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7-9 kjacc
7-T1. Anekcaunp Escees
7-T2. Hukura Borocnosckuii
7-T3. Anekcaunp Escees
7-T4. Auron Copokun
8-T1. Anekcangp Ercees, Cepreit A6-

10-11 kuacc
10-T1. I'puropuit Pacropryes, Ban
I'ypbsauaos
10-T2. Ajekcanap
Anexcanap Kupeen

Anosionckuii,

10-T3. Hukonait duymkeButd

JIPAIINTOB 10-T4. Ajnekcangp  AnosioHckuii,
8-T2. Ouer Ilopomun Usan FOmuu

e 8-T3. Onnra NUnumena e 10-T5. Anexceit aszn

o 8-T4. Jlenuc Py6uos e 11-T1. Usan I'ypbsanos

e 9-T1. Anekcauap Epmos e 11-T2. Hukomait dnymkesnq

e 9-T2. Jleruc PyGios e 11-T3. /lennuc Pybuos

e 9-T3. Anekcanap Anosonckuii, Anex- ® 11-T4. I'puropuit Pacropryes
cauap Epmios e 11-T5. Anekcanap Boponmos

e 9-T4. Anexcanap Amnomouckuii, AH-
tou Beprynos

e 9-T5. /lenuc Pybnos, Anekcaunap Ep-
I0B

Kak roroButhCsad K peErmoHAJIbHOMY 3TAITy !

B M®TMU 3anymen knaccHbrii mpoekT «®Pusrex-pernonam» (https://os.mipt.ru),
IJI€ B IyOJUIHOM GECILTATHOM JOCTYTIE JIEXKAT JIEKITMA W CEMAHAPDI TI0 BCEM KJIACCAM
¥ 110 BCeM TeMaM. TaM 2Ke BbLIOXKEHBI [10I00PKHU 3329 110 TeMaM. Y POBEHb MaTepHua-
JIOB TIO3BOJISIET XOPOITIO MOATOTOBUTHCA K MYHUIATTAILHOMY W DETHOHAILHOMY JTAITY
Bceepoccniickoit onuMmuaabl MKOJILHAKOB 10 (hDU3HKE.

B sToM romy B pamkax paGoThI TIPOEKTA, CHATHI BAIEO-PEIICHHS E
(https://os-lms.mipt.ru/course/view.php?id=21) reoperuyeckoro
Typa PEruoHaTBHOTO dTana BeepoccniicKoil omMImaipl IKOIbHE-
KOB 110 (pusuke. Mcnonp3yiiTe 3T MaTepuasibl s CaMOIIO I OTOB-
KU K OyIyIIuM OJMMITAAIAM.
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7 KJiacc

3amada Nel. Bacuna BanHa

Bacun nom, moura u MIKOJIa, B KOTOPOW OH yYHTCS, HAXOIATCS HA, OJHON Mpsi-
Mol ynure. OgHaXKIBI, BBIXOS U3 IIKOJIbI, Bacs MOHSI, 9TO YPOKH CHILHO YTOMUIA
€ro, u eMmy O4YeHb XO4YeTcs NpWHATH BaHHy. OH MO3BOHUJ OMOII MaMme W MOIIPOCHIT
ee BKJIIOYUTH BOMY, 9TOObI BAaHHA HAIOJTHUIACH ObicTpee. Mama cpaldy Ke OTKpbLIa
KpaH u yuuia o geaam. K momenty BacwHoro mpuxoma gomMoit BOChbMAasi 4aCcTh BaH-
bl ObuTa HamomHeHa. Coyctst 10 MuH mocie mpuxona aAomoit Bacs BCmOMHWII, 9TO
B IIIKOJIE OCTAJIOCH MUCHMO, KOTOPOE Ha/I0 OBbLIO Cero/iHs 00s3aTeIbHO OTHECTU HA T10-
ary. OH TyT XKe Bbimea u3 gomMa. K MOMEHTy, KOrJa OH JOIIes J0 IIMKOJIbI, BAHHA
3amo/THIIACH HamomoBuHYy. B mkosme Bacsa ne 3amepxkuBaics: OBICTPO 3a0paJi MHCbMO
u oTmpaBuicsa Ha mouty. Korma ke oH mo0pasics 10 Hee, BAHHA 3amOJHUIACH YiKe
Ha 3/4. Ha moure oH TakyKe He 3aJePXKUBAJICS W OTIPABUIICS J0MOii. BepHyBIIHCH,
Bacs o0Hapy»Kuj1 Ha MOy BHYIMIATEIHHYIO JIYKY.

1. Onpeenure 06 bEMHBIH PACXOJ BOIBI fi, IOCTYIAIOIIEH B BAHHY W3 KPAHA, eCJTH
obbem Bamubr V' = 400 1.

2. CKOJIbKO BOJIbI YCIEJIO BBLIUTHCSA HA IIOJ K MOMEHTY BO3BpaineHus Bacu jo-
MOi?

3. Bo ckonbko pa3 ObicTpee HAI0 ObLIO ABUTATHLCS Bace mocse BbIxoa U3 JloMa,
9TO0OBI YCIIETh BEPHYTHCS JOMON TOYHO K MOMEHTY 3alOTHEHUs] BAHHBI!

Cuauraiire, aro Bacs men Beera ¢ 0JUHAKOBONW CKOPOCTHIO U TOJBKO BIIOJb YU~

IbI.

3amaua Ne2. TpeHupoBKa

Berosas mopozkka crajuona umeer Buji OKpPy2KkHOCTU. BO Bpems TpPeHUuPOBKY /1Ba
CTIOPTCMeHa, GeKaJju MO Hell B OJHOM HAMPABJIEHWN, KAXKIBIA CO CBOEI MOCTOSTHHOM
CKOpOCTHI0. CTIOPTCMEHBI HCITOIB30BAIN MASIKU, KOTOPBIE MEPEIABAINA UX KOODINHA~
THI B KOMIIbIOTED TpeHepa. KoMubioTep paccYuThIiBaI PACCTOSTHHE MEXKIY OeryHamu,
HO M3-3a HEMPABUJIHHO HACTPOEHHOTO PEKNMa PAOOTHI BHIYUCIISA PACCTOSHUE IO TIPsi-
MOit, a He BIOJb Oerosoii mopoxkku. Ha rpaduke mokaszana paccauTaHHAS KOMIIBIO-
TEpOM 3aBUCHMOCTH PACCTOSHUST MEKIY CIOPTCMEHAMH OT BPEMEHH HA HEKOTOPOM
orane TPEeHWPOBKHU. VI3BECTHO, YTO CIOPTCMEHBI HAYAJM U 3AKOHUWIN TPEHUPOBKY
O/THOBPEMEHHO, W 33 BCE BPEMsI TPEHUPOBKHU Mpobexkayju mauctannumud S; = 12 Km
u So =9 kv 840 M COOTBETCTBEHHO.

Kakue ckopoctu ObLid y CIIOPTCMEHOB?
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3amada Ne3. Yerblpe npuctasnu

YeTbIpe HACEJEHHBIX Ty HK-
ta A, B, C' u D pacnonararor-  —
ca Ha Gepery OaHON peKu, Kak redenne

[IOKA3aHO Ha PUCYHKE, [IPUYeM

A SaB B Sec C© Scp
Sap pasHo Spco .

Ot mpucranu B OJHOBPEMEHHO OTNPABJIAIOTCI MOTOPHAs JIOAKA K mpucranu A
u kKarep — K npuctanu D. CKOpoCcTH MOTOPHO# JIOAKYA U KATEPa OTHOCUTETHHO BOJIBI
MMOCTOSTHHBI ¥ PABHBL ¥ M 20 COOTBETCTBEHHO. MoTOpHast JI0/Ka pudbiBaeT B A ciycrs
BpeMs T, Cpa3y Ke pa3BopadmBaeTcd u 0e3 ocTaHoBOK IuibiBeT B D. Emie gepes Bpems
T JIOZIKA BCTpevaeT Touno y npuctann C KaTep, KOTOPHIi, JOMIBIB 10 D, ToXe cpasy

Pa3BEPHYJICA U TaK Ke 0€3 OCTAHOBOK OTIPABUJICST B A.
1. HaiinnTe CKOpOCTh TeYEHUs PEKH U.
2. Haiimure paccrosausa Sap u Scp.

3. Cuycrs kakoe Bpemsi T’ mocjie cBoeit BCTpedu Karep U JOJKa CHOBA BCTPETATCS,
€C/I1 B KOHEYHDBIX IIyHKTaX CBOUX MapUIPYTOB OILIATb He 33/1eP2KUBAACh Pa3BEPHYTCH

7 OTTIPABSITCS HABCTPEUy APYyT APYTy?

D
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3agaua Ne4. Ilnacruaka

[ImacTiHa COCTOMT M3 YETHIPEX KBAIPATOB Y
OIWHAKOBOM TOJIIIIUHBI CO CTOPOHOM ¢ = 1 M KaK-
JbIf, CIeJaHHbIX U3 pa3HbIX MarepuajoB. Ksaj-
PaTHI OTHOPOAHBI, & UX MTOBEPXHOCTHBIE MIIIOTHOCTH

Pa3/IMIHbI: g11 O12

e JleBbIiT BepxHMit KBaapar: 011 = 400 r/m?;
e npaBblil BepXHUI KBaapar: o1z = 240 T/M%;
e JieBbIi HUXKHUI KBapaT: go1 = 200 F/M2;
® TPABBIA HUKHUI KBAJIpaAT: 090 = 120 F/Mz.

. 22
C mymactuHoi cBsizanm cucremy koopawaar Oy

TaK, YTO HAYAJIO OTCUYETA COBIAJAET C HUKHUM JIe-
BBIM yIJIOM IUTACTHHKH (cM. puc.). 3arem mmacti- 05
Hy Pa3pe3ayu IO ABYM IIePHEHIUKYIAPHBIM IIPIMBIM, TAPAJICIBHLIM OCAM KOODIH-
HAT, HA YEThIPE 9aCTH PABHOM MAacCCHI.

1. B KakoM n3 4eTBhIPEX KBAIPATOB HAXOMUTCA TOYKA IIEPECeYeHHs JIMHUI, 10 KO-
TOpbIM pa3zpe3anu miaactuny? OOocHy#Te CBOit OTBET.

2. OnpereuTe KOOPAMHATH TOUKH TIEPECEUCHNs JIMHWM, TI0 KOTOPBIM pa3pe3ajin
ILJIACTHHY.

3. Uemy paBHBI CpegHME IOBEPXHOCTHBIE ILTOTHOCTH KAaXKIOH M3 YeTHIPEX IIOJIy-
YMBIIMXCHA YACTEH?
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8 KJacc

3amaya Nel. I3 roposa B JepeBHIO

DxkcrnepumenTarop bar exan 3 ropoaa B gepesHio Ha aBTomobmie t = 10 4. Ero
IIyTh COCTOSLT U3 TPEX YIACTKOB, HA KOTOPBIX OH JBUTAJICA C IIOCTOSHHBIMEA CKOPOCTSI-
mu. IlepByio 9acThb MyTH OH eXaj CO CKOPOCTHIO PABHOM CpeaHell CKOPOCTH Ha BCEM
nyru. Ha BTOpOM m TperbeM ydacTKax CKOPOCTH OTJIAYAINAChH B 2 pa3a. Takxke Bar
COBEPIIIEHHO TOYHO MTOMHMUJI, YTO 33 BPEMS Iy TH OH JBAYXKIbI (KPATKOBPEMEHHO) PA3ro-
BapuBaJ 1o TesieOHy C TEOPETUKOM [UTFOKOM, IPUYeM 3TH 3BOHKH COBEPIIIEHHO TOYHO
ObLIM HA PA3HBIX YYACTKAX IIyTH U HE B MOMEHT U3MEHEHHUs CKOpocTu. B mepsbrit pa3
[mrox mo3Bonm emy depe3 t; = 6,5 9 mocse BbI€3Ja W3 TOPOIA, KOTJAA 10 JTepeBHU
ocraBaJioch exarb S1; = 250 KM, a BO BTOpO#t — 4epe3 to = 9 4, KOrJa OH OThexas
oT ropoaa Ha Sy = 500 KM. DKCIEPUMEHTATOP MOCUYNTAI CPEIHIOI CKOPOCTH Ha, OTPE3-
Ke MeXKJIy AByMd 3BOHKaMu [JI0Ka, W 0Ka3aa0Cch, YTO OHA PABHA CKOPOCTHU HA, MEPBOM
yuactke! Vcmonp3ys naHHbIE U3 YCJIOBUS, OMPEIEUTeE:

1. Paccrosnme s, KoTopoe mpoexaJs bar MexKay 3BOHKAMH.

2. Ckopocru apuzkenus bara vy, vs U v3 Ha IEPBOM, BTOPOM U TPETHEM yYaCTKAX,
COOTBETCTBEHHO.

3. Ilporsxkennoct [y, ls m I3 B KUJIOMETPAX MEPBOTO, BTOPOTO W TPETHETO YUIACT-
KOB, COOTBETCTBEHHO.

3amaua Ne2. Cocyn ¢ Tpy6oit

K muamaIpUYecKOMy COCydy C BEPTHKAJIbHBIMUA CTEHKAMU, ILIOMIALh THA KOTO-
poro pasha Sp, COOKY HPUKDEILIEHA TOPU3OHTAIbHAS TPYOKa KPYIJIOro cedeHus (CM.
puc.). [To rpy6ke 6e3 TpeHus MOKET CKOJIb3UTh [OPIIEHb, KOTOPBIHA [IPK [IOMOLIY HUTH,
[IEPEKUHYTOH Yepe3 MAJIEHbKUIl HElIOABUKHbBIH OJIOK, CBA3AH C MOILIABKOM. Y YaCTOK
HATH OT TIOTJIABKA /10 OJIOKa BEPTHUKAJIEH, 8 OT OJI0Ka IO TIOPIITHS - TOpU30HTaJIeH. Ec-
JIA B 3TOT COCY/I, MEJIJIEHHO HAJIUTH OHOPOIHYIO XKUIKOCTD ILJIOTHOCTHIO 0, TO CHCTEMA,
OKayKeTCsl B PABHOBECUU B TOT MOMEHT, KOT/[a MOTLJIABOK OyAeT MOrPyKEH B KUIKOCTh
Ha iybuny h, a PacCTOSgHWE OT MMEHTPAJIBHON OCH MOPIITHS 0 MOBEPXHOCTHU YKHUIKO-
cru 6ymer pasao H. Ilnomaap nomepedHoro cedeHus nomiraska S, npuaém S > Ss.
Tpybka oTkpbITa B armMocdepy, TOPIIEHb 33 MPeHesibl TpYOKM He BbIXOAWT. Macch
HUTH, TOPIITHS U OJIOKA, MPEHEOPEKUMO MaJIbl, HUTh HEPACTSKUMA, TPEHHE B 0JIOKE
OTCYTCTBYET. YCKODPEHUE CBOOOIHOIO MAJIEHUsT PABHO .

1. Yemy paBHa Macca IOILIaBKa?

2. Ha nomimaBok MeJJIEHHO MTOJIOXKUJIU TEJI0 Maccoit Am, B pe3yibrare 4ero mop-
IIeHb CMECTHUJICS U 3aHsIJT HOBOE MOJIOYKeHne papHoBecusi. Ha Kakoe paccTosiHue u B Ka-
KYIO0 CTOPOHY MEPEMECTHUJICSA MOPIIEHD?
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3agaya Ne3. CroJu 1 Ba3za

B rocrunoii crour »KypHasbHbIA CTONUMK (HA PUCYHKAX LPEICTABJIEH BUJL CTOJIA
cOOKy (JIeBBIil PUCYHOK) U CBEpXY (MPaBbIii PUCYHOK)), CTOJIENTHUIA KOTOPOTO MPEI-
CTaBJIgeT COOO OIHOPOIHBIN MUCK paauyca 2a. Macca cromermauin: M. Yerbipe oau-
HAKOBbIE BEPTUKAJIbHBIE HOXKKH, MaCCA KOTOPBIX MPEHEOPEKUMO MaJIa, 110 CPABHEHWIO
C Macco CTOJIEITHUIIBI, KPEMSATCs K CTOJENTHUIE B BEPIINHAX KBAIPATa CO CTOPOHON
2a. llenTp KBajpaTa, B BEPIIMHAX KOTOPOTO KPEIATCS HOXKKH, COBIAJAET C EHTPOM
CTOJIECMIHULBI. BOCBMUKIACCHUK CILy9allHO CJIOMAJI OJHY HOXKKY Y 2KYPHAJIBHOIO CTO-
JINKA, eMY yIAJIOCh IPUIEIATEH €€ 00paTHO, HO MpH JII000H HArpY3Ke HA HEE, OHA CHOBA,
OTJIAMBIBAETCS OT CTOJEIHuIbI. [Ipuieamas 1omMoit MaMa npuHeca 600l OykeT
¥ TIOIIPOCHJIa €ro MOCTABUTH Ba3y € OYKETOM Ha 3TOT cToj. Macca Ba3bl ¢ OyKeToM
paBua m = 5M.

CJIOMaHHasd
IIOXKKa

M

CJIOMaIIIag
HOXKKa

2a
4a

1. CyimecTByOT JIi TOYKH HA, CTOJIEITHUIE, B KOTOPBIX MOYKHO PA3MECTUTH IIEHTP
OCHOBaHUs Ba3bl C OYKETOM TaK, 4TOObI CTOJIELIHUIA ObLIa MOPU30HTAILHA
2. Ecnu g, 10 yKaskKuTe, BCe BO3MOYKHbBIE MX IOJOKEHUS.
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3amaua Ned. [TorepauHbIll Tpaduk

OxcnepnmerTarop [UTOK pentuia BoIMUTh Tait. OH HAINI BOLYy KOMHATHONW TeMITe-
parypsl tg = 20 °C u3 rpaduna B 4aiiHUK U TTOCTABMJI €r0 HA Fa30BYIO TJINTY MOCTOSTH-
Hoit MomnoctH. Habutiomast 3a Tem, Kak M3MEHsIeTCsT TEMIIEPATYPa BOJIbI CO BpEMEHEM,
OH cTpous coorBercTByiomuil rpaduk. Yepes AT = 1 MuH mocIe BKIIOUEHUS TIIHTHI
[0k TOHSAT, 9TO BOZABI B YaflHUKE MAaJIO, U CPa3y HAYAJ JOJIMBATH B HErO n3 rpaduua
eme Vion = 0,5 71 Bozpl, He cHUMAd YafiHuK ¢ mauThl. [IoKa OH MeJIeHHO TOJIUBAT 3TY
TTOPIINIO BOJIBI, OH BUJEJ, YTO TEMIIEPATYPa BOABI OCTABATIACH MOCTOSTHHON M DaBHON
t; = 60°C. Ilocse 3aknnanns JaifHIKA OH CIIy4YaifHO ONAJINII OIHEM KPAasi TIOJIyYnBIIIe-
rocs rpaduka (CM. PHUC.) 32aBUCUMOCTH TEMIIEPATYPbI BOJbI ¢ OT BpeMeHu 7. TenioBbIx
moreph HeT. TerioeMKOCThIO YallHUKA W WMCIAPEHWEM BOJIbI IpeHeOpedb. ¥iejbHas
TenoéMKOCTh Boipbl pana ¢ = 4200 Tx/(xr - °C), mrornocts Bomst p = 1000 xr/m>.

T T~

/ N

\\ /

-_/—_/

1. Ilepeueprute HacThb rpaduka K cede B PeleHne U BOCCTAHOBUTE €r0 MOJIHYIO
BEPCHUIO, CINTAasl, YTO BKJIIOYEHNE ILJIUTHI COOTBETCTBOBAJIO Bpemenu 1y = 0.

2. Kakoii usnauasibhbiii 00beM Boabl Vy [0k Hanun B yailHuk?

3. B kakoit MOMEHT BpeMeH! YaWHUK HAYAJ KUTEThH?!

4. KakoBa 6bLIa, MOIIHOCTE TIIATHI P7
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9 KJacc

3amaua Nel. Urpa B maiicy

B BepTuKaIbHONE TIOCKOCTH PACIIOJIO-
JKeHa, TPSIMOYTOJbHAS PaMKa € YKECTKUMU
creakaMu. Touku A u B HaxonsaTCs BHYTPHU
PAMKHM TaK, KaK [IOKA3aHO HA PUCYHKE: BCE
PACCTOSIHUST 0 CTEHOK, a TaKyKe B3aNMHOE
PACITOJIO’KEHNEe TOYEK CJe/IyeT MPUHUMATh
coryiacHoO Macuitaby pucyHka. Ilepen xHada-
JIOM OIIBITA BCIO KOHCTPYKIHMIO (PaMKy BMe-
cre ¢ Toukamu A u B) MOXKHO LIOBEpHYTb
B TIpeJiesax OIHON BEePTHKAILHOW TJIOCKO-
ctu. Ilocnme moBopoTa paMKH MaJIEHBKYIO
[VIQJIKYTO a0y MOMEITAIOT B TOUKY A M OTImycKaloT 6e3 HavaJbHONH CKOPOCTH.

Haiinure Bce BO3MOXKHbBIE OPUEHTAIIMY PAMKH, TIPU KOTOPBIX MIalba MOcIe OJHOTO
ylapa momnajér u3 To9Ku A B TOUKY B, U 15t KaxKI0# U3 HUX OIPEJIEATE YTOJI MEXK LY
orpe3koM AB u yckopeHuem CBOOOIHOIO LaJ/IeHUs.

OTrpazxkenne nmaitdbbl OT CTEHOK PAMKH CUUTANTE aOCOMIOTHO YIPYTUM: YTOJ Tia-
JIEHUST PABEH YIVIy OTPaXKeHHs, CKOPOCTh HE M3MEHSIETCS [0 MOYJIIO.

3agaua Ne2. Hesuneiinas jieHTa

Ha pucynke 1 w3obpaxkena cucrema,
COCTOAMIAS W3 [BYX NPYXKUH U yOPYroit
serTbl. O6e NpyXKUHBL ¢ KOIDDUIHEHTOM
xécrkoct k= 100 H/m nomummsitorces
3akony ['yka. I'paduk 3aBUCHUMOCTH CHIIBI
YOPYTOCTHA OT YIJUHEHWS JIEHTHI n300pa-
KEH Ha pucyHke 2. B HegedopMupoBaHHOM
cocTOosiHUM OOIAsl JAJIMHA TEPBO MDY KUHBI
¥ JIEHTHI PABHA JJIMHE BTOPOil npyxkunbl. K nianke Ha IpaBoM KOHIE CUCTEMbI [IPU-
KJIAIBIBAIOT BHEITHIOK CUJTy F' Tak, 9TOOBI MIAHKA TOCTOSTHHO OCTaBAJIACH MAPAJIIETh-
HOH CcTeHe.

1. Haitnure ynunenus npyxus Axy, Axg U yupyroi jentsl Az JIjis IByX 3Ha-
gennit Buenraeit cunpl: F =10 Hu F =20 H.

2. C kakoii MAKCUMAJILHON BHEMIHEH Cuiiol Fyn,x MOXKHO PACTIATHBATH CHCTEMY,
€CJIU JIEHTA, PBETCS TIPU YIAJIUHEHUN AT .y = 25 cm?

ki =k

ko =k

Puc. 1
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Fy, H
15 -

10

Puc. 2

3agaua Ne3. TameMm-nnorsasHeM

[magkuit TOHKMI CTEp:KEHDb COTHYT MO MPSMBIM yIJIOM U 3aUKCHPOBAH B I'O-
PHU30HTAIBHON MmI0CKOCTH. 110 OHOM ero cTOpoHe MOXKET IepeMemaTbcsa HeOOoIbITast
BTYJIKa Macco# m, o Apyroi — JErKoe MajieHbKoe Komeuko. K Bepinnae mpsamoro yr-
JIa, TIPUKPETIEH OIMH KOHEIl HeBeCOMOM HepacTsayKuMo# HuTH Anunoit [. Huth npomera
gepe3 KOJIbIIO, U JPYTrOoil KOHEII HUTU NPUBA3AaH K BTYJKE. @ — 3TO YroJ MeXKJy Ha-
TpaBJIeHNEeM OT KOJIbIIA K BEPIITUHE MPSIMOTO yIJla U HAIIPAaBJIE€HNEM OT KOJbIIA K BTYJI-
ke (cM. pucyHok). Kosiedko nepemernaior u3 BepuIdHbl IPAMOrO YU € HOCTOSHHOM
ckopocThio v. Tpenue orcyrcrByer. B mporecce Bcero ABUKEHUsS] HUTh HATSHYTA.

1. Oupenenure CKOPOCTH ABUKEHUS BTYJIKH B HAYATBHBI MOMEHT BPEMEHH, KO-
I/1a KOJIEYKO JIBUKETCHA BOJIM3M BEPIIMHBL IIPAMOIO YIJIA.
2. Kak 3aBuCHT CKOPOCTH JBUYKEHWS BTYJIKU OT yTJja
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3. UTo06bI KOJIEYKO ABUTAIIOCH C MOCTOSHHON CKOPOCTHIO ¥, K HEMY IMPUKJIA/IHIBA-
tor cuity F, HanpaBiieHHy0 BHOJIb crepxkHs. Kak 3apucutr cuiia F or yriaa o?

3ajgaua Ned, Harpes kujiKocTu

JlBa BEPTUKAIBHBIX UJIMHIPUIECKAX COCY/IA
COeIMHEHDbI BHU3Y TOHKOI TPYOKOii, obecrednBaio-
et cBobOIHOe mepeTekanne Kuakoctu. [lmoman l i
HOIEPEYHbIX CeUEHUi COCyN0B paBHbl 45 u S (cM. 48 S
pucynok). Cocyz GOJIbIIEro ceYeHus: UMeeT BbICO-
Ty H u cBepxy repMeTuydHO 3aKPbIT TOPU3OHTAIIb-
HOM 2KECTKO# KPBILIKOM, COCY/l MEHBILIEIO CEYEeHUT
3HAYUTEJILHO BBINE W OTKPHIT cBepxy. CHapyXu
BakyyM. COCymIbI 3amOIHSIOT SKCIEPUMEHTAIbHOMN
JKUIKOCTBIO /10 BeICOTHI h = 0,95H mpu Temmepa-
Type to. I3BecTHO, 9TO TIpU U3MEHEHUH TEMITEPA-
TypPbl 3TO# »KUJKOCTU B MHTEPBaJE OT tg 10 2tg,
€8 TIJIOTHOCTH JINHEWHO YMEHBINAETCS C TEeMIEPa-
Typoii or 3Hauenusi py 10 3Hadenus 0,50). Temmeparypy Kuakoctu B cocyme OOIb-
IIEr0 CeYeHusi MEJJIEHHO TOBBIMAOT 0T ty A0 2ty. Iloce marpeBa m ycTaHOB/IEHUS
paBHOBeCHSI B CUCTEME HaiiuTe:

1. maByieHMe KUIKOCTU HA JTHE COCY/IOB;

2. JaBjeHue KUJIKOCTH HA KPBIIIKY B COCy/ie OOJIbIIero ceveHus;

3. TeMIepaTypy KUIKOCTH B COCY/IE MEHBIIErO CEUEHUS.

JlaBjieHreM HACBHIMEHHBIX MAPOB YKUIKOCTU, TEIJIOEMKOCTHIO COCYIOB, a TaKI¥Ke
TErmI000MEHOM C OKPY2KAIOIeil Cpeoil u depe3 TPyOKy, COeMHSIONIYIO COCYIbI, pe-
Hebpedb. YCKOpeHue CBOOOIHOTO MA/IEHUs PABHO ¢. YIEJIbHYIO TEIIOEMKOCTD KU KO-
CTH CYUTANTE IIOCTOAHHOM.

3amaga Ne5. 3Be3/1a U TpeyroJbHUK

DparMeHT 3JIEKTPUIECKON [EIMU COCTO-
WUT U3 IIECTU PEZUCTOPOB, COEJIMHEHHBIX TAK,
KakK TOKa3aHo Ha pucynke. 13 y3ma A Bce-
I'Ta BBITEKAET TOK TIOCTOIHHOM CHJIBI I().
W3 y3ma B BbITEKaeT TOK CUIOi I, KOTOPYIO
MOXKHO PeryaupoBaTh KaK IO MOIYJI0, TaK
u 10 Haupassenuto (upu I > 0 ero nanpas-
JIEHWEe COBMAAET C M300PaXKEHHBIM). DTy
culy TOKa OyJeM HA3bIBAThH PErYINPYEMOii.
Brekarommuit B Tperuit y3en C' TOK ompee-
JIAeTCA U3 3aKOHa COXPaHEHHUA SJIEKTPpHuIe-
CKOT'O 3apsijia.
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1. Oupesesiure u3MeHeHue CUIbl TOKA Alyepx de€pe3 pesucrop 2R Mexy y3namu
A u O, eciu perynupyemblit Tok yBeandutb Ha Al. OTBer Bhipasure depe3 Al.

2. Ompenenure naMeHeHne CUIBI TOKA ALy 9€pe3 pe3uctop 2R Mexkay y3mamu
B u C, ecau perynupyemsbrit TOk yBesmauth HA Al. OTBer Boipaszute depe3 Al.

3. Ilpn KaKOM 3HAYEHNHU peryaupyemMoii bl Toka I’ > 0 TOK B OHOM U3 Pe3nCTO-
POB CTAHOBHUTCSI PABHBIM HYJTIO? YKaxkuTe 370T pesucrop. Orser Bbipasure depes Ij.

4. [Ipu KaKOM 3HAYEHUN PEryIUPYEeMOi CHJIbI TOKA [* cyMMapHasi TEeIIoBas MOIII-
HOCTb, BBIIEJILIONIAACH HA pe3ucropax, Oyjaer munuMasibHa? Yemy paBHA 9Ta MUHU-
MaJIbHasA MOIITHOCTE Ppi,? OTBers! Beipasute depes Iy n R.
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10 kJjacc

Samauya Nel. Onarp 457

B dantacrudeckux duapmax mHorna mokasdbsaior, kKak HJ/IO 3axBarbiBaer rena
HA 3eMJIe C HOMOIIBIO «IIPUTArMBAIONIEro jyday (anri. «tractor beams ). Ipeamnomno-
KWM, OH YCTPOEH TaKuM 00pa3oM, 9TO B HEOOJBIIONH BEPTHKAIBLHOW 00JACTH IPO-
CTPAHCTBA HA JIIOOOE IPOU3BOIBLHOE TEJIO MACCOI M CO CTOPOHBI HErO JAEHCTBYET CUIa
Fy, = —2mg, HATTPABIEHHAST MTPOTUBOMOJIOKHO CHUJIE TSIKECTH U BIBOE TPEBOCXOJIsI-
mas eé mo Momyso (Cujia TAKECTH JefiCTBOBATH, KOHEYHO, HE MEPECTAET). JKCIepH-
MeHTaTopy [UII0KY NpPUCHUIIOCH, YTO OH OKA3aJiCsl Ha PACCTOSTHUM [ OT Takoil objacTu,
HIMPHHA KOTOPOii Toxke [ (CM. PUCYHOK).

Qy
o P

Tmoxk

1. C Kakoii MUHUMAJILHOM CKOPOCTBIO U1 [VIIOK J0J12KeH OPOCUTH KaMeHb C I0-
BEPXHOCTH 3€MJIN, YTOOBI OH OCTUT MPUTATHBAIOIIETO JIy4da?!

2. C Kakoit MUHUMAJILHON CKOPOCTDBIO Uy,0 LUIIOK JOIKEH OPOCUTH KAMEHb, ITOOBI
OH TIpOJIeTes 00JIaCTh, OTPAHUYEHHYIO JIy9OM, HACKBO3b '

3. KakoBa mMakcuMaibHas HAJbHOCTb Opocka L,,o, €ciau HadaabHasg CKOPOCThb
KaMHsl paBHa Vg (Vg = Uma)?

4. Haiiiure MakKCHUMAaIbHYIO JAJTBHOCTD OPOCKA L3 B CIIydae vy = Umo.

CuwnraiiTe, 9TO KaMEHBb HE OTCKAKUBaeT OT 3emun, a HJIO Haxonurcst Tak BHICOKO,
9TO KAMEHb HU IIPU KAKWX YCJOBUSX HE MOXKET B HEro momnactb. [loBepxHOCTD 3emun
TOPU30HTAIbHA. YCKOPEHHE CBOOOMIHOTO TAEHUS (.
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3amaua Ne2. PackpyTka TpeHuem

JlBa onMHAKOBBIX AHUCKA C pajauycamu R HacakeHbl HA MTAPAJIIIEIbHBIE BEDTUKAb-
HbIE OCH, HA KOTOPBIX OHU MOI'yT Bpamarbca 06e3 rpenus. Paccrosinue mex iy ocsmu
qyTh 0OJbINE 2R, TaK 9TO MEXK Ty OOKOBBIMU MTOBEPXHOCTSIMHU IUCKOB OCTAETCsT HEOOTh-
moft 3a30p. Bepxame ocHOBaHWA AWCKOB JIeXKAT B OJIHON TOPU30HTAJIBLHON TIJIOCKOCTH.
Hunuaapudeckuii BaJauK paauyca r, JmHbl 2R M0okeT CBOOOIHO BPAIATHCA BOKPYT
TOPU30HTAJIIBHON OCH, JIOCKOCTh KOTOPOI JIE2KUT B OJIHOU ILJIOCKOCTH C OCAMHA JIMCKOB.
CaM BaJIMK PACHOIAraeTCs MEXKY OCSIMU JUCKOB ¥ MPUKUMAETCA K BEDXHUM OCHOBA-
HUSM JTHUCKOB C OJIMHAKOBBIMU CHJIAMU. JIMHUS KacaHWs BAJWKa W JHUCKOB COBMAIAET
¢ pamgmycamu auckoB. OOWH W3 IWCKOB BPAINAETCA C TOMOIIBIO 3JIEKTPOIBUTATES
C TIOCTOAHHOM YIVIOBOM CKOPOCTBIO Wy U IPUBOJUT BO BPAIICHNAE U3-3a TPEHAA MEXKIY
COIIPUKACAIOIIMMHUCA ITOBEPXHOCTAMHU BaJIMK, KOTOPBIN B CBOIO O4Yepe/Ib PACKPYYUBaeT
BTOPOIT TUCK.

1. Onpenenure yCTaHOBUBIIYIOCH CKOPOCTH BPAIIEHUS W, BTOPOTO IHUCKA.
ITpumevanue. Ilpu Bpamennn TBEPIOro Tea C MOCTOSHHON YTJIOBOH CKOPOCTHIO
CyMMa MOMEHTOB BHEIIHUX CUJI OTHOCUTEJbHO OCU BPAIEHUS PaBHA HYJIIO.

3amaua Ne3. Kureiikast jieHTa

JuuHas kiefikasi JeHTa MUPUHON d = 2 CM TPUKJIEEHA K TOPU30HTAILHOM MO-
BEPXHOCTH CTOJIA. VI3BECTHO, 9TO JjIs TOTO, 9TOOBI OTOPBATDH €IUHUILY TLJIOIIAIA TAKOMN
JIEHTBI OT CTOJIa, HY?KHO COBepmUTh pabory o = 10 JIx /M? (cumTaiire, 9T0 3Ta BeH-
YMHA HE 3aBUCUT OT YIJIA, II0J[ KOTOPbIM TAHYT JieHTY). JIeHTa sBjsercs HeBecOMOi
U HEPACTA2KUMOI.

1. o KakUM yTJIOM K TOPU30HTY W B KAKOM HATTPABJIEHUN CJIEIYET TAHYTh 34 KO-
HEI[ JIEHTBHI, 9TOOBI CHJIA, MPW KOTOPOH JIEHTA HAYHET OTPHIBATHCA OT CTOJA, ObLIA
MUHAMAJIBHOH !

2. O uH U3 KOHIOB JIEHTHI YACTUYHO OTOPBAJIM OT CTOJIA W MPUKPENUJIA K HEMY
HEBECOMYIO HUTb, 1IEPEOPOLIEHHY IO Ye€pe3 MaJeHbKUil (110 CPABHEHUIO C JIJIMHAMY HUTH
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U JIEHTBI) HEBECOMBbII BJIOK, PACIOJIOXKEHH DI Ha BbicoTe H = 1 M, Kak 0Ka3aHO Ha pU-
cyake. IIpu 3TOM yros Mexy HUTHIO U rOpu30HTOM coctaBmi « = 45°. K apyromy
KOHILYy HWTHU TpUKpenujn Tpy3. IIpu Kakoit MakCHMaIbLHOW Macce Tpy3a 1M CHCTEeMa,
OyIeT MOKOUTHCS?!

Q
S

Jlenra @'
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3. K mepBoMy rpy3y ¢ MaKCHMAJILHO BO3MOXKHOM MacCO m W3 MPEIBIIYIIEro
MMyHKTA TMPUKPENWIM BTOPOH C HEM3BECTHON maccoit M u ormyctuiu 6e3 Ha9aIbHOI
ckopocTH. JleHTa crajia OTpBIBATHCS, U CHCTeMa Npunuia B japuxkeHune. CIycTs HEKO-
TOPBIIf IIPOMEXKYTOK BPEMEHU I'Dy3bl OCTAHOBUJIMCH, & HAKJIOHHBI y4acCTOK JIEHTBI
oKa3zaJics 1oz yriioMm ag = 30° kK ropusonty. Haiinure maccy Broporo rpysa M, pac-
crostarie Ah, Ha KOTOPOE B PE3YIHTATE CMECTUIINCH MPY3bI, & TAKyKe MOYIN YCKOPEHWH
IPY30B B MOMEHT HA4aJja JBUKEHUA (] U B MOMEHT OCTAHOBKH (2.

Ycekopenne ¢BOGOTHOTO MaIeHUA TTPUMHATE paBHBIM g = 10 M/c2.

3amaua Ne4. TpybKa co pTyThio

B U-o6pasuyio TpyOK aCIIOJIOZKEHHYIO Bep- 171
pa3nyio Tpyoky, p y p ﬂ
TUKAJIBHO OTKprTbIMI/I KOHI QMU BBer7 3aJINJIN

PTYTh, MOCJE Yero KOHII TPpYOKW 3amasnn. Pa-
JUYC 3aKpYyIJIEHWs BHU3Y TPYOKW W BHYTPEHHUN
JuaMerp TPYOKH MHOTO MEHbINEe JJIMHBI MPIMBIX |
y49acTKOB. JImHA CTOJOMKOB BO3IyXa B HCXOI-

HOM IIOJIOZKEHMH cocTaBisiia | = 625 MM, mmHa Tepesopor
CTOJIONKOB PTYTH CIpaBa W CJI€BA OT MECTa W3-

rnba TpyOKu paBHsnach la = /4 (cM. PHCYHOK). L L

TpyOky mOBEpHYJIH BOKPYT TOPU30HTAJIBHONW OCH I 7

ma 180°. Uepe3 Hekoropoe BpeMms PTYyTh 3aHsia  —
YCTOWYKBOE I10JIOZKEHHE PABHOBECHS. . 7&\_)/
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1. Ha kakoe paccrosiaue hg CMeCTSITCsT KOHITbI CTOJIONKA PTYTH IOCIE TIEPEBOPOTA,
€C/IM B KOHEYHOM COCTOSIHWM TEMIEpATypa He u3MeHuTCs u Oyner paBaa 17

2. Ha xaxoe paccTosinue h CMECTSITCSI KOHIIBI CTOJIONKA PTYTH, €CJIH TEMIIEPATYPY
PTyTH U BO3/ayXa B TpyOke ymeHbIUTh 70 17 = 0,877

3. Ha kaxoe paccrosinue hy CMECTATCS KOHITBI CTOJIONKA PTYTH, €CJIH TEMIIEPATYPY
pryTH u Bo3ayxa B TpyOke ymenbmuTh 10 1o = 0,777

4. Jlokazkure yCTOWYUBOCTD [TOJIOXKEHUsI PABHOBECHUsI, HANIEHHOrO B II.3.

Kamunngapubivu 3dderramu u KoaebaHusIME CTOJIONKA PTYTH MOXKHO IIPEHe-
Opeub. YCKopeHue CBOOOSHOTO TAJIeHUs paBHO g. ArmocdepHoe JaBjieHHe BO BpeMs
srcmepuMenTa Py = 750 MM.pT.CT.

3agaua Ne5. Tepmucrop

g w3MepeHusi TeMIepaTyphbl UCIOIb3YETCI TEPMUCTOP — IJIEMEHT, TTPOBOIN-
MocTh (G KOTOPOrO CHJIBHO 3aBUCUT OT ero Temmeparypsl. Ha rpaduke 3Toit 3aBucu-
MOCTH, [PEJCTABICHHOM HA OTJIeIbHOM JucTe, (G5 — MNPOBOAMMOCTH TEPMUCTOPA IIPU
25 °C. TepMuCTOP HOJKIIOYAECTCS [MOCJIEJ0BATEIBHO K UCTOYHUKY HOCTOSHHOIO Ha-
MPSIYKEHNUST W AMIIEPMETPY, MOKA3AHUST KOTOPOTO BCTPOEHHBIN KOMITBIOTED MEPEBOIUT
B UHCJIOBOE 3HAYEHUE TEMIIEPATYPHI, BIBOAMMOE HA, SKpaH. I3BECTHO, YTO IpU HOMU-
HAJILHOM HANPS>KEHUH NCTOYHUKA IKPAH MOKA3bIBAET BEPHOE 3HAYEHHE TeMIlepary-
pPbI TepMucTOpa . JKcnepuMeHTaTop [JIIOK PeInmi MoIKCIEPUMEHTHPOBATE € ITUM
upubopom B cobcrBennoit jaboparopun. OKazajgoch, 9T0 HPU PEATbHOM 3HAYEHUU
TemmepaTypbl Bo3ayxa 27 °C u momaHHOM HA TEPMUCTOP HOMUHAIHLHOM HAITPSKEHUN
skpan mokaseBaer 29 °C. Ilpu orBere Ha Bompochk! 1 u 2 cyuTaiite, YTO HAPAKEHUE
Ha, TEPMUCTOPE PABHO HOMWHAJIHLHOMY.

1. IIpm Kakoif TemmepaTrype BO3AyXa ti 9KpaH IpuUOOpa Mmokasasna Obl 3HAYEHHE,
npesbimawoiee t1 Ha 1 °C7

2. Kakoe 3nauenmne mokasaJj Obl 9KpaH mpubopa nmpu Temmneparype Bo3ayxa 38,5 °C?

3. [Ipomomxkas sKkciepuMenThI, [JII0K yBeIndnT HAMPSIKEHNE NCTOYHUKA, CIETIAB
ero BJBOe 0OOJIbIlle HOMHUHAJBbHOrO. Kakoe 3HadeHMe TeMIIEpPATyphl MOKAXKET IKPAH
B 9TOM CJIy4ae, ecau [JTI0K He MEHsIT HACTPOMKY KOMITHIOTEPA, & TEMIIEPATYPA BO3/LyXa
B jaboparopuu pasua 24 °C7?

AmnepMerp MOXKHO CYUTATH UIE€ATbHBIM. MOIHOCTD TEIIOBBIX [OTEPH POIIOP-
[IMOHAJIbHA PA3HOCTH TEMIEPATYP TEeJIa W OKpyzKaromeil cpeasl. TepMucTop BO BCex
SKCIIEPUMEHTAX HAXOIUTCS B BO3/IyXe, HE KOHTAKTUPYS C APYTUMHU IPEIMETAMU, a BCE
U3MEPEHUsl TPOBOJIATCS B YCTAHOBUBIIEMCS PEXKUME.

Ilpumenanue:

1. TIpoBOAUMOCTBIO 7IEMEHTA TEKTPUIECKOM eI HA3BIBACTC A (GU3NIECKAST BEJTH-
YUHA, PABHAsSI OTHOIIEHUIO CHUJIBI TOKA, TEKYIIEro Yepe3 JAHHBIH 9JIEMEHT, K Ha-
[PSZKEHUIO HA ITOM JIEMEHTE.
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2. Ha orzenpHOM JjinCTe IPUBE/IEHBI IBA OJMHAKOBBIX YK3EMILIAPa IrpaduKa 3aBu-
CHMOCTH TPOBOJUMOCTH TEPMUCTOPA OT €ro remmeparypbl. [Ipu caade paboTsr
3TOT JIUCT BKJIAJBIBAETCA B PEIIEeHNEe YIaCTHUKA.
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11 kJiaacc

3amaua Nel. Ilo oKpy>KHOCTH U HODBICTpee

ABTOMOOMIIHCT TIPOE3IKAET TOJMYOKPYKHOCTHL AB pamuycom R = 80 M Tak, 4To-
ObI, CTAPTOBAB M3 MOJOKEHHNs TOKOs, T00PAThCS 0 ee KOHIA KaK MOXKHO ObIcTpee.
[ToBepxHOCTH TOPOTH TOPU3OHTATBHA, ABTOMOOMIbL — HEOOIBIIOH 0 pa3Mepy, ¢ MOIII-
HBIM JIBUTATEJEM U 4YeThIpbMs BeAynmmu kKojecamu. Obiuit koadduipmenr Tpenns
BCEX KOJIEC O JIOPOT'Yy MOYKHO CYUTATH MOCTOSHHBIM W paBHbIM 1 = 0,5. Yckopenue
cBOBOIHOTO TIaJIeHNsT TPUMUTE paBHbIM g ~ 10 M/c2.

1. To xakoit MaKCHUMAJIbHON CKOPOCTH MOXKET PA30THATHCS aBTOMOOWIIH HA ITOM
jopore?

2. Oupegenure CKOpOCTh aBTOMOOMIIst Tipu ipoxoxkaeanu Touek C, D u B Bo Bpe-
Ms1 3ae371a (CM. PHCYHOK).

3. HaiiauTe obiree BpeMsi MPOXOKIEHUS TOIYOKPYKHOCTH AB.

1

Vrasanue: canTaiiTe M3BECTHONW KOHCTAHTON [ = J"\/% ~ 1,311.
0

D

Y B 5

)

3amaua Ne2. Kureiikast jteHTa

JuuHas kieifikasi JeHTa MUPUHON d = 2 CM MPUKJIEeHA K TOPU30HTAJIHHOM MO-
BepxXHOCTH CcTOJa. VI3BECTHO, 9TO 71 TOTO, 9TOOBI OTOPBATDH €UHUILY TLIOMIAIA TAKON
JIeHTBI OT CTOJIA, Hy’KHO COoBepIuTh pabory o = 10 Jx/m? (cumTaiite, 4T0 3Ta BesH-
YMHaA HE 3aBUCUT OT YIJid, 1O KOTOPbIM TAHYT J'IeHTy). HeHTa SIBJISIETCA HEBECOMOM
1 HEPACTAKUMOIA.

1. Ilox KakuM yTJIOM K TOPU30HTY W B KAKOM HAITPABJIEHUH CJIEIYET TAHYTD 3a KO-
HEI[ JIEHTHI, 9TOOBI CHJIA, MMPW KOTOPOH JIEHTA HAYHET OTPHIBATHCA OT CTOJA, ObLIA
MUHHAMAJILHOH?

2. OuH U3 KOHIOB JIEHTHI YaCTHYHO OTOPBAJIM OT CTOJIA M NPUKPEIHJIA K HEMY
HEBECOMYIO HUTb, IEPEOPOIIEHHYI0 Y€pe3 MAJICHbKUH (110 CPABHEHUIO C JJTMHAMYA HUTH
U JIGHTBI) HEBECOMbIH 0JIOK, PACHIOJIOKEHH DI Ha BbicoTe H = 1 M, Kak MOKa3aHO Ha pU-
cyake. IIpu 3T0M yrosm Mexxay HUTHIO W TOPU3OHTOM cocTaBmi o = 45°. K apyromy
KOHILy HWTHU TpuKpenuyau rpy3. IIpu Kakoit MakcuMasbHOM Macce rpy3a m CHCTEMa
OyJer IOKOUTHCHA?
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3. K mepBoMy rpy3y ¢ MaKCHMAJILHO BO3MOXKHOM MacCCOi m W3 MPEABIIYIIEro
MTyHKTA TPUKPENWIM BTOPOH C HeM3BEeCTHON Mmaccoit M u ormyctuiu 6e3 HaYaIbHOI
ckopocTH. JleHTa crajia OTphIBATHCS, U CHCTEMa MpUILIa B japuxkeHune. CIycTsi HEKO-
TOPBIIf IPOMEXKYTOK BPEMEHU I'DY3bl OCTAHOBUJIMCH, & HAKJIOHHBIN y4aCTOK JIEHTBI
oka3zaJics 1oz yriioM aig = 30° kK ropusonty. Haiinure maccy Broporo rpysa M, pac-
crosiare Ah, Ha KOTOPOE B PE3YJIbTATE CMECTUIIUCH IPY3bl, & TAKYKE MOJLYJIH yCKOPEHUH
IPY30B B MOMEHT Ha4aJja JBUKEHUA (] U B MOMEHT OCTAHOBKH Q2.

Yckopenue cBOGOJHOTO MajieHus NpuMuTe pasHbiM g = 10 M/c2.

3agaua Ne3. BeicTpble opIirHu

JlBa O/IMHAKOBBIX BEPTHKAJIbHBIX TOHKOCTEHHBIX NUJINHAPHIECKUX COCYIa BHYT-
DPEHHEro pajinyca r, B KOTOPBIX IO IOPINHIAMYI HAXOJATCS PABHbIE KOJIUYECTBA W/le-
aJIbHOT'O ra3a, II0CTABU/IM B KOMHATY C Temiieparypoit Bo3jayxa 1p. B ogaom cocye ra3
umeer remueparypy Ix < Ty, a B gpyrom — remueparypy It > Ty. Ilopinens u nuo
UIUHAPOB TETJION30IMPOBAHHbIE. MOIITHOCTD TEIIOBBIX MTOTEPH Yepe3 DOKOBbIE CTEH-
KI PAMO IPOHNOPIMOHAIBHA NPOU3BEICHUIO NJIIOMAAN KOHTAKTA M PA3HOCTH TeMIIe-
pPaTyp COMEPIKUMOTO cOCya U okpyzKaromiei cpenb: N = aSAT, rae o — HEeKoTopas
KoHCTaHTa. ATMocdepHoe maBeHue pgy, MOPIIHA Jerkue. MoagpHas TemmioeMKoCTb
raza B COCyJlax 1pu nocroduuom jasjienuu Cp. V3BecrHo, 4o MaKcuMaJibHble CKOPO-
CTH, C KOTOPBIMH JIBUTAJINCH MOPITHY KaXK/IOTO M3 IIMJINHJIPOB BILIOTH JI0 YCTAHOBJIE-
HUs B HUX KOMHATHOI TeMIIepaTypbl PABHBI 0 MOAYJIO (vFd* = vf**). Beipasure Tt
qepe3 Ty u Tk.
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3amaua Ned4. 3apsaa Ha pe3uHKe

Ha nnwrnyio 3akpenénnyio rIaaKyio Cuily HACAYKeHO JIETKOe MaJIeHhbKoe KOJed-
KO, K KOTOPOMY TPHUKPEIJIEH JIETKUil PE3WHOBbIN MHYP. B HEpaCTIHYTOM COCTOSHUHU
IHYPA €ro IJINHA paBHa [y, Koaddunment xéctkoctu paseH k. K apyromy ero kou-
Iy TPUKPEIUIEH TOYEUHbIH NOJOKUTETbHBIN 3aps ¢ Macchl m. CucreMa HAXOIUTCS
B OJHOPOJHOM MATrHUTHOM I[0JI€, IEPIEHIUKYIAPHOM IIJIOCKOCTH PUCYyHKA. B Hada b
HbIfI MOMEHT BPEMEHH PACCTOSHUE OT 3apsijia JIO CIUIbI PABHO [y, a €ro CKOPOCTb
HAIPaBJIEHA, IEPIIEHINKYJISPHO CIUIE OT HEE W PABHA V.

B @®

ay
A4

lo

1. Onpenenure TPAEKTOPUIO 3aPsiIa.
2. Onpenenure npeiipoBy0 CKOPOCTH 3apsiia.
Ilpumevanus
e Ha 3aps JeficTByIOT CHJIBI TOJIBKO CO CTOPOHBI IITHYPA U MATHUTHOTO ITOJIS.
e 3a/laHHbIe [0 YCJIOBUIO BEJIMYUHBI CBA3aHBI COOTHOIIEHUEM: muy < ¢Bly.
e Tlom apeiichoBoii CKOPOCTHIO MOHMMAETCS MOJMYJb BEKTODPA CPEHel CKOpOCTH
3a Bpems T > m/qB.
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3amaua Ne5. [Tuauaap

V CTEKITHHOTO IUIMHIPA TIOCKOCTHIO, MapaJIIeJIHHON €ro OCH, 0TPe3aHa YacTh.
[TuiuHap JIeKUT IIOCKOI TIOBEPXHOCTDIO HA, JIUCTE MUJIJIMMETPOBOI Oymaru (CM. puc.).
Ero cdororpadupopanu ¢ 60ILITOrO pacCTOAHMS KaMepoii, HallpaBJICHHON ePIIeH 1~
KYJISPHO JUCTY MUJIAMETPOBKU.

1. Oupenenure noKa3aresb NPEJOMJIEHUS CTEKJIA 7.
2. Kakas gacTh paguyca IUINHIPA OTCEYEHA TIOCKOCTHIO?
Ilpumevarus
e JIjisi NTOTOBBIX TEOMETPUIECKUX TTOCTPOEHUN U MOy YeHNST YUCIOBBIX 3HAUECHUN
PACCTOSHUIT U YTJIOB, HEOOXOMUMBIX JIJI PEIIEHUs 3aJa49u, UCIOJIb3yiTe (HPOTO-
rpaduio, BEIIAHHYIO HA OTIEIbHOM JIUCTE
e He 3abynpre ciaTh 3TOT JUCT BMECTE C OCTATLHBIMHA
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Bo3MmoxkHbIE penieHus

3amaua Ne7-T1. Bacuna Bamua

OObeMHBL pacxo — 3T0 00beM BOJIbL, IOCTYIIAIOIIMIA B BAHHY 34 €IMHUILY Bpe-
menun. To ecrTn:
AV

F= At
3a 10 MuHYT BaHHA HAOWPAETCS HA:

1 1 1
<2vz~8v)4v.

To ecrb 3a 10 munyr B Banny nocrynaer 100 s sBoubt. Torma p = 10 a/mumn.

W3 ycnoBuga 3amaum He sACHO, KAK B3AUMHO PACIIOJIOXKEHBL J[OM, IIIKOJIA U [OYTA.
OHAKO MOXKHO TOYHO CKA3aTh, YTO PACCTOSHUE OT IIKOJIBI /10 MOYTHI OOJIbINE, YeM
OT IIKOJIBI 70 noMa (moka Bacst miesr or mikosibl 0 goMa BaHHA Habpasach Ha V/8,
a II0Ka, OH IIIeJ OT MIKOJIbI 10 ouThl — Ha V/4). [Tosromy noura He MOXKET HAXOAUTHCS
MeKTy MmIKoJIoit u gomom. Jlamee paccmarpuBaeM 2 BapUAHTA PACIOIOKEHUSI:

1. IIkona — Hom — Iloura
2. Iloura — Ikoma — Tom

B nepBom cityuae 3a Bpems apuzkenus Bacu or noursl 10 goma (OH npoiiaer myTh

OT ILKOJIBI JIO IIOYThI 38 BbIYETOM ILyTH OT LIKOJIbL JI0 JIOMA) BaHHA HAOGEPETCs Ha:

3 1.1 7
SV (4V—8V) =V

To ecth Jqyku Ha Oy HEe OyAeTr, a MO yCJIOBUIO 33a9U OHA JOJI2KHA, OBITh. 3HAYUT
3TO HE HAIll CJay4Yai.

Bo Bropom ciaydae Bacg, mBurasgch OT mOYTHI 0 JOMA, CHAYAJIA IPOANET IIyTh
OT TIOUTHI 0 TIKOJBI, 8 MOTOM OT TIKOJBI 4O JoMa. Torma K ero mMpuXoay M3 KpaHa
BBLILETCS BOJA B 00bEMe:
3 1 1 9
-V4+|-V+V]|==V.
4 4 8 8

To ecrb V/8 = 50 11 oKazkeTCst HA MOJY.
K momenTy Bhixoma Bacu u3 moma BamHa ObLIa 3aM0/IHEHA, HA,

1.1 3
V-V =iV
(2 8 ) 8

3HAYUT BCE €r0 MyTEIIeCTBUE W3 JOMA U 0OPATHO JJIUIOCH

1
t1:—~g,u:30MHH.
no 8
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Yrob6br n36eKaTh MEPEnoTHEHNsT BAHHBI, Bacs M0/KeH BEPHYTLCS He IO3.IHee,
geM 4gepes

1 5V
tog == —

w8
BHauwuT emy HasmO mBUTATHCA ObICTPEE B t1/ts = 1,2 pasa.

W= 25 MUH.

3amaua Ne7-T2. TpeHupoBKa

MakcumanbHOe PACCTOSTHUE MEXKIy CIIOPTCMEHAMH — JuaMeTp OeroBoit JT0pOXK-
ku d. Ilo rpaduky omnpenensem, aro mumamerp gopoxkku d = 100 m. Torma anmuna
6eroBoit mopoxkku paBHa 7d ~ 314 M. [lo rpaduky omnpenessieM, 94TO CITOPTCMEHBI
OKa3bIBAIOTCA B OJHOM MecTe KaxKjble 350 cekyH . DTo 3HAYUT, 4TO 3a 350 CceKyH
OJIMH W3 CIIOPTCMEHOB OOTOHSIET BTOPOrO Ha KPYyT. PA3HOCTH CKOPOCTEl CIIOPTCMEHOB

314 m
vy —vy = —— =0,9 m/c.
350 ¢ ’

3a BpeMsi TPEHUPOBKH T MEPBBII CIHOPTCMEH MPOOeKa DOJIbIIE BTOPOro

Ha (U1 — v2)T = 2160 M. OTCioa BRIparKaeM BPEMST TPEHHPOBKU

2160 m
= —— = 2400 c.
TT0.9m/c ¢
Takum 06pa3omM, CKOPOCTH TIEPBOrO OEryHa
S1 12000 m
= —= — = 5 .
NS T a0 M/
Ckopocth BTOpOro GeryHa
Sy 9840 M
=—==——=4] .
R VT P

3agaua Ne7-T3. Yerbipe npucranu

Jlomka mo HampaBJIeHWIO K A IBUKETCS TMTPOTHUB TEUEHNUST PEKH, a TOCJIe PA3BOPO-
Ta — 1o TedeHuio. Iloaromy:
SAB = (’U - U)Ta
254 = (v+u)T.
Orkyna u = v/3, Sap = 2v7/3.
ITockombKy JIOIKA TPOTUB TEUYEHUS W TIO TEUYEHWIO TJIBLIA OJWHAKOBOE BpEMH,
B CO peku ona BepHy/Jach K MeCTy crapra. Ho B TakoM cjIydae MOJIyd4aeTcs, 9TO

u karep Toxke B CO peku BepHYJICS K MECTY CTapTa, TO €CTh TaK YK€ TLIbLIT OJUHAKOBOE
BpPEMsI 110 TEYEHHUIO PEKH U MPOTUB HEro. SHAYUT:

Sag +Scp = (21} + U)T,
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SCD = (21) - u)T.

Orkyna Scp = 5vt/3.
IToce mepBoit BeTpeun moaka OymeT mablTh 10 DD B TeUeHne BpeMeH!
o SCD - 5117'/37 )

t] = — _ 2
YT ot 4v/3 4"

A karep Oyuer wiblTh 10 A B TedyeHne BpeMeHu

QSAB o 4’l)T/3 _é

to = = = -7
" 2w—u 5v/3 5
Bunwo, uro KaTep pa3sepHeTcst paHbIne Ha to—t; = 97/20. 3a 3T0 BpeMmst OH ycre-
eT TIPOIIBITH B HANpaBjeHun npucrain D nyTh S, = (2v + u)97/20 = 21v7/20.
Torga oT MOMEHTa MOBOPOTA JIOAKU B [ 710 BTOPOIl BCTPEYn ¢ KATEPOM MpOiIeT
BpeMs:

b 254 +Scp — Sk _ 13
3= 30 “ "

3uagur: 5 13 19
T=t +t3= ZT+%T: 1—07:1,97.

Samauya Ne7-T4. Ilnacruna

BoraucimM Macchl Kazki0ro KBapaTa.
mi1 = 0'11(12 =400 r
mio = 0’12(12 =240r
mo1 = 021a2 =200r
Mmoo — 0'22&2 =120r

O61as Macca MIaCTUHBI TOTIA PaBHA Mg = Mq1 + M1z + Moy + Maos = 960 1.

Ta,K KaK MaCChI 9€ThIpEX JacTel Imocie pa3pe3annda OKa3aJIuChb OJWHAKOBBIMH,
TO Macca KaxkIoil mosyduslieiics dacta m = mg/4 = 240 r.

Macca aByX /eBBIX KBaJIPATOB M0 pa3pe3aHus OOJbIie, 9eM 2m, 3HATUT BEPTH-
KaJIbHBII Pa3pes J0JIzKeH IPONRTH 110 HUM. AHAJIOrHYHO, MACCa JBYX BEPXHUX KBapa-
TOB JI0 pa3pe3anus OOJIBINE, YeM 21, 3HAYNT POPU30HTAILHBIN pa3pes3 JOJIKEeH Mpoii-
TU 110 HUM. HOSTOMy TOYKa IepeceueHnda JIMTHUT pa3pe3a HaXOAUTCA BHYTpHU BEPpXHEro
JIEBOr'O KBaJipaTa.

IIycrs ropmzoHTaNTbHAS KOOPAWHATA TOYKH IEpecedeHus JUHU pa3pe3a — T,
a BeprukasibHasd — y. CymMmapHas mMacca JIByX JIEBBIX 9acTeil HOCse pazpe3anus:

My + Moy = 2m = 01120 + o912a.

Orkyna
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2m

=— =08 M.
a(o11 + 021)

CymmapHasi Macca [IByX BEPXHUX dacTell Mocie pa3pe3aHus:

My + My =2m = 011(2a — y)a + 012(2a — y)a

OTkyna

- 2&2(011 -|—0'12) -2
a(o11 + 012)

m
Y = 1,25 m.

Haiinem cpesfue mOBEPXHOCTHBIE IIJIOTHOCTH MOJTY YUBIIUXCS 9aCTEH.
JleBasi BepxXHss 4aCTh:

= 400 F/M2.

O11a =

z(2a —y)

[IpaBas BepxHsASA 9aCTh:

0125 — ( = 267 F/M2.

m
2a — x)(2a — y)
JleBasg HMKHAA 9aCTh:

0921y — E = 240 I‘/MQ.
Ty

[IpaBas HUXKHSS 9aCTh:

m

O2on = ( = 160 F/Mz.

2a — x)y
3amaua Ne8-T1. s ropoga B aepeBHIO

Bocnonbp3dyemcs TeM, 4TO cpefHAS CKOPOCTb ABUXKEHHA Uqp HA BCEM IIyTH PaBHA

CKOPOCTH JIBHKEHHUS HA OTPE3Ke Mexk1y 3BoHKamu [ioka. Bech myTb MOXKHO ompe-

JIenTh, Kak S; + Sy — §, a yCJIOBHE PABEHCTBA CPEIHUX CKOPOCTEH MOYXKHO OyIaer

3aIuCcaTh TaK:
S1+ 8 —s s

v = .
® t ts—t
Orkyaa HaxomuMm, 910 s = 150 KM.
CpenHsisi CKOPOCTH

S - 150 kM
to—t1 2,54

= 60 KM/4.

Uep = V1 =
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Tak:ke Tenepp JIETKO OMPEAEIUTb, YTO BECh IIyTh W3 TOPOJA B JAEPEBHIO COCTAa-
Bun L = 600 kM.

OTBeThI HA BTOPOI BOMPOC 33aYN MOYKHO TOJYINThH aHAJIUTHYECKN U Tpadude-
CKW.

Ananurnyeckoe pernenue. PaccMoTpuM BCe TpU BO3MOXKHBIX BAPUAHTA:

1. IlepBbrit 3BOHOK OBLIT COBEPIIEH HA TIEPBOM yYIACTKE, BTOPO — HA BTOPOM.

2. IlepBbiii 3BOHOK OBL COBEPIIEH HA MEPBOM Y4IaCTKE, BTOPOl — HA TPETHEM.

3. IlepBbiit 3BOHOK ObLIT COBEPINIEH HA BTOPOM YYaCTKe, BTOPOH — HA TPETHEM.
[Ipu peanu3anuu MepBBIX ABYX BAPWAHTOB MEPBBIX 3BOHOK JOJIZKEH OBITH COBEPIIEH
ua paccrosgaun L — S7 = 350 kM or ropoga. OQHAKO, IPU 3TOM CKOPOCTH HA MTEPBOM
yuacrke cocraBut v7 = (L—S57)/t1 &~ 54 kM/4 # v1, 4TO HIPOTUBOPEUYUT PaHEe HANIEH-
HOMY v1. TOra BO3MOXKEH TOJIBKO TPETHUil BADUAHT, TP KOTOPOM TIEPBbHIH 3BOHOK ObLI
COBEpIIEH HA BTOPOM yYaCTKe MyTH, & BTOPOil — HA Tperhem. Torma ckopocth bara
Ha, TPETHEM yJaCTKE: U3 = Lt:—f; = 100 kM /4. CKOpPOCTH HA BTOPOM yYaCTKE HE MO-
keT ObITh B 2 pa3a 6oJibiiie v3, BEIb TOTJA CPEIHsSs CKOPOCTb HA BCEM IMyTH TOYHO
6yaer npesocxoauTb 60 KM/4. 3HauuT V2 B ABA pa3a MeHblie vz U vo = 50 kM /4. Uin
AJIbTEPHATUBHO, [IOCKOJIbKY CPE/IHsis CKOPOCTDH JBHKeHus Bara J0 1mepBoro 3BOHKA
MEHBIIE CpeHeil CKOPOCTH Ha BCEM IIYTH, TO CKOPOCTh HA BTOPOM YyYaCTKe MOJIZKHA
OBITH MeHbINE Cpemuell ckopocTu. Torma CKOpOCTh HA TPEThEM YJaCTKE BIBOE IIpe-
BOCXO/JIUT CKOPOCTb HA BTOPOM ydYacTKe: vz = 2v9. B IpOTHMBHOM cCiIydae, CpeaHsis
CKOPOCTb Ha BCEM IyTU TOYHO Oyner menbine 60 Km /4.

I'pacdpuueckoe perrenune. Ilocrpoum rpaduk (cm. puc. 1) 3aBucumocru iy-
TH, KOTOPBIN MpOeXajl aBTOMOOHUIb, OT BpemeHu. B moment Bpemenu t = 10 41 aB-
ToMmobuib mpoexas L = 600 kM. O6o3HaYMM TOYKY 3, COOTBETCTBYIOILYIO TOMY
cocrosianio. [IpoBeneM mpsaMyio w3 Hadajga KOOPAWHAT B TOYKY 3. IDTa mpsiMas CO-
OTBETCTBYET JBUXKEHUIO CO CPemHeil ckopocTbhio. U, oueBHIHO, ee 9acTh COBIIAIAET
¢ rpacdukom HA mepBoM yuactke. B moment Bpemenu t; = 6,5 1 aBTOMOOMIIb MIPO-
exant L — 57 = 350 km. O603na4uM TOYKY 4, COOTBETCTBYIOIULYTO 3TOMY COCTOSHHIO.
B momenT Bpemenn to = 9 4 aBroMoOmabL ipoexan L — Sy = 500 kM. O6o3HaummM TOU-
Ky 5, COOTBETCTBYIOIIYIO 3TOMY COCTOsHMIO. ['paduK TpeTrbhero yqacrka — 9TO 9aCTh
npsaMoit, mpoxomsiieii yepe3 Touku 3 u 5. [Iposenem ee. Ilo makmony nmpsimoit MOXK-
HO OIIPE/IEJIUTh CKOPOCTb HAa TPETbeM ydYacTKe — U3 = % = 100 xkM/4. amerum,
410 v3 OosblIe CcpejiHeil CKOPOCTH, TOr/Ia CKOPOCTH aBTOMOOMJIsi HA BTOPOM YydacT-
Ke vy = 2 = 50 xM/u. TockombKy B 06paTHOM CTywae, ecan vy = 2v3 = 200 KM /4,
CPeZHsIst CKOPOCTH Ha BCEM IIyTH Oy/IeT MPEBLIIMIATE Vep = 60 KM /4, ITO IPOTHBOPEIHT
YCIJIOBHIO.
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S, KM

600 1

500 1

400

300

200

100 1

Puc. 1

OTBeTnl Ha TpeTHUil BOMPOC 337291 MOKHO [TOJIy9UTh AHATUTHIECKH U rpadude-
CKW.

Anasimtudeckoe pentenme. llycrs 77 — Bpemsi npuxkenusi Bara Ha mepBom
yuactke. C yuérom Toro, uro paccrosiuue L —S; = 350 km Bar npoexaJ, aBurasich
B TedeHue BpeMeHu 1] CO CKOPOCTbIO ¥1 ¥ BpeMenu ¢ — T €O CKOPOCTBIO Vg, 3AIIUIIEM:

L—S =uvT)+ Ug(t1 — Tl)
OTkya nomyanm, 4To

L — 51 —wety  600—250—-50-6,5

T v —ve 60 — 50

2,5 4.

[Ipu 3TOM MPOTSKEHHOCTH MEPBOTO ydYacTKa coctasutT [ = v17; = 150 kM. Ilycrs
T5 — Bpems apuzkerus bara Ha Bropom ydacTtke, Toraa t — 17 — Ty — BpeMsi IBUKEHUS
Bara ma Tperbem yuactke. i BCero myTu MOXKHO 3aIIHCATD:

L= ’U1T1 + UQTQ + ’Ug(t — T1 — Tg)

OTkyna nomyanm
117 + vst — w31y — L
Ty — 141 +v3 3L1 — 6
V3 — V2
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[Ipu 3TOM TPOTSIKEHHOCTH BTOPOrO ydacTka coctaBuT lo = ved1s = 300 kM. Torma
[IPOTSAKEHHOCTb TPETHEro y4acrka coctasut l3 = L — 1y — s = 150 kM.

I'paduyueckoe permnenne. ['paduk BTOPOro y4acTka — 3TO YaCTh MPSIMOii, TTPO-
xozsiei gepe3 Touky 4. HakIoH 3T0# mpsSMoii COOTBETCTBYET CKOPOCTH Vg. JTA MPSi-
Magd IepeceKaeTcs C IpsAMOM, MPOBEJIEHHON Yepe3 TOYKM 3 M 5, B TOYKE 2, COOTBET-
CTBYIOIIEH T'PAHMUIIE BTOPOTO U TPETHErO YIaCTKOB myTu. IIpsamasi, npoBeaéunas qepes
HAYaJIO OTCYETA U TOUKY 3, IIepPECeKaeTCs ¢ MPsAMO, IPOBEIEHHON Yepe3 Touku 2 1 4,
B TO4Ke 1, COOTBETCTBYIOIIEH IPAHUIE IEPBOIO U BTOPOro yvacrka. llpsamas 3-5 omnu-
ceiBaercs ypasaennem S = —400 + 100 - ¢, npsimast 4-2 ONUCHIBAETCS yPaBHEHUEM
S = 254 50 - ¢t. Pemmrag 3Ty mapy ypaBHEHUII COBMECTHO, TIOJYYIUM KOOPAWHATHI TOY-
ku 2: (8,5 u; 450 km). [Ipsamvas 0-3 onuckiBaerca ypasueruem S = 60 - ¢, npsamas 4-2
omucekiBaercsa ypasaenuem S = 25 + 50 - t. Pemrasg ary mapy ypaBHeHuii coBMecTHO,
nostyuuM Koopauuarsl Touku 1: (2,5 4; 150 km). Orkysa nouydum, uro Bar exasn nep-
BBIE 2,5 9 €O CKOPOCTHIO 60 KM /4, 3aTeM 6 1 co cKopocThio 50 KM /4, u B KoHIE — 1,5 1
co ckopocrbio 100 km/4. Otkyga I3 = 150 kM (yuacrok 1-2 ma puc. 1), ls = 300 kM
(yuacrok 2-3 Ha puc. 1), I3 = 150 kM (yuactoxk 2-3 na puc. 1).

3amgaua Ne8-T2. Cocyn ¢ Tpy6oii

Omnpenenum Maccy MOIIABKA M. JAIUINEM YCJIOBHE PABHOBECHSI TOILIABKA:
mg +T = pghs, (1)

e T — cuna HaTskeHus HUTH, pghS — cuna Apxumena, neficTByOmas Ha MOIIABOK.
3amuieM ycjaoBUe PABHOBECHUSI TIOPIITHS:

T = pgHS,. (2)
N3 ypasHennit (1) u (2) onpenesnM Maccy MOIMIABKA:
m = p(hS — HSs). (3)

[Momectum nHa momaBok Tesno mMaccoit Am. Ilycrs mopiieHb CIBUHYJICS BJIEBO
Ha paccrogaue Az, a yPOBEHb KUJIKOCTU B BEDTUKAJILHOM cocy/ie yBeauauics Ha AH .
[TockobKY HUTH, CBS3BIBAIOIIAS TOPINEHD U MOIJIABOK, HEPACTAKNUMA, TO TPH CMe-
IIIEHUN TIOPIIHS BJI€BO Ha AX TOMJIABOK OMyCTUTCS Ha Ax.

CaesaeM pUCYHOK cocyzna ¢ TPyOKO# B HadasibHON curTyamuu (puc. 2a) u 1o-
caie nepemenienus topiids (puc. 26). O6beM KUJIKOCTH HA PUC. 23, BbIJIEJEHHBII
CBETJIO-CEPBIM [BETOM, PABEH O0bEMY KUJIKOCTHU, BBIJIEIEHHON CBETIO-CEPBIM IIBETOM,
Ha puc. 20.
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S
Am
Sy . AH{]
I L
J:Ax
H
Az
™
ﬂ_'—
S < |t I |
(a) (6)
Puc. 2

3anuiiem ycaoBue HEM3MEHHOCTH 00bEMa JKHUIKOCTH:
h(Sl —S)+A13'Sl ZSQALE—F(ALL’-Fh—FAH)(Sl —S)
N3 3anmcanmoro coorHomenust moayunm cBsa3b AH n Ax:

Az (5—S,)
AH = N (4)

[To ycnoBuio 3amaqdu S > Sy, cjieI0BaATEIBLHO, HAILE MPENOJIOKEHHe 00 yBeTmde-
HUW BBICOTHI YPOBHS KUJIKOCTH B BEPTUKAJIHHOM COCY/Ie BEPHO M O TOM, UTO TIOPITIEHD
CMeIaeTcsd BJIeBO, BEPHO.

PaccvoTrpum, Kak M3MEHUINCH CUJIBI, AefiCTBYIONMe Ha momtaBok. HoBas cuia
Apxumena, geficTByomas Ha MOIIABOK:

Fapx = pgS(h + AH + Az). (5)

O603Ha4YMM M3MEHHMBLIYIOCA CHJy HATAXKeHUs cuia T’ Toraa ycaosue paBHOBE-
cus [IJisi TIOTJIABKA OyIeT BBITISIETh CAELYIOMNUM 00pa3oM:

(m+ Am)g+ T = Fapx. (6)
Tenepsb PaCCMOTPUM HOBOE YCIOBHE PABHOBECHS MOPITHS:

T' = pg(H + AH)S.. (7)
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W13 ypasuenuit (5), (6) u (7) ¢ ygerom (3) momydaum

Am (S — S»)

B nmocnemuee ypasaenue nogcTasuM (4) U BbIPA3UM CMEIIEHUE MOPIITHS:

Am (Sl—S)
Ap =21 .
T T (518 — 288, + 52

HOpHIeHb CMeNlaeTCA BJIEBO Ha BEJIUYNHY:

o Am (Sl - S)
A== 55— 255, + 53)°

3agaua Ne8-T3. Croar u Basa

PazmecTum Basy Ha CTOE W PACCTABHUM CHJIbI, JTEHCTBYIOIIHE HA CHCTEMY <«CTO-
JlenHnna + Baszay. Cuia TszkecTd croseinHunbl Mg Hpu/iozKeHa K HeHTPy CTOJIeLl-
HUIIBI, CUJIA TSYKECTU BA3bI Mg TMPUIOKEHA B TOUKE PACTOJIOKEHUS BA3bl. ITU CUJIBI
HaITpaBJIEHbI BEPTUKAJIBLHO BHU3. Tpu cuibl peakiyu HOXKeK N1, No u N3 HammpaBIeHbI
BepTUKAIbHO BBEpX. Cujla peakIny YeTBepTOil HOXKKHU JOJKHA OBITH PABHA HYJIIO.

Cmocob 1.

CueslaeM PUCYHOK CTOJIEIIHMLBL C BH-

JIOM CBEpXy U BBEIEM CHCTEMY KOOP/IU- Y 2

mar XOY, Havajgo KOOPIWUHAT TOMECTHUM
B 1eHTp crosiemuuibl (cM. puc. 3). Koop-
JUHATHI TOYKH, B KOTOPOH HAXOIHUTCS Ba- . o
3a, obo3HaunM x u Y. Ha pHCYHKE CHJIBI Y mg
peaKIuu HOXKEK HAIIPABJIEHBI MTEPICHIUKY- 4?
JIIPHO TIJIOCKOCTH YepTeXkKa, Ha, UUTaATEs, —2a Mg T 2a
7 0003HAYEHBI YEPHBIMYU KPYKKAMU, a CH-
JIBI TS2KECTU HAIPABJICHBI TIEPIEHIUKYIIAD- Q Q
HO IIJTOCKOCTH I€PTEKa, OT IUTATEIIsI U 000-
3HAYEHBI KPECTUKAMHM.

3amuieM ycjaoBUe PABHOBECHS] CHCTEMBI: —2a

(M +m)g = Ny + N + N3, Puc. 3 (1)
IPaBUIIO MOMEHTOB i ocu OX:

Nia = mgy + Naa + Nsa, (2)
W TIPABUJIO MOMeHTOB st ocn OY':

N3a = mgx + Nia + Naa. (3)
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IMoncrasum (2) B (3) u Haitzem No:

m
Ny = *275(3” +y).

YT0o06bI CTOJIEITHUIIA HE IePEBOPAYNBAIIACH, JOJIKHO BBIMOTHATHCH yciaoBue No > 0,
a JIJIsd 3TOrO JOJI2KHO BBIIOJHATHCA yciaosue y + & < 0 uian

y< -z (4)
W3 ypasHenus (3) Boipasum Nj:

x
N3 = mg-— + N1+ Ns.

IMoncrasum N3 u Ny B (1) u onpenenum Ny:

M+ m m
leig—&——gy.
2 2a

YToObBI CTOEITHATIA HEe TEPEBOPAYNBAIACE, JTOJIKHO BBITOTHITHCS YCIOBHE
N 1 Z 07
cjie10BaTeJIbHO, 0JI2KHO BBIIIOJIHATHCA

M+m m
maBLLPRUC Y
2 2a

1715 BBITIOJIHEHUS 3TOrO YCJIOBUS HY2KHO, 9TOOBI BBITOIHSIOCH HEPABEHCTBO

M
y>—<1+>a. (5)
m
Onpenemnm N3
M +
Ny=— 1M, 9,
2 2a

qTO6bI CTOJIEITHUITa HE TIEPpEBOPAYUBAJIACh, JOJIZKHO BBITIOTHATHCA yCJIOBUE
N. 3 Z 07
c1e10BaTeJIbHO, JOJIZKHO BBIIIOJTHATHCA

M
+mg+ mgm > 0.
2 2a
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1715 BBITIOJIHEHUS 3TOrO YCJIOBUS HY2KHO, 9TOOBI BBITOJIHSIOCH HEPABEHCTBO

(1) 0

[ToxcraBum m = 5M u 3amuiem Bce MOTyYeHHbIE YCJIOBUS M M300pa3uM HA IIOBEPX-
HOCTHU CTOJIEIITHHUITHI 00JIACTH, B KOTOPOH OIHOBPEMEHHO BBITTOIHSIIOTCS BCE TPU HEPA-
BEHCTBA

Cmocob 2.

CueslaeM PUCYHOK CTOJIELIHMIBLL C BU-
JIOM CBEpXy W BBEIEM CHCTEMY KOOPIW-
mar X'O'Y’, Hauai0 KOOPIUHAT IOMECTHM
B TOYKY, TJIe HAXOJUTCSA BTOPAs HOXKKA (CM.
puc. 4). KoopamuaTsl TOUKH, B KOTOPOi Ha- 209 N, o
X0/uTCA Basa, 06o3Hauum x’ u y'. Yy mg

Bammmiem ycaoBue paBHOBECUS CUCTE- Mg
MBI

Ny N3 X'

(M +m)g= N1+ N2+ N3, (1)

npasuiao MoMeHToB ayst ocn O X'

N1 - 2a = mgy’ + Mga, (2))
Puc. 4

U npasuiio MomenTos g ocu O'Y!
N3 - 2a = mgz’ + Mga. (3)
U3 ypasuenus (2') onpenenum Cujly peakiuu ME€PBOil HOKKU

Mg mg
Ny = —2 4+ —=¢.
2 2a
YT06bI CTONEMIHAUIA HE MEePEeBOPAIUBAIACH, HEOOXOTUMO, ITOOBI BBIMOIHAIOCH YCIIO-

BHUE
Nl 2 07
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OTKY/Ia TIOJIy9aeM OOJACTD JOIyCTUMBIX 3HAYEeHUH 11s 1y’

M a
"> ——ayy > —=. 4
yz-—ay > ¢ (4°)

W3 ypasuenns (3') onpenennm cuity peakuun UToObl CTOTENTHATIA HE TIEPEBOPAINBA-
J1aCch, HEOOXOAMMO, YTOOBI BBITIOJIHSIIOCH YCJIOBHE

NS 2 07
OTKy/JIa II0JIly4aeM OBJacThb JIOMYyCTUMBIX 3HAUCHUH ajid T’

M a
/>_7 . />_7. 57
@' > ——aa’ >~ (57)

U3 ypasrennsa (1) onpemenum Cuily peakmum BTOPOH HOKKA
:L,/ y/
N2:Mg+mg—N1—N3:mg - = — .
VenoBre HeOTPUIATETBHOCTH CHIBI PEAKIUHE BTOPOH HOKKH JIAéT HEPABEHCTBO
y' < 2a—2a. (6")
TeomMeTpUIECKOE MECTO TOYEK, KOTOPBIE YIOBIeTBOPstoT Hepasencrtam (4'), (5) u (67)
HAXOAWTCA B TOI ¥Ke 06JIACTH Ha, MOBEPXHOCTH CTOJIA, UYTO HalieHa B TTEPBOM BAPUAHTE.

O6macTb, T/Ie BO3MOXKHO PAa3MEIIEeHNe Ba3hl, OTPAHNYEHA, TPEMS MPSIMBIMU, U BbI-
JejieHa Ha PUCYHKE TEMHO-CEPBIM IIBETOM.

Y
]
1 4
O
X
2 3
\
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3amaua Ne8-T4. Ilorepanublii rpaduk

3amuieM ypaBHEHHE TEIJIOBOrO 0AJIAHCa, C YIETOM TOABEAEHHOTO OT TIJIUTHI KO-
JINYECTBA TEILJIOTHI [IJIsi IEPBOTO y4IacTKa rpaduka:

Pr = cpVu(t —to). (1)

CrenoBaTeIbHO, HA MEPBOM YUACTKE 3aBUCAMOCTD TEMIIEPATYPHI ¢ OT BPEMEHU T
ONHUCHIBAETCS] YPABHEHUEM TMPSIMOii:

P
tr)=to+ —7=to+ki7. 2
(1) =to+ —o=r =t +ho 2)
Crmocob 1.
Ha Tperbem ydacTke ypaBHEHHE TEILIOBOIO DasiaHca:

Pr = cp(Vo + Vo) (t — to). (3)

3aece Vyon — 00BEM HOMUTOI BOIBL.

Coocob 2.

PaccMoTpuM TeMIOBBIE MPOLECCHI, TPOUCXOIAIINE HA TPEX YUACTKAX 110 OTHEb-
HocTu. BBeneM 0003HAUEHUs: T — MOMEHT BPEMEHH, KO/, HAUUHACTCS JOJIUB KU/
KOCTH, To — MOMEHT BPEMEHH, KOTJIa TeMIepaTypa YKUJIKOCTH MOC/Ie JTOJIMBAHUS Ha-
YuHAeT yBesmuuBarbcd. [y mepBoro yuacrka umeem ypasaenue (1), oHo 3amucano
BBbIIIIE.

B momeHT BpeMenu 71 TeMieparypa BO/bl B YalHUKE paBHA tq, IOITOMY

PT1 = CpV()(tl - t()). (5)

st Broporo y4yacrka umeeM ypaBHeHue (HADEBAETCH TOJIBKO I0JIUTas BOJA)

P(1 —11) = cpVyou(t — to). (6)
B momenT Bpemenu Ty
P(ra —71) = cpVaon(t1 — to). (7)
L1 TpeThero ydacTka
P(r —12) = cp(Vo + Vion) (t — t1). (8)

Komb6uunpys ypasuenns (5), (7) n (8), nonyunm ypasHenue (3).
U3 ypasuenus (3) cielyer, 9T0 HA TPEThEM ydacTKe rpaduKa 3aBHCHMOCTD TeM-
nepaTypbl ¢ OT BpEMEHH T OIMCHIBACTCS yPABHEHHEM MPSIMOii:

t(7)2t0+ T:t0+k37. (4)

Cp(VO + V;LOJI)
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Ipaduku byuxuumii, onucbiBaembix ypaBaenusamu (2) u (4), umeror o6y To4-
Ky — (0; to). Iloaromy, ecim rpacduku IPOJAOIKUTH J0 LIEPECEYCHUs], TO TOYKA Ie-
pecedenusi TpahUKOB OyIET JIeKATh Ha OCH TeMrepaTypbl. Takum oOpa3oM, MOXKHO
BOCCTAQHOBUTH MACIITA0 MO OCH BPEMEHHU — OJHA KJIeTKa coorBercTByer 0,5 muH. Mac-
mrab Mo OcHM TeMIeparyp — OfHa KjeTka coorBercTByer 10°C — BoccTaHaBIMBaEM,
3Has Temreparypbl t;1 = 60°C u tg = 20 °C. 3uag macmrab mo ocsiM U BUJ, TPIMbIX
BOCCTaHABIUBAEM TpaduK HA PHC. 2.

A t, °C

100

90

80

70

60

50

40 ;

30 y

. T, MUH

00 05 10 15 20 25 30 35 4,0

Puc. 2

VYpapuenus (2) u (4) ONUCHBAIOT JTUHEHHYIO 3aBUCUMOCTb TEMIIEPATYPBI OT Bpe-
MEHU C PA3IUIHBIMHU YTJIOBBIMU KO dUIMEHTaMy HAKIOHA k1 U k3, OTHONIEHUE KO-
TOPBIX PABHO:

ki Vo4 Vion

s 0 (9)

ITo coxpanmBieiicsa gacTu rpaduKa ompeaeasieM OTHOIICHIe % =2.

CrrenoBarebHO, 00BEM TOTUTON BOIBI COBIAIAET € HAYATHHBIM OObEMOM, OITO-
My Vo = Vaon = 0,5 1.

ITo rpaduky Ha puc. 2 onpeaessieM, 9To TEMIEPATYPa BoALI ctaner pasuoii 100 °C
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qepe3 7o = 4 MHH TIOCTe Hadala HarpeBaHuda. TOT ke pe3yabTaT MOXKHO IOJIYIHUTh,
€C/TA CHAYAJIa, UCIIOJIb3Ysl YPABHEHHE TEILTOBOIO OAJIAHCA, [JIsi BTOPOrO yYIaCTKA, OIpe-
JeTUTH 3HAYEHWEe MOIIHOCTH, & 3aTeM MOCYUTATH BpEMs HATPEBAHUS IO TEMTIEPATYPhI
100 °C ma TpeTbem yuacTke.

ITo ycyioBuio 3ajauu mpu JOJUBAHUN BOALI B Tedenun A1 = 1 mun = 60 ¢ Tem-
epaTypa BOALI HE MEHSIACH, TIO9TOMY BCE MOJIYUEHHOE OT HArPEBATENs KOJUIECTBO
TEIIOTHI IO Ha HarpeBaHue 100aBJIeHHOM Boabl 0T TeMueparypsl tg = 20 °C 10 Tem-
neparypsl t1 = 60 °C, nosromy:

P.-Ar= vaﬂoﬂ(tl - to). (10)
N3 3anucanHOTO BbIDAaKE€HUA OIIPpEaEINM MOIITHOCTH

cpVaon

P:
AT

(tl - to) = 1400 Br.

3amagya Ne9-T1. Urpa B miaiiby

[Iponymepyem cTOpOHBI PAMKH U BBEIAEM KOODIMHATHI T, Y C HAYAIOM B TOYKE
A, HATIPABUB WX BIOJb U MEPIEHIUKYISIPHO 0Tpe3ky AB.

2

ITycrs xkoopauHaTh Toukn A pasubl (0;0), Koopauuatsl Toukn B pasus! (L;0),
a pacCTosiHUE OT TOYEK /10 CTOpOoHbI — H. Bymem mckaTh mpoekIuu yCKOpEHHUsi CBO-
BOTHOTO TIAJEHUA y U Gy.

Paccmorpum apuxkenue maiibsl u3 A B B ¢ 0TcKOKOM 0T cTOpoHbl 4. 13 ypaBHe-
HUsl JIBUYKEHUSI 110 OCH Y HOJIy9HM, 9YTO BPeMs IaJeHUs U3 TOYKH A JI0 CTeHKU PaBHO
/2H/g,. Tocne yaapa mraitba Gyzner JgeTeTh CTOIBKO JKe 10 BPEMEHN J0 TOUKN B.

[ToHOE BpEMsi COCTABUT:

2H
t=2,—.
Gy
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ITo ocu x miaiiba nBuraeTcs paBHOYCKOPEHHO, TAK KaK MPHU YIPYTOM yAape mpo-

€KIuA CKOPOCTHU Ha OCb X HE MEHAETCA.

t2 4H
L= 9z = Gz " ——
2 9y
OTky/a noyanm:
r G2
9o _ L ]
gy 4H /
B cnydae orckoka or crenku 4 L = 2 /,

n H =1, roe | — cTopoHa 3aIaHHOi MacmTao- ;
HO# ceTku. VI3 MOIyYeHHOrO OTHOIIEHUS MPO-
eKIi yCKOpeHUil JIerKO HANTH HAIPABJICHHUE §. /
Hanpuwmep, moxkuao ormeruts Touky C7 € KO- !
opaunaramu (21;41). Torna § Gyser nanpasie- !
HO B10J1b psAMOil AC| U, B 4aCTHOCTH, LIEPBas !
9aCTh TPAEKTOPUH IIANOBI OyIeT JIe¥KaTh BIOJb !
1

3TON MPAMOIL.
AHaHOFI/IqHO MO}I{HO HOCTyHI/ITb CO CTOpO— ,,,,,,,,,,,,, decevcvrvvvovorvvrovrovrorrrorerros
’ —

Hoit 2. B atom caywae L = 2l w H = 2l, To-
rIa yCKOpeHue CBOOOMHOrO maJieHus Oymer Ha-
npaBjeHo Baoab orpeska ACs, rme KoopanHa- :
Tl Toukn Co 310 (215 —81). ;A \aQ B
IToce OTCKOKA OT CTOPOHBI a4 gs
HE CMOXKeT I[OIacTh B TOYKYy B, Tak Kak
Ta PACIOJIOXKEHa JaJiblile TOYKH A 10 ocu . 77N
ITo Tem e COOOpasKeHUsAM OTPArKEHUE OT CTO- 0
poubt 3 momaxoaut. COOTBETCTBYIOLIEE ITOMY |
CIydYal0 HAMPABJIEHWE YCKOPEHWsI CBOOOIHOIO '
najeHus OyJer BAOJb OCH . \
C moMOIIbI0 HAMJIEHHBIX B HPEIbLAYIIeM " o
(]

nyHkre koopauHar todek C u Cy BbIYUCIUM
YTJIBI MEKIY HampaBieHneM AB U yCKOpeHueM CBOOOSHOTO MaJIeHUs:

1 maiiba

7777777

X// TII I I 777

oy = arctg 2 & 63°, ap = arctg4 ~ 76°, az = 0°.
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3amaua Ne9-T2. Hesqmuelinaga jieHTa

IIycts F} — cuyta ympyrocTH JIEHTHI U IEpBOit IPYKUHBI, & Fy — cujaa yrnpyroctn
BTOPOIT IPYZKUHBI.

Cuma F, ¢ KOTOPOit pacTAruBaiOT JAHHYIO CUCTEMY, YPABHOBEIITNBAETCS JAHHBIMA
cumamu Fy m Fy:

F=F+F.

Bakon 'yka gma npyxun: F} = kAx, u Fo = EAxs.
CyvmMmapHOe ya/IMHEeHWEe TEPBOil MPYKWHBI W JIEHTHI PABHO YIJIUHEHWIO BTOPO
Py KUHBIL:

Az + Az = Az,

N3 s1ux ypaBHeHuil nosydum:

Az = Ax(Fy) =

njin

F Kk
Fl(A.I‘) = 5 —

—Az. (1)

IIpu F; < 1 H nenTa Bemér ceds Kak MPYKUHA C KOIDDUIMEHTOM KECTKOCTH
ko ~ 120 H/m, KOTOPBIii MOKHO ONDEIENTH C TOMOIILI0 KodbdUIEeHTa HAKIOHA
KacaTeJIbHON K HaYaJbHOMY ydacTka rpaduka. CieaoBaresbHO, 3aBUCHMOCTD Y/IJIU-
HEHUS JIEHThI OT PACTATUBAIONMIEH €€ CUIIbI MOYKHO BBIPA3UTH KAK:

F1 = kjoAJ? (2)

IMoucrasuss (2) B (1), nonyuum

F 2k
niain F
Ar=—— =29 .
T ko Tk ,9 MM
Torua
Fy ko koF
Ay =—=—Az=—"—"—=~35
T TR T Gkor k)k
nu

Azy = Az + Ax ~ 6,4 MM.
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F,, H
15 |
10 |
5 4
Az, cMm
0 5 0 15 20 25

Hns naxoxnenns pacrsokennit mpu F' = 20 H mocrpoum 3asucumvocrs (17) (ana-
JIOT HATPY30YHON MPAMOI U3 3JIEKTPUIECTBA) Ha rpaduKe U3 yCJIOBUA.

F,, H
15 1
10 ]
5 4
Az, cMm
0 5 0 15 2 2

[lepecedenne 3Tux MpsMOil ¥ KPHUBOH ITO3BOJISET HAWTH CHJIY YIPYTOCTH JICH-
sl F} =~ 6,7 H u eé yniunenne
Az ~ 6,5 cm.

CremoBaTeIbHO, yAJIMHEHNWE TIEPBOI MDY KUHBI

F:
Az, = ?1 ~ 6,7 cm

" yIJIMHEHUEe BTOpOﬁ NPY>KUHbI

Axy = Az + Az =~ 13,2 cm.
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Yraosoit koaddunuent npsmoii (1') He 3aBUCUT OT IPUKIIAIBIBAEMOIT CUIIBL.
[IpoBeném mpsAMyIO ¢ TaKUM yIJIOBBIM KOI(D(DHUIMEHTOM [Uepe3 KPaHHIO TOYKY
rpaduka (25 cm; 14 H) nubo pemmnm ypaBHEHWE AHAJIUTHIECKH, MOJCTABAB B COOT-

BETCTBYIOIINE 3HAYCHUA

Fo. k
max _ —A -
2 277

Torna makcumasbHas cuiia: Fa.e = 53 H.

=

3agaua Ne9-T3. TaneMm-nmoraHeM

3a mebosbinoe Bpems At KOJIEIKO mpoitaer paccrosinue vAt, OCTaBUB 033,11 cebst
Kycouek HuTh jyimHOi vAtL. Takoii xKe 110 JjimHe KyCO4eK HUTH JOJIZKEH OCBODOIMTHCS
W3-3a MPUOINKEHNsT BTYJIKY K Kosteuky. 3uaunt, u(0)At = vAt, u:

u(0) = v.

OTBer Ha BTOPOI BOIPOC MOXKHO TOJIYYUThH PA3HBIMHU CIIOCOOAMMU.

Crocob 1. Ilepeiinem B cucremy OTCYeTa, CBA3AHHYIO ¢ KojedkoM. B stoit CO
KOJIEYKO HEMOJBUYKHO, & y BTYJIKHU TOSABJISETCS COCTABJIAIONAS CKOPOCTH, TEPIIEH 1~
KysspHas crepxkuio (cM. pucyHok). IIpu srom ornocuresnbuo touku C, BbIOpAHHOl
BOJIM3M KOJIEUKA, BTYJIKA JBUIKETCS TIO OKPYXHOCTH. [IpOEKINU CKOpOCTEH BTYJIKA
u Touku C Ha HAPABJIEHUE YIACTKA HUTH MEKIY BTYJIKONH U KOJIBIIOM JOJIKHBI KOM-
MEHCUPOBATH JIPYT JAPYyra Tak, 9TO0BI JJIMHA ITOTO YYACTKA OCTABAIACH MTOCTOSHHOIA.
Touka C' 1BUKETCsi CO CKOPOCTHIO U, TIOITOMY:

v =usina — vcosa.

«@ U/v

o

Cmocob 2. [lycrs paccrosiiust OT BEPIIMHBI IIPAMOrO YIJIa JI0 KOJIEYKa, U 10 BTYJI-
KU PABHBI COOTBETCTBEHHO T u ¥y. Torma 3amuimeM MOJHYIO JJIUHY HUTH CJIETYIOIIIM
0bpazoMm:
r+vVat+y?=1.

Bo3bpMéM MpOM3BOIHYIO MO BpEMEHH:
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i
y=—§( z? +y° + x);

v
u=2(/a 4 +a).

( 1 1 ) 1+ cosa
u=0|— +— = —.
sina  tgao sin «v

Crmoco6 3. Paccmorpum masienbKuii npomexkyTok spemenu At. Kosiedko npormwio
paccrosiaue vAt, a Brysika uAt. IIpoenupyst 311 epeMenieHus Ha OTPE30K, COeIuHsi-
FOIUI KOJIEUYKO C HUTKOM, MOJIyYNM MAJIEHbKOE W3MEHEHNE JJINHBI KYCKA HUTH MEXKIY
HUMU:

<

AR = vAtcosa — uAtsina.

Kycok HuTH Me€XIy BEPHIMHOM MPSAMOro yria U KojedkoM ysemmauiics Ha vAt. Tak
Kak II0JIHAd JUIMHA HUTU HEe MeHAeTCd:

(vcosa —usina + v)At = 0.

Otkyma:
1+ cosa
U=v—-.
sin «

OtBer Ha TpeTUil BOIPOC MOXKHO MOJYYUTh PA3HBIMHU CIIOCODAMMU.
Croco6 1. Ckopocrh BTYJIKHU IPU €€ JBUKEHUU 110 OKPY?KHOCTU OTHOCUTEHBHO
touku C paBHa:

) sin? o + cos a(1 + cos @) 1+ cosa
vsina +ucosa = v - = - .
sin o sin o

HopmanbHasi KOMIIOHEHTa YCKOPEHUS:

v2(1 + cos a)?
n — . ’
sina- R
— l " o
rae R = {55 — JUIMHA y9acTKa HATH MeX1y BTymKoi n rouxoit C. Ilommoe yeko-
pEHNME BTYJIKA @ HANPABJIEHO BJIOJDb CTEPKHS, & Gy, ABJISAETCSA €rO TPOEKINEH HA HATH.
ITosromy
an v2(1 + cos )
3

sin «v sin® a - [

Cmoocob 2. Bocronb3yeMcst IOIy9eHHON B MPEABIAYIIEM IIyHKTE CBA3BIO U U V:

l
u= (Vi g+ ) =v-.
Y Y
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BozbMéM mpom3BOAHYIO 110 BPEMEHH OT TOTO BHIPAYKEHUS:

; U DRIE
a=—vl=%=—.
vy
Tak Kak HUTH HEPACTIKUMA!
lsin
l= .y +—y =Yy=—
sina  tga 1+ cosa
Torua:
v2(1 + cos a)?
O4=——3
sin” o - [

Hanee ma = T sin a, oTKyma

v2(1 + cos a)?

T=m—————
sin® ac -

Cuna F, npuknagpiBaeMas K KOJIEUKY, PABHA CyMMe MPOEKIUii JBYX CUJI HATSZKEHUS

HA CTEPIKEHb:

v%(1 + cos a)*

Isin* o

F=T+4+Tcosa=m
3amaua Ne9-T4. HarpeB *kuakocTu

3aBUCUMOCTD TJIOTHOCTH OT TEMIEPATYPbI:

(t)_ @ t—to_ 3t0—t
pLt) = pPo 9 t = Po 2%,

HauanpHnasa macca mpg »KHIKOCTHA B JIEBOM COCYIIE:
mro = 4Sh,00 = 4SH,0.

CremoBaresibHO coCy GOJIBINErO CeYeHHst 3ATOJHNUTCS JOBEPXY, KOT/a MII0THOCTh
B HEM ymenbmmrces 10 p = 0,95p0. U3 (1) momyuaem:

p =0,95p9 = 3tg — t1 = 1,9ty = t1 = 1,1¢.

IMocsie 3TOTO KUJAKOCTH HAYMHAET TEPETEKATL W3 JIEBOrO (IIUPOKOrO) COCYa
B mpaBblil. [Ipu mocTrxkenun TeMmeparypbl ¢ = 2ty Macca mjy KHUIKOCTH B JIEBOM
COCyJle paBHa:
my = ASH - % = 2poSH.

ITonmas macca m KUJIKOCTU U3HAYAJIBHO:

m = (45 + S)hpo = 5S - 0,95H po = 4,75p0SH.
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CrnenoBarenbHO, MACCa MR KUJKOCTH B IIPABOM COCYZE IOCTIE HATPEBA:
)
mpr =m—myp = 2,75p9SH.

Torna mapmenue Ha JIHE:

mpg
Pruo = Tg = 2775P09H

JaBiienne py KUJIKOCTU HA KPBIIMIKY B COCyZe DOJBINErO ceYeHns: HAWAEM U3 pa-
BEHCTBA JIABJIECHUM:

Px = Pauo — 0,5p09H = 2,25pogH.

IMockobKy 00bEM JIeBOTO cocyna (hUKCUpoBaH (MpU JTOCTUKEHUM BBICOTHI H ),
yYMeHbIIeHne MaCChl B HEM MPpAMO TTPOMOPIUOHAJIBHO YMEHBINTEHWIO TIJIOTHOCTU TPU
Harpese. IIpym HArpese JI€BOro COCyla Ha MaIylo BeJuduHy Af INIOTHOCTH yMEHBIIa-
ercst HA Ap, U B IPABBIA COCY| MEPETEKAET MACCA!

Am =4SH Ap, (2)

TeMIepaTypa KOTOPO# paBHA TEKYIIEH TeMrneparype t B JIEBOM COCYIE.

Cmoocob 1. MoXHO CYATATh, YTO HArPEBATENh COOOIINII KOJUIECTBO TEIJIOTHI
Macce Am yKe TMOCJIe TOrO, KaK OHa MepeMeCTIIach B paBbIii cocyn. Torma kommde-
CTBO TEILJIOTHI, IOCTYIIAOIIEe B IPaBbIA COCY;

AQ = cAm (t —to) = 4cSH(t — to) Ap,

IJle ¢ — TEMI0EMKOCTD YKUIKOCTH.

Ecaun Bocmonb3oBarbecs rpadukoM
3aBUCHMOCTH p(t), TO MOKHO 3aMETHTh,
uro BeauudnHe A TPONOPIHOHATBHA
ITOIIA/b TTOJIOCKH MIUpUHON Ap u j1iu- po
HOIt t—t( (cM. pucyHok 1), 1OMHOXKEHHO
na 4cSH.

[TonHOE KOMMYECTBO <«IEPEHECEH- B)
HO» B MpaBBIi COCY, TEIJIOTHI () TpPO-
MTOPITMOHAIBHO TIJIOMIAANA TPAIENNH, IO~
Ka3aHHOH Ha PUCYHKE 2, C IOMHOKEHHEM T J
na 4¢SH. Torpa:

Q = 0,99p0tocSH. Puc. 1

9Ta TEmJI0Ta, paCIpene/éHHas Mo Macce mg = 2,75pgSH, MOBBICUT TEMIEPATypy

MIPaBOro COCy/Ia:
0,99p0tgcSH
tg =ty 4 2 =g, 4 09PolocSH
cmpg c-2,75p0SH



Pezuonaavnnti sman BeOIIl no gusuxe Teopemumueckut myp

p
Cnocob6 2. 13 (1) u (2) mosmyuunm,
9TO MPHU HOBBIMIEHUN TEMIIEPATYPbI Jie-
BOro cocynma ot t1 = 1,1ty 10 to = 2ty ) e — (1,143 0,95p0)
Macca, TepeTeKaoIIas B MPaBblil COCY/I, |
YBEJIMYUBAETCS PABHOMEDPHO C TEMIIEPA- 2 |
L |
Ty POii: D) !
2SH 1
Am = - At. ! t
to T T
C 0 to 2to
JIEIOBATEIbHO, PACIpEIeTeHHe MAace
0 TeMTepaType paBHOMEDHOE, W CPeJl- Puc. 2

HAS TeMTepaTypa MPUXOIANINX TOPITAit
JKUIKOCTH PaBHA CPEIHEMY apuPMETHIeCKOMY KOHIIOB MHTEPBAJIA!
ti+ta 1,1t + 2t
tep = = = 1,55tp.
cp 2 9 ) 0
VpaBHeHUe TEI0BOro H6aJIaHCa sl MPABOTO COCYIA:

mR()C(tR — to) + Amc(tR — tcp) =0,
rjie mpg — HadalbHas Macca KUJIKOCTH B IpasoM cocye. Orciona:

Mmpoto + Am tep

tp =
R mpgo + Am

Croco6 3. Masas macca, meperexkalas mpyu BO3paCTaHUuu TeMIepaTyphl Ha dt:

dm = —4SH dp.
Us (1):

d 2p0SH
Lo P o dm pos

dt 2t to

KomugecTBo TemmoThI, MepeHOCHMOE ITON MACCOIi:

dt.

2pQSH

0

d@Q = c(t —to)dm = c(t — to) dt.

Warerpupyem ot t1 = 1,1ty 1m0 2tp:

210
J (t —to) dt

1,1t

2tg

_ 2poSHc

Q T

- 2[)05HC (t - to)z
b 2

1,1to

[Toacrasistem mpemests:
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_ 2pgSHce % —0,0163

Q = 0,99ppctySH.
to 2
Jamee, Kak ¥ B TIEPBOM CITOCODE:
tr =109+ @ .
CMR
OxkoHYATETHHO:
tr = 1,36t.

3agaua Ne9-T5. 3Be31a U TPEyroJabHUK

Cmocob 1. Bocmomb3yemcst MeToioM HaI0KeHnsT TOKOB. IIpencraBum aBa He3a-
BUCHMbIX MCTOYHUKA TOKA: OJMH CO34a8T TOK CUJION Iy, Apyroii — peryjupyemblii TOK
I (cm. pucynok 1). Tlpu paccTaHOBKE TOKOB ydTéM, 9TO YaCTh HENU JJIA KAXKIOTO
HMCTOYHUKA IPEICTABJIAET CO00i COATAaHCHPOBAHHBIN MOCT.

Puc. 1
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Teopemumueckut myp

Cmoco6 2. Beeném Toku I1 u I,
Jlajiee, ¢ y9€ToM IepBOro U BTOPOro mpa-
Bus1 Kupxroda BeIpasum uepes HUX TOKU
BO BCEX OCTAJIbHBIX yYACTKAX Pa3BETB-
JIEHHO TienH (CM. PHCYHOK 2).

Bamuiem mepsoe npasuao Kupxro-
da it y35108 A v B 1 IOy YUM CHCTEMY
yPaBHEHUN:

2 + 2 + I = Iy + 21, — 314,
3, — 21+ 1o — 11 + 21, — 31; = 1.

I = I /6,
I, = (I+ 1y)/6.

3ameTum, 9T0 TOK | HUKAK HE BITU-
deT Ha CHJIy TOKa Yepe3 BePXHUIl pe3u-
CTOP, CIeJOBATEIHHO:

Alyeps = 0.

M3menenue cuiibl TOKa qepe3 HuzK-
HUU Pe3uCTOp

I I\ _ Al
2 6) 2

EnuncTBEeHHBIN pE3UCTOD, YEPE3 KO-
TOprfI TOKH OT JABYX HCTOYHHKOB Ha-
[paBJEHbl IPOTUBOIIOJIO2KHO, — 3TO pe-
3uctop 2R mexay y3namu A u B. Ycno-
BHE OOHYJIEHWS TOKA!

I'/3 = I, /6.

Takum obpasom I’ = Iy/2.
OtBer Ha IeTBEPTLI BOIPOC MOXK-
HO HOJIYYUTH PA3HBIMU CIIOCOOAMI.

B
L I p— 1
2R 3+1 T~
6
Puc. 3

Cmooco6 1. MormHoCTh MOXKHO PacCIUTATh KaK CYMMY MOIITHOCTEH BOOOpazkae-
MbIX UCTOYHUKOB TOKOB g u I. Hanpsikenue mexy ysnamu B u C:

I

UBc:(*Jr

2
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a mexy y3namu A u C:

I 2]
UAC:(§+?)'R'

TOF,ZL& CyMMapHas TejIOBad MOHIIHOCTDH, BBIAC/IAIONIAsACA B IEITU paBHA!
2 2 2 2
P(I) =Upcl +Uaclo = RI" + 21 R+ S Rl

Cmoco6 2. Tor ke pe3yabraT MOXKHO MOJYYUTh KAK CyMMY TEIJIOBBIX MOIITHO-
CTell HA KazKJIOM PEe3UCTOpe:

I 2[02 I()2 I IO2
P)=R(z+=2 2R =2 2R( =+ =2
()R<3+3>+R<6>+R6+6 +

\? I I)? I I)\?
4R (= oR(= -2 oR(=+2) .
+R(6>+R<3 6>+R<2+6>

Munumym soipaxenust P(I) (Bepiuinna napabosibl) JOCTUIAeTCst HPHU:

b
3

I =

COOTBeTCTByIOHLaH MHUHUMaJIbHad MOITHOCTB:

N 5
Puin = P(I*) = §RI§.
3agagya Ne10-T1. Omaarp 457

IToka kKameHb He [OJETEN A0 TPUTATHBAIOIIIETO JIy9a, OH JBUKETCS C MOCTOSHHBIM
yckoperueM ¢. JlambHOCTD MoJ1éTa KaMHst, OPOIIEHHOrO ¢ HAYATbHOM CKOPOCTHIO Vg MO/I
YIJIOM (¢ K PTOPU30HTY PaBHA

; 2u sinacosa v sin 2«
0= = .
g g

910 BhIpaXKEHHE TPUHUMAET MAKCUMATbLHOE 3HAYeHHe TP v = 45°, cie10BATETbHO

Um1 = \/.a

Hampasum ocs O X ropusoHTaabHO, & 0Ch OY — BEePTUKAJIBHO BBEPX; B KAYECTBE
Hadasa orcuéra O BoiGepem mosoxkenue [oka. Jlesyio u mpasyio (10 xomy moJiéra
KaMHsl) MPAHUIBI 00IACTH, OrPAHUYEHHON IPUTATUBAIOLIMM JIy9OM, IPOHYMepyeM 1 u
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2 coOTBETCTBEHHO (CM. PUCYHOK). ZICHO, YTO BHYTDH Jy4a KaMEHb [[BUXKETCH C YCKO-
peHueM —§, U €C/Id OH LIePeceKaeT Ipanuily 1 TaK, 4To IPOeKIus ero ckopocru vy > 0,
TO KaMEHb JOCTUTHET W TPAHUIBI 2. DTOMY COOTBETCTBYET YCJIOBHE

vosina — gt > 0,

rae t1 = 1/(vpcosa), a o — yros mexay U u ropusonToMm. CrieoBaTebHO, ITOObI
MpoJIeTeTh 06/IACTh, OTPAHUIEHHYTO JTyI0M, HACKBO3b, 3aBEIOMO JJOCTATOYHO CKOPOCTH

2gl
P g

m2 sin2a”

[Iposepum, 4TO Vo, < v).,. XapakrepHas Jjis TAKOrO Clydas TPAGKTODHs KaMHs
npuBe/eHa Ha pucyHke. B¢ y4acTok JieBee rpaHulpl 2 o6/a1aer NeHTPAIbHON CUM-
MeTpHei OTHOCHTeILHO TOUKH TIepecedenus Tpanunsl 1. Ilyers H — HambObINas BhI-
coTa MmombéMa KaMHs Ha yIacTKe CJIeBa OT JIyda, a h — BBICOTa, Ha KOTOPOH KaMeHb

repeceKkaeT TPaHuIly 1.

Y

Q
-—

(07

O

TpaekTopus KamMHs [PHU Vg > U1 ODIATAET IEHTPATHHON CHMMeTpuei

W3 ckazaHHOTO BBINIE CJeayer (CM. PUCYHOK), YTO JJisi TOrO, YTOOBI KaMeHb J10-
CTUT IPAHUIBI 2, TOCTATOIHO

H—-h<h = h>H)/2
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N3 3akoHa paBHOYCKOPEHHOTO JIBU2KEHUSI CJIEIYeT, 4TO

v3 sin® o

29
h=y(l)=tga -1 —

9
203 cos?
Torma ycnosue h > H/2 MoxeT ObITH TIPUBEIEHO K BUIY
8g212 89l 9 4
—— - ——— -v5 + vy <O0.
sin?2a sin2a 0 P

Boiaenum B 9TOM BbIpakKeHUHU IOJTHBIN KBaIpaT:
2
4gl 9 8q°12
- — 'UO T 24 < 0
sin 2a sin” 2«

OTKy/a BbIpa3uM v3 (HAOMHEM, 4TO HAC HHTEpecyIoT 3Hadenud vy < 2gl/ sin 2a, Tak
YTO BBIPAYKEHUE B CKOOKAX MOJIOKUTEIHHO):

2 49 2V/2gl _ 22— \@)gl'
07 §in2a  sin2a sin 2«

IIpaBast YacTb MeHBINE v),, W JOCTHTaeT MHHMMAJIBHOIO 3Ha4YeHus mpu o = 45°,
CJIETOBATETHHO

Uma = \/2(2 = V2)lg =~ \/1,17lg.

FOpI/IBOHTaJII)HaH KOMITOHEHTa CKOPOCTU KaMHA HEN3MEHHa, CJI€I0OBATEIHHO y1aCT-
KU CJIeBa OT MIPUTATUBAIOIIETO JIy9a W BHYTPU HETO KaMEHb IIPOXOAUT 3a OAHO BpeMd

l
to=11 = ——.
v COS (¢
Haiiném ckopocTh KaMHs TPU TEPeCEeIeHUN TPAHUIIBI 2

Uy = Up + gto — gt1 = .

U3 coobpaxenuii cummerpuu (CM. PUCYHOK) CJIEJyer, YTO KAMEHb Lepecekaer
rpanuny 2 Ha BbIicoTe 2h. Bpems to, 3a KOTOpOE OH TTOCJIE 3TOTO YIAJIET HA 3EMJIIO,

+2
2h+1}0811’10é't27%:0,

OTKYIa
Vo sin «
g
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Y
Uy = U

U

2h

Kamenn mepecekaeT rpaHuily 2 O CKOPOCThIO U2 = Ug

STOMy COOTBETCTBYET TOPU3OHTAJIBHOE CMEIIECHNE

vg sin 2a wgsin2a\? 42 cos? o
R + :

lo =vgcosa -ty =
29 29 9

[TojcraBuM B 3TO BbIpazKeHHE
gl
h=ltgay — —5——-—
& 203 cos?

U IIOJTy4YUM

29

BbIﬂeJ'[I/IM B IIOAKOPEHHOM BBIDaKE€HHN THOJTHBIHN KBaJpaT

. . 2
Iy — vg sin 2 (24 vgsin2a\ " 62,
29 29

Iy — vg sin 2a N \/(v% sin2a>2 N 2lvg sin 20 o2,
29 g

lo MOHOTOHHO BO3PACTAET MPH YBEJIWYEHUU Sin 2¢v, CJI€TOBATEIHHO JOCTUTAET MAKCH-
MaJIbHOTO 3Ha4YeHus mpu « = 45°:

’02 1}2 2
1M=i+ @+£)—W.
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Uckomoe paccrosuune Ly,o = 21 + Lyo.

v2 02\ 2
Lo =21+ 2% + <2z+0> — 612,
29 29
[TockombKy U U2, U L2 cooTBeTcTBYIOT OPOCKY 101 yriioM B 45°, mocTtaTodno
nofcTaBuTh v5 = 2(2 — V2)gl B Boipaxkenue s L. omyunm

Lys = <4—\/§+ 12—8\/§>l

WJTH TIOCTIe TIpeoOpa30BaHmit

Lims = (2+V2)l =~ 3,411,

3agaua Nel0-T2. PackpyTKa TpeHHEM

PaccMoTprM MOMEHT BpeMeHH, KOT/a BAJNK W MPABBINH JUCK BPAITAIOTCI C TO-
CTOSIHHBIMHU YTJIOBBIMA CKOPOCTSIMU §) M w, COOTBETCTBEHHO. BBeném och Oy, Hampas-
JIEHHYIO BJIOJIb OCH CHMMETPHUH BaJINKa BJIEBO, C HAYAJIOM B IIEHTPE €ro MPaBOrO OC-
HOBAHUS.

Cuna TpeHust, JeHCTBYOMAS HA TPABBIN JUCK, MEHSIET CBOE HAMTPABJIEHNE B HEKO-
TOpOI TOYKE C KOOpAWHATOH Y,. Ha ydacTke ¢ xKoopamaaToit or 0 10 Y, CKOPOCTH
TOYEK BaIUKa (2 GOJIbITE, YeM CKOPOCTh TOYEK JUCKA U, = W, Y, 3HAYUT CHJIA TPEHHS
HA 9TOM Y4YaCTKe HalpaBjieHa [0 CKOPOCTU TOYEK BaJjiuKa («OT HAC» ). AHAJIOTUYHO
MOZKHO TIOKA3aTh, YTO HA YIACTKE C KOOPAMHATO OT Y, M0 R, cuia TpeHus Hampas-
JIEHA [IPOTUB CKOPOCTU TOYEK BaJMKa («HA HAC»).

Cuia Tpenwus, geiicTByIomas Ha ygactke qianHoit Ay, pasua fAy, rae f — cuna
TpEeHWsl, TPUXOAAIIASCA HA eIUHUILY JIHHBI. PaBHOIEHCTBYONAsS TaKO# PABHOMEPHO
pacTpeeI€HHON CHIIBI TIPUIOKEHA K CeperHe yKAa3aHHOTro orpe3ka. C y4érom Toro,
9TO CyMMAapHBII MOMEHT BHEIIHEH CHUJIbI TPEeHWud, AEUCTBYIOLIEH Ha IPaBbId JIHUCK,
PABEH HYJIIO, IOy IaeM:

R+y,

Yo
fyz**f(R*ym) 9

2
Orkyna y, = R/V?2.

Cua Tpenus, JefiCTBYIONAS HA BAJWK CO CTOPOHBI JIEBOTO INCKA MEHSET CBOE
HaIpaBJIEHNE B HEKOTOPO# TOYKe ¢ KOOPAMHATON 1. Ileqo 3Toit cuibl paBHO 7, a Tak
KaK BAJMK PABHOMEPDHO BPAIlAeTCsd, TO CYMMAapHBIA MOMEHT CHJIbI TPEHUdA, JeHCTBY-
fo11eit Ha BaJIMK OTHOCUTEIBHO OCHU BPAIlEHUs TaKKe PABeH HYJII0, & 3HAYUT:

fyw'T+f(2R_y0)'T:f(y0_yx)'r'
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Orkyna yo = ¥ + R = R/V2+ R.

B Toukax ¢ KoopauHaTaMU Y, U Yo, L€ CUJla TPEHKUd MEHsSIeT HallpaBJeHue, CKOPO-
CTH TOYEK IMCKOB PaBHBI CKOPOCTH TOUeK Basnka {1r. CKOpOCTh TOUKHM TPaBOro JICKa,
C KOODJWHATON ¥, PABHA Wy - Yy = wm%. CKOpOCTh TOYKHM JIEBOTO JUCKA € KOOPIH-
HaTOM Yo paBHa wy - (2R —yo) = wo - (R — %) C y4érom 3TOTO0 wz% =wo-(R— %)
am it

Wy = OJ(](\/§ — ].)

3amaua Ne10-T3. Kireiikag jieHTa

Korpa npunoxennas cuna F' nocTosiHHA 110 BEJIMYUHE M HAIIPABJICHUIO, yIOJ Ha-
KJIOHA OTOPBAHHOM YaCTH JIEHTHI (¢ TaKyKe MOCTOsiHeH. ECau BHENHsA Cuja I0CTa-
TOYHA [0 BEJUYUHE U MPUBOIUT K OTPBHIBY YACTHU JIGHTHI MajIoil myiuubl Al, TOUYKA,
K KOTODOIi MPUJIOXKEHA BHEIHsS CUJIa, TepeMeInaercs Ha paccrosuaue Ax, coBepinas
IpH 3TOM PaboTy, KOTOPYIO MOXKHO CBS3ATh C BEJIMYWHONW 0 M ILIOMIABIO JIEHTHI OTO-
pBasiuetics gactu jeHtbl AS = d - Al:

AA=Ax-F=0-AS=0-d-AlL (1)

[Tepemertienne TOYKN MPUTOKEHNUST CUIBI Ax MOKET OBITH BBhIpaykeHo uepe3 Al
na:

Ax = Al- (1 — cosa). (2)



Pezuonaavnnti sman BeOIIl no gusuxe Teopemumueckut myp

Moucrasnsa (2) B (1), nonyvaem Boipazxkenue jyis cuiibl ' = F(«), Heobxouumoi
JUIsl OTPBIBAHUSA JIEHTBL OT CTOJI& [0/ HEKOTOPBIM YIJIOM:

od

F=—:
1—cosa

Cuita npuHUMaeT MUHAMAJIbHOE 3HAYEHNE MTPU MaKCHMAJIHLHOM 3HAMEHATEeJe
1 —cosa =2, To ecTb IPU @ = T.

Teneps paccmorpuMm BTOpoit ciydait. Cuiibl HATSXKEHUS JIEHTHI U HUTH PABHBI
10 MOJIYJTI0, TaK 9TO OyzmeMm ux obo3nadars 1'. VI3 ycnoBus paBuoBecus rpy3a T = myg.

()'-IeBI/I'/IHO7 4TO €CJIM CUJIa HaATAXKEHUA T HE TIPEBbIIACT CUJIy OTPbIBA JIEHTHIL
JUIsT yTjia o, TO JIEHTA He OyJeT OTPhIBATHCA W CHCTEeMAa OyJeT MOKOMThCs. Mak-
cuMasibHas cujia 1, KOTOpas MOXKET OBbITh [TOCTUTHYTA TPU PABHOBECUU CHCTEMBI
T =o0d/(1 — cosay). Torna macca rpysa paBha

m = —Jd ~ 0,068 k.
(I-cosay)-g

Tenepb paccMOTpuM citydail mobasyenus rpys3a maccoir M. s nagasa omnpese-
JIUM JIJIAHY Y9aCcTKa, JTeHThl AL, KOTOPBIi OTOPBAJICS OT CTOJIA, 10 MOMEHTA, OCTAHOBKH
rpy30B. Ero Mo:xHO BBIpa3uTh depe3 BLICOTY O0Ka H u yriibl oy U ao:

H H

AL = -
tgas  tgag

~0,732- H = 0,732 m.

Hns Haxoxaenns Ah HCIONB3yeM yCJIOBHE Ha COXPAHEHWE OHON JJIMHBI HUTH
U JIeHThI (BBUJ/LY UX HEPACTSKUMOCTH):

AL+ Ly = Ly + Ah,

rue Lh = H/sinay u Ly = H/sinay — 910 paccrosuus or 6/10Ka 10 TOYKHU OTPbIBA
JIGHTBI OT CTOJIA B HAYAJILHBIH M KOHEYHBIIT MOMEHT COOTBETCTBEHHO. Torma

_H H H H
_tga2 tga;  sina;  sinag

Ah

1 —cosay 1 —cosas
=H - — - ~ 0,146 - H = 0,146 M.
sin o sin ag
ITonosxenne, B KOTOPOM OCTAHOBUTCS CUCTEMa, OMPEIEISAeTCsT 3aKOHOM M3MeHe-
HUs [OJTHONW MEXaHWYECKOH SHEPTUY: M3MEHEHUe MOTEHIUAIbHON SHEPTruu Ipy3a (Ku-
HEeTUYeCKas SHEPrus B KPARHUX TIOJIOKEHUAX PABHA HYJII0) PABHO pabOTe 1O OTPLIBY
JICHTBI:

(m+ M)g-Ah=A=odAL.
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Orciona
dAL
M= UgAh —m ~ 0,032 kr = 32 1.

Yckopenusi TPy30B B HAYAJIbHBIA U KOHEYHBIH MOMEHTHI BPEMEHH HAXOJATCH U3
BTOpOTrO 3aKoHa HpioToHA!

(m + M)ay = (m+ M)g = T(en)

AJIA p
o
M = M)yg— ———.
(m + M)ar = (m + M)g 1 —cosay
Nckomble 3HAUCHNS:
od
—g— ~ 3,2 m/c?
=9 (m+ M)(1—cosay) 2 M/,
" d

az = 7 — g~ 4,9 m/c?.

(m+ M)(1 — cosas)

3aMeTHM, UTO IMOCe OCTAHOBKHU YCKODEHHSI I'PY30B Oy/IyT pPaBHBI HYJIIO.

3agaua Ne10-T4. Tpybka co pTyThio

[Iycrhb cMemenne KOHIIOB CTOIONKA PTYTH IO~

cje mepeBopora TpyOku paBHO hg. Pasnocts gaB- /f\\
JIEHU# BO3IyXa B JIEBON W TIpaBOil YacTsIX TPYyO-
ku AP = P, — P, ypaBHOBEINUBAETCS M30BITOY-
HBIM THAPOCTATUYECKUM JaBIeHUEM PTYTH 20ghg.
Ucnonb3ys 3akon Boitna-Mapuorra, Haiigem:

l l Ycranosienue
P,=Py—, P,=P . dabiciobetdini
Al — hyg Al + ho paBHOBeCHsI

3anuiem ycaoBue paBHOBECHST CTOJIONKA PTY-

TH: l l
P - P, = 2pghy.
AT"he  Mlgh P9
[Tocsie mpeobpa3oBaHUii IOy IaEM: u u [ | ||
2lho Py
= 2pghyg.
12— 12 gho

Pemenus sToro YpaBHEHUA

P
ho =0, hg = + z(z—A).
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IIpu Py = 750 MM pr.cT. > 625 MM pT.CcT. = pgl MOAXOAUT TOIHKO OJUH U3 KOP-
meit hg = 0. Takum obpazom, cpaldy IocJie mepeBopoTa CTOMOUK PTYTH HE CMEIIAETCS.

[Moumxkenne remmeparypst 10 0,8 Ty COOTBETCTBYET M3MEHEHUIO HAYAJIBHOTO JTaB-
JIeHUs BO3MyXa (JaBIeHUs BO3IyXa B TPYOKE C 3alasHHBIMU KOHIAMU 10 €€ MEepeBO-
pora) ¢ Py 1o Py = 0,8 Py = pgLy, tae L1 = 0,8 - 750 mm = 600 mm. B srom ciyuae
CYIIECTBYET PEIeHue:

P l
hy =y /1 (z - p;) =/1(l = Ly) =+/0,625 (0,625 — 0,600) M = = = 125w

MokHO 1MOKa3aTh, 9TO UMEHHO 3TO PEIIeHre COOTBETCTBYET YCTONIMBOMY ITOJIO-
xkenuio crosbuka pryru. Kopenb hy = 0 MM COOTBETCTBYET HEYCTONIMBOMY IIOJIOXKE-
HUIO, TO €CTh MPU HEOOIBIITOM CMEIIEHUHU CTOJIONKA PTYTH U30BITOYHOE THIPOCTATAYE-
CKO€ JTABJIEHUE TTPEBBIMIAET PA3HOCTH JIABJICHUN BO3IyXa B JIEBOM U IMMPABOM yYIaCTKAX
TPYOKHU U PTYTh CTPEMUTCHA 3AHATH MOJIOKEHNE, COOTBETCTBYIOINEE YCTONIUBOMY TIO-
JIOZKEHUIO.

ITokakem, uro KOpeHb hy = 125 MM COOTBETCTByeT yCTOWYMBOMY DABHOBECHIO.
IIycrp or nosioxkenusi paBHOBECHUS CTOIOUK PTYTH CMECTHIIACDH JOIOJHUTEIbHO HA HEKO-
TOpPOe MAaJIOE PACCTOSHNE T, TOT/Ia JTABJIEHNE Ta3a B JIEBOM YaCTH COCYIA:

P 1 (L x \_Ip 2l Py
H(x)_l—hl—x_l—hl'1—ﬁ~l—h1 ) T iem T a—me

AHaJIoru4yHoO A5 JaBJieHds B IPABOIl 4acTu COCyIa:

lPl lpl Z‘lPl

P, = ~ — .
O = 2 S i m Ueh)?

CyMmmapHasi cujia JaBjieHus ra3a, CTPEeMsIIascs BEPHYTh CTOJIOUK PTYTH B IOJIO-
2KeHue paBHOBeCUud, paBHa

B s 1P, 1 1 B
&®%4RI}HSN(ZM z+m)5+(amy+a+mv)ﬂﬂs_

2(1% + h3)

Cuita, paBHAsI PA3HOCTH CHJT TIXKeCTel, TefCTBYIOMUX Ha CTOIOUKH PTYTH B Pa3-
HBIX 9aCTAX COCY/IA, CTPEMUTCS BHIBECTH CTOJIOUK PTYTH U3 MOJIOKEHWS PABHOBECHSA:

F.(z) =pS(/4+ hy +2x) — pS(/4— hy — x) = 2pgShi + 2pgSx = F(0) + 2pgSt.
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Haiinem pa3HOCTH BO3BPAIAIOIIEH W BBHIBOIAIIEI M3 MOIOKEHNE PABHOBECHUS CHJT
¢ yaérom pasencrsa Fyi(0) = F;(0) B 10JI0KEHNH PABHOBECHS:

(12 + h2)IL,
1

[ToncraBuB B BhIpazkenwe KOpeHb hy = 0, mOaydIuMm:

(l2+02)lL1 Ly

600 MM
=2 — 1] pgSzx <0,

625 MM

T. e. CyMMapHas CUJa, JefiCrByIomas Ha cucremy, Oy1eT BbIBOAUTD €€ U3 I10JI0KEHHs!
paBHoBecust, # by = 0 MM COOTBETCTBYET HEYCTONUMBOMY MOJIOKEHUIO PABHOBECHUSI.
[Moacrasus hy = /5, momy4um:

AF = Frann — Frae =2 ((lQ_(l/E)W

2526 L, 25 - 26 - 600 MM
=2 = 1| pgSz =2 " 1] pgSz =

(B + /5L 1) s

242 -] 242 - 625 MM

=2 20 1 S 0
- ﬂ_ pgox >,

T. €. CyMMapHasi Cuia, IefCTBYIONIAs Ha CUCTEMY, OyIeT CTPEMUTHCS BEPHYTH €€ B T10-
JIOXKeHue paBHoBecusi, U hy = [/5 = 125 MM COOTBETCTBYET yCTONYUBOMY MOJIOXKEHUIO
DPaBHOBECHSI.

Pacuér no mosygyennoit ¢popmyne [Ajist CMeIeHns IPU HAYATBHOM JABJICHUH
P, =0,7P4 = pgLs, vme Ly = 0,7-750 mm = 525 MM, COOTBETCTBYIOIIErO TEMITEPATYPE
T5 = 0,7Ty, naér pesyabrar:

P,
— (z - 2) =4/0,625 (0,625 — 0,525) M = 0,25 M = 250 MM = — >
P9

ol N
%.\N

Ho B 3TOM Cciiydae cTONGMK PTYTH HEJMKOM NEPEMEINAETCA B OJHY M3 9acTeil
TPyOKM 1 BbIPAXKeHHE /17151 U30BITOYHOrO THAPOCTATUEECKOTO JaBeHust 2pgha TOIKHO
ObITh 3aMeHeHO Ha pgl/2.
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[IycThb cTOMOMK PTYTH MEIUKOM HEPEIés B OfHY U3 dacTeil TPYOKM 1 ero HUKHUH
KOHEII MePeMeCTHIICS BHU3 HA hg, TOTIA B JIEBOW W MPABON 4acTdX TPYOKHU JTaBieHUE
OyIeT COOTBETCTBEHHO PABHO:

L _ pglle _p_ b _ pglle
I—hy I—hy ™ "214hy I+hy

P, 1= P, 2
VenoBue paBHOBECHS CTOJIOWKA BHITJIAANAT Temeph CIeIYIOINM 06pa3oM:

2pglLahy  pyl

5 = .
12 —h3 2
[Tonyunm KBagpaTHOE ypaBHEHHE:

h3 +4Lyhy — 12 =0,

hy = —2Lg 4 /AL + 2.

OT16pocuB OTPUTIATEIBHBIN KOPEHbB, TIOJTYIAEM OTBET:

KOTOPOE UMEET KOPHU

2
Ty Py 2T5 Py
ho=|4- +12— = /40,5252 + 0,6252 MM —2-0,525 MM ~ 172 MM.
Topyg Topg
ITokakem, aTo he ~ 172 MM COOTBETCTBYET YCTONYHUBOMY IIOJIOKEHHUIO PABHOBE-
cug. Ilycrs Or mosioykenusi paBHOBECHS PTYTh JOIOIHUTE]bHO CMECTUIACHh HA MAJIOe
paccrosgaue x > 0, TOT/Ia JaBIE€HWE Ta3a B JIEBOI JacTH coCya:

1Py 1Py 1 1P
= +AP1, AP; > 0.
2

Tl-hy—x l—hy 1- 5 I—h

Py(x)

AHAJIOrMYHO HAXOIUM NaBJIEHUE Ta3a B MPABON YaCTH COCYIA:

ZPQ ZPQ 1 ZP2

PI'I == = . frng
S il P i

— APQ, AP, > 0.
CyMmapHasi cuja JJaBjieHus ra3a, CIPEeMsIIasics BEPHYTh CTOJIOUK PTYTH B IIOJIO-
JKeHMe PaBHOBECHS, PABHA,

P P
l—he 1+ hy

FA(PHPH)S%< )S+(AP1+AP2)S

=F+ (AP + AP,)S.
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Cuita Tsi7KecTH He M3MEHSeTCs TPU JIBUYKEHUU CTOJIDA XKUJIKOCTUH BHYTPH OJHOM
9acTu COCyaa:

F, = pSlg/2.

Haitnem pa3HOCTh BO3BpAIIAIOIIEH U BHIBOASIIEH U3 TIOJIO0KEHUE PABHOBECHUST CHJT
¢ y4eToM paBeHCTBa [y = F. B IO/IOKEHNN PAaBHOBECHUH:

AF =F,—F, = (AP, + AP) S >0,
T. €. Pe3y/bTUpYyoIias CUJIa OJI0KUTEIbHA U [10JIO?KEHUEe PAaBHOBECHUs yCTONYUBO.

3amaua Ne10-T5. Tepmuctop

IIycrs Uy — HOMUHAJIBHOE HALPS2KEHUE UCTOYHUKA. 1€II0Basi MOUTHOCTD, BbI/I€e-
JISTIONIASICS HA TEPMUCTOPE, J0IKHA B YCTAHOBUBITIEMCST PEXKUME PACCEMBATHCS B OKPY-
xaomuit Bo3ayx. Ilosromy

UgG(t) = k(t — ts), (*)

rjie t — coOCTBEHHAS TEMIIEPATYPA TEPMUCTOPA, Ly — TeMIieparypa Bo3ayxa, a k — Ko-
sdpdunuent nponopumonaabHocTu B 3akone Hpiorona-Puxmvana. Oupejesnss 1o rpa-
dbuKy 3HaUYEHNE TTPOBOIUMOCTH mpu Temmeparype t = 29 °C

G(29 OC) = ].,2 G25

u noacTaBigs t, = 27 °C, mogydnm, 910

1
k=0655- UZGos.

IIycrp Temepn TeMuepaTypa BO3Iyxa paBHa ti, & TEMIEPATYPa TEPMHUCTOPA, CO-
orBercTBeHHO, (t1 + 1 °C).
IMoxcraBum 31U 3Ha4venus B (*):

UG(t1 +1°C)=k-1°C = G(t1 +1°C) = 0,6Gqs.

JanHoe 3HaUeHUE TTPOBOIUMOCTH (TOYKa 1 HA PUC.) COOTBETCTBYET TEMIIEPATYPE
ti +1°C =14 °C, orkyza t; = 13 °C.
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G/Gas

IIycrs Temeps t, = 38,5 °C. Torma

G(t)

1
=0,6—

UZG(t) = k(t — 38,5 °C) a T
25

- (t— 38,5 °C).
[Tonydennoe ypasuenue pemum rpaduyaecku, IOCTPOUB UPAMYIO, 33/ IaHHYO0 ITHM
yPaBHEHHUEM, MOBEPX JAHHOrO B ycjaosuu rpaduka (npsvas A ma puc.). Touka nepe-
CedeHnsi COOTBETCTBYET Temmeparype Tepmuctopa t = 42 °C.
[Mycrs npu manpsizkenun ucrogrwnka 2Uy u Temmeparype Bozayxa t, = 24 °C,
TEPMUCTOD B YCTAHOBUBIIEMCS PEXKUME HUMEET TeMIIEPATypy to. 3AMUIIEM yCIOBHE
TEIIOBOI'O PABHOBECHUS [IJIi TEPMUCTOPA U IIOJCTABUM B HEr'O BbIPaKeHue s k:

Glt2) _ 0,15 = . (ty — 24 °C).

AUZG(ty) = k(ty — t3) = o °C

[Mony4yeHHOe ypaBHEHHE CHOBA pelMM IpadU4ecKH, HOCTPOUB HPAMYIO, 3aaH-
HYIO 9TUM ypaBHenueM (upsMas B na puc.):

ty =34°C, G(tz) = 1,5Gos.

Onuako sxpan mpubdopa OyAeT MOKA3bIBATH HE 3HAYEHUE ly, & COBEPIIEHHO JIPY-
roe 9ucio t, # to! 9TO CBA3AHO C TEM, YTO BCTPOEHHBIH KOMIIBIOTED, TEPEBOISIINN
[IOKa3aHud aMIlepMeTpa B 3HAa4YeHUWe TeMIepaTypbl, BBIBOJUMOE Ha 3KPaH HACTPOEH
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na nanpskenue Uy. Urtobwr mafitn dopmyny [uis mepecyuéra, 3amuiieM BbIPAXKEHUS
LISl CUJIbL TOKA, Yepe3 TePMUCTOD B JABYX Ciydasx: 1) nanpsikenue pasuo Uy, remiie-
paTypa paBHa t.; 2) Hanpsikenue pasuo 2Up, Temmeparypa — to

Il = U()G(t*) n Ig = 2UOG(t2).

[IpupaBuuBas ux, nosydum

Glt) = 2G(ts) = (gz):?,.

Otcrona, no rpaduky (Touka 2 Ha puc.), oupezessem, 4ro t, ~ 51,5 °C.

3agaua Nel11l-T1. ITo okpy>xHocTu u mobsicTpee

B pamkax npe/mnosioxkenuii ycjaoBAsi MAaKCHUMAaJIbHAS BEJIUIUHA CHJIA TPEHUs KO-
JIEC O IIOBEPXHOCTDb JIOPOI'd PABHA |F}p| = puN = pmg, rge m — macca aBromMobuis,
¥ TIPU 9TOM €€ MOYKHO HAIMPABUTH JIFOOOM HAMPABIEHUU B MOPU30HTAJIBHON TJIOCKO-
cru poporu. Tak Kak Apyrue TOPU30HTAJbHBIE CHJIBI HA aBTOMOOWJIb HE JIEHCTBYIOT,
TO UMEHHO CWJIa TPEHUsS W PA3TOHSET aBTOMOOWIIb, W YAEP:KUBAET €ro Ha HYXKHOI
TPaeKTOPUU.

IIyctp o — yrom mMexkiy CKOPOCTHIO aBTOMOOWIISL U HALPABIECHUEM CUJIbI TPEHUS
B HEKOTODBIA MOMEHT BpeMeHH (CM. pUCYHOK). Torma ypaBHeHUs JJis KacaTeabHOM
¥ TIEHTPOCTPEMUTETIHHON KOMIIOHEHT YCKOPEHUsT aBTOMOOWIIS UMEIOT BUT,

ma, = m‘fl—z = pmg - cos(a) N ‘Uil—z = pg - cos(a) (1)
ma, = mY% = pmg - sin(a) v? = pgR - sin(a) -

Bupno, uro pasron aBromobuiis 3asepinaercs dv/dt = 0 U CKOPOCTb JIOCTUrAET
MaKCHMAJILHOIO BO3MOXKHOIO 3HAYeHUs U, = v/pugR = 20 m/c npu a = 90°. a-
Jiee yrojl (v ¥ CKOPOCTh aBTOMODOUIISI [OJIJIEPKUBAIOTCS TIOCTOSHHBIMHU.

OTBer Ha BTOPO# BOMPOC MOXKHO MOJIYYUTh HECKOJIBKUMU CIOCOOAMM.

VYpaBHeHue A/ KacaTeIbHON KOMIIOHEHTHI YCKODEHHUsI MOYKHO MpPeo0pa3oBaTh
CJIEAYIOMUM 00Pa30OM:

v~dvild(v2)
v-dt 2 ds

d(v?)
ds

= pg - cos(a) = = 29 - cos(a). (2)
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3mech s — myTh, IPOALEHHBIA aBTOMOOMIEM OT MOMEHTa cTapTa. Jlamsee MOXKHO
JieficrBoBaTh KaK MUHUMYM TpPeMs I1yTsMU.

Cmocob6 1. Toxcrasus B (2) KBaspaT CKOPOCTH W3 BTOPOTO ypapHeHus (1), Ha-
XOJIMM, 9TO

d(sin(a)) da 2
a5 pgR - COS(Q)E = 2ug - cos(a) = da = Eds'

Ha crapre s = 0 u @ = 0, T0 ecTb mOCJI€ CyMMUPOBAHUS IPUPAIIEHUI B ITOM
COOTHOIIIEHUH OT CTApPTa J0 JIIOOOr0 MOMEHTa BPEMEHH B TIPOIECCe PA3TOHA MOJyda-
eM CBsI3b yIJIa « C TPOJiJIeHHbIM aBTOMOOMIIEM paccrosHueM «(s) = 2s/R. 3uaunr,
Pa3roH 3aBEpIINTCI B MOMEHT BpEMEeHH, Korjga « = w/2 = s = mR/4, To ecTb TOYHO
B Touke C.

Crioco6 2. Beipasus sin(a) = v?/ugR = (v/vy,)? 1 MOACTABUE 3TO COOTHOMIEHHE
B ypaBHenue (2), LIPUBOAUM €ro K BULY

pgR

BaeeM HOBYIO TepeMeHHy 0 ¥ = (v/vy, )%, 1 HOoMydnM ypaBHeHHe
dy 2 2 dy
—=—=V1-y? = —ds= ——.
ds R Y R 1— 42

Nurerpupys ero mo moboMmy yuactky mytn Ha ayre AC, Haxoaum, 9To

(v /om)? 5
2 d 2
RS = J %y? = arcsin (;) = v%(s) = v2, - sin (;) .

m
0

Kak BuznO, CKOpPOCTD ocTUraeT MakcuMyma npu s = mR/4, T0 ecTb TO4HO B TOY-
ke C.

Cuocob 3. Cocrasup cucreMy u3 BTOporo ypasaenusi B (1) u (2), MOXKHO T0JIy-
YUTH U3 Hee ypaBHEHWe Jjd 3aBucuMocTh v2(s) Ha ygactke AC

d(v?)

2
% =2ug - .cos(oz) N - = 2ug- cos(a) N
B N (P R
G . d
N Tt = (;2/,[,‘9 -Qsm(a)d—‘;‘
ds R

JleficTBATEIBHO, TIOACTABMAA B ypaBHerne 1 d2(v?)/ds? nomydenuble BhIpazKe-
Hus Ui sin(a) u do/ds, NpUXoAUM K yDABHEHUIO IFADMOHUYECKUX KOJIeDaHuil



Pezuonaavnnti sman BeOIIl no gusuxe Teopemumueckut myp

d?(v?) n 4 ;
ds? R?

C yuerom yesopnit v2(0) = 0 u (v?),(0) = pgR TPUXOINM K DerTeHuio

2s
200y — 22 Lo
ve(s) = vy, sm< >

Kax BuiHO, CKOPOCTH JOCTHTaeT MaKCUMyMa nipu s = R /4, To ecth TouHO B TouKe C.

Takum 0Opa3oMm, BO BpeMs 3ae3/1a C MUHUMAJIbHBIM BPEMEHEM TTPOXOXK IEHUS TI0-
JIYyOKPYKHOCTH CKOPOCTH aBTomoOmis B Toukax C, D m B paBHa MaKCHMaJbHOM:
vo =vp = vB = Uy = VpgR =20 m/c.

flcHo, 9TO BpeMs IPOXOKIEHUs yIacTKa moayokpyxRuocru or C' 10 B paBho

. _ 3R _ 37 | R
B = v, 4\ pg

B 3aBucumocTH OT ciocoba PeIeHns B IIyHKTe 2 Jajiee MOKHO UCIOIb30BATh PA3HBIE
CIOCODBI PEIIECHAS U B ITOM IIYHKTE.
Crocob6 1. Uckiounm yroa « n3 ypaprenuii (1): Ha yuacrke AC

sin(a)—ﬁ:@— 1_(0)4:>dt_vm _dz _ R dzx
wgR ot~ Vm ng Vit \mg Voot

rjie BBEJEHO 0003HAUEHUE T = ¥/V,,. Ha 9TOM ydacTke BeJUYuHA T U3MEHSETCs
ot 0 10 1, m TO3TOMY, B COOTBETCTBUU C YKA3aHUEM U3 YCJIOBUS

1
e =2 [ 2
AC ) T g’

Crocobst 2 u 3. ITockosbky Ha yuactke AC v(s) = vp,+/sin (2s/R) = ds/dt,

TO:

rie BBesieHo obosnadenue x = 4/sin (2s/R). Ormerum, 4To

. 2s 9 ds ~opd ds T d
S1n E —LE:> COS R R ISC:>R \/17_7:1;41'
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Ha stom yuacrke Bemmuuna x u3dmensercs or 0 10 1, u mo3ToMmy, B COOTBETCTBUHU
C yKa3aHHUeM U3 yCJIOBUS

1
. RJ dx 8 R
AC =\ — | —F— = —.
J1%e) O\/l—ac4 ng

B utore obiee BpeMst HpOXOKAEHHS OJIYOKpykHOCTH AB

3 R
TZtAc—‘rtCB:(B—i-ﬂ-) — ~ 14,7 c.
4 ]

Bamaua Nel1-T2. Kureiikas jienTa

Cwu. pemenne 3aaau Ne10-T3.

3amauya Ne11-T3. BeicTpble HOPIITHA

[TockombKy mopiiHu JETKUE U MOTYT IIEPEMEIATHCS 0e3 TPEeHus, JABICHAE BHYT-
pU ¥ cHapyXW oamHakoBoe (paBHO pg). O6BEM raza mom moprmrem V = 7wr2h, e
h — BBICOTA pacmoJioxkKeHus moprnHs. Y paBuenune Menneneesa-Kirameiipona ajis rasa
BHYTPU LUJIXHIPA
porr?h = vRT.

Jtst MaJIbIX M3MEHEHUH BBICOTBI M TEMIIEPATYPbI
porr2dh = vRAT,

roe dh = vdt.

N3mvenenne TemMmepaTypbl ra3a mPOUCXOAUT W300apudecKu. Y PABHEHUE TEII0BO-
ro GajlaHca [IjIsl MaJoro npoMexyTka Bpemenu ah2mr(Ty — T)dt = vCpdT.

W3 1péx 3anmcaHHbIX ypaBHEHUN HAXOIUM CB#A3b CKOPOCTH U TEMIIEPATYPBbI:

2avR?
v= 2 T(Ty - T).
TCppsT

Nuaue
o(T)=aT(To - T),

_ 2 2,3\ _
rae a = (2avR?)/(wCppgr®) = const.

I'pacduaeckoe orobpazkeHne MOMYIEHHON 3aBUCUMOCTH — mapaboia, mepeceKkaro-
mas ock abcruee B Toukax 0 u Ty. s ropsdero muivmHIpa MAKCUMAJIbHOE 3HAYCHIE

CKOPOCTH JIOCTUIA€TCsl B HAYAJIbHON To4Ke jBuzkenust upu T = T} 1 PABHO 110 MOJLYJIIO
X = oT.(Ty — Tp).
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max . '
Vx F-—fF -+t -—--8-=----

__,max

st XOI0IHOTO TUJTHHIPA MAKCHMAJIbHOE 3HAYEHHE CKOPOCTH HE ONPEIesseTCs
onuosnauno. ITpn Ty > T/2 OHO TakKe JTOCTUraeTCsl B HAYAIBHON TOYKE JIBUIKEHWS
npu T = T, m paBHO
v = aTy (Ty — Tx)-

Eciu Ty < Tp/2, T0 MakcuMyM CKOPOCTH COOTBercTByeT 3Hadenuio T = Tp/2
(BepuinHa napaboJibl) U paBeH
max __ 2
v = T /4.

IIpupaBHuBast BbIpazkeHus Jjist CKOpocTeit v 4% HaXOJIUM HCKOMOE.
Ipu Ty > Ty /2 wonyuum Tr.(1r — Tp) = Tx(To — Tx). Pemaem kBagparuoe ypas-

Henue (orHocuresbHo T1):

— m.
7’UX

T? - T.Ty — To(Tp — Ty) = 0,

OCTaBJIsIEM TOJBKO MOJIOKUTEIBHBIN KOPEHb.
Nraxk:

To + /T¢ + AT (Ty — T)
5 .
pu Ty < Tp/2 nonyunm Ty(T, — Tp) = T¢ /4. Pemaem kBajpaTHoe ypasHeHue
(orHOCHTENBHO T71):

T, =

T? —T.Ty — T2 /4 =0,

OCTaBJIAEM TOJIHKO MOJIOKUTEIHHBIH KOpP€Hb.

Uraxk:
1 2
T.=Tp- Lﬁ
2
1 2
Yb-gjélf;ecnnik<<75/2

To + /T3 + 4T (Ty — Ty)
2

yeciu Ty > Ty /2.



Pezuonaavnnti sman BeOIIl no gusuxe Teopemumueckut myp

3amaua Nell-T4. 3apaa Ha pe3uHKe

IIycth och x TOpM30OHTAIbLHA W HATIPABJIEHA OT CIHIIHI, OCH Y HAIPABJIEHA BBEPX
BJ0JIb cuTTbl. Hagasro KoopInHAT HaXOAUTCA K TOUKE HAYAJILHOTO TTOJIOYKEHUS 3apaa.
3amwuiiemM npoekIuu BTOPoro 3akoHa Heiorona:

mi = —kx + quB cos (90° — «),
mj = —quBsin (90° — «).

[Ipeobpasyem morydeHHbIE YPABHEHUSI:

mi = —kx + quBsin («),
mi = —quB cos ().

mi = —kx + qBy,
my = —qBi.

Croco6 1.
[Ipomuddepeniupyem mo BpeMenu mepBoe ypaBHEHHE cucTeMbl. Torma

mE = —ki + qBjj,

k B\?
i#+<q> i = 0.
m m

2
O6oznauuy 2 = £ 4 (@) :

m

T+ 8% =0.
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Otkyna

#(t) = C1 cos (St) + Cosin () .

Hauanbubie ycinoBus:

.Z'(O) = vy = Cl = o,
#(0)=0=Cy=0.

Taxum obpaszom,

& (t) = vo cos (Bt),
x(t) = “0 sin (St),

) qBvO sin (St),
L5 (cos (Bt) — 1).

2 gBvg 2
() (M) -

~

i(

y(t) = 2

3ameTum, 9T0

m32
To ecrh ypaBHEHHWE TPACKTOPUHU TIPU HATAHYTOW PE3WHKE MpecTaBiser coDOi
QJIJIUIIC C TEHTPOM B

B B
(ana) = (0. 2250) = (0, LB,

km + (¢B)?
OOJIBIIION TIOTYOCHIO

muvg R
g == —— = »‘}/,
B km + (¢B)?
MaJIOH! TOJIyOChIO

_ a2
mpB2  km+ (¢B)? B,

rﬂeR:mvo/qBnyzl/,/l+%<l.

Opnako npu HepedopMupoBaHHOM HIHYPe (TO ecTh KOrja KOOpAuHATa T OyJer
menblie 0) 3apsi/ Oyaer ABUraTbcs 10 jyre OKpy2KHOCTH pajuyca R

b— qBuvg qBmug

Crocob 2.

= (mwo)/(¢B).

N3 my = —qBz nomydnwm:

qB
dvy = ——dz = —Qdx.
m
C yueroMm TOro, 4ro B Hadase JBuxKeHu#d vy = 0, x =
U3MEHEHUsI ITUX BEJIUYUH, TOJIYIAEM, UTO

0 u cymmupys MmaJsble

vy = —Qx.
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2(R—b)

2b

Cua Jlopennia #e coBepiaer paboThl, M, COTJIACHO 3aKOHY COXPAHEHUS SHEPTHN:

mve?  m(v? +v,%)  ka?

Orkya:

ruie 52:924—%.

Broipasuwm:

dy vy Qx

dr vy /o2 — 232
Otkyma:

Q  xdx
ke a2 2
dy - /3 a2 —:I}2 _fyd( a €T )’

rﬂeazvo/ﬁz(mvo)/\/mn'yzfl/ﬁ=1/ 1+%<1

CyMmMmupysi MaJjible H3MEHEHUsI ITUX BEJIMYUH, IOy IUM:

y=0= (V=2 ~a)
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Orkya:

2
(Z/+7a) N <§)2 1
ya a

Herpyamo 3aMeruTh, 9T0 3TO ypaBHEHUE /LIHICA. KOOPANHATHI IEHTPA JLIHIICA

(0, — ya), ero 6oawbmas momyock pasna a = (mug)/v/km + (¢B)? = Ry, a manas b =
va = (¢Bmuy) /km + (¢B)? = Ry? . 9T0 ypaBHEHHE OMNMCHIBACT TPACKTOPHIO BILIOTH
JI0 BO3BpAIIEHUs JIINHBI PE3NHKN K UCXOmHOM. /lajee 3apsia nmomagaer B 00JIacTh, TIe
PE3MHKA MPOBUCAET, U OH JIBUMKETCS [0 OKPYKHOCTH pajauyca R = vy/Q = mugy/qB
0 BO3BpAIll€HUA AJIUHBI DE3UHKH K HCXOﬂHOﬁ, IIOCJIEe 9€ro pe3nHKa HAaTATNBACTCA U

JIBU2KEHME IOBTOPAETCS.
Crocob 3.
N3 BTOpOTO ypaBHEHUSA CHCTEMBI MYy = —qBT momydInm:

B
dvy, = —%dm = —Qdzx.

C yueroM TOro, uro B Havase ABHKeHU:A vy = 0, £ = 0 U cymMMupys MaJble
U3MEHEeHUd ITUX BeJUYUH, II0ydaeM, 4TO

vy = —Q.
[MoxcraBuM 3TO B MEpBOE ypaBHEHUE CUCTEMBI:

mi = —kx — qBQx.
I=- (k +Q2) x
m

O6osnauum (2 = 02 + %
x = C1 cos(Bt) + Cy sin(ft)
U3 HavabHLIX yCIOBHIA:

2(0) = 0= Cy =0,
i’(O):’l}():}CQ:%).

Vo .
x = — sin(ft)
g
IToncTaBuM B BBIDAZKEHHE IS Uy

7= Q= —% sin(Bt).
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WaTerpupysi, moxydaem:

F%%mwwu

2 oo \ 2
a(t) y(t) + L8
+|l— | =1
Vo gBvo ’
B mB32

To ectp ypaBHEHHE TPAEKTOPUU IIPU HATAHYTON PE3UHKE IIPEJCTABISAET CODOit
3JJINIIC C IIEHTPOM B

( 1= (0 qBvo\ 0 qBmug
Z0,Y0) = 3 mBQ - ) km+(qB)2 )

OOJIBITION TIOTYOCHIO

3amernm, 9T0

Vo mug R
= — = — = 77
B /Ekm+ (¢B)?2
MAaJIOi IOJIyOCBIO
_qBvwy  qBmvy B2

- mp2 km+ (¢B)? g

rgeR:mvo/qBH'yzl/,/l+%<l.

Opnako npu HepedOpMUPOBAHHOM MIHYPE (TO €CTh KOrja KOOpAuHaTa I OyJer
menbie 0) 3apsiz 6yger ABUraThbCs MO OKPYKHOCTH paauyca R = mug/qB.

[Tpu nonoxkurenbuom ymuHernn muypa Az > 0 TpaeKTOpHs ABISETC 9aCThIO
synTIca ¢ GOTIBINON 1 MaJtoi mosyocsimu: a = mug/+/km + (¢B)2, b = gBmuy/(km+
(¢B)?).

[Ipu wenarsayToM tiHYpe Ax = (0 TPAEKTOPHUS SBJISETCS 9aCTbI0 OKPYKHOCTH C
paguycom R = mug/qB.

B 1iesioM TpaekTopusi COCTOUT W3 MOCJIE0BATENHHO Y€PeIyIONUXCs TOJTOBUHOK
JLIUTICA U OKPYKHOCTH, KOTOPBIE 6€3 13JI0Ma, 1 63 PasphiBa MEPEXOsT APYT B JIPyra
mpu x = 0.

OtpesiesinM TIepro, IBUKEHNS 3apsiia:

B
(U S ALY (R U R—
aB 2
=+ (%) K km + (¢B)
Torma mpeiidoBasi CKOPOCTH
_2(R—-0b) 2kmug

r my/km + (¢B)? (qBJr\/kar(qB)Q) .
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3agaua Nell-T5. Iuauaap

Samerum, 9To 1m0 ycaoBuio (hororpadupoBaAHUE IIPOUCXOAUT € OOJIBIIONO pac-
CTOSTHUSI, TIO9TOMY MOXKHO CUUTATh, UYTO YBEJWYEHWE IUJINHIPA B HAMPABICHUU €r0
ocu OTCyTCTBYeT. JIOMOTHUTENIHHO MOXKHO yOEAUTHCsT B ITOM, TTPOBEPUB, 9TO TOYKHU
[epeCcevenHnsl JIMHUH MWJIMMETPOBKU U WX W300parKeHWil JIeKaT MPUMEPHO Ha OCH
MATAHAPA.

Tenepb uccieyeM yBeaudeHue Ajis MapaKCUaJbHbIX JIydeil B HAIPABJICHUH, T1ep-
MEHIUKYJISIPHOM OCH NMUIWHAPA. [1yCcTh paccTosiHre OT OCH IUJIUHIPA [0 MJIOCKOCTH
paBHO h. Bynem cunrarh ero moJIoKUTETHHBIM, €CITH OCTAJIOCH OOJIBITIE TIOJTOBUHBI ITH-
JuHapa. PaccMoTpuM TOUYKY, CMEIMIEHHYIO OT MJIOCKOCTH CUMMETPUU CUCTEMBI HA, Ma-
qoe paccrosguane r. Haiimém momoxkenne eé m300pazkeHnsi, 0OPA30BAHHOIO MAPAKCH-
AJIbHBIMU JIy YaMHU.

N3 3akona npesioMieHust CBETa [OJLy 9aeM:
nT

=S TR
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Sanmmem reoMeTpuIeCKrne COOTHOIIEHUA.

z(h+ H) CTpe nz(h + H + R)
R h+ R
Bripasum n moacrasum 3nadenue H.
H=nT-1)

I'h+R)=n(Th+R).
[Tonygaem uckomoe yBenmdenue:

nRk

R S

3amMeTnM, 9TO MbI BUIUM HE BCIO MUJIJIMMETPOBKY, KOTOPYIO 3aKPBIBAET ITUIUHID.
Takoe moxkeT ObITH TOIBKO B ciaydae h > (0, TO ecTb OTpe3aju MEHbBINE MOJTOBUHBI
muuaapa. Ilo dororpadun BuaHO, 9TO 00JACTH BHAUMOCTH OIPAHHYUBAIOT JIYYH,
UIYIIHe 0 KACATEIbHON K IUIHHIPY.

~
S m ==

’
-

2R

13 3akona IpesoMJIeHudA CBE€Ta HMeeM.

1
cosf = —,
n
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d=2(R — htgh),
i—l hvn?2 —1
2R R

Temeps nocrarouno m3meputh 1o Gororpadun I w d/R. Torma y mac Gymer
cucreMa U3 JIByX yPABHEHUIT C JIByMsi HEU3BECTHBIMU.

[MpoBeném och NUIUHAPA, BEPTUKAIBHYIO JIMHUIO MULTAMETPOBKHA W KACATEb-
HYTO K €€ n300parkeHuto B To49ke Ha ocu muuaapa. Orpezok C'A — mepreHIukyisp
U3 TOYKM KacaTeJbHON Ha OCh muinHapa. Torga yBeandenue MOXKHO HaitTu 1o (oro-
rpadun:

AC
I'=—~20.
AB

st morcka 061acTH BUAMMOCTH MOXKEM BOCIOIE30BATHCS MO06HEM: Jist JTI000i
MpSAMOI MOYKEM ONPEIE/IUTh, KAKYI0 €€ 4acTh BUIHO 4Yepe3 IUINHID. Bocnoab3yem-
Cs1 TOPU3OHTATBHON JIMHUEH HA MUJLIMMETPOBKE: 3aKPBITO MUIHHIPOM 22 MM, BHIHO
qepe3 TUInHAP 9 MM.

d
— =~ 041.
2R 0,
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g ynobersa Beeném oboznavenue & = h/R.

n
p M L
1—(n—1)¢

041 =1 —&VnZ 1.
0,59 2—n

&= -1 2n-1)

[lonyunnmm ypaBHEeHHWE HA 711, KOTOPOE MOXKHO PEITUTH IHUCIeHHO: N = 1,48.
[Toacrasnsas monydentoe 3HadeHne B GOPMYILI A7 &, TOMydaeM:

£=054.

[Ipu sTOM HCKOMas BeWYMHA BbIpazKaeTcs depes &:

y R-—h
== —=1-¢=0,446.
7 7 £=0,



