31,5(cB. 22,4 o 45,0 Bxi1.) 25,0 0,018 2 92
31,5 0,014
40,0 0,0113
45,0 0,0102
63 (cB. 45 no 90 Bki1.) 50,0 0,009 2 92
63,0 0,0072
80,0 0,0056
90,0 0,005
3.7. Jlna orpaHuueHus BiusHUS ~(QyHIAMEHTa Ha YpOBEHb BHOpauuu TypOoarperara
MPEIyCMOTPEHBl MpeAeNbHbIe JOMyCKH JaedopMalMd U KpydeHHsS pHrelieil MONepedHBIX pam
¢dbyHnamenTa.

3a yeThIpeXJICTHUH (MEKPEMOHTHBIN) NEPHOJ IKCIUTyaTallid OTHOCHTENBHBIH NPOrud (OTHOLICHHE
CTpenbl poruda K JJIMHe IIHTHI) He noibkeH npesbimars 0,0001 npu amuHe TypOoarperata 10 40 M u
0,00015 mpu mmmuue ero 60-80 M. IIpu mpoMexyTOUHBIX 3HAYCHUAX IHUHBI TypOoarperata (40-60 m)
JIONYCTUMBIi OTHOCHTENIbHBIN MPOrud HAXOANUTCS MHTEPIIOIISIINCH.

Jedopmanun KpydeHHs puUTeNied MOJ OHNOpaMH pPOTOPOB BBICOKOTO M CPETHETO MaBJICHHS,
BBI3bIBAEMbIC TEIIOBBIMH NEPEMEIIECHUAMH TYPOUHBI, HE JOJKHBI TIpeBbILAaTh £0,6 MM/M.

3.8. Ilpu mnpoekrtupoBanud (YHAAMEHTOB IIOJ BCIIOMOIaTeIbHOE O0OpYIOBaHHE CJCIYET
PYKOBOJICTBOBATBCSI OOIIUMHU MHCTPYKIUSAMH | [7].

B rabm. 5 mpeicraBneHbl TpelelibHbIE 3HAYCHWS AMIUIMTYA KojeOaHui (yHIaMEeHTOB
BCIIOMOTaTEJIbHOIO 000PYIOBaHMs, METOAMKA IPOBEACHHsT 00CIEIOBAHUS AUHAMHUUYECKOTO COCTOSHHS
KOTOPBIX Ta ke, 4YTO U (yHAaMEHTOB TypOoarperaroB. M3-3a MajibIx rabapuTHBIX pa3MepoB U Ooisee
MPOCTON KOHCTPYKIIMH, OTCYTCTBHUS psifia (paKTOPOB, BHI3BIBAIOIINX TOMOJHHUTEIIFHBIC TUHAMUYECKUE
Harpy3ku (MEHbIIIEe YHCIIO OIOp arperara, OTCYTCTBHE Ta30AMHAMHUYECKOTO BO3AEUCTBHA M T.A.), IO
cpaBHEHHIO ¢ (yHAaMeHTaMu TypOoarperaToB NpOBEACHHE H3MepeHuil BuOpauuu (yHIaMEHTOB
BCIIOMOTaTEJIBHOIO 000pYyJOBaHUSI MEHee TPYIOEMKO, a Halnune HOPMAaTHBHBIX 3HAYCHUH KOJeOaHMii
¢ynmamenta (cM. Tabi. 5) edaeT  OIEHKY JUHAMHYECKOTO COCTOSHUSA  (YHIAMEHTOB
BCIIOMOTATEIFHOTO 000PYIOBaHUS MEHEE CIIOKHOM U O6oiee T0CTOBEpHOH.

Tabauya 5

IIpeaenbHo qonycTUMAas aMILINTY/Aa KoJleOaHuii pyHIaMeHTa,
ycTaHaBJMBaeMas 3alaHMeM Ha POeKTHPOBaHUe

Mamvsbl [penenbHO HomycTHMAs aMILIMTYAA KOJeOaHuid A, MM

C BpamarmuMucs 9acTIMH IIpH
4acTOTE BPAIICHHUS, 00/MUH:

TOPHU30OHTAJIBHBIX BCPTUKAJIBHBIX

menee 500 0,2 0,15

¢B. 500 mo 750 Bk
¢B. 750 mo 1000 Bk
cB. 1000 g0 1500 BxJ1.
cB. 1500

Cg. 0,2 10 0,15 BKIL.
Cs. 0,15 1o 0,1 BKIL.
Cs. 0,1 g0 0,05 BK.
Cs. 0,05

Cs. 0,15 1o 0,1 Bk
Cs. 0,1 g0 0,06 BKIL.
Cs. 0,06

C KPUBOIIMITHO-INATYHHBIMH
MEXaHHU3MaMH PU YacTOTE
BpallieHus, 00/MHH:

menee 200

cB. 1200 mo 400 Bk

¢B. 400 mo 600 BKJI.

¢B. 600

JUIsl IEPBOM FapMOHUKHU

JU1s1 BTOPOM TapMOHUKH

0,25

Cs. 0,25 10 0,15 BKIL.
Cg. 0,15 10 0,1 BKIL.
Cg. 0,1

0,15

Cs. 0,15 1o 0,1 BKIL.
Cg. 0,1 10 0,05 BKIIL.
Cs. 0,05

JpoOuiIKky KOHYCHBIE U ITHEKOBHIE

0,3




ﬂp06I/IHKI/I MOJIOTKOBBIC Kak JJI MalllMH C BpalllarOmMHUCS 4aCTSIMHA

Ky3HeuHbIe MOTOTHI 1,2(0,8%)
[Ipeccol 0,25
DOpMOBOYHBIE MAITHHEI 0,5 mm mo 'OCT 12.1.012-90 (mpm pacronoxeHuu Ha

(hyHIaMeHTax pabo4nx MecT)

MenbpHHULEL 0,1%*

* Tlpum BO3BemeHMH (YHAaMEHTOB Ha BCEX BOJOHACHIICHHBIX IIECKaX, a TAaKKe Ha MEIKUX U
MBIICBATHIX MAJOBIAXKHBIX M BIAKHBIX MECKAX.

** CpemHEeKBaIpaTHICCIOC 3HAUYCHHUE aMIDIATY Bl KOJICOAHHIA.

Mpumeuanus: 1. /s IpOMEKYTOUHBIX 3HAUEHHMH YaCTOTHI BPALICHHS MPEAEIBHO JOIYyCTHMAs
aMIUIMTY/Ia ONPENIEIIeTCS] MHTEPIIOJSILUCH.

2. Ins mMamuH ¢ yactotod Bpamienus 200 06/MHH U MeHee MpH BbICOTe (yHAaMEHTOB Oojice 5 M
IIpeesIbHO AOIMyCTHMAas aMIUIMTyAa yBeinuduBaercst Ha 20%

4. OCOBEHHOCTHU OBCJIEJOBAHUA TUHAMUYECKOI'O
COCTOSIHASI CTPOUTEJBbHbIX KOHCTPYKIMIA

4.1. DKcmyaTallMoOHHBIC JUHAMHUYECKHE Harpy3KH CTPOUTEIBHBIX KOHCTPYKIHUH ITIaBHOTO KOpITyca
AJIEKTPOCTAHINH, B KOTOPOM pa3MEIeHO OCHOBHOE M BCIIOMOTraTeJIbHOe 000pyI0BaHUE, KaK MPaBHIIO,
HEBEJIMKH, U BBI3BIBAEMbIE MMM HANPSIKEHUS B JJEMEHTAX KOHCTPYKLUUH 3HAYUTEIbHO MEHbILE
HaIpsSKEHUHN OT CTaTUYECKOW Harpy3KHu.

JlommycTHUMBIN ypOBeHb BHOpamMu 3THX KOHCTPYKIUM OIpenensieTcsd He TOJNBKO HEO0OXOIUMOCTBIO
obecrieyeHHsl HeCylled CIIOCOOHOCTH KOHCTPYKIMH IIPH COBMECTHOM JEHCTBUM CTaTUYECKUX U
JIMHAMHMYECKUX Harpy3oK, HO U IPeJesiaMu, KOTOPbIE UCKII0Ya0T BO3MOKHOCTb BPEIHOIO BIMSHUS Ha
JIFOJIeH U TEXHOJIOTUYECKU MpoI1iecc.

KonndecTBeHHbIE XapaKTEPUCTUKH JIOMyCTUMOTO YPOBHS KOJICOAHHH M1 IMPOMBIIUICHHBIX
COOPYXEHW TpU JCUCTBUU KojJeOaHWU Ha IOJed B TSHKENBIX IPOU3BOJCTBEHHBIX YCIOBHSIX
MIPUBEACHBI B TA0MI.6.

Tabauya 6
XapaKkTepUCTUKH BO3/1eiicTBUS KOJIe0aHUI HA J10ei
B 3aBHCHMOCTH OT CKOPOCTH M YCKOPEHHS TAPMOHUYECKUX
KoJieOaHuil ¢ aMIIUTY10i He OoJsiee 1 MM
XapaKTepucTHKa BO3ICHCTBUSL [IpenemsHOE YCKOpEHHE [IpenenpHast CKOPOCTH KOJICOAHIA
KoJIeOaHuil Ha Joaen xone6annit Wmakce (Mm/c?) Vmake (MM/c) IUTs 9acTOT
IUIS 9aCTOT or 1 go 10 I'ry Bk
or 1 go 10 I'ry Bk
Heomytrmbl 10 0,16
Cnabo ouryTUMBI 40 0,64
XOopo1Io OIIyTHMBbI 125 2
CHWIBHO OIIYTUMBI (MEIA0T) 400 6,4
Bpenus! npu 1uinTebHOM 1000 16
BO3JEHCTBUU
be3ycnoBHO BpeHbI Ca. 1000 CB. 16
Ilpumeuanue.
A =0,16 vin= 0,025 w/n’, (3)

rjae A — aMIUTUTyAa Wik pa3Max KoJieOaHui, MM;
V — CKOPOCTh KoJieOaHui, MM/C;

W— YCKOpCHHE KONeOaHuit, MM/c’;

n — 4JacToTa Kojaebanuid, ['1.

KauecTBeHHBIC OIICHKM XapakTepa BO3JACHCTBHUS KojeOaHMI Ha JONel, MpHUBeACHHBIE B Tadil. 0,
MOTYT OBITh HCIIOJIB30BAHBI [UIS JIFOOBIX COOPYKEHUN U YCIIOBHH.

4.2. Tlepen HayasoM HU3MEpEHHs BHOPALUMM CTPOMTEIBHBIX KOHCTPYKIHHM B IENAX ONpEACTICHUSI
JUHAMUYECKOTO COCTOSIHHS HEOOXOAMMO IOMYYHUTh CBEICHMS, XapaKTEPU3YIOIIHUE PACUETHYIO CXEeMy
KOHCTPYKLUI:




THIT KOHCTPYKLHH;

pa3Mepsl IPOJICTOB H MONEPEYHbIX CCYCHHH;

KOHCTPYKLUH Y3JIOB COCIMHEHHI 3JIEMEHTOB;

KOHCTPYKLMH DJIEMEHTOB, MOCTOSIHHO JONOJHSIOIIMX HECyllde KOHCTPYKUMH (OeToHHAs
MOATOTOBKA IO MOJIBI ¥ TIP.);

pacnpeneseHre MacC KOHCTPYKIUH U IIPHCOSTMHEHHBIX K Hel KOHCTPYKLIHH;

JpYrue KOHCTPYKTHBHBIC XapaKTEPHCTUKH, BIMAIONINE Ha )KECTKOCTh M MacCcy KOHCTPYKIIHH;

XapaKTepPUCTUKHA  MPWICTAIOIEr0 K  CTPOMTEIBHBIM  KOHCTPYKIHMAM  OOOpPYIOBaHUS  C
JMHAMUYECKMMH Harpy3KaMi: YpPOBEHb BHOpalMH Ha MOJIIHMIHUKAX, MPeoOIafarolie HarpaBlICHUs
BUOpaLMK, CIHEKTP BO3MYLIaeMBIX  KOJEOAHMil, COCTOSHUEC IMPEAYCMOTPEHHBIX  MPOCKTOM
nehOpMalMOHHBIX  (aHTUBHOPALMOHHBIX) IIBOB MO IEPUMETPY JACHCTBYIOIIETO 00O0pYyIOBaHHMS,
HaJMYUe HE MPEIyCMOTPEHHBIX IPOCKTOM JKECTKHX CBSA3CH MEXIy KapKacaMH TEXHOJIOTHYECKOTO
000pYyIOBaHHS M CTPOUTEILHBIMI KOHCTPYKIHSAMH H T.JI.

4.3. J1ns BEIOOpa TOYCK M HANIPABJICHUS BUOPALMK PEKOMEHIYETCS CIICAYIOLIAs CXeMa H3MEPECHHH.

4.3.1. BHavane perucTpupyroTcs KoiieOaHHs NpPH KAaKOM-TO ONpPEACIICHHOM (IO BO3MOXKHOCTH
HauOoJee TUMUYHOM) IHMHAMHYECKOM BO3ACHCTBUH, KOTOpbIE OOCCIEYMBAIOT BBISBICHHE (GOPMEI
KoNieOaHUH KOHCTPYKLUH H CIICKTPa YacTOT KOJIeOaHuil.

4.3.2. B pesynpTaTe BBINOJHECHHUS I[IEPBOTO JTala HM3MEPEHHH CIEOyeT BBIACIUTh TOYKH M
HAMpaBJICHUS PETUCTpalliK BUOpalumil, Haubonee XapakTepHblC Uil JAHHOTO JIMHAMHYECKOTO
nporuecca.

4.3.3. YcraHoBUB mNpPUOOPHI B O3THX XapaKTEPHBIX TOYKAX, MOXXHO MONYYHTH 3aBHCHMOCTH
U3MEpSEMbIX MapaMeTpoB (aMIUIHTYIbI, YACTOTHI U T.J.) OT PSKMMOB HCTOYHUKOB BUOpAHH (TIPH 3TOM
CHHXPOHHO PErUCTPUPYETCS YPOBEHb BHOPAIMM Ha €€ MCTOYHUKE M HCIOJb3YeTCs BUOPONATYMK Ha
HCTOYHMKE BHOpAINHU B KauecTBe 0a30BOT0).

4.34. B KayecTBe XapaKTepHBIX TOYEK HA CTPOUTCNBHBIX KOHCTPYKLHSX OJICKTPOCTAHIMU
MPUHUMAIOTCS: CEPEIUHBI POJICTOB HECYIHMX 0alloK, IUTUT MEPEKPHITUS, GepM MOKPBITHS U T.1., y3JIbI
COEIMHEHUI ATHX 3JIEMEHTOB, CEPEANHBI BBICOT KOJIOHH, CTOSK M 30HBI CONPSDKEHHIN 9THX DJIEMEHTOB C
MEPEKPBITHEM, TIOJIOM, TOKPBITHEM.

4.3.5. TIpuOopbl yCTaHABIMBAIOTCS HEMOCPEICTBEHHO HAa HECYINHE MOBEPXHOCTH DIEMEHTOB (B
KEeNe300CTOHHBIX IEMEHTaX B 30HAX PETUCTPALMK KOJICOAHUI INTYKATYpHBIN IO OTOMBAaeTCs).

4.3.6. B pmomonHEHHE K HM3MEPEHUAM BHOpAalMU MpU (AKTHYCCKHX PEKUMaxX pabOThl NaHHBIX
KOHCTPYKLHH, ONPEICIAIOINXCA YCIOBHAMH HX JKCIUTyaTallud, PEKOMEHAYETCS PEerHCTPHPOBAThH
napaMeTpbl BUOPALMK CTPOUTENBHBIX KOHCTPYKLHH NPH U3MEHEHHH CTYIICHSAMH PEXUMOB HCTOYHHKOB
BHOpAaIHy (110 COTIIACOBAHUIO CO CITYKO00M IKCILTyaTallnH).

4.3.7. Bkiag B BUOpALUIO CTPOUTEIBHBIX KOHCTPYKIMI HECKOJBKHX €¢ UCTOYHHKOB OIPEICIAeTCs
MyTeM UX MOOYEPEIHOTO OTKIIOUCHHUS WITH BKITFOUCHUS.

4.4. 3mMepeHHe OCHOBHOTO TOHA CBOOOIHBIX 3aTYXAIOIIMX KOJNCOAHWH 3JIEMEHTOB CTPOMUTENBHBIX
KOHCTPYKLHI CIIEyeT BHINONHATh B IPOJICTAX HECYLIMX 3JIEMEHTOB. Y CTAHOBIICHHE YaCTOT CBOOOJHBIX
(coOcTBeHHBIX) KOJecOaHHH HEOOXOAMMO TIPH HAIMYAN PE30HAHCHBIX SBICHUHA (TP COBHAICHHUU
YacTOT COOCTBEHHBIX KOJEOaHMil KOHCTPYKIMH C BBIHYKICHHBIMH KOJEOAHHUSIMH OT HCTOYHHKOB
BUOpaImm).

CBoOonHBIE 3aTyxaromue KoJeOaHUs BO30Y)KIAIOTCS YAApOM 4depe3 JEPEeBSHHYIO IPOKIJIAIKY
TONIMHON 3-4 cM IO KOHCTPYKLMH B cpeJHel yacTu ee npoiera. Cuia yaapa A0/DKHa 00ecleuuTh B
HavyaJbHBIX 2-3 Hepuoaax KoyueOaHWH 3HAYCHUS aMIUTUTYJ MEpeMEIICHUH KOHCTPYKLMH HE MCHBILE
MaKCUMaJbHO  JIOMYCTHUMBIX  TEXHOJOTHMH  .IIPOM3BOACTBA M  CAHUTAPHO-TUTHCHHYCCKHMH
OrpaHUYCHHUSAMH.

[puneraromee K CTPOUTEIBHBIM KOHCTPYKIHAM 00OpYJOBaHHE BO BpeMs HU3MEPEHHI CBOOOTHBIX
KoJeOaHUH JOJDKHO OBITH IO BO3MOXKHOCTH MOJHOCTBIO WITH YaCTHYHO OTKIIFOUCHO.

Pe3oHaHCHBIE 30HBI JJIEMEHTOB CTPOUTENBHBIX KOHCTPYKLHMHA MOXKHO YCTAHOBHUTH NMPU BKIFOYCHHU
WM OTKITIOYCHUH TPHJIETAonero o00pyI0BaHUs MO XapaKTePHBIM BCIUIECKAM aMIUTHTYX Ha rpaduke
AMIUTUTYAHO-YaCTOTHOM XapaKTepPUCTUKH, MOCTPOSHHOM IO pe3yJibTaTaM HW3MEpeHuil BUOpauuu
KOHCTPYKIUH mipu Habope (cOpoce) HOMHHAIEHON YaCTOTHI BPAIICHUS 000pYIOBaHUS.

4.5. B cnyvae ecnu K KoileOaHHSM HPOMBILUICHHOTO 3IaHHS HE NPEIbSBIAIOTCS TPeOOBaHUS,
omnpeensieMble CAaHUTApHBIMH HOPaMH WM TEXHOJOTHEH MPOU3BOACTBEHHBIX MPOLIECCOB, TO MOMHMO
TpeOOBaHMI MO OpPraHWYCHUIO KONEeOAHWH IO Hecyled CHOCOOHOCTH IOJDKHBI NPEIbABISATHCS
TpeOOBaHUS O OrPAaHUYCHUIO IWHAMHYECKHX NporuboB. B Tabm. 7 maHbl pEeKOMEHAALUH I10
OrPaHUYCHHIO TUHAMUYECKOTO MPOruba KOHCTPYKIMI MOKPBITHI MPOMBIIUICHHBIX 3IaHHH.

Tabauya 7



AMIUTUTYABI KOJTeOaAHUI KOHCTPYKIUHA NOKPBITHS,
COOTBETCTBYIOLIME MPeJeJbHO A0MYCTHMOMY NPOrudy

Yacrora, Ammuryna, Yacrora, Amiuryna,

I'g MM I' MM

1 10 10 0,1

2 2,5 15 0,067
3 1,111 20 0,05
4 0,625 25 0,04
5 0,4 50 0,02
6 0,278 75 0,013
8 0,156 100 0,01

Ilpumeuanue. J1is MpOMEKYTOUHBIX 3HAYECHUH YACTOT KOJIEOAHUI aMILTUTYABI ONMPEAEISIOTCS 10
dbopmyaam:

A= 10/n*— s gacror kose6anuii ot 1 10 10 'y BKIL;

A = 1/n— pns wactot konebanuii c. 10 mo 100 'y BKII.

3necs A — aMIUIUTyAa KOJIeOaHUH KOHCTPYKIIMH OT HOPMAaJIbHOM Harpy3Ku, MM;
71 — 4YacTOTa BBIHY)KJIEHHBIX KoJebanu, 1.

[Ipu oreHKe TPOYHOCTH M BBIHOCIMBOCTH KOJIEOAHUS KOHCTPYKIIMHA MOXKHO CYHTATh O€30IaCHBIMU,
eciii HauOoJblllee AWHAMHMYECKOE IepeMeIleHHe OalkW, MEepeKpBITHS M IPYTUX KOHCTPYKITHH,
COBEpILNAIOIINX KOJICOAHUs, CBsA3aHHBbIE ¢ M3ruOoM, He mpesbimaet 1/50000 mmunbl mposieta (3a
BBIUETOM IIEpEeMEIleHHs ee onop). B aToMm ciryuae npu npoBepke Hecyel ciocOOHOCTH KOHCTPYKIIUU
MOXXHO HE YYHTHIBAaTh JAWHAMHMYECKHX HArpy30K. AHAJIOTWYHO, €CIH II0 pe3ylbTaTaM H3MEpPEeHHI
BBIICHWJIOCH, YTO JJIS1 KOJIOHH M CTEH 3[aHMA, a Talkke CTOEK IUIOIAJAOK M 3TaXEepPOK pa3HOCTh
TOPM3OHTANBHBIX JUHAMHUYECKUX IEPEMENICHUH HIDKHETO W BEPXHEro KOHIIOB KOJOHHBI (CTEHBI,
CTOMKH) B mpejeax dTaxa He npessiiiaet 1/50000 BHICOTHI 3Taxa, IMHAMUYICCKHE HATPY3KH MOYKHO HE
YUUTHIBaTh IIPU IPOBEPKE HECYIIeH CIOCOOHOCTH 3TUX KOHCTpykuuil. Ilpm sToM KojeOGaHus
MU3MEPAIOTCS B TOM TOUKEe KOHCTPYKIMH, TI€ WX aMIUINTyZAa HauOoJblIas, W IPH TaKOM PEXHUME
HUCTOYHMKA BHOpamuu, IpH KOTOpPOM BO30yXKAaloTCs Hauboiee WHTEHCHBHBIC KOJEOaHMS ITON
KOHCTPYKIIHH.

5. ABMEPUTEJIbHASA ATIITAPATYPA

5.1. Ilpm wuccnenoBaHuM padOTHl KOHCTPYKIMH (DyHAaMEHTOB NPHUMEHSETCS H3MEpHUTENbHas
anmapaTypa, IO03BOJIIONIas U3MEPATh aMIUIMTYAbI, (a3bl U 4acTOTHl COOCTBEHHBIX U BBIHYXIICHHBIX
KoneGaHuii, a Tarxoke nedopmanu, o KOTOPEIM OIPEACIISETC sl HANPSHKEHHOE COCTOSIHUE KOHCTPYKITHH.

Hambomee pacnpocTpaHeHHOH BHOPOM3MEPUTEIBHON  ammapaTypoil, KOTOpPOH OCHAIICHBI
COBPEMCHHBIC TEIUIOBBIE 3JIEKTPOCTAHILUM, SIBISCTCS OaJaHCHPOBOYHBIH H3MEPHUTENBHBIH MPHOOP
(BUII) koHCTPYKIIMH DHEPrOPEMOHTA.

[TpnGop mo3BOIAET W3MEPATH YACTOTHI, aMIUTUTYIBI U (a3bl KojeOaHMH, CKOPOCTH M yCKOPEHUS
JMHEHHBIX KOMIIOHEHTOB KOJe0aTeNbHOro mpomecca M HaOmonats 3a (a3oi KosebaHWH 110
pasBepHyTO#i 3amucu. [Ipexensl m3MepeHns mapaMeTpoB BHOpAUK B AMama3oHe 4acToT ot 15 mo 200
'y crepyromue: nBoHast ammumutyna BuOpockopoctei ot 0,5 mo 3000 MM/c u IBOIHAS aMIUIUTYAA
BuOpoyckoperuit ot 0,1 mo 8 ¢. [lorpenrHOCTh Mpu U3MEPEHUN aMILUTUTYABI CMEIICHUH B YKa3aHHBIX
npesenax, OTHECCHHas! K BEpXHEMY IIpeJielTy MIKaibl 3KpaHa U CTperodHoro npubopa, He 6onee +10%,
a B mpenenax ot 10 go 400 mxm B quama3zone 9actot oT 20 1o 55 'y He Oonee +5%.

[orpemHocTh M3MepeHHss BAOPOCKOPOCTH U BUOPOYCKOpEHHs cocTaBisieT +15%.

HocronHcTBOM TprOOpa SBISIETCS BO3MOXKHOCTH  ONperleieHHs (a3l KoueOaHWH TO4YeK
BUOpHpYIOLIEH TOBEPXHOCTH, OJaroapst 4eMy MOXKHO YCTaHOBHUTH (OpMy KojeOaHUH (yHIaMEHTOB.

[Ipubop wumMeeT BHIXOA JUIA TOAKIIOUEHWS K HuIedoBoMy ocmwuiorpady Uil 3aluch
Koje0aTeNbHOrO mponecca Ha IUICHKY HWIM OyMary, 4To Ba)KHO IIPH ONpPENENCHUH YacTOTHI
COOCTBEHHBIX KOJICOaHUH.

5.2. [Hpyrum mpuOOpoM, KOTOPBHIH MOXKET OBITh HCIIONB30BAaH CIYXKOOW JKCILTyaTallul
(hyHIaMeHTOB, SBICTCS MOPTATUBHBIN BuOpoMeTp BIIM-1, uMeromuii BCTpoeHHBIE (PHITBTPHI HIKHIX
4acTOT ¢ rpaHuYHBIMH dactotaMu 25; 50 m 100 ['m u QWIBTPE BEpXHHX YacTOT C TPAHUIHBIMH
gactoramMu 50 u 100 ['m. YactoTHBIN nuama3oH u3MepeHus mapameTpos BuOpammu ot 10 mo 1000 I,
JunamnazoH U3MEpeHus CPeIHEro KBaJIpaTUIECKOTo 3Ha4eHUs: BHOpockopoctd — ot 0,5 go 100 mm/c,



pasmaxa BudpomnepememeHust—ot 2 10 1000 mxm. Macca npubopa 2 Kr.

5.3. JIns u3aMepeHuit BUOpaIlluy CTPOUTEIBHBIX KOHCTPYKIHN TpeOyeTcs anmapaTypa, HO3BOJISIONIast
peTHCTpUpPOBaTh KOJIeOaHUs B 00Jiee MHUPOKOM YaCTOTHOM fuana3oHe — oT 2 jgo 1000 I'm.

Jlo HacTosmero BpeMEHH A M3MEpPEHHH BHOpalMy B ITUX YACTOTHBIX JHAIa30HAX IIHPOKO
UCTIONB30BAIKCH BHOpomaTumku tuma M-001, Bxomsmme B u3MepurenbHBIH KommuiekT K-001,
COCTOSIIIMIA W3 TpeX IAaTYNKOB, PETynsaTopa ¢ Kod(D(UIMEHTAMH YBEIUYCHHUS W WHTETPUPYIOIIIX
TaJlbBAHOMETPOB. DTOT KOMIUICKT PAacCYWTaH Ha paboOTy C OCHWLIOrpad)oM, IO3BOJIIONINM BECTH
3aIiCh Ha Oymare W BU3yalbHO HAaOMIOAAaTh BUOpanuu. BuOpogaTyrk mo3BoseT n3MepsITh BUOpPAIHU C
4gacToToi B mpeaenax ot 2 10 200 ' u aMImuTymoii korebaHuit 10 2 MM.

B mHacrosimee BpeMms pa3paboTaHbl 0Ooyiee COBEpIICHHBIC TPUOOPHI, ITO3BOJIOIIKE Oolee
OIIEPaTUBHO PETUCTPUPOBATH KOJCOaHWS U 00padaThBaTh MOIYYCHHYIO HH(OPMAIUIO, HAIPHUMED,
BUOpOM3MEpHTENbHAS amiaparypa Jjisi aBTOMAaTU3MPOBAHHOMN CHCTEMBI KOHTPOJIA Ha 0a3e KOMITBIOTepa
tuna IBM PC AT, npenHazHaueHHOM Kak Uil HENPEPBIBHOIO CTAllMOHAPHOTO, TaKk W s
MIEPUOINIECKOTO OIEPaTHBHOTO cOopa wHpOpManuu, OOpabOTKH, aHANM3a W OLCHKH YPOBHEH
KoJIeOaHuUH.

Amnmaparypa pa3paboTaHa perHOHAIBHBIM HAayYHO-TIPOM3BOIACTBEHHBIM IICHTPOM BBIYHCITUTEIEHON
texHukyu "CraprrexHo"” (r. ExarepunOypr).

TexHuuyeckue XaPaAKTEPUCTUKHA

YacTOTHBIN AUANa30H U3MEPEHUM, [Tl .ccvvierrieriieniieiiiecieeniee e 0,7-200
Pa3max kose0aHMii, MKM, Ha 4acTOTE:

JATYHUKOB ....
anmaparypsl

IlepeHocHast cucTeMa KOHTPOJIS BBIIOJHEHa Ha 0a3e MEpeHOCHOro KOMIIBIOTepa M OCHAIIEeHA
BUOpOJaTUYNKAMU C OBICTPOCHEMHBIM MarHUTHBIM KperuieHueM. OnepaTtuBHas 00paboTka pe3yabTaToB
U3MEPEHUI MO3BOJSECT MOIYYUTh AMIUIUTYAHO-YaCTOTHBINA CIIEKTP M XapakTep KpUBOH KojeOaHWN B
BUIe TpaduecKoro MaTepHuaa.

5.4. VI3 ummopTHOH ammapaTypbl Haubojee mpuemieMmbl BuOpomerpsl ¢upMm "Kapn Hlenx AI™
(I'epmanmst) u "bprons u Keep" ([Jlanus).

BubpomnsmeputenpHas TeXHUKAa JAHHBIX (UPM IO3BOJSET ONPENCNATh TUHAMUYECKOE COCTOSHHE
Kak (hyHIaMEHTOB 000PYIOBaHUSA, TAK U MPHIIETAIONINX CTPOUTEIBHBIX KOHCTPYKIHIL.

6. OGPABOTKA U AHAJIU3 MATEPUAJIOB U3MEPEHU

6.1. Metoanuka 00pabOTKH MaTepHallOB M3MEPEHUI 3aBHCHUT OT XapakTepa 3aperHCTPHPOBAHHBIX
MPOIIECCOB U TIOCTABJICHHBIX 3a/1a4.

IIpocTeiimas o6paboTka ocummIorpaduuecKux 3amvuceil BHOpAaLUU CTPOUTENBHBIX KOHCTPYKIHI
CBOJIUTCSA K OIIPEICIICHHUIO aMIUTUTY/I, IIEPHOAA U YaCTOTHI KOJIeOaHUH.

6.2. Tapmonumueckme (wid OJIM3KHE K TapMOHHYCCKHM) KOJEOAaHMS KOHCTPYKIHHA MOTYT
BO30Y)KIAaThCS, HAIPUMEP, MAIIIMHON C HEypPaBHOBEIICHHBIM POTOPOM.

JI71s TIOBBIIIEHUS] TOYHOCTH OTPEAENCHHsI YaCTOThI pEKOMEHAyeTcs OpaTh i 00paboTKU y4acTOK
OCIHJUIOTPaMMBbI, COOTBETCTBYIOIINN HECKOJIBLKUAM MIEpHOIaM KoJieOaHui.

3anuch KoJeOaHMM KOHCTPYKLHMI, KOTOpPBIE MOXXHO CYMTaTh TapMOHHYECKMMH HHKOTZA He
NPE/ICTaBIAET CO00I CHHYCOUIY U3-3a MCKKEHHUH BCIEACTBHE NEHCTBUS CiIydaiHbIX (GakrtopoB. Eciu
3TH HCKAXCHUS HEBENIWKM W KpUBas HE3HAYUTEIHHO MEHSET aMIUIUTYyAy, TO pa3Max (JIBoiHas
aMIIuTya KojeOaHWH) MOXKHO ONpENeNuTh KaK cpegHee apu(pMETHYecKoe W3 HECKOJIBKHX
W3MEPEHHBIX 3HAYCHUN.

IIpu mepuoanYecKuX OJHOKOMIIOHEHTHBIX KOJEeOaHMAX [BOWHAS aMIUIMTYIa OMpEAesIeTcs Kak
TIOJHBIN pa3Max KojeGaHuit 2A ¢ y4eToM TONIIHHBI IUHUA (puc. 5, a).

6.3. CymMa IByX TapMOHHYECKHX KoJieOaHUi (IByXKOMITOHEHTHBIE KOIeOaHus1) pa3HOH 4aCcTOTHl Ha
NMpaKTUKE BCTpPEYaeTcs, HaNpuUMep, KOorga IWHAMHYECKash Harpy3ka BBI3BIBACTCS  JBYMS
HEypaBHOBEUICHHBIMU YaCTSMH MallHHbI (MJIM MAIIUH), UMEIOLIMMH PAa3HYIO YaCTOTY BpAILCHHUSI.

B sToM ciydyae aMmiinTyia IByXKOMIIOHEHTHBIX KOJE€OaHUH OIpenessieTcsl pa3feabHo I KaKIon



KOMITOHEHTHI, JUI 4ero MPOBOJATCS orndatomue koaebanus (cM. puc. 5, 6). IIpu 3ToM HU3KO9aCTOTHAs
KOMIIOHEHTa UMEET IBOMHYIO aMIUIUTYy 2A |, @ BBICOKOYAaCTOTHas 2A,.

6.4. AMIUTUTYy TPEXKOMIIOHEHTHBIX KojeOaHuil 1-3 (cM. puc. 5, 6) MOKHO YCTAHOBHTH METOJIOM
OrubarnuX: Ha OCHOBHYIO TapMOHHMKY C aMIUIMTYZOW 2A HaKIaIpIBalOTCS JBE KOMIIOHCHTH 4,
COCTAaBJIAIOIINE OHEHMS.

[Ipn Oonee cnoxHBIX (OpMax KPUBBIX BUOpAIMi [UISl ONPENENCHUS COCTABISIONINX TPUMEHSIOTCS
TrapMOHMYECKUH U CHEKTPAJIbHBIN aHAIM3bI.

6.5. Tlpu HemepHogMUYECKHMX KOJICOAHMAX ONpENENsSeTCs] CPelHssl aMIUIUTyda 3a BBHIOpAHHBIA
OTpE30K BPEMEHH. B 3TOM ciydae, Kak IOKa3aHO Ha pHC. 5, ¢, BCE IHKU COCIUHSIOTCS NPSMBIMH
JMHUAMH 1 onpenessiercs: (INIaHUMETPOM) IUIOIIAAb MOMYyYEHHOW 3aMKHYTON IMOBEPXHOCTH, 3HAYCHHUE
KOTOpOW JenuTCs Ha BBIOPAHHBIM OTPE30K BpPEMEHHM B Uil OINpEeAeNeHHs CPeAHEH aMIUIUTYbI
KoJieOaHMH 3a JaHHBIH OTPE30K BPEMEHH.

6.6. Ileprion 1 yacTOTy KOJIeOaHUH MTPH MEPHOIMUECKUX IPOoLieccax HyKHO ONPEEISITh TSl KaXKI0H
KOMITOHEHTHI OTJEIBHO (CM. pHC. 5, 0). [lepnox xonebanuii T onpenensercss I0 OTMETKaM BPEMEHH Ha
ociuiorpaMMe.  Hamewaercs psn  mepHomoB  KoieOaHWHM, —ompeneisieTcs UX —CcyMMapHas
MPOJOJDKUTENBHOCTE (Zt); MOJIY4YEeHHOE 3HAa4YeHHE MIETHUTCS Ha YHCIO HaMEUYeHHBIX MEepuonoB (Y),
oIpeiesIeTCs NPOJOKUTEIBHOCTh OJHOTO KOeOaHus, T.€.
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T=—, “

rae T — mepuon xonebanuid, ¢ (Ha puc. 5, ¢ T; u T,— COOTBETCTBEHHO MEPHOJBI KOJIEOAHMIA
HU3KOYACTOTHOH M BBICOKOYACTOTHON KOMITOHEHTHI);

Yt— cyMMapHas pOI0JDKUTEIHFHOCTb, C;

Yy — YHCIIO HAMCUYCHHBIX TICPHOJIOB.

CooTBeTCTBEHHO YacToTa Kosebanuii f (') coctaBut

f= (5)

6.7. Ilepnon BBIHYKICHHBIX KOJICOAHWI OTIMYAaeTCs OT MEepHoAa COOCTBEHHBIX KoiebaHmid. [lo
Mepe MPUONIDKCHHS YaCTOTHI BEIHYKICHHBIX KOJICOAHUH K 9acTOTE COOCTBEHHBIX HACTYIAIOT OWCHUS,
MIPY 3TOM aMILTUTY/1a KOJIeOaHM IEPHOMYCSCKH YBEITMYUBACTCS HIITH YMEHBIIACTCS.

[Ipn Omenum (cM. puc. 5, ¢) cyMMa aMIDIMTYZ COCTaBIIIOIIMX TAPMOHHUK paBHA pa3Mmepy ropda
KpHUBOW OMEHUsI, a pa3HOCTh aMIUTUTYJ — pa3Maxy Cy)KEHHOH 4acTy, T.e.

C=2A,+2A, (6)
d= 2A1 - 2A2 (7)
rae C — cymMMa aMIUTUTY1 COCTABIISIOLINX TAPMOHHK, MM;
2A| — pa3zMax HU3KOYACTOTHOM COCTaBISIOLICH, MM;

2A,— pa3Max BBICOKOYACTOTHOM COCTABIISIOLIEH, MM;
d — Pa3HOCTH aMILTUTY]] COCTABISIIOIINX TAPMOHUK, MM;

c—d
2A, :T; ®)
24, :%. ©)

Buenns 061a1at0T CIeayIONMMH CBOWCTBAMHU:

orubaronye 61m3Kky 1o GopMe K CHHyCOHaM, HO IPOTHBOIOJIOXKHEI 1o (ase;

[IMPHUHA TOJOCH MEXIY OTHOAIONIIMMHU M3MEHSETCS MEePHOIMYECKH, IIPUYEM 4YacToTa W3MECHEHMH
paBHa pa3HOCTU YacTOT KOMIIOHEHT;

MaKCHMaJIbHasl MIMPHHA TTOJIOCH PaBHA CyMMeE JBOMHBIX aMIUIUTY]] KOMIOHEHT, 3 MUHUMaIbHAs —
Pa3HOCTH IBOMHBIX aMIUTHTYI.

7. MEPOIIPUATHUSA IO CHUKEHUIO YPOBHS KOJJEBAHUI
®YHJIAMEHTOB M CTPOUTEJIbHbIX KOHCTPYKIUI

7.1. Jlna cHmWKeHHA YpOBHA KojeOaHMH (yHZaMEHTOB MAIIMH M YMEHBIICHHS HX BPEIHOTO
BO3ACUCTBHS OCYIIECTBISIOTCS CIICIUAIBHBIE MEPOIIPUATHS, K KOTOPBIM MOTYT ObITh OTHECEHBI:

1) ycTpaHeHue HCTOYHHKA BHOpamuii IMyTeM ypaBHOBEIIMBAHMSA, OaJaHCHPOBKU WM LIEHTPOBKH
MaIlliH;

2) U3MEHEHHE  TEXHOJOTHYECKOTO  IpoIecca, 3aMeHa  HEYpaBHOBEHICHHBIX  MAaIlUH
YPaBHOBEIIEHHBIMH WM HX IEPEeHOC Ha YYacTOK, JOCTaTOYHO YJAJIEHHBII OT OOBEKTOB,
YYBCTBHUTEJBHBIX K BUOPAIIIM;

3) TpamuIMOHHBIE KOHCTPYKTHUBHBIC CIIOCOOBI CHIDKCHHS YPOBHS KOJICOAHUH (PYHIAMECHTOB,
BKJIIOYAIOLINE TIOBBIILICHUE JKECTKOCTH OCHOBAHHUS, IEpeyCTpPOilcTBO (yHIAaMEHTa, H3MEHEHHE
pa3MelleHus MallliHbl Ha QyHIaAMEHTE U PacroioKeHHs (pyHIaMEHTa MAaIlIHbI B IUIAHE;

4) wuCIONB30BAaHME PA3TUYHBIX BHIOB AKTUBHOW W TIACCHBHONW BHOPOM3ONIAIMM, a TaKkKe
IUHAMUYECKUX TacUTENEH KOIeOaHui.

[lepBrie 1Be TPYNIBI MEPONIPHATHI OTHOCSTCA K JUHAMHUKE MAIIMHBL, CBA3aHBI C BO3MOXXHOCTAMHU



TEXHOJIOTMH KOHKPETHOTO TIPOW3BOACTBA M B HACTOSIIMX METOOMYSCKUX YKa3aHUSIX HE
paccMaTpuBaroTCs.

7.2. K TpamumuoHHBIM crioco0aM CHIDKCHHUS YpPOBHsS KoeOaHWi, a Takke BHIAM aKTUBHOU M
TTACCHBHOW BUOPOM3OIIAIINY U TUHAMUYECKAX TaCUTEIICH KOJICOaHUH OTHOCSTCS:

7.2.1. YBenudyeHue KECTKOCTH OCHOBAHUS ITyTEM OCYIICHUS (IpeHa)ka) Wi 3aKPEIUICHUS TPYHTOB
(3 dexTuBHOEC CpEACTBO CHIKEHHS BUOpAK (YHIAMEHTOB MaIlIMH C JTHHAMHUYCCKUME HArpy3KaMu).

Tak, mis ¢QyHIAMEHTOB HHU3KOYACTOTHBIX MAIIUH, KOTJa YacToTa COOCTBEHHBIX KOJICOaHUI
(hyHIaMeHTa Ha YIIPOYCHHOM TPYHTE CTAHOBHTCS BEIIIC pabodeii YacTOTHI MAIIMHBI (YTO XapaKTEpHO,
HaTIpUMep, 10sl MOPIIHEBBIX HACOCOB, TATOMYTHEBBHIX YCTAHOBOK W MIp.), Hamboliee MenecooOpa3Ho
MOBBIIIATH KECTKOCTH OCHOBAHMS.

[Ipu BepTHKATBHBIX KOJCOAHUSIX 3aKpPEIUICHHE OCHOBAHHS IEIECOOOpa3HO BHINONHATH IOJA BCe
ITOTOMIBOM (DyHIaMEHTA C MPEBBIIICHUEM e¢ TpaHull B TuaHe ot 0,5 mo 1 M 1o BceM HampaBICHUSIM.

[Ipu BpamareapbHBIX KOJICOAHUAX OTPAHUYUBAIOTCS YKPEIUICHHEM TPYHTa 10 IIEPUMETPY HOIOIIBEI
(hyHIaMeHTa MmolocaMu IMUPUHOW HE MEHee 2 M. 3aKpeIUIeHHe TPYHTa MPOHM3BOAMTCS HA TIyOWHY HE
MeHee 1,5-2 M OT moIomBEI (PyHAAMEHTA.

B ciydae paspeixiieHus TpyHTa, 0oOpa3oBaHHsA IYCTOT W IIeNicl Ha KOHTakTe (yHIaMeHTa C
OCHOBAaHHEM 3aKpEIUICHUE T'PYHTOB IOCTHTACTCS IyTEM HHBCKTHPOBAHUS I[EMCHTA, KHIKOTO CTEKIIA
Wi KapOOMHUIHOMN CMOJIBL.

O¢pdexkTuBHBIM CcIOCOOOM YBEIHYCHUS XECTKOCTH OCHOBAaHHSA (PYHIAMCHTOB MAIIWH SBISACTCS
rmepecaska (pyHIaMCHTOB Ha BBIHOCHBIC HAOWBHBIC WV 3a0WBHBIC CBal M OOBCIUHEHUE ITHUX CBal C
TenoM (pyHIaMeHTa IyTeM YCTPOUCTBA IO €ro MepUMEeTpPY Kele300eTOHHOH 000MEI.

Hambomee pacnpocTpaHEHHBIM CIIOCOOOM  TIOBBINICHHS JKECTKOCTH OCHOBAaHHS  SIBISICTCS
YBEIHMYCHHE TUIOIAAN MOJOUIBH (DyHIAMEHTa. JTO JOCTUTACTCS YCTPOHCTBOM Ha YPOBHE MOJOMIBHI IO
mepuMeTpy (QyHIaMeHTa >kelne300eTOHHOro OaHmaka (000iMBI) MHOO MPHCOCTUHEHHEM K HEMY C
OTHOW WJIM C JABYX CTOPOH Ha 3TOM JK€ YPOBHE JKEJIEC300CTOHHBIX IUIUT (B HANpPAaBICHUHU IEHCTBUS
BO3MYIIAOMICH CHITBI). BaHIa)Ku U TUTUTHI TOJDKHBI OBITH KECTKO CBS3aHBI C PYHIAMEHTOM.

7.2.2. TlepeycTpoiicTBO (PyHAAMEHTA, TOCTUTAEMOE KOHCTPYKTHBHBIMH IPUEMaMU M BKITIOYAFOIICE
B ceOs yBenmmueHHe Macchl ()yHAaMEHTa WINM HEKOTOPHIX €r0 YaCTel, MOBBIIMICHUE YKECTKOCTH BCETO
(yHOaMeHTa WIH €ro OTICIbHBIX KOHCTPYKTHBHBIX JJIEMCHTOB (B pe3yibTaTe W3MEHSCTCS OO0Imas
JKECTKOCTh (PYHIAMEHTa, a TaKkKe ero Macca, Y4YacTBYIOIIAs B KOJEOAHUAX, UYTO CHOCOOCTBYET
YMEHBIIICHUIO BHOPALIHi).

YBenmueHne Macchl QyHIAMEHTA CYIIIECTBCHHO BIHSICT HA YMEHBIIICHIE aMILTUTYIBI €T0 KoJeOaHui
JIMIIG TOTJa, KOTIa JOIOJHUTEeIbHas Macca cocTaBiieT 50-80% OCHOBHOI. YBeIIMUEeHHE TOJIBKO MAaCChI
¢byHnamenTa (0e3 M3MCHEHHS IUIOMAAM €T0 TOAOIIBEI) Mamo 3(PQPEKTHBHO IS HU3KOYACTOTHBIX
MaIlIFH, TaK KaK IPH 3TOM CHIDKAETCS YacTOTa €ro COOCTBEHHBIX KoJicOaHWM, MPUOIIKAsICh K 4acTOTe
BEIHY)K/ICHHBIX KOJICOaHWA W BBI3BIBAas OINACHOCTh PE30HAHCA. YBEIHYCHHE MAaCCHl (PYHIaMCHTOB
BBICOKOYACTOTHBIX MamivH (0e3 M3MEHEHHS IUIOMIaIi MOMOIIBEI) MOKET OKa3aThCs LEIeCO00pa3HBIM
JUI CHIDKCHHSI YPOBHS BHOpanuii (pyHIZaMEHTOB BCIICACTBHEC OTCTPOHKH MX YACTOTHI KOJCOAHWHA OT
pabodeii 9aCTOTHI MAIIVH.

YBennyeHHne KECTKOCTH KOHCTPYKIMH (YHIAMEHTa MOXKHO JOCTHYh YBEIHYCHHEM ILTOMIATN
MTOTIEPEYHBIX CEUCHHUH AIEMEHTOB, YCTPOHCTBOM JIOTIOTHUTEIBHBIX MPOIOIBHBIX H TIOMIEPEYHBIX CBSI3CH,
M3MCHCHHEM KOHCTPYKTHBHOH CXEMBI ITyTEM BBEACHHUS JKECTKUX Y3II0B, IOOaBICHHEM Iuadparm,
MOSICOB YKECTKOCTH M T.N. Hamboree pacmpocTpaHEHHBIM CIIOCOOOM SIBISETCS YCTPOUCTBO KECTKUX
000iiM B BUe OaHmaxel, MOsCOB, pydalleKk, OXBaTHIBAIONINX BeCh ()YHIAMEHT WA OTACIHHBIC YacTH
ero. [Ipu 3TOM mocTuraeTcs yBEIMUYCHHE IUIOMAAN ceueHHs (yHIaMEHTa W Iepefiada Harpy3o0K Ha
HOBBIE YACTH €ro, a TaKkKe COCAWHCHUS Ie()OPMHUPOBAHHBIX YYACTKOB (TIPH HAIMYHH TaKOBBIX)
(dbyrmamenTa B eauHOe 1ienoe. OOOWMBI MOTYT OBITH Kak KEJIe300€TOHHBIMH, TaK W METALTHYCCKUMH.
[MocnenHue MCMOMB3YIOTCSA B TEX CIIydasX, KOTJa BCICICTBHE IMOBBIIICHHBIX BHOpanuil (pyHIaMEHT
MMEET TPCIIUHBI B HAIIPABIICHHUH, IIEPIICHANKYIIPHOM JTHHUH JCHCTBUS JTUHAMUYECKON CHITBL.

[Ipr HanmM4Mu TPEIIMH, MOSBUBIIHMXCS BCICICTBHC 3HAYUTEIBHBIX KoJcOaHWI, IMEepBOHAYaIbHAS
JKECTKOCTh (YHIAMEHTa MOJXKET OBITh BOCCTAaHOBJICHA 3aeNIKOM TpEIIMH ITyTeM WHBEKTHPOBAHHUS
[IEMCHTHOTO pPAacTBOpPa WM CHHTETHYECKHUX CMOJ. OJTO MEPONPHUATHE MOXKET OCYIIECTBISATHCS
CaMOCTOSTEIIFHO MU B KOMILIEKCE paboT MO MepeyCTPONCTBY (pyHIaMEHTA.

BapuaHTel ycuileHWS pPEKOHCTPYHUPYEMBIX V3JIOB W puTeleld (QyHIAMEHTOB, CBS3aHHBIC C
HapalIMBaHUEM pPa3MEpPOB CCUCHHWHA JJIEMEHTOB (YHIAMEHTOB JKEJIE300CTOHHBIMH  IUIMTAMH,
CHa0)KCHHBIMHU TIPEIBAPHUTENEHO HANPSHKCHHBIMA XOMYTaMH W 3aTsDKKaMH, M JIPYTHE CIIOCOOBI
paszpabotansl KadeApod  KEIe300CTOHHBIX KOHCTPYKIMH  YemsOMHCKOTO  MOJUTEXHUIECKOTO
HWHCTUTYTA.

7.2.3. V3amMeHeHUe pacroyiokeHuss (yHAAMEHTOB MAIIUH, CITy)KAIUX NCTOYHIKOM KONeOaHWM, st



YMEHBIICHUS BEPTUKAIBHBIX WJIM TOPU30HTAIBHBIX KOJIEOAaHUH CTPONUTEIBbHBIX KOHCTpyKuuil. Tak, npu
pacriosoxkeHun (yHIaMEHTOB MAIIWMH BONM3M (YHIAMEHTOB OIOp HECYIIMX KOHCTPYKIHH MOKHO
YMEHBIINTh WX BEPTHKAIbHBIC KOJIEOaHWs, a NPH pPacloJOKEHHH HX B CEpeIUHE MpPOJIETOB —
ropusoHTanbHble. yHIaMEHTH! MallliH, CO3AaI0IINe TOPU3OHTAIBHBIE CHIIBI MHEPIIUH, PEKOMEHIYETCS
pacrionarath TakK, 9YTOOBI 3TH CHJIBI JCHCTBOBAIM B TOM HAllPaBICHUH, B KOTOPOM JKECTKOCTb 3/1aHMS
BBIIIE, WM YTOOBI 4acToTa COOCTBEHHBIX KOJIEOAHWH 374aHMS CYLIECCTBEHHO OTIHMYAiIach OT pabouei
YacTOTHl MallMHBL. B OTAENBHBIX Cilydasx B pe3ylbTaTe PalMOHAIBHOTO pa3sMELICHHs MalllHbBl Ha
(yHIaMEHTe MOXKET YMEHBIINTHCS OOMMI YpOBEHb KOJIeOaHMI CTPOUTENBHBIX KOHCTPYKIMH. Tak,
HalpuMep, €CIIM I03BOJSIET TEXHOJIOTMYECKUH Tpoliecc, A MAaIlMH C BHELEHTPCHHBIM YIapoM,
yIapHyI0 4acThb MAIIMHBI CJIEAYeT pa3MellaTh Ha (yHAAMEHTE CO CTOPOHBI, IPOTHUBOIOJIOKHOMH
OTPAKIAIOIINM 1 HECYIIUM KOHCTPYKIIHSM 3/1aHHS.

7.2.4. BuOpownzonsiuusi, SBISIONMIAsCS OTHAM U3 S(PQPEKTUBHBIX CIIOCOOOB CHIDKCHHUS YPOBHSA
BUOpAIK MalivH, MpUOOpPOB 1 000pyIOBaHMs. BuOpon3onsanms MexaHMIecKOi CHCTEMBI 3aKITI0YaeTCs
B CYILIECTBEHHOM OCJIa0JIeHUH CBsA3€il ¢ OCHOBAaHUEM HIIH HECYIIIMMH KOHCTPYKIHAMH.

Bubpon3zomnsuus Ha3bIBaeTCS aKTUBHOM, €CIIM OHA YCTPAaMBAETCS Ul YMEHBIICHUS TMHAMHYECKOTO
BO3JICHCTBHS CHCTEMBI MalinHa — (YHIAMEHT — OCHOBaHHE, W IACCHBHOM, €ciIM BHOPHPYCMBbIH
00BeKT TpeOyeTcst 3aNTHTH OT KOJIeOaHUH OAIECPIKUBAIOIINX €T0 KOHCTPYKIHH.

B kadecTBe BHOpPOM3OJSTOPOB NPUMEHSIOTCS, KaK INPaBWIIO, CIICIUAJIbHBIE YIPYTHEe 3JIEMEHTHI,
YCTPAHSIONINE HETOCPEICTBEHHBIH KOHTAKT MPOMBIIUICHHONH YCTAaHOBKHM C HECyIIed KOHCTpYKIHEH
(pyHnamMeHnToM) M IpYrMMH TNIPHUCOSAMHAEMBIMH K HEH BHEIIHHMH CBS3SIMH, B pE3yJbTaTre 4Yero
ociabisiercs epenada BUOpanuii, yaapa u myma.

[ aMopTH3alMy  MCHOJIB3YIOTCS BHUOPOM3OJIATOPHI, OIOPHBIE M YNOPHBIE aMOPTH3ATOPBI,
aMOPTH3HUPYIOIINE BCTABKH (CIIBL(POHBI, pPyKaBa, IUIAaHTH, THOKHE MaTpyOKH), THOKUE YIaCTKH KaOele,
obecrieunBalOMX MUTaHUE arperara, u T.1I.

7.2.4.1. Tlpu ycTaHOBKE BBICOKOYACTOTHBIX JIETKMX MalIMH (BEHTWIATOPOB, CTaHKOB,
JJIEKTPOMAIINH) HauOoJee 4YacTo TPHMEHAIOTCS B KadyeCcTBe BHOPOHM3OJIITOPOB PE3HHOBHIE U
BOWIIOUHBIE TPOKIAAKK. Takne MPOKIAIKH CPaBHUTEIBHO XOPOIIO 3a/epXKHUBAIOT PacHpoCTpaHEeHHe
TOJIBKO BBICOKOYACTOTHBIX BHOpanmii. [l ocinabneHusl HU3KOYAaCTOTHBIX BUOpALMii OHH OKa3bIBAIOTCS
HEIOCTaTOYHO IOJATIAMBEIMU M MHOT/IA TIPUBOIAT JaXKe K yCHIICHUIO TTepeaadn KojaeOaHui OCHOBAHHIO.
B Takmx cimydasx HEOOXOIMMO NPHMEHSATH NPYXHHHBIE aMOPTH3ATOPBI, )KECTKOCTh KOTOPBIX MOXKET
HU3MEHATHCS B IIMPOKHUX TpEeax.

[Ipoxnanku k BUOpOM30IMpPYyeMOMY OOOpPYIOBaHHUIO MOAOHPAIOTCS B 3aBUCUMOCTH OT €I0 MAacChl
ITyTeM U3MEHEHUSI TUIOIIa 1 U BEICOTHI POKJIAJIOK.

Hawubornee cymiecTBEHHBIM HEOCTATKOM ITPOKJIA/IOK SIBISIETCS. YyBCTBUTEIBHOCTD PE3UHBI K HU3KUM
TeMIiepaTypaM ¥ pa3pylialoneMy JeHCTBUIO OCGH3MHA M Macell, a TAKKE Pa3IMUHBIX arpecCHUBHBIX
peareHToB, HaXOJIIMXCA B BO3IyXe. BOJBIIMHCTBO COPTOB PE3MHBI, N3 KOTOPHIX H3TOTABIMBAIOTCS
aMOPTH3aTOPBl, MOYTH IOJHOCTHIO TEPSIOT CBOM YNpPYyrHe CBOICTBAa NPH HHU3KHX TeMIIepaTypax.
Boiinouynsle TpPOKIagKK IMOMHUMO HEJOCTATKOB, NPHCYLIIMX PE3HHOBBIM, CIIPECCOBBIBAIOTCS NP
JUTUTEIIFHOM BO3ACHCTBUM HAa HUX HAarpy30K W CO BPEMEHEM IOJHOCTBIO TEPSIOT BUOPOHM3OJIMPYIOIINE
Ka4yecTBa.

7.2.4.2. TlpyxuHHBIC BHOPOH3ONATOPHEI C 3aIIUTHBIM MOKPBITHEM OONAIAal0T HEKOTOPBHIMH
npeumyniectBaMu. OHH MOTYT OBITH HCIIOJIB30BAaHBI TOJIBKO JUISI YCTAHOBKM MAIIMH C HOMMHAJIBHO
YPaBHOBEIICHHBIMH BPAIIAIOIIMMHUCS YacTAMH, OOECIIeUNBAIONIMMHU 3aTyXaHHE KOJEeOAHMH CHCTEMBI
IIPU TPOXOXKICHUHM €€ 4Yepe3 PEe30HaHC BO BpeMs IYCKOB M OCTaHOBOB. K wuHciy Takux MarmH
OTHOCSITCSl TATONYTHEBHIE YCTAHOBKM M BEHTHJIATOPHI, COCAMHSIEMBIC C BO3JYXOBOJAMHM THOKHMH
naTpyOKamu.

[Ipy>XuHHBIE ONOPHI B KAUYECTBE MACCHBHOW BHOPOM3OJIALMN NPUMEHSIOTCS JUIS YCTAHOBKH TaKHX
nmpuOoOpoB u  00OPYNOBAaHMS, MpPH OSKCIUTyaTallMM KOTOPBIX HE MPEAyCMOTPEHO TpeObIBaHUE
00CITy>)KNBAIOLIETO IIEPCOHAA.

7.2.4.3. KoMOMHNpOBaHHBIE BHOPOM3OISATOPHl COCTOST W3 CTAIBHBIX M PE3MHOBBIX JJIEMEHTOB H
TIPUMEHSIOTCS TIPH YCTAaHOBKE HanOojiee HEYpPaBHOBEIICHHBIX MAIIMH HENEPHOANYECKOTO NEHCTBHS U
Ky3HEYHBIX MOJIOTOB.

Bubpounzonsaropsl pasMelnaloTcs TpyNIaMd WIH PacCpeAOTOYCHHO, OAHAKO HMX OOIIMH LEHTp
TSDKECTH, JISKAIIUA HA PaBHOJCHCTBYIOUIEH YNPYrHUX peakiuii BceX BHOPOM3OJIATOPOB TPH HX
OJIMHAKOBOW JedopManny, IODKEH HAXOJWThCS HA OJHOM BEPTUKAIM C LEHTPOM TSKECTH
M30JIMPOBAaHHON YacTu pyHIaMeHTa.

7.2.4.4. I1pn M30IS1IMHU yIapOB YaCTO MCHONB3YIOTCS JeMI(EPHI BI3KOTO TPEHHS, PECTaBIISIONIIE
co00ll HIWIMHAPHYECKHE COCYIBbl C BS3KOH >KMIKOCTBIO, BHYTPHM KOTOPOH pa3MeIaroTcsi IpyrHe
munrHAPSL. OHM OUIHHAPB! KPeIsTcs K OCHOBAHMIO, a Jpyrue — K BUOPOM30IMPyeMOMYy OOBEKTY.



[Ipn nBWXEeHNH OUIMHAPA BHYTPU BA3KOH XKMIKOCTH BO3HHMKAET JUHAMHYECKOE JaBleHHEe, KOTOPOEe BO
n30exanne oOpa3oBaHMS BakyymMa HE JOJDKHO MpeBBIIATH arMocdepHoro. I[IpumeneHue Taxoit
BHOPOM30ISIMN PEKOMEH/YETCSl B TEPBYIO ouepenb Al (PyHAAMEHTOB BBICOKOYACTOTHBIX MAIIWH
MIEPUOANIECKOTO ICHCTBHSA, a TAKKE MAIIMH C UMITYJIbCHBIMH HAarpy3KaMH.

7.2.5. JluHaMu9IecKuil TacCUTENh KoJIeOaHHH — YCTPOMCTBO, COCTOAIICE U3 CPABHUTEIBHO KECTKOTO
J7eMeHTa (Macchbl), IMPUCOEIMHEHHOTO C MOMOIIBIO YIPYrod cBsA3W (WM CBS3M C YINPYTUM H
JeMI(HUPYIOIIMM 3JIEMEHTOM) K 3aIINIIAeMO KOHCTPYKIHH.

Macca npezncrasisieT coO0H, KaKk NPaBHUIIO, MIPU3MATHYECKUN WM IMIMHIPUYECKUHA CTAIBHON MITH
YYTYHHBIH Tpy3. YHPYIuil 3JI€MEHT racuTens OOBIYHO BBITIOJIHIETCS B BHJC CTAJbHOW IMPYXHHBI HIIH
CHCTEMBI MPYXWH, MO KOHCTPYKIMH ONM3KOH K BHOPOHM3OJIITOPY; MOXKHO NPHMEHSTh HMHOTIA B
Ka4ecTBE YNPYToro 3JEeMEHTa PE3WHOBBIC M IUIACTMACCOBBIC JETAJIM, KOHCOJIBHBIE M JIBYXOIIOPHBIE
Oanky, TUIACTHHKY | T.I1. [lapameTpsl racurens (Macca, KBa3Hynpyrui KodpduuueHT u ko3 durmert
JeMI(UPOBAHHUS) ONPEIEISIOTCS PACYETOM HIIN 3aJIAF0TCS 10 KOHCTPYKTHBHBIM COOOPaKCHUSIM.

lacureny pUMEHSIOTCS IS TAIICHUS Pa3IMYHBIX BUIOB KOJICOAHMIA: MONIEPEUHBIX, MPOAOJIBHEIX,
KPYTHIBHBIX, BO3HHKAIOIINX B Pa00OYeM MM ITyCKOOCTaHOBOYHOM PEXHUME pabOThl MAIIMHBI, a TaKKe
BBI3BAHHBIX JICHCTBHEM BeTpa. B cTpounTenscTBe Hanbosee pacpocTpaHeHbl JMHAMUYECKHE U yapHbIe
racuTeny, JeMndeps! (TraCUTENH MTOBBIIICHHOTO COMTPOTUBIICHNS) U OTPAHUYHUTEINN KOJICOaHNH.

7.2.5.1. lunaMu4ecKye U yAapHbIE TaCUTENIN OCOOEHHO 11e7ec000pa3HO MPUMEHSTD IJIsl BRICOKHX H
MIPOTSHKEHHBIX B IUIAHE THOKMX KOHCTPYKIMH, BBIIIOJHEHHBIX W3 MeTaula. B wacTHocTH, Takue
racuteny 3 (eKTUBHBI IPH YCTAaHOBKE MX HAa COOPYXKEHHUSIX OAIICHHOTO THIA, TMOKHX MOKPHITHAX (B
BUJIE MEeMOpaH, IUIACTHHOK, 000JIOYEK), METAUIMUYECKUX KOHCTPYKUHAX (3IaHUSIX C METAUINYECKHM
KapKacoM, METaJUIMYECKHX (QyHIaMeHTax oOOOpyIOBaHMsA) M BHOPOM30JIMPOBAHHBIX MAIIWHAX B
paboyeM ¥ IyCKOOCTAaHOBOYHBIX PEXKUMAX.

7.2.5.2. Pabora gemmepoB (racuTenci MOBBIICHHOTO CONPOTHBICHUSA) OCHOBaHA HAa TOM, 4TO
9HEPTUs KONeOaHUH CHCTEeMbl pacceMBaeTCs B PE3yNbTaTe CyXOTO TPEHMs IPWKAThIX OJHA K IPYyroi
MTOBEPXHOCTEH WM BA3KOTO TPCHHUS, BOSHUKAIOLIETO IPH MPOXOXKICHHH KHIKOCTH WIM BO3IyXa IO
Y3KHM IIESIM M KaHajlaM, a Takke MPU B3aUMOJCHCTBIN MarHUTHOTO TIOJISL C TIOJIEM BHXPEBBIX TOKOB,
BO30YXKJafOLINXCS IBI)KCHUEM CHCTEMBI.

7.2.5.3. PaboTa orpaHmumtenell kKoyiicOaHUS OCHOBaHA HA M3MEHCHHU YIPYTHUX U YIPYTO-BA3KHX
CBOHCTB CHCTEMBI, B PE3yJbTaTe YEro YMEHBIIAIOTCS aMIUINTYIbl KOJICOaHWH W M3MEHSETCS 4acToTa
COOCTBEHHBIX KOJICOaHUH CHCTEMBI. DHEPTHs YACTHYHO PacCcenBaeTCs IPH yaape, Ho OoJblIas ee 4acTb
TepeiaeTcsl yepe3 orpaHnuuTens. Macca, ynpyrui ko3¢pGunueHT n KodQUIeHT aeMndupoBaHus
OTIPEIEIAIOTCS. 0 pacyeTy WM 3aJaloTcsl 10 KOHCTPYKTHBHBIM COOOpaxeHUsM. ONbBIT NpUMEHEHHS
racuTened KojebaHui Mokasay, 4To OHM HambOoisiee 3(GEKTUBHBI NPH TallleHUN KoJeOaHUi, KOTOpbIe
HOCSIT PE30HAHCHBIN XapaKkTep U BO3HUKAIOT B KOHCTPYKIMAX, 00TaJal0MNX MaJIbIM JeMI(QHPOBaHUEM.

7.3. B Tex cmydasx, KOorja ypoBeHb BHOpalMH HE YIAeTCsl YMEHBIIHUTH 110 TEXHOJIOTHYCCKUM HIIH
IpYyrMM IIpUYMHAM HA HCTOYHMKE BO3MYIICHHMS W KOJICOAHMS TEpeAaroTcs IPHIIETaloIuM
CTPOUTENBHBIM KOHCTPYKIMSM, BBI3bIBas HAa HHUX ITOBBIILICHHBIC BHOpAIMH, HEOOXOIUMO HMpPOBEICHHE
MEPOTIPHUATHH 110 CHIKEHHIO YPOBHS KOJICOaHUH CaMUX CTPOMTEIIBHBIX KOHCTPYKIIUH.

CHIDKEHHE ypOBHS KOJIEOAHMH CTPOUTENBHBIX KOHCTPYKIMH MOKHO OCYIIECTBUTBH CIICIYIOIINMH
criocobamu:

OTCTPOHKONH KOHCTPYKIMH OT pe30HaHca (IpH TapMOHMYECKHX KOJIEOaHWAX) IT0CPEICTBOM
W3MCHEHHSI €€ JKECTKOCTH, MAacChl WJIM KOHCTPYKTUBHOM CXeMBl (BBEICHHEM JKECTKHX Y3JIOB,
MIPEBpaIllEeHNEM pa3pe3HbIX KOHCTPYKIMI B HEpa3pe3Hble, HI3MEHEHHEM Pa3MepOB IPOJIETOB U T.1I.);

W3MCHEHHEM YCIIOBHH ONHMpaHus M3ru0acMoil KOHCTPYKIHMH C YCTAaHOBKOW OTXKHMHO-ITPHYKUMHBIX
MIPUCTIOCOOIEHNH B €€ ONMOPHBIX y37ax JUIA PEryInpOBaHUs 3HAYCHHH CHJI TPEHMS Ha KOHTAKTe
KOHCTPYKIMH C ONOpaMH, a TaKXKe IOBBIIICHUEM pacCEeMBAaHHs SHEPTUH KoyebaHWH n3rndaemoit
KOHCTPYKILMH BBEJICHUEM AEMI(EPHBIX yCTPOUCTB.

7.3.1. OcHOBHBIC NMPUHIMUITEI U3MEHEHUS! KOHCTPYKTHBHON CXEMBI, MAacChl M KECTKOCTH 3JEMEHTOB
CTPOUTENIbHBIX KOHCTPYKLMIA aHAJIOTMYHbI PACCMOTPEHHBIM B I1. 7.2.2.

7.3.2. OTXUMHO-TIPIKMMHBIC TPUCIIOCOOJICHHSI MOTYT OBITh Pa3IMYHON KOHCTpYKIHH (pHC. 6).
OHH yCTaHABIMBAIOTCS B ONIOPHBIX y371aX M3rN0aeMoil KOHCTPYKIMY BHE IIOIIAAN HEIIOCPEICTBEHHOTO
ONUpaHMsl U3TMOAEMOro 3JIEMEHTa HA OIOPY C HANpaBJICHHEM OTXKMMA (MIPHKAMa) ONOPHOHM YacTH
M3rubaeMoro 3IeMeHTa NEPIIEHANKYISIPHO K 3TOH IIIOIIA M.

OTXXUMHBIE TPUCIIOCOOTIEHHUS NPUMEHSIOTCS B TEX CIy4asX, KOIJa YacToTa BBIHYXICHHBIX
KoneOaHWit ONM3Kka K BEpPXHEH TpaHWIE IIEpPBOH YacTOTHOW 30HBI KOHCTpYKIHH. [laBieHme
KOHCTPYKIMH Ha KOHTAKTE€ C OIOPOH YMEHBIIACTCA OTXKMMHBIM HPHUCIIOCOOJIICHHEM IO COCTOSHUS,
ONM3KOTO K OTPBIBY, HAa KOHTaKTE€ KOHCTPYKIHMH C OINOPOH (HE JOIycKas OTpbIBa) NMPH HAHOONBIINX
JMHAMUYECKUX SKCIUTyaTallHOHHBIX BO3JEHCTBHSX.



[pwKUMHBIE TPHUCIOCOONCHUS NPUMEHSIOTCS B TeX CIy4asX, KOTAa YacTOTa BBIHYXKICHHBIX
KosieOaHni ONM3Ka K HIDKHEH TpaHuIe NMEepBOH YacTOTHOW 30HBI KOHCTPYKIMH. CkaThe NpYKUHEI
MPOU3BOAUTCS IO MOJHOTO YCTPAHCHHWsI CMELICHUI ¢ MPOCKaJIb3bIBAHUEM KOHCTPYKIMH HAa OIOpax H
YIOPYroro ee 3aleMIICHUs B OIOPHBIX Y3J1aX, YTO JOJDKHO HOBBICUTH OCHOBHYIO COOCTBEHHYIO YacTOTY
KoJIeOaHUH U YMCHBIIUTh YPOBEHb BUOPALIMH KOHCTPYKIIUH.

HemngepHoe ycTpoHCTBO 1er1eco00pa3HO UCMOIB30BaTh MPU PE3OHAHCHBIX KONEOAHHUAX W3THOHBIX
KOHCTpYKIMH. OHO NMOMEIIAEeTCsl B pacrop MEXAy KOHCTPYKIHEH M CIICIHAIbHO MPHUCOETMHEHHBIMHU
JOTIOJTHUTEIILHBIME OaJOYHBIMH JJICMEHTaMH TaK, YTOOBI NPU M3THOHBIX KOJEOAHUSAX KOHCTPYKLHUH
obecmeunBanach pabora xeMIQeposB.

B kavecTBe TOMONHHUTEIEHOTO JIEMEHTA CITy)KaT KOHCOJHU, KOHCOJIM C PblYaroM, NOAKOCH, Oaluku U
T.0.

Ha puc. 7 u 8 npuBemeHbl CXeMbl H3rHOaeMbIX KOHCTPYKLUMHA C BBEOCHHBIMH pPa3INYHBIMU
JneMidepHBIMU yCTPOHCTBAMH.
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Puc. 6. OT:KHMHO-IIPHKMMHBIE IPUCIOCOOICHHS

a - ONIOPHBIN y3el U3rudaeMoil KOHCTPYKLMH C OTKMMHBIM IIPUCTIOCOOIEHHEM; O - OTIOPHBIH y3€J ¢ OT)KUMHO-TIPHXUMHBIM HPUCTIOCOOJICHHEM 0] N3rn0aeMoil KOHCTPYKIHEH;
B - ONOPHBIN y3eJ U3rudaeMoil KOHCTPYKIUH C MPHKUMHBIM HPUCIIOCOOJICHUEM; T - OTIOPHBIH y3€JI OT)KUMHO-IIPYKMMHBIM ITPHUCIIOCOOIEHHEM HaJl M3ru0aeMoi KOHCTPYKIMEH;
1 - n3rubaemast KOHCTPYKIMS; 2 - onopa; 3 - yupyruit aneMenT (IpyxuHa); 4 - perynupoBOYHBIH O0T; 5 - ynopHas 1maiiba
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Puc. 7. Beegenue neMngepHbIX yCTPOICTB:
a - C KOHCOJIbHBIM JIOTIOJIHUTENBHBIM JIEMEHTOM U JieMIipepoM; O - C KOHCOJIBHBIM JIOTIOJIHUTEIBHBIM JIEMEHTOM H AEMII(EpPOM C prI4arom;
B - C IOAKOCAMH, IPUKPETISIEMBIMH K OTIOPHBIM YaCTSIM KOHCTPYKILUHY; T - C HOJKOCAMU, IPUKPEIISIEMBIMU K OIIOpaM;
11 - C JOMOJTHUTENIBHBIM 3JIEMEHTOM, IPUKPEIUIEHHBIM K OIOPHBIM YacTAM KOHCTPYKIIUY; € - C JOINOJIHUTEIbHBIM 3JIEMEHTOM, IPUKPEIUICHHBIM K OIOPE;
1 - n3rubaemast KOHCTPYKIMSL; 2 - KOHCOJIBHBII JOTIOJIHUTEIBHBIN 2JIeMeHT; 3 - nemidep; 4 - MoAKoCH!; 5 - pryar; 6 - ornopa;
7 - IOTOJIHUTEIBHBIN AJIEMEHT; | - poneT Mexay onopaMu
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Puc. 8. lemndep cyxoro Tpenus:
1 - n3rubaemas KOHCTPYKIMS; 2 - CTEpXKEHb IEPEMEHHOTO CeUSHHUS; 3 - ITUPT;
4 - ynpyruii aneMeHT (IpyXkuHa); 5 - raiika; 6 - JOIOIHUTEIbHBIHN AIeMEHT




IIpuiosxkenune

TEPMMUWHBI 1 OITPEAEJIEHUSA

Tepmun

Omnpenenenve

1. Bubparus

2. BubpanmonHas TexHuka

3. BubpoBo30yaurens

4. Bubpometpus

5. BubpanmonHnas 3ammra

6. BubpammonHasi yCTOHYNBOCTh
7. BubparmonHas IpoOYHOCTh

. BuOpaIroHHbIe UCIIBITAHUS
9. BubpanmonHasi TuarHoCTHKa

(o]

10. BubponepemerieHue
11. Bubpockopocts

12. BubpoyckopeHue
13. Pamax xosebanuit

14. CpenHee KBaIpaTUIECKOE
3HaYeHHNEe KOJeOIoIencs
BCIIMYNHBI

15. Tleproanueckue KoeOaHus

16. [Tepuoxa xonedbanuu

17. HacroTa mepruOANIECKUX
KoseOaHuit
18. CuHXpOHHBIE KOJICOAHHS

19. l'apmoHHYECKHE KOJICOAHHS

20. AMIUTHTYAa TapMOHHYECKUX
KoseOaHuit

21. Caur (a3 CHHXpOHHBIX
KoseOaHuit

22. YrioBas 4acTtoTa
FapMOHUYECKHUX KOJIeOaHUH

JIBIKeHNe TOYKH WK MEXaHUYECKOH CHCTEMBI, IPHU KOTOPOM
MPOUCXOIAT KOJICOAHHUS XapaKTEePU3YIONINX eT0 CKaIIPHBIX
BEJIUYIHMH

COBOKYITHOCTb METOJIOB M CPEJCTB BO30Y)KICHHUS, TTOJIE3HOTO
MPUMEHEHUS U U3MEPEHUs BUOpAIK, BHOPALIMOHHON nar-
HOCTHUKH, BUOPAIIMOHHON 3aIIIUTHI M BUOPAIIIOHHBIX HCIIBITAHUH
YcTpoiicTBo, IpeAHa3HaYeHHOE I BO30YKIeHUS BUOpALUH U
HCIIOJIb3YeMOE CaMOCTOSITEIBHO WM B COCTaBE APYroro
YCTpOHCTBa

COBOKYITHOCTB CPEACTB 1 METOJIOB U3MEPEHHSI BEJIUUHH,
XapaKTePU3YIOIIUX BUOpAIHIO

COBOKYIHOCTB CPECTB M METOJIOB yMEHBILICHHS BUOpaIuy,
BOCTIPHHUMAaeMOH 3alUIIaeMBIMH 00BEKTaMU

CBoiicTBO 00BEKTA ITPH 3aJaHHON BUOPALIMH BHITIONHATE 3a/laHHbIC
(hYyHKLIUH 1 COXPaHATh B IIpe/ieNax HOpM 3HaUCHHS TapaMeTpOB
IIpodHOCTh MpH U TIOCIIE 3aJJaHHON BUOpAIH

HWcneiTanns o0beKTa IpH 3a1aHHOM BUOparu

TexHnueckas TMarHOCTHKA, OCHOBAHHAsI HA aHAJIN3e BUOpayu
00BEKTa AUATHOCTUPOBAHUS

Cocrapisronias mepeMeIeHus], OHUCHIBAIONTas BUOPAIHIO
[Ipon3BoaHas BUOpOIEPEMEIICHHUS 110 BPEMEHU

IIpon3BoaHas BUOPOCKOPOCTH MO BPEMEHHU

Pa3zHoCTh MEX Iy HANOONBUINM U HAUMEHBIINM 3HAUCHUSIMU
KOJICOITIOIIEHCS BETMYMHBI B pacCMaTpUBaeMOM HHTEpBae
BPEMEHHU

KBagpaTHslit KOpEeHb U3 CPEIHETO apH(PMETHUIECKOTO WK CPEIHETO
MHTErPAIbHOTO 3HAUEHUS KBaJIpaTa KOJIeOMoIelicss BeTHUNHBI B
paccMaTpHUBaeMOM HHTEpPBaje BPeMEHU

Konebanusi, mpu KOTOPBIX KOKI0€ 3HaAUYEHUE KOJEOIoIecs
BEJIMYMHBI TOBTOPSETCA Yepe3 paBHbIC HHTEPBAJIbl BpEMEHU

Haumenpimii HHTEpBaI BpeMEHH, Yyepe3 KOTOphIi mpu"
MEPUOANYCCKUX KoJIeOaHHUAX TMOBTOPSACTCA KaXK10€ 3HAUCHUC
KOJICOITIOIIEHCS BETTHYMHBI

Bennuuna, o6paTHas nepuoay xojaeGaHui

JIBa nim 6omee OJTHOBPEMEHHO COBEPIIAIOIIUXCS TEPHOANIECKUX
KOJIeOaHUs, UMEIOIINX PABHBIE YaCTOTHI
Konebanus, npu KOTOPHIX 3HAUEHUS KOJIEOIIOIIEHCS BETMYUHBI
WU3MEHSIOTCSA BO BPEMEHH I10 3aKOHY
A = sin(wtty), (10) .
rme t— Bpems;
A, w, y — IIOCTOSIHHBIE TIapaMeTpEI;
A — amIuuTyna;
wtty — da3za;
y — HavanpHas (asa;
W — yIJIOBast 4acToTa.
MaxkcumanbHOE 3HAYCHHUE BETMYNHBI TIPH TAPMOHUIECKUX
KOJIeOaHUAX
PasHocTb (a3 1BYX CHHXPOHHBIX TAPMOHUYECKUX KOJIeOaHHH B
700011 MOMEHT BpeMEHHU
[IpousBoaHast Mo BpeMeHH OT (a3bl rapMOHHYECKUX KOJIeOaHHH,

paBHas 4acToTe, YMHOKEHHO Ha 2n




23. CuHaszHble rapMOHHYECKHE
KoJeOaHus
24. buenus

25. YacroTa bueHnn

26. 'apmonnueckuit aHamu3
KoseOaHnit

27. 'apmoHuKa

28. Criextp KosiebaHuit

29. Cnextp 4acToT

30. AMIUIUTYIHBIN CHIEKTP

31. 3aryxaromue KoieOaHus

32. Hapacraromue xoneOaHus
33. JlorapupmMudecKuii ypoBEeHb
KoJieOaHuit

34. ITonoca yacToT
35. JlekagHas moioca 9acToT

36. OkraBHas MOJ0Ca YaCTOT
37. IlonyokTaBHas MOJ0CA YaCTOT

38. CpennereomeTpuueckas
YacTOTa MOJOCHI

39. berymast BoiaHa

40. [IpoponpHas BoJgHA

41. Ilonepeunas BoiHa

42. Ctosgyas BOJIHA

43. V3en koneOaHuit
44. TlygnocTh KOJcOaHHH

45. ®opma KoNeOaHMIA CHCTEMBI

46.
47.

Cryuaiinble KoneOaHus
Brinyxnaromias cuia

48. lemndupoBaHue BUOpAIIH

49. BoccTaHaBiauBaroas cuia

50. KoadppumumeHT xecTkoCTH

CuHXpOHHBIE TAPMOHNYECKHE KOJICOaHuUsI C paBHBIMU B JTI000H
MOMEHT BpeMeHH (hazamu

Konebanns, pazmMax KOTOPBIX — HEPHOIUYECKH KOJIEOIIomasics
BEJINYMHA ¥ KOTOPBIC ABJIAIOTCS PE3yIbTATOM CIIOKCHHUS IBYX
rapMOHMYECKUX KOIeOaHuH

YacroTa konebaHui 3HAYCHUH pa3Maxa Ipyu OUCHUSIX, paBHAas
Pa3HOCTH YacTOT CyMMHUPYEMBIX KOIeOaHuH

[IpencraBnenue aHANU3UPYEMBIX KOJICOaHUH B BUIE CYMMEI
rapMOHMYECKUX KOIeOaHuH

I"apMoHnYeckast COCTaBIAIOMAs IEPUOJUICCKIX KOIeOaHuH
COBOKYIHOCTb COOTBETCTBYIOIIUX FAPMOHUYECKUM
COCTAaBJIAIONINM 3HAaYEHUH BEJIMYMHBI, XapaKTepU3yIOIIei
KoJyieOaHuMs1, B KOTOPOH yKa3aHHbBIE 3HAUCHHUS pacIioiaraloTcs B
TOPSIZIKE BO3PACTAHMS YACTOT TAPMOHHYECKHX COCTABIIAIOIINX
COBOKYNHOCTb 4aCTOT rapMOHHYECKNX COCTABIISIOIINX KOIEOaHHH,
PAacToNoKEHHBIX B OPSIKE BO3pACTAHUS

Cnexrp KoseOaHui, B KOTOPOM BEINYNHAMH, XapaKTePH3YIOIMMHU
rapMOHHYECKHE COCTABIIAIONINE KOJICOaHNH, SBISIOTCS X
AMITIATY/IBI

Konebanuns ¢ yMEHBIIAIOIMUMHUCS 3HAUEHUSIMH pa3Maxa
Konebanus ¢ yBeMuuBaOmuMIcs 3HAYCHUSIMU pa3Maxa
XapakTepucTHKa KoieOaHui, CpaBHUBAIOIIAS JIBE OJTHOMMEHHBIE
(u3HYeCcKre BEINYNHBI, IPOIOPIMOHANIBHAS IECATHIHOMY
Jorapu(My OTHOLIEHHS OLICHNBAEMOTO M HCXOIHOTO 3HAYCHUH
BEJINYUHBI

COBOKYIHOCTb 4aCTOT B pACCMaTPUBAEMBIX Mpeaenax

ITonoca 4yactoT, y KOTOpO#l OTHOLIEHHE BEpXHEN I'PAaHUYHOM
YacTOTHI K HWXHeH paBHO 10

ITonoca 4yactoT, y KOTOpOil OTHOLIEHHE BEpXHEN I'PAaHUYHOM
4acTOTHI K HIDKHEH paBHO 2

ITonoca 4actoT, y KOTOpOil OTHOLIEHHE BEpXHEN I'PaHUYHOM
4acTOTHI K HIDKHEH paBHO 2

KBaznpatHblil KOpEHb U3 ITPOU3BEICHNUS TPAHUYHBIX YaCTOT II0JIOCHI

PacmipocTpaneHue BO3MYIICHHUS B cpelie

Bosna, HanpaBIeHHE pacipOCTPpaHEHHS KOTOPOH KOJUTHHEAPHO
TPAEKTOPHUSAM KOJCOFOIIUXCS TOUYCK CPEIBI

Bosna, HanpaBJiIeHHE pacTIpOCTPaHEHUS KOTOPOH OPTOTOHAIBEHO
TPAEKTOPHUSAM KOJICOTFOIUXCS TOUYCK CPEJIBI

CocrosiHUE Cpelibl, TPU KOTOPOM PACIIOIOKEHUE MAKCUMYMOB U
MUHHMYMOB TIEPEMCIICHUN KOJICOIFONIIXCS TOUEK CPeabl He
MEHSETCS BO BpEMEHU

HenonsmkHast Togka Cpebl IPH CTOSYCH BOITHE

Touka cpenbl Ipu CTOSYEH BOJIHE, B KOTOPOM pazmax
TepeMeIIeHU UMEEeT MaKCHMYyM

Konpurypanus COBOKYITHOCTH XapaKTEPHBIX TOYEK CUCTEMBI,
COBEpILAIOIICH TeprHoAnIecKre KoJcOaH s, B MOMCHT BpEMEHH,
KOTJIa He BCE OTKJIOHEHUS STHX TOYCK OT MX CPEITHUX TOI0KCHUH
PAaBHBI HYITIO

Konebanus, npencrapnsromue coboil cirydaitHbIi mporecce
[lepemenHast BO BpeMECHH BHEUTHSIS CUIIA, HE 3aBUCSIIAS OT
COCTOSIHUS CHCTEMBI H TIOJIICP>KUBAOIAS €€ BUOPAIIHIO
YMeHbIIeHHE BUOPALUH BCICICTBHE PACCESIHUS MEXaHUIECKOM
SHEPTHU

Cuna, BO3HHUKAIOIIAs IPU OTKIOHEHUH CUCTEMBI OT CO

CTOSIHUSI PABHOBECHS U HAIIPaBJICHHAS TPOTHBOMOJIOKHO STOMY
OTKJIOHEHHIO

B3sTast ¢ mpOTHBOIIOIOKHBIM 3HAKOM TIPOHU3BOHAS
XapaKTepUCTHUKA BOCCTAHABIHMBAIOIICH CIIIBI MJTH MOMCHTA




52. CBoOoxHbBIE KOJIEOaHUS

54. ABTOKOIJIEOAHUS

55. CoOcTBEHHAs YacToTa
56. CobctBenHas opma
KO0JIEOAHUI CHCTEMBI

57. Pe3onaHcHBIE KOJIEOAHUS
58. AMIUTUTYJHO-4aCTOTHAs
XapaKTepUCTHKA

59. AxtuBHas BUOpoO3aIUTa
60. [TaccuBHas BUOpo3ammTa
61. Bubpousomsmus

62. JlunaMudecKoe ranieHue

BHOparmu

63. Bubpowusomnsarop
64. Jemmdep

65. JlnnaMuaecKuii
BHOpOTaCHUTENb

51. Koa¢ppunueHT mogaTanBoCTH

53. BrIHYXICHHBIC KOJICOaHMUs

KoJIEOaHUI TUHEWHON CHCTEMBI

Benmunna, oOpaTHast KO3QPHUIHUCHTY KECTKOCTH

Konebanus cuctemsl, mpoucxoasaimue 0e3 IepeMeHHOTO BHEIITHETO
BO3ACUCTBHSA U IMIOCTYIUICHAS SHEPTUH U3BHE

Konebanus cucteMbl, BEI3BAHHEIC U TTOAICPKUBAEMBIC CHIIOBEIM U
KHHEMATHICCKAM BO30YyKICHUEM

Konebanus cucTeMbl, BOZHUKAIOIINE B PE3YIIbTaTe
CaMOBO30YKICHUS

JIro0as u3 yacToT CBOOOAHBIX KOJIEOAHNUI THHEHHON CUCTEMBI

®dopma KoreOaHNH JTHHEHHOI CHCTEMBI, KONEOTromeiics ¢ OqHO
3 COOCTBEHHBIX YaCTOT

BrIHyXICHHBIC KOJICOAHUS CUCTEMBI, COOTBETCTBYIOIINAEC OJHOMY
3 MAaKCUMYMOB aMILTUTYTHO-9aCTOTHOH XapaKTepUCTUKA
3aBHCHUMOCTh aMILTATYABI BRIHYKJICHHBIX KOJICOAHHUH OT YaCTOTHI
TapMOHHUYECKOTO BO30YKIICHHS C IIOCTOSHHON aMILTUTYIOH
BubparmonHas 3ammra, HCIOIB3YIOMIas YHSPTHIO
JIOIOJIHUTEILHOTO HCTOUYHHKA

BubparmonHas 3ammra, He HCIOIb3YoIast YHEPTUI0
JIOIOJIHUTEILHOTO UCTOYHHKA

MeToa BUOpAIIMOHHOH 3alIUTHI TOCPEICTBOM YCTPOUCTB,
MTOMETIaeMbIX MEXITy HCTOYHUKOM BO30YKICHHUS M 3alIHIIaCMbIM
00BEKTOM

MeTtoa BUOpAIIMOHHO 3alIUTHI TOCPEICTBOM IMPUCOSANHCHUS K
3alAIIAeMOMY OOBEKTY CHCTEMBI, PECaKIIMHA KOTOPOH YMEHBIIAIOT
pa3Max BUOpamnuu 00beKTa B TOUYKAX MPUCOCIHMHCHHS CUCTEMBI

Y CTpoicTBO, OCYIIECTBISIONIEE BUOPOU3OISIIUIO
Bubpo3zamuTHOE YCTPOHCTBO HITH €TI0 9acTh, CO3AI0MIAs
nemiupoBaHie BUOpauu

Y CTpoiicTBO, OCYIIECTBISIIONIEE TUHAMUIECKOE TalllcHHE BUOPAUI

Ilpumeuanue. TepMUHBI ¥ ONPEAEITICHUS YCTaHOBIEHSI [1].
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