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HEPEJIMOBA

Hanuit mOCIOHUK CKIAJACHO 3 METOK JOMOMOITH 3100yBadam
mepimoro  (0akajgaBpChKOrQ) pIBHS BHINOI OCBITH 33 TEXHIYHHUMH
CIEIIaTbHOCTAMHU VCIX (JOpM HaBUaHHS V BHBUYCHHI KYPCY 3araibHOI
GizuKH  Ta HATOTOBIl A0 MNPAKTUYHUX  3aHATh, MOAYJIBHHX
KOHTPOJBHHUX POOIT, 3aTIKIB Ta ICIHTIB,

IMociOHmMk  po3paxoBaHHMil HA 3aCBOEHHS TCOPSTHYHOTO Ta
MPaKTHYHOTO Marepiany NepIioro i APYroro 3MICTOBUX MOAYTIB 1
OXOIUTIOE TaKl PO3ALTH MEPINOi YAaCTHHH 3arajpHOi (DI3HUKH: KiacudaHa
MCXaHIKa, MEXaHIYHI KOMHBAaHHA Ta XBHWI, MOJICKYIApHa (izuka Ta
TEPMOAUHAMIKA.

OcHOBOIO JaHOro MOCIOHHMKA € Kype JNeKUid, fSKUH YHTAIOTh
MPOTIAroM OaraTeOX POKiB aBTOpKU B KpuBOpiZbKOMY HaLiOHATBHOMY
vHIBepcHTETI. METOOUYHO HABYATBHHNA MOCIOHHK NOOYIOBaHHH 32
KPSAUTHO-MOYIPHOK TECXHOJIOTEK HABYAHHS BIAMOBIAHO A0 YHHHHX
poGoumx nporpam kypey «®izukay.

Koxxna rnmaBa mociOHHKA — 3aKIHUYETBCA  KOHTPOJBHUMU
3aBJAHHAMH 1 3aIUTAHHAMH. |akui MPUHLHUN BUKTAACHHS Marepiamny
Ma€ Ha METI MHOJCTIIUTH BHBYCHHA 3700VBaYaMH NEpIIOi HYACTHHU
Kypcy 3aranpHoi (Di3UKH 1 HAOYTH MEBHUX KOMIICTCHTHOCTEH 3riIHO 3
OCBITHBO-TIPO(ECIHHUMU TPOrPAMaMHL.

Koxxauii po3aia mociOHMKA HANPUKIHIN MA€ JOCTATHIO KITbKICTH
3ajad A7 BUKOHAHHA 1HIAWBIAYATbHUX KOHTPOJBHUX MOAVIBHHX
pOOIT, METOAMYHI BKAa3IBKH Ta NPHKIAAH PO3B'I3YBAHHSA THUIIOBUX
3agaud. Lle mae smory crymeHTam pisHHX GOpPM HAaBYAHHS CAMOCTIHHO
OMAHOBYBATH TNeply d4acThHY Kypey «@izuka». Y crucmi dopmi
3aMpOTIOHOBAHMN  JOBIAKOBHH Marepial, SKAH JOMOMOXKE IPH
PO3B’sI3aHHI 33,424,



Bemyn.

BCTYII

dizuka, v 3araJbHOMY PO3YMiHHI LBOTO CIIOBA, - Y€ HAVKA, WO
8UGHAE HAlINpoCcmiut i pa3om 3 mumM HAU3aeanbHiu A6UWA NPUPOOL,
enacmugocmi ma 6y0o8y mamepii, 3aKoHu ii pyxy.

Y Hain yac BiAOMI TIIbKY JBA BUAH HEKHUBOI MaTepii: peUOBUHA Ta
oone. Jlo peuoBHHM BIAHOCATHCS ATOMH, MOJICKY/IH Ta YClI TLIA, IO 3
HHX CKIagaroTeed. Jpyrumit Bux wMarepii — mome - CKIAJarTh
rpasiTauiiiHe, CJICKTPOMATHITHE Ta 1HII mosl. Matepis 6e3nepecTaHHO
pyxaeTbcd v MpOCTOpi W uaci, gxi 1 € dopmamu OyTTsa marepii. [pu
OBOMY MiA pyXOoM Matepii po3ymierbest Oyab-ska 3MiHA B3aramni, a He
TITBKH MEXaHIYHUH pyX MaTepii.

@i3nuHI 3aKOHH BCTAHOBIIOIOTHCS HA OCHOBI y3araabHCHHS
JocmiagHuX (axTiB 1 BIATBOPIOOTE 00 €KTHBHI 3aKOHOMIPHOCTI, IIO
ICHYIOTE Y npupoxi. JloCmia - e CHOCTCPEKCHHS SBHINA, IO
JOCTIKYETBCS, B TOYHO KOHTPOJBOBAHUX YMOBAaX, AKi JO3BOJISIIOTH
BIATBOPUTH HOro KOXKHHH pa3 MpH HMOBTOPCHHI IMX yMoB. [imoTesa -
LIC HAYKOBE MPHITYLICHHS, [0 BHCYBAETHCS IS TIOSICHIOBAHHS SIKOTOCh
dakty abo sBUmA 1 siKe MOTPeOyE EKCICPHUMEHTAIBHOI MEPEBIPKH 1
mokasiB. ['imoresa, Imo VCHIIMHO BUTpUMATa TaKy MCPEBIPKY, CTaE
(di3uuHUM 3aKOHOM a00 (PI3UIHOIO TCOPIERD.

QDi3nuHMA 3aKOH BCTAHOBIIOE KUTBKICHHHM abo SKICHUN 3B S30K
MIX MapaMeTpaMH OJHOTO OKPEMOTO MPUPOJHOTO SBHIIA.

DdizuynHa TEOPIs AA€ MOSICHSHHS 11101 CYKYITHOCTI SIBUILI TPUPOIH 3
€IUHOI TOYKH 30pY.

Bpaxosyroun, mo (Qi3UYHUI 3aKOH BCTAHOBIKOE KITBKICHHH
3B 30K MK (I3UIHUMH MapamMeTpamu, iX HeoOXiJHO BUMIPIOBATH.

BumiproBanss hi3UdHOI BETHYUHU - LIE [is, [0 BUKOHYETHCS 3a
JOTIOMOTOK)  3aCc00IB  BHUMIPIOBAHHS [JIsi  3HAXOMKCHHS 3HAYCHB
(i3rvHOTO MapaMeTpa V NPUHHATHX OJUHALMX. Y 3arallbHOMY BUIAIKY
oxuHuL] (i3MIHUX BEIHYHH MOXKYTh OYTH SKHMH 3aBrOJHO, alnc Vv
LBOMY BHUIIAJKY BHHUKAIOTh 3HAYHI TPYIHOIII MpH iX mopiBHiaHHI. Tomy
B YKpaiHi, IK Maibke V BCbOMY CBITi, BUKOPHCTOBY€eThCc MixkHapoaHa
cucrema oauuuip ClL.
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PO3/ILJT MEPILINA _
KOHCIIEKT JIEKIIIN

YACTHUHA IIEPIIA
KIIACNYHA MEXAHIKA

Knacuyna MexaHika € CKIaJ0BOK0 YACTHHOKO 3arajibHOI (i3WKH 1 BH-
BYa€ Hadnpoctimy GopMy pyxy Mmarepii - MexaHiuyHuH pvx. MexaHIuHuHA
PYX sBJsI€ cOD0I0 MepeMIiLIeHHS TLT 200 iX YaCTHH, BIJHOCHO OJHMH OZHOTO.

Possutox Mexaniku sk Hayku moyascs 3 [11 Biky no Hamoi epu, komu
BUAATHUN BUYCHUH ApeBHOCTI Apximesn (287-212 no H.e.) chopmy/roBas
3aKOH PIBHOBATU BKENS T 3aKOHH PIBHOBATH IIABAKOYMX TLI.

OcHoBHi 3axonu mexaHiku BusieicHi I .Iamineem (1564-1642) ta ocra-
touHo chopmymroBani [ Heroronom (1643-1727). Mexanika [anmines -
HrrotoHa BHBYAE 3aKOHH PYXY MAaKPOCKOIYHHUX TiM, IIBUAKICTh SKUX HE-
3HAYHA V TOPIBHAHHI 3 MIBHIKICTIO CBITAA. 3aKOHH PYXY MaKPOCKOIIYHUX
TiJ 3 MBUAKICTIO, SIKY MOXKHA MOPIBHATH 3 MIBHIKICTIO CBITJA, BUBYAETHC
V paMKax PeaSTHBICTCHKOI MEXaHIKH, OCHOBHI NPUHLUIH K01 Oymu BeTa-
sHosneHl A Efinmretinom (1879-1955).

Hna omucy pyxy MIKPOCKOIMYHUX Tid (OKpEMi aToMH, €ICMEHTApPHI
YACTHHKH) MPALCI0 I{IOro psiay BuaarHuX (izukie XX cropidds po3pos-
JICHA KBAHTOBA MCXAHIKA.

Crnovarky M OyJeMO BHBYATH PYX MaKPOCKOIYHHUX Til, IIBUAKICTH
SIKUX HEC3HAYHA Y MOPIBHIHHI 3 MBHAKICTIO CBiTIa. [Ipu tpomy npocrip ta
yac MH OYAEMO PO3rILAATH K 00 €KTHBHI GopMu OyTTS MaTepii, OTHAK Y
BIAPUBI APYT BiJ Apyra Ta BiJ pyXy MarcpiaabHUX TiML

Knacuuna mMexaHika po3noiIsSeTsCs HA TPH PO3ALIH.

Crartyka BUBYAE 3aKOHH PIBHOBATH CHCTEMH TLI.

Kinemartnka - BUBUAE 3aKOHU, SIKI OMHUCYIOTh MEXAHIYHUUI PyX MaTepi-
AJbHUX TLT HE3AJICKHO BiJ PUYHH, 1[0 BU3BAIH LICH PyX.

JlvHamika - BUBYAE 3AKOHH, SKI OMHUCYKOTh MCXAHIYHHN PyX Martepia-
JBHUX TLT T TI MPUYHHM, 110 BU3BAIH a00 3MIHUJIU LICH PyX.

HeoOxigHo Bkazarw, IO 3aKOHHM PIBHOBATM MATCPIATbHHUX TILI - LIE
OKpeMi BUNAIKU O1MTbIN 3aralbHUX 3aKOHIB iX pyxy. SKino BH3HAYCHI 3aKO-
HH PYXY TII, TOJI HE CKJIaTHO BCTAHOBUTU U 3aKOHH IX PIBHOBarw, TOMY
3aKOHM CTATUKU OKPEMO Bl 3aKOHIB TWHAMIKH HAMH HE PO3TIIAAAIOTHCS.
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I'/TABA 1.
KIHEMATHKA MATEPIAJIBHOI TOUKHA

1.1. Cuctemu Bipaiky. Tpaekropia. HHlasgax Ta nepemMimeHHs.

Vei Tina, mo HAC OTOYYIOTh, CKIAAAOTHCS 3 BEIUYC3HOI KIIBKOCTI
aTOMIB 1 MOJICKYII, 5IKI B KOMIUTCKCI ABISIOTh COO0K0 MAKPOCKOMIYHI CHCTE-
MU. MexaHiuHI BIACTHBOCTI TAKHX CHCTEM BH3HAYAIOTHCH X XIMIYHHM
CKJIaJ0M, BHYTPIIIHBOK OYAOBOIO T4 CTPYKTYPOIO, BUBUCHHS SIKUX BHXO-
JUTH 32 paMKH MeXaHiKH. ToMy Ui ONHCYBaHHS CTaHY MAaKPOCKOIIYHHX
TiJT B MEXaHIL KOPHCTYIOTHCS PI3HUMH CHPOLICHUMH MOJCTISIMH, a CaMe:
MAaTEPIabHOK TOYKOI; aDCOMIOTHO TBEPIUM TLIOM; a0COMOTHO NPYKHUM
TLJIOM Ta TAKUM 1HIITHM,

MartepiaapHOK TOYKQOK HA3MBAIOTH TLNO ACIKOi MacH, opma ta pos-
MIpH SIKOTO HECYTTEBI B YMOBAX KOHKPETHOTO 3aBJAHHS.

OnHe ¥ TEK TINO B OAHHUX BUIAIKAX MOXK/IHBO BBAXKATH MATCPIATbHOO
TOUYKOO, a B iHIIKX - HI. Hampuknaza, posrisaaroyud pyx IUIAHET HABKOJO
CoHi, Wi Tifa MOKIHBO BBKATH MATECPiaTbHUMHU TOUKaMH, 060 IX po3Mipu
OyKEe Mali v TOpiBHAHHI 3 po3Mipamu opOit. Ilporte, 3eMaro HEMOKIHBO
BBAKATH MATCPIabHOK TOYKOK B 337adax, MOB SI3AHHUX 3 PYXOM T Ha
MOBCPXHI 3eMJTi.

AOGCOJIIOTHO TBEPAWM TIIOM HA3UBAKOTh TLIO, BIACTAHb MiK Oyab-
SKHMH JBOMAa HOTO TOUYKAMH 3aBXKIH 3ATHIIAETHCS HE3MIHHOIO MPH TIOOUX
BUIPOOYBAHHSIX.

Buine npuBeaeHHI MOHATTS LIMKOM aOCTPAKTHI, aji¢ iX BUKOPUCTAHHS
3HAYHO TOJICTIIVE PILICHHS KOHKPETHUX (Di3MKO-MEXaHIYHUX 3a1a4.

VYci Tina MaTepiaabHOrO CBITY PYXAKOThCs v TpocTopi Ta vaci. s ox-
HO3HAYHOT'O BH3HAUCHHS TMOJIOKCHHS ACIKOTO TiNa V JOBITBHUA MOMEHT
yacy HeoOximno BuOpatu cuctemy Biamiky. [lomoskeHHs aesikoro Tina v
MPOCTOP1 MOKE OYTH BU3HAUCHE TIJIBKH MO BIIHOIICHHIO 0 APYroro JAOBI-
JBHO BH3HAYCHOTO T1JIA, IKE OTPUMANIO HA3BY: TLIO BLATIKY.

YMOBHO HEpYXOME TiNO BIAMIKY Ta MKOPCTKO 3B'I3aHA 3 HUM JOBIIbHA
CHUCTEMa KOOPAWHAT, SKa 3a0e3neucHa rOJMHHAKOM, OTPHUMATH HAa3BY: CHC-
Tema Biamiky. KimbkicTe He3ane:KHHX KOOPAMHAT, SKI TIOBHICTIO BH3HAYA-
IOTh TOO’KECHHS MATCPiaabHOI TOUKH Y MPOCTOPI HA3UBAETHCS YUCIOM CTY-
ICHIB CBOOOIN.
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I Tpaektopier®  pyxy MarepiaabHOL
TOUKH HA3UBAETbC JiHIS B MPOCTOPI
MO SIKIM pyXaeTbcsd MaTepialbHa TOYKA
BITHOCHO BHOPAHOI CHCTEMHU BIAJIKY.
y B zamexnocti Bix Qopmu Tpaektopii

Pt 4 » PYX TiNA MOKe OyTH OpPAMOJIHIHHUM

\ / ab0 KPHUBOIIHIHHUM.
X X V knacuunili MexaHimi HaHOiabIm
v YacT0 BHKOPHCTOBYIOTH MPSIMOKYTHI,
Bac. 1.1, abo JACKapTOBI CHCTEMH KOOPAHWHAT

(aus. puc. 1.1).

[Monoxenns TOUKH A BIZTHOCHO ACKAPTOBOI CHCTEMH KOOPAWHAT MOXK-
JIMBO 3aJaTH ABOMA E€KBIBAJICHTHUMHU criocobamu: abo BKazaTH 3HAUYECHHS
VCIX KOOPAUHAT X, V, Z TOUKH A; a00 BKa3aTd 3HAYCHHS Pajiyca-BEKTOpa

I 1iei toukn. Aximo gepes i, j, k mozHaunTH OTUHUYHI BEKTOPH, TO Paalyc-
BEKTOp Oy/¢ BU3HAYATUCH TaK:

f=xi+yj+zk; (1.1)
A Moye paaiyc-BEKTOPA JOPIBHIOE:
HE 1/X2 +y? 42z

Axmo Toukn A pyxaethes, I KOOPAMHATH Ta PaaiyCc-BEKTOP 3MIHIO-
OThCs 3 yacoM. J1ist Toro, mo0 BU3HAYUTH 3aKOHH PYXY TOYKH, HSOOXITHO
BKa3aTH (YHKLIOHAIBHY 3aJICKHICTB BiJ Yacy t Vcix TpboX ii kKoopauHat y
napavetpuuniii (1.2), abo BexTopHiit hopmi (1.3).

Lli piBHAHHS HA3UBAIOTH PiIBHAHHIMH PVXY.

X = x(t)
; 1.2
y = y(t)” (12)
z = z(t)
T=7T(t):; (1.3)
T Hosxkuna musixy AS - me ckamsipHa Beld-

YHHA, IO AOPIBHIOE YACTHHI TPAEKTOPIi, AKY
MPOMIIIA TOYKA 32 BUOPAHUH MPOMIXKOK 4acy.
Puc. 1.2. Posrnsgaemo pyx MmartepiambHOI TOYKH 1O
JOBLIBHIN TpaekTopii (auB. puc. 1.2).
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Hexaii mMatepianpHa TOUKA PYXAEThCS MO KPHBOMIHIHHIA TpaekTOpii
TaK, M0 B MOMCHT 4acy t = t; BOHA 3HAXOAWIACh B Toull A (pagiyc-BEKTOp
1), & B MOMEHT 4acy t =t, - y Toui M (pazmiyc-BeKTop 1,). JoBKuHA NMITIXy
3a ueh uac Oyae gopisaioBatu AS = AM.
Bekrop nepemirmenns AT L€ BEKTOP MPOBEAECHHH 3 MOYATKOBOTO MO-
JIOKCHHS TOYKH V TIOJIOKCHHS SIKE BOHA 3aliMae Vv JaHWH MOMEHT 4Yacy:
AT =6~ ; (1.4)
3 ManroHKa Ha puc. 1.2 3po3ymijo, 10 JOBKHHA MIISIXY MAaTCPiaibHOL
TOYKH 3aBKIU MIEPEBULIYE MOAYIB ii BEKTOPA MEPEMIIICHHS, TOOTO:
AS = |AT|: (L5)
3Hak piBHOCTI ¥ hopmyii (1.5) mae Micue AUIIE MPU NPSIMOTIHIHHOMY
pyci MaTepianpHOi TOUKH abo Tina.

1.2. HIBHAKICTL MATEPIAJILHOI TOYKH.

Jis XapakTepUCTUKU PYXY MaTepianbHOI TOUKH BHKOPHCTOBYETHCS
BCKTOpPHA BEIHYHMHA - [IIBUAKICTD. IKa BU3HAYAE K CTPIMKICTh PYXY, TakK 1
Horo HanpsaMOK B AaHUH MoMeHT Jacy. Hexail y MoMeHT vacy t monoskeHH:
TOYKH BH3HAYAETHCH PaJlyCOM-BEKTOPOM T. 3a MPOMDKOK 4acy At Touka
npoiige mugax AS ta orpumae nepemimeHHs AT (aus. puc. 1.3).

Cepenans MBUAKICT PYXY V, - LIE BEK-
TOp, IO JAOPIBHIOE BITHOIICHHIO Paaiyca-
BEKTOpa IO MPOMIKKY Hacy At, 3a sSKuH 1e
MEPEMIIICHHS OTPUMAHO!

Ve =2 s
op T A (1.6)
Hanpsimok BekTopa cepeaHpoi mBHIKO-
Puc. 13, cTi ;61raemc;1 3 HamIpsAMKOM BEKTOpa Iie-
PEMILIECHHS.

Sxmo yac At HAGMMKAETBCS 10 HYJIS, TO TPAHUI CEPEAHBOI IBUIKO-

cTi OyJe JOPIBHIOBATH MHUTTEBIH IIBHAKOCTI V!

=% — . = — 1. - _ i )
¥ Altlino Vep Atlino At dt ’ (1.7

TakuM YHHOM, MUTTEBA IIBHAKICTh MOPIBHIOE MEPINH MOXIMHIA BL
paaiyca-BeKTOPa II0 Uacy.
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Uepes Te, mo mpu At — 0, MOIYIB padiyca-BeKTOpPa MATSPIATBHOL TO-
YKH JOPIBHIOE JOBKUHI NIISAXY, MOAYJIb BEKTOPA MUTTEBOI IIBUAKOCTI MO-
SKJUBO BU3HAYHUTH TAKUM YHHOM:
Vv =[V|= lim AT _ iy AS_ S,
At—»0 At At—0 At dt
ToGTo, MOAYIb MHUTTEBQI HIBUAKOCTI JOPIBHIOE HNEPIIH MOXIHINA BL

ILIIXY 10 9acy.
PosmipricTs mBHaKocTi pyxy B cuctemi CI: [V] = [1/t] = [m ¢'].

(1.8)

BekTop V MOKHA PO3KIACTH HA TPH OCHOBHI CKIaa0Bl Vx, Vy, V; mo
0CAX JCKAPTOBOI CHCTEMH KOOPAUHAT, TOOTO MPHUBECTH HOTO V BUIIIAAL

\_}:in-i-Vyj-l-VZk; (1.9)
3Har4YM MOAYJb BEKTOpPA MUTTEBOL

AV(t) f(v) IIBUAKOCTI B KOKHHH MOMCHT dYacy,

MOKJIUBO OOYHUCIIUTH LIIIX, 1O TPOH-

ia MarepiajbHa TOYKA 34 ACSKHMA

yac. [arerpyroun Bupas (1.8) y rpanu-

X BIA t; 10 t,, MAEMO:

ty

ty
S=[ds=[V(dt. .10

4 4

Puc. 1.4. Onepskanuii iHTErpan Mae IpocTuit
reoMeTpuyuHUH 3micT (auB. puc. 1.4).
HoGyTtok V; At; mpuOIH3HO TOPIBHIOE ILIONI 3AIITPUXOBAHOT KPUBOJIi-
HiltHO1 Tpamenii. Cyma Takux Z0OYTKIB MPUONN3HO AOPIBHIOE miomi ¢iry-
pu, 1o obmexena kpusoro V = (1), Biccro t, Ta 1BOMA opAMHATAMH t, Ta t;.
3BiCH BUTIKA€E, IO MJIOMA BKa3aHOI (GirypH i JOPiBHIOE IUIAXY, MO MPOU-
1114 MaTEePlaTbHA TOYKA 32 MPOMIXKOK Yacy t - t;.
VY BUmagKy piBHOMIPHOTrO PyXy MaTepialbHOI TOUKH YH TiNa, KOIH V =
const, 3 Bupasy (1.10) orpumaemo:

t, ty
S=[Vdt=V[ dt=V(t, —t;)= VAt ; (1.11)
4 4

OtpumaHuii BUpa3 HaMm JoOpe 3HAHOMMUI 3 EIEMEHTAPHOI KIHCMATHKH.
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1.3. llpuckopeHHs Ta HOro CKJIAA0BI.

s XapakTeprUCTHKY 3MIHH IIBUAKOCTI PYXY TLIA 3 YACOM, SIK IO MO-
VIO TaK 1 IO HANPsAMKY, BUKOPUCTOBYETHCS MOHATTS MPO BEKTOP NPHCKO-
CHHS.

PosrnanemMo pyx MarepianbHOi
TOYKH IO JOBIIBHIH TpaekTopii (IuB.
puc. 1.5). Hexait B MOMEHT wacy t
TOYKA 3HAXOIAUTHCSA B IOJOKEHHI A.
3a dac At Touka mEpewac B IMOJIO-
skeHHa B, mpoiimosmm mmax  AS.
[Tpu pomy WBHAKICTH ii pyxy 3poc-

—

7a Bix V g0 V|, 1 #OpiBHIOE

Av=v,-V.

CepeaHiM OPUCKOPCHHAM HEpiB-
HOMIPHOTO PYXY TOYKH HA3HBAETHCA
BEKTOPHA BCJIMYHMHA, sIKA JOPIBHIOE
BIIHOINEHHIO 3MIHM 1I IIBHUIKOCTI

AV 10 mpomixkky uacy At 3a sike
BOHO CTaIOCS:

At

MHuUTTEBHM NPUCKOPEHHAM MATEPIlaNbHOI TOUKH abo TiNa € BEKTOP, IO
JOPIBHIOE TPAHULI CEPEIHBOTO NPUCKOPECHHS NP YMOBI, o At — 0:
5 lim 3 li Av  dv
a=Ilma,, = 1lim-—=—: 1.13
At>0 P At 0 At dt (113}

Ane:

. dv d(dfj d?7
a = = = (1.14)

dt dt\ dt dt?

ToOTo MUTTEBE IPUCKOPEHHS AOPIBHIOE NEPIII HOXIAHIN BLI BEKTOPA

LIBUAKOCTI, 200 APVIid HOXIIHIH BT PaIiyca-BEKTOPA O Yacy.
. " p 2
PoamipnicTs npuckopenns y cuctemi Cl: [a] = [V /t]=[m ¢ 7].
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A Temep BHKOHAEMO TapalieibHE MEPCHECCHHS BEKTOpa V| Tak, mold

HOr0 MOYATOK CHIBMAB 3 MOYATKOM BeKTOpa V. Pi3HMIIO IMX BEKTOPIB,
BEKTOp AV , PO3KIaAeMo Ha Bl ck1agoBi: AV, Ta AV, (aus. puc. 1.5).

3 1pOro puUCyHKa 3po3yMijo, o BEKTOp AV, Hece BIANOBIAANBHICTD
3a 3MiHy WIBUAKOCTI 33 HANPSIMKOM, a BEKTOP AV, - 3a 3MiHy BEKTOpa

LIBUAKOCTI 32 ii MOayJieM.
I'paHuIs BiJHOLICHHS MOIYINSL BEKTOpa AV, A0 IPOMIXKY 4acy At 3a

SKUH BIH 3MIHHBCS, OTPHUMAJa HAa3BY TAHICHIIAIbHOrO npuckopeHns. Toxi:
i AV, dv
e T DAt dt °
TakuM YHMHOM, TAHICHINAIBHE MPHUCKOPCHHS JOPIBHIOE MEPIMIH [TOXI-
AHIN Bi{ ITBHKOCTI MAaTEPIiaTbHOI TOUKH 1O YaCy.
3pobumo OipI JeTambHUN aHATI3 TCOMETPHYHOI CXEMH, SKa MPHBE-
JIeHa Ha puc. 1.5.
3 moaioHocti TpukyTHHKiB ABO 1 ACJl maemo: AB/R = AV, /V;. Bpa-
XOBYIOUH, IO 32 yMOBH At — 0, AB =V At, otpumaemo:
AV, _ VYV,
At~ R
I'panumg BigHOmMEHHS MOAYIA BekTopa AV, 10 mpoMixky dacy At 3a
SKWH BIH 3MIHHBCS, OTPHUMAJIA HA3BY HOPMAIbHOTO MPUCKOPCHHS.
VY rparnuHOMY BHIAAKY, pu At — 0, Vi — V. 1 Toai maemo:
. AV, Vv,V v?
a, = lim ——= lim = :
At—»0 At Aat—-0 R R
ae R -paziyc kpuBu3HH TpaekToOpii y AaHIH TOULI.
Uepes e, mo Touku A ta B Ha puc. 1.5 npu ymosi At — 0, Oyayte Ha
JIyKe Mautii BIACTaHI OJHA BiJ OJHOI, MOKHA JOBECTH, IO A\7n 1 A\Q/T )

(1.16)

(1.17)

A e o3HavYae B3a€MHY MEPICHIUKYISPHICTh HOPMAJIBHOIO TA TAHTCHLIA-
JIBHOT'O IPUCKOPCHHA.

TakuM YHHOM, BEKTOP TAHTCHINATBHOTO MPUCKOPCHHS JOTHYHHHA 10
TPAEKTOPIi, & BEKTOP HOPMAIBEHOTO MPHUCKOPCHHS NEPTIICHANKYJISIPHUH 10
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TPaeKTOPii Y JaHId TOYLI, Ta COPSIMOBAHUH B3IOBK paalyca KPHBH3HHU Tpa-
extopii A0 ii ueHTpa (aue. puc. 1.6).
Benvurza, obepHeHa paxiyvey KPHBH3HH TPAeKTOpii pyxy Tina, Ha3H-
BAETHCS KPUBUBHOIO 1€l TPaeKTopii.
BekTop mOBHOTO HNPUCKOPEHHS Tija Ta HOro
MOJIYJIb 3HAXOAATD 33 TAKUMU POPMYIAMH:

dg

i=d +d (1.18)
a=ld=vals+a% :  (L19)
““““““ a Ha 3aBepmeHHs AaHOI TeMH wIE Pa3 miAKpe-

CAuMO, INO TAHrCHUIATbHA CKIaJ0Ba MPHCKO-

Puc. 1.6. PCHHS XapakTepu3ye OHUCTPOTY 3MIHU IIBHIKO-
CTl IO MOAYIIIO, & HOPMAIIbHA - GUCTPOTY 3MIHU
HIBUAKOCTI 32 HAMPSIMKOM.,

1.4. KyToBAa IIBHAKICTL TA KYTOBE NPHCKOPEHHS.

Haiinpocrimmnm BUNAAKOM KPHBOIIHIHHOTO PYXY SBISETHCI PyX Ma-
TepianabHOI TOYKH MO KOV padiycoM R.

Hexait Touka 3a aesxuii yac At mepeMICTHIACH MO KOJIY 3 TO3MLIL pa-
Jlyca-BekTopa v myHKTI | Ha mosuuiro y nyHKT 2. [lpu npomy BoHa mosep-
HETBCS HABKOJIO 0C1 00epTanHs Ha KyT Agp (auB. puc. 1.7).

BekTopoM KVTOBOrO mepeMilieHHS
AP HA3UBAIOTb BEKTOP, AKHH YUCE/Ib-

HO JOPIBHIOE KyTy TOBOPOTY A,
3MIMCHCHHUH 3a yac At, 1 HampaBICHUI
1o 0Ci OOSPTAHHS TaK, IO 3 HOTO KiH-
LSl HAIPSIMOK PYXY TOYKH 10 KOJIy M€
OyTH IPOTU TOAUHHUKOBOI CTPLIKH.
BekTopoM  cepeaHbOi  KYTOBOI
IIBUAKOCTI HA3UBAIOTh BlIHOLICHHA
BEKTOpPAa KYTOBOTO MEPEMIIICHHS Ma-
TEPlaIbHOT TOYKHU IO 4acy 3a SIKUHU 11e
MCPEMILIEHHS 3A1HCHEHO.
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TobTo:
_AG
@ o5 = A_t ;
BekTop MUTTEBOI KYTOBOI IIBUAKOCTI - LI TPAHHULIS, 10 SIKO1 HAO KA~
€THCS CEPEIHA KYTOBA IBUAKICTD MPU YMOBI, 0 At — 0.
. . o do
o = lim ——= —
At—> 0 At dt
A 11¢ o3Hauae mWo mepiua MOX1JHa 0 Yacy Bl BEKTOPa KVTOBOIO IIE-
pPEMIIIEHHS AOPIBHIOE KVTOBIM MIBUIKOCTI MATEPIAIBbHOI TOUKH.
KyToBa mBHAKICTE BIAHOCHUTHCS AQ TPYNH TaK 3BAHUX IICEBIOBEKTO-
piB. 60 BOHH MPUKIAACHI HE A0 MaTCPiaIbHOTO TiNa, a 0 YMOBHOI 0Ci 00e-

(1.20)

, (1.21)

pranms. [lceBaosekTop ® Mae TOH ke HAaIpsMOK, IO H BEKTOp AQ (aHB.
puc. 1.7).

Buznaunmo MOAy/b JTiHIHHOI HIBUAKOCTI TOYKH, SIKA OOCPTAETHCS 10
KOJIy, Ta BCTAHOBHMO 3B 30K M1K KYTOBOIO Ta JIIHIHHOKO IIBUIKICTIO!

dsS de R o dtR - e
Tt 4t dt O ° T (1.22)
Axmo o = const, Toai odepraHHs Tina OyAe pIBHOMIPHHM 1 HOro MOXK-
JMBO XapaKTepu3yBaTu mepiogoM obepranusg T - yacom, 3a AKHH TLIO po-
OUTH OZMH NOBHHUH 00ir, TOOTO MOBEPTAETHCA HA KYT 2.
3a vac At =T Ti0 HOBEPHYIOCA HA KYT AP = 27, TOAL:
o=2n/T,; (1.23)
Yucmo noBHUX OOCPTIB, 10 3pOOUIO TIJIO HPHU PIBHOMIPHOMY PYXY IO
KOJIy B OJUHHIIIO YaCy HA3UBAETHCS YACTOTOK O0CPTaHHA n:

= _ B, (1.24)

n s === <
T 2n
3MiHa BEKTOPA KyTOBOI IIBUIKOCTI 3 YaCOM XaPAKTCPUIYETHCH BEKTO-
POM KYTOBOI'Q IPUCKOPCHHSI:

i = B ke (125)

Abo, 3 ypaxysanaaM dopmynu (1.21), maemo:

. d (d(pj d@
=] : 1.26
7\t dt? ’ (1.26)
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Takum drHOM, BEKTOP KYTOBOI'O IIPUCKOPSHHS AOPIBHIOE MICPIMIHA I10-
XIAHIN BiI BEKTOPA KYTOBOI IIBHAKOCTI, a00 APYIi¥ MOXiAHIHN Bi BEKTOpa
KVTOBOTO TIEPEMILICHHS [0 Yacy.

Onmvanui Bumipy B cucteMi Cl, BHINE NPUBEACHUX NApaMeTpiB:

- . - - A1 [e] = — -2
[pl=[pan]: [o] = [¢/t] =[pax. ¢ ]; [e] = [0 /t] = [pax. c”].

KyToBe mpHCKOpPEHHS TAKOXK € MCEBIOBEKTOPOM 1 Ma€ HANPSMOK IO
oci obepranns. [IpuyomMy npu A0IATHOMY NPHUCKOPEHHI, BEKTOPH KYTOBOI
MIBUIKOCTI 1 KYTOBOTO HPUCKOPCHHS CIIBMAJAIOTH 34 HANPIMKOM, a MPH
BiJ’€MHOMY MPHUCKOPCHHI BOHH HAMpPAaBICHI B MPOTUICKHI CTOPOHH (IHUB.
puc. 1.8). J{1st HOpMaIPHOIO Ta TAHTCHLIATBHOTO TPUCKOPCHD MAEMO |

2 2 p2
\4 o - R 2
a,=—=—""—"=0R; 1.27
R R
dv. do-R R

= =g ; (1.28)

Toodt dt

- Y BHmagky piBHO 3MIHHOTO

e<0 1o PYXy MaTepiaabHOi TOYKH 10

KoJy (g = const), MaemMo:
O=w0gtet; (1.29)

et’
(P:(DotiT; (1.30)

>0

ml el
<
<

AC ®p - NOYATKOBA KYTOBA IIBU-

Puc. 1.8. JKICTh TOYKH.

1.5. KoHTPOJALHI 3AIMTAHHSA.

—

JaiiTe BU3HAYCHHS MUTTEBOI MIBUIKOCTI PYXY MATECPIaIbHOI TOUKH?
VY uomy mojsirae Gi3udHUN 3MICT HOPMAIBHOTO Ta TAHTCHI[IAIBHOTO
MPHUCKOPEHB?

[lo xapakTepu3ye pagiyc KPUBU3HHU TPAEKTOPI pyxy Tima?

o Take cTyneHi ¢cBOOOAM MEXAHIYHOI CUCTEMH !

JajiTe BU3HAYCHHSI MUTTEBOTO MPUCKOPEHHS MATEPIalIbHOT TOUKH ?
Jaiite BU3HAYCHHSA KYTOBOI IIBHIKOCTI Ta KYTOBOTO NMPHCKOPCHHS
MaTepianbHOI TOUKH?

7. SlkvM YUHOM OIHCYEThCS PYX MATCPIATBbHOI TOUKH?

I

Oy g W
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[JIABA 2. )
JAUHAMIKA MATEPIAJIBHOI TOYKH

2.1. Maca, cuia, iMOyJabC.

JnHamika BUBYA€E PYX TiN Y B3a€MO3B SI3KY 3 MPUUUHAMH, SIKI CITPHIH-
HSFOTh TOW YH 1HIIIHH XapaKkTep Pyxy.

Hocsig mokasye, mo [is IHIIUX TIT HA AAHE TUIO CIPHYUHSE 3MIHY
LIBUIKOCTI HOTO PYXY, TOOTO TINIO BHACTINOK Li€l Aii pyXaeThes 3 MPUCKO-
peHHAM. AJle 3MiHA IIBHAKOCTI HACTYIIAE HE MUTTEBO, a MOCTYIOBO 1 3a1e-
SKUTh HE TIABKH Bl BEIMYHMHH CHIIH, aj¢ H Bl BIACTHBOCTCH CaMOTO TIIA
(tioro macw).

Maca Tina - ¢piznuHAN napamMeTp, IKHH € OJHIEI0 13 TONOBHUX Xapak-
izl (rpaBiTaiiiftHa Maca) BIACTUBOCTI.

Maci Tina npuraMaHHi:

1.) Imepuis, To6TO BNACTHBICTE T 30€piratu CBi CTaH CHOKOIO abo
PIBHOMIPHOTO MPSAMOIIHIHHOTO PYyXy.

2.) I'pagitaitisi, TOOTO BIACTUBICTH Tij CTBOPIOBATH Oimst ceOe rpasita-
LIHHE MOJC, 3aBIMKH SIKOMY YCI TLJIA TPUTATYIOTRCS OHE A0 OHOTO.

3) AaurtuBHIicTh, TOOTO Maca JHOOOr0 Tijia AOPIBHIOE CyMi Mac yCix
YACTUHOK LIOTO TiA.

3a AOMOMOTOI0 AyKE TOUHHX CKCIICPUMCHTIB BCTAHOBJICHO, 1[0 1HEPT-
Ha Maca JOPIBHIOE TpasiTamiiHii Maci. | xou, Ha TenepiHil yac, me He
3pO3YMLIIO, YOMY Lisl PIBHICTB Mae Micue, Tpeba BpaxOBYBATH LICH €KCIEpH-
MEHTATbHUH (aKT, 1 B MOAATBIIOMY MU OyIeMO FOBOPUTH MPOCTO MPO Ma-
Cy TiJIa, HE BIAPI3HAIOYH 1HEPTHY MACY BiJ PaBITALIHHOI.

B cuctemi CI maca BUMIprOEThCs B Kigorpamax [m] = [kr].

CHUro0 Ha3WBAKOTh BCKTOPHY BEIUUUHY, SIKA XapaKTCPH3YE MIPY Me-
XaHIvHOI Al Ha JaHe Tino 3 OOKY IHIIMX TN 4K (Pi3HUHHX NOMIB, BHACIIOK
YOro, JaHE TIO OTPUMYE NPUCKOPCHHS YU 3MIHIOE CBOXO (JOPMY Ta PO3Mi-
pu. Moayne cunu BH3HA4Yae "IHTCHCHBHICTB' ii Aii, a HAMPAMOK Aii CHIH
CHIBIAJAE 3 HAMPIMKOM BEKTOpA MPUCKOPCHHS, SIKE ONCPXKYE TLIO BHACTI-
JOK i i€l cumm.

CyKyIHICTh MaTEplaTbHUX TOYOK Ta TiM, IO PO3TJIIJAIOTHCS K OXHE
LiJI¢, HA3MBAETHCS MEXaHIYHOK cucteMoro. Cunm B3aemoii Mk marepia-
JABHUMU TOYKAMU MEXAHIYHOI CHCTEMH, HA3UBAKOTHCS BHYTPIIIHIMU.
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Cwin 3 SIKHMH Ha MaTePlaibHI TOUKHA MECXAHIYHOI CUCTEMH JTIIOTh 30B-
HINIHI Tija, HA3WBAKOTHCS 30BHIIMHIMU., MeXaHIuHA CHCTEMA HA SKY HE Ai-
FOTh 30BHIIIHI CHIIH HA3UBAETHCI 3AMKHCHOK 200 1307150BAHOI0.

MexaHidHa B3a€EMOISI MOKE BIIOYBATHUCH SIK MK TiJIaMH, IO BCTYIIA-
10Tk B 0OE3MOCEpeHIA KOHTAKT, Tak 1 32 paxyHOK (izuunux momis. Brwvi-
PIOBAHHS CHIIM MO3KE BIAOYBATHCH CTATHYHUM ILISIXOM 33 JOTIOMOTO) TIPY-
JKUHHOT'O JHHAMOMETPA, ab0 AMHAMIYHUM CIOCOOOM 33 JOTIOMOTOKO MOpi-
BHSIHHS TIPUCKOPEHHS €TAJOHHOTO TLIA IMA AI€0 BLAOMOI CHIIM 3 MPHUCKO-
PEHHSIM, 110 HOro HAOYBAE TLIO MM 1€ CUJTH, SIKA BU3HAYAETHCS.

B cucremi CI cuma Bumiproersest v HprotoHax [F] = [kr m ¢

IMIyIbCOM HA3UMBAETHCS BEKTOP P, 110 AOPiBHIOE AOOYTKY MacH Tina
HA BEKTOP HOro MBHAKOCTI V:

p=m-v @.1)

Je m -Maca Tiia.

3 piBastHHS (2.1) HEBAXKKO 3pOOHUTH BHCHOBOK, IO HANPSIMOK BEKTOPY
IMITYJIbCY CIIBIAJAE 3 HAPSAMKOM BEKTOPY IIBUAKOCTI.

IMIyTBCOM CHCTEMH Tid € BEKTOPHA CYMa IMITYJIBCIB OKPEMHX TiJ, IO
BXOJSTBb 10 CHCTCMHU:

]5:Zf% :Zmi{;i ; (22)
i=1 ]

B cuctemi CI iMIIy/Ib¢ BUMIPIOIOTH y TAKHX OAMHULEX [p]=[kr M ¢'].

2.2. llepmuii 3axon Hororona. InepuiaabHi cHCTEeMH BIAUTIKY.

IMepunii 3akon HeroToHa BIAMOBIAAE HA MUTAHHS, IO CTAHETHCS 3 Ti-
JIOM, SIKIIO BOHO MEPECTAHE B3AEMOIATH 3 JPYTUMH TLIAMHL.

BiamoBiaHO 10 caMOro 3aKOHY. TLIO 3HAXOAUTHCS V CTAHI BLAHOCHOTO
CITOKOIO a00 PIBHOMIPHOTO NPSIMOIIHIMHOIO PYXY JIOTH, HOKH i 30BHIII-
HIX CHJI HE BUBEJC MOTO 3 I[bOTQ CTaHY.

Hoceix mokasye, mo nepiui 3akoH HpI0TOHa BHKOHYETBCS HE B YCIX
CHUCTEMaxX BIAJIIKY, & TIABKU B THX, IO 3HAXOATHCS Y CTaHI CIIOKOK abo
PYXarOThCS PIBHOMIPHO Ta MPAMOJIHIIHO OZHA BIJHOCHO Apyroi. Taki cuc-
TEMH BLAJIIKY HA3UBAIOTH 1HepLiaapHuMu (quB. puc. 2.1 - a). B iHepuiaas-
HUX CHCTEMAaxX BCl TLJIA, IO HEC B3aEMOJIIOTH OJHEC 3 OJHUM, PYXarThCS
MPSMOTIHIHHO 1 PIBHOMIPHO ab0 3HAXOAATHCA Y CTaHI CIIOKOKO.
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a) LK 6) WK

Puc. 2.1.

CucteMu BiAmiKky Vv SKHX mepiodil 3axoH HeroTOHa HE BHKOHYETBHCS
OTPHMAaJH Ha3BY_HeiHepliamapHux. ToMy BCSKa CHCTEMA BIAMIKY, IO pyXa-
€THCS 3 MPUCKOPCHHSIM, € HEIHSPIAIbHOKO (uB. puc. 2.1-0).

3riHO 3 MPUHIMIIOM BILAHOCHOCTI [agiies, B MEXaHiIll BCl 1HEpLiaaIbHI
CHUCTeMH BIAJIIKY piBHOMpaBHI Mixk ¢00010. Lle 03Hauae, o B TaKUX CUCTE-
Max ycl SIBHUIIA NPOTIKATE OJHAKOBO, a (PI3HYHI 3aKOHH BUKOHYIOTHCS 0€3
Ovap-skux 3MmiH. [lpuknagoM iHEpHIiaJbHOI CHCTEMH BIAIKY € CHCTEMA
ueHTp sikoi cmiBnanae 3 CoHIEM, a OCl KOOPAMHAT MArOTh HANPSAMKH Ha
HepyxoMi 3ipku. Taka cucTeMa BIITIKY OTpUMAana Ha3BY LCIIOLCHTPUYIHA
cuctema. Cucrema BiAIIKY, IO MOB'I3aHA 3 3EMJIF0 OTPHUMAJIA HA3BY LEOIe-
HTPUYHA CcHCTeMa. [aKky CHCTEMY HE MOXKHA BBAKATH CTPOro iHEpLiamb-
HOM, 00 BoHa oOepraerscs HaBkono CoHuy, ane i O61bmocTi (i3UIHUX
3a0a4 L0 CUCTEMY BLIJTIKY MOK/IHBO BBAKATH 1HCPIATBHOKO.

2.3. Apyrus 3axkoH HbloTOHA.

Hpyruii 3akoH HeloToHa BiAMOBiZae HA MHUTAHHS, SK 3MIHHUTBCA PYX
MaTepiabHOI TOYKH YH Tija M1 J1EF0 MPUKIAACHUX 0 HUX CHIL.

3rigHo 3 aApvrum 3akoHoM HpIOTOHA, MPUCKOPEHHS, 110 HA0YBAE MaTe-
pilanbHa TOYKA MiJ A€ 30BHIIMIHBOI CHITH, CIIBIAJAE 3 HAMPSIMKOM ii Aii Ta
MPSIMO TIPOTIOPLIHHE Bl HOIICHHIO LI€i CHIH A0 MACH TOYKH:

—

s -k F
a = : 2.3
o 23)
ae k - koediuient mponopiitinocTi, mo y cuctemi Cl qopiBHIOE 0 quHHUIII.
Toni, 3rigro 3 (2.3), Maemo:
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F=m-a: (2.4)
Bpaxosyioun, 1m0 TNPHCKOPEHHS AOPIBHIOE MEPIIIA MOXIOHIM Bif
HIBUAKOCTI IO 4acy, piBHAHHS (2.4) HEPSTBOPUMO A0 HACTYITHOTO BUAY:
L & d o dp
TR TR T
[Tpu upomy mu Bpaxysany, o P = mV, a Mmaca marepianbHOi TOUKH €

2.5)

dp -
ac - 20
F, OTtpumanuii Bupas (2.6) € HaNOIIbII 3araib-

HUM (QOPMYITIOBAHHIM ApPyroro 3akony Heroro-
Ha. WMIBHJAKICTb 3MIHU IMIIVJIBCY MareplajgbHOI
TOUYKH 3 YaCOM JOPIBHIOE A1FOUIN HA HEl CHIIH.

a E Axmo Ha MaTepianbHy TOYKY BOJHOYAC Ii-
" I0Th JCKIIBKA CHJI, TOAI HCOOXITHE 3aCTOCYBAH-
n .
Hs OPUHIMIY HE3aJeHHOCTI Aii CHI: KOXKHA 3
Fu

JIFOUMX CHUJ HAJAE MATepiabHIA TOYIl TaKe
MPUCKOPEHHS, V BIANOBLAHOCTI 3 APYTHM 3aKO-
HoM HbroTOHa, K OM 1HIIKUX CHJI HE ICHYBAJIO.
Tomy cuiu Ta TPUCKOPSHHS MOKIHUBO PO3-
KJIAJaTH HAa CKJIAJ0BI, BUKOPHUCTAHHS SIKHX MNPUBOAWUTH IO CIPOIICHHS
PO3B’s13yBaHHs Pi3HOMaHITHUX (Pi3udHMX 33434 (quB. puc. 2.2).

ag

Puc.2.2.

2.4. Tpetiii 3akod HuroToHa.

Xapaxrep B3aeMoxii Mizk MaTepialbHUMHU TOUYKAMH Ta TiNAMH BU3HAYA-
€TbCs TpeTiM 3akoHOM HerotoHa.

3riguo 3 TpeTiM 3akoHoM HbrOTOHA CHTH, 3 SIKMMU IIFOTh OZHA HA OZ-
HY MarepiabHi TOUKH YH TLJIA, 3aBXKIH PIBHI 0 MOIYIIFO Ta HPOTHIICKHI 32
HAMPSIMKOM 1 A1FOTh B3A0BK NPSMOI, IO iX 3 €qHYE.

TobTo:

Fi=-F; (2.7)
OxaHy 3 UMX CHUNT IHKOJIM HA3WMBAKOTh CHIOK [Iii, a APYTY - CHUIIOK HPO-
THALL.



Knacuuna mexanika. 1 9

a) 6)
Fr F,
F T B > - i
> - - P
| =] [ =
Puc. 2.3.

[Ipn BUKOpHCTAHHI 3aKOHIB JUHAMIKH 3aBKAH TpeOa mam sATary, 110 B
Jpyromy 3akoHl HpIOTOHa rOBOpUTBCS MPO MPUCKOPCHHS, SKE OTPUMYE
TIJI0 HiJ BILUTHBOM CHIL, IO IPHKIAIAOTHCA A0 Hhoro. Tobro MoBa Hae mpo
oxHe Tino (aue. puc. 2.3 - 0). A B TpeThomy 3akoHI HeloTOHA roBopuThes
PO PIBHICTB CHII, SKI MPHKIAACHI 10 Pi3HUX Tia (puc. 2.3 - a).

VY 3aMKHEHIM MeXaHI4HINW cHCTeMI , 3riJHO 3 TPETiM 3akoHOM HeroTo-
Ha, CWIH, IO AIFOTh MDK MAaTepialbHAMH TOYKAMH L€l CHCTEMH OVAYTH
PIBHHMH IO MOJYJIIO T4 MPOTHICIKHI MO HANPIMKY, & 3HAYUTh F€OMETPUY-
Ha CyMa BHYTPILIHIX CHIT 3aBXAH AOPIBHIOE HYIIIO.

2.5. 3ax0H 30epeReHHd IMNVJILCY.

Po3risiHeMO 3aMKHEHY MEXaHIUHY CHCTEMY, IO CKIAJAETHCS 3 N TIM,
IMITyJIbC SIKMX BiJNOBIAHO JOPIBHIOE P, .P,....p,. Hexail F, - e BHyTpi-
LITHS CHJIA, 3 SIKOK) OJHE TLIO Jl€ HA Apyre. 3amuiieMo apyruii 3akon Hero-
TOHA 51 KOYKHOTO 3 N TIJ CHCTCMH:

—

dp, = = dp, -
P1: 1 3 pzng;. .................... &:Fn;
dt dt dt
3poOuMO TOUICHHE CKJIAJAHHS BHIIC MPUBCICHUX PIBHSHb!
e g = n
d(pl+pl+...+pn):ZFi : 28)

dt i=1
ToOTo moxigHa Mo Yacy BiA MOBHOTO IMITYJIBCY MEXAHIYHOI CHCTCMH
JOPIBHIOE BEKTOPHINM CYMi BHYTPILIHIX CHJI, IO AIIOTh y LiH cuctemi. Ane
JUTSL 3aMKHYTOI CHCTEMHM, K MH BXKC Ka3ajH, BEKTOpHA CYMa BHYTPILIHIX
CHJT 3aBXK I MOPiBHIOE HY/110. Toai maemo:
dp
1t 0 ; 2.9

ae P - cyMapHiil IMIYJIbC TLI, WO CKIAIA0Th MCXaHIYHY CHCTEMY .
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3ragasiig, 10 MOXiAHA BiJA CTANOl 3aBXKIH JOPIBHIOE HYJIIO, 3 BUPa3y
(2.10) MOxkTMBO 3POOUTH HACTYIHHI BUCHOBOK. BEKTOPHA CYMa IMITYJIbCY
3aMKHECHOI MEXaHIYHOI CUCTEMH 3 TCUIEK) YaCy HE 3MIHIOETHCS.

p = const : (2.10)

Oneprkanuii pe3yapTar AKPa3 1 € 3aKOHOM 30CPEKEHHS IMOVIBCY: MO-
BHHH IMIVIbCY 3aMKHCHOI CHCTEMH 3 TEUI€I0 Yacy HE 3MIHIOETBCS.

Tinpku 30BHIIIHI CHIM MOXKYTbh 3MIHUTH MOBHUH IMITYyJIbC CUCTEMH .

3akoH 30CPEIKCHHS IMITYJIBCY BIAHOCHUTBCS A0 caMux (hyHIAMCHTA/Ib-
HHUX 3aKOHIB NPUPOH, 00 BiH 3YMOBJICHUH LIINKOBUTOIO BIACTHBICTIO MPO-

CTOPY, a caMe HOro OIHOPIAHICTIO.

2.6. llenTp Mac cHCTEeMH Ta 3AK0OH HOI'0 PyXYV.

[lenTpoM Mac (ueHTpOM iHepuii) MEXaHIYHOI CHCTEMH HA3UBAETHCH
ysieHa Touka C, TOJ0XKCHHS SIKOT XapaKkTePHU3Ye PO3MOIII Mac Li€i Cuc-
temu. LIeHTp Mac 3a1aeThes 32 JOTOMOTOK0 Paaiyca-BeKTopa:

n
Zmi'_fi
T, ZIZIT : (2.11)

Ae  m; - Maca i-oi MarepianbHOi TOUKH y CUCTeMi; T

- 1i paxiyc-BeKTop;
m - Maca yciei MeXaHI1HOi CHCTEMHU.
Koopaunatu neHTpa Mac B ACKapTOBIH CHCTEM1 KOOPAHHAT BU3HAYU-

MO 3 piBHAHH (2.12), mBHAKICT pYXY 3 piBHAHHA (2.13).

n n L
Z:mi-xi Zmi *¥i Zmi'zi
=1 i=1 — i=1

Xo > Yo & s ¢ 5 (212)
m m
n df’l n -
G EMg 2™V
{;C = € = i=1 = i=l = i, (213)
dt m m m

3BIOKH MAEMO:

P=T%, ; (2.14)
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[TigcraBumo Bupas (2.14) y dopmyny (2.6) 1 0Aep>KUMO PIBHIHHS PYXY
LECHTPY Mac MEXaHIYHOI CHCTEMH:

d =
(v )=ma =2 F . (2.15)
i=1
¢ @, - BEKTOP MPHUCKOPSHHS PYXY LICHTPA Mac CHCTCMH.

TakyM 9MHOM, [ICHTP MAC 3aMKHCHOI CHCTCMHU PYXAEThCI TAK, IK PV-
XA€ThCI MaTePlaabHA TOYKA B SKIH 30CEPEIKCHA MACA BCIEi CHCTCMU MM
L€ BCIX MPUKIAICHUX 0 Hel CHIL.

CucreMu BIJTIKY, BIJHOCHO SIKMX LICHTP Mac 3HAXOAUTHCS Yy CTaHl
CIIOKO), HA3UBAIOTh CHCTEMOKO IICHTPA Mac.

3 3aKOHY 30€pEKEHHS IMITYITBCY Ta PiBHIHHA (2.15) MOXIMBO 3poOUTH
BHUCHOBOK: LICHTP Mac 3aMKHCHOI CHCTEMH ab0 PYXa€eThCs MPIMOMiHINHA 1
PIBHOMIpHO, 200 3aTHINAETHCS HEPYXOMUM.

2.7. KOHTPOJLHI 3ANIMTAHHSA.

. SIki 1B1 OCHOBHI 3a/a4i BUpILIYE TUHAMIKA 7

. B saxux cucremax BiAIIKY BUKOHYIOTBCA 3akoHH HbroToHa ?

. Cihopmyroiite yci Tpu 3axorn HeroToHa.

. Y YoMy PI3HHLS MI>K 1HEPLIHHOKO Ta rpaBiTalli HHO Macoxo ?

. Cihopmy aroiiTe MOHATTS CHIIM B KITACHYHIH MEXaHII.

. HaseniTe piBHSAHHA pyXy MaTepiaabHOI TOUKH ?

. o xapaxTtepusye maca Tina ? ki pi3HOBUAM MACH BU 3HAETS 7

. SIxi cuy HA3WBAIKOTH BHYTPIIIHIMHE, a SK1 30BHIIHIMY ?

.Y yoMy moJira€ CyTh BILUTUBY BIACTUBOCTCH Ti HA NMPUCKOPCHHA iX-
HBOTO PyXYy ?

10. Ilo HA3MBaIOTH IMITYJILCOM MATEPiaTbHOI TOUKH?

11. Yu MOXYTh BHYTPILIHI CUITH BUKJIUKATH 3MIHY CYMApHOTO IMITYJIBCY

MEXaHIYHOI CUCTEMH ?
12. o Take ueHTP IHSPIIi CUCTEMH MATCPIATBHUX TOYOK 1 SIKS PIBHSH-
HA Horo pyxy ?

O 00 1 N RN
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I'JTABA 3.

POBOTA TA EHEPT'IA

3.1. EHeprisi, po00Ta CHJIH, HOTYRKHICTD.

Enepris - 1ie yHiBEpCaibHA KUTBKICHA Mipa PyXy Ta B3aeMOii yeix 6€3
BUHATKY BHIIB Martepii. EHepris - BennunHa ckansapHa. Y BiANOBIIHOCTI 3
oxpeMumH popMamu pyxy MaTepii BIANOBLAHO BLAPI3HAIOTE 1 PI3HOMAHITHI
BUH CHEPTii: MEXaHIYHY, CACKTPOMArHITHY, XIMIYHY, SIACPHY 1 T. A.

KinbkicHa o1iHKa MPOLECY OOMIHY CHEPTIEH MIK B3AEMOMIFOYUMU Ti-
JaMH B MEXaHILl MPOBOAUTHCS 3 JONOMOTOK TMapameTpa, SKUH OTpHUMaB
Ha3By - poboTa cunu.

Hexait Tio, pyxaruuch, MiJ AI€K 30BHIMHBOI CHIH, MO JAOBLIBHIN
TpaekTOpii BiA TOYKH 1 10 TOUKH 2, BUKOHAIO ACIKY poOOTY A (AMB. puc
3.1). Komu niroua Ha TiO cujaa HCOAHAKOBA B PI3HUX TOUYKAX TPAEKTOpii
PYXy Tila, ToAl BECh NUIIX CNiJ PO30OWUTH HA CJICMCHTAPHI BIAPI3KH Tak,
00 Ha KOXKHOMY 3 HUX CuIy F; MOKITHBO Oyi10 O BBAXKATH MOCTIHHOKO.

Ha mpomy enemMeHTAapHOMY BIAPI3KY TiTIO
3pO0MI0 HECKIHUYCHHO MAJC MCPEMIIICHHS
dr, mpotimosmu mpu upomy max dS. Toxi
pobGotoro cunu dA Ha IbOMY BIAPI3KY HIIIXY
OVZAc HA3UBATHCS CKAIPHUH JOOYTOK:

dA = (F-df): 3.1)
CkopUCTAaBIINCh TPABHIOM  PO3KPHUTTS
CKAIIPHOTO AOOYTKY, MAEMO!
dA, = F,|dr|cosa; = F, dScosa;; (3.2)
Je o - KyT Mixk Bektopamu F; Ta dr.

3 piBrsHHS (3.2) MOXIMBO 3pOOUTH BHCHOBOK: SIKIIO O < T/2, TOal
poboTa cuu 10AaTHA, SKINO A > /2, Toal poOoTa CHIU BiM'eMHA, Y BHMA-
JKY, KOITU & = 7/2, poboTa CUIIK 3aBXIH JOPIBHIOE HYIIIO, HE3aICKHO Bl
3HAYCHHS CHJIU Ta XY MPOUICHOTO TIIOM.

[ToBHa poOoTa mpu mepeMiLICHH] Tifa 3 TOYKU | B TOUKY 2, ZOPIBHIOE
anreOpaiuHiii cymi eIeMEHTapHUX PoOIT HAa BCIX HECKIHICHHO MaIHX B1api-
3Kax TPAEKTOPii MK LIMMHU TOYKAMH 1 BU3HAYAETHCS YePe3 KPUBOIIHIMHUHA
iaTerpan suay (3.3).

Puc. 3.1.
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2 2
b E(s) A= IdA = IFi cosa;dS; (3.3)
1 1
/ dA ®dizuyHUl 3MICT BHIIC MPUBCICHOTO
KPHBOMIHIMHOTO I1HTErpany nosrae y
HactymHOMY. Ememenrapny poGoty dA
MOJKIIMBO TPEACTABUTh SIK IUIOMY eJe-

1 2| S . o
».  MEHTapHOI Tpaneuii 3i croponamu F; Ta
s dS (qus. puc. 3.2).
Toai 3aranpHa maoma Qirypu HExKIe
Puc.3.2. minii rpadika F = F(S), sxa oOmexeHa

opauHatamMu 1 Ta 2, AOpiBHIOE POOOTI
CHJIH TIPU TIEPEMILICHHI TLNA MIXK LIAMH TOYKaMH, 1 YUCETHHO BU3HAYAETHCS
3 piBustHHS (3.3).
HotyxHicTh - 1¢ (i3UYHA BEIUYUHA, [0 BU3HAYAE IIBHIKICTD BHKO-
HaHHs poOoTu. CepeHs MOTYKHICTh AOPIBHIOE BIAHOIMICHHIO POOOTH CHITH
AA 10 npomikky yacy At 3a IKHH BOHA BUKOHAHA!

N, =22 3.4
cp_Ata ()

MurtTeBa HOTYKHICTh AOPIBHIOE TPAHHLI CEPEIHBOI MOTYKHOCTI MPH
yMOBi, mo At— 0:

N —t 1' N —t 1' A_A_d_A. (35)
Atlino o Atlino At dt ~ .

TakuM YMHOM, MHTTEBA MOTYIKHICTH JAOPIBHIOE MEPIMH MOXIAHIA 11O
4acy BiJ POOOTH CHIIH.

Opuanni BUMIpY, BUIIE 3ragaHux napametpis, B cuctemi Cl taki. Po-
oora: [A] = [F S| = [HMm] = [x]; notyxkuicts: [N] = [A/t] = [Lx/c] = [Br].

3.2. KineTrnuHa eHepris Tijia.

KinerryHa eHEpPris Tila € MIPOK HOro MEXaHIYHOTO PYXY Ta BU3HAYA-
€TBCS POOOTOIO, IKY HCOOXIAHO BUKOHATH 100 OTPUMATH JAHWHA CTaH Tija.

OOGuncamnMo poOoTY, IKY BUKOHYE MPUKIAACHA 0 TijIa MAcOK0 M CHia
F, npu 3wmiHi Hioro meugkocti pyxy Big 0 1o V (aus. puc. 3.3). 3rigHo 3
BUILEC NPUBCACHUM BU3HAYCHHAM KIHETHIHOI CHEPrii, MaeMo:
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dWwW kK = dA 5 (36)
3 Bupasy (3.3.) BU3HAYUMO POOOTY MPH NEPEMILICHHI Tifa 3 MOYaTKO-

BOI TOYKH HOTrO pyXy B KIHUCBY. st 1poro BUKOpUCTaEMO CKASIPHY (op-
My 3anucy apyroro 3akony Herorona ta Bpaxyemo, mo a = dV/dt.

F Toxai 3 (3.6) oTpumaemo:;
> dv
=0 i dA =FdS =madS = m—-ds:
A B
Bpaxosytoun, te mo dS/dt =dV, maemo:
Puc. 3.3. dA =mVdV;

[HTETpYEMO 1€ CITIBBIIHOIIEHHS V MEXKaxX Bl
0 mo V, Ta Maemo:

mV?

7 5
Takum uuHOM, MU OTpEMaNH A00pe HaM 3HatoMy (GOPMYIY A 00UH-
CIICHHSI KIHCTUYHOI €HEpTii MOCTYMANBHOTO PYXY Tila.

Ha rpyHTI yChOTO BHIIECKA3aHOTO, MOXKIIMBO CTBCPIKYBATH. 3MIHA Ki-
HETHYHOI CHEPrii Tifa JOPIBHIOE NOBHIN POOOTI AIFOYHX HA HBOTO CHIT

v v v
W, = [dW, = [dA = [mVdV = 3.7
0 0 0

2
Wz—lejf?dsz; (3.8)
1

Bpaxosyioun Te, IO IIBUAKICTH Tija 3aJEKUTH Bl BHOOPY CHCTCMH
BIJJTIKY, TOAI 1 YHCEIBHE 3HAUCHHS KIHCTHYHOI CHEpPrii Tijaa Oyae HEOHA-
KOBE V PI3HUX CHUCTEMAXx BIAIIKY. 3 BUpasy (3.7) nerko 3po0UTh BUCHOBOK,
0 KIHCTUYHA CHEPTIS 3aBXKIH MAE MO3UTHBHE 3HAUCHHSI.

Kinetnuna eHepris Mae Ti % caMi OAMHULI BUMIPY, 1O 1 poboTa CHiIH.

3.3. [lorenuiaanLHa eHeprig Tija.

Bzaemogist Mixk TijJaMH MOKE BUHHUKATH HE JIMIIC MPH IXHBOMY 0E3110-
cepeaupomy KOHTAKTI. [IpuKIamoM HEKOHTAKTHUX B3aEMOIH € MPUTSATAH-
HS TUTAHET 3a PaxXyHOK rpasiTamiiinoi B3aemonii. HekonTakTHI B3aemonii
3MIHACHIOIOTBCST 34 JOIMOMOTOK) CHIIOBHMX IIOJIIB, SKI SIBISIOTHCS OMHIEIO 3
dbopm icuyBanHs marepii. Cepen HUX BHALUIMIOTH TaK 3BAHHI HOTCHIUATBHI
OOJIsI, B SIKAX JIFOTh CHJIH, 1[0 OTPUMAJIH HA3BY KOHCCPBATHBHUX.
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loTeHI ATBHUMH HA3UBAOTh TAKi MOJIS B IKUX POOOTA AIFOYUX CHIT HE
3a7eKUTh Bl (HOpMH TpaekTopii Ta 3aKOHY PyXy IO HiH Tila, a BU3HAYA-
€ThCS HOTO MOYATKOBUM Ta KIHIICBUM TOJIOKEHHIM (IuB. puc. 3.4).

[IprkiazoM KOHCEPBATHBHUX CHJI MOXKYTh OYTH TpaBITALiliHI Ta CJICK-
TPOCTATHYHI CHIH. B mpOTHICKHOMY BHIQIKY MMOJISI HA3UBAKTHCI HE MO-
TCHINATPHUMU, & CHITH, 1[0 B HUX AIIOTh - AUCUIATUBHUMU. XaAPAKTCPHUM
MPUKJIAI0M JUCHIIATUBHUX CHIT € CHIH TCPTSL.

PoGoTy KOHCCPBATHBHUX CHII MOK/IH-

ol BO VSBHTh V BUIIILAL ABOX mapamertpis U,
ta U,, 3HAUCHHS IKHUX 3aJICKUTh Bl IMova-
TKOBOTO 1 KIHIIEBOTO MOJIOKEHHA T

B

2

2
A=[F.di=U,-U,: (9)
1

IMapamerp U; B dopmymi (3.9) 1 Hazu-
BaETHCSI MOTCHIIATBHOK SHEPTIEIO Tia.
loTeHmianpHa HEPris - IIC SHEPTIs, SKa 3B s3aHA 3 PO3TALLYBAHHIM
TijIa BIAHOCHO A0 APYTHX T, IO B3AEMOJIIOTH 3 HHUM, Ta BU3HAYAETHCS
PoGOTOIO, AKY HEOOXIOHO 3BEPLIMTH MPOTH KOHCEPBATHBHUX CHI MOTCH-
LIHHOTO MO, [Tt TOTO 100 MEPEMICTUTH TLIO 3 MOYATKOBOTO MOJIOKEHHS
B KIHIIEBE.
3HAUCHHS TMOTCHINAABHOI CHEPrii BH3HAYAETHCS 3 TOUHICTIO A0 TO-
cTiifHOrO Jojarka. 3 (pi3HYHOI TOUKH 30pY LE O3HAYAE, IO NOYATOK BiATIKY
MoTeHUiaabHOi eHeprii Moxke OyTH BUOpaHUM A0BiAbHO. JiHiCHO, SKIIO B
(3.9) no xoxuoro 3naucHus U; ta U, qomatv 1OBiIbHY MOCTIHHY BEJIMYH-
HY, TO PIBHICTb 30CPEKETHC.
3riJHO 3 BU3HAUCHHIM MOTCHLIAIBHOI CHEPTii, MAEMO:
dA = -dU; (3.10)
To6T0 podoTa KOHCEPBATHBHUX CHIL, IO MPHKIAACHI 0 TiNA, 3AiHC-
HIOETBCS 33 PAXYHOK 3MEHIICHHS MOTCHUIHHOI eHeprii 1poro tiga. 3 iHIIo-
ro 00Ky CHJITH HOTCHIIAIBHOTO OJIsi BUKOHYKOTh POOOTY, 110 AOPIBHIOE:

Puc.34.

dA=Fx dX; (3.11)
IMopisastHHEs ABOX OcTaHHIX Bupasis (3.11) ta (3.10) nae:
p - _4U. (3.12)

T dx
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VY Bunazaky pyxy Tiia B mpoctopi, piBHsaHHS (3.12) nepeTBOproeThCa A0
HACTYIHOTO BULTISAAY:

F:FXT+Fy3+FZ1§:—(—i+—J+—lzj ;o (3.13)
¥
Bumie npuseaeHuit oneparop, Mo 3HAXOAUTECS V AYIKKAX, HA3HBAETh-
Cia r‘pa,Z[ieHTOM CKaﬂHDHOI BCIWYHHU:
oUu- oU- oUx=

gradU=—i+—j+—k=
ox Oy oz

(3.14)

Tob6T0, cuna o Ji€ Ha TINO Y MOTCHLIATBHOMY IO, AOPIBHIOE rpai-

€HTY HOTO MOTCHLIATBHOI CHEPTIi 3 MPOTHICIKHUM 3HAKOM:
F = —gradU ; (3.15)

SIkmo MexaHIYHA CUCTEMA CKIAMAETHCS 3 AEKIIBKOX TIJI TO MOTEHIA-
JbHA CHEPris Takoi CHUCTEMH JOPIBHIOE CKATAPHIA CyMi MOTCHLIATBHHX
CHEPril OKPEMUX TiJI i€l CUCTEMH.

Konkperauit Burasa Gyuaxmii [1 s noteHianeHol eHEPrii 3a1¢KUTh
BIJ XapakTepy CHIOBOTO MO

1). llomenyianona enepzis ming vy epagimayiitHomy noJi.
Ay Hexaii Tino macoro m 3aBasaku cwil F migiiiMaerscs
poropu Ha Bucoty h (gus. puc. 3.5). Cuna F 3xilicHioe

F b PoGOTY POTH CUIH TSKIHHA, TOOTO: F=-P = -mg.
1 Tomi, 3riguo 3 (3.10), Mmaemo:
v -mg dx=-dU 5
P + Iarerpyemo ue piBHAHHA y rpaHuLsx Big 0 xo h:
h h
Puc. 3.5. Uzdezjmng:mgh; (3.16)
0 0

2). Homenyianvra enepzisi npyHcHo 0epopmoeano2o mid.
Hexait no cTeprxHs, 10 3aKPIIICHUI OTHAM 3 KiHI(IB, MPUKIAACHA CH-
na F. Ilig niero wiei cumu cTepakeHb NPYKHO AeOpMYEThCs (TUB. puC. 3.6).
F VY mpomy Bumaaky cwia F 3aiiicHroe po-
=  (OTY IPOTH CHIIM NPY>KHOCTI 1 JOPIBHIOE:
F=-Fyp=-(-kx);
L X € X — BUIOBKEHHA CTEPKHS, k - MOYIb
Puc. 3.6. MPYKHOCTI PSYOBHHHU CTCPIKHSL.
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IaTerpyemo e cipBigHOMECHHS ¥ Mekax Big 0 1o X, Ta OTpUMAEMO:

2
kx
2

3ayBaXKUMO, IO MOTCHINAIbHA CHEPTIS MOXKE MATH SIK MOJATHE TaK 1
BiJ €MHE 3HAYCHHS 1 Ma€ Taki )k cami oauHULi BuMIipy v cuctemi ClL, mo #
poborTa.

VY 1iIoMy MOXKIHBO CKa3aTH, IO KIHCTUYHA CHEPTIS LC_CHEPris PYXY,
a MOTEHLIAJIbHA - LIE EHEPIis B3aEMOI].

U:IdU:TkXdX: ; (3.17)
0

3.4. 3aKx0H 30epe:ReHHd eHepril.

IosHowo cHepriero E MexaHIuHOI cHCTEMH HAa3MBaeThes cyMa ii KiHe-

TUYHOI Ta MOTCHLIAIBHOI CHEPTIH:
E=Wg+U; (3.18)

Posrasgaemo 130p0BaHy MEXaHIYHY CHCTEMY B3AEMOMIFOUHX MIXK CO-
000 TLJI, MACOIO M, IO T Ai€r0 cutn F pyxaerbes 3 MpUCKOPCHHSM a 1 3a
yac dt mpoiimna msax ds.

3rigno 3 apyrum 3akoHoM Herorona maemo: F = ma =m (dV/dt).

[ToMHO)KHUMO 0OWABI YACTHHU L[bOTO PIBHAHHS Ha dX, Ta BPaxXxOBYIOUH,
o dx/dt = V, orpumaemo:

dv %%
Fdx = m—=dx = mVdV =d —|—dw_: (.19
Bpaxosyrouu, mo Fdx = - dU, maemo:
-dU= dWK 5
3B1OKH:
dU+ dWrg=d(U+Wg)=0; (3.20)

Bpaxosytoun, mo audepeHnian Bia cranoi 3aBKAu JOPIBHIOE HYIIIO, 3
(3.20) poOuMO BHCHOBOK:
E =Wyg + U= const; (3.21)
Bupas (3.21) 1 € 3aK0HOM 30€PEKEHHS MEXaHIYHOI CHEPTii: nosHa Me-
XAHIYHA eHepeis (307b068aAHOI CUCHeMU M, WO 3HAX0OUMbCS Nio JI€r

MIiNbKI KOHCEPEAMUGHUX CUJ, He ZMIHIOEMbCA 3 H4ACOM., MOOMO 3anuuLa-
EMbCA NOCMITIHOIO.
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OxnHak 3aBKAM CJTiJ TaM STATH, IO JIKINE 3arajbHUN 3amac CHeprii
130/TbOBAHOI CHCTEMH THINAEThCA OC3 3MIHHM 3 4acoM, a CHEPris KOXKHOTO
OKPEMOTrQ TijIa MOKE B PIBHHUX KUIBKOCTSIX MCPEAABATUCS BiI OJHOTO TLIA
J0 APYTOrO 1 MEPETBOPIOBATHCS 3 OJHHUX BUAIB V APVTI.

[Tpn HaIBHOCTI HEKOHCEPBATUBHUX CUII OBHA MEXaHIYHA €HEPTisd CH-
CTCMH HE 3QJIMIIAETHCS MOCTIHHO0. HagBHICTD TAKMX HEKOHCEPBATHBHHUX
CHUI, SIK CHJIA TEPTS, IPUBOAMTH A0 TOTO, IO YACTHHA MEXaHIYHOI CHeprii
CHCTCMH MEPETBOPIOETHCS V BHYTPIIIHIO CHEPTIIO TiJ, TOOTO NPHUBOIUTH 1O
ixaporo HarpiBaHHs. Takuii mpoLec 3MEHIICHHSI 3aMacy MEXaHIvYHOI eHeprii
CHUCTCMHU TiJ HA3UBAETHCS_JUCHUIIAII €I CHEPTIi.

3akoH 30epexkeHHS eHeprii 3000B'I3aHUN CBOEMY ICHYBAHHIO Takii
BJIAaCTHBOCTI BcecBiTy, SIK OAHOPIAHICTE Yacy, TOOTO PIBHOZHAYHOCTI YCiX
IHTEPBAJIIB Yacy HE3aJICXKHO Bl MOMEHTY BUMIPIOBAHHSL.

3.5. Yaap. AOCOJIOTHO NPYKHI TA HENPYKHI YIADH.

Yaapom HA3UBAKOTh MPOIEC KOPOTKOYACHOI B3aeMOMIi TiJI, IO MHpH-
3BOAMTH 10 3MiHH iX pyxy. Yaap mporikae mporsrom 107 - 10° ¢. Cyts
yaapy HOJArae y TOMY, IO KIHETUYHA CHEPTiA Til, 9Kl pyXaluch A0 VAApY,
MEPETBOPIOETHCS Y MOTCHIIATBHY SHEPTIIO X TNPYKHOTO Ae(OPMYBAHHS, a
MOTIM BiAOVBA€THCS 3BOPOTHE MEPETBOPEHHS MOTCHLUIANBHOI eHeprii aedo-
PMYBaHH{ V KIHETUYHY ¢HEpriro pyxy. B zanexknocti Bix xapakrepy aedo-
PMYBaHHS TiJ IPH VAAP1 PO3PI3HAIOTE ABA IPAHUYHI BUIU VAAPIB.

AOGCONIOTHO OPYKHUM VIAPOM HA3HMBAIOTh TAKHU yAAp, MICHS SKOTO
BHUHHKJIA B TiJax mpy:kHa acdopmaris nosHicTO mesae. [lpu abcomroTHO
HEOPVKHOMY vaapi aedopManis TiT CTA€ MOBHICTIO HE3BOPOTHOIO.

JliHier vaapy HA3HBAKOTh MPSMY, IO CHIBIAAAE 3 HOPMAUIIO IO TO-
BCPXOHb TN Y TOYLI iX TOPKAaHHA NP vAapi. YAap HA3WBAIOTh LICHTPAIb-
HUM. AKIIO JiHiS VAAPY NPOXOAUTH YEPEe3 LCHTPH MaC TiJ, IO YAAPSIOTHCA.
Skimo BEeKTOpH WIBUAKOCTEH PyXY TiA A0 VAAPY JCKaTh HA MiHII yaapy, TO
yaap OyAe mpsaMuM, a B 1HIIOMY BHNAIKY - KOCHM.

BiaHoIICHHST HOPMAJTBHUX CKJIAA0BUX BIIHOCHOI IBHIKOCTI TiJia Mic-
ms yaapy V' 10 BigHOCHOI mBHAKOCTI Tima 10 yaapy V, OTPHMAjo HA3BY

koc (il €HTA BIIHOBIOBAHHS €.

1
g= ¥ ; (3.22)
v
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Axmo € = 0, Toxi yaap € aOCOMOTHO HEMPY>KHUM, a SIKIIO € = 1 - yaap
abcomoTHO npykHMH. [Ipy 3ITKHEHH] Tifd, IO BUTOTOBICHI 3 pealbHOI pe-
YOBUHH, 3HAYCHHS KOC(]ILIEHTY BiAHOBIIOBAHHS 3HAXOAUTHCA y Mexax () <
e<l.

1). ABcontomuo npyacHuii yoap.

PosrasgreMo BHIAgoOK LEHTPANBHOTO aOCOMIOTHO MPY)KHOTO yAapy
JBOX OJHOPIAHUX T MAcaMu mM; Ta M,, IO PYXAIUCh A0 3ITKHCHHS 31
MBUAAKOCTAMA V; 1 Vo, a micus 31TkHeHHS - 3 mBuakocTsvu U; 1 U, (qus.
puc. 3.7).

VY Bumaaxky abCcOMIOTHO MPYKHOTO yAapy BUKOHYIOTBCS 3aKOHH 30e-
PEIKEHHS IMITYIbCY Ta CHEPTii:

3 —7 2 =
m,v, m,v, m,u, m,u,

= + ' 3.24
2 2 2 2 7 B2
my CymicHe BupimeHHs piBHAHb (3.23) Ta
s Va, (3.24) mae moxuBiCT Ogepxkatu GopMyay
O—’V Q—' JUISL PO3PAXyHKY IMBHAKOCTI TUT MICJS yAa-
1
py:
my . 2m,v,+(m, —m,)Vv
m; U1 U2 u1 — 272 ( 1 2) 1 . (325)
O— Q_. m, +m,
. 2myv, +(1’1’12 —ml)?/2
Puc. 3.7. Yy = ; (3.26)

m; +m,
[IpoanamizyemMo oTprMaHi BUpa3H.
PosrasgaemMo BUNAI0K KOMH Apyre TiIO A0 abCONIOTHO MPYKHOTO Vaa-
py He pyxanocs, 10010 V, = 0. Toai dopmymu (3.25) i (3.26) tpanchop-
MYIOTBCS IO HACTYIIHOTO BUAY:

m, —m, v

ﬁl :M : (327)
1’1’11-|-1'1'12

. 2myv,

U, =—  —; (3.28)

m, +m,
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[TpumycTumo, mo Macu Tin 0gHAaKoBI, TOOTO M; = m, (Hampuknax Oi-

JabapaHi Kyni), Toal 3 dopmyn (3.27) 1 (3.28) maemo:
U;=0; 1ta U,=Vy;

Tobro, y Bunaaky abCOIIOTHO MPYKHOTO YAApy, Iepina KyJist mcst 3i-
TKHCHHS 3yMUHUTECS, & APYra, o Oyna 10 LOro HEPYXOMOKO, MOYHE Py-
XaTHCh 3 MIBHIKICTIO TA HAMPSIMKOM, sIKI OyJId y mepimoi Kyl mepes yaa-
pom.

Hani npumyctumo, mo m, >> m; (Hanpukiag yaap 61megapIHoi Ky 00
CTIHKY), ToAl 3 hopmy (3.27) 1 (3.28) maemo:

U1:-V1; Ta UZNO,

ToOTto0, OimbapaHa Kys micas abCONMIOTHO MPYKHOTO yaapy 00 CTIHKY,
OyaAe pyXaTHcs 3 TI€ XK MBUIKICTIO, a71¢ Y MPOTHIICKHOMY HAMPSIMKY .

2). Abcontomuo HenpyxcHull yoap.

PosrasremMo BUMNAIOK LEHTPATBHOTO aOCOTIOTHO HENMPYXKHOTO yIaapy
JBOX OJHOPIAHUX TII MacaMH M; Ta M,, IO PYXATUCh A0 3ITKHCHHS 31
mBHAKoCTIMH V; 1 V,. B pesynprari obnasa Tina micas yaapy OyayTe py-
XaTHCh SIK OJHE IJIC 3 MACOI0, IO AOPIBHIOE M; = My + My, Ta MBUAKICTIO
U (aus. puc. 3.8).

3akoH 30CPEIKCHHS IMITYJIbCY AT a0COMIOTHO HEIPYKHOTO VAApY
JAHOMY BHIMAIKY MATHMC TaKHUl BHUTIISA

m,v, +m,v, = (m1 + mz)u ‘

my .
O 3BIAKM HEBKKO BU3HAYHTU

Vi V, U MIBUKICTE PYXY TLI MICTS VAAPY:

. m,v,+m,v,
Puc. 3.8. u=s————"":(29
m, + m,

Takum 9HHOM, TIC/sS A0COIIOTHO HEMPY;KHOTO YAapy HOBE TLIO Oyae
PYyXaTucs y HAMPSMKY B SIKOMY PYXaJ0Ch TLIO, IO M0 OIMBINUE 1MITYJIBEC
J0 3ITKHCHHS.

Brpara cymaproi KIHETHYHOI SHEPrii TiNA OPH HENPYKHOMY yAapi, 1Mo
BUTPAYAEThCs HA iX aedopmaniro Ta 3MiHY BHYTPILIHBOI ¢HEprii, oTpuMania
Ha3By poboTta aedopmaiii Ay. Toxi maemo:

1 2, 1 2 1 2
Ap =W+ W, = Wy =—m, Vi +—m,V; —E(m1 +m,) U2
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Aoo:

m, m, 2
——1 2 (v -v,) -
a 2(m1+m2)( ! 2) ’ @:20)

[IpoanamizyemMo oTpuMaHHii BHpa3.

Sxmo V, = 0, o610 Apyre Tino A0 yaapy Oyao HEPYXOMHM, TOJII
IIBUJKICTB TN micas HenpyxkHOoro yaapy U Ta pobora aedopmari Ay mo-
JKyTh OyIH BH3HAUCHI 3 HACTYITHUX BHPA3iB:

m, V,

—- m2

u=——"; Ajr———W, (33D
m; +m, m, +m,

ae W, - KIHCTHYHA CHEPTIS MEPIIOTO Tiia A0 yAApY.

Amnani3 Bupazis (3.31) moka3zye, o y BUMAAKY KOJU M, >> m,; (Hampu-
KJIaJ KOBKA 3a7113a MOJIOTOM) MaeMo Ay ~ Wy, ToOTO yCsl KIHETHYHA €HEPTIs
MOJIOTa BUTPAYA€ThCs Ha PoOOTY nehopMYBaHHS MOKOBKH.

VY BUNAAKY KOJIM My >> m, (HAMPUK/IA 3a0UBAHHS LBSIXIB MOJOTKOM)
Maemo Ay ~ 0, TOOTO ycsl KIHETHYHA €HEPTis Bl IEPIIOTrO Tijda MEPEAAETh-
CS IPYTOMY 1 BUTPAva€ThCA HA HOTO MEPEMILICHHS.

3.6. KoHTpOJILHI 3a0IMTAHHS.

p—

. SIk vy 3araipHOMY BHUIAaOKy BH3HAYAETHCS poOOTA CHIH?

. Ilpu gxux yMoBax cuia, Mo MPUKIAJCHA A0 TiNa, HE BUKOHYE podo-
™H?

. Um 3a7¢KuTh KIHSTHYHA CHEPTIs Tija B BUOOPY CUCTEMH BLTIKY?

. 1o Take moTEHIIaTbHA CHEPTiA?

. SIKi cHAH SBISIOTHCS KOHCEPBATUBHUMH, A SIKI HEKOHCCPBATHBHIMH ?

. SIkuii 3B” 130K KOHCEPBATHBHOI CHITH 3 MOTCHIIATBHOIO CHEPTiEr0?

. YoMy mOpiBHIOE MOTCHIIATBHA CHEPTisl NPYXKHO AehOPMOBAHOTO Ti-
ma?

8. 1o Ha3WBAETHCS IOBHOK) MEXAHIYHOK) CHEPTIEHO Tima?

9. Sk popMyIrOETECS 3aKOH 30€PEIKCHHS IOBHOI MEXaHIYHOI eHeprii?

10. Chopmynrolite BU3HaUCHHS KO ]iLi€HTA BIAHOBIIOBAHHS !

11. Jlatite Bu3HAUCHHS AOCOIIOTHO MPYKHOTO Ta A0COMIOTHO HETPYK-

HOTO yJapy.

o

~N N R W
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I'/TABA 4.
CIJIN B MEXAHIII
4.1 ledopmyBanHs TBepAuX Tijl. CHIM OPYKHOCTI.

Bumie Oyno maHO MOHATTS a0COMIOTHO TBEPJAOTO TLNA, alne y MPHPOAI
TakuX T He OyBae. Yl peanpHi Tina MiA JIEK0 CHI 3MiHIOIOTh CBOKO (popMy

Ta po3MipH, To0TO achopMyIOThed. SKINO micns 3akiHYCHHS Aii CHITH Tijo

HaOyBae MOYATKOBUX PO3MIpiB Ta (JOPMH, TO TaKe TIIO HA3HBAIOTH OPYIK-
HEUM, a Taky Achopmariro npyxkHow. Hedopmarii ski 30epiraroTeest v TLI
TICJIS 3aKIHYCHHS Jii 30BHILIHIX CHJI OTPHMANTH HAa3BY IIACTUYHUX.

VYci Buau npys:kaux aedopMaiii MoKyTh OyTH 3BEIACHI A0 TPhOX BH-

JB: PO3TATHCHHS, CTUCKAHHS Ta 3CyB (auB. puc. 4.1).
Cuna, airoua Ha OJUHHMIIIO IUIOLNI MOTMEPSUHOTO MEPEPizy S oTpumana
4.1

2

HA3BY MEXaHIYHOI HAOPYTH O

_F
°=3

Axmo cuna cnpsaMoBaHA MO HOPMai OO MOBEPXHI, TO MEXaHIYHA Ha-

MpPyTa HA3WBAETHCS HOPMATBHOIO, a SKIIO N0 JOTHYHIN - TAHICHIIIANbHOKO.

KinekicHOIO MIpOIO, siKa XapakTepu3ye piBeHb Achopmaltii Tia, € HOro

norepeuni Ad Ta mo3aosxHi AL abcoaroTHi aedopmarii.
BigsomeHHs abcomoTHOI AcdopMalii 10 MOYATKOBOTO PO3MIPY 3pas-

Ka, OTPUMAJIO Ha3By BiI[HOCHa DoncpeyYHa €, Ta BiI[HOCHa TNOJAOBXKHA € AC-

dopmarii, K1 BU3HAYAIOTHCS 3 BUpa3y (4.2).
PosrsiraeHHs CruckanHs 3cyB
AF AS
dHAd
T
T 7 T
e f o Fml /
L L+AL T / {
lF L F liv-aL |/ /
" m ¢ iy
d | 1] i

Puc. 4.1.
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gy=AL/L; e, =Ad/d ; (4.2)
Bignomenns monepevHoi €, Aedopmari 10 MO3A0BXKHBOI € Ha3MBa-
eTbcs koedinmentoM [lvacona
n=-e./¢g ; (4.3)
Teopernuni 3naucHHA KoedimienTa [lyacona, 3a BUHATKOM TYMH, 3HA-
xomathes y Meskax: 0 < p < 0,5, 3uak "-" y dopmyii (4.3) o3Hayae, mo mo-
MEpPeYHa Ta MO3AOBXKHA AcdopMarii 3aBKIN MAIOTh NPOTHICKHUN Hanps-
MoK (auB. puc. 4.1).
3rigno 3 3akoHoM ['vka 6idnocna Oegpopmayis mina Mpamo Nponop-
Yilina npUKIaoeHiti 00 Hb020 MEXAHIYHIH HANPY3T:

(&)
€ = E - 4.4
ne  E - moayae mpykHocTti FOHra, [a.

3 Bupazy (4.4) BugHo, 1m0 Moayip npyxkHocTl KOHra 3a dizuunumM 3mi-
CTOM ABJISIE COOOIO TAKY MEXaHIYHY HANPYTV, IKY HEOOXITHO MPUKIACTH IO
Tija, aOu HWOTO BiAHOCHA AchOopMallsl CTajIa PIBHOK OJUHHIII.

BHyTpimHI cHIH, IO YHHATH OMIpP 30BHILIHIM chjiaM mpu aedopmy-
BaHHI TBEPAHX Ti1 OTPHMANH HA3BY HPVIKHUX cuia. BiamoBiaHo 3 TpeTiM
3akoHOM HreroTona nmpyxna cunma F, 3aBkau piBHA 10 MOZYIIIO Ta NPOTH-
JICKHA 33 HAMPSIMKOM 3HAYCHHIO 30BHIIMHBOI ciiH F,o;. ToOTO:

an =k F30B > (45)

Cunu mpy>KHOCTI BUHHKAIOTh Y BCBOMY 00'eMy Tina, mo A¢hopMy€eTh-
¢4 1 He 3amexKath BiJ Horo po3mipis. Bu3HaunmMo 3HaueHHS MPY>KHOI CHITH.
Buxkopucrosyroun Bupazu (4.1) ta (4.2), 3 3akony (4.4) Mmaemo:

AL c F
L E SE
Togi 3 ypaxysanusam (4.5) orpumaemo:
F,,=-F=-(ES/L)AL =-k AL ; (4.6)

ne  k=ES/L - koedinienT mpykHoCcTi TBepAoro Tina , H/m.

KoedimieHT mpyKHOCTI CYTTEBO 3aJICKUTH Bl TCOMETPHIHHUX PO3MIpPIB
tina. Tax, KO AOBXKHUHY Tija 3MCHIIUTH Y ABAa Pa3u, TO WOro KOCQILieHT
MPYKHOCTI, 3rLAHO 3 BUPa30oM (4.6), 301IbIIUTHCS BABIUI 1 HABMAKH.

Posrmssemo Oiabin aetansHO Achopmariio 3cyBy (aus. puc 4.1). Ilig
JI€0 TAaHTCHLIANBHOI HAIPYTH T, NPHUKJIAACHOI B3IOBXK BEPXHBOI IpaHi, Ti-
710 1eOPMYETBC Ha ACIKUN KYT 3CYBY V:
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* & y ~tgy =AS/h
3rigHo 3 3akoHOM I'vka, Kym 3¢y8y mpamo
Oup NPONOPYIHHUT MAH2eHYIanbHIlL Hanpysi, o
6u36ana yet 3cys:
Cup e — i .
> V=G (4.7
Puc. 42 ae G - moxyns 3cyBy, Ila.

3 Bupazy (4.7) BUIHO, IO MOAYIb 3CYBY 3a
(i3MIHAM 3MICTOM 4BIsIE COOOI0 TaKy TAHTCHLIATBHY HANPYTY, TPH SIKIH
KyT 3CYBY JOPIBHIOBAB OJHOMY PajiaHy.

UuncenpHi 3HaueHHS napametpis E 1 G BU3HAYAIOTBCSA CKCNCPUMCHTA-
abHO. Jledopmanii pearbHUX TBEPAUX TiA HiAMOPIAKOBYIOThCS 3akoHYy ['y-
Ka TIJTBKH IO BIAOMOI MEXK1, IKa OTPUMATA Ha3BY IPAHUI MIITHOCTI Gryp,.

[lpn MexaHiuHIA Hampy3si, IO AOPIBHIOE PIBHIO MILHOCTI, HACTYNAE
pyHHYBaHHA MaTepiany (aus. puc. 4.2).

VY cuctemi Cl mMexaniuHa Hampyra BUMIPIOETBCS V Mackamix: [o, t| =
[H/v’] = [TTa]; xyT 3cyBy v pazianax [y] = [paa.]; abcomroTHa aedopmaris y
metpax [AL, Ad | = [m]; BizHOCHA Aedopmaris [g] - mapametp Ge3 po3mipy.

4.2. Cuau Teprte.

Cuan TepTs - e CHIIK OTOPY, SIKI 3aBXKAM HAMPABICHI y OIK MMPOTHIIC-
JKHUN HAmpsIMKY PYXy TUT Ta CHOIBOAJAIOTh 3 JOTHYHOK OO MOBEPXHI TII,
o cTurarThes (auB. puc. 4.3). Cuau TePTS BUHHUKAKOTh TUTBKH 32 YMOBH
B3a€EMHOT'O KOHTAKTYBAHHS T1J, PIAUHU YH Ta3iB.

BigpisHstoTs 30BHIIIHE (CyXE) Ta BHYTPIIIHE (P1AUHHAS) TCPTSL.

30BHIIITHE TSPTS BUHUKAE MIXK MOBSPXHIMHU ABOX TBEPAUX TLI, IO KO-
HTPaKTYIOTh MK c00010. BUHUKHEHHS CYXOT0O TEPTS MOMIIHUBO MOSICHUTH
ICHYBaHHAM Ha TIOBCPXHI TiJd BUCTYMIB Ta HEPIBHOCTCH, SIKI MPOHUKAIOTH
OJHE B OJHE. JYCTIICHHS HEPIBHOCTEH 1 BUKITUKAE Y TACYMKY CHY TEPTSL.

P VY BUMAAKY 30BHIIIHBOTO TEPTS, B 3AJCHKHOCTI
Fop > BiJ XapakTepy pyXy Til, BIJOKPEMIIOIOTH CHIV
< TEPTS CIOKOK (BHHUKAE NIPH YMOBI HEPYXOMOCTI
yN TiN, IO CTHUKAIOTHCS), CHIY TEPTS KOB3AHHA Ta
CHITY TePTS KOYCHHSI.

Jo rpaHUYHOrO 3HAYCHHS CUIIA TEPTA 3aBXKIU
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JIOPIBHIOE 3HAYCHHIO 30BHIIIHBOI CHITH, 1[0 30YPIOE PyX Tija:;
Fp=-F; 4.3)
3HAYCHHS TPAHUYHOI 30BHIIIHBOI CHJIH TCPTS. BH3HAYAETHCS 3a (op-
mynor0_AmoHToHa-KynoHa:
Frp=kN ; (4.9)
ae N - cujia HOPMAJBHOTO THCKY; K - KOS (ILEHT TEPTS CIIOKOIO.
Cuna Tteptsd koueHHd (amB. puc. 4.4) mpsaMo npo-

V NnopUiHa HOpManbHIH cum N, IO NPHUTHUCKYE TIIO
F i/ J0 TIOBEPXHI, 1 00EpHECHO NponopLiiiHa paaiyey Tina
5 R, mo xotuthCA:
v N
L Fe=p— (4.10)

Puc. 4.4. -
ae M- koedimieHT TepTS KOUCHHS, M.

KoedimienTn TepTs KOYCHHS 3HAYHO MCHIN BiX KOC(]ILIEHTIB TEPT
KOB3aHH{, B 3B 43Ky 3 UMM Yy HPUCTPOSX Ta MALITHHAX HAMATarOThCSA TCPTH
KOB3aHHS 3MIHHTH TepTsaM KoucHHI. Koe(imieHTH TepTs CHMOKOK 3aBXIu
OimpIe HiXK KOS(]ILIEHTH TEPTS KOUCHHS Ta KOB3aHHS. 3araioM TEpTs KOB-
3aHHS Ta KOUCHHS Ha3UBAKOTh KIHCMATHIHUM TCPTSIM.

30BHIIIHE piAvHHE (B'I3KE) TEPTS BUHUKAE 32 YMOBH PYXY Tila B pi-
quHl um rasi. s cuma TepTs CKNMagaeTbCs 3 CHIN B'SI3KOTO TEPTS Ta CHUIIH
OMOpY PCUYOBHHH. XapaKTCPHOKO BIAZHAKOK PIAMHHOTO TEPTS € TE, IO BO-
HO CYTTEBO 3aICXKHUTh BiJ IMIBUAKOCTI PYXY Tila
1 BU3HAYAETHCS 3 HACTYIIHOTO BUPA3y:

Fp=-k V', (4.11)
ae ki - koedilieHT Onopy, SIKUH 3aICKUTh Bl
po3MipiB i GopMu moBepxHi Tina; V - mMBUIA-
KICTh PYXy TiNA; N - NOKA3HUK CTYMCHS, SKUH
CYTTEBO 301IBIIYETHCS MPU 3POCTAHHI IIBHIKO-

CTi pyXY TiNA.

4.3. Cuau igepuil.

Sk MU BxKe MAKPECTIOBANH, 3aKOHH HBIOTOHA BUKOHYIOTBCS TiJBKH B
IHepLIATPHUX CHCTEMAX BIITIKY. AJe 1 B HE1HEpLIanbHAX CUCTEMAX BIATIKY
MOKITHBO BUKOPHUCTOBYBATH 3aKOHH JHHAMIKH, BPAXYBAaBIIH CUITH 1HEPLIi.



36 Lnasa 4. Cunu 6 mexaniyi.

Posrmaremo xB1 cuctemu BLATKY 1HepmaneHy K Ta Heigepansny K-,
SIKA, PYXAETHCSL BITHOCHO MEPIIOT 3 ACIKUM MPUCKOPSHHsIM (uB. puc 4.5).
Paziyc-BekTOp TOUKH Macorw m JOpiBHIOE: T = T, + T, . [loasiiine qu-
(hepCHLIFOBAHHS MO Yacy LOTO CITIBBIIHOIICHHS A€
d=4d,+4, (4.12)
J¢ A - NPUCKOPSHHS TOYKH BIAHOCHO iHepuianpHOI cuctemu K; a, - mpu-
CKOpCHHS HelHepIaapHOi cucreMu Ki BIZHOCHO 1HEpIa pHOI CHCTE-
mu K; a; - mprckopeHHS TOUYKY BiTHOCHO HeiHepLianpHoi cuctemu K.
. INomuoxumo pisHsHAS (4.12) Ha
1
k | K Macy TOYKH M, Ta OTPHMAEMO:
ma =ma, + ma, ;
a, BizemMemo 10 yBary, 1o y BiANOBI-
auocti 3 I 3akonom Herotona, mo0y-
P . Tok ma gopisaroe cui F. Toxi:
O O . ma;, =ma—ma,=F + F, :
3Hauuth y cuctemi K; Ha marepia-
Puc. 4.6 JABHY TOYKY, OKpPIM 3BUYaiHOT cuju F,
mie megaka mogatkosa cumima Fi, sgxa €
CHJIOKO 1HepLii 1 MOke OYTH BH3HAUCHA 3 HACTYITHOTO PiBHSIHHS:

F,, =-ma,: (4.13)
Ha sigminy Big peanpHoi cuiu F, ams cumwm imepuii Fy, HemMoxmuBo
BKAa3aTH Ti1O 3 OOKY SIKOTO BOHA i€ Ha KOHKPETHY MaTCpialibHy TOUKY YU
Tino. Hanpukiax npu raneMyBaHHI TPAHCHOPTY MU BIAYYBAEMO CHITY, IIO
LITOBXA€E HAC BIEPEA, 16 MH HE MOXKEMO CKA3aTH, SK 1 IO HAC ITOBXAE.
BBeaeHHs cum iHEpUii Ja€ MOMKIHBICTE KOPHUCTYBATHCH 3aKOHAMU
HrrotoHa 1 y BUmagky pyxy Tin B HEIHEPUIHHHX CHCTEMax Biamiky. Ame
KOHKPETHUH BUrAA GOpMYN AN BH3HAYCHHS CHI IHEPUii 3aJCKHTh Bix
XapakTepy PyXy HECIHESPLIANIBHOI CHCTEMU BILTIKY. PO3rsiHEMO 11l BUMIAIKH.

1). Cuna inepyii v 6unaoxky npuckoOpeHo020 noCmynaibH020
DVXY CUCHEeMU GIOTIKY.

Hexait y Baroni moizzaa, 1o pyXaerbes BIAHOCHO 3€MITl 3 MOCTIHHUM
MPUCKOPCHHSAM 2, BUCHUTh HAa HUTLI KYJIbKA. 3 MPAKTUKH BLAOMO, IO MPH
PYLICHHI BaroHa 3 NPUCKOPCHHAM, KYJIbKa BIAXWISETbCS BLA MOJOMKCHHS
PIBHOBAry, sIKE BOHA 3aliMaa, KOJIU BaroH OyB HEpyxoMmui (auB. puc. 4.6).
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BigxuneHHs KyJIbKH Bl HOTOKCHHS PIBHOBATH 3YTUHUTHCS 32 YMOBH!
F=-Fu; (4.14)
Iepexoasuu 10 YUCIOBHUX 3HAYUCHD BIINE MPUBSACHUX CHJI, MAEMO!
mgitgo =may ,;

3B1AKH;

tga=a_ /g; (4.15)
Takum YHHOM, KYT, HA SKHH BIAXWISETHCS KYJIbKA, THM O1TBIITHIA, YUM

O1TbIIC PUCKOPSCHHS BaroHy.

2). Cuna inepyii, axa die Ha HepyxoMe Mino y cucmemi
8IONIKY, O 0bepmacmves.

Hexaif 10 kparo AuCKa, IO 00EPTAEThCA 3 KyTOBOKO MIBHUAKICTIO O ,
MABIIICHA HA HUTLI KYJIbKA. 3 MPAKTHKHU BIAOMO, IO MPU LBOMY KYJIbKA
BIAXWISIETHCS Bl MOJOKSHHS PIBHOBAIH, SIKC BOHA 3aliMajia, KOJIU JUCK HE
obeprascs (qus. puc. 4.7). Lle BiaxuneHHS BIAOYBAETHCS MMA JIEK CHIH
1HepLii, 1Ka OTpUMAaNa Ha3BY BLALICHTPOBA CHIA 1HEPIII.

BigxuneHHs KyIbKH BiJ MONOKEHHS PIBHOBArH 3VIHHUTHCS MPU YMOBI
PIBHOCTI BIALCHTPOBOI CHIH 1HEPLIi CHIl CKOUYBAaHHS:

Fop=- Beg © (4.16)
Cuna cxouysanus F, mopisHIOE:
Hex =man=m032r;
¢ a, - HOPMAaJIbHE TPUCKOPSHHS; M , T -
Maca Ta paaiyc 00epTaHHS KYIIbKH.
3B1AKH MAEMO;

By = —m(ozr; “4.17)
Ab0 y BEeKTOpHIN dopMi:
Puc. 4.7. Foy =mo’T ; (4.18)

Takum 9UHOM, HA TINO, IO OOCPTAETHCS HABKOJIO OCI 3 ACSKOK KYTO-
BOIO IIBUJKICTIO, JII€ BIALICHTPOBA CHJIA 1HEPINI, SKA BU3HAYAETHCS 3 BHUIIE
MPUBEACHOrO BHpa3y. BekTop BiALICHTPOBOI CHIHM iHEpUii Mae HAMPsSIM IO
TOPH30HTAMI BiJ Ol 00EpTaHHS.

3). Cuna inepyii, axa die na pyxome mino y cucmemi
GIOMIKY, U0 00epmacmbCs.

Jo uporo HamMu pO3rISJANINCH BUIMAAKH, KOJIH TLIO OYJI0 HEPYXOME B

CHUCTEMI BIAIIKY, IO 00CPTAETHCS. Y BHMAAKY PIBHOMIPHOTO PyXy Tijaa
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BIJHOCHO CHCTCMH BLAJIIKY, IO OOCPTAETHCS, HA HBOTO OYJAC AISTH CHIa
iHepLii, axa oTpumana Ha3By cuia Kopiodica. Llg cuna nopiBHIOE BeKTOp-
HOMY A00YTKY KYTOBOi Ta NIHIWHOI IIBHAKOCTCH TiNa 1 BU3HAYAETHCA 3 Ha-
CTYITHOTO PiBHSHHS:

N Fy = 2m[\7 03]; (4.19)
Je m - Maca Tija.
F, Hiero cuan Kopiosica MOSICHIOKOTBCS

PAX TNPHPOAHUX SBHIN HA 3EMHIH Ky

Tak y BCIX pIYOK MIBHIYHOI MIBKYJI, IO

TCUYTh B3A0BXK MCpPHIiaHA HA TBICHD,

Olapin maMHUTHN TiBHUH Oeper, a mo Te-

4yTh HA MiBHIY - npasuil. Lle nosicHroeTh-

csa miero cumu Kopionmica, ska 3yMOBIIOE

Puc. 4.8. BIIXUJICHHS Mac BOJHU V BLAMOBITHY CTO-

pony (auB. puc. 4.8).

Ha ocHOBI BChOro BHIIE MPUBEACHOTO, OCHOBHUMN 3aKOH JUHAMIKH SIS

TiJa, IO PYXAETHCS B HCIHEPILIATbHIA CHCTEMI BIAIIKY, MOXKIMBO MPEICTA-
BUTH Y HACTYITHOMY BUTJISIII

ma, =F+F_ + FBH +H,: (4.20)

Ile pas miakpecanmo: UM 1HEPLIi BUKIMKAHI HE B3AEMOIEO Tij, a
MPUCKOPCHUM PYXOM CHUCTEMH BiAiKy. Tomy mosiBa CHiT iHEpIUi CBITIUTH
Mpo TE, IO CHCTEMA BIIIIKY pyXaerhcst 3 mpuckopeHasM. Cuan iHepiui
3aBXKAU € 30BHILIHIMH, TOMY B HCIHCPLIHHHX CHCTEMax BIAJIIKY HE BHUKO-
HYIOTBCS 3aKOHH 30€PEKEHHS CHEPrii, IMIYAbCY Ta T. 1.

4.4. KoHTPOJIbHI 3ATUTAHHSA.

Sxi redopmanii HA3UBAIOTE HPYKHUMH 1 K1 HEIPYKHAMH ?

o cteepaxkye 3axkoH ['vka 1y IKHX MEKax BIH BUKOHY€ETbCs !

VY vomy nmonsrae gizuuHMEA 3micT Moy FOura?

Cdhopmymnroiite 3akon AmonToHa - KyoHa.

YoMy I0OpiBHIOE CHNIA THEPLIi Y BHUIIAAKY MPHCKOPEHOTO MOCTYIA-
JABHOTO PyXY TLIA.

Yomy J0piBHIOE BIAIICHTPOBA CHJIA 1HEPIi ?

Ski BIaCTHBOCTI MPUTAMAHHI CHITL 1HEPIIi?

8. Lo rake cuna Kopionica? Konu BoHa BuHMKAE ?

o pd o

71 @
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I''TABA S.
JNHAMIKA OBEPTAJIBHOI'O PYXY

5.1. MoMeHT CHJIH.

MowmenToM cuan BigHOCHO TO4YkH O Ha3uBaeThCs (hi3WYHA BEIUYMHA,
sIKa MTOPIBHIOE BEKTOPHOMY AOOYTKY PalyCc-BEKTOpA I, MPOBEASCHOTO BiJ
touku O 10 Touku npukiaganssa cum F, Ha camy o crny. ToOTo:
<« M =[r: F]; (5.1)
a T Je: M - BEKTOp MOMCHTY CHIIH.

0 - BekTop MOMEHTY CHIH HOPMasbHHH
JIO TIOIIMHU BEKTOpa CHUIA Ta pajiyca-
BEKTOPA 1 BH3HAYAETHCS 33 MPABHIOM
mpaBoro reuHTA (auB puc. 5.1).

Sk1o mpaBuii TBHHT PO3MICTUTH HO-
- PMaNbHO A0 IUIOLIWHH, B SKiH 3HAXO-
My AATBCS BEKTOPH i obepTaTy Horo 3a ro-
Puc. 5.1 JUHHUKOBOIKO CTPLIKOK), TO HAmPsIMOK
MOCTYHAIBHOTO PYXy TBHHTA 1 BKAKC HA

HAMPSMOK BEKTOPA MOMCHTY CHIIH.

Poskpuemo Bekropuuii 1o0ytok (5.1) 1 oTpuMaemo MOAyNIb BEKTOpA
MOMECHTY CHJIH:

M=rFsina=rFsin(n-a)=F L ; (5.2)
ae L - mmeue cunu F, T06TO HAKOPOTINA BIACTAHR MUK JTIHIECK Ali CHIH 1
TOYKOI0 00CPTaHHS, o - KyT MiK Bektopamu ¥ Ta F.
Oaunuig Bumipy Mmomenry cuu B cucrtemi CI: [M] = [F L] = [H m].

5.2. Moment igepuii. Teopema Illteiinepa.

MowmeHTOM iHepIli MaTepiaapHOI TOYKH BIIHOCHO OCI OOCpPTaHHS Ha-
3MBAETHCS CKATAPHA BEITHUWHA, MO AOPIBHIOE JOOYTKY MacH TOUKH M Ha
KBapar ii BiACTaHI JO OCI 00CpTaHHS T

J=m rz; (5.3)

PosrasaemMo MexaHIUHY CHCTEMY, SIKa 0OCPTAETHCS 3 HOCTIHHOKO KYTO-
BOIO MIBHIKICTIO HaBKOJIO Ocl Z (quB. puc. 5.2). MomenToMm inepii J mexa-
HIYHOI CUCTEMU, BITHOCHO OCI OOCPTAaHHSI, HA3UBAIOTh CKAISIPHY BCIHUIHHY,
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IO JOPIBHIOE CyMi TOOYTKY Mac yCiX TL, SIKI BXOAATh B CUCTEMY, HA KBAJI-
par ix BiACTaHI 40 O0Cl 0OCPTAHHS 1 BUBHAYAKOTH 3 HACTYITHOT'Q PIBHIHHSI

n
J = Z miriz : (54)
i=1

VY BHUNAIKy HEMEPEPBHOTO PO3MOALTY MACH TiJa,
cyMa (5.4) mepeTBOPIOEThCS OO IHTErpaIy HACTYII-
HOTO BHUAY:

~i O

N
2

J = j r?dm - (5.5)

0

Puc. 5.2. . :
ae V -06’em Tina.

OOuucnenns iHTerpany Buay (5.5), sk MpaBHIIO, € HEJICTKUM 3aBIAH-
HAM. AJe Ans psaay TeOMETPUIHHX (PIiryp MOMEHTH 1HEpUii, 32 JOIOMOTOO
dbopmyiu (5.5), BuznaucHi. [IpuBeneMo aesKi 3 HUX.

0O |01 Onnopiauuii umiaAp. Bick Z nmpoxoauTs
} B3/I0BXK OCI LIUTIHAPA;
1
S J,='hm?; (5.6)

Tonkuii oxHopiaHui crepxeHb. Bicy Z
MEPICHANKYISPHA OC1 CTEPXKHS 1 MPOXOIUTD

yepe3 Horo cepeuny.
1 2
J,= /12 mL*; 5.7
i OnHxopiana kyaa. Bick Z npoxoauts ye-
' ' pe3 IECHTP Ky
2 2
Puc. 5.3. J,=%/smr" ; (5.8)
ae  m, r, L - maca, pagiyc Ta TOBKHHA BiJ-
MOB1AHOI TeOMETPUYHOT (irypu.

Axmo Tino oxmHouacHO Oepe YHACTh Y KUIBKOX OOEPTANBHUX pyxax
(zuB. puc. 5.3), To HOro MOMEHT 1HEpLI BU3HAYAETHCS 33 JOTIOMOTOK) TEO-
pemu Illredtnepa; momenm inepyii mina J eionocno 0yov-axoi oci obep-
manHs, OOPIHIOE cymi Momenmy iHepyii Jo 6i0HOCHO Oci axa napaneivHa
Odawiil i NpOXOOUmb yepe3 YeHmp Mdac mind, ma 0obymKy macu mina Ha
K6a0pam GiOCMAHI MIJC OCAMIUL:

J=J +md?*. (5.9)

me m -wMaca Tiaga; d - BIACTaHb MizK OCSIMHU.
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MowmeHT iHepuii mpu 00epTATBHOMY PYCl Ma€ TOU ke (Gi3HYHUN 3MICT,
1o ¥ Maca Tina npu HOro npsMOTiHIHHOMY PyCi.
Onunanns BuMipy MomenTy ineprii B cuctemi CI: [J] = [mr’] = [xr ],

5.3. MoMeHT iIMIIVJILCY.
3aKkoH 30epeReHHsT MOMEHTY IMIVJLCY.

MowmenTtoMm imMnyabscy L. MaTepiaabHOI TOUYKH BIJHOCHO HEPYXOMOI TO-
gk ) HA3UBAETHCS BEKTOPHUH JOOYTOK paaiyca-BeKTOpa I, 10 MPOBSIC-
Hui 3 Touku O, Ha iMoynec P miei MatepianeHoi Touku. Tobro:

L=[f-P]=[f-mV]; (5.10)
BCKTOp MOMGHTy anynbcy HOpMaHLHI/II/I A0 TIIOIIMWHA BCKTOpa mBUA-

KOCTI TAa pazuyca-BeKTopa 1 BU3HAQUYAECTHCA 3a HpaBI/I.]'IOM npaBoro TBHHTA.

Moaynp BeKTOpa MOMEHTY IMITYITECY MAaTCPiaabHOI TOUKU JOPIBHIOE:

L=rpsina ; (5.11)
JC O - KYT MIXK paAiyc-BEKTOPOM 1 BEKTOPOM IMITYJIbCY (AuB. pHc. 5.4).
0 T MOMEHTOM iMIYIBCY TBEPAOrO Tida Bif-

HOCHO 0OC1 OOCpTaHHS € CYMa MOMEHTIB 1MIIy-

m §
< e JIbCY OerMHX YaCTOK LILOFO TLIQ!
P -« . -
L L:Z Zml g (61
Puc. 5.4. i=1 i=1

[Ipu piBHOMIpHOMY OOEpTaHHI Tina @ =
const, KyT Mix BexTopamu r Ta P 3aexau gopiBHioe 90° i BHKOHyeTbCS
CHIBBIIHOLIEHHA V = OT.

Toai popmyny (5.12) MOXKIMBO HEPETBOPUTH A0 HACTYIIHOTO BUTIISAY:

n n n
_ _ — 2 _ — 2 _ — .
_Zmiviri_z m;0r —(Dzmifi =0l ;
f=1 i=i =1

I v macymky Maemo:

L =Jo; (5.13)
Takum YHHOM, MOMEHT IMIOVIBCY TBEPAOIO TIJIA, BIIHOCHO ISIAKOL OCI
JOPIBHIOE MOOYTKY MOMEHTY 1HEPIi Tifla BIAHOCHO M€l K OCi Ha WOTO Ky-
TOBY IIBUJKICTD.
O auHus BUMIpY MOMEHTY immymbey: [L] = [Jo] = [mro] = [krm” ¢
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3 METOK BHBUYCHHS NOBEAIHKH MOMEHTY IMITYJbCY, AU(EPCHLII0EMO
piBrsHHSA (5.10) mo yacy sk cknaaHy HYHKUIIO 1 OTPUMAEMO!

dL d V] md—V +{d—r-m\7}
dt dt dt dt

Bpaxosytouu te, mo m(dV/dt) =F, a dr/dt =V, toxai, Bume npuse-
JCHC CHiBBi,Z[HOH.ICHHH, MOXJINBO MCPCTBOPUTHU 40 TAKOTO BUTIAAY:

L _[7-F]+[V-mV]:

[Nepmmii foxaHOK Y MpaBiii YaCTHHI LBOTO BUPA3y € MOMEHT CHIIH, IO
MPUKJIAACHA A0 Tija, a APYTrUd JOJAHOK - 1IC BEKTOPHHI J00YTOK KOJTHEa-
PHHX BEKTOPIB, SIKUH ;[opiBHIoe Hy1r0. BHACTIAOK 1IbOr0 Maemo:

‘LI; [F-F]-n (5.14)

TakuM YMHOM, IDBUAKICTH 3MIHK 3 9aCOM MOMCHTY IMIVILCY IODIB-
HFO€ MOMEHTY CHJIM, IO J1€ HA TLIO.

V sarajibHOMY BHUOAIKY, i M y piastaHi (5.14), caia po3ymiTi cymy
MOMCHTIB BHYTPIIIHIX 1 30BHIIIHIX CHJI, IKI 0Tk Ha TBEPAl Tijla, MO BXO-
JATh 10 CUCTEMH. ANle cyMa MOMCHTIB BHYTPIIIHIX CHI I OVIb-KOi CHC-
TEMH TLT 3aBKIU JOPIBHIOE HYJIIO, 00 3rigHO 3 TpeTiM 3akoHoM HeroToHa i
CHJIM TIOTIAPHO VPIBHOBAXYIOTh OJHA OAHY. TOMYy, SIKINO CHCTEMa 1307b0-
BaHa, TO mpasa yactuHa y pieHgHHI (5.14) nopisnroe Hymo. TodTo:

dL
— =0 (5.15)
dt
Sk HACTIAOK LBOTO MOKHA CTBEPKYBATH, IO B 130JIbOBAHIA CHCTEMI
BCKTOP MOMCHTY IMIYIbCY HE 3MIHIOKOTBHCS 3 YACOM:

L = const; (5.16)

Bupas (5.16) npeacrasisie co000 3aKOH 30CPEHKEHHSI MOMEHTY IMIY-
IbCY: CYMAPHUT MOMEHM IMRYIbCY 6 130M1606AHIT MeXAHIYHIN cucmemi 3
YACOM He 3MIHIOEMbCAL.

3akoH 30€peKCHHS MOMCHTY IMIYIBCY 3000B'I3aHUN CBOEMY ICHY-
BaHHIO TaKiil BIACTHBOCTI MPOCTOPY, K HOro_i30TPONHIcTh. [30TpomHICTh
MPOCTOPY O3HAYAE PIBHO3HAYHICTH HOTO (hI3WMYHHUX BIACTHBOCTCH y Oyiab-
SAKOMY HaIpsMKY.
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5.4. KiHeTHYHA eHeprid Tijia, o0 00epTacTLCH.

PosrasgreMo nuTaHHA MPO KIHETHYHY CHEPTIIO TiNa, IO 00EPTAETHCS
HAaBKOJIO Aeskoi oci. Jnmsg mporo po3id’eMo TBepiae TIIO HA CIEMEHTAPHI
00’ eMH 3 CICMEHTAPHUMHU MacaMH M, SIKi 3HAXOAATHCS HA BIACTAHI I; BIX
oci oOepranHs. Tak 9k MH po3rsgaeMo aOCOTIOTHO TBEPAE TUIO, TO KYTOBA
MIBUAKICTh YCIX ICMEHTAPHUX MAC Tij1a OyA¢ oaHaKoBa (auB. puc. 5.5).

g 6yap-saxoi eneMeHTapHOI MacH, JHIHHY IBU-
JKICTh ii PyXy MOJKIHMBO BH3HAYHUTH TAKAM YHHOM:
V. = I,® ; ToAl ii KIHeTHYHA eHepris Oyae AOpiBHIO-
BaTH:

2 2 . 2
W, = m;vi _ mrio : (5.17)
2 2

KinetnuHa eHepris BChOTO TiNa CKIAIA€ThCS 3 Ki-

HETHYHOI CHEprii OKpeMHX HOTro YacTHH, Y4epe3 Lo

OTPUMAEMO!

n ® 2 n 3
Toni, 3 ypaxysanusam Bupasy (5.4), oTpumaemo
dhopMyny 11 BU3HAYCHHS KIHETHYHOI CHEprii Tifa, 1o 00epTaEThC:
2
Jo
W="—"—; (5.18)
2
SKIo Timo 0JHOYACHO NPHUMMAE YIACTh V 0OCPTATBHOMY Ta MOCTYIA-
JBHOMY PYXOBi, HOro KiHeTHYHA cHepria W Oyae JOpiBHIOBATH:
2 2
Jo© mV
W=—+—; (5.19)
2 2
ae  J - MomeHT iHepuii Tijia BIAHOCHO OCI, IO MPOXOAMTE YSPEe3 LICHTP Ma-
CH TLJIA, M - Maca Tina; ®, V - KyToBa Ta JiHIfHA HIBUAKICT Tija.

5.5. OcHOBHE PIBHSIHHSI AMHAMIKH 00ePTAJIBLHOI0 PYXY.

3naiaeMo podoTy, Ky BUKOHYE 30BHIIIHS CHIA NPH 00epTaHHl abco-
JIOTHO TBEPAOTO Tijga HAaBKOJO Hepyxomoi oci. Hexaii 3a vac dt, ma xiero
cunu F, abcomoTHO TBEPAC TLO MOBEPHETHCS HA KyT d¢ (auB. puc. 5.6).
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Toxi AoBX)UHA NUTAXY, SKUU MPOHIILIA TOYKA 3a LCH 4ac, Oyae JopiB-
mroBaru: dS = 1; d@. Enemenrapay po6oTy mo oGepTaHHIO Tida HA HECKIH-
YCHHO MaJIUH KYT d(p, MOXKIUBO BU3HAYUTHU TAKUM YHHOM:

dA = Fcos(90-a)dS = Fr;sinade = FL do ;
Ane FL =M - e Moayap MOMEHTY CHITH, 10O Ji€ Ha Tino. Togi:
dA=Mdo ; (5.20)

3 apyroro GOKY 30BHIIIHS PoOOTa Mpu OOCPTAHHI TiIAa WAC HA 3PICT

HOro KiHeTHYHOI eHeprii, TOOTO:

J2
dA = dw = d| =

>

=Jodo ; (5.21)

3HavucHHS POOOTH HE 3alCKUTh BiJ crocoOy il BU3HAUCHHS, TOMY Ma-
€MO TPABO MOPIBHATH NpaBl yacTuHU y piBHSHHALX (5.20) Ta (5.21):

Mdep =Jodo; (522

IMoximumo 0OMABI YACTHHU BHIIE
MPUBCACHOrO piBHAHHA Ha dt Ta

OTPUMAEMO:
M 39 _ g, do . (523
dt dt

Bpaxosytoun, ¢ mo: o=do/dt,
ta e=do/dt, 3 Bume npuBeacHOTO
PIBHSHHS MAEMO:

—

Puc. 5.6. M =1Jg. (529

Takum 9UHOM, MOMEHT CHJIH, IO JI€ HA TiNO., JOPIBHIOE JOOVTKY MO-
MEHTY 1Hepii Tijga Ha HOrQ KYTOBE MPUCKOPCHHS.

Piuanng (5.24) oTpuMano Ha3By: OCHOBHC PIBHSIHHS AWHAMIKH 00ep-
TAJbHOTO PYXYV Tija.

®dopmyna (5.24) aHajoriuHa mo cyTi gpyromy 3akoHy HeroTona mist
MOCTYNAIBHOTO pyXy TBepAoro Tina. [lpu upomy QyHKIIIO Macu Tiia npu
00CpPTATIFPHOMY PYXOBI BHKOHYE MOMCHT 1HEPIi Tija, QYyHKINO JHIHHOrO
MPUCKOPCHHS - KYTOBE MPUCKOPEHHS, 2 (PYHKIIIO CHITH - MOMCHT CHITH.




Knacuuna mexanixa. 45

5.6. I'ipockon. I'ipockoniunuii edexT.

VY TBepIOro Tija € TPH B3AEMHO NEPICHANKYISIPHI 0Cl 00epTaHHS, L0
MPOXOANTh UCPE3 WOro LICHTP MAaC, SIKI HE 3MIHIOKOTH CBO€El opieHTAIli y
MPOCTOP1 A0 THX Mip, MOKH HA TLIO HE MOAII0Th 30BHIWHI cumy. Lli oci obe-
PTaHHS OTPUMAIH HA3BY BLIbHUX. SIK MpaBHIIO BUIBHI OCI TiNla CHiBNAJAKOTH
3 ocaMH iX cuMeTpii. MacHBHE TiNO, K€ 00CPTAETHCH, 3 BETHKO KYTOBOO
LIBUKICTIO, HABKOJIO OJHI€l 3 BUIBHUX OCESH OTPHUMAJIO HA3BY IPOCKOMA.

o o SAximo ripockon 00EPTAETBCS HABKOJIO CBOEI Bi-
‘ / JbHOI OCi, TO WOr0 MOMEHT CHIH TSXKIHHA Ovie
gopiBatoBatu Hyaw0. Togmi, srizao 3 (5.14) Ta
/dL (5.15), MoMeHT IMIyJbCY, a 3HAYUTH 1 KYTOBa
MIBHAKICTh Tipockoma He Oyae 3MiHIOBaTHCH 3 4a-
com, 10010 L = Jo = const. Lle 3Haumrs, 1mo teo-
s PETHUYHO TipocKon OyAe 00epTaTUCh HABKOJIO CBOE]

j BLJIBHOI OC1 JOBIYHO.
/ B PosrisHemo, sk Oyme pearyBaTH TipOCKOIM, IO
- ¥ obepTaerhest HaBKO10 oci X0, SIKINO HA HBOTO MO-
g M/I mie aesika 3osHimHbs cuia F (qus puc. 5.7). Y mpo-
P My pasi TiPOCKOIT MOBESPHETHCS HE HABKOJO oci BB,
B .” SNA a HaBkoyio ocl AA. Lle Tpamiserbest TOMy, 1O 3ri-
aHO 3 BupasoM (5.14) 3a gac dt ripockor Macow m

Puc. 5.7. OTPUMAE MOMEHT iMITybcy dL:
dL =Mdt ; (5.25)

Tob6ro Hanpsamok Bektopa dL cniBnagae 3 HANPAMKOM BEKTOPa MOME-
Hry cuim M. [lpu npomy Hanpsmok Bektopa M, 3rizHo 3 BHpazom (5.1),
HOPMAalbHAH A0 TUIOIHHN BEKTOPA CHIH 1 BU3HAYAETHCS 32 MPABUIOM BCK-
TOPHOTO JOOYTKY.

SApuine BIAXHICHHA OC1 TIPOCKONA V HANPIMKY NEPICHIUKYIAPHOMY
HAOpSAMKY Aii 30yPIOI0U0] CHIIN OTPUMAIO HA3BY L1POCKONIYHOrO edekTy.

INpockomiunuii €hEeKT MPUBOAUTH O TOTO, IO A0OPES PO3KPYUCHA A3H-
ra He 6y;[e nepeBepTaTues mpa Ai€ro il cunm TsokiHas (quB. puc. 5.8). His
CHJIN TSDKIHHS MPHBEIE JHIIC IO TOTO, IO BICh A3WTH MOYHE MOBEPTATHCA
ONMHUCYIOUH V MPOCTOPI KOHYC. Takuii pyx OCi A3UIH OTPHUMAB HA3BY PErv-
agapHoi mpenecii. KyroBa mBHAKICTE peryisapHOi mpenecii ripockomna, mpu
YMOBI, O ©,<< ©, BU3HAYAETHCs 3 hopmymn (5.26).
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mgb
= 5.26
= gy (5.26)

Je M - Maca J3WUrHd Pa3oM 3 BICCH; © - i KyToBa
LIBUAKICTH, J - MOMEHT 1Hepuii A3uru; b - BiacTaHb
BiJ TOYKH OTMOPH J0 LCHTPA Mac A3UIH.

Axmo ripockony HaZaTH 3HAYHY KYTOBY IOBHA-
KICTh, TO BLAMOBIAHO 3 BupazoMm (5.14), ams 3miHu
opieHTawii y mMpocTOpi HOro MOMEHTY IMIYJbCY, a
3HAYUTh 1 OCl oOepTaHHs, TpeOa MOKIACTH IYyXKE
3HAYHI 30BHILIHI CHIH. TakuM YHHOM, OCh TiPOCKO-
Ia He 3MIHHTbh CBO€I OpieHTallli Vv MpocTopi v pasi
OyIb-SIKUX BHUIAJAKOBHX i HAa HHOTO 30BHIIIHIX
cw1. ToMy TipocKOIU AVKE MIUPOKO 3aCTOCOBYEOTh-
¢4 y aBlaifHOMY Ta KOCMIYHOMY NpHUnanobyayBaHHi (FipokoMIac, Tiporo-
PH3OHT Ta Take iHIIE). Ane caMe BaXKIUBE 3aCTOCYBAHHS TIPOCKOMIB - V
PI3HOMAHITHHX OPHCTPOSX ABTOMATHYHOTO KEPYBAHHSA PYXOM JITaKiB Ta
paket. IIpu Gyap sxoMy BHIAOKOBOMY BIOXHJICHHI PaKCTH Bl 3aJaHOTO
KYPCY, TONOKEHHS Ocl 00EPTaHHS T1POCKONA, IO 3HAXOAUTHCA Ha Lid pa-
KETi, HC 3MIHIOETECI. A 3MIHIOE CBOE MOJIOKEHHS V TPOCTOP] TLIBKH i IBi-
cKka, mo yrpumye ripockor. Lli 3MiHu, 3a JOTOMOTOK BIANOBIJHUX TCXHIU-
HHUX TPUCTPOiB, (PIKCYIOTBCA 1 ABTOMATHYHO BMHKAKOTBCS PYJII KEPYBAHHS
HANPSAMKOM TOJIBOTY PAKeTH, KOTPI 1 MOBEPTAIOTH ii HA 3aXaHUH KypC.

(@)

5.7. KOHTPOJbHI 3AaTUTAHHSA.

1. Sk BU3HAYAETBCA MOMEHT CHIIM T4 MOMEHT IMIVIBCY V BEKTOPHIH
dopmi.

2. B uomy dizuyHa cyTh 3aKOHY 30€PEIKEHHS MOMEHTY IMITYIbCY?

3. Chopmymoiite 1 3amuwmits Teopemy Ll teitnepa.

4. Jlafite BU3HAYCHHS MOMEHTY 1HEpLIi MaTcpiaabHOI TOUKH Ta MOME-
HTY 1Hepuii TBEpAoro Tina?

5. 3anuiniTe OCHOBHE PiBHSHHS IHHAMIKH O0CPTAIBHOTO PYyXY TiIA.

6. Yomy AOPIBHIOE KIHETHYHA CHEPTs Tina, IO 00epTaeEThC?

7. Toscuite dizwmunnii mpuHIMI Aii ropockona. Haseaite npuxnaau
3aCTOCYBaHHSI I1POCKOIIB Y TEXHILIL.

8. SxuM YHMHOM BH3HAYAETHCS KYTOBA MIBHAKICTH PETYISPHOI mpere-
cii ropockory?
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TJIABA 6. )
TPABITAIISL. EJIEMEHTH TEOPIT IIOJIS.

6.1. 3aK0H BCecBITHLOrO TskiHHA. CHJIA BATH TA Bara.

Cunu TSDKIHHS ICHYIOTh HABKOJO YCIX MATepiajbHUX Tid 1 3YMOBICHI
HASABHICTIO V MPOCTOPI HABKONIO HUX IpasitauiiHoro mons. Hasgericte rpa-
BITALIHHOTO MOJISt 01151 KOHKPETHOTO TLJIA BUSBISIETHCS 11O CHUIIOBIH A1i 1(BO-
ro Tijia HA PYTe TiJI0, PO3MIIICHE 01t HBOTO.

3aKoH BCECBITHBOTO TsDKIHHS, BCTaHOBACHHH | HbIOTOHOM, CTBEp-
IOKVE, U0 KOJICHI 061 Mamepianvii MOYKY NPUmMAeaioms 00HA OOHY 3 Cl-
JI010, AKA NPAMO NPONOPYITIHA O0OYMKY MAC 83AEMOOIOYUX MOYOK ma 00e-
PHEHO NPONOPYITIHA KEAOPAMY 8i0CHIAHT MIHC HUMU.

F= il ®
2 ; 6.1
JC M), M, - MaCH B3aEMOMIFOUHMX MATEPIaIbHUX TOYOK; I' - BLACTaHb MIK
mimu; G - rpasiTaniitaa ctana, sika gopismioe: 6,67 107 H m*/xr’.

Cuna F, mo Bxoaute 10 dopmysu (6.1), oTpumana Ha3By CHIM TSKiH-
1. Cuiin TSOKIHHSL 3aBXKIH € CUJTAMHU [IPUTITAHHS 1 COPSIMOBAHI y TPOTHIC-
5KHI CTOPOHH MO JTiHIi, 10 3’ €AHy€ B3aEMOA10T1 TOUKH (auB. puc. 6.1).

Skio B3aeMomirOUl Tijia HE BIAMNOBIAAFOTH BUMOTAM MaTepiaibHOI TO-
YKH, TO Y LOMY pa3l HeoOXiTHO YMOBHO HOALTUTH iX HA €JICMECHTAPHI JYac-
THHKH, 32 JONOMOTO0 BHpa3y (6.1) po3paxyBaTu CHIN TSDKIHHS MIXK yciMa
MOMAPHO Y3ITHMH YAaCTHMHKAMHU TiNI, a Ol PO3PaxXyBaTH BEKTOPHY CYMY
yeix mux cuia. OaHak Tpeda 3ayBaXKHTH, INO Taki PO3PAXYHKH € BEIbMH
CKJIaJHOI0 MAaTCMATHIHOIO 3a1a4CK0.

Ha Tin0, mo 3HaxoauThea Ot 3eMiTl Ji€ CHIIA

mw F F; M2 poxinns, sxa J0piBHIOE:
mM
. F=G m : (6.2)
Puc. 6.1, ae: R, M - paziyc 1 maca 3emi; m- maca Tiia; h -

BIICTAHb TLJA M0 MOBSPXHI 3EMITI.
ITig miero cun rpaBiTauifHOTO MPUTATAHHS VCI TiNA, SKI 3HAXOIATHCS
noGnu3y 3emii, Ha miacTasi Apyroro 3akoHy Herootona, mounHarote pyxa-
THUCh 3 ACSIKUM NPUCKOPCHHSM, IO OTPUMAJIO HA3BY OPUCKOPCHHS BIIBHOTO

OAIIHHS g,
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Cuna rpaBiTamiiHOrO HPUTATAHHS TiI
[0 3eMii OTpUMasa Ha3By cuia Bary P:
P=mg:; (6.3)
[opiBHABIIN MpaBi YACTHHH Y PIBHSH-
Hix (6.3) ta (6.2), Maemo:

A

G mM
me = P
8= Y R+1n)?
3B1aKu
Puc. 6.2. M
=G——; 6.4
E=Y R +h) 64

PiBusians (6.4) oTpumasio Ha3By 3akoH [ajines.

Mix CHIOK Baru Ta CHJIOK TPaBITA[IHHOrO MPUTATAHHS € ASsAKa Pi3-
HUIIS, SIKA 3YMOBJICHA BIAXWICHHSIM 3eMITl Bl KyIbOBOi (opMuU 3 OJHOrO
OoKky, Ta o0cpTaHHsIM 3eMITI HABKOMIO CBOET OCI 3 apyroro (aus. puc. 6.2.).
O6epranns 3eMisiHOL KyJil PUBOANUTH A0 MOSBH BIJUCHTPOBOI CHITH 1HEP-
wii, a 3HauKnTh cujia Baru P Oyae sBisTh COO0K BEKTOPHY CYMY rpaBiTaLliii-
Hoi cum F ta Bignentposoi cumu Fy,. 3a paxyHOK mbOro pi3HHUL MiXK Ipa-
BITALIHHOIO CHJIOK) Ta CHJIOK) Baru AOPIBHIOE HYJIIO HA MOJIOCAX 3CMHOI
KyJi Ta gocsarae Makcumymy v 0.36 % nHa exBaropi. A MPUCKOPCHHS Blb-
HOTO TIQIIHHS 3MIHFOETHCSA B MExkKax Big 9,78 m/c’ Ha ekBaropi a0 9,83 m/c’
Ha MoJTrocax. 3HaucHHs g = 9.8 M/C’ Ile CTAHZAPT AT CEPEIHIX IIHPOT.

Barow Tina Ha3uBaKOTh CHUTY 3 SKOKO BOHO M€, BHACTITOK TPaBiTALliii-
HOTO TPUTATaHHA, HA MiABIC Yu omopy. Bekrop Baru Tina, Ha BiAMIHY Bix
BEKTOpA CHJIM Bard, MPHKIAJAETHCA HE JO CAMOTO TiNa, a 10 ONOPH YH MijJ-
BICY Ha K BOHH JIIOTb.

BusHaunmo 3HaUCHHS Bard TiN y HAHOLTBII MOLTUPCHUX BUMAIKAX.

a) 6) B)
A A
Y 4 N Y 4 N
[ da=o . l
wP "P
X X
L "~ » L
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SIK1o MPUCKOPSHHS T JOPIBHIOE HYJIO (JuB. puc. 6.3 - a), ToAl 3ri-
IHO 3 ApyruM 3akonoM HeroToHa, maemo: - P+ N = 0. AGo:
N=P=mg; (6.5)
Tob6T1o, Yy BHIIAAKY, KOJIHU TiNO MOKOiThCH a00 MPSAMOTIHIHHO PiBHOMIP-
HO PYXa€ThCs, HOro Bara JOPIBHIOE CHJIl Baru.
SKIo MPUCKOPEHHS Tifa 32 HANPSAMKOM CHIBIAJAE 3 MPUCKOPCHHAM
BLIBHOTO maAiHHA (1uB. puc. 6.3 - 6), Toxi maemo: - P+ N = - ma. AGo:
N=P-ma=m(g-a); (6.6)
A 11¢ 3HaUWTH, IO Bara TiNa, SIKS MAJA€ 3 MPUCKOPCHHSIM g JOPIBHIOE
HYJIIO, 4 CTaH Tija Y HbOMY BUIAJKy HA3UBAETHCS: CTAHOM HEBATOMOCTI.
SKIMo MPUCKOPEHHS TiNa 32 HANPSAMKOM TMPOTUJICKHE MPUCKOPCHHIO
BLIBHOTO naAiHHs (AuB. puc. 6.3 - B), ToAi Maemo: - P+ N = ma. AGo:
N=P+ma=m(g+a), (6.7)
Tob6ro Bara Tina, ke MAIAMAETECS 3 TPUCKOPCHHIM, MOXKE V ACKITbKA
pasiB MEPEBHLIUTH CUITY BarH.

6.2. [loJie TSIKIHHS TA HOT0 HANPYKREHICTh.

I'pasitanifina B3aeMoxis MiK TiaMH BIAOYBAETBHCA 32 JOMOMOTOIO
CPaBITAIIHHOTO OIS, SIKS SBJISIE COO0K0 0AHY 3 hopM OyTTs MaTepii.

OcHOBHA BIACTHBICTh TPABITALIHHOIO MO MONATAE Y TOMY, IO HA
r00e MaTepiaigbHE TII0, IKE MOTPAMMWIO B HBOTO, Jl€ CHIA TKIHHS:

F=mg : (6.8)
Jc g - HAMpPYKCHICTh TPABITALIHHOTO MO, M - Maca Tija.
Hanpy»keHicTh rpaBiTaliiiHOrO mosis 1 BEKTOPHA BEITHYMHA, KA HH-

CENMBHO JOPIBHIOE cumi F, 1o Ai€ 3 GOKy TpaBiTaliHHOrO MO Ha TIIO
OJMHUYHOI MacH 1 CipsiMOBaHa y OIK ii i€l CHIH:
g=F/m ; (6.9)

I'pasiTamifine moj¢ HA3UBAETHCS QAHOPLAHKUM, SKINO Y BCBOMY IMPOC-
TOpi, ¢ BOHO MOIIUPIOETHCS, HAMPYKCHICTD N0 € CTAIOK0.

SKImo BEKTOpP HANPYKEHOCTI TMOMS HE 3MIHIOETBCS 3 YacOM, TO Take
T0JIC HA3UBAIOTh CTALIOHAPHUIM.

I'pasitaniiine mone € HEHTPATBHUM, TOOTO TAKHM YV BCIX TOUKAX SKOTO
BCKTOPH HAIPYKECHOCT] HAMPABICHI B3AOBXK MPIMUX, IO MEPEXPEIIYIOTHCS
B OJHIH HEPYXOMI# TOYLI a X YHCENbHI 3HAYCHHS BH3HAYAIOTHCS BlICTAH-
HIO BiJ L€l HEPYXOMOi TOUKH 40 IIVKAHOI TOUKH Nost (IuB. puc. 6.4).
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A PoamipHicTs Hampy»KeHOCTI Tpasi-

K & &1 TAiMHOTO MO CIIBHANAE 3 PO3MIp-
\\ 2 HICTIO NMPUCKOPCHHA 1 017 moBEpXHI
8 P 3eMull YUCEIBHO MOPIBHIOE (3 TOYHIC-
TIO A0 NOMNPaBKH, IO OOYMOBJICHA
_ oOepraHHsIM 3eMjl) TPUCKOPECHHIO

/ Ng,  BINBHOIO MAxiHHA .
& Hanpyxenicte  rpasiTaiiiHOrO
Puc. 6.4, monst B cucreMi Cl BmMmiproeTscs v

Taxux oxuHMIEX: [g] = [a] = [m/c’].

6.3. Po0oTa cuJM v oJii TSRIHHS.

Busnaurmo poOoty, sky Tpeba 3aiicHUTH, OO BIAJANIUTH TIIO Ma-
COI0 M Ha JCSKY BIACTAHB Bl Tijga Macow M. (quB. puc. 6.5).

[Tpu mepemiineHHi pOro Tina Ha BiacTaHp dr, MPOTH CHIM TSUKIHHSA
F(r), Tpeba Bukonatu podory: dA = - F(r) dr. A sx1mo Tijgo nepeMiinyerscst
3 BiACTaH1 17 40 12, TO podota Oyae JOPIBHIOBATH:

B % Mm Mm Mm
AIZ:—IF(r)dr:—IG =G —-G=—: (610)

5) 5]

3 (bopMynH (6 10) Burikae, 1o po60Ta o HepeMIH.IeHHIO Tia y mnoJti
CHJT TSKIHHSI HE 3JICKUTD BiJ TPAEKTOPII PYXy TiNA, @ BU3HAYAETHCS TLIBKH
HOTO MOYATKOBUM Ta KIHLICBUM IOJIOKCHHSIM.

TakuM YMHOM, CHIM TSLKIHHS CIIIJ BBa-
JKaTH KOHCCPBATHBHUMH, a CaMe TpaBiTaliii-
HE MOJIE - MOTEHLIAIbLHHIM.

VY BianmosigHOCTI 3 BupazoM (3.9), pobora
KOHCCPBATUBHUX CHJI 3aBXKIH JOPIBHIOE
3MCHIICHHIO MOTCHIIATBHOI CHEprii MeXaHi-
YHOI CUCTEMH TijI, TOOTO!

A:-AU:-(Uz-Ul):Ul -Uz;

A 3 (6.10) maemo:

Mm Mm Mm

A=G—-G—=- G——G— =—(U;-U,): (6.11)
r n 5] 15}

Tob6T0, MU MaeMO IpaBO CTBEPIKYBATH, IIO MOTCHUIANBHA CHEPTis Tija
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MAaCOI0 M, AKEC 3HAXOMUTHCS HA BIACTAHI I' BIX Tija Macor M, BU3HAYAETHCS
32 HACTYITHOK (hOPMYJIOIO;
Mm
U =-G ; (6.12)
T
ae U - moTeHIianpHa CHEPIis TPaBiTAlIHHOT B3AEMOIIT TLII.

6.4. lloTeHwiajg rpaBiTALIHHOIO MOJIH.

IoTeHIaIOM rpaBiTaiiHOTO OIS (P B AAHIN TOYILl HA3WBAETHCS CKa-
JSIpHA BEIUYMHA, SKA YHUCCIBHO AOPIBHIOE NOTCHLIATIBHIA CHEprii Tina

OJMHUYHOI MAaCH, IO 3HAXOMUTHCS Y IiH Toull moJist. ToOTo:
(ngz—GM; (6.13)
m T

3 wi€i hopMyii BUILIUBAE, IO TOYKH 3 OJHAKOBUM MOTCHINAIOM ((p =
const) CTBOPIOIOTE chepuuHy MOoBepXHIO (r = const). Taki moBepxHI OTPH-
MAaJTH Ha3BY CKBIIOTCHIIATBHUX.

IMoTeHmian moss € HOro CHEPreTUYHOK XAPAKTePUCTHKOK. Tomy ¢o-
pmyay pobotu (6.10), moxknuBo, v ypaxyBaHHsIM Bupasis (6.12) ta (6.11),
MICPETBOPUTH 10 HACTYITHOTO BULIISY:

Ap=m (p2-01); (6.14)
OC (s, ¢y - HOTCHINA, Y BIAMOBITHUX TOYKAX, IPABITALHHOTO TIOJISL.

3 popmyman (6.13) MOKIHBO 3pOOHUTH BUCHOBOK, IIO IPH YMOBI T —> 00,
MOTCHINAT TPABITAIIHHOTO MO HAOIMKAETRCH A0 HYJSL, TOOTO Py —> 0.
Tonai, 3a yMoBH 1O TiMO | 3HAXOAUTHCS V HECKIHUCHHOCTI, Bupa3 (6.14)
MOKJIUBO MICPETBOPUTH 0 HACTYIHOTO BULIISAY:

A=-m 0, (6.15)
Abo y audepeHmanbHIi Gopmi:
dA=-mdo; (6.16)

Tob6To moTeHIian rpaBiTalifHOrO MO AOPIBHIOE POOOTI MO mEpeMi-
LICHHIO OAMHUYHOI MacH 3 HECKIHICHHOCTI Y JaHY TOUKY MO
VY zaraipHOMY BHMOAIKy po0OoTa e AOOYTOK CHIM HA MEPEMILICHHS,

TOMy Bpaxosyrour supa3 (6.16) ta (6.9), maemo: m§g dx =-m do.
3B1AKH OTPUMAEMO:

5 _de . (6.17)
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AB0 Y TPUBHUMIPHOMY BHNAIKY:

— = —grado ; (6.18)
O0x ox

Takum 9MHOM, BEKTOpP HAOPYKEHOCTI IPaBITAIIHHOIO MOJs JOPIBHIOE
IPAJIEHTY HOTO MOTCHINAY.

3nak "-" y dpopmynax 6.17 i 6.18 o3Hauae, MO BEKTOP HAMPYKCHOCTI
IPaBiTaLiHHOTO MO MA€E HAMPAMOK V O1K 3pOCTaHHS HOTO MOTCHIIATY.

OnuHui BUMIPIOBaHHS TpaBiTaiinaoro noteHmiany y cuctemi CL: [o]
= [U/m] = [JIxx / xr] = [m* ¢7].

6.5. Pyx Tija 3minHoi Mmacu. Popmy.aia [ioaKoBCLKOr0.

Hpyra nonosuna XX cropiuds sieuna co60r0 OYPXIMBHA PO3BUTOK Ta-
KOTO IO TOJII HEBLAOMOTO JIFOCTBY SIBHINA, SK KOCMOHABTHKA. | came ¢izu-
Ka BU3HAYNIIA OCHOBHI 3aKOHH MPUPOAH, SIKI JO3BOIMIH JTIOJCTBY ONMAHyBa-
TH KOCMIYHHH npocTip. Po3rmsHeMo rooBHi 3 UX 3aKOHIB.

3aKoH 30€peIKEHHS IMITYIBCY JICXKHUThL Y OCHOBI TaK 3BAHOTO MPHHIMITY
peakTuBHOrO pyxy. Binkuaaroun razonoaibHi NpoayKTH 3ropaHHs NAJIWBa,
pakeTa OTPUMYE ACSKHH IMIYJIBC 3BOPOTHOTO HAMPAMKY, IO W PYIINATH
pakeTy BIEpen.

A *dV Hexait Y MOMEHT ¥acy t Maca pakeTH CTAHOBUTE m,
X | Vv a ii mBuakicTs - V. 3a uac dt Maca pakeTH 3MCHIIUTHCS

Ha dm, a ii mBuaKicTs 30UTBIIUTECS HA AV (puc. 6.6).
Toxai, 3riAHO 3 3AKOHOM 30CPEIKCHHSI IMITYJIBCY, MAEMO!

M mdV+(V-V,)dm=0 : (6.19)

ae Vi - MIBUAKICTh BUTIKAHHS Ta3y 3 COILIA PAKCTH.
Pizang V, - V = U, BusHauae MBHUAKICTh BUTIKAH-

m Hsl ra3iB 3 COIIa PAKSTH BIJHOCHO MMIBUAKOCTI CaMoi
pakeru. [loximusimu piBasiaas (6.19) Ha yvac dt oTpu-
Vi MAa€eEMO PIBHSHHS PYXY PaKCTH:
Puc. 6.6 a_ g (6.20)
m——=U—— .
uc. 6.6. dt dt

BektopHa BenmumHA v MpaBili YaCTHHI LBOTO PIBHSAHHA Ma€ PO3Mip-
HICTh CHITH 1 TOMY OTpHMAaJa Ha3BY peakTuBHOI cnan F,.
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Buznaunvo MakcuManbHY MIBHAKICTh PAKETH 32 YMOBH, IO ii moyar-
KOBa Maca JOPIBHIOE M, a KiHIEeBa - m,. Toxai 3 piBasHHS (6.20), 3 ypaxy-
BaHHSAM HanpsMKy BekTopa U, Maemo:

d
dv=-U"2
m
[HTeTpyroUH e PiBHIHHS, V BHINE NPUBEACHUX IPAHULIX, OTPUMAEMO!
i P& dm
Vinax = [dV =-U | ===-Ultn(mg ) - fn(m)] *
m
0 mg
Abo:
m
V... =Utn| Do |; (6.21)

T

Bume npuseacHe piBHsHHS oTpuMaio Ha3By (opmyna [lionkoBCbKO-
I0. a MBUIAKICTE V .y - XaDAKTCPUCTHYHA IIBUAKICTh PAKCTH.

3BHUANHO PO3PAXYHOK MIBUAKOCTI PCATPHHUX PAKET HE MOXKE OOMEIKH-
THCS BUKOPUCTAHHIM BHIIEC NPUBCACHUX (HOPMYII, ajic iX aHAII3 AO3BOJISIE
3pOOUTH Psif BAXKIHUBUX BUCHOBKIB. 3 opmymnu (6.21) BugHo, 1o mist 301-
JBIICHHS MBHIKOCTI pakeT TpeOa 3017bIIYBATH SK BIJHOCHY HIBHIKICTH
BUTIKAHHS MPOJYKTIB 3ropaHHs ii majuBa Tak 1 BIAHOWICHHS m, /m,. Llei
BUCHOBOK TIPUBIB [0 MOSBA TBEPAOMAIMBHUX PAKET, IIBUAKICTh BUTIKAHHS
raziB y SKHX 3HAYHO BHIIA HIXK Y PAKET, WO MPALOIOTE HA PLAKOMY HATHBI
Ta 0araTto CTYIMHYATHX PAKET, V SIKUX MOXK/IHBA 3MIHA BIJHOMICHHS M,/ m,
MPSMO Y TIOTBOTI.

6.6. HHlTyuni cynyvrauku 3emi. Kocmiugi MBHAKOCTI.

Jns momapoTY pakeTH YV KOCMIYHOMY MpocTopi i
HCOOXITHO MaTH ACSKY MMBHAKICTH. Tak, mod pakeTta
3MOrja JOCTABUTH HA HABKONO3EMHY OpOITY CymyT-
HHUK, BOHA Ma€ MATH OEPIIY KOCMIYHY IIBH/IKICTD.

Jist BU3HAYCHHS i€l IMBUAKOCTI PO3TITHEMO CHIIH,
IO JIFOTh HA CYIMYyTHUK Macor m (puc. 6.7).

CynyTHHK HE BIAJAC HA 3CMIIEO Y TOMY pasi, SIKIIO
HOro BIALCHTPOBA cuna iHepuii OyAe AOPIBHIOBATH
Puc. 6.7. cuni Baru. To6to: Fpy =P,
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Toni, mopiBHsBIIY npaei yacTHHA Gopmy (6.8) Ta (4.18), orpumaemo:

2
e 11, G ; (6.22)
(R3 + h) (R3 4 h)
ae R, M, - paxiyc 1 maca 3emii; h - BUCOTa MONBOTY CYIMyTHHKA.
Bpaxosyroun, mo 3a 3suuaii R, >> h, 3 (6.22) orpumaemo dopmymny
JUT BUSHAYEHHA IEPIIO] KOCMIYHOI IIBUAKOCTI!

(6.23)

Jpyrow KOCMIYHOK MBHAKICTIO HA3WBAKOTh TAKY MIHIMAJIbHY LIBUI-
KICTh, SIKa JO3BOJHTH PAKETI MOKUHYTh I'PAHMII 3EMHOIO rpaBiTaliiHOrO
nomst. [ mporo ii KiHeTHYHa CHEPris MOBHHHA JOPIBHIOBATH POOOTI IO
MOTOJIAHHIO 3€MHOTO IPaBITALHHOTO 1oJist. To0TO:

(6.24)

3B1OKH;

(6.25)

TpeThor0 KOCMIYHOK IMBUAKICTIO HA3UBAIOTh TAKY MIHIMAIBHY IIBUI-
KICTh, SIKa JO3BOIHUTH PAKETI MOKUHYTH rpanuul COHSYHOro rpasiTaLiiHo-
r0 MOl 1 BUHTH V BUTBHHA KOCMIYHHH mpocTip. TpeTs KocMiuHA MIBHA-
KICTh JOPiBHIOE V3 ~ 16,7 kMm/C.

6.7. KOHTPOJIbHI 3aTUTAHHS.

3anuimiTe Ta CHOPMYITIOUTE 3aKOH BCECBITHBOTO TSXKIHHSI.

VY yomy momnsarae pi3HALM MK CUIIOIO Bard Ta Baroo tiaa?

o xapakTepu3ye HANPY>KEHICTh TPABITALIIHHOTO MO ?

3anuiniTe CIIBBIHOMICHHS MIX BEKTOPOM HAIMPYKCHOCTI IpaBiTa-
LIHHOTO MO Ta HOro MOTCHIATIOM.

SlkuM YMHOM BH3HAYAETHCS POOOTA CHITH VY TPaBiTaLiHHOMY 110117
Hage 1iTe BU3HAYCHHS MOTCHINIATY MPABITALIHHOTO OIS,

Yomy rpapiTaiiiHe M0/I¢ BIJHOCST A0 KJIACY MOTCHIATBHUX !
Sanumrite Ta npoanamizyire Gopmymny LlioakoBcekoro.

el e

20 M Gy n
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T'JIABA 7.
MEXAHIKA PIIMH

7.1. Tuck v pinudi Ta razax. Jaxouu Hackajus i Apximena.

[Tpu BU3HAUCHI 3aKOHIB MEXaHIKH PIIUH Ta rasiB iX YABISIOTB SIK CY-
LIJIBHE CCPEAOBHINS, MO OC3MCPEPBHO PO3MOAIICHE Y 3aMHATOMY HHUMU
MPOCTOP1 3 ACIKOK T'YCTHHO, BiJBOMIKAKYHUCH Bl ATOMHO-MOJICKYISIPHOT
OyJI0BH LUX PeYOBUH. Pi3HUIIS MK TBEPAUMHU TIJIaMH 3 OJHIEl CTOPOHU Ta
plAMHAMH 1 Ta3aMU 3 APYTroi, HomArae v iX NOBEAIHLI HPH 3MiHI (OPMH TLII.

Teepai Tina AeHOPMYIOTECS TITABKH IMLA 1€ 3HAYHUX CHIL.

[osineHa 3mina dopmu piguHu, 6€3 3MiHU i 00 eMy, MOXke BlAOyBa-
TUCS M AI€0, K 3aBrOJHO Majoi, cumn. ['yCTHHA PIAUMHM MPAKTHYHO HE
3aJICKUTh BiJ TUCKY. [ VCTHHA X Ta3iB CYTTEBO 3aJICKUTh BlJ TUCKY B HUX.

diznuHa BEIWYHHA, SKA JOPIBHIOE BiJHONICHHIO HOPMaNbHOI cumd F,
IO Ji€ 3 CTOPOHU PIAWHM HA ACSAKY IUIOIIUHY, A0 3HAYCHHA L€l TUIOIUHU
S, orpumana Ha3By THCK piguHH. ToOTO!

P=F/S; (7.1)
3axon Ilackass CTBEpKYE: TUCK V AOBIIBHIN TOUL PLAWHMU, IO TIOKO-
iThCS, OMHAKOBUH MO BCIM HANPSIMKAM.

Pignna Ha3WBa€eTbCA HECTHCAMBOK, AKIIO il TYCTHHA HE 3alICKHUTh Bl
THUCKY 1 HE 3MiHIOETBCS 3 YACOM.

P Buaimumo AyMKO0, BEPTHKANBHO PO3TAIIOBAHUI
LWITHAP PIAMHU 3 TONCPESYHUM MICPSTHHOM S Ta BH-

i

cororo h (puc. 7.1).
4F4 Cuna TSOKIHHS PIAMHA B 00 €Ml HITIHAPA, J0PiB-
(4] i Hioe F = mg = phSg. Toai THCK HA HIDKHIO OCHOBY
ymg nUIiHApa OyAe JOPIBHIOBATH:
. 5 : |
¢ p- TYCTHHA PIJUHH; € - MPUCKOPCHHS BLIBHOTO
Puc. 7.1. A IHHS.

Bupa3 (7.2) otpumag Ha3BY 3aKOH TAPOCTATHKH.
Skio Ha piauHy, Y BEpXHIH OCHOBI LMTIHIPA, M1€ 30BHINIHIN THCK P,
TO BHpa3 (7.2) MOXKIMBO MEPETBOPUTH 10 HACTYIIHOTO BUTILIAY:




56 Lnasa 7. Mexanixa pioun.

3rigHo 3 3aKoHOM ApXiMena: Ha 3anypewe y piOuny wu eaz mino oie
BUULMOBXYIOUA CUIIC, WO YUCETbHO OOPIGHIOE 8a3i PIOUHY YuL 2a3y, AKi 6UMi-
cHeHl minom:

Fy =pgV. (74)
ae V- 06 eM 3aHYPEHOTO V PLAKMHY Tina.
Cuna ApxiMena Mae HampsSMOK, MPOTHICKHUH CHITl TSDKIHHS TLa Ta
MPUKIAJCHA Y TOUL, IO OTPUMANTA HA3BY LICHTP THCKY.
Llentp THCKY cHiBNagae 3 LEHTPOM Mac OJHOPITHOTO Tifia YU TOU HOro
YACTHHM, IO 3aHYPCHA Y piauHy M ra3 (aus. puc. 7.1).
Tuck y cucremi CI Bumiproerses y mackamsx: [P] = [ H/m® | = [ITa].

7.2. CtanionapHa reuis pinuai. PIBHSIHHS HEPO3PHBHOCTI.

Hectucnusa piauHa, B sKiH NOBHICTIO BIACYTHE BHYTPILIHE TEPTS
(B’SI3KiCTh), HA3UBAETHCS 1/ICATBHOIQ.

Teuist pigUHE BBAXKAETHCS CTAIIOHAPHOK, SIKIO B KOXKHIM il TOYIH Be-
KTOpP IIBUAKOCTI PYXY PIAUHA NOCTIHHUN. PyX pianHU MOKIHBO 300pasuTH
3a JomOMOTor0 JiHiH Teuii. Ile Taki miHii, ZOTHYHI 10 SKHUX CINBIATAIOTH 3
HANpsMOM BEKTOPIB IIBUAKOCTI PYXY OKpeMHX 4acTHHOK piavau. Ha puc.
7.2 B Touwi A ryctuHa JdiHik Teuli Oiabina, Hix B Tourl B. Lle cBigunts mpo
Te, o B To4ll B mBuakicTe pyxy pianHu MeHIIa, HiK y Toumi A. Yactuny
PlauHH, 10 OOMEKEHA JIIHIIMU TEUli, HA3UBAKOTh TPYOKOIO Teuii.

[Tpn cramionapHiii Teuii HecTrenuBoi pigunHM, ii 06°eM, IO BTIKAE B
TpyOKY TOKY 32 OJAMHHUIIIO Yacy Yepe3 mepepi3 S;, HopiBHIOE 00 eMy piauHH,
IO BUTIKAE Yepe3 mepepis S, miei x tpyOku (aus. puc. 7.2). Tobro:

Q1=Qz; (7.5)
Lli o6'emMu piaMHE MOXIHBO BH3HA-
YUTH TAKHUM YHHOM:

Qi=ViSit;, Q=8 Vat;
ae Vi, V, - mBUAKICTE TEHii PiUHU HA
nepepizi Tpyoku Toky Sq1°S;; t - uac.

3BIAKH MAEMO:
Puc. 7.2. S1Vi=8,V;y;
Iepepizu S; ta S; Mu BUOpaIu A0Bi-
JBHO, TOMY MaeMO MPaBO CTBEPKYBATH, 1O A1 JH0O0ro mepepizy Tpyoku
Tedii piIUHA BUKOHYETHCS HACTYITHE CIIBBITHOIICHHS, SIKE OTPHMAIIO HA3BY
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PIBHSIHHS HCPO3PUBHOCTI.
S V = const ; (7.6)

3rigHO 3 UM PIBHSHHIM JOOYTOK HIBUAKOCTI PyXy CTAIOHAPHOL TeHil
HECTUCJIMBOI PIAMHHU HA IUIOMY MEPepily, A¢ LM [IBUAKICTh BU3HAYANACE, €
JUTs AaHOi TPYOKH Teuil BETHYUHOKO MOCTIHHOKO.

Leit 106yTok B cuctemi CI Mae posmipricts [M/c] i sBaste coBoro 3a
(i3MIHIM 3MICTOM 00’ €MHHH PO3XiJ PLAMHY YU rasy.

7.3. PiBusinaga bepHyaii.

Posragaemo TpyOky Teuii, sika oOMeskeHa mepepizoM S; ta S,, mo 3Ha-
XoaaThCs Ha BucoTax h; ta h, Hax piBHEM ropusoHTy (auB. puc. 7.3).

Hexaii y nanuii MOMEHT yacy Ha mepepisi S; IBUAKICTD Tewii piauHN
JopiBHIOE Vi a 30BHIIHIN THCK - P;. Ha mepepisi S, mBuakicts tedii piau-
HH - V,, a 30BHIIIHIH THCK P,. [IpoTsirom uacy At mepeTus S; 3MiIyeThCs
B3IOBXK TPyOKHU Teuii Ha BiacTaHp L, a nmepetuH TpyOku Teuii S, - Ha BiA-
crasb L,

3riHO 3 3aKOHOM 30CpPEKCHHS CHEPrii 3MiHa MOBHOI €HEPrii 1aeanbHOI

piavHu Oyae AOPIBHIOBATH POOOTI 30BHIIIHIX CHJI MO MEPSMIIIECHHIO ACSIKOT
MacH piguau. ToOTo:

A= E2 S El o (1.7)
ae E, 1 E; - noBHa eHepris
PLAMHE Macorw m Vy mepepisi
S118..

3HaYCHHA IMX CHeprii

JTOPIBHIOE;
2

B, = m;@ + mgh,;

2

Puc. 73. E, = m;/z +mgh,;

3 iHmoro 0oKy po0OTy A MOKIHBO BU3HAYHTH, SIK POOOTY, IO BHKO-
HYIOTh 30BHIIIIHI CHITH IPH IEPEMILICHH] PIAHMHU MO TpyOLi Teuii 3a yac At:
A:A1+A2 5 (7.8)

PoGotu A; Ta A, BU3HAYUMO SIK JOOYTOK CHITM HA MCPESMIIICHHS:
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A, =FL,=FVAt=P,S, V| At ;
A,=F, L,=F V,At=-P, S, V, At ;
PoGora A, mae Big eMHHE 3HAK TOMY, IO TUCK P, Mae HanpsMOK mpo-
THJIC)KHUH TeUii PiIuHH.
3rigHO 3 3aKOHOM 30CPe:KCHHS CHEprii, pobGota 30BHIHIX cua (7.8)
JOpPiBHIOE 3MiHI moBHOI eneprii cuctemu (7.7). Toai maemo:

A+ A=E;-E;;

Abo:
A+E =E;-Az;
IlizcTaBuBIIKM y BUINEC MPUBCACHE PIBHSHHS, 3HAUCHHS BIAMOBLIHUX
(GYHKLIH, OTPUMAEMO:
5 5

mV, mV,
p +mgh, +P S, VAt = > +mgh, +P,S, V,At; (7.9)

PiBHsiHHs Hepo3puBHOCTI (7.6), Y HAIIOMY BUMAAKY, MAE BUTISI;
Q=0Q1=Q2=Vi8;At=8, VAt ;
Ham moxiaumo piBasHHA (7.9) Ha 3HaucHHS Q Ta BPAXOBYIOYH, IO
BiAHOIICHHS M/, TOPIBHIOE TYCTHHI PIAHHH P, OTPUMAEMO:

1 1
P, + pgh, +59V12 =P, +pgh, +59V§;

Bpaxosyroun, 1o nepetrHd TpyOkHU Tedii S; Ta S, HaMH npuiManucs
JOBITBHO, MAEMO TTOBHE TPABO 3AMHCATH B 3araIbHOMY BHIJISII:

P+ pgh+ %sz = const ; (7.10)

Pipusiuss  (7.10) Boepine BCTAaHOBACHO  POCIHCBKHM  (h13UKOM
H.Bbeprymmi (1700-1782) 1 orpumano Ha3By piBHAHHA bepHyIi.

[Mapametp P y piensuHil beprynni gBase co600 MHTOMY €HEPTiIO CHIT
THUCKY B PiAMHI 1 HA3UBAETHCSI CTATHYHUM THCKOM ab0 T1APOCTATUIHUM Ha-
IOPOM.

IMapametp pgh e muToMa MOTCHLIATBPHA CHEPTisS PIJUHH B MO TS-
JKIHHS, ii HA3HBAIOTh CLAPABIIYHUM THCKOM a00 TiIPaBIi YHIUM HAIIOPOM.

Mapametp pV?/2 siBisie cOGOX0 MUTOMY KiHETHUHY GHEPTiIO PiJMHH,

IO PYXAEThCS, T4 HOCUTh HA3BY LIAPOIWHAMIYHOTO THCKY ab0 AHHAMIYHO-
L0 HAMopy.
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7.4. B’s13kicTh (BHYTPIIIHE TEPTH ) PIAHHH.

B s3kicTh (BHYTpILIHE TEPTS) - 1 BAACTUBICTh PIAWH Ta Ta31B YHHUTH
omnip NEpeMiICHHIO OAHI€l YACTUHM PiJUHH BIAHOCHO APYTOi.

Cuna BHyTpiHBOTO TepTs F, mpomopiiiiHa miomi moBepxHi mapy pi-
JUHH S, Ta 3aJCKUTh BlJ TOTO SIK CKOPO 3MIHIOETHCS IIBUAKICTE PYXY PiAH-
HH TIPH NEPEXOi BLA OJHOTO MPOMIAPKY PIAWHU A0 1HIIOTO.

Ha puc. 7.4 npuseaeHi ABa MapH PIAUHM, SIKI 3HAXOAATHCS OJHMH BiJ
0aHOTO Ha BiAcTaHi AX 1 PyXarThCs 3 MBHAKOCTIMH V, - V) = AV. BigHo-
meHHsa AV/AX Bkasye, K CKOPO 3MIHIOETHCS IIBUAKICTD MPH MEPEXOl Bix
OJHOTO IIAPY PLAWHHU IO APYTOTO 1 OTPHUMAJIO HA3BY LPAJI€HT IIBHAKOCTI.

2 X v Monayab CHTH BHYTPIMIHBOTO TEPTS BH-
- 3HAYAECTHCH TAKUM YHHOM:
F AV :
- | - F =n g (7.11)
S AX
g y Aen- KOC(ILIEHT AUHAMIYHOI B’ SI3KOCTI
! ,  DLOWHU 4yM rasy.

B’s3kicTh piauHu 3aaekKuTh Bia il TeM-
nepatypu. Tak, B M3KICTh BOAHW HpH 30171b-
wenHi ii Temneparypu Big 0° C go 20° C
3MCHIIYEThCH MAIKe BABIUI. A B rasax, HABIAKH, iX B S3KICTh MPHU 3POC-
TaHHI TEMIIEPATYPH - 3017bIOYETHCS.

Hns Bu3HaueHHA KOeiieHTY JUHAMIYHOI B SI3KOCTI PIAMHYU BHKOPHC-
TOBYIOTh MeTOJ CTOKCA. IO IPYHTYETHCS HA BU3HAUCHI MIBUAKOCTI MAAIHHS
v piauHi HeBeMHYKUX Tin chepuuaHoi dopmu. [lpyn mpoMy Ha KYJIBKY, sKa
MOBOJI Maja€ y PiauHI, AIFOTh TPH CHIIK: CHia TsDKiHHA P cunma Apximena

Puc. 74.

F, Ta cuna omnopy, ska BusHauaeThes 3 Taxoi dopmymu: Fe = 6mnrV.
Togi, 32 yMOBH PIBHOMIPHOTO PYXY KyabKH, MaeMo: P =F, + Fc.
3 UBOTrO PIBHAHHA HEBAXKKO OTPHUMATH BHPA3 A BH3HAYCHHS Koediwi-
€HTY AMHAMIYHOI B’ A3KOCTI N
_2p-pHgr’
9V ’
ac p, p - TYCTHHA KYJIBKH Ta piavHy; T - pazuyc KyJAbKH; V - NIBHIKICTH
M AIHHS KYJIbKH Y pl,Z[I/IHl g - IPHCKOPCHHS BITBHOTO MAJIHHSL.
VY cucremi CI ,Z[I/IHaMl‘{Hy B SI3KICTh BUMIPIOKOTh B HACTYITHHUX OJWUHH-

wix: [n] = [Fx/V S| = [Hcn] = [Tacl.

(7.12)
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7.5 JlamiHapHui 1 TYPOYVJIEHTHHH PeKUMH Tedil piAHHH.

Bizomo aBa pesxuMu Tedil piAMHH UM ra3y:_jaMiHapHHUH Ta TVpOVICH-
THUH. Tedis piauHU MpH SKIH MBHAKOCTI YaCTOK PIAMHU BCIOAH CHPSAMOBA-
HI B3J0BK OCl TpyOKu Teuii, HasuBaeThes aaminapHow. [Ipomapku pianan
MPY TAMIHAPHOMY PEKHUMI TeUii KOB3aKOTh OAWH BIJHOCHO OAHOTrO 63 me-
pemimyBanHs. Taka Teuis MOKIHBA MPH HEBETHUKHUX MIBHIKOCTAX PYXY pi-
JUHH B TPYOKaxX Maoro MonepevHOro nepepisy.

HOTO TIepepily, Xapakrep Teyil PiIUHH 3MIHIOEThCS. 3aMICTh TOIIAPOBO]
Teuli BUHHUKAE TEUisl, 10 HOCHTh HEPETVILIPHUHN XapakTep - TyPOVICHTHUH.
[Npomapku piguau npu Taxid Tedii nepemimyioTtecs. [Ipu TypOynenTHOMY
PYXOBi piauHM ii MBHAKICTh B JIOKATBHIA TOYLI 00 €MY HE 3aTUINAETHCS
MOCTIHHOIO, 8 BUKOHY€ XAOTHYH] KOJIHBAHHSL.

Amnrmvicekuit pizuk O.Petinonpac (1842-1912) scTtanoBuUB, 10 PesKuM
TCUil PiAUHU BU3HAYAETHCS 3HAUCHHIM JCAKOI OC3PO3MIPHOI BETHUUHH, SIKA
oTpuMasa Ha3By umcio PeiiHompaca Re:

VL
ok Sl (7.13)
n

ae Ve, - cepeaHs IBUAKICTh PYXY pedoBHHH; L - xapakTepHUH 1iHIHHMHA
BUMIp 71 JAHOTO MOMEPEUHOro Mmepepi3y Tedii; 1, p - KoehilieHT au-
HAMIYHOI B’ 3KOCTI Ta TYCTHHA PCUOBHHHL.
ExcriepuMeHTaIBHO BCTAHOBIICHO, IO AJTS YCIX 3HAUCHb Re, skl MeHII
3a rpannuHe yncio (Re < 1000), Teuis Oyae naMiHapHOIO, a B 1HIIOMY BH-
maaky (Re > 2300), - rypbynentHoro. B uncno PetiHonbaca BXoguTh Bid-

Re

HOIIEHHA V = N/p, AKe Ha3MBaIOTh KOE(IlEHTOM KiHEMATHYHOI B SI3KOCTI

PLAWHUA.

7.6. Pyx TiJ1 B piinHAX TA ra3ax.

Ha Tino, sixe pyxaerbcsa B piuHi UM rasi, 3 ix OOKy AIFOTh ABI CHIH: V
HanpsaMky Teuii Fx, ta nepnenaukymapnay no Hei Fy (piBHozirouy 1mux cun
nosHaunMo F). Cuma Fx cnpuuunnsie no0osuit omip pyxy Ttima, a Fy - tak
3BaHy NiAWOMHY cuy (auB. puc. 7.5).

[Tpn cramionapHOMY OOTIKAaHHI TBEPAOrO Tija 1ACATBHOIO PCUOBHHOIO
71000BUI omip BIACYTHINA. AJie mpH Pyci Tina y B A3KIH PEUOBHHI KapTHHA
3MIHIOETHCS. Y BIIAAICHHI BIA Tijia peuoBUHA He Oya¢ 30ypeHa, a HABKOJIO
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TiJIa BUHUKAE TPAHUYHUN MPOIIAPOK, B SKOMY AIIOTh CHIIK B 3K0CTI. Jliero
LUX CHJT 1 3YMOBJICHHI JJOOOBHI OTIP PYXOBI TLIA Y PIAMHI YH rasi;
Fe='/,CxpV>L; (7.14)
ae  C, - xoediuient onopy pyxy Tina; L - HaliO1mpIuil monepeyHuii mepe-
pi3 Tina; p - MATOMA Bara piJuHH.

IMigfiomua cuma kpuma giTaka 0OyMOBICHA aCUMETPHIHOK (HOPMOFO
HOTro MOMEPEeYHOro BEpTHKANBHOrO mepepidy. Lle 3abesmeuye Ginpmry Big-
HOCHY LIBHIAKICTh PYXY MOBITPS HAJA KPWIOM V MOPIBHSHHI 13 30HOIO i
KPHUJIOM, IO € HACIIAKOM piBHsIHHs HepospusHocTi (7.6). Toai V; > V,, 6o
S; > S, (maus. puc. 7.5). lns ropuzonTanbaoi TpyOKH Teuii, piBHAHHS bep-
HYJUTI MA€ BUTTISI;

P+ pViP =Pyt pVa: (7.15)

OnHak, ik MH B¢ BCTaHOBUIH V, > V, | Toai 3 pisasiaag (7.15) cmi-
aye, mo Py < P,. To6TO THUCK MOBITPs MmiJ KPUJIOM JIiTaka BHUINE, HIXK HAT
HUM. 3aBISKH 1[bOMY 1 BUHHUKAE M IHOMHA CHIA KPUIA JITAKa, KA YHUCCTb-
HO BH3HAYAETHCS 3 HACTYITHOTO PIBHSIHHSL

F,='/, CypV2L: (7.16)
F 1e C, - xoedinieHT miaioMHOL
—=V, CHITH.

S
ﬁ Bigsomenus koedimieHTta
—
Sy

- C, 1o xoedimenra C, otpuma-
“P - Fx 1o Ha3By_sKicTh kpuga. Yim

2 2 OlnpIna SIKICTh KPHJIA, TUM Ta-
Puc. 7.5, PHIIIE HOr0 KOHCTPYKIILS.

7.7. KoHTpPOJIbLHI 3aNTHTAHHS.

Cdopmymroiite 3akonu [lackans ta Apximena.

Sxy Tewiro piavHU BBAKAKOTH CTALIOHAPHOIO ?

Sxi cum AiOTH HA TiO, IO PYXAETHCS Y PLAMHI U rasi ?

3a paxyHOK 4OTO BHHHUKAE IMiAHOMHA CHIIA KpuJia JiTaka?
3anuiiTe piBHAHHSI HEPO3PUBHOCTI HECTHUCIUBOL P1ANHH.
3anumite piBHAHHA bepHymi.

Sxi pesxumu teuii peuosunu Bu 3Haere ?

1Mo BusHauae yncno PetiHopaca Ta Big 4OTO BOHO 3aJICKHUTh?

90 N on B b I s
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I'JTABA 8.
PEJIATUBICTCBKA MEXAHIKA

8.1. lleperBopenns I'aniiesq.
MexaHiyHHI NPUHIHI BITHOCHOCTI.

Posrnsiremo aBi iHepuiansHi cuctemu Biamiky. Cucremy K (3 koopau-
HATaMH X, Y, Z), KOTPY OyAeMO BBRKATH YMOBHO HEPYXOMOIO, Ta CHCTEMY -
K' (3 koopaumaTamu X', y', z'), mo pyxaerscs BizHocHO cuctemu K piBHO-
MIpHO Ta NpsIMOMIHIHHO 31 mBHAKicTIO U = const.

Bigaik yacy mo4yHeMO 3 MOMEHTY, KOIH Hauaja KOOPAUHAT CIIBIIAga-
10Th. Toai v JOBIIBHHH MOMEHT Yacy PO3TAIlyBaHHI LUX CHCTEM Oyac Ma-
TH BHTTISA IKUH MPUBCACHUHA HA puc. §.1.

HIsuakicte U Mae HanpssMOK B3TOBXK

1
AY : 3 )
U 00, Toai pagiyc-BeKTOp MpPOBEACHMIA 3 0
A V
y > 10 0' nopisrmoe: 1y = Ut. Buxopucrosy-
M YU NPaBUIO AOAABAHHS BCKTOPIB Mae-
T’ MO: T = T'+ T, . Abo:
- x! = 57 -
r=1+ Ut
! - , 8.1)
B r t=t
X - — .
z ol ge T', T - paalyc-BeKTOpH TOUkd M y
cucremax Biamiky K' ta K; t, t' - pyx
Bua 41 uacy y cucremax igmiky K ta K'.
uc. 8.1.

Lls cuctema piBHSHB OTpUMAJIA HA3BY:

MEPETBOPCHHS KoopauHaT mo ['aminero.
Hpyre pieasHHS, v cuctemi (8.1), BizoOpaxkae Tol dakT, 1o B KIacH-

YHIH MEXaHILl PYX Yacy HE 3aJeKHUTh BiJ PyXY CHCTEMH BLAITIKY.
BizsmeMo moxiaHy Bif nepioro piBHAHHA v cucteMi (8.1) mo wacy:

d d -
—(7) = — (7' : 8.2
(O = (F+ 01 ; 52)

3B1AKH, BPAXOBYIOUH, IO MOXIAHA 10 YaCy BiJ paaiyca-BEKTOpa A0pi-
BHIOE€ H.IBI/I,Z[KOCTi, MAa€EMO KITACUYHUI 3aK0H A0 1aBAHHA H.IBI/I,Z[KOCTCI\/'I:

V=V'+U (8.3)

: g 9 1 e o
ae  V, V' - mBuakocti Touku M y cucremax Bianiky K ta K BignosigHo.
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CmiBBignomieHHs (8.3) SBISETHCS HACTIAKOM HE TIIBKH BEKTOPHOTO
XapakTepy WBUAKOCTI, @ U TUX VABICHb MPO Yac Ta MPOCTIP, AKI IEkKaTh B
OCHOBI KITACHYHOT MCXaHIKH.

Bpaxosytoun, mo U = const, noxigHa no yacy Bix piBHsaHHA (8.3), Oy-
JIC TOPIBHIOBATH
dv  d(V'+0) dv’' _
& B g (84)

dt dt dt
To6ro, mpuckopenns Touku M oguakose y cuctemax Biamiky KiK',
[Ipumnyckaroun, mo mMaca marepiaabHoi Toukd M oxHakoBa y BCiX CHC-
TEeMax BIATIKY, MAEMO!

a=

ma = ma’ ;
AbGo:

F=F: (8.5)

TaxkuM 9UHOM MU JAOBSIH_MEXAHIYHUA OPUHIIAI BIAHOCHOCTI: PiGHSIH-
HA OuHAMiKU Npu nepexodi 6i0 0OHIel cucmemu 6i0NIKy 00 Opyeol 3anuula-
OMbCA HE3MIHHUMUL, MOOMO GOHIL IHEAPIAHMHI 8IOHOCHO NePemBOpPeHb KO-
opounam no I aninero.

VY3araJbHIOKOYN MEXaHIYHHH MPUHIMIT BITHOCHOCTI MOMKJIMBO CTBEP-
JUKVBATH, IO VCl 3aKOHH KITACHYHOI MEXaHIKH HE 3MIHIOKOTh CBOIO (opmy
NP IEPETBOPEHHAX KOOPAMHAT Ta yacy no [aminero.

[Tpu mokasi MEXaHIYHOTO MPHHLMIY BiJHOCHOCTI MH 3BEPTAIHCA IO
JIBOX aKCIOM: IPO 1HBAPIAHTHICTH MPOMDKKIB Yacy MiK JBOMA ITOJISIMU Ta
PO 1HBAPIAHTHICTL BLACTAHEM MIK JBOMA TOYKAMM [0 BLAHOIIEHHIO JO
BUOOPY CHCTEMH BILTIKY.

3 mepinoi akcioMH BUTIKAE, IO XiJ Y4aCy OJAHAKOBHUM Y BCIX CHCTEMAxX
BIJJTIKY, & 3 APYTOi - IO PO3MIPH TLIT HE 3aleKaTh BiJ MIBUIKOCTI iX pyXy.

8.2. HocTyaaTH cnemiajanLHOoI Teopii BITHOCHOCTI.

Hocniay no BU3HAYEHHIO MIBUAKOCTI CBITMIA Y PYXOMIiH cHCTEMI Biai-
Ky Jald TaKUld PEe3yabTaT: HE3ANECKHO BiJ BEIHUHUHH Ta HAMNPIMKY PYXY
CHUCTEMH BIJIIKY, IIBHAKICTh CBIT/IA 3AIHUIIAETHCS MOCTIHHOO.

Lle moxazano, mo KIacHYHUH 3aKOH JOAABaHHS IUBHAKOCTCH, a 3Ha-
YUTh 1 mepeTBOpeHb lamimes, MaroTh 0OMEXKEHY O0IacCTh 3aCTOCYBAHHS.
Bonu He MOXYTh 3rOAWTHCH A OMUCAHHS SIBHUL, INO MPOTIKAIOTE 31
IOBUAKOCTSAMM, OJU3bKUMHE 0 IIBHAKOCTI CBIT/IA.
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VY 3B’43KY 3 IMM BUHHKIIA MOTPeOa B KPHTUIHOMY MEPETIIIAL THX 10CH,
SIKl TIOKJIAACHO B OCHOBY KiacuuHol MexaHiku. Llro 3a1aay Oymo BUpImICHO
B 1905 powi BuaarHuM HiMenpKiM (izukom A EWHIITCHHOM, SIKUH BHIC
3HAYHUI BKJI4J V CTBOPCHHS CHCIIanbHOI TEOpii BITHOCHOCTI, SIKY TAKOXK
4acTo IMCHYIOTh PEITHBICTCHKOIO TEOPI€I0, a OCOOMMBI SBHINA, IO OINHU-
CYIOTBCS LI €10 TCOPIEI0 - PEIMTUBICTCHKHMU epekTamu.

B ocHOBY pensaTuBicTChKOT TEOPIl MOKIAACHO ABA OCTYIATH.

L [punyun eionocnocmi. Yl 3aKOHU Ta SIBULIA TPUPOIN 1HBAPIAHTHI
O BIAHOIICHHIO 0 TCPEXOY BiX OAHIET IHSPIIANBHOT CHCTEMH BIUTIKY 10
apyroi. To6To Bel iHepLianbHI CHCTEMH BIAIIKY PIBHONPaBHI MizK c00010.

I Ilpunyun ineapianmuocmi_weuorxocmi_ceimaa. Y BCIX 1HEpILUaIb-
HUX CHUCTEMax BIJUTIKY, HIBHIKICTh PO3MOBCIOIKCHHS CBIT/IA Y BAKYYMI HE
3aJIC:KUTh BiJ MBHIKOCTI PYXY JKepena cBiTia abo cnocrepiraya, i oxHa-
KOBAa V BCiX 1HEPUIATBHUX CUCTEMH BiAmiky. ToOTO IIBHAKICTH CBITNIA 1HBA-
PlaHTHA MO BIAHOIICHHIO A0 TAKUX CHCTEM BIJTIKY.

[Mepmmit moctynatr A.EWHIITEHiHA € y3aralbHECHHSIM MEXAaHIYHOTO
npuHumMny BigHocHocTi .l anines Ha mrob1 (izuduni mpouecu siki BiaOyBa-
FOThCS Y TIPUPOAL.

Hpyruii nocrynar A.EfHmTelHa, Npo MOCTIWHICTD IBUAKOCTI CBITIA,
€ QyHIAMECHTATBHOKO BIACTHBICTIO MPUPOAN 1 KOHCTATYETHCS SIK JOCTI THHU-
upKuii (pakT. A MIBHAKICTH CBITJIA B BAKYYMI, KA TOPIBHIOE ¢ = 3 10° M/c, €
MaKCHMAITBHO MOKITHBOIO IIBUAKICTIO Y BCECBITI.

AHami3 NpUpOJHUX SBHI B 1HEPLIATBHUX CHCTEMAax BIIJIIKY, IPOBE-
JCHHUN Ha IPYHTI BHUIIC NPUBCACHUX MOCTYJIATIB, IPHUBIB A0 meperiasny ¢y-
HAAMCHTAIbHHUX MOHITh KIACUIHOI (PI3UKHU. TPOCTOPY TA YaCy.

Posrnssemo 1Bi iHEpIHANBbHI CUCTCMH
BiAMIKY: cuctemMa K yMOBHO Hepyxoma;
cuctema K' pyxaerscs BimHOCHO cHcTe-
mu K piBHOMIpHO 1 mpsSMOmiHIHHO 31
uBuakicTio U = const. (auB. puc. 8.2).

Hexaii B mouaTkoBH MOMCHT Hacy t =
th= 0, xomm ueHTpH cucreM 0 Ta 0' criis-
MajarTh, 3 HUX BUIOPOMIHIOETHCS CBIT-
noBuil iMnynbee. 3a gac t B cucremi K cu-
rHAT AIAAC A0 TOYKH A, MPOUIIOBIIH TPH
LBOMY LIJISIX:




Knacuuna mexanika.

X=Ct;
ae  C - mBUAKICTB CBIT/IA B BAKYYMI.,
3auac t' B cucremi K' curman gifize 10 Touku A, mpoiirosim
wisx: X' =Ct'. Toni:

AX=X-X'=C(t-t")#0;: (8.6)

Te, mo AX # 0, BUILTHBAE 3 TEOMETPUYHOI KAPTHHM, AKa IIPUBEICHA HA
puc. 8.2. 3podumo Ginbin AeTanbHUI aHami3 BUpasy (8.6).

1. ¥V xmacuuHiii MEXaHIIl MBUAKICTE HE oOMexkeHa, To0To C = o0, To-
m: AX = (t-t)=0020;

2.V penarusicTchkoi MexaHiwi, npumyckaroud, mo C = const, otpu-
maemo: AX=C (t-t')#0;

A 1I¢ 3HAYUTH, IO BUIIC NPHUBSIACHA HCPIBHICTh OyAC BUKOHYBATHCH
TinbKH TIpH yMOBi t # t'. TakuM YHHOM, HPHIYIICHHS MPO OOMEKEHHS
LIBUIKOCTI PYyXy MPHBOAUTH 10 (PYHIAMEHTAIBPHOTO BHCHOBKY: X1 Yacy
Ma€ BIJHOCHHH XapakTep 1 3MIHIOEThCS MPU NEPEXOAi BiJ OHI€i iHepIia-
JbHOI CHCTEMH BIAIIKY 0 1HIIO].

8.3. lleperBopenns JlopeHia.

VY cremianpHii TCOpii BITHOCHOCTI KjacwdHl mepeTBopeHHs [ amiaes
MaroTh OYTH 3aMIHCHI HA Tak 3BaHi nepeTBopeHHs JlopeHma.

Sxmo cuctema K' pyxaerscs y manpsivky oci OX cucremu K, 3i msn-
JKICTIO V, a JIsi MOMEHTY 4acy t = th = 0, ueHTpU 000X CHUCTEM BIAJIIKY
CIBIIAAAKOTh, TO MIEPSTBOPCHHS JIOPEHIIA MAFOTh TAKUE BUTIIS!

Bigx K 10 K Bix K' 10 K
x — Vt x'+ Vt'
x! = ———— X="T
J1-B?2 N1-B°
¥y = ¥ y—y,, 8.7)
Z’ZZ; zZ =7,
. t-Vx/C? . t'+ Vx'/C?
NEE V1 - B2

E? < - INBUAKICTH cBiTIa y Bakyymi; B = V/C.

Jlerko mepecBimuutnch, mo koau V = 0, meperBopeHHs JlopeHia
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TpaHcOPMYIOThCS V IepeTBOpeHH: [ amines.

[epetBopenns JlopeHna BKka3yroTh, 110 TPU HEPEXOA1 B OHI€l 1HEP-
iabHOI CHCTEMH BIJIIKY A0 APYIOi, 3MIHIOIOTHCSA HE TIIBKH HPOCTOPOBI
KOOPJAHHATH PO3IISHYTHX SBHIN, & W BIAMOBLAHI MOMEHTH 4acy. Taxkum
YHHOM, B PESATHUBICTCHKIH MEXaHILl HPOCTIP 1 Yac BTPAYalOTh HE3AICIK-
HICTh OJUH BiA OJHOTO 1 PO3IILAAIOTHCS Y CUCTEMI YOTHPUMIPHOTO HPOC-
Topy-yacy. ToMy mepmvii mocTyaar Teopii BLAHOCHOCTI MOKIHUBO (HopMy-
JIOBATH Y HACTYMHOMY BHI: VCI 3aKOHH OPUPOJH B 1HEPIUATBHUX CHCTE-
Max BIUTIKY 1HBApPIAHTHI BLAHOCHO miepeTBOpeHHs JIopeHIa.

8.4. OnHOYACHICTL NOAIH V PEJIATHBICTCLKINA MexXaHill.

B knacuuniit Mexanim 1001 ABI moii, SKi BIAOYBAKOTHCS OAHOYACHO B
JCsKIH 1HepLianbHIi CHCTEMH BIATIKY, OVAYTh OAHOYACHUMH 1 B Oy Ib-gKii
IHIIIH CUCTEMH BiAJIIKY, TOOTO HOHATTS OAHOYACHOCTI € AOCOMIOTHUM.

[o-iHImomMy Lie MATaHHA MOCTAE Y PEAATUBICTCHKIH MexaHimi. Poarms-
HeMo aBa gsuma A Tta B, axi B cuctemi K' MPOTIKAKOTh B OJUH 1 TOH ke
MOMEHT 4acy t', ane B pi3HMX Toukax mpoctopy X, Ta Xp. Ll cami siBu-
ma B cucremi K 3rizno 3 nepersopennsam Jlopenna, OyayTh BiAOYBATUCH Y
TaKi MOMCHTH 4acy:

V?X, VX,
o C’

ty = —F/——; ty = —F———;
o 1-p? P J1op?

Iocrinexku X, # Xp, To sBuma A ta B B cuctemi K ogHouacHuMEu He
OyayTh, 00: ta # tg. TOOTO, sAKIIO Y OAHIN CHCTEMI BIIJIIKY MOt A Tpamu-
Jack paHime noaii B, To B iHIN i cucteMi BiAMIKY MOXke OyTH HABIAKH.

Lle HEe cTOCYETHCS MPOCTOPOBO-CYMICHHX MOAIH, SIKI OYAyTh OJAHOYAC-
HUMH B JTIOOUX CHCTEMAX BIAJIIKY.

TakuMm YMHOM Yy PEIATUBICTCHKIH MEXaHII OJHOYACHICTh SBUIN 3aJIc-
JKUTh BIJl BUOOPY CHUCTEMH BLIUTIKY 1, SIK HACIIIOK, SIBJSETHCS BIAHOCHHUM
MOHATTSM.

OnHak 1e HE 3HAYHUT, IO B Y PEIATUBICTCHKIN MEXaHIL HE JOTPHMY-
€ThCsl MPUHLIAI NPUIHHHOCTI, TOOTO OIS KA € IPUIHHOK SBUINA T~
JSIETHCA 3aBXAH PaHIII NOAIT IKa € CTACTBOM Y OVAB~IKIH CUCTEMI BlM.uiny.

Posrasgremo e mpUHOMI HA NPHUKIAAl Takoi MOAIi: MOCTPLN 3 PyII-

t'+ t'+

(8.8)
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HUL[ Ta MONAJAHHS KyJI B LB,

Hexaii moctpin nponyHaB B TOULI 3 KOOPAUHATOK X; B MOMCHT 4Yacy
t1, @ KyJis OTPAnUIa y Uik B TOYLl X, B MOMEHT 4acy t, . [lIBuakicTs kymi
y Hepyxomiii cuctemi Biamiky K Oyae gopisuoBatu: U = (X;5- X)) / (tp- 7).

Bouesuap, mo t; > t;, TOOTO moAis t, (BAYYCHHS KyJl B LiJb) TPamu-
Jack paniwe noxii t; (moctpin 3 pymHumi). Temep BU3HAYHUM 3HAUCHHS
pisHumi t', - t', y cuctemi sigmiky K', mo pyxaeTscs 3 meuakictio V Bia-
HocHo cucremu Biamiky K. 3 mepersopens JlopeHia maemo:

t,' —t' :Q(l—%Uj; (8.9)
1-p° C

Posrnsguemo otpumany ¢Qopmyny Oinpm aerampHo. BoweBuap, mo
J1-p> >0 Ta (1-VU/C?) > 0, 60 msuakicts ceitaa C y mpupoxi Makcu-
MajibHa, & 3HAYUTH BITHOIICHHS IIBUIKOCTCH y 1ux (opMyiax 3aBxan Oy-
Jae MeHie ogunumi. Pizauis vacy t; - t; >0 nmo ymosi 3aza4i. Toai 3 dop-
My (8.9) MOKIHBO 3pOOHTH BUCHOBOK, IO t', - t', >0, a 3HaumTH, WO t',
>t

TakuM YUHOM, MU BCTAHOBHITH, IO BIYYCHHS KV B LLJIb TPAILISETHCS
3aBXKAU MI3HIIE OCTPIAY 3 PYIIHHULI, HE3AICHKHO BiX CHCTEMH BITIKY, IIO
PO3TIAIAETHCS, 1 3HAYUTh NPHIUHHO-CITYI 3B SI3KH V TEOPii BITHOCHOCTI
HE TOPYIIVIOTHCA.

8.5. CxopoUyeHHS A0OBKHUHA TIJI V PEIATHBICTCLKIN MeXaHil.

Sk BIAOMO A1 BUBHAUCHHS JOBKHHU TLIA, IO PYXAEThCs, HEOOXITHO
OJHOYACHO BUMIPITH KOOPAMHATH HMOTO MOYATKOBOI Ta KIHIECBOI TOYOK.
Toai JOBKMHA TI/Ia BU3HAYAETHCS K PI3HULIS [IUX KOOPAUHAT.

K % . Hex.aﬁ cuerema sigmky K' pyxaerscs 3i

: IIBUAKICTIO V BIAHOCHO HEPYXOMOI CHCTE-

X, mu K y Hanpsvky oci OX (puc. 8.3). B cuc-

X, I temi K' 3HAXOUTHCSI HEPYXOME TLIIO, a Ho-
ro JOBXKHWHA CTAHOBHTH'

L'=X"1-X';

/ Buxopucrosyrouu nepersopentns Jlope-

HI[A, BU3HAYUMO JOBXKHHY L TOro * camoro

Puc. 8.3. TiJa BIAHOCHO CUCTeMH BiTiKY K:
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~Vt X, -Vt

Jl B> 1P
Xl
Jl - Jl B
3BIAKH MAEMO:
L=L'"-yJ1-p* : (8.10)

[MocTimeky mapameTp /1- 3% 3aBXKIM MEHIIHH 33 OJUHUIIO, 3 OTPH-

L= %; —

manoro piBaHsHHS (8.10) MOXKIHMBO 3pOOUTH BUCHOBOK: JOBXKUHA TLNA, HIO
PYXAEThCS BIJHOCHO 1HEPIIATBHOI CUCTEMH BIUTIKY, 3MCHIIYETHCS THM O1-
JBIIE, UM OTBIIC MBUAKICTh PYXY.

[NapameTp L HasuBaroTh BIACHOK MOBKHUHOIO Tina. AHAIOTIYHO PO3-
MIpPKOBYIOUH, HCBAKKO MEPEKOHATHCH B TiM, IO MONEPEYHl PO3MIpPHU Tina,
T00TO po3mipu y HampsMmky ocedl OY ta OZ, mo nepneHIuKyIapHI 10 Ha-
MPSMKY PYXV Tia, BLA MIBUIKOCTI PYXY Tila HE 3a7€KaTh.

Taxkum 9UHOM: JIHIHHI PO3MIPH TiJIa MAKCHMAJIBHI V TIH 1HEPIU ATbHIH
CHCTEMI BIAJIIKY. BIIHOCHO SIKOT BOHO 3HAXOIUTHCS Y CTAHI CIIOKOH).

Pazom 3 TeM cimig 3ayBajkWTH, IO 3MIHA PO3MIPY TiNa MPH HEPEXOAl
BiJ OJHIE]I CUCTEMH BIAJIIKY AO 1HINOI, HE 3B s3aHE 3 M€K OYAb-IKHX CHIT
HA TLJI0, IO CTUCKYIOTh HOTO B3AOBK Hampsmy pyxy. Lle uncro kiHemaruu-
HHH, VIBHHH ¢CKT.

8.6. BinHOCHICTH YACY V PeJIATHBICTCHLKIA MeXaHil.

Posrnsinemo nBa siBHINa, SIKI BiAOYBAFOTHCS B CUCTEMI BIATIKY K' B on-
Hiit Toumi mpocTopy X, ane B pisHi MOMEHTH uacy t' i t'5. [IpoMixok uacy
MIK UMH SIBHIIAMHU JOPIBHIOE! AP =1, ~th =T, Ipomixkok yacy Mix IH-
mu sisumamu B cuctemi K (B cucremi K i siButia Big0yBarOThCS B PI3HUX
TOYKAX MPOCTOPY) CTAHOBHUTH. At = t; - t; = T. BUKOPHCTOBYIOUM TIEPETBO-
penns JlopeHma, oaepkyemMo:

t! +—VX t; +—VX
2 2 1 2
tz = C , tl = :
1—@§* 1-p? 69

3B1AKM:



Knacuuna mexanika.

1 1 1 '

t, —t; T .
T:tz_tlle_Bz 2\/1_62 ;

¥

Abo:
T

Llett Bupa3 1 BigoOpaxae pensaTUBiCTChKHN €EeKT COBINTBHECHHS Yacy.

Takum 4MHOM, HPOMDKOK Yacy MK HNOTISMH B ACAKIN TOYIN, MIHIMA-
JbHUH V TiH CHCTEMI BIJUTIKY. A€ LI TOYKA HEPYXOMa.

To6T0 yac B iHepIiaNBHINA CHCTEMI BIAIKY, IO PYXAETHCS, HAC MOBI-
JBHINIC Yacy B CUCTEMI BIATIKY, IO MOKOITHCS.

UYac gxuii BiAPaxOBY€EThCS MO FOAMHHHUKY, IO PYXAETHCS PA30M 3 CHC-
TEMOIO BITIKY, OTPHUMAB HA3BY_BIACHOrO 4Yacy. BracHuii yac oqHAKOBHHA v
BCIX IHEpLIANBHUX CHCTEMAX BiIUTIKY, TOOTO € 1HBapiaHTHUM BIOJHOCHO ITc-
peTBOpeHHs koopauHar no JlopeHoy.

PenarusicTebkuii e€eKT CIOBUIBHCHHS Yacy € LITKOM PEalbHUM 1
OTPUMAB CKCICPHUMCHTAIBHE MIATBEPIKCHHS NMPH BUBYCHHI 3aKOHIB PO3-
najy HECTAOIMPHUX T-ME30HIB, IO PYXAKTHCS 3 KOCMIYHOTO MPOCTOPY A0
3€MHOI MOBEPXHI. 32 JOMOMOTOI0 A0CTiAIB OyJI0 BCTAHOBICHO, IO BIACHUN
4ac JKUTTS IUX T- ME3OHIB cTaHOBUTh T ~ 2 10™ ¢. 3a neii gac T-MC30HH,
AKI PYXarThC 3 O CBITIIOBUMH IIBHAKOCTIMH, MOXKYTh MPOHTH LIIAX
X=Ct=210"3 10° = 60 M. OgnaKx T-MC30HMU, SIKi YTBOPIOIOTCS  BEPX-
HiX mapax arMochepu (Bucota ~ 30 kM) OyIH BHABICHI HAa 3€MHIH MTOBEP-
xHi. Lle MOSCHIOETBCSA THUM, INO Yac JKUTTS T- ME30HIB MO HA3EMHOMY TO-
JMHHEKY, 3rigHo 3 piBHsHEsM (8.11), 3HauHO nepesmiye 3uaueHHs 2 107
C.

(8.11)

8.7. IuTepBaj Mixk mMOAIAMM.

BigHOCHICTD TOBXKHMHH Ta Yacy y PEATHBICTCHKIH MEXaHIIl JO3BOJSIE
MPUNYCTHUTH, O TOBUHHA OYTH AesKa (i3UYHA BETUUMHA, KA HE 3aJICKUTD
BiJ CHCTEMH BIJJIIKY 1 € 1HBApiaHTHOIO IO MEPETBOPCHHS KOOPAHMHAT IO
Jlopenny. ¥V 4oTHpHUBUMIPHOMY OPOCTOpl, V sKOMY m0ba (i3nyHa moxisd
XapaKTePU3Y€ThCA YOTHPMA KOOPAUHATAMH (X, V, Z, 1), TAKOIO BEITUUHHOIO €
IHTCPBAJI MI’K JBOMA MOAISIMH S, 10 BU3HAYAETHCH 3 BUpasy (8.12).
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S,, = \/CZ(tZ N T (8.12)

ge  C - WBHIKICTE CBITAA Y BAKYYMI; -t - MPOMIJKOK Yacy MiXk JBOMA IMO-

AisMu; 1, -1, =\/(X2 —X1)2 +(Y2 —Y1)2 +(22 —21)2 - BIZCTAHP MiX IBO-

Ma MOJISIMH V 3BHYAHHOMY TPHBHMIPHOMY IIPOCTOPI.

OcHOBHA BIACTHBICTb IHTCPBALY: IHMEPEA MidiC 080MA NOOISMU iH-
BAPIAHMHUTL NO GIOHOULEHHIO 00 NepPemeopeHb KOOpOuHam no Jlopenyy.

ToOTo 1HTEpBaN MiXK HOAISIMU OJHAKOBUH y TFOOHUX CHCTEMAX BLAIIKY:

S12 =81y (8.13)

IHBapiaHTHICTD 1HTEpPBAIy MK ABOMA MOXISMH CBIOYUTH MPO TE, LIO
MPOCTIP Ta Yac OPraHivHO 3B’ A3aHI MiXK COOO0IO 1 CTBOPIOIOTH €AMHY (popMy
OyTTA MaTepii: mpocTip-yac.

Tomy, He3BaKAOYH HA BIJHOCHHH XapakTep BIACTAaHI 1 4Yacy, Tedis
oAl v cBiTI Mae 00’ eKTUBHUH XapakTep 1 HE 3aJCKUTh BLA CUCTEMH Bij-
aiky. llogampmuii  po3BuTOK TEOpIi BIAHOCHOCTI (3arajibHa TEOpis
BIIHOCHOCTI) BKa3aB, IO T€OMETPIs MPOCTOPY-4acy v OvaAb sKil oOmacTi,
3MIHIOETBCS B 3aJICKHOCT] BLA KOHLICHTPAL] B HI MacH Ta 3aKOHIB ii pyxy.

8.8. PeaTHBICTCHKHH 3AK0H J0AABAHHA MIBHAKOCTEH.

BcraHoBUMO PenITUBICTCHKUIH 3aKOH OJABAHHS [IIBUIKOCTCH.

Hexait MaTepianpha Touka A pyXaeThes B iHepiiaibHil cuctemi K' 3i
LIBUAKICTIO Ul, a cucTteMa Kl, PyXa€erbes BIAHOCHO cucTemu K 31 mBuakic-
TI0 V. BeraHoBuMo, YoMy nopiBHIOE mBUAKICTD wiei Toukn U y cuctemi
Bianmiky K (aus. puc. 8.4).

b 3a BusHaucHuaM U = dx/dt, Toxi Bu-
K . KOPHUCTOBYIOUH TiepeTBOpeHHsS JlopeHria,
oA o OTPUMAEMO:
dx '+ Vdt’
% dx =
. 1 - B ?

/ ] dt’+de’
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Toni:

dx dx’ + Vdt’
U: = —

dt dt’ + dx’

C 2
da” + V)
dt’ )
V dx' ) ’
C2dt’

Bpaxosyroun, mo U' = dx'/dt', ogepxumo pensTuBicTChKHiT 3aK0H
JOJABAHHS MIBHAKOCTEH y Burmsai (8.14).

dt’ (

dt’ (1 +

1
0ot (8.14)
vu'’
1+ —5—
C
AHAJIOTIYHUM YHHOM MOXKIUBO OTPUMATH:
U-YV
L, = 8.15

U VU (8.15)

1 - C2

3a ymoBu V << C, ogepxane crnisigHomenHs (8.14), mepexoants B
KIacuIHMM 3aKkoH nomasanns meuakoctei: U = U' + V. Sxmo B cuctemi
K' weuakicts Tina JIOPIBHIOE IMBUIAKOCTI CBIT/IA, TOOTO U'= C, a wBuz-
KICTh V TakoK MOPIBHIOE IIBUAKOCTI CBITNA, TOAI B cuctemi Bigmky K
LIBUAKICTH Tija Oy ¢ AOPIBHIOBATH!

U+ v C+C
vVU'! CC
1+~ 1+
o C

To6To penATUBICTCHKUI 3aKOH MOAABAHHS IUBHUAKOCTCH HE CyIepe-
YUTh JPYTOMY HOCTYJIATY TEOPii BIAHOCHOCTI: IIBHAKICTh CBITIA V BAKYYMI
€ MAaKCUMAITbHO MOKITUBOIO INBUAKICTIO V MIPHPOI.

8.9. OcHOBHUH 3AKO0H PEJSITHBICTCHLKOI AHHAMIKH.

V kinmi XIX cropiuus Ha JOCTIAAX 3 CACKTpoHAMH OyJO BCTAHOBIIC-
HO, IO iX Maca 3017bIIYETbCS 3 POCTOM IIBHAKOCTI PYXY CICKTPOHA 3a 3a-
KOHOM BHAY (8.16).
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; (8.16)

Je Mg - Maca CIOKOH Tia (Maca TLIa B CUCTEMI BIJIIKY, ¢ BOHO 3HAXO-
JUTHCS B CTaHI CIOKOIO); M - PENIATUBICTChKA Maca Tiia (Maca Tiia B
CHUCTEMI BIATIKY BIJHOCHO SIKOI BOHO PYXA€ThCH 31 MBHAKICTIO V).
BiasomeHHs m/my JOCTATHRO BiAPI3HAETHCS Bl OAUHHUII TIABKH Y Pa-

31 HIBUAKOCTEH, SIKI MOK/IHUBO TOPIBHSTH 31 MIBUAKICTIO CBIT/IA Y BAKYYMI.
3rigHo 3 MEXaHIYHUM NPUHIOUIIOM BlaHocHOCTI A Fiinmrreiina mame-

Mamudnuti 3anuc 6y0b AK020 Qi3UHHO20 3aGKOHY MAE OYMU OOHAKOGUM O

VCIX iHepyianbHux cucmem 6iONiKY.

Toxi penITUBICTCHKHIN IMIYABC MATSPIATIBHOL TOUKH JOPIBHIOE:
- o My =

P=mV=—+—==V; (8.17)
1-B°
A OCHOBHE DIBHSHHS DEJLSITUBICTCHKOI JMHAMIKH MA€ TAKUI BUTTIAL;
o b
F= & (8.18)

Abo:

p Amy) d) m . (8.19)
dt dt{ 1-p2

3rigao 3 supazamu (8.17) ta (8.19) npu HaOIMKEHHI IWBUAKOCTI PYXY
Tin 70 3HaueHHs C crocTepiraeTbcs HEOOMEXKEHE 3POCTAHHS HOTO MAcH Ta
IMITYJIbCY. AJle peanbHi CHIH MArOTh KiHICBI 3HAUYCHHS Ta OOMEKEHHUH Yac
Jii, 3BIAKY BUILTUBAE BUCHOBOK. IIBUAKICTH Tija Y OyAb-sIKik 1HSPIUAIbHIH
CHUCTEMI BIAUTIKY HC MOXE MOPIBHIOBATH IIBUIKOCTI CBITJIA Y BaKyyMi, a
3aBKJM MEHIIA 33 Hel.

B pengruBicTchKiil JUHAMILNI BUKOHYIOTECS TaKi 3aKOHH 30CPEIKCHHSL.

3aKoH 30epeKCHHS PEIATHBICTCHKOTO IMIVIIBCY: CYMAPHUT Penanuei-
CMICLKUTL IMAYILC 3AMKHYMOT MeXaniynol cucmemu 3 meyiclo yacy ue 3mi-
HIOEMBCA NPU 0)0b-AKUX NPOYeCAX, Wo 6 Hili 6i00Y8amves;

3akoH 30epEKEHHS PENATUBICTCHKOI MACH. MOGHA Denimusicmcura
MAca 3AMKHYMOL MeXAHTYHOL cucmemu 3 mediclo 4acy ne 3MiHIoEmMbCs npu
0y0b-AKUX NpOYeCax, o 6 Hill 8i00yearoMvCsl.
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8.10. 3aK0H B3a€EMO3B’SI3KY MACH TA €Hepril.

OxHuM 3 caMHX BRKIHBHX PE3yJIbTATIB TCOPIi BIIHOCHOCTI € YHIBEP-
CaJIbHE CITIBBITHOIICHHS MI3K CHEPTIEH T1/IA TA HOTO MACOK0;

2
m,C

NE ;

Lle piBHsHHS € HYHIAMECHTATEHUM 3aKOHOM HPHPOIH - 3AKOHOM B3a€-
MO3B s3ky Macu Ta eHeprii. Cmpeiguomenus (8.20) mae abCOMOTHO
VHIBEPCATBHHN XapakTep, BOHO MOxe OVTH 3aCTOCOBAHO A0 ycix ¢opm
cHeprii y 10X cHCTeMax BIITIKY.

SKImo TiIO0 3HAXOAUTHCS y CTaHI CIOKOI), TO HOro ¢Heprist (CHepris
CIIOKOK) HAOYBAE 3HAUCHHS:

E,=m, C*: (8.21)

CmissigsomeHns (8.19) ta (8.20) BupaxkaroTh HEPO3ALTBHUH 3B 30K
MiXK MaTEpI€r0, KITBKICHOK MIPOKO SIKOi SIBISIETBCS Maca, Ta PyXOM, KiJbKi-
CHOIO MIPOIO SIKOTO € CHEPTIAL.

OckinbkH KIHETHYHA CHEPrig Tila BHU3HAYAETBCA, SK CHEPris
MOB’sI3aHa 3 PYXOM Tiiaa, TOAl JJist i1 3HAXOKCHHS MOTPIOHO BIAHATH BiX
MOBHO{ €Heprii Tifga HOro eHepriro cnokow. Toxal Maemo:

. : (8.22)
J1-B2

[Tpu Manux MBHAKOCTAX PYXY Tida, ToO6TO mpu ymoBi V << C, BHInEe
MPUBCACHE CHIBBIAHOLICHHS MPUHAMAe KIACHYHHH BUPA3 M KiHCTHYHOI
cHeprii Tina.

3 dopmya (8.17) ta (8.20) HeckIagHO 3HANUTH CITIBBIIHOLICHHS MIX
MOBHOXO eHepriero Tina E Ta Horo imnynscom P:

2 ~4 2 ~2
E=4m2C*+P2C?, (8.23)
Jnst BU3HAUCHHS MIITHOCTI CTIHKOCTI Oy Ab-AKOI CHCTeMH (HATIPUKIAL -
ATOMHOTO SIIPa), 3aCTOCOBYETHCS MOHSTTS PO CHEPTIIO 3B SI3KY .
Enepris 3B M3KY CHUCTEMH JOPIBHIOE POOOTI, Ky Tpeba 3aTpaTHTH,

00 PO3KNACTH ii Ha CKIaM0Bl YacTKH (HAMPHKIAA, ATOMHE SAPO - HA MPO-
TOHH Ta HCUTPOHH).

E = mC2 = (820)
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3 ypaxyBaHHSM IIbOTO BHU3HAYCHHS, OTPHMAEMO HACTYIIHE PIBHIHHS
JUTSL €HEpTii 3B I3KY-0YAb IKOi CHCTEMHU:

Eep = 2, my C? = M,C?; (8.24)
i=1

Je m, - Maca CHOOKOI0 1-0i 4acTKu y BIIBHOMY CcTaHi; M, - cymapHa maca

CIIOKOIO CHCTEMH, SIKa CKIAJAETHCS 3 N YACTOK.

3aKoH B3a€MO3B SI3KY MAacH Ta CHEprii oTpuMas OJUCKYYE MIATBEP-
JUKCHHSL B CKCIICPUMCHTAX M0 BH3HAUCHHIO CHEPTil SIICPHUX pEakuii Ta
CHEpTii MePeTBOPCHB, 1O BiAOYBAIOTHCS 3 CICMCHTAPHHAMHU YACTKAMH.

OpHak TpeGa xoOpe Po3yMiTH, IO XOUY Maca Ta CHEPris OB sI3aHi OJ-
HE 3 JPYTUM, BOHH € SIKICHO BIAMIHHUMH BJIaCTHBOCTSMU MaTepii.

3aKkoH B3a€MO3B SI3Ky MaCH Ta CHEPrii BKa3ye, o 001 NepeTBOPEHHS
CHEPril TLT CYMPOBOMKYIOTHCS MICPETBOPCHHAM IX MACH, OJHAK MPH LBOMY
Maca HE MEPETBOPIOETHCI B CHEPril0, a TLIBKU MEPSTBOPIOETHCS 13 OJHIET
¢dhopMu B 1HIDY (HAPHUKIAZ HPH JIAHLIOTOBHX SACPHHUX PEAKIiIX Maca Cro-
KOIO CICMCHTAPHUX YACTOK ICPETBOPIOETHCS B MACy CICKTPOMArHITHOTO
BUIIPOMIHIOBAHHS).

8.11. KoHTpOJALHI 3AIIHTAHHS.

1. Chopmynroiite MeXaHIYHHN NPUHIAN BifHOCHOCTI ["amines.
Cdhopmyaroiite mocTyiaTu CneiaabHOi TCOpii BIAHOCHOCTI.

3. 3anumiTe GOPMYNH Ta MOACHITH (I3HUYHY CYTh NEPETBOPEHB KOOP-
nuHat 1o JlopeHy.

4. 3amuwite GopMyny And BU3HAYCHHSA CKOPOYCHHS NOBXKHHHU TiNa V

PEISITUBICTCHKIN MEXaHIII.

ChopmyaroiiTe NOHATTS IHTSPBATY MIXK TBOMA MOTISIMH.

BuBeaiTh pensATHBICTCHKUI 3aKOH JOJABAHHS IIBUAKOCTEH.

VY 4oMy nossirae OCHOBHA BIACTUBICTh 1IHTCPBATY MiXK MOTISIMU?

Un BUKOHYETHCS MPHHLUN MPUYUHHOCTI V PEITHBICTCBKIN MeXaHi-

mi?

9. 3anuurTh OCHOBHHH 3aKOH PEISATUBICTCHKOI JHHAMIKH.

10. 3anummite popmyny st BUZHAYCHHI MACH Tija, IO PYXAEThCA 3 Ol-
JIsI CBITOBOIO IIBUAKICTIO.

11. Y yomy monsrae pensTHBICTCEKHAN ¢(PEKT CHOBIIBHECHHS Yacy.

908 = gy on
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YACTHHA JIPYTA
MEXAHIYHI KOJIMBAHHS TA XBHUJII

TI'JIABA 9.
BIJIBHI TAPMOHIYHI KOJINBAHHS.

9.1. 'apMoOHIYHI KOJUBAHHA TA IX XAPAKTEPHCTHKA.

KomuBaneHUM Ha3uBalOTh OVAB-IKHH NpoLEC, OCOONUBICTIO SIKOTO €
BHU3HAUCHA MOBTOPIOBaHICTh Vv yaci. Lle MoxxyTh OyTH XUTAaHHI MasATHHKIB
Ta CHOPVJ, TCIIOBI KOJIWBAHHS 10HIB Y TBEPAUX TiNaX, PUTMIUHI KOTHBAH-
Hi cepusd Ta Take iHme. [lepioAMIHIME Ha3HBAKOTECS KOJIUBAHHSL, TIPH SIKUX
CHCTEMH MOBEPTAIOTECH [0 MOYATKOBOTO CTAHY YEPE3 OAHAKOBI MPOMIKKH
yacy. [Ipu upomy BCi (i3HU4HI BEIWYHMHY, IO XaPAKTCPU3YIOTh KOJIHBATbHY
CHUCTEMY, IOBTOPIOIOTHCS YCPE3 1l MPOMIKKH 4acy.

BigbHUMH Ha3HUBAKOTHCS KOMHBAHHS, MPH SKHX CHCTEMA, 110 BUBCACHA
31 CTaHy PIBHOBATU AI€I0 30BHIIIHIX CHJI, HAAA€Thcsa cama codbi 6e3 mona-
Aol Aili Ha Hel nux 30BHIUTHIX cui. KomuMBaHHS, 10 BiAOYBAKOTHCS IMi
JI€F0 30BHIIIHBOI MEPIOIUYHO 3MIHHOI CHITH, OTPHUMATIH HA3BY BUMVIICHHX.

SAxmo 3mina 3 yacoM Oyap-aKOro (i3UYHOrO MmapameTpa V KONMHBAJb-
HIll cuCTEMi MiANOPIIKOBAHA 3aKOHY CHHYca ab0 KOCHHYCA, TO TaKi KO-
BaHHS HA3UBAIOTh LAPMOHIYHUMH.

lapmoHiUHI KOTHBAHHA 32 3aKOHOM KOCHHYCA MAKOTh TaKC PIBHIHHSL

S=A-cos(myt+ @) : 9.1)
ae S - BIAXWICHHS ACIKOTO (hi3HYHOrO MapaMeTPa BiJ MOJIOKCHHS PlBHO-

Bary; t - yac; A - aMIUTITY1a KOJIMBAHHS, Mot + Py - (haza KOJTUBAHHS,

(P - MoUaTKoBa (paza KOMTUBAHHS; () - IUKIIYHA YACTOTA KOTHBAHHI.

BusnaueHi mapaMeTpu CHCTEMH, IO BUKOHYE FAPMOHIYHI KOJTHBAHHS,
MOBTOPIOIOTHCS HUEPE3 ACSIKUM NPOMIKOK dacy T, IKHH OTpUMAB Ha3BY IE-
ts piox konwBanHs (nuB. puc. 9.1).
+A ! Ilepion xonuBaHHs - 1¢ Yac, 3a sikuii aza Ko-
} JAUBAaHb OTPUMYE H0AaHOK 27. ToOTo:

e O, (t+T)+ ¢, =(a,t+¢,)+27 :
-A 3BIAKH MAEMO:

T=22": 9.2)
Puc. 9.1. 2f
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KinbkicTh KONMBaHb 32 OJUHHIIO YaCy OTPUMAIO HA3BY YACTOTH KO-
JAUBAHb. 3 I[HOTO BU3HAUCHHS 3PO3YMILNIO, IO YaCTOTA KOJHMBAHb V, IC Ma-
pameTtp oOepHEHUH A0 nepioay komusanb. TobTo:

A v= 1/T : 9.3)
3 Bupasis (9.2) 1 (9.3) BuxoauTh, 1IO;
Oy 2n
0 Po K By =——=2¥ ; 94)
S ——» I

I'padiuno xonusaHHA 300pAKYIOTECS 200
Puc. 9.2, y Bursial rpadikis (puc. 9.1), abo y Burmsai
BEKTOPHHX jiarpam (puc. 9.2).

Y 0CTaHHBOMY BUMAJKY, 3 A0BLIBHOI ToukH O, 1110 3HAXOAUTHCS HA OC1

X, TA KyTOM (o, IO JOPIBHIOE MOYATKOBIN (ha3i KOIHBAHB, BLAKIATAETHCS

BEKTOP A, MOAYIb SIKOTO JOPIBHIOE aMIUTITYAl KOIHBaHb. SKINO ned Bek-

TOp MOYHE o0epTaTuch HaBKOJIO TOUKK O, 3 KYTOBOK IIBHIKICTIO ), TO

MpoeKii BeKTopa Ha Bick X OyayTh 3MIHIOBATUCH B MEXaxX BiT - A 10 + A.

To6T1o mapavetp S Oyzme 3miHIOBaTHUCH 3 yacoM 3a BupasoM (9.1), Tobro
Oyae BigOyBatucs rpadivHe NpeACTABICHHS KOTHBATBHOTO POLIECY.

PoamipnicTs Buine 3raganux mapaverpis B cuctemi ClI Taka: [T] = [c];

[vI=1[c"] = [Tu].

9.2. /IndepeHiiiajibHe PIBHAHHS TAPMOHIYHHUX KOJHUBAHD.

BuzHaunMo 3HAYCHHS TIBHAKICTH TA TPUCKOPCHHS TOYKH, IO 3AiHC-
HIOE KOMMBaHHA. [l bOTO OTPUMAEMO TIEPINY Ta APYTY TOXITHY TIO YaCy
BiJ mapameTpa S, mo 3MIHIOEThCs 3a 3akoHoM (9.1). Toal mBHUAKICTE TOU-
KH, 110 3A1HCHIOE KOJIHUBAHHS, OyA¢ TOPIBHIOBATH:

ds s
=4 —Aw ,sin(o  t +¢@y) = Ao, cos(oyt + ¢y + 5) : (9.5)
A TPUCKOPCHHA Li€] K TOUKH:
d’s
a= e —A® % cos(®yt +Py) = A 4% cos(@ gt + @y +1);  (9.6)

3 aHam3y oTpuMaHuX GOPMYIT MOMIIUBO 3POOHTE TaKi BHCHOBKH:

- 3MiHa MBHUIKOCTI 1 MPUCKOPEHHS TOYKH BIAOYBAETHCA 3 TIEKO XK HacC-
TOTOXO, IO W came KOIUBAaHHYA, ane (aza MBHAKOCTI BIAPI3HAETHCA HA TU/2
paxiad, a ¢aza IPUCKOPCHHS - HA T PaaiaH;



Mexaniuni Konueanna ma xeuni. 77

- IPH KONMBAaHHI MAaTepialbHOI TOYKH MAaKCHUMATbHC 3HAUCHHS i
UIBUAKOCTI JOpPiBHIOE A®, ,  IPUCKOPEHHS - A® .

- KOJIH 3MIIICHHS MaTepiaabHOI TOUKH BiJ TOUKH PIBHOBArH JOPIBHIOE
HYJIIO, ii IIBHAKICTh MAKCUMATIBHA, & IPUCKOPCHHS AOPIBHIOE HYITIO;

- KOTH 3MIIICHHS MaTepianbHOi TOYKH BlJ TOUYKH PIBHOBArM MaKCHMa-
JbHE, il IBUAKICTE JOPIBHIOE HYIIIO, 4 IPUCKOPCHHS -MaKCHMATBHE.

I'pagiuni 3axoHOMIpHOCTI 3MiHHN miepemimeHHs ( [ ), mBugkocti (11 )
ta npuckopenus ( I ) marepianbHOi TOUKM, MO 3AIHCHIOE KONMUBAIbHHM
PyX, ToAaHo Ha puc. 9.3.
A 3 dopmynu (9.6), 119 BU3HAUCHHS MPHCKO-
I / PCHHSL MaTeplabHOI TOYKH, INO 3A1HCHIOE KO-
/ JIUBAHHSL, OTPUMAEMO:

/ Ot d%s

Fraa -Ao (2) cos(o 4t + @) >
VY mpaBiif "acTHHI LBOTO PIBHSHHSA BHPA3
0 Acos(o 4t + @) , ABIIE COOOIO HE WO 1HINE, K

A(Do

3MIMICHHS! TOYKH BIA TOJOXKCHHS PIBHOBAry,
sKe Bu3Ha4aeTbCs 3 Bupasy (9.1). Tomy e
PIBHSIHHS MOXJIUBO MOJATH Y TAKOMY BUTJISIL:

0)0t

A0)02 dzs 2
—=-0;S ;
M dt? ‘
AoGo:
0)0t 2
dt—z—i-(DOS:O; (9.7)
Puc. 9.3.

Pipasians (9.7) nasuBaeThcs audepeHiia-
JAbHUM PIBHSHHIM BLIBHOTO TAPMOHIYHOTO KOJHUBAHHSI.

MexaniuyHa cHcTEMa BHKOHYE BITbHI HE3racarodi rapMOHINMHI KO-
BaHHA TITBKU B TOMY BHIAIKY, KOJH i PyX OMHCYETHCS JIHINHHM gudepe-
HIIaTBbHUM PIBHAHHAM Apyroro nopsaky suay (9.7). Taka cuctema otpu-
MaJia Ha3By FApPMOHIYHHN OCHHIATOP.

lapMoHIYHHIA OCLIIATOP LiE AYKE BAANA MATEMATHYHA MOJCIb IS
Gararpox (¢iznuyHuX gBULL. [IpHKIaZOM TapMOHIYHOrO OCLIIATOPA € PYX
MPYKUHHOTO T2 MATEMATUYHOTO MAsSTHHKIB, KOJUBAHHS ATOMIB 1 MOJCKYT
V KPUCTATIYHIH permiTi.
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9.3. EHepris MexXaHiYHOro rapMOHIYHOI0 KOJHBAHHS.

Busznaunmo 3HAYCHHS CHIIH, IO A€ HA MATCPIATBHY TOUKY MAcOK m,
KA 3A1MCHIOE MPSIMOITIHIHHI TApMOHIYHI KOJMBAHHA B3J0BK OCl X HABKOJIO
TMOJIOKCHHS PIBHOBATH, SIKE MPUUHATE 32 MOYATOK KoopAauHat. Toxi, Bpaxo-
Byroun dopmyiy (9.6) Ta BusHAUMBIIH S = X, MPUCKOPSHHS TOUKHU JOPIB-
HIOE. @ = - ®% X. A 3HAUCHHS CHIH F, mo xgie Ha TOUKy, 3riAHO 3 APYTHM
3akoHOM Hprotona, Oyae BU3HAYATHCH TaK:
Fz-moozoX; (9.8)
3 orpumanoi HOpMyJIH MOMKIIUBO 3POOHUTh BUCHOBOK, 10 cujia F npsi-
MO TPOTIOPLIAHA 3MIIICHHIO TOYKH B[ MOJOKCHHS PIBHOBATH TA HAMPAB-
JcHa Y 01K MPOTHIC)KHUH IBOMY 3MIIICHHIO.
VY BigmosigHocTi 3 popmyroro (3.7), kinernuna eHeprig E martepians-
HOI TOYKH, IO 3AIHCHIOE TAPMOHIYHI KOTUBAaHHS, Oye JOPIBHIOBATH:
mV? mAZ(DS .2
E= 5 = 5 sm (ot +9p) ; (9.9)

Abo:
mA°o ;
E:T[l—cos2(® ot )] (9.10)

VY BianosiaHocTi 3 dopmynoro (3.12), moreHmiansHa eHepris U mate-
planbHOI TOUKH, IO 3A1HCHIOE TAPMOHIYHI KOTHUBAHHS, JOP1BHIOE:
2

2.2 2
mo:;x- mA o
s % cos’ (@t +¢,); (9.11)

X X
2
U:—IFdx: mmojx dx=
0 0
Abo:
2
mA’o
U:T[l+cos2(mot+(p0)] ; (9.12)
Honasim n0 xinetuunoi (9.9), norenmiiiay (9.11) enepriro, otpumae-
MO TIOBHY W CHEPTiIO L€l TOUKH:
mAZo; .
2 >
3 orpumaHux GOPMYIT MOMKIIUBO 3pOOUTE HACTYITHI BUCHOBKH:
- KOJHMBAaHHS TOTCHIIATBHOI 1 KIHCTHYHOI ¢HEprii BUKOHYIOTHCA 3 4Yac-
TOTOIO, 110 B JBA Pa3H NECPEBHILYE YACTOTY KOMHBAHHA MATEPIiaTbHOI TOY-

W=E+U= (9.13)



Mexaniuni Konueanna ma xeuni.

KU,
S
I
/2 Wt
U
I
E gt
I
®y t
Puc. 94.
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- KOJIHMBAaHHS MOTEHLIAIBHOI Ta KIHETHYHOL
CHeprii BUKOHVIOTBCSA 3 3cyBOM (hasu Ha T pa-
JiaH, TOOTO BOHH 3HAXOATHCS Y mpoTudasi i
B HAC/II0OK YOr0 MOBHA MCXAHIYHA CHEPTis
TOYKH, IO 3AIMCHIOE KOJIHUBAHHSI, HC 3MIHIO-
€TBCS 3 YACOM.

I'padiunl 3aKOHOMIPHOCTI 3MIHH 3 YacOM
nepemimenns S (1), morenmiaasaoi U (II) ta
kigetraHoi E (III) eneprii Toukwm, mo 3aiiic-
HIO€ KOJTUBAHHS, TaHO Ha puc. 9.4,

VY mporeci KOIUBaHHS Ma€e MICIE TICPETBO-
PCHHSI KIHCTHYHOI €Heprii B MOTCHUIATbHY Ta
HaBnaku. B MomeHTH HAMOLIBIIOTO BlAXH-
JICHHS TOYKH BlJ MOJIOKEHHS piBHOBard (X =
A) TOBHA CHEPrisl CKIAJAETHCSA TLTBKH 3 TIOTE-
HuianeHOi eneprii. [lpu mpoxomkenHi cucte-
MH uepe3 monokeHHs piBHoBard (X = () mo-
BHA CHCPTISI CKIAAAETHCS TIABKU 3 KIHCTUIHOI
CHEprii.

9.4. MasTHHKH.

Hpyoicunnuti magmuux. PO3rIIHEMO NPY>KHUHHUA MAsTHUK, SIKHH SB-
7€ cob0I0 TATap MAcO M, INO MiABIIICHHA HAa HPYXKHHI JOBXHHOKO L.
Tsrap BUKOHYE TapMOHIYHI KOJWBAHHS MiX JI€K0 CHIH
npy:HocTi Fy;, (puc. 9.5).
Toai, 3rigHo 3 apyruM 3axkoHOM HberoTOHA, piBHSHHS
PYXY TAraps MOXKIHBO IPEACTABUTH Y TAKOMY BHIJISIL:

-—

Puc. 9.5.

ma=-kX; 9.14)

¢ a - MPUCKOPSHHS Traps; X - abcoaroTHa AchopMaris
MpyKUHM, k- koeilieHT JKOPCTKOCTI NPYIKUHH.
3 ypaxysauasaMm ¢opmymu (1.14), piBusaaag (9.14)
MPEICTABUMO Y TAKOMY BUIJISLAL:
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80 5
d x
1’1’1—2 =-kX ;
dt
3BiIKH OTPUMAEMO:
dx koo (9.15)
R (] .
> m

Takum YUHOM, MH OACPKalIn gHgl)e[geHgiam’He [leHHHHH A1 HE3ra-

CAIOYMX TAPMOHIMHUX KOJUBAHb MPYKUHHOTQ MASTHUKA.
INopiBasaus piBmsHES (9.15) 3 (9.7) mae MOXKNIHUBICTD CTBEPIKYBATH,
IO [UKTIYHA YaCTOTA KOMUBAHD MPYKHUHHOTO MASTHUKA JOPIBHIOE!

5 Kk
Wyg=—"1: (9.16)
m
A mepioJ KOMHBAHB:
2n m
=— =0y ; 9.17)
0, k

Pazom 3 TiMm Tpeba mam'ararm, mo oTpumani BHie (GOpMYIH BipHI
TLIBKY 33 YMOBH KOJIM Maca TATapsi CYTTEBO NCPEBULIYE MACY HPYKUHH.
Disuunuti magmuuk. DI3MIHAM MASTHUKOM HA3WBAKOTh TBEPAC TLIO,
SIKE CIIPOMOYKHE BUKOHYBATH MaJll KOJHBAHHS i J1€K0 CHIIA BArH HABKO,IO
Hepyxomoi oci O, mo He nmpoxoautk uepe3 ueHtp iuepuii C Tina (JuB. puc.
9.6). Ilpu BiAXHUICHHI MajTHHUKA BlJ MOJO0XKCHHS PIBHOBArU HA JCSKUH KYT

oL, BAHUKA€ MOMCHT cunH Fi, sxuil Hamaraerecs
MOBEPHYTH TIIO YV MOYATKOBHM CTaH 1 AOPIB-
HIOE:
M =F;L=-mgL sina
; (9.18)
3nak MiHyCc y Ui ¢opmyri o0yMOBICHHN
THM, IO HampsaMmok aii cumu F; Ta o 3aBxkau
MPOTHICKHI. SIKIO 3HAYCHHS KyTa O HE AYIKE
3HAYHE, TO Sina ~ o 1 hopmyny (9.18) MoxkamBoO
MEPCTBOPUTH O HACTYITHOTO BUAY:
M=-mgLa; (9.19)
VY naHOMY BHIIAAKY OCHOBHHUH 3aKOH 0bep-

Puc. 9.6.
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TANBHOTO PYXY MasSTHHKA, 3 ypaxysaHHiIM (opmynu (1.26), Oyne maTu Ha-
CTYITHUM BUTJIAL;

d’a
M=Je=]—>: (9.20)
dt g1
ge J - MoMmeHT iHepuii MadgTHHKA; € - HOTO KYTOBE MPUCKOPCHHSL.
IMopiBusBiu npasi yactunu piBHsHb (9.20) ta (9.19) oTpumaemo:
d2
J (2x =-mgla ;
dt
Abo:
d’a mgL
+ 286 -0 921)

2
dt
Takum umHOM, MM oAcpxanu AudepeHuiadbHe PIBHAHHA A HE3ra-
CAFOYMX FAPMOHIMHUX KOJTUBAHb (h13HUIHOTO MASTHHKA.
IMopisasaus piBmsHES (9.21) 3 (9.7) mae MOXKNHUBICTh CTBEPIAKYBATH,
0 [UKTIYHA 9aCTOTA KOJIUBAHb (DI3HYHOTO MASTHUKA JOPIBHIOE:
» _mgL
®y = ;
J

(9.22)

A mepioJ KOJIMBaHb:

T=2—n=2n fLZZTC /h ; (9.23)
o, mgL g

ne Ly=1J/mL - 3BeaeHa nosxxuHa (13MUHOIO MAATHHKA.

Touka O' (amB. puc. 9.6) Ha mpsMiii, mo 3'€IHyEe TOUKY MiABICY 3
LEHTPOM 1Hepuii (i3MYHOTO MAsATHHKA, Ta JCKUTh Ha
BIACTaHI 3BSACHOI JOBKUHH BiJ 0C1 0OCpTaHHs, HA3H-
BAETHCS LICHTPOM XHUTAHHA (PI3MYHOrO0 MASTHHKA.

Mamemamuunuii magmuux. MaTeMaTHIHUHA MagT-
HHK LC MAacHUBHE TiJIO MAIUX PO3MIPIB, SIKE MiJBILICHE
HA JOBTiM HUTIH, IO HE PO3TATYETHCH, 1 SIKE BHKOHYE
KOJIMBAHHS 33 PaXyYHOK Aii cvny Bary (Jus. puc. 9.7).

MaremMaTUuHA MAasSTHHK 1€ YACTHHHHUHE BHIIAJ0K
(i3MIHOrO MasTHHKA, YCS Maca SIKOTO 30CCPEAKEHA B
OAHIN TOUI - UeHTPI Mac. Tomy mMareMaTUIHUN MasT-
HUK MO’KHA BBAKATH MAaTCPIATBHOK TOYKOK, MACOI)
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m, 3 MOMCHTOM 1HEPIi:
J=mL? (9.24)
ae L - noBkuHa HUTKY TABICY.
[liacTaBuBIIN 16 3HAYCHHS MOMCHTY 1Hepii B piBHAHHA (9.23) oTpuMa-
Py dopmyny (9.25) ang oOuucICHHS NEPioay KONMMBAHb MATEMATHYHOTO
wan HAKA.

T=2n L : (9.25)

g

3 mopisastHAS Qopmyn (9.25) ta (9.23) MOKIUBO 3pOOUTH BUCHOBOK:
SIKIIO 3BSACHA MOBXKHUHA (h13UIHOTO MASITHUKY JOPIBHIOE JOBKHUHI MaTeMa-
TUYHOTO MASTHHKA, TO MEPIOAH iX KOJMBAHHS OJHAKOBI. 3HAYUTH 3BCACHA
JOBKHHA (PI3UTHOTO MASTHHUKY - [IC JOBKHHA TAKOTO MATCMATHIHOTO Masi-
THHUKA, TICPIOJ KOJMBAHHS SIKOTO CIBMNAJAE 3 MEPIOAOM KOJIUBAHb JAHOTO

(i3MIHOTO MAsSTHHKA.
B posrisHyTHX OPUKIAAaX KOJHUBATIBHHUX CHUCTEM 3arajbHOI € HASB-
HICTh CHJIH, BEJIMYHHA SKOi MPSIMO MPONOPLiHHA 3MIIICHHIO TiNia BiJ MOJO0-
JKCHHA PiBHOBaru. Yci Wi CHIM OTPUMATH

Ha3BY KBa3iNPVIKHHUX.

9.5. logaBaHHSI TAPMOHIYHUX KOJIM-
BaHb. burrsl.

VY peanpHHUX MEXaHIYHUX CHCTEMAX TiI0
MPUAMAE y4acTh V KUIBKOX KOJHBAHHSAX.
Hampukman, kynbka, sika maBimeHa 10 CTe/Il

BAaroHa, MO0 TOWJAETHCA HA PCCOPHUX TIPY-
PI/IC. 9.8. )KI/IHaX.

Ilin momaBaHHSM KOJAUBAHb PO3YMIKOThH
MOIIYKH 3aKOHY PE3yIbTYIOUOro KOMuBaHHS. Po3rissHeMO 10JaBaHHS ABOX
KOJIMBAHb 3 OJHAKOBOIO YaCTOTOK O
X, =A,cos(ot+¢,)

(9.26)
X, = A, cos(ot+¢,)

[Tpn noxaBaHHI rapMOHIYHUX KONHBAHb 3PYYHO KOPHUCTYBATHCH iX rpa-
(hivHUM 300pKECHHAM V BHIVIAL BEKTOPHHX Jlarpam.
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. Ha puc. 9.8 npuseacHi BekTopHi Ai-
: AT %ﬂ arpavu KOJHBAHb (9.26) Ta BekTOpHA
Jgiarpama ix pe3ynabTYIOUOrO KOJHUBAH-
,  HA, PIBHAHHA SKOTO MOXE OyTH JaHO y

—>  HACTYIIHOMY BUTIVISIAL

X=X, +X, =Acos(@t+

2A ; (9.27)
R — Kopucryrounce teopeMoro KocH-
HYCIB Ta HECKJIAJIHHUMH TCOMCTPHIHH-

Puc. 9.9.

MH MIPKYBaHHAMH, OACPKHMO (HopMy-
AM 7 BU3HAYCHHSA AMIUITYAH pe-
3VIBTYIOUOTO KOJIUBaHHI A Ta Woro ¢pasu ¢:

A=yA2 +A2+2A A, cos(p, — 1) 9.2 83
_ Agsing; +A, sing,

tgo (9.29)

A, cosp; +A, cosp,
ToGro, y mACYMKY MOAABaHHS ABOX TFAPMOHIYHUX KOJIHBAHb, MH
OTPUMAJIH OJHE TAPMOHIYHE KOTHBAHHS TOTO K HAMPAMKY 1 Ti€l XK YacTOTH.

Ipoananizyemo otpumanti dopmyiau (9.28) ta (9.29).

Sxmo @, -y =+ 2m w; (ae m=0,1,2,3...)). Toai A = A, + A,. ToGto
aMILTITYAA PE3YIBTYHOUOTO KOJUBAHHS JOPIBHIOE CYyMi aMILTITY [ KOJTHBAHb,
0 J0AaXOThCA. A y BUmaaky Komu A= Aj, maemo A = 2A,.

Ao @ - == 2m +1) m (e m =0,1,2,3...), Toni A = A; - A,.
ToGro ammmiTyaa pe3yaAbTYIOUYOr0 KOJIUBAHHS TOPIBHIOE PI3HULI aMILTITY X
KOJIMBaHb, 0 A0AAIOThCA. A y BUnaaky komd Aj = Aj, maemo A = 0.

Baxxnee mpakTUYHE 3HAYCHHS MA€ BUMAJOK CKIAJAHHS ABOX OJHA-
KOBO CIPSAMOBAHHUX KONHBAHb 3 PIBHAMH aMIUTITYAAMU, SKi BLAPI3HAIOTHCS
MO YacTOTI HA ACAKY AYKEC MAICHBKY BEIHUHHY A® << 0. SKIO piBHAHHS
LUX OJHAKOBHX KOJHBAaHb BU3HAUAIOThCA 3 (popmyn (9.30), To v pesynbrari
iX BEKTOPHOTO CKIAJAHHS, HCBAXKKO OTPHUMATH 1 PIBHIHHS PE3YIbTYHOUOTO
komBaHHs y Burmsl (9.31).

X, = Acos(ot)

Xy = Acos[(oo + Aoo)t] . B0
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Aot

X:(2A cos jcosmt; (9.31)

3 dopmyau (9.31) BUAHO, M0 HOBE KOJHMBAHHS 1 TAPMOHIYHE KOJIH-
BaHHS 3 AMILTITYI00 A , fiKa HE 3aJIUMIAETHCS TOCTIHHOO, a 3MIHIOETHCS 3a
MEPIOIUIHUM 3aKOHOM 3 YACTOTO A®w/2.

KonuBanHs, SKi BUHUKAIOTh HPU AOAABAHHI ABOX OJHAKOBO CHPIMO-
BaHUX TFAPMOHIYHHUX KONHMBaHb 3 OMHU3bKUMH YaCTOTAMM, IO XaPaKTCPH3Y-
FOTBCS TIEPIOJMYHOIO 3MIHOKO IX aMIUTITYAH, OTPUMATH Ha3BY OUTTA (IUB.
puc. 9.9). Ammiityga Outrs Bu3Ha4aeThes 3 popmyau (9.32), a mepioa
ourtsa 3 popmynu (9.33).

~ Aot
84 A =2Acos 5 ; (9.32)
2T
Ty =—; 933
B Aw ( )

burts 0co01MBO MOIMIMPEHE TPU PO3MOBCIOKCHHI V MIPOCTOPI aKyC-
THYHHX KOJTUBAHb.

VY pasi konu 4acTOTH KOJMHMBAHB, IO MOAAOTHCS, 3HAYHO BlAPI3HIOTH-
41, TO PE3YIBTYIOUC KOJIUBAaHHS HE OyAe rapMOHIYHIM, 00 pizHuUA (a3 ko-
JAuBaHb OyJc OC3MEPEPBHO 3MIHIOBATUMETHCS 3 4acoM. Taki CKIaaHI mepi-
OJWYHI KOJUBAHHS MPCACTABISIOTh Y BUIISLAL CYNCPIIO3UIII OJHOYACHHUX
TapMOHIYHUX KOJMBAHB 3 PI3HUMH aMILTITYAAMH, IOYaTKOBUMH (azaMu, a
TaKOK YaCTOTAMH, IO KPATHI HUKIIYHIF YaCTOTI ©, Y HACTYIIHOMY BHILA-
bigh

f Ao

(1) = > + A cos(ot+o,)+ 9.34)
+A,cos(2ot+¢,)+..+A cos(not+0¢,)

Take nmpeacrasnaeHHs nepioauunoi ¢yHKLii v Burasal (9.34) orpuma-
70 Ha3By poskiaan Pvpee. A cknaxosi wieHH po3knany Dypee, mo BU3HA-
YAKOTh TAPMOHIYHI KOJHUBAHHS 3 YaCTOTAMU O, 20, 30,....., OTPUMAJH Bij-
MOBITHO HAa3BY MEpmoi (OCHOBHOI) APYIoi. TPEThOi 1 T.1. TAPMOHIKH CKIad-
HOTO TAPMOHIYHOTO KOJTHUBAHHSL.

9.6. KoHTPOJIbLHI 3aATHTAHHS.
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Sxi KOMMBaHHS HA3WBAKOTH FAPMOHIYHUMH 7

o Taxe ammmityga, dasza, mepio Ta YaCTOTA KOJUBAHB?

Sk noB’s13aH1 MiXxk COGOO MEPIO Ta YACTOTA KOJUBAHB 7

3anmumite udepeHIianbHe PIBHIHHSI FAPMOHIHHUX KOJIHBAHb.

Sanurite GopMyny A BU3HAUCHHS MEPIOAY KOJUBAHB (DI3HIHOTO

T4 MaTEMATUYHOTO MAsTHHKIB.

6. Ilpuseaite Gopmyau M1 BU3HAUYCHHS KIHCTHYHOI T4 MOTCHLIAIBHOI
CHEprii rapMOHIYHUX KOJIHMBAHb.

7. HoBexiTh, O MOBHA CHEPTis TAPMOHIYHOTO KOJNHUBAHHS € TIOCTIHHOIO
BETHYHHOKO.

8. YV uomMy CyTh METOAY BEKTOPHOTO 300PaKCHHS KOJIUBAHD !

9. 3anumite GopMyny A BU3HAYCHHS NEPIOAY OUTTS.

10. Jlatite BH3HAUCHHA NEPIIOi TAPMOHIKH CKIAJHOTO TapMOHIYHOTO

KOJTMBAHHS.

il
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I'JIABA 10.
3IrACAIOYI TA BUMYHIEHI KOJIMBAHHA

10.1. /IndepenuiaibHe PiBHAHHSA 3racAl0YHX KOJUBAHD.

B peanpHuX MEXaHIYHUX CHCTEMAaX Jisi AUCHITATHBHUX CHJT MPHUBOIUTH
0 Oe3rmoBOPOTHOI BTpaTH eHEprii. BHACTIAOK 1[pOT0 aMILTITYAa KOTHBAHb
y peanbHil cucTemi OyAe 3MCHIIYBATHCH 3 YacOM, MO Mipi 3MCHINCHHS ii
mexaniuHoi eHeprii. Came Taki KONMUBAHHS OTPUMAJTH HA3BY 3racarounx.
HudepeHiianpHe PiBHAHHS 3racarouuX KOJHUBAHb MICTHTh y COO1 TpH
JOJMAHKH, 3 SIKUX CAME APYTUH XapPaKTCPU3YE 3aTyXaHHS, 1 MAE BUTISI;
2
d—zs+28§+oa§S=o; (10.1)
dt dt
a¢ O - koeillleHT 3racaHHs KOJUBAHB, ©) - BIACHA YaCTOTA HE3raCarYHX
KOJIUBAaHb Ti€l 3K cCHCTEMH IpH YMOBi & =0.

Posg’sizok  pisusaas  (10.1)
ﬁ 3PYYHO HIYKATH Y BUTJISAL
Ao

S=e®U.: (102
ae U - meska ¢yHkis, mo 3a-
JICKUTH BiJ 4acy t.
IMicns migcranosku (10.2) y

piBasiaas (10.1) maemo:
2

du
?+(oa§ ~8%)U=0; (10.3)

Puc. 10.1.

Lle piBHAHHS aHANOTIYHE PiB-
wstaao (9.7) i 3a ymoBH, mo o
>> 8, Ta 3pOGUBIIM MM ICTAHOBKY © - 8° = 0", HOro PO3B’A3KOM OyIe:

U=A,cos(ot+9¢): (10.4)
A micng miacraHosku (10.4) v (10.2) orpumaemo dopmyiy, o BH3HA-
Yae 3aKOHOMIPHICTh 3MIHH 3racarouuX KOJIHUBaHb Y Jaci:

S=A,e ™ cos(ot+0) ; (10.5)
ae Ay, ¢ - MOYaTKOBI aMILTITYAa Ta (ha3a KOTUBAHb.

CHiBMHOKHHEK, IO CTOITh MEPe] KOCHHYCOM OTPHMAaB HA3BY aMILTITY-
JH 3racarounx KONuBaHb., rpadix ii sMinu npuseacHui Ha puc. 10.1.




-86 Inasa 10. 3eacarnui ma eumyuieni KOMEAHHA.

ToOTo aMITIITYAQ 3racarodrX KOUBAHb JOPIBHIOE:

A=A, (10.6)

VY BuUmagky koiau Koe(iLleHT 3aTYXaHHS KOIHBAaHb 3POCTAE 1 AocCsATae
ymoBH 8 ~ 0%, pyX cucTeMu nepectae 6ytu mepioguanum. Takoro poay
MPOLIECH BXKE HE OyAyTh KOJUBAIBHUMU 1 BOHH OTPUMAJTH HA3BY ANCPIOAN-
YHHX MPOLIECIB.

AnepioguuHUN MPOLEC MOXKHA CIIOCTEPIraTH vV Oy Ib-IKid MEXaHIUHIN
KOJIMBAJIBHINA CHCTEMI, SIKINO CHJIM TEPTS YU OMOPY CEPCIOBHINA B HIH 10-
cTaTHbO Beauki. Hanpukiaa, KOMUBAHHS MAsSTHHUKA Y B'I3KOMY CEPCIOBH-
. Bug anepioguaHOro KONMMBAHHS 3AJIC:KUTh Bl B S3KOCTI CEPCAOBHINA 1
BiJ CHJTH JIOOOBOTO OTMOPY PYXY TLIA, IO 3A1HCHIOE KOJIUBAHHSI.

10.2. Ilepioa TAa 4ACTOTA 3racAI0YHUX KOJIUBAHD.
Yac peaaxkcanii. JlekpeMeHT 3racanHs.

TeopeTnuno 3racarodi KONHUBAaHHA HE € MCPIOAMYHUMH, OO 3HAUCHHS
iXHIX aMIUTITYA HE MOBTOPIOIOTHCI. TOMY OO TaKMX KONHBaHb MOHSITTS ITCc-
pioay Ta 4acTOTH HE MOBHHHO 3aCTOCOBYBATHCA. AJIC SKIIO 3racaHHs KO-
JIMBAHb HE Ty’KE 3HAYHE, TOOTO BUKOHYETHCS YMOBA Mo >> 87, TO MOXKIHBO
KOPUCTYBATHCh TIOHATTIM PO YMOBHHUH Nepion 3racarouux koavBadsb. [lix
SKHUM PO3YMIIOTh MPOMIDKOK Yacy MiXK ABOMA BU3HAUYCHHMH MOCTI JOBHHMH
craHamu kosmBaabHOL cuctemu (nuB. puc. 10.1). Toxi 3 ypaxysanusm ¢o-
pmynu (8.4) maemo:

21 21
Ty=—=————— g (10.7)

o Joi -8
ae T,, o - mepiof Ta 4acToTa 3racar0dMX KOJIHUBAHb.
Yac penakcarii T - 11 IPOMi?KOK Yacy, 3a SKHH aMITTITYJa 3racarydux

KOJIMBAHb 3MCHIIYETHCS V € PasiB.
3rigHO 3 uuM Bu3HAYCHHIM Ta popmy oo (10.6), oTpumaemo:

2o A e—8‘r, ) - e—lze—é‘t

3B1AKH:

r="fs: (10.8)
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JexpemeHT 3racanHg d MOKa3ye y CKIJIbKH PasiB 3MCHIIYEThCS aMILTi-
Tya 3racaryuuXx KOJUBAHb 34 Yac, 10 JOPIBHIOE OTHOMY HCPIOAY:

:& : (10.9)
A+T)
Ipu t =0 3 popmynu (10.9) Ta (10.5) orpumaemo:
A, cos cos
_ 0 OS¢ o T . (10.10)

Aoe_‘sST cos(oT+ o) ST cos(2m+ ) -

Hartypansamii norapudm Big ACKPEMEHTY 3racaHHs OTPHMAB HA3BY
JorapuMiYHOTrO JCKPEMEHTY 3racaHHd 1 JOPIBHIOE:

8=Ind=1ne’ =8T;

Abo:
T 1 1
0=8T=—=—=—1 (10.11)
T T N
T
ge N - KITbKICTh KONHBaHb, MPOTATOM SKUX iXHSI aMILTITYAA 3MCHITY€EThCS
y € pasis.

Hns KiNnbKiCHOT XapaKTePUCTHKH CHEPTETHYHOI ¢(eKTHBHOCTI POoOOTH
KOJIMBAJIbHOI CUCTEMH BBOIUTHCS OC3PO3MIPHA BEJIUYMHA, 110 HAZHBAETHCS
JOOPOTHICTIO KOAUBAIBHOL crctemu Q. JIoOOpPOTHICTD 11¢ BIHOMICHHS CHEP-
rii konuBanHs W(t) CHCTEMU Y MOMEHT 4acy t A0 3MCHIICHHS CHEPTii KO-
JVBAHH 3a OOUH YMOBHUU niepiog T, moMHOXKEHE HA 27

W(t)
Q=2n :
W(t)-W(t+T)
Bracmigok Toro, mo W(t) ~ A2, BHIIe npuseaeHa hopMyna mceis ps-

(10.12)

Zy, HE CYTTEBUX [T HAC MICPETBOPEHBb, MOKE OYTH AOBSACHA 0 HACTYITHO-
ro, OLTBII MPAKTUYHOTO, BUTIISIY:
@y
26 °
PosmipsicTs Bume 3ragannx napamerpis s cucremi CI: [8] =[¢'];
[t] = [c], [Q, d, 8] — ue mapameTpu O6e3po3MipHI.

(10.13)
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10.3 /IudepernianbHe PiBHIHHA BUMYIIEHHX KOJHBAHb.

B xonmuBanbHUX cHcTeMax, A€ AIFOTh JUCHIIATHBHI CHIIH, YACTHHA CHE-
prii BTpavacThCsi HA BUKOHAHHS POOOTH MO MOJOJAHHIO Aii 1ux cuit. Y pe-
3yNbTATI BTPAT CHEPrii aMIUTiTyJa KOJHBAaHb CHCTCMHU 3MCHIIYETHCS 3 Ha-
coM. Ane SKINO CTBOPUTH YMOBH JJIsl TIOTIOBHEHHS BTPAT CHEPTii 3a paxy-
HOK 30BHIIIHIX JKCPEN, TO KOJUBAHHA MOXKYTh CTAaTH Hearacarouumu. Lle
JOCATAEThCA 32 PAXYHOK MPUKIAJAHHA A0 KONMHMBATBHOI CHCTEMH 30BHILI-
HIX CHJI, IO MEPIOAUYHO cami 3MIHIOIOTRCS. CaMe Taki KOJUBAHHS 1 OTPH-
MaJjTi HA3By BUMYVIIICHUX.

[MpumnycTimo, 10 30BHIIIHS 3MYINYBATbHA CHNA, 3MIHIOETHCS 3 YaCOM
32 FQpPMOHIYHUM 3aKOHOM:

F=F,cosot ; (10.13)
ge  F, - MakcuManbHe 3HAYCHHS 3MYIIYBAIBHOI CHITH.

Togi, Bpaxosytoun piBHsaHHA (10.1) qudepeHianbHe PiBHAHHI BUMY-
MICHUX KOJIMBAHb MOKJIMBO MPEACTABUTh Y HACTYITHOMY BHTIISAL:

2
ths+26%+m§S:focos ot (10.14)

e fy=F¢/m; m, ¢ - Maca Ta MMKIIYHA YACTOTA KOJUBAIBHOI CHCTCMH,
© - OUKTIYHA YaCcTOTa 3MYLIYBAIBHOI CHITH.

Pipusuna (10.14) e niHifiHUM, HCOTHOPIAHUM JUGEPCHIIATBHIM PiB-
HSHHSM IPYroro mopsiaky. Moro poss’ssox y surmsai (10.15), sese co-
00K CyMy 3arajbHOrO PO3B 53Ky oAHOpiaHoro pisHsHHs BHAy (10.1) Ta
YACTUHHOTO PO3B 3Ky HCOTHOPIAHOTO piBHAHHA BUay (10.14).

. S=8,(t)+S,(t) : (10.15)

Po3s’siz0k Si(t), Bugy (10.5), onn-

CYE MCPEXIAHUA PEKHUM BHUMYIICHHUX

t KOJIMBAHb 1 MA€ CYTTEBY PONb TIIBKH

V TOYATKOBIN cTajli CTAHOBICHHS KO-
JIMBaHb, HAJAJI HUM HEXTYIOTb.

Po3B’siz0k  S,(t) ommcye BCTaHOB-

& 0 B it & L Erdil JCHI HE3racarovi TapMOHIYHI KOIH-

KOJIHBaHB KOJIHBaAaHHA BaHHHyTaKOMyBHI‘J‘[;[I[]:

S,(t)=Acos(ot—0)

Puc. 10.2.
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[Iponiec BCTAHOBICHHS KOIUBAHD HA3UBAETHCS NEPEXITHUM MPOLICCOM.
UYac npoTikaHHS NEPEXIAHOTO MPOLECY 3alICKUTh BiJ BIACTHBOCTCH KOMH-
BaapHOI cuctemu [lo 3akiHUCHHI Yacy MEPEXiTHOTO MPOLICCY HACTAE PEIKUM
yeranenux koauBadb (auB. puc. 10.2). Lli konuBanHs BiAOYBAIOTHCS 34 ra-
PMOHIYHHM 3aKOHOM 1 MPOTIKAKOTE 3 YaCTOTOIO 3MYIIVBATBHOI CHIIH.

10.4. AmnuiTyaa i dpa3za BUMyHIeHHX KoJHBaHb. Pe3oHaHC.

IMouarkosa dasza 1 aMIUTITYyAa YCTAJICHUX KOMHBAHb CYTTEBO 3aJICIKHUTh
BiJ 4acCTOTH 30BHIIIHBOI 3MyInyBanbHOI crnn. HexTyroun rpomizakum go-
Ka30M BK2KEMO, IO aMILTITYJa LUX YCTANCHUX KOIWBAHb BU3HAYAETHCS 3
¢dopmynu (10.17), a mouaTtkosa ¢aza koausass - 3 dopmymu (10.18).

Ao fy (10.17)
\/(03(2)—032)+4820)2 .
26
Pp= arctgz—m2 ; (10.18)
®y—0

3 dopmyau (10.17) BuxHO, IO aMIUTITYAA YCTAICHUX KOJHBAHb MIOBH-
HHa MAaTH MaKCHUMAIbHE 3HAYCHHS, SKE AOCATAETBCA MPH MiHIMAITBHOMY
3HAYCHHI 3HAMCHHMKA. SIBHINE PI3KOTO 3pOCTAHHS aMILTITYIH BUMYIICHUX
KOJIUBaHb MPU MEBHIW YacTOTI 3MVINYBAIbHOI CHJIM HA3WBAKOTh PE3OHAH-
coM. MiHiManeHe 3Ha4YCHHS 3HaMeHHUKa v dopmymi (10.17) 3naiinemo au-
(hePCHLIFOFYH HOTO MO 3MIHHIA O

d
—[(oo(z) —0’)* + 4820)2] =0
do
3B1AKH MAEMO:
—4Hog -0 +830 =0; (10.19)
Le piBHsHHS Mae TP KOpeHI: 01 = 0Ta o , 5 = +4f0 § — 287 .
[epmmii KOpiHP BiANOBIAAE MAKCHMYMY 3HAMCHHHUKA, Yepe3 M0 HOro
MO’KHA 3aTUIINATH 11032 yBarow. Bix emuaunii po3s’si3ok piasHH (10.19) He

Mae (izugHOro 3micty. TOMYy TITBKM TO3WTHBHHH PO3B 30K PiBHAHHS
(10.19) Bu3Hava€e 3HAUECHHS PE30HAHCHOI YACTOTH ),

®, =405 —28; (10.20)

3 otpumanoi GopMyaH BUAHO, IO NPH BIACYTHOCTI cui omopy (6 = 0),
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PE30HAHCHA YaCTOTA KOJUBAIBHOI CUCTCMHU CITIBNAAAE 3 ii BJIACHOIO YacTO-
TOIO KOJIMBaHb, TOOTO ©, = ®. Ilizcranoskoro dopmymu (10.20) B (10.17)
OJCPKUMO BUPA3 Al BU3HAUCHHS aMILTITYAU KOJNUBAHHA V Pa3i pe3OHaH-
cy:

fo

P25 (02 -8%)

I'padiuni 3a7e:KHOCTI aMILTITYAN BUMYLICHHX KOJIHBAHB BiJ 4aCTOTH
JUTSL PI3HUX 3HAYCHB KoedillleHTa 3racaHHsl, 10 modyA0BaHl 3a GopmMyIow0
(10.22), nogano =Ha puc. 10.3. 3 11pOro pUCyHKa BUAHO, 10 TPH 3MCHIICHHI
koeilieHTa 3racaHHsd 0 PE30HAHCHI YaCTOTH 0, HAOMIKAIOTBCA J0 0o, &
MaKCHMYMH PE30HAHCHHUX KPUBHUX MPU LBOMY CTAIOTh O1bII BUCOKHUMH Ta
BY3bKHUMH. 32 YMOBU @ —> () yCi pe3oHaHCHI KpHBI HAOIIKAKOTHCH OO0 OJ-
HOTO i TOTrO ’ BiAMIHHOTO Bijg HyIs 3HAUCHHS fo/07, SKE OTPUMAIO HA3BY
CTATHUYHC BIAXWUICHHA. 32 VMOBH (® —> o0 VC1 PE30HAHCHI KPHUBI ACHMIITOTH-

YHE HAOMKAKOTHCS A0 HYJISL.
A

A (10.21)

CyKyIHICTD TIPUBEACHHX HA pHC.
10.3 kpuBOMIHIMHUX 3aTCKHOCTCH Ha-
3MBAETHCS PE3OHAHCHUMH KPHBHMHU.

3a yMOBH HE3HAYHOTO 3aTYXaHHS
KommBaHe (0% >> &°), 3 dopmynn
(10.21), orpumaemo Bupa3 Ajiss BU3HA-
YCHHS PE30HAHCHOI aMILTITY AH:

p = =05 2= 7
1 ae Q - J0GpPOTHICTh KOJUBATBHOI CHC-
0% TCMH.

\
@ @

L

3HaYUTh, JOOPOTHICTh KOJHUBATBHOI
CHUCTEMH TTOKA3Y€, Y CKINBbKH Pa3iB amIl-
Puc. 10 3. JiTyAa KONMHMBaHb NPH PE3OHAHCI mepe-

BHIIYE {I CTATUYHE BIIXUICHHS.

SBuine pesonaHcy HEOOXITHO BPaXOBYBATH MIPH PO3POOLI PI3HUX MTPH-
cTpoie Ta cropya. Bracna yactora komMBaHP MEXaHIYHUX CHCTEM HE IO-
BUHHA 30JIMKYBATUCH 3 YaCTOTOK MOKIHUBUX 30BHIIIHIX CHII, 60 y LOMY
BUIAJKY BUHHUKAIOTh BiOpaLii BETHUKOI aMILIITY I, SIKI CPOMO>KHI TIPHBEC-
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TH JO PYHHYBaHHS LUX MPUCTPOIB Ta CHOPYA,.
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TeopeTHdHO € IBI MOMJIHUBOCTI OACPIKAHHS HE3racaroyuX KOJIUBAHb.
[lepma MOXIHBICTB - 1Ie BIACYTHICTB CHII ONIOPY B KOJHMBAIbHIA CHCTEMI.
OxHak 1 MOXKIIHBICTh, OYCBHAHO, HE MOXKE OyTH peami30BaHA HA MPAKTH-
mi. Jlpyra MOKIHBICTh - ¢ BUMYIICHI KONHMBAHHA, MPU SKHX HA CHCTEMY
JIIOTh 30BHIIIHI 3MYIIYBAIbHI CHIIH, IIO HE 3a7IEKATh B CAMOI CHCTCMH.

Ta € e ogHA MOKIUBICTD - CHCTEMA MOKE CaMa PEryJIFOBATH Ji10 30-
BHIIITHIX CHJI TAKUM YHHOM, 100 y HiH BIAOYBAIUCHh HE3racar4i KOJIUBAH-
Hi. Hesracaroui KomMBaHHS, IO BHHUKAIOTh BHACTIAOK PEryiLLii caMoro
CHCTCMOIO 30BHILIHBOTO BTPYYAHHS 10 Hei, HA3WBAIOTh_ABTOKOJIUBAHHIMH.
Jist poOoTH aBTOKOJUBAJIBHOI CHCTEMH HEOOXIAHO, MO0 MPOTIrOM TOTO
MPOMIXKKY Yacy, MOKH CHJIA i€ HA CUCTEMY, HAIPSIMOK CHITH Ta MBUAKICTh
pPYXy cucreMu crhiBnaganu. Toal JKepeno eHeprii BUKOHAE HAJ KOJIHUBAb-
HOKO CHCTEMOKO JOJATHY poOOoTY (mepenacth i HEPrito) - e AOAATHUN
3BOPOTHUH 3B 430K. Y MPOTHICKHOMY BHIAAKY JKCPENIO BIAHIMAE CHEp-
110 Y CHCTEMH - I¢ BiA’ eMHHUI 3BOPOTHUH 3B S30K.

HoxatHuii 3BOPOTHHI 3B 30K BHKOPHUCTOBYEThCS IS 30YPEHHS aBTO-
KOJIMBAHb, @ Bl €MHHH - IJIS 3aralllcHHI HCOAKAHMX aBTOKOIHMBAHB TAM,
¢ BOHH HE NOTPiOHI. [IpHuKIan0M aBTOKOIUBANBHOI CUCTEMH 3 AOJATHUM
3BOPOTHHUM 3B SI3KOM € TOJUHHHUKOBHA MEXAHI3M, a 3 Bl €MHUM — aMOPTH-
3aTOPU B AaBTOMAINHHAX.

10.5. KoHTPOJIbLHI 3AIIHTAHHS.

1. Ilpusenite audepeHUianbHE PIBHSIHHA BIIBHHUX 3racar0uux KOIH-

BaHb.

[o crpuumHse 3racaHHs KOMMBAHb Y MEXaHIYHUX CHCTEMaXx 7

Ski KOMHMBaHHSA HA3WBAIOTH BUMYLICHUMH !

[Tpuseaite audepeHLianbHe PIBHAHHI BUMYIICHHX KOTHUBAHb.

Y uomy nossirae Hi3UdHA CYTh PE3OHAHCY?

[Tpuseaite GhopMyny A1 BU3HAYCHHS PC30HAHCHOI YaCTOTH Ta aMIl-

JITYIU KOJTMBAHb IPH PE3OHAHCI.

Sxuii KoNMMBaNTBHHUI MPOLIEC HA3UBAIOTh ABTOKOIUBAHHAM ?

8. o xapaxrepusye J0OPOTHICTh KOJIHBAIBHOI CUCTEMH 1 K BOHA BU-
3HAYAETHCA?

9. Yomy aopiBHIOE JorapupMiuHAN JCKPEMEHT 3racaHHs 7

10. JlaiiTe BU3HAUCHHS Yacy PelaKcalii 3racarouux KOJIUBaHb.

Iy A W) B

~
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I'/TABA 11.
XBHJIBOBI MPOIIECH

11.1. HpyxHi xBiji. Pa3oBa MBUHAKICTD.

Ipotec po3NOBCIOMKEHHS KOJIUBAHb Y CYLIIBHOMY CEPCAOBHII, TIC-
PlOOMYHMHA Y TPOCTOPi Ta Yaci OTpUMAaB HA3BY XBUIbOBOTO mpouecy. [Ipu
PO3MOBCIOKCHHI XBUJIb YACTKH CEPEAOBUINA HE PYXAIOTHCS PAa3oM 13 XBH-
JCI0, a TIMBKU KOJNHBAKOTHCI HABKOJO CBOIX MONOXKeHb piBHOBaru. Ilpu
OBOMY BiJ YACTKH IO YaCTKH CEPEAOBHINA NECPEAAETHCA TUIIC CTAH KO-
BaJIbHOTO PyXy Ta Horo eHepris. ToMy OCHOBHOK) BIACTHBICTIO VCIX XBHIIb
HE3AJICKHO BiJ IXHBOI MPUPOIH, € MEPECHOC CHEPrii 6e3 MEPeHOCY PEeHOBHU-
HH. XBHII OVBAIOTh TPHOX THITB: NPYKHI, €ICKTPOMArHITHI Ta OBEPXHEBI.

[pv:kauMu (200 MEXaHIYHHMH) HA3UBAOTh XBHIL SIK1 PO3MOBCIOIXKY-
FOTBCSL Y MPYXKHOMY CEpPeAOBHUINY. B 3a¢:KHOCTI Bl HAMPSIMY KOJHUBAHB
YacTOK PEYOBHHHM IO BIIHOLICHHIO 10 HANPSAMY PO3MOBCIOKCHHS XBHIIbO-
BOTO MPOLECY NPYXKHI XBUMI PO3INAIOTE HA JBA TUINA. HO3J0BKHI Ta MOMIe-
peuHi. [Ipy:kHa XBUIS Ha3UBAETHCA HO3AOBXKHBOIO, SKIIO HAMPSIMOK KOTH-
BaHb YaCTOK CEPCAOBHINA CIIBIAJAE 3 HANMPIMKOM PO3MNOBCIOIKCHHS XBU-
Ji, 1 DONEPEYHOI, SKINO KOMHBAHHS BHUKOHYEThCS MEPHICHIUKYISPHO IO
poro Hampsmy (ams. puc. 11.1).

Io3n0B:xH1 XBUII OB’ A3aHl 3
00’ eMHOI0 aehOopMALIEID TPYIK-
HOTO CEPCOOBHMINA 1 depe3 e
MOXKYTh PO3MOBCIOKYBATHCh V
OyIb-Kiii PEYOBHHI, a mormepe-
4yHI XBWIl MOB s13aH1 3 achopma-
LIE€ 3CYBY, TOMY BOHH BHUHH-

Puc. 11.1. KAIOTh | MOKYTb PO3MOBCIOIKY-
BaTHCA TLTBKH Y TBEPAUX Tilax.
[Ipu po3noOBCIOAKCHHI TAPMOHIYHUX KOJIMBAaHb XBHIA OyIe TakoxK ra-
pmoHiunoro. Ha puc. 11.2. npencrasnenuii rpadix npyKHOI rapMOHIYHOI
XBHII, KA PO3NOBCIOKYEThCS B3AOBK 0oci X 3 mBHAKICTIO V. Ak Gaunmvo
rpadik XBHJIBOBOIO MPOIECY AYKE CXOXKHH 3 rpadikoM KOJIHBaHb, IO 30-
OpackeHuit Ha puc. 9.1, ane i rpadiku aGCoMOTHO Pi3Hi 3a (Pi3UIHUM 3Mic-
toM. ['padix XBHIBOBOTO MPOLECY AA€ 3A7ICIKHICTD 3MIMICHHS YCIX YaCTOK
CCPEaOBHINA BiJ BIACTAHI A0 JKEPE/Ia KOMUBAHb Y JAHUM MOMCHT 4Yacy, a

a) 1 Tosriomiast XBWB 6) [orepeuna xBuitst

= v
DA Ea o]
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rpadik KOTHUBAHB - 3AJICHKHICTh 3MIIIECHHS AaHOI YACTHHKH BiJ MONIOKCHHS
PIBHOBAru 3 4acom.
ky Bigcranp MK [gBOMa Hail-
HA OMKYUMH — YACTUHKAMHM, IO
3O1HCHIOIOTh KOJHMBAaHHS Y OXHIN
Vi X dasi, orpumana Ha3By JOBKUHA
p xBual A. JloxuHa XBHMI AOpPiB-
HIOE BiACTaHI, Ha SIKY HOIIUPUThH-
cs BH3HAucHa (a3a KONMBaHb 32
Yac piBHAN OJHOMY TEPIOAY:

Puc. 11.2. A=VT. (L)
ae V - LIBUAKICTb XBWJIL.

l'eomeTtpryne Micue TOYOK, A0 SIKUX KOJHBAHHS PO3MOBCIOAUIHCEH B

MOMECHT 4Yacy t, YTBOPIOE TaK 3BaHUH XBUIbOBUH (poHT. ['comeTpuuHe Mi-

CLIC TOYOK, 110 KOJTMBAKTHCS B OJHIH 1 TiH x (azi, HA3UBAETHCS XBUIHOBOK)

MOBCPXHEK0. XBHUIBOBI HOBEPXHI MOXKYTh MATH SIKY 3aBrOAHO (OpMY: ILIO-

muHY, cdepu, mwriHapa 1 T.0. BignosiaHo 1 XBHIl Yy LBOMY pasi HA3HBa-

FOTBCS TUTOCKUMH, CEPUIHAMH, TIHAPUYHAMH 1 T.1. XBUIbOBUX MOBEP-

XOHb MOKHA MPOBECTH HECKIHYCHHY KUTBKICTh, 4 XBUIBOBHU ()POHT - TilTb-
KH OJUH, A7l JAHOTO MOMECHTY Yacy.

11.2. PiBHSIHHA OIry4oi XBH.II.

Po3risiHeMO MI0CKY rapMOHIYHY XBHJIFO, IO PYXAETHCS B3AOBXK OCl X,
[P [[BOMY BEJUYMHA 3MIMICHHS Y 3aJCKHUTh TUIBKH BlJ KOOPAWHATH X.
Hexait ammiTya KoJMBaHb YACTHHOK BCHOAHM OJHAKOBA, TOOTO CHEPTis
XBHIl HC TOTJIMHAETHCS cepeaoBumeM. Toxi GpoHT XBHIl V AOBLTBHUH
MOMEHT 4acy OyA¢ IUTOILIMHOK), IO MEPICHIUKYIIpPHA 0ci X.

VY mwommusi X = 0, KONMUBAHHS YaCTUHKH Oy/1¢ BU3HAYATHCH TaK:

Y(0,t) = A cos(ot + ¢q) ; (11.2)
ae A - ammmmityaa XBHIL; (b - MOYATKOBA (pa3a KOMHMBAHHS, O - LUKIITHA
4acToTa KOMUBAaHHA, ot + ¢y - (aza xBumi; t - yac.

Hnst Toro, 1100 3HAWTH BUA KOJHUBAHHS YaCTUHOK Yy IUTOLIWHI, SIKA Bij-
MOBIAA€ JOBUIFHOMY 3HAYCHHIO X, HCOOXITHO BpaxyBaTH, IO XBWl 3 ii
WBUAKICTIO V, noTpibeH aesikuii yac T = X/V ams Toro, mod BOHA AOCATIA
TOYKH X. A 11 3HAYUTD, IO KOJUBAHHS B TOULl X OYAYTh 3aIT3HIOBATUCS
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HA Yac T M0 BIIHOIICHHIO 10 KOMHMBAHb YaCTUHOK y moinuHl X = 0, T00T0:
Y(x,t) = A cos[o(t - T) + ¢o] = A cos[o(t - X/V) + o] ; (11.3)
OtpumaHe piBHSIHHSA 1 € PIBHAHHAM IITOCKOT Giry4oi XBHi.

Ockiapku AoBxkHHA XBI JopiBHIOE: A = VT, T0o Maemo:
V V
A=Vl =—=2n—;
v ®
BigsowmeHus 2m/A oTpuMAaI0 HA3BYy XBUJIBOBOIO umcia. 10i, BHIIC
MPUBEACHUM BUPa3, MOXKE OyTH NCPETBOPSHUH 10 HACTYITHOTO BUTISIAY:
2T @
AV

ne k- XBHIBOBE YHCIIO.
Bpaxysasmu Bupas (11.4), piBHsanns 6iry4oi xsuai Habyae BUTTILY:
Y(x,t) = A cos(ot - kx + ¢g) ; (11.3)
3 1pOTO PIBHAHHS BUAHO, IO HA BIACTAHI JOBKUHU XBHJI, 3MiHA (ha3u
KOJIMBaHb AOPiIBHIOE 2. TakuMm YHMHOM, XBHIBOBE YHC/IO JOPIBHIOE 3MiHI
(ha3u XBUITI HA OTUHHYHIH BIACTAH] Y HAMPSAMKY PO3MOBCIOIKCHHS XBUIL.
[pumycTumo, mo ¢aza XBUII 3 4ACOM HE 3MIHIOETBCA, TOOTO!

[o(t - /v) + @o] = const : (11.6)

Bpaxosyroun, mo o = const Ta ¢, = const, 3 (11.6), maemo:

t-*/y = const ;

[Ticns audepeHIiOBaHHS [IBOTO BUPA3Y OTPHMAEMO:

dt - dX/ v =10

3B1AKH:

dx
Cdt

TakuMm YMHOM, IIBHUAKICTH PO3MOBCIOIKCHHS XBUMI V v piBHAHHI Oi-
ry40i XBUII 11 MBUAKICTh PO3MOBCIOKCHHS BIAMOBIIHOTO 3HAYCHHS (has3u
xBual. Tomy mBHAKicTe V oTpHMara Ha3By (ha3oBa MIBUAKICTb.

3 Bupasy (11.4) surikae, mo V = o/k. Todto dazosa mBUaKICT Tap-
MOHIYHHX XBHJIb 3QJIC:KUTh BiJ iX HUKII4HOI yactoT. Lle mpuBoauTh 10
TOrO, INO MPYKHI XBWII 3 PI3HOMAHITHAMH YacTOTAMH PO3ALIAIOTHCA Ha
OKpeMi XBWJII 3 OJHAKOBOK (ha30BOKO IMBHAKICTIO. Take sSBUIIC OTPUMATIO
Ha3BY AMCICPCIi XBUMb.

(11.7)
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[Ipu BHUBeACHH] PIBHAHHA IUIOCKOI XBHIII MM MPHITYCKAIH, IO aMILTi-
TyJa KOMHBaHb HEC 3JICKHUTh BIX BLACTaHI OO JKEpesa KOMUBaHb. AJe J0-
CBIJ TMOKA3ye, IO B OJHOPIAHOMY CEPCAOBHUINI BIAOYBAETHCS 3racaHHs
XBHJIb 32 CKCHOHCHIIATBHUM 3aKOHOM.

Onep:kaHe HAMH paHilIe PiBHIHHS TWI0CKOI Oiry4uoi xBum (11.3) € pi-
LICHHIM JUCPSHINIATPHOIO XBUIBOBOTO PIBHSIHHS. BUA LBOTO pIBHSHHS
3HAWICMO, B3SIBIIHM YACTHHHI TIOXIHI BiA 3mimeHHs Y (x,t) piBasHas (11.3)
o koopauHati X ta yacy t. Toni:

oy
Toh —k?A cos(ot —kx +@,) = —k*V
o’y 5 5
W =-0"Acos(ot—kx+q¢y)=-0"Y
3BIAKH MAEMO:
>’y k. (118)
oX? @2 ot? '

Bpaxosytoun, mo 3rigHo 3 (11.4) ® = Vk, 3 Baine npuseaeHoro Bupa-

3y, OACPKUMO QIHOBUMIPHE Ar(EPCHINAIBHE XBUIbOBE PIBHSIHHSL

Y 19y

oxX?  V? at?

Onepxane audepeHIiaibHe XBUIBOBS PIBHIHHS OMHCYE PO3MOBCHO-
JOKEHHS IIOCKOI XBHITL, IO PYXAETBCA B3AOBXK Oci X.

; (11.9)

11.3. XBHIbLOBHI nakert. | pynoBa mBHAKICTD.

[Tpu HAIBHOCTI AEKITBKOX JKEPEN KOJMHBAHB XBHJII PYXAKOTHCS HE3a-
JCKHO OJHA BIJM OJHOI, HaKJIaAamuUMCh oAHAa Ha oxHy. Ilpu gomasamHi
XBHJIb BUKOHYETHCSI OPHHLMI CYNIEPHIO3HLii, CYTh SKOTO MOJIITA€ V BH3HA-
YCHHI CYMApPHOTO 3MIIICHHS YaCTUHKU, IO BUHHUKAE BHACTIAOK Aii ACKIIb-
KOX XBHJIb, SIK TCOMETPUYIHOI CYMH 3MIIICHB, 3yMOBACHUX OKPEMO KOKHOIO
3 OUX XBUIb. ToMy OyAb-iKka XBHUIS MOXKE OyTH NPEACTABICHA Y BUITISAL
JICSAKOT IPYIH XBU/Ib, IO OTPHUMAJIA HA3BY XBHJIbOBOTO MAKETY. XBUIbOBHI
MAKET LE CYHCPIIO3ULIS XBHIb, SIKI MAJIO BLAPIZHSIOTHCS OHA Bl OMHOL 1O
4aCcTOTI 1 3aHMAIOTh B KOKHHUH MOMCHT 4acy OOMEIKECHY YaCTHHY MPOCTOPY.
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3a IBUAKICTD PO3MOBCIOMKEHHS XBHJIBOBOTO MAKETY MPHHAMAIOThH
MIBHAKICTh MEPEMIMICHHS MAKCHMYMY AMIUTITYAM XBHII, IO BXOIATH Y
XBUJIbOBUH makeT. Ll mBHAKICTh OTPHUMA/IA HA3BY [PYHOBOI IIBHUAKOCTI 1
BHU3HAYAETHCS TAKUM YHHOM:

u= do : (11.10)
dk
pe U - rpymoBa MBHAKICTE XBUIIBOBOTO MAKETY.
Buznauumo cmiBBIAHOIICHHS MK (Pa30BOI0 Ta IPYIIOBOK) MIBHAKICTIO.
Hna uporo pudepenuiroemo piBrsaHHs (11.10) sax cknaxny dynxuiro. Toai,
3 ypaxyBaHHIM CIiBBIAHOIEHHSI @ = VK, MaeMo:

B AV o T a0y
T T '

Bpaxosyroun, mo k = 21/A, guepenmian dk = —2aA2d .
Iicas miacraHoBKH oTpuManuX criBBiaHomeHs y (11.11), maemo:

275[ xzjdv
n=V4+—| = :

A 27 ) dA
3B1AKH:
dv
=V-A— 11.12
u=V I ( )

Takum YMHOM, TPYNOBa MBHAKICTE MOXKE OYTH SK OLTBIIC TAaK 1 MCH-
e (azoBoi. ¥ cepeaoBHIni A¢ AUCTICPCIi XBUIIb HE BIAOYBAETHCS TPYIIOBA
IBUAKICTh A0piBHIOE (azoid. [IoHATTS mpo TPYMoOBY MIBHAKICTE IVIKE
BaK/HBE, 00 CaMe IS IIBUAKICTh BU3HAYAETHCS MMPU BUMIPIOBAHHI JATbHO-
cTi y pamionokauii i .. B Teopii BimHOCHOCTI A E#HIITEHA 1OBOANTHCS,
IO IPYNOBA MBHIKICTh HEC MOXKE NMEPEBEPLINTH MIBHIKICTh CBIT/IA V BaKY-
yMi, TOA1 AK (pa3oBa [MBUAKICTE MOXKE MPUHAMATH THO01 3HAYCHHSL.

11.4. Intepdepenuisi xpuab. CTosiui XBHJII.

SAxmo y jaHy TOUKY MPOCTOPY HMPHUXOAATh ABI FAPMOHIYHI XBHIIL 3 aM-
mrtyaamMu A; ta A,, TO aMITITYy Pe3yIbTYIOUYOr0 KOJIMBAHHS 3HAXOAATh
3a hopMyI010 10AaABAHHS BEKTOPIB!

9 2 2 .

I ¢ - ¢, - pizHHUL a3 KOJIMBaHb Y JOCTIAKYBaHIH TOYLI.
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Ipu pomy MokIHBI ABA BUNAIKK, PI3HUL (a3 (P - ¢y) 3MIHIOETHCS
3 yacoM, TOOTO XBUIII HE KOTCPECHTHI; pizHULE a3 (¢ - ;) HE 3MIHIOEThCS
3 4acoM, TOOTO XBHIII KOTCPEHTHI, YACTOTH iX KOJTHBAHb OJHAKOBI.

Ilpu gomaBaHHI KOTCPCHTHUX XBHJIb BUHHUKAE SBHINC 1HTEPEPEHIII,
SIKE TIOJSITaE B TOMY, IO KOJMBAHHS B OJHHUX TOYKAX MiJACHIIOIOTHCH, a B
1HIKX mociaadnroTees. [liacuneHns konusane OyAC B TOUKAX IS SAKUX:

(p1-92)=x2mn; (n=0;+1;+£2;..) (11.14)
A cymapna ammityaa Oyzae gopisaroBatn A = A; + A,
[TocnabneHHs KOTMBAaHb CIIOCTEPITAETECS B TOUKAX, IS IKHUX:
(P1-02)=x7m(2n+l); (m=0;£1,£2;..) (11.15)

A cymapna ammityaa Oyae gopisaroBatu A = A - A,

l'eomeTpuyHi MICII TOYOK, B SIKMX KOMHBAHHS ITACHTIOIOTHCS a00 MO-
CIa0IIOOTHCH, CKIATA0Th IHTCPPEPECHIIHHY KAPTHHY.

Ilpu HakmaAaHHI HEKOTCPCHTHUX XBH/Ib aMIUTITYIA KOJUBAHB V MPOC-
TOP1 3MIHIOETECH 3 YACOM, TOMY 1HTepepEHIIHHA KAPTHHA HE BUHHUKAE.

PoarisiHemo iHTEpPGEPEHITII0 ABOX 3YCTPIYHUX XBHJIb 3 OJHAKOBHMH
YACTOTAMH Ta AaMIUTITYJaMH, HAPUKIAA, XBUJI, 10 MAJAE HA OyAb-sIKy Iic-
pernoHy, 1 XBUJIl, 1O BiAOWBaeThCs Bix Hel. Hexait 3milneHHS, 3yMOBICHI
LMMU XBUJISIMH Y TOYIl X, B MOMCHT 4acy t, Oy1yTh JOPIBHIOBATH:

VY, = A, cos(ot — kx); Y, =A,cos(ot + kx);
Po3zpaxyemMo pe3yapTyrOUe 3MIICHHS
V=V,+VY, =A[cos(ot — kx) + cos(at + kx)] = (2A, coskx) coswt
3HauuTh V TOULl X, MAIOTh MICIIC KOJUBAHHS 31 CTAIOK aMILTITYAOKO:

A =2A,coskx ; (11.16)
|4_,| YUHICTh
\ ,*D B Toukax, mms SIKMX BHKOHYETHCS
, 3 ymoBa kx = wn (n=0;1;2;..), komuBaHHs
1 o

H -‘ i 1/ Bysox BIAOYBAKOTBCS 3 MAKCHUMAJIBHOK aAMII-
=X mityaow 2A,. Taki Touku oTpuMaIn

..' ! 3 Ha3By nvuHocTi (auB. puc. 11.3).
] Y ) B Toukax, mms SIKMX BHKOHYETHCS
' \/ \ ymoBa kx = w(n + 1/2) (n = 0; 1; 2;.)),
> KOJHMBaHH HE BiAOyBatoTecs. Ll Touku

OTpUMAaJH Ha3By By3aiB (puc. 11.3).

PiE 113
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[TonmosxeHHs BY3MiB HE 3MIHIOETBCS 3 YACOM, TaK INO HAKIAJAHHSI JBOX
3YCTPIYHUX OITYIUX XBHW/Ib MPUBOAUTh 10 BUHHUKHCHHS TAaK 3BAHOI CTOSUO1
xBuii (aus. puc. 11.3). Crostai XxBum y IpocTOpi HE HEPEMILIYIOTHCS 1 CHE-
PTiiO HE IEPECHOCATE.

11.5. 3BYKOBI XBHJII.

[pyxHi XBUII, IO PO3MOBCIOKYIOTEC V OVIB-IKOMY CEPECIOBHIL, 1
MaroTh yactotu BiA 20 I'n mo 20 xI'1, Ha3MBarOTH 3BYKOBUMH XBHJISIMH.

Iudpassyk mae vactoru menmme 20 [, a yapTpassyk - Ginpine 20 kI .

Xpuii 3 gacroramu Big 20 I'n mo 20 k1, gocsraroum Byxa JFOAHHY,
BUKJIMKAIOTh BIXIYTTA 3BVKY. JIFOAM PO3PI3HIOIOT 3BYKH 32 BHCOTOIO, TEM-
Opom Ta ryunicTio. KoxHil 13 mux ¢y0 €eKTHBHHX OLIHOK BIAMOBIAA€ KOHK-
peTHa Gi3UYHA XapaKTEePUCTHKA 3BYKOBOI XBHUIIL.

Ilix inTeHCcHBHICTIO | 3BYKOBHX XBHIJIb PO3YMIIOTH CEPEAHE 3HAUCHHS
TYCTHHH MOTOKY CHEPrii, sIKY MEPeHOCUTh XBUIs. Besikuii 3ByK - g HE Tpo-
CTC TapMOHIYHE KOJIMBAHHS, BIH SBISIE COOOK HAKIAJAHHS TaPMOHIYHHUX
KOJIMBAaHb 3 BIJATOBITHUM CIICKTPOM YaCTOT. IO HA3UBAETHCS AKYCTUYHUM
COCKTPOM. My3UKaNBHI 3BYKH MArOTh JTIHIHYATHH JUCKPETHUN aKyCTUIHUH
CIEKTP, a IYMU MalTh CYLUIbHUHA creKTp. CyO'eKTHBHOI XapakTepHCTH-
KOO 3BYKa, TIOB'I3aHOI0 3 HOrO IHTCHCUBHICTIO, € C'YYHICTh 3BVKA L

I
L-lg (11.17)
0

ae 1y - IHTCHCHBHICTH 3BYKA, LIO BIAMOBLAAE MOPOTrOBI YyTHOCTI JIFOACHKO-
ro Byxa i gopiBHIOE 1713 yeix wactor 1077 Br/v’,

Opunnnero BUMiproBaHH4 piBHA ryuHOCT] v cuctemi Cl e ben.

Ha mpakTrii KOpHCTYIOTECS OJUHHLICIO y ACCATh Pas3iB MCHIIOKO - A¢-
nuOea0M. [HTEHCHBHICTD 3BYKOBHX XBHIIb, IO BUKJIMKAE Y TIOICHKOMY BYCI
3BYKOBE BIAYYTTH, BIANOBLAAE piBHAM ryuHocti Big 0 go 130 J16.

[IBuakicTh 3ByKa y razax BH3HAYAETHCH 3 HACTYIHOL popmymu:

V=yyRT/p ; (11.18)

Ie ¥, | - moKasHHK axiabate Ta MonsapHA Maca rasy; R - yHiBepcanbHa ra-
30Ba cTana; T - TepMoaUHAMIYHA TEMIIEPATYpa rasy.
3aBasku BUCOKMM uactotam (v>20 kl'm), a 3HAYUTh HC3HAYHIN JOB-
JKUHI XBHJI1, YIBTPA3BYKOBI XBHII MOKYTh OYTH OTPHUMAHI y BUTTISAAL TOYHO
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HANPaBJICHUX MYYKIB, 1[0 0OYMOBUIO iX LIHPOKE 3aCTOCYBAHHSA Y HAYMI 1
TexHiml. Hanpuknan, y rigpomoxatii, yapTpassykoBili aedekrockomii, v
MeauuHi Ta T. 1. OTpUMYIOTE YIBTPA3BYK SIK IPABUIIO 32 JOTIOMOTOIO 00¢-
PHECHOTO M'€30CICKTPUIHOTO SHECKTY .

11.6. EdexT lonepa.

3aneKHICTh YACTOTH XBHJII, IO COPUHAMAETHCS CHOCTSPIravueM, y Bi-
MOBIJHICTIO 3 MIBHAKICTIO PYXY CHOCTEpIrava Ta JKepena XBUIb, OTPUMAIIO
HasBy edekty Jlonnepa.

PosrasaemMo po3noBCIOIKEHHS XBHIb Y HEPYXOMOMY CEPEAOBHIIL, BBA-
JKAKYH, M0 PyX croctepirada (mpuitmMada) Ta JKepesia XBHIb MPOXOAUTh
B300BXK mpaMoi, mo ix 3’exnye. IBuakicte pyxy mkepena V., Oyzaemo
BBAKATH JOJATHOKO, SIKINO /DKEPENIO PYXAeThCsl IO MpHiMaya, Ta
BiJ €MHOIO NPU BIAAAICHHI MPUAMaYa Ta [HKePE/ia XBUIb OUH Bl OJHOTO.

PosrisiaeMo nexinbka HalOUIbIN TUIIOBUX BUIAKIB.
1. Jxepeno Ta npuitMad HEPYXOoMi BiHOCHO cepeaoBuia (V ,,=V,=0).
Sximo V, MBHAKICTh PO3MOBCIOMKCHHS XBHIII BITHOCHO CCPCIOBHINA,
a 4acTOTa KOJIMBAHb JKECPE/Ia XBUIIb JOPIBHIOE Vo, TO JOBKHUHA XBUII Oy
mpopiatoBat A = VT =V/v,. 3a aeskuii yac xBus Aiiae 10 npuiMaga i
30ypHUTh KOJUBAHHS HOTO 3BYKOUYYTIHBOTO €JICMEHTA 3 YACTOTOK)!
Hp:%:\/o ; (11.19)
Taxum 4MHOM, 4aCTOTA XBHJIL SKY 3aPEECTPYE MPUHMAY Vy, Oyae CIiB-
MAJaTH 3 YaCTOTOI XBHII Vo, IO BUIMPOMIHIOETHCS JIKEPCIIOM.
2. TTpuitviay HaGIHKAETBCS J0 kepena, ke HepyXoMe (V =0, V,>0).
VY upoMy BUMAIKY MIBUAKICTh PO3MOBCIOKCHHS XBU/I BITHOCHO IMPH-
iMada ctane piBHOIO V = V+ V.. 3aBasku ToMy, IO JOBXKHMHA XBHII IIPU
LBOMY HE 3MIHIOETHCS, MAEMO!

VotV (Vo +Vi)ve

2 A v,
Takum 9MHOM, YACTOTA KOJIMBAHB, SKY 3aPEECTPYE MPUHMAY Vo, Oyae
3HAYHO OLIBIIOKD, HIXK YACTOTA KOJIMBAHD JKEPE/IA XBUIIb.

3. Jxepeno HAGMIKAETHCS A0 HEPyXoMoro npuiMada (V 4, >0, Vi, =0).

Y upoMy BHIAAKY, 3a 4Yac PIBHHUH OJHOMY MCPIOAY, XBHIS HPOHIC

A%

(11.20)

A%
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PYXA€EThCA HKSPENIO XBUIb YH Hi. 3a LEH JKe Yac JKEPEeso XBUIb MPOHAE V

HANPSMKY PO3MOBCIOIKYBAHHS XBUI IULIX, IO JOPiBHIOE V 1 T (auB. puc.

11.4). ToOTo mOoBKHMHA XBHIII CKOPOTUTHCS 1 OyA¢ TOPIBHIOBATH:

M=A-VuT=(V-V))T;
3B1AKH MAEMO:

Vo A% Vv,

— Vi N (V—V,m)’ (11.21)
ToOT0 yacToTa KONMHBAHB, SKY 3apCec-

¢ Tpye mpuiiMad, Oyac OLTBIIOK HIXK dac-

o TOTa KOIUBAHb Y JXKEPETl XBHIIb.
Puc. 11 4. 3 pe3ympTariB, IO MH OTPUMAIH V
BUNaakax 1-3, HCCKIAZHO OTPUMATH 3a-
rasbHy (GOpMyJay sl BU3HAYCHHS YaCTOTH KOJMBAHb, IO (HiKCYIOTHCS
MpuiiMadeM v 3aralbHOMY BHIAIKY:

Vnp — (V i_V;px)Vo :
(VFV,)

3HaK IUTOC Y YUCEJIbHUKY BHINE MPUBEICHOrO BHUPA3y BIAMOBIJAE HA-

ONIMKCHHIO TpUAMAaYa 10 HKEPeNa, 3HAK MIHYC - IX BIAJAIICHHIO, a B 3HA-

MECHHUKY - HABMAKH. TakuM YHHOM, PH HAOIWKCHHI JKepena KOJIUBAaHb 1

nmpuiiMadya OJHMH J0 OXHOTO, YacTOTa, SIKY chpuiiMae npuiivad, Oyae Oimb-

14 BiJ YaCTOTH KOIWBAHb [KEPENa XBWIb. | HABNAKH MPH BiAANCHH] MPHU-

HMava 1 JKepesa KOJUBaHb OIWH B OJHOTO, YacTOTa CIPHHHATTS KO-
BaHb NPUIIMAYEeM 3MEHINY€EThCS.

A

Vil

(11.22)

11.7. KoHTPObHI 3AIHTAHHS.

1. o nHasuBaerbcs xBUIBOBUM mpouiecoM? [laiiTe BHU3HAUCHHS HO-
B3IOBXKHIX Ta MOMCPCYHHUX XBUIIb.

2. 3anuimite Gopmyy A BU3HAUCHHS (HAa30Ba IBUIKICTh XBUIIL.

3. Slke piBHAHHA Ma€ TUIOCKA Giryya rapMOHIYHA XBHIS?

4. Y yomy cyTh gBuIa iHTepdepeHLil XBuas? 3anUIIiTh YMOBU AT iC-
HYBaHHA MAaKCUMYMY 1 MIHIMyMY aMIUTITYIH MPH 1HTEpQEpeHLi.

5. Slxi 3Bykosi xBwii Bu 3Haere?

o coboro gBnste xBUabOBUH makeT? Aki Horo xapakTepucTUKu?

7. HageniTe mpuKIaayu BUKOPUCTAHHS YABTPA3BYKOBUX XBHIb.

=3
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YACTHUHA TPETA
MOJIEKYJIAAPHA ®I3UKA TA TEPMOJANHAMIKA

Monexynapna gizurxa ma mepmodunamira - ue 0codauBui posaia di-
3HKH, 110 BUBYAE MAKPOCKOMIYHI BIACTHBOCTI PEUOBHHU BUXOIIUH 3 MOJIC-
KYJISIPHO-KIHCTHYHUX VSBICHb mpo ii OyaoBy. ToOTO mpumyckaeThed, IO
yCl TLJa SBISIOTE COOOK CYKYIHICTh AYKE BEAHUKOTO YHC/IA ATOMIB Ta MO-
JICKYIL, SIKi 3HAXOJAThCS Y OE3MEPEPBHOMY PYCi.

Ines mpo aromHy OyIOBY PEUYOBHHH BIIEPIIC BHCIOBJICHA AaBHBOTPC-
upkuM (izocodom emoxpitom (460 -370 p.p. no H.e). OaHak nmiue y ce-
peauni XIX cTomiTTd 1g i€ OTpUMaia 3aBEPLICHE BTIICHHS Y HAYKOBHX
mpangx BuaatHux ¢izukie Toro yacy P Knaysiyca (1822-1888), x. Maxkc-
Beana (1831-1879), JI. bonpumana (1844-1906).

ATOMHO-MONEKYIsIpHa OynOBa PEUOBHHH MIATBEPIKYETBCS TAKUM
KIACHYHUM AOCITIZAOM, K OPOYHIBCBKHUH PYX, Ta BUBYAETHCS 32 JOMOMOTOO
TaKUX METOAIB, K CICKTPOHHA MIKPOCKOIIiS, PCHTTCHOCTPYKTYPHHUH aHaIi3
Ta TaKe iHIIE.

I'JIABA 12.
OCHOBH MOJIEKYJISPHO-KIHETHUYHOI TEOPII

12.1. CTaTHCTHYHHH TA
TePMOAHHAMIYHHI METOAH JOCIUIKeHHS.

[ BUBYEHHS HPOLIECIB PYXY aTOMIB 1 MOJEKY Y PCUOBHHI, 3aCTOCO-
BYIOTh J1BA SIKICHO PI3HHX MCTOIH, IO B3AEMHO JOMOBHIOKTh OJHUH OJHO-
ro:_CTaTUCTHYHMY 1 TepMoauHamiunaui. [lepimmii ne:kuth B OCHOBI MONEKY-
JpHOi (i3UKH, APYTHH - TCPMOTUHAMIKHL.

Mounekyaspra (i3uka BUBYAE SIBUINA, K1 SBISIOTHCS PE3YIbTATOM CY-
KYIHOI Jii BEJIMKOTO YHCIA MOJCKYJ Ta ATOMIB, alic BIACTHBOCTI L€l Cy-
KYITHOCTI HE JAOPIBHIOIOTH BJIACTHUBOCTSAM OTHIE] MOJCKYJIM, YSPe3 IO A
BU3HAUCHHS ITUX BIACTHBOCTCH BUKOPHUCTOBYETHCS CTATHCTUYHHH METOX.
BukopucranHs CTaTHCTUYHOTO METOAY B MOJICKYMSPHIN (hi3WL MOSICHIO-
€TBCS THM, 1[0 HEMOKJIMBO CIIOCTEPITaTH 32 PyXOM KOKHOI OKPEeMOi MOJIe-
KYJIK Y1 aTOMa, & CYKYIHICTh BEJIMKOTO YHCIA MONEKYI HAOyBa€e TAKUX HO-
BUX BIACTUBOCTCH, SIKUX HE MAIOTh OKPEMi MONCKYIIH.
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CraTucTUYHUI METO/ 0A3y€EThCS HA TOMY, IO BIACTUBOCTI CYKYITHOC-
TI BEJIUKOTO YHCJIA MOJICKYJI € MAKPOCKOMYHHUMHE 1 B KIHIICBOMY PaXyHKY
BU3HAYAIOTHCS MIKPOCKOIIYHUMH BIACTHBOCTAMHU OKPEMOI MOJICKYITH.

Hanpuknan, temneparypa ra3dy BU3HAYAETHCS LIBHAKICTIO PyXy HOro
okpemux Mosiekyst. QQHAK Y OKPEeMI MOMEHTH 4acy Pi3HI MOJICKYIH MAKTh
Pi3HI [IBUAKOCTI PyXy, TOMY TEMIEpaTypa razy Moxe OyTH BU3HAUCHA de-
PE3 CepeaHe 3HAUCHHA MIBHIKOCTI YCIX MOJEKVI Ta3y. Ale TOBOPHUTH IO
TEMIICPATYPY OMHIEI MOJCKYIH Tazy - abCypa.

CrarucTiaHAl MeTO 0a3yeThCd HA BUKOPHUCTAHHI TEOPii 1IMOBIPHOCTI
Ta BU3HAYCHUX MOJC/INX OYJOBH MOCHIIKYBAHUX CHCTEM. Y CHCTEMI, SIKA
CKIaJAETHCS 3 BETUKOI KIJBKOCTI YaCTOK, € ACSAKE CEPeAHE 3HAUCHHS (isu-
YHHX MAPaMETPiB SKI XapaKTEPU3YIOTh YCIO CYKYIHICTE Vv winomy. e Ha-
cammepen cepenne apupmetane (12.1) 1 cepenne ksagpatuune (12.2).

1 n
X=—Y X
- ?:1 I (12.1)

2l
I

; (12.2)

KB

A X, X,, - cepenHe apupMETHIHE Ta CEPEIHE KBAAPATHYHE JESIKOTO

¢iznuHOr0 Mapamerpa X;; 1 - KIMbKICTh BU3HAYCHB LIbOTO MapaMeTpa.

Pozain dizuku y sKOMy 3a JOMOMOIrOK CTATHCTHYHOTO METOMA BH-
BYAKOTHCS (PI3UUHI BAACTHBOCTI MaKPOCKOINYHHUX CHCTEM HA3MBAETHCS CTa-
TUCTUYHOKO (DI3HKOIO.

TepMoanHaMika BHBYAE 3arajbHi BIACTHBOCTI MAKPOCKOIIYHUX CHC-
TeM, Oe3 BpaxyBaHHM iX BHYTPIIIHBOI OYJOBH Ta XapakTepy pPyXy HYacTok,
IO CTBOPIOIOTH LI CHCTEMH. TOMY HpH BHKOPHCTAHHI TEPMOAMHAMIYHOIO
METOAY HE PO3MIAAETHCS BHYTPIIHA OYA0BA PCUOBHHU Ta XapakTep Pyxy
okpemux ii uvactok. TepMoanHamiuHMA METOJ TPYHTYETbCA HA aHAII3I
VMOB Ta KiNbKICHHUX CITIBBIOHOIICHb NMPH PI3HOMAHITHHUX MEPETBOPCHHAIX
eHeprii, mo BiAOYBarOThCH y cuctemi. CHiBBIAHOIMICHHS MiX PI3HUMH BH-
JaMu CHEprii A03BOJIsiE BUBYATH (hi3WUHI BIACTHBOCTI MAKPOCKOMIYHHUX
CHCTEM Y cCaMUX PI3HOMaHITHUX YMOBax. TepMoanHaMIYHA CUCTEMA LI CY-
KVIHICTh MAaKPOCKOIYHUX Tid, IKI MOXYTb OOMIHIOBATHUCS CHEPTIEIO SIK
MIK 0000, TaK 1 3 30BHIITHIMH T1JIaMH.
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CraH TEPMOAUHAMIYHOI CHCTEMH 33Ja€ThCS 34 JOMOMOTOK) TPHOX
TCPMOIHUHAMIYHUX MapaMeTpiB, a came: TUCKY (P), 06 emy (V) 1 Temmepa-
typu (T). VY cucremi Cl 1i mapamMeTpy BUMIPIOIOTh Y TAKHUX OJHHULIIX.

Tepmounamiuna remneparypa T - y kenbsinax (K), npraomy 0° C mo
mkani Leascisa Biamosigae 273" K no wkani Kenpsina. To6To:

T=273+1"; (12.3)

06 em (V) - y kyGiunux metpax. Tuck (P) - y mackamsax (I1a).

Onna diznuna atmocdepa (atm) Biamosizae tucky v 101325 Ia, a oa-
Ha TexHiuHa atmocdepa (ar) - 98066.5 Tla. Kpim TOro THUCK Tako:K BHMI-
PIOIOTH ¥ MiTIMETpax PTYTHOTO Ta BOASHOTO CTOBIIA.

KinabkicTh pe4OBHHH BUMIPIOETBCS Y MOMIX. OOUH MOJIb 1IE KIJBKICTD
PCUOBHHH, SIKA CKIAIAETHCS 3 TAKOI KITBKOCTI MOJICKYJI T ATOMIB, CKLIBKH
iX BXOAUTH A0 cKjIaay 12 rpamis 130TOMY BYIJICIIO.

TepMoaMHAMIYHEM MPOLIECOM HA3UBAETHCS JTIOOE MEPETBOPCHHS XOU
OU OTHOTO 3 TCPMOAMHAMIYHUX HApPaMETPIB, 0 BIAOYBAETHCS Y CHCTEMI.

HC 3MIHIOETBCS 3 YacoM, MPH LBOMY CTALOHAPHICTh CTAHY CHUCTEMH HE
MOB’sI3aHa 3 MPOLICCAMH, IO BiAOYBAIOTHCS Y 30BHIIIHBOMY CEPCIOBHII].

12.2. JlocaiaHi 3aK0HH 11€AJbHOI0 ra3y.

Y MONEKYIIpHO-KIHETHYHIA TEOpii BUKOPUCTOBYETHCS MOJEIb imea-
JABHOTQ Ta3y. IO MA€ BIAMOBIJATH HACTYITHUM YMOBAM:

1. BnacHuii 06’ emM MOJICKYJ ra3y AYKe MU Y TOPIBHSIHHI 3 00’ €eMOM
MOCYAUHH, B SIKIH BIH 3HAXOAUTHCA.

2. Mixk MONEeKyIamMu ra3y BIACYTHI CHITH B3a€MOII.

3. 3iTKHEHHS MK MOJCKYJIaMH, a TAKOXK iXHI 3ITKHCHHS 31 CTIHKAMH
MOCYAHWHU, B SIKIH 3HAXOAUTHCS Ta3, € ADCONOTHO MPYKHUMH.,

3BHUANHO, PeasibHI ra3u BLAPIZHSIIOTHCH BLA 1ACATPHHUX M0 YCIX BHIIC
HABCACHUX YMOBAX, ajic PEalbHUHA ra3 MOXKHA HAOJIM3UTH OO MOJCTI iaea-
JBHOTO, HAMPUKIIAJ Y BUMAAKY, KOITU KOHLICHTPAL MOJEKYJ Maja, a TeM-
neparypa ra3zy Bucoka. OkpiM 1bOT0 peasibHi ra3u MOXKYTh OyAH HaOIIKe-
HI 10 MOJCI 1IATPHOTO Ta3y 3a AOMOMOTO PI3HOMAHITHUX TOMPABOK.

HocnigHuM  [IIXOM, 3aJ0BrO OO TOSABICHHSI  MOJCKYJISPHO-
KIHETHYHOI Teopii, Oyna BIAKPUTA Lijda HU3KA 3aKOHIB, O OMUCYIOTh BIIAC-
THBOCTI 1aeanbHux raszis. HaragaeMo OCHOBHI 3 HUX.
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3axoH ABOrajapo: OZHH MOIb OYb-IKOTO a3y Mpu OJHAKOBOMY THCKY
Ta TeMmnepaTypi 3alimMae ogHakoBui 06°em. [1pu HopmampHx ymoBax (P = 1
10° Ia, T =273 K), et 06’ em gopisrioe 22,4 107 »’ . 3 1poro BHXOANT,
[0 YV OAHOMY MO OVAb SKOTO ra3y MICTUTBCS OJHE W T€ JK YHCIO MOIe-
Ky, SIKe HA3MBAKOTh cTan010 Aporaapo: Ny = 6,02 10% moms ™.

3akoH JlaabTOHA: THCK CYMIIII 1A¢abHUX rasiB JOPIBHIOE CyMI mapui-
ATBHHUX THCKIB KOXKHOTO 3 TasiB, IO 40 HEl BXOJATE:

P:P1+P2+ +Pn; (124)
ae P;- mapuianbHi THCKH, TOOTO THCKH $IKi CTBOPIOBAB OM KOXKHUH ras cy-
Mini, SIKOH BiH OJMH 3afiMaB 00" €M, V IKOMY 3HaXOJUTHCA YCS CYMIIL.

IzonmporniecaMu Ha3WBAKOTh TaKi TSPMOJUHAMI-
YHI TPOLECH, K1 BIAOYBAIOTHCS Y CHCTEMI 3 MO-
CTIHHOIO MAacOK Ta3y HpH OyIb-IKOMY HE3MiH-
HOMY TEPMOIUHAMIYHOMY HapaMeTpi.

Sxmo y TepMOAMHAMIMHOMY MPOLEC HE 3Mi-
HIOETBCSL TEMIICPATYPaA, TOAI BiH HA3UBAETHCS 130-
repmiuanM. [lpu pomy mponeci J0OYTOK THCKY
rasy Ha Horo o0 €M € BEIMYHHA CTaa;

Puc. 12.1. P V =const ; (12.5)
v Ha puc. 12.1 mpuseacHa izotepma. o Bigo-
Opaxkae 3a7eKHICTh Mk mapaveTpamu P 1V mpu
P = const 130TCPMIYHOMY TPOLICCI.
Sxmo y TepMOAMHAMIYHOMY MPOLEC HE 3Mi-
HIOETBCSI THCK, TO BIH HA3WUBAETHCS 1300apHUM.
T Tlpu mpoMy mporneci 06’ €M rasy IiHIHHO 3MiHEO-
€THCS 31 3MIHOKO HOTO TEMIICPATY PH:
V2 T1 = V1 Tz 5 (12.6)
P Ha puc. 12.2 mpuseaena izo0apa. mo Bizxo-
Opaxae 3anekHICTh Mk mapameTpamu V i T npu
e it 1300apHOMY IpoIECi.

Axmo y TepMoaAMHAMIYHOMY TPOLEC HE 3Mi-
HIOETBCS 00 €M rasy, TO BiH HA3UBAETHCS 130X0P-
HuM. [Ipu npoMy mponeci THCK a3y JiHIHHO 3Mi-
HIOETHCS 31 MIHOKO HOTO TEMIICPATYPU:

P2 Tl = P1 T2 & (127)

P

T = const

v

v

Puc. 12.2.

v

Puc. 12.3.
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Ha puc. 12.3 mpuBeaeHa 130x0pa. 10 BigoOpaskae 3a1eKHICTh MIXK Ta-
pametpamu P 1 T npu i30xopHOMY Tpowieci.

Skimo y TepMoaAMHAMIYHOMY OPOLIECI HE BIAOYBAETHCS TCILIOOOMIH 3
30BHIIIHIM CEPEIOBHUIIEM, TO TAKUH MPOLEC HAZHBAETHCA aA1a0aTHIHIM.

12.3. PiBusauns Kiaanenpoua-Menageaecesa.

Hexaii mesika Maca ra3y mocimiZoBHO NEPETBOPIOETHCS Y 130TEPMIYHO-
My (1-2) ta i30xopHOMY (2-3) mpouecax (quB puc. 12.4). Buxoasuu 3 Buine
MPUBEACHUX 3aKOHIB TS 130TEPMIYHOTO T 130XOPHOTO MPOLIECIB MAEMO:
P1 V1: P2 V2 Ta P2 T3 :P3 T2 5
3 uMx ABOX PIBHSIHb OTPUMAEMO!
T
it PV, =-2PV,;
Py [~ T,
Onnak: T=T,, 60 nporec (1-2) izoTepmiu-
Huil, a V; =V,, 60 mnporec (2-3) i30xopHuUi.

P, ) Toxi maemo:
T PV, PV
P 5 PV, =—LP\V,; L=
3 Vo 1V T, 3V3 = T, T,
Vi V2 Bpaxosyroun, mo ctaH rasy B Toukax 1, 2
Puc. 12 4. Ta 3 HamMu BUOpPAHUH AOBIIBHO, MH MOMXEMO
3pOOHUTH BUCHOBOK, IO AJIS JAHOI MacH rasy:
PV
T =const=B; (12.8)

Bupas (12.8) otpumae Ha3By piBHauHa Knanelipona, B sikomy B - 1e
ra3oBa craja. o Mae€ Pi3HI 3HAYCHHS JT PI3HHUX rasis.

Oxnak 3riaHO 3 3aK0HOM ABoraapo, npu oxuakoBux P i T, oxun Monb
mobuX rasis 3aliMae oqHakoBui 06’ eM V,,, ToMy crana B y mpomy Bumaxy
Oyzae oxnakosa aid mobux rasie. Ll equHa crana orpuMana Ha3By YHiBEp-
canbHa rasosa ctana R. Bona nopisaroe R=8.31 x/moms K.

Toai Bupas (12.8) MOKIMBO NPEACTABUTH V HACTYIHOMY BHUITISII

PV,=RT: (12.9)
Bupaz (12.9) i orpumas Ha3By piBHaHHA Knanelipona-MeHaeneesa.
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00’ em MOBIIBHOI MACH Ta3y JOPIBHIOE:

m
V=—¥,: (12.10)
U]
Je |- MOJIIPHA Maca, KI/MOJb; M - Maca rasy, Kr.
BigHomenHs m/p = v AOPIBHIOE KUTBKOCTI peHOBHHU. Tl PIBHAHHSA
Knanetipona-MeHnaeneesa nias m060i MacH razy MOXKIHUBO NMPEACTABUTH Y
HACTYIIHOMY BHTIISAY:

m
PV = —RT = vRT. (12.11)
1)

BigHomenns yHiBepcampHOi razoBoi cTanoi mo cranoi ABOraapo
oTpumano Hassy craza bomsuvana. Bona gopisrroe k = R/N, = 1,38 107
ILx/K. Togi 3 pisasuans Knanelipona-MeHzaeneesa a1 0JHOTO MOJS razy
MaEMO:

RT N kT
P = = A .
v v ; (12.12)

B B

Bpaxosyroun, mo BigHomeHHs N»/V,, BU3Ha4Ya€ KOHIEHTPALIIO N MOJIe-
Ky y razi, supas (12.12) MokIHuBO MpeaCTABUTH Y TAKOMY BHITISAL:

P=nkT; (12.13)
To6To THCK razy mpsMO HPONMOPLIHHMN KOHLECHTpALii B HbOMY MOJC-
KyI.
12.4. OcHOBHE PiBHSIHHSI MOJIEKYJISIDHO-KiHETHYHOT
TeOopiil ileaTIbHUX ra3iB.

PosrnssreMo 0AHOATOMHUY 11CATBHU ra3, SIKUH 3HAXOIUTHCS Y ACIKIN
nocyauni (quB. puc. 12.5). Jlast BUBHAUCHHST TUCKY, SKHH CIPHIHHSIOTH
ra3oBi MONEKYJIH HA CTIHKH MOCYAWMHHU BIAOKPEMHMO Ha ii MOBEPXHI ACIKY
eneMeHtapny womanky AS. Ilpu npy:KHOMY 3iITKHEHHI 3 CTIHKOIO TOCY-
JUHH, KOXKHA 3 MOJICKY/ 3MIHIOE HAIPSIMOK CBOTO PYXY Ha MPOTHICKHHM,
MCPEAAIOYH TIPH [OMY, BIAMOBIIHO 3 3aKOHOM 30CPCIKCHHS IMITYJIbCY, CTi-
HI[l TIOCYUHH IMITYJIbC, [0 BU3HAYAETHCS 3 HACTYIMHOTO PIBHSHHS:

AK = Kl = K2 =my VKB- (- my VKB) = 21’11() VKB; (12.14)

ae K - imoynbe Mosekyiu; my - Maca MOJCKYJIH; V., - CCPSAHBOKBAAPaA-
TUYHA IBUAKICTh MOJICKYJ/IH rasy.
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3a yac At miomanku AS MarTh 3MOTY JOCTUTHYTH TLTBKU TI MOJICKY-
T, 100 3HAXOAATECS B 00 eMi V:
V=V At AS;
Umcno Takux Monekyn B 00 emi AV 10piBHIOE:
No=nV,;
J€ N - KOHLICHTPALS MOJICKYJI B Ta3i.

[MpumycTimo, mo pyx MOJEKYI V Tas3i YIOPSAKOBAHHUN Ta PiBHOMIp-
HUH y BCIX MISCTH HAMpsMKax cuctemu koopaunar [exapra. BiamosigHo
JI0 IBOTO MOXKHA CTBEPKYBATH, IO B3JO0BK JOJATHOTO HAMPIMKY OCI X
pyxaroThcst Mosiekynmu y Kipkocti N = No/6. Toai cymapauit imoynse 2 K;,
IO i€ HA TWIOMAAKY AS MOK/IHBO BUSHAYMHUTH TAKUM YHHOM:

SK;i =2mg Vi N = (1/3) mg Vie,” n At AS;

Bpaxosyrouu, mo THck ue BigHomeHHs cuiu F g0 miomm AS, a cuna
JOPIBHIOE BIJHOLICHHIO IMIYJIBCY JO Yacy HOro 3MiHH, OTPUMAEMO BHpa3
JUTSE BU3HAYCHHS TUCKY a3y HA CTIHKY MOCYAHHH:

F >K, 1
P = R 1 = 2 o

S ASAL 3 moVie™ n; (12.15)
= Tak, sk n = N/V, To BuUIlC MPUBEACHUI

AS  BHPA3 MOXKIUBO IPEACTABUTH Yy HACTYIIHO-

MY BHIJISIIL
P v PV='5myVe N:  (12.16)
5 Bpaxosyroun, mo Nm,= m, MaeMo:
-« PV ="mVg’; (12.17)
Abo:

, L=t > PV =%,E,; (12.18)
/ Je m - Maca ycboro rasy; E, - cymapha ki-
Puc. 12.5 HETHYHA CHEPris MOCTYHNATBHOTO PYXY

YCIX MOJICKYJI ra3y.
Bupazu 12.17 Ta 12.18 orpumanu Ha3By OCHOBHI PiBHSHHS MOICKYIIS-
PHO-KIHETUYHOI Teopii 11eaTbHUX Tas3iB.
Posrasaemo oauH Momb iacansHOro ragy. IlopiBHABIIM IpaBi YaCTHHU
pisasaHa Knaneiipona-Menneneesa ta pisHguHA (12.17), Maemo:
RT=="5uV’; (12.19)
Je W - MOJSPHA Maca rasy.
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3 piBusHHA (12.19) oTpumaeMo BHpa3 [T BU3HAYCHHS CCPEIHBOKBA-
PaTHYHOI IIBHAKOCTI MOJICKYIH 14€aTbHOTO rajsy:

vV = /3RT i (12.20)
u

Abo0, 3 ypaxyBaHHIM BH3HAUYCHHA cTanoi bonpumana, Maemo:

_ [oRF _ ySkL (12.21)

m, N, 1. 5

ae k- crana Boasivana; Ny - ctana Asoraapo.

He ckmamHo BH3HAUMTH, IO MPH KIMHATHIH TeMOepaTypi 3HAYCHHS
Vs, HAMPHUKIQJ KUCHIO, Oyae ckmagatu Oims 500 m/c.

Bpaxosyroun Bupaz (12.21), cepeaHs KiHCTHYHA CHEPrisd MOCTYIATb-
HOTO PYXY OAHI€l MOJCKYIH 1ACaTbHOTO Ta3y €y, MOKe OyTH BU3HAUCHA 3
HACTYIHOT'O PIBHSHHS

_1,yo2_ m3kT  3KT
€0 EmO KB — 21110 - 9 >

Tobro:
g0="/2 kT ; (12.22)
TepmoauHaMiyHa TeMmmeparypa HE MOXKE NMPUHAMATH Bl €MHHX 3Ha-
ucHb. JiticHo, mpu T = 0, sk BuasHo 3 popmyn (12.21) ta (12.22), usua-
KICTh Ta KIHCTHYHA CHEPris MONEKYI 1A¢aIbHOTO rady TaKoX CTae HYJbO-
Boro (E; = 0, V,,, = 0), a mocTynaapHUH PyX MOJEKYJ HOBHICTIO HMPUIHHS-
erbcs. ToMy HYITPOBE 3HAYCHHS TCPMOAMHAMIYHOI TEMIICPATYpPH 1 OTpHUMa-
JI0 Ha3BY A0COIIOTHOTO HYJISL.

12.5. KoHTPOIbHI 3AIHTAHHS.

1. Hasenite piBuannsa Knaneiipona-Menaeneesa.

2 Slxum yMoBaM BIANOBIAa€ MOACIH 11CATBHOTO ra3y?

3.3amuIiTe OCHOBHE PIBHSIHHSA MOICKYJLIPHO-KIHETHYHOI Teopii ixea-
JBHHX Ta3iB.

4 B uomy mnomsirae ¢hi3UUHUE 3MICT CEPEIHBPOKBAAPATHYHOI IBHIKOCTI
MOJICKYJ 14¢aTbHOTO rasy?

5 IosicHiTh (i3udHHI 3MICT TEPMOIHUHAMIYHOI TEMIIEPATYPH.

6.Hageaite 3axon Janbrona qist cymilii i4¢aibHAX ra3is.
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I'JIABA 13.
CTATHCTHUYHI PO3IIOALIN I ABUIIA IIEPEHOCY

13.1. 3axon MakcBeaa Aag po3noaiiay
MOJIEKYJI i1eAJIbHOr0 ra3y 32 MBHUIAKOCTSIMH TA EHEPrisiMu.

BHaca110Kk XaOTHYHOTO PyXy MONCKYJIH BECh YaC CTUKAIOTHCS OJTHA 3
OJHOIO, 1[0 MPU3BOAUTH A0 MOCTIHHOI 3MIHH iX IIBHIKOCTEH, SIK 32 MOTY-
JeM Tak 1 3a HampIMKOM. ATle CepeIHbOKBAAPATUYHA MIBHIKICTh PYXY MO-
JACKYJ TPU MOCTIHHINM TEMIICPATYpPl ra3y 3aauIiacThes cTanorw. Lle noscHro-
€TbCS BCTAHOBJCHHSM Yy ra3ax JACSKOr0 CTAI[lOHAPHOTO CTATUCTHYHOTO
PO3MOITY MONEKYIT 3a IIBHAKOCTSIMH, Y BIATIOBITHOCTI 3 BU3HAYCHUM CTa-
TUCTHYHUM 3aKOHOM, IO HE 3MIHIOETHCS 3 acoM. Llel 3akoH TeopeTHIHO
BuBiB anrmickkui Qizux Jx. Makcsemw (1831-1879).

Ta cmovatky OinpII JETATbHO PO3TISHEMO MOHATTS MPO CTATHCTHY-
HUH PO3MOALT MOJICKYI 3a mBuAKocTsMu vy rasil. Hexall y aeskomy rasi €
1000 moneky. 3 mux 500 marote mBHAKICTE U;, 200 - uBrakicts U,, 200 -
mwBuakicTs Uz, 50 - mBuakicts Uy, 50 - mBuakicts Us. Ipu upomy Us > U,
> U; > U; > U, Toal BIAHOCHE YUCIO MOJICKYJ y rasi 3 BiJNOBILAHUMHU
IIBUAKOCTAMU Oy A€ AOPIBHIOBATH!

£U) ="/ 1000 = 05 ; fU) =" 1000 = 0,2: £(Us) = "/ 1900 = 0.2;

£(Us) = /1000 = 0,03; f(Us) ="/ 1000 = 0,05 ;

Axmo Temep nmobyayearu rpadik 3aNCKHOCTI BIAHOCHOTO YHCIA MO-
JCKYN BiA ixHiX mBHAkocted (auB. puc. 13.1), To Mu MaTumeMo rpadiune
BigoOpaxkeHHs aesxoi ¢pyukumii f(U), mo otpumana Ha3ey ¢VHKIIL po3mo-
JUIY MOJCKYJI 33 IIBHIKOCTSIMH.

J . MakcBenn BCTAHOBUB, IO Y ra3ax po3mo-
4 fU) J1JT MOJICKYIT 32 MIBUAKOCTAMH HE 3MIHFOETHCS 3

YaCoOM 1 BIAMOBINAE CTATUCTHYHOMY 3aKOHY!
3

i - 2 _m0U2
[ F(U)=4n| 0 | U%e 2 . (131

o 2nkT

»

70,5

U4 U3 U1 Uz U5 Z .
AC My, U - maca ta IMBUAKICTD MOJICKYJIH,

Puc. 13.1. T - remmepatypa rasy.
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Ha puc. 13.2 mano rpagiuaunii Bug ¢yskmii (13.1), mo orpumana Ha-
3By (pvHKIIg posmoniay Makcgenaa.
A 3amTpuxoBaHa IUTOLNA KPHBOJIHIHHOI
o) Tpamemii Ha puc 13.2 BH3HAuYae KiJbKICTh
MOJICKYJI, 10 MaroTh mBuakocti Bix U 1o
U+dU 1 moxke OyTu 004HCICHA TAK:

UIG3>UCp>UiM

U+dU
dN(U)=N [f(U)dU;  (132)
U
— ae N - saraipHa KUIBKICT MOJICKYJ, IO
Uep du 3HAXOAATHCS Y JAHOMY 00 €Mi rasy.
3 rpadika, SKUH TPUBCACHUI HA PHC.
Puc. 13.2. 13.2, MOkTMBO 3pOOUTH BUCHOBOK, 1O (hyH-

Kuig posmoginy Makceenana HaOMUKAETbCS
1o 'aynpoBoro 3HadeHHS pu U = 0 ta U = oo, mpoxoagun depe3 MaKCUMyM
mpu aesikidt mBuAkocTi Uy, L mBrakicTs oTprmana Ha3By HaWO1LIbII 1MO-
BipHa. 00 ii MarTh HAHOLIBIIIE YUCTIO MOJICKYJI.
3HAuCHHS HAMOINBII IMOBIPHOI IIBHUAKOCTI MOXIIMBO BH3HAYHUTU 3
VMOBH MPHUPIBHIOBAHHS HYIIO MOXIAHOI MO IMBHAKOCTI Bl (YHKLI BHIY
(13.1). Munarouu JOCHUTh TPOMI3AKI BUKIAIKH, OTPHMAEMO:

o [2KT_ J2RT (13.3)

m B
Kopucryrounce hopmysiorw posmnoginy MakcBeia, MOKIHBO O0UHC-
JUTH 1 cepeAHpOAPUPMETUIHY MIBUIKICTh MOJICKY I rasy:

U, = 8kT _ |8RT ; (13.4)
mgn VB8

U

Kpim 1mporo, sk Mu B:ke Kazanu, 1r00a CYKYIHICTE MOJICKYJT a3y xapa-
KTCPH3YETHCA 1 CCPEAHBOKBAAPATUYHOK) MIBHIKICTIO!

U - 3KT _ /ﬂ ; (13.5)
LiAdy [

Sk BugHO 3 BHINE npuBSACHUX (HOpMYN, HAHMCHINOK 3 MBUAKOCTCH
SIBJISIETHCS. HAWOLIBII IMOBIPHA, & HAWOIIBIIOK — CECPSIHbOKBAIPATUTHA
LIBUIKICTD.
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[IBuakicTe MOJCKYIM BU3HAYAE 3HAYCHHS il KIHETHIHOI C€Heprii mo-
crynameHoro pyxy E. Tomy ¢yukuis Makcsenna s po3noainy MOJICKYT
3a IIBUAKOCTSIMH MOKE OyTH mepeTBopeHa v (yHKuiro Makceena ais po3-
nofiny Monexya 3a eHeprieto f(E).

Posmoxin Moneky ra3y 3a eHEpriero OyJ¢ BU3HAYMATH BIAHOCHY AQJIEO
MOJICKYJ1, B OAMHULI 00 €My ra3sy, ki MalOTh KIHCTHYIHY CHEPTiIO MOCTYIa-
aeHOTO pyXy B iHTepBaii Bia E no E+dE. ToGTo:

3 _E
f(E) = %(kT)Z JEe K . (13.6)

ge E - xiHeTuuHa eHepris mocTynaabHOTro pyxy oxHiel Mmonekynu; T - Tep-
MOAMHAMIYHA TEMIICPaTypa.

13.2. bapomeTrpuuHa ¢opmy.aa. 3akon boabumaHna.

Konu My BHBOIWIH OCHOBHHH 3aKOH MOIIEKYIPHO-KIHETHYHOI TEOpii
1J€aTbHOTO Ta3y MH HPHITYCKAIH, IO HA MOJICKYJIH ra3y HE JIIOTh 30BHILI-
Hl CHJIM 1 TOMY BOHH PIBHOMIPHO PO3MOAITICHI MO YChOMY 00° €My .

AJle Take MPUIYIICHHS 30BCIM HE JOPEYHE KOJIM MOBA WAC MPO Taky
PI3HOBHAHICTE razy, sk 3eMHa atMoc(epa. ilicHO, 3rigHO 3 3aKOHOM BCe-
CBITHBOTO TSIKIHHS HAa BCl MarepiajibHI 00 €KTH, IO 3HAXOIATHCS y MO
rpaBiTaliiHUX CcHUA 3€MIi, AIIOTh CHUIH TPaBITALIHHOrO MO, HAIpYIKe-
HICTB SKOTO IO MIpI BiAAAQJCHHS Bl neHTpa 3eMil 3meHinyerbes. QueBua-
HO, IO IXHS [Jis BIUIMBA€ HA Ta3oBl MOICKYIH 3¢MHOI atMmocdepu, sKi
cnpuunHAIOTh arMochepruil Tuck. Tomy, gk OyIO BCTAHOBICHO CKCIEPH-
MEHTATBHO, aTMOC(HEPHHN THCK 3 BUCOTOIO 3MEHINYETHCH.

OTpumaeMo 3aKOH 3MIHH aTMOC(HEPHOTO THCKY 3 BUCOTOI), BBAXKAKOIH
JUTSL IPOCTOTH, IO TeMrepaTypa arMOC(EPHOro MOBITPS HA YCIX BHCOTAaX
OJHA 1 Ta K, TIOJC CUI TSDKIHHS OTHOPIIHE, & Maca YCIX MOJICKY OJHAKOBA.
g mporo BiZOKpeMUMO Y HOBITpi armMochepHuii cToBI BUCOTOMO h 3 mo-
IS0 OCHOBH, IO AOPiBHIOE oaunuill, T00T0 AS = 1 (qus. puc. 13.3). He-
xai Ha BUcOTI h THck moBiTps Oyae craHoButh P, a Ha Bucoti h + dh BiH
ovae gopisutoBaru P + dP. Ipu mpomy dP< 0, 6o, sik MU BKE Kazaau THCK
MOBITPSE 3 BUCOTOK 3MEHINYEThCst. PisHui v armochepraomy tucky P ta P
+ dP, oOymMoBneHa Baror rasy, IO 3HAXOAUTHCH V 00’ €Mi F€OMETPHUYHOT
¢irypu Bucotoro dh Ta miomero ocHoBH AS.
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Tomy maemo:

P-(P+dP)=pgdhAS; 3.7
A€ P - TYCTHHA TOBITPS, KI/M ; g - MPHCKOPEHHS BiTbHOTO MaTiHHs, M/c .
3B1aKu;
-dP=pgdh; (13.8)

Ham 1ang BU3HAYCHHS TYCTHHH TMOBITPS CKOPUCTYEMOCH PIBHSHHIM
Knaneiipona-Menaeneesa:

PV = R
u
Bpaxosyroun, 1o BiIHOLICHHS MacH razy m 1o roro 06 eMy V BH3Ha-
Yae T'YCTUHY rasy p, 3 piBHsHHA Knaneiipona-Menneneesa, MaeMo:

B o= 2P (13.9)
RT
AS Tonai Bupas (13.8) MOKIMBO NPEeACTABUTD V
HACTYITHOMY BUTVISAL:
dP = - ———gdh ;
P+dP dh RT
" A micns BIZOKPEMIICHHS NMEPEMIHHHX OTPH-
P * Maemo:
" dF _ _ B8 4y .
P R T
P Leit Bupas IHTETPYEMO V TaKI/IX TPaHHLISX:
1

B dP J.dh

Puc. 13.3. Py
[Ticns inTerpyBanHsa OTpHMaeMo.
P
InP,—InP =ln—2=-+8(h —n);
P, RT
Iy pesynsrari:
pg(hy—h))
P,=P ¢ . ; (13.10)

Lle piBHstHHS OTpUMaO Ha3By OapoMeTpuyHa dopmya.
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Bapomerpruuna Gopmyna J03BONSIE BU3HAYATH TUCK MOBITPS B 3alCK-
HOCTI Bix BucotH 3amipy. [locTinpky Ha mpakThLi 3a piBEHb BIATIKY TPH-
HMaroTh piBeHb Mops, A¢ h;=0, a Tuck moiTps gopisHIOE Py, TO Gapomer-
pruHa popmyna Moxke OyTH MEPETBOPEHA A0 TAKOTO BULIISAY:

_ hgh
P=P,g B : (13.11)

IMepetBopumo piBusiaast (13.11) 3a 1OMOMOTOMO  CITIBBITHOIICHHS
P=nkT. Bpaxosyroun, mo napamerpu k Ta T - 11e KOHCTAHTH, MAEMO:

ugh

n=n ¢ RT - (13.12)

JC 1, - KOHLCHTpaUisg MOJCKY Y MOBITPI HA PiBHI MOPA.
Bpaxosyroun cmiBeigHomeHHs W =mg Ny Ta R =k N, piBHIHHS
(13.12) MOKTHBO IEPETBOPUTU TAKUM YHHOM:
mg gh y A

mogh
kNAT

n=n ¢ =mn_ & ¥
0 0
YuceapHuk mygh - 1ie moTeHIiaapHa eHeprist oaHiei monekyau E. Toai
BUIIC MPUBCACHS PIBHIHHS MOK/IHBO TIPCACTABUTH TAKUM YHHOM:

E
n=ne k. (13.13)

Lleit Bupa3 otpumas Ha3By 3akoH bonbliMana [ po3HOALTY MOJIEKYI
ra3y y 30BHIIIHBOMY HOTCHIIATBHOMY MOJNI. 3aKOH BonbIiMaHa CTBEPIKYE,
IO MpPH MOCTIHHIM TeMmepaTrypl T'ycTHHA razy (KOHLCHTpALis MOJCKYT)
OlpIIe TaM, A¢ MCHIIA MOTCHIIAIBHA CHEPTISE HOTO MOJICKYI.

13.3. Cepeane 4ucJj0 3iTKHEHb TA CepeaHs A0BKHHA
BLILHOI'0 IIPO0ITY ra30BHX MOJIEKY.I.

Sk Mu BxKE BIAMIYAIH, MOJICKYJH Ta3y 3HAXOISATHCS Y XAOTHUHOMY
pyci, OesnepepBHO CTHKAKYUCh oaHA 3 oaHOM. Lllmsax skuii mpoxoauts
MOJICKYJIa MI3K JBOMA MOCITIJOBHUMH 3ITKHCHHIMH OTPUMAB Ha3BY CEPEIHS
JOBKHMHA BiIbHOTO mpoliry /. MiHiMajbHA BIACTaHb HA SIKY MOXYTh 301U~
3UTHCH TPH 3ITKHCHHI HEHTPH ABOX MOJICKY I alametpom d; Ta d,, otpumana
Ha3By e DeKTHUBHUU aiaMeTp Monekya d .
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Monekynu razy, SK OPaBUIO, HE TOPKAKOTHCS OTHA OHOI NPHU 3ITK-
HCHHI, 00 MPH I[BOMY 3HAYHO 30ITBIIYIOTHCS CHIM MOJICKYISPHOTO Bij-
mrroBxyBauus. Tomy d > d; + d,.

Posragremo pyx monmekyn v aeskomy rasi (puc. 13.4). [pumyctumo,
O yCi MOJECKYIH rady MaroTh AiaMeTp d; 1 € HEPYXOMHMHU, KpiM oxHiel ¢i-
KCOBAHOI MOJICKYJIH, IO PYXAEThCA BIAHOCHO 1HIIHMX MOJICKYII 3 CEPEIHBOIO
mwBuakicTio U. 3agact =1 ¢, st MOIEKy1a MPOKAC MIISX, O JOPIBHIOE:

S=Ut=U;
pe U - cepeans apudMeTHIHA IIBUAKICTh MOTICKYIL.

3a 0 CEKYHIY MOJICKYIa 3MIMCHUTh Z 3ITKHCHb, TOMY CEPCAHS JOB-
JKUHA BITBHOTO TpoOiry O6yae mopisHioBatu </> = U/Z, a cdepa Monekyms-
pHoi aii pikcoBaHOi MONEKYIH 3aiiMe B IPOCTOP1 00’ €M, IO JOPIBHIOE:

A V=ndU; (13.14)
\Yd/ ae md’ - eeKTHUBHMII IEPETHH MOTCKYIH.
SKmo KOHIEHTpALs MOJCKY Y ra3i CKIaJae n, To

U KITBKICTb iX 3ITKHCHb 00 emi V Oy AOPIBHIOBATH:
2
Z=n1d°Un:

d ko BpaxyBaTH PyX MOJCKYJI 3 30BHILIHBOTO
/75{1 00’ emy 110 00’ eMy, IO PO3TISIAETHCS, TO IX KITBKICTh
gy, TpeGa 36inbmuTH Ha BemwamHy 2 . Tomi KinbKicTh

3ITKHCHb MOJICKYJI 33 OAHY CCKYHAY Oyae:
Puc. 13.4. Z=+2 nd’Un; (13.15)

Hnst o0umCACHHS CEePSAHBOI MOBXKHHH BLIBHOTO
MpodIry MOJICKYJT rasy, HOALTUMO CEPSAHIO BIACTaHb, IO MPOXOIUTH MO-
JCKYJa 32 OAHY CCKYHIY HA KIJIBKICTS Ii 3ITKHCHB!
- U 1 .
Z ~2rd*n’
ToGTo cepeans TOBKHUHA BUIBHOTO MPOOIry ra30BHUX MOJICKYJI 00CpHE-
HO MPOMOPLIHHA KOHLEHTPALIT MOJICKYT Y ra3i, a 3HAYUTh 1 HOTO THUCKY.

(13.16)

13.4. SIBua nepeHocy B razax.

OcobuBl HE3BOPOTHI TEPMOAMHAMIYHI MPOLECH, IO BIAOYBAKOTHCS Y
HCPIBHOBAKHUX CHCTEMAaX, BHACIIIOK SIKUX BIIOYBAETHCS MICPEHOC Y TPOC-
TOp1 MacH, eHeprii, IMOyAbCy OTPHUMATIH HA3BY ABUINA IEPCHOCY.
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Jo upx SIBHIN HATCKUTh TCILIOMPOBIAHICTE (BOHA OOYMOBIICHA MEpE-
HOCcOM eHeprii), audysis (BoHa 00yMOBJICHA MEPECHOCOM MAcH), B SI3KICTh
(BoHa 00YMOBIICHA MEPEHOCOM IMIYNbCY). B OCHOBI yCiX HUX TPOIICCIB
JICKUTH OJHE W TEXK caMe SBHILC, & CAME B3AEMHE MPOHUKHEHHS MOJICKYT
OJHOTO BUAY B CEPEIOBHUINE MOJCKY 1HIIOTO BHAY Y POLIEC] IX XaOTHIHO-
IO PyXYy Ta 3iTKHCHb OHA 3 0AHOI0. [locai 1oBHO pO3riastHEMO YCi 1 SBHIIA.

1. TenyionpoBigHICTL - 1€ SBUINC TEpeaadl Termia 3 ofHiel 00aacTi
PCUOBHMHH 10 APYTOi 33 PaxyHOK 3ITKHEHB MOJCKYJ Mixk co00r0, mo 00y-
MOBIIIOE 3MiHY iX KIHCTHYHOI CHEPTii.

3a MOTIOMOTOK CKCIICPUMEHTIB Oy/I0 BCTaHOBJCHO (auB. puc. 13.5):
KUTBKICTh TEIIOTH Q, IO MEPEHOCHTHCS MIX JBOMA IUIOIIAJAKAMH V Ha-
MPSMKY HOPMAIbHOMY [0 HHX, IPsAMO MPOMopUiiHa miomi AS, yacy At Ta
IPafieHTy TEMICPATYPH MiK [IAMH IUIOIIATKAMH:

Q:—kd—TASAt ; (13.17)
dx
ae A - xoediuient TemtonposiarocTi, Jxx/m K ¢; dT/dX - TPAAIEHT TEMIIC-
parypu, K/m.
3nak "-" y ¢opmym (13.17) Bkasye Ha Te, IO MEPEHOC TEIUIOTH HPH

TCIIOMPOBITHOCTI 3MIHCHIOETCS Y HAMPSIMKY CIAAy TSMIICPATYPH.
KoedilieHT TEMIOMPOBITHOCTI YUCEIBHO AOPIBHIOE KIIBKOCTI TEILIO-
TH, SIKa MICPCHOCUTHCS YCPE3 OUHUIIO TUIONI 34 OJUHHINO Yacy, MPH Tpa-
JIEHTI TEMIIEPATYPH, IO TAKOK JOPIBHIOE OTUHHILIL.
Bigsomenus Temosoro moroky Q o miomm miomaaku AS ta yacy At
HA3HUBAETHCS IIMTOMUM TCIIOBUM ITOTOKOM (|

< dI=T,T; — __Q
= 13.18
T 17 Asat: (13.1%)
Q T, Sk xiHIEBHMH Pe3yibTaT, OJSPIKUMO

PIBHSHHS TCIUIOMPOBLAHOCTI Y HACTYII-
HOMY BUJISIAL

d =-A a (13.19)
Puc. 13.5.
OcranHii BUpPaA3 - L MATCMATHYHUN
3amuc 3akoHy Dypre: numomuii mennoguii NOmix npu MenionpogioHoCmi
MPAMO NPONOPYITIHUTL 2PAOIEHMY MeMNePAnmypiL.
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Tomy, IO B OCHOBY MaTeMaTUYHOT'O OMHUCY TEIIOMPOBIAHOCTI MOKIA-
JCHO VSBICHHS PO MOJICKYJSIPHO-KIHCTHIHY OYJOBY PCUOBHHH, MOKIHBO
OTPUMATH BUPA3 AT BU3HAYCHHS Koe(ili€HTa TeIIONPOBI THOCTI:

&= 1/3, CopU Z ; (13.20)
ae U - cepeaHpOKBaApaTHIHA MBUIAKICTh PYXY MOJCKYT, { - CCpeaHs A0-

BXKHHA iX BimbHOro mpodiry; Cy - MUTOMa TEILIOEMKICTD rasy npH mo-

CTifiHOMY 00’€Mi; p - TYCTHHA rasy.

Tennosnii notik y cucremi Cl BUMIpIOIOTh y BaTax, MUTOMHI TEILIO-
Buii moTik [q] = [Br/Mm’], koedinient Termmonposiguocti [A] = [B1/K Mm].

2. ludysisi - e SBUIIEC CHOHTAHHOTO MPOHUKHCHHS T4 3MIINYBAHHS
YaCTOK KOHTAKTYIOUMX Ta3iB, pLAMHU M TBepAuX TuT. Judysisa mpuBoauTs
J0 OOMIHY MacoOr0 Mi’K KOHTaKTYIOUOK PEUOBHHOIO 1 OyJe MaTtu Micue A0
THX Hip TOKHU € TPaAI€HT I'YCTHHH.

Maca peuoBurn M, mo mepeHOCUTBCS Vv pe3yabrari audysii, mpsamo
MPOMNOPIiHiHA 3HAYCHHIO TUTOINI AS uepe3 sIKy BOHA BIAOYBAETHCS, dacy At
Ta rpagienty ryctunu. Tobro:

M:—Dd—pASAt; (13.21)
dx
ae D - xoediuient gudysii, M/c; dp /dx - TpajienT rycTunm, Kr/Mm”.

Koediuient andysii ynceapHO TOPIBHIOE MAaCl PESUOBHHU, IO MEPSHO-
CHUTBCS YCPEe3 OJUHHLIO IUIOLT 32 OJUHHIIO Yacy, MPH TPagi€HT]I TYCTHHH,
0 AOPIBHIOE OJAUHHII.

3nak "-" y ¢popmymi (13.21) Bkasye Ha Te, O MEPEHOC MACH TIPH AH-
¢y3ii 3MIHCHIOETECS V HAPSIMKY CHIaay I'VCTHHH.

BusHauumo macy pedYOBHHHU, IO MEPSHOCHUTHCS mpu Audysii uepes
OJIMHUIIIO TUTOIII 33 OJUHUII0 YaCy TaKuM YHHOM: m = M/ASAt.

Toni piBusanug (13.21) MOKAHBO JaTH Y HACTYITHOMY BHIJISLAL:

m=—-—-1)—.
Az (13.22)
Lle piBusHHS oTpuMano HasBy 3akoH Dika: maca pevogunu, ujo nepe-
HOCUMDBCS Yepe3 OOUHUYIO MO 30 OOUHUYIO YACy NPAMO NPONOPYIliHu
2paodieHmy yCmuHu.
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Buxoasun 3 TOro, mo B OCHOBY MAaTEMaTHYHOTO omnucy audysii mo-
KIaACHO VSBICHHS TPO MONCKYISPHO-KIHCTHYHY OVIOBY PCUYOBHHU MOK-
JUBO OTPUMATH TAKWUU BUPA3 A1 BUSHAMCHHS KoedimienTa qudys3ii

D="U¢ (13.23)
ne U - cepeaHpokBagpaTHIHA MBUIKICTh PYXY MOJICKYIL;

3. B’a3kicTh BUHHKAE Y ra3ax 4d PiAUHAX IPH YMOBI PYXY IXHIX CIOIB
13 PI3HOKO IIBHAKICTIO. 3TiTHO 3 MONEKYISPHO-KIHETUYHOK TEOPIED CYTh
BHYTPILITHBOTO TEPTS MOJLTAE B IEPCHOCI MOIEKYIAMH IMIVIBCY B HANPSI-
MKY, IPOTUICKHOMY T'PaJi€HTY IIBUIKOCTI HOTOKY ra3y YH PiIHHH.

dizuuHa KapTHHA MOSBICHHS BHYTPIITHBOTO TEPTS MOITAE Y TOMY,
IO 13-332 Xa0THYHOTO TCIUIOBOTO PYXY MOJECKYJ BiAOYBA€EThCH X B3AEMHHUM
0oOMIH MK MPOIIAPKAMH Ta3y Y PIAUHHU BHACTIAOK HYOTO 3aralbHUH 1M-
MyJbC MPOIIAPKY, IO PYXABCS CKOPIII 3MCHINYEThCS, 4 TOTO INO PyXaBCs
MOB1IBHIIIE - 3pocTae. Lle mpuBoaAnuTs OO raneMyBaHHS OPOLIAPKY, IO Py-
XaBCd CKOpIIIE Ta MPUCKOPCHHS MPOIIAPKY, IO PyXaBCs MOBLIbHIIIE. 3a
PaxyHOK LbOTO SIBUINA 1 BAHUKAE rpagieHT mBuaAkocTi AV (aus. puc. 13.6).

A x Cuna B M3KOCTI MK MpOLIApKaMH Tazy 4u
[I— v AS  PIOWHH TPSMO MPONOPUIHHA 3HAYCHHIO ILIOMI
Vi o MOBEPXHI AS Ta rpafi€HTy [BHIKOCTI:
AX e F = —ni—VAS ; (13.24)
X
ae M - koedimient guHamivnoi B s13kocTi, [a ¢;
L Ve / 4 - TPAi€HT WBUIKOCTI MiXK MOTOKAMH
v rasy 4u piausm, ¢
a 3nak "-" vy dopmym (13.24) Bkazye Ha Te,
Puc. 136. IO CHJIa BHYTPIIIHBOTO TEPTs HANPABICHA MPO-

TH BEKTOPA IIBUIKOCTI MOTOKY Tasy.
KoediuienT auHaMivHOi B’ I3KOCTI TOPIBHIOE CHITI BHYTPIIIHBOTO TEP-
TsI, 1O JI€ HA OJAMHUITO UIOLII MOBESPXHI B3AEMOAIFOUHX IIAPIB MPH rpasie-
HTI IIBHIKOCTI, SKUU JOPIBHIOE OTUHHIII.
BigsowmeHHs koedilieHTa TUHAMIYHOI B SI3KOCTI A0 T'YCTHHH rasy 4u
PLAMHHE OTPUMATIO Ha3BY Koe(illi€HT KIHEMATHYHOI B I3KOCTI Y:

y:n/p;

BuzHauuBiyM BIJHOUICHHS CHJIM BHYTPIIIHBOTO TEPTS AO IUIOLII
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MOBCPXHI B3AEMOMIFOYUX MNPOLIAPKIB razy 4H PIAMHU 4Yepe3 mapameTp T,
piBasians (13.24) Moske OyTH MPEACTABICHO Y HACTYITHOMY BUTVISIL:

dv
T=-N—
dt
Bume npuseacHuil Bupasz - ne mareMaTudyHa (opMma 3amucy 3aKOHY
HrroToHa n714 BHYTPILIHBOTO TEPTS ra3y UM PiIUHH.
Tomy, O B OCHOBY MAaTEMATHYHOTO OIMHUCY B SI3KOCTI MOKJIAACHO YSIB-
JICHHS MIPO MOJEKYIAPHO-KIHETHIHY OVA0BY PEUOBHHU, MOKIHBO OTPHMA-

TU BUPA3 sl BU3HAYCHHS KOS (DilieHTa AMHAMIYHOI B I3KOCTI N
n="5pU £ : (13.26)
J¢ p - TYCTHHA ra3y 4d piIuHU.

3 cmiBcraBiaeHas Bupasis (13.19), (13.22) Ta (13.25), skl MaTeMaTHIHO
ONHUCYIOTh SBUINA MEPEHOCY, MOKIMBO 3pOOHUTH BUCHOBOK MPO X Bpaxaro-
qy 300kHicTh. Lle 00yMOBICHO €nHICTIO BI3UYHOI KApTHHU, 10O JCKUTh B
OCHOBI SIBHII TCILIONPOBIAHOCTI, AUPVY3ii Ta B SI3KOCTI, a came 3MILTyBaHHS
MOJICKY V MPOLEC iX Xa0THYHOTO PYXY 1 3ITKHCHb OJHA 3 OTHOIO.

B 3B’sa3ky 3 mmMm Mix KoedilieHTaMH TEIUIONPOBIAHOCTI, Judy3ii Ta
B SI3KOCTI iICHYIOTh HACTYIIHI CITiBBLIHOIICHHS:

n=pD; A=nCy;
ge  Cy - muToMa TEIIOEMKICTD ra3y MpH MOCTIHHOMY 00 €Mi; p - TYCTHHA
rasy; n - koedimieHT JuHaMIYHOI B a3KocTi; D - koedimient nudyaii;

A - Koe(piLiEHT TEIIOMPOBI THOCTI.

(13.25)

13.6. KouTpoabHi 3anHTAHHS.

1 .3amamite Gopmyny 1 HaBeAiTe rpadik Po3MOALTY MOJIEKY 1A¢aIbHO-
r0 ra3y 3a MIBUIKOCTAMH TCIUIOBOTO PYXY.

2 .3anuiiTe 1 IOSCHITH OapoMeTpuuHy hopMyIy.

3 Illo HazuBaeThCs €HEKTUBHUM PAIIyCOM MOICKYIH?

4 I1lo Ha3UBAETHCS CEPEIHBOKO TOBKHUHOI BLIBHOTO MPOOIry MOJICKYT?

5 Hasenite GopMynu 1 BU3HAYCHHS CCPEAHbOAPU(PMETHUIHOI Ta ce-
PCAHPOKBAPATHYHOL IIBUAKOCTEH PYXY MOIEKYII.

6.Y yomy momsrae (i3uUdHa CYTh SBHINA TCIUIOMPOBLAHOCTI Y ra3ax?

7 IosicHiTh dizudnHy cyTh sSBUma qudysii y razax?

8.V uomy nondrae ¢i3udHA CYTh SBUINA B SI3KOCTI Y plOAUHAX?
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I'JIABA 14.
HNEPHIE HAYAJIO TEPMOJAUHAMIKH

14.1. 3axon BoabuMaHa npo piBHOMIpHUANA
PO3HOALT €HePril 32 CTYIEHAMH CBO00IH MOJIEKY.JI.

Ax mu Bxe BiazHavamu v pozaini "Kiacuuna mexaHika" mix cTymeHs-
MH cBOOOIU OYIb-IKOI CHCTEMH PO3YMIIOTh YUCIO HE3ANCKHUX KOOPIHU-
HAT, 10 BU3HAYAIOTh MOJIOKEHHI CHCTEMH Y IPOCTOPI.

[Ipu mocTymampHOMY pyci Ta30BHX MOJEKYI YH aTOMIB BOHH MAarOTh
MOJK/THBICTh HE3AIIC)KHO PYXATHCh MO TPHOX KOOPIWHATHHX HANpPSIMKaX B
JCKapTOBIH cUcTeMl KoopauHAT. ToMy MOMKHA CTBEPIKYBATH, INO OJHO-
aTOMHI MOJIEKYJII MAIOTh TiIBKH TPH CTYNEHI CBOOOAHM: 11 = Ijoer. = 3.

JBoxaToMHa razoBa MOJICKyJa KPIM 3-X HE3AICKHHX KOOPAHHAT IO-
CTYNAIIBHOTO PYXY, Mae€ MOXIUBICTh 00CPTATHCA HABKOJIO CBOTO LICHTPA
mac. Takum 4duMHOM, 3arajbHA KUIBKICTh CTYICHIB CBOOOJH TBOXATOMHOI
MOJICKYJIH CKIAIAEThCS 3 3-X CTYNCHIB il MOCTYMANIBHOTO PYXy Ta 2-X CTY-
IICHIB CBOOOH ii 06ePTATBHOTO PYXY: 12 = Ineer.t logepr = 312 =3.

TppoxaTtomMHl Ta 0araToaToMHI MOJCKYJIH, OKPIM MOCTYIATBHOIO Ta
00EPTANBHOTO PYXIiB, MPUUMAIOTh YVYACTh 1 YV KOJUBATBHUX MPOIECax, sKi
TAKO’K YHUCEJIbHO BU3HAYAIOTHCA BiANOBIIHIMH CTYINCHIMH CBOOOIM.

3axoH bonpivaHa npo piBHOMIpHHH PO3MOALT SHEPrii 3a CTYNCHIMH
CBOOOJN MOJICKY CTBEPIKYE. 04 CUCHEMU, WO FHAXOOUMBCS ) MepMOo-
OUHAMIYHITI PIBHOBA3I, HA KOXHCHY NOCMYNAJIbHY YU 0OepMANbHY CHIVIEHb
600001 NPUXOOUMbCA V' CepeOHbOMY OOHAKO8A KiHEMUYHA eHepeii, W0
oopienioe /5 kT a na xosxcny xonueansy cmynens c60600u - y cepednbo-
MY OOHAKOBA KIHeMUYHA eHepeid, wo 0opieHioe kT.

Takum YHHOM cepeHS KIHETHYHA CHEPTis MOJIEKYTH JOPIBHIOE:

E=",kT; (14.1)
Jc 1-cyMapHa KiIbKiCTh CTYICHIB CBOOOIU MOICKYIH.
[NapameTp 1 Moxke OYTH BU3HAUCHHUH 3 HACTYITHOTO PI1BHSHHS
i = il'IOCT. + ioGepT. + 2 iKO.]'II/IB.; (142)
KomuBaneHi crymeHi cBoOOAM MarOTh BABIYI OLIBINY CHEPIiI0 TOMY,
0 HA HUX MPUXOIUTHCS HE TUIBKH KIHCTUYHA CHEPTIS (K Y BHUIQIKAX IO-
CTYNAIIBHOTO Ta O0CPTATBHOTO PYXIB), @ ¥ MOTCHLIATbHA CHEPTisL.
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14.2. BuyTpinHs eHeprig i1eajbLHOro rasy.

BHyTpimHA c¢HEpris TepMOAMHAMIYHOI CHCTEMH CKIAJAETBCSI 3 CYMH
BHYTPIIIHIX CHEPrifl KOKHOI 3 OKPEMHX MOJICKYJI, IO BXOAATH A0 CKIAAY
CHUCTCMH Ta cHeprii Bzaemonii Mixk HUMH. ToOTO BHYTpIIIHS CHEprig cra-
HOBUTb CYMY KIHCTUYHHUX Ta MOTCHLIATBHUX CHEPTi OKPEMHUX MOJICKYVIL.

VY BUMAAKY 14CabHUX ra3iB MOTCHIIAIBHUMHE B3aEMOIISIMU MK MOJIC-
KYJIAaMH T4 2aTOMaMH HEXTYIOTh, TOMY BHYTPIIHS €HEPTis B LIbOMY BHIIAIKY
- 1Ie CyMa CePeaHIX KIHSTHYHUX CHEpriii N MOJICKyII, IO BXOAATH A0 CKiIa-
Y KOHKPETHOI CHCTEMH:

N
U=>E;:; (14.3)
i=0

ne  E; - enepris okpemoi Monekymu.
Toal BHYTPILIHS €HEPTid ACAKOI CUCTEMH, IO CKIamaeThes 3 N Moue-
KyJ1 1JeaIbHOTO Ta3y, 3 ypaxyBaHHsM Bupasy (14.1), Oyae nopiBHIOBaTH:

U,=NE="/,NkT: (14.4)
BusHaunBmm 3araipHy KiABKICTh MONCKYA N TepMOIUHAMIYHOI CHC-
TEMH 4Yepe3 cTany ABOrajpo Ta KUTBKICTB MOMIB vV 1poro razy N = vN,,
Bupas (14.4) npeactaBuMo Y HACTYITHOMY BHIISIIL:

U=v=N, kT = ==RT ; (14.5)
2 n 2

ne R - yHiBepcanbHa razosa crtana.

Toai BHYTpiMHS €HEPris OAHOTO MO ragy Oyae JOPIBHIOBATH:

U,=/»RT ; (14.6)

3 wiei GopMynH BHAHO, IO BHYTPIIUHS CHEPris 1AealbHOrO rasy BH-
3HAYAETHCS 32 JOMOMOTOO TITBKU OJHOTO TCPMOIUHAMIYHOTO MapameTpa -
abCOJIFOTHOI TeMIEPATYPH 1 HE 3aJICKUTh Bl 00'eMy Ta TUCKY rajsy.

Skimo Temmeparypa rasy v ASsSKOMY TSPMOIUHAMIYHOMY HPOLIECI 3Mi-
Hutbes Ha AT, Toai 1 fioro BHyTpiluHA eHepris 3MiHUTECS Ha AU:

AU = 22 RAT : (14.7)
n 2

Lls 3MmiHa HE 3aMCKUTH BiA XapakTepy MEPEXOAYy CHCTEMH 3 OIHOTO
CTaHy B IHIIWMH, Y€pe3 MO BHYTPILIHI CHEPris razy € QYHKLIEK CTAHY, a HE
(YHKLI€r0 MPOLECY, B IKOMY BiH NPUHMAE yIaCThb.
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14.3. PoGoTa razy npu 3mibi ¥ioro o6'emy.

PosrisiHemo ra3 B aeskiil HWITIHAPUYHIHN T0-

T . - L.
—’P I I/S CYIUHI, SKHH 3aKPUTHH IIJIbHO MPUTHAHUM
— MOPIIHEM, 3 miomer moeepxHi S. a3 3Haxo-
JUThCH B mocyauHi mix TckoMm P. [lpu nosiae-

dL HOMY HECKIHYCHHO MAalOMy PO3IIHPIOBAHHI
Puc. 141 razy, nopmenp npoiae musx dL, a ob'em rasy
30iabimuTecs HA AV =S dL (gus. puc. 14.1).
Posmuprorouncek rasz gie Ha mopiueHs 3 cwioro F = PS 1 Bukonye npu
BOMY, IPOTH 30BHIIIHIX CHJI, €IEMECHTapHY podoTy dA:

dA = FdL = PSdL = PdV ; (14.8)

P VY BHNagKy OCTaTOYHOI 3MiHU 00'eMy ra3zy Bij

V1 1o V, BUKOHYy€ETBCS podOTa A, 3HAUCHHS SKOT

BHU3HAUAIOTh 1HTErpyBaHHsM Bupasy (14.8) B
Mexkax 3MiHu 1pOro 00'emy. Tomy:

E P V, vV,

| N A= IdA: IPdV : (14.9)
Vi V2 Vi Vi

Puc. 14.2. Ha nosinsniit P-V giarpami (puc. 14.2), po-

00Ta rasy - Li¢ IIOLIA, IO BiXOKPEMICHA BICCIO
abcuuc, KPUBOK TEPMOIMHAMIYHOTO TIPOLIECY, Ta OPSIMUMH V1 V.

Ipu posmmproBanHi razy npupict o0'emy dV Oyae gomaTtHuM, Bigmno-
BIIHO 1 po0oTa, IO BUKOHYEThCA NPH LIbOMY, OVI€ TOAATHOIO. A MPHU CTHC-
KYBaHHI ra3y npupict 00'emy dV Oyne Bia'eMHNM, BIAMOBIOHO 1 podoTa, 1o
BUKOHYETHCS MPH [IbOMY, OYAC BII'€EMHOIO.

14.4. lepumiyuii 3AK0H TEPMOAHHAMIKH.

3MiHA BHYTPILIHBOI CHEPrii razy Moke BiAOYBaTHCA 3a PaXVHOK ABOX
pizHEX mpoueciB: ado 32 paXyHOK BUKOHAHHS HA HUM MEXaHIYHOI poboTH;
abo 3a paxyHOK miepeaadl HOMy ASIKOI KITbKOCTI TSILIOTH.

Kinbkicte Temaoru Q - 11e CHEPTist, MO MEPSAAETHC TSPMOUHAMI THIH
CHUCTEMI 330BHI HIJSIXOM TEIIOOOMIHY .

KinmpkicTs TEmmoTy - e eHeprisa, TOMY 1 BUMIPIOETECS BOHA B CHCTEMI
Cl y tux xe oguHuIx, mo i podora, Tooto: [Q] = [A] = [x].
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KinmpkicTe TEIIOTH BBAJKAETBCSA AONATHOIO, SKINO BOHA BBOAHUTHECH V
TCPMOJUHAMIYHY CHCTEMY 1 BIJ'€MHOIO, SKIIO BOHA BUBOAUTHCA 3 TCPMO-
JUHAMIYHOI CUCTEMH.

Hexait aestka TepMOguHAMIYHA CUCTEMA, [0 MA€ BHYTPIIIHK CHEPTIO
U,, otpumana AesiKy KiabKiCTh TEmIoTH Q, 1 3rogoM mepewnuia y HOBHH
CTaH, IO XapaKTCPHU3YEThCS BHYTPIIHBOKW cHepriero U,, BUKOHABIIH MpH
oMY POOOTY A mPOTH 30BHIIIHIX ¢k TOJ1, 3riJHO 3 3aKOHOM 30EpeIKEH-
Hi eHeprii, 3MiHa BHyTpimHboi eHeprii AU = U; - U,, Oyae mopisHIOBaTH
PI3HHLI MI3K KITBKICTIO TSIUIOTH (, 1[0 OTpUMAJIa CUCTEMA, Ta POOOTOI0 A,
[0 BUKOHAJIA TCPMOAMHAMIYHA CHCTEMA NPOTH 30BHIIIHIX cuit. Toxi:

AU=Q-A;

Abo:

Q=AU+A; (14.10)

Lle piBHsHHS sBiissEe COOOK MATCMATHYHHN BUPA3 MEPINOTO HAavana
TCPMOJUHAMIKH. KIALKICHb MENJIOmM, U0 6600UMbCA Y MEPMOOUHAMIYHY
cucmemy, #oe Ha 30invuteHHs i HYymMpiuHbOI eHepeil ma HA GUKOHAHHA
poGoOmYU NpomL 306HIULHIX CU.

HudepenuitoBanns pisasaus (14.10) no3Bossie oTpuMaTH mepiiec Ha-
Yano TePMOJUHAMIKH Y HACTYITHOMY BHIJISAL

dQ=dU+dA; (14.11)

[epme Hauamo TEPMOAMHAMIKH, 32 CBOE (PI3HUHOIO CYTTIO, LIC 3aKOH

30CPEKEHHS CHEPTIl JJIs TCPMOAUHAMIYHUX CHCTEM.,

14.5. TensioemHicTh rasis. PiBuauug Maiepa.

TernmoeMHICTh PEUOBHMHU - 1€ BIIHOIICHHA KIIBKOCTI TeroTu dQ, mo
MOTJIMHAETHCA HEKO Y TEPMOAMHAMIYHOMY HPOLIEC], A0 3MIHH TEMITCPATYPH
dT, mo cramacs 3a paxyHOK HaJAHHS PEUOBUHI 1€l KITBKOCTI TCILUIOTH:

= ﬂ . (14.12)
dT

BigsomeHus terutoemuocti C roMOreHHOI PEUOBHHHM 110 ii Macu m Ha-
3HUBAETHC MUTOMOK) TCINIOEMHICTIO.

_dQ
mdT

ae  C, Coyr - TCIUIOEMHICTD 1 MUTOMA TCILIOEMHICTh PEUOBUHH, BIIMIOBIIHO.

M. L : (14.13)
m

IUT
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Mounsproro TenmnoemnicTio C,, Ha3MBAIOTh KIMBKICTh TEIUIOTH, sIKa MO-

TpiOHa JUTs i ABUIICHHS TEMIICPaTypu 0AHOro Mo peuosund Ha 1 K.
C, = a9 . (14.14)
vdT
J€ V- KUIBKICTh MOJIIB PSUOBHHH.
Mix OHTOMOO 1 MOJIIPHOIO TSIUIOEMHICTIO ICHY€ CITIBBITHOIICHHSI
Cu= 1L O ; (14.15)
Jc - MOJSIPHA MAaca PCUOBHHH, MOITB/KT.

s rasiB TEIOEMHICTD SBIAETHCA PYHKLIIEIO TPOLIECY, B IKOMY IIPH-
HMae yuacth ra3. ToMy y TepMOIUHAMILI BiAPIZHAOTh MOJSPHY TCILIOEM-
HICTb ra3y npH noctiiHomy Ticky Cp Ta npu noctifiromy 06'emi Cy.

BusHaunvMo MONApPHY TEINIOEMHICTD Ta3y A BHIMAAKY HOTO y4acTi B
130xopHOMYy mpoueci. [l ogHoro Mot rasy (v = 1) mepruwii 3akoH TEp-
MOJUHAMIKHA MA€ HACTYTTHHUHA BUTIISA

dQ=dU, +PdV, ;

3 ypaxysanHsaM piBHAHHA (14.14), BUINE mpHBEICHE PIBHAHHI MOXKE

OyTH MEPETBOPCHO A0 HACTYITHOTO BUIISAY:

CndT =dU, +PdV,; (14.16)
Onnax opu i3oxopHomy npoueci dV = 0, rtomy PAV = 0. Toai maemo:
dU
- 14.17
Ly = ( )

Bpaxosyioun ¢opmyny (14.7), uine npuseaeHe piBHAHHI MOXKE OVTH
NIEPETBOPEHO /10 HACTYITHOTO BUTJIAAY:

Co=",R; (14.18)
Jauti BU3HAYMMO MOJISIPHY TCIUIOEMHICTD ra3y JJisl BUMAIKY HOro y4ac-
Ti B 1300apHOMY mpoueci. g ogroro mMonz rasy (v = 1) mepmumii 3akoH
TCPMOJUHAMIKH Y BOMY BUIAAKY OYAC MATH HACTYITHUH BUTTISA
CpdT=dU, +PdV,;
3B1OKH:
e du, , Pav, . (14.19)
dT dT
BHyTpimHs eHepris TepMOAHHAMIYHOL CHCTEMH € QYHKUIERO ii cTany 1
HE 3aJICKUTh BiJ MPOLECY B IKOMY ras 0epe y4acTb, TOMY 3 ypaxyBaHHIM
Bupasy (14.17), pisasans (14.19) 3anuimimMo y TakoMy BUTIISLAIL
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N A
= +— 14.20
P v aT (14.20)

Bukopucraemo pieasaHsa Knanedipona-MeHaeneea A OJHOTO MOJIS
rasy, o npuiMae yaacTs y i306apaomy npoueci (P = const). Toxi:
PdV, = RdT ;

3BIIKH HE BAXKKO 3JOTaJaTHCA, IO APYTHH AOJAHOK V PiBHSAHHI
(14.20) € He mo iHIIE, K VHIBEpcanbHa razoBa ctaia R. A piBHSIHHSA
(14.20) MOK/IHBO 3amUCaTH Y HACTYITHOMY BHLJISIL:

Cp=Cy+R: (14.21)
Otpumanuii BUpa3 Mae Ha3By piBHAHHA Maliepa. MoaipHa menioem-
Hicmb 10eanbHOC0 2a3y NpU NOCMIHHOMY MUCKY NePesUuye 1020 MOIAPHY
MENA0EMHICMb NP NOCHITHHOMY 00'€MI HA YHIGEPCANbHY 20306) CIAIY .

Bpaxysasmm piBusHHS (14.18), 3
A

b Oy Bupasy (14.21), orpumaemo:
1+2
18 J Cy = R : (1422)
5R/2 / Busnaunmo signomenusa Cp no Cy:
C 1+ 2
3R/2 T.K y ==L = o (14.23)
. Cy 1

2R - L 3 wmiei QopMyau HEBaXKKO BCTa-
Puc. 14.3. HOBUTH: 1Sl OJJHOATOMHMX Ta3iB y =

1,67; a nna xeoxaromuux y = 1.4.

3 dopmyin (14.18) ta (14.22) HeBaKko 3poOUTH BUCHOBOK, 11O MOJIIP-
HI TEILIOEMHOCTI 11€AJbHOTO ra3y HE 3a/CKarh BLA HOrO TEMICPATypH, a
BU3HAYAKOTHCS TIIBKH YHCIOM CTYNCHIB CBOOOAN Y MOJICKYJIAX Ta3y.

Ha puc. 14.3 mpuBeacHa siKiCHA KpUBa 3aJIC)KHOCTI 3MIHH MOILIPHOI
TETIOEMHOCTI BOJHIO 3 POCTOM HOTO TeMIepaTypu. li MOXIHBO MOACHUTH
THM, IO TPH HA3BKHUX TEMIICPATYPaX MOJICKYIH BOJHIO IPHIMAIOTE YIACTh
TITBKH V TOCTYHAIBHOMY pyci (1 = 3), Ipu KIMHATHHX - JOAAETHCA iX 00ep-
TaHHs (1 = 5), a Py BUCOKHX - AOJAETHCS IIC U KomBaHHs (1= 7).

B cuctemi CI TemmoemMHICTh BUMIPIOETBCS ¥ Takux oxunuipix: [C| =

[x/K]; [Cr] = [Hpx/xr K[; [C,i] = [Tx/voms K].
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14.6. 3acTOCYBAHHS NEPIIOTr0 HAYAJIA
TEPMOAHMHAMIKH A0 130NIPOIIECIB.

1). I3oxopHuii npouec. Y BUNAIKY 130XOPHOTO MPOLIECY 3MiHA 00'eMy
Yy CHCTCMI1 TOPIBHIOE HYJIIO, 3a BuzHaueHHIM. 10010 dV = 0. Toxai 1 30BHI-

IIHA poOOTa V TCPMOJUHAMIYHIN CHCTEMI Takox OyAe piBHA HyIO0, 60 3
(14.8) maemo:

dA=P-dV =0;
A mepine Hava 0 TSPMOIUHAMIKH Y 130X0PHOMY MPOLIECl HAOyIe BUAY:
dQ=dU; (14.24)

3HAYUTh TPU 130XOPHOMY MPOLEC] Y¢Sl TEILIOTA, MO JOBOIUTHCS 10 ra-
3y, BUKOPUCTOBYETBCS IS 301bIICHHAS HOTO BHYTPIIIHBOI CHEPTi.
3 dopmyu (14.17) maemo:
dUH =CydT;

I nst foBinbHOI Macu rasy:
dU =dQ = ¢ dT: (14.25)
n

2). I300apHuii npouec. Y BUNMAAKY 1300apHOTO MPOIECY THCK Y TEP-
MOJMHAMIYHIA CUCTEM] HE 3MIHIOETHCS 3a BU3HaueHHAM. Tooto P = const.
Toai nepie Hauano TepMoauHaMiku Oyae Matu Buriax (14.11). O6uucou-
MO podoTy ragdy nmpu i300apHoMy mpoueci. 3 piBHaHHA (14.9) Maemo:

Vs
A = jpdv —P(V, - V,): (14.26)
Vi
A 3 piBranng Knanetipona-Menaeneesa:
P(V,-V)=vR(T, -T)) :
Toxi pobora razy npu 1300apHOMY MpoLECi OYAC JOPIBHIOBATH:

A=vR(T,-T)): (14.27)
Abo v audepeHUiiHIH dopmi:
dA = vRdT : (14.28)

xe v="1 p = KUTBKICTb PEYOBHHH.

Pisasians (14.27) no3sosnsie Bu3HauuTH (HI3HYHUEN 3MICT VHIBEPCAIBHOL
razoBoi cranoi R. Hexait v i300apromMy mpoueci mpuiimMae ydactb 1 Momnb
rasy (v=1), a iioro Temmeparypa 3pocia va oxus rpaayc: T,-T,=1K.
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Toxai poborta ra3zy, gk ue BuaHO 3 piBHsaHHA (14.27), Oyae aopiBHIOBa-
;. A = R. TakuM unHOM VHIBEPCAIBHA ra30Ba CTAIA YHCEIBHO JOPIBHIOE
Po6oTI 1300aPHOTO POIMIUPESHHS OHOTO MO ra3y MPH HOro HArPIBAHHI HA
OJTUH TPAIYC.

Axmo vy i306apHOMY Iporieci 40 MacH m razy JOBOAMUTHCS AEIKa Kiflb-
kicTh TermoTd dQ:

dQ = = C,dT: (14.29)
n

To, 3rigHo 3 piBEsAHHIM (14.17), BHYTpILIHS €HEPris ra3y 301TbIINTHCS
HA TaKy BETHIHHY:

dU = =C,dT: (14.30)
u

3). I3oTepmiunmii nponec. Y BHNAIKy 130TEPMIYHOTO MPOLECY 3MiHA
TEMIICPATYpH V TCPMOJAUHAMIUHIN CHCTEMI JOPIBHIOE HYIIO, 32 BH3HAUCH-
HiaM. Tobto dT = 0. Toxi 1 3MiHa ii BHYTPIMIHBOI €Heprii Takox 6yae nopi-
BHIOBATHU HYJIIO, 00 3 (14.17) maemo:

dU =vCydT =0 ;

3BIACH MOKIMBO CTBEPKYBATH, IO MEPIIC HAYAIO TCPMOIHHAMIKU B

130TePMIYHOMY MPOLIECI MA€ TAKUN BULTIAL!
dQ=dA; (14.31)

TakuMm 4HHOM, MPH 130TEPMIYHOMY TPOILEC] YCsi TEILIOTA, L0 BBO-
JUTBCS 10 TEPMOAWHAMIYHOI CHCTEMH, BUKOPHCTOBYETHCS ISl BUKOHAHHS
30BHILIHBOI pOOOTH.

O6uucaumo o podoty. 3 pisHsHHA (14.9) Maemo:

V2
A=[Pav . (14.32)
V1
A 3 piBrannsa Knanetipona-Menzaeneesa THCK razy JOPIBHIOE:
m_ T .
P=—R—:;
v

Toxai poboTa npu i30TepMIYHOMY TPOLEC] OyAe JOPIBHIOBATH!

V.

24V

A =RT[-="RT(nV, - InV,):

1 vV o
Vl
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Abo:

A=BpTmY2.  A-BgypliL (14.33)
[ A\ u P,

4). Apiabatauii npouec. [Ipu axiabatHomy mpoueci BiACYTHIH Tem-
J000MIH TEPMOJMHAMIYHOT CHUCTEMH 3 HABKOJIHINHIM CEPCIOBHUILEM.
3uaguts dQ = 0. Toai 3rigHO 3 MEPIIUM HAYATIOM TSPMOTHHAMIKH, MAEMO!

0=dU+dA

Abo:

dA=-dU; (14.34)

3 OCTaHHBOIO PIBHSIHHS BHUIHO, IO B aaladaTHOMY MPOIIECI ra3 BUKO-
Hy€ pPOOOTY MPOTH 30BHIMIHIX CHJI BUKJIFOYHO 32 PAXYHOK 3MCHILICHHS CBOET
BHYTPIIIHBOI eHeprii. OGuncnnmo 1o podoTy.

3 piBusiab (14.30) Ta (14.34) maemo:

dA = - 2C.dT:
u

[HTETpYBaHHS OCTAHHROTO BHPa3y B MEKaxX 3MIHHM TEMIICPATYPH razy
A€ MOSKITUBICTh OACpKaTH (GOpMyIy AMs OOUHMCIIOBAaHHS pOOOTH rasy B
amxiabaTHOMY TPOLIECI:

A T
m m
A=[da=-—Cy[dT=——Cy(T,-T)) :
0 H T, K
1
I B ocTarounomy BUTIBLAIL:

Takum yuHOM, TIPHU aaia0aTHOMY PO3LIUPEHHI, MAKCUMATbHA 30BHIII-

Hi poOoTa Oyae MaTH MicLE 32 YMOBH MakCHMyMY MOYATKOBOI Ta MiHIMY-
MY KIHIICBOI TCMIICPATYPH rasy.

14.7. PiBusuns lyaccoua.

Sk Mu BKe BiAMIYATH TPH aa1abaTHOMY MPOLIECI ra3 BUKOHYE POOOTY
MPOTH 30BHIIIHIX CHJ BHKIIOYHO 32 PAaXVHOK 3MCHIICHHS CBOEl BHYTpI-
B0 eHeprii. To6To: dA = -dU.

3 1HIIOTO OOKY:

dA=Pdv;  dU="/,C,dT;
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Toxi Maemo:
PdV = —vC, dT ; (14.36)
Hamani Bukonaemo amdepenumiroBanns pisHsHHA —Knameiipona-
Menzeneesa, 3a ymosH, o P # const; V # const; T # const, i ogepxumo:;
PdV+VdP=vRdT; (14.37)
IMoximumo pisusians (14.37) na pisastaas (14.36) 1 otpumaemo:

PdV + VdP v RdT

PdV - v CdT
3BiAKH, BUKOPUCTOBYIOUH piBHiAHHA Matiepa (14.21), otpumaemo:
+VdP _ R :_CP—CV :_CP s

PdV Cx Cy C
3ragasiu piBasHHS (14.23) Ta MO3HAYUBINKM BIAHOIICHHS MOJISPHUX
TEIUIOEMKOCTEH Yepes ¥, OACPIKUMO!

VdP

PdV
3poOUBIIN PO3MOALT 3MIHHUX, BHIIC MPUBCACHE PIBHSIHHS, MEPETBO-
PHUMO 0 HACTYIIHOTO BUTIIAAY:

)

1

EEI
P TV
[HTErpY€EMO 1IE CTIIBBIIHOLICHHS:
P2 v,
@ v
P Vo
p i Vl

I B pe3ynbTaTi IHTErpYBaHHSI MAEMO!

InP; - InP; = -y(InV; - InV;) =y(InV; - InV>) ;

Abo:
P VIJY
In—==In | >
n P, n( v,
3BiAKH Y MACYMKY MA€EMO:

P, VI, =P, V';;

3aBasiku ToMy, 10 ¢TaH | Ta 2 B aaiabaTHOMY MPOLIEC HAMU BUOPAHO
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JOBITBHO, MAEMO MPABO CTBEPPKYBATH, IO MPH aA1a0aTHOMY TPOLICCT AJIs
JA1000r0 CTaHy TSPMOIUHAMIYHOI CHCTEMHU BUKOHY EThCS CITIBBIJHOIICHHS

PVY = const ; (14.38)

Lle piBustHHS oTpuMaio Ha3By piBHsaHHS [lyaccoHa.

Bupazusmm tHck 3 piBHsHHS Knanei-
pona-MeHaeneeBa, MACTABUMO HOrO B
(14.38), Ta orpumaemo:

m RT
—— V7 =const ;
p Vv

Abo:
y-1
TV =const ; (14.39)
Bupazusmu 06'em 3 piBHsHHS Knaneii-
Puc. 14.4. poHa-MeHaeneeBa, MACTABUMO MOTO B
(14.38), Ta orpumaemo:

[m RTY
P.| —.—
nop

j = const ,

Abo:

T P = const ; (14.40)

Pisastans (14.39) ta (14.40) Takox € piBasuusmu llyaccona ams Big-
MOBIJHUX NAPAMETPIB 1A€aTbHOTO ra3y.

IMokaznuk axiabartu 3aBx AU OLTBINE OAUHMII (AJI1 OJHOATOMHOTO a3y
v =1,67), Tomy kpusa amiabaru (PV' = const) saxau OLIbIn KpyTa, HiX
kpuBa i3otepmu (PV = const) npu TepMOIHHAMIYHUX MpoLECax B 14calb-
Hux razax (aus. puc. 14.4).

Lle mosicHIOEThCS TUM, IO MpH aAia0aTHOMY CTHCKYBAHHI, 3POCTAaHHS
THUCKY 1A€aTbHOrO ra3zy 0OYMOBIIOETECSH HE TIAbKH 3MCHIICHHAM Horo o0'-
€MY, K LIE BiAOYBA€ThCA MPH 130TCPMIYHOMY CTHCKYBAHHI, & H 3pOCTaHHAM
TEMIICPATYPH rasy.

TepMoauHaMiYHI MPOLECH V XOAI AKHX MOJISIPHA TEIUIOEMKICTh 1aea-
JBHOTO ra3y HE 3MIHIOETHCS OTPUMAITH HA3BY MOJITPOIHUX.

To6To, mpu MOTTPOMHOMY HPOLIEC] 11CaNbHUH ra3, OKpIM pPIBHIHHS
CTaHy, MAKOPAETHCA 1 1ogaTkoBiil ymosi: C, = const.
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VY ¢i nomiTPOmHI MPOLECH OMUCYIOTHCS PIBHAHHIM TAKOTO BUAY:

n
PV = const; (14.41)
A¢ 1 - OS3pOo3MIpHUI TapamMeTp, SIKUH MA€ HA3BY MOKA3HUK QI TPOIIH.
IMokazH¥K O TPONH BU3HAYAETHCS TAKUM YHHOM:
n= SuCr ; (14.42)
C,-Cy
ae C, - momapHa TeroeMHICTD 1aeamproro rasy; Cp , Cy - MomsipHa Ten-
JIOEMHICTb 1JCATBHOTO a3y MPH HOCTIHHOMY THCKY Ta 00'eMi.
IMomiTponHi mpoiecu € camMOK 3arajbHOK (POPMOIO 130MPOLECIB, IO
BIAOYBAKOTHCS B iAcanbHuX rasax. Tak, skmo n = 0, To Mu Maemo i300ap-
uuit npouec (P = const), a mpu n = 1 - i3oTepmiununii npouec (PV = const).
Ipu n =y, maemo axiabaramii npouec (PV' = const), a mpu n = oo - izo0x0p-
HUH IIpoLec.

14.8. KoHTpoOIbHI 3A0HTAHHS.

B womy nonsrae ¢iznuHuit 3MicT YHIBEpcatbHOI razoBoi cranoi?

. o Take TennoemuicTs razy? fAxa momspaa rennoemuicts C, un C,

Oiapima i uomy?

Buseaite piBasuHSI Maiiepa.

4. BupasiTe BHYTPILIHIO CHEPIiIO ra3y Yepe3 KUIbKICTh CTYICHIB CBO-
0011 X MOJICKYI.

5. 3anummiTe mepiie Havano TePMOJUHAMIKH A 1300apHOTro, 130Tep-
MIYHOTO, 130XOPHOrO Ta agiabaTHOro mpoueciB. 3po0iTe aHami3
MPUBEACHUX (HOPMY L.

6. 3anmmiTe piBHAHHEA [lyaccona nnsg Trcky 1 00”eMy; THCKY 1 TeMIie-
parypu; 06’ eMy 1 TeMIepaTypH.

7. Chopmynroiite Ta 3aNMINITh AHATITHYHAN BHPA3 A NCPIIOTO HA-
4yaja TCPMOAUHAMIKH.

8. Sxum uMHOM BHU3HAYAETHCS POOOTA ra3y MpH 3MiHI HOro 06'emy?

9. SlkuMm ynHOM BH3HAYa€Thcd POOOTA raszy mpH 3MiHI Horo ob'emy y

130TepMIYHHUX Tponecax”?

DO =

98]



Monexynapra gizuxa ma mepmodunamixa 131

I'JIABA 15.
APYI'E HAYAJIO TEPMOJANHAMIKHN

15.1. Kpyrosi npouecu. O00poTHI TA HEOOOPOTHI NMPOLIECH.

TepmoannaMiuHa CHCTEMA 3HAXOIUTHCS Y PIBHOBAXKHOMY CTaHI TOI,
KOJIM MapaMeTpH, mo ii XapakTepu3yIOTh, MAIOTh 3HAUCHHS, SKi 3aTHIIa-
IOTBCS O€3 3MiHH MK 3aBrOJHO AOBIO MPH BIACYTHOCTI 30BHIIIHBOTO BILTUBY
Ha cucteMy. llpu mopyienHHi mux yMOB cuctema OyAe 3HAXOIUTHCh B HE-
PIBHOBAYKHOMY CTAaHI.

Hi oxun 3 peansHUX TEPMOAMHAMIYHUX MPOLIECIB HE MOXE OyTH Ailic-
HO PIBHOBXHHMM, T4 IMPH MOBLTBPHOMY MPOTIKAHHI MpoLecy BiH Oyiac Ha-
OmKaTHCA IO PIBHOBAYKHOTO.

Kpyrosum mporiecoM (LHUKJIOM) HA3UBAETHCS TPOLIEC, MPU SIKOMY TEp-
MOJUHAMIYHA CHCTEMa MPOMIIOBIIM Yepe3 PsI NPOMIXKHHX CTaHIB, MOBEP-
TAETBCA Y TIOUYATKOBHUI CTaH.

JIroOuii KpyroBuil mpoLec MOXIJIHUBO PO3OHTH HA OKpPEMI MHPOLECH
posumpenss (1-2), Ta cruckysanss (2-1) ragy (aus. puc. 15.1). I[Tpu upomy
poGoTa PO3IMIKPEHHS ra3y, 3a BU3HAUCHHAM, € noaatHoro (dV > 0), a pobo-
Ta cTUCKyBaHHS - Big'emuow (dV < 0). CymapHa poboTa, sika BUKOHYETHCS
3a OUH LUK, CKIAJAEThCA 3 POOOTH CTUCKYBAHHS ra3y Ta poOOTH Mo HOro
PO3LIMPEHHIO 1 JOpiBHIOE oM ¢irypu Mix miHisMu 1-2, 300pakeH] Ha
puc. 15.1. Axmo us cymapHa poboTa, € A0AATHOIO, TO TAKHHA UK/ HA3UBA-
€TBCS IPIMHUM. A SIKIIO 11 CyMapHa Po00Ta, € BiA'€MHOI, TO TAKUH LUK/
HA3UBAETHCH 3BOPOTHUM (auB. puc. 15.1). IpsamMuiil uKI BUKOPHUCTOBYE€Th-
€ Y TCIUTOBUX JBUTVHAX, 4 3BOPOTHHUHN LUK - V XOJOJUIPHUX MAITHHAX.

a) 6)
P A P A

ZY b2

Vl V2 Vl VZ

V<

Puc. 15.1.
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BHacnigok kpyroeoro mporecy, TepMOJHHAMIYHA CHCTEMa MOBEPTA-
€TBCS Y TIOYATKOBUM CTaH, TOMY 3MiHA i BHYTPIIIHBOI €HEPrii JOPiBHIOE
Hyno, T00to AU = 0. Tomy mepime Hayaao TEPMOIWHAMIKH AT OyIb-
SAKOT'O KPYTOBOT'O MPOLIECY HAOYBAE HACTYITHOTO BUTTIAAY

Q=A; 5.1

Tobro poboTta A, 110 BUKOHYETBCS 33 OJHH LUK/ JOPIBHIOE KiJTBKOCTI

TeroTd Q, o OTpUMAaHa CHCTEMOIO 330BHI

[T ] Q=Q;-Q;: (15.2)

ae Q- KUTBKOCTI TCIUIOTH, IO OTPUMAHA CHUCTE-
‘,Ql i MO0 330BHI; Q, - KITBKOCTI TEILIOTH, IO Bij-
TOIUIOBHH |y JlaHA CUCTEMOIO Y 30BHIIIHE CCPEIOBHIIC.
ABHI'YH Koedimienr kopuchoi aii (k.k.x) Oyab-sSKOTO
Q- KPYTOBOTO MPOLIECY MOK/IHBO OOYMC/IUTH 32 Ha-
T, CTYIHOH (hOPMYJIOKD:
A 0,-Q, Q.
Puc. 152 M= = =1—y - i U3
L Q- Q Q

Kpyrosuii npoucc HazuBaeTbcs 0OOPOTHUM, SKINO BIiH Ma€ MOXKITH-
BICTh BIAOYBATHUCH, SIK V IPSAMOMY, Tak 1 B 3BOPOTHOMY HampsiMkax. JIroOuid
KPYTOBHI MPOLEC, KU HE BIAMOBIAAE BUINC MPUBCACHIN YMOBI HAa3UBa-
€ThCS HEOOOPOTHHM.

[Tpu obopoTHHX HpoLecax MOBEPHEHHS CUCTEMH A0 MOYATKOBOTO CTa-
HY HE NPUBOIUTH IO SKUX-HEOYIb 3MIH Y HABKOJIHIIHBOMY CCPCIOBHILI.
Bcesxuii piBHOBa)KHUE mpouec € 0OOpPOTHHM. A HEpPIBHOBXKHHU MPOLIEC
3aBXKAU € HEOOOPOTHUM, GO HPH 3BOPOTHOMY HPOLIEC] CHCTEMA MPOXOIUTD
Yepes TOUKH 3 1HIIUMH MapaMeTpaMHy, HIXK Y IPAMOMY.

15.2. /Ipyruii 3aK0H TePMOAHHAMIKH.

Posrnsremo mpunnmn aii TerutoBoi maruwau (aus. puc. 15.2). Temo-
BUH JBUTYH CKIAJAETHCS 3 TAKUX OCHOBHHX YaCTHH: pobodoro Tina, Harpi-
BHuKa (Temmeparypa T;) 1 xomoxunapauka (Temmoeparypa T,). Poboue Tino,
HANPHKIAL Ta3, OACPKYE BiA 30BHINTHBOTO HATPIBHUKA TEIIOTY B KLIBKOC-
Ti 1, 32 paxyHOK 4oro 3miHe ¢Boi mapametpu. [pu pomy ras posmupro-
€THCS 1 BUKOHYE poOOTY npoTH 30BHIIHIX cui. [licna uporo, mis 3amukaH-
HS LUK, ApaMEeTPH ragdy NoTpiGHO MOBEPHYTH JO MOYATKOBOTO CTAHY.
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s BUKOHAHHS Takoro mpouecy Tpeda 3MEHIIHTH BHYTPILIHIO €HEP-
110 Ta3y A0 MOYaTKOBOTO PIBHY, IO MOKIHMBO TUIBKU V BUIAIKY Hepeaadl
ra3oM XOJIOJUIBHHKY ACAKOI KimbKoCTl TermnoTu Q. Y TakoMy 3aMKHYTOMY
LUK/ Ta30M BUKOHYEThCS PoOOTa;

A=Q;-Qy: (15.4)

3 dopmynum (15.3) BuTiKaE, WO TITBKK ¥ BUMAAKY, Komu Q, = 0, kK.k.1.
JBUTYHA Oy JOPIBHIOBATH OJUHHILI. AJIC HISSKAM JPYTHM YUHOM HEMOXK-
JAUBO poOOUE TLIO MOBEPHYTH A0 MOYATKOBOTO CTaHY, sSIK TUIbKH BiJIaBaH-
HSIM XOJIOAUIBHUKY ACSKOI KiMbKOCTI TermoTH Q,. A 1 CBIAYUTH IO TC,
IO K.K.J. TSIUIOBOTO JBUTYHA 3aBXAH OY¢ MCHIIC OJIHHHII.

Takum yMHOM MM TIWIITH A0 APYrOro Havyana TePMOIMHAMIKH vV (dop-
myaroBanHi (pannysekoro imkeHepa H.Kapno (1796-1832): wemoorcnueo
CMEOpUmMU MAKUH YUKAIYHO Oit04Ull Menioeuli O8USYH, AKUL MA8 OU MinbKy
00He 0dHcepeno meniomu, maxuii 0e8ucyH 0006'a3K0680 NOGUHeH Mamiu 08a
Oxicepena menaomu 3 PisHUMU MeMNePAmyPAMU.

3a dpopmvmosannam Kenbsina-llnanka apyre Hauano TepMOIUHAMIKH
3BVUHTD TAK. HEMONCIUBUT MePMOOUHAMIYHUTI Npoyec, EOUHUM De3YIbmd-
MOM AKO20 € NepemeopeHHs Meniomiu, OMPUMAHOL 8i0 HAZPIGHUKA, 6 eK6i-
eaneHmuy it pobomy.

B xonoauneHi# MamuHi npouec Hae v 3BOPOTHOMY HANPSIMKY IO BiJ-
HOLICHHIO 0 MPOLECY B TEINOBIH MamuHi (auB. puc. 15.3).

Hexait poGouum TijoM 3a LUK MOTIHHA-
erbes Temiota Q,, a BIAAAETHCS, MPU OLIBIN

Q BUCOKIH TeMriepatypi, Teriora Q.
A 3rigHO 3 MCPUIUM HAYATIOM TCPMOIUHAMIKH

XooguibHa G
st kpyrosoro mporecy: Q = A. YMoBow po-

MalnimHa
0 OOTH XOJIOAWIHHOI MAIIVHH €;
2
I Q=Q-Qi<0: (159
Tomy 3 (15.5) maemo:
Puc. 15.3. Q=0+ A; (15.6)

3 1pOro PiBHSAHHS 3POOMMO BHCHOBOK: Ki-
JAbKICTh TCIUIOTH Q, 110 BigAaHA JXKEPEIY TCIUIOTH 3 OLIBII BUCOKOK TEM-
neparyporo Ty, nepesuinye KijapKicTs Teiotu Q,, 10 oTpuMaHa poOounM
TIJIOM BLJ JpKEpera TCIUIOTH 3 MCHIIOK TEMITCpaTyporo 1., HA BEIHIHHY
POGOTH, SIKa BUKOHY€ThCA POOOUNM TIJIOM TCPMOANHAMIYHOI CHCTEMH.
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Tomy P.Knavsiyve TakuM yuHOM c)OpPMYIIIOBAB APYre HAYAIO TEPMO-
TUHAMIKH: MeNJIOMA HIKOAU He Nepexooums camda coboro 6i0 min 3 Mew-
ULOI0 MeMNepamyporo 00 misi 3 Gibll GUCOKOIO MeMNepamyporo.

15.3. Huxa KapHo Ta Horo K.K.1. A4 igeajJbLHOro rasy.

Buxoasuu 3 apyroro 3akony tepmoamHamiku H.Kapuo cdopmymosas
TCOPEMY, SIKA TCEP HOCUTh HOTO 1M'SI.

Teopema Kapno: 3 ycix nepiodulmo OTIOUUX MENI08UX MAUUH MAKCU-
MANLHUT K. K.O. MAIOMb 000POMHI MAUWUHIL, NPU YbOMY K.K.O. MAKUX MAULUH
3a1eHCUMDb MINIbKU 610 MEeMNePAMmYpPU HACPIGHUKA MA XOA0OUIbHUKA | He
3aneaicums 610 uAY poboH020 Mina, o SUKOPUCTIOGYEMBCA Y NPOYEC.

Kpyroswuii mponec, sSkuii ckiagaeTbes 3 JBOX 130TEpM Ta ABOX axiadar,
IO YEPIYIOThCA MixkK co00r0, oTprMaB Ha3By 1uka KapHo (qus. puc. 15.4).

Buznauumo k. k.4, Takoro oporecy. Ha eram 1-2, ra3 izorepmiuno (T
= const; AU = const) posmmproerses Bia crany 1 (Pr, Vy, Ty) no crany 2
(Py, V,, T)), 3a paxyHOK OTPUMAaHHS BiJ HATPIBHUKA ACAKOI KITBKOCTI TEN-
aotu Q. Tomi, arigHo 3 Bupasom (14.33), maemo:

Ay = ZRT 2 - Q;: (157)
i Vi
Ha eTami 3-4, poGoTa i30TepMIYHOTO CTHCKYBAHHA rasy Big ctany 3 (Ps,
Vs, Ty) no crany 4 (Ps, V., T,) aopiBHIOE KiTbKOCTI TEIIOTH (2, IO BigBe-
aeHa 3 cucremu. Toai, arigHo 3 Bupasom (14.33), maemo:

- Ay = 2RT, In4
130TepMH 3.4 u 2 V3
e Ha eram 2-3 ra3 posmuproerscs,
ane Bke 3a amiabarauMm 3akoHOM (Q
=0) Bix crany 2 (P, V,, Ty) 1o crany 3
(Ps, V3,Ty). Ilpu upomy ra3 BHKOHYE
poOOTY MPOTH 30BHILIHIX CHI 32 pa-
XYHOK 3MCHIICHHS CBO€l BHYTPILIHBO]
eueprii. Tomi, 3rizHO 3 BHpa3oM
v (14.35), maemo :

oy
-

—_Q,: (15.8)

22. (P, V,T)

n
mwml@

m
Puc. 15 4. Azs=Cu(G-Ty) : (159)

3. (P5V;Ty)
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Ha ocranusomy 4-1 etami, 1715 3aMHUKAHHS LUKIY, Ta3 3a agiadarHuM
3akoHOM (Q =0) cTHCKYIOTh 10 MapaMeTpPiB MOYATKOBOTO CTAHY, BUKOHYIO-
YU OPU HBOMY Taky poOoTy:

m m
Ay :ECV(TZ _TI)Z_ECV(TI —T)=-Ay;: (15.10)

A moBHa po0oTa 3a UK, 3 ypaxyBaHHaM Bupasis (15.7 — 15.10), Oyae
JIOP1BHIOBATH:
A=A +Ay3+A34+A, 1 =Ap +A3,=0Q;-Qy;

Toni, k.x. 4. uukay KapHo Oyae nopiBHIOBaTH:

T, In 3

A Q9 -Q QT Vg 15.11
Q, Q, Q, T anZ
1 \q

3rigHo 3 pisHsaHHEAM [lyaccona, nist 06ox axiadbart HUKITY MaeMO:
TiV, = Tova'

TV =TVt

IMoainuBiin wi PiBHSHHS, OTPUMAEMO:
y—1 y-1 -1 -1
Tlvz_1 _ThVs — = [szy _(&jy — V2 Vs
TV, To Vi \2

Vi

- >
ViV,
Bpaxosyroui 1ie criBBigHOmCHH, 3 piBHAHHA (15.11), oTpriMaemo oc-
TATOYHUH BUPA3 A1 BU3HAYCHHA K.K.A. mukiny KapHo:
Tl — TZ
>
Tl
TakuMm 4HHOM, MaKCHMAaJbHE 3HAYCHHS K.K.J. TCIUIOBHUX MAIIHH, IIO
MPALIOTh 32 MUKIOM KapHo, 3anekuTh TIIBKH BiX TEMIICPATYpPH HArpiB-
HUKA Ta XOJOJUIbHHUKA 1 HE 3AJCKUTD BIJ IX KOHCTPYKIII Ta BUAY POOOUO-
'O TiNa, MO BUKOPHCTOBYETHCS Y TEPMOJUHAMIYHOMY MPOLIECI.

n= (15.12)

15.4. IIoHSTTS PO EHTPOMII0 11€AJTBLHOI0 ra3y.

3 piBasiab (15.12) ta (15.3) ans nuxay Kapro moximBo 3anmcaru:
_ Q _ 1— T ;

1 -
Q T
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3BiAKH, BPAXOBYVIOUH Bl €MHHH 3HaK napametpa (Q,, MaeMo:

L g (15.13)
L T

BigHoIICHHS KIPKOCTI TCILIOTH, IO OACPKAHE CUCTEMOIO BLI JKepe-
Ja 0 TEMIepaTypH JKepena, OTPUMAO Ha3BY 3BEACHOI TEIIIOTH.

Toni, 3 piBasHAS (15.13), MOXKIHBO 3pOOHUTH HACTYITHHH BHUCHOBOK:
SIKIIO TCPMOAMHAMIYHA CHCTEMA MPHUHMAE YIaCTh YV KPYTOBOMY IPOLIEC 3a
mrkiaoM KapHo, To cyma 3BEACHHX KIIBKOCTEH TEIUIOTH, OACPKAHHX CHC-
TEMOIO 32 LUK, AOPIBHIOE HYMO. Y LBOMY IOIITa€ CYTh TaK 3BAHOI TEO-
pemu Knaysivca. Crpore TeopeTuuHe ysaraapHCHHs Teopevu Kmaysiyca
JO3BOJHIIO JOBECTH, IO IS TOOOr0 00OPOTHOTO KPYroBOro MPOLIECY, CV-
Ma 3BEACHHX KiTbKOCTEH TEILIOTH AOPIBHIOE HYMO. TobTO!

=
=

3 pIBHOCTI HYIIO IBOTO IHTETpANa CIIAYE, IO M AIHTErpaIbHUN BUPa3
JOPIBHIOE IOBHOMY qudepeHniany aesakoi GyHKI1I, SKka BUBHAYAETHCS TLThb-
KH CTAHOM TCPMOAMHAMIYHOI CHCTEMH 1 HE 3aJCKUTh BIJ CIOCOOY MEPEeXo-
ay Ao usoro crany. To6ro:

0 (15.14)

dQ
T
OyHKIIS CTaHy TEPMOJUHAMIYHOI cUcTeMu S, AudepeHLian KOl A0-
PIBHIOE 3BEICHIN KiITBKOCTI TEIIOTH, OTPUMANIa HA3BY CHTPOMII.
BuzHaunmo 3MiHY eHTpomnii IpH MEPexoai TEPMOIMHAMIYHOI CHCTEMHU
3 crany | 1o ctany 2, Skuil MOXKe BiaOyBaTHCs Oyab-sikuM muisixom. Jliis
BOro iHTErpyemMo Bupas (15.15) y BiANOBIAHUX MEXKaX Ta OTPUMAEMO!

ds= (15.15)

S 2

2 d

[as=8,-5, =as= [ ; (15.16)
S, 1 T

ToOT0 eHTpoOmist MOXKE BU3HAYATHCS TIIBKH, K PI3HUAL MiXK CTAHAMH
TEPMOJUHAMIYHOI cucTeMH. [ €JHHOTO CTaHY TEPMOAMHAMIYHOI CHUCTE-
MU MOHATTS CHTPOIIi HE MAE CEHCY.

3 ¢dopmynu (15.14) Buxoauth, WO At OOOPOTHOTO MPOLECY B 3a-
MKHYTIH CHCTEMI 3MiHa CHTPOIIi AOPIBHIOE HYIIO0, ToOTO AS = 0. A eHrpoO-
ISt 3aMKHYTOI CUCTEMH, SIKA 31HCHIOE HCOOOPOTHHN LUK, 3pocTae; AS >
0. Tobto eHTpOIIis 3aMKHYTOI CHCTEMH HE 3MCHIIYETHCS:
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AS>0; (15.17)

Lle cniBBigHOIICHHS OTpUMANO Ha3By HepiBHICTL Knayaiyea.

VY BUNAgKy KOMH CHCTEMA € HE3aMKHYTOIO, CHTPOMIS MOXKE 3MIHIOBA-
TUCS OYIb-IKUM YHHOM.

[IpoxoBxkuMO OOUHCICHHS 3MIHH CHTPOMIi MPH MEPEXOl TEPMOIUHA-
MiyHOi cucTemMu 3 cTany 1 g0 crany 2. s 1Oro BHKOPHUCTAEMO TEpLIC
HAYaN0 TCPMOIUHAMIKH 1 TO,Z[i 3 PIBHSHHS (15 16) otpumaemo:

2dQ fdU+dA FdU tdA
as=[2 j—— —rl= sy
, T T : T

VY 3arajgpHOMY BUMAIKY po60Ta dA razy oOuYHCHIOETBCS 3 BHpA3y

(14.8), a 3 ypaxysauusim Knanetipona-MenaeneeBa, MaeMo:

dA - BppdVv . (15.19)
v v

Toxai, BpaxoByroun Bupas (14.25) ans BU3HAYMCHHS 3MIHH BHYTPIIIHBOI
eHeprii razy, piBasaHHA (15.19) nepeTBoprMo 10 BUAY:

T v
fdT ' TdV
me e, mp Idv.

AS = >
o TV
A micns IHTETPYBaHHS OTPHUMAEMO:
m T, vy
AS=—C, In=—= —R] g 15.20
S " Cyln T, + v, ( )

Takum urHOM, 3MiHa €HTPOIIi MPH NEPEXOAl 1A€aTBHOTO a3y 3 0JHO-
IO CTaHy Y APYTHU, HE 3aJIC)KHUTh B1A BUAY TEPMOIUHAMIYHOTO MIPOLECY .

Sk Bigomo, npu agiabarHomy mporeci dQ = 0, Toai 3 (15.16) maemo
AS = 0. Tobto npu axiabarHOMY mpoueci 3MiHA SHTPOTI| 3aBXKIU JOPIBHIOE
HYJIIO, TOMY LIeH NPOLeC 1HOA1 HA3UBAIOTh 130CHTPOMHHIM IPOLIECOM.

Tepmoannamiyuna iMoBipHICTE W BU3HAYAE KiJ‘IbKiCTb MiKpOCTaHiB cH-

sraucHHIM W > 1. 3B'130K MIK SHTPOITIE CUCTCMH Ta TCPMOTUHAMIYHOIO
IMOBIPHICTIO BCTAHOBJIFOETHCS 34 0MOMOTOI0 (hopmyau bombimana:
S=kInW (15.21)
ne k- crama borpumana.
®opmyna bonpumana 103BosIE BUSHAYUTH (BI3UUHUE 3MICT CHTPOMIi;
CHTPOMI 11¢ Mipa HEBMOPSAKOBAHOCTI TEPMOAMHAMIYHOI CUCTEMH.
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Toxal apyre Hauano TEPMOAWHAMIKH MOMKIMBO JATH Y TAKOMY TIyMa-
YCHHI: NpU HeOOOPOMHUX Npoyecax, o i00Yeaomucs y 3aMKHYMUX Cuc-
memMax, mepmOOUHAMIYHA IMOGIDHICMb IX CIMAHY 3POCHAE, a Npu 06opom-
HUX - 3a7UMAEMbCS He3MIHHOIO.

15.5. 3B'a3aHAa TAa BIILHA eHepris i1eaJbLHOro rasy.

[lepetBopumo piBHaHHA (15.15) g0 Takoro BUrILLY:
dQ=TdS; (15.22)

Bukopucrasmm nepire Hauano tepmoguHamiku Buay (14.11), 3 pume

MPUBEACHOTO PIBHAHHSI OTPUMAEMO!
dU+dA=TdS;
Abo:
dA=-dU+TdS=-(dU-TdS); (15.23)

BuzHaunmo mapameTpu, AKi BXOJATh Y LE CIHIBBIAHOIICHHS TAKUM Y-
Hom: dU - T dS = dF - sinena cuepris; dU - saytpiums enepris; T dS -
3B'13aHa eHepris. Toai maemo:

dA=-dF; (15.24)

Takum YuHOM, 30BHIITHA POOOTA BUKOHYETHCS TEPMOAHHAMIYHOO CH-
CTCMOIO 3a PaxXyHOK 3MeHIeHHs ii ButbHOI eneprii. Axmo dF = 0, Toai
TEPMOIUHAMIYHA CHCTEMA HE B 3MO031 BUKOHYBATH 30BHILIHIO poOOTY.

3B'13aHa CHEPris, LE Ta YaCTHHA BHYTPIIIHBOI CGHEprii, ska HI mpu
SAKHX YMOBaX HE MOKe OYTH IEPETBOPEHA V 30BHIIIHIO poOOTY.

Bpaxosyroun, 1o eHTpomia y 3aMKHYTHX TCPMOAUHAMITHUX CHCTEMAaX
3aB3KIH 3POCTAE, TOAIL 1 3B's13aHa eHEpris, sk e BuaHO 3 (15.22) Oyae 3poc-
TaTH, a 3HAYUTh 3aBXKIU HACTYINTbh TAKUH MOMEHT, KOJH CHCTEMA MAa€ BH-
YepnaTy BiIbHY €HEPTilo 1 BTPATUTh 3MOT'Y BUKOHYBATH 30BHIIIHIO pOOOTY.

15.6. KoHTpOIbHI 3AIHTAHHS.

Jaiite BU3HAYCHHS KPYTOBHX MPOLICCIB.

Haiire dhopMyTroBaHHS APYTrOro HAYaMA TCPMOIHMHAMIKH,

B womy nomsrae ¢izuanuii 3MicT eHTpomii?

Sxuii mpouec orpuman HasBy uuka Kapuo? Haseaite dopmymy
A1 BU3HAYCHHS HOTO K.K.JI.

3amuwrite HepiBHicTh Knayaiyca. Haite ii TiymaucHHs.

6. o take 3B'a3aHa Ta BijbHA CHEPTis 1A€ATBHOTO ra3y?

= B0 =
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TI'JIABA 16.
PEAJIBHI I'A3H

16.1. Cujiy Ta NOTEHIAJLHA eHeprist MIdKMOJEKVIAPHOL
B3A€MOAII B PeAJLHHX ra3ax.

ExcniepumeHTaneHO OyII0 BCTAHOBJCHO, IO CHIM MIKMOICKYIIIPHOT
B3aEMOIIi MPOSIBISIOTHCS HA BIACTAHAX HE OLIBIINX 10° M i wBKIKO 3Me-
HIIVIOTBCS 31 301TBIICHHAM BiACTaHI MK MOJICKYJIaMHU.

Ha mowatky XX cropiuus 3aBASKH CTPIMKOMY PO3BHUTKY KBaHTOBOI
MEXaHIKU OyJI0 BCTAHOBJICHO, IO MIXK MOJICKYJIaMH PEYOBHUHU OJHOYACHO
JIOTh CHIH MPUTSATAHHA 1 BLAITOBXYBaHHs. Ha OMM3BKUX BIACTAHSIX MIXK
MOJICKYJaMH JIiI0Th B OCHOBHOMY CHJIH BIAIITOBXYBAHHS, 4 HA BEIHKHX -
nputsradds. CHUIH BIAIITOBXYBAHHS BBAXKAKOTHCS AOJATHUMH, a CHJIH [IPH-
TATAHHA - BLI €MHUMH.

Ha puc. 16.1-a HaBeaeHa siKiCHA 3aJICKHICTh CHI MOJICKYJISIPHOL B3ae-
moxaii Big BiacTaHl Mixk Monekyiaamu I, ne F, u F, - cunu BiamToBXyBaHHs
Ta NpUTATaHHY, a F - pesynbrar ix cymicHoi aii.

AF | a) Ha Biactani r = 1), CHIM TPUTATaHHS Ta
X Fig BIJIITOBXYBAaHHS YPIBHOBKYIOTh OJHA OJHY,
F\ 10010 F = 0. Ilpn r < 1, mepeBakarTh CUIH
BigmroexyBanHada (F > 0), a mpu r < 1 - cunmu

npursrarns (F < 0). Ha siacramsx r> 107 v,
MIXKMOJICKYJISIPHI CHJTH B3a€MOJIl MPaKTHYHO
BiacytHi (F— 0). Cuna B3aemonii F mix mo-
JCKYJIaMH ra3y OOyYMOBIIOE ICHYBAHHS MOTE-
{ HIaapHOI eneprii ix Bzaemoxnii 1. I'padiuna
6) 3QICKHICTD MOTCHIIAIBHOI CHEPTii BiA BIJ-

CTaHl MK MOJIEKYJIaMH AaHa Ha puc. 16.1-0.

[TpunycTumo BiacTaHb MiXK JBOMA raso-

BUMHU MOJICKy1amu 3pocTae. [Ipu npomy Oyae
w  BUKOHYBATHCH, 33 PaXyHOK 3MCHIICHHS IO-
TCHIIIATBHOI CHEPrii MOJICKYJI, ASsKa POdOTa;

dA=Fdr=-dITl; (16.1)
[min Iarerpyemo weii Bupa3 y Mexax Big r A0
Puc. 16 1. 00, T4 OTPUMAEMO!
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© ©
jdn = -der : (16.2)
r T

Bpaxosyroun, 1o npu r = o MOJIECKYIH Mi?K COOOI0 HE B3aEMOIIIOTE,
3HaunTh [, = 0, 3 BHIIE IPUBEACHOTO PIBHSHHS OJCPKUMO!

m, = | Fdr . (16.3)

Otpumani Bupazu (16.2) ta (16.3) BCTAHOBIIOKOTH 3B 130K MI3K CHIOH)
B3aeMOIi Ta MOTCHIIATIBHOK CHEPIIE0 ABOX MOJICKYJI, SIKI 3HAXOAATHCS HA
BigcraHi r. [lpu r = ry cuma F = 0, Tozi 3 Bupasy (16.1) maemo:

d_Hj _ _k_o.
(dr —-F=0: (16.4)

r:ro

A 11e 03HaYaE, MO CUCTEMA 3 ABOX MOJICKYJI, Y CTaHI PIBHOBArH, Xapa-
KTCPH3YETHCS MOCTIMHUM MIHIMATBHAM 3HAYCHHSM MOTCHLIATBHOI eHeprii
B3aeMOAIT [ .

INorenmiansHa eHeprist B3aemonii I, uucenpHO BH3HAUAEe PoOOTY,
MPOTH CUJT MIKMOJICKYJISIPHOI B3aeMOii, HEOOXiAHY A TOTo, MO0 pos'en-
HATH MOIICKVIH, fIKi 3HAXOAAThCA V monoxkeHHI pisHosaru. [lapametp kT
BU3HAYAE CEPEIHIO KIHCTHYHY CHEPTII0 Xa0THYHOTO TEIIOBOTO PYXY MOJIC-
kyi1. Tomy criBBigHOIIEHH: Mixk mapameTpamu [L,, ta kT Buznavae y gxo-
My arperaTHomy cTasi Oyae 3Haxogutuch pedoBuHa. Axkmo [, << kT, o
PEUOBHMHA 3HAXOMUTHCS Y razonoaioHoMy ctaHi, ko I, = kT, To pedo-
BUHA € pianHot0, a Ko [, >> kT, To pcuoBHHA 3HAXOIUTHCS Y TBEPIO-
My cTani. ToOTO peyOBHHA B 3aJIC)KHOCTI Bl TEMIICPATYPH MOKE 3MIHIOBA-
TH CBIH arperaTHUi CTaH, a TEMIEPATypa NSPEX0ay 3 OAHOTO arperaTHOro
CTaHy B IHIIWH 3aneKuth Bix 3Ha4CHHS [, Tak v inepTHuX razie [, He
3HAYHA, & V METATIB - IY>KC BEIUKA, TOMY IPU KIMHATHUX TEMIIEpaTypax
BOHH 3HAXOSATHCS BIATIOBITHO B ra30moai0HOMY 1 TBEpAOMY CTaHAX.

16.2. PiBusinug Ban-nep-Baabca.

Mogenp izeanpHOroO rasy, Mo BHKOPHCTOBYBAIACh HAMU NPH BH3HA-
YCHI OCHOBHHUX 3aKOHIB MOJICKVILIPHO-KIHETHYHOI Teopii, Moke OyTH
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3aCTOCOBAHA 3 AOCTATHHOIO TOYHICTIO AJS OMUCY rasiB, AKINO BOHU 3HAXO-
JATHCS TPU TOCHTh BUCOKUX TEMIIEPATYPax Ta HU3bKOMY THCKY.

VY BHUIAAKY BETHKOTO THCKY 1 HHU3BKHX TEMIICpATyp A rasis tpeba
MAaTH 1HIIC PIBHAHHA CTaHY, SKE BPAXOBYBAIO O PO3MIpH MOJCKYJ Ta CHJIH
B3aeMoAii Mi>k HUMH. Brepiue Take BpaxyBaHH: 3pOOWB BHUIATHUH rOJUIa-
Hacekuil ¢izuk 1. Ban-gep-Baansce (1837-1923).

1. VpaxyBanus BaacHoro o0'emy mojekya. Yactury o6 ’emy ar00o0i
MOCYAWHU 3aiMaroTe cami Moniekymu. Tak mpu tucky y 5000 atvocdep,
00'eM MOIEKyn camoro razy zaivae He MeHme 50 % o0'eMy mocyauHH.
Tomy BiTbHHH 00’€M, B SIKOMY MOXKYTb PYXaTHCh MOJICKYJIH PEaTbHOrO
razy, Tpeba 3MCHIINTH Ha JCSAKY BEJTHUMHY b, SKa OOUUCITIOETHCS TAK:

b~ 4V, ; (16.5)
ae Vo - cymapHuii BnacHui 00° €M MOJICKYJT PEAIbHOIO rasy.
Toxi maemo:
V=V,.-b; (16.6)

ae V. - 00’eM 0IHOTO MOJIIO PEATBHOTO rasy.

2. YpaxyBaHHS OpUTATaHHS MOJCKYJ. Jlist CHIT MIKMOJICKYISIPHOT B3a-
€MOJII MPUBOAUTH 10 MOSBH y PEAIbHHUX ra3ax J0JATKOBOTO THCKY, SIKUH
OTPUMAB Ha3BY BHYTPIIIHIN TUCK. JJIs1 OHOTO MOMS PeaibHOTO rasy, LeH
JOATKOBUH THCK MOE OYTH OOUUCICHUA TAKUM YHHOM:

_ % : (16.7)
n
ae  a - crana Bau-/lep-Baansca, sika BU3HAYAETBCS JOCTIAHUM ILISIXOM.,

3 ypaxyBaHHsM criBBigHOMCHB (16.6) Ta (16.7), piBHSIHHS CTaHy IS
OJIHOTO MOJISI PSAJIbHUX ra3iB, MATUME BUTIIS!

Pl

P+viHz -(Vu—b):RT; (16.8)

Skio poarasmartyd A0BUIBHY KUTBKICTh Fa3y MAacOK M, TO BHINC MPH-

BCACHE PIBHAHHA NMPUHME TAKUH BUTIISA
2

P — -(V—Ebj:ERT; (16.9)
v K H
Bupazu (16.8) 1 (16.9) orpumanu Ha3By piBHsHHs Ban-nep-Baagsca
JUIS PEATBLHOIO Tasy.
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16.3. I3oTrepmu Bau-nep-Baaanca. Kpuruuni napamerpu.

Teopernuni i3otepmu Ban-aep-Baaasca MOKIHBO MOOYAYBATH, SIKIIO
npu ¢ikCcoBaHIH TeMIepaTypi HAIABAaTH JOBIIBHUX 3HAYCHB 00 €My rasy i
obuucmoaru 3 piBHsHHS (16.9) #ioro tuck. Ha puc. 16.2 npuseacHi i30Te-
pmu Ban-nep-Baaneca, ski MaroTh nyxKe XapaKTCpPHHH XBHIbOBHHA BHITISLA 1
OOYHCIICHI MPH PI3HUX TEMIIEPATypax pealpHOro rasy, npudomy Ty > Ts >
T,> T;. Ilpoananizyemo 1i KpuBi OiIbI0 ACTATBHO.
P, Ha ,Z[iJ'IbHI/ILI.i 1-2 pevosnHa 3Ha-
1 XOOUTBCS V PIAKOMY CTaHi, a Ha
\ auieHULI 6-7 - y razonoaiouomy. Y

K (T Ps Vi)

TOYLll 2 MOYHUHAETHCS TPOLEC KH-
\ muus piauan. Ha gimeaupisx 1-3
T, Ta 5-7, npu 3McHIIEHHI 00'eMy ra-

3y THUCK 3POCTAE, MO MIIKOM MPH-
poxuo. Ha mimenuii 3-5 mpu 3me-
HIICHHI 00'eMy rasy, THCK TEX
3MCHINYEThCS, IO  CYNEPEYHUTh
Puc. 16.2. 300POBOMY TIIY3AY 1 MPH €KCIECPH-

MEHTaX HE CIIOCTEPIracThCs.

Ha npinpaumi 2-6 dakTaduHa 130TepMa peanbHOro rady Mae BHIVISLI ro-
pu3oHTaNBHOI TiHIi, Mo maparensHa oci V. Ha miii ainpHuI cnocrepira-
€TBCS CYMIII PIAWUHH 1 MapH, O¢ BOHM 3HAXOIATHCA V CTaHI piBHOBard. 3
MABHIICHHAM TEMIICPATYPH JUTBHULIA MEPEXOAY a3y B piauHy 2-6 3MEH-
LIYEThCS 1 TPU TICBHIN TemmepaTypi 000B's13k0BO 3'stBUThCs 130TepMa (T3),
Je 3HaxoxuThes Touka K, ska otpumana Ha3By kputuuHoi. Kpurmuna tou-
Ka XapaKTePU3YEThCS KPUTUUHUMH NAPAMETPAMH, a4 CaMe. KPUTHYIHOKO Te-
mreparyporo (Tx), kpurnunum TrckoMm (Py ) Ta xputmaanm 06 emom (Vi ).
[pn mpx napaMeTpax piAHHA NPAKTHIHO MUTTEBO MEPETBOPIOETHCS Y MAPY.
3 momasbIIMM 3POCTAHHIM TEMICPaTypH, 130Tepmu Ban-aep-Baanbca pea-
JABHOIO Ta3y MECPCTBOPIOIOTHCSA HA 130TCPMHU 1A€aIBHOTO Tasy. Takum um-
HOM, CTaH pealbHOI PEYOBHHHM MOXIIMBO YMOBHO MOMITHTH HA TPU YacTH-
HH. V JIIBIH MaeMO PIAHMHY; MO LEHTPY - CYMIII PIAMHYU Ta HapH; clipasa -
napa i ras (puc. 16.3). 3 ¢izuuHOI TOUKHK 30py MK MAPOIO Ta Ta30M HEMAE
HisKOI pizuuil. OgHAK 3 TPAKTUYIHOI TOYKK 30pPYy KAXKyTh, IO ras ¢ mapa
MPU TEMIICPATY Pl BULIE KPUTHYHOI.

P,

Py

Vi V V5
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16.4. BuyTpinas eHeprig peajbLHOro rasy.

BHyTpimH eHeprisg 1AeanbHOro ra3y CKIaJaeThCsl JIHUIIE 3 KIHGTHYHOT
cHeprii pyxy #Horo Monekyd. ToMy BOHA HE 3aJ€KUTh Hi Bix 00 eMy rasy,
HI BIJ THCKY, & BU3HAYAETHC JIUIIC HOTO TEMICPATyPOIO;

Up=E,T ¢ (16.10)
ge C, - MOJSIpHA TCINIOEMHICTD ra3y MPH HOCTIHHOMY 00'eMi.

Jis peanpHOro ra3y BHYTPIIIHS CHEPrisi CKIAAAETHCSA 3 KIHCTHYHOL
SHEPrii pyxy MOJCKY (SIK 1 A7 1A€aIBHOTO ra3y) Ta MOTCHIIAIBHOI eHEeprii
MIKMOJICKYIIPHOI  B3aeMOJli. 3HAMAEMO 3HAYCHHS Ii€i MOTCHIIAIBHOI
cHeprii. PoOota, sxa BUKOHYETBCS TPOTH MOJATKOBOTO MOJCKYISIPHOTO
trcky (16.7), iae Ha 301MbLUICHHS MOTCHLIAIRHOI CHEPTii CUCTEMU, TOOTO!

' a
dA =PV, =dlT=—5dV, ;

u
\p InTerpyemo neii Bupas y mexax six 0 mo V.
v
M= fideu __2 . 6.1
Pignna 0 Vp, Vp.

BpaxysaBmu Bupaz (16.10), BHyTpimHS
€HEPris OJHOTO MOJISl PEeaTbHOro rasy Oyae
JOPIBHIOBATH:

a

Puc. 16.3. Uy =CvT—V—M5
To6To, BHYTPILIHA CHEPris PEaTbHOrO ra3y 30LIBIIYETHCSA HE TUIBKU 3

M ABUIICHHSM HOrO TEMIICPATYPH, a ¥ PH 3pOCTaHHl 00 €My Tazy.
PosrisiHemMo mporiec po3IHUPIOBAaHHS ra3y 0e3 TCIIO0OMIHY 3 OTOYY-

ounM cepeaosuieM (dQ = (), mpu IKOMy HE BHUKOHYETHCS 30BHILIHS

pobota (dA = 0). 3 mepimoro HavYama TCPMOIUHAMIKYA MAEMO!

dQ=(U,-Uy +dA

(16.12)

3B1OKH:
U2-U1:O; = U,=U;; (16.13)
Tomy, sk 1e BuanO 3 hopmynn (16.10), ang iaeanpHOroO ra3y, Maemo:
CT:=CT, = T2=Ti;
A 1I¢ 3HaUNTh, MO NPH axiadaTHOMY PO3LIMPIOBAHHI 1A€aTBHOTO Tazy
HOTO TEMIIEPaTypa HE 3MIHIOETHCA.
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Ha BigMmiHy Bix iAeaqbHOTO, IS Pe-

A B
' 1 agpHOro raszy 3 ¢opmya (16.12) ta
P P
'—I’-I = \I—‘—f (16.13) maemo:
e CVTl—VichTZ—i :
1

A B \&
' : 3BiaKU:
Py Hq‘ Vs h& A .
[ 1 a
T -T :—(—_—] ; (16.14)
171 )
Cy\Vi Y,
3HauuTh, 3MIHA 00 €MY PEAJLHOTO
razy BHKJIUKae 3MiHy Horo temmepatypu. [Ipu mpomy, npu axiabatHomy
PO3IIUPIOBAHHI a3 OXOJNOMKYETHCS, & PU CTUCKYBAHHI - HATPIBAETHCSL.

Puc. 16.4.

16.5. Edext /I:xoyas-Tomcona. 3pigkeHns rasis.

AniabaTHe PO3LMIMPIOBAHHS PEATBHOTO ra3y, 32 YMOBH BUKOHAHHS HUM
30BHIIHBOI podoTH, oTpumano Ha3sy edekT Jbxovna-Tomcona.

Posrasaemo mocyauny B kil Mictutbes npooka C, aBi emuocti A 1 B,
ta asa nopiss (puc. 16.4). B emuocti A ras 3HaxoauTtbes mig TuckoMm Pp, a
y emHocti B mig tuckom P,, mpudyomy Py > P,. BHacmiaok pi3HHULI THCKIB
ra3 MoBiJIbHO MEPEXOANTE Yepe3 MpoOky Bix eMHOCTI A 10 B, posmmproro-
YUCh 3a 3aKOHOM aaiabartu. Llei mpoiec oTpuMaB Ha3BY APOCCIHOBAHHS.
Axmo ra3z mpu apocentoBaHHI HarpiBaeTbed, T0 edekr JLxoyma-Tomcona
HA3UBAETHCS BLA EMHHM, @ SIKIIO OXOJIOIKYETHCS - JOJAATHUM.

3 meporo Havaaa TePMOJUHAMIKH MAEMO:

(Uz-Up)+AA =0 (16.15)

30BHIIWIHA PodOTa razy CKIagaeThCs 3 JOAATHOI poOOTH MiBOTO MOPLI-
ui (A, = P,V, ) ta Big emuoi poGotu npasoro nopiuss (A, = P;V)) i nopis-
HIOE AA = A - Ay. 3 dopmynu (16.15) otpumaemo:

(Uz-U1)+A2-A1 =0; = U +P1Vi=U+P,V;;
Tobto, mpu agiadaTHOMY APOCSIIOBAHHI Ta3y MAEMO:
U+ PV =const; (16.16)

[NapameTp U+PV oTpumas Ha3By eHTambmisl, a aaiabaTHI MPOLECH 1HO-
Il IMCHYIOTb_130CHTABII HHUMH.

3uak edexrty Jxovma-Tomcona 3anexuTh BiA TOro, gKa MOMpaBKa
Ban-nep-Baaneca ( a uu 6 ) Biairpae OCHOBHY POJib.
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Peanpnuii raz nae gogarauii eexr xoyas-TomMcoHa, SIKIIO It HBO-
IO OCHOBHY pOIb BIAITPAIOTh CHIM HPUTATAHHA MK MOJCKYIAMHU 1
Big eMHUN €(PEKT, AKIIO AT HHOrO OCHOBHY POJIb BIAIrPAE BIACHHN 00 €M
Monekya. s 04HOTo 1 TOro % rasy, B 3al¢:KHOCTI BLA HOr0 TeMIEpaTypH 1
THCKY, MOKE BLAIrPaBaTH OCHOBHY POJb SK MOIMpPAaBKA ¢ TaK 1 MOMPABKa 6.
Tomy oauH 1 TOH k¢ ra3 B 3aJC:KHOCTI BiJ 30BHIIIHIX YMOB A€ TO AOAAT-
Hul, To BiA emHui edekr Jhxoyas-TomcoHa.
[Tpu medxux 3HAYCHHAX THCKY 1 TEMIIEPATYPH POk 000X MOMPABOK &
Ta ¢ ogHaKoBa. B TakoMy craHl peanbHuil rasz gae HyaboBUH edekt Jxoy-
as-TomcoHa, TOOTO BiH HE HArPiBAETHCS 1 HE OXOJOIKYETHCSI MPH APOCE-
moanHl. CtaH B skoMy edext xxoymsa-TomcoHa piBHUE HYIO, HA3HBa-
€TBCs TOUKOO 1HBepcii. CYKYMHICTh TOUOK 1HBEPCli YTBOPIOE KPHUBY 1HBEP-
¢ii, 300paxeny Ha puc. 16.5.
AT Edexr Jlxoyas-TomcoHa BHKOPHUCTOBY-
Ty - T30 €THCS HA TPAKTHLI IS 3P1IKCHHS rasis. Pia-
KAl remiid Brmepume OyB orpumanuil v 1908
2a/Rb poui, npu Temneparypi 3,4 K. [liznime Oymu
oxepxkani Temneparypu 0,71 K ra 0.4 K, ane
T,-T1 <0 9uM OJHKYIE 10 a0COJMIOTHOTO HYJISL, THM Ba-
JKUE OJCpIKATH MOJANBIIC OXOI0MKeHHS. Te-
b \Y4 e yCl ra3u OACPIKaHI HE JIUIIC B PLAKOMY, a
1 B TBEPAOMY CTaHi.

Puc. 16.5.

16.6. KoHTpPOJIbLHI 3ATHTAHHS.

1. Yum Bigpi3HSAIOTHCS PeaibHI ra3u Bl MO 1A€abHOTO ra3y?

2 3anmmite piBHAHHA Ban-nep-Baaneca 1 aaiite Horo TiymadeHH.

3.5ki cram Ban-aep-Baansca Bu 3naere 1 y womy mossrae ix Qizuasuit
3mict?

4.Bix 9KUX mapamMeTpiB 3aNc:KUTh BHYTPILITHA CHEPrisl peaqbHOTo rasy i
SK BOHA BU3HAYAETHCS !

5. Sxuii mpouec orpumas Ha3By edekr xoyms-Tomcona. Yum BiH 3y-
MOBICHHIA?

6 IloscHiTh (i3nyHMI 3MICT KPUTHYHUX MAPaMETPIB.

7 Hakpecnite Ta noscHITh i30T¢pMu Ban-aep-Baansca.



146 [ nasa 17, Piduna ma meepde mino.

I'/TABA 17.

PIINHA TA TBEPJAE TLUIO

17.1. BnactuBocti pinnau. lloBepxueBHH HATHAT.

PenTreHocTpyKTYpHHHA aHANI3 PIAMH MOKA3aB, IO XaPaKTEP Po3Tainy-
BaHHA IXHIX MOJECKYT 3aiiMae MPOMIXKOK MizK Ta30M 1 TBEpAUM TijaoM. Pixu-
Ha Mae 00 eM, ane He Mae popmH 1 mpuiivae GopMy IOCYAMHH, B SKIH BOHA
3HaxXoauThed. Pyx Monexyn piavHu - voopsakoBaHo-xaotnaHud. Koxxna
MOJICKYJa ACSIKHH Yac KOTUBAETHCS HABKOIO MOJIOKCHHS PiBHOBATH, IiCTS
YOro CTPUOKOM NEPEXOIUTh V HOBE TIOJIOKCHHS, SIKE BLACTOITE BiJ CTAPOTO
Ha BIACTaHI CYMIPHIN 3 pO3MipaMH MOJICKYIL.

Ha xoxHy Monekyny piauHu 3 H0KY OTOUYIOUHX
MOJICKYJ MIFOTh CHIH MPUTATAHHS, SKI IIBHIKO
3MCHIUYIOTBCS 3 3POCTAHHIM BIACTAHI MK HHMHU.
Tomy moumHaroun 3 Bigcrani R ~ 10° m, cumamu
MPUTATAHHS MiXK MOJCKyJIaMH HEXTyioTh. Llg Bix-
CTaHb HA3WBAETHCA PAAIVCOM MOJCKVIAPHOI Jii, a
chepa paaiycom R - cheporo MoACKYIIPHOTL Aii.

[Ipomrapok piauHu, SKHE 3HaxoAUThCA Oimd ii
BITPHOI MOBEPXHI 1 TOBIIHMHA SIKOTO JOPIBHIOE pa-
nalycy MomekyisipHoi Aii R, HazuBaeThCs MOBEPXHEBHM IIAPOM PiAUHU
(zuB. puc. 17.1). Buninumo BcepeauHi pianHH MOJekyny A 1 mpoBeaecMo
HaBkono Hei chepy paxiycom R. 3 momekynow 4 OyayTs B3AEMOIISATH JTH-
[Ie Ti MOJCKYJIM PIIUHM, K1 3HAXOAATECA Beepenuni chepu. Cunm, 3 gKu-
MH i MOJICKYIIH JiI0Th HA MOJICKYJY A HAPSAMICHI B Pi3HI CTOPOHH, TOMY
PE3VABTYIOUA CHIIA, SKa Al€ HA MOJCKYTY BCCPEAHHI PiIUHH, JOPIBHIOE HY-
T10.

Ane SKIo MONECKYIa 3HAXOAUTHCS Y MOBEPXHEBOMY IIAP1 PiAMHH TO, 3
MPOCTOPY HAJ PIOAWHOIO HA MOJEKYNY 5 HisSKI CHITH HE Ait0Th. ToMy piBHO-
JiiiHa cHn B3aeMOJii i€l MOJEKYIH 3 IHIIMMU HE TOPIBHIOE HYIIIO 1 HANPSI-
MJICHA BCepeauHy piguHu. ToOTO Pe3yapTYIOUl CHIH, IO JIFOTh HA KOXKHY
MOJICKYJTy TIOBEPXHEBOTO APy, YHHATh HA PIAUHY THCK, IKHH HA3HBAETHCS
MOJCKYISIPHUM (BHVTPIIIHIM) THCKOM. BHYTpIIIHIA THCK HE Xi€ Ha Tina
3aHYPEHI y piauHy, 00 BiH OOYMOBICHHH B3aEMOIIEI0 TLIBKUA MIZK MOJICKY-
JaMu caMoi piAuHH. AJIe cama PiauHA OYKE CTUCHYTA BHYTPILIHIM THCKOM
1 TOMY BOHA BBXKAETHCS MPAKTHIHO HE CTUCIIUBOIO.
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Jns mepeMilieHHsT MOJICKYJIN 3 TIHOWHU PLAMHU B MOBCPXHEBHN IIap
MOTPIOHO BUKOHATH POOOTY MPOTH CHI BHYTPILIHBOTO THCKY, TOMY MOIIE-
KYJIH B TOBCPXHCBOMY IIApi MAaOTh OLIbINY MOTCHLIATBHY CHEPTiI0 HiXK
MOJICKyH BeepeauHi pigunu. Lls n1oaaTkoBa eHEpris, Ky MarTh MOJCKY-
7Y B IOBEPXHEBOMY IIapi PLAMHY, OTPUMAIA HA3BY MOBEPXHEBOI 1 BU3HAYA-
€THCS TAKHM YHHOM:

AE =c-AS ; 17.1n
J€ O - MOBEPXHEBUH Hatar;, AS — moma moeepx-

HEBOTO LIapy, M.

[ToBepxHEBUIT HATAT AOPIBHIOE CHIII OBEPXHE-
BOTO HATATY, IIO A€ HA OAWHHULIIO JOBKUHH KOH-
TYPY, SIKHH 0OMEKY€E NOBEPXHIO pianHu: © = F.

JIst GinbIIOCTi PiAMH MOBEpPXHEBHMI HATAT AopiBHIOE 6=107 -10" H/Mm.

[ToBepxHEBHIT HATAT PIAUH CYTTEBO 3HIKYETHCS 3 POCTOM iX TeMIicpa-
TYpH 1 mpu KpuTHaHi#i Temmeparypi ( amst Boau ty =374°C ) mis Gy ap-akoi
PLAMHH MOBEPXHEBUH HATAT AOPIBHIOE HymO. [loBepxHEBHI HATAT PiAWHU
CYTTEBO 3aJICKUTH BiJ HASBHOCTI JOMIIIOK B Hil. PeuoBuHa, sika Oyaydun
JOMIIIaHa 0 PLAMHHU 3MECHINYE i MOBEPXHEBHH HATAT, HA3UBAETHCS MOBEP-
XHCBO-AKTUBHOIO PEYOBHHOK. s BOAM MOBEPXHEBO-AKTUBHOKO PEUOBHU-
HOKO € MHJIO, BOHO 3MCHIIYE MOBCPXHEBUM HATAT BOAM Maiike BABiui. [lo-
BCPXHCBO-aKTHUBHI PCUOBHHH, SKI JOMIIIYIOTHCS A0 BOAH, 3aCTOCOBYIOTHCS
mpu 30aravucHHI Pi3HUX Pya MeToAoM duoTarii.

3 NpakTHKH BIJOMO, WO PIIUHA MO-PI3HOMY
a B3aEMOJIIE 3 TBEPAUM TLIOM. SKINO KA piauHuA
9 PO3TIKAETHCS TI0 MIOBEPXHI TBEPAOTO Tija, TO Ka-
| ] oKyTh, WO UJ PiAMHA 3MOYYE TBEPAE TIIO (AWB.
puc. 17.2). 3MouyBaHHs PiAWHOI MOBEPXHI TBEP-
Puc. 17.3. 10T0 Tina OyAe B TOMY BHNAAKY, KOTH CHIH TPH-
TATaHHA MK MOJICKYJIAMH PiAMHU 1 TBEPAOTO TiNa

OLITBIII, HI’K CHITH B3a€MOJ11 MI>K MOJICKYJIaMH caMOi PiAHHH.

Sk1o po3TiKaHHS KAl BOAW HE Ma€ MICLS TO KaXyTh, IO PIAHHA HE
3MOYYVE TBEPAC TUI0. Y LBOMY BHNAAKY CHIH MPUTATAHHI MiXK MOJICKYIaMH
piavHu OLIBING, HIXK CHIIA B3AEMOJIT MIXK MOJICKYJIAMH PIIUHH Ta TBEPIOTO
*lié‘ UrcenpHOK XapaKTCPUCTHKOIO 3MOYYBAHHS PIAXHOO TBEPAOTO Tila €

npanOBUHA KVT 3MouyBaHH4 0. (auB. puc. 17.2 Ta 17.3).
KpaitoBuii KyT - 11e KYT, BCCPEANH] SIKOTO 3HAXOMUThCA PiAUHA, OJHA

Puc. 17.2.
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CTOpOHA CIIBIAJAE 3 JOTUYHOK J0 MOBEPXHI PLAMHH, a 1HIIA CHIBIAJAE 3
MOBEPXHEIO TBEpAOro Tina. KpaloBHil KyT peanbHUX PEUOBHH 3MIHIOETHCS
vy mexax: 0 <0 <m. V punaaky 6 = 0 MaeMo HOBHE 3MOYYBAHH, a IpHU O =
T MaeEMO TIOBHE HE3MOYYBAHHL.

VY cucremi Cl moBepXHEBUH HATAT BUMIPIOETBCS V TAKUX OJUHHLISX:

[o] = [H/v ] = [T/’ |.

17.2. ®opmvaa Janaaca. KaningpHai asuma.

ko moBepXHs PiAWHN BHKPHBJICHA, TO BOHA 3IIMCHIOE JOJATKOBUH
THUCK Ha PIJUHY 3a PaxXVHOK CHJI HOBepxHeBoro Harary. Llel tuck nms Bu-
MYKJIOi TIOBEPXHI € AOAATHUM 1 HampaBlIeHUH y Oik caMoi pifuHH, a y BU-
MaJKy BrHYTOi MOBEPXHI — BLA €MHUM 1 HANPABICHUH Y 3BOPOTHOMY Ha-
MPSIMKY. 3HARICMO LCH JOIATKOBUH THCK.

Hexati piguna mae gopmy kyimi pagiycom R (nus. puc. 17.4). Iix giero
JOJATKOBOTO THCKY P 00 eM kym Oyae 3MEHIINYBAaTHCh, TOOTO Oyae BHUKO-
HaHa po0oTa, sika 3riaHo 3 (14.8), aopiBHiOE:

dA =PdV ; (17.2)
3ragasiiu GopMyITy It 00 €MY KYJIl, MAEMO!
dA =P dGnR3j=P4nR2dR : (17.3)

Ane 3MiHa IO MOBEPXHI Kyni Ha dS BHKIHYC 3MiHY ii HOBEPXHEBOI
eHeprii, sKka 3rigHo 3 BupasoM (17.1), nopisHioe:
dE:GdS:Gd(4nR2):08anR ) (17.4)
3MCHIIICHHS TIOBEPXHEBOI CHEPrii JOPIBHIOE BUKOHAHIU POOOTI, TOMY
MPUPIBHABLIN NPaBi YaCcTHHU piBHAHB 17.3 Ta 17.4, otpumaemo:
P47R*dR = 68nR dR

P 3BIAKH MAEMO:
; P-22 (17.5)
R
VY Bumaaky BrHYTOI NMOBEPXHI PIAUHH JOIATKO-
BUH THCK P HampaBneHud y MPOTHICKHUH BLA piau-
HU OIK 1 TOPIBHIOE;

Puc. 17.4.
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20
P=-—" (17.6)
R
VY BUMaaKy KOTU HNOBEPXHS PLAMHU Mae A0BIIbHY GOPMY, JOIATKOBUE

THUCK 3HAXOAUTHCA 3a TaAK 3BAHOIO d)ODMVJ'IOIO Jlanmnaca:

poo|Lid]: (17.7)
n 5

J¢ 111, - paAlyCH KPUBH3HH ABOX JOBLIBHHUX B3AEMHO MEPICHIUKYISP-

HHUX TICPCTHHIB OBEPXHI PiIUHH.

Paniyc xpyBH3HH BBa)Ka€ThCS MOJATHHM SKIIO LICHTP KPHUBH3HH BiJ-
MOBITHOTO TICPETHHY 3HAXOAWTHCS BCEPCAWHI PIAMHHU 1 BIX €MHHM SKILO
LCHTP KPUBH3HH BIATIOBLAHOTO MEPETHHY 3HAXOANUTHCA M03a P1AUHOKO.

His xkym (= 1) dopmyna Jlammaca nepeTBoproerbes v hopmyty
(17.5). Y pazi mutockoi moBepxHi (1] = r; = 00) CHJIM TMOBSPXHECBOTO HATATY
JIOJJTATKOBOTO TUCKY HE CTBOPIOIOTH (P = 0).

Sxmo y piavHy, IO HAIUTA V IIMPOKY HOCYAHMHY, MOMICTHTH TOHKY
TpyOKy (Kamiigap), TO BHACTIJOK 3MOYYBAHHA a00 HE3MOUYBAHHS P1AHHOIO
CTIHOK KaIispa, KPUBH3HA MOBCPXHI PIAMHH — MEHICK - CTa€ 3HAYHOIO.
ToMy B kaminspi 3aBKIW ICHYE AOJAATKOBHH THCK OOYMOBICHHN KPHUBH3-
HOIO TIOBEPxHi. BiH BHKIHKae 3MiHY PiBHS PIOAWHU B KaIlIApl MOPIBHIHO 3
ii piBHEM V IIUPOKIHA MOCYAUHI. Y BHNAIKY 3MOUYYBAHHS CTIHOK Kamlispa
PlLAMHA MiOHIMAETHCA, SIKINO K CTIHKM KaIliagpa PiAHHOI HE 3MOYYIOTBHC,
TO piAuHa onyckaeTees (auB. puc. 17.5).

SBuine 3MiHH BUCOTH PiBHS PIIUHH V BY3bKHX TPYOKaxX OTpUMAIO Ha-
3By KamiagpHicts. Brucorta mianatTs abo omyckaHHS PiIUHM B KaImiiiapl BU-
3HAYAETHCA 3 PIBHOCTI TAPOCTATHYHOIO THUCKY CTOBNA PIAUHM V KamiJIsApi
JOJATKOBOMY THCKY, 10 O0YMOBJICHHI 1€ CHJIM MOBESPXHEBOTO HATATY, 1

2 5 BH3HAYAETHCS 32 HACTYITHOIO (POPMYIIOLO:
26 cosO

pgr
N o
i) e G - Koe(ilieHT IOBEPXHEBOTO HATATY,
| Jh 0 - xkpaloBHUll KYT 3MOYYBaHHS, P - TyC-
A THHA PIAUHM; g - TPUCKOPEHHS BLIBHO-
ro MaJiHHS; T - PaAiyc Kamsapa.

Puc. 17.5.
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17.3. Teepai Tiaa. Kpucraam.

Teepai Tina XapakTepPU3YIOTHCS 3HAYHUM PIBHEM CHI MIXKMOJICKYJIIP-
HOi B3aemoaii, 1o oOyMOBIIOE iX mocTiliHui 00'em 1 dopmy. Yei TBepai
Tija PO3MOALNAIOTECS HA ABI TPYIIH: KPHUCTATIYHI Ta aMopdHi Tina.

VHopsakoBaHE PO3TAINYBAHHS Y MPOCTOPI OKPEMHX YacTOK (aToMmis,
MOJICKYJ1, 10HIB) OTPUMAJIO Ha3By KpHcTaniB. BincyTHicTh Takoi ynopsako-
BaHOCTI, 00YMOBITIO€E aMopdHY OyIOBY TBEPAUX TLI. YC1 KPUCTATH PO3MO-
JTUISFOTHCS HA MOHOKPHUCTAIU TA MOJIKPUCTAIH. XaAPAKTCPHOK 0COOIHUBIC-
TIO KPUCTAIIB € iX aHI30TPONHICTh, TOOTO 3aJICKHICTh BIACTHBOCTEH KpHC-
TaNiB BiJ HANPSAMKY iX BUMipIOBAHHSI.

YnopsakoBaHe y MPOCTOPI pO3TALIYBAHHS KPUCTANIB B TPhOX BUMIpax
OTPUMAJIO HAa3BY KPHCTAMIYHOI PEINITKH. A TOYKH NPOCTOPY, BIXHOCHO
SAKUX OKPEMI YACTKH 3BEPLIVIOTH TCIUIOBI KOJUBAHHS OTPHUMAJIH HA3BY BY3-
JiB KPUCTATIYHOI PEITITKH.

Kpucranu xnacugikyioTbes Ha ocHOBI kpucTanorpadiyanx ta ¢izud-
HuX o3Hak. Kpucranorpadiuna ozHaka oOyMOBICHA PI3HOMAHITHUMHU BU-
Jamu cuMetpii, ix Gimeme 230 BUAIB, SKI MOXYTh OYTH y KpPHCTaTi4HIH
pewitmi. Tomy moba pemiTka MOXKHE OyTH NOOyAOBaHA 3a JOMOMOTOIO
MOBTOPY V TPbOX HAMPIMKAX OJHOTO W TOTO K CTPYKTYPHOTO CICMEHTY,
KU OTPUMAB Ha3BY CIACMCHTAPHOI KOMIPKH (OuB. puc. 17.6).

diznyHa o3HaKa 0OYMOBIIOE BHA YaCTHHOK, IO 3HAXOJATHCA B BY3Iax
KPHUCTATIYHOI PEIIiTKU. 32 LIEH 03HAKOK BUIALUTAIOTH 10HHI. aTOMHI. METa-
JiYHI T4 MOJCKVISPHI KPUCTATH.

B By3nax 10HHUX KPUCTAIIB MOYEPTOBO PO3TALIOBAHI 10HU MPOTHICK-
Horo 3Haka. Hampukian, 10 [UX KPUCTATIB HAJICKATh, KPUCTAIH MOBAPCHOT
comi (NaCl). Cunu B3aeMoaii MK 10HAMH LIUX KPHUCTaNiB OOYMOBICHI KY-
MOHIBCHKUM MPHUTSATAHHSM, a €HEpris 38 s3ky ckaagae B~ 5 10° JIx/mos.

PoMmGoenpuuna xomipka Ky6iuna xomipka

Y

Puc. 17.6.
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B By3max aToOMHHX KpHCTamiB PO3TALIOBAHI HEHTpanbHI aTOMH, SIKI
VACPKYIOTBCS B HUX 3a JOMOMOTOK) KOBAJCHTHHUX 3B'SI3KIB. ATOMHHMH
KpHCTaTaMH € anMa3s 1 OLIpIIicTs YMCTUX HamiBnposiaHuKiB (Si, Ge). Ene-
prist 38°s13Ky B aTOMHHX Kpuctagax cknazae E; ~ 10 10° Ilx/Mos.

B Byznax MeTaneBHX KPHCTATIIB PO3TAINOBAHI MO3UTUBHI 10HH METATIB
(Na, Cu), sxi yTPUMYIOTBCS B HUX 32 JOMOMOTOI) METATICBHUX 3B'sI3KiB. Me-
TaNCBl KPUCTATH Lie, 9K MPAaBHIO, MOTIKpHCTATH. MiX 10HAMH METAJICBHX
KPHUCTANIB PYXalOThCA BUIBHI EICKTPOHH, AK1 1 0OYMOBIIOIOTE JOOpPY iX
enekTponpoBiAHICTh. EHeprisa 3B 43ky B METaneBUX KpHcTanax ckiagae E;
~ 1 10° Ix/momb.

B By3nmax MONEKYISpHHX KPHCTANIB PO3TAINOBAHI HEWTPAJbHI MOJC-
Ky peuoBuHH (mapadis, Jix), CHIH B3aEMOII MK SKUMH OOyMOBIICHI
HC3HAYHHUM 3MIMICHHIM CICKTPOHIB B €JCKTPOHHUX 00010HKax aromis. i
CHJTH OTPUMAJIH HA3BY BaH-ICP-BAAbCOBHX, TOMY, IO BOHHU MOAIOHI 0 CHIT
MPUTATaHHA MK MOJICKYJIaMH y peanbHux razax. Exnepria 38”a3ky B Mome-
KyJSpHEX KpucTanax ckmagae E; ~ 0,1 10° Iix/Mos.

PosramyBaHHg atoMiB B KpHCTalaX BHU3HAYAETHCS KOOPAMHAIIHHUM
YUCJIOM — TOOTO KITBKICTHO HAHOIMKYIUX O JAHOTO aTOMA CYCILAHIX aTOMIB
Vv KPUCTaNIYHIM perniTii abo MONEKYI B MONCKYISPHHX Kpuctanax. Yum
OlIpIIEe KOOPAWHALIMHE YHCIO TIM IIITBHIIIE YIIAKOBKA ATOMIB V KPUCTAII-
YHIH PELIiTLI, a 3HAYHTH 1 'YCTHHA PSUOBHHH 3POCTE.

17.4. I1pyxHi BJACTHBOCTI TBEPAUX TiJ.

Posrasgaemo nogosxHi0 aehopmaniro abCOMOTHO MPYKHOTO CYLLIb-
HOTO TiNa AOBXKHHOK dX, 10 BiAOYBAETHCS MiJ AI€K0 30BHIMIHBOI cuiu F
(zus. puc. 17.7). [Ipu npoMy KOXHA TOUKA MPYKHOTO Tija 3MIIIYETBCSA HA
Beanunny U(x).

BigHocHe mOmOBXKCHHS Tija, V BiA-

dx . . 2 ¥ B,
5 e » MOBIAHOCTI 3 BUPa3oM (4.2), TopiBHIOE:
—> —
: : . U(x + dx) - U(x) :8_U; (17.9)
F_i : dx ox
iW BuKOpHCTOBYIOUH 3aKOH TIPYIKHOCTI
i}&d L[li.%m) I'yka, 3HaHZEMO BEIMYUHY 30BHINIHBOI

cumu F, mo mie Ha T1710:
Puc. 17.7. F=cS=¢ES; (17.10)
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[IpaBy wactuny piBHsHHA (17.10) ox1HOUACHO TOMHOXKHMO 1 TTIOAITHMO
Ha BeawuuHy dx, 1 Toal, 3 ypaxysanHaM Bupasy (17.9), orpumaemo:

d o*U
F=—/()dxES=
dx (8) x 6X2

dx ES ; (17.11)

ae E — mMoaymne mpy:KHOCTI TBEpAOTO Tina.
3 iHmoro OOKy, 3HaYCHHA cUd F MOXKIHBO OTpUMaTH BUKOPHCTOBY-
10uM Apyrui 3akod Hetotona. Toai:

8°U
dx
ot’
JC a— NPUCKOPCHHS YacTHHOK TBEPAOrO TiNa; p — HOro rycTHHA.
3naucHHA cunu F He 3amexuth Bi cocoOy il BU3HAUCHHS, TOMY MO-
PIBHSIBIIH MPABI YACTUHHU BUILE TPUBCACHUX (POPMYJI, OTPUMAEMO!
2 2
¢ U:Ea L ; (17.13)
ot ox’
Pigusanng (17.13) € piBHAHHAM PyXy YaCTHHOK V MPY:KHOMY Tifi 1 MK
HE Ba)KKO MEPECKOHATHCH BOHO TOTOKHE XBHIILOBOMY PiBHsHHIO (11.9).
Ormxe, 32 YMOBH Al HA TBEPAC TLIO 30BHILIHBOI CHJIH, B HBOMY IMOYH-
HAIOTh PO3MOBCIOAKYBATUCH MPYXKHI XBUII, IMBHAKICTE V 1 4acTOTa (0 KOT-
pux Moke OyTu Bu3HauUcHA 3 opiBHsSHHs Gopmyn (17.13) ta (11.9) :

R L o o2 [E . (17.14)

P A P
Jc A - TOBXKHHA MPY>KHOI XBHIIL.

F=ma=pSdxa=pS (17.12)

OnaHak HaWOLIBIIT JOCTOBIPHOK MOIC/LTIO
TBEPAOTO TiIa € Taka, IO PO3rIAgac ixX sK
MPaBUIBHY KPUCTATIYHY PELIITKY B BY37aX
AKOI aTOMH KOJIHBAKOTHCS Ol CBOIX MOJO-
JKCHb PIBHOBArM y TPbOX B33€EMHO IEPIICH-
JUKYISPHUX HAapaMKax (aus. puc. 17.8).

Skmo BBaXKATH, IO V ATOMHOMY JIAHITIO-
JKKY JIIOTh TiABKH MPYKHI CHITH, MOIHABO
otpuMaTtH (GOpMyIH I BU3HAYCHHS IIBU-
KOCTI Ta YaCTOTH PO3MOBCIOMKCHHS MPYXK-
HHUX XBUb Y KPUCTANIYHIA PELI T

Puc. 17.8.
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V:a\/E; m:z"—a\ﬁ; (17.15)
m A m

JC a— BIACTAaHb MIXK aTOMaMH Y KPUCTATIYHIH pemmiThi; m — Maca aTtoma;
B - MikpoCKOIIMHHUA MOAY b TPYKHOCTI.
ChiscTaBneHHs mpaBux 4actvH y gopmynax (17.15) ta (17.14) nosso-
JSI€ OTPUMATH CHIBBIAHOIICHHS MK MAKPOCKOIMYHUMH HPY:KHUMH Mapa-
METpaMH TBEPAOTO Tija Ta MIKPOCKOIMYHUMHY MOKA3HUKAMHU HOTO OYAOBH:

aﬁ:\ﬁ; (17.16)
m P

ExcniepuMeHTaIPHO MOAYITI NPYKHOCTI TBEPANX TLT Ta KPUCTAIIB BH-
3HAYAIOTHCH AKYCTHYHMM METOJOM. BHMIPHBIIM IIBHAKICTE Ta YacTOTY
PO3MOBCIOKYBAHHS XBHII Y KPUCTATI Y4 TBEPAOMY Timi, 3 dopmyn (17.14)
1(17.15) HeBAXKKO OTPUMATH 3HAYCHHS MOAYIIB IX TPYKHOCTI.

Moayti OpyKHOCTI KPUCTANIB CYTTEBO 3a/ICXKATh Bl HANPSIMKY iX BU-
MIPIOBAHHS, [0 MOB S3aHO 3 AHI3OTPOIEK OyI0BH KPUCTAIIB. 3HAUCHHS
MOJYJIIB TPY>KHOCTI KPHUCTAMIB AQCATAIOTh MY:KE 3HAYHUX BeauuuH. Tax
MOy Tb TIPY’KHOCTI KpHCTaTy ocMiro cknagae Eo, =4 10" H/w’.

AJle mpyKHI BIACTHBOCTI PEATbHUX TBEPAMX TII, IO OYAVIOTBCSA 3 Ta-
KX HAI3BUYAHHO MILHHX KPUCTATIB, V THCAYl pasiB Menmi. Lle moscHro-
€TBHCs1 BIUTMBOM Ha iX (pi3uvHI BNACTHBOCTI pi3HOMaHITHHX AcekTis. Bonu
MOJINAIOTECS HA MAaKPOCKOMIYHI (TPIIIUHH, MyCTOTH) Ta MIKPOCKOMIYHI,
mo 0OYMOBJICHI IOPYIICHHIM CUMETPiil OYAOBH KPHUCTATIB.

Mikpockomiui A¢(hEeKTH MOALIAIOTHCS HA TOYKOBI (BaKaHCII, TOMIIIKH
3aMIIMICHHS TA BIPOBAKCHHS ) Ta JIiHINHI (KpaeBl 1 TBUHTOBI JUCIOKAIIIT).
BakaHcii — e BIACYTHICT aTOMa y BY31i KPUCTATIYHOI peunTkH. Jomimku
3aMIIICHHS — 1I¢ SBUIIC BOPOBAKCHHS V KPUCTATIUHY PEIIITKY aTOMIB iH-
moro XiMivHoro enemenry. Jucaokamii — e JiHiNAHI AShESKTH, MO MOPY-
LIVIOTh YCPTYBAHHS aTOMHHX IUIOIIMH V KPHCTAMIYHIA pewiTui. B 3anex-
HOCTI BiJ iX reoMeTpii Aucnokanii OyBaroTe KpalioBuMu i rBUHTOBUMH. [0-
JOBHOIO BJACTHBICTIO AMCIOKAIH € Te, IO BOHU MOXYTh JOCHTH JIECTKO
PyXaTHCh, PO3MHOKYBATHCS Ta B3AEMOISATH 3 IHIIUMH JAUCIOKALIISIMH,
lineHicTs AUCTOKAIIN BUMIPIOETBCS IXHBOK KIUIBKICTIO HA OJIUHHINO
momi i 3miHroeTses y Mexkax 10° - 10" em™. Jlns 36inpIIeHHEsS MinHOCTI
KpucTaia HeoOXiaHO abo JTIKBIAYBATH JUCIOKALli 30BCIM, a00 3HAYHO 30i-
JBIINTH iX KIJIBKICTb.
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17.5. TenjioBi BJJACTHBOCTI TBEePAUX TLJI.

Tenmosi BIACTHBOCTI TBEPAUX T OOYMOBICHI KOTHBAHHAM AaTOMIB
(ioH1B, MONICKYIT) BiAHOCHO MOJIOKCHHS PIBHOBArd B BY37aX KPUCTANIYHOI
peuriTku. BoHu MaroTe Tpu KONMMBaIBHI CTYICHsS cBoOoau. Tomy TBEpAe
TiJO, 3TIAHO 3 3aKOHOM PIBHOMIPHOTO PO3MOJINY €HEPrii 3a CTYyNCHIMH
cBO0OH, Ma€ BHYTPILIHIO CHEPTIIO, KA JOPIBHIOE:

U=3NKkT; (17.17)
ge N - KITbKICTh aTOMIB.

Toxi momsipHa TemioeMHicTh Cy KPUCTAIIB OVIC BEIMIHHOK CTANO 1
il MOKINMBO BU3HAYNUTH TAKUM YHHOM:

CV:E:M=3NA1<=3R; (17.18)

uT uT
ne R - yHiBepcanbHa razoea ctaia.
Otpumanuii Bupa3 Mae Ha3By 3akoH Jromonra i [Ti.
SAxmo ModeKkyna TBEpPAOTO Tifa CKIAAAETHCA 3 N ATOMIB, TO LIEH 3aKOH

HabyBae Burmsiny: Cv =3 n R.
4 3 pocToM TeMmepaTypu TBEpAl Tina 301-
TMapaGosa ~ JIPLIYIOTB CBOi PO3MIPH Y BiAIIOBIZHOCTI 3
TAKHMH CITiBB1THOIICHHIMH:
L=Ly(1+at); (17.19)
V=Vo(1+p1); (17.20)
ae Lo, Vo — moBxuHa 1 00°eM Tijna mpu TeM-
nepatypi 0°C; t — TemmepaTypa Tima 3a
mkanoro Llenscia; o, [ - Temmeparyphi
Puc. 17.9. koedilieHTH JiHIHHOrO Ta 00 €MHOTrO
PO3LIUPIOBAHHSL.
TermoBe pPO3UINPIOBAHHS TBEPAUX TIA HOSCHIOETHCS HEC TAPMOHIYHHUM
XapaKTepOM KOJIMBAHHS aTOMIB Y KPUCTATIuHIN pewmitui (aus. puc. 17.9).
Axbu xonuBaHHA aroMiB OyJIH TapMOHIYHI, TO BOHH BIAOYBAIHCh OH
3a mapaloJIYHUM 3aKOHOM 1 BIACTaHb MIK aroOMaMu 3aiuinanack Ou He-
3MIHHOK. AJIe peajbHI KOMHUBAHHS BIIOYBAKOTHCS MO 3aKOHY, IO 300paske-
HUH CYLIBHOO JiiHier0 Ha puc. 17.9. ToMy 3a yMOBH 3pOCTaHHS TEMIICPa-
TYPH, aMIUTITYAa KOJHBAaHb 30iMbIIYETHCSA 1 BOHHM BiAOYBAIOTHCSA MiX TOU-
kamu | Ta 2, a e 3HaUWThH, IO LEHTP CUMETPIi KOJIMBAaHb 3MICTHTHCS HA
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ToGTo BiacTaHb MIiK JBOMA aTOMamMu 301IBIIUTHCS 1 OyAC AOPIBHIOBA-
AT =a + Aco. A 11¢ 3HAYUTH, 110 BiAOYACTHCS TEILIOBS POILIUPEHHS TBEP-
Joro Tija 3a Gopmymaamu 17.19 Ta 17.20.

17.6. ®a3u ta ¢a3oBi nepexoau.
Pipuannsa Kinaneidpona-Kaaysivea.

Skio TBEpAC TIO HArPIBATH, TO CHEPTISE MONCKYI Oyae 3pocTaTd A0
THX Mip, MOKH KPUCTANIYHA PEINiTKA HE IOYHE PYHHYBATUCS, TOOTO TBEpAE
TIJI0 OYHE TUIAaBUTHCS. Temmeparypa miaBiIcHHS OVAC NpH UbOMY MOCTIH-
HOKO IO THX Mip, MOKU TUIO HIJKOM HE PO3miaBuThcs. KibkicTh TemoTH,
o moTpidHa A MIABICHHS | KT PSUOBHHH, OTpUMAana HAa3BY MUTOMOI Te-
mwioTH mwiasneHHs. [Ipouec 0X0a0/KyBaHHS PIAUHM, O BEAC IO CTBOPCH-
HS KPUCTAIIB OTPUMAB HA3BY KPUCTANI3ALIi.

@Daz010 Ha3UBAETHCH PIBHOBLKHUN CTAH TCPMOJAMHAMIYHOI CHCTEMH,
IO BIAPI3HAETHCS CBOIMH (DI3UMHUMHU Ta XIMIYHUMH BJIACTUBOCTSMH BIJ
IHIIHMX IMOBIPHHUX PIBHOBAKHHUX CTaHIB Tiei sk peuosunu. llepexin peuosu-
HH 3 oxHiel (dasu B iHIIY HaszuBaeThes (haszopuM mepexonaoM. Pazosi nepe-
X0 MOKYTh OyTH MEPLIOrO Ta APYTOrO POAY.

ITix yac da3oBUX MEPEXOIiB MEPIIOTO POAY BiAOYBAETHCS MOTTHHAHHS
abo BUALICHHS ACSKOI KUIBKOCTI TEILIOTH, IO HA3MBAETHCS TEIUIOTO (a-
30BOro mepexony. azoBi MepexoaM MEPIIOTO POAY XAPAKTCPHUIYIOTHCS
MOCTIHHICTIO TEMITCPATYPH, 3MIHOIO CHTPOTII Ta 006° €My PCHYOBHHH.

dazoBi mepexoay, NpH SKUX TEIIOTA HE BUIIMAETbCA 1 HE THOTJIMHA-
€THCS1 HA3UBAIOThCA (a30BUMU mepexonamu apyvroro poay. [pu nux nepe-
X0JaxX 3ATUIIAIOTHCS MOCTIHHUMH 00’ €M 1 CHTPOMIS, & TCIIIOEMHICTE Pi3KO
amiHeTbed. [Ipuknaan pazoBux mepexoaiB APYroro poay: HEPETBOPCHHS
(hepoMarHiTHUX PSUOBUH (3aT130, HIKE/IB) V MAPAMATHITHHIA CTaH; IEPEXig
peuosunn mpu T ~ 4K’ y Haanmposiguuii cTan.

dazoBi mepexoau 300paXKarOTHCS 3a JOMOMOIOK0 JiarpaM CTaHy Ha
sKifi B koopauHaTax P ta T 300paxkaerbes 3aeKHICTh MK TEMIICPATYPOIO
(dhazoBOro mEpPexoAy 1 THCKOM y BHIIsAI KpuBux: BumapoByBaHHs (KB),
mwrasneHus (KIT) ta cyOmimari (KC). Kpusi moaiisrore moae glarpaMu Ha
Tpu 00MacTi, SKI BIANIOBIAAIOTh YMOBAM ICHYBaHHS TBEPAOI, PiAKOi 1 razo-
noaibnoi ¢a3z (aus. puc. 17.10). Kpusa sunaposysanns KB 3aBepiuyerscs
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y spdatauHid Touni K, 6o ¢i3naHo iMOBIpHUI mepexix piguHA y ra3 0e3
MEPETHHY KPHBOI BUIIAPOBYBAHHS, TOOTO IMOBIPHHHM TEPMOAMHAMIYHUH
MpOLIEC MPHU IKOMY HE BiAOYBaeThCs (Ha30BHX MEPETBOPEHB. Y TIM NEPETBO-
PEHHS KpUCTATIYHOI PEYOBHHH V PIAMHY 4YH ra3 Moxe OYTH 3A1HCHECHO
TIJBKH 32 AOTOMOror0 (azoBoro nepexony. ToMy KpuBa IIaBICHHS HAC Y
HECKIHUCHHICTh, a KpUBa cyOmiManii Hae y TOUKy J¢ TeMIIeparypa Ta THCK
HAOIMIKAOTHCS A0 HY LS.

Koxxna touka kpueoi Ha puc. 17.10, Biamosimae ymoBaMm iCHYBaHHS
asox Bianosiguux ¢az; KB - piaunu i rasy; KII - tBepaoro tina i piausau;
KC - tBepzmoro Tina i rasy. Touka B kil IEPETHHAOTBCA YC1 TPU KPHBI Ha-
3MBAETHCS MOTPIHHOK TOUKOK. Bona Bu3nauae temneparypy T 1 Tack P,
MPH IKHX OJHOYACHO ICHYIOTHh TpH a3y PEUOBHHH: PiIKa, TBEPAA Ta ra3o-
nogibna. Koxxna peuoBrHa Mae nuiie oqHY HOTPiHHY TOUKY.

3miHa TeMreparypu (a3zoBoro mnepe-
xoay (dT) B 3ane:KHOCTI Bij 3MIHH THC-
ky (dP) npu dazoBomy nepexoai BH3HA-
YaeThC HACTYNHUM piBHAHHAIM Kia-
neiipona-Knaysiyca:

dT :T(VZT_Vl)dP : (17.21)

Ap KII KB

ae Q - temnora $azoBOro MEPEXOAy;

V.-V, - 3MiHa 06’ €My PECUOBUHU;

T - remmeparypa.

Jis GinbiocTi peuoBuH, iX 00'eM
mpu (Ha30BUX MEPETBOPCHHIX 301bInyeThes, TOO0TO V,-V >0, ane € i Taki
(Boza, waByH) ans sxkux V,-V<0 ( myHkTHpHA KpuBa Ha puc. 17.10).

Puc. 17.10.

17.7. KoHTPOIbHI 3a0IHTAHHS.

1. Yum 06YyMOBIICHE ICHYBAHHS HOBEPXHEBOTO HATATY Y PIAUHU?

2. Hasenite Gpopmyny Jlamnaca 1 mosicHITS ii.

3. 3a sxumu o3HaKaMu KIacu(piKyIOThCI KPUCTATH?

4. Haseaite 3axoH Jromonra 1 ITti Ta mosicHITS HOTO.

5. llo HazuBaerbes (ha30BUMU MEPEXOJAMH TCPIIOTO Ta APYroro po-
ny? HaBeaiTe OpuKIaau TAKUX MIEPEXOIIB.
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7. IoscHiTh, 4OMY TBEPAi TiJIa IPH HArPiBaHHI PO3LIHUPIOIOTHCS?
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PO3JILI APYT UM
KOHTPOJIbHI 3ABJIAHHA

1. 3araapHi BKA3IBKH 10 BHKOHAHHSA KOHTPOJbLHHX POOIT.

1. 3a yac BUBYCHHS KYpPCY (PI3UKH CTYICHT MOBHHCH BUKOHATH Ta 3Ja-
TH Ha Kadeapy (i3uKH MICTh KOHTPOIbHUX pobiT. Homepu 3amaq, ski cTy-
JCHT MOBHHCH BKJIIOUUTH B CBOIO KOHTPOJIBHY POOOTY, BU3HAYAIOTECS IO
TabIULAX BapiaHTiB nabopaHTaMu Kadeapu MpH OTPUMAHHI 3aBJAHHS.

2. KontponeHi poboTH TpeOa BHKOHYBATH B LIKITBHOMY 30IUUTI, HA
OOKJIQIUHII SKOTO MPUBSCTH BIAOMOCTI 32 HACTYITHHUM 3Pa3KOM:

Kontponbna pobora Ne 3 3aranmbHoi ¢izukn
Cryaenra rpyoum 1B - 00 — 1 KucensoBa A.B.

3. YMoBH 33724 VY KOHTPONBHIH poOoTi Tpeda mepenucyBaTH MOBHIC-
T10. PimmeHHs 3a7a4 noTpiOHO CYNMPOBOAUTH KOPOTKUMH, alle BUYCPITHUMHU
MOSICHCHHSIMU. Y THUX BUIAAKAX, KOJU LE HOTPIOHO, O0OB’ SI3KOBO HPUBO-
JUTh KPECICHH, L0 MOSCHIOKOTh PO3B A3YBAHHS 33,124l

4. Po3B’sa3yBatu 3a4a4i TpeOa B 3aralbHOMY BHUIISAL, TOOTO BUPA3UTH
IIVKaHY BCIUYMHY B OYKBCHUX MO3HAUCHHAX MApaMeTpiB, IO 3aJaHI B
yMOBI 3a1a4i. YKCI0Bl 3HAUCHHS TPH MIACTAHOBII iX B PO3pPaxyHKOBY (o-
PMYIy 1 OTpUMaHY BiAMOBIAE NOTPIOHO AaBaTy B oauHULX cuctemu Cl, 3a
BUHATKOM BUIAKIB KO B YMOBI 331a4i BkazaHo iHmie. OOUnCACHHS Tpe-
0a MPOBOAMTHU 3 TOTPUMAHHIM MPABHUI NPUOIU3HUX OOUYUCICHB, 10 TPHOX
sHauymux mudp. [pu 3anmcy BIANOBIAL, YHUCTOBI 3HAYCHHA MOTPIOHO 3a-
MUCYBATH K TOOYTOK ACCATKOBOTO APOOY 3 OJHIEK 3HAYYINOK LHpporo
Mepe KOMOI Ha BIAMOBIAHY Mipy aecstu. Hanpukiax, samicts 0,00129
Tpeba samucysatu 1,29 107,

5. Posp’a3yBaHHs ACAKMX 3a7a4 NOTPeOyE BUKOPHCTOBYBAHHS JAAHUX
mpo (i3uyHI KOHCTAHTH Ta BIACTHBOCTI 00 €KTIB, SIKI B WX 337a4ax 3ra-
ayroreest. LI gani TpeOa Oparu 3 BIANOBIAHUX TAONHILb, 10 HABCACHI y Ki-
HII [[OTO T APYYHUKA.

6. KoxxHa koHTponpHa po0OOTAa MOBHUHHA 3aBEPIIYBATHCH TAOIUICKO
BIINOBIZICH 32 HACTYITHHM 3Pa3KOM:

Bianosiae Ha 3agaul
Bapiant 1 2 3 4 5 6
11 m/c 1.2 c; T, pag |42 10° Lk |y 2 pasu 15,6 I1a
17 6 H-

5
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2. Tadauus BapiaHTiB KOHTPOJLHOI podoTu No 1.

Bapianr Howmepn 3aBgans
1 2 3 4 S 6
1 1.1 1.19 1.28 1.131 1.77 1.104
2 1.2 1.20 1.29 1.132 1.78 1.105
3 1.3 1.21 1.30 1.133 1.79 1.106
4 14 1.22 1.31 1.134 1.80 1.107
5 1.5 1.23 1.32 1.135 1.81 1.108
6 1.6 1.24 1.33 1.136 1.82 1.109
7 1.7 1.25 1.34 1.137 1.83 1.110
8 1.8 1.26 1.35 1.138 1.84 1.111
9 1.9 1.27 1.36 1.139 1.85 1.112
10 1.10 1.26 1.37 1.140 1.86 1.113
11 1.11 1.25 1.38 1.141 1.87 1.114
12 1.12 1.24 1.39 1.142 1.88 1.115
13 1.13 1.23 1.40 1.143 1.89 1.116
14 1.14 1.22 141 1.144 1.90 1.117
15 1.15 1.21 1.42 1.145 1.91 1.118
16 1.16 1.20 1.43 1.146 1.92 1.119
17 1.17 1.19 1.44 1.147 1.93 1.120
18 1.18 1.69 1.45 1.148 1.94 1.121
19 1.12 1.70 1.46 1.149 1.95 1.122
20 1.11 1.71 1.47 1.150 1.96 1.123
21 1.10 1.72 1.48 1.151 1.97 1.124
22 1.9 1.73 1.49 1.152 1.98 1.125
23 1.8 1.74 1.50 1.153 1.99 1.126
24 1.7 1.75 1.51 1.154 1.100 | 1.127
25 1.6 1.76 1.52 1.155 1.101 [ 1.128
26 1.5 1.64 1.53 1.156 1.102 | 1.129
27 14 1.65 1.54 1.157 1.103 | 1.130
28 1.3 1.66 1.55 1.158 1.102 | 1.129
29 1.2 1.67 1.56 1.159 1.101 | 1.128
30 1.1 1.68 1.57 1.160 1.100 | 1.127
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3. 3aBaaHHa KOHTPOJLHOI poooTH No 1.

1.1. Tino KHHYTE BEPTHKAIBHO Bropy 3 MOYATKOBOKO MIBUAKICTIO V=
4 m/c. Koy BOHO JOCATIIO BEPXHBOI TOUKH HOJNBOTY 3 TOTO 5K MOYATKOBOTO
MYHKTY, 3 TI€K K MOYaTKOBOKO IIBHAKICTIO Vo BEPTHKAIBHO Bropy KHHYTE
apyre tino. Ha sxiit Biactani h Bix moyarkoBOro MyHKTY 3YCTPIHYTBCS Ti-
na? Omnip moBITPs HE BPaXOBYBATH.

1.2. MartepianpHa TOYKA PYXAETCS MPSAMOIIHIHHO 3 MPUCKOPCHHAM a
=5 m/c’. BU3HAUMTH, HA CKiMbKM LIISX, OPOMACHHN TOUKOIO B N CEKYHAY,
Oyae Oimpine mULIXy, nporacHoro B n-1 cekyuay. [puitaaru V,=0.

1.3. /IBi aBTOMAaIIMHU PYXArOThCA O JOPOrax, KYT MizK SIKUMH 3 = 60°.
Ieuaxicte apromMamud Vi = 54 xm/r 1 V5, = 72 kM/T. 3 KO0 IBUAKICTIO
BIIJAIAIOTECA MAINMHA OJHA B1x OaHOIL ?

1.4. MatepianpHa TOYKA PYXA€TbCS MNPSAMOIIHIHHO 3 IOYATKOBOIO
msuakicTio V=10 M/c i mocTiiiHIM TIPUCKOPEHHESM a = - 5 M/c’. Busnaun-
TH, V CKIJbKH Pa3iB NILAX S, NpOWACHUH MaTepialbHOK TOUKOIO, Oyae me-
PCBHILIYBATH MOAYIb i mepeMimeHHs Ar yepe3t =5 c., micis MOoYaTKy BiJ-
JIKY 4acy.

1.5. Benocunenuct ixas 3 ogHoro nyHkry B iHmmid. [lepmy tpetuny
LIJTAXY BIH OPOiXaB 3 MBHAKICTIO Vi = 18 kM/roa. ¥V mogaapiomy moJOBH-
HY 4acy, 10 3aJHINNUBCS BiH IXaB 3 MBHAKICTIO V, = 22 KM/TOA, MIC/SA 400
JIO0 KIHILEBOTO MyHKTY BiH WIIOB MIINKH 3 MBHIKICTIO V3 = 5 kM/roa. Bu-
3HAYHTH CCPCIHIO MIBHAKICTE BEIOCHUTICIUCTA.

1.6. Tino xkunyTe mig kyToM B = 30° 10 TOPU30HTY 3 WBHAKICTIO V) =
30 m/c. Sxumu OyAyTh HOPMATBHE &y 1 TAHTCHLIANBHE &7 MPUCKOPCHHS TiNa
uepes yac t = 1 ¢ micas movarky pyxy ?

1.7. MatepianpHa TOYKa PYXAETHCSA MO KONMY 3 MOCTIHHOKO KYTOBOIO
MIBUAKICTIO @ = 7/6 paa/c. Y CKIMTBKHU pasiB NULAX S, NPOUACHUH TOUKOO 32
qac t = 4 ¢, Oyae OinpmnM Moxyad ii nepemimennas Ar ? [lpuiiaaTy, mo B
MOYATKOBHH MOMCHT 4acy paaiyc-BEKTOP I, LIO 3a7a€ MOJIOKCHHS TOUYKH,
OVB HOBEPHYTHH, BIAHOCHO MOYATKOBOTO MONOXKCHHS, Ha KYT (= T/3 paj.

1.8. MarepianbHa TOYKA PYXAEThCS B ILIOMKHI X-Y 3rAHO 3 PIBHSH-
v X = A+Bt+Ct? 1 Y = A;+Bot+Cot%, ae By =7 m/c, C, = - 2 m/c?, B,
=-1wm/c, C, =02 m/c’. 3HalTH MOAYTi IBHAKOCTI Ta IPHCKOPEHHS TOUKH
B MOMCHT Hacy t =5 c.
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1.9. 3anekHICTh MPOHACHOTO TIIOM IIIAXY S BiA yacy t JaeThes piB-
msHEAM, S=A+Bt+CE+DE, xe C=0,14 m/c* i D=0,01 m/c’. Uepes sikuii uac
t micms moYATKY PyXy Tino 6yae Maru mpuckopeHHs a = 1 m/c’? 3naiitn
CCPEaHE MPUCKOPCHHS TLIA 34 LCH MPOMIMKOK 4Yacy.

1.10.Ha ckinpku mEpeMICTUTHCS BITHOCHO O¢pera YOBECH JOBKHHOIO
L=3,5 M 1 macoro m; = 200 Kr, SKIIO CTOSYHM HA KOPMI JIFOAMHA MaCOI0
m,=80 Kr mepeMicTHTLCH Ha Hic 4oBHA? BBakaTm 4OBEH PO3TAIIOBAHHM
MCPIICHIUKYISIPHO Oepery.

1.11. 3 Bexi BucoTor0 h=25 M ropU30HTAIBHO KHHYTO KaMiHb 3 IIBU-
kictio Vx= 15 m/c. Sxuii yac t kaminb Oyae pyxaruces? Ha skiii Biacrani L
Bl OCHOBH BeXKI1 BIH BIIaJ€ Ha 3eMIIIO? 3 SIKOKO IIBUAKICTIO V BIH BIIAJE HA
semiro? AKuii KyT (p CKIaAe TPAEKTOPIsl KAMEHS 3 TOPHU30HTOM B TOYLI HO-
rO NaIIHHS HA 3eMITI0?

1.12. KaMiHb, KHHYTHH TOPU30HTAIBHO, BIIAB HA 3E€MITIO Yepe3 vac t =
0,5 ¢ Ha Biacrani L =5 M mo ropusoHTatl Big MICI KUAaHHS, 3 SIKO1 BUCO-
TH KUHYTHH KaMiHb? 3 KOO IIBHAKICTIO BiH BIaae Ha 3emmo? Akuil kyT ¢
CKJIaJ€ TPAEKTOPIA KAMCHS 3 TOPU30HTOM B TOULI HOTO MaAIHHA HA 3¢MII0?

1.13.T1o xparo mmatdopmy, MO PIBHOMIPHO OOEPTAETBCA 3 KYTOBOIO
wBHAKICTIO ® = 1 paa/c, iixe moauHa. Bona o0xoauTs muardopmy 3a yac t
= 9,9 c. Slke HaliOinbIOEC TPUCKOPEHHS MAa€ MIOAMHA V LbOMY BHIAAKY BiJ-
HocHO 3emi? Paaiyc mmatdopmu R=2 M.

1.14. Touxa pyxaetbcs no koxy pagiycom R=30 cMm 3 mocrifinuMm kyTo-
BUM TIPUCKOPCHHAM €. BHU3HAYNTH TaHreHLIATbHE MPHCKOPCHHS TOYUKH,
SIKIIO BIAOMO, IO 3a Yac t = 4 ¢ BOHA 3AIWCHUIA TPU OOCPTH 1 B KiHII TPE-
TBOTO 0BEPTY ii HOPMATBLHE MPHCKOPEHHS! JOPIBHIOBAIO a, = 2,7 M/c’.

1.15. Touxa pyxaerbcs 1o kony paaiveoM R =4 m. 3akoH ii pyxy onu-
cyerbest piBHsHEsSM S =A - Bt’, 1e A = 8 M, B = - 2 m/c’. BusHauntu Mo-
MEHT 4acy t, KOMHM HOPMAJbHE MPHCKOPEHHS A, TOUKH AOPIiBHIOE 9 M/c’.
3HaUTH MBUAKICTh V, TAHTCHINAIBHE a; 1 MOBHE MPUCKOPCHHS TOYKU B LICH
’K€ MOMCHT Yacy.

1.16.Ipi MatepiaibHi TOYKH PYXArOThCSA 3TIAHO 3 PIBHAHHIMH
X1:A1t+B1 t2+C1 t3 Ta X2 = A2t+B2t2+C2t3; Ac A1:4 M/C, B1:8 M/Cz, C1 =¥
16 m/c’, A)=2 m/c, B, =- 4 M/c>, C, = 1 m/c’. ¥ sikumii MoMeHT uacy t mpu-
CKOPCHHS LIUX TOYOK OYAyTh OAHAKOBI? 3HAUTH IIBHAKOCTI V; Ta V; TOUOK
B IICH MOMCHT.
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1.17. Kaminp KUHYTHH TOPU30OHTAIBHO 3 MBUAKICTIO Vx = 10 m/c.
3naiTu paaiyc kpueu3HH R TpaekTopii kameHro uepes vac t = 3 ¢ micnd
MOYaTKy WOTO Pyxy.

1.18. M'sta kunyTHIT 3 BHAKICTIO V=10 M/3 mia kytom B=40° 10 ro-
puzonTy. Ha saxy Bucoty h mignimMetscs M'sa? Ha sxiii Biacrani L Bix micug
KHJAHHS BiH Briaae Ha 3emutro? Skuii vac t Bin Oyae B pyxarucs?

1.19. Bice 3 gBoma auckamu, 1m0 po3TamoBaHi Ha Biacrtani L=05 m
OJAWH BiA OQHOTO, O0epraerbest 3 yactororo n=1600 06/x8. Kyms, mo me-
TUTh B3IOBXK OCl, mpoOuBae oOMIBA AWCKH, IPU LBOMY OTBIP BiJ Kyl Y
JPYroMy AHWCKY 3MIIICHUH BIZHOCHO OTBOPY B MEPLIOMY AMCKY Ha KVT
B=12°. 3naiiTn mBHaKicTE V Ky

1.20. 3uatitu paaiyc R xoneca, sike 00epTaeThCs, KO BIAOMO: JTIHIH-
HA MBUAKICTh V| TOYKH, IO 3HAXOAUTHCA HA 0001, v 2,5 pa3u OuibIue -
HIMHOI IMBHAKOCTI V, TOUKH, [0 3HAXOAUTLCH HA BiacTani R = 5 cM Ommk-
e 0 OCl KoJeca.

1.21.Koneco, obepTarouuch PiBHONPHCKOPECHO, XOCATIO KYTOBOI
meugkocti @ =20 paxa/c gepes 10 obepriB micnga moyaTky pyxy. JHaHTH
KYTOBCE MMPUCKOPCHHS € KOJECA.

1.22. Koneco, o0eprarouncs piBHONPHCKOPEHO, YePe3 OAHY XBUIHHY
MICSl MOYaTKy OOepTaHHA Mano 4acToTy n =720 00/xB. 3HAUTH KYTOBE
MPUCKOPEHHS 1 YUCI0 00EPTIB KoJieca 3a LeH Jac.

1.23. Koneco, obepTarounch piBHOVIIOBLIBHEHO, 32 4ac t=1 XB. 3MeH-
muiao cBorw 4actory 3 m;=300 06/xB. 1o n,=180 06/xB. 3HaliTH KyTOBEC
MPUCKOPEHHS 1 YUCI0 00EPTIB Koeca 3a LieH 1ac.

1.24. Benutuastop obepraerbes 3 yactotoro n=900 06/xs. Ilicias Bum-
KHCHHS BSHTULITOP, 00CPTAIOYHCH PIBHOYIIOBIIBHCHO, 3pOOHB 0 3YIIHHKH
N=75 oGepriB. Axuii yac t MPOUIIOB 3 MOMEHTY BHKIIOUYCHHS BEHTHIATOPA
JIO TIOBHOI HOTO 3yMHHKH?

1.25. Ban oGepraetbes 3 yactororo n=180 06/xB. 3 AeIKOr0 MOMEHTY
BaJ MOYAB OOCPTATHCS PIBHOYIIOBIIBHCHO 3 KYTOBUM MPUCKOPEHHSAM €=3
paa/c’. Uepes sikuit uac Baa 3ymuHMTHCA? 3HANTH YMCIO OGEPTIB Bama 10
3VITHHKH.

1.26. Touka pyxaerbcs no komiy paxiycom R=20 cM 3 mOCTIHHUM TaH-
TEHINATbHAM HPUCKOPEHHSM a; = 5 cM/c”. Uepes sikmii 4ac t mic/is mouaTky
PYXY HOpMalbHE MPUCKOPEHHS 2, TOYKH OyJae JOPIBHIOE TAHTCHLIATBHO-
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1.27. Touka pyxaerbes 1o kony paaiycomM R=10 cMm 3 moctiiiauM Tas-
TCHIIATbHUAM NPUCKOPCHHSM a;. JHANTH HOPMAJbHE MPUCKOPCHHS &, TOY-
k1 yepes yac t=20 ¢ micas movyatky ii pyxy, SKIIO BiAOMO, IO B KiHLI IT's-
TOro 00EPTy Micis MOYATKY PyXY, MiHIHHA MBUIKICTE TOUKU € V=10 cm/c.

1.28.I1pu ropu3oHTAIPHOMY HOJBOTI 3 WBHAKICTIO V=250 M/c cHapsx
Macor m=8 Kr po3sipsaBcs Ha ABl yacTunu, Bemuka yacTuHa Macow m; =6
kr orpumana meuakicte U;=400 m/c B HanpsaMKy NONbOTY CHapsaa. Bu-
3HAYHUTH MOIYIb 1 HANPSIMOK MBHAKOCTI U, MEHIIOT YacTHHU CHApsAA.

1.29.3 BO3HKa, IO BUIBHO PYXAETHCA MO TOPU3OHTAIBHOMY LUTAXY 3
WBUAKICTIO V=3 M/C, v OiK MPOTHIICKHUMA PYXy BO3HKA, CTPUOAE TFOAUHA.
ITicns mporo mMBHAKICTh BO3HWKA 3MiHumacs 1 craia pisaorw U,;=4 m/c. Bu-
3HAYHTh TOPU3OHTANBHY CKIANOBY IIBHAKOCTI mooguau U, mpu cTpubKy
BILIHOCHO BO3MKa. Maca Bo3uka m;=210 xr, Maca aroguau m,=70 Kr.

1.30.T'apmara, mo >KOPCTKO 3aKpiliicHa Ha 3aMi3HHYHIN mnatdopmi,
3pobuiia moCTpiN B3AOBXK MONOTHA 3ami3HHLI ma kytoM B = 30° go miHii
ropusonty. Busnauntu msuakicte U, BIAKOTY miardopMu, SKINO CHAPSIT
Buiitae 3 meuakictio U;= 480 m/c. Maca mnardopmu 3 rapMaToro 1 cHapsi-
mamu m,=18 1, Maca ogHOTO CHapsga m;=60 kr.

1.31. Slxy cuny F tpeba npukmactu 40 BaroHa, 1o CTOITh HA PEHKaX,
00 BIH CTAB PyXaTHUCS PIBHOMPUCKOPEHO 1 3a 4ac t =30 ¢ mpouImoB muisax
S =11 m ? Maca Barona m=16 T. [lig yac pyxy Ha BaroH i€ cuiaa TepTs
F,,, mo popisrtoe 0,05 cunn #oro Baru.

1.32. CHapsin, mo merie 3 mBuakicTEo V=400 M/c, y BepxHIi TOULIl
TpaekTopii Po3ipBaBCs HA JBAa OCKOJKH. MEHIIMI OCKONOK, Maca SKOro
cranosuth 40 % Bix Macu cHapsaa, NONETIB B MPOTHICKHOMY HANPSIMKY 3
mBuakicTo U;=150 m/c. Busnauuts mBuakicts U, OLIBIIOTO OCKOKY.

1.33. Axuii KyT B 3 TOPU3OHTOM CKJIaJa€ MOBEPXHS OCH3MHY B Oaky
aBTOMOOIJISL, 1O PYXAEThCA 3 HPHCKOPEHHSIM a = 2,44 m/c” ?

1.34. Kyas Ha HATHI TiABIMICHA MO CTCNI TpaMBaiHOTO BaroHa. Baron
raJbMYyEThCS, 1 HOro MBHAKICTH 3a Yac t=3 ¢ PIBHOMIPHO 3MEHIIYETHCS BiX
18 1o 6 km/roa. Ha sikuii KyT BIAXHIUTHCS MIPH LIBOMY HHTKA 3 KYJICKO?

1.35. Baros ranpMyeThcs, 1 HOro MBUAKICTE 3a Yac t =3,3 ¢ piBHOMIp-
HO 3MeHInyeThest Bl 47,5 1o 30 km/roxa. Sxkum noBuHeH OyTH IpaHAYHAN
koeiieHT TEPTS k MK 4EMOJAHOM 1 MOJIULCIO, 00 YSMOAAH MPH Tajlb-



Koumponwni sasdanns

163

MYBaHHI HE TIOYaB KOB3ATH IO MOJIHII?

1.36. JIroguna, 1o ¢ToiTh B YOBHI, 3pO0HIA UIICTh KPOKIB B3JOBK HBO-
ro i synuaunaca. Ha ckilbku KpokiB mepecyHyBCs YOBCH, SKIIO MAaca YOB-
HA B J(BA Pa3u OLIbIIA MACH JTOJUHH?

1.37.YoseH nosxuHoro L=3 M 1 Macoro m=120 kr ¢ToiTh Ha CIOKIH-
Hill Boai. Ha HOcy 1 kOpMi 3HaxomsThCs ABa pHOANTKH Macamu m;=60 Kr 1
m,=90 kr. Ha CKiJbKH 3CYHETBCS YOBCH BIAHOCHO BOJAHM, SIKIO PUOATKH
MOMIHSAOTBECS MICISIMU 7

1.38. YV nepes'sHuii map Macorw m; = 8 Kr, SKUH MABIMICHAN HA HUTLI
poexkuHOI0 L = 1.8 M, momana kyJjist Macor my = 4 r, 110 JeTL/Ia TOPU30HTa-
JbHO. 3 AKOI INBUAKICTIO JETifa Ky, AKIIO LIap 3 3aCTPArION B HBOMY
KYJICKO BLAXHIAIACS BiJ BEPTHKAM HA KyT 3 = 3° 7

1.39.Tlo HEeBEAUKOMY LIMATKY M'SIKOTO 3aj113a, 11O JICKHUTh HA KOBAIIL
macoro m;=300 kr, ygapse MoaoT Macoro m,=8 kr. Bm3aauntu KK/ voapy,
AKINO yaap aOCOMIOTHO HenpykHUH. KopucHOIO BBaskaTh eHeprio, 1o 3a-
TpaucHa Ha AehOopMAIIIO IIMATKA 3aJTi3a.

1.40. Hap macoro m;=1 kr pyxaerbcs 3 MBHAKICTIO V=4 M/C 1 cTHKA-
€TBCS 3 APOM MACOI0 My=2 KT, [0 PYXAETHCS HOMY HA3yCTpIY 3 IIBHAKIC-
10 V,=3 m/c. Sxumu OyayTs mBuakocti U 1 U, mapis mcns yaapy?

1.41. Map Macoro m;=3 Kr pyXaeTbes 3 MBUAKICTIO V=2 M/C 1 cTUKA-
€THCS 3 MIAPOM MACOI M,=3 Kr, sikuii mokoiBcs. Ska podorta Oyae 3sepiie-
Ha npu gedopmanii mapis?

1.42. Buznauntu KK]I Hempy:kHoro yaapy 6Gotika macoro m;=0,5 T,
SKUH BIaB Ha maiaro Macor m,=120 kr. KopucHoi BBaxkaTu €HEprito, 3a-
TpadcHy Ha 3a0UTTS Tai.

1.43. Hap macoro m;=4 Kr pyXaerbes 3 MBHAKICTIO V= SM/c 1 cTHKA-
€THCS 3 APOM MACOI0 M,=6 KT, IO pPyXaBcs HOMY HA3YCTPIY 3 [MBUAKICTIO
V,=2 m/c. Buznauuts msuakocti U; 1 U, mapis micias yaapy.

1.44.3 >KOpPCTKO 3aKPIIUICHOTO aBTOMATHYHOTO MICTOJCTA BHIICTLIA
kynsg Macoro m;=10 r 3 mBuakictro V=300 m/c. 3aTBOp MmiCTONETA MACOIO
m;=200 T IPUTHCKAETBCA A0 CTBOJA MPYKHHOK, XKOPCTKICTh sKkoi k = 25
kH/m. Ha sixy Biacrans BiAiiine 3aTBOP Mmicast HOCTPLIy ?

1.45. Kynsa macoro m; =10 Kr cTHKaeThed 3 KyJICI0 Macoio m, = 4 Kr.
IeuaxicTe nepwoi kym V; = 4 m/c, apyroi - V, = 12 m/c. 3naliTu 3arans-
Hy mwBuAKicTe U Kymp micis yaapy y BUnaakax: 1) Mama Kyms JoraHse Be-
JMKY KYJIEO, IO PYXAEThCA Y TOMY K HANPSIMKY; 2) KV PYyXaroThCs Ha3y-
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viprd OTHA OJHIN.

1.46.ap macoro m;=5 Kkr pyxaerbcs 3 wBUAKICTIO V=1 M/c 1 cTHKA-
€TBCS 3 MAPOM MACOI0 M,=2 KT, 1[0 MOKOiBcs. BusHauntu mBuakocti U i
U, mapis mcis yaapy. Yaap BBaKaTu aOCOMOTHO MPYKHHIM.,

1.47.3 rapmaru npoBoauiacs cTpiapda B rOPH3OHTATIBHOMY HAIPSIM-
ky. Konu rapmara Oyia HEpyXOMO 3aKpIMicHA, CHAPSA BUICTIB 3 IIBHIKIC-
TI0 V=600 M/c, 2 KOH rapmaTi JATd MOXKIHBICTh BiJBHO BIIKOYYBATHCS
HA3aJ, CHAPsI BWICTIB 3 MBUAKICTIO V,=580 m/c. 3 51K010 MBUAKICTIO Bij-
KOTHJIACS MPH LbOMY rapmara ?

1.48.1llap mMacor m;=2 Kr CTHUKAETHCS 3 IMAPOM OLIBIIOI MACH, SIKHH
MOKOIBC, 1 mpu 1poMy BTpadae 40 % kiHeTnuHoi eHeprii. Buznauntu macy
m, GUIbIIOTO Hapy. Y Aap BBaKATH aOCONMOTHO MPYKHUM.,

1.49. BuzHaunuta poOOTY PO3TATHEHHS IBOX 3YCILICHUX IOCIIZOBHO
npy:kuH 3 koedimientamu xopetkocti k=400 H/m ta k=250 H/m, sxino
repIna npysKuHa IpH IboMY po3srarmacs Ha AL=2 cwm.

1.50.3 maxtu rauouHo0 h=600 M m 1AM Te KIITh MAaco m;= 3,0 T
Ha KaHaTi, KOXKHUH METp skoro Mae Macy m=1,5 kr. fka poboTa 3xilicHro-
€TBCS MPH MiAHATTI KAiTI HA noBepxHIO 3emuti? SAxuii koedinmieHT KOpUCHOT
Jii 1 mAiMaIbHOTO MPUCTPOIO?

1.51.Ipyxuna xoperkictio k=500 H/m crucnyra cumoro F=100 H.
BuznaunTu poOOTY 30BHILIHBOI CHH, IO AOAATKOBO CTHCKAE MPYKHUHY 1IC
Ha AL=2 cMm.

1.52.V uoBHl mMacoro M = 240 xr ¢ToiTh Jr0auHA Macorw m = 60 kr.
Yogen miuse 3 mBuaKICTIO V = 2 M/c. JIroauna ctpubae 3 Y0BHA B rOpU30-
HTanpHOMY Hampsimi 3 mBuAkicTio U = 4 m/c. 3HalTH MIBHAKICT YOBHA
MICNIS CTPHOKA JTFOJUHH B CTOPOHY, POTUIICHKHY PYXY YOBHA.

1.53. 3 npyKUHHOTO MICTONETA BUCTPLINIM MYJIBKOIO, Maca SKoi m =
5 r. Xoperkicte mpykunn k = 1,25 xH/m. [pyxuna Oyna crucna Ha AL

1.54. lap macoro m; = 200 r, mo pyxascs 3 mBHAKICTIO V; = 10 M/c,
CTHUKAETBCS 3 HEPYXOMHM MapoM Macoro m, = 800 r. BuznaunTn mBHIKo-
CTi ApiB Mics 3ITKHCHHS. Y Aap abCOMIOTHO MPY>KHHIA.

1.55. lap, 1mo pyxaBcs rOPHU30OHTAIBHO, 3ITKHYBCS 3 HCPYXOMHM Ia-
poMm 1 mepenas oMy 64 % cBoei xinetrunoi eneprii. Lllapu abcomrorHo
MPY2KHI, VAAp NPSIMUH, UCHTPATBHHHA. Y CKITBbKH pa3iB Maca JPYroro mapy



Koumponwni sasdanns

OlpIIe MAacH MEPIIoro? L

1.56. Tino koB3ae MO MOXWIIN IUIONIMHI, IO CKJIAJAE 3 TOPU3OHTOM
KyT ¢ = 45°. 3anexHicTe TPOWIACHOTO TIIOM IILAXY S BiA Yacy t AaeThes
piBasrRaM S = Ct%, ge C = 1,73 m/c”. 3naiitu xocdimient Teprs k tina 06
IIOIIMHY .

1.57. Heparomuii Onmok VYKpIIUICHWH HA KIHII CTOJa
(muB. puc. 1.1). T'upi 1 i 2 ogHakoBux Mac m; = my = | kr
34YCMICHI HUTKOIO 1 mepekuHeHi depe3 Omok. Koedimient
Teptsa rapi 2 06 crin k = 0,1. 3HalTH PUCKOPEHHS 3 TKUM
pyXarThcs rupi 1 cuny Hatiary HUTKH 1. Teptsam B Omowi

Puc. 1.1 SHCXTYBATHU.

1.58. Axy tpeba saificHuTH poGoTY, WOO NPYKHHY

sxoperkicTio k=800 H/m, ctucay Ha AX ;=6 cMm, me ctucHyt HA AX,=8 cm?

1.59. Aximo Ha BepXHIH KiHELb BEPTHUKATBHO PO3TALIOBAHOI CIIPab-

HOI IPY>KWHH MOKJIACTH BaHTAXK, TO MPYKUHA cTHCHEThC Ha AL=3 mMm. Ha

CKITIBKH CTHCHE MPYKUHY TOH JK€ BAHTAXK, SIKIIO BIH BIAJE HA IO MPYIKU-
Hy 3 BUCOTH h = 8 cm?

1.60. Heparomuii 670K 3aKkpilyIcHHH HA BEPIIHHL
MOXHIOI TUIOLIMHN CKIQJA€ 3 TOPH3OHTOM KYT 3 =
30° (aus. puc. 1.2). I'upi 11 2 ognakoBoi Macu m; =
m, = | Kr 3uCTUICHI HUTKOIO, IO MEPEKUHYTA YCpPE3
O10K. 3HANUTH MPUCKOPEHHS 3 SIKUM PYXAIOThCA THPI 1
cuny Harary Hatkn T. Tepram rupi 2 o0 moxumy
IJIOIIMHY 3HCXTYBATH.

1.61. Po3B’g3aTi NONEPEAHIO 3a0a9y NPH YMOBI, IO KOCHILIEHT TEPTS
rupi 2 06 moxuny mnormmny k= 0,1.

1.62.3 microneta 3 npyxkuHOK xkopcTricTio k=150 H/Mm 6yB 3pobie-
HHHM HOCTPiN Kynero Macow m=§ r. BuszHauuTy mMBHAKICTE KyJi OPH BU-

1.63. /I8i rupi 3 macamu m; = 2 Kr i m, = | Kr 3YCIICHI HUTKOIO 1 Tie-
PCKUHCHI YePe3 HEBArOMHH OJTOK. 3HANUTH MPUCKOPEHHS 3 AKUM PYXAIOThCS
rupi 1 cuny Hatary HUTKH T. TepTsam y Goui 3HEXTYBATH.

1.64. HaneriBmu Ha npyxkunami Oydep Baron Macoro m=16 T, mo py-
xapcd 3 WBHAKICTIO V=0,6 M/c, 3yNIUHUBCA, CTUCHYBLIH NpYyXKuHY HA AL=8
cM. 3HalTH 3arajibHy *KOPCTKicTh k pyskun Oydepa.
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1.65. fIka poboTa moBuHHA OYTH 3BEpPILICHA MPH MIAHATTI 13 3eMJI1 Ma-
TepiaiiB A CHOPYKCHHS IUIIHAPHIHOT AMMOXiAHOI TpyOH BHCOTOKO h =
40 m, 3oBrimHIM giameTpoM D = 3 M 1 BHyTpituaIM giametpom d=2 m? ['y-
CTHHY MaTepiany npuitasTH piBHOWO ¥ = 2,8 10° kr/M3.

1.66.Ha nBox mapanenpHHX NPYKMHAX OJHAKOBOI JOBKHHH BHCHTD
HeBaroMuH crepskeHs AoBxuHO L=10 cm. XKoperkicts npyxun k=2 H/m
1k, =3 H/m. V gaxoMy Micii cTep cH, BILAPAXOBYIOUH BiJ IEPLIO] MPYKUHH,
TpeOa mABICHTH BAHTAK, OO CTCPKCHB 3ATUIIABCS TOPU30HTATIBHUM !

1.67.Tups macoro m = 0,5 xr, 1110 NpuB's3aHa JO T'YMOBOTO IIHYpa A0-
BXKHHOIO L, onHCy€e B rOpU30HTANBHIN IITOIUHI Koo. YacToTa oOepTaHHs
rupi n = 2 00/c. Kyt BigxuaeHHs r'yMOBOro IIHYpa Bix BepTHKam ¢ = 30°,
Koperkicte muypa k = 0,6 xkH/Mm. 3naiitn aoexuny L, Hepo3TarayToro
T'VMOBOTO IIHYpPA.

1.68. BanTrax macoro m= 0,5 kr, nmpus's3aHuii 40 T'yMOBOTO IIHypa A0-
BxkHHOIO Ly = 9.5 cM, BiaXxungroTh Ha KYT ¢ = 90° 1 BianmyckaroTh. JHAUTH
J0BKUHY L TyMOBOrO IIHYpa B MOMEHT NPOXOMKCHHS BAHTAKEM IIOJIO-
skeHHs piBHOBary. XKopctkicTs maypa k = 1 kH/m.

1.69. flxa poGorta Oyae 3BeplICcHA CHIAMU TPABITALIHHOTO MO HPH
naalgHl Ha 3eMutro Tiia Macoro m = 2 kr 3 Bucotd h = 1000 kM.

1.70.3 HEeCKIHUCHHOCTI HA MOBEPXHIO 3€MII NAJA€ METCOPUT MACOI0
m=30 xr. Buznauuru podoTty, fka npu upoMy Oyae BUKOHAHA CHIIAMH Tpa-
BITALIHHOrO MOIA 3eMIIL.

1.71.11o xpyrosiii op6iTi HABKOJIO 3eMIl 00EPTAETHCS CYMYTHHK 3 TIC-
piomom T =90 xB. BuzHauuTH BHCOTY CYITyTHHKA.

1.72.Ha skiii BigcTaHi BiA HEHTPA 3€MJII 3HAXOAUTHCS TOUYKA, B SKIH
HAMPYKEHICTh CYMAPHOTO rpasiTaiiaoro mosst 3emu 1 Micsis piBHa Hy-
ar0? TpuiinsaTu, mo maca 3emum B 81 pa3 Ginpine macu Micsip 1 1o Bia-
craHb BiA neHTpa 3emuti Ao ueHTpa Micsis qopisaioe 60 pagiycam 3emuti.

1.73. CynyTHUK OOEpTAETHCS HABKOJO 3eMJi MO KPyroeid opOiTi Ha
Bucoti h=520 kM. Busnauutn nepiog obepTaHHs CYIYTHHKA.

1.74. BuzHauuTH JTiHIAHY 1 KYTOBY IIBUAKOCTI CYNMYTHHKA 3EMII, LIO
00epTaETHCs 1O KPYroBii opdiTi Ha Bucoti h =1000 kv

1.75.V ckinpku pasiB CEpemHs T'YCTHHA 3¢MHOI PCUOBMHHU BlAPI3HI-
€TbCst BIA rycTHHH Micsanoi? [Mpuiiaarn, mo paaiyc 3emmi y 3,9 pasu 6i-

abine pagiyca Micsu 1 Bara Tija Ha Micsil B 6 pa3 MCHINA Bard Tiia Ha
3emi.
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1.76. tyunauii cynyTHUK 0OEPTAETHCA HABKOIO 3EMJl MO KPYroBid
opbiti Ha Bucoti H = 3200 kM Haz moeepxHero 3emii. BusHauutn niHiiiHy
MIBUIKICTh CYIYTHHKA.

1.77. lo oboxaa koseca paxiycom R = 0,5 M 1 macoro m = 50 kr npu-
knaneHa gotuuna cuia F = 98,1 H. 3naiitu kyTOBE MPUCKOPCHHS KONIECA.
Uepes sxuit yac t mcms movatky Al CHIH, KOJIeco OyAe MaTH 4acToty ode-
prarss n = 100 06/c ? Koneco BBaxkaru O THOPITHUM JUCKOM.

1.78. lo xpato crona npukpimiennii 6ok (qus. puc. 1.1). Yepes 6mox
MCPCKUHCHA HEBAromMa HUTKA, A0 KIHIIB IKOi MpuKpirieHi BanTtaxi. Oqux
BAHTQK PYXA€ETHCS MO MOBEPXHI CTONA, 4 1HITHH - B3XOBXK BEPTHKANI BHU3.
BusnHaunTy xoedilieHT TEPTS MIXK HOBEPXHEIO BAHTAXKY 1 CTOMY, SKIIO Ma-
€a KOXKHOT'O BAaHTAXKY 1 Maca OIOKY OJZHAKOBI 1 BAHTAXI PYXarOTbCS 3 TPH-
ckopeHHsM a = 5.6 M/c*. CuiI0r0 TepTs Ha G101 HEXTYBATH.

1.79. Kyapka macoro m=60 r, o npuB's3aHa 10 KIHIHM HUTKHA TOBXKH-
Hor0 L1=1,2 M, 06epTaerscs 3 4acToTO N;=2 ¢, OMUPAIOUHCh HA TOPH30-
HTaneHy muomuHy. Hutka ckopouyerscs, HabIIKaoIu KyIbKY J0 OCl Ha
Bigcranb 1,=0,6 M. 3 SKOK YaCTOTOI Ny, OyAC mpu HBOMY OOCPTATHCS
kynpka? Sky poOoTY 3A1MCHIOE 30BHILIHS CHIIA, YKOPOUYIOUH HUTKY ?

1.80. MaxoBuK, MOMCHT iHeprii skoro J = 63,6 krm°, obepraeTscs 3
KYTOBOIO MBUAKICTIO 0 = 31,4 pan/c. HaliTu MoMeHT cun raneMyBaHHS M,
M Ji€0 SKOTO MaXOBHK 3YIHHAEThCA uepe3 yac t = 20 ¢. MaxoBuk BBa-
JKaTH OXHOPLAHUM JUCKOM. |

1.81. Maxosuk pagiycom R = 0,2 M 1 macoro m = 10 kxr 3uernuicHui 3
MOTOPOM 3a AOIOMOTOK MpUBIAHOrO pemens. Cuia HaTATY PEMEHs, IO
riae Oe3 koe3anns, T = 14,7 H. fky uacrory obepranHs OyJe MaTu Maxo-
BUK uepe3 yac t = 10 ¢ micnsa movarky pyxy? MaxoBHK BBRXKaTH OZHOPLA-
HHM JUCKOM. TepTiIM 3HEXTYBATH.

1.82.Tlo goTu4Hii 10 MIKIBA MAXOBHKA Y BULISIAL AUCKA AiamMeTpom D
=75 cm 1 macoro m = 40 kxr npukiazneHa cuia F = 1 kH. BuzHauutu xyrose
MPUCKOPEHHS () 1 YacTOTY 00EpTaHHA N MaxoBHKa 4epe3 yac t = 10 ¢ micng
MOYATKY Ali CHIH, SKIIO pagiyc mkisa r = 12 cm.

1.83.Ha o06ig maxoBuka miamerpoM D=60 c¢M HaMOTaHH# LIHYD, A0
KIHL SIKOTO MPHB'I3aHUH BAaHTaXK Macor m=2 kr. BuzHauutn MOMEHT iHe-
puii J MaxoBHKa, KO BiH OOCPTAIOYUCH PIBHONPUCKOPEHO MiJ TI€K0 CHITH
Baru BaHTAXYV, 3a 4ac t=3 ¢ npuadaB KyTOBY WIBUAKICTE ©=9 pax/c.
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1.84. Hutka 3 npus'sszanumu 1o ii KiHIIB BaHTakamu Macamu m; =50 r
Ta m; = 60 r nepexunHyTa uepes 6ok giamerpom D=4 cm. BuszHauuTtu mo-
MeHT iHepuii J O0Ka, KO A AI€F0 CHIM Bard BaHTAXKIB BIH OTPUMAaB
KyTOBE MPUCKOPEeHHs & = 9 paza/c’. TepTsaM HUTKH MO GIOKY 3HEXTYBATH.

1.85. CreprkeHp 00epTAETHCS HABKOIO OCI, IO MPOXOAHUTE Yepe3 HOro
CcepeauHy, Y BiANOBiAHOCTI 3 piBHsHHSM ¢ = A t+B t°, 1e A=2 paz/c, B=0,2
paza/c’. BU3HAYNTH MOMEHT CHI, IO OyJe JiSTH HA CTEPXKEHD uepe3 t = 2 ¢
micnst movaTky Horo pyxy. Moment inepuii crepsxes J = 0,048 kr m”.

1.86. Busnauntu MOMEHT cwiad M, sikuii HEOOXIAHO HPUKIACTH 0
610Ka, 1m0 0GEPTAETHCS 3 YACTOTO N = 12 ¢, m06 BiH 3yHHHUBCS IPOTSI-
rom uacy t = 8 ¢. diamerp 6moky D = 30 cm. Macy 610ky m = 6 xr BBaxa-
TH PiBHOMIPHO PO3NOAITICHOIO O 000y .

1.87. LuniHap, po3TalioBaHuil rOPU3OHTAIBHO, MOXKE oDepTaTucs Ha-
BKOJIO OCI, IO cHiBnagae 3 Biccro muniHapa. Maca mumiagpa 12 kr. Ha ou-
THAP HAMOTANH IIHYP, A0 SKOTO MPUB'SI3aIH THPKO Macow m,; = 1 kxr. 3
SKHUM TPUCKOPCHHAM OVaAe omyckatucs rupsa’? Ska cuna Harary mHypa Mg
yac pyxy rupi?

1.88.Yepes Gmox macoro M = 200 r, BUKOHAHMI Y BUIVISLAL KOJECa,
MCPCKUHCHA HUTKA, 0 KIHLIB K01 mpuB'sa3aHi BaHTax macamu m; = 100 r
1 m; = 300 r. BusHaunTH IPUCKOPEHHS, 3 SIKUM OYAYTh PYXaTHCI BAHTAXKI, 1
CHJIM HATSTY HUTKH IO 0OOUABI CTOPOHM OJI0KA.

1.89. J/IBoM omHAKOBHM MAaxXOBHKaM, IMO 3HAXOAATHCS B CIIOKOi, Haaa-
7Y OHAKOBY KYTOBY IIBHAKICTh ® = 63 pax/c 1 Haxanu ix camum codbi. [1ix
JIE0 CHIT TEPTS MEPLIMH MAaXOBUK 3YIIMHUBCS YCPe3 OOHY XBHIHHY, a APY-
ruii 3podus 10 moeHOI 3ymuHKH N=360 06epTiB. Y CKIIBKH pa3iB MOMEHT
CHJI TEPTA Y TIEPIIOT0 MAaX0OBHKa OYB O1IBIINM HIXK Y APYroro?

1.90. Kymst ckouyerhest 3 moxuioi mioinuau BUcoToro h = 90 cm. Axy
JiHIWHY BUAKICTh OYJE MATH LEHTP Kyl Y MOMCHT, KOJIM BOHA CKOTUTHCS
3 MOXUJIOI IJIOIMHHA?

1.91. Ha BepxHi# NOBEpXHI TOPU3OHTATIBHOTO AUCKA, SIKHH MOXKE 00¢-
PTaTUCS HABKOIIO BEPTHKAIBHOI OCI, MPOKIAACHI Mo Koy paaiycom R =350
CM peliku irpamkoBoi 3am3numi. Maca aucka M=10 xr, a Horo paziyc
R=60 cm. Ha petiku Hepyxomoro aucka OyB MOCTABICHUH 3aBOJHUM Mapo-
BO3HK Macor m = 1 kr. BiH nouas pyxaTucs BiJTHOCHO PEHOK 3 IIBUAKICTIO
V =0,8 m/c. 3 KO0 KYyTOBOK HMIBHUAKICTIO OyA¢ 00CpTATHUCS AUCK?
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1.92. broxk, mo Mae popmy aucka macoro 0,4 kr, 00epTaEThCA M AIE0
CUJIM HATATY HUTKH, M0 KIHIIB sKOI miaBiiieHI BaHTaxki macamu 0,3 kr ta
0,7 xr. Buznauutu cuaun vatsary T 1 T, Hutku mo oOuaBi CTOPOHHU OJIOKY.

1.93. Kyna macoro m = 1 kr, mo KOTHThCS 03 KOB3aHHS, YAAPAETHCS
00 cTiHKY 1 Biakouyerbes Bia Hel. LlIBuakicTs kymi 1o yaapy o0 cTiHKy V =
10 em/c, micns yaapy - U = 8 cm/c. Halitu kinmbkicts Temnotu Q, 1o Bumi-
auacs IpH yaapi Kyl o6 cTiHy.

1.94. JTuck miamerpom D=60 cm i macoro m=1 kr oOepTaeThCst HABKO-
J0 0Ci, IO MPOXOJUTH YEPE3 HOro HeHTp 3 4actoTor n=20 o6/c. SAky po-
ooty A Tpeba 3ailicHUTH, 1100 3YMUHATH AUCK?

1.95. Jlo KiHIIB JETKOi 1 HEPOITSHKHOI HUTKH, MEPEKHHCHOI Yepes
ook, migBimieH1 BaHTaxki Macor m;= 0,2 kr 1 m,=0,3 kr. Y cKinbku pasis
BIAPI3HSIOTHCS CHITH, JIFO4l HA HUTKY 1O OOMIBI CTOPOHU BiJ OJOKY, SKIIO
Maca 0moky m=0,4 kr, a HOro BiChb PyXaeThCs BEPTHKAIBHO Bropy 3 NpH-
cxopeHHsM a = 2 M/c” ? CunaMu TepTs 3HEXTYBATH.

1.96. I[Inardopma y Burmsal gucka aiamerpom D=3 m i macoro m;=180
KT MOXKE 00epTaTHcs HABKOIO BEPTUKATBHOL Oci. 3 KO KYTOBOKO IIBHJ-
KICTIO ®1 Oyae obepraTucs 1 miatdopma, SIKIIO 1Mo ii Kparo miae TrauHa
Macor m, = 70 kr 3 meuakictio V=1,8 m/c BizHOCHO ninatdopmmu?

1.97.ITnardopma, mo Mae GopMy AUCKA, MOKE OOCPTATHCS HABKOIO
BeptukansHoi oci. Ha xpato mnardopmu croite mroguna. Ha gxuii kyt mo-
BCPHEThCA IIardopMa, SKINO JTIOAWHA MiAe B3AOBXK Kparo rardopmu i,
oOIHIIOBINY ii, MOBEPHEThCS B MOYATKOBY Touky? Maca miardopmu m; =
280 xr, maca moguHu m, = 80 Kr.

1.98. OnHopigHuil cTep:keHb A0BKUHOK L = 1 M MOke BUIBHO 00€p-
TaTHCS HABKOIO TOPU3OHTANBHOI OCi, MO MPOXOJUTh YEpe3 OOUH 3 HOro
KIHLIB. Y 1HIIMH KIHELb CTEPXKHS yAapse Kyas Maco m = 7 r, o JeTina
MEPICHAUKYISIPHO CTCPKHIO 1 Horo oci. Yaap xyii Oy aOCOMIOTHO He-
npykKHUM. BH3HauMTH Macy cTepHs, AKINO BHACTIAOK MOMAJAHHA KYIi
BiH BlLAXUIUThCA Ha KyT ¢p=60°. IlIBuakicTs kym 6yma V=360 m/c.

1.99. Ha xparo riatdopmu v BUTTISAL JUCKA, IO 0OCPTAETHCA 32 1HEp-
11if0 HABKOJIO BEPTHKAMBHOI OCi 3 4aCTOTOrO N;= § xB.”, CTOITH MOANHA Ma-
coro m = 70 kr. Komu aroauna nepeiinnia B ueHTp miardopmu, BoHa cTana
obeprarucs 3 uacToTor n,= 10 xB”. Bussauntu macy mmatdopmu. Mo-
MEHT 1HEepLii TIOUHA PO3PaXOBYBATH SIK A1 MATEPiadbHOI TOUKH.
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1.100. I'opuzonransHa minardopma Macoro m;=150 kr obepraerbcs
HABKOJIO BEPTHKAIBHOI OCI, IO MPOXOAUTh YePe3 LEHTP miardopMH, 3 ya-
crotoro n= 8§ xp"'. JlroauHa Maco m, = 70 Kr CTOITh MPH HOMY Ha KParo
mwiaThopMu. 3 KO KYTOBOIO LIBHAKICTIO TIOYHE oOepraTucs miardopma,
SIKIIO JIFDAWMHA IEPEHC Bl Kparo miardopmu a0 ii uenrpa? Beaxaru mia-
ThopMy OJHOPITHHM AUCKOM, a TIOAHHY - MATCPIATBHOKO TOUKOKO.

1.101. Ognopianawmii crepxeHp A0BkuHOK L= 1 M 1 Mmacoro M= 0,7 kr
MABIIICHUN HA TOPU3OHTANBHIN OCI, IO MPOXOAUTH YEPE3 BEPXHIHU KIHEIb
crepxns. Y TOUKy, BiaganeHy Big oci obepradHs Ha /3L abcomoTHo mpy-
JKHO yIapsie KyJIs Macor m=3 r, 1o JCTLIA MEPICHIUKY IIPHO CTCPIKHIO 1
iioro oci. Tlicas yaapy crepeHs Biaxuamses Ha KyT ¢=60". Busnauntu
LIBUAKICTH Kyl 0 YAapy.

1.102. quck Macoro m = 2 Kr KOTUTHCS 0€3 KOB3AHHS MO OPU3OHTA-
JBHIN TUIOIMHHI 3 WBUAKICTIO V=4 m/c. 3HalTH KIHETHYHY CHEprito W au-
cKa.

1.103. Kynsa miametpom D = 6 cm 1 macoro m = 0,25 Kr, 110 KOTUTBCH,
0c3 KOB3aHHS, N0 TOPU3OHTANBHIHN MIOMMHI 3 YacTOTOK o0epTaHHg n = 4
00/c. 3HalTH KiHeTHIHY eHeprito W kyii.

1.104. Ha seBaromMomy cTepkHI JOBKHHOK S=30 cM 3akpimicHi ABa
OJHAKOBHX BAaHTXKI: OAMH - B CCPCAWHI CTCPIKHS, 1HINIH - HA OTHOMY 3
Horo kiHuiB. CTEpKEHb 3 BaHTAXKAMH KOJIHMBAETHCHA 011 TOPU3OHTAIBHOI
OCl, IO MPOXOAHUTh YCPE3 BUTBHUH KiHCUb CTCP:kHS. BusHauntu 3BEACHY
noexkuny L 1 mepiox T rapMOHIYHMX KOMHBaHb LBOrO (i3UYHOrO MAasTHU-
Ka.

1.105. Touka 311iCHIOE IPOCTI TAPMOHIYHI KOTHUBAHHS, PIBHIHHS SKUX
X =A sin(ot), 16 A =5 cm, ® =2 ¢'. B MOMEHT 4acy, KOIH TOUKa BOTOi-
aa noreHiianeHo10 euepriero [1 = 0,1 M/, Ha wHei aisna cuna pisaa F =5
MH. 3HaiiTn e MmoMeHT vacy t.

1.106. BuzHauut 4acTtoTy NPOCTHX TAPMOHIYHUX KONHBAaHb JHCKA
pazivcom R=20 cM HaBKOJO TOPH30HTATBHOI OCi, IO MPOXOJUTH YCpe3
cepeavHy pailyca JUCKa NEPICHANKYIPHO HOTO TITOIIHHI.

1.107. BuzHauuTu nepioa rapMOHIYHUX KOJHBAHb AUCKA pagiycoMm R=
40 cM HaBKOJIO TOPH3OHTANBHOI OCI, O MPOXOIUTE YCPEe3 TBIPHY AUCKA.

1.108. BuzHauuTu 1epio KOJHBAHb MATEMATHYHOTO MASTHHKA, SKIIO
HWOro MOAYNTh MAaKCHMAIBHOTO mepemimeHHs Ar = 18 cMm 1 makcumanbHa
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1.109. MatepianpHa TOUYKa 3AIHCHIOE TPOCTI TAPMOHIYHI KOJHUBAHHS
TaK, MO B MOYATKOBUI MOMCHT Yacy 3MILICHHS X, = 4 cM, a MBHAKICTD V)
= 10 cm/c. Buznauntu ammaityay A 1 mouatkoBy a3y (p KONHBaHb, MPH
VyMOBI, o ixHid nepiog T =2 c.

1.110. Touka 3A1iICHIOE TAPMOHIYHI KOJIUBAHHS. Y MCSIKHA MOMCHT 4a-
Cy 3MIIICHHS TOYKU AOPiBHIOE X=5 cM, a mBuakicte V=20 cMm/c, mpucko-
pennst a = - 80 cm/c’. 3HAlTH LUKTiUAY YaCTOTY, MEPIOA TA AMILTITYAY KO-
JVBaHb B MOMCHT 4acy, O PO3TIIAETHCA.

1.111. Touka 3ailiCHIOE TaPMOHIYHI KOIWBAHHS, PIBHAHHS SIKHX Mae
Burig X = Asinot, 1¢ A =35 cm, © =2 ¢’ 3Haiitn MOMEHT uacy (Haibmu-
JKUHH 0 MOYATKY BIATIKY), V SKUH MOTCHLIATBHA CHEPTisS TOUKH AOPIBHIOE
IT= 10" Ik, a 3BopoTHa cuma F =+5 10° H.

1.112. /Isa rapMOHIYHMX KOJHMBAHHS, HAMPABICHI MO OJHIN MPsIMIH,
0 MAIOTh OJHAKOBI aMILTITYAH 1 MEPIOIH, CKIAIAIOTHCH B OJHE KOJIUBAH-
HS Ti€l 3K aMIUTITY 4. 3HANTH PiI3HULIIO (a3 KOJMBAHB, IO CKIATAITHCS.

1.113. Touka 3AIMCHIOE OAHOYACHO [BA FAPMOHIYHUX KOJHBAHHS, IO
BIAOYBAIOTBCS V B3a€EMHO TICPIICHIUKY/LIPHUX HANPAMAX 1 IO BHPAKAKOTh-
Cs PIBHAHHAME X =A;C0s(01t) Ta ¥ = Aycosm,(t+7), 16 Ai= 4 oM, 01 = 0, =
nc', A=8 cm, 1= 1 ¢. 3HaiiTH PiBHAHHS TPAEKTOPII.

1.114.TTonepeyna XBHIA POMOBCIOAIKYETHCA B3AOBXK MPY)KHOTO IITHY-
pa 3 meuakictio V=15 m/c. Ilepioa xomusanp Touok muypa T = 1,2 c. Bu-
3HAYHTH PI3HULIO (a3 KOJMMBAHB JBOX TOYOK, JICXKAYUX HA MPOMEHI 1 Bii-
JAJCHUX BIJ JKepena XBuiib Ha BiacTansx X; = 20 M1 X,=30 m.

1.115. CxnamaroreCs ABa KOJIHBAHHS OJHAKOBOTO HAMPSMY 1 OJHAKO-
Boro nepioay: X; = A; sinot ta X, = A, sinoy(t+1), 18 A1 = A, =3 cM, 0
=o,=nc', t=0,5 c. BusHaunru amMmmityay A i nouarkosy hazy ¢ pe-
3VIBTYIOYOTO KOJTHBAHHSL.

1.116. Ha rmaaxoMy ropu30HTaIBHOMY CTOII JICKHUTH MIap Macorw M =
200 r, mo NpUKPIIICHUH A0 TOPU3OHTAIBPHO PO3TAIIOBAHOI JIETKOI MIPYKHU-
Hu 3 xopcrkicTio k = 500 H/m. ¥V map nonmaxae kyias macoro m = 10 r, mo
nerina 3 meuakictio V = 300 m/c. HexTyroun nepeMimeHHsIM mapy mj gac
VAapy, BUBHAYUTH aMILTITYAY A 1 epiod HOro KONMHUBaHb.

1.117. Yepes gxuii yac Bi MOYATKY PYXY TOUKA, IO 3AIHCHIOE TapMo-
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"2 KOJINBAHHS, 3MICTUTBCS BiJ MOJIOKCHHS PIBHOBATH HA MOJIOBHHY aM-
wanr yau? Iepiog xomusans T = 24 ¢, mouarkosa (asza piBHA HYJTIO.

1.118. Ammnity 12 rapmMonigHoro konusanHa A = 5 cm, mepiog T =4 c.
3HAUTH MaKCUMAJIbHY MBUAKICTh 1 MPUCKOPCHHS TOYKH, IO 3AIHCHIOE IIC
KOJIUBAHHS.

1.119. PiBHSHHS KOJIMBAHHI TOYKH Ma€ BHrsax X = 2sin(m/2t+ m/4).
3HaiTH Tepioa KOauBaHb 1, MAKCHUMATIBHY MBUAKICTE V.x, MAKCUMATBHE
MPUCKOPSHHS Az TOUKH.

1.120. Iepion rapMoHIYHMX KOMHBaHE Touku 1T = 2 ¢, ammutityga A =
50 My, mouatkoBa (aza @,=0. 3HaliTH MBHAKICTE TOUKH B MOMECHT 4acy,
KOJIH ii 3MIIIEHHS BIA MOMOXKEHHS PIBHOBArd X = 25 MM.

1.121. Jlo mpy>xuHH migBimeHUA BaHTaK Macoro m=10 kr. 3Harouw, mo
npyskuHa mix srvBoM cum F=9.8 H posraryerscsa Ha AL=1,5 cm, 3HaiiTu
nepiog T BepTUKAIBHUX KOJIHBAHD BAHTAXKY.

1.122. Jlo mpy>XuHHM migBIIICHHH BaHTaX. MakcHMalbHa KiHETHYIHA
CHEPTisl KOJUBAHB BAHTAKY Wi = 1 [k, Ammutityna kommBane A =5 cm.
3HANUTH JKOPCTKICTh K Mpy>KUHM.

1.123. MigHa KyjibKka, migBiMIeHA 10 OPY:KUHH, 3A1HCHIOE BEPTUKAIbHI
KOJMBaHHs. SIK 3MIHUTBCS TIEP10A i KOJUBAHB, SIKINO A0 MPY>KUHH I ABICH-
TH 3aMICTh MiJHOI KYJIBKU QTIOMIHIEBY TAKOTO XK paaiyca?

1.124. SIx 3MiHHATBCS TEPIOJ BEPTHKAIBHHX KONHWBAHb BAHTAXKY, ILIO
BUCHUTh HA ABOX OJHAKOBUX MPYKUHAX, SIKIIO Bl MOCIIAOBHOTO 3'€THAHHS
MPY>KUH MEPEUTH 10 HAPAICIBHOrO iX 3'exHaHHS?

1.125. PiBHSHHS HE3racamuYux KONHMBAHb Mae BHrIax X=4sin(600xt),
cM. 3HaAUTH 3MIMEHHS X Bl MOJOXCHHS PIBHOBATH TOYKH, IO 3HAXO-
AUTHCS HA BiAcTaHl L=75 cM Bia qxkepena kouBaHp, y MomeHT vacy t=0,01
¢, micas modyatky konuBadb. llIBuakicTe momwpeHHs KonmeaHb V=300
M/c. 1.126. JTo npy>XuHM MABIIICHA Yaimka 3 TUPAMU. [Ipu 1iboMy Tepion
iXHIX BepTHKATPHUX Komusanb ckiaagas T = 0,5 c. [licas Toro sx Ha yamky
MOKJIaH AOJATKOBI THpi, nepiog konusanb ¢ctaB T = 0,6 ¢. Ha ckiapku mo-
JOBIKUIIACS MPY>KHUHA BiJ TOAABAHHS LILOTO JOAATKOBOTO BAHTAXKY?

1.127. JlorapudMivuHHI JEKPEMEHT 3aracaHHsi MATeMATHYHOTO MasT-
Huka 60 = 0,2. YV CKijbKK pa3iB MOMCHINAE AMILTITYAA KOJIHBAHb 334 OJHC
MOBHE KOJIMBAHHS MAsTHHKA !

1.128. 3HatiTi norapudMivHHIA JEKPEMEHT 3aracaHHs MaTeMATHYHOTO
MasTHHKA, KO 32 yac t = 1 XB. aMIITY 12 KOJMBAHb IOMEHIIANA B 2 pa-
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3u. JlopxkuHa mastHuKa L = 1 M.

1.129. 3natitu pizauiro Ga3 AP KOJIUBAHB IBOX TOYOK, BIAJAJICHHUX Bij
JKepena KonmuBaHb Ha BiAcTaHp x1=10 M 1 x,=16 m. Ilepioa konuBanp T =
0,04 ¢; mBuakicte nomupeHHs xpuai V =300 m/c.

1.130. 3uatitu 3mimeHHS X BiJ MOIOXKCHHS PIBHOBArk TOYKH, IO Bi/T-
JaJCHA BlA JKEpena KoauBaHb Ha Biactanb L = A/12, aas momeHTy vacy t
=T/6. Avmnityga xonusanpe A = 0,05 m.

1.131. Kynpka crumBae 3 mOCTIHHOKO MBUAKICTIO V B PiAUHI, T'YCTHHA
akoi B 4 pasu Oinplia T'yCTHHH MaTepiany KyabKH. Y CKUIBKH pasiB cHia
tept4 F,p, mo aie Ha cnmmBarouy KyibKy, Oiipma ii cunm Baru mg?

1.132. Axoi HaHOIIBIIOI IIBHAKOCTI MOKE AOCSTHYTH AOIIOBA KPAILIs
miametpom d =0,3 MM, SIKIIO AMHAMIYHA B'13KicTh mositps N=1,2 107 Ila ¢?

1.133. Cranpha kyabka aiamMetpoM d = | MM mazae 3 mocTiHHOK MBU-
akictio V = 0,185 cm/c v Benukii MOCYAMHI, IO HATIOBHCHA KACTOPOBOIO
omi€ero. 3HAWTH AMHAMIYHY BSI3KICTH 1) KACTOPOBOI Oii.

1.134. Cymim cBuHUEBHX Kymbok aiamerpamu d;=3 MM T1a d=1 Mm
omycTunu B 0ak 3 riainepuHoM BrcoToro h=1 m. Ha ckijabku misHine Boa-
OYTh Ha JHO KYJIBKH MCHIIOTO AlaMETpa V OPIBHIHHI 3 KYIBKAMH OlTbIIO-
ro miamerpa? Junamiuna B'sizkicts rmiuepuny n=1,47 Ilac.

1.135. KopkoBsa kyneka pagiycom R=5 MM cnimuBae y mocyauHi, Haro-
BHCHIM KAacTOPOBOKO OMi€l0. JHAWTH AMHAMIYHY 1 KIHEMAaTHYHY B'I3KOCTI
0Jii, SIKIO KYJIbKA CILTMBAE 3 TIOCTIMHOK MBUAKICTIO V=35 cMm/C.

1.136. Humiaapuunuii 0ak Bucotoro h = 1 M HanoBHCHUIA 10 KpaiB BO-
J010. 3a KU Yac ycs BOAA BHIUIETBCS YEPE3 OTBIP, PO3TALIOBAHUH Y JHI
Gaxa, SKIIO IO S, momepevHoro nepetuny oteopy B 400 pasiB MeHIIa
IOl S; MONCPEYHOTO NepeTrHyY Oaka”?

1.137.V nocyauHy IIE€ThCS BOAQ, TPUUIOMY 32 OJAWHHUIO Yacy HATH-
BaeTbes 00'eM Bogu V = 0,2 n/c. Slkum moBUHEH OyTH AlaMETpP OTBOPY B
JHI HOCYIUHHM, MO0 BOAA B HHOMY TPHMAIAcs Ha MOCTIHHOMY piBHI h = 8.3
cMm? 1.138. Skuii THCK CTBOPIOE KOMITPECOP, AKINO CTPYMIHB PiaKkoi thapou
BUTIKAE 3 HHOTO 3 mBHAKicTIO V=25 Mm/c? I'ycruna dap6u v = 0,8 10° kr/ar’.

1.139. Kpwxuna 3 MIoIIE0 monepeunoro nepetury S = 1 M i Buco-
toto h = 0,4 M mmasae y Bogi. Sky poGoty A tpeba 3aiiicHuTH, 1100 MOBHI-
CTIO 3aHYPUTH KPWKUHY Y BOAY?
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1.140.1Tig miero cumu 196 H manuii mopiieHs TiApaBIivdHOTO Mpeca,
omyckaeTbes Ha 25 oM. Sky cuny (v kH) 3abesneuye Benukuii moplucHs,
SKINO BIH I IHIMAETHCA HA 5 MM?

1.141. TlopoxHro MeTaneBy KV 3BKYIOTh y MOBITP1 ¥ v Boai. Ilo-
Ka3aHHS JuHamoMeTpa piBHI 8 1 6 H, Bianosiano. Buznauutn obcsar BHYT-
pimuboi moposxauEH y Kyi (y o). ['yeruna metany 8 10° kr/ar.

1.142. OgHOpiAHY KYJIIO TMABICHIM HA MPYKHUHI W ONYCTHIH VY BOXY,
BHACIIZOK YOT0 MOJOBXCHHS MPYKHHU 3MCHIINUNOCS V 3 pasu. BuzHauatu
TYCTHHY Matepiany Kyii.

1.143. Kpuxxuna nnasae y Boxai. 06’ em ii miaBogHoi vactuau 1800 M
Sxuit 06’ eM HaABOAHOI yacTHM Kprkuau? ['yctuHa 0y 900 Kr/v.

1.144. 3 otBOpY V AHI UMTIHAPUYHOI NOCYINHU 31 mBHAKICTIO 10 M/c
0'e ctpyminb Boau. BusHauuTu Macy BOIU B MOCYAMHI, SKIIO Paaiyc ii oc-
HoBH 2 M. CujIaM# TSPTS 1 TOBUIUHO CTIHOK TOCYIHUH 3HCBAKUTH

1.145.1lpu gxiif BIAHOCHIN IIBHUAKOCTI PYXY, PEITHBICTCBKE CKOPO-
YEHHA JOBXKUHH T1JIa CTAHOBUTH 25 % 7

1.146. Slxy mBHAKICTh MOBHHHO MATH PYXOME TiNo, mod HOro po3mi-
Py nOMEHIAIN y 2 pazu?

1.147. Me3oH, 110 BXOAUTH A0 CKJIaAy KOCMIYHUX MPOMCHIB, PYXA€Th-
¢ 3 MIBHIKICTIO, IO CTAHOBUTH 95 % mIBUAKOCTI CBITNA. KUl MPOMIKOK
4Yacy MO T'OAMHHUKY HEPYXOMOTO CIIOCTEpirada BIATOBIAAE OAHIN CEKyHII
“BaacHOTO Yacy" mMe30Ha?

1.148. Ha ckinpky 30iMbIINTBCS Maca Ol - YACTUHKHU MPH il MPHCKO-
PEHHI BiJ MOYaTKOBOI IIBHAKOCTI, PIBHOI HYJO, A0 IIBHAKOCTI piBHOI 0,9
LIBUIKOCTI cBITIA?

1.149. Ilpu sxiii IBUAKOCTI Maca CICKTPOHA BABIYI OlnbIna HOro Macu
CIIOKOI0?

1.150. [lo sixoi eHeprii MOKHA MPUCKOPUTH CICKTPOHH B LIUKIOTPOHI,
SIKIIO BIHOCHE 301IBINCHHS IX MACH HE MOBUHHO mepeBHUiysaru 5%"”?

1.151. Sxy piznumro noreHuianis U NOBHHEH NPOHTH €NCKTPOH, 00
HMOro MBHAKICTh cTaHOBUIA 95% mBUAKOCTI cBITIA?

1.152. Axy npuckoprorouy pisHUL0 noteHIams U MOBUHCH MPOUTH
MPOTOH, 0O HOro po3MipH cTany MEHIII B 2 pasu?

1.153. 3HaiiTi WBUAKICTh T-ME30HA, SKINO HOro moBHA cHepris B 10
pasiB OlmbIIE CHEPrii CIIOKOIO.
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1.154. Cuaxpoda3oTpoH fae Ny4OK MPOTOHIB 3 KIHETHYHOIO CHEPTIEI0
W=10 I'3B. fky yacTky IBHIKOCTI CBIT/Ia CKJIAAA€ MBUIAKICTh TPOTOHIB B
LUX TY90K?

1.155. Huka0TpOH A€ My4YOK CJACKTPOHIB 3 KIHCTHYHOK) CHEPTIE
W=0,67 MaB. flky uacTKy MBHIKOCTI CBIT/Ia CKJIAJA€E IIBHAKICTh CIICKT-
POHIB B IbOMY MY4KY?

1.156. Maca ejeKkTpoHa, 110 PYXAEThCs 3 OIS CBITJIOBOIO IMIBUIKICTIO,
B/BI4i OijpIe HOro Macu CIOKOK. 3HAUTH HOTO KIHCTHYIHY CHEPTIIO.

1.157. Conrie Bumpominioe notik eneprii ®=3,9 10°° Br. 3a sikuit uac
maca CoHisg momeHInae B 2 pasu?

1.158. Akii 3mini Macu Bianosiaae 3mina eHeprii Ha AW=4,19 Jx?

1.159. 3naiiTu 3MiHy €HEprii, O BIAMOBIAAE 3MiHI MacH HA Am = M.

1.160.IIpu moxiny simpa ypany 3BimpHAEThCH eHepris W=200 MeB.
3naiiTu 3MiHY Macu Am npu nofiny 1 Moms ypany.

4, HpukJjaaau po3B’I3yBAHHSA 34124 3 KOHTPOJIbLHOI poooTH No 1.

Hpukaax 1.1. PiBHaHHA pyxXy MaTeplanbHOI TOUKH B3AOBXK Oci X Mae
surmsin X=A +Bt +Ct’, e A=2 m; B=1 m/c; C=-0,5 m/c’. 3naiiti xoopau-
HATY, IIBHIKICTh 1 MPUCKOPCHHS MATEPianbHOI TOUKH B MOMCHT 4acy t=2 .

Poss’a3anna. Koopannaty X 3HalineMo miACTABHBIIN B PIBHSHHS PY-
XY TOUKH 4HCIOB1 3HaueHHA KoedinmienTie A, B, C 1 gacy t. 3Bigku Maemo:

X=2+12-052° =0,

MuTtTeBa MBUAKICTH JOPIBHIOE MEPINiN MOXIAHINA Bl KOOPAHHATH 3a

qacoM. Toml aast =2 ¢, MaeMo:

\/:d—X=B+3Ct2 =—5Mm/c :
dt

[TpuckopeHHs TOUKM 3HAWAECMO, B3SBIIH MCPINY MOXIAHY BiA IIBUAKO-
cri 3a wacom. Tomi gimat =2 ¢, Maemo:

azd—V=6Ct=—6 M/c?
dt
Hpurgan 1.2. Tino obepTaeTscst HABKOIO HEPYXOMOI OCI 3TigHO 3 3a-
xoHOM: @ = A+Bt +Ct’, 1e A=10 pax.; B =20 paa/c; C = -2 paa/c’. 3Haiitu
MOBHE MPUCKOPCHHS TOYKH, IO 3HAX0AuThes Ha BiacTtani R = 0,1 M Bix oci
obOepTaHHs, Y MOMEHT vacy t =4 ¢.
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Po3p’a3anns. [ToBHEe MpUCKOPEHHS MaTEPiaTbHOI TOUKH, INO PYXAEThb-
€4 IO KPHBiH niHii, MOXe OYTH 3HAWACHE SIK TCOMETPHYHA CyMa TAHT'CHLIIA-
JBHOTO MPUCKOPEHHS HAMPABICHOTO MO AOTHYHIH 10 TpaekTopii 1 HOpMa-
JBHOTO MPHUCKOPEHHS, HANPABICHOTO IO LCHTPA KPUBH3HH TPAEKTOPII.

OcCKIiNbKH BEKTOPH a; Ta ;) B3AEMHO MEPICHANKYJISPHI, TO MOAYJb MO-
BHOT'O IPUCKOPCHHS AOPIBHIOE:

a=a4la:+ar : (L.1)

Moayni TaHreHLIaTBEHOTO 1 HOPMATBHOTO MPUCKOPCHHS TOYKU Tila,
o 00epTAETHCS AOPIBHIOKOTE!
- 7 . P
dr — er > dn— @ r >
JC O - KYTOBA LIBHAKICTh T1NA; € - HOrO KYTOBE MPUCKOPCHHSL.
[TizcraBnsaroun Bupa3u 4 a; ¥ a, v opmyay (1.1), 3Haxoanmo:
2.2 4.2 2 4
a=ve'r+o'r’ =g to' ; (1.2)
KytoBy mBuakicTs 3Haiigemo B3f-
BIIM MEPIIY MOXIAHY BiJ KyTa HOBOPO-
Ty 3a yacom. Toxi opu t = 4 ¢ MoayIb
KYTOBOI IIBHIKOCTI JOPIBHIOE:

0=3?_pioct -
dt

=[20+2(-2)4] pan/c = 4 pan/c.
KyrtoBe mpuckopeHHs 3Haigemo,
B3SBINM IICPLIY MOXIAHY BIX KYTOBOI
Puc. 1.3. HIBUIKOCTI 33 YacOM:
e =dw/dt =2C =4 pan/¢’
IlincTaBmsroun 3HAYCHHS O, T, € ¥ GopMyny (2), OTpEMYyeMO:

a=01y(-4)*+4" = 1,65 M/

IMpukman 1.3. Amwmk macoro m;=20 Kr 3iCKOB3HYB 0 11CaTbHO a1~
KOMY JIOTKY JOBKHHOK =2 M Ha HEPYXOMUI BO3MK 3 MICKOM 1 3aCTPsB B
HeOMY. Bo3zuk 3 mickom Macoro m, =80 kr Moxe 6€3 TepTS MEPEeMITIATHCS
Mo peHKax B FOPU30HTAIbHOMY Hampsimi. BusHauntu mBuakicte U Bo3uKa
3 SIIIUKOM, SIKIIO JIOTOK HaxXujieHui mig Kytom P=30° mo peiiok (auB. puc.
1.3).



Koumponwni sasdanns 177

Posr’s3annsa. Bo3uk 1 Ak MOYKHA POSTIISAATH SIK CHCTCMY JBOX HE
MPY?KHO B3aEMOAIKUHX Tij1. TOMY 3aCTOCOBYIOUH 3aKOH 30CPEIKCHHS IMITY-
JBCY 0 CUCTEMHU SIIIUK-BO3UK MAEMO!

Px;, + Px, =P'x; + P'x;; (1.3)
me  Pxy, Px; - mpoekii Ha Bick X IMITyTBCIB SIIHKA 1 BO3WKA B MOMCHT JI0

MaIIHHS SIIUKA HA BO3UK, Plxl, PIXZ - TI K IAPAMETPH MICIIs MATIHHS

AITAUKA HA BO3HK.

Posragparoum Tina cHCTEMH K MaTepianbHI TOUKH, BHPA3UMO B PiB-
wsiaHl (1.3) iMITyIbCH TLT Yepe3 X MacH 1 MBHIKOCTI, BPaXOBYIOUH, IIO:
Px; = 0 (Bo3uK 10 B3aeMOIIi 3 SIMMKOM IOKOIBCH); P'x; =0 (SIIMK TIiCoIs
3ITKHCHHS Te:K mokoithest). [licms B3aemozii oOuaBa Tijga CUCTEMH pyxa-
FOThCS 3 OfHIEH0 1 Tiero K mBHAKICTIO U. Toal maemo:

m; Vy=(m; +my) U;

Abo:
m; Vcosp=(m; +my) U;
3B1OKH:
U=m; V cosp / (m; + my) ; (14)
Moy b mBHAKOCTI V BU3HAUMMO 13 3aKOHY 30CPCIKCHHS CHEPTII:
m,V?
m,gh = 5’

ae h =L sinp. 3Bigku:
V=,/2gLsinf ;
ITixcTaBuBIIH 1€ 3HAYCHHS BUAKOCTI v dopmyay (1.4), orpumaemo;
v 2gLsi
y=mv2eLsinBeosp _ ) 7o 867 20.767 wic
m;+mo

Ipukaan 1.4. Ha cookiiiHii Boai cTaBKka HOCOM A0 Oepera CToiTh 4o-
BeH Macor M i gosxkuHow L. Ha xopmi ctoite mroguHa macoro m. Ha siky
BIACTaHb S BIAJAIUTHCS YOBCH BiJ Oepera, SIKINO TIOAUHA MEPEHIC 3 KOPMU
Ha Hic yoBHa? CHIaMH TEPTS 3HCXTYBATH.

Po3p’a3anna. CucteMy JIOJUHA-YOBEH MOYKHA PO3TIISAAATH SIK 3AMKHE-
HY. A BUXOJSYHM 3 3aKOHY 30CPEIKEHHS IMITYIIBCY, BHYTPILIHI CHIIN 3aMKHE-
HOi CHCTEMH TLJI HC MOXKYTh 3MIHHTH IMOJIOXKCHH! iX LEHTpa Mac. 3acToco-
BYIOUH LI TPABHIIO A0 CHCTEMH JTIOIUHA-YOBCH, MOXKHA BBKATH, IO MPH
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MCPEMIIICHHI JIOAHHA MO YOBHY LICHTP MAacH CHUCTEMH HE 3MIHHUTH CBOTO
MOJIOKEHHS, TOOTO 3aJIMIIUTHCS HA KOJUIIIHIN BIACTaHI Bl Oepera.

Hexait neHTp Macu CUCTEMH JTFOJUHA-YOBSH 3HAXOIUTHCS HA BEPTHKA-
Ji, IO NPOXOJUTh y MOYATKOBHH MOMEHT uepe3 Touky C; (auB. puc. 1.4), a
MICIIS IEPEMILIECHHS YoBHA - uepe3 1Hmy ii Touky C, OckilbkH 18 BEPTU-
KaJlb HEPyXOMa BIIHOCHO O¢pera, TO IIyKaHE MCPEMILICHHS S YOBHA BiTHO-
CHO Oepera JISTKO BU3HAMHUTH IO MIEPEMIIIEHHIO IIEHTPa Mac 40BHA O,

Sk BunHO 3 puc. 1.4, B noyarkoBuii MOMEHT To4YKa O 3HAXOAUTHCS HA
BIACTAHI a; JTIBOPYY BiJ BEPTHKAJIL, & HICJIs ICPSXOAY JIFOAUHH - HA BIACTAHI
a, mpaBopy4 Bix BepTHkadi. Omke, ITyKaHe NEPEMILICHHS YOBHA JOPIBHIOE:
S=a;+ay; (1.5)

Jis BU3HAYCHHSI MapaMeTpiB a; 1 a,

Const | L-Ly L, e CKOPHCTAEMOCSI THUM, OO CyMapHHI
E J Ci MOMEHT CHJI, JIFOUUX HA CUCTEMY Bi[-
o v HOCHO TOPH30HTAIBbHOL OC1, JOPIBHIOE
Mg mg Hy 0. ToMy A MOYaTKOBOTO MOJIO-
= JKCHHS CHCTCMH MAEMO:
S o B Mga; =mg(L; —a;);
D ai=mL; M +m);
mg ¥ I Wug A micist nepeMilCHHS YOBHA!
Puc. 1.4. Mga, =mg(L - L -ay),

a=m(L-L;)/(M+m);
[TigcTaBuBIIM OTpHMaHI BUpa3u a; 1a; v Gopmyny (1.5), 3Haiinemo:

s= M g Mg py=""71;
M+m 1 M+m 1

M+m

Npuknax 1.5. Tpu nocTpini 3 NPY>KHHHOTO MICTONIETA BEPTHUKATBHO
Bropy, kymsg mMacoro m=20 r maaanacs Ha sucoty h=5 M. BuzHauuru >xopc-
TKicTek k py>KuHM micTONETA, KO BOHA Oyna ctucHyTa Ha X = 10 cm. Ma-
COIO MPYKUHH 1 CHIAMH TEPTS 3HCXTYBATH.

Posp’sasanna. Posrngaemo cuctemy npyxkuna-kyma. Ha Tima cucremu
JIIOTh TIMTBKU KOHCEPBATUBHI CHJIH, TO 5K A7 PO3B sI3aHHA 33a4a491 MOKIHBO
3aCTOCYBATH 3aKOH 30CPEKCHHS CHeprii. 3HaYUTh NMOBHA MCXAHIYHA CHEp-
rist E; cuctemu y mouaTkoBOMY CTaHI (MIEPE MOCTPIIOM) TOPIBHIOE HO‘I“7"‘9“‘
eHeprii E, v kiHnesomy cTaHi (kyns miaHsIacs Ha BUCOTY h).

T + 1L =T +113; (1.6)
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ae T II Ty, I, - kiHeTHYHI 1 MOTCHIIAABHI CHEPril CHCTEMH B MOYATKO-

BOMY 1 KIHLIEBOMY CTAaHaX.

OcCKinbKH KIHETHYHI CHEPrii Kyl B MOYATKOBOMY 1 KIHIIEBOMY CTaHAX
piBHI HyIIO, TO piBHSHHA (1.6) mpHiiMe BUTIIAAL

IL =1L ; (1.7)

[MoreHuianeHa eHEpris Kyl V IO CHA TSHKIHHA 3¢MII1, KOJTH BOHA TO-
KOIThCA HA CTHCTIH MPYKUHI, piBHA HYII0. Bucoty migifiomy kymi 6yzemo
BIJJTIYYBATH BiJ TOPLA CTHCIOI NpyXKuHU. ToIl €HEpris CACTEMH B MOYAT-
KOBOMY CTaHl OyJe piBHA MOTCHIIAMBHIH €Heprii CTHCIOI MPYKUHH, TOOTO
I, ='/kx*as KIHIICBOMY CTaHI - IOTCHIAIbHIN SHEPTii Kyl Ha BUCOTI h,
0010 [I,=mgh.

[ligcraBusmm i Bupaszu y dopmyay (1.7), sHaiinemo:

k =2mgh/x*=196 H/m ;

Ipuknan 1.6. [lap macoro m;, mo pyxaBcs TOPUIOHTATIBHO 3 ACIKOIO
MIBUAKICTIO V), 3ITKHYBCS 3 HEPYXOMHM HIapoM Macoro m,. Lllapu aGeo-
JEOTHO NPY’KHI, YAap NpSIMUH, HCHTpaTbHUH. Ky 4acTKy € CBOEI KIHCTHY-
HOI CHEprii mepui map nepeaas Apyromy?

Po3s’a3anna. YacTka eHeprii, o nepeaana nepiiuM mapoM JpyroMy,
JIOPIBHIOE;

2

_E: m2 U3

T m V12
ae Vi, Ty - mBUAKICTE 1 KIHSTUYHA CHEPris MEPIIoro mapy A0 yaapy; U,
T, - IBHAKICTD 1 KIHETUYHA CHEPTIS APYrOro MIapy mcas yaapy.
Ak BugHO 3 popmynn (1.8), ana euznaueHHA € Tpeba 3Haiith Us.
3riIHO 3 YMOBOIO 331a4i, IMITyIbC CHCTEMH ABOX KYJb BITHOCHO TOPH-
30HTAJBHOTO HAMNPSAMY HE 3MIHIOETBCSA 1 MCXaHIYHA CHEPris KylIb B 1HIII
BUAH HE TiepexoauTh. KopucTyrounces mpm, MaeMo:

: (1.8)

m; Vi=mUi+m;U; ; (1.9)
sz%:sz%_i_sz% . (1.10)
2 2 2
CyMicHe pilICHHS LUX PIBHSIHb JA€E:
_2mV,
180 Y= m,; +m, |

[TigcraBusmm ne 3HaueHHs U, B dpopmyny (1.8) 1 ckopoTuBmm Ha Vi 1
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m;, OTPUMAEMO!
2
m, 2m;Vy 4mm,
g = — = 5
2
m,; | Vi(mj+my) (mp+my)
puknazx 1.7. Yepes 6510k y BUMTIA1 CYHITBHOTO AKMCKA, IO MAE Macy
m=380 r mepeKUHyTa TOHKA THYyYKa HUTKA, A0 KIHIIB SKOi MABIMIECHI BaH-
taxi 3 macamMu m;=100 r 1 m,=200 r. BU3HAYUTH TOPUCKOPCHHS, 3 SKHUM
OVIyTh PYXaTUCS BAHTAXKI, SKIIO IX HAAATH CAaMUM COOI1.
Posp’gzanng. PosrmgHeMo CHaH, IO AiFOTh HA KOXKHMH BAHTAX 1 HA
ook y uigomy (aus. puc. 1.5). Ha xoxHuit BAaHTAK AIFOTh ABI CHIIK. CHIA
Baru i cuna Harary Hutku. Hampasumo ock X BEpTHKaIBPHO BHU3 1 Hamu-

HIEMO JJTSl KO’KHOT'O BAHTAXKY PIBHSAHHSA PYXY B POCKIISX HA L0 BiCh.
J1s mepImoro BaHTKY MAEMO:

mig-T; =ma; (L.11)
Jns ipyroro BaHTaXY MaeMO:
mpg - To=maa; (1.12)

Mix giero momentis cun T'; i T', 6ok pu-
a0ae KyTOBE MPUCKOPSHHS €. 3 OCHOBHOTO Pi-
BHSIHHSL THHAMIKH 00CPTAIBHOTO PYXY MAEMO!

(TH-T')R=J,¢e ;. (113)
ne e=a/R;J,=1/2 mR*.

Briguo 3 III sakosom Heroroma: TH,=T, i
T', =T,. Migcrasusum y pieastaas (1.13) 3Ha-
ueHHs cunt 1) 1 Ty, 3 pisasas (1.11-1.12), mae-

MO:
(m,g - mya) R - (m;g + ma) R = mR%a / (2R) ;
[Ticna ckopoueHns Ha R 1 neperpynyBaHHs 4icHIB 3HAHAEMO!

mz—mi 5
a=——— g =288 m/c’;
me+mi+m/2

Ipuknazx 1.8. MaxoBuk y BUrIAAl CYLiIbHOrO Aucka paxiycom R=0,2
M i Macoro m = 50 Kr po3kpyucHHil 10 yacToTH obepTanHs n; — 480 x5’
HaJasl HagaHuii cam coli. [Tix miero cum TepTss MaXOBUK 3YITUHUBCS Yepes t
=50 ¢. 3Haiitu MOMEHT M cut TepTS.
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Poss’a3anna. [{nsa po3s’sa3aHHA 3a1a4i CKOPUCTAEMOCS OCHOBHHUM PiB-

HSHHSIM TUHAMIKHA OOCPTATBHOTO PYXY Y TAKOMY BHLJISIL
AL, =M, At ; (1.14)
ge AL, - 3sMiHa mpoekuii MOMEHTY IMITYJIbCY MaxOBHKa Ha BiCh Z 3a 1H-

TepBai yacy At; M, - MOMEHT CHJT TEPTSl, 1O JiIOTh HA MaXOBHK.

[Tpu obepranHi TBEPAOTO Tija BIAHOCHO HEPYXOMOI OCI 3MiHA MPOCK-
1ii MOMEHTY IMITYJIbCY JOPI1BHIOE:

AL,=J, Ao ;
ae  Jz - MomeHT iHEpIil MaxoBUKA BIAHOCHO ocCl Z; A® - 3MiHA KyTOBOI
MIBUAKOCTI MAXOBHKA.
MowmeHT iHep1ii MaXOBHKa Y BUTIAA1 CYLJIBHOTO AUCKA JOPIBHIOE:
J z = 1/ i) 1’111{2
3MiHa KYTOBOI HIBUAKOCTI AOPIBHIOE:
Ao =03-01 =27 (n2-n;) ;
[TigcraBusim B popmyny (1.14) sHauenHs mapamerpis J, 1 Ao Maemo:
M, =nmR*(n;-n;)/ At =-1Hwm;

Hpurgax 1.9. ITnardopma y BUrmsgl CYLIIBHOTO AMCKA PaIlycoM
R=1,5 m 1 macoro m; = 180 kxr oGepraerhcs 01 BEPTUKATIBHOL OC1 3 4acTO-
toro n = 10 x8”. V neHTpi miathopMu CTOiTh TIOIMHA MACO0 M, = 60 Kr.
Sxy miHifiHY WBHAKICTE V BIAHOCHO MIJJIOTH OyJAC MAaTH JIOJUHA, SKINO
BOHA MEpeiae Ha Kpaii miatdhopmu?

Po3B’si3anHs. 3rigHO 3 YMOBOKO 334a4i, MOMCHT 30BHIIIHIX CHJI BIJHO-
CHO oci obepTaHHs Z MOKHA BBAXKaTH piBHUM HyIr0. Toai mpoekuis Mome-
HTY iMITyneey L, cuctemu miardopMa-nmo uHa TEX € OCTIHHOO:

L,=J,® =const; (1.15)
ae J, - moMmeHT 1HepIii mIaThOPMU 3 TFOIHHOK BIAHOCHO OCl Z; ® - KyTO-

Ba MIBHUAKICTH riar(opmu.

MomeHT 1HepLii CHCTEMH JOPIBHIOE CyMi MOMEHTIB iHepLii Tim, 1o
BXOJASTh A0 CKJIAAY Li€i CHCTEMH, TOMY B IIOYATKOBHIH MOMEHT YaCy MAaeMO:
J,=1+ 1], ay kiauesuii - J,' = J;' + J,'. 3 ypaxyBaHHSIM LBOTO PiBHSHHS
(1.15) mpuiime BUrISA;

h+tl)e=0'+1")o'; (1.16)
ae  Ji, 1o, 1t 1, - sHaueHHS MOMEHTIB iHepii maaTOpPMH 1 TFOJUHH BiAIO-

BIJTHO y MOYATKOBUI Ta KIHICBHUH MOMCHTH 4acy.
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MowmeHnr iHepuii mnardopMu BITHOCHO OCi Z 32 YMOBH NEPEXOIY JIFO-
JUHHU HE 3MIHIOETRCS 1 qopiBHIOE: J1 = ;' = ', m;R?. MomenT THEPLIT JTF0-
JIUHHU BITHOCHO TI€l 3K 0C1 o0epTaHHs Oyae 3MIHIOBATHCS. SIKINO po3risaa-
TH JTIOAUHY AK MaTepianbHy TOUKY, TO il MOMEHT iHepuii J, y ueHTpi miar-
(dhopMu MOKHA BBaKATH piBHUM Hym0. Ha kparo mnardopmu MOMEHT 1Hep-
uii jroauau Oyae gopisHioBaru J,' = m,R*.

[TizcraBumo B popmyny (1.16) 3HaueHHS IUX MOMEHTIB 1HepLii Ta Mo-
YATKOBOI KYTOBOI IIBUAKOCTI IATHOPMH 3 TOIUHOK (O = 27 n) 1 KIHIEBOI
KyToBOI mBHAKOCTI (0' = V/R) Ta oTpumMaemo:

(‘/amR*+0) 2n=("/,m; R+ myR*) V/R ;

Ticas ckopoueHHst Ha R® Ta OUEBHIHMX MEPETBOPEHD, 3 BHINE MPUBC-
JICHOTO PIBHSHHSI, 3HAXOUMO!

V =2nn Rm;/(m; +2m,) =1 m/c.

Ipuknax 1.10. PakeTa BcTaHOBIICHA HA MOBEPXHI 36MITI TSI 3aIIYCKY V
BEPTUKATBHOMY HampsaMmky. [Ipu gxiii MiHiManeHI# mBuaKocTi V, HagaHid
pakeTi mpH 3amyCcKy, BOHA BIJAAJUTHCH BiJ MOBCPXHI HA BIACTAHb, PiBHY
paxiyey 3emmi (R =6,37 10° m)?

PimieHn4. 3 3akoHy 30epesKEHHS €HEeprii Maemo:

T1+H1:T2+H2; (117)
ae Ty, I, Ty, I, - kiHeTHYHI 1 MOTCHINANBHI CHEPTIi PAKSTH HA TIOBESPXHI
3emul Ta Ha BIACTaHI, O AOPIBHIOE paaiycy 3eMii.

3riHO 3 BUBHAUCHHS KIHCTHYHOI CHEprii, Maemo: T1= L > m V2

[ToreHuianeHa eHepris pakeTH Ha MOBEPXHI 3eMITi AOPIBHIOE:

IL=-GmM /R
3pOCTaE, a KIHETUYHA - 3MCHINYETBCA. Y KIHIECBOMY CTaHI KIHCTUYHA CHEp-
rig paketn T, cTaHe PiIBHOIO HYIIO, a MOTCHLIATbHA JOCITHE 3HAYCHHS:
IL=-GmM/2R;
Il rcrasnstroun Bupazu ams Ty, 11, Ty, I y pisastass (1.17), maemo:
Y,mV-GmM/R=-GmM/2R;

3BIAKH HCBAKKO OTPUMATH:

V=+GM/R : (1.18)

Bpaxysasum, mo GM/R” = g (g - IPUCKOPEHHS BiTbHOTO MAJiHHS HA
nosepxHi 3emmi), popmy.ay (1.18) mepeTBOPUMO A0 TAKOrO BUTIISAY:

V = JgR =7910" wmlc.
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5. Tadauug BAPIAHTIB KOHTPOJIbLHOI poooTh Ne 2.
Bapiantu Howmepu 3aBgans
pobotu 1 2 3 4 5 6
1 2.1 2.31 2.49 2.64 2.89 2.116
2 2.2 2.32 2.50 2.65 2.90 2.117
3 2.3 2.33 2.51 2.66 291 2.118
4 2.4 2.34 2.52 2.67 292 2.119
5 2.5 2.35 2.53 2.68 2.93 2.120
6 2.6 2.36 2.54 2.69 2.94 2.121
7 27 2.37 2.55 2.70 2.95 2.122
8 2.8 2.38 2.56 271 2.96 2.123
9 29 2.39 2.57 2.72 2.97 2.124
10 2.10 2.40 2.58 2.73 2.98 2.116
11 2.11 241 2.59 2.74 2.99 2.117
12 2.12 2.42 2.60 2.75 2.100 2.118
13 2.13 2.43 2.61 2.76 2.101 2.119
14 2.14 2.44 2.62 277 2.102 2.120
15 2.15 2.45 2.63 2.78 2.103 2.121
16 2.16 2.46 2.49 2.79 2.104 2.122
17 2.17 2.47 2.50 2.80 2.105 2.123
18 2.18 2.48 2.51 2.81 2.106 2.124
19 2.19 2.31 2.52 2.82 2.107 2.125
20 2.20 232 2.53 2.83 2.108 2.126
21 221 2.33 2.54 2.84 2.109 2,127
22 2.22 2.34 2.55 2.85 2.110 2.128
23 2.23 2.35 2.56 2.86 2.111 2.129
24 2.24 2.36 2.57 2.87 2.112 2.130
25 2.25 2.37 2.58 2.64 2.113 2.131
26 2.26 2.38 2.59 2.65 2.114 2.132
27 2.27 2.39 2.60 2.66 2.115 2.133
28 2.28 2.40 2.61 2.67 2.114 2.134
29 2.29 2.41 2.62 2.68 2.113 2.135
30 2.30 2.42 2.63 2.69 2.112 2.136
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6. 3aBIaHHsA KOHTPOJLHOI podoTH Ne 2.

2.1. BuzHauuTH KiMbKIiCTh PEYOBHHHM V 1 YUCIO N MOJICKYI KHCHIO Ma-
coro m = 0,5 xr.

2.2. Boaa npu temneparypi t = 4° C 3aiimae 06'em V=1 cm’. Busnaun-
TH KIJIBKICTh PSUOBHHH V 1 9UCIO N MOJICKYJT BOJH.

2.3. BusHaYUTH KOHICHTPAIIID MOJCKYJI KHUCHIO, IO 3HAXOJUTHCS B
nocyauHi MicTkicTio V=2 1. KinbkicTb kuicHIO A0piBHIOE v=0,2 MO,

2.4. BU3HAaYUTH KIJTBKICTh PSUYOBHHH BOJHIO, IO 3AMMOBHIOE MOCYIUHY
00'emMom V=3 7, K10 KOHICHTPAL[ISI MOJCKYJI Ta3y B HIi N=2 10" v,

2.5. Y Ganoni 06’ emom V=3 1 MicTuThCs KuceHp macor m=10 r. Bu-
3HAYHTH KOHLCHTPALIIO N MOIEKYII Tasy.

2.6. Y mmmiHap gosxkuboro L=1,6 M, 110 3an0BHCHUH MOBITPSIM OpH
HOpPManbHOMY atMoc(hepHOMY THCKY Py, mouany moBiABHO BCYBaTH IO-
pimesp 3 miomero ocHoBr S=200 cm’. Bussaunru cuny F, girouy Ha mmo-
PILICHB, AKINO HOoro 3ynuHuTH Ha BiacTani L,=10 cm Bix aHa mumegpa.

2.7. Y 6anoni 3Haxoautkes raz npu temneparypi T1=400 K. o saxoi
TeMreparypu tpeda HarpiTd ra3, mod Horo THCK 30imemuBcs v 1,5 pasu?

2.8. banon mictkicTio 20 11 3amOBHEHUH a30TOM MpH Temmepatypi T =
400 K. Konu yacTuHY rasy BHTPATHIH, TUCK B OanmoHl 3HH3UBCA Ha AP
=200 kIla. Buznauntu Macy m BuTpaucHoro rasy. [lpouec i3oTepMivHmid.

2.9. V danoni MicTkicTio V=15 11 3HAXOAUTHCS aproH mig TUCKOM P =
600 xIla 1 mpu Temneparypi T; = 300 K. Konu 3 Ganona Oyna B3dra aesaka
KUTBKICTh ra3y, TUCK B OajioHi 3um3uBcs 10 P, = 400 xlla, a remneparypa
BeranoBwiacs T ,= 260 K. BusHauutu Macy m aproHy, B3sTOro 3 GaIOHY.

2.10. /IBi moCyaHHH OTHAKOBOTO 00'€EMY MICTATh KHCCHb. Y OTHIN MO-
cyauni tuck P;=2 MIla i temneparypa T:=800 K, B iumii P,=2,5 Mlla,
T,=200 K. INocyannu 3'eqHamu TpyOKOIO 1 OXOIOIUIN KUCCHDb A0 TEMIICpa-
typu T = 200 K. Buznaunti BcTaHOBIEHNH Y TTOCYANHAX THCK P.

2.11. OGuucauTH TyCTHHY a30Ty, IO 3HAXOAUTHCS B OAJOHI IMiJ THC-
koM P =2 MIla i mo mae temoeparypy T =400 K.

2.12. BuzHauuTH MOILIPHY Macy rasy, Skmo mpu tremmeparypi T = 154
K i ucky P = 2,8 MITa Bin Mace ryctuny p = 6,1 xr/ar.

2.13. 3uaiitu ryctuny p asoty npu temmeparypl T = 400 K 1 Tucky
P=2 MIla.
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2.14.Y nocyausni MicTKiCTIO V=40 1 3HAXOAUTHCS KHUCCHBb MPU TCM-
nepatypi T = 300 K. Konu wacTuny rasy i30TepMiuHO BUTPATHIM, THCK B
6anoHi 3Hu3uBCca Ha AP =100 kI la. BusnaunTi Macy BUTpaueHOTro KHUCHIO.

2.15. BuzHauuTH TYCTHHY BOJSHOI MApH, MO 3HAXOAUTHCS i THCKOM
P =25 xlla i mae Temnepatypy T =250 K.

2.16. Buznauntu BHyTpimHIO cHeprito U BOXHIO, a TAKOXK CEPEIHIO
KIHCTHYHY CHEPTil0 MONEKymu mporo rasy mpu temmeparypi T = 300 K,
SIKIIO KUTbKICTh PEUOBHHH LIOTO razy AopiBHIOE 0,5 MOJIb.

2.17. BuzHauutu cymapHy KiHeTHUHY eHeprito E, moctynameHOrO py-
XY BCIX MOIIEKYI ra3y, IO 3HAXOJATHCSA B MOCYAMHI MIiCTKiCTIO V=3 1 mix
trckoM P = 540 xI]a.

2.18. Kinbkicte pevuoBunu remiro v =1,5 mons, Temmeparypa T = 120
K. BusHaunTtu cymapHy KiHeTHUHY eHeprito E, mocTymanbHOro pyxy BCiX
MOJIEKYJ IbOTO rasy.

2.19. Monspua BHyTpituHsa cHeprigs U, AESKOro ABOATOMHOTO Trasy
nopisHioe 6,02 xJlx/vonb. Bu3Hauuti cepeaHI0 KIHETHYHY SHEPrio o0ep-
TaNBHOTrO PYXY OXHI€I MOJICKYIH BOTO rasy. I'a3 BBaxkaTH 14eaTbHUM.

2.20. BuzHauuTH CEpeIHIO KBAAPATHYHY MIBHAKICTb Vy, MOJICKYIH Ta-
3y, B3STOTO B MOCYAHHY MicTKicTiO V =2 1 mig trckoM P = 200 xIla. Maca
razym=0,3r.

2.21.11iB Moas BoaHrO 3HaxoAWThCH mpu Temmeparypi T = 300 K.
3HAWTU CEPCAHIO KIHCTHYHY CHEPTiI0 00CPTaIbHOTO PYXY OJHIE] MONEKY-
74, a TAKOK CYMapHY KiHeTH4Hy eHepriro E, ycix Monmexkyn mporo rasy.

2.22.Tlpu sxi#t TemnepaTypl cepeIHs KIHCTHYHA CHEPrisl MOCTYIANb-
HOTO PYXy MOJIEKyH a3y aopisrioe 4,14 107" Ix?

2.23. BuzHauuTy MOISPHY Macy JBOATOMHOTO rasy i HOro muromy Te-
IUVIOEMHICTb, SKINO BIAOMO, INO PI3HHULS C, - C, MUTOMHUX TEIIOEMHOCTEH
1poro rasy aopisaroe 260 [Lx/xr K.

2.24. BuzHaunTH MOKa3HUK aiabaTh 11ealbHOTO ra3y, SIKHH MPH TeM-
nepatypi T = 350 K i tucky P = 0.4 MIla zaiimae 06'em V=300 11 1 mae Te-
mroemuicte Cv = 857 /K.

2.25.Y mocyauHi MICTKICTIO V = 6 1T 3HAXOAHUTHCS MPH HOPMATBHHX
VYMOBaxX ABOATOMHHMH ra3. Busnaumtu temmoemHicts Cv 1poro razy mpu
MOCTIHHOMY 00'eMi.

2.26. BuzHauuTy MOIIPHY Macy |l rasy, SKIIo pi3HHLS HOTO MHUTOMUX
TEILIOEMHOCTEH Cp - Cy = 2,08 xJx/kr K.
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2.27. BuzHaYUTH MOJSPHY TEIUIOEMHICTh rasy, SKIIo HOro miToma Te-
mwioemHicTh Cy = 10,4 kJIx/kr K i ¢p = 14,6 xk/Ix/kr K.

2.28. O0uncIUTH TMUTOMY TEILIOEMHICTh a3y, 3HAKOYH, IO HOro MO-
mspHa Maca p=4 107 kr/monb i Bi gHOmeHHs Temmoemkocteit Cp/Cy = 1,67.

2.29. Tproxaromuuii rasz mg tuckom P = 240 klla i temneparypi t =
20° C zaiimae 06'em V=10 1. Buznauntu temnoemuicts Cp 1pOro ra3y mnpu
MOCTIHHOMY THCKY.

2.30. OaHoaroMHHMH ra3 Npyu HOPMAIBHUX YMOBax 3aiMae o0'em V =
5 1. O6uucautu TemwioemuicTs Cv 1[bOT0 ra3y mpu NOCTIHHOMY 00'eMi.

2.31.3HaiiTi CEpeaHE YUCIO 3ITKHCHb 3a Yac t = 1 ¢ 1 AOBXKHUHY BiJIb-
HOTO MPOOITY MOJICKYJIH IO, SKIIQ Ta3 3HAXOAUTHCS i THCKOM P = 2
klla npu remneparypi T = 200 K.

2.32. BUzHaYuTH CEPEAHIO JOBKUHY BIIBHOIO MPOOITY MOJICKYIH a30-
Ty B mocyauHi Mictkictio V=5 1. Maca razy m=0,5 r.

2.33.Ilpn HOpMaTBHHUX YMOBAX TOBKHHA BiITBHOTO MPOOITY MOJICKYITH
BoaHKO aopiBHIOE 0,160 Mmxm. BuzHauutu aiaMeTp MOJICKY/IH BOJHIO.

2.34. Kucenr 3Haxoautbes mia tuckoM P = 133 ulla npu Temneparypi
T =200 K. OGuncautu cepeaHe YUCIO 3ITKHCHb MOJICKYJ KHCHIO TPU LIAX
VMOBAaX 32 OJHY CEKYHIY.

2.35.1lpu s1KOMY THUCKY CEpEAHS JOBKHHA BIIBHOTO MPOOITY MONCKYI
azoty gopisHioe | M, skimo Temneparypa razy t=10° C?

2.36.Y nocyauHi MICTKICTIO V = 5 JT 3HAXOAUTHCS BOJCHB MAcOK M =
0,5 r. BuzHauuTy CEPEAHIO JOBKUHY BLIBHOTO MPOOITY MOJICKYJI BOTHIO.

2.37. O6uncauTu Macy OJHOTO aTOMa a30Ty.

2.38.'vctuna razy npu tacky P = 96 xlla i Temmeparypi t = 0°C npo-
pisaroe 1,35 r/n. Haiitu Monsipay Macy rasy.

2.39. Busnaunts THCK rasy, mo mictuts N = 10”7 Mosekys i Mae 06'em
V =1 e, mpu Temneparypax Ty =3 Ki T,= 1000 K.

2.40.TIpu temmeparypi t =35°C 1 tucky P = 708 xlla ryctuna razy
cTarHoBHTH p = 12.2 kr/v’. BU3HAYNTH BiZHOCHY MONCKYSPHY MACY rasy.

2.41. Sxwuii 06'em V 3aiiMae cyMitn a30Ty Macor m; = 1 Kr 1 refmito Ma-
cor0 m; = | Kr npu HOpMaJIbHUX YMOBAX?

2.42.Y Gajnoni mMicTKICTIO V = 15 71 3HAXOAUTHCS CyMIII, IO MICTHTb
m; = 10 r BogHO, M, = 54 1 BoAsHOI mapu 1 m; = 60 T OKCHUAY BYTJICIIO.
Temneparypa cymimi t = 27°C. BuzHauutu THCK.
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2.43. 3HaliTH MOBHY KIHCTUYHY CHEPTIIO, & TAKOXK KIHCTHUHY CHEPIii0
obepransHOro pyxy oxHiei Monekynu NH; mpu remneparypi t = 27°C.

2.44. BuzHaunTH MUTOMI TEIIOEMHOCTI Cy 1 C, TA30N0AIOHOTO OKCHAY
Byriaewio CO.

2.45. Cymimn rasy ckaagaerses 3 KucHio O, 3 MaCOBOI YACTKOK 1 =
85 % 1 o30ny O;, 3 MAcOBOIO YacTKOKO ®; = 15 %. BuzHauutn maromi ten-
JOEMHOCTI Cy 1 C,, i€l Ta30BOi CyMiIIi.

2.46.T'azoBa CyMiIll CKIQJAETBCA 3 A30Ty MACOK My = 3 KT 1 BOASHOI
napu Macorw m, = 1 kr. [Ipuiimarous 11l ra3u 3a iAcaibHi, BU3HAYHTH MUTO-
M TETUIOEMHOCTI Cy 1 €, TA30BO1 CyMimI.

2.47. Monekyna ra3y CKIaJacThCsl 3 ABOX aromiB. Pi3HHUI mATOMHX
TEIJIOEMHOCTEH ra3y JOPIBHIOE. Cp - ¢y = 260 Jlxx/kr K. 3Haiitu monspuy
Macy razy i1 i TeIUIOEMHOCTI Cy 1 Cp.

2.48. 3HaliTH CepeaHIO TOBKUHY BUIBHOTO MPOOITY MOICKYIH BOJHIO
mpu P =133 m[laTat=-173°C.

2.49. Bogens 3aitmae 06'em V = 10 »° mpu Trcky P, = 0,1 MITa. Horo
HArpLIN Opu noctiiHoMy 00'eMi 10 Tucky P, = 0,3 MIla. Buznauuru 3miny
BHYTPILIHBOI €HEprii razy, poOoTy, II0 BUKOHAHA HUM, 1 Temioty Q, sxa
OyJa 1OBEACHA J0 Tazy.

2.50. Kucens npu HGSMiHHOMy THCKY P = 80 «[Ta Harpisaerscs. Horo
00'em 301bIIyeThes Big Vi = 1 M 10 Vo= 3 v’. Busaauntu 3MIHY BHYTpi-
mHBOI eHeprii KUCHIO, PoGOTY A, BUKOHAHY HUM IPH PO3IIUPCHHI, a Ta-
kox Temioty Q, sixka Oyia A0BeACHA 0 rasy.

2.51.Y uwaisApl Oia DOPIIHEM 3HAXOIUTHCS A30T, IO Mae Macy m =
0,6 kr 1 3atimac 006'em V= 1,2 M3 mpu tremreparypi T; = 560 K. Buacaigok
HATPIBAHHS ra3 PO3MIHPHBCS i 3aitHsB 06'eM V, = 4.2 M, IpUUOMY TeMITe-
parypa 3amHIIUIAcsS HE3MIHHOK. 3HAWTH 3MiIHY BHYTPILIHBOI €HEprii rasy,
BUKOHaHY HUM poboTy A 1 Terumory Q, sxa Gyna ZoBeACHa 10 rasy.

2.52.Y aBTOMOOITBPHOMY OBUTYHI Mipa aaiabaTHOrO CTHCHECHHS TO-
prouoi cymimi gopieHroe 6,2. Cymilm NoJaeThes B WATIHAP NPU TEMIIEpa-
Typi t; = 15° C. 3naiitu Temnepartypy t, roprodoi cyMinm B KiHII TAKTY CTH-
cHeHHs. ['oprouy cymill pO3risIgaTy K JBOATOMHHH 11ealTbHUM Ta3.

2.53.Ta3 aaivicaroe mukn Kapro. Temneparypa npu Termosigaadi B
TPH pa3u BUILA 32 Temmeparypy TeronpuiiMada. [Ipu termosiamadi razy
nepeaano Q; = 41,9 xJlx ternoru. SAxy podoty 3aiticHuB ra3?
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2.54. Buznauntu KiabKicTh TemnoTH Q, sxy Tpeba mepeaaTtd KUCHIO
o6'emoM V = 50 1 mpu HOro 130XOpHOMY HarpiBaHHi, 10O THCK ra3y miJ-
puiuscs Ha AP = 0,5 MI1a.

2.55.1lpu i3oTepMivHOMY PO3LIMPEHHI a30Ty npu Temmeparypi T =
280 K o6'em #ioro 36impiumBes B aBa pa3u. BuzHauuTtu: 1) BUKOHaHY mpu
PO3IIUPEHHI Ta3y poOoTy; 2) 3MiHY BHYTPIIIHBOI €HEprii; 3) KiAbKICTh Te-
mwiotu Q, mo Oyna orpumana razom. Maca azory m = 0,2 kr.

2.56.1Ipu agiabaTHOMY CTHCHEHHI THCK NOBITPs OyB 301IbIICHUH Bix
50 xlla go 0,5 Mlla. [lotiM npu He3MiHHOMY 00'eMi TeMmepaTypa HOBITPs
Oyna 3HIKEHA 00 o4aTkoBoi. BuszHauntu trek P; razy B kiHIi mponecy.

2.57. Kucenp macoro m = 200 r 3aiimae 00'em V, = 100 11 3HAXOAUTH-
csa mg tuckoMm P, = 200 xIla. Ilpu HarpiBaHHI ra3 po3LIKUPHBCS MPH MO-
cTifiHOMY THCKY A0 00'emy V,= 300 11, a motim #oro Tuck 3pic 10 P; = 500
klla nmpu HesminHOMY 00'emi. 3HAHTH 3MIHY BHYTPIMIHBOI €HEprii rasy,
BHUKOHAHY ra3oM poboty A 1 Termioty Q, mo nepeaana rasy.

2.58. O0'eM BOIHIO MPH 130TEPMIYHOMY PO3IIUPCHHI, 33 TEMICPATYPH
T =300 K, 36inemmscs y Tpu pazu. Buznaunta pobOTY BUKOHAHY ra3oM i
terwtoty Q, oTpuMaHy HUM OpH 1boMy. Maca m BoaHio aopisHIoe 200 r.

2.59. Azot macoro m=0,1 xr OyB HarpiTuii Bix Temneparypu 1; =200 K
1o temmeparypu T, =400 K npu 1306apHOMY mpoueci. Busnauntu poboty
BUKOHAHY Ta30M, OTpUMaHy HUM TerioTy Q 1 3MiHy BHYTPIIIHBOI €HEpPrii.

2.60.Y ckinpku pasis 30iapmuThCa 00'eM 0,4 MO BOAHIO MPH 130Te-
PMIYHOMY PO3LIMPEHHI, IKIIO NPH LIBOMY a3 OTPUMAE KIMbKICTh TCIIOTH
Q =800 Ixx? Temneparypa soguro T = 300 K.

2.61. SIka poOOTa BUKOHYETHCS MPHU 130TCPMIYHOMY POIIUPSHHI BOI-
HIO Macow m=35 r, B3sroro npu temneparypi T = 290 K, sxmo o6'em ragy
301MBIIYETBCS Y TPH pasu’?

2.62. Slka gacTKa KIIbKOCTI TEIUIOTH Q, IO MABOIUTHCS 10 IBOATOM-
HOTO 17ealbHOrO Tra3y mpH 1300apHOMY MPOLECi, BUTPAYAETHCA HA 301b-
LICHHS BHYTPIIIHBOI €HEPrii ra3y 1 1Ka 4acTka Ha poOOTY PO3LIMPCHHS.

2.63. Buznauutu poOoTy A, SKY 3XIHCHUTE a30T, AKIIO HOMY MPH MO-
CTIHHOMY THCKY HagaTH KiapkicTh Tertotn Q=21 kJx. 3HaliTu TaKkox 3mi-
HY BHYTPIILIHBOI €Heprii razy.
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2.64. IncanpHuii ra3 3aiiicHOe muka KapHo mpu TeMmoeparypax TeIio-
mpuitmaua T, = 290 K 1 renmosianasada T; = 400 K. YV ckinbku pasis 30i-
JBIOUTHCSA K.K.J. LHKIY, SKIIO TEMIEpPaTypa TEINIOBIAZABava 3pOCTe 0
T,=600 K?

2.65. Incanpuumii raz 3aiticaoe mukn Kapuao. Temmneparypa T tenmo-
BiJJaBavda v YOTHPH pasu Olnblua TEMIIEPaTypH TeIutonpuiiMada. SAky vac-
TKY KUTBKOCTI TEIUTOTH, OTPHUMAHOI 3a OJWH LUK/ BiJ TCIIOBIAAaBava, ra3
BIAJACTh TCILIOMPUHAMAaTy?

2.66. BuzHauutu podoty A, 130TEpMIYHOTO CTUCHEHHS ragy, o 3XiH-
curoe 1mkn Kapao, k. x.a. skoro n=0,4 skmo po6oTa 130TCPMITHOTO PO3-
mupeHHs nopisHioe A; = 8 k.

2.67.Ta3, mio 3aidicHroe kit KapHo, BignaB TerionpuimMady TeIioTy
Q, = 14 x/Ixx. Busnauntu temneparypy T; TemioBiaaasaya, SIKIO IPH TC-
mueparypi Tertonpuiivada T, = 280 K poGota mukny cknamae A = 6 xJx.

2.68.T"a3, Oyayuu pobouor peuoBunorO v Uk Kapho, orpumas Big
termnosignasadya temwiory Q1=4,38 kJlx i 3aiiicaus poboty A = 2.4 xJlxk.
Busnaunti TemmepaTypy TEIUIOBIAaBava, AKINO TEMIEpaTypa TEIUIO-
mpuitmaua T, =273 K.

2.69.T"a3, mo 3aiticaroe 1k Kapho, Biagas temmonpuiimaay 67 %
TEIUIOTH, OTPUMAaHOI BiA TerwoBiagasaua. BusHaunta temmeparypy T
TEIIoNpuiMaYa, Ko TeMreparypa ternosigaasada 17 =430 K.

2.70.Y ckinpku paziB 301MbIIHTECS KOC(IIEHT KOPUCHOI Aii LUKIY
Kapno npu migsuimenni temneparypu temnosigaasada sig T = 380 K no
T; =560 K? Temneparypa rermnonpuiimaya T, = 280 K.

2.71.IgcanpHa TemioBa MarmuHa npamroe o nukiry Kapro. Temmepa-
Typa Temnoeiagasada T; = 500 K, temneparypa tennmonpuiimaua T,=250
K. Busnauvtu TepMIiYHUE K.K.J. LUK, a TAKOK podoTy A, podouoi petuo-
BUHH NPHU 130TCPMIYHOMY PO3LIMPCHHI, AKIIO MPH 130TCPMIYHOMY CTHC-
HCHHI 3BepueHa poborta A, = 70 k.

2.72.T a3, mo 3aivicHroe muka Kapuo, otpumye termoty Q; = 84 xJlx.
Busnaunt poboty rasy, skmo temmeparypa T; Temnopizmasada y Tpu
pasu BHILA 32 TeMrepaTypy 1» Termonpuiimada.

2.73.Y muka KapHo raz otpumMas Bijg TEILIOBIAAaBaYa TSIUoTy Qq =
500 Mx 1 3aivicaus poboty A = 100 [Ix. Temneparypa temnosiagasada T,
=400 K. Buznauntnn temneparypy T, TermnonpuiimMaua.
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2.74.11pwu 13otepmiunomy ( t = 23° C ) po3mHpeHH] a30TY Macow m =
10,5 r #ioro tuck 3miHOETHCH Big P; = 250 xI1a go P, = 100 xIa. 3uHatitu
poOOTY BUKOHAHY ra3oM MPH POLIMPCHHI.

2.75.11pu izotepmiunomy postmupeHHi 10 © a30Ty, MO 3HAXOAUTHCS
mpu temneparypi t=17° C, Oyna BukoHana podora A = 860 [Ix. V ckinbku
PasiB 3MIHHBCA THCK a30Ty NPH PO3LIUPCHHI?

2.76. Po6Gora izotepmiunoro posmupeHnas 10 r meskoro rasy Bix 00'-
emy V; 10 V, = 2V, BusBwiacs piBHOW A = 575 JIx. 3Halitd CEpPeaHIO
KBaIPaTHIHY IIBUAKICTE MOJCKYI ra3y IpH il TeMIepaTypi.

2.77.Teniii, mo 3HAXOOUTHCS MPU HOPMATBHUX YMOBAX, 130TEPMIUHO
postmpsierbes Bia 00'emy Vi =11 1o o0'emy V,=2 1. 3naiitu podoTy BU-
KOHAHY TIPH LILOMY T'a30M 1 KUTbKiCTh TernoTH Q, mo Oyia HaxaHa rasy.

2.78.11lpu i30TepMiYHOMY PO3LIMPSHHI rasy, mo 3aiimaB o0'em V=2
M3, THCK Horo minasetscs Big Py = 0,5 Mlla xno P, = 0,4 Mlla. 3uatitu pobo-
Ty BUKOHAHY TIPH LIBOMY.

2.79. 1o sik0i TeMOepaTypH OXOJIQIUTHC MOBITPS, IO 3HAXOAUTHCS
mpu t = 0° C, KO BOHO PO3LIUPSETHCS 32 3aKOHOM amiabaTh Big 00'eMy
V1 a0 06’€My V2 = 2V1?

2.80.006'em V; = 7.5 1 kucHi0 aaiadaTHIHUM YHHOM CTHUCKYETHCS 10
00'emy V.= 1 1, mpuioMy Vv KiHII CTUCHEHHS BCTAHOBHUBCSI THUCK P, = 1,6
MITa. I'Tig sxumM THCKOM P 3HAXOAMBCS ra3 10 CTUCHEHHA?

2.81.3a yMoBH ania0aTHYHOTO CTHCHCHHS MOBITPS B LIIIHAPAX IBH-
ryHa BHYTPIIIHBOTO 3TOPAHHs THCK 3MiHIOEThCs Big Py = 0.1 Mlla mo P, =
3,5 MIla. IloyarkoBa Temneparypa nositpd t, = 40°C. 3naiiTn Temnepary-
Pyt DOBITPS V KiHIIl CTUCHCHHS.

2.82.T a3 po3mHpseThes 3a 3aKOHOM aaiabarH, mpuaoMy 00'eM HOro
301MBIIYETHCS BABIYI, a TEPMOAHMHAMIYHA TeMreparypa nagae y 1,32 pasu.
Ske uncno cTyneHiB CBOOOAH MAKOTh MOJICKYJTH [IbOTO Ta3y’

2.83. JIpoaToMHHI Ta3, MO 3HAXOAUTHCA mix THCKOM Py = 2 MIla, 3
Temmeparyporo to = 27°C, cTUCKyeThCs 3a 3aKOHOM angiabatu Bix 00'emy Vi
10 Vi = 0,5V,. 3uaiitu temneparypy t; 1 TCK P ra3y mic/as CTHCHECHHS.

2.84.Y mocyauHI miJ MOPIIHEM 3HAXOIUTHCS TPUMYYHH ras, o 3a-
HiMae npu HopMaabHUX yMoBax 06'em V = 0,1 JI. [1pu mBrAKOMY CTHCHCH-
HI ra3 3amaJioeThes. JHAWTH TeMieparypy | 3amaieHHS rPUMYUOTO Tasy,
SIKIIO BIAOMO, 10 podoTa crucHeHHs A = 46,35 Jhx.
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2.85.Y mocyamHI MiJ MOPIIHEM 3HAXOJAUTHCA ra3 NpPU HOPMATbHHX
yMoBax. Bigcranp Mick 1HOM nocyaunHd 1 aHom nopiuas h=25 cm. Ko Ha
MOPIICHb MOKJIANH BAaHTAXK Macorw m=20 Kr, HOpPLICHb ONMYCTHBCSA HA
Ah=134 cMm. Bpaxaroun CTHCHCHHS amiaOaTHUYHHM, 3HAHTH M1 JAHOTO
rasy BIZHOMICHHS Cp/Cy. llnomia momepeuyHoro mepetuny mopmas S=10
oYe

2.86. J[IBoaTomHuii ra3 zatimae 06'emM V = 0,5 1 mpu tucky P = 50 «lla.
I'a3 cTuckyerbes agiabatHaHUM CIIOCOOOM A0 ACAKOro 00'eMy V; Ta THCKY
P,. IloTiM BiH OXOTOIKY€EThCs TIPH V2= const 10 MOYATKOBOI TEMIIEPATYPH,
mpudaomy Horo TUCK crae pisauM P; = 100 klla. 3naiitu 06'em V; 1 Trck Ps.

2.87.T"a3 po3mupseThes 3a 3aKOHOM aJiadaTH Tak, IO HWOTro THCK ma-
mae Big Py = 200 xlla go P; = 100 xIla. IlotiM BiH HArpiBa€eTHCS TPH MO-
CTiiHOMY 00'eMi 10 MOYATKOBOI TEMICPATYPH, MPUUOMY HOTO THCK CTa€
pieanM P=122 xI1a. 3naliTH BIZHOMEHHS C,/Cy. AT LIBOTO TA3Y.

2.88. Sy eHepriro Tpeda 3arpaTHTH, OO BUIYTH MUIBHHHA MY3UP Ii-
ametpoMm d=12 cm? fxum Oyae AOAATKOBUH TUCK BCCPSAUHI BOTO ITy3H-
pa?

2.89. Ha mmxapoMy KiHOI TpyOku aiametpoMm d = 0,2 oM, BucuTh ce-
pHYHA Kparuist BOAW. JHAHTH AlaMeTp el Kparmi.

2.90. I'ac Butikae 3 BepTHKAIbHOI TpyOKH giamerpoM 1,8 Mm. Ckinbku
Kpanenab Buiae 3 1 rpaMa racy, Kkmo KOe(]iLieHT MOBEPXHEBOTO HATATY
racy 24 10° H/m, g = 10 m/c* ?

2.91.V xamimapHid Tpyoui pagiycom 0.5 MM piauHa migHIIAcS HA BU-
coty 11 mv. BusHaunTu ryctuny wiei pigusy, ko ii koedimieHT noBepx-
HeBoro Hatsry 6 = 0,022 H/m, g = 10 m/c”.

2.92. Bu3HauuTh Pi3HHLIO PIBHIB CIHPTY B JBOX CHOIYYCHUX KaIIls-
pax miametpami 0,5 1 3 mm? KoedinieHT mOBEpXHEBOTO HATATY CIUPTY G =
0,021 H/wm, rycrura p =800 kr/m’, g =10 m/c”.

2.93. 3HaliTH Macy BOJH, IIO BBIHIIA B CKISMHY TPYOKY 3 JlaMeTpoM
kaHany d=0,8 MM, sxa omyiieHa v BOAY Ha Majly riauOuHy. Bakatu 3mo-
YYBAHHS MOBHHM.

2.94. flxy poGotry Tpeba 3mINCHUTH HPH 130TCPMIYHOMY BHIYBaHHI
MUTBHOI OynbOariky, mod 301MbmuTH Horo 00'eM Bix 8 em® 10 V=16 ev’ ?

2.95.V sakpmriit cyammi of'emom V=05 M smaxozutecs v=0.,6
KMOJb ByrJIekucnoro razy npu tucky P = 3 MIla. Kopucryrouncs piBHsH-
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—~ - Ban-aep-Baankca 3HaiiTH, Y CKiTBKY pasiB Tpeba 301MpIIHTH TEMITCpa-
11 _y9 112 'y Ta3y, mob THCK 301MbIIHUBCS BABII.

2.96. flxa eHeprig BUIIMATHCS HPHU 37IUTTI ABOX Kparelb PTYTI JlaMeT-
pomd; = 0,8 mm Ta d;= 1,2 MM B 0gHY Kparuio?

2.97. BuzHauuTH THCK BCEPEIMHI MOBITPAHOI OyipbamKku JlaMeTpoM
d=4 MM, 0 3HAXOAUTHCA Y BOAL 014 ii moBEpxHI.

2.98. I'nineprH miAHABCA B KamisapHiH TpyOui xiametpoM kaHamy d=1
MM Ha BUcOTY h = 20 vMM. BusHaunTu MOBEpPXHEBHH HATAT TIILCPHHY.
BBaxxatu 3MOUyBaHHS IOBHUM.

2.99.V Boay omylcHa Ha AYXKE MaTy INIMOUHY CK/ISHA TPyOKa 3 maia-
meTpoM kaHainy d= 1 MM, BusHauutu Macy Boau, 0O BBIHILIA Y TPYOKY.

2.100. 3natiti 3MiHY eHTpomii mpH i3060apHOMY PO3LIMPEHHI § T Te-
airo Big o0'emy V=10 1 10 06'emy V,=25 1.

2.101.TloBiTpsHa Oynsbamka miamerpoM d=2.2 MKM 3HAXOIUTHCH V
Boxi Oing ii moBepxHi. BuzHaunTu rycTHHY moBiTps B Oviapbamii, SKIIo
MOBITPS HAX IOBEPXHCIO BOAU 3HAXOAUTHCS NP HOPMATIBHUAX YMOBAX.

2.102. Ha ckinmbKy TpagyciB HArpieThCs KParuisl PTYTI, IO 3 IBHIACH
BiJ 3TUTTS ABOX Kpareib pagiycoM R =1 MM koxna?

2.103. fxy poboty Tpeba 3aiIHCHUTH, 00 PO3ALTUTH ChHEPUIHY Kparl-
70 pTyTi paxiveoM R=3 MM Ha aBi oxHaKoBi Kparti?

2.104. Slxy poboTY HpOTH CHI NOBEPXHEBOTO HATATY Tpeba 3midCHU-
T, o0 301MpIKUTH BABIYI 00'eM MujIbHOI OyibOaruku pagiycom R=1 cm?
[ToeepxHeBuit HaTAr MEIBHOTO po3unny o = 0,043 H/m.

2.105. Axy poboTy MpOTH CHI MOBEPXHEBOTO HATATY Tpeba 3midcCHU-
TH, o0 BUAYTH MUIbHY Oymebamky miametpom d = 4 cm? IloBepxHepuit
HATAT MUATbHOTO po3uuny ¢ = 0,043 H/m.

2.106. 3HaiiTi THCK MOBITPs V MOBITPsHIH OynpOammi giamerpom d =
0,01 MM, mo 3HaxoauThes HA rmOuHI h = 20 ¢M Mg MOBEPXHEIO BOIU.
Armochepnnit Tuck P,= 101,7 xITa.

2.107. Tuck noBiTpa BeepeauHi MuIbHOI Oynpbamku Ha AP = 1333
Ia Gineme armocdepnoro. 3naiitu ii giametp. [loBepxHEBUI HATAT MUITb-
HOro po3unny o = 0,043 H/m.

2.108.Maca m = 10 r peansHoro reiimo 3aiivae 06'em V = 100 o’
mpu tucky P = 100 MIa. 3unaittu remneparypy T razy.

2.109. OxuH KMOJTB BYTJICKHUCIOTO ra3y 3HAXOAUTHCS MPH TCMIICPATY-
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pi T=100°C. 3naiiTh THCK Tra3y, BBRKAIOYH HOrO peanbHUM. 33775

; [ 1B — 3 193
po3e’si3at ansg 00'emiB Vi =1 M 1 V,=0,05 v’

2.110. 3HaiiTu 3MiHY CHTpOMi IpH MepexoAi 8 r KuCHIO Big 00'emy 10
1 mpu temaeparypi t;=80° C xo 06'emy 40 1 mpu Temneparypi t, =300° C.

2.111. 3naiiTu 3MiHY CHTpOMii OpH mepexoai 6 T BOAHIO Bix 06'emy V;
= 0 n mxa tuckom P; =150 xlla 10 oG'emy V,=60 n mig tuckom P,=100
klla.

2.112. Maca m=6,6 r BOAHIO 1300apHO PO3LIUPSETHCH Big 00'emy Vi
10 00'emy V,=2V;. 3HaliTH 3MiHY CHTPOMI] MPU LBEOMY PO3LIHPCHHI.

2.113.Ha ckinpku THCK TOBITPS BCEPEAMHI MUJIBHOI OynpOalnku aia-
meTpoM d = 5 MM Gipine HOpMATBEHOTO aTMOchepHOro TUCKY Py ?

2.114.3HaiiTi 3MiHY CHTPOMII NPU 130TCPMIYHOMY PO3IIUPCHHI 6 T
BoaHmO Bia TucKy Py = 100 klla o tucky P,= 50 xlla.

2.115. Maca m = 10,5 r a30Ty 130TCPMIYHO PO3LIUPSETHCS Bl 00'eMy
V1=2 1 g0 o6'emy V,= 5 1. 3ualiTu 3MiHY SHTPOIII] TP LBOMY MPOLICCI.

2.116. Bukopucrosytouu 3akoH Hromonra i [Iti 3HaiaiTe 3 sKo0i pevo-
BUHH 3po0jicHa MeTaneBa Kyms macor 0,025 kr, skimo mas ii HarpiBaHHS
sig 10°C 10 30° C 6yna surpaueHa Temora y kimbkocti 117 JIxk.

2.117. 3 3axony Hromonra 1 I1ti 3HaliTh V CKIIBKK Pa3iB MATOMA TCII-
JIOEMHICTh ATIOMIHIFO OG11bIIa TUTOMOI TEIIIOEMHOCTI INIATHHH.

2.118. Ceunuesa Ky, o pyxamacsk 3 meHakicto V = 400 m/c, no-
uinuia y cTiky. Bpaxosyroun, mo 10 % kiHeTHuHOi eHeprii Kyl Mo Ha
ii HarpiBaHHS, 3HAWTH HA CKiNBKH rpaayciB Harpinacsa kymsd. Iluromy ten-
JIOEMHICTh CBHUHLIIO 3HAUTH BUKOPUCTOBYIOUH 3ak0oH Mromonra i [Tri.

2.119. ITnacturakm 3 Migi (ToBimuHOO d;=9 MM) 1 3a7i3a (TOBIMUHOIO
d,=3 mMm) ckimageHi pa3oM. 3OBHIIIHS MOBEPXHS MIAHOI IJIACTHHKH MA€
temmeparypy t; = 50°C, 30BHIIIHA moBEepxHA 3amizHoi - t; = 0°C. 3Halitu
TEeMIIepaTypy t HOBEPXHI iX 31TKHCHHSL.

2.120. 30BHILIHS MOBEPXHS CTIHH Mae Temmeparypy t; = - 20°C, BHyT-
pimnsa Temnoeparypy t; = 20°C. Topmuna ctinn d = 40 cMm. 3HaliTu Temno-
MPOBLAHICTh A MaTEPiany CTIHH, AKINO YePe3 OJUHHMIIO ii HOBEPXHI 32 OXHY
T'OMHH IIPOXOINTH KinbKicTs Termota Q = 460.5 kJIx/M’.

2.121. OguH KiHELb 3aTI3HOTO CTCP3KHS MIATPUMYETHCS TPH TCMIIC-
parypi t; = 100°C, inmmit Buupaerbes B mia. Joexuna crepxasa L = 14 o,
II0IA TMOTIEPEIHOro mepeTHay S = 2 oM”. 3Haiitn Kimbkicts Temmotn Q,



Kowmponwsna poboma Ne 2

10 TPOTIKA€E B OJUHHMLIIO Yacy B3IOBXK CTepkHA. flka Maca m Jboxy po3ra-
194 tHACT= 40 xB? Brpatamu Tema uepe3 CTIHKH HEXTYBATH.

2.122.TInoma nepeTuHy MigHOro crepxkus S=10 cM’, JOBKHHA CTEp-
xkHia L = 50 cm. PisHnng temmeparyp Ha kinmax crepxkug AT=15 K. fxa
KUTBKICTh TEIUIOTH Q MPOXOAUTh B OJUHHIIIO YACY YSPE3 CTCPKCHB?

2.123. MerajeBa UMTiHIPUYHA MOCYIUHA pagiycoM R = 9 ¢cM Hamos-
HeHa 1pogoM npu temnepatypi t; = 0°C. [locyauna TemnoizonsoBana ma-
pom kopku ToBimHOK d =1 cM. YUepes CKibKYU roAUH BECh i, IO 3HAXO-
JUThCs B mocyauHi, po3raHe? Temmeparypa 30BHIIIHBOTO MOBITPS t; =
25°C? BBaxaru, 10 0OMiH TCIUIA BIAOYBAETHCS TLIBKU Y€Pe3 OOKOBY IMO-
BCPXHIO MOCYAMHU CEPENHIM paaivcoM r = 9,5 cm.

2.124. lo cranesoro apoty paxiycoM | mMv miaBimenuii Baxok. I1ix
€K [BOTO BAKKA APIT OTPUMAB TAKES K MOJOBXKCHHS, SIK 1 MPHU WOTO Ha-
rpisanns Ha 20°C. 3HaiiTH Macy BaxKKa.

2.125. Harpiruii 1o temmeparypu 150°C, Migauit apiT npyxHO pos3Ts-
THYTUH MK JBOMA CTiHKamMH. BU3HaUNTh MpH 4Ki TeMnepaTypi apit, 0Xo-
JOMKYHOUHCh, TIOPBETHCSL.

2.126.TIpu Harpisansi aesixoro merany Big t = 0°C go t = 500°C, iioro
ryctrHa 3MeHmunack v 1,027 pasis. 3Haiitn koedimieHT TiHIHHOTO po3imu-
PEHHS Ol LIBOTO METANY.

2.127.Ha narpisB MigHoi 001BaHKH MAcor | Kr, 1o Mana TeMneparypy
0°C, BurpaucHo 138,2 xJIx Termotn. Y CKifbKH pasiB 36imbIIHMBCS 06 €M
ooasanku. [Turomy TemmoemuicTs Mial 3HakTH 3 3akony Jromonra i [1ri.

2.128. fAxy cuny F tpeba mpuknacty 40 KIHLIB CTAJIBHOTO CTEPIKHS 3
ITOMIEIO TOMEPEUHOro nepetuny S = 10 cM’, mo6 He Aath HoMy po3MmHpH-
Trcs npu HarpisauHi Big to= 0°C mo t = 30°C?

2.129. [lo crampHOrO ApoTy pagiycoM R=1 MM migBimeHW#d BaHTax
mMacor m=100 xr. Ha saxuit HaliGiapImui KyT MOXKHA BlIXUIATH APIT 3 BaH-
TaxeM, o0 BiB HE PO3ipBABCS MPH MPOXOIKCHHI TTOTOKCHHS PIBHOBArH?

2.130. Mo 3amizHoro apory aoexuHo0 L =50 cm i miamerpom d = 1 mm
MpUB'sI3aHa THPS MAacor m =1 Kr. 3 KO YacTOTOK MOXKHA 0OepTaTH y
BCPTUKANBHIN IIIOLIHHI TAKUH APIT 3 BAHTAXKEM, 100 BiH HE PO3ipBaBCs?

2.131. OaHOpiAHME MITHUE CTCPKCHb AOBKUHOK L = 1 M piBHOMIPHO
00EePTAETHCS HABKOJIO BEPTHKATBHOI OCI, IO MPOXOIUTh Yepe3 OOUH 3 Ho-
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ro kiuiB, [Tpu sikidi yacToTi 00epTaHHS CTCPKECHD PO3IPBETHCS?
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2.132. OgHOpiaHMi CTePKEHP 00SPTAETHCS HABKOJIO BEPTUKAIBHOI OCI,
IO IPOXOAUTE uepe3 Horo cepeauny. CTEpKeHb PO3PHUBAETHCS, KON IIBHU-
JKICTP Horo kiHmg gocsrae V=380 m/c. Haiitu mexxy MIITHOCTI Gy, MaTepi-
any CTEpIKHsI, IKIIO IYCTHHA MaTepiany crepxkus p = 7,9 10° kr/ar.

2.133. [o cranpHOro apoty aosxuuoro L = 1 M 1 pagiycom R = 1 Mmm
miaBicumu BanTa Macor m=100 kr. 3HaiTi poOOTY POITATHCHHS APOTY.

2.134. Maemo rymoBui miaHr 1oBxkuHOW0 L = 50 oM 1 BHYTpIIHIM Ai-
amerpoM d = | cm. Ilnanr po3rariu Tak, mo HOro AOBXKHHA CTana Ha
AL=10 cm Oimpine. 3HaiiTi BHYTpIOHIN AiamMeTp dy pO3TATHYTOrO IIJIAHTA,
akio xoedimient [Ivaccona ang rymu v = 0,3,

2.135. BuzHauuTH MaKCHUMAjbHY MOBXKHHY MIJHOTO APOTY, LIO ITiABI-
LICHUH BEPTHUKATIBHO, MU SKiH BIH HE MOYHE PBATUCH ITiJ JI€K0 CHUJIH Barm.

2.136. Po3B’si3ati MOMEPEAHIO 3a4a4y IJIsI CBUHIICBOTO APOTY.

7. Hpukjaaay po3s’sI3yBAHHSA 32424 3 KOHTPOJLHOI poooTH Ne 2.

[pukaax 2.1. BuzHaunT MOJSpHY Macy CipuaHOi KUCIOTH.

Po3p’a3anna. Ximiuna ¢opmyna cipuanoi kucmotu HpS04. o ckmany
MOJICKYJIH CIPYAHOI KUCIOTH BXOJATh ATOMHU TPHOX CJIICMCHTIB, TOMY ii BiJ-
HOCHA MOJICKYJIIpHa Maca M Oy e CKIamaTUCs 3 TPhOX J0AAHKIB!

M:Ill A1+Il2A2+Il3A3; (2.1)

a¢ A — aTOMHI MacH BIAMOBIIHUX XIMIYHHUX €JICMEHTIB, N — IX KITbKICTh Y

xiMiuHil Gopmyi.

3 dopmynH cipyaHoi KHCIOTH MaeMo, IO Ny = 2 (JBa aTOMH BOIHIO),
n, = 1 (oxuH aToM CipkH) i n3 = 4 (YOTUPU ATOMHU KHCHIO).

3HAUYCHHS BIAHOCHHUX ATOMHHUX MaC BOJHIO, CIPKH 1 KHCHIO 3HAHASMO B
tabmuui Mengeneesa. Toai:

A1: 1, A2:32, A3: 16 5

[MincraBuBmm 3Ha4eHHA 1; 1 A; v dopmyay (2.1), 3HaliAeMO BITHOCHY

MOJICKYJISIPHY Macy CipyaHoi KUCTIOTH:
M=21+132+416=98 ;

3HAKOYM BIJHOCHY MOJCKYIAPHY Macy M, 3HaiineMo MOJSpHY Macy

cipuaHoi kucnoty no gopmyi
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un=Mk: (2.2)
e k=107 kr/momb.
196 IMigcrasuemmm B (2.2) 3HaueHns M, ogepxuvo W= 98 107 kr/moms.

lpuxnax 2.2. BuzHauuTy MOJSPHY Macy L CYMIII KHCHIO MAacol0
m;=25 r 1 a30Ty Macor m,=75r.
Po3p’a3anna. MomspHa Maca cyMinn [ € BIZHOIICHHSIM MacH CyMimn
J0 KITBKOCTI PEYOBHHH CYMIIII V:
w=m/v; (2.3)
Maca cymimi A0piBHIOE CYMi MAac KOMIIOHEHTIB CYMIiIIi: m =m; + m,.
KinbkicTh peuoBHHU CyMiLT JOPIBHIOE:

m m,
V=V, +V, =—+—=
o My
[ligcraBuBimy neti Bupas v dopmyiy (2.3), oaepxumo:
_m+m, 24
My Hg
Hi Mo

Tenep, BUKOPHUCTABIIN METOJ MpHKIaAy 1, 3HalAEMO MOISAPHI Macu
KHCHIO [ 1a30Ty Ly
W =32107 kr/mons; 1, = 28107 Kr/MOJb.
ITixcraBumo 3HaMCHHS UX BeAUYUH Y (2.4) 1 3p00HUMO O0UUCICHHS

25107 +75-107°

- 3 3 3 3 =28,9-10 " kr/mous.
25-10°/(32-10°)+75-10 °/(28-10)

u

puknax 2.3. BuzHauuty 4mMCIO MOJEKYM, INO MICTATBCSA B 00 eMmi
V=1 mv’ Boam i Macy oAHiel MojaeKyau. Baxkarun, 10 MOJICKY/IH BOIH
MAarOTh BUA KYJIBOK, IKI CTHKAIOThCSA OJHA 3 OJHOK0, 3HAUTH iX miaMeTp.
Po3B’ szanns. Uncmo MOIEKYT, IO MICTITBCS B ASAKIH CUCTEMI MACOI0
m, AOPIBHIOE JOOYTKY MOCTIHHOI ABoragpo N Ha KITbKICTh PEYOBUHH V'
N=vNju; (2.5)
Tomy, mo v = m/p, 3 hopmymu (2.5) maemo: N = (m/p) Na.
Bupazusuiu Macy sk 100yTOK rycTHHA Ha 007 €M V., 0ACPIKUMO:
N=pVNa/u; (2.6)
3po6HMO 0GUHCICHHS, 3 OTJISLAY HA Te, 1o W = 18 10™ kr/Momb.
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N=(10°107 6,02 10*) /18 10° =3,34 10" mr.
Macy m; ofHi€el MOTEKY/IH MOKHA 3HAUTH 1O (GOPMY.Ii:
m;=p/Na=18107/6,0210% =299 107 kr.
SIK10 MOEKYIM BOAW LIITBHO MPUISITAK0Th OJHA A0 OJHOI, TO MOKHA
BBaXKATH, IO HA KOXKHY MOJIEKYIY IPUXOTUTHCA 00 €M (KyOiuHA KOMIpKa)
V,=d’, ae d - giameTp Momexy . 3BigcH:

d=3/V, ; 2.7
06’em V, 3HaiizemMo, po3AITMBIIN MOISIPHHN 00’ eM V|, HA YHCIO MO-
JACKYJ ¥ MO, ToOTO Ha Nj:
Vl = VH / NA 5
[Mixcrasumo V; y dopmymy (2.7), 1 BpaxyBasimy, mo V, = u/p, MaEMO:

d:3/ ; ; (2.8)
PNy

3poOuMo OOUUCICHHS:

_ 18'1073 _ 10 . M
B I ET-R L

Ipuraax 2.4. Y Oanoni 06 emom 10 1 3HAXOIUTHCS TEIIH M THCKOM
P, =1 MIla i nopu remneparypi T;=300 K. ITicnsa Toro sk 3 6anona 6ymno
y3saro m=10 r remiro, Temneparypa B Oamoni monm3miaaca a0 T, = 290 K.
Busuauwnru trck P, remiro, 1mo 3aaumuBcs B OaoHi.

Posp’sazanna. Jlng po3s’ssaHHA 3aadi CKOPUCTVEMOCS PIBHSHHAM
Knanetipona-MeHnaeneesa, 3acTOCYBaBIIM HOTO A0 KIHIEBOTO CTAHY rasy:

197

p,v="T2RT, . (2.9)
L

J¢ M, - Maca reiro B OAI0HI B KIHIICBOMY CTaHI; |L - MOJISIPHA MAaca TeIiI0;
R - yHiBepcanbha razosa crana.
3 piBHgHHA (2.9) BUpa3uMO IIYKAHHHA THCK:
PZZ m; RT2 / (MV) 5 (2.10)
Macy m; reniro BHpa3uMo Yepe3 Macy mj, IO BIAMIOBIAE MOYATKOBO-
My CTaHy, 1 Macy m redfiro, yasaroro 3 6amona. Tobro:
mp;=m;-m, (2.11)
Macy m; remiro 3HalizemMo Takok 3 piBHsaHHA Kianelipona-
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MCH,Z[CJ'I€€Ba, 3aCTOCYyBaBIIIN HOTO A0 ITOYATKOBOTO CTaHy:

198 mi;= LLP1V / (RTl) = (2.12)
IliacraBuBmu macy mp y (2.11), a motim macy m, y (2.10), maemo:
p, = uPlV_m RT, = P P, T, _mRT2 :
RT, uv T, nv

3poOuMo OGUUCICHHS O OTpUMaHIH GopMymi, 3 OTILAY HA TE, IO 1 =
4107 kr/Mob:

128 :[ﬂ~106——~—~290):3,64~105, Ia
300 4-10° 10

Ipuknax 2.5. bamon mictute m; = 80 r kucHiO 1 my = 320 © aprony.
Tuck cymimi P = 1 MIla, remneparypa T=300 K. Ilpuiimaroun gaxi ra3u 3a
1IcaIbHI, BU3HAYNTH 00 em V OamoHa.

Po3p’a3anns. 3a 3akoHoMm [lameToHa, THCK CyMilli ZOPIBHIOE CYyMi ma-
pLiaJbHUX THUCKIB rasiB, IO BXOMATh 10 ii ckiany. 3 piBusuus Knanetipo-
Ha-MeHaeneeBa, napuiaibHi THCKH P kucHIO 1 P, aprony qopiBHIOIOTS!

P1 = mlRT / (HIV) 5 P2 = mzRT f (MzV) 5

OTxe, 3a 3akoHOoM JlaibTOHA, THCK CYMILIN ra3iB JOPIBHIOE:

&+&J RT .
B By )V

P=P +P, = P:{

3B1akLIs 00 eM OastoHa:

V:[ﬁ+&]E : 2.13)
B My ) P

3po6uMo OGUHCIECHHS, 3 OFMISAY HA Te, MmO W = 32 107 kr/Momb, a W, =
40107 kr/Momb:

-
=0,0262-M

_[ 0,08 0,32 j8,31~300
V= +
32:10° 4:10°)  10°
IMpukman 2.6. 3HaliTi CEPEAHIO KIHCTHYHY CHEPTIIO €06 OOCPTATBHOTO
pyxy oxHiel MojIeKkyu kucHiO npu temneparypl T=350 K, a takox kineTu-
4yHy eHepriio E, o6epransHOro pyxy ycix MOIEKYI KHCHIO Macor m=4 r.
Poss’a3anng. Ha xoxeH cTymiHe CBOOOIU MOJICKYIIH ra3dy MPUXOAUTh-
cst oaHaKoBa cepeans eHepris € = '/, kT. OGepTaabHOMY PyXy JBOXaTOMHOI
MOJICKyHA (MOJICKYJa KHUCHIO - JBOXATOMHA) BIATOBIJAIOTH Bl CTYICHI
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cBoOoau. ToMy cepemHs CHEprist 00CPTATBHOTO PYXY MOICKY/IH KUCHIO'

€06 =2 '/, kT =kT,; ERTN
Kinetnuna eHeprist 00SpTaIBHOTO PYXY YCIX MOJICKYJI rasy:
E. =esN; (2.15)
Yucmo BCIX MOJICKYJI Ta3y KUCHIO TOPIBHIOE!
N=Nav;

ae  Na - mocTiiiHa ABOTaipo; Vv - KiJIbKICTh PSYOBHHHU.
Skimo BpaxyBaTH, IO KUTBKICTh PEUOBHHH vV = m/l, TO dopmyna
(2.15) mpwuiime BUTITSA;
Ex=Nxmeyg/p; (2.16)
3pobumo ofuncnenns ( A1 KUCHIO W = 32107 Kr/Moub) :
g5 = kT =1,38 10 350 =4,83 10 JIx
E. =6,02 10 4 10° 4,83 107" /32 10° = 364 JIx
Hpukgax 2.7. OOYKMCAUTH OHUTOMI TCIIOEMHOCTI MPH MOCTIHHOMY
00’eMi cy 1 IpH MOCTIHHOMY THUCKY Cp HEOHY 1 BOAHIO, MPUAMAIOUH 11l ra3u
3a 1CaTbHI.

Po3sB’sizanns. [Tutomi TEmI0€MHOCTI 14CaIbHIX ra3iB JOPIBHIOKOTS!

:iB; c :“__25; (2.]7)
V. o2 o2
JC 1 - YUCJIO CTYICHIB CBOOOIH MOJICKY/IH ra3y; [l - MOISIPHA Maca.

Jlxst Heony (oxHoaToMHmit ra3) i =31 w= 20 10~ kr/moms. Toxi:
Cyv=",831/(0107)=624 I/ (xr K) ;
Cp="/,8.31/(20107)=1040 I/ (xr K)

Jlnst BoxHrO (BOATOMHHIA ra3) i =51 =2 10" xr/mons. Toxi:
Cy=",831/(210°)=1,04 10" Ix / (xr K) ;
Co="/,831/(2107)=1,46 10" x / (xr K) ;

Hpukaax 2.8. O6uucnutu muromi Teruoemuocti Cy 1 Cp cymimmi He-

C

OHY 1 BOJHIO, SIKIIO IX MACOBI 4acTKU CKIaaaTh ©1 = 80 % 1 0, = 20 %.
Po3s’a3anna. [TntoMy TEeTOEMHICTD CyMill MPH MOCTIHHOMY 00 eMi
Cv 3Halizemo B Takuil cmoci6. TemnoTy, HeOOXIAHY IS HATPiBAaHHA CyMi-
i Ha AT, BH3HAUMMO JBOMA CIOCODAMH!
Q=Cy(m; +m,) AT ;
Q=(Cyym;+Cyymy) AT ;
ge Cy;, Cy, - THTOMI TEIIOEMHICTh HCOHY T2 BOAHIO.
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[opiBHABIIY MpaBi YaCTHHH BHUILIC MPHBCACHUX PIBHAHB 1 HOAITHBIIN

~~---Bi yacTuHH oTpuMaHoi piBHOCcTI Ha AT, ogepxumo:

200"
(Cyvim+Cyomy)=Cy(m;+my) ;
3BiacH:
m m
C = C 1 + C 2 >
v V.1 T Va2 1 g
Abo:

Cy=Cyi0,+Cyr 0,

Mipkyiouu aHAIOTIYHO, OACPKUMO GOPMYITY AT OOUUCICHHS ITHTO-

MO{ TETIIOEMHOCTI CYMIIIl MPH NOCTIHHOMY THCKY:
Co=Cpro +Cpp 05 ;

3poOuMo OOYHMCACHHS, B3SIBINKM 3HAYCHHS MUTOMUX TCILIOEMHOCTCH
HCOHY Ta BOJHIO 3 MONEPEIHBOTO IPUKIATY:

Cy =(6240,8+1,04 10" 0,2 ) = 2580 Ixx/(xrK) ;
Cp= (1040 0,8+1,46 10" 0,2) = 3750 Jix/(xr K).

Ipurmax 2.9. Kucens macoro m =2 kr 3afimae 06’em V; = 1 M i 3Ha-
xogautbes mig TuckoM Py = 0,2 MIla. 'az OyB Harpituil cnovyaTrky mpH mo-
cTitiHOMY THCKY 10 06’ eMy V, = 3 M, a moTiM TIpu mocTiiiHOMy 06 eMi 10
tucky P; = 0,5 Mlla. 3naiiti 3miny AU BHYTpIIIHBOI €HEpPrii razy, BAKOHA-
HY HUM poOoTy A ta Temwioty Q, nepeaany rasy.

Poss’g3annd. [To-nepire nobyayemo rpadik LOro TEPMOAHUHAMITHOTO
nporiecy. 3MiHa BHYTPIIIHBOI CHEPTii ra3y JOPiBHIOE:

AP i
P A3

AU =c,m AT :lEm AT ;5 (2.18)

2p
A€ 1 - YUCJIO CTYMCHIB CBOOOAM MOJICKYJ rasy
1 (mst 1BOATOMHHUX MOJICKYI KHCHIO 1 = 5); AT
P, i » v =T; - Ty - Temneparypa ra3zy B KIHIEBOMY 1
. kal MOYATKOBOMY CTaHAaX.

w ¥ Temmepatypy raszy 3HaWgeMO 3 PpIBHSAHHS
Puc. 2.1. Knancitpona-MeHaeneeBa:
T=PVu/(mR); (2.19)
PoGota po3mnpeHns razy npu nocTiiHOMY THCKY TOPIBHIOE:
A, =2RAT : (2.20)

0
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PoGota po3mupeHns razy npu nocTiiHOMy 00°€Mi JOPIBHIOE HYJIIO:
A =0; 201
Tomy noBHa poboTa raszy Oyae nopiBHOBaTH: A=A, + A, = A, ;
3riHO 3 MepIIMM 3aKOHOM TEPMOAHMHAMIKU Terutota Q, mo mepenaHa
rasy nopisaioe: Q = A + AU. BpaxygaBsiiiy, 1110 MOISIPHA Maca KUCHIO [l =
32 107 kr/mos, 32 Gopmytoro (2.19) oGurCIIMO TeMIEPaTypy rasy:
T.=(210°13210°)/8,31 =385K;
T,=(210°332107)/8,31=1155K;
T;=(510°332107)/8,31=2887K;
Bukonany razom podoty A obuncnumo 3a Gopmynoro (2.20):
A=A;=8312(1155-385)/3210° =04 10° JIx ;
Togni:
AU ="/, 8312 (2887 —385)/32 10° =324 10° JIx;
Q=A+AU=04 10°+ 3,24 10° = 3,64 10° JIx.
Ipuraanx 2.10. B uumiHapi i DOPITHEM 3HAXOIUTHCS BOACHb MACOI0
m = 0,02 xr mpu temneparypi T; = 300 K. Boaenr criouarky po3mupuscs
amiabarmyne, 301TBPIIMBIIM CBIH 00°eM v 5 pasiB, a moTiM OYB CTHCHYTHH
130TEPMIYHO, MPUIOMY 00 €M ra3y 3MEHIIMBCS B 5 pasis. 3HAUTH TeMmepa-
TYPY BOJHIO HANpPHKIHLI aniabaTHOrO PO3MIMPEHHS 1 poOOTY, BHKOHAHY
ra3oM MIpH OUX IpoLecax.
Po3s’a3anna. [Tobyayemo rpadik mporo TepMOAMHAMIYHOIO MPOLIECY
(muB. puc. 2.2). Temneparypa Ta 00’eM rasy, mo 3A1HCHIOE amiabaTHUI
MPOLIEC, 3B’ sI3aH1 MI>K COOOH CITiBBIAHOIICHHSIM:

y—-1 y—1
T Sl =g, o[ X
T, (Vv 2 lv :
1 ) g

PoGota A, razy mpu agiabaTHOMY MPOLCC] BU3HAYAETHCS TAKHUM YHHOM:

By =ZIRIT ~T4)2 221
pn2

“P Pobota A, ragzy mpu 130TepMIYHOMY MpO-
LECl BUBHAYAETHCS TAKUM YHHOM:
| AniaGara A, =BRT, Y (22
3' B v,
Bukonaemo oOuucnenHs 3a (opmymamu
2.21 ta 2.22, BpaxXyBaBWH, IO TSI TBOXATOM-
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HEX MOJEKY] BOAHIO i = 5,y = 1.4, a iioro monspua maca p = 2 107
Pl diiH
=% T, =300 ('/5)"*"' =157 K
A;=0,025831(300-157)/22107 =298 x]JIx ;
A,=0,02831157 Ln(0,2) /2 10° = - 21 xJIx.

Bix eMHwmit 3HaK y OCTAHHBOMY PE3yIbTATI BKA3ye HA TC, IO NPH CTH-
CKYBaHHI razy poboTa HaJ HUM BUKOHY€ETHCS 30BHIIIHIMH CHIIAMH.

IMpukmax 2.11. Temnosa marnuHa npairoe mo 06opoTHOMY LuKiIy Ka-
pHo. Temneparypa narpisaua T; = 500 K. Buznauntu TepMmiuHui K.K.O. M
OUKITY 1 TeMreparypy T, XOIOAUIbHHUKA TCIUTOBOI MAIIMHH, SKIIO 32 Paxy-
HOK KOJKHOTO KITOMKOVIS TEIUIOTH, OTPUMAaHOI BiJ Harpisayua, MallHHA
3aificaroe podoty A = 350 [Ix.

Po3s’g3anng. TepmiuHME K K. 4. TEIUIOBOI MAIIMHA MOKA3YE, KA YaCT-
Ka TCIUIOTH, OTPHMAaHOI BiJ HarpiBava, MEPETBOPIOETECSA B MEXaHIUHY PoO-
6oty. TepMiuHHI K.K.X. BUPAKAETBCSA GOPMYIIOO:

n=A/Qi,;
ae Q) - TeoTa, OTpUMAaHa BiJ HarpiBaua, A — KOpUCHA PoOOTa, IO BHKO-

HaHa TCIUIOBOKO MAIIHUHOI.

BeTanoBHBIIN K.K.J. LIMKIY, MOKHA 32 (GOPMYIOK K.K.J. IS LUKIY
Kapuo n = (T, - Ty) / T; , BU3HAYHTH TEMIEPATYPy XONIOIUNBHUKA 15

T,=Ti(1-1); (2.23)
3poOuMO OGUHCICHHS
n=350/1000=0,35; T,=3500(1-0,35)=325K.

Npuknax 2.13. Axy cuny F tpeba mpuxnactu 10 KiHLIB CTAIBHOTO
CTEPIKHSI 3 TUIOMICIO MOTIePedHOro mepetrny S = 10 cv’, mob He xath oMy
po3wmupuTHCcs npu HarpisanHi Bif to= 0°C go t = 30°C?

Po3s’a3ann4. [1pu HarpiBaHHI CTEPKEHb Ma€ MOJOBKHUTHCH HA AL :

AL=Lya At; 2.24)
e Lo — moBxkuHa CTEPKHS; O - KOS(DILIEHT TIHIHHOTO PO3LIHPSHHS CTAI.

106 He maTh CTEPKHIO TOJOBKUTHCH, 10 HHOTO TPpeba MPUKIACTH CH-
Ay, IO BU3HAYAETHCs 3 3akony ['yka. Toal maemo:

G=£=£E; = AL=lof ; (2.25)
S L, ES

ae E —moayns FOura cram.
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3 mopisusiHHS hopmyt (2.26) ta (2.27) otpumaemo: F=E S o At.
PoGumo oGuncIcHH:
F=21610° 1010 1,06 10°30=71 10°H ;
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JHOIAATOK
L. Micknapoana cuctema oaunuub CI.
ITapameTrpu PosmipHIcTh HaiimenyBanHs ITo3HaueHHs
JosxuHa L METP [m]
Maca m KUTOTpaM [xr]
Yac t CEKVHJA [c]
Temmeparypa S) KeJbBIH K]
KimpkicTs pedoBnHn N MOJTb [MoB]
Cuia cTpymy | aMriep [A]
Cwia cBiTIa J KaHzena [xn]
Ilnockuii kyT - panmiaH [pax]
TigecHmif KyT - cTepajiaH [cp]
IL. I'on10BHi (i3n4Hi cTATI.

dizuuHa crana [TozHaueHHS 3HAYCHHS
TpHCKOPEHHS BUIGHOTO TaiHHS g 9.81 m/c?
I'pasiTariiina crana G 6,67 10" v/xr ¢
Crana ABoraapo Na 6,02 10* o™
Mounsipra razoBa crajia R 8.31 Jix/moms K’
CrargapTHHIi 06°eM V. 22.4 107 m’/momb
Crama BombiMana k 1,38 10 /K"
EnementapHuii saps e 1,60 10" Kn
[TBUIKICTH CBITA Y BAKYyMI c 310° m/c
Crana Credana — Bonbimana c 5,67 10° Br/m*K*
Crana Buna b 2,90 10° MK
Craina [Tnauka h 6,63 107" JIx ¢
Crana Punbepra R 1,10 10" m™!
EHepris 10Hi3a11i aToMa BOIHIO E; 2,18 107" JIx
ATOMHA OJIMHHIIS MACH 2.0.M. 1,66 107 xr
EnexTpudna cTama € 8.85 107" d/m
MaruitHa cTana o 47 107 Tu/m
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III. I'veruHa razis (mpH HOPMAJBLHHX YMOBAX).
la3 I'ycTHHA, KO/M la3 T'ycTHHA, KO/M
Bomens 0,09 Temit 0,18
TosiTps 1,29 Kucens 1,43
1V. Jlesaki acTpoHOMiYHI BeJITHYHHH.
HaiimenyBaHas 3HAUCHHS
Pamiyc 3emm 6,37 10° M
Maca 3emm 5,98 10%* kr
Maca CoHis 1,9 10% kr
Maca Micsa 7.33 107 kr
Biacrans Big neHTpa 3emut 1o ueHTpa CoHIII 1,49 101 M
Biacrans Big meHTpa 3emu o neHTpa Micsans 3,84 105 M

Cepenns ryctuHa CoHL

1,41 10° kt/ o

Y. BaacTuBocTi TBepAUX TiJ.

I'yctura | Temmepa- | TTuroma [Muroma Koeoimient
Pevosuna 10°, Typa TEIIOEM- | TeIUioTa | JIHIHHOTO po3-
kr/M°  |mmaBnemms,| micTh, | mmaBmenms, | mmpenns, 107
" Jix/kr K K JK/KT K
AroMiHIH 2,70 659 896 322 2.3
Bananmiit 6,02 = - - -
BicmyT 9.8 - - - -
3amzo 7,88 1530 500 272 2.3
JIirii 0,53 - - - -
JlaryHp 8.4 900 386 - 1,9
Jin 0,9 0 2100 335 -
Migs 8.6 1100 395 176 1,6
Omn0Bo 7,2 232 230 59 2,7
INmatuHa 214 1770 117 113 0,9
Kopxka 0,2 - 2050 - -
CBuHEIL 11,3 327 126 23 2.9
Cpibao 10,5 960 234 88 1,9
Crasb 7,7 1300 460 - 1,1
Luak 7,1 420 391 117 2,9
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Y1. EdexTuBHuii JiameTp MoJIeKY.I.

la3 Jliaverp, 107 M a3 Jliametp, 107 M
Asot 0.3 Temit 0,19
Bonens 0,23 Kucenn 0,27

VIL IIpy:kHi TAa TENJIOBi BJACTHBOCTI TBEPAHX TiJL.
PeuoBuHa Mexa Monayns FOnra, Koeoimient
minHocTi, MI1a I'Tla TemmonpoBiaHocTi, Br/m K
ATFOMIH1H 110 69 210
IToBcTh - - 0,046
3amizo 294 195 58
Ksapiy - - 1,37
Mizgp 245 118 390
Kopka - - 0,05
CBUHEb 20 16 -
Cpibio 290 74 460
Craipb 785 216 -
E6ownir - - 0,174
VIII. BinHocHi ATOMHI MACH 1€SIKHX €JIEMEHTIB.
EnemeHT Homep (A, a.o.Mm. | ExemeHT Homep | A, a.om
Aszot, N 14 14 Maprasneus, Mn 55 55
Asrrominiii, Al 27 27 Mizgs, Cu 64 64
AproH, Ar 40 40 Momtnen, Mo 96 96
Bapiii, Ba 137 137 Harpiif, Na 23 23
Banamii, V 60 60 Heon, Ne 20 20
Bonens, H 1 1 Hixens, N1 59 59
Bomsdpam, W 184 184 OnoBo, Sn 119 119
T'emii, He 4 4 ITnaTuna, Pt 195 195
3amizo, Fe 56 56 PryTs, Hg 201 201
3o0oT0, Au 197 197 Cipxa, S 32 32
Kamit, K 39 39 Cpibmo, Ag 108 107
Kampmiit, Ca 40 40 Byrmeus, C 12 12
Kucenp 16 16 Vpan, U 238 238
Marsiit 24 24 Xmop, Cl 35 35
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IX. BaacTuBOCTI piguH,
PiguHa I'ycruna, ITuroma TemmoeM- IToBepxHeBuit
10 xo/m® HicTh, JHK/KTK Hatr, H/M.
benzoxa 0,88 1720 0,03
Boga (ipu 4°C) 1,00 4190 0,073
I'minepun 1,25 2430 0,064
Tac 0,8 2140 0,03
Kacroposa omist 0.9 1800 0,035
MubHa mua - - 0,04
PryTh 13.6 138 0,5
Crmpt 0,80 2510 0,02
X, Maca Ta eHepris CoOK00 eJIeMEeHTAPHHUX YACTHHOK,

YacTuHka Maca., kr Enepris cookoro, Jx

EeKTpoH 91110~ 8,16°10™""

IIpoToH 1,672107 1,5010°

Heiirpon 1,67510™ 1,51-10"°

Jleiitpon 3,350107 3,00010™"

Ol - YJaCTHHKA 6,64+10 5,96:10"°

T - ME30H 241107 2,16+10™"

XI. I'peubknii andasir.

Tlo3HadyeHHS OVKB Hassa Gykxs Tlosnauenns 6vke | Haspa Oyks
A o ambda N, v HIO
B, B beta = Kcl
I,y raMma 0,0 OMIKpPOH
A D JIelbTa ILn i
E, ¢ CICLIOH P, p po
Z,z azera 2, c curMa
H,n era T, 7 Tay
Q.3 TeTa Y,v IMCHIIOH
L1 ifota D, ¢ 1
K, x Kalma X, % xi
A, A IIMOIa Y,y ncu
M, pn MO Qo oMmera
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