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NPEAHCIIOBHE

Metoin  NPOEKTHPOBaHHs 0GBOJOB CYNOB C pasBepTHBAlOLIEHCS
HApPYXHO# OGIUMBKON H METOAH aNNPOKCHMAlMH OGHYHEIX CYAOBHIX -
06BOZOB DPAa3BepTHBAIIIHMHCA ITOBEPXHOCTAMH NPHMEHSIOT AJs
CHHXEHHSI TPYAOEMKOCTH H COKpallleHHs CPOKOB NOCTPOHKH Kop-
nyca cyaHa. OpHako ynpomeHHs B ¢opMe 0GBOLOB dalle BCEro
NPHBOJAAT K IOTepe THAPOJAHHAMHYECKOTO KauecTBa, H MO3TOMY OHH
HOONMYCTHMHEl TOJILKO B TeX CJydasX, Korja XOJAKOCTb He SBJseTCH
pelaomuM hakTopoM npu paspaboTke NpOeKTa CyAHa.
HccenenoBande pasBepTHBAIOLIMXCA NOBEPXHOCTEH MOKasalo,
4TO YYaCTKH KOHEUHHIX PasMepoB HMelOT Gojee pasHooOpasHbe
KOHOUrypauuy, 4eM BhbISIBJICHHbIE NIDH H3yuYeHHH B GECKOHEUHO Ma-
JIOM LHJHHApDHYECKHe, KOHHUecKHe H (opMbl ¢ peGpoM Bo3Bpara.
IMoayuenw pelieHHs, MO3BOJHBIINE pa3paboTaTh HNPHHUHUNHAJILHO
HOBbie METOAbl NPOEKTHPOBAaHHS OGBOAOB CYAOB H3 pa3BepTHBAIO-
IMHXCS MoBepXHOCTe#l Ge3 IMOTepH THAPOAUHAMHYECKOTO KayecTBa.
Il BHIMOMHEHHS COTJIacOBaHHMs OGBOZOB H pacdera IJIa3OBHX
opauHar Ha DBM paspaborana MareMaTHUecKasg MOJAeJb CYAHA,
MI0OBEPXHOCTb KOTOPOro o6Gpasyercs H3 HPOH3BOJBHOTO COYETAHHA
pasBepTHIBAIOLIMXCS H Hepa3BepTHIBAIOIIHXCA MoBepxHocTelt. C ue-
JIbI0 HCCJIEJIOBAHHSA BJIMSHAS KPHBH3HBI CyHZOBOH INOBEPXHOCTH pas-
paboTaHnl NpaKTHYECKHE METOAH CPaBHHTeJbHOH OlleHKH Ha JBM
COTpPOTHBJIEHHsI Cy/JHa Ha 6Ga3e TEODHM BOJIHOBOrO CONPOTHBJIEHHA
Muvennss ¥ HHTerpajJpHOro coortHouwenuss Kapmana. B kuure mpu-
BefieHbl pelleHHsl, MO3BOJSIONIHEe NPOC/IeHTh, 3a CYeT KaKHX H3Me-
HeHHN GopMB 00BOJOB MOMKHO CHH3HTb COIPOTHBJIEHHE BOJHL.
TlosygeHo TOYHOE aHAJIHTHUECKOe pelleHHe MJf TOCTPOEHHA
pasBepTKH HApyXKHO#t OOGLIMBKH KOPNYCOB H3 pPa3BepTHIBAIOLIHXCS
MOBEPXHOCTeH, YTO MO3BOJISET OJAHOBPEMEHHO C IJIa30BHIMH OpJH-

HaTaMu paccuutaTh Ha DBM KoOpIZHHATH COOTBETCTBYWOILHX TO-
YyeK Ha pa3BepTKe.
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B kuure H3NOMEeHH Pe3ybTaTh IKCNEPHMEHTAAbHLIN HCCJaeqo-
BaHHA xoaoBWX  Kayects cyaos ¢ PO™ u nano nx cpaBsHeHue
¢ OGHYHLIMH H ynpouleHHnMu o6Bogamu. [ToApoGHO onMcabl an-
rOpUTMBl cornacoeanda obsopoe ¢ PO, pacueToB naaey4ecTH, oc-
TORYHBOCTH, CONPOTHBJEHHA M OPAHHAT Pa3BepTKH HapyXHo# o6-
WHeKH Ha IBM, :

ABTOp NONb3YETCA BO3IMOKHOCTBIO BHpasHTe rayBokyw Gaa-
rogapHOCTE 332  MHOMMJIETHION NOALepXKYy H noMous B pabore

M. . Anpepuesy, rnagnomy konctpykropy TY MP@® A. Il. Bor-
nawosy, npodeccopy E ﬁ FEaCHH}i » aouenty JI. M. Buraeepy.

* Bumecto ¢ioB  «0fBOAM M3 PAIBePTHBAKIIAXCA noBepxHocTefi» o ecyada
¢ pazBepTHBAWECR Hapy®HOR oOWHBKOA» BBOAHTCH COKpPALIEHME €CYAA © POs.



TJIABA |

NPOEKTHPOBAHHE YNPOIIEHHbBIX
OBBOOB CYLOB C PO

§1

Oco6eHHOCTH XOpouIo 06 TeKaeMbiX,
CKYJIOBbIX H yHPOLIeHHbIX 06B0JI0B

B ¢opme 06Box0OB Kopmyca, Kak B (POKyce, cocpedOTOUEHbI pellie-
HHS MHOTOYHCJEHHBIX H CJOXHBLIX 3ajay, CBA3aHHHX c obecneye-
HHEM BMECTHMOCTH, OCTOHYHBOCTH, HENMOTOIJIIEMOCTH H XOAOBBIX
KagecTB cyAHa. TexHojoruuyeckne TpeGOBaHUS OOGLIYHO YUYHTHIBAIOT
npu pa3paGoTKe KOHCTPYKLHH KOpHyca NPHMEHHTEJNbHO K BHOpaH-
Holt ¢opme. Bompoc o ToM, B KaKoi Mepe NOMyCTHMbI H3MeHEHHS
06BOJOB C I1IeJIbI0 MOBBIUIEHHS T€XHOJOIHYHOCTH KOHCTPYKUHH KO-
nyca, oueHb cjaoxeH. OCHOBHOe NpPOTHBOpeYHe BO3HHKaeT IpH
CTpeMJIeHHH 06eCneyuTh 3a cyeT 0OBOJOB MaKCHMAaJbHYIO TEXHOJO-
THYHOCTb KOHCTPYKIMH TaKHM 00pa3oM, uyTo6bl He yXyALIHTb XOHO-
Bble KauecTBa cyjgHa. TexHosorHueckHe TpeGOBaHHS B 3TOM CJY-
Yyae NpeNbABJIAIOTCA K FeOMETPHUH CyAOBO# moBepxHocTH. M ecanm
TEXHOJIOTH eCTECTBEHHO CTPeMATCA K MPSAMBIM JIHHHUAM, TO HHXKEHep-
THIPOMEXaHHK, YUYHTHBas OCOOEHHOCTH CONMPOTHBJIEHHS BOZMI,
Bcerga OyjeT HpeANOYHTATh JeKaJjbHble 06BOAH. CJlef0BaTeJbHO,
IJIsi ONTHMAJIbHOTO pelleHHs1 3TOH 3aja4H NPOEKTHPOBILHKY Heo6-
XOJHMO XOpOUIO 3HATh reOMeTpHYECKHe CBOMCTBA CYLOBOH MOBepX-
HOCTH, 4TOOHI 1O CeYeHHSM TeOPEeTHUECKOro uepTexa OLEHHTb TPYA-
HOCTH H3rOTOBJIEHHS KOpIyca.

OO6niuHO K BEIYEPUMBAHHIO Teopeanecxoro yepTexa NPHCTYNAIOT,
3Hasg o6beM MOABOAHON YacTH, IJIaBHble pa3MepeHHs, BHCOTY Hal-
BOAHOro OGopra B HOCy, B KOpMe H Ha MHAeNe, KO3D(PUIMEHTH
¢dopMbl M HMes CTpPoeBylo o mnadroyram. Jlas Bu6opa BceX 3THX
XapaKTePUCTHK CJIyKHT TEODHS NPOEKTUPOBAHHUS CY/OB.

[Ipu BbHYEPYHBAHMH TEOPETHYECKOrO uepTexa A Bhibopa
(opMBl cedeHHH B HOCY, B KOpMe H Ha MHAeJe HeoOXOAHMO UCNOJb-
30BaTh BeCb ONBIT NMPOEKTHPOBAaHHA OOBOJOB KaXkJOro THMA CYZHA,
HauleJIIH# oTpa)KeHHe B JHTepaType 10 TeOpHH Kopabas M compo-
THBJIEHHIO BOJbl ABHXeHHIO cyaoB [10, 13, 46, 66].

PaccMaTpuBas BJiMsiHHe pa3jHYHLIX NMapaMeTpos (GOpMHl Ha Be-
JIMYHHY BOJIHOBOTO H OCTATOYHOrO CONDPOTHBJEHHS, CJAELYyeT, oue-
BHJHO, NPOaHaJH3HUPOBATh BO3MOXKHOCTb OTKa3a OT XOpOouIo o6Te-
KaeMblx 00BoxoB. HanpuMep, /s CyZOB, OTHOCHTEJNbHAst CKOPOCTb
KOTOpHIX cooTBeTCcTByeT uucaam Ppyna ot 0,13 go 0,15, koraa Boa-
HooOpa3oBaHHe MOYTH OTCYTCTBYeT, OBIJIM HCCJEAOBAHbI pa3J/iHUHblE
dopMbl KOpIyca HecaMOXOAHON peuyHo#t O6apxu B OnecckoM
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onuiToBoM Gaccefine {22]. Mcnutanua mokasaJu, 4To Xopolio ofTe-
KaeMble 06BOAB MMEIOT conpoTHB/IeHHe Ha 30Y% MeHbile, yeM mJOC-
KOJOHHbIE C NpAMBME 60pTaMH. Takue ke pe3yabTaThi GRUIH IOJY-
yeHn B [amOyprckoM onuToBoM Gacceiine [10]. B stom cayuae Her
CMBIC/Ia OTKA3KBAaTbCS OT XOPOIIO 06TeKaeMhiXx 06BOLOB.

Ho naxe ecnn He menaTh oueHb rpyGHX ympouleHH#t ¢opm 06-
BOJIOB, a NMPOCTO MEHSTb THN OOBOJLOB, TO H TOrJa H3MeHeHHe CO-
NPOTHBACHHSA 3HauHTesbHO. IIpHBEJECHHHE HUXe DPe3yJbTaTH OIH-
TOB NO3BOJISIIOT OLEHHTh AMANa30H BJHAHHA Ha XOAOBHE KauecTBa
CyJHa pasJIMYHHX H3MeHeHHl B popMe 06BOIOB.

IIpn HccnenoBaHHsAX pa3JHYHHX (OPM Koprnyca pPHGOJOBHBIX
tpayaepoB H. K. Ken [29] mames, uro MmallepoBcKasi H LHJHH-
Apuyeckas (GOpPMb HOCOBOA OKOHEUHOCTH JAlOT CHHXKEHHE cOmpo-
THBJIEHHS] 110 CPaBHeHHIO ¢ OGHYHHMH Ha 20—259%,. 3xauntensHOe
BJIHSIHHE Ha CONPOTHBJEHHE OKasHBaloT Oyab6oBhe 06pa3oBaHHA
- [18]. ¥mauno cmpoexkTupoBauHble GynnGoBHEe OGBOXH RAKT CHH-
/ JKeHHe HOJIHOro compoTHBJNeHHs Ha 15—18%. Hcnmiranus Mopge-

» Jiefi peyHBIX [IACCAXKHPCKHX CYJOB, NpPOBEJEHHHE B ONBITOBOM Bac-

icefine [84], mokasanm, uTo Jaxe INOAPe3aHHe HOCOBOH OKOREU-
'HOCTH -MOXeT YMEHbIIHTb comporuBieHne Ha 5%. IlpumepHo Ta-
KOBO e BJHSHHe Ha IOJIHOe CONpOTHBJeHHe O6ynb6oo6pasHont
KopMHI [23]. :

Hccaenys Mogmenn GHICTPOXOZHHX TPY30BHX cyxoB, Jlunabaan

{88] o6uapy:xua, 4To pa3HHuA B CONPOTHBJACHHH Yy Mojeaeli ¢ U-06-
pasBEHMH H V-06pa3HbIMH 1naHroytamu cocrasaser 5%. Ilpu uc-
NHTaHHH MoOJeJed CyJA0B BHyTpeHHero niaBaHus Komurr [10] Bu-
SICHHJI, 4TO 3Ta Pa3HHUa MoXer jocturarb 10%. S

Hcnuntanng Mojeneit KaGOTaXKHBIX CYAOB, BHIOJHeHHHe Tox-
aoM B Kapaepokckom Gacceifine [96], mokasann, 9To OXHOBpeMeH-
HOe H3MeHeHHe (OPMH IINAHFOYTOB H BOTHYTOCTH BaTepJIHHHI
H08BOJISIET CHU3HTb CONpPOTHBJAeHHe Ha 20%.

. Tlpu yBeauueHAH OTHOCHTENHHON CKOPOCTH JBHIKEHHSt A0 Fr =
== 0,6 BausHHe (OpMHE OGBONOB ellle 3HauureabHee. CBSA3aHO 9TO
C TeM, 4TOo NpH GOJBLIONR CKOPOCTH MeHseTCs Mocajka CyLHa B XOAY
H NPOHCXOAMT NepepachpefiefieHHe THAPOJHHAMHUECKHX [aBJIEHHH, '

Hdas BuigBIeHHs BJHAHHA (OPMBH WINAaHTOYTOB Ha BEJIHYAHY
OCTAaTOYHOrO CONPOTHBJIEHHA GHljla CIPOEKTHPOBAHA CepHA MoAefeR
OLICTpOXOAHOrO KaraMapaHa JJisi MecTHHX auHuii (Fr = 0,63) Ta-
KHM o6pasoM, 4TO Bce OCHOBHHE IlapaMeTpHl, KpoMe $opMH nHa-
MeTpaAbHOro 6aToKCa, GhUIH COXDaHEeHb, a LINMAHTOYTH MEHSJIHCh
OT TPEYroJIbHBIX [0 NPAMOCTEHHHX Hepe3 BOTHYTHE H SJJIHICOH-
JdajpHHe. McnnTaHHs NOKa3aJjy, 9T0 Pa3HHIA B CONPOTHBJIEHHH CO-
craBaser 6,5%, B To BpeMs Kak BapHaluH NPOROJLHHX CedeHHH
3THX XKe MojeJell NMPHBOAAT K H3MEHEHHIO CONMPOTHBJEHHS B Hpe-
aenax 10%. CaemosartenbHo, (hopMa NONEpPEYHHIX CeUEeHHH BJIHSET

Ha BEJHYHHY CONPOTHBJIEHHS BOJAH JABHJKEHHIO CyJHA HECKOABLKO
MeHble, 9eM ¢opMa HPONOJNBHHX CeueHHd, HO BCe JKe He B TaKOi
Mepe, 4TOOB! 3THM BJIHSHHEM MOXHO 6BIIO npeHeGpeub.
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Ha oOcHOBaHMH ONHTAa 3KCIVIyaTallUH H 3KCNEPHMEHTaJbHOro
H3yYeHHsl CYAOBHX OGBOJOB MOXHO C YBepPeHHOCTbIO YTBEpKAATD,
YTO AJA JOCTHKEHHS BBICOKOIO T'HAPOJMHAMHYECKOIO  KavecTBa
06BOAB JOJMKHH OGHTb XOpOLIO O6TeKaeMBHIMH, He HMeTb mnoneped-
HHX CJIOMOB, IleJell H OCTPHX KPOMOK Ha NMyTH o0TeKaioulero Io-
TOKa.

Yupolennse 06BoAN HMEIOT cBO HcTopHio. Hauano ee MOXHO
OTHECTH KO BPEMEHH MepBOfi MHPOBOH BOMHBI, KOTJa BIepBbie Ha-
YaJH TepexoiuTh K MaccoBOil NMOCTPOfiKe CyAHA. YNPOIUIeHHS Kop-
NyCOB JeJaJHCh C LeJbl0 CTaHIAapTH3allHK THIOB CyAOB [35]. ITep-
BHe IpesoXeHus mpuHamiexar npod. Jlnenay u Pamamxy. Hx
NpeNJOKEHHs] OTHOCHJHCh K YHHYTOXEHHIO Ce/UIOBAaTOCTH, yNJIHHE-
HHIO IHJHHAPHYECKOH BCTaBKH, 3aMeHe KDHBOJIHMHEHHBIX IINAHIrO-
YyTOB JIOMaHBIMH, BaTepaHHHH — npaMbiMA. ITo TakuM npuBIHIaM
crpousu cysa B Auraun, B lepmanun, B CIHA.

Bo Bpems BTOpOH MHpPOBOH BOHHH HEO6XOAHMOCTb B CPOYHOM
yBeJHUEHHH TOHHaxXa (JoTa TaKXKe MpHBeNA K MOCTPOHKe CYNOB
¢ ynpomenHsMH o6BofaMu. B 1942 r. B Jlenuurpane 6L 1o-
crpoenn 6apxu rpysonoabemuoctbio 400 T, KOpmyc KOTOPHX CO-
CTOST M3 NAOCKOCTHHIX cekumit [57]. Jlunust many6sl y 3THX 6apx
6nJa coMaHa B TPeX TOYKaX, a OKOHEYHOCTH Kaxzuoro Gopra 06-
pa3oBaHbl TpeMsl HAKJIOHHHIMH TJIOCKOCTAMH. Takoro xe THma Mop-
ckas 6apka rpysonoibeMmHocTbio 1000 T Obiia mocTpoeHa B Jle-
uuErpage B 1945 r. BbuiM CIPOEKTHPOBAaHEI H MOCTPOEHBI GapXKH,
y KOTOpHIX 6OpTa MOAXOAKJH K AHHILY MoA nmpaMbiM yraioM. ITaay6a
HMeJla ONHH TepPeJoM, a OKOHEYHOCTH 00pasoBaHBl JHLIb JABYMS
IJIOCKOCTSIMH. )

HccnenoBarust THAPOLHHAMAYECKOTO KayecTBa BCeX BHIAOB yNpo-
meHHHX 06BogoB nposoauauch Lleficcom B Fambypre B 1920—
1922 rr.

B CCCP musyuenHeM BJMSIHHS Pas/IHYHBIX YNDPOUIEHHH (opMbI
06BOJIOB Ha CONMpOTHBJeHHe 3aHuManuce npod. B. B. Cemenos-
Tsau-Wanckuit, H. A. Kpuicos, npod. A. B. Kapnos, A. A. Bpaii-
aosckuii, b. B. Bormanos u ap. [7, 8, 55]. B pesyabTaTte Hcnbita-
HHE BBIAAICHHJIOCH, YTO IJIOCKOCTHBIE OOGBOJB HMEIOT COIPOTHBIIE-
HHe Ha 16—17Y% 6oJbliiee, yeM OOHIUHBIE. :

HeyxknonHoe cTpemJeHHe K CTaHAAPTH3aUHH H YHH(QHKANHH IpH
mocTpofike KOpmyca CHOBA M CHOBa NpHBJIEKaeT BHHMaHHe CYyHO-
cTpoHTesiefl K ympouleHHbIM (opmam 06BOfOB. Ympowars (GOpMbL
06BOOB MOXKHO AByMsi myTsMH. [lepBHIfi nyTh — 3TO NpHMeHeHHe
NPAMBIX UIMAHTOYTOB, BTOPOM — Pa3BePTHBAIOWIEACS HJIH IIOCKOH
HapyXHO# 06WHBKH. Ecu WmaHroyTsl cocTOAT H3 BeTBeil OpSIMBIX
auEnit (puc. 1), 1o o6mHBKa nmpHoGperaer (OpMy BHHTOBOH IO-
BEPXHOCTH, KOTOpas He NMOJIyuaercss H3 JIHCTOBOrO MaTepHaja npo-
CTHM H3TH6aHHeM. BRIHrpHIN MPH NOCTPOHKE TAaKOro Kopnyca HeBe-
JIMK, a 06BOJb 3HAUHTEJbHO HCKaxaiorcs. Bropofi BHA ynpolleHH#A
OTHOCHTCSl K HapyXKHoOH OOGIIHBKe KOPIyCa, a IMaHrOyThl OCTaIOTCA
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Puc. 1. O6BOAbl CYHOB C NpSMOJMHEHHBIMH INMAHTOYTaMH: Q — JIHHUK
CJIOMa PacrojioXeHbl B NMapaJule/bHBIX IJIOCKOCTAX; 6 — OXHAa H3 ABYX
JUHUI coMa TIpHOJHXKEeHa K KHHMLLY.



KpHBOJHHEHHBIMH. TeXHOJIOrHYeCKH!H BHHUIPHILI NPH 3TOM TOXKe He-
60s1bLIOH.

ITonyuuts MakcHMal/bHBE YNpPOLIEHHS NpPH TOCTPOHKe Kopmyca
MOKHO TOJIBKO NpH IJOCKOCTHHIX 06Bojax. Buammo, atu coobpa-
JKeHHS M npHBead K noctpoiike B ®PI cynoB MoaysnbHOR KOHCTpPYK-
nuun tuna <«[Tnorep». OOGBoABI 3TOr0 THHA CYNOB MOJYyYalOT B pe-
3yJbTaTe aNNpOKCHMAUHX OOBIUHBIX 06BOJOB NMJIOCKHMH y4aCTKaMH,
ApHYEM HMLITAIOTCH  [JOKa3aTh, YTO INOpa OTKAa3aThCsl OT MJAaBHBIX
JHUHHA M HCKaTh XOpollne (GOpMBI cpelH NMJIOCKOCTHHIX KOMOHHAIHH.
C 3THM TPYZIHO COTJIaCHTBCA.

Boabiioe BHHMaHHe ynpolleHHBIM (opMmaMm 06BoxoB Obijo yle-
JaeHo akap, I'. E. [laBaerko, NoApo6HO paccMOTPEBIUMM pasJjiHYHbIE
BHAB ympouleHu#i ¢opMbl mmnaHroyroB [46]. OcHoBHas wupes
I'. E. IlaBneHko 3akJsio4yaeTcsi B TOM, 4TO NPOAOJbHBIE CJAOMBI, pac-
HOJIOXKeHHble 10 JIHHUK TOKa, He BpeAAT oOTeKaHHIO H He yBeJHYH-
BaloT compotusseHusi. IlyTem TeopeTHUeCKHX H 3KCHEPHMEHTAaJb-
HBIX MCCJIE€JOBaHUN €ro IOCHeROBaTeNH HCKaJH NMyTH ONpeleeHHsd
JIHHHA ToKa. Pe3y.ibTaThl 3THX HCC/IeI0BaHHH NPHMEHHMBI TOJBKO
JJiIST THXOXOAHBIX CYJIOB.

ITousTHe «ymnpolleHHHe O06GBOALI» Bce pacuiupsiercsi. PaHblie
K YHOpPOLIEHHHIM OTHOCHJH TOJNBKO OOBOAH C HPAMOJHHEHHBIMH
wnanroytaMu (puc. 2). Eciau BBOIHJAHCH HEKOTOPble CKPYTJIeHHS
CJIOMOB, TO OGBOJAL HAa3hiBaJH «KOMOGHHHPOBRHHBIMH». 3a MocJjen-
HHe [Ba-TPH JeCATHJEeTHS NOSIBHJIMCH «YNpPOIIeHHble OGBOJABI» KO-
HHYEeCcKHe, THAPOKOHHUYECKHe, OOBOJBl M3 pPa3BepTHIBAIOILUXCHA T10-
BepxHocTeil ¢ pe6poM Bo3BpaTa.

HaxkonJigH He TOJBLKO ONHIT NPOEKTHPOBAHHS, HO H ONBIT IO-
CTPOMKH CYJOB, HMEIOMHX OGBOABI TOJBLKO H3 IJIOCKOCTEH, TOJBKO
H3 KOHHYECKHX, TOJBKO W3 IHJIHHIPHYECKHX H TOJHKO H3 MNOBEpX-
HocTell ¢ pe6pom BosBpaTta. OfHako Bce 3TH 06BOAB OTJHYAKTCH
OT OOGHIYHBIX HaJIHUYHeM JHOO OCTPHIX, JHOO CKPYTJIEeHHHX MPOAOJb-
HBIX caOMOB. IIpH NMpOeKTHpOBaHHH YNpPOLLEHHBIX OGBOJOB He3aBH-
CHMO OT TOrO, 4TO MOABEpraercss YNPOLieHHSM (IIMAaHrOYTHl HJH
ob6muBKa), ¢dopMa 006s3aTeNbHO HCKaXKaeTcsl BBeJeHHEM  OCTPOH
cKyabl. BaxHEIM siBasieTcst Bonpoc o ¢opMe H NPOTSAXKEHHOCTH 3TOMH
ckyabl (puc. 3). Kak yxe orMmeuajoch, Haubosee NOJIHbBIE HCCIERO-
BaHHs GOpPMBI CKyJibl, 6JH3KOH K JIHHHH TOKa, npoBoiua . E. I1as-
JeHKo. [I71 KOBOJHOBHIX PEeXHMOB yKa3aH O4YeHb NPOCTOH H ybe-
OUTEJNbHEIN  NMPHHUHUN: (GOpPMYy HYXKHO JesnaTh OCECHMMeTPHYHOH,
npHYeM OCh BHIGHpaeTcs Kak NepeceyeHHe AHAMeTPaJbHOH MJIOCKO-
CTH ¢ KOHCTPYKTHBHO!M BaTepJjuHueil (puc. 4). DTorT BBIBOA mnoOJYy-
YyeH B pe3yJbTaTe aHAJNH3a JABYX KPaHHHX (OPM «yTIOr» H «CaHH»
(puc. 5), obnajfapoLUAX MOBLILIEHHBIM conpoTHBJeHHeM. [Tpomexy-
ToyHHe GOpPMBI NMOJYUYEHH B BUAe OOBOJOB C ABYMS HJIH UETHIpbMS
OCTPHIMH NPOAOJLHHMH KpoMKaMH. OHH HMEIOT HaHMeHblllee CONpo-
THBJIEHHE CPeIH YNPOIIeHHBIX PopM.

IIpy NPOEKTHPOBAHHMH YIPOIieHHHX OOGBOAOB CYAOB C Pa3Bep-
THIBalOLIeACH Hapy»XHOH OOLIMBKOH ¢QopMa Kopmnyca mojaydaercs
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Puc. 2. YnpoluenHsie 06BOAK C YaCTHYHO Pa3BepTHBAIOlIEHCA HAPYK-

HOIl OGIMBKOM,

713
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Puc. 3. ¥Ynpouesnsie 06BOAbI CyAHa ¢ OCTPOH CKYJOH.



¢ ocTpO& KPOMKO/ B TOM ciydae, KOrja A06HBaIOTCSA, YTOGH HapyX-
Hast OGUIHBKA G6blIa MOJHOCTBIO DPasBepTHBaiomlefics. DTO MOKHO
clieNaTh y JI0GOro rJHCCHPYIONIEro MK NOJYTJIHCCHPYIOLIEro Karepa,

a) )

TN LSS

d)
Puc. 4. ¥YnpoweHHse ¢opMH 06BOROB
C OCeCHMMETDHIHLIM  PDACIOJIOXKEHHEM
CIOMOB: a@—pxBa cjoMa; 6 — TpH
cJIOMa; 8 — YeTHpe CJIOoMa.
1 ™
Toaney |
20
v,
19 A1 P
3
78 4 5 1/7,70
7
“0-15] 7 6!
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Puc. 6. I'mapoxkoHudecKHe

Puc. 5. YupoueHHble 06BOAH C HOCOBOH OKO-
o6BOAH.

HeGHOCTBIO B BHAe yTiora H ¢ caHHON KopMoil.

TaK KaK OHH H B OGLIYHOM BapHaHTe UMeIOT ocTpyio cKyay. IIpoek-
THpPOBaHHe 0OGBOJOB KaTepOB M3 Pa3BepTHBAIOLUIMXCA NMOBEPXHOCTEH

NOJAYYHJIO HIHPOKOE pacnpocCTpaHeHHe KaBHO.
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OcrpockysioBrie OGBOABI HeGOJBHIHX MOPCKHX CyAOB H3 pas-
BePTHIBAIOIIHXCA KOHHUECKHX NOBEPXHOCTeH NpPOEKTHpOBaaH B AHr-
JuA B Havajae 1960-x rr. [81]. B I'epmanuu B 370 Xe BpeMs Guiu
CIIPOEKTHPOBaHbI THAPOKOHHYeCKHe 06BOAb! (puC. 6) M3 coueTaHHs
HHJTHHAPUYECKHX H TIJIOCKHX TOBEPXHOCTEH ¢ ABYMS OCTPHIMH CJO-
MaMH 1o Bce#l AJHHe Kopmyca [70, 83).

[MoBepxHocTH ¢ pe6poMm BO3Bpara AJisf NPOEKTHPOBaHHsA 00BO-
goB npumenua B. A. Bomuaxud. Ocrpas npojosbHas  KpPOMKa
6nia oCTaBJeHa HM TOJbKO B MHAeseBod yacTH. OKOHEYHOCTH oOc-
TaJHCh NJIaBHBIMH, XOTS H Pa3BepTHIBAIOLIHMHCS.

HauGoabias mnpoTAXEHHOCTb OCTPHIX KPOMOK JoINyilleHa
Yy IUIOCKOCTHHIX cyjaoB THma «IImoHep». Kpome AByX TpoAOJBHBIX
KPDOMOK, OJlHa H3 KOTOPBHIX DacloJ/ioXXeHa B TOPH3OHTAJbHOH NJO-
CKOCTH, a BTOpasl B BepPTHKaJbHOH, HMEIOTCA ellle NONepeYHHe
CJOMB Ha KOPMOBBIX ILumaHroyrax. HMccrenoBaHusi mokasaJH, 4To
HaJIHYHe CJIOMOB MOXKET He NPHBECTH K yBEJIHYEHHIO CONPOTHBJIEHHS
B TOM cly4ae, Korja yriasl ciomoB Gosbmie 150° {14].

MeTtoab! NPOEKTHPOBAHUSI OCTPOCKYJIOBBIX
o6eonos cyaos ¢ PO

Bce cyuiecTBylomHe MeTOAB INpPOeKTHpOBaHHS OOBOAOB CyJOB H3
pasBepTHIBAIOLIHXCS MOBEPXHOCTEeH 3aBHCAT OT BHAa BHOpaHHOH
JJIS 3TOHN LleJIH NOBEPXHOCTH H OT rpacuueckoro MeToAa ee MOCTpOe-
HHSl Ha TeopeTHYecKOM uepTexke. CaMble IIpOCTHle pa3BepThIBAlO-
IiHecsi MOBEPXHOCTH — 3TO IJIOCKOCTh M LHJIHMHIPHYECKHe MOBepX-
HocTH. OHH 06pasylOTCs TyTeM NOCTYNaTeJbHOrO IepeMelleHHs
ApsiMonHHeliHON o6pasylolliell no NMpsAMOH HJAH KPHBOJNIMHEHHOH Ha-
npapagomei. Ha teopernueckoM depTexXe MJOCKHE YYaCTKH BHITJIS-
JST OYE€Hb NMPOCTO: WINAHrOYTH, GATOKCH M BaTepJHHHH NPeACTaB-
aa10T co6oil mapaJjienibHble NpsSMEBIE, PACMNONOXEHHble Ha PaBHBIX
PacCTOAHHAX.

B 50-e romnl TIIATENBbHO HCCAENOBAJHCh THAPOKOHHYeCcKHe 06-
BoAn (puc. 6), cocrosiliiHe U3 NJOCKOCTeH, KOHHYECKHX H UHJIHHA-
pHYECKHX NoBepXHocTeH. BepuminHa KOHHYECKOH NOBEPXHOCTH; 00-
pasyiollleii HOCOBYIO YacTbh KOPIyCa, PacloJIO’KeHa Ha JIHHHH KHJA.
Ha xopnyce umeroTcst 1Ba NPOAOJBHBIX CKYJIOBHIX CJIOMA. .

BhiuepynBaHHe THAPOKOHHUECKHX OOBOJOB Ha TeOPETHYECKOM
gyepTexXe He NMPeACTaBJAseT TPYAHOCTEH, TaK KaK pacloJIOXeHHe Tps-
MOJIHHERHEIX o6pasyomux uasectHo. Mamenss GopMy ckyjau B Ho-
COBOIl H KOPMOBOH OKOHEYHOCTSIX, MOXHO H3MeHATb dopmy HeficT-
BYIOLIEH BaTepJHHHH H HAaKJOH NOBEPXHOCTH B palHoHe HOATOKa
BOAH K BHHTaM. ['HApOKOHHUYeCKHe O6BOJAH Pe3KO OTJHYAKOTCH OT
OOGHYHHIX XOpoulo O6GTeKaeMblX H Jaxe OCTPOCKYJOBHIX OOBOAOB.
OnHaxko 3TO HX OTJIHYHE, N0 JaHHBIM MOJEJNbHBIX H HAaTyPHBIX HCIbI-
TaHH#, He YXYALIHJIO MOpeXofHble KauectBa cyiaHa. [Tosmumi#i Hoc
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npH KOHHYeCKO# (opMe OBGBOJOB OKa3ajcsi XOPOWO OGTeKaeMbiM
M 06/afalolMM XOpolleil BCXOXKECTbI0 Ha BoJHY. IloATOK BOABI
'K BHHTaM TpH LIMPOKOH KOpMe H COOTBETCTBYIOLIeH KHAEBaTOCTH
TaKKe OKa3saJcsi JocTaToyHhM. Kpome TOro, y riJpOKOHHYECKHX
06BOJOB NPH KauKe BHHTH NOUYTH HE BHIXOAAT H3 BOAH.

Bosbiofl 0630p BceX MOCTPOEHHBIX H IKCIYATHPYEMBIX B pas-
HBIX CTPaHax CYJOB ¢ THAPOKOHHYECKOH (opMo#i Kopnyca TpPHBO-
xutcst B paborax [83, 86]. Mopckue Gykcuphl MOWIHOCTbIO 160 1. c.
crpouad B 1954 r., a mocsie HX YCNELIHOA IKCHJYaTalHH CTPOHJIH
6ykcuph MomwHocTbio 300 J1. ¢. 1 aMepUKaHCKOH HeTHHOH KOM-
nanud. TmareabHoe ofciegoBaHHe 0OBOJOB 3THX CYJAOB MOKasalo,
YTO OHH HMEIOT TaKoe Ke OYKCHPOBOUHOE€ COMPOTHBJEHHE, KaK H
GyKcHpPhl ¢ OObIUHBIMH OGBOJAMH, HO NDH 3TOM KO3)(PHUHEHT 06-
medt noaHoTH y Hux 8 = 0,59 Bmecro 0,492 aas OGLIUHBIX.

KoHuueckue 06BOAb HPHMEHSIOT NpPH IPOEKTHPOBAHHH He-
GoJIbHINX KaTepoB, MOPCKHX OYKCHDOB, TpayJ/epoB, IXT H APYrHX
cyaoB. Jlas TpoeKTHPOBaHHS OGBOAOB M3 KOHHYECKHX IOBEpX-
HocTeft TpeGylOTCS CNelHa/lbHbie MeTOAB MOCTpoeHHs. B oreue-
cTBeHHOA auTepatype {19, 53] npHBeseHO onHcaHHe MeTOAa BHYEp-
YHBAHHS TEOPETHUYECKOrO 4epTeXa C HapyXHOH OOLIMBKOH H3 KO-
HHYECKHX TIOBEPXHOCTEH. '

Ha puc. 7 nokas3aHo nojoxenue o0pasyioliux Ha JHHIIE MO-
TOpHO# JOAKH. M3 pHCYHKa BHJHO, YTO ()OpMa NOBEPXHOCTH AHHUIA
onpejesseTcsi NOJNOXKEHHeM BepiHHB A- ¥ POPMO#A CKyJIOBOH JIH-
nuu. ITojoxeHHe BepLIHHB pPeKoMeHayercsa OpaTh B TOYKe, pacrno-
aoxeHHo#t Ha 20% AJMHB KOpMyca OT HOCOBOro NepHeHAHKyJ spa.
Ha noayumupore paccrosinue sepminnsl ot JII1 npumepHo paBHO
' WIMpMHE JIOAKH Ha CKyJe, a Ha GOKy MOJ CKyJIOH — Ha pacCTOSHHH
oT Hee, paBHoM 10—15% anuHb kopnyca. [TepeMelieHHeM BepUIHHLL
BHH3, B6OK H HEMHOTO BIe€peJ MOXHO MEHATb NOJHOTY OGBOMOB.

IMocaie onpefiesieHHsi TIaBHLIX pa3MepPeHHH Cy[Ha TEOPETHYECKHH
yepTeX pa3pabaThIBalOT B CJEAYIOLIEH NOCAeN0BaTeNbHOCTH! 1) na-
HOCAT JIHHHIO CKYJbl Ha MPOEKUHsX «6OK» H «MOJYUIHPOTa»; 2) BHI-
6upaloT MOJIOXKEHHe BepPLIHHE KOHyca A Ha nepreHAHKyJspe K oc-
HOBHO# nJyiockocTH U K A11. )

" Ha puc. 7 Ha npuMepe onpejiesienuss Touek P 1 N MOXHO mpo-
CJeNHTb TOCJAeA0BaTEIbHOCTh NOCTPOEHHS HCKOMOH JIHHMH JHAMET-
panbHoro 6arokca. K mo6o#t Touke Q (unu M), B3siTOM Ha cKyJe
B BuZe mpoekuuit Q, Q'(M, M’), npoBoJAHM NpsMOJIHHERHYK 00-
pasyiomylo ¢ npoekunsmu AQ, A’Q" (unn AM, A’M’). Tam, rae
npoexkunss AQ nepecekaercsa ¢ Il Ha «NONYHIHPOTe», HAXOAUTCA
npoekuus Touku P, npunaanexawei [I1. Onpenensis ee npoexkurio
P’ na A’Q’, nonyyaeM Touky, npHHaaiexamywo I, Ha npoekunH
«60K». AHaJOTHYHO onpejesiseM TOYKY N, a TakkKe JApyrde TOYKH
AuaMeTpaJjibHoro 6aTokca.

- TMocrpoenne GopTa mokasaHo Ha puc. 8. JIMHHUS CKyJBl CYUH-
TaeTcs 3aflaHHOM ellle NPH NPOEKTHPOBAHHH AHHILA. JIuHuio GopTa
HAHOCAT Ha NpoeKlHH <«Bok». BepmuHy KoHyca BeIGHpalOT Ha
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HeGONbIIOM PacCTOSHHH BIlePeXH HOCOBOTO NepmeHAHKyJspa. Ecan
Heo6XOAMMO MOJYYHTHb 3aBaj 6opTa B KOpMe, MPOEKIHs BEPIIHHB!
Ha <«MOJYIIHPOTe» HOJXKHA OHITh pacnojioxkeHa Ha JHHHH, NpoOBe-
AeHHOH napasuienbHo JIIT M3 TOYKH NMepeceyeHHs CKYJH C TpaHUEM.
Ha uepTexe nokasaHo nocrpoeHHe GOpPTOBOi NMOBEPXHOCTH, COCTOS-
el M3 ABYX KoHHYecKHX., [Ins niaBHOCTH nepexoxa HeoOXOJHMO

h

b

Cryna
[

Puc. 7. Konnueckne o6poant. ITocTpoenne RHHINA.

BHOHpPaTh NOJIOXKEHHe BEepUIMHH BTOPOH KOHHYECKOH IIOBEDPXHOCTH
K na xpaitneil o6pasylomeft nepBoift noBepxHocTH. Paccrosimne Me-
xkay BepiinHamMu K W M ciaepyer BhGHparh TakHM, 4To06H HOAY-
YHTb KesjaeMylo GopMy 3aKpyrjeHHs GOPTOBOH JIHHHH Ha NpOEK-
IHH <NOJYIIHPOTA».

Jdas  onpefefleEHs TOPH3OHTAJIbHOH NPOEKIHH TOYEK JHHHH
GopTta uyepes TouKy B’ Ha mpoeKnuH «60K» NPOBOAAT H3 BEPIHHHBL
o6pasyiolnyio 10 nepeceueHHs Co cKyaoil B Touke A’. Onpenensior
TOPH30HTAJbHYIO NPOEKNMIO TOYKH A Ha JAHHHH CKYyJH Ha <«HOJay-
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IIAPOTE» H CTPOST FOPH3OHTANLHYIO NMPOEKIUHIO MPAMOJIUHEAHOH 06-
pasyiomeli AM. Onyckas nepneHAHKyaap H3 TOUkH B’ zo mepece-
wenns ¢ AM, nonyqaioT ropH3OHTAJbHYIO NpoeKuHio ToukK B. Touno
TaKHM JKe TIyTeM HaXOAsAT OCTajbHEE TOUKH 6opToBoit aunuu. [Ipo-
eKIIHIO «KOpIyC» INOJyYaloT MocJe NOCTPOeHHs «GoKa» H <«moJy-
HIHPOTHI».

"ARaJIOTHYHHE COCO6 MOCTPOEHHS HCIOJNb30BaH AHMVIHHCKHMH
KopaGaectpoutessiMH [81] Ans NpPOEKTHPOBAaHHA TAaK HA3HBA€MHIX
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Puc. 8. Konnueckne obsonu. [locTpoenue 6opra.

KOHHueCKHX 06BoROB. OC0GEHHOCTH AHIJIAHCKOTO METOAA 32KJI0-
Yaerca B TOM, 4YTO IPOEKTHPOBaHHE BHINOJHSIOT H3 COYETAHHA He-
CKOJIbKHX KOHHUeCKHX mNoBepxHoctedi. Kak mokasano Ha puc. 9,
yu4acToK, orpaHuueHHnii Jauenet ABCDD'C’'B’A’ mpencrasiser
co6oit coueTaHHe YeTHPEX KOHHUECKHX noBepxHocredt. Kopabenbuble
nHxeHepn Beionecc u KopJaer cnpoektuposain Gosee 200 cynoB
. € KOHHYEeCKHMH 06BOJaMH. :
OpHruHaJbHHA METOA NPOEKTHPOBaHHS OGBOAOB H3 MOBEPXHO-
creli ¢ peGpom BosBpata 6ua npentoxen I'. E. [Tasnenko [45].
IIpexxxe uYeM NPHCTYNHTh K O3HAKOMJEHHI0O C MeTOLOM
. E. [1aBaerko, He06X0JHMO NpeJCTaBUTh cebe pasBepTHBAIOLIHECH
nosepxHocTH ¢ pe6pom BosppaTa. Ha puc. 10 BHIHO, KaK MOXHO
H3 ABYX OyMaXXHBIX «BOPOTHHYKOB» TMOJYYHTb JABYXMOJOCTHYIO
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NOBEPXHOCTh ¢ peGpoM Bo3BpaTa. To JHHeAYaTas NOBEPXHOCTh, BCE
npsMoJiHHefinble 06pasyiolllie KOTOPOH ABJAAIOTCA KacaTeJbHBIMH
K MPOCTPAaHCTBEHHOH KpuBoit MN, HasniBaeMoll peGpoM BoaBpara.

Puc. 9. CoueraHue KOHHYECKUX NOBEPXHOCTEN.

B Hepa3BepHYTOM COCTOSIHHH peGpoO BO3BpPAaTa — 3TO IJIOCKAS KPH-
Bas (JeBas 4acThb PHCYHKA), €CJH Ke «BOPOTHHUKH» PasiBHHYTb

Puc. 10. O6pa3opanne moBepXxHoOcTeil ¢ pe6poM BO3BpaTa.

H AeOPMHPOBATh, TO MOJNYYAIOTCA JABe MOJOCTH (NMpaBast 4acTh pH-
cyHka). B npouecce usrubaHusi pe6po Bo3BpaTa MeHseT GopMmy,
a NpsMoJHHe{iHble oOpasyiolllde NepeMellaloTcsl MO MOBEPXHOCTH.
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B pa6ore [45] maHo mocTpoeHHe pa3BepTHBalOLIeACs NOBEPX-
HOCTH, HAaTATHBaeMol Ha [Be NPOCTPAHCTBEHHble KpHBHE. JTO IO-
cTpoeHHe noKa3aHo Ha puc. 11. OHO 3HaUHMTEJbHO CJOXKHee Tpe/bi-
AYLUIMX CMOCOGOB H BHINOJHSAETCS B CJEAYIOUIEH MOC/JeN0BaTeNb-
HOCTH.

1. Ha- npoduibHON NIOCKOCTH MNPOEKIHA HAXOAAT cJeAbl Ka-
caTeJIbHBIX, NPOBEJEHHBIX K KpuBoii AB. OTH cleabl COeAMHAIOT
nJaBHOW KpuBoi mn. IToBTOPAIOT 3TO XKe MOCTPOEHHE /it KPHBOH
CD u uHaxomaT BTOPYI0 KpHBYyIo kl. KacareiabHble, IIpOBeJIleHHbE H3
TOUKM NepecedeHuss mn M kl, NaIOT Ha KPUBLIX COOTBETCTBYIOLIHE
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Puc. 11. ITocTpoende npsMoOJIHHeRHEX 00pa3ylOIUX pasBepTHIBAIO-
LIe/ACS TIOBEPXHOCTH O JABYM 3aJaHHBLIM NPOCTPAHCTBEHHBIM KDHBBIM.

TOYKH, Yepe3 KOTOpHE NPOXOAHT XapaKTepHcThKa. [l nosayuyeHus
CHeAyIOLeH XapaKTePUCTHKH CJIeAyeT OTOABHHYTh HJH NPHABHHYTb
NPOGHUIBHYIO MJIOCKOCTD.

2. B Tex Mecrax, rje TaKoe MOCTpPOeHHe NepecTaeT OHITH BO3-
MOJKHBIM, Pa3BepTHIBAIONIAACH NOBEPXHOCTb BHIPOXKJAeTCs B IJIO-
CKOCTb.

3. IpsaMonnHelHbIM yYacTKaM 3aJaHHbIX KPHBBIX COOTBETCTBYIOT
HJIOCKHE IO a KK B opMe TPEYroJbHHKOB HJH TPaNelHi.

CpaBHeHHe JaHHOTO MeTOAAa MOCTPOEHHS C TeMH, KoTophie O6y-
YT H3JIOXKEHH AaJjiee, MOKaXeT, 4TO 3TO CaMbllf TPYNOEMKHH H rpo-
MO3KHA M3 BCeX METOROB NOCTPOeHHs OGBOAOB CYIOB H3 pa3Bep-
THIBAIOLIHXCA MoBepxHocTeH. CBsizaHO 3TO OOCTOSATENbCTBO C TeM,
YTO H3 BCEX Pa3BepPTHIBAIOLINXCA MOBEPXHOCTEH 3/1eCh HCIOJb3YHOTCA
NpeuMYyILeCTBEHHO IOBEPXHOCTH ¢ pe6poM BO3BpaTa.

XapakrepHasi ¢opMa cyZLoBEIX OGBOAOB H3 MOBepxHOcTedl c pel-
poM Bo3Bpara npHBefeHa Ha puc. 12. [lpu cospanum 3tol dopmbi

2 3akaa N 148 17
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O6BOJIOB B OCHOBY IOJIOXKEHO NPEANOJOXKEHHe O TOM, 4TO 06TeKaHHe
NPOHCXOAUT B NPOJAOILHOM HANpPaBJEHHH H MONEpeYHbe COCTaBJAI0-
11{He OTHOCHTEJbHBIX CKOpocTefi BOJAH CPaBHHUTENBHO HEBEJNHKH.
B pa6ore [45] nmpuBejieHH JaHHbE, MOJYYEHHHE B PE3yJbTaTe CH-
CTEMATHUECKHX MCNHTAaHHR 6apX ¢ pas3jHYHHIMH (OpMaMH Ipo-
JOJMBHHX cjoMoB. CoBnajeHHe cjloMa C JHHHeil TOKa — HEOOXOIH-
MOe YCJOBHe TPH NPOEKTHPOBAHHH YNPOUIEHHHX (opM 06BOAOB.
TIpexnosaraercs, 4To YIJOBHE KPOMKH CyAOB YMPOUIEHHHX (opM
CNOCOBCTBYIOT YMeHbIIEHHIO KaUKH Ha BOJIHEHHH, AeACTBYs NOXOGHO
cKynoBHM KuasM. Ho HecMOTps Ha TO, YTO CYLIECTBYIOT 3KCMEpH-
MEHTaJbHBEe H TEOPETHUECKHe METOAb ONpeleNieHHs HanpasieHHi
JIMHHMfI TOKa B 32BHCHMOCTH OT CKODOCTH XOAa, LIHPOKOro pacnpo-
CTpaHeHHs YNpOIeHHble 00BOAL TAKOTO THNA He IOJYYHJH.
OcHOBO# ISl IPOEKTHPOBAHHAA OGBOJOB H3 MOBEepXHOCTeH C pel-
POM BO3BpaTa SBJSIOTCS TEOPETHUECKHA METOA ONpeleseHHs JHHHA
TOKa, KoTophift npuBefeH B paGote B. A. KponGepra, u pe3yabTaTh
9KCIIEDHMEHTaNbHOTO HccaeloBanns Ha ycranoske OTJIA, sumou-
HEHHOTO B NOCJEAYIOlIHe TOAb B. E. INarenkum {49, 50]. das skc-
NEPHMEHTAJIBHOTO HCCJEL0BaHHA OHJIM HCIOJIB30BAHH YNPOLICHHbIE
¢opMH, paspaGoTaHHHe A5 06BOJOB PeUHHX CyAoB THHA «HakKay,
CT-601, «3anopoxbe» u Tennoxona «bafikan». :
O6niuHHe H yIpolieHHHe 0oGBOAH Temtoxoxa <«Bafikaa» mnoka-
3aHH Ha puc. 13, a rpaduki GYKCHDOBOYHOrO CONPOTHBJIEHHSA IJf
MoJleJeit 3TOro cyiHa nokasaHH Ha puc. 14. Ha ocHoBauuu pesyb-
TaTOB MHOTOYHCJIEHHHX GYKCHPOBOYHHIX HCNMHTaHHH MOJeseH ympo-
menaux o6BojoB B. E. ITareukum chaeinan BHBOJ O TOM, YTO CHpO-
eKTHpPOBaHHHE YNpONeHHHe (opMH 06BOJOB KOpIyca CyHOB NpH
JBHXXEHHH MX B YCJOBHAX OrpaHMYEHHOro ¢pappaTepa B IMAPOJHHA-
MHYeCKOM OTHOUIEHHH TPaKTHYECKH He YCTYNaloT OOGBIYHBEIM.
B. E. ITatenkuii orMeyaeT, 4TO IIpPH OAHOH H TOH XKe CKOPOCTH XOAa
¥ NpH TPOYHX PABHHIX YCJOBHSX JakKe eCTh BHIHIPHII B CONPOTHB-
JIeHHH BOJH YNPOIIeHHHX (OPM MO CPABHEHHIO C OJHOTUNHBIMH CY-
pamMu ¢ obnigHoll ¢opMoit 06BOJOB NPH IBHXEHHH B YCJHOBHAX
orpaHHyeHHOro ¢QappaTepa. STOT BHHIDHII OH OLEHHBAeT B _Tpe-
Aenax.ot 5% ZXo 12% Ha AOBONHOBHX peXHMax ABuKeHus. Ecre-
CTBEHHO, 4TO B BOJHOBOM peXHMe NosBJasercs AudpdepeHt, KOTo-
pHil IPHBOXHT K DE3KOMY YBEJHUEHHIO CONPOTHBJEHHs BOAHL. Ecin
TIpOROJbHAsE OCTPasi KPOMKA BHI3BIBAET OTPHIB NMOTPAaHHYHOTO CJIOH,
TO pabora, 3aTpaueHHas Ha NPEOJOJIEHHE CONMPOTHBJEHHS (OPMBI
TaKoro Teja, NepeXoJHT B KHHETHUECKYIO IHEPrHI0 BHXPEBHIX cJe-
- goB. OTclofa CJeLyeT, YTO B Mpejeax MajHX H CPeHHX CKOpocTed
(Fr=0,1+-0,2) ynpoulenHse (GOpMH Kopmyca CyAHa OKasHBalOT
Hau6oJblllee BJMAHHE HAa CONPOTHBJEHHE, a CJIeJOBATEIbHO,
NpH HeyNayHOM NPOEKTHPOBAHHH XOJOBHE KauecTBa MOTYT yXyA-
. DIATbCA.
Ha puc. 15 nokasaHbi CKyJIOBhE JHHHH TOKa JJIsi MOJENH CyAHa
tnna «Bafikan» B 3aBHCHMOCTH OT Da3HHBIX OrpaHWueHult ¢apsa-
Tepa no ray6HHe H IIMPHHE,
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Puc. 15. HanpasieHue CcKy/a0BHX JHAKWA TOKa /51 OGBOAOB CyAHa THNA
«Balikan».
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- Heo6x0AHMO OTMETHTb, YTO IIPH NPOEKTHPOBaHHH OGBOAOB H3
Pa3BepTHBAIOLIHXCSA TMOBEPXHOCTEH OT HCNOJHHTENs Tpe6Gyercs BhI-.
COKasi TOYHOCTb MOCTPOEHHS, NMOCKOJbKY AONyIUeHHE AaxKe HeGOJb-
UIo# NMOTPEINHOCTH NMPHBOJHT K HEroJHOCTH BCEero 4eprexa. B or-
JIHYHE OT CYJAOB C OOHLIYHHIMH 06BOJAMH, AJS CYAOB C Pa3BepThi-
Balollefics HapyXHO# 06IIHBKOH HEBO3MOXKHO BHOCHTh KaKHe-JHGO
MeCTHHE H3MEHEHHS Ha NOBepXHOCTH 6e3 Toro, uro6Hl He Hapy-
IIHTb €e pa3BepTHBaeMOCTb.

Huxenep A. C. T'opuikoB [16] 3HauATe/NBHO YHPOCTHJ OMHCaH-
HBIA BBHIILE METOJ NOCTPOEHHs TeopeTHuecKoro ueprexa. Ha puc. 16

[ g

2 1

Puc. 16. I'Ioc'rpoeﬂné_ NpAMOJMHERARHX 06pa3ylouHx pa3sepn.aa:onmica
. nosepxHocrefi no Merony A. C. Topmkora.

TI0Ka3aHo, KaK HalfiTh o6pasyolllHe Ha pa3BepThBalolleficAd MOBEPX-
HOCTH, HaTArHBaeMofl Ha IBe INPOCTPaHCTBeHHHe KpHBHe. Ilycrh
JaHH JABe KpuBHe: BB — niaockas H AA — npocTpaHcTBeHHas. Ha
KacaTeJbHOR K KpHBO#i AA B Touke ] BHIGHpaeTcs NPOH3BOJbHASA
TOYKa 2 H NpPOBORATCH Ha BEPTHKAJIBLHOM NpPOeKUHH JHHHH ['—4’
H 2'—3’. B 3aBucHMOCTH OT BhI6Opa TOYKH 5 Ha rOPH30OHTAJBHON
NPOeKUHH cJel IJIOCKOCTH, Mpoxoisine# uepe3 juuuio /—2, Ha
IVIOCKOCTH KpHBO# BB mpofizer no JuHHAM 31—4), 3:—4s, 35—4a.
Touka 5 BHOHpaeTcs Tak, YTOGH 3TOT CJeJ NpolieJ IO KacaTesb-
Hoft Kk kpuBo#t BB. Touka KacaHHsi 6 NpHHANJEXHT HCKOMOMY Jydy
I—6. Tlo ropusoHTaJbHOA NpoeKuMH Jyya [—6 CTPOMTCA BEpTH-
KaJibHas npoekuus I’'—6".

Hns obecneyeHHst NPOAOJbHOA MJIABHOCTH NOBEPXHOCTH KPOMOY-
Hble JIHHHH JOJIXKHBI GHTh BCIOAY IVIABHHIMH H BHIIYKJIHMH Ge3 Ine-
peru6a no AByM NpHYHHaM: 1) B cjydae CONpsiKEHHS IBYX pas-
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BEPTHBAIONMMXCA TNOBEPXHOCTeH 1O npsaMosuHefiHofi o6pasyioled
A TUIABHOCTH TEPeX0oiia OXHOM NOBEPXHOCTH B ApYIyio Heo6xo-
ANMO M OCTAaTOYHO, YTOGH JI06ast HampaBJAIOLlasd, Nepecekarilas
-06pasyIiollyl0 CONpsXKeHHs, He HMeaa Ha Heil TOYKH CJIOMa, a Ouaa
naaBHO#; 2) ecaH 4epes JBe KpHBHE NPOBEJEHBl JIBE npsMOJHHeH-

Hue oGpasyiouie, TO IJs IJIaBHOCTH H eIHHCTBEHHOCTH -OTPaHH-

geHHOX HMH TOBEPXHOCTH JAOCTaTOYHO, yTdOH 3TH KPHBHE JIeXKaJH
‘IO OAHY CTOPOHY OT JIOGOR H3 MJIOCKOCTef, Kacalouluxcs 06enx

KPHBHX, B COOTBeTCTBHH C NEPBHM 3aMeuaHHEM IIaBHOCTDL Tepe-

x0a OGecreYHBaeTcs MJIABHOCTHIO JIHHHA CKYJb, KuJId H nanyOH.

Meroa A. C. l'opmKoBa 3HaYHTEJNbHO NpOLLE METOAA I. E. I1as-

JeHKO, TAK KaK IOCTPOEHHs, HeoGXONHMEE LIS ONpelle/IeHHs MoJo-

JEeHHS NpPAMOJHHEAHHX 06pasyIOLIHX, BHIONHAITCA B Ipefenax

CeTKH TeOPETHUeCKOro Ueprexa. :

3a moc/jeNHHe AeCATb JeT NOSBHJIHCh pPabGOTH, NMOCBAIIEHHHE
'TIPOEKTHPOBaHHIO OOBOJOB H3 Pa3BePTHIBAIOUIAXCH noBepxHoCTed, "

8 CIIIA. Han6onee muTepecHn paboTw YabMana Kuiaropa [85]-

Coo6lleHAst O pe3yabTaTax HCIOJNb30BAHHA 3ITOTO METONA MOXKHO

nafitn B crathe Hosmana [92]. HMicxonnsie JanHBE MJIA depTexa Ino-

NY4aloT No 3CKH3y, a pacuer OPAHHAT NMOBEPXHOCTH BHMOJHAIOT HA

3BM. IlpumeHSIOT METOJ TOJLKO AJS TPOEKTHPOBAHHA  CYyAOB

¢ OCTpoO# CKyJIOH.

" Kuarop pa3pa6ora) TEOPHIO MO BOMNPOCY HATSTHBAHHA pa3bep-
 THBAIOWEXCS MOBEPXHOCTe HA pa3/HUHBE KPHUBEE, KOTOpas Halllia
_CBOe BHIpaXkeHHe B ABYX TeOpeMax.

. "Teopema 1. Ecan ape mpoCTpaHCTBEHHHE KpHBHE JeKaT Ha
- Kako@t-1#60 pasBepTHBaIOMIeCs NMOBEPXHOCTH, TO OHH JeXar B OA-
“Hoft H TONBLKO B OJHOM TaKOH NOBEPXHOCTH.

~ Teopema 2. Ecain ape uan Gosee MJIOCKHE KpHBHE pacroJo-
SKeHH Ha pasBepTHBalollleficdi MOBEPXHOCTH H ONMpEJEJEHH KakK Ce-
“qeHus AByMsA HJaH Gosee Mapaisie/IbHHIMH IIJIOCKOCTAMH, KOTOpHie
PacoJIoXeHH B ONPE/Ie/ieHHOM HOPSIKe, TO KacaTe/bHhe KO BCEM
'9THM IVIOCKHM KPHBHIM B COOTBETCTBYIOLIHX CEYEHHAX Ha NPIMOJIH-
: Hefino#i 06pasylollleli NapalIeNbHEL MeX/y coGOH.

- TlepBas us 3THX TEOpEM JIErKO ONPOBEPraeTcs. Janee npu pac-

CMOTpeHHH CBOMNCTB Pa3BepTHBAIOLIHXCs IOBEPXHOCTEH Gyner mo-

’KagaHO, UTO Ha JBE KPHBHE MOXHO HATSHYTh MHOTO DASTHYHHX

- Pa3BepTHBAIIAXCS NOBEPXHOCTER. Bropas TeopeMa CHpaBeMJIHBa,
_HO ellle paHee ONHMCaHHbe B Hell CBOACTBA GBIIH H3YYEHB H HCHO/b-

‘‘aoBaHbl JJis pa3paboTKH METONA MOCTPOEHHS TEOPETHYECKOTO Hep-

‘TexKa CyJHA M3 Pa3BePTHBAIOUHXCA NOBEPXHOCTEH (171

MeToj TOCTPOEHHS TEOPETHYECKOTO UepTexa, NPeIONKEeHHbIH

. V. KuaropoM, nokasat Ha puc. 17. 9TOT MeTON 3HaUHTEJILHO NPOLLE,

geM OMHCaHHHe Bhille. KHATOp NPHBOAHT K STOMY UepTEXy cCJae-

Lyloliee ONHCaHHE.

1, Bu6upaercs Touka P Ha CKYJOBOH JIHHHH (Ha mpoeKUHAX
* «60K» W «IIOJYIIHPOTa»), Yepe3 TOUKY P NPOBOAATCH KacaTe/lbHble
. K NPOeKUHAM CKYJIOBOH JIHHHH.
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2. Hepes kacarebHylo MPOBOAHTCH KaKad-HuOyab mpamas AB,
nepecekalomas GOPTOBYIO JHHHIO B To4Ke B TakuM 06pa3om, uTo6Hl
yrost PAB noay4nsicsi ipHeMJIeMbIM,

3. Ha focraTouHo Masbix HHTepBasiax OT 9TO# NPSMOIl, T. €. de-
pes C u E, cTposrtcs npsMble, napaJenbisie AB Ha 06eHX Npoek-
IHSX.

4. Ha npsambix, Koropuie npoxofsat yepes C u E, Ha «moayuin-
pore» ompepeasiorcs Toukh D u F nepeceueHus ¢ GopToBoii JiH-
HHeH. :

-5. Tlpoekuun Touek D u F Ha GOKOBOH NpPOEKUHH COEIHHSIOTCS
¢ Touko# B u nonyuaercs Kpusassi BDF. '

5. 18
r—'— 1 A1F
A— _-“ i
- ATTIC Vg =
| //
0 8 8 7 [ J 4 J 2 0
’s-'—-\ M———
S
ESNE
: .
10 9 & 7 ) J 4 3 2z 1 /)

"Puc. 17. Tlocrpoenne mpAMOHMHEHHHX 06pasyomux pasBepTHBAI0-
IIHXCS NOBepXHOCTel no meTony ¥. Kuaropa.

6. Onpenensercs Touka Q, B Koropoii KpuBasi BDF nepecekaer
6OpTOBYIO JIHHHIO. :

7. Onpenensiercs Touka M, pacnosoxeHHass MocepelHHe AyrH
BQ. (Touka M pacnonoxeHa Ha TepNeHAHKYJspe, NPOXOASIIEM
uepes TOUKY KpHBO# BDF, B KOTOpo# KacaTelbHasi napaJJesbHa
AP.—TIlpum. aBr.) ‘

8. Toukn M u P palor JHHMIO KacaHus miockocTH PAB ¢ 6op-
TOBOM NOBEPXHOCTHIO CYMHA.

Caenyer oTMeTHTD, YTO 3aJlaHHe Ha YepTexXe KacaTeJbHOA IMJO- -
CKOCTH HE C/ellaMH, a Mapa//eJbHHMH H NepeceKaloUulHMHCs Nps-
MBIMH  [103BOJIieT COKPATHTb IJIOWAjAb, 3aHATYIO NOCTPOCHHAMH,
XOTSl H 3aTeMHSET YepTex.

B Hacrosimee Bpems Ha Bepou «Bypmeiicrep u Bain» {18]
B JlaHHH MPHMEHAIOT cnocol NPOEKTHPOBAHHS OGBOAOB TPaHCHOPT-
HBIX CYJIOB H3 pa3BepTHIBAIOLIHXCA MOBEPXHOCTEH ¢ noMolulplo SBM.
Ha puc. 18 nokasan BapHaHT 06BOJOB TPAaHCIOPTHOTO CYAHA CO
cnoMoOM B paioHe jeficTByiolleli Batepaunuu. Ha puc. 19 nokasan
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. BapHAHT TexX e 06GBONOB, HO CO CKPYIJIEHHSIMH B MeCTaX CJIOMOB,
06pa3yloliuMH Hepa3BepTHBAKOUIYIOCS YacTb MOBEPXHOCTH.

Onur Beppu «Bypmeiictep u Baiin» npeacrasiaser Gosbluoi
HHTEpeC, TaK KakK Ha Bep®H BhepBHE DPeajM3ylOTCA BO3MOXKHOCTH,

N7/}

NRRNANARN |
NN |

a
NS\ N\ Y
SN\

Puc. 18. O6BoAH TPaHCIOPTHOTO CyAHAa M3 Pa3BepPTHIBAIOLIHXCS
nopepxHocTeHl (¢ ocTpoH cKyJso#).

U

NN 7777
S\ ===

Puc. 19. OGBoaB TPAHCNOPTHOTO CYAHA H3 Pa3BEPTHBAIOWIUXCH
NoBepXHOCTEH (CO CKPYTJIEHHON CKyJION).

-

A
/—‘————%\4/

KOTOpHeE AalOT pa3BepThIBAIOLLHECS] NOBEPXHOCTH NPH MPOEKTHPO-
‘BaHHM He YNpOLIeHHBIX, a Xopoluo ob6rekaeMulx cyaos. PaspaGo-
TaHHas Ha BepdH dopMa OOGBOLOB He SBJAETCH €IHHCTBEHHO BO3-
MOXHOM, HO KaK BapHaHT OYeHb HHTepecHa.
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§ 3
MeToan annpoKCHMANWH 06YHEX 06BO0OB
PA3BEpPTHBAWIHHMHCA NOBEPXHOCTAMH

Jasa ucnoaesosanns IBM npu BunonHennn pacyeToB mo TeopeTH-
YeCcKOMY 4epTey MOMHO annpoKCHMHPOBATL CYAOBYI0 MNOBepX-
HOCTEL MO YaCTAM KYCKaMH pasBepTHBawIHXcs noBepxHocTed. [lpn
3TOM 3aMensnerca okono 609% pcefi moeepxHocTH wopnyca. HauGo-
Jlee pacnpocTpakedsl Metoan annpokcumaunn H. H. Puxopa [54],
B. H. Maanuoscko#i [37], Peppuca [T4].

H. H. PrXoBHM npeaaoienn pashuie rpaduyeckde cnocolw
MOCTPOEHHA PAa3BepPTHBAINIHXCA NMOBEPXHOCTell B 3aBHCHMOCTH OT
HX BHAa M TOJOMeHHA B npocTpancrse. PassepTulBaiomiHecs mMo-
BEpXHOCTH TNpH pa3pafoTHKe MeTONOB MOCTPOEHHS OH pPaccMaTpH-
BaeT Kak orufiaioliyi oJHonapaMeTpHYecKoro cemeficTBa NJAOCKO-
cref,

Ilas npoexktHposadus cyposux ofGeogos H. H. Puixoe npea-
JIOXHJ TIOCTpoOeHHe, nokasanhoe na pue. 20. Hekotopas wacte no-
BEPXHOCTH KOpMNyea 3afaHa Ha 4epTee NPOeKUHAMH PAAa AHHHHA,
nexamux Ha wedt. JInwuu K', K? v K® noayuens B peayabrarte ce-
YeHHA AaHHOM MOBEpXHOCTH FOPH3OHTAJBHHIMH MAOCKOCTAMH a@!, af,
o, a nunus [ — dponransroii naockoerelo B. [ annpokcHMalHK
STOrC Y4acTKa Pa3BepTHRAIOLIEACA NMOBEPXHOCTLIO 33 MApEl HANpaB-.
asomux caegyer Gpate K' w K, K* w K% K?* u [. B ToM cayuae,
KOria 3a maphl HanpaBnAKIHX NpHEEMalT aueue K' v K2, K®
H K* ofpasyloilHe CTPOAT N0 TOYKAM C Napa/Jje/bHbEMH KacaTenb-
HuMe £ # £, B ciysae HatArHpaHuA paspepTHBaloniefica mosepx-

HocTH Ha Kpuene K* i [ A48 nocrpoeHHd ofpasyloilHX B HeEKoTopof
TouKe k* KpHBOH K* CTPOAT KacaTeNbHYH NPAMYI H Onpefeansior
Touky C mepeceyeHHs ee ¢ NJOCKOCThIO o, ﬁa stoft Toukn C npo-
BOAAT NpsMylo, Kacdateapiyi K Kpusofi K*. Toukn kacamua &' w L
COOTBCTCTEBEHHKW, H MpAMafd, HX COeJHHAKIIAH, ABAAETCHA HCKOMOR
obpasyiontefi. Ecan Hekotopas KacatennHas 2 K KpHBOA HMeeT co-
OTBETCTBYIOULYIO KacaTeabHywo ' B Touke k! Kpupoft K', To ocras-
wafica Kycok &' — k?— A naHHOR MOBEPXHOCTH ANNPOKCHMHPYeTCH
KOHHYecKoH NMOBEPXHOCThIO ¢ BepliHHOA B TodKe A* H Hanpasasio-
medt AK!. MonoGuuf Meron uenoassopad Hoaawom [92]. Pasnnua
Tonbko B ToM, yro H. H, Prixor ucnoas3yer 3To nocTpoeHde QA
annpoKCcHMaluHH yvacTKoB nopepxwoctd, a Honaw — ana nocrpoe-
HHA Boel NOBEPXHOCTH CyaHa.

Meton, paspaGoranuuit B. H. Mannnoeckoii, HCnoab3yoT TAKKe
JAA 3aMeHbl Hepa3BepTHBAIMKXCA YY4CTKOB CYyL0BOH NMOBEPXHOCTH
pasBepTHBAOILHMHCA. 3aMeRy AenawT no dacTaAM. YacTH passep-
THBAKUIHXCA TOBEPXHOCTEA coelHHAITCA Meway coboft anfo noa
yraoM, Jao ¢ MOMOLIBI NOJ0C ABOAKOH KpHBHIHM. CyllHOCTh Me-
ToJa 3aKJAKYAETCA B TOM, 4TO KamAui 3aMeHAeMHf y4acTOK noj-
Bepraerca cnelHaiabHoMy aHanxay. Jlns aHanuza Ha NMOBEPXHOCTH
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:8aAaI0OTCA JBe ONOPHHIE€ JIHHHH, KOTOpHi€ 3aMeHSIOT T4aK HashiBae-
. MBIMH 'KOPOGOBHIMH KDHBHMH. 3aMeHa HAeHCTBHTEJbHOH IJIOCKOM
KPHBOH ceYeHHsI KOpPOOOBOHA #ABJIfeTCS B 3TOM METOJe OCHOBHOM
- TIPeANOCHJKOH, 063aTe/IbHOR NPH pellleHHH 3afaiH 3aMeHHl Hepas-
BEPTHBAIOIErocs YJacTKa pPasBepTHBAIOIIHMCS.

- Jna saMeHH JXaHHO# KpUBOA KOpPOoGOBOH KpHBYIO pa3GHBAIOT
Ha y9acTKH, KaXJblfi U3 KOTOPHIX.3aTeM 3aMeHSIIOT AYrof OKpyX-
HocTH. M3 LleHTPOB OKpyKHOCTell IpPOBOAAT JYYH K KOHHAM [daH-

Ay k] Ky y

N X K s

ki By

- Puc. 20. IMocrpoenne npsaMosmHeAHNX 06GpasyiolMX pa3BepThi-
Baomuxcs nosepxsocreil mo meroxny H. H. Prikosa.

#oro ywyacrka. Korga oGe omnopHbie KpHBHE 3aMeHEHH KopoGo-
BIMH, TO TOYKH C NapaJiJIebHHMH JYYaMH COEAMHAIOT NPAMHMH
HHHAMH. 3areM NOBEPXHOCTb, NOJYYHBINYIOCE H3 3THX HPAMBIX,
ofBepralT anaansy. Eciu Bce npsMoJiHHefiHHe o6Gpasyoline Ha
AAQHHOM y4YacCTKe IIepeceKkaloTcs B OJHOA TOYKe, TO NOBEPXHOCTDH
(03KeT OLITh 3aMeHeHa KOHHYEeCKOH; ecaH Bce o6pasyioiide mapaJ-
eJbHB MeXAy co60i — UHAHHADHIECKOH, a B clydae HX HOCJAe0-
BATEJILHOTO NEpeceyeHHs: NMONapHO — MOBEPXHOCTBIO ¢ peGpoM BO3-
ppata. Korzna o6pasymnollne nmepeceKaloTcs 3a NpejielaMH yeprexa,
‘MOXKeT GHITb HCIOJIb30BAH BTOPOH NPH3HAK KOHHYECKOH MOBEPXHO-
‘CTH: Ha BCeM NPOTSKEHHH KOHHYECKOA NOBEPXHOCTH XOPAH, CO-
/eAHHAIONIHE TOUKH KPHBOA KOHHMYECKOTO CEYEHHS, H COOTBETCTBEH-
‘HBle HM XOpDJAH MNapaJJeJbHOrO0 CeUYeHHS TOH JKe MOBEPXHOCTH
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06/1afaloT TeM CBOACTBOM, YTO OTHOUIEHHE HX AJHH e€CThb Be/JHYHHA
HOCTOSIHHAA. DTOT METO/ OTJIHYAETCS OT OCTa/IbHBIX TEM, YTO HAXOXK-
JeHHe MPAMOJHHeAHBIX 06pa3yIomuX AeJaeTcs MO0 HOPMaiH K KpH-
BbIM CeYeHHs, a He MO KacaTeJbHHM. Kak W omHcaHHble BHE, Me-
TOJ, KOPOOOBHIX KPHBHIX TpebyerT MHOrO AONMOJHHTENbHLIX MOCTpPOE-
Hui. [loapoGHoe onHcaHHe MeroAa
MOXHO HaliTH B paGote {37].
[Ipumensis  rpadoaHanuTHYe-
ckuft Mmerox Peppuca [74], Bcwo cy-
" IOBYI0 NMOBEPXHOCTb pa3bHBalOT Ha
PAA YyYacCTKOB, KaXAB# H3 KOTO-
PHIX 3aMeHSIOT pasBepThiBaloLiehcs
NOBEPXHOCTbIO. 3aMeHa IPOH3BO-
JHTCS C NOMOUIbI0 aHaJHTHYECKHX
MerosoB. Ha puc. 21 nokasaHo,
KaK B 3TOM cJy4yae BHIOHpAIOT yya-
CTOK IJis1 3aMeHHl (B JaHHOM CJay-
yae —3TO JIHCT MeXIy ABYyMA
nnargpopmamu). Ha yuactke mpo-
H3BOJbHO BHIOHPAIOT IIECTb TOYEK.
OnHofi M3 1llecTH Ha pHCYHKe
saBasgerca Touka P. [as 3apaHus
Ha OBM CHHMalT KOOpAHHATH
touek M u N. Touka M obpa3so-
BaHa MepeceYeHHeM KacaTeJbHOMH
K WINaHroyTy B TOYKe P C OCHOB-
HOH NJIOCKOCTBbIO; TO4YKa N — nepe-
, ceuyeHHeM KacaTeJbHOX K BaTep-
an - JHHHH n—n C ILJIOCKOCTBIO MH-
Hdejb-iunaHroyta. [lo 3TEM gaH-
HBIM MOXHO TMOJYYHTb 3Ha4yeHHS
Puc. 21. PacnonoxeHue HCXORHBIX

TOWeK B TIpad0aHAJHTHYECKOM Me- K0S(@HUHEHTOB B YPABHEHHH Te-
Toze DeppHca. Kyliedl KacaTeJbHOH TMJIOCKOCTH

Ax+By-+Cz-+D=0> (1)

Mnadnan nasyda

ITockosbKy KacaresqbHasi IJOCKOCTb JOJIXKHA TNPOXOAHTbL uepe3
TOYKH P (x1, Y1, 21), M (%2, Y2, 22) ¥ N(xs, Y3, 23), TO HY>KHO PEUIUTD
CHCTEeMY ypaBHeHHH

Ax,--By--Cz 4 D=0;
Axy+By,+C2y-+ D=0; (1.2)
AX3+B)'3+C23+D=0.

Ecau npuHATh Kako#-in60 u3 kosdpduunentos A, B, C uan D
3a eJHHHLY, TO MOXKHO OCTaJbHble KO3(P@HIHEHTH MOJYyYHTh H3 Ha-
nHucanHo# Bhiule cHcreMH ypaBHeHu#l (I1.2). Tlomo6mbim Xe o6pa-
30M onpelensioT KOo3G(GHIHEHTH B YPaBHEHHAX KacaTeJbHBIX MJIO-
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CKOCTelf, NPOBEAEHHHIX B OCTA/JbHBIX MNATH TOUKAX. IMoayuaetcs
HIeCTb YpaBHEeHHH

A1x+Bly+C1z—}— D1=0;
Ayx—+Byy+Coz—+ Dy=0;
Ayx+ Byy+Caz+ Dy==0; (1.3)
Axc+B,y+Cz-+Dy=0; )
Asx+ Bsy+-Csz+4-Ds=0;
Agx+Bsy+Cez+ D=0,

rae A;, Bi, Ci u D; — Ko3ddHIMeHTH ypaBHEHHS KacaTeJbHON MJo-
CKOCTH AJsi i-fi TOYKM H3 B3ATHX IIECTH Touek P;. 3arteM Ha rpa-
($hHKe CTPOHTCS 3aBHCHMOCTb KO3((HIHEHTOB OT PacCTOSHHA TOYEK
OT NJIOCKOCTH MHJeJb-Iimanroyra. st Toro 4toGhl BCe HIECTh Ka-
caTeJbHHIX - IIOCKOCTeH HMesau orubapollefi pasBepTHIBAIOLLYIOCH
IIOBEPXHOCTb, HEOGXOAHMO, 4TOOBl OHM BCE 3aBHCEJIM OT ORHOrO ma-
pamerpa c. [las 3toro rpaduyeckas 3aBHCHMOCTb KOI(QHIHEHTOB
ypaBHeHHH BbipaKaeTcsi aHaJIHTHUeCKH yepes napamerp c. [Ipu sTom
N0JIy4aeTcs, YTO 3Ta 3aBHCHMOCTb HMEET BHJ

A=f(c); B=const; C=f(c®); D==f(c?). (1.4)

ITyTeM NOACTAHOBKH 3THX BhIpaXKeHHH B KauecTBe KO3(QHIHEHTOB
B YpaBHEHHsI CHCTEMH NMOJNYYalOT 3aBHCHMOCTD

£ (¢) x-+const y-+ f (¢%) 2+ f (¢)=0. (15)
) SaTeM 6ep8TCH IIpOP]3BOllHaﬂ 1o ¢: —
| @O (A (A=0. (18

U3 ypaenenuit (1.5) m (1.6) myTeM HCKJIOYEHHS TmapameTpa
/MOJIyyaloT ypaBHeHHe pa3BepTHIBAIOLIEHCS MOBEPXHOCTH, NMPOXOAA-
‘el uepes 3ajaHHHe miecTb Touek. Ilpeumymectso meroia Pep-
pHca B TOM, YTO BMECTO FPOMO3AKHX rpaduyecKHX MOCTPOeHH#
NpeNJIoXKeH Cnoco6 aHaJHTHYECKOTO 3aJlaHHs PasBepTHBalOLIeHCs
HIOBEPXHOCTH.

§ 4

OueHKa rHAPOAHHAMHYECKHX NOTEPD
H 9KOHOMHYECKHX MpEeHMYIeCTB KOPNycoB
C ynpoieHHbIMH 06BOLAMH

F)

flpu paspa6oTke 06BOZOB NPOEKTHPOBUIHKA B NEPBYIO ouepelb HH-
epeCyloT TpeGOBaHHS XOAKOCTH M MOpPEXOJHOCTH. DKCIJyaTallHs
YAOB C YNPOLIEHHHMH OOBOJaMH, Y KOTOPBIX CKYJIOBOH C/IOM Haxe
| coBmajaeT C JHHHeH TOKa, MOKasaJja, 4To 6e3 MOoTepH THAPOIH-
‘HEMHYECKOro KauecTBa Takue OOBOIB MOXHO TNPHMEHATb TOJBKO
| Ha OYeHb MaJHX CKOpOCTsX. JIpyrodA mpHHUHM, NpHMeHeHHHH NpH
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NPOEKTHPOBAHKH YNPOHIEHHBIX OOBOJOB,— 9TO HCIOJIB30BAHHE THA-
‘pokonuYeckux ¢opm. Cyas no ony6JIHKOBaHHHIM pe3ysbTaTaM GyK-
CHPOBOYHHIX HCHHITAHHH, €CTb THN CyJoB (GYKCHpH H TpayJephl),
Y KOTOpHX TakHe 06BOJABI He TOJBKO He YXYAINAIOT MOpEeXOAHHE
KayecTBa, HO, Hao60pOT, ABJSAIOTCA OAHON H3 ONTHMAaJAbHHIX (OpPM.

Ilo nmeromumcs pesynbTaTaM TPYAHO CH€14aTh OKOHYATEJbHHE
BHBOJAB O TOM, KaK HYXHO HPOEKTHDPOBaThb YMpolUeHHHE OGBOIH,
4T06H NOTEps! THAPOAHHAMHUECKOrO KauecTBa Gblia MHHHMAaJbHOM,
HO, Cy[sl N0 YCNeMIHOH 3KCIUIyaTalHH CYAOB C THAPOKOHHYECKHMH
06BOfaMH, MOXHO OTMETHTb, YTO INPH BBEIEHHH INPOAOJBLHOTO
C/ioMa HYXHO BHOCHTb TaKHe H3MeHeHHS B (OPMY OKOHEUYHOCTEH,
uro6nl  Oblo obGecnmevyeHo o6TekaHHe 6e3 OTPHIBA NOTrPAHHYHOIO
cJaos.

B nauane 50-x rogos mox pykosoactBom $1. M. Bo#TkyHcKoro
n B. B. IlancoBa npoBoiuJoCch TiiaTeNbHOE 0O6CHAeL0BaHHE Pa3jaHd-
HEIX THIOB YNPOIIEHHHX OOBOLOB C IEJbIO BHISIBJEHHS] UX BJIHAHHS
Ha THApoJMHaMHyecKoe KauecrBo [55]. OgHoBpeMenHO AJisl cpaBHe-
HHSi GHJIH HCNOJNB30BAaHH pe3yJbTaThl HUCIBITAHHA  MJIOCKOCTHBIX
6apx. HcnurnBaiuch 6apxu, NOCTpoeHHHe B JIeHHHrpaje AJs
«Jloporn XH3HH». DKCNepHMEHTH HOKa3aJid, YTO NpPHMeHeHHe 06-
BOJIOB, COCTOSIHX M3 OJXHHX IIOCKOCTe#l 6Ge3 BCAKHX CKpYrJeHHH,
HeJb3s PEeKOMEHJO0BATh H3-32 PE3KOr0 YBEJHUEHHS CONPOTHBJICHHS.
Hcnuranuam noaseprajsuch OOBOABL C JIOMAaHBIMH LINaHTOYTaMH,
COCTOSIIIHMH M3 NpaAMBHX BeTBell. TexHonormyeckne nmpeHMyllecTBa
Takoro Ha6opa KopIllyca HPOSIBAAIOTCH TOJBLKO NPH HAJUYHH OJHOrO
CJI0Ma, HO CONPOTHBJIEHHE BOALI IPH 3TOM BO3pPacTaeT Ha HECKOJBKO
MpPOLIEHTOB.

Jnsa oneHkn o6BoROB TaKoro THma (cM. pHc. 12) GHiH cnpoex-
THPOBaHH 06BOAH HeGoJabiroro (L =66,8 M; B==11 M) rpy3osoro
CYZHa ¢ OTHOCHUTEJBbHOR CKOpocThio Fr=:0,28. Brjo ucnHTaHo ABa
BapHaHTa o6BojoB. IlepBulfi BapHaHT OHIJ CIIPOEKTHPOBaH C pas-
BEPTHIBRIOIIEHC HapyXHOH OOGIUABKONA, a BTOPOfi—C NPAMHMH
HIMaHrOYTaMH BMeECTO JIeKaJbHHX. B NepBoM BapHaHTe JIUHHA
CKyJsH Oblla BHGpaHa mo jJaHHHM Teftopa st onpefesieHus JIH-
HHA ToKa. TeoperHdeckHii YepTeX BHIOJHAJCA IO METOAY -
A. C. l'opuixoBa. JinHHa UHJAMHIAPHYECKON BCTABKH, naay6Has JH-
HHfA, 06beMHOe BOZOHM3MeEIEHHe M TOJIOXKEHHe IEeHTpa BeJHYHHL
6LLJIH OCTaBJIEHH TaKUMH Xe, KaK y HCXOJHHX 06BOJIOB.

PesynsraThl cpaBHHTeJBHEIX OYKCHPOBOYHHX HCNBITaHHA IOKa-
3aJiH, 4TO YNpolleHHHe OGBOAB HMMEIOT Ha THXOH BOJe CKOPOCTb
MeHblue, yeM oGuyHble 06BoxK Ha 0,2 y3 (~1,4%).

Ha ocHoBaHuH GyKCHpPOBOYHHIX HCNHTaHHH, a TaKXKe 3Kcnjaya-
TalHH CYAOB C KOHHYeCKHMH o6GBojamu [81] u3BecrHo, yro mpa-
BHJBHHI BHOGOD HaNpaBJeHHS CKYJH NO3BOJISET CBECTH K MHHH-
MyMy noTepH ruapoinHamuueckoro KauecrBa (1,5—2%). Ecam
CJIOM BBOJHTCS He IO JIMHHH TOKa, a B paHoHe JeHCTBYIOUleH Ba-
TepJAHHHH H craaxeH (cM. puc. 19), To, oueBHAHO, MOXHO H36e-
JXaTh NMOTEPH THAPOAHHAMHYECKOTO KadecTBa.
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CpaBHHTeNbHEIE HCNHTaHHUA, BunoaHeHHole A, T. HabnueBHM

[24] mo o6Bosam ¢ MpAMOJHHEHHBIMH HINAHTOYTaMH, IOKA3aJH, 94T0
H3MeHeHHe KOHCTPYKUHH LINaHToy-
ToB (pHC. 22) MOXeT mHpuBecTH kK M
HE3HaYMTeJIbHOMY YBE/JIHUYEHHIO CO-
nporusiennsa. Ha puc. 23 noka- [
3aHH KDHBHe GYKCHDOBOYHOTO CO- 70,0
MPOTHBJIEHHST MOJEJEH.

~

/

/7
P4
J//
0 05 70 15 20 25 .30
v, #fc

Puc. 22. 3aMeHa OGHUHHIX MNAHTOYTOB Puc, 23. KpuBnle conpoTHs-

NPSMONHHEAHLIMH. JIeHUst Mojesiefl ¢ OOBLIYHBIMH

O6HTHAE OOBORH, ~—— O6BOAM C fips- H NPAMOJIHHeAHbIMH IIIAHTOY-~
MoOJMHEHBIMH WINAHTOYTaMH. TaMH:

1 - o6bIuHble 06BOIBI, 2 —— —
06BOAB! C NPAMOJNHHERHBMHE MOAaH-
royTamu.

Ha puc. 24 nokasaH Kopnyc, a Ha pHC. 25 JIHHHH TOKa CyJdHa
THna «[Inonep». ITo naHHHM, npHBeneHHHM B paGote [14], moTeps
CKODOCTH y 3TOro THIA CyAOB paBHa 3%.

=
-

Puc. 24. O6oxu cyana tuna <Ilnonep»: a—o6Boabl ¢ OAHOM CKYJOH,
6 — 06BOJAE C ABYMS CKYJaMH.

. Bce npuBenenHHe 37ech CBeleHHS NMOKA3HIBAlOT, YTO NpHberatb
X yNIpolleHHHM 06BOfaM HMeeT CMHICH TOJIbKO B TOM CJayyae, KOrjia
'STO NPHBOJAHUT K JAOCTATOYHO OILYTHMOMY 3(deKTy npu NPOeKTHPO-
/PAaHUM H NocTpofike Kopnyca. Haumbojee TiiaTeJAbHHIH aRaJIH3
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9KOHOMHYECKHX MPEHMYUIECTB YIPOIIEHHHX OGBOJOB H3 pa3BepThi-
BaIOIUXCA NOBEPXHOCTEH H OGBOAOB C NMPSIMOJHMHEHAHBIMM IHIIAHTO-
yTaMHu npoBeieH B paGore [55].

ITo ouenkam, cgesannniM B paGorax [50, 55, 81], B 1950—
1960-e Ir. CHHXeHHE TPYJOEMKOCTH CYIOKOPNYCHHIX pa6or npH
HOCTPO#iKe CYAOB C YNPOHIEHHHIMH 0OOBOJaMH MO CPaBHEHHIO CO
CHHXKEHHEM ee NPH MOCTPOHKe CYNOB OGBLIYHHX (OPM COCTABJAAIO
15—20%. B wuHocrpansoi amureparype [85, 92, 86] Texmosoruu-
HOCTb CYAOB YHPOLIEHHHX (OPM OUEHHBAIOT AOCTATOUYHO BHICOKO.
B 1960-e rr. BHeApeHHe KOHHUECKHX OGBOLOB AJs KOpnycoB pui6o-
JIOBHHX CYI0B faBaso 10 40% CHHXXeHHS TPYLOEMKOCTH MOCTPORKH
Kopnyca [81].

3a mocsiennne 20 JeT TEXHONOTHS NOCTPOHKH KOpIyca CyIecT-
BEHHO ycoBepuleHcTBOBaHa [51, 52]. IlpuMeHsiior yHHBepcasbHbie

Puc. 25. Jlunnn Toka cyaHa tuna «[Iuonep».

TMOCTe/IH, BMECTO pPYYHOH BHIGOAKH H ropsiyeli FHOKH NPHUMEHSIOT
ru6Ky Ha Bajbliax H Ha Ipeccax, INHPOKO BHeapsioT DBM na-Bcex
CTajuAX NOCTPOMKH KOpIyCa, NO3TOMY 3KOHOMHYECKHH 3(QdeKT or
ynpolleHHsi 06BOAOB He MOXeT GHTh TaKHM GOJIbLIMM, KaK paHble.
TIpy oleHKe 3KOHOMHYECKOH LenecO06pa3HOCTH NPHMEHEHHS YIIpO-
UIeHHHX OGBOJOB cJjlellyeT YYHTHIBATb pasMepnl cya0B. DBoJblixe
CyAa HMEIT Majylo KPHBH3HY OGIUHBKH, MO3TOMY JIHCTH JIOXATCH
6e3 npenBapuTeNbHON BHGOMKH, H NPHMEHEHHe Pa3BepThIBaIOUIHXCA
NOBEPXHOCTE# HJSi HX NMPOEKTHPOBaHHA HaeT MaJbiil 3d¢exr. 3Ha-
YHTEbHO GOJIbIIETO0 MOXHO JAOCTHYD 3a CYeT NPSIMOJHMHEHHBIX LINaH-
royro. [lnsi cynoB ¢ ajuHOM Kopnyca Menee 80 M NMpHMEHSATb 06-
BOALI C pasBepTHBAKUIEHCA Hapy>XKHOH OGHIMBKOH HMeeT CMBICJ.
Oco6enno 3To 1eneco06pazHO AJsl CYAOB C MaJOi LHJIHHAPHYECKOR
BCTaBKOH.

Texnosoruueckne mpenMyllecTBa YNpOIIEHHHIX O6GBOAOB NpH
NOCTPO#iKEe HOBHIX CYAOB CKJAaABIBRIOTCS H3 NMEPEUHCJIEHHBIX HHXKe
ocoGeHHOCTel POEKTHPOBAHUSA H MOCTPOHKH:

1. Cokpamaercss BpeMsi H TPYAOEMKOCTb Pa36HBKH Naa3a, H3-
FOTOBJIEHHSl TJIA30BHIX 11a6JOHOB NHCTOB HApYXHOH OGIIMBKH H
Habopa xopmyca.

2. Ymenblnaercas o6beM paGoT no pasMeTke Habopa, TaK Kak
KOHTYPH WIIaHTOyTOB NpsIMEIE.

3. YMeHblllaeTcsi TPyZOeMKOCTb NpH o6paboTke MeTaana, Tmo-
CKOJIbKY MpH YNpPOUIEHHHX 06BoAax (popMa IIMAHFOYTOB, CKYJOBHX

32



KuMn # $hJAOpoB BMECTO KPHBOJNHHEAHOA CTaHOBHTCH npAMOJIHHe#-
HOfi, a rHyThe TMpoduiaell Habopa H BhGOfiKa JHCTOB OGIIHBKH CO-
BCEM OTCYTCTBYeT. '

4. Ynpomatorcs c6opouHbie paGoTH Ha ydWacTKax CEeKLIHOHHOR
H craneabHoli c6OpKH 3a cyeT Gosee JIerKOH NOATOHKH LIMAHrOy-
TOB H JIHCTOB OGIIHBKH.

5. Cokpamiaercsi KOJHMYeCTBO MOCTeJell KOpnyca, TaK Kak 60J1b-
j1asi 4acTb CeKUHH CYNOB C YNPOUIEHHHIMH 00BOJAMH MOXeT CBa-
pHBaThCSl Ha OOHIMHBIX COOPOUHBIX MJIOLLAJKAX. KpoMe Toro, nJs
CeKIHfl HOCa H KOPMbI, KOTJla OHM HMEIOT OJIHONapaMETPHUECKYIo
KPHBH3HY, 1IOCTeJH HMEKT MeHee CJOXKHYI KOH(HrypaLHIo.

" 6. Pacuinpsiercsi BOSMOXKHOCTb HCTOJIb30BaHHA aBTOMaTHYEeCKOH
M TI0JIyaBTOMaTHY€CKOH CBapKH.

CllefyeT OTMETHTb, YTO NPH NOCTPOHKE CYAOB yNPOLICHHBIX dopm
3HAYMTEJIPHO JIerue NPHMEHATb BHUMCAMTENbHYIO TEXHHKY H IIDH
TIPOEKTHPOBAHHH, W TPH NMOCTPOliKe KOpHyca. Ecau HapyxHas 00-
WIMBKA COCTOHT H3 Pa3BEePTHBAIONIHXCS NOBEPXHOCTeH, TO HeT Heob-
XOJIMOCTH 3a/laBaTb BCEe CEUYEHHs TEOPETHYECKOro 4eprexa, a Ao-

/.CTATOYHO BHYEPTHTb TOJbKO KPOMOUHbIE JIMHHH.
U ewme OHO MPEHMYILECTBO, KOTOPHM 06/1aal0T TOABKO 06GBOB
"X Pa3BepTHIBAIOLIHXCH NOBEPXHOCTeH, MOMMKHO 6HTL NPHUHATO BO
‘pEEManne. Jlns Toro uTo6H 06pesKa JIHCTOB HapyMKHOM OOLINBKH -
‘10 KPUBLIM JIHHHSIM OCYLIECTBJANACH TOJBLKO Y 6opra M Ha Jua-
MeTpanbHOM GaToKce, a Ha OCTaJbHOM YaCTH KOPIYCa JIHCTH HME/H
. pSIMOJIHHEHHBe KPOMKH, HYXHO, uTo6H O6IIHBKA 6Ghljia PasBEPTH-
- Baiolencs.

TJIABA 11

NMPOEKTUPOBAHHE OBBOIOB CY1OB
C PA3BEPTHIBAIOLIIENCS OBIIHBKOA
BE3 NOTEPH

THAPONHHAMHYECKOTO KAYECTBA

§5

AHaJIHTHYEeCKOe HccleloBaHKe Kaacca
Pa3BepTHIBAIOMHXCS NMOBEPXHOCTEH

@opMa 06BOJIOB CyAHA H3 Pa3BEPTHBAIOIINXCA MOBEPXHOCTEH 3aBH-

CHT OT TOTO, KaKas H3 NMOBePXHOCTel B3ATA AJs NPOEKTHPOBAHHS:
BOHHUECKas, IHJIHHADHYECKas HIH TOBEPXHOCT C peGPOM BO3BpATa.
IlosToMy cBoOMCTBa pa3BepTHBAIOUIKXCA MOBEPXHOCTeH, a TaKkke HX

‘BHelHHe GOPMEl NPEJCTABAIOT 60JBLION HHTEpeC.
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PassepreiBalonutuecs NOBEpXHOCTH, KaK ocoOul KJjacc JHHefrua-
THX NOBepXHOCTed, HayalH 43ydaTh oKoso 150 jer ToMy Hasax.
Iepsuie cHcTeMaTHYeCKHe HCCJENOBAaHHS pa3BepTHBAIOUIHXCH IO-
BEPXHOCTeH BHINMOJHHA ¢paHmy3cku#i MareMaTHk lacmap Moux
H3JI0XHJ HX B CBOeM 3HaMeHHTOM TpyAe «[IpHaoxkenne aHanuaa
K reoMerpuu» [38]. B nmasibHefinleM Hayka O pasBepTHBAIOLIHXCA
MOBEPXHOCTAX pa3BHBaJacb BMeCTe C Da3BHTHEM MaTeMaTHKH.

B nacrosimiee BpeMs pa3BepTHIBAIONIHECS NOBEPXHOCTH INpes-
CTaBJeHH B DPas/JHYHHX Kypcax AH(depeHNHANbHON reoMeTpHH
B COBEPIICHHO Pa3AHYRLIX acleKTaX. DTO CBA3aHO C TeM, 4TO B OC-
HOBY aHasH3a GepyTcsi pasHHe onpefenenus. Heobxoaumocts npu-
BeJIGHHOI'0 HHXKe HCC/IeJOBAaHHS NPOAHKTOBaHA TEM, YTO TPaHIHOH-
HHe KypcH AHddepeHunnasbHOR TreOMeTPHM H3Y4aloT CBORCTBA
NIOBEPXHOCTEH B OECKOHEYHO MaJioM, a I HCIOJb30BaHHS pasBep-
THIBAJOLUIHXCH TOBEPXHOCTEH NPH NMPOEKTHPOBAHHH OOBOJOB Hea6Xxo-
AHEMO 3HaTh HX (OPMBI NPH KOHEYHHX pasmepax. Jlerko yGeanThcs
B TOM, YTO UMJHHAPHYIECKHE, KOHHYECKHe H IHOBEPXHOCTH ¢ peGpoM
BO3BpATa HE HCYEPNHIBAIOT BCEX BHIOB pa3BepTHBAICHIAXCSH NOBEPX-
HocTefl. 3To BHAHO NpH H3ru6aHHH mJOCKoro Jucra (puc. 26).
~ IlpoekTHpys cyAOBYI0 HOBEPXHOCTb, NPHXOJHTCH HCXOLHTh H3
rpaHHI STOR NOBepXHOCTH. Kak NMpaBH/IO, MPOEKTHPOBaHHE BHIIOJ-
HSIOT NyTeM HaTATHBAHHS MOBEPXHOCTH Ha JABe OHNOPHHE KPHBHE.
Has Toro 4ro6W HafTH 3aBHCHMOCTb MexAy GopMOi 3ajaHHHX
ONOPHHX KPHBBIX H HAaTAHYTOH MOBEPXHOCTH, HeOGXOJHMO 3HATh,
BO-NEPBHIX, CKOJBKO PAa3JIHUHHX Pa3BePTHBAIOMIUXCA MNOBEpXHOCTEH
MOXKHO HATAHYTh Ha 3aJaHHH KOHTYp, BO-BTODHIX, KaK 3aBHCHT
¢dopMa pa3BepTHBAIOLIEHCS NOBEPXHOCTH OT BHYTPEHHHX CBOHACTB.

ITo nepsomy Bompocy B paGore I'. E. ITaBaenko [45, c. 14] cka-
3aHO cuefywllee: «PaspepTHBammascsd NOBEPXHOCTL MOXKET GHTH
NpoBeleHa yepes JBe Jl00hle 3apaHee 3afaHHble KPOMOYHHE JHHHH
H B GOJBIIHHCTBE €Jy4YaeB— OJHO3HAUHHM cnocoboMm». ¥Y. Kuarop
‘bopmyaHpyer TeopeMy [85]: «Ecin xBe HPOCTPaHCTBEHHBE KPUBHE
JleXKaT B KaKOH-HHOYAb pa3BepTHIBAIOILEHCS NOBEPXHOCTH, TO OHH
JieXar B OfHON M TOJIbKO B OJIHOH TaKoH moBepxxoctu». B Teopeme,
cpopmyanposanHofi H. H. PrixoBwiM, rosopurcsi: «Qeubaouian
00HONAPAMETPULECKO20 CeMeliCT8a NAOCKOCTel ABAAETCA PA38epTbi-
saloueilica nosepxnocTeto. Beakyio orubalollyio ofHOmapaMeTpHue-
CKOTO ceMefiCTBA IJIOCKOCTEH MOXKHO pacCMaTpHBaTh KaK NOBepX-
HOCTb, 06Pa30BaHHYI0 KacaTeJbHEIMH K COOTBETCTBYIOUIeH KPHBOH
aunun. [lapa nanpaBasiiomux Gyaer onpefeiaTh pa3BepTHBAIO-
HIyIOCSl MOBEPXHOCTb €JHHCTBEHHHM 06pa3oM, eCJH NpH ABUKEHUH
COOTBETCTBYIOIIHX TOYEK KAacaHHS MO KPHBHM JHHHAM OYAET BH-
TOJHATRLCA CJEAYIOLee YCJIOBHE: NPU HENpepbleHOM NnepemeujeHuu .
TOYKU KACAHUS HA OOHOU HAnpasaaroujell cOOTBETCTBERHAR TOUKA
Kacanus Ha Opyeol Hanpasastowel nepemeuiaeTc Henpepoiero»
[54, c. 7, 8].

Htak, OCHOBHBIM BONPOCOM, KOTOPHIH 3aHHMaeT BCEX HCCJEAO-
BaTeJeH, fBJAAETCH BONPOC O €AMHCTBEHHOCTH peLIeHHS 3alayu
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O HaTArHBaHHH Pa3BepTHBAIOUIEAiCH NOBEPXHOCTH Ha JBEe HaMpas-
asiomue Kpusoe, Ha puc. 27 mokasaHo mepeceueHHe JBYX pasBsep-
THBAIOIUXCSA MOBepXHOCTedl MO 3aMKHyTOMY KoHTypy. OnHa u3 mo-
BepXHOCTell — KOHHUeCKas ¢ BepUIMHOA Ha TOH YacTH NMOBEPXHOCTH,
KOTOpasi HATAHYyTa Ha KOHTYP. TaK#X KOHHYECKHX MOBEPXHOCTeH

Puc. 26. IloBepxHocTH, foOJydaeMble nyTeM H3rH6aHus NJIOCKHX
: JIHCTOB,

;MOXHO HAaTHAHYTb Ha STOT e KOHTYp MHOxXecTBO. MoXHO paccmar-
\MBaTb JHHHIO IepecedeHHs IOBEPXHOCTeH KaK JIHHHIO, COCTOSILIYIO
HS JBYX CTHKYIOIHXCSH NPOCTPAHCTBEHHBIX KPHBHIX, TOTAa 3TOT PH-
%y‘uox 6yleT HECOMHEHHHM ONpoBepxkeHHeM Teopembl ¥. Kuaropa.
CIM TpPEeANOJOXHTb, YTo B TeopeMe Kmaropa nojapasymesaercs
eNpepHBHOCTb MOBEPXHOCTH B Mpejesiax KOHTYPa, T. €. OTCYTCTBHe
0coGHX TOYeK, TO H Toria oHa onpoBepraercsi. Ha puc. 28 noka-
@HO, 4TO ABE NPOCTPAHCTBEHHHe KDHBHIE MOTYT NpHHAJIEXKATh
“JIHHUH TIepeceueHHsi ABYX DPa3BePTHIBAIOIMXCA IOBEPXHOCTEH.
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Ewe y6einTesibHee ONPOBEPraercsi YTBepXK/JEeHHE O EAHHCTBEH-
HOCTH C MOMOILBIO TaKOro MpocToro paccyxaenus. ITycte oaHa us
TOYEK 3aMKHYTOTO KOHTYpa NPHHSTA 3a BePIIHHY KOHHYeCKO#A mo-
BepxHocTH. CoelHHsAS 3Ty BePUIMHY CO BCEMH OCTaJbHHIMH TOYKaMH
KOHTypa NpSMBIMH JHHUAMH, MOJYYUM KOHHUECKYIO IOBEPXHOCTh,
Ha KOTOPOH JIeXHT RaHHHE KOHTyp. [IpuHuMas 3a BepLWIHHH ApYy-
rHe TOYKH KOHTYpa, MOJYYHM HOBble KOHHYECKHE NMOBEPXHOCTH, KO-
TOPHIM JAHHHH KOHTYD TaKXkKe MPHHALJIEKHT.

YcioBHe HeNmpepHIBHOCTH NMEPeMELIeHHs] TOYeK KacaHHsl, BBEJEH-
soe H. H. PuXKOBHM, HCKJIOU2eT H3 PacCMOTPEHHS! MOBEPXHOCTH
¢ 0co6HMH TOYKaM¥ BHYTPH KOHTypa, HO He pellaeT Bompoca o6

Puc. 27. Ilepeceuenne koHH- Puc. 28. Ilepeceuenve ABYX LHJIHHAPHYE-
4ecKOM H IHJUHAPHYECKON [0-  CKHX IOBEDPXHOCTeH MO 3aMKHYTOMY KOH-
BEPXHOCTel N0 3aMKHYTOMY TYDY.

KOKTYpY.

e[lHHCTBeHHOCTH. Bce 3TH TeopeMBbl COpaBefJIMBbl NpH JABYX YCJIO-
BHAX. Bo-nepBHX, MJs1 OJHO3HAYHOCTH pelIEHHs] KPHBblE, Ha KOTO-
phle HATACUBAETCs] Pa3BEPTHBAIOILASACA TOBEPXHOCTD, ZOJIKHBI HMEThb
TOJILKO 1O OJHOM Mape TOUEK C KacaTeJbHBIMH, JeXalluMi B o6uieh
niockoctd. Ecau KpuBHE JieXaT B NapaJjliefIbHHX IJ0CKOCTAX, TO
HX NOPSJA0OK He LOJKeH ObiTb BhIlie BTOPOrO, HOTOMY 4TO TOJABKO
B 9TOM cJydyae y Kaxaol u3 HHX OyJer IO OAHOH TOYKe C PaBHHIMH
NepBHIMH TIPOH3BOJAHBLIMH. BO-BTODHIX, HYXKHO, YTOGb OCOGHE TOUKH
6LLIM Paclo/OXKeHb BHe pPacCMaTPHBAaEMOW 4YacTH INOBEPXHOCTH,
T. €. BHe KOHTYypa. o

CyulecTBOBaHHe TNPOTHBOPEYHH B CBENEHHSIX O DPa3BepTHBAIO-
LHXCH TMOBEPXHOCTAX NPHBEJIO K HeOOXOAHMMOCTH BHIIOJIHEHHAl NpPH-
BEJICHHOTrO HHXKe aHaJM3a.

Ananus npHBefieH Ha OCHOBe ompefeseHus, pansoro I. Moa-
xeM: <«Pa3sBepThHBalollefici INOBEPXHOCTbIO HasbiBaercs MOBepX-
HOCTb, 06G/ajfaiolllasi TeM CBOMCTBOM, 4YTO, CYHTasi ee FMOKOH H He-
PacTSXKUMOM, MH MOXKeM, H30THYB TaKyl0 NOBEPXHOCTb, HAJIOXHThb
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ee Ha TJIOCKOCTb, ¢ KOTOpO# OHa GyJeT CONpHKacaTbCsl TOTAa BCEMH
‘ee TOYKaMH, He 06pasys HH pa3pHBOB, HH CKJalok» [38, c. 178].
Hs storo ompenenenus Moryr OHTh cAelaHH JBa BHBOAa. Bo-mep-
BbiX, K Pa3BepThIBAIOLIHMCS TMOBEPXHOCTAM OTHOCATCA TOJBKO Ta-
KHe NMOBEPXHOCTH, KOTOphie MOryT GHTb COBMENIEHB! C IJIOCKOCTBIO.
Bo-BTopHX, H3ru6aHHe He XOJIKHO HapyllaTh HEJOCTHOCTb NMOBEPX-
HOCTH. ' '

H3BecTHO, YTO HHBapHAaHTOM H3ruGaHHs ABJfeTCH NojaHaa (ra-
_yccoBa) KDHBH3HA NOBEPXHOCTH. Ec/lH HCXOZHTH M3 TOro, 4TO BCe
pasBepTHBAIOIIHEC IIOBEPXHOCTH MOJAYYaloTCsi H3rnGaHUeM ILioO-
CKOTO JIMCTa, TO HX rayccoBa KpHBH3Ha JOJKHA GHTH paBHA HYJIO,
KaK y THIOCKOCTH:

K=O0. (IL.1)

IMo onpeneneHu0 rayccoBa KpPHBH3HA PaBHAa  IPOH3BEAEHHIO
rIaBHBIX KpUBH3H. [lisi yRoGCTBa JAasbHeAUIHMX pacCyXIeHHH 3a-
- HLIeM
1

K=%rr

(11.2)

‘rie Ri— pajHyc MHHHMAaJbHOH KPHBH3HH; R;— pajHyc MakcH-
“MaJIbHO# KPHBH3HH.

.+ Orciopa BHAHO, 4TO rayccoBa KDHBH3HA OlpeJlesiseT CBf3b Me-
"My KPHBH3HON NOBEPXHOCTH IO IJIaBHbHIM HanpasjeHHsM. [ayc-
‘coBa KpPHBH3HAa MoXeT GHITh paBHAa HYJIO, KOrAa OJHAa H3 KPUBH3H
aBHa uyJao. Cayda#i HeompenesnenHoctH K, korza Ry==0, HCKJIO-
aeTcd M3 PacCMOTpPEHHS], TOTOMY 4TO 3TO BO3MOXHO TOJIBKO B TOY-
aX BO3BpaTa HJH B ADYruX OCOGHX TOYKax, a NI CYZOBOH 0G-
'naxu NPeICTaBAIT HHTEPEC TOMBKO IVIaKHE YaCTH NOBEPXHOCTH.
- Tayccoa xpuBH3Ha BhIpaxaeTcs uepes Kod(QuIueHTH NepBOi
‘4 BTOPOJ rayccoBoii KBaApaTHYHOH GopMEI B BHJE

LN — M2
K=—fc—F>» (I1.3)

te E, F u G —KkoabduuueHTsl nepBoii KBaApaTHYHOR (POPMHL,
L, M, N —xoaddunuents! Bropoii KBaApaTHUHOH (OPMEL.
Onn paBHH

E=r}; F=r,,; G=rg;

(11.4)
L=r, m; M=r,,m; N=r,m,

=————-——~ru X Ty .
Tty '

~— paAuyc-BeKTOP KDHBOH Ha IOBEPXHOCTH; M — OPT HOPMAaJIH,
OTOPHIl 3aBHCHT TOJbKO OT NEPBHX NPOH3BORHHIX pajuyca-BeK-
pa r.



layccoBa KpHBH3HA NOJNHOCTBIO ONpeNieNsieTCsl NEPBHMH M BTO-
PHMH. IPOH3BOAHBIMH OT pafuyca-BeKTOpa JaHHOH TOYKH MOBEPXHO-
crd. 3naMeHaTenb Bupaxenus (11.3) mpeacrasaser coGoit AHCKpH-
MHHAHT nepBofi KBajgpaTHYHOH (JOPMH, KOTOPHIM OT/IHYEH OT HYJAs
BO BCAKoR Heocobofi TOuKe noBepxHOCTH. CaMH e KO3 QPHIHEHTH
E, F u G 3aBHCAT OT 3HaueHH# NepPBHX NMPOH3BOAHHX, KOTOpHE He
MOTyT Ha IJIaJKOH NOBEPXHOCTH NPHHHMATb GECKOHEUHO GovibiliHe
sHayernnss. ClefoBaTesIbHO, 3HaMeHaTe/ib He PaBeH HH GeCKOHEYHO
GosbIIOMY 3HAYEHHIO, HH HYJIO, H PaBEHCTBO HYJIO rayccoBo# Kpu-
BH3HH MOXKeT OHTb JOCTHTHYTO TOJIbKO 3a CUET PaBEHCTBa HYJIO
qacaAnTeNsA. YHCAHTENb COCTOHT U3 K03(hGHIHEHTOB BTOPO#i KBaApa-
THYHOHA HOPMHI.

Puc. 29. OTk/OHeHHe KacaTeJbHOH N/OCKOCTH OT KPHBOJHHER:
HOlf MOBEPXHOCTH B OKDECTHOCTH TOYKH KacCaHHS.

Bropaa kBaspaTHuHas ¢opMa BhlpaKaeT OTK/JIOHEHHE KacaTelb-
HOfi NJIOCKOCTH, NMOCTPOEHHOA B JRAHHOH TOYKE NOBEPXHOCTH, OT TO-
9eK HOBEPXHOCTH, PAcCNOJIOXEHHHX OecKOHeuHO OJIH3KO K RaHHOHK
Touke. Ha puc. 29 BHAHO, 4TO OTK/IOHeHHe TOUKH M), pacrnosoxkeH-
Ho#t jocTaToyHO GJAH3KO K Touke M, OT KacaTeJbHOM IIOCKOCTH
paBHO paccTosiHHIO PM;. 3T0 paccrosiHHe MoxeT OHITh BHIpaXKEHO
KakK npoeknus 6GecKOHeUHO MaJsoi AyrH MM; Ha HopMaJm K Kaca-
TEJbHOH IJIOCKOCTH :

PM;=MMm=Arm,
rae .
Ar==r,du-}r,dv-}e.

YuuThiBas, 4TO BEKTOP M HEPUEHIUKYJSPEH Ty H Ty, NOJYUHM
PM;-———'Arm=em.

Pa3znoxuMm Ar B pan Tehsopa:
At =1, A1, AV (Fuy A2 200 At AV d?) 4,
Te %— HMeeT INOPSAJOK BHIIEe BTOPOro OTHOCHTeNBHO du H du.
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Toraa PM; paBho
PMy=—(Ldu*+4-2M du dv+N do?).

.  Cugras B npefesiax paccMarpHBaeMOro 3JeMeHTa  KPHBH3HY

KpHBO# NOCTOSIHHOM H PaBHOM OTHOLIEHHIO Y/BOEHHOTO OTKJOHEHHS
K KBaxpary AJIHHHN AYTH, JIETKO NNOJYYHTH 3aBHCHMOCTDH
Kl _ PM\ _ Ldu4 2Mdudv+N do*

R —MM? T Edu®+2Fdudv+ Gde? *

(IL5)

- as onpelejeRus rJaBHHX HanpaBjieHHA HeEO6XOAUMO mepBLe
NPOH3BOZHHE OT STOr0 BHpaXKeHHA MO du H dv NPHPABHATH HYJIO.
B pesyapraTe noaydaercs ycJaoBHe AJA ONPENEJIEHHS HampasJe-
HHA rJIaBHHX KPHBH3H B BHIE

Edu+4-Fdv Fdu-tGdo

Ldut+Mdo MdutNdo|=% (IL.6)

I/Ick;moqu 3 (I1.5) u (I1.6) orHoweHHe -g-:—‘, NOJNYIHM

1 1
-1 E mM—LlF

R * = (aL7)
M—gF N-%xGC

310 BHpaXeHHe ABAAETCS KBaAPAaTHHM yPaBHEHHEM, B KOTOPOM
¢BOGOAHHA ujleH paBeH NPOH3BEJEHHIO IVIABHHX KPHBH3H, TaKOMY
e, KaK B Bupaxenuu (I11.3): o o '
\ Kl __ IN—M

" RiR: EG—-F"

~ JlAas nmepexoxa OT aHAJHTHYECKHX 3aBHCHMoCTeli K Qopme mo-
‘BEPXHOCTH C HYyJEBOH rayccoBoil KpHBH3HOM HeOGXOAHMMO. BHSBHTH
0COGEHHOCTH = rJIaBHHX HanpasiaeHudl. IIpu HayueHuH IoBejleHUS
HopManefi K pasHHM JIHHHAM NOBepXHOCTH MoHX 0GHapyXHJ, 4To
‘Ha TOBEPXHOCTH CYIIECTBYIOT TaKHe JIMHHH, BJIOJb KOTOPHX HOp-
‘MaJH 06pasyloT pa3BepTHIBAIOLIYIOCS MOBepXHOCTb. MOHX HasBan
‘MX JHHHAMH KpHBH3HH. KpoMe Toro, nokasaHna cieaywouias Teo-
‘pema: «Jlna Toro, 4roGHl JIKHHS, NpOBeleHHAsh Ha TNOBEPXHOCTH,
{6uJa JIHHHeR KPHBH3HH 3TOH NOBEPXHOCTH, HEOGXOAHMO ¥ JOCTa-
#04HO, uTOGH ee HampaBJieHHe BCIOAY COBNAJaJO C IVIABHHM Ha-
aBrenyeM». Ha ocHOBaHHH 3TOfi TeopeMHn aHAaJHTHYECKH BHBO-
TCA yYpaBHEHHS JIHHHH KPHBH3HH JJis JaHHOH IOBEPXHOCTH.
prc. 30 mokasaHa NOBEPXHOCTb S, HA KOTOPO# NpeamoJaraercs
BECTHON HeKoTopasi JHHHS KpHBH3HH L. Ho ompenenennio aunuit
HBU3HH HOPMaJH K NMOBEPXHOCTH B Toukax JHHHH L oGpasyior
-paspepTHiBalomlylocs nosepxHocTh N. Jlis npumepa BasTa MoBepx-
“HOCTh ¢ pe6poM BO3BpaTa Kak OJHA H3 H3BECTHHX Da3BepTHBalO-
‘muxcs nosepxsocrefi. Torna Kaxaas Touka M Ha JTHHHHM KPHBH3HH

39




HMeeT COOTBETCTBYIOILYIO TOUKy Q Ha pebpe BosBpata. O6e ToukH
JIeXKaT Ha ONHOf NpsMOJHHeAHOH o6Gpasylolleli H NO3TOMY pajH-
YCH-BEKTOPH 9THX TOYeK MOIYT GHTb CBSI3aHBl 3aBHCHMOCTHIO

rl=r-}xm,

rie x — 3T0 paccTosinHe Mexnay tToukaMd M u Q. ITocne guddepes-
UHPOBAHHS 3TOrO BHpaXXeHHs NOJy4aeTcs 3aBHCHMOCTD
' dr'=dr{-xdm-+mdx,

rie dr' ¥ m HanpaBjeHH IO OJHOMA NpAMOJHHefHON o6Gpasyiouef. _

Puc. 30. JIHHAH KPHBH3HH NOBEPXHOCTH H HOPMaJIH K HHM.

Orciona ycnosue 1Jis onpefesieHHs BEeJHYHHB X NOJydaeTcst B Buje
dr+xdm=0.

dr ¥ dm BHPaXKalOTCHA B YaCTHHX NPOU3BOAHHX 10 KPHBOJIHHEAHHLIM
KOOPIHHATaM

dr=r,du-}r,dv; dm=m, du-}m,dv.
Torga .
(ry+xmy) du(r,+xm,) dv=0.

IlyreM Hec/nOXHHX npeoOpa3oBaHHf MOXKHO BHIDA3HTb X Uepes
Ko3((HIHEHTH NepBofi H BTOpO#l KBaApaTHUYHOA QoOpMH

E—xL F—xM

=, IL.8
F—xM G—xN 0 (1L.8)

CpasnuBas (I1.8) u (11.7), MoxHO BHueTh, uTO paccrosiue MQ
pPaBHO pajuyCy IJ1aBHOA KpHUBH3HH: x==R. 3TOT BHBOJ NO3BOJAET
paccMoTpeTh CBONCTBA pa3BepTHIBAIOLIUXCS NOBEpPXHOCTeH Kak MNo-
BepXHOCTeH C HyJeBoH rayccoBof KpHBH3HOMH.
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1
IIpunstoe paHee ycioBHe —=— =={ O3HauaeT, 4TO IAd JNHHHA
. % 2

MHHHMAJbHOA KPHBH3HH DacCTOsIHHE N0 LEHTPOB KPHBU3HH Gecko-
HewHo Beanko. OTciona ciaenyeT, 4ro BCe HOpMaJH 3Tofl JIHHHH Ka-
calorcs peGpa Bo3BpaTa Ha GeCKOHEYHOCTH, a CJeJOBAaTe/bHO,
B Npefesiax paccMaTPHBAEeMOro yyacTKa OCTAlOTCSl MapaJjijesbHbIMH
JApPYT K Ipyry u o6pasyioT HHJIHHAPHIECKYIO noBepxXHocTh. Ecau Te-
.epb B KaXXoi TOUKe JIMHHH KPHBH3HHl NOCTPOHTh KacaTeJbHHE
IJIOCKOCTH, TO OHH BCE OKaXyTCA NepleHIUKYJISAPHBIMH OJHOMY H
TOMy e HanpaBJjeHuio. CieloBaTenbHO, Ha pasBepThHBaolIedcs
DOBEPXHOCTH 00653aTesbHO
-CYUIeCTBYIOT JIHHHH KpH-
BH3HBI, BIOJb KOTOPHIX Ka-
caTeJbHHE IJIOCKOCTH He-
usMennsl. Ilycth Hemao-
CKas moBepXHocTh S obpa-
30BaHa HeNpPEpHBHHIM cCe-
MmefictBoM JmRuii L, H
MYCTb BHOJb KayKA0H HeH3-
'MEHHOM KacaTeJbHOfl H3
Jqueuf L, KacaTesnbHas
mjaockocts P, K S ocra-
erca HeusmeHHo#t. Torma S

,~eCTb JuHendaTas NOBEPX-  p.. 31 Cevenns MOBEPXHOCTH C HYJIeBO#
_HOCTb H Ly —ee TMPAMOJHM-  rayccopo KpHBHSHOA NapatilesbHNMH TJO-
_Hefinbie obpasylomue. OT- CKOCTSAMH. :

i CIona ciaeayeT, 4To NoBEpX-

_HOCTb ¢ HyJeBofl rayccoBofi KpHBH3HOR 06s3aTeNbHO JHHeRYa-
“ras, a KacaTenbHas IIOCKOCTb BJOJb KaXXIOH NPAMOMMHEHAHOX
fabGpasymoulell ocraercs HeH3MeHHOR. :

i HOaa onpemeneHusi ¢opM NOBepXHOCTeH ¢ HyJeBOH rayccOBOH
' KpHBH3HON He B GeCKOHEUHO MaJioM, a Ha KOHEeYHHIX yJYacrkax, He-
s006x0ANMO HaHTH CBSI3b MEXKJY ABYMsl NpSMOJHHeHHEHIMH 00pasyo-
HUMH, NPOXOAAIIMMH Yepe3 jABe OecKOHeUHO OJIH3KO PacHoJOXKeH-
Hue ToukH mnoBepxHocTH. IlycTh mMoBepXHOCTH HyJIeBOH rayccoBoH
{KDHBH3HBHI IlepeceKaeTcsi JABYMS NapajyieIbHHIMH IJIOCKOCTAMH 24
1 2o (puc. 31). YpaBHeHHS TMOJYYeHHBIX cedeHMH yRo6HO 3amucarhb

» BHIE
' Fi1(x1)=0; fa(x)=0. (1L.9)

B Tex Toukax, KOTOpHle JieXaT Ha OAHOH NpsMoNMHeAHOH 06-
yagylolelt, BHIIOJHAETCA YCIOBHE

Filx)=f2(x2). (1.10)
YpapHeHue o6pasyiollelt, npoxoAsieli uepes Toukn [ u 2, 3a-
- TIHCE(BaeTCs B BHIE

X=X _Y¥Y—Nn __ =2 1
Xg — X} Y2 — N 23—z " (“'1 )
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rhe xi, Y1, 21— KOOPAHHATH TOURH I, a X, Y3, 22— KOODPAHHATH
ToukH 2. Toukn 3 u 4 pacnonoxeHH GECKOHEUHO GJIH3KO K TOUKAM
1 u 2 coorBercTBenHo. Yepes HHX MPOXOXHT 06pasyiomas, ypaBHe-
HHe KOTOpO# HMeeT BHJ
X—x1i—dxy __ y—yi—dy _ z—2z
X3 +di;—x1—dxy g 4dy,—yi—dyr  z—z

CBsi3b MeXAy dxi H dxs .
’ dJC2=A dx; N

Has onpenenenus A dymkumn ] (x+dxi) u fy (x2+dxs) pac-

XnajpuBalores B psap Te#tnopa, n Gepyrcst TOJbKO ABa NepBHIX GieHa
pasJioxeHun:

FiGabden)=Fi ()47 (x0) daas
F2(xo+dx) = f3 (x3) 4+ f2 (%) dxs.
YauruBas (11.10), noxyunm

Af2(x)=f1(x1).

Torna
£1(x)
A=—p |
f2(x%)
CBsi3b MeXAY dxz U dx, HMeeT BUL,
fi(x)
dxXy=—5—>dx;. .12
X3 f; (xz) X1 (I )

Has Toro uro6H 3ajiaHHHe NPSIMOJNHHEAHHE 06pasylollHe je-
JKaJH B OfHOR INIOCKOCTH, HYXHO, 4TOGH

(x1+dx1) —x mtay)—yn (—z)—(z—2z)
Xy — X1 Y2—Wi Z—2z =0,
(%2 +dxy) — (x1-+dx1) (Vo-t-dy) — (y1+-dy1) 2—2
ITocrre npeoGpasoBannusi onpefennTeNst NOJYIHM
dx, dy, 0
X2 — Xy Yo— W1 2 — 21 |=0, - (IL13)
(A—1)dx, y,(A—1)dx, 0
Otciofa nosyyaeM TOXAECTBO
'y, =y, dx,. (IL.14)

Sro TOXKAECTBO SABJSETCHA YCJOBHEM HENPEPLIBHOCTH JIMHUH Cce-
YEHHS B IJIOCKOCTH 24. .
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" Has onpelefieHHs NOJOMKEHHA OCOGHX TOYEK MOBEPXHOCTH HY-
'xmo paccMmoTpers o6pasylollHe, = pachnoJiOXKeHHbe GeCKOHEeYHO
6AM3KO CIpaBa M CJI€Ba OT HEKOTO oft Bu6panHo#. Ha puc. 32 no-
KasaHa npoexuus cedeHult fi(x1), f2(x2) ¥ Tpex BHGpaHHHX o6pa-
3YIOLLHX.

ITycrb ypaBHeHHe NpoeKUUH i-i 06pasylomieii UMeeT BUL

A,x-—}—B,y—-}—Dir—-—kO. (II.15)

Has npaMoli, npoxoasieit yepea Toukn M(xy, y1) u N(xz, y2),
K03} (HIHEHTH OnpelelIIoTCA Mo popMynaM

A=Y —W; By=x,—x1; v .
Dy=y1x, — x1¥;. 7 r
Has o6pasyrowmed /1, pac- \ M
‘HOJIOXKEHHOH clpaBa: v N7
. Yordly . Y/ un
A=Aty (A-ldxt " S e
okt 7
B A e
4,
By=B;+(A—1)dx; . ;{, d -
Ly
Dy=D\-(x,—

Puc. 32. [Ilpoeknuu Tpex GeCKoHeuHO
61H3KO PacNOJOXKeHHNX = IPAMOJIHHEHHLX

,-—x;A) dx (yi-{—y? %‘E-) ) 06pasyiouHx.

Pemas coBMecTHO ypaBHenus:
Alx—I—Bly-}—D,——O }
Agx—+-Byy - Dy=0

H or6pachiBasi 6eCKOHEYHO MaJible BHCLIHX NOPSIAKOB, OJYYHM KO-
OPAMHATH TOYKH NepeceyeHHs 06pa3yIOUIHX B BHAE

U —xn) (A—D — (5 —x) (5 — A
(A—1) (3= 91) — 91 (F— %) ’

(%= 1) (92— A0
(A= 1D (y—9) —n(¥—*)

y= (11.16)

Cunras, 4TO BJIEBO OT HCXOAHOH o6pasyoluel

F1(%)
A= , 11.17
° ;2(““2) ( )
MOJNYYHM DPacCTOAHHE MeXAy ABYMS TOUKaMH NepeceueHHs Tpex
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6ecKOHEUHO GJIH3KO PACMOJOXKEHHHX NPAMOJHHEHHHX 06pasylouiHX
B BHJE

(A—4,) (’%"xl)z):; .
(Ao— 1) (A=D[(y,— ) =51 (—x)]

— (A—AO)(xQ—x,)(yr—y,)y; )
- (A—H@a=h (2= 2) — 31 (5 —x1)]

Has cymecTBoBaHHs IepeceyeHHs] TPeX NPAMOJHHEHAHHIX o6pa-
3YIOIIHX B JABYX TOYKaX, PaclNOJIOXKeHHHX OGeckoHeuHo OJH3KO Ha
paccrosuun  Ydx*+dy?, rae dx=x— x, dy=y— yo, Heobxo-
AuMo, uTo6H A H Ay OTBeYaNH ONpeleNeHHEIM YCIOBHAM.

Cnyuan 1. A—1, Ag—1, Ho A=A, Toraa (X— %) — oo,
(y — yo) =0, T. e. pe6po BO3BpaTa TEPNHT PaspHB. DTOT cAyuah
IPH NOCTPOEHHH TEOPETHYECKOr0 4epTeXKa BCTPEYAeTCHA JOCTATOUHO

”
f1(n)
q9acTo, TaK Kak A = 7(—)——omomenne, 6/H3KOe K eAMHHIE, HO,
g (X2 '

Xo

y—"o (11.18)

€CTECTBEHHO, Pa3HOe BJOJb JHHHA OBEPXHOCTH.

Cayuaii 2. Eciu A=Ao=1, 10 5T0 3HAUUT, YTO KPHBH3HA
cedenud f1(x1)  f2(x2) omuHaKOBa, a CAEIOBATENLHO, MOBEPXHOCTD
DHIHHAPHYECKAS.

Cayua#t 3. Ectn A=Ao+1, 10 dx=0 u dy =0, Toraa Bce
TPH npsAMoJiHHeRHHe o6pasyiolue mnepeceKaloTcsi B OAHOM ToYKe
H YYaCTOK TOBEPXHOCTH KOHHYECKHI.

IlpoBejieHHHI aHAJIH3 MOATBEPIKAAET BCe BHBOAH, OTHOCAILHECS
K ¢opme pa3pepTHBAIOUHXCH NMOBépxXHOcTell B MasioM. Ilpu uccae-
JOBaHMH KOHEWHHX YYacTKOB pa3BePTHBAIOLIHXCA NOBepXHOCTEH
CJIeflyeT MPOCJeHTh HaMeHeHHe BeJHYHHH BTOPOH NMPOH3BOLHOH Ha
ABYX TlapaJJieJibHHX cedeHHAX. JIerko 3aMeTHTb, Y4TO NpH Henpe-
PHBHOM H3MEHEHHH BTOPHX NPOH3BOAHHX HX OTHOLIEHHE MOXKET
SHAUHTEJbHO MEHAThCH BJOJbL KDHBHIX B TOYKaX, NPHHaJJeKaliUX
ojxHofi obmeli o6pasymwomef. Todbko Ha OTHENBHHX yYacTKax Mo-
X)er cobJaiofaTees ycaoBHe, Korga A — Ao npu A 5= Ao = 1. Caeno-
BaTeJbHO, CYIleCTBOBaHHe peGpa BO3BpaTa y NMOBEPXHOCTH, HATArH-
BaeMOfi Ha JBe NPOH3BOJbHHE KDHBHIE, Ha BCEM HX TPOTAKEHHH
BO3MOXKHO TOJIBKO IPH JONOJHHTENbHHIX YCJOBHSAX, HAJOKEHHHX
Ha OTHOUIEHHe BTOPHIX NPOH3BOXHHX [} (x1)/f; (%:). Ecam xe mm-

KakKHe JONOJHHTEeNbHHE YCJIOBHA He HAKJIaAhBAaIOTCH, TO Paclojio-
, XeHHe NpsMONHHEAHHX O6pa3syIoIIHX Ha pasBepTHBaloulefica Mo-
BEPXHOCTH MOXeT GHTb AOCTaTOYHO NPOH3BOJILHLIM.

Ha kycouHo-riiankux yuacTkax eIHHCTBEHHBIM YCJIOBHEM, KOTO-
poe npelbABJAAETCS K TOJOXKEHHIO NPAMOJHHEHHHX OGpa3yIoLIHX;
ABasercs Tpe6oBaHWe, YTOOH HX IlepeceyeHHe MNPOHCXOAHJIO BHe
B3AATOTO y4acTKa noBepxHocTH. IIBe GeckoHeyHo 6sH3KHe 06pasylo-
L{He NOBEPXHOCTH C HYJeBOH rayccoBofl KpHBH3HOH MoryT Jubo me-
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pecekartbcsi, 1160 GHTb NapajebHHIMH. Takue pa3BepThIBAIOIHECH
TNOBEPXHOCTH HeJb3si OTHECTH HH K KOHMYECKHM, HH K UHJHUHADHHE-
CKHM, HH K TIOBEPXHOCTAIM C pe6poM Bo3BpaTa, TaK Kak uepeloBa-
HHE Mapajie/bHEX H NepPeceKaloluxcs 00pasylolliX HOCHT NpOH3-
BOJIbHHI xapaktep. Ha Takoii mOBepXHOCTH ABe q06nle NPAMOJH-
HefiHHe 06pasylollHe, PACMOJIOXKEHHb¢ HAa KOHEYHOM pacCTOAHHH,
MOryT GHTb CKpelUlMBAIOIMMHCH. DTO XOpOLIO BHAHO Ha pHC. 33.
, Jlns anannsa (OpMH JHHEAYATHIX MOBEPXHOCTEH BBOAHTCS IO-

HSTHe NapaMeTpa pacnpeje/ieHHs NPAMONHHEAHbIX o6pa3syIoLiux.
Ecan 8 — Kparuaiilllee paccTOsiHHE MeXAy ABYMs NPSMBIMH, 4 @ —
yroJl MeXAy HHMH, TO Ipejes OT-
HOIIEHHSA

p—lim ~&5 q1.19)

HasbiBaeTCs IapaMeTpoM  pachpe-
JeJleHusl JuHefluaTOR NOBEPXHOCTH.
YV KoHHuYecKOR TOBEPXHOCTH 3TOT
napaMeTp paBeH HyJI0, a y UHJIHH-
IpHYeCKO — CTPeMHTC K GecKo-
HEYHOCTH. ¥ NMOBEPXHOCTH C NPOH3-
BOJIBHHM DacnojioxeHueM o0COGBIX
ToYeK HEBO3MOXKHO YKa3aTb, UeMy
paBeH napaMeTp pacnpeleseHus,
TaK KaK IpH nepeMelnleHHH N0 KpH-
BOfl, nepecekawouleh npsAMoHHeR-
Hee o6pasyloolllde, napamerp pac-
npenejeHnsi HENPEPHIBHO  MeHs-
ercd. Puc. 33. IMosunapamerpuyeckas

IoBepxHoCTH HyJIeBOH raycco- PasBepThBaiomanca [IOBEPXHOCTh.
BOft KDHBH3HH C TPOH3BOJIbHHIM _
PacIosoKeHHEM OCOGHX TOYEK HA3BaHBl NOAUNAPAMETPUHECKUMU
Pa3BepTHBAIONIHMHCS NOBEPXHOCTAMH, B OT/IMYHE OT H3BECTHHIX KO-
 HAYeCKHX, UHJIHHADHUECKHX H noeepxHocTefi ¢ peGpoM Bo3Bpara,
Y KOTOPHIX M0JIOXeHHe 0COObIX TOYeK YNOopsA0IeHO. '

Yc0BHS, PH KOTOPHX Ha 3ajlaHHHE KPHBHE HJIH KOHTYp MO-
KeT GHTb HaTAHYTA TOJBKO OJHA Pa3BePThHIBAIONIAACH MOBEPXHOCTS,
MOTYT GHTb TIOJYYeHbl HA OCHOBAHHU CBOHCTBA O HEH3MEHHOCTH Ka-
caTeJIbHOM MJOCKOCTH BJOJb NMPAMOJIHHERHOH o6pasyrouleii noBepx-
~poctd. C Apyro#t CTOPOHH, B3aUMHOE MOJOXeHHEe pAMOJHHEAHBIX
o6pasyiolux onpeaensier GopMy NOBEPXHOCTH. VY mo6oft pa3BepTH-
~ BalOlIEHCs MOBEPXHOCTH, 33 HCKJIIOUEHHEM IIIOCKOCTH, ‘epes Kax-
" AYI0 TOUKY NPOXOAHT TOJMbKO OAHA NPAMOJHHEHHAsA o6paayiomas.
CrienoBaTebHO, TOBODHTb O €IHHCTBEHHOCTH MOBEPXHOCTH — 3TO
. SHAYHT FOBOPHTH O €IHHCTBEHHO BO3MOXKHOM pACIOJIOXKEHHH Ipd-
MoJHHEHHBIX 06pa3yIollHX.

JIns onpejesieHHs MOJOXKEHHS! MPAMOJHHEHHBIX 06Gpa3youx
NpH HATATHBAHHH Pa3BEPTHBAIOLIEACH MOBEPXHOCTH Ha JBE 3apaHee
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3ajlaHHple KpHBHEe HEOOXOAMMO Ha 3THX KDHBHX HafiTH Takue
TOUKH, ¥ KOTOPHX KacaTeJibHble PacHOJIOXKeHH B OJHOf MJIOCKOCTH.
Ecan xaxnoit Touke ofHON KPHBOA COOTBETCTBYET TOJBKO OAHA Ta-
Kas TOUKa Ha APYro# KPHBOH, TO NMOJIOXKEeHHe NPSAMOJHHeHHOH 06-
pasylouiefi onpefensiercs OAHO3HauHo. EcJH Ke TaKHX TodeK Ha
BTOPO# KPHBO# GoJiblile OJHOM, TO TOBODHTH O €XHHCTBEHHOCTH IO-
BEPXHOCTH Helb3s. B 3aBHCHMOCTH OT BHIA KDHBHIX, Ha KOTOpHe
HaTArUBAETCA Pa3BePTHBAIOILASACS NOBEPXHOCTD, YCJAOBHS O ee elHH-
CTBEHHOCTH (POPMYJHPYIOTCS CIAEAYIOIHUM 06pasoM.

Ecinn sagann iBe HenpephiBHbHlE KPHBLIE, PaclOJOXKEHHbE B Na-
PajlJIeIbHBIX NJIOCKOCTSX, H €CJH KaXK[Oo# TOUKe ONHOR KpHBO# co-
OTBETCTBYET TOJILKO OJHA TOYKA Ha APYro# KpHBOH ¢ paBHO# mpo- .
H3BOJHOA (ycJIOBHE NapaslIeIbHOCTH KacaTeJbHhX), TO HAa TaKHe
ABE KpHBhHIE MOXeT OLTb HATAHYTA TOJNbKO OJHA PasBepTHBAIO-
a51Csl IOBEPXHOCTh, 0CO0HE TOUKH KOTOPOH PacrnosoxeHH BHe 06-
J1aCTH, OrPAHHYEHHOM 3aJaHHLIMH KPHUBHIMH, H BHE CAMHX KPHBHIX.

Ecin 3apauun jse mpocTpaHcTBeHHHE KpHBHE H KaKAOH B3STON
TOUKE ONHOA KPHBOH COOTBETCTBYET TOJILKO OLHA TOUKA Ha APYrod
KPHBOH, KacareJbHas B KOTODOH JIEXHT B OZHOH IJIOCKOCTH C ‘Ka-
CaTeJIbHON B3AITOR TOYKH, TO HA 3TH KPHBhie MOXKeT GHTH HATAHyTa
TONLKO OJHA Da3BEPTHBAOINAACA HOBEPXHOCTb, OCOOHE TOYKH KO-
TOPOH pacHoJIOXeHH BHEe OTPaHHYCHHON KDPHUBHIMH OGJacTH H BHe
STHX KPHBHIX.

Ecan Ha samanHOM npocrpancTBeHHOM KOHTYpe CYILIeCTBYIOT
ABE TaKHE TOUKH, KOTOPHIE JIe/IAIT €ro Ha KpHBHE, OTBEYAOUIHe Npe-
AByIHM YCJIOBHSAM €AHHCTBEHHOCTH, TO Ha TaKOH 3aMKHYTHl KOH-
TYyp MOXeT GHTb HAaTAHYTa TOJHKO OJHA PasBePTHBAIONIANACH MO~
BEPXHOCTb C OCOGHMH TOUKaMH BHe KOHTYpa. ,

Ecau nonycTHT: BOSMOXKHOCTD PACHOJOXKEHHS OCOGHIX TOYEK Ha
3alaHHBIX KDPHBEIX HJIH Ha KOHTYPE, TO MOXHO HaTAHYTh MHOTO pas- -
JHYHBIX Da3BePTHIBAIOIIMXCS TMOBEPXHOCTEH, NpHHHMAasg  pasHnie
TOYKH 33aJlaHHHX KDHBHIX 32 BEPLIMHH KOHHYECKHX NOBEpXHOCTeR.

BHBOZ 0 BO3MOXKHOCTH HATHHYTb Ha JBe KpHBHE MHOMKeCTBO
Pas3BEPTLIBAIOUIMXCH NMOBEPXHOCTEH HMeeT OdeHb GOJbLIOE NMPaKTH-
HeCKOe 3HayeHHe JJisl NPOEKTHPOBaHuA cynoB ¢ PO. Oto obcros-
TEJIBCTBO IO3BOJIIET J€/1aTh Pa3Hble BADHAHTH OGBOJOB, CPEAH KO-

TOPHX MOXHO HafiTH NOAXOASAIlHE IO THAPOAMHAMHYECKHM, KOH-
CTPYKTHBHHIM H ADYT'HM KauecTBaM.

§6
Mertoa nocTpoeHns TeopeTHYecKoro
yeprexa cyasa ¢ PO

Hast nocTpoeHHs nosMnapaMeTpHYECKHX pasBepTHIBAIOLIAXCH IMO-
BEepXHOCTeH HellesecO06pasHO NPHMEHSATb ONHUCAHHLIE BHINE METOLB
TIOCTPOCHHS TEOPETHHYECKOIO YepTexka, TaK KaK, NPOEKTHPYA 06-
BOJIbl, HEBO3MOXHO CO34aTbh HYXHYIO (QOPMY NMPH 3aBHCHMOCTH OT
KHJIeBOH, CKYJOBOH M 60pTOBO# JHHHE. 3HauHTebHO COKpauaer
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BOSMOMKHOCTH NPOEKTHPOBAHHA HEOGXOZHMOCTb BHIHOCHTH MOCTPOE-
HHA 32 npejie/il CETKH TeOpeTHYecKoro yeprexa. MmeHHo nocaexn-
Hee OOCTOSATE/ILCTBO He NO3BOJISIET NMPOEKTHPOBaTh GoJiblliKe CyAa

C KOHHYeCKHMH OOBOAAMH,
IpH NOCTpoeHHH Tpebyer
JONOMHATENbHON mJoIaAx
nJjasa.

Paspa6oraTth Takoll Me-
TOA TOCTPOEHHs OOGBOXOB
H3 PpasBepTHIBAIOIIKXCS IO~
BepXHOCTeHd, KOTOPHHA He
oraudanacsa 6wl GoOJbIIOH
CJIOKHOCTBIO M JaBaJ BO3-
MOXHOCTb IIPOEKTHPOBATh
dopMy Kopmyca ¢ Xopoio
obTekaeMuIMH ~ 00BOJaMH,
yRaJqQch Ha  OCHOBaHHH
CHeAYIOIHX BHIBOAOB.

Ha puc. 34 nokasanu
[IOBEPXHOCTL C  peGpoMm
BO3BpaTa H NOJHIApaMeT-
pHYeckasi  pa3BepPTHBAIO-
mascd NOBEPXHOCTb, pac-
ceueHHHe PSIAOM mapaJ-
JeJbHHX MmiIockocreli. Ce-
Kyliue mJockocTH Py, P,
P;3 pacnosloxeHH Ha pas-
HBHIX = paccTosHHAX  (3TO
CAeNaHo AN AaJbHeRUIHX
BHIBOAOB, HO He sBAsercH
006s5i3aTeJbHHIM YCJIOBHEM).
Ha onHot u3 npsMoJu-
HeH#HHX oO0pasyouux Io-
CTPOEHA KacaTelbHas IUIO-
ckoets Q.

Cexynine IJIOCKOCTH
P,, P;, P; nepecekamoTcs
¢ HOBEPXHOCTHIO HO KpH-
BREIM AlBl, Ang, AaBa_ H
ORHOBDPEMEHHO IIepecexkaloT
K4CaTeJbHYIO MJIOCKOCTh
o NpAMBIM aby, azbz, a3b3

TaK KakK HaHeCeHHWe BepUIMHH KOHYyca

/ Pl /
A a 4= by

Puc. 34. Ceuyenns pasBepTHIBAIOWIMXCA NO-

BepXHOCTell mnapajsie/IbHbIMH  TIJIOCKOCTSIMH:

BBEpXY — IOBEPXHOCTL C peGpoM BO3BpaTa,

BHH3y — NHOJIHIIapaMeTpudeckast pa3BepTHIBalO-
masicss MOBEPXHOCTb.

. IIpsambie ayby, azb;, aszbs sBasioTCs Ka-

caTeJbHHIMH K COOTBETCTBYIOIIMM KPpUBEIM A B, AoB;, A3Bs u nexar
B OAHOA NJIOCKOCTH Q, TaK KaK SBJSIOTCA JHHHAMH TiepeceueHHs
ANOCKOCTH Q mapajjielbHBIMH IVIOCKOCTAMH P,, P;, P;. CaenoBa-

TeJAbHO, NMpsIMEE by, agb,,
CaloTCs NOBEPXHOCTH B TOU
HeiiHO# oOpasyomed.

asbs mapasjeNbHE MeXAy coGofi H Ka-
Kax, NPHHAJJNEXKAIHUX OJHOM MPAMOJH-
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Ha sTtom cBoiicTBe H OCHOBaH MeTOJ NOCTPOEHHsS OGBOJIOB H3
pasBepTHBAWOIIKHXCA noBepxHocreil. Ecaum moBepxHocTh 3ajaHa
B BHJe psjia KPHMBHX, JeXalluX B NapaUleJIbHHX MJIOCKOCTAX, TO
JAJIsl TOro, 4TOGH NMOBEPXHOCTb Obla pasBepThHIBAIOUIEHCS, He0OXO0-
AMMO H AOCTaTOYHO, YTOOH B TOYKAaX NepecedeHHs KPHBHIX C Nps-
MOJIMHEHHBIMH 006pa3yIollHMH KacaTe/JbHble K KPUBHIM Ha KaXKIoH
obpasylolieft GBIM apaJielbHbl MeXAY coboil.

IIpu mocrpoenun 06BOAOB CYNOB HCHOJb3YeTCS KapKaCHHIH Me-
TOJ 3aJaHHa nosepxHocTH. Ha Teopernyeckuit ueprex HaHOCAT ce-
YeHHs] KOpHyca TpeMsi CeMeHCTBAMH B3aHMHO NePHeHAHKYJIAPHHIX

Noamorurned Hoe
obpasyrouue

Puc. 35. ITpamoJnnefinble o6pa3yioliie NOBEPXHOCTH CYAHA ¢ pasBep-
. THBaoweHcs 06IHUBKOM, :

IocKocTe#. 3afaBasi 6aTOKCH, BaTepPJHHHH H IUNAHTOYTH, NPAKTH-
YeCKH IIOJIHOCTBIO onpefensioT GopMy cyLoBOH nosepxHoctH. Ecin
XKe CyJHO NPOEKTHPYeTCs H3 Pa3BepPTHIBAIOLIHXCS NOBEPXHOCTEH, TO
CeyeHHs, MOKa3aHHble Ha TeOPETHYECKOM uepTexke, NOJXKHB yNOB-
JIETBOPATDH CJEAYIOIEMY reoMeTpHUECKOMY YCJOBHIO: Yepe3 KaXAyio
TOYKY IOBEPXHOCTH AOJKHA NpPOXOAHTHL MpsiMoJiHHefiHas obpasyio-
mas, a B TOYKax nepeceyeHus GaTOKCOB, BATEpJIMHHIl M LINaHroy-
TOB c J1060#t mpsiMoJHHeAHOH o6pasyiollell KacaTeslbHHE K HHM
JOJIKHE! GHITh NapaJjJelbHE MeXAy coboik.

CaelyeT OTMETHTb ellle OJHO BaXHOe OGCTOATENBCTBO, KOTOpOE
MOXHO HCHOJ/Ib30BaTh NPH TOCTPOEHHH OOGBOLOB H3 pa3BepTHBAIO-
LIHXCS TIOBEPXHOCTEH: cedyeHHs, KaK NPaBHJIO, PAacHoJIOXKeHH Ha
PaBHBIX DacCTOSHHAX, N0O3TOMY NpsIMOJHHeHHas obpasymouias pne-
JIHTCSl UMM Ha paBHHE OTPE3KH.

Ha puc. 35 nokasann Tpu 0aTOKca, CeMb BaTepJHHHE H TPH
npsMoJnHelinbie o6pasylolliHe, NpHHajJJexallHe CyJ0BO#l MOBepX-
HocTH. B Toukax mepeceueHus 6atokcoB ¢ obpasyioweii /—I Kaca-
TeJbHHeE K OaTokcaM Oy, 01 u O1r napaajesbHu Mexay coboit. B tou-
Kax nepeceueHus obpasyiouleit /—I c BarepanHusMH 3, 4, 5 u 6
KacaTejbHble K BaTEPJHHHAM Ts, Ti, Ts, T TAKXKe IapaJliesibHbl Me-
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®kay coboii. Ciie10BaTesIbHO, Ha NPOEKLHAX TEOPETHUECKOI'o yepTexa
Ha ojHOM W Tofl e ofpasylolleli KacaTeJbHble NOJKHH OHTbL na-
pajyieJbHE MeXay co6oit H TOrxa, Korja OHH NpOBefeHH K 6aTok-
caM Ha npoeKuMH «6OK», H TOrka, KOrja OHH NMpOBeJeHH K BaTep-
JIMHHAM Ha NpPOEKIHH <MNOJYLIHpPOTa», H TOrAa, KOria OHH NpoBe-
JeHBl K IIITaHroyTaM Ha MPOeKUHH «KOpIyc».

BuinoJiHeHHe BceX NEPEeYHCJIEHHBIX YCJIOBHH HaeT cmocob no-
CTPOeHHs] TIPSIMOJHHEHHHX 06pa3yoliHX MOBEPXHOCTH CyJHA C pas-
BepTHBalolleficss 0OLIHBKOR B OOIIENPHHATON ceTKe TEOPETHYECKOro
ueprexa. [Ipumep mocrpoenns 06BO/IOB H3 Pa3BePTHIBAIOLUIUXCA IO-
BePXHOCTeHl NMOKa3aH Ha DHC. 36. Has POCTOTHI Bu6paﬂ BapHaHT
C OCTpO¥ CKyJIOH.

Ha npoeknusax «60K» H «IOJyIIMPOTa» TOHKHMH JHHHAIMH Ha-
HOCAT NpoeKuuu 6opTa, CKyJbl H AHaMeTpaJjbpHoro 6atokca. Ha mpo-
€KLlHH «MOJNYIIHPOTa» HaMedaeTcsl IVIaBHasl BaTepJHHHA, a Ha MpoO-
€KIHH  <KOpPIyC» — MHJEJEeBH{ IINaHroyr. 3aTeM Ha MNpPOEKIHH
«60K» HAHOCHTCH Kakoi-HHOyAbp Oarokc (Hanpumep, /) ¢ ydueTroM
HMEIOINXCSl TOYeK 3Toro 6arokca Ha IJIaBHOH BaTePJHHHH H Ha -
IINaHroyTe, a TakXKe Ha CKyJoBoH H OoproBoit suHusix. Ha 6oko-
BO# NpOEKUHH JHaMeTpajbHOro 6aToKca BHOHpaeTcsa Kakasf-HHOyIb
TOUKa 0’, B KOTOPO# CTPOMTCA KacaTeJbHasl K AHaMeTpajbHoMy 6a-
TOKCY. I‘Iapan.ue.nbnum nepeMelleHHeM yroJbHHKa Ha 6arokce I Ha-
XORAT TOUKY &', B KOTOPOH KacaTesbHas napaielnia KacaTeJbHOR
K AuaMeTpajbHOMY 6aTokcy B Touke 0’. Touku 2’ u 0’ coefHHAIOT
INpAMOH JIMHHEH, KOT opast M JOMKHA 6BITh NpsMOJIHHeHOH ofbpa-
syionleli moBepxHocTH.' HTo6H IPOBEPHTH 3TO yCJOBHE, HeOGXOAMMO
BHIIOJHHATD CJeAyiolliee MOCTPOEHHE: HPOROIKHTEL HNPAMYI0O H HalTH
TOYKY €’ ee IlepecedeHHs! CO CKYJOBOH JIHHHeH; HafTH NPOeKUHH
d, 2 H e Ha «noJyumHpore». Ecin Touku 0, 2 H e JieKaT Ha OJHOM
‘OPSAMOM, TO 3TO 3HAYHT, YTO 3aJaHHHE KPHBble — AHaMeTpaJbHHH
6arokc, 6aTokc / H CKyJoBasi JIHHHA NpHHajAJeXaT OAHOH pasBep-
THBaloLlelicss MoBepXHOCTH. Eciin ToukH 0, 2 # e He JiexXat Ha OXHOR
MpAMOH, TO HYXKHO H3MEHHTb KaKYIO-HHOYZb M3 3aJlaHHHIX JIHHHH
Kopnyca. TakuM 3Ke nyreM CTpPOAT oOcTajibHbie o6pasylollHe Io-
BEpXHOCTH.

Korna npsMonuHefinbie o6pasyiouiie HalileHH Ha 0GeHX Npoek-
OHAX, MOXHO 10 TOYKaM IepeceYeHHs 3THX 00pasylolliuxX C JIHHH-
SIMH CeTKH NOCTPOHTb HeJocTalomue 6aToKcH H BarepauHuH. [Inau-
TOYTH NOJIYYalOTCH NJIABHHIMH 6e3 JONOJHHTEJIbHHX COrJIaCOBaHHM.

: Ha puc. 37 nokasana HocoBasi OKOHEYHOCTb CyAHA C XOpoluo 06-
TeKaeMol (opMoli 06BOJIOB ¢ pa3BepTHIBAOIIEHCH HAPyXHOH 06-
miuBko#. JlJis ee mMOCTpOeHHS Ha MpOeKUHH «O6OK» HAHOCSATCHA JIHHHM
IuaMeTpaJjibHoro, 6atokcoB I u II, Ha mNpoeKHHH <«MOJYIIHPOTa®»
HaMeyaeTcsi IJiaBHasi BaTePJHHMf, a Ha NPOEKUHH <«KOPNyC» — Xa-
paKkTepHH WNaHroyT. Bce JIMHHH BBHINONHAIOTCA TOHKHMH H COTrJia-
CYyIOTCA TIO CeTKe TeopeTHuecKoro yeprexa. [lepemeuienneM yroib-
HHKA N0 JHHelKe ONpele/isioOT TOYKH C NapaljefbHbIMH KacaTelb-
HEIMH Ha HMemIHXcsi GarokcaX. BaTOKcH KOPPEeKTHPYIOT TaKHM
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o6pa3oM, 4TOGH 4epe3 TOUKH C NapajiiejbHHIMH KacaTeJbHHIMH Tpo-
xoxuaa npsmas. [loce HaHeceHHST HECKOJIBKHX NPAMOJIHHEHHHX 06-
pasyoIHX Ha NpoeKuHH «60K» (a, 6, 8) BCce OHH IPOEKTHDPYIOTCH
Ha  <IOJYUIHPOTY» IO JIMHHAM CETKH TEOPETHYECKOrO yeprexKa.
Ilo ToukaM nepeceueHusi BaTepJuHHA ¢ 6GaTOKCAMH H MOJYYEHHEIMH
NpsAMOJNHHEAHHME 06pa3yIoOHMH CTPOATCA BCe BaTepJHHHH. B Tou-
Kax mnepeceyeHHS BaTePJHHHf ¢ NPSMOJHHEHAHEIMH 06Gpa3yiOHIHMH
KacaTeJbHble JOJKHH OBITh NapaJijieIbHEl MeXAy cOGOH.

Ilocne Toro kxax Bce BaTepJHHHH H GaTOKCH COFJIaCOBAHBl Me-
KAy coOoH, MO ceTke TEOPETHUYeCKOrO YepTexa H HO NPAMOJIHHeHR-
HRIM 00pasyloUiHM CTPOSTCA BCce mimaHroyTH. Eciu ¢gopma mmnaxro-
YTOB He COOTBETCTBYeT KelaeMOH, TO HYXHO H3MeHHTb (Gopmy 6a-
TOKCOB H CHOBa BHITIOJHHTb BCE COTJIaCOBaHHE IO NpPSIMOJIHHEHHHIM
o6pasyiomuM. Ins Toro, uro6n H3GexkaTh TAKOro NMOBTOPHOTO CO-
TJIaCOBaHHA, MOXHO GaTOKCH NOCTPOHTb N0 HaMedeHHLIM 3apaHee
HNaHroyTaM.

IlocTpoeHHe MOXKHO BHINOJHATbL [0 NPOEKUMH <«Kopmycs. Has
STOrO HYXHO HApHCOBAaTh TOHKHMH JIHHHSIMH XeJjaeMylo ¢opMy
LIIMaHrOYTOB M TI0 HHM HaNTH NoJlOXeHHe TNpsSMOJHHeHHBIX o0Opa-
3YIOLLHX C NOMOILBIO Mapa/JieJIbHOrO NepeMelleHns yroabHuKa. Jlas
TOro 4TOGH He IOJIL30BaTbCS APH STOM JAPYTHMH NPOEKUHSMH, Hy-
JKHO HCHOJb30BaTh YCJOBHE DPaBHOOTCTOSHHS BCeX INIAHTOYTOB.
Touku mepeceyeHHs NpPSAMOJHHEHHOH o6Gpasyiollell ¢ pPaBHOOTCTOS-
LIMMH CEeUEeHHSIMH IIMAaHrOYTOB, BaTepJUHHHA B 6aTOKCOB HAXOAATCA
Ha paBHHIX PaCCTOSHHAX APYT OT JApyra.

Ilpn mocTpoeHMH cllefyeT NMOMHHTb, U4TO 4eM Gonbme ceueHHi
nepeceKaercsl KaxKJoH npsMosuHefiHofi obpasyolllefi, TeM TouHee
VAOBJIETBOPSETCS YCJIOBHE Pa3BepTHIBAEMOCTH MOBEPXHOCTH.

Ilo 3aTpaTam BpeMeHH COrJacoBaHHEe TaKOTO TEOPETHYECKOTro
YepTexRa He OT/IHYAeTcsi oT o6nyHOro. TOUHOCTH CorsiacoBaHHS, Kak
Bcerja, 3aBHCHT OT TOUHOCTH BHINOJIHEHHS CETKH TeOPeTHYeCKOoro
gepTexa. V3 NpuMepoB BHIHO, YTO COIJIACOBAHHE TEOPETHYECKOro
geprexa MO NPAMOJHHEHAHHM 06pa3yIollHM pasBepThBaloUlelcsa Mo-
BEpPXHOCTH Npollle, YeM BCe ONHCAHHHE paHbllle METORHL.

IlpennaraeMuiii Meton obJafaer CJAefyIOIIHMH  IPeHMYIeCT-
BaMH. Bo-nepBHX, Bce NMOCTPOeHHe BHIOJHSAETCS B OOILIENpHHATOR
CEeTKe TEOPETHUYECKOro yeprexka 6e3 rpoMosikHx nmocrpoennH. Kaca-
TeJbHbBIE W NpAMOJHHefAHble 06pa3yiolliHe He 3aTEMHAIOT TeOpPETH-
yecKHX JHHHA. [Ipm HekOTOpOM HaBhHIKe KacaTeJbHHEe MOXHO He
IIPOBOJAXTb, OTMeYasi TOJIBKO HeoGxoamMble TOYKH. Bo-BTopHX, mO-
CTPOEHHE OCYINEeCTBJSAETCS 110 JIHHHAM OOIIENPHHATHX CeYeHHMH:
6aToKcaM, BATePJHHHIM M IIMaHroyTaM. XapakTep 3THX JHHHH Mo-
XKer GHTb BhHIepXaH B npolecce NOCTPOEHHS TaKHM, KaK HYXHO.
Jlunun GopTa M CKYJH, XOTA H ONpeleJsloTCs 3apaHee, HO TNOJY-
qalTCs KakK JHHHH nepceyeHHs nmauay6bl, 60pPTOBOfi MOBEPXHOCTH H
JHHIIEBOH NOBEPXHOCTH.

C IOMOIIbIO 3TOr0 METOJZa MOXKHO He TOJBKO CTPOHTb HOBHIE 06-
BOJH, HO NMPOBEPATH CYINECTBYIOLLHEe C TOUKH 3peHHsl pPasBepThiBae-
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MOCTH oOuHBKH. COe/lHHEHHe TOYEK CeYeHHN C MapaJie/IbHHMH Ka-
caTeJbHHIMH IJIaBHOH JIMHHEN NOKaXKeT CTeNeHb HX OTKJOHEHHA OT
npsaMoJnKeiiHol oGpasyloniedt. ITo STHM OTKJIOHEHHAM JIETKO CYLHTH
0 TOM, KaK CJe[yeT CKOPPEKTHPOBATH CeYeHHs, YTOGH 10BEPXHOCTh
cTajia pa3BepTHIBaloOLIEiCcs.

§7

MerToJ, NPOeKTHPOBAHHS XOpOMO 06TeKaeMbiX
o6BojoB cynos ¢ PO

¥ xopomo o6TeKaeMbix 06BOJOB H3JIOMH CyAOBOH NOBEPXHOCTH Ha-
XOAATCS TOJIBKO y KHJA, y 60pTa H y TpaHIia, ecjJH KopMa TpaHie-
Basf. Ecjou npoekTHpoBaTb TakHe OOBOABLI H3 DPa3BepTHBAIOLIHXCH
noBepxHocTel, TO mnpocrefilas cyjaoBasa (opMa, KoTopas IOJy-
yaeTcsd H3 IVIOCKOTO JIHCTa COOTBETCTBYIOIIHM pacKpoeM H H3THOOM,
HMeeT BHJ, NOKa3aHHHIH Ha puc. 38, a. Ha puc. 38, 6 npeacraBnena
¢opMa H3 ABYX TaKHX JH-
CTOB, NOX0Xas Ha ¢opMy @)
puiionkn. Ha puc. 38,6 Bua-
HO, KaK MOXHO H3 TaKHX JIH-
CTOB  NOJYYHTb  IIJIIONKY
¢ TpaHieM. JIerko 3aMeTHTb,
YTO MNpsIMOJIHHeliHbe obpa-
gylollne pacXoAATcs OT HOCa
- K xopMe. [las cyaoE ¢ xopo-
mo o6TekaeMHMH 00BOJaMH
- XapakTepHO  DacCIoJIOXeHHe
CaMoro INHPOKOTO IINMAaHroyTa
He B KOpMe, a B cpeaHelt
gactH. CoBeplIeHHO OYeBHI-
HO, YTO H3 OJHOro KycKa IO-
BEPXHOCTH, Jaxe BHTHYTOTO
CaMHM HCKYCHHM 006pasoM,
HEBO3MOKHO IOJNYYHTb IOJ-  pye 38 ITonyuenne cynoBoli hopMul ImyTeM
HOCTBIO BCIO CYAOBYIO NOBEPX-  yusrubaHus KPUBOJHHEAHOrO MJIOCKOTO Tpe-
HOCTbH KOpHyca ¢ Xopomo 06- . YrOJILHHKA,
TeKaeMbIMH ‘o6BomamH. Og-
HaKO, €C/IH OCTaBHTb Kakue-HHOYAb YYacTKH HapyXHOH o0GLIMBKH
¢ JABOSKOH KPHBHM3HOH, TO MOXHO NOJYYHTh OOJbUIYI0 4acTb INO-
BeDPXHOCTH pasBepTHiBalollefics 6e3 3aMeTHHX H3MeHeHHH ¢(OpMH
Kopnyca Io cpaBHeHHIO ¢ oOniyHOfi. Ec/IM CynoBYyI0 HOBEPXHOCTb
pasnesHTh Ha JBe HJH Ha TpH uactH (puc. 39, a u 39, 6), To Mo-
XHO HOJYYHTh CYLOBYIO OGIIHBKY pasBepTHiBalolieiics Ha 90—95%,
He Hapymas Heo6X0AHMO# IJIaBHOCTH 06GBOJOB.

Ilpu paspaGorke xopolo o6TeKaeMHX OGBOJOB BHIMOJHACTCH
HaTSTHBaHHe pa3BePTHBAIOLIEHCH TOBEPXHOCTH Ha 3aMKHYTHIA
koHTyp. Ha pnc. 39 BuaHO, 4TO KOHTYpH NpEIACTaBJAIOT COGOA
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NpOCTpaHCTBeHHHE KPHBOJHHelHbe TpeyroabHukn ABC, A’B'C,
K’L’M’ w npocTpaHCTBeHHHe KpDHBOJIHHefiHHEe YeThIpeXyroJbHHKH
DEFG w D’E’F’G’. B ornuuHe OT cayuas, KOria ONODHLIMH fB-
JAIOTCS [Be MPOCTPAHCTBEHHBE KPHBHE, MPH HATATHBAHHH pasBep-
THBaIOLIEHCA TNOBEPXHOCTH Ha 3aMKHYTHIH NMPOCTPAaHCTBeHHHH Tpe-
yronbHHK H0GaBJSAIOTCH OTPaHHYEHHS CO CTOPOHHI TpeTbell 3aMHl-
Katomle#t JuEHH. Ha Takoifi KOHTyp Moxer OHTbh HaTAHYTO MHOrO
pasHuxX noBepxHocrefl. Eciu BHIOpaTh BepUIHHH KOHYCa Ha rpaHHY-

o E

Puc. 39. OGpasoBantie CYAOBHX OGBOAOB H3 Pa3BEPTHBAIOUIHXCA
noBepxHOCTeli: @ — 06BOAN Ge3 UMIMHAPHYECKOHl BCTaBKH; 0 —
06GBOAHK C UHJIHHAPHYECKOH BCTaBKOR.

HOM KPHBOH H COGJHHHTH €e NPSAMbIMH C OCTaJbHRIMH TOUYKAMH KOH-
Typa, TO NOJyYaercs HOBEPXHOCTb CO CJOMOM, KOTOPHA NpoAAeT
o NMpAMON, COeAMHSIOMIEH BepUIMHY KOHyca C KakKoi-HHOYAb Bep-
LIHHON YIJIOB TPeyroJbHHKa. D10 Jerko ceGe mpeacraButb. Ecau
HaNpap/sliOllasi KOHHYECKOH IMOBEPXHOCTH — IVIaBHAs JIHHHSA, TO
NOBEPXHOCTb NOJyYaeTcss IVIaJKOH, eClIH JKe Ha HanpasJsiolleR
€CTh CJIOM, TO Ha MOBEPXHOCTH TaKXKe MOJAYHHTCH clioM. dto obcTos-
TeJbCTBO HEOGXOXMMO NpPH NPOEKTHPOBAHHH YYHTHIBATH.

IpuMeHsis MeTOJ COIJIaCOBAHHS TEOPETHYECKOro deprexa Io
NpAMOJIHHERHEM 06pasyIOllHM, MOXKHO NPOEKTHPOBATh OGBOAK! pas-
nuuHOf GOpMH, HSMeHsiA HampaBjeHHs o6pasylomux. B § 6 mpx
ONMCAHHH MeTORA INOCTPOEHHS HepTelKa IOKa3saHH JABe pasHue
¢opMbl 06BojoB. Ha KaxXIoM HS 3THX NPHMEPOB IJiaBHaf BaTep-
JMHHA 3ajlaeTci B KayecTBe HCXOAHOM HHpopmanun. OfHakKo NpH
JanbHefilieM INIPOEKTHPOBaHuM (QopMma 3TOH BaTEPJHHHH OUYeHb
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CHABHO BAHAET Ha (OPMY OCTaJbHHX BaTepJHHHA. IJTO CBA3aHO
C TeM, 4TO I[OBEPXHOCTh IOJIXKHA HMETb 3aJaHHYIO raycCoBY KpH-
BH3HY.

J1a oueHKH CTENEHM BJHSHHUS HYJeBOH rayccoBoH KpHBH3HH Ha
$opMy 06BOOB NMPHULIOCL BHIOJHHTL HCCJAEAOBaHHE pacnpegese-
HAS KPHBH3HBI IO JIHHHSIM CeuYeHHH TeopeTHUECKOro ueprexa. 3Ha-
YeHHe aHaJMTHUECKOH IJIaBHOCTH ceueHHH OHJIO B CBOe BpeMs Mpo-
aHaJH3HPOBAHO H HPOBEPEHO 3SKCIepHMeHTaJbHO THIeMaHOM.
OH H3rOTOBHJ H HCHHTAJ JBe MOJENH. ¥ OXHON MOJeNH BaTepJiH-
HHH OLIJIH BHIIOJHEHH B BHIE MaTeMaTHUYeCKH NPaBHJABHHX KPHBHX
CHHBEpPCOB, a y BTOPOfi — NOXOGHLIMH Xe JHHHAMH, HO BHUYEpYeH-
HBIMH Ha rsa3. 3areM JJHHa Koprmyca OHJjia ymeHbilieHa Ha 27%
OyTeM CXKAaTHs IpPH NpPEXHEM coraacoBaHuH o6BojoB. HMcnnranus
TIOKa3aJiH, YTO OT 3TOrO CXKAaTHS NpaBHJbHAs MOJeJab IOTepsJia
B ckopocTH 3%, a Bropasi—39%. D10 06CTOATENLCTBO NPHIIIOCH
ydects npH BuGope (opM KopabeabHHX KPHBHIX JJsi aHAJH3a
BJHSIHUSI KPHBH3HH Ha KauecTBO 00BOJOB.

AHann3 nokasaJ, YTO M3MeHeHHe KDHBH3HH IO JJHHe CeueHHH
y noBepXHOCTeH, 3aJlaHHEIX aHAJHTHYECKH, MeHee De3Ko, yeM y mo-
BEPXHOCTel, 3aJaHHHIX cedeHHSAMH. B 1mesoM Xe pacnpenejieHHe
KPHBH3HBI Y Pa3HbiX 06BOJIOB 0Ka3aJI0Ch HACTOJbKO Pa3HUHHIM, 9TO
o6l1yI0 3aKOHOMEPHOCTh YCTaHOBHTh He yAasock. lopaspo Goub-
mee 3HaueHHe HMeeT H3MEHEHHe BJOJb CeUeHHH MepBOH NPOH3BOJ-
HOH, ompefeasiomesi MONOXEHHe KacaTeJbHHX K HHM. ITO MO3BO-
JAeT HaJeATbCA, UTQ Te OrpaHHYeHHs, KOTOpHE HaKJAaJAHBalOTCH
Ha KDHBH3HY 0GBOJOB NPH NPOEKTHPOBAHHH HX H3 NOBepXHOCTeR
HyJneBofi rayccoBOfi KPHBH3HLI, HHKAK He MOBJIHAIOT HAa I'HIPOAHMHA-
MHYeCKOoe KauecTBO, ecqH (opMa BarepsuHHE GyReT oTBeUaTh Tpe-
6OBaHHAM XOJKOCTH.

JAna ¥cnoAb3oBaHHA BCEro HAKOIJIEHHOTO ONKTAa IPOEKTHPOBa-
HHA Xopouwo o6TekaeMHX 06BOJOB, peKOMeHAalHH mo BHOOPY
ONTHMAJNbHHX K03 @HUHEeHTOB (OPMH, YIJOB BXOfa BaTepJuHHA,
YrJIOB HaKJoHa 6aTOKCOB, I10JIOXKEHHS LIEHTPa BEeJIHUHHEI, AJIHHH OKO-
HeyHoCcTe# H T. A. HeOGXOAHMO COXPaHMHTb NPHHIMN JeJIeHHS KOp-
flyca Ha HOCOBYI0O H KODMOBYIO OKOHEYHOCTH M HHJIHHIPHYECKYIO
BcTaBKy. KpoMe Toro, Heo6X04HMO COXpaHHTb Ty CTE€NEHb IIABHO-
crtH 06BOROB, KoTopas TpebGyercs nasi 6e30TPBHIBHOrO ob6TeKaHMS.

. Tlpu npoeKTHPOBaHHH OGBOJOB H3 PasBepTHIBAIOMIHXCH HOBEPX-
HOCTel 06GecneyHTh MJIaBHOCTh B MOABOAHON YacTH HOCOBOH OKOHeY-
HOCTH HecJIOKHO. IlunuBapHyeckas BcTaBKa caMa no cebe siBasercs
paspepThBaiouefica. JlocTaTouHO MPOCTO CHPOEKTHPOBATh H3 pas-
BEPTHIBAIOLUIHXCSH NOBEPXHOCTeH HAaJBOAHYIO 4acTb KOPMOBOH OKO-
HegHocTH. CaMBIMH TPYIOEMKHMH H TPeGYIOUHMH GOJbUIOTO ONHTA
npoekTHpoBaHuA cyaoB ¢ PO gBJISI0OTCA KOPMOBHE TOHHENH, GyJib-
6oBHe HaJeJKH H pa3Bajbl B HAaIBOJHOH YacTH HOCOBOH OKOHeY-
HOCTH.

Jasi obecneueHus pasBajia HOCOBHIX ULLIAHTOYTOB IIPH IpOeK-
THpPOBaHHH cyfoB ¢ PO B KauecTBe ONOPHHIX CEUEHHA HYXKHO
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BH6UpATh He BaTepJAMHHH, a wWnaHroyTe. Ha nmpoekuun <«kopmyc»
HYXHO HAMETHTb HECKOJIbKO HOCOBHIX IINAHrOYTOB, HAYHHAS C HyJe-
Boro. HyJ/leBoll HINaHrOYT, KaK NPABHJIO, CAYXHT IHEPBHIM ONOPHBIM.
B kayecTBe BTOPOrO ONOPHOro BHIOHpaeTcs TOT, KOTOPHIA HMeeT LIH-
pHHY y 60PTa HECKOJbKO MEHbIIYIO, YeM IIHPHHA LUHIHHAPHYECKOH
BCTaBKH HJH Ha MHJeJe, HO DacnoJiOXXeH K HuUM OJuxke JPYTHX.
Onpesesenne HanpapjeHHs NPAMOJIHHEHHHX 00pasyIOIUX CleAyeT
HayHHATh C NOABOAHOH uactH. [Ipm 3TOM, KaK NpaBHJO, LINAHro-
yTH B NOABOAHON yacTH moaydalorcs U-o6pasuumu. [Ipu nepexone
OT TMOABOJAHON YacTH K pa3Bajy IUMaHIOYTOB Haj JeHCTBYIOLleH Ba-
TepJHHHEl NPHXOAHTCS MeHATh HanpasjieHne o6pasyiomux. Ux war
S 0 HYJI€BOMY LINAHTOYTy yBe-
JIHYHBAETCA, a II0 BTOPOMY
| OMOPHOMY pe3KO YyMeHblla-
ercs. Ilpu sToM B MecTe nepe-
Xo[a IOSIBJISIETCS KOHHYeCKHH
HAM IJIOCKHH yYacrok Io-
BepxdocTH (puc. 40).

IIpuHOHNKANbHOE OTIAHYHE
77 J 06BOJIOB, HMEIOUIMX pasBaJ
Z / ¢(8n)  HOCOBHIX LINAHIOYTOB, OT 06-
3 BonoB 6e3 pasBaja HPOABIA-
ercs NpH BBHAEJNEHHH Ydacr-
KOB C [BOSIKOR KPUBH3HOM.
Eciun HoOcOBhle IIMAaHTOYTh

] C pa3BajoM, TO NOSBJAAIOTCS
an I I 17 ABa  Hepa3BepPTHIBAIOILHXCH
Puc. 40. Tlpoexrnposanue, u3 paspeprs- Y 14CTKa INOBEPXHOCTH. Oxnun
BalOIIKXCsl NOBepXHOcTelt 0OBOJAOB C pas- Hepa3BePTHBAKUIHHCA yua-

BaJIOM HOCOBbLIX LINAHrOYTOB. CTOK HpHXOJIHTCﬂ aenaThb

; ) : BO3Jie BepxHell uacTH ¢op-
IITEBHsl, 4 BTOPOH — NPU TNepeXxoje Ha UHJIHHAPHYECKYIO BCTaBKY
B HajBojHOR 4acTH. Ec/id HOCOBbie HINMAaHrOyTH HE HMEIOT pa3Bala,
TO Tepexoj OT HOCOBOH OKOHEUHOCTH K LUHMJHHAPHYECKOH BCTaBKe
B HaJBOJHON 4acTH NOJYYaeTcs NPaKTHYECKH Pa3BePTHIBAIOIIHMCA.
B oOT[eNbHHX CJAy4YasX, KOTAa [JHHA HOCOBOH OKOHEUHOCTH 0OJb-
HIasi, MOXKHO 06ecleuuTh Pa3BaJj HOCOBBIX IUNAHIOYTOB, COXpaHAA
pasBepTHIBAEMOCTb OOLIHBKH Ha (opluTeBHe.

ITpoexTHpOBaHKe M3 Pa3BEPTHBAIOIIHXCSA NMOBEPXHOCTEH 06BOAOB
¢ 6yap60M B HOCOBOH WJIH KOPMOBOH OKOHEYHOCTH Tpebyer ocoGoro
noaxofia. Bynn6 npencrasisier co6of NMOBEPXHOCTh C APKO BHpa-
JKeHHO# ‘ABOAKON KDHBH3HOH, HO €CJIH paccMaTpHBATh OTAEJbHHIE
€ro ceueHHs, TO MOXHO BHOpaTh Te YYacCTKH, KOTOpHE HYXHO oC-
TaBHTh Hepa3BepPTHIBAIOIUMHUCH, YTOGH GOMIBIIYI0 9acTb Oy/IbGHI BH-
NOJIHHTh H3 Pa3BePTHBAIOUIAXCH TNOBepXHOCTell Ges yulep6a s
¢dopmu (puc. 41).

Oco6bie TPYIAHOCTH INOSIBJAIOTCA NPH [POEKTHPOBAHHH H3 pas-
BEpPTHBAIOIKXCA NOBEPXHOCTel TOHHeNe#, 06eCneyHBalONHX NOATOK
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BOLH M 3al{HTy TOJAYNOTpPy>KeHHHX BHHTOB, BHHTOB B HampasJsio-
IMX MM AOBOPOTHHX Hacajkax. DTy 3aJauy yAAerTcs PeUIHTb, eC/lH
npaBu/bHO BHOpaTh IpaHHUHHE LINMAHroyTH. B 3aBHCHMOCTH oOT
¢opMH TOHHeAL pasGHBaeTcss Ha JBe HJH TPH YACTH MO HAJIHHE.
ITepBasi uyacTs npencrabiser co6of mepexoj OT UHJIHHAPHIECKOH
BCTABKH Ha Ty 4YacTh RHHILA, KOTOpasd HMeeT XoTd OHW cnabo BH-
paXKeHHble TNPH3HAKH TOHHeJd. 3Ta YacTb NOBEPXHOCTH OCTAETCH
HepasBepThiBaioluefics. [lepBHf e WINAaHTOyT C TOHHEJbHOH
. KOpMOH penaercss rpaHHuHBIM. Bro-
— poll TpaHMUHHIA UMIAHTOYT BHIGH-
: paercst 60 B KOHIe TOHHENS, €ClH
TOHHeJb  IJIaBHO  INIOZHHMaeTcs
— # K KOpMe, nu60 Tlepea mepexoaoM
/ / Ha UHJIHHAPHYECKYIO HYacTb TOH-
. / Hesid., paHHYHHIE INNAHrOyT MOXK-
/
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HO BHIOMpATL Ha BXOJAe B Hacaiky.

/ B 3TOoM MecTe MOXKHO JAONYCTHTb
HeOOJIbIION CJIOM, TaK Kak Harte-
KalollHfi TOTOK Bee paBHO pa3bu-
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Puc. 41. TlpoekrHpomanme H3 pa3- Puc. 42. ToHHenbHas KOpMa ORXHOBHH-
BepTHBAIONIKXCA NOBepXHOcTefi HO- TOBOro CyAHa C pasBepTHBaomefics
COBO# OKOHeYHOCTH C GyJb6oM. 0o6MABKOA.

BaeTCcd KPOMKaMu HacaakH. YacTb NOTOKa 3acachiBaeTcs HacalkoH,
a ocTajibHas 4acTb OoO0TeKaeT KOPONyC H Hacaiaky cHapyxu. CjoM,
KOTOPHHA NoJjiydaeTcsl Ha NIOBEPXHOCTH, He MOXET OKasaTb CyliecT-
BEHHOI'O BJIHSIHHSI Ha CONPOTHBJAEHHEe, TeM GoJee, 4TO yroa cjoma
MoOXeT orJHYathcsi orT 180° HesHauuTeabHo. B 3TOM cayuae ABa
yiyacTka uMeloT obumuk rpaHnurnifi mnasroyTt. Ilpumep Takux o6-
BOZOB MMOKa3aH AaJbllle Ha puc. 71. KopMa coCTOHT u3 ABYX pa3ssep-
THIBAIOUIHXCS y4aCTKOB, COCTHIKOBaHHHX no 18,5 mmaHroyry.
TonnesnbRas KopMma ¢ BuHToM Ha JITI nokasana Ha puc. 42, Pas-
BepTHIBAIOUIHACA yyacToK orpaHnyued 17 u 19 mmnanroyramu. Hepas-
BePTHBAIOUIHMHCS OCTaJHCh YacTH AHHIIA MexAay 16 u 17 mnasro-
yraMH H Mexay 19 mmanroyroM M TtpaHueM. BoproBhe yuacrku
MOBEPXHOCTH KOpNyca OGHIYHO INOJYYalOTCSl PasBepTHIBAIOLIHMHCH.
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Bri6Gop HanGosiee yAadHOro BapHaHTa 06BOAOB NPH NPOEKTHPO-
BanuH cyRoB ¢ PO TpeGyeT HEKOTOpOro TepneHHs, MOTOMY 4TO He
BCerja cpasy yAaercs NPaBHJILHO HAMETHTb NOJIOXKEHHE FPAHHYHHX
mmadroyToB H ux ¢opmy. Ho Kak Toapko oHM BHOpaHH, NajbHel-
1Iee corjacoBaHHe 3aTpyAHEeHHA He BHI3HIBaer.

B 0co6o TPyAHHX cay4asX MOMXHO CIPOEKTHPOBaTh yYacTOK pas-
BEPTHBAIOIeACA MOBEPXHOCTH H3 COYETAHHH KOHYCOB, BEpUIMHH
KOTOPHIX pacHojioXeHH Ha rpaHHYHHX JunHHsAX. Ha puc. 71 Takoi
palion pacmosioXeH Ha GOpTOBOH 4YacTH TOHHeJas MeXAy 17-M H
18,5 mmanroyramu. Takofi BapHaHT pellleHHS He BHI3HBaeT rpadH-
YecKHX 3aTpyJAHeHHH, HO aHaJHTHYeCKoe 3a1xanne Ans OBM mo-
Jy4aeTcsl FPOMO3JKHM.

Tpanuerast KopmMa GHICTPOXOJAHBIX CYAOB HOJYYaeTCsi HOJHOCTHIO
pasBepThBaiollefics. Ee nmocrpoenHe noayuyaerca mo 6GarokcaM.
Ecan KopMoBHe BeTBH 6aTOKCOB HpsSIMHE, TO OHH H CJIyXaT NpsiMo-
JHREHHHMH ofpasyomuMH. B KauectBe rpaHHYHHX JHHHH BHOH-
paercd TpaHleBas KPOMKa H OaMxalufi K IHJIHHAPHYECKOR
- BcTaBKe mmasroyt. Ha puc. 43 mokasanm 06BOARI GLICTPOXOLHOFO
CyaHa Cc TpaHueBOR KopMo#i. KopMoBas OKOHEYHOCTb 3TOro CyAHa
He HMeeT Hepa3BePTHBAIOIHXCS yYaCTKOB.

Ha puc. 44 nokasaHa KopMa ¢ feiinynom. IIpu ee mpoekTHpo-
BaHHH NOBEPXHOCTh Koplyca JA€JHTCA Ha TPH HPOJOJbHHE YacTH.
HepaspepTuBalomuficst y4acTok ocTaBjieH Mexay 17-M u 18-M Teo-
pPeTHYeCKHMH INNMAHrOyTaMH BO3Je AefAAByXa. B 3ToM Mecre MOXHO
6ulyI0 Gnl faxke OCTAaBHTh CJIOM.

IMpuruunrasbHOR 0cOGeHHOCTBIO ONMHCAHHOIO MeTOAa npoexru-
poBaHus o6BonoB cymoB ¢ PO sBasercsa To, YTO Hepa3BepTHBAIO-
[IHecsl YYacTKH BHAEJAIOTCA MeXAy IINaHroyTaMH, a He TAHYTCS
BIOJb KOpAyca. D10 AaeT BO3MOXKHOCTb CAEJaTh HX B BH/IE OTAeNb-
HuX cekuud. Kpome Toro, obJeruaercs aHaJHTHYECKOe 3ajaHHe
HNOBEPXHOCTH.

IMpoekTupoBanue cy;ma ¢ PO MOXHO BHINOJHATH IO HPOTOTHILY.
Jlaist 3TOrO 1O MPOEKIHAM «KOPHYC», «GOK» H «NOJYUIHPOTa» HYHKHO
TIPO&HAJU3UPOBATh NOBEPXHOCTh H BHINOJHHTh Te H3MeHeHHsH, KOTo-
pHe HeoOXOAHMBHI, YTOObI NMOBEPXHOCThH CTaJja Pa3BepPTHBaIOIICHCS.
ITpu pabore ¢ nNpOTOTHIOM NPAKTHYECKH BHINOJHAETCS He NPOEKTH-
poBaHHe, a aNnmpoKCHMalHs 00BOJOB Pa3BePTHIBAIOIIHMHUCH NOBEPX-
Hoctamy. OT/iH4Me < TaKOTO MeTOAAa AanmnpPOKCHMAUHH OT ONHCAaH-
HEIX paHble TOJbKO B TOM, YTO 3aMeHsieMble YacTH 6oJibHIe MO IJIO-
HIaAH.

Ilpu ananu3e NMOBEPXHOCTH NPOTOTHIA He CJELyeT CTPEMHThCH
BLIAENATh KOHHYECKHe H HNUJIHHADHUECKHe YYacTKH. DTO He HMeeT
sHauenns. Ecan xe mouemy-HHOYIb TaKOH BONDOC BOSHHKHET, TO
MOXHO 3apaHee PEKOMEHIOBATb YacTb HOCOBOH OKOHEYHOCTH, NpPH-
MHKaomylo K ¢opuwresHio, or I'BJI xo Bepxnelt many6ul Aenath
B BHJe KOHyCa ¢ BepIIHHOM Ha HOCOBOM mepnesiuKyaspe. Torama
Ha I'BJI y ¢opmresHs Moxer noayuurcs cioM. K takoi mepe cie-
ayer npuGerath B TOM cJydae, KOra HOCOBHe LIMAHIOYTH HMeEIOT
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paspaja. OTru6 WNaBroyToB LeaecooOpasHO HAYHHATL OT MPAMO-
JHHeHHO o6pasyiomefi, npoxoAsuieli yepe3 KpaiiHioo naayGHYIO
TOYKYy HOCOBOrO KOHyCa [0 IDaHHYHOrO LINAHrOyTa HOCOBOH OKO-
HEYHOCTH, HaXOJfAIIerocsi Ha KOpPMOBOM KOHIIe.

Mertos 3aMeHn OGHYHBX 006BOJZOB 06BOAaMH H3 pa3BepTHBAIO-
LIMXCSl MOBepXHOCTell OB NMPHMEHEeH JJIs PEYHOro CyAHa C AByMsA
BUHTaMH B Hacaakax. IIpu sroMm Hesap3st O6bIO BHOCHTH OoJibLine
H3MeHeHHd, TaK KaK NPOeKT CyAHa Owul 3aKoHueH. Takas pa6ora
Tpe6yer Gonbwux 3arpar BpeMeHH. IlepBas NomuTKa 3aMeHH 06-
BONOB Gmuia MajooGemartomeif. OfHako MyTeM MHOTOYHCJIEHHHX
npo6 yaanoch HOJAYYHTh (HOpMY, NOBOJNBHO OJH3KYI0 K HCXOAHOR
{cM. puc. 70). [lenenHe NOBEPXHOCTH HAa pa3BepTHBaOLivecs H
Hepa3BepTHIBAIOIIHECS] YIACTKH NOJYYHIOCh TaKHM: PasBepTHBAlO-
1myecs y4YacTKH PachojioxKeHn OT (oplITeBHsl JO 2-T0 TeopeTrHye-
CKOT0 LIMAHroyTa, oT 2,5 1o 4,5 TeOpeTHUecKoro WIMaHroyTa, ot 5,5
no 16,5 — uuauHApHYecKasi BCTaBKa, oT 17-ro mo 19,6 Teopernue-
CKOTO IIMAHroyTa, Ha TPAHIEBOM 3aKpYyrJIeHHH H Ha ¢anabibopre;
Hepa3BepPTHBAIOLIUMHCS OCTAJHCh YaCTH MOBEPXHOCTH OT 2-ro J0
2,5 mmnauroyra, or 4,5 no 5,5, or 16,5 po 17-ro TeoperHyeckoro
LINAaHroyTa ¥ B KOPMOBON uYacTH auHma ot 19,5 mo 20-ro wmas-
royra.

Ha ocHOBaHHMH TNpHBeJEeHHHX 3[ieCb H JAPYTHX MHOIOYHCJEHHHX
TPHMEPOB CJelyeT OTMETHTb, UTO NpH paspaborke swboro Teope-
THYECKOrO YepTeXKa BHLINOJHATb €r0 COrJiacOBaHHE HYXHO He TOJIBKO
1o CeTKe, HO H 1O NMPSMOJHHEHHHM 00pas3yiOlIHM, KOHEYHO, B TeX
MecTax, rje NOBEPXHOCTh HOJydYaeTcs pa3pepThBalomefica. Toraa
cpa3y MOXKHO BBHIJEJIMTH pa3BepTHBalOLUHecs yuyacTKH. B mpouecce
CO3[aHHS TEOPETHYECKOrO YepTelKa ropasjo Jierde BHECTH B 0GBOAK
Te He6GOJbLIHE H3MEHEHHS, KOTOpHe HeOOXOAHMBI, 4TOOH GoJbliast
qacTb o6IUMBKH OHJa pasBepTHBaionlefics, dYeM paspabaTHBaTb
pa3BepTHBAIOLIHACS BapUAHT OGBOJOB MO MPOTOTHITY.

§ 8

Pe3yabTaThl CpaBHHTENbHBIX MOJEIbHBIX
ucnbitaHuit cynos ¢ PO

O6Bob, CIPOEKTHPOBAHHLEIE H3 Pa3BePTHIBAIOIIHXCS NOBEPXHOCTEH,
" OTJHYalTCs OT OOHYHREIX TeM, YTO HX rayccoBa KPHBH3HAa paBHa
HyJ10 Ha GoJibLuel YacTH CyJOBOH NOBEPXHOCTH. ¥ OGBIYHHIX 06BO-
JIOB rayccoBa KDHBH3HAa OTpHMIlaTesbHa B TeX MeCTax, rje OIHH ce-
YeHHs] BOTHYTHE, a TepPNeHAHKYJISApHble K HHM — BHyKJane. B Tex
MecTax, I'lle CeYeHHs BHINYKJBE IO BCeM HaNpaBJIEHHAM, rayccoBa
KPHBH3HA MOJOXHTeAbHA. [Ipu npoekTHpoBaHHuH cynoB ¢ PO npak-
THYECKH 110 ONpeJesieHHHM HaNpaBJEHHAM BHIYKJbIE HJIH BOTHY-
Thle CeYeHHS 3aMeHSIOTCS GJH3KMMH K HHM TNPAMBIMH JIHHHAMH.
[Ipu sToM npeTepneBaeT H3MeHeHHs MeCTHass KPHBH3HA CYIOBO#
TMOBEPXHOCTH.

60



BansiHHe MeCTHOH KPHBH3HBHl Ha CONpPOTHBJEHHE OYEHb CJIOMKHO.
C oxnofi cropoHH, ¢GopMa OGBOLOB BAHSET Ha MOTEHLHAJbHHIA MO-
TOK, H3MeHAs pacnpejefieHHe T'HIPOAMHAMHYECKHX JaBJIeHHH,
a ¢ Apyro#l CTOPOHH, OT AaBJIEHHS B NOTEHIHAJbHOM MOTOKE 3aBH-
CHT XapakTep ABHXKeHMs YacCTHI B MorpaHuuHoM cjoe. Ha ocuosa-
HHH pellleHHsA 3aJa4YH O CONPOTHBJACHHH TPEHHS LHIHHAPHYECKHX
TeJl U Tesl BpallleHHs CAeJaHbl BHBOARI O TOM, YTO MPOXOJIbHASA KPH-
“BH3HA BJIHSET Ha CONPOTHBJIEHHe TPEHHA NpPH ABYXMepHOM ofTeKa-
HuH GoJiblle, 4eM NPH TPexMepHOM. BiiHaHHe NPOAOJAbHON KPHBH3HH
Ha CONPOTHB/IEHHe TPEHHS 3aBHCHT OT oTHomleHHS L/B cymna. Ilpu
H3MeHeHHH L/B ot 6 mo 12 Han6aBka Ha KPHBH3HY MEHSETCS CO-
orsBercTBeHHo or 4 g0 1%. ITonepeunas kpuBH3Ha BiHsET Ha co-
NpOTHBJIEHHe TpPEHHS B TeX CJAy4YadX, KOrja OHa OuYeHb BeJHKa,
T. €. PajMyC 3aKPYrJeHHS COH3MEePHM C TOJILHHOH NOrPaHHYHOTO
<o, :

ITpu nmpoekTHpOBaHHH OGBOJOB H3 Pa3BEPTHBAIOLIMXCA HOBEPX-
HocTeli o6L1asi KDHBH3HA COXPaHSIETCA TAKOH e, KakK H Y OGHYHBIX
06BOMIOB, NIOTOMY 4TO OTHOWEHHS L/B, B/T u Koa(hpuuHEeHTH NOoJ-
HOTH ¢ M & coxpansiorca. CJeaoBaTesIbHO, BIHSIHHE o6liell KpH-
BH3HEI Ha CONpPOTHBJeHHe y cyAoB ¢ PO HOMXKHO GHTb TaKHM XKe,
KaK y oOH4HbIX 06Boji0B. M3MeHeHHe MeCTHON KDHBH3HBI, BHIPa-
Xaolleecss B ee 60Jee PaBHOMEPHOM pacnpeieleHHH Be3le, KpoMe
Hepa3BepTHBAIOMMXCH YYaCTKOB, He MHOJ/DKHO BJIHATH Ha ofliee
CONPOTHBJIEHHE BOJAH ABHKEHHIO CyAHA.

[as nposepkH THAPOAHHAMHYECKOTO KayecTBa OGBOLOB CY[OB
¢ PO Obliu BHINOJHEHH CPAaBHHTEJbHbIE MOJEJbHble HCNETAHHS
JAJIA pasHHX THIOB CYHOB. B KauecrBe npoTOTHNOB BHOHpadHCh
CyZa ¢ BHICOKHM T'MADPOJMHAMHYECKHM KauecTBOM, OGBOABI KOTOPHIX
oTpabaThiBaJuCh C MOMOILBI0 CepPHAHHX HCnbTaHud. Jlas cpaBHe-
Husi O6biAM BRGPAaHH Ipy30BoH KaTaMapaH TIPy30IOABEMHOCTHIO
1000 T, maccaxupcKHH KaTraMapaH [Jsi MeCTHHIX JHMHHE, peuHble
cyna tana «Cesan» u «Poxuna». Kpome storo, 6nsa paspa6orana
¥ HcOuTaHa cepus mojenefi ¢ PO n1a cynHa co cBepXKPHTHUECKOH
CKOPOCTBIO. .

Iepnas cepus Mojeneli paspaGorana IJjisi cCpaBHEeHHS C MOJe-
JbI0  rpy3oBoro karamapasna. IIpuuem B KauecTBe 3TajoHa 6blaa
BuIGpaHa Jyyimas MoJeab H3 17 BAPHAHTOB ¢ OGLIYHEIMH 0GBOJAMH.
Ona noka3aHa Ha pHC. 45,a. ¥ 06BoJOB 3TOM MoJeaH S-o06pasHbie
BaTepJAHHHH H V-006pa3Hhble INaHIOYTH, KpeAcepCKash KopMa IJIaBHO
TmepeXoAuT K MHAemo. LIHIMHIpHYecKas - BCTaBKa OTCYTCTBYeT.
Tlepsui#t Bapuant o6BomoB ¢ PO cnpoekTHpoBaH ¢ coXpaneHHeM
$OpMH I'iaBHOH BaTePJAMHHH HACTOJBKO, HACKOJBKO 3TO BO3MOXKHO
TIPH OTCYTCTBHH S-06pasHoCTH. MHJeseBH IIAHIOYT COXpaHeH Ta-
KHM K€, KaK y HCXOHHOH MofenH. Xapakrep (OpPMH KOPMOBOM
OKOHEYHOCTH TOXe coXpaHeH. 3a cyeT 3aMeHhl OBEPXHOCTH pa3Bep-
THBaOWIEHCS MPOH30IIJIO He3HAYHTeJbHOE NepepacipeiesienHe Bo-
JOH3MEIIEeHHS MO AJHHe, Xo H ¢ coxpaHeHH. O6Boan ¢ PO mnoka-
3aHH Ha pHc. 45, 6.
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. Bropoh paprant 0680208 ¢ PO cnpoexTHpoBan ¢ nomompo Ma-
KeTHpoBaHHs. B mpeanonoxennn, uro ynpyrue nedopMmaumuu 6y-
Mars COOTBETCTBYIOT YNPYTHM Ae(OpMalusM TOHKHX JIHCTOB Me-
Ta/IHYeCKOA OGIIHBKH, OHJI H3rOTOBJEH KOHTYp, COCTOSLIHA H3
JAHAMETPaNBHOTO GaTOKCa, JIHHHH NaayGH H 8 TeOpeTHYeCKOro
mnanroyra. TexHOJOrHS Takoro Meroia onpeneseHHs OPMH 06-
BOJOB NoKasaHa Ha pHC. 46 u 47. C noMomplo  KoHTpIa6JoHOB
LIAAHrOYTOB, CHATHIX C MaKera, CTPOHTCA «Kopmyc». B oranume or
-TiepBoro BapHanTa o68oxoB ¢ PO y Broporo Bapuanra many6a cie-
JlaHa HeCKOJIbKO moJHee (pHC. 48). JlaHHHe mo Bcem TpeM Moje-
JAIM DpHBEJeHH B Ta6a. 1.

Tabauya 1
T'pysoson kaTaMmapau
Xapaxrepucrugu kopnyca . Oamame OSpoxst ¢ PO, | Otwomst < PO,
0GBOAK sapuant | Baprant II}

Jauna pacuernas L, M 93 93 93

H.Iapnn; xopnyca By, M 6,02 6,02 6,02

Ocapka T, u 2,9 2,9 2,9

IlnpuHa cyxna B, m 15,64 15,64 15,64

Boaouamemenne D, T 1720 1700 1710

eHT:

Kos?!(gl;u:gru a 0,759 0,745 0,799
noasoTH f 0,855 0,850 0,858
ofmeft noanoTn § 0,530 0,522 0,525

AGcuucea:

HEHTPA BeAHIHHH Xc, M -—1,87 —1,87 —1,49

. uedtpa taxecru ['BJI x;, M —3,04 —4,18 —0,9%4

¥Yroa sxona I'BJI 6° 107 5° 30/ 120 457

Kpusne 6ykcuposounoro CONPOTHBJICHHA TPY30BOrc KaTaMa-
PaHHOrO Temnoxoia ¢ OGHYHON H pasBepTHBalOWielics OGUIHBKOMN
 MOKasaHH Ha pHc. 49. Cienyer 3aMeTHTb, 4TO HOCTHKEHHe BHICO-

KOro rHApOJAMHAMHYECKOr0 KayecTBa KaTaMapaHHHX cyaos ¢ PO
SHAUHTEJNBHO  CIOXHee, YeM OJHOKOPHMYCHHX. OGBsCHSeTCH 3To
OYeHb HH3KHM KO3()(DHIHEHTOM OCTAaTOYHOrO CONPOTHBJIEHHsI KaTa-
MapaHHHX cynoB. [lourn mnoxnoe orcyrcrsme BOJIHOOGpa30BaHHs
TIDHBOJHT K TOMY, 4TO OCTAaTOYHOE CONMPOTHBJECHHE 3aBHCHT OT
$opMb 06BOJIOB 3HAUHTe/NbHEE, ueM y OOHYHHX cymoB. Jaxe He-
Gosblune H3MeHEHHS! GOPMbI BHSHBAIOT CYLIECTBEHHOe H3MeHeHHe
OCTAaTOYHOTO CONPOTHBJEHHS. TeM He MeHee, KaK BHIHO U3 puc. 49,
CONPOTHBJIEHHEe MOJeJH ¢ | BapHaHTOM 06B0ZOB Ha paGoueit cKopo-
crd Fr = 0,26 (v = 27 kM/4) uMeeT TaKoe e 3HayYeHHe, KaK y Hc-
xonHoH. ConpoTHBieHHe MoAeaH co 11 BapHaHTOM 06B0oJOB GoJblie,
9TO MOXHO OGBSCHHTb De3KHM yBeJlHYeHHEM yria BXoja BaTep-
JHHHIA.

Bropas cepus cocrour Toxke u3 Tpex Mojened. Ileas nposene-
‘HHSl HCHBITAHHH STOH CePHH 3aKJI0YaJach B TOM, YTOGHI CPaBHHTb
. TipejJiaraeMul METOL NPOEKTUPOBAHHA C METOAOM NPOEKTHPOBAHHS
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Puc. 46. Hararusaune OGIIHE
Ha MaKeTe HOCOBOH OKOHEYHOC'

1'— pnaMerpanbHHB 6aTokc; 2 —
TepAHHEA; 3§ — IHaHTOYT.

4

Puc. 47. Harsirupande o6mHBKH OOpTa H AHHILA Ha Makere OCTpO-
CKYyJ0ro CyAHa:

1 — puaMeTpaibHas IJIOCKOCTh; 24— NAOCKOCTH IRNAHIOYTOB; J§ — BaTEDIHHAS;
— CKyJa,

N
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Puc. 48. Bapnant Il o6sofos rpysoBoro xaramapana H3 pa3pepTHBalO-
MIHXCS TOBEPXHOCTEH, MOJNYUeHHHHA NMyTeM MaKeTHPOBAHHS.



KOHHUECKHX 06BOJOB. B KauecTBe NMpOTOTHNA AJs CpPaBHeHHs Obla
BbIOpaH peuHoli Temsoxon Tuna <«Poauna». a1 06BOmOB 3TOro
CyAHa XapaKTepHa Pe3KO BbIpaXKeHHas S-06pa3HOCTb BaTepJHHHIL
B nojBojHOH dacTH. Kopma kpeficepckoro tuna. Lluaunapuueckas
BcTaBka cocrasaser 15% amauHb Kopmyca. PaGouas CKOPOCTb COOT-
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Puc. 49. Kpusbie GyKCHDOBOUHOTO CONMPOTHBJCHHS TpeX Moeseil
TPY30BOr0 KaTaMapaHa. i

OGEIYHBIE OGBOMABI, —  — « = 1 Bapmant o6eomo ¢ PO, —...— Il Ba-
pHaHT o6mofoB ¢ PO.

BercTByeT yncay Fr = 0,22. 3ro cyaHo 6bli0 BOpaHO KaK MeHee
BCero mnoAxojsillee /sl 3aMeHb OGIIMBKH pa3BepThIBaIOLIeliCs.
O6Boan camoro cyana «Pomuna» nokasans Ha puc. 50, a. ITep-
Bag Mojieib ¢ PO CnpoeKkTHpPOBaHA MO ONMHCAHHOMY BHILIE METOLY.
JnuHa NHIHHEADHYECKON BCTaBKH yBeauueHa n0 20% [JHHBI Me-
X1y nepneHAHKyAsipaMH. IInaHroyTh ¥ BaTepAMHUH HOCOBOH OKO-
HEYHOCTH cJjlerka Buinykase. IInaHroyTel KOPMOBOH OKOHEYHOCTH
He HMeloT neperu6os. HepaspepThBaromuecss yyacTKH OCTaJiiCh
B paHoHe 6—7 TeOpeTHYeCKOro INMaHroyTa H Bodje 13 TeoperHue-
CKOro Iumanroyta. Bropas MoAeab BHIIOJMHEHa ¢ KOHHYECKHMH
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00BOAaMH, MOJNYYHBUIMMH PaclpocTpaHeHHe 3a rpanuued. Kpyraas
CKyJla 3aMeHeHa LHJIHHIAPHYECKOH IOJIOCOM, IJS 4Yero BBeIEHH ABa
cioMa. Best noBepxHocTh 06pasoBaHa coueTaHHeM KOHHYECKHX yya-
ctkoB. O6Boan ob6enx Moaeselt ¢ PO nokasaus Ha puc. 50, 6, &.

a)
S 5
T v 7 g
4 k¥& ANV 4rep
ELNa [ 12/ [/ &/ J]l]\5.
5 —~ 1 ~17 7 7 750
2 0

|
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1 1 o4n 1 Il
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MNN Ne [ T 17774
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,_' e —— / A v 1t
ot = 7-19),
LANN A T B A
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6
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(iilara — 5;—?0;
~ an . i

Puc. 50. O6Boan peurtoro cyasa Tana «POAHHA»: @ — MCXOXHBIA Ba-
PHAHT ¢ OOHYHBIMH 00BOZaMH; 6 — o6Boan ¢ PO; 8 — ynpouieHHbe
OGBOMHL.

Hanubie MO pasMepeHUSAM M XapaKTEPHCTHKH MOJeJell NpHBe-
JeHH B Taba. 2.

PesysbTaThl G6YKCHPOBOYHBIX HCOBITAHHH MOJe/Mell MOKa3aHH Ha
puc. 51. M3 cpaBHeHHs KPHBBIX BHAHO, YTO Ha 3KCIJIyaTAlHOHHON
CcKopocTH v =23 kM/u (Fr=0,22) Hcxoaune u o6Boau ¢ PO
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Tabauya 2.

XapaxTepHCTHKH Kopmyca

OO0Boan peyHoro Ten’aoxoira tuna ,PoauHa®

o6hIyHbNIEe c PO yupomenHue
Jlomna pacuernas L, m 90 90 90
Illapuna pacuernas B, m 11,6 11,6 11,6
Ocagka T, M 2,2 2,2 2,2
Bononamentenue D, T 1313 1313 1313
Kospdunuenr:
TOJIHOTH @ 0,780 0,765 0,775
" HOJIHOTH B 0,870 0,865 0,865
obIell NOMHOTH & 0,572 0,572 0,572
CmoueHHasn nosepxHocth S, M? 967,5 960 970
A6cuncca:
HEHTPa BENHYHBH Xc, M 1,46 0,74 1,35
WeHTpa TsAXeCcTH mmowaau ['BJ1
X5, M —1,66 —1,83 —0,84
Yroa Bxoxa ['BJI 120 14° 170
R-1073 wec
20
/
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28 Jo Jgz J4

U, KM/Y
Puc. 51. KpuBbie GyKCHPOBOYHOTO CONMPOTHBJIEHHs CyAHA THIA
«Pogunax»:
——— HCXOAHble OGBOABI, obBoant ¢ PO, —.— ynpomexHsle
0GBOABI. ’
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HMEIOT O/IHHAKOBOE CONPOTHBAeHHe. ¥ ynpolleHHHX 06B0A0B NOJHOE
COMpOTHENeHHe Ha 4% Goawlue,

To6H y6elHTECH B 3aKOHOMEPHOCTH NOJYYeHHBIX Pe3yabTaTos,
Obina cNpoeKTHPOBAHA H3 PA3BEePTHBAIULIHXCA NMOBEPXHOCTeH H He-
neTana B onsltopoM GaccefiHe Mofeas pedHoro cyaua tina «Ce-
BaH». OGroan ofbYHOrO BapHaHTa NMoKasaHW Ha pHe. 52, a, of-
Bodw ¢ PO —mna pue. 52, 6. Ilna obeofos cynua tuna «CepaHs

a) : 6
T T T F 7 A
4 \_I& EF\::"‘“/ / / ,/4/ 4(r81)
5 I~ T~ 7 7 /1 /AN
2 I A AVAVAY. n
”ﬁfiﬂf o /] I A 7 T m f
N Ne [ W LT T
'i\\\\\\“N | / / V "/ f’X/ T80
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Pue. 52, Ofpois peqnoro cyisa THoa «Cesals: @ — HeXogHbe ofuuAbe ofinogu,
6 — ofBoAu ©

XapaxkrepHsl S-o6pasnble BATEPJAHHHH H INMAHTOYTH C PasBajoM.
Pa6ouas ckopocTk cooTBeTcTBYeT uncay Fr = 0,22 (v =22,5km/q).
371H ofBoant oTAHYaloTed or obBogos cyaHa THna <Pozusas Gojee
3aocTpeHHofl HOCOBOA OKoHeyHOCTEID, ¥ ofpogoB ¢ PO pauna um-
JHHApHYecKof  BeTaBkH cocraeaser 25%. HepassepruBawuiuecs
YYACTKH PACHOAOMEHH MeXAy 7-M H 8-M TEOPEeTHYCCKHMH LWIMAHrO-
YyTaMi, a nepexoj oT UHAHHAPHYecKOH BCTAaBKH Ha KOPMOBYH OKO-
HeUHOCTh — B paiione 14 Teoéae'ruuecxnm wnakroyta. Jaknusie no
MOJeaAM npuBelels B Taba. 3.

PeayabtaTh GYKCHPOBOYHHIX HCNHTaHHA Noka3aHw Ha pHe. 53
Ha paGouell ckopocti ofie MOJeAH HMEIOT NPAKTHYECKH paBHOe
COMPOTHBACHHE,
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Tabauya 3

OG6BoXbl peuHoro TenJoxoaa tuna ,Cepan®
XapakTepHCTHKH Kopnyca I . PO

Hauna pacuetHast L, m 62 62
HlupuHa pacuetHas B, M 9,4 9,4
Ocaaka T, M 1,9 1,9
BopousMelenne D, T 638 638
Kosddunuenr:

MIOJIHOTHL Q. 0,760 0,759

noJHOTH f 0,882 0,875

obuielt nosHoTH O 0,576 0,576
CMoYeHHas! TIOBEPXHOCTb S, M? 545 45
AGcuucca:

LEHTPA BEJNHUYHHH Xc, M —0,735 —0,795

HeHTpa TsxecTd maomaiu I'BJI

Xt M —2,46 —2,58
¥Yroa sxopa I'BJI 8° 14°

Y O6BICTPOXOJHOrO NacCaXKHPCKOro KaTaMapaHa JIJs MeCTHHIX
JIMHHH, B3TOro AJs pa3pabOTKH YeTBepTOH CEepHH, BeJHUHHA OCTa-
TOYHOTO CONPOTHBJEHHSI cocTaBjser Bcero 15—18% ot moaHoro.
CaenoBaTesbHo, MaJelillee H3MeHeHHe (QOPMBI MOXET CHJBHO IO-

R-ig",nec
/ s
. //1/ -
71 -
e
g =1
J — }
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e {
2 -t
20 21 22 2 24 25

UN TS

Puc. 53. KpuBble GYKCHDOBOYHOTO CONDOTHBJ/IGHHS DeYHOro
cyaHa tuna «CeBaH»:

HCXORHBIE O6bIYHBIE 06BOARI, ——— o6BoAbI ¢ PO,

BAHATb Ha ero Beauuuny. [Ipu paspaborke oGbluHOro BapuaHTa 06-
BOJOB HCNBITHBasNach cepus H3 23 Mopeneil. PasHuua B CONpOTHB-
JIEHHH MeXAy JyulleHd W XyJAuled MOJeJsIMH CepHH COCTaBJsja
12,5%. Bapuaur o6BonoB ¢ PO oranuaercs Nmo CONPOTHBJIEHHIO OT
Jayquiedl Mojenu cepuu (puc. 54, a) Ha 2,5%. O6soan xopnyca
¢ PO nokasaun Ha puc. b4, 6. XapakTepHCTHKH KOpNyCOB NpuBe-
IeHsl B TabJ. 4.
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Puc 54, O6BOAB MacCaXKHPCKOrO KaTamapaHa AJA MECTHHX JMHHA: a — Hc-
XO[HHe OOHuHHe 06BoAM; 6 — o6Boam ¢ PO.
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Tab.auya 4

OO6BOAM NACCAKHPCKOrO KATAMAPAHE

XapakTepHCTHKH Kopnyca PP < PO
Ilnuua pacuetHas L, m 41 41
Ilupuna xopnyca B, m 2,16 2,16
Ocaaxa T, M 0,66 0,66
BozxousMelteHue D, T 54,8 54,8
Kosbduuuent:
II0JIHOTHI O 0,774 0,762
nosHOTH B 0,76 0,76
obwelt mosHOTH O 0,47 0,47
CMOYeHHas] IIOBEPXHOCTb S, M2 2%97,6 2%97,6
A6cnucea:
LeHTPa BEJHUHHB Xe, M —1,36 —1,56
nenrpa taxectd I'BJT x5, M —1,725 —2,17
Yroa Bxoga I'BJI 7,45° 10°
R Kn2e
4800
4400 Ry
P L,
4000 //fr/
p=
3600 Z I
A i
3200 ;/ |
L7/ |
1
2800 Ve |
- A | {
2400 — 24
A I
2000 LA |
s l
1600 /// |
s < l
7200 |
26 28 30 32 -34 36 38 49 42 44 46 48 -

v, HHfy

Puc. 55. KpuBsle 6YKCHPOBOYHOI'O CONPOTHBJIEHHS MACCaXHPCKOro Kara-
MapaHa AJs MeCTHBIX JIMHHHA:

HCXOHBIE OObIYHblEe 06BOAB, ——— o6Boanl ¢ PO.

PesysbTaTsl HCNHITaHHH MOKa3aHB Ha KPHUBHIX pHC. 55.

Bce NMpOBeJE€HHbIe HUCNbITAHHA MNOATBEPIAHJH

npeanosoKeHne

O TOM, YTO MOXKHO NMpoeKTHpoBaTh 06Boabl ¢ PO cydoB ¢ BHICOKHM

THADOAHHAMHYE€CKHM KayeCTBOM.
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Haubonee mnosnoe oGciefoBaHHE XOZOBHIX H MOPEXOAHBIX Ka-
yecTB cyana ¢ PO 6buio BrinmosHeHo B 1970 r. B ombiToBOM 6ac-
ceiie. BpiGpaHHulil 1aa 3TOM LeJH NaccaXXHPCKHH TEINOXOA s
MECTHHIX M IPHTFOPOAHBIX JIMHHH INpejHa3HaYeH JJs NJaBaHHA Ha
MeJIKOBOJbe H B OrpaHHYeHHOM ¢apparepe. CKOPOCTb JABHIKEHHS CO-
oTBeTcTBYeT yHcay Fr = 0,6. JIasi cpaBHUTEJbHBIX HCHHTaHHMH GLLIH

] ]
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Puc. 56. O6Bonr GHICTPOXOZHOTO PEUHOro CYRHA.

paspaboraHbl TpH BapHaHTa 06BoJoB sToro cyaua ¢ PO mo Tteope-
THYECKOMY 4YepTexXy roJioBHOro cyiaHa (puc. 56). HocoBas oxoheu-
HOCTb Cy/Ha HMeeT CJIOM B HAABOAHOH YacCTH, MAYWHH OT ¢op-
IITEBHS IO 5 TEOpeTHYeCKOro WINaHroyTa, H TOHHeJb OT 17,5 Teope-
THYECKOro IINnaHroyra Ao TpaHua. Lluanenpuueckast BCTaBKa TH-
Hercst oT 10 10 16 TeopeTHUECKOro WINAHroyTa. .

ITpu paspaborke BapHaHTOB 006BoJ0B ¢ PO Bce OCHOBHHE 0CO-
GeHHOCTH (OpMEI GLIIM COXpaHeHH. XapaKTepHCTHKH KOpIyca Bcex
BapHAHTOB NIPHBEJEHH B TabJ. 5.

Tabauya 5
OGBOAB CKOPOCTHOTO PEYHOro CynHa
XapaxTepHCTHKY Kopnyca P PO Ba- p .
obhunme aa;m\g’r I ‘]:mnm'mlll ;uai?rnllll
Jnuna pacuernas L, m 30,4 30,4 30,4 30,4
[Iupura B, m 3,65 3,65 3,65 3,656
Ocagxa T, M 0,75 0,75 0,75 0,75
Bononsmemtenune D, T 487 48,7 48,7 48,7
AGciucca HeHTpa BEJHYHHB Xc, M —1,76 | —1,8 —1,81 —1,86
CMOueHHasI MOBEPXHOCTb S, M2 11,9 111,9 11,7 112

HocoBas oxkoneunocts I BapHaHTa OTJHYaeTCd OT HCXOJHOro
6GoMbLIHNM noape3oM JHaMeTpaJibHOro 6aTokca B HOCYy H OTCYTCT-
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BHeM S-06pa3sHOCTH BaTepJHHHH. B KopMe TOHHenb caesaH He-
CKOJMIbKO OoJjlee NPOTAHYTHIM B HOC, M03TOMy 17 TeopeTmueckmit
LINaHrOyT NOJY4YHJICS 1Mo ¢dopMe Gojee MOXOXKHM Ha 19, a He Ha
16 (puc. 57, a). II Bapuant o6BosoB ¢ PO umeer Takyio xe popmy
KOpMHl, Kak H I, HO HOcoBasi OKOHEYHOCTH cHesaHa GoJjiee 3a0CT-
penno#i. HocoBrle MIMaHroyTel B MOABOXHOM YacTH chesann U-06-
Pa3HBIMH, B OoT/IH4YKe OT V-06pa3HbiX y HcxoZHoro H | Bapuaura
¢ PO. Tlonpes auamerpasnbHoro Garokca coxpaHeH (puc. 57, 6).
IIT Bapuaur o06BojoB ¢ PO nMmeer Takyo xe KopMmy, Kak y I u
I Bapuanta ¢ PO, a HocoBast OKOHEUHOCTh clesaHa 6e3 pasBaJa.
Yron Bxoma I'BJI nmoayuusicsi Goablue, 4eM y HCXOMHOMN -MOJEJH,
Ha 5°. Ilogpes muaMmerpasbHOro GaToKca B HOCy clesiaH GoJblie,
ueM y BceX ocraspHbX. HocoBeie mmanroyrsl V-o6pasubie. 3Hauu-
TeJbHOE H3MEHeHHe HOCOBBIX MINAHTOYTOB CHENaHO MNJiS IPOBEPKH
HeOOXOAHMOCTH TaKOro neperufa MINAaHrOYTOB, KAKOH BHIIOJHEH Ha
HCXOJHOH MOJiesiH, H NPEJCTAaBJseT CJOMXHOCTh NPH H3TOTOBJIEHHH
(puc. 57, 8). Y Bcex Tpex BapuaHTOB 06Boa0B ¢ PO nauHA IHJIHH-
JApHYECKOH BCTaBKH YBeJHYeHa Ha OJHY TEOPETHYECKYI0 Lina-
LHIO, a Nepexofbl Ha OKOHEYHOCTH OCTaBJIEeHH Hepa3BepTHIBAIO-
LEMHUCH.

Hcnbitanua npoBoauauch Ha riyGOKOH BOLE, Ha MeJKOBOJAbE H
Ha BOJIHEHHH. ByKCHDOBOYHBIE HCIBITAHHS Ha BCTPEUHOM BOJIHEHHH
NPOBOAHJHCE B JHAaNa3oHe TeX JKe CKOpocTeil, UTO H Ha IJyGoKo#
Bojie. Bricora BOJIH BO BpeMsi BCeX HCIBITaHHH COOTBETCTBOBAJa
BLICOTE BOJIH AJs HaTyph 0,8 M.

KoadhduuueHTs 0CTaTOYHOTO COMPOTHUBJIEHHS BCEX MojeJeH To-
Kasanel Ha rpadukax puc. 58. M3 rpadukoB BHIHO, 4TO pasHHIA
MeX1y K03 (DHIHEeHTaMH OCTAaTOYHOIO CONMPOTHBJEHUS Ha TyIyGOKOM
BoJe Aaxke NPH caMbiX 60JbWIHX PACXOXKAEHHAX HAXOXHTICA B Ipe-
aenax 3,5%. Ha puc. 59 mokasaHo cpaBHenHe 06BOJIOB MCXOLHOIO
H BapHuaHra Il

Ilpu gBHXKEHHH Ha BCTPEYHOM BOJIHEHHH BCe BaPHAHTH 0GBOIOB
¢ PO npu Fr=0,22+0,24 umeloT MeHblllee CONPOTHBJIEHHE, YeM
sHexoanuf. Ha rop6e conporusnenus Bapuast Il ayume, a Bapu-

~auth I u IIl xyxe ncxoanoro. McnbiTaHHs Ha MeJKOBOJAbE NMPOBO-
AHJHCh TOJBKO AJA HcXoJHoro H Bapuanrta Il o6Bomo ¢ PO, kak
6osee Oamakux. Ha MeakoBoabe o6e Mozeau Benn cebsi ofH-
HaKOBO.

BrinonHeHHOe  JKCHEPHMEHTAJbHOE HCCJIEAOBaHHE MO3BOJSET
CAenaTh CJAeAyIOLLHe BLIBOJIHI.

1. IlpuMereHHe DPa3BepPTHIBAIOLIUXCH MOBEPXHOCTEH NpH MpPOEK-
THPOBAHHH IO3BOJISET MOJy4YaTb OOBOABI C TAKHM XK€ THAPOJHHA-
MHYEeCKHM KauecTBOM, KaK H NPH OOBIYHOM NPOEKTHPOBAHHUH.

2. ¥YBe/uYeHHe CONPOTHBJEHHS NPH ABHKEHHH HA B3BOJHOBAH-
HOA NOBEPXHOCTH INpPAKTHYECKH OJMHAKOBO Yy 06BoacB ¢ PO u
Y O6HUHBIX.

3. PasHHIa B COMPOTHBJEHHH NPAaKTHYECKH COXPAaHfeTCs MpH
ABHKEHHH CPaBHHBAeMbIX Mojeself B YCJHOBHAX MeEJKOBOIBS.
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Puc. 57. O6Bogn GHCTPOXONHOTO pEYHOro CyaHa: a — I BapHaHT 06BOIOB
¢ PO, 6 — II Bapnant o6sonos ¢ PO; ¢ — III Bapuant o6soxos ¢ PO.
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Puc, 58. T paQ)mm KO3(QHIHEHTOB OCTaTOYHOrO CONpPOTHBJEHHA Mojeiell GriCTpo-
XOJHOTO pEYHOro CyAHA:

——ie  OO6HYEHE 06BOAL!, —X— | BapHaHT o6sosoB ¢ PO, -0~ Il BapranT o6Bogos ¢ PO,

~ —A— 111 BapuaHT o6BomoB ¢ PO.
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Puc. 59. CpaBHeHHe 06BOJOB GHICTPOXOLHOIO DEYHOTO CYyJHA:
obblyHble 06BOAM, —-—— o6Bomnl ¢ PO.
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TFJIABA 111

NNPOEKTHPOBAHHE OBBO OB
CYJd OB C PO HA 3BM

§9

AnnpoxcuMauus JHHHH
TEOPETHYECKOro yeprexa

Huas aHaJHTHYECKOro 3aflaHusi IUMAHTOYTOB H BaTepJHHHil H3JaBHa
NPUMEHSAIOTCS 11apaboJibl, NIPOTPEeCCHKH, JOrapHOMHKH U Apyrie Tak
HasbiBaeMble  «KopabesbHble» KpuBble. IlapaGosia B KauecTBe He-
XOAHOH KpHBOH [Jsi annpoKCUMalMH  BaTepJHHHH CcynoB Oblja
BIepBhle mpensoxena aamupasom ®. I'. Yanmanom [3].

Hpi0oTOH BHIAIBHI KBaJpaTHYHYIO 3aBUCHMOCTb THAPOAHHAMHUE-
CKHX CHJI OT CKOPOCTH JBHXKE€HHS, H 1103TOMYy napaboJia cyHTasach
KPHBOH, pucyllefl BCAKOMY JIBHKEHHIO B MIPUPOJE.

IMapaboay Yanmana MOXHO NPEACTaBHTh B Buje [9]

y"= e [t = ()] (IIL1)
rie n— ApoOHas BeJIMYMHA, KOTOpas AJs BaTepJHHHH pPaBHa
n=1—, (111.2)

rie o — KO3(Q(HUHEHT NOJHOTH BaTepAHHUH; Ly — AJHHA HOCO-
BOH (KOPMOBOH) BeTBH BaTE€PJIHHHUH; Ymax — MAKCHMaJbHas OPAH-
HaTa BaTepJHHHH.

Ecan nmapa6oay TpaHc(OpMHPOBaTH € NOMOIIBIO HECJOXKHBIX
reoMeTPHYECKHX NMOCTPOEHHH, TO MOXHO MOJYYHTh KPHBHIE, elle Go-
Jiee MOAXOJsALINE JJIf ONHCAHHA CYAOBBIX 06BoAOB. Takoe reomMerpu-
qecKoe noctpoenne ob6ocHoBas B 1758 r. I'. Ilioramens [3] aas 06-
Pa3oBaHHA IPOrpeccHK, NOJYYHBUIHX B JajbHeHIIeM oueHb GoJibllioe
pacnpocTpaHeHHe B MPOEKTHPOBaHHH 06BofoB. TpaHchopmanuu na-
paboJbl AAIOT LeJBH KJIacC MPOrpeccHK, KOTophle 06pas3yioT U BHI-
MyKJbie KpHBHIE, H KPHBbIE C Ieperu6oMm.

AnanuTHyeckoe BhIpaXKeHHe NPOTPECCHKH A/l BATEPJIHHHH UMEET

BH —_—
g y— o (IIL3)
b= "
a AJig naHroyra
1 —2m
y_—:.———-——-————-——' (111.4)
1+ _l:_f‘_zm

rjie m — NPOH3BOJIbHLIA NOKa3aTeNb CTENEeHH; N — JKCIOHEHT IIPO-
IPECCHKH, NpH n =1 HporpeccHka BHpoXKjaercs B mapaGoay.
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B 1837 r. Ilonos [3] mpoBes HcciieloBaHHe NMPOrpeCcCHKH IpH
m=2 u paspaborai rpaguku s NPaKTHYECKOro NPUMEHEHHH.
B 1887 r. B «<MopckoM cGOpHHKe» Obliu ony6auKOBaHbl paspabo-
taunpe Jiomenom [3] TaGauubl, rie NPHBOLAHJIACH OPAMHATHL TpO-
IPECCHK AJsl PasHBIX snauenuit n npu m=3. B 1874 r. Apueynos
[62] mpuMeHHa 1JiS NPOEKTHPOBAHHS — HPOTPECCHKH, Yy KOTOPhIX
ypaBHeHHe HMeeT BHJ

x \2
V() (11L.5)

Y= Ymax l+(n_l)V1“(%‘—)2 .

I[Ipu n << 1 moayuaercs OyapOOBBIA HOC, a TMpH n>>1— nebGe-
JHHBIA.

CrpeMsch J0GHTbcst  GoJblilefi MAACTAYHOCTH, B. Adanacbes
p 1896 r. nMpeiJIOXHJa BMEeCTO NPOrpeccHK JIMHHH, ypaBHEHHE KO-

TopHX HMeeT BHA [3]

n

=V max 1—( ud )m—tn - )Tin(l— x ) . (1.6
Y= Yma Ly (x) ( LH (k) Lu (x) ( )

[lpunnmas B 3TOM BbIPAXKeHHH OIHH H3 HOKa3aTejiell CTeneHH 3a
[OCTOSIHHOE YHCJO, 4 APYroii — 3a IepeMeHHbli MapaMeTp, MOXHO
N0Jly4aTh Pa3sHOOBpasHbie CeMeACTBA JHHHH, CXOAHbE TO tdopme, HO
pa3JIMUHbIE TIO PACIPEAENEHHIO TIOJHOTDI 110 MIHHE.

B 1930 r. B. Y. AnnimoBuiM [42, 62] npensoxeH cnoco6 mpoek-
THPOBaHHA CYJOBOH TOBEPXHOCTH NyTeM NPHMEHEHHA HHBEPCHH
3JJHUIca B BUAE

m
y=ymaxm———1——'m;2_ ) (I1L.7)

rae m= — OTHOlIEHHe ToJyocedl 3Jaunca, a 8 ompene-

Ymax

. Hpn pa3aHYHbIX 3HayeHHAX mapa-

JIIeTCsl U3 YCJIOBHA X =

MeTpa m XapaKkTep KPHBOH BapbHpyeTcs OT IOJHBIX ¢dopM Ho ocCT-
pbix. IIpH HEKOTOPHIX 3HAUEHHSX /M KPHBbE HMEWT TOYKH Mepe-

ruba.
Tefiiop BHIPasus ypaBHeHHe BaTepJIHHHH B BHIE napaboJihl

5-ro nopsaaka ,
y=a0+a1x+a2x2—}—a3x3—’,—a4x4—‘r-a5x5. (111.8)

Ias onpeaenenusi Ko3(GPHUHEHTOB HCMOJNB3YIOTCH LIECTh yCJI0-
BHH, NOJYYEHHBIX TNyTeM H3MEPEHHs MepBbiX H BTOPHIX MpPOH3-
BOJIHBIX.

Cucremarudeckue Bapuauuu ¢, L/B u B/T Teitnop npespartii
B CepUI0 MaTeMaTHYeCKHX KPHBBHIX, KOTOpHIE OLLIM HCIOJB30BAHBI
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NIPH NIPOEKTHPOBAHHM CEPHH MOJeNeH, H3BECTHBIX KaK CTaHAapTHas
cepus Tefopa.
JI. M. Horun [42] npepnoxui Ajsi BaTepJHHHH MOJHHOM 4-ro

nopsika y=ao+a1x+a,x*asx3a,xt. (1IL9)

Hast onucanuss mosHOro 06BOja CeYeHHS ONHHM YpaBHEHHEM
H. A. SIxoBaeB [69] npeanoxun BHpaxkeHHe BHAA

=t (£ - (2T, a0

rie m, n, p — NOCTOSIHHBIE MOJIOXKHUTE/IbHbIE YHCIA.

Ha1sl ana/IMTHYECKOTO 3aJaHHs JIHHHE TEOPETHYECKOro yepTexa
B. I'. Baacos [11] paspa6oTas MeTOX HHTErpaJbHOrO HHTEPIOJIH-
poBaHHdA, NPH KOTOPOM BCE JIHHHH 3afalOTCSl YPAaBHEHHAMH BHAA

y=ao+ax+ax*- ... +a,x". (HL11)

B kauecrBe mapamerpoB, ompepensiomux GopMy KpHBOH, 3a-
AAIOTCS MOMEHTHl IJIOIal¥ B BHJAe KPaTHHX HHTerpaJios. Buaaco-
BHIM pa3paboTaHb (GOpMYJH s Ciyyas, KOrjia KpoMe MOMEHTOB
3aAaloTcs HayajbHasi H KOHEUHAS OPAHHATH.

Hnrerpo-nuTepnonsuuonnsie GopMyns BiacoBa GbuiH HCIOJb-
30BaHbl [/1% 3aJaHUS JIHHHE TEOPETHYECKOro yepTexa cyaHa c PO.
K coxanenuio, sTH (opMysbl OKasanHCh HENPHIOAHBIMH AJS 3a-
Jdanud WNAaHTOYTOB, TaK KaK, HECMOTDPS Ha BHINOJHEHHE BCEX YKA3aH-
HBIX YCJIOBHH JJIi MOMEHTOB H OpPAHHAT, OKa3aJ0Ch HeBHIHOJHEHHBIM
COBEpIIEHHO HeOOXOLHMOe yc/IOBHe, UTOGLI KpHBasi NMPOXOAMJA Ue-
pe3 3aJlaHHHE TOYKHM, HMesl HANpaBJEHHS KacaTeJbHBIX, THIIHY-
Hple U1 MJIaBHHIX 06BofoB. Haumnasi ‘¢ kpuBbX 3-ro nopsiaka, Bce -
KpHBbIe IPOXOASAT Yepe3 3afiaHHble TOUKH BOJIHOOGPa3HO.

Bonbiwoii uuTepec : ans cynocTpouTesell NPeiCTaBJSIOT ypas-
HeHHf, ¢ NOMOLIbIO KOTOPHX 3aAaIOTCS He OTJeJibHble JIMHHH Teo-
PETHYECKOro uepTrexa, a BCS NMOBEPXHOCTb KOpIyca.

- B 1895 r. H. T. By6uoB [62] npemnoxua Aas OKOHeYHoOCTef
CylHa caefyollee aHaJHTHYECKOE BbipaXKeHHe:

- L l—2m Ye= b l—xm
?’ yb+(l y“)[l—{—(ll—l)z"“_*— I-—yc ]m, (1"12)

TAe Yp — OTHOLUEHHE IIMPHHBI IUTeBHeH K IUHPHHE CYAHA; Y. — OT-
HOLUIeHHe HIMPHHH KHJISl K IIHPHHE CYAHA; M1 H A — NOCTOSHHHE,
onpezeisioline GopMy MHIENEBOro WINAHrOyTa; m H A — HEKOTO-
pele QYHKUHH OT 2, pa3/HYHHe AJS HOCOBOH H KODMOBOH OKOHEd-
HOCTeH.

Befin6nioM 1As 3aJaHMs JIMHHE TEOPETHYECKOro YepTexka HC-
T0JIb30BaJI LeJABH pallHOHAABHEIl MHOrOUJIeH BHa

y=(1—x") (1 —ce2™). (1I1.13)

Takoit BuA ypaBHeHHSt JOMYCKaeT BOZMOXHOCTb BapHAUHH KaK IOJ-
HOTHI, TaK H (POpMEl 06BOJOB B MPOH3IBOJbHBIX IPaHHIAX.
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. A. A. Kypuiomop [36] Aas1 onucaHus HENPEPHBHHX H MIABHEIX
‘OGBOAOB npen.nomn.n HCKaTbh YypPaBHEHHE NMOBEPXHOCTH B BHAE

V=1 (x, 1)+ ()@ K (2, 2), (I1..14)

rie y=f(x, z) — ypaBHeHHe HCXONHOH MOBEPXHOCTH, a (QYHKUHH

q)(;), $(2), K (20, z) omnpepensoTcs Mo (opMe XapaKTepHBIX ce-
YyeHHH.

A. B. Kapnos [26, 27] paspaGoraux aHaJHTHYECKHH MeTOA Io-
CTPOEHHsI CYJ0BO# MOBEPXHOCTH B BHJE

y=—ken (&) 1 (©), (I1L.15)

4
rie  Mgea ()= igo b, (t) — ypasHenne KBJI; n(f) — BhipaxeHnue

ANl ONMCaHHs OGBOJOB WIMAHFOYTOB, NOJyYaeMoe H3 YpaBHEHH:
t=an®— (a— 1), rle @ H n ABJAAOTCA QYHKUHAMH Ko3pdu-
1HEeHTa NOJHOTH mnaHroyra; &, §— Gespa3aMepHbie KOOpAHHATHI.

B OCHOBy MeTOAa MOJIOXKEH KHHeMaTHYeCKHH crnoco6 obpaso-
BaHHs MOBEPXHOCTH NyTeM IJIaBHOH TpaHCPOPMauUH.

OnucaHHHe aHAJMTHUECKHe BhHpaxeHusi ObiM pa3paGoTaHH
ellle TOrAa, KOTAA BCe PAacueTl BHIOJAHsANHCH BpyuHylo. Ho wmHo-
rHe M3 HHX MOTYT GHITb peajH30BaHHl AN 3alaHus 06BOROB Ha
OBM mnapsfy ¢ BHOBb DPa3pabOTaHHBIMH CHELHAJLHO A 2BM
MeTOoJaMH TIOCTPOEeBHA CyN0BO# MOBEPXHOCTH.

3HauuTeabHBIl HHTEpeC NpPeJACTaBJSIOT HCCJeJOBAHHS pasJHi-
HHX ypaBHEHH/i H MeTOJOB aNNPOKCHMAIHH, NPHMEHSBIINXCA B Ha-
crosillee BpeMsi AJs 3alaHus 0OBONOB Ha 3BM, BHIOJNHEHHbIE
B Amrauun u CIIA. HauGosee noAXoAsIUHMH TNPH3HAHBl KDHBLIE
Tperbero nopsaka. Hanpumep, B CILA [71] opu paspaborke KoMI-
JeKca TporpaMM JJisi CyJOCTPOHTEJbHHX PAacueToB B KauecTse ail-
NpOKCHMHUpYIOIleH NpHHATA GYHKUHS BHAA

y=Ao+ A+ A2x2+A3x3+A4 (x—"az)i——*" et
FAmi1 (X —@ni1)i, (IIL.16)

rie as, Qs, ..., Qny— aOCIHCCH TOYEK Pa3PBIBHOCTH TPETHHX MPO-
M3BOJHBIX, @ (X-—@;)3 HMEIT CMHICJI TOJABKO NDH x> ai.

B MHUHraHCKOM yHHMBepCHTeTe pa3paboTaH MeToJ annpoKcHMa-
LHH JHHAA TEOPETHUECKOro Yeprexka C MOMOULbIO TPHrOHOMETpHUe-
ckux GyHskuuii Bausnus. lleap Meroxa B TOM, 4TOOH NpeACTaBHTb
KDHBYIO aHAJHTHYECKH MyTeM CYNePHO3UIHH OTAETbHEX MOJHHOMOB,
HasEBaeMbIX (YHKUHSMH BJHAHHS, KaXKJas H3 KOTOPHIX YI0BJETBO-
pAeT OHOMY H3 OrpaHHYeHHH H He OKa3biBaeT BJHAHHMA Ha awo6ble
JApYyrHe.

Ilpu onucaHHH NOBEPXHOCTH KOpmyca CyAHa ¢ PO 3apaya ana-
JIHTHYECKOTrO 3ajaHHsi 3HAuYHTeJbHO ympomaercs. [as 3alaHus
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IIOBEPXHOCTH HEeT HEeOOGXOAUMOCTH IOJb30BATbCA TAKHMH KDHBBIMH,
KOTOpble IIyTeM BapHallHH NapaMeTPOB OMHCLIBAJIH Obl BCe CEYEHHS.
Y cynos ¢ PO anaauTHyecKyd HYXKHO 3aJaBaTb TOJIKO ONOPHbIE Ce-
yeHusi. B KauecTBe OMOPHEIX ceueHHHE MOryT OBITh HCTOJb3OBAHH
WINaHrOyThi, BaTepJHHHH, nany6Has jguuus. Ho ans storo HyXHa
Takas yHHBepcajbHas KpuBas, KOTOpas OMNMCbIBajsa Obl aHAJIHTH-
yeckd JIOGYI0 JIMHHIO Ha BCEM ee NPOTAXKEHHH WJH Ha AOCTaTOYHO
6oablIOM yyacTKe, B KauecTBe TAaKHX aHAJIHTHUECKHX KDHBBIX HC-
NoJb3yloTcsi  MapaboJbl NPOH3BOJBHOrO MNOPAAKA, KBaApaTHYHBIE
napaboJibl 4 TpaHC(POPMHPOBaHHAs Bep3Hepa.

[Ipu BbIGOpEe aHAJHTHYECKOTO BHIpaXKEHHs /i aNlpoKCHMAIHH
IPHXOAHTCS YUUTHIBATH He TOJBKO (OPMYy KDHBOH, HO H ee MOJO-
JKeHHe B MPOCTPAHCTBE.

J1s1 HOCOBOH OKOHEYHOCTH NPH aNNpOKCHMAIMH BaTepJHHHA MO-
KeT GHITb HCTIOJIb30BaHA KBafipaTHuHadA mapabosa BHAa

y=ap+a1x-tax. (ll1.17)

Tax Kak 3Ta KpHBas BCerja MOXKeT ObTb NpHBeleHa K BHAY
y—bo="b, (x — bs)’,

TO $ICHO, YTO BepIUMHA TakKo# mnapabojbl HaXOAHTCS B  TOUKe
B (b3, bo), a BeTBH CHMMETPHYHB OTHOCHTEJBLHO OCH, MapaJejbHOH
ocu OY.

IIpuMeHsATH KBaApAaTHUHYIO napabosy BHAa

y=by-L-b1z-}b,2° (I11.18)

JJISl ONMHCAHHUs ILIMAHTOYTOB MOXHO TOJBKO B TOM CcJydae, €ciH
IIIAHrOYyTH HMEIOT 3aBaJl K nanybe. To oObACHAETCS TeM, YTO OCh
CHMMeTPHH KpHBOH mnapainenbHa ocu OY, a BepuiHHa napa6oJin
Haxozxurcs He Ha II1, a y Gopra.

[Tpu anaauTuHyeckoM 3ajganuu o6BonoB ¢ PO Ha IBM ynobuee
BCEro JJIsl COKpAllleHHss MAaUIMHHOIO BpPeMeHH KOHHYeCKHe H IH-
JUHAPHYECKHEe YYacTKH 3aAaBaTh B SIBHOM BHAe. [lJig 3TOr0 HyXKHO
aNNPOKCHMHPOBATH TOJBKO HAMPAaBJSIOULYIO, AJS 4ero MOXKHO HC-
M0JIb30BaTh ypaBHEHUS BHIA ‘

y=a;+a; (x— x0)*, (111.19)

HJAH
y=bs+ by (z—2))". (111.20)

Hast onpeneneHust ai, Qs as H by, b, bz HYyXKHO 3ajaTh KOOPAH-
HATH TPeX TOoYeK, NMpHHAAJeXallux KpupoH. KoopauHarel BepIIHH
3THX KPHBHIX OINpENeNsOTCs NpPsAMO H3 ypaBHeHHH. Bepmimua xpu-
Boii (I11.19) B Touke A (xo, as), a kpusoit (I11.20) B Touke B (2o, b3).
ITo KoopauHaTaM JIBYX APYTHX TOYeK, B3ATHIX Ha KPHBOH, ompele-
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JASIOTCSt KO3GQHIMeHTH a1, dz H by, b CHcTeMa ypaBHeHHH IS
HX onpeleJicHHS HMeeT BUL

Yi— Yo=8as (X1 — xo)a'; }

Yo — Yo=0s (X2 — x0)*.
Otciona

yi— Yo =( X1 — Xy \)a‘
Ya—Yo Xg — Xo '

U J1JI8 a4 NoJy4aeTcs BuIpaXXeHHE

ln()'l—)’o)
Y2 — Yo

m( X1 — Xo ) ’
X9 — Xp

Cileayer 3aMeTHTb, UTO IIPH. ONpelesieHHH KospunuentTa a
(uau bi) Heo6XomuMo TOYKH Ai(x1, Y1), A2(%e, y2) BHOHpATH C OA-
HO# CTOPOHBI OT BEPIUHHH, yToOB NOJ 3HAKOM JlorapudMa He Mo-
JYYHTb OTPHLATENbHOE YHCIIO.

Ias onpenenenus KoddQuiuHeHTa @z MOXeT OHTb HCHONB3O-
Bana Jio6as u3 dopmya (I11.22)

y2— Yo y1—Yo
Ay —=-—"" Qp=—=—"—"—, 111,22
P (a—x)® P (i —x)® ( )

ay= (11.21)

D710 Ke aHAJHTHUECKOe BbipayKeHHe HCIOJb3YIOT AJis aNlpoK-
CHMal{H BaTepJHHHH B MecTax Mepexofa OT HHIHHIPHIECKOH
BCTABKHM HA OKOHEYHOCTH. B 3TOM ciydae BepiinHy Ao BHIGHPAIOT
B TOUKe NPHTHIKAHUS K IHAHHAPHYECKOH BCTaBKe.

Ecay HepasBepTHBAIOMMHKACA YYaCTOK MOBEPXHOCTH PACIOJIOKEH
MeXJy ABYMs Pa3HBIMH Da3BepTHIBAIOIIMMHCA y4acCTKaMH HOCOBO#
OKOHEYHOCTH, TO KpHBas [OJKHA MOAXOAHTb K COEAMHAEMBIM JH-
HHSIM TIO0 KacareabHbIM. Torja ee ypaBHeHHe yA00HO 3ajaTh B BHIE

y=a3-+a, (x — x)"' +as (X — %)- (11.23)

Tperbe ciaraeMoe ofecrmeunBaeT HAKJIOH annpoKCHMHpYIOILed KpH-
Bo#i. Jlas onpefeseHds Ko3(Q(OHIHUEHTOB 3aJalOTCA KOOPAHHATHI de-
TeIpex Touek M, (%1, y1), Ma(x2, y2), Ms(xs, y3) H Mi(xs, yi). Iloka-
3aTeJb CTelleHH Q4 ONpefessieTcs no popmyJe .
Ys— s y2—nN )(, :
- X3 — X3)
Xy — X X9 — X
=" 2 21 , (11L.24)

g 2T
Ys Ve (x3 —x2)

a ocTasibHble KO3 hHIHERTH UMEIT BHJ
( Yo Yo yz—yl)(xa — x3)

A\ Xy— X3 X9 — X1 .
a2_ a (X3 __."_2)0l ’ (111.25)
G=Ys; U=—r . (111.26)
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B sTOM cayuae BepLIHHOA KPHBOH CHyXHT Touka Ma(Xz, y2).
BuGop Touek Mi(xi, y1) ¥ Mi(xi, yi) peryjinpyer npoxoxjeHue
KpuBol uepe3 Ma(x2, y2) M Ms(xs, ys) B HYKHOM HampaBJeHHH.
Toukn M; u M, HyxHO BHOuparb nobauxe K Mz u Ms.

Jlsl anmpoKCHMalKH LINAHTOYTOB, HMEIOUIUX Meperud, Bce OMH-
CaHHHe KpHBhle He MOAXOAAT. B KauecTBe HanGosee MOAXOAAIIEH
KPHBOi1 /I anIPOKCHMALMK GHJIO paspaboTaHO BHpaXKeHHe TPaHC-
¢opmupopanHoit Bepsnepu {18] B BHIe

-kl
Y= (I1.27)

TlyTeM H3MeHeHHS NapaMeTPoB R H [ MOXKHO MOJYYHTH L0OBOJILHO
pasHoo6pasHOe ceMefCTBO KPHBHIX, H3 KOTOPHX BCE€ria MOXKHO
: nogo6patbh  NOAXOAANLYIO

(puc. 60). Boapium gocro-

Y
T — S. HHCTBOM TaKHX KPHBBIX SiB-
u—l',_l'& )7 ‘ N ~_ JsieTcsi HasnHuue neperu6a,
7 N OJHHY KOTOPOTO, MOXKHO
y / \\ yBeJIHYHBATL H I0Jy4aTh
¢ B .
2 < IIOYTH NpsSMBle YYacCTKH, He-
BVAK 06X0aMMble TPHU ONHCAHHH
BN N IHHIIEBHIX BeTBeH IIIaH-
b4
«.,/ royroB. Ha puc. 61 noka-
Ay
Ry, 3aHa CBS3b CHCTEMBI, B KO-~
\ TOpOH Bep3Hepa 3alHUCHI-
/ \ BaeTcs B CBOEM KaHOHHYE-
/ ckom Buge (I11.27), c o6-
7 : < 1eCyA0BON CHCTEMOH KOOp-
‘ \ JIHHAT.
0 z TTocne nepeBoja ypas-

HEHHsl anlpPOKCHMHPYIOIeH
Puc. 60. 3aBucuMocTs GopMil TpaHcPOpMHPO-  KDHBOH B CHCTEMY KOODIH-

BaHHO# Bep3HepH OT napameTpos k u [ HAT CyIHA OHO NPHHHMAeT
BHA
ay3+y (az+as)+y (a2 +asz+as) -
+az284-ag2?+agz+-a10=0. (111.28)
310 Ky6uueckoe ypaBHeHHe, KoTopoe cofepxHT 10 Koshduuu-
entoB a; (i=1, 2, 3, ..., 10). Jasa Toro 4to6H U3 BCEX KPUBHIX

TpeThero NOPAAKA, OMHCHBAEMHX TaKHM YpaBHEHHeM, BHOpaTh
TpancHOPMHPOBAHHYIO Bep3Hepy, HYXHO 3ajaTh 3aBHCHMOCTb Me-
KAy Ko3(pdHIHeHTaMH a;. DTa 3aBHCHMOCTb YCTAaHABJIMBAETCH Ye-
pe3 MATh MapaMeTPOB, B KaueCTBe KOTOPHX HCMOJb3YIOTCH Caedylo-
Li(He: @ — yroJ MOBOPOTA CHCTEMBl KOOpAMHAT BepsHepnl O:YiZy mo
OTHOLIEHHIO K ofllecynoBoii cucreme Koopauuat OYZ; x u A —Ko-
OpIMHATH Hauaja KOOpAHHAT cHcreMbl Oi(x, A); k u ! — napa-
METpHI, onpefensomne GopMy Bep3HepH.
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Ecau yuecrs, uto oaun u3 K03 GHIHEHTOB @; MoXeT 6HTL MpH-
HAT PaBHBIM €[IMHHIIE, TO OCTaJbHBIE JEBSTb KO3(PHUIHEHTOB 3aBH-
CAT OT NATH YKa3aHHBIX [1apaMeTPOB.

a) z

2 0,2 Wnaxeoym ,
7 e &
P>’

N\ . ek A

% 7 4 (HBS)
Yo /(\1 J

|

o) 2
2 Cummempuyroe
0 ~\Jp0G0NHEHUE
sunareoyma
/"i
x|

Puc. 61. ITomroToBKa HaHHHX JAJIf aNNPOKCHMAlHH C HOMOLIBIO BepP3HEpH:
a — KpYrJoro LINaHroyTa; 6 — IIMAHroyra ¢ pa3BaJioM.

Ias Toro 4ro6H CHATH C YyepTeXa YroJ ¢ H KOODAHHATH Bep-
INHHE TPaHC(POPDMHPOBAHHON Bep3HepH, HYXKHO CHayaja HalTH Ha-
npasjaenne ee ocefl. Onpejesenne BepIIHHH M HampaBJIEeHHs ocelt
BHITOJIHAIOT Ha npospauHoii Gymare. [as 3Toro Ha Hed BHIYEpPUYH-
BaeTcsl LIMAaHroyT BMecTe C CHCTeMoH KoopauHat OYZ. Bepmuna
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A onpejenutcs mocjie TOro, KaK OJHA 4acTb BETBH LIMAHroyTa co-
BMecTHTCSL ¢ Apyroii. IIpu 3TOM coBceM He 06f3aTeJBHO, 4TOOH
5TH uYacTH HMeaH OfMHAaKOByl nuHy. Kanbka neperubaercs no
auHuu ocH Oie. Tlocne ompepneneHnust NMOJOXKEHHS TOYKH A (Yo, 20)
u Hanpasienus ocu Oie HAHOCAT BCMOMOraTe/bHYIO OCh, MPOXOAf-
myio yepes TOUKYy A(yo, 20) MePUEHAUKYIAPHO JIHHHHU neperu6a
6ymari.

TlapaMerpnl k£ M [ MOJYYaiOT C MOMOUIBI0 METOAA HAHMEHHIIHX
kBajparos, [IpuueM BMeCTO OPAMHAT €, KOTOPbIE€ HEH3BECTHDI, TaK
KaK He OmpeleseHo [, ¢ yeprexka CHHMAIOT OP/JHHATHI (I—¢).

Iast onpesesneHust k£ u [ cOCTaBASIOT CyMMy KBaJpaToB morpeul-

HOCTeH B BHIE
i kL 2
(1--5,.)_(1_ ‘ )] —3,
i:l[ k +xi

[IyTeM HeCJOXHbBIX TNpPeo6pasoOBaHHA 3TO BhpaXeHue ynpo-
maercs

2

n l 2
2 (l—e)— oL =3.
i=1

k—{-x%

HopMmasnbHble ypaBHEHHS HMEIOT BHA
vik+-v,— qil=0;
ok -3 — ol =0,

' TAe

n

= 2 (—e);

i=1

v2=i§l (I—e) x;

n
4
V3=i21 (l—sl) Xis
n n

=2 X Go= 2 Xi.
i=1 i=1

Orciofia NoJyuYeHbl pacyeTHhie GOpMyJbl AJs ONpelejeHHsa KO-
3¢ GHLHEHTOB £ U [

Vg1 —Voqs .
k——————vi‘h — qui s (111.29)
VeV — V)
By R— (I11.30)
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Jlnsi onpefeneHds TapaMeTPoB ® H A HEOGXOJHMO 3HATh 3HAUE-
HYS YIJIOB Q4 H 02 B popMyJiax
x=yo-+Isina;

A=2p-+{cosay, (111.31)

rjie Yo, 20— KOOPAHHATH! BEPIIHHHI.

Dy 0:(x,2) KRN
Zp A(Yo,20)
Zp AlYo,Z0) /
0 (ZM.)
A !
AW\
0 x Y o y 0 Y % Y
‘f<0 y (P>0
o=-(p+ %) %-g-F
“z=?+% “z=a—;‘t"P
8) z Zy
z ) 0,(4) A
Za/ Auo,20)
1 A o ee=—"""17
. 0, ¢ (Yo,20) 0
/% Vo y W T 0
(P>f7 T f ¢<0
dq-‘f-'aft w,:-(¢+%)
mz=?+T m2=?+%§_

Puc. 62. Cxema BHGOpa YIVIOB TpH alNpOKCHMAUMH KpPHBHIX C MNOMOLUBIO

sepsepn: a— ¢ <0, a1==—(?+i2), B=¢+-5; 6—9>0,

- )a2=?+_§—;

3
e e s Sl il P el b 5
z2—¢ <0, “l=—(?+"1;—‘),“2=?+—£2‘-

I pasnuuHbIX MOJOXEHHH WINaHFOyTOB 3TH YrJibl onpee-
JIAI0TCS yepe3 yroJ ¢ no pasHeiM dopmynam. Cxema onpejeJeHHs

YIJIOB o4 H oz TOKa3aHa Ha pHc. 62.
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Kos¢¢uuuentn a; B nessHoM ypaeuenun (I111.28) onpenensiiorcs
no Qopmysam, MOJNy4eHHHIM B pe3yabTaTe NMOBOPOTA OCefl H nepe-
HOCa HayaJsia KOOpAHHAT:

-y ==CO0S ¢ sinyp;
ay=sin®¢ — 2 cos? ¢ sin ¢;
a3==2) cos? ¢ sin ¢ — A sin® @ — 3x sin ¢ COS ¢;
a4=cos®¢ — 2 cos ¢ sin? p; '
a5==4x cos? sin ¢ — 2\ cos? ¢ — 2x sin® -4k cos ¢ sin? ¢;
‘ag=Fkcos cp+3x2 cos ¢ sin® @12 cos® ¢ — 4wk cos? ¢ sin ¢ |-
--2xA sin® ¢ — 212 cos ¢ sin? ¢;
trcos’e o . ¥ (I11.32)
@s=2%c0s ¢ sin? ¢ — 31 cos? ¢ sin ¢ — % cos3 g;
Q9=2xA COs® ¢ — 4x} cos sin® ¢-+x sind p--3r2cos? g sing -
—2x? cos? ¢ sin ok sin ¢;
@10=2%)* cos ¢ sin? ¢ — x*A sind ¢ — Ak sin ¢ — xk COS p —
—x2¢0s ¢ sin? @ — xA2 cos? ¢ 2% cos? ¢ sin @ —
—\3cos? g sing — &I,

Cilenyer OTMeTHTDB, UTO CHSATHE C UepTeXa HCXOAHBIX JAAHHHX
AJf TAKOH anMNpPOKCHMAUHH OTJIHYaeTCs OT OOLIeNpHHATOro, HO
OGHYHO GOJIBIIMX TPYAHOCTEH He BH3HBaeT. EciH yuecTb, uTo npH
NpoeKTHpoBaHHH 00BoJ0B ¢ PO mnpuxoaurcs 3ajgaBaTh Bcero He-
CKOJIbKO ONMOPHHIX JIMHHH, TO TaKOH CIoco6 He BHOCHT GOJbLIHX
3aTpyaHeHH#. 'opa3fo GOJBLINM HEZOCTATKOM TAaKOrO 3afaHHs SB-
JIS€TCA TO, YTO OKOHYaTeJbHOE ypaBHEHHe KPHBOH MOJy4aeTcs B He-
fiBHOM BuJe. Takoe ypapuenne (II1.28) nerko pemaercsa Meromom
«HEBA30K» MK no ¢opmyse KapnaHa, HoO TeM He MeHee BCErxa xe-
JIAaTeJIbHO HMETh ABHHIH BH/ 3aJaHHUs.

OcHOBHOE LOCTOHHCTBO aMMPOKCHMALHUH C NOMOLIbIO TpaHCHOP-
MHDOBAaHHOH Bep3HepH B BBICOKOH TOYHOCTH, B €JHHOOGDa3HH 3a-
A2HHs BCeX KPHBHX M B BO3MOXHOCTH 3a/aThb KDPHBYIO LEJHKOM.

§ 10

AHaNHTHYECKOe 3aJaHHe
noBepxHOCcTH Kopnyca ¢ PO

OHHM M3 OCHOBHHIX NOCTOHHCTB Pa3BEPTHIBAIOLIUXCH noBepxHocrei
#AABJSAETCH BOSMOXHOCTb HX aHaJIHTHYecKoro 3azaHus. OfHako He
BCAKMA BHA 3ajaHus yno6eH s peatnsaund Ha DBM. [Ipeacras-
JIAETCA  UeNecO06pa3HHIM BHOPaTh TAaKOM aJIrOPHTM, KOTOPHH NO-
3BOJIAJ OBl TOJIy4aTh MaKCHMYM HHGOPMAaUMH TNPH MHHHMAJbHOM
KOJIHYeCTBE BBIYHCJIEHHH.
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Jns cocTaBJeHHS YpaBHEHHsl pa3BepTHIBaIOMlelicd MOBEPXHOCTH
€CTeCTBEHHO HCIIOJLb30BaATh NpeJIoOKeHHbH rpadHueckHii MeTol ee
nocrpoenusi. Toria B npolecce pacyera cpasy BBHIIBJISETCS IOJIO-
JKeHHe MpsAMOJHHEHHHX 06pa3ylolluX Ha KOpIyce CyAHa.

Ecan paspepTHBalollasicsi TIOBEPXHOCTb pacCMaTpuUBaeTcsl Kak
reoMeTpHYECKOE MECTO NpPAMBIX, KacalolHxcs peGpa Bo3sparta, TO,
3Hasi KOOpAHMHATHl OCOGHX TOYeK WJH ypaBHeHHe peGpa Bo3Bpara,
MOJHO COCTABHTbL YpaBHEeHHEe HOBEPXHOCTH.

[Tycts ypaBHenHe pe6pa Bo3BpaTa 3alaHO TMapaMeTPHYECKH:

Yo=19 (Zo);}
Xo={ (20),

rae Mo(xo, Yo, 20) — TeKyllasl Touka pebGpa BO3Bpara.
YpaBHeHHS KacaTeJbHHIX K peGpy BO3BpaTa HMeEKOT BHA

(I11.33)

¥ — Yo=9"(2) (z —20); }
X — x0=q)/ (zO) (z__ Zo), (111.34‘)
rae M(x, y, z) — TeKyllasd To4Ka HOBerHOC'i‘H.
© Toraa :
x=} (@) +— 2 [y —e (20)];
— 9" (20) .
y=2(20)+rzy [x—l;)((zo)], (111.35)
1
=2ty [ — ¥ (20)]-

B ypaBuennax (I11.35) y u z sBasioTca (QYHKUHAMH ABYX Tie-
PEMEHHHX 2 ¥ X. Bripaxas y H z uepe3 He3aBHCHMbe NepeMeH-
HHe X H 2o, MOXHO MOJYYHTb ypPaBHeHHe MOBEPXHOCTH B BEKTOP-
HOM BHJE

—ix+j[e (zo)+—§,'—%o‘%(x—q» ()] +
k[ 2+ (6 — ¥ (@) (I11.36)

Ypasnenne (I11.36) MOXHO HCIOJB30BATh, €CIH H3BECTHO peGpo
BosBpata. Ho y nosunapameTpHYecKHX NOBEPXHOCTEH, KOTOpHIE MO-
Jy4YaloTCsi NMPH HATATHBAHWM Ha 3aJlaHHbie KPHBBE, 0COOhHE TOUKH
pacrnoJiokKeHb NPOH3BOJIBHO, H HX TMOJIOXKEHHE He MOXKeT GhITh ONH-
CaHO aHAJUTHUECKH.

B ocHOBY cocTaB/eHUsi YDaBHEHHSI Pa3BePTHIBAIOLICHCS MOBEPX-
HOCTH, TOJYYEHHOH 1O JBYM OIODHEIM KPHBHM, PacrnojioXKeHHHM
B NapaJiyie/IbHbIX IJIOCKOCTSAX, MPHHATHl JHHEAYAaTOCTb NMOBEPXHOCTH
H Napal/iebHOCTh KacaTe/bHbIX K KPHBHIM B TOYKax NepecedyeHHs
¢ o6uiedt npsiMoJHeiiHo# 06pasyoules.

87



IlycTb ypaBHEHHS OMNOPHBIX KPHBHIX 3alaHbl B BHIE
n=r1(x1); z21=pi; }
Yo=f2(x2); 2=ps.

YpaBHeHHs npsMoJsHHefiHON oOpasylollei, Npoxoxsileil uepes
TOuKH My (x1, y1, 21) u Mz(xz, y2, 22), NpHHALJEXAIIHE COOTBETCT-
BEHHO NEPBOH H BTOPOH KPHBOH, HMEIOT BHJ,

(I11.37)

=X _Y=n _ 22 (111.38)
Xy — X1 Y2— 1 2—2 ’ :

rae M(x, y, z) — TeKyllasi TO4Ka MOBEPXHOCTH.
W, nakoHel, ycJOBHe MapaJjielbHOCTH KacaTeJbHBIX B TOYKAX
Mi(x1, y1, 1) 1 Ma(x2, Y2, 22)

Y1 (51)=;(%,)- (111.39)

OTH NATH YCNOBHH M COCTABJIAIOT CHCTEMY ypaBHeHHH, 3aJaio-
1(y}0 MOBEPXHOCTD, B BHE

1) y1=71(x1) npu z2=2;;
2) yo=1/2(x;) npn 2=2y;
3) X—Xx1 = Z2—21

X —x;  2g—21 " (111.40)
4) ¥1 ()= (%,);

5) y=yi+(— ) 2.

[lepBhie uyeTblpe YpaBHEHHsI 3TOH CHCTeMBl MO3BOJSIOT HAHTH
3HaYeHHsS] KOOPAHHAT TodeK Mi(xi, yi, 21) H Mz(%2, Y2, 22), 4epes
KOTOphle NPOXOAHT NMPSIMOJIHHEHHas o6pasyouias MOBEPXHOCTH NPH
3aJlaHHbIX 3HaYeHHsiX x M 2. Opaunarta y Touku M(x, y, z) ompe-
JesisleTcst MO0 3THM JaHHBIM M3 MSATOrO ypaBHeHHs1 (puc. 63).

HanHass cucTeMa ypaBHEeHHH COCTaBJieHa AJs CJaydast, Korga
B KayecTBe ONMOPHHIX KPHBBIX BblGHpaloTcs BarepauHud. Ecam Ba-
TEPJHHHH MOryT OHIThb 3aJaBhl B BHAe KDPHBBHIX BTOPOTO NOpPSAKA,
TO CHCTEMa NPHBOAHUTCSH K SBHOMY YpaBHEHHIO BHAA

y=71(x, 2). (I1.41)
HYCTb BaTEPJHHUH ONPECAEHAIOTCA YPaBHEHHSMH
y1=rn0+m1x1—{—m2xf;
Yo=no~ 1y X+ 1px3, (111.42)

Torja uerBeproe ypasHeHne cHcreMmbl (I11.40) Moxuo samucars
B BHJIE PaBEHCTBA

m; +2m2x1 =N —*—Qngx;g
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Bripaxkasi H3 HEro x; 4epe3 Xz H pelliasi COBMECTHO C TPeTbHM ypaB-
HeHHEeM CHCTEMEI, TMOJYYHM Xi H Xz Kak ¢yHKuuu or x u 2. Ilox-
CTaBJss X1 H X2 B nepBble ABa ypaBHeHus cucremsl (I11.40), ompe-

Z

0

A Zy
! Z JV
/2&@?_/‘(541(1‘1.%)
Yy \ Zy= 6',

by

0, | w
[} = T

|

192(2) \Mz (Z2,¥2)
R \

|

\ Z; ‘Cz

Puc. 63. TlosoxKeHHe 3afaHHHIX BaTepJHHHH H HPAMOJHHEHAHHX o6pa-
3YIOIIHX CYAOBOM IOBEDXHOCTH B OCLIECNPHHATOM CHCTeMe KOOpRMHAT
CyZnHa.

nenuM  ys H yo. IlomcraBass xoopauHatel Touek Mi[xi(x, 2);
yi(x, 2); 21} ¥ Ma[xa(x, 2); ya(x, 2); 22] B nsaTOE ypaBHeHHe CH-
CTEMHI, JIETKO MOJIYUHTh ypaBHEHHe pa3BepThIBalomieHcs NMOBEPXHO-
CTH, HaTAHYTO Ha 3aJaHHBE JHHHUH, B BHIE

D122 4-Dy22 4 D3z + Dyxz + Dyx?z 4+ Dg22x + Dyx® 4+ Dgx + Dy
y= (D10 + D112)? ’
(I1L.43y

IMocnepoBaTenbHOCTh pacuera Koabouuuentos D; (i=1, 2, ...
... 11) Ha DBM caenyromas:

1) doy=mo—ny; di=m;—ny; dy=my—ny;
2) Ki=2my(2,—21); Ko=2yd1; Ky=—d1; K=2d,;
Ks=2 (ny2,—my2y);
3) h=Admony; L=2dimqz:; L=—2dim,; [L=4myd,;
ls=4m, (nyz, —my2, );
4) pi= moli+mllal4+mzl§; Po=ly (2mols+mbly) 13 (mils+-2myly);
(111.44)
D= mzﬁ? pa=h (mls-2moly);  ps=1I, (myly-}2mls);
Ps= molg +-milyls- m2l§;
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5) si=nKi+mK;Ky+nK3 $;=K,y (21K s+ mKo) -+
+ K5 (mKs+2n,K)); Si=n,KT; sy=K1 (mKs5+2mK5);
ss=K1 (MK 21K s); - Ss=noKi4-mKoKs+ mkK:;
6) g=1/(z,—21)4m3; Dy=q (4mis;—p1); Dy=gq(4mis;— pr—
— 4m33131+z2P1); Dy=gq (4m§5'5 — Ps— 4mg~9221+z2p2);
D,=q (4m§s4——p4-4m§szzl-{—zgp5); Ds=q (4m3s; — p);
Dg=g (4m3s;— ps); Di—q (22P3—4m33133);
Dy=q (2,ps — 4m3z,8,); Do=q (2,ps — 4m32:85); Dip=Ks; Duy=Kj.

CJIe,LI}’ET’ 3aMETHTh, YTO MNepea COCTaBJACHHEM YpaBHEHHSA Heob-
XOOHMO IIPpOBEPHUTH rpa(pm{ecxn MMOJIOXKEHHEe KacaTeJIbHbIX Ha 3ajaH-
HbIX KPHBBIX. Ecau Ha 3apaHHbBIE KpHBbI€ HeJ/Ib3si HATAHYTb Henpe-
PBIBHYIO pa3BepTHIBAIOIIYIOCSI MOBEPXHOCTb, TO B Ipoilecceé BbIYHC-

My(Z3,Y5,2¢)

! > My (T2, Yz,2x)
” / My(T1, Y1, Tx)

Z=Zx 1 / i

Mo(Z0,Y0,20) -

Puc. 64. Hanpasasiiomas KpHBas M BepllHHa
M, KOHHUYECKOIl MOBEPXHOCTH.

aenuii opausar Ha DBM Ha KakoM-HHOYAb y4YacTKe IOBEPXHOCTH
OpJMHATHL ¥ NPHMYT 3HAYEHHS, Pe3KO OTJHYAIOLIHEeCs OT HCKOMBIX.
ATo 3HAYMT, YTO Ha MNPOEKTHPYEMOM YydacTKe HaxoAHTca ocobas
TOYKA. W36aBuTbCs OT Hee MO2KHO TOJIbKO H3MeHEHHEeM: .mo6ox-x u3
3aJaHHBIX JIHHHHA.

Ypasuenne nosepxsocts B Buge (I11.43) ncmombayercs Ass OTIH-
CaHus MOJABOAHON HaCTH CylHa, KOTAa 3TO HEOGXOXHMO [l THAPO-
JHHAMHYECKHX HCCJaefoBaHui., XOpOIO anNpOKCHMHDPYIOTCS TaKHM
ypaBHeHHeM Te yacTH G0pTa, KOTOphie HMEIOT He3HaYHTEJbHYI0 KpH-
BH3HY M pacloJioXeHHl GJIH3KO K naJnyGe. -

Hasi cocTaB/eHHsl YpaBHEHHs KOHHUYECKOH NOBEPXHOCTH, HaNpaB-
JSOLIas KOTOpOH cOBMajaeT ¢ KaKoil-HHOYIb BaTepJHHHEH HJIH ee
yacTeio (puc. 64), 3anaioTcd caelyIOLlHe YCAOBHUS:

1) yx= f(xﬂ); 2 =2y, Tlie 2x— aNMJHKaTa BaTepJHHHH;

2) Mo (Xo, Yo, 20) — BepilIHHA KOHYCd;

X — XO y—Yo Z2—2 o o

3) xx—xo v Iz — YpaBHeHHe NPAMOJIHHEeHHOH obpa-
aylolledf, npoxojsiuleil uepes TEKYINYIO TOYKY noaepxnocm M(x,
Y, 2), a My(Xx, Yx, 2x) — TOYKA Ha HaANPABJAIOIIEH JHHHUH.
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Us ypaBrenus npsiMoJsHHeiiHOH o6pasymolleii ompelessieTcs Yy
B BHJe

Y="YoF (I —¥0) 7 =7

rae

2o

Ye=J (%), @ Xp=X0+(x— xo)ﬁ.

Ecau ypaBHeHHe BatepJHHHMH 3aJaHO KPHBOH BHJIA
a
y=a3-+a,(x —x1)"
TO ypaBHeHHe KOHHYECKOH ITOBEPXHOCTH MMeeT BHJ

y=yo+{a3+a2[xo+<x—xo)%‘E—jg——-xl] — yo] £=E. (11145)

Kos(puuHeHTH @i H G2 ONPEAENAIOTCS N0 TPeM 3aIaHHEIM TOU-
KaM Hanpasasiomed KpuBofi Mi(xs, y1), Ma(x2, y2), Ms(xs, Y3}
H3 CHCTeMH _

Y1=a3+a, (x, —x1)*"
Yo=03+ay (X3 — x1)%;
Ys=0a3-+as (x3— -’CI)“l .

Y3 nepBoro ypaBHeHHs JIerKO IOJYYHTb KO3(GHUHEHT as== Y1,
H TOrJa BTOpPOE€ H TPEeTbe YPaBHEHHS HCHOJb3YIOTCA AJfA Ompeselie-
HHA KO03(p(HIHEHTOB a4 H az B BHJle

ln( Y2 — N )
_ Ys—Y1/ .
al—l—m— H (111.46)
n( X3 — X} )
Yo—N
Qy=—" 111.47
2 (X2 —x)® ( )

Korlla TOYKa Mi (xi, yi) pacmnoJioxxeHa Tak, 4TO X3 MeHblIe, 4YEM
X2 H X3, AJid ONpeleJICHHA gz HYXKHO HCIIOJNb30BaTbh (DOpMy.ny
X9 — X1

Qo—=—2""1_,
(y:— y)*®

B sTOM cayuae B ypaBHeHHe KOHHYeCKOi NOBEPXHOCTH BMECTO
a; Bofijler Xo3bodHiHeRT ai= 1/a;, W ypaBHeHHe IOBEPXHOCTH
HMeeT BHJ
_ Xo (2 —2y) + X (2x — 20) — X1 (2—20) )“‘ \ ] z—2
y y°+[y1+( a; (2 — 2) yolzx-—zo'

(U1L48)
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Ecau Hanpasasollasg KOHyca He MoxeT OHITb BhIpayKeHa ypas-
HeHHeM 1apaloJHYecKoro BHAA, TO ee IPHXOAHTCH OMNHCHIBATh
¢ TTOMOIILBIO TPAHC(HOPMHPOBAHHOH BeP3HEPHI.

Ilycty ypasHeHue HampasJaswouieil 3agano B Bufe (II1.28) mpu
X = Xx. A(Xo, Yo, 20) — KOOpAHHATH BepiuuHbl. Toraa

Xg — Xp
=2, — AL
zK 0+(z zo) X — X, ’
a yx onpefensiercsi no ypaBHeHuio (I11.28) Merozom «HeBA30K».
Ilocie ompeneneHust y, ONpeneasieTcss y NPH 3aJaHHOM 3HAYEHHMH
X H 2z o popmy.Je

y=Yo (¥ —y0) 0 (I11.49)

Ecin moBepXHOCTb HATATHBAeTCs Ha KPHBLIE ¢ TMeperuboMm, B Me-
cre nepern6a OJHOM H3 3aJlaHHHIX KDHBHIX MOXET He OKas3aThCsd
KacaTeJbHOH, HapaJle/bHOR KacaTeJbHOH Ha Jpyro#t 3aJaHHON
KpuBo#l. B TakoM ciayuae Touka mnepern6a nmpHHHMaeTcs 3a Bep-
IIHHY KOHYCa, U HA NOBEPXHOCTH BBIAeJeTCS KOHHYECKHH Y4acTok,
KOOPJHHATHl TOYEK KOTOPOro ONpeleNsloTCs 0 NpUBEIeHHOH CcXeMe.

Jlasi onucaHud LHJAHHAPHYECKHX NMOBEPXHOCTeH MOXKeT OBITb HC-
noas3oBaHa cucrema (I11.40). Ecam nanpaBafmowllas ONHCHIBAETCS
B BHIe Y =Yyi1+azx(x-—x1)%, Toria [Jsl COCTaBJEHHS yDaBHEHHs
npsiMoJIHHelHOt o6pa3yiomeli yao6HO 3afaBaTb JBe TOYKH, pacro-
aoxennele Ha [III. Ilycrs nampaBasiomasi onpefenisieTcss TOYKaMH
M(x1, y1, 21), Ma(x2, y2, 22), Ms(xs, ys, 23), Tle 2x — anminkara
kpusoil. Ilycrs y1 =0, Torga ans obpasyioiled 3aJaloTCA TOUKH
Mi(x1, 0, 2x) u My(x:, 0, 0). YpaBHeHHe HHUIHHAPHUECKOH NMOBEpX-
HOCTH B 3TOM CJyyae HMeeT BHJ,

y=yi+a [x—x—(an—x)=|". (11.50)

TakuM ypaBHEHHeM JeTKO ONHCBIBAIOTCS TpPaHel, H KopMma 3J-
JIMOTHYECKOro THIA.

Llunuuapuyeckass BCTaBKa 3ajaeTcsl ypaBHeHHeM UINAHroyTa,
a Ui WINAHroyTa 3ajlaloTcsl HanpaBieHHe KHJEBOH JIMHHH, CKYJO-
BOe 3akpyrJeHue W GoproBas suHHs. Torja IOJjs 3aflaHHfA LHJIHHI-
pHUecKo# BcTaBKH Ha IBM mcmoabsyercs c/aeAylollee ypaBHEHHE:

/
kz-4-b, ecan 0<L2<2,; -
y=1{ f1(2), ecmn 2z,<2<2; (lIL.51)
fa(2), ecam z2>22,.
Touka 2p—3TO TOYKA TNPHTHIKAHHS CKYJIOBOIO 3aKPYyrJIEHHS
K ‘[HHLLY, a 2, — TOYKA NPHTHIKAHHA 3aKpyraeHus K 6opty; y =

= kz+b — ypaBHeHHe AHHUILIEBOH BETBH IUMaHroyTa; y = fi1(z) —
ypaBHeHHe CKYJOBOr'O 3aKpYIJIeHHS.
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Ecau cKyJ0BOe 3aKpyIJeHHe BBIIIOJHEHO MO ?azmycy, TO

y—yo L VR (z—2)l, (l11.52)

€C/JIH e HYXHO 00eCleYHTh NPHUTHIKaHHE CKYJOBOTO 3aKpYI/eHH:
B 33/JaHHBbIX TOYKAX MO KACaTeJbHBIM, TO ypaBHeHHe Gepercs B BHAE

y=y;—as(z—2)", (111.53)

rae Ms(2s, ys) —TOYKAa MPHTHIKAHHS K BEPTHKAJbHOMY 60pTy
(puc. 65). :
Ecau 60pT HMeeT HAKJOH, TO €ro ypaBHeHHe 3allaeTcsl B BHAE
npsAMOi ¢ yrJIOBBIM KoddduuHenToM y == kiz+bs. [lna onpenese-
HHUS k; U b; HeoO6XoaUMO 3a1aTh
elle oAHy TOuKy Mg (26, ys). 11pH
5TOM YpaBHEHHE CKYJOBOrO 3a-
KpYTJIeHHs] HMeeT BH]

y=a3—ay(2;— 2"+
+a,(z;—2). (lIL.54) M;

HM&

M,
Puc. 65. 3ananne TOueK Ha LInMaHroyTe 4 M,
IJIfi COCTABJICHHS YDABHEHHS LHJIHHADH- 01
TeCKO#t BCTABKH. ﬂ]ﬁ M,

Jas HHJIPIHIlqueCKOﬁ BCTAaBKH CyJAHa ¢ IJIOCKHM JHHIIEeM H
BE€pPTHKAJbHBIMU 60pTaMI/I ypaBHeHHE HNOBEPXHOCTH IIpolie:

yz{ya—a2(z3-—z)“‘, ecmu 2< 2,3
Vs, ecin 2 >>2,,

rile zp — aniyIHKaTa TOYKHM IPHTHIKAHHS CKYJOBOrO 3aKpYTJeHH:H
K 60pTOBOI BETBH.

"Kak ¥ 1/ UMJAHHAPHYECKOH BCTABKH, COCTaBJISIETCsl ypaBHEHHe
nosepxHoctd najay6e, korpa Jjunus JII1 mo nanyGe napaJjsesbHa
OoCHOBHO# mockocTd. Eciu many6a ob6pasyercs KBaApaTHYHOH na-
paboJioit co crpenkoii morubu B/50, To ee ypaBHeHHe HMeeT BHA

y=25V B(5+2—2), (I11.55)

rJle 2p — aNMJIHKaTa JHHUH naay6ul y 6opra Ha MuIeJe.

Ecau nunua naay6er Ha JI1 makaonsas npamas (puc. 66), To
ISl COCTaBJIEHHsS! YpaBHEHHs Nany6bl AOCTaTOYHO 3aAaTh  JBe
touku Ha JII1 u ypaBHeHHe ceyeHHs NPH X = xi. [IycTh ypaBHeHue
ceyeHHs 1o naaybe npu x = x4 '

y=25 VB (‘:-,%—l—zm-—z) ’
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a ypaBHeHHe 00pa3syiolleli, IpoxoAsiled yepe3 TOUKH My(xy, O, 2m)
H Mz (xz, 0, an)I
2 —2n1 X — X
1 .
Zn2 — 2n1 X3 — X}

Orciona ypaBHeHHe nauay6bl 3anuIIeTCs B BHAE
B \ —
=25V B [z +(2n -+ —2m) =2 —2]. (1L56)

B Hacrosfllee BpeMsa IPCANOYHTAIOT AEJIaTh r[a.ny6y «AOMHKOM>»

2(Z5,Y2,29)
Ayl y,,

Puc. 66. Llmmmugpudeckas uacts nanayGm.

H3 JBYyX HAKJOHHHX IJIOCKOCTeH. B 3ToM ciyuae ypapuenme na-
Jiy6Hl TIpH cTpesike noru6u B/50 umeer BHA

y=-5-—25(2—2,). (II1.57)

Ecan JIIT nepecekaer maay6y no Hak/JOHHOM JIHHHH, ypaBHeHHe
IUIOCKOCTEH 3aNHCHIBAETCH B BHJE

X—X1 Y=Y 2—2 ,
Xo— X1 Yo— Y1 B2y [=0, (I11.58)
X3—X1 Ys— WY1 Z3—2

rhe My(xs, ys, 21), M2(x2, y2, 22) u Ms(xs, Y3, 23) — J106HE TOYKH,
ONpeeisIoUlHe N0JOoXKeHHe MIOCKOCTH.

Bce npuBeseHHBE ypaBHeHHS NMPHMEHSIOTCS J5 ONHCAHHS He-
GOJIbIINX yYacTKOB NOBEPXHOCTH KOPNyca Bo3Je (OpIITEBHs, Ha
TPAHUEBOH HJM 3JJHNTHIECKOH KOpMe, BOsje MauyGH, IHJIHHAPH-
YECKOH BCTaBKH, T. €. B TeX MeCTaX, KOTOphle JHOO TpPaAHIHOHHO
HPOEKTHPYIOTCA H3 Pa3sBePTHBAIOLINXCS NOBEPXHOCTeH, AHOO Jerko
HMH 3aMeHSIOTCS.

Ilpn omucanmmm HOCOBOA HJH KOpDMOBOA OKCOHeuHocTell CyAHa,
IJIOLIafb KOTOPHIX Be/HKa, a ()opMa CJOXKHA, TaKHMH HPOCTBIMH
YPaBHEHHSIMH OrpaHHYMBATBCA HeBO3MOXKHO. OGBACHAETCS 3TO TeM,
4TO AJI 3alaHHS ONOPHBIX JMHHA NMPHXOAHTCS NPHUMEHATL ypaBHe-
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Hue TpanchopmupoBanHoit Bepsvepu B Bume (II1.28). Torma cu-

cTeMa ypaBHeHuil, 3ajamomas CyAOBYIO NOBEPXHOCTb, HNPHHHMAeT
TaKOH BHA:

1) a1y} i (@021 +as) 91 (a2 +aszi+a6) +
+a;2} +as2i +asz +a1,=0;

2) b1y3-¥5 (ba2stbs) -2 (8423 + b5z, b6) -+
+ b2 4 bg2h 4 b2y - b10=0;

3y Z=a _ x—n (111.59)

2,—21 xa—x1
4) yi(z1)=y:(2);
5) y=y1+(y2— ¥1) =2k

X9 — X 4

rae x4 — abcnucca IepBOro OIIOpHOro ImaHroyra, Xz— abciucea
BTOPOr'0 OIIOPHOTO LINAHrOyTa.

/;szzz,yz')

M(z,y

Mi(21, 31

Puc. 67. [NpsimonuueiinHe oGpasyo- Y,

e, KOHIB KOTODBIX PACHOJOXKEHH ! %&

Ha TeOMETPHYECKOM - MPOMOJKEHHH
OTIOPHBIX JIHHHA,

N

Aan

Pemenne 3710o#i cHcTeMBbl BoIMoJHsieTrcs Ha IJBM. Ilpoussoanmie
B YETBEPTOM YPaBHEHHH CHCTEMBl ONpeAeNsioTcs MO NPaBHIy AHP-
$bepeHIHPOBaHHS HesABHBIX QYHKIHH MO PopMyaaM
F} . Fo,
—; Yoz, = — —+, (111.60)
Fay, -

r

rae
F i, =ayyi-+2a9121+asy, +3a:21 +2as21 -+ ao;
F1y,==3a:yi +2y1 (@221 +05) +as2i-+asz; +as;
F, =byy3+2b4y:20+ bsyo-+3b123 2652, 1 bo;
Fay,=3b1y3 -2y, (652, b5) b4z -+ bszy -+ bs.

(LIL.61)
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OpAHHATH TOBEPXHOCTH Y ONPeAeAsioTCH MO NATOMY YpaBHEHHIO
cueremu (111.59), Ho nocie Toro, KaK No NEPEHM MeTHpeM YpaBHe-
HiaM HaltayTtea Toukn Mi(y, 21) 0 Mz(ys, 22), N7 KOTOPHX BHIOA-
HAETCH YeTBepPTOR YCAOBHE.

IMpu npoeKTHPOBAHHH KOpnyca CyAHA H3 Da3BepTHBAWULHXCA
nopepxxoctedl, B oTAHYHe OT oOMHHEX GOPM Kopmyca, NPHXOAHTCHA
CTPOHTH TeOMeTPHYECKOE MPOAD/MKEHHE ONOPHHX JHHHA. ITO CBA-
3aHO ¢ TeM, WTO Ha KpaHHHX BATEPAHHHAX TOUKH ONpelenflTcs
¢ MOMOLIBLID NPAMOJHHEeRHEX 06pasylIHX, KOHUE KOTOPHX BEIXO-
AAT 3a npefenn Kopnyca cyana (puc. 67).

§ 11

CorjacoBaHHe TEOPETHUECHOTO YePTeXa
cyana ¢ PO va 3BM

O6LyHO npH NPOEKTHpOBaHHH OGBOJOB Cy[HA 3alalOTCA CeHEHHA
MOBEPXHOCTH KOpIyca NAOCKOCTAMH, NapaniejbHHMH TpeM B3a-
HMHO TepnediHEYAADHBM KOOpPAHHATHRM NAOCKOCTAM: OCHOBHOH,
MHzeneBoli M Awamerpaabnofi. JINA cornacoBaHHs BeeX cedeHHA
HeoGxoAHMO, 4ToGH OPAHHATE B TOMKAX NepeceyeHHA JHHMA ceue-
HHil Ha Bcex Tpex npoekuuax Guau pasuu. PaboTy mo coraacosa-
HHK JHHHA TeopeTHYecKOro 4eprera BHIOJHAET NPH ero paspa-
60TKe KOHCTPYKTOpP, a NMOTOM — Ha naase. Ecau cedenus sajantcd
aHaJHTHUECKH ¢ noMollsio napaGoforpadHueckore MeTofa HWAH
paanycorpaduy, TO COTJacoBaHHe ceyeHuf Tpebyer Goapllof HoO-
noarHTenbHol paGota [20, 21, 41, 47].

Cornacosaune cynoB ¢ PO Ha 3BM orangaerca ot obuuHOro
COTNACOBAHHA ofBoaoE Ha qepTeHe. Hpnﬂu}muanmme OTJIHYHE
B TOM,; 4YTO 3a0aKTCHA He CevcHHA, 8 YHACTHKH nNoBepxXHO-
ctefi. IloBepXHocTh, 3alaHHas aHAaAHTHYECKH, COTJacoBaHa no
ceueHHAM, nosToMy TpebylOT COTJacoBAHHA MEXILy cofiofl yuacTKH
nopepxHocTef, 3ajlaHible PASHEIMH YPABHEHHAMH,

[pu npoexTHpoBanuu o6eofos cyaos ¢ PO na 3BM her Heob-
XOMHMOCTH BHUEDYHBATE BCe JHHHH TEOPETHHECKOTO HepTema, T. €.
BATEPJHHHH, WNAHTOYTH H GaToKCH. BrYepuHBalOT TOJBKO Xapak-
TepHHE WNaHrOYTH, KOTOpHE H BHOHPAIOT B KayecTBe ONOPHHX 1AA
COCTABJEHHS AHANHTHYECKOrD BHpaMeHHA CyLOBOR NMOBEPXHOCTH.
TakuMy ONOpPHEIMH WINAHTOYTAMH BCETAA ABAAKTCH Hyaesoli, nean-
LAaTH, MELeIs H CeueHie B MJIOCKOCTH ABHKHTENA.

BuGop ONOpHHX JHHHA ABAAETCA CAMHM BAaXHHM H KPOMOTAH-
BHM STAOM B Npolecce NpoeKkTHpoBdnua obeojos Ha IBM.

Ha Gase onuTa npoeKTHpoBaHHA 00BOLOB MOPCKHX H PedHHX
cyaos ¢ PO na 3BM onpenenen ofbeM H COfepkaHue CTaHAapT-
HEX TOAMPOrpaMM, KOTOpHe 06pasylorT KOMMAeKe, HeoGXOomHMuli
ANA NOJHOro OMHCAaHHA o6BOAOE.
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B koMmnieKc BXOAAT cJefylolllHe CTaHAApPTHHE NOANPOTPaMMHEL.

I. TlognporpaMMei, NO3BOJAIOLIHE NOJYYHTh KO3(POHUHEHTH amn-
NMPOKCHMHPYIOIIHX KPHUBHIX ¢ OJHOBpEeMEHHOH NPOBEPKOH pPaCYeTHHX
OpAMHAT: a) Mo TpaHcopMHPOBaHHOH Bep3Hepe; 6) Mo KpHBOH
¢ NPOH3BOJBLHLIM NOKa3aTeseM CTelleHH H BepIIHHOH Ha OCH KOOPAH-
HaT; B) [0 KBajpaTHYHOH mnapaboJe; r) No HaKJOHHOH KPHBOMH
¢ nepeMEeHHHIM NOKa3aTesleM CTeNeHH.

I1. IlporpaMMma pns onpefesieHHsl OpAHHAT pas3BepTHIBaIOLIEHCH
MOBEPXHOCTH, ¥ KOTOPOH OMOPHLIMH JIHHHAMH SIBJSIOTCA UIaHro-
yTHl, 3aJJaHHHE B BHAE TPaHCHOPMHPOBAHHOH Bep3HEPH.

I11. TlognporpaMmet AJist ONpefesieHHst OPAHHAT IHJIHHApHYE-
CKOIl TOBEPXHOCTH B 3aBHCHMOCTH OT NOJIOXEHHS B KOODJAHHATHOW
cHCTEeMe CYAHa: a) UMJIHHIPHYECKas BCTaBKa CY[OB C HAKJOHHBIM
JHHIeM; 6) LHJHHApHYECKAss BCTABKA CYAOB C IJIOCKHM JHHIIEM;
B) UMJIHHAPHYECKHA YYacTOK NOBEDXHOCTH CyXHa, HampaBJsionlas
KOTOpPOro HAET MO BaTEPJHHHH, 3aJaHHOH B BHJe mapaboJH ¢ mpo-
H3BOJIbHBIM TMOKa3aTejJeM CTeNeHH; T) IHJIHHADHYECKHH YYacToK
NOBEPXHOCTH CyZHA, HampapJjsdiomiasg KOTOPOTO COBNAajaeT ¢ BaTep-
JAHHHEH, 3aaHHOM B BHJEe TpaHCHOPMHDPOBAHHOH Bep3Hephl; 1) LH-
JHHIPHYECKHH YYacTOK NOBEPXHOCTH CYJAHA, HampapBJsiomas KOTO-
Poro coBnajaer ¢ yyacTKOM IWINMaHroyTa, 3ajlaHHHM B BHJe Napa-
Gosibl ¢ MPOH3BOJIbHHIM IIOKa3aTeJleM CTeNleHH; €) IHJHHAPHYECKHH
Y4acTOK NOBEPXHOCTH CyJHA, HanpaBaflollas KOTOPOTO COBIaaaer
CO LUMAHrOYTOM, 3aJaHHHM B BHJe TPpaHCHOPMHPOBAHHOH Bep3H-
ephl; XK) maay6a c mapaboandeckuM GuMcoM, obpasywoinasi KoTo-
poll napaJ/ulesbHa OCHOBHOM IIOCKOCTH; 3) najy6a ¢ mapaGoJauye-
CKMM GHMCOM H HaKJOHHOH 06pasylolles.

* IV. IloanporpaMMH JJsl Pa3jHYHHIX KOHHUECKHX YYaCTKOB:
a) ¢ HanpaBJsOlleli MO BaTepJHHHH, 3aJlaHHON B BHJe napaboin
NPOH3BOJILHON cTeneHH; 6) ¢ HanpaBisfOUlefl MO BaTEpPJHHHH, 3a-
‘AaHHOW B BHAe TpaHCHOPMHPOBaHHOHA Bep3HepHl; B) C HaNpaBJslo-
LIefi o IIMAaHroyTy, 3aJaHHOMY B BHJAe TPaHC(HOPMHpOBaHHOH Bep-
SHEpPH.

V. IlognporpaMMa $IBHOrO 3ajaHHA “T€X 4acTed MOBEPXHOCTH
CyAHa, BaTePJHHHH KOTODHX ONHCHBAIOTCH KBaJpaTHYHOA mapa-
6oJ101.

VI. IloanporpaMMHl AJisi OMHCAHHS HePas3sBePTHBAIOIHXCHA yda-
CTKOB B MeCTax NepexojoB: a) OT UHJIHHAPHYECKOH BCTABKH Ha HO-
COBYIO OKOHEYHOCTb; 6) OT HHJIHHADHYECKOA BCTaBKH Ha KOPMOBYIO
OKOHEYHOCTb; B) MeXJY ABYMS pa3BepTHIBAIOIIHMHCH YYacCTKaMH
OKOHEUHOCTH, KOrja OPAHHATH OMNpeNe/AIOTCS 10 BaTEePJHHHAM;
r) MexAy ABYMS YYaCTKaMH Da3BepTHIBAIOIIHXCA MOBepXHOCTeH

' B KOpMe, Korjla OpJAHHATH ONpelesioTcss no 6aTokcaM; A) OT pas-
BepTHBaloulefica yacTu 6opra Ha (oOpIUTEBeHb HJH axXTepIITEBEHb.

VII. [HopgnporpaMMul 1Jisi onpefesieHHss OPAHHAT JHHHHA nepece-
YeHHs MeX1y coGoll IBYX pa3BepTHIBAIOLIHXCH NOBEPXHOCTeH: a) Ha
JAHHHAX caoma; 6) Ha Gopropoil aumnuM; B) Ha [II; r) Ha ocrpod
CKyJe.
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OcHopHaf mporpaMMa, no3BoAAKNIIAA ONHCEBATE A0 YYacTOK
paseepTHBaiomefica mopepxuocTH,— nporpasya Il Bee ocranenue
NOANPOrPAMMLL ABNAIOTCA €8 YACTHEIMH CAYHASNMH H HYMHBL JJ5
COKpAlleHHs BpeMeHH npoekTHposanud, [las onucanns yousep-
cajekoil nporpaMmu 11 BocnosikayeMcea NpHMEPOM NPOSKTHPOBAHHA
HOCOBOH OKOHEMHOCTH (puc. 68).

B HocoBOH OKOHEUHOCTH HYMHO 381aTh HYJeBOH LWNAHrOYT H
LNIAHrOYT, WHPHHA KOTOPOTO BO3JE Madylu HeMHOTO Melbille M-
puHE Ha Muede. Ofa mmanroyra chaeiyer BHYEPUHBATH BMecTe
¢ Opoio/KeHHeM HHMe HYJeBoH  BaTepIHHHH H BHINE TadyOHL

My

Puc. 68, TlocTpoenne COOPHEX AHHAN 08 AHAOHTHHCCKOrO JATAHNA MOBEDX-
HOCTH CYVAHA.

Bruz caegyer npogonxars go Tofl npamonuuefinofi obpasyrlled,
KOTOpa" orpAHHUHEAET NoBepxHocTh HA I, a BEepx — a0 Toi, Ko-
TOpas NPOXOAHT Uepes Touky nepeceueHns nanydu c JIIT na dopu-
TepHe, B npHBeleHHOM OpHMepe IMMAHTOVTE HE HMET Paspani
K nagy e,

Jas annpoKedMAIHH ONOPHEY IMAHFOYTOR HOMOALIVETCH YPaR-
nemne TpancpopMuposansoll Bepsnepu B Bude (I11L27), a xoadhu-
unents k& n [ onpepensitores no popmynam  (I1L29) = (111.30).
Ilna nepenona vpaskenus Kpueoll B olllecy 10BYI CHCTEMY KoOp-
aupar npusensor gopuyas (IIL31) v (I11.32).

Hutopymanua o KpHBOH COCTOMT HS3 FHAUEHHI VrIoB @, oy, O,
KOODIHHAT BEPIUHHE BEP3IHephl Lo, 2, MaccHsa (/—e); cocTod-
urero #3 NV unemos, Jdaa 10 kospdmunedtos ypasxenusa (111.28)
oreoauTcs maccus 3 10 sueex A [10] u ans pelleHHd 3Tore ypae-
HeHHA OTBOAHTCH MACCHB H3 MeTHpex aueex © [4].
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ANropuT™ HMeeT BHA

Sy __Ss i)
_ Sy S; ). T R
k=ABS| gt—5r | I=kg g
S: S,
N C
Sl=i§1 (I—e);
= 2 _ A
S,= l—¢),; . .
=g El= s (11.62)
N
Ss=2 x.%i
i=1
N
S4=2 .x?;
i=1 .

S o
Ssz'gl x? (l"'g)i: J :

%x u A onpefenstorcs no ¢opmynam (I111.31), a-kosdpdunuentH ai
no .popmyaam (I11.32). Koadduuments A; BHBOAATCA Ha nedarh
1S AajbHeflIero MCIOJib30BaHHS B CHCTeMe MATH ypaBHEHHH, 3a-
JAoLIHX MOBEPXHOCTb. B 9TOH 2Ke nmporpaMme anmpOKCHMAalHH BHI-
noJiHsAeTca pacyer KopHell ypasnenns (I1I11.28) nas nposepkm TOY-
HOCTH TOJYYeHHON aNNpOKCHMAIWH MNaHroyTos. Pacuer snayenu#
OpAHHAT Y NPH 3alaHHEX 3HAUEHHSX: 2 BHIOJHAETCH 110° GopMyJe

Kapnana. . o
AJropuT™ onpeleseHHs OPAHHAT Yy TaKok: *
. 'C1.=VA1; ) o
Cy=Az4-As;

L C3=A432+A;3+A6{ e
Ci=A2+ Ag2? - Az Ay,
TIpn 3aaHHOM 3HAYEHHH Z ONPEAEAIOTCSH BEJIHIHHEL '
T e Gl
I="5c7 ~ Toct TG

1 3C,C,—C
p= 9C 1"_ ’
d=¢*-+p.

* Kosdpduumentst A; u B; snech # naibiie paBHH Kosuuuentram a: # by
NepBOro ® BTOPOro ypapHenmit cucremn (II1.59). OGosmavenus A; u' B; BBO-
naTca npu pacdere Ha SBM. . : :
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Ecan d>0,10 )= —q+4-Vd, by= —q—Vd.
Ecau a1<0, TO a,=ABS(a,), a== -—-a;/', €CJIH a; >O’ T0 a=a;",
Ecan b, < 0, 10 by =ABC (b)), b=—b/"", ecm b,>0, 10 b=b}",

y=a+b———3%l—.

Ecin d<<0, To r=Yy|p|; ecan g <0, 10 r=—r, ¢== arccos (¢/r®);

y1=—2r cos (3/3) — —Cci’f—:

Yy _.%/li+2r cos (1,047 197 — ¢/3);

L
Ya= —~—(?T+2r cos (1,047 197+?/3)-

Ilocne Bhaaun Ha nMevaTh KOOPAHHAT Z M y HeOGXOAMMO HaHe-
CTH pacyeTHHie TOYKH Ha 3ajJaHHble ONOpHHEe HINAaHroyrH. Cosna-
ACHHEe JOMKHO OHTHL B NpenesiaX TOYHOCTH NMOCTPOEHHS TeopeTHye-
ckoro ueprexxa. OGBIYHO AJif MOJIHOIO COBNMAfEHHst PAcUETHOH M 3a-
AaHHOA KPHBOH AOCTAaTOYHO ABYX-TPeX MOIBITOK.

Ecnn wnanroyr nmeer HeckosabKo meperu6oB, TO annpokcHMa-
HHI0 MOXHO CJenaTh € NMOMOIMIBIO ABYX YpaBHEHHH, HO NpPH 3TOM
HYJKHO, 4TOGH coeJiHHeHHe GHIO C MepeKpoeM, a pacueTHHE OpAH-
HaThl B MecTe NepeKposi COBHaAaJH C TOYHOCTHIO IO TPEThEro 3HaKa
nocjie 3anstoi. Pacyer o6uyHO BefeTcs B AeuuMeTpax B Macuirabe
yepTexa.

Hocne nonydenns maccuoB ko3dduumentos A [10] mas asyx
ONOPHHX IUMAHIOYTOB BHINOJHSETCH pacyeT OPAHHAT MPOMEXKYTOY-
HBIX HIIAaHTOYTOB MO CHCTeMe nsAtH ypasHenui (II1.59).

Pacuer koopanHar nomepxHoctH mno cucreMe (I11.59) sumoa-
HAIOT B CJeAyIOllell NecAEROBAaTEeNbHOCTH. 3afaloTCd HayalbHHe
3HAUEHHA 21, Y1 H Y2 H 1ar no Az, Ays 0 Ay, 3aTeM BHYHCAAIOTCA
3HayeHHe 2z o popMyae

2= (x—C3)2 +(C;—Cy) 2
x—Cl ’

rae Cy== x4, Cz = x2 ONpEReNAOT MNOJOXKEHHe KDPOMOYHLX ILTIaH-
royros. IlInanroyry xi cooTBercTByeT MacCHB KO3 dHUMEHTOB A;,
a INaHroyTy X2 —maccus B; (i=1,2,.., 10).

Cnenyer saMeTHTb, YTO NPH ONpeleJeHHH OPAHHAT WINAHroyTa
X = Xy MOABJSAETCA JeJieHHe Ha HyJb NPH ONpENeJIeHHH 22, TO3TOMY
OPAHMHATHl  CJeAyeT BBHIYHC/IATH HEMOCPEACTBEHHO IO YpaBHEHHIO
3TOro IIMAaHroyTa, BXOAANIEMY B CHCTeMY, 6e3 MoHCKa NpsiMoJIHHER-
HOH o6pasyomedi. Ecin ke Heo6XOAMMO 3HATH MOJIOKEHHEe NPAMO-
JIHHEAHBIX 006pa3yloliHX, TPOXOAALIHX Yepe3 pacueTHLle TOYKH nep-
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‘BOTO IUNAHrOyTa, TO AOCTATOYHO NMOMEHATH MecTaMH Ci; U C H me-
pecTaBuTh 0603HauYeHHS MacCHBOB A; H B;.

Has pacuera na OBM cucrema (IIL59) mnepenucmBaercs
B BHIe

1) 2= (x—cz)ili-c(f&*(:l)z :

2) fr=aryi+yi(a:z1+as) -y (a2 a5z +a5) +
+ a:2i+ a5 a0z +a1,=0;

3) f3=b1y§+y§ (b229-+-b3) +y, (b@%—!—bszg—}— bs)+ (l11.63)
+ br2i+ baZi + bszy+ b1o=0;

4) fo=(f)a (23— (fa)ys (f2)ss=0;

5) )"‘-“—()'2*)’1)%%‘"}“)’1. J

Ilpn 3ajannu HavanbHHX 3HaYeHHA 2i CleAyeT B nporpamMmme
npeaycMorpers ABa cayuas. [lepsuii cayuail, Koria KoHHE mpsiMo-
JHHEAHHX 06pa3yloW KX NOBEPXHOCTH Ha MEPBOM WIMAHIOYTe HHIKeE,
YeM Ha BTOPOM, TOIAa 2y BHIGHPAIOTCH B 3aBHCHMOCTH OT Z TIO top-
MyJae

z7==2-—b, (111.64)
rae a paBHO 2 uad 3, B 3aBHCHMOCTH OT HaKJOHa 0GpasyIoLLHX,
a b HyxHO BHGHpaTh TaKMM 06pa3oM, YTOGH He BHIXOAHTDH 32 npe-
A€Jibl NOBEPXHOCTH CYyAHA HJIH ee npogo/xerus. Ecau obpasyrourue
Ha NepBOM LIMAHIOyTe BHIUE, YeM HA BTOPOM, TO 2j MOMHO NPHHH-
MaTh paBHHM z. B mporpaMMe HyXHO NpelycMOTpeTh yCHOBHe

21 =2, (m.65)

~ Ecau mnaHroyT TOHHe/IBHOrO THNA, TO BhlIE TOHHEAS OPAHHATH
~HaCYHTHIBAIOT MO NPOAOJIKEHHIO BeP3HEePH H, KaK MPABHJIO, OKA3Hi-
-BaroTea Gosblue WHPHHH cyana. [Tostomy mo npusHaky

- y>BJ2 (H1L.66) '

BHINIONHAETCA NMEPEeXOX K pacyeTy CJjelyIlOLIEro WINaHroyTa.

ITocne onpenenenns HayaabHHX NPHOJAHMEHHA 21 H 2» 1O ypasB-
HEHHSIM ONMOPHEIX UIMAHTOYTOB (BTOpPOE H TPeThbe YpPaBHEHHA CH-
creMu (I11.63) onpenpensorcs opaunath yy u ye. Mix pacuer Bu-
BOJHSETCSA MO «HEeBA3KaM», a NPHONHKEHHS ONpeleNsSIOT MyTeM Io-
'AIOBHHHOTO JEJIEHHS.

IlocnepoBatenshocTs pacuera nokasana Ha puc. 68.

- IpexnonoxuM, uto onpenesnsieTcsi OpAMHATA y Ha 3-M TEODETH-
HeCKOM 1maHroyte Ha BeicoTe 2z (puc. 68). ITo dopmyne (I11.64)
-Ban (111.65) onpenensieTcs nepsoe npubnHxKeHHe 21, 3aTeM Mo nep-
Boli  Qopmyne cucreMn (I11.63) — nepoe npuGAHKeHHEe 25
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ITo BTOPOMY H TpPeTheMy ypaBHEHHSM CHCTEMHl HAXOAATCA ¥ H Y2
D10 AaeT KOOpAHHATH KOHLOB obpasyiouleli PiP;. 3aTeM 10 ueTBep-
TOR (OpMyJie CHCTEMBl ONpeAeseTCs H 3aNOMHHAeTCs 3HauYeHHe [y
Iocae 3aToro 3ajaercs HOBOe 3HA4YeHHe 2) NyTeM NpHOaBJIEHHA Iara
Az,. TTo Tol ke cxeMe — onpejiesisieTcsl BTOpPOe NOJOKeHHe NPAMOJH-
HefiHOR o6pasylomeli PP, u cHOBa BHuHcJAseTcs fi, KOTOpOe CpPaB-

HHBaeTCs ¢ NpeAHAYLHM H 3aNoMHHaeTcd, DTOT Npolecce Npoao-
Kaercsl 0 TeX NOp, MOKA 3HAKH fi; H fiivt HE CTAHYT PA3AHYHBIMH.
Torga cheaywolilee 3HaueHHe Z; ONPElEJSIOT NyTeM HOJOBHHHOI'O
HEJEeHHS 21; H 23541, TPOLECC NOBTOPSIOT, IIOKA He BHIOJHHTCA yC-
noBue | fui|<<'8, rae & —TouHocts 3ajamHoro pacdera.‘ Koraa
[ fai] <O,i 0 mOCHENHHM 3HAYEHHAM Yi; H Yo; ONPENEAA0T OPAH-
HaTy y no nsAtof popMmyJse CHCTEMH.

IIpu nepBoM nmpoBepouHOM pacyere eJefyeT BHIBECTH Ha neuaThb,
KpoMe HaWiJeHHBIX KOOPAHHAT X, Y, 2, KOOPAHHATH KOHLOB IpPSIMO-
JauHeAHOH oO6pasylollell, Npoxoasuiedi depe3 3ajaHHYI0 TOYKY IO-
BEPXHOCTH. DTO HYXKHO IJIs NMPOBEPKH COBIAJEHHS PACUYETHOIO MO-
JoXeHHsT 06pasyioluxX ¢ rpadndeckKHM, a TakxkKe IJsi OUEHKH Ipa-
BHJILHOCTH BHOOpA TOYHOCTH pacuera. - ' e

Eean Ha ONODHHX IINM2HrOyTax HeT TOYEK ¢ MapaJlle/bHBMH Ka-
CaTeJIbHHMH, TO 3TO MOHO ' OGHapyXHTb N0 JBYM [DH3HaKaM.
B nepBoM cayuae, KOTZla OTCYTCTBYIOT NapaJijie/ibHble KacaTelbHHe;
MOXKeT BHIOJIHATLCS NepBoe CPABHEHHE

Ju=Ffu+1, \ (111.67)
HO He BHIOJNHATHCA BTOPOE YCJAOBHE N S -
e I fali<d | ~ (lL68)

iR

Toraa ‘pacuer opAHHAT HYXHO TNpeKpaTuTh. Bo BropoMm. cayuae,
Korfa “ié¢ Bunosssiercs’ yciosue (II1.67) Tipu MHOroxkpaTHOH mne-
pemdile mara Az;, Hy>KHO TpeNyeMOTPETh CUETUYHK NEepeMeHH 3HaKa
mwara Az;. Koraa snak mara nomensiercss GoJibiie TPex pas, pacyer
HYKHO NpPEeKpaTHTb. o S
““TouHoCTh, ¢ KOTOpoOfi onpefensiercsi (GYHKIHA, 3aBHCHT  OT
¢GopMH MMaHIOYTOB. JTO OODBACHAETCH TeM, UTO AJA H36exanus
A¢len¥s Ha HyJb YeTBepToe ypaBHenHe cHcremul (II11.63) samaerca

B BHIE

Fi=(fa)a (S — (fo)y, (fz);.-

ITpu aTOM, eciH MPOH3BOAHHE, BXOASIIHE B 3TO BHpaXKeHHe, OUeHb.
Mann, TO ycaoene (II1.68). BumonHsercsa npH GOJbLIOA pasHHUeE
B NOJIOXKEHHH KacaTeJbHHX Ha KOHIAX mpsMoJinHefiHO# o6Gpasylo-
uelt. B 3TOM cayyae HyXHO 3ajaTh MeHblllee 3HaueHHe 8. OGbluHO
TOYHOCTb TpHHHMaeTcs paBHofi 0,01. OpauHaTH y onpenejsOTCH
¢ TouHocthio. 0,0001.

AJropuTMhn = pacyera OpPAHHAT KOHHYECKMX M UMJIHHAPHUECKHX.
y4aCTKOB MOBEPXHOCTH 3HAUHTENbHO NPOLIE, NIOTOMY YTO OPAHHATHL
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ONpejesIOTCs 0 YPaBHeHHSM, 3a/laHHBIM B sIBHOM BHAe. C/10XKHO-
CTH BO3HHKAalOT TOJBKO B TOM cJAyyae, Korja Hamnpasjasiolias He
MoXeT OHTh onmMcaHa ypaBHeHHeM napaGojuueckoro thna. Toraa
[PUXOJUTCA aNNPOKCHMHPOBATH HANPABJIAILYIO C IIOMOILbIO TPAHC-
$HOpMHPOBAHHOH Bep3HEpPHI.

HOns pacyera OpAHHAT KOHHYECKOA IOBEPXHOCTH, y KOTOPOH
HanpapJsollasi COBNajaeT ¢ KaKHM-HHOYAb WINAHTOYTOM, 3aAaH-
HLIM B BHIE TPaHCGOPMHPOBAHHOH Bep3HEPH, CJAedyeT HMETb CTaH-
napTHylo noanporpammy IV,B. OHa cocTaBasercs Mo cielylolued
cxeMme.

[lycTs 3amaHBl KOOpAHHATHI BepLIMHH KOHyca A (xo, Yo, 20) H
MacCHB xoaqxpnnnemon A; (=1, 2, ..., 10) ypasuenusa (II1.28)
IJIs HanpaBJsiolieH, pacnoJo-
JKEeHHOM Ha LmaHroyre ¢ abcuuc-
coft x;. IlpsimosmnHefinble ob6pa- Fly2) 0
3yiollle NOBEPXHOCTH NMPOXOLSAT ! P
yepe3 BEPUIHHY H KaKylo-HHOYIb
TOUKY Ha Hampasisiomed. [Tyets . P ]
Heo0X0AuMO HalTH OpIAMHATY 2| /| MiT,5,2)
HpH 3a/JaHHbIX 3HAYEHHSIX X H 2. . N
ITo popmyae : : ' 2] AlZo,Ye,20)

21=2y-+ (z“fzo)—%.—_;f" — |
an Y

Z

BHUHCJSETCS 3HaUeHHe 2| KOHIlA
NpSAMOJMHEAHOH  06pasyiolell, py. 69, Konuuecknit y4aCTOK HOBEPX-
npoxoisimied  yepe3 - TOYKY NO-  gocrH CyAHa ¢ HampaBasiomed No miaA-
BEPXHOCTH ¢ 3aJlaHHBEIMH 3Haye- royry..

HUSIMH X ¥ 2. 3Has 2;, cnoco6oM

«HEBA30K» IO YDaBHEHHIO HanpaB.nmom.eu (111 28) onpezxemre*rcsr
op,thaTa Yy, (puc. 69) 3ateM 1o ypaBHeHmo

y= )’0+()’1—)’o) xl—xe

onpene.meTcﬁ OpAHHATA Y TOYKH M.

B nporpamme ciaefyer mpexycMoOTpeThb nepexon O : YCJIOBHIO
y=B/2 Ha KoHell mporpaMMH, TaK KaK TOYKH, PaclOXOMEHHHE
BHe CyJlHa, He HYXKHHI.

Ipn 3apannn Hanpasisiomleil no BaTepJHHHH (NOANpOrpamMma
IV, 6) aaroputm pacdera Takoit XKe, TOJbKO Meﬂmmca MecTaMH
KOOpJAHHATH X H 2.

Korza Hampapasiolas, KOHHIECKOH MOBEPXHOCTH  COBHAjaeT
¢ noanany6HO# Barep/HHHeH, TO OHAa, KaK NPaBHJIO, MOXKeT GHTHb
3anpcaHa.B Buue

y=as+a, (x — x;)*

Toraa pacder 3HauHTeNbHO ylpoutaercs (moanporpamma 1V,a),
TaK KaK ypaBHEHHe NOBEPXHOCTH 3allHCHIBAeTC B SIBHOM BHIE.
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B nporpamMe caepyer ToabKo nmpefycMoTpers GOpMYJH AJs OInpe-
JesieHHs! KO3 QHUHEHTOB YPAaBHEHHS 41, Gz H as. Torjaa aas BHIOJ-
HEeHHsl pacyeTa HYXHO 3aJaTh KOOPAHHATH TpeX TOUeK Ha Hampas-
Js1olled W KOOpPAMHATH BeplUHHbB KOHHYECKOH moBepxHocTH. Pac-
qgeTHHe hopMyJn npuBeleHnl B § 10. Koaddunuentn onpenensiorcs

no ¢gopMmynam

(=)
(=)
ay=(y:— y)/(xa— x1)"; az=ys.

Pacuer opaunar Bunoausercs no ¢opmyne (I11.45). Ecau BH-
paxeHHue, cTosilllee B KBaJpPaTHHX CKoOKax,

Q=|xo+(x—x0) 22 — 1|

OTpHLATEJNbHO, TO AJsA H36eXaHHA OCTAHOBKH CY€Ta CJeAyeT mpe-
JAyCMOTpeTh YCJOBHHIE mepexoi npH Q<<0 Ha KoHell cyeTa MO 2.

CocraBsieHHe OCTaJbHBIX CTaHAAPTHHIX NOANPOTrPaMM He COXep-
JKHT HHKAaKHX OCOOEHHOCTell W BHINOJIHSAETCSH IO pacueTHHIM Qopmy-
JaM, npHBeJeHHuIM B § 10.

KpoMe moanporpaMM, ONHCHIBAIOLIMX Pa3HBle YYacTKH CYyHOBOM
NOBEPXHOCTH, B KOMILJIEKC BKJIOYAIOTCA ellle JBe CTaHAApTHhIE NMOA-
nporpaMmbl AJs ONpefesieHHS KOOPAMHAT TOUEK, NMPHHAMJIEKAIHX
JIHHHUAM nepeceueHus. OgHa MOANpOrpaMMa HyXKHa AJis onpejeeHus
TOYEK II€PeCEeYeHHs WINAaHrOyTOB Ha CKyJe, Ha 6OpTYy HJIH Ha mpo-
HOJBHOM cJioMe. Bropas nozxmporpamma Heo6XxoAHMa AJs ompeje-
JIEHHSl TOUEK nepeceyeHus Batepaunuit ¢ AI1.

AnropuT™ onpejesieHHs TOYEK MepeceueHHsl ABYX 3aflaHHHX pas-
HEIMH yPaBHEHHSIMH TNOBEpPXHOCTed INO IINMAHrOyTaM CJelyloIKuii.
IIpn 3anaHHOM 3HaYeHHH X HYXHO HaHTH Takoe 3HayeHHe 2, IIpH
KOTOpOM OpJHHAaTa y HMEET Ha JBYX NepeceKalolIuXcs IOBepXHOC-
TAX OJHHaKoBoe 3HayeHue. [lns sTorq 3ajgaercs mepBoe npHGAHXKe-
HHe Zo ¥ mar Az. [Ipu faHHOM 2o BHIYHCISIOTCA 3HAYEHMS Yio H Y
COOTBETCTBEHHO 10 YPaBHEHHSM IIepPBOH H BTOPOH nepecekalouxcs
noBepxHocTefl. 3aTeM ompelensieTcss H 3alOMHHAeTCs Pa3HOCTb

Ayo==Y10— Y.
Ianee BHUHCASIETCA 21 == 2o+AZ2, CHOBA ONpElENAOTCA Y11 H Y
H Pa3HOCTb

Q)=

Ay1=y11— Ya.
Ecnn Ayo m Ay, onHOro 3Haka, TO0 NpoliecC NOBTOPSIETCH, €CHIH
(20+2)
XKe 3HaKH ¥ Ayo 1 Ay, pasHble, TO ONpefeNseTCH =D npH

KOTOPOM CHOBA BHIYHCJSIETCH PAa3HOCTh
Ayo=y10— Yo2.
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- Dra pasHoctb cpaBHHBaetTcs ¢ Ay, H Ayt Ecan Ay, uMeer pasHuit
3HaK ¢ Ayo, TO 3HaUeHHe 23 BHUHCJAeTCA 10 GopMyie

z=(21+2,)/2,

a eciH Ay, UMeer pa3Hble 3HAKH ¢ Ay;, TO

21+2
23= %.

ITpouecc moBTOpsAercss A0 TeX HOp, MOKAa PasHoOCTb (Yi4+1— Yi)
He CTaHeT IO MOZAYJIO MeHbllle §, KOTOpOe PaBHO TOUHOCTH pacuera
opauHart. Toraa y; 41 H 2; 41 H 6GyAyT KOOPAHHATAMH TOUKH mepece-
YeHHs JBYX BeTBeH IINAHroyTa.

L ] i /. A a—
-
N/ A AW/
A4, //////
. 7
/ . / / (/ yb@ 4/,;’,/”
TN AT
(A AT /%’//é o7

N
N
N
N

A
N
™~
[

N S &ty

Aan 1 I iig
Puc. 70. Hoconax OKOHEYHOCTb PEYHOro CyaHa.
HCXOAHBIe 06BOAN, ——— ofBoan ¢ PO, cnpoekTHpoBawHblie Ha DBM «Mup-1».

IIpn ompepenenun TOukH mepeceyeHusi Batepaunuu ¢ III axaro-
PHTM TaKOH JKe, HO BMECTO 2; 3aJalOTCA 3HAUEHHS Xx;. 3HaYeHHEe Y2
Ha JII1 Bcerga paBHO HyJIIO, IO9TOMY HCKOMBIMH B 3TOM cJyd4ae siB-
| IMIOTCS TaK#e 3HaueHHS X;, NPH KOTOPHIX y; NMOBEPXHOCTH CTaHO-
BHTCA IO MOAyJio MeHbuie § == 0,0001.

Ha puc. 70 noxkazana HocoBast OKOHEYHOCTb CYXOI'Py3HO-HaJHB-
HOTO PeYHOro cyAHa, 06BOAL KOTOPOTO CIPOEKTHPOBAHH C IIOMOIIbIO
3BM. HepaspepTriBalolIHecss yUacTKH OCTaBJeHH Mexay 2 u 2,5
TeOpeTHYEeCKHMH LIMaHroyTaMHu u Mexay 4,5 u 5,5. B kauectBe omnop-
HbIX Ha NepBOM pa3BepTLIBAIOLIEMCH Yy4acTKe NPHHATHL HYJeBOR
> H BTOPOH TeopeTHUeCKHe uwINaHroythl. KaxkAblft M3 HHX omucaH of-
. HAM ypaBHeHHeM TpaHcopMHpPOBaHHOH Bep3Hepsl. TouHO Tak e
sazann 2,5 M 4,5 TeopeTHuecKHe LINMAHIOYThl, KOTOPHIE SBJSIOTCH
. OMOPHLIMH JJIl BTOPOro Pas3BepTHIBAIOILEroCs y4yacTKa HOCOBOHM OKO-
- HeyHocTH. llInaHroyT Ha LMJIHHAPHYECKON BCTaBKe ONHCAaH B BHAE

a
Ya—Qy (23 —2)", ecnn 2 2p;

B
5 ecnu 2 >2,,
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rA€ zp — anmjMKaTa TOYKH IPHTHIKAHHUA CKYJIOBOLO 3aKpyIJieHHst
K 60pTOBOH BeTBH IUNAHIOYTA.

OpanHaTe TOYEK NEPBOr0 HepasBepTHIBAIOIIEroCs yyacTka (OT
2,5 10 2 mnaHroyrta) onpeiejsloOTCS MO BaTePJAHHHSM, KOTOphie Ha
3TOM YyYacCTKe onuchiBawTca no ¢opmynam (I11.26). Koapdunnuentnt
a4, Gz, a3 M Qi AN KaxKJOH BaTEPJIHHHH ONpEeNEeSIOTCH 0 KOODIH-
Hatam Touek My (x1, y1, 31), Ma(xz, ys, 22), Ma(xs, ys, 23) ©
M (%, ys, ). Toukun Mz u M, BHGHpPAIOTCS COOTBETCTBEHHO Ha 2,5
H 2,75 TeOpeTHYeCKHX IIMaHroyTax. X KOOpAHHATH ONpenensioTcs
10 _ypaBHEHHIO BTOPOTrO pa3BepThiBalolIerocs yuacrka. Touku Ms

v
8
7\
A
; \\
, 2

Z\\ ~17 '67?\\ . 20
Nt

> N .
SN s 1675 —1~ \\175' 072.\;9’9/‘
e e

Puc. 71. Kopmosnie 06Boan pe'mo'ro CyZAHa, CIPOeKTHPOBAHHBE HA
M «Mup-1».

u M, pacnonoxens Ha 2 u 1,75 TeopeTHueckux uinaHroyrax Iep-
BOr0 pa3BepTHIBAIOLIErOCH YYACTKA. :

OpauHaTH TOYEK BTOPOro Hepa3BepTHBAIOUIErocs y4acTKa, pac-
nosioxkeHHoro mMexay 4,5 u 5,5 mmaHroyramu, onpexensioTes Mo Ba-
TEPJHHHAM, 3alaHHbIM ypaBHenusmu (II1.24). Has onmpenenenus
KO3 (ULUHEHTOB a1, @z H @3 HCHOJb3YIOTCS KOOPAHHATH TOUKH npu-
THIKaHHA K IHJIHHAPHYECKOH BCTaBke Mj H Touek My u Ms, npHHAd-
JIEXalluX COOTBETCTBEHHO WnaHroyram 4,5 u 4,25 Broporo passep-
THIBAIOILErOCH y4acTK4.

Ha puc. 71 nokazana ToHHenbHas KopMa 3Toro Xe cyana. na
COrJIaCoOBaHMsA TEOPETHYECKOro YepTeka B KOPMOBOH OKOHEUHOCTH
TIOBEPXHOCTb TOHHEJISI NPHILIOCH Pa3JeJHTh Ha HECKOJbKO ydYacT-
koB. [l1aBHOe cOelMHEHHe ITHX yYacTKOB JOCTHIHYTO 3a CYET [e-
PEKPOSA annPOKCHMHPYIOUIHX KPHBHIX.

Ha prc. 57, 6 nokasaHel 06BOABI PeUHOro MENKOCHASIIErO CyAHa
¢ PO, opaunate Koroporo mosyuensl Ha 9BM «Paspan-2».

Ha puc. 18 u 19 nokasasbl clpoeKTHpOBaHHbE ¢ OMOWbI0 SBM
06BOLBI TPAHCNOPTHOTO MOPCKOTO CYAHA, NMOCTPOSHHOro B JlaHUH.
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Ecan cpaBuuTh ero o6Boan ¢ o6Boxamu puc. 57, 6 u 70 u 71, 10
BHJHO, YTO MOCJEAHHEe MEeHbLIe OTJIHYAIOTCH OT OOLIENPHHATHX XO-
pouwo o6TekaeMbix cya0B. O6bACHAETCA 3TO TeM, YTO NPH HX MPOEK-
THPOBAHHH HCNOJIb30BaHLI GoJiee pasHooOpa3uble GOPMHE pPasBepTH-
BaIOLHUXCSl TIOBepXHOCTeMH.

§ 12
Pacuer Ha 3BM KpHBbIX NJaBY4eCTH

Pacuyer KpPHBBIX IUIaBy4YeCTH NpPH NpPOEKTHPOBaHHH 06Bof0B ¢ PO
11e1eC006Pa3He BHIIONHATL NapasulebHO C IIPOEKTHPOBAHHEM. IDTO
3HAYHTENbHO 06/eryaeT He TOJBKO pacyeT KPHBHIX, HO M BHOOp
¢bopmul 068o0B. Ecai B nponecce pacuera opauHaT cyjHa Ha DBM
IAsl KaXJIoro UIMAHroyTa OXHOBPEMEHHO BHYHC/AATL IIONIALb
H CTaTHYECKHA MOMEHT B 3aBHCHMOCTH OT OCaJKH, TO TOrJa B KOHIE
pacyera KaXJoro y4acrka NOBePXHOCTH MOXKHO Cpasy NOJyYHTb Be-
JYMHY 06beMa, OrpaHHYeHHOro NaHHOH MOBEPXHOCTBIO, MOJOKEHHE
ero HeHTpa BeJiHUHHBI, MaciuTab BoHxana # crpoeBne mo BaTtepuiu-
HHSM ¥ 1unaHroyraM. B koHIe o6cueTa BceX y4acCTKOB MOXKHO HOJIY-
YWTH BCE ITH JaHHHE AJA cyAHa B uejoM. CpaBHeHHE C 3aJaHHBEIMH
3HaveHussMH V, x., 2, @, B, 6 H ompejeseHHe yYacTKOB IOBEPXHO-
CTH, KOTOpble NOTPeCyIOT HCNpPAaBJIeHHS, He COCTABJsSeT TPyAa AJs
ONBITHOIO KOHCTPYKTOpaA.

B mpakTHKe MHPOBOrO CyJOCTPOEHHS CO3JaHO HECKOJNbKO CHCTEM
IpOrpaMM, BKIIOYAIOLIHX PACUeTH MO TEOPETHYECKOMY YEPTEexy.
B Hcnanun paspaborana cucrema FORAN, koropas Bkiiouaer npo-
rpaMMBl JJiIs aBTOMAaTH3alHH NPOeKTHBIX pa6or. IIpoexrHas wacrs,
KpOMe pacyeToB XOJAKOCTH H NPOYHOCTH, BKJIOYAET reHepHpOBaHHe
TEOPETHYECKOro YepTexka IO 3aZaHHBLIM IVIaBHBIM Pa3MePeHHSM H KO-
3} ¢UuHeHTaM NOJHOTH H PacyeTs N0 TeopHH Kopabust. B Aurauu
CO31aH2 M HENpepHIBHO COBEPLIEHCTBYETCH CHCTEMa MpPOrpaMm
Britschips, koTopas BK/IOuaeT pacyeThi 3JEMEHTOB TEOPETHYECKOTO
yepTexa, MPOYHOCTH, OCTOHUMBOCTH, COIVIACOBAHHS JIMHHH TEOpeTH-
4eCKOro 4eprexa H IJ1a30BOH Pa3GHBKH, PA3BEePTKH JIHCTOB HapyXK-
HOHi OOGLIMBKM M NpPOrpaMMbl JJISl H3rOTOBJIEHHS JeTajieit CyHOBOro
KOpIlyca -Ha TEXHOJOrH4YeCKOM O0ODYZOBaHMH ¢ aBTOMAaTHYECKHM
ynpasienem. IIpumepro Tako# e 06beM NPOEKTHHIX PaboT 0XBa-
ThiBaer cucrema nporpaMm AUTOKON, coanannas s Hopseruu.

CnenuanucTsl, 3aHHMAIOUIHECS CO3JaHHEM TAaKHX NPOrPaMM,
€IMHOAYLIHO NPHXOJAAT K BBHIBOAY, 4TO NePexoji OT rpaduyecKkoro .
3aJlaHUS TeOPeTHYECKOro yeprexka K 3afaHmio ero Ha IBM B Buzxe
TPOCTPAHHBIX TAlJHL HCXOAHBIX JAaHHBIX SIBJSIETCS TPOMO3AKHM,
TPYAOEMKHM, 3aHHMAIOLIMM MHOTO BPeMEHH H UPEBATHIM NaryGHEMH
Ans pacyeToB oMGKamMH. PekoMeHayeTcs mepexox K mareMaTuye-
CKOMY ONpPeJeJIeHHIO NMOBEPXHOCTH KOPHYyCa yiKe Ha HaYaJbHHX CTa-
AuAX npoektupoBanusi [89]. B wuwacTHocTH, MakkajdyM NpHXOIMT
K 3aKJ/IOYEHHIO, YTO NPHMEHEHHE MaTeMaTHYeCKOro NPEeACTaBJIeHHS
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NOBEPXHOCTH KOpIyca CyAHa Ha HayaJbHOH CTaiHH NPOEKTHPOBAHHA
AacT MHOTO NMPEHMYIIECTB, IVIaBHOE H3 KOTOPLIX COCTOHT B HCKJIIOYE-
HHH npollecca COIVIaCOBaHHsl TeopeTHYecKoro uyeprexka. Ilpu stom
NPOEKTHPOBIIHK HOJIXKEeH HMeTb BO3MOXKHOCTb BMEIIHBATLCH B MPO-
Hecc NPOeKTHPOBAHHA CYLOBO#H 110BEPXHOCTH.

StuM TPe6GOBaHHSIM OTBeYaeT ONHCAHHLIA BEILIE METOJ [POEKTH-
poBanus ¢ nomoubio 9BM o06Boznos ¢ PO, Tak kak Bcs HH$opMa-
IIHSl COCTOHT H3 HeGOJbHINX MAaCCHBOB K03¢}UHIHEHTOB ONOPHBIX JIH-
HHH, JeTKo NOJBEpralollHXCcsi KOPPEKTHPOBKE B MpOLECCe pacyera
ODAWHAT CeueHHH.

Ilamatn takux IBM, kak «Mup-1», «Mup-2», «Haupu», Heno-
CTaTOYHO JJIl BBLINOJHEHHS BCEro KOMIIEKCA PACUETOB IO TeOPETHUE-
CKOMY 4epTeXy, HO Ha HayaJbHOM CTal¥ NMPOEKTHPOBAHHMS HAa HHX
MOXKHO 10 YacTSIM NOJYYHTb He TOJbKO COIVIACOBAHHBIA TeopeTHue-
CKHA uepTex, IJIa30BYI0 TabJHIY ODAHHAT, HO H KPHBYIO BOJOH3-
MeLleHHs, CTPOeBbie N0 MINAHTOyTaM M MO BaTEPJIMHHSAM, 3HAUEHHS
MeTalleHTPHYECKHX PajHyCcOB, KDHBbIE X., 2, U Macutrab6 DBouxaHa.

B kumnre B. Y. Bpermana «Pemenne 3agau cratuku kopabas Ha
3BM>» [9] TmaresbHO NpOaHaJH3HPOBAHEI METOALl PACUETOB MO TEO-
peTHYECKOMY YepTexy, 3afaHHoMy B TabanuHOM BHAe. BbiGop Gosee
HJIH MEHee TOYHOrO NyTH pacyera 3aBHCHT OT CTajHM IPOEKTHPOBaA-
HHA 1 ocoGeHHOCTeN OGBONOB M MOXKeT GHITH C/eJIaH Ha 6ase aJro-
pPUTMOB, NpuBeleHHLIX B paGore B. U. Bpermana.

PaccMOTpHM TOJBKO Ty YacTb aJrOPHTMOB, KOTOPHIE H3MEHSAIOTCS
B CBSI3M ¢ OCOGEHHOCTAMH 3ajaHha Ha DBM o6soso cymos ¢ PO.

Pacuer BogouaMelennss Ha 9BM MOXKHO BHINOJNIHATL TAKHM XKe
€Noco60OM, KaK 3TO jesaeTcsi MPH PYYHOM cuere, T. e. mo (opmyJe

V,=AL (kgom ,,,__‘"_f“j&) : (111.69)
L
rie AL =3 j— HOMep BaTepJHHHH IIPH OCafKe, paBHOMN zj;
0,5 =282 ( 3 s — lﬁf_‘;_yf_*_)+Amk; (II1.70)
n=

Awp — njomans TOH 4acTH IINMAaHrOyTa, KOTOpas He MOXKeT OhiTh
paccuuTaHa 1o DpaBHJy TpamelHi.

Ilpu sToM BO3MOXHBI TPH NPUHUHUMHAJBLHO OTJIHYHHX CAyYas:
Korja wnaHroyr nepecekaercs ¢ III1 He Ha OCHOBHOM JIHHHH, KOTAa
Ha LINaHroyTe eCThb CJIOM H KOrla HMeeTCs! TOHHe/Ib.

Cayuaih 1. Ecin mnadroyr (puc. 72) nepecekaer II1 B Touke,
PacnojioXKeHHOH BHIIIe OCHOBHOM IIOCKOCTH (aHAJOTHYHO, €CJH -
HHXe), TO 3ajaya 3aKJloyaercs B TOM, YTOOH ONpeAEAHTb alilJIH-
KaTy 3TOH TOUKH 2. Ha OnopHBIX LINaHroyrax, JaHHBIX YpaBHEHHEM
(111.28), ans storo KocraToyHo noAOKUTh ¥ = 0 ¥ peUIHTb KyGHue-
CKOe ypaBHeHHe

a:2+ a2’ agz+a,,=0. (II1.71)
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Has pemenns (I11.71) MOXHO HCHNO/IB30BaTb METOJ HEBH30K».
3anatorcesl 2n =0 H 2z =2 rpg W BBUHCASETCA QYHKUHUA

Ss=a;128 a2’ +asz+-ay.

Tlpy 3azaHHBIX 3HAUYEHHAX 2 JJISl TAKOro WINAHroyTa fsu H fse) mouay-
4alOTCA C Pa3HbLIMH 3HaKaMH, NO3TOMY CJAeAylolllee 3HaUEHHE Ofpe-
JeJsieTcsl nyTeM INOJOBHHHOro jejieHns. Jlajsiee CHOBa ompepessieTcs
fs3), cpaBHHBaeTCs C sy H fse), BHIOHPAETCS M3 HHX TaKOe 3HAYEHHE
fs, KOTOPOEe HMeeT 3HAK, IPOTHBOMOJIOXHBIN 3HAKY [s3), 3aTeM CHOBa
'MyTeM IOJIOBHHHOrO  JAeJIeHHs
BHIOHpaeTCcsl 3HaueHHe 2oy M TAaK 2 w
J0 TeX NMOp, MOKa fsi) He CTaHET
MeHblue 6 = 0,0001.
AHa/IOTHYHO MOXKHO onpeje-
JIATb 29 Ha TIPOMEXYTOYHOM
INaHroyre, KOOPAMHATH KOTO-
poOro OonpeiessloTCS [0 CHCTEMe /
(I11.63). Ecaun pacuer BBINOJHSA-
ercss Ha OnicTpoAehcTBYIOLIEH
9BM, 10 Takas cXema pacuera
BNOJIHE HpHeMJeMa, HO Ha Ma- -/
gofi OBM ans onpenesenus 2z,
NPOMEXYTOYHOTO LIMAHTOyTa No- or
TpebyeTcsT  MHOTO  BPEMEHH. in m
B stom cayyae MoxHO ¢ He-
Gosbulofi  moTeped  TOYHOCTH, Puc. 72. Koopaumats Ha mmanroyre,

BIIOJIHE JIOHyCTHMOﬂ npu PacnosIoXKeHHOM BHIllle OCHOBHOH MJO-
CKOCTH,

N

82¢y

52(;& N

A4z | Az Az
~d
Zx

N
Zck
Zen

&2

Zg,

Azi=|2zp 41— 20| < ATZ,

HafTH 2o H3 YCJOBHS, YTO Ha JAHHOM y4YacTKe LINMAHIOyT MOXHO 3a-
MeHHTb npsaMoii auHHed. Torna z, onpenensercs mo dopmysae

2iYi+1 —2141Yi .
Zp="ttrl TiELA IL.72
0 Yis1— i . (.72)
Tlocne onpenenenus zo nmyTeM CpaBHEHHS C BEJHYMHOH k Az, rae
k=0,1,2, ..., Bouncaserca 8z (puc. 72):
dz=kA2—2,

rAe k—BHOHpaeTcs u3 ycaoBu#l yr _1<0 u yx>0. 3aoano onpe-
ZenfeTcs Ta anmJIHKaTa 2n, ¢ KOTOPOH HayHHaeTCsl pacyer MJIOLIATH
no meroAay tpanenuft. Jlo6aBka K mJomiaAH AAHHOrO WINAHroyTa
onpesensercs no ¢opmyJae

Boy=2222 —y 3z, (I1.73)

Cnyuaf 2. Ecan wnmaHroyT HMeeT NOANAaNyOHHIA CJIOM, TO
HeOOXOAHMO ONpeAeNHTbh Zc;y. AHAJOTHYHO BHIOJHSETCS pacuer
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no6GaBKH K IJIOLlaAH, €CJAH Ha HITTAHTOYyTE HUMeeTCH ocTpasi CKyJa.
TorAa HyXHO 3HATb Zcx. Pacder A06aBKH BBHINONHSACTCS MO ¢dopmyne

Aog=0z, 221 (111.74)

rie y.— opAuHaTa JHGO cloMa, JHGO CKYJIHL.

B cBsis¥ ¢ TeM YTO YHCJO pacyeTHHIX IIMAHrOyTOB He TakK yiKe
BEJIHKO, 3HAYEHHS 20, Zoxs Yox» Zomy Yea MOFYT OBITH BLHIYHCJEHB 3a-
paHee ¥ 3aflaHp B BHJ€ MaCCHBOB.

Cayuai 3. Jlna wmnaHroyTa TOHHENbHOH (OPMBHE (puc. 73)
106aBKy Awy ompefeanth cloxHee. Heo6XonuMo 3HATh 3HAYCHHS

20, Zmin, 89z ¥ 02. Torza no6as-
z Ka BRIYHCJsETCA 10 dopMyJe

—— > Aoy e 3z 42 +y, 02, (IL75)

rie Yn ONpefenserTcs NPH Zn.

Caenyer 3aMeTHTb, UTO HOJXY-
: yuth Ha JDBM OpPAHHATY Ymin
b [ —— MOXKHO TOJIbKO HPH Zmin~+AZmin,-
rae AZmin MOXeT ObiThb CAEJNAHO
CKOJIb YTOAHO MaJibiM, B TO Bpe-
‘M KaK NPH Zmm IBM Buipact
v : An «HET MaMATH» WIH <HET IIN3H-
royra». Ilpome Bcero CHATH He-
obxonuMble JaHHBEIE C YepTexa
npH [epBOM IIPOBEPOYHOM pac-
yere, . , e

EcJiu 06BOAB CyAHA HMEIOT OJHOBPEMEHHO CKYJIOBYIO JIHHHIO, JH-
HHIO CJIOMa, a KpOMe TOro, HaCTOJIbKO CJIOXHBI, UTO pacyer HHXKHEH
YaCTH BeNeTCs MO OJHOMY MacCHBY: KO3(GHIHEeHTOB, a BepxHefi ua-
CTH — 0 APYyroMy, TO B CHCTeMY NPOrpaMM CJeAyeT BBECTH CTaH-
LapTHYIO TOANPOrpaMMy aHaAM3a JJs BHOOpa COOTBETCTBYIOLIHX
JAaHHOMY y4acCTKy MOBEPXHOCTH PAacueTHBIX GOPMYJ U MaCCHBOB.

AHaJnu3 BeleTCA Mo anmaukare 2. Jas Toro 4To0bl ONpeaesHTb,
K KaKOMY YYacTKy OTHOCHTCS HCKOMasi TOYKa, ee aNmjHkara z
CPaBHHBAETCSl MOCJAEAOBATENbHO C Zmin, 20, Zny Zexy 2oy 2 nanay6Hl.
Jlasi o6BIYHOrO LINAHrOyTd CpaBHEHHE HAYHHACTCHA C Zo. [Ipu atom
Az M3BeCTHO. H IMOCTOSHHO JAJISl JAHHOTO TEOPETHYECKOro HepTrexa.
Onpenensiercs pa3HoOCTb

&z

Az |A7 |42

8%

Z0

(3
N

Zmin

Puc. 73. KoopauHaTH Ha IUM3HrOyTe
TOHHEJIBHOH KOPMHL.

zy—J Az,

rAe j — HOMepa BaTepJsiuHHH, HauuHas ¢ j= 1. Kak TosIbKO 972 pas-
HOCTh CTAHOBHTCS OTpAllaTeNbHofi, onpefenserca 6z=|2—j Az|
M 320QHO Zn = jAz. Ecin Heo6X0uMO, TO 3TH 3HAYEHHs 3aMOMH-

naiorcs. Ho MoXHO cpa3y MCNonb3oBaTh 82z AN ompeeseHHs Awa
H 3aMOMHHTDH MOCJEJHEE.
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Jig Toro uTo6hl MOJYYHTb BEJHUHHY IVIOLIAaAM KaXKJAOro UIMaH-
royra M KaXHo# BaTepPJHHHH, COOTBETCTBYIOLHE 3HAUEHH§ CTaTH-
CTHYECKHX MOMEHTOB K MOMEHTOB HHEpPUMH, HeoGXOJHMO NPH Bbl-
YHCJCHHH OYEPeNHOM OpAMHATHI Y;; NOBEPXHOCTH 3aMHCHIBATH B Ma-
MaTtd DBM paAj MHTErpaJbHBIX CyMM.

1. Jna BhuHC/AeHHA IUIOWAaZH LIMAHTOYTa ®j; 3Ty OPAHHATY He-
06X0AHMO NIPHGABJIATE K cyxvme

o1, 4= 2 Y — 2L, (I11.76)

KOTOpaf SIBJSETCS NPOMEXYTOYHOH H ncno.nbaye'rca 3aTeM Jas B-
YHCJICHHS ;i MO dbopmyne

m,,_mz(a,_, ,+y”) - o

2. Yro6l B AasbHelieM NOAYIUTh NVIOMLA/AH BaTepJIHHHM, OpAH-
HaTa yj; npH6aBJIseTCs K CyMMe, COOTBeTCTByIOH.leH JlaHHO# BaTep-

JINHHH!
i—1

Py= 3 Yim— LZLANTE/ (i | (IIL78)

IZe r — NOPSAKOBHI HOMED HAYaJbHOTO WINAHrOyTa yd4acTKa;

3. BennuuHa y;; B COOTBeTCTBYIOIlell cTemeHH no6aBisercs KO
BCEM HMHTErpajibHBIM CYyMMaM CTAaTHCTHYECKHX MOMEHTOB OTHOCH-
reabuo JII1, oCHOBHOM IJIOCKOCTH H MMAEJEBOro mnanroyTa

j—=1

mxz,;“‘— 2 ki - yg_i z‘é—i’ s oo (111, 79)

iy Mgy = 2 sym-2 (I11.80)
‘& e by

my= 3 kyp——g-+-3-5 (111.81)

4. AJs onpeleseHHss MOMEHTOB HHEDLHH IUIONIafH BaTepJHHHHA
OpAMHATA Yij B COOTBETCTBYIOUIEH CTeNeHH IIOGHBJISIETCH KO BCeM HH-
TerpanbHbBIM CyMMaM:

i1 y y3.. .
hay= Z} Yie— & —5L; (11.82)
i—1 2
2 By i — = y" WL/ g” . (I11.83)

ITyct na I-mM yyactke (puc. 74) Kopmyca BBINOJHEHb Pacyerbl
BCeX OpAMHAT M BCEX HHTErpajJbHBIX CyMM VIS j BaTEpJMHHA H ¢
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wnadroytoB. Torjaa njs onpefeiendss o6beMa [-ro yyacTka noBepx-
HOCTH IO j-I0 BaTePJHHHIO NOCTAaTOYHO COCTABHTb HCIPaBJEHHYIO
cymmy Beex @j; (I11.77) anma mnaHroyros yuactka mo ¢opMyJe

r+q i
2= 3 wj——dr 2 (111.84)

Toraa uckoMBI#t 00beM paBeH
V,=AL914. (111.85)

Is Toro 4yTo6H H30ekaTh 3arpoMoOKJeHHA naMaTu DBM, uesne-
coo6pa3Ho B mpoLiecce pacyeTa Cpa3y BLHIBOAMTb Ha NeYaThb JaHHBbIE
nas macmirtaba BoHxkaHa OJHOBpEMEHHO ¢ OPAHMHATaMH Yj;, a B ma-
MSATH COXPaHATb CYMMBI OPAHMHAT NO WINAHTOyTaM AJs Kaxao¥ Ba-
TepanHHH. TIpH 3ToM MOXHO (OPMHPOBATHL Cpa3y HMCIpaBJIEHHbIE

Vn nr | L B I Vi

2

0 g n
Puc. 74. Ilenenne Kopnyca Ha pacueTHHeE YYaCTKH.

_ CYMMBI yTEM BBeJIEHHS YCJOBHHIX IE€PEXOA0B IO KpalHHM HOMepaM
yyacTKa: eCcyiM {%r U i ¢, TO 0 =0+ Y;;, B NIPOTHBHOM cJyyae
o= o+—yé’if-.
INnomanb, BaTep/MHHH ONpeNenseTcs
S;=2ALP;. (111.86)

Jlns onpenenenusi a6CUHCCH EHTPA BEJHYHHB X, 3TOrO XKe yda-
CTKa cJaelyeT HCHOJb30BATh IMOJydYeHHbIEe B Mpouecce oGcuera Kax-
JOTO UINaHroyTa 3HaueHHUs IVIOMaAH o;; A GOPMHPOBAHHA CTATH-
YeCKOr0 MOMEHTa IJIolWaAM IIHaHroyta Ao AeAcCTBYolel BaTep-
JIMHHH.

&8 rojr+(r4q)o
jrr+q
my, == 2 t(”ji - . 2

i=r

, (I11.87)

rje j— MOPAAKOBHH HOMep BaTepJHHHH. Torxa cTaTHYeCKHH MO-
MEeHT ONpejesuTCs no popMmyJae

My,=(AL) m,,.
Orclofa BeIMYHHA X 4J4 [-TO y4acTKa paBHa

My,
Xe=—p
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[Tpn pacuere KpHBHIX NJIaBy4yeCTH 3HAauYeHHs X, H V, onpeje-
JSI0TCA ANS KaxIo# BaTepJuHuH. i onpeieseHHs aNIJIHKAaThl
HEeHTpa BeJIHYHHBI [-r0 y4acTKa JOCTAaTOYHO NpH pacuere miolaneit
Ba'repmmﬂﬁ BBHIYHCJAHTD CTATHYECKHE MOMEHTHI 3THX nnomaaei’x C nno-
MOILbIO HCIIPABJEHHOH CYMMBbI

J js
Mmey= 3 kSy—5=. (I11.88)
k=1 .
Torga craTHYeCKHA MOMEHT OOGBEMHOr0 BOJOHM3MEUIEHHs YYacTKa
OTHOCHTEJIbHO OCHOBHOH IJIOCKOCTH paBeH

Myy==(ATY m,,,
a anmJHKaTa LEeHTpa BeJHYHHH AJs JAHHOIO y4acTka
2= My
78

Hns onpeneneHHs] MeTaUEeHTPHUECKHX PalHycOB KaXKAOW BaTep-
JIHHHH ¢ NMOMOWIbIO HHTerpaabHuXx cymm (II1.82) u (II1.83) HyxkHO
NOJIYYHTh MOMEHTHl HHEPUHH MNJOIAaJH BATEPJHHHH OTHOCHTEJIHHO
ATIT 1 nI0CKOCTH MHAEJb-IINAHToyTa mo GopMyaam

ly=—2ALhyy; (111.89)

I,;=2 (ALY hy,. (111.90)

MeraneHTpHYECKHEe PAfHYCH INOJY4YalOTCAd MHOC/TAE BHIIOJHEHHS
pacyeToB [0 BCEM yYacTKaM KOpliyca.
BozousMelleHne s BCero cyAHa omnpejensiercs no ¢popmyae

n
V=12'1 V., (I11.91)
rie n — YHCJO0 Y4aCTKOB pa3OHeHHs.
Ecnu pacuer BrimosiHsieTcst B nponecce BoiGopa ¢opMbl 06BOAOB,
TO 06beMHOe BOJOH3MeIlleHHEe ONpeje/sieTCs TOJbKO J0 AEHCTBYIO-
mel BatepauHHu. OJHOBPEMEHHO ONpeeasIOTC KOODPAHHATH
IEHTPa BeJIHYUHB IO popMynaM

D xaVi
xp=—t=l——;
u (111.92)
121 2tV
=,

Ecau o6beMHOe BOZOH3MelLIeHYe H NOJIOXKEHHe IEHTPA BeJHYHHHI
OTBeYaloT TPeGOBAHHSIM, TO CPa3y MOTyT ObiTb NOJIy4YeHbl BCe KpH-
Bbl€ MJIaBY4eCTH U Ha4aJIbHOH OCTOHYHBOCTH.

PacyerTnl KpPHBEIX NJaByYeCTH MOXKHO BHINOJHATbH H IO NPaKTH-
YeCKHM IINMaHroyTaM. OTO NOBHIIIAeT TOYHOCTb pacyera, HO HHKakK
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He H3MeHseT NPOrpaMM, a riaBHoe, He TpeGyeT NONOJHHTENBHBIX
o6beMoB namsaTH IBM, Tak Kak Bce HHTerpaJibHbie CYMMB COCTaB-
JSIOTCA cpa3y B mpouecce cuyera. UHCIO HHTErpaidbHbIX CYyMM He 3a-
BHCHT OT YHCJa LIMaHIOYTOB, a OnpejesseTcsl KOJHYECTBOM pacuer-
HBIX BaTepJIHHHH.

IMaoutafu BaTepJHHUA BHIYHCAAIOT IO hopmylie

S ,=é S, (111.93)
a TIOJIOKEHHE IEeHTPa TAXKECTH IVIOUIaJAH BaTePJHHHH
3, sruSu
Xy =-’—=LSI—. . (111.94)

MerTaleHTPHYECKHE PAJHyChl BHYHACASAIOT - 110 H3BECTHHIM (hop-
MyJaM

1 v :
rp==L. R=-L (111.95)
rae '

n . ) n
d . 2
loy= 2 Lais Iyy= 2 Iyji—%11S;-

§13
Oco6eHHOCTH pacyeTa OCTOHYHBOCTH
cynos ¢ PO na 9BM '

HcnoasszoBanre DBM cyliecTBeHHO H3MEHseT NMOAXOA K OIEHKe 0C-
TORYHBOCTH H pacyeTy nantrokaped. Ecix -nmpH pydyHOM cuere naH-
TOKapeHH PAaCCYHTHIBAIOT MPH MOCTOSHHOM JHGdeperTe H NpH
JLOCTaTOYHO NMPUGIHKEHHO! OLleHKe BOJAOH3MEIEHHS, TO NPH HCIO/b-
30BaHHH DBM nosB/aseTcsi BO3MOXKHOCTb pPacCUYHTHIBATH NAHTOKa-
PeHBI U1l pasHbIX YIJoB AHb¢epenTa H jaxe YUNTHIBATD H3IMEHEHHE
AuddepenTa B Npouecce NONEPeYHbIX HAKJIOHeHHH. BbIMOMHEHHBIA
Xajsiom yuer u3MeHeHHS AH(QdepeRTa Ha OQJbIIHX yrJax KpeHa
I0Ka3aJl, YTO NOTPEUIHOCTh B ONPeAeJIeHHH IVIed CTAaTHYECKOA OCTOH-
YHBOCTH YyBeJIMYHBAeTCsi ¢ Bo3pacraHueM AH(depeHTa Tax 3HAUH-
TEJbHO, YTO 3THM YyXKe Hesb3s npeHebperats [80].

Jlas pacuera naHTOKapeH CYJOB C pa3BePThIBAIOLIEACS OGIUHBKOH,
Y KOTOpPHIX GoJibllIaf YaCThb NOBEPXHOCTH ONHCAHA aHAJHTHYECKH, KO-
JAYECTBO YeOhilIeBCKHX IINaHrOyTOB BCErja MOXKHO BHIGPATh TaKHM
o6pa3oM, uTOGH OHH MONAJH HAa YYaCTKH Kopuyca, 3ajaHHble ypas-
HenusiMu. IIpn 3TOoM Moxer GbiTh DpPHHATA Ji006as cxeMa JJIA onpe-
JeJIeHHS IVIeY CTaTHYeCKOH OCTOAYHMBOCTH. MOXKHO NPHHATH CXeMY
Kpuinosa—/lapubu, MOXHO cxeMy Marpocosa. B sio6om cayyae
pacuer CBeeTCsl K OMNpeJe/EHHIO TOUeK IepecedyeHHs CyAOBOH HO-
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BEPXHOCTH C IUIOCKOCTBIO JeHCTBYIOLlel BaTEPIHHHH NPH KpeHe 0
u quddepenTe P, 3aaHHOM B BHAE

=2zy+(x—x;) tg -ty tgo. (111.96)

Ecin npousBoAMTb pacueT NPH (QHKCHPOBAHHBIX 3HAYEHHSX
OCaJKH CyAHa, TOTAA JJIS KaXJOro Hak/JOHeHHH NO 3HAYEHHAM Op-
AMHAT NPABOTO H JIEBOro GOPTa Yem H - Yox HA BCEX UEGHIIEBCKHX
LINAHTOyTaX HyXHO HaXOAHTb 06beM MOJBOAHOA YaCTH, CTaTHUECKHE
MOMEHTBl 3TOro 06'beMa OTHOCHTEJbHO KOODAHHATHBIX OCel H MO-
' MEHT MHeDUHH MJIOmMaJH AeACTByIOLIel BaTepJHHHH.

Ilieuo craTHUeCKON OCTOAYHBOCTH ¢(OPMH ONpeje’sercs Io

dopmyae l=y,cos 8-}(2, —2)sin b, (111.97)
rae . .

[’ (]
Yo racos8dd; z,=ze-| rysin0as.
1] 0

MeTtaueHTpuyeckuil paguyc ro ABJAAeTCA (QYHKIHeHA yria KpeHa
u onpepensercsd mo ¢popmyie : i
. I .
rs=———‘,‘: , ~(111.98)
rie I.e H Vo— Takike ABAAIOTCA (YHKUMAMH npHHATOro yraa 6.
Onpenenienne o6bema Vo nmo NpaBuily Tpaneuuii NpeiCcTaBiseT
co6ofi rpoMO3aKyIO 3ajady, AJs KOTOpO# TpeGyioTcs 3HaYHTeNbHbIE
3aTpaThl MalIMHHOro BpeMeHH. IlenecooOpassee BHIOMHATD HE IOJ-

HBI pacueT OObEMHOrO BOMOH3MELICHHS, a €ro H3MEeHEeHHE AV no

dopmyne 1 L

L AVQ.";TAB'”—» ('“21_) [E(Y%n—ygn)] (111.99)
H 3aTeM HaXOXUTb ero no (opMmyine
: ) Ve=V,+AaV,. (111.100)

KoopauHaThi IleHTPA BeJIHUHHB yJAOOHee HaXOJMTb NyTeéM BHe-
CeHHs MONPaBOK, YeM BLIMOJIHEHHEM IMOJIHOTO pacyera CTaTHYECKHX
MOMEHTOB TOABOAHOTO OGbeMa OT OCHOBHOH IVIOCKOCTH A0 AefcT-
Bylouiefi BaTEPJHHHH OPH HAJHYHH KPeHA H nuddepenra.
~ Jas onmpeXeneHHs MOJOXKEHHs LEHTPa THAXKECTH MJIOMAIH neit-
cTBylomiefi BaTepanHHH TpebyeTcsi BHIYMC/IeHHE €€ IIOIANH Se
H CTaTHUECKHX MOMEHTOB Mxo B Mye no dopmynam ‘

1

- L n . .
Sp=—— 2 (You+Yeais
n l=l‘ .
n
M= B (yin— yia)i (11101
i=1
L n
My6=',71§1 X; (You— Yoa)i-
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KoopanHaThl LeHTpa TAXKECTH MJIOIaAH AEACTBYIOILEA BaTepJu-
HHH PaBHHI

M
)
Xfy =°'ST' 3
M (11.102)
Vo= 5,
Zp="Ty+xz tg $o.

B knure B. M. Bpermana [9] npeanaraercst yHHBepCaJbHEE Me-
TOJ JJs PacyeToB Da3JHUHLIX AHarpamMm ocrtofiunBocTH Ha DBM
ISt clyyaeB MOBPEXIEHHOrO M HemoBpexAeHHoro cyAHa. Ho B mpo-
Hecce pacueta JOOGHX JAHarpaMM  (MHHMMAJbHOTO MOMEHTa,
MHHHMaJIbHOA paboThl, AMarpaMMbl CBOGOJHO I1aBAIOLIEro Teja) Tpe-
6yercs ompefesieHHe OpJAMHAT NeHCTBYIOUlEH BaTEpPJMHHH IJs Mpa-
BOro 60pTa Yen W AAA JeBoro 6opra yen. OnpenesieHHe 3THX OPHH-
HaT y cynoB ¢ PO umeer cBoH 0COGEHHOCTH.

Jlns onpejeneHusi OpAMHAT B NJIOCKOCTH HAKJIOHEHHOH BaTepJid-
HHH Yon HJIH Yo Ha 4eOHILEBCKOM INNMAaHTOyTe HYXKHO HalTH ammjiu-
KaTy TOYKH IepecedeHHs HaKJIOHHOH MJIOCKOCTH AeficTByIOleit Ba-
repaunun (I11.96) ¢ moBepxHocThIO KOpmyca. Ilpu atoM ypaBHeHHe
AJIOCKOCTH yAOGHO NPEACTABHThL B BHIE

z —zfei — (x — xfe,) tg %i

Yo=Y, + T (I11.103)
AJs npaBoro 6opTa H
Z2—2, —(x—x, YtgY
Vigr=—Yyp, — — () e, (I1L.104)

g9 11

Inst neBoro 60pra, TAE Yi+1— OPAMHATA IVIOCKOCTH npH n-+1 Ha-
KJIOHEHHH. .

Omnpenenenne OpAMHAT NOBEPXHOCTH KOPNYCa Yjy H Yn BBINOJ-
HSIETCSI METOAOM <«HeBSI30K», a NPHOJHKEHHS HaXOAATCA IyTEM NO-
JIOBHHHOro JejeHus. JIOMYCTHM, YTO HYJKHO BLIMHCJHTBL Yon. ad
3TOr0 JOCTAaTOYHO HAaHTH TaKoe 3HauyeHHe 2, MPH KOTOPOM Yi41 Ha-
KJIOHHOH HJIOCKOCTH H Yx NOBEPXHOCTH KOPHIYyCa PaBHBI MEXAY CO-
60fi. Pacuer BhimosiHsieTcs B cjelyolieM nopsjake: 1) sanzaercs mep-
Boe nmpubnuxkeHue z; u no ¢opmyae (I111.104) ompegmensiercss coot-
BETCTBYIOLIasi OPAMHATA Y4 MJIOCKOCTH AeHCTBYIOLLEH BaTepJHHHH Ha
JaHHOM 4eOLIIIEeBCKOM LINMAHIOyTe Xu;

2) nmyteM cpaBHeHHs aNNJHMKATH 2; C aNIVIKKATOR HHXKHER TOUKH,
CKyJIH, CJIOMa H majy6hl pacueTHOro 4eGhIIIEBCKOro IIMAHroyTa Io
CTaHJapTHOM NMOANMPOrpaMMe aHa/ H3a Y4yacTKa ONpPeJe/sIOTCH IOA-
AporpaMMma H MacCHB, HO KOTOPHIM HYXKHO IPOH3BORHTb pacyer op-
JMHHAT, ¥ ONPeAeNseTCs Yu1;

3) BbIUHCAsIETCS Pa3HOCTh (¥1— Ym);
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4) no 3Haky pasHocTH (y1— ya1) BHIOHpaeTcs caenyollee OpH-
6/MHXKEHHe 2p N0 (opMyJsie 2z==23+A2Z; eciH PasHOCTb OTpHIa-
TeJbHa, TO Az TOXe OTPHLATENbHO, H Hao60pOT, NpPH onpelejeHHH
Yo Wwar Az Gepercsl ¢ IPOTHBONOJOXHLIM 3HAKOM;

5) Moaynb pasHOCTH |yi1— ym| cpaBHHBaercsi ¢ § =107,

IMpouecc nponoskaercst 40 Tex MOp, MOKa |y;— Yaj| He craHer
MeHbllle HJIH paBeH §. :

Ilocne ompeneneHus y, Aas JeBoro 6opra aHaJOrHYHO oIpe-
JIensieTcs yYyn AN npaBoro 6OpTa, 3aTeM PAaCCYHTHIBAIOTCA Yonx M Yon
no gopMmyJsam

y Ya +)’,9

e At
cos (111.105)
yn _Yfg

Yon="355%

U ONMpEeNeNsioTCs X CyMMbl, Pa3HOCTH, Pa3HOCTH KBaJApaToB, Pa3HO-
cTH Ky60B, HeOGXOJHMEIE JJIA PacieTOB MeTaleHTPHUECKHX pajHy-
COB ¥ KOOPJAHMHAT LUEHTPa BeJUYHHBI.

Jns cynoB ¢ PO MOXHO CyHIeCTBEHHO COKPaTHTb BpeMs pacueTa
IJIeY CTATHYECKOH OCTONYMBOCTH, €CJIM COBMECTHThH ONOPHHIE IINAaH-
rOyTH, N0 KOTOPHM 3aJalOTCsl MacCHBH KoddduiueHtos, ¢ yeGH-
LIEBCKHMH. B 3ToM ciyyae OpAHHATH ONpeAe/SIOTCS HeNoCPeAcT-
BEHHO 1o ypaBHenuio wnanroyta (111.28), a ne no cucreme (I11.63).

TJIABA 1V

PACYET COCTABJIAIOHIUX -
CONPOTHBJIEHHA H BbIBOP
OBBOJ OB CYOB C PO HA 3BM

§ 14

Pacuer BOJHOBOIrQ CONPOTHBJEHHS CYA0B
¢ pa3ssepTbiBalolneiics OGIIMBKOH

Bnepsre 3aBHCHMOCTb Me€XAYy ypaBHeHHeM NOBEPXHOCTH KOpHyca
CydHa H BOJHOBBIM CONPOTHBJEHHEM noaydyeHa Muueanem [90]
B 1898 r. B BHe HHTErpaaa

A2 dA

yae—1’

R=1r i{ (124 71?) (IV.1)
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T/e R — BOAHOBOE COMPOTHRJCHHE;

w oo _ ‘
I=§ _‘[ni‘f%—z-]-e o cns-—hdxdz

] — L,
s=f § 24D K e

J(x, 2) — ypaBHenHe cyaoBofi MOBEPXHOCTH.

IToT HHTErpan noJy4eH NpH paAe AonywenuR. A uakocTs npes-
nosaraeTcd HieanbHORA, CyAHO TOHKHM, ocaiaka OeckoHewHo#l, a OBH-
HeHHe NOTeHUHANBHEIM.

Hurerpan Muuenna Haya/y HCHOAB3OBATE ANS Hayllmmn BOJIHO-
Boro conpotHeieHus ¢ 1923 r. Xasenok [82] u BefunGmom [90, 98]
Cymecreennble npeobpasopalua HATerpajda Muveans BHNOJAHEHH
T. E. apnenro [44, 46].

Hurerpan Muuenas B opme I'. E. [Tasnenko umeer BHR

_ gt [ o _Mdh_
R=—5 T 10+ s, av.2)
rae
L
a : T
G= ‘[ flx, 2)e Psinkxdzdx,
-7
L
T T
H= j'Jf(.x, z)e P coskxdzdx;
L .
-T

p=-3r¥ k=

[MpuHuunHanbHOE OTAHYHE STOrO HHTErpania or WHTerpaina Mu-
4eJdA B TOM, 9TO HHTErpHpOBalHe BHIOJHAETCH TOMBKO B NMpefenax
JHaMeTpaNbLHOA NACCKOCTH CyIHA, 8 3T0 [JaeT BO3MOMHOCTE H3la-
BHTHCA OT BHYTPeHHHX HecoGCTBeHHHX uHTerpanos. Kpome roro,
NOAWHTErpanbHas (QYHKUHA CONEPHHT YPaBHeHHe MNOBEPXHOCTH
Kopnyca y = f (x, z) B APHOM BHIe, @ He MO 3HAKOM NPOH3BOIHOMA.

Chnepylomas 3afaua, KOTOPas CTOAJA Nepel HCc/edoBaTeNAMH,
3aKAI0YANACh B TOM, YTO6H HCKAIOYHTE JONYIICHHE 0 TOHKOM CyiHe
H KakuM-HHOy1b cnocofom yuecTh BAHAHHE WHPHHLEL. Bonswas pa-
Gotra npogenasa B stoM Hanpasiedun H. E. Kousnwmm [33],
M. B. Keapuiem, JI. H. Cegosmm [28]. B nacrosulee pema Goab-
wol BKAAL B A8N0 H3YYeHHA BOJHOBOrO CONPOTHBJEGHHA BHECTH
A. A. Koctiokoe [31, 32], A. M. Bacun [4)], 5. H. Bofirkyncknft [12,
13), B. I'. Cuzos [56], M. [. Xackunp [67], JI. H. Cperenckuii (58]
H Ap.
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C.ne,uyloumﬁ BaXXKHHIM WIar cAesJaH B HaNpPaBJEHHH y4yeTa Bf3KO-
CTH XHJIKOCTH. ToMy Bompocy nocBsimeHn pabors JI. H. Cperen-
ckoro [59], JI. B. Uepkacosa [68], A. K. Hukuruna [39], H. I1. O6o-
poroBa [43], T. Unyn [84], A. Hakaama [91], C. Buries [100]
H op.
Bce sTH HccseioBaHus 10OKas3aJi, 4TO AONyUleHus Mudens npu-
BOAAT K PACXOXIEHHIO C JeHCTBHTEJbHBIMH 3HAUEHHAMH BOJHOBOIO
CORPOTHBJIEHHS, HO TeM He MeHee HHTerpaJ Muuenns BepHO OTpa-
KaeT KayeCTBEHHYI0 KapTHHY BOJHOOGpa3oBaHHS. DTO MNO3BOJSET
MCIO/Ib30BATL ero JJs BhOOpa (GOpMbl CyAHA HAHMEHBIUEro COMpO-
THBJICHHS, a TaKXKe JJIs BHIIOJHEHHS PacueroB BOJIHOBOTO CONIPOTHB-
JIEHHS] Pa3HBIX CYAOB JJs CPaBHEHHS.

Eule 10 NOsIBJIEHHSi 3JI€KTPOHHO-BBHIYHCJIHTENBHOR TEXHMKH BBHI-
NOJIHSJIHCL pacyeThl BOJHOBOIO CONPOTHBJEGHHS s DPasjJHYHBIX
npocteix ¢opm o6BosoB K. M. AntumonoBaim [2], . T'. Xanosuuem
[62, 63, 66] u np. C nosienenneM IBM 3HauntesibHBle YCHJAHS 3a-
TPAYMBAIOTCA Ha TO, YTOGH Ha NEePBHIX CTAAMAX INPOEKTHPOBAHHA
0o6BOOB 10 NMpOBeJeHUs HCNHTAHHH B ONbTOBOM OaccefiHe OLEHHTH
conpoTHBeHHe cyAHa. OCHOBHOM TPYAHOCTbIO NPH 3TOM SiBJSAETCS
OTCYTCTBHE MaTeMaTHYeCKOA MojeaH cynHa. Ecim o6Boan 3aJaHH
Tabauuefl OpJAMHAT, TO BHIYHCJEHHe BHYTPEHHHX HHTErpajioB NPH
pacuere BOJIHOBOTO CONPOTHBJIEHHS BLI3bIBaeT OOJbIIHE TPYAHOCTH.
TeM He MeHee 3Ta 3aaaua pewena 0. J1. ITukunwim u 10. C. Tumo-
wuHnM [48], Actpynom; dmepcoroM [73].

Ecnu 06BoAbl 3afaHbl aHAJHTHYECKH, TO' 3afaya OMNpeAeJeHHs
BOJIHOBOTrO CONpPOTHBJAEHHS Ha DBM cymiecTBeHHO ynpomaercs. s
o6Bog0B ¢ PO pacuer BOJHOBOrO CONMPOTHBJIEHHS H HCCJEJOBaHHE
BAUsAHMA GOPMEI Ha ero BEJHYHHY BLINOJIHSIOTCH C NOMOIIBIO MHTE-
rpana Muuenns B ¢opme I'. E. IlaBaenko. Bua ypaBHeHHH, ¢ no-
MOIIBIO KOTOPHIX ONHCLIBAETCS NOBEPXHOCTb MOABORHOM 4acTH KOp-
nyca cyana ¢ PO, okasaJsica oyeHb yAOGHBIM JJifl pacueTa, TaK Kak
yZAaJsioch B3Th BHyTpeHHHe HHTerpain G u H.

Pacuer BOJIHOBOro comnpoTupjenMs cynoB ¢ PO BouinosHsercs
caenyiouuM o6pasoM. [Ipy 3agaHHOM 3HAaYeHHH CKOPOCTH AJA pAAa
3HavyeHH#l A BBIYHCJsIETCS 3HAYEHHE MOJBIHTErpajbHON QYHKUHM HH-

Terpaja . .
[ 10 hm) 2

Y1

B cBsi3H ¢ TeM 4TO C POCTOM A 3HaueHHS NOABIHTErpaJbHOMA
(GYHKIHMH OYeHb OBICTPO YOBIBAIOT, MOXHO B3ATb LIar mo A OYeHb
manniM. Murerpan (IV.3) BbiuxcasioT myTeM CyMMHDOBaHHS, T. €.
BBIYHCJISIIOT €r0 HHTErpajbHyl0 CYMMY.

Ins pacyera CONPOTHBJEHHs NOABOJAHas yacTb cyAHa ¢ PO sa-
OHCbIBAETCS B BHAE TPeX ypaBHeHHH. [IBa ypaBHeHHS COCTaBJSIOTCA
X715l OKOHEYHOCTeH, a OJHO — JJAf LHJAHHIpHYecKOH BcraBku. Cie-
AyeT cpa3dy 3aMeTHTb, UTO NIPH TAaKOM 3aJaHHH Ha CTBHIKAX OKOHeu-
HOCTell ¢ UMAHHADHYeCKOR BCTaBKoil mosiBisieTcss paspuiB 1-ro poza.
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Tako#i pasphis foNmycKaeT HHTErPHPOBAHHE, a BeJHYHHA NOrPEIIHO-
CTH B ONpEAEJECHHH CONPOTHBJIEHHS OT HAJIHYHA paspbiBa 3HAYH-
TeJbHO MEHblIE NMOrPemHOCTH BCEro pacueTa CONPOTHBJEHHS IO HH-
Terpaay Muvens.
- Ilnsl aHaMTMTHYECKOro 3aJaHHS OKOHEYHOCTeH HCIOJb3YIOT BHIPA-
xKenne (I11.43)
_ D122 4 Dy2® 4 D32z 4 Dyx2 + Dgx®2 4 Dgx2® 4 D1x2 + Dyx 4 D,y
y= (D1o + Dnz)? *
Hns ananuTHYeCKOro 3afaHHA UHJIHHADPUUECKOR BCTaBKH, Bep-
Hee, MHJEJEBOro IUMAHroyTa ClelyeT HCHOJb30BAaTh YPaBHEHHE
B IBHOM BH]J€, a He B BHJe TpaHcpopMHPOBaHHOA BepauepHl. [Ipak-
THYECKH AJIsi alNPOKCHMALHH TOJbKO NMOJBOAHOM YacTH MHIENEBOro
LINAHTOYTa MOXKHO HCHOJNB30BaTh ypaBHEHHE B BHJE

y=ao+az-a,2*+-azz’--a,2*.

[Ipn Takof anmpoKCHMalHH HHTErpabl, onpejensiomue QyHK-
uuu G u H, GepyTcsa mocratoyHo mpocro. IloabiHTerpanbHas ¢yHK-
uus f (M) noacunThiBaercs Ha ABM ass 60bUIOrO KOMHYECTBA 3Ha-
YeHHH A C JI06OH CTeNeHbIO TOYHOCTH 32 TO BpeMs, KOTOpoe Heos-
XOJAHMO [i/Isl BHIAAYH HA N€YaTh,

[TycTb ypaBHeHHe NOBEPXHOCTH 3aMHCAHO B BHAE

Si(x, 2) mpu xo < x <KXy

y=1/2(2) npH x3 < x < X3

fi(x, 2) npn x < x< xs,
rAe fi(x, 2) — ypaBHeHHe HOCOBOH OKOHEYHOCTH; f2(2) — ypaBHeHHe
UHJIHHAPHYECKOR BCTaBKH; f3(X, Z) — ypaBHEHHe KOPMOBO# OKOHeY-

HOCTH.
Toraa ¢gyukuun G u H npeacraBJasioTcs B BHAE CYMM

G=Gﬂ+Gn o+ Gis
H=Hy+Hy o+ Hy. }

YuuTpiBasi, YTO NMpH pacueTe BOJHOBOrO CONPOTHBJECHHS HHTEr-
PHPOBAHHE BLIMOJHAETCSH IO 006JIaCTH, OTPAHHYEHHON AHaMeTpaJib-
HbIM 6aTOKCOM, och OZ OOGLIYHO HaNpaBJSAIOT BHH3, a HaYaJo KO-
OpAMHAT B 3TOM Chayyae HaxoAurcs Ha I'BJI. Toraa ¢ynkuuun G
H H 3anmHCHIBAIOTCA B BHAE.

(IV.4)

% T(x)
G= | | f(x, 2)ePsinkxdzdx,
L 0
-7
L 3 (IV.5)
2 T (x)
H= S f(x, 2)e P coskxdzdx,
L
-7




rjie BepXHHA Npees HHTETPUPOBaHHSA 1O 2 ABJAAeTCH PyHKIHel OT X,
TaK KaK JHaMeTpajbHHA 6aTOKC He Be3Jie COBNAZaeT C OCHOBHOMR
JIMHHel.

a5t BolYMCIeHHs BHYTPEHHEro HHTerpasia B Bupaxennsax (IV.5)
YPaBHEHHE NTOBEPXHOCTH CyAHAa 3aNHCHIBAETCA B BHIE

_ AR+ AL Azt 4
f(x, 2) (D10 + D112)? !

rae
Ay=D;; A=D,+Dsx; Ay=D;-}+Dyx-}Dsx?;
A3=D9+Dgx+D7)C2.

Hnst ynpolenus pacueTa BMeCTo nepeMeHHoro npegnena T (x) Ge-
percs npeaen T, rie HHAEKC i 3aBHCHT OT y4acTKa MHTETPHPOBAHHSI..
Torna BHYTpeHHHH HHTErpaJ MOXHO 3aITHCAaTh B BHIE

T;
é‘ At + A2 4 Az + 4

€7’ dz=DB\F-1-ByF,+-ByF3-+B,F,, (IV.6)

(D10 + D112)2
rae
A A] 3AoD]o
B =——0—' B R A
oyt 7P D} b} ' }
2
A 241D, 34,Dj,
B,—22% R .
Y oy, ' Df av.7p
A D},  AD}

A AD
By—-A Ay
4™ "Dn D3, +

3 4
Dll Dll

a ¢yukunu Fiy, Fs, Fs, Fy:

1 Dy —-PT, Dyo+ DTy V1. ]
Fi= P [l—l—p Dn € (1+p Dy )]’
1—e Pl
Fopmr—o——;
p
%P Dy, + DT | D (v 8)
— 11 10 114 ; 10 .
Fy=e [Ei(— Dy p)—Ei(— Dy )]’
1 e
P =p; ~Duroury “on Fe

Ilycrb xa— abcuncca HocoBoro wmaHroyra, a xx — abcuucca
KOPMOBOro LIIMaHroyTa HHTerpHpyemoro yyactka. Torma Ha orpeske
[xx, xz] mocme mnomcramoskm Ao, Ay, Az, A3 W TpYyNNHPOBKK

121



B MHOMOUJIEHH 00 cTeneHaM X GvHKUHE Gun H Hin  BHYHCAAKTCR

C NOMOWbK HHTErpaJaon

Gllt= j‘ {L‘i +L1X+L;ﬂ}$|ﬂ k.fd.x.

. _ (IV.9)
He= [ (LiF-Lox+ Lix?) cos kx dx,
r‘
rae
_ b Dy  3DwDy 1
b Dj, F1+( Dy Dj, )Fr’_
Dy - 2Dyl m?u.ﬂ F
+( Dj; D}, T 91‘{ o
D,  DyDs , DaDio DD
+( i o T on o) |
(IvV.10)

Toce BHNOAHEHHA MATErpAPOBANHA QYHKUHH Gun # Hiw OPH-
HHMAIOTCA A pacuera B BHe
GIHEL131+L2S-2+LSSJ; . . .
Hll=LIQI+LEQE+L3Q3- ] {]V-l”
rae .
S= fﬂﬂx%mtﬁ;

S sin kg — sin Rxy Xy C08 kxy — Xy 008 RXy |
i: kz - k L]

8= 2 (xy sin .u.ﬂ—x, sin k) _( XE ; ) cos kRx,+

£ g9
+( s ——kr] Cﬂﬂk.tx;
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. sin kxy — sin kxy
Q=S Bfu— sin by .

cos kxy — COs kxy + Xy Sin Rxy — xy sin kxyx |

Q= 53

k H]
2
Q= 2 (x4 COS kx,,k;- Xx Co§ kxx') +( *n 2 ) sin kx, —
x2 .
- (_k"_ — %)sin kx,.

. Ipu Buuncsienun 3navenui Fs u Fy Ha DBM npHXOAHTCS BHIYHC-
JIATh HHTETpajibHhie NMoKasaTeibHne Qynkuuu Ei* (x) u Ei (—x).
HecMoTps Ha T0 4TO B CIpaBOYHOM JHTepaType.* NPHBOAATCA TOUHBIE
H aCHMITOTHYECKHE DAAbI A/ KX BHIYHC/IEHHS, JJISl TOMYYeHHs He-
NPEPHBHLIX 3aBHCHMOCTER NOTPe6OBAIOCH ‘CHENHANBHOE HCCAEN0Ba-
HHe, 4TOOH HaATH 3HaYeHHSH apryMeHTa X, NpH KOTOPHIX Ilepexoj oT
OMHOTO psiila K APYrOMy He BHISHIBaeT pa3phBa MOKa3aTeabHOMN
¢ynkuuu. B pesysbraTe HCCaeOBaHHS NOJy4YeHH pacyeTHble ¢op-
| MYJIH - JJI ONPEfie/IEHHst HHTErpPajbHHX [OKa3aTeNbHHX (yHKIHHA.
Has OTpHI.laTEJIbHHX 3HayeHHH apryMeHTa x

C—l—lnle—Z(—-l)" IR A ecan |x|<b
——{o 9999965 — 0,998 971 0 — 4 _
Ei(—x)= +19487646——49482092—+

11 7850792——--—-204523840———{-

l —}—21,149}1469?—-9,52404107,-}, ecan |x|>5,

rae C = 0,577 215 664 902.
JI715i NOMOXKHATENbHEIX 3HAUEHHH aPFyMeHTa X

c+1nx+2 E, eemn x<9 .

Ei* (x)= E(x)—l
(1+ 2 ) ectn x>9,

rae E (x) — nenas 9acrs x.

* Cu. E. Sluxe, ®. dmae, . Jiém. Cnennamsuue ¢ymknun. M., Hayxa,
1977; Y. C. Tpapmrein 1 U. M. Puxux. Ta6mmu MHTErpasios, CyMM, PANOB
npounssenennii. M., Gusmarrus. 1963.
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[pu vHTErpUPOBAHHH B mpejenax CyAOBOH MOBEPXHOCTH pa3HLIe
3HAaKH apryMeHTOB HHTErpa/bHOH nokasaTeqbHoH (QYHKUHH NpPH Bhi-
YHC/IEHHH Pa3HOCTH

e~ ) - 5

He MOTYT NOJYYHTbCS, TaK KaK MOBEPXHOCTb He COJAEPIKHT OCOGHIX
ToueK. IIpu omnpeleseHHH npelesoB HHTerpHposBanus T; ciaexyer
YYHTHIBaTb, UTO HHXKe AHaMeTpajbHOro 6aTOKCa MOryT OKa3aTbCsd
0co6nie TOYKH TNMPOJOJIKEHHS Pa3BePTHIBAIOILEHCS [OBEPXHOCTH, H3
KoTopo#l 06pa3yioTcs 06BOJHL.

Jlas uHAHHAPHYECKON BCTABKH HHTErpajnl HMeloT Gojee mpoe-
TOH BHA.

Iycth ypaBHeHHe MHJAeNeBOro MIMAaHrOyTa UMeeT BHJ

y=ao+a|z+a2z2+a3z3+a4z‘. (IV.12)

Toraa uHTErpasbl NO nNepeMeHHOfl 2 paBHH

! |
[ 7 (2)e77* dz=aoKot-aiKi+0:Ko+asKs+aiKy,  (IV.13)
0

rae
Ko=% (1 — e“ﬂ);

Ki=— [t =" (pT+D];

e (B e )

P P
. 3 ; T3 —-pT
K3"‘" P K2 P ’

- 4 T4 —pT
K= 7 K; 7 e .

Ecnu cyamo e uMeer AuddepeHta, TO Ha UHIHHAPHYECKOH
BCTaBKe OCajika noctosHua. [Tocse BHIMO/IHEHHS! HHTErPHPOBAHHA MO
AJHHE Ha LHJAHHAPHYECKOH BcTaBKe PYHKUHH Gn p M Ay p A8 pac-
yeTa NPHHHMAIOTCS B BHAE

Gy =K ( smkkx“ __Sin kkx,‘ ) . AV.14)
cos kxy cos kxy
Hu. B=K( & - 3 ) ’

rae K= aoKo+ a1Ki+ a:K2+ asKs+ auKa.
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Hast cyana B uerom G (A) u H (A) noayuaoTcs B BHAE CYyMMH
n n
G=20,05 HM= 3 H, ),

Tlle j— HOMepa Y4aCTKOB, Ha KOTOphle pa36uBaercsi CyRHO NO
AJIHHE.

OG6bluHO pacueT BBLINOMHAETCH NPH 3aJ{aHHH MOBEPXHOCTH B OTHO-
CHTEIbHBIX KoopAuHaraXx. TorAa uHTerpan Muveans B dopme
I'. E. [1aBnenko A/l pacueTa NPUHHMAETCS B BHAE

R=& (%)2(-5—)250 (G0 +H W] S (V.15)

Ilo stum pacuetnniM ¢popmynam na IBM «Pasgau-2» BHNOMHSA-
JIHCh PACYeThl BOJTHOBOrO CONPOTHBIEHHS AMs cyfoB ¢ PO, moxens
KOTOPHIX OJHOBPEMEHHO HCIBITHIBAJIHCh B ONHITOBOM Gacceiine.

IlepBuit pacyer Gbi1 BhimoMHeH Ansi cyaHa THna «CeBaH»
(pHc. 52, 6). 3To CyxHO He COBCEM YAOBJETBOPAET yCJ0BHAM Mu-

YeJlVid, TaK KaK HMeer yAJHHeHHe Té—-——-6,2, a ue 10.

HocoBas oxoneunocth pasjenena Ha aBa yuacrka. OfuH yuac-
TOK OT xx==0,8 10 xx=1 ¢ ocanko#i Ti. Bropoii yuacTok or xx =
=0,2 10 xx = 0,8 ¢ ocazxxoit T,.

Kopma pasmeneHa Ha Tpu uactu: or xx=—0,6 10 xz=—0,4
¢ Ts o xx=—0,8 10 xta=—0,6 ¢ Ti, OT xx=—1,0 D0 xg=
= —'0,8 (o Ts.

YpaBHeHHe UHJIHHADHYECKOA BCTaBKH 3ajaHo B Buge (IV.12).
Ona Tanercs 0T xx = —0,4 10 xz =0,2.

Pacyernbie 3HaueHHs MepeMEHHOR MHTETPHPOBAHHA GObIIH B3ATH
¢ warom AA=0,2 or 1,2 no 20. PacuerHbie 3HaYEHHSA CKOPOCTH
Gpanuce ¢ marom 0,5 or 4,5 M/c 10 9 m/c. Ha neuaTs BmiaaBasoch
AAs KaxA0ro 3HaueHHs CKOPOCTH NO CTO 3HaYeHHA QyHKUuH

JO=[CW+H O] = (V.16)

B 3aBHCHMOCTH OT A. [loBenenne ¢pynkuuu f (1) noxkasano na puc. 75.
I onpeneneHHs BeJHUYHHBI BOJHOBOTO CONPOTHBJEHHS HCIO/b30-
BaHa ¢opmya

R=2% (_25)2 (-gi)“’ Mxﬁ, T, (IV.17)

[Tonyyennas pacuerHast KpHBasi MOKa3aHa Ha pHC. 76. I'papux
BOJIHOBOTO CONPOTHBJIEHHSI HOCHT BOJHOOGpa3HbIit xapakrep. Byrpu
cootsercTBYIoT uHcaam Fr = 0,225 u Fr =0,31, uro xopomo corna-
cyercs ¢ skcnepuMeHToM. BTopo#t pacuer BHmosHsAaCH Ans GLICTpO-
XO#HOro cyaHa (cM. puc. 57, 6).
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ITo npuBeseHHON cxeMe MOXKHO BBINOJHATH Pacyernl IJs Cpas-
HeHHs pa3HEIX 06BojoB. IlyreM BapHaumH K03(hOHIHEHTOB ypaBHe-
HHSl TOBEPXHOCTH TMOJABOAHOM 4YacTH CyJHa MOXKHO BHIIENHTD
BapHaHTH 06BOJAOB ¢ MEHbUIMM 3HAaYeHHEM BOJIHOBOIO COIPO-
THBJIEHHS.

Has cokpalieHHst o6beMa BHYHC/ICHHH B AaJbHEHLINX pacyeTax
H HCC/IE0OBAaHHAX HCHOJb30BaHa 3aMeéHa NePeMEeHHOR HHTEerpHpoBa-

R107 ke

8 T

6 /

/

° I~/
Bonnoboe 7/ \ e

L4 /

, ,

B 5F 60 85 [0 175 80 651 40 lvager

0,200 0,225 0,250 0,275 0.300 0J25 - 0,350 0,375 . Fr

Puc. 76. PatueTnast kpHBasi BOJHOBOrO CONPOTHBJCHHS.

1
HHA 7&—-: cose'k Torxa muterpan ans pacuera BOJHOBOrO COMpO-

THBJ]CHPUI HMEET BHlI

dogt
R=& S (G +HY) 55,

rae G u H COXpaHAIOT NpexHUA BHA, a MapaMeTpsl p H £ COOTBET-

CTBEHHO PaBHMHI: p = ————" R=———0_ [Ipu 3TOM mpenean
' P P v2cos?0’ vecos® - P pex

HHTETPHPOBAHHA CTAHOBSATCH KOHEYHBIMH M YCTpaHseTcs paspriB
NOABIHTErpabHON QYHKIHH,
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§ 15

3aBHCHMOCTb BOJIHOBOTO CONMPOTHBJCHHSA
OT K03(ppHIHEHTOB YPABHEHHSI NMOBEPXHOCTH
Kopnyca cyzos ¢ PO

Jns aHanu3a BAUAHUA QOPMEI CYHOBBIX 0OBOAOB Ha BEJHYHHY BOJ-
HOBOI'O CONPOTHBJIEHHS] HCIOJB3YIOTCH pasiuuHbie MeToAH. CaMbiM
€CTeCTBEHHBLIM INyTeM SIBJSETCA DPelleHHe H30MepHMETPHUYECKOH Ba-
PHALHOHHON 3ajayH JJIs BOJHOBOI'O HHTErpaja MpH NMOCTOSTHHOM BO-
JOU3MeHIeHHH M 3aJaHHBIX IMIaBHBIX pa3Mepenusx L, B, T. Ilpu
CTPOrol NOCTaHOBKe 3afayH HeOOXOXMMO COCTaBHTh Bo.rmoaoﬁ HH-~
TerpaJ C y4yeToOM KOHeuHoOH ImHpuHH B, ocaaku T, a riasHOe, He-
06XOIHM yueT BSI3KOCTH XKHIKOCTH. B Takof nocTaHOBKe 3ajaya
noka He peweHa. [ToatoMy Anst BHGOpa onTHMAaIbHOA HOPMBEI HOCO-
BOfi OKOHEUHOCTH HCIOJIb30BaH HHTerpas Muuennas B  dopme
I'. E. ITaBxenko.

Brnepsrie n3onepuMeTpHUecKas 3afiaua AJis onpeleneHHs GopMul
CyAHa HauMeHbIIEro CONMpoTHBJeHHS Ghina pemeHna I'. E. IlaBaenko
{46], K. Y. Autumonosum {2}, JI. H. Cperenckum {58] u ap., a nas
meakoBoabsi A. M. BacunbiM [4). DTu pelneHust OTHOCATCH K CJay-
4alo, KOTja JXHAKOCTb CYHTAeTcs HHAeaJbHOH, CYAHO «TOHKHM>,
a ocafika paBHa riayGHHe NOTOKa.

3ajgaua 0 CyaHe HaHMEHbIIEro COMPOTHBJEHHS pellajach:C No-
MOIIBIO BAPHAIIHOHHHIX METONOB TOJBKO AJA YHPOILEHHHX (opM
Kopnyca. 310 oOBACHAETCS TEM, UTO TOJBKO B TOM CJydae, KOria
ypaBHeHHe NOBEPXHOCTH KOpNyca He 3aBHCHT OT anIIMKAaTH 2, H30-
TepMHUeCKas 3afauya MOXeT OhTb KOBeJeHa A0 KOHUA. AHaJMTHYe-
ckuit Buj o6BojoB ¢ PO okasasics yAo6HBIM AJIA BLINOJHEHHS aHa-
JH3a BJIHAHHS napaMeTpoB (GOPMBHI KOpPNyca Ha BEJHYHHY IOABIH-
TErpajbHO# (YHKIUMH B BHPaxKeHHH BOJHOBOTO CONPOTHBJIEHHS.
Kpome. Toro, o6Boan ¢ PO, He 6yxayun B ofileM ciayyae ynpouieH-
HBIMH, MOryT GHTb HMCHOJb30BaHH IJis1 H3Y4YeHHS DPas3JHYHHX yNpo-
IIeHHHIX (GOPM, a TakxKe OOHYHHX OGBOXOB.

Hccaenosanus I'. E. INaBaenko [44, 45, 46], P. A. I'manorona
{77, 78], T'. Befkn6moMa [98, 99] u ap. nmokasaJu, YT0O HeCMOTpS Ha
JIONyIleHHe O «TOHKOCTH» CyJAHa TEOpHS Muuenas u ero HHTErpan
MOryT OHITh HCHOJb3OBaHHI JJIsl aHaJH3a BJHSHHA (OPMH KOpIyca
KOHEYHON HIMPHHLI Ha BEJHYHHY BOJIHOBOTO CONpPOTHBJAEHHA. B nan-
HOM naparpage NpHBeieHH Pe3yJbTaThl HCCAERXOBaHHS 3aBHCHMOCTH
BOJIHOBOTO CONPOTHBJIEHHSI CyAHa OT ()OPMH €ro HOCOBOM OKOHEd-
Hoctd. [Ias pewreHus 3To#l 3afiauv BHayaJe Obljla cAejlaHa MONMTKA
HafTH YCJOBHHIA 3KCTPEMYM NOAWHTErpajbHOA QYHKIHH OPH HOCTO-
SIHHOM BOJIOM3MEILEHHH C MOMONIbIO MeToza Jlarpanxka. OnHako Ta-
Kasl MONLITKA He NPHBeJa K YCHexy, Tak KakK yRaJochb HaHTH TOJNBKO
TPHBHAJbHOE pemieHHe. MHHHMYM CONDOTHBJIEHHSI OKa3aJjcs INpH
v=_0. CnenoBaresbHO, AJA peLIeHUs MNOCTaBJEHHOR 3afauH Heol-
XOAMMO 3ajaBaTb 6oJblle HAYaJbHHIX YCJOBHA. B cBA3HM ¢ sTHM

128



‘BPHHNIOCH BHIOJHHTH QHAJH3 NPAKTHYECKH HE3ABHCHMEIX KO3hOu-
UMEHTOB, BXOASAIIHX B ypaBHeHHEe NOBEDXHOCTH Kopnyca. B pesyun-
TaTe 3TOr0 aHaJH3a YAaJ0Ch HaMETHTb HYThb HMCC/IENOBAHHS.
Jlis aHasM3a HCIOJbL30BAH HHTErpaJj B BHIAE
L

7 .
R= [ 1@ O) -+ )] 2 (IV.18)

®yukunn G (0) u H(0) mas yuacrka Kopmyca, 3aKJIOYeHHOro
MeXAy IINaHrOyTAMH Xx M Xs, paccMarpuBaiorcs B Bume (IV.11).

®yukuun Ly, Ly, Ly (IV.10) 3aBHCAT OT CKOPOCTH, OCaJKH H KO-
apounuentos D; (i=1, 2, ..., 11) ypaBHeHHS TOBEPXHOCTH
(I11.43).

Jlasi o6aeryeHus HCC/IeA0BaHHs BHIOJHEH NMepexos k Geapasmep-
HBIM KOOPJAHHATaM

—_—*_. D
t=ig: =@ “—T- (IV.19)
Torza p u k Npeo6pasyioTcsi CleAYIOMEM 06pasoM:
L 1 1 ;
P= cis?ﬂ =3 cé:,sze T =P (IV.20)
rne | .
Po="Frcost (Iv.21)
& _ gL | 1
k=T = TR cos @ JAp) =ko 2 (1V.22)
sae ' |
ko=—9Frcost * (V.23)

AprymeHTH kx 3alHCHIBAIOTCS B 3TOM ciyuae yepe3 GespasMep-
Hble BeJIHUUHBL: RXg = Rofx; RXx = Roxk.
YpaBHeHHEe NOBEPXHOCTH BHIPAaXKaeTCA 4epe3 OTHOCHTENbHBIE KO-
OpAMHATH CIeAYIOUIHM 06pas3om:
D% + DY? + DY + D%t + DY + DY + DY + D¥ + Dg
(DY + D) )

(1V.24)

Ipu cocTaBiieHHH ypaBHeHHs NMOBEPXHOCTH B KayeCTBe ONMOPHBIX
JIMHHR B3STH BaTepJHHHM Ha NMOJABOLHOR YaCTH KOpHyca NpH 3HA-
YeHHAX aNIJHKaT §; H it :

m=m0+m15—’,—m222 npu Lyi=t;
'f]2=flo+n1§+n2E2 1IpH C2=t2, (IV.25)
(4 22
rae fy==—; fh==—.
T’ T
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[Mapamerpu my, ms, ma, No, N4, Nz, 1, {2 HOJHOCTBIO ONPEAEAAIOT
¢dopmy 06B0J0B, mo3TOMY Bee Koapduuuentn DY sBasiorca QyHK-

IHSIMH 3THX NapaMeTPOB H BBIPaKalTCH qepes HHX CJEAYIOUHM
ofpasoM:

D= [4 (0 — )2 (g — mo)+-(my — 1s) (my — '

D—

f = fi [(mo— 1) (3o — ti) — 2 (mpty — timy) X

X (y — 13) (o — o)+ =~ [2 (1 —m1)2 X
X (naty — tyma)+=(my — n1)? (myty — maots)];
D= (4 (ot — Erma)? (g — o) +-8 (maty — tumy) X
X (mq— ny) (moty — noty) -+
+ (my — m)? [mofl — 3n,4-2018, (my — my)));
D=4 [myny (my+-ny) (82 +8) — 2 (mator3+nitim3)]; (Iv.26)
Di=4myn, (mo — 1;) (£, — tr);
Dg=4 (my — 1) (mony — myny);
- Di=4man, (t,— t,) (fa11, — trmy);
v D=4 (myty — tyms) (tyminy — tinym,);
D= [4 (maty— tymy)? (moty — noty) -
+(moty — timy) (my — m)? tity];
D=2 (nyt, —tim,);
DY =2 (my—n,).

B 31OM c/yyae BOJHOBOE COMPOTHBJIEHHE ONpeAensiercs no ¢op-
MyJse
=z

R— ‘gt (%)2(_123_)272(5 G (e)+H2(e)]—€6’-’£—e-, (1Iv.27)

Toys

B KOTOPOH HHTerpaj He 3aBHCHT OT IVIaBHHIX pa3mepenufi L, B, T,
a sasasiercs (¢pynkuue# uncaa Ppyna, orHocuresbHoH ocaxaku T/L
H Ko3b¢dHuHeHTOB (OPMBL a1, A2, A3, A, A5, As, A7 :
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®yukunn G (0) u H (0) aas yyacTka Koprmyca Mexny IIMaHroy-
TaMH Ex M Ex B STOM Cjiyyae 3alHCHIBAIOTCS B BHIE (IV.11), no
BXOZSMIHE B HEX S1, Sz, S, Q1, Qz Qs BHpaxaiTCa yepes Gespas-
MepHHe apaMeTPhl H OTHOCHTeJIbHbe KOOPAHHATH g, G

S cos Kby — COS oy |
1 %o ’

S sin koEH — sin koEK Eu COS koEH — EK Cos kOEK .
2= k % - kD )

—_— 2 (84 sin Rofa — Ex SIn Rofx)
kg

2 2 B 2) )
_(H—'k_‘{;-) coskgEn+(',;o'——k-§ cpskoik,
__sin koly — sin &ofg .

Ql = ko )

___ co8 kofy — coS ko | Eu Sin kofy — & Sin Rofx |
Q2 - k2 i Eo )
0

S

(IV.28)

Q= 2 (&4 cos koE.‘;k-;- £x oS kofix) +
0

& £ 2\
—J,-(-ﬁ —%—) sin B, — (—k':—— -1;3-) sin Refy.

0

®yuknun Si, Sz, Ss, Q1, Q2, Qs 3aBHCAT TOJNBLKO OT HHC]A dpyna
¥ NepeMEHHOA HHTerpHpoBaHHs O uepes COs 0. Oty (PyHKUMH H
ONpeNeNAnT OCUH/ITHPYOLMA Xapakrep NOALIHTErpalbHOro BBIpa-

JKEHHS.
Ilns anpanusa BAHAHHA Ly, La, Ls Ha BeJHYHHY BOJIHOBOIO CO-

NPOTHBJIEHUS HX YHOGHO NPEACTABHTL B BHAE
Li=aF1+a,Fy+asFs;

L2=a4F2+a5F3;‘ (IV.QQ)
Ly=asF3, . ‘
rie
Fy— [ —g—PeTiL — P (T/L)'e_p"T”‘ .
pe(T/L)? ’
PN e sl (Iv.30)
2 pT/L

Fy=e®P"'t (Ei [— (a;-+1) poT|L] — Et (—a1poTIL)},
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a KO3()QHUHEHTH a1, A2, A3, i, A5, A6, Q7 PABHLI

Ny — My (m; —ny)?
a s
R Y + 4 (my—ny) (4, — 1)
@, — Tats — noty + (my — n1)? (nyty — myty) |
2 t,—1; 4(mz—my)2 (4, — 1) °
Ao T2 (m1—n)?(t, — )
3 " 4 (my—ny)? ’
___ nomy —meny |
Q4= my— ng ’ (]V.gl)
g et (fa— 1) (mi —n) |
. s (mg — ny)? ’
_many ($—1)
as— my—ny ]
__ ngtg—mgt;
ar== mq — g

Caenyer 3aMeTHTb, YTO NPH BHIPaXKEHHH KO3(PHUHEHTOB D) ge-

pes mo, my, ma, No, N4, Nz, b,
Bce BHIpaX<eHHst B CKOOKax

t2 oka3ajoce, uto B opmysaax (IV.10)
npu Fjy o6paTHIHCH B HYJb.

Hnst ynpoleHns uCCAeOBaHHs HeJecoo6pasHo BHOGHpaTh mep-
BYI0 BaTePJIHHHIO Ha YPOBHe CBOGOAHON MOBEPXHOCTH, e f;==0.
B atom cayuae npu Bapuauusix ¢opMe 0GBOZOB Jierue AesaTh Bbi-
BOJLl O XapakTepe HHXHHX BaTepPJNHHHH, TaK KaK CPaBHEHHE NPOH3:
Boautcst ¢ [BJI, umelomelt ¢pukcHpoBanHOe mOJOXKEHHE.

B cayuae, korna t; =0, dyukuwu Ly, Lo, Ls, Fi, F; 6yayr Toro
Xe BHJa, HO GyHKUHIO F3 yaobHee 3anucaTh Tak:

T
@;Py -
Fy=aze  * [Ei|—(ar+1) poT/L] — Ei (—azpoTIL)}.  (IV.32)
KOE)(i)Q)I/IuHeHTH aiy, az, as, ai, Qas, Qs, Q7 YNPOLLAIOTCA:
__No—my ‘ (m, —n)?
"= t, + 4ty (mg —ny) °
_ me (m1—ny)? |
N O
Ao my (my —m)? |
3 4 (my—ny)2
__ nomy —mony | 1v.33
a =" ( )
p — mg (my—n,) |
57 my, — n, ’
Ag=—M;y;
. flgtn
Q= My —y
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* Anammsupys G (0) v H (0), MOXHO cAenaTh CJeAylollHe OYEeBHA-
“Hble BHBOAH. ®yHKuuH Si, Sz, Ss, Qi, Q2 Qs HrpalT poJb, aHajlo-
THYHYIO TO#, KOTOPYIO BHLINOJHAIOT OPTOroHa/jbHbe (QYHKUHH psAa
_@ypbe. 3aBHCHMOCTb BOJIHOBOrO CONPOTHBJAEHHS OT ¢opmu 06BOJOB
‘OTpefesieTCA BENHUHHON aMINIHTYH Ly, L;, Ls. Bausiaue OTHOCH-
TeJbHON OCaJKH Ha BOJIHOBOE COHNPOTHBJEHHE BHAHO NO Bhipaxe-
nuaM Fi, Fa, Fs, Kyla OHa BXOLHMT B BHJE YHCJHTEJs APOGH, 3HAMe-
maTeJeM KOTOpoli cAyXHT Ksajapar uncaa Ppyna (1v.30).
CrlenoBaTeJbHO, NpPH TNOCTOAHHOM BOJOH3MEIleHHH YBeJHYeHHE
OTHOCHTE/JILHOH OCaAKH HPHBOAMT K TaKOMY JKe H3MEHEHHIO (YHK-
unit Fi, Fs, Fa, Kak u yMeHbIIIEHHe KBaJpaTa CKOPOCTH.

B CBSI3H C TeM 4YTO IPH HCIOJNb30BAHHH MJIsi NPOCKTHPOBAaHH:A
06BOZOB Pa3BePTHIBAIONIHXCA IIOBEPXHOCTEH IJIaBHHE DPasMEpPEHHA
He H3MEHAIOTCS, a NPOHCXOAHT NepepacnpejiesieHHe KPHBH3HBI NO-
BEPXHOCTH, HHTEpeC NPEACTaB/IsIeT HMEHHO BJIHAHHE KPHBH3HEI, 3aBH-
csaielf oT K03dHUHEHTOB nz H mz. KpoMe TOro, npH NPOEKTHPOBA-
HHH 06B0f0B ¢ PO npHXOAMTCS OTCTYHNaTh OT OGUIENPHHATHIX PEKO-
MeHZalui B TeX CJAyYasX, Korja OGbuHbie 0GBOAB HMEIOT S-06pas-
Hyl0 dopmy BaTepJaHHHI. DKCIEPHMEHTaNbHbE HCCACLOBaHHSA CYNOB
¢ PO nokasaJH, 4To IPH NPaBUJIbHOM BHGOPe KOIPOHIHEHTOB My,
R4, Ma, Ny He MPOHCXONHMT yBeJWYeHHs CONMpOTHBJIeHHs. s noay-
YeHus PEKOMEHIaNHfA No BHGOPY 3THX KOS((HLHEHTOB HeoGXOAUMO
HCCJIe0BaTh HX BHsAHHe HA BennunHb G (0) u H (0).

Cyns no ai, as, as, @i, @5, Qs, a7, KOIQOHIHEHTH My, Mo, M1 H Ny
YBeHUHBAIO? BEJHUYHHY CONDOTUBJICHHS, TaK KaK BXOJAT B WHC/H-
Teqb. YMeHbLIATh CONPOTHBJEHHE 3a CYET ITHX KO3Q(PHIHEHRTOB
MOXKHO NyTeM YMEHbIUeHHs HX PasHoCTH. Bamsinue KOSQ(HIHEHTOB
" mg H np cioxuee. FIX pasHOCTb Be3jie BXOAMT B 3HaMeHaTeJlb, H, IO
BHAHMOMY, yBeJH4YeHHe 3TOA Pa3HOCTH C OJAHOBPEMEHHRIM yMEHbIle-
HHEM HX a6COIOTHLIX 3HAUEHHH NOJKHO NPHBOAHMTH K YMEHBIIECHHIO
BOJIHOBOTO CONPOTHBJIEHHS.

Jlsi TOro 4TOGH OUEHHTb POJb OTAENbHEX KO3 HIHEHTOB, pac-
cmorpuM ¢yHkuuH Fi, F; 1 F3 B 3aBHCHMOCTH OT CKODOCTH. [Ipu
yBe/IHueHHH CKOpocTH QyHKUmH Fj, F; u F; u3MEHAIOTCA Pas3JIHYHO.
370 BUAHO NPH PACCMOTPEHHH CE/YIOUIHX NPELeJIOB: :

1 —e=P T/l _p (TjLye~PT/E 1

fim Fi== lim =

(ba%cs ! (;-»03) P%(T/L)2 2

Do+ (add

lim Fy— tim A=20" (V34
v-frolo T v-.rg poT/L -

(po—0) (po—+0)

®yukuus Fs 3aBUCHT He TOJbKO OT uHcaa @pyna M OTHOLICHHS
T/L, HO | OT M3 U np uepes Koadduuuent as. [losroMy ananus sTO#
yHKUEH cloXKHee M GyfeT BHIOJIHEH MOC/e ONpeleJeHHs DOMH,
KOTOPYIO OHa urpaer B 06pa3soBaHHH BENUUHH G (0) u H ().

JlJs ynpouleHHs aHaqW3a JOMYCTHM, 4YTO UHJIHHIPHYECKas
BCTaBKAa OTCYTCTBYET, a BCi HOCOBas OKOHEUHOCTb ONHCHIBACTCHA
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ypaBHenueM (1V.24). B stoM cayuae Eg=1, Ex=0, a byukunn S,,
Sz, Ss, Q1, Q2, Qs ynpomaTcs ¥ HMEIOT BHA ‘

§— I —cosky

ko '
__sinkg _ cosk, |
S“‘“"_k?," Ry
2 .
Sy— sin kp ___cos ko +_18 (COS ko—1);
k7 ko Ky
(IV.35)
Q= sin &y
1 ko !
) Q =C03k°—l | sin ko .

B kO

___2cosky sin ko __25sIn kg
Q= "2 +% B

Torpa H (8) u G (6) moryr 6HTh 3anHCaHH B TaKOM BHAE, NPH
KOTOPOM JIETKO OTAEJNHTb CllaraeMhbe, 3aBHCAINHE OT KBaApaTa, 4eT-

BepTol ¥ wectofl creneHu yucaa Opyxna uepes ko, k3, kS

H(O)=(Li-+ Lo+ L;) -2k 4

| + Ly (cos kgk% 1) 4 2L, —2L3 Slﬂk‘s)ko : (IV.%)

G O)=(Li-+ Lo+ L) (—- ko) 2

F(Lat2Ly) S g, skl AV.37)
0 0

Poan G (0) u H (0) B 06pa3oBaHHH BeJHYHHH NOJXHHTErPAJbHON
(GYHKIMH Pa3fHYHBL. IDTO JIErKO BHACTb H3 BHpaXKeHHH

11
G ()= { bf £ (5, ©) e™PFsin kot dl dt;
- | (IV.38)

11
H®)= [ ] 7t 0 e cos kg dt k.
=10
EcaH CyZHO CHMMETPHYHO OTHOCHTENbHO MHZAENA, TO (QYHKIMs
G () paBna Hy/IO, TaK Kak ee MOJABIHTErpajbHas (YHKUHs HeUeTHa.
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B sTOM ciyuae BEJAHUHHY BOJIHOBOI'O CONPOTHBJIEHHS BHIYHCJAAIOT MO
¢opmyie

2
2

R=-re § H? () =% (IV.39)

Tl cos® 9 °

Ec/H CyAHO HECHMMETPHYHO, TO BCe pPaBHO (YHKUHA G (9)
Menbiue, yeM H (6), TaK KaK HOCOBasi YaCTb ee BE&JHIHHB KOMIEHCH-
pyercsi KOpMOBOH dacThbio. CJie/loBaTe/IbHO, YMEHbIIEHHE BOJHOBOrO
CONPOTHBJIEHHS BO3MOJKHO 32 CUET yMEHbIICHHS (QYHKIHH H (8) ny-
TeM BapHanUH KO3()(HUIHEHTOB ONOPHLIX CEYeHHM. ’

U3 popmyan (IV.36) BuxHO, uTO Poib PyHKIMA

A=Li+-Ly+Ls; :
B=L,(cos ko—1)4-2Ls; (IV.40)
C=2L3

3aBHCHT OT ko, Tak KaKk A, B # C yMHOXalOTCH COOTBETCTBEHHO Ha
1 1 1

T 79 “g8°
ko' RX' kY )
uHTerpupoBaud 0. Jlis Toro 4TOGH ONpeNe/iHTb, PH KAKHX 3HaUe-
HHAX mapaMerpa 0 NOAHHTErpajibHas (YHKUHA NOCTHTaeT MAaKCH-
MyMa, BHIOOJIHEH pacueT BOJIHOBOIrO CONPOTHBJICHHS AJIfi CepHH 00-
BOXOB, OTAHYAIOUIHXCSA KO3(QHIAEHTAMH mo, My, M2, No, Ny, Nz HO-
coBoli okoneunoctH. Ha rpaduxax (puc. 77) mnokasaH XapakTep
H2(0)
cos®d
NOALIHTErpanbHOA (QYHKNHH HAXONSTCH NPH TaKHX 3HAYEHHSX na-

BennunHa ko 3aBHCHT OT uHcaa ®pyaa H mapamerpa

"(pyHKHHH . AHaau3 3THX rpadHKOB NMOKa3aJ, YTO MAKCHMyMB

paMeTpa 0, IpH KOTOPHIX koz2:m+%—.

Jliist TOro 4TOGH NPeoJ0JeTb TPYAHOCTH, CBA3AHHBE C OCUMJIH-
pyIOLIMM XapaKTepoM MOAHHTErpaabHOi (YHKIHH, BHINOJHEH aHa-
nu3 nosenenns Fi; Fa, Fs, Ly, Ly, Ly B 3aBUCHMOCTH OT 0 Ha oT-

peake nmerpnposannﬁ—[o, -—'25] Okasanoch, 4to GyHKuuH Ly, Ly, Ls,

He3aBACHMO OT 3HadeHH#t ai, Qs as, Gi, G5 ds, @7, H3MEHAIOTCA MO-
HOTOHHO, He NepeceKasch. ITO NOKa3aHO Ha pHC. 78.

JIns mOCTpOeHHs TaKUX xe rpadukos aas yHkuuh Fi, F,, Fs,
3aBHCAImHX OT 0 uepe3 KO3(GHIUHEHT po, BHIIOJHEHO CrelHaJbHOE
uccaenosanne ¢pyuruuu F3 (IV.32). Ilas storo omnpeneseHH npe-
Jenbt GyHkuuH npu po—0 (T. e. mpH v oo0) HAJifi pa3HYHBIX 3HA-
yeHufi Ko3PuuUEHTA a7, 2 3aTeM HaAAEHH Npelesbl Fs npu a7 —0,
ar—» oo " q7—>—oo.
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cos’ﬁ
” |
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4 / ‘\/EM/C
4 At
3 !
ARNENE
2 X :
1 / 7 \\
Ll AL N LN XS]
0 05 10 50
H2() ’ l
05”8
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{9m/pe
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o ——

S
g

.d . S
=3 x

\\ Lomfe / \\
AN '\ / II \ /‘, \ lr\\
L V71N 7 TS
- - >(: I’ \ — \\l " T 4/\‘ \\\
0 05 10 1
1pad,§
Puc.

77. 3aBUCHMOCTb NOAMHTErpaibHOR yuxuun f(8)=

=[G2(0) +H?(0)] cFSI(T) OT CKOPOCTH

Ha BepxHeM rpaduke
rpaduke

v-=55 M/c; ——— u=06 M/C; Ha HHXKHEM
V=75 M/C; — + — U=85 Mic; ——— U=9 Mm/c.

Ecnn  kosppunmeHT a; moJoxHTeabHHE, To Hafith lim Fi

Do=>0
MOXHO, €CJIH NpPeACTaBHTH HHTErpa’ibHele NnOoKa3aTeJbHbHe (pYHKIIHH
B BHJE

Ei(—x)=C+In|x |4+ <=L ar, (IV.41)
]

Torna BXOASILLYIO B BHpakeHue F3 PasHOCTb MOXHO 3alHCaTh Tak:
Ei[—(a7+4-1) poT|L] — Ei(—a;pT|L)=
(a1+!)p.T/L

o j+ K analip? (IV.42)

a,p,T/l.
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‘H npejes NoJy4aercs OueHb NPOCTO H3 BHIPAXEHHSA

{ (@;41) peT/L t_|
Fy—aze"?"* [1n|1+7|+ [ =5 dt]. (IV.43)
7 a,p T/ L
On paBeH
lim Fs—az 1n| 1+7,’7—|. (IV.44)

Pe—>0

Ecau a7;<0, a |a7|>1, 10 06e mHTerpaibHbe NOKa3aTeJbHLE
(YHKIUA UMeOT apryMeHT OJHOro 3Haka. B stoM cryuae (YHKIHIO

178
Ly

””":““T’Q‘\
n2s \\
1,00 ‘

0,75

0,30 - \

9,25 -

! ‘L,y \
—— X

0 0,4 0 19 1pad

Puc. 78. 3aBucumoctd dyuxunt gopmu Ly,
Ly u Ls ot mapamerpa HHTerpupoBanns 0.

Fs y)lOﬁHO HCCJe0BaTh, €C/IU NPEACTaBHTh €€ B BHAC

(@r+1)poT/L
Fy—ae®»™ [ at, (IV.45)
a;p T/L .
TlIpu a7=—1 ¢yukuus Fs Tepnar 6eCKOHEUHHH pasphHB
— 1=
Jim Fy= tim a;1n |1 S | . (IV.46)
Ipu pe—0, ar— o0

lim Fs= lim a;ln | 1+‘—‘=1. (IV.47)

Qy >+ Gy—+ 1+ ar

De—+0 Po—+0
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[Tpr a;, cTpemsauleMcs K HyMo CNpaBa, T. e. AAA NOAOMHTE b~
HEIX 3Ha4YeHHR, cHayana yaoOuee HafiThH npefen npu pe—0, a aa-
TeM npH ay—+0:

lim a,m[1+§|-=n,

&y = ol

Ecan |as| <1, a a;<0, 1o Bupamenne gaa Fs 3HauHTeNBHO Ye-
JNOMHACTCA, TaK Kak aprymedt [—(as41)poT/L]<0 a (—a;p,T/L) >
=0. B stom cayuae Ei[—aipel/L]——oo, a Ei[—(a;+1)peT/L]
ABNAECTCA KoHeuHHM uHcqaosm. J[las onpemenenns lim Fy moxuO

Pe+0
npemcTaBHTh F3 B BHAE CyMMB

Fy=F3+4F3', tae Fi=a:¢"""'" Ei|—(a;41) poTIL];
Fs'=ae""""Ei (—aip,T)L).
Ilpenen nepporo cnaraeMoro onpefefsieTcs NPocTo:
lim F3=— llmqa?e“’“r”‘Ei[—{a1+l}pquL]—ﬂ.

ay - =0 Ay ==

Hcponssys To, 9T0 OpH MadHX x E} (x)~Inyx, moxuo nafith
Npefes BTOPOro CaraeMoro cAeAyIEM o6pasoM:
Fi'=—|a;| ™' ™" ny|as | poTIL,
rae y — nocroanHas Sfaepa. Torga
lim F3 =0,

| |+0

Jlerko sameTHTh, YTO NpH a-;=—% B dopmyne (IV.44) apry-
MeHT JorapudmMa paBen euHELe, H yHKuHa F; pasHa Hynw:

Fy=a;ln|1+45-|=——1n| —1]|=0. (1V.48)

ChnenosatensHo, nNpH pe=0 KpPHBaaA Ha OTpe3Ke H3MeHeHHS 4y
or —1 jgo —{;- }*I[.EHMI.IIETI:H or oo no 0. Ha orpesxe [——é—, {l]
¢yuxuna F; orpHuateavha. Ecnn py He pasuo mnymo, 1o Fs npu-
HHMAET PABHEE HY/I0 3HAYEHHA NPH — 5 <& =0.

Jlas ananusa nopefeHus QYHKUHH F3 B 33BHCHMOCTH OT CKOpO-
CTH ONpefensoTca npeaeas Fy npH a;— 4oo. Jaa storo dyHKuua
F; sanuceBaercs Tak:

{_¢:+Il¢ (@&+1) e P
Fomae™ | Tldt=a, | " lat, (V.49
aga

g
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rae &= poT/L. Beeas HOBYIO MepeMeHHYI 2 = ;% — f, MOJYYHM

T e
Fy=—a J m—d& (IV.50)
Toraa
llm Fy= lim —J ": dz =—J idz=—l-i.
Byt 00 ay=+ + o0 & e = o

Otcioga npu a;— oo

RE i V.51
TR (V50

Takoft e BuBOA AR GYHKUHH F; nomydaercs NpH Ma==na
(koraa a;— co) HenocpemcTBEHHO H3 YPaBHEHHS MOBEPXHOCTH H BH-

) -
1.0 '
il
o8 E
07
o8
04 Puc. 80. 3apacemocts GyHKUMRA cHOpO-
Be M, P CTH H OTHOCHTENbHOH ocammu —-g— or
M"\-. ; -_\ J | nmapaMerpa HHTerpHpoBamns O:
] —F 1V.60): 2 —F

m\ Nl wyae (173007 s o ;ﬂi;n V.45 5%

\\\\ 7 & Ff‘fm *?II]M! (IV.3); Fy no mug.“n
”-’ FETTT 8T e BE

it :;__1 1 : ] 2 Bo Myae | } ops
[ L] 7 ! LT

Po= et

paxenns Ls. 3tor caywali Gymer paccMotpen ocobo. [losemenne

T/L
dynxuun Fs B 3aBHCHMOCTH OT g7 H NapaMeTpa p = — —— NOKa3aHo

Ha pue. 79. Voupawmufi xapakrep dyukuufi F;, Fs, F; B 3apHcH-
MOCTH OT mapamerpa HHTEI‘])}E)-DHHHHH 0 nokasan Ha puc. 30.98.
Han onpenenenus poan Li, Ls, Ls paccmorpeHo Bupamenue
(IV.36). YunTmBas MOHOTOHHHA XapakTep 3aBHCHMoCTH Li, Ls, Ls
oT O, Jerko 3aMeTHTb, YTO yMeHbluehne 3THX GYHKuufi npr 6 =0

kg
NPHBOAMT K HX YMEHLIIEHHIO H npH H3MeHeHHH 6 ot 0 go —. 3r0

obCTOATENRCTRO MO3BOAAET aHaJHIHPOBaTh BAHAHHe Ly, L., Ls Ha
BeJTHUHHY BOJHOBONO CONPOTHBJEHHA MO 3HavYeHHAM 5THX QyHROHA
npH 8=0, r. e., npA cos®=1. [pu TakoM moaxofe MOMHO NErKo
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 DONYYHTb MAKCHMYMB H MHHHMYMB KPHBOA BOJHOBOTO COMNpPOTHB-
- JIEHHSI B 3aBHCHMOCTH oT uHcaa dpyra.

2If“r2 , Korza
sin kp=20, a cos kp=1, Ha KPHBO# BOJHOBOrO CONPOTHBJEHHS JLOJ-
XHB 6bITH YCJOBHHIE MHHUMYMBI, TaK Kak Torjaa npu =0
H(0=0)= 2:; . (IV.52)
. 0

910 nonyuaerca mpu ko==8xn (Fr=0,141); ko= 6n (Fr=0,163);
ko == 4n (Fr = 0,200) ; ko= 2n (Fr = 0,284). PesysbTaT X0poiuo co-
rjacyercsi ¢ H3BECTHHIMH TEOPETHYECKHMH H IKCHEPHMEHTaJIbHBIMH
HCC/IeIOBAHHAMH.

B npouecce unrerpupoBanus ¢ynxuua H (6) npuHuMaeT MaKCH-
MajibHble 3HaUeHHsi IPH TAaKHX ko, NIPH KOTOPHIX Sif kg M COS ko co-
H3MEPHUMHI 110 BeJHUYHHE H KOTAa cjlaraemble

sin & Ly (cosky— 1 2L
(L1+L2+L3) koo 2( ok% )+ 3
- HMEIOT NPOTHBONOJIOXKHKE 3HaKH. Clleflyer yuecTb, 4T0 AJisi OOLIYHBIX
o6BosoB 3naKkH (Li+Lz+Ls); Lo u L3 ORMHAKOBH (3TH BEJHYHHBI
orpruarenbusl). O6uyHo |Lz| Goabure, weM 2|Ls| B HOCOBO# OKO-
HeuHoCcTH. B KOpMOBO# okoneunoctd L, H L3 comsMmepumbl. Koraa
3HAaKH BTOPOr0 CJaraeMoro COBNajaloT CO 3HAaKaMH NEPBOro HJH
TpeTbero caaraeMoro (sinko==1, cos kp==0), To MPOHCXOAHT yBe-
JIMYEHMe CONPOTHBJIEHHS JHGO 32 CUET HOCOBOH, kOO 3a cyer KOp-
MOBOI OKOHEYHOCTH. DTO CIPaBeAJHBO, Korja abCOJIOTHHE 3Haye-
Hus Ry << 4. ToNIbKO B JaHHOM cJlyyae pojib BTOPOTrO H TPEThEro cja-
raemMoro sHauurenbHa. [sis ko ==4 yXKe BTOpOe claraemoe JeJHTCH
Ha 16, a Tperbe — Ha 64, H OCHOBHYIO JIOJIIO COCTaBJifer nepBoe cJja-
raemoe. [Ipu ko <X 4 MAKCHMyMH BOJHOBOIrO CONPOTHBJIEHHS MOJY-

_’21(Fr =0,55); ko= %‘-(Fr =0,326); ko=

— %‘_(Fr =0,253); ko= %—(Fr = 0,215).

Ecnu pacueTrHass CKOPOCTb CyAHa COOTBETCTBYeT BIaJMHAM KpH-
BO! BOJIHOBOTO CONPOTHBJICHHS, TO JOJfi KPHUBH3HBEL, a CJ€l0Ba-
TeAbHO, QYHKUMM L; oueHb BesHKa. YMeHblleHue L3 TPHBOAHT
K YMEHDBIIEHHIO CONPOTHBJEHHS NPaKTHYECKH B Jo6oM cayuae, HO
MEpHl €r0 yMeHbIIeHHs MOryT 6biTh pasinunbel. OHH 3aBHCAT OT 3Ha-
yeunit pyHkuuit Fi, F2 1 Fs, KOTOpHE, B CBOK OUYepellb, 3aBHCAT OT

- CKOPOCTH, OTHOCHTEJIbHOR ocaliky, a Fs elle H oT Xoapduunenra as,
oTpaxaloliiero o6llyI0 KpHBH3HY OGBOJOB.

Oco6niit HHTEPEC BHI3bIBaeT 06/1aCTh, Ilie @7 NPHHHMAaeT 3HAaUYCHHS

Jlerko 3aMerurb, 4TO npyu TAaKuX 3HAUYCHHAX ko=

qaloTes npu ko=

1
or 0 xo ——-—5—.' TonbKO Ha 3TOM yuactke ¢yHkuus Fs moxer o6pa-
martbca B Hysdb. Jas Toro urofn yCTaHOBHTb 3aBHCHMOCTb MeXAY
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¢opmoft 06BOZOB H BOJHOBHIM CONPOTHB/EHHEM, HEOOXOAMMO 3HATH
CBSI3b MeXJy KoadpuuueHToM g7 H dopMofi o6Boaos cynos ¢ PO,
Ciepyer OTMETHTb, 4TO He J100bie 3HaueHHS KO3(GHUHEHTOB ma
H nz MOryT ObITb NPHHSTH AJIS allPOKCHMAaUHH, TaK KaK B ypaBHe-
HHH o6BojioB (IV.24) sHaMeHaTelb He JoJikeH 06pallaThbCH B HYJb,
KOraa § npuuuMaer 3Hauenus or 0 go 1. Dto paer ycJoBHe, KOTO-
poe HakJajJblBaeTc Ha KO3QQHIUHEHTH mz U Az TIIaAKOCTHIO HO-
BEPXHOCTH,
oty | > my— s (1V.53)
Tnajikde OBEPXHOCTH MOJYHalOTCH NPH f2 << | TOABKO-B CJIeAyl0-
wHx caydasx: 1) ecan ma<<0 # n3<0, 06e ONOpHHE BaTePAHHHH Bbl-
NyKJble, 3HaueHHus1 |mz| H |fz| MOryT GHITh JIOGLIMH; IPH STOM KO-

ma -
3 QHIHEHT a7 B 3aBHCHMOCTH OT OTHOLIEHHS o Moxer NpUHHMAaTh
2
au60 3HAYCHHS MOJIOKUTeNbHHIE, JHG0 MeHbwiHe —1 (a7>0 nau
m m .
a;<—1 COOTBETCTBEHHO INpH -—n—’* >1lu ;3 <1); 2) ecan me>0
. 2 2

H ny>0, 06e omopHLIe BATEPJHHHH BOTHYTHe, AHaMeTpaJbHbi Oa-
TOKC MNOApE3aH, 4TO OOBLIYHO HA CyJax He HeJ1aerTcsi; NPH 3TOM MO-

ma me
AYJIb OTHOMICHHS ——— Moxer GbiTh JIOGHIM, a ar<—1, KOrAa -n—<
. ‘ 2 ' 2

ma .
<1, u a;>0, xorna —’-1—->1; 3) ecnu 3HAKH my U Ny PA3JAHUHB, TO

2
npu f3=1 u f<<l NOBEPXHOCTb TEPHHT Da3phHiB NPH TAKHX 3Haue-
Husx Lo, rae
Noty — (fn2 — ng) r\.0=0. (IV.54)
Ciienyer 3aMeTHTb, YTO HMEHHO 3TOT CJIyyall HpeACTaBJsAeT TeO:
peTHuecKufi HHTepec, TaK KaK TOJbKO NPH Pa3HLIX 3HAKAX Mg H M2
MOXKHO IOJY4YHTb 3HaueHHsi Kosdduunenta —1 <ar<0, T. e. obec-
MNEYHTh PABEHCTBO HYJNIO aMHJHTYAb Ls. CyllecTByeT TOJIBKO XBa
3HaueHHs] @7, NpH Kotopux F3= 0. [lepBoe 3sHaueHHe mpu ay==0,
a BTOpPOE 3aBHCHT OT CKOPOCTH CyAHa H oTHouienus T/L, oHO 3akJuio-

YEHO MEXAY Omn —-—-—2-' MoxHo NPEANON0KHUTb, YTO HMEHHO N0 Be-

JauynrHe Ko3dduuHeHTa a7, cooTBeTcTBYWOIero F3 =0, cieayer BH-
6uparh MOJOXKEHHEe U BeJHUHHY Oysib6a HOCOBOH OKOHEUHOCTH, eC/H
JIONYCTHTh, YTO Pa3phiB IPH AHAJHTHYECKOM 3aJaHHH NOBEPXHOCTH
TIONy4aeTCsl B TOM MeCTe, Iie JONKHO GHITh PacHoJOXKeHO HauboJb-
mwee ceueHHe Gynab6a. K coxasieHHI0, K MOMEHTY BLIXOJa 3TOH KHHIH
3KCIepHMEeHTaNbHas NPOBEPKa 3TOH IUMOTe3H He Moraa GHTb cle-
JiaHa. ’

Pacuer BOJHOBOrO CONpPOTHBJEHHS H 3KCHEPHMEHTAaJbHAs MpO-
BepKa BHIOMHEHH [JIsi PeajbHHX caydaeB, Koraa mp<0 n ne<O0.
Jns HecneJoBaHMs BJHAHHS BeJHUMHBl L3 Ha BOJHOBOE CONPOTHB-
JeHHe 6bljia COCTaBJeHa cepHs OGBONOB, B KOTOPO# mocjeroBa-
TeJIbHO H3MEHSIHCH JiBa Ko3(d(ullueHTa ny H np B KOCOBOA OKOHeY-
HocTH. [Ipn 3ToM KopMmoBBIe 06BOAM, AJAHHA H (HOPMa HHUIHHIPHYE-
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CKOfl BCTABKHM OCTAB&JHCh MOCTOSHHHMH. Jlas BapnHanuu koddpdu-
LLHEHTOB N4 H N COCTaBJeHa NPOrpaMma, Mo KOTOPOH BHIUHCJ/AIOTCA
ko3¢ ¢uuneHTH D; ypaBHEHHA NOBEPXHOCTH (IV.24), 3arem Mero-
JIOM «HEBSI30K» N0 3aJaHHOMY BOJOH3MEILEHHIO NyTeM IOJOBHHHOIO
nesenust noAGupalorcs KO3(hdHUHEHTH Ny K ne. TIporpaMma mosso-
AsieT OGHAPYXKHTh Pa3phHIB NOBEPXHOCTH NPH HEYAAUHOM ‘COUETAaHHH
Mz M ne, TaK KaK NPH STOM TNOJyuaeTcs NeeHHe Ha HyJb. Pacuer
10 5Tofi NporpaMMe BHIIOJHSETCA B C/EAYIOlIeH NOC/el0BaTeIbHO-
CTH: TIO 3ajflaHHBIM Ko3bOdHIHEHTAM Mo, My, M2, No, N4, N2 t 1t 1O
dopmynam (IV.26) BHuHCAsIOT BCe KOIPPUUHEHTH D; (i=1,
2,... 11), satem no popmyae (IV.24) —opausaTh y; € y4ETOM IO-
NpaBOK Ha KpalHHX BAaTEPJHHHAX M UINAHTOYTaX OPAMHATH CyMMH-
PYIOT K BHUHCAsIOT BojousMeilenne. IIpu aToM pacuere Jierko mpe-
IAYCMOTpeTh MCKAloueHHe opAuHaT y<<0, KOTOpBHle MOJy4aloTCH HA
aHAJHTHYECKOM NPOJOJKEHHH pa3BepThiBalOlleics NOBEPXHOCTH,
oGpasytouiefi HOCOBYIO OKOHEZHOCTh.

Cneflyer 3aMeTHTb, YTO DacyeT BOJIHOBOrO CONPOTHBJIEHHA Bbl-
MoJIHsAeTCH No Ko3pduuneHram ay, @z, ds, i, 4s, Qs, a7, KOTOPHIE MO-
ryT npuHEMaTh JioOHe 3Hauenus. HesaBucumo or TOrO, HMeeT HJIH
He HM€eT pa3phiB HOBEDPXHOCTb OGBOJOB, IO 3HAUEHHSIM K03 duuH-
eHTOB @; pacueT BOJHOBOIO CONPOTHBJEHHS MOXKET BHINOJAHATHCA.

B cepuu, pa3paGoTaHHOH /i HCC/IeJOBAHHS, MEHSJIHCh 3Have-
HHA Ls == myFs. IIpu 5TOM COOTBETCTBEHHO AJ mozenesi 1,2, 3 u 4
3HauyeHHa KO3(Q¢HIHEHTa 1y DPAaBHAJIHCDH —0,9; —0,932; —0,966;
—1,00. Jna np NONYHHIINCh H3 YCJOBHS NMOCTOSTHHOrO BOJOHM3Melle-
Husi caexyomue 3Hauenns: —0,189843 5, —0,15; —0,109375;
—0,07. Ocranbibie Ko3(QOUUHEHTH COXPAHSIH 3HAUEHHA: Mo ==
=1,319; my==—1,149; ma=—0,168; no==0,99. s STHX MOJAe-
neft 3HaueHHs KOS(QHIHMEHTa d7 COOTBETCTBEHHO DaBHH 76,862;

11,878 12; 5,78007; 3,563 67. OTHOCHTeMbHA 0CA/KA —%=0,0307.

PacueT BOJIHOBOTO CONPOTHBJEHHS JJISl 9TOH CepHH NOKa3al, 4To
BOJIHOBOE COMPOTHBJIEHHE 3aBHCHT OT 06BOJOB KOPMbI GoJibille, UeM
OT HOCOBHIX. OTO NPOHCXOAMT N0 ABYM NpHYHHAM. BO-mepBHIX, eCiH
IINaHrOyTH HMEIOT 6OJbLIYI0 KPUBH3HY, TO TOYHOCTb pacyeTa no HH-
Terpany Mmuesisi CTAaHOBHTCS TeM MeHbIUe, YeM MeHblje OTHOCH-
TeJbHAs OcaiKka. DTo 3aJ0XKeHO B AONyuUleHHH Muuess 0 MaJOCTH
yIJla HaKJIOHA KacaTeJbHbiX K mmanroyraM. B cessu ¢ npeHebpexe-

. 0
HHEM I[IPOH3BOJHOH —a—g— BEJHYHHa pacyYeTHOro BOJHOBOIO conpo-

THBJIEHHS NoJyYaercs Gosblue AefCTBHTENbHOM, a foJs Goxee Kpy-
TOf KOPMOBO# OKOHEUHOCTH TIpeyBe/MyeHHOH. Bo-BTOpBLIX, KPHBH3HA
BaTepaHHHI B KOpMe BeJHKa, H BeqHuHHa Ls, oTpaxaiomas BJIHS-
HHE KPHBHU3HH, OJyyaercs 60JbIUOH.

JInf MCK/IOUeHHS BJHSHHS KOPMOBHX 0GBOJOB, KpOoMe OGBIYHOH
¢dopMBl cyaHa, AJs pacyera BOJHOBOrO CONPOTHBJIEHHS 6Bl HC-
NOJMb30BAaHE CHMMeTPHYHBle O00BOJIbI, KOTOpbie NOJYyYaaHCh NyTeM
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3epPKaJIbHOTO OTpaXK€HHA HOCOBOM HOJOBHHEI CyJHAa OTHOCHTEJIbHO
MHAeNs. ' :

Pacyers nokasajH, YT0 yMeHbIlIeHHe BOJHOBOIO CONPOTHBJIEHHS
JJIsi CHMMETPHUHBIX MojeneH npoucxoxur ot 1-i k 4-#i. Haa o6Bo-
JAOB ¢ OOLIYHOH KOpPMOBOH OKOHeuHoCThIO g0 Fr = 0,28 MeHbiee co-
OPOTHBJIEHHE HMeeT Moleab 1, a y mojenedi 2, 3, 4 conpoTHB/EeHHe
COOTBETCTBEHHO yBeanuusaercs (puc. 81). B pesyibrate BHIIOJHEH-
HOro aHaJiu3a H Lejoro psifa pacyeros Aasa o6BogoB ¢ PO moryr
GLITb CAeJaHbl CeAylollHe PeKOMEHRAIHY N0 BBI6OPY POPMHI HOCO-
Boi okoHeuHocTH. [IpH NMOCTOSTHHOM BOJOHM3MENeHHH MOryT OHITb
BLIOpaHH pa3Hble (OPMBI HOCOBOH OKOHEYHOCTH, GJIH3KHE MO BEJIH-
YHHe BOJIHOBOTO compotHBjaeHHsl. [Ipu atom ecau koaddunueHt o6-
med nosHOTH O6OJbINOH, TO Npenesbl H3MeHeHUH Ko3((UUHEHTOB
ONMOPHLIX BaTepJHHHHA HeBeJqHkH. Ecan jpomycTurs, uto BHIGHpaercs
ynpollleHHast ¢opMa 06BOJOB, MPHYEM YHPOLIEHHE COCTOHT B TOM,
4To GopMa BATEPJIHHHH OCTAeTCSt MOCTOSAHHOR Mo Ocajke, TO BhiGopa
NPaKTHYECKH HET, TaK KaK IJIollajAb BaTePJHHHH JO/KHA GHTb IO-

CTOSTHHOH ¥ PaRHOH YaCTHOMY T“, rae Vg — o6beM HOCOBOf OKO-

HeuHocTH. B npeaesax AaHHOro HCCJAE€NOBaHHS ypaBHEHHE BaTepJid-
HHH HMEET BHA

y%mo+m1x+m2x2, (IV.55)

TOYKa INPHTHIKaHHA BATEPJAHHHH K U,HJIPIHJLPH'JECKOﬁ BCTaBKe onpexpe-
Ji€eHa YCJ/IOBHAMH obuiero pacnoyioKeHus, a AJd Toro, 9T06H BaTep-
JIHHHS Ha4HHaJaCb Ha HOCOBOM IIepHEHAMKYJspe, HOJKHO BHIIOJI-
HATBHCA yCJ0BHE

my-+m, +m2——%0. , (IV.56)

Taxkum o6pasom, Bce TpH KoadduUHEHTA Mo, M1, My ONPEAECAAIOTCH
OJJHO3HAYHO.

I TakHX OGBONOB BHINOJHSAIOTCA paBeHCTBA KO3(p(HILHUEHTOB
My == Ng, M1 =N, Mz =Nz, U BbIpaxeHHsT AjsA GyHruufi Ly, Ls, Ls
HMEIOT BHJ

L1=m0F; Lg—_—‘In]F; L3=m2F, (IV.57)

rne .
| —e—PT/L
F=—-——p£07—.-/z—— . (IV.58)

Cnenyer orMeTHTb, 4To cpeau ¢yukunit Fi, F2 u Fs pynkuus F,
uMeeT HanGoJbluee 3HaYEHHe NPH peasbHbIX 06BOJAX, MO3TOMY BOJ-
HOBOE CONPOTHBJIEHHE 3THX 06BONOB GoJbille OGHYHLIX. TaK Kak Ta-
KOTO THIIA yNpollleHHEle 00BOAK H3yueHh HauboJee IIKHPOKO, Gaaro-
Japs BO3MOXHOCTH B3fThb HHTErpa/j o mapaMeTpy, Ha HHX Her
CMBIC/I2 OCTaHaBJHBATHCS.
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CymecTByer emle OXHH THI YNPOIIEHHMX O6BOAOB, KOIAa M, ==
=ny. B 3TOM ciydae KosdHUHEHT a;— oo, a Ko3dHUHEHTH, 3a-
BHCsIIHE OT (GOPMBI TOBEPXHOCTH, HMEIOT BHA

_(m—m)?
= 4m,t, '
Qg0 — Mo (m—m)?

2 ty 4m3t,

ny —

Qy=Mmy, .
Qs==Mm;
Q=M. J

@yuxuun Fy, F2 1 Fs COOTBETCTBEHHO paBHbI
2—[2+4 p§ (TIL)? +2p,T/L] e~PeT/E
1

Fi= YT (1V.60)
] — ~peT/L ___ T/L —peT/L

F,—1=¢ = (’;»/‘L ),j )€ : (IV.61)
1 —e—PeT/L

F3=TTT/T—_ . (lV.62)

- Ilpn yBeMueHHH CKOPOCTH 3TH TPH (GYHKUHH MMEIOT TaKHe mpe-
JeJIhbl:
lim Fi——4; limF,——; lim F=1. (IV.63)

]
Do—+0 Do =0 2 Pe+0

®yukunn Ly, Lo, Ls Haxozar no popmyaam

Li=a,F1+-a,Fy+agFs;
L2=a3F2+a5F3; (IV.64)
L3=a4F3.

Koapduuuenr a, onpenesnsier nosoxeHne To4eK NPUTHKAHHA Ba-
TEPJAHHHH K LHJIHHAPHYECKOH BCTaBKe MO HIHPHHE. JTO JIErKO 3aMe-
THTh, €CJH YypaBHeHHe onopnoﬁ BaTePJHHHH IPHBECTH K KaHO-

HHYeCKOMY BHAY
2

y~(mo 4",:,) m(x+gm). v

31ech NOJOXEHHe BEPUIMHH Mapabodbl, o6pasyiomei BaTepJIH-
HHIO, ONpeJeNsieTcss KOOPAUHATAaMH TOUKH M (Xo, Yo), I'AE
2

i .
P Yo=Mo— . (IV.66)

—_ my
X0== - 2m,
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Kak npaBmio, BepiIHHA He NPHHAJJEKHT IOBEDXHOCTH, HO €€
CMEHICHHE BAHSieT HA MOJNOXEHHE TOUKH nepecedyeHHs 3afaHHOR
BETBH BATEPJHHHH C UMJAHHApHUeCKo BcraBKof. [usi Takux 06Bo-
IOB yMeHblueHue Ls, a ClIeJloBaTelbHO, BOJHOBOrO CONDOTHBJEHHS,
JAOCTHIaeTcs 3a CYeT yMEHbUIEHHS KOIDPUUHEHTA M.

OnscaHHbie yNpPOIUEHHbie OGBOAB MOMOraloT B JaHHOM cCiydae
OnpeaesuTh MECTO XOPOLIO 06TeKaeMblx 0GBOAOB IO BENHYHHE BOJ-
HOBOTO CONPOTHBJEHHSA. DTO XOPOLIO BHAHO TO BeauuuHe KO3(H-
LHeHTa a7, ONpejeJsioulero BeinuuHy Ls. B cayuae ynpoOIIEHHHX
06B0ZI0B 3TOT KOI(DGHIHEHT yBeIHUHBAETCH A0 GECKOHEUHOCTH (CM.
puc. 79).

IpHx npoeKTHPOBaHHH GHICTPOXOAHHIX CYAOB C MaJibiM Kos(pdu-
HHEHTOM O6Liell TOMHOTH BO3MOXKHOCTH llepepacnpeie/eHns o6beMa
B HOCOBON OKOHEYHOCTH 3HAUMTEJbHO LIHPE, 9eM y MHOJHBIX 06BO-
noB. B sToM cayyae MOXKHO yMeHbIUATh BEJIUYHHY BOJHOBOTO CO-
NPOTHBJEHUS 3a CYeT BapHauuu (OPMB HHXHHX BaTepJHHHA
B GosbuioM Auanasone. ITyTeM BapHanuu Ko3G@HIHEHTOB HUXKHEH
OMOpHOA BATEPJMHHH INIPH TOCTOSHHOM BOJOH3MEIUEHHH MOXHO
Jierko HalTH NpefeNbHO BO3MOXKHBIC 3HAaUeHHA ny U Ap. Kak noka-
3aJHM HCCAENOBAHHS, NPH MaJbix uncaax PpyAa MOryT OKasarThCfl
BHIFOJHBIMH MOJHHE HOCOBHE BATEDJHHHH H3-33 IOJHOH KOPMHL.
Toraa Ko3p(HIMEHT 7z HYKHO He yMEHbIIATD, 4 YBEIHIHBATD, YTOOH
KOMIIEHCHPOBaTh HMHTEHCHBHOEe BOJHOOGpa3oBanue B kopMme. IlIpn

" Gonbux uncaax Ppyxa Ans yMeHbUIEHHS BOJHOBOTrO CONPOTHBJIE-
HHs cya6B ¢ PO caelyer yMeHblmaTh ne. EC/H yMeHbIeHHe np CTa-
HOBHTCSI HEBO3MOMKHHIM, TaK KaK NPHBOAMT K Pa3pHBY HOBePXHOCTH,
TO C/ieflyeT YMeHbIaTh my. DTOT BHBOJ HaNpaluBaeTcs caM coGod,
ecau npeacraButs oyHkuuu (IV.40) B BHAe o

A—aiFi (@ a) P[4 iy (= ) (g

mye — Ny
B=[aF>+ m,Fs] (cos kg—1)--2moF;
'C=QM2F3 ,

(IV.67)

rie Fs ompeaeasiercsi no ¢opmyae (IV.32), a ¢ npuHATO PaBHBIM
Hymio. OTCIofa BHAHO, YTO NPH YMEHbIUEHHH Mz YMEHbIIaeTCsA (PYHK-
. Hdg Ls== maFs.

Baprauus kosdduiHeHTa my TOXKE BHITOJHACTCA MO ONHCAHHOH
BHIIe IPOrpaMMe H3 YCJAOBHS NOCTOSIHCTBA BOAOH3Meulenusi. Ecan
IIpH TaKo# BapHauuu Ko3ddHuHEHTOB nosyuaercss a;<<0, TO HYXKHO,
uTo6Hl a7 1o ab6CoMOTHOA BeaHuuHe OB KaK MOXHO OoJblle NpH
MHHHMAaJbHOM mp. DTO Jerko BuAeTb u3 rpaduka (cM. puc. 79).
Ilpu oTpuuaTeNbHHIX @7 GyHKuHs Fs GoJblle, 4eM HPH MOJOXKH-
TeJbHBIX, TAK KaK CTPEMHTCS K CBOeMy npejeny NpH a;<<( cBepxy,
a npu a;>0—cHuay. IIpu peskoM YyMeHbIIEHHH My BeJIHYHHA
¢ynknun L; Moxer ObTh cJefaHa MeHblie, dYeM .NpH a;>0.
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ITpakTHuecKH 9TO O3HAauUaeT yMeHbIIEHHEe yria BXOAa AeAcCTByiomed
BaTepJIHHHH.

Hanst cyno ¢ PO ymeHnblieHne m; TOXe MMeeT Npeaes, NO3TOMY
NPpH NPOEKTHPOBAHHU OLICTPOXOAHBIX CYJAOB, /ISl KOTOPHIX BONHO00-
pasoBaHHe urpaer GOJBLIYIO POJb, HejJecoo6pa3HO BHOHpPATbh Takoe
COUETaHHE Mz H N2, IPH KoTopoM F3=0. 910 MOXHO clenatb aubo
3a cuer Gysb6a, MH60 3a CYET CHJIBLHOrO pasBaja mmaHroytos. [Ipu
3TOM ypaBHeHHe 06B0oj0B B Buje (I11.43) yxe He Moxer GuTh mpH-
MEHEHO, HO pacyer BOJIHOBOTO CONPOTHBJIEHHS N0 NPHUBEAEHHHIM
thopMy/1aM MOXKeT ObITb BHINOJHEH M HCNOJB30BaH IVt BhGopa co-
OTHOLUEHHS MEX]JY ypaBHeHHeM HeficTBylOLleli BaTepPJHHHH H HHX-
Hell BatepauHuH. EciM mpoexTHpYlOTCS OGBOAH ¢ pasBajgoM, TO
HHJKHSSL BaTEPJIMHHA MoJydaeTcst 3aocTpeHHOH. Eciu Xe npoekTH-
pyiorcs 06Boan ¢ 6yb60OM, TO OUEHb 3a0CTPEHHON mosydaeTcs jefi-
CTBYIOLasi BATEPNHHHS. B M1060M H3 3THX ClyuaeB JJis ONpefesIeHAs
mz H Ny HYXHO TOYHO ONpENENHTb BEJHYHHY a7. 3HAaueHHe a; Oe-
percs B TeX Toukax rpaduka (cM. puc. 79), B korophux F3= 0. ITo-

T/L

Fr2 ° ﬂnﬂ
o0JieryeHus Bblﬁopa\ KO3(pq)HHHEHTa B 3aBP’ICHMOCTH OT pg 3Ta 3aBH-
CHMOCTb NPEACTaB/ICHA B BHAE

0,7
Q= — m+0,006 08po " (IV.68)

JIOKEHHE 3THX TOUEK Ha OCH 3aBHCHT OT BEJIHUHHHI pg ==

dopMysa cnpaBeliHBa IJS 3HaYEHHR po, 3aKJIOYEHHBIX Ha OT-
peske [0, 10]. Ecau a; onpeniesieHo, TO U3 BHIpaXKeHHs

N E— (IV.69)

mp;—ng

N0 3aJaHHOMY 3HAYeHHIO My MOXKHO HaHTH BeJHUHHY KO-
HHEHTa Mg :

n2=7—2‘f-’$—;—. ' (IV.70)

Takoe TiaTenbHOE HCCJENOBAHHE 3aBHCHMOCTH BOJHOBOTO CO-
NPOTHBJIEHHA OT GHOpMHI cyAoB ¢ PO BhINOJHEHO ¢ JBOSKON IebIo.
Bo-nepBhix, Heo6X0AHMO OHLIO BHIAICHHTb BeJHYHHY BJHSIHHS TeX
H3MEHeHHH, KOTODhleé NPOHCXORAT NpPH HNPOEKTHPOBAaHHH OGBOJOB
¢ PO, na BoaHOBOE conmpoTHBIEHHE. DTO JaeT BO3MOXKHOCTb Teope-
THYECKH OOOCHOBaTb pe3y/IbTaThl 3KCHEPHMEHTAJILHOTO CpaBHEHHA
o6biuHbIX Xopowio o6TeKaeMblx 06BofoB ¢ o6BofaMH ¢ PO. Ipuse-
JleHHBle pacyeThl NOKa3HBalOT, YTO NPH NPaBHJIbHOM BhIGOpe K03d-
GUUHEHTOB my, ma, Ny, Ny MOXKHO NPHOIH3HTBCA K MHHHMyMY BOJ-
HOBOTO CONPOTHBJIEeHHS 6e3 BBeleHHA S-06pa3HOCTH BaTepJJHHHMA.
Bo-BTOpHIX, aHHOE HCCefOBaHHe HeoOXOAMMO AJisi pa3paloTKH pe-
KOMeHJauuA no BuI6opy (GOpMBI ONOPHHX BAaTEPJIHHUH NPH NPOEK-
THpoBaHHH 06Boj0B ¢ PO.
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ITo noMyueHHHM pe3y/abTaTaM MOXKHO TpeABapHTENbHBIR BblﬁOL\
K03 OHIHEHTOB 3HAYHTENIbHO YNPOCTHTb, T. €. HE BHIOJHATH BCe
pacdeTh BOJHOBOIO COMPOTHBJIEHHS JJs PasHuHX Bapuauros. C mno-
MOIIbIO NpeABAPHTENbHBIX Bapranufi sHaueHnH QyHKUuMA (Li+ L2+
+L3); La(cosko— 1)+2Ls u 2L; mo pa3nHYHHIM 3HAUEHHAM KO3d-
(HUMEHTOB My, No, M1, Ny, M2, N TIpH V = const MOXHO cpa3sy olie-
HHTb HaHJyulIHe HX KoMOuHauuy. Uem menpire cymma (Li+La+Ls)
u ¢ynkuua Ls, ompenensieMsie mo gopmyne (IV.29), Tem mesblle
6yeT BeJIHYHHA BOJIHOBOI'O CONPOTHBJIEHHUS.

B 3ak/i0ueHHe XOUeTCs OTMETHTh, UTO OTKJOHeHHe Ko3(dHuueH-
TOB Mo, Mi, Ma, Mo, N4, Nz OT ONTHMAJbHHIX TNPHBOIAHT K PE3KOMY
BO3PAaCTaHHI0 PacyeTHON BEJHYHHBI BOJHOBOIO COMNPOTHBJIEHHS, IO-
3TOMY pe3yJIbTaThi HCCJIENOBaHHS, BHIIOJIHEHHOrO 1o HuTerpasy Mu-
veans B gopme I'. E. IlaBieHko, mony4aloTcs AOCTaTOYHO yOenH-
TeJbHBIMH.

§ 16

Pacuer CONPOTHBJICHHS TPCHHA CyAo0B
¢ PO c yueroM KpHBH3HbBI

Hapsiny co cpaBHHTENbHOH OLEHKOH BOJHOBOrO CONPOTHBJEHHS CY-
JIOB ¢ pa3BepThiBaloLiefics HapyKHO#H OOLUIHBKOA MOXKHO ONpeJe/IHTh
Ha DBM BeauuMHy BJMSHHS Ha CONPOTHBJIEHHE TPEHHs MECTHOH
KPHBH3HBl CyROBOH noBepxXHOCTH. JIJis 3TOH Lle/IM HCNOJb3yeTcs Mo-
JIYSMIIHPHYECKasl TEOPHsl IOrPaHHYHOro cjod. DTa TEOPHs NpHMe-
HSeTCS JJIS pacyera KacaTesJbHBIX HanpsiXKeHHA OCeCHMMETPHYHBIX
n nuaanapuyeckux Ttea {13, 64, 61, 63].

TIpu cocTaBJeHHH HHTErpPaJjibHOrO COOTHOIUEHHS NMPOCTPaHCTBEH-
HOTO IOTPAHHYHOIO CJIOS MOJb3YIOTCH CHCTEMON KPHBOJAMHEHHBIX KO-
OpAMHAT, NPHHAMJIeXallux ob6rekaemoll mosepxHocta [1, 15]. B xa-
yecTBe TpPeThbell KOOPAHHATH HCIOJb3YeTCsi HOPMadb K INOBEPXHO-
cTH. Dro o6aeryaer pelleHHe 3ajayH, HO NMPH TaKoM crnocoGe
YUYHTHBAIOTCS JUIHHBI TPaeKTOPHH, HO He YUMTHBAETCH KPHBH3HA IO-
BepxHOCTH. [/is yuyera KDHBH3HHEI NIPH ONpEAEJEHHH KacCaTelbHBIX
HaNpsiKEHUH HHTerpajibHoe COOTHOIIEHHe COCTaBJseTCs B 00Lecyno-
Boll cuctemMe KoopAuHaT. Hadaso KOOpAHHAT NOMel{aercsi Ha MH-
Jene CyHa B MeCTe MepeceueHHs HHaMeTPabHO# MIOCKOCTH C IJIO-
cKocTblo AelicTBytouleit Batepiunud. Ock OX HampabiedHa B HOC,
ocb OY —Ha npaBui#i 6opr, ocb OZ — BBepx. Ilpu Takol cucreme
KOODAHHAT B HHTEIPajJbHOE COOTHOIIEHHE BXOAAT KO3(OUUHEHTH,
OTpaxalolne KPHBH3HY NOBEPXHOCTH. TaKuM 06pa3oM yuHTHIBAETCS
pa3HHla B BEJMHYHHE KaCaTeJbHBIX HaNpsiXXeHHH NpPH OAHOM H TOM
Ke TpaflHeHTe [aBJIeHHS B cJydyae OOTeKaHHS NJIOCKOM H KPHBOJH-
HefiHoft ¢opMH 06BOAOB. N

JIJis COCTABJEHHS HHTErpajibHOIO COOTHOLIEHHS pacCMaTpH-
BaeTCA 9J7IeMEHT IOBEPXHOCTH, npoekunelt koroporo na JIIT sasasiercs
NPSAMOYroJbHHK €O CTOpOHaMH dx u dz (puc. 82). JIunuum wmmas-
TrOYTOB M BaTEPJHHHA CJHYXKAaT KPHBOJHHEHHHIMH KOODAHHATAMH
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NOBepXHOCTH. B KavecTBe TpeThbeli KOOPAHHATHOM OCH HCHOJMBIYETCH
HOpMaJib K KacaTeJbHOA INIOCKOCTH, Ha KOTOPYIO pasBepTHBaeTCH
BblJleJIeHHH# 3jieMeHT noBepXHocTH. IIpH cocTaBjieHHH HHTerpajibe
HOTO COOTHOLNEHHS M/ NOrPAaHUYHOTrO CJIOS HCHOJb3YETCA 3aKOH
KOJIHUECTBa [BHXKEHHS. YIpOLeHHe pellieHHS 3ajayH AOCTHraercs

Kacame mngs
naockocms

Puc. 82. dneMent CynoBOX NMOBEPXHOCTH (BBEPXY) M NPOEKIMH BeK-
TOpPAa CKOPOCTH Ha KacaTeJbHYIO MJIOCKOCTb K HeMy (BHH3Y).

3a CYeT TOro, UTO KaxAHMK JEMEHT nmoBepxHocTH cyaHa ¢ PO pas-
BEPTHIBAETCHA Ha KacaTeJbHYI0 IJIOCKOCTb C COXpaHeHHeM JJIHH AYT,
njaoulafelt H yriaos. ‘

O6mbem xuakocTH (puc. 83) orpaHHuYeH 3JE€MEHTOM CYAOBOH MO-
BepxHocTH ABCD, BHemHelt rpaHnuefi NOrpaHHYHOro  CJOfl
A’B’C’D’, naockocrsmu AA’B’B, BB’C’C, CC'D'’D u AA’D’D.
KonnuecTBo ABHKEHHS XKHAKOrO ofbeMa B NOTPAHHYHOM CJIOE H3-
MeHsAeTCsl BCJeJCTBHE MePeHOCa KOJHYECTBa [JBHIKEHHS uepe3 KOHT-
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POJIbHEIE CeyeHHs, BCEACTBHE PACCEAHHA Uepe3 BHEUIHION IPaHHiLy
H BCJ/IEACTBHE HEYCTaHOBHBLIETOCH IIOJIA cCKOpocTefi.

Ve — CKODOCTb BHEHIHEro IOTOKa B HAaNpPaBJEGHHH JIHHHH TOKA;
wy == 3 (n) — ypaBHEHHe 3MIOPH H3MEHEHHsI CKOPOCTH B NMOrpaHHY-
HOM c/joe B HampaBJeHHH JIHHHH TOKa; U ==u(n) — ypaBHeHHE
3MIOPH H3MEHEHHA CKOPOCTH B NOTPAaHHYHOM CJIO€ B HANpPAaBJICHHH
BaTepJHHHH; W =W (n) — ypaBHEHHe 3MIOPH H3MEeHEeHHS CKOPOCTH
B HanpaBJieHHH LIMaHroyTa; V — CKOPOCTh DACCeHHS uepe3 BHell-
Hiow rpanuny A’B’C’D’. ‘

Puc. 83. TeueHne XKHAKOCTH B NOTPAHHYHOM CJioe Ha SJIeMeHTe CYAo-
BOfl NOBEPXHOCTH.

Yepes kosdpHUHEHTH NepBoit KBaApaTHIHOA (OPMBI JJHEHBEL IyT
dS. u dS; v naomanp mosepxHocTH sjementa ABCD BhpaxawTcs

B CJeAYyIOINEeM BHIE:
dP=V EG —F?dxdz;

- 4S,—VEdx; v av.71)
dS, =V Gdz,
rjae
E=l+(-%)2; ,
=(.g_){.)(0_§) (IV.72)
aG=1+()s |

o — yroJ MeXAy HampabjaeHHeM ocH OX M KacaTeJbHOHA K BaTep/iH-
HHH; y-— yroJ MexAay HanpasaeHueM ocH OZ H KacaTesbHOH
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K IIIaHrOYTy; P — yron MexKJAy KPHBOJHHEHHBIMH KOOpAHMHATaMH
CYZOBOH MOBEPXHOCTH.

KocHHYCH 3THX yrJIOB B KaXAOH TOYKE NOBEPXHOCTH CY/JHa BHI-
paxalorcs uyepe3 Koapbuuuentol dopmm (IV.72) caexyromum o6-

pasoM:
1
COS == =,
dy \2 ;/'E ’
V‘ +(7)
9 ] .
?. o Vis(ZLy Yo b (IV.T3)
'
NV
_ YEG—F - F
sin p———-———m ; cosf=+ Wik

OG6beM BHIIEJEHHOIO 3j1eMeHTa paBeH
3
[V EG-F| dn] dxdz—VEG—F b, dxdz,
0

rie 6 — TOMIKMHA NOrPaHHYHOTO CJ04.

Ilpu cocraBileHHH HHTErpajbHOrO COOTHOIIEHHA KO3(PGhHIHEHTH
E, F v G npHHATH B npejesaXx BHAEJEHHOrO 06beMa NOCTOSHHEIMH.
HsmeHeHHe KOJHYECTBAa JBHXKEHHS BCJEACTBHE HEYCTaHOBHBINErocs
0oJs CKopocTefl Mo 06beMy XKHAKOTO 3jIeMEHTa 32 elHHHIYy BPEMeHH
PaBHO

3
VEG—Fldxdzgr § ptty dn.

H3meHenHe KoJHYeCTBa ABHIKEHHS BCJAEJACTBHE IePEHOCA XKHAKO-
cTa uyepe3 KoHTpoJbHbie ceuenuss AA’B’B u DD’C’C pasHO

3
V GsinBdxdz -7;)7 § piyz dn.

CoOTBETCTBYIOIEE M3MEHEHHE KOJHUeCTBA ABHXKEHHS NpH nepe-
HOCe XXHAKOCTH uepes KOHTpoibHHe ceuenus AA’D’D n BB’C’C
paBHO

3
V Esinfdx dz-2 pu,w dn.
0z

H3MeHeHHe KOJHYECTBA [IBHIKEHHs, BHI3BaHHOE DacCesiHHEM dYe-
P€3 BHEIIHIO IpaHHULy,

o VEG—Fldxdzvo.
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. B mociesHeM BHPaXKeHHH CKOPOCTb DAacCesHHs U ONpeaensercs
‘H8 ypaBHeHHsl HEDPa3PHIBHOCTH, KOTOPOE IJsi BHIAENEHHOTO XKHIAKOTO
‘o6peMa ompefensiercs CAeAyIOWIMM nyrteM. KoaHueCTBO XHAKOCTH,
‘BTeKkalolmlell uyepes KOHTposabHOe ceueHue AA’B’B 3a efuHHny Bpe-
‘M€HH, PaBHO

uV GsinBdzdn,
a KOJIHYeCTBO KHJIKOCTH, Bbrrexaxom;eu yepe3 cevenne CC’D’D,
uV GsinBdzdnt—— o (2 V' GsinBdzdn) dx.
CoortBercTBeHHO uepes ceuenne AA’D’D Brekaer
@V EsinBdxdn,
a BHTeKaer yepe3 BB'C’/C
w V E sinBdx dn—}-% (w VEsinBdx dn)dz.

Uepes BepXHIOIO TIPaHHLY NOIPAHHYHOIO CJIOS A’B’C’D’ [IpOXo-
aur obvem xnnxocm ,

—;n- ('U VEG—dexdz)dn,
a yepe3 noBepxHocTb ABCD He NMPOHCXOJHT HH BTE€KaHHS, HH BhHITe-

KaHusd. BcaeAcTBHe IOCTOAHCTBA BHIAENEHHOrO O0beMa H HECKH-
MaeMOCTH XHJIAKOCTH H3MECHCHHE KOJIHYECTBA ABHXXCHHA PaBHO

(u V Gsin B dzdn)dx—+ —— (w V'E sin Bdx dn) dz-+
(1) VEG—=F?dxdz)dn=0.

Moxacrasass sin P us (IV.73) u cokpamas na Y EG — F2dxdzdn,
HOJYYHM

1 ou | © v
VE o+ VG 2z T o =0

Orciona cKOpoCcTh U paBHa

v————[‘/_. ‘;i‘bfu n—}—l/l_ ‘kffwdn]

Torga M3MeHeHHe KOJMHMYECTBA [BHXKEHHS, BHISBAHHOE DAaCCesTHHEM
7oJIST CKOpocTell yepe3 BHELIHIOID TIPaHHIY IOTPaHHYHOroO CJos,
paBHO

] 3
; ] 9 1 a
P'/ EG—Fldxdzvsl:—(——}/_E—Was‘udn—‘—ﬁTz—éfde)].
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Tlpu onpeneneHuH BHEMIHHX CHJI, XCACTBYIOMIMX Ha BHJENEHHHH
KUAKHA 3jeMeHTapHHA 06beM, HeHTpoOGexHbie CHJL He YUYHThI-
Balorcsi. IIpH cocTaB/ieHHH HHTErpajJibHOrO COOTHOLICHHSI YYHTHI-
BaIOTCH CHJIH JaBJeHHs, AeHACTBYyIOIiHe Ha KOHTPOJbHBIE MOBEPXHO-
CTH, H KacaTeJbHble HaNpsKeHHs, BH3BaHHbEE BA3KOCTHIO XHAKOCTH.

Bhiyntas H3 CHJIH, Punomeﬂuoﬁ K rpaun AA'D’'D, cn.rxy, ne#-
CTByIOIYI0 Ha rpanb BB'C’C, noayuum

V sin Bdz [P — (Pot-T32 dx) 8] = —3 - dxdesin /T

TakuM ke nyTeM ompenessieTcs 'Cuia, AeHCTByIOIas B Hanpas-
JIeHHH IINaHroyTa,

V'Esinﬁdx[ap,, ( s,-}-ap“d )8]=—6—6—g§i-dxdzsm3ﬁ.

KacareapHas cusa B HanpaBJICHHH JIHHHH TOKa paBHa

oo VEO—Fldx dz.

Orciona ypaBHeHHe KOJIHUECTBA ABHXKEHHS B BeKTODHOH dopme
HMeeT BHJ

VEG—Fldxdz3 zYpu, dn-

[ 3 :
+[V‘G‘sm Bdxdz = | puudnt-VE dxdesin "%§ pu,wdn] —~
0

3 . 3
VBT Frazden, | L i [ ant 3 fowan =
_-—[ OPsx 3V Gsinpdxdz+—% ap.,, 81/Esin{3dxdz]

—V EG—F2dxdz1:m,,. (IV.74)
. 0Py OGPy,
Us ypaBuenusi Jfisiepa yacTHHe MPOH3BOLHHE EPEr

paxaioTCi uYepe3 COCTABJAIOIHE CKOPOCTH BHEIIHEro NMOTOKa CJIe-
AyioluM o6pa3oM:

T =

— [ Ovsy 4+ dv:x 0, +-% dvsx v, + Ovsx ]
0Psz L dvsz (IV.75)
0z . PTor

_ [ 0vs, + Ovu 0, +-22 dvsz 0,4 0;:; ,0"].

B 3TuX BHpaKeHHAX
v,=0; 'vs.v:VE'Ux; v,=V Gv,.
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ECJII‘I CYHTAaThb ABHIKEHHE YCTaHOBHBIHHMCR TOrAa
oPs; — %
[V o, 4V B0 ]
aP, —- oy dvu,
0= ‘P[VG”x ox TV G"’z“a""zz ]

YuntoiBas (IV.73) u pack/iaibiBasi BEKTOPHl 1O HampaBJEHHAM
KacaTeJIbHbIX K BaTepPJHHHSIM M K IHIIaHTOYTaM, MOMKHO IOJYYHTb
ypasrenne (IV.74) B npoekuusx. Ilpu ycTaHOBHBLIEMCS JBHIKEHHH
N0 HaNpaBJeHHAM KacaTesJbHBIX K BAaTEPJHHHSM ypaBHEHHE HMeeT
BHJ

(IV.76)

[

1}
l ij puwdn—vx—‘%—bfpudn—
0

R A)

N 00 60 ’
pwdn=12p ['vx dxx_+'vz o—‘; ] — Tsxs

putdn--

q;'g
L——;”
5

T/f
—V
3 Rp— 9 [ '

a{ uwdn—i—‘/_ TR Spwﬁdn—]/—g-'vzwofpudn—-

. d
_vzwos pwdn=—3p [v, 7= —1-»0, ]—1“. (IV.77)

INonyuensoe mHTErpajJbHOE COOTHOIUEHHE COPaBEAJHBO IPH CJje-
AYIOIHX JONylleHHsX: JAaBjieHHe B HanpaBJeHHH HOPMaJH TO-
CTOSIHHO NO TOJIIHHEe NOTPaHHYHOTO CJIOS, a CKOPOCTH B IONepey-
HOM HalpaBJeHHH MaJiel 110 CPABHEHHIO CO CKOPOCTHIO IIOTOKA; H3Me-
HeHHsl COCTaBJSIOIMX CKOPOCTH H HX IPOH3BOAHHIX B KacaTeJbHOH
IJIOCKOCTH HMEIOT MeHbIIHH NOPAAOK, 4eM 10 HOPMAJIH; 3JeMeHT
HNOBEPXHOCTH HE HMeeT OCOOHX TOYEK; M3MEeHeHHe TeYeHHs BCJEeACT-
BH€ [eHTPOGEKHEIX CHJI CUHTAETCs YUTEHHHM B YPaBHEHHH MpOdus
CKOPOCTH; CHJIOBasi GYHKLHS ONYCKAeTCS.

[nsa KOHHYeCKHX H IHJIHHAPHYecKHX mnoBepxHocted JI. E. Ka-
suxMmaH [40] mosyunsa HHTerpasbHOE COOTHOMIEHHE B BHIE

Q] | o

Sty

9
-"dz

.. 8 3 3
a [ 0
7;§"2">’+W§“”’d3’—”673?§“d>’“

[ .
(/] 1 oP 1 3
—§Wd ="—T Ox 3"7[7”]0;'

(IV.78)
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rje X H 2 — KPHBOJHHEHRHbIE KOOPAHHATH 06TeKaeMoli MOBEPXHOCTH;
Yy — KOOpJHHAaTa, COBNAJAAIasi C HOPMaJbIO K NOBEPXHOCTH.

CpasuuBas (IV.77) n (IV.78), nerko saMeTHTb, YTO pasHHUA
MeXAy 3THMH BHIPaXKeHHSIMH 3akJloyaeTcsi B TOM, 4TO Ko3(pdu-
uuentl E, F u G, oTpaxawlliue MECTHYIO KPHBH3HY NOBEPXHOCTH,
BxoAsT B (IV.77) B siBHOM BHJE. 310 06CTOSATENBCTBO HO3BOJSAET
AN CYJOB C pasBepThiBalolleficss OGIMIMBKON BHITOJHATh y4eT MeCT-
HOH KPHUBH3HH NIPH ONpeJesIeHHH KacaTeJbHHIX HanpsiKeHHA B pas-
HBIX TOYKaX IOBEPXHOCTH CYy/JHA.

JInsi TOYHOrO onpefesieHHs] KacaTeJdbHBIX HanpsiKeHult Heo6xo-
JHMO 3HaTh 3aBHCHMOCTb NPOGHJIA CKOPOCTH B MOrPaHHYHOM CJIOE
OT KPHBH3HH NMOBEPXHOCTH, a TaKkKe pacnpeiejieHHE TOJIIHHH NO-
TPaHHYHOrO CJIOS B 3aBHCHMOCTH OT DacCTOSHHS PACYETHOH TOYKH
OT HOCa CyAHA M OT KPHBH3HEI NOBEPXHOCTH. Kpowme Toro, neob6xo-
JIMMO 3HAThb MOJie CKOpoCTell BHelIHero motoka. IIpH OTCYTCTBHH
3THX JaHHBIX MOXHO ONIPEJAEe/]UTh BIHSHHE KPHBH3HHI TOJBKO Ha HH-
TerpanbHoe coorHomieHue. Ho naxe TakuM 06pasoM MOXHO CpaB-
HHTb CTENEHb BJMSHHS (OPMBI OGBOJOB HAa BEeJIHYHHY CONpPOTHBJIE-
HHSl TPEHHS. ' ’

ComnporuBJjeHHe TPeHHs ONPE/ieIAETCs N0 dopmyae

T
j <, VEG —Fldzdx, (IV.79)
0

m] N— ml

Tle T, HAXOJAMM H3 HHTErpajbHOrO COOTHOIIEHHS IO (opmyJe

3 3
] 1 0 1 0

"x“?“:—ﬁ l*——-————d § putdn —G § puw dn-}
3

+'vxolx§ udn+VE 0,2 6 Yp'wdn—!—ﬁp[ OUX < g, 00,:]}.
(IV.80)

Jlnsi mpuMepa B3AT CTENEHHOH 3aKOH M3MEHEHHs MPOGHJS CKO-
POCTH B MOTPAHUYHOM CJIO€

n=v, (1—)”' , (IV.81)

a MoKasaTeJsib CTENEeHH M 3aBMCHT OT uHcjaa PefiHonbaca. 3ta 3aBH-
CHMOCTb TOJyuYeHa Ha 6ase 06pabOTKH 3KCHEPHMEHTOB ¢ Tpy6amu
H TJacTHHaMH. M3aMepeHHsi NPOW3BOAMJIHCH MO HANpPaBJIEHHIO JBH-
xeHus. [10sToMy mpu pacuyere KacaTeNbHbIX HaNpsXKeHHH NpHXo-
JIHTCS CYMTATH PABHOH HYJIO COCTaBJSIOLIYIO CKODOCTH TEYEHHS W,
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KOTOpas HamnpaBJieHa OPTOTOHAJNBHO K MOTOKY. B 3TOM cayuae ¢op-
‘myaa (IV.80) ynpouraercs:

1

3
A K

'L'x=

, .
+’0x—5‘:?6g97)x(—;1')md’2+89 ('Ux ?;;x -}-‘Uz'g%")]' (Iv.82).

ITocnie B3siTHA HHTErpasloB H NpHBEAEHHUs NOJOOHLIX YJIEeHOB (op-
Myna (IV.82) moxker GHTb NpHHATA AJsl PacyeTa KacaTeJbHBIX Ha-
npsKeHu# B BHJE

—f . 2 Oy,
“=VE [("l+' VE(@2m+1) +1)av, o

1 1 2 0% 0v,

B 3T0 BhipaxeHne BXOAHMT BeJnyHHa E, OTpaxkaioulas npojob-
HYI0O KPHBH3HY MNOBEpXHOCTH Kopmyca. C yBenuuenuem E BBIpaxe-
HHSl, 3aK/II09eHHbIe B KPYTJIbe CKOGKH,

1 2 i
(m+' T VE@m 1) +1)’

1 1
(m+1 VE (2m +1) )
TOXE YBEJIHUYHBAIOTCH.

Ilpn HanuuuM 3KCMepUMEHTAJbHLIX JaHHBIX HJH TOYHHIX TEope-
THYECKHX DeUIeHHH Misi npoduis CKOPOCTH B MOrPaHHYHOM CJIO€
B HanpaBJIeHHH, NEPNEeHAHKYJISPHOM K IOTOKY, NPH pacueTe Kaca-
TeJbHBIX HaNpsiKeHHd ¢ moMoulbio dopmyas (IV.80) moryr 6uTh
YuTEeHBl WIEHHI, cofepikalune Koapduuuent G, 3aBHCAIMHAN OT morne-
peyuHolt KpUBU3HHI TOBEPXHOCTH. ‘

Iz pacuera na OBM KacaTeJbHBIX HaNPSXKEHHH C yUETOM ypaB-
. HEHHs NoBepxHocTH To ¢opmyae (IV.80) B npouecce mnonyueHus
' OCJIeAHEH TMPHHATH! CJeAYIOUIHE JONYILEHHS: '

1) cocrabasiomas CKOPOCTH BHEILIHETO MNOTOKAa BHIYHC/ISIETCS
CXeMaTHYHO myTeM TpaHC(OPMAalUHH MOJIS CKOPOCTEH MOTEHIHAJb-
. HOro IOTOK2 COOTBETCTBEHHOTO TPEXOCHOrO SJJIHIICOHJAA Ha AyGJIH-
- POBARHYIO MOJEJb CyJHa;

' 2) obpaTHoe BJIHSIHHE MOrPAaHHYHOTO CJIOS Ha BHEUIHHH IIOTEH-
LHAJbHLI NOTOK HE YUHTHIBAETCS;

3) TOMIHHA MOTPAHHYHOIO CJIOSI B KaXKIOH TOYKE BBHIYHCISETCS
no (opMyJsaM, NPHHATHIM AJisl VIOCKHX TEUEHHH;

4) nmpoduIb CKOPOCTH B MOrPAHHYHOM CJIO€ CUHTAETCSH H3MEHSIO-
- IQUMCS [0 OXHOMY H TOMY K€ CTENEeHHOMY 3aKOHY, HE3aBHCHMO OT
“PaccTosiHys TeKylleH pacyeTHOM TOUKH OT HOCA Cy[Ha.
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Jlns pacuera HOJS CKOPOCTEH BHEILIHEro NOTOKA HCNOJBL3YeTCa
M3BeCTHHA MOTEHIHAaJ] CKOPOCTH MPH OOTEKaHHH TPEXOCHOro 3JJHil-
conza. TpancopMaLys MO CKOPOCTEH NPOHIBOAHTCH TAKAM obpa-
30M, YTOOH B TOYKAaX NOBEPXHOCTH AyOJHPOBAHHOH MOJENH CyAHa
H TPEXOCHOTO SJJHICOHAA C Napa/ieJbHHMH KacaTeJbHBIMH ILIO-
CKOCTSIMH CKOPOCTH MMeJIH OJMHAKOBOE HampaBJ/ieHHE, a 10 BeJHIHHE
GLUIH MPONOPIUHOHANbHE! OTHOLIEHHIO LIHPHHBEI CYAHA K IUHPHHE 3J-
auncouaa. Takoll Meron He sBasercs CTPoruM. [asi ompejesieHHA
IoJIsl CKOpOCTel BHEUIHEro NOTOKa CJeAyeT HaiTH NOTEHIHA NIOTOKa
¢ yueTroM OGpaTHOro BJIHSHHS NOTPAHMYHOrO CJOSA. IMopo6uule 3a-
pauu pemaiorcs B paborax I. E.Tenna [75], (76], A. E. Ileppn
u II. H. xy6epra [93], B. I'. Be6erepa [97], . X. TIpecrona [94],
A. W. Jlana [87], A. Hakasmu [91] u apyrux aBropos. OcoGoe 3Ha-
yeHHe HMEIOT B 3TOM OTHOILIEHHH paboTH, CBA3AHHLHIE C H3YUYCHHEM
ofTeKaHHs MaTeMaTHYeCKHX Mojeneli, GMH3KHX K ¢opme CcyAHa,
OCECHMMETPHYHBIX H JPYTHX TeJ BpalleHHs.

IMyctb ypaBHeHHe NMOBEPXHOCTH CyAHa 3a/aHO B BuAE

y=y(x, 2), (IV.83)

a ypaBHEHHe TPEXOCHOTO 3JJIHICOHAA
n=y(x1, 21). (IV.84)

VpaBHenne KacaTeJbHOM IIOCKOCTH K Cy/l0BO# MOBEPXHOCTH
B Touke Mo (X0, Yo, 20) HMEET BHA

0 - 0
¥ — Y=g (2— 20) +% (% — %0).

Orciofia ycJoBHe NapalielbHOCTH [BYX KacaTeJbHBEIX IJIOCKO-
crefi COCTOHT M3 JBYX PaBEHCTB:

Oy __ oy,
ox ~ Ox; '
dy dys (IV.85)
_67-_: 02'1 ’
dy dy
TAe —-- M —5 -~ yIJIoBHe K03 HUKEHTH KacaTeJNbHHX K LMNaH-
royry H K BaTepJHHHH, NPOXOASAMIMX Uepe3 3alaHHyl0 TOUKY

Oy N
M, (%o, Yo, 20) CYAOBOH NMOBEPXHOCTH, 2 55:1— H —é%———ymonae KO-
1 1 . .
5 GHIHEnTH KacaTelbHbIX K NOBEPXHOCTH SJIHICOKAA.
YpaBHeHHEe COOTBETCTBEHHOTO S/IIMIICOHAA 3aNHCHIBAETCS Hepes
r/jiaBHbIE Pa3MepeHHs CyJHa B CJeNYIOIEeM BHAE:
2 2 2 .
X y z
1 1 1
(L s+swt+==1 (IV.86)
T)

(=)
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Ec/H H3BeCTHH NPOEKUHH Ux,, Uy,, Uz, CKOPOCTH BHEIMHEro mo-

TOKa 3JUIHIICOHAA, TO NPOEKUHH CKOPOCTH B COOTBETCTBYIOLIeH
TOUKe CyJAHa ONpeleasioTcs 1o ¢popmynam

vy=2L0,; (Iv.87)

TA€ Yo — WHPHHA CyAHA B TeKylllef TOYKe nmoBepxHocTH M (x, y, 2);
Y»— IUMPHHA 3JJHICOHAA B TOUKe, rie KacaTeJdbHas MJIOCKOCTb Na-
pajisieNbHa KacaTeNIbHOH IVIOCKOCTH B Tekywledt touke M (x, y, 2)
CyAHa. «

Yo

Yo

pHHE JJif COOTBETCTBYIOMIHX TOUEK CYAHA H SJJIHICOHAA. Taxam 06-
pa3oM moJjydaercs moJsie CKOPOCTel MOToKa XKHMIKOCTH, o6TeKkalomero
CYZAHO, KOTOPO€, He JaBasi TOUHHMX KOJHYECTBEHHHIX 3HaUeHHH, YAOB-
JIETBOPHTE/IbHO OTPaXKaeT KadyeCTBEHHYIO KapTHHY TeYeHHs.

Heo6xonumele st pacuera 3HAauUeHHs YaCTHHIX NPOU3BOHAIX

0vy dv,

ax " 3z
Ux, Uy, U, IO thopMyJsiamM

MHOXHTEND

B KaKOH-TO Mepe yUYHTHBAeT pasHHiy B IIH-

CKOpOCTH

NEePECUYHTHIBAIOTCS TAKHM XK€ 06p330M, KaK

du, Y avxl .

Ox ys Ox °

Iv.88
0ve __ ye ov,, ( )
0z~ y, o0z ° '

rae
9v,, vy, 0x1 oufl 0y 0v, v 02
ox  0x T dy, ox + 0z; 0x°®
0v,,  0u, oax 99, Oy Ov, a2z,
0z = 0x, 0z ' dy; o0z ' 0z, o0z °
Hast 3anANCOMAA 3HAUEHHS Dy, Uy, Uz, BHIYHCIAIOT o ¢op-

MyJaM, 3aHMCTBOBAHHBIM H3 Kypca <«TeopeTHueckoft ~dexaHUKH»
H. E. Kounna, H. A. Ku6eans u H. B. Pose:

__O0p U , 2x2 .
V= dx;  2— A4, (AO— a4p2)+7’m»

L Yo 2yixy :
YT 0y T T34, @Fp (1V.89)
v = 0? —_— vou Qlel

2 0z 2 A, aicipt’
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rae !
2 2 2
X, A
P=atgte.

a Uoo — CKOPOCTD JBHIKEHHS CyAHA H COOTBETCTBEHHOTO SJIJIANICOHAR.
Jlns onpepeneHust Ao HCIIOMb3YeTCs dopmydia
oo

A,—A(x, ,z=abc§ du
o= Alx, Y1, H)=00 ) V@ m (B e (P )

npu r=0; a=-—211-; b=—§—; c=T.

WnTerpas, BXoAsmuli B 9T0 BHPaKeHue, NPHBOAUTCS K BHAY

du 2

— F N _F 2
xSV(“—d)(n-f)(u——g)’ oo = F» O EC £
npu x>d>f>g, ecm g=—a% = b de=—c% x=0.

Torna

- du
§ (a2+u)1/({zz+u)(be+u)(c2+u)

2
T T@—)y/E—¢E [F (v, ¢)—E(, )]

- 2 — 2 a2 — b2
rae v==arcsin z > 9=z

A, MOCTOSHHO Ui BCEX TOYEK SJUIHMCOHAA, TaK KaK HE 32BHCHT
OT X1, Y1, 21. '

YpaBHeHHe OKOHeuHOCTeH cyAsa JJA STOro pacuera NpHHH-
maercs B sBHoM Buae (II1.43), a ypaBHeHHue IUAHHApHYECKON
scraekd B Buae (IV.12).

W3 aHaJuTHYECKHX BHIPaXEeHHA NOBEPXHOCTH CYAHA H SJIHI-
COHJla ONPEXESIOTCs 3HAUCHHs TAHT€HCOB YIVIOB HAKJOHA Kacartelb-
HLIX TJIOCKOCTEH ¥ COOTBETCTBEHHhE TOUKM CyAHA U SJUIHICOMAA,
B KOTODHIX COCTaBJISIONIHE CKOPOCTeH NePecuHTLIBAIOTCA MO npuBe-
JeHHBIM Bblule (opMyJaaM. Jinsi onpereneHus KOOpAHHAT TOUYEeK Ha
S/JIHTICOHAE ¢ TNAapaJJieJbHHIMH KacaTeJbHbIMH MJIOCKOCTAMH Heo6-

dy Oy
XOZUMO HafiTH 3HAUCHHS NPOHSBOMHBIX —°— H ~5°~ B Touke P (xo, 20)-

[Ipu sTOM ypaBHEHHs ISl ONpEACCHHSA NPOU3BOAHHX HMEIOT BHA
dy D4z+2D5xz+D.,z"’+2D-,x+D, .

K3 (D10 + Duzy ’
(30122 + 2022’ 4 QDQXZ 4+ D5X2 4 D.x + Dg) e (IV 90)
Xi(Dlo +D“Z)———2D” (0123 +D222 +DaZ+qu2+ * *
Oy — + Dgx22 4 Dexz® + Drx® 4+ Dyx + Dy)
0z (D10 + D112)?
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Onpezensst dacTHHe 3HAUEHHsi 3THX NPOH3BOAHBIX B TOUKE
P (xo, 20) W TPHPaBHHBAS 3HAYEHHSIM NPOM3BOJHLIX Ha IOBEPXHO-
CTH 3JNIHIICOHAA

oy —bx1 .
ox; 2 2
“2]/1 S .
a? c2
I __ —bz1
- T G R
0z P (IV.91)
o2 | I
a2 c?

MOXHO TOJIyYHTb YCJIOBHSI AJIsi ONpeJeseHHs TOUKH Ha 3JUIHICOHAE
¢ napaJieIbHOH KacaTeJbHOH INIOCKOCTBIO

dy Oy, oy __ On
o [r=xe = om0 0z [r=xe= 0z (IV.92)
Z2=2 2=20
Orciona
r2
—y, &
Xy Yr, y
2 .2 ,2
Vb +yp +
' 2
—y,.C
Yo (IV.93)

%1 2 2 °
Vb2 + 3¢ +9;

H3 3Tux ypaBHeHHR ompegensercd Touka Pi(xi, 21) Ha 3Jaun-
conge. ITo dopmynam (IV.89) ompeaensioTcs NPOEKUHMH CKOPOCTH
BHEIIHEro NOTOKa B TOYKe P; TPEXOCHOTO 3JIHICOHAA Ux,, Vy,, Vz,
a sarem no ¢opmynam (IV.87) — npoeKuuu CKOPOCTH Ux, Uy, Uz HA
HNOBEPXHOCTH CyZHa B Touke P (xo, 20).

3HaueHHe NPOM3BOAHON MOXKHO [PHHATbL paBHHIM 3HAYEHHIO

dv

6;: , YUHTHIBAs, YTO Nepecyer BHIIOJHAETCS CXeMaTHYHO. 3HaueHHe
0vx

NPOH3BOJHOM 5~ B TPpeAeldax NOJOCH B palOHe BaTepJIHHHK

MOXKHO NPHHATH PaBHBIM HYJIO.

Jlns pacuera KacaTeJbHHIX HampsixkeHuit mo ¢opmyse (IV.80)
HeOo6XOAYMO 3HATh 3aKOH AJs NPOQH/IS CKOPOCTH B IOrPaHHYHOM
CJIOE H TOJIIHHY NOTpaHHYHOro cjos. UucaeHHas npoBepka IoKa-
. 3ana, 4To Haumbojiee JOCTOBEpHBIE pe3yJbTAaThl IOJy4YaloTcs, €CJH

NPUHATH NPOGUIb CKOPOCTH C MOKas3aTeseM CTEeNeHH PaBHBIM TR

a TOJIIIHHY NOTrpaHHYHOI'c CJa0SA OHpenesissTb Mo (bOpMyJIe
6

3=—021(%%) i (V.98

11 3axaa M 148 161



Onsa -?—Q- u3 (IV.94) nonyyaem BHpaXeHHe

ox -
" L1 Le s
= =0,18v"x To, 7 —0,03 x 05 ' —;'%. (IV.95)

rle Xs— PaccTosiHie OT HOCa CyJHa A0 PaCYETHOH TOUKH.
Smiopa CKOpocTell B NMOrPaHHYHOM CJO€ BBIPAXKaeTCs 3aBHCH-
MOCTBIO .

1
u=wx(-;i) m (1V.96)
Torza

Sa put’ dn=f pvx (—,,"—)‘2_' dn=0,846p023;
0 0
3 3 1
[ oudn={ o ()" dn—0.917¢0.5
0 -

Jlasi pacueTa KacaTelbHBIX HANpsKeHHH T, HCHoOJb3yercs ¢op-
MyJaa '

—_r _ 1,601 oy 0.846Y 5
txfﬁ[(l,9l7 2o, S 40917 72 ) oh .
| (IV.97)

Pacuer KacaTeJbHBIX HaNpsKeHuil Jji0GOH TOYKH NOBEPXHOCTH
MOABOAHON YacTH CyJAHA MO NpHBEJEHHOR cXxeMe TPyAHOCTeH He
NPEACTaBJAeT H MOXKeT OBITh JIerko BHmoaHeH Ha IBM. :

Jlas TOro 4TOOH OUEHHTH NOPANOK BJHAHHA NPOAOJBHOH KpH-
BH3HbI HA BEJHUMHY KacaTeJbHBIX HAINPSAXKEHHH, BBHINOJHEH pacuer.
1. 10 opmyse (IV.97) c yuetom Toro, 4ro :

a1 (%)

a 3aTeM T' B Tex JKe TOYKaX KOpHyca, HO A E=1, 1. e. Ge3

yuera KpuBH3HB. Pacuer BBIMOJIHEH JIS CYAHA THNa «CeBaH» ¢ pas-
BepTHIBAIOLIelicsl HapyKHOH OOIHMBKOH (cM. puc. 52, 6) nas Batep-
nunufl, pacnonoxendnix ot 'BJI- Ha paccrosuuu 0,5 M (Taba. 6)
H 1,0 m (raba. 7).

Tabauya 6

Homepa TO4YEK 1 l 2 3 4 5 6 7 8 9
T, 5,03 |4,55|4,32|4,14|3,2213,14|3,08(2,5¢ 3,69
T} 4,08 |3,80|3,70(3,62|3,22]|3,14|3,08(2,24} 2,17
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Tabauya 7

Homepa Touex 1 2 3 4 5 6 7 8
Ty 4,13 4,53 4,30 | 4,15 | 3,18 | 3,12 2,64 | 2,14
! 3,40 | 3,84 | 3,70 | 3,62 | 3,18 | 3,12 | 2,64 | 1,95

3nayeHHs KacaTeJbHHIX HANpSIKeHHH Tr M T, COBMajawr

B paiioHe IMJIHHAPHYIECKOA BCTABKH (Homepa ToOYEK BO3pacTalioT
K KOpMe).

[To mosyueHHBIM 3HAYEHHSAM KacaTeJbHbIX HanpsixKeHH# BHIYHC-
JIeHB 3HAauYeHHs KO3(duiueHTa CONPOTHBJICHHS TPEHHS AJH PA3HBIX
TOUYEK Cy/I0BOH IOBEPXHOCTH MO QopmyJe

P 2
= 0% *

Cpenuee 3HaueHHe {; AJIsi BaTePJAMHHH 21=0,56 M NOAYYHJIOCDH
paBubiM 2,02-1073 ¢ yueroM KPHBH3HHI H 1,75-10~3 6e3 yuera KpH-
BH3HH, a AJA BaTepauHuH 2z==1,0 M COOTBeTCTBylOLlHE 3HAUCHHSA
paBuet 1,91-107% u 1,72-1072 Pe3skue CKadkH B 3HayeHHAX Kaca-
TeJbHLIX HamnpsKeHuii (HampuMep, B TOuKe 9 Ha BATEPIHHUH 24=
= 0,5) CBHAETEJbCTBYIOT O TOM, YTO B A2HHOM paHoHe JOJIKHBI Ha-
XOJHTbCA TOUKH OTphIBa mHorpaHMunoro cjof. Eciu TpeGoBaHHA
K XOLKOCTH BBICOKH, TO C NOMOLIbIO IIPHBEJEHHOro pacueTa MOKHO
cleNaTh TMPAKTHUECKHe BHIBOAH 06 H3MEHeHHH 0OBONOB KOPMHI,
4TOGH CMECTHTb TOUKH OTPbIBA 3a CUET KPHBH3HH KOPMOBBIX 06-
BOJOB.

CriefiyeT OTMETHTb, YTO YCJOBHOCTb MOJSI CKOPOCTeH H npoduas
CKOPOCTH B NOTPaHHYHOM CJIO€ MO3BOJIAET NPHHATDH TaKoH pacuer
B KayecTBe nepBoro npubanxenns. [IpuHATHIA MeToJ pacuera noJis
cKopocTeli B IIOTEHIMAJbHOM MOTOKe JOJIKEeH NaBaTb HauGoJsblIHe
OTKJIOHEHHS OT PeasbHOrO NOJIsi CKOPOCTEH B HOCOBOH OKOHEYHOCTH,
TaK KaK.HOCOBas OKOHEUHOCTh OTJIHYAETCsA 10 GopMe OT SJJIHNCOHAA
GoJiblile, 4eM KOpMOBas. [laHHbIf pacyeT NPeACTaB/ACT HHTEPEC TEM,
YTO NO3BOJIAET XOTb B KAKOH-TO CTeNEeHH YYeCTb TPEXMEepHOCTb IO-
TOKa M HAaHTH 3aBHCHMOCTb BSI3KOCTHON COCTaBJISIOLLEH CONPOTHBJIE-
HHS oT (opMbl 06Boj0B. [lajbHefiliee yTOUHeHHe AAHHOH CXEMHI
pacuera 1enecoo6pasHo MPOBOAUTL HA 6a3e TEOPETHYECKAX H IKCHe-
PHMEHTaJbHBIX HCC/IEAOBaHHHA, BHINOJHEHHBIX /I KOHHYECKHX H IH-
JHHAPHYECKUX Tesl. Bosbilof HHTEpeC B 3TOM CMbIC/IE NPEACTaBIACT
pa6oTa O BJMSAHHH [IOTlepedHONil KPHBH3HbI Ha XapPaKTEPHCTHKH Typ-
GyentHoro morpanuusoro caos E. E. Conoaxuna n A. C. I'nues-
ckoro [57].
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TAIABA V

OCOBEHHOCTH KOHCTPYKIHH
KOPNYCA CYNOB C PO

§ 17

MocTpoenue pa3BepTKH HAPYXKHOH OO IMHBKH
cynos ¢ PO na 3BM

CucTeMbl NPOrpaMM IVIa30BO-TEXHOJIOTHYECKOR MOATrOTOBKH NPOH3-
BOJACTBA, KPOME COI/IaCOBAHHA TEOPETHUECKOro 4eprexa H COCTaB-
JIeHHSI MJA30BOH KHHTH, BKJIQYAIOT NpOrpaMmul pasBepTKH JHCTOB
HapyXHO¥ OGUIMBKH C TPACCHPOBKOH Na30B M CTBHIKOB. AnanuTnue-
CKHE MeTOAH, NpHMeHsemble Ha 3DBM, npakruyeckd IOBTOPAIOT
rpaoaHasuTHYECKHE METO/Ibl IOCTPOEHHs Pa3BepTOK, H3/1aBHA NpH-
MeHsieMbie Ha mJaase. PaspaboTaHHBe B HacTosillee BpeMs CHCTEMB
nporpamm «[eokon» u «['eokoac» BKIIOYAIOT NMPOTPAMMBI pasBep-
THIBAHHS JIHCTOB, OCHOBAHHBIE Ha ABYX MeTOJMax: METOJe IeO/e3H-
YeCKHX JHHHA H METO/le HAUMEHbIIHX IJIOUIae.

OcHOBHBIE aHAJHUTHYECKHE pelLIeHHs 3ajaud pasBepTHBAHHA
JIMCTOB HapyXHOHK OGLUIHBKH KOPIyca Cy/JHa, 3aJaHHOTO B BUJE NJa-
30BbIX OpaHHaT, mpuHaliexar M. H. Huunnoposy, I0. Y. Onpucko
[41], B. H. Hukutuny, I'. C. Jlapuonoso#, E. b. Mocanesoit [40],
3. A. lllenkoBHHKOBoH. O peajin3allii THX PEIieHHA NPH CO3AAHHH
KOMIIIEKCa TIPOrpaMM IMIa30BbiX PacyeToB MOXKHO MOAPOGHO y3HATh
u3 pabor [5, 6, 30]. o

HecMOTpst Ha TO YTO DPa3BepTHIBAIOLIHECs NMOBEPXHOCTH COBMeE-
IAJOTCS ¢ IVIOCKOCTBIO 6e3 CKIaAOK H Pa3phiBOB, HAHTH MOJIOXKEHHE
cevennit Kopnyca cyAHa ¢ PO Ha pasBepTKe COBCeM He NPOCTO. 3a-
Jaua COCTOHT B TOM, UTOOHI, HMesi ypaBHeHHe Da3BepThIBAIOLIEHCH
TMOBEPXHOCTH H €€ CeueHHH, MOJAYYHTb YPABHEHHE ITHX ceueHHH HA
pasBeptke. TeopeTHueckoe pelleHHe 3TOH 3aJayW OCHOBaHO Ha HC-
IOb30BAHUH HHBADHAHTOB W3THOAHHS TNOBEPXHOCTEH, KOTODBIMH
SIBJISIOTCS rayccoBa KPHBH3HA, reo/ie3HuecKas KDUBH3HA, NJIHHB XyT
¥ yrae Mexay ceueHnsMu. IIpu pelleHuH 3TOH 3ajauu Ha 9BM
MONB3YIOTCA AHAJIHTHYECKMM BBIpaXKEHHEM IOBEPXHOCTH Kopmyca

‘cynua ¢ PO, npuBesesnnM B 1. I1L

JIs1 onpejieieHns CBA3H MEXKJY YPAaBHEHHsIMH cedueHu# TeopeTH-
4ecKOro uepTexa CyAHa M yPaBHEHHSMU STHX XKe CeueHHH Ha pas-
BepTKe HapYXHOH OOLIMBKH HCNOMb30BAHO CJIEAyIOllee BaXKHOE cBO#-
CTBO: KpUBU3HA KPUBOL, exalliell Ha IJIOCKOCTH, ABJASETCS OJHOBpe-
MEHHO ee zeode3uueckoli KpususHoiu. A TOCKOJbKY reoje3nyeckas
KPHBH3HA B KaXJOH TOUKE NMOBEPXHOCTH TpH H3rubGaHAM OCTaercs
HEH3MEHHOH, TO JIHHMSA, B KOTOPYIO MePeXOAUT 3alaHHOoe ceueHHe, Ha
pasBepTKe AOJKHA HMETb KPHBH3HY, PaBHYIO reofie3uueckoil KpH-
BH3HE 3TOTO CEUEHHS.
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B 0CHOBY NOCTPOEHHSI Pa3BePTKH HapyXHOH OOLIHBKH CyNOB
¢ PO u nosoxkeHa cBsi3b MeXAY reojiesnyecKoil KpUBH3HON ceueHH#
CYOBOH IOBEPXHOCTH H KPHBH3HONH COOTBETCTBYIOLIHX 3THM ceue-
HHSAM JHHHE Ha pasBepTke. Onpenenenne reoJe3HYeCKOd KPHBH3HbI
MMaHroyToB M BarepauHu#t cyxoB ¢ PO He BHI3BIBaeT TPYAHOCTEH,
Tak KaK HIIaHroyThl U BaTEPJIHHHM 3aJaHbl aHAJHTHYECKH H, KpoMe
TOro, ABJAAIOTCA NJIOCKHMH CEUCHHSAMH.

IMycts K, — xpuBH3HA cedeHHs B Touke M (X, y, 2) MOBEPXHOCTH
kopnyca. Toraa reogesuyeckast KpHBH3Ha Ky B 3TOH TOYKe CBs3aHa
¢ K. ypaBHeHUeM

Kg=K_cosb, (V.1)

rae O-—yros Mexay HOPMaabi0 INIOCKOTO CEYeHHsI B TOUKe
M (x, y, 2), npoBeieHHOH B INIOCKOCTH 3TOTO CEUEHMH, H Kacarelb-
HOH IJIOCKOCTBIO K IIOBEPXHOCTH, MNPOXOAsllei  depes TOUKY
M(x, y, 2).

Kpususua kpuBoft K, Ha pasBepTKe 3TOr0 CeueHHsi pPaBHA reoje-
3HYECKOH KpHBH3He

Kp=K A
HITH
Kp=Kc CoS 6. ! (V.2)
KpuBusna K, mmanroyra, 3afasHoro B Buje y = f (2),
Kc=—y"3'.7; , (V.3)
\(1 + 52 )
a JJ19 BaTepJIMHUH, 3aaHHON B Bule y = [ (x),
[ — (V.4)
( 14y, ) .

Jlns pasBepTKHM NpUHSTA IUIOCKas CcHcTeMa koopaunat OTP
c ocamu OT u OP. Torna KpuBH3HA KPHBOH HMeeT BHJ

”

t
oe (V.5)

(14 6)"

Orcioga nodyyeHo AubdepeHIHalbHOE yPaBHeHHe CeUYeHHH INNaH-
royTOB M BaTepJIMHHHA Ha pa3BepTKe

”

¢
Pl =K. cosb, (V.6)

(1+)"

+1p

“rae Ke H cos® sBasiorcs pyHKUMAMH KOOpAHHAT Touku M (x, y, 2).
“Ecan x = const, T. e. 3azaya peuraercs JUis IINaHroyTa, TO B npa-

- Bo#t yactu ypasHenus (V.6) kpuBusHa K — QyHKUHSA OJHOH KOOp-
- AMHATHI 2. ‘

{ Kp.—_-
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YuuThiBasg, YTO KPHBH3HAa KpuBOM Ha pa3BepTke K, paBHa reo-
Je3nueckofl KpHBH3He ceueHHs Ky, MOXHO MOAYyYuTh AuddepeHuH-
ajbHOE ypaBHEHHE, pelleHHEM KOTOPOro NpH 3afaHHbIX HayalbHHX
YCJIOBHSIX SIBJSIETCH MCKOMasl KpHBas:

” 2\
for=Kg (0) (14-2,) (V.7)
310 ypaBHEHHEe HHTErpDHDYeTcCsi IyTeM 3aMeHbl HepeMeHHOMN
tp=u,
torpa (V.7) MOXHO 3am#icaTh B BHOE

w'=Kg(p) (1+ud)'. )

310 06LIYHOE ypaBHEHHE C pasAeNAIOLIUMHUCH INEPEMEHHbIMH,
NpHBOAsLIEECS K BHAY

TI%T—"—:K g(p)dp.

ITocae HHTeI‘pHpOBaHPIﬂ IIOJYYHM
S ={ Ke(pdp+ ..

JleBuifi mHTerpajs Jierko 6epercs ¢ NMOMOIIBIO Tpnronome'rpuqe-
CKOH NOACTaHOBKH
u=tgv; du—sec’vdo

H NIOJIy4aeTCsi B BHAE

m SKg(p)dp+ Ci.

Peiltas 570 ypaBHEHHE OTHOCHTENBHO U, NOJYUHM

[C1+ [Ke(p) dp)?
1—[C1+ [Ke(p) ap]*’

(V.8)

U=

dt - ‘
YuuTeBasg, 4TO U =Tp_' HHTErpHPOBaHHE HEOGXOAMMO BHINOJI-

HHTb elle pa3. Toraa

2
i y ‘/ [C1 + [Ke (2) dp] dp-Cy- V.9

I—[C1 + [Ke (p) ap)?

Arto ypaBHeHHe SIBJSIETCS pellleHHeM 3ajaud B obmem suze. Ilo-
JYUYHTb SBHYIO 3aBHCHMOCTb MeEXJAYy KOOPJAMHAaTaMd ! M p MONKHO
TOJBKO B TOM CJydYae, €CJH MHTerpajbl 6epyTcs B 3J€MeHTapHHX
¢yuxkuusax. Ho Bxoadmas B noAblHTErpaJbHOe BhipaxeHHe QYHKIHS
K¢ (p) naxke y mpocrefillnX MOBEPXHOCTEH HACTOJBKO CJIOXKHA, YTO
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B3ATb HHTerpansl B (V.9) MOXKHO TOJBKO B TOM Ciydae, KOrKa reo-
Je3uyeckas KPHBH3HA cedyeHHH NOCTOAHHA.

leoge3uueckas KpHBH3HA BbiYHCAsAeTcs no ¢opmyde (V.1). Has
ee onpejiejieHdsi HeOOXOAUMO HafTH KPHUBH3HY 3aJaHHOTO CeYeHHS
M KOCHHYC yriia MeXJAy HOpMaJbio ceyeHHs B Touke M (x, y, 2) 4 Ka-
caTeJbHOR NJIOCKOCTBIO K MOBEPXHOCTH B 3To# Touke. KpuBH3Ha ce-
yeHHil onpegensercs no ¢opmyaam (V.3) uau (V.4), a onpegene-
HME KOCHHYCA YyIJla MeXJY HOPMalJibi0 H KacaTeJbHOH N/IOCKOCTBHIO
MOKa3aHO HHXKE NPH PACCMOTPEHHH CJyuyasi, KOrla YpaBHEHHS ceue-
HHHl pa3BepTLIBAEMON HOBEPXHOCTH 3aJaHbl B SIBHOM BHJe.

IMpeanosnoxum, 4To 3aflaHbl ABa HINAHroyTa Ha MNOBEPXHOCTH
cyaHa ¢ PO u ux ypaBHeHHS NpeJACTaBJEHH B SBHOM BHIE

n=y1(z); ¥=y:(2).
Heo6xoauMo HafiTH KOOpJAMHATH TOYeK 3afRaHHBIX MLINAaHTOyTOB

Ha pa3BepTKe. ypaBHeHHe MOBEPXHOCTH CyJAHA MOXHO 3anHCaTb
B BHJIC CHCTEMBI

yi=y(21);
Ya=Y:(22);
e2—2 _ X—XxX1 .
2, —21 Xy — X] ’ (V-IO)
Y1z, = Yoz
y=yi+(y:— ) =

Kazkao# TOuKe OJHOrO CeveHHsl, HMeIolel! KOODAHHATH X1, Yy, 21,
COOTBETCTBYET Ha APYroM CedeHHH TOUKa C KOOPAMHATAMH Xg, Ya, 22,
KacaTeJbHble B KOTODHIX NHapajJjejabHu. Yepes 3t ToukH M;j (X,
Y1, 21) B Mz (x2, y2, 22) Ha NOBEPXHOCTH NPOXOIHT NPAMOJHHEHHAA
obpasyomas (puc. 84). KacarenbHas m/10CKOCTb, HPOXOANILAN dYe-
pe3 TouKy M;, KacaeTcsi HOBEpXHOCTH He TOJBbKO B 3TOH TOUKE, HO BO
BCex TOYKax npsaMonaunHeiHo#t obpasylomesi MiM; H B Touke M.

Jns cocraBieHHsi ypaBHEHHSI KacCaTe/JbHOH IJIOCKOCTH, MpoBe-
JeHHOfl K AOBepXHOCTH B Touke Mi (X4, yi, 21), AOCTATOYHO 3a1aTh
JBe TpsIMble, NPHHAJJeXalllHe 3TOH MIOCKocTH. TakHMH mpSAMBIMH
SIBASIIOTCA KacaTeJbHas K CeYeHHIO, MPOXOASLIEMY yepe3 TOUKy M,
U npaMmoJnHefiHas o6pasylomas moBepxHocTH MiM,.

YpaBHeHue npaMoJuHeiiHONl o06pasyiomeil

Xx—x1 _ y—n z—z

Xa—Xx1 | Yi—y1  Z—21 ‘ (V.11)
a ypaBHEHHE KacaTeJbHOH NpsMOR
x;xl == ’—lzl , (V.12)

Yz

rae y’z paBHO y’m HJH y'zzz, TaK Kak I[OCJeIHHe paBHB MeXAY
coboii.
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Hasa cjaydasi, Korjia HCKOMBIMH CeYeHHSIMH Ha pa3BepTKe fB-
JSAKTCA BATCPJAHHHH, 3alaHHBIE€ B IBHOM BHAE:

Yi=Yy1 (x1); }
A3
Yo=Y2 (x3), (V.13)
ypaBHeHHEe KacaTeqbHOH NpSAMOM HMeeT BHI
x—l'xl = Y";I}'l — z'—o‘zl . (V.l4)
£

yZyzZ)

' : : 01
J Y
A4\
Puc. 84. HopmManb X WINAHrOyTY N H KacaTeqbHas IJIOCKOCTb
¢ HOpMaJbio K Hell N

Bekrop HopManu N kacatejbHOH NJIOCKOCTH MOXKHO 3alHCAaTh
B BHJIE ONpeAeIHTeNs

i j k
N=|x;—x1 y2—¥ 2—2
Q Yiz, 1

. (V.15)

Ecan kacateqbHas NJIOCKOCTh HPOXOAHT HYepe3 KacaTebHYIO
K BaTepJUHHHM, To B onpefenntesne (V.15) Bmecto yi’zl BXOJIUT

Y,, - ECIH ypaBHeHHe KacaTeJbHOH NJIOCKOCTH 3alHCaHO B 0GiIeM
BHJIE

Ax-+By4-Cz+D=A, (V.16)
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TO K03 dHIUHEHTH BHYUCIAIOTCS MO HopMynaM

A=y, —y1— y;z. (22—2);

B=x1 — Xy;
C=Y12 (X2 — x1); (V.17)

D=y, (x12, — X221) 4= (231 — X1¥2).

HopMmanrHas npsimasi K ceueHHIo B Touke Mi(x1, yi, 21) 3a-
NaeTcsl ypaBHEHHEM

X—Xt __Yy—n __2—2 (‘.’.18)

, 0 - Yiz,
rore n= {0, —I, y’u,}'
¥Yros Mexay HOpMaJbHON NMPSAMOA N M KacaTeNbHOH MJIOCKOCTHIO
onpeJednsiercd 1o gopmyiie
Am 4+ Bn4-Cp

inf=— ,
s R TPt/ mint

B nanuoM caydae
| £, — %1 + ¥z, (2 — 1) |

V iy %
X V[y:.’"‘yl _'y;z. (22“'21)]2 +(x2—'x1)2 —|-)’;,l (x2,—x1)2
(x2— %) V‘ + Y1z,

sin 6

= . 4 . (V.19)
1/(l ¥1m) (o —51)? + Vi (22— 71 (5g— %) —
=291, (Y2— 1) (22— 21)
Or1cona onpejensiercs cos 6:
cos f= |32 =51 =91 (22 =21)| . (V.20)

V‘ ] Py %) 2
(Y4 912) (o —x51)* + 91, (2 —21)" +
+ (12— n) — D1z, (2 —9) (B2 —21)

Toraa Ans ompejesieHdsi reoJie3HYecKOf KPHBH3HBI MOJIydaeTcs
BHIpaXKeHHe

4

yzz
(1 +y,',')'/'
X Iy2_yl_'yizx (zn—zl)l — (V.21)
V(yz-—yl)2+(x2——xl)2+y; (e =) + (2, —2)"] —
TS () (B—2)

Ke— X
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leonesnyeckass KpHBH3HA sBJaAeTcA (GYHKuHER KOODAHHATHI 24
TOH TOYKH IOBEPXHOCTH, AJIs1 KOTOpO# OHa -ompejessiercs. TO mO-
JIy4yaeTcsl BCJEJCTBHE TOro, YTO Yy ABJAsercs (yHKumed zi, a Koop-
IMHATHl Y2 H 22 3aBHCAT OT MOJIOXKeHHA TOYKH M (xi, yi1, 21) u3-3a
YCMOBHSA y' =y, ., B KOTOPOM Y , B CBOIO Ouepelb, TaKke SiB-

asercs pyHkuued z,. Ilpu nepexose k cucreMe koopauuat OTP pas-
BEPTKH KOODAHHATE 2; COOTBETCTBYeT He3aBHCHMas INepeMeHHast p.

IMocTpoenne Ha pa3BepTKe CeYeHHHi C NMOCTOSHHOM rayccoBOR
KPHBH3HOH PacCMOTPHM Ha NpHMepe, B KOTODOM B KauecTBe pas-
BEPTHIBAIOIEACA IIOBEPXHOCTH B3AT TMPAMOA KDPYroBOH KOHYC
(puc. 85) c ocHoBanueM paxuyca R.

z)

y Ts

Puc. 85. IIpsamo#t kpyroBofi KOHYyC.

ypaBHeHne KOHYyCa B JaHHOM CJydae HMeeT BHL
Xp (2*-+y?) — R2x*=0. (V.22)
a ypaBHeHHe OKPYXXHOCTH OCHOBAaHHSA
24 y=R2

Tpebyercsi HalTH ypaBHeHHe 3TOH OKPYXKHOCTH Ha pa3BepTKe
KOHyca. B JaHHOM ciiyyae KPHBH3HA OKDPYXHOCTH M3BeCTHa M paBHa

— . Ecain 611 ceueHHe npeACTaBsiyio coG0fi He OKPYKHOCTb, a JIIO-

R
6y10 APYryilo KpHBYIO, TO KPHBH3HAa BhIUMCJAAJach 6bl mo ¢opmyne
Yz
K= UM
(l +y, )

Ias onpenenenus reoJesHdyeckofi KpHBH3HBI HYXXHO HaiiTH cos 6,
rae 60— yroa Mexny pajauycoM OB u obpasymiolleii HOBEPXHOCTH
OB. B naHHOM cjydae KOCHHYC yrjia onpefesiercs npocro mo ¢op-

MyJe
y COS 6_—’-———R$.
Y+ R
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Orciona reojlesnueckas KpHBH3HaA paBHa

| R 1
Kg=Kcosb—mo et e 1
‘ RYSZ+R YA+ R

rAe Xz H R — MOCTOSAHHbIE BEJIHUHHBI.
Torna

[Keap={ 22— ——2 _+c.

VArR YRR

Ecsn HayasnbHbie yCJa0BHA 3aJaHbl B BHAE

t|p=0=Vx3+R2; t' |p.—_0=0»

10 Cy=0 1 11 onmpejesieHus ¢ NONYYaeTcs ypaBHeHue

= 74, (V.23)

OTKyAa

t=) xi+R*— p*C,. (V.24)

IIpn 3agaHHBIX HaYaJbHHIX YC/IOBHAX MPOM3BOJIbHAA IIOCTOSIHHAS
TOXe paBHa Hymio. Torga ypaBHeHHE OKDYKHOCTH OCHOBAaHHs Ips-
MOTO KPYroOBOrO KOHyCa Ha €ro pasBepTKe IEPeXOJHT B ypaBHEHHE

t=V G+R—p*

HIH

£4p'=xtR’, (V.25)
rae p MeHserca or —R g0 R. PasBeprka KoHyca ImOKasaHa Ha
pHc. 86.

B cBsian ¢ TeM UYTO TOYHOe HHTErPHPOBAHHE BO3MOXKHO TOJbKO
B HCKJIOUHTENBHHX CAyYasx H HEBO3MOXKHO NpPH 3aJaHUH NOBEPX-
HOCTH B BHJE CHCTeMHbl ypaBHeHHH, I MPaKTHIECKOro HCIOJb30Ba-
Hus Ha 6a3e TOYHOro pellleHHs pa3paboTaH MeTOA MPHOIHKEHHOIO
onpeneJeHHst KOODAHHAT £, p TOYKH pa3BepPTKH, KOTOpPasi COOTBETCT-
ByeT TOuKe moBepxHocTH M (x, y, 2). Lleap paspaGoTku Takoro Mme-
TOJAA 3aK/I0Yaercsi B TOM, YTOOH OJHOBPEMEHHO C COCTaBJEeHHEM
TabaAHUb AJA230BHX OPAMHAT PACCYHTHIBATH KOOPAMHATH COOTBET-
CTBylome# TOUKH Ha pa3BepTKe.
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[Mpu6auKeHHbIH METOA NPHMEHHM AJs JIOGBIX BHAOB NOBEPXHO-
cTefl ¢ HyJeBOH rayccoBoii kpuBH3HOH. OH OCHOBaH Ha JONYIIEHHH,
YTo reofie3Hueckasi KPHBH3Ha Ha 3JE€MEHTapHOM yuacTKe CeYeHHS
mocrosiHHa. sl DOCTHXKeHHsl HeoOXOJMMOH TOYHOCTH NPH pacyere
NPHXOAMTCS! YYHTHIBATL 3TO OGCTOATENbCTBO MyTeM BhiGOpa cOOT-
BETCTBYIOIEro OCpPeIHeHHs 3HAaUeHHH KPHUBH3HBI Ha KaXKJOM 3JIeMeH-
TapHOM YYacTKe.

ITycTh ypaBHEHHe NOBEPXHOCTH 3a4aHO B BHJE CHCTEMH

fi(y, 2)=0; )
So (¥, 22)=0;
X —X1 — Z—21
Xg — X1 Z,—21° (V.26)
y;2|=y;2:;

y=y1+ (V2 — 1) 5 =5

IlepBrle ABa ypaBHEHHs ONPeleJAIOT B HEeSBHOM BHJE TpaHHY-
Hble CEUEHHs pasBepTHIBAEMOro yuyacrka mnosepxHoctH. Ecam 3to

p
R
[
55t5
[ 7
-R
~Zg Zs

Puc. 86. PasBepTka npsaMoro KpyroBoro KOHyca.

yPaBHeHHs IINAHrOYTOB, alNPOKCHMHDOBAHHKIX C MOMOLIbIO TPaHC-
(hOpMHPOBAaHHON Bep3HEphl, TO KO3(Q@HIHEHTH ITHX YPaBHEHHH 3a-
palpoTcs B BuAe MaccuBoB A; (i=1, 2, 3, ..., 10), n B;. Pemenne
9TOM CHCTeMHl JaeT OpAHMHATH Yy JIo60H TOUKH TNOBEPXHOCTH
B cHcTeMe KoopauHat cyaHa OXYZ. B mpouecce pelleHHs 3TOH CH-
CcTeMbl MOXHO HOJYYHTb BCe JaHHHE IJIs NOCTPOEHUS Pa3BEPTKH
H cpa3y NOJYYHTb KOODAHHATH TOukKH M (p, ) Ha pasBepTke Aas
COOTBeTCTBYIOMEH TOUKH M (x, y, 2) NOBEPXHOCTH.

Ha puc. 87 nokasaHa cxeMa NOCTPOeHHMS y4aCTKa DasBepTKH
MMy o WMo nMai. B cOOTBETCTBHH C NPHHATHM JONYLIeHHEM
YY4aCTKH CEYEHHH X ¥ Xp 3aMEHSAIOTCS AYraMH OKPYXHOCTeH.
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. Tycts mepBoe u BTOPOe YPAaBHEHHS CHCTeMbl MPEJACTaBJIAIOT CO-
.60 ypaBHeHUs IIMaHTOYTOB B BHIE -

Fi=A1y}+yi (Azi+As) 491 (Aszi+- Aszi -+ Ag)+
4 A2+ Agzi - Az + A g=0); (V.27)
F2=BI)’3+ )’g (Bo22-+Bs) -+ ¥2 (B4z§+35z2+35)—}—

3 2
+ 3122+Bszz+3922 ~+ Bio=0.
B npolecce onpeAesieHHs OPAHHAT Y BTOPOTO LINAHroyTa onpe-
JEJISIOTCS KOOPAHHATH Y1 M 21 TOUKH Ha IIEPBOM INMAHroyTe, 4epes

Puc. 87. PacueTHHe BeJHYHHB. Pa3BepPTHIBAEMOro 3JieMeHTa IOBepX-
HOCTH.

KOTOPYIO IIPOXOLHT COOTBETCTBYIONIasl IPSMOIHHERHas o6pasyoomas.
Jl/isi IOCTPOEHHs pPasBepPTKH OJHOBPEMEHHO ONpeAe/sIOTCs 3HaYeHHs
reozesnueckoft kpusnsun Ky, u Kg, no dopmyne (V.21) B kaxzaon

H3 3THX TOYEK.

[ns ompejeseHHs TIeoje3nuecKoll KpHBU3Hb K Heo6X0AHMO
3HATb 3HAYeHHs NepBOfi W BTOPOH NMPOH3BOAHOK B STHX TOYKax. Tak
KakK ypaBHemm LINaHroyToB 3aJaHbl B HEesIBHOM BHJAE, NPOU3BOJAHLIE
onpefeasiorcs no gopmynam

dy — Flz, .
2 F;)‘l ’
dys F 22y .
d22 — F' ’
2ys
.o (V.28)
a2y — FlylmFlz,_Flz,z,Fly, .
dz% (F1y1)2 ’
d2y2 _— FQYlliFQZa_FQng,F2y,
= — .
dz% (FQ)'s)
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ONHOBPEMEHHO ONPERSNAIOTC PAa3HOCTH

Ax=x9— X1}
Ay=Yy,—y1; (V.29)
Az=2z,—2 :

M IaHHa L npamoJuHeiiHo#l o6pasyomei Mexay toukaMu My u M
no gopmyJe

L=V Ax*4+-Ay?-}-Az?, (V.30)

Vroa o onpeaeisiercs Kak yroJ MexIy BeKTOPaMH KacCaTesbHOH
U npsMoJHHeHHo#A o6pa3sylonlel, npoxoisiiel uepe3 Touky M.
BekTop KacareJbHOH paBeH

K=y, j+k, (V.31)
a BEKTOp npsAMoJinHeliHof obpasyioliell HMeeT BUA
L=(xy—x1) i+ (y:—y)i+(2—2) k. (V.32)
Yroa o onpenensiercs no dopmyse
a==arccos (2 —21) * %12, 05 =) . (V.33)

Vityn V(=) + (=) +(2—=)

Pacuer KoopiuHaT To4eK M; H M, BHIOJHAETCS OT OCHOBHOR
MJIOCKOCTH A0 nanayGni. IIpu stoM 2y MeHseTcs yepe3 paBHHE HH-
TepBasbl Azy, a 2; onpefesieTcs MO YCHAOBHIO MapaJsiieIbHOCTH Ka-
caTesIbHBIX B TOYKax Mj; M M., u uHTepBansl Az, nojyyalorcs pas-
JHYHBIMH. JlJ1S TOCTpOEHHS Da3BepPTKH HeOOXONHMMO 3HAaTh AJIHHY
JAyr IOAaHroyTOB MEeXAY COCeAHHMH TOYKaMH. Touku 0603HAYAIOTCA:

Mu, Miz, M13, ey Mii, Mu+1, N Myn — TOUKH Ha nepsoM IHIAaH-
royre; My, Mz, Mas, ..., Mai, Mai 1, ..., Man — TOUKH Ha BTOPOM
LINAHTOYTe.

B CBsi3H C TeM YTO LIMAHTOyTH 3aJalOTC B HESIBHOM BHAE, JJIHHA
HX He MoXeT OHITb HOJy4YeHa IyTeM HHTerPHPOBaHHA, MO3TOMY
AJHHBL YT OPHXOAUTCS OMpPEeAENsiTh KaK IAJMHHY BIHCAHHON JIOMaHOH
. JuHEH. JIas 3TOro pacCTOsHHE MeXJy ABYMS COCeIHHMH TOYKaAMH
Ha Kax/IOM UINAaHroyTe AeNHTCH B HanpaBjeHHH ocH 0Z Ha JAeCATb
paBHbix yacredl. Toraa AsmHa AyrH MexnAy ToukaMH My B Myt
ompejensieTcs no gopmye

10
Su= 2V Gyi+ 0z, (V.34)
n=1 .
rage
OY1)r=Yin+1— Yin;
8z1= zli+llo““zli .
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B xaxnoil Touke pasGueHus mmanroyra Mexay My H My A0
2y=23;+nbz;, rae n=1, 2, ..., 10 mo ypaBHeHHIO WINAHrOyTa
ONpeNensioTcss OPAMHATH Y1, MO KOTOPHM BHIYHCASIOTCH Oyi.

. AHQJIOTHYHO BBIUHCJASIOTCSA JJIMHBI AYr BTOPOrO HIITAHIOYTa

10 -
Su= 2V Gyt )’ (V.35)

rAe
(8Y2)n==Y2n+1— Yon’
§Z2=———————221+110_ 212
Yroa ¢; onpeieisiercsi KaK NPOH3BEJEHHE JJIHHBI JYrH Ha KpH-
BH3HY 0O (opMyJaM

o= 51K g3
(V.36)

Pou= SpK &>

i — KPHBH3HAa B TOYKax My n Ms; COOTBETCTBEHHO

(cm. puc. 87), a Sii u Sei— AMHHE JAYyr MeXHy TOUKaMH
My — My; 1o B Mo — Mai 40

IMocTpoeHne pasBePTKH BHIIOJHAETCS B CHCTeMe KOOpAHHAT
OTP. 31y cucreMy yHOGHO PacloJOXKHTb TaKUM 06pa3oM, 4TOGH ce-
yeHHs WINAHCOYTOB HAXOHHJHCb Ha TaKOM XK€ DPacCTOAHHH OT MH-
Hensi, Kak Ha TeopernyeckoM ueprexxe. OCHOBHAs JIMHHA Cy[lHA XOJI-
JHa cOBHajaTh ¢ KoopAuHaTHol quuuefi OP. Toraa miockasi 4acrb
JHHINA, eCTECTBEHHO, COBMECTHTCS € IJIOCKOCTbIo pasBepTku. [lep-
Bas npaMoJHHefHas o6pasymoumlas, AJsi KOTOPOA ONpelessAloTcs KO-
opAaHHaTH ToueK M, H Mz B CHCTeMe KOODJHHAT Pa3BEPTKH oTP
Mi(py, t) B Mz(ps, t2), HOMXHA NpHHALIERATb MJIOCKOH 4acTH
aumma. OT Hee HauHHaeTcss pacyeT KOOpAMHAT Todek ceueHudt. ITo-
JIOXKeHHe TepBoll npsMosinHeliHoN oGpasywouiedi Ha pa3BepTKe COOT-
BETCTBYeT HayaJbHBIM YCJIOBHSAM, KOTOphe AOJKHBI GbITh 3ajlaHbl
npu peuieHHH AH(Q(epeHnHaNbHOr0 ypaBHeH . -

Jlns mepeBosia KoopAuHAT ToueK B cHcTeMy OTP HeoGxoAuMO
TOYHO OMpPEAeNHTh HauaJbHHI YroJ HaKJOHA NEPBOA NPAMOJIHHEH-
HO# oGpasyiolleli K oCHOBHO! JHHHH 4. Tako#t xe yroa sra o6pa-
3ylolasi COCTaBJseT ¢ KOOPAHHATHOHK ocbio pasBepTkH OP.

W3 puc. 88 BuagHo, uro ecau M;M,— nepas npsiMoJHHeHHas
o6pasylomiasi, TO KOOpAHHATH ToueK My u M» Ha Helt onmpereNsoTCs
caenyiomum o6pasom. Ilycrs xjy— abcumcca JI€BOro rpaHHYHOrO
naHroyTa, a xz— abcuHcca BTOPOro TIPAHHYHOro ILIMNAHrOyTa.
Toraa B cucreme Koopaunat O'P!T!, y koropoi ocbio O'P! ciyXHuT
nepsas o6pasyiouias, KOOpAHHATE TOUKH My PaBHBHL:

pi=x; £=0, (V.37)
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a KOOp}lHHaTbI TOYKH Mz
pi=x,+L; =0, (V.38)

rae Ly — anuHa nepBoii o6pasyrouieit.
KoopauHathl moc/ieayiolluX TOYEK NepBOro M BTOPOro TPaHHY-
HEIX UIMIAHTOYTOB ONpeJeNsiioTCs KaK NPOeKUHH Ha ocH OLP! u OiT!

0 Po & Ly T \% ’
. o’

Puc. 88. CBasb MexXAy KOOpXHHATHBIMH CHCTEMAMH PasBEPTKH.

no gopmynam

R; Ry
SRR Vs P R Vo
: (V.39)
£ =f - RiKiv1i  RiKy

_ VK3+1+1 I/K%-!—l ’

rie K; u K;.,— yrioBoe kKo3p(pHIHEHTH PaJHyCOB KPHBH3HH R;’
HO OTHOIUEHHIO K NepBOA npsiMonMHelHOR o6Gpasyroumeill. OHH ompe-
Hlenasiorcad o dopmynaam

i
K,=tg (al"l‘%“*‘ngl ‘Pn) ’
g (V.40).
Ki1=tg (ax+-g—+n§l %) .

ITepeBox koopauuat B cucreMy OPT (puc. 88) BHIIOJHAETCS IO
dopmynam

1 1
== cosay—£; sinag;
P po-l—plz o+l: 0 } V.41)
t;=1ty— p;sin ay-}-£; cos ag,

rje og — yron Mexay ocsimu O'P! u OP.
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[Ipu pacuere KOOPJHHAT TOUEK IUNAHTOYTOB HA pa3BepTKe M3
BCeX VIVIOB o HCHOJb3YeTCs TONbKO o4, a M3 MJIHH npsIMOJIHHEeH-
HBIX 06Gpasyiomux M;:Mg; — TOJBKO L,, 10o3TOMYy BCe TOCJeAyIoLlHe
3HaveHusa Li HpI/IMeHﬂIOTCﬂ A5 TPOBEPKH TOYHOCTH HOCTPOEHHS
pasBepTKH. B KauecTBe KOHTPOJIbHOH BeJHUHHDI yAOOHO HCNOJIb30-
BaThb PAacCTOsiHHE MeXJy COOTBETCTBYIOIMMMH TOUYKAMH My n My,

paBHoe
AL;=L;— V(ph’—- P51)2+(t}i — ). (V.42)

ToOYHOCTb MOCTPOEHHS] PA3BEPTKH 3aBHCHT OT KOJHMYECTBA TOUEK,
KOTOPHIMH pa3GHBaeTCs CeueHHe, a C/IeJ0BATE/bHO, 1EM 6oJsbuie MO-
XeT GBITb B3ATO PacyeTHBIX TOUEK, TeM Bhilli€ TOYHOCTb NOCTPOCHUA.
KoaxuecTBO pacyeTHBIX TOYEK ONpeJe]sercs MaMsTbio 9BM. Ha-
npumep, namsth IBM «Mup-1» mo3BosiieT Ha KaXKIOM CEUCHHH
6paTh no 15 pacueTHBIX TOYEK.

Ha puc. 89 nmokasaHbl WIMaHTOYTH ¢ a6CHHCCAMH X3 H X3, KOTO-
phie SBJSIOTCS ONOPHHIMH AJIsl AAHHOH OKOHEYHOCTH. Ha 3BM rno-
JydeHb KOOPJAHHATH KOHIOB MpPSIMOJHHEHHBIX o6pasymomux, npo-
XOASIIMX HA MEePBOM INNAHrOyTe ¢ PaBHHIM HHTEPBAJIOM MO BHICOTE.
Bce NpoMeXyTOUHBIE NPAKTHYECKHE H TEOPETHUECKHE UIMAHIOYyThl
. [OJIy4aloTCsl IPONOPIHOHANBHBIM JIeJICHHEM paccTosHHA MeX/1y KOH-
maMu 00pa3yloluX. ,

ITo npuBefeHHO! Bhillle CX€Me PACCYHTHIBAIOT KOOPAHHATHI KOH-
0B 0Gpasyiomux B cucreMe pa3BepTkn OPT W HAaHOCAT Ha YepTex
B BUJE CETKH /s MOCTPOEHHs CeYeHWH IINAHrOYTOB W BaTepPIHHHH
(puc. 90). KoopaunaThl TOYEK AHAMETPaJbHOro 6aroKca, TeoperH-
YeCKHX H/JH NPAaKTHYECKHX LIMAHTOYTOB M BaTEPJHHHH pacCUMTHI-
BaloT Ha DOBM H TakXKe HAaHOCAT Ha uepreX. Ec/id HCIONB30BATh
MeTOL IPONOPIHOHAJIBHOTO AEJNEHHs, TO TOYKH CedeHHH momaiyrt
Ha MMEIOLIYIOCS CETKy H3 HPAMOJIMHEHHBIX 06pa3yloluX MOBEPXHO-
cT, HaHecenHylo 3apaHee. Ha puc. 90 nokasaHbl JJisi MpAMEpA Zn

. BaTepJHHHA H X; LIMAHCOYT, a TaKXKe JHaMeTpaJbHBH 6aTOKC.

Jlns onpepenenus Ha 9BM KOOPAUHAT p H { TOUKH C 3aAaHHBIMH
3HAUCHHSAMH X, Y, 2, NPHHALJIeKallell OBEPXHOCTH KOpIyca, Heob-
XOLHMO ONpPENeNHTh KOOPJAHHATH KOHIOB NPSIMONHHEHHOH o6pasyio-
wiefl, MpOXOAsiel Yepes 3Ty TOUKY Ha Kopmyce, a C/Ie0BaTe/]bHO,
¥ Ha pasBepTke. Ha kopmyce KOHIaMH npaMoJinHeliHOA o6pasyio-
med sBASOTCA TOUKH Mi (xy, yi, 21) ¥ Mz (X2, Y2, 22), H3 KOTOPBIX
nepBas JIEXHT Ha NMEePBOM ONOPHOM IINAHrOyTe, a BTOpas — Ha BTO-
pom. IIpu onpeje/eHHH KOOPAHHAT JIOGOH TOUKH M (p, t) na pas-
BepTKe MOryT ObiTb MCNOJIb30BAHH 1BaA crnoco6a. [TepBHiit cnocob 3a-
KJII04aeTCsl B ONpeJeeHHH KOOPAMHAT pi, {4 U P2, {; MO NPHBEJEH-
Holi cxeMe, T. €. B MOCJI€IOBAaTeJbHOM IIOCTPOEHHH TOYEK ONOPHBIX
ceueHH} Ha pPa3BepTKe OT HauaJbHOH NPSMOJHHEHHOH o6pasyloulel
1o uckoMofi. Bropo#t croco6 mpomte. Ero cythb 3aka0uaercs B TOM,
4TOOB HCMOJb30BATH MMEIOLLylOCs CETKY pPasBepTKH, COCTOSALIYIO
M3 WMAHFOYTOB M MPSAMOJHHEHHBIX 06pa3yolinX. Ha rakoit pas-
BepTKe PAAOM C HOMEepaMH TOYeK Ha KOHIAX 0Gpa3ylomuX HyXKHO

12 3akas M 148 177
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AOPOCTaBHTh COOTBETCTBYIOLIYEe HM KOOPAHHATH X, y, 2 KOpmyca.
Toraa, onpeienus AJjs 3afaHHON TOYKH KOODAHHATH KOHIIOB MpPOXO-
IALled yepes Hee NMPSIMOJIMHeHHON oOpasylomief,, MOXHO Ha#lTH IO-
JIOXKeHHe TOYKH Ha pa3BepPTKe HHTEPIOJHPOBAHHEM.

Hanpumep, na passeptke (puc. 90) HyXHO HaliTH TOUKY Kopmyca
¢ KoopauHaraMu M (x, y, z), yepes KoTopylo npoxoaut obpasymouias
¢ KoHIaMH B Toukax Mi(x1, y1, 21) 0 Mz (X2, Y2, 22). DTa obpasyio-
mas opoxXoJUT Mexay /I u 12 npaMonnHeHHBIMH 06pa3yIOIHMH Ha
passepTtke. Onpezenende NOJOXKeHHs] 3TOH 0o6pasylolnell MOKa3aHO
Ha cJaejylolieM IpHMepe.

Ilycte TOuKa M nmeer xoopaunatn M(9,8; 0,18; 0,5), a koop-

o .o
TAUIIAR ONNAYNATANUIA wanna oo nmnauvmanruuatiuntty nfAnasvin.
RHHaTmL' AUVOLUL UMPUVAVAZALLRLIL IVPUO 0OVU BMpAMNUVANUIALULL UUpadsy res

me#t M;(10; 0,075; 0,47) u M (8; 1,115; 0,825). CooTBercTBylOILHE
KOHIB OAMHHaAUaTOA obpasylomei HMeOT KoopauHaTH M (10;
0,066; 0,45) u M'2(8; 1,108; 0,8), a xoopauHaTH KOHLOB ABeHajaUa-
To# obpasyiomed M7 (10; 0,085; 0,5) u M7 (8; 1,125; 0,844). Koop-
AuHaTH Touek M;, Ms, Mi, M; Ha pasBepTKe NOACYHTAHHI HA
9BM u paBum coorsercrBenHo M (10,076; 0,296), M’ (8,13; 1,49),
M (10,089; 0,348), M’ (8,14; 1,54). [lasi ompefeneHust MOJOKEHHS
npsimoinHeiiHOH o6pa3syloniell, NpoxXoAsilell yepes 3aflaHHYIO TOUKY,
Ha pa3sBePTKE MOXHO BOCHOJIb3OBATHCH CJAEAYIOIIHMH (HOpMyJaMH.

ITycts M; (ps, £1) cooTBercTBYeT KOHUY OOpasylolled Ha NepBOM

WMaHroyTe X1, a Ms(p2, {2) — KOHIY 06pasylollel Ha IINAHIOYTE X.
Torna KOOpAMHATH 3THX TOUEK CBSI3aHBI C KOODAHHATAMH COCEAHHX

ob6pasyromux hopMynaMu

. ‘ ” . 21_‘2;
P=pH(Pi—P)
L ” N 2 ——Z'
f1=t1+(t1—tl)——“z:_zl' ;

‘z ‘z, . (V.43)
. - i 2%
p2=p2—|—(p2—p2) 'z-;:;;‘ ’

' ” ’ 22-—-22
ty=ty}+(ts—t2) Pt

[locne onpeneneHust KOOPAHHAT Py, ti, P2, f2 Jerko HalTH p H ¢
HCcKoMo# ToukH M (x, y, z) no dpopMynam

X — Xy ,

P=Pl+(P2—P1)*———x2 —x
=th+(t—t) .

Xg— X1

(V.44)
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Jlns paccmMaTpHBaeMOro mnpuMepa, cooTBercTByiomero puc. 90,
p1=10,082.

st roukn M KOOpJAHHATH Ha pa3BepTKe ompeaensiorcs no ¢op-
myaam (V.43) p=9,887; t = 0,441.

Touka M (p, t) nokasana Ha puc. 90. OHa pacnosoxena Ha 00-
pasyiomed, BbEJEHHON WITPHXOBOM JHHHEH, KOHIbLI KOTOPOH Haxo-
JasTcs B Toukax My (py, t1) u Mz (p2, t2).

s npuMepa BHJHO, 4TO NPH HEOOXOJAHMOCTH HaHTH Ha TOTOBOH
pasBepTKe IPOMEXKYTOYHYIO TOYKY HYIKHO INOJACYHTAaTh ee KOOPAH-
HaTH 10 NpHBeAeHHHM QopMmyaam. [lis 3TOro AOCTAaTOYHO, YTOGHI
Ha yepTexe pasBepTKH BMECTO HOMEpOB TOYEK OBUIH 3aNHCaHBI HX
KOOpJAMHATH B obuiecyfoBoii cucreMe Koopaunat OXYZ. Koopau-
HaTHl p H { CHAMAIOTCS C YepTeXa Pa3BepPTKH C NMOMOillbI0 MacCIUTa-
6oB Ha ocsax OP u OT.

IlpuBenennas Ha puc. 90 passBepTKa MOCTPOEHA MO0 PACUETHBIM
koopauHatam. TaGauna, cojepikallasi KOOpPAMHATHL TOYeK Ha pas-
BEPTKE, OJHOBPEMEHHO BK/IOYaeT KOODAMHATH 3THX e TOYEK B CH-
creMe KoopauHat cyiHa OXYZ. Ilpu cocrapieHHH TaGJHUL B KaX-
JIOli ee CTPOKe YKa3blBaloTCs KOOPAHHATH X, Y, 2, p, t. B 3TOf Xe
CTPOKE MOXKHO AJsi yA0o6CTBA yKasaTb 3HAUEHHs] TeX XKe KOOpAMHAT
B Mmacurtabe ueprexa. Tabnuna coAepKHT AaHHBIE MO NPAKTHUECKUM
A TeopeTHyeckuM wnaxroytam. [To stok Tabmuie AJs1 BCeX paspep-
THIBAIONIIHXCH YYaCTKOB KOPIIyCa JIETKO NOCTPOHTb Pa3BepTKy C Ha-
HeceHHeM HINAHTOYTOB, BaTePJHHHUH, JHHHH NanyOH H JuaMerpalib-
HOMl JIMHHH, a TaKXe BCeX MPAMOJUHEHAHHX 00pasylollux NOBepX-
HOCTH KOpIIyca.

Crienyer 3aMeTHTb, YTO IOJYYEHHOE TEOPETHYECKOe pelleHxue,
anroput™ Aas DBM u nporpaMmbl MOryT GBbITH HCHOJB30BAaHBI AJs
NOCTPOEHHS Pa3BEPTKH HE TOJLKO HapyxHo# o6muBKH cyaHa ¢ PO,
HO H JJS PasBepPTKH JIOGHIX JHCTOBHIX KOHCTPYKIHH.

Jlast nocTpoeHHs pa3BePTKH JHCTOB HapYXHOH OOLIHBKYM Ha He-
Pa3BepTHIBAIOUIHXCS yIacTKaX KOPIyca MOXKHO BOCIOJb30BAThCS Mé-
tonoMm . A. llenxosnukoso#t 1 B. H. Hukuruna. Ilpu ucnoabsosa-
HHM 3TOTO METOJAa CJeJyeT TOJALKO YYecTb OCOOEHHOCTH aHaJHTHYe-
CKOTO 3aJlaHHs INTIaHrOyTOB M BaTepJHHHH cynoB ¢ PO.

§ 18
Koncrpykuus u Ha6op kopnyca cyausa c PO

‘Koncrpykuust B HaGop Kopmyca Cy[A0B C pasBepThiBaiouleiics Ha-
PYXHOH OGLIHBKOK MOTyT GbITb TAKHMH Xe, KaK y OObIYHBIX CY/OB.
B 3TOM caydYae TEXHOJIOTHUECKHE INPEHMYylecTBa NPH MOCTPOMKe
cyAHa GYAYT 3aKII04aThCH TOJbKO B COKDAIUEHHH TPYAOEMKOCTH
H3rOTOBJIGHHS JIHCTOB HapyXHo# o6ummBkH. Hampumep, Ais MaJbIX
CYJZOB MOXHO Ha60p PacCHONOXKHTb MO NPSMOJNHHEHHHM 06pasyio-
EM. Y KOHCTPYKTOpa NOSIBHTCS BO3MOXHOCTb IIOHCKAaTb HOBhHIE
BapHaHTH npH paspaboTke HaGopa. Ecam npopoibHu# Habop
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B OKOHEYHOCTSIX cyaoB ¢ PO HanpaBHTb He IO BaTEPJHHHAM, a NO
npsaMoJHHeRHHM 06pa3ylouuM, To c60pkKa CeKUHA NoaydaeTcsi MeHee
TpyaoeMKoii. [IpsaMonunefinnie 06pa3yloliue COCTaBIAIOT C BaTepJH-
HHSIMH HeGOJIbLiMe YIVIBl, I03TOMY MOXHO HaJeATbCsl, YTO NPH pac-
HOJIOXKEHHH NpoAoJbHOro Habopa mo o6pasyiomuM obuias mnpoy-
HOCTb He IIOCTPAaZaeT, XOTS BONPOC 3TOT He HCCIAEROBAJICH. .

Bropoe u3MeHeHHe B OGIUENPHHATOH KOHCTPYKUHH AJISI Omnpeje-
JICHHBIX THNOB CYJOB MOMXKeT GLITb CIeJaHO B HaNpaBJIeHHH Ione-
peuHoro Habopa. Ecim momepeuHmf HaGop HampaBHTb NO JIHHHAM
MaKCUMaJbHOH KPHUBH3HBI, TO OH MOJYYHTCS OPTOrOHAJbHBIM K 00-
IIYBKE U K NpogosabHOMY Habopy. CTeHKH momepeuHoro Habopa npu
3TOM I[OJYYaTCs H3OTHYTHIMH, HO MX H3rubanHe 6y/[eT NOJydYaTbCs

Puc. 91. Cexnusa ¢ OpTOroHaJbHbHIM HaGopoM.

~
6es HaTAra, TaK Kak HODMaJ/H K JHHHAM KPHBH3HBH pa3BepThiBalO-
I{HXCA OOBepXHOCTeH Toxe 00pasyioT pa3BepTHIBAIOLIYIOCS MOBepX-
HOCTb. DTO [IO3BOJISIET H3TOTOBJAATL Ha60p H3 MOJIOC JMI060H MHPHHH.
YeranoBka HaGopa HO MecTy He moTpeOyeT MaJIKOBKH, a pa3Merka
JUHHA HX COeJMHEHHSi ¢ OOLIMBKOH MOXeT ObiThb BBEIIOJHEHAa H&
9BM O0JHOBpEMEHHO C pPACYEeTOM pPa3BePTKH HAPYKHONX OGIUIMBKH.

Iis peanuzauMy NPEeHMYIIECTB OPTOroHaJbHOro HaGopa cie-
JyeT peuluTb BONIPOC 06 yriax MexJAy CTeHKaMH H OOpaTHBIMH IO-
JocaMH MMNaHTOyTOB H NPOXOJbHHIX cBsded. Ecin o6paTHbiE MOJOCH
NpHBapHUBaTh NMOJ NPAMBIM YIJIOM, TO HX INIOCKOCTH OKaXyTCsl Ha-
pajseJbHHEIMH HapyKHO#H OGLIMBKe, TaK KaK Becb Hab6op cocTaBiseT
C KacaTeJbHBIMU IIOCKOCTSIMH K NOBEpXHOCTH KOpnyca B MecTax
npuBapku npsmbie yrael. Tako#t HaGop Ha CeKIMH, BBLINOJTHEHHOR
H3 pa3BepThHIBAIOUIMXCH MOBepXHoOCTel, nokasaH Ha pHc. 91. CreHku
NpOJOJBLHHX CBfA3ell MJIOCKHEe ¢ NPAMBIMH KPDOMKAaMH, a CTEHKH fO-
NepeuyHsX CBSi3ell HMEIOT KPHBOJIHHEHHbie KPOMKH (KaK y OObIUHBIX
CYIOB), HO YCTaHABJIHBAIOTCA C OTKJOHEHHSMH OT IJIOCKOCTH IIOaH-
royra. Ecain pa3BepTKy CTeHOK BHINOJHATL Ha DBM, To HX pas-
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MeTKa He Bhi3oBer 3aTpyaAHeHHil. Heckoabko cioXHee mnojyuaercs
¢ npuBapKoit o6paTHO# noJock. B mpouecce CBapkH CTEHKH Habopa
¢ o6paTHON MOJOCOH M CTeHKa W mojoca GyAyT M3rubaTbesi M MpH-
MyT TaKyio ¢OpMy, KaKylo OHH MOJIKHb HMeTb NpPH yCTaHOBKe Ha
mecto. KOHCTpYKIlHs CTaHOBHTCS He IJIOCKO#H, a 06beMHOH. Pasmephl
OCHACTKH TaKxe MOryT ObTb paccunraHbl Ha IBM.

OT/HYHe H3rOTOBJIEHHS OPTOrOHaJbHOro Ha6opa ot 0GBIUHOro 3a-
KJII04aeTcsi B TOM, YTO Helb3si CHATH WaGJOHH C KOPNyca TEOopeTH-
yecKOro uepTexka, a HyMKHB pacuersl Ha DBM uin crmenuaspHble
rpaduyeckne noctpoenus. Ecam nomepeunsii HaGop He nMeer 00-
PaTHO# NMOJIOCH HWJIH BHLIIOJHSAETCA H3 MoJ10c00yabGoBOro MaTepuaia,
TO OPTOrOHaJIbHbI Habop Moxer ObITb H3OTHYT B mpouecce npH-
Bapk# K o6muBKe. B 3TOM ciyyae npeaBapHTesbHasA o6paboTka 3a-
KJIIOYaeTcsi TOJNbKO B pa3MeTKe H o0peske JIHCTOB.

3apaHee TPYAHO CPaBHHTb TPYAOEMKOCTb H3rOTOBJIEHHS OPTOrO-
HaJIbHOro ‘Habopa ¢ OGHYHBIM. ¥ OPTOrOHa/JbHOro HaGopa MeHbLIE
MaJKOBOYHBIX paGoT, 3HaUHTEJIbHO Jierie H3roTOBJEeHHe H YCTaHOBKA
NpoJoJbHOro. Ha6opa, HO OCHACTKA IIPH H3TOTOBJEHHH NONEPEYHOro
Habopa MOXKeT MOJYYHTbCSA Gosee cnoxHO#. Kpome Toro, aasi OCBO€-
Husl KOHCTPYKIHH KOPIyca C OPTOrOHaJbHBIM HaGopom TpeGyercs
paspaboTKa HOBOA TEXHOJIOTHH.

PacnosioxKeHHe CTHIKOB H N1a30B Ha Pa3BepPTHIBAIOILEACSH HapyX-
HO# O6IIMBKe MOXKHO BHOpaTh Goslee paliOHaNbHO, YeM Ha OGHIYHOH
o6UIHBKe C ABOSIKOM KpuBM3HOH. JIBOosiKkasd KPHBH3HA OGWIHBKH NPH
o6biuHOft popMe OGBOAOB JOCTHraercs nyreM OOpe3kH JHCTOB TO
KPHBBIM JIHHHSM, NO3TOMY KDOMKH BCeX JIUCTOB MOJYYaioTCs KPHBO-
auHefibiMHE. Eciu ofliMBKa DPa3BepTHIBAIOIMIAsACH, TO BCe CTBHIKH
U nashl: NMOJYYAloTCsi NPSAMBIMH. KpHBOJHHEAHBIMH MOJY4YaiOTCs
TOJIKO Te KPOMKH JIHCTOB Hapy»XHOA OOGIIHBKH, KOTOPbie NpHJeraioT
K najy6e W IPOXOASAT MO AHAMeTpaiabHOMY OarTokcy.

[MpuBeneHHble B NpeAblayllleM naparpade ajJropHTMH NOCTPOE-
HHA pasBepTKH Ha DBM n03BOJSIOT BHECTH NPHHIHIHAAJbHBIE H3MeE-
HeHHsl B PelIeHHe 3aJayd O Pa3MeTKe Ia30B M CTHIKOB. Pasmerky
npollie B 3TOM CJyyae BHINMOJHATb HE HA NPOEKIHHM «KOPIyC» Teope-
THUYECKOrO UepTexka CyJAHa, a MPAMO Ha TOYHOH pa3BepTKe HapyXK-
HO#l OGIIMBKH, MOCTPOEHHOM MO pacyeTHHIM AaHHbM. [lo ceTke Ha
pasBepTKe, COCTOsIIlel H3 NPAMOJHMHEHHHX O6pasylOlIHX H MpaKTH-
YeCKHX HINAHrOYTOB JIEFKO Pa3METHTh JIMHHH CTBIKOB M Ia30B C yUe-
TOM rabGapUTOB JHCTOBOrO Marepuasa. JIHCTBI MOXHO PacloOJOXHTb
Ha pasBepTKe BCeH HapyXKHOM OOGLIHBKH TakKMM 00pa3oM, 4TOGsI JA0-
BECTH JO MHHHMyMa OTXOAb. Pasmerka ma3oB W CTHIKOB Ha pas-
BepTKe 3HAYMTEJbHO NpOUle, YeM Ha <«KOpIyce», TaK KaK BMECTO
TNPOCTPAHCTBEHHOH 3aJaUH PelaeTcs IIocKas.

ITo ceTke pa3BepTKH, KDOMe CTHIKOB H Na30B, JIETKO Pa3MeTHTb
JuHHM Ha6Gopa. Ecaiu na6op HanpasJjeH MO INAHrOyTaM H BaTepJiH-
HUAM, TO Ha pa3BepTKe OH OKa3bIBAETCH NMPAKTHYECKH pa3MeyeHHBIM,
TaK K4aK pa3BepTKa CTPOHTCH IO NPAaKTHUECKHM IIIAHroyTaM, KO-
OpJAMHATH KOTOPHX paccuMThBaiorcs Ha OBM. Ecam xe HaGop
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BBINOJIHAETCS OPTOTOHAJbHBIM, TO MPOAOJbHEI HaG0p HaNpaBJeH No
NPSMOJHHEAHBIM 06Pa3yIOlHM, KOTOPhle NPEACTABAIOT COOO0H CETKY
Pa3BepTKH, a nonepeuyHblii Habop AOMIKEH GhITb Pa3MeyeH IO CeTKe
PasBepTKH TakuM 06pasoM, yToOH ero JIHHHH NPOXOAUJIH OPTOro-
HaJIbHO K NMPSAMOJHHEHHBIM 06pa3yoliHM.

Hutepec mpeacrasiser ellle o4Ha 3ajaya, CBA3aHHAs ¢ 0COGEH-
HOCTAAIMH pa3BepThIBAIOLIEHCs HapyxHOH o6uwmBku. Ecau KpuBH3HA
OGBOJIOB CyaHA B OKOHEUHOCTSIX 3HAYHTENbHA, TO NMPH OPTOrOHAJb-
HOM Habope yBeJMYHBAETCH yyaCTHe OGIIMBKA B NPOYHOCTH Iepe-
KpuiTHs. OUEHHTD CTeneHb BJHAHHS OGIIHBKH B 3TOM CJAydae TPYAHO
6es crenuaNbHOrO TEOPETHYECKOTO MJH 3KCIEPHMEHTANBHOI0 HCC/e-

NORaIHUg .

SRS DARELATI .

§ 19

TexHONOrHYeCKHE OCOGEHHOCTH MOCTPOAKH
Kopnyca cyaHa ¢ PO :

IIpuMeHenne pasBepTHBAIOMKXCS OBEPXHOCTEH NPH IPOEKTHPOBA-
HUH 0GBOJIOB Cy10B 11eJIecO06Pa3sHO TOJIBKO B TOM CJydae, eclH HX
NPOEKTHPOBaHHEe H MOCTPOHKa oGOoHAyTCs HAellesie, yeM OOBLIYHHX
cynos. Ecan xe npeumymectBa cyzoB ¢ PO He peanusyoTes Ha
BCEX CTajHsAX NPOEKTHPOBAHMS, a TEXHOJIOTHS IOCTPOAKH Kopmyca
OCTaHeTCsl TaKOH e, KaK y OOHYHEIX CY/fOB, TO HET CMHICJA OTKa-
3HIBATbCA OT NPHBHYHHIX 0GBOJOB.

~ IpenmymecTBa, KOTOpHE HEOGXOAMMO HCIOJAB30BaTh C CAMOrO
HadaJja, 3ak/I04aloTcs B TOM, YTO paspabGorka 06BOJOB H BCA IIa-
30BO-TEXHOJIOTHYECKasl IIOArOTOBKA BHIIONHAIOTCI Ha IBM. Ecanm
pabora Ha 9BM ocBoeHa KOHCTPYKTOPOM-IPOEKTHPOBIIHKOM, TO IIPH
CO3/1aHHH 00BOJOB MOXKET GHThH BHIIOJHEHO COTIaCOBAHHE HECKOJIb-
KHX BapHaHTOB OGBOJOB C OLEHKOH OCTOHYHBOCTH M CpPaBHEHHEM
CONpPOTHBJIEHHS] BOABl JABHKEHHIO CyAHAa. TaKoe NPOEKTHPOBAHHE
yckopsieT pa3paboTky O00BOJOB, TaK KaK MO3BOJSiET CAeJaTh Mpex-
BapHTe/IbHOE CpPaBHEHHE Pa3JHYHBIX BADHAHTOB H COKPAaTHTb 00beM
HCIHTAaHU#A B ONHITOBOM OacceiiHe.

BosbmaM npenMyilecTBOM B IJ1a30BO-T€XHOJOrHYECKOH HOArO-
TOBKe NPOH3BOJCTBA, KPOME cOrviacoBaHHa 0o0BoJoB Ha IBM, sB-
JISIETCH BO3MOXKHOCTb IOJIYYHTb TOUHYIO PACYeTHYIO Pa3BEPTKY Ha-
pyxHOi oOwuBKH. I[losyueHHe pasBepTKM JHCTOB HapyxHo#i 06-
WHBKA Ha OBM naer 3HauuTeJbHEIH SKOHOMHYeCKU# 3ddekt. Ecan
HCIOJIb30BAaTh NPEHUMYIECTBA TOYHOMN pas3BepTKu cyAos ¢ PO, To
SKOHOMHYECKHH 3QPeKT yBeanunuTcs. Pa3BepTka HapyKHON OGIIHBKH
cyroB ¢ PO crpourcs ans GOJBIIHX y4acTKOB HOBEPXHOCTH KOP- .
nyca, a He JJisl OTAEJNbHBIX JHCTOB, 32 CYUeT Yero yNpOLIAaeTCs H CO-
Kpauiaercss Heo6xoauMmas NOKyMeHTauusi. [Ip¥ BBINOJIHEHHH cOrJa-
coBaHus 06B0J0B Ha OBM, B oTyiHuMe OT OGHIYHEIX O6BOJOB, AJIH
CYAOB C PO Ta6.rmua IIJIa30BHIX OpAHHAT COCTaBJAAETCS B KOOpIH-
HaTHO! cucreMe cyana OXYZ W B IJIOCKOR CHCTeMe KOOPAHHAT
passeprkn OPT. Jlns MaKCHMaJbHOrO HCIO/Mb3OBAHUS NpPEHMY-
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. HIECTB TaKO# 1J1a30BOfi KHHI'M HYXCHO BHINOJIHATH Pa3GHBKY Kopmyca
‘Ha CeKUHH OJHOBPEMEHHO C corjlacoBaHHeM 06BOZOB Ha DBM.

Hudopmanus pas nexoB nosayyaercs B Buie Tabauu. [lpu uc-
1oJIb30BaHUH B iexax OBM nHpopManus MoxeT BHAaBaTbCSA B BHIE
nepdosieHT AJid MapKHpPOBOUYHHIX ycTpoficTB. TouHble pacyersl Bcex
KPOMOUYHBIX JIHHHH JIHCTOB II03BOJIAT aBTOMAaTH3HPOBATb PE3Ky KpH-
BOJMHeHRHNX cekuuil. [IaHenn cekuuit MOXKHO cOOHpPatrh B IOPH30H-
TaJIbHOM IIOJIOKEHHH ¢ IPHMEHeHHeM aBTOMaTHuecKOH cBapku. Ecun
NPHHATA OPTOTOHAJbHAsA KOHCTPYKHHsi Habopa, TO NPHBAapKy mpo-
NOJbHBIX CBfidel MOXKHO TaKXKe NPOH3BOIHTbL B I'OPH3OHTAJBHOM IO-
JoxeHuu (puc. 92).

Puc. 92. TloaroToBka CeKUMH C OPTOTOHAJbHHIM HaGOPOM
K cGopke.

Koncrpyknus nocrenefi piasi c60pKu CeKHHA AOMKHA GHITH INTHI-
pesoil. B 3TOM ciayyae mo pacyeTHbIM OpPAHHATAM, HOJMYYEHHHIM
B cucreMe OXYZ, miThpH ycraHaBJauBalOT no o6soxy cyasa. Torja
-TOTOBasl NaHeJab, OyAyuyH IOMELIeHHOH Ha MOCTeNb, NOJ BJIHIHHEM
" COGCTBEHHOI'O BeCa HJIH NPH HOMOIIH I'DY30B NPHUMET TOUHYIO GOpPMY
-06Bofla Kopnyca. IIpakTuka MHPOBOro CyJOCTPOEHHSI MOKasaja, YTo
: IPHMEHEHHe THOOUHBIX YCTPOHCTB IIPH NOCTPOfiKe KOPIYCOB CYLOB
PO rtpebyeTcst TONBKO [J1s1 TOM YaCTH HaPYKHOH OOLIMBKH, KOTO-
pas pacnojioxeHa y GOpIITEBHS WU B KOPMe.
Pasmerka JHHHHE 1INaHrOyTOB MOXeT GhITb BHIMOJNHEHAa Ha Ia-
‘Hetw 10 ee Haru6anus. Ilocne ykanagku nanenu no ¢opme 06B0LOB
SAMHEM TONepeYHHX CBS3EH MOIYT GHTb ellle pa3 mposepenn. Ecan
MOAHTOYTHl NPOXOAAT MO IVIOCKHM KDHBBLIM, TO IPOBEPKA MOXKET
GLITb BHINOJIHEHA C MOMOIIBIO CBETOBHIX Jyueil. Ecau ke npuHsT op-
SOrOHaJIbHHIH Ha6op, TO NPOBEPATHCH [JNOJIKHBI YIVIB MEXXAY JH-
IMMAMY IONEPEYHBIX CBsI3eH H NPOJOJBHEIMH GaNKaMH. DTH yrisl
fHOJKHEI ORITh IIPSMEIMM.
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MMenHo npu c6opKe CeKUHH LieX peaqusyeT MpeaMyllecTsa oG-
BooB ¢ PO, Tak Kax NOBHILIAETCS TOYHOCTh H KayeCTBO CEKUHH NpH
MaKCHMaJbHOH aBTOMaTH3auum#. Kpome TOro, HMEHHO MpH HOATO-
TOBKE JHCTOB HapyXHON oBIIMBKH, Jerajeil HaGopa, cOopke H mpo-
BepKe ceKuuH o6Jeryaercsi NMPHMEHEHHe 3JIEKTPOHHO-BbHIYHC/IHTENb-
HEIX YCTPOHCTB B CYyHAOKOPNYCHHIX HEXaX.

Ha puc. 93 mokasaHa TreoMeTpHs INOCTeNH JJISi CEKIHOHHOH
c6opku. [To cpaBHEHHIO ¢ OGLIYHBIMH 06BOJAMH reOMETPHS MOCTENH
a5t cGOPKH CeKIHMi ¢ pasBepTHBaONIelics HapPyXHOH 06IKMBKOHA 06-
JajfaeT 3HAYHTEJbHBIMH NPEHMYINECTBAMH: IOCAe YCTaHOBKHM WITHI-
peli B pacueTHbie NOJIOKEHHS] MOXHO 1O MpsSIMONHHEAHEIM 0Gpasyio-
ilAM TPOBEPHTh TOUHOCTb HocTesH. C MOMOUIBIO HATSHYTHX HHTEH

Puc. 93. TeomeTpusi nocreny A Cek-
nui Kopmyca CyAHa C pasBepTHBalo-
pieficsi OGIIHBKOM.

MOKHO YCTAHABJHBATb LITHIDH B HYXHOE NOJIOXEHHE, a MPOBEPATH
10 KOOPAHHATAM KDHUBOJIHHEHHBIX CedeHHH. BO3MOXHOCTb OCYMIECT-
BJICHHS JBOAHOTO KOHTPOJIS KOMIEHCHPYET NOBbIIIeHHHE TPeGOBaHHA
K TOYHOCTH. I'eOMeTpHSi Pa3BepTHIBAIOIMXCSA NOBEPXHOCTEH MO3BO-
JIIeT COKPATHTh PaGOTH MO H3rOTOBJEHHIO OCHACTKH. OcoGoro BHH-
MaHHsi TOTPe6yeT TOMbKO Ta OCHACTKA, KOTOpas HYXKHa JJIs Hepas-
BePTHIBAIOILHXCA Y4acCTKOB Kopmyca. :

Cieyetr 3aMeTHTb, YTO, HE HMesl J0CTaTOYHOrO ONbITa IIOCTPOAKH
cynos ¢ PO, TpyMHO NPeAyCMOTPeTh BCE TEXHOJOrHYeCKHe ocobeH-
HOCTH IIOCTPOHKH.

B cBSI3H ¢ TEM UTO OGLIHBKa NPHHHMAaer HYXHYIO GopMmy 3a cueT
YIpYrocTH M INJIaCTHYHOCTH MeTajjia, MOBBIIAIOTCH TpeGOBaHHS
K TOYHOCTH M3roToBJeHHs Habopa. Eciu mpu MapKHpOBKe M H3ro-
TOBJIEHHH Ha6opa HEe HCMOJb30BATb BBIYHCJHTENBHYIO TEXHHKY, TO
npeumymectsa 0680108 ¢ PO moryr 0GepHyTbCS HEAOCTATKAMH NPH
MaJjefilieM HapyuieHud TexHoJoruu. [las u3bexaHus TpyXHOCTE#,
CONMYTCTBYIOUIMX BHEAPEHHIO HOBOro, Heo6XOMMMO, Hapsly C cosAa-
HHEM KOMILJEKCa NMpOorpaMM, CBsi3aHHBIX C T/1230BO-TEXHOJOTHYeCKOH
MOATOTOBKOM NMPOM3BOJACTBA, pa3paboraTh HOBYIO TEXHOJIOTHIO.
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3AKJIIOYEHHE

PeayabTaTHl CPABHHTENBHBIX MOJEJbHbIX HCHBITAHHA cepnii
OOBIYHBLIX O6BOAOB H OGBOJOB H3 PA3BEPTHBAIOIIHXCSA NOBEPXHOCTEH,
npusefeHHble B ra. I, mokaswBawT, 4TO JAaxke Kophyca CyAoB
CO CJAOKHBIMH O6BOAAMH MOXHO NpOEKTHpoBaTh Ha 95% u3 pas-
BEPTHBAIOIIAXCA MOBEPXHOCTeH, He onacasicb 3a THJAPOAHHAMHYE-
CKOe KadvecTBo.

O6Geoan cynos ¢ PO zerue mpoekTHposaTb ¢ momoubio IBM,
yeM OOGHYHEIMM ClocO6aMM, TaK Kak TakHe 00BOAbl He HOMyCKaloT
MECTHHIX H3MeHeHHA (OopMbI, HEOGXOANMOCTb B KOTOPHIX BO3HHKaeT
HHOTAA B mpouecce npoektupoBanusa. B ra. 111 npusenens aro-
PHTMH 3alaHusi 06BOJIOB, COIVIACOBAHHS HX C NOMOILbIO SBM, ons-
caHH 0COGEHHOCTH PacUeTOB N0 TEOPETHUECKOMY YepTexy cynos ¢ PO.

C npyrofi CTOPOHHI, HaJHYHEe MaTeMaTHueCKOH MOIead 06BOLOB
¢ PO u cBoficTBa pasBepTHIBAIOIHXCS NOBEPXHOCTEH 00Jeryaior npo-
BeJieHHe TEeOPeTHUeCKHX HCCAELOBaHHH, CBA3AHHHX C GopMO# 06BO-
Z0B. DT0O BHIHO IO HCCIAEAOBAHMSM, NpHBeleHHbM B . IV, rae pe-
II4€TCsi ‘BONPOC O CTENeHH BJIHSIHHSA KPHUBHM3HBI MOBEPXHOCTH Ha CO-
IPOTHBJIEHHE BOAMI.

Jnst obseryeHHs NJ1a30BO-T€XHOJOTHUECKOH NOATOTOBKH MPOH3-
poActBa (B ra. V) OpHBeJEH aJrOPHTM NOJy4YeHHS OpJHHAT pas-
BePTKH HapyXHOH o6LIMBKH ¢ moMowbio DBM. I1o nossosser ol-
HOBPEMEHHO ¢ NJIa30BOM Tabauuel nonyyatb OPAHHATH CeyeHHA Ha
pa3BepTKe HapyXKHON OGUIHBKH, a 3aTeM paboTaTh He C PacTsKKOH,
a ¢ TOYHOH pPa3BepTKOli OGIUIHBKH. :

PesyabTaThl HCC/IELOBAaHHS KJacCa Pa3BepTHBAIOIMXCA MOBEPX-
HOCTeHl, aHAJHTHUECKOE 3aJaHHe H aJrOPUTM MOJY4YEHHS OpJAHHAT
pa3BEePTKH MOryT GHITb HCNOJB30BAaHH Besle, TAe HPHMEHSIOTCH
KOHCTPYKUHH M3 JIHCTOBBIX MaTepuaJsioB, HalpuMep, B aBTOMOOHJb-
HOM, aBHALIHOHHOM H KeJIEe3HOJAOPOXKHOM CTPOHTEJIbCTBE.

[puBeseHHBe B KHHre PelIeHHS OTHOCATCS K BOINPOCAaM IpPOeK-
THPOBAHHS OOBOJOB M3 Pa3BepTHBAOIMXCH NoBepxHocTed. [List
peasu3aluy NpeuMyilecTB 06BoxoB ¢ PO B npouecce njia3oBo-Tex-
HOJIOTHYECKOfi NOArOTOBKH HPOH3BOJCTBA H B Ipollecce NOCTPOAKH
kopnyca cyaHa ¢ PO HeoGXOAHMBI HOBbl€ TEXHOJIOTHYECKHE pelle-
Hus. IlosyueHue S5KOHOMHYECKOro 3ddexra oT NpUMEHEHHS passep-
THIBAIOUIHXCS TMOBEPXHOCTEH 3aBHCHT OT obeclieYeHHMs KOMINVIEKCAaMH
nporpaMM H HCroJb3oBaHus DBM Ha Bcex CTaiHsX NPOEKTHPOBA-
HHSL M NOCTPOAKH KOPHYyCa, a TaKxXe OT OPraHH3alHOHHO-TEXHOJOrH~
YeCKHX MEepONpHsATHH, pa3paboTaHHBIX NPHMEHHTENbHO K 06BOAaM
¢ PO.

IMpuBesieHHbEe B KHHre METOAb H Pe3y/abTaThl HCCIEJOBAHHH NO-
MOTYT KOHCTPYKTOPAaM INpH NPOEKTHPOBaHHH OGBOLOB YUHTHIBATb
TeXHOJIOTHYHOCTb KOHCTPYKIIHH Kopmyca OyAyHIero cyjiHa B COOTBeT-
CTBHH C COBPEMEHHLIMH TPe6OBAHHSMH TEXHOJIOrOB.
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