A.H.PEMH30B

DOU3UKA
KYPCU

MEAMLINHA
NMHCTUTYTNIAPU
YUYH

(MEXAHUKA,
MOJIEKY 1P ®U3MKA,
TEPMOJUHAMUKA)

CCCP Cof/MKHM caKnalw MAHKCTPAUIA YKYB topThapu
Gow GowKapMacu TOMOHUAAH MEAMUMHA WHCTMUTYTAApPH
CTyAeHTNapu y4yH aapciukicudaTtuga pyxcartistTuarad

Tapxcumon
¥sCCP da xusmar kypcarean jxurys4u
PYMH CAHL

);/sCCP »MEAUUUHA® HAWLPUETU

www.ziyouz.com kutubxonasi



BBK 22.3

YAK 530.1(075.8)

Peitensentiap: Munck mennuuna HHCTHTYTH dH3uKa Kadenpacy (ka-
belpa Myzupu gon. . K, Topcknit) Ba Kues  memuumua HHCTHTYTH
$usnka Kadenpacn mymupn E. A. Besnenemxnux,

Pemuzos A, H. .

P 40  dusuka kypen: Men, HI-TJIADH CTYLEHTJIApH yuyH
Rapeank/Tapxumon:  Pymn  Cang; Tapxumauuur
Maxcyc Myxappupu: D. M. fkyGos. — T.: Meguiu-
nHHa, 1979, ;

T. 1. Mexanuka. Monekyasp ¢usnka. Tepmoau-
HaMuKa. 2386.

Pemusos A. H. Kypc ¢usHkH., T. 1. Mexauuka.
Moutekyasipras ¢usnxa, Tepmoannamuka.

KHTOOHHHI GHUDHHYH ToMmu c¥3 GoluM, Mexauuka acochapH, MexaHHKaBHIY
Te6palHWNap Ba TYJAKHHAAD, aKyCTHKa, THADONAHHAMHKA, MOJIEKYAAP (H3HKA Ba
TepMOAHHAMHKAAaH HOOpaT. YmOy Tomra MaTeMaTHKagal KHCKaua MabayMmor-
J1lap HJOBa KHAHG GepHaraw.

Kypcuunr acochit maTepuanunn TaHaalina, TypJaH KOHYH Ba XOAHCanapHH
TACBHpJAlIna aMalHi MeIHKO-GHOJOrHK JKHXAT aKC 3TTUDHATAHAHD. PU3HKa Kyp-
CH amMasJHi xapakrepjia GYAraHgury  tydahau Y IOKOPH KypC CTYAeHTAapH Ba
Bpawsiap y4YyH, IUYHHHIAEK, GHMOJOrH: XaMJa KHUINOK XYKaaHuru 6yfinua Mv-
TaxacCHC Myana/iuM Ba CTYAGHTIAD Y4YH XaMm SXWIH KYATaHMa cHhaTHZA XH3IMAT

Kuaa oslagH.
BBK 22.3
53

Tapxcusanune maxcyc myxappupu
5. M. IKYBOB

© Hanateanctso «Bricuras mkonas,
1976

: © Y3CCP «Meauuuua» Hawpuérn,
44 1979.

50100 -
M354(04)—79 1=79 1704000000 Yabekuyara tapiknMa.

www.ziyouz.com kutubxonasi



Mennunna uHcTHTyTA2DpHAA dU3HKa KYpPCHHH
ixTHcocaaw Tapadaopu — Pemusos Huxoaad
AsickcannpoBHY XoTHpacHra OarnullaHazH.

C¥3 BOIIH

Y6y ¢H3HKa KypCH MelHIHHAa HHCTUTYTJIAPHHHIT gapoJall, ne-
ARaTpusi, CAHHTApHA-THTHEHA Ba CTOMAaTOJIOTHS HXTHCOC/]ApH CTYHEHT-
Japura MyJKaJJlaHras.

Kypc acocan x03HpJa HIIJMATHJIYBYH nporpaMMmara MyBOQMK €3ui-
rad 6yjica-ma, nporpamMMazaH TaliKkapu 6ab3d MacajnajiapHH xXaMm ¥3
HYHra o/afd. ByHn nporpaMMaHHHT {3rapMil S5XTHMOJIMHH Hasapjia
TYTHATAH X0J1Ja, IIYHHHIAEK CTYyAeHT/]apHHHr HJAMHI HULJIapHHHU akK-
THBJIall MaKcaaujaa KHJHHTaH.

®u3uKa KypcH UXTHcocHdaHraH 6yiub, y meauiuHa Ba GUOJIOrHA
coxajapura KapartwiaraH. JapcaHKHHHr WIyHAa#l XyCycHATH YyHH, aH-
HH BaKTAa, OHOJNOTrHA, dpapMaLus Ba KHULIOK XYXKaJHFH HHCTHTYT/a-
PH CTYHAEHTJIAapPH Y4YH XaM KyaanaHMa ne0 xucobJjawira UMKOH GepafiH.
Hapcankaarn MatepHas Bpaunap, 6HOMH3HKAAp Ba GollKa MyTaxac-
CHCJIaD YUYH XaM KH3HKapJ/u OyJullin MyMKHH.

ABTOp MakTa6 IporpaMMacHHHHI KaiTa Ty3WIHLIHHH xHcoOra oJ-
rai xonjaa ypra Makra6 MaTepHaJHHH TaKpOpPJaMac/AHKKa HHTH/TaH.

Ac6ob6nap TaBcHH acocaH CXeMaTHK paBHIUAA GEpPH/IraH, YyHKH,
Gu3HHHIYa, ac606 Ba anmapamIapHHHT MydaccaJ Ba KOHKPET TaBCH-
¢&Hu pu3HKa NPaKTHKyMJAapHaa GepHJIHLIH JIOSHM.

¥3 mexHaTH, MaciaxaTviapH Ba HCTakjapu 6uwjaH ywby KaToO-
HHHI OyHéAra Kennmura cab6a6 GyaraHjJapHHHT XaMMACHHH 3¢/1aTHO
yTHw KuiiuH. ABTOp peueH3eHTNapra, 2-MockBa MeJHLHHA HHCTHTY-
TH 3KCTIepUMEHTaJ Ba Ha3apuil (H3HMKa Kadeapacu XOAHMJAapHra BEa
karra ykutyBun H. X. McakoBara anoxuaa MHHHATAOPUH/JIHTHHH H3-
XOp 3TamH.

Despaav 1976 4. A. H. PEMH308B
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<«.OpranusM mexanuka, ¢GH3HKa Ba XHMHAHH,
wy6xacus, ¥3uga myxaccam GOFJOBYH 3HL
OJHH GHPAHKAHP. .,

&b, Fneeavc.

KHPH LI

Ouanit Memuuuua VKYB toptuaa ¢u3nKauu yprauuwra Gowntawgan
aBBaJ MENHK-CTYZeHT Ba BPay YuyH (H3MKa Ba MaTeMaTHKa GUJIHM-
JIADHHUHT HHMara KepakJuIM, MelRuHHaHHH ¢bu3nKa Ba MaTemarHka
OMsaH KaHyaauk GOFIaHraHJHru XaKHla TacaBBypra sra Gysuur 3a-
pyp. JacraBBaa du3MKaHHHT HHManapHu yprawumu Ba 6y dau KaH-
Aait XyCycHAT/Napra sra SKaHJIHIUHK 3CHATraH XoJ/la I0KOPHAArH Ma-
Cajlanap ycraja TYXTaiMH3.

§ 1. PH3UKA NPEAMETH

Acocuit ¢pancaguii KaTeropua -~ 6y arpodpuMusnaru G6apua Hap-
- CaHH, XaTTO GH3HH XaM ¥3 nuyura OJIlyBUH marepusdup,

«Martepusi OGbEKTHB peaauKHH Hponanaliiuray puocopuxk xa-
Teropust 6§46, 6y OGBEKTHB DeaJlIMKHH HHCOH y3 cesrusnapu 6uian
MADOK KHJanH, Oy OGBEKTHB peaslyinK GH3HHHT Ce3THJapuMusra 6or-
JuK Oy/iMaran xonanxa MaBKYNAHD, OH3HUHI Ce3TWJapPHUMU3 ynaau
KOIIHSL Ola]iH, CypaT OJMaiH Ba YHH aKC 3TTHpaau»*, — ne6 é3ram aau
B. M. Jlenun.

Marepusnuar aXpa/iMac XOCCaCH, YHHHI MaBXKYJHK dopMmacu
xapaxardup. :

«Cy3HUHT 3HT YMyMHuif MabHOCHzA Kapanajurai, s’bHH Marepus-
IHHT Aliawr ycynn cudaTuia, MaTepusra HYxaH xoc aTpubyt cudaru-
Aa TYWUYHHJAAHraH XapakaT OAAHE KOl aMMallymaan TopTué 1o Ta-
(hakkypraua kounorma Coaup Oynamuran xamwma ysrapuunap Ba
NpoliecctapHu 3 Muura oJagus*. i

Marepus xapakartuuunr TYPJH Ba XHAMa-Xxun Typaapu, ®. Su-
reJbC KypcaTyBsura MyBOQHK, 6ab3u acocuii: mexanuxasuti, usuxa-
suil, 6uoiozux Ba coyuan ¢dopmanapra axpaJgany. By, ¢auun xapa-
KaTHUHT KaHCH TYPHHH ypranuiaéTraHura Kapab kJjaccHpuKaunusanui-
ra HMKOH Gepapny.

duresibc H3upan 6opub, gusuxanu marepus Xapaxkatunune mexa-
Hukasuil ea gusuxasul ¢popmarapunu gpeanyeuu gan ne6 Tanpud-
Jaul MyMKuH. Mydaccanpok kunu6 KYPraufia MaTepHsi XapakaTHHHUT
¢u3nkasuii popmacunu MONEKYAAP-UCCUKAUK, 3INEKTPUKABUL, 3iek-
_—

* Jenun B, H. Marepuanusy  pa SMIHDHOKPHTHHH3M. Acapaap, {3bekua
5-Hawpr, 18-toy, 146-Ger,

*OHreabc ®. Mapkcua-aeruiua $unocodnss  xpecromaruscy, l-Hawpw,
402-6er,
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TpOMAZHUT, aTomasul 8a A0po-uyudaey MaTepHs XapaKaTH TYpJapHra
‘axkpaTHll MyMKHH. 3oTaH, OyHuaii axpatuur OuHp Kajap WapTIH,
anbarra. Hlyngai 6yuaca-na, ¢pusukanu yKys ¢anu cudaruia, oartia
XYAAH mWyHnait 6yauMaapaan uHb6opar ne6 TacaBBYp KHJIaauaap.

MarTepusi xapaKaTHHHHT Xap XHJ Typaapu y3apo Goramgaup. By
GoFJaHHII, aBBaJrd (GaHjap wuerapacHiaa €TYBUH, AHTH (aHJIapHH
Tyraupau. MacanaH, ¢usnka Gunan Golka ¢aHmap yJjaumraH yerapa-
Ja 6GHoNorHK GHsuka (6uodusuka), acTpodH3UKa, XUMHABHH (u3nHKa
Ba 6OWIKaJap BYXyAra KeJAH. Xapakar TYpJapHHHHT AH(depeHuHus-
JAHKIIH MaBxXya daniapiaH GomwKa ¢aHJIapHHHT a)Kpanub UYMKHIIH-
ra cabab Gymamu. Macanan, ¢u3HkajaH MaTepHa/ulap KapUIHJHTH,
MCCHKJHK TeXHHKAcH, 3JeKTPOHHKA Ba GolliKajaap xabu ¢aHaap Ba
VKyB mpeiMeTaapH axpalb uHKAHJIAPp.

§ 2. PU3UKABHH TAAKUKOTJIAP
METONJIAPH

dusnkaga ¢oligasaHuNafHral TalKHKOT MeTOJJIapU Ha3apus Ba
npaktuka Gupauruara moc keaut, B. M. Jlenun Tanpudiiaran GuiiHu-
HHHT AHAJEKTHK KOHYHHATHHHM aKC 3TTHpPaau: «)KoHJIH MylIoxaaalaH
a6eTpakT Tadakkypra 6a yHOaH nNPaKTuKGed — XaKUKATHY  GUIn-
HHHT, OOBLEKTHB PEaJIMKHH OHJHMIIHHHT AHaJEeKTHK HyJaH aHa UYH-
pannups>*. )

Byunauw QH3HKaBHH TAAKHKOTHHHr OGHPHHYH 3Talld Ky3aTHII Ba
Taxpubanup JeraH xyjoca yukKapuil MyMmkud. Kysaruus — xap Kan-
nafi xoaucaHH OGHJIMIIHHHT 3HT COAJA, Xap KYHTH 3JeMeHTHIHD 1e-
ium MymkuH. Taxkpuba MyalisiH Xoauca pyil GepHild y4yH sipaTHAraH
Maxcyc wapodt 6YiH6, Y KY3aTHUIHHHT IOKOPHPOK JdapaxacH Xucob-
JgaHaau. Pu3nkaBHil Taxpuba onaTaa GH3UK KaTTaJUKJIapHH; KHCM-
Jap XoCCaJlapHHH, NpOLECC XapaKTepPUCTHKANapHHH Yauyaml G6H-
JaH Gupra Gopaxu. PusnkKaBH# KaTTaJHKAAPHH aHHK Yyjadall Ta)KpH-
6aHY MHKIOPHH GaxOJalIHHHT Ba Wy TydaHaH, GU3HKaBHA XOAHCAaHH
GHJIHII NPOUECCHHHHT KAaThUH WAapTHARD.

du3nkaBHi XOMHCAHH OHIMIIHHHT €KH HJIMHH TalKUKOTHHHT KeJi-
TYCH 3Tanu abcTpakr ragaxkkypdup. OU3NKaABHI TaIKUKOTIapra HHC-
6atan Oy Mya#sH MyHOcabaTiap Ba KOHYHHATJApHH aHHUKJALl, [UIO-
Tesajap Tak/AH(Q KHJIHII Ba Ha3apHs TY3HIUAaH HOOpATAHp.

Mypakka6 ¢H3HKaBHH XORHcajJap aHaJH3 KHJAHHraHAa, abcTpak-
uHa 7e6 aTaJyBuYH; HJIMHH TaIKHKOT MeTOAH Ky/anaHaan. By Merox
Ma3Kyp XOdHCa Y4yH HKKHHYM JapaxKaJard, MyXHM GysiMaraH aJjio-
MaTJapHH YHAKapul Tamaura acocaaHrad. ®usnkana moddui nykra,
abcoatoT KATTUK HucM, abCoAOT KOpa sucm Ba X. K. Kabu abcrpak-
LUHAJap HULIATHAALH.

Hasapusi, KoHyH Ba rumoresajap aMajia TeKIIHpPHJIAAH Ba HULIA-
THJIAIH. Hlynna#t Kuaub, npakruxka-raxpuba OGUAMLIHHHT AacTiabKu
Ba CYHITH 3TanjapHAHp.

159; Jenun B. U, duaocopusn madrapaapu. Acapaap, yaGexua 5-HaupH, 29-toM,
-OeT. '
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§ 3. ®U3HKA BA MEAMIIMHA

Pu3uKaHUHT MelHuHHA Guuanm Gornauuwu kyn KUppaauaup, 6uno-
6apHuH, 6y 6OFJaHUIINK KypcaTyBun aclekTiap €pjaamuia y xakuaa
KHCMaHTHHA TaCaBBYPra sra G6yJiHII MyMKHH.

1. Opeanusmdaeu pusuxasui npoyeccrap. Buogusuka. Opam op-
FAHH3MHIATH TIPOLECCAAPHUHT MYPAKKAGAUIH Ba y3apo GorzaHraH/u-
'ira Kapava#, ynap Huuga QuaHkasuii Tipoueccnapra siKHH GyJranaa-
PHHI aXpaTHII MyMKHH. MacaJaH, KOH aiiJianumg Kabu wyHpxaii Gup
MYPAaKKa6 (U3HOJIOTHK Npolece aciu ¢u3ukapuii TIpOUeCCAND, YYHKH
Y CYIORJIHK OKHMH (rHaponuHaMuka), TOMHDpJIapaa 3/1aCTHK TeGpaHull-
JIADHUHT TapKaJHWH (Te6panuiu pa TYIKHHAAD), IODAKHHHT MeXaHHKa-
BUH HUIM (MexaHHKa), 6HomnoTeHU KA AP TeHepauusicu (3JeKTp) Ba
X. K. 6uaan GOFJIHKIHp. Hadac oanm ras XapaxkaTH (aspoaHHAMHKa),
HCCIRJIMK y3aTHm (TepMoaHHaMuKa), Oyrnannw (da3oBuil aianmm-
Jap) Ba X. K. 6usan Gornukaup.

®u3nkaBuit MaKponpouecciaapaan Gouxa OPraHH3MAa, KOHCH3
TalHaTAaruaex, NHpoBapauAa GHOJOTHK CHCTeMaslapaaru ysrapuuniap-
HH 6eqarunosyu MOJIEKYasip nipoueccaap xam Mapxkys. By ka6u muxkpo-
npoueccaap GH3HKaCHHH TylyHHII OPTaHH3M XoJ1aTHHH, 6ab3H KacaJ-
JHKIAp TabuaTtauu, [opHaap TALCHPH Ba X. K. JapHH TYrpu Gaxosau
yuyH sapyp. ‘

By macananapunnr Gapuacuna ¢u3HKa GHONIOrHS 6unan  yaapo
LYHIATHK CHHTHINHG KETTaHKH, HaTHKajga MycTakuna 6up daH — Guo-
(usHKa ByXKyara xessam. Brodusnka tupuk OpraHH3MJIapaa (pUIHKABHi
Ba (PH3HK-XHMHABUI TIPOLLECCAAPHH XaM, WIYHHHTAEK, GHOMOTHK CHCTe-
ManapHunr xaMma Jgapaskazari cy6Monexynsip Ba MOJIEKy1ap napa-
KacHlall T0 Xyxaiipa Ba 6yTyn OPraHH3M Japa’kacHraua TallKuJ
TONran yabTPacTPyKTYpacHHH Ypranamy. Mennuuna HHCTHTYTJIapH/ia
6uodH3HKa H3UKABHY BA 61o0ruk GHIMMJIApra acocaaHran Mycra-
KHa 6up ykys bannaup.

2. Kacaaauxarap duaenocrukacuda sa 6uorozux cucremanrap TadKu-

ACOCJIaHTaH JHAaTHOCTHK MeTOJ KeHr TapKanu6 kerau. Uy xymaanan,
I0paK paoausTHHYE akc STTHPYBUH GHONOTEHUHANNADHH 63HG OJIHIL —
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5JEKTPOKApAHOTpadHus METOAu IHT Kyn Tapkaaraniup. Meamnko-Guo-
JIOTHK TafKHKOTJapAa MHKDOCKOIHHHT poJH XamMara mabiyM. Tona-
JM OITHKAra acociaHH6 sicajraH 3aMOHaBHH MeauuMHa acGoGaapy
OpPraHH3MHHHT WYKH OYUNIHKJIapUHH Kypulira nMkon Gepanu. Crek-
Tpa/ib aHaJH3 CYA MeJHLHHAcCHAa, THTHeHa, (apMakoJorus Ba 6uo-
JOTHAZA HULJATHA4TH;, PEHTIEeHOAHATHOCTHKA Ba HHIUOHJAHIAH aTOM-
Jap MeTojAH KaGHu anya vMabiayM OyJaraH AMardoCTHKaBHH MeTol/apia
aTOM Ba f4p0 (pU3HKacH IOTYKjJaphHaaH ¢doiiganaHuiani.

3. Hasoraw maxcaduda opeanusmea ¢usuxkasul gpakropaap 6uiran
Tascup 3Tuwe. Meanuunaga KYJIJAaHHAYBUM TYDJH AaBOJialll MeTOAJa-
DHHMHT yMyMHH TymaaMuia QH3HKaBHH (akKTopsap xaM YpHH .OJalH.
Ynapuunr 6ab3ujapuuu Kypcati6 yramna. CuHran cysikjiap yCTura
KyHuaaguray runc GOFJaM IUHKaCTJaHTaH OpraH/iap BasHATHHH Mexa-
HHK paBuIuja GepkuTyByH duKcaropaxp. [laBojawl MaKcainuia HuJja-
THJIYBYH COBHTHII (My3) Ba HCHTHII (rpejKa) HCCHKJAHK TabCHPHTa
acocAaHnran. DJIeKTp Ba 3JEKTPOMArHHT TabCHPH QH3HOTepanHsiia KeHrT
HuiatHaanu. Kypunysuu Ba KypuuMac épyriaHk (yspTpabuHaduma Ba
HHQpaKH3WI HypJaHHLIJAp), PEHTreH Ba TaMMa-HypJaap JxasoJail
MakcaAuAa HiJIaTHIaiH.

4. Meduyunada uwiraTuAYeuu MATePUAALAPHURS (UBUK XOCCaLapuU.
Buoaoeux cucTemaraprung ¢uaukasuii xoccaarapu. Meaunyunana Kya-
JaHuayBud GOFIaMJap, yCcKyHazaap, 3/JeKTpoAjap, npoTe3 Ba IIYHra
{xmamiap aTpodAars MyXHTHHHT Ba Iy XKyMJalaH, aTpodparn 61o-
JOPHK MYXHTHHHT G€BOCHTAa TabCHPH LIAPOHTHAA HITaigu. byniail
napcajiapHy peaJ WapoUTIapia SKCIJyaTalds KUIHWHU GATHII YYYH
yJap sicajaraH MaTepHaJIaDHHHI (U3HKaBHil XoccajapH XaKHAard
Mab/aAyMOTra sra 6y.auim 3apyp. MacaJsaH, THUI, KOH TOMHpJap, KAana-
Ba X- K. IPOTE3JIapHHM sicalll YUyH MeXaHHKaBHH MaxKaMJHKHH, Xap
XHJ1 HarpysKajapra YHAaMJIHAHKHH, 31aCTHKIHKHH, HCCHKJIHK YTKa3yB-
YaHJIUKHH, 3/J1€KTP YTKa3yBUaHJIHKHH Ba 6OIIKa XoccajapHH Ouiuumi-
HHHI aXaMHATH aH4ya MYXHMIHD.

Kartop xoJsapia GHOJNIOrHK CHCTEMaJapHHHT SILIOBYAHJMTHHH €KH
MyaisiH TaWKH TabCHPOTIApPra YHZAMJIHTHHE Oaxosail yuyH YJAapHUHT
(hH3MKaBHI X0CCaNapUHH GHJIMII axaMHATra 3ra. BHOMOrHK 06beKTIap
(hu3MKaBUH XOCCaJAPHHHHI ¥3rapuuiura kapa® KacaJsMKKa JHarso3
KYAUIHIIH MYMKHH.

5. ATpoghdacu myxurHuHe pusurxasull xoccarapu 8a XapaKTepucTu-
karapu. THPUK OpraHu3M arpodiard MyXUT OMjaH JOHMO y3apo My-
Hocabataa OyaumIK TydaiJUruHa HopMaJ silitafl onajd. MyXUTHHHP
TeMIlepaTypa, HaMJHK, XaBO 60CHUMH Ba GollKa (GH3HKaBHH XapaKTepH-
CTHKaJapH V3rapHIUHHHHT OpPraHH3MCa Ta’bCHP 3THIIM Mabiym. Opra-
HH3Mra TallKH MyXUT Ta’bCHPHHH €1FM3 maccHB Oup daxkrop ne6 XH-
cobsiamMal, yHAAH AaBOJall YYyH: UKJAMMui Tepanus (KiuMaToTepa-
-nusi) Ba Gaporepanussiapia QoiganaHum MymkuH. By Mmucoanap
atTpopiarn MyXUTHHHT (H3HKAaBUH xoccajapH Ba XapaKTepHCTHKaJja-
pHra BpauHuHr 6axo Gepa OafMraH 6YJIHLIH KePAKJIUTHHU KypcaTajH.

6. Meduyuna sa maremarukasuti 6usumaap. MelUIHHAHUHT MaTe-
MaTHKa O6HaaH 6OFnaHHIIM GHp Heda HYJA OHaaHn ro3ara YHKaaH.
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Bupununnan, megumuna TAAKHKOTIADH HATHKANAPHHH HIIIA6 yy.
KHLI, INYHRHTAEK, KaCaIHKIAD AHATHO3HHHK AHMK/IAIINA HINJIaTHAYBYy
XHCOGJIaI MalIMHadapy GopraH capu KeHr TapKaamMoxkna. Bynuur ya-

Hxxkunuupan, THPHK CHCTeMaJapaa pyii GepyBun npoueceaapui
TaBCH}JIam yyyw, IIYHHHTICK, TeTHIIM aHAMH3 Ba MOZEJIIADHH XOCH.T
KHJHIL yIyH MaTeMaTHKagan bofizanannnany.

Yuununnan, kacammuk TYPJIApHHH, snHIeMusap TAPKOKJIHTHHH

XHcoGsamw Ba 6ourka MaKcajjapia MaTeMaTHK CTaTHCTHKA KYATaHy-
JajaH. \
Bpaura ¢usukasuii 5a MaTeMaTHKaBHH GHIMMAAPHUHT 3apypJury
SHa IYHAAKH, ynap THpHK OpraHu3Mra Ba yHaa pyii GepyBun nponecc-
JIapra MarepHaJJHCTHK HasaplaH Kapawmuuur wakanamuwura épaau
Gepany. :
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BUPUHYU BYJHUM

MEXAHHUKA ACOCAAPU

JKHCMIapHUHT MeXaHHKaBHH XapaKaTHHH YPraHyBuH (H3WKAHHHT
OyanMHra MexaHuka Aednnamu. Pa304a XKHUCMJIAD BAa3HATHHHHT BaKT
HaBOMHJATH Y3rapHIIN MeXaHuKasul xapakar KeHuNaiH.

Acocuna HploTOH KOHYH/Iapu éTraH MeXaHHKA KAGQCCUK MEXaHHKa .

Aeftnany. By Mexanukajsa Te3JIHKJAapH EPYFIHUKHHHT BAKYYMIATH Te3-
JHTHAAH Ky MapTa KHYHK GY/IraH XKHCMJAap XapakaTd KypHO uuKu-
JajgH.
.~ Tesquxnapunu €pyrauK Te3JHrH OHJAH COJHIITHPUG GyJaaHra
HHCMJIAp XapaKaTHHH PeAATUBUCTUK Mexanukada Kypub uuKamu;, 6y
MexaHHKa HHCOMAJIMK Ha3apusCHra acocjaHraHiup. Mukposappaua-
J71ap XapaKaTHHUHT XYCYCHAT/IAPH KBaHT (THakunau) mexanuxada yp-
raHHaa u.

Ywly 6ynuMaa K1aCCHK MeXaHHKa acocJapH GaéH STHAAIH.

IBOB
MOIOAHHA HYKTA KHHEMATHKACH

Kunemaruka — xucmiap xapakaTHHH, YJIapHH ByKyAra KEJTHPYB-
YH €KH §3rapTHpyBuH cababiapiaH KaTbH Hasap, Vprasvysud MexaHu-
KaHHHT 6Hp GYIUMH.

Acocull KHHeMaTHK Macananap 3HF COAAa XOJA4a MOLAHiL HYKTa
\8paKaTH MHCOJHMAA KYPHO YHKHIHIIH MYMKHH.

T /
§ 1, MOILAMM HYKTA XAPAKATMHUHT
TEHTJIAMAJIAPH

Moanuit HyKraHunr dasofarn Ba3MSATHHH aHHK K§pcaTHII YUyH
KoopauHaranap cucremacHian ¢oinanananu. Kynunua rjrpu 6ypua-
au Oexapt Koopduwnarasap cucremacu (1.1-pacM) HMIIATHAMOKAA.

Hygra Muunr dasonaru sasusts koopiHHatanap Gommman wmy
HyKTara yTKasuaraH paduyc-eeKTop T HHHT KaTTaJdUTH Ba HyHa-
JHIIK  OWJaH- aHWUKJAaHAaAH. PajHyC-BeKTODHHHT  KATTAJHTH = Ba
HYHaJNHIUMHY YHUHT KOODAMHATa VKJapHra TYIUMPHATAH y4 1po-
eKIHACH €plaMuia Gepunumn Mymxud. By npoekuusniap, nemak, M
HYKTAHHHT Ba3HATH X, Y, 2 KOOPAHHATAJNADHTd MOCIHP.

Moxznuit HyKTaHUHT HCTaJraH BAKT MOMEHTHIATH BasHATH xapakar
Teneaamarapu €pramuna GepHiauO, yJaap NeKapT KOODIHHATANAp CHC-
TeMacula KyHUAard KYpHHUIITA Sragup:
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x=F1(t), y=F2(t), z=f3(¢) ' (1.1)

CKII, YMYMHADOK KHJING ¢3rania,

r=f(1), (1.2)

Oy epra r — paanyc-BekTop.

Moanuit HykTanuur dasonarn keTma-Ker sraamaray XaMMa Ba3usaT-
JADUHHHT TYIJIAMH ¥apaxar Tpaekropuscunu Gepamu. llyunait Kuaus,
(1.1)-renraama dbagarruna xapakar reiramacu 6yamaii, 6anku napa-
7 MeTp f OpKanH Gepuaran MoIIHi HYKTa

TPACKTOPHACHHHHT XaM TeHIJaMacCHAUD.

SOMigz) ¥ § 2. MOAJMHA HYKTA TE3JIUIH

| Moaanii HykKTa MoMeHT £, 1a pazuyc-

[ BEKTOp r; GMJIaH XapakTepiaHyBum M, (xi,
0 X Y1, 21) Ba3MATHAA, MOMEHT fy fa pajuyc-

I

I

/X BekTop ry 6uaan Xapakrepsanysun My (x,,
/ Y2, 22) BasHATHAA TYPHOAHM,  JefNuK
\_J// (1.2-pacm). Hlyupait Kuiau6, mommuii HYKTa

- At=t—t; BaKTRa 3rpH YH3UKJAH KecMa
Asun  Yraam. XapakaTHHHT 6owmIaHFuHY

4 Ba OXHDPIH HYKTaJapHHH GHDPAALITHPYBYH

Ar=ry—r, (1.3)

BEKTOpra Kyjuuw eexropu neiimnanu. (1.3)-

AaH KYpUHHO TYpHUORHKH, pajanyc- Bexkrop-

HHHT  OPTTHPDMACH KYYHII BEKTOPHHUHT
' yarunacuaup.

Arap, xaénan BAKT HHTepBaau Af xa-
ManTHpuica (Aft—0), y xomza |AT| = As.
KyuHir BexTopuHHHT BaKTra HHcH6aTHHHHT
JIUMATH, BAKT MHTEPBAJH HOATA HHTHJIrAH -
13, MOAJHH HYKTAHHHT Te3JHIH 6ynanu:

v =lim (Ar/At). (1.4)
At—0

<
/

1.2-pacm.

OYHKIHS OPTTHPMAcH GMIAH apryMeHT ODTTHPMACH HHUCGATHHHHT
JHMHTH, apTYMEHT OPTTHPMACH HOJNra HHTHATAHAA XOCHJa 6ymann:

v =dr/dt. (1.5)

By xefinnrn udona TeaNHKHuHT 3HT MyKaMMaJga TabpHDHAMD: Te3-
AUK_paduyc-eeKTopHuKe 8axT Gyiuda orunzan Xocuracudup*.

Jlumutaa (Mz—>M, xoana) xopna YPHHMAara HHTH/ATAHJIHTH Y4yH

(1.5) na KypHHTaHUIEK, Te3THKHHHL BEKTODH MOJJHMA HYKTa XapakaTH
TPAGKTOpHsICHIa ypuHMa GYiinua #ynaaran 6yaanu.

* KHTOGHHHT MaTeMaTHK HIOBacHIa KYpHIraH XOCHAZ TYIIYHuacHZan 6ouixa
BEKTOD Xxocunach (1.5) xaM MaBKymmup.

10
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7 HHHI KOOpJHHATa/Jap yKHra TYWHDHJIraH NPOEKUHSAJIapH MOC pa-
BHUIAA X, Y, 2 ra TeHr 6YAranauru yuyys (1.5)-AaH Te3JHK BEKTOPHHHHT
KOOpAHHATA YKJApHura TYIIHDHJTAH NPOEKIHUANADHHH OJHUI MYMKHH:

v =dx/dt, vy=dy/dt, v, =dz/dt. (1.6)

§ 3. MOOIHUA HYKTA TESJIAHHIIK

Teanuxkuuar coH KuiimMaTi Ba HyHaaumu GyiiMya Y3rapum #€afaM-
JHTHHH XapaKTepJOoBUYH KaTTaJdHK Te3AanHuwoup.

1.3-pacMaa moaauit HyKTa XapakaTH TPAEKTOPHICHHHHT GHP KHCMH
Kypcatuirad. AfTalinuk, ¢, BaKT MOMeHTHIa Oy HyKTa M, BasusatAa
Vi) Te3JHK OwjaaH  xapakatJjaHud,
t; BaKT MOMeHTH/Ja 3ca Mj BasuaTia
Ba Vp Te3JIMKKa 3ra 6yJaraH GY/JCHH.
Tesnuxkuuur Af BakTaars ysrapuiuu-
HH H(OAasall yYYH V, BEKTOPHH M
HyKrara (¥3-ysura napannenp XoJ-
[a) Kyuupuursa BeKTOpJap aliHpMacH

Av=v,—v, (1.7)
HU Tonum kepak. Tesnanuiu
Av  dv _ d?
a=lim-g=—% -2 (1.8)

1.3-pacm.

ra teHr 6yaanu.
Tesranuul Te3AuKHURE BaKT Gijliuta orunzan xocuiacy éku paduyc-
BeKTOpHUHE 8aKT bifliuua oAunean UKKUHYL xocuracudup.
Bektop Av uu (1.3-pacMra KapaHr) HKKH BEKTOPHHHT HHFHHIHCH
WAaKAHAa KypcaTHII MYMKHH: '
Av = Av, - Av,; (1.9)

BekTop v, (MB xecma) naH MHKIOp XKHXATHAAH V;Ta TEHr 6y.-
rai M,C KecMaHH afiHpuLl HATHXXacHAA- AVT XOCHJ KHJHHTaH: Kecwma
AC Bexktop Av, i Gearnaaizu. (1.9)-uu xuco6ra osran xoaga (1.8)-
(opMy/saHH KyHujaaruua €3Hm MYMKHH, ,

. Av Av
a=lim__* |jm _", (1.10)
At>0 AL arL 0 A '

Wynaafh Kuaub, -TENaHHI HKKM KYLWIHJIYBYMTA akKpaTuul &p-
NaMHla XOCHJ KHJIHHAAH. YJapHUHT Xap GUpHHH KYpHO uHKailJauK.
1.3-pacMnan  kypuHHIUIMYA, |AV.| Te3IHK COH KHHAMaTJapHHHHT

afiupMacura TeHr:

[AV_| =v,—uv;=Av*;

* KyhHiarn GearuaHHIIIApHH GHp-GHPHIAH aXpaTHIl JO3UM: AV = ve— V; —
Te3JHKHHHT BeKTOpaBuil opTTHpMacH; fAv| = vy —'v4l — Te3amx BeKTOpaBHi OPTTHP-
MACHHHUHT -COH KHHMaTi (MOALYJH); _ : .

AV=Uy—U, — Te3NHK COH KHIMATHHHHI ODTTHPMACH, ABHU TEBNHKIAp MOAY/NA-

PHHHHT afMpMacH.
I3 !
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WYHAAT yuyH |AV.| Te3anuk KufMaTHHHHT KaHYa/HK Y3rapraHuHyu Kyp-

A
caranu. Iemak, lim'_A_tV_'“I TC3/IHK KATTAJHTHHHHT {3rapuin HIgaM-
Af

0 Av_
JHrHra Teur. Tesnanum 6y lim_ ©

At At
WK TpaeKTopHsara ypuHMamup, IYHKH TE3NHK GuiaH 6up xun HyHa-
JHUIAANHD; AV, 6ujaH VeV V, napasvtenaupaap. llynnaii KHJIHO,

TAWIKHI 3TYBUHJApAaH GHpu

TAUIKHA STYBUHCHHHHT HyHaMu-

a.=lim Ave
T — 1.11
At >0 Af (1.11)

TE€3JaHHIIHHHT TaHeeHyuaa (ypmma) TallKHJ ST}’BQHCH,!IH[); YHHHT

. lA _, Ay dv .
a.=lim ' =l __ i A =dF (1.12)

At - 0 Af At -0

ra, ABHH TE3JHK COH KHHAMATHHHHT BakKT Gyiinua onnnran xocuiacura
Telr.

A

. . Av
’IGSJIaHHHJHHHI‘ HKKHHYH TallKHJ 3TYBUYHCH 11m=—At—" HHHI' MaBHO-
At-0

CHHH aHHKJIAlW yyyH 1.3-pacmaa Kjwumua Acau1ap oaub Gopamua.
M, Ba M, HYKTalapuia TesJiukaapra ICPIEHAHKYJISID YH3HK YTKa3a-
MH3;, yaap O HyKTaja KecHuwamn: TOMOHJIApH ¥3apo nepneHaHKy.Isp
Oyarann yuyn ZAM,C= ZM,0M,. OMy,—~0M, 6ynrauna A AM,C Ba
A M,OM, teur éunu (OM;—OM,) Ba yunapuna tesr 6ypuakaapra sra
6yarannuknapu Yu4yH Gup-6upura yXwamanpaap.

Yubypuarauniap VXmamanruaau ’

/ MMy _ |av,|

1 Uy '
Keaub yukanu. OMy—~OM, ra HHTHIATaHna, OM; nykta M, 1aru Jepu-
AuK paduycu* Ry 6jnanu; M;M,= |Ar]. )

Byhzaan
| Ar L~ 1| dvy | Grn YL A .
AN e ) | — r|=|Av, | . 1.13
=g e L) A x| (1.13)

OM; pagnycu OM, ra KaH4ya fKHHDOK Gy.ica, (1.13)-udoza mynua
aHHKPOK Gakapusany.

* Tabpudmawgary AHHK/IHKHH NabBO KHAMall, KyHHZaruuy 3C/aTaMH3. 3rpy uu-
SHKIHHT HXTHEPHI HyKTacy M YUYH WyHpain 6up aitnananu KypcaTtum MYMKHHIHPKH,
HYKTa M Ba yHra ucrasiranya AKHRAA €TraH KYluuH srpy UH3HK HYKTaJapu aHa wmy
dWlaHa yctHaa étran 6yaam, Ulynaait aftrananuur PaiHyCHHH 3TpH Yu3uKHHHT M
hYKTal1arH 3IrpHARCHHHHT (TpaexTopuscurunr) STPUAHK DAMNYCH, aftaHAaHHHT Map-
Ka3uHH — SIDHAMK MapKasyw Aeftunan. OrpHJEK Heranpa PaaHyC TeCKapHCHra TeHT
KaTTaIMK TYWyHUAagH: p=1/R. Ukkura MHCOJI: GHD XHA SIPHIMKAATH STPH YH3HK
(o= const) — afinana UH3HKIND; TYFPH YM3HK HOMDB STPHJIHKKA 3Tajup (p = o, 4yH-
Kif R—s00),

12
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(1.13)-HHHT Xap HKKH TOMOHHHH Af ra 6y;an6, IHMHTra YTCaK:

| Avn,

At

[N I Arl I Arl_ul yf

!
RI-ZT: Him & lim T—vﬁR—l’Ul:-R—l (1.14)

= lim
at-0 R1 atso

Aft—=0

lim
Af~0

ra sra 6ysa1aMus.

Mogaavit HyKTaHHHT TPAeKTOPHAAATH MCTaJraH BasusITH yuyH Gy
dbopMyNann UHKAapHII MYMKHH OYJrasH y4yH, Te3JHK Ba 3TPHJHK pa-
JHycHra KYHHJITaH HHIAeKcaap €sunMaca xaMm 6ynaau. Ulyraai gxuauo,
Te3/IJaHHUIHHHT HKKHHYH TAalIKWJA 3TYBUHCHHHHT COH Kuiimath v?/R ra
Tenr, Te3nmaHHIMHHHT Oy TAlIKHJA 3TYBYHCH KaHCH TOMOHra ifyHajran?
Jlumurna £LAM;C—~ 0 Ba L MAC— /2 sKkauu 3bTH6Opra onudca, 6y
caBosita XaBoO Oepuml Kufiud smac. [lemak, xapakaT Te3JHTHra nep-

Av,
a,l=1im “Af (115)
At-0

NeHAuKyasap 6yJaiH Ba TE3JaHHUIIHHHT HOPMAA TAUIKHJ 3TYBYHCH Ae0
"aTtanaAM. Y XapakaT TPAaeKTODHSACHHHHT GeDHJAraH epHAaru Te3JHK
HyHaAaAHIIHHHKHT Y3rapuHIidHHA XapakTepaaiad. Hopmaa Tamku.i
TYBUMHHUHT MOAYJH MOJAJHH HYKTa TE3JIM'H XBaAPAaTH OUJAH TPAeKTO-
PUAHHHT GepH/IraH HYKTacHAAaru srpHJAHK pajinycura 6yaran nucOaTH-
ra TeHr:

a,=vYR. (1.16)
IuxosaTt, Tesnanuu Bekropuuu (2.1-pacMmra Kapaur)

a~—=azx-+a,,
YHHUT MOZLYJHHH 3Ca

. H 2\¢
s=yara - V(@) + (%) (1.47)
aeb €3a onaMmus,

Xorumana 6as3H XyCycHil XOJJIapHH KYPHO YHKAMHU3:

a) a,=0, a,=0. a,=0 6yarauu yuyH, (1.16)-1an R—conuru keanb
YHKAH, s’bHH XapaKaT TPAeKTOPHSACH — TYFPH YH3HK. a.=0 Gyarauu
yuyH, (1.12)-nan v=const Gynanu, 6y 3ca TYFPH YH3HKJIH TEKHC Xapa-
KaTtra MOCHHP.

6) a.=const, an,=0. XapakaT TYFpH un3ukan (@,=0). Teanux
BaKTra NponopuHoHan yarapaiu (a.=dv/dt=const). a.>0 6yarauna
XapakaT TeKHC TesjaHyByaH, a.<0 6yaranna 3ca — TeKHC CEKHHJa-
HyBYaH OyJaanH.

- B) a,=0, ax=const. XapaxaT rekuc (a.=0), v=const. (1.16)-nan
an=const 6yiica, R=const kenn6 yukaau. XapakaTHHHT TPaeKTOPUACH
atjsana 6yaann.

r) a.=const, a,=const. Bupunuu MysocaGaTiay TE3AUKHHNT
BaKTIra NpONMOPUHOHAJ Y3rapHI KeJaH6 YHKaAH, aq=v?/R=const 6y-
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JHIIA 5ca, R uuHr Bakr KBajpaTira npotopuxonan 6ya1ué yaraputitit
KEPAKIUTHNN Kypcatain. XapakaTtnuur TPACKTOPHSACH cnipanb 6y-
Jagu.

I BOB

HYKTA BA HYKTAJIAP
CUCTEMACH
JIMHAMHKACH

Kuemnap xapakarum, YJIapHII 103ara Ke/JTHPYBYH KU yaraprysuu
cababmap 6uaan Gupraaukia TCKIIHPYBYH MeXaHHKa OYauMura dusa-
Muka peidunapy.

HunaMukanuur acocuii KOUyH/IapH OAAHH paBHILAA MOmAHL HyKTa
A3PaKaTH MHCOJNAA TEKUIHPHIHILIH MYMKHH. Moaauit HyKra ne6 6ya-
MaHIHTaH XKHCM XapaKaTH MICOMH YMYMHIAPOK XOJaHp. ByHaait sxucm
€KH KHCMJap IPyNNacuul, xap GHPUHH MOLIHH HyKTa ne6 Kabyn Ku-
AU MYMKHH 'GyJraH, aiipuu SJ€MEHTIADAAH TalUKW/ TONraH, neb
TacaBBYD KHUJHWI® MyMKIH.

§ 1. HbBIOTOHHUHI UKKHHYY
KOHYHH

HbloToRHUHT uKKHHEYY KOHYHH Taxkpubara acocaanub YHKApHJITaH
KOHYHIHD. ¥ xucM (Momanit HYKTd) Te3laHHWM Guian YHIa TabcHp
9TYBYH Ky4Jap opacHAaru GOFJiaHHLIHK Gearnnaitan. Xucm reszaranu-
wu gikucmea Taveup Kuaysuu xamma Kyurap rene tawcup arysuucu F
24 nPOnopYUOHAA 8a JuCM Maccacy m eq Teckapu nponopyuonasdup:

F . .

Oy epaa k — tannanran yauoBs GupsnKAapHra Gorank GyJaran npomnop-
UHOHAIIHK KO3 puunenTy, k=1 je0, IyHuHraek (1.8)-dbopmynagan
doitnananran xomna

dv .. .
F=m d—;’ €3HUll MYMKHH. (2.2)

Macca m Yarapmac XHCOGJIaHCa, YHH XOCHIA HIIOPACH OCTHIa Kii-
PHTHII MYMKHH, Yy XoJga

mv d o
F—200) 0 g4, (2.3)
6y epaa p=mv — moaauii HYKTa umnynocu €ku xapaxar muxdopn
(MexaHukaBuit XapaKTepuCTHKaNApAaH GHPH). (2.3)-TeHrIaMa skueM
HMIYJNbCH Y3TapHIIHHHHT TE3JTHCH yHra Kyiuiarad Gapua Ky4JapHUHT
TEHT TABCHD 3TyBYHCHra GOFJHK Gy.raHunn KypcaTani.
(2.3)-u1 Gowka makana Hponanaimus:

Fdt = dp. (24)
14
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Ertapau napaxana KHUHK GYaraH BakT HHTepBajau dfra Moc kY-
naittma Fdfra snementap kyu wuMmnyascH mefiunain; dp — Mommiit
HYKTA UMRYAbCURUKZ AemenTap yzeapuwu. (2.4)-TeHrnama HyKTa
HMITY/IbCHHUHT SJIEMEHTAD Y3TapHIIH YHra TabCHDP. 3TYBUH KYYHHHT
SJICMEHTAD UMNYJBCATA TEHI KaHHHH KypcaTaiu. By Tabpud Hrio-
TOH TOMOHHAAH GePH/IraH HKKHHYH KOHYH TabPHQHIa SKMHIHD: xapa-
KaT MHKIODHHHHT y3rapHIuu KyHHAraH XapakaTJaHTHPYBYH Kyura
{IpOIIOPUHOHAT Ba Kyd TabCHp 3TraH TYFpH uH3HK HYHaqumuaa 6Yy-
JamH.

(2-4)-TeHrnamaHu HHTerpasIacax, At=t,—t| BakTAa MOIAHH HyK-
T2 HMOYJbCHHUHT Y3rapHuiy GujaaH Kyu

HMIYJbCH OpacHAarH OGorJaHHuira 3ra -
6yamMus;

I P2
VFat—{dp—p,—p,; (2.5)
4 P

Oy epaa p;— moanuil HyKrauuur #; Mo-
MEHTHATH, Py—I; MOMEHTIATH HMIYIbCH,
ty o
\th — KYYHHHT Af BaKTAarn HMOy.bCi.
tl

. , o
. Ky4 xaum, resnannw xa6u, Hopwas sa - 2.1-pacm.
TaHTEHUHAT TallKHJA 3TYBUWIapra ax-

PaTHIHIN MyMKHH (2.1-pacM). KyuHHHr Ba Te3/JaHHIUHHHL MOC Tau-
KRJI STYBUnJapH, HBIOTOHHHHT WKKUHYH KOHYHMra acocaH, y3apo
Xyla copja paBuiuia GoraaHagHaap:

e

F,=ma,, F,—m = (2.6)
dv
F:',—:maﬁ, F.=m v ol . (2.7)

Kyu Moaanit uykra Tesnurummuur ysrapum «caGabuAHP: KyYHHHT
TaHreRLNAN TAUWKHJ STYBUHCH Te3JIMKHUHT KHIMAaTHHH, HOPMAaJ Tall-
KIUL STyBUHCH 9Ca — [tfHamuuIIHI Y3rapTani,

§ 2. MOOAHUN HYKTAJIAP
CHCTEMACH. UMNIYJIbCHUHT
CAKJIAHUII KOHYHH.
BAJIIHCTOKAPIUOTPAGHSIHUHT
PUIUKABHUH ACOCJIAPH

Moc pasnmpaa maccanapu my, My.oony, Mi ..., My, Te3NHKIA-
CPH— Vi Ve, VioVy  HMIYJbCAGPH — py = MyVy, Py = MyVg...,
‘Pi=MmiVi.., pN=mV, 6yaras N Ta Moanui HYKTaAaH u6opar

CHCTeMal KYypHO uugamus. Moddui HYKTAAQD CUCTEMACUHUHE

UMNYALCU CUCTEMAHU XOCuA Kurzan Gapua HyxTasap umnyavcaapu-
Hune sexrTopasud durunducuea TeHe:

15
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N
pﬁ=p1+pg+-~+pN=l§1pz. - (28)

Xap 6up Monamii HyKTara cucTeMma HyKTajapu (XKHCMJap) TOMO-
HHAAH Kywjlap — u4Ku Kydaap TabCHP KHJALH, INYHHHIAEK CHCTEMa-
fa KHpMaraH XHCMJap TOMOHHAAH Tauiky Kydjaap TABCHD 3TafM.

Bupnnun mopauit nykrara cucremammEr HKKHHYH, YUHHYH....,, N—
MOJJHHA HYKTaJapH TOMOHHAAH: Fa1, Fa1, F pn— Huku Kyulap TancHp
STaju; ylNaplaH TaulKapH CHCTeMAaHHHI GHPHHYH HyKTacHra 6apia
TalUIKH KyWIADHHHT TEHI TabCHP 3TYyBUHCH F; xam TaBCHDP 3TAJH.
Hkkunun moxauit myxrara OUpHHYH, YUHHYH. . . , N — MOMAHil HYyKTa-
Jlapi TomonuAaH: Fip, Fay, .., Fpa— yukn Kyuiap TabCHD 3TajH;
Oynapaa TaWKapd CHCTEMaHHHT HKKUHYH HyKTacura Gapya TaulKi
Ky41apHUHT TEHT TabCHP 3TyBuMcH Fy xam Tancup sragu. Xynan
WYHHHTACK CHCTEMaHHHI KOJITaH XaMMa HYKTadapH yuyH XaM Ly
X0/l 4a Ky4Jap TabCHP 3TajH. :

Bynnai cucremanuur HMNOYJMbCH KaHAad Ba HHUMa caGaGaan ¥3-
rapumasy Kypcaramus. CHCTeMaHHHT Xap GUp MOLAMHA HYKTAacH yuyH
HbIOTOHHHHT HKKHHYH KOHYHHHH (2.3)-TeHIVIaMa INaKJIHAa €3aMU3;

For+Fs+ ... +FN1+F1=dp1/df,
Fn + F32"° + FNB + FZ: dpz/dt’ , (2.9)
Fin+ Fon oo - Fyoy y+Fy=dpy/dt.
Huku kyunap opacuza ysapo Tenr OyaraH, neKull Kapama-Kapuil
HyHanuwaary Kyunap (HeloToHHuHT YYHHYH KOHYHH): '
Fip=—F (2.10)
MaBXKYyLJIUIHHE Ha3apAa TYTHO, (2.9)-TenrJamanaphu Kymamu3s, Ky-
LIHII HaTHXKacuaa

dp; | dp dp
Bt Pt Fy=—e b 2k 20,

N )
d
lilﬂ =Zf(P1+ P2+ ... -py) Xocua 6yaagn.

(2.8)-nan doiigananus,
N
L Fi=dp|dt ésamus, (2.11)
i=1

IWynnait Kugu6, moddui HYKTAAQD CUCTEMACU UMNYAbCUHUNHE 8AKT
6jdusa orunzan xocunracu cucremaza Taseup 3TYsuu bapua TAWKU
KYy4raprune Tene Tavcup aTys4ucuaa TexHe. ‘

(2.11)-uu

N

I Fi dt=dp wakara kentupamus. (2.12)
=1
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Bynpan, cucrema umnyavcunune asementap faeapuiiu, cCHCTeMa HYK-
TajJlapHra TabCHp KHJAYBUH, 6apua TauKu Ky4iap TeHz TABCUDP ITYS-
YUCURUHE 3AEMEHTAp UMNYAbCU2Q TeHe 3KAHJUTH KypHHUO TypuOIH.
Tawxn Kyunap TabCHp 3TMaraH €kH Oapuya TamKH KywJiap HHFHH-
JHCH HOJra TeHI' OyJAraH CHCTeMAaHH udossyussanzar (énuk) cHcTeMa
neiunanu. Msonsuusnanran cucrema yuyH (2.11)-teHrnamanan

(2.13)

Keaub unKajd. By X0u1 HMIyJbC CakJaHHIL KOHYHH HOMU GHJaH Mab-
JYM: UB0AAYUANAHZAH CUCTEMA UMNYAbCU [j32apmatiou.

Tamkn Kyulap TabcHp 3THO, aMMO YJApHHHT TeHI TabCHD 3TYB-
YHCHHUEr OHpOp HyHaJsHIUra, Macajal, KOOpAHHATa YKJapHHHHT OH-
popracura TYWHDH/IraH NPOEKOHACH HOJAra TeHr Oy/ATaHLard XoJ
aMaJui KHMXaTAaH AUKKaTra €a3oBOpAHp. (2.11)-TeHrnamaHHHr Xap
HKKHM KHCMHHH, MacajiaH, OX yKHra npoekuusial/Iuk:

dp/dt=0 éxu p=const

N
dp
ZF:) = | = |« (2.14)
(2 —(2)s
BexkTopaBH# HUFHHAMHHHT TIPOSKUMSACH KVIIMJAYBUH  BeKTOpJap

MPOEKUHAJNADHHUHT HHFUHJIHCUIA TEHIVIHTHHH Ba IIpOEKUMs XOCHJacH-
HHHT NpOeKUHs OYiHua OJMHTaH XOCHJara TEHI KaHJHTHHH 3bTHOOD-
ra‘oncak, (2.14)-gau

N d

z F[x:—;t'i
i=1

ra sra 6ymnamus.
N

Arap L Fix=0 6¥aca,

. i=1

Py =wconst O6yraiu. (2.15)
Arap 6apua TalIKM Kyuy/Jap TEHT TABCHP 3TYBUHMCHHHHI KaHAaiaup
Aynanumpard TPOeKUHSACH HOJAra TeHr 6yJjca, cHCTeMa HMIYJbCUHHHT
mwy fiyHaMHIAarH NpoeKuuacH y3rapmac 6yiaann.
Hsonsuusinanrad cucreMa Maccasjapd MapKa3SHHHHT XapaKaTHHM
Kypn6 uugaiiuk. CucreMa MaccajlapHHHHT MapKa3H KOODAMHATaJaapH
Kyviuaarn TeHrJgaMajap opkasau GepuiraH HyKra KaOH aHMKJaHalH.

m1x1+m2xz+...+meN

Xe = m1+m2»;7...+mN !

' _mly,-}-mzyz—{—...-}—mNyN 016

Ye = mytme + ...+ m : (2.16)
m121+ﬂ12?2+..‘.+mN2N
T T A m . Fmy
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Oy epaa xy, ¥y, 2y Xs, Vg Zg}...; Xp» Ypar %y — cuCTema  monauii

HYKTaJJADHHHHT MOC KOODIHMHATaJapH.
(2.8)-Ba (2.16)-Tenrnamanapaan

Px=Pix T Pox—+ c. -+ Pprp = mvy 5 - MyVgx -+ Lo - MU, =
dx
dx dx N
= Mg T Myt my e —

d ;
= 7 (MyXg -+ myXy + o - myx )=

. dxc
=(m1~,—m,+...—f—mN) 5 (2.17)
Arap (2.15)-wapr 6axapuica, (2.17)-nan
dx ¢ [dt=const (2.18)

ra sra 6ymamuas.
Hzonauusnanran cucrema Maccajlapn MapKasuH Te3JAHrHHHHr OX
YKHTa TYWIHDHJIT2H MpPOEKLHACH yarapmait kosagu. Ilynra yxwmaw

dy. [dt=const, dz; /dt=const

IKAH/IUTHHA KYPCATHII MYMKHH.
Hemak, .

v. =const , . (2.19)

Hszorayusranean cucrema Maccarapurune Mapkasu TeKuc 8a TijF-
pu wu3uk 6§irab Kjuadu.

IOpax daonnarunaru Mexanukapuii HaMOEHNHKAapHH  TeKLIHPHLI
METOAH UMIYJIbCHHHT CaKJIaHHII KOHYHHIa. acOCHaHTaH. By meron 6a.-
AUCTOKapOuoepagus ne6 atanamd.. YHHHT MOXHSITHHH TYLIYHTHPAMH3.
Bynunr yuyn maccanapu m; sa my OYJIraH HKKH KHCMIaH ubopar
CHCTEMA YuyH MaccaJap Mapkasu Kysraamac Gyura XOJZarH HM-
NyJbCHUHT CaKJAaHUII KOHYHHHH €3aMHu3: ) '

Pi+P2=0, pi=-—py, m; v,=—myv,.

Byupgan, cucrema 6up KHCMHHHHT HMIOYJbCHTa Kypa, Macasdal, p,
6yfinua, yHHHI MKKHHYM KHCMHHHHT HMIYJbCH — Py XaKHAa Xy.10c4
KUJIHII MYMKHHJIUTH KypuHaau. CHcreMaHuur 6Up KMCMHHHHT XapaKa-
TH GJfiHya YHHHI HKKHHUH KHCMUHUHT XapaxaTH TYFpPUCHIArH 3apyp
MAaBAYMOTHH OJIMII MaKCaAHAa CHCTEMAHHHT ‘OHp KUCMHUHUHT HMIIY.1b-
CHHH Juyail YHFa#pok, CORNapoK Ba Kyaa#ipok Oyaranna 6y XoapaH
hoiganaHuI MyMKHH. Kymnanau, opak ¢aoaustn pa KOH OKHUIH
TYFPUCHIA O1AM TAHACHHHHT «TeTHHHILH> OyiiHua xysoca KHJIHII MyM-
knd. Tana xapakaTuuu Kadx stu, KOH XapaKaTHHH“Ka#jx 3THINAaH
KyJ1aldpoK anbarra.

18

www.ziyouz.com kutubxonasi



N

_ Baaancrokapauorpad yeruaa TekKwHpuayBun opaM (€KH XaiHBOH)
éraJurad xapaxaT/iaHyBuH eHrua mjaatrdopmanan Ba nsaatdopmara
6epKHTHANG YHHUHP XapaKaTHHHM Kalj 3TyBYH JaTtuukaap D — pan™*

) ——
= :

2.2-pacm.

{2.2-pacM) uboparanp. YcTuaa ozaM érraH naatdopma Bakr Gyiinua
CHJIXKHIIHHA TACBHPJOBYH 3IDH 4YH3HK — GasJIHCTOKapiHOTpaMMa Ky-
puHHIK GYfiH4a KOH XapakaTH Ba Iopak (aOodHATHHUHT XOJIATHHI
aHHKJall MYyMKHH. 2.3-pacMIa
6aJIMCTOKApANOrPaMMaHHHT Tax-
MHHHA HaMYHacH KypcaTHJraH.

Qo

§ 3. SHEPI'UA. U1l BA KYBBAT

JKHCMHUHT HMNYJAbCH XaTTO Me-
XaHHKABMH XapakaTHHHI XaM TyJa o bawm
yayosn sMacAup. OHKPHMH3HHM TYy-
IWYHTHPHIL ~YYyH wyHAal Oup .
MHCOJ KeJTHpaMu3. Arap NIACTHIHHAAH sicajrad OGup Xua1 Maccann
HKKH [ap OUp XHJ Te3JaHK Ounan Oup-Oupura TOMOH XapakaT KHJca,
TYKHATanIapuiaH KeiinH TYXxTab Koviaan. By HMIYJbCHHHI cak/a-
HHII KOHYHHTa MoC KeaafH. Jlekun Oy Xo/ja «uap—IIap» CHCTeMacH
HMIYJbCHIA Yy3rapum pyii Gepmaran Gysica-ma, Xapakar OyTynaah
Gomwkaua Oynu6 Kerau: Wapjap TYXTahaW, TYKHAIWIYB HATHXKACHAA
yJIapHUHT HCHIUH Ba AedopMalHsANaHHWIK 103 Gepau. By ysrapuinap-
HH UMIOYJbC akc STTHpMaiian. Taxpu6a ypHIulI NalTHAA MKACMJIAp
TeMnepaTypacHHHHT y3rapuwiu OusaH lIapjaapiard HMIlyJabcjaap opa-
cuna GeBocHTa OOFJMAHMII HYKAMTHHH - Kypcaraad. Ulynuur yuyn
AKHCMJIAD MexalHKaBHi XapakaTHHHHr ((akaT MeXaHuKaBuil smac),
aiinuKca 6up xapakat GopMacH HKKMHUH XHJHra aijaHuiuga Kepax
Gyaanuran 6ollKka TY/1apoK Ba yMyMHH JI40BH KHPHTHJIAAH; WIapJap
MHCOJIHJA MeXaHHKaBMH XapakaT (popMacH XapaKaTHHHI MOJAEKYJfp-
KHHEeTHK ¢opMacHra yTajn.

Martepus XapakaT TYpPJApPHHHHT 3SHT TYJAHK MHMKIODHH JI4OBH
sHepeusoup. Bup xapakaT dopMacH HKKMHYUHMCHIa aWJaHraujga xapa-
KaTHHHT OHp TypHTa MOC JHepFHs KaMaHHO, HKKMHUH Typdra Moc
KeJITaH SHeprusi 3ca Kynasinu XyJAAd IIYHHHr KaBu OHp KUCMAaH
XapakaT HKKHHUH JKHCMra y3aTWIranja 3Heprua OHp XHcMJa Kama-
10, HKKHHYH XKHCMAa KyNasAH. XapaKaTHHHT, AE€MaK 3HEPTHAHHHT
xaM, Gynzail y3rapumu Ba yTHIIapd Mt OaxkapHJAHLI INIPOHECCHAE,

2.3-pacm.

* Hatuuknap tyroncupa II tomuunr XXV Gobuman kapasr.
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ABHH KyY TabCHPHIA MUCMHMHI K§uuwu pyi GepraH xosiapaa ékH
HCCHKJIHK aJIMalUHII IIPOLeCCHAa 03ara KeJHIUH MYMKHH.

W npoueccuaa sneprustnunr Y3aTHII JIA49OBH Uwi*, UCCHKJHK aJ-
MAIIHMII TIPOLECCHAA 3CA — UCCUKAUK MUKOOPL (DH3HKABHI KaTTaJHK
Xuco6iaHaaH. .

VIHUHT MUKAOpHE XapaKTepHCTHKACHHHU SHEPTHS  y3aTHIIHHHT
y/140Bu cupatHaa Kypub YHKaMH3. «XapakaT QpopMacHHHHT yarapumu
MHKJODHA XHXaTAaH KapaJraHia HWAHP»**, — neliny SHreJpc.

Kyunnur xuifimatn Ba Kyunmra wuc6aran AYHaJHIIH Y3rapranga
HIIHUHT Ky4 Ba Ky4ynil GHJIaH Kaunail GOFJaHraHAHTHHH YMYMHH X0J1-
Aa KypuO uukamus. 2.4-pacmga Momauil HYKTaHHHT |-BasuaTpaH

2-BasusATra YTHIN XapaKaTHHHHT 3rPH YH3HK-
£ Jl4 TPAaeKTODHSICH KYpCaTH/raH.
TpaexTopusnu eTapanm napaxama KHuHK

4 6y.iran aiemenrap Kyunmiap drra 6yau6
/ YHKaMu3, Oy BEKTOD MOJNHI HYKTa XapaKaTH
ar HyHaJMUIHra MOC KeJanH. SnieMeHTap KyuuI-
HHHT COH KHHMATHHH (MoayaunH) ds Guaan
. GeqruaafiMus;
4-pacwm. *
pac dr|=ds.

DJleMEeHTap KYYHI aHYa KHYHK OYITaHANIH YUyH MasKyp KydHiia-
ra Kyu F Hu yarapmac ne6 xabyn KHJIHIL, 3JIEMEHTap HIIHH y3rapmac
KYYHHHT HIIH QopMysacH Gyiinya XHco6iamm MYMKHH:

dA=F cos a.ds=F cos o, |dr|,
€KH BeKTOpJiapHHHT CKa/Isp Kyna#t™Macu cudaTuna:
dA=F.dr. (2.20)

Ulynuur yuyH, kyunuue SLEMERTAp Uuiu Kyuarap sekToprapu 6uiax
JAeMeHTap KYuulinUuHe CKAAAp KijnadTmacuea TeHz2Oup, Kefum MyM-
KHH.

Bapua snemenrap nmaapun Kymu6, TPACKTOPUAHUHT ]-HYKTacH-
AaH 2-HyKracuraua OyaraH yuacrkachua (2.4-pacMra xapanr) yara-
PYBHUaH Ky4HHHT 6a)apral HIUIHHH aHUKJALI MYMKHH.© By Mmacaxaa
KYHHIary MHTErpasiy TONHILLA KeJITHPUIAH:

2
A :jF-dr. (2.21)
) ,

(2.20) Ba (2.21)-udpoganapna HblOTOHHUHT HKKHHYH KOHYHHAATHIEK,
F neranaa Gapua kyunapuunr rtemr TABCHP  ITYBUHCHHH TYLIYHHII
apT sMac, 6aixu F kyn kyurap Tynumavuaan 6HTTac éku 6up Heua

* Um ne6, sHeprusun vaarum MYMKHH OJJraH mpoueccaapiad GHpHHH Xxamia
Wy Tpoueccia ysaTH.IMaH 3HEOTHS JUIMOBHHH ATAll YHYAIHK MaBKYJI aMac.

* Bureasc ®. Xapakarmaur ymuosn, WM. — Mapxke K., Dureanc o. Pycua
acapJap, 2-naump., 20-1, 419-Ger.
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KyWIapHHHT TEHI TabCHD 3TYBUHCH OYJHLIIM XaM MYMKHHJIHTHHH
scaatub yruil GonsaTHAND. '

DaeMeHTap HIIHHHT HIIOPAacd COS & HHAI KHHMaTura OOFJHK.
Macanan, 2.5-pacMjaH KYpDHHHIIHYA, JXHCM TOPH3OHTAJ TEKHCAHKIA
Kyuupuica, Xapakariautupysud F KyunuHr 6Gaxkapras uumu MycGat
(>0), nmkanam Fyu Kyuunaunr vind Manguit (= 180°) Ba OFHpJHK
P xyuuHuHT Hiid HOJAra TeHr (o=90°). KyuYHHHI TaHreHnHa/ TauKui
sryBuncu F. =Fcos a skanaurn xucobra oamnca (2.5-pacmra xa-
paHr), 3JeMeHTap HII KYYHHHT TAHIEHIHAJ TAUIKWJ STYBUACH GuJad
»/7eMeHTap KYuHul MOAYJHHHUHT KymaliTMacHra TeHr 6ynaiu:’

dA= E. ds. (2.22)
Myunaft kuiub, HIMHH KYYHHHT (aKaT TaHTEHUHAJ] TalIKHJ 3TYB-
£ X
lf‘a/mruw
fip o« i quarL L
Fr——

VUL,
: J

2.5-pacu.

yucn OaxapagH; KY4YHHHI HOP-
Masl Tawkua atyBunci (a=90°)
it Gaxkapmaba.

Miucoan cHobaTtuza, NpyxKHHA -
un fRedopmanugiaHMaral Basus -
THIAH xTra Teur, gebopmanusraya uysysuu (2.6-pacm) kyumap OGa-
Kaprai HUIKHH XHCOOJIaHJIHK.

Yysysun F kyunuur iyHanuwn VK OX HUHT HYHaJMIIATa MOCIOHP,
UIYHHHT Y4YH dx yyacTkacuua 6a)xapm1ran sJeMeHTap Hll HPOoJacCHHH
KylBgaruua €3Mul MYMKHH:

2.6-pacM.

dA=F dx (2.23)

I'yx KoHyHHra MyBOHK NPYXHHAHH uy3yBuH Kyu Aedopmanusra
[IPOTOPIHOHALIHP: -

F=Fkx (2.24)

6y epaa k — npyxuHa MYCTaXKaMJIHTH (KAaTTHKAHTH).(2.24)-1u (2.23)-
ra Kyiicak Ba 0 zad x raua‘6y/raid yerapaja HHTErpaJiacak,

X X
ey ? kx2 .
0 0

HH OJIaMH3.

Tlpyxuna uysunrauga xocua Oynaaurad 3JacTHK KYUHHHI HIOH XaM
wyHAaH KHAMATra sra, aMMo HIIOPACH TecKapH Gynaau:

A 31 — _kx2/2.
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YMyMuii X0/xa  npykHHa- xapakatyanm YYHHHHT  KOOPAHHATacH
X¥=X1 NaH ¥=XpTraya Kyuyranfa 3JaCTHK KYUJIapHHHT HUIHrA TeHT

kx2 Ex?

6y1anu.

W 6unan 6up xatopma Kyssar XaM TPOUECCHHHI 3HEPreTHK
AdpaKTEPHCTHKACHAUD. KyBBaT MIIMHHT BakT Gyiluua oauuran XOCH-
JAACHIa TEHT:

¢ , N=dA/dt. (2.27)
(2.20) -uu Hasapna TyTcak,

F-dr dr
GKH
N=Fuvcosa (2.28)

HH XOCHJ KHJaMHS.
KyBBat kyu Gunan resanxuuur CKaJAp KynmafiTMacHra Temr.

§ 4. KHHETHK 3HEPTUA

CHcTeMaHHHT KHHeTHK SHeprusicu 1e6, wy cucTeMa HyKTaJapH Xa-
PAKATHHUHT TE3NHTHTa GOFMIHK GYiAraH sHeprusra adTHUAANH.

Moaanit mykrara Kyiuiran Ky4 TEHI TabCHP 3TYBUHCHHUHT HINH
Hdoxacuzan doitnananuo, YHHHT KHHeTUK OSHEPTHACHHH XHcoBJaki-
MH3. (2.22) Ba (2.7)-ra acocaanus, Ky4 TEHI TabCHP ITYBUHCHHHHI
S/IEMEHTAp HIH y4yH Gyaran Gpopmyaaln é3amua:

dv ds
dA = mr ds = mdv 7

v=ds/dt 6§aranu yuyu .
' dA=muvdv  6ynanu. (2.29)

JKuem Tesnurunuur v, nam v, raua y3rapuur BakTHma Ky4 TeHr
TABCHD ITYBUYHUCHHMNT OaXKapraH HUIMHH TOTHIL yuayn (2.29) ndona-
HH HHTErpaJ/ljiaiiMu3; »

Us
° : 2 2
. A = mudv — T;—z—@' (2.30)
Uy §

Hw — 6up xucMaan HKkumum Kucmra 3HEPTHSl  Y3aTHJHMILIHHHT
ynuoBu G6yarann yuyn (2.30)-ra acocan ¢pynkuns muv?/2 MOLAH{ HYK-
TAHUHT KHHETHK 3HePrHSCHAHD, JeraH Xy.0cara KesHul MYMKHH:

' Ey =muv?/2, (2.31)
OyHian (2.30)-mmrl VpHura
' A=E w9 —Ey 6{jradu. (2.32)
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CucTeMaHHHT KHHETHK 3HEPrHSICH Ma3Kyp CHCTeMaHW TALIKHJI KH-
JyBY4H MOLAMA HYKTalap KHHETHK 3HEPrHsAIAPHHHHE aare6pauk Hu-
FUHAHCHTA TEHT: ‘

N
E.=1% mi vi*2.
. i=1
SKucM marapuiaaHMa XapakaT KHATaHAa yHHHr XaMMa HyKTaJjJapH
Gup XWJ Te3JQHKKa sra OysaiH, UIYHra kypa, (2.31)-popmyna Gym-
Hail Xoa YuyH XaMm IYFpH Kejaaau; m Aerania GyTyH XKMCMHHHT Mac-
cacuHu TymyHuw JjgosumMaup. (2.30) Ba (2.32) -upofanap, KHCM KHHC-
THK SHEPTHACHHHHT Y3rapHUIHHH BYXYATa KeJTHPraH Kydaap Kanpai
taGuaTra sra Gy/MIIHAaH KAaThH Ha3ap, XOCHI KHIHHIAHLHP. By kyu-
Aap 3JEKTPHK, 'PABHTALHON, 3JACTHK Ba X. K. rabuaTtaa OYaHIIIADH
MyMKHH. (2.32)-1aH KHCMFa TaBCHP KHJAYBUH fapua KywIapHHHT
Gamapra nu Myc6at GysiraHAa XKHCM KHHETHK IHEePTHSICHHHHT Kyna-
6 Gopranaury, Mmanduit 6yarania 5ca — KaMaiu6 KeTraHJIHTH KYpH-
Hub TypHOAH-
JKucmra Ky#HJAraH xaMma TeHI TabCHp 3TYBHUH Ky4JapHHHT 3Je-
MeHTap HIUH KHCM KHHETHK SHEPIHACHHHHT 3/ICMEHTap yarapuiLura
Tenr OyAMIHMHE QaxMIall KHHHH 3Mac:

dA=dE, (2.33)

TTupoBapAuaa, KUHETHK SHEPTHSHUHT, XapaKar TE3/HIH KaOH, HHUC-
Ouit xapakrepia OY/ATaHJHINHHA 3CJAATAMH3. MacanaH, noesjana yTup-
rai MeCCAaXKHPHHHT KHHETHK SHEPTHSCH yHHHT XapaKaTh Ays MOJIOTHO-
cHra éKH BaroHra HmcGaTaH KapaJd - ‘
wHra Kypa xap xua OYiaub uuKan.

§ 5. MOTEHILHAJT SHEPTHS

KuneTuk sHeprusjaH TallKapH, Me-
XaHUKajJa TOTEHIHAaJ 3HEepPrus XaM Ky-
pu6 uukuaanu. [lorenyuan sHeprus ne6
KUCMJIAPHHET ¥3ap0 TabCHPJIAHHIIN OH-
naH GeJrHJaHyBYH Ba YJApHUHT Y3apo
JORJAHKHII Ba3usiTHra OOFMHK OyaraH
sHeprusra anuTHAagH.

Epaan Kyrapuiarad MOJAAHH HYKTa
NOTEHLHAJ JSHEPTUSACHHH aHHKJAAMH3.
m maccaayu HyKTa, KecuMH 2.7-pacMm 4u3-
MaCH TEKHCJAHTHAA KYPCATHIraH cHpT Oy#inda, epra TOPTHIHIL Mahno-
HHgarH 1-BasusTAAH 2-Ba3HATra TEKHC XapaKaTJaaHHO KyyaiH, NeHIHK.
By KecuM MOJIHA HYKTa XapaKaTHHHHI TPAEKTOPHACHAUP. Arap Hu-
KaJsaHum GysaMaca, yHAa HyKTara yuTa Kyd TabCHp 3TalH: CHPT TOMO-
HHIaH CHPTTa HOPMaJ X0JAa TabcHp 3TyBuH Kyd Fy (Oy KyUHHHT HUIM
HOJITA TEHT); OFHPJHMK KyuH P; yHHHI HIIH-

Ay=mghi—mghs (2.34)

2.7-pacm.

ra TEeHr; XapakaT/JaHyBYH
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XXHCM TOMOHHIAH XOCHJ GyayBUH TOpPTHIU Kyun F, 6y KyuyHHHr wimmnn
A 6unau Gearunaiivus. .

Monnuii nykra texuc XaPAKATIAHIAHN YYYH YHHHT KHHETHK 3Hep-
THSICH y3rapmaiiiu Ba (2.32)-6yiinua xamma Tenr TaBCHP 3TYBYH Kyd-
JIAPHUHT HIIH HOJITA TEHT GYJanu. by

Ai34+A=0 éku A=—A,, AeMaKaHp.
(2.34) -un xncobra osran X0J1a
A=mghy—mgh, (2.35)

HH €3aMu3.

Hwr ysaruaran SHEPTHSHHHT {JI40BH Oyaranaurugau XapaxarJa-
HYBUH XHCM (HukH EHap ABHTATEJIH, 3JIEKTPOMOTOP, ogaM Ba X. K.)
SHEPTHACHHHHT XHCOGHra MOLmHIL HYKTAHHHT suepruscu (2.35)-renr-

OFUDJIHK KyuH GHjay UIapTIAHraH, WYHHHT yyyH Hu Ty®bakian moren-
LHA SHEPrHAHUHT Y3rapHwuuy a#HHKCca Wy Kyy 6uaan Goram Ta-
Ounitaup.

(2.34)-nm GowKaua Kuané ésafinux:

A12=—(mgh2——mgh1). (236)

Katranuk E, = mghuu Ep 1o3unan h 6anangmukka KyTapHJran m
Maccali MOIIAHH HYKTaHHHT NOTeHIHAaJ SHEprHsiCH ne6 aliramus. [le-
MaK, (2.36)-popmynanu KyHHAaruua €3nu MyMKuH:

A12= —_ (Ep2 —_ pl)’ éKH A12 = - AED- (2‘37)

Topruauw Kyunnunr Gaxapran mmu KHCMJIaD* IOTEHIHAN 3HEPTHACH-
HHHI Te€CKapH uiuopa GuJIaH OJHHrag yarapuumura* tenr.

OFHPAHK KyuHHHHT SJAEMEHTap HUIM NOTEHUHAJ HEPLHAHHHT 5.e-
MEHTap y3rapuiira TeHr 5KaHJHrH (2.37)-nan xypuun6 TYDHOAIL.

dA=—dE,, (2.38)

Bynra $xmam My20XasanapHu 3MacTHK nedopMauusianram MHCMJIAD  yuyH
AaM IODUTHWI MyMKEH. (2.26)-ndonagan (2.37) Ba (2.38)-ra yXwaur gopuyanaphn
VKYBUHHHHT V3ura MYCTaKU1 UHKADHO HIIOHY XOCHA KMIHUIHK XaBoJa KHaaMus, da-
Kar Oy epaa cy3 saacrux KYYNaDHHHT HIUH Ba 3JaCTHK ZeopMauHs ' norexuuan
SHEPTHACHHUHT Y3rapHIH Xakuna Gopanu.

—_———

* Bupop Muk1opHumr y3rapuws yuuur OXHpPrH Ba Goirtanray KHAMaTAapUHuHT -
aftpmacura Tewr, :
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BHpPOK 37aCTHK KyuJap, OFHPJAHK KydjapH Ba OvIUKaJapHHHI HIlH-
HU Gearunab Gepaaurad KaTTaJHK cH(paTHAATH TOTEHUHAJd IHEpPrHsA-
Jap alHpMacHHHHT (QH3HKaBHH MabHOCH OODJHTHHH KypcaTub® yraMmus.
Olysra xypa, noTeHUHaJM 3HEPrus HOJb KHHMAaTHHHHT KalcCH Ba3HATTa,
KoH(Hrypanusara MaHCyOJIHTHHHAHT axaMusTH #yK. [ToTennuan sHeprus
HXTHEPHH AOMMHHJIHK AaHHKJHIHrada TONHJAAH Jelumajid, 4yHKH NO-
TeHIHAaJ SHepTHANap aHpMacH MabHOIH OyaaiH, aHpMara sca HXTH-
épuil moMMHHJHK KHpMalaH. MacaJsaH, KaTTaauk

Ep,=mgh+const uu
EpraH kjTapuiaraH XKHCMHHHT HNOTeHUHAJ SHEPTHsACH AelHlUl MyMKIIH,
Oy karraauk (2.37) Ba (2.38)-bopmynanapra xeu KaHmall TabCcHp
KHJAMaraH 6yJayp 3au-

[ToTeHnuan 3Heprus XKHCMJIADHHHT y3apo BasuATAapura kKypa Ges-
THJAAHYBUYH 3HEPTHSA, WYHHHT YUYH, acJHAa, 6HTTa JKHCM 3HePTHACH 6.1-
MacjaH, }KHCMJap CHCTeMaCHHHHT, MOAJHN HYKTa/Jap CHCTeMacH Ba
XOKa30JIapHHUHT 3HEPTHACHAHD. DHHOGApHH, <«KHCMHHHT IOTEHIHAJ
3HEPTHsACH» JeraH TEPMHH WIAPTAM MabHOr'a 3ra. :

[Torenunas sHeprust KoHcepBaTHB Kyusaapra Oorauk. Kowcepsarus
Kydaap neranja 6axkapras HIIJIapH CHCTEMaHHHT GOLINIAHFHY Ba OXHD-
I X0JlaTHra Kypa aHHKJAaHHO, KYuHII Tpaek-

TopHusich (Hys) ra GOFrJaHK GyaMaraH Kydjaapra S

alTHJaAH. Dy xaMMa Ky4jap yuyH Xapakrep-

JH 3Mac, MacaJaH, HIIKaJaHHLIl Kyd4JapHHHHLD a

HILH XapakKaT TpaeKTOpHscHra GOFJIHK Ba Typ-

JAu AyAnap yuyH OHp XHJ Gyamaia.
MyBo3anar BasHATHIAH O3THHA OFHII Ha-

" THXKacHIa CHCTeMa MOTeHHHaJ HePTHSICHHUHT 2
y3rapHil XapakTepd MYyBO3aHAT TYPFYHJIHTH-
HHHT KpHTepHsicH Gyaa onanu.

CHcreMaHHHT (€KUM XUCMHHHL) Y4 XHJ MY- @
BO3aHATH MabJAyM: TYDFYH, HOTYPFYH Ba Qapk- Z T
cH3 MyBo3aHaT. 2.8-pacMaa uykypJaHkaa (a), 8 .

_AyHr 103acH Tenacuna (6) Ba TOPH3OHTAJ 2.8-pacy .

TEKHCJAHKAA (8) TypraH Ilap YUYyH MOC MYBO-

3aHaT TypJaapH KypcaTHJraH. )KHCMHHHr TNOTeHUMasa 3Heprusicu 6Y-
JHUIIH MYMKHH 6yaran 6apya BasuaTJaphary MOTEHIHaJ 3HEPrUsiCH-
ra Huc6aTtaH 3HT KaM 6ysca, TYDFYH MyBO3aHATAA SKAHJHMIHCA HIIOHY
XOCHJI KHJIHII KHHHH 3Mac. ®apkcns MyBo3aHaTda KHCMHHHP TMOTEH-
HHaJ 3HEPIUsCH YHHHT 3HC AKHH OYJHIUH MyMKHH O6yJaranm Oapia
XOJyIapHAary MOTEHIHAJ 3HEePTHsACHTa TeHT OV.JaiH.

§ 6. MEXAHUKAZIA
3HEPTHAHHHI CAKJIAHHIL
KOHYHH

OHan (akaT KOHCEPBATHB KyuJap TabCHP 3TYBUH OGHDOHTA H30Js-
uHssanran cicreMaga (6yHaal cucremara KOHCepBAaTHB CHCTeMa je-
JinTazgn) KMHETHK Ba TOTEHUHAJ SHEPTHAHHHI Y3rapHUIHHH KypHO uH-
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KaMu3. KoHCepBATUB Ky4/JapHHHT 3MeMeHTap HUIH [OTeHUHA 3HEePTHS-
HUHT TECKApHl HUIOPANH KHAHG OJIMHTAH 3JIEMEeHTap Y3rapHIIMra TeHT
[(2.38)-popmynara KapaHr]; uKKHHUH TOMOHJAH, cHcTemaza 6owKa
Kyusnap GynMaraHu yuyH XyAiM Wy SJeMeHTap Hil KMHETHK 3HEpTHsI-
HHHT 5JeMeHTap ¥arapuimura renr [(2.33)-ra kapanr], IIYHHHT YYYH

dA=dEx =—dE,,
éKHn
dE, - dE, =0, d(E - Ey, ) =0,

OyH1aH

Ex + Ey, =— E 6ynaxm; (2.39)
6y epna E — 1jra mexanuxasuii 3Hepeus. By rtyna wmexanukasuii
3Heprus yarapmac gemMakanp:

E = const. (2.40)

By teursmk MexaHHkaBuii sHeprusHmur CaKJaHUII KOHYHHHH Hpoaa-
JIalAn: KOHCEpEAaTUS CUCTEMANUNZ TAG MeXAHUKasull 3Hepauacu §f3-
2apnacdup. KoHcepsaTuB cHcTeMazna BYXKYAra KeJaJHraH xap XHJ
fipoueccnapia KHHETHK SHEPTHSHHHT OPTHIIH MOTEHUHAJ SHEPTUAHHHT
KaMaHHIWIK Gunan GOFJAUKAHD Ba, aKCHHYA; 6apua 6y ysrapuuiiapna
Ty/la MexamuKaBHH 3Heprus ysrapmac 6yiué konaau. Kymmaamas,
JMIHNTHK OpOHMTA OYitMya afJaHYBUH ep HYAAOWMHUHT nepHresra
SIKHHJAlITaHAa MOTEeHUHAJJ 3HEPTHSACHHHHI KaMaHHINH TEe3JIMIH BAa KH-
HETHK SHEPIUACHHMHI OPTHIUM OunaH 6up naitia GynagH, anoredra
SIRHHJIAlrannary NOTeHUHAN SHEPTHSAHHHT KYMAHHMIUIH, 3Ca KHHeTHK
SHEPrHSHHHI KaMmakuuy Guiaan GHp nafitna Gysapu. Tpaextopustuunr
HCTa/iraH HyKTacHAa HYNZOLIHHHI TY/Ja MeXaHHKABHH aueprusicH Gup
XHJaa14p.

Ep wapontaapuna KOHCEpBATHB CHCTeMara MHCOJ KypcaTuf 63.-
MaliH, YYHKH CHCTEMara JOHMO HIIKaJaHUI Ba KAPUWHAKHK KywlapH
TabCHD 3TajH. YKyBuHra Mabiym Gy.ran Kynaan-kyn Mucoanap (ma-
ATHUKHEHT TeOPaHHWIH, XKHCMIADHHHT TYLIHLIH, WapJjaap ypuaHLLIAPH
Ba X. K.) KOHCEpPBaTHB CHCTeMara MYaiisiH Japakaja sIKHHJIAWHILLHD,
X0J10¢.

Mexanukana Macananap equur BaKTH/[a 3HEPTHAHHHT CaKJ/JaHHII
KOHYHHHHHT KyHuparu dopmynacuman ¢oiiganaHum KyJaHaup.

AEK =—AEp N €KH EKI —ﬁ Ep[ = EKQ —’;— Epz. (241)
By epaa Exy Ba E pj — KUCMHUHT (cHCTeMaHHHT) GOlWIAHFHY Ba3HfA-
THNarH KHHETHK Ba IIOTEHLHAJ 3Heprusinapu; E ., Ba E yo — XUCMHHHT
(cncreMaHHHT) oXHprit Ba3usATIapH YUyH.
MexaHHKagard 3HeprHsHUHT CaK/TaHHII KOHYHH, TaGWATHHHT aco-
CHIf KOHYHWJapuaaH OupH Gyaran YMYMHHDOK 3HepPrHs caKJaHH Ba
AHNaHAN KOHYHHHHHT XYCYCHE OHp xouHaup. '
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§ 7. WAPJIAPHUHI YPHJIHIIH
(3APBN)

VMIyabc Ba HEprisl CaK/aHHII KOHYHJIADHHHHT TaTOHK KHJIHHH-
IIMHE KYypcaTyBYH MHCOJ CHbaTHAA LapJjap ypHIHIIHHA Kypub unka-
Mi3. By MHCOJM MOJEKyJsp, aToM Ba AAPO (H3HMKACH YUYH aliHHKCa
KU3HKAPJIHAHD, YYHKH XKYyJAa KYIl npoueccaapia sappanap TYKHAIDUII-
JAapHd Xaj KWIYRYH PoJib YAHAKIH.

Dur aBBaj WapJaap Maccajapd MapKasJapHHUHT GUD TYFPH UHIHK
6yiinua XapakaT/JaHHIJIAPH HaTHXacHAa pYi GepyBuH MapKa3ui ypH-
aum (3ap6) yeruaa Tyxrab yTadunk.

1. A6coaoT HOIAGCTUK ypuauut. By MKHCMIADHUAT INyHAAH KHCKA
MYLAaTAH §3apo Gup-GUpIapHra TABCHP KYpCaTHULIADHHH, yJaap LIy
TabCHPAAHHII NPOUECCHAA SrajjlaraH UIAKINADHHH Cakaab KOJajH.
Ana mysaail xoccara sra 6yurad KucMJap aGcosIOT HOIMACTHK XKHCM
eitunaad. AGCOMIOT HO3JACTHK XKHCM, INYHHHTAEK, aBGCOMIOT HOIACTHK
ypHAHII XaM, aGCTpaKT TylyH4asnapaup. Typau IIacTHK KHCMJap,
MacaJjiaH, KYpFOUIHH, JIOH, MJIACTHAHH Ba GOIIKA XKHCMJIAp YPHJHII Ha-
THXKACHAA 3rajlJlaraH WAKJIJapHHH TYJaa cak/i1ab KoJAMaHIH.

ABCOMIOT HOSMACTHK YPHJAMLIAA Wap/iap TYKHAWHL NadTHAA yjaap-
HUHT AedOpMalHUsJaHHLIH GOWJIAaHAAH, IIAK/AH Yy3rapaiH. Kapama-
KapuiH HyHanyuiga wapaapra TabCHP TraH Ky4aap wiapJ/ap Te3JHIH-
HH, TO yJlap TeHrJamryHua ysraprajaH. Hlynaan xefiHH IHapJapHHHT
IMAKAJAPH Y3TapMaraHaHri yuyH yJapHHHT Oup-GHpUra TabCHPH Hyxo-

Jajd Ba YJapHHHT OHpP XHJ TE3JIHK .

6uaH XapakaTHH AAaBOM 3TTHPHIIH > 72y,

Tabuuii. —(—)—@ @ 7
Maccacu m; 6yarad wapJapiaaH

6upH MaccacH mgp GYaAraH HKKHHYH 2.9-pacu.

mapHd KyBuH6 eTcHH  (2.9-pacMm).

Tawkys KyulapHuHr (OFHPJMK Kyud Ba TasHu peakuusicd) OX ykaa-
Id NPOEKUMSCH HOJIra TeHT Oy/raHd y4yH HMIOYJIbCHHHT my YKAaru
npoekuHuacu ysrapmai Koaanu [(2.15)-ra KapaHr}.

MUy + MaeUg= (My+mg)v HH E3HII MYMKHUH, (2.42)

6y epaa v; Ba vz — ¥3apO Ta’bCHPJAHYBUH IAPJapHHHT 6up-6upaapu
Gu/iaH ypHATyHJAapuraya Gy/raH Te3JHK/IAapH; U — YJAPHHHT ypPHJIHIN-
naH KeHHHTH TE3JHTH.

Bynnan Co

v = (m101 4+ mgva) | (My+m). (243)

¥Mymuit X0a1a Te3JAMKHUHT HYHAJMIIK YyHHHT HIUOpacd GHIAH aHHK-
aadagn. Teanuk OX yKu Oyilmua iyHanran Gynca mycbart, Kapama-
Kapuu HyHaaran 6yaca Maudui Oymanu.

* . Xycycuii X0/4a wiapsaap Maccajsaps Tewr Oyaraxia (2.43)-pan

v=(v,+vg)/2 HH onaMH3.
. o7
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Keftnary nrku dopmyaazan (oiigananus, KapaMa-Kapuid xapakaT/aaHras map-
J4p TYKHAIUraHJAapHAAH Keling Gupragamn6 karra HMIYJbCTH WADHHHT XapakaTH
TOMOH XapaKaTHHH KaBOM STTHDRUJIAPHHH, XyCycaH, HMIYJILC/IADHHEYNT MOXYJ/Naph
TCHI Oyarannma UIapIaPHUHT TYXTa6 KOJIHIIHHAK VKYBUHHHHF ¥3u Mycrakua xonja
nc6oraab Kypuin oinangup. Arap wmapaap G4p TOMOHra Xapakatianu6 Typran
G¥acanap, y xoaza YPUIHIILAH Ke#HH yaap XYAIH Iy TOMOHIa TesjHrH 6up map-
HHHT TE3JMIHZAH KATTAPOK Ba HKKHHYACHHHHL TE3IMrHAAH KaMpoK Xapakaria na-
BOM 3TalnJap.

Arap tunu xosmatmarn Oup XucM (vp=0) 6omka G6Hp KHcMian

alua canMoKJI, my>m; 6yica, Y X0qla TYKHalUraH XHCM a6CcosiioT
HO3J1aCTHK YPUJIHINAAH KefiHH TYXTab KosamH:

myv; 4+ moyv. myv
U == __l__l_“2_2 = _1_1 QO, .
my - my My . :

0y BaKTha v; HH yHYa KaTTa Re6 xucobaamaiimus, 0y Xxoa Hesopra
YpHAHWIra MoC Keaagu,

Abcomor HOsMacTHK YPHJHIIAA WAaPJaPHHUHT MeXaHHK 3Heprusicu
CaKJaHMaHlU, YYHKH CHCTEMafa MAACTHK RebopManus Kyunaph tab-
CHp 3Tann Ba GOITAHFHY YMYMHH KHHeTUK SHEPTrHSTHUHT KaMaliHiun
XHCOGHIa WapJapHHUHT HCHILK BYKYAra KeJagy. .

2. A6coaror asacrux Ypurdw. By )ucMmaapuuur WyHaai KucKa
MyZaaatin y3apo Gup-6upJiapura TABCHP KYpCaTHILIADHKH, yaap Oy
KypcaTrau TABCUDPIAPHIAH KeHHH aBBaJrH WakJJjapura tymna Kaiira-

CTHK 116 KabyJa KHAHHHLIK MYMKHH,
Kuemnapuusr abeotior saactig YPHINLINADH HKKH dasazan
u6opar. Bupunuu ¢asa — mwapnap TYKHAUIHILapHaa py# Gepaaurau
XKHCMaap pedopmanusicu. Bynnaj y3apo kypcatuaran Ta'bCHpapaa
WapTapHHHT YMYMHH KHHETHK SHEPTHACH KHCMaH KM Ty/a 34acTHK
AeOpMaUHATAPHHHT NOTeHMHA SHEPrusicura adnanagv. WKKuHuu

HHHTH YMYMHE KHHeTHK SHEPTHSACH YDHIMIIAAH WJATApHTH KHHeTHK
SHEPTHAra TeHr 6ymamn. Ypuaum GHDHHYH  dasacHHHHT OXHpHJA
AKHCMJap GHD XHJI Te3JHKKa 3ra 6yaannnap, cyur yJjap Gup-6Gupaa-
bunan afipunanunap ma TYpJIHYa Xapakat KuJaaauJap.

IOkopuaa 6asy STHATAHMApra Kypa, abcoJioT 31acTHK ypHiauu-
Ta MeXaHHKaBHH SHePrHSHUHT CakMaHHLl  KOHYHHHH TaTOHK STHIU
MYMKHH.

mlv:/2+mgv:/2=m1u:/2+m2-u:/2, (2.44)

6y epra m; Ba m, ysapo Tanenp stypun luapyiap maccanapH, v, v, pa
“1, Uy YNAPHHHT YDHANIIAAH aBBajrH Ba KeHHHTH Te3nuknapn. A6co-
JMIOT HOJACTHK YPHIHLIIAD yuyH GaéH 3THATAH cababnapra kjpa, Gy
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X011 YUYH MMOYJLCHM CaK4aHHII Konymmu‘ XaM TaTOHK 3THII

MYMKHH: _ '

' mlvl+m202=mI‘u1+mQu2. (2.45)

(2.44) Ba (2.45)-TenrnamanapHu Gupra eucak,

uy=[(mi—my) v+ 2myus)/ (m1+my), (2.46)
us=[(mo—m,)ve+2mv4]/ (my+my) (2.47)

ra sra 6yuaamus.

bBabsn xycycuit xoanapHi KypuO uHKaMu3.

1. Maccanapu 6Hp xHa (m,=my=m) O6YyATaH WapJapHHHT ¥3apoO
yvpusnumiiapu (2.46) Ba (2.47)-gopMmynanaaprad

Uj=Ug, Ug=1T) : . (2.48)

Hu oJamu3. Byuaaft xouna mapaap TesJHKJIApHHH aJMajUTHpaau Je-
HUIAAM: YPHJHLIJAH KeHHH OHPHHYM LIAPHHHT Te3JNHTH HKKHHUH
HIAPHHHT YpHJAHIUraya OY/araH Te3JUrura Tedr 6Y/ajH, HKKHHYH wap-
HHHT TE3JIHTH 3ca GHPHHUMHHHT ypHJHMIIHTraya OYAraH Te3JHIHra TEHT
6yaanu.

2. Maccus mesopra (my>»m,) ypuauul. (2.46) Ba (2.47)-popmy-
Jlanapra acocai, Ui HM KHYHK XHCOOsma6 KyHumard TakpuOui TEHIJIHK-
JIapHH OJlaMH3:

. - m
Uy~ — v, + 20, Uy=7V,+ 27, ”T:zvz; (2.49)

Dynna vy uu xkuyHx 1e6 xHcoGaaiimus. By ¢opMynanapaan KypuHH-
HMIHY4 MAaCCHB JKHCMHMHT (MKKHHYHM)  TEe3JHIH YPHAHIIAAH KeHHH
O3THHA §3rapap 3KaH. Arap 3JacCTHK IIap THHY TypraH 3JacCTHK Je-
BOpra ypHJca, MacajaH, XapakKaTlaHMaH Typrad HAHII HYHIArH ras
MOJIEKYJlaJlapH YHHHT AeBODJIapHra ypuaraunmnfex, y xonna (2.49)-nan

wy=—u;, Ug=0 HH OJIaMH3. (2.50)

SIbHH LWIAPHHHT YPHAHIIAAH KeHHHTH Te3JUTH YPHJMIIAAH AaBBaJrH
Teaaurura TeHr O0yaub, KapaMa-Kapumid TOMOHra HyHaaraH Oyuaafi.
Ilap sHeprusicunu meBopra GepMaiiow, aMMO yHra TabhCHD KypcaTalil.
Mounekynanap Mucoanaa GyHIAH TabCcUp MOJEKYJaHHMHI HAMIN AEBO-
pura ypuAMIIHAA BYXyAra Kejaaygran GocuM cuHdaTuma Hamo€n OF-
naju. -

Homapkasui .(kusi) aGcoqoT 3JaCTHK ypuaum OyaraH  xoJanaa
LiapJaap Te3JHKAapHHH YJapHHHT YPWIHII naiiTuga MaccaJapH Map-
Ka3napHHU OGHUPJAAIUTHPYBUM YH3NK HyHajsumun Oyiuya U, Ba YHra
MeprneHAHKYAsip HYHAJHUIIAA U, Fa axpaTHlul MYMKHH. Bupuaum Tam-
KHJl 3TyBUMJAPHHHT yPUJHIN BakTHIa ysrapmuuuu (2.46) Ba (2.47)-
TeHTJIaMaJap épAaMHia aHHKJAal MyMKHH. Te3JMKJIapHHHT HKKHHUH
TALIKHJ 3TYBUHJIApH V3rapMaHiH, YyHKH TeKHC CHJJIMK lUapjiap ypHH-
Ma HyHamumaapiaa Oup-GHpHra TabCHpP ATMARIWIap. ¥Y3apo TabCHP-
JaHULl HaTHXKAacHAa, liapjap Myalsan Oypuak octhaa yd4ub KeTajH.

Ny
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lynna#i HOMapkasuii ypuanw 2.10-pacMaa kypcaruaran: 6y epna
urapziap MaccacH GHp XHJ Ba yJaap (2.48)-dpopmynara mysodixk, v,
TAaUIKAJI STYyBUHJADH GHIAH «aJMallaéTHpAapy.

Maccacu. m 6yaran MOJIeKY/IaHUHT 1€BOPra KHs 3JaCTHK YPHJIH-
wH (2.11-pacwm) MOJIERYAAD (PH3HKA YUYH KH3HKADAHIHP. By xonaa
TE3JIHKHHHT A€BOPra HHcGaTaH HOpPMaJs TalUKHJ STYBYHCH y3 KHiMa-

TE’ V==V |~ lvi
| |
Uyt -Nv5 / Uz = U,
\ /
\\ /
\ /
N %
o
v
AN N\ \l\ N \‘ N\
2.10-pacm. 2.11-pacm,
/

THHH Caknab KoJajaH, aMMO YHHHT HyHaMHmn Kapama-Kapiuucara ys-
rapaau [(2.50)-popmysara Kapaur)]. Taurennuaa ramxu 3TYBYHCH
yarapmaiau, wyHHHr YUyH TywHuw 6ypyard KaHTHII Oypuarura Teur
Oynanu. Ypunuw BAKTHAA 11ap Te3JHTHHHHT §3rapuiiy AV HH Tona-
Mu3 (2.11-pacmra KapaHr):

AV=Vy—v,=vy+ (—v)).

U1=Up=v 5KaHHHH XHCOGra osiran Xo0.,i1a TPHTOHOMETPHK MYyHOcaGart-
7apRan ¢oinananub, |Av|=2vcos a OyIraHMHM  KypcaTHm KHHAH
smac. JleBopra saacTux ypuaran BaKTla MOJEKyla HMIyJbCH Yara-
PMIUIHHHHT COH KMAMAaTH |Ap|=2muv cos o ra TeHr. [leBOpHHHT HMIYIb-
CH XaM XyInH WIYHYaJIHK y3rapaii.

3. Pean swucmaapuune ypusumiy. AGCOMOT 31aCTHK Ba a6cosor HO3J1aCTUK ypH-
JHULIAD — Oyfap Hiead uerapaBuil xoJnapaup. Peag. KHACMJIAD abCoMIOT 3J3CTHK
GHnan abCoMOT HORJAaCTHK XKHCMJIAp YpTacuaa étray HKHUCMAADAMD, WIYHUHAT YuyH
pean xHcMmJyap 6up-Gupsapn 6usan TYKHalIraHAa XaMHuiza XaM 3JIACTHK, XaM Koa-
AMK Redopmauusnap MaBXynd Oynagu. -

(2.46) Ba (2.47)-man abcomior 3/1aCTHK YPUAHLIAAH KellMH Ba OJdIHH map.ap
HHCOKII Tea/HKkaapyu opacuia GyaraH MyHocaGaTHH oxHw MYMKHH! U#|—Uy=~(0;—0y).
Abcomor HosgacTHK YPuAHWAA ur—uy=0. [Mynuur Y4YH KHCMaH HO3JacTHK Gya-
Fall YPHIHIIAGH KefMHPH WHCOME TesHru YJIApHHHET YDHIMHILAH aBBaArd HHCOI
TESMINHHAT aKaT MYaiiiH KHCMHFA TeHr 6ynumnnn TacaBByp 3THW TaGHHILHp:

U —uz=—F (v)—0,), (2.51)
6y epaa k — ypuanm BaKTHAA HHCOMI Te3JHKHHHT TuKAiaHuw Kospuyuentu,
0<k<l; k=0 abcomor HosmacTuk ypuauuira, =1 — a6coa0T 3nacTHK YpHJIHLIFA

Mocaup. ITynar mapaap ypuaumnna k=056, bun cyarugam scairan mapyap yuyu
£=0,89; kyprounn Wapaap yuyH k Hoara sKMH Gyaaxu. Huc6ui TE3IHKIIHHT THKJA-
HII KO3((HUHENTH YpHIYBUM HHCMJIADHHHT WIAKJHra GOFJIHK.
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111 bOBb
ANJIAHMA XAPAKAT MEXAHHUKACH

Mypakka® xapakaTAapHH, MacaljaH, OmaM TaHacH XapaKaTAHH
(ropumi, yonuui, cakpall Ba X. K.) Ky3aTraHja, YHHHI XaMma HYyKTa-
JapH xapakaTHHH OaTadcH/J TacBHpJALl Xyjda KHAHH €KM Xed MyM-
KUH GysnMaraviek KypHHajau. Bupok OyHaal XapakatJapHH aHaJu3
KRHJIMII HAaTHXKAaCHAA YJapHUHI aHya COARa — HJrapujaHMa Ba ai-
JaHMa XapakaTtaapiaH HGopaT KaHJAWTHHH KYpHLI MYMKHH. Maskyp
6o61a aiiaHMa XapakKaT, acocaH, aGCOJIIOT KAaTTHK KHCMHHHT KY3FaJ-
Mac YK atpoduaa alJanHIIM MHCOJHAA KYpHO YHKHIAIH.

§ 1. ABCOJIIOT KATTHK
JXUCMHUHT KY3FAJIMAC YK
ATPO®PHAA ANJIAHMA
XAPAKATH KHHEMATHKACH

Opanapuparn macodanap ysrapmai KoJaJlurad MOJQAMA HyKTasap
cHcTeMacH abcoaroT KATTuk xcucm Aeiinnagu. By Tymynua abeTpakr-
JAUp, XaKHKAaTAAa abCcoMIoT KaTTHK XXHCM HYK, YYHKH XaMMa KHCMJIap
JdedopManusiaHALl KOOHJAHSATHrA 3Ta.

AGCOJIIOT KATTHK JKHCM alilaHMa XapaKaTHHHI 3HI COAAA KYpHHH-
Wi — Kjsraamac fxka xucbaran adaanuwdup. Dy uiynpail xapaxat-
KH, YVHAa XHCM HYKTaJapH, MapkasjapH TYFpH 4H3MKAa €TyBuH ail-
nananap Gyinab6 xapakataaHaid. By Tyrpu unsmk aifnanum yKu 1e6
aiiTuaany.

Mabaymky, 6ab3d XOJJapAa KHCM XapaKaTHHH H¢ogaJjam (xa-
pakrepucTHka GepHln) yuyH yHzard Oapya HyKTajJdap XapakKaTdHHH
KypcaTulll I1apT 3Mac; MacaJaH, HArapujganMa XapakaTia XKHCMHMHD
vcTadarad GHTTa HYKTACHHHHT XapaKaTHHH KypcaTHul KHdos. YK ar-
pobuaa 6ynaérrad aisiaHMa XapakKaTAa XHCMHHHID HYKTaJapH TypJH
TpaekTopHanap Oyiinua XapakaTiaHajd, JeKHH 0apya HyKTajap Ba
AKUCMHHHT y3d O6up BakTAa Oup Xua Oypuakka Oypuiaaad. Afsanui-
HH udopanam (XapakTepHCTHKa Oepull) VUYH YKKa IepPHeHIHKYJIAD
Gy/IraH TEKHCAHKHUHT HXTHEDHI [ HyKTacHra pajHycC-BEeKTOp ¥; HH yT-
KaszaMu3. Paanyc-BekTOpHHHT Gypuanm o Gypuaru OuaaH GupopTa
tTaHjaab onunrau OX #yHasumra rHucbataH OOFJAHUIIH KATTHK XKHCM-
HHHT KVy3FaaMac VK aTpopuaa alNlaHHUIMHHHT TEHTrJAaMacHIup:

a=f(t). . (3.1)

JKucM aliiaHUINMHUHT TE3JHTH YHHHT Oypyardii Teaaurn Oujaan
xapakTepJaHaaH. By Tesnuk paauyc-sekTop. OypHanil OypuardHuHr
BaKT Oyinua OJMHTAaH XOCHJIACHTA TEHT:

o=da/dt (3.2)

Bypuaru#i Teanuk aijanuin YkH Oyhindya HyHaJaraH BeKTOPAHD;
YHUHD aflaHuIl HYHaJNHIIKM YHT BHHT KOHJAAacH OHJIaH aHHKJIaHaJH
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(3.2-pacM). Bypuaruii Tessaux BEKTOPH KyY Ba Te3JHK BeKTOpJapH-
Aan wyHnai (apKjJaHaHKH, y CHPNaHYBUU BEKTODAHP: YHHHT Mab-
JYM KYHHAran 6Hp HyKTacH HYK, y alijlaHHm VKHHHHT HCTaJraH HyK-
Tacura Kyauinwu Mymkus. [ynnai Kuiauo, BEKTOD ®» HHHT OepHJIHIIN

01

3.1-pacm. 3.2-pacm.

aflaHAW YKUHUNT BasHATHHM, afiJaHuul HYHAJIMIIHHM Ba Oypuaruit

TE3JIUKHUHT KaTTAJHTHHH KypcaTand.

Bypuaruii TesnuKHHHT V3rapuim Te3auru 6ypuaeud Tesranuw 6u-
JlaH XapakTepaaHaid. Dypuardii Tesmamum GypuarHii  Te3NHKHUHL
BaKT GyHHYa OJHHIAH XOCHIACHIMD:

' e=dw/dt, (3.3)
€KH BeKTOp (opMacuaa é3u/ATaHAa:
e=dw/dt (3.4)

Bypuaruii Tesnannu BeKTOPHHHHT HyHanuuun 6ypuarnii tTesaink do
HUHT SJIEMEHTAp, XyAa KHYHK y3rapumura mMoc Keadwu (3.4)-nan
KYPUHHO TypHOAH: Te3NaHHLIIH afiadumia Oypyaruii TeajaHHIIHHHT
AYHAMHINY TE3NMHK HYHAJMIIM Guian 6up xun 6yin6, CeKHHAAHYBUH
aHNaHHWAA 3ca — Kapama-Kapinu, HyHasiran 6ynaau. AGcoaor Kar-
THK XHcMmIard G6apya HyKTaJapHUHT 6ypyaruii CHJKHMILIapH GUp X1
Gynrann yuyn, (3.2) Ba (3.3)-nmapra MYBO(MHK, JXHCMHHHT XaMMa HYK-
TanapH OHp BakTia xaM Gupaaii Gypuarui - Te3JIMKKa, XaM Oupaafi
OypuarHil Teajamuura sra 6ynagunap. Typan HyKranap yuyH — cui-
AU, TE3/HK, TE3MAHHLI — YH3HFHH XapaKTepHCTHKadap TYpJAHYaIHD.
YUusuru#i Ba Gypuarui XapakTepHCTHKaap opacuiard GOrJIaHHIIHU
KypcaTaMus; 7; paauycdaH aiiana Oyilnua XxapakaTJaHyBuM [ HYKTa
YUYH 6y GOFJaHHII MyCTAKHJ YHKADHJIHLIN MYMKHH:

As; = r;ho; v, = 1, 0;

2
v
i 2, . — T
anz:r—“—"’z O Ay==r;& @ =r; ) ot ez,
i

[TupoBapauaa Terumiau Hporanapuu uHTerpasnam #yau Guiau
TonuJIran KaTTHK JXKHCMHHHI Ky3raaMac ¥K aTpoduia KHJAra aiiian-
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Ma XapaKaTH KHHEMAaTHKaCHHHHT QOpMYJaJapHHH KEJTHPAMH3: TEKHC
adnanMa Xapakat TeHriaMmact [(3.2)-uu Kapanr)]

a=wl+ao (2 — OypUaKHHHI GOILIAHFHY KHIMAaTH); (3.5)
TEKHC y3rapyBuaH afilaHMa Xapakathaa O6ypuarhii Te3JMKHHHT BaKTra
6orHKAHrH [(3.3)-HH KapaHur)]

o=gf+wo (@ — GOULIAHFHY Oypuaruii Te3mHuk); (3.6)

TEKHC y3rapyBuaH afilaHMa xapakar TeHraamacH [(3.1)-unm Ba
(3.6)-un Kapanr]. :

a=(e?2) +w, t+ao (3.7)

By dopmyranapun marapunanMa xapakat Y4YH €3HATaH WyHra YXmam O6orFna-
HHUIIAD GHAaH CONHIITHPHO KypHwl (ofinammanp. .

§ 2. ARJIAHMA XAPAKAT
JHUHAMHKACHHHHT ACOCHH
TYWIYHYAJIAPH

BA TEHTJIAMACH

1. Kyu MoMeHTH (alimaHTHDYBYH MoMeHnT). dapas
KHJIAHIHK, KATTHK XKHCMHHHT OHpOp f HyKTacHra afnauuum yKHra
TePNeHANKYJIAD TEKHCIHKAA ETYBUH Ky KyHu/arau 6yiacun (3.3-pacm).
by kyunuur aftnanum ykura HucGaTaH momenwru M; e Kyiiuparu
BEKTOPAaBHH KyNafiTMara aifiTH/aanH.

Mi =1; X Fl . (3.8)

0

3.3-1,)&(3'1\1. . '3.4-pacwm.
¥uu kedrafitupu6
M; = F; r;sin ne6 &suumr my™mgu, (3.9)

Gy epaa p—ri Ba F; BexTopnapu opacuaarn 6ypuak. KyuHHHT eaxacu
hy =r; sinBra Tenr Gyarannuruaaus (3.3-pacumra KapaHr).

M; =F, h; ne6 é3a onamus. (3.10)

Arap Kyu afinaguu TEKHCIHTHra o Gypuard OCTHAA TabCHP KHJCA
(3.4-pacMra Kapaur), yHH GHPH allJIaHHII YKHra NEPHeHAHKYASAp Gy.a-
3—-990 ' ‘ a3
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TaH TEKHCAHKAA €TYBUH, HKKHHUHCH Wy YKKa napaJienp 6yaraH HKkn
TAlIKAJ STYBYHTrA aXPATHIl MyMKUH. CYHITH TalKHI 3TyBYH MKHCM-
HHHT aHNaHWIIHTA TaBCHDP STMAMIH; peas HIAPOHTAA Y NOAUIHIIHHK-
KaruHa TabCcHp 3Taiu. Kenaxakna ¢akart aiinanum yKHra mnepnen-
AHKYJAD OYJran TeKHCAMKAA STYBYH Kyu/lap KYpHO 4YHKH/JafH.

2. AfinaHMa xapakaTaars 6axXapHAYBYH ww. Af-
TalIHK, Kyd [; TabcupH ocTuza (3.3-pacMra Kapanr) macm XKyla
Kuuuk Oypuak dara Gypuiacun dA; = Fyuds  [(2.22)-uu Kapaur] Ba

Fy=F, sinB (3.3-pacmun KapaHr) GYJraHH yuyH
dAt e Fl dsl SinB. (3.1])

ds; = r; da Ba WyHHHIZEK (3.9)-Mynocabatun masapaa TYTCaK,
(3.11)-nan

dA[ =Fl rl sin ?da = Ml da (3.]2)

HH OJIaMH3,
Hlyngait Kunu6, afinauma XapakKaTAa KYYHHHI GaxXapraH 31emenTap
uuwiu Ky4 MOMeHTH GHJIaH XHCM GypHJHLI 3JIeME@HTap OypuYarHHHHT Ky-
na#T™MacHra TEHI 3KaH.

Arap xwucmra GHp Heua Ky TabCHP 3TCA, YHAA KyiuaraH 6apua

KydJap TEHT TabCHP STYBUMCHHHHT Gaxkapras 37eMenTap umu (3.12)-
Ta yXmam aHHKJIaHaIH;

dA=Mda, (3.13)

6y epaa M — xucMra TabcHp 3TyBuH 6apua TalIKH Ky4JapHHHT KaM-
JIAHHII MOMEHTH.

" Katrng muem mykranapm opacuaa TABCHD KHAYBYUM Gapya HYKH KydJapHWAr
0axapraH XaMH HWHHUHT HOJTA TEHT SKAHJWTHHH MYCTaKHJ HcGOTIA6 KYpHIIHH
VRYBUMIADHUHT Y3mapura TOMIUIXPAMHUS. s

Arap XueMHEHT 6ypHAHIIH BaKTHJa PaAUYyC-BEKTOPHHUHI Ba3HSITH
@1 laH aprava ysraprau 6yaca, ynaa Taniku KywlapHunr G6axkapran
e (3.13)-udonann HHTerpaJJall HaTHXKACHAA TONHJHIIM MyMKHH:

.

A=j’Mda. (3.14)

%

3. KHCMHHHT afinanum ¥Kura Hucbatau HHep-
LA MOMeHTH HarapuianMa xapakar BAaKTHJA KHCMJAp HHEpT-
JIATHHHHT §JY0BH Maccaiup. AlanMa Xapakar BakTHAa XKHCMJap
HHEDTIMIH (aKaT Maccara sMac, YHHHT VKKa HHcOaTaH dasoma Tak-
CUMJIAHHIINTA XaM OOFIMK. AHJaHMII BaKTHZA KHCM HHEePTIAUTHHUHT
Va4oBH, acucmuune UKKQ Hucbaran unepyus momentu neb arasyBui,
¢u3HKaBHH KaTTaqHK GHaaH XapaxkTepJjaHanay.

ABBajio, aitnanum ykura mucGatan M000uil nyKTanune unepyus
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MmOMenTu Neb HyKTa MaccacH 6HJIaH YHHHT YKKaua 6yaran MacodacH
KBaJPaTHHHHT KynaHTMacHra aATHJIHIUHHH KYpPCaTaMH3:

Jy=my rf . (3.15)

VKka uucOaTaH MUCMHUHZ uHepyus MomenTu 1eb, KUCMHH Tall-
KHJl TraH MOANMH HYKTaJap HHEpUHS MOMEHT/JIapHHHHT HHFHHIHCHIA
alTHNAH:

N 2
SXJHT XKHCMHHHT HHEpUHA MOMCHTHHH OJ4THAa

J=jr=dm (3.17)

6yTyH
KHCM 6Yhnya

H(OJAHH HHTErpaiJall OPKAJH AHHKJIAMARIAD.

Mucon cudatuga ysyuanru I, maccacu m 6yaran 6 Hp K7 H C-
JHU HHTHYKa cTepxeHb (3.5-pacM) HHepuus MOMEHTH ¢op-
MyJAacHHH uHKapaMu3. CTepXKeHHHHT
VK 00’ nan x wmacodpanma érraH, Mac- 0|
cacu dm Ba y3yHaurn dx O6yaraH ;
MabJyM Aapaxalda KHYHK YydacTKa- I

cuHH oJaafiiuk. OJjaras yyacTkaMus f/’f
KHYHK GOYJraHJAWTHAAH VHH MOAAMH FALL 7‘
HyKTa Je6 xucobjaml MyMKHH Ba, gz
(3.15)-ra acocaH, YHUHT HKHHepuUHuA Lol 2
MOMEHTH P
ol

dJ — x*dm (3.18) |

ra TEHr. 3.5-pacwm.

DeMeHTap YYacTKaHHHI MaccacH
CTepKeHb Y3YHJAHK Oupaurungaru macca mfl Gunas ¥ aneMeHTap

yyacTKa Y3YHJIUr#H KynafTMacura TeHT: 4
dm = (m/Ddx.
dm uunr 6y kuiimaTtunu (3.18)-ra xyiicax,
dJ = (m/l)x*dx (3.19)
HH 0JIaMH3,

ByryH cTep:eHHHHr uHepuus MoMeHTHHE Tonum yuyH (3.19)-udona-
HH O6yTyH cTepXKeHb Oyiiuya, sibHu — [/2 nan +1/2 wuerapacu wHuuia
HHTerpajaJam Kepak:
+/a . +I/fs 8 A
m m x m
.]=-——- 5‘ 2 = — —— \)_ . .
] x¥dx 73 =3 l( (3.20)
—I/a =1/
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Maccacu m Gyaran Typam CHMMeTpPHK KHCMJIAD  YUYYH HHEpIHSA
MOMEHT/IADHHUHT H(OofaNapHHH KeNTHPaMHu3. LI HIHHAPHHHT reOMeTPHUK
¥KH OulaH ycTMa-yer Tymrar VK 00 ra (3.6-pacm) HucbaTaH HYKH
PalMycH r Ba TalUKH paiHycH R 6yaraH 6HpP XHHCJH KOBaK

LUHAHHADP (rapiAHID) HHHT HHEPIHA MO-
0| MEHTH:

J=m(r* - R?)/2. (3.21)

IO0nKka nesopnm uuauugp (R~r) éku
xanka yuyH (3.21)-man

J=mR? (3.22)

o L]
ra sra 6ymamus.
IXAHT 6HDP KHHCIAH LHJIHHAD

(r=0) éxu mmck yuyH (3.21)-man
J=mR*2 (3.23)

ra ara 6ynamus,
Mapxasupai yTysud yKKa HHcOaTaH OHp
HKHHCJH 1WIap HHHT HHEPUHS MOMEHTH

J=(2/5)ymR? (3.24)

ra TeHr.

ACOC TeKHCJHMIHra TMEepNeHAHKYJSp XOJAa MapKasaaH §Tysun VK

00" ra HucGaran (3.7-pacMra Kapadr) TYFpH GypuakJad ma paa-
JeNenunelHHAHT HHEPUUS MOMEHTH

J = Te(@*+b%) , (3.25)
ra TeHr.

Kentupuaran MucomapHuHr XaMmacHia adgaHum VKH KHCMJaap
MaccasJlapHHHHT MapkasujaH yragu. Maccanap Mapkasujad yTMaraH
YKKa HHCOaTaH MKHCMHUHT HHEDUHS MOMEHTHHH aHHKJaIra  JOHUp
Macananap eunnranna Illreiinep Teopemacuaan ¢oitzanaHuu MyM-
kHH. By Teopemara mysoduk (3.8-pacm) 6upop YK 0’0" ra Hucba-
Tan MKHCMHHHI HHEPUHS MOMEHTH J, KHCMHHHT Maccajap MapKasH-
AaH yTyBuM mapasienn YK 0’0’ ra nuc6aran 6y/IraH MHEpLUHA MOMEH-
TH Jo GHJaH XHCM MacCaCH Ba Wy HMKKH [apaJieds VK opacuuaru
Macoda d KBaApaTH KYnafiTMACHHUHT AHFWHAUCHIA TEHT,

J=Jo+ md? (3.26)

CH cucreMacHaa HHePLHS MOMEHTHHHHT 6upauru 1 xr-m?2,

4. UMnyabe MoMeHTH (MexaHUKaBHH MOMEHT).
Momunii HyKT2a UMTyabCH p; Ounan yHHHr afilaHum YKurasa Gyaran
36

www.ziyouz.com kutubxonasi



macodacu Kynaiitmacura smo00uil HYKTQ UMNYAbCUNUNZ MOMEHTU Ne-
Axnanu:
Ll :pirl = mi'vlrl N (3.27)

ékH ©v; =rw Ba J; = m,rf 9KaHJAHTH XHcobra oJjHHCca,
L = moryr; =mirio=J; o (3.28)

Vkka HUcOaTaH XHCM UMNYAbCUHUHE MOMEHTU MasKyp KHCMHH
TAIKHJI 3TraHd HYKTajap HUMIYJAbCAapy MOMEHTNAPHHHHT HAFHHIHCH-

ra TEeHr:
N
L=2% J,0 (3.29)
i=1

KaTTHK XUCMHHHT XaMMa HyKTajapH Oup XHamard Oypuaruii Te3jnHk-
Ka sra Gyarannaapu yuyH (3.29)-maH.

N
L=o X J, =Jo (3.30)
’ i=1

HH XOCHJI KHJIaMH3
(/ — XHCMHHHT YKKa HHCOAaTaH HHepIHS MOMEHTH €KH BEKTODHH

makKaiga
L=Jo (3.31)

-

3.7-pacm. 3.8-pacwm.

Bynnan umnysbc MOMEHTHHMHI BEKTOPH KAaTTHK XHCM Gypuaruii Tes-
JIMTHHUHT HYHaJMHIIAra MOC OYJIraHAHTH Keaub YuKanu.
CH cucremacnia HMIYJIbC MOMEHTHHHHr GUpAHrH 1 Kr-mZc-l,

(3.31)-bopMystann HArapuiaHMa XapaKaTHHHT HMNYJbCH (OpMYyJac OHAaH coO-
JMIITHPHO KpHIN (ofmasuIHp.
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5. AHMaHYBYH KHCMHHHT KHHeTHK 3HEPTHSACH,
AfnaHuG TYpraH XHCMHUHT KHHETHK SHEPTHACH JKHCMHHHT afipum
HYKTaJapu KHHETHK SHEPrUsJIADHHHHT HHFHHIHCHAAH TALIKH TONA-
au. KaTtug xucM yuyn xyfingarn aMMAUITHPHUINIADHH GaxKapHII MyM-
KHH:

mi v} fg mi o?r; w2 N X

= Em,-r'.:
1 2_ 2 2 i=1 : 2

N
E, =% . (3.32)

i i=1

(3.32)-un wrapunanma xapakataa yura Vxmam udboga Guaax COJTHIITHPHG
Kypum dofinammanp, . 4

(3.32)-un  nuddepenmusinacak, aivanma XapakaTAa KHHETHK
SHEPTUSHUHT 3JIEMEHTap Y3rapHUIMHH TOHAMH3:

dE« —Jodo, (3.33)

6. Aimanma xapaxkar AHHAMHKACHHHHT 4cCOCH
TeHTJdaMmacH AHATalIHK, TaliKu Ky$dap TabCHPHIATH KAaTTHK
KHCM erTapiuya KHYHK Oypuak dara Gypuiaran 6yacun. DBynaai
Gypunumizna Gapua TAWKH Kydaap Gaxaprad 3;feMeHTap HIIHH (3.13)
KHHETHK SHEPrHSHUHT 3JeMeHTap ysrapumura (3.33) TEeHIJIalUTHpa-
MH3: .

Mdoa=Jedw.
Byupau

da do
M-=Jo 5F
€3HII MYMKHH.
(3.2)-nm xHCO6ra 0/HG, TEHIMIMKHE  ra KHCKapTHpCaK,

M=s2

—/2 (3.34)

HH oJlamu3, 6yHgan

& =

. M
J
€KH BEKTODHH LHakKJaa

€ =

> (3.36)
Aua wyHuHT V3u,adianma xapakar OUHAMUKACUHUHZ acocul TeHnaaa-
macudup. (3.35)-nan KYPUHHO TypHOIHKH, HHEDIHST MOMEHTH KHCM-
UHHT HHEPLHOH XOCcaJapHHHU XapakTepJafiiu: TAWIKH Kywlap TabeHp
STIaHMA JKHCMHHHT HHEDUHS MOMEHTH KAHY4a KHUHK Oyaca, yHuur
Oypuaruii tresnanumu yH4ya Katra Gymanuw.

Harapunanma xapakar yuyH Hoioron kouywwm xaunai POMHH VHHaca, afigaHMa
XdpaKaT y4yH acOCHA TeHrIaMa Xam WyHAail ponHu YyiHauaH. By rtenrnamara ku-
PYBUM QU3MKABHE KaTTaJquKaIap Moc paBuiiia Ky4yra, Maccara Ba Te3JaHHUINra
yXuwamgupiap, :

38

www.ziyouz.com kutubxonasi



(3.34) -gau

_ d(Je) _dL
M= L2 (3.37)

keJqub YHKaIH. :

#KHCM HMIyJbCH MOMEHTHJAH BakT Oyin4a OJHHIAH XOCHJIACH 6ap-
ya TallKH Ky4YJap MOMEHTHHHMHT TabCHP 3TYBUHCHIA TEHT.

~ Acocuii Teurnamanu 3.9-pacMaa Kyp-
catuaran ac6o6 épmaMu OHJIaH HaMmo-
fpI KHJAHIL MyMKHH. BJOK opkaau yT-
KA3WJITaH KNTa OCHATaH 0K 1 TabcHpu-
Ja KDEecTOBHHA Te3JIaHHLUIH a#JaHMa
xapakaT Kuaaau. Maxcyc 1okyanap 2 Hu
aliaguIl YKHAaH TypJad macodasapra
CUJKHTHO, KPECTOBHHAHHHT HHEPLUHA MO-
MEHTHHH y3rapTHIl MyMKHH. IOxKJaapHHu,
AbHH KyuJiap MOMEHTHHH Ba HHEpUHUs
MOMEHTHHH V3rapTHpHO, KyY MOMEHTH
opTranja €KH HHepIHs MOMEHTH KaMaH-
ranga GypuarHd Te3JaHHLIHHHT OpPTH-
[IHTa MINOHY XOCHJ KHJHHII MYMKHH.

3.9-pacm.

§ 3. UMNYIIbC MOMEHTHHUHT
CAKJIAHHMII KOHYHH

AiiaEMa XapaKaTHWHT, TAUIKH Kyd4Jap »aMHH MOMEHTH HoJra
TeHr 6YJraH XyCycHil XOJIHM KypHO YHKaMH3. (3.42)-nan KypHHHIIHYA
M=0 6yaranna dL/dt=0 6ynanu, GyHaaH

L=const ékn Jo=const. ‘ (3.38)

By xon MMIy/JbC MOMEHTHHHHI CaKJaHHII KOHYHH HOMH Oujag Mab-
AYM: JCUCMeq TABCUD 3TYS4U 6aP4Q TAUKU KYUAQp HAMUL MOMEHTU
Hoaea TeHz 6iaca, Oy HuCM UMAYABCUHUHES MOMEHTU fjaeapmail KO-
Jaau.

VIMIyJdbc MOMEHTHHHHT CaKJaHHII KOHYHHHH (akaT aGCOMIOT KaT-
THK JKHCMJIap YYyH XaKKOHHH SKAaHIHIHHH 3CIaTHO yramus. By ko-
HYHHHHT 3HF KH3WKapJH cypaTia KY/IJIaHWIHIIH XHCMJap CHCTeMacH-
HHHT YMyMH VK atpodnia ainaHumuiapn OWiaaH GOFJIHKIHD. by
X072 HMIYJbLC MOMEHTH Ba Oypyardii Te3JHKJIapHHHT BEKTODHH
XapaKkTeplaJukJAapuHE Xucobra oamm 3apyp. JKymuaanaw, yMYMHH

“yK aTpoduma aitanysun N Ta XucMAaw HOopaT cHCTeMa YMyH HM-
NyJbC MOMEHTHHHHT CakJ/aHHII KOHYHHHH KyHHAard dopmana €311
MYMKHH. *

N
L= L J;ov, (3.39)
i=1
By KOHYHHH TacBHpJIOBUH Gab3H MHCOJNJNApHU KYPHO UHKAMH3.

CanpTo KHIyBYH THMHacTHKauk (3.10-pacM) CakKpamHWHHHT Goul-
JaHFuu (pasacuja TH33aJapuHH OyKuO, yJIapHH KyKparura KHCaud,
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OyHiaa y muepuus MOMEHTHHH KaMaHTHpanu Ba TOPA3OHTaN YK aTpo-
tuaa aHNaHAIHUHT Oypuaruii Tesaurumm omupann. CakpauHuur

o OXHDHIa raBia TYrpuianany,
HHEDUHA  MOMEHTH KaTTa-
Jamany, 6ypuyaruil Te3/HK Ka-
Masinn. BepTukaa yg aTpogH-
na alanyBun ¢durypucr
(3.11-pacm) aBnanmm Goury-
Ba  KYJANapuHH  raBpacura
AKMHJIalITAPa H, 6y GHaan y
HHEPUHS MOMEHTHHH Kamaji-
THDPaAH, OypYaruii - Te3HCHHK
3Ca omHpaau. ARJIaHHm OXH-
buRa npouecc akcuuua 6yaa-
BH: Kyaaap éduaranga HHep-
LHs MOMEHTH opTajnH, Gypuya-
THH  TE3JIHK — KaMasiy, 6y
3Ca OCOHTHHA TYXTall HMKoO-
HUHH Gepanu,

. By xonma «omam Bga nJiargop-
HMIYJIECHHHHT MOMEHTH hakaT FHIAHpAK
HMIyJIbCHHHHT MOMEHTH OpKaJu aHHKJIaHaau:

L=V -04+/ o, — (3.40)

6y epna Jo — oxam Ba N1aThOpMa HHEPUHS MOMeHTH Je Ba 0, — Fug-
AHDAKHUHT HHEPUHS MOMEHTH Ba Oypuaruii Tesauru. Beprukan jkka
HHCOAaTaH TamkH Ky4/llap MOMEHTH HOJITa TeHr 6yaranu yuyn L cak-
Janagu (L-const).

Arap SKCIEPHMEHTATOD FHIAHPAKHHHT aiyIaHuLI VKuHu 180° ra
Gypca (3.13-pacw, yHTAa), y Xouana FHIAHDAK HMNOYJILCHHHHT MOMel-
TH aBBAJITH HYHaJHUINTa KapaMa-Kapuu iyHaJganu a ~—J. o_ raTenr
6ynann. Funmnpak HMIYJbCH MOMEHTHHHHT BEKTODH ¥3rapub, cHcre-
Ma HMIYJBCHHHHT MOMEHTH CaKJNlaHTaHM Y4YyH, oflaM Ba nirardopma
HMIYJbCH MOMEHTHHHHT yarapuuu MyKappap, y 3SHAH HoJra Teur
6yamaiinu*. By xomna CHCTEMAa HMIYJIbCHHHHT MOMEHTH
_—

* Fuanupax YKHHHHFP niaardopMa aiinanun yxura 6up o3 TYFPH KeJIMAraHAHTH-
HH 3brubopra oamaca Gynann.
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L = Jyw, + ( — I e )= Jow, — Je we (3.41)

6§ﬂanH.I1Mﬁynbc MOMEHTHHHHT cakJjJaHum Kouynu (3.40) Ba (3.41)-
HH TEHIJIaLITHPHIUra HMKOH GepanH:

1

Jp Wy =./0u)0—-]; Wp

3.11-pacwm.
éKu CKaJdp WaxKJjaa
: Jo 0p =Jgog—Jr 0, - 2Jp 0 =Jy0,
6ynnan

Jy=2J, 0, |o, (3.42)

3.12-pacm.
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Onam TanachHHHT Niatdopma Guaan GHprajJuKIard MHEpPUHSA MO-
MeHTHHH (3.42)-popMyna épaamupa TaxMHHaH 6axonaml MyMKHH;
OYHHHT YYYH ©,, ®, -71apHH §14a6, J, HH TOMHII Kepak. Tekuc
alJlanHIWHKAT 6ypuarui Te3JIHKJIAPHHH JJAvall yCyAH JKyBYHra Mab-
ayM. Fuagupak MaccacHHM GHna TypHG Ba MaccaHH,
acocaH rapiaMm Oyiina6 TaKCHMIaHTaH J1e6 XHCOO-
1136, (3.22)-bopmyna 6yiimya J. HM aHHKIam MyM-
KHH. AHHKJALl XaTOJHIHHH KaMaiTHDHII MaKcalHaa
B&JIOCHTIEN FHJIAHPATHHHHT TapAHLIAra MaxCyc IUHHA
KUHATH3KG, rapIull OFUPJIHIHHH KaTTaJallTHPHII MyM-
KuH. OfaM allaHMIN YKHra CHMMETPHK JKORJMAHTaH
GyaHImHK Kepak.

Kypu6 wukniarau taxpubanusr COANApOK BapHAaH-
THHH XOCHJI KMJIHWI y4yH )KYKOBCKMI KypcHCH yCTHIA
TypraH OXaMHHHT Y3 FHJLUDAKHH, BEPTHKAJ YK YUH-
AaH ymnal, adaHTHPHINK Kepak. By Xxonza ogam Ba
mraropma KapaMa-KapIH TOMOHTa aijlaHa GoULIafi-
au. (3.14-pacwm).

§ 4. ARJIAHHIIHUHT 3PKHH
YKIAPH XAKMOA TYWIYHYA

Qukcaunsananran yK arpoduia aHI2HYBUH KHCM,
yMyMaH, Maskyp YK BasHATHHH y3rapTmail CakKJOBYH
NOAUIKNHKEKAAapra €ku GollKa Ty3HIMaJjapra TaBCHP
3TajH. Dypuaruii Tesnuk/Iap Ba WHepUHs MoMeHT.Ia-

3.14-pacm, PH KaTTa Gyaran BakTaapaa o6y TaBCHPOTJIAD  aH4a

KaTTa Gy/uunapy MyMKHH. Bupok xap OHp XHcMAa
alJIaHNIl BaKTHAA HYHANHIIH Xed GHp MaxCyc TY3H/IMaJdapcH3 CagJa-
HUO KOMalMrad YK/aAapHH TaHAa6 OJIHII MyMKHH. ByHnpa# yxaapuu
TaHJaul KaHaad WAapTHH KaHOATJAHTHPHUIK KEePaK/JHTHHY TYLIYHHI
VUYH KYHHIATH MHCOJIHH Kypu6 uyKaMus.

Afitaiaux, Maccasapu m; Ba mgra 0[ ’
TCHI HKKH MOJARHH HYKTaldaH Ba MacCCacH- J [
HA XHcobra oJsmaca G6ysaguran KaTTHK

CTepxeHnfaH ubopat GHpop cHCTeMa MOM- l
WIHIHHKAApra YpHatuaran yx 00 atpodu- Vol 72
Ra ainancul (3.15-pacm; r| Ba ry — ajia- 7 72
HHII YKHAAH MOMIHHA HyKTaJapraua 6ya-
raH Macodanap). l

Monnnit HyKTanap TomMoHMmaH aiia- '
HHW VKHra, AEMAK, MOAUHIHHKIAPra XaM, J,E
KapaMa-Kaplii HyHa/lraH Kywjlap TabCHp il
staiu. By kyunap wmoc paBmmpa, F,—= . ’
=miw’r;Ba Fo=myw?ryra Tenr, 6y epla o " 5.15-pacm.
AWJIAHUITHUHT GypUAaTHI Te3JHrH. Arap 6y
Kyunap OMp-OHMPHHH KOMIIEHCAUHSJIaMaiiHray Oyacanap, yuaa moA-
HIANHAKIapra, yJlapHH CHAKaJalmra €KH XaTro Oy3sHaHITra OAH0 Ke-
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JMafuraH ZOWMHI Kyd TabcHp 3rTagurad Oysnagu. Maccanap sa maco-
¢anap Myaiisin MyHocaGaTAa Gyarannapuaa F, Ba Fy Kyu/Jap TeHrJa-
LWIHIIIaDA MYMKHH:

2 2
mye’ry= my,»°ry
éKH
Mmyry=—Myr, (3.43)

(3.43)-Hu Maccajsap MapKasu KOOpAHHATajlapH (2.16) -6unan  co-
JHIITHPHOG, aliiaHum YKH Maccaiap MapKasulaH yTranga, yKKa Tab-
CHp 3TafHraH KyWwIapHHHI MYyBO3aHATJalIraHAHH KypaMH3.

[llynpait KuanG, ainaHuur YKH CTEpHKEHra MepHeHAHKYJISAP X0J1a
Maccaiap Mapkasuuan yrca, 6y YKKa aliJlaHyBYH KHCM TabCHp IT-
maiiny. Arap (3.43)-mapt Gaxapuica-io, NOAUHIHAK oH6 TallJIaHCca,
alylaHUIl YKA Y3 XoJaTHHM dasoga cakiaraH Xoqia KyualaH, XKHCM
sca my Yk atpodHia alaHULUIHK 1aBOM STTHPABEPANH.

dasona ¥3 AYHAMHUIHHH Maxcyc GepKHUTMacH3 cagaafiauran aisua-
HHII JKJapHHH 3DKHH YKAap 1e0 ataiinunap. Ep Ba HHJAAHPOKHHHT
afaHuW YKJAapH, xap OHp OTHG 1060pH/ran Ba SPKHH afiJaHyBYH
JKUCMHHHT VKM Ba X. K. 6yHaall YKAap MHCOJMHIHP.

VixTnépuii wakaaard KUCMAA XaMulla Maccaiap MapKasHaaH
yTyBUH Xeu GyaMaraHaa ydra y3apo NepHeHIHKYAAp YKIap 6opaup-
KH, yJap ailaHHUIHKHT 3Dk VKJAapH 6yna osnamuaap. By yxmapra
60w’ unepyusn yxaapu peiunanu. Tapuu Goll HHEPLHA JKJapHHHHT
y4asacu XaM 3pKHH 6yJca-aa, 3HT KaTTa HHEPUHS MOMEHTHIA sra 6ya-
ran §x arpoduia alJaHHIUr TYPFYHPOK 6ynany. Macana uIyHAAKY,
TaWKH Ky4IapHHHr GeBOCHTa TabCHPH, MacallaH HIIKalaHHLI HATH-
JKaCHAA, WIYHHHTJEK, TYyNna-TyFpH TaHJaHraH YK arpoduia aHIaHUIl-
HY BYXYAra KEJITHDHUI KHHHH OFJraHIHIHAAH
6oLIKa 3pKHH YKAap aTpoduAa adnaHHLI TYPFYH
oynamanI.

Bab3aH, KHCM KHUHK HHEPUHS MOMEHTHIa
sra 6yaran yx arpoduiaa aiaaHaerrania, y ¥3u
Gy VKHHM SHT KaTTa HHEPUHS MOMEHTIH YKKa y3- A
rapragu. By XoaucaHH KyHHIard taxpubaia
KypcaTaMHu3. Y3 reOMeTpHK YKH aTpopuia aina- \
Ha 0JIaJMTaH LHJIHHAPHK Ta€Kya Ul OHJIaH SJEKTp \
motopura ocuiras (3.16-pacu, a). By ykka HHC- / \
6atan uuepuus MomenTH Ji=mR*/2. Ahnanuu é__ﬂ
Te3JMrH MyalifH apaxkara eTranjia Taékua V3 -
BasusiTHHH yarapTamu (3.16-pacm, 6). Sluru ait-

JIaHWMII YKUra HHCOATaH HHEPUHS  MOMEHTH a 2
Jo=mli2/12. Arap (2>6R?6yaca, o>/ Gynans. 3.16-pacu.

Slure VK atpoduia aiiaHul TYPFyH Oyaaid.

_ TawaHran ryrypT KyTHYaCHHHHT KatTa érujal TepHeHAHKYJIAP
Yrran yKka HUcGaTaH alMaHHIIH TYDFyH aiJIaHULI Ba foiuka éxJjaap-

*

\\
-~
——
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Ta TIepNEHAHKYASAD YTraH yKaapra HucbaTay (3.7-pacmMra kapanr)
HOTYDFYH €KH TYDFYHCH3POK KAHJHCHHH YKYBUHHHHT §3H MycTakuz
TaXpHOA KHJIMG HIIOHY XOCHJ KHIHIIH MYMKHH.

XalfiBOHJADHUHT Ba O4AMHHHT SPKHH NapBO3 KHJMIIMAA Ba Xap
XHJ1 CaKpallapuja afJaHHIUH 9HT KATTa EKH SHr KHUHK HHEepUHs
MOMEHTH yKJap atpoduaa Gyuann. Maccanap MapkasuHHHT BasuaTH
T4BAAHHHT XOMaTHra GOFIMK GyaranH yuyw, TYPJH XoJaTaapiaa TypJan
3DKHH yKJaap 6yaanH.

§ 5. APKHHIIUK JIAPAXKAJIAPH
XAKHIA TYIIYHYA

OPKHH MOLAMH HYKTaHWHT ¢asonaru xonaru MyCTakus yu x, y, 2
KOOpIuHaTanap €pnamuna Gepuaany. Arap nykra spkun 6yamaca, ma-
canaH, GHPOp CHPT ycTHaa CHJKHCA, y X0/14a KOODAHHATANADAAH G-
POPTacH MycTaKus 6ysa osMaiiny.

Mozanuit HyKra Xapakaty X2+ y?+22=R? tenrnama Guiam Hepui-
ran R pamuycan chepa YCTHRa 6YnaéTup, neliiuk. Arap x Ba y Mmyc-
TakKHJ XHCOOJaHCa, 2 HU KeHHHIH ¢bopmynanan Tonamus:

=t VR . (3.44)

Mucon yuyn x=2, ¥=3, R=6 1e6 onaitux, y xoana*

) F=Y PR F=1V73
Mynpai kuaue, 6y Muconia yura KoopliuHaTanan $akaT HKKUTacH
MYCTaKH/1 y3rapyBuanmup.

MexanukaBuii cicreMa BasusTHHU XapaKkTepJIOBYH MyCTaKua y3ra-
PYBUH/Iapra spkHHANK Rapaxaniapy Refunann. DpKHH MOAMHI HYKTa
yuTa SDKHHJMK NapakacHra sra, TEKIIHPHWITaH MHCOMNA UKKH 3DKHH-
JIHK apaxkacH MaBXKyx,

Slua 6ab3u mucosnap.

Hkkura 1 Ba 2 momauii HYKTa Gup-6GupH Guaan KaTTHK OOF/jaHraH.
Xap HKKH HYKTaHHHT BasHsTH OITUTA: X1, Y1, 21, X2, Yz, 25 KOODAUHA-
Tasap OuWlIaH GepHaran 6ynu6, ynapra MarteMmaTk paBHIIA
(Xo—x1) 2+ (Yo—y1) 2+ (zp—2)) 2= 12 WIaKJIAard TeHriama Guian Hgpo-
AaNaHyBYH GHTTA YeK GOFJaHHLI Kyiuarad. ®usukasui XHXaTAaH Gy
MOAJMH HyKTa/lap opacHxaru Macopa xamuma [ neMakaup. by xoana
SPKHHJIHK NapaKaJlapMHHHT COHH 5 ra TeHr. Kysnan xeunmpuiran Oy
MHCOJI HKKH aTOMJIH MOJIEKyJla MOZAEJIHIHD.

* Arap (3.44)-zan GOF.IHK KOOpAHHATA YUYH MaBXYM MHKZOD KeJHO 4HKaxH-
rag 6yaca, 6y rtaunamrag MyCTaKHI KOOpAMHATaJap Gepuaran paguycin chepana
KOHJIaHraH Xew GHp HyKTara moc KeIMafayu aeMakaup.
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Vura — 1, 2 Ba 3 moAquil HyKTasap GHp-OHpH OHJaH KATTHK OOF-
JAadrad. Bynpaii cucreMa BasHATHHH TYKKH3Ta: Xy, Y1, 21, X2, Y2, 22
X3, Y3 23 KOOpAHHATAJap XapakrepJ/aiad. DHPOK HykraJjap opachia-
ru yura GorJaHHm (aKaT OJTHTa KOOPAMHATAJaPHHHI MYCTAKHJJH-
ruHH TabMuHAaigH. CHCTeMa ONTHTa SPKHHJHK JapaXacHra sra. Bup
TYPPH UH3HKAA €TMAaraH yuTa HYKTAHHHT Ba3HATH KAaTTHK JXKHCM
Ba3HSATHHH OMp XHJ KHMMaTja OeJrujaraHd yuyH KaTTHK XHCM XaM
OJITHTA SPKHHJIHK JapaxacHra araiup.

DpPKUHJIUK RapaxkalapHHHHT COHH (aKaT MEXaHHKaBHH CcHcTeMa
BA3HATHHH XapaKTePJOBUH MYCTAKHJ VY3rapyBuunap COHHHH OeJry-
Aaiigd 9Mac, CHCTeMa MYCTaKHJA KYYHULIAPHHHHT COHHHH XaM Geiru-
Jaainu. Bynucu xyna axaMuaTauaup. JKymiaaaH, SpKHH MOMIHHA HYK-
TajgarH yuTa SPKHHJHK Japa)KacH HYKTAHHHT HCTaJraH KYYHIIHHH, yd-
Ta KOOpAMHaTa YKJapH OyiiHya, MyCTaKu/ yarapyBuH/Japra axparuil
MYMKHH HeMakAHp. Hykra yJI40oBCH3 GYNraH/MrHAaH YHHHT aHJaHH-
M TYFpHCHAard ran MasbHocusaup. Ulynnah KuauG, MOAZHH HYKTa
HATapHAaMa XapPAKAaTHHHT yuTa SDKHHJHK JAapaxacHra sraiup. Mox-
JAHi HYKTaHHHD 3TPH YH3HK Oyinab Kyyuwiu (WAPTIH MHCOJA TIOE3.-
HHHT peabciap OyiHua XapakaTH) HATapHJiaMa XapaKaTHHHT OHTTa
IPKUHJHK fapa)KaCHra sra 3KaHJHCHHH KypcaTaiH.

TuHY Typras yK aTpoduia aijaHyBuUM KaTTHK MHcM GHTTa afyaH-
Ma xapakaT 3DKHHJHK fapaxkacura sra. [1oe3gHUHI FHJIAHPArH HKKH-
Ta 3PKHHJHK Japa)acHra 3ra: OUpH — ailylaHMa XapaKaTHHHT, HKKHH-
YHCH — WITAPHJIaMaHUKH (FUALHPAK YKHHHHT peabcaap Oyfinua Ky-
yymn). KaTTHK XHCMAa OJTHTA SPKHHIMK JapaXKaCHHHHT GYJIHIIH,
Ma3Kyp XKHCMHHHI HCTAJraH KYYHIIMHH KyHMAard TAWKHJI 3TYBYHJIAD-
ra aKpaTMIl MyMKHH AeMakK[up: Maccajap MapKasHHUHT KYUHIIH,
KOOpIHHaTa ykJjapH GyiH4a, yuTa HArapwiaHMa xapakataapra ax-
pajsajiH, aldJlaHWIl 3Ca — MaccajJap MapKasduJaH YTyBYH KOODAHHATA
zrugnapnra uuc6aran 6yAran yura cOaAapok OypHJAHMUIapAaH ubGopar
Ynanu.

§ A

N e

\
§

BNy

3.17-pacm. 3.18-pacm. 3.19-pacm.

3.17, 3.18 pa 3.19-pacmuapaa OuTTa, HKKHTA Ba Y4YTa 3PKHHJAHK
Japaxajapura MOC IHApHHPJAH yJaHHILIAp KypcaTH/ATal.
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IVBOB

HOHWHEPIUHAJI XUCOBJIALL
CHCTEMAIJIAPH

HbloTOHHHHT GHpHHYH Ba HKKHHuH KOHYH/JIapH XaMMa XHOOGaall
CHCTEMaJIapH YYYH MOC KeJaBepMaimH.

By kouyunap rtyrpu kemaauran XHCOGJaW CHCTeMaJapHra uuep-
yuar cucteMadaap neiiunand. I'eJHOUEHTPHK cucTemanu (Kyéw 6uaan
GorsianraH cHcreMa) MyaHsaH TaKpHOHHIHK GuaaH HHEpIIHAJ CHCTeMa
Ae6 xHcoGaam MyMKuH. Bapua HHEpUHAJ CHCTeMaslap Gup-Gupaapu-
ra Hucb6aTaH TeKHC Ba TYFpH YH3HK OyHHya Xapaxar KHJI2JUIap €KH
THHY XOJAa TypaiuJap. ‘

Huepunan xucobaaw cucremacura HHCOATaH Te3NaHHILIN Xapakar
KHAYBYH XHCOGJIam CHCTEMACH HOUHEPYUas cHeTeMa JeHHIIaH.

Ywby 606xa HoHmepuHan CHCTEMAJlap MeXaHHKaCH TeKIIHpHJa-
AH*. By cHcTeMaJapiaa MexaHHKa KOHYHJIapH aJoXHIa creuudukara
3rajHp.

§ 1. HHEPLLHSA KYYJIAPH

Honnepunan xncobaaw cucremacura mucon CHOarTHaa TesnaHH-
JIH XapakaT KHJIA€TraH noess éKH aBTOMOGHJIL KaGuJapHH KYpub un-
KaMu3. Taxpu6aHHHr KypcaTHmIKYa, HOHWHepUHaa XxHcobJall CHCTeMa-
CHIATH KHCMJAD, GOWKaA XKHCMJIAD TabCHDPH GyamMaca xaM, TeaJaHHLI-
JIH XapakaTt Kujaa OolLTalgH: noe3s BaroHu TOKYaJIapHAATH HapcaJap
TloJra TywanH, maccaxHpiap YpHHIHK CysHUHKJIapHra CHKHJaAuJap
Ba X. K.

Heloron mexanukacunuur KYPCATHIIHYA JKHCMJADHHHT Te3/aHHU-
WK Kywiap Tydahan xocua 6ynany, KydJlap sca KHCMJapHHHT Gup-
6upura Tabcupuaup. By acocwii TyWIyHYaJapHH cakgaab KOJHII Ba HO-
HHepUHaa cHcreMaia HbIOTOHHMHT MKKHHYH KOHYHHJIAH (PolasaHu
HMKOHHATHTNA 3ra GYVIHIN y4yH MHEpiHs KydJapH ne6 atanayBuH, Ky-
luMMYa Ky4a1apHH KHDHTAMH3. By KydsJap HOHHepLHaJ XuCO6 CHCTe-
MaCHHUHI HHEpDLHaJ CHCTeMara HHCGAaTaH Te3JaHHWIH Xapakatu Ty-
Qainu Byxyara kesanm. \

Honnepuuan xuco6 cueremacu pa Oy CHCTeMalard KHCMJIapHUHT
HXTHEpHI XapaKaTJaHHIJIAPHAA HHEPIHAJ Ky4JapHu xucobra oJumi
aHYa KHUHHH, IIYHHHT YYYH HKKHTa 3HT COLNA XOJMIAapHH KypHOG 4 H-
KaMHs. ]

l.-x o1. Mnepunan cucremara HHc6aTaH §3rapMac Tesnamum GH-
JaH TYFPH YH3HK 6yiinua X2PaKaTIaHyBYH HOMHEPLHaJ XHCOG CHCTe-
MacCHIa THHY €TraH KUCM. :

AliTaiiniuk, ycTHra MasTHHK YPHATHITaH TeJexKa (apapaya) (mo-
HHEpUHAN XHCOG CHCTeMacH) TYFpu YH3HK OyHHYA Te3maHHLLIH xapa-
KaT KHJICHH. Bynaali xapakataa MasTuux Gupopra o Gypuakka oraan

* By 6o6xa KYpHIajHranaap Kynoa TaxpHbanap yuys ep chcreMac TaKkpHGan
HHEDUHaN 1e6 XHCcOoGaaHagH.
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(4.1-pacM). MasiTHHKKa KyHHIaru KyuyJap TabCHp 3TalH: OFHMDPJHK
Ky4YH mg Ba HIHHHT TOpTHAMW kyud F,. HWHepuman xuco6 cucrema-
CHIa TypraH Ky3aTyBuH («KVy3raaMac» Ky3aTyBuH) IIyHAaH ne6 XxH-
coGaafiau. By Ky4/lapHHHT TeHr Ta’bCHp 3TYBUHCH (4.1-pacMra KapaHr).

Fo=F.+mg

-~

Fp kKyun Tabcupuipa Te- Houmepuuar b\ £,
JexKa (apaBaua) 6HsaH OMp-  cawaw cuc-
JHKIA MasiTHHK «XapakaT- 77eracd & £, Uheouur-
CH3» Ky3aTyBuHra HHcOaTaH \ ar conauy
Te3JIaHHLIJIH ~ XapakaT KH- my Cucmeacy
JajH. a i

Hounepunaa xucob cucre- ‘© 6 %
MacHaa TypraH Ky3aTyBuH o oy

(«xapakaTyaH» Ky3aTyB4H)
MasITHHKHH a 6ypdakKa Of-
raH X0J/ila THHY TypPraHuHH Ky3araid. bynn Hblotom KOHyHaapura
MOC KeJTHDHII YYYH €XapakaTyaH» Ky3aTyBuH, HKKH (mg Ba F,)
Kyunad TalukapH, F, ra KapaMma-kapuwu fyHajraH, JeKHH yHra TeHT
OyaraH YYHHUYH — UHepYUS KY4UHU KUputaou:

F,——ma (4.1)

4.1-pacwm.

HHepuus Ky4yH XHCM MaccacH m OWJaH cHCTEMa TE3JaHHIIH —
a HHHI' KapaMa-Kaplid HLIopacH GHJaH OJMHTAH KYNMaHTMACHra TeHT.

Ilynna#t KuAu6, HOMHEpLUHAJ XHCOO CHCTEMacHAAa MAasATHHKKA
yuTa Kyd4 TabCHP 9TaJH: OFHUPJHK KYYH, HIHHHT TOPTHJAHII Ky4H Ba
HHepUHS Ky4H. Dy KyusJapHHHr HHFHHAMCH HOJTra TEHT, IIYHHHT y4yH
MasTHHK, HploToH KoHyHHra MyBoHK, Oy cHcreMaja Te3/JaHHMIITa 3ra
3Macup. i

Huepuus kyuund Oab3upma ryé «coxta» Kyu jge6 xucobaalaniap.

Bynn wyngafi TyWIyHHII KepakkH, v

6y Ky4 TabCHPH TOMOHHAA pead g S
KHCM HYK. ¥ i

dua 6up Mucos. Jiudrt xabuna- 7] Sw
CH MUHra YDHATHJATAH NPYXKUHAJIH b
Tapo3ura /m Maccaju XHCM OCHJ-
ran. Jlupr a Tesnamum Guiaan

IoKopura Kyrapuaain. <«Kysraa-

Mac» Ky3aTyBuH (HHepuHaJa Xucob oy @
(74
</

UH mg Ba NPYXKHHAHHHT 3J1aCTHK-

CHCTEMAaCH) JKHCMIa OFHPJMK Ky- ' ¢
/]

JHK Kyun Fip TabCHp sTraniurusu
Kaiig srtagu (4.2-pacM, a). Hbio- 4.2-pacwm.
TOHHH MKKHHYH KOHYHH 6Vitnua Oy

" KywJap MOAYJVIaDHHHHP afHpMacH XHCM MaccacH OmaaH Te3JiaHHLI-

HHHI KynafiTMacHra TeHr;
Fop—mg=ma
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Honnepuuas xuco6 cucremacupard <«xapakaTuans Ky3aTyBuH
JKHCMIa OFHDJIMK KYYH mg, SJaCTHKIHK KyuH FgpBa uHepuus Kyuu
Fu=—ma Tancup stanu ne6 xucobaaiinu (4.2-pacm, 6). XKucm 6y
CHCTeMara HucGaTaH THHY X0J4a TYPraHJHTH YUyH

mg+Fup +Fy =0 ékn mg+F, =Fy,.

2-x 01. MHepuuan chctemara mHCGaTaH TEKHC aHNaHyBYH HOHHep-
IHaJ CHCTEMafa XapaKaTCH3 TYpPraH JKHCM.

Aftraiinnk, 00° ¥ atpoduza Gypuardii Te3NHK o GHJAH alaHyB-
UM CTOJra MAasTHHK OCHAraH Gysicud (4.3-pacm, a). Houuepuuan xu-
co6 CHCTEMAcHAarH <Ky3raiMac» Ky3aTyBuH MyJIOXasanapH Ky#Huja-
ruya G§Jajid. m Maccalll OCHITaH KHCMIa OFHDJIHK Ky4d mg Ba Hi-
HHHT TOPTHAHW Kyud Fu TabeHp sTagu; Gy KywiapHHHT TeHr TabcHp

4.3-pacm.

OTYBUHCH aHJNaHMII MapKasura HyHajral Ba XKHCMHHHT r panuycJ/H
altnana 6yiiuua TeKAC alMaHHUIIMHN TabMHHJA LM,

Fp =F, +mg, F, =ma?r

Hounepnnan xuco6 cucremacu 6usnan Goraanras «XapaxkaTrdaHy
KysaTyBuu (4.3-pacM, 6) Gomkaua TYWIYHTHPAAH: BePTHKAJM XOJaTH-
Aai OFAMDUWITraH MasTHHK CTO/ra HAcGAaTaH Ky3FajMac, WYHHHI yuyH
MasTHHKKa TabCUD 3TYBUH KYWIADHHMHT BEKTOPHUHA HHFHHAHCH HOJTA
Tenr 6ymmmu Kepak. Bynpait KyunapaaH xeu Gyamaranga yura Gyau-
WM KepaK: OFMPJAHK KY4H, HIHHHT TOPTANHII KyuH Ba F, =ma=
=/M©’r —ra TeHr GyIran HHEPIHs KyuH; Oy KeAHHTH KyuyHH MapKas-
AaH KouMa HHepuus KyuH ne6 aradamnap. Ilyngait Kmiuo, mg+
+FH +Fu =0.

Hnepuna kyurnapu yuyn (4.1)-bopmysa 6y xonma xam V3 Kyuuuu
CakJanay, JeKHH Qapku INyHAAKH, aiJaHMa Xapakaria a XKHCMHHUHT
aiNaHum JKura HucOaTaH KOMJAHHIIHra oorany O6ymann. JKucmuunr
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aifanyBuy HOMHEDUHAJ CHCTeMacHja aHJaHHImIM KabH MYpPaKKabpox
xoanap yuyn (4.1)«popmyna HOTYFpHAHD.

By Mucoanapaan Mabiaym Oynauuinga, OHp XOAHCA TYPJH XHCOO
cucTeMasiapHAA KapaJjHIIH MYMKHH 3KaH, OHDOX HOMHepuHaa XHCOO
cucTeMaJapHRa HbIOTOHHHHT HKKHHYH KOHYHHHM HulJlaTHmH  (daxar
HHEpIYA KydYJdapHHH 3bTHOOpra o/AraHjariHa MYMKHHIHD.

HHepuys Kyu/napu Ba TOPTHIIHIM (rPaBHTAlHOH) Ky4JapH 3KBHBA-
JaeHT Xyusaap 6yaub, du3uk muxataad Oup-OGupaapunan ¢$apyr KHj-
vafinuaap. Bysu audrt Muconmaa kypub unkammus. DHsHuHr MyJaoxa-
sanapumnsia JudT Ep AKuHUAa Typubau Ba yHra XxaMmHAa YHHHT HUHAA~
rH xucMJaapra, EpHuHT ropTHH GHJAH SearuJaHyBUH, OFHDJIHK
Ky4JapH TabCHD 3Taamiap neb dapas xuiuHap s3au. Arap 6y MabiayM
6yaMaraHia 3AH, HHePLUHMS KyWIapHHH TODTHJHII KydJapHAaH a)pa-
THII MYMKHH Oysamac 3au. 4.2-pacM, 6 1a KypCcaTHJTaH XOJHH TacaBs
BYDP KMJAHIHK. ['DaBHTALUSIHUHT TabCHPH HOMAabJAyM OYJCHH AEHJHK.
Jludr 6GuaaH OornaHrad cucreMaga HHMaHM Ky3aTHII MYMKHH?
/KucMra ¢akaTt npyKuHaHH 4Y3yBUH KYY TABCHD KHJA2AH ACHAHII MyM-
KHH. Dy KyuYHHHr HHMAa YUYyH BYXKYIAra KeJIT2HJHTHHM aHTHII MYMKHH
3Mac, YyHKH yuytra BapHaHTAaH OHTTacH OYIMIIH MYMKHH: a) TODTH-
IIHIE MaAJOH/JAApH AYKJAHTHAA CHCTEMa Te3JIaHHILJIH XapakaT KHJAajH,
WyHra Kypa TapaHrJasum pakaT HHepuud Kyunapu tydalianm XocHa
6ynanu; '6) cucreMa Ky3rajaMac éKM rpaBHTAllHOH MallOHAAa TEKHC Ba
TYFPH, UH3HKJIH XapaKaT KHJaau Ba Oy BaKTAAa NPY:KHWHAHUHT TapaHr-
Aaunin Qakat OFHPJMK KyUH TabCHPHAA BYXKYAra Kejaiu; B) cHcTe-
Ma TOPTH/JHIN MaHJOHMIA Te3JaHHININH XapaKaT KWJalKW Ba NPYXKH-
HAHH 4Y3yBUHM Ky4 (KypWjaraH Muconza OyJaraHdfiek) OFHPJAMK KyUH
BAa HHEDUHS KyYH AUFHHAMCHAAH wSopar GyJalH.

TopTuaum xyunapu OHJAH HHEPUHS KYWJADHHUHT 3KBHBAJEHTIIH-
- rH DiBmTedH sipatran (1915 #.)* yMmymuit HHCOMHJMK Ha3apHACH
acocjapHaaH OHDHHH aKC 3TTHPAJH.

Kearych maparpadaapna HouHepuuan Xuco6 cucremajapu Ouian
Gornnk O6ab3n (uankaBHi Ba OGHodH3HKaBUiI Macasajap KYpHJIaLH.

§ 2. BASHCH3JIHK BA YTA .
IOKJAHHIUJIAP

EpHunr ToprHmu Ba TasHy* GHJaH Gupra OY/IAHIIH MyMKHH G6yJ-
FaH Te3NaHMINJIH XapakaT TydalJu XKUCMHHHT TOPH3OHTAJ TasiHura
TABCHP ITHII KYUHHH KHCM OFUPJIHTH 1eb aTaHMus. '

Arap xucm Epra mucbaran xy3raaMac 6yaca KM TekHc Ba TYF-
PH YH3MKJM XapaKkamiaHca, YHAA JXKHCMHHHT OFHpPJHrH EpHuHr TOp-
THW Kyyura teur. Ulynpai KuauS, KHCMHHHT OFMPJMTH OHpMa-6Hp
PaBHIIZA XKHCM MaccacH Ba YHHHT TypraH xofiy OHJaH. aHHKJaHa
ONMaiii. 4.2-pacM, 6 n1aH KYPHHHUIHYA, KHCMHHHT OFMpJHTH (yuH G

* By, sxkpupaneHTIHK $a30BUA uekNaHraH cOXaxarkHa, MacafiaH, WYHAArH Mai-
LoH Gup uHCAR 6Yaran andT kabGunacHmal KOMMapAarHHEa YPHHAMIHD.

* «TasdT» TEDMHHHHH KEHr MabHOMA TYHIVHMII JoauM. JKyMaazaw, Cy3yBaH
KHCMIQ TasHY CYIOKMMK €KH ra3 6ysa osnaau, TastHu Jerania ocMa, TarJHK Ba Oow-
Kanap TYIIYHEAAZR.
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Guaan GearanafJHK) HHEDUHMA KYuH Ba OFHDJIMK KyunaaH nbopat Gy-
JAajny, Oy HHUFHHAH Kyd TasHYMTa (npyxumnara) Tabcup stamu: -

. G=F n+mg. (4.2)

Buostoruk cucremanunr, xymaanad, ofaMHHHT HOpMaJa, ypraHran
XOJaTHAATH Ba3HH OFHPJAHK KyuHra TeHT. KOCMHK Mepuummana xucu
BASHH OFMDJIMK KYyUHAaH (apK KHITaH X0JJap KH3MKapJauaup. Bys-
Jai Xoiapuu GaTadcua KapaG uHKaMua.

Arap xucM TasgHy Gunan Oupra TesnaHMm g 6uaas Ep tomon
Xapakarsianca, (4.1)-ra mysodux

Fu =—mg, nemak, G=0 65;1.113111[. .

JKHCMHHHT OFHDJINTH HOJITA TEHT, XKHCM TasHYra TabCHP 3TMAHAH.
Bynna# xonatra BasHcH3JIMK mefiusiany.

Hlynnah xnaunG, HomHepuuais Xucob cHucTeMacnia OFHpJHK Ba
HHEDUHST Ky4JapDHHHHI HHFHHAMCH HOJITA TeHT SYJraHia, BasHCH3JIHK
ByxXyara Keaaau. Muepuuman XHco6 cucTeMacHia BasHCH3JHKHHE CHe-
TeéMara (akaT OFMPJIHMK KywIapH €KH Xeu KaHxail Kyd TaBCHP 3TMa-
rad xoJar e6 Kapall MyMKHH. XHCOG CHCTeMaJapH 3bTHOOpra OAHH-
Maii KapaJraija CHCTEMAara TabCHp STYBUH TallK¥ Kyd4ldap CHCTeMa
3appajiapu ypTacuia ysapo GocHMJIAp XOCH. KHIMalAHraH MexaHu-
KaBHIl CHCTeMa XOJATHHH Ba3HCH3JAHK neb Ta’bpHbIaIIagy.

Onam epra TopTHIMI IIapOHTHAA AWANAH, Y OFHPJHK KyyH Ba
TafARd DEAKUHSCHHUHT GHP BaKTAarH TabCHPHra §prauu KOJITaH.
Basncusnnk xosatuma Tasiau TABCHPOTHHHHT HYKOJHIIM OJaM Ba
XahBOHJAap (PH3HOMOrHK PyHKUHANIapHIa KUALHH y3rapuuliapHu By-
XKyAra KeATHPHUIY MYMKHH.

JKHCMHHHT BAa3HH OFMDJIMK KyYHAAH KaTTaJalluG Ketran (G>mg)
X0J4a §ra roKaanuwaap fe6 atanyBun XOAHCA pYH GepaiH. (4.2)-uu
Hasapxa TyTHO, HOHHEpUHaJ XHcOG CHCTeMacuia

[Fu+mg|>mg 1ne6 ésum MYMKHH

4. 2-pacM, 6 na yra IOKJTaRHIIIAD Naif0 GYJAyBYM, SHF COLAA HHep-
LU Ky9H Ba OFMPJIHK Kyun GHp TOMOHra HyHajira XO0JI KypcaTH/raH.
¥Ta 10KNaHHUJIADHH OfaTAa .

"= IF—"—:—[;;:'= | —ma + mg|/mg (4.3)
HHC6aT opKasu Hbomanaianaap. Xymnanau, arap Hommepuman cu-
CTeéMa gra Kaplii a=—4g GulaH XapaKarjaHca, yTa IOKJaHHLLIAp
Sra tenr (Gew Kuppanu yra IOKJIaHHII),
4.4-pacMua cxeMaTHK paBHIIZAa TaHa Ba3UATIAapH KypcaTHAraH
Ba Xeu GyJMaranjia GHp Heua MHHYT JABOMHAA XKupnuA 6upopra 6y-
SHJIHIIZApra ydpamad, COFJIOM HHCOH OPraHH3MH YHAANJHIAH yra
IOKNaHHILIADHUAT MOC KUHMAT/IaDH KeATHPHJATAH.
Kocmux Mennunnana OlaMJapHH §Ta IOKJaHHULIApra MoC/all
MallKkaapuia Ba XalBOHJap Guaan IyHra yxuwam 3SKCNepHMeHT/Iap
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KHJHII Y9YH KaTTa UeHTpHyragap umuatuaand. Byspa#i cuerema-
Japia MapKa3laH KOYMa HHEPUHst Kydyd Ba OFHUDJIHMK KYUH Oup-6upH
6uiaH TyrpH Oypuak XOCHA KHJIHG TABCHP 3TalH, JeKHH KarTa yTa
I0KJaHHIIapaa Oy Ky4lap TEHr TabCHP STYBUHCHHHHT HYHa UK
MapKaSiaH KouMa MHEPUHA KYYHHHHT HYHaJumuAan (4.5-pacM) Kam
$apK KHaaaH. TeHr TabCHP STYBUHCHHHHT KHAMATH dbopmymra

Fp =V(mg)2~{—(mw27)-2 =mV g*foir? /—V -

6yiinia aHHKJAHTaHAHTH pPacMAaH MabJyM;
? 6y Fp ~me? F,~F
o’r>g 6yaranna Fy~me?, svun Fp=~Fa

’
§ 3. REHTPH®YTAJIALL

CylokauK Hunna 6ysaran mafina 3appauvaJaap-

HH MapKaslaH KOuMa uHepUMs Kyd/aapH €pha - /\)o 714
MHIa CYIOKJHKIAH aXpaTHIl [poueccura (ce-
napayus KWAHITra) yewrpugyearaus neiuaany. 4.4-pacm,

By xonucanunr ¢usukacuuu TeKIHpaHIHK.

Typan swunnkka sra 6yarau 3appadajJapHHHT CyB CYCHeH3HACH
Gop nednnk. Orupauk Ba ApxnMen KyuJapH TabCHPH Tydahin oup
KaHia BaKTNaH CYHr 3appayajap Kamiamjapra axpana 6ouma1fm§:
SHUTHKJIADH CYBHHHT 3HWIHTHAAH KaTTapok G6yaran 3appadajap 4y-
KHG KeTapuaap, SHYNHK/IAPH CYyBHHKHAAH KaMpoK Oyaraniapu xai-

2|
g =4
! , Fuy =2m@ ] 'fi{z m_pl
— L — i —
| '
4.5-pacm.

*

KH6 unKannnap. Karrapok suunukka sra Gyiran aiipum sappauara
TaBCHD 3TraH HAaTHXKAJNOBUH Kyy

Fy=mg—Fx=p,Vg—pVg= (p1—p)Vg?

Ta Tenr, 6y epna p, ——3appavalap MONNACHHHHT 3HYJIHTH, p — cyB-
HHHT 3uunnry, V — sappaua XaXkMH.

Arap p, Ba p 6up-6upHAaN Kam $apk Kuacanap, F, knunk 6y.1a-
A Ba 3appavanapuuur KaTJaMmJapra axpajauiin aHya ceKWH GyiamH.

€HTpHdyrana (cenapatopna) OyHnait axpartHmnu, MapkasnaH KO-
Ma nnepuus xyunpan dbofigananns, MaxOypuii papumga BYXYyAra
KeJITI:Ipaamxap. Mapkasgan Kouma HHEPLUHS Kyun aiJIaHHIIHHHT Gyp-
Jarufl TesnHrH 6Guian GeJaruniaHranu yuyw, 6y KYYHHHT KHIAMaTHHH
UeHTpUyranuur 6ypyarusi TesJurHHH y3rapTH6 xap xmianab TYpHIU
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MyMKHH. 4.6-pacM, ajga nabopatopusi uentpudyrack LIBP-1 uuur
TAIUKU KYpuRUIUH Gepuirad. 4.6-pacM, 6 xa sca cenapauMs/JIaHyBYH
MYXHTHHHT Xa)XXMH IIaPTJH KYpCaTHJIraH.

Lentpudyra xaxxmMuHu GHpOp OHp KHHCAH CYIOKJHK TyJla 3raj-
Jgarad gednux. Ainannm yku 00" nau r M3copaga KHYHK GHpP XaxMH
Vuu axparamus. LlenTpudyra Tekuc ainaurania aXpaTHIATaH CYIOK-
JHKHART OHPOp CHJDKHWIM PYH GepMaiiiH Ba aXpaTHATaH XaXKM
ueHTpudyrara nucbaran Kysraamac 6yiamu (HOMHepPLHAJ XHCO6 CcHC«
TeMacH), 6apya Kyu/aap TEHI TAbCHP 3TYBUHCH HOJCA TEHT . Axpa.

0
14
F ! _)_F "
:g r
r/’ )
\0'

4 6-pacm.

TH/T@H XaKMra OFHPJHK Ba ApDXHMeX KyHMHIaH* GOLIKA HKKH Kyd
TABCHP 3TaJH: GHPHHYHCH XaXKM AaTPODHAArH CYIOKJAHK TOMOHIAH
6ysiaétran Kyy, HKKHHYHCH — MapKasjiaH KouMa HHepUHA Ky4yH. Dy-
JIaDHHHT OHPHHYMCH aHJIaHHII MapKasHra AyHajrad Ba

F=ma?r=9Ve?r (44)
Fa TEHT, HKKHHYHCH, aKCHHYa, alJaHHII MapKasHAaH HYHaJAraH Ba
Fo =mer=pVo?r

ra TEHT.

* .'I.‘op-mnum B4 ApXHMEX KyuwiapH xuco6ra ONHHMailin, 9YHKH YyJap afJaHum
fm; GyAnda &yuanran 67am6, UeHTpHYranam mpONecCHra NPHHIHITHAN TabCHP KHI-
Mahay,
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OnaH, axpatHAran xaxm V — Oy, 3UYIHTH p;=~p GyaraH, cenapas
IHANAHYBUH 3appaua ne6 (apa3 sTaiuuK, y X0n4a 3appaua aTpopu-
AarH CYyIOKJIHK TOMOHAAH Gynaérranm kyu (4.4) Varapmac 6yuanmy,
3appava- 3HYIHrdAra GOFNHK 6y.iran MapkasiaH KouMma HHEDUHSA KyuH
sca GomKkaua

Fu =91V(1)2f (4.5)
6yau6 Konann. By HKKM KYUHHHT HaTHXaJOBYHCH
Fp=(py—p)Va’r (4.6)

ra TeHr.

(4.6) -1y anamu3 Kuanb, p,>p 6yaranga TeHr Ta&BCHP ITYBUH Map-
Ka3laH AyHaaraHuuy, p;<p 6YAraHfa 3ca — MapKasra HYHaJAraHHHH
KafJ 3TaMH3, ABHH CYIOKJHKIAH OFHPPOK 3appavanap uEHTpHPYra
NepH(EPHACHra, eHTH GYiaraHaapi — aiJaHHIN YKH TOMOHTa Ky4yajH.
Tenr TabCHp 3TyBun Ky4 (4.6)@?ra GOFJIHK Ba KeHr yerapajsa ysra-
PHUIH MYMKHH.

Uentproyranam GuaaH aXpaTWIIHE OFHPAHK Ky4Hn épaaMmuzpa
axpartuu GHJaH CONHIITHPANIHK:

. FP ud) (pr -p) V‘”’r:(ﬂc (4 7)
Fp (oF) (PI—P) Vg g '

Bup cexynana MuHrna6 aiilanajaHraH 3aMoHaBuil UenTpHbyrasapia
GypuarHii Te3IHKHHHT KuiiMaTH 0=2n-10% pad/craua ertamH, GyHuaH
r=0,1 u 6yaranga (4.7)-ra MyBOQHK TONaMH3:

O71.103)3.
(2 lgg 0,1 ~A4. 105,

Texmnpnaysun o6bekTaap X0JMaTHAAa MyXHM y3rapumaap p¥ii Ge-
PBIIH MYMKHH GYJraHJHMTHAAH, CENapalHsall Te3JHUTHHHHT GHOJOTHK
Ba GHOGMM3MKaBHIA TaIKHKOT/Iap YYYH aXaMHsTH anya KaTTajHp.

§ 4. BECTHBYJISIP ANNAPAT
OPHEHTAUHSAJNAHHIUIHHUHT
HHEPIHAJI CHCTEMACH
CHPATHIA

Onartnard 1WaponTaapia 3pKHH OCHATAH MAaSiTHHKHHHT BasuSTH
JFHDJHK KyuH HYHA/JHINMHM KypcaTalH. Arap MasTHHK HOMHepIHaJ
{HCcO0 cHcTeMacH Ounan GOFMHMK 6§JCa, YHHHT BasHATH OFHPJMK Ba
IHEpUHs KydJapH TEHI TabCHP STYBYHCHHHHTr HYHAJHUIHHH Kypcarta-
4. Jlapaxka/iaHra NPYXHHAJIH MasATHHK, 6y TEHT TA'BCHDP STYBUHHHHT
1yHaMUWKEYE KypcaTHIIAAH TallKapH, KHAMAaTHHH XaM OeJrsjaim Xo-
SHNHATHTA 3ra. MasTHHK MaccacHHH OuJras X0JJa CHCTeMa Teaja-
MIIHHK aHMKJam MYMKHH [(4.1)-ra Kapaur)]. Bynpa# unpuxkarop
'PHEHTALHANAHHIUHAHT HHEPIHAN CHCTEMAaCHAUP, SAbHH YHHHT &pHa-
MHla HHepUHS KyWIapHHHHI (Ba OFHPJIMK KYUJapHHHHT) HYyHaJHIIM,
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MIYRHHIACK CHCTEMA Te3NaHHMIH aHWKJIAHAM. 4.7-pacMma KypcaTha-
FaH KypHJIMa CHCTeMa Te3aHHIIHHUHT KyJA2alpOK HHIHKaTOPHIHD;

Ha/HIH Ba KHHMAaTHHH, yHaaH SDKHH TYWIHII Te3JaHHIUH OHAAH
KYIIWIraH Xo/ixa cucTema TE€3/IaHHIIUHHAT HYHAJHWH Ba KHAMAaTHHH
aHUKJaW MYMKMH. By xuagaru
HHAHKATOpJIAD, HHEPUHAA HABUI3«
Uusifa umviataiaand. By xuazary
HaBHrauus/1ap KOCMHK MacaJaJfap
Xal KHIHHUMIK TYQaian ¥3 Tapak-
KHETHHH TOMAH.

Hapxakukar, arap CHCTEMaHHHAT,
MacallaH, pakeTaHuHr, xap Gup
BAKT MOMEHTHIATH  Te3JaHHIUH
MabiayM O6yJca, Te3NHK GHiaaH
BAKT OpacHiarn GOrMaHHIIHH X0-
CHJT KHJIHII MYMKHH,

4.7-pacwm. V= j‘ adt (4.8)

v={(t) uu 4HHKJ/IAray4, CHCTEeMAaHHHI MCTaJraH MOMEHTHAATH Ba3HS~
THHH TOTHII MYMKHH:

x=fv _dt, y=j”"0y dt, z=fv_ dt. . (49)

Ad TypraH XOH, Te3NHK Ba Te3JaHHII Kabu NlapaMeTpjapHH aBTOHOM
PaBHIIAa aHHKJalW MYMKHH.

Onam opranuamuna %aM ODHCHTAUUANAHHIIHHHI HHEPLUHAN CHCTe-
Macu MaBxyA, Gy oprau BeCTHOYJIsIp :
annapatiaup*. ¥ wuke Kymokaa xoii-
JIaHraH 6yaub, yuyra y3apo nepnefgu-
KyJ4p SpUM JOHMpa KaHaanapaan (K) «
Ba OYUIIHK — HYKH KYJOK Haxauau -
(B) mau u6opar (4.8-pacm). Jaxaus ,
ACBODJIADHHHHT HYKH CHPTHZa Ba
ADHM ZOHpa KaHANADHHUHT KHCMH-
A4, SPKHH yuJapu KH/yajap 6yarad,
CE3YBUH HEPB XyKalpasapu rpynmacu 4.8-pacm.
XoH1awraH. Jlaxaus Ba SPHM, JoHpa
KaHa/llapH HYHLA Mafga Kadabuui pochar Ba xkagbumi Kap6oHar
{(0TOMIMT) MaH ubopar AHPHIROK Macca (suposnumda) MaBxyA. Bou-
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HHHT * TE3JIAHHULIH CH/IXXHIUH 3HAOJHM(AHHHT 'Ba  OTOJMTIAPHHHT
KYYMIIMHE BYXKYAra KeJATHPaiH, Gy 3ca HepB XyXKadpajnapu TOMOHH-
AaH (kuagajap OpKaJaH) KalGyn KunuHagd., BecTHGysasap anmapar
ucTajaraH xap Kaujna#l 6Ho¢dU3uKaBHH cHCTeMa KaOH OFHDJIHK KYYHHH
Ba WHEpUHS Ky4yJapHHH axpaTMalian, 0aJKH KyUJAapHHHI TeHr Tab-
CHp 3TYBUYHCHAAH TabCHpPJAHAaAH, XOJIOC.

OpaM OpraHH3MH OFHPJHK KYYHHHMHI TabCHDHTa MOCJHallraH, ofar-
Jard Teruiah HHGOPMAaUMAHHA BecTHOYJAAD annapaTHHHT XyXKafpanas
pu Mmusra xabap KHWJiajgH, WIYHHHT YYYH BAa3HCH3JIMK Ba yTa IOKJaHHII
xohaTJaapuHH Gu3 BectuOyasp ammapar (Ba GOLIKAa Opram/iap) BOCH-
tach:bunan ogariaruiek OyaMarad Ba yJAapra MOCJAHHLI JIO3UM
Oyaran xoanaap kabu KabyJs KHaaMmus.

Arap uHepiHs KyuJnapH BectHOyJsip amnapaTtra AaBpHH cypaTtha,
MacaJiaH, KeMa yadKaJaumugard kaGW TabcHp KuUaub Typca, 6y xou
OpraHH3MHH JAEHTH3 KacaJJHurd Aeb aTaayBuH, ajioXHAa Xosarra Ken-
THPHIIN MYMKHH.

VBOB -

BHOMEXAHUKAHHUHT
BAB3U MACAJIAJIAPH

TupHK TYKHM4 Ba OpraHJapHHHI MeXaHHKaBHH XoccaJapHHH Ba,
UIYHAHTJEK, OPraHH3MIa Ba YHHHI aHpHM OpTaHJapuia py# GepyBuH
MeXaHHKaBHil XOJAHCaJapHU YypraHysud OHOdUSHKAHUHT OVJIHMHra
6uomexarnuka’ peiunanu. Kucka xuiu6 airraHpa, 6uoMexaHHKa — Oy
THPHK CHCTEMAJap MeXaHHKaCHIHP.

§ 1. OJAMHUHT
TAAHY-XAPAKATJIAHHLU
ANNAPATHIATH BYFHUMJIAP
BA PUYATIJIAP .

- MexaHuU3MIaDHHHT XapakKaT/JaHYBUH KHCMJapH ORaTAa YHHHT
6oliKa XapakaT/JaHyBYH €KH XapaKaTJaHMaiaurad KHcmaapu OuiaH
TYTaWITHPHATAH 6§nanyu. brup Heya 3BeHOJapHHHT XapakaTiad Gupiaul-
MaCH KHHeMaTdHK OOFJaHHIIHM XOocHJ Kuaaxu. Opam TaHacuparu afi-
PHM ab30JapHHHI TypJaH Oyrumjap OuHnaH OOFMAHUIUH KHHEMATHK
GOFNMaHUIIHHHT AKKOJ MHCOJHAHD.

VK 00 éppaMujna OMpraliraH UKKH 3BEHONH CHCTEMAaHH KYPHG 4H-
Kaiank (5.1-pacm)..ByHra 6up YK/ HKKH 3BeHOJNH GupJauiMa MHCOJ
6yna onagu. 3seno B Ky3raamac Oyica, 3BeHo A Ky3raamac §K art-
poduna aiIaHyBYH XKHUCM OYJraHu yuyH GHTTa 3DKHHJIUK AapaxacH-
ra sra 6ynaan. Oxam OpPraHH3MHAATH eJNKa-THPCAaK, TOBOH-YCTH Ba
t¢ananra GupHKManapu OHp YKAH Gupaammasnapra MHucol Gyna ona-
oy, Ynap dakar OHp SPKHHJHK AapaxacH GuaaH GYKHJIMOK Ba POCT-
JlaHMOKKa WMKOH GepanH. Mkxu 3BeHOJNH cHcTeMaHH, 00 yKura napad-
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XKacHra sragup.
3BeHo A 3ca, YK 00 atpodupa aiinana TYPHG, siHa Gup mapaxa-
ra sra.
Wynnai kuaus, 6Hp JKaH yu 3BeHOMH CHCTeMaza™ mMaxkamJauray
SBEHO CHJIXKHII 3DKHHJHIHrA 3ra SMac, HKKHHYH 3BEHO GHD 3DKHHAMK
]

e

4

a

6aTaH HKkH SPKHHJIHK JapaxacHra, HHcOaTaHn 3aca 6up
SPKHHJIHK napaxkacHra sra,
Hxku yxau 6y Fum 3BEHOIADHH HKKH Y3apo Nepnenankyasp yxaap

MaHH XOCHJ KHJany. By 6upaamma GolHHHEYR BepTHKan yK atpoduna
QM aHUIHEK TABMHHIAHIH,

Y4 yxan GHpaaurys y3apo TIePNeHAHKYAAD -Gyaran yura yK arpo-
$HAa alinannmra uMmkon 6epann. Bynnai OHpramys  Mucosy 3.19-
pacMaa (wap IWAapHHD )KypcaTHaran, By 6upnamys yu  aiiradum
SPKHHJIHK JNapaxacHra sra. Map WIapHHD OxaMHHHT YaHOK-cOH G-
FHMHJA 103ara KeaTHpuaray. Yanox Gupnauys YYKYPJHTH TaxMHHaH
TYFPH sipum Wap waknura sra. Iy UYKYDJHKKA KHDPYBYH coy CysIK-
HHHT GOUIH XaM yHra moc ¢opMmara sra (5.3-pacm).

STHrn 3BeHomapuu KVIUHII KuHeMaTnk XapaKaTYAHIHKHH OWHpann,

YMJanaH, ymyprkaapo GYFuMIapHHHT Mya#sin  XapakaTuaumaursy

* BHp YKau CHCTeMa Tymysuacu VKAap couunu aMac, Ganxi Gapua VKaap Ayna-
SIHWHHHAT GHTTacHHW XapaxTepaafny, ykaap comn Gup Hewa nbma 6y Mymkux,

6
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‘rydafiui (aHua YekaaHraH GyJaca-a) ynap OJTHTa SPKHHJIHK Aapa-
ZACHHHNI XaMMacHra sra.

. CkeJer CysikJapH Ba MYCKYJJapHHHI y3apo OupJamysjapHiaH
.i6opar GyiAraH OJaMHHHI TasiHY-XxapaKaTJaHyB CHcTeMacH, ¢Gu3HKa
"HyKTaH Hasapu OyiHua, ojlaMHMHI MYyBO3aHaTla cakjaab Typras
pHuarJap TynJaMHAHp Aeca Oysanu.

AHaTOMHSila pHYAarJMapHH HKKH Typra axpaTaaujap: Kyd puyar-
JapH Ba Te3aqHK puuarjapu. Kyu puuarsapufa Kyuian OTHIHO, cHA-
XHIIZAH IOTKasulaiH, Te3JHK pHYarjIapHaa <
9ca Ky4yJaH HOTKa3uo, CHIKHII TE3MHTHIAH :
roTHAanH. [TacTkH 3KaF TesJHK pPHYATHHHHT
AXWH MHCOJMHAHP. TabcHp KHJAYBUH KY4YHH
4yaHHOB MYCKYJH XOCHJAKHJajgH. Kapama-Kapiux
KyY — 33HJIYBYH OBKAT KapUIMIHTH— THILIAPra
TabBCHP 3TajH. TabCHP KHJAYBYM KYUHHHTI eJKacH
‘KapaMa-KapIlH TabCHP KyYH eJKacHZaH aHua
KHCKa, IHYHHHT  yuyH 4aHHOB MYCKYyJH KHCKa
pa Kyunu OyaanH. Bupop KaTTHK Hapcanrd THW
-6HJ1aH mapuasaHMOKYH OVJIHHrasja ogaM O3HK
THUIJTAPHHA HIIATaAH, 6y BakTaa KapLIHJIHK
KYUHHHHT eJKacH KaMasiH.

Arap ckeserHH O6yTyH OHp OPraHH3Mra YIOWIFaH aHpHM 3BeHOJAp
jimrHHANCH ne6 KapaJca, MaskKyp 3BeHOJTapHHHr GapuacH, HopMaJ
THKKAa Typrasiaa, Xyjna HOTYPDFYH MYBO33aHAaT X0Jra 3ra CHCTEMaHH
TAWIKHJ STTaHJHIH aHHKJAaHamH. )KyMmaalaH, TaHa TasHYH YaHOK-COH
6upaalIMacH wap IAKMJIH CHPTHH Talikua KHAaad., Tama Maccana-
PHHHHT MapKa3H TasgH4JaH IOKODHPOK XKOHJAIraHH yYyH Liap WI3K-
JHJATH TafgHY HOTYPFYH MYBO3aHAT XOCHJ KHaaau. ByHra Tu3sa Ba
60aAHp-TOBOH OHpJalumManapu Mucosa Gynaa onaagu. By 6apua 3peno-
Jlap HOTYpFyH MYBO3aHaT X0JaHAa GynanHiaap.

Hopman THKKa TypraH ojaM TaHacH MacCaJapHHHHT MapKa3u ya-
HOK-COH, TH33a Ba 0€K OOJIHP-TOBOH OHpJaulMaJapH MapKasjiapi
6unan 6up BepTHKa/jja, AYMFasa TyMUIYFHAaH 2—2,5 cM nactaa Ba
YaHOK-COH YKHAaH 4—5 cM 10KopHAa Xofjaawrad Oyaanu. Hlynpaii
KHJHO, HOpDMaJ THKKa TYpHUI, 6HP-OHpH GHAaH TyTallHO KeTraH cke-
JleT 3BEHOJNIADHHHHT, 3HT HOTYpPFyH OHp xoaatuanp. Hlynnait 6ysca-
Ha, 6yTyH Oy cHcreMa MyBO3aHaTha cakjaHap 3kaH, OyHra ca6a6
takar ymaab TYpyBYH MYCKYJJap CHCTEMACHHHHr JOMMHH TapaHrja-
HHO TYPHIZHAHP. .

§ 2. ODAMHHHT HIIH
BA KYBBATH. 3PTOMETPHA

Kyn nasomuna opaMHuHr 6aXapaiuraH HWH Kyn ¢akropJaapra
6ornuk. Illynuar yuyn Gupopra uerapaBHi MHKIODHH KypCaTH KH-
AuH. By xoa KyBBaTra xam MaHcy6aup. MacajiaH, KHCKa KyuJaHHII
épaaMHia oxaM GHp Heua KHJIOBATT KYBBATHH TapaKKHH STTHPHILH
MyMkHH. Arap maccacn 70 Kr GyAraH CHNOPTYH yHHHI MaccajJapH
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MapKasH HOpMAaJ THKKa Typrasgarura HHCOartan | M KYTapHIHG
HTapuaIum ¢asacy 0,2 ¢ ganom 3TraH XOMAa Typrau xoiugan cakpa-
TaHAa y 3,5 K8T KyBaaTuy TapakKH{ aTTHpagu. .

Onam xatro Tekuc XOHNa I0pH6 Gopramga XaM HW 6axkapanu.
Bynna sueprus aCOCaH TaHaHH RaBpHii Cypataa kyrapumra pa 0€K-
JIapHH Te3JMaTHIN &Ky CEeKHHJIATHINra capg 6ynanu. By 9HEPrUSHHHT
GHP KHCMH Opramnay KHCMJIADHHHHT «KapLIHAuTHY XHcoGHra opra-

OLaM O€K-Kyanapyu HHEDLIHA MOMeHTJapuHHHT TaXMHHHH KHHEMaT/a«
PHHH GHJHMII MaKcanra MyBOQHKAND. Yayam TIpOLECCHRA CYIOK KHCM-
JIapHHHT CH/UKHUNTADHHH  HyKOTHI MaKcanHna MysiaTmaran VIIHK-
J1ap ycTHaa Gaxapuaran SKCNepHMeHTIap Aanunnapn xaasanga KVp-

‘CaTHJTaH, o '

' ' Hueprus
Onam ranacn 3emocunuur HOMH MOMEHTH Kr . 2

\h—l—\

Ky (maccacn 4,2 w2y e 03

€K (Maccacu 12 Key L. . 1.7
K¥auunr 6ow 6apmorn |, | | 0,00006
-+ ¥pra . e, 0,00014
Kumxunox , . | e e e 0,00004

Maccacu 75 r 6yarau omam 5 KM/COaT HopMaa Tesnuk GuiaH xa-
Dakar Kuiranga 60 Brra AKHH KYBBATHH Tapakkuii 3TTHpanH. Tes-
JIMK OLIraH capu 0y KyBBaT rtes3 KaTranamwu6b, 7 km/coar Te3JIHK1a
200 Brra erus Gopanu. Benocunenga lopraiga ogam Maccanapy
MapKaSHHHHI BAa3uATH nuéga IOpraHfaruian anua kaym ysrapanu, oék-
J1ap Te3NaHHIIH XaM Kam 6ynanu. llyunnr YUYYH BeJoCHNeaja 0prax
BaKTia capdaananuray KYBBAT aHua kaM Gymangu: 9 KM/coaT Tesnuk-
aa 30-Br, 18 km/coar Te3Jaukaa 120 Br.

Arap CHIKHW GYaMaca, W Hosra Tedr. Mlynnur yuyy o TasTHY

Kyiinaca, OPKa Ba Gea coxacu MYCKyJlapu Xam xymu myHjgaf yap-
4ahan. Xap nkku X0JI1a XaM 10K Ky3FaaMmac — pyy XaM #yK. Yapya-
JHK 3Ca MyCKyanapHHET uyy Gaxaprannurugan Aamonatr  Gepanm.

HUIH Gaxkapuaamy. MycKyaHuET Ky3ranuimm pa KHCKapuw npomeccu
YHHHT 6Ymramu6 keruupy GHaan TaMOMJIaHaaH, wy Guaay Gupra y

HJITapHIH V3YHIHMHEg Kafitanu. Ogamna OyHnait wukn 0,03 faH TO
0,06 ¢ nasom 3Taiu. ‘ : :
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Arap MycKyan KHCKapaéTraH madTAa HKKHHYH MapTa Ky3FaTHjca,
yHAa KafiTalaH KHCKApHII Ba IOK KyTapuaumu nafino 6ynagu. Xap
OHp SIHTM KY3FaJHIl MYCKYJa KHCKapHIIHHH 3ypafitupasu. Hartuxana
MYCKYJl Y3YHJHIH, MyCKYJIHH 4Yy3yBYH Kyura OOFJHK OyJran MyansaH
yerapara sSKHHJIamajgn. Arap Ky3raJHIJIap KeTMa-KeT Te3-Te3 6Yau6
Typaauran OyJica, KHCKapuum GopraH capu paBoHpOK 6ynu6 Gopanu.
Kysranum TaxmuHaH xap cekyHama 100Tta O6yau6 Typrasia opam
MYCKYJIH aMaJuil XKHUXAaTAaH paBOH KHCKapaauras 6YJaau Ba THTpall.
JAap cesuamaigurad O6ynaau. Masxym MyBo3aHaTr naigo Gysanu.

Kuckapran cKeJeT MYCKYJ/JHHHHT JaBOMJIH MaBXYM MYBO3aHATHra
Teranyc aefinjanu. TeraHnk MyBsoszaHat dakar . MaBxymaup. Arap
IOKHHHT: TeOpAHHILJIAPH KY- ‘
puaMaiiguran 6yJaca, Oy-
HHHTr cababu takart yJaap-
HUHT XKyJa KHYHK OVJH-
Junnanup. JHau OH3ra cKe-
JieT MYCKYJ/IAPHHHHT CTa-
“THK HULJIADH XaM TyLUIyHap-
Jax 6§16 Koaan., XaKkHKaT-
Ja MeXaHHKala TyWyHHJa-
AHran cratHka - Oy epAa
iy, Dalkd MyckyJiap-
HUHT XyJda MaHda Ba Xy-
Ja Tes3, Kysra ce3naMaimu-
JaH, OFHPJHK Kyyura Kap-
wH mu 6a)kapaauraH, Kuc-
Kapumt Ba OVmamuuia- " 5.4-pacm.
pH MaBxXKyAaHp. Bomkaua
alTrania OJaMHHHT CTATHK HIUH ac/JIAa AMHAMHK HUIHP.

OnaMuHHr €KH YHHHT afipuM ab30fapHHMHr GaXKapaAuraH HIUHHH
yadam yuys apromerp Ae6 atadyBud ac606 HULIaTHJAALH. YJAdaulaap
TEXHHKACHHHHT TeTHUJIH OYJHMHra 3proMeTpHs Jeduaany,

Topmosnanysun Besocunen (5.4-pacm) 3promMeTp MHCONHIHP.
AlnanyBuH FHIAHPAK | HHHP FapAHIIM YCTHAAH T{JAaT JeHTa 2 OMIH-
punran. Jlenra GHJaH FHJALHPaK TapAHIIH OpaCHAATH HINKAaJaHHLI
Ky4H AHHamomeTp 3 €phamupa yauaHaaud. CuHanyBYd GakKapraH HII-
HHHT XaMMacH HUIKaJaHHIl KY4HHH CHFHIIra capd aTunamy (Gomka
HII TVpJapHHM 3bTHOOpra oamalimMus). Fungupax alinanacH y3yHJH-
PHHHM MOIKAJaHHIO Kyyura xynmaituO, xap adsnaHumja Ga>kapHaaluran
HIUHH TOMAMH3: aiVIaHHW COHMHH Ba CHHOB BAKTHHM Ouirad,, TyJia
HIIHN Ba ypTaya KyBBATHH aHHKJaHMHS3.

§ 3. BABHCH3JIHK WAPOUTHUIA’
OJJAM TAHACHHHHTI XAPAKATH

) OpaMHHHT MeXaHHKa KOHYHJIAPDHHH aMaJuil y3JalUTHPHUIH € 6o-
NaNy¥K naBpHAaH OowmaaHafu: GH3 yTHpuiura, OéKAa TYPHIITa, OPHIH-
ra, lorypuira, QU3HKaBuii MawKJaap OW/laH HIYFYJUIAHHLITA, HILJIani-
ra, BeJIOCHNEAAa IOpHIIra Ba X. K. Japra ypranaMus. DyJapuuur xam-
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Macura 6HM3 acocaH Terug KOHYHJIaDHH Ha3apHil XUXaTaaH GHAMaR
TYPHO spHmamus. Opam MEXaHHKaBUi aMa/JapHH OHrcu3 Ga:xapuw-
ra ypraHp6 keranm. Kymnanau, agpo YIOKTHPHII BaKTHAZ OAaM
CHDFHTHIUAA> HHKHJIMACJAHK YUyH HHCTHHKTHB DaBHIIAA OGFHTra THpa-
Janu: 6oMFa ypumnga wuigy TaBAACHHUHr  GYDHJIHMINIA  THCKHHIMK
KHJIYBYH MyCKyJJapHHU GeHxTHép TapaHraaiin Ba X. K. .

Ozam mexanuka KOHYHJIapura wyHyaJuk ypra-
HHO KeTajuKH, yJaapHu 47I0XH1a Ba KaM y4YpOBYH XO.I-
aplariHa pyii GepHlIMHH ce3a Gommaiiim, by napa-
AOKCauab GHp XoJ, anbGatra,

Mexanuka KOHYHJIapHHHHT GyHpai MYXHM aMaJauf
pyit Gepumnura Ba3HCH3JHK WAaPOHTRAPHAATH OfaM-
HHHI' Xapakat ¢aonHsath éxu Gerasany ¢azoga zneb
aTaJlyBUH  X0J1 MHCOJ 6yaa onann, Arap wmaccacn
100 kr 6yaran kumy BaSHCH3JIHK XoaaTaa 0, 1 kr mac»
CajarH KHCMHH 3 M/C Teaunk GHJ1aH oTH6 to6opca,
y V3u KapaMa-kapuu tomonra 0,3 M/C Te3NUK GHaaH
XapaKaTNaHuG KeTHWHHK XHCOGalW  KuiHH 3Mmac
[(2,13)-uu Kapaur]. Arap xucm KYJ CHATOBH pxamu-

B2 UMIyJIbC MOMEHTH CaKJaHHm KOHYHJIapHHHHT epaa-
THra HHc6aTaH ogartaan TalIKapH wapouTiapaa pyii
Gepuunapu myHaangnp, Onam dakar 6omka xucm-
Jap GuaaH y3apo TabCHpIaHA Typu6 TyxTawu MyM-

THpaau (5.6-pacm).

Arap onam Basuchaang LIapOMTHAA raiika Gypaji-
AHran Gyica, yuza yHHHr yau KapaMa-kapwu fAysaammaa afinana
6owmnaiau,

Maskyp 6yaumaa KYpH6 unkuaran Heioton KOHYHJIapH Ba3HCH3-
JHK WapOHTIapHRa Xam V3 Kyunnu CaKjaalinn, GHpok urapouTaap
OAaTaaruiex GyiMaranu yuyn opam Ba3HCH3JHKIATH Xapakatra
€OLaTIaHHUIH» KepakK. Bomnu, Kyanap éku OEKNapHH 6upaauura
KeCKHH XapaKaTJaHTHpHu, 6upop Hapcanu HPFHTHO Tamwtam, ogawm
TaHAaCH XapaKaTHHM aHya ysrapru6 I0GOpHINH MYMKHH.

By xoa KOCMOHABTJIaD TOMOHIAH KOCMHK napgosjapra Tadépia-
HHIINA XaM, NapBO3 Kuuum BakTHIa XaM xuco6ra omunapu. Iliane-
TAHHHT OYHK KOCMOCTa YHKKaH OMpHHYH ojaMu A. A, Jleonos 3
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KkuTOoOH1a: «OMpMyHUYa TaHEPJAHHILAAH CYHI OJaM XaTTO BAa3HCH3JIHK-
/a XaM TasiHUCH3 «Cy3HIU» BAKTHAA y3 TAHACHHM HCTaAraH HyHaJWIL-
- Ja xeu KaHAail TeXHHKaBHi BOCHTaJap HIIIATMAcHaH, ¢pakat myc-
KyJUIaPHHHHT 3ypadinmin xucobura T1e3 Ba aHMK opHeHTaUHsAAaK OJH-
in MyMKHH». CyHrpa sHa: «Ba3HCH3/IHKAA ap3uManiurad TasHd
HyKTa OVJraHH X0/i1a, Xapakariap KOOPJAHHALMACHHH Ce3UIap/n
Japaxaja OyaMacZaH HCTaJraH HmHH OGaxkapuil MyMKHH 6yaca ke-
pak»*, neb €saau.

Slna Gup H30X. BasHCHSJHMK INapOHTIApHAa MYCKy/lap IOKAaH
GYIIATHITAHJHCH Y4yH Maxcyc KHCMOHHH MaulK/aap YTKasuG TpeHH.
pOBKa KHJHII €KH KOCMOHABT/Iap XapaKAaTHHH KUAMHIAWTHPHO, MycC-
Ky/Aiap WIIHra KylUHMYa 10K GepajuraH MaxCyC KOCTIOMJap KHHHIIrA
TYFPH KeJaJu. Y30K JaBOM 3TraH KOCMHK I1apBO3 KHJHILIApAA OFHP-
JMKHUAT (BAa3HCHM3JIHK), LeHTpupyragan Qoiinasanub, CyHbHH paBULI-
Aa sipaTHJHIIM HCTUCHO 3Macjup.

* leornos A. A, Jle6enes B. H. Ilcuxonoruueckue ocobexnoctn aed-
TesbHOCTH KOocMonamTos. M, «Hayka», 1971, 6. 215, 217.
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MEXAHHKABHH TEBPAHHLLLJIAP
BA TYJIKUHJIAP. AKYCTHKA.
FMAPOTUHAMMUKA.

Myxurunnr TYTAWHIH, IBHU yHHEAT tasona 6up cuaupra Y3Jayk-
CH3 XOHJaHHUIK MEeXaHHKaBHH TYJIKHHIap Ba THADOAHHAMHKaHH Gup-
Jawtapany. lyuunr YUYH HKKHHUH 6YaAHM acocui Macananapuam Ty-
Tall MyXHTJap MexaHHKacHra KHDHTHII MyMKHH.

VI BOB

MEXAHHKABURA
TEBPAHHUILJIAP
BA TYJIKUHJIAP

aPYBUaH 3JeKTP TOKH, MasTHHK XapakaTy,
GHatHaan Katby Hasap 6apua TeGpaHuIIap-
ra 6awp3u YMYMHI KOHYHHATAap
Xocaup.

Maskyp 60614 ME€XaHHKABH
TeOpaHuuLiap Ba TYIKHHIap Ky-
PHO ynRHIagM.

. § 1. TAPMOHUK TEBPAHHIUJIAP

. Typau TebpaHrmLIap opacuua
HI' CoMRa ‘hopMacH zapmonys: Teb-
panuuirapdup, 6ynna Tebpanys-

me UM MHKZOp Bagr AaBOMHJa - cunyc

a 1 X 5 §xn KOCHHYC KOHyHHra MyBOGUK
Varapanu.

6.1-pacwm. Mucon. m Maccasu Moaauii HYK-

_ Ta (6.1-pacwm, @) NpyXHHara ocuy-
rau. By Basuatia saacrug Kyu F; orupaux RYUH mg Hu MyBosanar-
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BAKT MYBO3AaHAT XOJaT TOMOHTa AyHaJraHMHH Kypcatai: x>0 6yi-
raifa F<0, x<0 6yaranna F>0 6§aann.

Hkkungn mACON. MaTeMaTHKaBHi MasTHHK (6.2-pacm) myBosanar
XOJHIAH KHYHK o Oypuyakka orpupuirad. lllynnai skan, MasTHHK xa-
PAaKaTHHHHT TpaeKTOpHACHHH OX yx Oujan
YCTMa-yCT TYWIFraH TYFPH 4YH3HK 1e6 XHCOG6-
Jam MyMKHH. By xoaza.

a=~sina~tga~x|!

TaKpHOMI TeHIMIHK YpHHJIH Gynamu; Gy epaa
X — MOMJMA HYKTaHHHT MyBO3aHaT XoJra
HHCOATaH CHJIKHINHM, [ — MasiTHHK MOHHHHT
Y3YHJIHTH.

Mozannii HyKTara HIHHHT TapaHIVIHK Ky-
un F: Ba oFHpANK Kyun mg tabcup xumamu-
aap. By KywlapHHHT TEBr TaBCHD STYBUHCH
F con xuxarnan

F=—mgtg a=—mgx[l=—Fkx (6.2)

ra Teur, Oy epaa

k=mgl/l. (6.3)

(6.2) Ba (6.1)-HH TakKOCHACAK TEHT Tab- 6.2-pacm.
CHD 3TYBYMHHMHT 3JIaCTHK Kydra yXuIaTaHHHH
KYpaMH3, YYHKH ¥ MOLIHMHA HyKTa CH/KHIUHTA NPONOPLHOHAJ 6yaub,
MyBO3aHAaT TOMOHMra #AyHaaranaup. Dyrna#t, rTabuaru 6yiinua
HOSJACTHK GYaHO, JeKHH Xoccanaph GyfiM4a 3JaCTHK JXHCMJADHHHT
KHYHK AepopMalHsJaHHIIADHAA BYXKYAra Kesalurag Kydsapra yx-
llaran KyuwiapHH KBa3H3JaCTHK KyuJap AeiuJajd.
*  HbioTOHHHHT HKKHHYH KOHYHH ¢opMmyJachra Ky4HHHT (6.2)-uo-
IlacHHH KYVHcak.

a2
—kx=md—tf . (6.4)
ra sra 6ymamus.
o, =k/m* (6.5)

HH aJAMaITHPCAK, HKKHHYH TapTHOau AnddepeHnruas TeHrJaamara sra
6ynamus: . : \

d3x s

Et-2*= — X,

By renrnamanu é3um FapMOHHK KOHYH
x=A cos (wot + o) (6.6)

* Huc6ar k/m wmyc6atamp, wynmsr yays YHH '6npop MUKAODHHHT KBajpaTh
CHan anMalTHpHI MaKcaara MyBOQHKIHD.
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Ta oanb Kenanu, Gynra ypuura KYHHG miuoHum MyMkuH. By teHria-
Mana of+@o=¢ — TeGpannmiap $asacu; @o—¢t=0 paru Gouaay-
FHY (asa, wo— rebpannuiap AoHpaBHH uacToTacH, A -— yJapHHHT
amnunrynacd. Te6panuiunapHuHr AMIVINTYNa Ba OOHMIIAHFHY (pasacH
XaDAaKATHHHT GOUIAHFHY INAPTIADH, S'BHH MOLAM HYKTAHHHT BaKr
-MOMeHTH t=0 Jnaru BasusiTH Ba Te3/HrH Oyitnya auukaanagy.

lyunait Kunu6, npyxunara ocuaran (MpyXHHaNH MasATHHK) &Kn
UNIT2 OCHJIraH (MaTeMaTHK MasATHHK) MONIHI HYKTa TapMOHHK TeG.
paHanan. Maskyp rteGpanuunniap JIaBPHHH

T=2m/w, (6.7)

¢dopmyna 6Vituya TOMHII MYMKHH. (6.5)-1au doiinananu6 npy;unagu
MasiTHHK Y4YyH

7 T—2xV ik (6.8)

HH onamus; k ypuura udoma (6.3)-uu Kyiiu6, MaTeMaTHK MasiTHHK
YUYH

T=22xVIig (6.9)

HH TONIaMH3.

FapMonuk TEOPaHUILIADHH BEKTOPJIH AuarpaMMmanap épmamuna

TacBHpiaw XKyaa Kyaauaup. By meroamuur MasMyHn Kyingaruya.

AbGcuncca yKUHHHT Gomupan BEKTOpD A HH

A 4nsamu3 (6.3-pacm); Gy BEKTOPHHHT OX

\ yKaaru npoekuusicn A cos@ra TeHr. Arap

BEKTOp A coar cTpeskacura TeCKapH iiyHa-

JMUIIAA @9 Oypuyak Te3JHIH GHJIAH TeKHC

@ ailaHagura  6yica, p=wot=¢y 6ynanu

. Ale  * (6y epaa @o—@ HHHr GomTaHFHY KHAMAaTH)

Ba BEKTOp A HHHr ¥k OX paru NPOEKLHSACH

6.3-pacu. BakT xasomuna (6.6)-xonyn 6yimmua yara-

Panu. Byupait racasBypaampa Tekuc aina-

HYBYM BEKTOD A HHHT KaTTaJIMrH TeOpaHHILIap aMIJIATY RaCHAMP, BeK-

T0p A 6unan yk OX opacumary OypyaK — TeGpanuiLIap ¢dasacu, mas-

Kyp OypYakHHHI JacTiaGKu KHAMAaTH — Goltanruy ¢asa, Bektop A

AHNAHUIIHHHET GYPYAK Te3JHCH TeGPaHHULIADHUHT AOHDPABUIl YacTo-

TacH, BeKTOp A HHHr YK OX garu TPOCKUHSACH — TeOpaHYBYH HyKTa-
HHHT CHJIXKHIUHIHD.

Fapmonux Te6panum BAKTHIATH MOANMH HYKTAHHHT Te3JHCHHH
TOMHII y4yH Hdona (6.6)-nan xochaa oxuwm JIO3HM:

V= T Awgsin(ugt-Eog)——a, sin(vet1-a,), (6.10)

6y epaa v, =Aw, Makcuman TE3JIHK (Te3JIuK amnnﬁTyuaca).
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Masvaym tpuronomerpux cpopmynéuapra, acocan (6.10)-uu y3rap-
THPAMH3:

V=TV €0S [(]2)+(wpt--,)]. (6.11)

(6.11) Ba (6.6)-uu TakKocnab, Te3nUKHUHT ¢basacu cuaKHm pasacH-
AaH 1/2ua OPTHK SKaHHHH, S'bHM Te3JHKHHUHT (asa 6yiinua CHIKHII«
AaH ©1/2 Kanap ONAHHPOK IOPraHHHH KypaMHus.

(6.10)-un nudpdepennnaniab, TeanaHUIIHYT TOIAMH3!

a=dv/dt= —Avjcos(wet |-pg)= —am cos(wg t+a,),  (6.12)

Oy -epaa a,=Aw) — MakcuMasn TesiaHHII (tesnanum ammniuTyga-
cH). (6.12) ypuuna ésamus:

A=A COS [r-|-(0yt-}pp)]. (6.13)

(6.13) Ba (6.6)-Hn TaKKOCKAAAH Te3NAHHW Ba cuaxku dasanapu-
HHHT 7 Kajap ¢apkjaaHranjaHKnapH, ibHu Gy KaTTaJHKJAaPHHHT Kapa-
Ma-Kapuu (asasnapja yarapraHiukaapu kean6 YHKaIH. :
CHJKMIL, TE3JIHK Ba Te3TaHUIIHHHT BaKT NaBOMHJAArH rpaduxa-
Buil GOFnannmIapn 6.4-pacMaa, Y/IapHUHT BEKTODJH JAHAarpaMMaJjapH

3ca — 6.5-pacMza KypcaTHJraH.
X /&'/f/1

14
0 X008

am

6.5-pacm.

§ 2. TEBPAHMA XAPAKATHHHT
KHHETHK BA NMOTEHIHAI
SHEPTUACH

TeOpanyBun MOAIHA HYKTAaHHHT KHHETHK SHEPTHACHHH Te3JHK
uponacu (6.10)-nau Qoinananus, yMyMui dopmyna (2.31) 6Vitnua
xucobaam MyMKuH: .

mv! Aol

Ex = 2"’ Sin? (wof - @g) == —-2“0 SinY(wel + pg) =

=k A%Sin®(wyt - 0,)/2. ©(6.14)

OacTHK AedOPMAUHAHUHT HOTEHUHAN SHEPTHACHHH  XHcoGaalu
yMyMmuii dpopmynacupan ¢oiinananub Te6panMa XapakaTHHHT NOTeH-
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HHaJ 3HEPTHACHHH TonmaMus: E p =Rkx2/2 Ba HYKTa CHAXHMILMHHHT oo
Aacu (6.6)-nau doitnananuc:

Ep==kA%0s? (wyt--,)/2. (6.15)

Kuneruk (6.14) Ba norenmuas (6.15) sHeprusnapumm  Kywuo,
Te6PaHYBYH MOMJMI HYKTaHHHT Ty/a MEXaHHKaBHH 3HEPTHSCHHH TO-
NaMHu3:

E=Ey ++E, =hkASin®(wgt-+90)/2- k%0 w0yt - 3g)/9—

=kA[Sin*(0gt+3p) -+ COS (0t |-30)]12= kA2, (6.16)
£
]

fp & £
7

-
-

6.6-pacm.

Huarapu xypcatnaranunua, HIIKAJaHHW Ky4aapu GysiMaran xouna
CHCTEMAHMHT TYJIa MEXaHHKaBHH 3Hepruscu ysrapmaiinu:

E=%A%2=mo:A%2, (6.17)

Te6panyBun cucremanuur KHHETHK, TMOTCHLIHAJ Ba Ty/la MeXaHH-
KaBHil SHEPTHA/NIAapH BaKTra GOFJIHKJIHTHHUHT rpaduK GoFJaHuNIN 6.6-
pacmaa kypcaTuaras.

§ 3. FAPMOHHK
TEBPAHUILUJIAPHU KYIIHLI

Mopnnuit nykra 6up BaKTAa OHD Hewa Te6paHHmLIapIa HIUTHDOK
STHIIM MYMKHH. By Xonma natuxanopum XapakaT TPaeKTOPHACHHH
TOIHII yuyH TeGPaHMUIADHH KYIUHII J03MM. lapmonnk rte6pannm-
JIADHH KYIIULI 3HT COAAA paBHLIAA 6axapunanau. Hlynpait ukky maca-
JaHH KYPUG UHKaMus.

" 1. Bup tirpu wusux 6jduna dguarcan eapmMOHUK TebpanuwrapHy
KyuiumI,

Monnuit HykTa Gup BAKTAa OUTTa YH3MK G¥iinua Gynaérran uxkku-
Ta Te6paHMLIAA HIUTHPOK KHIA€THD Jefiuk. Bynmail TeGpaHumIap
aHaNHTHK CypaTAa Kyduparu TeHrn1aManap Guian adoxananany;

Xy =A1C05(m01t+ Por) X3=A,cos (‘”ozt‘l“Po:) (6.18)
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Kyiuaysun Te6paHHILIapEHHT 4acToTaNapu GUp XHUJ, AbHH (g ==
=@o2=wo OyJcuH pefnuk, y X0J1a HYKTAHHHI HATHXKAJOBYH CUJ-
JKHIUH '

X=X+ X2=A1c0s (0ot + go1 ) -+ A2c08 (@l + poz) (6.19)

ra TeHr 6yaagm. .

Mynpait Kymumnn BEKTODJAH auarpamMma épaaMupa 6axkapainux.
Ay Ba Ay BeKTOpJapHHHT (6.7-pacM) Gomnanruy BaKT MOMEHTHJAAru
BASHATIADHHH  KypcaTaMus; Oy :
BEKTOpJap Ouaan YK OX opacn-
Aary Oypuakaap KYIWIHJIYBYH Teh-
PaHNIIaDHUHT  GOWlIaHFHY ¢ha-
3a71apH Qo1 Ba (opI'a TEHT.

Bektop A — Hatmkan0BuUH Ted-
PAHHUJIADHHHT  AMILJIHTYZaCHIHp.
A Ba A, 6up xua Oypuak TesJu-
I OHJIaH aHJaHTaHJHKIApH VUyH,
YTapHHHT  AHFHHAHCH — BEKTOp
A —xaM xyaau WyHAait 6ypuak
Te3JIHr'H Ou/iaH alJaHAgH, SBHH
®o AOHPABHH YAaCTOTANH HATHIKAa-
JIOBYH XapaKaT rapMOHHK TebpaH-
Ma xapakar Gyaagu:

x=A cos (@0t +qo ) (6.19a) 6.7-pacm.

By te6panumaapuuur aMIUIHTYRacd A HH Ba GouULTaHFHY thazacu
@o HH A1, Ay, @o1 Ba g JIAPHHHT Oepuirax KHHMATJIapn opKaiau Hgpo-
Aanaimus. 6.7-pacMaa WwTpHxnaHraH yubypuakka kochHycaap Teope-
MacHHH Kyana6:

A?=A+A}—2 A 1A cos B

HH ~ XOCHJ  KHJaMH3. — c0s f=—cos [1— (@oo—o1 )} ]=cos (Po2—o;)
6ynranu yuyn ;

A=V AT AT 22,3005(30 501, (6.20)

6.7-pacMaaH xypunnIINYa, tg @o A Hunr YK OY parum NPOCKUUSICHHHHT
VK OX uu IpoeKnusicira Huc6aTH, sSbHH Ay/Ar ra Ttenr. Vluruuan
NPOEKIHICHHHHT [IpOCKUNANAD HUFHHAHCHTA TEHI SKAHIHIHHU XHCO6-
ra orcak, ‘
Ay :A1y=-'FA2y=Alsin<p(,1-1'-‘4§sin<p02,
Ax =Apc+A,e =A1005904Ay0594,,

tg‘?o:—Ay/sz(A1Sin<P01‘f‘AsCOS‘Poz)/(A1COS(901+A2003%2) (6.21)

r'a sra 6ynamua

YHAa# Kuau6, Kyinaranm* macana eunanu: (6.20) Ba (6.21)-
bopmynanap éppamuna HAaTHXAMOBUH TeOPAHHIIHHAT  aMIUIHTYTaCH
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Ba GowaHFHY ()as3acuHu aHHKJAaw MyMKHH. (6.20)-man Kyiimgaru
XyCYCHH X0JIap KeJHO YHKaju: :

) Qor—qo1=2kmn, cos 2kn=-+1, Oy epma k=0, 1, 2,... Ba Xx. k.
(6.8-pacu, a), y xonza

A=V AT -A-24,A, —A 1A, (6.22)

ABHH GolUIaHFHY (asatap aitmpMacu OGYyTYH COHJIM mJapra Ter
6ysca, HaTHKANOBUH TeGpaHHUIIADHHHT aMIUIUTYAACH  KYIUHJIYBYH
TeOpaHHIIAp aMIVIMTYAANAPHHHAT HHFHHIHCHNE TOHT 6ynann;

2) Qor—qo1=(2k+1)m, cos (2k+1)n=—1 Ba y xoJ1a
' A=) ATHAT2AA, = [A—A, (6.23)

ABHH Gomlanruy dasanap admpmacu OyTyH COHJIM J Jlapra TeHr
6y/ica, HaTHXaNOBYH Te6paHHIIHHHT AMIVIHTYRACH KYUIHJIYBYH Tebpa-
HHULLIAD aMIHTYAaJapHHHHT aiHpMacHra TeHr 6ynanu (6.8-pacu, 6).
AKymaanau, A\=A, 6yaranga A=0, sbun Tebpannm  #yK (6.8-
pacm, 8). Arap momnuii HyKra, 6up BakTaa aMIUIHTYRaJapn Ouppai,
Gasanapn Kapama-Kapuin GYJraH HKKH Te6paiuuga HUITHPOK 5TCa,
HYKTaHUHT Ky3ra/iiMai TypaBepHIUM KYPHHHG TYPHOAHU.
_ y Arap KymuayBuH TE6-
A PaHMINJIaDHHHT YacToTa-
' JlapH 6up xua 6yimaca, y
Xoanla MmypakkaG TeGpa-
HHLI TapMOHHK TeGpaHHI
6yamatign.

Kyumnaysun teGpanni-
Jap yacrorajgapH GHpP-Gu-
puman xam ¢apyaanrad
W01 = W2 XOJ KH3UKapJIH-
Aup. by xonmarn nHaTHxa-
JIOBYH T€OPaHHII aMIJIHTY-
JacH CEeKMH ¥3rapyBuu rap-
MOHHK TefpaHHira  ¥x-
‘A waiiau (aMIMUTYZaBHI MO-
aynasiuns). Bynpait te6pa-

AN P T~ HHILIApra Tenuxuuwiap ne-
W W n ﬁ HHJIaZH. YJapHHHT TpadH-

\ ra 6.9-pacMaa kypcaTHi-

A/ I'aH.
U?\'t 2. ¥3apo nepnenduxy-
U/ AAD 2QPHOHUK Tebparuus-

AapHuUne Kjwuauwu, da-

‘ Pas KHAAWIHK, MOMAHI

- HYKTa OHp BaKTAa O6upH
OX VyKu, ukkununcu OY

VK Oyfiuua #AYHANraH HK-

6.9-pacm. KHTa TeOpaHHIILA KIITH~
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pOK KuJaaérran 6yacun. TeGpanumiap Kyiuaaru TeHrJaamagaap Gusaan
6epuaran:

x=Acos (@nt+qu); y=A2cos (@ozf+ o). (6.24)

TeGpannuinap yacToTanapu 6up XHa GYJCHH LeHJHK, SBHH ©g =
= We2= Wo; ¥ X0J12

x=A, cos (ot +@o1); y=A2 08 (wot+@oz) Gynann. (6.25)

(6.25)-renrnamanap MOAAMH HyKTa XapakaTHHHHT TPaeKTOPUSICHHH
napaMerpuii ¢gopmaja Gepaguiap. Arap 6y TeHriamanapra ¢ HHHT
Xap XMl KMAMAaT/IapH KYHHJIca, y X0JAa X Ba y KOODAHHATA/MADHHHU
AHHRJIALWl MYMKHH, KOODAHHATa/Jap TymiaMH 3ca TPAEKTOPHSIHP.
Tpaektopusinun Gornanum y=f (x) wakanaa paBumiaHpoK HdboRasam
MYMKHH, GyHHHT yuyH (6.25)-TeHrsamajnaHn BaKTHH yHKapub Tawaaim
xepak. HoMypakkab, JekuH y3yH MaTeMaTHK aJMaWTHPHIIADHHA
Tamaab 1060pu6, Kyliuaary Tenraamara sra GJIaMus:

=3 44, €0S( 90— 701} =SiN*(904— 1) (6.26)

By saaunc Tenrnamacunup.

Hlynnaii Kuan6, 6Hp BakTAa GHP XHJ YACTOTANH y3apo Tephex-
AMKyJsp GY/AraH HKKH rapMOHMK TeOpaHHUI1a HIITHPOK STraH MOALAN
HYKTa SJUIANTHK TPaekKTOpHA Oyiuya xapa- Y '
KaT Kuaaau (6.10-pacm). (6.26)-nan Gab- } A
3H XYCYCHH XOJJIap KeJNHG UMKaIH: Y

1) @oo—qo1=(2k+1)x/2, 6y epaa {_
£=0, 1,2, " cos ' (2+1) n2=0, |
sin (2k+1) n/2=1, y xoana | |
x| yr ! 0/ TxA X
A=t (6:27) (//:
N

By, koopaunaTa yKkaapura muc6ataH cuM- b
METDHK  XKONJaHHINTAa MOC KeJaAurad
(6.11-pacM, a), 2MIHNC TEHrAaMaCHHHHT 6.10-pacm.
KaHOHHK KYypuHHmHAHp, A;=A;=R 63yi-

ranpa (6.27)-mam R pamuycnu aitnana (16.11-pacm, 6) Tenriama-
cura sra 6ynamus:

x?+y*=R?; (6.28)
2) @o—gui=ka; 6y epra k=0, 1, 2,...., coskn= +1, sin®kn=0,
Y xo0/8a ' ‘
2, ¥ Xy
7;: T-’; f’:2 A A, ’_Oy (6'29)
€KH ' aJMalITHPHIAAPLAH CYHT
. .
KNSR N S S A . 6.30
(A, iAz>_0’ aa =0 y=xx (630)
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By sannnc aliHumuanay XOCHJ GYNITaH TYFPU YH3HK TeHrJIaMacHAMp
(6.12-pac™, a, yura renrnama (6.30)-na «+» umopa, 6.12-pacw,
6 na — «—>» HIIOpA MOC KeJajaH).

Hacroranapu 6up xua Gyaran y3apo NepNeHAHKYNAp TeGpaHHuI-
Jlap KYWIHATaHAa MOMAH HYKTaHHHT, Juccaxcy puzyparapu ne6 ara-

HHIIIAD 6OUTaHFUY $asanapunuar afupmacu (o1—qo2) ra GormHK
6yaanu (6.13-pacm):a) o : 02=1:2, @oi—qga=0; 6) o1:we=1:2,
Po1—Qo2=7/2; B) wy:wy=3:2, Poi—Qo2=n/2; T) o :wy=4:3,
Po1— Qo2 =1/2;

§ 4. CYHYBYY TEBPAHUILJIAP

I'apmonuk Te6paHuIIaD K§pHG UHKHITAHa peas CHCTeMaJjapia-
TH MaBXyld OyJraH wuuIKaJaHu Ba KapUHJIHK KyuaapH xucobra
O/MHEMacau. By xyunap tancupn XapaKar XapakTepHHH aHya ¥arap-
THpaau, TeGpanumiap cynysyu 6yaanu.

Arap cHcremara, KBasws;nacTHK Ky4laH GOMIKA, MYXHTHHHT Kap-
UIHIMK Ky4y/aapd (MIUKaJaHdm KywIiapH) TabcHp 3Tca, HblOTOHHHHD
HKKHHYH KOHYHHHH KYHHAArHya &3um MYMKHH:

d? ,
m zT:C: —kx-- Faumg, (6.31)

By nuddepenunan renrmamann CUHII YUYH MUIKATAHHI Ky4H Fyy Hu
6unnw 3apyp. Opataa, Kyla KaTra GyaMarad aMIMIETYyZa Ba 9acTo-

Jajgu:

d
Faug— ~rv= —r=2 (6.32)
6y epra r-— MyXHTHHHT XdpaKaTra KapIIHAHK KYPCaTHII XOCCACHHH
XdPaKTep/IOBUM HINKANAHHII  Ko3d(HLUEHTH, (6.32)-um  (6.31)-ra

Kyiuo,

dx b dx 69
m—m = —kx — r— ra sra 6ynamus
€KH
2
B L uix=0 6aamm, (6.33)

0y epra 2B=r/m, w! =k/m, B — cyHum koapdHUHEHTH, Wy — cHCTe-
MaHHHT XYCyCHA ROMpaBHit TeGPaHHIIAPH YacTOTACH. (6.33) -renraa-
MaHHHT €YUMH

02=0% —f2
HHHT HIIOpacHra Xuaauii GOFAHK 6ynanu, 6y epaa o — CYHYB4H Te-
GpaHHIIIapHHHT AOMpaBHH YacToTacH, we’—p2>0 wapt 6axapuaras-
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6.13-pacwm.
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A2 © XaKHKHA KaTTaJduK 6y/iaxn Ba (6.33)-HHHT eunmn KyHHAarkua
6ynann: '

=A™ cos (10, (6.34)

By ¢yuknusuunr rpadurn 6.14-pacmaa YBIYKCH3 UH3HK GunaH Kyp-
CaTHIraH, NYHKTHp GHaaH sca AMIIATYAa Y3TapHWIH  KypCATHJAraH:

A=A e—ft (6.35)

Cyuysun TeGpaHuIIapHUHT A4BpH HIIKAJaHHL KO3p(HUHEHTHTa
GOFNHK Ba KyiiHmary dopmysa épaaMuna aHHKJaHalH:

T=2r|w=2%/) w,—f2, (6.36)

Huwkanannw xyza xuunk Gyrranna (B2 ®;) CYHYBuUM TeGpanuIIap
AABPH CYHMAcC 3pKHH TeGpaHHLIap AaBpHTa AKHH Gyaann:
T=~2n/w,. . .
Te6pannumnapuunr CYHHIN Te3JHrH CYHHII KO3(dHUIEHTH Guian
besrunananu: B Kanua xarra 6y/ca, MyXHTHHHT TOPMOS3JIOBYH Ta'bCH-
PH WIyHYa Kywid Gyaangu Ba aMIIITy[a UIyHYa Te3 KaMmasan. AMmo
CYHHW NapakacHHH aMaJna KYIHHYE CYRuwmmnyne Aoeapugpmuk dexpe-
MEHTU GuiaH Xapakrepaainunap. CyHHIWHUHT JIOTapHOMUK  meKpe-
MEHTH HeraHZa 6up-Gupmman Te6paHHI AaBpuya BaKT HHTEpPBaJH
6HaH axpaaraH, uKky KETMa-KeT aMIVIHTyNa/ap HHCOGATHHHHT Ha-
- TypaJ JiorapuoMu TywyHHaaiu:

. —gt

. Aft) - Age . T

A=1In mj—~ln T_;m—lnes B
Age

AEMaK, CYyHHm KOos3hdHUHEHTH Ba CYHHIUIHUHT. JOTapuGMuK  gekpe-
MEHTH aHyYa copma MyHocabaT 6unan Gornanrananp:

A=BT (6.37)

(6.36) -dhopmysnanan MABJAYMKH, CYHHW Kyuin (B> w;) Gyaramna re-
6panui paBpu MaBXyM MHKIODIHD. Duuu 6y XOM4ars xapakart gas-
puii 6yaMajiny Ba HoOaspuii (anepuodux)* pe6 arananu. Byaumun
MYMKHH GyJran Homaspuii Xdpakatiaap rpaduk paBHmiia 6.15-pacm-
Ja KypcaTHaran,

IOKopupa KYpUIraH cyHmac (§1uu KapaHr) Ba cyHyBuu Tebpa-
HHIIIapra xycycuil éxu 9pkur TebpaHHW Aeiunany. byupaii Te6pa-

* Arap 6upop ¢usHK KarTasuk MABXYM KHAMAaTra sra 6yam6 KoJca, 6y moc xo0-
AHCAHHHT OxaTRan TawkKapy, “SKCTP2OPAHHAP» GyaraHufan Kanosar Gepuutnnu scma-
THO YTamus. Tekwapnaran muconuuur SKCTPAOPAHHADIHIH NPOLECCHHHT Adaspuit Gy.a-

72

www.ziyouz.com kutubxonasi



§ 5. MAXKBYPHA TEBPAHHILJIAP,
PE30OHAHC

HNaspuit Konyn OYiiHya y3rapyBum TalIKH Ky4 TabCHpPHAA CHCTe-
Majla Xocua Gynanuran tebpanauiap mambypud tebpanuumiap neb

aHTHAAH.
Moannii Hykrara KBa3H3JAaCTHK Kyd Ba HIIKaJaHUII Ky4YHAaH
TalUKapH TawlKH MaxXxOypJOBUH Kyu

F==FOC0‘S ol

TabCHp 3Taliu, neb dapas xunainuk: 6y epaa Fo— aMnautyza, o —
MaxXOypJaoOBUM KYYHHHI AoWpaBHit wactoracH. Juddepenunan TeHr-
JaMa ty3aMu3 (HBIOTOHHHHT HKKUHYH KOHYHH):

ddx dx

m FITe = — kx-—-r—E '%—FoCOS(Dt,
€KH
2 .
L% 128 L wix=-fycosot, (6.38)

6y epaa fo=Fo/m; B Ba @y— § 4 Aa KypcaTHAranJaplarhieK.
(6.38)-nuddepennyan TEHrIaMaHMHT €UHMH HKKH XajJ HUFHHIH-
CHAUD. YnapAaaH GupH, cynyBun TeGpanuumiap (6.34)-ra Moc keJraHm
(6.14-pacmra kapanr), ¢akar reGpanuwrap GapkapopJiawaérraiia-
TX
X .
A

’ \\/_Mt

6.14-pacm. 6.15-pacm.

THHa poJb VHHaWAH. Bakr yTray yHM 3BTHGOPGH3 KOJIHPHII MYyM-
KHH. MKKHHYH Xal MOJAAHH HyKTaHMHI GapKapopJawirad MaxGypui
Te6paHHUIIapJAaryd CHAXKHUIIWHHE TacBHpJAHIK:

x=A cos (ot+qo), (6.39)

6y epna . :
A=fofV (w—w?)2 14327, (6.40)
tggo=—2p0/(w?—al). (6.41)

(6.39)-nan KypuHHWIMYA, TaDMOHHK y3rapu6 Typran MaxG6ypaoBuH
KyY TabCHDH OCTHJaA I03ara KeJyBuH 6apKapopJaaiiral Max6ypHii Te6-
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PaHHIl XaM rapMOHHKAMD. Max6ypuit TeGpanumamHr YacToTacH
MaxOypJIOBYH Ky4 yacToracura TeHr. I'padurn 6.16-pacmaa Kypca-
THATaH MaxOypui Te6panuuIap MaxO0ypaoBuu Kyura Hucbatay
¢$asa 6yiinya CH/DKHTaHAHD.

Max6ypuii TeOpaHHIMIHUHT AMIUIATYRACH  (6.40) Max0ypJaoByH
Kyd aMiautyxacdara tyrpu MPOTMOPUHOHAN OYIHG, MYXUTHHHT CYHHUI
KO3 QHUHEHTH Ba XyCycHi
XaMAa MaxOypuii Te6pa-

| - 5 | HHUILJIAD XOHPABHH YacTo-
Talapu GHJIaH GHPMYH-
4a Mypaxka® O6orJjaHaiy,

] ¢ Arap cucrema yuyH g Ba
' - P Gepuaran ae6 xucobaan-
€a, y Xoama Max6ypui

Te6PaHULLTAD aAMIIHTY A~

CH MaXXOypPJIOBYH KYYHHHT
6.16-pacm. Gupopra Myaiisin peso-

HaHCHH YacToTa 6
4TalyBUH YaCTOTACHAA MaKCHMaJ KHiiMatra sra Gyaaam. Bepuarau
®g Ba f 1a Makcumag AMIIHTYylara 3pHIHKLI XOAHCACH pe3oHaHC fe-
Hunann. Arap (6.40) -maru MAXpaXXHHHT KUHMATHHH MHHHMyMra TeHr
OyJaum WapTH aHHKJaHCca, pe3oHaHC AOHPABHH YacToTacH ® pesHHHT
KHAMAaTHHH TOomHMI MYMKHH. HaTtHxkaza

)

wpes =V 03—23% 123 5ra 6yaamns, (6.42)

(6.42)-nu (6.40)-ra KYAHG 4HKCAK, pe3oHanc BaKTHIArd aMIJIHTYAa
H(OJACHHH TOMAMHU3 -

Apea=fo/ 28V o —FF. - (643)

(6.43)-nan KYPHHHILIAYA, KapUIHIUK 6yaMaran (B=0) xonna pesonaHc
BaKTHIA MaxOypuii Te6paHHULIAPHHHT AMIINTYNaCH YeKCH3 KaTTa
6ynu6 xeranu. Iy 6unan 6upra
(6.42) -nan Wpes=®o 3KAHJHTH
'KeNH6 YHKAIH, SbHK CYHHII 61~
MaraH  cucremaza pesouanc
MaXOYpPIOBIH KYUHHHT 4acTO-
Tacura Tedrnawranga ByxyAra
Keaann. Cynum kosduunenTs-
HHHT KMAMATH Xap xua 6yaraH-
doc, @ nMa  MaxOypHii TeOpaHuImIap
AMIVIHTYIacH  GuiaH Max06yp-
JIOBYH KyY NOHMPABHI 4acTOTacH
6.17-pacm. opacupard rpapuk GOEaaHHLI
6.17-pacMaa kypcaruaran,
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pubpanuanapHy 3brHOOpPra oJranfa pe3oHaHC XOCHJA OYJHIIH MYM-
KuH OyJiraH IIApPOHTIAPHHHT OJIUHH OJHII AADPKOP, aKC XO0Jja BaH-
poHa Ba XaJokat pyi Oepumiu MymkuH. OfaTha xkHcMmuaap OMp Heua
xycycnii TeOpaHHnl yacToTajslapura yJapra Moc GHp Heda pesoHaH-
cHil yacroTajapra sra 6yaanu.

Arap omaM HYKH OpPraHJapHHHHr CYHHII KO3 QHIHUEHTH YHua
Karra Oyamaranja Taliku BuOpauusanap ExdH TOBYWI TYJAKHHJIApH
TabCHpHAaH Oy opranjapia Xocua OYJyBUH De3OHAHC XOAHCAJNapH
thoxnajH HaTHXKalapHH: OpraHjap HUPTHIMIIM, GoHJaMJap IIHKAcT-
JIaHWLIM Ba IUYHra YXmiallJIapHH BYXyAra Keatdpran 6yaap siu.
Jlexun OyHnail xoaucasnap ypraya TallKH TabCHPOTJAApAAa aMaJjHi
Ky3aTHAMaiAy, YYHKH OHOJOTHK CHCTeMaJsiapia cyHHuI KosbdHuHeH-
TH eTapju Japaxajna kKarragup. llyunpa#t 6y.aca-ma, Ky4/nH MeXaHHK
Bubpaunsniap KULIIH OPraHU3MHra 3apapjH TabCHP 3TaAH Ba OYHH
TETHIUJIH MEXaHH3M Ba MalllHHaJapHH KOHCTPyKUHusjamja xucobra
oaHuwW Jo3uM Oyaagu.

§ 6. MEXAHUKABHURA
TYAKHHJIAP TEHTJIAMACH

dasona TapKaJyBuM Ba JHEPrHs TAlIYBYH MEXaHHKAaBHH Fa/laéH-
Jlapra Mexanukasud TYaixun ReHnnagu.

MexauuKaBui TYAKUHAAD HKKH XU GYJagu: 3JaCTHK TYJKHHAAD —
3JaCTHK NedhOopMaUHAJaDHAHT TApPKAaJHIIH Ba CYIOKJIHK CHPTHIAArd
TYJAKHHAAD. ,

dnacTHK TYJAKHHJIApD MYXHUT 3appajapu opacujari MaBXyA OOF-
Aauumap tydainm ByxKyAra Keaajiu: OMTTa 3appavaHHHr MYBO3a-
HAT XOJaTHAAH .CWDKHIUH KYIIHM 3appayajap CH/DKHIIMHH I03ara
KeaTHpaau. Dy npoumecc daszosa uek/aaHraH Te3JHK Ousian Tapka-
Janu. .

TyakuH TEHrJMaMacH TYJKHHJAH Tpoueccia KaTHawaérraH Ttebpa-
HYBUH HYKTd CH/DKHUIH § OHJaH YHHUHT MYBO3AaHAT XOJH KOOpPJHHA-
TaJapH Ba BaKT Oopacujard MyHocabatHu udfonanafian. Fynamum OX
GVyiinua TapKaayBuYM TYJAKHH yuyH Oy MyHocabaT yMyMHil mwakiaa Ky-
Hujparnya €3ujagu:

/ s=f(x, ).
Arap s Ba x 6up TYFpH uu3uK OyiiMua HyHajrau 6yjacanap, TYAKUH
6ylimaMa Gynaau, arap yJiap y3apo nepueHiHKyJaap Oyjacanap —
TYJIKHH KYHAaJdaHT. '

dcen TyaguH Tenrsamacuuu yHgapamus., Tyakun OX yxu Oyiinua
(6.18-pacm) cyHmacnad myHga#l TapkKaaajadkd, Oapuya TeOpaHyBYH
HYKTajlap aMIHTyAajJapH OHp xusa Ba A ra TeHr, AedaHK. KoopauHa-
TacH x=0 (teOpanuiaap manGau)

" s=Acoswt S=Acoswlt-xv)
OyiaraH HyKTaHHHT TeODaHHIIHHH o— —
TeHr1aMa 0 X X

s=A cos ot 6.18-pacu.
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6unan Gepaiauk. Fanaép KoopiunaTanap GowugaH 6upopra HXTR-
€PHH X KOODAMHATaMH HYKTaraua v Baktiaa eru6 Gopanw, WIYHHHT
YUYH OY HYKTaHHHT TeOPAHHIIADH KEeUHKUG OpKaJZia Konalu:

s=Acos o (t—1). (6.44)

Bakt Ba TYakuHa#Ar TapKaluul TE3JIHIH T=x/v MyHocabat OpKaJan
6oraanrannapn yuyH (6.44)-ypuura

§=A cos o (t—x/v) (6.45)

HH €3a01amu3. By sca sccu TYAKUH TeHeraMacunune XyAnu ysu  Gy-
AHG6, Y TYJKHHIM mpoueccna HIITHDOK STYBYH, HCTaJraH HYKTAHHHF
HCTA/raH BaKT MOMEHTHIATH CH/KHIIHHK 2HHKJAMITa HMKOH Ge-
pann. Kocunyc oagmparu dPTYMEHT @=w ({—x/v) ra T§aKun pasacu
Aeitnnanu. Bup saktaa 6up xun ¢asara sra HYKTaJIapHHHT reOMeTpHK
YpHura TYAKHH ¢ponTy AefinnanH. Myxokama KHJIHHTaH X0 yuyH
TYAKHH GpontH, OX VKHra TEPNICHAURYNAD, 6apya HyKTamapura Gup
BaKTaa GHp xua (asa TYFPH KeJaIuraH, TeKHCIUK X=const Gymaan.
HAccu TyakuE HoMu XaM aHa IIYHIAH Keaub YHKKaHIHD.

Te6pannwnapuuur Kall 3THAran hasacHHHHT TapPKaJHIl Te3JH-
TH GYNMHII Te3nuk vra Kymunua G as3oBUE Tedam K JeHuiaa-
Zd. Papas Kuaaiauk,

¢=w(t—x/v) =const
6yacun. By Tenrankun Auddepenunaniac
0=m(dt—dx/v) HH OJaMHus, '

v=dx/dt.

Bynnau ¢aszacu KaiJl KuJauHran TeOpaHHIapHHHD TapKaJHII Te3nH-
TH TYAKHH TapKaJHiuy TC3/IMTHHUHT  Y3THHACH 3KaHJIHTH KYDHHHO
Typubau. - .

Pazosuil TesnHKgaH 6omika sna“ TPYNNaBHii Te3NHK TymryH-
YaCH XaM MaBXyZ, pean TYJIKUHHH  6Hpruna TapMOHHK TeHrJ1aMa
(6.45)-6unanruna aMac, 6ajxu TYJAKHHJAD rpynmacH Guiag TacBHp-
Jal sapyp GyaraH Xoamaruna 6y Tymwynuanu KUDHTHIY Makcaira
MYBOGHK. Daszanapu aiinu MOMEHTAA 2nira ¢apk KHIyBUH MKKH HYK-
Ta opacuparu macoda Tiaxun Ysyraueu }, nediunanu. Y TyKuHHEAHT
6up Tebpanuw AaBpHia yTran Macodacura TeHr:

A=To. (6.46)

TyaKun Tenraamacu (6.45) Myxurtna ramaén TaDKaJNHUl HPOLecCHHU TacBHPJIOB-
HH Xycycuii XOCHJIaJsapra HucbaTay yMyMHi  gubdepentuan TEHrJIaMaHH MYMKHH
6yarau CYuMIapuaaH Gupuaup. Bypaii TeHNamara tyaxunasuil rerzaama  pefin-
JNaju. ,

Tyaxunasui tenrmama XaKuia rtacasBypra sra 6yauw yuyn (6.45)-nn BakT 6y-
HHYa MKKH Mapra Andepennuanaainuk:

ao—st= — Amsinm( t— XY Bs_ —~A<»2c‘osm( — %), (6.47)

6yHaan

v ), o2
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x KoopauHaTa Gyiiuua XaM HKKM MapTa AHddepenunaLIalInK:
Js 02s

% A -Zsino (£ 5) GS——A 2 coso (£~ Z). (6.48)

(6.47) Ba (6.48)-maru MKKHHUM XOcCuJanapHK TaKKOCAal, 6up JadaMau TYMKHH TeHT-
JaMaCHHH 0J1aMu3:

02 1 0® .
= (6.49)

XycycHit XoCHJIAAH TEHIVIAMaNapHH eudll Mas3Kyp Kypc yerapacujal Taulkapuiaa-
aunp. Eunmaapudur 6upH (6.45)-1an MabayMm. BHPOK KYHHAArHJapHH 3CAATHII MYXHM-
LHp. Arap MeXaHHKaBHi, HCCHKJHK, SJeKTPHK, MarHHTaBHAi Ba X. K. Onpop Qu3uka-
BUA KaTTaJHKHUHr y3rapuui (6.49)-TemrsaMara Moc Keaca, 6y Xoa uly é;naaxaam‘a
KaTTaJHK v Te3JHK OHJIaH TYJKHH IIAKJAHRA TapKaJjajd AeMaKmgup.

§ 7. TYJIKUH SQHEPTHACHHRHT
. OKHMH. YMOB BEKTOPH

TyJAKUHIM TpOLleCC SHEPTHA TapKaJHIuH GHjaaH GorauK. Kyuupui-
raH 3HEepPrusHHHI COHUH XaPaKTEeDHCTHKACH 3HEPTdst OKHMHUIHD.

Iuepeus oxkumy COH KUXAaTAaH BaKT GUPJAHrUZa OGHPOp CHPT OpKa-
A TYAKUH KyuupraH sHeprusira teHr. CH cucreMacuna sHeprus OxH-
MuHHHT Gupaurn 1 Ix/c, éku 1 Bt aup. ‘

Dueprusi OKUMH @ HHHT TeGpaHYBUH HyKTajap 3HepPruscu Ba TYJI-
KHMH TapKaJIuLl TE3JIMrH OuaaH OGOFJaHHUIMHH aHHKJIAHMHS.

‘Muynpa TYAKUH TapKaJdaérraH My«
XHTAQH TYFpu Oypuakild napaJJejes | \
nunen waxkaxpza (6.19-pacm) xaxkm }
axXpaTaMH3; YHHHI acocH S, KHppa- I -

CH 3Ca COH XHXaTHaH v ra TeHr 6y« s
aul, TYNKHH HYHAJHIIHCA MOC KeJas

|28
-au (cTpesika OGunaH  KYpCaTHJATAH). >

Ilynra kypa S wo3uaaH |cjaa xax- 6.19-pacm.
mu Svra reHr OyJraH napaJieend-

nmex HuuMAa TeGpaHyBYH 3appauvajiapra ara GyAraH 3Heprus YTalH.
AHa IWYHHHT Y3W 3HEPrus OKHMHJHD: -

P=w, Su,’ (6.50)

6y epia w, — TebpaHMa XapaKaT SHEPrUsICHHHHT XaKMHA 3HYJIHIH,

TyJAKHH TapKajaraH HyHaJaulIra TEpPUEHAMKYJAD XOHJaHrau Oup-
JIMK ¥03ara HHCOATaH OJMHTAH 3HEPTHS OKHMH JHepaus OKUMUHUHE
3udauey EKH TYAKUH UHTeHCcuBAU2U NeHANajH:

[=®/S=w,q,
éKH BeKTOpAH popMaja T
I—a,v. (6.51)

TyAKuH AYHAAUIIHTA TIEPNEHAHKYAAp GHPJAHK 103ajAaH  YTYBUH
JHEPrus OKuMura TeHT OYaub, TYJAKHH TapKaJHII HYHANHUIHHH KYp-
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caTtysun Bextop Ira Ymos 8eKkTopu nenunanu. CU cucreMaza Ymos
BEKTOPHHHHT §A40B GHpaury | Br/M? G6ynann.

Anactuk TYJIKHH Taliuran SHEprus nedopmanus nortennna 3Hep-

W, =pA2w?%2 (6.52)

ra sra 6ynamus
(6.52)-u1 (6.51)-ra KVylicax,

1= (pA%2/2) v (6.53)

-~
ra sra 6ymamus.
Ulynnait Kuan6, snacrux TYAKUH YuyH YMoB BEKTODH MYXHTHHHT
SHWIHTHIa, 3appauanap TebpanyL AMIVINTYIACHHUHT  KBafpaTHra,

Te6panuImIap YacToracHHuyT KBajpaTHra Ba TYNKHH TapKamum res.
JIMTHra GOFJIHK 5KaH.

§ 8. AOMJIEP 3¢ OEKTH

Tynkun maunban 6ugan KY3aTYBUHHUHT 6Mp-6upHra mHuCGaran
XdpaKaTJaHHLIN HATHXKAcHIa Ky3atyBun (TyaxuHaapuu Kaly.1 Kuays-
UH — NDHEMHHK) Kabyn Kuaagdram TeOPAHKIAD YacTOTaCHHUML y3-
tapuwmura Jonaep sggperry AeHHIany.

Kysatysun myxurra HHC6aTaH XapakaTianmaj TYPran tyagunaap
MaHbGaHra v, Te3NHK Guaay AKHHNAIIAETHD pe6 $apas xunaiauxk.

Bup naspra rtenr BaKT HUYHAa TYakuH ) Macodara (6.20-pacwm,
) TapKananu, TYIKUHAAD MaHGaHHUNT KYyurau Macogacu AB=v, Tra
TeHT. Bynna B Ba ¢ HYKTaJlapuHUHT asanapu 6up-6upunan
21 qa bapknanagunap, gemax yJlap opacHaars Macoda, TYJIKHHIap
ManGau XapakaTaanuimpna XOCHN GYNyBUH, TYaKHH Y3yHauru A’ra
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tenr. 6.20-pacMaan Qofigananné Ba v=v/A 3KaHHHH Ouaa TypHO,
6ab3n xHcobsamyiapHy GaxkapaMus:

N =A—0yT=0py—vv=(0=0u)v. (6.55)
By xoana Ky3aTyBduu TeGpaHHII YaCTOTACH
V=[N =[v] (v—0v™)]v (6.56)

ra TeHr 6yJrad TOBYIIHU Kabysa Ku/aaii.
Kysatysun Ba MmanbGa O6up- '
6HpH TOMOH OMp BakTHa Xapa-
KaTJaHranfa xabyn KHIHHYB- ——@R—_,Tf
Yy YaCTOTAHH TONMHII  YUYYH a
(6.54)-garu A §ypumra (6.55)-
garg A’ HE KVAHOI JIO3HM.

N
S>Ho
x

L

. U7 -
V= (0+0x) ¥/ (0—0u)s (657) T Ww’”i/;r 27 A
(6.57)-RaH KypHHraHHua, TVJ- 'i"a
KHHJap MaHOaH Ba Ky3aTyB4H -
AKHHJamraiga KabysJ KHJIH- 2
HYBYH YacTOTa YHMKAPHJIYBUH 6.20-pacw.

yacrorazaH Kartagup. (6.57)-
JlaTH U, Ba U, JApHUHT HLIOpaJapHHH yaraprub, manb6a Ba Ky3aTyB-
YH Y30KJAIITaH X0J YYYH IOKODHAArH (GOpMYJIaHU YHKApHII MYMKHH.

[Toe3n sKWHJAALIraH 'Ba y30KJAWIraH BaKTA2 GepHJAraH TOBYII CHT-
HaJu TOHH GajlaHAJUFHHHHT y3rapuuiura kypa (VII 606, § 2 vu Ka-
panr) ykyeun Jongaep 30(QeXTHHH Ky3aTHIIH MYMKHH.

Honnep adpdexktnaan maHOaHUHr €KH TOByWl KabyJ 3TYBUHHHHT
(npUéMHHKHHHET) MyXHTra HHcOaTaH XapaKaTJaHHII Te3JUTHHH aHUK-
jgamina ¢ofganananuaap. OgaM Ba XaHBOBJAap TOMHpPJapHAard KOH
OKUMHHHUHI TE3JUIHHH yayall ycyJJjaphiaH OHpH aliHHKca HIyHra
acocjaHraH.

VIl BOB
AKYCTHKA \

AKkycTuka — TOBYII XaKHJard, s'bHH OJAaM KYJOFH Kalysa 3Tamu-
rai (gacrorasapu 16 Tu zan 20000 Iy rasa 6yarau) rasaap, cyiok-
JHKJap Ba KaTTHK XKHCMJapJAard 3JacTHK TeOpaHHULIAp Ba TYJIKHH-
Jap XaKuiard TabagMoTiap. AKycTHKaja ToBym GujaH wverapajom
coxanap: 16T'uman kampoK — ungparosywaap Ba 20000y xan
KaTTapOK — yAbTPATOBYWAGD XaM KYpPHO YHKUIALU.

ToBym Te6paHHIJapH Ba TYJKHHJIApH — MeXaHHKaBHA TebGpa-
HHII Ba TYJKHHJIAPHHUHT XyCycHH XOJAHIAp, wWyHHHr yuyH VI GobGna
TaCBHPJIAHTaH KOHYHHATJAAp yJapra xam MaHcy6aup. Bupox smurys
cesruwapuHu OaxoJall y4yH aKyCTHKaBHH TyUIyH4asJap Myxum Gyi-
TaHd yuyyH Ba, IIYHHHTAEK, MeIHIHHAJa KYJNdHHILIApH YYYH Gab3u
MacaJlaJJapHH MaxCyCc MyxokaMa KHJHII Makcajara MYyBOGHKIHD.
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§ L. TOBYIU TABHATH.
PH3HKABHHA
XAPAKTEPHCTHKAJIAP

Kyitugaru TOBYLIIADHH a¥KpaTHII KaGy. KHJIHHraH: 1) rowaap,
éKu Mycukud Tosyuiaap; 2) woskunaap; 3) Tosywud 3apbarap.

Tou ne6 maBpuit npoueccaan HOOpaT TOBywra aiTHAanW. Arap
Oy npouecc rapMoHuK 6yaca, yHaa TOH coana éxu cod ae6 aHTHIanH,
MOC 5ICCH TOBYW TYJKHHH 3ca TeHrJaMma (6.45) 6Gunau TaCBUPJAHAH,
Coth ToHHHHT acocui $usukasuit xapakrepucrukacyu YHHHT 4acToTa.
CHAAP. AHrapMoHHK* Te6paHHIUIIAPra MypakKkab Tou mocaup. Compza
TOHHH, MacaJsiaH, KaMEPTOH 4HKapajH, MypakkaG TOHHH My3HKa ac-
606napu, HyTK annapard (yHJH TOBYWJap) Ba X. K. UHKapazu.

Mypakka6 ToH copma TORJIApra a)KpaTHAHIUH MyMKHH, by axpa-
JIMLIHUAT SHT KHYHK YaCTOTACH Vo GCOCUL Tonzq MOC Keqaub, KoJirax
FapMonuxnap (obepronaap) 2vo, 3vy Ba X. K.-Jlapra TeHI 4acToTaJgps
ra sra 6ynagunap. Hucbuii HHTEHCHBJIUKJIADHH (amuHTy Ranapu A)
KypcaTtuarau HacToTanap TYMIaMHIa aKycTuxkasul CneKTp neduianm.
Mypakka6 TOH' CIIEKTpH YH3UFHAAUD; 7.1-pacmua posiga (a) Ba
KaapHerna (6) OMMHraH GHP XUA HOTAHHHD (v%=100Tu) akycruka-
+BHH CLIEKTPJIapH KYpcaTHATaH. Wlynpai xuans, aKyCTHKaBHH CrekTp —
Mypakkab TOHHHHI MyxHM bH3HKaBHIT XapaKTePHCTHKACHAUD.

Hloskun ne6 makr AaBOMHAA TaKpOpJaaHMaijaHraH, Mypakkaf
MyHocabaT/iapu Guian aXpanyBYH TOBYINTA alTHJAAH. Mamuuanap
BHODALHSACH, Hanak, ropeka AJlAHTACHHHHT  IOBKHHH, IHAZHpaL,
THYNIIAI, CY3MalIfary yHCH3 TOBYLI Ba OOUIKa/ap HIOBKHH XKYMJd-
cHpanaup. llloBKuuHE TapTHGCHS y3rapyBun Mypakka6 TOHJIap GHp-
JlaMacH ne6 Kapamr MyMKHH. Arap Myaiisin wapTauk lapaxkacujia
LIOBKHHHH CNEKTPra a)paTMOKYH 6yuicak, y xoaga Gy CHEeKTPHHHT
CHIAHDFa OYJraHaHTHHU KYpHII MYMKHH, MacasiaH, Byusen ras ropen-
Kacu cnektpu (7.2-pacu).

ToByuni 3ap6a — 6y TOByWIHHHI KHCKa BAaKTAardH TabCHPHAMP:
TaKHUIATHIL, NOPTJalIl Ba X, K.

Tosymuuur sneprerux XapPAKTECPHCTHKACH HHTEHCHBJIHKIUP.

CH cucremaga ToByw HHTCHCHBJIUIMHHHT  Y/IYOB  GHUPJIHIH —
1 Br/M%; 6yupan 6owka 1 MkBT/M? Ba 1 apr/ (c-cM2?) XaM KyJaauuaans.

AManna ToBym KaGyJs 3THIHWMHK 6axoaam YYVH HHTEHCHBJHKHH
3Mac, GaJKH TOBYW TYJIKHHH CYIOK/IHK €KH ra3 XOAJarH MYXHTAaH
yraérranpa Kyuumua naigo 6ynaaguran TOBYU (aKyCTHK) GOCHMH-
RaH ~pofgananum yHraipoxaup. Tekuc TYAKHH YYYH HHTEHCHBJHK
6unan TOByw Gocumu P Opacuia Ky#uHiaru GoraaHung MaBXyn:

[=p?[2pc*, (1.1)

6y €paa p — MYXHTHHHT 3HYJHIH, ¢ — TOBYLI TE€3JIHIH.

Hopman OJaM KyJIOFH aHuyg KEHT' JxanaloHjaru TOBYIl HHTEHCHB~
JIMKNADHHN, XKymaalaH, | xI'u uactotama /o= 10-12 Br/m? (3wurys
—_—

* Anrapmonnx, auyu TaDMOHHK GyamaraH TeSpamuu,

aThbHA KHAHG aiTranga (7.1)-parn p neranpa TOBYII GOCHMH aMNIHTYAa-
CHHHHT §pTava KBajpaTHk KHAMATHHH TYWIYHHID J03HM, ’
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6gcaracu) naH 10 | m=10 Br/M? (orpux cesuw Gfcaracu) raua Gyi-
raH HHTEHCHBJIHKJapHH KalyJs Kujaagd. By HHTeHCHBAHKJAPHHHI HHC-
6atn 10'3ra Teur. Arap GHpPOp KaTTa/JHK XKyJAa KeHr KHHAMaTaap HH-
TepBasiuia yarapaauraH Gyica, y xosaa jsorapudMuk mkananan ¢oi-

a ) a%

) 100
MJ\ M"\ »
v UA S50
Y W o

) ) ’ LRI
-7/ 4 0,0’ Vi 400 8700 120 1000 X00ry

a%

A1 i )
a Q00 Jo0 1200 7600 2000r€

7.1-pacm.

JanaHn6, KaTTaJHKJIAPHUHT Y3JapHHH TAKKOCJAII YPHHTA yJapHHUHT
_JiorapHu®MJapHHH COJHIUTHPHII KyJa#d Gynand. ToBymw HHTEHCHBJIHTH
JapaxkaJlapHHUHT IIKaJacHEM XyAJAH Iy ycyjaaa Ty3aaunap. [oHUHT
KHAMATHHH LIKAJaHHHT OOIIAaHFUY AapaxacH KHAHO oaub, O6ouika
HCTaJraH HHTEHCHBJIHK [ HH
yHUHT [oTa HUCOATHHHHT YHJIHK Aﬂ
Jorapudpmu opkanu Hboasai-
auaap:

Ly =ig(Il1y). (7.2)

WKKH MHTEHCHBJHK HUCOATH-
HuHr Jorapupmu Gea (bB)-nap-
la YadaHalH. PR SR oot weni

Arap, MacanaH, TOBYUIHHHT HHTeH-
cuBJHK Aapaxkach 4 b 6yica, Gy: 100 500 1080 2000 4000 10000 ¥, /¥
4=lig(l/l,), éxu [=1,.10* 7.2-pacm.

nemakaup. fo HHHr KHiIMATHHH XHcoOra oJ’cak, Oepu.ras TOBYII HHTEHCHBAHTHHMHT
KHAMATHHA TOMaMH3: '

- I=10"12.10*=10-8 Br/m2.
Bennap 6Gunau 6up Katopaa Oeyubes (aB)-1ap xaMm KeHr kyana-
Hunanu. bynpait xoaaapaa (7.2)-popMynand KyHumaraya €3uur Ke-
pak: :

L ns=101g({/1,). (7.22)
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(7.2a) -uu NOTEHUHA1a6, 1/Ig=10L5/" 13 314 6ynamus. Byngau L.g=
10

1xs 6¥aranna 1/[o=10‘/"=]/'10251,26 ra sra Gyaamus, spun 1 nB

HMHTEHCHBJIHK/JAPDH TaxMHHaH 1,26 mapra bapkIaHyBuH HkkuHTa Aa-

bPa)kara Moc KeJjajiu.

§ 2. AUIHTYB CE3THCHHHHT
XAPAKTEPHCTHKAJIAPH.
TOBYWIHH YIYALUJIAP

Onnuury naparpatdiga ogamuan MyCTaKua Terumiy ac6obaap Hu-
J1aH GOFNaHHIIH MyMKHH 5Yaran TOBYWIHHHI O6BbeKTHR Xapakrepnue-
THKAJNapH KYpHIAuG wHKHATaH 574, Bupox tosym SWHTYB Ce3rHaapy
OOBEKTH/IHD, UIyHHHT YIYH O1aM TOMOHHAaH Xam CYGBEKTHB paBHIIja
6axosaHanu.

Tonsapan SUIATraHAa OAaM yJapHu 6aJIaH11JlH’KJIapH Oyiinya axpa-

IApTIaHTaH TOBYIIHHHT CyObeKTHB XdpaKTepHCTHKACHAHD. Bananz-
/INK TOHHHHT MYpakKaGaury Ba HHTCHCUBJIHTH GHAAH aHua Kay HLapa-
Kala 6oraanany: KYWIHDOK TOBYW aH4Ya mact 6Y/H6 swHTHIAMH,

Tosymr renbpu AeApJH akaT omekrpas Tapku6 6usan Genrunana-
AH. Acocuit ToH, gemak TOH GaJlaHAauTH XaM, GHp XHa1 6§uca-a, Xap
XHJ TemGpaapra moc aKYCTHK CNEKTpJIapHHHIr Xap XxHa O6YaHmu
7.1-pacMm, @ Ba 6 na Kypcatuiaray.

Karrurmurc—msymﬂnﬂr fHA OHp Cy6bekTHB 6axocu 6§auo,
Y SIWHTYB CE3THCH RapaxacHHH XapakTepaaiiH. Y3uuuHT Cy6bekTHp.
JINTHTa KapaMa#, HKKH MaHbanan G6ymaérran SUIHTYB  Ce3rHJapHHu
TaKKocaam Hyad Gunay KaTTHKJIHKKAa MHKIOpHI 6axo Gepuiu MYMKHH.

Kartugiuk flapaxanapu mkaJgacHuu ApaTHIl acocuma Be6ep—
'a MyBOoQHK TabcupoT (KHTHKNAHAW) TEOMETPUK mporpeccus 6yiinya
(aBHE 6up xua Kappanan) Karranamrupuaca, y xoana 0y Tamb-
CHDOTHHHT Ce3HJIHIIH apudMeTuk Tporpeccuss  6yiuya (aBHH 6Hp

AHraH Gjiaca, 6y TOBYII HHTEHCHBJIHTH KaToOp KeTMa-Ker KHiiMaTaap-

1apra sra Gyarannapuga, yl1apra Moc Ttosyu KaTTHKJHTHHAHT Cce3i-
nwnapu £y, 2F,, 3F, Ba X. K. 6yaaguaap AeMaKaup.

dTEMATHK XKHXAaTHaH TOBymI KaTTHKJIHIH TOByII HHTEHCHBJIHTH-
HHHT JorapupMura liponopunonan pemaxmup. Arap HHTeHCHBAUKa-
pu I Ba Iy 6yaran (o — sumTHm Gycaracu) ukky TOBYWl TabCcHp
KHajuran 6yncanap, Be6ep—CDexHep KOHYHHra —acocan sumurys
Gycaracura HHCGaTaH ouuHran KATTHKIHK HUHTEHCHBJHK Guian KyHH-
AdarH4ya GornaHran 6ynanu:

E=Klg(I/l,), (7.3)

6y epaa £ — uacrora Ba HHTEHCHBJIMK GHsaH Gornanray MyaiisaH npo-
opuHoOHaNNHK KO3 DU HEeHTY,
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Arap kospdunuent k goumuit 6yaranaa sam, y xoaxa (7.2) Ba .

(7.3)-AaH TOBYI WHTEHCHBJHKJADPHHHHT JIOTapH(PMHUK IIKaJacH Kart-
¢ THKJIMKJIAD IIKaJlacHra MOC KeJraHd Keau6 unkaad. Bynmah xonza
TOBYII KATTHK/IHIH, HHTEHCHBJKK KaGH, Gea €kH neunbesuappa yuaua-

‘Hajiuran 6ynap snH. BUPOK k HUHT TOBYII YacTOTACH BAa MHTEHCHBIU-
I'Hra Ky4JH GOFJHKJIH-

rH KaTTHKJIHKHH (7.3)- ¢ %
dopMysaman ¢ofimana- T v _
HHb OAAMMTHHA YJdam- PO peyen
ra HMKOH GepMaliH. - 120 — 1w
1 k't wacTotana to- N —t a1 —
BYWI KATTHKJHTH Ba HH- 0T~ —] P .
PR RIS Sty A S S
C K - . N g T — o~
a4, R=1 ne6 waprau \\\E\\%\/ e
xucobaafiauaap sa 60 RS~ =
NN -
RTINS S =
ékH (7. 2a)-ra yxwmam \\\.}‘///1
Ey =101g(I/l,). (7.4) | \\% ,;/.
Tosymr  uHTeHcHBaurH 7 ~

UIKaJlaCRAaH axKpaTHIl
YUYH KaTTHKJIHK HIKa-
Jacujaru pgenubessnap 7.3-pacm.
tdounanap (¢) meinnanu.!

Boika wacroranapiard KaTTHKJIHKHH TeKUIHPHAYBYH TOBYIUHH
I kxI'n vactTotanu ToBym GHMaH Takkocaab Viruain MYMKHH. DyHHHT
Y4yH TOBYW reHepaTOpH® é€ppamuna 1 xI'nm wactorasu ToBym XOCH.
KHJIHHAaH. Dy TOBYII HHTEHCHBJHIHHH TEKIIMPHJIYBYH TOBYII KATTHK-
JIMTHra JXWam SMATYB Ce3rHCH XOCHJA 6y/MaryHua yaraptu6 Gopa-
xunap. Ac6o6 épaamuna meuubennappa yauanram | kI'y 4acToTadH
TOBYIUHHHI MHTEHCHBJHMIH 1Y TOBYWIHHHI ¢oHAapaa wupoaasaHran
KaTTHKJIMTHTra TeHr 6yiann

Xap xua yacToTasJapia TOBYWI KATTHKJHTH OGWJIAH HHTEHCHBJHIH
OpacHAard MOCJIHMKHM TONHILI yY4YH TEHT KATTHKJIHMK 3TPH UH3HKJAAp:l-
Aan (7.3-pacM) dolinanananunap. By srpm umsukiap IOKOpHJa Tac-
BHpJaHran ycyJaja HOpMaJl SUIHTHII KOGHJHATHIA 3ra OZaMJap YCTH-
ra yTKaswiraH yiyamiapia OJNHHTaH ypraua JaJjiujjaapra acocad
SiCaJITAaHIUP.

ITacTku 3rpH YHBHK 9HT KYUCH3 SUIMTHJIYBUH TOBYIJIAD — 3IHUTHII
6jcaracupary HHTEHCHBJIMKAApPra MOCLHP; XaMMa uyacToTrajgap YYyH

20 S0 09 200 500 1000 000 008 100001y

* 20 Tu mam 20 x[y raua 4acTOTAmH N1EKTp TapMOHMK TeGDaHHILIAPHH TreHe-
PAllHANOBYKN 3/M€KTPOH acGo6 TOBYWI TeHepaTOpH JAeiiwjajd. BHPOK TOBYWI TeHe-
PatopuHuHr y3u ToByw ManGan 3Mac. Arap y XOCHJA KWJIANHTaH TeGpaHUNLIap NuHA-
MHKKA GepHiica, YHAA TOHH FeHEPaTOp YacTOTACHTa MOC GJJIraH TOBYII XOCHJ 6Y.aanu,

Tosym reneparopuna TeGpannumaap aMIVIMTYNACHHK pPaBOH ¥3rapTHII HMKOHHATH
Kyana TyTHAraH. :
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Ey =0; 1xI'y YAYH TOBYUI HHTEHCHBAHTH [o=](Q—!2 Btr/M2.  Kenaru-
PHJITAH STDH YM3HKJApHaH KypHHHIIMYA ypraua ozam Kysaorw 2500—.
3000 I'n dacToTajsapaa 3ur CesTHp 3KaH. YOkopuaaru srpu YH3HK
OFpHK cesrucu Gjcaracura Mocaup; XaMMa wyacToTaJap YuyH Ey =~
=130¢,1 kI'y yuyn 7, =10 Br/m2. Opannggaru Xap OHD 3rpH um-
8HK OHpHafi KATTHKJHKKa, JeKHH TYpJIH uacroraiapiardk xap xun
TOBYL! WHTGHCHBJIUTHIA MOC KeJsiaH. Donnapaa udomananran TOBYIL
KaTTHKIHTHHUHT AenuGesiiapAa §JaqaHran TOBYII HHTEHCHBJIHIHIa
TeHT Gyarananrn dakar 1 kI 14CTOTa y4yH GYAraHd a#THAHG THA-
ran 5pu. Myaiisn vyacroranappa Iy KaTTHKJIHKHH C€3HLI HMKOHHHY
XOCHJI KHJTaHraH HHTEHCHBJIUKHH TOHT KATTUK/IHK 3TDH YH3HFH 6Viin-
da Tonum MymkmH. Macanad, 100 'y yacrorany TOBYIUHHHI HHTEH-
cuBiura 60 aBra Tenr 6ysicun. [y ToBymHuHT KaTTHKJHIH KaHya?
7.3-pacmaa Koopannaranapu 100 rll, 60 nb Gy/raH HyKTaHH TOaMus3.
Y Kartugauru 30 ¢onrea moc arpu UH3HK yCTHAA €TafH; aHa IIYHHHT
y3u xyiunrau casoara XKaBoOaHuD.

Typan xapakrepgaru TOBYIIAD XaKuJda MyaiisH TacaBsBypra sra
Gyaum yuyn YJAapHHHT QHU3HKABHII XapPAaKTEePHCTHKAJADHHH  KeJTH-
paliuK — xkazBasra KapaHr.,

JWHTYB 6Ycaracura
HHCOATaH TOByII HH-
- ToBywHUHT TaxMunuii HJT%?CIEB_ ToBym  [remcHBAMCHHHHT Aapa-
oo 6ocumu, |wacu, nb (éxu 1 kl'y
Xapaktepu BT/M:" IMa 4acToTa YYyH TOBYI
KaTTHKJIHTHHHHD
Rapaxacu, ¢)
- .
dwwrys Gycaracu . . . . . 10—* 0,00002 0
Crerockon opxaau IOPaK  TOH-

JapH e 10— 0,000064 10
Wasppaaw . . . . . | 10— 0,0002 20

,» S 10-* 0,00064 30
Cexun ramnmawww . . . . . 10—* 0,002 .40
Hopman ransammw . . | | | 10~? 0.0064 50
Katrug ramaamum . . | | 10—-* 0 02 60
XasKOHAH Kiua WOBKHHH , 10—* 0,064 70
Bakupuwr .~ . . T 7 10—+ 0,2 80
Merpo moesnmaaru IIOBKHH . 10— " 0,64 90
Motounkn  mosknau (Maken-

Mam) .. .. . . 10-2 2 100
Camonér moTopuuusr LIOBKUHH 10—* 6,4 110
Ulynuur yau (fKuHaan) . . | 10° 20 120
Orpuxg cesnm Gycarach . . . 10 64 130

SIUHTHII YTKHPIUTHHH Yavaur ycysaura ayHOMETDHS  JeHHAalH.
Aynnomerpus BakTuaa Maxcye ac606 (ayanomerp) épramuma xap
XA/ 4aCToTajJapAa SMUTHII  Ce3TUCHHUHL OycaracH aHuKIaHau;
OIMHIAH 5rpU YH3HK ayAHOrDaMMa HefiM/aji. Kacan ozam aymmo-
TPaMMacCHHH HODMaJ 3IUTYB Ce3rHcH 6YcaraCHHHHT 3TPH YH3HFH Gu-
J1ali COJIMINTHPHUI SWIHTYB Opramiapn KacaJJUK/IapUra JQuar{os xj-
Huuwira épram Gepany.
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§ 3. ODAMHUHTI HYTK BA
SUIMTHIN ANNAPATJAPYU TY3HJHIUHHHHT
®H3HKABHH ACOCJIAPH .

OpmaMHHHT OBO3 ANIaPATH 3JacTHK 0BO3 OofilamjaapH, IOMUIOK
raHrJai, Taa Ba Jabaap TeOpanumiapu TyQaHaIH TOBYWI XOCHJI KH-
jJajgural cucreMajgan ubopat. ToBym XOCHJ KHJIMHHIIMAA XaBo HyJ-
aapu (yoka, GpOHX, Tpaxesl) Ba OymuHKJIAp (OTKHH, OFH3, GypyH
GYUIIIHKJIADH) HIITHPOK 3TaH.

OBo03 épuruaa XOCHI OYJIYyBUM TOBYWI TYJKMHJIAPH — KYI COHJH
Xap XWJ TOHJap TymJlaMHAHp. DypyH Ba OFH3 GyuLIMKJapu pe3oHa-
TOp pONHHH YiHaHau. By OYJIHK/IapHHAr KaTTaJHrd Ba (pOopMaCHHH
THJ, THHIAp Ba Jabjap Ba3HSATHHH y3rapTHII BOCHTacH OuJjaH yarap-
THPHO, TOBYyWI TYJKHHHHHUHT afpHM TOHJADHHH KydaHTHpHII EKH Kyd-
CHM3JIAHTHPHIU MYyMKHH, Wy OHJaH y €Ku Oy TOBYWHH Tajtaddys 3THII
MYMKHH. 7,4-pacMia «3» Ba :
«a» TOBYULIapHHH Tanadpodys
9THII BaKTHAAZ OFH3 Ba IOT- \

¢

KHH KOH(Hrypauusiiapu Kyp-
caTHJAraH.

Oro3  GoHJaMJapHHHHT
3HT 3yp TeOpaHHUIAADH VHIH
TOBYLLIAD Y¥KapPHAHIIHAA
pyii GepadH. YHCH3 TOBYLLIap pe
XocuJ 6yarasja JoMIIOK TaHT- 2
JAadHHHT, THJA YYHHHHT Ba
JabJapHHHT Xap XHJI KHCM- 7.4-pacm.

JapH MycTakHa TeOpaHajil.

By Te6panuuiiap aipum cypaTia €Kd 0BO3 GOAJaMJapH XOCHA Ku/a«
AMraH ToBylLliap GuJjaH GHprajukia yHCH3 TOBYLLIAP.  XOCHJ KHJIaAH-
Jaap.

OJaMHUHT SWHTHLI anNnapaTH TOBYWIHH YTKasyBuh Ba Kalbya KHu-
JYBUM KHcMJapiaH HOopaT. ToBymn JTKa3yB4d KHCMIa TallKH TOBYUI
Ayau Ba ypra KyJaOK KHpaAau. ToBym KaOysa 3TyBUH KHCMra Kajiaa
TyGH yyKypHAa XKOHJAAlral HUK# KYJIOK KHpaJH. : .
~ Mukm KyJOKHHHT acCOCHH 3/eMEHTH — JaGHPHHT (unFaHOK) WIAK-
JIMJATH, CYIOKJAHKKA TYJATraH CyAK OYmauFAaup. UHFAHOKHHHT CTIHpab
Hyanapu 6yTyH ysymaury 6yinua napga (acocuit mevbpana) GuaaH
axkpaTuiaral. MemOpaHaHMHI acOCHH KMCMH Xap XHJ YV3YHJHK Ba Ka-
JUHAMKAa 6yaub, panuan iHyHanAumila KoiJaHraH 3JacTHK ToJajap
(Koptuit Topnapm) TalKWA 3TaiH; yaapHunr conu 20000ra eranx.
Tosanap acocura 3MWHMTHII HEPBHHHHT LIOXJApH TAaKajaraH. :

Kynokka etuf KearaH MexaHHK TeOpaHHUULIap 3IIHTHUI HEPBH TO-
JlaJlapHHH Ky3raTajgunap; Oy XOAHCAHHHT MeXaHH3MH XO03HPIH BaKT-
Ja XaJy eTapiu japaxaja aHHKJaHTaH 3Mac.

Hkkn ToBym Kalya Kuaruunapra (Kyjaokjapra) sra 6yiaran ozam
Ba xailBOHJap TOByIWI MaHGaH TOMOHra GyJran HyHa/JHIIHHA aHHKJAII
KobunusaTHra sragupiaap (6unaypaa sbdexr). Topym manbara Kapa-
THJIraH KyJOKKaua KHCKapok #yanu 6ocanu, 6y sca TOBYLIHHHT (asa-

83

www.ziyouz.com kutubxonasi



Feasmroany Fepman Jlwoasur bepau-
Haup  (1821—1894) — pemuc dHu3sury,
¢$H3HOJIOTH Ba NCHX0.0TH. Tenbmrosbi-
HHHI  SJIEKTDOMArHeTH3M, oNTHKa Ba
aKyctHKa OGOy#HYa  Kuarau HULJIApH
YHHHT  QusHonoruxg TaAKHKOT1apH
(XypHul, 3MMTHII Ba Golikanap) Guaau
KYI XKHXAaTAaH y3Buif GOFJsaHraH.

KHJIHII  HMKOHHSITHIAH
GekuTHb KyiMimy CTapaHIHp.

TOBYU.IHHHF ‘0iaM HYKH OpI‘aHJIapH dXBOJH XaKHuagaru

MaxpyMm - KHau6

JlapH Ba HHTCHCHBJIHK/IaDHHH ax.
baTuuira uMKoH 6epasau. Hopwmay
SUHTYBYH OJaM TOPH3OHTAJ Te.
KHC/IHKJa TOByIr HyHaMumnmy
3°raya @HUKJHK OHJIaH Gejry-
Jaaf odanu. ToBym mauGaunuup
BEPTHKan TexkHmeaHKAa  kofia-
HHINMHY aHHKJIAIl ojam Oo1uy
BASHATHHHHT §3rapTHpHIHmIKra
GOFIHK 6Y/HG, KaMpoK aHmuk-
JIHKa TONHJIANH,

§ 4. KIHHUKAA TOBYLIHH
TEKIIUP UL
METONJIAPUHUHT
PUSUKABH K ACOCJIAPH

ToByur xam, EPYFIHK Kabu
HHOOpMAaUHsS MauGau 6§u0,
YHHHT acOCHH axaMusTH ana
Wwynnaaup. Tabuar TOBYLIJIApH,
aTpodumusgaru ORaMJIAPHHHT
Famiapu, uuta6é Typran maum-
HaJap IMOBKHHU GH3ra Ky Mab-
IyMOT Gepaan. Quam YYYH TO-

- BYWIHHHT KaHYa/JHK axaMusiTiau

SKaHHHM TacaBBYP KHJIMUI VUyH
Y3HHH BaKTHHua TOByIWI KaGya
KypuHIM — KYJIOKJIapUHH

HH(opma-

uHsl MaH6au 6yaa onumy XaM TabuuHIup.

KacaJIJIHKJIap lIHaI‘HOCTHKaCH,ZIa TapKaJrau

TOBYUNIHH  MeTOox —

AyCKynpTauMs (GeMOPHH 3lIHTHG KypHi ycymau) dpaMHuaraya Gy.ran

Ha Tpy6Ka 3 Gopaau. Kopak Kalicyrana xaBo ycrynu pe3oHaHc/aaHa-

AH, 6yHHHF HaTHXXacuxa TOBYLIJaHHUII

SIXINHIAHA .
Ynkanap aYCKYyJbTAHACH A
YUYH Xapakrepau Gysran TypJau

Hagac
XHPHJLTAlLTAPHY

ayCKyJbTalHs

LHIOBKHHJIADHHY, Kacadduk
THHIVIAHIHIap.

IOpak ronmapununr y3rapumu pa WOBKHHAD nango 6yanmura Kypa
lopak ¢aonusTHHHNE axBOJNH XaKuia Mynoxasa KHJIHII MyMKHH. Ayc-

KyJbTauusijan

doiinananne Meblla éKH nyax

MEPHCTANLTHKACHHY

dHUKJau, OHa KOpHHuaaru XOMHJIAHHUHT Opak YPHIUHHH 31UHTHLI MyM-

KHH.

Bewop 1oparunun 6Hp BakTma Oup Heya TeKIMHDYBYHAAPTa SLIAT-
THPHII MMKOHHSITHHYH TYFAHPHII yuyH YKuum MaKCanHaa éKH KOHCH-
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JIMYM BaKT/J1apHia MHKDOMOH, Ky4aHTHPrHd Ba TPOMKOrOBOPHTENb
ékd OHp Heua TeJiedoHJaplaH ubopat 6yJirad cucremanad goiinanana-
aumaap.

IOpak ¢aoyHATH XOJaTHHHHT AMATHOCTHKACHAA ayCKYJbTallHATa
yxwam Ba ¢onoxapauorpapua (PKI) ne6 atamysuu ycys KyaaaHa-
au. By ycyn opak TOH/IapH Ba IUOBKHHJAADHHH rpaHKaBHH KaHp
STHIIJAH Ba yJAapHH AHATHOCTHKABHHA HMHTEpIpeTanusajamigaH (mapx-
aawmgan) nbopataup. PoHokapauorpaMMmaHH ¢donokapauorpad (7.6-

7.5-pacm. 7.6-pacm.

pacM) épnamu 6unan Gaxapaauaap. @PoHoxkapauorpad MHKpodOH,
Ky4aATHPrHY, YacTOTaBHH (QHJILTPJAAD CHCTeMacH Ba PErHCTPaunusIOB-
Yl KypmiManapiaH ubopar 6yJ1a;m 7.7-pacMaa HopMaJa  (OHOKap-
* IHOTpaMMa KypCaTHATaH.

. lOxopuma kypcaTHaraH HKKH TOBYUIHH MeTo;uIaszaH HepKyCCHs
NpHHHHNHKAA $apk Kuiaiu. Dy ycyina TaHAHHHT afipHM KHCMJapHHU
TYKHJJIATHIU BAKTHIATH TOBYIIJAp THHIJIaHALH.

7.7-pacw.

Bupop KucM HYHAAQ XaBora TYJMJAHDPU/TraH OepK OYUIIHKHH Tacas-
Byp Kuwiamu3. Arap Oy XHCMAa TOBYIU TeOpaHHINJAADH XOCHJ KHJIHH-
ca, TOBYIUHMHT MyaHsiH yacroTaliapuia OYLUIMK HYHAAard XaBo
GYLIJINKHAHT BA3HATH Ba KATTAJHCHTAa MOC TOHHH -aXXpaTHO Ba Kydai-
THpu6G pe3oHaHcaaHa Gouwtafau. CxeMaTHK cyparaa TacaBBYp 3TH-
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Jlaluran G6y/ca, oxaM TaHacHHM rasra TtyJarau (¥ynkaanap), CYIOKJIHK-
Ka TYAraH (HukH Opraujiap) Ba KaTtug (cysix) Xaxmiaap Tymiaamu-
AMD, AeHHm MyMKuH. Tana CHDTHTa ypHJITaHIAa KEeHT AHANAa30H yac-
TOTa/y TeGpaHuuLIap Xocua 6ynapu. By nuanasomgaru 6ab3n TEH-
baHumiap Ttes cynamn, 6ab3ujaapu sca Oy IIHKIapHHED XyCyCHIi
TeGpaHHIITapHra TYFPH Kenub, Kydaiiu KeTaan Ba pe3oHaHc HaTH-
KacHna 3WHTHIAagUray 6ynanu. [epkyccus TOBYUIJIapH TOHH GYiHua
TaXpHOaJH Bpau Huky Opranjap Tomnorpa¢)usicHHH aHHMK Oenarusai
onanH. .

§ 5. TOBYIU TYJIKUHIAAPHHUHT
IOTHJITHIIY BA KAHTHIIY.
PEBEPBEPALLUA

ToByw tyaxunu ¥3 fAyauna KHCMJIApra Ayy Kejau6 ynapuu rebpa-
TalH, OyHra §3 SHepPTHSACHHUHT OHD KHCMHHH capd xunagu. Koaran
SHEPTHAHU KHCM KalTapanu. Mlynpai guauo, TVJIKHH 3HePrusCHHH
IapTIH paBHWIAA TYAKHH Guaan TA'BCHPJIAHTAH XKUCMIADHHHT IOTTan
Ba Ka#rapray SHEPTHANIADHTa aXKPaTHII MyMKHH.

IOruaran tosymw SHEPTUACHHHNT  Tymrran  ToBym 3Heprusicura

PHa/MIap yuyH TOByw wacroracu 5]2 I'u 6yaranmarn 6abau ypraua
KHAMAaTIapunu KeJTHpaMu3:

Oung aepasa . . . . . . . . 1

Mapmap | . . . . . . . 0,01
Fawr gesop . | . - . 0032
Kammuaury 2,5 ou 6yaran mpo6ka . . . . 0,16
Kamusunurn 2.5 cum OVJraH XyH Kknruz . 3 055

IOmumok TYKUMaJap KarTa TOBYII IOTHUWI KOGHJIHSITHrA sra 6y.1a-
AHJIAp, WIYHHHT yuYyH yaapuu ACBODA2H TOBYII KaHTHIIHHH KaMmafTH-
PHII 103UM Gyaran X0JJapaa uimsaTtaauaap.

Xap 6up €NHK XOHa Humpa A€BOPJIApAAH, mANIaH, mebengan xai-
TYBUH TOByWI GOlIKa AeBOp, ros Ba X K. Jlapra TywanH, cyurpa sina
KaHTanu, 0THIam Ba CEKuH-acTa cynanan. Ulynunr YYYH TOBYLI MaH-
6aH ¥3 TabcHpuEH TyXTaTranaan xefiun XaM XOHa HYHIA XaJau TOByLH
TYNKHHIapH MaBxyn 6yaub, yaap TyJllupal roBywsnapHu  xocun
Kunanunap. By afinnkca karra kenr salulapia cesunaau. Enuk xouna-
Japla MaHbGa TyxraTHATaHgaH KEeHHH , TOBYIUHUHT CeKHH-acTa CYHHO
Gopuuura pesepbepayus nefinnany.

Pesep6epanus, 6up kuxatnman, boitnanuaup, uynkn KaHTapuarax
TYNKHH 3HepTHsicH XHCOOHIra TOBYIIHH KabyJs Kuaum 3ypasiiu, JeKuH
HKKHHUH TOMOHJHaH, OpTHKua YY3HIATaH pesepbepauus HyTKHHHT,
MySHKaHHHT KabyJ STHAHMIHHY aH4ya €MOHJALITHPHE XaM KViunim
MYMKHH, UYHKH TEKCTHHHL Xap GHp SHPH KHCMH OJIHHCHCH OHunan
Koliananu. Hlynra kjpa oparaa peBepOepauusHuur GupopTa omnTH-
Majl BaKTHHM KypcaTH6, AYLHTOPHANAD, TeaTp Ba KOHLEPT 3aJiiapu
Ba X. K. ypranaa myura SPHIIHIIrA HHTHIALHJAP. Macanan, Mock-
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pagara Comwsjap Yiunuar KosioHHa 3aan tyna Ogarania pesepOe-
pauust Bagru 1,70 ¢, Boabutodt tearp Tyna 6yaranaa-— 1,55 ¢ ra remur.
XyAanu uly xoHajxap Oym Oyaran BakTJapHAa pesepOepaliusi BakTH
rerviuanua 4,55 Ba 2,06 ¢ ra Teur.
84-pa 88-GetsapaarH KaABaJap AaJHAIEPHJAAH LIOBKHHJAD
KATTHKJIUTHHH Ba TOBYLIAaH .
TAHXOJAHUII HUMKOHHSITIAPH-
Hu Oaxonamjga QoHxasaHHI
MYMKHHJIHD.

3apapJiu TOByUJap MaH-
6auHH HYKOTHIN €KH TOBYII
IOTYBYH MaTepHastap é€pha-
MH OHJAaH TOBYII HHTEHCHB-
JIWTHHH KaMaHTHII HyJau op-
KaJqi YJAapHHHT TabCHPHHH
03aHTHPHII CAHUTAPHA XH3-
MAaTHHHHT Ha30paTH OCTHAA 7.8-pacw.
TYpalAH, YYHKH ILIOBKHH OJaM
COFJIHTHIA  TabCHP  3TajH.
IOKopu wacToTa/H IIOBKHH-
Jap YYyH pyxcaT ITHJIraH
ILOBKHH  JapaacH 75—
80 b, mact yacroTasu WIOB-
kuHnap yuyn 90—100 nb.
Hopmauxs pyxcar aTHJAraH mos-
KuH napaxacu 40—50 ob xu-
cobJiaHafH.

HIoBKHH  KaTTHKJIHIHHH
yagaw yuyH maxcyc ac6o0-
Jap — mymoMepJsap  (IOB-
KHH yJyardusiap) HIJaTHJIa-
IH; yJapjaa TOBywW Tebpa-
HHULLJApH 3JeKTp TeOpaHHMII-
Japura atiaantupuaajgu. lly- :
MOMEPHHUHT 3JieKTp ya4arud acGoGH TYFPUAAH-TYFPH JenuObesnapia
IapaaJjaHaiu. '

§ 6. YJIbTPATOBYWI BA YHHHT
MEOUUUHALA KYJJIAHHUILH

Yactotanapu 20 xI'u gan opTuk Gyaran MexaHHKaBHil TeGpanHIl-
Jap Ba TYJKHHJApra yabrparosyw, AeHWIaju. YJAbTPaTOBYII YacTo-
TaJapHHHHI IOKODH YerapacHHd wapTau pasumga 108—107 kly xeb
xucobaam MyMKHH. By uerapa MoJsekyJlajapapo Mmacodanap Ouiau
aHUKJaHaAH, IIYHHHr Y4yH HYWAa YJAbTPATOBYW TYJKHHJIAPH Tapka-
JaéTrad MOJJaHHMHT arperat xoJartura GOFIHK OyJain.

YJAbTPaTOBYHIHH TeHepalus KHJIHII Ba KabyJs KHIHLI YYYH. yJib-
TPaTOBYUI HypJariud Ba NPHEMHHrH ge6 atanajaurad ac6obaap HuI-
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YaAbTpaToBymIHHHT Ganay XapaKTepan xoccajlapHHH Kypub 4YHKa-
MH3,

YabTpartosyu TYNKHHAAPUHHHT TapKaJiHIl Te3JHTH Ba YJapHUHT
IOTHITHIIN MYXHT XOJaTura Kyna GOFJIHKAHD; MONAaHHHL MOJIERy s
XOcCcaslapHHH YpraHum YAYH yAbTPAaTOBYMIAAH (oiiaataHuu WyHra
acocaanranaup. By xuaparu TERIIMpHIIAD MOJMEKyAsID aKyCTHKaHHHT
Ypranum npeaMeTHiup. .

Hxkn myxnr Uerapacniad yJabTpaToByu TYJIKHHJIAPHHHHT KafirTu-

TYBYH TYJIKHHJIAp HHTep(epeHI S TaH I Y HaTHXKacuna xocun 6yays-
IH TYPFYH TynKHHAap TeKWHpuIasy, Hrkunuy XoJia KadTrad
HMIYyJAbCHH Kysatanunap Ba YAbTPaTOBYUIHHHT TeKIIUDHIYBYU
o6beKTraya Ba YHAAH KaWTHIIAATH BAKTHHR ya4aitauaap. Yabtparo-
BYW TapKa/NHIIHHHHT Te3JMHTHHH 6unray o6bekT &rram YYKYPJIHK
aHUKJaHAaIH.

Ad KHYHK XaXMJIap HYHaa anug SHEPIUsT axpananu, MOAAAHHHT HCH-
IIH, MOJeKYJanapHUHHT HOHJIAHULI Ba  IHCCOLHANAHHIIADH XOCHJI
6ynamn.

Meznnunna Ba 6HOJIOTHS 12 YAbTPATOBYIIHHHT  HMITATHJIHIL MY
4COCaH HKKH HyHaauiura AXPATHUI MYMKHH: IHarHOCTHKA METOAIapu

Bupunun #iynaaumra acoOCaH HMIYJbCIH Hypaapaar ¢oigananys-
UH JIOKAUHOH MeTOmJIapHu KHDUTHII MYMKHH. By 9X03HIedanorpa-
¢bus — 6ow mus ycMasapu Ba mumuny aHHKJIamaup (7.8-pacmaa rata-
HHMH31a sicajanurayg dxosnuedamorpad «dxo0-12» KypcaTHaTaH);
YJABTPATOBY LI Kapauorpagusicn — opak yruamaapuau ~ quraMukaia
Yagam; OQJTaJIbMOJxorHHna—-K}"Is MYXHTJIapH KaTTaJHKIapHHH aHHK-
JI4UI yUYH yJbTPATOBYII JIOKALHSICH. YabrpatosyuHunr Honnep s¢-
pexTn épnamuma I0paK kaanaunapu xapakaTHHHHT XapaKTepHHH
Ypranaguaap pa KOH OKHMHHHHT Te3nurn Yuuamapy. Yabrpatosynr
Te3JMrn 6yinya AuarnocTHka MaKCcallapuaa OHPHKHG KeTrany &xu
ITHKACTAAHTAH CYSIK SHYJIHTHHY AHHKJIad AuIap.,

Hkxuaun #iyuanumra y/AbTDPATOBYwI hu3HOTEpamusicy KHpajaH. 7.9-

11 anmnapar YTII-3M xypcaTuiran, Yabrpatosym GuiaH - nauneHTHH
TabCupslaul annapaTHunr Maxcyc HyYpJIOBYH roJioBKacH €plaMuna
6axapuaagn. Onarna Tepanus Makcaanapu yuym 800 Iy yacrora-
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JH YJAbLTPATOBYULIAp HIUJIATHJAAJH, YJAPHHUHT ypTaua HHTEHCHBJHIH
taxMuHan 1 Br/cM? Ba yHaan kampok O6ysiaau. HypaoBun rososka
6uJaH TepH opacHra GHpPOp CYKIOKJHEK, MacaJaH, éF KyHH/JajH, UyHKH
XaTTO IONKA XaBO KaBaTH yJbTPATOBYIUHHHI OPTaHH3Mra YTHIUHHH TY-
cub xyhinuu MyMKuH. TYyKHMara KuJHUHAJUTaH MeXaHHKaBHH Ba HC-
CHKJIHK Ta’bCHPH YJbTPATOBYIU TepanHsCH acocHia €rraH OHpJaMud
MeXaHH3MIHuD.

Onepanusiiap BakTHaa YABTPATOBYIIHH (aKaT IOMIIOK TYKHUMa-
JapHu 3Mac, GaJKH CysK TYKHMaJapHHH XaM KeCHII KOOHJHATHra
sra OyJaraH «yJbTPaTOBYWI CKaJblend» cHbaTHAa HULIATAZHAAp.

YAbTPAaTOBYUIHHHT CYIOKJHK HYMJArd XHCMJAapHH Mafnaaab map-
yajlalll Ba 3MYJNbCHS XOCHJ KHJAHII KOOHAMATHAAH <¢apMalneBTHKA
canoaTHxa jAopujap Tafiépnamjga ¢olzasaHaauaap. YJabTpaTOBYI
épAaMH/a OJHMHTAH Xap XHJA JOPHUBOD MOJAAJAPHHHI  a3PO30JHHH
cHJ, GpoHXMan acTMa, Kopu Hadac fyjanaapu karapy kabH KacaJ-
JIMKJADHH HaBOJallja HILJIATaJHIaap.

X03Hpru BaKTAa MIMKACTJAHTaH €KH TPaHCIMAHTAlUAJAaHyBYH
CyAK TYKHMAaJapHHH YJbTPATOBYyW €pAaMH OuaaH <naABaHAMAUI»
MeTOAH (YJbTPATOBYII OCTEOCHHTE3H) HIIJIAHTAH.

YIbTPAaTOBYLIHHHT MHKDOOPTaHHU3MJAapHH  VJAMUPHINM  yJAaplaH
crepuaM3auuaga ¢poHpasaHUI HMKOHHHH GepaiH.

YAbTPATOBYIUHHHT KYpJap YuyH KYJIJAHHNHIIH  KH3HKADJIHIHD.
«OpHeHTHp» HOMJH mopTaTHB ac6o0 €paaMuAa yJabTPAaTOBYW JOKa-
'MMACHHH XOCHJ KHJIMIN HaTHXacuAa 10 Mrada y30KJIHKAArH XKHCM-
JIapHH Ce3HII Ba yJaap KaHAai XapakTepAaJHUIHHH aHHKJAAll MYMKHH.

Kentupunras MHcoJ1ap MeAHIHHa Ba OHOJNOTHAA  YJAbTPATO-
ByW YCTHA2 KHJHHraH Oapya TaAKHKOTJIAPHH Y3 HUHTa OJOJMaHi.
Ma3Kyp TaAKHKOTJApHHHT KEHraHWll TepClHeKTHBACH JapXaKHKarT
KaTTagup. Macanay, MejHuUHHara yJbTPAaTOBYWI T[OJOTPaGHACHHHHT
(IT t, XXVII 606ra kKapaHr) »XOpHi STHJHIIM HaTHXacHAa TyOaad
siirg 6yJiran nHardHoCTHKa ycy.rmapummr naiao GYJAHIIHHE KYyTHLI
MYMKHH.

VIII BOb
T’MaAPOOUHAMHUKA

CHKMUIMalAurad CYIOK/JAHKJADHUHT XapaKaTH Ba YJAAapPHHHT aTpod-
Jar¥ KaTTHK »XHCMJap Oujian §3apo TabCHPH Macajajapuiu ypra-
HyBUH (H3UKa GYyNUMHU eudpoduramuxa Kedunani.

§ 1. CTALLMOHAP OKHIIL
IHAJIOJIAHHHT Y3JYKCH3JUK
IIAPTH

Cylok/JAuKHHHT GapKapopJailraH, CTalHOHAD OKHIIHHH KYpHO 4YH-
Kamu3. By xonpa ranma-rangan §asoHuHr Gupop HyKTacHra TYLIYB-
YU CYIOKJHK Xap XHJ 3appa/lapHHHUHL Te3JHrdH Gup xuaga Oy.aau,
Oy CYIOKJHKHH Te3/IHKJap MaHIoHH Ae6 TacaBBYp KHJHIIrA HMKOH
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Gepaan. YHu rpadHkasuii ORUM 4usurAapu GuNaH TacBHpJaaiaunAap;
ylapra YH3HIraH ypHHMa Te3JHK BEKTOPHHHHT HYHaJHIIHHE K§pca-
TajH, YHSHKJIADHHHT 3HWIHTH 5Ca Te3MMK KHAMAaTHra IPOIOPIIHOHA N
6ynann (8.1-pacwm; U2>v1). OKHM YH3HKJApH CYIOKJIHK 3appayasapH-
HHHT TPaeKTOPHACHIHP.

Okum uH3HKJIapH Guaan Herapasaira CylKJINKHHHT KHCMH OKuM
Hadxacuny (wanona) xocua Kuaann. 8.1-pacMxa okum Halqanapu-
JaH OMDHHHHT YH3Ma TEKHCJIHTH Guian KECHMH LITPHXJaHraH. 3appa-
Halap Te3JHTH OKHM YH3HKJapH 6yina6 HyHaraHIHKIapH YUyH

Y X
e O—— |
\ s,
7 5 - ’
/'—\ U,

8.1-pacm. ! 8.2-pacm.

CYIOKJINK 3appayaslapu CKHM Haidacu yerapacHlaH 4HKHO KeTa oOJ-
MAaHRIH.

Hxtuépuit IEPNEHAUKYISAp KecHMa Gapua HyKTajJap Tesjuru Gup
XHJ OV/IraH OKHM HalYaCHHM TaHJa6 onamus. By wHaRuaHMHr HKKn
Kecumura S; Ba S; 103anap Ba v, Ba U2 TE3NHKAAp (8.2-pacM) Mmoc
Kenann. OKHMHHHT HCTAJIaH KeCHMUIaH BaKT OHPJHTHIA, KECHM I03H-
HHHT' Te3JIMK OHJaH KynaHTMacura Temur GyaraH, cHKHaMac CYIOKJHK-
HHHT GHpAak Xaxmaapu YyTH6 Typanu:

S101=83v, 8xu Sv=const. (8.1)

8.1~ Tenrsama wasoranune Ysaykcusauk  waprunu  upodaraidu,
IYHKH (aKaT Y3JyKCH3 OKHULTAPAA WCTANTaH KeCHMIaH Gup XxHJa
BAaKT HYARA OGHD XU MHKIOpZa CYIOKJIHK YTaiH.

§ 2. BEPHYJLJIH TEHTJIAMACHU
BA YHIOAH KEJUB YUKAOHTAH
HATH)KAJIAP '

Kuuuk kecuman OKHM Haliyacunu (8.3-pacwm) KYpHO 4yHKaMH3.
1-Ba 2-kecumaap opacupa TYPraH CYIOKJIUK CHJKHG 1/—2’ BA3UsATAAP-
HH sragmnaian. Oxum CTandoHap 6yaraHu yuyyn CYIOKJIHKHHHT 1/—2
KHCMHIA Xeu KaHH@all sHepreTnk ysrapuiiap pyii Gepmaiian. Cyiok-
JUKHUHT 1—2 xammpan 1/—.97 XaXMraua CHJ/IXKHTaH BaKTHAa 3Hep-
THAHHNT Y3rapHIH WTPHXAaHTAH XaXMHUHT  1—1" man 2—2' raua
CH/UKHraHAaTH Y3rapHILapHra TeHr 6ymanu.

1—1" Ba 2—2’ XaXKMIapHK UHIHHADHK ge6 XxHco6.ab,

V=38,,=S8:l, ne6 €3HIIHMH3 MYMKHH.
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Arap %ap GMp IITPHXJAHIAH XaXKMJArTH CYIOKJHK Te3JHrH GHp XHina
6yAca, y XOnga CYOKJIHK KHHETHK SHEPTH5CHHHHT y3rapHiin
m=pSili=pSaly 6yAranu yuyH,

AE — muy2 — mulj2 = - (6Sly¥: — pSihyol) ' (8.2)

ra TeHr, 6y epAa o — CYIOKJIHKHUHT 3HLIMTH. CYIOKJIHKKA TabCHP
5TraH TaWKH Ky4Jap HIIHHH XHCOOJaiMH3. ,

Kyunn oKuM Halualap TOMOHHJaH TabCHP KHJIYBUH KydJjap TeK-
HIHPUJAETraH OKMM Haiyacu CHp- '
THra HopMasa #yHansampa G6yauo,
u GaxkapMmaian, 1—2 XaXXMHHHT 1] l, ‘
'KYHAaJaHr KecHMHra 6ocuM p, Ba

4

4
P2 JJaPHH K?pcaTYBqH KYWIAPDHHHT A S < .
VHH CHJZKHTraHaa 6ax(apa;mraﬂ = Z
HIIH
A, =Fyl,— Fyly—
=p1$111—p28212. (83)
/7/ é&

Ornpaux Kyunsusr HuH [(2.36)
-HY KapaHr] '

Aor = mghl——mghz
=pS1hghy—pSalaghe.  (8.4) T T T T TI T 07r

Teur TabcHp ITYBUH KYyUHHHT HIUH 8.3-pacM.

KHHEeTHK SHEeprHsiHHHT y3rapHuilura

reur Gyarannurufan (8.3) Ba (8.4)-uu kymu6, yan (8.2)-udponara
Tenraab,

: ' 1 . : L
pIS,l,—p282lz+p3111gh 1—p8212gh2= 7(982120, -_— (JSlll'Ul) HH €34

onamus, Gynian, Si/j=Sslpra KHCKAPTHO, KYUIHAYBUHIAPHH KaiiTa
rpynnanab :

vt pv

Uy :
4 pghy = py + —— + ogh, (8.5)

o
P1i 3

‘ra sra 6yaaMus.

Hafijya KecHMHHH TaH/Jall HXTHEPHH OYAraHJurd ydyH, HHIEKCAAp-
HH Tamwaal 00pHI MyMKHH, ¥ X0JAa: ’

J —%’i - pgh = const. (8.6)

By — Bepryaau tenzaamacudup; y paxar Haiua KeCHMHIa SMac,
Gaski GupOp OKMM uHM3HPH Oyfinya (KOMJamIran HyKrajdapra xam
TaTOHK STUJINIIH MYMKHH.
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MK XapakaTHra GOFJHK sMac Ba CYIOKJHK GuiaH Gupra Xapakartna-
HYBYH, MacaJaH, MaHOMeTp OuaaH yayanumy MYMKHH. BocHM po2/2rg
AHHAMHK G6OCHM AeRunanu; y CYIOK/IMKHHHT XapaKaT/JaHHuIg HaTu-
KACHIATHHA BYXYAra Kenu6, YHHHT TODMO3JaHTaH BakTia HaMOéy
GyaanH. CraTHk Ba AHHAMHK GOCHMJAp HAHFHHIHCH T4aa 6ocumdup:

Pa=p+pv?/2,

Bocum P&h — oFuprux 6ocumu. Basucuaank XONaTaa OFHPJHK
GocHMH GYamaliny, yTa 1okJaaHHW KaTTanawran capu y optu6 6o-
pazH.

By Tepmunonorusgay dofinanauus, Bepuynnu tewrnamacuuy KO-
HYH cHbaTHna TabpHGJIAWl MyMKHH: Hieas CYIOKJIHK OKHMH YH3HKJa-
PHHHHT Typau HyKTamapugary CTaTHK, IHHAMHK BAa OFHDJIHK GOCHM/a-
PHHHHT HHFHHIHCH GHp xHaaHp.

Bepuynan TEHTJIaMacHAaH KeJaub UHKalUran 6am3H xycycuy X0J1-
JMapHH KypcaTaMmus.

I.¥3rapmac KECHMJH KHg OKHM Haliyacu. Byn-
AaH HafYaHHHT XamMa €PHAA  CYIOKJIHKHHHT  Te3JHrH 6up xua

U=const), y xoana (8.5)-namn.

Pitpghi=ps+pgh, ra sra 6Ynamus,
EéKH .
Pr—p2=pg (h—hy), Ap=pgAh.

By xonpa THApOCTaTHKaAaruex, bocumaap afHpMacHHHHT cababn
TETHINIH CYIOKJIHK YCTYyHJIapH OFHPJIHKJ/IAPHHUHT afMpmacuaup.

2. Xap xua K€CHMJH TopuH3OHTax OKHM HzaHya-
CH (8.4-pacm). By xonna h;=p, 6yaranu yuyn (8.5)-pan

P+ 0vy/2 =P, - pvi[2

9KaHJIMTH KeNH6 YHKany. T'opusonraa OKHM HaHYaCHHUHT TYpJIH Ke-
CHMJIADHJATH TYJa 6oCHM 6up xuJ1. Toppoxk #oHaapaa S,<S,, V>0,
Ba pa<{p;. 8.4-pacMmnua MaHOMETpHK Hafyagap TYPJAH KecHMJapaary
CTaTHK GOCHMJIapHU Kypcatu6 Typu6am. Maskyp HalYaJ/aapHHHT
TaCTKH KeCHMJapu OoKHM UH3UKJIapUra napaJaen Oyarannuru yuyy
yJap IHHaMuK GOCHMJapHH KypcaTMmaiinu.

CYpPHUI TabcHpH Py# Gepanwm). By xonucanan CYB OKHM Hacocsapuia,

HHraJsiTopnapna Ba TyJbpBepH3aTopaapsa bornanannnany.
Cywogaug Te3MUTHHE Javaw T[Iurto Halluacu.,

XapakaT.ianu6 TYPraH CyloKJIHK OKHMHAa Gurra OKHM UYHBHFH YCTH-
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*pa €rrad 1 Ba 2 myKranapuu (8,5-pacM, @) Tanaa6 oaaiiuk. Haiiua
ropu3onTai vo=0 6y.iranu yuyn (8.5)-ra acocan

P1=pv,[/2=p, HH €3aMHu3.
OVHIaH

u,=V 2(py—p1)lp. (8.7)

8.5-pacM, a na kypcaTuaran maituara [Turo Haiiuacu Jfefuaanu;
YHHHAT HIRNATH CYIOKJIHK yCTYHHHMHT 6ananiJuru hy 6yiiuva Tyna 60-

8.4-pacwm.

CHM pz HH §avadinunap. XapakaTtiaHyBuH CYIOKJHKHHHT CTaTHK OOCH-
MH pi HH, 8.5-pacM, 6 1a kypcaTHAraH Haiua €pAaMHAa yCTyH
Ganauanura hy 6yiinua aHuKJIalanaap. 8.5-pacMaaruiex wyHaai

%
— A .

N
1

o hl - —

8,p-pacm.

HKKH Hafua CHCTéMacHra sra Gyarad, (8.7)-bopmyna 6yiinya CyioK-
MUK OKHMH TEe3JNHIdHH XHCOGnaiaunap. Bawzan 6y makcaz YUYyH
Guparysa po—p; KuiiMaTHHH GepajuraH éku Te3NHK OHPJHKIAPHJA
lapaxaJsanran auddepennuan MaHOMeTpAaH ¢oixananaiuiap.
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4 Unnmw Temurngan CYOKIHKHHHT OKHO 4HKy
wH Toppuueaawnu popMysacu. KeHr MAHIMIAATH KHUHK Te.
IUHKRAH CYIOKJIHK OKHO YHKAaéTTAHAATH OKHM YH3HKJAAPHHH IHaPTJay
PaBuwIa KypcaTaiink (8.6-pacm); Oy Baktaa S;3»S,, v,& vy Taxmu
daH vy =~=0, py=~p, (aTMmocdepa Gocy

Sy / MH | Ba 2 mapaxapna) ae6 XHCOG.
naiMus. By maprtaapan Hasapns
\ TyTu6, (8.5)-1an
\\ pghi=pvi/2+pghs nn onavus,
~z
< OyHnan
va=V 28— hy) — V 2gA%
X0ocHua GyanH. (8.8)

HeMax, manosaunur OKHO yj-
KHWI Te3iiurs Ah=Hh—h, Ganams-
JIHKJIaH 3DKHH TYIUYBYH >KHCMHHHF
8.6-pacm. Te3JINTHI'a TEHT,

§ 3. CYIOKJIHK KOBYUWIOKJHIH,
HbIOTOH TEHFJIAMACH

.

Pean cymokang OKKaHJa YyHHHT alipum KaTjamaapu Gup-Gupaapu-
HAHT KaTiamJapHra ypHHMa G6y.Jran Kyuaap GuaaH §3apo TabcHp
Kunanuaap. By xoaucara Huku HUIKaJlaHHLI €KH KOBYIIOKJAHK JeH-
Janu.

KoBywmok cyokaukuunr TOPH3OHTA/l OKHIUHHH KYDHO uYMKaMH3
(8.7-pacm) *, CYIOKIHKHA WwapTau cypataa 6up neua 1,2, 3, 4,5, Kart-
Jamjap WaKkJIHAAa TacaBBYp KuJaii-
JHK. Tybra «&numran» gatiaam Xapa- X1;
Karcu3. TyGapar ysokaamran capu
CYIOKJIHK  Te3JIMKJapH KaTTaJjalliui ~_______.$:
(011 <v2<v3<v4<vs) XaBO Guyian-ye- J e o —
TapanaHrad kamiaMia Te3luK v,
Makcumaa 6yaan.

Katnamnap 6up-6upura TabCUP
Stapunap. Macanan, yunnym Karaam AN NS
HKKHHYH KaTiaM XapakaTHHH Tes-

JALITHPHINTA HHTHIAAH, aMMO V3H 8.7-pacm.

9Ca MKKHHYH KaTJaM TOMOHHJaH TOp-

MO3/TaHHIUHK Ce3aJH, TYPTHHYH KAaTIaM TOMOHHIAH 3Ca TC3JIaHTHPH-
Jlaln Ba X. K. Muku ulIkanaHum Kyuu ¥3apo TabCHPJAAHYBUH KaTJaM-
Jlap 1034 S ra NpomnopuUHOHaJ Ba YJapUHHT HHCOHH Te3/IHK/Iapu KaHda
KarTa Gy./ca, myHua XatTa Gyaanu. Katnamnapra axparum mapTiad
OY/IraHNHIH YYYH Te3JuKKa TEPNEHAUKYNAD HYHANIHIIAATH Y3YHJIHK
A,

* Mukm nmKazasum Mogaamuur MoJIeRynap Tabnatira GOFauk GyaraHu yUvH Oy
XOXHCAHMHT TYMYHTHPHJHWE [!I 6VauMua Gepuiran.'By epxa Muxu HIUKasanuiu ba-
Kar KOBymOK (ENHWIKOK) CYIOKAHKHHHT Xapakamu Mynoca0aru GuiaH Kapanau.
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gUpPJAHTHIa TYFPH KeJITaH TEe3JHKHHHI Y3rapHLINTa, S'bHH Te34UK 2pa-
JuenTu OeG atajyBunm (KHCKada grad v) KarTaauk dv/dxra Goraa-
jyBUH KYUHH KyHuaarnia uponanaum Kabys aTHATaAH:

d
Etmu=7]‘&%5- (89)

By Horoton reneaamacudup. by epda  — WYKH HIIKAaAaHHI KO3(-
PHUHCHTH €KH Ounamuxasud KOBYWOKAUK (EMHUIKOKJIHK) EKH OXLIHI-
4aCHra KOBYulogAuK (énuwikoxauk) ne6 aTajyB4H NpPOIOPHHOHAJJIHK
ko3P duuneHTH. KOBYIOKIHK CYIOKJIUKHHUHT (€KH TasHHAr) XOJaTHra
Ba MOJIEKYJISIP Xoccagapura GOFTUKIHD.

Kosywrokiukauar CH cucremacuparu yauos 6upaurn 1 Ila-c.
TesnuKk rpaiuentH 1 M/(c-M) 6Yyarau 1 m? wo31u KaTaamra | H nuks
HUIKAJaHHII Ky4YH TabCHD 3Tajuras cyoik/aHg 1 Ila.c KOBymIOKJIMKKa
sragup. CI'C cHcremacnia KOBYwOKauk nyasnapaa (I1) yauananu;
6y HOM oauMm Ilyaseiinp wapadura GepuiraH. KoBYIIOKJIHK GHPJIHK-
aapu opacupard myHocabar: I Ila-c=10T1.

§ 4. KOBYLIOK CYIOKJHKHHHT
TPYBAJIAPJIAH OKMIIH
NYA3EHJb ®OPMYJIACH

KOByWIOK CylOKAMKHHHT TpyGafapAaH OKHWH MefuHlHHA yayH
aMOXHAA KH3HKapJH, YYHKH KOH OKMII CHCTEMacH acocaH Xap XHil
"AHaMeTPJH NUJIHHIAPUK TOMHpJapAaH ubopar.

Hajfiua wuupa, yuunr ykugan
6upnaft ysokaukiaa G6yaraH, oKuO
TYPYBUH CYIOKJHK 3appauaJapu
CHMMETDHSI TYFPHCHAATH MYyJo0Xa-
3anapra Kypa OHp XHJ Te3JHKKa
Srafup. OHr KaTTa Te3JHKKa VK -
6yiinab xapakaTiaHyBuH 3appaua-
Jap sra Oynagd; Halyara 5SHT
AIKHH €TraH CYIOKJHK KaT/iaMu XapakaTjaanMaiinu. Haflua kecumuua
CYIOK/HK 3appavajaDH Te3JIHKJAAapPHHHHT TAXMHHHH TakcuMOoTH 8.8-
pacmpaa kypcartuaran.

N
N
A Y
7
.4

8.8-pacm.

8.9-pacm.

U=f(r) GOFMaHMUINH aHUKJAW YYyH OUPOp r PaAHYCaH Ba [ Y3YHJIHKAATH
CYOKAHKHHAT LHIHHADHK X2XMHHH XaénaH axpathG onaitank. (89-pacy, a). By
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UHNMHADHUHT KyHIananr Kecumaapuia P; sa P, Gocumnap cakniaHaguK, vaap g
THUINIHYE HATHKAJOBYH Kyy v
2
Fy=pmr’*—pyrr? = (P — py)wr? (8.10)
HH 103ara keaTHpanuiap. L{uauHADHEHr & cupTHra aTpoduarn CyokJauK KaTagy
TOMOHMIAH WYKM MIIKAAaHHII KY9d TabCHD srand, 6y xyu Hsioron TeHIMay g,
(8.9) 6yinua

d d
Fuuu( =17 T:) S=T‘—&,r12’itrl (8]])

ra teur; 6y epia S=2nr! uuanmap éu CHPTHHHHT j03d. CYIOKJAUK TeKHC Xapaka
KHITAWIHIH  yUYH aXpaTHAran WHIHHAPra TabCHP STYBUH Kyd4Jap MYBO3aHaTiay.
raH Gy".nanu:Fp = mes; 6y Tenraukka (8.10) Ba (8.11)-11 KkVinG,

d
(py = p)rt = — - 2xrl (8.12)
HRK OJIaMH3.

dvjdr<0 (r xarranamran Capy TesIuK KamaHuG Gopaiu) 6yaranaurd y4ym TeHria.
MaHHHI YHI TOMOHHAA «——» HILOpa 6Ynann. (8.12)-nan

dv — _p‘—;‘r.’?__ rdr ra sra 6jaamus:
K
By Tenrnamanu unrerpannaiimus:
v r
e PrPs (.
dv = b \rar, (8.13)
o R

6y eplia nacrtku Herapanap HafuaHHWHT HYKH CHPTHTA <ENHIITaH» KatnamMra Moc
6yauo, 10KopH uerapanap — ysrapyBuaHAHpJap. (8.13)-u1 eun6, CYIOKJHK KaT/aM-
Jlapy Te3aHrH OHAaH YNapHHHT Hallua ykuraya Gyaran Macodasapd opacuuary
napaGoJuK MyHOCA6aTHH YMKapamu3 (8.8-pacmaaru Tesnux BEKTODPJIAPH  Y4JapHHH
ainaHnb YTyBUM un3HKKa Kapasr).
. Pi—P2 2

V= —=5 (R2 7). (8.14)
Haiiva yku 6yiinua (r=0) oKyBuM KaTaaM 3HT KaTTa Te3NHKKa sra 6fnanu:

Um== (P — p)R*/4.

Topusontan Tpy6a opxanu BaKT GOHpJHMIHIa OKu6 wuxkan CYIOKJIHK  XaXMH

Q HuHr Kaugai dakTopaapra GOFNHK SKaHHHH aHHKJNAHIHK, BYHHHTr yuyn r paanyc-
i BA dr KaJMH/JMKNATH UHAHHAPHK KataaMm axparamus. By karaam KeCHMHHHHT
1034 (89-pacM, 6) dS=2=rdr. Karnmam monka 6yaranu YYYH yHH OHp XHA v Te3-
AUK GHIaH CHMMXMILM Ae6 Xucobaarm MYMKHH. BaxT Gupsuruga kataam

dQ=f0dS=7}-27r_rdr (8.15)

XaXMra TeHr GyiaraH CYIOKHHKHH Ky4Hpaiu
(8.14)-uu (8.15)-ra K¥iiu6,

dQ == pl;fﬁ_ (R2_..r2)rdr HH OJlaMHu3.
i

Bynnan 6ytyn kecum 6Yyitmua uHTerpanaa6

R
—p, 5 R4 -
Q== r.-p‘2——“‘pz (j) (R*~r*) rdr == = __ 5 ._..__pll P2 (8.16)

HH TONaMu3.
By mynocabar Tyaseias gopmyracu Homu Gunan MabayMIHD.

Matbaym Taigu liapoutaapia (p; Ba py) Haiua pamHycH KaH-
Ha/lHK Katra G6yaub, KOBYLIOKJAHTH KaHya KH4YHK GyJca, Bakr Gupau-
THpa TpyGa OpKasii myHYa Kyn CYIOKJIHK OKHIIH (8.16)-man kjpuuub
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TypHbaH. Q OHlaH pajuyc ypracHmarH Kywin GOFaHHIL dakart
XaXMHHHI y3rapHIIHraruHa sMac, GaJku TpyGa CHPTH KHHHTA KO-
JIaiTal KaTJIaMJIapHHHT HHCOHH KHcMHra XaM GOFJIHKIHD.

Ilyaseiine Qopmynacu (8.16) 6uaan Toxk ManGan 6yamaran samn-
KHP ydacTKacH yuyyH OM KOHYHH ypracHAard VXIMALJIHKHH KYpHO
uHKaHIHK. IToTenuuannap aiinpmacu TpyOa yunapumard GocumJsap
aupMacHra, TOK KyuH — BAaKT GMDPJAMCHAa TPy6a KeCHMHAAH YTyBUH
CYIORJIHK XaXKMHra, 3JIeKTPHK KapIIHIHK — 2UOPABAUK KAPULUAUK
X ra Moc Kelamu:

X=28n l[nR". (8.17)
KoBYIIOKJHK 1) Ba Tpy6a y3yHauru [ KaHua KaTtTa 6ynn6, KyHpajgaHr
KECHM I03M KaHya KHYHK G§/ica, THADABIMK KapUIMIMK WIYHYa KaTTa
6ysaan. DIEKTPHK Ba THAPABIHK KapUIHJIHK/IAp aHaJoruscuy 6amb3u
X0JMapia YTKa3THYJIaPHHHT KeTMa-KeT Ba napaJjjieib yJAaHHIIAapH-
Ad SJCKTPHK KAapUIHJIHKHH TONHII KOMAACHIAH KeTMa-KeT Ba mapad-

I
I
|
, —
5 ‘ ¢
8.10-pacm.

Melb yaauran tpybasapnari THAPaBJHK GOCHMHH TONHI yuyH ¢oii-
AaNlaHHUIITa HMKOH Gepaau.

[Tyasefinp Tenrnamacura ysrapysuan kecumanm TpyGasap YuyH
(@M TYFpH KeJaHTaH, yMyMHAPOK WAKJIHH Gepuur yuyH (pr—p2) /L un
SocuM rpaanents dp/di 6nnan aaMallTHPaMu3, HyHAa

_mwRY  dp
Q- B ar (8.18)

Kosyuwox cylokang oku6 rtypran TYDJIM KE€CHMJH FOPH3OHTAJ IlH-
IHHADHK TPYOAHHHT TYpJH KoillapHra MaHOMETPHK Tpybajap ypua-
‘amn3 (8.10-pacM, a). Yaap dp/dl=-const Oynranga ysrapyBuaH Ke-
‘HMJaH Tpy6a O6y#aa6 craTHK GOCUMHH [ra TMPONOPIMOHAJ paBHIIAA
‘amain6 GopumiMHM Kypcataimaap. Q GHp XM GYAraHAHrH  yuyH,
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(8.18)-ra GuHoaH, GOCHM TpPajMEHTH KHUYHK pafHyCJaH Tpy6anapia
KarTapox Oynann. Bocum OGunanm TpyGa Gyitnua macoda opacuaary
GorJIaHHIUHHHT Tpadury TaxMMHHH cypataa 8.10-pacm, 6 1a KypcaTh.-
raH.

§ 5. KOBYLIOK CYIOKJIMK HYUIA
KUCMJIIAP XAPAKATH. CTOKC .
KOHYHH AN

KOByWwOK/IHK GupruHa CYIOKJIHKHHHT uAMILAAp Gyiinua Xapakar-
JIAHHLIHAA 5Mac, XKHCMJIADHHHT CYIOK/IHK HYHJA XapaKaTJaHUILIADH-
Aa xaM pyi Gepanu. Tesnukjap yHua Karra OGysaMaran xoaaapia
Heioron ¢opmynachra GuuoaH XapakaT/MaHYBYH JKHCMTa Kypcartuia-
ANTaH KapIIMIHK KYYH CYIOKJIHKHUHT KOBYUIOKJMIHIA, XKHCM Xapa-
KaTHHHHT TE3JIUTHra Ba XKHCM KaTTa-KHUMKJHIHTA GOrauk Oyiand.
Kapmnink kyuu yuyn ymymuii GopMyJaHH K§pcaTHm MyMKuUH oy.-
MaraHiury y4yH XyCYCHH XOJHH KypuO 4MKHII OunaH uerapasiaHa-
MH3.

JKucMHHHT 3HT coana dopmacu chepannp. Chepnx Kucw (mrap-
Ya) YYYH YHHUHT CYIOKAMK/JH WAHM HYHAQ XapakKaTAaHKW BaKTHAATH
HIIKAJaHHII KywiapH OHJIaH I0KOpHMAa alTHITAH
¢akropaap ypracuaaru Gornanum CTOKC KOHYHH
Ounan udoranananu;

Fy[u“(: Nry, (8.19)

Oy epia r — mapya pafMyCH, U — XapakaT Tes-

JUrd. By KOHYH HAMII JeBOpJapu »KHCM Xapa-

KaTHra TabCHP KUAMaian Je6 dapa3 KHJAHHTAH

X0J4a OJNMHTaHIHP.

[Tapya KOBYIIOK CYIOK/JHK HYHra TyLITaHIa

(8.11-pacm) yHra yura Kyy TabCHp 3TaiM:

a) OFHPJIHK Ky4H mg =p —3—1:r3g;

2_ T 0) uTapub uMKapyBuM Ky4 (Apxumern Ky4H)
="\ F\—m g=0c- -g— zr¥g, 6y epaa m. — wap
8.11-pacm. CHKHO 4YHMKAapraH CyIOKJHKHHHT MaccacH, p. —

CYIOKJIHK 3HUJIHTH;
B) 8.19-bopmyna 6yinua XHCOGMAHYBYH KapLUHAHK Ky4H — Fg.
[lapua KOBYWIOK CYIOK/AMK Huura TYIITAHAA YHHHT TE3JHTH Ka-

MasinH. Kapluuiuk Kyuu TesnHKKa TYFpH NPONOPLMOHA 6yaranu

VIyH y XaM XapakaT TO TEKHC XapakaTra alJaHryHuua Kamaiu6

Gopasepanu. By xonma (8.11-pacmra KapaHr).

mg+¥Fa + Fuug =0 HE 83MHUMU3 MyMKHH,
€KH Kywlap TeHT GyaraH udonatapHu ypunaapura Kyiub ckansp
¢opmaga
. 4 4
78— 5 7% — 6ryru, =0 (8.20)

HH €3a 0JlaMH3,
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6y epaa vp— lIapua TeKHC XapakaTH (TYIUHIN) HHHT Te3JHTH. (8.20) -
naH

— o )r?
Vo= -g2)~ _(o—p)r2g

ra ara 6ynamus. ' (8.21)
(8.21)-bopmyna miapuaHuHr QaxKaT CYIOKIHKAA 3Mac, raz uuuAaru
xapaKaTuia XaM y3 KyunHH cakjafiin. YHAaH, XyMiaajaH, XaBoJaru
yaHT 3appayvyajJapHHHHT YYKHLI BaKTHHH XHcoOjampa ¢oiiasanui
MYMKUH. Bynu Kyfngarn Muconm Gunan Tywyatupamus. Huupa xap
XHWJ 4YaHr 3appauyajiapd cy3mb I0praH MYXHT — XaBO YYYH KOBYUIOK-
auk n=0,00017511. Varan kumunap JynKajgapuia TONHWATaH YaHT
3appadanapununr 80%ra skmEM 5 gan 0,2 MKM KaTTaJHKAA
6ynraHy MabayM. Arap uaHrdajap mapcHMOH, YaHT 3HWIHTH ep 3Hi-
aurara (p=2,5 r/cm®) Tenr me6 xucobiaaHca, y xoana, (8.20)-dopmy-
na 6yiinua Oy yaHryajgap 4YKHIl Te3JHTHHH XHCoOaal, YHHHT KHiMa-
1 0,2+0,0003 cM/c werapa Huuiga E€TraHHHH TONaMu3. Byuiai daHr-
HUHT XaBo OyTyHJa#l xapakarcu3 Ba DpoyH XapakaTH HyK GOyiran
wapoutaa Ganauaiuru 3 M Gyaran yH Huufa Tyaa 4YKMO TYLIHIIH
yuyH 12 cyTkara AKMH BAaKT Tajal 3THAaAH.

§ 6. CYIOKJIMK
KOBYHWIOKJAHIMHH AHHKJIAIL
YCYJIJTAPH. BHCKO3HMETPHSI.

KOBYIHOKJIHKHE Vauam MeTOAJapH TYMJIaMHra 8uUCKO3UMETPUA Jie-
finiagu, Wy Makcaanap YuyH HILIaTHAYBYH acbobaapra sca BHCKO3HU-
MeTpJiap AeHHJajgH.

DHT Kyn TapKaJjrad BHCKO3HMETDHS YCYJUIADHHH KYPHO 4YHKaMH3.

Kanunasip meroxn Ilyaseitip KoHy-
HHra acocjaHral 6yanb, 6y MeTox
6ocuM y3rapuiiun Tydaiaux OFUPJIHK .
KYUH TabCHPHAA MabJIyM Maccaaud 7™
CYIOKJIMKHHHT  KanuJJaap  opKaaud .
OKHO YTHII BaKTHHH yauampaaw u6o- 4 (j (7
pataup. Xap XuJa WAak/JAAard Kalwui-
Jsip  BHCKo3uMerpaap 8.12-pacmaa
Kypcatuaran (6y epaa: [ — ya4os
pesepeyapJapn, M; Ba My — cyiok- - 3
JHKHHHT Oy pesepByapsaapiAaH OKHO '

YHKHII BaKTHHHU yJa4all yYyH XH3MarT w
KHAyBYM Oearumaap, 2-— Kanuagaap-
Jgap, 8 — kabyJa KHJIHI WAHLLIApH).

Kanu/nsip BHCKO3UMETP KOH KO-
BYUIOKJHUTHHY §J9alll yYyH HILJIaTH- 8.12-pacm.
aaxu (XIV 606 § 4 ra gapaHr).

Kanuansip BHcKo3HMeTpJap OuJaH KOBYUIOKJAMKHH rasJjgapra Xoc
6yaran '10~° Tla.c KuiiMaTHgaH TO KOHCHCTEHTJM MOMJamuiapra Xxa-
pakrepan 6yaran 10* Tla-c KuitMaTHraya yadanauu. - :
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Tywysun (uyxysun) luapua Meroan CTOKe KOHyHHra acocaanray
BHACKO3HMeTpJapaa dholhnananuiaim. (8.21) -popmyananan

2 —0.)r2
N= 2" M HH TOomaMuas.
Uu

Mlyspait kuau6, Gy ¢popmynaHuHr YHT TOMOHHra KHDYBYH KaTTaJHK-
AapHy GHAray Ba WAapPYaHHHT TeKHC TYWIHUI TE3THTHHU Y14al, Gepua-
TaH CYIOKIHKHHHT KOBYUIOKJHIHHH TOTHII MYMKHH.

Xapakat/iaHnyBuu Wapuajs BHCKOSHMETPJIapPHHHT YJiyan yerapa-
cu 6-10~*+250 Ila-c un Tamkua srazm.

Porauuon BHCKOSHMETP/Iap XaM HWaTwiAagd. ByHpaii BHCKO3U-
METpJIAapia CYIOK/IHK HKKH yMyMHiH VKjau KHCMJI2D, MacaJjaH, LH-
JIHHJpJap OpacHAaru 3asopna (opanukaa) typaam. Hununapaap-
Aan Oupu (potop) afanan, HKKHHYHCH 5Ca THHY Typaiu. Kosymok-
JIMK THHY TyPraH UHJIHHADAA MyaiisiH Ky MOMEHTHHH XOCHJ KHJAYBUH
POTOPHHHr Oypyaruil Tesqury 6yiinua €kH poTOp AfVIAHHIIHHHHT
Gepuaran Gypuarmit Tesnuruga THHy Typra" UHJIHHIAPra T4bCHP 3TYB-
UH Kyd MOMEHTH OYfinua ymuaHanny.

Porannon BHCKO3UMETpJap €piamiuna CYIOKJIHKAAPHHHT | -+ 108
[Ta-c nurepBangaru KOBYUIOKJ/INTHHH, SI'bHH EFrJanl MOIJIADHHHHT 3pH-
THITaH CHIHKATJIap Ba MeTaJJIapHHHT, KaTTa KOBYIIOKJAH Jak Ba
C/IHMJIADHUHT, JIOHTYNpOK/IH KOpHIIManap Ba X. K.-TapHHHI KOBYLIOK-
JIITHHA aHHKJ/ainuiap.

\

§ 7. JAMHHAP BA TYPBYJIEHT
OKHUMIJIAP. PEHHOJILAC COHH

CyloKanKiHHT CTALHOHAD  XapaKaTH Karaamdop éxy Aamunap
OKHMJHD, Oy OKHM yuyH Bepuyaan ga [Tayseiap TeHI1aMaJapu
XaKKOHHHAHp. Kosywox CYIOKJIHKHHHT OKHII Te3JdHIHHH OPTTHPIiL
Tpy6a KYHmanaaHr KecHmu 6yina6 GOCHMHHHP OHp TekucAa 6yama-
TaHJHIH TyQaian ruprobianum XOCHJI KHaJH Ba Xapakat yropsaiu
€KH TYpbyirent xapaxarra ainanamn. TypGysent OKHMJa 3appauya-
J1ap TE3JIHTH Xap GHp Xo#aa ysaykcu3 Ba X40THK y3rapu6é Typanay,
X2paKaT HOCTAauHOHAp GyiamH. ‘

Tpy6a 6yiinua CYIOK/IHK OKHUIMHHHT XapaKTepy CYIOKJIMK Xocca-
JI4pATa, OKHII Te3JHPHra, Tpyba yiuamaapura Gormnk 6ynann Ba
Petinonrvdc conu Gunan aMHKIaHanH. Jlnametrpn D 6yaran Tpyba
yuyH Pefinoanac conn Kyinnarn GopMyna 6uian HponanaHanu:

Re=p.vD/y. (8.22)

Gy epaa p, — CVIOKJIHK 3HYJIHIH,

Arap Peitnonbac  comn GHPOp  KPHTHK MHKIOpNaH  KaTTa
(Re>Re,,) 6yuca, CYIOKJHK XapakaTu TypGyJent Gyaann. Macanay,
TEKHC UHIMHADHK Tpy6Ganap yuyn Re ., =~2300.

Peitnonsac coun CYIOK/IHK KOBYIIOKJIHTHIA Ba 3HYJHCHCA OOFIHK
6Ynrann yuyn xumemarux KOBYWIOK/IHK 1e6 aTalyBuUH yNapHUHT HHC-
GaTHHH KMPHTHW Kyna#aup: v=n/p . By TYyWyH4anau ¢oigaaanns,
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rpy6a YuyH 6yaran PelHONBAC COHUHH KYyMHAArH 1akafa Hpopana
MyMKHH:
Re=uvD/v. (8.23)

CH cucTeMacHa KHHEMATHK KOBYIUOKJHKHHHT ¥140B OUPJHIH
| M%/c, CTC cucreMachia — CTOKC (Ct) Oyaamu; yJjap YypracHuard
,,,yﬂoca'éaT: 1 Cr=10-* m?/c. ‘

MuKH HIIKAJaHHIIHE CYIOKJHK €KH FasHHHI OKHII XapaKTepura
rabCHPHHH JIHHAMHK KOBYIIOKJHKAaH Kypa KHHEMaTHK KOBYLIOKJHK
T§apOK XHCOOTa OJNaIH. Macanan, cysHuar KoBymoxjurn 0°C paru
xaBOHUKHIaH TaxMuHaH 100 MapTa OpPTHK, aMMO CYBHMHT KHHEMAaTHK
KOBYUIOKJIHIH XaBOHHKHIAH 10 Mapra KaM Ba UIYHWHT yYyH KOBYIIOK-
JHK XaBOHHHI OKHII XapaKTepura CyBHHKHA2H Kypa KYy4/JHPOK Tab-
cHp STauM.

CYIOKJHKHHHT €KH Ta3HHHI OKHII XapakTepu Tpyb6a yauamiapura
KufAni Gornukiauru (8.23)-xan Mabaym. Kenr TpyGajapia XaTro
yiac6aTaH KHUHK Te3JHKJapAa XaM TypOyJeHT xapakar naidpo Oyiu-
WH MYMKHH. Macanai, auaMeTpu 2 MM Gyiran Haiyaja CyBHHHT
okum Teanurd 127 cmfc Gyaranaa xapakat TypOyseHrra aHnanca,
anaMeTpH 2 e 6yaram Tpybana 3ca — Te3nHwK 12 cm/cra TeHrjaul-
raHfa xapakaT TypOysent Gynamu. Konnuur okuwx 6y TpyGaja Tes-,
auk 50 cM/c 6ynragaa typGyjeHT Gynap 3/1H, JEKHH aMajja AHaMeT-
pu 2 cM GyaraH KOH TOMHpJapuia TypPOYJNeHT OKHII XaTTO KaMpOK
Te3JIHKJapAa XaM BYXKyAra KeJdaJH.

Hopma Gyiinya aprepusnapia KOH JaMuHap GY/aHO OKajiH, 03rHHA
Typ6yJeHTANK KJamaHJdap sKHHHAA mnaino 6yaaau. I[laronorus Bakr-
JAapuja KOBYUIOKJIHK HOpMajaH Kam OyiaraHaa PeilHOJIbAC COHH KpH-
THK KHiiMaT[aH owHu6 KeTHUIH MYMKHH Ba XapakaT TypGyJeHT 6JJHO
Kosaanu.

TypOysieHT OKHM CYIOK/IHMK OKHMIIM BaKTHAa KyIIMMYa 3HepPrus
capd KUJHHHWIHK 6unaH GoraHK; Oy CYIOKIMK KOH O0yJjca, IOpakHH
KyluuMya M Gaxapuuinra on#6 Keaaad. KOHHHHT TypOyJeHT OKH-
wHAa naino GyManurad WOBKHHAAH KacaJJIMK/apra AMar{os KyiHul
yuyH (oififanaHuml MyMKHH. DBy IIOBKHHHH KoH GOCHMHHH yuvaul
BAKTHAA €J1Ka apTePHACHAA THHIIA0 TeKIIHPHO KYpHJIAIH.

Hopma 6Yitnua GypyH GyUIIHFHAArH XaBo OKHMH JaMuHap 6yaa-
AH. JIeKHH SJUIMFAaHHII €KH HOpMalau 6olika OHpPOp OFHMJAAD [03
Gepran BakT/Mapdga OKUM TypOyJeHT O6§aH6 KOMHIIH MYMKHH, Oy aca
Hadac MYCKyJJIapHHH KyIIHMYa Ml 6axKapHlira onub KeaajH.

PeflnoubAc COHH YXWamaHk Kpurepuiicuaup. Inapo-sa asponH-
HaMHK CHCTEMAaJIapHH, XyCycaH KOH IODHTHII CHCTEMACHHH, MOAeJJjJall
BaKTHJAA MOAEJb XaM acj HYCXaHHHT PefiHoJblc cOHH OGHaH 6Hp XHJ
6ysumu Kepak, akCc X0Jja yJap OpacHfa MOCAHK OyaMali KoJajH.
By cylokang ékH ras uyHaa XapakaTJaHHLIl BaKTHAA XHCMJADHHHT
afnanub OKHIIMHHM MOJeJJaira XxaM TerHuuHaHp. Aca Hycxara Huc-
06atan MOje/b YI4aMJapHHHHT KaMaWMIUH OKHII TE3JIHTHHHHT KaTTra-
JaHHmH OUMaH €KH MOIENNH CYIOKJIHK €KH ra3 KHHeMaTHK KOBYUIOKJU-
THHHHT KaMaiHIUM GHJaH KOMMNeHcaumHsiiaHajurad GOYyJHIUMHHHT Ke-
pakaurd (8.23)-gaH MabayM.
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§ 8 TEMOOMHAMHKAHHHT
BAB3HU ®U3HKABHH
MACAJIAJIAPH

BuoMexanuxauuur TOMHDJAp CHCTEMacHKa KOH XapaKaTHHH Teg.
IHPYBYH OYAHMHra eemodunamura Aeitnnasu. TeMopuHaMHKaHHuT
(U3HKaBUE acocu THApPOAHHAMHUKALHD. 'maposHHaMHUKAHHHT acocuiji

By naparpad TOMHpJap CcHCTeMacH 6yiiua KOH XapaKaTHHH TYLIyH-
THpHIIZA axaMusATra sra 6YJran 6Gabau XyCycHi wMacasagiapra 6a-
FMIJIaHTaH.

L. Sracrux desopiu Halwarapda cywokauk  sq KOH  xapakary,
Cyokauk ysaykeus OKKaH/a Haiya sicaJraH MaTepHaJHHHL 3JaCTHK-
JIHK* JlapakacH axaMusiTra ara smac, Macanan, kynnananr KecHMJaapy
Oup-GupHura TeHr Gyaran mwuma A sa pesuna b Hafivanapran (8.13-
pacM, a) CYIOKJIHKHHHT 6up
XHJla CTauuoHap G6yau6 oxu-
UIHHH Ky3aTHW MyMKuH. OKu6
UHKYBYH 1HAJIOJIa Y3JYKCH3 Ba
6uprex kypuHaau. Arap HaBpui
TabCHDp KHJHO TYpyBUYH Hacoc H
(8.13-pac™, 6) épramu 6uaan
a  Haf¥ajnap opKalu myJbCIanu6

Typrau okum 1oGopuica, y xoJ-
Ad CYWOKJHKHHHT Haifiyaslappan
OKHO YHKHII ~XapaKTepu xap
Xuan 6ynagu: wuma A Hajiya-
=————r——soo—p  AaH Y3JYKCH3, pe3HHa B Hafjua-
™ naH CTALHOHAD OKHM 4YMKajH.
By xoann Kyiiugargwa Ty-
5 WYHATHPHII  MYMKHH, Bocum
KaTTaJamranja 3JacTHK Hafiga
. KEHTasili, CYIOKTHKHHAL KHHe-
THK SHEPTHACH KHCMaH JeBopaap aedopMamusic MEHHT HOTeHUHA"
SHEprusicura  ainianaan. Hacoc naBpmit mmia6 TYPTaHH YUYH YHHHF
HIIANIA TyXTaraH ma#Taapna TeCKapH 3SHEPreTHK Y3rapumiap pyi
GepajaM, 3/1acTHK Haiiua KHCHJaJH, Gy 3Ca CYIOKJAHKHHUHT JIO3HM:fiVHa-
JIMLINA OKMUINTAa HMKOH Gepaid. DJACTHK Hafiya KHCHJITaHAA Hacoc
KJIalaHu CYIOKJIHMKKa TecKapu HyHaaHmga OKHIIra HMKOH GepMmaliinu.
Haluana xocun 6y.aran nedopmauus 8.14-pacmaa. CXeMaTHK Kypca-
THATaH NMyJbCaHMA TYJKHH HIaKJHAA Tapkakaid. Hafua snactakan-
TH HacoCAaH XOCHA 6YayBun Gocum HYJbCJaHHHINHY TeKHCaAadinm, Ha-
€0C XOCHJI KHATaH 6OCHM (@) HuHT Y3H Ba 3JacTHK Hal4ajary ‘Kypu-
HHWK, (6) maptau cypartaa 8.15-pacmaa kypcatwiran. - e had

Aprepusiap ACBODH 3JIACTHKIHD, HIYHHHT YUyH 'OyHAal TOMHp-

71aplla KOH XapakaTH CYIOKJIHKHHHT 5/4CTHK Haliuama ogumura: Moc:

8,13-pacM.

o ALY S ST T ‘

¥ dnacrukimk Aerauna #ucGatan Xarra 6y.iMaran KYyU1ap TanCupi HaTHXKAacHIa
MaTepHaTHHHT &Ku HapcaiapHHuT OHpMYHua KaTTa KafiTyByan an‘a'c?*ﬂk Aepopmanys-
Jlapra ynAjRam (Cesuil) KOGHIUATHHY TYWIyHagHIap. SIREEEET S
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kedaan. IOpak MycKylnu KHCKapranja (CHcCTO/a) KOH IOpPaK1aH aop-
Tara Ba YHIAaH TapMOKJaHYBUH apTepHsaJapra YukapuO 1060pHJIajH.
Jlepopsiap 3JacTHK OY/AraHd yuyyH HHPHK aprepHssap CHCTO/a BaKTH-
na nmepudepuara OKHG KeTraH KOHAAH Kypa KyNpok KOHHH Kabya Ku-
gaan. OfaM CHCTONHK GOCHMHHHHT HOpMacH TaxMHHaH 120 MM CHM. yCT.
ra Teur*. IOpakuuur 6§aumiran BakTHAa (AMacrojia) KeHrairas
apTepHsJap TOPasAMJap Ba yJaapra Iopak TOMOHHAAH Oepuiran
MOTEHIHAJ] 3HepPrHs KOH OKHMHHHHI KHHETHK 3HEprHsiCHra ajaHalu,
wy Gunal GHpra TaxMuHaH 80 MM. CHM. yCT. Ta TEHT AHAcTONHK Go-
cuM pyil Gepub cakmaHaiu. ApTepuUsAJAPHHHT 3JACTHK XOCCaaapH
IODAKHUHT Y3/JyKCH3 KOH OKHMHra GepajiuraH GOCHMHHHT J1aBpHH Te6-
paHUINJIADHHH TEKHCJAllra Ba KOH IOPTH3HWIra KeTajnras 3IHeprus-
HUHT KYTpOK Texannb cappaanumura HMKoH Oepaau. CHCTOJIaHH
JaBOM STHII BaKTH JHACTOJAaHHHI NABOM 3THIU BaKTHAAH TaxMHHaH
HKKH MapTa KaM, Oy 3ca I0paK MYCKYyJIHra BaKTHHHI y4JlaH HKKHCH-
ra TeHT JaBpia AaM OJHIIra HMKOH Gepamn Aprepusiiapia mnyJanC
TYMKMHHHAHT TapKaJHIl Te3IMrH TaxmuHaH 6—8 M/cra TeHr.

7

277
77, o -

8.14-pacm. . 8.15-pacm.

S
S

2N

IOpak — 1opak  KJnanaHu — aopra  (aprepHsinap) — nepugepux
TOMHpJapAaH H60paT CHCTEMa HUIMHH AHIVIAMOK YUYYyH (8.16-pacwm)
JlaTH JEeKTPHK MOJEAHH Ky3jaH Keunmpuw doiinanuaup. by epra
I0PaK aHasJoru GYJIMHII CHHYCOHAaJ OY/Marad 3JeKTPp KyuJaHHIIHHA
6epysun Man6a U Tyrpuaariy B — jopak knananu posnupaaup. Kos-
neHcarop C sApHM HaBp HUMAA 3apsii Tymaaiind, cyurpa pesucrop Rra
paspsilJlaHajid, WYHAaH Kuinb, pe3ucTop OpKasnH OKYBYH TOK TEKHC-
naHann. KOHAEHCATOPHUHI HIUM, KOH GOCHMHHHHT TeGpaHHUIIapHHH
TEKHCJIOBYH, 3JaCTHK aopTa (apTepus) HUHT TabCHPHUTa yxuraul-
aup. Pesucrop mepudepHK TOMMpJIAD CHCTEMACHHIHT JICKTPHK aHa-
JOTHACHIHD. . : . '

2. Kon Tomupiap cucTemacu TAPMOKAQH2QH Raiuairap cugaruoa.
KoH ToMHpaap cHcTeMacn (QHSHKaBHH HYKTaH HasapiaH xap Xl

* Maskyp mraparpaduunr. 6y Ba KeqrycH eprapuia armocpepa GocuMuIaK’ OPTAR-
POK GOCHM K{pCaTHJEaH. - R R ‘
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palnycra Ba y3yH/HKKa 3ra Gy/raH KeTMa-KeT Ba NapaJJen yJaH-
Tal Haif4anaap TynaaMmuxup. Maskyp TapMOKJAHUIJIAP CXeMaTHK
paBumna 8.17-pacvaa KypcaTmaraH: aopTa (I—2), aprepusnap
(2—3), aprepuoaanap (3—4), xanuaaspaap (4—5), BeHyJaJjap
(5—6) Ba Benamap (6—7).

Aiipum Haitya 6yi1a6 GOCUMHHET macafiHiuy Ap=pi—pe uu (8.17)-
xucobra oarar xosama [lyaseiip TeHrmamach (8.16) -épnamuna

pr—p2=QX*

KYDHHHIIHAA €3aMH3, ABHH GeJrHaanran MabjayM XaXMIard cyiok-
JIMKHHHT OKHIUM BaKTHAAa Ap THAPAB/IMK KapUIHJIHK X ra GOFIHKAND.

<
[

8.16-pacm. 8.17-pacm.

Ko: ToMupiap cucremachza KoH okumu 6yitiya GOCHMHHHT maca-
HHIIY TapMOKJAPHUHT THAPABJIHK KapWwHIHrura G60FNHK GYyaaad; ma3s-
KYP KapIIHMJIHK KeTMa-KeT Ba NapaJulesl yJaHHIUAAD YuyH

‘ , 1 1 —1
X=X--X,4- .. X=\-)T1 -} x; -+ )
¢dopmynanap 6yiuya Tonuaamm. )

ApTtepusiiapuusr apTepHoianapra, apTepHOJIaNapHUHT KaIHJAASD-
Jlapra axpajrad capi KOH OKHMHHHHT TyJia KYHAANaHT KeCHMH KaTTa-
JialaniH, JEeKHH TOMHpJap paaHycH KaMailHO KeTraHJIHLH yuyH apTe-
PHOJIA Ba KaNHJIJIADJIADHHHT THAPABJHK KAPUIMIHTH XaJH eTapJHya
I0KCaK OyJajH, IYHHAT yyyH GOCHM NacaiHIIHAHHHD TaxmHHaH 70%
MHKIOpH aHa Wy TOMHpJapra TYFPH KeJand.

8. 18-pacMaa KOH TOMHpJIAp CHCTEMacCHHHHT TYPJAH KHCMJAapHaaryg
(KOHHHHT OFHPMHK GOCHMHU Hasapra oJHHMaran xovaa) ypraua GocHM
(arpu uH3HK p) Ba KoH OKHMH Te3JINTHHHHI (3rPH YH3HK U) rpaduk-
JIapH KypcaTHJATraH.

CornoM onamMHUHT PH3HONOTHK MEXaHU3MJIapH KOHHHHT GYyTyH op-
TaHH3M GyHHYA TeKHC TAaKCHMJAHHIUHra HMKOH Gepanu. Jlekun naro-
~10THK X0JJiaplla OFHPJHK GOCHMH OBK BeHalapHaa KOH TynaaHu6

* KOHHHHI' KOBYIIOKAHTH GoCHMTra GOFIMK Ba WmyHra Kypa, acaHHK afTrausa.
KoHra uuc6aran Hbloton Ba Ilyaseitnp Tenrnamanapw T¥eps KeaMahgu. Bynnait nenp-
IOTOHBH CYIOKJIHKJIaDHUHT Monekynsp Ttabuatn Il GYauMza kypH6 wnkananu.
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Kosuuiura cababun OVIHIUH MYMKHH

. Hlynunr yuyH o€kJIapaaH KOH

OKHO UYMKHII BaKTJapuaa yJapHd MYMKHH KaJap IOKOpHra KyTapHi-

rad xoJsjaa xKo#jgau 3apyp.

YTa I0OKNaHHII BaKTJapHAa Oprank3Mia KOH TaKCHMOTHHHHT y3ra-
pHIIM OPraHNapHUHT QYHKUHSAApUra >KUAAMA TabCHP ISTHIIH MyM-

Brart UM YEN.

ML
A,

L

ok ¥
60
- — -2
40 I \Y
! ) \\></
10

ey apme- |Apme- \Harun- Bena-
PURAOP Lo\ IRONEA 3P j

700
Aoban e KODOKKA KUDUUS WOTY:

8.18-pacm.

KMH, IIYHHHT yuyyH OyHAad Lia-
pouTaapAa ojaM  TaHaCHHAR
HHEpUHs] Kydy/JlapH HYHaJKIINTa
Huc6aTaH MabJAyM paBHHIAA
JKOHJAIIHUHT aXaMHATH KaTTa-
JUp.

3. IOpaxnune mexanuxasutl
uwu sa kyssaru. IOpakumar
fGa)xkaprau HIIH OOCHM KywiIa-
PHHH EHCHIUra Ba KOHTa KHHe-
THK 3Heprust Gepuwra capd
studaau. Yan  KOpHHUAHUHT
6up Kappa Kuckapuuia 6axap-
rai HHHE XHCO6sna6 yHKaM-
JauK. Konuuur 3ap6 xaxMu Vz HH
unauHAp maxanga (8.19-pacu)
TacBUpJaHaHK. DBy  XaXMHH
opaKk S KecUMJH aopTa 6yinia
p 6ocumaa [ macodara HTapub

cHKHO unkapaau Ae6 XucoGnaml MyMKHH. By BakTAa 6axapuianu-

rafd uul

A1=Fl=pSl=pV3.
Konnunr 6y XaMMHra KHHETHK 3Heprust Oepuuwr YuyH capp-

JAAaHTaH HlI

As=muv?[2=pV 0?2,

0y epaa p— KOHHHHI' 3HWJIHTH, U —

KOHHHHI aopTajard TE3JHIH.

[llynaail KHin6, OpaK uan KOPHHYACHHHHI KHCKapuuml BakTHAa Oa-

}Kapran HIIH

A, =A+Ay=pV +pV,0Y2.
ra Teur.

¥YHr KOpHHUAHHHT HUIH 4Yal Ko-
puHua Gaxkapaaura uluHHHT 0,2 KHC-
MHra TeHr ge0 KalyJs 3THJICaHH YYyH
IOpaKHUHT GHp Kappa KHCKapHIIHAA
Qaxapnnajaural yMyMHH HII

A=A, +02A, =12(pVs +

+pV3 v%2) ra reur. (8.24)
(8.24)-popmynta xaM THHUNHKAA,

8.19-pacm.

XaM akTHB XoviaTaa Oyuraf op-

raHH3M YuyH Moc KeaaiH. OpraHH3MHHHT Gy XOJ1aT/IapH KOH OKHMH-

HUHT Te3JHrH GuiaH GapKaaHaaH.
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p=100 MM cum. ycr.=1,310t TIla, V, =60 wMma=6-10-5 M3,
p=1,05-10% kr/m3, v=0,5 m/c KuiimaTaapuu (8.24)-popmynara Kyiué,
THHY X0/1aTAd IODAKHHHI GHpP MapTa KHCKAapHIIHAA 0akapraH HILHHH
Tonamus: A;~1 JIx. IOpakun xap cekyHmga ypra xucob 6unaH OHp
Mapra KHCKapaaH ae6 xuco6.ial, I0paKHHHI Oup CyTKajia 6axapran
HIIHHY TONaMH3 Ay =~ 86400 k. Myckynnap aktus 6yaran daoanst
BaKTHla IODaKHHUHT HIIM GHp Heua Mapra OPTULIH MYMKHH.

CucronanuHr TaxmuHan £~0,3 ¢ 1aBOM 3THIIH xucobra oJMHCA,
IODAKHHHT GHP MapTa KHCKapHWIHAArH {praua KYBBATHHH TOTHII
MyMxHH: W=A,/t=33 Br.

4. Kon bocumunu jrsauinune KAURUKABUE MeTOOUHUNZ pusura-
sull acocaapu. Kon Gocumu Ka6u dusHKapuii napaMeTp Kyn Kacad-
JIMRJIp AHAarHOCTHKACHIa KaTTa poab Yiiaiauw. Bupopra aprepns-
AaTk CHCTOJHK Ba JUACTOMMK GOCHMJIAp MOHOMETP OHJaK yJaHra
HrHa €pramuja GeBOCHTa VJIuYaHHIIH MyMKHH. DBHpOK Merluuunaza

V.4 &
£
7 7
A
7 A
2 5
- 8.20-pacm. 8.21-pac1~g. 8.22-pacwm.

H. C. Koporkos ToMouHzaH TaKNHQ STHATaH KOHCH3 MeTOJ KEHT
Kyanaunaagd. Enka aprepuscupar# KoH 60CHMHEE Vauam Mmuconupa
6y MeTOXHHHT (QH3HKaBHI acoc/iapuHH Kypu6 unkamua. KyaHuur enka
6unan THpcak opacH atpodura xaBo GuJAaH TYJAUPHII MYMKHH GY.-
ran Manxera ypanaiu. Mauxera M, xya P, eaxa cysaru I1 Ba eaxa
apTepHscH A HHHT KyHJaJaHr Kecumiapu 8.20, g — 8.22-pacwm, a napaa
Kypcatunrad. Manxerara msanr B OpKa/n XaBo 0epub Ky.1 cukuia-
AH, CYHIPa XYAAH Wy MIAHT OPKAJNH XaBO acTa-CEKHH MaHKeTanaH
YHKapu6 loGopunaau, MaHomerp B éplaMu OuJaH MaHXKeTaiaru XaBo
Gocumu yavananu. Xynau Uy pacMJIapHHHT O KYDUHMUINAA eJaKa
APTEPUACHHUHT Xap GHp XoJaTura Moc Gyitmama KeCHMJIapH Kypca-
THIraH. ABBaJ atMocdepa Gocumuman OpTHKYa O6y/raH MaHXKeTana-
TH XaBO GocuMH Roara tenr (8.20-pacmra Kapanr), MaHxera KYJHH
Ba aprepusanu cukMmaiinn. Mamxkerara xaBo Gepuaran capH jejka ap-
TCPHSICH CHKWJAAH Ba KOH OKHMH TyXTal Komanan (8.21-pacura Ka-
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paur). Arap MmyckyJaiap GymamTupuiras 6ymca, y xonia 3JacTHK
JAeBODJIH MaiKeTa MYMIArH XAaBOHMHT OOCHMH TaXMHHAH MaHXETa
6ujaH TYKHAIUMG TypraH OMINOK TYKHMaJapHHHD Gocumura TeHr 6y-
natu. DOCHMHEN KOHCH3 METOAAA YJIYalIHHHT acOCHH GbH3HKaBHH HAEs-
cH myHxaH ubéopar.

8,23-pacm.

XaBoHu 4MKapa TypHO, MaHxeraiara Bay
6uaaH TYKHAWHKG TypraH IOMINOK TYKAMasaap-
nard 6ocuM KamaiTupuiaanu. bocuMm CHCTO-
UK 6ocHMra TeHrJaawux® KoJdrauia KOH CH-
KWAraH apTepust opKaiu YTHO KeTHII KOOH-
austTHAa 6§yaanu — TypOyJIEHT OKHM BYXyAra
keaann (8.22-pacmra Kapaur). ®OHeHLOCKOIN-
HH apTepusi YCTHAA MaHKerajaH 4ETPOKKA
("bHH 10PaKLAH Y30K IKoiira) Kyinb, Bpay
wy TypOyseHT mpouecc GuiaH GHpra 6ynaer-
raH XapaKTepJH TOH Ba UIOBKHHJADHH* THHI-
1a6 smuTaxd. Mamxkeraxarn GOCHMHHM KaMai-
tHpa GOpPHO, KOHHHHT JAMHHAp OKHIUHHM THX-
JAam MyMKHH, OyHW THHrJIa0 3MKUTHAAETTAd
TOHJIADHHHT GUPJAHATA Ky4yCH3JaHHO KETHILIH-
AaH GHJAMII MYMKHH. Aprepusfa JaMHHAp
OKHMHHHT THKJAHHIIMIa MOC MaHXeTaJarx
GOCHMHM IHACTOMHK GocuM cudartuia Kabyn 8.24-pacm.
KHJIaauap.

AprepHan 6ocHMHH yayam yuyH 8.23-pacMia KypcaTH/Iran ac606-
Jap HHIUIATHAQRH: @ — CHMOOJHM  MaHOMETPIH COHIMOMAHOMETD;

* * By ropyuiapuu I'. M. Kocuuxmit TymynTnpué Gepad.
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6 — MeTaaa MeMOpaHaJHK MaHOMETDPJIN  COHUIMOTOHOMETP; Oy epnaa:
M — manxera, I — xaBo Gepum YUyH HOKCHMOH pe3una, P — maHo-
MeTp.

5. Cynwsuii xon atiauTUpuw annapary, IOpakna onmepamus oau6
O0pH.IraHia KOH alJaHUIUHHE CYHbHH paBHIila Maxcyc anmapar
(8.24-pacm) éppamuma TabMHHMaHadH. By anmapar acaga CyHBHH
lopak Guaad (Hacoc CHCTEMaCH) CyHDHil ynxanap (oKcHreHaTop —
KOHHHHT KHCJIODOATa TYHHHHIIHHH TabMHHAOBYH cucrema) OGupaainy-
BHAaH ubopaTaup.
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YUHUHUHM BYJIHUM

MOJIEKYJISP dU3UKA
BA TEPMOJIHUHAMUKKA

By 6yinM MoALaHHHT MOJIeKyJnaBHil Ty3HJHUIH Ba MOJIEKyJajaap-
HHHT TapTHOCH3 XapakatTH OuaaH GOFAMK OyiraH XomXHcastapHu ypra-
Humra Oarnuwiadrad. ®usukana 6y XomucajJapHH 6aéH sTHILLa GHp-
Oupugan NPHHUMOHAA (apK/IaHYBYH HKKH ACOCHH: MOaeKyrasuii-
KUHeTUK (CTATUCTUK) Ba Tepmodunamuxasuii meTodrapdan dohnana-
HaJaHJap.

MoJiekynaBuii-KHHETHK  MeTOA XaMMa  MojXajap TapTHOCH3
XapakataaHub TypraH MoJiekyJajgapiaaH HOOpaT jAeraH TacaBBYpra
acocjaHranpup. MoJsekynanap COHH XyAa Kynm OyaraHiauru yuyH,
CTATHCTHKA KOHYHJADHHM Kyajgal, OyTyH Mojmara wMaHcy6 Myaiiad
KOHYHHAT/NIADHH TONHII MYMKHH. TepMoAHHaMHKaBHH ycyna* TepMoOaH-
HaMUKa KOHyHJapH HOMHHH OJITaH acoCHil TaxKpubGaBHi KOHyHJapra
acocnanaau. XoAucanap 6y Meron OujaH TeKUIHPHJTaHAa MONLaHHHT
HYKH TYSHJHIUH 3bTHOOpPra oNuHMain.

IXBOB

U EAJI TA3.
MOJIEKYJIABUA-KHHETHK
HA3APHS

Hdean ea3 neranna §3apo TabCHpJaHMaHIUraH Ba Y30KAAH HAMI
AeBopJapu OunaH MyHocabarma 6jnmaraH MOAAHHA HyKTanap aeb Ka-
Oy/1 KHJIMHHIIM MYMKHH 6yaran sappayajap (MoJekyJalap, aTomaap,
3JIEKTPOHJAp Ba W. y.) TynaaMuuH TywyHanuaap. Vaean ras sappa-
yanapd 6up-GHpPH Ba HAMII JHeBOPJApH OuiaH GeBOCHTAa TYKHALIraH
(ypunumiral) BaKTJapiarHHa y¥3apo TabCHPJAAHHII KOGHJHATHra 5ra
6yaanu.

By 606pa xypu6 uMkunagurai ugeas ras MoJekyJasapiaH Talul-
KHJI TONTaH.

§ 1. XOJIAT TEHI'JIAMACH

CucreMma xouaaTH Xosar napamerpiapu fe6 aTadyBuH Katop (H3H-
KaBHi KaTTajHK/Jap Ounan xapakrepiaHagu. CucTema Napaverpaapi
MyaHssH MyHocaGaTiap — XoJaT TeHIJaMaJapd OpKaJjH GOFaaHaH.

* TepmopmnaMHKaBHE yCy/ XOAMCAaJAapHH Ypramnmaa HeoTOHHHHT TaxpHbaBuil
KOHYHJIApHra CYsSIHraH KJIaCCHK MeXaHMKaJdarujex HyinaH Gopain.
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Onnuit encremanap yuyn 6ocum p, xaxu V Ba teMneparypa T na-
paMeTpaap xucoGnaHamu. XoJaT TeHNIaMacH GyHpail cHCTeMaJlap
YUYH YMYMHH WaKAAa KYHHAArdua é3uIULIK MYMKHH:

f(p,V,T)=0.

By TenrjaMaHu HCTaJraH mapaMeTpra HHCGATAH eUHIN MyMKHH.
Bup moab uieas rasHuHr xos1aT TeHIJIaMacH

pVa=RT (9.1)

Kypunnwra sra; 6y epaa V., — rassuur MOJIID XaXMH (MOJb XaX-
mHu), R=8,31 Ix/(moan-K) — ras MOJISID AOUMUHIUTH €xku m/M Moab

yayH
pV=(m/M)RT, (9.2)

Oy epaa V Ba m — rasHuHr XaXXMH Ba MaccacH; M — Mmonsip macca
(6up Mosnnumr Maccacu). (9.2)-Tenraama Mendenees — Kaanedipon
Tenzaamacu AefHNanN.

l'as MaccacuuuHr XaxMHra HHC6aTaH 3HWIHK pra TEHT KaHIHTH-
'HH Xucobra oau6, (9.2)-nan

p=(o/M) RT (9.3)

ra sra 6ynamus.

Fas xonaru TenrnaMacuuan rasga pyii GepyBud TerdiuIM, Maca-
JlaH, H30X0p, H3006ap Ba H30TEPMHK KaOH H30MPOLECCHap TEHr/aMa-
JIaDHHH YHKADHII OCOH.

Cucrema p, V, T napaan Tamkapu siua Gomxa, YHHHT 3JIeKTpaBHi,
MarHHTaBui, CHPTHH, SNaCTHKIHK Ba GOLIKA XOCCANADUHH XapaKTep-
JIOBYM MapaMerpJ/ap €pAaMHAa XaM GaéH THIUMIM MYMKHH,

§ 2. TA3JIAP
MOJIEKYNABUN-KHHETHUK
HASAPHAAICHHHUHT ACOCHH
TEHTJIAMACH BA YHHHTI
HATH)XAJIAPH

XoJaT TeHrJaMasJlapHra KHPYBYH HapaMerpiap MoJeKyJaaBHi-
KHHETHK TacaBBYpJap HyKTaH Ha3apH KHXaTHIAH YpTadajaHraH
KaTranukaapaup. JKymaanan, ras xocua KHAraH GocHM afipum Mone-
KyJajap TOMOHHAAH MU JeBOPJapHra GepHiaraH 3apOaapHHHT ypTa-
dajlaHran HaTHXACHLHD; TeMIepaTypa MoJeKyJajap TapTHOCH3 Xapa-
KaTHHUHT HaMOEH GY/IMUIA Ba yJMapiard HJIrapHiaHMa XapaKaTHHHT
ypTaua KHHETHK 3HEDPrusicH OH/IaH aHMKJIaHALH Ba X. K.

a3 napaMerpsapuuunr (MakpoxapakTepHCTHKAJapUHHHT) MoJle-
KyJalap XapaKTeDHCTHKalapH (MHKPOXapaKTePHCTHKaaap) Guaan
MHKIOpHi GOFJIAaHHIIH 2A34ap MOACKYAQBUL-KUHETUK Haszapuscurue
acocud Tenzsamacu OpKaau HpOJAdaHATU.
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By renrsama, ypra makra6 ¢u3HKACH KyPCH1aH Mabiym GV.H-
uHya,

pV=(ma3)No;, (9.4)

KYPHHHIIH[A €3UJMIIH MYMKHH; 6y epia mo— afipuM MoJeKyJa Mac-
cacH; N —ra3 MOJeKyJaJlapHHHHT yMyMHH COHH, Uy — YJAAPHHHT
ypTaua KBajJpaTHK TE3JIHTH.

burra MoJexky.aa uArapHaaHMa XxapaKaTHHHHT ¥prada KHHETHK

IHEPTHSCH

1 2

. 3
bKB:T myv =—§—k7, (95)

KB

6y epaa k£=1,38-10-2 Mxk/K — Boabuman HOHMHIICH.

MoJrekyJaHHHT HJATapHJIaHMa XapaKaTH yuTa 3PKHHJIHK Rapaxa-
cd Gusian xapakrtep/aHrasd yuyH (9.5)-bopMynajgan xap GHp 3PKHH-
JAHK napaxacura ypraua E, =kT/2ra TeHr 3HeprHs TYFPH KeJTaH/H-
rE XaKHAa XyJoca YHKApHLI MYMKHH. i-Taya 3DKHHAHK [daparkacHra
3ra MOJIEKYJIaHHHT y¥pTaya 3HEPTHSICH

E «i =(i/2)kT 6ynanu. (9.6)

a3 60CHMH p HHHF MOJeKyJaJap KOHLUEHTPaUMSICH n Ba TeMilepa-
Typa T 6unan GornaHHwneH, M=moN 4, p=mon Ba k=R[N, (Na—
ABoraapo NOHMHICH) 3KAHJUTHHHM XHcO6ra ojub, (9.3)-1aH OCOHrHHA

p=+knT HH TOUUII MYMKHH. (9.7)

XuMusBHi ¥3apo TabCHpIAHMARAHIaH rasiap apaJamMaci YuyH
MoJeKyJajap KOHUEHTPALUHfCH alpHM raajiap MoJeKyJaJapH KOH-
UEeHTPAUHAJAPHHHUHT AHFHHIHCHIA TEHT:

n=n;4+n+4 ... +0n.
By tenrmamanu (9.7)-ra xyiub, Jaavron KOHyHuea 3ra 6yaaMus:

p=hknT=Fk (ni+ns+ ... +nn) T=kn\T+knyT+...4-knnT,
p=pi+pit+ ... +pn, (9.8)

Oy epna py=kmT, py=FknsT Ba w. y.— n ipyuas 60cumaap, sbHU apa-
© JamuMa TapKHOHAard xap 6Up TasHUHT &1FH3 Y3H GYTYH XaxKMHU 3raj-
Ja#iuran XoJila XOCHJ KHJIHIIH MyMKHH Gyaran GocumJap. Ulyumai
KHu6, XAMHABHH §3ap0 TabCHPJIaHMANJHIaH ra3fiap apaaaliMacHHUHT
Gocumu apasiamiMa TapKHOGHAarn 6apua rasiap napuuai GOCHMJAapH-
HUHT HHFHHIHCHATA TEHTIHD.
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§ 3. TA3 MOJIEKYJIAJIAPHHHHT
TE3JIMKJIAP BYHHYA
TAKCHMOTH

(MAKCBEJIJI TAKCHMOTH)

MyBosaHaT X0/aTha ra3 napaMerpiapu yarapmail KoJajiy, OHPOK
MHKDPOXOJIAT/ap ~— MOJIEKYJIaJIaDHHHT ¥3apo  KOAJIAHULLIAPH, yJap-
HHHT Te3JHKJapH — Y3/yKCH3 §¥3rapub Typanu. MosekyJaasap MHKIO-
PH XKyla Kyn GYAraHNMTHAAH yJAapHHHT GHPOP BAaKT MOMEHTHIATH
TE3NHKNADHHHHT KHEMATHHH aMajila aHHKJAAIl MyMKHH 3Mac, amMmo
MOJIeKyJIaap Te3JHUTHHH Y3JYKCH3 TacoAMbuil KaTTaauk peb Xucob-
7126, Te3NMHKJAp OyiiHua MOJIEKYJHaJapHHHT KaHAaH TaKCHMJAHTAHHHU
KypcaTHII MYMKHH.

A#iTaliIHK .Te3/nKAapH dv HHTepBadia: v Aan v-+du raua 6yaran
HHTEpBaJa €TraH MoJieKyJaJapHHHT coun dN 6yuacun. dN HuHr do ra
NpOIOpUHOHa GYIHUMIIATH Ba OJHHFAH HHTEPBAJ SKHHHAATH Te3JHK
dv ra GOFJIHK GYJIHIIN JOSHMJHTHHH dbaxMaam Kuiine smac.

dN={(v)dv (9.9)

®yuxuus f(v) MakcBeasa TOMOHHAZH Ha3apHi cypaTaa aHHKJAHTaH
Ba yHra resaukaap 6jiusa Makceear raxcumoru nefinnagu:

(@)= —ZoN (=) " e ot/ o (9.10)
n

By ¢yukunanapuuur rpaduru 9.1-pacmaa TacBUpJAaHraH. Teanukjapu
Uy AaH Uz Taya GYJraH HHTepBajja €TraH MOJIEKYJanap COHHHH TOMHII
A yuyH (9.9)-udozara (9.10)-uu
KYAnb, HHTerpasJam Kepak:

Ug
Nyp={ f(v)dv, &éxu v, nau v,
U

.raya OyJaraH uerapajaru 3TpH
YH3HKJH TPaNelusHHHT [03HHHU
rpaduk ycysjga xucobsaaim Ke-
pak (9.1-pacMra kapawur).

0 1 Arap Tesnukiap HHTEpBaaH
vr Uz UQUUks @Y U erapamua KMuMK GYJca, Y X0u-
9.1-pacm. Aa TE3NHKJADPH Iy HHTEPBAJTa

MOC G6YJraH MOJIEKYJIAJapHHHT
connnn, (9.10)-un masapaa Tytu6 €smaran, (9.9)-bopmyna Gyiinga
xucobaalr MyMKHH:

AN = (4V TD)N(my/2k T)? e — mov*I2kT 42 gy

€kn acocH dv 6yuiran TYFpH TYPTOYPUAKHHHT 103K cHdaTHAA rpaduK
ycynpa xucobam MyMKHH.

Kanua mosiekysa Gupop Mabiym KuiAMAaT/JH Te3NHKKa sra G§aanu
Aeran caposra, GHDHHYHM Kapallja, FajJaTd xkaBol Oepunamu: arap
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TE3JHK MYTJIOK aHHK Gepuaran 6yJica, yHAR TeaauKjap HHTEPBaNHu
Hosira TeHr (dv=0) Ba (9.9)-zan

dN=f(v)dv=0ra

sra GynaMH3, ’bHH Xed GHD MOJIeKyJa aBBaJiaH GepuaraH aHEK Te3-
JHUKKa 3ra Oyamanau. By nuc6uiuink Ha3apHsCH acoc/aapHiaH GHpH:
ra3 MoJieKyJlanapniaH, Xe4 Gynmaranma, GHp AOHACHHHHT XaM Te3-
JHTHHH OJIAHHIAAH MYTJOK aHI/I§, KWIH0 «GHJIHILI» MYMKHH 3Mac, Jera-
HHFa MOC KeJMajH. K :

MaxkcBesst STpH YH3HFHHHHAT M3aKCHMYMHIa MOC Te3JHKKA 3H2 IXTU-
MOAul Te3auk v, NeHunaliu. YHH MakcBean OGYHKLHACHRH MaKCHMY-
MHIaH ofiflananuG anuKJIaw MyMKun: df (v)/do=0 éxu

(4/V T)N (mo/2kT )1 [e=moVsU2kT 9 _ gyfe—mav/2eT,
-(2myvs/2kT )] =0,

O6yHaaH ‘
V=2kT|my, 0=V 2k T m,, (9.11)
7
. Ao ’
! | % ’
I
]
— I
g UJ{ ”dz U
9.2-pacm.

Ypraua xBagpaTHK Ba 3HM 5XTHMOJHIL Te3JauK/aap 6unai 6up ka-
TOpAa ra3 MOJIEKy/NacH y4yH §praua Te3sux xam Xapakrepaunaup. By
Te3JHK ragfard 6apya MoJeKyJaa/nap Te3JHKAapHHHHT ypra apudpme-
THK KHHMaTura tedr GyJau6, yHu

v=V 8kT/=m, (9.12)

‘Gopmyaa 6yitnua aHHnglal“umJIap.
By xypcaruaran TE3JMHKNIAPHA TAaKKOCHAl Ky#uaaru MmyHocabaTiu
TabKHAMam MyMKHH (9.1-pacMra Kapanr):

Uy L U < Vs

. Temnepartypa omranza Mackses STPH YH3HFHHHHT MaKCHMYMH
- KarTa Te3/IHKJAap TOMOHHra CHIXKHIAH Ba 0 6Y¥inya MoJekyianap
TaKCHMOTH 1wakJAaH Ysrapagn (9.2-pacu; T)<Ty). Mouaekynanap
COHH Ta3HHHT HCHTHJIMIUMTA GOFJHK SMac ae6 bapa3 KHIaMH3, WIYHHAT
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yuyH 9.2-pacMjard arpu uusHkjaap Ba abcuucca YKH Oujiad derapa--
JaHTaH [03aJap Xap HKKH xoaja Oup xuiaa 6yaub, MoJjexyJaanap-
HUHT YMYMHH COHHra Tenr. Maskyp pacmjaH KypHHHIIHYA ra3 HCH-
THJATAHAA KHUHK Te3JIHKKa 9ra OYJraH MoOJIEKyjajap COHH KaMaiuo,
KaTTa TE3JHKJH MOJeKyJaap COHH 3Cd KynasIH.

§ 4. MOJIEKYJIAJIAP YPTACHJIATH
Y3APO YPUJIHIIJIAP COHH.
MOJIEKYJIA 3PKHH
IOTYPUIIHHHHT YPTAYA
Y3YHIIHTH

Pean MoJiekyJasap yek/JH yjauaMmjapra sra OyaraniaapH yuyH
ynap Gup-6upiapu Ounas TYKHamajuaap, wy Ouaan Gupra TyKHa-
IDHWI 3XTHMOJH MOJIeKyJajap yadaMura xkyfaa Goraug Gynanu. Mo-
AeKyJaHMHT GOIIKA MoJeKyJasap OHiaH BaKT GHpJAMrHaa TYKHALIHLI
COHHHH XHcOOMafiink. XucoGaam BakTHAA Ky#ularuaapud ¢apas
KHJIaMH3: aXpaTHJATaH MOJieKysna OHJaH TYKHAIIYBYH ra3 MOJeKyJa-
NapuHUHr GapyacHHM XapakaT KHiIMal Typubau ae6 XHCOOJAHMH3,
MoJIeKyJlaJapHH ¢ AHAMETPJH mapuajiap cudaTuia xuco6maab, moe-

KyJaJapHHHT ypTaua Te3aurd v Aal Teanukka sra Oy/aub xapakar-
JaHaguaap ne6 xuco6aaiMu3; 103H no?/4 6YAraH JOHPaHH MOJIEKyJa-
HHHT 30QeKTHB KecMMH 1e0, o HH 3Ca — MOJIEKYJaHHHT  3pheKTus
JuameTpu JelNMK; aXpaTHO OJHHTaH MOJIEKYyJia XapaKaTH TPaeKTo-
DHACHHH, acauia OyJraHnlek, CHHHK 4Yu3HK de6 xucobiamail, TYFpH
YU3HNK Aeb6 XucobaaHInk. ‘
IOkopuparu dapasnapaa ypraua BaKT OHDJHTH JgaBOMHJZa MoJe-
KyJa (asoaaH AMaMeTpH ¢ GyJraH Ba y3YHJHUCH COH XKHXaTAaH ypTa-

P ya Te3JHKKa TEHI LHJIHHADHH <«Ke-

) cub yitu6» keranu (9.3-pacm). Ax-

patuirad mosekyna O mapkasia-

17 m 6126 pu 20 JAHAMETPJH UMJIUHAD HUH-
("\\ " na Typub6 xoaraH MoJeKyJanap
\'L AR (9.3-pacM jna 1 Ba 2 MoJeKyJa-
\y Jgap) OuiaH TYKHaAWaAH Ba Map-

9.3-pacm. Kazjapd Oy UHIHHAPAAH TallKa-

puna érrannapu (3 Ba 4 MOJEKY-
Aanap) Gunan tykHawmaian. Ulyngall kuau6, sakT Gupaurura ysa-
PO YPHJHIUIAPHUHT COHH Vv MapKasjapH 20 AHAMETPJH LUAHHAP HYH-
Aa érrad MOJIeKyJiajJlap COHHra TEHT:

v = Hnc2v,

6y epla n — MOJeKy/naJap KOHIEHTPaLHUACH; KOJAraH KyNmaHTyBYMJap-
HUHT KyMafiTMacCH COH XHMXaTAaH JAMaMeTpH 20 OyJraH LHJIHHID
XaXMHUra TeHT.

Arap MoJieKyJlaJlapHHHT XapakaTcuad OyaranaHkAapH. Makcsesl
‘TAKCHMOTHTa MOC DaBHIIAA CHJIXKHO TYpraHJHKJIapH XxucoOra oJHHCA,
y Xoaia BakT GUPAMIHAATH Y3ap0o YDHIMINIAPHHHT .COHH KYMIPOK
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6§16 unKaau. Xucobaam
v=r)/ 2 s*nv (9.13)

HH OepalH.

MabJyMKH, MOJIEKYJaJapHHHI HCCHKJ/HMK TEe3JHIH oJatjard uia-
pOHTAApAA CeKyHAla OHpP Heua 103 MeTpJapra TeHr, GHpOK 6up-6upu-
ra ypHJMII COHHHHHT KYIJHTHIaH MOJIeKyJa ra3 Humjia 03 BaKTla
KaTTa Macoara CW/KHi osmMaiigu. Modnekyaa, bpoyH 3appauacH
CHHHrapH, CHHHK YH3HK Oyfivua xapakatnanaid. HKkH KerMa-KeT
OGynaéTraH TYKHAIIHLIJIAD Opacuija MoJeKylanap IpKun roeypuul
ijau 1e6 atanysuu Macodanu lopa Typub, TYFpH uHM3HK Oyiinua Ba
TEeKHC Xapakatr kuiaid. By macodanap xap Xua OYJIHLIIE MYyMKHH,
IIYHHHT YYyH 3PKHH IOTYPHIINHHT jpTa4a y3yHJAUIH XaKMAd ranupa-
JHIap.

Arap BakT GHpJHIH1a MOJEKy/la COH XKHXaTAaH ypraua TesJHKKa
Tewr Wyauu 6ocain Ba Wy BakTaa OowKa MOJeKyJajap 6unan
v MapTa TyKHaliaan Ae6 xucoGnanca, y xoaaa (9.13)-¢opmynanan
doitnanannb, ypTaua IpKHH IOTYPHII Y3YHJHIH A HH XHCOO/Iall KHAMH
sMac:

A=v/v=1/z}"2 o?n. (9.14)

By ¢opMyaazaH MoJeKyJaHHHT 3(¢peKTHB NHaMETPH Ba MOJIEKY-
Janap KOHLEHTPAUHACH KaHua Kuyuk Gyaca, ysapo ypuaxmiap opa-
CHIa MoJleKyJaadap Ioprai ypraua macogpa ulyHya Karra OGyaans,
JeraH xyaoca keinb uukanu. Hopman xonga Typran oifuii MOJEKY-
JaBHH raaiap yYyH 5DKHH IOTYPHII MaCO(QaCHHHHI ypTaua Y3yHJHIH
taxmHHaH 10-5cm kamapua Oysmann, Oy MoJjekyJanap oOpachaaru
Ypraua Macotdanan 100 MapTa KaTTaaup.

§ 5. BAPOMETPHK ®OPMVIIA,
BOJIbIIMAH TAKCHMOTH '
XAKHOA TYIIYHYA.

.MakcBeaa TakCHMOTHTA MOJeKyJaJapHHHr (akaT Te3JinKaapH
6yfnua TaKCHMJaHHIIH JAe0 Kapa/jMacAaH KHHETHK 3HEeprusjapH
6yiiHua XaM TaKCHMJaHHUIM 1e6 Kapam MyMKuH (uyHkd Oy TyuwiyHua-
Jap y3apo GOFIHKIHD).

Arap mosekynajap OHpopTa TalUKH Ky4 MaiAOHHAA, MacajaH,
EpHHHr rpaBUTallMOH MaliaoHHAa TypaauraH GyJacanap, y xonaja
VJIADHHHT TIOTEHIHAJ 3HepTHsAapH OyfiHua TaKCHMOTHHU TONHII MyM:-
KHH, ABHH TIOTEHIHAJ 3HePrUsJIapHHHI MyalaH KHAMaTaapura 3ra
6yaran xa)kM OUpJHIHiard 3appajap <COHHHH aHHKJIAUl MYMKHH.
3appajiapHHHT TPAaBHTaUHOH 3JE€KTP Ba GOWIKa Kyy MaHaoHJapHAaa
NOTEeHIHaJ 3HEPrHsiapH OyiiHua TakcHMJaHuiiura boavyman raxgcu-
MOTU jJeHHaajH.
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Bapomerpuk dopmynanan ¢ofinananu6, Ep TopTHI maiinonuia TYpras MoJeKy-
JAanap yuys boabuMaH TaxCHMOTHHH Tomailmk.

Epra toprusmm MaiiZoHuma BepTHKad KoiJaHraH XaBO YCTYHMHH KYpHO 4HKa-
MH3 (9.4-pacm). Hacraab, Gapomerpux gopmyia ge6 ataaysud, OocuMHHMHT Ep
103ura HucGaTaH OJHHIaH GaJaHAAHK OHJIAH GOFJAHKIIH p=f(h) H4 aHHRAAANMAK,

Amanfa cuKuIMaBfuraH CYOK/HKAap YiyH 6y GOE-
A JaHHII M3KTab KYPCHAAH MabJyM: GOCHM CYIOKJHKKa
GOTHPHII YYKYDJHTHIa NPOMOpPUMOHaA. ['asiap yuys,
ynap AXIIH  CHKHAYBYaH  Oyaranaurd  tydailiy,
GoFNaHNII MYPAKKaGPOK GYNaid, YYHKH KATAAMJAp 3HU-
Jure_6anaHAaMK A owrad capd KaMmaiu6 Gopan.

Bupop h Gananaaukiga erapiuua wonka di KaJuH-
Jauraga Oyuaran ras (XaBo) KaTJaMHHH — aXpaTaijiHk
¢ ah (94-pacmra Kapanr); Oy Kataampfa 60cuM dp MUKIOp-
| . Aa ysrapagu. KaTJaMBHHT KaJHHJMCH KHYHK GyIrasy
, YUYH CYIOKJHK yuyyH Oyaran GornaHHwHd dp sa dh

- —
-

YUYH XaM €3HLI MYMKHH.

| dp = — ogdh, (9.15)

OLJVW% 6y epaa p — GocuMra Kypa y3rapyBud ras SHUJIHIH;
LTI & — OFHDJINK KYYMHHHI TE3JAHHUIH; «—» HUIOpa h yKH-

HHHT HYHAJMHIIHra GOFMHK (GaJaHAJHKHHHT KATTaslalH-

9.4-pacm. wyn dh>0ra, 60CHMHHHT KaMafiHmu dp<Ora Moc Ke-
NajH).

(9.3)-bopmynanan suunukHu ndonanaé: p=pM/RT Ba yun (9.15) ra Kyiicak,

dp— —% gdh (9.16)

HH OJIaMH3.
(9.16)-na yarapysuunapuu 6§au6, HHTerpaaaiiMua;

p
Po

B ap Mg *
dp__ Me o,
RT L
0

XaBo GocHMM Ba 6a/aHAMMKHUHT HHTErpa//laHdIl yerapanapu 6up-Gupura moc
Keauwapu kepak: Ep carxuna py (h=0) Ba /4 Gananpnuxna p. bydaau:

In(p/po) =—Mgh/RT.

nOTeHuHﬂﬂamﬂaH KelHH H3JIaHyB'-lH 60FﬂﬂHHIﬂHH TOMlaMHu3:
__ — Mgh/RT
p = pye —MEAIR (9.17)

v
Lynuur yau Gapomerpuk gopmy.aa 6yu6, y Ep topTHm MaitzoHu GHp XKHHCAHIHD
(g=const) ne6 ¢apas KuaAHI HaTHKACHAA OJIMHAJH, yHYa KaTra Gyamaran Ganana-
JHKIap YuyH OyHAait dapas Kuaulusiap xKatra XaTOJHKJIAD TYFAMPMAafIH Ba LIVHMMT
Y4yH Oemanon KaGyn STH/MUIM MYMKHH.

(9.17)-ra ras Gocumu Guaau YHHHI KOHUEHTPALHSICH OpacHAaru
MyHocabar (9.7)-Hn Kyiicak,

n=nye — M&h/RT (9.18)
18
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HH oNaMHu3, Gy epAa Ny MoJeKynanapHHHr h=0 GanaHIJUKAATH KOH-
pentpauusich. M[R=moN [R=my/k 6yaranu yuyyn (9.18)-ypuura

n = nye — m&hIET (9.19)
HH €3aMH3.
(9.19)-bopmysna Mogekysnanap KOHIEHTPaUHACHHHHT Ep rosugan
h GanaHAJHK €KHM NOTEHUHAJ 3Heprusi mogh OunaH OOFIAHHUIMHH
Kypcartaau. By uaean ras sappayajapHHHHr rpaBHUTAaLlHOH Ma#loHAA
TAKCHMJaHHIIH — BoJbuUMaH  TaKCHMOTHHHHI  XYCYCHH  XOJHIHD.
HUdona (9.19) sxcnoHeHTa wmakaujga
rpacdHkaBuil TacBupJananu (9.5-pacm).
Ep TopTHll MaAJOHHAA MoOJIEKyJa-
JIapHHHT OyHAal TAKCHMJAHHIIMHYE MoOJie-
KyJ/JaBHi KHHETHK TacaBBypJap paMka-
CH HYHAa cHpaT KHXaTHIaH MoJeKyJa-
napra OHp-OMpura kKapama-kKapiip 6ya-
raH HKKH (aKTOp TabCHP 3THHIM GHJIaH
TYWIYHTHPHII ~ MYMKHH: TpaBHTaIHOH
MaHAOH, YHHHT TabCHDH HaTHXKacHAA
6apua MoJjekyJaanap Epra ropruaamu ¢ 4
Ba OyTyH 60p XaxXM HuUpa MoJeKyJaJap-
HH TEKHC TapKaTHO COYHINra HHTHJIyBYY
MOJIeKyJaBHH-TapTHOCH3 (XaOTHK) Xxapakart. 9.6-pacmaa MoJeky.a-
JIADHHMHT TYpJH IIAPOHT/AAapAa TAKCHMJAHHIIJIADH CXEMAaTHK PaBHIUAA
Kypcatuaran: T=0 6yarania rpaBHTalHoH Maigouaa (a), T=0 6jae
rasjia TOPTHJ/HMII MakaoHu Hykauruaa (6) Ba xap ukku dakrop Gapa-
BAp TabCHp KHJAHO TypraHaa (8), KeAHHTHCH DoJiblMaH TakCHMOTHra
MOCIHD.

77
o

9.5-pacM.
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a J é
: 9.6-pacm.

[Tuposaparnna Maxkceesn Ba BosibIMaH TakCHMOT/IapHAATH 3KCIO-
HeHIHaJ XaAJapHHHT OMPMYHYa YXHMIAULINKJIADHHH TabKHAAAG YTHII
dofimanunup:

e~ mov¥2kT __,—E  /kT . e—Mo8hIkT _ o —E,[kT,

BupuHyy TaKCHMOTHHHr fgapa)ka KYDCaTKHUHAAa MOJNEKYJNa KHHETHK
3HepTUACHHMHT 2T ra HHcOaTH, HKKHHUMCH[A 3Ca NOTEHLUHAJ 3HEprus-
HUHT kT ra HHUCGATH OJIHHTAH.
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XBOBb

TEPMOJIHHAMHUKA
AJNEMEHTJIAPH

Tepmoduramuka neraHfa CHCTEMaHH TalUKWJ 3STyBYH MKHCMJAp-
HHHT MHKPOCKONHK TY3WJIMIIHHH XHCOOra o/MaciaH ‘yjaap OpacHAarH
JHEPIUs aNMAlIMHYBH MYMKHH 6y/ran cHCTeMalapHH TEKWHPYBUH
¢usuka GyNIEMH TYWyHHAaau. BUpHHUM Ba HKKHHYM acocjap (npus-
UHNIap, KOHYyH/Iap) TepMOAHHAMHKAHHHI HETH3HIHP,

TepmonuHaMHKAHHHT aCOCHA KOHYHAAPHHH TabpHOIAIEAAH aBBaA
HII Ba MCCHK/IHMK TYIIYHYaAapH yCTHAA TyXTall 3apyp.

§ 1. Ml BA HCCUKJIHUK.
TASHMHT HILH.

Aiitn6 yTHAraHHIEK, SHeprus OMp XKHCMJaH HKKHHYH JKHCMI2
MKKH XHJI npoueccia: Hml -0axKapujaraHja Ba HCCHKJHK aJMallraH
BaKT/Aa Y3aTHJHIUK MYMKHH.

M npoueccrna ysaTiraH sHepTHSHHHT —VJuaMH, Hu 6yJaraHu-
ACK, HCCHKJ/IHK aJMalIHIl TNPOLECCHAA y3aTH/TAH 3HEPTUSHHHT Y/ua-
MH, UCCUKAUK MUKOOpU (EKH HCCHKJRK) 6YJan.

Kearycnna TepmoinHaMukaHUHT Ky Hasapdi MmacaJjanapu ujean
ras yuyH KypHO UHKHJaiuraH Gy/JraHd yuyH y3rapTHll BaKTHAA
nAean ra3 XaXMH y3rapraHia 6Gaxapuia-
AHTaH HIIHW XHcoOaam wudomdacHHH TOMNa-
MH3. '

dapa3z KHAAAMHK, UHAHHAPHK HAKLI-
HHHT TNOpWIEHH Taruja TypraH ras (yHHHT

ﬂim MaccacHHH bTHOOpra oamaiiMmus) V, nan

All Voraya (10.1-pacM) wu3obap xonjga KeHra-
7 , SIAH, Wy BakTaa nopuienb Al=ly—I, Maco-
I///'/ ,'/ l, ¢ara cunkuitam, xaxm sca AV=V,—V,

t,| Kanap ysrapanu. KecHMunuur iosu S 6ya-

rag MOPIMEHTa ra3 . TOMOHHAAH OOCHM p
— 6ynranaury Tyaiau kyd F Tabcup Kuja-
JH, Ma3Kyp Kyu

10.1-pacm.
F=pS ra TeHr.

By KyuHHHT HYHaMHIIM NOpILEHb CHIMHIIHHHHT HYHaJAHWIHrA TYFPH
KEJNTaHJIHIH YIYH Fa3HHUHT GaxkapraH HIOH
A=FAl=pSAl=pAV ra renr. (10.1)

T'as kenraiiran Bakraa AV>0 Ba um myc6ar (A>0), cukuaras BaKT-
Ra sca AV<O0 Ba A<O0 6ynaan. Fan Tawku KyudapHUHr Gaxkapras
HIIH YCTHIA 3Mac, 0aJiKu ra3uusr Ga)kapaéTraH HLIH ycruaa 6opaér-
Ta4HHHH KypcaTaMu3. Bapua rawku Kyunapuunr 6axkapajiuras HIuH,
aKCHHYA, ra3 KeHralraHia MaHguil, cukuiIrania — Mycbar 6yaanu.
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Arap xXaxM ysrapHmid Oujal
ra3 OocHMH y3rapca, Yy Xxojla
XaXXMHHHT €TapJHyYa KHUHK yara-
pumn dVra moc GVJrad 3JjeMeH-
Tap HIIHE XHCOOMAIL JIO3HUM:

dA=pdV. (10.2)
(10.2)-uu wnHTerpasaal, Ta3HUHT
fa)kapraH HIUIHHH TOMaMu3:
Ve
A= | pdV. (10.3)
Vy
Mucosn cudaTtuza H3OMETPHK
npoiecc BaKTHAa Haeaa ras Ga-
JKapraH HiHH TONaH/IHK, OYHHHT

yuyd (103) Ba (9.2)-nan ¢oinana-
HaMH3:

Ve
A= | pdV=_""

Vs
L RI{ av_
i v, vV

\Y
—_ LA”A_RTIn__V.l. (10.4)

H3oxop mponeccia Ml HOJTA TEHT,
6y (10.3)-maH MabayMm.

(10.3)-TenrnamMaiaH KypHHHLIMYA, Ta3HHHT Oa)kapran

.efinaral OBKaT OHJaH

d
/s
i

’
/

//t/
RN
n/

n l/%// "'/
T //////7’. .{/.
R

A
A,

PoGeur  (1814—

Haunyc
1878) — Hemuc Bpaun Ba Quaurd. Ke-

Maiiep

nmaab, TPOIHK

maza Bpau Oyuanb
BAKTJApHia

MaMmJakataapaa 6yJarad
y3 MANMEHTIapPHHHHT BeHa KOHH paH-
THHHHT V3rapHUIMHH  Ky3atap 9KaH,
THPHK Opra-
HH3M/[A HOCHKJHK XOCHA Gymaum yp-

TacHla OOFJaHHIl OGOPJAHIH  XaKHA3
XyJaocara KesiH.
Hly rpa-

GuKk paBHuLla «BOCHM — XaXkKM» KOOpAHHATajlapH 6yiinua Ty3uaraH

A ? i 1 g | )
l 7
1/7/ 7
4 v, v, ¥ ov v, Vv
a )
'10.2-p£cM.

YH3HKJAH  TpaneuusHHHT
jo3n  cudatuaa  (10.2-pacm)
anuKaanaau. bDouutaurd4  Ba
OXHpPTH X0.JaT1apu GHp Xuj 6Yi1-
raH HKKH XWJ [polecciaap-
HHHI rpadukaapH TacBUpJAaH-
ran pacMlaH OaxKapuiaraH Hul-
HHHT mpoleccra OOFJIHK Gyra-
aurn  kypunaau. JKymaasad,
10.2-pacM, a Jaru npoueccia

arpu

Gaxapuaran uw A, 10.2-pacM, 6 maru npeuecc yuyyH OaxKapuarad

ni Ap ra Kaparania xyn 6yJanu.

§ 2. TEPMOOUHAMHUKAHHHT

BUPHUHYH ACOCH.
HYKH 3HEPTHA

TepMOAHHAMHKAHUHT OMPDHHUH aCOCH acjia MCCHKJHK Ipouecc/a-
PHHH TEKIUHPHIUTa MOCJAIUTHPHIHO Tabpu(JaHTaH SHEPTHAHHHT CaK-

JaHHW KOHYHHAMD: cHCTeMara OCpHJTaH HCCHKJAMKHHHT

mHKLOpH Q
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CHCTEMaHHHT HY9KH 3HepruacHHH y3raprtumra AU Ba cHcTema  Gaxa-
panurad mm Ara Keragu. ByHH MaTeMaTHKaBHM ¢opmMana €3amus:

Q=AU+A. (10.5)

CHCTeMaHHHT u4Ky 3Hepeuscu NeraHia CHCTEMAHH TalIKHI KHJATaH
3appavanap (MoJeKy/Ja €KH aTOMJap) HHHI KHHETHK Ba IOTEHIHAaJ
SHEpPrHAADHHUHT HHFHHAHCH TYWyHHJagu. Wpean ras Macodana
y3apo TabcupnaHMafiHraH 3appauanapaad ubopar GyJaraHu yuyH
YJAApHUHT TMOTEHUHAN IHEPrHsAcH Hojra teHr. IIlyHuHr y4yH wujgean
Fa3HHHT HYKHM SHEPTHACHHH YHIArH Gapua MOJeEKyJalapHUHT (6KH
aTOMJIADHHHT) KHHETHK SHeprHsicHra TeHr Ae6 xucoGaau MYMKHH.

Muky sueprus cucrema (ras) XoJaTHHUHT byHKUHACH 6YAub, Ge-
PHJITAH X0J14aT yYyyH MabJAyM KuiMatra sra Gymnamu. AU — cucreMa-
HHHT OXHPTH Ba NaCTNa0KH XO/NaTNapHTa MOC HKKH HYKH SHepTrHs
KHAMATIapHHHHT al{HPMaCHAHP.

AU=U,—U,.

Hceugauk MHKIODH Ba Hw X0MaT (YHKUHSCH —3Mac, npoitecc
¢yHKuMsACHAMp (§ 1 HUHT OXHpHEAru H30XJIapHH KapaHT), YyJapHu
OXHPTH Ba GOWIMAHFHY XOJMaTAapiard GHPOP NapAMETPHHHI HKKHTa
KHHMaTH aiHpMacH makanaa udonanaé Gyamaiun. Illy caba6aan
(10.5)-naru Q Ba A opTTHpPMa HIIOPacH A cu3 €3H/raH.

Q. A HUHT eTap/HYa KHYHK KHEMaTAapH Ba U HHHI KHYHK OpTTHp-
Majapy yuyH Terduuinya dQ, dA Ba dU Genrunapusu HwJaartaaniap,
GHMpOK I0OKOpHAa afTHAraH H30XJAap 3CAaH YHKApHJAMACJAHTH IIapT.
By xonna TepMogHHAMHKAHHHT GHDHHUH ACOCHHHU

dQ=dU +dA (10.52)

HIaKJa4a €3aMHu3. .

Q, A, AU Ba dQ, dA, dU wuur KHAMaT/AapH XxaM Myc6aT (HCCHK-
JILK CHCTeMara TallKH XKHCMJapjaH GepuJajfi, HYKH SHEPrHS Kynas-
AH, ras KeHrasiH), Xxam MaHOHI (HCCHKIMK CHCTeMAajaH OJHHAMH,
HYKH SHEPrHsi KaMasiiH, ra3 CHKHJafH) OYJIHLIJIADH MYMKHH.

§ 3. TABHHHI HCCHKJHUK
CHUFHMH. TEPMOJHUHAMHKA

BUPHHYU ACOCHHHMHT WIEAJ

FA3 HYMJIATH MNPOLLECCJAPTA

TATBUK 3THIHIIH, MOJHTPON .
MPOLLECC XAKHAA TYLIYHYA

JKucmuu Temnepatypa 6upaHrarava HeHTHI VUyH Kepak 6yuran
HCCHKIUK MHKLOPHTA MUCMHUHE UCCUKAUK CUFuMu Refiniamu. Mox-
Aa MaccacH GHPJHTHHH TeMIepaTypa GHPJIHTHIA HCHTHI yUyH Kepak
GVJraH HCCHKJIMKKA MOLAAHHHT COAULITUPMA UCCUKAUK CUFUMU JeliH-
aany. y:

c=dQ/mdT (10.6)
¢bopmyaa Gyfinua amukaananm, Oy epra dQ — maccach m Gyarau
KHCMI'a GePHITaH HCCHKJIHK MHKAOPH, dT — xucMm TeMIepaTtypacu-
HHHT Y3TapHIIH,
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(10.6)-popmyna nuddepenunan ¢opmana Gepusarad, yyHKH peas
JKHCMJIAap Ba TasJapHHHT COJIHLITHPMA HCCHKJIHK CHFHMH TeMmiepary-
para Oorauyg OGynagu.

HccnyIuK MHKIOPH nporeccra GOFAHK GYJraHd yuyH HCCHKJIHK
CHFHMH XaM I[polueccra XHAAHA OOFMMKAHp. MacajaH, aamaGaTuk
npoueccaa (dQ=0) HCCHKJINK CHFUMH HOJITda TEHr, H30TEPMHKAA
3ca — YeKCH3 KaTra. DuTTa XuCMHHHT §3u yuyH u306ap Ba H30XOp
NpoLeccaapAard COJUMTHPMA HCCHKAHK curuMaapu C,Ba CyJapHH
Ba LIYHHHINEK MOJSAD HCCHKJHK CHFUMJIADHHH OHp-GUpHAAH (apk-
Jaura ojaTaanuiarad. MoJsip HCCHKIHK CHFUMJIApH YUYH:

- Cp:CpM, CV:CVM (107)

mynocabaTnap MaBxXKyx, Oy epaa M — moasip macca.

Mnean rasparu u3onpouecciapra TEPMOJHHAMHKAHHHT GHPHHYH
KOHYHHHH TaTGHK 3TaMu3,

1. Hsoxopux npoyecc. I'az uuku snepeuscununz temneparypa 6u-
aran 60Faanuwu. VI30XOPHK NPOLECCHHHI HCCHKJHK CHFHMH. HM3oxo-
PHK IpoHecc BaKTHAA HII HOJra TeHr OYJraHd yuyH TepMOJHHAMHKa-
HHHI OHDHHYH 4COCH
) Q=AU éku dQ=dU . (10.8)
.akjaga é3uaaid. [asra GepHaral HCCHKJIHK MUKJODH YHHHT HYKH
3HEPTHSICHHH OLIHDPHIUTA KEeTaJH.

By mpouecc yuyn (10.6)-nan dQ=cymdT ra sra 6ynamus; (10.8)-
HH KyiMi6 H30XOpPHK NpoueccAa HYKH JHEPTHAHHHI 3j1eMeHTap ¥ara-
PHUIHHHA OJIaMHU3:

dU=c, mdT. (10.9)
(10.9)-nn nHTerpasnaraHiaH cyHr cHcteMaHumHr T TeMIepaTypanu

xonatuaad T TeMmepaTypaaH XOJATHra yTHII BaKTHIATH HYKH 3Hep-
THSHHHT Y3TapHUIHHH TOTAMH3:

U—Uy=c,m (T.—T,).

AGcousioT HOMA2 MAeas TA3HHHT HUYKH 3Heprusicd Hoara teHr (T ,=0na
Uy=0) sKkaHIHTHHA 3BTHGOPAA TYTHO,

U=c,mT (10.10)
HH 0JlaMH3 €KH OHD MOJIb YUYH
U=C,T. (10.10a)

Bynpan ras Huku 3HeprHACHHHHT TeMIepaTypara GOFJIHK GYy/raH/IMIH
KypHHaIH.

Huku suepruss Ba TeMmmepaTypa opacHiard MyHocabar npoueccra
GOFIHK GyJiMaraHd y4yH H30XOPHK, TpOUECC MHCOJMHAAH OJHHraH
(10.9)-popmyna nieas ra3gard HCTalraH NpoUece y4yH TYFPH Keja-
Bepaji.
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Arap ra3 xap 6Hpu i SDKHHJIHK Japa’KacHra sra 6yarad MoJaeky-
Janapaan u6opat 6yica, (9.6)-ra acocaH GHp MOJIHHHT, HYKH 3Hep-
THSICH

U= (i/2)kTN 4 = (i/2)RT (10.11)

ra teur. (10.10a) Ba (10.11)-un Ta}gxocnéﬁ, H30XOPHK npdueccnam
MOJAD HCCHKJAHK CHFHMH yUuyH

Cv =(i/2)R (10.12)
opMynaHH €KH CONHINTHPMA HCCHKAHMK CHFHMH YYYH

ey =({/2M)R (10.12a)

(GOpMYJIaHH OJaMu3.

2. Hzobapuk npoyecc. Matiep teneaamacu. Haobapuk npouyecc-
Hune uccuxaux curumu. V1306apuk nponeccaard MCCHKAMKHHHT MHK-
nopu (10.6)-ra acocau

dQ=c, mdT (10.13)

ra redr. TepMoaunamuka GupuHuH KOHYHHHHHT dopMmyaach (10.5a)-ra
(10.2), (10.9) Ba ¢10.13)-Hu K¥itu6,

¢p mdT=cymdT+pdV uu onamus.
pdV=(m/M)RAT 6ynraun yuys,
¢p mdT =cy mdT+ (m/M)RdT, ‘ ’
6ynaan mdT ra KHCKapTranaaHn Keliu,
Cp=Cy +RIM
€KH MOJIAAD HCCHKJHK CHPUMJIADH YYyH
Cp—Cy =R. (10.14)

By — 1306apuk Ba M30XOPHK HCCHKJIMK CHFHMJApHHH 60raoBun Maii-
ep TeHaaamacudup.

Arap H30XODHK TpOUECCHa HCCHKAHK MHKIOPH bakaT HYKH 3Hep-
THAHHHT Y3rapHINra KeTajuran G6yica, H306apuk npoueccia siHa
MUl XaM GaxxapHJaJH, WYHHHT YYYH MOJSP HCCHKJHK CHFUMJIap:i-
HHHT afinpmacu  (10.14)-m306apuk nmpoumeccia TeMIe p a-
Typa OHpPJAHIHYa HCHTHII BaKTHAA 6up MoJb
Ta3HHUHr GaXapaJMraH HIIHTAa MOC KeJaasl.
(10.12)-an (10.14)-ra Kyiicak, uzo6apuk npouecc BaKTHla  MOJSIp
HCCHKJIMK CHFHMH YUYH

_ Cp =[(i+2)/2]R ‘ (10.15)
(opMysanH EKH COTHUITHPMA HCCHKJIMK CHFHMH Y4YyH
¢p =[(i+2)/2M]R (10.15a)

thopmMynaHK onamMus.
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3. Haorepmuk npoyecc. by npoueccia fa3HHHr TeMIepaTypacH
y3rapMaranu yuyH HUKH SHEPrHs XaM yarapmadgu. Mpean rasparu
6y mpouecc Y4yH TepMONAHHAMHUKAHHHT GUPUHYM AaCOCH KYyHHAArH
WAaKJIaa €3uaaiu.

Q=A &xn dQ=dA. (10.16)

Tasra GepnaraH HCCHKJHKHHHT Gapua MHKIOPH 'y OakapHIITa Ke-

TaaM. :
(10.4) Ba (10.16)-n1apra acocaH €3l MYMKHH:

Q= (m/M) RTIn(Vo/V). | (10.17)

4. Aduabarux npoyecc. ITyaccon Teneaamacu. CHCTEMana atpodiaa-
rd KHCMJap GHIaH HCCHKJIMK alMallyBCH3  XOCHA 6yaysun (dQ=0)
npoueccra aduabaruk mpouecc JeinnalH. Acaga 6yHpad TIpOUECCHH
j03ara KeJTHDHII MYMKHH 3Mac, GHpPOK arap MpOUecc Te3 €KH SAXLIH
TepMOH3OMALUSIAHTaH apoHTAa Gopajuras 6ysica, yHaa y aauaba-
THKKa AKkuH Ofsagu. By xoana TepMOAHHaMHKAHHHE GHPHHYH acocy
Kyiunaraua €sujajH: '

A=—AU éxu dA=—dU, (10.18)

Tasuunr agnabaTK npouecc BaKTHAa 6axapaiuran HIIH HUKH 3HEp-
THSIHHHT Y3TapHuIH XHcoOura GymaiH. (10.18)-paH KypHHHIIAYA, arap
ra3 KeHras TypHO TalIKH Ky4Jaapra Kapuld HI Gaxapca, yHAa YHHHT®
WYKH SHEPrHACH KaMasIH Ba TeMNepaTypacH macasilH. Macanat,
punga atmocdepa GOcHMHIAH KAaTTapok GOCHMJH HaM XaBo Typras
MAHII Te3NHKaa atMocepa Ousad OupjalITHpHaACA, YHAA HIHIIAATH
XaBOHHHT TeMIiepatypacH nacaiu® KeTajd, OYHU HAHII HUHAA XOCHJ
6yarad TyMaHaaH OHJHII MyMKHH. AnuabaTHK CHKHIIAA ra3 TeMhe-
paTypacH KyTapuiajd, OyHAaH 1u3ei IBHrarejJiapia SHyBUH apa-
JalmMaHy ajaHrajant yuyHn ¢oidgasanuaann.

AnuabaTHK NpOIeccAa Fra3HHHT UKKH NTapaMeTpHHH, MacaaH, bocum
Ba XaXXMHHH OOFJOBYM TeHIJiamara Myaccon Tenzaamacu AeHHIANH
Ba y ywby lakira ara: .

pVV =const, (10.19)
Oy epha

ve=cpley (10.20)
agnaGata xypcatraud. JbTHOOP KHJHHT, v JOHMO 1 naH KaTTa 6}"!513-

K, uyyHKH Maiiep TeHrjamMacura MyBOGUK €, >cCv. (10.122) Ba
(10.15a) -nan ‘
v=(i+2)]i (10.21)

HH OJIAMH3.
(10.19) Ba (9.2)-napaan ¢pofnasannb, V, T Ba p, T yarapysuuiap yuyd Ilyac-
COH TeHI1aMaJapuHH MYCTAKHJ UHKapHO KYPHWHH YKYBuUHJapra Xapoaa KHIaMA3:
w1 1—
V' 'T=const a p T =const.
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5. Iloautpon npoyecc xaxuda ryuwynua.” YOKopHAa TeKWHpHJATaH
H30NpONECCAapHH TOJIHTPON fe6 aTaJyBuH KaHnaHuup ymyMmuipox
TPOLECCHHHT XyCYCHH XOJJIapH Ne6 TacaBBYp KHJHII MYMKHH.

floautpon npouece neranga MommaHEHT (Fa3HHHT) HCCHKJIHK CH-
FHMH y3rapMafAuran npoiiecc TyLIyHHJIAmH. [Monutpon mnpoueccaa
Ta3HHHI GOCHMH Ba XaXKMH TEHIJaMa

pVr=const (10.22)

6unan Gornanran. By epaa N — MOJIHTPONA KYpCaTKHYH 6YJIuG, y co-
JHIITHPMA HCCHKJHK CHFUMH ¢ OuJan KyiHnaruua GorJaHazu:

n=(c, — ¢)/(cv —c). (10.23)

(10.22) -Tenrnamannunr 6apya H30MpOLECCHADHH Y3 HUHra OJraHH-
HH KypcaTHw MyMKHH. Iloantpon npoueccia COVIHIITHPMA HCCHKJAHK
CHFHMH HOJITa TeHr (c=0) ne6 ¢apas Kunaiaux; 6y agnaGaTHK 1po-
leccra Mocaup. (10.23)-1an n=cy/cy =v HH Tonamus. Kyruarannua,

MOJIHTPONa KYpcaTKH4H afuabarta
P-A . KypcaTKHuHra TeHr 6yaH6 mo.M-
Tpoma TenrsamacH (10.22) apua-
6arta Tenrsmamacu (10.19)ra aiina-
Hseoopa (r=0) HaJH.

TasHHHT HCCHKJMK CHFHMHHH
YEKCH3JIHKKA Tenr (c—co)le6 Ka-
6ys1 KHNaMH3; 6y H30TEpPMHK npo-
Aguadarma7y) yeccra Moc kenany. (10.23) -nan

HBomeorair=r)

30, . Cp —¢C
A (77> o) n=lim2—=1 kemu6 unganm,
V/] y Cr 00 Cv—C
6y 3ca mosMTpOmMAa TEHrIaMacHHM
10,3-pacwm. H30T€pMa TeHIaMacH pV=const

. ra afMaHTHpAIH.
Hsobapux npouecc yuyn c=cpBa (10.23)-nan n=0 ra sramus. By
XoJ yuyH (10.22) -ra MyBoduK p=-const Hx onaMu3.

YHTa yXmam H30XOPHK Iponecc yuyyH c=cvBa (10.23)-nan
1/n=0ra sramus. (10.22)-mn gy#ugars wakana £€3amua: plln V=const,
6ynnaun V=const.

IMoantpon mponeccuunr XYCycHH XoJssapu cudatiia Xap XHJ H30-
fpolieccrapuuur rpadukaapu 10.3-pacmaa TacBHpJIaHTaH.

§ 4. TEPMOOUHAMUKAHUHT
HKKHHYHA ACOCH XAKHOA
TYWYHYA. 3HTPOTIHY

OHEPTHSIHUHT CaKJaHHI KOHYHH XHCOGJaHTaH TepMOLMHAMHUKA HUHT
GupHHYH acocu Tponeccaap GOPHIIH MYMKHH 6yaran #ynaaumIapuu
Kypcarmaiinn. Macauan, TEPMONHHAMHKAHUNT GHDHHYH acocH 6yiin-
Ya HCCHKJHK aJManiuim BaKTHAA HCCHKJIHKHHMHT ¥3-Yaupau HCCHKDOK
AKHCM TOMOHHIAH COBYKDOK JKHCM TOMOHIA YTHUIE MYMKHUH 6yJranu-
nafl, akcHHua, COBYKPOK XHCMJAAH HCCHKDOK JKHCM TOMOHIa XaMm
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yTHWH MyMKHH. BHpOK Kynmaru rtaxpuba rabHaria ypunra ara
3Mac, MacajaH, YA HYHJArH XaBOHHHr COBYUIM XHcoOHra yoiiHakaaru
cyB ¥3-y3upan Hcub Kera oamaiinu. WKkHHYH Mucoa: Tom Epra
TyIIAa€Tranja TNOTEHIHAN JHEPrHSCHHHHT Y3TapHIUMra 3KBHBAJEHT
MHKIOpJa y MCHHAH, aKCMHYa G6yJaraH Ipolecc — TOIIHHHT ¥3-§3H-
AaH YSHHHHT COBYIIH XHCOOHMra IOKOpHTA KYTapHJHIUA MYMKHH 3Mac.

TepmonHHaMHKaHHHT HKKHHYH acOCH XaM, GHPHHUHCHAEK, TaXKpH-
6aBHH MabJyMOTJ1apHHHT YMyMHHAaUITHPHATAHHIHD.

TepMoJHHAMHKa HKKHHYH aCOCHHHHT GHp Heuya TabpudJaapH Mas-
KYI: UCCUKAUK §3-§3uOan COBYKPOK HUCM TOMOHOAH UCCUKPOX
HUCM TOMOH2a §Ta oamadou (Knaysuyc TabpHdu) €KH UKKUHYU TYp-
daeu abaduil dsucateanune 6yruwiu mymxun amac (ToMcoH Tabpu-
¢u), AbHH OHD XHCMHHHT COBYUIM XHCOOGHNa HCCHKJIHKHHHI HIITa aii-
JAUHIIH MYMKHH 6Y/AraH naBpHi NpOLECCHHHr OY/IHILH MyMKUH 3Mac.

Hceugauk MamuHacuaa um GepUAraH HCCHKJIHK xHcoGura Gaxkapi-

JAajid, 6upoK 6y BaKTAa HCCHKJHKHHHT KHCMH an6atra 6GOLIKA, YYHi-
YH KHCMra — COBYTKHYUra yrtkasuaaad. 104 ma 10.5-pacmnappa,

& Hecunrun &

e | Hevmawy

[ (T xewr rracs - (oBymeuy
] HAcumeyy o 2y gbuea- [Tamacy
mens
A=Q-&,
10.4-pacm. 10.5-pacm.

HKKHHYH acocra MyBOOQHK, OyaMIIM MyMKHH G6yJMmarad Ba MYMKHH
OysnraH paBpHH MNpoLecciap CXeMaTHK DPaBHUIAA KypcaTHJTaH.

TepMOAHHAMHKAHHHT HMKKHHYH acCOCHHH MHKJIOPHH ubogaamra

HMKOH OepyBuH 6ab3H TE€DMOJAMHAMHKABHH TYIIYHYaJapHH KYpHO 4H-
KaMH3. .
Arap 6apua opaJHK XoJaTap OpKaaH YTHIa TypH6 yHra akc
6yaran 2-1 mponecc OaxkapuaauraH Ba CHCTEMaHUHT gacTaabKu
XoJaTra KaHTHO KeqHIIM HaTHKacHaa aTpodrard KHCMJapha Xxeu
Kanjaad ysrapuw py# Oepmalinuran 6yJca, 1-2 mpoueccra xadirys-
dan (obparumoli) npoyecc neinnanu. Kadtysuan npouecc pu3nKaBHi
abcrpakuusaaup. Xed Oyamaranga aTpodAarn XKHCMJIapPHHHT HCHIIY-
ra caba6 OyaraH HIIKaJaHHUI KyYIapDHHHHT MAaBXYyLJIurd cababuan
Gapua peas mnpoueccaap Kaitmac (HeoGpaTHMBIE) TpOLECCAaPAND.
KaliTMac mpouecc/apHHHT XapakTepJH MHCOJJAPH: Ta3HHHT G ml-
JIHKKa KeHraduumy, AHQQy3usa, HCCHKAHK aJMamum Ba Xx. K. CHcTeMa-
Hy OOUIIAaHFHY X0JaTra KafTapum yuyH Oy XOJJIapHUHT XaMMacHa
TawKh Kydjaap Hul 6akapHILIapH JO3HM.

Luxa €xkn atdranma npoyecc jne6, cucreMa jgactaabKn xoJatra
KaiTu0 KeJa OJafuraH mpoueccra althaanu. Luka rpaduru énug
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uH3HKAaH nbopat Oynaau. 10.6-pacMiaa TacBHpJAHTAH UHKJA THFpu
KA 6yan6, y HCCHKJAHK MAIUHHACHTA, SbHH GUPOP KHUCMAAH — HCHT-
ruujgad Q; MHKAOPAA HCCHKJHK OJMHG Wil GakapaguraH Ba HCCHKJIHK-
HHHT Q2 KHCMHHH GOLUKA KHMCMra — COBYTI'H4Yra Gepajurad KypHJaMma-
ra (10.5-pacmra KapaHr) moc Kenaad. By nukaga umuu mopaa (ras)
HHHT MycOat niu Gakaprauauru 10.6-pacMzaH MabayMm; 1-a-2 npo-
Hecclla ras KeHrasjd, Hur Mycbar Ba COH KHXaTAaH arpu l1-a-2 uyu-
3WK Tarujard tosara tenr; 2-6-1 npoueccaa um MandHR (ra3 CHKH-
JIajH) Ba CQH JXHXATAAH TETHLJIH 3TPH UH3UK OCTHAACH 103ara TEHT.
FasuuHr 6GHp nHKAfa 6a)KapraH HIIK HIOHHHAT MYyc6aTaHrd Ba COH
XKuxaTiaH €énuK 1-a-2-6-1 srpu uyusHK OulaH derapaJjiauraH 1o3ara
TEHIVINTH aJre6pank AHFHHAHIAH KeJHO YHKaTH.

Teckapu uuga* (oO6paTHBIl UHKJ) COBYTTHY MAIIMHA HIUHra
(10.7-pacMm), s'bHH HCCHKJHKHH COBYTTHYJIAH O/NaJuraH Ba KYIPOx
MHKJIOpJAa KHJAHO, HCHTIHUra VTKa3aJuraH CHCTEMAara MoOC KeJagH.
Bynpah npouecc TepMOAHHAMHKAHHHT HKKHHYH KOHYHHra MYBOQHK
y3-y3ulan jo3ara Kejga OJMalAH, y TallKH KyuJap MIUH XHCOOHra
ﬂ“

Q

10.6-pacm. 10.7-pacm.

103ara Kesqand. By Bakraa ras manduit mm 6axapamn: 2-a-1 nponecc-
Aard CHKHJIMII HIuuM Maudui, 1-6-2 npoueccrard KeHraluil HUIM MYyC-
6ar. Anre6pauk HHFHII HAaTHXKACHAA TFasHUHT MaHGHA M Gaxkapra-
HHHH OJIAMH3, y COH XHUXaTAaH 3rpH 2-a-1-6-2 yu3HK Guian yerapa-
JJaHraH 103ara TeHr.

MceukauK MallHHACHHHHT €K, TYFPH UHKJHHUHT GOMAaMn HUI . KO-
¢GuuuentH 1eb6, baxcapusran uwHune wwidy ‘Mod0danuHe ucureuddar
oa2an ucCUKAUK murdopuea Gijazan Hucbaruea abdruiadu.

n=4/Q (10.24)

Hceukiuk MalUMHACHHMHT MINM HCCHKJAHK XHco6ura 6axapuiaub,
HOIYH MOJJAHHHT HYKH 3HEPTHsicH OMp LHKJ JaBOMHAA y3rapraHu
yayn (AU=0), TepMOIHHAMHKAaHHHT GHPHHYH KOHYHHTA MYyBOMUK,

* Teckapu (oOpaTHbH!) UMKAHH KafiTymua (o6paTwMblil) LHKN GiiaH apasaml-
THPMACJAHK Kepak. Kaftypuan Iuxa kafTyBuH npouecciaplan uGopat, y xaMm TYrpu
(HCCHK/IHK MalIHHACH), XaM TecKapH (COBYTrHY) GYJIHLIH MYMKHH,
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afianMa npomecciapia 0axKapHAaJHraH HII HCCHKAHK MHKAOpJapH-
HHHL aJre6pauK AHFHHAHCHTA TeHT. :

A=Q:+Q:

Himun Moana Kabys KHJTaH HCCHKJAMK MHKJAOPH Qp MycGar, MIU4H
MOJUIAHHHT COBYTTHUra 6epra HCCHKJAMTH Qo MaHOHHA. KeAHHTH HQO-
JaHH Xucobra oJcak, §. H. K.

n=(Q:+Q2)/Q, (10.25)

ra teHr 6yaanu.

Hxxku usorepma (1-2, 3-4) Ba uxku agHabara (2-3, 4-1) nan ubo-
pat (10.8-pacm) Kapro yuxkiunu Kypub yvKaiaHK. by nukaga nuun
MOAZfa Hpeat Ta3 6YaHO, HCCHKJIHK y3aTH-

AMUIH  y3apMac  TemmepaTypaaa  6y-  AA
JNajH.

KaiityBuan KapHo UHKAHHHAT ¢. H. K.
¢aKaT HCHTTHYHHHT TeMnepaTypacu T; sa A
COBYTTHYHMHI TeMmmepatypacH T Jaapra
6orauK 6yaHO, 4

n=(T\—T2)/T: (10.26) 3

ra TeHr.

TepMoAvHAMHKAHHHI HKKHHYH KOHYHH-
ra acocaannd, KapHo teopemacuuu Hc60T- g v
Jall MyMKHH: 6up Xua ucuteuy 8a cosyr- 10.8-pacw.
2uy 6unan Kapuro yukau 6ifduva uuinos- :
wu 6apua KaiTys4an MAUUHAAGDHUHZ (. u. K. 6up-6Gupuea Tene 6y-
AU, WIDYM MOJAA XHJAHrA, MHKJAHE 0a)KapyBuH MallHHa KOHCTPYKIIHA-
cura GOFJHK 3MaCLHp; KAUTMOBYU MAUURAHUKE (. U. K. KAUTYB4l M-
UUHAHUKE . U. K. OaH Kuduxoup.

(10.25) Ba (10.26)-napra acocan KapHo UMKJIHHH KyHHIaru4a
€3U1 MYMKHH.

140, T,—=Tg"

0 < T (10.27)
6y epia «=» HmOpa KaiiTyBuaH LHKAra ouj 6y1u6, «<» Huiopa Kadr-
Mac [UKATa TeTHUIIMAUD.

By ndona HKKMHUM aCOCHMHI MHKAOpHil Tabpuduuup. [Taparpad
GOWIHIA KeNTHPHJAraH Xap HKKH CHpATHA TabpHUGAAPHHHT XaMm HIy
ACOCHHHT HATHXKACH 3KAHJHTHHHA KypcaTaMus.

WccHKANK 6up JXKHCMAAH HKKHHYM »KHCMra wum OaxkapMacaaw
yTaau ne6 dapas Kuaadauk, svia Qi+ Qe=0. Y xonma (10.27)-1an
Kean6 uukkanupek, I'1—7T2>0 Ba T:>T, Gynamu, 6y sca §3-ysuua
6ynaérraH mpolueccia HCCHKJIMK IOKOPHPOK TeMIepaTypaju XKHCMJap
TOMOHHAAH NACTPOK TEMIIEPATypaJH XKHCMJap TOMOHra yTaid Herax
Knaysuyc tappudura Moc KeJajH.
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. MawnHa Ty/1a MHKIOpAA HCCHKJIHKHH HIIra al/IaHTHpaZHray xon-
napaa Q=0 6ynanu sa (10.27)-nan '

(1—T4/T\)>1

ra sra 6ynamus, 6y sca GJJHIIH MyMKHH Mac, uyHKH T, xaM, Ty xam
Mycbar kuiimataapra sra. Byuman TOMCOHHHHI HKKHHYH XxHs aba-
AMA JBHraTeNb OYJHIIH MYMKHH 3Mac, jerak TabpHPH Kedub qu-
Ka/H. '

(10.27)-uponann aamamrupaiank:

Q ., Ty, 0, Q
LG <—72 F4+35<0, (10.28)

HMuwun Mopna onran €ku Gepral HCCHKJIHK MHKIOPMHHHT' HCCHKJIHK
aJaMawuiKe Gy/naéTran BaKTA4ArH TeMmiepaTypara HHc6aTH KeaTupui-
ean uccuraux mukdopu QT ne6 atasnanm.
Wynunr yuyn (10.28)-un Kyfinzaruua Tan-
pudaam mMymrud. LIuka aaBoMuaa KeaTu-

“l
i PHJITaH HCCHKJHK MHKAOPJApHHHHT ajre6-
! PaHK HHFHHAHCH HOJJAH KaTTa 3Mac (kaii-
TyBYaH UMKJ/WIapJa HOJra TEHT, KalTMOB-
‘ YHJapia HOJNAAH KHYHK).
, Arap cucrema xonatu KapHo wHKaM
| 6yiinua ysrapmacaaH, Gomka 6Hp HuxTHE-

puii uuka 6yéimua ysrapca, y xosma YHH

Y erapauya KH4MK KapHo unukanapuuuAr

10.9-pacm. ~ TYNJaMH WAaK/Ja TacaBBYp STHII MyM-

kKHH (10.9-pacm). ¥ xosna (10.28) -ndopna

€Tap/nya KHYHK KCATHPH/ITAH HCCHKJIHK MHKJAOPJIAPHHHT HUFHHAMCHTA
aliJ1aHKG, JMMHTAA HHTerpaJ

aQ

- <0 (10.29)

bunaH wdonananaguran 6Gyamu. {10.29)-udona ucraarau KaiTMOB-
YK (Hwopa «<>») &ku KaliTyBuan (nmopa «=») nuka YUYH VPHHIH
6ynaBepanu; dQ/T — snemenrap KCJITHPUITAH HCCHKAHK. HHuTerpax
Oe/ITHCH yCTHIArH JAOHpa GeaTHCH HHTETPAIIALIHAHT €MUK~ KOHTYp
€KH 1uKJ Gyiinya 6yaadTranunm KypcartaiH.

Hxknta @ Ba 6 npounecciapian  HbopaT KaHTyBYaH LHKJAHNA
(10.6-pacMuun Kapanur) KYypu6 4YHKaMH3. YHra TYFPH KeJYBUH TEHIVIHK

2 |
LdQ _ | dQ 40
- fao fa0
(a) (6)
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(10.29)ra acocan KaliTyBuan umkaAap yuyH

2 1
aQ aQ
[ {20
(a) (6)
ra sraMmus. 6 Ayau OyiiHya HHTerpaasau yerapajapHiH  yarapruo,
2 2 2 2
aQ __\4dQ_9 =& dQ | 4Q

ji"r_ S;_T_— 0 &xu {T‘XT (10.30)
{a) (6) (a) (6)

HH onaMu3. Kefiuuru udona cucreManmur 6Mp XoNaTAaH HKKHHYH
Xos1aTra KaHTYBYZH JTHII BAKTHAArW KEJATHPHJTAH HCCHKJIMK MHK-
AODJIADHHHHT MHFHHOHCH Tpoueccra GOFIHK GyJaMaraHuHH, 6epuaran
ras MacCacH y4yyH CHCTEMaHHHI JacTaGKH Ba OXHPTH XoJaTJapH
6u/1aH aHHKJAHraHHHH KypcaTtaau. 10.10-pacMaa Xap XHJ KahTyBuan
nponeccaap rpadHkiapH KypcaTHIATaH, yaap yuyH gacTiaGku (1) Ba
OXHPTH (2) XoaatTaap ymymuiaup. By npoueccaapna HCCHKJIHK
MHKIOpH Ba HII Xap XHJ, aMMO KeJITHDHJITaH HCCHKJIHK MHKIOpJAApH
O6Mp xuaganup.

IIpouecc &kn cunxuw Guaan GOFAHK G§aMaigHran (bH3HKABUM
XapaKTepDHCTHKaHH, ORaTAa, NPONECCHUHT €KH CHCTEMA Ba3HATHHHHT
OXHPTH Ba JacTJaGKH XoJaT/laphra Moc GyJaraH 6Hpop QYHKUUSHHHT
HKKHTA KHAMATHHUHT afiupMaci kabn udopanaiinunap. Macadas,
OFHDJHK Ky4H HIUHHHHT TPAaeKTODHsira OOFIHK OyJaMaranaurn 6y
HLIHY TPAGKTODHA COLIM Ba OXUPHAATH INOTEHNHAJ SHEPTHAJAPHHUHT
afiipMacH OpKaJH HpojaJalira HMKOH Oepamu; 3JEKTp MaliJOHH
KYy4J1apH HUIHHHHT 3apsJ TPAEKTOPHACHTa OOFJHK GYJMaraH/uru. Oy
HIINH, 3apsili CHIXKWIIWHM 4erapajioBud, MaiIOH HyKTaJapHAard Io-
TeHUHalaap afupMacH 6unan GOFJalira HMKOH Gepann.

Hly cunrapu xalityByaH mpomecc yuyH KQJITHPHJTAH HCCHKJIMK
MHKZOPJIADHHHHT HHFHHIHCHHH CHCTEMa XOJNAaTMHHHI JHTpOnuUs neb
aTanyBuH GHPOp QYHKUHSCH KUAMATAAPHAAH HKKHTACHHMHT adupma-
CH Ka0u Hdonana MyMKHH:

2
. AS=S§,—S =j£TQ (10.31)
1

6y epna SyBa S|— 3HTPONHAHHHT OXHPTH (2) Ba Gomwtauruu (1)
Kuiimatiaapu. llynnai Kuau6, suTponmus cucTeMa XOJMIATHHHHT (PYHK-
UHACHAND; HKKH XOJMaT Y4yH 3HTPONHA KHAMATJIapPHHMHT afiHpMacy
CHCTEMAHHMHT OHP X0JaTAAH HKKHHYH XOJIATra KaiTyBuaH VTHUIHAATH
KeJATHPHITAH HCCHKJIHK MHKAOPJADHHUHT HHFHHIMCHIA TEHT,

Arap mpouecc KafiTMOBUYH 6yaca (10.31)-Tenrank GaxapHaMaiiu.
Akraliauk KaiityBuan 2-6-1 Ba KaHTMOBuM I-a-2 Tipoueccaapaan
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u6opar nHka (10.11-pacm) Gepuarau 6yJicuH. LLUkiaHHHT OGHP KHCMH
KalTMOBYUH Oysirass yuyH OyTyH LOHKJA XaM KaHTMOB4H OVJaadH, mry-
HHHT yuyH (10.29)-ra acocan

2 1
dQ o dQ akT™, deaﬁrys, -
@7_<0 exu [LQumm. 4 (dQuirye. < 0 (10.32)
1 2 ’
HH €3HUI MYMKHH.

1
(10.31)-ra myBopug S1— Sz = 559—‘%““'—“ Ba y xoazaa (10.32)-ypHura
2

2
S‘Q“;”_- -+ 8; —8,<0  HH onamH3,

éxu
2
AS:SZ—Sl>de_Ka;m (10.33)
1
d o
4 2 e AN
\
a 4 / \ 2
/ & g
7 Y - g v
10.10-pacm. l 10.11-pacm.

Ilynaait kuaub, KaATMOBUH IpOLECCHA KEJTHPHATAH HCCHKJIHK
MHUKIODJAAPHHHHT MAUFHHAMCH  3HTPONUSA  VY3TAPHIUHAAH  KHYMKIHD.
(10.31) Ba (10.33)-01 O6upaamITHPHO, E3UMHMH3 MYMKHH: '

2
AS > y_f%_?_ (10.34)
1

By epna wmiopa «=» Hu KaliTyBYaH, «>» HIIOpa — KafTMac mpo-
neccaapra teramanaap. (10.34)-myHocabar (10.27)-ra acocan OJHH-
raH, HIYHMHT YYYH Yy XaM TEPMOZMHAMUKAHNHT MKKHHYH acCOCHHH
udonanafign. Byran KellMHYa MK TacBHUpJAafiMU3 Ba SHTPONHSHHHT (H-
3HKaBHH Ma'blOCHHH aHHKJIAAMUS.
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(10.31)-popmysa daxkar SHTpoNmHsi adHpMacHHnH OGepaid, 3HTPO-
[MSHUHT V3M 6y/ica, NOTEHIHAJ SMeprHs CHHIapH, HXTHEPHH yarap-
Mac aHHKJIHTHrada TOTHJIAH:

d
s = (£ s,

Arap cucTema GHp XOJaTAaH HKKHHYHCAra yTran Gyica, y X0aAa
Ipouece XapaKTepHNaH —— YHHHI KaHTyBYaH €KH KafitMac OYJIHILIH-
JaH KaTbH Hasap Ma3Kyp Xojaraap opacupa pyi OGepu6 Typrau
HeTaJTaH KaiTyBYaH TpoOlecc ydyH sHTpomusnuar ysrapuwu (10.31)-
dopmyaa Oyiinua xucobnanaau. Bynra cab6ab SHTPONHsI CHCTEMA XO-
JATHHHHT GYHKUHSICH OYJITaHIMTHAMD.

HKxu XonaT IHTPONHANAPHHHHT aHAPMach KaHTyBuaH H30TEPMHK
TpoleccAa OCOHTHHA XHCOOJaHa

2

2
5= {40t jaa=g

6y epaa Q — ysrapmac Ttemreparypa T Aa CHCTEMaHHHT I-xonaraan
2-x0JIaTra YTHUI BAaKTHAA OJraH HCCHKJAMKHHHI TyJa MUKAODH. Ke-
HUHTH (opMyJaHH 3pHW, OGYFIaHHLI Ba HII. §. NpoLeccAapia 3HTPO-
MMt yarapulllAHM XucoGiaulgapia Hmsatagunap. bynpai xonsap-
1a Q — dasaBuii ysrapHIIJIAapHHHT SIUHPHH MCCHKJAHIH OYnanH.
Arap npouecc anuabatuk (dQ=0) xonma 6ynaérran Gysica, yHAa
(10.34)-ra mMyBOdHK, KaHTyBuYaH mNpoleccla 3HTPONHA y3rapmMafgn:

So—8,=0, S=const.

Ilynnnr yuyH KafTyBYaH afiHabaTUK MPOHECCTa H30IHTPONHUAJIH TPO-
necc Aenuaaan.

Kaiitmac aamabaTvk npoueccia Sy—S;>0 6yaanu, suTponus Ky-
nasiay. ByHu HCCHKJIMK YTKa3Maliiurag KoOuK* Muura >KOHNaHTaH T,
Ba T, Temmepartypajapra sra Gyaran (T,>T; laH) HKKH XKHCM Opa-
CHIEArd HCCHKJIHMK aJMalldil MHCOH Gujlan Hponasab OepHil MyM-
KMH. Arap HMCCHKJHKHHHT OHp 03 MHKAOpH dQ OHDHHUM KHCMAAH
MKKHHYMra yTaguran Gysca, yHaa 6y xoama OHPHHYM KHCMHHHT
surponmsicn dS;=dQ/T) Kagapya KaMasiii, HKKHHYHCHHHKH 3ca dSy=
=dQ/T, Kanapua opragu. VICCHKIHK MHKIOPH KaTra Gy/iMaranu
YUyH XaM GHPHHYH XaMAa HKKWHUY XKHCMHHHT TeMIepaTypacuHu ysrap-
Maligu 1e6 xucobaam MyMKHH., CucTeMa SHTPONHSICHHHHD TyJaa yara-
puwn Myc6at 6yaanu: '

dQ dQ

dS= —dS,;+dS; = ————->0

R A A
* ATpo)ard KHCMJAPAaH WCCHKJHMIH H3OJSAUHANAHTaH cucTeMasapra TepMOnH-
HaMHK HM30JSLHMSIAHTaH 6K ONIMi KuUA#G, H30AANHANAHIAH CHCTeMasap NedWJIanH.
ByHaafi cucTeMa/JiapDHHHI MYXHMJHTH WIYHAAKH, aMajifia KyUWHMHA XKHCMJIAD KHDHTH-
JHII XHCOGHTra aTpOGNard crcTeManap OHJIaH HCCHK/AMIUHA KapHAG aJMatTupMaiIu-

raH CHCTEMAaHH XaMHIIa 2XKDATHW MYMKMH 6Yaany.
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AEMaK, M3OAALMSANAHIaH CHCTEMAHHHT IHTPONHACUH OpTaiu. Arap Gy
CHCTEMajla HCCHKJIHKHHHI COBYKPOK JKHCMAAH HCCHKPOK MXKHCMIa ¥3-
ysuaaH YTHWH coaup Gyaaadran 6yaca, y xosga CHCTeMa SHTPOIHS-
CH KaMa¥rad 6ynap sjau:

. dQ  dQ
dS < ds; —ds, = F 2L <o,

Oy aca (10.34)-dopmysara Kapurn Keiap sp.

Wynna#k xuauo, (10.34)-dpopmyna TePMOJHHAMHKA HKKHHYH aco-
CHHHHI siHa GHD TabpuHHH HPOJANaHAU: TepMOAHHAMHKABHI H30-
JIILHSJIAHTAH CHCTeMaja CHCTeMa SHTPONHUSICHHH KaMalHimra oJu6
KeJaHTaH NPOUeCCAAPHHHT COAHP OY/HUIM MYMKHH 3Mac.

Mouiekynapuii — KHHETHK HYKTaH Hasap OyfAnya SHTPONHAHH Ccuc-
TeMa 3apparapu TapTUbCU3AUSURUNRE [fA408UOuUp Ne6 KyJafitHHA Xa-
paxrepiawr My™mkuH. MacanaH, ras xaXMM KaMafTHPHJATaNZa YHHHT
MoJeKynaiapu Gup-Gupura nuc6araH Goprau capu GeJITHAHDPOK KO-
HH arannawra mMaxoOyp O6yrapunaap, 6y CHCTEMaHHHT KYNpPOK TapTHO-
JIaHTaHJIMTHra MOC KeJajH, SHTPonusa sca 6y BakTaa KaMasigu. [as
CYIOKJINKKa KOHAeHcauusaaHraiia €ku §srapmac TeMmeparypaja
CYIOKJIHK KDHCTAJJIH3AUUATAHTAH BAKTAA HCCHKJHK a)paJaiH, SHTPO-
s KaMasau. By xosnna xam 3appavanap »xoivIaHHWIHAATH TapTHG
OpTany.

T T
a ibeo b \coa ¢ \aab d ;aéc

SS—

|
[
I

.
b = =

: .
ab \cd ac }éa’ aq \bc oc iaa’ ba :rar ol Eéa
. { o

t ]
] |

2
10.12-pacm.

CucTeManarn HOTapTHOMHAHK MHKIOPAH TEPMOJHIIAMHKABHH 3XTH-
MOJMUIHK W o, GUIaH XapaKTepaaHAAH. YHHHT MabHOCHHH aHHKIALI
MaKcaiHAa TYpPTTa ra3 3appayacH a, 8, ¢, d gau H6opaT cHCTeMaHu
TexmHpa#iuk (10.12-pacm). Maskyp 3appavasap xaélaH HKKH Gup-
Aali KaTakka OYJIMHIaH XaxXMaa TypajH/jap Ba YHHHT HYHJA- 3PKHH
CH/IAKHULI HMKOHHSTHrA 3rafiupJap, feHaHuK.

CHcTeMaHHHr GHPHHUYHM Ba HKKMHUH KaTaKI1ard 3appavagaap COHd
Ounan GenrujaanyByH XOJaTHHH — MaKpoxoJdaT je6 aTaiJauk;
Xap GuMp KaTak[a KOHKPeT DaBHIIa KaiicH 3appavaJjap TypraHJurd 6u-
Jal GeNrdjaHyBUH CHCTEMA XOJATHHH MHKpoxoJgar [Jeb6 araii-
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auk. Yuma, 10.12, a-pacMaan KypHHHIIHYA MAaKpOXOJaT OHPHHUYH
KaTaKJarH 6HUTTa 3appaya Ba HKKHHYM KaTakiard y4ra 3appadd —
AbHH TYPTTa MHKPOX0JAaT Ou/iaH BYXKYAra KeJalH. Xap 6Hp Karakia
MKKMTajaH Gyau6 TYPTTa 3appauaHHHr KONJIAHHIIMIA MOC MaKpOXO-
jaT OJTHTa MHKpoxosiaTaap Guman (10.12-pacw, 6) XOCHJ KHJIMHAJH.

Tepmodunamurasuil 3xTumoriuk 0eb, OGepuaran MaKpOXOJIaTHH
pea/aliTHPYBUH 3appayajap XKOMMaHHUI TYPJapUHHHT COHHra €KH
MUKpOXoJaTaap conura adtuiaand. KypuO uMKWITAH MHCOJJIAapHHHT
GuputuncHaa W, =4, UKKHHUHCHIA Wiy =6. by Mucoanapiat
KYpUHaAHKH, 3appadaJapHHHT KaTakjaap 6yinua TekHc (MKKHTaJaH
6yau0) TaKCHMJAaHHIUMIa KYIpoK TepMOAHHAMHKABHH  3XTHMOJJIHK
voc Kejand. VIKKMHYM TOMOHJK4H, 3appauaslapHHHI TEKHC TaKCHMJa-
HUIIH SHF KaTTa SHTDONHAJH MYBO3aHaT XoJaTra KaBob Gepand.
OXTHMOJIMK HA3apHCHHUHT YMyMHH MYy/0XasasapuiaH MabJIyMKH,
y3-yaura Kyihu6 Oepusrad cucrema, 3HT Kyn MHKIOpAAaru ycyJanap
GHJIaH peaslaHyBUM MaKPOXOJATra €KH 3IHT Kyl TEPMOJHHAMHKaBHH
3XTHMOJJIHKKa 3ra GyJraH XoJaTra MHTHJIaJAHraH 6ynanu.

Arap rasra HMKOH GepHJICa, y KeHFaslH, YRUHI' MOJEKy/ajapH 6e-
pHAraH XaxMHH OyTyHJall TeKHC Srajjaiura MHTHAaJH Ba 6y mpo-
leccia SHTPOMHSA KAaTTaJallHIIAHH MHCON CHdaTHAA KypcatHb6 yra-
mu3. MoJeKyJajiapHHHT XaXMHH ¢akar OHp KHCMHHH, MacaJaH,
yAHUHT OGMTTa APMUHHTHHA 3rajulalira MHTHIHILIADH kabHu TecKapH
npouecc KysaTHamaiad, OyHra TepMOJAMHAMHKABHA 3XTHMOJJIHTH
aHYa KHUHK OyJraH Ba KaM SHTPONHSJIM XOJar TYFPH KeJraH 6y-
aap 31u.

ByHaaH SHTPONHAHHHT TePMOAMHAMHKABHH 3XTHMOJTHK 6unaH
GornaHHIM XaKHAa XyJA0Ca YHKApPHII MYMKHH. DO/IbLIMaH SHTPONHs-
HUHT TePMOJHHAMHKABHIA 3XTHMOJJIHKHHHI JOTapHQMHra NpOMOpLHO-
HaJ 3KaHHHH aHHKJaIH:

S=kIn W’repq (1035)

6y epna k — DBoJablMaH TOHMHHACH. .

TepMOIHHAMHKAHMHT HKKHHYM acOCH OMPHHYH aCOCHA2H €xkH
HploTOHHHHT HMKKHHYH KOHYHHAaH QapKnaHagu Ba Yy — CTATUCTUK
KOHYHOup. VIKKHHYH acOCHHHT 6ab3¥ NMDOUECCAAPHHHI OYmHlIM MyM-
KdH sMac JeraH JabBofiapd aciaja yJapHHHI MaBXYAJHTH XyAa KaM
3XTHMOJJIHKKA 37a, aMajjia — 3XTHMOJICH3, sbHH GOYMMIIapH MyM-
KHH 3Mac AeMaKIHD.

KocMuk macmrafaapia TepMOJHHAMHUKAHHHT HKKHHYH acOCHAAH
aHya geTJaHHUIAp Kysatwiand, O6ytyH KouHorra Gy.jca, IyHUHTAEK
KaM COHJH MOJeKyJaiapiaH u6opar cucTemanapra Hucbatan Oy
acocun TatbuK 3TH6 GyaMaiIH.

[uposapauga siHa GHp 6Op 3CJHATaAMHU3KH, arap TepMOJMHAMHKA-
HUHT OHPHHYM acoCH NPOLECCHHHI 3HEPTeTHK GaJslaHCHHH KypcaTca,
HKKHHYH KOHYHH — MpOIECCHHHT GOpull HYHAJMWIHHH  KYpcaTaju.
TepMOIHHAMUKAHHHT HKKMHUM KOHYHH OHDHHYHM KOHYHHHH JKHAIMH
TyJaTraHura YXIIaml, SHTPONHS XaM 3HEPrHs TYIUYHUaCHHH TyJaTajm
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§ 5. OJJAMHUHT «UCCHKJIUK
YIAHMHW»> HA3APUACHHHU
TAHKHJ,

Knaysuye, yHaan cyur 6ab3u 60MIKa ONMMJAAp XaM, H3OJISHAJIAH-
raH CHCTeMaja SHTPONUSHUHT OPTHIIM XaKHAarH KOHAaHH OGyTyH
oJlaMra TaTOHK KHJHG NyHE SHTPONHACH MAaKCHMYMra HHTHJAMOKIA
Ae6 1abBO KHIAHJIap. DHTPONHA MAKCHMyMra eTrak 6apya 3Heprus
TypJlapH MOJIeKYJaBHH-KHHETHK 3Heprusra aiagaHuG, TeMmeparypa-
Jap, KOHUEHTpauHAJap Ba w. y. GapoGapnamuG, GHOJIOTHK NpOlecc-
Jlap TYXTa#au, oJaMaa HCCHKJHK JJIHMH BYKyAra KeJaj.

IlyHénaru «HCCHK/IHK YJIHMH> HasapusicH XaM (GH3HKABHI Ha3a-
pHus XaMIa GHIOCOMHK KOHUENIHs cHPaTHAA acOCCH3AHP.

Bupunynian nsonsuusnaHraH CHCTeMa yuyH YHKapHJTaH XyJoca-
napHu Gytyn Osamra éfMII MYMKHH 5Mac, HErakH W3OJSIHAJIAHCAH-
JHKHHHT §3H UeKJaHFaHIMKHH Ba CHCTeMalaH TalIKapH KaHIaiaHp
AKHCMJTADHUHT Gopaurdud Ouapupaan. Osam 3ca YeKCH3ZUP. AcTpo-
¢QH3HKa MabJyMOT/IapH GyiiHua XO3HPTH BAaKTHA XaM COUHJTAH MaTe-
PHALAH AHTH IOJNAYy3/1ap TYFHAMOKAA, S’BHH IHEPTHSHHHT KOHIIEHTpa-
UHANTAHHIIE pyH Gepaiau. By, TepMOAMHAMHKaHHHT HKKMHYH KOHYHH
acnatub. yruaranunek 6ytyn Ogam Mmaciutabupary XoJHcajaapra Tar-
OHK STHJIHMIIMHHHT MYMKHH 3MACJUTHHH TaCAHKJAMHLH.

«Hcengaux ynumu» HasapusicHIaH sHa KyHHIArH caBod Keaub
YHKalH: arap ILYyHE KayOHJapAHD «HCCHKJHK VJIHMHTa» KeJajuras
6y/ica, HAMa yuyH y Wy BaKTraya yHra Keamaiau? By XoJjga nyHé
abajuit MaBXya 6yiran sMac, KauoHJIapAHpP XOCHJ GYJraH Ba. Kauo0H-
JapAHp YaaiH, AeraH XyJoca KHJAHI MYMKHH. Y XoJga OJaMHH
GHpOpTa sSIPaTYBUHCH XAKHMAA Tall IOPHTHII MYMKHH 6yau6 koaanu,
Oy sca Gesocura AuHHH, 6yamaryp, Vinamuviapra onn6 xeaagu. Iy-
HUHT YuyH axal 9MacKH, DyXOHHHNAp AYHENATH CHCCHKAHK YJIHMH»
HIEACHHH XO3HPrH AaBpAa €KJaal KyBBaTJaMOKHajap.

KnaysuycHHHT peaKuuoH ¢uKpJapH OSreinc ToMoHMmaH «Ta-
6HaT IHaJEeKTHKAaCH» acapHia TaHKHA KHAUHTaH anu. Y «Kaaysuyc-
HHHT HKKHHYH KOHJacCH OJIIMMH3Aa Kal IakKJAa HamMoEH GY/IMacHH. ..
YHHHT (HKDHYa, SHEPrHSl, MHKIOD JKHXaTHAAH iyxkoamaca, cudar
AKHXaTAaH HYKONaau*» ne6 €sraH 31H. «XapaKaTHHHT HYKOJIMacCJH-
THHH — JIeiln  DHresibC, — COH MabHOCHAATHHA 3Mac, GaJKH cugar
MabHOCHIAXaM TYWIYHHII Kepak»**., McCHKJIHK MyBO3aHATH GH3HHHT
MacumtabaapHMusra Kypa KyAa kKaTra 6yaran OJaMHHHT 4eK/iaHrai
yuacTKaJapHaa XOCHJ OYJHIIM MYMKHH Ba X0CHaA GYaH6 TypMOKAa,
OHPOK «...0H3la IIyHAa# MUIOHY GOPKH, MaTepHs Y3HHHHT MaHa uy
XamMa ysrapHuiiapuna aGaiuii MaTePHJIUTHYa KoJa Gepaid, YHHHT
aTpuOyTIapuaaH OMPOHTACH XaM Xed BAaKT HYKOJHIIK MYMKHH 3Mac
Ba Wy cababau Matepus Epaard y3 TapaKKHETHHMHT YYKKHCHHH —
(HKpPJIOBYH PYXHH KauoH GYJIMacuH 6Hp BAKT KaHAal KydiH 3apypH-

*dureanc ®. Huarekruxka npupoans. — Mapke K. sa dureanc @. Cou. 2-pyc-
4a HawpH, 20 1. 600-Ger.
9 ** Mapkcya-fieHHHYa QHAOCODHA XPeCTOMAaTHACH. «YKHTYBYH» HawipuétH, | Tom
391-6er.
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a1 Guxal KHpHG Taljaca, y aHa my YYKKHHH Kaepaa 6yaMacHH
GoliKa xoHja Ba OouIKa BaKTia XYAIAH wysaail  3apypaaT OHJaH
AHTHIaH ByXyAra KeJTHPHIIH Kepak®.

§ 6. BUOJIOTHK CUCTEMAJIAP
3HTPOINHACH

BHONOTHK CHCTeMara HHcGatan 4 § 1a Tabpudaanrad QHKpAAPHH
aHajJM3 KHJAMIIra HHTHIARG KYpaMua:

1) SHTpOTHsS CHCTeMa TapTHOCH3JHUTHHAHT YA4OBUAHD;

2) H30MANUANAHIAH CHCTEMAHHHT SHTPOMHACH KaTTaJNaIIarH, ae-
MaK, TapTHOCH3JIMK XaM OpTalH. )

TupuK OpraHn3MJap IWYHAal cucTeMalapAHpKH, yJaap Kynanuu,
y3-y3ujan KaHTa THKJIaHHII HaTHKacHIa TapTHOCU3 CHCTEMAaAaH Tap-
THO6AHM cHCTeMaJapHH sipaTaiunaap. AApPHM OpraHH3M {3 DPHBOXKJAHH-
M Ba fllam [IpolieccHia Mojjanap ajaMallHil Kucobura, Y3JayKcus
cypaTaa KaMpOK TapTHOJaHraH CHCTeMajlaH Kynpox TapTHOJ/H CHCTE-
MaHH XOCHJ KHJ4IH: OBKATHH, KHCJIODOAHH — aCOCaH KHUHK MOJIEKY-
JadH MOJJAJapHH HCTEbMOJ KHJIHMUI HaTHXKacHia OpranH3M Huxla
I0KODH MOJIEKY/1aJu OHpHKMaJjiap CHHTE3JaHalH, xyxaipajaap XOCHI1
6ynanu Ba ycaiau Ba X. K.

Arap pHBOXJAHHUI NpOLECCHIa OPraHH3M TapTUOAHANTH KaMali-
Mainn ae6 xucobiaxca, yHiaa l-gasora MYBOGMHK YHHHT 3HTPOIMHSACH
opT™maiind. Bynna 2-maBora 3HJ KejaraH Hapca YK, UyHKH OpraHH3M
H3OMSLMSNaHraH cHcTeMa amac. Arap Gupop #ya Ounan: OBKarAakh,
XaBojaH Ba Wi. ¥. JapiaH MaxpyM 5THO6 OpraHH3MHH HU30JsLHsIaLl
MyMKHH Oysica 3[H, YHAa YHHHT 3HTPONHACH omn6 Kerub, Taxpubda
yauM Guaad Tyrap 3a4d. Xaér y3HJHMII npoleceria -CHCTEeMAHHHT Tap-
THGCH3ANTH KECKHH OpPTajJd Ba HTPONHSA OPTAAH.

Ilynpait xuaub, Moifa aJMaluvil OPTraHH3M  TapTHOIUIHTHHH
cakJalira €KH XaTTO KyTapulira Ba TETHILIHYA YHHHL 3HTPONHACHHA
cakJalura éKH KaMalTHIIra HMKOH 6epau.

TepMoAHHAMHKA TEPMHHOJOTUACH Gyiinua OGHOJOTHK CHCTEMaJsap
OUHK CHCTEMaJjapra, s’bHH aTpodiaru MyXHT OHJAH 3HEpPruscH Ba
MOAacH OWJaH ajMalllafiHraH cucTemanapra xupaiu.

BHOJNOTHK CHCTeMa 3HTPONHACHHMHT yMyMHE Y3rapuilH dS vu
WIAPT/IH paBHIla HKKH KHCMJaH ubopat KuJaH6 upoasall MYyMKHH:

dS=dS; +dS. C(10.36)

6y epaa dS;— OHOJOTHK CHCTEMaJar¥ KaHTMOBUM INpOLECCIap 61-
1aH GOFJAHraH SHTPONHA Varapuu, dS. — arpopiarn MYyXHT 6u-
JaH TabCHpJAHWI OajiaHcH Xucobura 103 Gepra (TramkapumaH ke-
pak MoAAajapHH KalyJ KWIMLUI Ba THPUKIHIHMK baoauATH MaxcyJo-

THHW uHKapHuur) sHTponus ysrapuwn. Hopwmas, crauuoHap Xxoviatia
dS=0, S=const ne6 xucobmaur MyMKuH, OyHIaH

dSi = _‘dS e

* Mapkcua-JeHHHIa  QHJIOCOQHS  XPeCTOMATHHCH. «YKATYBUM»  HaIPHUETH,
I Tom, 394-Ger.
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(1878—
1942) — coser ¢uaury, 6HOQHUIHIH Ba
reopusurn. JaBjaat GHOPH3HKA HHCTH-

Jlazapes Ilerp [lerposuu

TYTHHH  TaWKHWA KdjaraH, Jlasapes
KY3FQJHIUHHHT HOH HAa3apHsACHHH HLI-
a6 uHKAM, (H3HOJOrHK aXanTalus
TIPOILECCHHH TEKIIHDAH, TePMOIHHaAMH-
Ka KOHYHJapHHH GHOJIOIHK fIpouecc-

Japra Ba OomKajapra TarOHK JTHIU

npobreMacHHH HILIA0 YHKAH.

TapTHONHJNTHHA KaMaHTHPHII XHCOOHra cakJjaHalH,

Hsonsnusnadran cucTeMa Y4yH
6yaraungek, xamuma dS;i>0,
aeMmak, dS, <0, 9bHH O03UK MOJ-
JajnapAaH Kypa, OpTaHH3MIaH
YHKaDHJAYBUH MaxcCyJoTjapia 3H-
TPOMUSL KaTTapokK OYJHIIH Kepax.

Bab3u maToJIOTHK XoJaT/aapia
GHOJIOTHK CHCTEMAJIap 3SHTPOIMHUSA-
eu opruui (dS>0) .myMkuH, Oy
TapTHOCH3JMAHHUIHHHT  OPTHILHIA
OOFJHK, MacajiaH, pPaK KacCaJJHK-
Japujaa XyxafpaJapHHHT XaOTHK

| paBuLIAa TaprAGCH3 Ycumin pyi

Gepaiu.

OpraHu3MHHHT HOpMaJ Xaéruil
$aoausaTH atpodAard MYXHTHHHT
SHTPONMACHHH omHpaan. Maca-
JaH, KOCMHK KeMa KOCMOHAaBT Ou-
JlaH OHprajiukia, MyafiiH TaXMHH-
JIHK[a, SHTPOINHSICH OpPTYBYH Tep-
MO-H30JALHANAHTaH cucreMa Oy-
Jaad. .Arap OHOJIOTHK CHCTeMa
XHCOO/IaHTaH KOCMOHABT 3SHTPO-
NUsicH y3rapMaca, y xojjga Koc-
MHK KeMaHHHI 3HTPONHICH KOC-
MOHAaBTCH3 opTaau. bolukaya Ku-

aud  aUTraHma, KOCMOHABTHHUHI

TapTHOJUJIHTH aTpodAard MVXHUT
(10.36) -dpop-

ds; dS,

dt + dt

IaKAra KeJITHPHII MyMKHH €KH cTanuoHap xon1 (S=const, dS/dt=0)

MyJlaHH
as
Tdt T
yuyH
aSi
dt

(10.37)-3aH opraHMU3MHHUHI OJATA4TH XOJHAA
npoueccyaap XHCOGHIa Varapuml ‘Te3JHrH
aTpodgard MyXHT GHJaH ajMalldiid XHcoOHTa

dSe

e (10.37)
3HTpOHHHHHHI‘ HYKHU
Ba 3Heprm{mmr

MaHQHI

MOZJa
6ynaérran

SHTPONHA Y3TrapHIU Te3JIMIHIa TEHTJIHTH KYPHUHUHO TYpHOIH.

§ 7. TEPMOMETPHA
BA KAJTOPUMETPHA

Temneparypasapnu aung ya4au HAMHA-TaIKHKOT Ba TeXHHKABHH
HUJIADHUHT, WYHHHIAEK, MeIHUHHA JHArHOCTHKACH Ba OHOAOTHSAHMHT

a)kKpaJjamac KHCMHIHP.
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Mabaym TeMlepaTypasap AHamna3OHH XKy[a KeHr. XO03Upru BaKT-
raya SpHIIMJIra” SHr nact Temnepatypa 2-107%Kra AkuH. SpHIIHI-
rai TeMIepaTypaJapHUHT IOKODH Yerapacu Xed HuMa OHJIaH YeKJaH-
maran. Ep HapoHTiapuia 3HI IOKOPH TeMnepaTrypara BOAOPOL GoM-
GacHHH NOpTJIaTHIIAa 3PHWKIAM, y Taxmuuan 10°Kra Tenr. IOaays-
Jap OaFpujard TeMrepaTypa CHeKTPOCKONHK MabayMOT/Iap 6yitnua
10° K Ba ynjaaH xaMm IOKOPH OYJIMIIH MyMKHH.

ByHgaii KeHr J1HanasoHjaru teMmiepaTtypajapHi OJIHUI Ba Vagai
MeTOl/apH FOAT Typauuainp. TemmepaTypaun yiyaul MeTOANApHHH
Ba y Ousan GORIMK Oy/iraH Macajanapii ypranyBud (U3HKAHHHT
aMaJ/uil cOXacura Tepmomerpus Aeinsiajiu.

Mabaymku, TeMmuepatypa OeBocHT2 VaIYaHHIIM MYMKHH 3Mac.
YHUM aHHKJAI YYyH TeMIlepaTypaBHil LiKajaHh OeJrHaab OJMHUL. Tep-
MOMETPUK MOIJaHH Ba Temliepatypa Ounaan OOFMaHYBUH ¢du3NKaBHA
xoccaHH (TepMOMeTPHK XOCCaHM) TaHJam, GOMIAHFHY XHCOO HYKTa-
CH Ba TeMIiepaTypa OGUDJHIH XaKHAa KeJNHIIHII Jo3uM. DyHuHr yuyu
ofaTAa HWKKMTa (as3aBufi yTuunIapra, Macajad, MabiayM TallKi
LIAPOHTJApAA MY3HHHT SDHIIHIA Ba CYBHHHI KaHHaIIHTa MOC 6yJraH,
acocHi TeMIlepaTypajdapHu (penep HYKT@GAQpUHW) TaHJaHAUAAD. by
HyKTaJlap OpacHAarH IUiKaja KHCMH acocud uxTepsaa el araiajd.
Xuco6 Gomn ypHKIa pemep HyKTanapuiaH GUpPH (Macanak, 0° — My3-
HHHT 5DHII TeMmepaTypacd) KaGya STHJafH, TeMmepatypa OGupJurd
KuaH6 acocuil HHTepBaad yJaylH oauHaid. JKymuanad, Lenabcuit
mkanacuaa 1 rpaayc acocuit HHTepBajHuHr 0,01 yJIyHWIHHM Ta&LIKHI
3TaaH. :

TeMmepaTypaBHil IiKajianap TEPMOMETPHK Xocca €KH MOAAa oV-
finga ¢apx Kuaagu. Dup-Gupunan anua $apk KHIYBUM XKYAA Kyn
MHKIOpAA LIKajajap Ty3HII MYyMKHH, 4YHKH XOCCalapAaH xed 6HTTa-
CH KaTbHAH UYM3HKJH OOrJaHMailan Ba OyHAaH TallKapH MOAAA Ta-
6uatu OujaaH GeJruaaHaiy.

Bapua 3MNHpHK LIKaJaJapHHHT KaMYHJIHTH yJapHHHD TepMOMeET-
DUK MOZAa XoccajnapHura GOFJIHKJAMTHAMD. Xoccanap Ba MOAAA 6unad
GornmK OysiMaraH IKasda (pakaT TepMOAHHAMHUKAHHHT HKKHHYH KOHY-
HHra acoCaH TY3WJalH Ba abCoAtoT TepmoOuHamuxaguil Temneparypa-
Aap wkaaacu 1e6 atanaid. YHHHT penep HyKTacH KHJHO CYBHHHT yu-
aama HykTacu 273,16 K kabya Kunaudrad. by uikania KapHo UHKAH
épraMuia aHHKaaHagd. By uuKIHHAT Mys spuwt To Ba CyB KafiHall
T's TeMHepaTypajapHra MOC H30METPHK Mpouecciapiard HCCHKIHK
muknopaapu Qo Ba Qs uu §uuab, ¢. H. K. popmyacu 6yinua

Ts/T():Qs/QO

kucGarni Tomum Mmymkuu. Iysra yxwam uxtuépuii temnepatypa T
YUyH :

TITo=Q /Qo

HH é3um MyMKuH, 6y epia Q — cuctemara T TeMmmepaTtypajiari H3o-
TepMHK Npoleccia Gepuira uccHKIHK mugiopu. Uly ycysida anux-
N
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J4HTaH TeMneparypara afCOAIOT TepmOOUHaMuKasuil Temneparypa
JeHHIafH.

TepmonunaMHKaBuii Temnepatypa OGupanra keapBHH (K) — cyB
yuJaMa HYKTacH TEepMOJAMHAMHKaBHH TeMneparypacHHuur 1/273,16
yayminra Tedr. KeJbBHH TeMmnepaTypaBHii HHTepBaa OHpJAHrd cHba-
THAa, abCcoMoT HOIb GMJaH CYBHHHT ywlaMa HYKTAacH opacHAarH Tep-
MOAHHAMHKaBHA TeMmIepatypa HHTepBaJuuHuHr 1/273,16 Kucmura
TEHTAHD.

HUcranran aMnOHpHK IuKaja, Ma3Kyp MOAJa TePMOMETPHK XOccCa-
CHHHHT TeMIepaTypara OOFJIaHHWIHHH XHcoOra oOJayBUH Ty3aTMmajaap
KHDHTHII BOCHTACH GuJiaH aGCOJIOT TepMOJHHAaMHKaBHH ulKaJjara ai-
JaHTHPHJIATH. '

TeMmnepaTypa KHHMaTH TEDMOMETPHK MOAJaHHMHI OHpOpPTa xocca-
CHHHUHT KaTTaJHrH 6yiinua GeJrujiaHradd yuyH yHH yJudam xaxm, 6o-
CHM, 3JIEKTPHK, MeXaHHKaBHH, OITHKaBHH, MarHuTaBHi Ba W. .
(bH3MKaBHH TNapaMerpJapHH yauawpad nb6opaTanp. TemnepaTypanu
ya4al yCyJNJapHHHHT XHJAMa-xua Oyaumu  yJjaapaa ¢oinananysun
TEPMOMETPHK MOJJa Ba XoccaJjJap .COHHHHHT
Kynaury OusnaH GOFJHKIMD.

- TepmoMerpiap—TeMnepaTypaHy yadaul ac-
606/1apu—TepMOMETPHK Xoccajad ¢oiaana-

)

Nt
-
T

* HaJMraH Ce3rHp 3JeMeHTAaH Ba yJayail ac6o-
6u ‘(IHaTOMeTpP, MAaHOMETp, rajbBaHOMETP,

- ﬁf NOTEeHIIHOMETP Ba X. K.) RaH ubopar Gynanu.
j:3 Temneparypauu yauawga 3apyp Oyaran
30 WapT— Ce3rHp 3JeMeHT GHJIaH TeMmeparypa-
CH VJYaHa[HTaH XKHCM, OPacHLa HCCHKJIHK MY-

nEesal AI'lLlllIlIll!!lI 1881

BO3aHATHHHHT MaBKYIJIHTH.

YauaHyBuH TeMmnepaTypa HHTepBaJll1apHra
Kypa KYNpOK CYHOKJHUKJIH, Ta3JH TepMOMeTp-
Jap, KaplUHJIUK TepMOMeTpH, TepMOMeTp CH-
thatuaarn tepMOoXKydT Ba NMHpPOMeTpJap Tap-
KaJraHaup.

CyIoKAUKJIH TepMOMeTpla TEepMOMETPHK
X0cca XaXXMHHHT Y3rapHIUKAMUD, Ce3TUp 3Je-
MEHT 3Ca CYIOKJHKJIH (ojatia CHMOOJH €KH

10.13-pacm. cnupTau) pesepByapaup. [Impomerp.aapna

TEePMOMETPHK Xocca cudaTHAa HypJaHUI HH-

TeHCHBJAHIHAAH ¢ofigananuiaiy. [TupomerpjapHuHr GollKa TepMoO-

MeTpJapllaH ¢apK{ WIYHRAKH, YJIAPHHHT Ce3THD 3JEMEHTJapH XKHCM

O6unaH OeBocHTa KOHTakTadawiMmaiau. Ilupomerpnaapiad HcTaJraHua
I0KcaK GyaraH TtemiepaTrypaJapHu yadauml yuyH QoigasaHaguaap.

HuxosaTaa nact TemneparypaJapHH §I4Yaliia TEPMOMETPHK MOA-
Ja cHbpaTHAa NapaMarHeTHKJap XH3MaT KHJAWO, YA4aHYBUH Xocca —
MarHHT/JaHYBUAHJIHKHHHT TeMIeparypara OOFJaHMIIM  XH3MaT KH-
Jajy.

MeanunHana HIAATHAYBYH CHMOOMH TEPMOMETD MAKCHMAaJ TEM-
nepaTypaHH KypcaTaiu Ba Makcumaa Tepmomerp neb arajaiau. YH-

Topadm -\
DUAZOH KO
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nard 6y XyCyCHAT YHHHI Ty3HJIHIIHIA GOFNHK; CHMODJIH pe3epByap
AapaxanaHrad KalWAIspAaH KWICHMOH /Aapa:mald TOpaHTHPHJTAH
WOH OujaH aXpaTHiras 6YanG, Gy TOpafiraHIHK TEpMOMETP COBHTAH
RaKTAa CUMOGHHHT pe3epByapra KaHTHLIHIA HMKOH Gepmaiinn (10.13-
pacM). Y30K BaKTAa KY3aTWJyBuM SHT NACT TemnepaTypaHH Kypcara-
JUMraH MHHHMaJ TEPMOMETpJIap xaM MaBXKyl.

KHUMK WHTEPBAJJard TeMIepaTypaHH IOKODH aHHKJAHKAA yadau
yu4yH MeTaCTaTHK TepMOMETP (10.14-pacM) XH3MaT KHJAAIH. byunai
TepMOMeTp CYIOKJHKJIH (0XaTAa cumobii) Kartra pe-
sepsyap | daH Ba y3yH HHTHYKA KanuJaasap 3 faH Hoo-
pat Gyaaan. 1-pesepByapiaru cuMo6 Maccacd yara-
pyBYaH, YHHHT KHCMH 2-pesepByapra  KyHHJIHIIH
MYMKHH, OYHHHT HaTHXacHla IIKaJaHUHT 0 Gex-
rHCH VJAYaHYBYH TeMIeparypajiap HMHTEPBAaAHHHHT
[IACTKK yerapacH KUAu6 onuHann. Bynaa# TepMOMETP
JapakaCHHHHT KHAMATH 0,01° ra Tenr. Xucobjaul HH-
TepBasH XaMmacH 6§anG 5° HH TAaWKHJI ST2LH, JIEKHH
y Xap XuJl TeMIepatypajiap €HHIaH OJHHHIIH MyMKHH.

dusuka, XMMHs Ba OuoJOrHsAa Kym mpoueccaap
JKHAAMH paBHLIAA TeMmIepartypara 6oraug OyJsanH,
LUYHHHT YYyH TeMIepaTypasiapHd XOCH KHJHII Ba
MyalisiH japaxaja CakJai ONMII MyXHM Macasramnap-
KanAup. By Makcaj yuyH TepMOCTaT/ap XH3MaT KHaa-
IH, ylapia TeMmepaTypa ysrapMac xoJla cagjaa-
HaAH, GyHH € aBTOMATHK peryJsropnaap Gaxkapalu €KH
GyHuHr yuyH (asaBHH aliJlaHHHINADHUHT  §3rapMmac
TeMmepaTypaJjapia YTHII XOCCacCHAaH dolpanaHagH-
Ja

p.

Xap xun QH3UKABANA, XMMHUSBHA Ba GHOJIOTHK MPO-
ecciapiia YHKapHAyBYH €KH IOTHJIYBUH HCCHKJIHK
MHKJODHHH yadail yYyH KaTop ycyJ/Jaap KyanaHuaa-
IMKH, YJapHHHT TYIJIaMH KAAODUMETPUARU™ TAIIKHI
KUJIaIH.

KanopuMeTpHK ycyJnap OHIaH XHCMJIap HCCHK:
JHK CHFHMHHH, (ha3aBuil aiylaHumiap, SpHI, xyana-
uuw, ajgcopOuus HCCHKJIHKJIAPHHH, XVMHSBHH peak-
udsinapaa pyit GepyBud HCCHK/IHKJIADHH, HYpJaHHII
SHePTHACHHH, PaANOAKTHB €MHPHJIHII B2 II. y. napiu 10.14-pacm.
yauahauaap.

Bynuur kaGu ymiuauniap Kaiopumerprap épnamuaa Oaxkapuiaann.
KanopuMeTpAapHH HKKH aCOCHH THNTa 2XpaTHil MYMKHH: HYHAarH
HCCHKJHK MHKIODH TeMrnepaTypacHRHHT ysrapumn Gyiinya anuk/aIaHa-
auraH KajopuMeTpJap Ba TemrepaTypacH yarapMac 6Y/nHG, HCCHKJINK

* Xadtuit paoauaT mpoueccaapu GunaH Gupra pyh OepyBuH HCCHRJHK 3pdext-
JMApHHH §Jdall yCy.ulapH IpynnacHHH GHOKaJOpUMeTpHA Ae6 XaM araiuiap, yHra
moc acbobaapra — 6HOKAIOPUMETpJIap Aefuaany.
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MHKIOpH 60IIKa ¢asaBuil XonaTra yTran (Macaaa, 3pHETran KarThg
HHCM) MOAAA MHKIOPH OVilHua aHHKJaHaZHTaH KaJopUMeTpap.

AMania HIINATHAYBYH KaNOPHMETPJIapHHHT KYIIH OHDHHYH THNTra
KHpajiH. By xoanapra «kanopuMerp — TeKUIHDHJVBYH MKHCM» CHCTe-
MacH Kalys 3TraR HCCHKJHK

Q=C|( AT

dopmyna 6yfinya TONHIHWIH MYMKHH, Oy epla ¢, — KaJOpHMETPHK
CHCTEMaHHHT COJHIUTHPMA HCCHKJAHK CHFHMH, AT — yHHHT aTpodia-
TH MYXHT OHJAH HCCHKJAHK aJMallyBH GyiMaran XoJiga Ky3aTHJAHWH
MYMKHH Gy/IraH TeMNepaTypacCHHHHT Y3rapHIIH.

AT HH aHHKJaw yuyH TaxpHGana yauaHu6 TONMHJAraH TeMmmepary-
pa ysrapuiiura atpodiard MyXHT OHJIAH HCCHKJHK aJMallyBHHHU
XHCOGra OJlafHraH Ty3aTMa KHPHTHJIHIIH kepak. byura k§ypa Gapua
KaJIOpHMETpJapHH H30TEPMHK Ba aiHabaTHK KOGHKJIH KanopHMeTp-
sapra 6ymuwr Mymkus. Msorep- :

MHK €KH afinabaTHK WAapOHTAAap-
HH CakJall y4yH KaJOpPHMETp
TeMIeparypa peryJasitopu Gujad
TabMHHJIAHAAH;  PeryJsiTopJjap
cHaTHAa aKcapHAT KOHTAKT-

H-1t-
Lt

JaHYBYH TepMOMeTpJap, lly- =6

HHHTJeK, KapUIHIHK TePMOMET]-

Japu Ba au¢pdepeHUHaa TepMo- 5
|,

XKypraap HuLIaTHIALH.
10.15-pacMpaa 3HT coia CyIOK-

JIHKJIH KaJODHMETPHHHT cXeMa-

CH KeJTHPHJTaH: l-—Kanopumer- 10.15-pacm.

PHK HIHI, 2—IHJIHEAPUK HAHMI- ,

KOGHK, 3—HCHTTHY, 4 Ba 5—apgaamTipraunap, 6—TtepMomerp.
Kanopumerpnap Tepmoctat ypHHAa XaM XH3MaT KHJa oJajd.

TN

§ 8. JABOJIAWI YUYYH
HIWJIATHJYBYH UCHTHJATAH
BA COBYK MYXUTJIAPHHUHT
PHU3HNKABHH XOCCAJIAPH

MepuuMHaNa TaHaHMHT afPUM JKOMMADHHH HCHTHII SKH COBYTHUI
MaKcalJlapHaa HCHTHITaH €KH COBYK XKHCMJApHH HiaTainaap. By
BaKTla OJaTAa OJHMHAWIK HUCOATAaH KyJail KelraH MyXHTJapHH TaH-
Jaliinnap, yJlapHHUHT 6ab3uaapu Wy BakTaa (oifaldn MexaHHKaBHIi
€KH XHMUSIBHA TabCHD 3TafHraH GYAHILIADH MYMKHH. ‘

Bynnalt MyXuTAapHHHT (pH3MKABHH X0CCaJjlapy yJapHHHT HULJIATH-
JHIIHra Kypa Genrunananu. Bupurumpan, nuc6aran y3ox BaKT LaBo-
MHAA KepakaH 3ekT Xocua KuauHaguran O6yaumu waprt. LIysuur
YUYH HINATHAYBYH MYXHT/I4ap KaTrTa COJNHLITHPMA HCCHKJHK CHFH-
mura (cys, 6anuuk) Eku siuupHH $asaBuil  ainaHMuI COJIMIITHPMa
HCCHKJHKKA (napadun, My3) sra Oyuumiapu Kepak. Hxkunuupan,
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6eBOCHTa TEDH YCTHra €NnHMJaldHraH MYXHTJIap OFPHK Ce3TH/IaPHHH
ryFAHpMacaury wapt. By xon 6up tomomnan, mMaskyp MyxHTIap TeM-
jepaTypPacHHH uYeknab KysiH, HKKAHYH TOMOHAAH, HCCHKJIHKHH
kaM YTKa3ajUraH MYXHTJapHH Tanjaaumra MaxOyp stazu. Macanay,
AaBOJall YYyH HUJIaTHJaJHTaH CyBHHHr TeMIepatypacH 45°Craua,
tropd Ba OGasuHRAapHHHr Temnepartypacy 50°Crawa 6ynand, YyHKH
6y MYXHTJIapJa HCCHKJIHK ajJMaulyBH (KOHBEKIMs) CyBAarHiaH KaM
oyrann. ITapadunnan 60—70°C raya ucuraiay, YyHKH YHHHT HCCHKJHK
JTKa3yBYaHJHTH KaTTa 3Mac, Tepura G6eBOCHTa Terub Typram KHCM-
JAapH Te3 coByO KeTalH, KpHCTasJaHaad — Oy KpHCTasJap 3ca YHHHT
KOJTaH KHCMJAapHAAH KeJyBUH HCCHKJMKHH OHpMyHYa TYCALH.
JlaBosiaml yuyH COBHTYBYM MyXuT cH®aTHAa My3 HILIATHIALH.

XIBObB

FA3JIAPOA KYUYHI
XOOHCAJIAPH

XaoTHK XapakaTJaHHIl BaKTHaa Oup-6upaapH Guaan y3apo Tab-
CHpJaHHO, raz MoJeKyJajapH aHya KaTra Macodara CHJIXHAAU. ByH-
faf MuKpomnpoueccjap € MoJeKynaaap TOMOHH/AAaH MOJJa MACCACHHHUT
GeBOCHTAa KYUHDHJHIUHTa €KH JOMMHH paBHlila MOJIEKyJafaH MoJe-
KyJara 3Heprisl Ba HMTYJbCHHHI MyaisH HyHaaumiga yTHO TypHIUIH-
ra onu6 xeaaiH.

Mouiekynanap XaoTHK XapakaTH Tydaliiu Macca, KHHETHK 3HepTHs
Ba HMIYJbCAAD Y3aTHJAUIIATA oaub KenyBYH XOJAHCaJap kyjwuut x00u-
caarapu peb aranajy. :

Kyunm xoancanapura AnQy3us — MOLIaHH KYUHPHII, HCCHKJHMK
YTKa3yBUaHJNHK — KHHETHK 3HEPTHSHHHI KYYHPHUAHLIH Ba HUKH HIIKA-
JAHHLl — HMAYJAbLC KYYHPHIIHILJIADH KHpaJH.

§ 1. KYUHIIHHHT YMYMHHA
TEHTJIAMACH

MounexynaBuii KMHETHK Ha3apHsara acocJaaHu®, I0KOPHIa caHaJTaH
XOJHCAJapHHHT YYOBHHH XaM O0a€H 3TyBUH YMYMHH KYuMII TeHTJa-
MacCHHH OJIHII MYMKHH,

®apas KuaaiaHK, 1034 S GyAran MaiIoH4aZaH MOJEKYyJdaaapHUHT
Xa0THK XapaKaTJaHHWIapH Hatuxkacuaa (11.1-pacm) Gupop dusuka-
BHH KaTTanuK Kyuupuiaagurad 6§acud. KOsauanumnr yer Ba uanm To-
MOHJIapHIa ypraya 3pKHH IOTYDHII Y3YHJIHCH ATa TeHr Macodasapna
Knuuk [ (/<)) KaaHHIHKAATH TYFpU Oypuakiu Napasesendneinap
fAcafimu3. Xap Oup napaJJenenuneHHur xaxmu S/ Arap Mosexky.a-
Jap KOHUEHTpauusicu n OyJica, a’kKpaTHJAraH NapaJjuielelnune], HYHAa

In mMonekysaa MaBxyx. :

Bapua MosexkynanapHH, ynap XaoTHK XapaKaTAaHTaHJAapH yuyH
Waprin Kuau6b xap OHpH KOODAHHATA VKJADUHHHT GHTTacH GYiuua
€KH yHra Kapuu AyHaAulIda CHJDKYBUYM OJITMTA TIpylNara aXpaTHII
MymKHH. Dynpan 103aua Sra nepnenmukyJsip 6yaran fyHaaum 6y iiu-
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ya 1/6 Sln MoJexyna CH/IKUTAaHH KeJauO YHKalH. Xaxm I (11.1-pacm-
ra Kapaur) S 1osayagan A macodajia TypraHu ydyH 6y MoJieKyaaaap
yHTa ¥3apo TyKHalimacAaH €THO 6opaauiap. XyAaH WyHYa 1/6 Sin
MoJieKyJa S 103adara yarn TOMOHAAH XaM eTu6 KeJaalu.

74
%‘ A A

11.1-pacm.

Xap Gup MoJjiexkysaa GUPOp 2 KaTTaJHKHH (Macca, HMOYJbC, KH-
HeTHK SHEPTHs) KYYHPHII KOOHJIMATHrA 5ra; a)XpaTH/ira Xaxmlart
xaMMa MoJeky/ianap 1/6 Slzn éxu 1/6 SIH un kyunpaguaap, 6y epaa
H=nz xaXM OuUDJUIHIarH MOJieKyJalap KyuHpajura dbu3HKaBHH
KaTTanuk TymyHaiagn. Haruxana 1 Ba 2-xaxMaapran S 103ava
opKaJu At BaKTAa KyuHPH/IraH ¢$u3ukaBuil KaTTaJHK

1

L SIH, — -y SlHy= -5 St (Hy— H,) (11.1)

ra TeHr.
BakT AT HH aHHKJall yuyH aXpaTHJraH XaxMiaapAars G6apua Mo-

JeKyJaJapHH OMp XWIAa ypTaua Te3NMK v OWIaH XxapakaTianait
ne6 Gdapa3 Kuaamauk. Y xoaaa 1-€ku 2-XaXMAard MoJleKyialaH
103ayara eTn6 KearaHJapH yHH

Av=lo (11.2)

BAKT JaBoMHaa Kecu6 yraau. (11.1)-am (11.2)-ra 6ynn6, BakT OHp-
JIMIHA2 KYYMDHJAAZUTAH KaTTaJHKHHHT KHAMATHHH OJlaMH3!

1 SUHy—H) 1 SI(H—Hy)v 1
o ) S R - Su(H,— Hy). (113)

Karrasuk H HHHT y3YHIMK GHPJMTHAATH y3TapuUINTra, sibHH dH[dx ea

Wy KaTTaJAHKHHHT TPaJHeHTH AeHHNalH. (H—H>) ndoga H numr 2h
Macodaa yarapHun GyJiraHu yuyH '

dH _ Hy—H, . g7 dH
E—_!éf—— CKH Hl_‘Hz——Q""‘rx- (11'4)
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(11.4)-mu (11.3)-ra xyitu6, pakrra xynafTranfan kefinH (u3HKa-
puil karranuk f HuHr Af BakTha S 03a OPKalH KyuHPHJTaH OKHMH-
HH OJaMH3:

' 1 — - dH
G = Lo d_sas, (11.5)

AHa WYHHHT Y30 KYYUIIHHHT YMyMHH TeHrJaMacH 6yJjaid Ba YHAaH

AHDPY3HAHH, HCCHURJIHK YTKASHIIMKHH Ba KOBYUIOKJIHKHH YpraHuul-
ga (olinanaHnaMus®,

§ 2. TA3JIAP NHPPYIHSACH

dagzoHn TeKHC TYAAaTHO TypraH ra3 M4YHIa HKKHHYM GUp ras KOH-
qaawran 6yacuH. UKKHHYH ra3HUHT KOHIIEHTPAUMSCH Ba NaplHaj 3uy-
aury 6upop YK, Macaaan, OX yxu GyiiHua y3rapaaurad OJJCHH.

d
£ #0. : (11.6)

By OXra nepnenaukynasp 6yaran S 1o3aua opkanau, OHp HyHaAJIHII
Oyinya HKKHHUYH ra3 MoOJeKyJaJapHHHHT KapaMa-KapliH AyHaaumaa-
ruJgapial kynpok 6ynub6 OKKaHUW KypuHaaH AeMmakaup. byHna#h xonu-
cara Ougpgysus peitnnann. Juddysuanuur pyi Gepumnna aupdysus-
JaHyBYH MoJJaja 3HM4JIHK TpPafUeHTHHHHT MAaBXKYNJIMIH 3apypHH
IapTAnp.

Arap KyuummHHHr ymymuii teHrsamacu (11.5)-garu G ypuura
AudbysHsniaHyByUH ra3HuHT Maccack M Hu, H ypHHra yHHHAr mapuuan
3HUJIHTH p HU Kiicak, Jugpysus renesamacuea sra 6yiaMus;

1 —dp
M =5 W SA¢. (11.7)

Bynaan wo3aua, Tpolecc BaKTH Ba KOHUEGHTPAUHA €KH 3SHWIHK
rpaJHeHTH, WIYHHHTAEK, MOJEKyJaajap XaoTHK XapaKaTHHMHI ypTaua
TE3JIMIH Ba 3PKHH IOTYPHIIHHHT Y3YHJHMIYH KaHua KaTta Oyaca, 1ud-
¢ysuaaanran ra3 Maccacu XaM ILIyHYa KaTTa OY/TaH/MIH KypHHAIH.

Taxpubanan mabaymky, auddysus BakTuia Af BakrTAa S ro3aua
OpKaJd KYy4upuaysud macca QUK TeHIIaMacH OViiHua Hdogasanalu:

— g ‘'
M—— DWSAt. ;1.8)

6y epna D — dugppysus xosgppuyuentu. (11.7) pa (11.8)-u1 Tagkoc-
Jab,

1 —

=L 11.
D= —vk ‘11.9)

ra sra 6jyaamus.

* (11.5)-TeHrJAaMaHHHr YHr TOMOHHra 6ab3aH «—» Hmopa Kyiunaau. By 6unan
axpaTHATaH 103aya OpKajJH H HuUHr cymmap Kyuumn H munr Kamairad iiynamdum
Oyfinua 6YyiraHuHH TaBKAAAAAAMIAD.
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JduddysusHuHr XycycHH X0aH TapKHO XKHUXaTAaH OHp IKHHCIH
Mojla 3appavanapH Konuempaum{cuuuﬂr TEKHCJAHHIIH  OYIMHII

Va3nuddysuagup.

§ 3. TA3JIAPHUHT HYKH
HILKAJIAHHIIH

A#itajinuk, 6Gupop i#iyana ra3 ENHIIKOK CYIOKJHKKa yXwab KaTaaM-
aanub (8.7-pacMmra.’, kapaHr) KyucHH. KaTiaMmiapHu mapT/au paBulllja
axpaTub, MOJeKyJaJapHHHr Xap OHp KaTjaMjard HyHaJHIIH Xapa-
KaTH TE3JHKJIApUHH CcTpejKajaap OujaH KypcaTaMus: u<us<uz<us.
ByunaH TamikapH, Ta3 MoOJeEKyJaJapH XaoTHK paBHIIZAa XaM Xapakar-
JaHafM; WyHgadl KUaHG, Xap KaTlamMjarua MoJekyJaajap XapaKaTH
UIaMOJl TABCHPHAA KYyuyBUH Malja YWBHHJAp FyXKHMra yxXma#uaH.

XaoTuk xapakart Tydailau Monexkynanap GHp-6upJaapHra HMIYJbC-
nap Gepu6, 6Hp KaTjaMJaH HKKHHYM KaTjaMmra yTaaujap, rassHHHT
HYKH HIIKaJaHHIIH aHa WYHAaH HGOpaTIHD.

Kyunwiaunr ymymuii (11.5) TeHTJaMacHHH HuKH HIUKaJdaHHLIra
TaTOUK Kuaamu3. Katraauk G JderaHfa MOJIeKyJaJapHHHT HMIYJbC-
JaPHH KYUHDHIIM HaTHxKacHia S I03JH KaTjaMra Gomka Kariaam ToO-
MOHHJ@H TaBCHP STYBUH KyY HMIYJIbCHHH TYyUIYHaMH3, (= FAt. Kyuu-
PHIYBYH KaTTaNHK H=pu — xaxM GUPIHIHIa XKOHNaHTaH MOJEKY-
Janap HYHaJMUUIH XapaKkaTH HaTHKacuua pyi 6epyBuu HMOyJasc. Dy
KatraaukaapHu (11.5)-ra xyiin6 yuKkKaHgaH CYHT

Fat= 1 0v 20 sAt &xn F=-polp2e$  (1L10)
ra sra 6yaamu3. Muku noikananum KyyuHuHr HbloTOH TeHrjiamMacu
(8.9) 6yiinua aHugkAaHHIUH TaxXprGajaH MabayM. (8.9) Ba (11 10)-
HY COJNHIOTHPHOG, Ta3HUHI HUKH HIIKAJaHH KO3(QQHUHEHTH EKH xo-
BYIIOKJHTH H(OAZACHHH OJaMH3:

f= 30 . (11.11)

§ 4. TA3JIAPHHHTI HCCHKJIHK
YTKA3YBYAHJHWTH

Mounekyssip KHHETHK Ha3apHsAcHra OGHHOAH Ta3JapHHHI HCCHKJIHK
YTKa3yBUaHJIUTH MOJIEKYJIalapDHHHT YDHJMII BAKTHLA KMHETHK 3Hep-
THSIHM HYHaJHLUIE y3aTHW NpoieccHiup. By Xomuca yuyn xam KY-
YHINHHHT YMyMuil Tediamact (11.5) man goHaananamus.

By xoama KartTaiuk G — y3aTHATaH HCCHKJIHMK MHKAOpH Q; KyuH-
PHAYBYH KaTTaduk H — xaxM OHPJHTHIArH MOJEKYyJaJapHHHT KHHe-
THK sHeprusici. (9.6)-ra MyBOodHK

H=—kTn (11.12)
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yu ésum  MyMmxuH, Oy epla n— Mo/eKyJanap KOHUCHTPALHACH.
y xonaa (11.5)-un '

1 -<d (1 " 1-=1 arT
Q=5vir (—Q-an)SAt sk Q= 5V gkl SAE (11.13)

wakana upogagaml MyMKHH.
k=R/Ns, n=op/my M=meNy Ba (10.12a)-mynocabaTiapuaau
doiinananub, uponanapHu yarapTupamus. .

=+ Lo SAt (11.14)

ra sra 6ynamMu3. AHa WIYHHHT Y3H UCCUKAUK JTKA3YBYAHAUK TeHeAq-
nacudup. Bupok Taxpuba €plamuia HCCHK/IHK YTKa3yBUaHAHK Y4yH
®ypbe TeHrJiaMacH OJIMHTaH

Q=4 sAs, | (11.15)
6y epaa A — HCCHKJINK JTKa3yBUaHJHK KO3h(HIHEHTH €KH OCOHTHHA
uccukaux jrrasyeuanaux. (11.14) sa (11.15)-Bu Tagkocaal, rasnap-
HHHT HCCHKJAHK YTKa3yBYAHJHTH yuyH ymby HbOmaHH TOMAMH3:

l —_—
.L&. = —3—'0 )\CVP. (11-16)

(11.15)-nau mabvayMm O6yauinga, y3aTHIrad HCCHKJIHKHHUHI MHKAOPH
HCCHKJMKHHHT ¥TTaH i03ara, y3aTHJAHII BaKTura, TteMmmeparypa rpa-
IUEHTHTa Ba HCCHKJHK YTKa3yBUaHJurura OOFAHKAMD. [asHuHr wuc-
CHKJHK YTKa3yBYaHJHTH 6Gab3un MOJEKYAsp XapaKTepHcTHKanap Ou-
JaH auukJaHagu (11.16-ra gapaur). @ypee Tenrnamacu (11.15)-nau
¢akar rasnap yuyH QoizanaHmMaciaH cyloK Ba KaTTHK JKHCMJap
YuyH xaM ¢ofinanaHuil MYMKHH, GHPOK Oy XOJAa HCCHKJIHK YTKasys- -
YaHJAHK yuyH OYaran udoxa (11.16)-nan Gomkauapoy 6yaanu:

I'a3 KOBYUIOKJIHTH 1) Ba HCCHKJIUK YTKA3yBUAHJHMIY A HHHT GOCHM-
ra Goraanuiuu Ourra Xycycusrra sra. (11.11) Ba (11.16)-dbopmyna-
Japra GocuMra GOFJaHMarai KaTTalHKaapiaH (v Ba Cy) TalIKapH,
fHa KynmafitMa Ap kKupajau. By kxynmafiTmMa, yMyman afiTrania, MoJeKy-
Najap KOHUEHTPAUUACH, AeMaK, OOCUMHHHT XaM ¥ysrapumn Guiad
yarapMaiad, YyHKH MOJIEKYJaJlapHHHI 3DKHH IOTYpUII Yypraua y3yH-
JIMTH KOHUEHTpalHAra TeCKapH NponopuioHan O6yanb, 3HYIHK 3ca
YHra nponopLHOHAaNAHD. :

.. N Ba A HuHr 6ocuMra GyHxalt GoraaHMacaHrd, GOCHMHHHI. KaMa
le6 6opaBepHUIM HATHXKACHAA, MOJEKY/&JapHHHT SPKUH - IOFyPHILI
YPTaua Y3yHJHTH A HAMII VJI4OBJAapura TeHrJailiryHuya JaBOM 3TafM.
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Bocumnunr GynnaH xefiuurd nacafyuinia ra3 SHWIHTH KaMasjiy,
aMMO MOJIEKYJIaJIADHUHT 3DKHH IOTYPHII Y3YHJHIH Y3rapMalau, 4yd-
KH HAHW VJ4YOBJApHAAH KarTa Gyna onMaizu. Bysnait xonna koBsy-
IIOKJIHK Ba HCCHKJIMK YTKa3ys-
YaHJAHK OocHMra NpOHOpUHOHAN
6yan6 yarapazu (11.2-pacwm,
6y epma K—HCCHKJIHK YTKa3um
KO3 (HIHEHTH).
Kuuuk Gocumaappard ras-
HHHT HCCHKJIHK YTKa3yBuYaHJHIH-
% HH 6ocuM OuJaH GOFNaHHIUMAAH,
e COBYK €KH HCHTHJITaH XHCMJIap-
HH CaKJalll YUYyH XU3MaT KHJIYB-
YH Maxcyc HAHULIAPHH SCALIAA
dofinanananunap. Bakyym xu-
cobira MCCHKAMK YTKa3yBUAHJMK KaMasiH; BaKyyM 3ca MKKH KaBar
Aesopan nanwaa (repmoc éku Horap uduwaapuda, 11.3-pacM) cak-
JIaHa . \ . :

7,4

“11.2-pacm. 11.3 pacm.

XII BOB
PEAJI TA3JIAP )

Cuilpakiaran rasjap XOJaTHHHHI Y3rapuiud Haean rasiap Ko-
HyHH €plaMHIa eTap/JHya TACBHPJIAHHLIH MabAyM. BHpOK ras xax-
MH KaMadraHaa Oy KOHyHJapJaH €TapaHya YeKHHHLLIADHH Ky3aTull
MyMKiH, 6y YeKHHHUIIaPHUHT cabalu peas Ba HAeas] rasjap MOJCKY-
JlaJlapH XOCCaJapHHHHT papKAaHHIIHAATHD.

§ I. MOJIEKYJIAJIAPAPO Y3APO
TABCHP KYWIAPH .

JKHCMJIaDHH TalKHA 3TYBUH MOJIEKyJaanaap 6up-6Gupaapura y3apo
TabcHp Kunaiudap. KarTTHK MKHCMIAapPHHHT YY3HJIMIUMIA = KapIIMJAMK
KHJIHL KOOHIHATH CYIOKJHK CHPTHHHHI aJloXHAa XoccaJapH Ba 6oMLI-
Ka XOAHCa/lap MOJeKyJajap OpacHAa TOPTHJIHII KydJapH TabCHP K-
JaQu AeraH xymaocara oau6 Keaaau. )Kyaa 3uu rasjiapHHHr, allHHKCA
CYIOKJNHKJIAPDHHHT Ba KAaTTHK (KHCMJIADHHHT KaM CHKMJIYyBYaHJAHTH
MOJIEKYJlalap OpacHia HTAPHJHIN KydJapH MaBXyA AeMakaup. Kar-
THK Ba CYIOK JKHCMJIAap/ia TOPTHJHII Ba HTAPHJHII Kyulapu Gup BaKT-
HHHT y3HAa TabCHP KMJAHIIHHM 3CAa TyTamu3. Arap lwyHiaii 6yima-
ranja 3iH KHCMJap TypryH Gyamac sau: € alipum 3appauasapra 6y-
JHHHO COUHMHO KeTap EKH «EMHWHG» Koaap 3MH.

XyAnu WyHHHT §3HAaH MOJeKyJajap OpacHAard Mmacodara Kypa
¥34p0 TabCHP KUIHLI Ky4JapH Y3rapHIUH KepakiHIH KeaHnb uHKami.
Toprunnuw Frop, HTapuau Fyr Ky4wIapu Ba §3apo  TabCHPJIAHHLI
HaTHXKAMOBUH Ky4yH FHHHI MOJeKyJalap MapKasJapH oOpacupary
Macoda r O6unan 6ornandmn 12.1-pacMpa GepuaraH. r=r, 6ynranna
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yaTHXKanoBuK Kyu F=0 sKannurn kypusnG typuéan. [demax, ro— 6y
HCCHKIMK Xapakatd #yK Gyaram BaKTAard MOJekyJaajaap Opaciiard
MyBO3aHAaTHA Macodaaup. ,

UKkH MoJeKynajaH HGopar cucreMalars y3apo TabhCHp INOTEH-
quaj sHeprusich Ep HHHT yJapHuur MapKasiape opachiari Mmacoda
; 6unad GornamumH 12.2-pacMia KeaTHPHATaH. r=ro GyAran BaKTia
- OTEHIHAN 3HEPTHS MHHHUMYM E,mia 6y180 KoJAanwy, Oy 3ca Maskyp
CHCTEMAaHHHT TYPFYH XOJaTHra TerHuliuaup. r<o Oyaran BakTaa

F

|
\
\\Fz/m
AN
N
~
~
\\
V74 %
7] ///—— r
o
/ »
/
/
/
[
12.1-pacm. 12.2-pacm

’

(Gy epaa ¢ — MoJsieKyJIanHHT 3(QdeKTHB AHAMETPH) HTapHII Ky4aapH
naTHXKachaa OyaraH NOTeHUHasn 2Heprus Ouplan kynasau, Oy sca
MOJIEKYNaNapHHHT SIKHHJAIINIIMIA SHEPTeTHK MKHUXATAQH TYCKHHIMK
Kunanu. By xoa Mosekynanapuu r=¢ Gyarasia cupriapu GHp-GHpH-
ra tern6 Typaguran abGcoJIOT KaTTHK Iapyajnapfek TacaBsyp KHJHIL-
ra HMKOH Oepaln (CXeMaTHK paBHIIAa PacMAa KypCaTHIraH).

MunuMan noTeHuHuan sHeprus EpminBa TaxmuHaH kT ra (aHuKpo-
FuHn ajitrasga 3/2 kT) TeHr XaOTHK HCCHKJHK XapaKaTHHUHI KHHe-
THK 3HEPrHsicK OpacMaard MyHocabat y €ku Oy Mojama arperar
XOJATHHUHT MaBXYA OY/UIl HMKOHHATHHH aHHKJAAHMH. Epmin & T
6yaran xonia MOLAa ras XoaaTuaa, Epmin >ET Gyirania — KaTTHK,
pmin =~ kT 6YAral BakTAa — CYIOK Xonartaa 6yaaju.

r>0 6yJaranaary NOTEHLHaJ] SHePrHs 3TPH YH3HFHHHUHT KHCMH aco-
caH KyucHM3 Kyujaapra TyFpH Kenu6, yaapuu (OupuHuum Oyau6 pean
ra3 XOJAaTHHHHT TaKpHOHH TeHIJIaMacHHH Takau¢ 3tran oium Ban-
Oep-Baaabc mapadura) saw-dep-saarvc Kyunapu ne6 artam KaGya
KHJIHHraH. BaH-fep-Baajbc Kyunapu Gyumr OOFJaHraH aToM Ba MoJe-
KyaaJap 6upukMacura oaub KeJnmaapu MyMxHH. CylOKJHK/Iap HuH-
JlaTH YNaHUII KyWIAPHHHHT MaBXYMJHTHHH aHa ury XoAuca Guiad
TYWYHTHPHII MYMKHH.
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Mouekynanapapo, BaH-[ep-BaanbC KYyWIaDHHHHT Ha3apHSCH YCTH-
Ra GaTadCui TyXTaMacAaH YJNapHH 3JEKTP KYy41apH EKH 3JAeKTpo-
MarHHTaBHH KyuJapra KeJTHPHII MYMKHHJHIHHM KYpCcaTHO VTamus,
X03uprn BaKTAa Xap XHJ MOJeKyJajap Ba yJap OPacHAard ¥3apo
TABCHPH XapaKTepH YuyH yu THOAArH BaH-Aep-BaajbC KyuwJIapHHH
KypcaTHII KaGyJ 3TH/AraH.

Kyt6nii monekynanap (II T. XV Go6ra kapanr) opacuaa MOJeKy-
Jajap IHUIONbL MOMEHTIAPHHHHT y3apo TabCHPH BaKTHAZ XocHa GV-
JYBUHM OpUEHTAYUOH Kyuaap pyi Gepaau. HokyT6uii MosekyianapHHHT
y3apo Tabcupu GOIKa MOJIEKYJa 3/eKTP MaiiloHHAa TYPYBUH, MOJIe-
KYJMaHHHT KyTOJIaHHII BaKTHAA XOcHA OGYyJagurai HHAYKHHOH
Kyunapra GorauK. KsaHTiap MexaHHKacH sitHa Gup MoJeKyJasap-
apo ¥3apo TabCHP TYyPHHH OUIH, YHra OUCNEPCUOR §3apO TabCHp AeiiH-
JajH. JIHCNepCHOH Ky4MapHHHT Kelu6 uHKMm cababu Gomka 6up
MOJIeKYJ/JIaAard 3JeKTPOHNAPDHHHI TeGpaHHILIADH TabCHPDH OCTHIA
MasKyp MoOJeKyJaja 3JeKTPOHJAp TeOPAHHIIMHHHT  YHFOHHIIHJIHD.
KywHn Monexkynanap sneKTpOHJIapHHUHT TeGpaHHULIADH GHpP XHJ
¢asana Gynanu Ba 6y KkaGH pe30HAHCHi Kyunap HKKH MOJeKyJa
TOPTHJHIWIHHA BYXYyAra Keatupaad. JlHcnepcoHOH Kyu/iap MoJekyJa-
JIADHHUHT aKCapHTH YYyH MOJIEKyJajap OpacHIarH ¥3apo TabCHp-
HHHT aCOCHH KHCMHHH TAlIKHWJ 3Tagunap. XaTTo 3yp KyTOHil MOJeKy-
Jajlap Y4yH XaMm yJap ODHEHTAallHOH KyuJap OunaH ©up TtapTtH6Aa
6y1anu.

Ban-nep-Baanbe KyulapWHHHT y4aja THIH XaM Macoda f HHHT
€TTHHYH JAapazKacura TecKapu nponopuuonan 6yau6 ysrapanu, ymaap-
Ta MOC NMOTeHUHAJ SHeprusilap 3ca 7 HHHT OJTHHYH Japakacura Tec-
Kapu nponopuxoHaa 6yanb yarapanu.

F~ [, E, ~1/88 (12.1)

§ 2. BAH-IEP-BAAJIbC
TEHTJIAMACH. KPUTHK XOJIAT

Pean rasnapHuHr TeHrJamacu MOJeKyJNaNapHHHT §3 XamMH KHil-
MaTHHH Ba yJapHUHT OHp-OHpHra y3apo TOPTHJMUIMHH XHcOGra oJa-
JAMraH OYJHINH JIO3UM. :

Bau-nep-Baaanc Xosar TeHryaMacura HAaMm XaxKMH aMac, MoJe-
KyJajap HIIFOJ KHJIMaraH GHp MOJb Ta3HHHT <«KHHETHK» XaiKMH,
AbHH Vp —b, xupagu ne6 xucoGaameu Takaud Kuarad. loumuit
MHKIOp b XaXKMHHHT, MOJEKYyJanap 4yekJH KaTTaluKAa OyJIHILIapH
HaTHXacHAa, yJap TOMOHHAAH 3rajyaHHb® OyaMaiguran KUCMHHH
Geqruaaian. YHM TONHII YYyH MAMII HYHAA HKKHTaCHHA MOJeKyJa
Gop Ba yJapHHHT MapKaaiapy GHP-GHpHra G JaH KMUMK Macodaraua
AKHHJIaMMain 1e6 ¢apas kuinamua (12.3-pacm). llynnast xunu6,
Xap 6up MoJeKyla MapkasH YYyH 3rainaab OyaAMaiiguran xaxu o
panuycin wapHuHr 4/3nodra TEHr xaxMmu 6yaap sKaH, 6HTTa MoJe-
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kviara HucOaTaH XHcOGJaHraHia ca MKKH MapTa KHYHK XaMM, SBHA
9/3m0% ra TeHT XaMM TYFPH Kelaju, Oy 9€2 XaXMH 1/6no®ra TeHr
MoOJIeKyJa XaXMHAaH 4 Mapra KaTTajaup. By takpubuii xucoGxaH
Na IOHA MOJeKyJaa YUyH «3rajaniab Gyamaiaurai» XaxMHH €3l
MYMKHH:

b=4N, (1/6)ne®. (12.2)

KosdduuuesT b HHHT yauamu M3/MOJb.

Arap MOJneKyjanap opacujaru ysapo TabCHp (ropThaHLI) KyuJa-
p# xHcobGra oJiMHCa, Y XOJJa XoJar TeHIVIamacHra KupyBuH OGOCHM
yuyH Ty3aTva KHPHTHII JO3uM. MoJsekysanap Opacuiaru y3ape Tab-
cup 6upaan AYKoJIH Aed dapas KHIaHIHK,
Y X0J14a MOJIeKyJaJapHH XYNIH LIy XamM-
Ja yuiaa6 TypHII YYyH KyUIMMua TaWKH
6ocuM Kepak Oyaap 3au. Memak, y3apo
TabCHPAAHYBUM MOJEKy/lanapaan ubopar
FAa3HMHT HIHII AeBOpJapura Kusaaauran 6o-
CHMH HJeaJ ras KujajauraH 60CHMJaH HYKH
Gocum 1e6 aTajqyBuH p; MUKIOpda Kam G6Y-
JaAH.

Huxy 6ocuM p; HY aHHKaadl YUYH MO-
JeKyJaNapHH XaédaH NMyHKTHp GHJaH ax-
patuarad ukkn — [ Ba 1l rpynna makauia
(12.4-pacM) TacaBBYp ITaHIHK. I rpynma
MoJslekyaanapuian 6urracura I1 rpynna mo-
JieKyJanapi TOMOHHAAH TABCHD ITYBUH KyH
Ma3Kyp MoJeKyJajap COHHra, s’bHH KOH-
UEHTPALHUsICHIa [PONOpUHOHAN oynanu: . 1
fi=kin, 6y epaa kj-— NponopLUHOHANIHK |

]
]

12.3-pacm.

K03 hHIHEHTH. 7.
1 rpynnmagars Gapua MoJeKyJaJnapra . !
I1 rpynnagars MoJiekyaaaap TOMOHHAAH IR | .
TabCHP ITYBUH Kyu f; Kyyra Ba YJapHUHT o )
KOHIEHTPALHACHTa  [POMOPUHOHAN: fo= L.
=kofin=~Fkikon?, Gy epAa ky— NpoONoOpUHO- . . j
HaaauK Koadduuuentd. Muku GocHMm mojie- .l )
KyJanap OpacCHAard y3apo TabCHpra 6or- o
AWK OGYJAraH/JHTHAAH KEAHHTH MyHocabaTra ..
acocaH MYKH GOCHM p; HHHT XaM MOJEKY- .,
Majap KOHUEHTPAHACHHHHT KBaJpaTHIa
NpOMOPUKOHAA  3KAHJMCHHH  TabKHAIALI
MyMKRH. Bup Moub ra3 yuyH n=~N/Vn Hu |
&3dIl MyMKHH Ba Y X0JAa

pi =alV;, (12.3)
6y epra a — MyaliaH NOMMHA KaTTaJHK, YHHHL yauamn ITa-M%/mMO7b.

MoJexynaJiapHHHT XycyCHil XaXMJapH (MTapuaHIl  KyusnapH)
(12.2) Ba TopTuaHm Kyunapu (12.3) Ounax GorsaHraH Ty3aTmaJnap-
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HH MeH,ZIEJIeEB—-KJIaHeﬁpo}i (9.1) Tenrnamacura KHpHTHG, 6up Moan
Peal rasHHHT XONAaT TeHrMaMacCHHH KyHHAaru WaKjada €3aMus;

(p+vi;)(vm—b)=Rf. (12.4)

By Ban-Oep-Baassc reneaamacy 6ynub, yunara a@ Ba bra Bau-
Oep-Baaavc doumulicu pesiunann. Xap 6up rasz yuyn yJaap aJjoxuira
KHHMaTra sragupJap.

Ban-nep-Baaanc Tenrmamacu TaXpHGaBHA MabIymoTaapra Men-
AeneeB—KJanefipon Tenrmamacuaan Kypa aHya AXIIHPOK MOC KeJH-
IIHAAH TalIKapH, MOANAHHHI ras XOJaTHAaH CYIOK XOJlaTHra Ba, aK-
CHHYa, JTHII HMKOHHSTHHH XaM aKc STTHpaIH.

IKcnepuMeHnTaJI usorepMa rpadurann  (12.5-pacwm) Bau-zmep-
Baaapc Tenrnmamacm acocuna TY3HJIran usorepMa rpacura (12.6-
pacM) GHaaH COJHWITHPHG KypaMu3. Xap HKKH rpadHKHMHT 1-2 KHC-

i
114

12.5-pacm, 12 6-pacm.

MU MOLLAHHHI Fa3 XOMaTHra, 3-4 KHCMH — CYIOK XOJAaTHra MGCAHD;
12.5-pacMaaru 2-3 Kuem vopmanuur OHp X0JaTHaH HKKHHYH XOJaTra
yruwura moc. Ban-nep-Baanne TéHrmamacn 2-A — B-3 yrumnapun
(12.6-pacmra xapanr) XaM Ky3la TyTalau, 6HPOK aManipna yjiap T¥yja
Gaxapuamaiiny, dakar MabJyM IAapOMTIAapAarHHa MeTacTabui Xo-
Jatiap* 2-A sa 3-B Byxyara KeJTHPHIAKIIH MYMKHH. »

Yra Tyiinaran 6yr ne6 aTanyByd 2-A xomar HYHAa KOHIEHCANHUS-
JIaHHII MapKasjapH (YaHryanap, anekTp 3apsaiaapu pa GolukaJap)
6yaMaral rasHHHT CHKHJIHIIH HaTHXacHia XOocH Gyaanu, yra HCH-
ran ne6 aranysud 3-B xoaat 3Ca — KOHJCHCAlU/IaHHIl MapKasura
yxwaw 6yF xocua 6ymum MapKasaapn HJKJIUTHAA CYIOKJIHK GocHMII-
HH KaMaHTHDHII BAaKTHAZ XOCHJ 6ynanu. Arap meracraGui xoJatia
TYPYBIH MONNA HYNIa KOHACHCAUMANAHHII KM GYF XOCH 6y nuw
MapkasnapH KHDUTHJICA, Y XO/MZa Te3, GHDAAH MyBO3aHAT XoJartra
yTHI 103 Gepagu — 2-3 Kucwm.

Xap XHJI.TeMnepaTypasniapAa TaxpubaBHil iya Guaau OJHHTaH

) * By epaa TepMogunaMuKaBui CHCTEMAHUHT TYPFYHMaC MYyBO3aHaT XOJIaTH Ki3-
Aa TYTHJaLH.
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peasl Ta3 H30TepMaJapHuu unsu6 (12.7-pacM; T1<Ty Ba X. k), p—V
TEKHCJIHKHHHT Xap GHDH MOAJaHMHr MyaiisH XojaTHra Moc OyJaras
6up Heua .coXalJaH HOODAT 3KaHJAMIMHH KYpPaMHu3. k HyKTa OuJaH akc
STTHPHJITaH XoJaTra KPMTHK XoJjar AeHu/JAalH, YHH MasKyp mojaa
yuyH KOHKDeT NapaMeTpJiap: KpHTHK Temnepatypa Ty, KPHTHK GocHM
Px Ba KPHTHK MOJAD XaXM V . Ounan xapakrtepaafauiaap. )Kymuaa-
aaH, cyB yuyH: Ty =647K, p, =2,1.10TIa. Ve =55-10-% M/°MoJIb;
asotr yuyH: Tx=126,7K," p«=0,3-10"T1a, Vmx =90,3-10-¢ M/3MOJb.
KpuTuk xonartra siKHHJAAInG GopHullda CYIOKJHK Ba ra3 opacHia-
ri dapk HyKoJaaH, YJIapHUHr 3udjura OapaBapJalliyiura HHTHAAAH.
KpHTHK XoJsaTAa COJMUITHPMA MHC-
CHKJIHK Ba CHPT TapaHIJIUTH HOJra Q0
TeHr OyJaaad, Mojgaa QJaOKTya-

IHS* HAaTHXKACHIa HOGMPKHHC 6Y- '\\ V%
anb KOJaIM, aHYa €pYFJIHK COYM- s \Vi
JIMUIH — CNIaJIeCLeHIHsI Ky3aTHJa- >:
IH

12.7-pacMaaH MabayM GYJIHIIH-
ya, MOAAa KpHTHK TeMIlepaTypa-
LaH IOKOPHPOKIA CYIOK XoJaTaa., g
6Oy1a oaMaHIu**, WMYyHHHT YYyH
rasjJapHd Maxcyc KypHJaMmaJgapia, 12.7-pacn.
TeMmepaTypa KpUTHK TeMIepaTtypa-

AaH nacTpok 6yaram xoJaa cywsathpaaunap. )Kymiaanas, Cylx asoT-
HuHT atMoctepa Gocumuiara TeMnepatypacH — 190°C, KpHTHK TeMrne-
patypaci — 147°Cra Tenr.

‘\E
—\Qf
N

PR
v

%

§ 3. MACT
TEMIEPATYPAJIAPHHHT
MEAHUHHALA MLJATHJINILH

Keiinars Hujajdapia TacT TeMAepaTypaJap MeAHUHHAaZa aHya
KeHr HuIaTHJa GouuLiaHid. YiaaplaH Gab3uJapH yCTHAA TYXTaHIHK.
IMact TemMnepaTypaJjapia TpaHCHJaHTalHsl MyHocabaTH OujaH adpum
opraHJap Ba TYKHMaJapHH IIyHAaH KOHCepBalMs KHJIalHJIapKH, Ha-
THXKaja yJap erapsjuya Yy30K BAaKT LaBOMHJa ¥3 sIIOBYAHJIHKJIAPHHH
Ba HOpMaJs HIJIa6 TypHm KOOHIHATIApDHHH CaKJaH oJajniap.

MysaaTH Ba 3PUTHLI BaKTJaphjia TYKHMaJiapHH KpHOreH™*** mero-
1M 6uaan OGysHil MeNWK/aap TOMOHHAaH GomoM Oesnap, cyrajnap Ba
GomkasapHy HYKOTHIIAA MINJATHAAaAH. BYyHHHr yuyH Maxcyc KpHOTeH
anmapaTJapH Ba KpHO3OHIJap sicaJajH.

* (Du3HKaBHi KATTANHKAAPHHHT V3 ypTaua kuiMaTaapufiaH rtacoauduil werna-
Hu6 TypuiIapHra (JIOKTyauHsnap Ledusani,

** Yra iokcak 60oCHMJapAa MONRa MIHAATH KPHCTANHK (asa KPUTHK TeMOepaTy-
panan 10KODH TeMIlepaTypaja XaM Ky3aTHJHIIH MYMKHH. Maskyp xycycust Oy epia
TeKUTAPUAMa AN, .

*#++ KpHo... (rpekda <KPHOC» — COBYK, aé3, My3) My3, acT TemnepaTypanap Gu-
NaH aNoKajOPJHKHH HPOAAIOBYH SHMOW CcY3Nap KHCMH; KPHOTeH — IIAcT TeMIepary-
pajapra TerHInJH GyjaraH. '
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AHecTe3usiJIOBUH xoccara sra OyJran COBYKJAHK éplaMHAa o4aM
Oomr Muscupard 6ab3u HepB KacaJJIHKJIapHHH, MacaJaH, NapKHHCO-
HU3MHHUHT pyil OepHiiHra MachbyJs XyxaHpajap AApOJapHHH HYKOTHILI
MYMKHH.

Mukpoxupyprusiga xyn TS"KHMaJ‘IapHHHF COBYK Meraalt ac600-
Japra €nHWKG KeTHmuAaH Oy TYKHMaJlapH# yuuiam Ba Gup KOHAAH
HKKHHUH XKofira Kyuupuuiga ¢oiiganaHagunap.

ITact TemMnmepatypamapHuHr MeAHUHHAAA KV/ATAHHIIH HaTHXKAcCHIAA
KDHOTeH MeAHIHHa, KpHOTepaNHs, KPHOXUPYPTHS Ba X. K. Jerad
SINTH TE€DMHHJAp naigo 6yagu,

XIII BODB
KATTHK )KHCMJIAP

KaTTHK >KHCMHHHI XapakTepJu aJjoMaTh y3 ¢opmacuHu cakaai
onnmuaup. KatTHK JKHCMJApHH KPUCTAAUK Ba AMOP@ KUCMJlapra
aXKpaTHII MYMKHH.

§ 1. KPUCTAJINK KATTHK
FKHUCMJIAP

KpucranHk XOMaTHUHT aJOMATH aHU3OTPONHAAHD, SABHH (H3IHKA-
BHIl XOCCaJapHHHT (MeXaHHKaBHi, HCCHKJHK, 3/EKTPHK, ONTHKaBHH
XoccaJiapHHHT) HyHaaHmnra GOFIHK  OGYJAHIUHAHP. . Kpucrannapﬂn
TALWIKHJA 3TraH aTOM Ba MOJEKYJaJapHHHT Tapmé.rm cypatga Koi-
JaHHIH yJap aHH3OTPONHACHHHHT caGabuiup; aHpuM MOHOKDHCTaJ-
JIapHUHT TYFPH €kJaHuljiapH OGyHaaid TapTHOAM KOHJAHHMIHHHT [a-
aunuaup. BUpoK Kouaa GyiiHua KDPHCTaJHK XKHCMJAp TNOJHKPHCTaJ-
Aap — Gup-6upJjapu GuiaH Tyraminb, TapTHOCH3 OpHEHTALUsJaHraH
afipuM KHYHKKHHA KpHcTajayajap (KPHCTAMIHTAAD) TYNMJAaMH ILAaKJH-
nfa yuypaiau. Bynpa#t xonana anuso'rponnﬂ KPHCTAJNNHTAAD uYerapacu-
JlaTHHA Ky3aTHJIagH.

Kpucrann atoMaapH Ba MOJeKyJaJlapHHHHI JKOHJIAHHIIIApHAATH
TapTHOJIHIHK yJAapHHHT, kpuctasuxk (das3osuit) nawscapasrap neb
aTaJyBYH, 'eOMETPHK TYFPH CTPYKTypaljlap TyTyHJapHia XOHJaHHI-
Japu 6unad TywyHtHpujaanu. Tyryunapia TypraH 3appavanap Ta-
6naTu Ba ¥3ap0 TabCHP KYUJapHHHHI XapaKTepHra Kypa TYpPT Xul
KDHCTAaJHK MNaHXxapajap MaBXyldl: HOHaBHH, aTOMaBHH, Me-
TaJaJ Ba MOJeKyJdaBHi{ mNaHxapaJjap.

HonaBuii KpHCTAJNMHHHT KPHCTAJHK TMaHXKapacH TYT'YHHAA Xap XHJ
HIIOpaJIH HOHIAD TypaAH. YJaap OpacHiard y3apo TabCHD KywlapH
acocad Kynaon kywrapumup. ByHaa#t xpucraan O6ytyH O6Hp MOJIeKylna
ne6 Kapananad. ATomapuil naHxkapa TyryHujaapd Helitpan atomnaap OH-
Jgan Ganp 6yaub, ynap opacHia KopajeHT GOFJIaMjJap TahCHP 3TAjH.
Merana nanxKapauuHr 6apya TyryHjaapHia Myc6aT MeTaja HOHJIApH
JKONJIaHTaH. YJap opacHia 23JeKTPOHJap XaOoTHK XapaxaTaaHalH.
Hounnap Ba 3/eKTpoHJap CHCTEMAcH MeTaJJIMK GOFJAHHII XOCHA KH-
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naad. Moneky/iaBuii KPHCTaJJIHHHI KPHCTAJIHK Mapxapach Tyrysjia-
pujia aJoXuia OpHeHTaUuanaHub, y3 ypuniapuia Ban-ep-Baannc
Kywiapn OuaaH ymual6 TypyByn MoJeKyJanap KOulaHratk 6Vynanu.

DHepreTHK HyKTaH Hasapjan Kaparaiia Hiean KpHCTall upeal
rasra Kapama-kapurumup. Mgean rasga y3apo Tabeup 3HEepPTUACHHHHT
a6CoJIIOT KHAMATH XaOTHK HMCCHKJMK XapaKaTHHHHT ypraua 3Heprus-
cu kT nam anya xaM OV/iamu. Kpucraanja sca, §3apo TabCHp Kyuaa-
pu KaTTa OyJHINM HaTHXKAcHAa, y3apo TABCHD SHeprusicHHUHr abco-
JI0T KuiiMaTé akcuHya kT nan anya KaTra Gynanu. LIyHuHr ydyH
KpHCTaJJapiard HCCHKJIHK XapakaTh 3appadanap opacuiari 6oFaa-
HUWHE 6y3ub HyKoTa oaMalin, OyHHHI HATHKaCHAA yJaap MyBo3a-
HaT Ba3HATH aTpopHaa KHUHK TeGpaHajH.

Wcrasaran Typiar 3appayajap OpacHiar# y3apo TabCHp KpHC-
TaJ/] HUHAA MOTEHI#AJ SHeprus E, HHHT yJaap opacupard macoda r
6uaaH GOFJAHHMIIH OpKaJH ubopana- &)

Hagu (13.1-pacMm). OrpH UH3HK MHHH-
MyMmra HucOaTaH HOCHMMETPHK. ¥3-
apo TabCHPJNAHYBYH 3appavajap opa-
cugaru macoda ro Temneparypa I'=0
BAKTAArH IOTE€HUHAJ 3HEPIrUsi MHHU-
mymura mocaup. Temneparypa T, aa
cymMmap (KHHETHK Ba MOTeHIHaJ)
sueprusi E; ra rteur. By, sappaua A
Ba B; HyKranapu opacuiaa teGpaHann
aemakaup. MIKKH 3appava opacujiary
ypraua macoda

ri=(0A,+0B,)/2. T,>T, Gyaranna 13.1-pacm.

3appaua sueprusicn Ep>Era Teur Ba y A, Ba By opacuia Te6Gpaua-
XH. 3appayanap opacuiaru ypraua macoda ry= (OAs+0By)/2. Tlo-
TEHUHAJ 3TPH YH3HK HOCHMMETPHK GYJIraniurd yuyH 3appauajap opa-
cHmard ypraua macopa HCHTHITAaH capu KaTrajaumnG Gopanm:
0<Ti<To<Ts .. ... OyJaran BagkTAa ro<r;<rp<rs...,0y aca xKHuCM-
JIaDHHHT MCHILAAH KeHraknmura ca6ab 6jmanu. :

Hxrtuépuii #yHaaum OYyiHaa6 naHxkapa HYMAAr# 3appavyaHuur
TeGpaHuIIMHA yY KoOpAMHaTa Gyiiuua Gynaérran reGpaHuIlIap #u-
rHHANCH Kabu udojasam MyMKHH. By Xona KPHUCTaJJIHHHT xap Gup
sappauacura TeG6paHMa XapaKaTHUHI yyTa 3PKHHJHK JapaxKacCHHH
8316 KViHI MYMKHH. Bup SDKMHJMK Japa)acura TYFPH Kearas
ypraua KuHeTHK sHeprus 1/2 kTra Tedr Ba my OunaH KHHETHK Ba
NOTEHIHAJ SHEPTHAJADHUHT ypTaua KuiMaTaapu Gupiail GyaraHjiura
yuyH te6paHma xapakaTaaru OHTTa IPKHHJHMK Napaxacura 1/2kT +
+1/2kT=kT ra Teur sHeprug TYFPH KeJalH, yura 3PKHHJIHK Aapaxa-
cura sra 3appaua Gyuca— 3k7 ra TeHr sHeprusi TYFPH KeJajH. He-
Mak, 6up MOJAb (rpaMM-aTOM) KPHCTaJHK MOAAA

U=Ny - 3kT = 3RT (13.1)
ra TeHT HYKH 3Heprusfira ara. '
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ByHnan ysrapMac xaXMAarH MoAdp (aTOMaBHfi) HCCHKIHK CH-
FuMHH TomaMHu3 [(10-10a) ra Kapanr]:

Cy = 3R (13.2)

(13.2)-bopmynasad KATTHK KHCMJAP HCCHKJIHK CHFHMHHHHT TeM-
nepatypara GOFIHK OyaMaranauru keiau6 uukagn (Hrwoaone sa [ltu
Korynu). By yil TeMiepaTypacuaa Kyn MOAjanap yuyH TaxpuOaBuil
Hyn 6uJaH aHHUKJAHTaH MabJAyMOTJapra MoC Kesaa/H.

Bupox KeHr Mukécharu KaTTHK MOAAanap HCCHKJHK CHFHMHHH
VpraHuIija HCCHKJAMK CHFUMHHHHI TeMIepaTypara, afHHKca IacT
TeMNepaTypanapra OOFIHK OYyJAraHJuruHd kypum MyMkuH (13.2-
pacM). AGcosioT HOMb SIKMHMAA Oapua KAaTTHK KHCMJAp HCCHKJIHK
curumH T3 ra mponopuHoHaa 6ynanu. KaTTHK XKHCMJap HCCHKJAHK CH-
FUMHHHHI Y3TapHIIMHM KBaHTIAp XakHaaruw OuJauMra acocjanub Tye-
pH 6aéH aTHIU Ha3apuscuHH [lebail TaBCHS KHAraH 3.

Hpnean das3oBuil maHxkapaau KPHCTaAJd peas KpHUCTaMJap y3uiaaru
MaBXYZ AegeKTaapH OHIaH KHUAAHH dapK KHAaAuaap.

Hedexktaapran O6HpPH MOHOKDHCTAJJHHHT OJIOKJAH CTPYKTypacH
XHcobnaHaaH; Oy cTpykTypa OyTyH GHD maHKapa XOCHJA KHJAMACHAH,
6up-6upura HucOaraH [e3opHeHTauusaHradH (taptubcu3  xoijaH-
raH) XKyaza kyn Mmaina GaoknapuaH n6opat 6ynaan. Bynpait 6iokin
CTPYKTYPaHH JHCJAOKaUHAAap* — KPHCTaJMK TaHxkapajga aTtoMmJjap
XKo#nanuir taptubugarn O6ys3uaniiap — xocua Kunaau. Coaza juc-

2 CA [ 4 ] L] [ ] [ ] [
lJﬂ—--——-——-——-——~_..__ el ¢
® [ [ ] * L] L [ ]
' * o @ * . .
N e o * o .
[ ] 9 [ ] [ ] [ [ ]
a -
13.2-pacm. 13.3-pacm.

Jokauust Muconn 13.3-pacmpa Kypcatuaran (HyKraaap Ouian nau-
;Kapa TyryHJjap#aard aromsaap Oedarujairas); TnaHxapa TYFpH
CTPYKTypacHHH Oy3yBuu KYyUINMYd SPHUM TEKHCJAHKHHHT naiifo OymaH-
WH KypuHH6 Typuban. HOkopuna alituaraHfad talikapyu OyIu XKoHJap
(BakaHcusinap) €kH €r MKHHC aToMJap apaJjaliMasJapud IIaKaxia
XaM naHxapa Aedexkraapu OVAHINH MyMKHH. BakaHcusaap Ba KHDH-

* Iuchokauusi Cysuuu Y36ex THAHTA TapKHMa KHIraHAQ <«CHIXHII»  Jeran
MabHOHH Oepand. TepMuH NedeKTHHHI TaHXKapa KHCMJIapH CH/DKALUM HATIZKAacH-
Aa xocus1 6yaraHHHn KypcataiH. .
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THWIraH aToMJaap MHKIODH o3ruua Gy/aHIIH, aMMO YyJap XOcHa KHJ-
raH Gy3WJHILJIAp XKyHa KaTTa OYJAHIUH MYMKHH.

[Manxkapa JedeKTJapH MOHOKPHCTAJJIADHHHT GJIOKJAH TY3HJIHLIH-
HHIMHA TYWIYHTHpMaif OasKu siHa xaTop OOWIKa XOAHCAJNapHH XaM
TywyHTHpagH. MacasiaH, QHUCIOKauHsJapHHHT MaBXYyIJMCH KpHCTAJ-
JapHHHT cnupasa QYan6 ycHmuHuHr cababuucH GyJaaiH, KHPHUTHJIraH
aTOMJIAap apaialIMacHHHUHT AHCJAOKaluusiap OuiaaH y3apo TabCHpaa-
HHILH SCKMPHII BaKTHAA KOTHIIMAJapHHHT KAaTTHKJaHHUIHra cabab
6ynapu. bupox, 6y Macajanap anua Mypakkal Oy/NraH/NHKAApH yuyH
Ma3Kyp Kypcaa KypuO YHKHIMaHAH.

HuxosT, KpUCTa/JapHHHT GHP XHJ XOCCaNapH YJAapHHHI CTPYKTY-
panapuparu Taptubiauiauk Oysca, GoumKasnapH 3ca ymaapAa MaBXyA
AedeKTIap HaTHXKAaCH 9KaHHHH YKAHPHO yTHLI 3apyp.

§ 2. AMOP® XHCMJIAP

Amop¢ KHCMJIApHHHT acCOCHH MAaKPOCKOIHK XYCYyCHATH ynaap xoc-
caJlapHHUHT TaGHHH H30TPONHUSANHIH Ba JKHCMJIAPHHHT HYKH TY3HJH-
WHra Kypa MyaHsaH aHHK 3pHLI HYKTaHHHT HyKaurugamup. Amopd

' Xo/fa GYATaH KUCMJAADHHHT HUKH TY3HIHUIJIADHAArd 3SHr acocHH
XYCYCHSIT KPHUCTaNHK XO0J1aT yUyH Xapakrepniu O6yaran ys3ox TapThb
ne6 aranyBud, S’bHH OYTYH XxHCM OyiiMua aTom Ba aroMJjap rpynna-
JIapUHUHT 6apya HyHaaHuIapAary XKOMIaRUIIIAPHAA KHALHHA TaKPOP-
JaHHIIJAUKHUET AYKAuruaup.- Iy 6unas 6Gupra amopd xonzaru MOA-
Aafa SIKMH TapTHO, S'bHH €HIOWI 3appavajap KOHJIAHWUIHAA MyasiH
TapTHG MaBXyanup. Macoda opruwd Gunan 6y TapTHO KaMaiinb
Gopan. _

HMuku TYySWJIHWIA4 K4MPOK TapTHONHJAMKKA 3ra Oyaran Xxouaa
amop¢ KucMmiap GHp XHJ LIapOHTAAPAA KPHCTa/NNaplaH Kypa KaTra-
POK COJMHINTHPMA XaXKM, SHTPOIHA Ba H4YKM 3Heprusra sra Gynaanu.

By xkucMjap erapixya MyBO3aHaT XOJaTHH (akar IOKOpH Temie-
paTypajapia Ba KHYHK GOCHMJapia Xocusa Kujiand, Oy — 3appaua-
JApHHHT MyalsiH paBHIUAA (KOHJAHHLJIapUra Ba y/aap OpacHAard
Macoganapra Gorauxaup. LIynuHr yuyH TallKH TabCHPOTJAp TE3NH-
rHra Kypa aMopd KHCMJAap 3/1aCTHK €KH OKyBYaH 6yaub KOJHUIH
MyMKHHE. Macanai, Kopa MyM NapuacH HIHMII HuWra KyHu/ica, auua
Kyl BakT YTrad y MAMII IAKJIHHH 3Ta1aifild, s’bHH OKYBUYAaHJHK AOC-

" cacu py# Oepapu. Arap xyaau wy mapua Gosnra Gunan ypuiaca, y MypT
KHCM CHHrapu épusaué xKeraju. :

Amopd xonar xap XHJ XHMHABHHA TabuaTigard Mojaajapra xoc-
nup. ByHnail xonartaapiarn Mojjalap KHYHK GOCHM Ba IOKCaK TeM-
nepatypajapia Kyjla XapaxkaTtuaH Oysadd: macT MOJIEKYJNaBHE MOJ-
lanap CyIOK X0J1a, IOKODH MOJCKYJsip GHpHKMasaap I0KOPH 3JaCTHK
xonataa Gyuaanu. TeMmmepaTypaHHHr nacaiiHuiy Ba OGOCUMHHHT OpTH-
wH Ouiad amopd MOANANAapHHHI XapaKaTHaH/JUIH KaMasjid Ba

_ynapHHHT GapuacH KaTTHK XXHCMJapra adnaHaiu. KatTHk amopd xo-
JdaTHH 6OlIKaYacHra LIHIIACHMOH XOJaT AeHH/alH.
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§ 3. NOJIUMEPJIAP
TY3HIHUIUHUHT
XYCYCHSATJIAPH BA ®H3UKABHUM
XOCCAJIAPH

Monexynanapn K aTomaapian 8Ke XHMHSBHI GoranuuIap OHJaH GHpJALITaH
aTOM TpYNNaNapuiaH TYSHIraH YSYH 3aHMKHDJADHH TAUIKHI = 3TYBYH MOIasapHH
nojanMep ne6 araipunap. I[losumepnap xuMHABHE TY3HJIHUNIZDUHUHT ¥3Hra XOC/H-
TH YJapHHHT ¥3Hra Xoc (H3MKaBHil Xoccanapra sra Gynuminapura caba6 6yaamn.

Hosumepaap mact MoseKysann MojptanapLan J3/apHHUHT MEXaHHK XocCatapH
GunaH Kecknwn dapgaamanu. Karrug JHCMJIAD YUYH KAaHTYBYAHJHIH KHYMK 6YJraH
IepopMauusaiapia KaTTa MycTaxKaMIHKHHHT Oyauwn  xapakrepaH. CyOKIHKIAD
Mylla KaM MyCTaxKaMJIMKKa sra OJArad XoJna dyekcus AedOpManUANAHUII KOGHMAA-
THra sraaupiap. Ilonumepaap — KaTTHK Ba CYIOK XKHOMAZPHHHT MeXaHHX X00cana-
PHHHHT GHDJANIMACHAAH TAlIKHI TONMZH MaTePHALAAPIHD: yaap etapiaud fAapaxaina
MycTaxxaM 'Ba Wly GHIaH GWpra erapis Hapaxkaia KatTa KalTysuan dedopmanus-
JaHHI KOOHMMATHNa XaM 3rajupJap,

Xyu, Tepu (uapm, xym), MYrys, €o4, HNaK, NaxTa, HaTypa]d Kaydyk Ba . V.
Gapua JKOHHBOP Ba YCHMJHK MaTepHa/sap, IIYHHHTAEK Xap XHJ CHHTETHK MaTe-
PHAINAD — CHHTETHK Kayuyx, mAacTMacca, T0Ma’ Ba GOWIKAJap XaMm nosMMep Mare-
pHamtap xucoGaanany.

Tabunit noanmep MaTepHaJIaDHAHT KYNYHJIATH OKCHJIH MOJzanapiaHAHp: COA-
43 OKCHIap—anbOyMUH, TJIOGYMHH, MYPAaKKa® OKCHJIAD — KA3eHH, KepaTHHJAp Ba
Konnaren. TapxmGuia 85% raua yraesonnap, acocan ToJIHCcaxapuaiap  MaBXKYI
6¥aran arap-arap xaum TIOJ/IEMEPHP. :

Mexannx Xoccanapran Tamkapu TOJHMeEpJIap OOMIKAa aJOXHAA XOCCAapra XxaMm
srajupiap. MacanaH, yaapHHHT SpHTMaJapi yTa ENHIIKOKIHKKA 3rajHp; IpUTMa
YCTHIATH SPHTYBUH GYFHHHT 3/ACTHKIHIM KaM, OCMOTHMK GOCHMH 3Ca, mieas apUT-
Manap yyyH Gyawizy kepak 6yaraHugau Katrapox Oyaanu. CyoOKIHKIap HuKAa
noauMepaap Kyaa wHwUG, 6YPTHG KeTHiy KOGMAMATHTA 3ra Gyn1aauaap.

Hoaumepnap mosekyananapununr yaysn
@ 3aHXKHPCHMOH OYH6 Tysuanwn napaa (mnéd-
Ka) Ba TOMANap XOCH] OYJHIINra HMKOH Ge-

M AA-A—p-pp L, K

.~ Xo31pru 3aMoHAa HOJHMEpMapAaH KeHr
:. cypatia JAnaJeKTpHK cHdartura doiiganana-
A anaap.
T | + Honuatuaen sur comna OpraHuK NOJH-

soee “A—A—A—-A-A—A e ti..  MEp 33HXKHDH EKH MAKPOMOJEKYAACH A ra 3T4-
JeH MOJIeKy/1aJnapH OHPUKKAaH BaKraa Xocu.

o A /& 6ysafuran Kym.mapTa TakpopJ2HYBYM MOHO-
| ‘ . : MEp XaJaKanapaaH TYSHAraHRHp:
A A 1.CHy=CHys{«-CH,—CHy— ]n,
: TMonustnaeH—unsurui noJuMepJaap Ba-

Kuaunup. Yusuruit monmmep ne6 makpoMo-

13.4-pacm. JeKYJIaNapu Y3YH GHP YJHOBMM 3aHXKHpJap-

AaH  Ty3HATaH  WoJHMepJiapra  afiTna-

o (l3.4-pacm,“ a, A — monomep xanxa). Wloxnanran nomumep acocuii 3aHXKHDH-

A2l Tallkaph € WOXJapura — €H 3aHXHpJAapHra (13.4-pacM, 6) sra 6yaanu.

bap-6upnapu 6uran dazosuit TYp Xocun Kuau6 6upHKKaH yayH 3aHXHpIAD-

AaH TYSHAraH NONHMepJap TYPCHMOH &KH ¢aszosnit 6§au6, 6up xua MOHOMepJlapaaH

TYSHATAHH 3CA ~— FOMONOJHMEPAHP. 3aHXHPAApH Xap XHaA MOHOMEp XanKaiapaau
TYSHJITaH NOJMMep GHPHKMasapHHH reTepononuMepaapian xucoGrafnuaap.

HOJvaep M3KPOMOJIEKYIACH KaTTHK 3Mac. HCCHKAMK XapakaTu Tydafian Exu

TAUIKH MaALOH Ta®bCHPH OCTHAA YHHHT (A30BHY IIaKan yarapumu  mymxun. By
yarapnusapra KondopMaisoH afinannumaap pedunanu. - : .
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OpkuH GyrEMaanraH 3aHxkup (13.5-pacM) OXHpH XyAa 3JacTHK Oyiaju. Bij
pafl 3aHXKMpAa BajiieHT OOFJaHHULIap opacnaard OYpuaKiap aHMKJaHrad smac Bd
ynap aTpodHia IDKHH afNaHui MyMKHH. Peasl TOJHMED 3aHKHPJIApAa BafeHTIH
fypuaknap o« MabayM Kufimaraapra (13.6-pacM) sra Oynaaunap. by Xon GurTa
32aHXKHD XaJKACH Ba3WATHHHHT YHAAH OJJMHIH 3aHXHD BasusaTH GuaaH GOFJIAHHIIM-
ra cababuu G6ynanu. DyHpah 3amkup spkuH GYFHMJIaHraHuJaH xypa KaMpoK COA

13.5-pacm. 13.6-pacm.

KoHpOPMaUHAHH Kabyn 3TaiH, JEKHH Y XaM XKYlNa KyN STHAHII KOGHMHATHra sra
oyaans.

MakpomoJleKy1aaap, XaJKaNlapHHHT HCCHKJHK XapakataapH Tydaims, xap xua
KOHGOPMALMANIADHH 3Taj1alIapy MYMKHH. DHp TOMOHAAH, YETHArHCH KaTTHK TYFpPH
Taégua 6Yau6, HKKHHYM TOMOHAAH, AYM-AYyMaJok Oyau6 oaran (raobyna), snac-
THK 3aHXHDAHMD.

Makpomodekynanap, HHcOuil MONSAP MaccacH OMD Heua MHHTZaH TO 10371ab MuJ-
JAHOHJAp Ba XaTTO MHJJIHapAraia Oyaran xyjaa 3yp KaTTaquxka 3ra Oymuumiapu
myMkuH. TToJHMep MoJeKyJdaJapH KYAa Karra OY/AraHiury YyuyH YHHHT KafHaw
TeMmnepaTypacH KyAa XaM IOKopH Oyaalu (Kyda KarTa MoJeKydasapHu OyraaTdil
YYYH XKYyAa KYN sHeprus Kepak Gynanu), ByHpan Gapua nosiMepiapia axpasHul
TemnepaTypaqu KailHam TemIepaTypachiaH NacTpox OyJaaid Ba ynapia ras XonaTtu
BYXyAra Keaa oJamaigu. [leMak, nosuMepiap KOHAEHCALUMAJAHTAH XOJAaTAa: CYIOK
€K KaTTHK XoJaTAa Gysapunaap. Kartuk no-

JHUMepJap opacHAa amopd Ba KpHcTasa MHOJH- ——~—————

Mepaap 6yaany. : . — T
IOKopH 3aacTHK XxosaTAa amopd nogd- | .

Mep XKyaa Karta MHknopaa (1000% raua) ne- [~

$OpMauHAJaHHIIE MYMKHH, YHAa JRedopMma- — e ——

uHs KaHTyBuaH G6ysan6, KaATMacJAHKKa HHTil- S ———

Jum HYK. By MabHOAa IOKODH 3JACTHKJIHK —

CYIOK Ba KaTTHK XOJaTJap ypracHiaru xoaar- 13.7-pacm.

Aup. TloNMMeDHHHT I0OKOPH 3JIACTHK XOJaTil
MaKpOMOJICKYJIaJIapHUHT 3JaCTHKAHTH (3rHaysYan Gymmimu) Tydafianm BYXyara Ke-
Jaju. .

MakpomoJeKkynasiap NMoJHMepJapHHHT Gapua XoJaTJapHia XaMmHIIa 03MH KYNMH
TaprubaaHrad Gyaaauiap, 6y sca yTaMoJeKyasap (HaZMOJeKYJspHbli) pe6 artanays-
UH CTPYKTypaJiapra oJx6 Keliaau.

Tlonnmepaap dakat kpuctaan xonia smac, 6aiku aMopd xonaraapra xaM xXkyiaa
Kyn XuJa §TaMoJeKyJasp Ty3uwJuiIapH Gunan xapaktepaupupiaap. By crpykrypaaap-
HHHr 6UpJaMu4H 3JeMeHTAapH € riobynanapra HUFWATAH €KH YH3HKHIA MaKpOMOJeKY-
JlanapieKk 4Y3HJHG - KeTrag noanMep MoJekyaanapaup. [ao6ynanap XoHTakraawl-
TaHnapuAa Kym coHaH, 6ab3an 1000 raya MoJekyaanapaan uGopar, raobyasp
CTPYKTypaiiap XocHsa Oyauuiiaps MyMKud. EfuiraH MakpoMmo/iexyaanap KOHTaKI-
Namrag BakTAa YYsHHYOK naukanap (13.7-pacm) makmo 6yau6, yaap ¢uoxTyanuoH
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Tabuarra sra Oynanunap — 6up xua xofapia iykonu6, Gowkanapuaa nafxo 6% -
Mlalnaap, JeKHH Wynnai 6yicana anua y3ox smaiguaap,

Bupnamun sur compa YTaMONIeKYAAp  CTPYKTypanap — nomuMep 3aHXKHpAAp
TlaiKalapH — XaM HOKDHCTaJHK, XaM KPHCTaJHK noJnMepaapaa KysatHnagH. Kpuc-
TaaHHUl BaKTHAA NayKajap «JIeHTa» MAKJAHAa 6ynn6 iurunanu. 13.8-pacmna Tyr-
buaapran (a) Ba newrtara ihwmruarad (6) naykanap xkypcatiarad. CHPT TapaHIu-

‘ m = '
a ) /

/ .

AAL

S

13.8-pacm. 13 9-pacm.

THHH  KAMalTHPHUIra MHTHAHID JIeHTa/JapHUHT TJacTHHKanapra  TYnAaHHura
(13.9-pacm) Ba cepomuraap (13.10-pacm) éxu  skka KPHCTaa/ap  XocHJ 6y -
<miwyra (13.11-pacm; Tamaku Hekposu BHDYCHHMHT $IKKa KPHCTA/H) OJHO KeJdamu.

Kynunnug yramonekynsp CTPYKTypanapuu axkagemuk B. A. Kaprua Ttyprra
aCOCHH THNTa axpaTaju: FA0OGYJAp CTPYKTypa (AKka MOJIeKYJ1a1ap &KH MOJeKyJqa-
Aap TpyNnanaph HHFWATaH), noNOCaNH CTPYKTYpa (IOKOPH 3/1acTHK Xonatjaru
Gapya noammepJap CTPYKTYpacH), ¢uGpuAip CTPYKTYypacH (unsuguit  IMauxanap

13.10-pacm. 13.11-pacm.

€KH YAaDHHHT UY3HHYOK (OpMAHH CaK/IOBYH TyMNamaapH), AHPHK CTPYKTYpa (cde-

POJMTIAp, AKKA KPHCTA/AAap Ba mw. ¥.). .

YTaMONEKYNAP CTPYKTYpaNapHHHT dbopManapn Ba KarTaaHkaapH mHoJHMepaap
MYCTaXKaMIUrHTa KaTTa TabCHP KHaAag¥. Macatal, KHumk chepoanTan  nycxaaap
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¥aTTa MYCTAXKAMJNKKA BA AXUIM 3JaCTHK/IMK XYCYCHATHra sra 6yuu6, fupux chepo-
JUTAH HYCXanap 3ca MyPTAMK OHMaH Gy3uau6 KeraAaHJap.

IOxopuna_aiftunrauuaex, noanmep MaTepHa/lap TYPAH Kyo KHMMataw Ou-
3HKO-XHMHSABHH Xoccanap TYNaaMH Guaan xapakrepianafd. IIynusr YYYH ynap dax
pa TEXHHKAHUHT TYDPJau CoXalapuja, WYHHHTAeK, MERMIHHAAAa HIJATHIALH.

TlonnMepaapaan NONHITHAEH, NONHBHHAAXJAODHA Ba Gomkanap GOCHM OCTHAA
AXUH HUIZHAAM, WYHHAT = YYYH yAapaaH Xap XHJ MCAHUMHA HHCPYMeHTJapH Ba
ac6o6ap scaiaunap. TeduoH, xampou sa saBeaw, MHJAap, CHJIACTHK NOJHMEp
10KOPH XHMUSBHH YHZAMJIHINKKA 3TajUpiap, iy cababan yaapHH OpraHA3MHHHT HIKH
KHMCMJIDH TIPOTe3NIapHHH (KOH TOMHpJap, jopaK KJaamaHIapw, nauaap, Kysra é€muu-
THPHAYBUM JHH3AJAp Ba mI. ¥.) sicalt yuyn uwaaTafguiap. [1OMMBHHHI — NHPPOAH-
Aol OJIHMEp SDHTMACH —— AXIUH KOH IW1a3MacH YPHUHH GOCYBUMAMP.

Xo3upru BaKTHa CyHBUIl OyiApak Huuja ueajobaHaaH scairal Memdpanajap
xyaiadanu. Byngahi memOpananap okcua Ba KOH Xyxafpacw 3JeMeHTJapHHH yuI-
na6 Konanmnap. Kucaopop sa yraepox (I1)-oxkcmara mnucGatan Kyga sXwu §TKa-

3YBUAHIHK KOOMJMATHTA sra GyAraH CHAMKOH MeMODaHAJH CYHBUH ynxanap, sicaw
IKCMIEPHMEHT/IapH YTKa3HIMOKKA.

Tykuva enumaapn MacalaH MIEHKA WAKAMAA Te3 NOJHMEPJAAHYBUH aJKHJI-G-
UHAHOKpHJATAAD, 71— OyTHJI—~ & — UHAHOKDHJIAT KaGu MeLHUHHA Y4yH XKyla KH-
SUKADJINIHD, yAapAaH sApalapHH 40K KyimaclaH GeKHTHII yuyH QoiganaHaguiap.

1OKopu Mosexyasp Gupukmanapra OuonosiumMepnap XaMm KupaiH; OGHOMOJHMep-
nap 6apua THPUK ODraHH3MJIap CTPYKTYPACHHMHT ACOCHHH TALIKHJA 3THO, yAAPHHHT
Xa€THil - paoausiTAapuia acocuit posb YitHAakAM — OKCHIIAP, HYKJIEHH KHCJOTaJsapH,

NOJIHCAXapHAJAD, THKONPOTEHANAp, JHNONPOTEHANAD, TMIHKOMHIHAJNAp Ba GowWwKaaap
WyJaap KyMaacHIaHIHD.

§ 4. CYIOK KPHCTAJIJIAP

Cyrox, kpuctassap ne6 xaM CYIOKJIHKIAp, XxaM KpHCTaJlJMap xocca-
JlapHra sra GyJaran Mojanajapra aHTulagu. ¥3 MexaHHKaBHH xoccaJa-
pu Oyinua Gy MOAMatap CYIOKJIHKIApra yxwaiau — yaap OKafH.
OntikaBufi xoccanapu OyfiHua CylOK KpHCTamnap V3HHH aHH30TpON
XKHCMJIAp — KpPHCTa/wiap KabH TyTajgd: KYTOGJAHHII TeKHCJAHTMHHM ai-
JAHTHPALM, HyDJapHH HKKH Mapra cuHaupa ojand Ba w. y. (II T
- XXVIII 606ra Kapanr). Kynuaua momna  cymok KPHCTaJHK X0cca-

JIADHHH MyaHsH TeMIepatypaBHil HHTepBajJarHHa 03ara YMKapHO,
YHIaH I0KODH TeMIepartypaja amopdcCyiox X0/aaTha, macT TEMIepary-
pala KaTTHK KpUCTaJHK XxonaTiaa Oy/iajxu.

®u3uKaBUil XOCCAJAPHUHT HKKH XHJJNATH CYIOK KPHCTAMJIapHUHT
HYKH TySHJHILIAPHra GOFJHK. YJapia MoJeKy/JaJapHHHT Y3apo KO¥i-
JIaHHLINIApH aMOP® Ba KATTHK KDHCTAlHK XOJaTdapiard OpaJjHK
BasusaTaaplaHAHp, aMOpd XonaThna MOJMEKyJdaJdap KOHIaHHHIHIA
Y30K TapTHO OyryHaa# AyK Gyaub, KATTHK KPHCTaJMK XOJMaTAa MOJe-
Kynajap MapKa3/JapHHHHT XKOHJaHHIIMAA y30K TapTu6 6op Gyaranu-
AeK, MOJIeKyJlaJap OPHEHTANHACHAA XaM TapTHOJIAHHII MaBXKYLAHD.

OJIeKyJaNlapH 4y3HHYOK TaéKualnap €KH YY3H/IraH IJIaCTHHKaJapra
Yxwam ¢opmanapra sra 6yiran MoAJanapaa CyloK KDHCTAaJHK X0JaT
KysaTunaau. MoJekynanapHuHr OymAali GopMacu yJapHHHT TapTHG-
JIaHUIINTa HMKOHHAT Oepajiy.

MouekynaBuit TapTHOMAHHLIHHET XapaKTepura Kypa CyiOK KpHC-
Ta/IapHE HeMATUK Ba CMEKTUK KpHCTalJapra axparaauiap. Hema-
THK KpHCTaJlapAa MOJEKy/aalap mapaJses OpHeHTAaUMANaHraH OfJaa-
An (13.12-pacw, a), JIeKHH yJapHHHT MapKasJapH TAapTHGCH3 KOHJIaH-
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ran Gynapu. CMexTux KpHCTaanap MoJleKysajapn TapTHbJalLiray
napajien KariaMmaapaan n6opat 6yaamm (13.12-pacm, 6). Xoaecre.
PHK* THNAAarn KpHCTajjap ajoxuia CHHGHM TalIKHJ 3Tagd. Byunaj
KpHCTaJlIapRa MOJieKyJasap CMeKTHK KpHCTaJaapAariiex KaTiam-
Jlapra TymiaHranaup. Bupok xap OHMp KaT/iaM HYHAAru MOJIeKyJajiap
YKNapUHHHT Tapajnen KOMMAHHIIH HeMAaTuK XOMaTHH 3CJaaTajgy
(13,12-pacm, 6). Karaamaap  opa-

00 0000 cHaa xam TapTH6:’IHK MaBXKyI: Kym-

HH KaT/lamJapra yTHIIAa MasKyp Kat-

000500 00%(% 0 000 00 MIAMHHNT yMYMHH ODHEHTaUUSCH HIlra-
00 000?)00000 00000(  prrn xaraamamr © ymymuit opuenta-

uuscura HucbaTaH KIYHK 6ypyaxka
00000()000 000000 ysrapamn (MOJeKyJsip CTPYKTYpama
2 & BUHTCHMOH GypaJuIl Ky3aTHJIa/lH).
XoJiecTepHK  cylok KpHcTaaiap-
HHHT' MOJIEKYJIIp CTPYKTYPacH HCTad-
TaHua KHYHMK TallKH TabCHPOTra XKy/a

[ES ESSESSN cearup Oynanu. CajruHa rasnaéuiam
[T o\ .
o TS S KYUCH3 MOJIEKYJIsIpapo KydusnapHu 6y-

316 1000pUIIM MYMKMH, 6y 3ca ONTHK
XOCCAJIADHHHT Ce3UJapJH Y3rapHIlu-
ra onn6 keaagu. )KymuaanaH, rtemme-
parypa KpHCTaJ/J paHTHra KaTta Tab-

ﬁ%@@ﬂﬂ%@\ CHp KHJIalH, TeMmIlepaTypara Kypa y
%ﬁﬁaﬁ& N Xap XuJ1 paHrra—O6nHada paHrugan

KH3UJIraua. KHPMIUM MYMKHH. CyIOK

RN ST KpHCTa/IapHHHT OyHAail Xoccasapu-

§§N®§QQ§§Q§Q§ AaH KHCMJAPHHHT TYPJM KHCMJapH-

NNAN Nary  Temmeparypa yarapuumjiapunu

£ Vauvamw yuyH ¢oiinanana GownaHma-

MOKAa. by xoa Meaununaza BeHa-

13.12-pacm. -JIaPHUHT, apTepHAJapHHHT Ba aT-

poduaru Gouika MyxuTIaH Kypa Gomw-

KauapoK HCCHKJHK OepuIll KOGHJMATHra 3ra 6yaran Typrymsaap

MOHNAHUIINIADHHHE KAl STHIIra HMKOH Gepanu. CyioK KpHCTaJHK

MOAZastap Xap XuJl TeMIepaTypaHH Ce3yBYH CHIHAJH3AlHS KypH/Ma-
Japuia XaM HILIaTHIALH. :

Cyiox KpHCTaJJ1apHHHT MOJIEKYJIAAD  CTPYKTYpacH, AeMak, yJaap-
HHHT ONTHK Xxoccallapd, 6ab3H XHMHABHE MOAJajiap GyFIapHHUHT
Kyla KaM MHKIODH Gop Gyaranga ysrapaan. By MoJiajap H3japH-
HH aHMKJaWwAa Qofinajanuura HMKOH Gepaj. :

CyloK KpHcTalaapHu acbobiapia Ba coatinapia pakaMHi HHAH-
Katop cHpaTHAa HULIATHIMIIM YJaDHUHT ONTHK XOCCaJIADHHHU 3JIEKTP
MaflOHH TabCHPH OCTHAA yarapHiuura acocJlaHraHiup.

Tupuk opraHusmaapmaru CYIOK KDHCTaJ1ap TYFPHCHAATH TaaKu- -
KOT HINJIADHHH OJNHG GOpHII — KaM ypraHuiarad, Xyna KaTra, JeKHH

* YnapmuHr TYSHAMIIN XOMecTepHHra ara CHpHKMaJap YUyH XapakTepJumHp.
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nepcneKkTHBa.i COXaaHp. Mucos cudaTHAa COBET TaAKHKOTUHJIADH-
HHHT KOH 3apJAOOHMAard cyioK KpHCTaJMK XOJaTAarH XoJiecTepHH
3¢upaapy apajaliMaCHHHHT TeMmepaTypaBHH cOXacH TYFPHCHAATH
HUIapUHH KypcaTumr Mymkuu, Ilatopusnomor C. C. Xaaatos apre-
pHANapAa XOJeCTeDHH IJakyaJapHHHHT BYXKyAra KeJHOIHAA CYIOK
KDHCTAJHK Xo/aTAa GyayBun XosecTepHH 3GHpJaapH apajawmMajapy
* XaJ KMJIYBYH DOJIHH ViHalau ne6, papa3 KHJIaLH. ,
®. K. l'opckuii GOWIYHINIUAArH COBET OJHMJAPHHHHT KYpCaTHIL-
Japhya, OPTaHH3M YYyH TYHHHraH Ba TYHHHMAaraH KHcJOTajap XoJec-
TEPHH QUPJIAPHHHNT JIO3UM GYiaraH HopMaJ MyHocabatara amopd
XOJIATAAH CYIOK KPHCTalHK XO0JaTra yTHII TeMIePAaTYPACHHUHT OXAM
* TaHAacH TeMNepaTypacHijaH nacTtpok OVaHlIH Moc Kejpaiu. XoJecre-
DHH 3(QHDJapHHHHT Ba TYHHHraH KUCAOTAJAPHHHT MPOLEHTIapAa
OJIHHTAH MHUKIODJApPHHHMHT KYNaHMIIH YTHII TeMNepaTypacHHH YHHHT
KaTTaJalluil TOMOH CHAXHTaau. By xoana, ojaM Tanacu Temmepaty-
pacuia, KOH 3apio6uia, apTepHst aeBopjapura Huc6ataH arpeccHs
GyJral CyroK KPHCTAJIHK X0JAT BYXYIAra KeJajiH.

§ 5. KATTUK )XUCMJIAPHUHT
BA OPTAHU3M
TYKHUMAJAPUHHUHT
MEXAHHKABHH XOCCAJIAPH

JKucm HykTanapu ysapo BasHATJAPHHHHT y3rapumiura Oegopma-
yus peiinany. lepopMauusanap TallKH TabCHPOTJIAp €KH TeMIepary-
pa ysrapuimu TydaHaH BYXYAra KeJIHIIH MyMKHH.

KaTTHK XHCMJapia KPUCTaJHK TaHXKapa TyCyHAapHia Koiali-
ran sappavajiap AepopManus BaKTJapHia SIHTH XKOHJapra CH/DKHI-
zu. By cumkumiapra sappauanap ypracupaard §3apo  TabcHp Kyu-
JlapH TYCKUHIMK KHJaAH, IUYHHHT Y4YyH AeDOPMalHAJAHTaH KHCM
HYHJa JKHCMra KYHHITraH TallK¥ Ky4lapHH MYBO3aHaT/JOBUH, HYKH
3JIACTHK Kywiap Xocua Gynaanu.

Arap nedopManHs Ky TabCHDH TyXTaraHiaH KeHHH HyKoaub
KeTanuran GyJca, yHra ssactux Oegopmayus peitnnamu. Hosnactuk
Aepopmauusiiap naactuk 6yaazan: Hucouit nedopmauus Ax/x medop-
MalHUAHHAT §I4OBHAHD, 6y epia X — AedOPMALMAHE XapaKTepJaOBUH
KaTTaJMKHHHT JacT1a0Ku KHiMaTH (MacajaH, Hycxa y3yuaur [),
AX 3ca — 1y KaTTaJHKHUHT AedOpPMauus BAKTHAATH Y3TapHIIU (Maca-
JaH, uysuanmu Al).

Kyunranuw o ne6 xucM KecuMm 103HHHHT 6upJaurura TYFpPH KeJran
JIACTHK Kyura a#iTujaanu: '

o = Faxac/S. (13.3)

Onacruk aedopmanusinap [yk Komysura Gyiicynanm; 6y KoHyHra
MyBOQHK KYwIaHHII HHCOUH JnedopManusira NPOIIOPIHOHAJAMD;

o=FE (Ax/x) (13.4)

By epna E — aaacruxaux modyau, y 6upra renr Gynranga HucGHil fe-
(popManMANaHHIN BaKTHAA XOCHA Gy/iajuran KyuJanaumra Tterr. Jle-
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dopmanusa 6up ékaama Gyaranga katraauk E [One modyaru pefid-
MafH.

IT'yk KoHynu OfaTha Kuuuk AedopManuanap yuyyH ¥3 MabHOCHHH
cakaaiian. UySHIHIIHHET sKcnepHMeHTan srpH umsurn 13.13-pacmaa
Keatupuaran. OA ydactka »1acTHK Jepopmanusjapra, B Hykra —
9AGCTUK 4€2apacuea MOCAHP, Y XalH KydlaHH AYKOTH/IraHAAH
KeliiH KOMyBuH febopmanus (KOAAuK Aepopmauus) ypHura sra Gy
Maraf BaKTAard MaKCHMaj KyWwIaHHUIHU XapaKkTepJaaiin.

Uyauauim 3rpy yusuruHulEr CD ropu3oHTaJ/ Yy4acTKacH OKYys4aw-
AUK Yeeapacuza MOCAMPKH, Oy uerapajard KywIaHHUIAAH KeHHHTH
medopMallusi, KydIaHWII OLIMDHAMaca xam, opTuG Gopasepaau. Ba,
HUXO0ST, Gy3WJMil OJNMAA 4HAANaJHTaH HI KaTTa Harpyska Ouiad
GeJITHJAHYBUH KyulaHHLI MYCTAXKAMAUK 4weeapacu Oynanm.

KpucTa/iuk MOHOMEpJApHHHI Ba IOJHMep MaTepHalJlapHHHT
3JaCTHK XOccaJapH opacuia XKyaa KarTa Ba TpHHUHNHan ¢apk 6op,
MacaJaH, MycTaxKaMJHK uerapacu uuupa nynar 0,3% ra Kamap uy-
SUJMIIM HaTHXKacHAa y3uaub KeTaid, IOMIIOK -pe3HHAJapHH 3ca

-
’ ] -

6} :

0 AKX

.

13.13-pacm. 13.14-pacm.

300% raua u§sHmI MYMKHH. By X0/ I0KOpH MOJEKyJIAp OnpuKMajap-
fa SJACTHK/IHK MEXaHW3MHHHHT cudaT XKHXaTHAaH Gowmkaua Oy/vIA
6usnaH GOFJIHKIMD.

IOKopuna afTHAraHMAEK KPUCTAMI KATTHK JKHCMJap, Macajaf,
NyJAaTHHHT JedopMalysjlaHRIIK BAKTHAArH 3JMACTHK KyuJap TyJa pa-
BULIAA aTOMJAap OpacHAard MacodajapHHHT y3rapHILHra OOFJIHK
6ynanu. YOKopH MOJeKynsip OHPHKMajapHHHT CTPYKTYPacH HOMYyHTa-
samanp. YJap KyAa y3yH, 3JaCTHK, aXOHHO paBHIIAA gufimanran
MoJleKyJaJapiaH HOOpaTAMp, MOJeKyjaanap KHCMJApH myHxai xao-
THK MCCHKJHK XapakaTHia Oyjnajuiapky, YJapHHHT ¢opmacH Ba
y3YHAHKJIAPH A0HMO Yy3rapulb Typauu. Jleknn xap Oup Oepuiran Mo-
MeHTZa AedopManusiaHMaraH Hycxajgarn MoJeKyJaJjapHHHT Ky muH-
Jurd G6ynHumH MYMKuH Oy/araH Y3yHIHKKa SKHH Oyaran Y3yHJIHKKA
sra Gynanu. Marephanra Harpy3ka KyHuArad BakTAa yHHHI MOJERY-
Jajapy TeTHULIH Hynagum Gyinua ryrpunanagu (13.14-pacm) Ba
HYCXaHHHT Y3YHJHTH KarTajJamand. Harpyska osau6 TamiaHraHiaH
KelldH XAOTHK MCCHKJIHMK XapaKaTh HaTHXacuja Xxap Oup MOJeKyJa-
HIHT Y3YHJHCH aBBAJTH XOJIMTa KaiTalu Ba Hycxa KHCKapajiu.
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TepMonHHAaMHKa HYKTau Hasapu Oyiiuua 6y HKKH 371aCTHK Aeop-
Malys XWINapH OpacHAarH dgapk KPHCTAJIMK KAaTTHK XKHCMJap 3Jjac-
THKJIHTH, aBBAaJIO, HUKH SHEPPHAHHHT y3rapHWH GuiaaH G0FIHK OYnub,
NONHMepJap JIACTHKJIHTH 3Ca TOJUMEP MOJIeKyJ/ajlapHHHHT TapTHO-
cH3NUrura OOFAHMK GYJIraH SHTPONMMSAHHHT Y3rapuumuiaH uGOpaTaup.

TToauMepnapra XOC 3JaCTHK/IMKKA KaYUYYKCHMOH 3JACTHK/IHK Ae-
finnanu. Byngai 3MacTHKAHKKA THPHK TYKMMAJapHHHT KYNTHHA KOM-
NOHEHTJApPH, MacajaH, 3JacTHH, 46IHKTHH KabH OKCH/Jap 3rajiup.
DyacTHH apTepHsl HEBODPJApH MOJJACHHHHT, aiHHKCa IOpPaKKa AKHH
6ynraHJapHHHHT Tajdall KHCMHHH TalIKuJ 3Taju. Pe3uHa kabu y Xy-
Ja uysHIyBUaH GYJaid, YHHHT 3JacTHKIAHK moxyan 6-10°Tlara sguu.

Myckyaaap TYKHMAacH XaM 3JacTHK €NHLIKOK MaTepHajra yxumau
Gynanm.

Marepuas MycTaxKaMJIMTHHH XapaKTepJIOBYM KaTTaJdHK MasKyp
HYCXaHH Oy3HJHMIIra OJH6 KeJyBUM MHHHMaJ KywriaHMmaup. Buomor
XHpypriaap GHONOTMK TYKHMaJap MyCTaXKaMJIMTHHH OHJIHLIIAapH 3a-
pyp. By TYyKHMajap MyCTaxKaMJHTHHH aHMKJIAWl yCyJsiapd OAAHH
MaTepHaJap MYyCTaXKaMJMIHHH aHMKAall ycyaiapuiad. bBuosorax
TYKUMaJapHUHT MEeXaHUKaBHH TabCHPOTJIApra YHAAMJAMJIMTHHH ypra-
HYBuH (baH TapMOFHra GHOJOIMK MaTepHaiiap Kapmuauru* (6noco-
npoMar) AeHuaangH.

Konnared Ba CySKHHHT MeXaHMKaBHi xoccajapd TYFpHCHAATH Aa-
JUINAPHA KeJTHPAMH3 (O§JaT COMHWITHPHIN YUYH Oepuiras):

L

D NaCTHKINK MycTaxkaMnuk
Marepuan MOAYJH yerapacH
‘Koanaren 10° (5+-10)- 107
Cysax 1010 108
IOMimoK nyaar 2-101 5-108

Koasarennap — ToJajd OKCujaap rpynmnacu 6yaub, yaap nainap-
HUHT, KYI4uAnK GOFjamJjap Ba IIyHra yxXUlauulapHuHr Gom KOMMO-
HEHTJApHHH TamKHJ 3TafH. JKaisajala KeJTHPHJIATAH MabJayMOTJap
Tostasiap 6Yiaab uysuirad kossaareH yuyHaup. CysiK ocTeoHJap YKJa-
pHu 6yia1ab uysuiran.

XIV B O.b
CYIOKJIUKJIAP

Cylox/aIuKaapra y3 xoccasjapu GulaH rasnap Ba KaTTHK KHCMJap
X0CcasJiapH opacHIard Ba3HATHH 3rajJIOBYH MOJAAANap KHUPaiH.

* Martkap (conpoMar) — maTepHaaJap KaplUHAuru (CONPOTHBJEHHE MaTepHa-
JIOB) — MaTepHaAIapHHHI MeXaHHKaBHA TAabCHPOTIAapra UYHIAMJHJUIHHHM YpranyBun
¢an TapMoru.
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§ 1. CYIOKJIHKJNAP MOJIEKYJAP
TYSUJAUBINHUHT
XYCYCHATIIAPH

Onauit CyOKJHKJIAp H30TPOIAHDPJAApP, CTPYKTYpaJapH KHXaTHAAH
yiap amop¢d xucmaapaup. CyYOKJIHKJIAPHHHT MYKH . TY3HJIHIIJIAPH
yuyH siKHH TapTHO (6up-Oupura HucOaTaH Hr SKHH TypraH 3appaua-
Jap XOHJaHHUIKAATH TapTHOJHK) Xapakrtepaninp. MoaekyJanap
opacujary Macodajap KHYHK, ¥3ap0 TabCHp Kyu/JapH aHdya KaTTa,
6y 3ca CYIOK/AHKJAPHHHI KaM CHKHJIHIIHra ca6a® Gymaau: MOJEKyJa-
Jlap OpacHAAarH MacoaHHHr O3THHA KaMaHHIOH KaTTa MOJCKyJanxap-
apo HTapHJIHUI KyWIapHHH BYXYAra KeJaTHpaZu.

KaTTuK KuCMJIap CHMHTapH CYIOKJHKJAap KaM CHKHJIYBYaH, KaTTa
3UYJIHKKA 3TajHp; rasjapra yxwawl Typrad HIXUJIAPHHHHT (opMa-
cuHu sraaaaigl. CyloKJauk/Jap XoccaJlapuHHHT OyHZallk XapakrepH
ylnapAarH MoOJieKyJajlap HCGHKJHK XapaKaTHHHHT XYCYCHSITJapura
6ornugaup. I'assmapaa MoJgexyaanap TapTHOCH3 XapakaT Kuaall,
HYJIHHHT KHYHK GyJaruaa yJapHHHT XapaKaTH WITapHJIaHMa XapakaT
6yanb, 3appavaJap xoiaaHdIIHAa GHpoHTa TapTHO GYamaiiau. Kpuc-
TaJjl XHCMJapAa 3appayasap MyafisiH MyBO3aHaT Bas3uAT/IapH —
KPHCTAJHK MNaHxapa TyryHaapu aTtpopuaa rtebpasubd Typaau.
S. . ®peunxenp Haszapusicd GyilHua CyIOKJIUK MOJEKyJa/japH, KaTTHK
KHCM 3appauaflapH CHHTapH, MyBO3aHaT Ba3usTaap éuuga tebpaHa-
A, 6upox 6y MyBO3aHAaT BasuATIAp MAOUMHH OyaMaiau. <«YTpog
Xaér> BaKTH AeO aTajyByH OHPOP BaKT yTray, MoJeKky/na GHpAaHHra
KYWIHH MoOJIeKyJaJ/jap opacHgard ypraua macodara TeHr Macogara
cakpa6 yTHO, THTH MyBO3aHaT X0JaTra VTaiH.

CyloK/IHK MoJeKyJ/lalapH OpacHAard yprada Macoda & HH XHCOO-
naimu3: 83~ I/n G6yarann yuyH [6y epla n-— CYIOKJUKHHHT XaXM
Gupauruaard MoJexynanap coHun 6yaub, y n=Na p/Mra teur (Np—
ABorazipo ROHMHHCH, © — CYIOKJHK 3HYAHrH, M — Moaap  Mac-
ca)l,

3 3
=1V n=V M|Naop (14.1)
6ynanu. § KaTTaJqMrHHHHr TapTHGu 10~ Hu Talwkua 3Tdxd; Maca-
JIaH, cyB VuyH 8=3.10"10m, '

Monekynanunr  ypraya «YTpok Xaér» BaKTHHH  peaakcayus
BakTH T Ae6 artaipuiap. Temneparypa oprTuumix Ba GocuM macaiuiuu
OuNaH peslakcalMs BaKTH KyjJa KaMafub keragd, 6y 3ca CYIOKJIHK
MOJIEKY/Ia/IaDHHHHT CePXapaKaT Ba KaM KOBYWIOK OYJIHMUIMHH TabMHil-
JNainu.

CyIOK/IHK MOJEKYJacCHHHHT GHpP MYBO3aHAT BAa3HATAAH HKKUHUHCH-
ra cakpal yTa ONMIUM YYyH YHHHT aTpouaaru MoJekyJjajap GuiaaH
Gynran GornaHumu Gy3mauG, Goumka KyuIHuiap GuaaH siurm GorJa-
HHLIIADH XOCHJ OyavmiH KepakK. Dormanumap GY3WJIHLI HPOILECCH
9Heprust £, capd sTHIMIIKHM Tajalb Kuiajgd, Oy 3HEPTHsl SHCH GOF-
JIAHHILIAD XOCH/ OYJWII BakTHAA axpanafd. MoJsieKyJaaHHHr O6up
+MYBO3aHAT XOJaTHaH HKKHHUHCHTA Oynnail yrumu E, fanaHiJHKIArH
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goTeHnHan Tycuk (6Gapbep) OPKaJH JTHUIH AEMAK-
qup. Karramux E. HH aKkTugsaw snepeuscu 1e6 ataiinnap. Horen-
qiaJ TYCHKHH EHTHIIra Kepak Gyaran HEPrUSiHH MOJEKysTa KyHIHH
MOJEKYJIaMap HCCHKJHK XapPAKATHHHHT SHEPTHACH XHCOOHra 0JalH.

Penakcauus BaKTHHHMHT CYIOKJHK TeMIepaTypacu Ba akTHeJall
sueprusicu OmiaaH GOFMaHuLIM. BoJbuMaH TAKCHMOTHAAH KeJHO YHKa-
aurad ¢opmyJaa GuinaH uponanaHagu:

© = rqebalkT (14.2)

6y epAa To— MOJICKyJaHHHT MyBO3aHaT Ba3HATH éunna TeOpaHMIIH-
HHHT ypTaya daBpH.

Ypraya CH/MKHII § HH Ba ypTaua BaKT T HH OHJIA TYpHO, CYIOK/IHK-
44 MOJeKyJalnap XapaKaTHHHHT YpTauya TE3JIUTHHH aHHKJIAll MyMKHH!

D= e B p—E kT (14.3)

T -

-0

By Te3iuK MOJeKy/aJapHHHT ra3 HYHAAarH XapakaTd ypraya Te3/Hs
ryra HucOataH KMYMKAMD,. MacanaH, cyB MoJieKyJaJjapH yuyH y Iy
TeMnepaTypajaru OYFHHHT MoJeKyJaaJjapud Tesadrufan 20 mapra
KHYHKILHD.

§ 2. CYIOKJHUKJAPIA KYYUL
XOMUCANAPH

CyloKJHKJ/Iap HYHAArH KYuyHll XOAHCANapH, rasjiap uYHjars Moc
xonucanapaek, (11.8), (8.9) Ba (l1l1.5).-Tenrnamanapra OGyicyHanH-
Jap. JIEKHH CYIOKJIHKJAp Ba rasjiap HUHAArd MOJIeKyJajaap HCCHKJIHK
XapaKaTHHHHT XapakTepHAard ¢apk KYyuyuul XOAuCaJapH MEXaHH3M-
napuHHHT XaMm Qapyiaasumura Ba D, n, A Ko3QdHUHEHTIAPHHHT TYyD-
JqHua udorajaHHIIIAapHTa OJH0 KeJaaH.

CyI0KJHKAapAard KYYHII XOZHCAJapHHHHT XYCYCHATJIADHHU KypHO
yHKahJnK. Arap ras MOJeEKyJaJapHHHHT ypraya Te3JHrd YpHHIA
(14.3)-bopmyaa Gyiinua TOMHIALHTaH yprada TE3JUKHH, 3PKHH lOTy-
PHIIHMHT ypTaua Te3JHTH YPHHIA — MOJIEKYJIAHMHT OHp MyBO3aHAT
Ba3uATAAH HKKHHYHCHra cakpampaa Gocrad Ba (l4.1)-popmyna Gyiin-
Ya aHHKJaHaJWraH ypraya macoda Kabyn KHJAHHAZuraH 6y./ca, CYIOK-
Jauknaru AHQQy3us XOAHcacHHH rasjard auddysus npomeccura yx-
IWaTHIl MYMKHH. ¥ X012 Au(Oysust KO3QHIHEHTH yuyH KyHHAaru-
ra sra 6ynamus: '

Cl—s 1 % __FIRT
D= —gvl=g—=e alkl (14.4)

Bynnau temneparypa OpPTHIUH ~GHJIAH CYIOKIHKAAp AHQPYy3Hd
KO3 (HIMEHTHHUHT XYJAa KaTTaJauin® KeTTaHJIHIH KypHHaJd. YHua
IoKopH Gy/aMaraH, MacajaH y# TeMnepaTypacuia, CYIOKJIHKJIapAard
Audoysus KoapdHuHeHTH rasaapgarin AHOPy3us Kosp@uuHeHTHra
Kypa xyaa kuuuk Gynanu. Juddysus kospPumHeHTIAPHHAHT KHYHK-
JIUTH CYIOKJHK/IapAa KOHUEHTPAUHA TEKHCIAHHIIHHHHT y30K JaBOMJH
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6ynuIIHEn TYWYHTHpaan. MaHa my caba6au Tes GHD KHHCJIH 3DHTMg
OJIHII YUyH YHH apajamrupus TypH Kepak. Akc xo.11a CYIOK.IHKIap.
Ja KOHUEHTPAlHS TeKHCJAaHHIIH CyTKaJap Ba OfiJlapua AaBOM 3THIny
MYMKHH.

CYIOKJIHK KOBYIIOKJIHTHHHHT TeMN€patypa GuiaH GOFMAHMIUH My.
pakkal xapakrepra sra. CyIOKIHK  MOJIeKynaJapHHHHT MYBO3aHay
Ba3HATIApH €HHAA, YJNAapHH Xap T BaKTAa y3rapTu6, TeGpanus TYp-
TaHJIHKJIAPH KYPCATHJITAH 31H. Mosnexynanap kanua Va3 MyBO3aHaT
BasHATJIADHHM Te3 y3rapTub Typanurau 6yJcanap, CYIOKJHK 1IYHyg
OKYBYaH Ba KaM €mHINKOK OYyianu, sbHu EMHIIKOKJAHK T ra TYFpH
NpONOPUHOHAN Gy KepaK. KOBymOKAHKHH xucobaam (14.2) uy
Hasapaa TyTHG,

7~ zge—Ealk] (14.5)

(dopmysaara oau6 Keaaiu. By onnnran 6ornanum Taxpuba Guaau
AXIIH MOC/NaHaZH Ba CYIOKJIHK/IAp ENUILKOK/JHTHHHHT TeMIeparypa
OPTHIUM OHJIaH KaMaWraH/JIHTHHH Kypcartamd, rasnap EnHIIKOKJAWTH
6§aca /' T ra nponopunuoHa;s 6yan6 Karranaiaim. )
Karra 6ocumaapna CYIOKJ/IHKJIap KOBYUIOKJHIH GOCHM KaTTaJallH-
wd Guran opTH6 Gopagu, 6y penakcanus BAaKTHHH KaTTaJalliTHPYBYH
4KTHBJAII 3HEPTHACHHHHT Kynaiumu Guaan TYLWYHTHPUAAAH.

Kyn cyormugaap yuyu KOBYLIOK/JIHK Te3JMK rpajMeHTHra GOFJINK
6yamaliny, Gynpaii CyloKauK1ap Hbloton Ttenraamacn (8.9) ra Byicy-
Halmlap Ba yJlapHH HbIOTOK CYIOKAUFU 1e6 aTaiilunap. (8.9)-ra 6yi-
CYHMaHAHraH CYIOKJIHKJIapra HOHb6IOTOH Cyroxaury peiinnanu. Bab3an
HpioToH CcyloKaAHKIapHHAHT KOBYINOKJIHTHIa HOPMaJ KOBYILOKJHK,
HOHBIOTOHJIADHHKHIA — aHOMAaJl KOBYLIOKJHK AeHu/aaH.

Cyskaukaap, macanan, TOJIEMED 3pHTMaNapH KabH Mypakka6 Ba
HHPHK MOJIeKyJaaapaaH ubopat Gyaran MOJIeKyJanlap €Kk 3appaua-
J1ap yJaHHIIapu Tygainu GasoBHii CTpyKTypasap XOCHJL KHJAYbYH
CYIOKJIMKJIaD HOHBIOTOH CYIOKJHKJap XHCOGJaHaiy. Bomka 6up xua
IIapOHT/Iapla yJNapHHHT KOBYWIOKJAHIH OMAHK CYIOKJHUKJaPHHKHAAH

” | @ © aHya kKarra Gynagn. KoByumIOKAMKHHHT Kar-
) TaJaHullHra ca6ab wyspanupky, Gyupaiicy-
IOKTUKNADHUHT OKHIIH BaKTHAA TAlIKH Kyuy-
JIaPHHHT 6axkapaiuraH MM Xakukui, Heoron
KOBYIIOK/JIMTHHHTHHA €HTHIITa cap( KHJIHH-
Mali CYIOKJHK CTPYKTYDACHHH XaM Gysuwra
capdaanaan. Kanuuiastp opkann oxu6 yTyBUH
HeloToH ,CyIOKIHFUHHHT Maccacu m, ITyase-
4p  WJIHHEHT (8.16)-dopmysacura  myBodHK,
' GocuMaap ailimpmacu Apra NpONOPLHOHA-
avp (14.1-pacm). CTpyKTypaanran HOHBIOTOH
CYIOK/HKTapHUHT OKHUIH Oy KOHYHra Gyficynmaiinn, Gyura ca6a6 OyH-
Rail CYIOKJHKJIAD KOBYIIOKJIHIHHHHT AOMMHI 6yamacanrnaup (Hero-
TOH Ba HOHBIOTOH CYIOKJHKJApPHra MOC @ Ba f 5TPH UMSHKJAPHHH CO-
JHIITHPHO KYPHHT).
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CyloKJHKJAapAa HCCHKJHK YTKa3HULJIMKHHHT MeXaHH3MH TrasJjap-
JarH HCCHKJHMK JTKasHIl MexaHH3MHAAH aHua Kyn ¢apx Kuiaid Ba
MyaliiH Japaxaja KaTTHK XHCMJAapAard HCCHKJIHK YTKasHILIHKKA
yxumafan: CySKJIHKHHHT TeMmepaTypacH IOKODHDOK GOyJaraH Kucmia-
pHAa MOJEKyJaJap KaTTapok aMmjauTyfasiap Oujaan refpaHaauaap,
Oy TeGpanumIap KYWIHH MoJieKy/janapra y3aTWialH, HaTHXKajga Hc-
CHKJIHK XapPaK4aTHHHHI 3HEPruscH KaTjaMJaH-KaTjJaMra TapKa/aiH.
By CYIOKJIMKJapia HCCHUKJHK YTKa3HUIIHKHHHT acTa-CeKuH (nacr)
6yaumura onnb kenanu. Cylok/aHKJIapia HCCHKJIHK YTKASHIIIHKHH
TE3NMAWTUPUII YUYH yJapHH & apasaliTHPHO TYPHII €KH KOHBEKUHA
103 Oepajurad WaPOHTHH BY:XKYAra KeJTHPHII JO3HM.

§ 3. XY)KAHPAJIAP
BA TYKHMAJIAPJA
IHoOY3UA .

BHOMIOTHK CHCTeMa Ba WIYHHHTAEK YHHHT KHCMJapH aTpodaaru
MYXUT GuaH y3apo TabCHpJAaHTraH Bakria y € Oy Japaxkala Kyuuil
xoaucanapu pyit Gepumid MyMmkud, uddysus mMoala anMallHHYBH-
Jla, XycycaH XyXalpa Ba. TYKMMa CYIOKJHKJapH opacHnard ajaMma-
HWIMIIAA, alloxHAa poas VAHalau. By npoueccaapia tacBHp/laHraHuIaH
Kypa AuPODy3USHHHT TYCHKJAap (MeM-
6paHanap) OHJAH axXpaTHJAraH CYIOK- 7 ?/ 7

JHKJAp opacuia OYAHIIH XapakKTep.i-
RHD

14.2-pacMaa cxeMaTHK paBuuiga 6uo- /
JOTHK MemOpana '3 OHJaH aKpaTHJTaH //

6HOJIOTHK CHCTEMaHHHT MKKH KHCMU 1| Ba

2 xypcatuaran. By atpodaarn Myxuraan 6
axpaTuarad xyxafipa ékm 6up-6upaa- '
PHIaH axpaJnraH Xxyxafipanap KHCMJa- 14.2-pacm.

pH Ba HI. y. 6NN MYMKHH. .
By xon yuyn ®HK TeHrJaMacHHHW aJMalITHPHIl MaKcajara MyBO-
¢ugaup. bupununnan (11.8)-nan

(idﬁt—f = D:—; S ra sramus. (14.6)
Onataa 3uuaux ypHupa nudpdysHanaHyBuH MoJJ1a KOHLEHTPAUHACH
ONMHaAMraH GYJraHu yuyH 3HWIHK rpajHeHTH dp/dX HH XaM KOHIEH-
Tpalys rpafueHTH OWIaH aJMalITHpajuiap. Arap KOHUEHTpauus Ma-
codhasa yu3UFHIA KOHYH GOVfinua ysrapaauradn Oyiaca, y XoJaxa KOH-
LeHTpands TPajUeHTHHH MeMODaHaHHHT Xap HKKH TOMOHHAa IHp¢y-
3HAJNAHYBYH MOALAHHHT MOC KOHIEHTPaUHsAJapH C; Ba CpJap adup-
MaCHHHHT MeMOpaHa KaJMHJINrH bra Huc6aTH Kabu €3Hll MYMKHH:

dc Cy3—Cy

dx b
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By renranknu (14.6)-ra gyitcax,
aM Cq

af

s axn L —aS (c;—cy) (14.7)
ra sra 6ynamus, Oy epaa a=a,/b — MeMOpaHAHHHT CHHIAAPYBYAHJIHK
KOHCTaHTach*.

Buonoruk cucreManapaa MOANAHHHT "CHHIHIIH KOHLEHTPALHsA rpa-
AMCHTHTa Kapuin AYHaqumga XaM pyil GepHIlM MYMKHH (aKTHB KY-
YHII €KH MaxOypuil nuddysus). HedTpan sappayanap (Monekyaadap,
aromaap) AuddysHsaaaHraHaapy KaOH 3apsiajgaHrauaapH  (HOHJap,
3JEKTPOHJap) xaM AudPysusiaHHULIADH MYMKHH, 1wy OunjaH Gupra
KeHHHTHAAPHUHT A dy3usicH yJaaplard KOHLEHTpauust ¢apKHrarida
Goranug OynMai, 5JCKTp MaiiJoH/AapHTa xaM Ooraugaup. Hounnap
AHPOY3HSICHHUHT ¥3H OHONOTEHUMAJIAPHUHT XOCHA Oyaum caGadH
9KaHJIHTHHH adTHO yruw doigaruaup (II T, XV 696 § 4ra kapanr).

§ 4. BUOJIOTHK
CHCTEMAJIAPHUHT
KOBYHIOKJIHTH. KOH
KOBYLIOKJIMTMHHU
KJIHHUKABYUM METOJ, BHJAH
AHHKJIALL

Buosoruk cucreManapHUHr KOBYINOK/IHTH acOCaH YHHHT CTPYKTY-
papnii KHCMH Ouuian GearnnaHaad. Macanan, xyxaitpa HuHAaru CYIOK-
JIHKHHHT — IHTOIVIA3MAHHHT KOBYLIOK/JHIH YHHHT TapKHOHra KHDYB-
4H TONHMeEpJap CTPYKTypacH GHJaH IapTaaHajH Ba aHOMaj Gyaain.

Buonornsina MHKDOKOBYLIOKNUKHH VJIuam MeToJANapH oJAaTAa
MYXHTHHHT KHYHK XaXMJaplard KOBYINIOKJIHTHHH §J4all MeToAJdapH-
ra kupagu. Meropnapaan GupH ueHTpHdyraiamr BaKrHia rpaHysa-
J1ap CHKHIIHHHHT TE3MMTHHH Ky3aTHWAAH, HKKHHYHCH KOBYIIOK
CYIOKJHK HuHAa Bpoyn sappanapuuuur ypraua CH/KHUIHHH yauaum-
nan ubopataup.

LluronasMaHHHr KOBYUIOKJAHTH 2 1aH 1o 50 cIlraua 6yaran ye-
rapaja ysrapu6 TypaiH Ba XyXaipa LHKJIHHHHT JaspaapHra GOFJIHK
6ynanu. Bynnan TamkapH, KOBYMIOKIHK XyXKaHPaHUHT Xap XHJI KHC-
MHZAa Typ/aHua O§nanu. KOBYMIOKIHKHHHT TeMIepaTypa GHJIaH GOFJa-
HUIIM MYpakKkaOaup: temmepatypanu 40—50°C pan IOKOPHDOK OUIHp-
ranfa Ba 12—15°Cnan KaMpoK nacalTuprania LUTONAA3MA KOBYIIOK-
JIUTH OpTaJH.

HbI0TOR cylOKNHKAaPHHUHT KOBYIIOK OKMII KOHYHJIADHra JIHKBOD,
JuEMba, KOH I1a3MacH KalGH CYIOKJIHKIAp SIXUIK O6yicynagn. Ynap-
HHHI KOBYIIOKJHTH VIII 606 § 6-1a 6aéu sTHATaH OAJHH BHCKOSHMET-
pHus MeToxsMapu OHJIAH YJIHaHaIH.

* Duoduaukafna MoLlaHusr AHOQYUACH ypuuaa, akcapuar, MemOpasaa Xy-
Kalpa, TYKHMaJIAPHHHT CHHTIHDYBUAHJHIY XaKHia ranHpajuaap, wy OuJian CHHIIHK-
PYBUAHIHK Neranja a#Tairan GUOJIOTHK CHCTEMAJApPHHHT SPHTMaJapHH Ba IpHTaH
MOAZaNapHH YTKASHII KOGH/MATH TYIIyHHAALH.
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KOH HOHBIOTOH CYIOKJHKJAapuZan XHCOOJaHAlH, UYHKH Yy CTPYK«
rypa/iairal NOJHMEp TYy3W/iMa/apuian HGOPAT OKCHAAAP Ba KOH Xy-
H{aﬁpaﬂapm‘a araaup.

XO03HpPTrH BaKTAa KIMHHMKAaJa KOH KOBYLUOKJIHCHHH aHHKAALI Y4yd
4KKH Kanuaspu 6yaran I'ecc BHckosuMeTpHAaH (odnanaHaauIap.
VHUHT TYSHJHII cXxemacH 14.3-pacmaa xypcatuirad. UKkn GHP XHJ
a; b1 Ba @ by KanuanAp HKKHTa | Ba 2 Hafiuanap OuiaH GHpJalUraH.
Pe3HHa HOK BOCHTacH OHMaH €Kkd Hafiua yudH 3 OpKaJu OFM3 OHJaH
xaBO CYpub, KpaH 4 Ju TPOHHHK €paamuia, HaBOATMa-HABOAT KaMMJI-
,{ﬂp a; b, Ba Hailua 1 gu 0 Gearnraya AUCTH/ANAHraH cysB OHJaH, Ka-
nuaasp as be Ba Halua 2
pu 0 Oejqruraya TeKUIHPH- 7
JyBUM KOH OHjaH Tyaata- 4 . NI A
puaap. Bynaan Keltn xyn- (o 5543210 & ﬂ___F i
pu my iy Guian mkkasa — f SEedreTTT— i J‘:’
CYIOKAUKHH XaM, TO KOd |
pakam 1 raua, cys sca— 3
y3 Haluacupa Oouika 6u-
ponta Oearura eTu6 Gop- e lunci
rynua cuikuraguaap. Cys ' 14.3-pacm.

B4 KOHHHHI OKHIUl HIADOHT-

Japu 6up Xunfa OYnub KOBYIIOKJHKJAApH Xap Xua Gyaranaurugad |
Ba 2 HaiiyaJapAa TYJAHPHJTAH XaxKMJaap Xap XuJ 6yuaanu. Kon HOHb-
IOTOH CYIOKJHFH GyJca xaM, myaisiH TakpuOuitnHK Ounan [lyaseilns
(8.16)-dbopmynacuaaun doiizananud MyKappap NPOMOPUHSHH €3aMH3:

Qe: Q=M :Me- (14.8)

Teknc OKMG TypraH CYIOKAHKHHHT YMyMH# xaxmu V 6unan Q popmy-
aa V=Qt opkaau (6y epra ¢ — BaKT) GOFJIaHTaHIWTHHA XHCOGra oi-
cak, (14.8)-ypuura

0 & dr T_L_

Ver Vi =% t %e ' (14.9)
4

ra sra 6ynamus, 6y epaa V — KoHHHHT Halya 2 garu O.nau 1 Gearn-
raya 6yJran xaxm#, Ve— CyBHHHT Hafiua 1 maru O Gearuaad y/avam
BakTUla OJHHraH Gearurava GYJraH XaXMH, 1 gBa 1)c — TErHLULIHYA
KOH Ba CYBHHHI KOBYIIOKJAHKJapH. KOH KOBYUIOK/JIHTHHHHT LIy TeM-
lepaTypanard CyB KOBYIIOKJIHIHra GYJran HHCOATH Tjy/YcTa KOHHUHE
Hucbui KosywoKaueyu AeHnsall.

Tecc BHCKO3UMETPHZA KOHHHHI XaXXMH JOMMO OHp XHJ, CYB XaX-
MH 3ca maiiua [ maru Gearusap Gyiimua xucoOMaHAaAM, IIYHHHT YUyH
KOH HMCOHH KOBYIIOKJHTHHHHT KHAMATH OeBOCHTA TOMHJAaiH. XHCOO-
JaliHKy KyJadaamtupuil Makcagupa ! Ba Z-Hakyajap KeCHMJapHHH
WyHyaaHK Xap XuJ KHJIAAWAaDKH, KOH Ba CYBHHHT XaKMJapH TYpJH-
Ya Gyanmura KapaMai yJapHHHT HaliuajapJard caTxJ/lapH TaxMHHaH
Oupnait 6yaany.

Hopma Gyiiuua omaM KOHMHHHT KoBywogaura 4—>5 cIl, nmaroso-
Tug pakrupa 1,7 mau 22,9 cIlraua ysrapaam, Oy 3ca 3PUTPOULHTIAP
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uykum peakuusicura (QUP, pycua PO — peakuns ocenanus spur.
POLHTOB) TabCHP KHJaAH. BeHalapnarn KOoH apTepHsiapAardiay
OHp 03 KaTTapoK KOBYWIOKJHKKA ara Gymamu. OFHp KHCMOHHIH
KHJIHII HaTHXACHJa KOH KOBYLIOKJHMIH KaTTalallaiu. Bab3u uudeg
LUHOH KacCaJlJHK/JIap KOBYWOKJHKHM oOLIMpajH, GOLIKalapH — KOpuy
THOH (M4 TepiaMa) Ba TyGepKya€3 (cui) — KaMaHTHDaIH.

§ 5. CHPT TAPAHTJIUTH

CyloK/IMK Ba yHHHT TYHHHTaH OYFH, HKKH apaJalllIMOBYH CYIOKJIHK.
JIapHH, CYIOKJIMK Ba KAaTTHK XKHCMHH Oup-GHpJapHiaH axparyByy
CHPTJapHH 4E€rapajioBiH MYXHTJapia MOJEKy/JaJapapo Xap Xuia Vyaa-
PO TabCHpJAAHHWI OJJaraHJaurd TyhalaH Kyd By:KyAra KeJami.

CYIOKJIHK XaXXKMH HUHAAQ XKOHIAHTaH Xap OHP MOJEKyJa Kyl
Monekynanap GunaH ypanran Ba yaap GuaaH y3apo TabCHPOTAA 6y-
Jajy, JIeKHH Oy Ky4YIapHHHI TEHr TabCHP 3TYBYHCH HOJAra TeHr,
HVIKKH MYXHT 4erapacHHHHT SKHHHIA TYpraH MOJIEKYJara, YHHHT V¥pab
OJIMHHUIN GHp TeKHCAa 6YiMaraHH HaTHXKACHLA, CYIOKJIHKHHHT Oouika
MOJIeKyJla/lapH TOMOHHJAH KOMIIEHCALHsJaHMaral Kyd4 TabCHD 3Tajy,
Hlysra kypa MoJIeKymamapHH XaXM HYMAaH CHPTKH KaTJaMra CHJ-
KUTHII YYYH HII Gaxapuin sapyp 6ynaau. Cupr Tapaneauzy ¢ §3rap-
Mac Temmepartypaja CYIOK/JIUKHHHT CHPT OHDPJIMTHHH XOCHJ KHJHIN
YUyH cap® KHIHHHIIK Kepak Oyarad M GMNaH aHHKAaHaZH;

o=A/S. (14.10)

CyloknHKJap TYPFyH MyBOSaHaTAa GyJHULIApH YYyH yJjappars
CHPTKH SHEpPrusi MHHHMaJ MHKAOpAa OyJuMIIH IIapT, WIyHra Kypa
’ - TallKH KyuJdap HYKJINTHAa éKH Ba3HCH3JHK
XONaTHAA CYIOKJHMKHHHT CHDPTH MasKyp Xxa-
KMJ2 MHHHMAaJ KHAMaTHH KaGyJ KHJIKINTa
HHTHJaH Ba Wlap ¢pOpMacHHH srajanaaiigd.

CHpT TapaHIJIHTH EJIFH3 3HEPTeTHK MY-
JIOXd3ajsapra acocaH aHHKJIaHMauan, Cyok-
JIHK CHPT KaTJaMHHHHT KUCKapHIIra HHTH-
JHIIK Oy KaTJaMAa CHPT TapaHrJHK Kyd.a-
pu ne6 artanayBud YpHHMA KyuJapHUHT
GOpJIMTHHH KypcaTand. Arap CYIOKJIHK CHp-
TH YCTHAa [ y3yHJIMKAaru GHpOpPTa KecMa
Tannauu6 osuHca (14.4.-pacMm), yuma 6Y
KyuwIlapHH KecMara leplNeHAHKyJasap GyJnraH
CTpesMKajap OujaH IIAPTJAH PaBUIIAA KYyP-

14.4-pacm, caTHIl MYMKMH. CHPT TapaHIJIHTH KeCMa
YCTHAA Ta’bCHP KHJIHO TYPraH CHPT TapaHIVIMK KyuH F OuJaH KecMa
V3YHJAHTH [ HHHT HUCOATHTA TEHT:

o=FJl. (14.11)

dusnkanudr Makrad Kypcupan 6y xap mkku (14.10) Ba (14.11)-
TABPHQHUHT aliHaH OMD SKAHIHTH MablyM:
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Tevneparypa 20°C Oyuaran sagraa 6ab3i CYOKNUKAAp YIyH CHPT
rapaHTHUTHHUHT KHAMATIapHHH (H/mnappa) KeNTHPaMH3:

Cys . . . . . . . 0072 Cumo6 . . . . . . 047
yr . . . . . . . . 0048 CmupT . - . - - - 0,022
Cyr . . . . . . . 005 Kow sapno6s . . . . 006
Cufiiuk . . . - . . 0,066 Sopup .o .. . 0,017

CHpPT TapaHrJHry TeMmmepatypara GOFTHKIHP. KpuTHK TeMIepary«
paiaH Y30Kla YHHHT KHiMaTH TeMiepaTypa OLIMpu/rania YHU3UFHA
6y1m6 Kamasnd. CyOKIHK HYHra CHPT KaTAAMUHUHT SHEPrUsCHHH Ka-
MaHTHPYBUH CHDPT-aKTHB MOAA@Jap KUPHTHAHIIH SHJAAH CHUPT TapaHrs

JIUTHHH nacaﬁmpnm MYMKHH.

§ 6. XYJIJIAHHIU
BA XYJJAHMACJIHK.
KAMUJAAP XOLUCAJIAP

TypaH MyXHT/Iap TyTaliraH yerapaia xjaaanuul Ba XFAAAHMACALK
XO[HCaJapHHH Ky3aTHLl MYMKHH. )

CyI0K/IMK TOMUHCHHHHT GOIUKA, y GHIaH apa/nalIMaiaurag, Cyiok-
JuK cHpTH ycrHaarn (14.5-pacM) Ba CYIOKJHK TOMHYHCH KaTTHK KHCM
cuprupary (146 Ba 14.7-pacm)
XaTTH-XapaKaTHHH KypHO 4HKa-
MH3.

Xap HKKH MYXUTHH axpartys-
4y CcHpPTJIapAa CHPT TapaHIJIHK
Ky4JiapH Ta'bCHp 3Tafu. Tomun
afijlanacH Y3YHJHTH OMpPJHIHra, .
COH KHXaTAaH CHPT TapaHTJHK- 14.5-pacm.

JlapH 013, O21, O32 JIapra MoC y4ra .

Ky KyHuAran. XyananyBus CHPT Ba CYIOKJHK CHPTHIA YH3HJATAH YPHH-
Ma OpacHAa CYIOKJIHK HYH OpKaJ/H yauanyBud © Oypuakka uezapa-
suti 6ypuax peinnaan. Karrannk

c0s O = (032—013) /021 (14.12)

HE XyasaHuul yadosH cudaTnaa KaGyn KuanHagu. Arap o3>013 6yica,
SbHU CYIOKJHK Ba KATTHK XKHCM MOJIeKyJ1aapH OpacHaari y3apo Tab-

2

SR N 7
ZZZ fg;g/i 7Z 75,;/7/7‘//
J .
14.6-pacm. 14.7-pacm.

CHp KyuJiapH KaTTHK HCM Ba a3 MOJIEKY/Ia/lapH. opacHjariaian KarTa
6yaca, y xonaa ©<m/2 Gyaand Ba CYIOKJIHK KATTHK KHCMHH XyJnai-
Xy, Gy XOJma YHHHT CHPTH THADPO(HI CHDT neiinnanu  (14.7-pacmra
Kapanr). Xy/J1JIaMOBUH CYIOKJIHK KaTTHK KHCMAArd KHYMK TeIHKJIap-
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)

AaH OKHO YHKMaHAIH. 03—0 3= 0y Gyaranaa MOJIEKyJlallapapo KydJia
Ty/Na KOMNeHCauusaaHraH, =0 6ynann. By xonga MyBosaHaT Gyuy.
IH MyMKHH 5MaC Ba TOMYH KAaTTHK XXHCM CHPTHAAQ YHHHT GYTyH CHp.
THHH KONJIaryH4a €KH MOHOMOJNEKY/ISp KaTAaM XOCH. 6yaryHua &iy.
A6 okann. Bynmai xoa XyanaHMWHHHT Huean KYPHHHIUA Gyaamy
CHUDPTHHHT €KH CYBHHHr TO3a LIHIIA CHPTHJA, HEQTHHHT CYB YCTHia
€AHTHG KeTHHIapH Ba GowKanapHn MyaHsiH TaKpHOMHMMK .GUNaK my
KyMJafaH XHCOGJall MYMKHHIHD.

CHpr Tapauriux Kyunapu TaBbCUPH OCTHAA CYIOKJIHKHHHT CHPT Kaf-
JIaMH arpuJiaHajii, 6y XON CYIOKJIMKIA KyMHM4a GOCHM mHaiigo 6yan-
mHura cab6ab 6ymanu. CHpTKH KaTJaM 3/acTHK KOOHKKa (Macasa, pe-
3HHA napiacHra) yxmwaiiu, OPTHKYA GOCHM STPHJIAHTaH cHUPT OOTHK-
JHTH TOMOHTa HYHanaxH. TPHIHK pafHYCH r 6yaran cheprk CHPTHHHD
OpTHK4Ya GOCHMHU

Ap=20/r (14.13)

ra TeHr.

CHPTHHHT STPHIAHUIIM (MEHHCK), XyCycaH, HHCHYKa (KaImHJjasip)
HaHyasapia yJapHUHT CHPTJApH CYIOKJIHK TOMOHHAAH XYJNaHHIIH éKH
XYJIaHMacIHH HATHXKACHAA MAiifo 6yaa-
M. XyaMaHum BaKTHIA GOTHK MeHHCK (14.
8-pacm) xocua 6¥namu. FOKopuaa afiTuara-
HHra MYBOGHK CHPT STDHJHTHHHHT XOCH.
KHJIraH opTHKYa GOCHMH Ap CYIOKJHKIaH
Talllkapura, ’'bHY J0KOpUra HyHasarau 6y.a-
- = A Ba CYIOKJHKHMHT Kanuaasp 6yina6 Ky-
— — — TapH/HiIKEra caba6 6ynaau. PacMmaa kypca-

4 — -\ THAraH Oy MyBO3aHAT XO0J1aT OFHPJHK 6o-
=1 | === cumu pgh OpTHKYa GOCHMHH TeHIJIaUITHp-
T_T_|7—_— ] — -- raHia ByXyAra Kexaiu.

14.8-pacMpan r=R/cos © sxanaura ky-
- - - - - __ punanH. Oy epia R — KanuJISDHHHT pa-
T T — auycH. Wynunr yuyn (14.13)-ra acocan

Ap==20 cos B/R (14.14)

ra sra 6yjgaMus.
Oprukua Ba OFMpAMK GOCHMJ/IADHHH TEHIJIA ITHPAMH3:

pgh=20 cos O/R.
Bynnan kanmwinapaa cyoxaugumsr kjTapuanm 6amanaiure

20 cos ® ‘
b= | (14.15)

14.8-paca.

ADHH Y CYIOKJIHK XOCCaJlapHra Ba KalWJIIADHHHT MaTepHaJHra Xamia
YHHHT pajuycura GOFJIHKIHD.

Xynnanmainuran xonma cos ©<0 6yaany sa (14.15)-popmyna ka-
THANAPAATH CYIOKJAHKHHHT NACTra TYWMW GalaHIJIHTHHH Kypcaragi.
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Kanuaasip xonucadap GyriapHuHr KOHIAECHCAUHAJAHHI, CYIOKIHK-
JIapHHHT Ka#Hal, KPHCTA/NIH3ayHsJIaHHII [IaPOUHTIAapH Ba X. K HH GeJl-
rujaifn. MacanaH, CYIOKJIHKHHHT GOTHK MEHHCKH YCTHAArH GYF MoJe-
KyJdacura (14.9-pacmaarn uykra A) KabapHK MeHHCK Gy/araH BakTAa-
ruiaH Kypa CYIOKJIHKHHHI KyNpoK MOJeKyJaJapH, AeMaK, KaTTapok
Ky4Y Tabcup 3TaaH. By 14.9-pacmaa sixmun KypHHalH, yHAA OYHKTHD
GH/aH IWAPTIH PaBHUIAA MOJIEKyJaJlapHHHT TaBCHP KHJAHW cdepach,
IWITPpUXJAAD GHJAH MOJieKyJajapH GYFHHHT TaH/JIaHTaH MOJeKYyJacHHH
TOPTYBYH CYIOKJHKHHHT XaXXMH KypcaTHJAraH. ByHHHr HaTHXacHza
XyAnaHyBUH MHTHYKA Halyajapja, XaTTO XaBOHMHI HHCOAaTaH KaM
HaMJHTHAd XaM Kanuiasp KoHaeHcanus xocui 6ynagu. Ly rydaiau
FOBAaK MojJfajap Oyraaplaru CyIOKJHKJAPDHHHT aHya MHKJIODHHH TY-
THO KOJIHIJIapH MYMKHH, 6y sca 3ax yinapia WY KHAHNMJADHHHT, Max-
TAHHHT HAMJIAHHUIHTA OJMHO KejajH, THIPOCKONHK XXKHCMJIAaPHHHT KYPH-
TUIHIIHHA KHHHHMAWTHPAAH, TYNPOKAAa HAMJIHKHHHT CaKJaHHIIUra
épram Gepaau Ba X. K. AKCHHYA, XYJIaHMaRIUral CYIOKJIMKIAD FOBAK
XHCMJIap HYHra yra oamanad. MacanaH, ér GuiaH MO#HJaHTaH KyLl-
Jlap NaTHra CyB IOKMAacCJUrd wyHra GOFJHK,.

r=ra
AN ———
AN /‘A‘\‘ = =
Ay o
—_— 22
= S5
=
14.9-pacwm. 14.10-pacm.

.

Hunpa cyogauy 6yaran kanuaasipAard XaBo ny(akuyacHHHHT XaT-
TH-XapaKaTHHH KYPHO uMKaMu3. MyBosaHat xoJaTia nypakua MeHHc-
K/IaDHHHHT Xap HKKH TOMOHHJATH 3TPHJHKJIApH GHpLad paluycaapra
sra Gysnanu (14.10-pacwm, a). ToMOHJIapHHHT GMpHAZ OPTHKYA GOCHM
6y.irad BakrAa, MacajaH, CYIOKJIHK XapaKaTJaHHO TypraH BakTja,
MeHHCKJIap HepopMauMsAIaHaJuraH, STPHIHKIADHHUHT DajHyCHapH
yarapapuran 6ynanu (14.10-pacu, 6). By cyoKIuKKa nydakya TOMO-
HHJaH CYIOKJHKHHHI XapakaTHHH KHHHHJAIITHPYBYH €ku OyTyHuai
TYXTaTyBuM KymuMua GOCHMHHHT Naifo GyJMIIHTra onH6 KesalH.

Bynnait xonncanap OZaMHHHI KOH IODHII CHCTEMacHia Xam py#
Gepuwn MyMkuH. KoHra kupu6 xosirad xaBpo nmybakuaiapn Maiifa To-
MHDJapHH TycHO OuUpOpTAa OpPraHHHHT KOH OHJAAH TabMHHJIAHHIIMHU
Tyx1aTHG KYRUIIH MyMKHH. By 2a3 amboauscu ne6 aTaaysun xoaucara,
MYXHM GYHKIHOHAJ IUMKACTAApra €KH XaTTO JeTa] HATHXKaA (Ji1uM)ra
onu6 kenumu MymxuH. as nmydakuajsapu raBBOCAap KOHHAA naigo
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6ynviuy MyMKHH: OOCHM Te3 MaCalTHpW/ran BaKTAa rasjap KOHAAH
axpanub uuKagu. BeHa koH TOMHpH HuYHra AOPH KyHHILIapAa BeHa-
Jap wyHMra xaso nydakuasnapy KHPHO KOJMACHUTH Kepak.

§ 7. CHPT TAPAHTJIMTHHHU
VJIYALI METORJIAPH
CHpPT TapaHIJIUTH ¢ HH CYIOKJIHKHHHT KalHJAJNAp Hafiuaaa KyTapua-
raH Gadauanuru Gyiinya Gejrusaul 3HT aHHK ycya Ae6 XHcoOiaHanu
(14.15)-nan xeanb yHMKKaHHTra Kypa

o=pghR/(2 cos 8). © (14.16)

Tyna xyananum yuyn ©=0, cos©®=1 Ba (14.16)-popmyna ymoOy
IIaKAHH 3rajiaaifu:

o=pghR/2. .

Hlynapa#i kuanb, Kanuaasp paauycH R HH CYIOKJHK 3HUJIHIH "o HH Ba
YHUHI KyTapuiraH GajaniJury h uu 6uja TypHO CHHANYBUH CYIOKAHK-
HHHT CHPT TaPaHTJIUIHHH TONHII MYMKHH.

CypT TapaHIVIMTHHE aHHUKJAMIHUHAT GOWIKA '6HP METOLM 7 PAaAUYCIH
KaNUAIAp YUHAAH CYIOKJAHK HUUra cHKMO uMKapu/ialuraH xaso nygak-
yacuzard MakcumaJs 60CHM Ap,Hu
yauamra acocnaHranaup. (Kanui-
Jagp Ba mydakdya paguycsaapu 6up-
naigup ne6 dpapas Kuauxaau). by
makcan yuyH I[1. A. PeGuniep Hiu-
na6 uHkKaH ac6o6 (14.11-pacwm)
gutaTiaa . Ac606 HuHra TeKIIH-
PHJAYBYH CYIOKJHK KYHHJATAH HAXLU
A nau ubopar; HAHW OuJaH TYPT
yuJdK Haitua C OpKaJu MaHOMeETp

14.11-pacm. D Ba nacoc yaanraHn. IIpoGkagaru

TEUIMK OPKaJH HAMII HYyHra HH-

THUKa Halida B KupHTH/AraH 6yan6, YHHHr nacTKH OOIUH HHTHUKA Ka-

MHAAP «y4iHK» K [uak/aInga 4y3uiiras, HKKHHYH 6omu 3ca atMocdepa

6usnan Gupaawrad. Hafiua yun cylokAdKk caTx¥aa dbakaT yHHHT CHp-
THra Tern6 TypaiuraH KHJIHO ypHATHJTaH. '

Arap Hacoc 6usiaH, MacasiaH, CyB OKHMH OGuiaan A HAMLAA-
rH OocuM macafiTHpu/ICa, Y XO0Jla aTMocdepa GOCHMH Parw TabCHPH
octuja B Haiflua yuH OpKaJiH CYIOKJHK HUHra XaBo Ny(akuyacu CHKH-
au6 xupurniaand, Atmochepa GocuMH OHaIaH HAMII HYMAard GOCHM
Ap m aliupMacH CYIOKJIMKHHHT CHPT TapaHIVINTH TOMOHHIAH XOCHJ KH-
JAuHu6, naiino 6yarad mydakyaHd 33u6 HYKOTHUIra HHTHIaAHran 060-
caM p=2¢/rra TeHrJallraH HIAPOWTAATHHA MAaHOMETpAa SHT KaTTa
caTxJap aiupmacH (MakcuMal 6ocuM Apn) ByXyAra genain. Haitud
VU{ CYIOKJNHK CAaTXHAA XKOHJMaHTaHH yuyH OOCHM pra KHpUTHJIaAHTaH
6apua THAPOCTATHK Ty3aTMaJap 3bTHOOPCH3 KOJMAMPHIHIIA MYMKHH.
[Mydakuya axpasuin MOMEHTHAA TEHIVIHK

Apm =20]r
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{PUHIIH 6yan6, YHIaH TEKIIHPHAYBUH CYIOKJIHKHHHT CHPT TapaH[/IHIH
o HM aHHKJanguaap.

MakcuMaJa GOCHM METOJMHH CYIOKJAHKHHHI OyF uerapacura Xxau,
CYIOKJIHKHHMHT CYIOKJIHK Yerapacura xaM CHPT TapaHIJIMTHHH yauanm
yuyH KYIaHUIHLI MYMKHH. By MeroaHHHT ad3a/JVIHTH KanuJIsp y4H
TyFpu Oypuak ocTHAA KecHaraH Gynu6, nypaxia Ka-
NHANAPHH EMOHPOK XVJJIOBUH MYXHTHAAH SXIIHPOX
XYJJIOBUH MYXHT HUHra CHKMG UMKapHJraHAary xya-
JAHHII MapouTHra OOFJIHK 6yamacaurufaiup.

Y3uaysun TOMuH Meroiupaa (14.12-pacM) IOHpa-
puii R paauyc/u BepTHKaJ HaidajaH TOMYH Y3HJIHWI Y
MOMEHTHAA CHPT TapaHIViHK Kyud I OFHPJHK Ky4uH
mg ra, SbHH

2nRo=pVg
ra Tenr ne6 dapas 3THAaAH, Oy epAa p — CYIOKJIHK
3UYJNTH, V —TOMUHHHHT XaxXMH. DyHZaH CHPT Ta-
paHTJIHK

. o=pVg/2xR.

By MeTox GuJiaH OfaTAa COJHMLUITHPMA Yadaulnap Oa-
}apuaaid. Arap CTaHAapT CYIOKJHK, Macaniah, Cyh
yHYH CHPT TApaHIJIHK MabjiyM Gyica, KeHHHTH dbopmy-
Jiara acocaH

: so=po+ Vog/2nR
HH €316, cyHrpa

14.12-pacm.

of/ce=pV/poVo
uucGaTHH é3umuMu3 MyMkuH. UIyHHHT §¥3H HIIaTHIaguran Qopmy-
Jajup. BepHJIFaH Vl XaXKMJH Cy}OKﬂHKHH TOMYHUJAOHTa TOMIraH TOMUYH-
nap coHy ng Ba n 6yiinya Vo Ba V XaxmaapHu Tonaanaap:
V= Vl/ﬂ, Vo= V[/no.

.

Yoo recarnt ToMunjaap y3uaum Meroau Ounaan
y NMaTHOCTHK MaKcajJjapia opKa Mug
; . CYIOKJIMFH, §T Ba OpPraHusM Tapkubura

KUpPYBYH OOLIKA CYIOKJHKJAPHHHI CHPT
TapaHIJIMTHHH aHHKjAakaunap. bynpad

.7~ 8 KA, javamuiapia vmiataayBun acGobra cra-
T === — = =~ 02MOMeTp [eHHNanH.
e e e CHpT TapaHIJIHTHHH CYIOKJUK CHPTH-
- - - - - T 77 JaH XaJKa aXkpaTHll MeTOAH OHjaH XaM
14,13-pacm. yagamr Mymxud (14.13-pacm). Xaagaum

aXXpaTHIN YYyH YHHHT HYKH Ba TamKIl
afiaganapura Teru6 TypyBuM HapAaHH AHPTAANraH Kyd KyAHLI Kepak.
Bupunuyd afiylaHaHHHT Y3YHJNTH 5id) T2, HKKAHYHCHHHKH — ndy Ta TEHT,
6y epha d, Ba dy — TerHIlJIMYa XaJKAHHHT HYKH Ba TallKH AHaMeTp-
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aapn. (14.11)-nan xankand yunvia6 TYpYBYUM CHPT TAPaHIJIHTHHHHT
Ky4H :

F=ond,+ondy=0n(d, +d,)
ra tesr, 6yHaaH
o=F/n(d,+dy).
Ulynna#t xunub, GepHiraH CYIOKJIHKHHHT CHPT TAPAHIVIMTHHH TOINHII

YUyH XaJKaHHHF TallKH Ba HYKH LHAMETPJaDHHH Ba XaJKaHH CYIOK-
JHKIAH aXpaTHUl YYyH KepaK Oy/araH KyuyHH yJuail eTapJiHiup.
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HJTOBA

MATEMATHKAJIAH °
KHCKAUA |
MABJIYMOTJIAP®

§ 1. INMHTJIAP

1. Connii KeTMa-KeTJHK JHMHUTH
VarapyBuaH KaTTaJHK X KHAMaTJapHHHHT TYnJaMHHH KypuHO u4H-
KaMHu3; TynnaMjaru Oy KuiMaT/ap HoMepJaHamurau OYJCHH; HOMep-
HHHT HCTaJraH KHAMaTH n=1, 2, 3....ra Myalian KHAMAT Xn MOC
6ynaxuran OyacuH. Y3rapyBuaH KaTTaJHK KHHAMAaTJapHHUHT OyHpai
TYyIJIaMHra coHul KeTma-keraux Oeduaadu: xy, Xa, X3, ..., Xn, KHC-
Kaua y {x,)} GenrujaHaniu.

Connfl KeTMa-KeTAHK MucouH: 13, 23, 33, ..n3, ...

Bepuiran xerma-K¢TJHKIAard HCTajJraH Xap KaHaal Kuuuk mycbar
coH 8 yuyu miyHaal Oup Xy COHHH KypcaTHIi MYMKHH GYJCHHKH,
Xn (n>N) KeTMa-KeTJUKHHHT Hapya KeHHHTH COHJAapH Y4YH TEHICH3-
JHK |Xp—a|<6 6Gaxkapusagurad Gyjca, y X0J1a COH a KeTMA-KeTAUK
{Xn} HHHr NUMHTH AelHJIAIH.

o 1 2
Conuii KeTMa-KeTJIHK Xy=2; X,=—3 5 Xg = 2—3—..., Xn =3+
(—1n
n

HUHT JHMHTH 3ra TeHr 6yiranuHu KypcataMus. Jlapxakukat:

1 . 1
=——, 4BHM KaHAaHAHD HOMepJIaH 6ouma6? HHHT

n’
KuiMaTH onauHaay Oepuiaran ucrajarad mycbar con § naH Kuuux 6y-
aub KoJsajH.
CoHuil KeTMa-KeTAHK  JHUMHTH  Ky#ujparuya  GejrujaaHalu:
= lim X,. X, abcogaior MHKAOpPH 6ViiMda dYekcH3 ycHO6 OopraHaHru
n—o00
YUyH COHHA KeTMa-KeTJHK JHMHTra sra O§imarad xoa KyHuaarnua
6enruniaHanm:

n

0 — 3] — 2

limx, = o
. nN—>

2. ¥Yaayxkcu3 y3rapyBuaH KaTTaJMK JHMHTH
CoHHll KeTMa-KeTJHKAaH TaluKapH Y3JYKCH3 ¥3rapyBuaH KaTTa-
JIHK X XaM JIHMHTra 3ra GyJMIIH MYMKUH.

* MaremaTHka MacanalapyHH KHCKaua GaéH KHianHca, 6ab3H  XYCYCHSTAAPHH
TYFAHPAAM: KYI Aa’bBOJIAPHHHT HHOOpMATHB, Gefajuj XapakTepila GYJNuIIH, KaTbHil-
JHKHHUHT HYKJHCH, Macajad, QYHKUHANAD Ba XOCHJaJapHHHT MaBXKYIJIUTH, yJaap-
HHHP Y3JYKCH3JHTH Ba 1l §. Xed Oup u30xcu3 ¢apas sTHAALH.
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Arap onauHaaH Gepu/raH MCTairaHya KHYHK O COH YUyH y3rapys-
YHHUHT y3rapuin NpolleccHaa WYHAAH KHAMAaTH TONHJICAKH, y3rapys-
YM X HHHF 6apya KeJrycH KHAMataapH |X—a|<8 TeHrCH3JIHKHH KaHo-
aT/IaHTHpaguraH Oy.ca, a yseapmac x y3zapysuunune asumuru ned
arajajH.

3. OyHKUHA JTHMHTH

Aeap xap Kkaulail e>0 con yayn wyndad &>0 TonuAscaky,
|y—A|<eda |x—a|<§ bamapusrca, A CcOn x HuUHZ a 2a UHTUA2AH
saxTudazu y=f(x) ¢ynxyuanune aumuru 6fradu. Kuckaua y LIyH-
pafi ésmnanu: lim y=A,

X.—>a .

Mucoa y=x2+1 pyHxuHaHH Kypu6 unkamu3. Arap x—2 6yaca,

Y 5ra HHTHIALH: 1im2 (x% -+ 1)=05. x—a BakTAa PYHKUHA YEKCH3
X - .

ycu6, muMuTra 3ra GyamMail KOJMHIIM XaM MyMKHH. Xx—0 BaKTaa QyHK-

uHg y =1/x 6yHra mucoa 6yJa oaanH.

Bab3n QyHKuHMsiIap apryMmeHT ueKcH3 ycHO €kH KamMaHHOG Goprad
BaKT[a JHUMHUTra 3ra Oyaamu. Xymmnanas, y=1/x @yHkuus x—oo aa
HOJIra MHTHAamd: lim L—o.

X >0
A cod y=f(x) OGYHKUHAHHHT Xx—-00 ga JHMHTH OyJaaid, arap

X HUHT YEKCH3 KaTTaJaHHIIM BaKTHAA |y—A| HHHr KHAMaTH OJNAHHAAH
GepunraH HWCTaAraH COHAAH KHYMK KHWIMHHIIM MYMKHH Gyica:

lim y=A.
X—>00
4. Jlumutaap xakujaa acocHii Teopemanap

JIMMHT/Iap TOMHIIHM OCOHJAIITHPAaAMLaH Gab3d TeopeMajapHH
uc60TCcH3 KeJATHpPaMH3. :
I. Yarapmac MUKIODHHHI JMMHTH LIy ¥3rapMac MHKIOPHHHr Y3H-

ra TeHT: .
limA=A (1)
II. Uekan coH QyHKuusIap HHFMHAMCH (aHHPMACH)HHHI JHMHUTH
Wy GYHKUMAJAp JUMHTIaPUHHHT HHFHHAMCH (aHMpPMacH)ra TeHI:

lim [f(x) + ¢ (x) 4+ (x)] = lim f(x) - lim 9 (x) 4 lim$ (x). (2)
x-a X—>a Xx—a X—a

II1. Yekau coH GyHKUUSAmAD KYMAaHTMACHHHHI JHMHTH Iy QYHK-
HHAJaap JHMHTJAADHHUHT KYMalTMacura TEHT:

lim[f (x) ¢ (x) ¢ (x)]=lim { (x) + lim ¢ (x) +lim$(x) (3)

X—=a X—~a

Mucoa: lim [(3—|—x)x2. 1| =1m(3+4x) - limx?- lim L=
x—-2 x? x—>2 x—2 x—2 X3

| .
5-4.-5=2,5.
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IV.*UkkH ¢yHKiHs OYJHHMAacHHHHI JIHMHUTH (Maxpax JHMHTH
HOoATa TeHr OyaMaca) my QyHKuusaap JUMHTIADHHHHT OYJHHMAacHTa
TEeHT:

lim f(x)
. flx) _x~a
)3”“ ¢ (x) lim 9(x)’ (4)

—->a x—a

lim (x24-1)
Mucoux: lim X1 _ x—>2 5 _1
X2 X342 lim (x3-+2) 10 2

x—2

5. HoaHuKaukaap
JIuMHuTIapHH XHcOGJaw BakTHIa JHMHTIAp XaKHIaru Teopema-
JapHH OeBocHTAa TAaTOHK 3THII MyalsH HaTHKajJapHu GepMaiguran

MaxCyc XoJJlap yupall¥ MyMKHH. Bab3u mHconnapun KypHO YHKaMH3.
1]

- . x4 A
1-Mmucou. xlirim (5)

lim (x--4) = oo Ba lim (2Xx 4 7)== cc Gy/AraHu yuyH, gmrxnam
X —> 00 X—>00

. o o34 o
MabHOCH3 GMP udoaara sra 6ynamMu3 Ba yHH — KYPHHHLIAATH HO-

aHUKJAHK jeiiunaau. DyHnall JHMHTHH TONHIUrA HOGRUKAUKHI 04Ul
. neiinnaan. HoaHukKaukHM oyuml yuyH (5) ¢YHKUHS JMMHTH HILIO-
PAcHHHHT OCTHAA TYPYBYH CypaT Ba MaxpaXJapHH xra GynaMmus.

1+4 x]imoo (H_'i) _

. 1
lim g —_ (6)
x>l T im (2+_7_) 2
P S . X
X—> 00
"
2-MHCcOML lim —'E;—]
x3—~1
X—=> 0

0o . ..
By & KypHHHWIAArH HOAHMKAHKIAHD. YHH OUHII YYYH JUMHT HIIO-
pacu ocTHAArn GyHKUMSAHH ajiMaluTHPaMH3:

e X1 (x41) (x—1)
Tox3 =1 (x—1) (x3+x1)
Cypat Ba MaxpaxHH x—I[ ra O6ysnamu3; OyHH OaxKapuul MyMKHH,

YYHKH Yy JUMHT OCTHra YITYHYa X HHHI KHiMaTH HMXTHEpHALHD Ba
x—150. Byunan

=S S S |
T o xqx+1 xl—»l x4+x+1 3

OJIaMH3.
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3-Mucoa (uc6orcH3 Gepamu3):
. sinx
lim —— =1, (7)
. x—0 .
s’bHH OYpPUYaK HOJrA HHTHJraH BaKTAa GypYak CHHYCHHHHT Gypuakka
6yaran HUCOAaTHHHHT JMMHTH GHpra TeHT Ba amodu6 aumur (3aMe-

yaTeJbHBIH Npefen) neb aranajgu. ‘
6. ¢ con sumut cudaruna. Harypan aorapudmnap

OyHKUHA Y= (1 »}—%)x HH KYypHO YHKaMH3. YHHHT JHMHTH

1
lim ( 14— )x (8)
X -0

XaKH[a TacaBBYpra sra OYJIMII YYyH X Ta HXTHEPHH paBHIIAA KHAMAT-
Jap 6epub, y KHHMATIapPHHHHT XKaABaJHHH TYy3aMH3:

X i , 2 3 4 5 10 100 1000

y 2 225 237 244 249 | 2,59 2,705 2,717
(AxaHTAaHraH)

Maxcyc kypcaapaa JMMHT (8)-HMUHT HPPALHOHA/Jd COH 3KAHJHTH
MCOOT KHJIHHAAH Ba YHH e Xapbu Gunan Oearunad, Henep conu ne6
alTHAAAH;

e=lim ( 1+ —L)"; e—2,718281825....
X—=C0

By JuMHT XaM aocodud sumur nednaamy.

€ COHH MaTeMaTHKa Ba (QH3HKajda aJoXHAa axaMHATra 3raiup;
VHHHT €pAaMHia KynruHa KYpCaTKHUYIH Ba JIOTapHPMHK MyHOocabart-
JIaDHH 3HT COARa IUAKAAa H(pomajaml MyMKHH. ¢ COHH HATYpar A02a-
pugpmaap ne6 atanyBud JorapudMIap acoCH CHATHAA HILIATHAAAIN
Ba y In cuMBoJH OGunad Gejrunanagu:

log. a=lna.

BHp XuJ COHHHHT HATypaJ Ba VHJIH JOTaPUMH aH4ya coaaa MyHOCA-
GaTnap 6unan GorraHagwiap:

lga=~043Inaéku 2,3 Iga=Ina

7. PYHKUHSAHHHT Y3JYKCH3JIHTH
JluMuTNap Ha3apHsACHra acoCaH (QYHKUMS Y3JyKCH3JIHTHHHHL TAb-
PUGHHH GepHIl MYMKHH.
Arap a HyKTaza QyHKUMSHHHT JHMHTH Wy HyKTaJapjAarHn ¢yHK-

UHAHHHT KHAMAarHra TeHr G6ysca, siphu arap limf (x) =f(a) 6Yaca,
X—a

y=[ (x) dyuruns x=a HyKTada y3arykcu3 pefiunaiu.
[a, b] kecMaHHHr Xap OHp HyKTacHZa y3JYKCH3 6yiarad QyHKUHA
by xecmada ysarykcus npeitnsamy. ’
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OYHKUHAHUHT Y3JYKCH3AHUK IapTH fOaxapHaMaHgHraH Hy}g'rﬁra
y3uauw HyKTACU AeHuNaiu.
V3aykcu3 QYHKIUAHHHT IpadHruHd KajlaMHH KOFO3AaH y3Mai 4H-
3HII MYMKHH Ba Y Y3JIYKCH3 UH3UKIHD.

Mucoa: x=0 aad GowKa x HuHr Gapya KuAMaTjaapuaa y = ——

yHKINA  YIAYKCHU3AHUD;

HyKTafa QyHKIHsA y3HJAHIUTa yd-

paitan (1-pacm).

Arap maxcyc KypcaTHO yTuj-
Maca Kejaxakaa (akaTr ys3ayk-
cu3 QYHKUHSJIAPHH KYPHO UHKH-

JHIIHHH 3CJAaTHO6 yTamus.

§ 2. GYHKLLUSA
XOCHJIACH

1. Monanis HyKTaHHHT
XapaKar Te3JHIH XaKHaarud
macana

BupopTa MOAIMil HyKTa TYF-
pu um3HK 6yiinua Xxapakart KHJ-
cud. By nykta #; momentaa M,

1

x=0

x
Y
0
X
1-pacm.

xonatia Ba fp MoMentaa M; xo-
AaTAa Gyacun. Moaauit HyKra M, xo/1aTAa GyJsca, yHHHT TE3JIHTH KaH-
ya 6ynanu? M; pa My HyKTaJap opacniaru macodanu As OHIaH OeJ-

THJ

aimus; to—it=AL.

As/At HuCGaTra XapakKaTHHHT ypTaya TE3JNHIH JeHH/IajH. Tes-

Y
%
oy
5
|
/1 1
AR p! X
0 Xy X
2-paCM..

Wil

JHKHHHT {; MOMEHTAarn KHHMATHHH
TOMHII YyYyH Af HHTEPBAaJHH, LIYHHHT-
€K, AS HH HOJTa HHTHJATHDHII KepaK.
By xoaza ypraua Te3qnk M; HykTa-
JarTH OHHMA Te3JHKKa SKHHJAlIalH.
YHH CHMBOJIHK paBHINAa KYHHAAarHua
é3uI MyMKHH: = lim %:— = lim —i—:—-
>ty At >0

XapakaTHUHT OHHH TE3JIHTHHH TO-
MHII XaKUAATH MacaJaBUHT KYHHIHLIA
MyHocabaTH OHJIAH apryMeHT OpTTHD-
MacH HOJTa HHTHAraHaa (yHKIHs
oprTHpMacH (AS) HUHT apryMeHT opT-

TupMacu (At) ra 6y/aran HHUCOATHHHHT JHMMHTHHH xHcobJamra, ypra-
HHII JIO3HM. '

Arpu uusukka M,

2. 9rpu 4M3MKKa yPHHMA XakHjaard macaja .
2-pacmpa Gupopra y=[ (x) OGYHKIHAHHHT rpaduru  OepuiraH.

HyKTaJaH YTYBYM YDHHMaHHHT abcrucca YKHTa

uucGaTan OFMIIM (a Gypuaru) KaHua® By caBoara xaBob GepHul
yuyH 3IpH uu3uK YCTHXa M, HyKTaHH TaHmal, M, M, KecyBUHHH UH-
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3aMu3. Kecysun OX ykka nuc6atan a; Gypuakka oFraH Ba 2-pacMia
KYpPHHHIIHYA

oM A Ye—Yy1 Ay
tg o, = MA T xy—x;, Ax

Arap M, uykranu Gearuna6 oan6, M, nykrauu M, ra AKHHJAAIl-
THPCAK, y Xoana M; M, kecyBun arpu uusHk M; HyKTajard ypHHMa-
ra, a; Oypuak sca a Gypuakka HHTHAagH. MarteMaTuk paBHUAa Oy
KyAHJarHya €3HJHIIH MYMKHH:

— Yoo g BY
tga= lim o lim 5
Xg Xy Ax—-0

By Macanauu eyHmr BaKTHaa, apryMeHTHHHT OPTTHPMACH HOJra HH-
THJITAHAA, (QYHKLHS OPTTHPMACHHHHT apryMeHT OPTTHPMAcHra Gyu-
FaH HHCOATH JHMHTHHHHT TONMJHIIHHH GHIHIL 3apypamp.

3. PYHKUHA XOCHJACHHHHI TabpHhH

IOKopHAa KeATHPUAraH HKKH MHCOJAA TYpJH GHAHM coxaJsapu-
Aa — QH3HKa Ba TeOMETPHAJa apPryMeHT ODTTHPMACH HOJAra HHTHJ~
raija ¢YHKUHA ODTTHPMACHHHHT apryMeHT OpPTTHpMacHra Oyaran
HHCOATHHHHT JIMMHTHHH TONHMWIHH GHJHII 3apypHATH BYXKYAra Ke-
JHIIHEA KYpIOHK. By X0 6u3HH xocHia TymyHuacHra OJHO Keaamw.

f (x) pynxyusnu xocuracu deb, apzyment OPTTUPMACU HON2Q UH-
TUN2AHOA, PYHKYUA OPTTUPMACUHUNHE X HYKTadazu apdymenT opTTUp-
Macuea 6frean nucbaTunune aumuTuea atTuiadu*.

s 1. Ay
y'=lim 7 : : 9)
Ax—0

6y epia y — OYHKUHS y XOCHAACHHHHT CHMBOJMK GeJTH/IaHHIIH.
DYHKUHA XOCHNACHHH TONHHI TIPONECCHTa Juppepenyusraus neinna-
zu. Arap ¢yHKUHS GHPOP HYKTaja XocHJara sra_Oyaca, 6y ¢yHKius
Wy HyKTaja AnddepeHnHanIaHajH AeMakAup. p

y

y’ 6nnaH 6up KaTopAa XOCHAAHHHT 6ouiKaya Zx KYypuuHIIAars

Ge/THIAHHIIMHA XaM HIIaTaguaap («ie HKC 6yiinua pe Hrpex» jaeb
VKHJIaAH).
. IOxopuna rabpudaanran macananapuu scnab, Te3AUK {aHukgpo-
FU Te3/IHK MOJYJH) HYJIHHUHI BaKT GYHHYa OJNMHTaH XOCHJACHra TEHT,
SrpH YM3MK4Ya YTKa3HIraH ypuHMaHHHr OX jykura Huc6aTaH KHAIHK
Oypuaru 3ca QYHKIHMSHHHT XOCHJACHTA TEHIJHD. *
4. Xocunanu Tonuuw yyyH ymyMmuii Kounaa

XOocHnaHu TomHm yuyH, (9) GOpMyJa wWakauia é3uara, yMyMuii
KOHJara pHOA KHJHIW 3apyp; QyHKuHs opTTHpMacH Ay=[(x+Ax)—
—f (%) nu udopanam, yuu apryMeHT OpTTHpMacH Axra 6yaHw, CyHr-

¥ «QyHKuHA XOCHIACH» TepMHHHAAH GowKa AHa «PYHKUHALAH XOCHJa» Ba Of-
AHHYA €XOCHJIA» TOPMHHJADH XaM HILJIATHAaAH.
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pa GynHHMa JHMHTHHHM TONHm 3apyp. By MaTeMarTHKaBuii omepauysi-
Jap KeTMa-KeTJHTHHH 6ab3H Mucosjapia KypHO UHKaMH3.

[-mucoa. y=x*—1 QyHKUHSA ,XOCHAACHHH TONUHT.

Eunm Ky#uAaru KeTMa-Keriukjia Gaxapuiaid. PyHKUHS OPTTHD-
MacuHH HbomamaiMHu3:

Ay=[(x+Ax)2—1]—{x2—1] =2x Ax+ Ax%

Ay uH Ax i‘a 6ynamMus: % =2x-+Ax; y’ HA TONAMH3:
y'=lim (2x--dx)=2x

Ax—0

2-Mucoa. y=x%-4 X QYHKUUA XOCH/IACH TONHACHH.
Eunuw. OyHKuHUsi OpTTHPMACHHH HPOAANAAMHU3,

Ay=[(x-FAX)2(x+A0) | —(22-+£) =2xAX + 3x-+Ax%;

Ay Hu AX ra 657na1(ms; %=2x+1 + Ax; y' Hu TOMaMu3:
' = lim(2x 41+ Ax) =2x 4 1
Ax—-0 .

3-MHCOJ. y=Sin x QYHKIUHA XOCHAACH TOMHJICHH.
Eunm. HKku 6ypuak CHHycAapH aliupmMacu yuyH Oyaran ¢op-
MyJaHH HILIaTHOG, QYHKLUHS OPTTHPMACHHH H(OAaNaHMH3:

Ay=sin(x-+Ax) — sinx = 2sin %— cos ( X+ ATX);

ing-cos (5 - )
2 sin g cos |\ x5~

Ax

: Y HH TONaMHu3:

Il

.I
o . Ay
Ay Hu Ax ra 6yaaMu3: Ac

y'=lim == = lim =
Ax—0%%  Ax-0 Ax
p)
3inAfx. Ax
= lim =~ lim cos (x—]— T) —=C0S X.

Ax—-0 —— Ax—-0
5 X

Xucobaawaapaa (7)-gopMmyna HIIIATHIALH.
5. Bab3u QyHKuMsAap XocHaanapu
XocHaaNapHH TONHIU Yy4yH XaMHIla 4-naparpadnaa 6aéd sTH/AraH
Gapua MaTeMaTHKaBui onepauHs/JapHH Oa)KapHll Makcaara MyBO-
¢&HK aMac. YMyMmHuil Kouja GyiiHua OJHMHraH acocHf QyHKOMSIADHUHT

185

www.ziyouz.com kutubxonasi



XOCHJaJapuHH OHIHMI KuOSAHP. YJNapHHHT acOCHHJIapHHH
pamus. y=C ROUMHH MHUKIOPHHHI XOCH/IACH.

. y'=0
y=x" napaxaan GyHKUHAHHHT XOCHJIACH:

v =pxt !
Xycycan: y = —’]; =x—l; y=——=
y=0a* KypCaTKHYMH (YHKUHAHHHT XOCHJIACH:
v =a*|na

XycycaH: y=ex; yl—e*
y==log* x JorapudmMuK QyHKUHAHHHT XOCH/IACH:

» _ logae
=—

Xycycan: y=In x uatypan sorapupm yuyH:
y =

TpHroHOMETPHK GYHKUHSAAD XOCHJIACH:

y=sinx; Yy =cos x.
Yy =-o0s x: y'=—sinx
1 .
= N . ,= e \ v
y=1g % ¥ cosdx :

Teckapn TpHIOHOMETPHK (YHKUHAJNADHUHT XOCHJIAMapH:

, o1

y=arc Ssin x: Yy = —
YV 1—x2

y=arc cos x: Y= !
Y 1=x2
y=arc g Xx; y = S
’ 14-x2

L4
6. dyukuusaap HHFHHAUCH  (aMpMacH) XOCHAACH

KeJITH-

(10)

(1)

(12)

(13)

(14)

(15)

(18)

(17)

(18)

(19)

(20)

@yuxuMsaap HUHFHHAHCHHHHT  (aAHPMACHHHMHT)  XOCHJAcH Iy
QYHKIHAJAD XOCHAANAPHHHHT HHFHHAMCHTA (allupMacura) TeHr:

y=uiv y,=u,i01-
186

www.ziyouz.com kutubxonasi

(1)



By Teopemann uc6or Kunamus. dapa3 KHIAWIHK y=Uu* U OY/ICHH,
6y epAa u Ba v ¥ GYHKIHACH. Ax opTTupMachura Au Av, Ba Ay OpTTHp-
MaJjap MOC KeJalH, AeMak, ~

Ay — [(u-+Bu) = (v 4 Av)] — (& £+ V) =Du + Av;

Ay _ Aut-Av Au - Av

Ax Ax  Ax — Ax
, A . A : o
y'=1m 2 — lim (A—u + 2 \) =yu'+9’ ra sra 6ysamus.
Ax—0 8%  Ax,0\Ax T Ax

Mucoa: y=er—x y'=e¥ L4z,

7. HKKM QyHKUHSA KynadTMaCHHHHT XOCHJACH
Hkkn ¢yHKnHs KynafTMACHHHHI XOCHJacH OHDHHYH (QyHKUHA
XOCHJacH OHJaH MKKHHYHCHHHHI KynafTMacura IJIOC HKKHHYH QyHK-
LU XOCHJAACHHHHT OUpHHYM QYHKUHs OM/aH KymaATMacura TeHr:

y=uv;, y=uv+7v'u. (22)
Byuu ncbotnahmus;
Ay(u+Au) (v+Avy—uv=ulAv+vAu-+Au-Av,

Ay  ulvtvdutAu-dv Av Au | Av
Ax = Ax =u gyt gy Ay
s q. Ay . Av |, Au Av
y'=lim —=— =lim (u——ﬁ—fa—-—‘fﬁu—)=
Ax—0 Ax Ax—=0 Ax Ax Ax

Au

L lim @ - lim %= | lim Az - lim i;z.

Ax-0 Ax-0

. . Av
=lim « - lim

Ax—0 Ax—0°% Ax

Ax—-0 Ax-0
u Ba v Axra OGorauK GysMaraHjapu yuyH,

limu=u; lim v=v; limAu=0.
Ax-0 Ax—0 Ax—0
Hartmxkana ¢ =u v’ +vu’ 2a sra 6yinaMua.

Arap y=Cu 6yaca, y'=Cu’ 3KaHAUTHra YKYBUH MYCTAKHJ HIIOHY
XOCHJI KHJHIIH MyMKuH, Oy epaa C — y3rapmac MHKIOP, # — QYHK-
i,

Mucoa: y=>5x%in x; y = 15x?sin x+ 5x3cos x.
8. ByauHmMa XocHaacH

By/uHMaHUHT XOCHJAacH MaxpaxH OYJIyBYMHHHT KBaApaTHAAH,
cypaTH 3ca OysyBud OHMaH OY/JIMHYBUH XOCHJIACHHHHI Kyna#TMacH
OuwsiaH OVJHHYBYM Ba OYJYBUM XOCHJIACH KYNAaHTMACHHHHT aiupma-
cuaaH ubopar 6yJraH Kacpra TeHr:

u , u'v—uv’

y=-L2,  y=" (23)
Byuu ncGornaiiMus:
Av — u-+Au u  vdu—uAv
T TuvFiv T v v (vtAv)

187

www.ziyouz:.com kutubxonasi



Au Av

bAy 4y _ v[&?_uA‘JL
ic HHCGaTHH TONAaMu3: Ax = T (vidu) Byunan
‘ Au Aoy
lim v lim a7 — limu lim ix
i Ay Ax-0 8x—0"" Ax-0 Ax—0
Am(l)A_x—_ lim v limv+]imAv)
* Ax>0 (Ax—0  ax—0
lim v=v, limu=u, lim Av=0
Ax—~0 Ax—0 Ax—-0
o , u'v—uv’ N
O6yarann yuyH, y’ = —v— Fa ara Gynamus:
X244 , Ox (e + 1) —(x2+4)e"

Mucoun: y—m, y Py
9. Mypakka6 ¢yHKuus Xxocuaacu
Arap y=fi(4), u=f2(x) 6yaca, YHIA Y GYHKIHS X-HHHT Mypak-
ka6 ¢yHkuusacH 6ynann. By xonna y'x (x 6yiiuya) xocuaa y; (u 6yitn-
4a) XOCHJAHHHT u; (x 6yinua) xocmmacH Guaam KymafiT™acura
TEHT, SbHH
y/x=y,u ”/xv , (24)
6y epra VHr TOMOHZATH NACTKH Xap(QJH HHIEKCJAAp XOCHJIa OJHHIaHu

VarapysuH/IapHH KypcaTtaiH.
Miucoaaap:

1) y=e®'"*éxn yee . 6y epaa u=sin x; y Xonaa
y'=e* cosx=esn* ¢os x.

2) s=Acos (ot+qo) — rapMonuk TeOpaHHWl TeHraMacu. TeGpa-
HYBYH HYKTAHHHT TEe3JHIH U=ds/dt nn TonaMus. wl+qge=¢ 1e6 Gea-
THJAcaK, y XO0J/a § @-HHHT QYHKUHACH, ¢ 3ca fHHHT (YHKUHsACH 6y-
Aaan. yunrur yuyn (24)-popmyna Gyiinua

_ds _ds dy : . : . ]
V== do df = — Asin 9.0 = — Ao sin (of+ g,) HH OMAMH3.

10. MKkHHUH Ba 1OKOpPH TapTHOIM XOCHJanxap

OyHkuua xocuaacu 6yiiHua onuHTran XOCHJIara HKKHHYH TapTUO.INH
. . d?
XocHna neuunann. MUkkunun xocuna y”’ exnd—j,— Guaan GenrumaHagu

(«de mKc KBampat 6Yiinua ne HKKH urpek» ne6 yxumanu). Hxxunun
TapTHOAH XOCHJIa Gyiuua OJMHraH XOCHJIa YYHHYH TapTHOMIH XOCHJA

o - a3
6§an6, y'’ éxkn ﬁ OuiaH GelrHnaHafn Ba X0Ka3o, 1 — TapTHGAH

(") exn 2= Gunan Gearnaanazm,
XOCHJa Yy €KH dxn HJ1aH OeJITHJaHaaH.

Mucon: y=3x*+2x. By QyHKuHAHHHT Xap Xua Taprubiau xocH-
JIAJ1ADHHH TONaMH3.

Y'=12x34+2; y”=36x2 y'"' =T72x;
yP =792, yO_0, Y _g.
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§ 3. XOCHJIAJIAPJAH
SYHKLHAJAPHH
TEKIUMPHII BA TPAGHKJIAP
TY3HULIJA ONJANAHHL

1. DYHKUUAHHBT YCHIIH Ba KaMaWHulu :
MyaiiaH MHTepBaJAa apryMeHTHHHI YCHWIH OHAAaH LIy HHTEpBas-
aard y=f(x) QyHRUMs XaM ycaaurau Oynca, yHra YyCyBuH GYHKILHA
Aefinaaid. Arap apryMmeHT ycumu Gunad GyHKuusi Kamakica, yHra
KaMaloBYH (QYHKIHA JeHHIaldH. :

Xo—X;=Ax>0 6yaca, ycyBuH QYyHKUHS YUYH Yo—Y1=Ay>0 6yaa-
dy ’ - .
nu, nemak, —>0 Ba xocuna y >0 6yn1aan. By OyHKUHsHHHT Tpadi-

ru 3-pacMaa Kypcatwiaran (a—ypunmanuur OX abcuucca  YKHTa
oruin Oypuaru). '

Ax>0 6yarania KamawoBud GyHKuMs yuyH Ay<0, nemax HHCOAT

%i— <0 Ba x_oc;gna Yy’ <0 6yaann (4-pacm).

Y4 Y}

4

- 7
4 2
N\
0 4 Xy Xz X
3-pacm. . 4-pacm.

Mucoan. Tpapurn 5-pacMaa kypcaTwirad OGYHKHHA y=sinx
Gepusrad. Pacmaan QyHKUHSHHHT n/2<x<3n/2 wuHTEpBaNZA Ka-
Main6, 3m/2<x<5m/2 uHTepBaina Ycub GopraHd KypHHAIH. Bynra
(YHKIHS XOCHJACHHH TEeKIIHPHG
XaM HUIOHHUI MYMKHH: y =(0S X;
n/2 < x<3n/2 unTepBanja cos x<0
Ba 3n/2<x<5m/2 wuurepsania l
¢os x>0. A

2. OYHKUMSAHUHAT 3KCTpemMaa 0’ 72 TN CEAN
KHAMATJAapHHU TOMHIU i

Kaugaiup y=f (x) ¢yHKUHA-
HHHT rpadkrHHH  TacBHpJaaiMu3 5-pacM.
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(6-pacm). ¥V Ouponta mykraga, arap 6y HyKTara Kylda SKHH JKOH-
Jalirad KYWHH HyKTajapaa (QyHKIHAHHHT KHAMATJIADH KaMpoOK '5Y.1-
ca, MakCHMyM (max) kuimartra sra Gyaanu. [paduxiza x, ma Xs
abcuyccaln HyKTaJlap MakKCHMyMJapra TYFPH Keaaiu. Arap 6Hpop
HYKTara siIKHH JXOHJawran KymHH G6yiraH HyKraJaapia byHKI g
KaTTapoK KHHMAaTJapHH KabyJ Kuica, 6y HyKTana GYHKUHS MHHU-
MyMH (min) ra etu6 GopanH. 6-pacMia X, abcuuccany HYKTa MHHH-
MyMra TYFPH Ke/JiaiH. DKCTPEMYM MAaKCHMYM Ba MHHHMYMHHHT yMy-
MHI HOMHIHP.

OyHKUHA OHp Heya MaKCHMyM Ba MHHHUMYMJapra sra’ 6yaHimn
MYMKHH. UekcH3 YCyBuM éKH KaMaioBuu GyHKUHsIIap Ba (pakaT Mak-
CHMyMra €KH MHHHMyMra sra GyJayBun byHKUHsIap MaBXKYLAHD.

QyHKUHS IKCTPEMYMHHH TONHII HIaPTHHH KYypHO 4YHKaMus.
y=f (x) odysxkuus rpadurnuunr A HyKracura (7-pacm) makcumyMm
MOC KeJaaaura 6yiacun (x=a). PacMaan kypunnumnua, A nan YaIpOK-
Aa XoHyawran atpodaard Hykrajaapaa (Macalan B HYKTaja) ypHH-
manap OX ykHHHr Myc6aT HyHanumu Guaan yTRHp Oypuakiaap Xo-
CHi Kuaaju. llyHuur yuys Gy OypuakjapHHHT TaHTeHCH Mycbar
KHiMatra sra 6ynann, svuu ['(x) =tga,>0. A-man YHTpoKaa érrau
HyKTasapja (Macanan, C Hykraja), ypuuMaziap OX YgKHuUHT MycbaT
HyHaaHwK OnaaH yT™ac Gypuakaap XOCHI KuJaanuiaap Ba [/(x)=
=1gaz<<0. QPYHKUHAHHHT XOCHJACH Y3JYKCH3 DaBHIIAA & y3rapalu
Ae6 dapas KHJAHHAAW, WYHUHT YYyH X=g HyKTana XOCHJIaHHHT HIIO-
pacH WwyHAa# Y3rapaiuKH, HAaTHXala XOCHJAA HOJAra TeHr 6y.1n6
KOJIalH. DIPH UH3HKKA YTKA3HJraH yPHHMAHHHT MaKCHMYM HYKTAacH-
Aa OX ykura mapasien GyJaranu rpaQuKAan KYpHHHG TypuOaH.

Hlysnait Kuau6,-arap y=f(x) dyHkuus x=a 6yJaranga MakcH-
Mymra sra Gyica, y xoana: 1) ['(a)=0 Ba 2) aprymedT x—a a1an
yrran Bakrna f'(x), x ycram capm, HIIOPACHHH ILIIOCZAH MHHycra
Varaprajnu.

Arap 6upop x=a nyKTaza (8-pacM) OyHKuHS MHHHMyMra sra
6yaca, y xonma: 1) f'(a)=0 Ba 2) apryMeHT X=a JaH yTrad BaKT1a
f'(x), x ycran capn, HIIODAaCHHH MHHYCHaH IJIIOCTa ¥3rapTaji.

max Ba min HU axpaTa GHJHLI YYYH HKKHHUH TapTHOMN XOCHJa-
HR MLINATHUI MYMKHH: JlapXaKHKat, max HyKTacuna GHpHH4H XOCH-
Ja KaMasau («+>» jgaH «—»ra ysrapaan), min HyKTacHza sca yca-
au («—>» nan «-+»ra ysrapaan), AeMaK, QYHKUHAHMHT YCHIIH @KU
KaMaHHIINTa KapaG (aBBajiru Gyammra KapaHr) OHpHHYH XOCHJa-
HHUHT JCHIIMHH €KH KaMaHHIIHHH aHHKJAll MYMKHH.

Makcumym xoanna f' (x) xamasa, ReMak, [ (x)<0. Mutnumywm
6yaran xoana f'(x) ycanu, nemak. f” (x)>0.

Mucoa. Tpapuru 5-pacmaa KypcaTHIral OQyHKUUA y=sinx
Gepuarad. YHUHT OGHDHHUH Ba HKKHHYH XOCHJIACH TerHIIIAYA Yy =C0S X
Ba y”’=-—sinxra TeHr. x,=mn/2 Ba Xp=23m/2 HyKTajnapura y =0.
Xy HyKTaja y”’=—1, pemak, 6y HyKTa MaKCHMYM; Xs HYKTaja
y”’=1, nemax, 6y epia MHHHMYM. .

Macauaa. OJIEKTD IOPHTYBUH KyuH (gBa HYKH Kapuiujuryg r 6y.J-
Tal TOK MaHOaura ysrapyBuan TamKu R KapLiMJAHK yJaaHraH. 3an-
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FHHUPHHHT TaWIKH KUCMHIA axpaayBud KYBBAT MakKCHMaa OyJulIn
YYYH R KapWH/IKK KaHya Gyaumu Kepak?

44 . JNeKTP TOKHHHHr KyBsatH N=I?R, Gy epma [ — tox
KyuH. Tyank 3auxup ydyn OM KoHYHH

I=&(r+R)
Yi
Y
/A
8 A

~ L d{ dz

0 X 0 a X

6-pacm. 7-pacm.

JAaH ¢oiiaanannb, KyBBaT yuyH Kyiduaars ndoAaHu oJaMH3:
2

N=& R/(1+R)? .

JKCTpPeMyM WapTHHH E3aMHU3:
2

2
iN_Girtrp-& R ) _Gur—rY

dR (r+Rp T O(r+RA
BynaanR=rra sra 6yaamus. llyn- Y}
da#i KHAHG, MauOaHHHT 3. 10. K.
Ba HYKH KapIIHJHTH y3rapmac
KOJHG, HUKH Ba TAUIKH KapUIUJIHK-
Jap Oup-OMpHTra TeHTJIaHO KOJ-
raHuJ14 3aHXHDHHHT TAlIKH KUCMH-
Jla axpajJyBYH KYBBAT MaKCHMa.l
6ynann.

Huxosar Oy nyukrau 6aéu a71-
raufia (GyHKUOHS XOCHJACHHMHT 3KC- 2
TpeMaJ HyKTajapaa MaBxyn 6§.-
rand ¢apa3 KUJAHHTAHHHH 3C1aTHG
Vramus. Arap 6y wynHma#i 6yama- y
rauja, IOKOPHAa TabpHQIaHTaH
ajomataap (KpHTepHHJIAp) MaKcu-

MyM €KH MHHHMyMra MOC KejMac- 8
JHKJApH MYMKHH: MacaJjaH 9-
pacMzra Kaupadaup Oup GyHKUHS
rpadurd KypcaTHJAraH, my 6HJAaH
Gupra A nyKrajga (max) xochja
HOMAaBKYIAHP. 9-pacm,

>

www.ziyouz.com kutubxonasi



3. XocHaanapHu rpadukaap sScaul yUyH TarGuK aTHI _
dyHRUHSA TpadHrH sCalHHHT KN XOJJIapHia, byHKUHA JCHIA-
HH 6KH KaMaHMIIMHH Ba YHHMHI 3KCTpeMas] KHHMaTJMapHHH aHHK/Iall-
Ja XOCHJ KVJJIaHca, HIl aH4Ya eHTH/IamaziH.
Mu coa: PyHRuHA ,
y=x3—x%+1 (25)
rpauruHl ACaUMH3,
DYHKUHSA SKCTPEMYMHHH TeKIIHPaHJIHK:
Yy =3x2—2x=x(3x—2)=0, OyHaaH
x|=0; JC2=‘2/3;

y’'=6x—2.
x,=0 nykTaga y’'=—2<0, nemak Oy epAa MaKCHMYM; x9=2/3
HyKraja y”’=2>0— 6y epaa munumyM. (25) TeHrnamanan Oy HyKra-
JapHHHT OpAHHATaJapHHH TONa-
Y4 MH3 Ba KoopAHHaTajapu x;=0,
Y1~ j1=1 6yaraH HyKTaHHHT MAaKCHMYM-
: ra, x,=2/3, y,=23/27 O6yarauu
3Ca — MHHEMYMra MOC 3KaHHHH
aHdKJaiMu3, I'paduk scam yuyH
6y HykranapHH X, Y Tekucjaur
yetuaa GearnnaiiMus (10-pacwm).
BHpPHHYH XOCHAAHHHI HIIOPACH
6yinua QYHKUUAHHHT Ycuml  Ba
KaMaiHll coXxalapHHH aHUKJIaHMH3:
Yy = (3x—2) x>0, ¢ynkuusa yca-
10-pacu. nu. Arap Oy Baktaa x>0 Gyica,
y xoama (3x—2)>0, sbHH x>2/3
6y1axn. Arap x<0 6yaca, yuaa(3xr—2)<0, apun x<2/3 6ynann,
¥x<0 cagjlaHaju.
y' = (3x—2)x<0, pyurkuus Kamasigd. Arap 6y sakraa x>0 6yu-
.ca, y xonna (3x—2) <0, spun x<2/3, coxa 0<x<2/3 6ynanu. Arap
x<0 6yaca, ynua (3x—2)>0, x>2/3, Kapama-KaplIHIHKKa 3ra 0Y-
adamui. [lemax,
oo <x<0 uHTepBasAa QYHKUHA YCalH,
0<x<2/3 » > KaMasiiu,
2/3<x<C 00 | » » ycangu.
DKcTpeMan HyKTalaphH# Ba (YHKUHAHHHP YCHUI Ba KaMaHHLI coXa-
JapHHH Guja Typu6 Oepuirad GYHKIMSHHHT rpadurHHH  scaiiMu3
(10-pacmra KapaHr). '

4 X=0

§ 4. ®YHKILUS
I SEPEHLLUAJH

1. Tavpud. JudpdepeHUHAAHHET reoMeTPHK MAbHOCH
O-reHrMamajaH KyHHAaryd TEHIVIUKHH €3HII MYMKHH:

A I4
==y +8 (26)
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6y epia p — 6HpPOpPTA KATTaJdHK. Ax—( ra WHTHJITaHa %-» y’ 6yna-

. 4, spHA Oy Xoa1a B XaM HoJra mHTHJIAAH (26)-Hu y3raptupud,
Ay=y'Ax+BAx (27)

ra sra OyjgaMus.

(27)-nan QYHKUHA OPTTHPMACH HKKHTa KYUIHJIYBYHIAH nbopaT 3KaH-

JHTH KypuHalu. Kywmaysun y’ Axra dyukuus y=f(x) oprrupmacu-

HuHe Gow wucmu €ku pyukyusnune Oupgeperyuary AeHuIanN.
Oyuxuust AudQepeHuHasy GyHKUHS XOCHIacH GHJIAH apTyMeHT

OPTTHPMACHHHHT KynaitMacHra Tenr. CHMBOJIHK paBuumaa AuddepeH-

uuaia dy 6unaH GelrujaHaiu («ae Hr-

pex» 1e6 yKuaanmu):

dy=y'Ax. (28)

OyHKUHA AHGEpeHUHATHHHHT TeOMeT-
PHK MabHOCHHH y=f(x) YHKUHSAHHHT
rpaguru tacsupsaanrai ll-pacm épaa-
MHAa TYWIYHTHPHLI MyYMKHH. M HykTaza
vpuHMa yT1kaszamus. AABM uu &ypub
udkaMH3. MB karter aprymeHTt oprTup-
mMacu Axra Ttenr; tga=y’; AB=tgo-
-MB=y’Ax. Ulynnai xuau6, AB=dy.

JeMak, reoMeTpuK KHUXaTAaH (QyHK-
uns AuddepeHuHanu ypuuma opourara-
cu (AB) nune a6cuucca (MB) oprrup- 11-pacwm.
MacH Ax ra MOC OpPTTHPMAacHAHP.

2. Aprymenr puddepenunany. GdyHKuUMS XOCHIACHHH

Juddepennnaiaap opkaiu udoganam

Apryment anddepeHnHaiu ge6 apryMeHT OPTTHPMACHra aiTHJAALH,
SABHH

de=Ax. (29)

(29)-#u Hazapaa tytub, (28)-mu Kydumardua KaWTajad e3nil
MYMKHH: .
) dy=y'dx, (30)
éxn )

, __ dy .
y =22 (31)

IMynnait xuanb, pynkyus xocuracu pynkyus Oudpeperyuarununz

. d

apeyment Jugpepenyuaruea 6jrean Hucbatuea Tene. Arap appad _d%
CHMBOJH OYTYH, Y3JYKCH3, y'ra 5KBHBaJeHT X0/a4a KyJiaHuiran GyJ-
Ca, 3HAH yHra Kacp cudaTHia KapaJuild MyMKuH: dy — cypar, dx —
Maxpax.
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IIupoBapauna <au¢depeHHaNNal» TEDMHHHHHHT XOCHJa XHCOD
JampaH 6omka guddepeHnHaN TONHIUTA XaM MaHCYO SKAHJHTHHH 3C
aatu6 yramus. Ulynuur yuyn «ubonanu nuddepeHunalnaiiivg» e
Aunrangna 6y — Oepuaran HOOAaAaH XOCHJAHH TOMAHMHK» EkH «Oe
puirad Hpoga nHpdepeHnHaJMHH TONAHJIHK» AeMaKIHD.

3. dnddepenunaniap TONHUHKHT 6ab3H KOHAAJAADH

Huddepennuan ronurHuar ymymui kounacu (30)-bopmyaana kyp
CAaTMJTaH: QYHKUHS XOCHJIACHHH apryMeHT nuddepeHunanura kKymai
THDaIHAAP. By xoupauu ¢yHkums AuFMHAMCHTa (afinpMacura), yaap-
HHHI KyNaHTMacHra Ba GyJHHMacHra TaTGHK 3TaMH3.

Hurunyn (afiupma) y=utv aupdepenunann:

dy—(u,+fu)dx—u dx+7) dx =du + dv. (32)

K¥naft™Ma y=uv nuddepeHnnann:
dy=(u;v+v;u)dx=vu; dx+uv;dx=vdu+udv. (33)
Bynunma yz—z IH}PepeHLHAH:

dy=uv U"d vdu — udv

vl u?

(34)

JduddepeHunaniamiHuHr acocuii GopMyJasapd XaKHEAaTH Mabiy-
MOTJapHH Oy epla KeJTHpMaHMH3, YyHKH 6y MaKcajl yd4yH acoCHH
Xocujanap. Xkaapaad Ba AuddepeHUHANJANIHHHT acOoCHil KOHaasiapi-
JnaH doiaanaHull MYMKHH.

Miucoanap. Ywby ¢yHRuusaap qu)(pepeﬂuﬂannﬂn TOMHHT,

1) y=2x%+x; dy=6x2dx+dx.

2) y=xsin x2%; dy sin x2dx+x cos x? 2x dx=sin x2 dx+ 2x2 cos x2 dx.
x . (24 x¥)dxy —x2xdx  2—x? v
N V=oim D=——prap g

4. UxKkuHu4 Ba 10KopH TapTHOan anddepeHunasnap
d (dy) su d?y cuMsoau Ounan Gearusab, (30)-udomanu audde-
peHIHaJIaHMH3: ,

d2y=é' (y dx)=d (y’)dx. - . (35)

(30)-ra acocan d (y') =y” dx ra sra 6ysnamu3. lIlyHnur yuyn (35)-yp-
HHTa

d’y=y" dxdx=y” dx? (36)

HU €3amu3. By, ukkunuu Ttaptubanm gudodepenunan (d%y) HKKHHYU
TapTHOJAM XOCHJIAHHHT apryMeHT IH¢¢epeHIHalH KBaapaTd OuaaH
KynafitMacura teHr, geMakaup. (36)-nan
: ary

y = dxt (37)
HH OJIaMH3, AeMaK, HKKHHYH TapTHOIM XOCHJIa UKKUH4U TapTUbAU
Juppepenyuarnune apeyment Oupgepenyuarw Keadparuza Hucba-
Tu cuparuda KapaJduuid MyMKHH.

'
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IIynra yxmam €3HIIHMH3 MYMKHH: !

d%y aty
mw __ . 4
Vi=am VW =% Ba X. K.

5. OyHKUMA OPTTHPMACHHHHT Ba (PYHKUHS
AnddepeHUHATHHRHT TAKPHOHH TEHTJTHTH
dx=Ax Hu Ba wyHHHIAeK (30)-udopanu xucobra oaub, (27)-¢op-
MyJAaHH KyHHJarH WakJga Kadtajgan €3aMH3:

Ay=dy+pdx. (38)

By ¢opmynanan apryment auddepenuuann dx (8KH apryMmesr
OpPTTHPMAcCH) eTapJiH MHKIOPAAa KHuYHK GyJca, QYHKUHS ODPTTHpMAacH
Takpub6an ¢yHKuHs AHdepeHnHan Hra TeHr OYJHIIH KypHHAIH:

Ay=dy.

bynu ll-pacMaaH xaM TYWYHHII MYMKHH: Ax—( MHTHATAHA4 YPHH-
Ma OpIHHATACHHHHI OPTTHPMACH 3FPH YHM3HK OPAHHATACKHHHT OpPT-
THPMacCHTra SIKHHJAlajH.

QPynxuus Ba apryMedt AHQdepeHuHannapu tappud 6yiiuua ucraj-
raj KHAMaTJapHH sraljallJlapH MYMKHH OyJca-na, ¢usuxasuii Ba
folrka MacaJasnap euraH BakTAa OXAaTAa dxX HH €TapJH MHKIOpAA
KHYHK Jde6 ¢apa3 KHJAHHaAH, 6y xonga dy xam erapad Japaxana
KHYMK OyaanH, my 6unaH 6upra dy meranza (QpyHKUHsI OPTTHPMAacHHH
TYWYHHIN MYMKHH 6yJaanH.

§ 5. IHOOPEPEHILHAJIHUHT
TAKPHBHMHM XHCOBJALIJIAPAA
BA XATOJIHKJIAPHH
BAXOJIAIIJIA TATBHK
3THJHILH

1. dyHKuHs Ba (PYHKUMA OPTTUPDMACHHM TaKpHOMI
XHcoGaam ’
ApryMeHT KHYMK MHKIOpra y3raprania (yHKIUs ODTTHDMAaCHHH
- (30)-bopmynanan doitnanannub, TakpubGaH TONHW Ba, IDYHHHTIEK,
apryMenT OyTyH COHAaH KaM ¢apK Kujica, OQYHKIHS KHAMATHHH
Takpuban xucobnam MyMkuH. Jnddepenunassuur 6y TaTOMKHHH
6an3m Macananapia KypH6 yugafiauk.

Mucoa: Aprymenr 2 man 2,001 raua §3rapcus, SLHH apryMeHT
oprrapmach 0,001 ra tenr 6yaranga y=x3+4 QYHKUUAHUHT OPTTHP-
MacHHH TONHMHT. °

(30)-bopmynanan

dy=3x%dx=3-22.0,001 =0,012.

Macauna. Heurnn natuxacuga paguycn AR=0,01 Mua katra-
Jlleamraﬂ IIapHHHT XaXMH KaHyaauk ysrapaau? Ilapuunr panuycu
=3 M.
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[apuunr xaxmu V=4/3nR3 dopmyaa Oyiluya xucobJaHajaH.

(30)-nan ¢doimanaunud, ,
dV=4/3n-3R2dR = 4raR?dR =4-3,14.32-0,01 m3=1,13 m®.

Mucoan  Apryment kKuilmath 3,02ra TeHr Oyaran xoJaa
y=2x+x?> QYHKUUSHHHT TAKPUOHH KMHMATHHH XHCOOJIaHT.

ApPryMEeHTHHHT HKKH KHRMaTHHH HomanailHK: x;=3 Ba X +Ax=
=3+0,02=3,02. OyHKUHAHHHT H3JAHYBUH TAKPHOHH KHHMAaTHHU
Ky#AHjaruya TonaMus:

Yi+Ay=[(x1+Ax) =[(x1) +Ay=[(x1) +dy=F(x1) +y'dx=
= (2x,*+x,2) + (8x,3+ 2x,)dx =
= (2:3*+3?%) + (8:33+42-3):0,02=175,44.

2. bab3u Takpu6ui dopmynanap
OprtrupMaHudr QyHKuHs JuddepeHnnasura TaKkpHOHA TeHIJIHTH-
naH QoipanaHnb6 6ab3H TaKpuOHH ¢opMyJaaJapHd YHKAPDHII MYM-
KHH. :
I. Bupzan KaM ¢apk KUAyBUH COHHH Japaxara KyTapHIL:

(14+a)* =~1+ua, 6y epaaakl. (39)
y=xt 6yuacuH; y Xonna 6y QyHKUHAHHHT AHDPepeHIHaNH
dy — pxt ldx

6ynanu. x+dx=1I1+a ne6 xabya xKuiaMH3, y XOJAZa H3JTAHYBUH
y+dy taxmuHad ([ +a)™ ra tenr 6yaaau. OyaMmus:

y+dy=x* +y'de=x4px* ldx.
Xx=1HN Ba dx=a Hu ypHUHJIapHra Kyiuo,
(1+a)* ~y+dy=1+paHun onamus.
Iyura yxmam
(l—a)* =1—pa HH KypcaTHLI MyMKHH. (40)
(39) -popmynasan w3 YHKAPHII y4yH XaM (oHjaaiaHUIl MYMKHH:

]‘/1+a:\¢l—1—;~a @<1). (41)
[1. Jlorapudmuu xucobJaul:
In(l +a)=~a, 6y epia a < 1. (42)
y=Inx Gyacun; y xoagxa dy :-q;x. Arap x=1 ‘6yaca, yHuza
y=In =0 Ba dy=-de= dx 6yaanu.

Teruman xuiimatiapuu y-+dy=In (x+dx) ¢opmyaara Kyiiuob,
O+dx=Ih(1+dx) ra sra GynamMus3, OyHiaH dx Hu a OuWaad ana-
MamTupceax, In (14+a) =a un onamus.

196

www.ziyouz.com kutubxonasi



3. Nuddepesanny XaToJuKIapHu xucobiaim
YUuyH MILTATHII
1. Panuycu R=2,03 cM 6yarau poupa Oepuaran. Paamyc AR=
=0,005 cm aHugAurgaa Gepuaran. JloHpa I03MHHM KaHZal aHHKJIUKIa
TOINHII MYMKHH? :
Houpa 103n S=nR? Taxpuban ¢yukuus (103a) OPTTHPMACHHH
nuddepennnanra TeHr ae6 xuco6aab, goMpa I03MHH XHCOOJAIIHHHT
aGcostoT xarocura ara 6yaamMus:
AS=2rRdR =2-3,14-2,03-0,005 cmM2=0,064 cm2.
2. Bupopra HaTHXXa HMKKH V/JIYaHYBYH MHKJIODHHHT KyIaiT™MacH
cudaruaa onuHraH OYJCHH:

y=uv. (43)
By xoama y/iuaHyBYUH MHKIOpJAap Ba HAaTHXKAHHHT HHCOMHA XaToJHKJA-
PHHH KaHIaH aHUEJAIl MYMKHH?
Hartuxanuur Huc6HH XaTOCI/I%y— HH Tomuiu yuyH (43)-HH Jora-
pudMAaAMH3:

Iny=lh (uwv)=Ilnu+inv

Ba Kelinuryn Hponanu anddepeHnHasIanMus:
dy du dv

__-—__—_._‘L, .

y u v
Ilemak, KynaiTMaHUHT HHCOHH XaToCH KynaMTHpHJAYBUMJIap HHCOHH
XaTOJIaDHHHHT HHFHHAHCHTA TeHT.

§ 6. XYCYCHH XOCHJIAJIAP.
TYJHK AHPPEPEHILHAJ

1. Xycycuit xocunaaap
dapas Kuaafauk, u 6Hp Heya SPKHH Y3rapyBunjaap QyHKUHscH OYJ-
cut: u=f (x, y, 2).
Arap aprymeHT/napiaH OHpH, MacajlaH X HHHT Y3rapuul MHKIODH
Ax 6ynub, GolIKa apryMeHT/iap ysrapmaca, y X0J[a XyCyCHH OPTTHP-
Ma Au KyHAuparuaua aHomanataiu:

Au=f(x+Ax, y, 2) — (%, y, 2). (44)
Ax—0 na (44)-uunr Axra 6yaran HuCGAaTHHUHT JIHMHTH ¢ HUHT x Oy#n-

. o ou
ya OJIHHTaH XYCycHH Xocuiacu fe6 arajaj; XyCyCHH XOCHJIa —
cHMBOJH OHaaH GearunaHajgd. By tabpugra Mysodug

Ju = lim Sx+Ax, y, 2)=f(x, ¥, 2) (45)

ox Ax—0 Ax .

HH €3HIIHMH3 MYMKHH.

197

www.ziyouz.com kutubxonasi



Xycycuit xocHianapau GomKa yarapysuusiap GyfiHda xaMm myHra
yxwam HOomasaW MyMKHH:

ou . [l Y4By, 2)—F(r y 2)
S—Z' — lim flx, y, z+ Az)z—f(x: ¥, 2) (47)
A2‘->0

Xycycuil XOCHJIAaHH TONHII YYYyH (GYHKUHSHH GHTTa y3rapyBuu
6yinua audoepenunannab, Gomxa y3rapyBYHNapHH JOHMHE Re6
xucobJam Kepak.

xy? o
Mucoa: u= —ZL byukuna GepuiraH, y Ba z GyiHua XocHaaAap
TONHJICHH.

o ' du  2xy
Eunm. x Ba zuu noumuit 1e6 xabyn KHIamus, HIYHIA oy =3
i
. 9 2
arap x Ba y — ROHMHH 6Ysca, y xona1a % = —'%--

2. Tyauk nuddepenunan XaKHIa TymyH4a
u=f (x, y, 2) OYHKUHSAHHHT TYIHK AupepennHaan ge6 Kyhuaa-
rd ubogara afiTHAARM:

0 0 0
du =%dx+o‘yi- dy+ 5 dz, (48)

6y epaa dx, dy Ba dz 3pKHH ¥3rapyBuHJapHHHT AHPPepeHIHANTADH.

Tyauk nuddepenunan Tywyhuack 3pKun y3rapyBuH/ap COHH
HXTHEPHH OyaraH OYHKUHA y4yH TAQTOGHK STHIHIIH MYMKHH.

Arap spkuH y3rapysuuaap A pepeHUHANIAPH €TapAH AapaxKa-
Ha KHYHK Oyicanap, y xoaga QyHKUMS TYIHK IHdepeHIHAMHHH
TaKpHGaH (QYHKUHA OPTTHPMACHIa TeHr 1e6 XHcobaauw MYMKHH:
du=Au.

Mucoa. Tyrpu Gypuaxrau napannenenunes KHPpPaAapH Y3YHJIHK-
JIADHHUHT KHHAMaTAapn 2,3 Ba 4 M AaH, Moc pasHmaa 2,01; 3,005 sa
4,05 Mravua ysrapran Gyncanap, YHHHr XaXKMHHHHT §y3rapHuWHHA TO-
ITHHT,

Eunw. Bepuwiran napannenennmes XamMHHH yara ¥3rapysuu-
HHHT QyHKuusacH cudatiaa udoaanaiMus:

u=xyz, (49)

0y epra X, Yy, 2 — TeruilIu KHDDAJapHHHT Y3YHJAHKIapH. (48)-¢op-
MyJlaH{ HULIATHO, XaXM OPTTHPMAcH Au TaKpHOAH KYRHAATHra TEHT
ae6 é3amus:

Au=du=yzdx+ xzdy+ xydz, (50)

6y epaa dx, dy, dz— moc KHppaJlap Y3yHJHKJapHHHHI Yy3rapuiua-
pH; mapt 6yiinua dx=0,01; dy=0,005; dz=0,05. (50)-ra MHKAOpAap-
HHHT GepHJITaH KHAMaT/IapuHH KYiicak,

Au=~3-4-0,01 +2:4.0,005+ 2:3.0,05~0,46 M3 HH onamus.
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§ 7. BOIJIAHFHY
(MEPBOOBPA3HAS)
$YHKUHA. HOAHHK
HHTETPAJI

XapakaT Te3JHIHHH XHCOOJaml Ba YPHHMAHHHI SIDH 4H3HKKA
- oFHml GypYyarHHH TOMHUII MacaJaJjapHHUHT Ky#unumaaps MyHocabartu
6unaH XOCHJa TYUIYHYacHra 3apypHAT TYyFHJIH. Teaauk OyiiHya
jopHiTaH UYJHH TONHII, ypHHMa OFHMII OypUarHHHHI TaHIEHCH Oyiiu-
ya TerulJH QYHKUMSHH aHHKJAam KaGu Teckapd .Macajainap Xxam
6ynumu MyMknH. By xabu Teckapn Macanajap HO3HHK HHTerpaj
TYWIYHYaCHIa OJHO KesaalH.
1. HoanHK HHTerpaJHHHr TabpHOH
HoMmabayM y QYHKUHAHHHT XOCHJIACH:

y'=Ff(x) ' (51)
KW YHHHI' JHOb¢epeHUHANH

dy=f (x) dx (52)
Gepuaral OYJCHH. _

Bepuaran ¢yHKuHs f(X) XOCHIacH EKH nudpdepenunann f(x)dx
Gyaran F(x) ¢ynxuusra Gepusean f(x) @ynkyuanune GOWLAGHFUY
pynxyuscu (nepsoobpasnas) deilunadu.

dynkuusa AHdepennualinra GHPruHa foluAaHFHY (QYHKIHS 3Mac,
GanKH Oup-6GHpHIAH NOHMHA KYIIHIYBUHCH 6unan QapkjaaHyBuH Oup
Heua GOLIJAHFHY (GYHKUHSJAAp GYNHIIHHH KYPCAaTHLI OCOH. Macanan,
dy=3x*dx nuddepenunan yuyn F(x)=x3+20,

F (x) =x3+423 Ba X. K.

GownanFuy QYHKUHsIAp OYAazaH.
JleMak, yMyMH# X0a1a KyAHAaruua €3HIl MyMKHH:

F (x)=5+C.

6y epara C — HCTa/lraH JOHMHH COH. _
f (x)dx nuddepennnanu yuys Gapya GoluIaHFHY QYHKLUHAMAp TYMJIa-
MH HOQHUK UHTezpaA JeHWIaJH Ba YHH -

. 5 f(x)dx

CUMBOJY 6ujaH Gearunaiaunap («HHTErpan 3¢ HKC Jle HKC 6yiHua»
ne6 yxunanu). Byepna: f (x) dx — unreepas octudazu ugooa, [ (x)—
uxTezpas ocrudazu QyHKYUA.

IOKopHAa TeKUIHPHJATaH MHCONAAH MablyM 6ynnmuya, OHTTA
¢yHKUHSHHHT 6apya OOLLJIAaHFHYIADH Gup-6HpHAAH JOMMHH MHKIXOD-
ya (apKjaaHagmJap, WYHHHT YuyH, 6Gupopra GOlNaHFHY F (x) ¢yHx-
IUSHH TONray,

S f(x)dx=F (x)+C un &3HW MyMKHH.  (53)
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)

6y epaa C — Gupopra HXTHEPHI ToMMUl con. Babaan C uu KOHCTanTq
éxu unteeparraur doumuticy Ae6 arafnunap.

Bownanruy dyukuusmn tomuum npoueccHra unTeepassaul neiu-
Jaju.

2. HoaHHK unTerpasHMHr acocHii xoccanapu

I. Hoanug HHTETpaJHHHT JH(bepednnamn HHTErpajg  OCTHAArH

Hpoxara Teur;

dff(x) dx = f(x) dx.

By noanug HHTErPaJIHUHT TaBPUDHAAH KeJIHG YHKAIH.
II. ®Oyuknus AHpdepeHnHaTHHUHT HOaHHK HHTErpaad my (yHk-
LHSHHHT UXTHEDHH NOHMHE 6ujan KYUIHITaHHTa TeHT:

de(x) = F(x)4-C.
Heb6orn: ’ ’

dF (x) = f(x) dx; y dF (x) = jf(x') dx = F(x) 4 C.

ITI. Hommui KYNaiTYBYHHH HHTerpas HIIOpAacH TallKapHCHra Yu-
KapHIl MYMKHH: S‘ af(x)dx=a yf(x) dx
Bynu ucbor xunaitaux.

a Uff(x) dx (54)

Hpoxanu Aupdepennnamaacax

d [a‘ff(x)dx]———adjf(x) dx=af(x)dx

. ra ara 6ysamu3s, sibHU
(54) af (x) dx Au¢pdepennnan udoxanunr OOlIIaHFHY  (DYHKUHSACH-
AHp, aHa WYHH HCOOTMAL Tasab KUAHHTaH 31H.
IV. Anre6paux finruugucuaunr HHTErpasy KyLIHWJIYBUHAAP HHTe-
TPal/IApHHHHT aNre6pauk HHFHHAMCHTA TeHI:

At o) ax= fueoyax - Ve aes (£ 0 ax.

Byuu nc6or xunaiinuk. Kefimury TEHIVIAM@HHHT §HT TOMOHHHH AH-
bepennnannaimus:

¢ | Jreoaes [ reoax v { 05 ax |-

.

=d{(odx + df fymax +df fu () dx—

=h(x)dx+ f,(x) dx + f, (x) dx.
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Hlyn;xéﬁ KHJAHOG, aupdepennnan npona
1)+ o)+ fl)| dx yuyn

Sfl(x)dx sz(x)dx-r jnfs (x) dx 6ownanFHu QYyHKIUA 6yJ1a11H

IIYHUHT Y3HHKM HCOOT KUJMLI Tanab KuJHHTAH 31H.

3. Acocuit HHTErpaaaap xajsaju

Hoanuk unrerpannn (6owwnanray (PYHKIHUAHK) TOMHW YYyH AHQ-
i qoepeHuHaJmamra Teckapu Gysran aman Gaxapuauiuu Kepak. KyitH-
na 6ab3H aCOCHH MHTerpaJlJIapHH KeJTHPaMH3:

j‘x” dx = z:j] --C, 6y epara u#—1, (55)
jﬂ — Inx +C; (56)
farax=1 +c. (57)
XycycaH, arap a=e 6yJca, y xoJna
jex dx—e* +C; (58)
jsinxdx:———cos x-+C; (59)
: S cos xdx = sin x - C. : (60)

4, UuTerpansam MeToAJapH

HoaHHK MHTErpajHH TOIHII YYyH, aMajja YHH XaJBaJjui MIaKJ-
ra, sbuu 3-maparpadaa kypcaTaiaradn upoiasnapra KeNTHPHUITZ TH-
PHIIMOK kepakK. By Makcaa yuys xap. xua Meroanap KyJaJaaHaliy,
yJaapAaH MKKHTAcH KyHHJa TYWIYHTHDHJANIH.

1. Yseapysuurapru aimawrTupuuws merodu. Y OHp Y3rapyBUHHH
HMKKHHYHCH OMJIaH aJMalITHPHIIra acocaaHras.

Mucoaananp.

1) y= j(l + x)®dx un tomuur. 14+x=2, dx=dz 6uaan ajaMallTH-

paMus. SlHrH y3rapyBuHMHH ypHHra KYHHO, yzjzsdz HH OJIaMH3.

Hlynna#t KuaubG, HHTerpaJ KaABaJHH IHaKjAra  KeJTHpPHJIAJLH.
(55)-popmynanan doiizasanamus Ba

24
y Bdz—=-—7T+C
HH TONaMHua.
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Harapuru yarapysuu x ra kaiiTu6, nHpoBapauaa

y=" ¢

ra sra 6yjamus.
2)y =ye3xdx TOMHWICHH. SIHTH  §3rapyBunHM Kyitu6 3x=z,

)
dx =% 3 JIapHH aamaumtHpcak Y —‘*5‘ e*dz Hyu osamu3. [lynapai

Kuaub, HHTerpadn )Kamsanﬂu IWaKAra KeJTHPHIAH. (58) — cdopmy-
JIaHH HwaTHG

*edz_ eeLC
3|

HH TONaMH3.
Harapurn yarapysuu x ra KaiTu6, MHPOBapAHAA

=—;—e3‘+C

ra sra 6yaamua.
I1. Byjraxaa6 unrezpasrsaw. By meton

judv=u'zf—yvdu (61)
¢dopmynara acocnaHras.
PopMynanun ukKapHmw yuyn (33)-uu
udv = d(uv) — vdu
WaK/aAa KaiTa €3aMH3; Gy TEHIIAMaHHHT HKKajla KHCMHHH XaMm HH-

Terpasaigb, nactaaGky (61) -donaHH ONaMH3.
MHucounaap,

1) y=5l Inxdx ronsacuu. dapas Kunaiaux: u=In x; dv=dx, 6vHu-

AaH du= ﬂ v=x. (61)-bopMyaanu umratus,

y —Jqlnxdx —xlnx—j —_ Xlnx — ydx = xlnx—x +C
ra sra 6ynamus:

2) y—vasmxdx TONHJACHH. U=x; dv=sin xdx ne6 cpapas x}ma-
MH3, WyHAa du=dx; v=—cos x. (61)-popMyaann HIIATHG,

y:JI X Sinxdx = — xcosx — | (—cosx) dx = — xcosx —I—j‘cos xdx=
= -—Xc0S x4 sinx - C un os1amus.
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5. Ypuuamanuur X YKHra oFMm Gypuaru TaHreHCHHHHI
GepuaraH KHiiMaTy OyiH4ya IrPH YH3HK TEHIIAMACHHH
TONHIN
Srpy uM3HK yPHHMACHHHHT X YKKa Huc6aTaH OFKII OypYaruHHHT
TAHrGHCH YPHHHII HYKTacH alciuccacHra GornaHafguray OGyJacCHH:
tg a=2x. by Kauna# GyHkuns yuys TYFpH KeJ1aau?
Ypunmanuur X yKura orFum OypyarnHHHT TaHMEHCH XOocHaara
TeHr GyaraHu yuyH,

4 __o,. —
H—Qx, dy=2xdx

y=§2xdx=x2+c; y = x4+ C. (62)

By napabovia TeHrnaMacHaup. AHHKPOFH OHp-GHpHAaH C KOHCTaHTA
6unan (papknanysud OyTyH Oup mnapaGosanap OHMACH OAHHJIH. by
napa6oaajapiaaH 6ab3daapH-
HUHT rpadukiapH 12-pacmua
kypcatuarad. C QoMMHH Xap
6up KOHKpeT X0a1a KYIIHM-
ya maprtaap O6yHHUa aHHKAA-
HaaH. Ma3skyp MHco/ajAa 3TpH
YH3HK KOOpIA¥HATajMapH x=1, ’
y=2 Oyaran HyKTa OpKaJH
yTaauran 6yacHH nednuk. By
Kufimataapuu (62)-tenriaMa-
ra Kyficak:
2=1*+C; C=1,

mabiaym Gup napaboda TeHr-
JJAMAaCHHH OJIaMH3:

y=x2+1.
6. Tesauxk Guaan BaKT opacWjaarn myHocabatra Kypa

IOPHJITAH HYJAHH TOMHII
Mopnauf HyKTayHHr Te3/IHTH BaKT JaBOMHIA

v=4t+2 .(63)

KOHyH 6yiiHua y3rapcHH JeiIHK.
HyKTaHunr opran M BakTra Kangait GorraHafu?
Mabaymky, v=ds/dt, 6ynaau

ds=udt=(4t+2) dt.

Yh

12-pacm.

B) TEeHIVIHKHH HHTerpaJjjiacak,

s = §(4t+2)dt=4 S tdt + 2§ dt;

s=212+42¢-1-C ua o1amMH3. (64)
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Honmuii C, aBBajArum MuCONAATHIEK, MacaJaHHHT KOHKDeT I[IapT-
JlapHAaH Tonujaaid. Macaaan, KymHamua wapr Gepuaran Gyadmu
MYMKHH: GOUlIaHFHY (f=() MOMEHTIa MOIAHIl HYKTa HOJIHHYH XH-
co6 OolnaaH aJdIakayoH s, Macodana Typram OyuacuH, y xoana
(64)-nau

$0=0+404-C, spuu so=Cra sra 6ynamua.
Gynnan (64)-ypuura
§=2t2-}-2t+ 54

ra sra O6ynaMus.

Teannk perampa éarus MEX4aYHK XapaKkaT Te3/HIrH TYUyHHJIMac-
AaH, GalKu TpenapaTHHHT OPraHH3M TOMOHHIAH CHHIIMDUJIHII Te3-
JINTH, GAaKTePUAMAaDHHHT KVymalu, TYKMMAHUHT €MHPHJHIMI, XHMHUS-
BHH nponecc, pajiHOaKTHB CMHPHJIHLI Ba UI. {. NPOLECCAAPHHHT Te3JH-
TH XaM TYWYHHJIHIUH MyMKHH GYJraH# yuyH HHTerpaijam #yau Gu-
JlaH OpraHH3M CHHTAHDraH NpenapaTHHHT, GaKTepuasap MHKIOpH-
HHHT, €MMDHJITaH TYKUMa MHKAODHHHHT Ba Wy KaOHJIapHUHT Teruui-
Jin4a BakT OHJaH GOFMaHHILIADHHH TONHIU MYMKHH.

§ 8. AHUK MHTEIPAJ

AuHK HHTerpaanu KYpHO YHKHIIAAH aBBaJ Wy TyulyHuara oau6
K€JNYBYH HKKH THIHK MacaJaHH KYypu6 uMKHWI MaKcajira MYBOQHK-
AUp.

1. 3rpH uH3HKaM Tpaneuus 103unK XHcolaaiu

Ipacdurn 13-pacmaa TaCBHpJAaHraH QYHKUHA y=f (x) Gepuaran.
X VKn ycTHza a Ba b HyKTalapuHu Tanaab oaub, ynapaan srpu uu-
3HK OHJIaH KeCHIITYHYa ICPNCHAUKYJIAD  YTKAa3aMH3. IrPH YM3HK
NEPNEHAHKYAAp Ba X JK OGuiaH uyerapasaHran (GHTYpaHH 3TPH YH3HK-
Jn Tpanenns AeHunanu. Iy TpanelnHsHUHT 103HHH KaHnai xucofaam
MYMKHH? .

[a, 6] xecMann aifipum Maiina KecMaJsapra 6y/aH6 uHKaMH3.

Yo=a<x<Xo< . .. <X << L. <xy =b.

Xap 6up KecMa Humpa 6UpOPTA HXTHEPHH HYKTaHH TaHAA6 OJNAMHS3:
XoXy(Ax;) Kecma HUHAa—Fk, HYKTaHH: Xo<ky- X,

X Xo(Ax,) » kg » P xp<lRy<X, Ba X. K.

'xl—lxl(Axl) » »” _ki ”» : xl—1<kl\<‘xl Ba X' K'

f(R1)Ax1, f(k)Axo, ... KynadtManapHeu Ty3u6 4HKaMHu3. Byuzai
KyNalTMaHHHT Xap 6GUDH acocH KecMma Axy, Axy, ... ra, Ganangauru

5C2 TETHILIM KeCMAaHHHT HXTHEDHH HyKrajaru f(x) dyuxkunsuunr
KUAMATH 6YaraH TYFPH 6ypuakAMKHHHT lo3ura Tenr 6ysnanu. Bymamaii
KYNaATMaNapHUHT HHFHHIUCH:
n
L f(k)Ax; . (65)
i=]
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6apua TYFpH TYPTOYpYaKAHK/IAp 103Hra TCHLAHD. Yaapnan 64p KHE-

mu 13-pacMma KypcaTHaraH. & CHMBOJH, HHHD kuiimataapu 1, 2,
i=1

3,..., n 6yaran xoama, f(k;)Ax; Hunr Gapua XainapH HHUFHHIU-
cunu udopanaiind. Arap KecManapHHHT Xap OupH eTapiH lapaxaia
KHYHK OYyuaca, sbpHH Ax—>0, Axy —0 Ba X. K. 6yaca, 13-pacmaa KypHJI-
raHHua IUTPUXJAHTAH COXa 3TPH -

YH3HKJN TPANELHs I03Ura SAKHH-
namanu. Hyuunr yuyn 6y Ttpa-
MEeLHAHAHT 1034 .

i1
i

Bt

77
LU,

n
S—Jim X fiki)Ax; (66)
- Ax;—0 i=1

G

I
7

%

I7//

Ulyunait Kuaub, 3rpH UH3HK-
JIM Tpaneuust 103WHH XHcoOsaul

TYFpUCHAATH Macaja HdAFHHAM 0  xsalx [ X" Koy X0 kel X
(66) sUMHTHHM  aHHKJADIra |t L l
onub KeJganH. ty K A Ap
2. Varapyeuu Ky4 HUIHHH
Xuco6aa 13-pacm.
JKucmra gyiunrad kyd X yxu
6yiiuua wysaarad sa X ra Gor- £ :
MK, s’bHU X HHHT (yHKIHACH: YAk X
y=f(x) 6ymncun pedauk. Y3ra- % ,(f,a ,?, Z...Xi_, XC‘,.".X,,:_, x,,:__d
pyBuH Kyu 6axkapraH MLIHH Kal- '
Jafi Kuaub TOMHul MYMKHH? 14-pacm.

Kyu KHCMHH Xo=a JaH ‘
X,—. b raua cuaKHTraHga W Oaxapaia (14-pacm). By Macoda-
Wy Mafiga Gyaakaapra 6Y/iu0, aBBaJrH Macajara yxmau, KymaftTMa
Ty3aMH3:

Sk )AXA

VmyMan aiitrania, Oynnafl KynadTMauuHr - xap GUpH KY4YHHHT
Ax; yuacTkajza OaxkapraH MIIHra TEHr sMac, JEeKHH Ax; KecMa eTapJH
japaxaja KHuHK Oyuca, y xonna Oy xymadtma G6axkapuaraf HUIAAH
KaM (apK Kuiand. Y3rapyBuH KyYHHHT HIIH afipuM KecMajapia
(yuacTkanapna) GakapuayBud HULIapAaH HAFANALH, UIYHHHT YdyH
KyHuaaruiy €3uul MyMKHH!

-

n
A=Ilim X f(ki)Axi, (67)
Ax;—0 i=I

Gy epad xamnaw Gapua Kecmanap Oyiinua a naH b raua ©Gaxapu-
JaIH.

Ulynpai kuau6, y3rapyBun KyUHHHT HIIHHH xucobsam y4yH XaM
finFMHAM (66) HUHT JHMHTHHH aHHKJA# OHJIHII Kepax.
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3. Hurerpan iiurnann. Anng HHTerpaa

AprymenTHHHT afipuM KecMaJapH Y3YHJHKJapH GHjaH KecMaJjap-
HHHT HXTHEPHH HYKTacHAa ONMHraH OYHKUHs [ (x) KHAMaTHHUHT XY-
naHTMAaCHTa HHTerpaJ HHFHHAM e afTunamn .1(65) ra xapanr].

IOkopuna Tabpudaanran Hkkaaa Macaslajia XaM, KecMaJapHHHT
Xap GHPH HOJra HHTHJATAHZA, S'bHH AX; —>( 6yaran xoana (6y epaa
i=1,2,3,.., n) HHTerpas AMFUHAH JHMHTHHM TONA GHJIHIL 3apypJau-
TH KYpHHHG TypHOAH. MacajJaHHHT MaTeMaTHK  KHXaTAaH O6yHjaki
KYHHJHWH aHHK HHTErpaj TYLIYHYacHra OJIHG kenaan. Ly tywmys-
YaHH KypHO YHKaMHs3. .

Arap dynxuus f (x) 6upopTa x=a nan x=>b raua 6yarau OpaJHK-
Aa Axi—0 pa uuTerpana HHFMHAK. (65) MuTHaran / CoOH MaBXya 6ya-
ca, ¢yHKuHs HHTerpaJJanaguraufup. By xoana 7 conm f(x) ¢dyHK-
UHAHHHT [a, b] opaankaaru anug unTezpaisu pefnnagu Ba y

J=§f(x)dx (68)

Guaan GearnAaHany; [a, b] — uuTerpannam coxac, 6y epaa a — un-
TETPaJIHUET KYHH dYerapacH, b — HHTerpaJHHHT IOKODH uerapacs.

€@ BaH b opaJHFHIArH MHTerpaJ 3} HKC ae HKC» Ae6 JKHMaIH.
AATHATaHHAAH MabayMm 6yaHUIAYa:

b n
[f(x)dx=1lim % f(k YAX; . (69)
s Ax; >0 i=I

-

HIynnakh KHAHG, 5rPH WHMSHKAH Tpanemusi 103MHH Ba y3rapyBuu Kyu-
HHHI HIIHHH XHCOGJAall aHHK HHTErPajJHH TONHIN GHIAaH GOFIHKAND.

4. AHHK MHTETrpaJIHH TOMHMIL KOHJAACH
AHMK MHTErpaJHH TOMHII yuyH  Hetoton—JlefiGHun  dopmyacu-
LaH QOoHmaJaHHJANH:

b .
Jfx)dx = F(b) —\?(a) (70)

a

.
Oy epna F (x) ¢ynxuns f (x) HuHr Gomrtanruy OYHKIHACHAND, SBHH
F' (x)=f (x). Ulyugai KHJIHO, aHHK HHTErpaJiHU TOIHII YYyH Goul-
JaHFHY (DYHKUHSHH TOMHIN Ba Oy Gomnanrny QyHkiusra I0KOpH Ba
KYHH Yerapasapuu Kyiuo, aiupu Jgosum. Kypcatuaran aMaJlJIapHHHT
KETMAa-KeTJIMTH YMYMHUH X0JJa OfaTaa KyHHaaruua €sujanu:

b b
- [ A(x)dx = F(x) = F(b) — Fa) (70a)

Mucoananp:
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pye=2]°_8 3 _98 2
l)éﬁxdx 313*-3_3‘3“323’
/2 /2
2) | sinxdx= — cosx =0—(—-1)=1
o 0

5. AHHK HHTEerpaJIHUHT 6ab3H Xoccajapu
1. Arap WHTerpaJsam yerapasapH O6up Xua GyJaca, y X0JAa aHAK
MHTerpaJ HoJra TeHr OyJjanu:

Tf(x) dx=0. (71)

By Hbioron—JleiSuun dopmynacn (70) nan xeanb 4uKanH.
1. Arap HHTerpajJiaul derapajapH aJMaWITHPHAHG KyHHIca,
yHAa MHTeTPAJHHHI HIIODACH TECKapHCHTa ysrapain:

-2 a
i flxydx=— g f(x) dx. (72)

By xam Hbtoron—/J/lefiGHun dpopMynacuian Keanb YHKaIH.
111. Arap xap Kauma# TapTHOAaru CORJAp KaTopu a, b, ¢,..., k, I
G6epuaran 6yaca, y xouaaa
l b

¢ {

[ fx)dx = { f(x)dx + gf(x)dx +t {f(x)dx 6ynamgu. (73)

a a
Bynu yura coH a, b, ¢ 6yiran X0 yuyH HCOOTIaKMHUS. (70)-ra myso-
ik .

b c

{ f(x)dx = F(b) — F(a); Igf(x)dx = F(c)—F(b) uu €3amus.

2 .

By u(01anapHHHr TETHULIHYA YHT Ba Yam KHCMJJPHHH KyllaMHu3
b c
f flx)dx -+ [ flzx)dx = Fle)— Fa),
Q
. c
6y, (70)-ra acocas, ff(x)dx ra TeHr.
a

6. HoaHMK HHTETPajHW 3rpH YM3HKJM TpPaneuus 103MHH
Ba 3JACTHK KYYHHHT MIUMHK XMCOOJAAI yuyH TaTGHK ITHLI
M ucoua. [Tapa6oaa teHrnaMacu OepHATaH:
y=x2. a=2 pan b=4raua 6yaras opanauxaaru-(15-pacm) srpu 4HH-
3HKJH Tpaneluys I03HHH TONHHT.
4 s |4
X 48 23
Eunm: S= xdx =5 | =3 —3 =~ 18,6 xs. Cp.
2 : 3 3
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Macana. aacruk npyxuna Sup YUH MaxxaMmJaaHu0, HKKHHUM
YUU Xi laH Xprava TOPTHAMG 4y3uaazu (16-pacm). By xoaaa Gaxa-
PHJAAANTaH HIUHY TOIHHI?

v

/7

_9_

4|

1L

‘ 1 1 L
172 JF 4

15-pacm. 16-pacm.

Eunm. Ilpyxunand uysyBum Kyd yHHHT JedopMaLHsiaHHIIArA
Gorang Ba I'yk KoHyHHra MyBohuK .

Fo=kx

ra teur, 6y epia R — npyxuHa K4TTHKJHLH. By Qopvy.Ja npyxHuHa-
HUHT YHT TOMOHIArd YYMHHMHT BasuaTH x=0 wuykraga (l6-pacmra
KapaHr) TypraH BaKTAa 3JMacTHK Kyunap OG§aMaiIHraH LIapoHTia-
THHa TYFPH KeJafu. (67) Ba’(69) ra acocaH, NpyxKHHAaHH YY3yBuH
KYUHHHT HIIHHH TOMAaMU3:
X2 Xe kxg kx%
Ay=\ Fdx= 3kxdx=T—-2—.
X1 X1

[Ipyxuna snactuk Kyunapunuur A,, umu A, ra Teur 6yaub, tec-
Kapu uimopara sra GyJsaauu.

§ 9. IMGDPEPEHLUAJ
TEHTJIAMAJIAP XAKHJA
TYHIVHYA

1. Tanpud \B
Homabnym y dyukuus, spkuu y3rapybBun Ba GUPHHYH, HKKHHYH
Ba X. K. TapTHOAaru XocHjasapra sra Gyarad TeHraamara AHQdepeH-
uHan TedriaMa gae6 adtunanu:

Fy,x, 9,y ..., ym )=0. (74)

Huddepennnan TenraamMaHunr TapTHOH Ma3Kyp TeHrjamara KH-
PYBUH XOCHJTaJap TaPTHOMHHHI 3HI KaTTacH OWJaH GeJrHJaaHaii.
A3y\ 4

Macanau, 7es) +T3x%y=0 yuunun TtapTHGan duddepeHnan TeHT-
Jama 6yaangu. ‘
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Jduddepenunan TesrmaMaHH eudm Ma3Kyp TEHIJIAMAaHH KaHOAT-
JAauTHpaiurad y=[ (x) QyHKUUSHH TONHIU AeMaKAHD, S'BHH IOy
(YHKUHAHH, IIYHUHFAEK YHHHT XOCHJAaJapHHH TeHrjamara Kydrasaa
alHHAT ONMHAJHTAH GYIHIIH Kepax.

2. bupunuu raprubau puddepeHunan Tenrgamagap
Huddepennuan TeHraMajap TY3ull Ba €4ULI MHCOJJIADHHH KY-
pud yHuKaMu3.

Mucon: BupuHun tapTHOnH uddepeHnuan TeHITaMaHM eUHHI:

. dy
y = 2xy éxu ax = 2xY. (75)
X
Eunw. x Ba y y3rapyBunjapHH TeHrJaMaHHHT TYPJH TOMOHJIApHU-

ra yTkaszaMmus. ‘

dy ;
5 2xdx. (75a)
By udonanu unrerpannab
e} d Ig)
s 2 \ xdx,
JY .
Iny=x?+C (76)

ra sra 6yJaamus.
Tenrsamara In y KHPrauJurH yuyH AOMMHAHH Jorapudm IakKJAHAA
Hponanaw, sipuy (76)-ypHura

Iny = x2%-4- InC éxu In % = x2

mwakjgja €suw Kyjaid. KefiHHIH TEHRMJIUKHH MOTeHIHATACAK,

y=Ce** (77)

.

HU 0JIaMH3.
(77) -udpona (75)-dugppepenyuan rencramanune ewumu 6yaagu.

EYHmHUHT TYPpHANTHAN TexkiupaMus. Byuunr yuyn (77)-1anm xo-
cHJ/1a OJ1aMH3:

y'=Ce*.2x. | ")
(77) Ba (*)-um (75)-ra Kyiiu6, yuly aHHHATHH OJIAMH3:
Ce**2x=2x Ce**;

nemak, (77)-xakukatau (75)-1iu¢)¢epeﬂunan TEHIVIAMAaHHHT €UHMH
O§nap skaH.

HonMuit C Hu KyluuMya: GOLJIAHFAY, OXUPTH: YerapaBuil Ba L. V.
apriaapaan ronaaunap. Macaaan, GepuiaraH TewraaMara Moc HyK-
Ta x=0, y=2 Gepuarau G6yacuH; 6y KuiimaTiapun (77)-ra- K§iiu6 -

14—99) 279
www.ziyouz.com kutubxonasi



2=Ce°=C; C=2 ra sra 6yramus.
Auan auddepeHnnan TeHrIaMaHHHT eyuMH OyTywsaail aHHg 6yaanu:
y=2e** , (77a)

(75a)-reHrsaMaHH aHMK HHTErpaJ TyllyHyacHias ¢o#aananub Goii-
Kauapok KuauO XaM eynimr MyMkuH. Kyi#in uerapasap cudartuna us-
JaHyByH QyHruuara Moc x=0, y=2 HyKTanap KOOpJAHHATaJapHHH,
I0OKODH uerapaJjap cudaTuia — x Ba § y3rapysuujapHu (ysnap o¢Hk-
cauus/naHrad smac) Kyiu6, (75a)-Hm HHTerpaJ/iaiMHs.

y x
d
ji =2 y xdx,
y
2 0
y xoJja

2
lnl:Qf_; :28"(’ ra asra 6“JIaMH3;
7 =<3 Y Y | w

Hatuxka (77a)-ra TYFpH Keaaju.

Macana. Bupopra opranfari JOPH INpenapaTH MHKIODHHHUHID
XHMHSIBH €MHDHJIMII HAaTHXKAaCHAAa HKKH MapTa KaMaiHlH yuyH KeT-
raH BaKTHH TOIHHT.

Euyuw. Bomnanruu (f=0) MoMmeHTZa opranaa Masxya Gyaran
npenapaTt MHKAODH my. Bupop aiinn MOMeHT f{Ja eMHpHJIMaraH mpe-
NnapaTHHHr MaceacH mra TeHr. Erapanua kuuuk df BakTaa dm npe-
napaT MHKIODH €MHDHJAraH. dm XUMHSBHH eMHpPHJMII JAaBOM 3Tran
BaKTra nponopuUHOHAMIAD AeHHIl MAaHTHKJAUIUD, TBHH

dm=— mdt;

A — npenapaTHUHr Ta6HaTHra, TalIKM LIAPOMT Ba WI. ¥.Japra GOFIHK
6ynanuran 6HpPOp NOHMHN KaTTa/JHK. «—>» HUIOpa NpenapaTt MHUKIO-
PHHUHT BAaKT JaBOMHJa KaMa{HIIHHH KypcaTaiu.

Kefiunry TeHr;naManarn yarapyBudJIapHH aXKpaTaMu3:

am o dt.
m

caJjia ‘iapTjapHra Moc 3KaHJMKJIapHHK\XHcobra oanb, 6y auddepen-

Ky#in werapanapuur 6ousiauruy ma,gnapra, IOKOPHJIaPHHHT — Ma-
IHaJ TeHIVIaMaHH HHTerpajaiMuas:

mf2 t
S 5”—’=—xj“ dt; In 2o =it
m 2m,
m, o
Byunau
t=I1n2/i.

By guiimat macajaja KyAu/ran caBOJIHMHT XKaBOGHAHP,
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3. HkkHHYH TapTHOIH nudupepenhua.n TeHrJaama

Mucon. Ysynaursu [ Ba Maccacu m OYIraH MateMaTHK MasiTHHK
rapMoHHK TebpaHaiu. YHHUHI XapakaTHHH TabpH(aoBUH JubdepeH-
IIHaJ TeHrJaMa TY3HJCHH,

E un . MasTHHKKa UNHM TapaHMIOBYH Kyd Fr Ba epra TOPTHJIHII
Kyun mg (6,2-pacMHH KapaHT) TabCHp 3TalM. MasTHHKHHHT OFHII
O6ypuaru o HH KHYHK Ae0 (papa3 KHIaMHu3, WIYHIa MasATHHK Xapaka-
THHH TYFPH UYH3HKIH Ae6 Kapalml MYMKHH. TeHI TabCHD 3TYBUH Kyu-
HHHT

F=—mgtga~—mg x/!

9KaHHHH KYpHMII KHHHH sMac; 6y epaa fg a~x/l TakpuOuii paBuuIza
KaOyJs 3TH/aaldH, «—» HIIOpPAa Ky4 UHYHAaJIHIIHTa GOFJAHK, & — 3PKHH
TYIIHII Te3JaHHIIY.

HbIOTOHHHHT HKKHHYH KOHYHU GViinua

g - dt2

g/l=0? 6uan Genrunacaxk, KelfiHHrH MyHocabataaH
d3x
— T — (!)2x (78)

ra sra 6yaamus.
By oaxHran auddepeHunan TeHrJIaMaHHHT €YHMH

x=A cos (of+qo) (79)

6ynann; 6y epma A — Te6paHHLLIAD aMIOAUTYAACH, Qo — YJapHUHT
6olunadruy ¢asach.
EuHMHHHT TYPPHIHIHHA TEKIIMPHII YUYH

x'=—Aw sin (ot + ),
x"=—Aw?cos (ot +qq) (*)

HH TONAMH3.
(79) Ba (*) nu (78)-ra KVyiicak, ymby adHHATHH OJaMH3:

—Aw?cos (0t +go) =—a? A cos (ot +¢p).

(78)-TeHrnaMa MaTeMaTHK MasiTHHKHHHI €KH TrapMOHHK Te6paHaérT-
TaH HCTaJraH MOJIHH HYKTa XapakaTHHHHI TeHMJlaMacHAHp. By TeHr-
Jlamara KHpyBuM A BA @o KOHCTaHTaJapHHHT KHiiMaTiapH O6OULIAH-
FHY lapTyiap — OOUJIaHFHY CHJ/DKHII Ba OOLLTaHFMY TE3JHK — 6iin-
ya GenrusaHangy.
4. Xycycuit Xocunanu auddepeHunan TeHriamManap Xxakuaa
TYWIYHYA
By naparpadna oxopuna kypu6 YHKH/IraH TeHrJaamanapra 0dout
AupPepeHnran TeHIIaManap Aeiuaanu.
Kyn ¢usuxapuii, mexanukaBuit Ba GOLIKAa TNpoueccaap XycycHii
XOcHJanH AHddepeHnnan Tenrmamanap GunaH uHpomananagd. Xycy-
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CHH XOCHJANH TeHr/iaMazap GHD Heua 3IPKHH Varapysuuaap {maca-
JIaH, X, Y, 2) HHHT HOMabiayMm (&) QYHKLHSICHra Ba yJAapHHHE XycCy-
o o 0%u , 0% , o%u
- e — _—= A
CHU XOCHJIaJlapHra 3ra 6ynaanu. Macanan: ox2 T gyE T oz = e
Xycycuii xocHjanu auddepeHnual TEHIJIAMAJAApHU €YHIU AHYa
Mypakka{ Macajlaiup Ba MasKyp Kypcla Kypu6 4HKHAMAMIH.

§ 10. BEKTOPJIAPHUHT
CKAJISIP BA BEKTOPHH
KYNAUTMACH XAKHIA
TYLIYHYA

1. BekTtopaapHuHr cKaRsip kymafiTmacu
UKkH a Ba b BEKTOPJIADHHHT CKaisap KymaiT™MacH ae BEKTOpJap
MOLY/IApHHUHT yJap OpacHAarTH Sypuak KOCHHYCH OuuaH Gy.ran
KynadTvacdra TeHr GyJiraH ckaasipra aiTiaazn: A=ab cos . Cka-
Jsip KynaiTMa Kyfdugarnda GearumaHany;

A=ab. (80)

Arap KyduHHHT HYHaJHIIH CHJDKHIUra Huc6aTaH, INYHHHTAEK, YHHUHT
KHiMaTH y3rapMmac 6ynca s, cwkHwl BaktHna F Kyunumr 6axapa-
JHTaH HIIH CKajsAp KynmaidtMmara MHcoa GyJja onamy:

A=F-s=Fscos a.

2. BeKTOpaapHUHr BEKTOPHH KynalitMacu )

BekTopiapHuHr BekTOpuii KymaiTmacu Ae6, KynaMTHPUAYBUH BeK-
TOpJap €TTaH TEKHCJHKKA NepneHAMKYJAsip 6yJaraH BeKTOpra aiTHJa-
au, Oy BeKTOp WyHAal #yHaaumra sra OYJanukd, arap 6UpHHYH
KyNa#THPHJIYBUM BEKTOPHH HKKHHUH KyIaHTHDHIYBUH BEKTOp TOMO-
HUra KHYHMK Oypuakka XaélaH alsmaHTHpHJCa, OyHAail aiJaHHmra
Gornuk OynraH, YHr BHHT KynafTMa — BEKTODP RYHAJIHILH 6ylinua
cwxuiiauran Oynann (17-pacm).- Bekropuit kynaiitmManu mrapTiaH
cypaTia Kyiduparaya €sajuaap:

c=aXhbh. : (81)
Bexropuit xymafitva con XHMXaTAaH KYNaHTHPUAYBYH BeKTOpJAp

MOAYNapu OuiaH yaap opacHAarH Oypuyak CHHYCHHHHI KymaiT™Ma-
CHCA TEeHT:

c¢=ab sin a. ' (82)

§ 11. 3rPH YH3UKJIH UHTETPAIJI
XAKHIOA KHCKAYA
MADBJIYMOTJIAP

®asona L srpu uusHK Gepuarau 6yuicun (18-pacm).
dasoHHHr Xap GHp HyKTacHra, AeMaK, STDH UH3HKHHUHT XaM xap
6up HyKracura GMpOpTa BEKTOp MHKAOP, MacajaH kKyu F, ajiektp maii-
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AOHHHMHT KyusaaHrawiaura E, cyloxank 3appauasapuHEHT Xapakar
TE3JMTH V Ba X. K. MOC KeJlalH. a BeKTOPHHHHT (a3ofa MaidoHu 60p
aeb ranupHm KalOysa KHJIWHTaH.

L srpu unsukuu Py, Py,...., Pi,... RyKTanapu épaaMuis aiipum
Mafifa €inapra 6ynamus. Irpu uH3HKHHHT GupopTa P: HyKTacuaa
a; BEKTOPH MOAYJM Onaan moc €it Al; y3yHJHTH Ba yJap OpacHiar
Oypyak KOCHHYCHHHHT (BeKTOp OuJlaH 6y HyK-

TaJard 3rPH YM3HK YDHHMAacCH OpacHAard O6yp- ¢
YaKHHHT KOCHHYCH) KyNaHTMacCHHH Ty3aMH3:

a1 Al; coso;. OrpH YHM3MKHUHT Gapua &iaapu 6Y-

fnva mynpai kynaiTmanap HHFHHAMCHHH Ty3a-

MH3: :

—_——

n Fo
La; Al cosoy (83)
i=1 17-pacm.

n YeKCH3 Yycrawgard Ba Oapya €fiMap HOAra HMHTHITAHATH
AuFUHAM (83)-HHHT JIHMHTHTa 3rpu YH3MKIM MHTErpajt AeHu/Iagu:

s’a cos adl=lim La,; A, cos 4, ; (84)
, Ali—o

HHTErpas ocTH uopanaru dluu BekTOp KaGH Kapall MyMKHH Ba
L1y BaKTAa 3rpH YH3HKJAH HHTErPaJIHH cKaasap KynafiTMa opKaJjn
nbponanam Kymnai.

Ya. cos odl={a-dl, (85)

. -

OTpH  UM3HKAH HHTErpaJ-
HHHT sfHAa OHp €3HII  YCYJHMHH
TaKJAUG KHAHLUI MYMKHH.

Arap @ cos o BeKTOp a HHHT
dl  #yHanmumura TymMpuAras
HPOEKUHACHTa, IbHU @ Ta TEHT
3KaHJIHTY XHcoOra OJIHHCA, LIYH-
[a 3TPH YH3UKJH HHTErpaJiny ymoy MAaKaAAa €3ull MYMKHH:

184pacm,

Y a; dl. (85a)
L .

Enux srpn unsuk Gyfiiya ONMHTaH 3TpH UHSHKJAN MHTErPajHH
LUHpKyasuusi 1e6 aTtaliaunap Ba KyHiugarduya Gearunaianaap:

: - ‘ <§§a1 dl. (856)
l P
213
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§ 12. COEPUK KOOPOAHHATAJIAP

®dazona M HykTaHHHT Ba3usATH (akaTrusHa JlekapT KoopjaHHaTa-
Japuia OepHamal, cepuk KoopAHHATAJapia xaM OEpPHJHIIH MyM-
KHH (19-pacM): r — pamuyc-BeKTOPHHHI V3YHJHTH, ¢ — Y3YHJHK,
6 — Kytouii Macopa. CaHalHHHr Myc6aT HyHanauM pacMpa Kypca-
THAraH. OPKAH Y3TapyBUHJADHHHT ¥3rapuin ,4erapajapH KyHHaa-
ruua: ‘

OLr<ooy—aosw 0L < m,

Hekapt KoopAuHaTanapH chepuk KodpAuHaTanap OGuaaH Kyfiu-
JIaru myHocabataap Guaad GOFJIaHanu:

x=rsin®cosg; y=rsinBsin¢; z=r cos 6.

Cdepux cumMerpusira sra OyaraH cHcre-
MaJapeEH cepuk KoopAMHaTajdapila Hpoxa-
Jai MakKcaara MyBOHKIHD.

§ 13. TACOZH®UYN BOKEA.
3XTHMOJJTHK

Typauw Xoaucamapuin Kysatuaragga S
wapraap OuaaH 6upop A BOKCaHMHT py# Ge-
pHIIH €KH 6epMac/HuTH OpacHia HKKH XHJ
OoFnanuill GOPJHrHHH NMafkall MyMKHH. basb-

19-pacm. 3M XoJJapia uapriap KOMIUIEKCH S HHUHT
aMaJnara OWHPHUJAHIIN (cHHaw) OGesocuta A
BOKeaHH KeJTHPHO uukapaiu. Macanal, maccacu mp 6yJaraH MoAAKH
HYKTa F KY4YHHHT TabCUpH ocTHAa (wapt S) a=F/my rtesnauuuira
sra G6yaaau (Bokea A). Doilika xoJsapja CHHAIU Kym MapTa Taxkpop-
JauraH A BoKeaHHHr mafigo Gyaumn éku 6YJIMacAurura oo KeJaHilH
MyMKuH. DyHnait BoKeanapuu racoduguti ne6 araul Kabysa KHJIHHTAH:
MabJyM KacaJJMHK GufaH OFpurad GeMOPHHHT Bpay KaGuHeTHAa NaM-
10 Gyuuiy, oTHG TAIUNAHTAH TAHra NYJHUHT GEJrHJAd TOMOHH GHJIAH
Ty KOJMHIIH Ba Oolikanap 6yujaall Tacoauduii BokeasapaaHiup.

Tacozm(pnﬁ XoaHcajapuu Geca6alb, xeu Hapca OHaaH wapmian-
MaraH fe6 yisam MyMKHH 3Mac. MabJIyMKH 6apua xogucajap ¥s-
apo Gornanran GyJamd, OMTTa XOAHCa OOLIKa OHPUHHHI HATHKACH
Ba V3H 3ca KejaxXarmHuur cababu Oyaaau. Bupoxg wapriap Ba BO-
Keajap opacuiari 6y GOFIaHHINHH MHKAOpPHi paBHIIAa Ky3aTHO
6opum KynHHYa KHAHH, XaTTo MYMKHH Oimaitau. JKyMmaagaH cokka
tajunaw yiunuana (oatu éru 1, 2, 3, 4, 5 Ba 6 KuaAu6 HOMepJaHrad
KHYMK 6up KHHCAH Ky6 Tawna6 yHAHau) KyGHHHT CYHITH BasHATH
Talljaum nadTHAard KyJa xapakaTWra, XxaBO KapUIHJAMIHMra, CHpPTra
TYIWIraH BaKTHarH KyOGHHHr BasusTHra, Ky6 TyWIraH CHPTHHHI XYyCV-
CHATJAapHra Ba IIYHra yxwam xap GHPHHH ajoxupa Xucobra OJHII
MYMKHH 6yaMaiaHran ¢akropaapra GOFJIHKIUD. .

Typmymna tacoauduit Bokeasapra TaTOHKAH <«OyJHIIH MYyMKHHY,
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«3XTHMOJI», €KAM 3XTHMOJ» JleTaH cysnap HULIaTHIalH. bab3u x04-
nappa GyHpai GaxoJaml BOKEaHHHT xaKHKHit pyii Gepum €ku Py
fiepMacauruial Kypa randpyBYHHHHT {3UHUHT XOXHIIHHH KYIPOK Xa-
pakTepaaitiu. JIekHH TacoaMOui BOKeajsap XaM, arap YJaPHHHT COHH
erapan japaxaja kyn Oyica, MyaiisiH  KOHyHHsTJIapra OyAcyHajiH.
Tacoau¢uii BoKeasapra OHA KOHyHHsTJAapra MuKa0pHil 6axo Oepuin
MATEeMATHKAHHHT 9XTUMOAAUKAQp Ha3apuicy AeG aTalyBUH 6y IUMH-
na ypraHujajgH.

IXTHMOJJIMKAAD Ha3apHsiCH Kymaa6 (CTaTHCTHK) TacoAHpHH BO-
KeaJapra TeTHILIH KOHYHHATJIApHH ypranaan. AfipuM TapuXHH
(akTaap, «KyTHIMarawjlHKAap», «XaJoKaTiap» sroHa, TaKpoOpJaH-
Mafiiurag BOKeaJapAaHIHp Ba ynap TYFpUCHAA MHKIOPHHA 3XTHMOJIUH
My/oxasa KHau6 Oynmaiinu. Tapuxan 6y HasapHus KUMOp YHHHJIap-
HHHT HATHXKaJapuiaard TyDJAH HMKOHHATIapHH xucobjamra HHTH-
AumJap 6unaH Goraanub mnaino Gyarad. Xosupru samonza y ¢anua,
wy OuiaH 6upra, amaiuii MyXuM BOKEaJapHHHT 5XTUMOJIJTUTHHH
6axosam yuyH, GHOJIOTHsI Ba MeluHUHMHAAa XaM KyJanaHuaafu. Y#ue-
JapiaH (akaT Ha3apuii KOHYH-KOHIaJapHH TacBHpJalila doipana-
HHLI YUyH KyJail 6y/rad mucojaap KoJsras XoJoc.

1. AXTUMONTHKHHHT CTATHCTHK Tabpudu

P (A) 3XTHMOJIIHK 3XTHMOJJIHK Ha3apuschia CHHAIIHH Kyn map-
Ta TAKpOpJall BAKTHAA KaHIAH MaBiIyM tacoauduil BOKea A HHHT
coaup OYMHUIHHE KYypCaTyBUH COHMl XapaKTepHCTHKa CH(paTHAa HAMO-
éHn 6ynanm.

Viiun coxgacunn 1000 mapra Tanuiaraijia 4 pakamy 160 mapra
_TyumchH Aeinuk. 160/1000=0,16 nuc6aT MasKyp CHHauIIap cepuacHia
4 paKaMHHHT HHCOGHI TyHIMII YaCTOTACHHH KypcaTaiu. YMyMHi X043
3PKWH CHHAILJIAPHHUHT n CepPHACHAA A Tacomnduit Bokea m Mapra pyH
gepca, 6y CHHaulIap CepHACHAArH 80Keaiap Hucbuil 4acrotacu €xu
wynaak A BOKeaHHHT yacTOTacH 1eb

‘ P*(A)=mn (86)
uucbaTtra anTmiags. CHHamzap CoHu KaTra OyaraH xonaa BOKed
yacTOTacH TaXMHHaH y3rapMmac 6ynaju;, CHHamiap COHHHHHL Kyna-

- MM BOKEAHHHT Y3rapHIl 4acTOTACHHH y3rapMac MHKAOP atpodHIa
KaMaWTHpalH. .

-CHHAII COHH YeKCH3 KymaiiraHia BOKea- 4aCTOTacH HHTHJIAAHUTAH

JHMHTHH TaCO0UQuUil 80Keanun2 dXTUMOLLUSU Je6 aTaHMH3:

P (A)=limm/n (87)
‘ n—oo
AHa WYHHAT §3H 3XTHMOJJIHMKHHHT CTATHCTHK TabpUGHAHD. -
DXTHMOVUIHKHY aHUKJALI YYyH Xed KHM Ba Xeu Ka4OH HEKCH3 Map-
Ta cHHAm YTKa3a OAMACTHrH Tabunil anGarra. Bynunr xeu 6up Ke-
pakaura xaMm iyx. Amanma (87)-Tanpudra xypa, Kyn COHJH CHHAUI-
Jap BaKTHAA BOKEAHHHT HHCOWH 4YaCTOTACHHH SXTHMOJIHK ypHHAA
kaOya kuanm Mymxus. Macanas, Ky HULIap AaBOMHAA Ky3aTHiraH
TYFHJMUIHMAT CTATHCTHK KOHYHUSTJIApH AcoCHAa TyFHJIa/Hrat ry-
JAKHHHT YFHJ OYJHII 3XTHMOJUIMIHHH 0,515 xuaub OGaxonanaunap.
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2. IXTHMOANUKHUHT KAacCHK Tabpudu

Arap cuHamnap Bakruia Tacoaudpuii Bokeagapran GHpHHHHT
GowKanapra Huc6aTan Te3poK 6yaub Typum cababu O6ynmaiinuran
(rene UMKOKUATAL 60Kearap) Gyica, 3XTHMOIJIHKHHU Hazapuii myao-
Xasanap Oyinvya aHuKJIam MyMKHH. Macanan, ranra nyanu IOKOpH-
Ta OTHLIAA YHHHT repbu 10KOpHAA 6§an6 TYWHII YacTOTdCHHH (A Bo-
Kea) aHHKAaAMHS. Xap xua SKCIOEPHUMEHTATOPJAD TOMOHHIAH 6up
HEYa MHHT CHHALIIap HaTHXacHaa GyHpaii BOKEAJAPDHUHT HHCOUMN
uacroracu 0,5 ra sikun KHHMATJIapHH Kabya KHATAHJIHTH aHHKJaH-
rad. TaHrawwer rep6 Ttomonm Guian TYWHIIH €KM Kapama-Kapuu
TOMOHH GHunan Tywumu (B BOKea) xam, TaHra CHMMETPHK Oyaranu
XO/M1a TEHr WMKOHHATAH BOKeasap OyJraHHHH XHcoGra 010,
P(A)=P (B)=0,5 XaKularg Mymnoxasauu Gy BOKeasllap uacTOTaJa-
PHHH aHHKJAaMacAaH KHJMLI .MyMKHH, Bokeanap «renr umkouusTan-
JIUTA» TYIMYHYAaCHIa acOCaH 3XTHMOIHKHH bowkaya Tabpudaam
MYMKHH.

CrHam HatuxacHga nra Tenr UMKOHHAT/IH BOKeanapaaH GHTTa-
CHTHHA DY¥i GepHIM MYMKHH GyncuH, meHsHK. Texkmnpunysun A
BOKea m MapTa A BOKeara Kynai Xonna pyid Gepu6 Ba Kosran, A
BOKeara Kyxaal 6yJamarad n—m XoJ1apaa pyi Gepmaiiauran 6ynacun,
neitmuk. Ulynaa xyaait 6YAraH XOJJNAPHHHT TeHr UMKOHHATIH HO-
VypuHIOW BOKCAJIADHHHT YMYMHH COHHra HHCOATHHH SXTHMOJJIHK 126
aTalm MYMKHH:

P(A)=m/n. (88)

AHa MYy — SXTHMOJIHKHHAT K4 cc HK Tabpuduanp. Bupranukaa
ByKYyAra KeJATHDHJHMUIE MYMKHH GyaMaiinuraH BOKeasapra Hogpun-
dow. soKeasap nefiunann.

I-Mucoua Ypua (KyTH) wunga 40Ta wap 6op: 10ta Kopa Ba
30Ta 0K. Ypua Mumpan TaBaKKaJIMra 4HKapu6 OJMHTAH GHTTa map-
HHHI KOpa wapaapian 6yJuim X THMOMIHIHEY TOTHHT.

Euunum. MabKyn 6yaysun XOJJIap COHH ypHAa HYMaru Kopa wmiap-
J4p coHura rtewr: m=10. TeHr uMKOHHATIHN BOK€AJapHUHT YMYMHii
COHH (6MTTa mapHu YMKapHO OMHIN) ypHA HYMjary IIAPJAaPHUHT TY-
JIHK MHKJODHTA TeHT: 5 =40, By Bokeanap HOYDHHAOWAKUpIAD, YYHKH
€1Fu3 GuTTaruna Iap YMKapu6 oJunHanu. (88) man

P (A)=10/40=1/4ra sramus.

2-MHCcoa. Viiuu COKKaCHHH Talllaranfia xygr cou YHKHO Ko-
JIHII 3XTHMOJIJIHTHHH TOTMHT.,

Eunm. Cokka TAlIJIAHTaHAA OJITHTA TEHT HMKOHHSITIIH HOYDHH-
AOII BOKgaslap aMaira OWMPHAARH: GUTTa 1,2,3,4,5 éku 6 pakKam-
HHHT Naino GYJHIIH, SbHH n=6, 2,4 éku 6 pPakamaapnan Gurracu-
HHHT TyWIMINH: m=3 MabKys XoJJapAan 6upn 6ynaan. Hsnanysun
3XTHMOJIJIHK

P (A)=m/n=3/6=1/2.

(87) Ba (88)-Bokeanap SXTHMOVJINTHHHET TabpHpHAAH Mabiaym G6y-
JHiya 6apya BoKeadap yuyn 0 <P (4) 1.
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Bepusran cupaimuiap BaKTHAAa BYXYAra 4YHKOJAMaran BOKeaJapra
UMKOHCU3 BOKeaJiap AcHHJalM; YJAapHHHT S5XTHMOJJIMLH HOJICA TeHT.
Macanan, oK Ba KOpa WapJH ypHa HUYHJAH KH3WA wIap YHKapHO
OJIMIN MMKOHHMATH HYK, VAMH COKKacuja 7 PaKaMHH OJHII HMKOHHSI-
TH XaM HYK.

Bepusran cunamaa anbarTra ByKyJara KeJafHraH BOKeara UULOH4-
au (GocTosepHsiii) BOKea AeHHAaNH, VHHHT 3XTHMOJJHLH | ra Tewr..
Hunna ¢akat ok mapaap 6y.ran ypHaJgaH OK WIapHH YHKApHO OJHLI
HUIOHYJH BOK€a MHCOJHAAHIHP. :

Katop xonnapina BOKea 3XTHMOJJMIHHHM XucoOjali, arap YHra
COANapoK BOKeasap koMmOuHauusgcu ne6 kapajajaurad Oynaca, aHua
ocoHJamraid. By Makcam yuyH SXTHMOJJIHK Ha3apHsCHHHHT Gab3u
TeopeMaJlapd XH3MaT KUJIajaH.

, 3. IXTHMOJIMKAAPHH KYIIHII TEOpeMacH

bup newa HOypunaom BoKeasapaaH 6MTTa BOKEaHHHT (Kaicd BO--
Kea OyJHLIMAAH KaThH Ha3ap) maiilo GY/IHII 3XTHMOJJHIH yJaap 3XTH-
MOJIIATHHUHT WHFHHAMCHTA TeHT. By MKKH HOYpHHIOUI BOKeastap yuyH
KyHunarxiya €3unanu:

P (A éku B)=P (A)+P (B). (89)

By Teopemany #HcGOTJafiMH3. 1 — CHHALNIAPHHHT YMYMHH COHH,.
m; — A BOKeara KyJaft XoJsap COHM, Mg — B BOKeara KyJaai xojJap
conn. E A BoKkeaHHHT €kH B BOKEAaHHHI BYXKYAra KeJHIIH VYYH Ky-
Jdaii 6y/aran xoaJap COHH M+ My ra TEHT.

P (A éxku B)=(m+my)/n=m/n+my/n

HH €3HLI MYMKHH.
Bynaan, (88)-uu xucobra 0au6,

P (A ékn B)=P (A)+P (B) ra sra 6ynamus.

I-Mu coa. YiuH COKKacHHH Taljarauga 1 Ba 6 TymHII 3XTHMOJ~
JIUTH TONHJACHH. i

Eunu A Bokea (l HHHr TymIHWH) Ba B BOKea (6 HHUHI TYIUHLUIH)
TEHI UMKOHHATAHAUpAap: P (A)=P (B)=1/6, wiynnsr yuyH (89)-mau
TONaMHU3:

P (A éku B)=1/6+1/6=1/3.

IXTHMOMJIHKAAPHH KYIUHII (aKaT HKKHTACH YUyH 3Mac, Gajku Hc-
TajTaHya HOYPHMHAOWI BOKeasJap y4yH XaM TYFpPH KeJalIH.

2-mucoJ. YpHa uduaa 50 wap Gop: 10 ta ok, 20 Ta Kopa, 5 Ta KH-
3us1 Ba 15 ta KyK. YpHajaH OGup Kappa miap OJHI ONepauusicy BaKTH-
Ja OK €KH KOpa €KM KH3HJ WAPHHHT mafigo Oyaum SXTHMOJJIHTHHA
TOTIHHT. '

Eunm. Ok wmwap yukapum (A Bokea) sxtuMomanrn P (A)=
=10/50=1/5ra TeHr, Kopa wap UMKAapPHIUHHHL 3XTHUMOMIUTH (B BO-
Kea) — P (B)=20/50=2/5 Ba kuaun wmapuuru (C sogea) — P (C) =
=5/50=1/10. Byngau 3XTUMONJIHKIAPHH KYwuil dopmyaacH 6¥iuua:
P (A éxu B éku C)=P (A)+P (B) +P (C)=1/5+2/5+1/10 =7/10.
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Arap Gupnan-6up Gyauiin MyMKUH OY/raH HKKH BOKea HOYpHH-
pow Gyica, ynapra xapama-gapuiu BOKeanap JedAunanu. DBynpait
BOKeaJapHH, macajaH, A Ba A kuaub Gearusam kabya sTuirad. MKku
KapaMa-KaplWH BOKeaJlap 3XTHMOJUIHKJIADHHUHT HHFUHAHCH, 3XTHMOJ-
JIHKJIapHH KYUIHII TeopeMacHra MyBOGUK, GHpra TeHr:

P(A)+P (A)=1. (90)

(90)-HHHr TYFPHIMLMHU HATAPHTH MHCOJAA KypcaTaMu3. Afiraii-
JIHK, OK €KH KOPa €KH KH3HJ WIaDHHHT YHKApHJIHIWH A BOKea OyJIcHH,
P (A1) =7/10. Kyk mwapHHHr 4HKapHAUIIK Kapama-Kapmu (A;) Bokea
Gynann. Kyx wapaap 15 Ta, wapiapHuur ymymuit conu sca 50 6ara-
HH YUyH, , '

P (A)) =15/50=3/10 Ba P (A1) +P (A,)=7/104+3/10=1 6yaanu.

3-M# c 0. YpHana OK, KOpa Ba KH3HJ wapaap 6op. Kopa éku Ku-
31J WAPHH YHKAPHII SXTHMOJIMIH 0,4 ra TeHr. YpHafaH OK IIapHH
YHKAPHII 3XTHMOJIJIMTHHH TONHHT. i

- Evnw. Kopa ékm Ku3ui wapHu uHKapum BoKeacHHH A Gujan
bearunaiiniuk, P (A)=0,4; oK wapHu yukKapum Kapama-Kapmu A Bo-
Kea 6ynanu, wynga (90) ra acocan Oy BOKeaHHHT SXTHMOJLIHICH
P (A)=1—P (A)=1—0,4=0,6 6ynaxu. :

Cunawr Bagtuma (A, As, .., A,) BOKeaJslap CHCTeMacHAaH &JFu3
bHTTacH 103 6epca, 6y BOKeasap CHCTEMACH THAuK CHCTEMA LeHHJALH.
TVnug cHcTemann TaIKHA KHIYBYH BOKeanap 3XTHMOJJIHKJIADHHHHT
HHFUHIHCH O6Hpra TeHr. ’

4-MucoJ. Ypua nuuna 40rta wap Gop: 20Ta oK, 15ta Kopa Ba
5Ta Kusua. OK WapHuHr nafigo O6yaumu (A BoKea) 3XTHMOJJIHCH
P (A)=20/40=1/2ra TeHr, Kopa wmap yuyH (B Bokea) — P (B) =
=15/40=3/8 Ba xu3n1 wap yuyn (C poxea) — P (C)=5/40=1/8. By
xonaa Ay, Ay, As Boxeanap cucremacH 19K 6ynanu; P (A) +P (B) +
+P (C)=1/24+3/841/8=1 6yaranfira IOHHII MYMKHH.

4. IXTHMONNUKIAPHH KYNAHTHPHII TeOpeMacH

OpKHH BOKealapDHHHT OHpraiukia Taifo GyJuu 3XTUMOJIJIHTH
yJa1ap SXTHMOJHKIADHHUHT KynaditmMacHra teHr. Mkk#d BoKea yuyH
KYAHJaTHra 3raMH3; ' :
P (A Ba B)=P (A)-P (B). (91)
By rteopemanu mcGor xunavus. A Ba B Boxeasapu 3PKHH OYIAraHIHK-
J1apn yuyH Ara Kyaait 6§aran m; Xeanapaay xap Gupura B ra Kynai
OyJTanIapHIaH My TaCH MOC KeJdajuran 6ynanu. Mynnait xuau6, A
Ba B BOKeanapHMHT OWpranukaa mNaiao OGyJauuinra KyJaail Oyarad
XONJNIAPHHUHT YMYMHH COHH M-y Ta TEHl\\Ir_I_IYHI‘a VXman TeHr HMKO-
HHATJIH BOKEAJNapHHHI YMYMHA COHH np-ng¥a Tedr, Oy epia n, Ba Nz
Terniinya A Ba B yuyH TeHr HMKOHHATIH BOKeajxap:

_ muma _m my __ .
P (A sa B) = JHL =TL . 70 = p(A)P(B) (92)
ra ara Gynamus’
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l-mucoa. bap ypraxa 5T1a Kopa Ba 10 ta oK wmap 6yaub, HK-
KHHUNCHAA — 3Ta Kopa Ba 17 Ta oK wap Gop. Xap 6up ypHaxaH
OUPHHYH YMKAPH/IraH I1JapJ/apHHHT AKKOBH XaM: 1) Kopa Oyauuuy,
92) oK GysiHmH, 3) GHPHHUK ypHAlaH YHKAPUITaH 1IapHHHT KOpa 6ynu-
LIH, HKKHHYUIAH — OK OYJIuiiH, 4) GupuHUM ypHAfaH OK UIap HHKa-
DUJMINY, UKKHHUACHAAH 3Ca -—KOpa YHK2pHIHLI X TUMOVITHK/IAPUHA
TOIMHHT.

E u 4 1. Bupunun ypHajaH Kopa mapHH yngapu6 oauw (A BOKea)
-sxTuMosurd P (4) =5/15=1/3 ra TeHr, HKKHHUM ypHalaH Kopa Wap-
un (B Bokea) — P (B)=3/20ra, OX mwapHH Gupunuu ypuanan (A’ Bo-
kea) — P (A")= 10/15=2/3ra Ba OK LIapHHHT GUPHHUM YpHALAH UHKA-
punnm (B’ BOKea) SXTHMOJIHTH P (B’)=17/20ra renr. (91)-popmy-+
Jga Gyiinua MKKH 3PKHH BOKEAHUHT 6upraniukia Na#po Gy/aHm SXTH-
MOJIJIUTHHH TOTAMH3:

1) wapnapHUHT HKKOBH Xam Kopa,

P (A ea B)=P (A)-P (B)= (1/3)-(3/20) = 3/60;

2) wap/apHHAT HKKOBU XaM OK,

P (A’ sa B))=P (A")-P (B')= (2/3)-(17/20) =17/30;

3) GupuHUM ypHamaH KoOpa, HKKHHYHCHAH — OK Iiap YHKAPHJI-
rasja, .

P (A sa B')=P (A)-P (B')= (1/3)-(17/20) =17/60;

4) 6upuHYH ypHajaH OK Liap, HKKHHUHCHAAH — KOPa uiap 4HKa-
piranja,

P (A’ Ba B)=P (A')-P (B)=(2/3)- (3/20) =1/10.-

Bapua 6y/uus MyMKHH Gyaran typrra A Ba B, A’ Ba B, A Ba B’,
A’ Ba B xoJ1 TyauK BOKeaJap CHCTEMAaCHHH TalIKWI 3TaAMd, UIYHHHT

yuVH

P (A sa B)+P (A" 8a B')+P (A Ba B')+P (A 2 B)=
—3/60+ 17/30+17/60+1/10=1.

o.M ucoJd Ounagaru yura OOJaHHHT XaMMacH yrua GyAHLII 3XTH-
MOJIJIMTH TOMMJCHH. YFUJ TYFHJHII 3XTHMOJIIHTHHH 0,515 ra Tenr Ba
xap GUp KeHWH TYFHJraH OOJaHHHT KHHCH niarapura 6oJajapHHHT
suHCcHra GOFJIHK aMac Xe6 XHCOOJaHCHH. :

E 4 i 1. IXTUMOJIHKAAPHA KyMafTHII TeOpeMacura acocam:

P (A Ba B Ba C)=0,515:0,515-0,515~0,14.

3.M 5 ¢ 0Ji. BHOJOTHK CHCTEMAara HOHJIOBUH HYypPJAHHMUI TabCHPHHH
TYWIYHTHPHIIZA HHIIOH Ha3apHsCHAAH doitnananaaunap. Macanat,
FeHTa MOHJIOBUH 3appa YpHJiaAHraH «HHUILIOH» cupatuia Kapam MyM-
KuH. Xyxafipa N Ta HUILOHTa 3ra Ba L Ta 3appaua TabCUpHra Ay-
wop Gyaaxu. MyailsiH 3appavaHuHr MyafisiH HHIIOHFA YPHJIHLI 3XTH-
moasurn P (A) ra tenr OyJarad xonjAa Xed 6up HHIIOHHHHI HIHKAacT-
JIAHMAC/HHK 3XTHMOJUIMTHHHE TOTHMHT. 3appayajapHHHT HULIOHra YpH-
JMILIAPH 3DKHH BOKeasnapAHp Ae6 papa3 STHIALH.
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Euwwm. Myafisn nmmonunnr OepuJran sappa TOMOHHEAH IIHKACT-
JTaNMaCAHTHHUAT 3XTHMOJIHMTH | — P (A) ra Tenr. Humonra 6Gouwxka
sappajap ypuiHuLIapH MyMkHH. Bepmiran mumonra Xeu OHp 3appa
YPHJIMACHUTHHHNT SXTUMOHMH L 1a [/ — P (A)] xynakTyBunnuur Ky-
natirmacura, spuu [/ — P (A)]ra renr. Bapua nmmonaapuu-xuco6ra
OJHII y4yH OXHPTH HpoxaHm y3-y3ura Nwmapra kynaiimupiiw Kepax,
nuposapauaa [/ — P (A)]"Nra sra 6yiaMus,

Arap ukkuta y3apo GoruK 6Y/1H6, Gupraiukaa maino 6y1yBun
BOKeasnapnan HOOPAaT BOKea 39XTHMOJIJIMIH aHMKJaHajauran Gyaca,
SXTUMOJIHKIAPDHH KYMAATHPHIN TeopeMacH Mypakkabaamagu. B Bo-
Kea A Bokea ypunan 6yarannarnHa 6axapuaaguran xonna, 6y HKKH
BOKEAHHHI OMpramukia naiigo 6yaum 3XTHMOJIJIHTH

P (A Ba B)=P (A)-P (B/A) (93)

ra TeHr, Gy epaa P (B/A) wapriu SXTUMOAAUK, AbHH A BOKea amaJ-
Ta olranaan cyHr B BokeaHuHr pyii 6epuin 3XTHMOJLINTH. '

Mucoua VYpra nunna 5rta wap 6op: 3 TacH oK, 2 Tacu Kopa.
Kerma-ker ypHanau Gupuu-kerun KOpa Ba OK Ilapjap YHKApHJHILN-
HHHT 3XTHMOJJIMTHHH TOTIMHT.

Eunw. Bupunun 6yau6 Kopa map (A BoKea) uMKapuaHm IXTH-
Moasuru P (A) =m/n=2/5ra Tenr. Kopa wap wukapuarangan keiiun
ypHa Hunuja 4 wap Konaau:3ta ok Ba | Ta Kopa. By xosna ox map-
HHHE YHKapuinm (A BoKea G6axapuaranjpan CYHr 103 Gepysuu B
BOK€a) 3XTHMOJIury P (B/A) =3/4 ra renr. (93) Hu HisaTuo,

P (A Ba B) = (2/5)-(3/4) =3/10 vn onamus.

§ 14. TACOMUGHN KATTAJIUK.
TAKCHMOT KOHYHH.
COHJIH XAPAKTEPHUCTHKAJIAP

1. Taconudnit kaTTanHKHMHT Tabpudu

Kynruna racoaudpuii BOKeanap Taconuduii kaTTanukaap cadari-
Aa MHKIODaH 6aXONaHHIIADH MYMKHH. Tacodugpuii ne6 srainanran
KHAMaTiapH MaBXyj, Tacoxu¢uii mapoutaapra Gornug Gyiaran kar-
TaAUKKQ aHTHJAajH; yHra Bpay KabyJjauaaru 6emopJaap coHs, ayaHro-
PHANArH CTYAGHT/Iap COHH, WIAXapHaru TYFHJIHLINAD COHH, alpHM Ki-
LIH YMPHHHHT Y30KJHTH, MOJEKY/JIaHHHT TE3JIMCH, XaBOHMHT TeMiepa-
TypacH, GHPOD KaTTaJHKHH Vadamaa KHJIHHraH xato Ba GowKajap
KHpanH. Arap ypha Humaary WapJap, TaXMHHaH, CIOPTIOTO THPAXKH
ViiHaJranaarugex, HOMepJsiaHraH 6yJcanap, y xoa1a YPHaAaH HIAPHUHT
HXTHEDHH YHKapUIHLIK Taconuduil KaTranuk 6§araH CcoHmyu Kypca-
Tajau.

Juckper Ba ysaykcus Taconu(ui KaTTANMKIAPHH axpataguaap.

Canokau Tynaamaek KuiiMaTaapra sra TaCOAH(PHA KaTTaJHKKa
ouckper nefiunann: HXTHEDUH OJHHran caxudanarn xapoaap conn,
aTOMJAarH 3J1eKTPOH SHEPTHSCH, OaM GOIMAATH COYHUNT COHH, 60HIOK-
Aarx TOHJap COMM, aXXpaTHJAraH ras XaXMH HUMJArH MoJieKyJanaap
COHH Ba IyHra yXmaiaap.
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Yaaykcus racoauduii KatTajduk Oupop HHTepBa] HYHAA HCTAJraH
KHiiMaTIapHH KaOyJs KuJIaiu: MyaisiH BaKT 6yaarn JaBOMUAArH XaBo
TeMnepaTypacH, Oyrio#i GowokJaapuaaru AoHIap Maccach, 6up Tyna-
AATH MOJHMHT VJIYOBH, VKHUHI MYJKajra yPHJIHUI XKOHHHHHT KOODJAH-
natacu (YKHM MOMMit HyKTa Xuco6/aiiMi3) Ba GouIkanap.

2. luckper tacoauduit KaTTaJHK TAKCHUMOTH

Arap 6yauuH MYMKHH OyJran KuiMaTJapu Ba yJapra MOC SXTi-
MOJIJIMKJAApH KypcaTuiran GyJica, myHAa AHCKPET TacoJHQUH KaTTa-
JuK Gepuarad xucobaananu. Jluckper tacoauduil KATTAIUKHH X, YHHHT
KUAMAaTIaPHHE Xy, X2...., 3XTHMOJUIHKJIApHH — 3Ca P (x1)=p1,
P (x3) =ps2 Ba X. K Ounau Gearmaaiimus. X Ba P Tyniamra Ouckper
Tacodupuil KATTANUK TAKCUMOTU AEHHJIaLH:

2 X3 X1

P psl..

X ‘ X3
l 131
H .

X
P2 l Py Pa

Juckper TacOAMHA KAaTTaJHKHHHI GYJIHIN HMKOHHATHIA 3Ta 6ap-
ya KHHMaTaapu TYIHK CHCTEMaHH TAlIKW/ KHJAraH/lapu ydyH § 13ra
KapaHT) 3XTHMOJLIHK/IAD HUFMHAMCH GUpTa TEHT OynUIN Kepak, sbHH

L P(xi) =1, (94)
=1

0y epaa AMCKPeT TaCOAH(HH KaTTaJUK 7 Td Kuilmatra sra ae6 ¢apas
stuaagu. 94-ndbogara Hopmasaus wWapTu Jeduniiagu.

]-MucoJ YAHH COKKACHUHHHT IOKODH €FHAa TYUIYBYH OUKOJAp
conu Tacofuduit kKattagukaup. lly tacoxuguil KaTTajqHK TaKCHMOTH
KYpCaTHJICHH.

Eunm.

AEBRERE

1/6 |~1/6

P I 1/6 1/6. 1/6

9-MHcoa Croprioro YHHHHAA CHOPT TYPHHHHT HOMEDH TACOAH-
Juit karraaukaup. TypJaapHUHT yMyMHl MHKAOpH 49 Ta TeHr. Iy
TacOAHHH KATTAJHK TAKCHMOTH KyPCATHJICHH.

Eunn '

X 1 | 2 3 ...I49

J2 1/49 l yao | 189 | ... | 1/49
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3. bunomuan Takcumor

Bupopra cubam yu kappa yTkasuaanu pa my BakTaa A Bokea [
MapTa pyii Gepain meiliuk; ! — Tacoguduil KaTTAIHK 6yau6, y yu map-
Ta cHHaw BakTHaa 0,1,2 Ba 3ra Teur KHiimat/iapra sra GyJjain.
A BOKEAHHHT BYXKyJAra Kesuill SXTHMOJJIHIH P (A) ra tenr; A Bokea-
(HHHT BYXKyATa Kenuw 3XTHMOJIHCA P (A) ra Ttedr; A BoKeaHHHr
By&KyAra KeJMaclHK SXTHMOJINTH, ibHH (A) KapaMa-Kapiip BOKea-
HHHT §punan 6yaumu [I—P (A)]ra Tewr.
[=0 xuiiMaT A BOKeaHHHT KeTMa-Ker Y4 MapTa ByXKyAra Keiamaras
Xoara MociHp. By Mypakka6 BOKeaHHHT 5XTHMOJIJIHIHU 3XTHMOJIJIHK-
JIaPHH KYNa#THWHUHT (91) TeopemacH 6yiinua Kifﬁuﬂ,arnra TEHT-
JHD:
P(ABa A Ba A)=[1 —P (A)MI—P (A1 — P (A)]=[I—P (A)F.

I=1 guiiMmaT A’ BOKeaHHHT yuTa CHHallIapJAaH OHTTacHAa BYXKYAra
KeJraH xojna teruminaup. (91)-popmysa 6Viinua onamus:

P(ABaAsad)=P(A) [1—P (A)HI—P (A)]=—
=P (A){l — P (A))-

I=1 6yaran BaKTia siHa MKKHTa Gomwka Mypakka6 (A Ba A Ba A)
Ba (A Ba A Ba A) BOKealap XaM BYXyAra KeJdaiHras 6yaranu yuyn
(89) ~— SXTHMOJIMKAAPHH  KyluHuI TeopeMacuaan ‘¢Qoiigananub,

[=1ra oujJ TYJIHK 3XTHMOJJIHKHH OJIMLI 3apyp:

P(ABaABaAéknApaAsaAdéxknApa ABa A)=
=3P (A){1 — P(A)P.

{=2 gufiMaT A BOKEeaHMHT y4Ta CHHAlUXAH HKKHTACHIA BYXYyAra KeJ-
fau xonra reruwauanp. IOKopuaa xeaTHpuIranJapra yXmaur myJo-
Xasanap OunaH Oy X0 y4yH KyHHAArHya TYJIHK SXTHMOJJIHKHHU
0J1aMH3:

P(ABaABaA éK'HABaA—BaAéKHABaABaX)=
=3P% (A){1 — P(A)}.

[=3 6yaranna A BoKea CHHAUIHHHT yyanaculia XaMm naiigo 6yaanu.
OXTUMOJVIHK/IaPHU KynalTHpHL TeopeMacuaaH doigananub,

P (A Ba A Ba A)=P? (A) uu Tonamus.

Hartnxaaa typr xaxra sra 6yaran GuHoMuan TAKCHMOTHH 0J1a-

MH3;
\
! 0 | 1 | é 3
P (I—P(A)]* | 3P(A)-[I—P(A)]* ' 3PYA)-[1—P(A)] P3(A)

[ 3]
N
[

www.ziyouz.com kutubxonasi



BHHOMHAT TAKCHMOT YMYMHii X0J1a f CHHaml BakThia A BOKea-
HUHT [ MapTa BYXYAra KeJHHI 35XTHMOJJIHTHHM aHHKJalura HMKOH

fepanH:

_ n(n—1)---(n—I+1
P = (n )” )

pi(1—p)n—!, Gynxa P (A)=p.  (95)
Mucoa Kyn fmizap nasomuja YTKa3wiran KysaTHILIapra

acocaH OepwiraH yira Bpay YaKHPHJIMII IXTUMOJJIHIH 0,5 ra Tenr.

6 KyH NaBOMMAa BpauHMHr 4 Mapra HaKHPHJIHIL SXTHMOJJIHIHHR

aHUKJIAHT.

Eunm. P (A)=05; n=6; |=4. (95)-popmyrasan Qoiinanana-

MH3: : ‘

__ 6:5-4.3 4 9 _
P=—334 -(0,5)%-(0,5)* = 0.234.
4. Nluckper TacoAMdMil KaTTAJHKHHHT COHJIM XapaKrepuc-
THKAaJapH
Kyn xoisapia TacORH(HHA KaTTalHK TaKCHMOTH 6unan 6up Ka-
TOpAa éku YHHHT ypuuaa Oy KaTTajJHKaAap XaKulard HHGOPMALUSHA
Tacoauui KaTTaNIHKIAAPHHHT COHJIH XapaKTEpPHCTHKACH ne6 arajys-
yH COHJMM MapaMerpiap GepHUIH MYMKHH. YJaapiaH 3HT Kyn MIaTH-
JaAuraHjaapHHH KypuO UHKaMus:
Taconuduil KaTTaJHKHHUHT MATEMATUK KYTUAUWU (ypraua KHH-
MaTH) VHHHr 6apua GY/HIIH MYMKHH KHAMAaTJapHHHHr Ity KHiMar-
Jap 3XTHMOJJHKIAapH ©OuaaH Gyira Kyna#TManapHUHT HHFHHAHCH-

JMp: .

n
M (X)=x1p1+ %P2+ ... +Xapn =L X Py (96)
=1

dapa3 KuiaiauK, LHCKper X Tacomuduil KaTTaauK, CHHalUJap COHH
n KaTra 6yaranja TerHuiigda my, My, ..., mny; MapTa cuHalljga X,
Xo, ..., X n KHEMaTNAPHH KaOyJ KHJCHH. ¥YpTaua guiiMmar

— myxy 4 moxg+ ... +my x m m
X = - 1 =x1»n‘+--o+xn—,’;-ra TeHT.

A v . ny My

rap n karra 6yica, y Xoaja HHCOHH wdacroTanap — -, —- -
3XTHMOJIJIAKKA, YpTaya MHKIOp 3Ca — MaTeMaTHK KyTHIlJapra WHTH-
Aagd. XYLAH WIYHUHT yYyH MaTeMaTHK KYTWIHUIHH ypraua KUHMaT
ypHuaa Kabya arajgujap.

I-Mucon ViuH COKKacH TallaHTaHAa YHHHF €érujari paxam
6unal GepHayBuM AMCKpeT Tacoauduil KaTTaNmHK Yy4yH MaTeMaTHK
KYTHJIHILHE TOIHHT.

Euunm. (96)-Hu HIIJIATaMH3:

1 1 1 1 1
Amm=yg+2g+&§+4g+5g+&§=§
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2-mucoa. Cnoprioro TupamH G6yiiHua aHUKJAHYBYH JHCKpeT
TaCOAN(HIA KATTaNHK YYyH MATEMATHK KYTHJIMIIHH TOIIHHT.
Eunm. ((96)-ra Mmysoduk

M(X) =13+ 201 -+ -+ 49- ) = 25 nu romamus. '

JAnckper TacOmHGHI KaTTaJMKHHHT MyMKHH GyJra KuiiMataapn
VHHHF MaTeMAaTHK KYTHJIHIUH aTpoduia couwiraH 6y/aaad, yJapHHHT
6up Knemu M (X) nan xarra, 6up Kuemn sca M (X) AaH KHYHK GyJa-
an. Tacopnduii KaTTaJuKHHHT YHHHT YpTaya KHHMaTHra Huc6GaTaH
¢apknanu napaxacHHu KaeAai Gaxosawl MyMkuH? Bysmaii maca-.
JIaHH eynw y4yH Gapua racoAMdHi KaTTAaJIHKJapHUHT YHHHT MaTe-
MaTHK KyTHIHUIMAAH (apkiaHumiapuiy, sbHH X—M (X)uu, cynrpa
Oy $apxaaHHUIapHHHT MATEMATHK KYTHJHIIMHY (ypravua KuiiMmaTHHu),
AbHH M [X—M (X)] nn xucobaam kepakiek KypuHamu. By KaTTa/nk-
HHUHT HOJITa TEHTI 9KaHHHH MUCOOTCH3 TABKHANAO YTaMH3, YYHKH TACOIH-
GHH  KaTTaJHKJIADHHHT MaTEeMaTHK KYyTHIMIILAH dapkaanuwIapy
Xam mycbart, XxaMm MaHduit KuiimaTaapra sra Gyaamu. LIyHHHr yuyH
$apkaannuaapaunr € abcomoT guimataapu: MX—M (X)]uu  éxu
yaapunur ksaapartiaapu: M[X—M (X)Puu ypranam makcaara wmy-
BOQHKAHD. VIKKMHUM BapHaHT MabKyJpoK 6yjaap sKaH; MaHa WIyH-
Aail Knanb Taconuduii KaTTaJdHK JUCHEPCHSICH TYWIYHYACHTA KeJH-
HaJu.

Tacodupuii karrarux Oucnepcuscu ne6 TacogudHii KaTTaJHKHHHT
V3 MaTeMaTHK KYTHIHIIHAZH (apKjJaHHII KBAAPATHHHHI MaTeMaTHK
KYTHJARIUMTAa afTHAaIH; '

D (X)=M[X—M (X)P (97)

Hucnepeusinn xucobamra Kyjiai 6yiran GpopMynaHu uHKapMmac-
daH KeJTHpaMHus.

D (X)=M (X*)—M (X)P. (98)

By, X Ttacomnduii KkaTTaJHK KBaApPATHHHHT MAaTeMaTHK KyTHJIHILH
OuJlaH YHMHT MAaTeMaTHK KyTH/IHLUIHHHHT KBaADAaTH ODACHAArH aiiHp-
Mara TeHr, AeMaKIup.

My coua. VHuH COKKACHHH HPFHTTaHNA YHHHT OFHAATH pakaM
Gunan GepuIyBuH TacOAHGUHA KATTATHKHHHI JHCTEPCHSCHHH TOMHMHT.

Euyvw. By TakcCHMOTHHHT MaTeMaTHK KYyTHJHIIM 3,5Ta TeHT.
Tacoanduii KaTTajlUKIapHHHT MaTeMaTHK KYTHIHIIAAH ¢apKAaHHII
KBaJpaTJapHHHHI KuAMaT/JapHHH é€3afnk: (1—3,56)2=6,25; (2—
—3,5)2=2,25; (3—3,5)2=0,25; (4—3,5)2=0,25; (5—3,5)2=2,25,
(6—3,5)2=6,25. (96) Hu xucobra oau6 (97)-bopmyna 6YitMua auc
IIePCHABN TONAMHUS:

D (X)=6,25-(1/6) +2,25- (1/6) +0,25-(1/6) +0,25-(1/6) -
+2,25-(1/6) +6,25-(1/6)=<2,9167.

(98) -popmynanan gpoiigananub, gucnepcHIHR XHCOGAAAMHUS.

M (X)=3,5=12,25;
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M (X2) = 12-(1/6) +2% (1/6 )+ 3% (1/6) +4%(1/6) +5"
-(1/6) +62 - (1/6) = 15, 1667;
D (X) =15, 1667—12,25=2,9167.

(97)-naH KeaHO YHKHIIKYA, AMCHEPCHsl TACOAH(HH KaTTaIHK ya-
yaMHHHHF KBajApaTHAafl yauaMra srajfup. Tacoauduit KaTTaJHKHUHAT
COUHNHINHMHA (TapKAJMHUIMHE) XYAAH Iy JJiuam OupJHMKIAPALA 6axo-
fail Guauw yuyH gprada K6adpaTux apxranuus TYIIyHYACHHH KHPH-
tTajuaap. Yprada KBajApaTHK papxnannw Ae6 aucmepcus Kpaipar
HJIAM3Hra anTHIa[lu:

s=V D(X). (99)
5. Yaaykcus tacoiuuil KaTTadHK TAKCHMOTH Ba XapakTe-

pHCTHKAJAADH

Y3iykcn3 TacoXH(HA KaTTaJIHKHH LHCKpeT KaTTaJauk Oepuaaju-
rail TaKCHMOT KOHYHH OHJIaH OepHu MyMKHH smac. By xoaza KyHH-
jgaruya Ml KHJIHHALH. dapa3 xunahnuk, dP ysaykcus racoguuit X
KaTTAJMKHHHT X Ba X-+dx opajukia Kabya KuiaiHrax 3XTHMOJIJIUIH
6yncuH. YMymuil MyJsoxasajaapaat MabJAYMKH, dx HHTepBaj KaHud
KaTTa 6yJca, dP 5XTHMOJIHK XaM IyHua KaTra 6yanann: dP~ dx. ByHs
JaH TAallKapH XTHMOJUIMK HHTEpBaJ SKHHHLATH TacoAuHA KATTANHK?
HHHT y3Hra xam OOF{IHK 6YAHLIK Kepak, IYHHHT yuyn

dP={ (x) dx Hu OnaMH3. (100)

f (x) GyHKUHMATA IXTUMOAAUK suuAURY EKY IXTUMOAAUKAQD TAKCUMOTU
(pynkyuacy AedHNaNH. Y, tacoauduil KaTTaJHKHHHI HHTEPBA] Oup-
JHrura Huc6aTaH OJMHHIAH 3XTHMOJJIHTHHHHE LIy KATTAJUKHUHT Y3H-
HUHT KuiiMaTHra OGOFAHK Oysiran Xo/1a KaHJali y3rapHIIHHH Kypca-
TajiH:

f (x)=dP/dx. (101)

(100)-ucponanu TeruuwIk derapanapia. WHTerpaniacak, TacoiH(HH
KaTTaAuKHUHT (ab) WHTepBaJ HYHAATH Gupop KHAMATHH 3Tajjaaul
3XTHMOJJIHTHHH TOaMH3:

b
Py, = gf(x) dx. £102)

‘Vaayken3 TacoAU(HH KaTTaMHK Y4YR HopMaJjall IIapTH KyHuaart
WakKJra srajup:

40
1=§f(x) dx. (103)
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Marematukana SXTHMOJIJIMK 3HWIHTH GHJIaH GHD KaTopaa y3Aykcus
Tacodupuil karraruknunz rakcumor F (x) ¢ynkyuacu XaM HULJIaTH-
JaaH, 6y bdyHknua

F(x)= yf(x) dx (104)

Hpona 6yitnua aHMKIaHaH. -
(104)-nan mabaym 6yumnga, 6y dyukuns TacoAHbHA KATTaNHK-
HHHT X N1aH KaMpOK KHIMaTJ/iapHH 3rajjiaul 3XTHMOJJIHTHTA TEHT:
F(x)=P(— o <X<x).

Yanykcu3 tacomudmii kaTTanmk Y9yH MaTeMaTHK KyTHJAHWI Ba
ANCNIEPCHST MOC paBHIWIAA KyHHAArH MAK/I4a 63uaLu:

+ 00
M(X)= j xf(x)dx, (105)
to :
D (X) =f [x — M(X)]*f(x)dx. (1086)

6. Hopman rakcumor xonynu
OXTHMOJAHKAAD Ba XaTOJHKNAp Ha3apHsiiapuia, TYpJAH amasuii
TaTGHKOTADAA HOPMAA TAKCUMOT konynu (Taycc xomynu) MYXHM
pOab YhHafigH. Arap SXTHMONINK 3HWIHMH

flx) = s e (107)

Waxara sra 6yiaca, taconuduii KaTTaauK 0y KOHYH 6Yyiinua TaKCHM-
JaHanH, 6y €pma a=M (X) — racoguduit KaTTANMKHHHT MaTeMaTHK
KYTHJIHIIH, 0 — ypTaya KBaAPaTHK (apKJaaHHIL.

Hopmaa takcumor KOHYHHHHHT STDH UH3HFH, X=a TyrpH YH3UKKa
(counnnm Mapkasura) umc6atanm CHMMETDHK KYHFHPOKCHMOH ILIAKJ-
ra sra 6ynagu. x=a wnykraxa byHKuHs Makcumymra eramu:
F X)m=1/5)/ 9% |x) omus 6opran capu [ (x) GyHKu#sS HOAra acuwn-
TOTHK SKHHJalla GOpHG, MOHOTOH KaMailHG KeTand. o KaMa#lHuu G-
JIaH STDH YH3HK GOPraH Capu YTKHP TenaquK/H 6yaann. ¢ mouMui
6yaran xonga auuHr yarapumu srpu YH3MK (opMacHra TabCHp ST
MaciaH QakaTrHHa yHH abcuncca VKU 6Yiaa6 cuaxKuTaTH. Srpu uu-
SHK Tarujard 103a, HopMajam mapTHra GHHOaH, Gupra TeHr.

© By xoa yuyn (104) -ragcuMor bynkunsAcHun XHCOOMANMu3:

Fx)= ch f(x)dx = GV#E e\Q“‘”/ 2% 4x.
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By unTterpajja ysrapysuHHH aJMallTHPCAK:
(x—a)/s=t, dx=o0di,
TaKCHMOTHHHT HOPMaJ QYHKUHSCHHH ONIaMHU3:
t
S e dt= (t)= cb(ﬂ). (108)

-]

1

F(x)=
() Y o
— 00

Opatna, (108)-uuTerpasi sJeMeHTap ¢QyHKuusaap opkanu Hpoaana-

Ha osnMaiauran 6yarann yuyn @ (f) QynkuMs KHAMaTJapHHH Maxcyc

TY3WJAraH XKajpajiapiaH Tonaguaap. :

M ucoa. Tacomuduit KaTTajJuk HOpsta] KOHYH GyiiHua TaKCHM-
JaHraH, VHUHT MaTeMAaTHK KyTHIHIUK a=25, ypTaua KBaApaTHK $apk-
nannun o=10. Tacoandui KaTTaJuKHHHT 15 1a#  KaMpoK Oyuiran
KHAMaATHH 3rajyiam 3XTHMOJIIHTHHH TONHHT.

Euum. (108)-nan dpoiinasanaMu3:

F(15)—o (222 )=a(-1).

HopMaa TakcHMOT GYHKUHSHHHT P (—t) =1—@ (f) xoccara 3ra
6yIraBJMTHEE ScaaTHG yramus. JKaasaiias!' @ (+1)=0,8413 uu To-
namus, 6yunan @ (—1) =1—0,8413=0,1587.

7. MacksesJs TakKCHMOTH

KoMnonentnapu OyiiHua MoJeKyJanap Te3JHKJIapHHUHT Makxkc-
BeJJ TAKCHMOTH KOHYHMIa MYBOOHK TaKCHMJIAHHINHM TacOAMQHH KaT-
TaNHKHHHT HOPMaJ TAaKCHMJIAHHII MHcosid GyJa oJain: MOJEKyJa-
HHHT Uy TE3JHK KOMIIOHEHTHra 3ra OV/HDI 3XTHMOJUIHIHHHHT 3HYJIH-
I'H KyAujaaruiua €sujajHu:

1/2 2
fog)=(gapr )" el (109)

By oynknusind Guarady, Te3NHK Uy KOMOOHEHTHHMHT ypraua Ba 3HT
SXTHMOJMMH KHAMATJapHHH XHCOOJAIl MYMKHH. Y3rapysuu 0y 6yiu-
Yya OJMHIaH 3XTHMOJUIHK 3HUYJIHIH XOCHJACHHH HOJra TeHIJaITH-
CaK, YHHHT 3HT' 3XTHMOJIJINK KHHMaTHHH TONAMU3!

%[(_Qr_,zr )1/2 e—mv;/QkT]:O:- ( 21::1‘ )1/2 o mv;B/QkT 2;7:;;‘; —0.

ByHnan Uy =0 3KaHJHTH KeJIHG UMKaaH.
(105) Ba (109)-nappan ¢oitnananné ypraua kuiimaton (MareMa-
THK KYTHJHMIIHH) TOIAMHS:

—+ o0
— 1 2 )
9 — [veftwn)dve= o (g7 )’ Yo mul 2T gy, —0.
—0

1 !\}acanaﬂ, H. JI. Jo6oukas, «OcHoBM Boicmiel MareMaTukH» (Munck,
«Boimsfimas wkona, 1973) kurobugary (338-Ger) 10-kKanpanra xapaHr.
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Te3JHK KOMNOHEHTHHHHT YpPTaya Ba 3HI IXTHMOJJAHR KHAMATJAapH-
HUHT HOJIra TEHIVIMTH Oy XaJH KOMIOHEHT HoJra TeHr AeraH ran
sMdc. Dynunr cababu Te3MK TAIIKHA 3TYBUHJApUHHHT Myc6aT Ba
MaH(HA HyHaJUIIapd TEHT 3XTHMOJIH Gyauunapuaagnp. Tesnauk
KOMTIOHEHTH MOJYJIMHHHI ypTaya KHHAMAaTH 3Ca HOJra TeHr OyJAMaiaH.

Mosiekynanap xapakaTuHuHr ¢asogarn Oapua HyHaauOou1apu
TEHT 9XTHMOJUIH GyJraH¥ Y4yH MOJIEKYJIaJIapHUHT Te3JHKAap Oyiuua
TaKCHMOTH HM30TPOIN Ba XaMMa KOOpAHHATaJap yuyH Oup xuajga Oy.a-
IH. DXTHMOJUIHKJApPHH KynaiTHpHII TeopeMacHra acocaH Ba Xap
6up KoopaMHaTa GYitMua XapakaTHH 3pKHH Ae6 xHco6sab, MOJeKy.a-
HUHI KOMIIOHEHT/IAPH Ux HHTEPBAIIAPH: U ,+-dV ;¥ y dfvy, V,,V,+dv,
Japha érraH Te3NuKaapra sra OYJIHW 3SXTHMOVIJIMCHHH KyHAHAarH4a
nponanau MyMKHH:

flw)f (vy)f.faz) dv,dvydv,=

82 2 2 2
m / Am(vx+v +g )/de
_ ytou: v, dv,dv,.
(27:187) e xQUy AU, (110)
Kuiiun xucoGaauiapan Tawaab wo6opub, (110)-1an Te3nHKIAapHHHT
a6cosnoT KHiiMatiaapu G6yiinua Makceesasa TaKCHMOT QYHKUMACHHH Ba
MOJIEKYJIa Te3JMrH KUEMaTHHHUHI v JaH TO v-+dvurada 6y/raH MHTEp-
BaJ HYHAa OYIMIN SXTHMOJUIMCHHH TONHMI MYMKHHJIMTHHM  aHTHO
yTaMHua:

F@)do =t g | 2™ . (111)

(111)-u1 MoseKynaJapHHUHT YMYMHH COHHra Kynaithupcak, Makcsen
TakcuMoThuu 1X Go6HMHT § 3-Za KypcaTugarad Liakjajga oJamus, Yy
Te3JHKJIapyu v JaH To v-+durava Gyarad uHrepsas HuHla €TTaH Mo-
JleKynaJjap COHHHH Hbonanaiiy.

(111)-np uwnaTuG MoOJEKy/ada Te3JHPH MOAYJHHHHT KHAMATHHH
TONaMHua3:

oo

o =°f of(v)dv = 4r (—2;’—,:7—>s’ T e

0

_ m 32 1 f2RT\? _ ok T
i (gmr) () =2 V2L

(Uxs) TC3NHMKHHHT YpTaua KBaApaTHK KHAMATHHH XHCOGJaiMH3.
ABBaJ Te3NWK KBaJADaTHHHHT ypTaya KHAMATHHH XUCOOIaM/IUK.

— mv?[2kT dv

(9]

5_=S‘ v¥df (v) = 4= (2“,21 )3/25 1 MY 4y = 3k T m.

0 N

bynnau .
Ukn = V@ = l/ 3kT/m ra ara 6yaamus.
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8. boabLMaH TaKCHMOTH
IX 606uuHr § 5-n1a unKapuaran gopmy/aalapian ras MOJIEKYJ1aCH-
wunr hnan 10 h-+dhraua Gyaran GanaHANHKJIAD uHTEpBAABAA TY-
pHII 3XTHMOJIIHTH

dp(k)=ae """ dn (112)

ra TeHr SKAaHJHMFH TYFpPHCHAA XyJoca 4HKapHII MYMKHH. @ MpOIOp-
LHOHAJIHK KO3I(p(OHUHEHTHHH (103)-nopmasaml WapTuaaH aHUKJIAM
MYMKHH:

o0

g ae—mgh/kr dh=1, a= Zi‘;. (113)

(o]

Macaaga Mas3MyHH Oy#inua HHTerpazanaa 0 (Ep 1031) AaH TO Y€KCH3-
JWKKaua 6yaraH uerapajap uunia GaxkapHaald, dyHKH MoJIeKyJia-
ppur Oy uerapajiap MuHAa OYJHUIA HIIOHWIHLHD.

a uy (112)-ra Kyicax,

—mghlkT

dP(h) = —-’Z—gf— e dh ra sra 6yaamus (114)

(114)-nan coiinanannd, ras MOJNEKYJACHHHHT 6up xuucan Ep
Maii1OHH HYHAa TypraH yprava GananijurHEH xucobnaimMus:

. =t o .
7= S hdP(h) = gf’-;‘-i’- ne~"EMET gp = kTimg.
0 0
BysnaH lyHial MOJIeKynaHHHI ypTaya MOTeHLHAN SHEPTHACHHU XaM

€311 MYMKHH!

E,=mgh=mg(kTimg) = kT.
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NPEAMET K¥YPCATKWY

Ab6crpakuus (A6erpaxuus) 5

Abcrpakt Tadakkyp (A6cTpakTHoe MbllsieHue) 5

AbconoT KaTTHK xucM (AGCOTOTHO TBepaoe Testo) 31

AGcomoT TepMoaHHAMHKABHIL Temneparypa (AGCOMIOTHAA TepMOAHHAMHYECKAA TEM.
neparypa) 139 ‘

AGCOMOT HO’MACTHK YpHAHL (AGcomotHo neynpyruii yaap) 27

A6comoT anacTHK ypuanm (A6COMOTHO ynpyruid yaap) 28

Aporaapo noumniicu (IToctosiHEan Asoragpo) 113, 156, 166

Anunabara kypcarxuun (ITokasatens anHabarn) 125

Apuabatuk npouecc (AXHaGaTHBL npouecc )125

Axoiin6 anmuT (3ameuaTenbHH} npenen) 182

ARnaHHIHKET 9PKHH ¥Kaapu (CoGonusie ocu BpalleHHs) 42

Aiinanma nponece (Kpyrosoi npouecc) 127

AflaHMa XapaKaT IHHAMUKACHHHHT acoCHit Tenraamacu (OcuoBHOe ynpasaenue Tu-
HaMHKH BpallaTe/IbHOTO JABMMKEHHs) 38

AxtuBaaw aueprusica (Jueprua aktusauun) 167

Axycruka (Axycruka) 79

Axyctuk cnektp (AKycTHueckmit crnekrp) 80

Amopd xucm (Amopproe Teno) 1564, 157

AmniuTynasnil Mogyasuus {AMnauTyaHas MOAYAALHA) 68

Anusorponus (Anusorponus) 154

AHEK HHTerpan (Onpenenenusiii HHTerpana) 204

AHHK uHTerpan Xoccanapu (CsolicTBa onpeje/eHHOro HHTerpaaa) 207

ApryMenTt auddeperunaan (Audoepennnan aprymenra) 193

Acocuii Ton (OcHoBHOR ToH) 80

Ayanomerpus (Aynnomerpusn) 84

Ayckynbranus (Ayckymvrauus) 86

Baaaucrokapaunorpadus (Banmucroxapaunorpagus) 18

Bapomerpuk ¢opmyaa (BapaMerpuueckas ¢opmyaa) -117, 118

Babsu ¢ynknusanap XocHaanapu ([lpoussoxubie HekoTOphix Gyuxuui) 185

Bepuyaan Tenrsamacu (Ypasuenne Bepuyanu) 92

Bunaypan spopexru (bunaypanbunii sdpdekr) 85

Buromuan Takcumor (BuHomuasibHOe pacnpeseneHte) 222

Buosoruk cucremanap KOBYUIOKIHIH (Bsskocre 6uosormueckux cHcreM) 170

Brosorux cucremanap SHTPONHACH (DHTPONHA GHOMOrHUECKHX evictem) 137

Buomarepuasnap gapumsura (Buoconpomar) 165

buomexanuka (Bromexanuka) 55

Buognauka (Buodusuka) 6

Bup xuncau mapruur MHEPLUA MOMEHTH (MOMEHT HHepUHH OXHOPOLHOrO mapa) 36

Bupunyn tapru6au Rubdepenunan Tenraamanap (Auddepentuanpusie ypaBueHus
nepsoro nopsaka) 209

Boabuman noumuiice ([Toctostunas Boabumana) 113, 114, 135, 156

Boabuman Takcumoru (Bosibumana pacnpeneaenne) 117, 119, 229

Bocum rpaauentn (I'paguent RasJenust) 99

Bowaanruy ¢ynkuus {Ilepsoo6pasnasn ¢ynxnua) 199

Bypuaruii tesnanum (Yraosoe YCKOpeH#e)

Bypuaruii Tesnux (Yraomas ckopocrs) 31, 32
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Byiinama tyakud (IIpoxoasnas BOJHA) 75
Byauuma aamuts (Ilpeaen uacrroro) 181
Bymunma xocuaacu ([lpoussoaHas vacruoro) 187

Basucuzauk (Hesecomocts) 49, 59

Bas—paep—BaaJsec pouMuinapH (Ban—nep—DBaaabca MOCTOSHHDI) 152
Bau-—aep—Baansc Kyun (Ban—pep—Baaabcosa cuaa) 149 .
Bau—nep—BaaJbc TeHriaMaljapH (Baﬂ—nep—Baanbca.ypaaﬂeﬂuﬁ) 152
BeGep—dexnep KOHYHH (BeGepa—®exHuepa 3akon) 82

BeKTOpAapHUHT BEKTODHH KymadTMacH (BexropHOe npOH3BeAcHHE BEKTOPOB) 212
BextopaapHHHT CKaasp KynaiTMacH (CkansipHoe IIpoH3Be/leHHe BekTopoB) 212
Becru6yasp annapaT (BectuCyaspHsii annapar) 53

Bokeasunr HucOuii uacroracu (OTHocuTesbHas 4acrora cbbpiTHsA) 215
BoKeanapHHHT TYJUK CHCTeMacH (Tonuas cucreMa cobuitHi) 2138

Tas mu (PaGora rasa) 120, 124

Tapmonuk TeGpanuuap (l'apMonHueckne koaeGanus) 62, 64
Femonunamnka (CeMoaunaMuka) 104

I'ecc Buckosumerpu (Buckosumerp lecca) 171 »
I'napasank kapwuiank ([HipaBauieckoe conpoTHBenue) 99

Tuapoaunamixa (Fuapoaunamuka) 91

Ipaauent ([paauent) 144

Ipynnasuit Tesauk (I'pynmosas cxopoctb) 76

Ouuampx Gocum ([lunamuyeckoe naplienne) 94

Junamuka ([dunamuka) 14

Juckper Tacoauduii KaTTaJluK (JIuckperHas ciaydaiHas BeauunHa) 221
Ilncaokanns (Jucnokauus) 156 .

Iitcnepcron Kydaap (JucnepcionHbe cuabi) 150
Ju¢pdepennnannam (dudpdepenunponanue) 184

Jludpdepenunan TeHraamManap (LudpdeperuuabHbe ypapHenns) 208
Duddysus (Huodysus) 145

Tupopysus kospduuuents (KoaduuueHt auddysus) 145, 167
Iudodysus Tenraamacu (YpasHeHHe aubdysua) 145

Noumuiinuar aumutd ([lpenes nocroaxnon) 180

Tonsep sddextu (Ipdektn [lonnepa) 78

Nproap uauwn (Cocya [bloapa) 148

Thoaonr sa IltH KoHyHd (3akoH [iononra U [1ta) 156

JKucMHEET MHepuus MoMeHTH (Moment uHEepuHH rena) 34
JKywosckuit kypcucH (CraMmbs JKyxosckoro) 40

Hpean raz (Mneanwuniit ras) 111

Uso6ap npouece (Kaobapustit npouecc) 124

Uzonsnusaanrad (émdg )cucrema [Msonumposannast (3amkHyTas cucrema)] 17

Hsorepmuk nipouecc (HaoTepMHIeCKH# npouecc) 125

Wsoxop nponecc (HMsoxopHbiii mporecc) 122

Hkkuiun Ba 10KOpH TapTaban Ru¢pdepeduraniap (Quddepennnansl BTOPOro H BbIC-
WHX TopsAkoB) 194

Hxxunun Taptubau AHd@epeHunan TeHraamanap (Mudpepennuaibibie  ypaBHeHRA
sroporo mopsika) 211 -

Mxkubun Ba 10KOpH TapTHOIH XOCHJaaap ([lpousBojHEe BTOPOrO M BHCUIMX 110
pankos) 188

Huvxorcus pokeanap (CoOpitHs HeBosMoxHuie) 211

VMiyAbCHUHT CAKJAHHII KOHYHH (3aKOH COXpaHEHHA umnyasca) 17 B

Huriuka cTepXKEHHHHI MHepIHs MOMEHTH (MoMeHT MHEpUMH TOHKOTO crepxHa) 33

Huaykunon kyunap (HMuaykunonHble cunn) 149, 148

Huepuus 6ow ykaapu (LnasHble OCH nuepuun). 43

Huepuusa xyuaapu (Cuas uHepuun) 46, 47

Uuepuuan canox cucremacy (MlHepunanpHas CHCTEMa orcuera) 46

Hurerpaanam ycyiaapu (Meroapt unTerpupoanus) 201
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Honasnit xpucramaap (Monnee xpucranast) 154

Hecuknuk mammsacnunur ¢oinamn rabeup xospdunuentn (Koadduument nonesuoro
JAeHCTBHA TelJoBO# MaliHHE) 128 :

Heenkank muknopu (Kosmuectpo TensioTel) 20, 120

Hccugank curumu (Tenaoémkocts) 122 )

Heenuxnug yrrasum xosdduuuentu (Kostdpunuent rennonposogsoctu) 147

Hcengauk yTkasysuansmik (Tennonposoauocts) 147

Hccug/uk §TKasyBuaHAHK TeHraaMacH (Ypasnenue Tensonposoamoctu) 147

Huku uwkananum xos¢dunnent (koBYyWOKHK) — KospHuneHT BHYTperHero Tpe-

_ Hus (BA3KocTb) 97

Hukn xyunap (BHyrpenude cuamt) 16

Huxu sHeprus (Bryrpennsas sHeprus) 122

Hw (Pabora) 20—25; 34; 57—59

Huwonunu sokea (Jlocrosephoe cobnitie) 217

Hlurnnan smvuti (Ipexen cymmu) 180
Piurunan (atinpma) xocuaack [[Ipoussoanas cyMMbl (pasnoct)] 186

Kasak 6up muncsu UHAMHADHHHT MHEDIHA MOMeHTH (MoMeHT uHepuus 0/IHOPOAHO-
rO HoJoro uHauHzpa) 36

Kapuraunn (Kapurauus) 90

Kazopumerp (Kapoaumerp) 141

KaJslopumeTpnk cucTeMaHMHTr coaMmTHpMAa HCCHKJIHK CHFHMY (Y[IesdbHast TemnjoeM-
KOCTb KaJIOpHMETPHUYECKOH cHcTeMmbl) 142

Kanuanap suckosumerpaap (Kanuanspubie BHckosumerpu) 101

Kapno reopemacu (Teopema Kapno) 129

Kapno mukan (Linka Kapuo) 129

Ksasusnactux xyunap (Keasuynpyrue cuam) 63

Kearupunran uccugianx MuKRopu (IIpuBeneninoe KoauuecTBO Tennotet) 130

Kerma-kersnk aumutu (Tpenena nocjefoBaTeabHocTH) 179

KunHemartuk KoBywoxauk (BsskocTs KHHeMaTH4eckas) 102

Knnematuka (KunemaTuka) 9

Kuneruk smeprus (KuneTHueckas SHeprua) 22, 38

Koanarennap (Koanareuw) 165

Konucepsatup kyunap (Koncepparusurie cuant) 25

Kpuoren annaparaap {Kpuorennne anmapatu) 153

Kpnosonanap (Kpuosouan) 153

Kpucraamik sxucm (KpHcraannueckoe Tes0) 154

Kpucraanux nanxapa (Kpucrannuyeckas pemerka) 154

Kputuk xomar (Kputuueckoe cocrosinue) 153

Ky nmnyascu (Umnyascu CHJIEL) 15

Kyunanuwm (Hanpsixenune) 163

Kyu momentn (Mowmenrn cuaet) 33 :

Kzux MOMEHTH (aHJIAHTHDHIN MoMeHTH) [MoMeHT CHub (BpamareabHuili moMen)| 33

Kyunananr t9akun (TTonepeunas Bosna) 75

KynajitmMa aumutu (Hpenen mpoussesenus) 180

Kynaiitma xocmaacu (ITpoussonnas npousseneHHs) 187

Kyunm nekropu (Bekrop mepememenus) 10

Kyunmwuunr ymymui tenrnamacu (O6wee ypasuenue nepenoca) 145

Jlamunap xapakar (/lamMnHaphoe Apuxenne) 102
Jluccamy gurypanapn (®uryper JInceaxy) 70

Max6ypuii Te6pauniap (BunyxeHHbe KoJeGanus) 73

Maitep Tenrnmamacu (Ypasuenne Manepa) 124

Makcpean takcumoru (Pacnpenenenne MakcBenna) 114

MakcumMaa TepMoMerp (MakcuManbHH TepMoMerp) 140

Mapkasgan Kouma HHepunst Kyun (LleHTpoGexunas~cuaa- HHepunu) 51, 52
Maccanap mapkaan (Llentp Macc) 17 a\

MatematHk KyTuanw (MaremaTHueckoe OXHjaHue) 223, 226
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MaremaTnk MaaTHHK (Marematuueckuit mMaaTHHK) 63

Marepus (Marepusa) 4

Matepus xapakatn ¢opManapn (DopMbl IBHMKEHHA MaTephu) 4

Mycraxxamauk uerapack (ITpemen npounocru) 164

Menenees—Kianeiipon TenrsamacH (Ypasuedne Menjeneepa—Kianefipoua) 112

Mexanukasuii TYaKHE (Mexanuueckasi BosHa) 75 ’

Mexanukapuil xapakat (Mexanuueckoe aBHXKeHne) 9

Moaauit Hykta (MeTepuanbhasi Touka) 9

Mozaufi HYKTa HMITYJbCHHUHT MOMeHTH (MOMeEHT MMIYJbca MaTepPHA/IbHONH Touku) 37

Moaanii HyKTaHIHT MHEpUUs MOMEHTH (MOMEHT HHeplUHH MaTepHaJbHOH TOYKH)

Mouiekynsp-KMHETHK HasapHAHHHC acocHil Tenraamacu (OcHOBHOe ypaBHeHHe MOJe-
KyJISpHO-KHHeTHUYecKo#i Teopuu) 112 ' '

Moiekyasp Kpucraianap (MonmekyaspHbsle KpHcTasan) 154—155

Mousp poumuiicy (Mosaspuas mocrosHHag) 112, 152

Moasp macca (MoaspHas macca) 112, 116

MyBo3sanaT macodacu (PasHoBechoe paccrosnue) 149

Mypakka6 ¢GYHKLHA XOCHJIACH (TlpousBoanas caoxHofl ¢ynxuun) 188

Harypas jorapu¢maap (Harypasibhbie Jorapugmb) 182

Hematuk xpuctamaap (HemaTuueckne kpucrasp) 161

Hoauux uurerpas (HeonpeneseHubiii uuterpan) 199

Hoanug nHTerpas xoccanapu (CBOHCTBA HeoIlpefe/eHHOro uuterpaaa) 200

Hoanuxauknap (Heompeaenennocts) 181

Hounepuuan cavox, cuctemacy ([ounepunaspHas cutrema orcuera) 46

Homapkasuii ypuanw (Heuenrpasbuuii yaap) 29

Hopman Takeumor KoHyHH ([ayce xoHyHu) [3aKoH HOPMaJbHOTO — pacnpeieseHls
(sakon T[aycca)] 226

Hopmaiam waptu (YciosHe HOpMHPOBKH), 221, 225

HbloTOHHKHT HKKHHYKH KOHYHH (Bropoii sakon Heiotona) 14, 63, 73

HoHbIOTOH CYIOKAHKAapH (HeHbplOTOHOBCKHe XHAKOCTH) 168

HploToH cyoxaHKgapu (JKuaKocTn HbIOTOHOBCKHe) 168

HebiotoH Tenraamacu (¥Ypassenue Hbiotona) 96, 146

Hoypuunom sokeanap (CoGuTus HecosMectHbie) 216

Hyrk annapatu (losocoBoit ammapat) 85

Odcepronnap (OGepronn) 80

Onpnii ancdepenuuan Tenrgamadap (OGbkHOBeHHBle AM(@epeHuuanbbie ypaBHe-
Hust) 211

Opuenrauuon kywiap (Opiuentaunontbie ciabl) 149

OptrKua -Gocum ([laBienne n3bniTouHoe) 174, 175

Oxkum naiiwacn (Tpy6ka Toka) 92

OkuM uusukaapu (Jlunuu Toka) 92

OKHMHUHT FOpH3OHTaa Haluacu (TopusoHTadbHas TpyOka TOKa) 94

OxuMuHHT Kusi Haiuack (Haknownas TpyGka Toka) 94

Okysuanauk uerapacn (IIpenen Texkywectu) 164

Orupauk, BasH (Bec) 49, 50

Orupauk Gocumn (asnenne Bocosoe) 94, 175

OrpuK cesum 6§caracu «{Ilopor Goseoro omyiuenus) 80—8l

Mapuwan Gocumaap (ITapunanbhbte aasienHs) 113
Iluro nativacu (Tpy6ka Ilnto) 95

[MaacTuk aepopManua ([laacTHaeckas mepopmauus) 163
Toautpon npouecc (IToaurponnmit mponecc) 126
TMosautpon xypcaTkuun (Ilokasartesp moautpons) 126
Torennuan tycuK ([loTeHunanepheii Gapbep) 167
IMorenuuan sueprus (Ilorenuuanpuas sHeprus) 23, 149
Ipyxunann maatauk ([IpyxuuHbii masTHuk) 164
Ilyaseinn dopmyaaca (DPopmyaa Ilyaseins) 98, 99, 106
Tlyaccon tenrnamacu (YpasHenue I[lyaccoua) 125
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Pagnyc—sektop (Pamnyc—sextop) 9, 10

Peaa raa (PeaspHuii ras) 148

PepepGepanus (PeepGepauus) 88

Pesonanc amnauryaacu (Pesonancras ammiuryga) 74
Pesonanc wacroracu (Pesonaucuas uacrora) 74

Pesonanc xonucacu (fIBaenne pesomanca) 74—75

Peitnonbae conn (Yucao Peitnombaca) 102
. Penakcauns pagru (BpeMs peaakcamun) 167

Penep nykranapu (Penepusie ToukH) 139

Potanuon suckosumerpaap (Buckosumerpst poranmoHHnie) 102

Cupt Tapanrauru (IToBepxHocTHOe HaTAXeHue) 172

Cupr TapaHryuruin yavaw (Hsmepenue TIOBEPXHOCTHOTrO HATHAXKeHHA) 176—178

Cucrema umnyascr (Mumuyasc cucremsr) 15 :

Crextux kpucramnap (CHeKTHYecKHe KpHucTaaan) 161

CoJIHITHPMA HCCHKJAHK CHEMMM (Y IeJbHas TennoémMkocts) 122

Conuil xeTMa-keTauk (UnciioBas MOCAELOBATENbHOCT) 179

Cratux Gocum (CraTHueckoe gaBJieHue) 94

Croke KOHYHH (3akon Croxca) 100 :

Cyﬂw)ﬁ }§8H aHJaHTHPHW  anmapartH (AmanapaT HCKYCCTBEHHOrQ KpoBooGpatite-
Hus) 11

Cylogauyg xanopumerpr (PKumkocTHHI KaJjopumerp) 142

Cytox xpuctamnap (OKuakue kpucranin) 161

CyYIOKANKAap TysHanmuuuHr DpeHKeb Hasapusicu (PpeHKeNA TeopHs CTpOeHUs
Xuaxocteir) 166 . )

Cdoepux xoopaunarasap (CdepHueckue KOOpAaHHaTu) 214

Courmomanomerp (Courmomanomerp) 109

Courmoronomerp (Courmoronomerp) 110 ’

CYHRIUHHHAT JIOTapHPMHK JeKpeMeHTH (JlorapudMuueckHil AeKpeMeHT 3aTyXaHus 72

Cynysun te6pannwnap (KosneGanus 3aTyxamoie) 70

Tacoanduit soxea sxrumonnurn (BeposiTHoCTb caydaiiHoro coGmitHa) 215, 216

Tacoaudnit poxeanap (Cuyuailubie co6mTHs) 214

Tacoanuit karramuk (Cayuwaiinas penuuuna) 220

Taconnguit karramuk aucnepensicu (dncmepcus caydadnod senuuuenl) 224, 226

Tawxn kyunap (BHewnne cuaum) 16

Tagpubuit popmynanap ([IpuGanxkennre dpopmyss) 196

Tebpannur amnanrynacn (AMIIMTYZ2 KoJeGanHa) 64, 72, 74

Tebpanuwnap- naspu (Ileproa Koiebanui). 64

Te6pannmnapuu kywum (Cioxkehue KoJe6anuit) 66, 68—69 ‘

TeGpanuiwiapuy KYWMW, 3JUHNC TEHTJ1aMAacH (Cnoxenne koneGauuif, ypasHeHue
3JJHICca) 69 .

TeGpaHMa XapakaTHUHT NOTEHUMAJ 3HEPLHACH (TloTenuuansHast 3Heprua KoJe6a-
TeJbHOTrO JABHXeHHs) 65—66

TeGpauma xapakaT suepruscH (DHeprus Ko/ieGaTeJbHOrO ABHXeHUsA) 65

Tebpannwm .pasacu (Pasa konebauus) 64, 70

Tesnanum (Yckopenre) 11, 14

Tesnuk (Cxopocts) 10

Tesmnxk rpaguentu (Ipaguent ckopoctu) 97

Teknc aiinanMa Xapakar Tenrnamach (YpaBHeHHe pPaBHOMEPHOTo BPAILaTEeBHOrO
ABHXeHHst) 33

TemnepaTypanuur a6cosOT -TePMOAMHAMHK MIKANACH (AGcomoTHas TepMOJHHAMHe-
CKasl WKaJja Temneparyp) 139

Tenr nMKoHJIH BoKeanap (PaBHOBO3MOKHEIE cobntua) 216

TeHr Tabcup aTyBud Kyu (PaBHogeHcTBYioWlas cuna) 14, 16

Tennuuwaap (buenus) 68

Tepmonunamuxa (Tepmopunamuka) 120

TepMoAHHAMHKABHE 3XTHMOJJIHK (TepMOAHHaMmecﬁy\Bepoamocrb) 135

Tepmoznnamukaunur Onpunud acocu (Ileppoe Hagado TepMOJHHAMHKH) 121

TepMoAMHAMHKAHUET HXKKHHYH 4COCH (Bropoe nHauajo TepMoamnamiku) 126, 127
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TepMOAHHAMHKA HKKHHYH acocHHMHr Kaaysuycua tabpudpnasumu (Kaaysuyca ¢op-
MYJHPOBKAa BTOPOTO Hagyaja TepMoaHWHAMuKH) 127

TepMonHHAMHKa HKKHHYH acocHHuHr ToMcoHya Tabpudnammmm (Tomcona ipopmy-
JHPOBKA BTOPOTO HaYana TepMOAMHaMHkH) 127

Tepmomerpus (Tepmomerpua) 138

Teckapu unxa (OGpaTHbifi muka) 128 ,

Tuknauu xos3douuuentu (Kospduuuent soccranosenus) 30

Tosyw uuTelcusaurk (HurencusHocrs 3Byka) 80

Tosyw katTukJuru (IpomkocTs 3Byka) 82

Tosyw Tem6pu (Tem6p 3Byka) 82

Tou uacroracu (Yacrora ToHa) 82

Toppuuesann dopmynack (Popmyaa Toppuuennu) 96
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