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OPEAHCAOBUE

KoueTpykiuy, oUApawmueca Ha YUOPYroe OCHOBAHME,
NIMEeKT CcaMoe U.IHpOKOB OpPpUMeHeHHe B CTPOHTeJbCTBE.
[TpumepaMu yupyroro OCHOBAHHA MOFYT CIYJKWUTH TDYHT
WJIN cBAM, Ha KOTOPLE omMpaeTcd COOPY:ieHWe, OMmMaxo
pacHono¥eHHLle IPYT OT APYra KOJOHHM, DaJKH WIN pH-
rejsd paM, Ha KOTOPWX NeRNT KagraA-mu0o KOHCTPYKIEA
(Ganka, gepma) m ap. B Hacroameill ®aure noJ yopyrum
OCHOBAHHEM MOJIpa3yMeBaeTCH B OCHOBHOM eCTECTBeHEOE
FPYHTOROE KM CBaiiHoe OcCHOBaHHe

Metonw pacdera KORCTDYKHHE, Je)kamuX Ha TPYHTe,
B 3ABUCHMMOCTA OT NPUHATHIX MofAenell OCHOBABEA MOYKHO
paaburs ma TpH rpynos 1) Meroan, Gasupymomuecsa Ha
BUHKJCPOBOH Moe#y OCHOBaHUA; 2) MeTo1n, DasHpyomu-
ecAa Ha TeOpHAM YOPYIoro MOJYIPOCTPAHCTBA; 3) Meroisl,
fazvpynompecsd Ha ROMOBHAPOBAHHWX MOZEIAX YHDPYTOTO
ocHopannAa. HauGonee mpuemaemoil s 0paxTHIECKUY ne-
jeil MoMenbio ABJAAETCA BUHKJAeposo ochHosamme. [Ipu mpa-
BUJLHOM BHEHIOODe UHCACNHOro JiaveHns nwoadduunenta
FKECTKOCTH OCHOBAHHA W yd4era b HeoOXOZMMLIX caydasax
€re OepeMeRHOCTH Pe3yNBTATH pacdyeTa KOHCTPYKUEDR ¢ He-
LOJbAOBAHMEM oTOH MonelH OJIH3Ko COOTBETCTBYRT ONRIT-
HBIM JadAHev Takod BuIBOA MOKAO CAENATH, AHANHIAPYA
pPeayabTaThl OKCOCPHMEHTAAbHLIX HWCCIeL0BAHRWHA, Opo-
BeneramX 3a wocaennne 10—15 ner » Comercrom Colone
¥ 3a pyGexoMm. JT0 mpemne Beero o0mIEpPHBEIE OHOBITH CO
mramoaug JI. M. Maneenora n 3. C. Bapromepuua, uc-
caegosanng M. H Yepkacosa, onuTe ¢ fagkamMu Koded-
Ho# sectroctd . C. Hagmm, E. K Maccaasckoro u gp.

Teopuna pacuera KOWCTPYRIMI, JeRKalMx Ha ynpyrom
BHHKJAOPUBOM OcHoBaREH, Suarosspd Tpyaem K. Xazen,
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A. H. Kpunosa, B. A. Kucenena, B. I'. Hoperera u paga
APYTHX HccaefoBareleldl JOCTHINIA K HACTOALIEMY BpEeMeHH
BHAUMTENBHOr0 PaszBuTHA. JIHAKO CYIIECTBYIMIHE METON
pacuera OXBATHBAIT B OCHOBHOM 0ajiKd U IJIWTH H pa3pa-
foTannl HPEMEHWTEAbHO K TNOCTORHHOMY Koddduiuenty
sKeCTKOCTH ocHopanus. B mociepgnme rojusl B ¢BASH ¢ Mac-
COBBIM CTPOMTETbCTBOM KPYMHONAHETBHHX B3IAHEA, pa-
CYETHAA cXeMa KOTOPBIX MOsEeT OLITh YIPOHIEHHO NpeACTas-
feHa B Bufe OaJKE Ha yIDYrom COCHOBAHHH, Bee O0Jibime
yleageTcsi BHEMAHUA y4eTy UCPEeMeHHOE CiRIMaeMocTu
A0BEPXHOCTA TPYHTOBOTO OCHOBAHHA B TNpefeaax Imia-
Ha coopyiwenus. [Toasunuer palorw . 1. Cepreesa,
B. A. Bapcosa, I1. IT. IMlaruna, B. K. JInmaga, II. H. Co-
flozeBa 1 anTopa 9Toll KHMTH 00 pacueTy 0aaok Ha yImpyroM
OCHOBAHUY TEPEMEHHOH MeCTKOCTH.

Ha sapybGe:kanrx paboT Oo paciery 6aloK Ha yOpYTom
BHHEICPOBOM OCHOBAHAYM MOMHO OTMETHTD RHUTY XeTeHby,
crarby Onmagena, I'pacroga u Herne. 3a pyGeskoM pacuer
KOHCTDPYKUMIT Ha yOpYIoM OCHOBaHUH BLIOJNHAETCH TOALKO
MCXO[A H3 I'MIOTe3n TPAMOH UHPONOPUHOHAILHOCTH, T. e.

BMHRIEePDOBOro CCHOBaHIA.
HepocrarroM GoabmmueTsa pabor me pacdery KOHCT-

PYKIul HA yOPYroM BAEKJIEPOBOM OCHOBAHNU HBIAETCH
OTCYTCTBHE B HHX yKazaguil 1o ompelelcEAN OZHOIO U3
raaBHefHX MCXOJHBIX MAHHEIX I PACUeTa -— Ko3p-
PHUUEeHTA HeCTKOCTH PPYHTOBOro OCHoBaHma. Hpome ro-
ro, OTCYTCTBYIOT KOMILIeKCHKe pafoTnl, B KOTOPLIX pac-
cMaTpupaJnch 66 B 00uiell mocTaHOBKe He TOABKO GaJKk
RAM TAMTH, HO W Apyrue BHAL KOHCTPYRIUI, npuMeHse-
MEIX B CTPOHTeNBHONl NIPaKTHKe (mepeKpecTHHe Oatka,
pamsl, Oanru-crenkn). o HacTosmiero BpeMeHH OpPOEKTH-
POBIIMKM He HMEIOT TAKHX KOMIJEKCHHX Iocobmi mo pa-
cueTy.

Uens usgamna macToame paboTy COCTOMT B TOM, 910~
OB B H3BeCTHOH Mepe BOCHONMMTbL HMelmMuecAd Bpobe;
B JIHTeparType D0 pacdeTy KOHCTPYRIHII Ha YHDPYTOM oc-
HOBAHUH M JaTh TDOEKTUPOBUIAKAM NPAKTHIECKOE TNOCO-
fnHe mo pacueTy Pa3JAMYHLIX KOHCTPYKIHE HAa YOPYTOM
OCHOBAHHHU HAK OCTOAHHOI, TAK u e peMeHHON #eCTHOCTH,
a TalRe oo ONpeefeHU KoaQuUIHeHTOB MKECTKOCTH
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ocHoBaHAA. Meroam pacdera, DpAMeHeHHHe M PA3BUTHE
B HacTOAMEH KHHTe, OTHOCATCA K KATErOPHM 9YHCJIEHHHE
METO/IOR; COCTAR BEMHCIRTENBHMX OUCDPANNI BEChMA TPOCT
M Jerko AOCTYIGH PANCBOMY HPOSKTHPOBIMKY. Bonbmug-
CTBO PACCMOTDPEHHBIX 3aiad CBeJeHHl B KOHEYHOM WTOTE
K PeIIeHHI0 TOTOBHX CHcTeM JWHeWHHX anrebpamdeckmx
ypaBrieHAH, YMCJI0 KOTOPHX MOMKeT BRIOHMPATLCA npous-
BOJIBHO B 3aBHCHMOCTH OT ;KeJaeMoll TOYHOCTH pe3yabpTa-
tor. [Tpy HeGonkmioM 9HcAe ypaBHeHHH nx MOMKHO peniath
BpyuHy0, PR BHATHTEJLHOM HOJUYECTBe YPABHEHWH Cle-
yeT NOJL30BATLCS CTAHAAPTHHME IDOCPAMMAMHE PeIIeHHS
cHeTeM nuaelinpix adrefpanwuecKuX ypPAaBHEHMN HAa INEKT-
POUHRIX HM(POBHX BLIYHCIATENHHHX MalIMHAX.

[Ipn pacuere KoHCTPpYKIUHH Ha IPpYHTOBOM OCHOBaliHK
Mpe;1araeTcd ONEHHBATh JKEGCTROCTL TOCHeHEro, HCXOJA
13 O:KAFAEMBIX ocaoK TORepXHOCTH ocHOoBaHHA. IIpi aToMm
AIA omnpefeneHus Ko3PQUIAeATa KeCTKOCTH OCHOBAaHUSA
npe/UlaraerTcss MCXOTHTh W3 cpegHero 3HAUEHHA NABIeHH
o;{ MoJoMEoH GYHAAMENTA, 8 OCA/AKY BLIYACIATE JIOOEIM
13 npoBepeHHLIX HAa NMPAKTHKe METONOM pacdeTa OCHOBA-
Huit, Taroi mpueM olipejelieHHA FKeCTKOCTHOI XapaKTe-
PUCTHKY OCHOBAHWKSA, KOTOpas & olmeM caydae oKa3bIBaeT-
CA TNepeMeHHOI B OJ4He COOPY;KeNHA, IMO3BOJAET CBECTH
3aJa9y K pacderTy KOHCTPYKIHH, ONAPANMIWXCA HA BUH-
KJIepPOBO OCHOBAHHE C IIOCTOAHHDIM WM TCPCMCIIILIM KO-
asthduuuentom kectroctH. Ho anecs B nouarne Koaddumm-
€HTA KeCTKOCTH 3aJ0HeN MHOI CMBICI, 4eM B TPaAiIHOH-
HOIT Mogean BuHKIepa.

Bompocn, ceazapBLe ¢ ompefielenueMm Koddduimen-
TOB KecTROCTH AIA TPYHTOBRIX M CBAfHRIX OCHOBAHHA,
paccMaTpuBawTCcAd B uepsoil rnape. HeobxoquMo mo;4epr-
HYTH, YTO PAL YVIPOUEHHH, npuHHMaeMblX 3gech, BLOIHE
OnpaBlal NpHOIH:KeHROCTHIO MCXOMHBX JIAHALX 0 pabore
TpyHTA,

Bropasa riaBa coflep:MT YRKa3aHUA M0 PACTETY WUBTH-
GaeMiix 6anMoK; roTOoBHE CHCTEME yPaBHeHHR a1d 0ajok
OOCTOARROH M IlepeMEeHHOM [0 JIMHe FHeCTROCTH, Jekamux
Ha yupyroM OCHOBAHHHN IPOHM3BONBHOM KeCcTKOCTH; Tab-

AuIB a5 pacdera 6afow opu nocroAHHOoM KoaddUIEEHTE
JMECTKOCTY OCHOBABMA.



B tpernedt rnase onucan MeTox pacdera Ganox ma Kpy-
uetine M JaHLH TOTOBBE MAaTpHlbl Ho3pPUUMEHTOB pacyer-
HhIX ypapHeHHH 1ng ofmero @ 9acTHEIX c¢lAydaeB pacuera
0asoK.

B uerseproil, msatoill, mectoit m cegbMoil riaBax H3-
JNATAWTCA COOTBETCTBEWHO BONPOCH pacuera CHCTEM He-
peRpecTHEX Oajox, paM, GanoR-CIEHOK H OANT, ODMpAI-
HuxcA Ha yopyroe ocHOBAHHe NPOM3BOJLHOMR JRECTKOCTH.

Carenyer 3aMeTHTH, 9TO KOHCTDYKIMH Ha YOPYTLoM OC-
HOBAOHHH OTHOCATCA K KaTelOpPpH¥ CTATHYeCKHW Ieomnpeae-
JAMEIX CHCTEM, B KOTOPBIX YCHIHA 3aBHCAT oT abcoaor-
HEIX SHaYeHmH sKecTKOCTell 3jeMeHTOBR KOHCTPYKIIMI.
B enyuae senesoberoHHEMY HKOHCTPYHIEH KeCTKOCTH Lo-
celHMX B Hpollecce yBeINUYeHHS HATPY3KH majgaeT (peiaef-
CTBHC IIOABIeHHA M PaACKPLITHA TpenlMd B pPaCTAHYTOM
feToHe, BAUAHVA ILIAaCTRHYecKuX nedopmanmnii B cixaToM
feTome W fp.), 9T0 OKAa3LIBaeT BIMAHUC HA BEJNHUUMHE
W pacipefelleHHe YCHIHH B KOHCTPYRUAM. YdeT 3TOro oG-
CTOATEALCTRA He OIPeiCTABARACT UPAHMUONAIADHBIX  3a-
TpyJHeHHH: YCHJIEA, N0JIYIeHHLe B Pe3yJbTaTeé pACUETA
yOpyrofl cucTeMnl, HCTIOABIYIOTEA [IJIA ONPeIeTeHUA JKeCT-
KOCTeli, KoTopHe BBOAATCA B OOBTOPHUE pacder. 3amada
CBONUTCA, TarAM o00pa3oM, K MHOTOKPATHOMY pacdaeTy
¢ YTOUHACMBIMH B HIpOLECCe MOOCAeXOBATENLHHX Hpné.iu-
JHeHUE JHeCTKOCTAMM, 94TO NPH TIPHMOHPHHN 3JISKTPOVHBX
BLIYMCJINTENbHEX MAIIHH He BLIBRIBAET AOUOAHHTEIBHAIX
TpyAHOCTeii.



Taasa I

KOJOOHUHEHTE! RECTROCTEY ECTECTBEHHDIX
H NCRYCCTBEHHBIX OCHOBAHHH COOPY;KEHHNA

Buaagiaeposa MOJedh GCROBAHMSL

Harpyara 0T coopy:ReH#A nepefseTcs depes ero nodomMBy Ra oc-
goBaHme. llom BaHAHIeM YKa3aHHOH HATPY3KH BOBHHKAWT OCAJKH
ocmopanmnA. [Toaunfi yueT DPHPOIHBIX MeXAHWIeCKHX CBOHCTB rpyH-
TOBLIX OCHOBAHMI, OPOABIAKMINICA OPH HX HATPY:REHMH, HpaKTHUE-
cki nesosvorken. IlooroMy paA onpenenenus nedopMaTHBHe-HampA-
FHEHAOI0 COCTOAHHA OCHOBAHHH M coopyieHHH NCHOIB3YETCHA PACTeT-
Hafg MOJeTb OCHOBANHWA, CXEeMATHYECKH ONACHBAIONIAR NPUPOIRLE
MeXaHpUeCcKne HOpPOMeccLl, HpoTeKawnine B rpyArax. OYeBUAHO, u9TO
JJAA OOAYIeHHA ROCTATOUHG FOCTOEepPHEIX Pe3yiabIaTo®R PACdeTa MO-
JeTk JOEKHEA OPaBHABHO 0To0parkaTh IiIaBHHE MeXaHWYECKHe cuoH-
CTBA TPYHTOBOTO OCHOBAHUA.

Heropuaeckn mepBoH MOJEABI0 IPYHTOBOTO OCHOBRHHA SBIHETCH
Mopear Dycca-Bunkaepa, 9acro umeHyeMad B TeXHHIeCKOH JnTepa-
TYPe BHHRJIEPOBHM OCHOBAHNEM NJH runoTe3od KosddunueHnta io-
crveim, Pacuernas MEeXanHHMYeCKAR MOJeTb BUNRISDOBOFO OCHOBAHMA
upencranrAer coboll pag e CEA3AHHKX Memay coboil yupyrnX mpy-
JRUH, YEDeNNeHHNX N2 ;RecThoM ocHoBaduu (puc. 1). Iramm, npumo-
eHHLH K IOBepXHOGTH MOTeIH, IPH HArpyyReHUM BIaBIHBaeTcd
Ha ray0aHy, HpOonOPUHOHANBNYIC cpeflieMy yAelAbHOMY AABICHIIO,
4 LPU CHATHY HATPYSKU BO3BDALRETCA B HCXOmoe moioyenue. Ilo-
BEPXHOCTL MOJEIH 3a HpefledaMM ImraMmoa He gegopMupyerc.

Mexanugeckne cBolicTBa Mo;eJM XapakTepuayroTes Koapdumuen-
TOM ReCTROCTR K, Ha3nBASMBIM TAK/Ke YACTO KOad)UIIMeHTOM n0CTeNN
ocnopanua.  Ilo (uamgeckomy cmmeny Koadumea?r xeCTRoCTH
03HAYAeT BeJUINHY YCUJIMS B ke, KoTopoe Heo(XoXWMO HpHIO-
HTD K 1 em? moBepXHOCTH OCHOBaHMs, 9T00H HocdejHee oceao Ha
1 cm.

Ang onut  passepHOcTs  KoagduumeRTa KECTROCTH — K2j/em?;
Ang GanoX npH mEPHHE TOJOMBE b BEYMCIAETCS HOTOHHHE Koad-
QunnIeHT DocTeAK

K[[ == Kb,

ero pasmepnocTh — k2/ca? (und mju?). B cayuae alcolWOTHO meeT-
KOTO ocHoBaHHA K = oo; abcolloTHo momatausoro — K = 0.



ITpu TaxEX yeaoBUAX peaAKTHEHOE (ABNEAHES OCHOBAHDA P B KaMKI0H
TOYKe KOHTAKTa OOA0INEh GyHIAMeHTa COODY:KeHMA ¢ TPYHTOM HpO-
OOPLUOHAABHO ocafKe O TPYHTA B 3TOH ToUKe, T. €.

p = K0. (1)

IdTa 3aBECHMOCTE ABIAHeTCH PYHIAMEHTANLHBIM YPABHeHHEM Beeit
TEOPpUY pacdeTa KOHCTPYKOMI HA YOPYIOM BHHHJICDOBOM OCHOEAHWM.

Hpome 7voro, B pacuerax oOHYHO TPWHUMAKTCH CHEIYIOOINE NO-
OyUeHns:

$yHIaMeHT COXDAHAGT CBA3b ¢ OCHOBAHEEM HE3aBIUCHMO OT JHAKa
OepeMenleHys, T. e. Me&RAY 0anxoll ¥ oCHOBaHREM He 0JIKHO OHTH Pas-
PHEBHOCTH;

Moy PyngaMeHTOM W OOBePXHOCTBIO rpyHTa Opu Harude oTeyT-
CTBYET TpeHue;

Bece JleopManuu mpenorarawTea JoCTATOYHO MaTkMH, Baarogapa
9eMy MOKHO TOABIOBATHCA LPUHIUOOM HAJO;KeHHA, CYMMHDYA Jde-
doPMaUY 0T pasTuuHWX Bo3nelicTBnii.

Bunrnepora mojiens ABaserca caMoll mpocToil u3 BeeX CYMIECTBY-
OMEX PacueTHRX ¢xeM TIpVHToBOro OcHopaHug. llpn mpasmiabHOM
Bribope 3HadeHuir KOIPOUIMEHETA HECTKOCTH pacder, OCHOBAHHBIHA
HA TAKOH cXeMaTHalmit TpynTa, 14 GOABIIHECTBA CNYIaeB TPAKTAKN
AT yAOBJASTBOPHTEABHOC L0 TOYHOCTH OpHOIHMEHHOC peInelHe.

C ¢opmanbnoil TOYKH 3PeHHs BHHKJIESPOBA MOAENAb He SBIAETCH
AQCTATOYHO crporoi. HelicTBureabno, mabiuiojeHnd 338 HATYDHHME
COOPY/RCHMAMN H JKCIepPUMeHTAXBHEe HCCaeoBanua paloTu ocHoBa-
HUE ¥ QYHIAMEHTOBR OOKAZHBAKT, 4TO OCAAKA OCHOBANWA 3ABHCUT
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Puc. 1. Brurmeposa MojeJh OCILOBAHIA:

¢ — HCXOHHO¢ [TOJOMHeHHME MmMTAMNa H NOBEPXHOCTH MonelH; 6 ~- Hedhopmanna
HOBEPXHOCTH [pH HarpyHeHuw MITamud; ¢ — Weruf rabroil Ga.usxu.

He TOJNLKO 0T HATPYIKHM B [aAHof TOYKE, HO W OT HATDYSIRE COCEIHMX
TOYEK; 49TO TPYHT OCCOAET He TOJBbKO noji gbylmanen'ron, HQO H IO CO-
COICTBY ¢ HUM; 9T BeaInHa KoaGduuueHa TOCTeMH 3aBUCHT He TOb-
KO OT BUOA IPYHTA, Ho TAK)Ke OT BOAMYMHE W (OPMEl 3arpy:EeHION
IJIOMa il U, Harolern, YTO IPYHT Ha pacTAkeHme He paboraer. OTH
liJOpMaJII)HB[C HeJGCTaTRY MOJeJH DPEBEIH K IIOABJAEHUIID DpeiJo:ke-
Hui 0 3aMene €e B MPAKTHIECKHUX pacueTax MOJLedbl yLPyroro mnolay-
NpOCTPAHCTEA W BOBHHKHOBEHHI PAAA HOBRIX MOAededl IpyHTOBOTO
ocHOBaHUA, B GONpImMel WM MeHpIIeH Mepe YCTPAHAIHX yKAa3aHHbe
Hejgoctatku., OHAKO CTeNEHL NOTPEmHOCTH, BHOCHMAA IRIOTE30H
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goaddunuenTa mocTeH B PacueT KOHCTPYKUUH Na IPYATOBOM OCHOB&-
pitE, 0pu aToM He GLuta B nosmsHoll Mepe orerena. He Guiny Takse Bbi-
JOJHEHb [OCTATOYHO JOCTOBeDHBIE ONBITHHIE HCCJIETOBAHMA TeX WIR
pHuX Momeneif. U ronwke Gnarojaps OpoBeAHHBIM B IOCIe[HHE Je-
CAThH JIET JHCIePUMEHTAIbHBM paloTaM [0 HBYIeHWIO paclpene;au-
TeJBHEIX CBOHCTB CAMBIX PA3NHYIHLIX KarTeropwi IpyHTOR B HX ecTe-
CTBRHHOM 38.1eTANEM U HCCACAOBAHNI0 paoTH ONETHLIX Oa/T0K Ha TPYH-
TOBOM OCIIOBAHHH BLIACHUJIOCH, ATO BHHKJEpPOBa MOIelb OCHOBAHUSA
gaeT xopomee mpuliandieHne K JefCTEUTENLHOCTH U €€ CHCYeT WCIolib-
30BATH UPH NPOEKTHPOBANMUW. 3pech Ope:kjie Bcero HeolXoxumo oT-
METHTHL oOIIWPHLIE JHCUEPH-
sentot JI. H. Manpenopa u
3. C. Baproumesnua [28], uc-
ciegopauna W. H. YHepracosa
[47], onprrer . C. Kageim [181¢
E. K. Maccanscroro [29, 30].

Hposegesnnie wcnbITaHus
OOKAa3aJdH cielyoliee.

1. Hedopmaninu moeepxHo-
CTH TPYHTA 3a TDeAcIAMH 3a-
rpymernoil yacrd osers Goier- Pre. 2. Hpmbwe ocagox nmopepxiocry mul-
PO 3aTYXAIOT, IOATOMY TPYHTHI JeBATOTC CyLJITHEA:

u I -— mTaMm; £ — KPHBAS Mo MOJeiH OCHOBJHHMA

obaajaioT BECLI‘\JIH MAJOU DAC ¢ mpyMA KOMDDKLMEATOMH DOCTCAK: 3 — HKCLE
UpefeHTebHOH  cIOCOBHOC- PHMEITATBIL KRHEER, & o e et anor et
0. Mojens ynpyroro moay-
NPOCTPAHCTRA CHILHO HPeyBeIHYHEBAeT pacOpeTeluTedbHYI0 cnocob-
HOCTD CPYHTA H OLMTAME He moJTBep:RaeTcAd. XOpPoIYIo ¢X01NMOCTh
OUBITHLIX M TeOPeTHYSCKUX KPHABLIX 0CAMOK J4eT MOJedb OCHOBAIINA
c peyMa kooddunuenramu Doctend, npemnoskenuas [1. J1. Hacrepua-
ORI AR T BR, TR 1S Rt S SPIIBRAT LTI N ERES , Lo mrar e
MOBEPXHOCTH NLJICBATOrO CYIUMIKA NpU YCTAHOBKe MITAMIA [HAMET-
poy 716 mm Ha rayGune 80 ex npu namnemun 0,8 kafem? [28].

2. Cpasuntennunie pacdery, Brnojgsendsie JI. M. Manpenopnm
u 3. C. BaprowesnyeM, IOKazanM, 9r0 BAHKIEPOBA MOIETb, DOJHO-
¢TbIY mpeHeSperamas ocafxaMi BHe rpy3o0BOil IIomaj, DPHBOIAT
K DPAKTHUECKH COBNAalomuM peayabratam ¢ modennio I1. JI. [Tacrep-
HAaKa Mpui oupeIesenan NPorHios U Yol aui B uintax. Clemosarensuo,
MOjelb DHHEIEpA MORET UPUMEHATBLCA JAA ODPAKTHRCCKHX pPAacueToB
KOHCTPYRIHE, JeKANIEX HAa TpyuroBom ocpoBadnu. Boaee roro, pe-
syabTaTh 06paloTKH MATEPHANOE NOMEBEX K 1a00pPATOPHHX HCCIER0-
BAHUH IPpYHTOR, KaK OpPaBHI0, MPHBOAT K HeoOX0oMMOCTE TNpPUMeHe-
HUF AMCHHO BUHKJepoBOH MoJeNd M JMIb B PENKHX clylaax (Ha-
OpHMED, cKambHEE TPYHTh) NAKT OCHoBaHue ajid BMOopa Mogend
OTHOPOJHOTO YIPYroro modympocrpancrea [47].

3. Uccneposanna geiicTRATENLHON paborm Oajox, Jeammx Ha
PA3JIMuYHEX [PYHTOBMX OCHOBaHHMAX (HACLIDHOH OecoK, YHNOTHeHHHH
MIKCTLIA TPYHT), Tak:de OOATBEDIWIH NpaBUJIBHOCTL BBIBGA O IPH-

Ocadea 1amm
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eMIeMOCTHE MOZenM Bumkiepa a4s nmpaxTudeckux pacueTos (18, 29,
46]. Jmiopn ocafok ¥ M3rnGalmMMX MOMEHTOB, NOCTpoeEHbe HA OCHO-
BC OHNBITIBEIX M TEOPeTHYeCKMX JAHHLIX, NOKA3aNH, 4TO RellcTBHITEN b-
BLIE yeA0BAA paboTh cucTeMM «Galka-oCHOBaHHey HamAYYWHM olpa-
30M oTpajkaeT BHHRIePOsd MO1e1b.

4. OmWTE €BHAETEILCTBYIOT O TOM, YTO DedmymHa KO2ddHUHeHTaA
HIeCTROCTH OCHOBAHYMA 3ABHCHUT HE TOJbKO OT BUjga rpyHTa, HC W OT
paaMepoB U dopMnl HoTomBH $yHAaMentTa. OHako are 00CTOATENB-
CTBO II€ MOKET CAV:KHTL OCHOBAHHCM [IJIA KPUTHKH MomeTH B IEJOM,
TAK KaK OPH onpegedenuu RodQEHITHEHTA KeCTKoCTH MOMKHO yIecTh
uw dopMy U pasmepst dyHamenTa. 3T0T Bonpoc nolpodud paccMaTpu-
BACTCA jlajiee, 34ech ML OTMETHM, 9TO TpaBUibLHHHE RHOOD TUCTEH-
HLIX 3Ha4YeHHH Kodp@mIreHTa sRECTROCTH Ho3BoJIAeT JOBOILHO IPOCTO
VIUTLIBATL He TOALKO yRazanHuie GakTopu, Ho TaKkke nedAHOPOSHOCTE
OCHOBAHNA IO TIYOMHE O B ILIANE, zled)opmarmu noa3dyuecTH i yopyro-
maacTuueckue CBOICTBA IPYHTOB, Yero 1eiapasi crazaTh Hu 00 03mOM
¥3 CYHIECTBYIOITHX MOfieldell oCHOBANMA.

TaroBL OCHOBILIE Pe3YABTATH NMPOBERNHMX A0 HacTOAMEro Bpe-
MCIHM  OHCOepHMeNTAaIBHLEIX HCCJCTOBAHAH, upecaejoBABIIHX Uedb
VCTANOBIENRA COOTBETCTBHA DA3MUYHLIX DPACYETHRIX MO,IICJIeﬁ OoCHOBA-
HAg JeiCTRUTENBHLIM YOIOBEAM padorit TPyHTA H Je:xAlUIX A lIeM
KOWCTPYRIUA,

Yro xacaerca npegmocinxu 00 oWHAKOBOI cOMpOTHBIAEMOCTH
IPYHTOB CiRATHI0 W PACTS;ReNum, IPUHATOH, keraTu, HO BCOX MOJC-
JAX YOPYTOTO OCHOBAHWA, TO Oifd, KOHCYHO, Te COOTBOTCTBYET -
3HTeCKOH 1IpUPO/ie TPYUTOB. .

Ommake 3T0 MOTYNCHEE He BHOCUT CYNIECTBOUHLIX I1OTpelmocTen
B OKONYATeNblble Pe3yibTATH PACUeTA, TaK Kak B JoapUMIOCTBE CIy-
gaeB QyHIAMEHTH OPOEKTHPYIOTCH ¢ YISTOM TOTO, uro0l B rpynTe
TR DORDIRITLD POUTATHRIIMND BATPRASHNR, WOmm il TR
PACTATHBAWINYE HAUPA;KEHUA B TPYHTE, ROTOpLIe B NeiicTBHTCIBHOCTH
He Moryr GbIT, TO HeoOXOMUMO U3IMOHMTL paA3MepH (yATAMeHTa HIH
TPHBATE Ha o1oM yaactke X = 0 n npowmasecrd mepecacT.

Targm o0pasoM, MCOOJBE30BANAE B IPAKTHUCCKEX pacierax BHH-
KIePOBOIl MOTeIH OCHOBAHHA NPH OIPABHILHOM Bhifjope koodunueH-
TA RECTROCTM BNOXHE 0O0CHOBAHO HRODEPUMEHTANHHEME NATHBIMU.
B woas3y aroli Mmonenan TOBOPAT TaK:me TAKHe 00CTOATeIBCTBA:

HCE.THYHTENBHAA HPOCTCOTA M HATIALHOCTE pacqe'molfI Mogean oc-
HOBAHUSA;

BO3MOMCHOCTD yieTa pasHoobpasnsx pacueTHLX GakTOPOB IPH Opo-
€RTHPOBAHUY COODY:LEeHUI;

OTHOCHTEJILNO HeBLICOKAA TOYHOCTE MAPAMeTpPoB, XAPAKTEPH3YIO-
mux nedopMaTHBHLE CBOMCTBA TPYHTOR;

MAKGEe BJARAHMC HCTOUHOCTH, JIONYIIEHAOH TpH oupefeteHNy BEIH-
9HHL KOIPPUIMCHTA SKeCTKOCTM HA KOHeWUHHe pelylprarThl pacyera;
HaupuMep, mpu usMenenuu K B ABa pasa — 2Hazenys Warmbaouux
MOMeHTOB B Oadke MeHaioTcH Beero Ha 20%.
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3aMeTHM, 9TO B OOCJE[HHE TOH 3HAYHTENLHOE PA3BATHE MOJY-
giaa Tak:ke mojeap yupyroro caos (paborm M. M. TopGymosa-Ilo-
canopa, O. . Mexrep, K. E. Eroposa u 1p.), Kotopas npn onpeneien-
HEIX 3HAYCHAAX YUCACBRX [IAPaMeTPOB, XaparTepU3YIIHUX 3TY MOe/b,
saer OJM3KMe K BUHKJIePOBOU Mojeau pesyiabrarel. (OJHAKO U3-33 He-
JIOCTATKE IRCHEPHMEHTAABHAIX AAHHHX O BOJAHUHHE CERHMACMOro CJIOR
rpyura, paboTammerc HOJ KOHCTPYKILeH, M yCJIOsKHeHMA pacdera
aTa MOJIeJbk O0K2 He HOIYyYHIa MHPOKOr0e MCNGIBIOBAHAE IIPH OIIpe-
Aenenud HAIDKeHHO-AedopMUDOBARDOTO COCTOAHAN 0aloKk ¥ maur

[3].

Onpepeneane Ko3PHHINEHTA KECTKOCTH OCHOBAHUA
MeTO[0M NPOJHBIX HATPY3OK

[Ipu OPOSKTAPOBAHUN KANMTAJIBHLIX COOPY:HeHWH BeJHIUHA Ko-
pdhPUIUENTA FKECTROCTH YCTAHABAUBACTCH HA OCHOBAHIN MCIBITAINUM
TPYHT& IHTAMIAME B YCAOBHAX €ro eCTeCTBOMBOrO 3aieTaHMA HA Me-
cTe CTpOUTeNbCTBA. MCOBITAHUG TPYHTOR CTATHIOCKUMT HATDY3IKamn
npouasoaRTea B nrypdax win cksaxkudax, Hlypdw oOmano memons-
3YIOTCH OpH TAYOHHE YCTANOBKH IITAMOA, He IpeBLlUIAalInedi D m.
Ilpu BeoOXoguMocTH MeNBlTaHUA HA Goabmel rayOmHe, a Tax:ke mpn
NaJIMYAF BHIDE OTMETEW YCTAHOBKH IITAMOA BO;(OHACHMICHHEIX TPYH-
TOB, 3ATPYAHAMIKX TPOX0JKY MYypPHOB, HCHLTAHMA INTAMIAMA Npo-
BOAAT B OYpPOBHIX cRBasknHax [43].

Yamie Beero mpyt ACOMTaHUAX B8 Toypdax HCNOIB3YIOTCA CTAHIADT-
anie mramon mromannio d000 em?. Illypdosanue apasaerca Hanbodce
NajgesRHELM cI0coB0M HCCAeOBAHAA IPYIITOB. JTOT MeTON TO3BOIHET
VeTaHABIAMBATH TG TOJIBKC XaPaKTePHCTHRE ReQOPMRPYCMOCTH FPYH-
ToB (Monyab jedopmanun, rodPPUUHCHT nocTeau), HO TAKMEE jaeT
BOAMOIIOCTE O3HAKOMMTBCSH ¢ eCTECTREHHOM CTPYRTY PO I BIAMEOCTHIO
OpopessBaeMblX LIacTOB. JIIg HArpy;MeHUA IHTAMIOE NPUMEHAIOT
YCTAHOBRM ¢ IHIPABIMYCCKUMM JIOMKpaTaMi M nlatgopmaMu ¢ rpy-
3oM. Harpyaiende mraMia OpPOH3BOAAT CTYNEHAMA, PasMep KOTOPLIX
SABUCHMT OT CYRMMaCMOCTA HCILTHBABMBIX TpyIToB. YeMm Gonee ciminua-
eMHM ABAACTCH TPYHT, TeM Mellkine Roqaiia OLiTh BeanunHa cTyieneil
narpyssu. Bo ppems McnuTaEmit OIPOUSBONAT W3MeDEHHMA OCATOK
TpyITa 0] MTAMIIOM TPH PaskUYHBX TABICIIUAX.

HenwTanusM ciejyeT mojBeprars Bce OCHOBIRE HeCYIlHe CI0n
rpyuta. Heao B TOM, 4To HPM HOMOUWH HITAMHI2 MO;KHO BRACHUTH
TOALKO e PMATHBHHE CBOHCTRA TOJNA OCHOBAHNS, He IpeBEITA0mer
1.0—2 nuaMeTpoB WM CTOPOHB DITAMIIA, B TO BpeMs KaK pazuep
cAtuMaeMofl Tonmu o dyHEarMeHToM MomeT OLITh 3HAYHTENbHO 00J1b-
mumM. Ecld, oMHAKO, B NPejlellaX CREMASMOH TOJIMU (AKTHBHOH 30HEB)
OCHOBAHUA OVJIVIIEro COOPYAEHHSA 3ajJeraer OABOPOJHHIE rpyur,
TO JOCTATOYI0 NPOH3BECTH MCHLITAHMS JMIIL Ha Payline, DpuMepHo
COOTBETCTRYIOWEH oTMeTHe 3adomenns GyanamenTor. [1pu HeoHOpO-
HOM CHOBCTOM OCHOBAUHH HeoGXORHMMO HCOBITHBATH BCE CJIOM.
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Juns mennTaER@l TPYHTA B CKBRUKUHAX DODPUAMBHAKT KPYTIHE
#  [lAHe MeTaljHuYecKue wramnos maomanelo 600 em? (mmamerpom
27,7 ¢m). llramo omyckaloT B sakpendeHOyw obcagusiMu TpyGaMm
CKBaUNY AmaMerpoM 320 mnm Ha Tpybax guamerpom 219 mu. Ona va-
IPY:HOHRA MTaMOa MCHCUb3YIOTCA T 'Ke YCTAHOBKM, 9T0 PR LCIH-
ranupn B mypdax. HawecTBo moAroToBKW OCHOBAHHA LPH YCTAHOBKE
mrTaMia B CKBR/KIHe TPYIAHO KOHTPAIWPYCMO, OOITOMY TaKHe HCIIB-
TailHA ABIAIOTCA MeHee Hale:HLIMH, 9eM 8 wypdax.
B npouecce ucnniTagui rpysTa 8 wypdax U CKPARUHAX BepeTcA
MYDHAJ, a peayabTaTh HcUnTaHwi ofopMmiadioTca B Buje rpaduka,
BhIpa;Rawuero 3aBUHCHMOCTE OCAJKEH I'DYHT&
o Fap p 1O/l WITAMIOM OT YIEJAbHOIO JapmeHHA. Tu-
oadHplll rpaduK HAGDSKEHUA-OCATTKE TRYH-
Ta waoOpasken ga puc. 3. OUpTHREC TAHHLE
MOKA3KBATOT, 9T0 3ABUCUMOCTE OCAKH LUTAM-
114 OT IPHICRKEHHOI K HeMy HAUpy3Kd BHI-
pamaeTcd KpuBoH jtuduell, npuueM yron Ha-
KIIOHa NociejHell BO3PACTAET ¢ YBEJIHICHMEM
paprenma. (OwuBEo ¥pmBag ocanok 0aMBKA
SL B fpaMofi AMHAM Ha DEPBHX 9TAODAX Ha-
Puc. 3. Xapaxteprui rpa- TpYikeHms MTaMIA 10 HeKOTOPO# TouKw,
$ur aapuciMocTH ocaikn COOTBETCTBYIIIEH JIABIEHUWK pg, HKOTOpOE
WITaMIA OT YACABHOIO Aak- HABLIBAIOT MPeleJoM HPOLopIHOHATRHECH 3a-
e BHCHMOCTH  JT0 HABICHHE NPUHNMACTCA 3a
HOpMaTUBHOP IABJEBHe HA TPYHT.
Hauvannupiit yacror rpaduea, JIf KOTOPOTO 3aBHCEMOCTL MEKAY
HaBliieHneM @ 0cajikodl fJocraToudo OnuMska R JuHCHHONE, McOonb-
8yeTcAa LiA oupenenerus moavias nedopmawumii. [lpu pacuere oca-
JOK CcOOpYAeHHH#, a Takike nOpU  OHpefedeHHH KoadMIMeHTOB
JKECTHOCTH OH ARJIAeTCH OCHOBHOH KOJAHMecTBEHHOH Xapakrepuc-
%m&oﬁ rpynTa. Brauucnenne mopyas nsdopManuit TpOMIBOOUTCA 1O
opMye

E=(l—p). 2, (@)

rae N — monHAd HArpysKa WA WTAMiI, B3ATAM B KOHIE YCAOBHOID
npsaMoJnHeiHOro y9acTia na rpaduke;
8 — ocajka, COOTBETCTEyIOIafg Harpyske N,
d — gmaMerp EDPYroporo ITammoa {TafA KBaJpPaTHOFO OTaMmoa pa-
BeH [HAMeTDY KPYra pasdHopenMKod nnomapnm);
p — roaddunuent Ilyaccona.
Henocpepersenno noe rpadury Momer OLTH BRYMCTEH TAKRe KO-
apPAnKEnAT ;KECTROCTE OCHOBAHUA, COOTBETCTBYIOOIME ¢opme m pas-
mepaM jgamHore mramna. Corzacuo ypasueHun (1)

K=&, 3)
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rjie p — cpefiHec yfeJbHOE NaBJeHHe 00 MOTOMBe IITAMIA, HPAMEPHO
paBHOe O:KUAAEMOMY cpeJHeMY /ABIEHHID B OCHOBAHHMH IIDO-
eKTHDPYeMOr 0 KOHKPeTHOI0 COOPy;s1ieHnA;

S - Do.Has ocamgKa IMTaMma IpW JABIEHHH p.

Taram oGpasoy, Xxo3QGUIMenHT HecTROCTH oupene;ddeTcA Kak
KOTAHIeHC ¥Iia HaRJIONa OpAMoil, IPOXo/AImell sepes nagano KOO PIK-
HAT U TOUKY HA KPHBOH, COOTBCTCIBYHINYIO CPeJHEMY HANPAMKEeHWIO
ool QVHAAMENTOM COOPYHKEeHNA.

Onuako Gnyo Ob omMuUOKOH HCMOJIB30BATH BEYMCIEHHOE TAKUM
obpa3oM 3HaYeHHe K03(DOHIHEHTa »KeCTEOCTH A pacdera (pyHIAMeN-
Ta COOPY/HCHESA, TAK KaK pasmepu 1 popma nocelnero, Kak NpaBHao,
He COBIAAIOT ¢ TAKOBHIME mramna. MHorouncieRHable onmThl, NPoBRe-
IeHHLIe Y HAC W 33 pyGe;koM, CBHAETENBCTBYIOT, UTO HpPH OOHHAKOBOM
Be.lMuMHe HADDAKEHHA 0 NOAOMBe MTaMua ocajka Gymer pazamgmnoi
¥ WITAMIOOB PasHeXx pasmepos u $opm. HosToMy B pacder KOHCTPYE-
OMi Ha TPYHTOBOM OCHOBAHHW HA/JEH{NT BBOJUTH SHaueHAA Koaddu-
LKEeHTa FKeCTKOCTH, YUMThIBAIINE TAKe HAZBAHHOS 06CTOATEIABCTEO.

Ecnm 6B CBOHCTBA OCHOBAHHA TOTHO OTPaskAIMCh COOTHOUICHUEM
p = KS, to B sTOM ciiy9ae gAcaeHHoe 3HadeHue koadduiiuenrta iecr-
KOCTH He 3aBIHCen0 GHl OT pasmepoB H GOPMEl MOJMOLIBR [MTAMIA M (yH-
naveura. Takum OCHOBAHHeM MOKeT CHYKMTb, HAIPHMep, CHCTEMa
He CBA3AHHRIX MemIy coBOl IpYKWH, Boga WiM BePTHEAJMbHLIE CTOJ-
6ukn TDYHTA, pasjeseHHne abCOMIOTHO TJARAKAMM BePTHHATBHBIMH
IUIOCKOCTAME Dea TpeHus.

Ecam e rpymroroe ocHoBamme paccMaTPHBATL KaK YIOpYyroe
nnHeliAo ZedopMupyeMoe DOAYOPOCTPAHCTRO, TO KOdGUIHEHT kecT-
KOCTH TARKOTO OCHOBAHHA OKA3LBAETCH BeJMUHHOH nepeMeHHoI.
Cornacio dopMynaM TeopHs YOPYTOCTH ocCajiKa MITAMNA, OpPHIOKeH-
HOI'0 K MOBEPXHOCTH YNPYroro HOXYOPOCTpaHCTBA, PaBHA

5oV Fd - @

e o -— Koddhdunuent dopum, opuaMMaeMuid mo Taba. 1, cocrapaen-
HOH po gmamumm M, WM. Topb6yuopa-llocagora [14];

F — nmomanks nepegayn Harpysku.

Hoawayach dopMyaci (4), UOMYIHM BHPaKeRMe AaA ompesese-
Husi Kos(dHEenTa sKeCTROCTH

p E
K= o VFE—p )

Ypaprenue (D) HoKa3HBaeT, UTO BennmyuHa KosddunmeHTa HecT-
KOCfY BO3PACTaeT ¢ YMEHbLIIeHHeM MAOIAJU MTaMIa H yMeHbLIaeTcs
¢ yBeTHUeHHeM ToclelHei.

OueBnnuo, xosddunUeHTH HECTKOCTH PSAABAOTO TPYHTa OVIyT
HAaX0JANTLCA B OpoMessyTHe MeKNY AByMA KpAaliHUMHE 3HAYCHAAME,
oupepenedHuiMa oo GopmynaM (3} m (9).

H comanennw, uMeruiicA ONLITHRIE MaTtepwam mo H3Y9eHU IO
3aBHCHMOCTH MEKAY BeNMUYMHOH ocajiku ¥ pasMepamm 3arpy:eHHOI
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mIoniagn He Jaer BOZMO;KHOCTH PEKOMEHIOBATL KaKkue-nubo uAciaen-
HbIE XapaKTepUWCTUKH TaKHX 3aBACHMOCTeH And pasaHM4YHBIX BHIOB
rpyutopntX ocHoBanui. Ho BMecre ¢ teM oUuTH mOTECPARKT, 4TO B
JnpesiesleHHLIX TIpejilelaX pa3MEepPOR IVIOMAAH 3aTPY3KH OCA4JIKAa IO
IeilcTREeM MECTHOM HarpysKu HPONOPIUOHAJILHA BeTHIHHE BArpyikcH-
Holt DJOIALN, M, CASI0BATENb-
HOo, Kosdpdumuenr mecrocTn
Oyner BeAWAINHOM TopeMeHHOM.

QuuiTel UOKAZHBAKT, uTO

TaGauma t
3uanenna woadidmuuenta o & dopyyae (4)

DopMa sarpymesnoll anouagw w
Op¥  OMHAKOBLIX  yJICIBHBIX
AABACHANX OLATRY BOZDPACTANT
IPONOPHHOHAILHO  BelHaHHe Iégg;pm R 8’32
CTOPGHE  KBaApaTa MIMOAAH  [[pamoyroABHNKA UpPH OTHO- ’
3arpy3kd. OQNHAKO TAKAH 33-  wWedul CTOPOH, PasHOM:
BRCUMOCTh WMeeT MECTO JIHIlb I 0,87
¢ HeKOTOPOry Ompe/eJeHHOro é gg‘g
IO KaAOTO TPYATA pABMEpa 4 .20
mraMia — MpH MeHplieM paa- 5 0,77
Mepe nrramna nabawpnaercs 0o- 6 . 0,74
paTRas 3aBUCAMOCTE, [1pu ganb- g ng?
HelineM BORPACTRHHH ILJIOLIATH g C 0.69
BALPYSRE  OCANKH  TIEPeCTAlT 10 ... 0,67

3aBHCETh OT PASMEPOB IOTAMIIA.

Pasananeil xapaxTep 3aBUCHMOCTH OCRIKHW OT IVIOMARHM MAJTHX
U CPefHHX WTAMNOB OBBACHACTCA PASHHYHBIMH YCJIOBUAME palorhl
rpyHTa B 3THX ABYX cayuasx. [lpu

S
S 1/ ] pasMepax IITAMIIOB MeHbINe BeKOTO-
/ o bed poii Benwdusm (B ommTax llpecca
4 D”:F"“§g§4 ¢ meckom — 30 X 30 cm) ocagsa

OpOHCYONNT, TAABHBIM o0pazom, pe
33 CUeT BepPTHKAJBHOro O;RaTHA
CPYHTA, 8 3a CYET BHIIMPAHUA I'DYyH-
Ta ua-moj wramua. llpu mramoax
cpelHIX pa3Mepol HAnpAxieHs pac-

2

- N ta & on

il

043 2z 3

1 |
ENE

1 1

A

&M

Pu¢. 4. 3aBACHMOCTL Mesay Il pPH-
Holt (yHIaMeHTa H OTioldIeHHeM
ocagoK ynRiaMeHTa H mITaMlla I'pa
ONHHAKOBOM YIeJbHOM NaBIeHI:

Hpeleanores Ba HoabLYIo TIYORHY,
a cllefoBaTedbHO. TeM Ooabmiag o0-
J4CTh MaccHBa rpydaTa Oyger moji-

Bep:keda nedopdanasam. B cnyuae
pecbMa Ooabmiuy WITaMnop-gyHAA-
MEeHTOB HA BeJHYAHE OCAJKA HaIH-
HaeT CKA3LiBATheA BAuAHMEe coler-
ReAHLIX HAIDAKEHMH OT Beca TPYHTAa H NOBGIeHHE ro MJ0THOCTH
¢ yBeamieHHeM rIyGHHEL.

llopMTEY YCTaHOBUTE HpefelibHele PazMeprl WTAMICE, cayaamue
CpaHAOAMO OTMEJeHHEX 3aBHCHMocTell, Ipean prITAMaTHCh BeKeTOPb-
M uccaenoparenanamu. Tak, B. JI. BacuabeB npeLiosus opEHUMATH
cIeayolze OPHEHTHPOBOYHAE I'DAHRNOE, 38 KOTOPBHIMR OpoOajaer

1 — Kpmpaa 10 TEOPUA YUDYTOrO [O0JTY-
NPOCTPAHCTRA, 2 — JMITMpHILCKAH KPW
Bas A4 ECHAHBIX PDYHTOB; 8 — KpHBan
0o BUHKJIEPOBOH TEOpuH
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paMgHue pasMepa OyHIaMenTa: A TPYHTOB cpefHeil mpouHOCTH mpe-
genpHas mApwHa GyHIaMeHTa by, = 5 at n Oas caalplx TPYHTCB
by = 10 — 15 w [12]. J1. . Bapkan pexomenosan Takoil rpanuueli
cuHTaTh MIomaAL PyEzaMenrta, pasuyio 10 x?, a npm mMeHBIIUX mAQ-
manax xesddnnuent noctean Beaucaars oo Gopayae (5) [11. K. Tep-
pary o P. Ilex mus oxRopoaHLIX MecyaHBIX TPYHTOR HPEAJAraioT oap-
30BaTbeA NPUOIHAEHEHCH sMnupudeckoil Gopmyaoi

2b 2 x
8 =803 (m) ) (6)

e S — ocafira npoektupyemoro dyHgamMenTa, ci;

S5 — ocagra mramaa passepou 0,30 x 0,30 a, cx, opu pesn-
TMHe HanpmikeHU Mo MoJoliBe, DABHOH cpefiHeMY Hak-
aeHnw non QyugaMenTon:

b — mupuna QyanaMeHTa, M.

IMpu cocrapienun 3apucuMocTd () OMAM MCOOJIL3CBAHE JAHALE
HCNBITaHUE HpoOHOH HAarpyskoH MCKYCCTBEHHO YTUTOTHEHHOTO TNECH
¥ OTIIOCHTEJIBHO OJHOPONHEIX C/l0eB Necka B ecTecTBeHHOM COCTOAHAA,
a Tak:ke pedyasraThl HalulofeHuid HaJl ocankol snammil (pue. 4).
llpupenerdsie naHHBIE NOKA3LBAWT, 4T0 ¢ YBEJIWUCHHEM ILTOMIANHE
$yHIAMEHTA CTO 0CAKa VBEJIWYUBACTCA B MeHbIUel cTemenn. qeM clié-
JoBato Ol ORUIATH HA OCHOBAHMM pACMETOB IO TEOPHHU YIPYIOro mo-
AYTpoCcTPAHCTBa, U B Goavmell crenenu (0 onpeiacelHOro mpenead,
paBHOTO B DaccMAaTPHBaeMOM c¢Jyuuac NpHMepHo b = b m), uem naeT
TEOpPUA BUHKICPOROTO OCHOBAaHUA,

JHauuTeIbHOe BIHAHME HA Xapakrep paseuTHs nedopMALHA rpyR-
TOR OLHABMBAKT OoRoBaf NpHIpyana, rnydnEa samomennun Hynaaven-
TOB, HAJHYHE HAMAACTOBAHME pasnauudoil nnornoctu u ap. Orcoia
cnenyer, ato Hamubonee [IOCTOREPIbIe PE3YIBTATH MOTYT OBITL IOJY-
YeHbl LUPH HCOLITAHMAX ONBITHHX (yHAAMEHToB, ILIOMAJM KOTOPHX
DaBHEL AW OJAU3KH 10 pasMepaM ILIOMAAAM NPOCKTHDVeMnx dyHaa-
MeHToB. OJHAKO Takie UCOLITATINA BechbMa TPOMOSIEH M MOTYT OCY-
IECTBAATLCA TOJALKO B HCHJIKUUTEIRHBIX €JIV4anax.

PacyerHo-Teoperndeckuii MeTonx ofapenexends
ROOMPHIIHEHTA KECTKOCTH OCHOBAHILA

OpHolt B2 TIaBHBIX OPeJNOCLIIOK JAA HNOBHIHCHUA CTCNCHH JTOCTO-
BEePROCTH pacdeTa KONCTPYKINH Ha TPYHTOROM OCHOBANHH ABJTAETCA
npaBunbHE BHGOp Koaddunuenra mectioctd. [lockonsky onbirer mo-
KaRbIBAIOT, 9TO BeJHTUHA KOs PHIMEHTA JHeCTKOCTH 3aBUCHT He TOJLKO
0T BHMAa TPYHTA, HO ¥ OT pAja Apyrux akTOPOR, TO OpH ero OHpeleTe-
HUE HeoDXoNUMO OPHHHMATE BO BHUMAHWE 3TH (PAKTOpPHL.

Coraacao rumorese Bunrgepa koadidunuent skecrroctn B JaHHOMR
Touke i PPYHTa PABEH OTHOMEHWN [JABJGHHA HA TPYHT B 3T0# ToUHe
K ee ocajike

K =-=. ("
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B coormomenun (7) npennoaaraercs, 9ro Ros§PuUIHEHT KECTROCTH
e 3aBHCHT OT BSJMYHHH JaBJEHUA M DO3TOMY €I'o MOMHEO OIpeaedATh
KaK KOTAHFEHC MpAMOME, npoxolsmeii 4epes Hagaao KOOPARHAT U TOIKY
HA KPHBOI JaBJeHHE-0CANIKA, COOTBETCTBYIOMYIO Cpe/HEMY NABJICHHIO
oo mojomike GyHIaMeHTa. JTo gomymenue Oyner cOpaBeilHBO NI
o0 Tex Oo0p, ODOKA cpefHee JaBIeHAe, mepelasaeMoe yHNAMEHTOM OC-
HOBAHUWI), HE OPCBLICHT BeIHYUHY HOPMATHEBEHOIO HABJIeHHUA 1A SJaH-
HOr0 Buja rpydra B QyHnaMeHra. Ho pasmeps DoZolIBel GyHAaMeHTA
EMEHHO K noAfHparoTcA TakmM ofipa3doM, 4ro0ni cpefiliee JaBieHHe
1A TPYNT He IPERHINAI0 HOPMATHBHOE, H, CJAE0BATENbHO, BaBHCUMOCTD
(7) ¢ m3BecTHRIM NpulIMmKeHHEM OTPAKAeT JeHCTBUTEbHBE XapaKkTep
neopmanun ocHoBaHWA. B mpoTHBHOM ciydae MeTo[B pacdera oca-
JIOK rpyHTa, Dasupyomuecs HA TeopuH JuHeliHo nedopMHEPYEMEIX TelT,
NIPHMEHHTH HCJb3A, TAR KaRk OOABINANTCH OGJIEICTI'I npeneJibHOI'C Ha-
OpAeHHOro COCTOAHHA TpyHTa, ¥ 3aja4a OHpelefieHHA O0CAZ0R dped-
BHIAII0 YCAOREACTCA.

Has onpeaenenua xosddunuenta mectkoctu 1o dopmyne (7)
HeoHx0/AM0 3HATH HANDA;KeHWe p [0 nojouwBe QyHIAMEHTA H OCAAKY
S ocROBANAA OT AEHCTBUA TOTO HANPAMEHHA.

OO0blyHO FMERTCA JaHHBeEe o0 TAyOHHe 3aToKeRAs QynIaMeHTOB
9 HArpPY2Ke Ha IPYHET OT IPoeKTHpyemMoro coopymenns. Chop Harpysox,
IeHcTBYIHMUX HA OCHOBaHHe B WJAOCKOCTA nofoluBhl ¢yHaaMenTa,
OPOM3BOANTCA B COOTBETCTBUM €O CTATWISCKON cXeMmolfl coopyseHuA
{pacooxoixenye HeCYIIUX CTeH M KOJOHH, HANOK W ONJUT UepeKpLITAR
n gp.). [7A Hepa3pe3HHX M PAMHHIX KOHCTpyRUui cfop Harpysox
MO}HHO TPOM3BOAUTE Ge3 ydeTa HCPAa3pe3HOCTH KOHCTPYKUui H Oes
y4eTa mepemelileHn# onop, BHSHIBAEMHX ocajkamMmn ocHosaHma [38,
o. 5.2). llpu onpenenesun kosdduumenTa SKECTKOCTH NPHIHMANTCA
HOPMATUBHLIE HAPpyaxu. JLiA yUpoLenuA pacueToB HOPMBLI padpelia-
10T OHPEeReNATE CYMMapHyK HODMaTHBHYH HarpyakKy Ha OCHosBaHUe
0 pacYeTHOH HATPY2Ke HYTeM Iei€HHS OOCHeNHeH Ha OCpPeHeHHLIN
skoadbnuuent neperpyaku, pasnni 1,2,

3HaveHNe JABJIeHHA UOJ nogomBoii GyHnamenta, BBOAUMOIG B pa-
CcUeT OCAIOK, OmpejeldAeTcA 1o dopMmyie

P = —1:7 - ohs (8)
rme N — cyMMapHag HOPMATHEHAA Harpyska, OPHXOQAOE@ACA Ha
TPYHT B TWJIOCKOCTH IMOAOIMEBL (yHAAMEHTA;
F — naomans monowssl $yHIAMeHTA;
Yo — ofbeMHEI Bec rpyHTa, Meykallerc Boille MOAOIOBH (yHIA-
MenTa;
h — raybuAa sanomennna Qynjamenta,

B aroit dopmyne mpowssenenge y,h IaeT BEJMYAHY TPUPOIAHOLO
(6riToBOrO) KaBaeHUA py ToN WozomBel gyHRaMeHTa, T. €. NaBICHHA
oT nelicTBEA cobcTBeRHOTO Beca rpyuta. Canraercs, uTo 0CaJIKa MOFET
NpPOMCXOBUTE TOALKO 34 CYeT RONOJHHUTEJLHOrY (CBepX HPUDOJHOIO)

16



N 1
paBaeRMaA Ha [PYBT; UDH —~ < Y,k ocagka orcyrcreyer. Hak VK

guBaerCA B cOpaBosHuKe mpoekTupoenka [40], Takas m)(:TaHoBK;E_1
porpoca He ABJIACTCA obocHOBAHBOM 1A Beex CAY4YaeR, BCTpeanOl]IH}LH
¢# B IPaKTRKe cTponTeabcTsa. [[0aHOE OTCYTCTBIE 0CANOK COOPYKEHH
BO3MOKHO JMIUL LPH YCAOBKH, 9TO MOCTe BCKDHWTHSA KOTJIOBAaHA IR
ero He nperepnesaer moppema. Ilpm neGoabmux pasmepax KOTNOBE_
HOB, Ualle BCErd BCTPEYAIONMXCHA B MACCOBOM CTPOMTENBCTBE. HOXBC,
MOM [HA KOTJAOBAHA MOjkHO IDAKTHYecKH mpeHeGpedb H pacderTHq
jasienue onpeelAaTh mo gopMyae (8). OaHaKO JUIA KPYRHKEX, OTBel,_
CTBeHHBIX COOPY:eHuil ¢ rayOOKAMH H OONbIIEME IO MIOMALK KOl
I0BAHAMH Reo0X0NUMO yuauTMBATH NONBEM JHA KoTaoBaHa. B aro
cIydae OpH BbIMHCIEHHHN pacyeTHOTo nanienma Deperca e IOMHO
DpUPOAHOE AaBAEHHE, a TOABKO YacTh BrO, paBEad

p.'sfvoh( —E—;) t

rae E, — Monynn tueperudHoro CRATHA IPYRTA; i
E, — M0aya1b BTOpHUHOTO CRATUA TCpyHTa, Bcerda Oonbpmmi’
gem E,. o
Ilocne onpenenenns pend9BHE CPefHero JaBNeHHH [0 MGJOMIB_
¢yBpaMenTa, Opn BLHIGpaHHRX PasMepax MOCAEAHEr0, CAefYeT OLPE,
JeAAThL HOPMATHBHOE gapJedMe Ha ocHoBaHEe no Qopmyne (10),
NpH HaJH9EHN B 3anny nopsata — mo dopmyne (11) {38]:

R® = (Ab 4 Bh)y, + Dc% (18)
eh+h
RF — (Ab + B %) v, + De®, (11)

T AR 1D —SrrsrisieTyiae, SRl iinmenTa,, M Sy w7 _
MATHRHOU¢ YIJa BHYTPeHHero TpeHRBA ¢, upuﬂf1
maemoie no taba. 7 CHull II-B. 1—62; :

b — MeHpIIas CTOPOHA NPAMOYIOJALHOY HONCOIBH (1)yf1
NaMeHTa; X

¢® — HOpPMATHBHO® YIEJNLHOE CHellleHde Lis MIHHuCTH
IPYHTOB WA HOPMATHRHEIE mapaMerp aHBeiiROCY
a8 nmecdAaHBIX TI'DYHTOB, 3aJeralwmMXx Henocpeno
BeHHO mofd DoAomrol dyHAaMenTa;

h — raybmna sancuendna QyHiaaMeHta oT ﬂpHponHof0
¥poBHA TPYHTA HIW OT IJIAHAPOBKH CpeSHOﬁ
100 Bbl PYHIAMEHTA; a

hy —- npuwseneHAas rayOm#a 3anowenna (yEmaMent
B noMemgHHA C 04N WM oupenendemand nmo ¢o
MyJe:

2 C. Kaermusor



rae ¢; — TOANIMHA CJAOA TPYHTA BHIIE MOAOMBH (GyHAAMEHTOB;
£, - TOJIIUHA KONCTPYKIUM I0Ja MOABAaJA;
Y, — obpeMEnil Bec rpyHTa, Sanerawmiero Bhlllle OTMETKA 3aM0-
seHHsl pyHIAMEHTA;
Yoy — 00BEMumE Bec MaTepHaia KOHCTPYKOMY Nola DORBANA.

Qopmyast (10) u (11} paenpocrpanpAloTca Ha BCe BHAH TPYHTOB.
Hx Mmo;xHO OpHMeHATH TaKme npu 1060l dopMe dyugaMeHTOR B ILIa-
He. Hua mopomer QyHnaMeETa B (opMe KpPyra HIHM OPaBRIBHOTO
MHOCOYTONBHEKA OPHHUMAITCH JHaueEHa b = ' F, rne F — mao-
maab moflomBE PYHAAMERTA AaBHOR $opMH. YRasaumnMu fopmyna-
MH MO/KHO MOIB30BATECA M LD BHELICHTPEHHOM /laBJACHUY Ea NOACHIBY
dyHaameHTa, eclIu PaBHomeHCTBYOMAA He BEHIXOANT 3a Npemelhl AApa
cedennd. B npoTHBHOM C¢Iydae HOPMATHBHOE XaBJeHHe cleflyeT oOI-
pefedaThk mo (QAKTHYOCKHE HATPYMHeHHON maomanm dyungaMenra.

Ipu upumenennu gopmyn (10) u (11) cnenyer umers B BRAY, 970
HOPMATUBHLIe NABAeHUA IPH VCJIOBHH MNOJHOre HACLUNEHWUH BOJOR
MEJKNX IecKOB OPAHAMAKTCA ¢ yIeToM KodPdHIHeHTa YCIOBHE pa-
Gotel = 0,8 ® jag noitesatnx meckos m = 0,6.

Buunciennoe HopMaTMBHOe [aBleHHe HA OCHOBaHHe cpaBHHBA-
eTcs cO CPeJHNM HapleHHeM Ho HofoumrBe dyAfaMmeHTa. Ecam ycnopme

,

N "
Pop=F< I (12)

cobumioaerca, To pasmepwr QyHIAMeRTA BHOPAHM NDaBEJALHO, M EIA
onpesedeHHS OCANOK MOMKHO HPHMEHATEL CYUleCTBYIOIMHe MeToMH, oc-

HOBAHHbIE HA TeopHM JuHelino pedopmmpyemoli cpear. Ecenn pep >

> R", 1o B 3TOM clyvuae HeobXoMMMO YBeIMYATH Pa3Mepnl GyHAAMEH-
T ¢ TAKAM pacueroM, urolN cpefHice AARICHRE HA TPYAT OCHOBAHUA
He npesmmano A

Tlocne onpepenenna pasmepos dyHiaMeHTa M JaBJeHHA IO ero
HogomEeod BEIUUCAHIOTCA OCAlKHM oOcHoBaHmA. Jaa pacdera ocanox
HeoOX0IuM0 HMETE De0JIOrMIecKoe CTPOeHNE IIOUAAKE cTPOUTeALCTRA
C YEAa3aRReM TGJIOUHDL OTAJIRIUBIY IJIACTOB TPYHTA, VROBRIIA TPYHTOBRX
BOJ ¥ PUINKO-MEXAHUYOCRIIX CBOMCTB rPYHTOB HA JOCTATOYHYE) Iiy-
6HHy HU:;He OTMETHU 3JAaJ0:HeHUA IIOoN0IIBLI CIJyH,HﬂMB}ITOB.

Ho,1c1eT ocamor Mo:keT GRITE BHIUOMHEH TI00LIM MeTOJOM, KOTODBIM
pacmoxaraer MexaHuka rpynros. [saBroe, aro0sl 3T0T MeTod noATBep-
MIAJMCA Pe3YabTATAMH HATYDPHLIX Halilomenwil 3a meiicTBHTe LHLIMA
OCaIRaMH COOPY/HeHHH.

HOthI PEHOMEeHAYIT [AJA HOPAKTHYICCKOrC OHOOJb30BaAaHHA HBeChMa
OPOCTOM N0 TeXHWKe BRYRCISHUE METON DOCA0UHOTO aeMenTapHOTo
cymmuposadus (Merox BHOC). On ocHoBaH Ha oOpefeneHMH BepTH-
KaJbHEX ZedopMalnuil oTACHBHHX 5JeMEHTOB, BLUISAACMEIX B BHRe
BePTHKAABHLIX IIPUAM PPyHTA. BricoTa MpHSM OPHHUMAETCA OT YPORHA
mofOHIBK PYHIAMEHTA Mo rayOHHH Z, HA KOTOPOH BepTHRAALHBIC Ha-
NpAMEeHHs OT PABHOMEDHO pacupelelieHHOH BHeIIHeH HATPY3KH co-
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crasaaor 20% ot npupoAHoro maBiaenHus Ha rpynT. Bea cxumaeMag
TOANIA TPYHTA pasCuBaeTcA Ha SACMEeHTapDHBIE CA0KH, B JIH Ka;kIoro
cI0fL OTPRACTACTCA CHMMalolliee HALpAKeHHe p, 10 Teopun amHeitho
fed)OPMAPYEMOH cpefipl, B KOTOPOH HallpaxeHHA U AchopMallii CBs-
samn 3arouom I'yra. Jlajee BolAcAgeTcA 0CAfika Beell ¢3KATOH 30RLI
rPyETa K&K CYMMa 0CaJ[0K OT/Ie/IbHHX Bble/IeHHNX 21eMeHToB 1o dop-
Myle

S = zszh}—E"—, (13)
rge R — UMCJIO CJ0eB, Ha KOTOPHe pasbmMTa ciKMMaeMas TONIA Oc-
HOBaHUA;
p; — CPejHee C/RHMAlollee HALDKEHNE B j-OM CJI0Oe TIDYHTa;
h; -— TonmuHa j-ro c’os;
E; — mogyue gedopsanun j-ro cios;
B — Geapaamepruil woaddunuenT, KOppeRTHpPYIOWUE yupo-
WeHHYX CcXeMy pacdeTa, npmaumaeumi pasHeny 0.8
JIf BceX BHAOB IpPYHTOB.

Tlps nDonnioRanuy¥ yHAJAHHMM METOAOM ONDEAelenus OCARDK
IpylTa OPelCTABIACTCA BO3MOMKILIM YY€CTH pasMepnl 1 I.IlOpMy oo/10II-
BH (yHNAaMeHTa, BJAWANME cocedanx (yHIAMEHTOR H TNPHTPY3OK
Ha ocajKky 000l TOYKN { MOROMIBLI paccMaTpWBaeMoro $ymnnameHTa,
a TaKKe yYeCTh (QAKTHISCKYI) HEOAHODOJHOCThL U CAGUCTOCTL rpyHTA
mo raydiHe W B COpH3GHTanRHOM Hamnpasaenuu. Jas oberveHua
PACYCTOB PAJOM ABTOPOB COCTABIGHH TpadmuK ¥ Tabauun 4ucHOBMX
3HaueHU# QYHKIUN, ONpeJeldoiiy NBMeHeHUs CIREMAWIIAX Hanpa-
FHOEHY 10 T1y0HHe B 30 BHCHMOCTH OT passmepos B dopumil ¢ynpaMeHTa,
BEJa Narpy3Kd ¥ PACCTOAHWA PACCMATPUBAEMOH TOUKH OT IeNTpa
sarpymenioil wronamawe [40]

Taxum ofipasom, onpegeaus oo dopmyre (13) ung o Hgoil obocho-
BaHHOII fopMynae ocaqxn S, MOBePXHOCTH OCHOBAHWA IO XapaKTepihiM
BePTHKAAAM TIe0IOTHIecKOT0 paspesa. MOHO IOJAYIHTh HCKOMbIe
anavenna Rodfduuuenrs mectwoctr. [Ina aroro cornacuo dopMyne
(7) BeaRumHa CcpepnEro pacYeTHOro AaBJEHHA p; B Touke [ GyENaMen-
Ta TeNUTCA HA OCAIRY S; HTOH TOYKM.

ipn Tarkom moaxoze ® ompeneneEnio KosPPUIMEnTa KECTROCTH
JdoeTMraeTcs Jyuilee IpHONMKeHEHe K NeHcTBUTeIBHOCTH, YeM IIPH CTa-
POM kIaccHIECKOM MeTojle ero OOpefeleHRf, KaK XapaKTepHCTHKe
TOALKO (uUsHYecKHX CBOHCTB rpyHTa. Jlisa KOHKpeTHOTO TIPYHTOBOro
OCHOBAHMA KOI(PUIHEHT KeCTKOCTH — BeJHYMHA mepeMeHHAsd, OTDa-
mawman JeopMaTHBHOCTE OCHOBANUA (MOCTENH) TOJBKO L0 KOH-
KperspiM dyugamentom. B 3aBHCHMOCTH oT rpyHTOBBIX yCAOBHE Ko-
3¢RIIEnT KECTROCTH B IPejledaX KOHTYPA COODYIKeHRA MOKET OLTD
BeAMuuHOH TOCTOAHHOR MJIH IepeMeHHOH.

ITpy manuvud uUpArpysxH, BEISBAHHOH CTPOUTENSETEOM IO COCEM-
CTBY ¢ paCCUMTHIBAGMHM COODY/KEeHHEM ApPYToro coOpY:KeHHA WiaH
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KAKOH-1n60 HHOM MPHIUHOMN, 0cAKA OMMAKO pacmono;HeHREX yYCTHOB
OCHOBAHMA NEePBOI0 COOPY;KEHUs yBeJuuMBalTca. [10AL3YACH MeTo-
JOM VLJOBRIX TOUEK, BCTPYAHO BHIUNUCAMTE NONCJHHTEABHOE YyBelude-
HEe 0caJJ0K OT BIMAHUA COCeAHWX (VHIAMEHTOB Hiam IDHIPY30K 140,
45]. CaenopaTenbHo, HA TaKHX YyY9acTKAaX KoI(PmIUEHT JKECTKOCTH
OpM OPOYHX PaBHHIX YCJAOBMAX (yJeT MMeTb MeHpHIMEe 3HaUeHuA 10
CPABNEHNI0 C JAPYTEMH YIACTHAMH paccMmarTpuBaemol0 ¢ yrnamenta.
Ocofboe pHHEMaliAe TPHM OOpPENeJeHUHM ocaloK cafldyer obpamaTth
HAa THEJPOrecjiorHYeckie YCJAOBHA TJICNANKN cTpoHTeJbCTBA. Tax,
HADpUMep, 1A HeCYaHLIX TPYHTOB 3HauuTedbHoe papfAHHEe HA OCajkry
0 B B p OKA3LHBaeT II0I0:eBHe ypoPHS BONH OTHO-
CUTEJILHO TOT0INBK fyamaMeHTa. Ecnu ypo-
BeHb BOABI HAXOXWICA HMke AKTHBHON 30HB,
S a 3aTeM CTaJ MOTHHMATHCH KPEPXY, TO YCTOH-
YHEBOCTE OCHOBAHAA OpoTHB BBIMNDAHHA
VMEHBIIAETCH, a ocajKa ypejnunsaercs [41].

52 3UAYNT B 3TOM ciaywae HeoOXOAHMO YIWTH-
BATh BOBMOKHOe cHmikenme KodPdunumenra
$ HIECTKOGTH.

Pue. 5. Yder uweRmHeUHON Caegopatensio, noaraysiCh panETH.O-Te-
AABHCHMOCTH OCafoX ocHo. ODETHICCKMM METONOM ompFAedeHUs road-
BAHHA QT [aBileHHH, QUUHMERTa JKeCTKOCTH, MoKHO CPaBHWTEJBHO

MPOCTO H Ha oliiel ocHope YIATHIBATL BJIH-
AHme Aa paboTy COOPY:keHHA camMX pasHooGpasHb¥ daxTopos, mo
KOTOPHIM CyIecTBYIOT Sojiee HmM MeHee jlocToBepHLlc PelIEHHA MeXa-
HHKH TPYHTOB.

IIprBegent HECKOTLKG IIPHMEPOB.

1. lTycre rpefyerca onpe/ie1ATsL e peMeIieHn g (ﬂ3r1‘16) COOPYHCNNA
H BOSHHKAION[HE B CBA3I ¢ 3THM HANPAKEHHA B ero 3jeMCITaX B MOMeHT
BUEMERA ¢ MW MOCTENeHHOMN NADACTAUAR GCATKE. [LJIA dTOro Heol-
X0/lAMO onpeneldTh OCajKl OCHOBAHWA, COOTBeTcTRYIOIINE IAHHOMY
BpeMend £, a 3aTeM 1o Qopmy.e (7) BelaucauTs 3RageHHA Koadduiu-
eHTOB FHCCTKOCTH, KOTODHE B CBOKI0 09epelb cAy:kaT ACXONHLIMA JIaH-
HBIMA JNtA PACYETa COOPYHKeHUS.

2. HeoOxo0;iMMO yYecTh HEeJIHHEHHAYIO 3aBUCHMOCTP MERIY Haupa-
SKCAUAME B NedopManuAMY IPYHTA OPN PaACTeTe coopyKeHH. Ipagur
HaTpAMKenne — 0cajfika mpHBejeR Ha puc. 5. B sToM cayiae pacuer co-
OpysReHHd MPOR3BOAAT OBAKIL (1M, npu HeolxoguMOCTH, Hoabiee
gucao pas). BHavYame coOpy;ReHHMe PACCYHTHBAIOT HA HAPPY3KY, BH-
3LIBAIOUY) JlaBJIeHNe p, HA ocHoBaHWe, pd KOdQphuudeHTe JHeCTKOCTH

K, = —g-l—. JateM ero paccYMTHBAWT HA HArpysfy, CO3AA0LLYI0
1
. P P
maBaeHMe P, — Py, OpH Kodpduinmente mectkoctn Ks = S, — 8,

[lonytennpie yenius @ AethopManun CyMMHDYIOT.

3, BoupenuM KoadHUIHEHT KeCTKOCTH OCHOBAHAA IO ONLITIBIM
TaHHHM, NpEBeAcHHEM B pabore E. K. Maccanbckoro [30]. Ocnona-
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ppeM ABIACTCH CYXOH MENKOBePHHCTHIE mecok, MOAYAL fedopmanan

woroporo E = 330 kz/cm®. Ha moBepXHOCTH OCHOBAHMA JIIKUT CTAXb-
sag 6aaxa ¢ pasmepamu nojomsnl b X I = 10 x 120 cu.

(OcHOBaAHHE OQHOPOJAHOe B INaHe U wo rayfuHe, MOATOMY QNS oO-

peneeHuA Ko3pdUIMeATa KeCTKOCTH MOKIC BOCIOJB30BAaThCA op-

mynoi (9)
330
Ke —— ——— >
0,65 10 - 120 {1 — 0,28%)

Tloronuni Koagpunuent mecthoctn Ky = Kb = 16 . 10= 160 rz/em?
mocTOAHEeH 1Mo JJaMHe DalkH.

BuuyucaenHeie Teopernaeckn npu K = 160 ke/cu® snauenua ocapox
faKM 1 B3rn0awINX MOMEHTOR OPH DABANYHEIX BHAAX BarpyKeHHH
AT XOpoliee COBHAACHUWE ¢ ONBITHRME AarEmME (30¢].

HonuuecTBO TPEMEPOB MOKHO NMPOAOANTE, GMHAKO, M MPHUBeNel-
HEIX [OCTATOUHO, 9T06GL MOHATH NPeUMYIIECTBA PACCMOTPEHHOrO Me-
TO/MA 0 CPABHEHUIO ¢ METOA0M Ollpeleiensa Kod@QiIuueHTa #MecTKOCTH
KaK XapakrepUCTHKM TOJABKO JAHHOTO BUAA TPYHTA,

B saxamoueHue OTMETHM, YTO TOYHOCTH olipejedeHnsd Kosbduigen-
Ta yKeCTKOCTH B 04eHb GOILIION cTelleHW 3aBUCHT OT MOJHOTH M Kade-
CTBA NH/KEHEPHO-TEOAOTMUECKIX HILCKANNN CTPOUTSALHOM TN O KA,

= 16,0 xefcm.

Tadauanmia Merox
onpege:eHuA KO3(PHINEATA HECTKOCTH

Ilaa npepBapnrelpHHX PACYETOR B CJAYYae OMHOPOAHBIX 10 TOPH-
BOHTAIHM B TFAYyOHHe OCHOBAHMH BewudHE K MHOTHA TPHHHMANTCH
mo tabaunam.

B rabaune, cocrasmeanoii 3. @. Kopresnnem u I'. B. Jnupepom
B 1932 r. [25], npuBopsATCA OpHEHTHPOBOYHLE JAHHbIE O BEIHIAHAX
koadiduinenTos ectkoctd. OHEH ObAM 3aUMCTBOBAHK B OCHOBHOM
M3 MHOCTPAHHBIX AMTEPATYPHEX HUCTOYHHKOB M YACTHYHO U3 Pesylib-
TATOB OIBITHHX MCIMTARWHA FPYHTOB 11a HeKoTopwe X crpoitkax B CCCP.
ITH maHHME JO HACTOAIEro BpeMeHd (PUIYpPUDPYIOT B Hamreil Texuu-
9ecKoit TMTepaType, LOCBAUIEHHOH pacdeTy SaloK M LAMT HA BAHKJE-
poBoM ocuopamuu [24, 44].

B 1965 r. 3. C. BapTromesrueM Gnina cocTaBicHa Bopag TaOJHIa
3HA9eANH KO3 MIUeNTOR ;KECTKOCTH PASIWIHBIX KaTeropui rpyHra,
OpeAHa3Ra9eHHAA JIIA WCHOAb30BAHWA TPH pacdeTe KOHCTPYKIA
UPOMBIOIAEHHOIO W TIPasKAAHCKOrO CTPOUTENRCTBA Ha CTATHUYECKYIO
Barpysgy {3]. B tabanne ucnearsopalbl JaHHEE ROJCBHX HCHAITaHHIE
IpyHTOR NPOoJHLIMK HarpyakaMu B mypgax rayomuaoi mo 1,9 m. He-
OLTHBAJKRCE TPYHTH BeeX Riaumarngeckmx zon CCCP. Uncrorme
3Hadenus A JaHB! B 3aBUCAMOCTH OT IVIOTHOCTH M BJAKHOCTH TPYHTA,
8 TaK;ke OT BHATEHHA HARGOJABIEro sKcmJayaTandoHHore opormba
Romcrpykuun. Ecaw npu pacuere oxaskeTcd, YTo BHUMCJIEHHHIH Dpo-
TU$ CymecTBeHHO OTIMYAETCA OT IPUHAATOTO OPEEHTH POBOYHO, CIeyeT
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OBTOPUTH PACYeT, NIPUHEAB HOBOE 3HAauedMe KOdQ@UIMenTa sKecTKOCTH
B COOTBETCTBUM ¢ BeaMuymHod nporuba, NOJNYIEHHOR B pesyabTaTe
nepronadanbHoro pacuera {31

Crejyer OTMeTHTE, 9TO BO BCeX CYMECTBYOMUX Tafpunax xoad-
dunuent mecTROCTH PACCMATPHBACTCA KAK MOCTOAHHAR XapaKTePHCTH-
Ka yOpYrHx CBOICTB JTAHHOTO BHAA M COCTOAHNA I'PYhura, B peitcrnu-
TeABHOCTY 3TO BCJAHUKHHA NepeMCcHIad, 1 ee ciaelyer OIIpe’u(}J[HT}, C yde-
TOM HKOHHKDPeTHLIX Ie¢oMeTpHYeCKHX H HC[})OPMH][HOIIHL]X napaMeTpoB
coopy:keHua ¥ ocropanndA. Mu cyuraenm, uro fonee npasuabHLIN 5B-
nAeTeH TIPR UDCABAPUTLALHLMX pacderax MCHOIs30BaHue NI onpene-
Aeuus KoapPUIMeHTa HECTKOCTH 0CROBAaHRA $OPMYIHI (5), te Moy B

nedopmanuu rpynra E npunnmaerca mo tadn. 13 CHulT I1-B. 1—62.
S

HoshanuenTs! KeeTROCTH npu ndpopoTe
H cusure dyHpaveHTa

PaccMOTpUM  NEpeMEEeHNA KeCTKOre OPAMOYTOanmore &§yana-
MCHTa, K KOTOPOMY IIPHJIOKeRBL l[C‘I."ICTBy'IOl]],HE CTaTHYCc KU cJaeyIounmue
Harpysku: 1) BepruRanblan cocpefoTouentan cuia N, npuromenHas

" BIenTpe pyhnamenta; 2) Mo-
/!\ ", ; ment M, neficreyomuii B
o a: 1, BepTRKadepHuli  naocKoeTH,

" ) L napaliedbHol  cropone @
71 7777 - 7 npAMOYToabruKa # 3) ropU-
viz " Iy SONTANLBRAA  coCpefoTOYEeH-

a 5 Han cuna N, npuirosennas
. B OEHTPe dyuaamenTa B
e, 6. HlecTkHi OPAMOYCOJbHbIMT nja- .

ﬁem. PAMOYS bymra- ypocrocrn MOJIOMIR  TioO-
s — Bun ¢GoRY, 6 — nian dyAnAaMenta caearero (puc. 6). Hoabay-
AICb ONPANTATOM He3aBHCH-
MOCTH feficTBUA CHM, UpejcTaBuMm nepememennsn Pympamenra pas-

NeNBHO OT Ka)KI0oro BUJAA HATPY30K, KaK NORA3aHO Ha pHe. 7.
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Puc. 7. lepememenan ¢yHgasenta 0pn DasfindgHblX Cayuamx sarpy-
HHEHHA:

@ — BEPTUKANKBON CHJI0H, 6 — MOMEHTOM: 4 — COPUIORTAIRMOH Gy (ot

Has onpenenenus S, ¢ u A pocnoassyemes GopMynamu peawamn
OCPEeJIHEHHLIX NePeMEINCHNHA TUOKOro ITaMua, RoTYUeHHpMH TIp) Reii-
CTBEY COOTBETCTBYWOMNMX DacDpenefeHHX HATPY30K Ha moBepXHOCTh
ocHoBaBWA. Hak M3BECTHO, 5TH BeNHUMDE BechMa ONIUS Ky & BesMaMIIaM
nepemeniennil smecrioro mramna. Tak, Hanpumep, pashuane B cpepueit
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gcanke a0coNOTHO MUOKOM TUTHTH, 3aTPY:HEAROA COA0MHeH paBHOMeD-
wo pacupeneleHHoH Harpyskod, M afcoNIOTHO jKeCTKol IMTH, 3a-
rpy/eBHoll TAKO# ke Harpy3KOH MM COCPeNOTOUEHHOM HEHTPAJHHO
pacmoJO/KeREoH CHIOH, HpY OfMHAKOBHX PasMepax MAMT COCTABAMA-
er oxonto 6% . Hoastomy o0HuHO pacueT 0cafiky ;xecTKoro dyHaaMenTa
sameHAIOT Gosee mpocTeIM pacderoM cpeiHelr ero ocanxu 0es yuera
JKECTKOCTH.

Paccuntapnele TarkuM o06pasoMm cpepEue ocagrm  Oodee GJIH3KM
K ONBITHEIM NAHHEIM, 9eM 10 TeopuH abCOJMTHO ;ReCTKOro MTaMma
{1, cTp. 37; 14, cTp. 4401.

MopMynn nepeMemienuii pyHnaMenTa uMesT crenyomud eug [37):

NV F{—pe
g_Nyrd—w

=—EF (14).
MY TF—ph
tgp = —V%ETL; (15)
Nx]/F(i—]—p.)(i—u(o)
A= o EF x, (16)
rne E — monyap nedopManmit;

¢ — xospdunment Ilyaccona rpynra;
F — nnomans nomowBa QyHIaMeHTa;
I — MomeHT mmepn¥u STOH INIOMANH OTHOCHTEIbHO OGH Y

(cM. puc. 6, 6);
@z, Oy, B — OespasMeprnle KOdQQUIMEATE, onpeaeaAeMbe B 3aBHCH-
MOCTH OT COOTHOIIEHWA CTOPOH TOTONIBH (yHAaMEHTA

% po tata. 2.
Wenoawsya raaBHyo npeAllochlIKY BUNKTepOoBoil MoJenn ocHOBa-
HHA ¢ OPOLOPUHOHAJbLHOCTH JABIeHHE M HepeMemeHNil, COCTABHM
BLIDAKeHnA AaA Koadipurmen-

TOB JHECTROCTH OT AeHCcTBHEA Tabawua 2

Kay1ofi 13 YKA3AHHLIX HATPY- duavernn koafipnunenton o, o, O,
30K. «

IMpu neficrsun na Qynza- kN | o | e l e

MeHT ueurpaubHOl cnam N,

llaBjieHMe Ha OCHOBalMe CUH- 8*%1 }12% }2% ggg

TAETCH pABHOMCDPHO pacnpene- 05 1,09 172 0.54

Je€HHWM H, COrJacHO ypapHe- 0,66 1,07 1,80 0,53

mnp (7), OyaeM uMeTk 1 1,06 1,98 0,50

;

K: = %5 a7 3 143 2,97 0.37

) 1,22 3,59 0,29

rie K — xosddunuent xecT-
KocTH, Hailjlenaetdl OPU DaBHOMEPHOM CKATHHM OCHOBAaHNMA,
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IMoncrasisia B 3To BEHpa)keHMe 3HaueHHe ocajkM S no gopmysne
(14), noay4um

w,E

. K= —-—.
L =, VEd—w

Ecau ua $yHIaveHT neficToyer MoMeHT M, To NaBJlenHA U OCAfIKK
HEMEHAKTCA N0 JuHelimoMy aakony (puc. 8) B aToMm cayuae Kodddu-

OHEHT KeCTKOCTU MOEHO GIpENeJHTh ®3 COOTHOIIEHHA

(18)

»

pmax
Ky=
Z
max

rge Ko — roadduument :mecTRocTn, oupeledeHHRT Oopw HepaBHO-
MeDHOM C3KATHM OCHOBAHMS;
Pmax — AaBleHMe B KpaliHed ToUKe 1oM0mBH (yHIaMeHTa;
Zmax — OCAJlKa OCHOBANHA B TOH ke TodHe,
JlaBiieHRe pax ompejledeM O H3BeCTHOH U3 CONDOTHBIEHHH Ma-
Tepuanoe o0meil GopMyTe HOpMAJbHOrO HAUPAKEHHA npu usrube

o= M z
=5
a
B mamem caygae x = — U, CIeloBaTeNbHO,
Ma
Pmax = a7

Ocamka Zmaz, BHPAKERHAA Yepes yrol NoBOPoTa PyHNaMeHTa ¥ ero
IABHY, EMEeT BHK

et
max = 52

IlopcraBasa 3HAYOHMA Pmax U Zmax B Popmyny mas K, nomyumm

&
Wiau, ecnm tg ¢ Bupasuts mo dopmyre (15),
Ky—= 23" 20
¢ ﬁli . Hz) . ( )

Ilom peficTBmeM ropHM3acHTAALHOE CHIE, DPUIOMKeNHOH HA YPOBHE
ODOOIBEL YHIAMEHTA, NOCHeJHMI IepeMeDlaeTcs OO0 HATPABISHHIO
pefcreus cMib Ha BeamumHy A. Casur gyeaaMeHTa OpHHIMIUATBHO
HH9EM He OTJHTALrCA 0T OCATKH, ITO ObLIO MOITBEPAIIEHO COOTBETCTBY-
forumn onsiramn [1]. TlosTomy npunumaercs, 94T0 CBABL MeIKIY CHBH-
rom $yH7aMeHTa U CPeJIHMM HAIps;KeHWeM CJBHTA P, , PasBNBAIEM-

ed IO LojoNIBe QyHAaMeHTa, JHHeiHa, T. e.

NI
F Py= K"‘Af (2‘1)
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oTKYHA
E
— e (22)

K, = — .
VF{—po)d+p

s

3nech K, o6oanataer Koo@OUIEEHT eCTKOCTY IIpH CABHre dyRmamen-
™ Cpasansas fopmyan (18), (20) m (22) m yumrmBan uRPPOBHe
mangee Tabm. 2, HETPYAHO YBUETh, 9T0 KO3PPUIHEHTH KeCTKOCTHy
IpE PAaBHOMEPHOM K HePaBHOMePHOM
craTME W OpHM CABATE HE PaBHH
mexny coboit. CienoBatenbho, Ko-
pPUIUERT IKECTROCTH 3aBHCHT He D/Uj)/
TOObKO OT HedOPMATABHEX CBOUCTB
rpyHTa, pasvepos QyHaaMenTa, HO
TapAe H OT X4apaKTepa HATPYBKH, st >
nepefaiomeficA Ha OCHOBaHme,
ComocraBiasaa Qopuyas (18) =u
(20), mosyunM COOTHOMEHUME ME:KIY H
KoagduuuenTamMn siecTHocTd K, =

Zma.(‘

. o
LN~ ]
) | Prmax

e
K‘P’ paBHO Prc. 8. K oupepenenuw Koap@unn.
K, @, eHTa MEeCTKOCTH IpH nopopore Qya.
= .29 AaMeHTa:
i}
P ¢ o ~— aHIopa parnenuil HA oCHOBaHHE, 6 -~

nepeMenlenne MNOBEPXHCCTA OCHOBAHMA
Coorsomenne (23) noasonaser or-

PAHUYRTDL JKCIEPHMEHTANBHbE HCCASTOBAHNA KosdUIHEHTOB KECT-
KOCTH TOJBKO onpefenenuwem, mampumep, K,. Hosddupunenr K, Ha.
XOEUTCA IyTeM Buuucaenud mo dopuyae (23).

OnurHAas mposepKa cooTHomeHus (23) MoATmRep WA ero UPABHIE.
HOCTEH H JOCTATOTHYIO JMA IPaKTHUeCKHX Ueniedl toaHocrs [1].

Onnaxo Mo HAacTOSIIEroe BpeMeHH [PH CTATHYSCKMX pacueTax KOH.
CTPYKIHHA, NewalPX Ha YOPYroM BUHKJIEDOBOM OCHOBAHUM, HOJb.
3yloTed JEbL OJHEM KODPOUUUEHTOM 3IKECTHOCTH, OIPelesfAeMblly
Opu paBHOMEDHOM CKATHH IpyHTa, T. e. cautaerca, 4ro K, = K,

pu pacdete 6aa0K M TMIAT KOHEYHOM ;KECTKOCTM OPHHATHE OIMHAKO-
BiX K03pPUENEHTOR HECTKOCTH [IPH PAaBHOMEDHOM M HepaBHOMepHON
C/HATAN HE BHOCHT CYIMECTBeHHLIX [OTPCIIHOCTel B KOHEUHEe Peaylb.
Tarn pacuera.Ho npu onpenejenun umepememennit aGconoTHO 3ReCT.
EuX dyHEaMEHTOB cJelyeT YYMTLBATh HX padgduue.

B manvmeiimem ycoopumMes, uTo DOX TEePMEHOM «KOBd)(I)[fI]IHeH‘r
HeCcTROCTNY Beale, DAe HTe CIEIUANLHO He 0ToBopeHo, OyIeT mojpa.
3YMeBAThbCA KO3(QDHIIMEHT KEcTKOCTH, OnpefelseMElil OpH PaBHOMEp-
HOM ¢3raTHH rpynTa.

Otmernm, ato npm pacuere $yHIAMEHTOB IoJ MALLAHK Ha Kodeba_
HUA yuuTHIBRI0OTCA Bee TpH RKoodduumenta mecTkoctn. B arom cay.
ae BMecTo Moayas ofmelt ,E[ecbopMauIrm I'PYHTa, BRIIOYAKIOETN O TaKiip
OcTarounele nehopMaly, HCIOAL3YETCH MORLYJAb YODYTOCTH, Xapak.
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Tepuaylwmuk uncTo yupyrye nepopmanmio rpyara [1, 371 Iostomy
B Teopuu pacdera dyHgaMenTos Ha Kojdebawusa koaddmnment A,
waswBaeTcA KodQPHUMEHTOM YODPYTOro paBHOMepPHOTO C:HATHA, Ko, —
YOpyroro BepaBHGMEPHOIO ¢:RaTRA U K — YOPYToro paBHOMEDHOTO
caBAra ocHopaims., ORH onpeaeasioTca mo TeM ke (opMynaM, Taw
KAK OPNReJEHHLS PEMeHNA He HAMPHAINTCH, €cJ BMECTO MOAYIA Jle-
fopManiii IPUHATL MOAYJL YOIPYrocTH rpyETa ¥ HaoGopor. Hoad-
(pHOUEHTH YyOpPYroro CHATHA U ¢BUra OTAAYAIOTCA OT COOTBETCTBYH-
MAX KO3PPHHMCHTOD }HECTHOCTA NIPU CHKATHH M CHBUIe TeM, 9TO Iep-
BEIe CBASHIBAIOT JUIIL YADPYLYI 4“acTh Hoamold ocajkd ¢ JaBIEHHEM,
a4 BTOPHE — TOJHYI0 ocaaky ¢ masiaenneM. IHockoasry moaHag ocaf-
#a OCHOBaHMNA pcerja Hosblue yOpyroil ee wactu, To A BeeX 0es uc-
KII0UeHUA TPYRTOR Kypp = Kpona.

JleiicTRylompe TexHWYecKMe YCJIOBHA UOpoeKTHpoBanus Qynma-
MEHTOBR I0h MAIIHHH ¢ JuHaMudeckumu parpysxamu (CH 18—58)
PEKOMEH/IYIOT MOaL30BaThca Qopmyaamu (18), (20) m (22) Toxsko
Mpy 3HAYeHHAX LIoMAAH Rofomeh ¢yHaamenta F < 10 a%, a opn
F > 10 %2 upuanmats snauenun K,, K, u K, D0CTOAHHBIMH, COOTEeT-
creyoumMa F = 10 x% Ilpu atom HezaBmcHMO OT coOTHOMEHUH pas-
MepOB HOJOHIBR yHIaMeHTa Benruubn Ko u K, Momyckaercs upuHi-
MaTbh PABHLIMU

Ko=2K,; K.=07K,

Hoa(pHNuEnTH KecTROCTH cpafiHBIX oCHOBAMMIT

Cepaiigeie GyHAaMEeHTE WUPOKO NPHEMEHAITCA B OPAKTRKE CTPOM-
TENALCTEBZ PASJIHYHBIX COOPYNeHHE Ha cnabpx rpyurax. B nocaennme
Tofis cBaiune VHIAMEHTE CTAll OPUMEHATE B MACCOROM FRUAUITHOM
H OTYACTH IPOMBIOIIERHOM CTPOMTIBCTEe K B 0JAaToOPHUATHLIX [PYH-
TOBHX VCIOBHAX — B3ameH o0wwmunx dyupamentor. B mocaemueym
CIy4ae HCHOAb3YIOTCA TAK HAapiBAEMbI¢ KODPOTKHE cBal (AALHOH 110 7 M)

IIpa oaWMHAKOREIX CPYHTOBRIX YCIOBHAX CBalHBC QyHAAMCHTH
JIaI0T, KAK IPABUA0, MEHBIINE OCATKE O0 ¢paBHeHuio ¢ ofsaibmA QyH-
JaMeHTaMAa. 31a 0co0eHHOCTE ¢BAHHHIX (YHIAMEHTOB BajKHa [AJA CO-
OPY:eHNH, SYBCTBHTENHHAX K HeDABHOMEPHLIM OCagKaM.

Caan B dyHAaMEeHTE MOTYT PACHOJATATLCA B Bujle CBaHHOTO KycTa,
CRAHHOIO HOJAA @AM ¢BalanX nogoc. H ¢eaifAeM KycTam ofmvno or-
HOCATCA cBallAbie QYRAAMEHTH KOJOHH H OTACJABIBX BBICOKEX COOpY-
MEHWH; K CBAHHKIM IOJMAM — (YHAaMEHTH MOCTOBBIX OMOP, THAPOTEX-
HRYECKUX coopy:keHHH W gp. Pasauume Moy KYCTOM H IOJEM 3a-
KAl0uaeTCA TOObKO B KONMYeCTBe cBall; B KycTax cpBall MeHBIIe, ueM
B ceaiitHoym toge. CooTHOIMEHWE Pa3MePOB CBaHHBIX KYCTOR W Nodel
B I1aHe He JOJ7KHO NpeRHmarh D. B OpoTneHoM caydae $yHIaMeHT
cuMTaeTcd €BaWHON mosocoi. [Ipumepamu cBailHEIX DoJoC MOrYT
CAYHUTE cBaliHbe yNIaMEeHTH CTeH IPaKJAHCKHEX H HPOMBIILICHHBIX
apnanui, Halepe:KHHX U AD.
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KoncTpyRTHEBHO CBaU 00BEARHAIT NOBEPXY DAATHEM WAW 6anoq-;
JHM POCTBEPKOM, KOTOPLL CTYMUT 215t B3AUMHOH CBASU CBAH MeTy
cofoil ¥ BLIPABHHBAHHS HX OCaNmoK. Pa3iudvaoT pocTBepkd BHICOKHE
s HA3KHe. B BLICOKOM DOCTBCPRE ero MOJOHIBA JIeKHT BhIlIe MOBepx-
jfocTH TPYNTA, B HUZROM — HINE YDOBHA 3eMJU. s IIIJOMI]IIHJIGH-;
HbIX ¥ TPRJKTAHCKHX COODY/KEHUIl uyalie BCero IPHUMEHAOTCH NM3KHE
poOCTBCPRY; BLICORUE POCTBEPKA MCIONLIYIOTCA B TeX Caydasx, Hor,uaf
MECTIOCTE MOEPHITa BOEOH (CTPOMTENBCTBG HADEPO/KHLIX, MOCTOBLY
omop W Mp.)-

Tl¢ xapaxTepy cTaTHuccKOH pafoTLl B IpyHTe CBAU pasfeldanTcd
HA CBAU-CTOIKHU, MepelJamiUe BePTUKAJBHYH CKEMAKIOIYIO HATPY3RY
0T COOPYIKeHLifl TOJAbKO HIGKHMMH KOHIAMM, U BUCHYHe CBad, Ilepeja’
folHe 4acTh HATPY3KH [PYHTY CBoeil OOKOBOH MOBEPXHOCTRIO H 9acTP
HaTpY3KH HERITMMM KONHAMIE.

Mon BauAHMeM HArpys3KHM CBAfHHeE OCHOBAHUA IedOopMEpYIOTCH!
OPUYCM HMeeTCH MHOI'0 CXOJCTBA B XaDaKTepe OpPOABIeHHHA OCZI,H,OP:
CBAMHEIX OCHOBAUWA M 0CAJOK (YHIAMEHTOB HA eCTECTBEHIOM OCIIORA”
ann, IlooroMy coBepiieHNO HeIPAaBHABHO MHEHHME, WTO COOPY:KeHus
Ha CBasIx He moiydaroT ocajfor. Ocagxd Bcerga SyAyTr mmerhb MecTo-
B omnnx chyyasx, Hanpumep, OpM CBAfX-CTOHKAaX, onmpammuxcsd
Ha OPOYHLIe TPYHTH (CKAIBHEE M KDPYIHO0010MOUILI®), ocaiku OyayT
HeBe/IHKY, B JPYIAX — MOTYT JOCTUTATh 3HAYMTCABHLIX BCIHYUH:
HaBectunr mpiMepsl, KOTAA ocaiku GYHIAMEHTOB M3 BHCAIHX CcBail
pocturagu 15—20 ex m Bouaee.

Houerpykunun Ha ¢BAalHBIX OCHOBAHUAX DPACCUNTHIBAIOTCA TaKHM
sie 00pa3oM, KAK KOICTPYKIMM HA eCTECTBEHHLIX ocHoBapuax. Paa”
HHIA 3aKJI09aeTcA JHIEL B cnocode onpefenenud KoagguimenTa mect”
KOCTH OCHOBaHHWHA,

UTolE yeTanmosBuTh 3Hauenne KoadduimenTta skecTKOCTH cRaEHOTC
OCHOBaHN#A, Heo0xoMMO BHATANE OompeAeluTh KoadQUIMeHT #ecTHO
€TU (MW FKeCTROCTH) OTIEMbHOH CBal, a 3aTeM Pa3TelUTh ITOT KOO
dunmenT na cpenHOl0 NIOLAAbL YYacTKA POCTBEDKA, LPHXOAAMYIOcH
Ha ojny cBapo. CpejlAA NI0MANE YI4CTEA HAXOJHTCA MyTeM Aedennfl
IIOMA/[H BCETO POCTBEPHA 1A YHCAO CBAM B HEM.

Roagdunuent sweerkoctu K7 oTnennHOM CBal onpeNieAeTe Mo Hop”
Myae

, N
K'=*, (24)

rae N — mopMaTHBHAH HATpys3Ka Ha CRAIO;

S — ocanka cpal npu 310l Harpyske.

OnpesiereHye ocafoK CBAMHBIX OCHOBAHMNH M3-3a HeJIOCTaTO‘IHOi'i
H3Y9eHIOCTH BONpoca OORYHO BCTpedYaeT sHATNTEIbHEe 3aTPYAHCHAH:

Hosromy npumenswoTea pasautusle [pubiueEnbe IpueMsl, cremenP
TOYHOCTH KOTOPHX BECHMA YCJTOBHA.

Ocanra cBalfiHOro OCHOBANHA MOiker OKTB OIENeHa 1m0 JAHAKM HC
DRITaAHKHA OUHOIHELX CBall cTaTHYecKoH HAarpyswol, kax ato menaerch
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NpPR HWCOHTAHAM TPYATOB mramnaMd, [lo moAydeHHHIM OLBITHHM
JapHbM CTPOAT TpadBK 3aBHCHMOCTM OCAJIKH CcBad OT HArpysyu.
dtor rpadmME HCMOMB3YETCA [AH ONpPeeleHHA BeJAMYMHEL OCATKY NDH
JeCTBMM HOPMATHBHOW HATDPYBKA OT COOPY/KeHHd H BBIYHC/ICHHA
KoopdHnuenTa skecTkocTH cBau no gopmyae (24). Boapmum nocronn-
CTBOM MET0J2 MCOBTAHUA CBAH OpOGHBEIMH HATPYRKAMM ABJIAETCH
BO3MOKEOCTE M3ydeHHA padoTh cBail B KOHKPETHRIX TDYHTOBHX yC-
noerusx. OOHAKO MOJHOCTDLIO IOMATATHECA HA PE3YILTATH ACOHITAHMA
BeJL3A, TAK KaK BCJEICTBHe Heol-
gp abyana HOPOJHOCTH TPYHTOBOI cpemhl cBam
260 320 400
7 008 COOPY/KeHHeM MOI'YT OKa3aTb-
N, \ cg B HHLX CPYHTOBRIX YCJOBMAX,
5 < S UeM ONBITHAA CBafd.

\i N\ Ocagra cBad MOMKeT OLITH BHI-
0 JHCJIeHA TaKde PpacueTHHM 0yTeM
\\ HA OCHOBAHUM J@HIBIX HHACHEPHO-

TreoJOruUecKHX H3BCKaHU.

3jeck clenyer 3aMeTHTh, YTO €C-
20 JIH  JOCTOBEPHLIA HPOrno3 OCAN0K
\ dyHnaMeHTOB Ha eCTECTBEHHEIX OC-
25 MOBANHAX NPEICTABAACT JOBOJLHO

\ CTO/RHYI0 3afady, TO JJIA CBAfHBIX

30 fynpaMeHToB pacder O0CajoK  [o0-
Prc. 9. T'paduk 0caiky cpam: IOJIHTENbHO YCIOKIACTCHA 38 cHET
7 — lepemeimenne ocTpua coaw; 2 ne.  CAMOU  TEXHOTOTHH NPOM3BOICTBa
peMewnesse COJNOBH CBAN, pafior # mHeualemHEX KoJebamni

CBOMCTB rPPpYHTOB B 30HAX HIJKHHX
KOHIIOB cBaif B Ipegenax opHoro gymmamenta. laske mpu opnopon-
HOM TPYHTE 0cajKu cBalf, 3a0HTHIX ma ofHY u Ty sie TIylEny, Kemeld-
JI0TCH B IIMPOKHMX IpefedaX B 3aBHCHMOCTH OT ¢reneHH Jo0MBKH MO-
aotoM. Ity PAKTOPH HEBOIMOMKHD OUSHMTD € NOMOMBE TEOPETUUECHUY
pacHeTon.

B ofmeM ciyuae ocajka CBAH ClnaraeTcs M3 BeJHIUMHE O0GKATHA CTBO-
Aa cpad JelcTBYWMel Harpyskoi m of/karusa TPYHTA OCHOBAHHUA
(puec. 9). [aHHHe o mepeMelleHUAX TOJOBR M OCTPHA CBIU HOAYYESHBl B
TMPOLeCCe MCTLITANMI CTATHYECKOH Harpyakoil ceam guaMerpoM 30 ex
u gnuHoit 20,6 a [31). Hs rpajdusa pmamo, ure paccMaTpuBaeMas
cBad Noj JeficrBHeM HaTPY#KM TCPCMCCTINIACh TOYTH HA 3 cM B 0c-
HOBIIOM 33 CYeT YKOPOYeHHA CTBOJIa CBAH.

B cayuae cpafi-cToer, T. e. KOIJ|a KOHEN CBAM CYHATASTCH HEIO-
JBMKHEIM, OCRIKY MOMKIO ONPEXeTATE TONTBKO B 32 BUCHMOCTH OT fedop-
Maly Marepuana cpad 0e3 yueTa cOmMpoOTHBJIeHHS IPYHTA oo ee Oo-
KoBOR nmoBepxHOCTH. CooTBeTCTRYOIMAn GOpMyna UMeeT BHL

§=N
EF

fcadwa mm

(25)

rie N — coCpeoTOYeHHAA CHMAA, [eHCTBYOMAA HA CBA;
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E — MOYNb YODYLOCTH MATEDHANA CBAH IPH CHKaTHH,
F — nnoliane mOnepedHoTo cedeHHA CTBOJA CBad,
[ — pacuerHas JJHMHa CTBOJNA CBAaH.
IloncraBadAA NOJMyYeHHOe 3HAdeHHe OCAIKE B dopmyay (24}, Dy-
neM HMOTH
F
K =—. (26)
L
B cnydae BucAumMx cBail ocaaka ogmHCYHO paboTaomeit ceam omn-
penesqAeICA ¢ YYeTOM CONPOTHBIACNUA CHJA TPeHHA 10 ee GOKOBOi no-
BepPXHOCTH B IDyHte mo gopmyme [27]: '
L TL
=L in— —) . 27
S=zr(V—= @)
3necy T — conpormenenve cun Tpewud Ha 1 M ATHHE cTBONA cBaH
Ha raybune L (pmc. 10), purmuciageMoe mo dgopmyae
H
T:'Vf"
rae V — mepEMeTp HouepedHOTO CeTeHHA CTROJIA CBAM;
f* — HOpMaTHBHCe NpejeNbHOE CONPOTUBICHHE CHIB TPeHHA
rpynta mo creogy, m/x®, Ha rTaybure L, npmamMaemoe
o 1a6n. 11.6 cnpapomnmka [40] mim Marepuanam Haryp-
HbIX MCOKTAHMHA.
Hpu suBone gopmyan (27) npunaTo n3MeHenne CUX TpeHUA BIOIH
CTBOJIA CBaM 10 napabome (pue. 10), uro B ofmem mogTBeps;umaeTcs

MaTepuanaMi NMoaeBelx menuranuid. [[ndg rpyeToB N
¢ Pa3JHIHBIMH XapaKTePUCTHKAME PACHETH BeJH-
YHH HepeMelleRui cBay DPOM3BORATCH 1o dopMy- ‘
Jge (27) MIA Kauoro cJOA B OTACABHOCTH.
PesyapraThl HCRHTAHMI PASIHUHBIX BHCATHAX
LT

cpail G MaTepmamaM oreuecTBeHHOH W 3apylex-
HOHW TPAKTUKHM TOKAABIBAKT, YTG OCAHKU GIMHOU-
HO paboTawMuy BuCAYHX cBall Mago 3aBUCHT OT
BHIA TPyATOB. AGCOAITHRE BEIWYMHE OCATOK
OIMHOYHBIX CBAa{, Hak mpapuno, nesemwru, Ilpo-
Beennas B0 BHUH rpamcnoptHOro crpomrens-
crBa o0paboTra Marepumana 1260 crarHuecKux He-
OMTAHAH CBAll, mOrpyseHHHX Ha pasHsle rayou- E;m' 10.  Pacuer-
A CXeMa BlcA4YeH
HH B Pa3HEe TPYHTH, OOIHOCTHI) ITOJATBED:KIAET cBan.
ckasansoe. CHeremaTwsanqma  yRA3aEHEIX  Mate-
PHAJIOB HCHEITAHWI O03BOJHIA COCTABHTEL 060GIMeHHBe rpadmen 3a-
BHCHMOCTH 0Ca/joK cBail oT raydune 3a0uBKE K AelcTBy0meil Harpys-
En [27]. ITonesyace sTuMu rpadukaMy, DpOeKTHPOBIIMK, HAZHAUUB
PasMepsl CBaM, MaTepuas, FUyOmEy 3a0uBxu B TPYHT M aHaA Jiei-
CTBYIIHEG HATPYIRH, CMOKET ONPENeJIHTh MAKCUMAJbHble BeJHIIHEL
0CAJIUR OIMHOYHLIX BHCATAX CBail.
Uro xacaercs ocajox oCHOBAHMI, COCTOAMMX M3 CBARHONO KycTa,
WOJIA WM HOJOCH, TO B 3TOM CAYIAe UPH Onpefilelienrku ocaJoK Heob-
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XOOUMO VYMTEIBATE TAK HaspBaeMuil KycroBoii sddekr. leno v Tom,
uro paiora OTAeHBHHIX BUCAYNX CBall, BXOJAUIMX B COCTAB cBaliHoro
OCHOPANNMA, OTANYACTCA OT PAadoThi OFUHOYHEIX ©Ball, HAXOAANIWXCA
B aIfaJoTrHUHBIX TPYHTOBHX ycmoBuax. llpu sacrom pacmonossennm
CBall AKTHBHBIE 30HB KamCGi M3 HEX COBMEILANTCH, M BCJIESACTBHE
3TOTO 0CA/KA KA'KIOH CcBad BO3pacTaer.

Ocanka cBaiiHoro dyyilaMenta 03 BUCAYAX CBall MOKeT NpUAUMATE-
CA paBHOB 0Ca;Ke OJUHOUITOH CBAH TOJBKO Dpu colarojerud oAROTO
m3 caeayiomux yeaosuid (CHull I[I-B. 5—62):

1) paccToAHue MeTY OCAMH CBAH B HIOCKOCTH UWHAHHX KOHIOB
paBo wunn Oomgee G, rae d— maMeTp KpyriIoro HIM CTOPO-
Ha KBajpatioro, jaufo Doapluas CropoHa HPAMOYTOIBLHOTG lomeped-
HOTO Cevelns CBAW;

2} umeno ceait B yugamente ne Godee 4;

3} "ueso MPORXOABHLIX pimes cBall ne Gonee 3, a oTHOWeEMWE CTO-
POH pOCTBepKa B ImaHe Gojee D.

Bo Bcex octanbmeiX cAydagx pacdeT OCAf0K CBAWHEIX (yHAaAMen-
TOB M3 BHCAYHX CBAH IPOM3BOUTCH ANIAJOTHYHO PACIETY 0Cag0K O0LIT-
HOTO d)y]{;[amen'ra. HpI“I 3TOM YCJOBHO CUMTaIOT, 9TO CHAW BMeCTe C OR-
Py/iaiomuM rpyaToM o0pasyior MaccuB, KOHTYPH KOToPOTo Oipede-
JAAIOTCH: CBEPXY — NOBCPXHOCTBH) NAHUPOBEM Tpynra; ¢ GOLOB —
BeDTHRANBHEIMU IIOCKOCTAMHM, CHH3Y — IJIOCKOCTBX) B YPOBHE ITH/R-
HHUX KONUOB CBAH B rPAHMIAX, OUPEeJedseMLIX HePecedcHUeM ¢ 9Tol

C

IIOCKOCTHBHY HAKJIOHHLIX IO YIaoM LZ:J— K BEeDTUKAJIN JHHH]:l, nnone-
JEITHEIX 0T NMapy:KHOTO KOHTYPA CBAMHOTO KYCT# B Y¥POBHE MOJOIIELL
pocteepra. Jdpech P — ¢pejes3BelIeHHO: HOPMATHUBHOE 3HAYCHHE
¥L.1a BIYTPEHHETO TPEHUS TPYHT#a, OKpy:xaoomero cBau, Ha pelicteue
HATPY3KH OT YCIOBHOrO MaCCHBA TPYHTA H COOPY:KEHHA BEIYT Pacuer
0CA)KA OCHOBAHNA, PACHONOREHHOTO MOX IIOCKOCTLI0 HIKHMX KOH-
HOB CBA.

HeolxoauMo 0TMETHTE, 9TO [iaRHEIE HATYPHBX HAGA0 eHNd W 3KC-
DePUMEHTAJbHBIX HCCAEOBANNI Jle NOATBepH1aI0T POKOMEILTAI[HE
HOPM HOPOCKTHPOBAHUA CBANHEIX PyHIaMeHTOB B WACTH OmpeieleHHA
OCafloK CBAMHBIX NOJoC (CM. UPHBEHEeHHOC BLIINe TPeTHE YCIOBHE).
OnHTH DORA3AJMK, 9TO Jadke NPU OJHOPSIHOM DACHOJNOMKENHH CBai,
IPEHBMAEMOM TIPH CTPOUTEIbCTEE KPYTIOTATEIBULY RIAAMX 34aHEHA,
ocangka cBaiHoro {yHAaMeHra okasmpaerca B 0—10 pas Goanme
OCaIKM OAUHOYHON cBad, MCABITAINHOM nPo6HOH CTATHYEeCKOH Harpys-
KOil B Tex ke TPYHTOBHIX ycxosusax [2].

Hunsa cBali-cToer, KOTHA Hecymiuil cloil TPYHTA MOMET CYNTATHCH
NPAKTMIECKH flec;HAMaeMbIM, BeJHYHHA OCAIKM CBajlHoro ymmaMenta
IPUENMAeTCH PABHOH ocajKe OITUHOYHOW CBAM.

Hoaddmument sKe¢TROCTH CBam OpPU RO3IeHCTBUM T'opH3CHTANBHOM
HaTpy3Kyu olpejeagerca No fopmyle

’ H

Ki=—1, (28)
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rae H — rOpH3OHTATLHASA COCPENOTOUEHHAA CHIA, TPHIOKEHHA K IO\
JIOBE CBAaH;
A — ropH3CHTaJBHOE IlepeMeligHWe CBAM OT CHJAH f.
HosdPHIIHEHT IKECTKOCTH RBCErO CBAaMMOTO OCHOBRINA (KYCTa,
o AAM IOJOCH) HPMHMMARTCA DPABHLIM KO3PPHIHEnTy :KecTKOCTR
ool CBaM, T. €. B 3TOM ClIytae BAMAHAE KYCTOBOro ahderta ve yum,
THBAETCA. OJT0 IICJOEHHe NOSTBEPIAYIEo
pesyIbTaTaMu MCOHTAHUA KYCTOR W3 fepe- i 4 . 4
BAEHHX 4 Kene3o0eTOHHHIX cBaif HA TOpH- — LS
30HTAJBHEE HATDY3KH. T e
3aBHCUMOCTE IepeMeleHuNA cBAll oT Jei- -3 4
cTBUA TOPHUBOITAJLHOH HAaLpysKE clenyer o e
onpefeJsAiTh HA OCHOBAHWH IIOJeBHX HCIIH-
ragni cBad Ha TFODHIOHTANBHYIO HATPY3KY, -
IIpn  oOTCYTCTBHM  9KCHEPUMeNTATBHHX
MAHHHX MOskeT OWTh ACTIOJNB30OBAH CIEAYIO-
muit npubnusKeH b cnocol onpeeseHus ro-
PMIOHTRJAbLHOTO HepeMelleHHUA TOJOBH CBaM.
Ilpepnonaraercda, 9T0o cBam jgamunoir | a J
JHECTHC 3alleMacia B IpyYHTe Ha FﬂyﬁHHe Puc. 11. Harno cBait ropn.
GoaLmici rekoTopoil Beanunnsr [, (pue. 11). BONTAJBLHOH HATPYSKOI,
I'myGuna 3agenxku cBa@ B TPYHT OpHEUMACT- € chai ggagﬂgﬁroﬁonl’g;?gg:
ca or 4,5 mo 8d, cormacnoe rtaba. 3, rae JelaHHOK B DOCTBEDK,
d — nuamerp KpyTJOTO MIH CTOPOHA KBaji-

Pacuernsic AAMULL CBail Tabamma 3
Pacacrrad MAy0uRA 3aJCHKK ¢sall B
rpyHTC
¥ 3alleMI¢EHoH npy ¢eobonuold
Bun rpyATOn, 3aseralomx OT [0J0MEBH o I‘Lgﬂose P I‘OJIDBCH'

pocTEepKA M0 TNYGHHB [

Aepenan- I Menero- | 1epepAaH- | Feaeao-
| HBIX 160TOH!{HX| HBHIX WGETOHHHX

\
TMecwkn  cpejuelt  NROTHOCTH, CYFIMIKH n‘ l

TIHTL TYTOILIACTIYHAIS Coa 4,0d 6d 3d 4d
MMecku PHIXJEIC 1T ObLJIGBATHE, CYOeCH Oaa-

CTHYHBIE, CYTIAMHKI I TANHE MATKOIJIACTHY-

HEIE . . . . . ..o 5d id 3,5d 5d
Warl, cyrauugn 4 CAHEM TekYUeuxacTHy-

Hee . . . . .., td 8d 4d 5,0d

PaTHoro momepewnoro cedeHusa csau. [Ipcmefperas peakumeil TpyHTa
Ha gedopmanuio cBaM Ha yIacTKe l,, onpefeiseM nporu® Bepxa cBam
KaK o0warofl ofHOTPOAETHON KOHCONBHOM DA’k ¢ ¢OCpe0TOYenHON

cunoi I7, Jlnsa csam co cBoGoanoii ronosoi (puc. 11, a)
HIE
3EI

A= (29)

a1



IIpu ronose cBau, 3aaenaHHOl B pocTBepk (puc. 11, &),

HB
A= 12E1 (30)

rae £ — Monynp yOopyrocTH MaTepHAana CBaH;
I — MOMeHT WHepIHNM NOIEePeYHOro Ced4eHHUA CEBaH.
Npoussenenne EI mpegcrannser cololt warulnymp siecTROCTL 110~
Oepeunoro CeTeHAA CBAW; IJA Kedezo0eTOHHEIX CBAH, B KOTODHIX I0-
AIBJIEHNe TPCIIUH He JIONYCKAeTcsl, KeCTHOCTE NX NMpPUHHUMAETCH pan-
goit 0,85E7, a 1mnA cpall, B KOTOPHX NOARBICHHE TpellUH AOMYCKACT-
€51, KeCTKOCTh HX OUPee/AeTCa N0 YKasauuaMm pasmena 9 ra. CHull

1I-B. 1-62.



raaca IT

H3ris BAJIOK HA YIOPYI'OM OCHOBAHHUN

MeTtoasr pacueta

Muorve HHXeHeDHBE KOHCTDYRUHH, JeKallHe Ha IPYHTe, MOMKHO
paccMaTpHBaTL IPH HX pacueTe Kak DAJIKM Ha ynpyroMm OCHOBAHHM.
Hanpumep, Jentounbie dyuriaMentnl, GyEIAMEHTH HONEDAHOBHIX IIy-
rejt, oKW, OAJOMHBIe IITHTH, GECKAPHACHBE :KWILe W TPAKIAHCKHE
3MaHus U IPYTHAS COOPY:ReHHds HPOMMIILIEHHOT0, TPasKJaHCKOro, Fuf-
pOTBXHH‘-IBCKOI'O H JOPC:KRHOIC CTROMTEIBCTBA PACCHHUTRIBAKTCA RAK
GasIkM, Je:KAllne HA YOPYTOM OCHOBaHHU.

Teopus pacdeta GaJoKk Ha YHOpPYroM OCHOBAHMH XOpPOIIe pazpabo-
TAHA B TPYIAX COBOTCKHX @ 3apy0eikinlX 4BTOPOB HPUMEHHTEALNO
E GaKe MOCTOAHHOLO CeYeHuA, JeRANCH na yopyroM OCHOBAHHH ¢ IIO-
CTOAHHLM KO3(pQuieHTOM ecTHoCTH. OnHaKo 06U, HPAKTUTIECKH
nauGolee BayRHLIL cIy9all OCHOBAHNMA DEPeMeHHOH HeCTKOCTH HCCIe-
JA0BaH HeA0CTaTOYHO, OOJLIMMHCTEO M3 BMERL#EXCA MeTOJ0B pacdeTa
fanok HA YIPYroM OCHOBaHWHU ¢ nepeMenneM rKodddmnuerntom mect-
KOCTH XOTH U HMEIT Te0PeTHIeCKYIe eHHOCTh, HO /1A DPAKTHYECHOTO
TIPUMEHEHNA Mano OPUTOJH,

HMQH B BEAY MaTh OPAKRTUYCCKOE U BMECTe ¢ TeM 06u(ee penregue
sanaun pacyera OaJwH IMa YOPYTOM OCHOEAHUH LPOM3BOJIBHOI HHeCT-
RO L BRRS JLIWTANAY P QMHAREAYM NAHIGERS QU0 MATOTY HA HalF-
OeIX TapaMerpoB B gopme, HaxoenHoM B mamux paborax [21, 22],
BTOT METQ] BecbMa IIPOCT, ACKJIYHTENBHO HArJafAged A JaeT BO3MOM-
HOCTH NOJY4YaTh pelleHHA ¢ N06oii TouHoCTHIO.

HpoMme Toro, mpueegeEa MeTOAMEA pacdera HAIOK METOJOM KOHEY-
HBIX DasHOCTeidl, KOTOpaA B OTIAENBHLIX CJAyYaAAX [eJecoobpasHa
AJIA HCIIOJB3OBAHHA B IPAaKTHEE.

PacemorpuM BHATANTe OCHOBH peNISHHA N0 MeTOAY HAYaJbHEX
HapPaMeTPOB.

[Tyecrt, Ha moBepXHOCTE YOPYroro OCHOBANNA NepPeMeHHOH JKecT-
KOCTH IGKHT (anaxa, HecyIad LPOHSBONBHYI BHEIUIK HATPY3KY
gz}, N, M (puc. 12, @). Co cTOPOHH OCHOBAHHS BOSHIKAKT Peak-
THBILIG JABICHHA, HAXO/KJeHHEe KOTOPHIX COCTABIAET CYTh pacdera
fanku ma yupyrom ocmopammd. llpm moMoun maiimeHHMX peaknmi
OCHOBaHHA 3HAaUYeHHA HSPHG&IOIHHX MOMEHTOB 1 JIOIepevYdblX CH
B jroGoM cedenuy OANKH BRYUCIAIOTCA 9M6MEHTAPHEIM OYTeM, TaK
KaK Bce BO3JeiicTBUSA, NpPUICHKeHHble K 0aJske, M3BECTHEL.
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Jna onpeereHns Hem3BECTHHX Peakumil COCTABAAETCA PAA ypaB-
HeHUH, BRIDAKATOUINX COBMECTHOCTD fedopManuil 0al KK U IOBepXHOCTH
OCHOBARUA, HA ROTOPOM NOKOUTCA 3Ta Dasxa. ¥ pABHEHHA COCTARIA-
OTCH NPUMEHATEIBLHO K OT/eIbHWM CedcHHAM, 3apaHee BHOpAHHEM
uo pumae Gaaru. las ynopomenus Beipazkenuii kKoad@uIMeHTOR mpn
HEH3BECTHBIX BCA IMOA GANKH AeJATCA o0BYIIO HA 1 paBHLIX YYACT-

y KOB; CedeHMH HYMepYHTCA,
gty
M rN 0, 1, 2, ..., n, naunnas ¢
™y , X aeBoro komma Haukm,
o il 02’]’ 1 il ] nr| i ’ Jua wkamknoro cedemus
b MOJKHO 3allHCATh ypABHEHHE
a » yt: 61 (l =

=0,1,2,..., 0, 1)

rae y; — nmporud (BepTHKATL-
HOe  lpeMelleHue}

Dadxu B TOYKe i}

8, — ocamka noBepxHO-

Pire. 12. Pacdetnasn cxema Galkdm B MeToje CTH OCHOBANHA B
HAUabHEIX TapaMerpus:

a — cxeMa DanKd M HAPDPYS0K (IOJOMHUTERHOE Ha- ToqRe {.

TIPABJICHHME), 6 — BNOPA  DCAKTUBHbLIX  JABJIEHUN ; _

(———— mefiCTRHTEABHAA, pacyYeTHAaN), 31186}’ ¥ 1 B neobxomu
MO BLIDABHTE B QYIKIKA He-

H3ROCTHRIX PEeAKTHRHBIX JIABJIEHHH Do, Dy, Pg +.--, Pufpuc. 12, 6) 1 ua-

BECTHOW BHenmed marpyske g {x}, &,

ITporut awboro cedenua i Haaku, BLpasKeHHBLI depes Haua IbIIbie
napaMeTpsl ¥ BO3JeliCTBUS, NPRJICHENHbIe K Hell, MOMHO NPeJCTaBHTh
B BUJe

“.=4 + Y, (B”) + Y; (MO) + W (Qo) + Y; (p) + Y (g, N, ﬂ’f), (32)

rfle HayaxbHLIMH TNapaMeTpaM¥ ABAAKTCA nporul y, Jeporo Komua
Oanxu, yron mosopora 0, Toro ke Kouua, HaYaJbHLIH W3r HOAOMMN Mo-
ment M, u nasanpuas uepepeswBaoman cuna Q. Hporudm or peak-
THBHHX Japnemruii oCHOBANHA 0003HAYeHN Yepe3 ¥, (p), a oT BHelIHed
HATPY3KH, KOTOPasi MOET COCTOATh M3 pPacHpejel]leHHOH HATPY3KA g,
cocpeforosenusx exna N u narnbaomux momentor M — ¢, (g, N, M }.

pu csoboaieM 0T COCPeTOTOMPHHEX 3aKpeINIeHH# Korie OAIKR
nmeem M, = 0, Q, -= 0; npu mapEHpHo-oneproM y, = 0, M, = 0;
upa 3ﬂiIle\IJIeHHOM ¥, = 0,0, =0.

[Mpusenennaa Ganaka ImeeT ceobogaee woHusl, rme M u Q oreyr-
CTRYIT, HOITOMY /UIA Hee ypaBHenue {32) mpuMer cleyiomaii Buz:

y=y,+ v, 6) +u,(p)+y (g N, M. (33}

Hpw amBoge gopMyn nporuob oT peakTHBHHX NaBJeHUH OCHOBa-
una y, (p) B olWieM CIyvYae KpMBOUAMHeHRas SMIOpa peaxuuil aaMe-
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ggercs Kycodno-nuHednolf ¢ nmepemomamu B Ttoukax 0, 1, 2,..., m
(pmc. 12, 6).

ToroBrie QOPMYALl NpOruGOE W YIJIOB NORBOPOTA 1A OCHOBHEIX
sujl0B HATPY30K IpencraBieHn B Tabm. 4, B arux gopMyaax yuTeHO\
pasiane Je@opMaiui ciBUra Ha UpPoTHOH, 9TO MOKET NOHAK00UThCA
gpH PacyeTe COCTABHEIX OasoK, 00Ja/AIINX OTHOCHTENLHO HeGOoJh-
(0 CEBUMOBOM KeCTKOCTRIO, H IPH ONPEACIelHH PeaKHUl OCHOBAHAA
i BailoK-CTeHOK.

Lox narubuoi EI u cosuropoil GF 3ecTHOCTAMM NOIPA3yMEBAKT-
ca B obIeM caydae o000IMIenne JRECTKOCTHBIE XaPAKTEDHCTHRH Ce-
qeHH, ONPEfeNAeMbIe B KAIOM KOHKPETHOM CNydYae ¢ YYeToM BO3-
MOFKHOCTH HJIH MaJOBePOATHOCTH INOABACHNAA TPeIWil B PACTANYTOR
gone 0eToHa, NOJATIMBOCTH conpsaikeHuir u ap. B gacruocrn, npu
enpouinex Gaaxax wrosddutuentr GOPMLI TAONEPEUHOrO CEUCHHENA WV,
gurypupyomuii s dopMyTe OTHOCHTENDLIOTO C/ABHTA, CHMTAETCH y4-
TeHHEM B CABHUIOBOH skecTkoctu GF, 1. e,

oF = £ (34)

rie GF — mpoumasesierine MOJIYJas C/[BUra MaTepHadga OaIKH Ha TJO-
@b TONEPEYHOrO CeueHud.
[Tockoabky Ha OT/IeIbHHX y4YacTKax OajlKH smiopa peakUHH HMeeT
BHi Tpamenui, TOo, MOJeNUB Ka:kAYI TAKYI0 TPamelui) Ha jABa Tpey-
FONBHHKA W MOJb3YSCh COOTBeTCTBYIONMMH Qopmysamu Ttalm. 4,

MOKHO COCTABUTH SbIpa;ieHusa aag nporulos cewenui 1, 2, 3, ..., n.
Oca k¥ 1OBEPXHOCTH OCHOBAHMA COLIACHO (F) PABHM
pi .
S=—x; (i=0,1, 2, .., n), (35)

rae K; ABIAeTCA NWOTOHHEIM Ko3Q¢UIMEHTOM HEeCTHROCTH, T, €, YMHO-
AEHHbIM UA HHPHHY GAJKH, 4 3HAK MUHYC NOKA3BIBART, YTO HOJOMKH-
TEJBIOMY HalpPaBJEHUK pPEAKnWil OCHOBAHHA COOTBETCTBYEr HpOTH-
BODONOKIOE HAIPABIeHHe eT0 OCATKH.

B pesyaprare monydaem cregyomiyio cUCTEMY YPABHEHUN COBMECT-
HocTu fedopmammin [22]:

Do,
yo = _‘ﬁv
0 ot a2 9 D, .
yu+ 0a+ 12057 (4P0+P1)—6G—F( PU+P1) +y13 =_ﬁ,
1 2
4y 020 + Tz (0P, +30p, 1) — 5 Op, 60,42 + | (36)
~ ; o
+ y2H = T{i"
Hr o,
The y,., Y,, ¥ T. A. — uporadul cewennit 1, 2,..., n OT BHEIIHHX HA-

FPY30K, BHYACAAeMbie n0 gopmyaaMd Tadi. 4
@ — JJIMHA OJHOTO yuacTKa Ganku {mar pasOubBxu).
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I podosmcenue mada, 4

Euyn, Barpysgu

Iporutu ¥ n yras wosopota 0 Ha yuacTeax 1 i 2
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— P__ USRS — & — — @i —
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IIpa n 4 1 rouxkax numeem n + 1 ypaprenufi, comepkamux n + 1
HEH3BeCTHHIX 3HAYeHMiIl HOTOHHLIX HHTEHCHBHOCTEH peaknmui ocHOBa-
HH# (p,, Py, Pas -oos Pn) B UBA HeHBBECTHHIX HAYAJIBHHX LADPAaMeTpa
you 0,, T. e. Bcero n 4 3 memsBecTuniX. Hnp cocrapienus HellocTa-
IOMUX IBYX YP2BHeHHH BOCHOAbIYeMCA NBYMA YCIOBHAMH PABHOBECHS
Gaaku

Y =0 n ZM =0,
CymMMa npoekumit BceX CHJI HA BePTHKAILHYK OCh

(py+2p,+2p, 4 . +2p,_+p) 5+ XV =0 @)
CYMMa MOMEHTOB BCeX CH.JI OTHOCHTEJBHO TOYKH 1
Br—Up +6(r—Np +6(r—2)p,+ ... +
+ Gpn.‘| 'JF Pﬂ] % + 2 Mm; = 0- (38)

[Ipu BLBoge TpHBegeHHHIA BLINE ypaBNeHH HaOpapJeHAA Bcex
AKTHBITblY @ PCAKIUBHBLIX BO3TPHCTBUI HDPHHATH MOJMOMHTEALHBIMMU,
T. €. pacipejie/eHHbe AT PysKH, COCPEAOTOYEHITEE CHIL M PeaKInn
OCHOBAHUA HANPABRJIeHsl BBePX, a4 M3rm0aliume MOMeHTH — IO 9aco-
poil ctpenre, Marplnas p ciBUroBas MeCcTROCTH IPHRATH A FPOCTO-
TH BRIBOJOB NOCTOSHHBIMU NO TaMHEe (a/iKu.

Copmectioe pemenne ypasmenuit (36) — (38) paer BO3MOMKIOCTH
onpelelNTh Bce HEN3BeCcTHRIe 3MaJYeHHS HOTONULX WHTCHCHBHOCTeH
peakLAH OCHOBAHNA M HAYAJBHbLIY [APAMETROB.

OcraHoBuMes Telmeph Ha pellenny Toil iKe 3aJadd MeTol0M KOoHed-
HEIX pasHocTedl, KOTOPHE B mocdennue rofs 0cofeHHO MIHPOKO HPH-
MeHAETCA TIpH pelleHWu 2apad Teopun vopyrocru. lloasnenue Gul-
CTPOIEHCTBYIOMHEX BRNHCARTEABHX MAIIAR SHATHTEABNG PACUIHPUIO
o0MaCTh UPUMEOHCHUA DABIHYIEK YMCIAEHHAX METONOB PACUeTa H B TOM
gHe/Ie MeToa KOHeYHBIX PA3HOCTeH.

B wavccrTBe MCXOMHOTO YPABHEHUA MOMHO MCHOAB30BATH J00YI0
B3 chaegynx AuddepeHUHATBIbX 3aprcHMocTeld npa uarude Gajok:

LR A (3%)
% _ __EQT" (396)
% S—y (398)
Qg (391)
-@;71'24- =q. (39n)

IIps nanucaHWE STHX ypaBHeHHH YYHTHBAMOCH PACHOJOMKEHHe KOOD-
AMHATHLIX ocell M HaunpaBiepue HATPYBOK coraacHo puc. 13.
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[IpaBusio 3HAKOB 1A HArPY30K M MOMENTOB YCTAHOBJIEHO He3a-
BUCHMO OT HANPABJIEHUA KOOPIMHATHEIX OCeil B COOTBETCTBHE C IPABH-
JaMM 3HAKOB, NPHUHATHIMM B CONPOTUBIEHLU MaTepuainos [5].

Hasikgoe m3 npuBefeHHHX ypaBHeHUE MosKeT OBITL CBCACHO K CH-
¢reMe KOHeUHO-PA3HOCTHHIX ypaBhenmi. Haa artoro pazobnem gauny
Gankd L Ha n paBHHX dacTeil IAHHOH @ (1Dar), rie

L

a=-—.
n

Touru paabuemag mMeoT aGenucent x; = ia (1= 0,1, 2,..., nr)
{puc. 12, a).

%
g Gn
o gt-f : gu!
Y/ SIS s V4 rieyd Vi LSS -
0 a IJ a 21 { n-! a n
L
¥

Puc. 13. Pacuctuas cxema 0aJike B MeTOQe KOHEYHHIX pasHocTed.

3aMeHss HpousBOibIe KakoH-1ubo uckomoll $ynknuu f (mpormba
y, Momenrra M unu ouepedHoir cHAM ()) CHMMETPHYHRIME KOHETHO-
PA3HOCTHLIMHA OTHOUI®HHAMM, HOJYIMM U3BeCTHLIe GOPMYJIH:

. af, 1

=g =5 (—f+ L (40a)
" dzfi 1
fi=—m == _ — 20 (400)

d°f,
fi = Tdz3 :2%13 (_" ft._r_: + 2f._1 - zfl.H + f1+2); (403)

) da*f, 1
]!:.[V = Tdrt T ar (fi__g - 4f5_1 -+ 6f; - 4fi+l + f1+2)' (401‘)

Hcnonsayn dopmynm (40), maddepennmanparie ypabaenus (39)
OPROIMKEHIO MOMHO 3AMEHHWTh MNHeHHHMHE anreSpamdecKHEMU ypase
HeHUAME:

2
P 2y1 - y1+1 = — "E'tjr—‘ Ml, (413)
2a8
_ yl—' + 2yt—l - 2y;+1 + y;,+_2 =T ﬁ: Q‘l; (4.16)
4
Vo 4y1'_1 + 6.’!1 - 4y1+1+yi+2 = Ea_]iqz'; (413)
- Qz—j + Qi+1 = 261(11: (41I‘)
Mi-—l— 2M1+Mi+1= azqi' (41;[)
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B orux ypaBHeHMAX moj HATPY3KOH ¢ ImOJpasyMePaeTcH CYMMAap-
HOe Bo3jeiicteue Ha Oaary BHelimell pachopefedeHHoll HArpYs3KH g
H PeAKTHBHLIX JABJIEHHH p

g, =0, +8&; (42)

BHOINHION HATPYSKY M PEAKTHBHHE JaBJACHHA €4..126M BANPABICHHBIMHA
B OJIHY CTOpPOHY.

TakmMm ofipasoM, B KaJeCTBe HEH3BECTHHX MOMKHO HPHHUMATH
ando mpormfe O0ankm, nnbo momepedHHle CcHAH, au(0 HarnOanmEe
MOMEHTHI, aho PeaKTHBHLIE [aBJelIA OCHOBANHA. B nociaegueM
cliydyae B ypaBHEHHWE ¢ HEHM3BeCTHLIME OpOTM0aMH HONCTABIAITCH
GOO1HOIIeHUA

g = P Y, = Prt
BT [ K T T K,

Bosbmem, manprmep, pemenme B mMomeurax. IlojcraBasa B ypas-
nenne (411) syavenms g, mo dopmyine (42), A yUATHBAA, 9T0 p, =
= y, K,, nomyuum

— 02 2
Ml_i—-2M1-|-Ml+ih_ayzK1+agz. (43)

B 370 ypaBieHHe BXOIAT B KAYECTBE HEM3BECTHEIX, MOMHUMO MOMEH-~
TOB, TaKe H HPOrudsl, meITOMYy HOCHeJHHe HCOOXOAHEMO BHPAIHTH
Hepes MOMOUTHL.

Wz ypasuennsn (43) HAXO00UM

(M, ~—2M, 4 M, —a%).

by, = a2K —1

Ilo amaJormu Mo.KeM 3amucaTh
1 2
Yy = aagl_{_l (M, —2M_ + M ,,—d%, ),

y-[_i = G,ZK (AI1—2_2]‘/.[1_1 +M J— a g@ 1)

IToncTaBiaad HaMjeHHble BLIPaKeHHs AJAfA NpoTlHDOBE B ypaBHeHHe
(41a), nomyyaeM OCHOBHOE ypaBHEHNe PacCMaTPHBAEMOH 3aJa<u B BUIS

%“2( +KJ ‘*-'1‘*‘( +K K++E1)M—

K
[ 2z, £y
__2 1+2:a2(_1_+_ t
(ﬂ +K+) t-{—l‘!“ +l +

Ko K K,y

(t=01,2,..., n\. (44)

TakAe ypaBNeHNA MOTYT GRITL cocTaBiaens LA M00ol Touxm Oa-
KH, mosTOMY A OHpeJelelldd HeU3BecTHHX MoMeHTOB M MoskHO
[OAYIATI AOCTATOUHOEe KOJH4ecTBO ypavuenui, Hamjoe ypapsenme,
KpoMe Momenra M., coTep:KUT ellle 10 IBa MOMEHTA CO[ABA M CJAEBA,
T, €. I0JyuaercA CHCTeMa OATHLIEHHBX YVPABHEHWH, CHMMeTPUYHaH
OTHOCHMTENbHO TAABHOH MHEATOHAIH.
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Mowmentit M, m M, B HOHIEBHX cedeRUAX DalKE M3BeCTHH M3 I'pa-
grYHBIX ycaoBud. llpH HauHcaHuH ypasueHAH AJA UpeIKOHIEBRIX
ceuennit 1 A n — 1 6anKy caegyer MBICIOHHO YIIHHATD ¢ RaMIOH CTO-
poHH Ha IJIMHY Hiara & 1 BBECTH QHKTHBHEIE MOMEHTHI M_iun Moty
JuadeHdd ITEX MOMEHTOB OOJYYaeM W3 COefyIoux YCJIoBHI.

lipencrarmm nrddepeENUATBHYI0 3aBECHMOCTD

aM
@0 (45)

B KOHOYHBIX PAa3HOCTAX
dM,
dz

aM 1
dz %4 (Mn+i - ‘MH—I) = Qm

1
=‘2‘;(M1_M—1) =Qo;

OTKYAA
M—f = Ml —2aoﬂv
Mn+l =M, -+ zaQn-

3nadeHHst nomepedHsXx c¢al @y u ¢, H3BECTHH M3 TPAHMTHHIX YCJI10-
BHIL.

Horga MoMeHTH B cedenmMAX HaHIEHL, TO TOmepedYdsle CHIH, pe-
AKTUBHLIE JABJICHUA U OPOrudsl (BePTUKAIBHBE MEPEeMEIIeHHA) Terko
MOEHO padte no GopMyIaM KOHeulblX pPasHocTeil.

Ecan p RadgecTse NCX0AHOTO TPUHATL ypasaenue (418), To monyamm
pemenune B nporufax. B sroM cayuae ocHOBHOe ypaBHeHMe 3ajatdn
Oyaer EMeThL BIX

(46)

K. od gat
Y »n— 4y1__1 + (6 + ”‘jffl_) ¥, — 49’1-}-1 + Yojo="— ”E]l_ - (47)

TagB 30 0CHOBY NHLIE ypaBHeHHWH, MO/RHO WMOJIYYUTH: OPYrHe Ba-
pHaHTH pemiennii Kak B Nporudax, Tak MU B MOMeHTax,

Crnegyer 3aMeTHThL, 9TG NP OJHAAKOBOM THC/IE YIACTHOB, Ha KO-
TOpBe AEANTCA Oalka IpM pacdeTe, MeTO[ HAYAJIBHEIX HAPAaMCTPOR
naeT sHadMTe1bHO (oJee ToYNOe pellleHMe, TeM MeTO] ROHCYHLIX pas-
nocteii. OfHaro Opu BeckMa GOJNLIIOM KOJHMYECTBE VIACTHOB 3Ta Pad-
HULA COKPANIaeTCA, NOITOMY B TAKUX 3alavaX 00a METONa CTaHoBATCH
MOYTH pPABHOLUEHHBEIMH 110 CTOOEHH TOTHOCTE KOHEYHBIX PEe3VabTATOR
pacuera.

Baxra mooroasRoii mo omHe KecTRoCTH
HA GCHOBAHHN IIepPeMEHHOH KeeTKOCTH

CocraBneHne cueTeM ypaBHEHHI, IPUBeIeHABIX BEIINE, BEChMA IPOCTO
B OpUHIINe, HO JOCTATOTHO TPYMOSMKO Ha TpaKTwke. 1lpu aroM He
HCHII0YeHA BO3MOAHOCTL NOABICHHA CAYIaHHAX ¢IM00K ¥ HeTOTHOCTEL.
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Hamn cocragiiens rotoBwe cmCTeMbl YPaRHeHME mia packeTra Oa-
J0K NOCTOAHEHOR 1o Beell OMHHe JKECTKOCTH, JeHKalluX Ha yHpyrom
OCHOBARWY TEPEMCHHOA FRECTKOCTH. ¥ DABHEHHA cOCTaBJaeHH Ha Daze
MeTOJ1a HAaYaJpNkX napamerpos. PaccMorpens Kak cBofonno Jdesmamune
Ha YOPYLOM OCHOBagMH Oalkd, Tak ¥ 0aary, HMeIOIMHe COCPeNOoTo-
GeHHBIO OMOPH PAzIETIHEY THIOB. [lonb3yAacs NPUBOANMBIMY HUKE De-
KOMEHJ(AIMAMHE, MO/RHO (€3 BCAKHMX 3aTPY/AHEHMI 3aNMCHBAThL pPacyer-
fikleé CHCTeMH VPABHeHHH ¢ JHOKM HTHCIOM Hed3BeCTIIBIX.

’ 7 4777 {7
o pf b pJ LA pS g
a a a a a o
L

Puc. 14. Crodonuo aexaman Gaxxa.

QopMmyas  Ko3ddUIHEHTOB N CcBOGONHEIX YWIEHOB  COCTaBJICHH
IS clydafd, KOTJa Bed AIAHA OaJrd pasfiemeHa Ha 6 oJMHaKOBEIX
y9acTKOB JANHOHE a.

Kampan cicreMa ypaBHEHWI COCTOHT M3 JBYX COBMeCTHO pelae-
MHX rpyun: ypasuenunit cosMectnioctd gedopmaliii 4 ypaBHeHnil pas-
wosecusa. KoshdHUMENTH NPM HeM3BOCTHRIX PEAKIAAX H3MEHAKTCH

¢ YBeHYeHAeM HOMEDA YPABHEHMA IO OUpeJeleHHOMY 3aKOHY U MOTYT
§HTH FErKo BHITHCJIEHLI 0J51 H1000ro KOJHYecTRA ypaBHENWHA MpH TO-
MOILH OTIePUPOBATIUA ¢ KOHeYHbIMHA pasHocramu. MBorue kosgdunnenth
MOBTOPATCA B PARNMYHLIX ypakueHdAx. J1a MakcEMaabHOoTo 06ier-
UeHWA COCTARTEHHS YPABHOHHH B OPHICIKEHHH HPHBOOATCHA TaOAHIIE
pAgoOB 4YHuCed, BCTpeYaUINXCA B YHAa3aHHBIX cCHCTeMaXx ypaBHeHm‘i.
BO BCCX ypaBH@HHHX IPHEATH CJAeAYIONHEe 0603Ha‘:ieHI/lﬂ:
QOF
ﬁ:”?f’; ﬁ{=7§{—; n=%ﬁ~, (48)
roe P, Pi, M — mapaMmeTpH, XapaKTepH3YION[Ee JKeCTHOCTH Oankm
H OCHOBAHWHA,
Y,, — tporub TOUKH i OT JCHCTBHA BHEIIHEH (aKTHRHOI)
HATPY3KH;
0, — yroa moBopora cedeHHsA i{ OT BHeIOHEeH HArPY3KH;
Y, — cymMa Opoexnuil BceX BHeNHUX CHJI H& OCb Y;
ZM,; — cyMMa MOMEHTOB BCeX BHEMIHHX CHJ OTHOCHTENbLEO
TOYKY 7, PACTIONQREeHHOH Ha OPAROM Kodue Ganxu,
IpreogumM Marpunb Ko3(QOUIIHEeATOR 1 CBOOOIHLEIX WISHOE CHCTEM
YpaBHeHHH AIA BA:RHeHMAX CAyYacE onMpaHdHd Gallok,
Ceotogno neskamas Gaaxa (puc. 14). CucreMa ypaBHeRMit and pa-
cuera cBoGoAHO JMemalweit Gankn npubedena B Taba. 5. Oma nonyuena
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IyTey npeolpasosanin ypasaenni suna (36)—(38) B 6oxee yroGmyio
418 ppaRTHYECKOTD HPUMEHOHNAA CHCTeMY.

IS ATOrO BRIDAMHeHAA HAYAJBLIKX MapaMerpoB ¥, ¥ 8, yajijen-
HBIC g3 mepBuiX IBYX YPABHeHHH cucteMH {36), HoncTaBIaA®Iey po nee
OCTa pune ypaBuenusa. Taxum ofpazoM, 4dcio COBMECTHO DeipaeMurx
YPanpenuit cORpalmaeTcsd Ha /|Ba, 1 B KA4eCTBC HEM3BECTINX peraorcs

9 g,
0 I 21 3 4 5 6
a a 1 0 a g | @
L
a
ANy N, Ny N3 N, Ns Ns
)
l l l
0 1 2 3 4 5 6
J
Mg M My M3 Mg Ms Ms
CY O O 7Y (Y 7
c ; z I 4 5 5
&

Puc. 15. CxeMH Harpy3oK:

& — CTYIOeHYaTo IMepeMeHHAA PACHPCAeTeHHAA U0 YHACTHAM, 6 — COChe_
IOTOYEHHME CHIBL, NPAJO:{CHHEEe HA CPAHANAX YUACTHCD, 6 — na;,n_
Jaiae MOMCHTH, MeWCTEYHLINE Hd T'PAHHIAX yYacTHCeB,

TOMLko peakyun ocuosanus. llomo6ume npeobpazoBamHA pypyaprr
Al peex paccMaTpHBaeMbIX IIHJKE CHCTeM ypaBHeimil,

DAcCMOTDER TPYONY YPARHEHWE COBMECTHOCTH NCHODPMAIyj  pom-
HO (ofgapyiKUTL ciaefywiue 3aKOHOMEDHOCTH MX 00Ddzoparmsa.

LONWUECTEO LEMBRECTHHX B UePROM VPARHEHUI DABHO TPEM 1 g ram-
AOM pocsiefylomeM ypaBHEHHH OHO YBENNUMBACTCA HA OfHy. Kood-
OUNMyeyTHl MPE HEMBRECTHHX WHTEHCURHOCTAN PeakiMi ML enmwrem
0 GppegesneHnnM saxonaM. Tar, Koadduruent opu Py, CTOgmwir ne-
Ped ¢rolbuell, papes NOPANKOBOMY HOMEPY VDARUEHWH, T. o on mo-
HeT §pith oUpeneleH ¢ TOMOINBI PAasHOCTH HePBOTO HOPANKY  papuoit
B Jaumom caysae 1. Nosdpdrnmentn, crosmme B crobrax (41, 9,

H T. JI.), onpefelAnTcA N0 Hojtee CIKHCIT 3aBHCUMOCTR, Bneck
TOCromMOll ABLACTCH PASHOCTh BIOPOTO WOPA/IKA, €IeAOgatennRO,
COOTporeTRyIOmAd (YHKIHA ABISACTCA HOIMHOMOM BTODOH cremenu.
Pan pueucnennnx smauenmil sToro xosdduumenta LPEBeILy g opu-
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goxennn (rpaga 1). Tam ke npnBemens agavenusd Beex voadduimen-
TOB, ODOCTOAHHAA pasBOCTb PALa KOTODhIX BRILIE HepBOI‘O HDpHI{Ha.
ITocTOAHHYI PasdHOCTE UEpPBOr0 HOPAJKAa uUMCET KoshdHIHEHTH
npw napamerpe fi; HmensBecTHOro p,, a Tak;Ke NPH BCeX HmAPAMETPax 1).

Hoajpduuuents: npu HeHsBecTHBIX, HAUMHAA ¢ Ko3apduumenta
opu P, BO BTOPOM ypapHeHHH, B HOCIEAYIOMHX ypaBHeHHAX MOBTODA-
0TCA, HO TaM OHH Y/Re TPHHATIE:RKAT HEH3BECTHOMY ¢ WHIEKCOM,
$OIBIINM HA eUHNUNY, TeM B Ope/uyleM ypaBHeHHH,

B nepsom ypaewepwwm pasmopecua (Y = 0) xospfmumentH
IPHE KOHUCBEIX DEAKTMAX (P, M pg) PABHL eJUHNMIE, IPH BCEX hpoMe-
SKYTOUHBIX — DABHbI JBYM.

KoadduunenTel Ope HEN3BeCTHHX BTOPOTO YDABHPHEA paBHOBE-
cang (ZM, = 0) BuumcaswTea mo dopmynam

Ao =3n— 1;
A=6n—i) (=12 ..., n—1) (49)
A, =1,
rie 7 — THCAO YIACTKOB, HA KOTODHIE pasneineHa Garka nAfA pacTera:
i — HOMEp HeM3BeCTIION WHTEHCUBHOCTH peaKIHil.

(CBOGOAHHI 4lieH ypaBHEHHA COBMECTIOCTH OIpefensercH no Gop-
Myqe

B,.. = [(I‘ '5_ 1) y[a *9,_;_1_315, (50)

roe r — HOMepD YPaBHEHUA COBMECTHOCTH;
Yip M Y,y , — Oporubel Oaikm B TOTHAX 1 ur+1 or BHomEd

Harpyakm, onpefcasevuie no dopmynaM Tada. 4.
Hnn marpysok, pacnoiosennalXx coriaacHo puc. 15, umelorca
roroBnie GopMyas ¢BOGOJHEIX WIEHOB ypaBHeHUH cosMmecTHocTH [22].

[Ipy crymendaTo mepeMeHHOH paCHpeleseHHOH Harpyske (pHuc.
15, a):

By = —[g, (65— 3m) + g, (06— 3n)};
Byg = — g, (310 — 61) 4- £, (75— Im) + £, (5 — In)};
By = — g, (850 — 9n) + g, (325 —15m) + g, (75 —9n) +
+ g, (5 — 3n)l;
By = —Ig, (1820 — 12n) + ¢, (875 — 21n) 4
+g,(325—15m) + ¢, (75— + g G—3 m r.a (51

IIpu cocpemoTouenunx cmmax (pwme. 15, 6):

2 E
Byy = — 2 160N, + Ny (10 — 3n)j;

Byy = — 2 [240N, + N, (80 — 6m) 4+ N, (10 —3n)l;



By = — 2 [600N, -+ Ny (270 — 9) +
+ N, (80 —by) 4- N3 (10— 3n));
By = —~ [1200N, + N, (640 — 12n) + N, (270 — 9) +-
+ Ny(80 —6m) + N, (10 —3n)]l u . 1. (92)
ITpu cocpemorodennsix warubawmux momentax (pue. 15, &)
By =— —?,% (2M, + My,
By = — 0 (6M + 4M, -+ M),
By = — —o- (12M, -+ 9M, | 4M, |- M,);
By = — 3 (20My 4 16M, + 9M, + 4My + M) nr. . (53)

Uncneuuse auauenun KodO@UUHEHTOR TpU HATPY3IKAX B BRIpAME-
Huax {01) — (53) TaksKe UBMEHAIOTCS ¢ M3MEHEHHEM IIOMePA YDaBHe A,
Hpu aroM gocratodso uMerh psaa sHaveHHH kod(pduumedToB opn mep-
BLIX JBYX WIeHax, 9To0n aBTOMATHUECKM 3allHCATL HKOIPPHUMCHTH
AP OCTAALHEIX HeHAX Kol dopmynnl., JuHavenus OCHORHOHX KO-
3QQUINeETOR TpUBeleHR B NPUJIOKeHUH.

PaccmoTpuM HeCKONIBKO IPUMepoB COCTABJEHHS CHCT@MBI pacTer-
HHX ypaBHEHHIl.

L .
A. Inuma Banku pasgeiena Ha J y9YacTHA: a= =, n = 3.

B arom caydae umeeM 4 HeH3BECTHRIX! Uy, Py Pas Py JAJAA X Ompepe-
Aen#A HeoOXOOUMO HMETh 4 YPaBHEHHA: 2 COBMECTHOCTH M 2 paBHOBe-
cug, Bamanmem medopmanmil cpanra npemedperaem,

¥ tabn. D mepBRe [1Ba ypaBHeHMA BLITHCHIBaeM Oe3 U3MeHeHME.
¥Ypaernenua pasHopecus OyAyT MMeTh B

. 2
3) py+2p,+ 28, + b= — 5 N ¥n

4) 8p, +12p --6p, + p, = — —fz— N Mo,
3mech Ko3OOHUIMEHT TIpH p, TETBEPTOr0 YPABHEHUS BHINCICH
no dopuyae {(49)
A4, =3m—1=3.3—-—1=38.
B. Onura Sanku pasgedesa wma 10 yuacrrop: a = %-, n = 10.

HeuspecTHRIX HHTEHCHBHOCTEH peaKHHE OCHOBAHHMA HA OIMIHIY
Goqbime HHCIA VHaCTHOB; GASOSATeAHHO, HANO COCTABMTL CHCTEMY
3 11 ypaprenuii, koropan momxna comeprwars 9 ypaBHeHMIT cOBMECT-
HocTH ¥ 2 pasHokecus. [lepBume nathk ypaBuerull cosMectaocTy Ges
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ACAKHX M3MeHeHRI punuckiBaores n3 taba. 3. Ocranpasie 4 ypaBae.
HUA 3AMHChBAIOTCA ABTOMATUYECKH, BOAB3YACH PSlaMB 9ACE] H3 HDH.
JIOKEHEA A LOBTOPAEMOCTLI0 YacTH Ko)POHUUHEHTOB:

6) 6491 + B) p, + (4373 — 7B ) p_ + 2550p, + 1320p_+
+570p, +180p +30p, + (1 +B) p, = (Ty,, — y3,) B:
7) T(641 + B ) p, + (6922 — 8 ) p, +- 4380p, + 2550p, + 1320p, +
+ 570p, +180p + 20p, + (1 +B) p, = (By,, —y,,)B w11

3ieck, Kak H B MOPEABLAYUIEM IpPEMepe, BJIRAHME nedopmManuiy
CIBUTD §1¢ YIHTHIBAEM.
YpaBHeHHA PABHOBECHA HMEKT BRI

10) p, -+ 2p, 4 2p, + 20, + 2p, + 2p, + 2p, -+ 2p, +
+20,4 2P, + P = — = NVa
11) 28p, + S4p, + 48p, + 42p -+ 36p, + 30p_+ 24p, + 18p, +

F12p, 4 6p, +p = — N M,

)

[IpnBenenEtie IpUMePEl JAHUCU YPABHEHUI NOKAIBIBAIOT. UTO HTOY
OPONUECC BECHMA TPOCT H MOMEET BEHGJHATHECH OOYTH &BTOMATHRECKH,

Baaka ¢ IapHHPHO-HENOBILKHOH  ONOPOif HA NPaBOM  KOHUg
(puc. 16). Cuerema ypaBHEeHNH /1A onpeaeieHNs OOTOHHLX fHTEHCHE.
HocTeil pearnuil 8 Touxax 0, 1,

2, ..., D H cocpeloTOYEHHOR peak-

uum R, Bosnurawmel B map- _0 1 7l
HUPHOH oMope, npuBejena B Taba. ot p1""" ),
6. 3nech ANA COKPAUEHNA AANMCH | e
¢Bo0o/HEe WIeAb ypaBHeHWil coB-
MecTHOCTH 0Do3BadeHH wepes B,
B,. , B,. Ouu oupereasawted no Pue. 16. Baaka ¢ mapHMPHO-Henom.
(bOpMy-TIB (50) KaK 4 I8 CBUGO}I— BURHOH OHU}]OH Ha [paBoM KOHIEe.
HO Jewmanieil Gaaxu.

[1pn samacl ypaBHeHHH ¢ THCHOM YYACTKOB GOJLIIHM MAU MeHb-
MMM [IECTH CJeIYeT MMeTh B BULY, YTO HA HPABOM KoHOE Gaikm mo-
rouuag MHTEHCHBHOCTH DEAKIHI paBua HyAw, T. e. p, = (0. Hampu-
Mep, upM Tpex yiacTKax OyneM uMeTh TAKYH CHCTEMY YpPABHEHHR

(p = 0):

(41 +B)p, +(28—~28)p - +b)p, =By
291 4-B) p0+(177—36 p, + 30p, = B;;

pﬂ+2pl+2p2+ n=“"#2YBa
8p, - 12p, + bp, = —FZMM.
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Banka ¢ mapHHPHO-HEMOABIKHBIMUM OMOPAME HA 000WX KOWNIAX
(puc. 17). Cucrema ypasnemnit mpusegena B tadn. 7. Ilpu ee uenoan-
30BABAN HAIENAT DPYKOBONCTEOBATLCA VHARAHMAMHA. CIIaHHBIMU

BLIIITE,
Baazka ¢ mecTRO3AIMEMIEHHBIM JI€BBIM Kouuyom (pue. 18). B stom
caygae Tporud 1 yroa noBopoTa cedeHna O papub nynie. Komugectso

4 :mrrﬂ?Hla 5 8 C>
DuQ Foi I %’g e
Ra

RO a . A

Pre. 17. Danra ¢ gByMa mapEEpHo- Pmc. 18. Banka ¢ kecTHO3ameMich-
HeNIIOABIHEIMH  OIopaMd  Ha GOOAX HBIM JIeEWM KOHILOM.
KORTaX

HOW3BECTHHIX 10 CPaBHeHWIO co cBofonHo newwamell Sanwoll na oo
6oabIIe, TAaK KaKk B JKeCTKOM 3a/eNKe BO3HUKAIOT B HCU3BeCIHbHle
cocpejiorouenusle  peasuun M,

o (A s o o Ra

: B tafn. 8 opuresena cucreMa
N P2 by b Ps p A
AN M. #
’ [T |fir Cﬁﬂ TR s ﬂj
a &1 m] ] o s é
a 1t 2 3 4 5 5
, > __z,auuﬁﬁg Ral_ @ a L i

I

- g 2 C—i
_}3 i

gt ol B &) ol & ‘“_%_--_-—"

Pnc. 19 DBaxka ¢ 0.1HHM 3ameM-
JIEHHBIM @ APYTHM MMapHUpPHO-oLep-

TLIM KOHII{M:
a -— BOaeWCTRAE¢ BHAA CHIOBOW Harpya-

Prc. 20. Banka ¢ AByM#A 3KecTKO-
2AMCMIEHHRMH KOIIaMA:

KM, § — eIUAWMHAA OCAAKA 3amleMieH- a4 — BOZICHCTRME BAKA CMAOBON WaTpYs-
Holf  onopsl, ¢ — eIMHHMHBIN NOBOPOT KU, 6 -— EANHNUHAN OCAHA SANEJIKH;
BALUEMIEHHO! OOOPH 4 — eIMHUYHHE NOBOPOT JANeKH

PACTETHHY VDaBHEHMUHE UPH LECTH YZACTKAX, KOTOPAA MOMKeT GHITh
MCIOIb30BAHA [IA COCTABJEHHA CHCTeM ypaBHeRAHWH ¢ N0OLIM KOIH-
YeCTBOM HCHABECTHHX.

ECJ[H JKeCTHafd 3afedKa pacloJodieda Ha OPABOM KOHIE 63JIKI(I,
a aeBH#E cBo0OZeH, TO B 5T0M CAYYae YCAOBHO CUMTACTCH, 4T0 CeYeHue

4 G Knemmxos 49
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Cucrema ypaBHeHMill 7178 pacuera GalKA ¢ ONHHM 3aCIEMIEHHLIM M JAPYTHM

N
ypas- | Ma Ra P Pa P
HEHWMA
Ypasnenus
60 1
1 | (20_%) P4+ B—m
260 | 1 o
2 —a{r o (160— 12n) 30 — bn 14+ 3y—nm
540
3|2 %(40_181] 180 — 121 30—6q [14+Pf,—n
960 | 1
o 2014 (1280 —24) | 570--18n £80 — 12y 30 — 6y
.| 1500 |
55 17 (2500 —30n) | 1820 —24n 70— 18n | 180 — 12
0
6 Eif i (4320 _ e.sn) 2550 —30q | 1320 — 24n | 570 — 18y
Ypasnenus
7 0 _% 2 2 2
| & 6
) ( = L 30 24 i8

O naxonuIcA HA TPAaBOM KOHHe, OTRY/a ¥ UDOHIBOJUTCH HYyMepALMS
VUACTHOB.

Baaka ¢ opauM 3ameMIeHHBIM W APYCHM INAPHAPHO-ONEPTHIM
gonuom (pre. 19), Cucrema ypaBunennii npusegena B taba. 9, roe mme-
wrest Tpu Tpadel ¢Bo0OTHBX WIEHOB, COOTBETCTBYIOIMUX BOIJCHCTBINM,
u306paskerusiM Ha puc. 19.

Baaka ¢ AByMA sKeCTRozamieMiIeHHbIMM koHuama (puc. 20). [lo-
noOHo mpexbyOieidl cucTeMe 3[eCh TaKiKe COCTABIEHL Tpu rpadh
CcBOOOIHELX TICHOB, COOTBETCTBYMMX BO3NeHCTBHIO BRCUINEil HATPY3-
KH, ¢ UHHYHOH ocajike onopnl () W eIMHATIOMY YIJIY DOBOPOTa OTOH
onopiur {rabmx. 10).

Pacemorpes raba. 10, MoxHO 3aMeTHTH, TT0 3AKCGHOMEPIIOGTH
B 00pasoBaHul YPABHEHWIl COBMeCTHOCTH JedopMallMii HapyIIeHa
B LOCAEAHEM W3 3TUX YpaBHeHHH, T. e. B ypasmenuu (7). [Jemxo e Tom,
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TaGbauna 9
APHIPHO ONEPTEHIM KOHNOM

J—
CpofonHbie wineRH (B mpasoll 9acTim)
R B = Taunuuasii no-
Ps P | warpysra |saiemtemnoro Kouma | POLOT FAUCHTER:
(puc. 19, a) (puc. 19, 6) (pue. 19, &)
COBAMECTILOCTTLU
— Y B Ko2n—4)—p —fa
— ¥ B Ky(dn—49) —p — 2Ba
—Ys b |Hoe(Bn— 194 —f — 3fia
14 Bs—7 — ¥ PR (11— 499 — B — 4fa
0—6n | 148,—n — Y5p B ‘Ho(i’m — 1024 — Bl —5Pa
i
|
180 —12n | 30— 6y — Vgu B jffo(i?n — 1829) — ﬁ} — 6fa
PasHesec Ul
2 2
2 R P O \ 0
i6
12 ' 6 $ 0 ‘_ ;2—2 Mnn! 0 ‘ 0

9TQ NIA PeIleHN 3a7A90 B JAHHOM clIyyae IPUILIOCE BOCIOTh30BATBCA
AJOOCIHHUTEIHEIM YCJAOBHEM DaBenicTRA HYJII YVrJja [10BopoTa ﬂpafmero
HpaBore cedends Oanku

B = 0, (p) + Oy (M) + 05 (R3) + Oz = 0, (04)

rie 0 (p), O3 (Mz), Oy (Ry) u 8y — yOAB mOBOpOTA CEYMEHHS

OT peaKTHBHHIX [AaBIeNUH, OOODPHOrO MOMEHTA JeBOH 3ameiKiH,
OOOpUOH peaKUUH AT0l 'Re 3ajIedKH U BHeITHEH (AKTHBHOM) HArpYaKH.

Bup ypasmenus (54) 3aBHCHT OT KOJIHYeCTBA YYacTKOB, HA KOTOPHIE
paz6ura Gaaxa. B Tatn. 11 npupemens roroBhHe ypapHemmsi 3TOTO
THII2, KOTOPHIMM CAeNyeT lI0Jb30BATHCA IPH COCTABNERUH ypaBHEHMH
C 4uCAOM yuacTEOR # -+ 6. Apanus ypasuenuit yraos poBopoTa mo-
KagniBaer, yTo Kaygioe noclielYHIHICe ypaBHeHHE JIETKOo MOMET OnITH
HONyYeHo M3 OpeApgylWiero. B kamaoMm nocuenyomeM ypasHeHHH

5



Ceerema ypaprenmil ;1R pacvera DalkH ¢ ecTROZAIECMIOHHLIME KOHUAMH

N
ypas- | Ma By P, P Ps
HEeMHA
Ypasnenua
60 1 ?
L] ) | rne |
240 1
2\ (160-~f2n) 30 ~ 6y L+ fo—nm ‘
5, 1 .
a @
90 | 1 vl s70 T g
4 —a | (1280 — 2"*“) 0 —18n 180 — 12y 30 — 6n
5 |00 1 {500 —s0m) | 1820~ 24n 570 — 18y | 180 — 12n
a [
6 121000 L (4300 _33q) | 2550~30n | 1320 —24n | 570 — f8n
a2 @
7 |20 2160 1510 970 550
a? a
¥pasnenusa
s | o 2 2 2 2
[/
5 |5 S, 30 24 18
[/3 a

xoos(funnent npa M, yeenmumBaerca Ha 120; xosgdunuenrs upn R,
Gepyrcn us mpaaoxkesns (rpada 11); kosppunuents npr p, AanHOrO
ypaBaeHUA nmaxojarca nyreM ysemmuenus Ha 10 koaddunuenra upu
Ry npemwpymero ypapacHus; Kodhdumuments OPU Py, Pg. ..., Pn 88-
IUCEIBAIOTCH [0 THATOHASAM B 8ABHCUMOCTH OT KO9hHIAEHTOB UpH p,,
Kak yrasamo B Tabu. 11.

Bamxa mocToAHHOM xeCTHOCTH

HZ yapyroM OCHOBaHHE TOCTOAHHOH KECTKOCTH

Ilpu pacuere Ganok DOCTOAHHGH mo mIMHE KECTKOCTH, JMEMAIIAX
HA YOPyroM OCHOBAHMH € MOCTOAHHEM K03Q(HIHEHTOM KecTKOCTH,
00nYHO HCHOAB3YIOTCA TAaKMe XapaKTepHCTHRU:

od




Tabxupga 10

] CBOGOMHENE AeHN (B Opapol TacTu)
e Px Ry |My BH?;’)—‘?;’}& Ha- | Couawaas ocagka hnr?o?;:g? !
o .20’ 9 onopm O {(pue. 20, 0} “(33‘:{1‘(:}.1)15:“’03)
CORMECHINOCIN U
— ¥iu P Ko(2q—4) —B — pa
— oy B Ky On—49) —p — 2fa
— ¥ B K, 8y — 194 —p — 3fa
14+fs—nm l —yp B Hy(tin— 499 — B —4fla
30 — 6 146, —n — 3 Hy(14n—1024) —fi — 5pa
180 — 12| 30 —6n I — Ygg B ;B’D (17Tq— 1829y —fp —bpa
250 70 —Jgpald —985- K —Be
pacrosecun
2 2 210 1 — R, 0
a
12 6 o8 ’ by M,J 0 0
a?
OOKAa3aTeJb KeCTKOCTH cucreMbl (aaka — OCHOBaHHE
5
m= 1/ ZET (59)
OpHBEIeHHAA [OJHAHA
A = Lm, (56)

rae K — DOrOHARE KOIGOHIHEHT #HECTHKOCTH OCHOBAHHA,

Fl — marm0Has ;KecTKOCTL OAJIKH;

L — monmas pmueEa Oaakmn.

B zasmenmoctE or

YUCJIEHHOTO 3HMadYeHHA HOpPHABeIeHHOR

Ganxnm JeIATCA 1A TPH KaTeTopuu!
DanKm xecTkue, ecam A < 1;
faskn woportrue, ecaun 1 T A < 6;
Gallkn AJnHHEE, ecau A > B,

AAHHEEL
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Hectrue Gangm XapaKTepu3yWTCA TeM, 9Tr¢ 3NHPA PEAKTHBHHIX
JMAaBJIeHUH OCHOBaHMA y HHUX OUPAHHYeHA IPAKTHISCKHM NDAMOH mu-
auef. [Ipu pacuere raxux Ganox mommo npenefpets BIHAHEEM H3-
rila M ¢4HTATh BX alcoAIOTHO sKeCTKMMHA. [/ ompenenenna peaxyui
OCHOBAHUA 3A€CH MOYCHO IIOTB30BATHCH URBeCTHHIMH JOpPMYNaMH BHe-
LEeHTPEeHHOI O CHRaTud.

o
M 8
lﬂ_lgjéj&;eg‘gw @f23,455?891'ﬂ
T 3 I S
N ({fs N
0423 45678390 0177 3 4 56T 89

Iy —— ! P

N "
61 34557 8 8m 013 4 56 783w
[L2ee] T8t Lg?i! [N -

9

" -4

01 2845567890 12 567 8 9p
D Y 7 o . _ax N
1 mMa
01 23 5 67 886 10 g 1 2 2% 5 6 7 8 ¢ 1
R TS I TR (T R YN

Ma
01 234 [55% 4 0 0t 23496 78 31

R T 7 S R S B N

Prc. 21. Cxemu pacHo/o;keHms HATPY30K, AI# KUTOPHIX COCTABNEHH
Tada. 12—25.

B cnyuae Koporxux Gamor mporub or msrmba Gajkm comoctaBmm
IO BeIWUMIle ¢ Goajkoil OCHOBAHMA H MM TpeHcOperarth 1ie.1b3s. Xa-
pakTepHol ocoberocTery GanoK 510 KaTeTopHd #ABIAHAETCS TO, YTO CH-
na, JeACTBYIOAN B KaROM-Iu00 ceTenul (alKl, OKASLIBALT 3HATHTE] b
Hoe BJIMAMHE Ha pewo Ganky. Taxoro posa GalKkA HA3LBAWT TAKHKe
OanKaMu KOHGUHOH IHHEL, B OTANIKE OT aGCOTIOTHO HECTRNX 1 Decxo-
DeYHO ATHHHHEIX faniox. HopoTEme GalKn PACCUHTHIBAITCH 10 MeTO~
NaM TEOPHH Pacvera KOHCTPYKIMA HA yIPYTOM OCHOBAHMH.

{Ipe paccMorpenpy gamuunis GATOK MOKHO CUHTATDh, YFO OHU AB-
aAawTeA 0BCKOHEYHO NJIWHHABIMHE, T. €. CHJIA, NPUJIOKEHHAH K OJHOMY
Kougy Dajdri, He praspiBaer BAUANMSA Ha ApyToil xonen. PaeueT raknx
GanoK TTPOHBROIUTCH TAKMKe MeroiaMi TeopHM PacueTd KOHCTDYKIRM
Ha YUDYTOM OCHOBAHMH.

Hna pagukassdore VHpOMEeHAR pacyera yKAIAHHHX TpeX Kare-
ropui Hanok aBropom cocrabiaensl Tabauue (Tabm. 12— 25). Pacemor-
peHnl HarPpYy3KU k Bufe cOCPCLOTOYCHHOM ¢TI B MOMEHTA, CXeMEL pac-
LOJIOMKEHHA KOTOpeX npencranaens Ha puc. 21, IIpu Hanmanm coaom-
HO# HATPY3KU nocaeguss pasbHBaeTcs Ha COCPELOTOUYEHABE CHIh
MJI MOMBHTH, DpuioaeHALic B Toukax gemenaa daxwm (0, 1, ..., 10).
JHAdeHIsT PACYETHHIX BEJMYUH PeaKkTHBULIX NaBJeHui p usrubarommy
momentoB M u pouepeunmx cua () ycTamABAMBAITCHA OT JIecTBHN
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Kol cocpeOTOYEHHOH HATPY3KH B OTAEIBHOCTH C OOCIeLyHIIHM
nX CyMMUpOBAHHEM.

Tabauusl cocTaBiIens AMd 3Had9eHui A, pasamx 1; 2; 3; 4; 5; 6: 7.
IJTHMH 3HAYEHMAMH NPHEECHHOH JUIMIIKL OXBATHBAKTCA BCe KaTero-
pum Ganor: TaGARIE A A = 1 MCOONB3YIOTCA [INA pacuera HECTKUX
Ganok; Talauun aaa A = 7 — gas pacdeta JTUHHHX Ganor.

B raGaunax npubeliensl GeapasMepHbte sHAYCHUA PeAKTHBHBIX JAiB-
fennii ocHOBAHM, U3TUOAINAX MOMEHTOB M HOTepesHBx cmia, obo-

3HAUeHHKX COOTBETCTRENHO gepea p', M™ m Q7, rie uujexc «1» oamaya-
er «raGuuyHoer. 3HAYEHHS ITEX DACUETNHX BENHYMH NOIYYeHb U3
paciueroB HaJ0K ¢ NOMOLBI CHCTEM ypaBueuuit tuma taba. 10 npn ge-
negnn fankm ma 10 yuacrkoB paBroi gamnm ¢ = 0,1L.

Pacuer Ganok opu moMomtu Taba. 12—25 npoussopurea crenym-
mum oOpazoM.

BrianesaeTeA DOKa3aTRID MKECTKOCTH M 00 fopMyne (3D) B npuBeen-
Haf JauHa 0anakdm A mo gopmyie (D6).

IMpu 1 < A < 7 suibnpaerea Tabauna, Gmmpkafiniag K moaydJeHHO-
my smadenni A. Hampumep, ecam A = 4,7, Hemonssyerca rabauna
L A = D HIH 3HAYEHNA PACYCTHHIX BeIWIMH GepyTCA Do HHTEpPLO-
JANMH.

Jnasg sapanee BuOpaHHEIX cedeHHI OafKu $BHIUNCIAANTCA JHAYe-
HHA PACYETHRIX BEIWINE o0 QopMyIaM:

npu HArpysKe cHIoH N, m

p =pTNT miax

M= M'NL mn; (57}
Q=Q'N m;
opu Harpyake MoMeHTOM M, mn
M
p=rp" L: mim;
M = MM, mu; (58)
T A
Q = Q L m

3naverua Q" u M™ co 2Besji0uKOil OTHOCATCA K BeJMYUHe HOIEped-
noit cmanl (taba. 12—18) unm momenra (taba. 19—25) B cewennn,
PacHOTOMeHHOM HENOCPE/ICTBEHHO JeBee BATPYMOHHOTO CeYeHMHA.

3rauenus Q' u M" copaBa OT TOYKH NPHIOMEHUS HALDY3KH COOTRET-
CTBEHHO PABHH

Q'ITID = Q;ea - 1;

(59)
M:lp = M;es —1
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Beprukanname nepeMemenusa GalKE oOpeleldsiOIcsd N0 HaBecT-
poit gopmydne

b= g

Jlaa wnnmocrpanud Oonb30BaHM TalRWUAME B KOHIE HACTOMMIEH
rIABH [pPHBEJEH 9HCIACHHHH opuMep pacdeta (upamep 3).

Ilpn pacdere xecTHEX 0Banor, Korga A < 1, HcooapaymwIcA
Taba. 12 unu 19, orHocAamumeca k A = 1.

B caydae OecKoHeTHO MAWNHLIX HAW OoaybeckoHewnwx OGanok
(A > ) ucnoasayotes rabn. 18 uwam 25, cocraBnennse A A = 7,
s aroit kareropum GanoK sHAYEHHA PACTETHBIX BeJWYUEH CIELVeT
BRYUCIATL Be mo dopmMyaaM (57) v (08), a mo cnenyomuM popMyram,
OPHBOJAMAM De3YNBTATH pacTeTa GalKd KOHeYHOH IJIHHHM K Oanke
Oeckoneanoil JITHHEL.

Ilpu warpyszxe cmuoit NV, m

I3

MM,

p=p ;

M=M (60)

g=0"N m

OpH HATPY3Ke MoMeHTOM M, mm

al;

mat;

M m?

p=p —g— mim
M=MM, mn (61)

M m
Q =Q" ——m.

[Tpn sTom BMecTO JEHCTBHTEABHEX afciEce T NMPH HaTade OTCYe-
Ta B 3arpY)KeHHOM CeYeHUM LPHMEISKTCH NOpHBeeHIbie abCimcenl
E = zm. Ecan npu pacuere KOPOTKMX M HeCTRUX HANOK PACCTOANUSA
Me;RLY CeUeHMSIMH, JUIA KOTOPHX B TablHOax wMeloTcs 3mavenus pT,
M™ n @, papuanoccs 0,17, To B caydae GeckoHeunnx M moaybecko-
HOUHLIX 0anox aT0 paccronume pasuo 0,1 m.

Jaa paeveras Geckonmeunnx Damox uCHONB3YETCH TOJLKO rpada
5, OTHOCAWAsCA K CUMMETPUUYeCKoll Hmarpyske Gank:; juid pacdera
nonybeckonequnx Hanox — rpadm O, 4, 2, 3 n 4,

Pacger Geckomewaubix H loly0ecKOHewHHX Oanox ynobHO Tak:xe
OponsBogUTh 10 Tabnamnam, opuBepenHuM B paborax [14] u [24],




Tadanubt

ANA 0aNOK, HArPY;KEHHBIX COCPEOTOYCHHLIMH CHIAMY

Tab6nrnma 12
A=1
, ToYKa NpUNOKEHUs cniasl N
W
g
L
2 E 0 1 2 3 4 5
Peaxmuenoe Oasaenue p-
0 4,0374 3,4175 2,8005 2,1885 1,5822 0,9815
1 3,4172 2,9294 2,4414 1,9548 1,4708 0,9898
2 2,8000 2,4412 2,0847 14,7205 41,3589 0,9978
3 2,1881 1,9545 1,7204 1,4846 1,2446 1,0050
4 1,5818 1,4705 1,3588 1,2458 1,1301 1,0104
5 0,9811 0,9895 0,9977 1,0049 1,0104 1,0125
b 0,3854 0,5115 0,6375 0,7630 0,3876 1,0104
7 —0,2065 0,0359 0,2783 0,5207 0,7631 1,0050
8 —0,7959 | —0,4381 —0,0801 0,2784% 0,6376 0,9978
9 —1,3841 | —0,9112 —0,4380 0,0360 0,5117 0,9898
10 —1,9718 | —1,3840 —0,7958  |{—0,2063 0,3857 0,9815
Hseubaomu't momenm MT
0 0 0 0 0 0 0
1 —0,0808 0,0163 0,0134 0,0106 0,0077 0,0049
2 —0,1275 | —0,0382 0,0512 0,0407 0,0302 0,0197
3 —0,1462 | —0,0682 0,0099 0,0880 0,0662 0,0445
4 —0,1429 | —0,0786 —0,0143 0,0501 0,1147 0,0794
5 —0,1239 | —0,0744 —0,0249 0,0247 0,0744 0,1243
6 —0,0950 | —0,0603 —0,0255 0,0093 0,043 0,0794
7 —0,0623 | —0,0410 —0,0197 0,0016 0,0230 0,0445
8 —0,0316 | —0,0214 —0,0111 —0,0009 0,0094 0,0197
9 —0,0089 | —0,0061 —0,0034% —0,0006 0,0021 0,0049
10 0 0 0 0 0 0
Honepeunan cuaa QT
0 (Vi 0 0 Q 0 0
1 —0,6273 0,3173 * 0,2621 0,2072 0,1526 0,0986
2 —0,3164 | —0,4141 0,4883 * 0,3909 0,2941 0,1979
3 —0,0670 | —0,1943 —0,3216 0,5512 * 0,4244 0,2981
4 0,4215 | —0,0231 —0,1676 —0,3123 0,5432 * 0,3989
5 0,2496 0.0999 —0,0499 —0,1998 —0,3498 0,5000 *
6 0,3180 0,1750 0,0319 —0,1114 —0,2549 —0,3989
7 0,3269 0,2023 0,0777 —0,0472 —0,1724 —0,2981
8 0,2768 0,1822 0,0876 —0,0072 —0,1023 —0,1979
9 0,1678 0,1148 0,0617 0,0085 —0,0449 —0,0986
10 0 0 0 0 0 0

L=y
<



Tabauma 13
A=2

Todxra npuackesna cuasl N

Ne cege-
HUA

0 1 2 3 4

o

R R R R Do ® e oS S omadomidmwned

(XS

Pearmuenoce dasaenue pT

45441 3,6508 2,8040 2,0317 1,3437 0,7368
3,6466 3,0550 2,4599 1,8844 1,3470 0,8537
2,7976 2,4573 2,1058 1,7298 1,3453 0,9678
2,0245 1,3806 1,7283 1,5494 1,3256 1,0709
1,3369 1,3428 1,3431 1,3248 1,2664 1,1489
0,7310 |  0,8500 0,9657 1,0699 1,1486 1,1807
0,945 |  0,3992 0,6027 0,8013 0,9875 1,1489

—0,2897 | —0,0178 0,2547 0,5283 0,8019 1,0709

—0,7400 | —0,4120 | —0,0816 0,2556 0,6043 0,9678

—1,1730 | —0,7942 | —0,4112 | —0,0160 0,4021 0,8537

—1,6008 | —1,1726 | —0,7386 | —0,2869 0,1988 0,7368

Hzeubarowuli momenm MT

0 0 0 0 0 0
—0,0788 | 0,0173 0,0134 0,0099 0,0067 0,0039
—0,210 | —0,0349 0,0515 0,0387 0,0269 0,0163
—0,1351 | —0,0625 0,0105 0,0847 0,0605 0,0384
—0,1289 | —0,0712 | —0,0132 0,0461 01073 0,0711
—0,1091 | —0,0664 | —0,0234 0,0207 0,0667 0,1152
—0,0819 | —0,0531 | —0,0240 0,0060 0,0375 0,0711
—0,0527 | —0,0357 | —0.0185 | —0,0007 0,0181 0,0384
—0,0263 | —0,0184 | —0,0104 | —0,0021 0,0067 0,0163
—0,0073 | —0,0052 | —0,0031 | —0,0010 0,0013 0,0039
0 0 0 0 0 0

Honepeunas cuaa Q"

0* 0 0 0 0 0

—0,5905 | 0,3353% | 0,2632 0,1958 0,1345 0,0795

—0,2683 | —0,3891 0,4915* |  0,3765 0,2691 0,1706

—0,0272 | —0,4722 | —0,3168 0,5405% |  0,4027 0,2725
01409 | —0,0110 | —0,1633 | —0,3158 0,5323 % | 0,3835
02443 | 0,098 | —0,0478 | —04961 | —0,3470 0,5000 *
0,2006 | 0,161( 00306 | —0,1025 | —0,2402 |—0,3835
0,2858 | 0,1801 0,0735 | —0,0360 | —0,1507 | —0,2725
0,2343 | 0,587 0,082t 0,0032 | —0,0804 |—0,1706
0,387 | 0,0983 0,0575 00151 | —0,0300 |—0,0795

0 0 0 0 0 0




Ta6baunma 14

A=3
, TouKa NPHIOKEHHuA CHiIsl N
D
% = 0 1 2 3 4 5
ZE
Peaxmusnoce daeaenue p*
0 6,0163 4,2818 2,7602 1,5564 0,6831 0,1003
1 4,2622 3,3981 2,5052 1,6840 1,0070 0,4911
2 2,7325 2,4945 2,2001 1,7812 1,3153 0,8769
3 1,5281 1,6691 1,7755 1,7674 1,5620 1,2369
4 0,6586 0,9920 1,3077 1,5593 1,6586 1,5224
5 0,0814 0,4786 0,2697 1,2337 1,5216 1,6450
6 —0,2696 0,1104 0,4920 0,8721 1,2314 1,5224
7 —0,4652 | —0,1477 0,1765 0,5162 0,8742 1,2369
8 —0,5687 | —0,3350 —0,0915 0,1792 0,4973 0,8769
9 —0,6289 | —0,4869 —0,3328 —0,1423 0,1194 0,4911
10 —0,6768 | —0,6280 —0,5652 —0,4577 —0,2567 0,1003
U seubarowuit momenm MT
0 0 0 0 0 0 0
1 —0,0728 0,0199 0,0134 0,0080 0,0040 0,0012
2 —0,1027 | —0,0262 0,0517 0,0328 0,0180 0,0072
3 —0,1047 | —0,0472 0,0119 0,0752 0,0450 0,0220
4 —0,0908 | —0,0513 —0,0103 0,0349 0,0874 0,0490
5 —0,0699 | —0,0452 —0,0193 0,0101 0,0460 0,0910
6 —0,0478 | —0,0341 —0,0196 —0,0025 0,0196 0,0490
7 -—0,0281 | —0,0217 —0,0148 —0,0063 0,0054 0,0220
8 —0,0129 | —0,0107 —0,0082 —0.0049 —0,0001 0,0072
9 —0,0033 | —0,0029 —0,0024 —0,0018 —0,0007 0,0012
10 0 0 0 0 0 0
ITonepeunas cuaa QF
0 0* 0 0 0 0 0
1 —0,4861 0,3840 * 0,2633 0,1620 0,0845 0,0296
2 —0,1363 | —0,3214 0,4985 * 0,3353 0,2006 0,0980
3 0,0767 | —0,1132 —0,3027 0,5127 * 0,3445 0,2037
4 0,1860 0,0199 —0,1485 —0,3210 0,5055 * 0,3416
5 0,2230 0,0934 —0,0396 —0,1813 —0,3355 0,5000 *
6 0,2136 0,1228 0,0284 —0,0760 —0,1978 | —0,3416
7 0,1769 0,1210 0,0619 —0,0066 —0,0925 | —0,2037
8 0,1252 0,0968 0,0661 0,0282 —0,0240 | —0,0980
9 0,0653 0,0557 0,0449 0,0300 0,0063 | —0,0296
10 0 0 0 0 0 0

[
[N]




Tataunma 15

A=4

o To4KN NPUANOKEHNA cuin N

-y

S = 0 1 2 3 4 5

48

Peaxmusnoe dasaenue p-

0 7,9516 49423 25174 0,8761 —0,0598 —0,4763
1 4,8865 3,7757 2,5396 1,4354 0,6275 0,1258
2 2,4484 2,5144 2,4110 1,9281 1,3007 0,7408
3 0,8160 1,4043 1,9169 2,1500 1,8816 1,3646
4 —,1031 0 6005 1,2870 1,8768 2,1611 1,9170
5 —0,5028 0,1065 0,7293 1,3594 1,9157 2,1799
6 —0,5801 | —0,1434 0,3181 0,9331 1,3966 1,9170
7 —0,4885 | —0,2319 0,0493 0,3944 0,9363 1,3646
8 —0,3267 | —0,2316 —0,1174 0,0525 0,3255 0,7408
9 —0,1450 | —0,1932 —0,2298 —(0,2264 —0,1318 0,1258

10 0,0391 | —0,1449 —0,3253 —0,4830 —0,5664 —0,4763

Hsezubawwuii momenm MT

0 ¢ 0 Q Q 0 Q
1 —0,0654 0,0228 0,0126 0,0053 0,0008 —0,0014
2 —0,0808 | —0,0169 0,0504 0,0249 0,0079 —0,0015
3 —0,0704 | —0,0311 0,0147 0,0633 0,0279 03,0058
4 —0,0507 | —0,0308 —0,0081 0,0223 0,0662 0,0267
5 —0,0311 | —0,0240 —0,0149 —0,0003 0,0252 0,0662
6 —0,0160 | —0,0156 —0,0142 —0,0093 0,0029 0,0267
7 —0,0065 | —0,0085 —0,0100 —0,0098 —0,0055 0,0058
8 —0,0017 | --0,0035 —0,0052 —0,0062 —0,0055 —0,0015
9 —0,0001 | —0,0008 —0,0015 —0,0020 —0,0021 —0,0014

10 0 0 0 0 0 0

ITonepeunas cuaa Q°

0 0* 0 0 0 0 0
1 —0,3581 0,4359 * 0,2528 0,4156 0,0284 —0,0175
2 0,0087 | —0,2496 0,5004 * 0,2838 0,1248 0,0258
3 0,719 | —0,0537 —0,2832 0,4877 * 0,2839 0,1311
4 0,2075 0,0466 —0,1230 —0,3110 0,4860 * 0,2952
5 0,1772 0,0819 —0,0222 —0,1492 —0,3101 0,5000 *
6 0,1231 0,0801 0,0302 —0,0396 —0,1445 —0,2952
7 0,0696 0,0613 0,0485 0,0218 —0,0329 —0,1311
8 0,0289 0,0381 0,0451 0,0442 0,0252 —0,0258
9 0,0053 0,0169 0,0278 0,0355 0,0349 —0,0175

10 0 0 0 0 U 0




TaGauma 16

A=25
, Touxa npuioykeRdd cnau N
=
S 0 1 ! 2 3 4 5
28
Pearmusnoe Oasaenue p*
0 9,8937 5,3402 2,0196 0,1672 —0,5770 —0,6843
1 5,2185 4,0639 2,5511 1,2106 0,3412 —0,0893
2 1,8898 2,5059 2,7556 2,1645 1,1286 0,5683
3 0,0740 1,1624 2,1477 2,6466 2,1858 1,3549
4 —0,6283 0,3066 1,2685 2,1798 2,6498 2,1874
b —0,7045 | —0,1082 0,5559 1,3491 2,1859 2,6417
6 —0,5243 | —0,2333 0,1210 0,6341 1,3615 2,1874
7 —0,2976 | —0,2105 —0,0811 1,7067 0,6372 1,3549
8 —0,1064 | —0,1331 -—0,1399 —0,0791 0,1273 0,5683
9 0,0438 | —0,0450 —0,1337 —0,2092 —0,2257 —0,0893
10 0,1766 0,0424 —0,1100 —0,3011 —0,5214 —0,6843
Hszubaowuii momenm MT
0 0 0 0 0 0 0
1 —0,0583 0,0246 0,0110 0,0026 —0,0014 —0,0024
2 —0,0622 | —0,0107 0,0469 0,0171 0,0007 —0,0056
3 —0,0447 } —0,0205 0,0091 0,0525 0,0156 —0,0030
4 —0,0246 | —0,0179 —0,0077 0,0128 0,0517 0,0133
5 —0,0097 | —0,0115 —0,0116 —0,0058 0,0126 0,0509
6 —0,0014 | —0,0057 —0,0094 —0,0106 —0,0051 0,0133
7 0,0017 | —0,0020 —0,0057 —0,0087 —0,0091 —0,0030
8 0,0047 { —0,0003 —0,0025 —0,0047 —0,0064 —0,0056
9 0,0007 0,0001 —0,0006 —0,0014 —0,0021 —0,0024
10 0 0 0 0 0 0
ITonepeunas cusa QF
0 0* 0 0 0 0 0
1 —0,2414 0,4702 * 0,2285 0,0689 —0,0118 —0,0387
2 0,110 | —0,2013 0,4939 * 0,2376 0,0696 —0,0147
3 0,2092 | —0,0179 —0,2610 0,4782 * 0,2432 0,0814
4 0,1815 0,0556 —0,0901 —0,2805 0,4850 0,2585
5 0,1149 0,0655 0,0041 | —0,4040 | —0,2733 0,5000
6 0,0534 0,0484 0,0349 —0,0049 —0,0959 —0,2585
7 0,0123 0,0262 0,0369 0,0353 0,0041 —0,0814
8 —0,0079 0,0090 0,0259 0,0399 0,0423 0,0147
9 —0,0110 0,0001 0,0122 0,0255 0,0374 0,0387
10 0 0 0 0 0 0

R




Tabnuna 17

A=6
Touxa HPUIOKEHUA CHIH N
2
oe 0 1 2 3 4 5
28
Peakmusnoe dasaenue p*
0 11,8071 5,4781 1,3560 —0,4487 —0,8247 —0,6133
1 5,2533 4,3068 2,5664 1,0109 0,4304 —0,1935
2 1,1517 2,4975 3,2124 2,4172 1,2106 0,3568
3 —0,5654 0,9482 2,3961 3,1828 2,4219 1,2246
4 —0,8680 0,0947 1,1915 2,4156 3,1288 2,3722
5 —0,6169 —0,2067 0,3461 1,2493 2,3708 3,0931
6 —0,2961 —0,2197 —0,0540 0,3666 1,2028 2,3722
7 —0,0804 —0,1384 —0,1586 —0,0435 0,3690 1,2246
8 —0,0219 —0,0560 —0,1281 —0,1584 —0,0503 0,3568
9 0,0588 0,0060 —0,0581 ~—0,1412 —0,2186 —0,1935
10 0,0751 0,0573 0,0165 —0,0902 —0,3060 —0,6133
Hazubawowuli momewm MT
0 0 0 0 0 0 0
1 —0,0519 0,0254 0,0088 0,0002 —0,0025 —0,0024
2 —0,0472 —0,0071 0,0423 0,0104 —0,0036 —0,0065
3 —0,0269 —0,0143 0,0055 0,0437 0,0078 —0,0064
4 —0,0100 —0,0108 —0,0080 0,0063 0,0424 0,0063
5 —0,0008 —0,0054 —0,0089 —0,0077 0,0060 0,0420
6 0,0023 —0,0016 —0,0057 —(,0039 —0,0075 0,0063
7 0,0023 0,0001 —0,0025 —0,0057 —0,0083 —0,0064
8 0,0013 0,0004 —0,0006 —0,0024 —0,0048 —0,0065
9 0,0003 0,0002 0 —0,0005 —0,0014 —0,0024
10 0 0 0 0 0 0
Honepeunasn cusa QF
0 0* 0 0 0 0 0
1 —0,1470 0,4892 * 0,1961 0,0281 —0,0347 —0,0403
2 —0,1733 —0,1705 0,4851 * 0,4995 0,0323 —0,0322
3 0,2026 0,0017 —0,0235 0,4795 * 0,2140 0,0469
4 0,1309 0,0539 —0,0551 —0,2406 0,4915 0,2267
5 0,0567 0,0483 0,0217 —0,0588 —0,2335 0,5000 *
6 0,0110 0,0270 0,0364 0,0205 —0,0549 —0,2267
7 —0,0078 0,0091 0,0257 0,0366 0,0237 —0,0469
8 —0,0107 —0,0007 0,0114 0,0265 0,0397 0,0322
9 —-0,0067 —0,0032 0,0021 0,0116 0,0262 0,0403
10 0 0 0 0 0 0
5 ¢ Kaemmkos 65



Tabamna 18

A=17
\ Todxa mpuAOKeHUsa cuisl N
<
o
8 = 0 1 2 3 4 5
ZE
Peaxmusnoe dasaenue p*
0 13,6867 5,4001 0,6381 —0,8856 —0,8370 —0,4126
1 5,0300 4,5599 2,6006 0,8234 —0,0333 —0,2349
2 0,3561 2,5065 3,7409 2,6175 1,0442 0,1298
3 —1,0065 0,7518 2,5937 3,7068 2,5692 1,0150
4 —0,8575 —0,0640 1,0261 2,5633 3,6142 2,5068
5 —0,3976 —0,2401 0,1221 1,0107 2,5056 3,5794
6 —0,0844 | —0,1676 —0,1700 0,1161 0,9917 2,5068
7 0,0380 —0,0676 —0,1639 —0,1732 0,1176 1,0150
8 0,0516 —0,0085 —0,0825 —0,1647 —0,1688 0,1298
9 0,0279 0,0158 —0,0103 —0,0717 —0,1714 ~—0,2349
10 —0,0019 0,0275 0,0488 0,0201 —0,1011 —0,4126
Hseubarowuiit momenm MT
0 0 0 0 0 0 0
1 —0,0460 0,0256 0,0065 —0,0016 —0,0028 —0,0018
2 —0,0351 —0,0052 0,0376 0,0052 —0,0056 —0,0056
3 —0,0150 —0,0105 0,0023 0,0370 0,0029 —0,0072
4 —0,0025 —0,0067 —0,0078 0,0022 0,0363 0,0023
5 0,0019 —0,0024 —0,0065 —0,0077 0,0022 0,0362
6 0,0021 | —0,0004¢ | —0,0030 | —0,0064 | —0,0075 0,0023
7 0,0011 0,0005 —0,0007 —0,0030 —0,0063 —0,0072
8 0,0003 0,0004 0,0002 —0,0007 —0,0028 —0,0056
9 0,0000 0,0001 0,0001 —0,0000 —0,0006 —0,0018
10 0 0 0 V] 0 0
ITonepeunas cuasa QT
0 0* 0 0 | 0 0 0
1 —0,0642 0,4980 0,1619 —0,0031 —0,0435 —0,0324
2 0,2051 —0,1487 0,4790 * 0,1689 0,0070 —0,0376
3 0,1726 0,0142 —0,2043 0,4852 * 0,1877 0,0196
4 0,0794 0,0486 —0,0233 —0,2013 0,4969 0,1957
5} 0,0167 ‘ 0,0334 0,0341 ‘ —0,0226 —0,1971 0,5000 *
6 —0,0074 ; 0,0130 0,0317 0,0337 —0,0223 —0,1957
7 —0,0098 { 0,0013 0,0150 0,0308 0,0332 —0,0196
8 —0,0053 } —0,0025 0,0027 0,0139 0,0306 0,0376
9 —0,0013 1 —0,0022 —0,0019 —0,0021 0,0136 0,0324
10 0 ‘ 0 0 0 0 0

=
(S




Taonnnpl
a5 GalloK, HAUPYRCHHBIX COCPENOTOYEHHHIMH MOMEHTAMH

TaGauna 19

A=1
, Touxa npuiloskenusa momeHra M
(=]
.é = 0 1 3
o 2 B 4 5
ZE
Peaxmusroe dasaenue pt
0 6,2047 6,1885 6,1468 6,0921 6,0343 5,9809
1 4,8770 4,8802 4,8758 4,8546 4,8252 4,7946
2 3,5880 3,5906 3,6036 3,6158 3,6149 3,6070
3 2,3346 2,3367 2,3469 2,3726 2,4002 2,4152
4 1,1123 1,1139 1,1214 1,1407 1,1769 1,2447
5 —0,0843 | —0,0833 —0,0784 —0,0655 —0,0407 0
6 —1,2611 —1,2606 —1,2583 —1,2519 —1,2384 —1,2147
7 —2,4239 | —2,4240 —2,4243 —2,4242 —2,4220 —2,4152
8 —3,5782 | —3,5788 —3,5817 —3,5879 —3,5970 —3,6070
9 —4,7282 | —4,7294 —4,71349 —4,7474 —4,7677 —4,7946
10 —5,8770 | —5,8788 —5,8869 —5,9057 —5,9371 —5,9809
Hszubaowuii momenm MT
0 0* 0 0 0 0 0
1 —0,9712 0,0288 0,0286 0,0284 0,0282 0,0279
2 —0,8935 | —0,8936 0,1060 * 0,1053 0,1046 0,1038
3 —0,7800 | —0,7801 -—0,7806 0,2184 * 0,2171 0,2157
4 —0,6430 | —0,6431 -—0,6436 —Q,6447 0,3536 * 0,3518
5 —0,4948 | —0,4949 —0,4954 —0,4969 —0,4980 0,5000 *
6 —0,3475 | —0,3476 —0,3479 —0,3488 —0,3501 —0,3518
7 —0,2127 | —0,2128 —0,2130 —0,2136 —0,2445 —0,2157
8 —0,1022 | —0,1022 —0,1024 —0,1027 —0,1031 —0,1038
9 —0,0275 | —0,0275 —0,0275 —0,0276 —0,0277 —0,0279
10 0 0 0 0 0 0
IIonepeunas cuaa QF
0 0 0 0 0 0 0
1 0,5541 0,5534 0,9511 0,5473 0,9430 0,5388
2 0,9773 0,9770 0,9751 0,9709 0,9650 0,9589
3 1,2735 1,2733 1,2726 1,2703 1,2657 1,2600
4 1,4458 1,44359 1,4460 1,4459 1,4446 1,4415
5 1,4972 1,4974 1,4982 1,4997 1,5014 1,5022
6 1,4299 1,4302 1,4314 1,4338 1,4374 1,4415
7 1,2457 1,2460 1,2472 1,2500 1,2544 1,2600
8 0,9456 0,9458 0,9469 0,9494 0,9535 0,9589
9 0,5303 0,5304 0,5311 0,5327 0,5352 0,5388
10 0 0 0 0 0 0
5% 67



Tabununa 20

A=2
\ ToUKA DPUIOKEHUA MoMenTa M
Sw 0 1 2 3 4 5
&=
Peaxmusnoe dasaenue pt
0 9,0168 8,7647 8,1254 7,3057 6,4609 5,6094
1 5,8971 5,9523 95,8957 5,0837 5,4555 4,7148
2 3,3888 3,4317 3,632 3,8371 3,8280 3,7104
3 1,4291 1,4607 1,6158 2,009 2,4270 2,6396
4 —0,0670 | —0,0456 0,0617 0,3406 0,8764 1,4318
5 —1,4945 | —1,1822 —1,1180 —0,9439 —0,5948 0
6 —2,0487 | —2,0445 —2,0191 —1,9405 —1,7638 —1,4318
ki —2,1175 | —2,7207 —2,7309 —2,7403 —2,7241 —2,6396
8 —3,2762 | —3,2863 —3,3297 —3,4223 —3,5584 —3,71104
9 —3,7826 | —3,7993 —3,8750 —4,0481 —4,3322 —4, 1148
10 —4,2738 | —4,2971 —4,4046 —4,6574 —5,0881 —5,6094
seubaiowui momenm MT
0 0* 0 0 0 0 0
1 —0,9601 0,0391 * 0,0369 0,0337 0,0301 0,0269
2 —0,8602 | —0,8617 0,1327 * 0,1231 0,118 0,1008
3 —0,7256 | —0,7273 —0,7347 0,2508 * 0,2316 0,2118
4 -0,50758 | —0,5776 —0,5851 —0,6011 0,3754 0,3489
5 —0,4261 | —0,4277 —0,4343 —0,4490 —0,4719 0,5000
6 —0,2879 | —0,2891 —0,2943 —0,3059 —0,3246 —0,3489
7 —0,1699 | —0,1707 —0,1741 —0,1819 —0,1946 —0,2118
8 —0,0789 | —0,0793 —0,0810 —0,0850 —0,0917 —0,1008
9 —0,0206 | —0,0207 —0,0211 —0,0223 —0,0242 —0,0269
10 0 0 0 0 0’ 0
ITonepeunas cusa QF
0 0 0 0 0 0 0
1 0,7457 0,7359 0,7011 0,6445 0,5808 0,5207
2 1,2100 14,2051 1,1778 14,1455 1,0300 0,9420
3 1,4509 1,4497 1,4405 1,4078 1,3427 1,2595
4 1,5490 1,5204 1,5244 1,5254 1,5079 1,4630
5 1,4559 1,4590 1,4716 1,4952 1,5220 1,5346
6 1,2938 1,2977 1,3147 1,3510 1,4041 1,4630
7 1,0554 14,0594 1,0772 1,1169 1,1797 1,2595
8 0,7558 0,7591 0,7742 0,8088 0,8655 0,9420
9 0.4028 0,4048 0,4140 0,4353 0,4710 0,5207
10 0 0 0 0 0 0
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Tabanma 21

CeueHua

Toura NPUIOKERU MoMeHTA M

2

3

- s

=
O WO WND O

O WS UL O

QO WNNWNY SO

17,7377
8,5336
2,3080

—1,4524
—3,3559
—3,9775
—3,7958
~3,1659
—2,3239
—1,4048
—0,4693

0 *
—0,9267
—0,7630
—0,5722
—0,3928
—0,2448
—0,1352
—0,0629
—0,0218

—0,0039
0

0
1,3136
1,8556
1,8984
1,6580
1,2914
0,9027
0,5546
0,2801
0,0937

0

16,5575
8,8557
2,5230

—1,3247
—3,2932
—3,9601
—3,8074
—3,1951
—2,3637
—1,4520
—0,5229

0
0,0700
—0,7693
—0,5791
—0,3990
—0,2498
—0,1387
—0,0650
—0,0228
—0,0042

0

0
1,2707
1,8396
1,8995
1,6686
1,3060
0,9176
0,5675
0,2895
0,0987

0

Peaxmuenoe dasaenue p*

13,7134 10,3536
8,7520 7,5591
3,5716 4,5916
—0,6718 1,0626
—3,8307 —3,3711
—3,8242 —3,7488
—3,3063 —3,4946
—2,5371 —2,9130
—1,6721 —2,1974
—0,7851 —1,4484
Hszubaioyuli momenm MT
0 0
* 0,0603 0,0471
0,2078 * 0,1695
—0,6075 0,3369 *
—0,4262 —0,4842
—0,2721 —0,3221
—0,1547 —0,1919
—0,0748 —0,0982
—0,0275 —0,0389
—0,0054 —0,0085
0 0
ITonepewnas cuaa QF
0 0
1,1233 0,8956
1,739 1,5032
1,8844 1,7859
1,7036 1,7420
1,3648 1,4764
0,9820 1,1204
0,6255 0,7582
0,3333 0,4378
0,1229 0,1823
0 0

7,1863
5,9588
4,6055
2,8279
0,1818
—2,2419
—3,3602
—3,6474
—3,4759
—3,1034
—2,6769

0
0,0339
0,1272
0,2658
0,4312

—0,4012

—0,2538

—0,1386

—0,0591

—0,0141
0

0
0,6573
1,1855
14,5571
1,7076
1,6046
1,3245
0,9741
0,6180
0,2890

0

*

4,5828
4,3913
4,1148
3,533
2,3190
0
—2,3190
—3,5391
—4,1148
—4,3913
—4,5828

0
0,0226
0,0%90
0,1960
0,3373
0,5000 *

—0,3373

—0,1960

—0,0890

—0,0226
0

0
0,4487
0,8740
1,2567
1,5496
1,6656
1,5496
1,2567
0,8740
0,4487

0
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Ta6auma 22

A=14%
) TodKa NpujQ:KeHEusa MoMeHTra M
%’;
Sz 0 1 2 3 L 5
Z 8
Peakmusnoe dasaenue p*
0 31,2088 27,8610 20,3743 12,6287 6,4262 2,2373
1 10,7223 11,8807 12.1621 9,6790 6,4862 3,6660
2 —0,8716 | —0,2380 2,9440 6,0511 6,1611 4,9247
3 —5,9699 | —5,7103 —4,2153 0,2014 4,4669 95,4915
4 —7,0464 | —7,0127 —6,6047 —4,8603 —0,1758 4,3587
5 —6,0674 | —6,1442 —6,3198 —6,1648 —4,6123 0
6 —4,3303 | —4,4417 —4,8485 —0,4577 —5,6753 —4,3587
7 —25315 | —2,6349 —3,0628 —3,9050 —4,9273 —5,4915
8 —0,9259 | —1,0016 —1,3464 —2,1360 -—3,3968 —4,9247
9 —0,4956 0,4543 0,2319 —0,3862 —1,6279 —3,6660
10 1,8417 1,8360 1,7447 1,3283 0,1766 —2.2373
Hseubaiowpuii momenm MT
0 0* 0 0 0 0 0
1 —0,8781 0.1127 * 0,0882 0,0582 0,0322 0,0136
2 —0,6342 | —0,6494 0,2963 * 0,2121 0,1287 0,0635
3 —0,3881 | —0,4028 —0,4627 0,4228 * 0,2845 0,4615
4 —0,1950 | —0,2063 —0,2559 —0,3632 0,4800 0,3117
5 —0,0690 | —0,0764 —0,1107 —0,1915 —0,3259 0,5000 *
6 —0,0024 | —0,0065 —0,0267 —0,0781 —0,1723 —0,3117
7 0,0210 0,0192 0,0093 —0.0179 —0,0724 —0,1615
8 0,0188 0,0182 0,0146 0,0036 —0,0205 —(,0635
9 0,0070 0,0069 0,0062 0,0038 —0,0021 —0,0136
10 0 0 0 0 0 0
Honepeunas cuaa QF
0 0 0 0 0 0 0
1 2,0966 1,9871 1,6268 1,1154 0,6456 0,2952
2 2,5891 2,5692 2,3821 1,9019 1,2780 0,7247
3 2,2470 2,2718 2,3186 2,2145 1,8094 1,2455
4 1,5962 1,6357 1,7776 1,9816 2,0239 14,7380
5 0,9405 0,9778 1,4313 1,4303 1,7845 1,9560
6 0,4206 0,4485 0,5729 0,8492 1,2701 1,738¢
7 0,0775 0,0947 0,774 0,3811 0,7400 1,2455
8 —0,0953 | —0,0871 —0,0431 0,0790 0,3238 0,7247
9 —0,1169 | —0,1145 —0,0988 —0,0471 0,0726 0,2952
10 0 0 0 0 0 0
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Tabunoma 23

A=0>

Todra npunoHeHusa momenra M

Ni ceue-
HuA

0 i 2 3 & 5

oy
S W= U WN O SO 0o =& U O

[

S WU O

ey

Peaxmusnoe dasrenue pt

47,9693 40,6688 25,5801 12,1977 3,5276 —0.7642
10,5336 13,5694 15,2089 11,1958 6,3057 2,5761
—6,6002 | —5,2843 1,7619 8,4811 8,3972 5,8160
—10,9751 | —10,7008 | —8,4335 —0,0915 6,6584 8,2088
—9,2832 | —9,4821 —9,6921 —7,9439 0,0273 6,6065

—5,8570 | —6,1747 —17,2560 —8,5202 —17,5648 0
—2,8212 | —3,0895 —4,1801 ~—06,2102 —8,1959 —B,6065
—0,8148 | —0,9835 —1,7487 —3,4583 —5,9649 —8,2088
0,2912 0,2187 —0,1631 —1,1869 —3,1046 —5,8160
0,8849 0,8938 0,8643 0,5740 —0,3987 —2,5761
1,3142 1,3970 1,6967 2,1225 2,1529 0,7612

Haeubaowyuli monernm MT

0* 0 0 0 0 0
-0,8225 0,1582 * 0,1106 0,0593 0,0223 0,0018
—0,5059 | —0,5342 0,3682 * 0,2277 0,1064 0,0291
—0,2340 | —0,2570 —0,3512 0,4712 * 0,2699 0,1132
—0,0618 | —0,0758 —0,1400 —0,2850 0,4984 * 0,2744
0,0205 0,0141 —0,0196 —0,1086 —0,2727 0,5000
0,0436 0,0418 0,0293 —0,0125 —0,1079 —0,2744
0,0368 0,0371 0,0354 0,0221 —0,0203 —0,1132
0,0203 0,0209 0,0225 0,0214 0,0088 —0,0291
0,0059 0,0061 0,0071 0,0080 0,0065 —0,0018

0 0 0 0 0 0

Honepeynas cuaa QF

0 0 0 0 0 0
2,9251 2,7119 2,0395 0,1697 0,4917 0,0907
3,1218 3,1262 2,8880 2,1535 1,2268 0,5103
2,2431 2,3269 2,5544 2,5730 2,0296 1,2116
1,2301 1,3178 1,6481 21712 2,4139 2,0023
0,4731 0,5349 0,8007 1,3480 2,0370 2,3827
0,0392 0,07147 0,2289 0,6115 1,2490 2,0023

—0,1426 | —0,1319 —0,0675 0,1281 0,5409 1,2116

—0,1688 | —0,1702 —0,1631 —0,1042 0,0875 0,5103

—0,4100 [ —0,1145 —0,1280 —0,1348 —0,0877 0,0907
0 0 0 0 0 0
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Ta6bnuma 24

A=6
. Touxa OpHCKeENa moMenTa M
D
-
8 0 1 2 3 4 5
25
Deaxmusnoe dasacrnue p*
0 67,7867 54,2986 28,5526 9,2938 —0,3078 —3,1256
1 7,3100 13,7745 18,1966 42,3163 5,6191 1,3386
2 —14,4562 | —12,0611 0,5797 12,1504 10,8738 6,1678
3 —15,1097 | —15,1893 | —12,9776 0,0616 11,9574 10,8546
4 —9,3884 | —10,1046 | —11,9782 | —11,6090 0,2963 11,7264
5 —3,8922 | —4,5209 —6,9131 —10,6065 | —11,4020 0
6 —0,6464 | —1,0007 —2,6153 —6,1271 —10,5781 —11,7264
7 0,6238 0,4932 —0,2503 —2,3415 —6,2117 —10,8546
8 0,7811 0,7758 0,6156 —0,1677 —2,2796 —6,1678
9 0,0104 0,5644 0,7391 0,8926 0,5039 —1,3386
10 0,1483 0,2389 0,6546 1.5679 2,7494 3,1256
Hazubawwus momenm MT
0 0* 0 0 0 0 0
1 —0,7619 0,2040 * 0,1255 0,0515 0,0083 —0,0032
2 —0,3856 | —0,4299 0,4209 * 0,2209 0,1717 —0,0024
3 —0,1167 | —0,1465 —0,2712 0,4918 * 0,2369 0,0649
4 0,0122 | —0,0012 —0,0688 —0,2359 0,5005 * 0,2343
5 0,0468 0,0437 0,0206 —0,0585 —0,2331 0,5000 *
6 0,0388 0,0401 0,0396 0,0185 —0,0598 —0,2343
7 0,0210 0,0231 0,0292 0,0332 0,0136 ~—0,0649
8 0,0076 0,0089 0,0139 0,0217 0,0242 0,0024
9 0,0013 0,0017 0,0034 0,0067 0,0100 0,0082
10 0 0 0 0 0 0
Ilonepeunaa cusa QF
0 0 0 0 0 0 0
1 3,7548 3,4037 2,3375 1,0805 0,2656 —0,0894
2 3,4125 3,4893 3,2763 2,3038 1,0902 0,2860
3 1,9492 2,1268 2,6564 2,9144 2,2318 1,1371
4 0,7243 0,8621 1,4086 2,3371 2,8445 2,2661
5 0,0603 0,1303 0,4640 1,2263 2,2892 2,8525
6 —0,1666 | —0,1452 —0,0124 0,3896 1,1902 2,2661
7 —0,1678 | —0,1706 —0,1557 —0,0338 0,3507 1,1371
8 —0,0975 | —0,1072 —0,1374 —0,1593 —0,0739 0,2860
9 —0,0329 | —0,0402 —0,0697 —0,1230 —0,1627 —0,0894
10 0 0 0 0 0 0




Tabanma 25

A=T
Touxa NPHUIOKEHH MOMEHTd M
[
X
Se 0 1 2 3 4 5
28
Peaxmusnoe dasaenue pT
0 90,2681 68,0632 28,9367 4,7606 —3,7246 —4,0516
1 0,7264 12,6498 21,5576 13,2153 4,5964 0,1493
2 —22,3793 | —19,7542 | —0,1465 17,0102 13,0055 5,6014
3 —17,2399| —18,2686 | —17 6916 0,3824 16,8947 12,7938
4 —7,4519 { —8,9028 —13,4450 | —16,1346 0,3413 16,4644
5 —1,2830 | —2,1374 —5,7472 —12,3983 | —16,1660 0
6 0,9232 0,6488 —0,9506 —5,3562 —12,4750 —16,4644
7 1,0544 1,0612 0,7592 —0,9308 —5,4800 —12,7938
8 0,5753 0,6525 0,8376 0,6823 —0,9784 —5,6014
"9 0,1015 0,1598 0,4051 0,8440 1,0506 —0,1493
10 —0,3010 | —0,2816 —0,0940 0,6106 2,1474 4,0516
Hazubarwwuii momenm M*
0 0* 0 0 0 0 0
1 —0,6979 0,2480 * 0,1324 0,0379 —0,0048 —0,0133
2 —0,2778 | —0,3392 0,4565 * 0,2002 0,0366 —0,0229
3 —0,0344 | —0,0675 —0,2140 0,4985 * 0,2005 0,0263
4 0,0443 0,0347 —0,0250 —0,1991 0,4992 * 0,1976
5 0,0425 0,0435 0,0352 —0,0244 —0,1985 0,5000 *
6 0,0241 0,0244 0,0332 0,0319 —0,0243 —0,1976
7 0,0055 0,0077 0,0165 0,0303 0,0307 —0,0263
8 —0,0005 0,0003 0,0047 0,0147 0,0268 0,0229
9 —0,0008 | —0,0007 0,0040 0,0034 0,0089 0,0133
10 0 0 0 0 0 0
ITonepeunas cuaa QF
0 0 0 0 0 0 0
1 4,5497 4,0357 2,5247 0,8988 0,0436 —0,195%
2 3,4671 3,6804 3,5953 2,4101 0,9237 0,0924
3 1,4861 1.7793 2,7034 3,2797 2,4187 1,0122
4 0,2515 0,4207 1,1465 2,4921 3,2805 2,4751
3 —0,1857 | —0,1313 0,1869 1,0654 2,4893 3,2983
6 —(,2042 | —0,2057 —0,1480 0,777 1,0572 2,4751
7 —0.4053 | —0,1202 —0,1575 —0,1366 0,1594 1,0122
8 —0,0239 | —0,0345 —0,0777 —0,14%0 —0,1635 0,0924
9 0,0100 0,0061 —0,0156 —0,0727 —0,1599 —0,1951
10 0 0 0 0 0 0
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baaxka pepemennoii :xecTrocTH
# pyrHe caytad pacuera Ganow

Pacuer fanku nepeMennoil ;RecTKOCTH, JeKaMell wa ynpyrom oc-
HOBOENYN [epeMeHHON ;KeCTKOCTH, METO/IOM HA4aJIbHBIX NapaMeTpPoB
He @pegcTaBAHeT UpUHIMOuaneHuix 3aTpynuennit, Ilpoxer Jaaku
HEeJMTCA HAa PAX YUACTHOB IS K&KI0I TOYKH pazbuenus 3aidchi-
BaeTcs B pa:kelHe pormfioB, ROTopoe NPHEpPaBUEHBAeTCA K COOTBET-
CTBYHOIIHM 0CagKaM HOBerHOCTH OCHOBAHHA. Hpn 3TOM H3MeHeHHe

JRECTKOCTH II0 AJIHIE KajKI0To

M g y4acTKa HOPeAnoJdaraeTen 1o-

N ™y f CTOAHHBIM, T. @. pacCMaTpPHBAa-
o7 2"‘[',-, e n erca 6agka crymenvaTto-Hepe-
g g © MeHHOH mecTHocTn. Wpupoau-

ooy A P 21 wefinnii aapaxTep maMenenus

L HECTHROCTH NPUBOAUTCA K CTY-

A HEHYATOMY, YTo Ipu JOCTATOT-

Ho (OABNIOM uYMCHe YUACTHOB
Puc. 22. Baxka mepeMeHHOH sxecTRocrn na HC CHA3BWBAGTCA HA TOWHOCTH
YUDYroM OCHoBaHIH ¢ IepeMeHHBMM K03j- PE3YJABTATOB pacuera.
duieHTOM KECTROCTH, AxropuTm pacuera Gao,
OCHOBa HHBI Ha YHRAZAHIOM
MeTofle, NAA caMoro obmero caydaa OAJKM HEPEeMeNHoil ReCcTKOCTH,
Je;Ralled HA YOPYToM OCHOBAHMHE ¢ IepPeMeHHEIM Koa(@HUMeHTOM Hic-
CTKOCTH W ¢ YU4CTKAMH DAasHOIl AMAikl, UpABeled B palorte [221. [To-
Jy9eHHHE QopMyanl KoapdurmenToB M CBOODOMHKIX YHeH0B HMEIOT
HOROJILED CJHOKHLIE BHA, 9T0 ofycioslieno, TAaBHBIM olpazoM, pas-
JuYpeM MJMH yY9acTROB, 11a Kotopee pasbHBaereAa Ganka mpH pacue-
Te. B psge caryvaep Mo;keT 0Ka2aThCA Ileleco00pazHoil pasGHBRA
nponera 0ANKA Ha YYACTRH ogMuakopod aamau. Jia Tarmx cayvaen
npupoium Gouee TPOCTOe peluenHe, B KOTOPOM HCHOJL3OBAN METOI
KOHe4YIbX pasuocTed.
3a McxoaHoe ypasHende UpmHATo TU(epecHIHATLHOE YpaBHEHUR
u3ruda Gagku ¢ ygeroM nedopmanuii casura [39)
2
% M 4 &5_ (62)
x £l GF
3pech peaKTHBHEIE JaBJeHNA P 1 AKTHBHAA HATPY3KA g CIATAIOTCA
HAIIpABJIENHLIME BBepx (puc. 22).
[Iycrrs danka g@MeeT n yIacTHOB pABHOH AAMHEL a, 3aHYMepoBaH-
uerx ot J 10 n.
lloapayres dpopmymoir (41 a) m saMenns mporudsl Ha mOroHILE
HATeHCHBHOCTH PEAROHA OCHOBANWA M KOMPOHMIIMEeHTH ECTKOCTH,
LA 1-T0 ceueHuf TONYTHM BRpaieHue

p,+g,

P P, Piy1 at .
=— g Mt —g— o (63)

£, K + K,
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B aToM ypaBHeHUNM neM3BECTHHMH ABIAKTCA P,_ ., P, P,y W M.
Warabawmull MOMeHT B ceYeHUH ¢ MO;KNO BHPAa3NTh 4€pe3 Hen3BecT-
HEIC PeakTHRILE NaBIelHA H BHEIIHIOW (aKTUBHYI0) Harpysky. Toraa
ypasuenns Buia {63) OynyT comepiRaTh B KA9eCTBe HEH3BECTHHX TOMB-
KO MOTOHHLIE THTeHCHBIOCTH PeAKIUIl 0OCROBAaBHA.

Hdsarascr or aeBoro KoHua 0aXKyM K HPABOMY, BAlHINEM Bmparke-

HEA uaruGamiliy MoMEenToB 14a ceuenmd 1, 2, ..., n — 1:
My - (2p,+ p) + My,
M,= % ©p, + 0p, + p,) + Mos;
M= 4 (8p, -+ 12p, +6p, + p) + My; (64)
M,= —abi (1p,+18p +12p, + 6p 4 p) + M,
M. = —%2-[(31— 1)pﬂ+6t_2i(i—f)p;,+ P+ M
=

!
rie M., — wmarubaomui MOMEHT B CeYeHMM 7 0T BHeIDBei Harpyaﬁn
Coctapaaa ypaueHue (63) mocaenoBartennimo aas cegenmin 1, 2,

8, ...,n — | u yaurusana dopmyinsl (64), GyneM uMerp paj credyIomux
VpaBHEHMH:

200 2 1
(SEI] + KO)P0+(GEII_K— GFl)p1+

Py “ZMia 8a®
YR T T e TR
Bal fa? 1 _— P B
I, i d =
68T, Po T (61312 + Kl) Py Lﬁmz X, GFB) P+
Py My, 8y
Tk T TEL Ter, 9T A

)
KOTOpHie COBMECTHO ¢ ABYMS ypaBHeHHMAMN paBHOBecHA (LY =0, M =
={)) DOANOCTHIO peIAKT HOCTAB/EHHYIO 3aj1a9y.

Brona obosnavenud

6EI, BEI,
Yr; = K‘1a4 n ,lpr = aEGFr’ (66)

HOJYYHM BeChbMa IPOCTYIo M yRoOHyo Nas OpPaRTHIECKOro TOJB30-
BaHWA cucreMy ypasHenuir (Tabn. 26) npumennrennmo x Oanke mepe-
MEHINOH KECTROCTH, pasfeleHHO# Ha § yvYacTKOB paBHOH AJHON @.
He cocrapaser Tpyda MPOMVIHTE 9Ty CHCTeMY QA a000ro KOJAMueCT-
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CmcreMa ypaerenmii aas pacuera cBofionmo mexxameii Gangn

No ypaBRemut Po P Py Py Pa
1 24+ v {1 —2yu—1 Yiz
1
2 3 6+ var 1—2y— Yes
3 8 12 6+ va  [1—2vs— Yas
4 1 18 12 6+ Yoz [1—2v4—,
5 14 24 18 12 6+ Vea
6 17 30 24 18 12
7 20 36 N 30 24 18
8 1 2 2 2 2
9 23 42 36 30 24

Ba ydacTHOB r > 8. 3aMeTuM, WTO NOCHeNERE [Ra YPABHEHHS HCH-
TAYHE YPAaBHEeHUAM DABHOBeCHA, NPUMEHEHHEIM Opu pacdeTe DaJry
HOCTOAHHON FKECTHOCTH METOIOM HAaJallBHEIX IapaMerpoB {cM. Tabi. 5).

B cayuae, ecan m3rubHas M CABHI0BAA JKECTKOCTH KAKOIru-iambo
ceueHHA § OAXKH MOTYT CYHTATHBCHA PABHEMH OECKOHEYHOCTH, TO, HOM-
cTaBana B ypasuenne (65) EJ, = oo, GF, = co, monyunm

Py B, Dyqia
Kl_,—zT,_}_Ki_H_O i=12,...,n—1) (67)

Hanpumep, nycrs B Ganke, CHCTeMa PAacUeTHHX ypaBHEHHIH KOTO-
poii mprBeneHa B Tabua. 26, Ai€CTROCTH ceYeHA 4 PaBHE GeCKOHETHOCTH.
Torga BMecto ypaBHenua 4 (1abn. 26) caenyer Hamucarth TaKoe ypas-
HEHHe

1 2 L
L5t =0
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nepeMeHHoH KecTROCTH Tabanoa 26

Caofonapi¢ 4aers (8
P s Pr Pa gpaBo#l HacTi)

6
—m My +ah

6
—'a_2M23+g11P2

6
— gz Mg+ g3 ¥s
6
Vas — My e,
G
1 — 2 s Vs6 — 7 My -+ &
6
6+ Ve 1 — 2ve — Py Yer — T Mg, - Ea e
8
12 6+ Vo L —2yn —1; Y — 7 My g
2
2 2 2 1 ——y,
6
18 12 6 1 — o IMy

B cayuse crauroolpasHOTO H3MeHeHHS MOMEHTA WHepHAEY Galku
clieyeT HAXONUTL 3HAY6HWe NPHUBeJACHHHIX MOMEHTOB MHepHuH OJm-
JKAHMIEMX 3adyMepoBaHEHX cegseHmit. llpw pacmoncxensu crauxa
MeEAY 3aHYMBPOBAHHEIME cedeHmAME (puc. 23, a} uMeeM GopMyJikl
[19]

2q, T
I — —1"H1 . 6e
1, 1P d11_1+(a_|_c)]1+1 v ( )
2al 1
7 _ 1142 ) 69
141, mp cI:+2 &+ 49 T, ( }

Ecam cravoR cosmajaer ¢ rpammnedfl neyx ysacrkos (pmc. 23, 6),
0
2I1—111-[—1

Bow =1 ¥ 1 (70)
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Ilpurenennne IJIOIMAJH HONCPEUHHX CEYeHHH BHINCIAKTCA IO
TakHM ke dopMyJaaM, HOITOMY /A KX oNpejejeHUd B dopmynax
(68)—(70) cueayer 3aMEHHTH JHIIL MOMeHT MHepnuH fomomajnio F.

) Puc. 23. [pumepm pacmono-
; _%’ 1 AeHUA MeCT H3MeHeHU: MOMeH-
| =~ HHepUUH SalKu:

] M NE e L te
R | a a (2 [, a Y e — memagy sanyMepoBAHHLIMA Ce-
Lo ol | |
| toe { ] + -— YCHHAMHA, 6 — B 3aHYMeDOBAHHOM
a 5 ceyenun,

flocae onpegencHHA NOroRHKX HHTEHCHBHOCTE peaKumi ocHOBA-
HMSA Py, Py, Pay -.. » Po (A3 pemlenus cucTeMu ypaBHeHuii tabua. 26)
BLIYHCAAIOTCA 3HaYeHHA H3rr0amiuux mMoMmenToB B cedenuax 1, 2,...,
n — 1 o dopmynam (64). llonepeunue cnis nogeunTBawICA 10 HOP-
MyJaaMm:

le%(po+pl)+omi
Q=5 (P, +2p, + p) -+ Qo
Qsi";“(Po+2P1+2Pz+Ps)+Q3“; b

P
i—1 5,
a

Q= 5|r+ ZijwLpi)-l—Om,
=

rae Q, — HOOepeYlas CHAA B CeYeNlHI { 0T BHeMHeH HATDYAKH.
ITporubu ankM, Kak o0s4YHO, oNpeeaAanTCa I0 fopMyae
P;
.= 7%

i

Hdaa onenkn morpelidoctd pacdera W Buibopa niara ¢, JawHeroe
TpedyeMy© TOYL0CTh PEIISHNs, MOIRHO BOCIOIbL30BATECA TOM i€ OpHe-
MOM, KOTODEHIH NpUMENeH NaMHA B METOAE NaYalLHLIX napamerpos 1221,
Pacuer shnosingerca IBaKAL: BHAYAJE ¢ IIATOM ¢, 4 3aTeM ¢ BIBO®
¢4
i
p uan M o0oux pAcHeToB He MPeBEIUAIT AOOYCTUMOH NOTPEITHOCTH,
TO AT ¢ focTaroded. B npoTHBHOM ciydae YMEHLMAKWT B gBa pasa
mar 4', KoTOPHH MPUHHMANT 3a MCXOTHBIA.

B mpakTmee OPOSKTHPOBAHUA BCTpedaioTcA 0anKm, HMMewldde B
npoJere pAg IIapHUpPHO HEOIOABHIRHBIX HJIH 0OTAaTANBRIX COCPEeN0TO-
YeHHEX 0HOP, CAYUAH NIAPHUDHO coenuueHHEX Gamok 1 ap. llogobune
30491 MOATHO PeniaTh ¢ UCIOAb30BATTHEM KaHOHHUeCKO q)Dpl\-lbl Me-
TOHA CU. B xavecTBe 0CHOBIOH CHCTEMAE HIH €€ JIeMeNnTa npuUHEMaeT-
¢A KaxaAg-anbo us Ganok, Asofpamennsx Ha puc. 14, 16—20. Haa ra-
Koil GaJku nerxo HAXOOATCA ANHeHHEe H yIJaoBke Jedopmaliun xwboro
CeYeHHA OT FPY30BHX H eIHHMYHHNX BoggeficTBuii. B Mecrax cocpeno-

MeHNBIIMM maroM ¢ = —,—. Eenm pacxoskuenua MemAy SHATeHUAME
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TOTEHHEX OI0P, MAPHADPOEB W 33/eJI0K OPHKIAJEBAKTCA JeifcTBYIO-
HlMe B HEX BAYTpCeHHUE YCHJIMA, NPHAAMAEMEE 32 JUNIHHE HEH3BECT-
gue X, X,, ..., X,. Iocne aroro cocraBuserca W pelnaeTcs 00nTHAA
CcHCTEMa YPaBHEHHH MeTOAA CHLI

Xy 80X, o+ X A=
0y X; A 020X, + ... 4 GonXn Az = 0 (72)
6n1X1 + ‘Sn?.Xr_i 4.+ 6?&an + A«m =0.

OTMeTHM, YT6 TPH HATHIHE YODYTO NOJATJAEBHX ONOP Nocae HHe
MOMKHO 3aMEHATh IJa UpuDIM/KeHHOTO pAacueTa pacupeieJeHHEIM
ocHopaunmeM. Haoprmep, nycTs uMeercA 0aJka, onMpanIIasgcd oJHo-
BpEeMEeHI; Ha HeNpPepuBIOE OCNOBamue W cBau (puc. 24, a). Paspennm
BCH AMHHY GasKu Ha yuacTeH ¢ mwaroM 4. Ceau Gyzem paccmMaTpuBath
KAR YOPYIrce OCHOBAaHHME MOBRIIICHHON #{GCTKOCTA Ha yYacTKe efHHmd-
HOH JIJIMHEL.

O6oanadum skecTROCTE cBan depes (). Torga B To9Kax pacmoiosie-
HuA cpBaiil GygeM HMMeTL TarkHe 3IHATEHMA TOTOHNHX Ko3DdOHImMeHTOR
A ECTKOCTH

)

C C
Hu:ﬁ', K = o Ha:—ﬁ_‘ AT I

Juwopa woIPIUIHEHTOR IKECTKOCTH OCHOBAHUA [OKA3AHA Ha
puc. 24, 6, rne K, K,, K,, K; n 1. i. aAsaawrcesa kosddunmentamu
AECTKOCTH ECTECTBCHHOIC TPYHTOBOLC OCHOBAHMA, HA KOTOPOC QUU-
paetcs GalKa B HpogeTax Meaily ¢BaAMH. Pacder 6asku B aTOM caygae
BULIILQUILASTCS ¢ MOMOMLI YpiBLenawid tada, 3 wim rala, 26.

MMpuvepss pacuera

Ilpumep 1. Baara gamumoit L== 60 M xesuT ra yopyrom ocHoba-
HAd, K03PPUIMEAT HecTKOCTH KOTOPOro u3MeHsdercs mo uapabonmde-
CHOMY BaKOIly, CHMMETPHYHOMY OTHOCHTENBIO cependan Oamkm.
Harpyska cocrout u3 pasHOMepme pacupeseleHiloll HACDY3KH g =
= 10 m/m u cocpenorodennmoi cuanl N = 100 m, pacmongomennoit
B cepejiuHe Fanun Oanku. Marnbmas swectrocth Gankm Ef =704
x 10% mm?; medopMalMM CABHTA IPM PacdeTe He YIATHBAITCH. JHa-
YeHHs DOIOHHWX KOAQQUIHEHTOB JKECTKOCTH OCHOBAHUI B TOYKAX,

_1LT)' = 3,75 M, uUpuBeeHH Ha puc. 25.
Paccmatpusaemas 0anka ABIAETCA pacdeTHoH cxemoll Geckaprac-
HOPO KPyoHooapeapHoro spaumda. Mexonnnie nanuee, 3a HCKIi0IeHneM
Harpysok, sauMcTeoBanw W3 upumepa J|. H. Coboaesa [391.
Hax pacuera BocmoansyeMca cHeTeMoll YpaBHeHWH, DpABeNeHHoMH
B tala. 5. B meprom npubamwenunu paszofbeM anunAy Ganku #Ha 4 yua-
CTRa pasHoi gauHp @ = 15 w (puc. 26). Benegersue cumMerpun Hen?-

pacnoJoiieHHLX uepel

9



PECTHEIME OyZyT TONBKO TPM 3HATEHHA NOTOHHLX HHTEHCHBHOCTEH
pearmmii B roukax 0,1 u 2 (p, = p,, p, = py).
PacueTHHE ypapHeHRA NJIA 3TOTO CAYTasn HMEIOT BEN

(41 +B)p,+ (28 —28)p + (1 +P)p,= By
2(914-B)p, + (178 — 26

)p, +30p, = By;
7yt 20, + P, =

-—%EY“'

Ho dopmynam (48) HaXoMUM YMCICHHEC BCIWYHHBL [ PAMOTPOB
B, Py Py 1 Py
r 1
ﬁ=120f1 _ 120.7,5; 10 - 17872.59;
@ 15
B 1781259
By K, 2000 T 8,94,

b TR aen
b= =z = 80

B 1787259
ﬁ‘a - BT 5,96.

Y1061l oneHATH BAWAHWE KAXKA0H M3 HATPY3OK, CBOOONHKE YNeHH
oupefendeM OTIenbHO [IA PABHOMEDHO pACHDPENEJeHHOW HaCpY3KE
£ ¥ COCPenoTodeHHON cHinl N

YunTHpas, 9T0 B JaHHOM CIyYae HATPYIKA TOCTOSHHA IO JUIRHE
Oanknm (g, =g, = ... =

=g} u =0, uo popmynam (51) Haxommm
Big = —70 . g:. -—70 . (‘—10) = 700 m/’M’;
B, = —390 - g= — 390 . {— 10} = 3900 m/m.
Honwaysacr dopmynamu (52) m gpunnmas Bo sHEMaHNe, 970 [V,
=N, = U, nogyzum
By=0
B,y =—— 10N = ———10(——100) = 133,33 m/m.

Cpobopnrie uieHn ypaBHeHmMi pasHOBeCHS OLpeJeNAIoTcA ¢ yde-
TOM HACPYSKH, PacHolo;KeHHOH Ha oflHol moaoBuHe Ganaxu

2 2
......TEYBg:: — ~—g2a= ——&—(—10) . 2a = 40 mim;

2 N 2. (— 110
“‘_EY 5=~ g = 067 mix
CHcereMa ypaBHEHHH ¢ THCACHHHME KOIQPUIUEHTAMH IDEBEREHA
s Taba. 27.
80




9y = u Al — # ‘g = v wdn — 0 ' = wwadn - v

‘1 Adowmdm ¥ uvIreQ EWOXD WRHLOROBJ ‘CcZ 91
:mMefdaen wouusioradinoed ondawonged seb

-Aro a unwerary xmagainesd wdomge ‘gz omd 0% -
W52glo ]
g fow .f..er..H i
+ I L - F 1 J_ PR I..Jr........
i WLl ]
e R LN LN S BN N Y
) 3 SRR
RS EIER N
wlEls=|FIS =28
m m M m m m m m a pd '/ 7
HiL o8 L 0o
GG N6 9L 9G¥ EL D 403 ooiN
g "HLOOMLIAH
WGl aoinapnrddeon edotire ¥eHIAROBA — ¢ 'HWRdONO UK
-HISdnA MWIHEHARO0LOT2dO00 7 BWIXD HYHLIWOPAd —
IARAY 0 JULRIORI0 IOH
S R = s o -giedaduon v golrdsme ‘HUNINBG BWIX]) "7 92iig
< & s < ] .
7 7 ? 7 7
pleiojoio|bjp|p|le|pip|lo|D|D|D
g £ g & ¥ £ Z { [
o
WGloy
l|||l|l|||llll.l.lll.|lr|l||.|.|||.ll,l|l|lll|. =
=V | i= = > L= B
" M 2 G oo &g ¢+ 64K ¢ 7 1 p
dl >
o
. i/ £ \_N 77 ! ) L . . \ .
] 11 i1t P P 1t %gpﬂ%.ﬁﬁwdmwngnmwag.wwm.

&7

i C Hacnnwos



TaGanma 27
CncreMa ypasnenmi

Cpofionawe 3ACHK {8 Opa-
Byt gacTn)
N: ypaereENA Py N Pz
Bg By
1 49,94 15,00 6,96 700 {}
2 199,87 165,00 30,00 3000 133,33
3 1,00 2,00 1,00 40 6,67

Pemana 3T ypaBmenus OTHOCHTENLHO HEH3BECTHHIX p,, Py. Pi, Oy-
ieM HMeTh

Pog= 995514 mim;  pyy = —1,1092 m/in;
P, =102620 » ; p,= 11586 » ;
Ppe= 99246 » ;  pnu= 54620 »

Bepraransunie nepeneniennn Sankn 8 rourax 0, 1, 2 oupegeaswr-
¢l 0 dAeMeHTapHEM GopMyaaMm :

1,1092

Pog 050 . _ _ - .
yﬂg = TD- o= W == 0,0048 M ym\; = - 2000 ‘—0100036 My
_ Pig 102620 ,
=&, =z — 00037
14586 _
Uin =g = D,00D42 e
Py 00uB _
Yor = "% = “5g00" = 0,0033 x;
54620
Yo = ~Fion— = 0,00182 .

Usrnbaomue MOMEHTH H Tomepednpe Cuis B ao6om cedennu Ha-
R ONPeJedAI0TCA KaK A1A CTATHUYeCKM ompemeluMol Gankm, HAXOIfA-
meiicd B pABHOBeCHH NOJ JIeHCTBAEM aKTHBHOW Harpy3km § U N u pe-
AKTHBHLIX AaBJaennii ocnopauug p. Jaa onpepeneuvs M u @ B Tourax
mesenunA DaldKu Ha yd4acTEM yio0HG HOA630BaTheA QopMyiaMu (64)
u (71). 37ecs orpanuuiMCcA BRUNCICHHEM HAHOOILINEro HICHOAIOLIC-
U0 MOMCHTA B cedenud 2,

IlozcraBasa Bo sropyw us dopmyn (64) umcaennnie sHadeHus peak-
MUl U HATPY30K, HAXOAHMM 3RAYENMA MOMEHTa OT HATPY30K g u N:

Mg = 0~ (5- 9,514 -+ 6 - 10,2620 + 9,9246) — LE 19" _

= —28,00 mx;

2
Moy = 2= (=5 . 14,1092 4 6 . 1,1586 + 5,4620) = 257,54 ma.



[Ipy BLImonHEHMA TAKOTO PacYeTa ecTeCTBEHHO BO3HHKAOT BOIPOC,
AOCTATOYHA JIM TOYHOCTE HOJNYYeHHOTO pemeHus! Momer Gure jgene-
npe Dankm Ba 4 yuUacTka JaeT cammkoM rpyhoe nprbamweHie K Tod-
HOMY pelleHHio?

Jdasa onenky TOYHOCTH pelleHEA OaiKy HeoOXOJAMO PAacCIHTATE
BTOPMYIIO, HO OPA YIBOCHHOM YTHCE YYacTKOB. Eciu ODogydJeHHEbe
B HepBOM W BrOpOM CJIy-

9afgx BeIMTHHL! NaHGOIb- % v

nmx  Harpfammux  MO- g~ ! ? 3 -
MEHTOB PacxomfaTCA MCK- & o (i = 4
oy coboit me Gomee, geMm ) 2

Ha 10—15%, o TounocTs s 2

IEPBOTO pEIMICHAA MOMK- oo

HO CYHTATE JOCTATOYHOM o a

ANA DPAKTHIECKHX Te- T &

meii. Jro gHawAT, W0 RS 2 3 4 5 §
momobnoro poga Oakxw @ 1 - g
MOMIRO B jaableilniem %\ N /

JAeJUTL UPH pacieTe Bee- = Q\“/

ro, mnampumep, Ha 4 & Vg 7501

y9acTka, a ne Ha Oomp- ; y
niee KONHTeCTso. 5

Hecnenyem ¢ 3roil

TOIKM 3pPCHHA PaACcCMOT-
penuei upumep. Das
arore paccumraeM Oanry
npn 8-mu w 1G-Tu yuacr-
Kax (@ — 7,5 #, Q5=
= 3,75 a). Tlockoaoky
TeXHEHKA pacyera COBep- 6
WeHHO OoAHUTUNNA HKak Puac. 27, Dowpu peanTuBuLIX pasiennil B ciydae
OpH 4-X, Tak m 1npH Hoxak- COCPeAOTOYei0l CHJIEL
HeM KOJWYEeCTBe YIacT- ¢—npun = 46— npun =8, e —upax n = 16.
KoB, OPHBOIUTE HOACUE-
s A 8-mm m 16-Tu yuactrom une Gymem. Houewnzie pesyabTaTu
pacueros B BHIE JOOD DCAKTHBHBIX [ABJEHMH TPEACTABNCHL Ha
puc. 26 u 27. Comocrapienne BeIMTHH N3arn0ajolluy MOMEUTOB B CPes-
1eM cedenuu gaHo B radn. 28.

Wa vafu. 28 punno, 970 OMMOKA NDU HCHOXLIOBAUNE 4 YUACTROB
Aocruraer 10,4% pna paBHOMepPHO pacmpe,cleMHOM HATDY3KH; OPH
JeHCTBUM COCPeROTOUEHHON CHILI 0luMOKa He3HAYMTebHA., Y YHTHBAA
DpubAMAHEeHROCTE SHAYenHll KOIPOUIHeHTOR MECTHOCTH OCHOBAHMH
M U3ruGHOoH HeCTROCTH Gaikl, MOKIO HONATATH, 9TO TOIHOCTD PACHET]
npy 4 ywacrkax M B caydae JeficTBHA pasnoMepno pacmpefedeHHOH
HarpysKd ZOCTATOTHA IJIA IPAKTHKE.

Wurepecmo ormMerurs, 9To ¢ TOYKW 3peHHs Teopuu 6agox OpPE MO-
CTosHHOM KO3Q@UUUSHTe AECTKACTH, DACCMATPURASMAA HANKA MOKET

[ 83
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Tabnnua 28

Benmumtpl naruGaomux MOMEHTOB B CpelHeM cetennn Gankm

PanHOMCDHO PCOpEleieHHa s CocpeloTouen AR CUNA B
HACPY3KA cepeTuHe ANUMAL HamKu
Koanac-
MeTon pacueta CTBO y4a- Pasunua, PasHunz,
CTHOR Mpot., No oT- npon., 04 oT-
Mep. g MM momenuio k| Mep,w. Mt HOMICHMO H
TIoCe1 ¥ IONIe- nOCACaYIOme-
MY 3HA4EHMIO MY 3HAYCHUIO
Havannnux 4 —28.00 10,4 257,54 1,43
LiapaMerpos 8 —20.41 2,6 253,91 1,28
16 —24,71 — 250,69 -
Koreunux 4 —27,15 7.9 152,14 —32,6
pasuocTei 8 —2517 1,9 225,32 — 7.5
16 —24,11 — 243,52 —

OBITH OTHECEHA K Kareropun JAMHHLIX, TaK KaK HpPHUBegeHHAad LJHEA
Bankn
A

A =60 —_——
4.754 . 10°

0. 0,0975 = 5,85 =8,

CpaBHEM pe3VILTATH TAIIMX PACTETOB 71 PACTeTa, BRIIOJHEHHOLO
O. H. CoGoneriM. B pabore [39] pacemorpen cayuaii pasmomepso
pacTpenesennofl HATPYS3KM HutTeHCHBHOCTBIO g = 70 m/m mpm Tex
3Re napaMmeTpax Oauykm I ockonaunA. Momenr B cpegreM cedcunu Bag-
Ku noayiern pabEmM — 194, 8 ma, nan npunnman g = 10 m/x,

1948 .
M= 7' = —27,83 ma.

Cacposaresasmo, Togvocts pemesua 1. H. Cofonesa » ganmoM cay-
gae TPHMePHO PABHA TOUROCTH, HONYUeHHOH HaMu UpH Hejdetnn OaiRd
Ha 4 yuacTHa.

PaceMoTpeHHSEI TpPHMep MO/KCT GHTDL TAKHE PEUIeH METOI0M Ko-
NeTHHX PpasnoctTedl ¢ ucnoas3osanmmem oOmell cucrems ypapmenuii,
npusegenHoil B rada. 26. llpu 4 yuacTrax umeem:

. B
C+vp,+ 0 =2y b +v,p,=——7 My
6
opy+ (64 2v,0p, + 3 =2v,)p, = — 7 M
2
p,+2p, +p,= MTZYB-

Briaucasem snagenus kospdunnentor u cBoOOHEX 9IeHOB TOM
CHCTEMLl YPaBHEHMIi:

_ BEl, _ 6-7,54.10°

10 Koa? 2000 . 15*

= 0,4468;
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6. 7,5 . 10° ,
'Yll = YQI ES W = 0,3250,

6. T8 10°

Yia = Voo = o0 i = 02978,
ITpm paBHOMepHO pachpenenedHoil HATpY3ke
o 6 *
—a—sz= —0—2—529-— = —3g=—3.10= —30 m/m;
6 6 2a)2
oMy = — 8 42— 1210 = —120 m/m;
»S—EYH = H%g‘?a: —hg = — 4 .10 = — 40 m/m.
Ilpu cocpenoTovenHoil cHae B cepeAnie HPOILTA
Mis=Mu=10
2 2 N N 100

Hansueimuil xox pemenng analornded OPeInyIIEMY 1 IOBTOMY
8/IeCh He HpHBOAUTeA. Pesyisrarn pactieros B BUAC snadeHnii HaNb0mb-
myX UaTHOANIMX MOMEHTOB mpejcTapiensl B Taba. 28, s koropoil
BHHO, 9TQ IpM HAFPY3Ke COCpeoTo9eHOl CHIOH ¢X0JHMOCTE pelle-
HUA 00 METO/[y KOHCUHLIX pasiocrell XysKe, UeM [0 MCTOLY HAYAJ BHIX
mapameTpoB. lIpn paBroMCpPHO pacnpegedeRHoil HArpysKe CXOAUMOCTE
0001X MeT010B HOYTH OLHHAKOBA.

Hpusmep 2. Tpebyerca paccunraTh QHANE KaMepsl AOKOBOTO THHA
cy;loxofHOro wLIe3a. HOHCTPpYKTHBHAS cXoMa KaMepbl, HarDY3KH
M OOIpPa KOYPPHINCHTOB M RECTROCTH 0CHOBARNNA TOKA3AMN Ha pHe. 28.
Hexopsnte jammeie sToro npruMepa 3auMceTBOBAaHL us crathn K. Onaa-
neta [D2].

BB wanpapaenns, nepuenguRyIApNoM K Tepre;ky, kKaMepa WMeeT
3HAUMTEALHYY RIHHY, TO3TOMY pPACCUMTLIBAEGTCH HONEPEeYHHMK IUMpU-
noif 1 m. Humme pacemarpuBaercda Kax 0aaka IepeMOHHOIO CedYeHHA,
JMe:kallafg Ha YOPYPOM OCHOBaHAH TepeMerroil :wecrrocTH. Jaa ompe-
JlelleHWA PEeaKTHBHRIX JIABJIEHHI I'DYHTA BOCIOJB3YEMCH CHCTEMOL
YpaBHeHHI, HpurefenAHoil B rabn. 26.

Bew pnuuay 6anxkm pasbmbaem Ha 10 yuacTroB, ANHHOH Kaskanrit
a =19 »n (puc. 29, g). Yuacrkm Hanru, rne UMewTCA CTEHL, MOM¥HO
cuurath Oeckoneudc sxecTrumm. ( yderom aToro o0CTOATeNLETRBA B
rabm. 29 BHITHCAHA CHCTEMA PACYeTHHX YPaBHeHMI, B KOTODOI TaKmke
YuTena CUMMETPHA CHCTeMBl B HATPY2KHE.

Bruucagem usruiupe miecTkoety Gansknm B cedeHUAX 3, 4, 5 (B ce-
wenusx 1, 2 EI = oo) npu Monyae yupyroerd Gerona £ =3.10° m/m?;

Ely=3.10° 20 1 049 . 10° ma;
3
El, = El,=3 10° 102 — 0,432 . 10° mac,

&
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Puc. 28, HoHCTpYHTHBNAA cXeMa KaMephl MUI03a, BAal]}sKM
% BIKpPd KOIPPHIHEHTOB KECTHOCTH OCHUBAHHA.
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Puc. 29. PacueTHas cXema MABINA KAMCPH H allioDH p H M:
a — PIIIpa DeaXTHBHHWXI ,I]aHJ'IBHHﬁ OCHUOBAHUA, 6 — 3010pa uarula-
MElHA MOMEHTOR.



CueTema pacyeTHBIX YpaBHeHHd

Tadnunoa 29

?pﬂhi{éﬁnﬁ < Pt P2 Pa e s Cro0ONHBIE unNCKHA]
1 O N 0
K, K, ,
1 2 K 0
2 O H | TR H
&
3 8 | 12 |64y [1—2vss|  ya — 2 My,
6
4 1 | 18 120 [ 645 [1—2Va0|  Vas 2t Mg
6
5 14 | 24 18 12 64 2y5 | 1 —2v55 | — o7 My
6 1 2 2 2 2 1 —— -3y,
OnpepenseM napaMerpsl y:
6.1,049 . 10°
—— . {29 828:
32 3720 . 4,94 e
6.1,049. 10°
= ————" = {45,470;
Yas 3320 . 1,9% !
6. 1,049 . 10°
=2 U 156,806;
Yau 3080 . 1,94
6.0.432. 10°
= —""—"_ = 50908,
Vag 3320 - 1,94
6. 0432 . 10°
= = -~ = §4,576;
Yas = Vs 3080 . 1,99
6. 0432 . 10°
— =—_""" " . £$5298.
Yo = Vo 3000 . 1,9% !
HOI[B‘IPITBIB&BM 3HaYeHHuAa CBOﬁO)IHLIX YJCHOB:
My = —%‘2(5,28 152426425345 4

4+ 0,5.3.22% — 436,148 m/x:



6 6
@ M= =75 (5,28 1. 74 4 26425535 +

40,5 .3 .41% = — 691,085 m/n,
6 6
e Min = — 35 (5,28 1. 9126425725 +

10,5 3. 6% = — 964,022 m/x;
2 2 .
2NV, = — 55,2814 26425 +3-6) = —93,979 m/n.

CmcTeMa pacueTHEIX YPAaBHeMHit ¢ YMCJICHHBIMY 3nadeHAAMU KO3(-
¢unuenToB n ¢cBoSOMHKIX YIeHoB HMeeT BHI:

p, —2,336p -+ 1,334p, = 0;
p, —2,301p, +1,289p = 0;
8p, +12p, + 135,828p, — 289,941p_+ 156,806p, = 436,148;
Up, -+ 18p, + 12p, + 65,908p — 128,152p, + 66,298p = 691,085;
l4p, + 24p, +18p, +12p_-|-135,52p, — 131,596p, = 964,022;
p,+ 2p, +2p,+ 2p, + 2p, + p, = 93,970

3neck nas ynoberea cieta mepBoe ypaBHeHMe mpeolpas30opanc my-

]

TeM yMuomenus Ha K, = 5000 m/x?, sTopoe — na K, = 4280 m/x2,
Pewias OpuBejeHHYH CHCTEMY YDPABHEHHI, HOIYUHM:

p, = 19,2624 mjm; p = 13,9123 m/m; p, = 9,8488 m/a;
p,= 6,7881 m/a; p,= 4,7542 mim;  p, = 4,1098 mim

Mo stmm aHauenmam NOCTPOCHLl SMICPH PeaKTHBHEIX naBjaeHuH
OCHOPAHUsI U u3rudanmux MoMedaToB (cM. puC. 29), BuITMC/ACHHBIX L0
PHopaynam (H). .

K. Onnanena smagenBe MOMENHTA B CpeJHeM CedeHHUM O DOJTY-
TeHo paBHEIM 41, 65 ma, UTO DOYTH He OTAMYAETCH OT Haluero (41,56).
Ecnw ma suiopsl peasTmBHLx jgapaedi ¥ uarufatomuy MOMEHTOB
HaHCCTH COOTBETCTBYWIINE IHATEHHA HTAX Bean4un, BpTACIAEHHHO
H. Onuagenom, 10 ofe sO0PL IPAKTHYECKH CJAMBAOTCH.

Onnaxo Hago oOTMEeTHTH, 9To pemenwe K. Onnajgema neCPaBHEHIlO
Oonee rpomospxoe H TPYAOEMKOE TO CPABHEBRI0 ¢ {3J10/HEeHHRIM
BbliIe.

IIpamep 3. PaccmorpuM mpumep pactera, anBeneHHIﬂﬁ B KHIre
3. @. Kopuesuua u I'. B. Bagepa [25, ctp. 351. Beronnaa Gaaxa pun-
Ho#l L = 16, wupnnoit == 1 u secotoil A = 1,2 & Harpy/ReHa pas-
HEMR MomenTamd M, =100 mm, pacmomoseHThiME Ha PACCTOSHHR
4 m ot ocu cummeTpun Gaaxa (puc. 30). Koaddrnuenr #xeCTEOCTH OC-
noBanuA A — 2000 m/x’ nocronnmen nmo qnuge Ganku. T peGyeTca onpe-
AeJHTE BeMUTENH PeakuMil rpynrta, udrubaloux MoMentoB I Iepepe-
SBIBAIOILUX cu.l B ceuenmnax 0, 2° m 5.
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PacueTrHme XAPAKTEPHCTUKH 0aJTKM H OCHOBAHHA:

H=2000.1=2000 min® I%--i——_0144 Mt

‘]/ 2000 _0202__
4.21. - 0144

=16 . 0,202 — 3,23,

Bamwwxainee suagenne A, I8 KOTOPOTO MMEOTCA TaGIHIHN pacyder-

Aux Bexwuue, pasHO 3,0. Ilosromy oA pacdera JalKH DOJb3YyeMCA
rabn. 21.

Mg =100 ™™ Mg =100 T
0 ! azrs 4 5 6 7@8 g 10
. ¢ 77 N
N D 1EM
4 4" 4 4
18

Pue. 30 Cxema Gajaxu x wpumepy 3

MocKoabky TOYKH WPHJIOMEHMA BHELWIINX MOMCHTOB He CuBOAMA-
10T ¢ IPUAATHM B Talaunax jejaenueM Dajkn Ha y9acTHH \JIHHOE OO
0,1 £, penmunnn p. M u Q ompenenfeM M0 MHTEPHOJIAIHE Meh Yy HX
smavenuamMu opn pacuoaokenun M, B rourax 2—3 u 7—8. Hpu srom
Aeo0X0INMO yuecTh, 9T0 Tabamnunpie 3HAUEHHS pPACUCTHHNY BOIUTHH
caeayer 0paTh ¢ oDPATHHM 3HAKOM, TAK Kax manpaslcuus M, obpar-
WH IPHIATHM TIPH cocTasaenyn rabaun {puc. 21). 3uadesnn p, M u ¢
OT JefiCTRHA KamJ0ro U3 MOMEHTOB cymmupyem. PacdeTuLie Beawvw-
HH B ceucnusax O, 2° 1 5 or nelicTBRA MOMEITa, OPUAOKEHHOTO B TOU-
ke 77, ONPEEJATOTCA KAK JJIA 3epKAlbHO OepeRepHyToil Gamxkmd; Ha-
OplMep, peaKTHBHOE jaBiaeHe rpyura B rouke 0 or gelictema M, =
=100 mx B Touke 7’ PaBHO PeaKTABHOMY HaBieHu B Touke 10 ot
momenuta M, = 100 ma, OPHIOKEHHOTO B CHMMeTPHUHOH Touke 27
W LALPABIGHHOTO ITPOTHB 4acoBOil CTDENKH.

OrpannenMcs CHEJALHBIME YKA3ANAAME U NpuBe/IeM TOTOBLIE pac-
gernme Gopmyns fna oupemenenud p,M u @ B cewenusnx 0, 2° u O:

— (0,5 (13,7134 - 10,3536) - 0,5 (0,7851 - 1,4484)] 120 _
= — 5,14 m/x;

3,0716 — 0,6718 4,5916 4 1,0626
p-,=—[0,5( ; VRS )+
+ 0,5 ( 2,537 —j; 3,3063 + 2,9130 ‘{2— 3,4946 )] % - 2 a3 min

p, = 10,5 (3,8307 43,3711) + 0,5 (—3,8307 —3,3711)] %ﬁ -0

9

8%



M [w 105 (0,0389 Jg 0.0982 , 00275 42— 0,0748)]1002
= — 33,21 mux;
M3P =100 — 33,21 = 66,79 ma;
M‘J =1 M5 == 0;
Qe=10;
17394 11,8844 | 1,50;
0y = — 015( 730+ " 5032-;1,7359) .
405 ( 0,3333 42- 06235 , 04378 j 0,7582 )] 10 _ 4415 m:
16
Q= —05(2-13648 + 2. 14765 20 = 1777 m.

[TonydenHse pesyapTarel pacueTa cBefedw B tabn. 30, rue nas
CPABICIHA OPHBeAeHLE 3HAYEHHA AHAJOIHTHLIX BeJWYHH, BBUAHCICH-

apie 2. O. Hopuesgnem u I'. B. Jupepom npu Tounom anadenun A =
= 3,23.

TafGanua 30
CpaBHeHHC PE3yALTATOR pacdeTa

PACUETHEIS BeTWMHHE

MeTo; caeTa
7B =) far MQFB MEP Qz- %3

Ho 71aba. 24 mpun A =3 | —5,44 | —2,03 ) —33.21 | 66,79 | —14.45 | —17,77

MeTog. npUHATHIL B pa-

Gore [25], npu A =3,23 | —5,28 | —1,92 | —33,41 | 66,59 —14,66 | —17,29

Pasuxna, npon. 2,65 5,7 0,6 0,3 3,5 2,8

Ws tabn. 30 Bugmo, 910 pesyabTaTet pacdera Opu A = 3 u A =
= 3,23 DpaKkTHYECKM COBHAJAIOT.



Iaaea IIT

HPYUEHHE BAJIOK

Oémue cpemenusn

Pacger Ganxu, nexameil Ha yOPYTOM OCHOBAHKEK, HA KPYYeHHE MO-
CT HAHTH DpHEMeHeHHe NIA (yniaMeHTOB W3 NepexpecTHmX bamok,
JEHTOYHMX VHIAMEHTOB [IPHM JKCHEHTpuunol Harpysre u np. Taxoil
pacuer umeer Goublloe 3HAYCHUE IJMA YTOUHeRNA NefcTRUTEALLOH Kap-
Tt pafors GajKkK Ha yOpPYTroM OCHOBAHWY M OpHOIMKEHHA pacyer-
HOIi cxeMbl K (haKTHYECKOI.

Kpyraume moMmeHTH 1eficTBYHT, Kak H3RECTHO, B IUTOCKOCTAX,
nepneH UK YIAPILX K ocn Gaidkn. Eend KpyTANIUA MOMEHT OpPUI0AkeH
B NOpejenax JUTHHLL, He3HAUNTeNLHo#l Do cpaBHenmio ¢o Beeli AMHHOM
OaXKM, TO ero MOH{HO YCJIOBHG CYHTATh COCPeNOTOYEHHLIM B OJ-
1Oil MIOCKOCTH; HANpHMep, KpyTAIIMI MOMeHT, HepelAaBaeMbii Ha
JeHTOYRWH QyraMeHT cTollKOH pamsl. [IpH 3uaduTeNbHHX JIHHAX
VYACTKOB [epejadd KPYTAMMX MOMEGHTOB NOCHEJNHe CUHTAOTCA
CITOLIHLIME, PACIpPeJeeHHBIMI 110 IPOU3BOJIBHOMY 3aKOHY TO JJIHHE
Gaaku. Hpumepom comonmoro B oblmeM ciyvae HepaBHOMEDHO pac-
OpegedciloTo KPYTALEFo MOMEHTA MOKET CIHYMHATL pPeaKTHBHEIL
KPYTAMAE MOMEHT, lTepeqaloluiicad Ha faTKy €O CTOPOHBI OCHOBAHHAL.

Bonpocu pacueTa Ha Kpydyenue Ganofa HOCTOSAHHOTO CEUeHNA, Jesa-
OUN ila YOPYroM BHHKIEPOBOM OCHOBAHHM IOCTOAHHOH ECTKOCTH,
paceMoTpeHH, B wacTHoetH, B. A. Hucexennm [20],

Sajava o kpydeHUd 0aKd NPAMOYTOABLOTO NOUePeTHOr0 CEUeHHHA,
omucamman B. A. HucenepriM, GasHpyercsa Ha Takmx oOIMenpHHATHIX
NONYIeHUAX

npAMoJMHeiHaA ochk OallK| ocTaeTcs NOpAMoNuHelHoi m uocne
Iehopmannm;

GaJka B [OOEpPEeYHOM HANPABIeHNH CcYATaerca HemarmOaeMoii,
HO YrJAH HOBOPOT& DomepedHWX cedeRmii OanKM GyIyT WMaMeHAThCA
OT CeUeHHA K CeTeHHI);

€BA3L MENAY HOAOIBOH Daiky H ocHOBAHWEM He HADYIHACTCH,

HanomunMm, 910 Tperee (omymeHRe IPARTHICCKH YIOBIETBODAET-
€S IpM COBMECTHOM [eilcTBHH BeDTMHRATLHOE CIHMMAIOMEH HATDYSKU
H Kpy9eHul, KOTJa OFpmB 0aiKkK 0T TPYHTA HEe MMeeT MeCTa,

s paccmorpenlis yedoBuii pasHosecusa u jgedopmManme  e-
MeETapHOH molockE GanKe moaydeno caefynmee gudpdepaHiualnHoe
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ypaBHeHme KDYTAMHUX MOMEHTOB B (anaxe Ha ympyrom OCHOBAHUIL:

dzﬁ* ey
g M =0, (73)

- / Kb
e n = ] 24Gah®

K — xoapruuenr s#ecTROCTH 0CHOBA HHA;

b — mupuna Gankwu;

h — BricoTa Oaarm;

o — koapdunuent, onpenengeMuii mo rada. 1.

Pemenne ypabuennsa (73), sHpameHHoe depes TALNEY &0 o qeCKAS
$yHREIMY, HMMeeT BUJT

M = Cyshf 4 Cichg, (74)
rae £ = pxr — npuseperume abcnycen;
€, m €; — upousnonbHNEe TOCTOSHILE, ONPENeNALy o vy ppa-
HEYHLIX  YCJIOBUI.

Pewmenne (74) upuronso tonbro A1s Gaak¥ HOCTOAHHYy L 11, pagHe
CeTenmA, IPH NOCTOAHHOM KOOMPOHTIICHTE HECTROCTH W My, pacioo-
FREHUIL COCPeOTOTSNHALIX BICHIINX KPYTALAX MOMEHTOR [ yonmaM
Ganku. [Tpu cobmonesnn sTux ycaosuil BLUUCACHNE KDy gmyx Mo-
MEHTOB I POU3BO/IUTCA OTHOCUTEIBHO ITPOCTO. B cayuae, Kyrna wpyTH-
INRC MOMOHTH FOHCTRYIOT B NPONETE, pactel YCAOKBALTy yay gaw
Heo0X0AMMO PACCMATPMBATEL KAMIBIE yHacToR GANKU OTRy 4y 6.

Tarkum ofpasom, yrazaHuoe pelllenne nyeeT OTPAHBICY pu1 chepy
ppumenesys:. Hmwne wsaaraeves obmnll amcsennpdi mey . pacacTa
Ha Kpyuenwe 0aTI0K Ha YUPYIOM OCHOBAHNMH, PaspaloTi n, g mamm
OPUMCHATENLHO K YHPYFOMY OCHOBRHUIO DEPEMCHIOH CiypvnemocTH
H faJaKaM DepeMeHHOH :ReCTROCTH.

B wpawmimveckux pacuerax UPHXOJHTCA BBIMHCIATR i ocrkoCTh
HONepevHnX cedenuid 0amRy Npa KPpYdeHHU, KOTOPAA, Ky, , npu M3-

rube, BRpaiiaeTcs B Buxe npoussefenun G/, rne G — MOLy b cABHTA
marepuana Ganxku, / — MOMEHT HHEDIUH CedeilHA UpH KpYUSHHEH,
Has opaMoyronbHoro cedeHHs

T 3

I = abh?, (75)
rge b — mwpuua Gankm;

h — Bricora Gajkm.

Hoadyﬁuunem o ompefenfAeTcA no Taba. 31 B BaBUCHMOC, 5 o1 oTHO-
MIeHAA —-, HONATaA, 9TO b > h. Ecam b < &, TO 00 OPHH, qoreq nO
TOM #e Tabamme, Ho NpA nepemene ofoznavennii: b — Ha huh — na

b; B atom cayuae popmyana (75) npuobperaer BuA
T = ahd’.

*HSJIECI: n fanee deprouxa Aajn '/ obGosmadaer, 910 HMeEETCA BHAY KP¥~
TAMMAE MOMEHT {8 OTauYme oT H3rmbawmiero).
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Jua Gastox ¢ moauTonadbHEM MOTEPETHEM ceUeHHEM. KOTOPOR MO-
eT GHITL pasOuTo Ha OTAEAbHLIC OIPAMOYTOJILIAKH, MOMEHT MHEDIAN
OpH KPYTeHHW BCEro CeTeHus MOMeT 6“th[1 OpHGIHREHO0 HpeacTaB-
JeH B BuJe CYMMH MOMernToB HHEPLUU NPAMOYIOJbHHKOB, COCTaB-
JADNNE faHHce CeYeHMe:

I=f+0L+... 1, (76)
cne 1, 2, ..., n — HoMepa TMpAMOYTOJNBHHKOB, HA KOTOPe pastiro
ceueHue.

Tabanmmoa 31
Juavennn wosdduuuenta ~

[} b b 2
NP
i \ .

1,0 0,141 35 0,274 1.8 0,217 6,0 0,298
1.2 0,166 4,0 (4,281 20 0,229 7.0 0,304
1.4 0,187 4,5 0,287 2,3 0,242 8,0 (ha307
1,5 0,196 50 (0,201 2,5 0,249 10,0 0,312
1,6 (0,204 5,5 0.295 3.0 0,263 oo 0,333

Merop pacuera

3amaua pacuera Gankm @a KPYYCUHe permajach TPU HCXOAHLIN
OpPeANOCHIAKAX, YKA3aHHKX B mpeAntiyiiem maparpade.

Pacesorpum crofojime femayi0 #3 YOpPYroM OCHGBAHHH Depe-
MEHHOU CRuUMaemocTH Gaary, wMEOUIYD NepeMeHHEH Ho JIKHE MO-
MEeHT HHeplyn couenusa (puc. 31). baska marpymena npouasonabro pac-
NOJOHHEHHBIMHE COCPed0TOUeHREIMHT M, u pacupeneleHHHMH Mg KDPY-
TRAOTEMHM MOMEHTAMU.

Hpu gedopmarun Gamlkh nmof LEiCTBHEM BHRITHMX KDPYTAMEAX MO-
MeITOB M, W my B yIPYromM ocHOBANAY ROBINMKAIOT PCAKTUBHLIe KPY-
TANEe MOMEHTH m, {pHc. 31, a), obecaeunBaromue pasnosecne Galkn.
PearTnBILe MOMEHTE cO3a10TcA PEAKTHBHHIMY [{aBJISHHSIMH OCHOBA-
HUA, PACOHPCASNCIIALIMY B HOHequHOM HAaOpaB/lenuid I CHEMMETPRYHO-
My ammefinomy saxosy (pne. 31, 6). lipu Takom pacupeneaeaun nasie-
uBii caeayerT modb3oBaTheA 3HATCHUAMU Ko3Q(HUHEHTOB KeCTKOCTH
upu ooBopore gyHiamenra K.,

Benmuuna kpaesoro peaxtmBHOTO JABREHHS p, NOJ KakAM-1udo
CedeHUeM, HAXOOANMMCH 118 pacCTOSALUE & oT JIeBOTO Koxua faakwd,
onpepeaseTci QopMyIon

= "5 (77

rie b — mmpuEa mopomBn Gaawil

Insa ompepesenusi peaKTHBEMY MOMGHETOB MOKHO BOCIIOIb30BATE-
esi, KaKk M mpn uarufe Ganxrm, yc/IOBUSME PaBHOBECHA M COBMECTHOCTH
JNedopManmit Ganku ¥ ocHOBaHHA.
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le’.[ KpYVIeHHH YCJIOBHA PaBHOBECHA BBEIPAMAKTCHA OJAHHM VpaB-
HeHUeM

EM, =0, (78)

03HaYAKIMUM, UTO anre0paHdeckas CYMMd BCeX BHEIIHHMX H PEAKTHB-
HHX MOMEHTOB OTHOCHTeNBHO OCH X PaBHA HYJIO.
Ycnosua cosMmectHocTn JehopManuil MoikHO 3anmmcaTbh B BHjae

Pxs = Pro, {719)
rie ¢,; — VIO 3aKPY9IMBAHUA Karoro-jinGo cedeHHd, yIaJeHHoro Ha

paccTofHme T OT JeBoro Komua 6aaki,;
¢, — YLOJ OOBOPOTA HOBEPXHOCTH OCHOBAHMSA MOI TeM jKe ce-

YEeHHEM.

YpaBuenuit ija (79) MOHO cocTaBATE CTONBKO, CKOIBKO TpeGy-
eTCA JUIA nodYyTeHHsA skelaeMoH creueny TOUNOCTH peayastatos. Ilpm
Bulope upcaa M MeCT PacmoJIo;KeHHA CCHCHMIT, rie colampaaeres yeno-
BHe (79), neo0xoaunMo YIUTLIBATE JRECTROCTEH DANKM mpu KpydYenui,
XapaKTep HATPY3RH W BHI JMIOpM KOQPUIHCHTOR SRECTHOCTH OCHO-
BAHHS.

BuiBenem pacuetrHmie ypaBmenus jns ofmero cayias Calnkm me-
peMennoii skecrroctw. [las narxgarocTn pazedbeM Belo juuHy 0amkim,
H300pakenHo ma pmec. 31, Ha 5 YIACTKOB IPOMBBONLHON JIMTHMEL
Gyy Qo ---y 2y BCIHM XapaKTep W3MeHENNA MecTKoCTH Oalky nMeer cry-
MeHJIaTHi BAA, TO TOYKH JeJeHHs ClHedyeT PACHIOIATaTh TAKHM obpa-
30M, YToOw B Ipefenax Ra:RA0TO YIACTKA HICCTHOCTh Onida TOCTO-
anmoil. llpy wpusonunelinoM 3arome H3MEHEHUS eCTKOCTH DAAKM Ho
Jauie Heo0XoMMMOo €ro 3aMeHHTH CTYHeaTo mepeMelHuM, KaK moKa-
3aHO Ha puc. 32. HpuBoamHelinyic sHIOPY PCARTHBINX IaBleMuil 3a-
MeHsCM DOMUTONadBHod ¢ mepedoMaMu B Toukax jgenenus 1, 2, 3 n 4.

B rourax, coorBercTByromux cewennaM 0, 1, 2, ..., 5, noronuue

HHRTEHCHBROCTH PCAKTHBHBIX HPYTHARIHEY MOMEHTOB ofoaHaTHM Mop»
Mgy <+er Mgp.

Pyc. 31. Cxema Baagm,
o—= X paGorammeil Ha kpyue-

¢ HHe:
> 0 a— HArPY3KM ¥ 300pK
m “ PCAKTHLHBIX MOMCETOR,
0; 5

6 — snmpa Koadhunue-
TOB MOCTCTH; & — paclpe-

NeJCHNE PEAKTHRHBEIX Ia-
BIEHNH B MNONCPEMHOM HA-
Koy ApaBIeHyn Nold IPOUsRO-

é- TLHLIM cedeHHEM Oanwku.

TlpuMenm caepyomue TpaBMIa 3HAKOB JNANA KPYTALINX MOMEHTOR
¥ YIJI0B 3aKpYyUYHBAHMA:

KPYTAMUN MOMeWT OVAeT CINTATLOA NONOKUATENbHEIM, BCIN, CMOT-
PA CO CTOPOHM HOAOHATENBHOPO HAIPABICHHA OCH X, OH Oy eT Hampas-
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Jed B CTOPOHY Bpallenus 9a-

COBOIl cTpearm; A i I h w5
3HAKM YIAOB 3AKpYYHBA- y‘r_’,deg.w
HHA COOTBETCTHYIOT BHAKAM ,ﬁo e g il X
KPYTANIMX MOMEHTOR, BRIZHIBA- ° U ¥ s
OIHX HX MOABIEHNE. o 1" g T, 1™ o, (ARG

lipu cocraienum  pac- ‘ -
TeTNLIX YPAaBHEHHWA WANpas- Puc. 32. Pacuernan cxema Caanum.
JeHUus [edcTBUA BHeMIHHX W
peaHTﬂBHI)IX prTHHLHX MOMEHTOB CUHHTAKTCA UTOINO:KUTEJbLHBIMIA.
Ypanueuue paBuosecun (78) unm paccmarpusdemoil Ganaxm
{cm. puc. 32) umeer smg

Mo, +my (ay + @) + M (ay -+ ag) -+ M {2y + ) +
+E4(34+a5)+m5a5+22Mx3= y 1))

rie ZM,, — anreGpamdcckas cyMMa BceX BHENIHUX KPYTAMMX MO
MEHTOB, NPHJIOKEHHNX K §aake, OTHOCHTEJBHO OCH .
B ypasuemmsax coemectnoctH pedopmanui (79) yran epydedHs
HeODXOUMO BHPASHTE B QVHKIMM MCKOMBIX PCAKTHBHBIX M M3BECTHBIX
BHEITHUX MOMeHTOB. Jlns aroil menm BOCmOIL3YyeMCH opyyiamu s
ompeneneHHa abCoMTHEIX yraoe zaxpyuusBanug (tabu. 32) gas oc-
HOBHHX BHIOB Harpysekm.
Y KasaHubIe YL 3JQRPYIHBAHIA DPEICTABAAIOT coBOil VTN MoBoOPO-
TA OpaBoI0 KpaliHero cedents 11 OTHOCHTENBHO JeBOT0 KpaldHero cede-
HUA [, PAcCTOAHHME Me;KAY CeYeHUsAMW J W I PARHO &; JKeCcTKOCTh
Gankm GJf mo anune moctoapua. CocpesorodeHHbE MOMEHTH, OPHIO-
JHEHHBIE K CeTeHHK) n, ABJAWTICA YPABHOBEOIHBAIGIWLHMM H THUCICH-
HQ PaBHbBl CYMM¢ MOMEHTOB, NPHJIO;KEHNHX CJEBa OT DTOT0 CEJeHMA.
Hanpumep, s cxeme 1 M, = My, B cxeme 2 My = ma, B cxeme 3 M, =

nn
= — -~ 0 T. I

llpuMeHAA MeTO} HAaYaJbHEIX MAaPAMETDOB, MOKEM AaMHCATh Bbi-
paKenuA JUA yrion sakpyausanus cevewmid 1, 2, ..., 5 Gaaru. 3a
HaYaabiioe cedeHHe nNpurMaey JSBHA Koner Hanxxu, T. e, cederue D,
YO sakpPYIHBAHAA aTOT0 ceuenua ofosHATnM Pog-

Paapemrenm Ganky no cedenuio 1 (cM. pme. 32) #, Mbicaenno oTbpo-
CIHB 11PAaBYIO 9acTh, PACCMOTPUM paBHOBECHe H AedODMAIIH oCTABILESH-
ca sesoit aacrr. Jeficrsue orbpomenoit npasoil vacTd Ha ocTaBmyOCH
3aMendaercd BHYTPOITHHM KDYTADIAM MOMEHTOM, KOTODHIH ducieHHO
paBrfercA anredpaudecxoil cyMMe MOMEHTOB OTHOCHTEIbHO OCH Oal-
KH BCEX BRENIHMX W PeaKTHBHLIX RPYTAMMX MOMEHTOB, NPHUII0KCIHbX
K Oanke caesa or cewenus 1. Yroa sakpyunsanus cevenns 1 ¢ yserom
HaYaJabHOTO YIJa 3aKpydnBaHusA @, cedenns 0 Gyner pasen

2
/4
1

661,

G = Pog +- (2my + ma) + Py
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TaGanma 32
DopMyIR! YII0B 3aKPYyUHBAHEA

MNe ¥rot 0OBOPOTA CeYeRUA I 1o OTHOIIE-
CREMH Bi1 Harpyssy HOK K CCUYEHMID JT
1 _ Mna
Y0 =TeT
o m at
P, = —
o =067
_ M
Tin o~ _
moa?
3 n f? Py = n —
a 6G /
s e ~
2
4 ” n g = m,a
a 3G/
A |
. - a®
5 Py = (2mp + my) T
__ — a?
3necey unen (2m, + m,) BGII— BppaskaeT cofioil yroa moBopoTa
1

cevenns | mo oTHomeHuo K cevennio () or geficTBUA peaKTHBHEIX KpY-
TANIEX MOMEHTOB, PacipeleNe X Ha yaacTe 0 —1 mo sakomy 1pame-
UMH; @ @, — TO K€, HO OT /igicTBUA TONBPKO BHEIMHUX (AKTUBHBIX) KPY-
TAOIKX MOMEHTOB.

Beenem o0osmauenne

a,

£
66T,
roe i — moMmep ydacrwa Oaarm (i =1, 2, ..., §).
Torpa Bpamenue pus @ samunieTcs caenywomuM o6pasom:

Pis = Pos + 2mgt,a, + mta, + @, (81)

g6



Ilna nonydenns yria 3akpydUBaHAA Ce9eHNA 2 HCHOAb3yeM MPUH-
UUI OepeHOCA HAYAJA B B KAYSCTBe HATANLHOTO COTeHUA CIATAEM
yae cegenne 4. Neficrpme yuacTha Gankm, pacnoNoMeHHOTO CIEBA OT
cedeHAA 1, 3aMeHfAeTcA cOCPDeAOTOYEHHBM KpYTANLAM MOMEHTOM, paB-
HBIM CYMMe MOMEHTOB, NPHJI0KeHHHX K 0ajKe clIeBa OT 9TOTO CeTeHM .
Hauwanpmsii yron mosopora cedenna 1 pasen .. llonobno mpemwiy-

mieMy OyaeM EMeTn
Pag = Big & 2 tatty + Mita, - TOTTL 680, gy
IlogcraBnsas ciofa smadedue @ . 0o opmyne (81), monyqanm
Pag = Pog + Moty (28 + 3t) + my [ay (t; -+ 3ty) 4 2ants] +
Tty - Py (82)
T8 oy = Py + Py
Amajoroggo HAXOAMM
Pag = Py -+ Moy 128y + 3 (6 4 L] + 1y [y (6 + 3 (8, + &) +
+ @ (28, + 38)) + my (@, (6 + 38) -+ 2aity) + magty + @y (83)
Py = Byg -+ 700y [28, - 3 (t + b5+ )] + my oy (& -+

Bty 4 by + ty) + a5 (2t + 3ty + £))] - ma [y (8 +
. + 3ty + i) +as (2t3_+ Id+
4 mg [ay (t, + 3t,) + 2at,] -+ mat, + P, HT L (84)

Taxum 06pasoM, yras 3aKpyiuBanus cedennii 1, 2, ..., n BEpayens
B (pYHKIMM MCKOMHX PeaKTUBHEX KDPYTHIIMX MOMEHTOB H HeU3BECTHO-
ro yria 3aKpyYnBaEEA BAYaIbpHOTO cedeHus Ganku. Teneps Heobxonm-
MO COCTAaBHTL NOJ00HLIC BERPAKEHUA A yIJI0B HOBODOTA HOBEPXHO-
CTH OCHOBAHI HoJ paccMaTPUBaEMLIMY CcedeHusIME Gakm.

Ionaras, 49To B momepedHoM HampapieHus Oanka sBaserca a6-
COMTHO KECTKOH, MOMKHO BOCHOMbL3OBATHRCA uW3BecTHel dopMmymoil
yTJ4 MOBOPOTA 3KecTRoro QyHagaMenTa oT AeiicTBHA MOMEHTA

(P“M
ch['

B mameM cay4ae yroa mopopoTa i-To yTacTKA HOBePXHOCTH OCHO-
panua oupepenserca mo dopmyae
& (85)
‘Pw Kiq)It 1
rne K. — rospdunment KecTKOCTH OpH WoBOPOTe $YHAAMEHTA B
TOUKe { OCHOBAHUA;
I, — MoMeHT MHepLuHd LIOMANH HOAOMIBH Oanry mMHEpHEHOH b

7 C. Huenmxon g7



¥ e}HHAYHOH JIMHH OTHOCHTEABHO OCH BpAImeHns, pae-

.18
HHHI T
Q6osHauasa yepes u; = _1.2_3_, GyaeM UMeTh
pri
Qoo == Mty Py = MUyl Qop == Mylls H T. L. (86)

B coorpercTBHME ¢ ycaosueM coBmecTHOCTE Jedopmanmi (79)
MO}KGM 3aDUCATH PAA TAKAX PABEHCTB

Pos = Pops
(Pié = (Pi[); (87)
q}nﬁ = q’lnﬂ’

IJe n — 9YAECA0 YYACTKOB, Ha KOTopne pasGmrTa Ganxa pus pacdeTa
(B paccMaTpuBaeMOM CIAY9ac 7 = D).
logcraBnaa B ypasnenun (37) smauennsa 9,; 00 popmynam (81—

84) u ¢,, mo dopuynam (86), mocae snemeRTapHHX NPeobpasoBAHIL
HOJXYYUM CASIYINIYI0 CHCTEMY PacueTHHX ypaBHeimil corMecTHOCTH
nefopmanmit 0anKkH U OCHOBAIIMA:

1) my ey, + o) + my (gt —wy) + @, = 0,

2) m, [ay (28 + Sﬂz) + ugl +my le; (¢ + 3ty) +
+ 2at,] -+ my (asfy —uy) + @, = 0;
3) mylay (2t - 3 (8, + £g) + uy) - my (e, (& +
+ 3t + 1) + a5 (28, - 32)] + malay (t, + 3ty + 2a5ts) +
+ ;n-s (asty — uy) + @y, = 0;

4) ;"’0 la; (28, +3 (4, + ty + £)) -+ wol + \
mylay (8 4 3 + 8+ 2,) + a, (24, -
+ 3@+ )+ mylay (b +3 (2, + ) +

-+ a, (2t3 + 3t -+ myla, (s + 3t4) -+ 2(141‘4] 4
+mylag, —uy) +¢,=0u T 1

Cmerema ypaencumil (88) coBMecTHo ¢ ypaBHeHHeM paBH'OBecn,;
(80) mommroCTBI PeLIAIOT HOCTABIGHHYI0 3a/ady.

OuenKa TOYNOCTH MOAYYIAEMBIX PelleAnil MoeT GRThL BLOOJINCHAR
Opy noMOIIH TAKOr0 ke TIpuaeMa, KOTUpHifi Oz OpeliIoikeH HAMK OpH
Hcoaenopany #3ruda GaAOK Ha HEDABHOMEDHO CRAMAGMOM OCHORA-
Huu [22]. B napnoM caydae BRYHCAAEM JABay/(bl S8HAYCHEA m; C pas-

a;

2

MEDAMH YUACTKA &; H

88



Ecau pacxo/ieAne 3ga9eHnit m; B TOIKAX JIeICHEA Z;, COOTBETCTBY-

¢,

MUX IIAHaM YYacTHOB 5 1 He OpeBbilNaeTr ﬂOHYGTHMOf{ oorpel-

HOCTH, TO pasMePH ¢ [IOCTATOUHH. D IPOTHBHOM Ciydas cnemyer

&, 18
B B4 Pasa yMeHbITATL [IHHE ——2‘—, T. e. OPUHATE —_,il A OpPOU3BeCTH

HOBRIE pacyer.

QopMyasr KoapUHEHTOB
H CBOGOJHMX WICHOB PACYETHRIX YpaBHeURHE

Pacematpusas cucremy ypasrenmii (88), MOsKHO 3aMeTuTh Clenyo-
mue ee ocoleHTOCTH.

KoauuecrBe HEMIBECTHHX B IEPBOM YPABTCHUM paBHO JiBYM.
B ramigoMm ypaBHEHUH OHO YBEJUYHBAETCH H& OJHO HCHIBECTHOR, & o0~
mee 9ECIO mockAelHuX B JKGOM ypaBHeHHHM HA equnuMuny foapme HO-
mepa ypapuenuf. [osddnuments npy Hen3BeCTHHIX DeaKTUBHBIX MO-
MEHTAX M3MEHAITCHA C VBLUANYCHMEeM HOMepa YPabBHEeNnA 0o Onpenenﬁll-
Homy sakorry. laydas sakonomepnocT o0pasoBannd kospPHIHeHTOR,
HeTPYAHG IoayYHTE 06mEe GOPMy sl g HX PRITHCISHHA TPH JI0GOM
ROJINI€CTRE ypaBHeHﬂﬁ.

Marpuna kooddHuuenTos IpM HEE3BECTHHIX /2, U ¢BOOOIHLIX wie-
HOB NpHBefeHa B Tabm. 33.

Tabaxuma 33
Marpaua xoydhUIHEHTOE H CEOGOJHBIX YIEHOB

N {pobonAne
v . une
ypap- | Ty Ay Ty my .., e} el Mn—y Mp (nnngalf\oﬁ
Hemw | 4aCTH)

1 | 4y | 4u — Gy

2 Ay A Aay — Gy

8 A‘.!D A31 A:n Aa:) — (P3B

r Am Ari Ar‘.}. Ar3 A?"t aan — Y

n Apo | Ayt | Az | Ans Ay o] A | Aan  Fup
1| a ay-tagaytaglegtas e da | e te g — 22N,
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DopMyns KozfunuenTos TpE TEPBOM WieHe YPaBHeHHH COB-
MECTHOCTH:

Ay, = 2oty + uy;

Aro:a.(2t1+32tj)+u., (=23 ..nk (89

=2
OpE NoCAR/HEM YWepe ypaBHEHUA:
Ap=alty —u. (r=1,2 ...,nY (90
apu OPSAToCIeiienm yg2He ypaBHCHHA:
Ar vt >~ a,_ (4 - 3t + 22,8, (r=2,3,...,n) 9N
opu OPOMERYTOYgoM qneHe ypaBHEHHA:

4 = a, (t; +3 3 tj) + @it (2ta+: +3 X tj) (92)

=i =i+2
(r=34...,n, (=12 ..,r=2).
D®opmymu CBofoMHAX 49IeHOB NpH [JeHCTBEH COCPEJOTOYSHHKIX

KPYTAILUX MOMeyroB, mpmao#eHHEx B cewenmax 0, 1, 2,..,n
{pwe. 33, a):

q’)ig = SJT{-[)Btl;
o = OUT,, ¢, -+ t) + P00,
¢, =6 ”TJU:; (], +t, 4 1) + JTJm (t, -t + ﬂzats]; (93)

------------------------

—f r
" —
03 (7 3 )
1=t je=itl
DopMy B CBAGoHKX LICHOB TIPH Aef¢TBEN paBHOMEPHO PACIpele-
JeHHHX N0 yIaCTRaM Gadky KPYTAWMX MOMEuToB {puc. 33, 6):

Py = 3’;131’21;
Pop = 3 [ﬁlgaj (tl + 2t2) + nT23a3 t2];
Py, = 3 [Hinfh (2 + 2t + 2ty) .1_?129&2 (t, -+ 2ty +

+ m,_ aqt,l;

(94
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Jli06Goit Bup pacmpefelends KPYTANIUX MOMEHTOB MOMKHO CBECTR
K YKa3aHHRM Ha puc. 33 ABYM THHAM HATPY30K, 1TO JAeT BO3MOKHOCTh
HEeDOCPEACTBeHHOTO WCHOAb30BanmA Gopuya (93) wam (94), wam mx
CYMMEL.

- - ~ ) . ,
Mg My “ - oy M
o=

o
Pue. 33. CxeMa pacmofioeHES a, q|f Uy \T? a, P g MA
BHENIHEX Barpyaou: o j ' i =

a — COCPEeNoToYeRHBEe KPYTANIKE MO- a

MCHTE, 0 — paBHOMERHO pacrpene- - mn

NEHHHE N YacTHAM KPYTAMME Mo- = Mg ] i .

wente. 7y 8 i
0 a, E a2, ‘[2 05 13 ! n- ap i
&

B cayuae Ganks mocToAHHOM KECTKOCTH H YIACTKOB PABHOH JVIAHA
dopMyaH KoadpuinenToB H CBOGOAHBIX 916HOB PACISTHHIX ypaBHeHE#H
3HAUHTENLHO YHOPOMAOTCAH.

B TaGu. 34 upusegeHa cucTeMa ypaBHeHnu anna Danxm, pazbmTol
Ha 5 PAaBHHX YYaCTKOB ATHHON @ KasKAA. 37eCh

Ha ta6n. 34 pmano, 4ro koapHUIEEHTH HPA HEMIBECTHHIX Deak-
THBHBIX MOMEHTAX HM3MeHMIOTCA ¢ YBeNIMUelHneM HOMeDA YPABHEHHA HO
YpesBHYAHHO OPOCTEIM JHHEHHHM 3aKOHAM M MOryT GHTB Jerko Bh-
GECAeRH AIA A1000r0 KONWYSeCTBa ypabEenul.

Qopmyas AIx BHEHCHeHHA CBOOOOHEX ‘eHOB WP HArpys-
K€, COCTOAmEeH M3 COCPe/JOTOYeHHBIX KDYTAMEX MOMEHTOB, HMEIOT
BH]

% _ &3,

8 My, + M),

i _ 5 (3M,, + 2M,, + M), (95)
q::,, = % (4H03 + 3ﬂm -+ 21‘—423 + Mas);

—?i:—is— = % (57403 + 47!7[13 - Sﬁzﬂ + 2W33 + _ﬂu) HT I

(1)



TaGamma 34

Cacrema ypapHeHnMH A Ganku 0OCTOAHHON KECTKOCTH ¢ PABHBIMHM YYACTKAMH

CrobomHee
Ny _ _. — — — — e sl
ypaB- my ma Ty m, ™y my {B npasoit
HEeHHUA 9aCTH)
WP
U 24w | 1= —
2 54, 6 v — %2“
. q
3 | 84y, | 12 6 1—1s — Pf“
4 . Pin
11+ v, 18 12 ] 11—, ——=
5 |14 4 Psp
-+ Yo 2 18 12 4] 1 — v -
2 =
6 1 2 2 2 2 ] - M,

IIpm marpyske B BMe PaBHOMePHO PacHpe[eleHAHLX OO YIacTKaM
KPYTAIIHX MOMEHTOB HMEEM

(P:H — 3??_11[,;
o0 3(3mn -+ nza);
P

Pip
t

Vs
t

= =3(5my,, - 3o + Mas);

= 3 (Tmy., + Smny + 3m; -+ mus);

=3 (g-n;lu -+ 7?1’.38 +3m313 + :!;_mfm Ji‘ﬁ’}tﬁn) HT, 1.

(96)

Eme Goaee ynpomaerca pelienne, ecau 08JAKY MOKHO CIHTATH a0~
COMIOTHO :eCTKOli B 1IPOJOILHOM HanpaBIeHuk. B arom cIydae yriam
DOBOPOTA BCeX ceuedmii GanKH paBHLI MeKAY cofoll, T. e. ¢ = consk.

i



ITosroMy B coOTBeTCTEMH C tI)opmy:IaMn (86) mMoxmo sammcath

¢ = mouz(,gmlu,l_mzu2 Ve = Mgy,
OTKYI3
o e e cm. =2
mu-—uo,ml— M= e M= o (97)

HoncTaBasa 3TH 3HAaYCHEA PEAKTHBHHIX MOMEHTOB B YDPaBHEHWE
passoBecus (yparenne N2 rn 4 1 taba. 33), momysam

tP(a_l%_m-l-ttg_’_az-i—aa_l_ _I_n_—li_n+__)+22M 0,

g uy Uy
OTCIONA
23 M, 98)
¢ =— .
8, e a aq, -+ a3 an g2, 2,
Up + Uy + u, T+ u, + u,
{lpu paBEKIX ZAUOAX y9aCTKOB (€, = @, = ... = @} H DOCTOAHHOH
uihpuHe HogoluBel Hankm b = const
2% 3 M
Q= — 2 ; (99)

ab® (Kp, 4 2Ky, + 2Ky, -+ . 2K, + K
npu MOCTOARHOM 1O gauHe Ganku kodPOUIHEHTe »KeCTKOCTH OCHOBA-
aua Ko = Kig = ...= K,
12N
= — ____23 s, (100)
Lo*K
tae L — nonHada mauna Oaaxu.

Umen snagenue ¢, no GopMysaM (97) MOMKHO BRITHCINTD BeTHUKHELI
PearTHBHLIX KPYTAMMUX MOMEHTOB MOA N00mM cedenum Ganku.

Sy
M, /1 .
o} 5FiM,
B
N
of
hg |E
i i)
|E°
Puc. 34. Kpygenue 0a1kd ¢ 3ammeMJIeHESIMA KOHIAMH;

¢ — CIWHHYHBEII MOBOROT 3auleMIIeHWA OanKkd, uUMCHecH OIMH 3ACMIEHHHNA HOHCNH;
6 — eMMHHYHENA [oBOpOT 3aeMacHNA GalKH, umMciomed o0a sameMIcHHBIX HOHIA.
lIpu pacuere pynmamMeHTOB W3 mepeKpecTHHX 0amoK MeTOMOM me-
peMELL(eHHI':I Heoﬁxonnmo HMETh pelieHuda [{ad Ganok ¢ GIHAM H IBYMA
3aeMIeHHpIMH HKOHOaMHA LIDH eJHHHY9IOM DOBODOTe 3allieMIeHU:A.
CocTaBlIeHHDIE AdA 3THX CAY4aeB CHCTeMbl ypaBHeHHﬁ HpMBejlleHnl
8 Taba. 35 u 36.
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Tabawnoa 35

Cucrema ypasmenuif nas Gajkv NOCTOABHON MECTROCTH € ONHHM
IRMEMACHELIM Kouuom (pac. 34, @)

M r - _— -_ — —_—
ypaB- | My my my s My My CBJ?(?B?P%H:O‘;:&H 1]31]-:1 H}glgnm::o__{}ﬂm
HeHHA .
6 N N t o, 2
1 T 1 1 _(T Y ”_0)
12 — {5
2 r 6 11— - - (t + uo)
18 — (LB
I e (f o
24 (A
A R U R [T | (t + %)
14
5 | 30 | 24 {18 | 12| 6 [t—y H(L+_)
a ¢ 0
1
6 | 2| 2| 2| 21 2 |1 -
a Yy

Tabruwma 36

Cacrema ypasHeHuH /18 GadKM DOCTORHHOH KECTROCTH ¢ obommu
gamEMISHHBIME KouuaMi (puc. 34, 6)

el [ w [ a [ m A || e oy

I R e e e el _(%)r%)
_2’ —1-;- 6 [1—yl — | = | — — (% + —j’;)

s 1B e — | - ()
_: ‘%114_ Ts_ —;2” 6 |1—y — — (tl + 1”_10)

5 _%0—_ o |18 | 12 ] 6 | — — (iL + %)

6 _—:ij Fz T 2 2 —i» -;1;
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IIpnmep pacgera

Ha 6anry namaoit L = 5 x, newamyo Ba IpynToBOM OCHOBAHUH
AeidcTByeT RpYTANMEE MOMeHT, OPHIKHeHHH# ¥ JeBoMy Kounly Gad-
Ku (pre. 35, a). Banka skeme3obeToHHasn, nONepedHoe CEYEHHAE OPAMO-

M 3 B & P
{\ S 5 SE
AL 7 X & L&
t g B = g
Qh < <5 < .
a / Pt i
0 ! s
i, ] ’ } , Pae. 35. K mpuMepy pacuera:
a— cxema Ganxy ¥ BArpy3oH. 6-—
&

BNIOpa PEAKTHRHBIX KPYTANHX MO-
MEHTOB, 6— JII0pa KPYTAWMX MO-
MCHTOB B CedeHUAX OanKu

yroabHoe ¢ pasMepaMe: mupEHa b = 1,2 a, Bucora A = 0.8 =,
Basxa uMeer mOCTCHHAYIO MO JNUHE 3KecTKOCTh. Hoapduuuent nocre-
JM TAKKe MOCTOAHHLLI M umcaenHo pasen Ko = 7200 m/m?. Moayne
easura Heroma G = 900 000 m/mz.

TpeGyeTcs IOCTPOUTHL IOIOPY PEAKTHBHHX KPYTALIMX MOMEHTOR,
AeficTByomux Ha Gadky co CTODOHH OCHOBAHHA, U 3NKWPY KPYTAIHX
MOMEHTOB B Ce9eHHAX Oaliku.

Mowmenur uHepuun cegeuns OAJAKW Opu ®pydeHun coraacao dopuy-

ae (75) pameH
7 =abh®=0,196.1,2. 0,8% = 0,1204" m4,
rre  xoapduument o= (0,196 Bzar us taby. 31 no orHomeHMIO

b 1,2
== T;% =14,

B wagecrBe mepPBOTO, CAaMOTO DPOCTOro DPHOMHKEHUA IPUMEM, 9TC
fallka COCTOMT M3 OJIHOTO y4acTKa (¢ = L) 1 smiopa pearTHBHLIX Kpy-
THIMX MOMEHTOB U3MEHAeTCH N0 THHeHHOMY 3aKOHY OT 3HAYeHUA my,
Ha MeBOM KOHIE [0 /m, Ha IpaBOM KoHIe Gaakm (puc. 35, 6). na pe-
TeHUs 322498 B 9TOM CAydae NOCTATOUHO COCTABUTL NBa ypPaBHERUA:
COBMECTHOCTA H PaBHOBECHS.

lloapsyaecs tabn. 34, sunucwBaeM Heo0Xojmmule ypaBHEHHA

Pin
t

(2+Y0);7':1+(1 —v)m +
_fﬁo—}—?ﬁ;—}—%Zano.

=0

BrwmcaseM KoddOHNMEHTH B CBOOOJHEE WISHR CHCTEME YYHTH-
BAf, 4TO 3AeChk
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7201 72 . 900000 - 04204 _ o5 4

- = 3 2 S

[1(96:%12 7200 .4,2° . 5

RoaddpunuenTn npu EenapecTHHX MepBOT0 ypaBHEHUA
24 y=24251=271,
1—y=1-—-251=—241

[To neproit w3 opmyn (95) maxoaum

Pe S =M =12
t a 5

Y, =%, =

CroGonHui Wien ypapHeHUs PaBHOBECHA
AT =7
¥ M= 1M =04M.

TaraM oGpasom, umeeMm
27 Amy —244m; = —1,2M;
my +my = —0,4M.

Pemas cHCTeMy ypaBHeHHI 0THOCHTENBHO /M X 1y, HAXONEM m, =
= —0211 M;m, = —0,189 M.

[Io soope m, TpecTaBIADINeH cofoll B TaRHOM CAYYas TpameHio,
CTpOUTCH DUIOPA KPYTAIMX MOMEHTOB M. B cedeHHAX OGankmu. Hpn
NOCTPOEEAN NPl M, MHCICHHO MepeMemaeMcs OT TDPABOTO KOHIa
falKH K AeBOMY, HoCJIef0BaTe IbHO OMpPeJesns NIA CeueHui, pacmooag-
JReHHMX Yepes 1 a, auavenun M., 9HCICHRO DABHHE IPABOOTCETeH-
HEIM IJIOMAJAM 2TIOPE M.

Juiopa M, n3obpaniena Ha puc. 35, 6, rae B cKobKax OpHBEEHE
3HAYEHUA MOMEHTOR, WOACIATAHHEIE o TodHoMy MeToay [20}. Ham-
Gonnioee pacXoskienne MeKIY TOSHEM B NDPHOIWHKENNEM DemenugME
cocTaBager scero 2%.



raaga 1V

CHCTEMBI IIEPEKPECTHBIX BAJIOK

O6mpe crepeHna

Cucremst nepekpecTHpX 6aloK, me)kamuX Ma YOPYyroM OCHOBAIUH,
OpHMEHAIGTCA B KAUeCTRE HYHIIMEHTGB A SHAHHA H COOPYHeHHII
NPOMKLITLIEHHOTO, TParkJaHCKOT0 W HIKEHePHOM0 XapaKTepa.

fienezoferonnble yHNAMEHTH M3 mepexrpecTHHX Oajok ocolento
nejecoofpasnbl OPY CTPOUTCIBCTRe Ha CI20EX ¥ HEOAHOPOMHMX TPy H-
tax. OfHaKo U B cIy9ae XOPOMAX IPYHTOB, KOrAa a QYHIAMEHTL He-
peaawTca Golbliie cOCPelNOTOYMEHHBe HATPY3KH OT KOJXOHH, pacno-
J07HeHHRX CPABHUTEIbHO OJMM3K0 ogHA OT APYyToil, BRITOgHEe DLIBACT
A obecmeueHns PABHOMEPHON Ocaflkil COOPYIKEHUA YyCTPAauBaTh Gyu-
JaMenTH W3 NepeKpecTHHX 0alok BMecTO OTHEABHLIX (YHAAMEHTOB
{0}l KOJOHHEL

B nmpakrtuxe mamGonee 4acTo perpewaiores cucremm, GANKK KOTO-
PHIX HCPECCRATCA OO OPAMbIM yrJoM, a HATPY3aKa, KAk OpPaBRiao,
JleficTRyeT OePIeHAMKYAAPHO IIOCKOCTH CHCTeMbl TMEePeKpecTHbX Oa-
jok. Takoro THna cucremsl u Oymem paccmaTpuBaTh Hume (puc. 36).

C Toukm spenusa CTPOMTENBHOH MeXalUHKH CHCTEMa ITEPeKPECTHHX
0anoK OTHOCHTCA K KJAACCY TAOCKUX paM, paGoTAKMINX HA IPOCTPATICT-
BeHHYI0 HArPY3KY. B TAKHX CHCTeMax RNyTpeHHHe YCMAMA B ceUEHUAX
H300K {eropireneil) BMOGT N8 TRR, 8 HOCTs COCTIRIRIOMEY, Hrubamw-
filne MOMEHTHL B ABYX FMABHLIX OJOCKOCTAX HIIePIUR, Mepepe3nlBa I Re
CHJbl B OTHX OMOCKOCTHX, KPYTAWMI MOMENT W HPOIAONBHOE YCHIUE.
Opnaxe upu AeilCTBUM HATPY3KM, NepHeHJUKYIADHOH K MJIOCKOCTH
cHCTeMhl OepekpectHu¥ Oamor, narufaiine MOMEHTEH, MOepepestl-
BAOUIHE 0 MPOMOJBIbLIE CHJB B 9T0il IJOCKOCTA MOMKHO ONPHHATH PaB-
HeMA nyaw [36]. OcraTeA nenmsgecTHRIME TONBKO RATHOA0OIAL MO-
MeHT M, kKpyTAmumii MoMenT M | u nepepesnBaroman cuna @, (puc. 37).

Omnpanne 6agok Ha COOlINee yOPYTOe OCHOBaHMe He BHOCHT
JIOLOJHHATE M bHLIX OC1OHIeANH, NOCKOIBKY B KA4eCTBe 3JIeMeHTa 0CHOB-
HOH CHCTeMDI MO:KHO NPUHHMATL OTACALUYI GalKy HA YOPYTOM OCHO-
BaHWW, JAJA RoTopoli umeloTca pemeuns. Ha npaxTare, ogHAKO,
pacder TAKUX CHCTeM HATANKHBAeTCA Ha ONpejelNeHHLIE TPYIHOCTH,
00yCAOBICHIINE 3HAUATENbHEM KOTUTIeCTBOM HCH3BECTHLX H HPOCTPAll-
CTBEHHBIM XapakTepoM paboTst cueremul. [pu arom meobxogmMo mon-
9ePKHYTH, 4T0 BCE NPAKTHYECKHE pacdeTnl PYHIAMEHTOB U3 HePeKPecT-
HelX 0ajloK OPOH3BOAATCH J0 HACTOAMLETO0 BpeMEHM MCHK/ANYATeNLIIO
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[0 BEHEAepOBoil MoJeNy yOpyroro oCHOBAHUA OPH NOCTOAHHOM KOI(-
PHIMeHTe JKECTKOCTH OCHOBAHM.

Hanfonee ofcrodaTelnHO BOOPOCH pacdera CHCTeM IepPeKpecTHHIX
Ganok, ALHKANMX RA YOpPYTOM OCHOBAHMM, paccMoTpeRs B pafoTax
M. U. PopSyuosa-Ilocagona [13, 14l
| [ Wm npepnoskensl rounnii n gpubiamken-
HEl cmoco0n pacyera OepekpecTinix Ga-
nox. Ilox rounsiM mompasyMeBaeTca pac-
4eT ¢ YYeTOM JKEeCTKOCTH Y3/A0B Iepece-
1} 4YeHus Ganor A HANUIMH B STUX MecTax

abcouTHO HecTKHX y1acTkoB batok. Tod-

HHHA pacieT pPeROMEHAYETCA BHIOJHATH

— METOAO0M CHJ, pajpedasd CHCTEMY Ha P
% Fi otearunx Ganok. B mecraX paapescs

= |
|

'T]

OpHKNAJBIBAIOTCH HeM3IBeCTHHE YCUIAA B
BH/IC COCPCAOTOYEHIKIX CHJI, U3THDAOMMX
M KPYTAMEX MoMeHTOB (puc. 38). Orn
’ YCHANA ONpefe/RIOTCH Ha OCHOBE DaBeH-
cTea JedopManuil (BeprukasbHHX Iepe-
MeL[eHHH, yTnoB usrufa W KPYUCHHUA) B
MecTax paspe3oB. Ecim Bce Ganku cn-
CTeMh HMeHT KOHCOJLHEIE YYaCTKU, TO B
B oA % 0 G0N Y26 KOAMIECTHO  HeHSICTIIX
GATIOK. paBuo 6n, roe »n — 9ucao Y3J0B B CH-
cTEMe.

IMpubamrennuid coocod pacuyera, pexomenpyemunt M. M. Topby-
rospiM-IlocagoBRM 1A DpPaKTHYIECKOT0 OpUMeHeHHS, 38KJI0UAETCH
B CJHeIYIONIBM.

Bragane sBomnTCA Jonymenune O ITapHUPHOCTH Y3J08 CUCTEMLI He-
pexpecTHHX Gajl0K W TMPOM3BOAMTCH PACYET, B peaylJbTaTe KOTOPOTO

OTIPENPNMOTCH nadenun fonelt N, u N, cmam N,, ppanvwenaoh

B yaae :. Cama N, pocnpHHUMaeTes OpomodbHOH Gaakoil, N, — mo-
pepedHoil. JHA9eHNA STHX CHJI YCTAHABIAMBAIOTCS TyTeM pelleHud cHc-
TeMEl YpaBHeHHIl BHOa

I-1

R oz o S P P R £ D £ 5 2 )

N+ N, =N, (101)
S Nop, + S Mp, = S Nup), -+ 3 Mip),, (102)
2 3 R
COCTABIAEMEX AnA kamgoro yaaa (i =1, 2, ..., n).
3dnecs Dy, — peakTHBHOE JABJEeHHe B y3je I, BH3BaHHOe COCpe-

JOTO49eHHOH CHJOH, paBHOH equpuue, OPUIOKeH-
Hoit B yade j Toil siie mpoacapHOl Ganku;
e
Dk — TO jKe OT eAUHHYHOH CHJIM B y3Je K HOHEpPedHOol
Ganuu;
Pi; U P — TO Ke OT K3rubalMHBX MOMEHTOB, DABHHX eHM-
HHIE.
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Buemnne uarufammue MOMeHTH, TPHIOKEHEBE B yane [, cdura-
HTCA NOMHOCTLI BOCTPANEMAaEMEIMH COOTBETCTRCHHO npoaonLuoi (M)
u nonepedroir (M ;') GaaKaMi.

TaruM ofpazom, opu pacdere ¢ JoOyeHueM O MapHEAPHOCTH y3-
JO0B OPUXOJMTCH pPeliaTth CHCTeMY YpaBHeHHH ¢ Zn HeM3BeCTHLIMH.

Monyaeanne smasenun mo-

aAeil warpyskm N, n N, nec- NiM,

NONB3YIOTCA JUIA yeTaRoBAeHAA "
OpeBapUTeILHOTe  3HAYeHHA I/#

Pmc. 38. JaeMeHTapHAs cHCTeMa mepe-
KPEeCTHHX (aMoK:

Pac. 37. ycHJIE[}I, AeHCTRY- 6 — 34aHHAsA CHCTEMAa, § — OCHOBHAHA CH-
OIAe & cedeHHH DaJKH., creMa

peaknuil OCHOBAHNUA HOJ KAKIKM Y3JoM CHCTeMBl (1,;,). OROHTaTeNh-
HEI¢ BHATEHHA DPEaKTUBHHEIX NABJIEHHI HOJYYATCH IyTeM WCKIIOUE-
aua >ddexta Bzammmoro neperpuBanua Oamox. CooTsercrsymomue
YKasanmda L0 TOMY BOOPOCY NPHBEJIEHH B KEHMTe [14]

YerTauoBus HoBnie amavennsa godeil marpysok N u N, m mona-
Tad, 9T0 BHEIINNE MOMEHTH NEJWKOM NepejalTcss rak msrubamwmme
Ha Ty 6aJRY, B HADPABJISHUE KOTODOH OHI IPHIOIKERH, CTPOATEA DIII0-
pPH PACYETHRIX BeJHAYUH.

BGHH‘IHIIH KDYTAMHMX MOMEHTOB YCTAaHABAHBAETCd, MUCXONA HEINO-
CPe/ACTBCHHO W3 YIJIOB HAaKJA0HA Gajox, DOJYyJalNIMXCA TPH pacyere
¢ npejiloNo:ReRreM o IMa pHEPHOCTH ¥3/10B. Ilperedperars cosepmenno
KPYTAIMUMHA MOMEHTAMU OPH KOHCTPYKTHBHOM pacueTe Hellb3A, TAK KAK
OHH BRI3NBAIOT CYOleCTBeHHOE YBeJWIeHHE HAOPSKEHMI B COYEHMAX
HaoK.

B macToAmiee Bpems, B cBA3SH ¢ Pa3BATHEM BETHCIUTENLHON Tex-
HAKE, PONICHEe CHCTeM YPaBHeHEH € DOoILITNM YMCIoM HOH3BOCTHEIX
He Ipe/ICTaBiyser ocoGux 3aTpyaHeHnii. [loatoMy B papge cayuaer Mow-
HO OTKA3aThCA OT NPROAMKEHEHX PACIETOB M HePeliTH K YTOYHEHHBIM.
JTQ, B SACTHOCTH, KacaeTCd M CHCTeM HePeHPEecTHHX (aloK, JeikauinX
Ha YOPYIOM ocHoBaumu. llpuw mcmonsdoBanum IIIBM oo paccum-
THBATH CHCTEMEI IEPEeKPECTHH X 0AM0K ¢ yIeTOM MeDeMeHHOH MECTKO-
CTH OCHOBAHMSI, TeM CaMbM LpHOAMKAA pacdeT K NeHCTBRTENLHLIM
YCA0BUAM DPaldoThl KOHCTPYKIHH.

109



Pacuer Takux cmcTeM NesiecooOpasHo DPOBOMUTE METOOOM mTepe-
MelleHnil, a He MeTo oM cua. [Ips pacuere Do MeTomy HepeMelleHMid
OCHOBHASN CMCTEMa YPaBHEHNII COAePHUT Jn HEM3BeCTHHYX, B TO BpeMs
Kak B MeTofe cua — bOn neusBectHniX (ecan Bee GalKky HMET KOHCOJb-
Hule BoieTynn). TlosToMy B ZaBHoM clydae ¢ilelyer, OO HAIEMy MHe-
HHX), DOJBIOBATHCA TeM MCTOAOM, KOTOpHH Tpedyer MHHEEMAILHOIC
4MCJIa HEH3BECTHBIX.

Y rouHeHnsiii pacder cucTeMbl NEPEKPeCTHBIX GadoK

Pacuer cucTeMil mepexpecTHHX 0aj0K, JesRAMMK HA yOpYyroM oc-
HOBAHHH, PANUHOHAJNBHO LPOH3BOJHUTh MeToAoM HepeMemenuii. Pac-
CMOTPHM 0CODEHHOCTH PacyeTa TAKOH CUCTEMbl 110 MeTOQy HepeMe-
e,

[Ipu marpyske, jellcTBylolleil HOCPHeHAHKYNAPHO K IJOCKOCTH
cuctemn (nmockoceTd x0y), mepeMelleHUe KAHIOT0O yalNa XapaKTepH-
ayeTcA ABYMf yIIaMH TOBOPOTa OTHOCHTENBLHO Oceil ¥ M Yy M oARHUM
JWHEMHMM OepeMelcnneM BAOJAbL oCA 2. CanenoBateaLHO, KOJIMYECTBO

Pne. 39. Pacgetnas cXe- N, N My
Ma CHCTEMSE HePeR PecTHRX ot lH P
0anor Ha YOPYroM OCHO- N,

e
1
BALIIH: | NEW N,;M
& — 3aNAHAAA CHCTEMA: ) a

#, f

¢ — OCHOBHAf CHCTEMA Me-
7078 NepeMemMeRHil.

BeM3BeCTHHX B CcBOOOIHO Mesamell HA yOpyroM OCHOBAHAA CHCTeMeE
mepeKpecTHHX GaJlok PABHO YTPOEHHOMY 4UCIY Y3/08 HepeceveHus
GaJIoK, ecaH HCXOAHETH, KaK o0HUYHO, M3 NPCANGI0MEHHA 0 HepacTH-
auMocTn  Gaaow.

OcnosHan cucrema oGpasyercd U3 3aJJaHHOU MyTeM HeOOLBHKHOIQ
3aKpenJenus BeeX ¥3a0B nepecedenna basor. Hasa sakpennennsa vam-
noro yaiaa HeoOxogmmo Tpu cBfsu: 1) samemienne ysna, HpedArcTRy-
OIge TOROPOTY (¥ OTHOCHTENABHO OCH I; 2) 3ameMIeHMe YVana OPOTUR
IOBOPOTA 7 BOKPYT OCH ¥ H 3) 3aKpCILIEHHe B BHi¢ BePTHKAIBLIOIO
OOOPHOTO CTEPsREA, OPEenATCTBYMIErD JANeHHOMY NepeMemieHnio o
ysaa Bjoab ocu z. [lpeoGpasopaubas TakuM DyTeM CHCTEMA OPEACTaB-

110



AAeTCH COBOKYOHOCTHIO OTJAEIBHBIX GaNOK, NeEANMX HA CILIOIUIHGOy
yOpyroM OCHOBAHNM, ¢ a6COAIOTHO 3alleMACHHBMY I NCCMEILAlo L HMy-
ca kouuamu (puc. 39). Ha puc. 39 I, 1,, L, I, — oGoznavanT anuny,
OTHeAbHbLIX 0aJoKk Memny rpaHaMd KoJoHH. Ecam cmerema uaear
KOHCOJALHBIE BHCTYOH, TO HOCJHeJHHE pACCMATPHBAIOTCA Kak Oalkp
HR YOPY¥IOM OCHOBAHWK ¢ OAHMM 3JalieMIeHHHIM KOHIOM H APYTHpy
cBoGonro onepreiM. s tarux 6anok HMeOTCH pelICHMS B BHAE 0Ty
BLIX CHCTEM JHHEHHBX anrcdpaudecKHX ypaBHeHMIH, N03BOIAIONIHE O))-
PelnensaTh YCWAMS B 3aIeMJICHUSIX KAK 0T HATPY30K, PACLOIOMRe HHEg
ua Oamge, Tag M OT mepeMellendd caMblX sauleMmueHmil (radx. 8,
10). Hmes yrasaHHEe PeLIeHHA, MOMKIO COCTABUTE CHCTEMY YPaBLIeHR
MeToJa HepeMelllenri, BLIPamalollylo YCJIOBHA AHHY/JIHDOBAHUA YCl-
Ju# BO BBeJeHIBIX CBA3AX HJAH, YTO TO ke, YCJIOBHA DpaBHOBECHg
V¥3JI0B.

CucremMa ypasmemuil MosieT OblTh TIpeAcTaBgeHa B o0nqHOE KaMg.
HEgecxoll gopme

rady +rnZs ks + oo i + R =0
FaZy oo - ragZy - oo A ropdy b Rop =0,

(103

rniZL -+ rn2Z: + rn323 T + rrmZn 'E_ Rnn = 0.

HagoMuuM, 49T0 iy — 370 IMHWYILE DeaKIUN, TAC HePBLIT Hy
nexc of03HaYAET CRASH, B ROTOPOIl peanriisd BO3HHKALT, a BTOPOU -..
nepemellleHRe, BLI3Ba BLUee MOABICHHe YKRasaunoi peakmun. Hampuaey
eIMHUYHAR pPeaKnus r; npeacrapasger cofoli
PeaKI{Hi0 TepBO CBA3SKH OT NepeMeleH A TPeThb-
eil. Pearuun cBaseil 0T BHelHel Harpysxd obo-
sHavenn 9epes R, HeusBECTHME LepeMeme-
HHf (YIOIH TOBOPOTA Y3/10B BOKPYT oced £ M ¥y
M AUHRHHAR TEDOMEIIAHNE B HATNARIGHHY 000
z) — 4.

flonoiiureaLHNe HampaBAeHWsA TepeMemie-
uuii morasamm Ha puc. 40. lloaowurenbume EN¢: 40. TMoaommres,,

s " HMe HAIPaBJICHAA [epg.
HAUPABICHHA peanuiil BO BBEIeHHBIX CBAZIAX MeTIeHI,
COBIATAIOT ¢ HANDPARACHUAME MOJ0KUTCIbHBIX
nepeMenienuii gaumux ceuzelt. Haupasnenue ocelt z, ¥, 2 uput pae.
qeTe CHCTEMBl OCTAETCHA HEW3MEeINHIM, Iauvajio KOOPIMHAT IOCTh.
HOBATEJLHO COBMEL{AETCH ¢ MeHTPAMH pPACCMATPHBAGMHIX Y3JI0B.

Hanowun ocolennocty pacuera Ha npuMepe OPAMOYIOABIOR Cf_
cTeMbl e peKpecTHRX DaJloK, m3obpamenHoldl wa puc. 39.

CucreMa mMeer 9 KECTKHX Y3J0B, HOITOMY KOJIAYECTBO HEHj.
pecTLX pasHo 3 . 9 = 27. ¥zea | comepiur HemapecTHme Z,, Z2
Zyyaen 11 — Z,, Z,, Z; yaea 111 — Z,, Zy, Zyn 1. 1. YcaoBAMCA g
KAYeCTBe 1ePBOTO NMEH3BCCTHOTO KamiIoro yajia NPUHEMATH yroJd Ig.
BOPOTA Y314 BOKPYT ocm x (£, Z,, Z,, ..., Z,.), B RauecrBe BIGPOTO -,
YTOJ OBOPOTA BOKPYL ocu ¥ (£y, Zg, Zg, ..., Z,y) I B Ka9eCcTBe TPeTy,
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ero — jgddelimoe mepemenTenne
BRoab och z (Z,, Zy, Z,. ..., Z,,).
(O6o3mauana vepes i @HOMep yauia,
MOMKEM 3amHcaTh B olmeM Buze,
9710 (Pic =ZBl—-2! (P'{:ZZIVI; 612231-

QamuM ooouepenmo BBeTeH-
HHIM CBA3AM eIHHUYHEC mepeMe-
IIeHAA W ONpeJeIHM BO3HHKA-
mEe IPH 3TOM EJHHWYHLIE DeaK-
OHA CBABEH Fyyn U Py

Peaxnns r,, BOJHHKALT B CBS-
au 1 or ee TOBOPOTA BOKDYT I mna
yroa Z, = t. Exumudnnie sn0pu
W3THOAOMUX M KPYTAIHY MOMEH-
TOB 0T TOBOPOTA ITOH CBA3N CXe-
MATHYECKU [TOKA3aHhI Ha pHC.
41, a. U3 ycaosus pasmoBecus

Puc. 41. JUwpL MOMEHTOB B ocEoBHONl  yajga | Haxomnum
CHCTEMEe OT €MHHHYHBIX nepemememiu B
cBaseli: ry = Mﬁ) + M(é),
@ — EMHHUSHEA 10BOPOT GBASM 1 BOKPYr OCH
% 6 — eamiiEoe mWhellfoo, mepeMcNente rge MY — warabawmunit mMoMeHt
8 zajeake csasa 1

Gankn 1—4, Bo3pHKaioOME OT OOBOPOTa 3aJEJKH HA
efuHEMYHMA  yroa; 6Ganka 1—4 newur Ha  yopyrom
OCHOBAIUY ¢ MOCTOSHHEIM HIHM LepeMenuniM Kodddgu-
IMHUEeNTDM HeCTHOCTH, o 063. KOHIIa ee :XeCTKO 3auie-
MJeHbI;

Hiﬂ — kpyranuii MoMmenT B 3ajenre 1 Sanxul — 2 or eamAwUd-
HOTO MoBOpoTa 370l 3agenku; Gaxxa 1—2 newwr Ha
VIOPYTOM OCHOBAHWE HOCTOAHHON KU OePeMeBOH KeCTRO-
CTH H KOHIK €€ ;KeCTKG JallleMJeHE.

Moment M{Y onpenensercs myrem peleHus cucTems! YpaBHeHHii,

apupepexnex B Taba. 10, a MY — ypabnennit tabx. 36.

Haxonum rlg— peaKknuio mepBoll CBA3M OT eqAHUYHOTO HOBOPOTA
BTOpOil cBA3H (£, — 1). Jra peaKuasa paBHa HYIK, TAK KAK OpPH IOBO-
pote yazua 1 BOprI‘ 0CH Y, 9T0 03HAYAET NOBOPOT CBAAH 2, MOMEHTH B
OepueHINKYAAPHO PACHonoKeHHOH mo oTHomMeuuo K Heil cBasn 1 e
BOSHHRAWT.

OupenenneM r;, — peakldio OepBoil CBAGU 0T JEHMIHOIC Oepe-
memenua ¢BASH 3 (puc. 41, 6)

(3)
r13: —Millr

3 N
rae M — marnbaromuii MomenT B 3amenxe 1 Gaaxm 1—4, Bo3HHKa-
WINEE 0T BepTUKAJBHOTO e/MHMYHOI0 HepeMENieunsA 3a-
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MeNKH; ONPEAENHeTCA HA OCHOBAHWH peNIeHMsS CHCTeMEH
ypapeennmit B tabn. 10.
Pearums r;; mepsoil ¢BA3K OT eWHMYHOTO IEPEMEHIEHAA HYeTBep-

TOH cBA3M npeactasaner coboil xpyTAMAA moment M Yé’, BO3IHAKAOM Mt
B 3afeane 1 Ganxm 1—2 or eIMHAYHOIO HOBOPOTA 3ALEAKH 2

374
rig = M9,

B cuny BsammmocTa pearumit
FrIC Y 2 O]
Mis = M3y,

— .
rne M. 5 yixe ompefeleH H3 DeICHAA CHCTEMH YPABHOHHIE 1A BHUACIe-
mun MY (puc. 41, a).

Tadnuya 37

CmpyKsmypa  Mompuub! KO@PUiLeHmol
N 2|25V 23| 20| 25| Z5| 25| 24l 2o | 2| Z1r | Zi2k Zusd Ziad 215 | 216\ Ze| 210 | 2192 | L2 | 222\ 2o 2| 5| 26 V2
1@ |@ e @
2| oe |(ee ®
j(eolele |eole e (@
AT o (o® e |®
5 eole| |ele| lele ®
if |o|eleojeoe| oo e |®
7 ® L @ ® L)
8 oo (eoe ®
9 IR AL JL L L L.
Har ] ® ® e @ ®
il |e oo |(ef® ®
izle| |e oleole| (e e |®
13 e @ [ o (eol® e (o
T4 ® oo o iele ®
5 o @ e/ oo oo (o0 ®
5 e @ ® o |e ® &
17 o o0 |ee ®
18 e (o oloe oo e e
19 e |eo o [eofe
20 ® oel (oo
2 e |® oloje (eoe
22 ® [ L] ® L 1L
23 9 [ 2 | oo e
2% @ L LI JEJE L) o ®
25 e (@ ® o |e
% ® olel o0
27 ORC o oelefe
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AManoruaHo onpefenfdIoTeA M ocrasibHble Kodh@uumeHTH TepBO-
ro ypaBueHHA. CBOOONHEIN TIeH ITOLO YPABHEHHA IPM HALDPY3KE CO-
CpefOoTOUeHIINMY CHIIAME B ¥3JaX pased Hymlo. Kcam B yaae 1 geficr-
Byer cocpeforodenunit MoMent Mi;, to cBobonHetit unen Ry, = My,

(¢ COOTBETCTBYIOINHM 3HAKOM); OT
YAV AVAAYAYS MOMEHTa, JeHCTRYIOMETO BOKPYT
a4 i

ya A4

%, oocn Yy (M[,;), R], = {),

Takeu 06pazoM, BETHYAHE KO-
apduIUeHTOB ¥ CBOBOIALIX WIEHOB
KaHOHU4ecKuX ypaeuenmd (103)
onpenensiorcA OOMUHHMMA DpHe-
MaM¥ MeToa nepememennii. Crpy-
KTypa MaTpUib KoadhUnUesToB
YpaBHeHWI JIIA paccMATpuBaeMoik
CHCTCMM mpHBegeHa B Ttadn. 37.
W3 aroii TaGaRNE BHAHO, YTO Ma-
TPHIA HMECT JIEHTOYHYIO CTPYK-
TYPY, ROJAHYECTBO HCH3BECTHBLX
B YPABHEHHUSAX [JH HAPY/RHBIX
YIUJIOBHIX Y3J0B COCTABIAET OT D
oo 7, NAA HADYRIHX CPeIHHX
yanos ot 6 10 9 u 19 BHyTpeHne-
ro yana or 8 o 11.

Pune. 42. Omopl nwosddunneHTa iecT-

KOCTH OCHOBAHPA CHCTEMB NePeRpecT- Eenu cucrema CHMMeTPUTiHA,
HEX (anok: TO ¢ CHMMCTPDHA MOIET OLITH HC-
e — peficTRuTCIbHAA, § — pa(:‘m'rﬂ':‘!;“‘t‘ g - TJIOJB30RAHA AHAJOTWUMYHO TOMY,
CHMMETDYUHO-LEDEMPHHAA  dII0DA H; e —

GOPMAJILHEA PACYETHAR aljopa K. Kak 9T /gllaeTcd IIhu pacuere

OI0CKRX H IIpOCTPAHCTBEHNLIX
paM. llpu aToM, KOJMTECTRO OCHOBIEIX HEH3BECTHLIX, LOTJIC/LAIUX
onpefeseHuio, 2AYACTYI0 CHIKACTCH B HECKOJBKO paz Lak, HAIpPH-
Mep, HpH HRJANYHH B paccmarpupaemoit cocteme {puc. 39) mByx oceit
CUMMETPHH ¢ LEHTPOM B y3xe D, YHC/i0 HeH3BeCTHRIX HepeMellequi
y3JX0B cHIGKaercda ¢ 27 mo 8.

Paguraibpno yupoiuaeTcd npouece BHUMcIeHAa xodhduumneHTOB
ragomnIcckuXx ypasnennu (103) e cayuae, vorna koodduuments Kect-
KOCTH OCHOBAUUA OT/I€NLIIBIX 62130]{ -— JJeMedToB 0CHOBHOIT cHeTe-~
MBEl — HOCTOAUHK IO AjuHle srHx Oanok. B mpakrmdeckwx pacyerax
MOKHO (aKTHICCKYID MePEeMeHHYI0 210Dy KodpOHMMUeHTIA HECTKOCTH
OCHOBAIIMA 3aAMEIIATHh CTYIEHYATO H(‘pEMBHHOﬁ DHIUDOI"I, RAaRK 3TO MMOKa-
BaHO Ha OpUMEepe HapyKMHX PALOB NPONOJALUBIX I HolepeuHuX Oa-
0% Ha puc. 42, g, 6. [Ilpu sToM, ojHAKOQ, HE CIEAYET YIYCKATh M3 BH-
Ja Toro, 4700w bacileTHadA CTYICHYATO NEePeMeHHAH G0 PA TPaBUABHO
OTPKANIA XAPARTED KM3MECIEHHA #WECTROCTH 0CHOBAHMA.

Hanpusep, crynesuaro nepemennan suiopa Ko3GYHULEHTOR HieCT-
KOCTH ocHOBaHHA, Maolpakennas Ha pHe. 42, 0, B olieM BIONH®
COOTBETCTEYeT AeHCTBHTeNBHOH dnwpe {puc. 42, @). B 1o ke Bpems
fopManbuag aMeHa CHMMOTPHYHON OTWOCHETENbHO CDEIHEro yala
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ABYXOpoaeTHOH 6ankn 3nw0pe Ko3PUIHeATOB HecTKOCTH OCHOBAHAR
(pmc. 42, ) wa crymendatyw (pHe. 42, 2) DPHBOAUT K DNOCTOAHHON
smope KO3QPUIHEHTOB *KecTKOCTH 0CHOBAHNA, KOTOpPAaA He oTpaykaer
HellCTBHTENBIOTO Xapaxrepa HIMEUCHMA JKECTHOCTH TOCIETHETO.

it A

e i3

gz 8

Puc. 43. BuOu caZnBMYENX HepeMe-
mWeHail GanKH ¢ JBYMA JKECTKO 3a-
MeMACAULIMNT KOUumam:

a — 1TOBOPOT JeROTO KOHNA B TIUCKO-
¢ty xOz, 6 — JHHeltHoe nepeMemenHe
ACBOTO HOHNIA MLIOCHOCTA xO0z), 8 — 11o-
BOPOT JEBOLC KOHIA BOKDYL OCH x (KPY-

Pne. 44, Bujgm e/lENYABX TepeMe-
meHEH 6a’dKH ¢ OJHHM /HeCThO Ja-
MEeMIeHHLM HORIOM:

a — [OBOPCeT %aflélkl B ITOCKOCTH
x0z, 0 — ngHeliHOE uLepeMenjeHOe 3a&-
AeAnd B TaOCHOoOTH x(Z, & — TWOBOPOT

32JCNKU BOKDPYI GCU X (KPYHY€HHE).

YeHHE)

B stom cayuae B pacuere HeoGXoJHMO YUHTMBATE QAKTHUISCKYH DHIO-
py KoddUIUEHTOB KECTKOCTH OCHOBAMHA JaNIHoM IBYXHpPOJeTiiod
anku.

Honpsyack M3IBECTIHME PEMIEHUAMH A GAJKA HOCTOAHHOTO 0O
JJAMHE cevMellusd, Jeamed Ha YIpyroM oCHOBAIMA IHOCTOAIIHOH 31KCCT-
kocrn |20, MoxHO HOAYIUTH TOTOBEE OPMY.IH PEAKIINH, ROZHUKALO-
IAX B BJIEMCIOTAX OCHOBHOI CHCTEMBI OT HepeMelienid KROHUeBLIX Ce-
wenuil. Takme dopMyau 11a Gadkm, 2AWIMEMILIION ABYMS KOTIIAMH,
H 411 GaJKd, 2allieMIeHHou TONLKG OAHUM KOHIOM, NPUBe/eHBl HITKe.
Buroa opmya cnycrae.

1. Balka nocrofiuHoTo CETeHIA ¢ JBYMA 2allleMIeHITEIMY KOHITAME
AT Ha YOPYIOM OCHOBAIIME HOCTOAHION skecTKOCTH {puc. 43).

IIpu noBopoTe aeBoro KoHUA O Gaaku B maockoeT x0z (puc, 43, a)
na yrod 8, = 1 peakTusHLie MOMEHTH Ha KoHuaX Gannnaz =0uz = {

EI , BC—AD,

My= Rt {104)
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El D

Onopuue peaknmm
El ,o AC—B®
Qp=——g ¥ F—%; (106)
El C

Npa nameiiroM cmemennp aeBoro EKoena () B maockocrn 20z
{pme. 43, 6) va Beuauny 8, = 1 monyuum

_ Bl a AC— B
My=—= A c*—-BD’ (108)
El C
= —— A —— 10
M, o ¢*—BD’ (109)
. El ,34CD 4 AB |
QO_ B ;L Cz——BD ’ (110)
Qtzﬂ_}ﬁ_B— (111)

[ T
[Ipn momopore meroro Romia ) BOKPYr OCH £ Ha yroa ¢, = 1
{puc. 43, ¢) Ha KOHUAX GaJKi BOZHUKAKT TAKKE KPYTAME® MOMEHTLI

% G Mg
M, = W (112)

vy (i ;\'l{p
Mz_“i"%hx;p‘ (113)

2. Baaka mOCTOAHHOrO CeYeHHS ¢ OfHHMM 3AMEMJICHHEIM H IPYTHM
CBOGO/IHO OIePTHM KOHITOM JeHKUT Ha YIPYTOM OCHOBAHUM TOCTOAHHOM
HMECTKOCTH (pHC. 44).

PeakTusnmil MoMeNT M OmOPHAA PEAHUHMA NPU LOBOPOTE cedeHus
O B miockocru x0Oz Ha yroa 0, = 1 (puc. 44, a)
4ET A9 BC — AD
3 2 ?
! A* + 4BD
AET 19 AC - 40°
i A*+ 4BD

M, = (114)

Q= -

PeaxkTBBHEI MOMEHT W OHOPHAA PEAKIAA IpH CMEIIEHUN CeYennsd
O B nnockoerd 20z wa seanuuny 8, = 1 (puc. 44, 6)

(115)

LET B 4C
My=— ? Z ;
1 A%+ 4BD
4EI 43 AB+4CD
I A+ 4BD

(116)

Q= — (117)
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Kpyramuii MOMEHT B OMOPHOM cedenmu () OPH DOBOPOTe 3TOTO Ce-
9eHHA BOKDYI ocM & Ha yrox @, — 1 (pme. 44, ¢)

My = £ hap th g, (118)

B npusenecnnmx gopMyaax TUDHHATH caefyomue o003HaYeHHmA:
upuBefleHHAA AAMHA Oanxu opa W3raie

?L-._ll/*_

LEI®
OpuBeNeHHEAA AIUHA OaJK| OPH KPYICHER

K_bo
R == 1 ‘/ v _ .
P 2%GT '

A, B, €, D — runepGoso-TpuronoMerprdeckne HYHKIAHA, Onpe-
fpendemele oo Tabnumawm [20] B sasucuMocT ot A;
shdy, u thAy, — rameplomnyeckus cuHyC ¥ TAHTeHC, 3HAYCHMA
KOTOPLIX JAKTCA B COPABOTHUKAX IO MAaTEMaTHKe;
K — poromHuil Kos$dunEent »eCTKOCTH oCHOBAHHA
NpH pPaBHOMEPHOM c:KaTMW, HMelomuili paaMep-
HoeTh (cmna) X (mamma)—2;
Ky — xoodduupenT KecTHOCTH OCHOBAHMSA OPH HOBO-
poTe pyHIaAMEHTA;
b — mupunHa nomomBH GaaKu;
I -~ MOMEHT WHeDIWH cedeHusa mpu marule;
I — To e OpU KPyJIEHHKH.

IIpuéan:kendasie MeTOOBl pacuera

[Ipunumas momymenme o MAPHUPHOM ONUPAHMH OAJOK JAPYr Ha
APYra, MO'KHO B J Pa3a CHH3UTH KOJMYECTBO HEH3BECTHHX 0O CPaB-
QR € GRLTANOM, T MATATY CRGRMAIRAREE ¢ YWUANOAL WATRORTE Y-
Jg08. llpm aToM, KoHeuHO, CHE}KAETCA M TOYHOCTH NOJYIAeMBIX pelle-
HUI; OIHAKO B CAYYafAX, KOrga MMEKTCA ¢yry0o npHOIM;KeHHEe M-
XO[HHEe [JaHHEE, HET CMEICJE OPOM3BOJAUTE TOYHHI PACTeT W MOMKHAO
OTPAHHYATLCA M3JATREMBIMM HIDKe NPuOAmReHHHMA cmocobamn pac-
gera,

PaccMoTpuM cHCTeMY NeperpecTHHX 0aJoK, MNOKA3aHRYID Ha
puc. 39, a. [lpn vaav9uy MapHUPOB B ¥3JAX IJA 6 PAcUeTa Heldeco-
00pasHO MCOONBIOBATL METOJ| CHIL

Sa OCHOBHYIO CUCTEMY DOPHHHUMAETCH CHLTEMA, NOJYYIaAKINAsACA W3
3aaEHOH OyTeMm yIOaJNeH#A BceX IIApHUPoB. B KadecTBe oCHOBHLIX
HeM3BeCTHHX OGepyrca yemaus X, peficTBywmmne 8 OTOPOMMEHHBIX
mapuupax. CregoparenpHo, OCHOBHAA cucrTeMa npeacrabiaser coboi
COBOKYOHOCTE CBOOOMHO JeKANMX HA YOPYIoM OCHORAHMM (ajlok,
Harpy:HeHHMX peakLuAMM OTOpOMIGHHEX C¢BA3¢i M BHeNIHeH Harpys-
Kol (puc. 45). Bee HemaeecTHBe TpoEYMepoBaHn oT 1 a0 9B coorper-
CTBHH C HyMepaLueHd y3J10B.
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Kanonuueckne ypasnenma B ofmem suje
6Ky + 80Xy + L F 84Xy + A =0,
0 Xy + EpXo oo 4 By Xy - Avp = O (119
Ogr X, + 00X, + o0 85X, | Agy = 0.
Cumucn kospduunentos u cBOGOAHEIX WYNENOB ITHX ypaBHeHH

TOT e, 9T0 H B IJOCKHX WK OpOCTPAHCTBEITHLIX CTePHHEBBIX CH-
cremax. Ocofensocrs pac-

N u 2%! ] CMATPIBAEMOH  CHCTEMII

7 SARNTIOYAETCH JTHIUE B TOM,

19_’5 n,yz gju [ %y 941G 3/eck CTAI/IAPTHbIM

’ ety 0 i ATEMEHTOM GCHOBHOH CHE-
Q"Ju ijl??( ﬁ Xst y TeMel aBasiercha Gaawa,
H JERAMAA HA YIPYTOM OC-

HOBATUN [ICPeMeHHyL HIK
) HOCTOANIOH RECTHOCTMH.
7 8 ﬁz_fs g Ana takoi 6aakd neobxo-
Puc. 45, CcuoBHasa cicrema NpA JONYIIeHAH © ﬂjn‘“o OIIpe:LO.JUjTB BepTu-
WAPRUPHOCTH Y3AOB. KaNpHBIC JIHHEHHEC 10 De-
MOICHUA B TOYKAX pac-
NGACKeHAS HeH3BeCTHHX X, OT eJHHWUHEIX BOIISHCTBEI ¥ BREIIHE
HATPY3RI.

HeoOxoauMEe pemelndA B BUAE TOTOBBIX CHCTEM ypanpeH®ril HMe-
oTea B tabia. 9.

Wcnosnb3opanue CcHMMeTpUM CHCTEME TPOH3BOAUTCA OBLIYHLIM
nyrem. [lomonkuTeNpHele YOpPoHIeHMA B pacucTe QmoayqaloTed I1pu
HANH4ME B OCHOBIOI cHeTeme 0ok, KOTODhE MOTYT GLITh OTHECEHDI
K Katerophn 0eckoHeyno aanitaaix. B mocdegdes ciydae ppH cocTas-
AGNVY YPABHEHMA NOOVOKASTCR YIHTHLBATH BAWAHUE TOALKO TCX BOS-
neiictull or HewsBecTHWX cun X, W BHemweli HATpy3km, KOTODhe
HaXOJATCA OT PACCMATPUBAEMOr0 y3na Ha OPHBEJCHHOM PACCTOMNUN

; K
_ p
M=dl <2 (120)

rae d — nelcTBUTENBHOC DACCTOAHAS OT HATPY3KH 0 MAHITOTO Vyaaa.
Beawuuny EPYTAWUX MOMEHTOB, VIHTEIBAEMEIX upn OogcyLTe
apPMaTyphl, MO/KHO yCTAHOBUTH, HCYXOMA HEHOCPEICTBeHi{lo H2 YIA0B
HAKIoHA 0anoK, MONyYeWHLIX U3 OOMCAHNOTO BLIULC TPROJMIKEHHOTO
pacieTa ¢ OpeoNoienuen o Wapuupuoctn yane.Cuocod gprbansiken-
HOTO OmpejiefeHiR KPYTAMIX MOMeNTos o gpo0o uaaoken B palore [14],
CIYUANX, ROIMa KOBPOUITHEHTE eCTHOCTH OCIIOBATHH O OT-
AelbHBIME OallkaMM OCHOBHOHN CHCTEMBI MOIYT OBTb UpHUHATH, Oe3
CYUIECTBeHHBIX NOTPEmIHOCTel, MOCTOAHARIMY, NOPHACK BHYHCACHHSN
Kodpdunuentos n cBoGogumX wieHos ypasuenmit (119) pPAUNKAIBHO
yopomaetca. [1pu DoctosnnoM mo fAaume Gairu koafhpuunucnte xecr-

FA
[
¥
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KOUTH OCHOBaHEA Benuwvmum i ¥ Aip B dyHrnuM o narpyson X;,
g N u M, aramme or :ecTroeTE DAIKH U OCHOBANHS J€TKO BEYUC A0
TCA 1o TalJIIMNAM PeaKTHBHLIX JIAaBICHMH (¢ DepeBoAOM AaB/eHHA B ne-

peMemedBa mo Popmyne § = ;:,), npusefennyx 8 ra. 1T {ra6n. 12—

23). Hoexe Toro, kax Gynyr waigenn anatenus X, X,, ..., X, u3 pe-
HIeHuA cHcTeMbl ypaBuenuit (119), samavua cBoauTed K pacgeTy OTHe. -
HBIX GasioK, Je:RAILAX Ha YIOPYIroM OCHOBaHHUN MOCTOAHHON KECTKOCTH,
¥ BRrpyenumy cudampy X;  prewvell akTiEBuolr marpy2soll, drta 3a-

-17 -8 -ig
U I
BN ERCE
t
- . i 4 8 7 8
R S LS 5 X
eI E O LA A I I B O L [
ey ——
' H o
! : L - i e S P V7SO Y B ¥
25 % |2z |8 |29 ja |n :2 ™
]
Pre. 46, Perynapran chcre- S ECT N A YA & R A
Ma DepexkpecTHHMX 6alCR, me- a a a a a a a
MAEX HA YDPYFOM OCHOBA-
HITH. ¥

Jada Tarike JIeTKO PellapTCHA ¢ MOMOMBI YIOMANYTHX Talani, Mo Ko-
TOPLIM NAXOAATCH PacOpeesieHUEe PEAKTHBHEIX AABJICHHH, OCAIKH, H3-
rufaiomye MOMEHTI) H uepepessBAKOIAE CHJLL.

B npawthKe UDPHXOEUTCA WACTO MMETH JIERO ¢ TAK HAa3HBACMBMN
PerymaApHBIMU CHCTEMAMKH UepPeKPeCcTHLIX falNok. JTO CMCTCMBI, Coc-
TosmEe ¥3 Doabloro yncaa OpoAGABIBIX # HCpHeHIHRYAAPHAX K HUM
momepeuHsX GANOK, DACTIONOIKEHHLIX HA PaBILIX paccToAHUAXa U b
(pue. 46). [Ipubaminennmii pacuer cacTeM Taxore poja neaecoolpas-
HO IIPOMIBOTUTE METOH0M KOHEeYNBIX PA3HOCTeH.

Mlonaras, 9T0 B yanax mepecedenns GaTok mmeeT MecTo cBoboTHpe
onupanwe onHol Gankm mHa IpYTyIo, MOH{HO 3alMCaATh Caeaykoliiee
nnpdepenunaTLAOe ypapHeune nsTuOa CUCTOMb TEPEKPECTHHX Ga-

JOK, AeMANEH N YOPYroM OCHOBAHWYU VWOCTOSHHOH UM IepeMeHHOo
wecrroceTn [491,

a d? p
ELeg 32 + B, 55 ok (5w =ag(s,y),  (121)
e W — uporud Gaaku, HOMOKHUTENbHOE HAIPABIeHAE BHHS;
£ — mouynn yopyrocts matepmana Gamkm;
Ix — MoMenr wpepumn OGanoX, NADAJNCABLHEX OCH I,
CIHTaeTcH DOCTOAHHLIM OO JIAHE Kajmoll Oalku;
/, — TO k¢ mapanAedBNLIX OCH y;
K(z, y) — xoopunment HeCTKOCTH OCHOBaHMA (kK2/cm® Hin
m/m3y;
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g (r, y) — BpemAA pacnpejejeHHad HAPPy3ka Ha KBaJpar
ANMHB, NONOX{UTe/bHOEe HANpasjeHHe RHHS.
3aMeHAd NpPOU3BOAHEE B OPHBEICHHOM YDABHEHUN KOHedHO-pas-
HOCTHHIMM OTHOMeHAAME no Gopmyae (40r), Doay9IEM CHcTeMy Ap-
HeHHEX ajrefpawveckux ypaBHEHHH ¢ HeH3IBECTHEIMH mpormbamu
Y3J0B nlepeceueHnd Ganox w,, Wy, ..., Wn.

HponnnwerpupyeM pelienne Ha OpPEMepe CHUCTEMHl, NoKa3aHHON
ga pue. 46, HporymepyeM Bce y3anl, Kak yKkas3aHe Ha pHeyaxe. Bee-
ro mMeerca 40 yaaos, caegoBatensHo, HeoGxomnmo cocTasuth 40 Ko-
HEeTHO-DABHOCTHHX YpPABHEHmIl A onpefenesna mporubos w,,w,,...,
wy,- Ecau cucrema mmeer aBe oCH CHMMeTDUH, TO B 3TOM Caydae Heol-
XOJUMO COCTABHTH Beero 12 ypasmenwii.

CocraBuM pasmocTnoe ypasnenue pus yana 1. IToabsyace dop-
myaoit (40 r}, GymeM uMeTh

B, s — 6 ”
_y — &z -+ Ow, — 4w, - wy) +

ba®

+

EI
b‘]: S (Wor — 4w g + wy — hw, -+ ;) + el a0, = ag,. (122)

Ymuomasn ofe wactu ypapaeausa Ha b u BBOAA 0603HaYeHNA

EI, EI, -
- « N,=abg, K =ak,

a3

Txi: N Tyi=

nepennmem ypapuerue (122) s suge
Tt (wes — dw_s - 6w, — dw, 4 wy) - Tyt (w—17 — 4w_, -
+ Bw; — 4wy + wyy) ‘}‘?1'1’1 =N;. (122')
3nech N, mpeacTaBisgeT coloil cOCPENOTOYCHAYID CHIY, feHcTBYOMYIO

B yaae 1.
ANayoruaHo Jia y3na 2 moayduM

oo (w._g — dw + Bwy — 4w, + w,) + Ty (w_tg ~
—&w_g + 6w, — dwy, + wy) 4 KHyw, = N, (123)
Hockoabky MOMenT HHEPIMH OTARILHOH GalkH DOCTORHen mo e
mpanHe, 70 Ty = Ty = T3 = ...= Ty, HO T'» momeT OnTp He paB-
HEM 7'y, TaR KaK mepBHlil mapaMeTp orHocuTcA K Ganke 133, a sro-

poil — K Haare 2—34.
VYpasuenue qm yana 20

Teo(wig — 4wy + Bwyy — 4wy, ‘I:_wz‘a) + Ty (0, —
—4wyy + Owyy — 4oy + Wwyg) 4 Hopglyy = Ny B T. 1. (124)

Herpyano aamerwtsh, 9TO Tpoulepypa COCTABJIEHUA ypaBHeHRIl
pPAaCCMATpuBaeMOre MeTola pacdera 4Ypessndaiinmo opocTa. Koosddm-
IHeHTH TPH HeMm3BeCTHBIX BHYMCIATL He TpeGyeTcn, OHHE aproMaTm-
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decKH BAMACHBATCA N0 efMHoMy mabxody. JononAuTennBHE HeMs-
BecTHbie Oporu(nl (EKTHBHBIX 2AKOHTYPHBIX YalnoB (Ww_o, wW_3, W_p
H 1. 1.), IOABTAKNINAECA B YPABHeHHAX NIA KOHTYDHHX U TOpe/KoH-
TYPHHX Y3108, JIETKO OOPeJeNANTCH H3 IPAHMYHHX YCAOBHA Ha KOH-
ax 0allok.
PacemoTpuM oCHOBHEE TDaHMYHEE YCJIOBEA Ha KOHHax Oadku.
1. Homeny Gankm cB0oGOOHO JeKHT Ha yOpyTOM OCHOBAHUD

(pme. 47, a).

-t -K { K 4 -X 4 « {
Prc. 47. OcmoBHue rpa- —forrl
HUYHEE YCIAOBMA HA KOH- a
nax Ganku:

a — cpofogani#t Komen; 6 —
MapHAPHO-DIEPTHIN  HOHer,
¥ — KECTKOZAMEMACHHEE KO-
Hell, z — OMUPAHHE HA cocpe-
AOTOUEHHVIO YODYTO CMEIllaio-

IYIOCA OHODY.

B aroM cayuwae mareGaomuil MOMEHT B IoNepeYHAA CHIA B CeYEHUD
i paBul Bymo. [lonesyAack BupaxennaMu (41a) u (416), gaa Toukw i
MO}KEeM HANHCATE

won— 2w, 4w, = — - M, =0, (125)
—w_ + 2w, — 2wy + 1w, = — %Qi =0, (126)
OTKYZA
w_, = 2w, —w,; (127)
w_; = 4w, — 4w, +w, (128)

2. Koner Ganki WAPHUPHO OIEPT HA HETNOUBIKHYID COCPEAOTO-
YeHHYI0 omopy (pHc. 47, 6).

I'pannunne yenormsa: M, = (; w; = 0.

Ws ypaBrerus (125), yuntueran, aro w, = 0, HaXomum

w_, = —uw, (129)

3Hauenue w_, B JaHHOM CJaydYae B ypaBEEHMAX He QUrypupyer,
TAK KIK JJIA TOYKM i He TpeGyercd 3anACHLBATH PA3HOCTHOE VPaB-
Henue (w, = 0).

3. Homen GaJkM jKeCTHO 3aMeMJIeH U He MMEET CMOIeHMN B Bep-
THKAJbHOM HaOpaBIeHHM (PHC. 47, &).

T'pamugnre yeanosua: 0. = 0; w; = 0.
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Ioaraysacs ypaepgerreM (40a), BRHpasKAICIEM B KORETHO-PA3HOCT-
"ol JopMe YroJl DOBOPOTA ceYeBMA DadKd, IOJAYIEM
1
Da (—w_, +wy) =0,
OTKYyJa
w

=W, (130)

4. Hogenm 6ankm WApUHpHO ONEPT HA COCPENOTOYeHHYN) YOpyro-
IOJATINBYIO omopy (pHe. 47, 2).

T'pammunne yenosus: M, = 0; @, = C.uw;, roe €y — HECTKOCTD
COCPeI0TOTeHIION 0noPY (Ke/cu wam m/m).

Wz neproro yeaosus Haxogum (cM. dopmyay 125)

w_, = 2w, —w,.
Henoasays opmyay (126), sanucuBaer BTOpoe yCIoBHe

—w_ 2w, —2w, +w = — 12;;3 Cuw,,
OTKyzA
2Ca3
w_, = (4 + = ) w, — 4w, + w,. (131)

ITonyuennsie BrpaskeHus T IpOoruloB 38KOHTYPHEX Tod9eR Lo-
ABOAAT BuipPASUTL UX YeDed OCHOBHAC Hen3BECTHHE W TeM Camum He-
KOUHTD 13 00mieil ¢cHCTeMBI JUHeHHBIX YPABHEHU.

Hanpuvep, nprBelennnie Bhile ypasueHus aad yamos 1, 2 a 20,
¢ y4eroM TpaHMYHHX YCAOBUH B BHAe CBOGOTHOTC ONUPANHE KOHIOB
Gamok Ha yopyroe OcHOBAaEHe, BaNHIYTCA B OKOHUATENBMOM BHJE
caegyonnM obpasom.

Hag yana 1

(2T o -+ 2Ty + K ) wy — 4T i, + 2T g — 4T yuwy + 2T o0y, = Ny
anfA ysaa 2

67 wottry -+ (BT, + 2T o + K)) wy — 4T oy -+ Tootr, — 4Ty, -
4 2T yatos = Ny
g yaaa 20

T oo, — 4T ooy + Loty — 4T oy 4+ (6T %00 - 6T 20 -+ K yp) g —
- 4Tx20w21 -+ Tfo(Jwgz - 4Ty20w3s -+ Ty20w3s - Nzu-

B meaom moayuaetcs cucTema [IeBATHYNEHHHIX YPaBueHuii ¢ n
HeR3BeCTHHMH (n — 9ucao v3joB). B 9Toil cHcTeMe ypaBHeHHS JJA
YIJIOBBIX ¥3J0B MMEKT HO 3 HEU3IBECTHRIX, IJIS CMEAIHBIX ¢ yTI0BHIMH
HAPYHHHY ¥310B — 110 6, A0A cpeiRuX HAPYIRHLX Y3IO0B H A CMesk-
HBIX ¢ YLJIOBbBIMH N0 MHATOHANH BHYTpPeHHEX y3noB (yaam 10, 13,
26, 31) — me 7, AnA BHYTPEHHUX NPHKOUTYPHHX Y3JI0B ~~ 0o 8 W faa
OCTANpPHEX BHYTPEHHMY Yy3J0B — 0o 9 HeH3BeCTHHIX,

Tlocne oumpeneasersn w,, w,, ..., W, BHOUHCIANTCA H3TROAKIMHE
MOMEHTHl N [ONepedHie CHIbl [0 OOMWHEM PA3HOCTHHM (opMmyiam

(41a) m (410).
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Taaea V

PAMHBIE KOHCTPYKIUHA

Obmre ceepenusn

B crpouredbcTBe MHPOKO UDPHMEIAWTCA DAMHBIE KOHCTPYRIIAH.
Hak ussecrHo, pamoil uaspiBaeTca yOpPYTAA CHCTEMA, COCTONLIAA W3
NPAMONHHERNLIX MJIK KPHBOJHHEINLX JJIeMEHTOR, BI3AUMIO CBH3AH-
HoIX B y3aax. OTHeAbHEIC 9IEMEHTH PAMB MOTYT COSJUHATLCA MEMLY
cooll npu HOMOIIY KecTKUX coegaHennil B y3aax, aubo Ha mapuupax.
Pasmne HOHGprl%!UflVI ABJSIOTCH, KAk LUPABRIO, CTATHYECKU HeoIpe-
JeJUMBIMU cueTeMamu. llpuMepaMi paM MOLYT CAY:KMThb Noie pednnie
KOTMCTPYKIMH OJHOOTAKIBIX TPOM3BOJCTBCHEMX 3JaHUI, cocToamue
U3 KOJOHH U DUTeell, KAaPHACH MMOTOITALHLY IPAKIANCKUX H TIPO-
W3BONCTRENNLIX 30anuli, HOKOTOpHe THIE MOCTOR, 2CTARALLI, DAMHEE
$yupamentsl Oox ofopypoBadue u ap.

Iopapasomiee GoibUEHCTBO PAMIBIX KOHCTPYRUUH RO3BOIWTCS
Ha CHIMMACMBIX OJHOPOIAHEX U Teo/lHOPOIHEY IPYHTOBLIX OCHOBANKAX.
Coyuau, KOFA2 KapRACULIE COOPY:KeHUA HMEIOT NPAKTHYECKA HEC/HM-
MAaCMuié OCHOBAHNA (CHAJEIKE TPYHTH), BechbMa DPeIKH B CTPOHTEdL-
nofi mpakTtuse. Croilkm paM onupaioTcA A3 (YHIAMEHTH, KOTOPHE
MOIYT BLIDONHATLCA OTMEILHLIME KOJ KAyl CTOHKY (KOJ0INy),
JedTOSHLIMHE TIOJT PHAMB KOJMOHH W CILIOIUHBIMN HUIATHLIME Toj Bee
afagge UAN 4acrh, ero. llambonmee pacOpoCTPAaHCHILIMH ABJAKTCH
oTaenbHbe GyHlamentnl. JleHTounne U DARTHEE QYHIAMERTH IpUMe-
HAWTCHA UPH cIa0LX W HEOXHOPOAHBIX IPYHTAX B TeX Cy9agx, KOTAA
HeleaecooOpasHy mAd HeBO3MOIKHO OPUMEHATL OTieNbine @yHIA-
MCHTILI.

Pame, cTodmue Ha ¢:HUMaeMoM OCHOBAHWM, HePODPMEDPYIOTCA COB-
MECTHO ¢ HHM Toj AeHCTRUEM NHPHIOKEHHMX K DPaMaM Harpysol.
HeparnomepHsie ocanku IpynToB ABIAWTCA IPUYHION BO3HUKHOBE-
nua gedopManuit coopymenui. Ecrb HeMiudo UPHMEPOB MOABIEHUA
TPCUE B SJeMeHTaX paM HOJ BAHAHHEM HEPABHOMEPHBI OCATO0K
PyHIAMEHTOB, 8 TaKe OTZEILHEX paspynienuii coopy:kennit [111],
Hecmorpa ua aro, eopmecTHas pabora paMel, (yHIAMEHTA W CpyiTO-
BOTO OCHOBANUA npH pacyere paM o0LYHO He yYUTLIBAETCH, YTO M HPH-
BOJUT WIOTIA I YKAZAHHLIM HOBPeIKICHMAM.

[ pu pacueTe paM KOMOHRSLI CYUTAKTEH HECTKO 3ANENAHABIMH WAl
MAPHAPHO-0OCPTHIMA B ypoBHe dyngamenta, T. e, dyHIaMeHTsl mpes-
MOJAraoTca HemoasmKHpMU. Tarasg pacdeTnasd cXeMa COOTBETCTBYET
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TONBKO CNY9ai0 HeCKHMaeMoro ocHosanda. B BamGousee MaccoBoM
cllydae C)XUMaeMBIX OCHOBaHHI (yHMAMEHTH IePeMeNIalTCH, 9T0 BH-
3hIBAET HeYYMTHIBaeMbe OOBUERM PACYeTOM MIMECHEHHA B HAIPAMHEH-
HO-Ted opMUPOBAHHOM COCTOHHME paM.

JefcrByiomupe HOPME OPOEKTHDOBAHNUA OCHOBAaHMIil 37aHumi @ co-
OpY;HeHHH YKasLBAKT ABA TYTH UCCAIOBAHHA BINAHUA AedopMalNR
ocHOBAHEA Ha paborTy HaadyHAaMeHTHMX WoHCTpyrumi [40].

Ieppwii myre 3aka0YaeTcA B H3YICHWH B HaType JedopmManmii
OCHOBAHWH BRICTPOSHHBIX COOPY/HEHHH M COHNOCTABJEHHH 3STHX Je-
dopManmii ¢ cocTOANUEM KOHCTPYRIUE ¥ YCAOBAAMHA HX 3KCILIVATAIMH.
llonygenunie TakEM OyTeM HpefelbHbie BeJWIUHE AeopMaumil oc-
HoBauMil GyHIaMEHTOB KAPKACOB 3NaHAH, CHEUHAJLIO He OPHCEOCOD-
JEHHBIX K HePABIOMEDILIM 0CaJKaM, OpHEBegensl B HopMaXx. [lox mpe-
JeJbHOH MOHAMAETCH TaKaAfA BeJdnwudHa aedopmaiuil ocHOBAHHE, OpH
KOTOPOH JOCTHTAETCA Lpele/ IKCONYATALMOHHON OPUTOZHOCTH HAajl-
PyHIAMENTHOH KOHCTPYKIIHH.

IIpu opoexkTHpOBaAHUMA HEOGXOAMMO ONpPEENATh aOCONITHEE BeJH-
IUEE 0CAJIOK JJIA Ieqoro psana dyHAaMeHTOB, HMEOUIHX pasHLe Ha-
FPY3KH, pasMeprl M FPYHTOBLIe yejaosua. llpm atoM ocangxu Beramenn-
IoTea 0ea ydera KeCTKOCTM HaAQyHAAMEHTHWX HKOHCTPYKIEHR, Kak
AAA OTAeNbLHO CTOAMMX, He CBHABAHHHX ¢ IPYIUMH JICMEHTaME COOPY-
menusn, ¢yumamenton. [lo momydeHuLIM [aHEHEM HAaXOAAT DASHOCTH
0CAJIOK OTACNLHEX QYHAAMEHTOR U CPEIHION OCAKY 3MAHUA U CPaBHHU-
BAalT 3TN BeANYHHK ¢ HX OpedeJbHBEIMH BEINYHHAMH, YKa3aHHLIMH
B Hopmax [381].

HepocTaTKoM PacCMOTPeHHOT) TYTH YCTAHORMCHHA IPeAeNbHLIX Ie-
dopMannii ocHOBaHU$t ABIACTCA TO, 9YTO JIAHHEE HOPM MOCYT MCIIOJIb-
30BATECA TOJbKG HPH OPOSKTHPOBAHEE OCHOBAEHN $YHIAMEHTOB 31a-
HEH, mepeudcHeHALX B Tabnuuax,

Bropoit nmyrs BmaBaenus unpefedbHEX NedopMADHEH ocHOBaHMIA
COOpYHeHmil COCTOHT B TEOPETHIECKOM HCCICHOBAHNH HATMPAMEHHOTO
COCTOARAA KOHCTPYKIMI, BLI3LIBAGMOI0 KAK JEHCTBYIOINHMH Ha HAX
HArpy3KaMe, Tak M JedopManusaMu ocHobammsa. [lpaktmuecku 3to
CBOAHTCH K pacueTy paM Ha AedopMHPYEMOM OCHOBAHHM C YIETOM
OCHOBHEIX CBOUCTB IPYHTOB H MATePHANOB KoHCTpyruui. CoueTaHne
BTOPOTO OYTH ¢ TMEPBHM SIBJIAETCH HAMOO/ee KEIATENIBHRM, OOCKOIDb-
KY OHO MO3BOJAET YTOYHUTH TEOPETHISCKHe METONH # OJHOBPEMEHHO
OXBATHTE HopMaMu Oosee mUpoKkuil Kpyr koHerpyrumi. Ocoboe 3Ha-
yeuue npuobperaeT pacuteTHO-TEOPETHIECKHN NYTh HCcaegoBanui
OpH OOTHMAJILHOM HIH BAPHAHTHOM LOPOCKTHPOBAHHH COODYKEHMII.

B nacrosimeil rnase paccMATPHEAIOTCA BOIDOCKHI, CBABAHHLIE ©
oupeneeHneM yCHAHN B pamax OpH yueTe TOAATIRBOCTH OCHOBAHMIL,
T. €. ¢ PaCcYeTOM PaM Ha YOpyrux omopax.

Heobxogumo 0TMETHTH, 9TO CTATUTSCKHI pacdeT paM HA YOPYLHUX
OIOPaX OPMHHHIAAILHEX TPYAHOCTOH He COCTABIRET: OH MOKeT OHTh
BLINOJHEH JNWOHM METOLO0M, HMMEHIIMMCH B apCeHale CTPOHTEeILHO
MEeXQHHMKHM CTeDKHEBHX CHCTeM (MeTofm cui, jpedopmaumii u ap.).
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CoBpeMeHHoe PA3BUTHE MANIHHHOM BHYIUCAMTENbHOH TeXHUKH eme Oo-
nee yopomiaer 3Ty 3agaqy. [loaToMy raaBHLIM B 3TOM BONPOCE ABJAET-
CA: 4) OpaBHABHEI BROOD HCXONHKX HaHHHX JJad pacdeTa H LIpe:sie
BCET0 XapaKTEPHCTHR YUPYrOCTH oCHoBaHmMi; 0) M3ydeHne BAUAHBA
HOJaTIHBOCTH (OCHOBAHHA HAa BAODPMKEHHOE COCTOAHEE PpASJIHTHLIX
TUOOE PawM.

Pacuery paM ¢ y9eToM HOJATJIRBOCTH OCHOBAHMA DOCBANIEHO CPaB-
auTenpHe Heboapmmoe xoamdectsBo edaTHuX pabor. HauGomee moa-
HOE U3JI0MHeHHe BOLPOCOB pacueTa paM KIACCHYECHUMH METORAMH CHJI
¥ mepeMemeHuil cojepauTca B kuure npod. B. A. Hucemesa [20].
B. A. HuceaeBrM paccMoTpeHH B OCHOBHOM PaMHl CO CILIOMIHMMA Ga-
mogdsiMe dyHLAMeHTAME, Je:Kallde Hd YOpyroM BHHKJIEPOBOM OCHO-
Banuu. B ragecrBe mpuMmepa mpusened pacger ll-obpasnoil paMu ua
oT/eAbHLX PynugaMenTax. IIpu pacuere aToll paMH BHYHCICHEE 0CAI0K
¥ YLI0B TMoBOPoTA (yHIAMEHTA NPOM3BO/MIOCE NPH OJHOM W TOM Ke
3HAYCHNY KoQdHIMenTa TOCTEIN OCIHOBAHUA, TIO, KAaK OHIO HOKa-
3ai0 B TiaBe I, He COOTBETCTBYeT JAeHCTBHTENHHOCTH; XKoddpdnuuent
MOCTEJA JIA Pacuera ocaflok He papeH Kodddumuenty nocrenm Nas
ONpejeNedusa YII0B HOBODOTA.

B paGore A. B. Kosanenro [23], noceamenHoii pacuery pam cno-
€ofoM pacnpejieieHAA MOMEHTOB, TaKAe paccMoTpeH npuMep pac-
neta Il-06pasmoil paMil ¢ ydeTom yOpyroro samieMIesENd ¢ToeK B dyn-
nament. llpn 3ToM YIMTEIBAJICA TOABKO HOBOPOT PYHAAMEHTA, & BIAMA-
HHE BePTHKAJBHHX NepeMellieHnli He PACCMATPUBAIOCE.

B neyx crareax . B. OManse [34, 35] npusegenn cxemarnveckue
VKA3aHUA 00 PAcIeTy PAM HA OTASNBHHX K JEeNTOTIHEX QYHAAMEHTAX
C Y9eTOM VOPYTAX BEPTHKAJBHLIX TiepeMemennil onop. Banauue noso-
pora dyugaMenTa He M3Yy4anoch. [aA pacueTa PaM ¢ y9eTOM OCAAOK
omop upemnosked paspaloraHnui aBTOpPOM paHee MeTo[ MOMEHTHEIX
OTHOMEHHH.

W3z sapybesnmx pabor mommno ormeruts crateM A. Maruspa [51]
u E. Xancena [50), rne yrasuBaered na HeoGX0MMMOCTE YaeTa YOpYT0Oi
3ajenky crToek paMm. PekomMempgyeTca ODOH3BOAHTEL pacueT MeTO]OM
Hpocea, npuuem paceMaTpuBaeTcd TUIIL BANARKME YOPYTOTO TLOBOPOTA
dyunamenra. [lpumepm pactera racawtes II-oGpasumx pam.

JKCTIeDHMEHTAIBHLX HCCIELOBARMH COBMecTHOH paloTH ocHOBa-
A, (YHIAMEHTOB M PaM OPOBEEHO MAJO, OJHAKO HTH HCCICIOBAHKA
BLIABHIN CYNECTBORHOS BIMANNE MOJATIHBOCTH OCHOBALUA Ha palo-
TY paM M (GYHIAMEHTOB.

Becema unrepecunie ganeme cofepriarca & padore E. M. Beneun
n Jl. B. Hneoukosa [4], DocpsAmenHoli MayucHMI0 HanpseHHOTO
COCTOSHEA TOOePEYHLIX PAM CTAAbHEX KAPKACOB MPOMLIDLIeHHEIX 3/1a-
BEil opu yieTe medopmanmii ocHoBanmsa. Pesyaprarn aabGopaTopHpx
¥ HATYPHRX HCCAeNOBALMI MOKA3AMM, 4TO cOBMecTnas paliora oCHo-
BaHUA U HondepeddbX paM IPOMHILIEHHHX 30AHEHE CO CTAJABHKEM Kap-
KacoM ABIAETCA OJHUM U3 BaKHeHMmHX (AKTOPOR, oOpefeifmmux
DOBEAGHMe 3THUX PaM O] HATDPY3KOH.
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Ilinporoe pacmpocrpanenme paMHHX (YHIAMEHTOB [IPHBEJIO K
Heo0XOMMOCTH M3YYCHUE NOBEICHHA TAaKUX cuereM npu AclicTRun
nupnamMadecknx marpysox. B CCCP m 3a pyGemom Ovinum npoBesenss
OIBITH HAJ MOAEAME IJIOCKHX U MPOCTPAHCTBCHHEIX Keae200eTOHHLIX
paM, TpoBeeHbl BCIBITAHMA UATYPHHN O HaDIoO#ena 3a cYIECTBY-
IONEUME PAMELIME (YHAAMEHTAME 0,1 MAINIE B YCJI0BUAX 9KCILTYaTa-
II1H. HpﬂTHaH CBODKAa pe3dyJdbTAaTOB 3JKCHEePHMEHTAJIbIOrG U3Yy4YCHHA
pafore  dyUjaMeHTOBR Opu JeficTBHH NHHAMHIECKHX HALPY30K CO-
pepwuren B waure 0. A, Camunosa [37). Ocnosuoit BrBon aBropa
COCTOMT B TOM, 9TO HEJb3A YOPOWATh peilefide 3afadu o pacdere
paMABX (YHIAMENTOB 38 CYET MLOJNOT0 NpeHeOpe;ReHHA BIUAHICM
VEQYTOCTH OCHOBAHUA, TAK KAK 3T0 MOMRET MPHBECTH K HAPYILEHUH)
DRCILTYATALOHHOI OPATOMIOCTH QYIIAMENTOB U B OTJACJALHHMX CAy-
Jasy fajie K HX PABDYMEINo.

Pacuernan Mopgens ynopyroii omopbl paMel

Pacuetmag cxema HajPYHIAMEHTHOH paMHOW KOHCTPYKIHH CoO-
QPVIREIHA & OTACIbHEMA GyulaMeHTaMH IPUANMASTCA ¢ ofmenasect-
HLIMH YODPOUWEHUAME B Bule yupyroi pamu. Uro kacaercs pacuermoit
cxeMpi (yHIaMeHTa, TO TpU ee Brbope ML HCIOAB3YEM pPe3ylNLTaThL
IKCHePUMEHTAJBHLIX HMCCJeIoBannii, Opusefenunx B pabore [4].

IMpeskpe Beero meobGxofuMO YCTAHOBMTE DPACIONOIKCHME IEHTPA
noBopota $yugamMenta, IpegcraBigOMero cofoil Toury, e HepeMena-
WHVIOCA TOJAHKO B FOPHIOHTAIHIOM HANPABJICIHN U PACHONCREHHY IO
B2 BODIMKaAsLHOH  ocw, Tpo-
XOAANIZ uYepes LeHTp THKeCTH
monomBu. Ilpu obmunom pacuere
paM IpuOEMaercA, HTO OTHE]b-
HBIC CTOHK# (KOJIOHHII) AMEIT 3a-

/% gg WEeMICHHE B IIM:KHEIX CCUSHHAX 1A

yponue pepxmnero odpeza dyHIa-

a . 1] meHrta. B3 cayuae yuera nopatau-
Puec. 48. Pacuershie cxempl pad Ha c:kp- BOCTH OCHOBANIUA HOJOHEHUHC ICH-
MaeMoM OCHOBayInL; Tpa MIMOBOPOT& BABIICHT 0T COOT-

@ — MNpY PAclNoIoHMeHIN  OeHTpa uoBopota HOUIEHWHA MOMEeNT:2 H fOp]/IBO[[“
thyHIaMeHTA Ha YPUBHC €U0 NOJOUIBEE, 6 — TO - “
e Ha yDOBHG BepxHelro ofipesa dyamaMenra, TAJBHOHM HONCPEeYHOH CHJILI, BO3-
HARAWNUKUT B YPOBIe dyiIaMenta.
Ha ociroranum peayabTaToB Mecmedosatnil (4] MoHO npHnuMaTL
HenTp NOBOPOTA  OCPEIHEHHO Ha ypoBHe WHOTOWBLL yHIAMEHTA.
B sroM cayuae pacderias cieMa CLODPHOI YACTH KOJOHHH JMOIHIHA
OPHHHMATLCA B BHIE CTCD:RHSA, HMeIOUIero 8 Ipefenax BLICOTLI QyHa-
MeuTa OeCKOHCUHYIO JKECTHOCTEH (pue. 48, g). B measx ympomenns
PACUETHOI CXeMbl MOMKHO TAKJKE IPHHUMATE HEOTP MOBOPOTa 114 YPOB-
He BepxmHero obpesa gyniamenta (puc. 48, 6). Pag unenennnis npumve-
pPOB pacueTa TIOKABAT, YTO OpHM OOLITHHIX [AA NOUEepPETHHX PaM Kap-
KaCcOB LPOM3BOACTBEHHLIX BIAHHH COOTHOIMEHUAX MEKIY BBICOTAMU
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KONOHH H (YHIAMEHTOB BJIUANHEe MECTOLOJOMEHUS [EHTPA HOROPOTA
GpﬂBHHT(‘JIbHO Mano CKa3LBAECTCA Ha HaHpHH{EHHDM COCTOSIHHH pﬂMbl.

Hpu pacdyere padbl neoGXouMO OHPEIEIATH MePEMEIICHUA ee 3iTe-
MEHTCB, CBa3aHHbe ¢ dedopManueil ynpyroroe ocroBagus. B cayuae
paM #a oTAEALHMX dYHNaMeHTaX 5TH HepeMeHgHMA MOTYT OHTh 1a-
JAeHD ¢ NOMOWbIO POpPMYT

N
n
M
¢ = K1, (133)

BHDAKARIIAX COOTBETCTBEHHO BePTHKAJLAOS HepeMemeHHe W Yroj

HoBopoTa coficTeeHno QyHpamenra, cM. dopmyau (17) u (19). 3gecs
Fy — nmomane nonomwen gyaaamenta {(ab, cs. pumc. 6); [y —

ba?

12

Taurenc yraa noBopora pyHnaMesTa, Urypupyomai B dopmyne
{19}, BchegeTRME MaMOCTH 2AMEHSH CAMEM YIAGM ¢,

Pacaer pam Mo:KHO HECRONLKO YOPOCTHTH, €CJAH YOPYroe ocHOBA-
HHEe pof, fyHIaMeHTOM 3aMeHUTL dKBUBANEHTHONH 1O KeCTHKOCTH O/IHO-
npometHoii tanwoit (puc. 49). Torna nponece BuuncneHus Koadduun-
eHTOB KaHeuMYeCKNX YPABHEHWH MeToJa CHJ WJUM Meroja mnepeMe-
I]IEHI'Ifi CTAMOBUTCH TAKHM e, KAK H OpH DacYeTe paM ¢ HenoABHGNIEL-
MH OHOpaMH. Jro 1aeT BO3MONHOCTH HCOOJML30BATH CYIIECTBYHOLME
OPOTPAMME! PACYETA PAM 1l 3MEKTPOHHLIX BHIYHCAUTEIBIHX MalMHAX
Bea ganux-mudo goGasaenuil H mepelenow.

MOMEHT HHepIIHN 3TOl IITOIMAIK B IOCKOCTH paMel -

STITE BT a 5™

2 1.z 2
i ' = Piuc. 50. CxeMmul oKBHBANSHTHHX Ha-
Puc. 49 PacueTHan cxeMma pa- JOK:
MLl Ha YUPYTHX OoHopax. a — I8 MONeIMpOBJHHA BepTRHAILHON

ocagkn u Monopota GyHIAMEHTR] 6 -— JA
MOTNEAUPOBAHUA TOPHIOHTAIBHOTO COBUTA
DYHAAMEnT:

Pacuernnie mapaMerTpsl Gaaru, HMMUTHpYOIeil cBoiicTra yOpyroro
OCHOBAHNSA, CHDPCISAAIOTEHA HA OCHOBAHUM CIEAVOIUX ¢oo0plKeHnil.
PaccMoTpiiM opHOGPOIETHYO WIAPHUPHO OMepTYH OalKy npoie-
ToM [, BaTpy:SCHHYI0 B [[eHTPe TWpoJieTa cocpejlotTodentoil cumoir ¥V m
momenToM M (puc. 50, a). IIporué § nenrpa Ganky o1 gelcTBNA CHIH
&N Brumcagerca no gopMynae
N

S = ZaiEr (134)
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a yroJ moBopoTa @ CpefHero cedenns GaJKW, BMBBAHHKA BO3AeHcT-
sueM MomerTa M, mo dopmyne
Ml
? = & {135)
rie [Ef] — marnGHEAA 'KECTROCTD Ganuu.

IockonpKy Mo YyCJHOBHIO HPOTHD M yroa nosopoTa HeHTpa bamknm
NOUKHE OHTL pPAaBHE COOTBETCTBYWIMM OepPeMEmeHHAM OCHOBAHHA
¢dyunamenra, To Bepakenus (132) u (134), a raxme (133) m (135) Reo6-
XOABMO B3aHMHD HpHpBBHHTb

N NP
KF — 48(EI "
' (136)
M ML
K, = BTEN

Pemaa monywennyw cHcTeMy ypaBHeHUWE oTHocuTenbsHo I B |ET],

OOAYyulM
= H 137
t=a 3K, ( )

1_IK
Bl = —2-2 (138)

K
Otnomenne _ch_ B dopmyne (137) moskuo samennTs, cormacuo (23),
z

[}
orHOIMenueM Ko3hfuueHTOR —mq’—, onpejensiemux no Taba. 2 B 3aBU-
z

CHMOCTH OT COOTHONIEHAA CTOPOH HONOIIBH (PyHAaMeHnTA.
Torna 6ynem uMeTs

l—al/ =5, (139)

3w,

KoaddpunuenT KecTKOCTH mo yray noBopota K BHYHCIAGTCHA 0O
dopmyae (20).

Tawxuar o6pason, npoaer I u smectrocrs |E 7) sepupanegraci 6an-
KN MOMKHO HOJYYUTEH, IOAL3YACh Beipaskeduavu (138) m (139); pepe-
MemeHunsn nenrpa Gankd or Bosueiicrsua N mw M Oynyr paBosl depe-
MemeHuAM (YHIAMEHTA, DACHONOKEHHOr0 Hy OCHOBBHHH C JHECT-
KOCTHLIMY XapakTepuctHiaMu K, n K.

Ecau rpebyerca ydecTs ropusOHTAJAbHHA cARHT (GyHAaMEHTa OT
BO3JIeHCTBHA CHAB (J, TO B 3TOM CIyvae NOZAaTAMEBOCTh OCHOBAHMA B
FOPHSGHTANILHOM HANPABIGHHH MOYKHO MOJCIHPOBATE BEPTHKAJLHO
pacuonoxiennoli Gankofi coraacuo pume. 50, 6. [opusonraabhoe me-
PemMemenne ueHIpa Oanry

Cr®

A= ZgET
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TOPMBOHTANBHEIH CHBHT PyHIaMeHTa B COOTBeTCTBHY ¢ fopmy.oii (21)
Q

IIpupaprusas 00a BHIPpAKEHAA APYT K APYry, HAXOJUM
R 48
Pl oy (141)

SajarafAch TPOH3BOALHC KaknM-ar00 OJHIM IAPAMETPOM GaliKu
{(h nunu EI), n3 coornomenns {141) nonyvum 3mavenue Qpyroro ma-
paMerpa.

Puc. 51. PacdeTnan Mo-
Aean ynpyroﬁ OIOPLE pAMBIL
I — 0Oanka, MOjesupYWan
FOPHMAIOHTRIbHBIE CIBAr HYR-
JAMCHTA; 2 — cToliga pamsl,
3 - fanuKa, Mojenmpywiiasn
BCPTHKAILHYID OCAiKY u 110-

BODOT (DYHIAMEHTA.

SIEEFIENT

Pnc. 52. PacueTHad ¢XeéMa paMBEl CO CINIOMEBIMA PYHIAMPHTANE.

PacgeTnas Mofedp ynpyroil omoper paMel IpHu y9eTe TOPHIOHTATL-
Horo caBura Qyngamenta usobpaskena Ha pue. 41, Tawas mopenn
MOGKET HPUHUMATLCA TDPM PACOOJOMEeHMM HeHTpa NoBopota (yIria-
MEHT2 BHE TOYKH NEPecedyeHNA oceH KOJOHHH H COpPHIQUTRALNON 3w-
BUBaJeATHOH GanKkH. YIUTHBAA, OTHAKY, HEBLICOKYK TOUHOCTL HCXO-
HBIX MAHHLIX, XAPaKTePHsYOIUEX AedopMarusnelé CROMCTBa rpyiira,
a Tax:Ke cxeMaTuzanuio gelcTBuTenbHOH PpaMioil KOHCTPYKUIMH, CYH-
TR TETLLOOTPATREMN T WOARTUSROREE, PACTLTAL WO TTROTHLLLRA TN
KO cXeMamu, NOAo0HBIME IPHBeIeHHol Ha phc. 49.

Brime 6w paccMoTpeHsl BOOpPOCH, CBA3AHEME ¢ BEBOpOM pacuer-
HOi cXeMBl paMii HA OTHesbHNX dyHpaMentax. UTo nacaercs paM ¢o
CINIOMIHBIMKM JAEHTOUHSIMH MJAH ILTHTUBIMA  QymjiaMeHTaMu, To HX
pacyeTHee cxeMul BMeT oOhMILit BU PaM, OTHeNbHLE CTePIHN KO-
TOPRIX JEHAT HA CIUIONIHOM YHPYIOM OCHOBAIHH IOCTOANHOM MJIH [e-
peMeHHOI siecTROCTH (puc. 52).

Pacqer pamM Ba oraeasnplX (yEgaMenTax

PaMy ¢ DojaTiEBLIMH OTTOPAME MOH{HO TPAKTOBATH KAK OOLIGHYIO
CTepIKUEeBYI0 CHCTeMY, ¥ KOTODOH OIOpH HMCIOT 3afaHEbe YUPYLHe
xapakTepucTELEA. Pearupi, BOZHHKAIODIHEe B YODYIHX 0I0pPRX, Hpo-
nopuuouaIsan fedgopManuaM. lpu pedfopMupoBannu pamil peakuun
TaKHUX 0HOp coBEpUIAIOT paboTy, KOTOpas OTHOCHTCA K pafoTe BHyTpeH-
HEX CHJL.
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B cBAsw ¢ 2THM 3aMETHM, 970 He CJAeAYyeT CMENIWBATE (9TO MHOTAA
BCTPEYARTCA) pacueT paM, MMEIOUHX YOPYTHe OLOPH, ¢ pacieToM paM
Ha 3ajante NepeMenienns onop. B neproM cayyac nepeMemenns onop
ABJSIIOTCA BEIUYHHAMH HEUIBECTHBIMH H OTPeJefdTCE TONBKO B pe-
BYABTATE pACTeTa BCEH PAMLI ¢ yueroM mojartamsocTu onop. Bo Bre-
POM cayuae mepeMemleHUA OHOP PACCMATPUBAIOTCA AHAJOPHYHO BleUI-
Hell Darpyske HJN TeMIepaTypHObM BO3JeHCTBHAM KAk 3apasnee H3-
BECTHLIE BEIMYUHEI.

dns ompenenenns AJMHB K KECTHKOCTH omopHoil Ganku meobxo-
JUMO 3HATH Pa3Mepnl TOJONIBH yHIAMeHTA H 3HaUehne xo3Q@HIMeH-
Ta #ecrrocty K.

Pazmepw nogolBrn  (yHZaMenTa yeTAHABAWBAKT M3  pacdeTa
ocnopanua. DynIaMedT caemyer IPOEKTHPORAT KBAJPATHLIM CHMMET-
PHYHBIM OTHOCH? JILHO OCH KOJOHHEDL, CJH HATPYIKA K HOMY HpUIoiKe-
HA HEHTPAJNBHO MJIH, ECIIH KpaeBoe JABJEHHe HA FPYHT OT BUELEHTPCI-
HOIl HATPY3KH He OPeBHINAET HOPMATHBHOE Ha TPYHT He GoJee WeM Ha
2(1% . B rawnx ycnoBusnx padoralor yNJAaMERTH TGYTH BCEX THIOB
MHOTOATAHHLX NPOUSBOJICTEEHILIX 3AHHH U OJHOITAKHBIX KOPOYCOB
0e3 KPAUOR U C NOTBeCHHMM Kpan-GalkaMu ¢ ceTRaMi KoxoHn ot 12 X
X 6 no 24 »x 12 ». JAns paMELIX KONCTPYRUMI, ¥ KOTOPHX KOMOHHK
HCHOBLITHBAKNT 3HAYHTeNbHbEe H3rubawilne MOMeHTH, nonolBa ¢ynya-
MEHTa MO/eT OLTh NPUHATA HPAMOYro.1bHOH GOPMH ¢ OTHOIICHHCM
cropon jo 1 2.

Hopsanox ompegesenna pasmepoB NoJoIER QYHAAMEHTA COCTOWT
B CHAENYIOLIeM.

1. M3 nasantx ¢TaTHMECKOTO PACYeTa PaM OPHM HEIOBIKHLIX OT0-
pax pnOupawT HaMDOJBIUHE BeJMYMHK HOPMATHBHLIX YCuauit N,
M u @, peficreyonux na ¢yanament. Ecim taxoit pacuer ae BrDOI-
HAJICH, TO MATPY3KU cnpelensior npuOmmieniio 6e3 yuera Hepaspes-
HOCTH KOHCTPYKILM.

2. 1o papnbM HIKeHe PHO-TEONOTHYLCKUX H3nckannil yeragasan-
BAIOT BUJI TPYHTA ¥ NPUHEMAKT HOPMATHBERE XaPAKTEPHCTUKN Mexa-
HUYECKMX CBOICTB IPYHTOB OCHOBaHHUA.

3. Mexons us parpysor, HAOMACTORAHHE H XapaKTePHCTHE IPYH-
TOB, HA3HAYAETCA rJAyOMHA BaJ0/eHWA H ONPEIRNAKTCA DasMepH
mofolnew yunamenra. Hpnm Hafigennwx pasmepax DOZOWIBHE QyHa-
MENTd AOMHKHL YAOBLETEOPATLCA YCIOBUAM

Py < BT, (142)
< 1,2R%, (143)

pmHX
TAe pgp — CPeIHee NaBNeEHe HO OofomBe (YHNAMEHATA OT OCHOEB-
HOTO COYeTAHHA HOPMATHMBHLIX HATPY3OK;
Prmax — MAKCHMAJbHOE NABJISHHe HOJ KpaeM [OoA0IIBE yHAaMen-
TA [N CAMOrO HEBHTONHOTO BOSMOMKHOPO 3arpyiHeHHs
GyHIaMeHTa HOPMATHBHLIME HATPY3KaM#d OPH JAeicTBuR
OCHOBHOI'O CudeTaHHA HArpyaok;
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R® — popMmaTHBHOe NABJIEHWE HA TPYHT OCHOBAHWA, OUpeRess-
emoe 1o Popmyas (10) wnm (11).

Jeranvuee yrasaHua 1o TexHare moxlopa pPasMEpPOR HTORCIOBEH
UEHTPAJLHO M BHEISHTPENHO HATPYHEHHHX (YHIAMEHTOR NAHLEL B TO-
cobmax [38, 40] u np. .

3uaf PA3MepH MONOIEBL GYHAAMEHTA W BeNHYUHY CpefHero nae-
JeHHUs HA TPYHT, MOAHO CUpPeIenaTh ocagky ¢yHAaMeHTa S, a sareM
no popmyme {7) BHUMCIUTE 3HadeHMe Koa(MpHIMeHTa KecTHocTH K.
Feam rpysT B Hpefenax akTuBHOW 30HB OAHOPOAILI, TO IAA OOpeAe-
neaus A, MOMKHO BocooubzoBaTncH Gopmysnoi (18). 3uavenme woad-
{MOuenTa MeCTROCTH Wm0 YLy MOBOPOTA HAXOAHMTCH coraacuo (23)
oo Qopmyne

% (144)

W,

Ko=K,

Hmea pasmepm dymmamenta m wospdunument mecTroctd K, mo
gopuyaam (138) m (139) puameasror DapaMeTpnl onopiod OGajamH:
aauny ! u marnbuyio swecrrocrs EJ.

B peayapraTe c¢raTW4ecKROro pacuera pamsl Ha DOTATIHBOM 0C-
HOBAHHHY VCHAHA B ONOPIHX Y33aX HoJy4YamTcA Goliee HIAH MeHee
OTJHMYHLIMHE OT ORPHHATLIX AJA OpeBapHTEJBHOTO ONIPpeIeJICHHA pa3Me-
poB nogouree Pyugamenta. [losTomy neoGxognma npoBepEa ¥ Koppek-
TAPOBKA pasMepoB Qynpamenta., IIpn sHaunTenbHLEIX PACXOMKIeHMAX
MOSKeT moTpeboBaThCH LepecdeT PaMLl ¢ y4€TOM WOBLIX BHAYCHHE a, b
s Ko.

Boobmwe rosopa, ToaTIRBOCTE OCIOBAHNA MOKIO B O PEILNCHHRX
I[pe,IXBJIBX PeryJHEDOBATh ¢ HOMOHIBIO Ha3HAYMEHH A TEX U NHEIX pasMe-
poB QyBIAMeHTOB B Ipefenax, pasaymeercsa, ycmopui (142) m (143).
Tax, manpuMep, yBeJAMUeHWEM Da3MepoR QYHIAMEHTOB MOMHO Het-
ROJbKG VMEHBIIHTH HX OCA/KY.

Taxoli npumeM Mo3BONALT OPH HecOXOIEMOCTE TPOUIROAUTE YPAaBHA-
BaHNE OCAJOK OTHeAbHEX DYHIaMeHTOB,

Hpe UpoeRTHPOBABHH paMHBIX KOHCTPYKIOmHA Ha IOFATINBOM OC-
HOBAHMHE CIefyeT PACCMATPABATL HECKOJBKO BO3MOMHKX BAPHAHTOB
yerpoiictBa QyHIAMEHTOB, ODpemedATh WX NedopMATHBHLE CBOHCTBA
¢ YIeTOM HTHX CBOMCTB PACCYHTHEBATH HAAQYHIAMEHTHEE KOHCTPYK-
ouu. B ogrmx cay9aax, magpumep, nTpH oOnHEX dyHiIaMenTax Ha
eCTeCTBEHHOM QCHOBAHUE MOTYT HOTPeOOBATBCH CHelMAaJLHBE KOH-
CTPYKTHBHEIE MCDH JJA YCHISHNS PaMHLX KOHCTDYHKNMH; B IPYIHX,
Ha000pOT, pamel yCHAATHE He Tpebyerca, Ho (yEAAMEHT MOAYIAETCA
gpe3MepHO CAGKHEM H JOPOTHM,.

OroguatensHuii Bubop Buja dyHIaMeHTa ClegyeT TPOH3IBOJAHTL
oe pesyJabTaTaM OPOBEJACHIBIX CTAaTHIECKEX pPacdeToB H COoOecra-
BJEHHUH BAPHAHTOB KOHCTPYHUMUA PaM ¢ QyHIaMeHTAMHA [0 TEXHUKO-
SKOHOMMTIECHUM TLOKA3ATeJLHM.

Brme orMedanocs, uro pacuer paM Momer GHTE BHTOIUCR JEOGEM
M3 METOIOB CTPOHTEJLHOH MeXAHUKY CTep;KHeBHX cHcTeM. OCTAHOBHEM-
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CfH KPATKO HA PACUETE PAM € YIPYTHMH ONOPAMH 00 eH3BECTHEME Me-
TOJaMH CHNI H OepemelleHHit.

[Ipu pacuete mo Merogy CHJ HAIHYNE HONATAWBHIX OLOP HE yBeaIu-
YHBAET CTENEHE CTATHICCKOH HeonmpeNedWMOCTH DPaM, UTO JIETRO yCMa-
TpUBaercs W3 PACIeTHON CXEMb paMiul, NokKazamuHod Ha pme. 49. Pa-
c49eT HATMHAETCH ¢ BH00PA OCHOBHOI CHCTEME, ToAyYaeMol ua aafaH-
HO#l myTeM YHAJNEHMS TOFO MM MIOFO KOJAYECTBA NMIIEKX cBA3ed

X
IILAHEYS [ - e ”
X

——

4

o SN .

Pre. 53, Jmeopo MOMeHTOB B OCHOBIIOH CHCTEMe MeTOAR CHI.

K 3aMeHoil NOCJeNHHX COOTBOTCTBYRIYMHA HEHABCCTHHIMM  CHIAMH
X,, X,, ..., Xy Or geiicreua ramold cnant X B OCHOBHOIL cucTeMe
CTPOATCA SHIOPH M3ruGalomHEX MOMEETOB, HpHUTeM JMI0PL CTPOATCH
H Ha omopHHX Oankax. B katecTpe mpuMmepa Ha pEC. 53 mpHBegennl
BUI0PLI MOMEHTOB B OCHOBHOI cucTeMe paMul, maoOpasKeHHol ra puc.
49. llo smwiopaM M mpousBomures BHIMCIeHHe Ko3GPHIMERTOR KAHO-
HEYECKNX ypaBHemuil MeTosia cun. B peaynprare pemenna stux ypan-
HeHnli HaXORATCA 3MaYelind NenaBecTHHX ¢ul X W CTPOATCH OKoHYa-
TeJabHbIe BOIOPH M3rUfAMMX MOMCHTOB, NONEPEYHHX H NPOMOIbHBIX
cu1. {lonpobHule ykasammsa uo TeXHMKE pacdeTsd paM MeTOTOM CHJ

Py

[N
'..g}
av v

T

Puc. 54. OcmoBnne ci-
CTEMH HpH pacdeTc paM
MeToaoM ligpeMeleHIH:

@ — paMa C HelogBWHCHBIMI
onmopamu; O — pama ¢ noIAT-

\ rat ) JUBAIME OTIOPaMU.
0- 4 ".T:

T

uMeoTeA B a0boM yiefHNKe W CIPABOTHLIX HOCOOHAX WO CTPOMTEN b~
HOIl MeXaHUuKe.

Pacder paM ¢ yupyraMm# omopaMi II0 METONy HepeMemtenuit (me-
dopmanuii) TaK/Ke He OTAMYAETCA OT pacUeTa OOLIUHHIX PaM ¢ Helofi-
BIDHHLMH ONOPAMK 9TUM Ke MeTojoM. UnHako 3Jech, mpm yueTe
HOJATIRBOCTH OIOP, ROJAWIECTHE() HEABBECTHRIX YBEINIABALTCA, TAK KAR
D0GaBAAKTCA HeMAaBeCTHBIE YIJIOBLIE ¥ JHHefiHe MepeMellieuus ooop-
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HHIX y370B pamel. Tak, HAIpHMEp, UMCI0 HEHZBECTHHX B CXEME DaMD
¢ HETIOABH:MHEMY onopaMu (pue. D4, a) pasno TpeM, a B pame ¢ monar-
JHBEIMM omopaMu (puc. D4,6) — cemu. HecMoTpsa Ha 310, pacuer
CAOMHEIX PaM ¢ YOPYTHMH omopamMu ynolHee BCCTH METOIOM IiepeMe-
WeHHil, TOCKOALKY HOCASNUA PeaausoBaAN BO MHOCHX TROTPAMMAX
pacsera paM Ha 3NeKTPOHHHIX NAPPOBHX BLYUCIATENBHEX MAOIMIAX.

Pacuer pam nma coaomubsix hyspaMenrax

PacgetHaa cxema pamil Ha ciulomHnx GyeEnamentax uaobparkena
#a puc. 02. C TOYKH 3PeHHA CTATHRH COOPYXMEHUIl Takas pama mpep-
crapasier cofoil cHereMy ¢ OeCKOUEUHBIM YHCJIOM JTHIMIIHX CBA3el.
Onuaxo, ecaw cYMTATh, 9T0 JAJIA 3JeMeHTOB PAMELI, JNersaliny na ynpy-
TOM QCHOBAHUM, U3BeCTHL PelleHUs B JacTH nepeMmellleHnli W yCuIRi,
TO B 9TOM CJY4Yae PacueT PAMbBI MO:KeT OLITh BBHIILOJIHEH O0LITHBIMH CIIO-
colamyu.

Haa Gompmcll HardAZHOCTHM Lo OMACAHHI GcoleHHocTeil pacdera
paM fa cmaomakX GYyHAAMEHTAX pAcCMOTPHM B KadecTBe MNpUMepa
BAMKHYTYI0 HPAMOYTONBHYIO paMy, Je:mKaliy® Ha yOpyroM OcHOBa-
mu (pHC. D9, a).

X,
capunch B SR

P~

L
s

Puc. 55. K pacueTy paMm Ha cIUIcUIHOM (YH/IAMEHTE METOJOM CHJI:

@ — parye¢THAA CXeMAa PAaMEL, § — OCHOBHAA CUCTEMA, 6—d — YNIOPE MOMCHTOB OT BHYT-
PEHHHX M BHEIUHHX CHJI

Ilpn pacueTe yxasanHOR paMii MeTONOM CRA BuOMpaercss ocHOB-
uaf cucreMa. Ha puc. 53, 6 nokasana olHa ¥3 BO3MOMKHLIX OCHOBHLIX
CHCTCM, IOJNYUeHHAs IyTeM Paspesa BePXHET0 PHIeds paMbi IO OCH
cummerpun. [lo yCHOBUIO CUMMOTDHM CHCTeMBl U HATDY3KH B MecTs
paape3a MMEeTCA JININL ABA HEMSBECTHHIX: HopMaapuas cmiaa X, m
moMent X,. IloaToMy HOCTATOTHO COCTABMTE [BA KAHOHMYECKHX Yypam-
HEHHA
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X -+ 8, X, -+ Ay =0, , {145)

8, X + ‘522X2 + Az =4,

KospdBnaenTs KAKOHMYECKAX VPABHOHUH BHTUCIAIOTCH 00 LITHLIM
OyTeM 0o JNI0PAM MoMeHTOB {puc. DD, 8, 2 m 7). KprBoagneiinyio smmwo-
PY MOMeuTOB IO HIDKIEMY DHreald MOKHO PasflefiuTh Ha KODOTKHe
YUACTKY H IPEACTaRUTH B BHJe noManoit snwope. Torma marerpan,
BRIPAIKAIOMMIl IepeMetleHusi, pasdABASTCA T2 HECKOJBKO MNTErpajos
M TOJYUYeHIIHEe YHCAeHHLle suavenus cyMMmupyiorea. Camoe caoskioe
30ech 3AKIIOYASTCH B TIOCTPOCHUM AUTODPL MOMCHTOB Ha UPOTHIKEHHE
3JIeMENTa, Je;Ralllero Ha YIOpyroM OoCHOBAHHNM, T. €. HIKHETO PHTeNA.
Hocaeanuil Moxker paceMaTpUBaTECH Kak Gajika Ha yOpyroM 0cHOBA-
HEM ¢ TOCTOAHHLIM WId OePeMendnM xodddmimenrom HeCTKOCTH B
BABHCHMOCTY OT KOHKDeTHBIX IpyHToBoX yeaopuil, Harpyska rakoit
faaKy cCOCTOHT W3 YCHIWi, HepeaBAeMHX B Y3JaX KpPeMJEeHHA CTOCK
K HpineMy purenw cuiamu X, X, u N,, a Tamme cunnt &V,, nprio-
meHHol ® camomy prremo. Ila puc. 53, ¢, 2 B 0 cupasa n300parKeHk
pacueTnse CXeMR HH/KHETO PHICJSL ¢ COOTBeTCTBYIOIMMMH Harpys-
KaMu.

Mpu nocToAnHOM 10 JUIMHE HEMHEr0 pureda kosdhdunmenie recr-
KOCTH JUIA MOCTPOSHNUA 3MIOP MOMEHTOR MOJKHO BOCIOIL30BATLCA TOTO-
apiME dopMyTaMd U TAOIHUHLIME JAHHBIMH, HMEIOMMMACA B KHMIAX
[24, 25], a Tamke TabBu. 12—25. Ilpm mepemenmnom xosdpdunuenre
MECTKOCTH HedecoofpasHe Memonnp30Banne pazpaboTannoro NAMHE Me-
ToAa pacueta GaNoK Ha YHDYTOM OCHOBAHHMH liepeMeHHOH HeCTKOCTH
(221 {radn. 5—10).

BHuncnerde HodPHUMEHTOR KAHOHMYECKUX YPABHeHHH MOM{HO
HECKOJLKO YODOCTATh, ecaum obmyw dopmyay nepememienuii mpei-
CTaBUThL B BHAE
« M M ds

b N
S = EI

+ 8. (146)

3/lech UATETPANE OTHOCATCA K CTOMKAM M BeEpPXHeMy puTeldo (Haf-
PynaaMenTHOH HOHCTPYHKUHH) B BHPAKAKT cofol mepememienne, ko-
Topoe moayumnoeck On npu abcomornoM zallieMJeHAd cToeR B gyHza-
mente. Unen 6F apefcraBiser coboil mepeMemenve, saBUCAUes oF
gedopmanum Huskuero pureid (dpynmamenrta). OmpejeneHue Y npo-
H3BOJATCA 13 OCHOBAHUYN [ROMETPHYeCKUX c000paskeHUll 10 BHMHCISH-
HHIM 2apaHee yriaaM MOBOPOTa Y 0CAARAM HMMKIEry PUresid B MecTax
OpuMHEANNA K HeMy croex pamel. B arom cnydae Mckmwovdaercs HH-
TETPUPOBAHEE 30D Ha NPOTAMHCHMM HJIeMEHTOB pPaMbl, cBA3AHHBIX ©
OCHOBAHHEM.

Tpu pacuere pam mo MeToxy mepeMen(eHNii HeM3BECTHHIMI ABIAIOT-
cA YrNoBbe M JEHeilHke DepeMentedHs y3aoB chereMu. (CTaujaprine
3MeMeNTL OCHOBHOII CHCTEMBI mpeJcTABAANT codoil OIHOUPOJJETHLIS
cTepiliHu, Pa3JAYHHM 00pa3oM 3aKpeIjieHHbBle O KOHLAM.
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B cayuae conomanx pyHAaMenToB HeoGXORMMO HMETH TOTOBBIC
pelueHHA [NA peakHfH B YCJOBULIX MONOJHMTEAbHEIX CBaanx Ganku
Ha yrapyroMm ocHopauuu. Taxme pelnedans [gJasd TOCTOAHHOTO M Lepe-
MeHHOT0 Koadbduuuenta ectroctH npusepenn B tabn. 8—10, dop-
mymax 104—117.

(cRroBHAA CHCTEMa paccMoTpenyoil pamm (puc. D), a), ¥ KoTopoil
HEW3PECTHLIME B OOIIeM caydac ARIATEA 4 yria nopopora U 4 TOCTY-
DaTedbHHX NEpPEMEIeHHs, MoKasana ma puc. Hb, a. Su0ph MOMEHTOR

7 2
R I L 2
NI

@
S
7 7 <

e

kY I

7z

[
Prc. 56. I pacwery pavu Ha cOOOMEHOM (QYHRAMeHTe MeTolloM
lUepeMelle AN,

OT YINIOBEIX M HOCTYIATeJbLHHX NepeMelMeHUH ¢ YIeTOM CHMMETPHE
H306pareHn ua puc. 56, e—e.
HaHoHAYeCKNe ypABHEHWA HMEelT O0OLYHEI B[

TuZy + oo + T2+ Bin = 00 )
TonZy + Poay - TagZs -+ Ran = 0, (147
Ty + TapZy + 15325 + Ry = 0.

Hoaddunmenrs s10H CHeTeME BHIHCIAOTCA TAKHEM 3Ke ofpaszoM,

Kak W npmE pacdeTe ofpanmix paM. llocne onpenelenna HeM3BeCTHHX
Z,, Z, 1 Z, oxondateJbHaA HUIOPA MOMEHTOB CTPOUTCA WMo (opMymne

M =M, + MZ, + MZ, | M,Z, (148)

BanAHne mofaThusocT OCHOBAHKRA
HA BANpAAKeHHOe COCTOHHAE MHOrO3TAKHBIX paM

HasecrHee M3 INTePATYPL HPEMEPH] PACTSTa PAM ¢ YUETOM HOJAT-
JAHMBOCTH OCIOBAHHA KACAITCA B OCHOBHOM OPOCTOHINKX OAHOITAMKHELX
oamonpoaerusx Il-o6pasunx pam. B ¢BA3u ¢ 8TUM mpeicraBAAIOT HH-
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TePeC CUENKH COBMECTHON palboTH PaMHBEIX KapHACOB MHOTOITAHHMIX
glaEril ¢ UX OCHOBaHHAMH.

IpnnATee AMA mccie0BAHHA PACICTHHC CXeMbl MHOTOITAMKHBIX
paM maoOpakenst Ha puc. 57 m 58. Cxemut | u I (pne. 57) pantw ua
YHHQUIUPOBAHKEIX ralapATHHX CXeM MHOTODTAKHBIX NPOM3BONCTBCH-
BRIX 3jlanuil no arwfomy MN20-1 «Yrasanna mo npumeHenmw pabo-

Pomg 1 uux qepresieil _ ROHCTPYK-

y 92,00 £ Uil Ans snaumii o cerkoit
W e 3 romoun 6 X 060 m ¢ oepe-
3|4y | KpETUAME THOa | m3 oaur,

e by OUADAWINXCA HA MOJKH
2 \ < £ pureaeii». Cxema 111 zamm-

_ﬁ___ DY HORRRF W13 VD CTBOBOHA M3 IIPpOeKTa 3Ha-
HBg, BpOpIHeHHorp Huep-

cumM [Ipomerpoiiupoektom.

Honepewynsie pame Kap-
KacoB obpasywTeg ua cbop-
HBIX Kene300eTOHHLIX Ko-

9112 Qsz w

Wi I e JOHH W purejei, Bee ya-
3 & |GmQn =1 JBl COONPAMEHNN ARBJIAITCA
b’f_ 38/ ARBETNAREL [IRREN)) HReCTKUMH. CXGMLI marpy-
2| 5 NN £J, SOK Ha paMbl JIATIRL HA PHC.
Wi LT IATRTIT] © 57, a n 38, a. llocroaumnue
. 4 - HATPYBKH ¢, COCTOAT U3 col-

& [E70 | [ET], o 6
Lri e rnllicrs e sl ,__E L% CTBEHHOIO BeCa Kel1e300e-
&0 6071 60 "Eo ’)EQ’;J s Vo TOUHLIX KOHCTPYRIGII Mesdi-
8 > LYITARNBX Tepexputail M

Prc. 57, Hceanenyemue cxemu pam T u Il ¢ OOKPLITHA ¢ VIETOM 3aIHB-
CoTKOM KONOHH KapPKaca aspamma 6 X 6 x: KU MBGB, COGCTRUHHOTOD Be-
a, 8 — CXeMul 3ArpYHeHME paM ¢ ecTHWMU ollopa- C¢a Oo0J1a H neperopo,Jox Ha
M, 6, 2 — T e PAMBl HQ HOAATIHBBIX 010PAX. . .
MEWAYITAARNLX e PeKDE-
THAX H collcTBENHOro Beca KOHCTPYRNMN kposan. K Bpemenmmw ma-
IFPY3KAM OTHOGATCA; Betposad W, cHeroBam ¢y M 9KBUBAaACHTHAN
paBHOMEDPIO pPACIpeépeseHsas HACPYSKA OT meca o0opyLoBaHHA gy,

PaMer paccunTayy opu cae yOIINX HCXO,[ILIX JAHELIX.

Cxemst pam [ u []. Harpyswu: nocroanHwe ¢ = 5.1, ¢,=
= 4,6 m/m; BpeMeHHas HA MEEAYITAIKNLIX NEPeEPHTHAX g, =
= 10,8 m/m; cnerosasm g, — 1,26 m/m; ysaosue serposue W,=
= 3,19, W, = 3,59, W, = 3,36 m.

HecrrocTi amementop pamsi: pureneit £7,= 40 500 mu?, croex
(kononm) Ely = 5650 mm? (mogyas yopyrocrm Geroma E =
= 260 000 r2/cm?).

PacemoTpens Tpu Bapmanwra omopHuX sarpemsenuii: 1) aGeomor-
HO JReCTRAs RaJRJKa NaM onupaHHe HA CRAJBHLIH TPYHT; 2) onmupauue
$YHIAMEHTOR HA TMIQTHLA I'MUHECTHHA IPYHT it 3) oOMpaHMe HA BOJO-
HACLINEHHBIT TLHIACRATIH NecoK.
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XapaKTepucTHKA IIMHUCTOro TPYHTA:

Hopmatneneoe yaensHoe ChelieHne rpym‘a C* . . 0,42 k2fen?
¥Yron BHYTDEHHEro TEEHUA ¢ . . . P (1
Mopyne pedopmanma £ . . . . L . . L ... - 350 ke/esmd
Hopumatnemoe paeieEne na rpysT nnﬂ HABHAYCHIA
IPenBAPHTCILHLIX PAsMepoB q)ynn,amenra RY . 4>
O0BeMubil BEC Yo - - - - . . e e s 219 mimd

XaparTepuCTHKA MeCHA:

Hopmartusmoe yaennnoe chemense rpyera O . .0,0d ka/ca?

¥ron BHYTpeHHEro TPCHHA ¢ . . . - » . . . . - 30°
Moayas medopmaumit £ . . . . . . . . . . . 100 xefen®
Hopuarneroe papienne Ha TpyHT I[JIH HaBHAYCHAL
npeBapUTCILHEX paamepon ti)yH;LalueHTa Rt. .15 »
OOLeMIEY BEC Vg - » » » - e e e 1,7 mjud

Tnybuua sanoskenna dyunamerntos npmaaATa pasHoi 2,0 & oT naa-
HUPOBOIHOH OTMETHN.

Brancaensse Ipu yxazaHupx yeaoBUgX HAPAMETPHl DKBABAACHT-
HEX ONOPHEX 0al0K HMERT Takue 3HATCHMA:

IpH raunacroM rpymare a, = 0,63, a, = 0,90 x, [ET], = 272,
[EI], = 1170 mu?.

OpE OhaeBaToM necke @ = 1,14, a, = 1,04 m, [ET]; = 797,
[E1), = 2610 mxn?

Crema pamw I1]. Harpysku: mocrosenme g, = 0,83 ¢, =
= 1,47 m/m; spemennwe q, = 3,6, ¢, = 0,3 m/m; ysnosme ser-
poeeie W, = 1,58, W, = 2,09, W, = 1,57 m.

HeceTroers puTemeit Hpanﬂnx nponemn EI,=29 200 KpailHBEX
croer Ef = 7100, cpeguux croex Ely = 12 850 mau?.

e “ e e 05, A
o & go“ { £l 1T ] T 1
1
LV’! LANAS AR IRRREA T VAR ORTERREINIAY M‘Y]I”””' ;
@ & % e z
M T n”"”“]][][l]lHI‘HHHHIH
i @ L ® & 7 4{53]2
T AT v -~ L%
|0 120 {; 20 P lel Tala ’EZ_@ ”Eﬂj
a &

Prc. 58. Cxema pamm 11l ¢ cerxoll xomonn xapraca spanna 6 X 12 m:
& — CXCMa JarpymeHKA PaMel ¢ dECTHHMY ONOP4Mi, § — T4 e PAMA HA NOJ4T.IHHEIX onopax

Pacemorpenn aBa Bapwanta omopuex saxpemienmi: 1) abcomror-
HO ;KRecTKaf 3ajelka (cralbUbli rpynT) m 2) onupanne $yHIAMEHTOB
Ha NLUIeBAThIil HACHLIMeHHEI Beoi [1eCOK, XapaKTePU3yeMbH TeMH jKe
HAHHRIMU, 4To u s cxem 1 u 11,

IlapaMerpnl ORBMBANENTHHX omopHHX Oanor @, = 1,11, a, =
= 1,58 m, LEI); = 694, |[ET), = 2890 mn?.
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B katecTee nmpuMepa OpuBeAeM TOPAAOK BHTHCACHHS WCXOJHHX
JAAHHBIX 1A QyagaMeHToB moa kpaiiuue Kogounsl pam [ 7 IT npw mec-
9aHOM TpYHTE.

1. Harpysxy ©a ¢ynjamenr opummMaeM no axkbomy MWH20-1
«YRazaHuA D0 npuMeHeHur0 paBoumx uepreskeldl KOHCTPYRUWR oA
SMAHAH ¢ cerroll Konouu 6 X 6 M ¢ nmepexpuwruamMd Tupa 1 g3 oawur,
OOHPANAXCA HA TOJKE purejeiir. nx pamu 2—6—3 (60) {(crp. 43
ansbomMa) N = 104 m, M = 6,6 ma.

2. QupesiesigeM paaMeps moRomBel QyHAAMEHTAa, KOTOPHIE Dpu-
HUMAeM KBAAPATHBIM, CHMMETDHYHBIM OTHOCHTEJILHO OCH KOJOHHE.
Texunrxa moalopa pasMepoR HOTOMBLE HENTPANBHO M BHELEHATPEHHO
HATPY:KEeHHbX (YHIAMENTOB MUPoKo m3Bectna. IlpmAaTtoe smadenme
CTOPOHL NOZOMBH PyNavMenta B nalieM cayiae ¢ = 2,9 x,

3. BruancaseMm xoadgunuentn mectroeTd ocHoBanud. llockoanky
B Opefeiax CHKUMAEMON TONMK TPYHT OJHOPOJHHI, MOSKHO BOCIONE-
soBarnca Qopmyiaamn (18) m (20). Hna somonacmmeHnoro necka
n = 0,2. Ilpu xpanpatHoM GyHRAMEHTE B COOTBETCTERY ¢ Talx. 2 w,=
= 1,06; o, = 1,98. Monyne nedopmanuit mecka E = 1000 m/ml.
Hogerasaas npuBejlenHLe BHAYEHMA NCXONHKX JAHHHX B (0pMYJIE
(18) u (20), momyaum

1,06 . 1000

= R0E 1000 380 /e,
29(1 — 0,29

Ky= 81990 740 miw.
29(1 —0.2%

4. Tlo dopmynam (137) w (138) maxomem anuny u w3rudHy0 AECT-
KOCTE OMOpHo# Gankw, Monequpylomeill medopMaTWBUOCTL (VHAA-
MEHTa, OMHPAWIMETOCA Ha TecIiaHoe OCHOBAHME

Ti0
== 2,9 ]/m = 2,28 M,

2,9 . 298. 710
[EIl = e = 797 mms,

T

PacuerHnie ¢XeMEl paM € YCHOBHHME OHOPHRMU Gamkamm mzolpa-
MeHn ua pac. 57—908, 6. Hanpmeilmuii pacder paM ¥ DOCTPOSHHe BUIOP
MOMEHTOB HUYEM HE OTIUTAeTCHA OT OﬁH‘lHOI‘O pacuera.

B pacderax OpHEATO, YTO OCHOBHAA YacTh OCALOK HPOHCXOLUT
Docie OKOHYAHHA MOHTA/KA KAPKACOB.

CraTugeckye pacueTn PaM BHIIOJINCHH MeTO[OM IeDeMelmeHHil mna
seruucanTerbHOM Mammae BICM-2M. Flpu stom Onima mcmompazoBama
o0masn oporpamma (O} pacdera eTaTHIeCKH HeONDeIeNHMLIX CTCPA-
HeBLIX CHCTEM MeTOZoM mepememiennit, paspabortamuan II. M. Cocu-
com u M, M. Pemennmx [17].

PacuerTHne ycummsa B deMentax paM ONPeJeNEHE 13 OCHOBHOTO
K JONONHETEILHOIC COYETAHHA HATPY30K. B ocHoBHOe coweramme
BXOAAT MOCTOAEHAA, BPEMEHHAS ZIATEADHAS W KpPATHOBPEMeHHASN
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BeTpoBas HarpysxW. B gomonmmrennBoe coveTanme HATDY30K BXOAAT:
OOCTOAHHAM, BPEMEHHEH AAATEJIbHAM, KpaTKOBpeMBHHIJIe BCTPORAA H
cHeroBasn. HpaTKoBpeMennne HATPY3KM BBEACHH B Pacuer ¢ Koadhdhu-
umenrom 0.9,

Tabanma 38
CpaeneHne pacueTHsIX yeuamii B pureasx pawmm [

M, mm o, m
[
E THO OCHOBARNA g_ seRmit Kosen mpoder | Mpankill Konex | f:gglélr? nlggfiglifl
& 5
2 2| - + + - | + | + | +
\
Crana . . a1 29,1 13,1 474 75,9 — 46,3, 61,2
'npwa , . . ., ., 2 38,2 8,7 51,3 98,7 10,2 52, 57,2
Hecox . . . . .. 3 44,3 541 54,9) 170 210 55,1 54,5
5 —_
Pazunna mesmmpy
CTpoKamr
1—2 4] 31,2 —336)| + 891 —227| X |4125 — 61
1—3 50 +52,2| —588|4166, —38,1] X +19,0I —10,9
Crama . . . . ., . 6 22,8 71| 44,5 724 — A47| 596
Tmupa . . ., , 1 7 36,2 — 48,9 5,7 5,7 51,0 54,4
Necox . . ., ., 8 4300 — 52,71 40,60 18,9 .‘54,2T 54,7
2 — ——
Pasmma MexIy
CTPORAMH:
6—7 9| 4587, X |4 98! —283| X |1144|— 87
6—8 10| +885| X [4184|—437] X [421,2]—133
Crama. . . . . . el oer) 13 ] 18] 27 | ass] 214
Cnowma . . . ., . i2 14,31 — 22,5] 116 88 20,7 18,5
Tlecork - . . . . 13 18,2| — 30,5 7.9 22,4 233! 176
3l—- A
PasHHOA MemOy
CTPOKAaMU:
11—12 14| +113410 X 14520 —548] X |-442,8] —13.6
11—13 15| +171,6| X [+106,0;—70,8] X |+460,7|—17.8

B rauectBe mpumepa B Taba. 38 npHEBeJeHL 3HAYEHHA PACYETHEIA
YCUINUH B DHLCNAX, NOAYYeHHLE IPH PABANYHEX YCIOBHAX OIUHPAHUA
dyagaMentoB pamm [. B aroll e Tabmmie DpOUMSBEleHo COLOCTARIE-
HHE BEJWIMH yCHAMI, M pPa3HANA ME:KAY HHMM BEpasKeHA B TPO-
neurax. 3a 100% npumATL namHble pacyeTa PaMBl, OmMEpAIOMEHCH Ha
CKANLNEIl TPYHT, T. 6. AMeIei a0C0M0THO MECTKRe onophl. SHAK X
o3HavaeTr, 9T0 YCHANWA B AAAHOM CeSC¢HHY NDHE HEeMOABHMHEIX H TOFAT-
JHEBIX OTIOPAX HMEIOT Pa3iEe SHAKM.

PaccMoTpum nonyuenssle Pe3yJAbTATH OO KKAOH pame B OTHENb-
HOCTH.
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Pama I {em. pue. 57). Ha puc. 59 mpusemenn smopm MOMEHTOE,
HOCTPOEHHGIE TI0 Pe3YALTATAM PAcdeTa paMbl Ha JeiicTBHe mOCTOANIIOH
paBHOMEPHO pacHpefle eHHOH Do puressM marpysiu, Beaegersue cum-

MeTPHH Ha pm:y}me moRadaHa MHINL

T
(%3 opua momoBMHa paMm; B CpejHHX
. KOJIOHHAX MOMEHTH PABHEl Y.
K Ilo smwpam aerxo sAZETH, Ka-
{37 KOe BJAAAHUE OKA3LBaeT NOJATIH-
BOCTL OCHOBAHHA 1a BeJRIWHLI W3-
247
16 . Q ® .7
- T
]
59 :
A h
20
LE
w0 | W 136
L)
il
]
\

YepoBrvie o00IHIYEHUR
—— DU OPUPOHUY HO CROOY (ECOMOm-

HO KECmKue ononsi
— — NP ONUERRUY HO ZMUHY
————- AU ORUDOHLL HO PhineBomBI necox

10
yenobuvie ofo3HaveHUS

———-NpU QALPORUL HE CRANY

Puc. 59. dumope: MoMmeToB B pamMe I -———- npu ORUBOHULY HT Neiiebambid Mecox

0T HOCTOAINION HarpysKH:
3 aMm
2 — MOMCHTM B KpalHMX HOJOHHAX! Prc. 60. Juwpu moMenrop B pame | oF

6 — MOMEHTH B PHTCIAX. BPEMEHHOI HaTpysKH Ha purene 1.

rubalomux MOMEHTOB B DjleMeHTaX pavul. Tak, HAOpHMep, © VBenu-
wyeHHeM NONATANBOCTH OIOpP MOMEHTH B KpaillHX CTolikax, HAa9YMHAR
¢ ya7a LepBoro sTasa U Beime, Bo3pactaiT B 2 pasa u Goxee. Hpm
ATOM OIIOPHbLIe MOMENTH OCTATCH HpakTAdeckd Ge3 mamenenuii. B pu-
redfx UpoHCXoQuT LepepacopeleleilHe YCHJIUI, KoTopoe XapaxTe-
pU3yeT¢a 3HAIMTEILHEM YMEHBIIGHWEM MOMEHTOB Ha IpaBhX KOH-
nax purenedf (s 2—6 pas) m yseauueHueM MOMEHTOB HA REEHX KOU-
nax u s onpoaete (5 1,0—2,5 paaa).

Jnops narnGanlEX MOMEHTOB IpH 3arpysxe purena 1 Bpemen-
Hoil pABHOMEpAO pacOpejeNeHHON Rarpyskoil OpeAcTaBICHE Ha
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puc. 60. 3neck nanecenn JHIOPH, B3ATHE W3 PacueTa PAMLI OPE OIH-
PAHMA HA CKAJBHOC M IECUYANOf OCHOBAHHA; IPH ONMHPAHNMH Ha T.IH-
THCTHI TPYHT 3MIOPH 33HUMAIOT NPOMEKYTOTHOC IONIOMKEeHHE MEKAY
YKa3aHHEIMHE IBYMA kpait-
HHMH BHJAMH OCTIOBaHHIT. 20 .0
s puc. G0 moikno BH- 37 —"2’; '
JICTh, UTO YBEJAWUYCHUE HO-
JIATANBOCTI GCHOBRHIA CY-
LIECTBeHHO He H3MemseT
MATHOAWNNY MOMEHTOB B 33
BarpysseHioM pureje o g5 50
OPUMLIKAIODIHY K HEMY y3- 28 r 33
aax croer. B ocrasnndnx 60
IKC pUredsix H CToiiKax 33
[POUCXOIUT Pe3KOe Iiepe- 15 j
pacopejieseliie  MOMeH- s
TOB, IIpNYeM BO MIIOTHX P "9 .
BJleMeHTaX HApyIlaeTcH &1 <mT AT T P
©o06muii  xapaxTep pac- / 4
NPENeNeHists  MOMEHTOR
{pure.tu 2, 3,4, 6 v wpaii-
HHE TPABBIe KOJIOHILL),

HeiicTBre  BeTpoBOM /y
HATPY3KU OTPAKEHO HA L
puc. 61, 3necs Taxiwe oo- ”'8/ 19 02 80
CTPOCHM JBIOPH MOMEH- YcnoBreie 0f03nayeruR
TOB TONBKO IPU CHANLIOM iDL gnupanuy Ha crany
W MecyanoM OCHOBRHUAX. ===== Npu 0nupaHUY KA nsinebamed neco
Wurepeciio OTMETHTL, YTO  Pue. 61. Dmopw MoMeHTOB B pame | or Berpo-
B JTailloM c.aydae DOTAT- BOH HACPY3KU.
AHBGCTH GCHOBANHA CRa-
3bIBAETCH JIMIIbL HA JIeMeHTaX NepBoTo 2TaKa pPaMil. YCHIHA, BO3-
HHUKAIOmMe oT BETPOBOM HATPYSKH B DJIEMEHTAX BTOPOrQ H TPETHETO
aTa;Ka DaMbl, DPAKTHYECKM HE 3aBUCAT OF CTeOeHH OOJaFJHBOCTH
ee onop. Takaa ke KapTHHA pacrnpemeleRAA MOMEHTOB OT BeTpoBoil
Harpyaxu eabmlojaerca m B pamax II m IIL.

[peacrapnerube na puc. H9—61 anwpe HITHOAIONNX MOMEHTOR
OT OTAENBHHIX XADAKTEDPNHX BHXOB HALPY30K MIOLOSTA;KHAEIX DPaM
HarJALHO HIAMIOCTPHPYIOT BIHAHHE OJATIMBOCTA OCHOBAHHUA HA Dpac-
npejeNeHne W BeJMYMHLI YCHINH B OBYXIPOJETHOH TpexaTa:KHOI pa-
Me. Ogmaxo Kak OB AM CKABHBAJACH MOAATIHBOCTH OCHOBAHUA LPH
MEHCTBHE OT/IGIBHEIX BHIOB IIATPY30K, B KOHETHOM cuere nonfop ce-
YEeHKH HIEMEHTOR PaMEl HPOMIBOMMTCA HO PACYSTHHM YCIUIMAM, T0-
JYJASMEIM N3 DPA3JMYHBIX HeBBITOTHBIX COUETaHUH HOCTOAHHOH W Bpe-
MEHHBIX Harpysok. I[osToMY Heln3A orpaHWYHBATHCA PACCMOTDPCHKEM
TOXBKG O\HOTO-IBYX BHJAOE HArPY30K, a CA¢AYeT COMOCTABUTH PE3YAL-
TaTH PACYeTOR OT CYMMAaPHOTO Bo3ueilcTBusA Harpy3ok. Taxkoe couwocTag-
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senwe pas pamsl 1 mponeaano B Taba. 38, rie mpusesiens! BeaUYMHH
pacueTanx 3nagvenyil B3rnGaomux Momentos M u nomepegHHIX cHa @
B PHTeRAX PaMH.

W3 ta6a. 38 BadHO, UTO ¢ YBeJWIeHHEM HOXATIABOCTH OCHOBAHMA
OPOUCXOANT caenyfollee.

1. Beamummnp oTDUUATEIbHKEX DPACYETHHX Warnamouiux MOMEHTOR
HA NeBeX KommaX purenei 1, 2 u 3 (umeerca B Buay nepas TOJOBHHA
paMbr) yeeamunpawTca oT 52,2% » pureae 1 go 171,6% s pureae 3,
T. €. HA BHUICDACIIQIGKEHIBX PUIeNAX HaGaIONaeTca OTHOCHTEIbULIH
pOCT MOMEITOB 10 CPABHECHHK ¢ HUAKHUEME. HOJIO}HHTB.TII)HI)TG pacuer-
Hpi€ MOMEHTEI, Bo3HHRaKIIFe TOIBKO Ha pHrele 1, VYMENLIMATCA 10
58,8%. Ha purcasx 2 H 3 HOJOKHTEABILIE MOMEHTE IIPH HOTATAMBLIX
oHOpax He BO3HUKAIOT.

3. Vanboabmue PatOvThEe TPOIFIHEE MOMETIER TDODEMHIITA
¢ 16,6 % B purene 1 A0 106,0% 8 purene 3.

3. OTPHLLHTEJH:PIHE‘ MOMEHTEI Ha OpaBplX KOHIAX YMCHBINIAKTCA
Ha 22,7—38,1% B purene 1, ma 28,3—43,7% B pureae 2 u Ha 54,8—
70,8% B purcae 3. [IpH DOZaTIMBIIX omOpaX BO3HHKAIOT TAK/KE BHAUH-
TeNBHpIE [10J0KUTEILIEE MOMEHTH, KOTOPHE OTCYTCTBYIOT OPH He-
OOABHKOLIX OIiopaX.

4. TepepacnpeyieeEHe HONEPEYHEIX CHA XapPAKTePHIYETCA MX
yBeINIeHnneM Ha JEeBBIX KOHIAX pnreneﬁ 1 yMeHbINeHHEM Ha Opa-
BRIX, COOTReTCTBeHilO nmepepacHpeleseHUR) E3I‘H63101unx MOMEHTOB.

He npusoga pa¢UeTHEX cOUCTAHUI 3HAYeHHIT HBIHOAWIIHUX MOMEH-
ToB M u BopmaneuHX cma N B cToikax pamut I, oTmernym obmuii xa-
panTep HepepacrmpéfeleHMst YCHIHH B CTOMKAX paMbl, BHI3HIBAaeMblit
yBeluYeHEHeM IMoHaATIABOCTY OCHOBAHUA. YCHIMA B KpaflHUX CTOUKAX
WBMCHAKTCA auaTuTeIbHO GoabBIIe, 4eM B CPeJHed cTolike, HpHYeM
3TH U3MEHeHHA N OJHHX COUeTallMil pacueTHBIX ycHmii HALPABIeHLE
B CTOPORY yBenwdeH¥A, ANA IPYTHX — B CTOPORY yMeHpmenusA. Onop-
Hbe MOMeUTHL Kpaﬁﬂ“}i CIOLH YMEHLIAWICHA, 2 ONOpHLIS MOMCTTBL
cpeiHeit cTofixy MO9TH e H3MeUAITCA.

Pama II (cm. puc. 57). B purenax xpaituux mpoaeros pamsr 1I
HabawomaeTca raxofl e XapaxTep nepepacupefelenus yCcHAWA, H4To
u B pame I: ma jemplX KOATAX purejieil M B MPOJeTe MOMCHTH YBeJH-
YWBAWTCA, a4 Ha NpPAaBHIX KOHOAX — VMeHhmalkTca. B purensax mepso-
TO H BTOPOro arasieil CRETHETO TDPOJIETA OTOPHBIE MOMCHTHL CHEAAWTCR
HpH OJHOBpeMeHIOM JHAYUTCIBHOM (I{O nmoJayropa paa) YBeIude-
HUH DPOJeTHHX MOMEHTOB. B pureme 6 Tperpero sra;xa pe3ko YBelIH-
YMBAKWTCH KAaK npoﬂeTHble, T&K B OOOPHBIE MOMEHTH. HSMBHEHHG
BCJIRYHH HOHepBTIH};I‘( CHJ QTHOCHTEJIBLHO lIeﬁO(IbIHOB.

Uro KacacTca C¢TOEK, TO YBEIHYeHHe HOTATIHBOCTH OCHOBAHMAA,
HNpHMepHO, B OfANAKOBOH Mepe CKa3LIBaeTcA Ha KPAaHHHMX M CPeAHMX
¢ToliKkax, BM3LBAA B HOCHSAHNX CymecTBedHbe uameHenusa M u N.

Pama IIT (cm. puc. 98). IMogaTauBocTh OCHOBAHEA CKA3BIBAETCH
Ha maMeHeHHn p3ryOanIX MOMEHTOB H IOMEePEYHHX CHX B PUTEIAX
panai 11 B apaunTe/ibHO MEHBIIeHR CTENeHH, YeM B ofnoTumiod pame i1

142



ITopo6roe aBmemme mMeer mecro w B croiikax pamu 111, O0sacra-
ercq 9710 00CTOATCALCTBO TeM, 9To pasMepr nponeron pamu 11 eamoe
Goanme npoaeros pamst 11, Beaegcreue gero pama I asascrca Gonee
ru0Koil o cpaBreuu ¢ pamon II.

HeoGxomumo oTMeTdTh, 4T0 OPUBEJeHHBIC TAHHHE CTATHICCKHX
PACUBTOR OTHOCATCA K CIy9al0, KO/l paMa ¢ HArpysKaMu hak Obr cpa-
3y YCTAHABJABAETCHA HAa YOPYT0e 0CHOBAIHE, B ACHCTBATEhITOCTH Kap-
THHa HAOPAAEHHOro COCTOAHHA paMbl MO,KeT B M3BeCTHLIX Opeljeliax
MEHATBCA, CCNH VYECTh, UTO YACTh OCRA0K NPOMCYXOANT B IPONELCe
MONTAKa hapRaca, TaCTh MOCIOAHMAKX HATPYSOR TIPHKIATBIBAETCS
[0 3aMOLOJH4HBAHUA RAPRACA, U MOAY.b fedopMauuit TPynTa NpI pac-
qeTe paMBl Ha BPeMeHHBIE HArPY3KM MOKHO UPHEAMATH OOBLUIETITEIM
BCIEACTBHE YILTOTHEHHA CPyHTA.

Bee #e, kak npasuno, ydeT nefopMaliny 0CHOBAHUA DPH pacdere
PaM pACCMOTPEHHBIX THIOB IPHBOAHT k ONpeeleHnoMy Hepepachpe-
JeJEeHHI0 apMaTYPH B HA 3AeMEHTaX [0 CPABHEHWI0 ¢ TPANHIEOHHLIM
pacaeTOM, 1 IIPEHBGPB&CBHI/IQ BAHAHHEM INOAA1AUHBOCTH OCHOBAHHA OpHW
pacueTe pAMAI MOAET HPHBECTH B HEROTOPLIX CIIYVIadAx K CYIIEeCTBCHIbIM
oMubnaM B CTOPOHY 30HMWOUNs BeNMIHH pPACICTHHX yCHAHWiL B 0T-
JeJABHKA JIeMeHTAX, U4TO B HEJOM CHHKAET HANEMHOCTE COOPYHeHHs
H eI'0c JKRCOAYaTALMOHHLIE KadecTBa



Laasa VI

BAJIRH-CTEHEH

O6uminre cpepenns

B ruase II Grinm paceMoTpeHst BOHPOCH pacuera o0munmx Gasiox
Ha YHpyrom ocHopadun. Bcan oTHomende shicors Gankm A K ee faH-
e L mpepmimaet 0.5, To mogobnne 0ankuU elenyer pPacCUIMTHBATL HA
OCHoBe PeNIeHRIl NHOCKON 38489 TCOPUHA YUPYTOCTH A IPAMOYTOMD-
HOTO KOHTypa.3aKoHbl pacnpenesieHns HaupAennil npu narabe pas-
AHAHE JA4 GaToK, AMEOHIX MaXylo BHCOTY, I 6aJ0K-CTEHOR, BHCOTA
KOTOPWX OJHOTO HOpsara ¢ gaudoi. B Ganxe ¢ oTHOmenwmeMm cro-
pou A : L > i oTKioHeHES 0T 3aKOHA ILIOCKKX CedeHKH MOTYT 0~
CTRI'ATE 3HAYATEIBNHNX BeIWGKH, I PUIEM HeliTPAIbHASL 0Ch MOKeT OLITh
BHAYMTENABNO CMEISHA K OTHON M3 CTOPOH WA Aa/ke MOLYT BOSHHKATH
NeCKOIBpRO HEATPANLHMX OCeH.

H pacdernoil cxeme 0aJdKu-cTEHKH Ha YIDPYrom OCHOBAHHHM MOUYT

OHTE cBEeHR MHOTHC CTPOMTEAbHKE KONCTDYKNAH, HOdTOMY olpele-
JieHHe HampKCHHOTO COCTOSHNA (AJOK-CTEHOK TpefCcTaBiser NMpaK-
THyecKHil nutepec. Tark, nanpumep, B KalecTse DAlOK-CTEHOK MOKHO
paccMaTpPHBATE BEICOKHE CTCHH KHPUWYILIX M KPYUHOTAHEeJbHBIX HH-
JOIX, PRAKIANCKEX ¥ OPOM3BOJCTBENHLIX 3JaHWH, a TaKmke MHOIHE
I‘H,Zl,pOTe\HH‘lECKHe COOpYy-HeHud.
. pdcqemoﬂ TOUKHA Bpehma OagKa-CTeHKa mpencraBiAer cogoil
wiocKuil AMCcK (MIacTHNKY) ¢ OTHOCHTENLHO Matoit Tonuwmuoil. Ha-
rpyska ODUIATAETCA B HA0OCKOCTH 3Toro aucka. Ilo ocu, nepnenrauky-
JAAPNOJE LIOCKOCTH AMCKA, HANDPAKEHHA OTCYTCTBYWOT, X0TA jedopma-
1M B 3TOM HAUPABIeHUN BO3MOKHEL.

Pacger DamoK-CTEHOK CBOMUTCS R OTHcKamuio ¢yUKIEAN HaOpHKe-
vUit @ (z, ), yROBIeTEOPAKIER BHYTPY o01acTy, orpanngesnoll LonTy-
PoM DANKU-CTEHKEH, HBBECTHOMY GHFapMOHH‘IeCKOMy Y PaBHEHHI)

ot Py

63:4 + 2 ﬂxﬂdyE T ayt 0 (149)

W ofGnapgamiomeii Ha rpaunme atolf obIacTy 3ajaHHEIMM 3HAYCHUAMH.
KommoHenth HADpPA:KeHH oupegenswTea npocThiM auddepen-

HHpoRauueM PYHKINUN Hanpsa;keHM mo dopmyraMm

(?2q) (Jgip 52(p
0y == -332—, Uy _ ] H T= — 20y " (150)
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B auteparype mMewtcs pelmleHMA MHOTAX 3afa4, OTHOCAIMXCA
K pacuery IWAPHHUPHO ONEPThiX, 3AMEMJIEeHHNX H KOHCOABHMX Gallok-
crenok. OpHaRO Boupocw pacuera GaloK-CTEHOK, ONMPANIMUXCA Ha
¢cOIONIHOe VIPYTOe OCHOBaHMe, elllg HeJAOCTATOYHO paspadoTaHhL.
HonuvecTBo peUIEHHNR 3a1atT 3TOTC THIA NOKA HeBeJAHKO.

Ieppoit paBotoil, mocBAmenHO pacdery DaJOK-CTeHOK HA YOPYroM
ocniosaHny, saBasgercs mecaenoBanme 0. H. Tuxemko [42]. B aroit
pafoTe TPHHATA BRHKJIEPOBA MOKeJb yOPYTOTO OCHOBAHHASA ¢ HOCTOAH-
HbIM Ko3(guuuenTtom moctenu. Pewenwe ypasrenus (149) npraaro B
BHJE PAILOH

¢ =D() YY),

rae @ (r) DpuHEMAETCs B Bije TPUTOHOMeTpATecKux dyuxmmii, a 1y (y)
nonbupaerca W3 YCJOBUA YAOBIGTBOPEHHA OWTaPMONHIECHKOMY YDAB-
peunio (149). Pemrenne mogyTuaochk BecbMa I'DOMO3/IKOC W pPaKTHYe-
CHOTO TMpHMeHeHHHA He HANLI0.

B paGore B. B. Muxeena [32] pacemorpesna conomuasn Haka-cTed-
KA 113 YOpyroM OCHOBAUMN, HaXonAmanca noa neiicrsueM cobersen-
HOTO Beca. B kagecTse Mojelu OCHOBAHWA TPHHATC YOPYIoe W30TpON-
oe, CAHOPOAHOC OOAYIDOCTPAHCTBO. Penreane BEIIOIHEHO B CTEMOH-
HBIX pALaX ¢ MCHOAB30BAHHEM TOTOBHIX (OPMYN KOHTAKTA Memay
Banxoft W ocHoBanmem, uoavuennux pamee M. 1. I'opbyHoBum-
IMocanosnim.

Mogeap ocHOBAHUA B BUAE YRPYTOTO HAGTPOUROTO NOXYNPOCTPAHCT-
Ba npunata tawiie B padote A. H. Mopoaosoii [33], roropas pac-
cMoTpeaa Ty ;Kke sagaty, uro B. B. Muxees. ¥ A. H. Mopososoit naa
VIPOLLeHNA pacdeTa HPUHATO, 9T0 B OPOAONBIOM HaOpaBIeHHH Ha-
OpHAKeHNs B TPYHRTe nop (aikofi-cTeHRecli pacupeledArTes o0 ma-
pafonmueckoMy CHMMETPHYHOMY 3akomy. PaBHOMepHO pacrpege-
NeHUAA WATQY3Ka HA GANRY-CTEHKY Caufdercd UDUIOEeHHOd ®©
ee ummnemy rpaw. Hanpmwremma ang Takoil pacuerHoll cxemm
HaliieHH B 3aMKHYTOH dopMe BapuandouHuM MeTo oM HacTHIBAHO-
Purna.

Ecam nomesoeateca pemenmavy B. B. Muaxeesa u A. K. Moposo-
Boi, TO, HAIPEMED, NPHA PABHOMEPHO pacupefeleHE0H HATPY3Ke BCET-
12 DoJYyYHTeA mporund DaJKN-cTeHKH BROYKJIOCTLI0 BHES, 9T0 06ycaon-
JeHO MOAEJBK) OCHOBAHEA B BHie YIPYTOU0 NOJAYOPOCTPAHCTBA,
BMmecTe ¢ Tem, Kak NOKa3niBaeT OPaKTURa, HAOJIOAAOTCH CaMhe paa-
goobpasubie NeQOPMAIAN CTEHOR 3JAHHA H CcoopyKenmit: warud Bu-
OYKJIOCTbW srepX, meperuf m op. CnesopaTenbHo, 5TH penleHns Opu-
MEHHME JIUIb B HEKOTOPEX 9ACTHHX CAyIanx.

Wa gapybecHMX pador, KacaoUWmMxca BOMpoca pacdera 6alor-
CTEHOK HA yOPYTOM OCHOBAHUHM, MOKHO oTMeTUTH pabory . Awmgep-
maHa (48], rae pacemaipupalTea 0(anku-CTCHKN, TOHBEPHEIHLIe
BIHUAHAI ropaplXx Bapaboror. [peanmonaraercs, dTo peakTuBHLIE
JNABJICHHA OCHCBaHMA H3BECTHLI H pacopejJeJIHTCA 110 3dRKOHY Oapa-
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Ooam BTODOH cTeHmeny CUMMETPHYHO OTHOCHTENLHO Cepemuusl HaTKm-
creHkn. MHTerpuposanue Ourapmonudeckoro ypasmenua (149) su-
DOJIICHO MeToeM KOHeYHEX pasmoereil. Pafora nocunt opuokaajmoi
XAPAKTED H MOKET OBITh NOJE3HA LPH pacucre OaloK-CTCHOK, HaXo-
OAIHXCA Toj NelcTBHeM cuHMMETPHUYHON caMoypaBHoBemeHToll Ha-
rPYy3Rd, HPHAOKREHHCH K HIGRHEMY Kpaw.

B macToAmeidl rmaBe paccMaTpHBAIOTCA BOUDPOCH pacueta JadoK-
CTEHOK, OIHPAIIUXcs HA YOPYroe BHHKJIEPOBO OCHOBAHWE IepeMeH-
Hofl ecTROCTH. YumTeieaa obmuil npréan:eHHHIE XapaxTep pactde-
Ta KOHCTPYKIMII Ha TPYHTOBOM OCHOBANMM, peMlenwsa pasOHMTEL HA
HBA OTJEJBHLIX 9Tama: BHadane OTNPENeNfiloTCA 3HAYEHUA peaKTHB-
HEIX NaBJeHWH ocHoBAHHA, a BaTeM OT M3BecTHOI BHemHedl Tarpysxku
¥ HaHJeHULIX Peakinuil OCHOBAHUA BHUHCAAKTCH HAODMKEHHA B ce-
qeEunx Oalku-crenku.

Onpeperenie peakuumii ocHoBaHHA

Pemenne safgaum mo omnpefeleHHi0 PearTHBIOHX JaBJIeHEN ocHo-
BAHUA O/ DANKON-CTEHKOR MOMKHO NOCTPONTH MON0GHO PEIMEHHIO0 A1
opoctoii Gaxanm [22). [lpupasinsBas BepTURANBHLE nepeMEmMENus OT-
MeNGHLIX To9eK HIGKHEro Kpad GaiKu-CTeAKH OCajJKaM TOBepXIGCTH
OCHOBAHWA B 3TUX jKe TOTKAX, MOFRHO COCTABUTH aH000e 9uClo yPasie-
Hull coBMecTnocTH pedopmanuil, KOTophie BMecTe ¢ JIBYMS YpaBHe-
NUAMH paBHOBECHA JAAYyT pelleAne TNocTaBrenunodl zajgaun. Oasaro
B cayuae GanKU-CTCHRY BHpaskeduA Nua nporufor, ¢urypupyowue
B YPABICHHAX COBMCCTHOCTH, 9IPe2BHYANHO YCIOMHATCA MO cpape-
HHIG ¢ BLIDAREHNAME TPeruboB npocToi famuu.

Hetfictautensno, GopMyda aafg OOpefeIeHUA BEePTUKANBIOTG e
peMeIieTIHA KAaKOIi-am60 ToTKY § Ha HIDKHeM Kpal Oalku-cTeHKH HMe-
er pup {71

T a(c pu:r

o= L ([ 282 e Az 1B, (151)

xgXj

rie A # B — mocrosuuee @HTErpUPOBaHuA, OHUpemeNgeMpe H3 rpa-
HMYHBIX ycloBui. M3 OopuBeaeHNoro BelpaskKeHHA BUAHO, 9YT0 %A
oupeneaeHsn mepeMenlenmii p, HeoOXouMe 3HAThH HATPKEHAA Oy
M g, B 03JKe-CTOHKE, HO 3TH HALPSHENnsi, B ¢BOK 09epelb, JaBHCAT
0T mepeMelleHnil NOBePXHOCTH OCIOBAHNA.

Meway Tem HeT HeoOXoaUMOCTH YCAOMIATH PeIleHHe 9TOH 3agavn,
ecan o0paTHTE BIIMMaHWe Ha caegyioniee ofcroaTeaseTso. Brime yraan-
BAJOCK, 9T0 pacueT 0AJNOK-CTCHOR 110 BNeMeHTaPHREIM QopMynaM conpo-
THBJHEHUA MaTEPHATOB HE MO}KET M PAHTHPOBATE HE A0CTATOTHOH mpoy-
HOCTH, HH IPABHYLIOTO KOHCTPYUDPOBaHHN, U pacuer GaTOR-CTEHOK
itco0X0JUMO BECTH HO METOJAM TEODUH YOPYTOCTH. JT0 NOJNOHeHHE
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Gecomopso, KOTRa peub umeT of ompefeneHun mampsixenwit. Yro e
Kacaercd ONpeleielHs OepeMelleHui 0alloK-cTeHOK, TO 3fech ¢ Jo-
CTATOUROW JIIS ODpakTHdeckux feliefl TOMHOCTRI0 MOMHG BOCUONLAG-
Bathea QopmydaMm onpemeledus nporudos obmaHuix Oamok, Ho ¢
o(azaTelbHMM YYETOM [EepeMeNIeHHH 0T MOUepPedHsIX CHUL,

Jlaa ofocHoBaHNA TOCAeNHErD TPeNIMKeHHA COUOCTABMM OPOTH-
OBl 6af0K-CTeHOK, BHYHMCJICHHREE 00 METOJAM TEODHH VODPYTOCTH H Ha
OCHOBAHMA M3BECTHOH (QOpMYJLl IepeMelleHAH NI0OCKOH cTep:KHeBOi

CHCTEeMH
A — 25 MMkds ZEVQItha . (152)

PaccMmoTpusM HECKOIBKO XapAKTEPHHIX ITPUMEPOB.

i. Oupemeanm nporud (BepTHRANBHOE IepPeMEIllEHNE) CEPEANHL
HEKHETO Kpaf, T. e. To9ku ¢ (pue. 62, a), 8 wBagpatroii Ganke-cTe-
Ke, HaXonAmeics non aeficTeNeM paBnoMepHO pacpeie e Eo HaTpys-
KH, IpH/jo/KeHHOI D0 BepxHeMy Kpaw. PemedMe MeToZaMu Teopuaun
YOPYTOCTH JIA0T 3HaTeHNe BEPTHKANLHOTO TEePeMeIeHMS [, paBHOE

{7, crp. 28]
v, = 0,495 4L (153)

%ﬂ

i
ATHITIT
231 ? 28751

H=l

oiL 06 o 0 8
a
g ) G . g
FERISNRRINREND FREIIRENERIR
L il ’3,.__5_.__,‘
2 a e

Puc 62. CxemMw HajoK-CTEHOK:

a, 6, ¢ — pdacueTHple cXeMbl OaJIOK-CTEHNH ZJIA ONpene’eddd NepeMcIneEnit no Me-
TOLAM TEODHH YOPYTOCTH, &, 9, & ~T0 e 10 aJeMenTapHLM HOpMYNaM COpOTHB-
JIEHHA MATCPHAJAOB.

IIporud cepepmum Ganku, uzcdpamenucit ua puc. 62, 2, ¢ ygeroM
BIAMARNA LONEPeYHMX CHJ BRTHCAAETCA mo fropMy.e

oglt vgl?
to = amrr +ser (154)

rae v — Ko3pEnueET QopMe, paBHHN A mpamoyroapHmka f,2.
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1 H3 L3

Moment nuepuun cevenus Gagxn I = —o— = —5—.

Inomapes ceuwesns F =7 . H = L,
Monyan casmra npm koadpduummenre Iyaccona p = 0,3, mpuna-

m = 0,380 E.
HojCTaBasnn 3RAYERUA NPUBEAGHILY UCKONHME NAHHEX B dopmy-
ay (154), moayuum

f, = (0,156 + 0,389) UL — 0,545 L. (155)

toum B pabore (7], G =

Taxum ofpasoM, npornd TOUKM i, BHTHCIEHHI 10 31eMenTapuoi
dopumyie {(154), orinuaerca ot crpororo pemenns (153) Beero wa 109 .
B 1o ke BpeMs HopMAalbHLE HAMPS/GeNNA Oy B 9T0H 1Ke TOTKE OTHMYA-
IOTCSA Apyr OT APYTa nouTa B 2 pasa.

2. Hporn6 touxm { KoHCONMBHOH wKBagparaoll GalsM-cTeHKH
(puc. 62, 6), TonyIeHHLIA NPH DOMOHE pelleHKs OO METOAY CeTOK M Ie-
pememennii, pasen |8)

v, = 3,129 (156)

3neck roapduument [lyaccona mpunumaacs pasHMM -%-.
[Tporu6 koHma xoHcoabHOH Gankn, DoxasaHmoll Ha pme. 62, 9,
na ocuoBauun (152) Bmipaskaerca gopmynol

gk} quz
fi =551 + a7 {5
fIpa
3
I=_f2_'1 F=L, G:“"‘“—E]"“_—_:Oi‘izBE: v=i!2
2(1 + —)
b
BEMeeM
fi= U5+ 14 % 29k (158)

Pazanna MexIny TOYHHM H NPHOIIGKEHHBIM pPEHEHAAMM COCTABIACT
7%.

3. Ilpore6ur koHcOABROI Ganky creHst ¢ OTHOINGHHEM CTopoH H .
:L =1:0,75 (puc.62, ¢), srrucaennue ToIunM [8u npubmtxennsm
MeTo/JaMH, COOTBeTCTBEHHO PaBUEH

L

v,= 1,75 7=, (159)
L

fi=1,68 4. (160)

Pasmuna memay npormbama — 3,8%.
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CrnepoBatenbHc, BepPTHRAJBHHE NOepeMemenua Oalox-cTemox c
MOCTATOUHON [Jis OPAKTHKY TOUHOCTLIO ONPEACARIOTCH N0 BAEMEeNTAD-
HLIM fopMynaM Oporudor H6aNoK ¢ yIeTOM BANANNA HONEPeTHHX CHI.
3HauHuT MaA HaXoMKAeHMs SHauenniél peakTHBARLIX JABJEHHII ocHoBa-
HHEA B caydae GaloK-cTeHOK
HOMIOCTHI0 OPEMEHHME peme- ¢ 1 2 3 i o
HAA, NONyYenube iam oObu- @[\[K,/[KZ\JKJ\!/M\U@
HHX 0ajJoK HA YyOpPYToM OCHO- 1.

BAHMM ¢ YUIeTOM BAMsHEA KO- a
nepeddnx cua (|22) u raasa IT).

Iopazox onpegencuus pe-
AKLEHH OCHOB2RHHA TAKOU.

Tleaum nupxemst xpai 6aa- 1P s A Pa
HH-CTCHKH HA4 pAM PABHLIX 110
aauie ygacrxos. BeiGop wme- &

na VYACTHOB 3JABHCHUT OT Tpe- Puc. 63. BHIODE:I ROSEI)Cb[‘I.LHIEHTOB HeCT-

GyeMoil TOYHOCTH pacueTa u KOCTH H peaklMii OCHOBAHHA JLIH (8JKH-
CTEHEH:

XapaxTepa SI0ph K()ati]q]HI[H- a — KO3(HPIUMEHT HecTHOCTH, 6§ — PeaKkTHBHOE
eHTOB HeCTHKOCTH OCHOBAHHUA. dasJeHne.

Hpu pacuere 6anxm-crenku Me-

TOOOM CPTOK KOJHYeCTRG yd9acTKOB 00w9i0 OPHHUMAeTCH paB-
HEIM TyCTOTC¢ CeTKN B ropU30HTANLROM HampabieHmn (4, 6, 8
uT. ).

Hoabsyace rotoBoll MaTpunieli &03PduuMenTOB CHCTeMBl pacueT-
WHX  ypaBHenmii, npubejenuoii B Tabi;. O, BLICMpaeM HY:KHOC KO-
MMMECTBO yPaBHENHI W BLITHC/AsSeM 3Na9eHEA Kodp(PUHIEHTOR npH
HEH3BeCTHRIX OOroNHEIX WHTERCHBHOCTAX pearuuii ocHopamud. (Cso-
Oonusie WieHR BHYMCASEM I16 TOTOBMM $opMYyTaM B 3aBUCHMOCTH OT
BHjiA BueimHeH narpyakn (popmynn 51 —~93).

Pemaer cHeTeMy ypasHeHWd OTHOCHTRNIGHO POAKOWI OCHOB&-
HusL p.

llpy pacuere COMOMHKX MOHOJMTHHX O3JOK-CTCNOK, B NEJHX O0-
AYYCHHA YHPOLIGHHOTO PelIeHusd, JUis onpele’]eHus peakiumi ocuo-
BAHUA MOKIIO HOJ0KUTE Ef = oo u GF = oo. Toraa, cornacno 22],
3MaYeHHA DOTOHNLIX WIITEHCUBHOCTEH peakuMil ocHOBAHRA B TOUHZA
O w1 (puc. 63) maxoaum u3 pemienwd JIBYX ypasucHUil

Apopy + AuPl = 2 Yo
(161)
6
Agp, + Azu", = — 2 M,

roe 2V, — cyMMa Ipoexluil Bcex BHEIIHHX CHMJI HA BePTUKAIBHYIO
0Ch, CYHTAH MOJOKUTENBHEIM HAOPABICHHE oCH BREpX;
ZMy. — eyMmMa MOMCOTOB OT BHEUINWX HACPY30K OTHOCUTEJBHO
Touku {}, cAUTAA HONTO;KUTEALERM HAOPABICHAC Bpamie-

HAH 00 49acoBoH CTpeJiKe.
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Hoopdunmenrn upy HewsBeCTHHX BHAMCIAKITCA 110 TAKUM dop-
MY JJaM

1 n-1 . .
x 23 (DK —(n—1)K,|;

1=2

Ap=1—

1 "o .
Aﬂ:—!(_," 2l§11Kl+nAn ;
, — (162)
e 63 (i =K —GBn—1)n—1)Ksy;

=2

Aoy =1~

n—1
Ay =71q 6 % K+ (3n — 1) nKq|.

1=

OcTanpHulC 3HaSeHHsA peaknuil ocHoBanua ompenmensdioTesa mo Gop-
My e

p,=K.|i il. —(5—1);—‘;] (=23 ...,n) (163)

Onpegenenne nanpmreanii B Gaaxe-creuke

HanGonee npocreiM MeTOMOM ONpelecHAA HalpKeHH B OalKe-
CTCHKE OpH A3BeCTHHX BHENTHMX HATDPY3KAX W PEAKLHAX OCHOBAHHA
SABJIACTCA METOH KOHEWHRX pasnocteil. XOoTA UPH DONBICBAHMM YKA-
BANMLIM METONOM TPedyeTca COCTABIATE H PelaTy CHCTeMEl JAHEeITHAX
ypaBHenuli WHODAa ¢ BecbMa OONBIIMM YMCJIOM HEeH3BECTHBIX, HO OpU
COBPEMOIHOM PAa3BHTHU BbIYACINTCABHOH TEXHUKHA 9TO yike He nBAA-
ercs upotinemoii. Penienue wmuorux OpaxTAYecKM BayKHHX 3a71ad
eyllecTBennio ofJeryaeres, HAarolapa MMeRIUMCHA B JNUTEpaType
M NPHBeeHHHAM B HacTosMed Koure TablnuaM 9ucen BAMAHAA 1 3Ha-
yenuil HAODPAMKEHUH B y3. 14X CeTKH.

HogpoOuoe wanosenne ponpocos pacgera GANOK-CTEHOK METOIOM
KOHCYHLX PAa3NocTed UMeeTcd BO MHOTHX y9e(HHKAX 1O TEOPHH yOpy-
rocti U oTaeabHex momorpaduax (B, 15, 161. Hostomy nmme pac-
CMATPHBAKTCA [IHITL BOOPOCH, (CNOCPENCTBEHHO CBA3AHHBE € pac-
geToM faIoK-CTEHOK Ha yOPYLoM OCHOBAHNH.

B peayanTaTte 3amMens upomaBoaunix 1uddepeHIHaNBHOIO ypasHe-
ana (149) oTHOMICHHAME ROHETHMX pasHocTell moJgydaed IJA KA~
ro BHYTPEHHero y3ja CeTKH, PACHOJOMHeHHOTO Ha PACCTOHHEM Oolee
NBYX maroB or RoHTypa (pHc. 64, @), ypaBHeHNA TaKoro BHAA:

¢, (607 + 8o - 6) — 4 (@, + agp, + ¢, + ap) (e + 1) +
+ 209, +4, o, + g)at+ (o, + P, +o +Fatp =0 (16%)

b2
rne o — =
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I3 enyuae kBagpartnoit ceteu & = 1 u ypasnennme {164) yupouga.
ercs

20g, —8(, +o,+¢,+9)+2(p, + ¢+ +¢)+
@+ @ F @y T, =0 (165)

B ypapHeHERAa AiA Touek, pacHONOMKEHHLIX HA PACCTCANHK JBVX
maroB or KoOETYpa (puc. 64, 6) BXOAAT HapAlYy ¢ HeH3BeCTHARIMHM 3HA-

N L e 7 i 0 g
2 14 o |2 g = PRI FR P
§ 13 17 ©
11
il =
=1
ctalalalala
]
a
__.5?_-, Prc. 64. K cocrangennio
t

S A S A

- 5 i KOHeIRO-PA3NOCTHRIX yPaB-
' 17z 4 1o |2 :IU HeHmH J4aA §aJKN0-CTeBRH:
v g 13 |7 T a — rouka 0 pacmoncwesna ma
L - pAaccTGARNM BoJce IEYX MArOB
E_ i H OT KOHTYPA; § — TUuKa 0 pac-
i ~~-)}  DONOWEHA Ha  PACCTOAHNH
_ 1 EBYX HIATOB OT KOHTYPA; ¢ —
|‘ - ': Touka | PACTOJIOMENA Ha pac-
lL__ _— CTOAHNN OJIHOI( HIATA OT KOH-
t TYypa.

L 4 yp

4
I___\__._.__._..l.___l_...l-....:

QeHHAMM @ BO BHYTPEHHUX TOTKAX TAKHE M NM3BECTHRIE 3HATCHHA @ B To4-
REL RUETY P 4 F FPesiamr LT fUTeR, AdiGDIniss 39 pansmaey
O/(HOTO Tiara oT Kourypa (pme. 64, 6), TOMKNB OMTh BKIOYEHB 3HA-
9edds (¢ nepBOTO PsAfa 3aKOHTYPHEX Touek. [locaennue oupeyeaaioTcy
no  $opmynam:

a) jaA RKpas, mapaJgelbHOro OCH I,

]
9, = @, + 2b 5 (166)
6) pad ¥pas, DaPANIEILEOTO OCH ¥,
8 .
P =% + 2a _6% : (167')

a a .
Smecn 5'1; u 3} mpeAcTaBasioT co0oil HOPMAaJbHHE NPOH3BOAHELL
B Togkax 1 7 2 dyaknun gaupmKedudil, onpefedneMbe 00 303 HHbIN
Ha KOHType YCHJIMAM ¢ HOMOILI0 pamuoit apamoran [61.
Taxum o0pasom, Hew3BeCTHHME ABJMAKNTCA NHIWE 3HAUYeHWA ¢ By
BHYTPeHHUX Yy3jax cerku. CBoOOAMEIME WieHaMH B YpaBHeHHAX
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fyAYT A3BECTHHE 3HadeHHA QYHKUMM HAOPAHEHHH U ee HopManbHOH

upousBonnoii ra xourype. CBofojinbe 4ieHh YpaBHEHW Ul yaJaoB,

pACHOJIOAEHALIX fadee ¥eM Ha 2 mara 0T KOHTypa, paBHB HY .
Hanpmxeuna B rouxe O:

0, — 2@, X
Or = 2%, {168)
b
—2
G, = .TZ__%OJL_(@_; (169
((p5 + (‘F"}}' — ((Pﬁ + (PB)
Ty = 4ab

i (170)

MeTon woneunmnx pagHoCTeidl MO;KET OLITh NPHUMEREH TPH JIOOBIX
BUIIAX 3ATpy:KeHHA HaNKH-CTeUKH.

B npakrtare npoexTupoBanna gud pacyeTa GalloK-cTeHOK Ha ympy-
TOM OCHORAHMY [eneceo(paizino MoNBL30BATHCH TOTOBLIMH PeNICHUSMY
cACTEeM YpaBHEeHUHT B uncaaX BausHusa. Mwesa wucia BamAn@s, 3aBM-
cAlllYie TOJALKO OT Pa3Mepor SAnNKK-cTeHKY W CTPYKTYPH CETHE, W Bbl-
aficTUB  cBoOOJHRe YIeHH YypabHenmit,. 3aBUcAlN#Ee OT IArpysok,
MOKHO HAHTH TNPOCTHM CYMMHDPOBAHREM OPOU3BECINIT Juces Biu-
AHMA HA COOTHETCTBYMIOLIMe cBoGojuibie WISHB! SHATEHMA Pyuran
HanpgHenyil B y3gax ceTEH.

Taxoro pona CIPaBOUILIl MaTepn-
an © DPEMePAME DPACILTA WMRLTCA B
kunre 16], Ifle paceMoTpeHm Ganru-
CTCHRM ¢ oTHOMenmeM ctopon I : L =
=0,25; 0,5; 0,75 m 1,00 npu ware cer-

1
KH, PABHOM 5~ [IpoJeTa.

Humke opaBORATCA HEROTODHE pe-
%‘ meHHA [aA OANOE-CTeHOK, JIeSKAIMX
TA yOPYTOM OCHOBANMUM € TCPEeMeHILIM
Puc. 65, Pacwernme nutopu mect-  googdunmenToM mectroeru. I pacue-
KOCTH H peakinMy OCHOBAIMA NS N _ » -
6T KH-CTORKIT: Ty TaRHX 6&JI?R c*genon( ‘oﬁs{qrfo €BO
@ — MDA KUIGHHUIHCHTOR HECTHOCTH AUTCA pacqu KOpOUEN LeCKapRacHOTO
ocHOHﬂﬁgﬂ: 6 — enlpa peasTHBHHX 3AIAA HA HEPABUOMEPHSIE OCAJIKU OC-
ABJICH, . =
. Hoeaul#A. 3 KaYecTBe pacdeTHOH npURL-
MacTeHd cuMMeTpRYHAM cXeMa HBOJLHOpO,’I-
HOTO OCHOBAHUA, 0 KOTOPOH H3MeHINBOCTS KOBDPHIEENTa sReCTROCTI
1o ANVHe CTeHh BHpaskaeTed InmeiiliniM BAR uapalonMuecKuM sako-
noM. Havy npunara mmpeiinas suwopa xosduimienta 5eCTROCTH NHo
na%
, Kmm
HOMEPHO pacnpemedeHHodl BHeNrHeidl marpyske Hamu [22] momyvemm
caeiyolnge QopMyIs peakuMi ocuoBanHsg:

B 124 035m -+ vn
Py =@ T L 035m | v’ (171)

puc. 69, @ ¢ oTHomen@meM = 2. Hus Takoro caydas Opd pas-
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P, =20 — Do (172)

K L4 K L K,
; on= ;o= .
ET GF E

®

rae m=—=

Ilpu o6uIBRX pasmepax cTeH BIANMI ¥ XaPAaKTePHCTHKAX TPYHTy
3HAYCHUA PeaKIuii OCHOBAHKS] NONYYAWTCH LPHMEPHO DABHBEIMMU

2 4
b= =7 4q

Ha pme. 66 morasaun amiopsl HOPMANLHEWX HANPMEKEGHHA B Bep.
TREAJNLHHX CPEAHHX cedeHuax 0aJoK-CTeHOK IIPH COOTHOIIGHHM CTG.
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L T g 7 e—HiL=1; e— H:L= 13
O e -3 8 — H: L=2

por H : L = 0,5;0,75; 1,0; 1,5; 2,0; MuoskmTenn ANA HANpPAKEHAN g
Cnepa Ha KayKJAOM PHCYHKE JAaHHK JMOPL DU PACTICJA0KEHNH BHOTNHE
PAaBHOMEDHO pacnpefeJeHHoH HArPY3KE ¢ Ha BepxHeM Kpae GaJRW_
CTEHKH; CIIPABA — Ha HMj{HEM, TJe HORABAHA CYMMADHAS CAMOYPABHG.
BelieAAAA HaTPy3ka (PHeIIHAA HATPY3KA MG PeAKTHBIILIC 1ABAEHAA
YrRasanele OGaJKu-CTEHKU PACCIMTAHEL HAMH MeTOHOM KOHEUHEC§

. . 4
pasHocTed € INArOM KBAADATHOUX CETHW, DaBHOM g

TOAAPA CPaBHUTENIHHO MajoMy WIATY CETKH, OPHUBOACHHLIE 3HAYEHHg

npoxera. bBaa.
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nampsikenuil oranTaloTeA BHCOKOH TouHocThi0. Ha pue. 66 gaa cpas-
HEeHAA NYHKTUPOM HAHECEHHl TAKKe 3IMIOPH HATPMKEHWI, paccauTaH-
MEle 0 3JeMeHTapuoil Teopun usruba 6aaok.

W3 srux permennit MOKHO CAENATh CAeLYIONIAEe BHIBOIEL.

1. Pacnpenencune Hanpmkeuuid B BePTUKAJTBHOM CPEJHEM Ce-
d9eHNH, 0 KOTOPOMY, KaK LipaBHIO, M PACCYHTHBAKTCA GaIKH-CTEHRH,
npn othoureHnn cropon H : L = 0,5 mano oranuaerces oT upaMosn-
Heliniore, gaBaeMoTo a7eMenTapioil Teopmeit maruba. Iosromy Gamku-
cTeHKH ¢ oTHomennem ctopon H @ L < 0,5 MOKHO paccTATHBATL Kak
obpuHLIe Hanru, DONL3YACE AJA onpeleNeHNd KPaeBHX HaOpsdxeHHil
H3BecTHON GopmMynoil

Ty = W .

2. B Gankax-crenrax ¢ ormomenuem cropon H : L > 1 pacupe-
JledeHue HANDSMEeNUd B HUHHEH 4acTH BePTMKAJIBHOIO CPETHEro ce-
TeHUA IMOYTH COBIIAJAeT € TAKOBEIM KBajpartHofl Oamku-cremrm (H :
: L = 1). B roKe BpeMa Hanpsaaenud B BepXHell 9aCTH CEIEHUA NPAK-
TUYECRHN MOKUI0 CYATATE NYJIEBLIMI. OTO 3HAYHT, 4YTC OJAA pacueTa
fanox-crenor ¢ A : L > 1 Moryr 6BITH MCOOAbL3OBAHH DEIICHUA, OO~
Jy9eHHEC ANA KBaApaTHOH OalKu-CTeHRH.

3. Suadenusa Haupsyienuil o, IOAyYEHHBIE [PH PACIOJOHECTUR
HATPY3KH [0 BepXHeMy Kpal 0ajkM-CTeHKH, B TOYHOCTH COBIAJAIOT
€O BHAYCHAAMHA ITHX TIAIIPAACHUN JUIA CAYIas HATPYIKM HO HELKHEMY
Kpaw (AMeIOUiMecHs B OTACILHLIX TOYKAX PAcX0EIeHWA B HeTBEpPTOM
BHAKe OOBACHAIOTCA OXPYTASTHAME Npu Buwwciaenuax). To ke oruo-
CMTCSL M K KACATeNBILM HANPSLKENNAM Ty Pasnnuue MMeeTcs TOjb-
KO MEHEAY BCPTHHAJBHEIMHA HNOPMaJbHHMH HAIIDHAXIeHNAMI O'y. CJIGI[O-
BaTedbHO, KOTAA PACHeTHBIME ABIAKTCA HATDA:KEHHA Gy H Ty, BCKO
BHEHITION HATPY3KY MO/KHO CYHTATL OPILIOKEHHON K HIGKHeMY Kpalo
DaJdrM-cTeHRy. JTta HATrpy3Ka COBMeCTHO ¢ PEAaKTHBHLIMHE JaBJeHHWAMHR
OCHORAHMA ONPMBOINTCA K CAMOYpaBHOBeluemilolfl Harpyare, gelicty-
0Med o0 IELKHeMy Kpalo Ganku-crenku. B 3ToM caydae HanpskeHHd
0, BoTHCASKTCH DPHGIM/KCHAO W3 DACCMOTDEHHMA YCIOBHi paBHOBE-
CHs TI0 TOPH3IOHTAJBHEIM CedelTHAM.

OTMeTHM, 4YTo CAMJIAHHHE BRIBOEH OTHOCATCA K CJAYIASM, KOTJa
BHONIHASA HATDY3KA ¥ PEAKTHDHbIE ZADISHEA PECTPeReseHLl o AIHHe
GaJIKHU-CTCHEY HerpepwnBHO {ea peskHEX CKauKOB,

Cayya#f emMMeTpHIHON caMOyPABHOBEHICHHONH HArpYZKB

Caoygali cHMMeTpHYHOd CAMOYDABUOBElleHHOHN HAUPY3KHW MMeeT
Ba;KHOE NPAKTHTIECKOEe JHATOHNC, TAK KAK K HOMY MOrCyT GmITh cheje-
HhLl MHOTHe 3aJadll pacuera GEJIOI{-CTBHOK Ha YIpyToM OCHOBaHHH.
Hna rakore cayaas upr H : L = 0,5 1 1 uMewTCA DellleHNR, HO3BO-
JHIOUHAR JerKO BMYUCAATL Mo0ne HANpsIRenwAa B moboli Touxe Gan-
KO-CTEHKH HOpPH OPOM3BOJBHOH CaMoyDPaBHOBEIUeHHOH CHMMeTpuUIBoi
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HAT'PY3Ke 110 HIKHeMY Kpamw [48], DTH peimenHHs OCHOBAHH Ha TOM,
9T0 HAODAMEHHOE COCTOAHHe Oanku-CTEHRH OT 3aJlaHHOH camMoypag-
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Puc, 68. W onpejejieHHl0 3KBHBA-
JEHTHBIX HAIPY30K!

a — (PAKTHYECKAA WHACPY3Ka HA KOHTYpP-
HOIl pame, 6 — anmopa WArHOAICIIHY MO-
MEHTOR OT (QAKRTHMECKOH HATPYSHH; 6 —
aKBUEANCHTHAA HATDYAHa B RHEE cocpe-
IOTOYCHHBIX CMII, 2 — 3KBHUBAJIEHTHAA HAa-

TPYara B BWOE paBHOMEPHO paciipenedien-

HEIX HArpys0K.

RE,G! = ]"14,
R2a 4+ Ra = My

Re3a+ R2a -+ Ra =My

HoBEMEHHOH, CHMMETPHYHOH OTHO-
cuTeNBHO OCH ¥, HATPY3KH MomeT
GyTh BoAYIent nyveM anrebpanue-
CROLO CYMMUDOBAHMA Hanprxernmii
or oTAeJdbHLIX BHICR HATPY30H, Mo-
Kasapduex Ha puc. 67,

B raba. 39—43 opuBopATcsa 3HA-
gepnfl Hanpmwendil A OCHOBHO-
ro pACYETHOTO CaIydYas — KBajpart-
moii  Danku-crenrd. Hanpmuenus
BRTHCACII METOROM KONSUHHX DA3-
wocteil opu urare cetkn a = 01L,

roGn welonnL3oBath Ta0 I L
apn Ao CI/IMMETquIIOII HATpY3-
ke, CABRYET 3AMEUNTh JAeliCTBHTEIb-
Hylo IATPY3KY HO HIDKHeMY Kpamo
aHBMﬁaHEHTHou eil marpyskoii, co-
cToAllel W3 COROKYIHOCTH COCPeuo-
rodeEHEY el A, IPUIOWenuny 8
y31aBBIX TOTKAX 0,1, 2,3, 4,5 na
oc = (puc. 68, ). Ilon swbuea-
nenaTHoll TOAPA3YMEBALTCA LATPY3-
Ka, BHIBLIBAIOIIAH B YRASAHHBIN Y3+
AoBHX TOURAX Te ke uarnbawmue
MoMCHTL!, KOTOPEIE BH3LIDAET TaM Jeil-
crpHTeIbHAA HArpyara (puc. 68, 6).
IIpu ATOM ROUTY P GaKH-CTOHKM pac-
cManuuaeTcu KaK CTATHYECKU Olpe-
neqHMan paMa {(puc. 68, a}. Uarula-
joruil MOMEHT CUHTaeTCA HOJCHIH-
rebHBIM, €CJAH PACTAHYTHIE BOJOKHA
noaydATCA HA BHemHeH CTopoHe
paMsl-

J{un ompenenenus cuil It cocraB-
nsem PpAA ypaBmenmit Buga M,y ==
= Mg

173)

Ri4a 4+ R3a + Ri2a + Rt = M;
Rpoa -I- Rjéa 4 Ra3a -+ R92a + e = MO
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Tadbauna 39
Baska-cTedKa ¢ orHomieynem cropon 1:1 moa neicreueM HArpysok,
HpHImReHHHX 8 yadsax {(z, 1) = ((+0) n (5,0); muoxnTenw
ALA HallpAKeHHid rg (eMm. puc. 67, a)

x

ARN

bl
Hanpswenun o,
0 0,722 0,310 0,230 0,250 0,265 0
1 0,1 0,188 0,139 0,068 | —0,015 0
2 — 5,024 0,034 0,030 —0,005 ) —0,034 0
3 —0,066 | —0,042 ¢ —0,030 —0,031 | —0,025 ¢
4 —0,078 | —G,066 | —0,005 —0,036 | —G,M8 (
5 0,074y —0,067 § —0,052 | —0033 1 —Q012 v’
6 --0,083 | —0,058 | —0,045 | —0,027 | 0,010 G
Vi —0,054 t —0,047 | —0,036 | —0,022 | —0,007 0
8 —0042 | —0,039 | —0,030 | 0,018 [ —0,006 0
g —0,040 | —0,036 | —-0,028 | —-0,015 | —(0,006 G
10 —0,049 | —0,043 | —0,029 | —0,012 [ —0,001 0
Hanpawenun g,
0 1,000 0 ¢ 0 0 —1,000
1 0,588 (1,165 0,050 { —0,003 | —0,140 | —0,735
2 0,350 0,195 0,080 | —0,048 [ —0,182 | 0,500
3 0,228 0,165 0,075 | —0,026 ] —0462 | —0,332
4 0,152 0,122 0,058 | —0,025 ; —0,422 | —0,215
5 0,101 0,083 0,038 | —0,021 | —0,085 | —0,132
& (3,063 0,652 0024 1 —0045 | —0,054 | —0075
7 0,036 0,830 0,012 f —0,011 | —0,031 | —0,036
8 0,018 0,014 0,005 ] —0,006 | —0,015 ] —0,013
9 0,005 0,005 0,002 | —0,003 | —0,005 | —0,0M1
10 0 0 0 0 0 0
Hanpaaucenus Txy
0 ¢ 0 0 f 0 0 0
1 0 0,114 0,045 0,030 0,080 0
2 0 (0,090 0,085 0,084 0,095 0
3 0 0,068 0,092 0,099 0,086 0
4 O 4,052 0,082 0,090 0,069 \;
] 0 0,040 0,063 4,072 0,052 0
6 0 0,030 0,049 0,053 0,038 0
7 0 0,021 0,035 0,037 0,025 0
8 0 0,014 0,023 0,024 0,015 ]
9 0 0,008 0.013 G612 (0,007 0]
10 0 v, 0 0 0 0
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TaGganuma 40
Banka-cTenka ¢ OTHomenmeM cTopoH 1:1 npon gelicTBuem rarpysor,
opuaokesEbIX B yaaax (z, y) = (0,0) n (4,0); MROxKuUTEND
AnA nanpsxwenusi r, (em. pue. 67, 6)

Y 0 1 2 3 ’ 4 5
H anpaxenus o,
0 1,312 0,469 0.233 0,093 | —0,330 0
1 9,108 0,280 0,179 0,072 0,111 0
2 —0,080 0,042 0,065 0,054 0,077 0
3 —0,118 | —0,062 | —0,017 0,009 0,026 0
4 —0,124 | —0,095 | —0,055 1 —0,022 0,000 0
5 —0,110 { —0,095 { —0,065 | —0,033 | —0,009 0
6 —0Q093 | —0,083 | —0,061 —0,034 | —0,011 0
7 —0,076 | —0,069 | —0,052 | —0,030 | —0,010 0
8 —0,064 | —0,059 | —0,045 | —0,026 | —0,009 0
9 —0,062 | —0,057 | —0,043 | —0,025 | —0,008 0
10 —0,079 | 0,070 | —0,048 | —0,021 | —0,002 0
Hanpsocenua o,
Q@ 2,000 0 4] 0 —1,000 0
1 1,156 0,305 0,046 | —0,140 | —0,623 | —0,330
2 0,656 0,338 0,085 | —0,434 | —0,397 | —0,439
3 0,400 0,271 0,090 { —0,093 | —0,272 | —0,392
4 0,255 0,194 0,075 } —0,060 | —0,490 | —0,294
5 0,163 0,130 0,054 | —0,039 | —0,129 | —0,196
6 0,101 0,082 0,034 | —0,026 | —0,082 | —0,117
7 0,058 0,047 0,019 | —0,017 | —0,048 | —0,059
8 0,028 0,022 0,008 | —0,010 | —0,024 | —0,022
9 0,009 0,007 0,002 | —0,004 [ —0,008 | —0,002
10 0 0 0 0 0 0
Hanpsaocenus Tay
Q Q 0 0 0 0 0
1 0 0,252 0,146 0,158 0,041 0
2 0 0,498 0,195 0,472 0,072 0
3 0 0,136 0,175 0,158 0,088 ]
4 0 0,094 0,139 0,134 0,085 0
5 0 0,066 0,105 0,106 0,071 0
6 0 0,047 0,077 0,080 0,054 0
7 0 0,033 0,055 0,057 0,038 0
8 0 0,022 0,037 0,038 0,024 0
9 0 0,013 0,020 0,020 0,012 0
10 1] 0 0 0 0 0
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Tabamma 41
Baxga-cTeHKa ¢ orHomennem cTopoH 1:1 mox geiicTBHEeM HArpysok,
OPHI0KEeHHbIX B y3uaax (z, y) = (0,0) r (3,0); MaoxuTens
AuA HampskeHmid r; (em. pue. 67, 6)

Y 0 1 2 3 4 5
Hanpaoicenus o,
0 1,215 0,350 0,018 | —0,461 | —0,063 0
1 0,015 0,483 0,089 0,415 | —0,015 0
2 —0,120 0,011 0,069 0,120 0,033 0
3 -—0,113 | —0,050 0,018 0,059 0,026 0
4 —0,094 | —0,063 | —0,016 0,015 0,010 0
5 —0,076 | —0,060 | —0,031 | —0,007 0,000 0
6 —0,061 | —0,052 | —0,033 | —0,015 | —0,004 0
7 —0,049 | —0,044 [ —0,031 | —0,017 | —0,005 0
8 —0,042 | —0,038 1 —0,028 | —0,016 | —0,005 0
9 —0,042 | —0,038 | —0,028 | —0,016 | —0,006 0
10 —0,054 | —0,048 [ —0,033 | —0,045 | —0,002 0
Hanpssenua o,
0 2,000 0 0 —1,000 0 0
1 1,135 0,267 | —0,073 | —0,562 | —0,168 | —0,063
2 0,605 0,272 | —0,026 | —0,280 | —0,190 | —0,156
3 0,338 0,203 0,014 | —0,437 | —0,57 | —0,184
4 0,198 0,138 0,029 | —0,069 | —0,417 | —0,160
5 0,119 0,090 0,027 | —0,037 | —0,081 | —0,117
6 0,071 0,056 0,020 | —0,021 | —0,053 | —0,074
7 0,040 0,032 0,012 | —0,012 { —0,031 | —0,039
8 0,019 0,015 0,005 | —0,007 | —0,016 | —0,015
9 0,006 0,005 0,000 | —0,003 { —0,006 | —0,002
10 0 0 0 | 0 0 0
Hanpsaoucenua Ty
0 0 0 0 0 0 0
1 0 0,281 0,220 0,046 | —0,087 0
2 0 0,215 0,209 0,081 | —0,028 0
3 0 0,135 0,155 0,088 0,017 0
4 0 0,083 0,108 0,080 0,036 0
5 0 0,052 0,075 0,065 0,038 0
6 0 0,034 0,053 0,051 0,032 0
7 0 0,023 4,037 0,037 0,024 0
) 0 0,015 0,025 0,025 0,016 0
9 0 0,009 0,014 0,013 0,008 0
10 0 0 0 0 0 (o]
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TaGauma 42
Banka-cTenka ¢ ormoumenmem cropou {:1 pox AeliersmeM HArpysox,
upHaoKedHbiXx B y3dax (z, y) = (0,0) m (2,0); MHOKATENE
7i1A Haupmxenmi r, (em. pme, 67, e)

I
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1,106
—0,088
—0,149
—0,099
—0,063
—0,043
—0,032
—0,024
—0,021
—0,021
—0,027

2,000
1,072
0,508
0,245
0,127
0,068
0,039
0,024
0,011
0,003

oo c oS oo oo

Hanpaxcenus 0,

0,178

0,094

0,002
—0,027
—0,032
—0,030
—0,025
—0,021
—0,018
—0,019
—0,024

Hanpaocenua o

0
0,144
0,148
0,110
0,073
0,047
0,029
0,016
0,008
0,002
0

Hanpaxenus 1,

0

0,336
0,215
0,114
C,060
0,033
0,020

0,012
0,008

0,004
U

—0,462
0,136
0,112
0,046
0,008

—0,008

—0,013

—0,014

—0,013

—0,014

—0,016

y

—1,000

—0.498

—0,187

—0,055

—0,008
0,006
0,007
0,005
0,002
0,001
0

Y
0
0,096
0,113
0,088
0,060
0,041
0,028
0,019
0,012

0,007
0

—0.099
—0,014
0,042
0,035
0,015
0,002
—0,005
—0,007
—0,008
—0,008
—0,007

—0,136
—0,124
—0,078
—0,042
—0,022
—0,012
—0,007
—0,004
—0,001

0
—0,076
—0,012

0,022

0,031

0,029

0,024

0,018

0.012

0,007

0

—0,008
—0,015
0,008
0,012
0,007
0,002
—0,001
—0,002
—0,003
—0,003
—0,001

0
—0,042
—0,067
—0,066
—0,053
—0,038
—0,026
—0,015
—0,008
—0,003

0

—0,028
—0,021
—0,002
u,u11
0,015
0,014

0,011
0,008
0,004

[ el an R el o i o= I e B o Bl = B o)

0
—0,008
—0,045
—0,068
—0,067
—0,053
—0,035
—0,019
—0,008
—0,001

0

SCcoo o oc oo ol



TaGnogua 43
Baika-crenka ¢ ornourenmem cropon {:1 mop xelicrBuem Harpysox,
APUIOKEHHBIX B y3aax (r, y) = (0,0) u (1,0); muoxmrenn
AAs Ranj mKenmd ry (em. pue. 67, J)

t

[SSIE U el
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T WO NSy
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O WO 00~ DU WO
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QWU W RO

-

11 C. Kaenuror

0,853
—0,176
—0,124
—0,056
—0,026
—0,014
—0,009
—0,007
—0,006
—0,006
—0,007

2,000
0,845
0,305
0,114
0,048
0,022
0,012
0,006
0,004
0,001
0

OCOoOCTCO OO OO OO

Hanpax

—0,301
0,132
0,050
0,007

—0,005

—0,007

—0,006

—0,006

—0,005

—0,005

—0,006

eH U1 0’ac

—0,075
0,006
0,027
0,016
0,005

—U,001

—0,003

—0,003

—0,003

—0,004

—0,004

Hanpsaoucenus a,

—1,000

—0,309

—0,052
0,008
0,015
0,012
0,008
0,004
0,002
0,001
0

0
—0,083
—0,054
—0,022
—0,006

0,000
0,001
0,001
0,001
0,000
0

flanpancenusn Ty,

0
0,187
0,103
0,048
0,022
0,011
0,006
0,004
0,002
0,001
0

0
—0,037
0,009
0,019
0,016
0,011
0,007

0,005
0,003
0,002
0

—0,015
—0,008
0,008
0,009
0,005
0,001
—0,001
—0,002
—0,002
—0,002
—0,002

0
—0,023
—0,028
—0,020
—0,012
—0,007
—0,004
—0,002
—0,001

0,000

0

0
—0,016
—0,007

0,003

0,007

0,007

0,006

0,005
0,003
0,002
0

0,000
—0,004
0,001
0,003
0,002
0.001
0,000
—0,001
—0,001
—0,001
0,000

—0,007
—0,014
—0,015
—0,013
—0,010
—0,007
—0,004
—0,002
—0,001

0
—0,006
—0,006
—0,002

0,002

0,003

0,003

0,003

0,002

0,001

0

OO0 OO OO OO

0,000
—0,008
—0,015
—0,016
—0,013
—0,009
—0,005
—0,002

0,000

CCTCCTCQ OO OO o OO
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¥ OJIHO YPABAEHNE MpOeKOMi BCeX CUI HA BEPTHRANBHY ocb (ZV =()
[{0+2(RI+I{2+RH+H4+Rﬁ)=0' (174)
Iipy cocTaBiewuy ypapHeHuil Bee MR UPHHATH HANPABICHIEIMA
BBepX (DOJIOMKHTENLHOE HAMPABIEHHE), €CHHM B pe3ylbTarTe pelieHus
YpaBHCHME 3HAK CMJH HOJNYYAETCA OTPHIATENBHLIM, TO 3Ta CHAA Cun-
TaeTCA HANPABJOHHOH BHAS.
Pemas cucteMy yparumenmit (173) u (174) oTnocurenpdo Hensbect-
aux 11, Haxopum

Ry = — = (M, — M),
Ry =~ (Mg —2M, + M)
Ry = (M, —2M, 4 My);
) (175)
Ry = 7(M2 —2M 4 M)
1
Ry =— (M; —2M,),
R, =M.

Honaraem, aTo monyuennme cunu R ABAAITCA paBHOXHCTRYIOMIH-
MM PaBHOMEDHO pacnpeflefeBHEX [0 COOTBETCTBYIOUIMM YUYaCTKAM
parpysox r (puc. 68, 2), 1. e,

Ry Ry, Ry Ry |
fo=—4-7 "= al’ Te=—7 Ts=
176
B " (176)
r4=—a—. r5=0—,55.

JTH BHAYEHHA r ABIAIOICA MHOMKUTENAMH /JIA HAUDMKeNUH Oy,
Oy U Ty, oOpemeixeMmx no Ttalr 39—43.



Taaea VI

IIARTEI

O0mue ceenennA

iHeaesoferonnad naAuTa Ha yOpyToM CCHOBAHRE ABIHETCA Bai-
Hell UM KONCTPYKTUBHEIM 2JAEMEHTOM NpPOMHUINEHEOrQ, MPRMIAHCKO-
r0, TUAPOTeXHHUUECKOrO0 M Aa3POSPOMHO-JOPOAHOT0 CTPOMTENLCTRA.
B mauecTBe npuMepoB MOTYT CJAY/KHThL CIORCHIHHE (QyuUJaMeHTHLE
OAWTH MO/t MHOUOSTAKIBIE KapKacHoe W (ecHapHACGHBIE 3JIAHMA,
coopy:HaeMele 11a ¢aalbix TPYHTAX; PVHAAMENTH MPOMEINIGHHEX 9Ta-
FKOPOK, NMPOKO TPUMENAeMNX B XUMHuecKod, HedTaAnoll, mMalluHO-
CTPOHTENsNoll M APYTHX OTPACIAX HPOMGINIISHHOCTH; GyIIaMenTH
3NEBATOPOR; [HHIA U308, OIHTH TONOB OPOHABOICTBOHHLIX 31a-
HHA; IIATH OOKPLITHI A3POMOPTOR U aBTOMOOHABHGLIX HOPOT 4 [P,

B macTosmee ppema umeerTca paf Gougee HIH MeHee MPAEMJIEMBIX
DI IDPAKTHKY PeuwreHu JIa miHT, Je/Kal{iX HA YIPYTOM OCHOBAHUM
nmocroannol mecrroctn, HanGonee nmogpodro npopadorans pemenus
Bajlav O HeOTpaAnnueHitoil, o moaydeckonedynoll W Kpyrach nautax.
B smrepatype wMeroTca TaGnuibl 0 AeTajpHLe YKABAHHA D0 TeXHHKE
pacuera Takoro poja waut (24|, JsaunTensto Ho/ee CHOKENC PeleHIEs
HO0YYATCA JNIA IPAMOYTONLHBIX IVTAT KOHETHBIX PasMepon H KOHed-
uoii skectrocTd. OnHAKO W 1A 9TOH KaTeropnu NJIUT UMEKTCH JIOCTa-
TOUHG paspaboTAHHLIC PelleHHA.

Uro racaercd yueTa mepeMeHHol B OJane COOPY:HEHWA KECTKOCTH
OCHOBANMS, TO TOT BONPOC NPU PACUETE TIUT HOYTH HE PACCMATpHBAN-
cs1. Mokno ykasaTe smms ma onuy crateio A. [1. Bapeaka, ra: taxoro
Popa 3aAa9y OpeLIAraeTesA Periari MeToqoM Konednwx paamoctei {101

IIpuMenenne meToa KOHEYHBIX padHocTeli N03BONAET IPU NOMOIH
OpOCTOr0 M AOCTYHHOTO MaTeMaTH4PCKOrQ ANNAPATA PACCIATHBATL
OJUTH, JeRailld¢ Ha YOPYroM OCHORAHHH [IepeMenHoil KeCTHOCTH
K 3arpymeHHEe TPON3BOJBHON HATpYA3Koil. SHAYCHEe 3TOTO MeTOla,
Kak #3BecTHO, eille Goldee BOBPOCHAL B CRABN C OpPAMEHeHNeM BISKTPOH-
HO-BBIYUCIUTEABHON TeXIHKH, 9eMY cNoco0CTBOBAJNA B 3HAYHTEJbLHOI
CTElIeHH £T'0 AMCKPeTHAS TPUPOAA TIPH HBOTPDAHMYEHHBIX BOSMOMKHOCTAX
yBeaMdenusa ToyHocrd. Opanaro M3BeCTHO, YTO XapaxTep 9acTHOH #a-
nauy Tpefyer Pa3BUTUA HCKOTOPHX OIPHEIAOHAIBHO PeIleAHKX BOOPO-
COB JLiIA TOT'o, 9To0L MOiHO OhT0 foBecTH WBOpAHHEIL OyTh PElUeHNs
2ajlavd¥ 10 TUCI0BOTO Pe3yablara ¢ HAMMEHBIIMMHA 3ATPATAMH TpYy/ia
1 BPeMEHH.
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Pacemorpum gnddepennmaibpnce ypasnesue Harula TOHKOH OIWTH
HA YHPYroM 0CHOBaHNH

Pw g Me e e Kw (177

T (] 1 — OpOTUDH OJUTH;

g — HopMalbHaA K CpeAHHHOH NIOCKOCTH | pacnpe-
[leIeHHaA Mo LOBePXHOCTH ILIMTH HArpysxa,
BHAK KOTODOH IPWHUMAETCH HDONOIKHUTETbHEIM,
ecqdH RAO{ABACHHE ee CORIIAaer ¢ 0JIGRATCb-
LM HANpaBIeNnieM oCH Z;

K — roadduumenr #ecTHOCTH 0CHOBAHUA, B 00N{EM
clIydae NepeMeHHLIH B MIOCKOCTH MIIMTLE,

D= sz(ffi—w — HUJIMHIPATIeCKAA ;KeCTHOCTb ILTHTHI;
E, n — monyae ynpyroctn u roadduument Hyacco-
Ha MaTepmalia IJIATEL
h — BHICOTA IJHTHIL
dy
! o g
2a ~4iael) 20 LSS G i
o |-sape) | Sal8a-6+K | haad) o T =] 12 4 a 2 0 X
a -4 o+) 2Q © 8 7 7 -~
1 < | n
a o©
9 g | ¢ |a |a a a

5 & J
12 4 i 7 b}
Pac 69, Madaonw .19 cocrtaBieuira pas-

3 J ; HOCTHBIX YDABMEIH:
7 ¢ — Gurapmonnuecknil onepartop; 6 — Hymepas
8 WHA ¥3JI0B CeTHY, & — PoMOOBRIHbLIA mabiIow.
Vpasreune (177) B Popme KOHEUHMX pPABHOCTEll JAA TPAMOYTOdb-
. b \
HOH CeTKH UPH @ = — o (pHc. 6Y, 6) umeer BuO

(6a? 4 8a + 6Yw, — 4 (e + 1) (w; + aw, + w; + cw,) +
+ 20 (Wy + Wy + wy 1 H’s)_—f— (wy 4 Py, + wy; + &Firg,) =

= g, — Kyo,, (178)
o gabt " .
rjie o= " p OPUBCHACHHAA NATEHCABHOCTD BHRIIHCH 1AT PYSKH
B rouxe 0;
7 Kbt .
K, = —J- — npupefewtni KOO UIIEeHT KeCTKOCTH OCHO-

BaHUA B Touke U,
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¥papnepne (178) unmeTcs 1A BeeX y3l0B COTKH, PACIOIOMEIHbLX
BHYTpPHU KOHTYPA HJATL, A& Oph CBolOLROM OOHPABMA Kpaes NWTh
174 YOPYToe ocloBaliHe — Takike U A48 Y3J0B, JGKALAX Ha KOuType
oIaTe. 13 mocaenueM caydae Opd anmmpoOKCHMAIIMH TPAHHYHEIX YCaO-
BUii BodHHRaCeT HeobXojuMoCcTh DpaTh [ABA PANA BAKOHTYDILIX TOUEK
# pacdetHoil cetke, Yroln e yBENHYNBATL KOJTHYECTHO HEUZBCCTHRIX,
MO:RHO BRIPA3HTHL BCE 3AKOHTYDHee (QHKTUBALI) TOUKN ucped TOYKH
CeTKH Na KOUType M BRYTpH HiauTwl. llocie Heknoue A 3akonTy pHBIX
Touek ypasreiine (178) naMeHRTCA KaR MO KOJHYECTBY COIeP:RANLITXCA
B HeM WCM3BECTIMX, TAK W [0 BHPAIKEHWAM JAd KOAQPHUHEHTOB 11pHA
wux, Hono0nce maMeHeHue 3aBUCHT OT IONOKEHHA Y3.4d, JJA8 KOTopo-
r0 COCTRRIHCTCA PABHOCTHOR YPaBHCHHE, OO OTHOIIEHHI0 K 3aKOHTYp-
[IBIM  TORKAM.

CnenyeT 0TMETHTbL, UTO COCTABJIEHME DABHOCTHHA YPARMeHHI ans
cBofoaHo nme:kameil Ha yopyTrom OCHOBAHUE IJIHTBH COIPLReNns ¢ He-
CNOAILIMI B NPUHIATE, OO FPOMOSAKEME anredpantdecKuaMH 1Ipeod-
pasosanuamu. llodroMy yUpPOMCHESA, BHOCHMEE B HPAKTHKY COCTaB-
JEHHA PastoCTHRY ypaBmeHnil, secema ogesnsl. Umenmo ma Tarmx
coobpazrennax OagAPYITCA HANATacMuIe TIHyKe BOIIPOCs pacdyera ILIHT.

1 | | !
A NSUDUN NN N

PopmMyasl BHEKOHTYPHBIX ﬁ-%,"__m_ﬁ’____{___j

I | ] |
Heu3Be CTHRIX ,Q__-%ﬁ__-i‘i_-ii___i,"l—-%-_--,

SaBHCUMOCTL MEKIY BHY- c:____;_ﬂ_’_ i 12 3 4 5 )_f_____’

TPUROATYPHLIMH W 3aKOH- , i !
TYPHBIMH  Y3JIaMKi CETOUNOHN :'g___llg_ﬁﬁ ! 8 < L 'I -
00JACTHE MOIKET OLITh JerKo Lg'__‘_} S L A L - __;____E
YCTalloOBIeHna IpY H3BecTHEIX o P e ! !
FPAERYHLIX YCHOBURX, BH- 1|-—-—T-——Lw— . —-—‘r——w-\l
paReHHX B dopme KoHed- | Dl ez 3w e 1
HuX passocreii. Ilpu cwo- —777T777 ! ! ! T
GoEpX GOKOBBIX CTOPOHAX S SR RS SHREN SOV SR

|

ITHTHL PeaKTHBILIR BO3ACH-
CTBUA OMOPHOTO KONTYpa —
olopiLe usrubangliue Mo- Puc, 70. ilanta ¢ ceTkoi 4 X 4.
MEHTH § OOOPDHHE peak-

HHH -— OTCYTCTBYWT. B 310M cayuae mmeeM rpaliminpe YyCHOoBHA ANA
Kpas, HapaJleJbHOr0 KOODIMHATHOH ocH X

& & -
AIU:_D(0;+p—Lj}’i;—)=O; 179
63 . ]3
R,=—D [—dﬁ +R—w —(,;Z’y] =0. (180)
Tax wax D =+ 0, 1o
aw g
N -+ “‘d;} = (181}
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& a*
g T2 =1 g =0, (182)

CqoTBeTCTREHRG QA KPaH, Hapaddedsdore OCH ¥, HOAVIHM

2 2

Gt &
G R = O (183)
% &

Jz3 + (2 — 1Y) oytor T 0. (184)

Januirem yCIOBUA OTCYTCTBAA W3THOANIIMX MOMEHTOB M HOJHLIX
peaxuuii 8 pagnoctnoil gopme pas rouex 1, 2, 3, 6, u 11 (puc. 70).
Touxa 1:

(wy — 2w, -+ w,) + (w.{,' — 2w, 4 w,) =10
(wn - 2”75 -+ 2wb - wc) + @ (2 - P«) (wdr -
—wo — 2wy + 2w, -+ wy, —wy) = 0;
o (w,, — 2wy +wy} + plwy — 2wy +w,) =0
o (we — 2w, 4 2w, — w;) - (2 —p) (w, —
—w, — 2w, + 2w, +ws —w,) = 0.
Kpome Toro, paa todra 1 Momuo 3andcaTh elie YCIOBHE OTCYT-
CTBMA KPYTHLIETO MOMEHTA

#w

Mey= —D{1 —p) 52 =0, (185)
KOTOpPO€ B KOHEYHBIX PadHOCTAX MMeeT BHJ
(wd, + wd) - (w'.' + wa) = 0. (186)

Toura 2:
(w, — 2w, +wy) + o (wy — 2w, 4 wy) =0
(W — 2w, + 2w, —we) + @ (2 —p) (wy —w, —
— 2w, 4 2w, -+ w —w) =0
Toura 3:
(we — 2wy +w ) —ap (W, — 2w, -+ w,) = O;
(wis — 2w + 2w, —w,) 4 & (2 — p) (w; — w, — 2wy +
+ 2w, +wy —w,) =0,
Toura 6:
o (W, — 2wy + wy) + K {wy — 2wy +wy) =0
o (W, — 2w, + 2w, —uws) +
+(2—p) (w, —wy, — 2wy, 4 2wy -+ w,, —w,) = 0.
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Toara 11:
(W, — 2wy - wiy) -+ B (whe — 2wy, Fwg) = 0;
a(w, —2w, + 2w, —wy) + 2 — W) (W, —wy, — 2w, -
+ 2w12 + W, — w-,-) =10
W3 ppusenennwX ypasHeRHI NOJYYeHH CHeAYWOIUIMe BLIPAReHHA

DA BHeKOHTYpHHWX (DyHBeRHBIX) HeH3BeCTHHX B (DYHKIIAM OCHOBHBIX
HEH3BeCTHEIX:

Wy :2(1+au)w2+2(1+ %)wﬁ—

— (ap + %) W, — oy — % wy — dwy {187)
wy, = 2w, — wy; (188)
wy, = 2wy — wy; (189)

we =411 4+ 20 4 ap (o — 0,0 — Dy —4a(2—p) (1 + apyw, +
+ 2020 (2 —p)w; — 41 + {2 —pllw, 4 4o (2 —p)w, + wyy; (190)

we =404 S (G = )| w1 B
@ —wwy =4t 2T e @ —we g (191)
w, = 2(1 - ap) w, — auw; — apw; — wy; {192)

w, =2 i—[—% we—%wl—%wn—w.,; (193)

we = —20[2 +an (2 —p)lwy + 141 + 20) + Hefp (2 — W) w, —
—4oll +oap (2 —wlw; +a’p (2 —p)w, + 20 (2 —p)w, —
— 41+ a2 —pw)w, + 200 (2 —p) wy -+ wyy; (194)

we=—2[24 L@ —ww - [4(1+ F 22— m]w —
—L e —w]m e mee FC W -

—4[1+ 2 ot @~ (195)

wg =au (2 —pw; —dall +ap 2 —plw, + 41 + 20) +
+ 6ap (2 —p)wy — 4o [1 4 apn (2 —Wlw, +
+Op 2 —pwy F 202 —pw,— 4 e —plws +  (196)
—f~24a (2—p)wy + wyz; ) 0
v =5 @ —Wwn = [1+ 5@ =W+ [4 {14+ T+
2 =) —atrEe—wle t ke we
@ —wen =41+ T et £ @ @ w197
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Topmyin (‘187}—”(197) OXBATHIBAKT BCE BIJN B3AKONTYPHBIX He-
uapecthux Ha pme 70 npunATa OPAKTHUECKN MMHHMAJALHAH CETHA
4 ¥ 4; npu Gonapnrey YHCAE HIATOB (ETKK BLiDALCIIHA N7 BCEX mpoMe-
ANYTOTHRIY [IEPBLIA AFARGHTYPHBIY TOUYEK, DaCWOJIOMACHEAY Ha Paccro-
AnMw ABYX W 6().7]98 p8ros or yriaoBalt TOYKH, H[}HEIHMJKJT('H oG (bop“}“
e Jsa wy (wyr) ¢ nPACTAHOBKON COOTBETCTBYIOMUY OCITOBNEIN HeH3-
secrHHX  Hampumep:

w, =2 (1 + o) w, — apww, — o, —wy (198)

Bropute saxourTyPHbE TOYKH, pACOOIOMEHHbE Y Kpas ILTATH,
Oapajie. pioro ocH X, Hia 1Ba M Doliet mara ot YEFJOBOI TOYKHA, onpe-
IeadITCa Ha ()(}HOBdHHIId}OpMyJILI adisl We, a 3Ah0OHTYDHBIE TOYKH ¥
Kpas ILTHTH, 1apa,i®AbIoro ocu y,— no gopMylie s wy.

Mo awaesberelEny amur wohduuneur Llvaccouwa y = 0452
npu mBajpaTou cerked = 1. Borom (ryvac peIpasneunma 1as 3aKkoH-
TYyPHBX NeNIBeCTHR ™ COAepsalne wo3dguuvenTts, 3aBUCAWME OT
1 A a, oprobperaor BUI

wa = 2,3w, + &,3w, —0,3w; ~0,15w, — 0,15w,, — 3w, (187')
w, = 11,955w, — 8 51w, + 0,555, — 11,4w, + 7 4w, 4 wy;; (190"
we = 11,955, — 851w, -+ 0555wy, —~ 14w, 4 Tdw, + wy  (191))

wy = 2,3w, — 015w, — 015w, — w,, (192"}
T 23w, — 010w, — 015w, —wy; (193")
W, = —4,550w0 -+ 13,3875w, — 5,11w, -+ 0,2775w, +
+ 370, ~ 10k, + 3,Twy + wy,, (194}
w, = —4,550w, + 13,3875w, — 511w, - 0,2775w,, +-
+ 37w, — 11 4w, + 3,7Tw, + ws, {1939
w, = 0,2775w, — 9,4 lw, -+ 13,665, — 5,11w, -I- 0,2775w; +
4 37w, — M dwy + 3, Tw, - w,,, (1967)
W, = 0,2779wy, — 3,11w,, -+ 13,665w,; — 511w, +
+ 0277510, + 3,7y, — 144wy, + 3,7w, 4w, (197%)

CocTaBnenne pacuerAblX ypaBHeHmii

IIpu pacaere c¢p0fofHO nexcamell Ha yopyroM oCHOBANWMA HJITUTH
HeodxoIuMo coetasplh B 00MeM caydae ¢T0BKO YpaBlIEHHE, CROTbKO
HMeeTeA Y30 B BaO PAHHOI ceTounon 00146TH, BRINYAS H KORTYPHLIE,
Hnsa obaerge.un coCTABNEHMA ypaBHeHuil me.ecoofpdsio nemoab-
80BaTh HOH#THE rpAPHYECKOrs 3KBABANCHTA LOHETHO-DABHOCTHULO
onepaTopa. Hokeano-PA4NOCTHLIT 0NEPATOP OULAPMOMTHTECHOTD YPaB
wenus (177) upenciaBien ua puc 69,4, a ero rpaduueckus 3nBuBd-
nentT — Ha puc 69,6 leaw mocaeunmii sarmounTL B paMKy, To no-
nyauM pomGoBunHpl Wabaon {puc HY, ¢), onepupoBanue ¢ KOTOpHM
NN CIBHO yupgmalﬂ' LOCTABAEHHE DAasHOCTHOTO §PaBUHEBHMA 8O-
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KPYT IPOH2BOJLHOH TOIKN ceTouuol obaacru. as yaoberea mabnon
JlenaeTcs U3 Mpo3padRoi OyMarn — RaJibKu, 9To 00J1erdaer comocTan-
JeHHe ToYeK WwafioHa U COOTBETCTBYIMIMX TOUYEK HAXOMALIEHACA IOL
uuM cerouuoil ofaactu. Ero dopma gossnua cooTBercTBOBATE KAETOY-
HOoil paaliBKe OpHHATOH CeTKH; OITOMY OH MoweT OwnTh coBMemlen,
BepHEe — ero NeHTp, ¢ b0l Toukol cerodHoit oGracTa.

Illataor B naockocTu depreska ModieT OHTh NepeJBRHYT HA Nejoe
9HCJAO KJAETOK 0 HAIPaBJIA€HHAM, HapajdJdebHM KOODJAUHATILIM OCAM.
IloBopor wabrona nCKIOLALTCA.

Ecan nenrp mabaona O Gyaer copMemien ¢ HEHTPOM CeTOUNOHE 06-
nactH, uacdpaskennoil na puc. 70, To mpu COCTABICHEU Pa3HOCTHOTO
ypasHeHus 10d Tousd 13 B tero BolpyT PVHKIUM 1 BCEX TOUEK mab-
JOHa ¢ COOTBeTCTBYIIMMMH Kodbdunuentamna. B aToM ciyvae Mul mo-
ayunM poadoe 13-axennoe ypasuenue, IlocaenosatenwHoCTH HANIHCA-
HESL WICHOB YPABHEHUN oupeienuTes dyMepauueid touex madnoHa,
a HOMEPD TOUEK CeTouHoH o0JacTH OHpele] AT HUAeKeh GYHKIEA 15,
Y9ACTBYHIIMX B YPABHEHHH

(62 + 8a + 6 4 Kyy) wyy — 4 (a + 1) wy — dot (o + 1) 1wy, —
— 4o 4 Dwyg — 4u (o + 1wy, + 2ow, + 2o, + 2aw,, +
+ a0y, 4 wy + @y, + wyy + @y, = g (199

Ilpu cocTaBmenuu ypaBHEHWH ANA NPUKOHTYDPHEIX H KOHTYDHBIX
TOUeK B HHX MOABATCH 3AKOHTYpHHE Hem3BecTHme. locaeaume cne-
AYeT BLIPASHTh B OVIKUNH HEA3BECTHBIX, NPUNALJNEHANKX IUIMTE,
no ¢opMyaaM, OpEBefenHMM B mpeanaymem naparpage. Takum of-
pazsoM, B OKOHYATE/JLHOM, MPeo0Pa30BaAHIOM BUJIe PaBHOCTHLE YDaB-
HeHHA JJ8 TOYeK, PACION0KEHHRX UA PACCTOAHHN, MeHbIIeM IBYX Mia-
roB OT KOUTYpa, He OVAYT CoAepyRaTh QVHKINN, OTREYAOMX 2aK0H-
TYPHEIM TOYKAM.

Hanpusep, sanpwem ypagHeddwe AxA TOURH 2, Nemaibeil ma wow-
type wauth (pec. 70)

(60? 1 8a+ 6 4 Kyw, —4ie + 1) w, —4a(z + 1) w, —
—4(0 +w; —dale + 1) w, + 2o, + 2aw, + 20w, +
+ 2aw, 4 we 4 Qtw, + wy, + dfw,, = .

Honerasnaa B 970 ypaBAcHue BHPAKEHUA HEMBBECTHHIX W, W,
W, W, W, 00 dopmvaam (188), (189), (192), (194) u (198) nmocae He-
CAO/KHKX [peolpazopauull moayduM

(@B —p) -k Sa(l - p)] + 2 + K| w, + 4 lu (1 -+ ap) —
— (- 1wy — 41 + a2 —w)w, - 2ai{p(2 + op) —
~ 2+ @) w, + 202 — p)ws - 20 (2 —pw, + o (1 —p) w, +
+ 2, = gy
{2 C. Kaemulos 169



I3m,l pasHOCTHOTO ypaBHEHMSA JANA KaK0H-IMb0 KONTYpHOH MM OpH-
KOHTYPHOH TOYKW OyJeT MEHAThCH B 3aBMCHMOCTH 0T MecTOloJome-
HuA 9T0M ToukH. aa xamgoil M3 TAKUX To9eK HeoOXO0QMMO MPOAIBO-
AnTh npeofpasoBadnsi, nofoOHEe NPUBeAEHHHIM IJIA TOUKH 2.

B mensax pajHRaJBHEOTO YUPOIEHHS COCTAaBNCHHA ypaBHEHHN ans
m0OX Toder ceToYHOM 06/1acTH B cAeyOOeM maparpage npHBOJATCA
roToBLe (opMyan EKoIPQHIMEHATOE OPH HEMSBECTHRIX JAWHGOTO paa-
HOCTHOTO YPABHEHHA, MO3BOJAIONIME CPAa3y BEIOACKBATHL Tpebyemoe
ypaBsHEenne,

HOCJIG peiieHHA CHCTEMbl PA3HOCTHBRIX ypaBHeHHﬁ A HaXOHEJIeHHA
Hen3BECTHLIX 3HAUEHUH nporuboB w MOMHO Jerko OIpejeJHTh BCe
cunorue Gartope o gopmynam {puc. 69, 6):

IOroH LI IleI‘H6a}0]]],HfI MOMEHT B HaOpaBJeHHH OCH ¥

&% % b
M, = —D(%‘FM Er;;) = —?[a(w4—2wg—]—w2)-{-
+ b (w; — 2wy 4 wyl; (200}
IOTOHHBHT M3rHOOMHE MOMEHT B HARHIPABACHUH OCH ¥
[ o & D
M, = —D(a—y"; + ua—;‘;) = —?[(wa—an—i—wl) +
+ ap (w, — 2w, 4 wy)]; (201)
NOTOHHBA KpyTAMIHE MoMeHT
9" D —
Meoy= =D —p oo = — 2528 (g - wg) — (w, + )y (202)
OOTONHAR HNONCPeYHAR CWAAa B HAUPABRNEHRU OCU XL
& Fw D
= —D( i —"dxayz) = = ooglo (W — 2wy + 2w, —
—wye) - (W — wy — 2wy 4+ 2w, - wy —wg; (203)
MOTOHHAA NONePeIHaA cHJIa B HaOpaBleHHH OCH ¥
& & D
Oy = _‘D(’% - 0}2—%;) = TR le (g 105 — 2wy +
+ 2wy - wy —wg) + (g = 2wy - 2wy — wy)). (204)

ANropnrM pacuYera OPAMOYrOAbBHBIX ILTAT

s pacuera MeToIOM KOHEYHHX pPA3HOCTEH HA MIAWTY HAHOCHTCH
OpAMOYTOJbHAA DPCCyIAPHAA CeTHA. Y3JM0BHe TOYKH Ha Mepecede-
HUW NUHUH ceTEU oGoanadaem NBOMHRIMA NIJICKCAMH i, |, TIe i — HOMep
ropuaoHTaneBoll nuaun, j — BeprukansHol (puc. 71). Koanuecrso
¥3JI0B TO TOPH3OHTAAH — M, HO BePTHHAIN — M.

Hexopgnuivm JadbeMu ABAAIOTCH: KO3PPHENENTH #RECTKOCTH oOC-
HOBAUMA B TOYKAX i, j, Kw; HHTCHCHBHOCTH Harpyskm g, (i = 1,
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2...., m}(j=1, 2, ..., m); nWINHAPAYLCRAA MRECTROCTE DAUTR D} mar
CeTKM 110 TOPHSCHTAJH &, 00 BepTHRANd b.

Braucadwores npuseaennse 2HadeHNA KodQPUIIHEATA KeCTKOCTH!
LIPHUBe/IGHHASA HalDYy3Ka M OApPaMeTp o

. a -
=Ko (205}

— 5,4

8.,,— &, e (206"?
o = (i)z (207!

B szaBucumocTs 0T YucaeHHBIX 3HAYEHME WHOEKCOB i, § yanoaux
TOUCK (KOHTYPHEX, NPEAKOUTYPHLIX U BHYTPeHSUX), ANg ROTODHY
Tpefyercd COCTABATE Pas-

HOCTHLIE YPaABHEHUHA, MO i 12 13 s im! Im
7a61. 44 HaxogHM COOT- ]
BeTCTBYIOIME 9THM  HH- 2t 22 a3 dm2 _ pgmt  pm
REKCARM SHAYCHUA RAPE- 2 3 5] 1 lmz lamt e
metpos V, A n B. PR
Mo naiypensnony sna- T

o n-21 m22 n-. zim2 nZlmd 2 m
geayio V B taba. 45 ma PETIIN i S —_L n1m2 ptlmt nd m™
XoiuM rpafy, rie opu- -
BejeHn GopMyasl Koaf- n! n2_ a3 nimz__nlmi__njm
¢uumenTos opw Beex me- | @ | @ _| l.a [ a |
W3BECTHLIX  YPaBHEHHH
mast togex i, j. Iop- Puc. 71. Hymepanua y3.0B ceTHH IpH HONb30”

BaHHA Ta0AHHeR"
CTABAAA B 3TH HOpPMYJInl aneR

snauegns A u B, orBe- _
Haie WHECKCAM i, f, & TARIKE BeNMIHAM o, K, K, ;, BHIUCIREM HHL
NERTIHE JHAMPANH RUBPPATDOEIU: TPh NORSRUYSS.
CBOUOJ_[H];IH qileH ypaBHBHHH paBeH g Y
Jl.m HAJIOCTPAIME O0AL3OBANHA Tabu. 44 u 45 paceMoTpuM 9u(”
NeTHELH upmmep
Ilyere m = n = 6, o = 1, p = 0,15. Tpetiyercs cocrapure ypar
HenHe A TOUKA i, j = 2,3, B KoTopo# Kzg =2, g,; = 9 cm.
o tafa. 44 mpui = 2, j = 3 {crpoxa 8) naxopum V =6, 4 = 4
= 0. CnegosarenbHo, (’popMy.nbl x03pPUOMeHTOR IPH RCeX HeH¥F
BECTHH‘( ypaBIeHVA /LA TouCK 2, 3 HeoDXoAmMO B3ATE M8 rpadm V #
= 6 1adn. 45. [MogcraBassa B 9t fopmyne snadernng 4 = 1u B = 0
[OJILYIHM
Owg o+ 1,85, , — 3,7w, , + 185w, , +w,, —8w,,
+ 2wy g — 8w, 4wy + 2wy, — 8w,y + 2wy, =9, )
W3 npmBenenHoro mpumepa BHALO, 3ro dopMMpOBanue ypanuennt
OCYRIECTRIAETCH BechMa IPOCTO, OpHUYeM 3/leCh ya(e YuTeHH rpapnd
Hple YCJAOBHA B BHIe cBODOAHOrO OUMpaHHA Kpaes miure. Pemaf

12# 7!



3navenna mapamerpos V, 4 u B

Ta6auna 44

3HaueHnA
1 1 1 1 0
I 2 2 1 0
3 1 2<1<m—1 3 1 0
T4 m—1 2 0o | —1
5 m 1 0 —1
6 1 4 1 0
T 2 5 1 0
T8 2 2<7<m—1 6 1
T m—1 5 0 —1
—TU m _4— 0 —1
1 1 3 0 1
IR 2 6 0 1
13 2<i<n—1 2<y<m—1 7 1] =
14 m—1 6 0| —t
15 m 3 0| —1
16 1 4 0 1
T 2 5 1
18 t=n—1 2<<m—1 6 | —1 0
19 m—1 5 | —1 0
T 20 m 4 | —t 0
21 1 1 1
22 2 2 1
23 1=n 2<i<m—1 3 —1 0
T4 m—1 2 | —1 0
25 m 1 —1 Q
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CUCTeMYy YpaBHeHHH, 3amHcagHbX [IA KAKAOTO y3na CeTKH, Hax0quM
upornﬁm IATH, 4 OO0 HUM oIlpefiendeM HYHHLIE CHJIOBLIe q)a}cTopm.
3ameTuM, uTo B OpuBegenHOM IpPUMEDe NOABHIOCH HEH3BECTHOE
Wy 5 © WHALKCOM (0, oroporo uer #a cieme uanTe (pue. T1). pwm co-
CTABJIERMN YPAaBHEHWI 1A KOATYPHBIX M HEKOTOPHIX DPEAKOHTYPHEIX
¥3/0B MOTYT IOABUTHCHA TAaK:;E OT-
PHIATEIBHBIE WHIEKCH Opd HeH3-
sectaumx. Hanuume nynemoro #am S
OTPUNATENBLHOrO0 WHHEKCA yRasbl-
BaeT Ha OTCYTCTBHE TaKoro Heua-
BCCTHOTO; K TOMY ke Koaj@uilHeHT
npu HeM OOCJAe NOACTAHOBEM COOT- v
BeTCTBYOIMX spadennii 4 u B Beer- M\ \2 L
Aa OymeT paBeR HYJIIO, f
OnucauAni  aJTOPHTM  MOMKeT s 7
OWThH OpUMEeHeH A pacdera OpA- 1
MOYTOJBHBX OJIHUT ¢ AWGEM CQOTHO- >§
HIeHWeM CTOPOH W OpHM JioGoM 3a- \d
KoHe W3MeHeHUH  KodppunHeHTa ™
AeCTKOCTH OCHOBAHHA.

¥ ¥

&

™~
]
a

giala
r
o —
Prc. 72. Kpyrnan nauta ¢ mane-
Hpﬂ pacdeTre HKPYIJILIX INIHT CeHHOH pajuaNLHol  pellet kol pe-
yaobuo MmOAbL30BATLCA HOAAPHBIME TY.IAPUOH  CTPYKTY]HI.
KoopnuaaramMu B stom cmywae oc¢-
HosHoe auddepennnaibroe ypaBircHMe H3THGa OIMTH HA YOpyroM
ocuoBarnu (177) npuuer sap
2 2 2
o 1 4 1 &w 1 ow 1 &w £ Kw
((}?‘2 Tﬁh{*?{ 662)(61.2 +T ar +_r_2002 = "7 T - (208)
Pemenue atoro ypaBHENHA IIPU NPOH3BOJILHOM 3aKOHE NIMCHeHUA
woaddUIHeNTa HMeCTKOCTH OCHOBAHEA K M TDOH3BOJBHOW HAarpyaxe
uegecoofipasHo TPOW3BOAMTL MCTOIOM KQHEYHHX pasuoctefi. Jlasa pa-
nMajdbHoll pemerku peryaspuoil crpyxryphn ypasrenme (208) B xo-
HCTHHX PAa3HOCTAX samuilercA Tar (pmc. 72):
Agpy — Ay (wy + wy) + Ay — Aguy + Ags (w5 -+ we) +
+ Agy (W + W) + Ag'“ (e + wyy) + Ayoiye + Ajgltns =
£ K w

S Ty Tl (209)

IR ,i) wh(fs )

8
+ q; P 4 ;
a? (2ro sin fi-) S(ro sin )

Pacuer Rpyramix njuT

rae
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Ay

4q sing #g-
Agqp =

A12 -

1 1
Wt

1 1 1 1

o -+ r_z) 4a? ryr)
! 1 1 1
7t 74) T et T

Brrpasierna [OA 3aKOUTYPHBIX UKTUBHEX HEeMFBCCTHHIX onpene-
AHIOTCA B3 TPANUIHEIX YCIOBHE 1020010 TOMY, KAK 9TO JBJa0Ch HAA

1 12 13, 14 15
&
a1 22 23 2% 29
[=]
31 32 3,3,; 24 35
. s
4t _4z) el 44 45
[=]
3] 52 53 54 45
a | a4
L ¢ -

Puc. 73. Cxema kBajpaTHoil DJH-

TH, HATpymenuod B LEHTpe,

npaMoyroapiol oaute. Ho B cay-
"ae KPyraod manTel GopMyIsl nogy-
varrcs Goaee rpomosgrumi, [loapod-
HO 9TOT BONPOC pPACCMATPHEATD
He dyneM, IMOCKOABKY AaJbiefurmi
X0I pemcHWA 3aHa€9H  AHAJOTUHEH
pacCMOTPEEHOMY BHIIE TIA NPAMO-
YIrONLHHX LJIHT.

Ilpnmep pacuera

Tpebyercs paccumTaTh xBanpaT-
Hyw0 xene300eTOHHYI0 INIUTY, CBO-
Go1HO ne:Kalyl0 Hd TPYHTOBOM oc-
HOBAHWH IMOCTOAHHOM FRECTKOCTH K
Haura narpyskena cocpegorouennoi
cuaoit [, npunomerEo ® ee nenype.

Hanocum Ra IIHTY KBaZpaTHYIO ceTKY 4 X 4 ¢ maroM g =~ —f—.
CocpesioTouennyio cnay N upusogum K PaBHOMEDPHO PACIpe/leJeRHOH
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N LY
oo IUIOMAJIKe @ X @ HAIpy3Ke § = —,-, UPHIOKEHHOH B NeRTpe nan-
™ (pHuc. 73).

at

{Iyctn [T:K“_L;.;1;E=g_‘

rae D — nmiamBaapugeckad #ecTHOCTh IJIHTH.

¥anu ceTkm nymepyes ot 1,1 mo 5,5 B cooTBeTCTBHE ¢ HPHBATHIM
B aJLOPHUTME pac4etra OPAMOYTOAbHBX HIUT NPaBHIOM.

BenencTere caMmetpum miauTH 0 HATPYSKH HeusBecTHRMU OHynyl
nperufu B yaaax 1,1; 1,2; 1,3; 2,20 2,3, m 3,3, oGoaHageHHnX Ha
puc. 73 Kpy;KKaMu.

3anumem ypasHense aaa yada i, j =11 MTpui=1n/i=138
Tabn. 44 V.=1,4 =1, B = 0. Ilo ta6a. 45 us rpadgm ann V =1
BEITMCLIBAEM MCKOMoe ypaBHeHn®, B QopMynl rospdnumentor koTo-
poro cpasy moncTaBasiem A = 1 n B =

201 —plde+ (1 +p)(d+od + Kjw,, + lda@ —1) (2 + o +
+ G‘)} wi,:’ + 20"2 (1 _'E'tz) wl,s + 4 {p‘ - 1) {23‘ + o + 1) wZ,I +
+ 8ol ~-p) w, , + 20 —pHhw, =0.
3aMeTHM, UTG HeH3BECTHHe ¢ HYJEBRMH W OTPHIATeNnALIMA HH-

JeKCaMH He pACCMaTpHBAJIUCH.
1

HO,T_[CTE[B.TI}IH B noaydenHoe ypaBHEHHe 3HAYEHHA = 1, H = B 4

K =1, 6ynem umernb
11,55556wLl — 10,55556wh2 + 1,94444w,  — 10,55506w, , -+
-+ 6,6666‘.7’102'z -+ 1,94444&03.1 = (),
Yumteiraa, 9to wy, = Wy, W Wy, = W ;, OKOHUATEIBHO HOTYIHM
11,55556191_1 —2141 12.1;;1",_ +- 3,88888:0,'3 4 6\66667w22= 0.

Iongo0umM myTeM cocTaBicHB YPaBHEHHA JUIA OCTANBHBIX Y3/I0B.
Huse OpUBOIUM OKOHYATeNLHHIH Pe3yssTaT B BHAE CHCTeMBl YpPaB-
Hedui:

14,55556, , — 21,11112i, , -+ 3,88888w, , + 6,66667w, , = 0;
—5.27776w, , - 19,16667w, , — 7,22222w, , — 11,33333w, , -+
+ 5,66067w, , — 0;
1,94444w, | — 1444444, , -+ 15,50, , + 7,33333w, , —

— 11,33333w, ; + 2wy, = O;
1,66667w, , — 11,33333w, , + 3,66667w, , +
+ 2w, ,— 16w, ; + 2w, 5 =0,
5,66667w, , ~ 5,66667w, , — 16w, , -+ 25w, ; — 8w, =0,

bw, o+ 8wy, — 32w, , + 2w, , = g.

1wy



Pemasn 3Ty cucTemy ypaBHeHWE, HaAXOQHM

= —0,01197g w, = 0,02232g; w, ;= 0,04300g;

Wy, = 0,06635g; w, .= 0,10086g; W, ., = 0,16784g.
Pacemorpennuil npocrelmui npuMep KBAZpATHOH UAHTHI, HATDY-

EeTHOH paBEOMEPHO pachOpejeeHHOH OO MIOMANKEe —i’— X -4 marpys-

w

1, i

2,3

rO#l, neitcreyiomedl B nerTpe v ysaa 3,3, pemen ¢ Ucnoab3oBaHEEM
ONHC3HHOTG BEII® aJCOpPHTMA PacIeta OPAMOYTOABHLX ¢BeGOIHO Je-
JMAEX HAa YOPYLOM OCHOBAHEA miaHT. Takoil ke mpumep pemed
A. T1. Bapeaxom no oGudBoH MeTOAmMKe KoHeuHpX pasuocred (91, Pe-
8yJbTaTH ODOHX PACUETOR OTHOCTHIO COBI&AAIOT.
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