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VJIK 514.18
AJO. HULBIH

HanyonanbsHbli TexHUYeCKUH yHUBEpCUTET " XapbKOBCKUN MOMUTEXHUYECKUN HHCTUTYT"
PA3BEPTKA C®EPBI KAK MOJIEJIA CHEXKHOM XWKHWHBI "UTJIY"

Ilpeonoocena ycnosnas pazeépmra cepvl 6 6ude  YCIOBHOU — PA38EPMKU
KPUBOJIUHEUHOU  BUHMOBOU  NOBEPXHOCMU,  annpoxkcumupyroweu  eé.  Pazsépmka
npeocmasnsiem co6ol OMcex NA0CKOCMU, 02PAHUYEHHbIN 08YMS KPUBLIMU, HANOMUHATOWUMU
kromoudy unu cnupans Kopuro. Cnupanvuelii cnocob nocmpoenus pazeépmiu cgepol
AGNACMCA MAMEMAMUYECKOU OCHOB0U 0/ OnpedeneHus (Gopmbl U pasmepos OI0K08, U3
KOMOPbIX 803800UMCsl CHedCHAas Xudxcurna "ueny". Omo obycnoseneno mem, umo Haubonee
PACRPOCMPAHEHHBIM ~ CNOCOOOM — NOCMPOEHUs.  CHeNCHOU  Xxudcunvl  "ueny”  saensemcs
CRUPANbHBILL CNOCOD, COCMOAWULL 68 MOM, YMO CHEMNCHble KUPNUYU YKIAObIBAIOMCS 8
BUHMOBYIO NOBEPXHOCTL C NPAMOY20JIbHLIM NONEPEUHbIM CeYeHUEM U 0Ce8Ol JUHUEl 8 8Uuoe
BUHMOBOU TUHUU, NPUHAJTedHcawell cgepe.

Knwouesvie cnosa: pazeépmka noeepxHocmu, GUHMOBAS NOGEPXHOCMb, CHEICHAS
xuorcuna "ueny"”.

0.10. HILIMH

Hauionansuuii TexHiqHni yHiBepcuTeT "XapKiBCbKUH MOJITEXHIYHUH iIHCTUTYT"
PO3I'OPTKA C®EPU AK MOJEJII CHIXKHOI XATUHH "ITJIY"

3anpononosano ymosHy po3zeopmky cghepu y 6uenadi  YMOGHOI  po32opmKu
KPUBONIHINIHOI 26UHMOB0OT nosepxHi, wo anpoxcumye ii. Pozeopmioro € giocik niowuHu,
obMedceHUll 08OMA KPUBUMU, WO HA2A0VIomb K1omoidy abo cnipans Kopwio. Cnipanvhuil
cnocib no6yo0osu pos3ecopmku cepu € mMamemamuiHow OCHOB0K O/ BUSHAYEHHS popmu i
PO3MIpI8 610Ki8, 3 AKUX 3600umbCsl cHigicHa xamuna "ieny". Lle 3ymosieno mum, wjo Haubitbuw
nOWUpeHUM cnocobom nobyoosu chisxcnoi xamunu "ieny" € cnipanvruil cnociob, axkuti nouseac
6 mMoMy, WO CHI208l Ye2NUuHU YKIA0AlOMbCsl 6 26UHIMOBY NOBEPXHIO 3 NPAMOKYMHUM
nonepeyHuM nepepizom i 0Cbo8oi HIEI0 V 8U2A01 26UHMOBOI iHIT, WO HanedCums cgepi.

Knrouosi cnosa: pozeopmra noeepxui, e6unmosa nogepxus, cHisicna xamuna "ieny”.

A.Yu. Nitsyn

National Technical University "Kharkov Polytechnic Institute"
EVOLVENT OF SPHERE AS A MODEL OF SNOW HUT 'IGLOO'

The conditional evolvent of sphere as a conditional evolvent of curvilinear helicoid,
approximating it, is proposed. The evolvent is a part of plane bounded by two curves
resembling a clothoid or a Cornu spiral. The spiral method of constructing the evolvent of a
sphere is a mathematical basis for determination of form and sizes of blocks from which a
snow hut "igloo' is building. This is due to the fact that the most common way to build a snow
hut 'igloo'" is a spiral method, consisting in the fact that snow bricks are stacked on helicoid
with a rectangular cross section and axial line in the form of a helix belonging to a sphere.
The snow hut 'igloo' is represented as a sphere approximating its outer surface, and snow
blocks, which are used in the spiral method of its construction, is represented as elements of a
curvilinear helical surface that approximates the sphere. A spherical helix is a spatial curve
formed by uniform motion of a point along the meridian of the sphere, while the meridian
performs a uniform rotational motion around the axis of the sphere. Two helix lines are built
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on the surface of the sphere. The part of surface of the sphere, enclosed between two helix
lines, is separated and a curvilinear helical surface is obtained, approximating the sphere.
This helical surface can be represented as a surface formed by rotation of an arc of a circle
around its vertical axis of symmetry and simultaneous rotation around an axis perpendicular
to its plane. The approximation of the sphere is performed by a family of cylindrical surfaces,
for which the meridional sections of the sphere serve as directrixes. It is assumed that when
the part of the sphere bounded by meridional sections is replaced with a part of a cylindrical
surface, the helix on the sphere is converted into a helix on a cylindrical surface. The
conditional evolvent of a sphere is constructed as a set of evolvents of cylindrical surfaces
that approximate it. After this, a conditional evolvent of a curvilinear helical surface is
constructed as a set of evolvents of its parts built on a conditional evolvent of a sphere.
Keywords: evolvent of surface, helicoid, snow hut 'igloo'.

ITocTanoBka npodaemMbl

CHexHag Xk uHa "WUriny" — 3TO 3UMHEE KWIMIIE ACKUMOCOB, MPOXKUBAIOIIUX Ha
Kpaitnem CeBepe Kanazpl, u npencrasiser co0oi momycepudeckuil Kynod, CI0KEHHBIN U3
CHEXHBIX OnokoB. CHeXHas XWKWHAa "Wriy" SBISETCS HENPEB30WAEHHBIM 00pa3IoM
KHUIIMIIA, TPUCTIOCOOJIEHHOTO K CYpOBBIM TpupoaHbiM ycnoBusiM Kpaitnero Cesepa.
Hecmotps Ha TO, 4TO €€ NPOUCXOXKACHHUIO MbI O0S3aHBI JIIOJSIM KaMEHHOTO BeEKa,
nocenuBiuMcs Ha Kpaitnem Ceepe 30000 et ToMy Hasal, ux H300pETeHHE A0 CHX TOP
IIOMOraeT COBPEMEHHBIM MCCIIEIOBAaTENSAIM OCBaMBaTh 3€MJM, Jexamue 3a llomsapHbim
KpyroM. JTo OOYCIOBJICHO TEM, YTO HHM OJHA M3 COBPEMEHHBIX IaJaTOK HE CIIOCOOHA
CIYXUTh TMOJSPHUKAM JOCTATOYHO HAAEKHOM 3alUTOM OT CTY’)KM M BeTpa, KOTOpHIE
OOpYIIMBAIOTCS HA HUX B HaOOJIee XOJIOIHBIN MEPHO ApKTUYECKOM 3uMBbI [ 1-2].

AHaJIM3 MOCJIeTHUX UCCIAe0OBAHUNA 1 IMyOJJUKAIM i

K coxxanenuto, CHEKHbIM XM)KMHAM "UITy" MOCBAIIEHO HE TaK Y’ MHOIO JIUTEPATYpBHI.
bonpmmHCcTBO KHUT 00 MccnenoBaHuU ApKTUkH Obuio m3gaHo B 30-¢ roasl XX Beka B
Coserckoit Poccun, xorma Kommynucrtuueckas naptus u  CoOBETCKOE IpPaBUTEIBCTBO
BKJIAJbIBAJIM OTPOMHBIE cpenctBa B ocBoeHue Kpaiinero Cesepa [3—4]. Oanako mnocne
0e3yCHemHbIX MONBITOK MpoJokHuTh CeBepHbI MOpPCKON myTh HccienoBanuio Kpaitnero
CeBepa cranu ynensaTh BCE MeHbIIE W MEHbIle BHUMaHUsA. Ceiiuac 00 ApPKTHUKE YyXKe HE
BCIIOMUHAIOT — 3a0pOIICHBI J1a)Ke BOCHHBIE O0BEKTHI, MOCTPOEHHBIE KOr/a-To 3a IlomspHeiM
KPYTOM.

Ieas uccaenoBanus

Ilens HaAcTOsIIIEH pabOTH — MOKA3aTh, YTO €CJIM TEOMETPUUECKON MOJCIIbI0 CHEXHOU
XWKUHBI "urmy" sBisercs cdepa, TO CHEXHbIe "KUpNUYHU'", BBIJIOKCHHBIC IO CIUPAIIH,
COCTABJISIIOT  YCIOBHYIO  pa3BEPTKY  KPHUBOJMHEWHOM  BHHTOBOM  IIOBEPXHOCTH,
arnMpOKCUMHUPYIOIIEH cdepy.

N30xeHne 0CHOBHOIO MaTepHaJia HCCIe0BAHUSA

CHEeXHYI0 XWXKUHY "WUTIy" MOXXHO TIOCTPOUTH ABYMS CIOCOOAMH: KOJBIEBBIM U
cnupanbHbIM [5]. TlepBblit cIOCOO COCTOUT B TOM, YTO CHEXXHbIE KMPIHYU YKJIAIbIBAIOTCS B
KOJIBLIO C MPSIMOYTOJIbHBIM IIOMEPEYHBIM CEYEHHUEM U OCEBOM JIMHUEH B BHJIE OKPYKHOCTH.
OTO 3HAYUT, YTO CHEYKHAS XM)KMHA "UIIy" COCTOMT U3 HECKOJIBKUX T'OPU30HTAIBHBIX CIOEB
KUpIIAYEH, YIOXKEHHBIX ApYyr Ha Apyra. IIpum 3ToM KaXXIblil KUPHUY MOCIEAYIOIIETO CIOs
OTNMPAETCsl Ha KUPIHUYHU MPEIBIAYIIETO CI0s TOJBKO OAHOM HIDKHEH rpaHbio. Bropoii criocod
COCTOUT B TOM, YTO CHEXKHbBIC KHPIIMYU YKIIAJBIBAIOTCS B BUHTOBYK) IOBEPXHOCTh C
IPSIMOYTOJIBHBIM TIONEPEYHBIM CEYEHHMEM M OCEBOM JIMHUEH B BHJAE BHHTOBOH JIMHMUH,
npuHauIekamnen chepe. ITO 3HAYUT, YTO CHEXKHAsA XIKMHA "WIIy", MOCTPOCHHAS IO
BTOPOMY CIIOCOOY, MpEICTaBiIsieT COOOH OJMH CJIOH KUpPIUYeH, OMOsChIBAIOIUN €€ OT
OCHOBaHUs c(hepruuecKoro Kymnosa A0 €ro BepIIuHbI. [Ipu 3TOM KaKIblii KUPIIUY CBS3BIBACTCS
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C IpYrMMH KUPIIAYaMH JIByMs TpaHsAMH, a UMCHHO: HW)KHSS I'DaHb ONMPAECTCs HAa KUPIHY,
NPUHAUIEKAIINN HUKHEMY BUTKY BHHTOBOHM ITOBEPXHOCTH, B TO BpeMs Kak OJHA U3 €ro
OOKOBBIX I'paHel MPUKUMAETCS CHJIOW 3€MHOI0 TATOTEHMs K MpeablIylieMy KUpHIU4y U3
TEKYILEro BUTKa BUHTOBOI MIOBEPXHOCTH.

Pazymeercsi, 3CKUMOCBI, Kak M UX AaJNEKUE NPEIKH, MPEINOwWIM BTOPOH crocod
MIOCTPOCHHUS CHEKHOW XWXHMHBI "WIriy", — TMepBBId CIIOCOO OHM OCTaBWIIM €BpoOIeHIaMm,
KOTOPBIM MOYEMY-TO Ka)ETCs, YTO KOJIBLIEBOW CIOCOO KJIaJKKU CHEKHBIX KHUpPIUYEH ropasio
npolne cuupanbHoro crnocoba. Kak npeaxu HeiHemHux odburtateneit Kpaitnero Cesepa mornu
y3HaThb O 3aMEYaTelIbHBIX CBONCTBAX BUHTOBOM JIMHHMH, ITOCTPOCHHOM HA IOBEPXHOCTU
cdepsbl, 10 CUX TIOp OCTAETCs 3ara koM.

IlepBoHayalbHO BCE KUPNHMYM, KPOME KHpPIUYEH HWXKHETO psla, UMEIOT pa3Mepbl
60x40x15 cMm. IIpu 3TOM KHMpnuuu, TpeaHa3HAYEHHBIE JJIs MEPBOTO HUKHETO Psla, UMEIOT
pasmepbl 70x50x20 cMm. Korma XwKWHa CTPOMTCS IO TEPBOMY CHOCO0Y, IMepBOHAaYaIbHAs
NpSAMOYTOJIbHasE (hopMa CHEXHBIX KUPIUYEH COXpaHsAeTCs TOJBKO B MEpBOM psay. Ilotom
KUPIIAYM 00pe3aroTcs TaK, YTOOBI MPUIATh UM TpalleleunaabHyio (GopMy, a mpH YKIaake
HOCJIETHEr0 psifia CPepuvyeckoro Kyroja KUPIUYM MpUoOperaroT (opMy TpPEyroIbHHKOB.
Korga xwkuHa CTpOUTCS IO BTOPOMY CHOCOOY, KHPIHYM IEPBOrO psAa TaKkKe HMEIOT
IpSMOYTOJIbHYIO (OPMY, a BCE MOCTETYIOIIUE KUPITUYH, B TOM YHCJI€ U KUPITMYH ITOCIECAHETO
psna chepruvecKkoro Kymosa, UMEIOT BUJI HENPaBUIbHBIX MHOTOYTOJIbHUKOB.

PaccMoTpuM 0cOOEHHOCTH KJIaJIKW CHEXKHBIX KUPIUYel 1Mo BUHTOBOW juHuU. Ilocie
TOTO KakK TEPBBIM HWXHUN P KUpPOUYEH mpuoOpeTér (GopMy Kosblla, MEpPBBIE €ro TPHU
KHUPIIMYa CPE3ar0TCs 110 HAKJIOHHOM INMPSMOM JIMHUU, UAYIIEH OT BEpXHEU NPaBON BEPIINUHBI
nepeJHed TpaHyu TPEThEro KMpIHUYa IO CEPEIUHBI IEPBOr0 KMPIIHNYa, KOTOpask ONPEAEIAETCS
KAaK TOYKa IIepeceyeHusl JUaroHajed ero nepenHeu rpanu. llepBwlli KMpnud BTOPOro psiaa
YKJIaIbIBAa€TCsI B BBIEMKY IIE€PBOTO KHPIM4Ya NIEPBOTO HMKHErO CJOsA, & BCE MOCIEAYIOIUE
KAPIIUYHM BTOPOTO Psi/ia YKJIAABIBAIOTCS HA KUPIHUYH MPEIBIIYIIEro cliosl. IT0 o0ecreynBaeT
HE TOJNBKO TMpHJAHME KUPIUYHOM Kiagke ¢GopMy BHHTOBOM IOBEPXHOCTH, HO U
NEPEKPHIBAHUE KaXAbIM KUPIUYOM BEPXHETO psAJA CTHIKOB KMPIHMUEH, JIEKAIIUX B HUKHEM
pany.

YroObl mpuaaTh CHEXHOM XwkuHe "urmy" cdepudeckylo ¢opMmy, Kuprnudu
YCTaHABIMBAIOTCA C HAKIOHOM BHYTPb. YTOJ HAaKJIOHAa KHUPIUYEH [OJDKEH IOCTEIEHHO
yBenuuuBaThcs oT 0° B mepBOM HMXKHEM ciioe 10 90° B mocineaHeM C€i10€, IPUMBIKAIOLEM K
BepILIMHE cepuueckoro kymona. Kpome Toro, ¢ kaxapIM OYepeIHbIM BUTKOM BHHTOBOMH
NOBEPXHOCTU pa3MeEphbl CHEXKHBIX KUpPIUYEH JOJDKHBI yMmMeHblIaThcs. [loaronka xuprnuueit
OCYILECTBIISICTCSI IO MECTY HMX ycTaHOBKHM. IIpu 3TOM OOKOBBIE I'paHM MOJpE3ar0TCs TakK,
YTOOBl JJMHA BEpPXHEH TIpaHW KHUpHHYA KaXKJIOTO IOCIESAYIOIIEro psijila IOCTEIEHHO
yMeHbIIaJach, a popMa KUpIHYa HaloOMUHaNa GopMy HENPaBUIbHON TpaeIyH.

[TockonbKy BeTMUMHA yTIIa HAKJIOHA KUPIUYEH U MOJATOHKA UX (POPMBI BHITOIHSIOTCS
NpUOJIN3UTENIBHO, HA OCHOBAaHMHU OIIBITA CTPOUTENECH XMKUHBI, €€ (opMa JIMIb OTJAIEHHO
HarnoMuHaeT nonxychepy. Kpome Toro, mo npuumHe TOro, 4To KUPIUYU MPEICTABISIOT COOOM
MHOTOTPaHHUKM W YCTAHABIMBAIOTCS C HAKJIOHOM, B CTBIKAX MEXJIy HUMH HEU30€KHO
00pa3yIoTCs eI, KOTOPBIE MOCIe OKOHYAHUSI CTPOMTEIHCTBA 3a/IENIbIBAIOTCS CHETOM. JTO
nenaet (GopMy XMKHHBI emé Oojee rpy0oil U Jai€éKOM OT COBEPIICHCTBA, XOTsI HEKOTOPHIC
OTCTYIUICHUS BHELIHET0 BUAA XWKHUHBI OT CTPOTOM TeOMEeTpHuYecKoi (OpMBbI HHMKAaK HE
CKa3bIBAIOTCA HA €€ CIIOCOOHOCTH 3allMINaTh OT HENOroabl €€ odurareyeid U o0ecIrieynBaTh
UM IPUEMJIEMBIE YCIIOBHS JKU3HH.

PaccmoTpum reomerpuueckyro (GuUrypy, KOTOPYIO COCTaBJISIOT CHEKHbIE OJIOKH,
KOTOPBIC HCIIOJIB3YIOTCS MPU CHOUPATBLHOM CIOC00e MOCTPOWKU CHEKHOM XIKWUHBI "UTiy",
[P YCJIOBUM, YTO CHEXKHbIe OJOKM pa3MEIIaloTCs Ha IUIOCKOCTH TaK, 4TO OAUH OJIOK
SABIISICTCS TPOJOJDKEHUEM Jpyroro Osioka. IlpeacTtaBuM CHEXHYIO XWXKHUHY "Uray" B BUze
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cdepbl, anmpoKCUMHUPYIOIIeH e€ HapyKHYI0 MOBEPXHOCTb, & CHEXKHBIE OJIOKH, KOTOpBIE
UCTIOJIB3YIOTCSL TPH  CIHPATBbHOM CrHoco0e €€ TOCTPOHKH, KakK DIEMEHTHl pPa3BEPTKU
KPUBOJMHEHHON BUHTOBOM IMMOBEPXHOCTH, alMpoKcuMupyroiieii chepy. Iloaromy, mpexmae
YeM NEepelTH K €€ IMOCTPOCHHUIO, PACCMOTPUM CPEPUUECKYIO BHHTOBYIO JIMHUIO.

Bynem Ha3wpBaTh cdepuyecKoi BHHTOBOW JIMHHUEH MPOCTPAHCTBEHHYIO KPHBYIO,
00pa30oBaHHYI0 PAaBHOMEPHBIM JIBUKCHHEM TOUYKH BIOJIb MepuauaHa cepsl, B TO BpeMs Kak
MEpUJIMaH COBEepIIaeT paBHOMEPHOE BpalllaTeIbHOE JBUKEHHE BOKPYT ocu cdepsl. [Ipu 3Tom
MOJT PABHOMEPHBIM JIBI)KEHUEM TOYKH BIOJIb MEpPHAMaHa Oy/eM MOHUMATh €€ BpamlaTeIbHOE
JIBIKEHUE C TIOCTOSIHHOM YTIIOBOM CKOPOCTBIO BOKPYT OCH, MTPOXOIAIICH Yepe3 IEHTP CepBhl.
Cdepy, Mo KOTOpOIi mepemeniaeTcs Touka, OyJeM Ha3blBaTh 00pasyrolieil cheporo, a OHY U3
€€ ocell — 0CbI0 BUHTOBOW JIMHUMU.

ITpoBeném Ha cdepe MepuaraH, IIIOCKOCTh KOTOPOTO MPOXOAUT Yepe3 BEPTUKATBHYIO
0Cb CUMMETPHH cepbl, U COBMECTUM C €€ I0KHBIM MOJItocoM TouKy A. [lpennonoxum, uro
OJIMH BUTOK BUHTOBOM JIMHUM COOTBETCTBYET IIOBOPOTY MEPHUINOHAIBHOM INIOCKOCTH HA Yroj
360° m mepeMemeHu0 TOYKH A BIOJb MEpUIMaHa OT KHKHOro Toiitoca chepel K e
ceBepHOMy nomtocy. CrnepoBarenbHO, B €QUHUIY BpPEMEHH, B TEUYEHHE KOTOPOro
MepUAMOHANIbHAS IJIOCKOCTh COBEpPIIAET MOJIHBINH 000pOT, TOUKAa 4 MOBOpAUYMBAETCS Ha YroJl
180°. IlockonbKy TOYka A COBEpPIIAET PABHOMEPHOE BpAIATEIbHOE JIBUKEHUE, B paBHBIE
€IMHHIIBI BPEMEHU OHa Oy/IeT MOBOPAYHBATHCS B MEPUTUOHAILHOM IITIOCKOCTH HA OJUH U TOT
ke yroa. Kpome TOro, mnOCKOJIBKY MEpHUIMOHANbHAS IUIOCKOCTh TAKXKE COBEPIIAET
paBHOMEpPHOE BpaIllaTeNbHOE [BIIKEHUE, B pPaBHBIC SAMHHIIBI BPEMEHU OHA Takxke Oyaer
MOBOPAYMBAThCA Ha OJMH U TOT ke yroj. [loaTomy pazmenum sxBaTop cdepbl Ha 8 paBHBIX
4aCTEH U Ha TAaKOe e YMCIIO PaBHBIX YacTel pasfenumM e€ mepuauad. Hainém paccrosHus ot
TOPU30OHTAIBHBIX MPOEKUMN TOYEK BUHTOBOM JMHUM 1O €€ OCH M OTIOXHM HX Ha
TOPU30HTAIBHBIX  INPOEKIHUSAX  COOTBETCTBYIOIIMX  MepuauaHoB. [IpoBeném  uepes
TOPU30HTAIIBHBIE ITPOEKIIMM TOYEK BUHTOBOWM JIMHWUM BEPTHUKAIbHBIC JIMHUU, a Y€pe3 TOUYKHU
JeneHusl MepuauaHa cdepbl — TOPHU3OHTAJIBHBIC JIMHUM M 4Yepe3 TOYKU IepeceueHHs
COOTBETCTBYIOIIMX BEPTUKAIbHBIX W TOPU3OHTAJBHBIX JIMHUN NPOBEAEM (PPOHTAIBHYIO
npoekiuio chepuueckoid BUHTOBOW imHUH. [lokakem Ha puc. 1 moctpoenue chepuueckont
BUHTOBOW JIMHUM NpPH YCIOBUHM, YTO B E€JUHUIY BPEMEHM MEPHUIMOHAIbHAS IJIOCKOCTh
coBepmaet 1/8 moiaHoro o60poTa BOKPYr BEPTUKAIBLHOW OCH CUMMETPHUH Cdepsl, a Touka 4 —
1/8 yrima moBOpoTa BOKPYT OCH, TEPIEHIUKYJISIPHOH MEpUINOHATBHOW TIJIOCKOCTH, OT
I0)KHOT'O TTOJTI0Ca Cephl K e€ CeBEpHOMY TOJIOCY.

PaccmoTpuM mocTpoeHue BUHTOBOM JIMHUM Ha MOBEPXHOCTU Cephl MPH CIeTYIOIINX
ycinoBusix. IlycTb MepuanoOHanbHas IUIOCKOCTb BpAallaeTcsi BOKPYT BEPTHUKAIBHONM OCH
cuMMeTpuur Ha yroi 360°, a MoJHBIA MOBOPOT TOYKH MEPUIMAHA COOTBETCTBYET yriy 22,5°,
TO ecTh 1/8 yrma BpameHusi paamyca cepbl OT I0KHOTO JI0 ceBepHOTo mosoca. OTcrona
CIIeyeT, YTO KaK Ha I0KHOM, TaK U Ha CeBepHOU monycdepe yKIaabplBaeTcsi POBHO 4 BHUTKA
BUHTOBOH JTUHUU. [TocTpouM BUTKHM BUHTOBOH JIMHUH, IPUHAJICKAIIEH BepxHEH momycdepe,
Y TIOKa)KEM UX Ha puc. 2.
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Puc. 1. IlocTpoenne BUHTOBOMH JIHMHUHU NPH Puc. 2. IlocTpoeHne BUHTOBOM JIMHUHU NPH
YCJIOBHH, YTO TOYKA cepbl MOBOPAYNBAETCS YCJIOBHH, YTO TOYKA cepbl MOBOPAYNBAETCS
BOKPYT OCH CHMMeTpuH Ha yroj 360° u coBepimiaer  BOKPYTI OCH cHMMeTpuH Ha yrou 360° u coBepmaer
BpalleHNe B MEPHIHOHAJIbHOMN MJIOCKOCTH HA YTOJl  BpalleHHe B MEPHIHOHAIbHON MJI0CKOCTH HA YToJ
180°. 22,5°.

[TocTpoum Ha MOBEpXHOCTH c(epbl 1Be BUHTOBBIC JTUHUU. [IycTh TepBOil BUHTOBOM
JVHUEN SBJISETCS JIMHUSA, [TOKAa3aHHAs Ha pUC. 2, a NEPBBI BUTOK BTOPOW BUHTOBOM JIMHUU
HAYMHAETCS B TOYKE, B KOTOPOM 3aKaHYMBAETCS BTOPOM BUTOK MepBOM JuHUH. [Ipu sTOoM
IIOCJICIHUNM YETBEPTBHIM BUTOK BTOPOM JIMHUU BBIPOKIAETCS B TOYKY, COBIAJAIOIIYIO C
CEBEPHBIM TOJIIOCOM C(hephl.

Bbimenum Ha puc. 2 OTCEK MOBEPXHOCTH c(epbl, 3aKIOYEHHBIA MEXIY ABYMS
BUHTOBBIMU JIMHUSMHM, M TOJYy4YUM OTCEK KPUBOJIMHEMHOW BUHTOBOM IOBEPXHOCTH,
anMpOKCUMHUPYIOIIEH BEpxHIO monycdepy. OTy BHHTOBYIO MOBEPXHOCTb MOYKHO
MPEJICTaBUTh KaK MOBEPXHOCTb, OOPA30BaHHYIO BpAlllEHUEM YT OKPYKHOCTH BOKPYT €€
BEPTUKAJIBHOM OCHM CHUMMETPUM U  OJHOBPEMEHHBIM  BpalleHHMEM BOKPYT  OCH,
NEPNEHANKYIISIPHOHN €€ TIIOCKOCTH.

[Toctpoum B obnacTu 3KBaTOpa chepsl 1Be BUHTOBBIC JTHMHUU, COCTOSIINE U3 OJHOTO
BUTKA. IlycTh mepBas BUHTOBAs JINHKMS HAYMHAETCS B TOYKE, B KOTOPOW HAYMHAETCA IEpBast
BUHTOBAs JIMHUS, IPUHAJUIEKAIIAs BEpXHEH Todycdepe, a Bropasi BAHTOBAs JIMHUS — B TOUKE,
B KOTOpPOM HayMHAaeTCs BTOpasi BUHTOBas JIMHUA, NMpUHAANEXKAIas BepxHel mnomycdepe.
Belgenum  OTCeK  KPUBOJIMHEMHOW BHHTOBOM IIOBEPXHOCTH, 3aK/IIOUEHHBIA  MEXAY
IIOCTPOCHHBIMU BHHTOBBIMU JIMHUSAMH, M TOJYYUM OTCEK KPUBOJIMHEHHOM BUHTOBOM
MOBEPXHOCTH, MPUJICTAIOLINI K 3KkBaTOpy cepsl. [lokaxkem Ha puc. 3. 0TCEK KPUBOJIMHEHHON
BUHTOBOMW MTOBEPXHOCTH, alIITPOKCUMHUPYIOIIHK cPepy U MPHIICTAIONINN K €€ SKBATOPY.

O4eBUHO, YTO OTCEK KPUBOJIMHEHHON BUHTOBOM MOBEPXHOCTH, AlMPOKCUMUPYIOILIEH
HIKHIOIO monycdepy, SBISETCS CHMMETPHUYHBIM OTCEKY KPHUBOJMHEHHONW BHHTOBOM
MOBEPXHOCTH, alMpPOKCUMUPYIOIIEH BEPXHIOIO Moiychepy, OTHOCUTENHFHO SKBAaTOpa CQEpHl.
[TokaxxeM Ha puC. 4 OTCEK KPUBOJMHEMHON BHHTOBOW IMOBEPXHOCTU, ANIPOKCUMHUPYIOUIUN
chepy U nexamuid HuxKe e€ 3KBaTopa.
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Puc. 3. IlocTpoeHue oTcexa KPpUBOJIHHEHHOM Puc. 4. IlocTpoeHue oTcexa KPUBOJIHHEHHOM
BHHTOBOI MOBEPXHOCTH, ANMPOKCHMHPYIOLIET0 BHHTOBOH MOBEPXHOCTH, ANMPOKCHMHPYIOLIET0
chepy u npuIerapiero K eé YKBaropy. cdepy M Jielkaniero Huxe eé IKBaTopa.

BeimonHuM anmpokcumanuio cdepbl CeMEHCTBOM IMIMHIPUYECKUX TTOBEPXHOCTEH,
JUIT  KOTOPBIX  HAIpaBJISIOMIMMH  CIy)KaT MEpPUIAUOHAIbHBIE CcedeHus cdepsl  [6].
[Ipennonoxum, dYTO TpHU 3aMEHEe OTceKa cQepbl, OrpaHHUYECHHOTO MEPHINOHATIHHBIMU
CEUEHHSAMHU, Ha OTCEK UMWIMHAPUYECKOW TIOBEPXHOCTH BHUHTOBas JIMHUS Ha cdepe
npeoOpa3yeTcss B BHHTOBYIO JIMHMIO Ha LWIMHAPUYECKOH moBepxHOCTH. llocTpoum
YCIIOBHYIO Pa3BEPTKY cepbl KaK COBOKYIMHOCTh Pa3BEPTOK LHUIMHIPHUECKUX ITOBEPXHOCTEH,
annpokcuMmupyomux e€. IlockoabKky BHUHTOBBIE JIMHUHU, I[OCTPOEHHBIE HA LMWJIMHIPE,
NepexoAT B MpsAMbIE JMHUA HAa €ro pa3BEPTKE, MPU COBMEIIECHWH LIWJIMHIPUYECKUX
MIOBEPXHOCTEH, amnmpoKCUMUPYIOIUX cdepy, ¢ IMIOCKOCTbIO BHUHTOBBIC JHHHUU Ha cdepe
npeo0pa3yroTcs B OTPE3KU MPSAMBIX JUHUHN Ha €€ YCITOBHOM pa3BEPTKE.

[TokaxxemM Ha pHC. 5 YCIOBHYIO Pa3BEPTKY oTceka cepbl, pacrooKEHHOTO BHIIIE
9KBAaTOpa, C HAHECEHHBIMU Ha HEE pa3BEPTKAMU OTCEKOB KPUBOJWHEWMHON BHUHTOBOU
MIOBEPXHOCTH, OTPAaHUYEHHBIX 00pa3aMu BUHTOBBIX JIMHUN U MEPUIHMOHAIEHBIMU CEUCHUSIMH.
[Toxaxkem Ha puc. 6 yCIOBHYIO pa3BEPTKY OTCeKa cdepbl, MPUIIETAIONIET0 K 3KBaTOpY, C
HAaHECEHHBIMU Ha HeE pa3BEPTKAMHM OTCEKOB KPHUBOJMHEWHONM BHHTOBOM IIOBEPXHOCTH,
OTpaHMYEHHBIX 00pa3aMy BUHTOBBIX JIMHUI U MEPUAMOHANBHBIMU ceueHusiMu. [lokaxkeM Ha
puc. 7 YCIOBHYIO pa3BEPTKY OTCeKa c¢epbl, pPACHOJOKEHHOTO HIDKE JSKBaTropa, C
HAaHECEHHBIMU Ha HeE pa3BEPTKAMM OTCEKOB KPHUBOJHMHEHHOHW BHHTOBOM IOBEPXHOCTH,
OTpaHUYEHHBIX 00pa3aMi BUHTOBBIX JMHUN U MEPUIUOHAIBHBIMU CEUCHHUSIMU.
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Puc. 5. IlocTpoeHue ycji0BHOM pa3sBéPTKH 0TceKa cepbl, PACIOJI0KEHHOT0 BhIIIE IKBATOPA.
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Puc. 6. [TocTpoenne yc/i0BHOH pa3BEPTKH OTcCeKa cepbl, NPUJIETAIOLIEro K IKBATOPY.
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Puc. 7. IlocTpoeHue ycJa0BHOM pa3BEéPTKH O0TceKa cepbl, paclo10KeHHOI0 HUKe IKBaTopa.

ITocTponM Teneps yCI0BHYIO pa3BEPTKY KPUBOIMHENHOM BUHTOBOM ITIOBEPXHOCTH KaK
COBOKYIHOCTh Pa3BEPTOK €€ OTCEKOB, TMOCTPOCHHBIX Ha YCIOBHOW pa3BEPTKE cdephl.
[Tokaxem Ha puc. 8 yCIOBHYIO pa3BEPTKY OTCEKa KPMBOJIMHENWHON BUHTOBOM MOBEPXHOCTH,
pacIoJIOKEHHOTO BBIIIE 3KBaTOopa cdepbl, Ha puc.9 — YCIOBHYIO pa3BEPTKY OTCEKa
KPUBOJMHEHHOW BHUHTOBOM IMOBEPXHOCTH, PACIIONIOKEHHOTO HIDKE JKBaTopa cdephl, a Ha

puc. 10 — ycnoBHYIO pa3BEPTKY OTCEKa KPUBOJIMHEWHOW BHHTOBOM IOBEPXHOCTH,
MPHUJIETAIOIIETO K SKBATOPY CepBhl.

Puc. 8. IlocTpoenne yc10BHOM pa3BEéPTKHU 0TCEKA
KPHUBOJIMHEHHOIl BUHTOBOI MOBEPXHOCTH,
JiesKalero BbIlle IKBaTOpa cepsl.

Puc. 9. ITocTpoenne yc/IoBHOH pa3BEPTKH OTCEKa
KPUBOJIMHEHHOIl BUHTOBOI MOBEPXHOCTH,
JiesKalero Hu:Ke IKBaTopa cgepsnl.

Puc. 10. ITocTpoeHnne ycJIOBHOI pa3sBEéPTKH 0TCeKa KPHBOJIMHEHON BHHTOBOI IIOBEPXHOCTH,
NMPUWJIEraloIero K 3KBaTopy.
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3aBepmMM TIOCTPOCHUE YCIOBHON pPa3BEPTKH cepbl IMOCTPOSHUEM YCIOBHOU
pa3BEPTKH KPUBOJIMHEHHONH BHHTOBOM MOBEPXHOCTH, COOpaHHOH M3 pa3BEPTOK €€ OTCEKOB,
pPAacCIIOJIOKEHHBIX BBIIIE HKBATOpa, OTCEKOB, MPWIIEralOlUX K OKBATOpPy, M OTCEKOB,
pacmojiOKEHHBIX HMKe JKkBaropa. IlpeacraBum Ha puc. 11  ycinoBHyr pa3BEPTKY
KPUBOJWHEHHON BUHTOBOM MOBEPXHOCTH, alMPOKCUMHPYIOIEH chepy.

Puc. 11. IlocTpoeHnne noHOi yc10BHOM pa3BéPTKH KPUBOJIHHEITHOI BHHTOBON MOBEPXHOCTH.

OTO U ecTh yCIOoBHasI pa3BEPTKaA chephbl.

Kak mokaseiBaer puc. 11, ycnoBHas pa3BépTka chepbl HE MMEET HU Pa3pbIBOB, HH
HAJIOKEHUH OTAEIBHBIX €€ yacTel Ipyr Ha Ipyra. OTO NOATBEPKAAET MPEATIOTI0KEHUE O TOM,
IpU 3aMeHe OTceKa cgepbl, OrPaHMYEHHOTO MEPUAMOHAIBHBIMU CEUCHHSIMH, Ha OTCEK
IWIMHAPUYECKOM TOBEPXHOCTH BUHTOBas JUHHUA Ha cdepe mpeoOpa3yercsi B BHHTOBYIO
JMHUIO Ha IAJIUHAPUYECKOU TOBEPXHOCTH.

BoiBOaBI

Takum 00pa3oMm, KOHCTPYKIHSI CHEKHOW XIKHUHBI "WIy" H TEXHOJIOTHS €€
MOCTPOCHUS, pa3paboTaHHbIe NpeBHUMH oOuTarensmu Kpaitnero CeBepa, MojcKa3aid Ham
Croco0 TMOCTPOCHHS YCIOBHOW pa3BEPTKU c(epbl ¢ MOMOIIBIO amnmpoKCHMAaIuu chepbl
KPUBOJIMHEHHON BHUHTOBOM IIOBEPXHOCTBIO M IIOCIEAYIOLIEro €€ pa3BEPTHIBAHMA Ha
MI0CKOCTh. [IpemimaraemMplii HaMHu CIOCOO TOCTPOCHMsI YCIOBHOM pa3BEPTKU chephl
OTJIMYACTCd OT HM3BECTHBIX HaM CHOCOOOB TeM, YTO BMECTO pa3BEPTKU cdepsl B BUIAEC
COBOKYITHOCTH TNPUOIMKEHHBIX PAa3BEPTOK CEMEHCTBA LWIMHIPHUYECKUX WM KOHMYECKUX
MIOBEPXHOCTEH, alMPOKCUMHUPYIOLINX €€, MBI MOJIydaeM pa3BEPTKY cdepbl B BHJE YCIOBHOU
pa3BEPTKU OJIHOM KPUBOJMHEMHON BUHTOBOM MOBEpPXHOCTH. Kpome Toro, mpemiaraemblii
HaMH CHOcO0 TOCTpOEHHUS YCIOBHOM pa3BEPTKU cdepbl UMEeT eme U MPaKTHUYeCKOoe
3HA4YC€HHE, MOTOMY YTO SABJISIETCSI MAaTEMaTUYECKOW OCHOBOM IUIsl ONpPENEJICHHUS pPa3MepoB
"KUpnu4en", KOTOpPhIe HCIOJIB3YIOTCS TPH CIHUPATBHOM CIOCO0E CTPOUTEIHCTBA CHEXHOU
xwkuabl  "urny". llpeamomaraem, urto Hama creayiomas pabota OyAeT MOCBsIEHA
orpezeneHuio GopMbl U BHIYMCIECHUIO pa3MepoB OJOKOB, U3 KOTOPBIX BO3BOAMUTCS CHEXHAs
XWKMHA "uriy".
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