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BBenenue

YcmenmiHoe pasBUTHE HSKOHOMHMKH CTPaHBl TPeOyeT TIOCTOSTHHOTO —CO-
BEPIIICHCTBOBAHUA PEYHOTO M MOPCKOTO TpaHcroprta. Co3maHue Cy/THA — CIIOMKHBIN
MPOIIECC, OCHOBHBIMH 3TallaMyd KOTOPOTO SBJIAIOTCS NMPOEKTHPOBAHHWE CyITHA U €T0
nocTpouika. HazHauenve cynHa ompenesseTca LEeNbro ero skcrumyarauud. [Ipeame-
TOM TE€OPHUH TPOEKTUPOBAHUSA CY/IOB SBIACTCS M3YUEHHE CBA3U MEXKIY XapaKTep-
CTUKAaMH CBOWCTB CyJHA, OTIPENEIICHHBIX 3aJJaHUEM M JEWCTBYIOIIMMH HOPMAaMH, C
OJTHOM CTOPOHBI, ¥ XapaKTEPUCTUKAMHU Pa3MEPOB U (POPMBI CYIHA, C APYTOH.

Teopuss IPOEKTUPOBAHUA CYJIOB IMUPOKO HCTIONB3YET HAHHBIE WCCIEIOBAHHNA
10 TEOPUHM KOPaOJIs, KacaroIIMecs BOMPOCOB TUIABYYECTH, OCTOMIMBOCTH, HETIOTOII-
JSIEMOCTH, Ka4KH, XOJIKOCTH, TOCKOJBKY MMEHHO 3TH CBOWCTBA OIPEIEISIOT BO3-
MOKHOCTH CYIIECTBOBAHHA CyAHA KaK TUIABYYEr0 MHKEHEPHOTO COOPYIKEHUA.

Ha craguy npoekTHpoBaHUWs, HAa3bIBAEMOW HAUYAbHOU cmaodueil, 3HAYUTEIb-
HYI0 POJb WIPAIOT METOJBl AHAIUTHYECKOTO TOAXOAAa K OMPENeNICHUIO BOIO-
W3METICHUS CYy/THA, TJIaBHBIX Pa3MepeHui U k03¢ HUImeHToB PopMbI KOpITyCa.

Ha mocnmenyronmx cragusx MpOEKTUPOBAHMA OYyIET BO3PACTaTh CIOKHOCTH
BHECEHHUSA W3MEHECHWW B TEXHMYECKHE XapaKTEPHUCTUKH CymHa. OTCIOAa BBITEKAeT
BAKHOCTh PAIMOHAJIFHOTO TOX0/1a K BEIOOPY TJIABHBIX Pa3MepeHH U Kor(uimeH-
TOB (DOPMBI CyaHA, YTO OOECIIEYMBAETCA NMPUMEHEHHEM armiapaTa TEOPUHU MPOEKTH-
POBaHUS CyJ0B Ha HAYATbHBIX CTAJAMAX TTPOESKTHUPOBAHUS.

Tak kKak OTHENPHBIC XAPAKTEPHUCTHUKUA Pa3MEepOB M (POPMBI CyaHA CBA3AHBI
MEXAy COOOM, TEOPHs TPOESKTHPOBAHUS CyJ0B 3aHUMAETCS YCTAHOBIIEHWEM CBS3EU
MEXIy HAMHU. JTO, TIPEIKIE BCETO BOTIPOCH HATPY3KM CY/IHA, OTIPENCIICHUS €r0 BOJO-
W3METICHUS, TIIaBHBIX Pa3MEPEHUIi, €T0 BMECTUMOCTH, (opMBI KOpryca, odecrede-
HUS HYXHBIX XapaKTEPUCTHK TUIABYYECTH, OCTOWYHMBOCTH M HEMOTOILIIEMOCTH,
TTABHOCTA M YMEPEHHOCTH KaYKHM HA BOJIHEHUH, XOJKOCTH U yripaBiiemoctu. Dop-
MYJIbI TEOPUH NIPOSKTUPOBAHUS CYAOB MCTIONB3YIOTCS TOJBKO 0 CO3XAHMSI ICKH3HO-
ro MpPoeKTAa.

U3 BCelt COBOKYITHOCTH BEIUYMH, TIOJIEKAIIUX OTPEETICHUIO TIPH Pa3padoT-
K€ TIPOEKTOB CYJOB, BBIACIIIOT OCHOBHBIE HEM3BECTHHIC: TJIABHBIE pasMepeHus - L,
B, T, H u koad¢pummentsr popmel — J, o, f. DTH BETHIHUHBI OTIPEACTIIOTCS HA CAMBIX
PaHHUX >Tarnax pazpadoTKH MTPOEKTA.

[Ipy aHaTUTHUYECKOM CITOCOOE OTIPEENCHHA XapaKTePUCTHUK CyIHA OTMEdYa-
OTCS [6] uMeroTcs mpoOJIEMBI: YKCIO HEW3BECTHBIX BEJTMYWH TPEBBIIIAET YHUCIIO
YPaBHEHUM, YaCTh YCIIOBUMA U MAaTEMAaTHYECKUX 3aBUCUMOCTEN BBIPAKEHA HE B BUJE
ypaBHEHWH, a B (popMe HEPABEHCTB; PAA BETUYHH UMEIOT JOTYCK HAa OTKIIOHEHUE OT
HEKOTOPOTO CpemHero 3HaueHus. [103ToMy B TEOpHMH MPOEKTUPOBAHMA CYIOB WHC-
TOJTB30BaHBl TAKWE METOIMYECKHE TIPUEMBI. METOJ TTOCIEAOBATEIbHBIX TPUOITHIKE-
HUM; METOJ Bap AWM.

IIpumensroTes:

1.YpaBHeHUE HArpy3KU.

2.VpaBHEHUs MJaBYYECTH U PABHOBECHS.

3.YpaBHEHHUE SKCIUTYyaTALIMOHHOW OCTOMYHUBOCTH.



4. YpaBHEHHE BMECTUMOCTH.

5.YpaBHEHUE XOAKOCTH.

B ripaBHOM mporiecc MPOEKTHPOBAHWA Cy[HA OCYIIECTBIIAETCS B TAaKOW IIO-
CJIEIOBATEIILHOCTH [6]:

1. Onpenenenue Bogou3MenieHUMss D ¥ MOIIHOCTH SHEPreTUUECKOM ycCTa-
HOBKH N, a TaK)Ke Harpy3KH B IIEPBOM MPHOIFIKEHUH.

2.  OmpeneneHue rIaBHBIX pa3MepeHUi U KO3 PHUIIMEHTOB (HOPMEIL.

MoryT BHOCHTBCSA M3MEHEHHSA, 00PA3yIOIIHE [IUKITBI POSKTUPOBAHM.

3. OcyuiecTBieHUE TPOBEPKU COOTBETCTBHUS OIPEACICHHBIX Pa3MEPOB U
¢dhopMBI KOpITyCca cyaHa TPeOOBaHUAM 3aaHUNA U HOPM Perucrtpa.

[To BeImoNHEHMM 1.3 AOMKHA OBITh TPOBEICHA MPOBEPKA OCTOIYHBOCTH
npu G0JBINX YIJaX KpeHa Jjs cyAoB, moanagaommx noja aeiicrsue Ilpasmi
Perncrtpa. OmHako MeCTO TIPOBEACHUS TIPOBEPKU OCTOMYHUBOCTH TIPH OOJIBIITNX yTIIax
KpEeHa U MPUAaHUE HYKHOM (POPMBI M HYKHBIX TAPAMETPOB JUATPAMME CTATHYECKOU
OCTOMYMBOCTH, KOTOPBIE 3aBUCAT OT 3HAYCHWM TJIABHBIX PAa3MEPEHUM, KEJIATEIbHO
OCYHIECTBJIATH KaK MOKHO PaHee.

AHanmu3 TIPOM3OIIEAINX B TIOCIEIHWE TOABI aBApUW CYOB, CBA3AHHBIX C
MOTEPEN OCTOUYMUBOCTH, NMOKA3BIBAECT HA BOSHUKHOBEHUE CIIOKHBIX CUTYalldW KaK I10
XapaKkTepy BO3ACHCTBUS HA CYJHO BHEIIHUX CHJIL, TaK U YCYTYOISIOIIMX CHUTYALHIO
BHYTPEHHUX JIMHAMWYECKA TIPOUCXOJAIINX M3MEHEHHM BECOBOM HArPY3KH.
KackagHoe pasButHe HEONaronpuATHBIX CHUTyalWMd (OIMHAMUYECKWE KpPEH |
muddepeHT — CMEIEeHne Tpy3a — 3aJMBAHHUE — OMPOKHIIBIBAHUE) HE MOMKET OBITH
CMOJIETUPOBAHO HA CYMIECTBYIOMIMX MAaTEMATUIECKHUX MOACIIAX TMHAMHUKH CYIOB.

Mo3KHO MpPEeATIONOKUTh TAKUE BO3MOKHBIE TPUYMHBI aBapHIA:

1.CnosxHbIi XapakTep ¥ BBICOKMWA YPOBEHb BHEIIHUX BO3JAEWCTBHUM HA CyJIHO.
(Kpensmmiit MOMEHT ¥ KPEH OT BETpa, ACMCTBUE BOJH MOTYT BBI3BATh CMEIICHUE
rpysa.)

2.CrmokHas MUHAMMKA CyJHA KaK Peakiuyd Ha BHemHee Bosmewcteue. ([Ipu
JTAHAMUYECKOM KpEHE BO3HUKAIOT TI00OYHBIE MOBWXKEHHMA 10 1updepeHty u
BEPTHUKAIBHOE TIEPEMEIIICHHE. )

3.HexBammdurmpoBaHHbIe TEUCTBUS SKHAMAXKA TIPU SKCILTYaTAIMH CY/THA.

OTMeTHM HeKOTOpPBIe Hay4YHble NMP00/ieMbl B 00/1aCTH OCTOMYHBOCTH Cy-
0B, KOTOPbIe PACCMOTPEHbI B JHCCEPTAIHOHHOI pPadoTe M CIeJIAHA MONMBITKA
MOJIyYHTH UX PelleHus.

1.Yooenemeopenue kpumepuee ocmoituugocmu u mpedoSaHuil K ouazpam-
Me cmamuyeckoil 0Cmoi4ue8ocmu CTaHeT BO3MOKHBIM ITPOBEPUTH TOJILKO TIOCIIE
Pa3pabOTKM TEOPETUIECKOTO YEPTEKA U pacuera AuarpaMmm OCTOMYMBOCTH. Ocytiie-
CTBJICHME JAHHOW paOOTHl B OTMEUYEHHOM BBIIIE II. 2 TIpoliecca IPOEKTHPOBAHUS
Cy/ZIHA CTaHEeT BeChbMa TPYJIOEMKHUM JEJIOM. A OCYHIECTBICHUE JAHHOW PaOOTHI B 1.3 —
COJIEP>KUT PUCK HEBBITIOJIHEHUS KAKOTO-TUOO KPUTEPHUS OCTOMYHMBOCTH, JTMOO HEBBI-
MOTHeHUsI TpeOoBaHuit Perucrpa k muarpaMme octorumBocTH. Heobxoaum HEkoTo-
PBI aNTOPUTM KOPPEKLIMU 3HAYCHHUM TIABHBIX Pa3MEPEHUM, KOTOPBIM TTO3BOIMII OBI



CIIPOTHO3UPOBAaTh HA PAHHEW CTAAWMH MPOCKTHUPOBAHUS AWArPAMMY CTATHUYECKOW OC-
TOWYMBOCTH C HEOOXOIMMBIMH MTAPAMETPAMHU.

2 Ilpakmuka mopeniasanus noKasvigaem, 4T0 aBapyUWHbBIE CUTYaLMH, MPO-
HUCXOIAIIAE OT MOTEPU OCTOMYHUBOCTH, YACTO UMEIOT CIIOKHBIA BUI: JABWKEHUSA KOP-
myca CoAep:Kar MoOOYHbIe TUHAMUYECKHE 3()(EKThI, BIUSHHAE BEPTUKATHLHOU U KU-
JIEBOM KAYKW, TPUEM WA CMEIIEHHUE OOJNBINOTO T'Py3a, TOCIEAYIONIee 3aTOTIICHUE
BHYTPEHHUX OOBEMOB, KacaHWE KOPIYCOM IHA, HEeTIpaBWIbHAs 3arpys3ka. [lostomy
OLIEHUTh JWHAMUKY HAKJIOHECHUS CyJHA TPAIAULIMOHHBIMHU METOAAMHU C TOMOIIBIO
arpaMMbl  CTaTUYECKOW OCTOWYMBOCTH, JIMOO C TIOMONIBIO METAIIEHTPUYESCKUX
($hopMyJT B TAKUX CITydasX OKa3bIBAETCS HEBO3MOKHBIM.

3.Kauka cyOHa Ha 8OJIHEHUU NPU Y2NAX KPEHd, 00CMUAIOWUX 3HAYCHUIL HA
HUcxooawell eemeu IuarpaMMbl CTaTUYECKOW OCTOWYMBOCTH, CTAHOBUTCS CYIIECT-
BEHHO HEJIMHEWHOM I0 BOCCTAHABIMBAIOIIEMY MOMEHTY. Takue yrIyibl KpeHAa UMEIOT
MECTO MPU COBMECTHOM ACHUCTBUH BOJH U 3HAYMTEIHLHOTO KPEHAIIETO MOMEHTa OT
IIKBaJia BETPA B MOMEHT MPWIOKECHUS IIKBajla U B MOCJEAYIOIIEM €ro ACHUCTBUM.
JlvHaMuKa ABWKEHUS KOPIyca CyJHA OyAeT UMETh CYIIECTBEHHBIE OTINYUA B STOT
TEPUOJT U €€ HENb3s PA3NOKUTh HA JIBA OTJCJIbHBIX HE3aBUCUMBIX JIBMKEHUA: CTa-
LIMOHAPHAs Kayka Ha BOJHEHUM U JIBMXKEHHUE KOpIyca OT JCUCTBUA IIKBajIa BETPA HA
THUXOM BoJe. [103TOMY pa3aenpHbIe U3yUYeHHUE HAKIOHEHUS CyJHA OT ACUCTBUS IIKBA-
Jla BETPa B YCJIOBUSIX THUXOMW BOABl M HM3YUCHUE PE3OHAHCHOM KAUYKU HA BOJHEHUU
CyHA, CUJAILIETO TIPSIMO, CTAHOBSITCA HETIPABOMEPHBIMH.

Kpartkoe conepxkanue u 0co00eHHOCTH AUCCEPTALMOHHOI PaboThI

[Ipenmaraemas paboTa TOCBAIMIEHA WCCIEIOBAHUIO JIWHAMUKHA JIBVKCHUS
KOpITyca CyAHa C LENbI0 00eCTIeueHUsT HEOOXOAUMON U JIOCTATOYHOM OCTOMYHUBOCTH
cynHa. B HeW penaercd TOTMBITKA PEMIMTh 4YacTh BOIPOCOB CBA3AHHBIX C 3TOM
npoOsieMol. TpaguIMOHHBIM TIyTEM PENICHHS, KaK W JHOOOW 3a1a4yu, SBISETCS
TEOPETUYECKOE MCCIIEIOBAHUE METOJIOM BBIYMCIIMTENBHOTO 3KCIIEPUMEHTA |
MPOBEPKA  TIPABWIIBHOCTHA  TOJYYEHHBIX  PE3yJIbTATOB IMyTEM  TMPOBEACHUA
CPAaBHUTENHFHOTO WCCIEIOBAHUA 110 M3BECTHBIM U anmpOOMPOBAHHBIM METOIMKAM, C
TTOCJIe Ty FOTIMMH MPAK TUIECKUMHU MPUIOKEHUIMHU.

BrimonHeH aHaTUTHYECKHE 0030p pa3spadOTaHHBIX METOJIOB MPOTHOZUPOBAHUS
MoKa3aTeIe MOPEXOTHBIX KAYECTB CyJHA, B TOM UYKCJIE HA PAHHUX CTAIAAX TIPOCK-
TApOBaHUs. [IpUBOIUTCS aNTOPUTM pacuera JAHAMHKU JBWKEHUS KOPITyca BOJAOM3-
MEMIAFOIIETO CY/THA TMIPH PA3NIUMYHBIX CTIOCO0aX TMPHUIIOKEHHUA BHEITHUX CHUII 1 MOMEH-
TOB.

OcymecTBneHO 000CHOBAaHME TMPUMEHEHHMS METOAA JTWHAMHKH IS PEIICHUS
HECTAIMOHAPHBIX 33/1a4 TUIAByYeCTH M OCTOMYMBOCTH CyJIHA. BriOpaHbl HeoOX0mu-
MBI€ CHUCTEMBI KOOpAMHAT M mapaMmeTpsl nocanku. CocrasieHa cuctema nuddepes-
[MAJTbHBIX YPABHCHUM JIBHIKCHUS M METOJT €€ YHUCIICHHOTO MHTETPUPOBAHUS.



Meron nuHamMuky 0onee MHPOPMATHUBEH 10 OTHOIIEHHWIO K TTapaMeTpaM JIBH-
KEHU KOPITyca TPH OTPEACTIEHHOM BHEITHEM BO3JIEUCTBHHA. MeTo/ CTaTHKHU Pacrio-
JaraeT NPUOMKEHHBIMH aHATUTHIECKUMH 3aBUCHUMOCTIIMH, B KOTOPBIE BXOJAT TPO-
EKTHBIE XapPaKTEPUCTHUKHU KOPIyCa, ¥ B 3TOM OH HaXOJUT IMHUPOKOE MPUMEHEHHE B
TEOPUX TIPOEKTUPOBAHUA CyA0B. B3amMHOE MOTIONHEHWE STHX ABYX METOIOB, Ove-
BHJTHO, TIO3BOJIUT MPOEKTAHTY JOCTHYD HAJIEIKHOTO U 3()(PEKTUBHOTO pe3yIbTara.

JlaroTcs MEeTOAMKM OmpeneneHus BHEIIHEW Harpys3KW, ACHUCTBYIOLIECH Ha
KOPITyC Cy/IHA.

Boccranasnusaroniue TUIPOCTATUIECKUE BEPTHKAJIbHAS cuina,
BOCCTAHABJIMBAIOIIMHA MOMEHT TI0 KPEHY W BOCCTAHABIMBAIOMIMKA MOMEHT IIO
maddepeHTy TIpU TIPOM3BOJBHOM TOCAAKE KOPIyca OMPEAEIAIOTCA B CHCTEME
mappepeHIMaNbHBIX  yPAaBHEHUM JABMIKEHHWA IIyTEM pacuera 1o OpAuHATaM
TEOPETUIECKOTO KOPITyCa B 3aBUCHMOCTH OT OCaIKH, yTioB KpeHa U audepeHTa.
JUta  3TOTO WCIONB30BaH CIEHHMANBHO TIPEIHA3HAYCHHBIM I padOThl B
BBIUHUCIIUTENBHOM cucTeme anroputMm TKOST [21, 22].

[IpumeHeHHEe TaKOro aaropuTMa OOOCHOBAHHO, XOTA M CYHIECTBYET P
METOMK U mporpamm gas OBM [23], [24], [25], npeaHa3sHaueHHBIX ISl pacyera
THIPOCTATHYECKHAX XAPAKTEPUCTHUK KOPIyca Cy/IHA M JHAarpaMM OCTOMYMBOCTH. B
3THX pacdyeTax Ha3HA4YaeTCs Harepes 3aJaHHBIA aITOPUTM H3MEHEHHS TapaMeTpoOB
MOCA/IKK, HampuMmep A pacdera auarpaMmbl «[ MApOCTATHMYECKHUE KPHUBBIE)
W3MEHACTCA TOJNBKO OCaaKa, a MPH pacueTe JUarpaMM OCTOMYHUBOCTH MPU YCIOBUHA
PaBHOOOBEMHOCTH HAKIOHEHHS W3MEHJETCS TOJNIBKO Vyroid KpeHa. JlaHwHbie
MPOTPAMMBI ABJITFOTCS KOMMEPYECKMMHU MPOJIYKTaMU, ¥ MBI HE MOXKEM BHOCHUTH B
HUX KaKWe-THO0 M3MEHEHUSI.

Jlna 3ama4 AMHAMMKY CyTHA METOI OTIPEICICHHSA THIPOCTATHIECKHUX XapaKTe-
PHUCTHUK, BKIIOYEHHBIA B QJITOPUTM HMHTEIPUPOBAHUA CHUCTEMBI AU (epeHIManbHBIX
YPaBHEHHWH TBWKEHHUSA KOPITyCa, TOJDKEH YIOBICTBOPUTHh TAKUM TPEOOBAHUAM:

1. JIBwxkeHus KopIlyca MMEIOT MPOCTPAHCTBEHHBIM XapakTtep. HenpepsiBHO
MEHSIOIIHECS BO BPEMEHH TTapaMeTphl MOCaIKH (YTIibl KpeHa, nudpepenra u ocaaka)
MOTYT TIPUHMMATHh MPOU3BOJILHO MEHSIOIIHECS, 00bIINe U 3HAKONEPEeMEeHHbIE
3HAYEHHSI.

2. Pacuer cCWIbl TUIABYyYeCTM M MOMEHTOB OCTOWYHMBOCTHM HE HMEET
CaMOCTOSITEIHHOTO 3HAYECHUS] W JOJDKEH OBITh BBIICICH B OTACIBHBIM MOMIYJh, K
KOTOPOMY TTporpamMma oOpamiaeTcs ¢ TEKyIIUMHU 3HAYECHUSIMH TMapaMeTPOB TTOCAIKU
W TIOJly9aeT TOJIBKO HeO0X0auMYK WHPOPMAIMIO U PEIICHUS ypaBHEHUMN
JIBUYKEHUA.

3. Pacuer cujibl mIaBy4eCTH U MOMEHTOB OCTOMYMBOCTH, OCHOBAHHBIN Ha
peaibHOM Y4YEeT€ BOJHEHHUS MOPA, JOJGKEH OCYWIECTBIATh BBIYHUCICHUA W MO
JIOTIOJTHATEITLHOMY TIOTPYKEHHOMY B BOJTHY 0OBEMY TEOPETHIECKOTO KOPIyCa.

4.  TpymoeMKOCTh BRIYMCICHHUI MO TEOPETUIECKOMY KOPITYCY JOJKHA OBITh
YMEpPEHHOM, MOCKOJbKY YMCIEHHOE MHTEIPUPOBAHUE YPABHEHMM ABWKEHHUA OCYyLIE-
ctBiserca ¢ manbiMm marom (0.001¢ - 0.005¢) u OCHOBHBIE BEIYMCITUTENbHBIE 3aTPATHI
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BPEMEHH OyAyT COCTOSATh B MHOTOKPATHOM HA Ka)KJIOM IIare BBIYMUCIICHUU XapaKTe-
PHUCTHK TIOTPYKEHHOTO 00BeMa Kopryca. [loaTomMy cTeneHp moapoOOHOCTH OTTUCAHUS
TEOPETUYECKOTO KOPIIyCa JOJIKHA COOTBETCTBOBATH CETKE TEOPETUUECKOTO YEPTEkKA.

5. Kopnyc cyaHa MOKET UMETh CIOKHYIO T€OMETPUUECKYIO (hopmy 0OBO-
JIOB (KaraMmapassl, CyJa ¢ TOHHETbHBIMHA O0BOAaMU, BHIPE3HI U HAZIENKH B KOPIIyCE U
T. IL.).

OT1H TpeOOBaHUA OTIMYAIOT BBHIOOP METOJA pacdera W MpoTrpamMMBbl 3a1ad JId-
HAMUKH Cy/THA OT AHAIIOTUYHBIX BRIOOPA METOIA ¥ IPOTPAMM TIPH paciyeTe THAPOCTa-
TUYECKUX XaPAKTEPUCTUK KOPIIyCa I COOTBETCTBYIOIIMX 33184 CTATUKH CyTHA.

Jlns OBICTPOTO MONMYYEHUS HA PAHHEH CTaAuH TPOSKTHPOBAHUSA TPUEMIIEMOM
(GhopMBI M 3HAYCHHUA OPIAMHAT TEOPETHUECKOTO KOpITyca TPUMEHEH M MOJIU(HUIMPO-
BaH METOJ aHAJIMTUYECKOTO OMMUCAHUA JTUHUN TeopeTuiyeckoro ueprexa B. A. Kosa-
meBa [54].

OmnpeneneHue TMPUCOECAWHEHHBIX Macc, Kol duumeHToB nemndupoBaHus,
KOS()PUIIMEHTOB BOJHOBBIX CHJI OCYINECTBJIEHO TO TIPHHATHIM 3aBUCUMOCTSIM B
TUAPOIUHAMUYECKOW Teopuu kaukH [8], [9], [119].

OnpeneneHsl rpy3bl pa3IMUHBIX KAaT€TOPUM: 3aKpPEIUICHHBIE, MOJABEILCHHBIE;
JKUJIKUE; TIEPEMENIAIOIINECS B KOPIyCE MO OIPEACIICHHOMY AITOPUTMY; ONOpa Ha
JTHE.

AnroputMm pacyera peanruzoBaH Ha OBM B nporpamme «ITOCAIKA CYOHAY.
C moMoupr0 3TOM MPOrpamMMbl BBIMOJHEHBI PACUEThl PA3IMYHBIX BUAOB JBUKECHUA:
OTIBIT CBOOOJHBIX KOJEOAHWM Manod W OOJIbIION HAYaATbHOW AMIUTATYJIBI; TIPUEM
rpy3a - OWHAMHUYECKOE MPWIOKEHHE KPEHAIIETO0 MOMEHTAa — CMEIIECHHWE TIpy3a;
JUHAMWYECKOE TIPUIIOKEHUE KPEHAIIEr0 MOMEHTa 1o meroaukam [Ipasun Peynoro
Peructpa u Poccutickoro Mopckoro Perucrpa Cynoxoacrsa.

[IpoBeneHo uccnenoBaHWE HA MPUMEpPE TACCAKMPCKOro cyaHa mpoekta 331
rernoxona «lOuerit BogauK» OO0 « MUHHOOT» ¢ TAKUMH TTABHBIMHU Pa3MEPEHUSIMH:
L=477wm B=733m T=120M, H=2.60 m, V=295 M OnpeneneHsl TUaPOCTaTH-
YECKHE U TUIPOAMHAMUYECKUE XaPAKTEPUCTHUKHU KOPITyCa.

[TpoBeeH BRMUCIUTENBHBIN OTIHIT CBOOOJHBIX KOJICOAHHM HA TUXOU BOAE IS
OTIpEAENIEHHS YacTOT CBOOOIHBIX KOJEOAHUM 10 KPEHY M YCTAHOBIIEHHS B3aMMOCBS-
3 OOPTOBBIX KONECOAHUM C APYTUMHU BUIAMH JBIKCHHUM. BRIYUCIUTEIBHBIN YKCTIC-
PHUMEHT NPOBOJAWIICA BHAYAJIC MIPU MAJIbIX aMIUIMTYAAX yIyia KPEeHa B 30HE JIMHEWHOMN
yactu guarpammel /(6). OnpeneneHo, 4To mepuon OOPTOBBIX KOJIeOaHHM NEHCTBU-

TEJIbBHO HE 3aBUCUT OT AMIUIMTYbL, & BOSHUKAIOIIME MPU 3TOM BEPTUKAIBHBIE KOJIE-
0aHUA KOpITyca ABIIIIOTCA BBI3BAHHBIMU M 3aBUCAIIMMH OT aMIUTATYT OOPTOBBIX KO-
nedanmi. Yacrora Takux koneOaHWM B JIBa pas3a BHIMIE 4aCTOThl OOPTOBBIX KOJieOa-
HUA. B otimryme ot 00PTOBBIX CBOOOIHBIX KOJIEOAHUM MaIOW aMIUTATYAbI TIPH KOJie-
O0aHUAX ¢ KOHEYHOW aMITTMTYZOM yIJia KPEeHa TPOSBIAECTCS BIUAHUE HETMHEHHOCTH
0 BOCCTAHABJIMBAIOILIEMY MOMEHTY - NIEPUOJ, 7, CTAHOBUTCA (PyHKLMEH OT yTIia Kpe-

Ha. PesynbTarel onbiTa cornacyroresa ¢ BeiBogamu C. H. brnarosemenckoro [9] o xa-
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PaKTEePHOM BHIIE KPHUBBIX YaCTOT CBOOOHBIX OOPTOBBIX KOJICOAHWMI KOHEYHOM am-
TDTUTY/TBI.

HccmenoBaHo aBrkeHUE KOPITyCa MPU AAHAMHAYECKOM IIPUEME IPy3a B OIpe-
JISIEHHYIO0 TOYKY cyAaHa. OOImMM CBOMCTBOM Ui BCEX MapaMeTpOB ABWKECHUA MpHU
IPUEME TPYy3a SABIIACTCS BBIPAYKCHHBIA JTUHAMMWYECKUM XapakTep nepeMeneHuu. /lu-
HAMUYECKHE aMILTUTYIbI O0Jiee YeM B 2 pa3a MPEBBIIMIAI0T COOTBETCTBYIOIINE CTATH-
YECKHE 3HAYCHHUs, YTO OEIACT aKTy AIbHBIM IPUMEHEHUE METOI0B JUHAMUKHU.

[TpoBeneHa HacTpOMKa TIPOTPAMMBI Ha HCCITETOBAHUE OOKOBOM KaYKH CY/THA HA
pETyJISPHOM BOJIHEHUH ¢ pernameHTupoBaHHol [Ipasunamu Peunoro Peructpa [104]
s kimacca «O» Beicotoi 2.0 M. YacToTa BOH MPUHATA PABHOM YacTOTE CBOOOTHBIX
OOpPTOBBIX KOJICOAHWM CyAaHA. AMIUTMTYJa PE30HAHCHBIX OOPTOBBIX KOJICOAHWM CO-
IJacoBaHa C pacyeTaMH OCTOMYMBOCTH TakK, YTOOBI 6, COOTBETCTBOBANl MeTOAHKE Pe-

ructpa. [loaydeHHbIe 3aBUCUMOCTH MTApaMETPOB IBMIKEHUSA KOPITyCa COOTBETCTBYIOT
TIOJIOKEHUAM TEOPHH KaYKW B OTHOIIECHWM WX CBSA3M C MPOQUIIEM BOJH, YTJIOM BOJI-
HOBOTO CKJIOHA, ()a30BbIM yIJIOM.

[IpoBeneHHBIE BEIYUCITUTEIBHBIE OTIBITH TUHAMHUKH CyAHA TIPU CBOOOTHBIX KO-
ne0aHUAX W TIPU KayKe Ha PETYIIPHOM BOJIHEHWHM JAIOT OCHOBAHWE TIONAraTh, YTO
paspalboTaHHas MaTreMarudeckas MOJENb aJeKBAaTHO OTOOpakaeT U3MEHEHHE mapa-
METPOB MOCAAKU CyAHA.

Jlanee MOpoBEeAEHO UCCISAOBAHHUE JBWKEHUE CyJHA MPH  CIOKHOM
JUHAMUYECKOM BO3ACHCTBUM BHEmHUX Cuil. [lo paspaboraHHOMYy anropurmy u
nporpamme [TOCAJZIKA CYIHA BbINONHEH pacyeT AWHAMUKHM CYJIHA B YCJIOBHAX
THUXOW BOJIBI TIPH TIPUEME TPY3a, B TIOCIEAYIOIIEM TTPUIIOKEHUH KPEHAIIETO MOMEHTa
Y cMemieHnd Tpy3a. OmnpeneneHsl BO BPEMEHH MapaMeTPhl TIOCATKH (IMHAMHYECKHE
Y CTAaTUYECKHE), OLIEHEHA OMIACHOCTh ONIPOKUABIBAHUS U 3aJuBaHuA Kopiyca. Caenan
BBIBOJ, YTO ONACHOCTh 3aJMBAaHUA CJIEIYyEeT OLEHMBATH 110 BO3BHIMICHHIO
KOHTPOJIHPYeMOIi KPOMKH OTBePCTHS HAJA B3BOJHOBAHHOH TOBEPXHOCTHIO
BOJbI, TAK KaK MPH CIIOKHOM JABM)KCHHUH Kopryca (KpeH, nuddepeHT, BepTUKaIbHbIe
MEPEMEIICHNUA KOPIlyCa UM BOJIHEHME) 3TOT KPUTEpUM 0OJIee COBEPIUEHEH, HEeXelu
YIOJI 3a]IMBAHUS.

JluHamuka OOPTOBBIX HAKJIOHEHWM CyJHA TIPH BHE3AITHOM TPHIOKEHUH
KPEHAIIEro MOMEHTA OT IIKBAJIA BETPA UCCIEAOBAIACHh B COOTBETCTBUM METOIMKAM
IlpaBun Peunoro Peructpa, HO Npu MaTeMaTHYECKOM MOJCIUMPOBAHWU ABWKCHUM
KOpITyca MoJ BO3ACHCTBUEM ILIKBAIbI BETPA BBIAEICHBI 08a pacuemnbix caydasn: 1 —
8 HPUBCOCHHBIX YCI0BUAX MUXOU 600bl, 2 — @ YCI08UAX pealbHoz0 yuemda
BOBMYWAIOWUX CUTI OM B0IHEHUS MODAL.

HccnenoBanye oCyLIECTBIIEHO Ui 3-X BApUAaHTOB KOPIyca MAaCCaKUPCKOTO
CyAHa, KOTOpbIE MMEIOT OJMHAKOBYIO MOTPY’KEHHYIO 4YacThb KOPIyCa, HO Pa3HYIO
BBICOTY HAJBOJHOTO OOpTa (BapuaHT | B Ka4eCTBE «aHATUTHYECKOTO OJIM3HEIa»
COOTBETCTBYET pealbHOMY CyAaHy mipoekta 331. Bapuantsl kopmyca HUMETU
OJIMHAKOBOE 3HaueHue [ =/ =[7" =0,52 M, a UX OTJIMYME BBIpAKaeTci B yIiax

0__MakcuMyMa AWarpaMMbl CTaTUYECKOM OCTOMYMBOCTH. BBINONHEHHBIE pacyeTsl
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TUAPOCTATHUYECKUX XaPAKTEPUCTUK BapuaHTa | Kopryca ¥ CpaBHEHHE UX C JAHHBIMU
npoekra 331 moaTBep MM aAEKBAaTHOCTh PAa3pad0TAHHOM MAaTEMaTUIECKON MOJICITH.

[Tpy BBIMONHEHUHA HCCIICIOBAHUS OCYIIECTBIICHO BapbUPOBAHHWE BEIUYHHBI
KPEHSAIIEI0 MOMEHTA OT NIKBAJIa BETPA BIUIOTh /10 ONPOKHIbIBAHUS CyaHA. [lomydeHbI
3aBMCHMOCTH IMHAMMYECKOTO YTJia KpeHa OT 3Hauenus M, : 1- no nmarpamme /(0);

2 -mo pacueTam Ha AUHaAMUYeckou mozaenu. [lomyyeHa 3aBUCMMOCTh MPUBEICHOTO
mie4ya CTaTUYECKOM OCTOMYHUBOCTH, KOTOpPAsd COIMOCTABJCHA C IUIEYaMH JIUArPaMMBbl
CTAaTHYECKOM OCTOMUYMBOCTH. COBIIAJICHHWE 3HAYCHUM IUICY MOKA3BIBACT, YTO B 30HE
JUHCHHOW uacTu auarpammbl /(6) Merompl CTaTUKA M JWHAMHMKH JAIOT BEChMa

OJIM3KHWE Pe3yIbTaThI.

IIpuBeaeHs! 3aBUCUMOCTH IMONYIIEPHUOIOB: 7, - OT MOMEHTA MpUIoKeHust M

JI0 JOCTWXKEHMS MaKCMMyMa yria kpeHa 6,; 7,-

,- OT MOMEHTa JOCTWXKEHuI 6, 1o

munumyma O(t). Ilomynmepuon 7, XapakTepusyeT JUHAMUKY, BBIHYKEHHOTO
HAKJIOHEHWs TIOA JIeWCTBMEM wmMmynbca M, , a T, XapakTepyeT JWHAMHUKY
CBOOOJHOTO HAKIOHEHM Ha (oHe percTBus mocrosHoro M . Oba mnapamerpa

HMMEIOT TOCTOSHHBIC 3HAYCHHS HA JIMHEHHOM Y4YacCTKe AWarpaMMbl OCTOMYMBOCTH U
BO3PACTAIOT CYIIECTBEHO HA HUCXOIAINWH BETBU auarpammsl /(6). DT pe3yiabTarsl

HaXOJATCS B COOTBETCBHUU C BBIBOJIAMHU HEIMHEWHOW OOPTOBOM KAYKH, CACIAHHBIMHU
C. H. bnarosemenckuMm [9]. JIBrkeHue KopIlyca 3aMeqIAeTcs MPU yriax KpeHa Ha
HUCXOMATICH BETBU JUATPAMMBI OCTOUUHUBOCTH /(6) .

IIpoBenenHOE HCCIIEAOBAHUE NUHAMMKM CyJHA MO3BONAET OTMETUTD, YTO IIPH
JEACTBMM  OOJBIIMX  KPEHAIIMX MOMEHTOB, BBI3BIBAIOIIMX  YITIbl  KpEHa,
NPUBBILAIOIIMX € ¥ 00YCIOBIMBAIOIINX HETUHEHHOCTD 10 BOCCTAHABIMBAIOIIEMY

MOMEHTY, HaONIOJaeTcs TPEeHJ 4YacTOThl KOJeOaHWW IO KPEeHy B CTOPOHY
yMeHbIlIeHUs. Da3oBbIi yron Me;kAay YIJIOM BOJHOBOIO CKJIIOHA M YIJIOM KpeHa
craHoBuTCsA Oosbme 7/2. HenMHEHMHOCTh MO BOCCTAHABIIMBAKOIIEMY MOMEHTY

W3MEHACT PUTM PE30HAHCHOW KaukKWh. /[0 TPUIOKEHUA KPEHALIETO0 MOMEHTa
MAaKCUMAaJIbHBIN yTOJI KpEHAa UMEET MECTO Ha BEPUIMHE U Ha MOAOMIBE BOJIHBI (KOTIa
yToJI BOJIHOBOTO CKJIOHA paBeH Hymo). Ilocae mpumnoxenus Oomnpmioro My, nepuon
KpEHa yBeTWYMBAETCA (KPEH Kak OBl OTCTAeT OT BOJHBI), YTO MOXKHO BHACTh Ha
peammzaimsx Tiporiecca. [lo OTHOIIEHWIO K KPWBOM yria BOJHOBOTO CKJIOHA
KkcTpeMyMbl O(t) TIOCIIe PHUIOKEHHUS MIKBala B TeUeHUE 4-5 MepHUOI0B CMEIEHBI U

HE COOTBETCTBYIOT COOTHOIIEHMAM JIMHEMHOW Pe30HAaHCHOM kauku. Ha BTOpOM M
TPETheM KOJEOAHMIX YTIJIBI KpPeHa M BOJHOBOTO CKIIOHA COBIIQJAIOT TIO 3HAKY
(MakcUMaNbHBIM KPEH HA CKJIOHE BOJIHBI) M 3TO OyAeT O0Jiee OTlacHast CUTYar|s, YeM
Ha MOJIOIIBE BOJHBL. JlaHHAs CUTyalMsd UMEET MECTO 3HAYMTENBHOE BPEMS M CO3JAET
peanbHyI0 Yrpo3y 3alvMBaHMsl. 3aBUCUMOCTb BO3BBILICHUS KOHTPOJIUPYEMOU KPOMKH
OTBEPCTHUS HaJl MOBEPXHOCTHIO BOABI MOKA3a/1a, YTO SIBJICHUE 3aJMBaHUA HACTYMNaeT
paHee, YeM OHO CIPOTHO3UPOBAHO I 3TOTO Cy/iHA B TipoekTe 331 [48].
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Jlia BapuaHTa Kopryca 2, MMEIOUIETO Majyl0 BBICOTY HAIBOIHOTO OO0pTa,
HETMHEWHOCTH TI0 BOCCTAHABIMBAIOIIEMY MOMEHTY TPOSBHJIA CEOS yiKe TIPH KadkKe
Ha BOJTHEHUM O3 ydera jeicTsusa Berpa. C TeUeHHEeM BPEMEHHU M3MEHHMIICS (Ha30BBIN
yroJl OOPTOBOM KAaYKM M MAKCHMAJbHBIM KPEH MMEET MECTO Ha CKJIOHE BOJIHBL
[TosToMy ycnoBUE HeE3alMBaHUS JOJKHO TMPOBEPATHCA € YYETOM JAHHOTO
00CTOATENBCTBA.

B npouecce npoekTUpoBaHUA CyJIHA NPUHUMAIOTCA PEIIEHMA O Ha3HAUYCHUU
[JIABHBIX Pa3MEPEHMM KOpPIlyca HA OCHOBE OIPEIEICHHOTO YWCIa KPUTEPUEB.
Kpurepuit 0CTOMYMBOCTH ABIAETCI HAUBAKHEHIIIAM.

JUTsi yJTOBIIETBOPEHUSI KPUTEPHUEB OCTOMYMBOCTU TIPU OOJIBIITUX yIiIaX KpeHa
TpeboBaHus kK (opMe W mapaMeTrpaM JauUarpaMM CTaTUYECKOW W JUHAMHUYECKOU
OCTOMYMBOCTH MCTIONB3yeM Tpeoosanus [Ipasun Peructpa [103, 104].

Ha ypoBHe pa3memieHys moMemeHri (ypaBHEHHE TPY30BMECTUMOCTH) CTaHO-
BUTCSI BO3MOKHBIM Y3K€ Ha PAHHEW CTaauy NPOEKTUPOBAHUA OIpPEACICHUE TUIOIAaN
MAapyCHOCTH M KpeHsmero MoMmeHta. Mcxons w3 tpebosanmii [lpasun Peructpa m
pacdera BETPOBOM HArpy3KH, MOXHO TNPHUOIIMKEHHO OLEHHUTH (POPMY M TIapaMeTphl
HEOOXOTMMOW M JOCTATOYHOW AUArpaMMBbl OCTOMYMBOCTH. /{71 3TOTO HEOOXOIMMO
000CHOBaTh METOAMKY OLICHKH BJIMSHUS TJIABHBIX PA3MEPEHUH KOPIyca Ha TaKue Ta-
paMeTpsl auarpammsr [ 9T

Ha nnarpammy OCTOMYHMBOCTH OKA3bIBAIOT BIIMSTHUE. TJIABHBIE PA3MEPEHMS;, CO-
OTHOIIICHHS TJIABHBIX Pa3MEPEeHUH; Takke opmMa 0OBOOB TIOTPYKEHHOM M HATBOM-

HOM YacTed HENMpOHHMLAEMOTO Kopryca. [lo HamemMy MHEHMIO HauOoJee CHUIbHOE

2(H-
BJIMAHUC OKA3bIBAKOT JBA MapaMceTpa q)OpMBI Kopmyca: OTHOIICHUC % - TAHI'CHC

2T
yIlia KpeHa, Tph KOTOPOM Maily0a BXOJWT B BOJYy; OTHOIIEHHE 5 - TaHreHc yrma

KpP€Ha, IPU KOTOPOM CKYJIa KOPIyCa BBIXOIUT U3 BOJBI.
B ypaBHeHMM dKCIUTyaTalMOHHOM OCTOMYMUBOCTH IIEPBOE CIAraéMoe B MPAaBOM

YacTH MPEACTABIAET MONEPEUHBIA METALICHTPUYECKUI paauyc. i1 NpAMOYyTOJIbHOTO
a? 1
VTS 0.0833. Ilo naHHBIM XapaKTEPUCTUK

MO/IEJIEW KOPITyCOB Pa3HbIX MPOEKTAHTOB, MpuBeaAeHHBIM B KHUTe JI. M. Horuaa [90],
2

MOHTOHA X= § = 1, a MHOKHTEIIb

MOMHO YBUACTD, YTO 3HAYCHUA KO3(1)(1)I/IL[I/ICHT3 JJIA PA3HbIX THUITOB CYI0B Om3-

11448
KW K 3HAUYCHHIO JJIA TIPAMOYTOJbHOT'O TIOHTOHA. OTO MO3BOJISIET B HYJI€BOM HpI/I6J'II/I-

’KEHUM MPUHATH MOHTOH B KQYE€CTBE aHAJIOTa TEOPETUYECKOTO KOPITyca MPOCKTHUPYe-

MOTO CyJHa.
2(H-T) 2T
u—.
B B
HE TIOBJIMSET HA IUIEYO CTAaTUYECKOM OCTOMYMBOCTH, a Bapuaumy 3HayeHu B, H, T
CKOHLICHTPHUPYEM B JBYX OTMEUEHHBIX BBIIIC TIAPAMETPaxX. Y CTAHOBJICHBI TaKHE TIpe-
JIeNbl I3MEHEHU TapameTpoB ¢opmel oHToHa: L=50 M , B=(5.60 — 10.0) m , T=
(0.936 — 1.671) m , H= (1.45 — 4.53) m, V=468 m’. [[aHHble mapamMeTpsl KOPIyca
BBIOPAHBI B OKPECTHOCTH 3HAYEHUH Pa3MEPEHHU OTMEUYEHHOTO BHIIIE TTACCAKUPCKOTO

cynHa. Llenbto ABISETCS OLIEHKA pe3ysbTaroB pacuera JuarpaMM OCTOMYMBOCTH IO

OrneHeHO BIMAHUE MapaMeTpoB (PopMbI KOpIyca JlmvHa ToHTOHA
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2T
MOHTOHAM W PEATbHOro KopIyca cyaHa. [lo mapamerpy 5 TIPUHATHI TAKUE BapHAIU

(0.187; 0.236; 0.308; 0.417; 0.597). [1lo mapameTpy Z(HB_ MIPUHATHI CJIEAYIOIIYE Ba-

puammun (0.103; 0.205; 0.308; 0.359; 0.410; 0.513; 0.615; 0.718). O0BeMHOE BOIOM3-
MEIIEHUE TIOHTOHOB OBLIO MPUHATO OJIMHAKOBBIM JIJIT BCEX BAPUAHTOB.

JUTd KaXmoro BapuaHTa CTEHEPHUPOBAHBI MACCHBBI KOOPAWHAT TOYEK TOBEPX-
HOCTH M BBIIIOJHEHBI PACYETHI JUATPAMMBI OCTOMYMBOCTHU (opmsl [, (6), Ha KOTOPOiA
OTMEYEHBI MaKCHMaNbHOe uieyo L)' u yroa makcumyma 8%, COOTBETCTBYIOIIHE
OTIpEACIICHHOW BapHaIlK rapaMeTpoB (popMbl MOHTOHOB. Pe3ympTaTs! pacuera moka-
3aHbBI HA JUArPaAMMax.

JUTa pUHATOTO B KaYECTBE TIPUMEPA MACCAKUPCKOTO CyIHA TIOyYeHBI JaH-
HbIE pacyera JuarpaMM OCTOMYMBOCTH W  METALICHTPUUECKOW  (YHKLIMH

dl
! 7 d—g = 1(6). ¢ momomsro KOTOPOI ONpeaensercs yron 6 nuarpammsi [(6).
cos

28D _ 4.436. Io

JAHHBIM JTUarpaMm Jjisi OHTOHOB [)'** = 1.85 M, 6,'** = 40.2 rpaa., a o JaHHBIM
pacdeta qUarpaMm OCTOMYHUBOCTH MO TEOPETHYCCKOMY YEPTEKY 3TOro cyaHa [ =
1.89 M, 6'** = 42 rpan. HebGompmme pacxokKaeHUs B pe3ybTarax 00yCIIOBICHBI
HATMYWEM pas3Baja Oopra y CyaHa, CEIIOBATOCTHIO MaTyObl, XapaKTepoM OOBOMIOB
peanbHOTO KOpITyCa.

BhIBOA: TIOATBEP:KAAETCS BO3SMOKHOCTh 3aMEHBI PEATbHOTO KOPITyCa SKBHBA-
JICHTHBIM TIOHTOHOM HA TIEPBOHAYAIBHOM IJTare MPOSKTUPOBAHMS U YKa3aHHOM
BBIIIC LICJTH.

[To TpeOyemMoMy 3HAUYCHHIO
Tpedyemoe 3HaueHue L, ¥ :

[TapameTpbr popmMBI TECTHPYEMOTO KOpIIyca %: 0.327

[max - g™M* MoKHO ONPEACTUTh TPUOIHKSHHOS

[P = [Max 4 g sin G

[To mmarpamMMe ¢ MOMOMIBIO TPAQHUIECKOTO TIOCTPOCHUS OTpEneNsiercs mapa-
2(H-
METp [%] Y 3aTeM BBIYUCIACTCA HeoOxoauMmas Bbicota Oopra. [lomyuenHoe 3Ha-

yeHue H crieayet cuuTarh Kak KOMITICKCHYIO BEJIMUMHY. B € cocTaB MOKET BXOAUTh
Y BBICOTA BOAOHENPOHULIAEMOM HAACTPOUKH.

JlanpHeumme IeUCTBUS MMPOSKTAHTa, OUYEBHUIHO, OyAYT COCTOSATh B pa3padoTke
TEOPETHYECKOTO Kopryca. [I[pUMEHMB METOJ aHATMTHUYECKOTO KOHCTPYHUPOBAHUS
TEOPETUYCCKOTO KOPITyCa, MOKHO OBICTPO MPOBEPUTHh U YTOYHUTH PE3YJIbTATHI U310~
’KEHHOTO BBIIIE MPUOIMIKEHHOTO MPOSKTHPOBOYHOT'O PACcU€Ta HYJIEBOTO YPOBH.

HccnenoBaHo BAMSIHME HECHMMMETPUYHO PACMOJIOKEHHBIX BOJOHENPOHULIAC-
MBIX HaJACTPOEK HA AharpamMmbl ocTOMUMBOCTU. [IpaBuna Peructpa nomyckaroT y4der
BOJOHETIPOHULIAEMBIX HAJCTPOEK TPH pacuyeTre OCTOWYMBOCTH NPH OOJBIIMX yTiaax
KpeHa. Hanuune Takux HaaCTpPOeK, OCOOCHHO €CIM OHM MMEIOT TIPOTSIKEHHOCTh HE
10 BCEW JTMHE Cy/HA, TPUBEJET K MOOOMHOMY BO3HMKHOBEHHMIO nuddepeHta npu
JIEUCTBUM KPEHSIIETO MOMEHTA. /I cyZ0oB ¢ Manoi BBICOTOM HAIBOMHOTO OOPTa,
TIPY TIOTPY’KEHMH MATyObl B BOAY OT HATW4Ms T (HepeHTa, MOKET YXYAIMIUTHCA OC-
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TOWYMBOCTH (OPJIMHATHI AATPAMMBI CTATHIECKOW OCTOMYHUBOCTH OKAKYTCS MEHBIIIE,
YEeM TIPU OTCYTCTBUM HAACTPOUKH). ITO OyAET O3HAYATh, YTO PEIICHUE CUUTATh HA-
CTPOWKY TIPOHHULIAEMOM WMJIM HENPOHULIAEMOUW MOKET MPUBECTU K HEOUEBUIHOMY pe-
3yJIbTATy B OLICHKE BIUSHUSA HAACTPOMUKHA HA OCTOMYHUBOCTD.

B kadectBe nmpumepa Ha manyOe Cy/Ha (BapuaHT Kopryca 2) CIpOeKTUPOBaHA
HOCOBasg HAACTPOMKA JJIMHOW 5 TEOPETUUYECKMX IMMNaluyi. BeImomHeH pacueTr aua-
IrpaMMBbl CTaTUMECKOW OCTOWYMBOCTH M MOOOYHO BO3HHUKAIOMIETO MpU 3ToM udde-
penta. IlokaszaHel auarpaMMbl CTaTUYECKOM OCTOMYMBOCTH: 1- s ciyvas Haf-
CTpOMKA MPOHHLIAEMAN;, 2 - HAACTPOIiKa HempoHAnaemas. Kak BuaHo 13 rpagukos,
BJIUSHUE HAACTPOMKHU OTPULATENBHO CKA3aJoCh NPU MaJbIX M YMEPEHHBIX yTriax
KpPEHa, U MOJIOKUTEIPHOE BIIUAHAE OHA OKA3bIBAET MPHU OONBIIMX yriax. JlaHHoe wc-
CIIETOBAHME AKTYaJIbHO TPOBOJIUTH IS CYJOB C MaJlOM BBICOTOM HAJBOIHOTO OOpTa
MPY HAJIMYMY HECUMMETPUYHO PACHOJIO0KEHHBIX OTHOCUTENBHO MUAENb-LIITIAHOTOYTa
HAJICTPOMKAX.

HccnenoBaHel AUHAMUYECKUE HAKJIOHEHHA MO KPEHY BOJOM3MEILAIOIIETO Cy -
Ha Ha NPOAOJIBHOM BOJHEHMM MPU AEUCTBUM KpeHsmero MmomeHTa. CloxHas OTBET-
Hasd peakLus CyJHa HA BHEIIHEE BO3JCUCTBHE, XapaKTEPU3YeTCs BO3ZHUKHOBEHUEM
TMIOOOYHBIX JBUKCHHUIA.

[To HamieMy MHEHHIO TMIPEACTABISIET WUHTEPEC WUCCIAEAOBATh JUHAMHUKY KpeHa
CyZlHa, KOTJa KaKyIIascsd 4acTOTa HAOETAlOMIMX WIIA TIOTIyTHBIX BOJH COBITAHAET C
4aCTOTOM COOCTBEHHBIX GOPTOBBIX KoNmebanmii. Ha nmpomomsrom Bomaermu (KYB=0";

v=0M/c ;h,=2.0M; 0, = wg = 0.883 ¢!, xpyTm3HA BOIHBI hB/AB = 1/40,

Ap = 80 M) k cynHy BHE3AITHO OBLI MPHIIOKEH KPEHAIIUH MOMEHT. [lo TpumokeHus
KPEHANIETO MOMEHTA HAaKJIOHEHWS CyAHa TI0 KpeHy otcyTcTBoBamd. [locie
TIPUITOKEHHUA KPEHAIIETO MOMEHTA CTAIM Pa3BUBATHCS MHTEHCUBHBIE KOJEOAHUS TIO
KpEeHy C HapacTarome aMrumiryaor. OUYeBUAHO 3TO OOYCIIOBIICHO W3MEHEHUEM
XapaKTEPHUCTHUK TIOTIEPEYHON OCTOMYMBOCTH W TIPOSABIIEHUEM ITApPaAMETPUUECKOTO
pe3oHaHca. MOKHO OTMETHTh, YTO MHULMUPYIOIIUM TTapaAMETPHUECKANA PE30HAHC TI0
KpeHy (akToOpoM SBISAETCS TPHUIOKEHHE KPEHAIMIET0O MOMEHTAa HE3aBHUCHMO OT €T0
¢m3rUecKor CyImHOCTH. Pa3BuUTHE M yracaHue NapaMeTpUIecKOro pe3oHaHCa HOCHUT
MEUICHHO W3MEHSIONIMICI BO BPEMEHHM TMPOLIECC B 3aBUCUMOCTH OT HW3MEHEHUS
KPEHAIETO MOMEHTA.

Hccnenosano BMusHUE KypCOBOTO yTila M CKOPOCTH XoAa. Pesynprarsl pacuera
HAaKJIOHEHWM CyJHAa 10 KpeHy U auddepeHty Tpu AeUCTBUM JUHAMHYECKH
MIPUIIOKEHHOTO KPEHAIETO MOMEHTA TOKa3aHbl Ha rpadukax. AHamm3 3Tux rpadu-
KOB TIOKQ3bIBAET, YTO MMEIOT MECTO MAaKCHMAJIbHbIE HAKJIIOHCHHS IO KPEHY B JABYX

cinydanx: 1- OT TUHAMHYECKOTO TPHJIOKEHUs KpeHsinero momenra 60,1, 2- B mpo-

LlecCe pa3BUTHs TMapaMeTpHUyYecKoro pesonanca 667" . TlpuBenaeHsl 3aBUCHMOCTH
007 m 66T OoT 3HAUEHMs KaKyLIEWCs 4acTOThl BOJH Oy. OmpeneneHo, 4to B
HAMOOJIBINICH CTETICHH MAPAMETPUUYCCKUM PE30HAHC PA3BUBACTCS B OOJIACTH YACTOT

0, = Wg.
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[Ipy JOMHAMHUYECKOM TIPUJIOKEHWMM KPEHAILIEro MOMEHTAa K  CYJHY,
COBEPILAOIIETO KayKy Ha MPOJOJbHOM BOJIHEHMH, chienys metoay O. Y. Heuaesa,
BBIJCIIACM TPH COCTABIISIONIMX HAKIOHSHUS O(t):

1- CTATHYECKAS] COCTABJSIONIAsA, OMNpeLIIeMas CPEeIHEH BEIUYMHOWU
BOCCTAHABJIMBAIOIIETO MOMEHTA,
2-  nUHAMHAYECKAs]  COCTABJLIONIAas, OOYCJIOBJCHHAS  WMITYJIbCHBIM

CrocoOOM MPUJIOKEHUS KPEHSIEro MOMEHTa MaKCUMAalbHasA B IEPBOM
HAaKJIOHEHMM M 3aTyXalllas CcO BPEMEHEM Wu3-3a ACUCTBUA CHUI
TEeMIIpUPOBAHUS,

3-  nmapamMerpH4ecKasi COCTAaBIIAIOIAs, OOYCIIOBICHHAs UW3MEHEHHEM
BOCCTAHABJIMBAIOIIETO MOMEHTa BO BPEMEHM B 3aBUCUMOCTH OT
MOJIO’KEHUsI KOpIlyca Ha BOJHOBOM Tipoduie, pasBUBAIOLIaiACA B
MOCIIEAYIONINX HAKJIIOHEHUSAX U HE3aTyXaromas CO BPEMEHEM.

B HavampHBIA TIEPUOT BPEMEHH TIOCTIE MPUIOKEHUS KPEHAIETO MOMEHTA B
TeUEeHUE 3-5 TOCIEAYIOMIMX KOJEOAHUM COCTaBIIAIONIME CKIIAIBIBAFOTCA U MOKET
HaOmomarcs HauOONbIIee HAKIOHEHHWE KOpIlyca IO KPEHy C HETraTUBHBIMHU
TTOCJICACTBUAMH.

BriBOx cocTOMT B TOM, YTO HCCIICAOBAHHUE IUHAMUYCCKOM OCTOMYMBOCTH
CyZIHa Ha TIPOIOTFHOM BOJTHEHHUH aKTyalbHO.

HccmemoBana quHaAMUKa BOJIOM3MENIAOMIETO aM(PUOUMHOTO CyTHA TIPU BXOJE
B BOJy W MPH BBIXOJIE U3 BOJBI HAa Oeper. Takue cyna B JaHHBIX PEKUMAX JIBHKCHUS
YACTHYHO TOMACPKHUBAIOTCA THAPOCTATUUECCKUMU CHIIAMH B TIOTPYKEHHOM B BOAY
YacTH KOPIyCa, M YaCTUYHO PEAKLMAMH KOJIEC MPU KACAHWUM O JHO BOAOEMA WITH
OTIOPHYO MOBEPXHOCTh. COOTHOMIEHUS MEXKITY HAHHBIMH KATETOPHSIMH CHJI HETpe-
PBIBHO MEHSFOTCS B MPOLIECCE ABMIKEHHUS M OCTOMYMBOCTDh JAHHBIX CyJIOB HE JOJKHA
OKa3aTbCsl OTTACHO MAJIOM.

PaspaboTanHpie B HOMcCepTallMM METON W TIporpamma TIO3BOJISIOT Ha
HAYaIbHOW CTAAWH TIPOCKTHUPOBAHMS OLICHUTH ABUKCHUE CyJHA, OCTOWYMBOCTD,
peaKkiMM KOJEC, €CIM WX KBATU(UIMPOBATH KAk oOropa Ha JHE (KOJIECHBIE
JBWKUTEITH, KaCAaHWE KOPITyCOM JHA MPH TI0Cake Ha Menb). Paspadorana cxema cu,
JNEHCTBYIOIIMX HA KOPIYC CYyAHA, MMEIONIETO KOJIECHBIC IBMKHTEIM HA YIIPYTOu
nojgBecke. [lporiecc nmBMKEHWs CyaHAa B TIPOJOJIBHOM HATPABICHHUH 3aMEHEH
W3MEHEHWEM TJIyOMHBI BOABI TMMOJX KOjJecoM. [lOCKONBKY TOPH3OHTAIBHBIC
MEPEMEIICHHUsT KOPITyca HE OKAa3bIBAIOT BIIMSHHE HA BEJWUYMHY THIPOCTATHYECKUX
CHJI, Takas 3aMeHa OyAeT MpaBOMOYHA. BepTHKabHBIE ABMKEHHUS KOPITyca, KPEeH U
mrddepeHT Oy Ay T MPOUCXOIUTH TIPABUIBHO.

B kadectBe nmpumepa IS WILTFOCTPALIMK PACYETOB MPUHAT KOPITyC HEOOIbIIO-
ro am(pUOHIHOTO Cy/THA. BHITIOTHEHBI pacuyeT TMHAMUKH CYIHA MPH CIyCKE B BOAY.
AHaW3 pe3ybTaToOB MO3BOJISET ONPENCIUTh JUHAMUKY KOPITyCa MPH CITyCKE Ha BO-
Ny Y TEWCTBUM M3MEHSIOIIMXCS BO BPEMEHH BHEITHUX CHII, @ TaKKE OLICHWUTH OTac-
HBIC JBIKCHUSI KOPITyCa C TOYKH 3PEHUS OCTOWYMBOCTH U 3anuBaeMoctu. Onpenens-
eTCs TIOJIOKEHUE MTHOBEHHOMW BAaTEPIMHHUM HAa KOPIyCe, KOTOpPOe HEOOXOAUMO IS
aHanmm3za ocToMuMBOCTH. OTpeneseTcs 3ariayOiaeHue CyI0BOTO IBHKUATENS (TpeOHO-
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r0o BHUHTA) B BOAY, KOTOPOE TAaKKe HEOOXOIMMO 3HATH JJIA €0 BKIOUCHHS C IIEITBIO
MPOAOJKEHUS ABUKEHHUA Cy/IHA B BOJE.

ConocraBiieHUe pe3yJIbTaTOB PACiE€TOB M TECTOBBIX AAHHBIX TO3BOJIMWIA
CAENATh MOJIOKUTEIbHBIM BBIBOJ O JIOCTOBEPHOCTH TOJIyYEHHBIX TEOPETUYECKUX
pe3yJIbTaTOB, WX JAOCTATOYHOM TOYHOCTH MJiA MCIIOJb30BAHUA B MPAKTHUUYECKUX
pacyeTax.

eab paGoThI 3aKITFOYACTC

- B CO3/JaHMM TEOPETHUYECKOTO METOAA IMPOTHO3UPOBAHWA HUHAMHYECKOU
OCTOMYHMBOCTH Y TTOCATKM CyJIHA B CJIOKHBIX YCIOBUAX TIOTOJIBI M SKCIUTyaTallMM Ha
PaHHUX CTAAUSIX TPOSKTHUPOBAHUS W BHIPAOOTKA PEKOMEHIAIMM MO O0OECTICUCHUIO
TPEOYEMBIX TTApAMETPOB TUATPAMMBI CTATHYECKON OCTOMUYUBOCTH;

- B CO3/IaHAW METOJMKH 00€CTICUeHHs Ha PAaHHEH CTaIUH, UCXOAA U3 HOPM OC-

torunBocTH [IpaBun Perucrpa, TpeOyeMbIx 3HaYSHUI TAPAMETPOB JUATPAMMBI CTa-
THYECKOM OCTOMYUBOCTH.

JI1s mOCTYKEeHUA YKa3aHHOW LIENIM TOJICKAIIA PEIIECHUIO CIIEAYIOIIMUE BOIPO-
CBI

- pa3paboTKa CHCTEMBI TTAPaAMETPOB TIOCAAKHA U ABMXKEHUS KOPITyca TIPU HEOr-
PAHUYECHHBIX MMPOCTPAHCTBEHHBIX TIEPEMEIICHHAX;

- pa3paloTKa MaTeMaTHYE€CKOM MOJIETTH ABMIKCHHS KOPITyCa KaK COBOKYITHOCTH
v HepeHIMATBHBIX yPABHEHUH TIABYYECTH U OCTOMYHUBOCTH CyIHA,

- 000CHOBAaHME METOJIOB U PACUETHBIX 3aBUCHUMOCTEH T OTIPEICTICHUS THIPO-
CTaTUYECKHUX M THAPOJAMHAMHYECKHUX CHII, NEWCTBYIONIMX HA KOPITyC Cy/IHA, a TaKKe
BHEITHUX CHJI TSIKECTH KOPITyCa, TIPUHUMAEMBIX TPY30B M PEAKIMHA CTEIMATbHBIX
YCTPOWCTB;

- 000CHOBAHHE METOJ0B PeaTM3aIUK MaTeMaTudeckor Moaenu Ha [I19BM;

- HCCTIeIOBAHUE BYDKEHUS M TIOCATKH CY/THA TIPU JTUHAMUYIECKOM TIPHIIOKEHUH
BHEITHUX CHJI ¥ aHAJIH3;

- pa3paboTka HEOOXOAUMOW M JOCTATOYHOM JUATPAMMBI CTATHIECKOM OCTOM-
YHUBOCTU MAJIOTO TIACCAKUPCKOTO CYJHA NPUOPEIKHOTO TUIABAHMA HA PAHHEW CTaauH
MTPOEKTUPOBAHUS ;

- OIICHKA BIIMIHUA HECHMMETPUYHO PACIOJ0KEHHBIX BOJIOHETIPOHUIIAEMBIX
HAJCTPOEK Ha MapaMeTPhl AUArpaMMbl OCTOHYHBOCTH;

- OLIEHKAa OCTOWYMBOCTH M JUHAMUKYA HAKJIOHEHWN BOJOM3MEIIAIOMIETO CY/IHA
HA TIPOAOIFHOM BOJTHEHHWH TPU ACWUCTBUM KPEHAIIETO MOMEHTA;

- OIICHKA JWHAMHUKH BOJOM3MEINAOMET0 aM(PUOUMHOTO CyAaHA TIPU BXOJE B
BOJY Y TIPH BBIXOZE U3 BOJIBI HAa OEper.

O0beKTOM HAYYHOI0 HCCJICTOBAHHSA ABISIFOTCS MaJible MACCAKUPCKUE Cya
MPUOPEKHOTO TIIABAHUSL.
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IIpeaMeToM HAY4YHOr0 HCCIAEAOBAHHUSA  ABAIOTCI  METOABI  OLICHKH
JIMHAMAYECKOW OCTOMYMBOCTH CYJIHA B CJIOKHBIX YCJIOBUSX IUIABAHUA W CITOCOOBI
ompeneNieHdss pasMepoB W (QopMBI KOpIyca CyQHA HAa PaHHUAX CTagUIX
MPOECKTUPOBAHMUS.

Mertoast wuccaenoBanmsi. [Ipu  BBIITONHEHWHM Ppa0dOTBl  NMPUMEHSIIHCH
CIIETYFOTITE METOBI UCCIEAOBAHUS: TEOPETUIECKUE METOIBI UCCIIEAOBAHUS CTATUKH
Y IUHAMHAKHA KOPAOJS; TEOPETUIECKHUE METOABI TIPOEKTHUPOBAHUS CYIOB; YUCIICHHBIC
METOIBl HWHTETPUPOBAHUA cHCTeM JU((EePEHIMANBHBIX YPaBHEHHWM, CpPEICTBa
nporpammupoBanus « Visual Basic»; cpeacrsa ananmsa «Microsoft Excel 2010».

Hayunasi HoBH3HA. B uitore mipoBeIeHHBIX B pad0Te MCCIIEIOBAHUM IOy YeH
PAI HOBBIX HAyYHBIX PE3YJIbTATOB:

—  BBIINIOJIHEH aHAIU3 MOJIOKEHUN TEOPUH NPOEKTUPOBAHUS CYA0B M OIPEAEIIEHO
MECTO [l Ppa3padOTKM METOAWKHA TIPOTHO3HPOBAHUSA JTHHAMHAYECKOMN
OCTOMYMBOCTH Ha 3Tarne OOOCHOBAaHWSA TJIABHBIX Pa3MEPEHUN KOPITyCa,
BBICOTBI HAJBOJAHOTO OOpTa, APXWUTEKTYPHl HAJICTPOSK W  DJIEMEHTOB
HEMPOHUIIAEMBIX 00HEMOB;

— OOOCHOBaHBI  CHCTEMBl  KOOPJMHAT W  MapaMeTpsl  TOCAAKW  TIpH
HEOTPaHUYEHHBIX MEPEMEILICHUIX KOPITyCa;

— pazpadorana cucrema quddepeHImaTbHbIX YPaBHEHHN BKEHUS KOPITYCa,;

— ONpeneneHbl METOIBI Y Pa3padOTaHBl AJITOPUTMBI pacyeTa Uil TPSAMOTo pacue-
Ta MO0 TEOPETUIECKOMY YEPTEIKY THIPOCTATUIECKUX BOCCTAHABIIMBAOIIMX CHIT
Y MOMEHTOB TIPH MTHOBEHHOMW ITPOU3BOIFHOM MOCAJIKE CYHA, BKITIOYEHHBIX B
MPOTIEAYPY YHUCICHHOTO WHTETPUPOBAHUS AU((HEpEeHIMATBHBIX yPaBHCHHM
JIBYKCHUS KOPITyCa;

— 000CHOBaH METOJI peall3alui MareMarudeckor moaenu Ha [I19BM;

— BBINOJHEHO MO METOAY BBIYUCIWTEIIBHOTO JKCIIEPUMEHTA WCCIECA0BAHUE
JAHAMHAYECKOM OCTOMYMBOCTM M TMOCAaAKM CyJHAa TPU  Pa3IAYHBIX
JAHAMUYECKMX Croco0ax TIPWIOKEHWA BHEIIHWX CHJI, TPU Pa3IHYHBIX
MeTofax (OPMHUPOBAaHMA PACYETHOM CUTyallMd M TPOBEACH aHAIM3
MOJy4YE€HHBIX PE3YyJIbTATOB;

- pazpaboraHa METOAWKA OOOCHOBAHWUSA HEOOXOJMMOW ¢ JOCTATOYHOU
JUarpaMMbl CTaATUYECKOM OCTOMYUBOCTH U TIPUBEACHHOM BBICOTHI HAJBOIHOTO
O0opTa TAcCCaXKMPCKOTO CyAHA TPUOPEIKHOTO ITUIABAHWS HA PaHHEH CTaaud
MPOCKTUPOBAHUS

- JaHa OLCHKAa BJIIMAHHWA HCCUMMCTPHUIHO PACTIOTOKCHHBIX
BOAOHCTIPOHUIIACMBIX HAACTPOCK HA MMapaMCTpPhbl AUarpaMMbl OCTOfI‘IPIBOCTH;
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- BBIIIOJIHEH aHaIu3 OCTOMYHUBOCTH U JAHAMUKHA HAKJIOHEHUM
BOJIOM3MEILAIONIETO CyJAHA HAa TPOAOJbHOM BOJIHEHWM TIPU JICUCTBUU
KPEHSAIIET0O MOMEHTA,

- HCCIIeIOBaHA TWHAMHKA BOAOM3MEINAOIEro aMpHUOUIHOTO CyAHA TP BXO1E
B BOJY U TIPH BBIXOJE U3 BOJIBI Ha Oeper (MpH MOCaIKe Ha MEIb).

OcHoBHBIE MOI0?K€HU N, BLIHOCHMbIC HA 3aIIIUTY:

— MaTeMaTu4ecKkas MOJECINb I WCCIICIOBAHMS TUIABYYECTH W JUHAMHYECKOM
OCTOMYHMBOCTH BOJOU3MEIIAIOIIETO CY/THA;

— METOJI BBIYUCIUTENHHOTO JKCIIEPUMEHTA ISl WCCIASAOBAHUS JTMHAMMYECKOM
OCTOMYMBOCTA W TIOCAIKH CyJHA TIPU PA3IHYHBIX CIOCO0aX TPHIIONKCHUN
BHEIIHUX CHIT;

— MeToAWKa OOOCHOBAaHMSA HEOOXOOUMOW ¢ JOCTATOYHOM  JTMArpaMMbl
CTaTHYECKOW OCTOWYMBOCTH W TIPUBEJACHHOW BBICOTHI HAJBOHOTO OOpTa
MaJIOTO TACCAKUPCKOTO CyaHA TIPUOPEKHOTO TUIABAHUS HA dTare 000CHOBAHUS
TJIABHBIX Pa3MEPEHU KOPITyCa, BBICOTHI HAJBOTHOTO OOPTa, APXUTEKTYPHI
HAJICTPOCK U DJIEMEHTOB HETIPOHUIIAEMBIX OOBEMOB;

— JTMHAMUKA BOJIOW3MEIIAIONIETO aM(PUOUMHOTO Cy/THA TTPY BXOJI€ B BOJY U TIPH
BBIXO/I€ U3 BOJIBI HA OEpET.

I[IpakTi4yeckoe 3HaveHHe. [IpakTmdyeckoe 3HAUEHHE PAOOTHI peaATU3YyETCA
TEM, YTO TpPEAJIaraéMpleé B AUCCEPTALMOHHOW padOT€ METOIBI, AaNTOPUTMBI H
MpOrpaMMBbl PacyeTOB HEPA3PBIBHO COYETAIOTCS € MWHKEHEPHOM AEATENbHOCTHIO
KOHCTPYKTOPCKHUX opraHuzauui. llpennoxkeHHas B AuUcCCEpTalMA MareMarhyeckas
MOJEIb JOBEJCHA /10 pabodymx mporpaMm. J[aHbI MpakTHYECKHE PEKOMEHIALMH TI0
00OCHOBAaHHMIO  HEOOXOAMMOW W  JOCTATOYHOW  JMarpaMMbl  CTaTHYECKOU
OCTOMYMBOCTH W TIPUBEIACHHOM BBICOTHI HAJBOHOTO OOpTa MACCAXKUPCKOTO CyIHA
MPUOPEKHOTO TUTABAHKA HA PAHHEW CTaMY MPOESKTHUPOBAHMS HA 3TAre 0OOCHOBAHUS
TJIABHBIX PA3MEPEHUI KOPITyCa, BRICOTHI HAIBOJHOTO OOPTa, ApXUTEKTYPHI HAACTPOEK
Y SJEMEHTOB HENPOHHWIIAEMBIX 00BeMOB. JlaHa TIpakTHUYeCKas OICHKA BIMSHUA
HECUMMETPHUYHO PACIIOJIOKEHHBIX BOJIOHEITPOHULIAEMBIX HAJICTPOEK HA MapaMeTpbl
JAArpaMMbl  OCTOMYMBOCTH. lIpemnoskena mpakTHyecKas METOAUKA IPOBEICHUS
HCCIIEIOBAHUA JUHAMUYECKOM OCTOMYMBOCTHM M MOCAAKHA Cy[OHA IIPU Pa3IAYHBIX
Croco0ax TPWIIOKEHUM BHEIIHWX CWJ, TPU PAa3IMYHBIX MeToAax (hOpPMHUPOBAHUA
pacyeTHOM cutyaumy. OHa NO3BOJISIET ONPEAETUTh MapaMeTPbl ABUKEHUA U OLICHUTD
JAHAMUYECKYI0 OCTOMYMBOCTH TAKKE M HA MPOAOJBHOM BOJHEHWHU IPU JEHUCTBUM
KPEHSAILIET0 MOMEHTA.

I[OCTOBepHOCTB NOJYYCHHbIX PeE3y/JbTAaTOB IMOATBECPRIAACTCH BIIOJHC
YI[OBJ'ICTBOPI/ITGJ'IBHOI\;I CXOJHUMOCTBIO PE3YIbTATOB TCCTOBbBIX pPacycToOB

XApPaKTCPUCTUK TUIABYUCCTH H OCTOMYHBOCTH CyaHa € aHAIOTUYHBbIMHU paCuUCTaMU
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MPOCKTHOW OpPraHM3allih IO OJOOpPEeHHOUW PerucrtpoMm Tmporpamme, a Takxke C
XapaKTePUCTUKAMU TEOMETPHYECKH TMPOCTHIX (JOPM KOPIYCOB, I KOTOPBIX
HM3BECTHO TOYHOE aHATIMTUUYECKOE PEILECHHUE.

Buenpenmne. Pesynprarel paOOTHl WCIIONB30BaHBI B YYEOHOM TIpOLIECCE B
HwxeropoackoM rocyaapcTBEHHOM TEXHMYECKOM yHuBepcurere um. P E.
Anekceesa.

Amnpobamusi padorbl. OCHOBHBIE TIONIOKECHHUA Pa0OTHl JOKIAIBIBATTUCH Ha
koH(pepenimmn «Konmenm»: «CoBpeMeHHbIE HAayYHBIE WCCICIOBAHUA. AKTYaJIbHBIC
Teopud U KoHuemmu. Beimyck 3. - 2015, - ART 65113, [OnexrponHsii pecype] -
URL: http://e-koncept.ru/teleconf/65113.html - ISSN 2304-120X» u Ha cemuHape
kadempst (« Teopus kopadIIT ¥ THAPOMEXAHUKAY ) «APPOTHAPOIUHAMHUKA, TIPOUYHOCTH
MAalIvH ¥ COTIPOTUBIICHHE MATEPHUATIOBY.

Iyoaukanun. [lo pesyapTaram UCCAEAOBAaHWM, MPEACTABICHHBIX B
JIUCCEPTAIMOHHO M padoTe, OIyOJIMKOBAHO 8 HAYYHBIX PA0OT, W3 HUX 2 HATTMCAHHBIX
TOJIbKO aBTOPOM, a O BBITIOJIHCHBI B COABTOPCTBE, HO OCHOBHBIC PE3y/IbTaThl B HUX
TIPUHAJIEKAT aBTOPY.

0O6bem padoThl. JlucceprarmioHHas padoTa COCTOUT U3 BBEJICHUS, TISITH TJIAB,
3aKJIIOYEHHUdA, crrcka Jrepatypbl. OHa cozep:xur Ne 191 crp. MammHOMMMCHOTO
tekcra, Ne 16 tadmurr, Ne 149 pucynkos, ouommorpaduro u3 Ne 168 HaumeHoBaHMIA,
B TOM 4ucCJe 29 Ha MHOCTPAHHBIX A3bIKAX.
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I'nasa 1. IIporuosupoBanue nokasareseil MOpeXoaHbIX Ka4eCcTB CyAHA
HA PAHHHUX CTAJHUSIX POEKTHPOBAHHUSI.

1.1. HcxoaHble MOJIOKEHUSI TEOPHH NPOEKTHPOBAHUS CYHA

Co3ganue cyHa — CIIOKHBIA IMPOLIECC, OCHOBHBIMM 3TalaMu KOTOPOTO
ABIAIOTCA MPOEKTUPOBAHME CyaHAa MW ero nocrporka. Hasnauenwe cynHa
ONpeaeiAeTCss LENbI0 €ro JSKCIUTyaTalMH. 3aJaHuhe Ha CO3JAaHUE CydHA JOJDKHO
COOTBETCTBOBATH TOMY HA3HAYEHHIO.

[To ompeneneHmto BRIIAFOMIETOCS PycCcKoTo Kopaonectpoutens M. I'. ByOHosa
324244 NMPOEKTHPOBAHUS CYy/IHA 3aKIF0YACTCS B COCTABIECHUH TAKUX YEPTEKEHN €ro,
YTOOBI TIOCTPOCHHOE TI0 HUM CYAHO YAOBIIETBOPAJIO BCEM 3aTaHUAM, TIOJOKEHHBIM B
OCHOBY COCTAaBJIIEMOTO MpPOEKTa. TaKOBBIMM 3aJaHUAMM 11 KOMMEPUYECKOTO CyaHA
ABIIAFOTCA. TPY30TIOABEMHOCTh, POJ TIEPEBO3UMOTO TPy3a, OOBEM TMACCAKUPCKUX
MOMEILCHUM, CKOPOCTh CyJIHA, PaliOH IUIaBaHWA, HYHEPreTHYECKas YCTAHOBKA, POJ
TOIUIMBA, JOCTATOYHAsA MPOYHOCTh CYAOBOr0 KOpITyca, HajjleKalas OCTOMYMBOCTh U
MOPEXOJHBIE KAYECTBA, U MHOTOE APYTOE.

IIpeameTroM TeopuM NPOEKTHPOBAHUSL CYJOB SBJSETCA U3YyYEHHUE CBA3U
MEKIy XapaKTEPUCTUKAMM CBOMCTB CyJIHA, OINPEACNICHHBIX 33JaHUEM M JEHUCTBYIO-
OIMMH HOPMaMHU, C OJHOW CTOPOHBI, M XapaKTEPUCTUKAMU Pa3MePoB U (OPMBI CY/IHA,
C OIpyTOM.

XapakTepUCTUKaMH CyJHa 10 33JaHUI0 U HOPMaMH SIBJIIOTCS: TPY30MOab-
E€MHOCTh Y KO3()(PHUIMEHT MCIIONB30BaHMUA BOJAOM3MEIIECHUA TI0 TPY30TIOABEMHOCTH;
IPY30BMECTMMOCTb U yJAENIbHASI IPY30BMECTUMOCTD; CKOPOCTh B PA3IMYHBIX YCIOBU-
AX; a0COMIOTHAaA M OTHOCHUTEIbHAs METALCHTPHUYECKAs BBICOTA, TAPAMETPHI JHa-
TPaMMBI CTATUMECKOW OCTOMYMBOCTH; [Tl KQUKK — TIEPHO CBOOOIHBIX KOJIEOaHUH,
WX aMILIUTY JIbI.

XapakTepucTUKaMu pasMepoB M (OPMBI CyIHA SABIAIOTCA: BOAOU3MEIICHHUE,
TJIABHBIE Pa3MEPEHUs] U XapaKTePUCTUKHA (PopMbl — KO3(DPHUIMEHTH TIOTHOTHI (00-
IIe# TIOJTHOTHI O, TIPU3MaTHIECKUe KO3 (PHULIMEHTHI POIONBHON () M BEPTUKAIBHOH
TTOJTHOTBI, TIOJTHOTHI TIIOINAAA MHIEIH-IITIAHTOYTA [3, TIOJIHOTHI THIOIMAAN KOHCTPYK-
TUBHOM (TPY30BOM)M BaTEPJMHHMM O ¥ Ap.). K BCrIOMOTaTeIbHBIM XapaKTePUCTUKAM
pasMepoB ¥ (HOPMBI KOPIIyCa CyHA OTHOCATCS: OTHOCHTEIbHAS JIMHA CYQHA, COOT-
HOIIEHMA TJIaBHBIX PasMEPEHUM, HOCOBOTO M KOopMoBoro 3aoctpenuit KBJIL, a Ttakke
MHOTHE APYTHE.

Tak kKak OTHENPHBIC XAPAKTEPHUCTHUKUA Pa3MEepOB M (POPMBI CyaHA CBA3AHBI
MEXAy COOOM, TeOpHUs TPOEKTHPOBAHUSA CyJ0B 3aHUMAETCS YCTAHOBIICHUEM CBSI3EH
Mexay HAMA. OOIHi XapakTep UCCIIEA0BAHMM B pAMKAax TEOPHH MPOSKTUPOBAHUA U
€€ METOJ0JOTHM MOXKET OBITh OTPENENeH Kak aHaMTuieckul. [lpu coznanum omnpe-
JENAFOMIMX (POPMYIT TEOPHUX TIPOSKTUPOBAHUSA CYJ0B B OCHOBY KIAAETCA KaKasg-Tuo0
¢du3Hyeckas 3aBUCUMOCTh Y TIYTEM €€ TIPHUCIIOCOOICHHUS K PEIICHUIO 33/1a91 TTPOEK-
THPOBAHMSA aTh MPUOIIMKEHHYIO 3aBUCUMOCTb JIUTI PacuyeTa UCKOMOW XapaKTePUCTH-
KM. DTO, MPEKAE BCEro BOMPOCHl HArpy3KW CyJIHA, ONpPEAENCHUs €ro BOAOU3MEILLE-
HUS, TTIABHBIX Pa3MEPEHHM, €r0 BMECTUMOCTH, (POpPMBI KOpIIyca, 0OECTIeueHHs HY K-
HBIX XapaKTEPUCTHUK IUIaBYYECTH, OCTOMYMBOCTH M HEMOTOIUIAEMOCTH, TUIABHOCTH U
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YMEPEHHOCTH Ka4KU Ha BOJIHEHMWM, XOJIKOCTH M yIipaBisieMocTd. CnexyeT OTMETHTD,
4TO (POPMYJIBI TEOPUHM MPOESKTUPOBAHMA CYJIOB WCIOIB3YIOTCA TOJBKO A0 CO3AAHHS
3CKH3HOI0 MPOEKTA.

YpaBHeHue Harpys3Ku:

Bomousmenienue cyaHa, D, T, BKIFOYAET B CEOsI BOJIOU3MEIICHHUE TTOPOIKHETO
cyaHa Dy, T, W aeasedt DWW, T [6, 16, 49].

D=DHOP+DW‘ (1.1)
Bonousmenienue cygHa MOpoKHEM Ppa3OMBAcTCd HAa YKPYIHEHHBIE CTATbU
Harpy3KH U 3alMChIBAETCs B BUJIE:

DHOP:PK+PY+PCC+PM+P3H+PB+P3+P +P, +P, (1‘2)

TOC.TPY3

rae. Py — Mmacca kopmyca; Py — Macca CyIOBBIX YCTPOWCTB; P, — Macca CyHOBBIX
cucteM; P, — Macca JHEPreTMYEeCKOM  yCTaHOBKMW;, F,;, —  Macca
3JIEKTPOIHEPTETUYECKOM CUCTEMBI, BHYTPUCY/IOBOM CBSI3U U YIIpaBJieHUs; P, — Macca
BOOPYKEHUA, F, — Macca 3amacHbIX 4acTeU; Procrpys — MACCa MOCTOSHHBIX KUIKUX
TPy30B; P.; — Macca CHa0KEHUS, UMYTIIECTBA; P.; — 3armac BOJOM3MEIIICHU.

(PHPy+ Pt P TPy + P, + Prerpys T PeuJLBH+ PN,

D = 1.3
o 1_p3B ( )

YpaBHEHHE HATPY3KHU B OOIIEM BHJIE:
3 P LBH+p N m,

“+n A—+p_+p, + +p.kk,N 244+P_+p n A
l_pSB ) (A pr[p pB p0T6p) pT 17725 Te 3r psr[ 3 (14)

YpaBHeHus nj1apy4ectu M paBHoBecus [126]:
pgV —-D=0
DS, —pghé. =0 (1.5)
D, —pghn. =0

YpaBHeHue IKCILUTyaTALMOHHOM ocTOiTYMBOCTH [6, 16, 35]:

h=|-% B L0 s@ysr|oz,
1,48 T 5 ¢

(1.6)

rae, 7 — abCOMOTHAs METAllEHTPUYECKas BhICOTA CyaHA, M; B, 1" — TIaBHbIC
pasMmepenus CyiHa, M; o — ko3¢ duiment noaHoTs momiaam [ BJI; § — kosddpurment
OOIIIe¥ TTIOTHOTHI CY/THA.

YpaBHeHHe BMeCTHMOCTH MO3KHO 3aruvcarh B Buae [16]:

W, = W (1.7)
rme SW; — cyMMa TOTPEOHBIX TEOPETHYECKHX OOBEMOB, M, Wg — (akTHieckas
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3
BMECTUMOCTB KOPITyCa U HAJICTPOEK, M .
B.JI. TlozmonunsiMm Oblma BBeAeHa (hopMyna OTpPENelIeHUs BMECTUMOCTH

CyJIHA:
W, =W.(1+s,) (1.8)

rae sy — Kod(QPUIMEHT pa3BUTHA HAACTPOEK (OTHOIIEHHWE OOBEMOB HAACTPOEK
(py6oK) u kopryca); W, — 06beM KOpITyca, M;
O0Bem koprmyca onpeaensercs o popmye:

W :kcﬁ(ﬁjs (1.9)
p\ 7

rae k. — ko3 PUIMEHT CeMIOBATOCTH, P — ITIOTHOCTH BO/IBI;
YpaBHeHHEe X0AKOCTH:
[TomHOE COTMPOTHBIIEHWE IBKEHUIO Cy/JHA MOMXKET OBITh NPHUOIMKEHHO

paccuurano no popmyne [125]:
R=R_+R,, (1.10)

rae R, — CONPOTUBICHUE TPEHUS; Roer — OCTATOYHOE CONMPOTUBIICHUE.

R, =(§,, +&. +§Bq)% (1.11)

rae &, — Ko3pPUIMEHT TPEHUS SKBUBAJIEHTHOW TJIAKOU TUIACTUHBL, &, — HagOaBKa
Ha IIEPOXOBATOCTh;, &y — HamOaBKa BBICTYMAIOIMME dYacTd; () — CMOYECHHAs
TOBEPXHOCTH KOPITyCa Cy/IHa, M*; ¥ — CKOPOCTb CY/IHA, M/C;

OcTaToyHOE COTPOTHBICHHUE MOXKET OBITH OMPEACICHO MO PEKOMEHIALMH
I'yposuua A. H. u Ponuonosa A. A. [43]:

R, =362-10"-¢""D (1.12)
[Tome3Has MOITHOCTH ompeaenseTcs 1o GopmyIie:
N,=R-v (1.13)
MomntHocTh raBHOM DY cymaHa onpeaesieTcs mo popMyrie:
N, =z (1.14)
NsNp

rae s — K/ mepenaumn MOTITHOCTH; 1p — TIPOTTYIIHCHUBHBINA KO3 (puimeHT.

CBs13b ¢ AUCUMILTUHAMH TeopuH Kopadasi. Teopust MPOEKTUPOBAHUA CYI0B
HaMOOJiee MIMPOKO WCIOJIb3YET JAHHBIE WCCIENOBAHMW 10 TEOPHHM KOpadI,
KACarOMIMecs BOIPOCOB TIUIABYYECTH, OCTOMYHMBOCTH, HEIMOTOIUIIEMOCTH, KAaYKH,
XOJKOCTH, TIOCKOJIbKY WMEHHO JTH CBOWCTBA OMPEICIIIOT  BO3MOMKHOCTb
CYIIECTBOBAHMS CYJHA KaK IJIABYyYEro MHKEHEPHOTO COOPYKECHH.
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[Ipouecc mpoeKTUpPOBAHUSA CYZOB pazaenieTcas Ha pan craaui. Cragusmu
Pa3pabOTKH MPOEKTA ABIBIFOTCA: TEXHUYECKOE 3aaHUE; TEXHUIECKOE TPEITI0KEHHE;
3CKW3HBIN NPOEKT; TEXHUYECKUU MPOECKT.

TexHuueckoe 3aJaHWE Ha TPOEKT CyJIHA pa3padaThiBaeTCA M COJEPIKUT
CIIEyIONINE JAaHHBIC. HAa3HAYEHWE WM THI Cy[HA; KJacC CyJHA;, paloH, HAIbHOCTb
TUTABAaHUs M aBTOHOMHOCTB, CKOPOCTh CyJHA WIIM MOIIHOCTH TJIABHOTO JBUTATEII;
THUIT SHEPTeTHYECKOM ycTaHOBKH (DY), SKCIUlyaTallMOHHBIE OTPAHWYCHUS IS
TJIABHBIX Pa3MEPEHHM CYyJHA; XapakTep Ipy3a M TPEOOBAHUA K TPY30IOIBEMHOCTH,
TPY30BMECTUMOCTH,  TIACCA)KUPOBMECTUMOCTH, TpPeOOBaHUA K  OOUTAEMOCTH;
crieLMaibHble TPEOOBAHMUA K Pa3HBIM CBOMCTBAM Cy/JHA, YCTPOMCTBAM, MEXaHU3MaM,
cucTeMaM Y T. 1.; B TexHWdeckoe 3amaHue MOTYT OBITh BKIIFOUEHBI TPeOOBaHMS,
KacCaromMecs 3JKOHOMUYECKUX MOKA3ATENIeH TTIOCTPOUKH U SKCIUTY aTALuK CYAHA.

Y TBepKIEHHOE TEXHUYECKOE 33/IaHHE TIepeNaeTcs KOHCTPYKTOPCKOMY OFOPO
— TMPOEKTAaHTy CyaHa — id pa3paboOTKM HAa €ro OCHOBAHWM TEXHHYECKOTO
npemioxkeHnss. OcHOBa PaspabOTKH MEXHUUECKO20 NPedNodceHuss — TPOBEPKa
BBITIOJITHUIMOCTH M COBMECTUMOCTH  TPEOOBAHMWA  TEXHUYECKOTO  3adaHud,
BO3MOKHOCTA KOMITIEKTAIMA CyAHA OCHOBHBIM OOOpPYJAOBAaHWEM, BBISBICHHUE
HEOOXOIUMOCTH Pa3padOTKM M OCBOEHHUS HOBBIX BHIIOB OOOpyaoBaHus. B cimydae
HEOOXOTMMOCTH TIPOPadATHIBAIOTCA BAPHUAHTHI BO3MOKHBIX pemieHui. Ha maHHOM
CTaauM TNPOEKTUPOBAHUs, HA3bIBAEMOU HAYAIbHOI cmaldueil, 3HAYUTENbHYIO POJIb
WIPAlOT METOMBI AHATMTHUECKOTO TTOAX0/1a K OTIPEACTIEHHIO BOJOM3MEIIECHUS CyIHA,
TJIABHBIX pa3MepeHui U ko3P puimeHToB hopMel KopItyca.

Ha wavanpHOW cTaguM TIPOEKTUPOBAHUA pPa3padaThIBACTCS WCXOIHBIN
BAPUAHT CYJHA, YAOBIIETBOPAIOMINKI TPEOOBAHHUAM 3adaHUA, 4 3aT€M P BapUAHTOB
Mo pazMepeHusiM U kodpduimernram GopmMbl, KOTOPHIE TOKHBI OBITh OIICHEHBI TIO
00OCHOBAHHBIM KpUTEpUsM. BpiOpaHHOE€ Ha HAYaIBPHOW CTaguM TIPOEKTUPOBAHUA
pENICHHE CITy’)KUT OCHOBAHHWEM T TpadUIecKor pa3padoTKA TEXHUYECKOTO TPE-
JIO’KEHHWS, BKIIOYAIOMIEH KOMIUIEKT YEepTeKeHd OOIMEero pacrlojoKeHUd U
TEOPETUIECKUH YepTek. TeXHUIECKOe MPeIoKeHHE Ha pa3paboTKy TPOEKTa CyTHa
TOCJIE KCTIEPTU3BI, COTTACOBAHUA W YTBEPIKIACHHS 3aKA3YMKOM SIBJIACTCA OCHOBOW
JUTA JANTbHEUIIETO MTPOSKTUPOBAHMUA CYy HA.

Crnenyromas cramgus — pazpadomka ICKUZHO20 HPOeKmd, HA KOTOPOH
YTOUHAIOTC XapaKTEPUCTHUKUA CyJHA, €ro oOOpyJOBaHWA, TpeOyromme Oomee
MOAPOOHOM Pa3pabOTKU TPOEKTHBIX YEPTEKEM M pacueroB. llocne yTBep:kacHUS
3CKHM3HOTO TIPOEKTa HAYMHACTCA Pa3padOTKa MeXHuueckozo npoexkma cynHa. Ha
3TOM CTaaWH, KaK MPABUIIO, HE JOIKHBI MePeCMATPUBATHCSI TEXHUIECKHE XapaKTe-
PHUCTHUKH CY/JTHA, IPUHATHIE B 3CKU3HOM TIPOCKTE.

OTcroia BBITEKAET BAXKHOCTHh PALMOHAIIPHOTO TOJX0Ja K COCTaBIICHHUIO
3alaHUd W BBIOOPY TJIABHBIX pazMepeHu M KO3(PPUIIMEHTOB (POPMBI CyaHA, YTO
oOecrieumBaeTCs TIPUMEHEHHWEM anmapara TEeOpPUHA TPOSKTHUPOBAHUSA CYAOB Ha
HAYaAJTbHBIX CTAIUAX MPOCKTUPOBAHMSA, KOTAa MPUOOPETaeT 0co00e 3HAUCHHUE aHATIN3
3a/1aHUs, a 3aT€M BBIOMPAEMBIX TJABHBIX pa3MepeHUH U KO3 (ULIMEHTOB (HOPMBI

KopIyca.
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1.2. MeTtoauka NpoeKTUPOBAHMS CYAHA

ITo Beipaxkenuro A. B. bponnukosa [16]: «BBUAY CI0KHOCTH U MHOTOTLIAHO-
BOCTH BOTIPOCA, CBA3AHHOTO C BEIOOPOM 3JIEMEHTOB MPOEKTHUPYEMOTO CyAHA, HEBO3-
MOKHO CO3JaTh JOCTATOYHO MPOCTHIE U B TO K€ BPEMS YHUBEPCAJIBHBIE 3aBUCHUMO-
CTH, JAIOIIHE OJHO3HAYHBINM M TOYHBIM OTBETY.

U3 BCelt COBOKYITHOCTH BEJTUYHH, TIOJICIKANINX OTPEETICHUIO TIPH Pa3padoT-
K€ IMPOEKTOB CYAOB, BBIACIAIOT OCHOBHBIE HEM3BECTHBIE: IMIaBHbBIE pa3MepeHus - L,
B, T, H u koad¢pummentsr popmel — J, o, f. DTH BETHUHUHBI OTIPEACTIIOTCS HA CAMBIX
PpaHHUX 3Tanax pa3padOTKH MPOoeKTa. J[pyrue XapakTeprUCTHUKH CyIHA, 3aBUCAIIUE OT
OCHOBHBIX BEJIMYHMH, MOTYT OBITh OTIPEIETICHBI TTO3IHEE.

[Ipu aHATTMTHYECKOM CITOCO0E OTPEAEICHHA XapaKTEePUCTHK CyTHA UMEIOTCS
MPOOJIEMBI:

- YHUCJIO HEU3BECTHBIX BEJIMYMH ITPEBBIIIACT YUCIO YPABHEHU;

- 4acTh YCIIOBUA M MaTeMaTUYECKUX 3aBUCUMOCTEW BBIpA’KEHA HE B BUJC

ypaBHEHHWH, a B popMe HEPaBEHCTB;
- P BEIUYMH UMEIOT JIOMYCK HA OTKJIOHEHHWE OT HEKOTOPOTO CPEOHEro 3Ha-
YEHUS.

[TosToMy B T€OpMM MPOEKTUPOBAHUA CYyJAOB UCIOJIb30BAHBI TAKHE METOAUYE-
CKHE TIPUEMBI. METOJI TIOCIICAOBATEIHHBIX MPUOIMKCHHM, METO ] Bapyalmii. B 3Tom
Clly4ae MpoLecc NPOEKTUPOBAHUA CyJHA MPOUCXOJMUT B TaKOM MOCIEA0BATENBHOCTH
[6]:

1. Omnpenenenue BoaoM3MEIIEHUs D M MOIIHOCTH 3HEPreTHYECKOM ycTa-
HOBKH N, a TaK)Ke€ Harpy3KH B IIEPBOM MPHOJIFKEHUH.

[To ypaBHeHuro Harpy3kd B ¢yHKImHK D B anrebpanueckoit ¢opme ompese-
JSIOT BOJOM3MeENIeHUe cyaHa. [lapaMerpsl ypaBHEHHMS HArpy3KH (XapaKTepUCTHUKH
CyZIHa: CKOPOCTb, TATbHOCTh TUTABAHUSA, ICBEUT, I3MEPUTEIN MAacC KOPIIyca  T. I1.)
MOTYT OBITh TIPHUHATHI TI0 TIPOTOTHUITY WJIM TI0 CTaTHCTHYECKOW mHpopmarmu. OxHO-
BPEMEHHO TI0 YPABHEHHWIO HATPY3KHA HAXOMAT NPUOMKEHHOE 3HAYEHHUE MOIIHOCTH
SHEPreTUYECKON YCTAHOBKU.

2. OmnpeneneHue TJIABHBIX pa3MepeHui U KO3 GUuImeHToB OPMBL

[1o 3Ha4eHMIO 3aJaHHOM CKOPOCTH OMPEACISIIOT OTHOCUTENIBHYIO JUTMHY KOp-
nyca l. I[To oTHOCUTENBHOM JUIMHE CyJIHA ¥ €T0 BOJAOM3MEILECHUIO OTNPEAENIAeTCs ITH-
Ha kopryca L. [Iposepsercs ee 3HaueHMEe HA COOTBETCTBUE OTPAHUYUTEBHBIM YCIIO-
BHUAM (JUTMHA CTamens, [UIMHA MPUYAIbHBIX JIMHWK, | T. 11.). [lo BRrMUCIeHHOMY 3Ha-
yeHuto yrcna Opyna (1o npueMiaeMoMy YPOBHIO COTIPOTHBIICHHUS BOMBI) BRIOUPACTCA
3HaYeHHe KO3 (PHUIMEHTA TIOJTHOTH BOJAOM3MEIIEHHUS 0. 3aTeM OTIPEIeNsIeTCs 3HaUe-
HYie KO3 (UIMEeHTa TIOJTHOTH MHZIEb-INTaHroyTa B. Jlajee BBIYUCISETCS 3HAYCHHUE

. 5
MPU3MATHIECKOTO KOd((PUIMEHTa TIPOIOTBPHOM TTOJTHOTHI (9 = 3 U TI0 HEMY OTIpese-
nsercs 3HaueHue ko3¢ duimenta moHoTH KBJI o,
B zaBucmMocTH OT TpeOOBaHMI BMECTHUMOCTH YCTAHABIMBAIOT BEIIMYWHBI

hr = H/T u H, xoTopble TIPOBEPAIOTCA TO YCIOBUAM Pa3MEHICHUS, TPEOOBAHUAM
Peructpa k BICOTE HAIBOIHOTO OOpTa. BHIOpaB Ay, MOKHO OTIPENEITUTH OTHOIICHUE
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by = B/T w nanee Bu T , ¢ y4eTOM MUMEIOIIMXCA OTPAHAYCHUM TI0 IIUPUHE U Ty~
OuHE CyJI0BOTO XO/1a.

3aTeM OmpeneatoT AOTIONHUTEBHBIE TTAPAMETPHI TEOPETHUECKOTO KOPITyCa:
a0crmcca [eHTpa BEJTUYUHBI X~ , TPAHHLIBI [IMIUHIPUIECKON BCTABKH, JUTMHBI U KO-
3¢ PUIMEHTH HOCOBOTO M KOPMOBOTO 3a0CTpeHuH, yrabl npurbikaausa k JI1 KBJI u
BIT (popmupyeTcs kapkac TeopeTudeckoro depreska). OCymecTBIIeTCS MPeaBapu-
TebHAA OOMas KOMIIOHOBKA (pacriojioxkeHue) cyaHa. Jlemaercs 3CKu3 TeopeThye-
CKOTO 4epTeka. MOoryT BHOCUTHCS M3MEHEHUSI, OOPa3yIONIHE IUKJITBI (CIIHPah) Mpo-
E€KTHPOBAHMS.

3. OcyuiecTBiIeHME NPOBEPKU COOTBETCTBUS OIPEACIICHHBIX Pa3MEPOB U
dbopmBbI KOpITyca CyTHA TPEOOBaHUAM 3a7aHui U HOpM Peructpa. Tak:ke MOKeT OBITh
MPOBE/ICHA TIPOBEPKA OCTOMYMBOCTH TPH OOJBIIMX yTJIaX KPEeHa U CyJOB, TOAIA-
naromyx noa aevcteue [Ipasun Peructpa, a Takske npoBepka HEMOTOIUIAEMOCTH.

Mecmo npogedenust nposepKu 0CMOUYUBOCMU HPU DOSIbIMUX Y2IAX KPEHA U
npuoanue HyMHcHol (opMbl U HYHCHBIX HAPAMEMPOE OUAZPAMMbL CAMUYECKOI
OCMOUYUBOCMU JHCEIAMETbHO OCYWeCmEIamy panee 6 n. 2 npu onpeoeneHuu
2NIABHBIX paA3MepeHuil. ITO MOKHO TIOKa3aTh Ha OJOK-cxeme pucyHka 1.1, B3aToi u3
nocobus B. B. Kusizpkona [52].

[IpencraBmsercs akTyanbHBIM pa3padOTKa METOAMKH OOJiee PaHHEro MPOTHO-
3UPOBAHMUSA MAPAMETPOB AUATPAMMBI OCTOMYMBOCTH HA dTare 0OOCHOBAHHWS TJIABHBIX
pasMepeHuii KOpIyca, BBICOTHI HAABOIHOTO OOPTa, apXHUTEKTYPhl HAIACTPOCK M 3Jie-
MEHTOB HETNPOHHUIIAEMBIX OOBEMOB. JTa HAay4YHas Tema paspaldarbiBanach B 3HAYH-
TepHOM umciie pador [6], [16], [26], [40], HO TIOKa HE TOJTyYuIIa CBOETO 3aKOHYEH-
HOTO PEIIECHUS.

OCHOBHOM XapaKTEPUCTUKON MOMNEPEYHOM OCTOMYMBOCTH HA KOHEYHBIX Yriax
KpEeHa ABIETCA qUarpaMMa CTaTHYecKOr ocToMumBocTH. B padote [35] otmedaerct,
YTO TP HAJTUYHUH aHAJTUTHYCCKOTO BhIpAsKeHUs T PyHKIwMH [(6) ¥ HOPMHUPYIOIITHX
€€ YCIIOBUAX OHA MOJKET BBICTYIIATh KAaK YPABHEHHE OCTOMYMBOCTH TMPH KOHEYHBIX
yIJIax KPeHAa OTHOCHUTEIPHO HEM3BECTHBIX XapaKTEPUCTHK Kopryca kopadisa. Ho Bo3-
HUKAET Psii MPUHLMITHATHHBIX MPEITCTBUM IS TAKOTO MyTH perieHus: Ko3(pdum-
EHT O OTpenesieTcs U3 TPEOOBAHMN XOAKOCTH; KO3 PHImEHT o ABnseTcs (yHKIUEH

ko3¢ uimenra 6; OTHONICHHE H/ T Ompesensercs TpebOBaHHAMH BMECTUMOCTH M 3a-
MACOM TUIABYYECTH, OTHOLICHHE B/ T OTIPENENAETCS M3 YPABHEHHs OCTOWIMBOCTH TIPH

MaJIbIX yIJax KpeHa. Pemenne ypaBHeHUs Harpy3Ky MPU U3BECTHBIX H/ TH B/ T AaeT

BO3MOKHOCTb OINpPEAEIUTh BCE IJIaBHBIE Pa3MEPEHUA KOpIyca 0e3 HCIOJIb30BAHMSE
YPaBHeHMSsI OCTOH4YMBOCTH NPH 00JbIIMX YIIax KpeHa.
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Jlamee B padoTe [35] oTMeuaeTcs, YTO €CIM BBIBECTH YPaBHEHHE OCTOMYHUBOCTH
MPU OOJIBIINX YTJIAX KPEeHA TOJIBKO OTHOCHUTEIHHO HEM3BECTHOM BBICOTHI OOPTA, TO
3¢ ekt OyaeT He3HAYUTENBHBIM, TTOCKOIBKY TPEOOBAHUS K AUArpaMMe CTaTHIECKOU
ocroWumBocTH B [IpaBuiax ABIAIOTCA MUHUMAJIbHBIMH W OTIPEACIICHHAS TaKUM CIIO-
co0OM BBICOTA OOPTa OKA3BIBAETCS CYMIECTBEHHO MEHBIIECH, YE€M TI0 TPEOOBAHUAM
BMECTUMOCTH. KpoMe TOTO, U3BECTHBIEC amlmpoKCUMaImu quarpammer [(0), He sBis-
FOTCSl YHUBEPCATbHBIMH TSI BCEX THUTIOB CYOB.

Ha 6ase yacto UCToJib3yeMou anmpoKCUMAaITHK:

L,(68) = a,sin(0) + a, sin(26) + a5 sin(36) (1.15)

B [35] npuBeaeHo auddepeHnnaIbHOe ypaBHeHHE OCTOHYMBOCTH TPH
00IBLIINX YIJIAX KPEeHA, WCTIONb3YEeMOE /I aHAIN3a BJIMAHUA OTACIbHBIX XapaKTe-
PUCTHK KOPIIyCa CyJHA HA KPUTHYECKHE TIApaMeTpPhl JTUATPAMMBI CTATUYECKOW OC-
tovuuBoctH (I, 0™ 8,).

Takoit aHaW3, MPOBEICHHBIN B padoTe [35], moka3pIBaer:

- yBemueHne Kod(ppuimenta & oTpuIaTeIbHO BIIUAET HA TIIEYO [;

- yBenmmueHne kodpduimenta o yBeTuauBaeT miedo [;

- YBEJIMYEHUE IMHUPHHBI B yJy4dIlllaeT OCTOMYMBOCTh B PaliOHE OJHOTO W3
KPUTHYECKHMX MapameTpoB auarpammsi L(6);

- yYBEJIMYEHUE 0CaaKu T HE OUYEBUIHO;

- NPy COXPaHEHWH mOpornopuuu mexay H u Z,, ysenuueHnue H otpuia-
TEABHO BIUAET HA BETMYHMHY TUIEYA M YTOJI 3aKaTa JUarpaMMblL.

OTOT aHATW3 HOCUT KAYECTBEHHBIM XapaKTep, MO3TOMY OTIPEIEIIEHHE HEOOXO0-
JMMOTO TIPUPAIICHUS 3JIEMEHTA KOPaOis C LEbI0 TOJYyYHUTh 33JaHHOEC W3MEHEHHE
1(8) ¢ momoipo auddepeHIHaIbHOIO YPaBHEHHA OCTOMYHUBOCTH TIPH OOJIBIINX yT-
JIaX KPeHa CIEIyeT pacCMaTPUBATh TOJIBKO Kak HyJleBOe puommkeHue [35].

Ha mapameTpsl quarpaMmbl CTaTHYECKOW OCTOMYHUBOCTH OKA3bIBAIOT BJIMSITHUE
(dhopMa MUAEIIEBOTO CEUEHHUS KOPITyCa W BOJOHETIPOHHUIIAEMBIE HAJICTPOWKH Ha TIajy-
oe cymHa. B padote [35] npuBeneHb pe3yabTaThl MATH PA3IHYHBIX (OPM MHIEIECBO-
ro ceuenus Ha auarpammy L(6). Bee BapHaHTBI KOpITyca UMEIM OJMHAKOBBIE 3HAYe-
HUS TIOTIEPEYHON METALIEHTPUYECKON BBICOTHI N, IIMPUHBI U BogomsmenieHue. dop-
Ma KOPITyCa ABJIAIACh LIMIMHAPUYECKOM (Tura noHtoH). Juarpamma [(8) onpenens-
Jack pacueTHeiM criocoOoM. [lo cyTH, 3TOT crocoO ABISIETCS BBHIMHCIHTETHLHBIM
IKCIIEPUMEHTOM U TIPEJICTABIIAET COOOM BTOPOE HATIPABICHUE TIPOBEACHHUS HUCCIIEI0-
BaHMA HA MPEIMET TONYYESHHUS AUArPaAMMBl OCTOMYMBOCTH C TPEOYEMBIMH TTapaMeT-
pamu.

[lo pe3ympraraMm MpOBEACHHOTO MCCIEAOBAHUSA MOKHO OTMETHUTD, YTO TIPH He-
M3MEHHOM 3HAYEHUU Z, HAMOONICE CHUIIbHOE BJIMAHUE HA KPUTUYECKUE MAPAMETPDI
muarpamMmsl [(0) OKaspIBAET BHICOTA HAABOAHOIO OOPTA M HAIMYME BOJIOHEIPOHH-
LIAEMBIX HAACTPOEK Ha maixyOe Cy/1Ha.

OOmMM HEeTOCTATKOM JTAHHBIX MCCIIEAOBAHHUN SABISETCS TO, YTO B HUX HE pac-
CMaTPHUBACTCA KPUTEPHM TIOTO/IBI, BHITIOJTHEHUE KOTOPOTO 3aBUCHT OT 3HAYCHHSA TIPHU-
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BEJCHHOTO IIIeYa JAHAMHWYECKM TIPUIOKEHHOM KPEHAIIEW mapsl OT BETpa, omnpenac-
JIEMOTO XapaKTEPUCTUKAMHU MapyCHOCTH KOpIIyca.

1.3. BbiGOp 0CHOBHBIX XapaKTePUCTHK (POPMBI KOPITyca CyIHA

31ech paccMaTpUBaeM METOAMKY BBIOOpa mapamerpos (opmsl kopryca: Jla-
vo: L, B, T, V, x¢, 6. Onpenenuts: o, B,Q.....

Crnenyer yuutsiBaTh 0co0oe 3HaueHWe Kod(dduimenra O Bmecre ¢ Tpems
TIABHBIMH Pa3sMEpeHUAMHU [, B, T BXOOWUT B BBIPAKECHUE NI BOOAOU3ZMEIICHUS M, KaK
MPaBUIIO0, HA3HAYAETCS Cpa3y TOCIe ONPEACICHHAA BOJOM3MEIIEHU. TakuM 00paszom,
KO3 (PHULIMEHT & CIYKUT OCHOBOH JIIS paCUETOB APYTUX KO3PPHULIMEHTOB TOTHOTHI, a
cam OTpeAensaeTcs B 3aBUCUMOCTH 0T yucia Opyna.

N3 mpubmmkeHHbIX GOopMyT1, OCHOBAHHBIX B OOJBINEH MEpPE HAa CTATUCTHYEC-
CKHX JAHHBIX, MOYKHO OTMETHUTH BBIPAKEHUS, CBAZBIBAIONINE KO3PPHUIIMEHTHI TTOTHO-
THI MEXAy co0oi. Hopman ycranoBwi, uto otHomieHue (aff)/d mit CyI0B MMENO
cpenHior0 BemmuuHy 1.15. B xone nccnemoBanyii OONBIION TPYIHIBI OBICTPOXOTHBIX
cynos [111] BenmuuuHa:

(@j ~1,16 (1.16)
o cp

N3 popmymst (1.16) MOKHO TIONYIUTH sl CPEAHEH BETMIUHBI KO> (P PuiineH-

Ta ToaHOTHI Irotmaau KBJI:

awl,16(%)=1,16(p (1.17)
Y T CPETHEW BeTMIUHBI KO3()(PUIMEHTA TIOJTHOTHI TDIOMIAIA MHUIEITh — ITIAHT Oy Ta!
~ 6 ) =
i 1,16(4 116y (1.18)

B cBsa3u ¢ 3THM 0CcOOBIN MHTEpEC MpeacTaBseT 3aBucuMocTh B =f(3), ycra-
HOBJICHHAsA CTaTUCTUKOMW. Ha ee xapakTep 3HAYUTENTHHO BIIMAET CKOPOCTh CyaHa. [Ipn
TOJTE30BAaHUM TIPUOIMKEHHBIMH ()OPMyJIaMM HAJO0 YETKO TPEACTABIATH ce0e, K Ka-
KOM CKOPOCTHOW Irpynre CyA0B NPUHAIICKAT NPOEKTUPYEMOE CY THO.

JI. M. Horun npemoxun ¢popmyny [89]

a,=0,800+0,18, (1.19)

MPUTOJHYIO JUISl IIMPOKOTO AMarna3oHa U3MEHEHUS () = (0,5 5+ 0,8) :
JLa mpomsicioBbix cynoB Hryen-Kyanr-Buns BeBen popmymny [70]:
o =(1,085+0,042) 5" (1.20)

1.4. KoHCTpyHpOBaHHE TEOPETHIECKOT0 KOPIYyCa AHAITUTHYECKHM METOI0M
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