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1. MeauuuHckas pusumka.
KpaTtkas ncropus

MeauumnHckas ¢pusmka — 370 Hayka 0 CUCTEME, KOTO-
pas cocTout n3 Gpuanyecknx NPUOGOPOB N NINYYEHWI, ne-
4e6HO-ANArHOCTUYECKIMX annapaToB U TEXHONOTUIA.

Lens meanunHCKON PpU3NMKN — U3ydeHne 3TUX cu-
cTeM NPobUNakTUKM 1 AMarHOCTUKK 3ab60neBaHwii, a Tak-
Xe NedeHne G0sbHbIX C MOMOLLBIO METOAOB U CPEAcTB
HU3NKM, MaTemaTukm 1 TexHukun. Mpupoaa 3abonesaHnin
1N MeXaHW3M BbI3[JOPOBJIEHNS BO MHOTUX Clly4asX UMetoT
6rodusnyeckoe 06bACHEHME.

MeauumHckue Gpr3nkn HenocpeaCTBEHHO YHaCTBYIOT B Jie-
4ebHO-ANarHOCTNHEeCKOM MnpoLecce, coBmeLlas Gpusmnko-
MEOVILVHCKME 3HaHWSI, pa3fensisi C Bpa4yoM OTBETCTBEH-
HOCTb 3a NauueHTa.

PasBnTne MeanuvHbl 1 Gu3anky Bcerga Obinm TeCHO ne-
penneTeHbl Mexay coboi. Ewe B rny6okoi ApeBHOCTU
MeZvUMHa Ucrnonb3oBana B 1e4ebHbIx Lensx pusnyeckme
baKTopbl, TakMe Kak TEMo, X0No4, 3BYK, CBET, Pa3finyHbie
MexaHnyeckue Bo3aencTens (Mnnokpart, ABULEHHA U 4p.).

MepBbiM MeanUMHCKUM $r3nkom 6bin JleoHappo aa
BuvHuM (naTb cToneTuii Hasapn), KOTOPbIA NPOBOAMA UC-
CNefoBaHNS MEXaHWKV NepeBUXKEHNSI YerI0BEYEeCKOro
Tena. Hanbonee NnofoTBOPHO MeavuUMHa 1 Gr3nka ctanmn
B3aMmoelnicTBoBatb ¢ KoHua XVIlII — Hayana XIX BB.,
Korga Gblnv OTKPbIThI BIEKTPUHECTBO 1 3NIEKTPOMArHUT-
Hble BOJIHbI, T. €. C HACTYM/JIEHNEM 3pbl NEKTPUYECTBA.

HazoBeM HECKOJIbKO UMEH BENNKMX Yy4eHblX, caenaBLmnx
BaXHENLINE OTKPbITUS B Pa3HbIE 3MOXM.

KoHeu XIX — cepeauHa XX BB. CBSi3aHbl C OTKPbITUEM
PEHTIEHOBCKMX Jly4yeil, paamoakTMBHOCTN, TEOPUIA CTPO-
€HUS aToMa, 3N1eKTPOMArHUTHBIX U3NYYEeHWUIA. 3TN OTKPbI-
Tna ceasdaHbl ¢ MMeHamn B. K. PeHTreHa, A. Bekkepens,

3. MeauumHckaa meTponorus
n ee cneunduka

TexHu4eckre yCTPOCTBa, UCMONb3yeMbIE B MEAULIMHE,
Ha3blBaloT 0606LLEHHBIM TEPMUHOM «MeANLIMHCKAs TeX-
HUKa». bonblias 4acTb MeJULMHCKON TEXHWKN OTHOCUTCS
K MeOULMHCKOI annapaTtype, KOTopasi B CBOIO o4epenb
noApasnenseTcs Ha MeanLUMHCKMeE NPUGoPLI U MEAULMH-
ckue annapartbl.

MeanLMHCKUM NPUGOPOM MPUHSTO CYUTATb TEXHNYE-
CKOe YCTPOMCTBO, NpeAHasHayYeHHoe Ans AuarHocTuye-
CKUX MW Ne4eBHbIX U3MEPEHU (MeaULIMHCKUIA TEPMO-
MeTp, churmomaHoMeTp, anekTpokapavorpad n ap.).

MepauuMHCKuMIA annapaTt — TEXHUYECKOE YCTPOWCTBO,
noseosisiioLLee co3/aBaTb 3HepreTUieckoe BO3encTare
TepaneBTU4ECKOro, XMPYpruieckoro nim 6akrepuumaHo-
ro cBoiiCTBa, a Takke obecneyvBaTb B MeAWLMHCKMX
Lensax OonpefeneHHbll COCTaB PasnuyHbiX cybcTaHumin
(annapat YBY-Tepanun, anekTpoxvpyprum, UCKyCCTBEH-
HOW NOYKK, YLLUHOW NPOTE3 1 Ap.).

MeTponoruyeckve TpeboBaHUs K MEAULMHCKAM Mpu-
6opamM [0CTAaTOYHO OYeBWAHbI. MHOrve MeauuMHcKue
annapatbl NPM3BaHbl 0Ka3blBaTb 4O3MPYIOLLEe SHepreTn-
Yeckoe BO3/eVCTBME Ha OPraHn3Mm, No3TOMYy OHU U 3a-
CNYXVBAIOT BHAMAHWs METPOJSIOrM4eckoi cryxobl. Mame-
peHVsi B MeAMLMHE JOCTAaTOYHO CneumduyHbl, No3TOMy
B METPOJIOrY BbIZIENIEHO OTAENbHOE HarnpasfieHne — Me-
[AVUVHCKAs METPONOrUst.

PaccmatpurBas HEKOTOpble NPOGAEMbI, XapakTepHbIe
ONS MEOMLMHCKON METPONOrUN U YacTUYHO NS Meaw-
LIMHCKOro NpuBOPOCTPOEHMS, CredyeT OTMETUTBL: B Ha-
cTosIlLee BpemMs MEAMLVHCKME U3MEePeHUs B GONbLINH-
CTBE Cny4aeB NPOBOAUT MEAMLIMHCKMIA nepcoHan (Bpau,
MeAcecTpa), He SABASIOLMIACS TEXHNHECKUN NOArOTOBNIEH-
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2. OCHOBHbIE NpoGnembl
W NOHATUSA MeTposorun

MeTponorueii Ha3blBalOT HayKy 06 N3MEPEHUsIX, METO-
[ax v cpeacTsax obecneveHust X eamMHCTBa, cnocobax
[OCTWXEHVst TpebyeMoli TOYHOCTU. Vi3amepeHnem Hasbl-
BAlOT HaxOXAeHWe 3Ha4YeHuss Ppu3nyeckoin BenunyUHbI
OMBITHBIM MYTEM C MOMOLLIO TEXHUYECKMX CPEACTB. Mame-
PEHMA NO3BOJIAKOT YCTAHOBUTbL 3aKOHOMEPHOCTU NPUpOoab!
1 SIBAISIOTCS 3IEMEHTOM MO3HAHMSI OKPYXAIOLLIEro Hac M-
pa. Pazanunyaiot namepeHns Npsmble, Npu KOTOPbIX Pe3ysib-
TaT MoJsly4aeTcsl HEMOCPEACTBEHHO M3 U3MEPEHWsI CaMoi
BEINYMHBI (HANPUMEP, M3MepeHne Temneparypbl Tena me-
AVILMHCKUM TEPMOMETPOM, U3MEpEHWNe [INHbI NpeameTa
JINHEKOW), N KOCBEHHbIE, NMPW KOTOPbIX ICKOMOE 3HaYeHne
BESINYVHbBI HAXOASIT MO N3BECTHOM 3aBUCUMOCTUN MeXay Hell
1 HENOCPeACTBEHHO M3MEPSeMbIMU BEHMHaMu (Hanpu-
Mep, onpeaesieHVie Macchl Tena npu B3BELUMBAHUN C y4e-
TOM BbITANKMBAIOLLEN CUJbl, ONPEAENEHHON BSA3KOCTbIO
5KMAKOCTU MO CKOPOCTU NaAeHUst B Het wapuka). TexHuye-
CKue cpencTsa s NPOM3BOACTBA U3MEPEHWI MOTYT BbiTb
pasHbIX TUNOB. Havbonee 13BeCTHbIMM SBAISIOTCS MPUGOPSI,
B KOTOPbIX M3MepuTenbHas MHGopMauvs npeacTaBnsercs
B pOpMe, JOCTYMNHOM /15t HEMOCPEACTBEHHOO BOCMPUSTHS
(Hanpumep, TemnepaTtypa npeicTaBieHa B TEPMOMETPe
[A/IMHO CTONGMKA PTYTU, Crna Toka — NoKasaHWeM CTPESKU
amnepmeTpa un ULMdPOBbLIM 3HAYEHNEM).

EnvHnuen ¢duanyeckoit BennymHbl HasbiBaloT dusnye-
CKYIO BE/IMYMHY, MPVHSTYIO MO COMMALIEHNIO B KayecTse
OCHOBbI 191 KOJIMYECTBEHHOIN OLIeHKV COOTBETCTBYIOLLEN
OU3NYECKOWN BENNYUNHBI.

[ins BbIpaxeHUsi ypoBHS 3ByKOBOIO [AaBfIEHUS], YPOBHS
WHTEHCUBHOCTU 3BYKa, YCUIEHUS 3NTIEKTPUYECKOro CurHa-
N1a, BbIP@XEHUs YaCTOTHOrO MHTEepBasa U MHOro yaobHee
1CMnosb30BaTh JIOrapvdM OTHOCUTESNIbHOW BEIMYMHDI (Ha-

4. Cny4yaiiHaa BenmM4mHa.
3akoH pacnpepeneHus

OnpepeneHne cny4yaHoi BenuyYuHel. MHorue cny-
YaliHble COBbITUS MOrYT GblTb OLEHEHbI KONMYECTBEHHO
KaK ciyyaiiHble BeNnYuHbl. Cnyy4anHon Ha3biBalOT Takyto
BE/INYMHY, KOTOPas NPUHMMAET 3HAYEHNS B 3aBUCHMOCTMN
OT CTeYeHUs cyyaiiHbix 06cToATeNbLCTB. Pa3nuyatoT anc-
KPETHbIe U HEMpepbIBHbIE CITy4aliHbIe BEJINYMHBI.

Pacnpenenenvie OWCKPETHOW CRy4yaiHOW BeNWYWHBI.
JuckpeTHas BENMYMHA CHUMTAETCS 3a4aHHO, eCNn ykasa-
Hbl BO3MOXHbIE €€ 3Ha4eHUs 1 COOTBETCTBYIOLLME VM BE-
posiTHOCTU. O6G03HA4YMM AVCKPETHYIO ClyyaiHylo Benm-
YMHY X, €€ 3HAYEHUS X,, X,..., B BepoATHOCTU: P (X,) = p,,
P(x;) =p,nT 4.

COBOKYMHOCTb X M P HasbiBaeTcs pacripefefieHnem
J[MCKPETHOW CNy4anHOM BEANYMHBI.

Tak kak BCe BO3MOXHblE 3HaYEHMS AUCKPETHOM Cry4yai-
HOW BEIMYMHBI NPEACTABSIOT MOJIHYIO CUCTEMY, TO CyM-
Ma BEpPOSITHOCTEN paBHa eanHuULE:

S P(x)=1.

3peck npegnonaraeTcs, 4TO AWMCKPETHas crydairiHas
BENIMYMHA UMEET N 3HAYEHU. Bblpa)KeHVle Ha3blBaeTCs
YyCnoBMEM HOPMUPOBKN.
Bo MHOrmx cnyydasx Hapsgy C pacnpeneneHvem cny-
YaliHOWM BENNYNHBI UM BMECTO HEFO VIHd)OpMaLLI/HO 006 aT-
nxX Be/in4MHax MOryT AaTb YMC/IOBble MapamMeTpbl, noay-
YMBLUME HA3BaHWE YMCNIOBbIX XapakTePUCTUK CIy4anHOn
BennyuHbl. Hanbonee yn0Tpe6MTeanb|e N3 HUX:
1) matemartnyeckoe OXwugaHue (CpeaHee 3HadeHue) chy-
YaHOW BENIMYMHBI €CTb CyMMa NPON3BEAEHNI BCEX BO3-
MOXHBbIX €€ 3HAa4YEHWIN Ha BEpPOATHOCTN 3TUX SHQHGHMI;I;
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mm 6onee pacnpocTpaHeH AeCSTUYHbIN orapudm):
a
lg=—*,
aI
rae a, ua, — OAHOMMEHHbIe PU3NYECKME BENNHMUHDI.
EnviHnuen norapudmumyeckoli BennymnHbl sensetcsa 6en (b):

a,
B=lg="2,
81
npu a, = 10a,
ecnn a — 3HepreTnyeckas BeNMYMHa (MOLLHOCTb, UHTEH-
CVBHOCTb, 9HEPIUSi U T. .), N

B=2lg="2, npn a,=fi0a,
a‘

ecnnm a — cuioBas Benny4nHa (CVII'Ia, MexaHu4yeckoe Hanps-
XEHWe, JaBJIeHNe, HAMPSXXEHHOCTb 3/1IEKTPUYECKOro
nonsi M T. n.).
JlocTaTo4yHO pacnpocTpaHeHa AoNnbHas eguHuLbLl — ae-
umben (ab):

106=0,16.

106 CcOOTBETCTBYET COOTHOLLUEHNIO SHEPreTUHecKnx Be-
nnymH a2 = 1,26a:

196=0,16=0,21g 22;
a‘
\

2 _10% -1,58.

1

m 2) aucnepcueit CryqaitHo BEeNMYMHbI Ha3blBaIOT
mMaTemMaTnyeckoe oXxungaHune KkBagparta OTK/IOHEHUS
CNny4aliHOM BEIMYMHBI OT e MaTeMaTU4eCcKoro oxmaa-
HYS.
Jlna HenpepbIBHOV CNy4aHOW BENNYUHBLI MaTemaTunye-
CKOoe OXWAaHVE 1 AUCNIepCUs 3anvcbiBaloTCs B BUE:

+00
Mx)= [ [F(ldx,

D(x)= Mj’o[x = M(x)] f(x)dx,

roe f(Xx) — nNNOTHOCTb BEPOATHOCTM MM PYHKUMS pa-
cnpeneneHns BepoaTHocTen. OHa nokasblBaeT, Kak
N3MEHSIETCS BEPOSITHOCTb OTHECEHWSI K UHTEpBasy
dx cnyyainHoli BeNnYMHbI B 3aBUCMMOCTH OT 3Haue-
HWS CaMOW 3TOW BENUHMHBI.

Hop A 3aKOH p P B Teopusx Be-
POSATHOCTEN M MaTemMaTUHeCcKOn CTaTUCTUKKN, B Pasnny-
HbIX MPUNOXEHUSAX BAXHYIO POSib UrpaeT HOPMasbHbIN
3aKOH pacrnpenenenus (3akoH faycca). CnyyanHas Benn-
YMHa pacnpeaeneHa no 3ToMy 3aKOHy, €CM N0THOCTL ee
BEPOATHOCTUN UMEET BUA,:

2
exp [M]

1
over 20?
roe a = M(x) — MateMaTU4eckoe OXnaaHue CryyainHom
BE/NYMHbI;
0 — cpejHee KBaJpaTHOe OTK/IOHeHWe; crnefosa-
TenbHO;
02 — Aycnepcus CNy4anHoi BENNYUHBI.
KpviBas HOpManbHOro 3akoHa pacnpeneneHvs nmeer
KONoKoNnoo6pasHylo hopMy, CUMMETPUYHYIO OTHOCU-
TeNbHO NPSMOW X = a (LEHTP paccenBaHus).

f(x) =

M. Cknapgosckoii-Kiopu, [. TomcoHa, M. MnaHka,
H. Bopa, A. SitHwTelHa, 3. Pesepdopaa.
MegauumHckasi ¢pu3mka no-HacTosiLeMy cTana yTesep-
XAaTbCs Kak CaMOCTOATENIbHAasA Hayka 1 Npodeccus ToNb-
KO BO BTOPOW NonoBuHe XX B. — C HACTYMNIEHNEM aTOM-
HO 9pbl. B MeguuuHe cTany LUMPOKO MPUMEHSITLCS
paguoanarHocTn4eckmne ramma-annapartbl, 3/IEKTPOHHbIE
M MPOTOHOBbLIE YCKOPWUTENW, PafvojnarHoctuyeckme
raMma-kamepbl, PEHTTEHOBCKME KOMMbIOTEPHbIE TOMO-
rpadbl 1 apyrue, runeprepMms U marHutoTepanus, na-
3epHble, yNbTPa3BYKOBbIE U APYrie Meayko-busmnyeckue
TexHonorum u npubopbl.MeanumHckas ¢usnka nmeet
MHOr0 pa3aenos U Ha3BaHWn: MeAULMHCKast paanaLmoH-
Has duauka, KnnHuyeckasa Gpuamka, oHkonornyeckas epu-
3uKa, TepaneBTUYeckas 1 anarHoctTuyeckas pusuka.
CambiM BaXHbIM COObLITUEM B 061aCTV MEAULMHCKOIO
06Cnef0BaHNs MOXHO CYUTaTb CO3/1aHNE KOMIMbIOTEPHBIX
TOMOrpagoB, KOTOPble PACLLMPUIM NCCNEA0BAHUS MPaK-
TUYECKM BCEX OPraHoB U CUCTEM YENIOBEYECKOro opra-
Hnama. OKT Bbiny yCTaHOBNEHbI B KIMHUKaX BCEro Munpa,
1 60bLLIOE KONIMYECTBO (HDU3MKOB, NHXEHEPOB U Bpayei
paboTano B 061aCT COBEPLLUEHCTBOBAHUS TEXHWKN U M-
TOJ,0B [OBEJIEHVISi ee NPaKTUHeCKUN 4,0 NpeenoB BO3MOX-
Horo. Pa3BnTune paavioHyKIMAHOM AUarHoCTvKM npeacTa-
BnsieT coboil coueTaHne MeToaoB paamodapmaLeBTUKu
1 U3NHECKUX METOMOB PErncTpauum MOHU3MPYIOLWWX
13My4eHnin.Mo3NTPOHHAs 3MUCCUOHHasi ToMorpadus-
BU3yanusauus 6bina nsobpetena B 1951 . u onybnunkosa-
Ha B paboTe J1. PeHHa.

HbIM. [loaToMy Lenecoobpa3Ho co3fasaTb Meau-

UMHCKMe Npubopsl, rpafynpoBaHHble B eAUHMLAX
PU3NYECKNX BENIMYMH, 3HAYEHUSI KOTOPBIX SBASIOTCS KO-
HEYHOW MeaMUMHCKOW M3MepuTenbHO uHbopmaumen
(NpsiMble U3MepeHus).

XenatensHo, 4TOGbI BPEMEHW M3MEPEHVsi BMIOTb [0
noJsly4eHus NosIe3HOro pesysibrarta TPaTUioCh Kak MOXHO
MeHbLUE, a HhOopMaumMs Obina Kak MOXHO MosHee. ITM
TpeboBaHUAM yAOBNETBOPSIIOT BbIMUCUTEbHBIE MALLIMHbI.

Mpn MEeTPONOrM4ecKOM HOPMNPOBAHUN MEAVNLMHCKO-
ro Npr6opa BaxHO y4NTbIBaTb MEJULMHCKUE MOKA3aHWS.
Bpay gonxeH onpenenuTtb, C KakoW TOYHOCTbLIO JOCTa-
TOYHO NpencTtaBuUTb pes3ysbraTthbl, 4TOObI MOXHO Obl0
caenatb AUarHoCTUYECKNiA BbIBOA,

MHorve megvuvHckme nNpubopsbl BblOAT UHMOPMa-
Um0 Ha perucTpupylowem ycTpoucTee (Hanpumep,
anekTpokapauorpade), noaToMy CneayeT yunTbiBaTb No-
rPELUHOCTY, XapakTepHble Ans 3Toin GopMbl 3anuncu.

OpHa u3 npobnem — Tepmonoruyeckas. CornacHo Tpe-
60BaHVIsIM METPOJIONUM B Ha3BaHWUV U3MEPUTESTBHOrO Npu-
6opa pomkHa ObiTb yka3aHa duanHeckas BenMHmMHa um
evHuua (amnepMeTp, BOMLTMETP, HYacToTomep W Ap.).
HasBaHus ois MEAVLIMHCKMX NPUBOPOB HE OTBEYAIOT 3TO-
My MpUHUMNY (3nekTpokapavorpad, doHokapavorpad,
peorpad v ap.). Tak, anekTpokapavorpad cnenosano bl
Ha3BaTb MUIIMBONETMETPOM C PETMCTPALMEN NOKA3aHWIA.

B psine MeOvUMHCKMX U3MEPEHUn MOXET ObiTb HEedo-
CTaTO4HOM MHGOPMaLMS O CBA3N MeXAY HENOCPEACTBEH-
HO N3MepsemMoin GU3NYECKON BENNYUHOW U COOTBET-
CTBYIOLLWMMWN MEAMKO-6MONOrMYEcKMUN napameTpamu.
Tak, Hanpumep, Npu KNMHUYECKOM (6ECKPOBHOM) METO-
[le 3MepeHus JaBeHnsi KPOBU [OMyckaeTcs, YTo Aa-
B/IEHWE BO3/lyxa BHYTPU MaHXeTbl NPUOAM3NUTENBHO paB-
HO [JaBNIEHMNIO KPOBM B NIEHEBOI apTepun.

4



5. PacnpepeneHne Makceenna
(pacnpepneneHue ra3oBbix MONEKYN
no ckopoctam) u Bonbumana

Pacnpeneneine MakcBenna — B paBHOBECHOM CO-
CTOSIHMM NapaMeTpbl rasa (aasnexHune, 06bLeM 1 Temneparty-
pa) OCTaIOTCS HEV3MEHHbBIMU, OJIHAKO MUKPOCOCTOSHUS —
B3aUMHOE PacroOXEHVEe MOSIEKYI, UX CKOPOCTU — Henpe-
PbIBHO M3MEHSIIOTCA. M3-3a OrpOMHOIo KOnM4ecTsa Mone-
KyN NMPaKTU4ECKUN HESNb3st ONPEAEUTL 3HAYEHNSt X CKOPO-
cTeil B KakoW-NMBGO MOMEHT, HO BO3MOXHO, CHMTas
CKOPOCTb MOJIEKY/T HEMPEPbLIBHOW CITy4aNHON BENNHMHOM,
ykasaTb pacripeeneHe Mosiekyn no ckopocTsm. Pacrpe-
[eneHne Monekyn no CKOPOCTSIM NOATBEPXAEHO pasiny-
HbIMU OonbiTamn. PacnpenenexHve Makceenna MOXHO pac-
cmaTtpuBaTh kak pacnpegenieHne MONeKyn He TObkO Mo
CKOPOCTSAM, HO 1 MO KMHETUYECKVM SHEPTUsiM (Tak Kak aTu
MOHSITVIS B3aIMOCBSI3aHbl).

Bblaenvm oTaenbHyI0 Mosiekysy. XaoTUHHOCTb ABMXE-
HVSI NMO3BONISIET HAMpUMep A1t NPOEKLMKM CKopocTn VX
MOEKYJIbl MPUHSATL HOPMaSIbHbIN 3aKOH pacnpeeneHuns.
B atom cnyyae, kak nokasan Ix. K. Makceens, nioTHOCTb
BEPOSTHOCTW TOrO, YTO MOJIeKysla UMeeT KOMMOHEHTY
ckopocTu Ux, 3an1cbiBaeTcst cneayiouym o6pasom:

o
Ifmnu%(QKT)
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MOXHO NoNy4YnTb MaKkCBENOBCKYD DYHKLMIO pacnpe-
aeneHunsa BepOHTHOCTeVI abCoNOTHBIX 3HAYEHUI CKOpoO-
¢t (pacnpenenexHve MakcBenia no CKOPoCTsM):
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7. KubepHeTuueckue cuctembl

KubGepHeTU4eckoi CUCTEeMON Ha3blBalOT YNopsao-
YEHHYIO COBOKYMHOCTb OGBLEKTOB (3/IEMEHTOB CUCTEMBI),
B3aUMOAENCTBYIOLLMX 1 B3aUMOCBS3aHHbIX MexXay COB0W,
KOTOpbIE CNOCOGHBI BOCMPUHMMATB, 3aroMuHaTh 1 nepe-
pabatbiBaTb UHOpPMaLMIO, @ Takke OOMEHUBATLCS €lo.
Mprmepamun KMBEPHETUHECKUX CUCTEM SIBNISIOTCS KOJNEK-
TUBbI NIOJEN, MO3T, BbIHVC/IUTENbHbIE MALLIVHBI, aBTOMATbI.
COOTBETCTBEHHO 3TOMY 3fIEMEHTaMu KUGEPHETNHECKO
cuUcTeMbl MOTyT ObITb 06bEKTbI Pa3Hol prUanyeckon npu-
poabl: HenoBek, KNeTkv Mo3ara, 610KV BblMUCANTENLHOM
MaLLVHbl U T. 4. COCTOSIHME 3/1EMEHTOB CUCTEMbI OMUCHI-
BaETCSl HEKOTOPbIM MHOXECTBOM MapamMeTpoB, KOTopble
noApasfensioTcs Ha HernpepbiBHbIE, NPUHMMALOLLVE JTi0-
Oble BELLECTBEHHbIE 3HAYEHUS1 B ONPEAENIEHHOM UHTEp-
Basne, v ANCKPETHbIE, MPUHMMAIOLLME KOHEYHBIE MHOXE-
CcTBa 3HauyeHui. Tak, Hanpumep, Temnepatypa Tena
YenoBeka — HenpepbIBHbIN NapameTp, a ero non — Auc-
KPETHbIN napameTp. DYHKUMOHNPOBaHUE KNGepHeTuye-
CKOIn CUCTEMbI OMNUCLIBAETCS TPEMSI CBOMCTBaAMU: (DYyHK-
LUMSIMU, KOTOPbIE YYWUTLIBAOT U3MEHEHWe COCTOSIHWUM
3NEMEHTOB CUCTEMBI, GYHKLMSIMU, BbI3bIBAIOLLIUMUN U3ME-
HEHVst B CTPYKTYpe CUCTEMbI (B TOM 4MCNe 1 BCNEACTBME
BHELLIHErO BO3AEVCTBIS), M HYHKLMSIMU, ONPEAEnsioLLymMm
CurHabl, NepeaBaemMble CUCTEMOV 3a ee npeaenbl. Kpo-
Me TOro, Y4UTbIBAETCS Ha4aNbHOE COCTOSIHUE CUCTEMBI.

KnbepHeTnyeckre CUCTEMBbI PA3NNHAIOTCA MO CBOEW
CNOXHOCTK, CTENEHN ONPeneNeHHOCTU 1N YPOBHIO opra-
HU3auum.

KnbepHeTnyeckme cucTeMbl AENSTCS HA HEMPEPbIBHbIE
1 IUCKPETHbIE. B HenpepbIBHbIX CUCTEMAX BCE CUrHarbI,
LWVIPKY/SIMpYIOLLIME B GUCTEME, U COCTOSIHWS 3IEMEHTOB 3a-
[[al0TCs HeNpPepPbIBHLIMY NapamMeTpamu, B AMCKPETHbIX —

" KoppenssunMoHHaa 3aBUCUMOCTb

MaremaTtunyeckas cTaTUCTUKa — Hayka O MaTemaTtuye-
CKVX METOAAX CUCTEMATU3ALIMM 1 UCTIONB30BAHWS CTaTU-
CTUYECKVX [@aHHbIX A5 PELLEHUS HAYHHBIX U MPAKTUHECKNX
3agay. MaTematunyeckasi CTaTUCTKA TECHO NPUMbIKaeT
K Teopun BeposiTHOCTEN 1 6a3npyeTcst Ha ee MOHSTUSIX.
OpfHaKo rMaBHbIM B MaTEMAaTUHECKOM CTaTUCTUKE SIBASETCS
He pacnpefeneHne CiyyaiHbIX BEIMYMH, a aHann3 ctatu-
CTVHECKVIX [@HHbIX U BbIICHEHME, KAKOMY pacrpeaeneHmio
OHW COOTBETCTBYIOT. Bonbluas cratucTiyeckasi COBOKyM-
HOCTb, U3 KOTOPOV OTOMPAETCH 4acTb OOBLEKTOB AN UC-
CNnefloBaHWs!, Ha3biBAETCSI reHepasibHON COBOKYMHOCTBIO,
a MHOXeCTBO 06BbEKTOB, COBPaHHbIX U3 Hee, — BbIBOPOY-
HOV COBOKYMHOCTbIO, UK BbIGOPKOi. CTatnctuyieckoe pa-
crpepeneHvie — 3TO COBOKYMHOCTb BapuaHT U COOTBET-
CTBYIOLLIMX UM 4aCTOT (M OTHOCUTENbHbIX 4aCcToT).

[Ins HarnsHOCTU CTaTUCTUYECKME pacrpeaesieHns nso-
6paxaloT rpaduUyecku B BUAE NMOUIOHA U FTMCTOrPaMMBbl.

MonuroH 4YacToT — fIOMaHast IMHKS, OTPE3KM KOTOPOI
COEAVHSIIOT TOUKU C KOOPAMHATAMM (X,; My), (Xp; My).... Nt
[ANs1 NOAIMIOHA OTHOCUTESbHBIX YaCTOT — C KOOpAMHAaTa-
MU (X;; Py), (X5 D).

TMcTorpamma 4acToT — COBOKYMHOCTb CMEXHbIX Mpsi-
MOYrOJIbHUKOB, MOCTPOEHHbIX HA OAHOM MPSIMOV MHUK,
OCHOBaHVSi NPSIMOYrOfIbHNKOB OAVHAKOBbI 1 PaBHbI &, a
BbICOTbl PaBHbl OTHOLLEHWIO Y4acTOThbl (MM OTHOCUTESb-
HOW YacToThl) K a:

mn
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HanGonee pacnpocTpaHeHHbIMU XapakTepucTrkammu
CTaTUCTUYECKOTO PacnpefeneHnsi SBAsSOTCS CPeaHve

8. MNoHsTue 0 MeanLMHCKOMN
KunGepHeTuke

MeamuuHckas knbepHeTvka SIBAISIETCA Hay4HbIM Hanpa-
B/IEHVEM, CBSI3aHHbLIM C UCMOb30BaHNEM UAEel, METOA0B
1 TEXHUYECKUX CPEICTB KNOEPHETUKN B MEAVILIMHE 1 3apa-
BOOXPAHEHUM. YCI0BHO MEAULIVIHCKYIO KNGEPHETUKY MOX-
HO NPEACTaBUTb CNEAYIOLLMMI FPYNnamu.

BbluncnutensbHas aguarHocTvka 3abonesaHuit. OTa
4acTb B OCHOBHOM CBsI3aHa C UCMO/Ib30BaHNEM BbIYNCIIN-
TeNbHbLIX MalWH A NOArOTOBKM AuarHosa. CTpykTypa
o060 ANArHOCTNHECKOW CUCTeMbl COCTOWT U3 Meau-
LVHCKOM MamsTi (COBOKYMHOrO MEAVLIMHCKOrO OmbiTa
ANS paHHOM rpynnbl 3a6oneBaHuil) U NOrM4eckoro
YCTPOWCTBA, MO3BOMSIOLLEr0 COMOCTaBUTbL CUMMTOMBI,
o6HapyxXeHHble Yy 60/IbHOr0 ONPOCOM 1 1abopaToPHbLIM
o6cnenoBaHveM, C UMEIOLLIMMCS MEAMLIMHCKMM OTMbITOM.
OTolh Xe CTPyKType CneayeT 1 AnarHocTuyeckast Bbluu-
CAVTeNbHas MaLlnHa.

CHavana paspabaTtbiBaloT MeToaukn GpopmManbHOro
ONMCaHWsi COCTOSIHUSA 3[10POBbSi NaLMeHTa, NPOBOAAT
TLATENbHBIN @HANN3 KIIMHUYECKUX MPU3HAKOB, UCMOSb3Y-
emMbix B anarHoctvke. OT6UpaloT rmaBHbIM 0O6pPa3om Te
NpU3HaKKW, KOTOPbIE JOMYCKalOT KONMYECTBEHHYIO OLIEHKY.

Kpome KonM4yecTBEHHOTO BbipaXeHus Guanonornye-
CKVIX, BUOXUMUYECKUX U APYTUX XapakTepUCTUK 60NbHOTO,
ANSt BbIYNCIIUTENBHOW JMarHOCTUKM HeoBX0auMbl CBe-
[EHUA O 4acToTe KIMHUYECKUX CUHAPOMOB W AWArHo-
CTUYECKMX MPU3HAKOB, 06 UX Knaccupukaumm, 3aBucu-
MOCTK, 00 OLEHKE AMArHOCTUYECKOn 3PdEKTUBHOCTN
NPU3HaKOB U T. N. Bce aTn AaHHbIE XPaHSTCS B NaMsTU
MaLumHbl. OHa CONoCTaBAsET CUMNTOMbI 6OSIBHOIO C AaH-
HbIMW, 3a7I0XKEHHLIMY B ee namsTu. Jloruka Bbl4UCAU-
TeNbHOW AMAarHOCTUKM COOTBETCTBYET JIOruke Bpaua,

. - e
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BENNYUHBI: MOAQ, MeamaHa u cpegHss apudmeTu-
yeckas (Mnun BbIGOPOYHas CPeaHas).

Mopa (Mo) paBHa BapraHTe, KOTOPOI COOTBETCTBYET Ha-
nbonbluas yactota. Meanara (Me) paBHa BapuaHTe, KOTO-
pasi pacronoxeHa B cepeiyHe CTaTUCTUHECKOro pacrpe-
nenenunsi. OHa AeNUT CTaTUCTUYECKUIA (BapnaLMOHHbIN) psif,
Ha ABe paBHble YacTu. BeibopoyHas cpeaxss (XB) onpeae-
NsieTcs Kak cpepHee apudMeTnHeckoe 3HaYeHe BapuaHT
CTaTUCTUYECKOrO psifa.

KoppensiumoHHas 3aBUCMMOCTb. DyHKLMOHANbHbIE 3a-
BMCUMOCTU MOXHO BbIPa3uTb aHannTuyecku. Tak, Hanpymep,
niowaab Kpyra 3aBucuT oT paauyca (S = pr,), ycKopeHue

F
Tena — OT CUnbl M Macebl (a@= m ). OoHaKo NMeloTCH 3aBn-
0

CVMOCTU, KOTOPbIE HE CIILLIKOM O4EBUIHBI 1 HE BbIPaXaloT-
CS NPOCTbIMU U OAHO3HAYHLIMU dopmynamu. Tak, Hanpu-
Mep, NPOCNEXMBAETCS CBA3b MEX/Y POCTOM JlloAeii 1 mac-
COI UX Tena, U3MeHeHue MOorofHbIX YCIOBWIA BIUSET Ha
YMCNO NPOCTYAHbIX 3a6oneBaHnii HaceneHus u T. 4. Takas
6ornee crnoxHasi, 4eM GyHKLUMOHASbHAS, BEPOSITHOCTHAsA 3a-
BUCVMMOCTb $IBASIETCS KOPPENSiLMOHHOM (Man NpocTo —
Koppensiuvei). B aTom cnyyae uamMeHeHne OfHOM Ux Benu-
YWH BINSIET HA CpefHee 3HavyeHune Apyroi. Mpeanonoxmm,
YTO M3y4aeTCs CBA3b MEX/Y CIyHaiHON BENNHMHON X 1 cny-
yaHoM BennumHon Y. KaxaomMy KOHKPETHOMY 3HayeHuio X
OyneT COOTBETCTBOBATbL HECKOMbKO 3HAYEHUA Y. Y , Y, U T. 4.

YcnosHeiM cpeaHum Y, Hasosem cpeaHee apudmeTuye-
ckoe 3HayeHue Y, COOTBETCTBYIOLLEE 3HAYEHMIO X = X.
KoppenaumoHHO 3aBUCMMOCTLIO, Unn koppensumeinY ot X,

HasbiBaloT GyHkumio Y, = f(x). PaBeHCTBO HaabiBalOT ypa-
BHeHueM perpeccun Y Ha X, a rpadpuk GpyHKUMM — NnMHKEN
perpeccun Y Ha X.

myCTaHaBﬂMBaIOLLLeI'O [AMarHo3: COBOKYMHOCTb CUM-

NTOMOB COMNOCTaB/IAETCS C NpeLecTBYOLWUM OnNbl-
TOM MeAnUMHbI. HoBYIO (HEVM3BECTHYI0) 601e3Hb MalLMHa
He yCTaHOBWT. Bpay, BCTPETMBLLMIA HEM3BECTHOE 3abone-
BaHVe, CMOXET onucatb ero npuaHaku. MogpobHocTu
0 Takom 3a60J1eBaHUM MOXHO YCTaHOBWTb, NINLLIb NPOBE-
s crneuvanbHble uccnefosaxus. 3BM B Takux uccneno-
BaHUAX MOXET UrpaTb BCNOMOratesibHyto poJib.

KnbepHeTunyecknii noaxopn, k nesebHomy npoueccy. Mo-
Clle TOro Kak Bpay yCTaHOBUT AMArHo3, HasHavaeTcs ne-
4eHue, KOTOpPoe He CBOAWTCS K OJHOPA30BOMY BO3AEN-
CTBMIO. DTO CNIOXHbIM NPOLLECC, BO BPEMS KOTOPOro Bpay
MOCTOSIHHO MOJy4aeT MeauKo-61Monornyeckylo MHGop-
Maumio o 605IbHOM, aHanU3npyeT ee U B COOTBETCTBUMN
C Heil yTOYHSIeT, U3MeHsIeT, NpeKkpaLLaeT WIn NpoaosxaeT
nevyebHoe BO3aelNCTBME.

B HacTosiee Bpemsi KnbepHeTUYeckuii Noaxod K ne-
ye6GHOMY npoueccy obnerdaet paboTy Bpaya, No3BosseT
apdeKkTMBHEE MPOBOAUTL NEYEHUE TAXKENOOONbHbIX,
CBOEBPEMEHHO NPUHMMAaTb Mepbl NPU OCNIOXHEHUAX BO
Bpemsi onepauuv, paspabaTtbiBaTb U KOHTPOJMPOBATb
NPOLECC NleyeHns MeaMKkaMeHTaMm, co3aaBaTtb 6uoynpa-
BAsieMble MPOTE3bl AnarHocTvpoBaHue 3abonesaHuit,
ynpasfieHVe YyCTPONCTBAMM, PETYIVPYIOLLMMMU KN3HEHHO
BaXHbIE PYHKLMN.

B 3apa4n onepaTvBHOMO Bpa4ebHOro KOHTPONS BXOAUT
HabnofeHe 3a COCTOSHME TSHKENO0BObHBIX C MOMOLLbIO
CUCTEM CNEXEHUs1 (MOHUTOPHBIX, CUCTEM HaGMOAEHUS
3a COCTOSIHMEM 3[0pOBbIX NIOAEN, HaXoASALMUXCSH B K-
CTPeMasibHbIX YCNOBUSIX: CTPECCOBbLIX COCTOSIHUSAX, B HE-
BECOMOCTH, r1nepbapmnyeckmx ycnoBusix, cpese ¢ noHu-
XEHHbIM CoaepXaHnem KMcnopoja u T. n.).

Pacnpepenenne Bonbumana. Ecnv monekynbl
HaxogsaTcs B KakoM-1MG0 BHELUHEM CUIOBOM rone
(Hanpumep, B rpaBMTaLMOHHOM Mnonie 3emsn), TO MOXHO
HaNTK pacnpeaeneHne No Nx NoTEHLMaNbHLIM 3HEPIUSAM,
T. €. YCTAHOBUTb KOHLEHTPAUMIO YacTuu, obnagaroLimx
HEeKOTOpbIM onpeaeneHHbIM 3Ha4eHnemM I'IOTeHLLVIaJ'IbHOI?I
aHeprun. PacnpepeneHve 4HacTul, NoO MNOTEHUMaibHbIM
3HEepPrnsmM B CUNOBbIX NONAX — rPaBUTALMOHHOM, 3N1EKT-
pvuyeckomM v Op. — Ha3bIBAOT pacnpeneneHnem Bonb-
umMaHa.

MPUMEHUTENBHO K FPaBUTALMOHHOMY MOS0 3TO pa-
cnpegeneHne Moxet 6bITb 3anMcaHo B BMae 3aBMCUMO-
CTW KOHUEHTpaunn n MoJiekyn OT BbICOTbI h Had ypoBHEM
3emMnu, Un NoTeHUManbHoW aHeprun mgh:

_mgh
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Takoe pacnpegeneHne Monekyn B none TaroteHns 3e-
MJIM MOXHO KQ4eCTBEHHO, B PaMKax MOJIEKYISPHO-KNHE-
TUYECKVX NMPeACTaBNEeHNI, OOBSCHUTL TEM, HTO Ha MOJe-
Kyfnbl OKa3blBalOT BAUAHME [OBa MPOTUBOMOJIOXHbIX
dakTopa: rpaBUTaLMOHHOE Nnone, nog, AeiCTBUEM KOTO-
POro BCe MOJEKyY bl MPUTArMBAIOTCS K 3eMie, U Mosieky-
NIIPHO-Xa0T4YECKOe ABVXEHUe, CTPEMSLLEECs pPaBHO-
MepHO pa3bpocaTb MOMeKysbl Mo BCEMYy BO3MOXHOMY
06beKTy.

[+ avickpeTHbIMM. CyLLECTBYIOT OAHAKO 1 CMELLAHHbIe

CUCTEMBI, B KOTOPbIX UMEIOTCSt napameTpbl 060mx
BMJOB. [lenieHrie CUCTEM Ha HeNpepbIBHbIE U AVCKPETHbIE
ABNISIETCS YCIOBHLIM U ONpeaensieTcs Heo6Xo0ANMON cTe-
MEHbIO TOYHOCTW UCCNENYEMOro NPoLIecca, TEXHUYECKN-
MU 1 MaTeMaTuieckumu ygobcteamu. HekoTopble npo-
LEeCCbl UM BEINYMHDBI, UMEIOLLIME JUCKPETHYIO Npupoay,
Hanpumep 3NeKTPUYECKUA TOK (AMCKPETHOCTb 3NeKTpnu-
4ecKoro 3apsiga: OH He MOXeT ObiTb MEHbLUE, YeM 3apsf,
3aNeKTPoHa), yA06HO ONnCkIBaTb HEMPEPbLIBHBIMW BENNYN-
Hamu. B gpyrux cnyyasix, Ha060pOT, HeMpPepbIBHbIA NPO-
LleCC UMEEeT CMbICSI OMMChIBATb JUCKPETHBIMU MapamMe-
Tpamu.

B knbepHeTVKe 1 TEXHUKE NPUHATO AeNeHne CUCTEM Ha
[eTEPMUHVPOBAHHbIE N BEPOSITHOCTHbIE. [leTepMUHMpO-
BaHHbIE CUCTEMBI, 3NIEMEHTbI KOTOPOV B3aUMOAENCTBYIOT
onpefeneHHbIM 06pa3oM, COCTOSIHME U MOBeleHVe ee
NpPeACcKasbiBalOTC OJHO3HAYHO U OMVCHIBAIOTCS OJHO3-
HauHbIMU YHKUMAMU. [oBeaeHne BEPOSTHOCTHbLIX CU-
CTEM MOXHO ONpeaennTb C HEKOTOPOW Aonel JOCTOBEp-
HOCTU.

CuncTema Ha3biBaeTCsl 3aMKHYTOM, €CNY ee 3NEMEHTbI
06MeHMBalOTCs cUrHanamu Tonbko mexgay coboit. He-
3aMKHYTbIE, UM OTKPbITbIE, CUCTEMbI 0653aTeNbHO 06-
MEHMBAIOTCA CUrHaNamum C BHELLHe Cpeoit.

Jlna BOCNPUATUS CUTHANOB U3 BHELLHEN cpeapl 1 nepe-
[ayn UX BHYTPb CUCTEMbI BCSIKasi OTKpbITasi cucTema
obnagaeT peuenTopamu (AatdMkamu unu npeobpasosa-
Tenamm). Y XMBOTHbIX, KaK Y KNGEPHETNYECKON CUCTEMBI,
peLenTopamy SIBAISIOTCS OpraHbl 4yBCTB — OCsi3aHVie,
3peHuie, CNyX U Hoe, y aBTOMaTOB — AaT4MKU: TEH30Me-
Tpuyeckune, GoToaNeKTpUieckne, MHAYKUMOHHbIE U T. A.
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9. OCHOBbI ME€XaHUKN

MexaHukoW Ha3blBaloT pa3pen Gpuankn, B KOTOPOM
13y4aeTcs MexaHn4Yeckoe ABMXeHNe MaTepuanbHbIX Ten.
Mop, MexaHUYeckM [BUXEHUEM MOHUMAIOT U3MEHEHVe
MOJIOXEHUS TENA UAIM €ro YacTel B MPOCTPAHCTBE C Teve-
HVEM BPEMEHW.

Jns menunkoB aTOT paspen npeacTaBAseT UHTEPeC Mo
cneayloLWyM NpuYnHaMm:

1) NOHMMaHWe MeXaHUKN OBUXEHUS LieNoro opraHmama
LNs uenen CnopTUBHOM MU KOCMUYECKON MeaMUMHbI,
MEeXaHVKM OMOPHO-ABUraTeNlbHOro anmnapara YesioBe-
Ka — Ons uenei aHatomum n Guanonorum;
3HaHVe MeXaHWYecKknX CBOWCTB GMonornyeckux Tka-
Hel 1 XUOKOCTen;
NoHMMaHne U3N4YEeCKMX OCHOB HEKOTOPLIX nabopa-
TOPHbIX METOUK, UCTOJIb3YEMbIX B MPAKTUKE MEAUKO-
6MONOrNYECKNX UCCNEeNOBaHWI, HanpuMep LEHTpu-
dyrmposaHus.
MexaHuka BpallaTeNbHOro [BMXEHWs abBCoNIOTHO
TBEPAOro Tena

AGCONIOTHO TBEPALIM TENOM Ha3blBalOT Takoe, pac-
CTOSIHME MexXay No6bIMU ABYMSI TOYKaMM KOTOPOro Hens-
MeHHo. lMpu aBrxeHun pasmepbl U dopma abCoOTHO
TBEPAOro Tena He n3meHsoTcs. bbicTpoTa BpalleHus Te-
na xapakTepuayeTcs YrnoBOW CKOPOCTbIO, PaBHOW nep-
BOVi MPOV3BOAHOM OT yrna NoBopoTa paanyc-BeKTopa rno
BPEMEHMU:
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YrnoBasi CKOPOCTb €CTb BEKTOP, KOTOPbIA HAaNpaBfieH no
OCn BpawleHnsa M CBA3aH C HanpaslieHWEM BpaLLEeHUSs.
BeKTOp yrnoaoﬁ CKOpPOCTU B OT/IYME OT BEKTOPOB CKOPO-

11. CouneHeHusa u pblyarn
B OMOPHO-ABUraTeIbHOM
annapare Yenoseka. dpromeTpus

JB/XYLLIMECS HAaCTN MEXaHN3MOB 00bI4HO ObIBAIOT COe-
AVHEHbl YacTsMu. MoaBkKHOE COeaVHEHNE HECKOSbKUX
3BeHbeB 06pasyeT KMHeMaTUHeCKylo CBsi3b. Teno 4eno-
Beka — NpUMep KMHemaTn4eckoi casian. OnopHo-asura-
TenbHas CMCTEMA YEeNOBEKA, COCTOSILLAS U3 COYNIEHEHHBIX
Mexay coboit KocTel ckeneta 1 MbilllL, NPpeacTaBnser
C TOUKM 3peHus PU3NKN COBOKYNHOCTb pbIHaros, yaep-
XMBaeMbIX YEJIOBEKOM B paBHOBecUM. B aHaTtomun pas-
NIN4aI0T pbl4arn Cuibl, B KOTOPbIX MPOUCXOAUT BbIUIPbILL
B CUJIE, HO MPOUIPBILL B MEPEMELLEHUM, U Pbl4ari CKOpo-
CTW1, B KOTOPbIX, MPOUIrpbiBas B CUJie, BbIMTPbIBAKOT B CKO-
POCTU NepemeLLeHnst. XOpoLLVM NPYMEPOM pblyara Cko-
POCTM SIBASIETCA HUXHAS 4entocTb. JencTeyowasa cuna
OCYLLECTBNSIETCA XeBaTeslbHOW Mbllwuei. MNpoTtusoaeit-
CTBylOWAsi cuna — COMPOTUBNEHVE pa3faBivMBaemoin
NULWW — AEenCTBYET Ha 3yObl. Mne4o AeicTByIoLLE CUnbl
3HaunTEeNIbHO KOPOY4e, Yem y cuil HpOTMBOﬂ,eVICTBMﬂ, nosa-
TOMY XeBaTesibHasi MbllLLA KOPOTKas 1 cunbHast. Korga
HaZ0 Pasrpbi3Tb 4TO-NMGO 3ybamu, yMEHbLIAETCS Nieyo
CWJIbl COMPOTUBIIEHMSI.

Ecnun paccmaTpuBaTb CKesleT Kak COBOKYMHOCTb OT-
[eSbHbIX 3BEHbEB, COEVHEHHbIX B OOVH OPraHvaM, TOo
OKaXeTCs, 4TO BCE 3TW 3BEHbA NPU HOPMaSIbHOW CTOKE
06pasyloT CUCTEMY, HAaXOZSILLYIOCS B KPaiHE HEYCTON4M-
BOM paBHoOBecuu. Tak, oropa Ty/noBuLLa npeacTasieHa
LIAPOBbLIMI MOBEPXHOCTAMU Ta306e4pEeHHOrO CouneHe-
HUS. LIeHTp Macchl TyN0BULLA PACMONOXEH BbilLE ONOPbI,
YTO NPW LLIAPOBOA OMOPE CO3aeT HEYCTONYMBOE PAaBHOBE-
cue. To e OTHOCUTCS U K KONIEHHOMY COeAHEHWIO, U K TO-
JIEHOCTOMHOMY. Bce 3T1 3BeHbsi HAXOASTCA B COCTOSHUN
HEYyCTOW4MBOro paBHOBECUS.

MoMeHT cunbl. MOMEHTOM CWfbl OTHOCUTENBHO OCU
BPALLEHVS Ha3bIBAIOT BEKTOPHOE MPOV3BEAEHUE paau-
yC-BEKTOPA Ha cuany:

M;=r, xF,

rae ruF, — BexTopsl.

MomeHT uHepumu. Mepoii nHepLMn Ten Npu NocTy-
naTtesibHOM ABMXEHNN ABNSeTCA Macca. MHepTHOCTb Ten
npn BpawateslbHOM OBMXEHUU 3aBUCUT HEe TOJIbKO OT
MacChl, HO 1 OT PacnpeaeseHVs ee B NPOCTPAHCTBE OT-
HOCUTENIbHO OCW.

MomeHToM nHepummn Tesna OTHOCUTENbHO OCU Ha3blBa-
0T CYMMY MOMEHTOB MHEPLMN MaTepuasibHbIX TOYEK, U3
KOTOPbIX COCTOUT TENO:

N
J=Ymr?.

MomeHT WMHEepLUMKM CNIOLWHOro Tena 00bI4YHO onpepens-
0T UHTErpnpoBaHUeM:

J= J r’dm.
nosceit
wacee
Tera
MOMEHT MMMYSLCOB Tena OTHOCUTENLHO OCU paBeH
CyMMe MOMEHTOB UMMYNIbCOB TOYEK, 13 KOTOPbIX COCTONT
[naHHoe Teno:

N
L=Y"J,.

KuHeTuyeckas aHeprus Bpawjaiowero tena. [puv Bpa-
LeHUN Tena ero KMHeTUYeckas 3Heprus cknagbiBaercs

12. MexaHn4yeckune konebaHus

[MoBTOpPSIOWMNECH ABUXKEHUS (MM UBMEHEHUS COCTOS-
HWS) Ha3bIBAKOT KONEebaHUAMN (NEPEMEHHbIN anekTpuye-
CKWI1 TOK, sIBNeHve masTHvka, paboTa cepaua v T. n.).
Paznnuaiot:

1) cBob6oaHbIE, UK COBCTBEHHbIE, KONebaHns — Takue
konebaHus, KOTOpblE MPOUCXOAST B OTCYTCTBME Nepe-
MEHHbIX BHELIHWUX BO3QENCTBUI Ha KonebaTenbHyio
CMCTEMY 1 BO3HWKAIOT BCNEACTBME Kakoro-nmbo Ha-
YaNlbHOr0 OTK/IOHEHWUS! 3TOW CUCTEMbI OT COCTOSIHUSA ee
YCTONYMBOro paBHOBECUS;
BbIHYX/€HHble konebaHus — konebaHusi, B mpouecce
KOTOpbIX KONEGMIOLWAsACSH cucTema NoaBepraeTcst BO3-
[LeICTBMIO BHELLHEN NeproanyeCcky MEHSIIOLLIENCS CUIbI;
rapmoHuyeckve konebaHusi — 3To konebaHus, npu
KOTOPbIX CMELLEHNE WM3MEHSIETCS MO 3aKOHY CUHYca
VN KOCKHYCa B 3aBMCUMOCTY OT BpeMeHn. CKopocTb
1 YCKOPEHUE TOUKM BLOJb OCU X PaBHbI COOTBETCTBEHHO:
e 9 sin(awt +a)
ar 3 O )

«

vf%fv cos(wt+a) nu a
d °

rae u, = Aw — amnamTyaa ckopocTy;
a, = AW2 = Uy W — amnInTysia yCKOPeHns;
3aTyxalolme konebaHns — konebaHns G yMeHbLUato-
LLWIMMICSt BO BPEMEHW 3HAYEHUSIMN amnnTy bl koneba-
HUA, 0ByCNOBNEHHbIE NOTEPEN KonebaTensHon cucte-
Mol 3HEeprun Ha NpeoaosieHne Cuibl CONMPOTUBIEHUS.
Mepviopn 3aTyxaowmx konebaHuin 3aBucuT OT KoabPu-
LVeHTa TPeHUs 1 onpeaensieTcst Gopmynoi:
2r_ 2r

4)




mma KUHETUYECKMX SHEPTUIl OTAE/bHBLIX €ro To4eK.
Jns TBEpOOro Tena:

2.2 2 2
E :imlu, im,wr, :gzer:Jw
e 2 g8 2 25 2

MpupasHsieM 3NeMEHTapHY0 PaBGoTy BCEX BHELUHWX CuJl
npu TakoM MoBOPOTE K 3/IEMEHTAPHOMY U3MEHEHWIO KUHEe-
TUYECKOMN HEPrUN:

Mda = Jwdw,
oTkyna
M _jud?,
dt dt

cokpaliaemM 3TO PaBEHCTBO Ha w:

M=u°2,
dt

oTkyna

£=—m,
J

3akoH COXpaHeHuUss MOMeHTa uMnynbca. Ecnmn Cym-
MapHbIi MOMEHT BCEX BHELLUHWX CUM, AENCTBYIOLMX Ha Te-
N0, PaBeH Hy0, TO MOMEHT UMNysibCca 3TOro Tena ocraeTt-
CSl NOCTOSIHHBIM. OTOT 3aKOH cnpaBsenivB He TONbKO Ans
abconoTHO TBepAoro Tena.Tak, AN CUCTEMBbI, COCTOSILLEN
13 N Ten, BpalaoLLmMXca BOKPYr 06LLei ocu, 3aKoH coxpa-
HEeHNs MOMEeHTa nMnynbca MOXHO 3anncaTb B ¢tOpMeZ

N
L=YJo,.
=

2 2
m Mpw 04eHb Manom TpeHun (ﬂ << ) nepuog 3a-

TYXaI0) 1610 KoneGaHUs 630K K MEPUOAY HE3ATYXaloLLE-

ro ceo60aHOro koneGaHus
2r
T~=—.
@y

Ha npakTuke cTeneHb 3aTyxaHWUs 4acTo XapakTepuayloT
noraprdmMmUYeckuMm JeKPEMEHTOM 3aTyXaHus s:
. alt T 1
cr:lni( ) =pT=—=—,
a(t+T) t N,
roe NI — yucno konebaHwii, B TEHEHNE KOTOPbLIX amnan-
Tyna konebaHuii ymeHbluaeTcs B | pas.
KoadduumeHT 3atyxaHunsa n norapndpmuyecknin aekpe-
MEHT 3aTyxaHusi CBsi3aHbl [JOCTATO4YHO MPOCTOW 3aBUCH-
MOCTbIO:
1=bT;
5) BbIHYXA€EHHble konebaHus — konebaHusi, KoTopble
BO3HMKAIOT B CUCTEME MPU Y4aCTUN BHELLHEN Cunbl. Ypa-
BHEHVIE IBUXEHUS BbIHYXAEHHbIX KonebaHuii umeeT Bup;:

2
Ix_ 6% hxiF,
dt at

roe F — BblHyxAaalolas cuna.
BbiHyXaaloLas cuna MU3MeHseTcs Nno rapMoHUYECKoMy
3akoHy F = F; coswt.

mcm W CUnbl SIBNSIETCS CKOMb3AWMM. Takum obpa-
30M, 33/laH1e BEKTOPa W yKasblBaeT MOJOXeHVe
0CM BpaLLEHUs], HanpaseHVe BPaLLEHWS U MOAYSb YrIio-
BOW CKOPOCTW. BbICTPOTa M3MEHEHUS YIII0BOI CKOPOCTU
XapaKTepu3yeTCs YIMOBbIM YCKOPEHUEM, PABHbLIM NEp-
BOW MPOW3BOAHOW OT YITIOBOM CKOPOCTM MO BPEMEHU:

€ =@ Vv B BEKTOPHON popme g:‘L‘”,
dt at

N3 3T0ro BUAHO, 4TO BEKTOP YrNIOBOIO YCKOPEHUS COB-
najaeT no HanpasJIeHNIO C 3/1IEMEHTapPHbIM, JOCTaTOYHO
MasibiM M3MEHEHUEM BeKTOpa YIIOBOM CKOPOCTM dw:
npv YCKOPEHHOM BpPALLEHNMN YINOBOE YCKOPEHUe Hanpa-
B/IEHO TaK Xe, KaK U YrioBasi CKOpoCTb, NPU 3aMeasieH-
HOM BpaLLEHUN — MPOTMBOMONOXHO ei. lNpuBegem
HOpMynbl KNHEMATVKM BpaLLaTeNbHOMo ABUXEHNA TBEP-
[l0ro Tena BOKPYr HEMOJABUXHON OCU:
1) ypaBHeHWe paBHOMEPHOIO BPALLATENLHOMO ABMXE-

HUA:

a=wtta,,

rae a, — HayanbHOE 3HaYeHve yrna;
2) 3aBMCMMOCTb YIJIOBOM CKOPOCTU OT BPEMEHU B paB-
HOMEPHOM BpaLLaTelbHOM ABVKEHNN:

w=et+w0,

roe Wy — HavanbHas yrnosas CKOpPOCTb;
3) ypaBHeHue paBHOMEpPeMeHHOro BpawaTenbHOro

ABUXEeHUdA:
et’
0= > + Wyt + &,.

LleHTp macchl Tena 4YenoBeka Npy HOPMasbHOMN
CTOIKe PacrofioXeH kak pa3 Ha OAHON BepTvKanu
C LieHTpaMu Ta306epeHHOro, KOJIEHHOTO 1 FOJIEHOCTON-
HOrO COUSIEHEHWIA HOTW, Ha 2—2,5 CM HIXe Mbica KpecTua
1 Ha 4—5 cM Bblwe TazobenpeHHo ocu. Takum 06pasom,
3TO Camoe HeyCTOMYMBOE COCTOSIHVE HArpPOMOXAEHHbIX
3BEHbEB ckeneta. M ecnu Bcsi cucteMa AepXUTcs B pas-
HOBECUW, TO TONbKO Gnarogaps MOCTOSHHOMY Hanpske-
HVIIO NMOAJEPXXUBAIOLLIX MbILLIL.

MexaHuyeckasi paboTa, KOTOpYIo CNocoBeH CoBepLUNTL
4yenoBek B Te4eHne OHA, 3aBUCUT OT MHOIMrmnx q)aKTOpOB,
Mo3TOMY TPYAHO YKa3aTb KaKylo-n1mbo npeaesbHyIo Benn-
4MHY. 3TO OTHOCUTCS U K MOLLHOCTW. Tak, Mpu KpaTkoBpe-
MEHHbIX YCUNMAX YenioBeK MOXET pa3BvBaTb MOLLHOCTb
nopsiaka HeCKONbKUX KunosatT. Ecnv cnopTcmeHn maccoit
70 Kr NOANPBLIVBAET C MECTa Tak, YTO €ro LIEHTP Macchl
nogHUMaeTcst Ha 1 M MO OTHOLLEHUIO K HOPMasibHOWM CTON-
Ke, a dasa ortankmeaHus gnutcs 0,2 ¢, TO OH pa3BuBaeT
MoLLHOCTb 0Kos10 3,5 kBT. Mpu xoab6e Yenosek coeepLua-
eT paboTy, TaK Kak Npu 3TOM 3Heprus 3aTpayvBaeTcsi Ha
nepuoanyeckoe HebGoJbLIOE MOJHATUE KOHEYHOCTEW,
rNaBHbIM 06Pa30M HOT.

PaboTa obpaluaeTcs B Hyflb, €CNN NEPEMELLEHUS HET.
MoaTomy, Korza rpya HaxoauTCs Ha ornope Unv NoacTas-
K€ W NOABELLIEH Ha LLECT, CUa TXKECTM He CoBepLuaeT
paboTbl. OgHako, ecnu Aepxatb HENOABUXHO Ha BbITAHY-
TOV pyKe rvpio0 WUAWU FaHTesb, OTMEYaeTCcsi yCTanoCTb
MBbILLL, PYKU 1 Mieya. TOYHO Tak Xe YCTaloT MbILLILLbI CINHBI
Y NOSAACHUYHOW 06N1acTu, ECAN CUASLLLEMY YENI0BEKY NOMe-
CTWTb Ha CMUHY rpy3.



13. MexaHu4yeckue BOAHbI

MexaHun4yeckue BOJIHbl — 3TO BO3MYyLLEHUd, pacnpo-
CTpaHsIoWMecst B NPOCTPAHCTBE U HeCyLLe SHepruio.
Pasznuuatot ABa BUoa MexaHN4eCKnx BONH: ynpyrvue son-
Hbl 1 BOJIHbl HA NOBEPXHOCTN )KI/ID.KOCTeVl.

Ynpyrue BonHbl BO3HUKAOT 6arogaps cBA3aMm, Cylue-
CTBYOWMM MeXAY HacTuuamMn cpeapl. nepemMellieHne oa-
HOW 4acTuubl OT MOJIOXEHUA paBHOBECUA NMPUBOAUT K Ne-
peMELLEHNI0 COCeHUX HacTuLl,.

Honepequan BOJIHA — 3TO BOJIHA, HAanpasiieHne n pac-
npocTpaHeHne KOTODOIZ nepneHankynapHbl Hanpasne-
HUIO KonebaHuii ToYek cpeapl.

I'Ipononbuaa BOJZIHA — 3TO BOJIHA, HanpaBneHne u pac-
NPOCTPaHeHVe KOTOPOI COBNafaloT C HanpaBneHNeM Ko-
nebaHunii Touek cpeapl.

BonHoBas NOBEPXHOCTb I'apMOHI/I‘-lECKOVI BOJHbI — OA4-
HOCBSI3Hast NOBEPXHOCTL B Cpeae, NpefCcTaBnsiolias co-
6011 reomeTpuyeckn mbo cuHdasHo (B ogHol dase) pag,
KONEBMIOLLMXCA TOYEK CPeabl MPU rapMOHUYecKon Gery-
e BOnHe.

®DpOoHT BONHbI — camMas ganekas B AaHHbIA MOMEHT
BOJIHOBas MOBEPXHOCTb, KyAa Aowia BoJsiHa K 3TOMy MO-
MEHTY.

Mnockasa BonHa — BosHA, GPOHT KOTOPOW NpeacTaBns-
eT cob0oi NNOCKOCTb, NEPNEHANKYNSPHYIO pacnpocTpaHe-
HWIO BOJIHbI.

Cdepuueckas BosiHa — BONHA, GPOHT KOTOPOW Npea-
cTaBnsieT chepryeckyto NOBEPXHOCTbL C PaanyCcoM, COB-
nagarowum ¢ HanpasieHnemM pacnpoCcTpaHeHUs BOJIHbI.

MpwvHumn MonreHca. Kaxpas Touka cpeabl, O KOTOPOi
A0oLWNo BO3MyLeHue, caMma CTaHOBUTCA UCTOYHUKOM BTO-
PUYHbIX cepuryeckux BonH. CKOPOCTb pacnpoCTpaHeHns
BOJIH (da3oBasi) — CKOPOCTb PACMNpPOCTPAHEHNSI NOBEPX-

15. AkycTtuka

AkycTuka — o6nactb G13nKku, uccneaytoLias ynpyrue
KonebaHus ¥ BOJHbI OT CaMbIX HWU3KUX 4acTOT A0 Mnpe-
AenbHo Bbicokux (1012—1013 u). CoBpemeHHasi aky-
CTUKa OXBaTbIBAET LUMPOKUIA KPYr BOMPOCOB, B HeWi Bblae-
NAT psiA pasgenoB: ¢usMyeckas akyctuka, KoTopas
n3yyaeT 0COBEHHOCTV PACNpPOCTPaHeHUs! yNpyrux BOMH
B pa3NnyHbIX cpejax, husmonornyeckas akyctmka, uay-
YaloLLAs YCTPOWCTBO 3BYKOBOCMPUHUMAIOLLIVX U 3BYKOOO-
pasyloLnx OPraHoB Y 4eN0BEKa N XUBOTHbBIX, 1 OP.

MopA akyCTUKOM NOHNUMAIOT y4eHMe O 3ByKe, T. €. 06 yrpy-
rux koneGaHusix 1 BOSIHaxX B rasax, XWAKOCTSX U TBEPAbIX
Tenax, BOCNPUHUMAEMbIX YENIOBEYECKMM YXOM (4acTOTbI
o1 16 go 20 000 I'u).

Cnyx aBnsieTcsi 06BbEKTOM CJIyXOBbIX OLLYLLIEHWA, NO3-
TOMY OLIEHMBAETCS HEIOBEKOM CYGbEKTUBHO. BocnpuHu-
Masi TOHbI, YeNI0BEK Pas3fINyaeT VX Mo BbICOTE.

BbicoTa — CyGbekTVBHas XapakTepucTuka, 00YCNoBIeH-
Has npex/e BCEro 4acToTOW OCHOBHOrO TOoHa. B 3Haum-
TEJIbHO MEHbLLIEH CTEMEHWN BbICOTA 3aBUCUT OT CIIOXHOCTU
TOHA U €r0 UHTEHCUBHOCTU: 3BYK 6OMbLUEN MHTEHCUBHOCTH
BOCTPUHMMAETCS Kak 3BYK 60/1ee HA3KOro TOHa.

Tembp 3Byka MOYTU UCK/IOYUTENBHO OMNpeaenseTcs
CreKTpasibHbIM COCTaBOM. PasHble akycTuyeckue crek-
TPbl COOTBETCTBYIOT Pa3HOMY TEMBPY, XOTSi OCHOBHOM TOH
W, CriefoBaTesbHO, BbICOTA TOHA OJMHAKOBbI.

FPOMKOCTb XapakTepusyeT ypOBEHb CJIyXOBOFO OLLy-
weHns. HecMoTpsi Ha CYyGbeKTUBHOCTb, MPOMKOCTb MO-
XET ObITb OLIEHEeHa KOJINYECTBEHHO MyTeM CPaBHEHUS CITy-
XOBOTO OLLYLEHNsi OT [ABYX WCTOYHMKOB. B ocHose
CO3[aHus LKasbl yPOBHEN FPOMKOCTM NEXUT NCUxobusn-
Yyeckuii 3akoH Bebepa-dexHepa. CornacHo aToMy 3aKOHY,
ecnv yBenuuMBaTb pasfpaxeHue B reoMeTpu4eckoit

14. 3ddekT Aonnepa.

AddexTom [lonnepa Ha3bIBAETCH U3MEHEHME YACTO-
Tbl BOJIH, PErUCTPUPYEMON NPUEMHNKOM, KOTOPOE Mpo-
ncxoauT BCcreacTeme ABMXEHUS MCTOYHUKA 3TUX BONH
M npuemHuka. Hanpumep, npu npuGanxeHun K Hemno-
ABWXHOMY HabnoaaTento 6bICTPO ABUratoLLerocst noes-
a TOH 3BYKOBOIro CUrHasna nocneaHero Bbille, a npuv yoa-
JIeHnn noe3ga — HMXe ToHa CUrHana, nogaBaemMoro Tem
>Xe Noe3nom, Korga OH CTOUT Ha CTaHUUN.

Mpeactasum cebe, 4TO HaGnopaTesnb NpuéaxaeTcs
CO CKOPOCTbIO UH K HENOABMXHOMY OTHOCUTENIbHO Cpeabl
WNCTO4YHWKY BOJIH. I'Ipm 9TOM OH BCTpeYaeT 3a OAUH N TOT
VHTEepBan BpeMeHu 6onblue BOJIH, 4eM Npu OTCYTCTBUN
ABVXEHUSN. 10 0O3Ha4aeT, 4TO BOCNpUHNMaeTCs YacToTa
VV 60sbLUe 4acTOThl BOJIHbI, VICI'IyCKaeMOﬁ MNCTOYHMUKOM.
Ho ecnv gavHa BONHbI, 4acTOTa M CKOPOCTb pacnpocTpa-
HEeHUSA BONHbI CBA3aHbl COOTHOLLEHNEM:

TO

v
VNN C y4eToM A =—
v

SddekT [Jonnepa MOXHO MCNONL3OBaThL AN8 onpene-
JNIEHUs1 CKOPOCTWN ABUXEHUS Tena B cpese. [1na meanumHbl
aT0 MMeeT ocoboe 3HaveHve. Hanpumep, paccmoTpum
Tako cnyyaii. leHepaTop ynbTpa3syka COBMELLEH C Npu-

16. ®dusnyeckne oCHOBbI 3BYKOBbIX
MeTOA0B UCCNIEAOBaHUS B KIIMHUKE

3BYK, Kak 1 CBET, SIBNIIETCS UCTOYHUKOM MHbOpMaLmK,
1 B 3TOM €ro rnaBHOe 3HayeHune. 3ByKU Npuponbl, peyb
OKPYXatoLLYX HAC JI0AEN, LyM paboTaloLmX MALLIH MHO-
roe coo6LaloT Ham. 4To6bl NPeACTaBUTbL 3HAYEHME 3BYKa
[Nst YenoBeka, OCTaTOYHO BPEMEHHO IMWNTL cebsi BO3-
MOXHOCTN BOCTPWHMUMATL 3BYK — 3aKpbITh yln. Ecte-
CTBEHHO, YTO 3BYK MOXET ObITb U UCTOYHNKOM UHpOPMA-
LM O COCTOSIHUMN BHYTPEHHUX OPraHoB YesioBeka.

PacnpocTpaHeHHbIn 3ByKOBOI METOZ, ANArHOCTUKN 3a-
6GoneBaHuii — aycKynbTaums (BoicnywmsaHnve). [ins ay-
CKy/NbTaUMM UCMOSb3YIOT CTETOCKON Mnn hOHEHA0CKOM.
DOoHEHJ0CKON COCTOUT M3 Moo Kancysbl ¢ nepeaaio-
Lelt 3ByK MEMOPAHOW, NPUKIaaLIBaemMon K Teny 60bHO-
ro, OT Hee NayT pe3uHoBble TPYOKM K yxy Bpaya. B nonoi
Karicyne BO3HUKAeT pe3oHaHC cTonba Bo3pyxa, BCnem-
CTBME Yero YCWIMBAeTCsi 3By4aHue W ynydliaeTcs ay-
ckynbtauus. MNpu ayckynstaumm nerkux BbICNyLUIMBAIOT
[AbiXaTesbHbIe LYMbl, Pa3Hble XpUMbl, XapakTepHbie As
3aboneBaHuii. [0 N3MEHeHWIO TOHOB cepaua 1 nosieie-
HUIO LUYMOB MOXHO CYAVUTb O COCTOSIHUM CepaeyHol aes-
TenbHocTU. Mcnonb3ysi ayckynbTaumio, MOXHO YCTaHo-
BUTb HAaM4ME MEPUCTANBTUKA Xenyaka U KULLIEYHUKa,
npocaywarts cepauebueHve nnoaa.

[ins 0/HOBPEMEHHOrO BbIC/YLUIMBAHWS 6ONBLHOMO Hec-
KOJIbKUMUW UCCNEA0oBaTeNs MU C y4e6HOM Lienblo an npu
KOHCUAMYME MCMONb3YI0T CUCTEMY, B KOTOPYIO BXOAAT
MUKPOMOH, YCUNIUTENb U FPOMKOrOBOPUTENL UN HeC-
KOJIbKO TENEePOHOB.

Jnsi AnarHoCTVKM COCTOSIHUS CEPAEYHON AeaTeNbHOCTN
NPYMEeHSIETCS MeTo/, NoAOGHbIV ayCKybTaLmmn 1 HasbiBa-
embiii poHokapavorpadmeit (PKr). Stot meTopa 3akio-



E€MHVKOM B BUAE HEKOTOPOW TEXHNYECKOWN CUCTEMBI.
TexHu4eckasi cucTemMa HernoaBuXHa OTHOCUTESNTbHO
cpenbl.

B cpefe co CKopOCTbIO Uy ABIXETCA 06bekT (Teno). le-
HepaTop Many4aeT ynLTPasBykK C 4acTOTOW v,. [Buxy-
wyMca 06bEKTOM BOCMPUHMMAETCS YacToTa v,, koTopas
MOXeT ObITb HailaeHa no gpopmyne:

2v,
v, = Ovrv
v
rge v — CKOPOCTb PAacrpOCTPaHEeHWs MeXaHW4ecKoW

BOJIHbI (YNbTpasByka).

B MeanUMHCKMX NPUNOXEHUSIX CKOPOCTb YbTPasByka
3Ha4nTeNbHO Gonblie CKOPOCTH ABUXEHUs obbekTa (u >
> Ug ). Ana aTux cnyyaes umeem:

V+U, V+D,
v, = =—2v,.
A v

AddekT [lonnepa ncnonb3yeTcs Ans onpeneneHns cko-
POCTU KPOBOTOKA, CKOPOCTM ABVKEHVS! KITanaHOB U CTEHOK
cepaua (oomnneposckasi axokapanorpadusi) U opyrux op-
raHoB; NOTOKa 3Heprumn BosiH. BonHoBoW npolecc cea3aH
C pacnpocTpaHeHnem aHeprum. KonmyecTBeHHOM xapak-
TEPUCTUKON OT 3HEPrm SIBNISIETCSA MOTOK 3HEPru.

MoToK 3Heprun BOSIH paBeH OTHOLLEHUIO 3HePruu, ne-
PEHOCMMOl BOSIHAaMK Yepe3 HeKOTOPYIO MOBEPXHOCTb, K
BPEMEHU, B TEHEHME KOTOPOro 3Ta AHEPrUs NepeHeceHa:

»-%
dt

EnvHvuel noToka aHeprumn BoSH siBnsieTcs BaTT (BT).

MoTOK 3HEPrUK BOJIH, OTHECEHHbIV K NIIOLLAAN, OPUEH-
TUPOBAHHOW MEPNeHANKY/IIPHO HarpPaBieHWIO pacnpo-
CTPaHEeHWsi BOJIH, Ha3bIBAIOT MIOTHOCTLIO MOTOKA 3HEPrun
BOJIH, U MIHTEHCVMBHOCTBIO BOJTH.

mwaemq B rpaduyeckoit permcTpaumy TOHOB 1 LWy-

MOB CepALa U UX OMarHoCTUYECKOW MHTepnpeTa-
umn. 3annck GOHOKAPAVOrpaMMbl MPOU3BOAST C MOMO-
wbio $poHokapanorpaga, COCTOAWEro U3 MUKPOpOoHa,
YCUNUTENS!, CUCTEMbI HaCTOTHbLIX GUNLTPOB U PErncTpu-
pylOLLIEro yCTPOCTBa.

MPUHUMNNANBEHO OTIMYHBLIM OT ABYX U3MOXEHHDBIX BbILLE
3BYKOBbIX METO/I0B AB/SETCA NepKyccus. Mpy 3Tom Me-
TOAE BbIC/YLUMBAIOT 3BY4YaHWE OTAENbHbIX YacTei Tena
npu ux NPOCTyKMBaHuW. CXemMaTu4yHO TEeNo 4esoBeka
MOXHO MNpPeACTaBNTb Kak COBOKYMHOCTb ra3oHarnosHeH-
HbIX (NErKMX), XWAKWX (BHYTPEHHWE OpraHbl) U TBEPAbIX
(kocTb) 06bemoB. [pu yaape nNo NOBEpPXHOCTW Tena BO3-
HUKaIOT KonebaHUs, 4acTOTbl KOTOPbIX UMEIOT LUMPOKUI
AvanasoH. M3 aToro ananasoHa ogHu konebaHus norac-
HYT I0BONLHO GbLICTPO, Apyrue Xe, coBnaaatoLiye ¢ cob-
CTBEHHbIMW KONeGaHUsMU MYCTOT, YCUNATCS W BCnen-
cTBME pe3oHaHca OyayT ChbilmMbl. OMbITHBIA Bpay Mo
TOHY NePKYTOPHbIX 3BYKOB OMpeAensieT COCTOsIHWE 1 pac-
nosnoxeHune (ToHorpaduio) BHYTPEHHMX OPraHoB.

HOCTM paBHOW ¢a3bl AN rapMOHUYECKON BOJHbI.
CKOpOCTb BOJIHbI PaBHA MPOV3BEOEHMIO 4acTOThI
Kone6aHuii B BOSIHE HA AJIVHY BOJIHbI:
n=l.

Crosuyasi BOlHa — COCTOsiHWE Cpefbl, NPy KOTOPOM
pacnonoXeHvie MakGVMyMOB 1 MUHVIMYMOB nepemellie-
HWI KONEBIOLLIMXCS TOYEK HE MEHSIETCSA BO BPEMEHW.

Ynpyrue BonHbl — ynpyrue BO3MyLLIEHUS, pacnpocTpa-
HSAIOLWMECS B TBEPAOI, XMAKO 1 ra3oobpasHoi cpejax
(Hanpumep, BOJIHbI, BO3HMKAIOLLME B 3€MHOI KOpe npu
3emMeTpaceHnn, 3ByKOBbIE U YJIbTPa3BYKOBbIE BOJIHbI
B ra3006pasaHbIX, XUAKMX 1 TBepAbIX Tenax).

YaoapHble BOSHbI — OAWMH U3 PacripOCTPaHEHHbIX Mpu-
MepOoB MexaHW4eckol BOSHbI. 3ByKOBasi BOIHA — Kosie-
6aTenbHble ABUXEHUS Y4acTuL, ynpyrovi cpefbl, pacnpo-
CcTpaHsiiolmMecs B BuAe ynpyrux BOnH (Aedopmauumu
cXxartus, capura, KOTopble NepeHocAaTcs BOJIHaMu 13 oa-
HOW TOYKM Cpeabl B APYryi0) B ra3006pasHoi, XUAKOW v
TBEPAOV cpefe. 3BYKOBble BOJIHbI, BO3AENCTBYS Ha opra-
Hbl C/lyXa 4yesioBeka, CNOCOGHbI Bbi3bIBaTh 3BYKOBbIE OLLYy-
LLEHVSI, €CNIN 4acTOThl COOTBETCTBYIOLLMX UM Kone6GaHuii
nexart B npegenax 16 — 2 x 104 Iy, (cnblwmMble 3BYKM).
Ynpyrue BofiHbI C YacToTamu, MeHbLummn 16 M, Ha3biBa-
toTCcs MHDPAa3BYyKOM, a ¢ 4actoTamu, Gonbwmmn 16 My, —
ynbTpa3BykoM. CKopocTb 3Byka — ¢Has3oBasi CKOPOCTb
3BYKOBbIX BOJIH B yNpyroi cpeae. CkopocTb 3Byka pasnuny-
Ha B pasnnyHbix cpejax. CkopocTb 3Byka B BO3[yxe —
330—340 m/c (B 3aBUCMMOCTU OT COCTOSIHMSA BO3ayXa).

MPOMKOCTbL 3BYyKa CBSI3aHa C aHeprue koneéaHuin B uc-
TOYHUKE U B BOJTHE U, CNIe0BATENLHO, 3aBUCUT OT aMriun-
Tyobl KonebaHuii. BeicoTa 3Byka — KayecTBO 3ByKa,
onpeaensieMoe 4en0BeKOM CyObEKTVBHO Ha ClyX 1 3aBu-
csilliee B OCHOBHOM OT YaCTOThI 3BYKa.

nporpeccuu (T. €. B 0AMHAKOBOE YMCIO pPas), TO OLLy-
LLieHNe 3TOro pasapaxeHust Bo3pacTaeT B apudme-
TUYECKOMN MPOrpeccum (T. . Ha OAVHAKOBYIO BENNYUHY).
MpUMEHNTENBHO K 3BYKY 3TO O3HAYAEeT, YTO eC/IN NHTEH-
CMBHOCTb 3BYKa MPUHUMAET Psif, MOCNeA0BaTE NbHbIX 3HA-
YeHwuii, Hanpumep al0, a210, a3l0 (a — HekoTopbI KO3d-
duumenT, a > 1) 1 Tak panee, To COOTBETCTBYIOLLEE UM
OLUyLLieH e rpoMKOCTK 3Byka pasHo EO, 2E0, 3EO0 u T. 4.
MaTemaTuyeckmn 3To 03Ha4aeT, YTO FPOMKOCTb 3BYKa NPO-
nopuvoHanbHa JioraprdMy MHTEHCUMBHOCTU 3Byka. Ecnn
[eiCTBYIOT [1Ba 3BYKOBbIX Pa3fpaXeHUs C MHTEHCUBHO-
ctsmu | 1 10, npudem 10 — NOpPOr CALILLMMOCTH, TO Ha OC-
HOBaHMM 3akoHa Bebepa-PexHepa rpoOMKOCTb OTHOCU-
TENbHO Hero CBsi3aHa C MHTEHCUMBHOCTAMU CEAyIOWUM
obpasom:
E=kLIg L,
/0
roe K — HEeKoTopbI KO3hPULMEHT NPONOPLIMOHANBHO-
cTn, SaBVICﬂIJ_lVIVI OT 4aCTOTbl U UHTEHCUBHOCTW.
MeTopn, nsmepeHwsi OCTPOTbI 3ByKa Ha3bliBalOT ayano-
meTpueir. Mpy ayaroMeTpumn Ha cneumansHoM npubope
(ayomomeTpe) onpeaensiioT Nopor CAyXoBOro OLLYLLEHUS
Ha pa3HbIX YacTOTaXx; Mosy4eHHast KpyBasi Ha3biBAETCs ay-
Avorpammoit. CpaBHeHve ayavorpaMmel 60SIbHOTO Yeso-
BEKa C HOpPMaslbHOW KPUBOV Nopora CiyXOBOTrO OLLyLle-
HUSI MOMOraeT AVarHoCTUPOBaTh 3abosieBaHe OpraHoB
cnyxa.
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17. dusuka cnyxa

CnyxoBasi cuctemMa CBSI3blBAE€T HENoCPeACTBEHHbIN
MPUEMHMK 3BYKOBOW BOJIHbI C FO/IOBHBIM MO3IOM.

Mcnonb3ys NoHATUS KWGEPHETUKU, MOXHO CKa3aTb, 4TO
CNyxoBasi CYCTeMa Mony4aet, nepepabaTtbiBaeT U nepe-
naet uHdopmaumio. M3 Bcein CayxoBoW cucTeMbl Anst
paccMoTpeHns GU3NKM Clyxa BbIAENSIOT HapyXHOe,
cpeaHee 1 BHyTPEHHee yXo.

HapyxHoe yx0 COCTOUT 13 YLLHON PakoBWHbI N HApyX-
HOrO CJIyXOBOro Npoxopa. YIHasi pakoBuHa y YesioBeka
He UrpaeT CyLLeCTBEHHOM ponn s ciyxa. OHa cnoco6-
CTBYET ONpeAeneHunio JoKanu3aumm UCTO4HKKA 3ByKa Npu
€ro pacrnoJsioXeHn — 3BYK OT UCTOYHMKA NOMaJaeT B yiu-
HYIO PaKOBUWHY. B 3aBUCMMOCTH OT MOSIOXKEHNS UCTOYHMUKA
B BEPTUKANbHOM MJIOCKOCTY 3BYKOBblE BOSHbLI ByAyT no
pa3HoMy andparnposaThb Ha YLIHOV PakoBMHE 13-3a ee
creumduyeckoin hopmbl. TO NPUBOAUT U K PA3HOMY 13-
MEHEHMIO CMNeKTPasibHOro cocTaBa 3BYKOBOW BOJHbI,
nonajaioleii B CNyxoBOW Npoxof,. Yenosek Hay4uncs
accouMMpoBaTh U3MEHEHWEe CrnekTpa 3BYKOBOM BOJHbI
C Harpas/ieHMeM Ha UCTOYHUK 3BYyKa.

PasnnyHbIM HanpasieHNsiM Ha UCTOYHUK 3BYKa B ropu-
30HTaJIbHOM NOCKOCTY ByAyT COOTBETCTBOBATH PA3HOCTU
das. CyMTaloT, 4TO YeNTOBEK C HOPMAJIbHLIM CITYXOM MOXET
dUKCMPOBaTL HaNpPaB/ieHUs Ha UCTOYHUK 3BYKa C TOYHO-
CTblO A0 3°, 3TOMy COOTBETCTBYET pas3HOCTb ¢a3 — 6°.
MoaToMy MOXHO nonaraTb, 4TO YenoBek cnocobeH pas-
NMYaTh M3MEHEHNe PasHOCTU $ha3 3BYKOBLIX BOJH, Mona-
[AIOLWVX B €ro YLK, C TOYHOCTbIO A0 6°.

Kpowme dazosoro pasnuuus, 6rHaypansHoMy adpdekTy
Ccrnoco6CcTBYeT HEOAVHAKOBOCTb MHTEHCUBHOCTE 3BYKa
Y PasHbIX YLUIEW, a TakKe 1 «akyCTUYeckas TeHb» OT FoJio-
Bbl [0 OJHOTO yxa.

19. lmppopuHamuka

MmapoavHamuka — pasgen GrUsnku, B KOTOPOM M3yya-
10T BOMPOCHI ABMXXEHUS HECKMMAEMBIX XUAKOCTEN 1 B3au-
MO,ElEVICTBVIe MX NMpn 3TOM C OKpyXawwummn TBepabiMn
Tenamu, yuyeHus o fecopmaLmsix U TeKy4eCTu BeLLecTsa.

COBOKYMHOCTb METOZI0B U3MEPEHMS BI3KOCTY Ha3blBa-
eTcsa BMCKO3UMETpurel, a npubopsl, NCNosb3yemble Ans
Takvx Lenei, — BUCKo3umeTpamu. Hanbonee pacnpo-
CTPaHEeHHbIVi METOA, BUCKO3UMETPUN — KanuISIpHbIA —
3aKNio4aeTcs B USMEPEHNN BPEMEHU NPOTeKaHus Yepes
Kanunnsip XuaKoCcT! U3BECTHOW MaccChl Mog, AeincTerem
CWJibl TAXECTU NPK ONPeAeNeHHOM nepenaae AaBneHuit.
KanunnspHelii BUCKO3MMETP NPUMEHSIETCA ANS onpene-
JIEHVS1 BSIBKOCTU KPOBMU.

MpUMeHsI0TCA Takke POTaUMOHHbIE BUCKO3VMETPbI,
B KOTOPbIX XWAKOCTb HAXOAUTCS B 3a30pe MeXAy ABYyMS
COOCHbIMW Tenamu, Hanpumep uunuHapamu. OpguH u3
UMAMHAPOB (POTOP) BpalLlaeTcs, a Apyroi mManonoasu-
KeH. BA3KOCTb M3MepsieTCs No yrioBoli CKOPOCTU poTopa,
CO3[alOLLEro OnpeneneHHbli MOMEHT CUMbl Ha Hemno-
ABUWKHOM LVMHAPE, WU MO MOMEHTY CWUJlbl, AENCTBYIO-
LEeMY Ha HEMOABMKHOM LVIMHAPE, WY MO MOMEHTY CU-
Nbl, AECTBYIOWEMY Ha HeMoABUXHBIA LMAUHAP, Npu
3aaHHO YrNoBOW CKOPOCTY BpalleHns potopa. C nomo-
L0 POTALMOHHBIX BUCKO3UMETPOB OMPefensiioT BsA3-
KOCTb XWIKOCTEN — CMa304HbIX MaCeJsi, PacriaBieHHbIX
CUIMKATOB U METaIIOB, BbICOKOBSI3HbIX N1AkOB W KNIEEB,
MMIVHUCTBIX PACTBOPOB.

B HacToslLLee Bpemsi B KIIMHVIKE A5 onpeAesieHus Bas-
KOCTU KPOBU UCMONb3YIOT BUCKo3umeTp lecca ¢ asyms
kanunnapamu. B BuckoammeTpe lecca o6beM KpoBu
BCErJa 0AMHaKkos, a 06bem BO/bl OTCUUTHLIBAIOT MO Aene-
HUSIM Ha TPyOKe, MO3TOMY HEMOCPEACTBEHHO MOSyYaloT

B MegnuuHe

YneTpa3syk npencTtaBnsieT coboil BbICOKOYACTOTHbIE
MexaHnyeckne KosebaHus HacTuL, TBepaow, XNOKOW unn
raso06pa3Hoii cpeabl, HECIbILLMMbIE YENIOBEYECKUM YXOM.
YacToTa konebanwuin ynstpaasyka Bbille 20 000 B cekyHAy,
T. €. BbllLe Nopora CbILLYMOCTW.

Jns neyebHbIX Lenein NPpUMEHSETCS YNLTPasByK C Ya-
ctoToit ot 800 000 go 3 000 000 konebaHwit B cekyHay.
Jlnsi reHepupoBaHus yNbTPa3Byka MCMNOMb3YIOTCS YCTPOIA-
CTBa, Ha3blBaeMble YIbTPa3BYKOBbIMU U3JyHaTesNIsiMu.

Haunbonbluee pacnpocTpaHeHue noayunnm anekTpome-
XaHuyeckvie usnyyarenu. NpumeHeHve ynsTpassyka B Me-
[ULVHE CBSI3aHO C 0COBEHHOCTSIMU €ro PacrnpoCcTpaHeHus
1 xapakTepHbiMy cBoicTBamMu. Mo puanyeckon npupoae
YNbTPasByK, Kak U 3BYK, SBISETCA MEXaHU4ecKo (ynpy-
roii) BonHoin. OgHaKo AJIMHA BOMHbI yNbTpasByka Cylie-
CTBEHHO MEHbLLE AJINHbI 3BYKOBOI BOJSIHLI. Yem Gosblue
pasinyHble aKyCTUYeCKne ConpoTmUBIIEHUS, TEM CUJiIbHEE
OTPaXeHWe W MpesioMeHNe ynbTPasByka Ha rpaHule
pasHopopHbix cpep. OTpaxeHve ynbTpa3BYKOBbIX BOJH
3aBUCUT OT yria nageHns Ha 30Hy BOSﬂeﬁCTBMﬂ — 4em
6orblue yron nageHusl, Tem 6osblie kK0ahdULMEHT oTpa-
XeHus.

B opraHuame ynbTpasdsyk 4actotoir 800—1000 kI
pacnpocTpaHseTca Ha ry6uHy 8—10 cm, a npu Yactote
2500—3000 Ny — Ha 1,0—38,0 cMm. YnbTpassyk nornowa-
eTCs TKaHAMW HepaBHOMEPHO: YeM Bbille aKyCcTuyeckas
MIOTHOCTb, TEM MEHbLLE MOMIOLLEHNE.

Ha opraHuam Yenoseka npu NpoBeAeHUN YNbTPa3ByKo-
BOVi Tepanuun AencTBYIOT Tpu pakTopa:

1) MexaHU4eckuini — BUGPALMOHHBIA MUKpOMAaccax Kiie-
TOK 1 TKaHewn;

ELE] 20. Mexannueckue cBoiicTBa TBEPALIX
Ten u 6MoNorMyeckmx TKaHei

XapakTepHblM MPU3HAKOM TBEPAOro Tena sBAseTcs
CnocoBGHOCTb COXpaHaTb Gopmy. Teepaple Tena MOXHO
pasfenuTb Ha KpUcTannmyeckue u amopdHsie.

OTNNYUTENBHLIM MPU3HAKOM KPUCTa/IMHECKOro CO-
CTOSIHUS CNTYXXUT aHU3OTPONUSA — 3aBMCUMOCTb PpUsnye-
CKUX CBOWMCTB (MEXaHU4EeCKMX, TEMNOBbIX, 3N1EKTPNHECKNIX,
ONTWYECKUX) OT HampaeneHus. MpuynHa aHU3oTponuK
KPUCTaNINIOB 3aK/lo4aeTcs B YNopsifoHeHHOM pacrono-
XKEHWW aTOMOB WJIN MOJIEKYs, N3 KOTOPbIX OHW MOCTPO-
€Hbl, MPOSIB/IIEMOM B NPABUIILHOW BHELLHEN orpaHke oT-
AenbHbIX MOHOKpucTannos. OpHako, Kak npasuno,
KpUCTaJIMyeckve Tena BCTPEYaloTCst B BUAE MOSMKPY-
CTaJIIOB — COBOKYMHOCTV MHOXECTB CPOCLLUMXCS MeXay
coboi1, 6ecnopsiAoYHO OPUEHTUPOBAHHBIX OTAENbHbIX
ManeHbKux KpUCTannoB (kpuctannmtos). B 3aBucumocTtn
OT NPMPOLbI HAaCTULL, HAXOASLLMXCS B Y31aX, U XxapakTepa
cuUn B3aMMOZENCTBUSA pa3nuyaloT 4 Tuna kpuctannuye-
CKUX PELLETOK: NOHHbIE, aTOMHbIe, MeTaJlInyeckue 1 Mo-
nekynsipHble. Bo Bcex y3nax MeTannnyeckol peLueTku
pPacnonoxeHbl NMONOXUTENbHbIE UOHBI MeTannos. Mexay
HUMM Xa0TNHECKN ABUXKYTCS 31EKTPOHbI.

[MaBHO OCOGEHHOCTLIO BHYTPEHHEro CTPOEHWsI Ten,
HaxoaaLWyXcst B aMOP(MHOM COCTOSIHUM, SIBASIETCS CTPO-
rasi NOBTOPSIEMOCTb B PACMOJIOXEHUN aTOMOB WKW rpynn
aTOMOB BO BCEX HarpasJieHUsiX BAOJb BCEro Tenia. AMop-
¢Hble Tena B OAMHAKOBLIX YCNOBUSX MMeEIOT Gonbluve,
YeM KpUCTabl, YAENbHbI 06beM, SHTPONIO U BHYTPEH-
HIOIO 3Hepruio. AMop@HOe COCTOSIHME CBOMCTBEHHO Be-
wectsam camoi pasnuyHon npupogsl. Mpu manom aa-
BNEHWM W BLICOKOW TemrnepaType BellecTBa B 3TOM
COCTOSIHMM BECbMa MOABUXHbI: HU3KOMOJEKYISIpHbIE SIB-



2) TennoBoW — MNOBbILEHNE TemMmnepaTypbl TKaHew
1 MPOHULIAZEMOCTM KNIETOUHBIX 060/104€eK;
3) PU3NKO-XMMUHECKNIT — CTUMYNSILMSA TKaHeBOoro 06-

MeHa 1 NPOLLEeCCOoB pereHepaumu.

Buronorunyeckoe aencTane ynstTpassyka 3aBUCUT OT €ro
[03bl, KOTOPasi MOXET ObiTb AJIs1 TKAHEN CTUMYIUPYIO-
e, yruetatioLen nnn aaxe paspywaioweii. Hanbonee
afgekBaTHbIMU Ans nevebHo-NPodUNaKTUYECKMX BO3AEN-
CTBWI1 ABASIIOTCS HEGOMbLUME AO3UPOBKM ybTPa3ByKa (40
1,2 BT/cM2), 0COBEHHO B MIMMYNbCHOM pexume. OHM cno-
CcoOHbl OkasblBaTb GoneyTonsiollee, aHTUCENTUHECKOe
(MPOTUBOMUKPOGHOE), COCYAOPacLUMPSIOLLEE, PacCcachl-
Balowee, NPOTUBOBOCMNANUTENbHOE, AeCeHCUbunnau-
pyloLlee (MpoTnBoanneprnyeckoe) AencTene.

B ¢u3noTepaneBTNHECKON MPaKTKe UCMONb3YoTCs
npenmMyLecTBEHHO OTe4YeCTBEeHHble annapatbl Tpex ce-
puit: Y3T-1, ¥3T-2, ¥3T-3.

YnbTpasByk He NpUMeHsieTcs Ha 06nacTb Mo3ra, Lei-
HbIX NMO3BOHKOB, KOCTHbIE BbICTYMbI, 061aCTN PaCTyLUUX
KOCTel, TKaHN C BbIPaXEHHbIM HapyLLeHreM KpoBoobpa-
LLIEHVS1, HA XUBOT Npu 6EPeMeHHOCTM, MOLLOHKY. C 0cTO-
POXHOCTBIO YNbTPa3ByK NPUMEHSAIOT Ha 06nacTb cepaua,
3H[OKPVHHbBIE OPraHbl.

Pas3nunyaloT HeNpepbIBHbIV Y UMMYSLCHbIN YIbTPa3BYK.
HenpepbiBHLIM yNLTPa3BYKOM NPUHATO Ha3biBaTb HeNpe-
PbIBHBbI MOTOK YyNbTPA3BYKOBbIX BOJH. JTOT BUA, N3yye-
HVSt UICMONL3YeTCs MaBHbIM 06Pa3oM [Nt BO3AENCTBUS
Ha MArkMe TKaHu 1 cycTasbl. IMNynbCHbIV ynbTpassyk
npencTasnsieT coboii NPepbIBUCTOE U3JyYeHue, T. €.
YNbTPa3BYK MOCHUIAETCS OTAENbHLIMW UMMYbCaMK Ye-
pes onpeaeneHHble NPOMEXYTKM BPeMEeHN.

NIAHOTCS XUAKOCTSIMM, BbICOKOMONEKYISIPHBIE OKa3bl-

BalOTCS B BbICOKO3/1ACTMYECKOM COCTOAHUU. C NoHU-
>KEHVIEM TeMMepaTypbl i POCTOM AABNIEHUS NMOABUKHOCTD
aMOP®HbBIX BELLECTB YMEHbLUAETCS, 1 BCE OHW CTAHOBSIT-
Cs TBEPObIMUK TeNlaMun.

MonumepamMu Ha3bIBAIOT BELLECTBA, MOJIEKYIbI KOTO-
pbIX NPEACTABASIOT COOOM ASIMHHBIE LIENU, COCTaBNEHHbIE
13 60NbLLIOro YnUCa aTOMOB UM aTOMHBIX rpynnupoBoKk,
COEAVHEHHBIX XVMUYECKUMU CBA3siMU. OCOBEHHOCTb XU-
MWYECKOTO CTPOEHWsI NONMMEPOB OBYCNOBAMBAET U UX
ocobble puanyeckue ceoinctea. K nonMMepHsiM matepu-
aflamMm OTHOCSIT MOYTU BCE XMBbIE U PACTUTENbHbIE MaTe-
pvanbl, Takue Kak LepcTb, KOXa, Por, BOOC, LUENK, X10-
NOK, HaTypanbHbIN Kay4yK 1 UHbIE, a TakXe BCAKOro poaa
CUHTETUYECKME MaTepuasibl — CUHTETUYECKUI Kaydyk,
nnacTMacchl, BONOKHA U Ap.

BonbLuUoW HTEpeC ANA MeANUMHBI NPEACTaBASIOT TKaHe-
Bble KJieu (Hanpumep, ankun-a-uyMaHokpunarel, n-6ytun-a-
LMHOKPUAAT), GbICTPO MOAMMEPU3YIOLLMECS B MIEHKY, KO-
TOpble UCMONBb3YKT ANS 3aKpbITUS paH 6e3 HanoxeHus
LIBOB.

XKuaxumm KpucTannamm Ha3blBalOT BELLECTBA, KOTO-
pble 06najaloT CBOMCTBaAMU U XWUAOKOCTEN, U KpucTan-
noB. [0 CBOMM MexaHN4eCKUM CBOMCTBAaM 3TV BeLeCTBa
MOXOXM Ha XUAKOCTU — OHM TekyT. o xapakTepy mone-
KYNSAPHOWM yNnopaA04eHHOCTN PasnnyaioT HemaTuyeckmne
1 CMEKTUYECKME XUOKMe KpucTamsbl. B HemaTuyeckux
KMIKMX KPUCTANax MOJeKySibl OPUEHTUPOBAHbI napa-
NenbHO, HO WX LEHTPbl PacnofioXeHbl GeCnopPsA0HHO.
CMmeKTUYeckre KpUCTasibl COCTOST U3 MapasuiesibHbIX
CNoeB, B KOTOPbIX MOJSIEKyNbl ynopsigoyeHbl. Ocobbiii
K/iacC COCTaB/SAOT KpuUCTassibl XOnecTtepnyeckoro tmna
(UX CTPOEHNE XapaKTepPHO AN COeAVHEHWUI, copepxa-
LLMX XONECTEPWH).

JnvHa cnyxoBOro npoxoja y 4esoBeka pasHa

npubénuanTensHo 2,3 CM; cneaoBaTesibHo, akyCcTu-
Yeckuin pe30HaHC BO3HMKAET Npu 4acToTe:

c_ 3.0
v=C0__ W
A 423107

Hanbonee cyLeCTBEHHbIMU YaCTAMU CPEAHETO yXa siB-
naoTcs 6apabaHHas nepenoHka U CryxoBble KOCTOYKM:
MOJIOTOYKM, HAKOBAJIbHS 1 CTPEMEYKO C COOTBETCTBYIO-
WMMU MbIlIL@AMU, CYXOXUNINAMU 1N CBA3KaAMW.

Cuctema KOCTO4EeK Ha OJHOM KOHLIE MOJIOTO4KOM CBSi-
3aHa ¢ 6apabaHHOV NepenoHKo, Ha APYromMm — CTpemMey-
KOM C OBaJibHbIM OKHOM BHYTpeHHero yxa. Ha 6apabaH-
HYIO MepenoHKy OelCTByeT 3BYKOBOE [aBfieHue, 4To
obycnosnueaet cuny F, = P,S; (P, — 3BykoBOe nasne-
Hue, S, — nnowanp).

Cuctema kocTodek paboTaer, Kak pbl4ar, C BbIUrpbiieM
B CW/1e CO CTOPOHbI BHYTPEHHEro yxa y yenoseka B 1,3 pa-
3a. Ewe ogHa ns dyHkumii cpegHero yxa — ocnabnexuve
nepepayn konebaHwii B cnydae 3Byka GONbLIONA MHTEH-
CUBHOCTW.

Ynutka yenoBeka SABNSIETCA KOCTHbIM OGDBSOBaHVIEM
ONMHOM 0Koso 3,5 MM 1 uMeeT hopMmy KancynoobpasHoii
cnupanu ¢ 2—3/4 3aButkamu. Bponb ynutkn npoxoaat
TPy kaHana. OAWH W3 HKX, KOTOPbI HayMHaeTcs OT
OBa/IbHOrO OKHA, Ha3blBaeTCs BECTUOYISPHON NecTHU-
ueit. [lpyroii kaHan uoeT oT KPYrioro okHa, OH Ha3blBaeT-
csi 6apabaHHoi nectHuuei. BectnbynspHas n 6apabaH-
Hasi NIECTHULBI COEAVHEHbl B 06NacTu Kyrnona yauTku
nocpeacTBOM MasieHbKOro OTBEPCTUS — reSIMKOTPEMbI.
Mexay ynuTKoBbIM KaHanoMm u 6apabaHHOW NecTHULen
BOOMb YNWUTKM NPOXOAUT OCHOBHas (6asunspHas) mMem-
6paHa. Ha Heit HaxoaUTCa KOPTUEB OpraH, coaepXalumnin
peLenTopHble (BONOCKOBbLIE) KNETKU, OT YANTKM NAET Chy-
XOBOW HEPB.

=3 klu.

3Ha4YeHne OTHOCUTENbHOW BA3KOCTM KpoBw. Bas-

KOCTb KpoBM yenoseka B Hopme 0,4—0,5 Mac, npu
natonoruu koneénercsi ot 0,17 go 2,23 MNac, 4To ckasbl-
BaeTCsa Ha CKOPOCTU oceaaHuns aputpoumtos (CO3). Be-
HO3Has KpOBb 06NaAAET HECKONBbKO BONbLUIEN BS3KOCTbIO,
4yeMm apTepuiasbHasi.

JNamuHapHoe u TypGyneHTHoe TeueHus. Yucno Peir-
HonbAca. TeyeHve XUOKOCTU MOXET OblTb CMOUCTbIM,
VI NaMUHAPHBIM. YBEIMYEHVE CKOPOCTU TEHEHUS BA3-
KOV XWOKOCTV BCNEACTBME HEOJHOPOAHOCTU AaBfiEHNS
rnonepeyHoOMy ceuyeHuio TpyObl Co3aaeT 3aBUXpeHue, U
[IBUXKEHNE CTAHOBUTCS BUXPEBBIM, WIIN TYPOYSIEHTHBIM.

Mpu TypGYyNneHTHOM Te4eHUM CKOPOCTb HaCTHL, B KaX-
AOM MeCTe XaOTU4eCKN N3MEHSAETCA, ABUXEHNE ABNAEeT-
€Sl HECTaUMOHAPHBIM.

KuHemaTunyeckas BA3KOCTb MOJHEE, YeM AMHamuyeckas,
Y4UTbIBAET BNIMSHNE BHYTPEHHEr0O TPDEHUA Ha XapakTep Te-
YEHUS XVOKOCTU un rasa. Tak, BA3KOCTb BOAbI Nprbimnau-
TenbHo B 100 pa3 6onbLue, Yem Bosayxa (npu 0 °C), HO Ku-
HemaTtuyeckas BA3KOCTb Boabl B 10 pa3 MeHblue, Yem
BO3/1yXa, U MO3TOMY BA3KOCTb CUJIbHEE B/ISIET Ha Xapak-
Tep Te4eHns BO3lyxa, 4eM BOAbl. XapakTep TeHeHns Xna-
KOCTW UNW ra3a 3aBuUCUT OT pa3MepoB TPyObI.

TeueHvie KPOBU B apTePVsiX B HOPME SIBSISIETCS JlamMu-
HapHbIM, HebonbLIas TypOYyNEHTHOCTL BO3HMKAET BOAM3N
KnanaHos. Mpu naTonornu, Koraa BI3KOCTb ObIBAET MEHb-
e HOpMbI, yncno PeiliHonbaca MOXET GbiTb BbILLE KPU-
TWUYECKOrO 3HAYEHUS, 1 ABUXEHWNE CTAHET TypOYNEHTHbIM.
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21. MexaHun4yeckune cBOMCTBa
GUONOrMYecKux TKkaHemn

Mon MexaHuyYecknMu CBOWCTBaAMW BGUONOrUHECKUX
TKaHe NoHMMaIOT ABe UX pa3HoBuaHocT. OaHa cea3a-
Ha C npoueccamun 61oNorMieckolt NoABMXKHOCTU: COKpa-
LLIEHME MBILLIL, KMBOTHbIX, POCT KJIETOK, ABUXEHNE XPOMO-
COM B K/eTkax npu ux AeneHun u ap. ST npouecch
00YCNOBNEHbI XVIMUYECKVMM MPOLIECCaMN U dHepreTuye-
cku o6ecnedmBatotcs AT, 1x nprpoaa paccMaTpuBaeTcst
B Kypce G1MOXMMUN. YCNOBHO YKa3aHHyYIo rpynmny HasblBaloT
aKTVBHLIMM MEeXaHW4YeckMMK cBoicTBamu Guonoruye-
CKUX CUCTEM.

KocTtHas TkaHb. KocTb — OCHOBHOWM MaTtepuan onop-
HO-JBUraTenbHOro annapara. [lge TpeTu macchl KOM-
NakTHOWM KOCTHOW TkaHu (0,5 o6bema) cocTaBnsieT Heopra-
HUYeCKUIA maTtepuan, MUHepanbHOe BELLECTBO KOCTU —
ruppokeunadtut 3 Cay(PO) X Ca(OH),. 310 BelecTso
NpeacTaBieHo B GOPME MUKPOCKOMMHECKMX KPUCTASIMKOB.

MAOTHOCTL KOCTHOM TkaHu pasHa 2400 kr/m3, ee mexa-
HUYeckne CBOMCTBA 3aBUCSAT OT MHOMMX GakTOpOB, B TOM
4yucne oT BO3pacTa, UHAMBMAYasbHbIX YCIIOBU POCTa Op-
raHn3mMa u, KOHe4YHo, OT yyacTka opraHuama. CTpoeHue
KOCTW MpUAAEeT €l HyXHble MEexaHWYeckue CBOWCTBa:
TBEPAOCTb, YNPYroCTh Y MPOYHOCTb.

Koxa. OHa COCTOWT 13 BONIOKOH KOMIlareHa v anacTuHa
1N OCHOBHOW TKaHum — maTpuubl. Konnaren cocrasnset
oKoJo 75% cyxoW Macchl, a 3nacTuH — okono 4%. 9na-
CTUH pacTaruBaeTcsi O4eHb CubHO (oo 200—300%),
NpyMepHO kak peanHa. KonnareH MoxeT pacTarvBaTbcs
£0 10%, 4TO COOTBETCTBYET KanpOHOBOMY BOJIOKHY.

Takum 06pa3oM, Koxa SIBASETCs BA3KOYNpyrum mate-
pYasioM C BbICOKO3TACTUYECKVMI CBOMCTBaMM, OHA XO-
POLLO PaCTArVBAETCS U YAJMHSETCS.

23. PaGoTa 1 MOWHOCTb cepaua.
AnnapaTt UCKyCCTBEHHOIo
KpoBOoOGpaLyeHus

PaboTa, coseplaemas cepiuem, 3aTpaqvBaeTcsi Ha
NpeofoneHne ConpOTUBAEHUS U COOBLLEHNE KPOBU K-
HEeTU4ECKON SHEPrun.

PaccunTtaem paboTy, coBepLuaeMyto Npu 0AHOKPaTHOM
COKpaLLeHUM 1IEBOTO XeJlyJouKa.

Vy — yAapHbIi 06bEM KPOBYM B BuAe UnnvHapa. MoxHo
cuMTaTh, YTO cepAue NocTaBnsieT 3ToT o6bem Nno aopte
ceyeHneM S Ha paccTosiHue | Npu cpeaHem AasneHun p.
CosepLuaemas npu 3Tom paboTta paBHa:

A, =Fl=pSI=pV,.
Ha coobLeHne KMHeTNHecKoin aHeprum aTomy oobemy
KpOBW 3aTpayeHa paboTa:

m? v?
=M v 2
A= TP

rae p — MAOTHOCTb KPOBU;
v — CKOPOCTb KPOBY B aopTe.

Takum o6pasom, paboTa NeBOro Xenyaouyka cepaua

npu CoKpaLLeHUn paBHa:

1)2

A, =A+A=pV, +pV, PR

Tak Kak paboTa NPaBoro XenyAo4ka NnprHUMaeTcst pas-

Holt 0,2 oT paboThl NeBoro, To paboTa BCero cepaa npu
0[IHOKPATHOM COKPALLEHUMN paBHa:

2
)
Aﬂ:A‘+A2:pVy+pVy?.

22. dusnueckmne BONpocChl
reMoauHamMukKm

FemoauHamukoii Ha3biBalOT 061aCTb BUOMEXAHUKH,
B KOTOPOW MCCNeayeTcs ABUXEHWE KPOBM MO COCYANCTOM
cucteme. PrU3n4ecKoi OCHOBOIN reMOANHAMUKA SIBAISIET-
csl rnapoAvHaMuKa.

CylecTByeT CBS3b MexXay yAapHbIM 06beMOM KpPOBWU
(06bEMOM KPOBU, BbIOPACHLIBAEMOI XETyA04KOM cepaua
3a OfHYy CUCTOJY), FMAPABAVYECKUM COMPOTUBIEHUEM
nepudepuryeckoit HacTu cuctembl kpoBoobpalleHns X0 n
V3MEHEHVEM JaBJIEHNs B apTepusiX: Tak Kak KPOBb Hax0-
JLMTCA B YNPYrom pesepsyape, To ee 06beM B n1t060M MO-
MEHT BPEMEHW 3aBUCUT OT AABMIEHNS P MO CreayloLemy
COOTHOLLEHWUIO:

v=vyt kp,

roe Kk — anacTM4HOCTb, YNPYrocTb pe3epByapa;
Vo, — 06beM pesepsyapa npu OTCYTCTBUM faBeHNs
(p=0).

B ynpyrwuii pesepByap (apTepuu) nocTynaet KpoBb U3
cepaua, 06beMHas CKOPOCTb KPOBOTOKA paBHa Q.

OT ynpyroro pesepsyapa KpoBb OTTEKAET C 0OGbLEMHO
CKOPOCTbIO KPOBOTOKA Q, B nepudepnyeckyio cuctemy
(apTepuonbl, kKanunnsipel). MOXHO COCTaBUTL JOCTATOY-
HO O4EeBUAHOE ypaBHEHMe:

av
Q=— ,
o +Q,

nokasblBaiollee, 4To 06beMHasi CKOPOCTb KPOBOTOKA
13 cepaua paBHa CKOPOCTW BO3pacTaHus o6bema ynpy-
roro pesepsyapa.

MynbcoBas BonHa. [pu cokpalleHUn CepaeyHO
MbILWLbI (CUCTONE) KPOBbL BbiGpPackiBaeTCs U3 cepaua
B QOPTY M OTXOASILLIME OT Hee apTepun. Ecnu cTeHkn atux

24. TepmopuHaMmuka

Mon TepMoaMHaAMMKOW MOHMMAIOT pasfaen Gpuamnku,
paccMaTpuBaloLLIMii CUCTEMbI, MEXAY KOTOPbIMU BO3MO-
XeH oObMeH aHeprueit 6e3 yyeta MUKPOCKOMUYECKOro
CTPOEHVSI TEJ1, COCTaBNISIOLLNX CUCTEMY. PasnuyatoT Tep-
MOAVHAMVIKY PaBHOBECHbIX CUCTEM (UM CUCTEM, MEPEXo-
AALLMX K PABHOBECUIO) Y TEPMOAVHAMUKY HEPABHOBECHbIX
cuCcTeM, KoTopasi urpaeT ocobyio posb A4Jisi paccMoTpe-
HWSt BUONOMMYECKUX CUCTEM.

OCHOBHbIE NOHATUSA TepmoauHamMuku. MepeBoe Ha-
yano tepMoauHamuku. CoCTosiHME TepMOoAMHaMuye-
CKOW CUCTEMbI XapakTepusyeTcst GU3NYeCKUMN BeNnun-
Hamu, Ha3blBaEMbIMW NapaMeTpamu (Takumu kak o6bem,
[AaBneHve, TeMnepatypa, NIoTHOCTb 1 T. A.). Ecnn napa-
METPbI CUCTEMBI NPY B3aNMOAENCTBUN €€ C OKPYXaloLLy-
MU TEeNamMun He n OTCA C T Bp , TO CO-
CTOSIHME CUCTEMbI HA3bIBAIOT CTALMOHAPHBIM. B pasHbix
YaCcTsAX CUCTEMbI, HAXOASALLENCS B CTaLMOHapHOM COCTOS-
HUW, 3HA4YEeHUs NnapamMmeTpoB 006bI4HO pasnn4yaloTca: Tem-
nepaTtypa B pa3HbIX yHacTKax Tesia YesioBeka, KOHLEHTpa-
uns  AMPOYHONPYIOLMX MONEKyn B PasHbiX 4acTsx
6uonornyeckori Membpanbl 1 T. n. CTaumMoHapHoe co-
CTOSIHME NMOoALepPXMBAeTCsi 3a CHET NMOTOKOB 3HepPrun
1 BELLECTBA, NPOXOASALLMX Yepe3 cucTemy. B ctauvoHap-
HOM COCTOSAHUM MOTYT HaxoAuTbCs Takme CUCTEeMbI, KO-
TOpble IM60 06MEHNBAIOTCS U AHEPTUE, U BELLECTBOM
C OKPYXaloLLVIMV CUCTEMaMU (OTKPbITblE CUCTEMBI), TMGO
06MEHMBAIOTCS TOJLKO 3HEprueli (3akpbiTble CUCTEMBI).

TepmoavHaMuyeckasi cuctema, kotopasi He 06MeHuBa-
€TCSl C OKPY>XKAIOLLMMY TENIaMU HU SHEPTUEN, HY BELLECTBOM,
Ha3blBAETCA M30/MPOBAHHON. M30mposaHHas cuctema co
BPEMEHEM MPUXOAUT B COCTOSHUE TEPMOAVHAMUYECKOrO




%Cocy,u,os 6bINN XECTKUMW, TO AABNEHUE, BO3HUKA-

loLLiee B KPOBU Ha BbIXOJE U3 cepLa, CO CKOPOCTbIO
3Byka nepenanoch 6bl K nepudpepun. Crctonmyeckoe
AaBjieHne 4yenoseka B HOpMe paBHO I'IpVI6}'II/I3I/ITe}'IbHO
16 kMa. Bo Bpems paccnabnenus ceppua (AnacTtonbl)
pacTsiHyTble KPOBEHOCHbIE COCYAbl CMafaloT, U MOTEH-
unanbHas sHeprus, cooblleHHas UM cepaueM uepes
KPOBb, NEPEXOUT B KNHETUHECKYIO QHEPI IO TOKa KPOBMU,
npu 9TOM NOAAEPXMBAETCS AMACTONNYECKOE AaBNeHNe,
npubnusutensHo pasHoe 11 kMa. Mynbcosas BonHa pac-
NPOCTPaHAETCA CO CKOPOCTbio 5—10 M/c 1 aaxe Gonee.
BSA3KOCTb KPOBM U YNPYroBsi3K1e CBOMCTBA CTEHOK COCY-
Aa yMeHbLIaT aMmnanTyay BOJIHbI. MoxHo 3anucatb cne-
Aylouiee ypaBHEHWE AN rapMOHWYECKOW MyNbCOBOM
BOJIHbI:

pP=p, s cosw(t —5}
v

rae p, — amnauTyaa AaBfeHns B NysbCOBO BOJHE;
X — PaccTosiHVE 4O NPOV3BOJIbHOMN TOUKM OT UCTON-
Huka konebaHuit (cepaua);
t — Bpems;
W — Kpyrosas 4actoTa konebaHuii;
C — HeKoTopasi KOHCTaHTa, onpeaensioLas 3atyxa-
HWe BOJIHbI.

JNnHY NynbCOBOM BOMHBI MOXHO HaTU U3 GOpPMYyIbl:

A= Ehy

pd

roe E — moaynb ynpyroctu;
P — NAOTHOCTb BELLLECTBA COCYAa;
h— TONLWWMHA CTEHKM cocyaa;
d — gnameTp cocypa.

mnapaMeprl CUCTEMbI COXPaHAKTCA HEU3MEHHbIMUN

BO BpemMeHu. OHaKO CyLLECTBEHHO, YTO B PaBHOBEC-
HOM COCTOAAHMU NapaMeTpbl, He 3aBUCALLME OT MacCbl Nnn
yncna YacTul, (AasneHue, Temnepatypa v ap.), oguHa-
KOBbI B Pa3HbIX 4aCTaX 3TOM cucTembl. Jliobas TepmoamHa-
Munyeckas cuctema He 6y,u,eT VI30}1VIpOBaHHOI71, Tak Kak ee
HEBO3MOXXHO OKPYXWUTb 060}10‘1KOI7l, He I'IDOBO,ELHLU.GVI Tenno-

NU3onupoBaHHYl0 CUCTEMY paccMaTpuBalOT Kak
YAOGHYI0 TEPMOAVHAMUYECKYIO MOAENb. 3aKOH COX-
PaHeHWNst SHEPrv Ansi TENNOBbLIX NPOLLECCOB GOopMynnpy-
€TCH Kak nepesoe Ha4dano TepMoAVHaAMUKWU. KonuuecTto
TennoTbl, NnepegaHHoe cucTtemMe, MaetT Ha M3MeHeHune
BHYTPEHHEN SHEPTrn CUCTEMbI U COBEPLLEHME CUCTEMON
paboTbl. Mof BHYTPEHHEN 3Heprueit CUCTEMbI MOHUMAIOT
CYMMY KMHETUYECKOW 1 MOTEHLMANbHOM SHEepPrui Yyactuu,
13 KOTOPbIX COCTOUT CUCTEMA.

BHYTpeHHsIA aHeprusi sBnsieTcst GYHKUMEN COCTOSIHUS
CUCTEMbI U AN AaHHOI0 COCTOSAHMSA UMeeT BroJiHe onpe-
[eneHHoe 3HaveHve: DU ecTb pa3HOCTb ABYX 3HaYeHWi
BHyTpeHHeVI 3Heprnmn, COOTBETCTBYIOLLUNX KOHEYHOMY N Ha-
Ya/ibHOMY COCTOSAHUSAM CUCTEMbI:

DU=U,-U,.

KonnyecTBo TennoThbl, kKak 1 paboTbl, ABNSETCA PyHK-
LlMeIZ npouecca, a He COCTOAHNA. [‘Iepsoe Ha4yano TepmMo-
AVNHAMMNKU MOXHO 3annucaTb B BUAE:

dQ=dU +dA.

3Hauennsa Q, A, DU n dQ, dA, dU moryT BbiTb Kak nono-
KUTENbHBIMY (TENIOTA NEPEAETCH CUCTEME BHELLHUMMN
Tenamu, BHYTPEHHSIS1 SHEPTUsi YBENMYMBAETCS), TaK U OT-
pyLaTeNbHbIMU (TENIOTA OTHUMAETCS OT CUCTEMBI, BHY-
TPEHHSISt SHepPrus yMeHbLLIAeTCs ).

Mbiwnbl. B cOCTaB MblLUL, BXOAWUT COEANHUTENb-
Hasi TKaHb, COCTOSILLAS U3 BOJIOKOH KOJllareHa u ana-
cTuHa. Mo3TOMyY MexaHU4eckve CBOMCTBA MbILLIL, MOLOGHbI
MexaHW4Yeckum CBOWCTBaM MNonvMMepos. MexaHuyeckoe
noBefeHne CKeNIeTHON Mbilllbl crieayollee: npu Obl-
CTPOM PACTSXKEHUM MBbILLL, HA OMPEAENIEHHYIO BENYUNHY
HanpsixeHne pe3ko BO3PacTaeT, a 3aTeM YMEHbLLAeTCs.
Mpun Gonbwein gedopmMaumy NPOUCXOAUT yBENNYEHUE
MEXaTOMHbIX PACCTOSIHWI B MOIEKYNaX.

TkaHb KPOBEHOCHBIX COCYA0B (CocyancTas TkaHb). Me-
XaHn4yeckue CBOMCTBA KPOBEHOCHBIX COCY0B onpenens-
10TCS1 [IaBHbIM 06Pa30M CBOMCTBAMM KOIareHa, anactu-
Ha n Magknx MbIWEYHbIX BOJTOKOH. COﬂ,ep)KaHl/le 3ATNX
COCTaBJISIOLLMX COCYIUCTON TKaHU N3MEHSIeTCs MO Xomy
KPOBEHOCHOW CUCTEMbI: OTHOLLEHWE 3N1acTWHA K Kosinare-
Hy B 06LLel COHHOV apTepumn 2 @ 1, a B 6eapeHHo apTe-
pvn — 1: 2. C ynaneHvem oT cepaua yBenmymBaeTcs no-
NIt FMafKNX MbILLIEYHBIX BOJIOKOH, B apTEPUONIax OHU yxe
SIBNSIOTCS OCHOBHOM COCTaBASIOLLLEN COCYANCTOM TKaHN.

Mpwv peTanbHOM MCCNea0BaHUM MEXaHNHECKMX CBOWCTB
COCYAMCTON TKaHW PasnnyaloT, kakvM 06pa3oM BbipesaH
13 cocyna obpaseL, (BAonb Uamn nonepek cocyaa). MoxHo
paccmatpuBath gedopmaumio cocyaa B LEoM Kak pe-
3yneTaT OENCTBUS OABNEHWUS U3HYTPU Ha YNPYruin um-
nvHAap. [iBe NONOBUHBI LMAMHAPUYECKOrO COCyaa B3au-
MOAENCTBYIOT Mexay co60ii MO CeYyeHWs M CTEeHOK
umnmHgpa. Obwas nnowaae 3Toro Ce4eHvs B3anMoaei-
cTBUSA paBHa 2hl. ECnn B COCYAMCTON CTEHKE CYLLECTBYET
MexaHU4ecKoe HanpsixeHue s, To Cuia B3auMoaencTans
[IBYX MOJIOBMHOK COCYa paBHa:

F=s x2hl.

m OT1a dbopmyna cnpaseanmea kak ans nokos, Tak

n Ongd akTMBHOMO COCTOSIHUA OpraHm3ama, HO 3Tu
COCTOSIHUSI OT/IMHAIOTCS Pa3HOV CKOPOCTBIO KPOBOTOKA.
dusnyeckne 0CHOBbI XMMUYECKOro METOAa u3mepe-
HUsA KpoBu. du3s  napameTp — na-
BIEHNE KPOBWU — urpaet GosiblUylo PoJib B AVATHOCTUKE
MHOrunx 3abonesaHuii.

CU1CTONMYECKOE ¥ ANaCTONNYECKOE AABNEHUS B KAKOM-
nMBO apTepumn MoryT GbiTb M3MEPEHbLI HEMOCPEACTBEHHO
C MOMOLLBIO UMb, COEAVHEHHOW C MaHOMeTpoM. OfHaKko
B MeAUUVHE LIMPOKO NCMNoNb3yeTcs 6eCKPOBHbIN MeToa,
npennoxeHHoin H. C. KopotkoBbiM. CyTb MeTOAA: BOKPYT
PYKU MEXZy MIEYOM U JIOKTEM HaKNaAblBalOT MaHXETKY.
Mpw HakaumBaHUK BO3AyXa Yepes LUNaHT B MaHXETKY py-
Ka CXUMaeTcsi. 3aTem yepes 3TOT Xe LWAAHr BO3AyX Bbi-
MyCKaloT 1 C NMOMOLLIO MaHOMETPa U3MEPSIOT AaBneHne
BO3AyXa B MaHxeTe. Bbinyckas BO3ayx, yMeHbLUaloT Aa-
BIEHNE B MaHXETe U B MSAKVX TKaHsIX, C KOTOPbIMW OHa
conpukacaeTcs. Koraa AaBneHue CTaHeT paBHO CUCTO-
nmyeckomy, KpoBb ByaeT crnocobHa npobuTtbes yepes
CIaBJIEHHYIO apTEPVIO — BO3HMKaeT TypOyNeHTHOe Teye-
Hue. XapakTepHble TOHbl U LUYMbl, COMPOBOXAAIOLLME
3TOT NPOLECC, NPOCNYLIMBAET BPay Npu U3MEPeHnn aa-
BNeHUs, pacrionarasi GOHEHJOCKON Ha apTepun Huxe
MaHXeTbl (T. €. Ha GOMbLIOM PacCTosHUM OT cepaua).
Mpoponxas ymeHbluaTb OaBNEHWE B MaHXeTe, MOXHO
BOCCTaHOBUTb JIAMVHAPHOE TEYEHNE KPOBW, Y4TO 3aMETHO
no Pe3koMy OCnabeHnio NPOCyLIMBAEMbIX TOHOB. [a-
B/IEHVE B MaHXeTe, COOTBETCTBYIOLLEE BOCCTAHOBMIEHNIO
JIaMVHAPHOTO TeYEHWsi B apTepum, PerMcTpupyloT Kak am-
acTonuyeckoe. [11s n3MepeHusl apTepuanbHOro Aasne-
HUS NPUMEHSIIOT NPUBOPLI — CHUrMOMAHOMETP C PTYT-
HbIM MaHOMETPOM, CPUrMOTOHOMETP C METAJUTUHECKNM
MeMBpaHHbIM MaHOMETPOM.
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AHTponus

CyLLecTBYeT HeCKOJbKO OPMYNIMPOBOK BTOPOro 3aKOHa
TEPMOAVHAMUKU: TeMoTa cama coboii He MOXET Nnepexo-
OVTb OT Tena C MeHbLLEN TeMNepaTypoit k Teny ¢ 6onblueit
Temnepatypoii (popmynuposka Knayauyca), nnm HeBo3-
MO>EH BEYHbIN ABUraTesb BTOPOro poaa (popMynupoeka
TomcoHa).

Mpouecc HasbiBaloT 06PATUMbIM, €C/IN MOXHO COBEp-
LINTL 06PATHBI MPOLIECC YePe3 BCE MPOMEXYTOUHbIE CO-
CTOSIHMSA Tak, 4TOObI NOCNE BO3BPALLEHUSI CUCTEMBI B UC-
XO[HOE COCTOSIHMNE B OKPYXAIOLLVX Tenax He NpousoLLsio
KaKNX-JIMGO N3MEHEHUIA.

KoadduumeHtom nonesHoro gencresms Tensoson ma-
LWKHBI, UAW NPSMOro LMKNA, Ha3biBalOT OTHOLLEHWE CO-
BepLUEHHOM paboTbl K KOIMYECTBY TEMOThI, MOJTY4EHHO-
My pabo4nM BeLLLeCTBOM OT Harpesartens:

Q

Tak kak paboTa TenJoBoW MallMHbl COBEPLUAETCH 3a
CYeT KONM4eCTBa TeMoThl, @ BHYTPEHHSIst aHeprust pabo-
Yero BeLLEecTBa 3a LMK He usamensietcs (DU = 0), To u3
nepBOro 3aKoHa TEpPMOAVHAMVIKW CnefyeT, 4To paboTa B
KPYroBbIX MPOLIECCax paBHa anreépaniyeckoin cymme Ko-
JINYECTB TEMNoThI:

A=Q,+Q,.

CnepoBaTenbHo:

p=GtQ
Q

KonuyecTtso TennoTsl Q,, nony4eHHoe pabounm selle-

CTBOM, MONIOXNTENLHO, KOAMYECTBO TeNnNoThl Q,, 0TAaH-
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To4HblE M3MepeHVa TemnepaTyp SBASIOTCS HeoTbe-
MJIEMOI YacTbio Hay4HO-UCCnenoBaTelbCkuUx U TeEXHU4Ye-
ckux paboT, a Takke MeanLIMHCKOM AMarHOCTUKK.

MeToabl Nony4YeHUss 1 U3MEPEHUS TEMMePATYp B LUNPO-
KOM Anana3oHe BeCbMa pPasfinyHbl. ObnacTtb CbVISI/IKI/I, B KO-
TOPOW N3y4alOTCA METOAbI U3MEPEHNS TeMnepaTypbl 1 CBSA-
3aHHbIE C 3TUM BOMPOCHI, HA3bIBAOT TEPMOMETPUEN. Tak
Kak Temneparypa onpegenserca no 3Ha4eHunto Kakomn-nn-
60 xapakTepUCTUKN TEPMOMETPUYECKOrO BELLECTBa, TO
ee onpepeneHve CoCToMT B U3MEPEHUU Takux puamye-
CKUX NapameTpoB U CBOWCTB, kak 0O0beM, AaBneHue,
aNneKTpuyeckue, MexaHnyeckme, ontn4yeckme, MarHMTHble
addekTbl U T. N. Pa3Hoo6pa3ne METOLOB U3MEPEHNSA TEM-
nepatypbl CBA3aHO C 60/bLIMM KOSIMYECTBOM TepMome-
TPUYECKnX BELLECTB 1 CBOIZCTB, MCNOoNb3yeMbIX NpU 3TOM.

TepmomeTp — YyCTPONCTBO A5t UBMEPEHUS TeMMepa-
TYpbl — COCTOUT N3 YYBCTBUTEJIbHOIO 3/IEMEHTA, B KOTO-
pOM peanusyeTcs TEPMOMETPUYECKOe CBOWCTBO, U U3-
MepuTensHoro npubopa (ounatomeTpa, MaHOMETPa,
rasbBaHoMeTpa, NoTeHuMomeTpa u T. A.). Heobxonmmoe
ycnoBsve n3MepeHns tTemnepartypbl — TenjaoBoe paBHO-
BeCVe 4YyBCTBUTENbHOIO 3/IEMEHTA W Tena, Temneparypa
KOTOpPOro onpenensercs. B 3aBucrumMocTu OT n3mMepsemMbix
MHTEpBaNOB TemnepaTtyp Hanbonee pacnpocTpaHeHbl
KWOKOCTHBIN, ra3oBblii TEPMOMETPbI, TEPMOMETP COMpPO-
TUBJNIEHNSA, TepMonapa Kak TepPMOMETPbI 1 MMPOMETPbI.

B XnaKkoCcTHOM TepmMoMeTpe TepMOMEeTpUHEecKon xa-
PaKTEPUCTUKON ABNAETCH OOLEM, YYBCTBUTESNIbHLIM 3J1-
EMEHTOM — pe3epByap C XWAKOCTbIO (0BbIMHO PTYTbIO
v cnupToMm). B nupomeTpax B ka4ecTse TepMOMETPU-
4eckoro CBOMCTBa NCNonb3yeTcad MHTEHCUBHOCTb MU3Ny-
YyeHus.

26. CTaumoHapHoe COCTOsiHUue.
Mp1HUMN NPOU3BOACTBA AHTPONUM.
Oprauusm KaK OTKpbiTas cuctema

Bbilwe 6bina onvcaHa HanpaeneHHOCTb TEpMOAVHAMU-
YecKMx NMPOLLECCOB B M30/IMPOBAHHOM cucteme. OpHako
peasibHble NPOLLECChI U COCTOSIHUSI B MPUPOAE U TEXHUKE
ABNSIOTCSH HEPABHOBECHLIMW, @ MHOTUE CUCTEMbl — OT-
KPbITbIMW.

3T NpoLecChbl U CUCTEMbI PACCMATPUBAIOTCS B HEPAB-
HOBECHOI TEpPMOAMHAMUKE. AHANOMMYHO TOMY Kak B paB-
HOBECHOI TepMogmHamuke 0CO0ObLIM COCTOSIHMEM SIBSISA-
eTCs COCTOsiHMe PaBHOBECUSi, Tak B HEPaBHOBECHOW
TepMoavHammke 0cobyto POJib UrpaloT CTaLUMoHapHbIE CO-
CTOSAHUSA. HeCMOTpﬂ Ha TO 4YTO B CTAUMOHAPHOM COCTOAHUN
Heo6XoAMMbIE MPOLLECChI, MpOTeKalolme B cucteme
(oMb Pysuns, TENNONPOBOAHOCTL U AP.), YBENNYMBAIOT 3H-
TPONuIO, SHTPOMNUS CUCTEMbI HE UBMEHSIET.

MpencraBnm nameHeHnem aHTponumn DS cuctemel B BU-
e CyMMbl ABYX CNnaraembix:

DS =DSi + DS,

roe DSi — u3MeHeHue 3HTponuu, 06yCroBieHHOEe
HeobpaTUMbIMU NPOLIECCaMU B CUCTEME;
DS| — n3MeHeHne 3HTPONUK, BbI3BaHHOE B3aUMO-
[e/iCTBMEM CUCTEMbI C BHELLHUMU TeNaMu (MoToku,
npoxoasilve 4epes cucTemy).
HeobpaTtmocTs npoueccos npusoaut Kk DSi > 0, cTa-
LIMOHAPHOCTb cOCTOsIHMA — K DSi = 0; cnepoBaTenbHO:

DSI=DS - DSi<0.

3T0 03Ha4aeT, YTO SHTPONUS B MPOAYKTax (BELLECTBO
1 3HEprvis), NOCTYNaIOLLYIX B CUCTEMY, MEHbLLIE SHTPOMNUN
B NPOAYKTaX, BLIXOAALLMX U3 CUCTEMBI.

M XOonoaHbiX cpen,
MNCNOoJIb3yEeMbIX OANS Ne4YeHUs

B mMeouvuvHe C Lenblo MECTHOrO HarpeBaHWs Uan Ox-
NaxaeHnsa NMPUMEeHKAIT HarpeTbie Win XonoAHble Tena.
OBbI4HO [J151 3TOrO BbIGUPAIOT CPABHUTENBHO JOCTYMHbIE
cpeabl, HEKOTOPbIE N3 HUX MOTYT OKa3blBaTb MPU 3TOM U1 MO-
NIe3HOe MEeXaHUYecKoe UM XMMUYECKoe AelicTBE.

dusnyeckre CBOWCTBA Takux cpes, 06ycnoBnBaioTcs
1X HadHayeHvreM. Bo-nepsbix, He06X0AUMO, YTOGLI B Te-
YeHne CpaBHUTENIbHO A/INTENIbHOIr0 BpEMEHN Obin npous-
BEAEH HYXHbI addekT. MoaToMy ncnonbayemole cpeibl
[OMXKHBI UMETb GONbLUYIO YAENbHYIO TEMIOEMKOCTb (BO-
fa, rpssn) Unu yaenbHyio TennoTty $¢pa3oBoro npespatle-
Hus (napadwviH, nepn). Bo-BTOpbIX, cpeabl, HaknaabiBa-
eMble HernoCpPeACTBEHHO Ha KOXY, He [0JIXHbI Bbl3blBaTb
601€3HEHHbIX OLLYLLEHWNIA. TO C OAHON CTOPOHbBI OrPaHn-
YMBaeT TEeMMNEePaTypy Tak1X CPeq, a ¢ Apyroin — nobyxaa-
eT BbibvpaTb cpeapl C HEGONbLLOW TENNOEMKOCTbIO. Tak,
HanpvmMep, BoAa, Nnp ana n , umeet
Temnepatypy 80 45 °C, a Topd v rps3m — po 50 °C, Tak
KaK TennoobMeH (KOHBEKLMS) B 3TUX Cpeldax MeHblue,
yem B Boge. MapaduH HarpesatoT o 60—70 °C, Tak kak
oH o6nagaeT HeGOoNbLLON TEMIONPOBOAHOCTLIO, @ HacTH
napaduHa, HEnoCPeACTBEHHO MPWUEraloLero K Koxe,
6bICTPO OCTHLIBAIOT, KPUCTASIUBYIOTCS W 3a[epXuBaioT
MPUTOK TEM/OTbI OT OCTA/IbHBIX €r0 YacTei.

B kadecTBe oxnaxgatowen cpeabl, UCnosb3yemMown ans
neyenus, ynotpebnsercs nen. B nocnegHvie rogel gocta-
TOYHO LUMPOKOE MPUMEHEHNE B MeAULMHE HALLIN HU3K1e
TemnepaTypsl. [pu HA3KO TemnepaType OCyLLECTBASIOT
TaKylo KOHCEePBaUMIO OTAENbHbIX OPraHOB U TKAHEN B CBSI-
31 C TPaHCMIaHTaLUuel, Koraa AOCTaTo4YHO AOMr0 CoXpa-




HayanbHoe passuTne TepMoanHaMuUKn CTUMYSnN-
POBaNIOCh MOTPEOHOCTAMM MPOMBILLIEHHOMO NPOU3-
BoacTea. Ha atom aTtane (XIX B.) OCHOBHbIE AOCTUXEHUS
3akoyanuck B GOPMYNMPOBKE 3aKOHOB, paspaboTke
METOJI0B LVMKIIOB W TEPMOOVHAMUHYECKUX MOTEHLWANoB
NPUMEHNTENBHO K MAEANN3NPOBAHHBIM MPOLIECCaM.

Buonornyeckme oGbeKTbI IBNSIIOTCS OTKPbITbIMU TEPMO-
AVHaMU4eCKUMK cructemamu. OHM 0OMEHVBAIOTCS G OKPY-
atoLLein cpeovi aHeprven n BeLLecTsoMm. [ins opraHuama —
CTaLMOHaPHOI CUCTEMbl — MOXHO 3anucatb dS =0, S =
= const, dS i> 0, dSe < 0. 310 03Ha4aeT, 4To GosbLLAS SH-
TpONVst AOMKHA GbITb B NPOAYKTAX BblAENEHUs, a He B Npo-
AYKTax NUTaHus.

Mpy HEKOTOPBIX NATONOrMYECKVX COCTOSHUAX SHTPOMNMUS
6ronornyeckolt cuctTeMbl MoXeT Bo3pacTtarts (dS > 0), ato
CB$I3aHO C OTCYTCTBMEM CTALMOHAPHOCTY, YBENNYEHNEM
HeynopsgoyeHHocTn. dopmMyna MOXeT OblTb mpeacrta-
B/IEHa:

gs- 95, 05, ’
dt = dt
ds
AW Ans CTaunmoHapHOro COCTOAHUA S=const, E:O
ds, ds,
dt  dt’

N3 atoro BUOHO, 4TO Npu 06bIY4HOM COCTOSIHUM opra-
HM3Ma CKOPOCTb M3SMEHEHUSA IHTPONUKN 3a CHET BHYTPEH-
HUX MPOLECCOB PaBHa CKOPOCTU W3MEHEHUS OTpULA-
TeNbHON BQHTPONUK 3a cYeT obmeHa BewecTB n 3Hepr|/|e|7|
C OKpyXaioLLen cpeaon.

HSieTCS CNOCOBHOCTb K XKN3HeOeAaTesIbHOCTU U HOP-
MasibHOMY GYHKLIMOHNPOBAHMIO.

KpuoreHHbI MeTon, paspyLueHns TKaHn npy 3amopa-
XMUBAHUMN N pa3MOpaxuneaHUnM NCMNoNb3yeTcsa Mmegunka-
MW ONna yaaneHus MuHpanuH, 6opogasok v T. n. Ans
3TOW Lenun co3natT crneumnanbHble KPUOoreHHble annapa-
Tbl N KOMO30OHAbI.

C nomolupto xonoaa, o6nagatoLLero aHeCTe3NPYIOLLIUM
CBOVICTBOM, MOXHO YHUYTOXUTb B rOJTOBHOM MO3re KneT-
Kn a40ep, OTBETCTBEHHbIE 32 HEKOTOPbIE HEPBHbIE 3a60-
NeBaHus, HanpuMep NapKUHCOHU3M.

B MUKPOXMPYPrmM NCNOoNb3yT NPUMEP3aHNE BAAXHbIX
TKaHen K XO0NoAHOMY MeTanIN4YeCKkoOMY UHCTPYMEHTY Ons
3axBaTta 1 nepeHoca 3Tux TKaHen.

B cBA3M C MEAULIMHCKMM NPUMEHEHNEM HU3KOW Temne-
paTypbl NOABUNINCH HOBblE TEPMWHbI: «KpUOreHHas megn-
UMHa», «<KpuoTepanus», «<KPUOXNPyprus» U T. 4.

Hoe paboynm BELLLECTBOM XONOAMIbHUKY, OTpULa-
TenbHO.

CyMMy npuneeaeHHbIX KONIMYEeCTB TennoThbl Ana 06paTI/I-
MOro npouecca MOXHO NPeACTaBUTb Kak Pa3HOCTb ABYX
3HaYeHUIn HEKOTOPOWN PYHKLMN COCTOSIHUS CUCTEMBI, KO-
TOPYIO Ha3bIBAIOT AHTPONUEN:

2
As:SQ-s‘:j@.
T

rae S, U S; — SHTPONUS COOTBETCTBEHHO B KOHEYHOM
BTOPOM 1 Ha4Ya/lbHOM NEPBOM COCTOAHUSAX.
OHTPONUSi eCTb PYHKLUMS COCTOSIHUSI CUCTEMBI, pas-
HOCTb 3HAYEHWI KOTOPOI AN ABYX COCTOSIHWIA paBHa
CymMMe npuBeneHHbIX KONU4eCcTB TenaoTbl Npu 06paTI/I-
MOM nepexoge CUCTeMbl N3 OAHOIM0 COCTOSIHUA B Apyroe.
Dursnyecknii CMbICA SHTPOMNUK:

As:jgarso‘

Ecnu cuctema nepetuna ot 0HOI0 COCTOSIHUS K ApYro-
My, TO HE3aBMCMMO OT XapakTepa npoLecca n3mMeHeHne
3HTpONUM BblYMCASeTCA No popmyne ana nodoro obpa-
TUMOro NpoLEecca, NPOUCXOASLLEro Mexay 3TUMKU Co-
CTOSIHUSIMU:

2 2
5,-5-]2-1[40-2,
A T
roe Q — nonHoe KoJMYEeCTBO TEMNOThI, NONYYEHHOE CU-
cTemoll B MpoLiecce nepexofa 13 nepBoro CocTos-
HVSI B COCTOSIHVE BTOPOE MPU MOCTOSIHHOM TeMnepa-
Type T. 3Ty GOpMyNy NCNOML3YIOT NPU BLIYUCTEHUN
VM3MEHEHWs1 3HTPOMUU B TakMX Mpoueccax, kak
nnaeneHne, Napoodpa3oBaHme 1 T. M.

Mpy “3MEPEHUN CBEPXHW3KVX TEMMepaTyp Tep-

MOMETPUYECKUM BELLECTBOM Cy>XaT napamarHe-
TUKW, @ U3MEPSIEMbIM CBONCTBOM — 3aBUCUMOCTb UX Ha-
MarHW4eHHOCTM OT TeMMnepaTypbil.

Vicnonb3yemeblil B MeauLMHE PTYTHBIA TEPMOMETP yKa-
3blBaeT MakCUMaJIbHYI0 TEMMNepaTypy 1 Ha3blBaeTCst Mak-
CUManbHbIM TEePMOMETPOM. 3Ta 0CcobeHHOCTb 06ycsno-
B/IeHa ero YCTPOWCTBOM: pe3epByap C PTYTbIO OTAENEH OT
rpafyMpoBaHHOrO Kanwisipa Cy>XXeHneM, KoTopoe He ro-
3BOMSET PTYTU MPU OXIAXAEHWU TEPMOMEeTpa BO3Bpa-
TUTbCS B pedepayap. CyLLeCcTBYIOT U MUHUMAbHbIE TEP-
MOMETPBbI, MOKa3biBAIOLME HAWMEHBLLYIO Temrneparypy,
Habniogaemyio 3a ANNUTENbHbIN NPOMEXYTOK BPEMEHW.
Jns aTow uenu cnyxart TepmocTaTbl — Npubopbl, B KOTO-
pbIX TemnepaTtypa MoaJepXVBaeTCs MOCTOSIHHOM, 4TO
OCYLLECTBASIOT NGO aBTOMATUHECKVMU Perynsitopamu,
nM6O MCNONb3YIOT /151 3TOr0 CBONCTBO Pa30BbIX Nepexo-
[I0B NpOTEKaThb NPV HEM3MEHHOW TemnepaType.

Jinsi 3MepeHust KOAMYeCTBa TEMNOThI, BbIAENSIOLLEro-
Cs unn nornowaemoro B passinyHbiX ¢WI3VI'~48CKI/IX, XUMKn-
4eCKMX 1 BMONIOTMHECKUX MPOLIECCaX, NMPUMEHSIIOT Psif, Me-
TOA0B, COBOKYMHOCTb KOTOPbIX COCTABIISIET KATIOPUMETPUIO.
KaﬂOpI/IMeTpI/I‘-{eCKVIMI/I mMeToaamMn U3MepsoT Tenioem-
KOCTb TeJi, TennoTbl $a30BbiX MEPEXOAOB, PACTBOPEHUS,
CMauMBaHus, aacopbunn, TennoTbl, COMPOBOXAAOLME
XUMWYECKMe peakuuu, SHEPruio M3nydeHus, paguoak-
TUBHOIO pacnagau . n.

Moao6HbIe 3MEPEeHNs MPOU3BOAAT C MOMOLLBIO Kano-
PUMETPOB.
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29. ®dusnyeckme npoueccsol
B GMonornyecknx memopaHax

BaxHol yacTbio kneTku siBnsioTCA Guonorunyeckme
MeMOpaHbl. OHY OTFPaHNYMBAIOT KJIETKY OT OKpY>KatoLLem
cpefbl, 3aLMLLAIOT €€ OT BPEAHbIX BHELLHWX BO3ENCTBUIA,
ynpaBensioT 06MeHOM BeLLECTB MeXAy KNeTKO 1 ee OKpy-
XEHMEM, CMOCOOCTBYIOT reHepaLyn 3N1eKTPUYECKMX Mo-
TEHLMANOB, y4acTBYIOT B CUHTE3E YHUBEPCANbHbIX akKy-
MYNSITOPOB aHepruv ATd B MUTOXOHAPUAX U T. 4.

CTpoeHue n Mopenu memopaH

MemBpaHbl OKPYXaIoT BCE KNETKM (NnasmaTtnyeckue 1 Ha-
PYXHbIE KNeToYHbIE MeMBpaHbl). Be3a membpaHbl coaepxm-
Moe KJeTkv NpocTo Gbl pacTeknoch, Anddyavs npusena
K TepMOAMHAMNYECKOMY PaBHOBECWIO, YTO O3Ha4YaeT OT-
CyTCTBYE XM3HU. MOXHO ckasaTb, 4TO Nnepsas kneTka rno-
sIBUNAch TOrAa, KOraa OHa OTroPOAWMIAch OT OKPYXalo-
et cpeapl MemMobpaHoi.

BHyTpUKNeTo4Hble MemO6paHbl NoapasfensioT KneTky
Ha psif, 3aMKHYTbIX OTCEKOB, Ka&XZbl U3 HWX BbIMOJHSIET
onpeaeneHHyo yHkuUmio. OCHOBY CTPYKTYpbI Nto6oi Mem-
6paHbl NpeacTaBnseT ABOVHOM MMUAHLIV COi (B 3HA4YN-
TenbHoW cteneHn — docdonunuapl). ABoinHOM nunua-
Hblli coi 06pa3dyeTcs U3 ABYX MOHOCNOEB NMUNUAOB TakK,
4TO rMapPodobHbIE «XBOCTbI» 060MX CNOEB HanpaBieHb!
BHYTPb. Mpn 3TOM 06ecneynBaeTcs HAUMEHbLLWNIA KOH-
TakT rnapoPoBHbIX y4acTKOB MOJNEeKyNn C BOJOW. Takoe
npeacTassieHne 0 CTPYKType MemMOpaHbl He JaBaso oTee-
TOB Ha MHOTMEe BOMPOCHI.

B panbHeliwem 6bina npeaoxeHa Moaesb, B OCHOBE
KOTOPOI NeXMT BCe Ta Xe mnuaHas 6uocnoncras Mem-
6para. Ata pocdonunuaHas OCHOBa NPEACTABNSET CO-
6ol kak Gbl ABYXMEPHbIVi PACTBOPUTESTb, B KOTOPOM ria-
BailoT 6osee MM MeHee norpyxeHHole 6enkn. 3a cyet

e

31. Pa3HOBMAHOCTb NaCCUBHOIO
nepeHoca MoJsieKysl U MOHOB
yepe3 Guonorunyeckue mMemopaHbl

Mpoctas anddyansa yepes AMNUAHLIA CAOM B XUBOW
KneTke obecneymBaeT NPoOxXoxaeHne kucnopoga v yrne-
KUCNOro rasa. Psif, iekapcTBEHHbIX BELLECTB U SA0B Tak-
Xe NPOHUKaeT Yepe3 NUNuAHLIA cnoit. OgHako npocTtas
nnddy3na npoTekaeT 4OCTATOYHO MEIJIEHHO U HE MOXET
CcHabauTb KNeTKy B HYXXHOM KONMYECTBE MUTaTesIbHbIMU
BellecTBamu. MO3TOMY MMeIOTCS Apyrne MexaHu3mbl
NaccuBHOrO NepeHoca BeLLLeCTBa B MEMOPaHe, K HUM OT-
HocuTea auddysus n obnerdeHHas andaoyans (B KoMmn-
NIeKCe C MepeHOCHMKOM).

Mopoii, nnn kaHanoMm, HasbIBAIOT Yy4aCTOK MemOpaHbl,
BIJTIOHAIOLWMIA GeKoBble MOMNEKySbl U IMNWAbI, KOTOPbIi
obpasyeT B MembpaHe npoxoA,. ITOT Npoxod Aonyckaet
NPOHVKHOBEHWE Yepe3 MeMOpPaHy He TOJbKO MasiblX MO-
JIeKyJ1, HanpymMep MOJeKys Bofbl, HO 1 Gonee KPyrHbIX
1oHoB. KaHanbl MOryT nposiBnsTb M3GUpaTensHOCTb Mo
OTHOLUEHUIO K pa3HbIM noHam. ObneryaeT anddysuio ne-
PEHOC MOHOB CMeLVabHBIMKU MOJIEKYSIaMU-MEePEHOCHU-
Kamu.

MoTteHumnan nokos. MNMoeepxHoCTHas MembpaHa KneT-
KV HEOAVHAKOBO NMPOHVLLaeMa [isi pa3HbiX MOHOB. Kpome
TOro, KOHLEHTpaums Kakux-nnbo onpeneneHHbIX MOHOB
pasnnyHa No pasHble CTOPOHbI MeMBpaHbl, BHYTPY KNeT-
KV nopaepxusaeTcs Hanbonee 6naronpusATHLIA COCTaB
VOHOB. 31 (PpaKTOPbI MPUBOAAT K NMOSIBIEHUIO B HOPMaTlb-
HO (YHKUMOHMPYIOLLE KNeTke pasHOCTU NOTEHUManoB
Mexay UMTOMNa3Moi U OKpyXaloleh cpenoin (noTex-
umasn nokos).

OcHoBHO BKNaj, B CO3JjaHne U noaaepXaHne noTeH-
umana nokosi BHOcAT MoHbl Na+, K+, Cl-. CymmapHas

30. dusnyeckue ceoiicTea
u napameTpbl MeMmOGpaH

M3mepeHne NoaBMXHOCTM MONEKYN MeMOpaHb! 1 and-
Py3us HacTuL, Yepe3 MeMOpaHy CBUAETENLCTBYET O TOM,
4TO BGUAMNUAHLIA cno BedeT cebsi NoA0BHO XUOKOCTH.
OpHako MmembpaHa ecTb ynopsifoYeHHas cTpykTypa. 9tm
ABa dakTa npeanonaraiot, 4to pochonmnuael B Memopa-
He NPy ee eCTECTBEHHOM PYHKLIMOHMPOBAHMN HAXOAATCS
B KMKOKPUCTANINYECKOM COCTOsIHUM. Mpn n3meHeHun
TemnepaTypbl B MeMOpaHe MOXHO Habnioaate Gpa3osbie
nepexofpl: NiasfeHne NUNMAOB NPU HarpeBaHUM 1 Kpu-
CTann3aumio nNpu oxnaxaeHnn. Xnakokpuctanamyeckoe
COCTOsIHME B1OCNOs UMEET MeHbLLYIO BA3KOCTb U 6Osb-
LUYI0 PAaCTBOPMMOCTb Pa3nyHbIX BELLLECTB, YeM TBEPAOE
cocTosiHue. ToNLmMHa XUAKOKPUCTaNIM4eckoro nocnos
MeHbLLIe, YeM TBEPAOrO.

CTpyKTYypa MONEKyn B XWUAKOM 1 TBEPAOM COCTOSIHUSIX
pasnuyHa. B xuakor ¢asze monekynbl pochonmnuoos
MOryT 06pa3oBbiBaTh MOJIOCTW (KUHKM), B KOTOPbIE CMO-
COGHbI BHEAPATLCS MONEKYNbl AMddepeHLMpYIoLLero
BellecTBa. MepemelleHne KnHKa B 3TOM cnydae Gyner
npuBOAUTL K AndPyY3un Monekysbl nonepek MemopaHbl.

MNMepeHoc Monekyn (aToMoB) Yepe3 MembpaHbl

BaxHbiM 31eMEHTOM QYHKUMOHMPOBaHUS MemObpaH
SIBNISIETCS1 MX CMOCOBHOCTb MPOMyckaTe UM He Mpony-
ckaTb MOJIEKY/ibl (aTOMbI) U MOHbI. BeposTHOCTb Takoro
NPOHNKHOBEHUS 4aCTUL, 3aBUCUT KaK OT HanpaBneHus nx
nepeMeLLeHuns (Hanpumep, B KIIETKY UK 13 KNEeTKn), TaK
1 OT Pa3HOBMAHOCTU MOJIEKYST U UOHOB.

siBneHus nepeHoca — 3TO HeobGpaTuUMble NpoLec-
Cbl, B pe3ysibTaTe KOTOPbIX B Gp13NHECKOl CUCTeMe Npo-
UCXOAUT MNPOCTPAHCTBEHHOE NepemeLlleHne (nepeHoc)
Macchl UMNybCa, 3apsaa Uin Kakon-nmbo apyromn opusm-

32. dnekTpognHammka

3neKTpuyeckne 1 MarHUTHbIE SIBNIEHNUS CBSI3aHbI C OCO-
6oV HOPMOIi CyLLIECTBOBAHUS MaTepUn — anekTpuye-
CKUMU 1 MarHWTHLIMW MOJISIMU 1 UX BO3AENCTBUEM. DTH
nona B 06U_leM CNny4ae HacCTOJIbKO B3aMMOCBSI3aHbl, 4TO
NMPUHSATO FOBOPUTL O €IMHOM 3/1EKTPUHECKOM Mnosie.

3ﬂeKTpOMaI'HVITHbIe SBNIEHUNSI UMEIOT TPU Hanpas/ieHna
MeAVKO-61ONOrM4EeCcKmX NPUIoXeHui. NepBoe n3 H1x —
MOHVMAaHWe 3NIeKTPUYECKMX MPOLLECCOB, MPOUCXOOALLMX
B OpraHnamMe, a Takke 3HaH1e 3NEeKTPUYECKNX U MarHnT-
HbIX CBOMCTB 6MONOrMYECKNX Cpes.

BTopoe HanpasneHye CBA3aHO C MOHMMAaHUEM MEXaHN3-
Ma BO3,D'el7ICTBVIFI BNIEKTPOMarH1THbIX nonemn Ha OpraHn3m.

TpeTbe HampaeneHne — npubopHOe, annapaTypHoe.
OnekTpoaMHaMmka SIBNSIETCS TEOPETUYECKO OCHOBOW
9NIEKTPOHVIKN U1 B YHACTHOCTU MEAVILIMHCKOW 3N1EKTPOHUKU.

OHepreTnyeckoe none ecTb Pa3HOBUAHOCTbL MaTepuu,
NocpencTBOM KOTOPOWM OCYLLECTBAISIETCA CUIOBOE BO3-
[EeNCcTBMe Ha 9NneKkTpuyeckue 3apsifbl, Haxogslimecs B
3TOM none. XapakTepucTKv 3N1eKTPUYECKOro nos, Ko-
TOpOe reHepupyeTcs 6MONOrMYeCcKMMIM CTPYKTypamu, sB-
NISHOTCH UCTOYHMKOM MHPOPMALMKU O COCTOSIHUM Opra-
HU3Mma.

HanpsXeHHOCTb U NOTeHUMan — XapakKTepucTUKU
anekTpuyeckoro nonsa. CunoBoit xapakTepUCTUKON
9NIEKTPUYECKOrO MOJISi SIBAISIETCS HAMPSXKEHHOCTb, PaB-
Has OTHOLLEHWIO CUAbl, AEeNCTBYIOLWEN B AAaHHON ToYke
NoJisi Ha TOYEYHbIN 3apsif, K 9TOMY 3apsiay:

E=—.
q

HanpsixeHHOCTb — BEKTOp, HarnpasfieHWe KOTOPOro
coBnagaeT C HanpasieHNeM CUNbl, AENCTBYIOLLEN B AaH-



4eCcKoi BennyrHbl. K ABNeHmsm nepeHoca OTHOCAT

Anddyanio (NnepeHoc Macehl BeLECTBa), BA3KOCTb
(nepeHoc umnynbca), TeNoNpPOBOAHOCTL (NEPEHOC aHep-
rn), 3N1EKTPONPOBOAHOCTDL (MEPEHOC 3N1EKTPUYECKOrO 3a-
pana).

Ha mem6paHe CylecTByeT pasHOCTb MOTEHLMAnNos,
cnepoBatesibHO, B MeMbGpaHe MMeeTCsi a/ieKTpuyeckoe
none. OHO OKa3biBAET BAUSIHWE Ha ANDPY3NIO 3apsiKeH-
HbIX 4acTuy, (MOHOB U 3NeKTPOHOB). NepeHOC MOHOB
onpegensieTcs AByMsi pakTopamu: HepaBHOMEPHO-
CTblO WX pacnpegeneHus (T. . rPaAVeHTOM KOHLIeH-
Tpauun) n BO3AEWCTBMEM 3M1eKTPUHECcKoro nons (ypa-
BHeHne HepHcTa-MnaHka):

J:—Dd—e—UmZFC de,
dx dx

YpaBHeHWe ycTaHaBnMBaeT CBSI3b MIOTHOCTM CTaumo-

HapHOr0 NOTOKA MOHOB C TPEMS BENINYMHAMMU:

1) NpoHMKaeMOCTbIO MeMOpaH A5 JaHHOrO MOHA, KOTO-
pas xapakTepusyeT B3aumonencteme MemOpaHHbIX
CTPYKTYP C UOHOM;

) 9NEeKTPUHECKM Nonem;

KOHLIeHTpaLuei NOHOB B BOJHOM pPacTBOpe, OKpyxa-
oLemM MemMopaHy.

flBNeHns nepeHoca OTHOCATCS K MacCYBHOMY TpaHC-

nopty: audodysna mMonekyn 1 MOHOB NPOUCXOOUT B Ha-

NpaBfieHUN MeHbLUE NX KOHLIEHTPaUuu, nepemMelleHme

VOHOB — B COOTBETCTBMW C HanpasfieHNEM CWJlbl, OeWi-

CTBYIOLLIEI HA H1X CO CTOPOHbI 3NEKTPUHECKOrO Nossi.
[MaccuBHbIN TPAHCMOPT HE CBA3aH C 3aTpaToi XumMuye-

CKOW 3Heprum, OH OCYLLECTB/IAETCA B pe3dynbTate nepe-

MeLleHUs 4YacTul, B CTOPOHY MEHbLLEro 3/1eKTpoxXxmuMmmye-

CKOro noTeHuvana.

wWN

HOI TOYKE MOoNS Ha NONOXWUTENbHbIN 3apsia. Hanpsi-
>KEHHOCTb 3/1EKTPUYECKOro MONS BblpaxaeTcs Tpe-
M$S ypaBHEHUSIMU:

it
=1,(XY, 2);
E=fxy.2),

roe E, Ey v E, — npoekumu BeKTopa HanpsixeHHOCTH Ha
COOTBETCTBYIOLLME KOOPAUHATHbIE OCU, BBEAEHHbIE
AN ONUCaHNS Mons.

OHEepreTM4yeckomn xapakTepuUCTUKOWN SNEKTPUYECKOrO
nosist CAYXUT noTeHuman. Pa3HOCTbIO MOTEHLMANOB MeX-
Ay OBYMSI TO4KaMM NONS Ha3bIBAIOT OTHOLIEHWE paboThl,
COBepUJaeMOVI cunamMmu nonst Npu nepemMeLleHnn To4e4Ho-
O MOJIOXMTENIbHOrO 3apsifa 13 OJHOV TOYKM MOJISt B ApY-
rylo, K 3TOMy 3apsay:

2
qJ'E,di )
U,=0,-®, === [Edi,
12 1 2 q q "[

roe CD1 n sz — noTeHumanel B To4kax 1 1 2 anektpuye-
CKOro nonsi. PasHocTtb noTeHumanos Mmexay ABy-
MS TOYKaMu 3aBUCUT OT HANPSAXEHHOCTU 3N1eKTPpU-
4YeCkoro nons. Hap;u:l,y C Pa3HOCTbIO NOTEHLUMANoB
B Ka4eCTBe XapaKTepUCTUKU 3N1EeKTPUYEeCcKoro nons
NCNONb3YIOT NOHATUE NOoTeHuunana. nOTeHLLVIaJ'IbI
B PA3/IN4HbIX TOYKAX MOXHO NpeacTaBUTb B BUAE MO-
BerHOCTeVI OOMHAKOBOro noteHuvana (SKBMI'IOTeH-
LManbHbIX MOBEPXHOCTEN).
CyluecTByloWMe 3NeKTpou3MepuTenbHble Npubopbl
paccynTaHbl HA 3MepeHne Ppa3HOCTU NOTeHUManoB, a He
HanNpPs>XeHHOCTU.

3TUX BGESIKOB MOSIHOCTLIO MU YACTUYHO ocyuiecT-

BAAOTCA crneunduryeckne byHKUMM MembpaH —
MPOHMLLAEMOCTb, FreHepaLVs 371eKTPUYECKOro NoTeHuma-
nawvTt . MeM6paHbl He ABNAKTCA HeNnOABMXHbLIMWU, CNO-
KOMHBIMU CTPYKTYypaMu. Jiunuasl n 6enkn o6MeHnBaioTcs
MeMbpaHamy U nepeMeLLaloTcs Kak BAOJb MIOCKOCTU
MembpaHbl — natepanbHas Auddysuns, Tak 1 nonepek
Hee — Tak Ha3biBaeMmblin dnun-dnon.

YTo4yHeHVe cTpoeHusi GuomMemMbpaHbl 1 n3yyeHve ee
CBOWCTB 0Ka3a/MCb BO3MOXHbIMU npn ncnosib3oBaHUn
DUBNKO-XUMUYECKNX MOAENEN MeMOpPaHbl (MCKYCCTBEH-
HbIX MembpaH). Hanbonbluee pacnpocTpaHeHne nony4n-
v Tpu Takue mopenu. I'Iepaaﬂ Moaenb — MOHOCIoOn
dochonnnuaooB Ha rpaHuLe pa3nenoB Boga — BO3AyX
WM BoAaa — Macno.

BTOpOi1 WIMPOKO pacrnpoCTpaHEeHHOW Moaenbio 6ro-
MeMOpaHbl SBASIOTCS JIMMOCOMbI, KOTOPble NpeacTaBs-
10T co60W kak 6bl GBLUONOrnyeckyto MemobpaHy, NOIHOCTbIO
JLWEHHY0 6enkoBbIX Monekyn. TpeTbeit Moaenbto, no-
3BONMBLLEN U3y4aTb HEKOTOPbLIE CBOWCTBA GUoMeMGpaH
npsiMbIMK MeTogamu, siBnseTcst ronunuaoHas (6uocnoin-
Hast nunuaHas) membpaxa (BJIM).

MemGpaHbI BbIMOHSAIOT ABE BaXHble (GYHKLMKN: Ma-
TPUYHYIO (T. €. SIBASIOTCS MaTpuLIE, OCHOBOW Afis YAEPXu-
BaHWs 6€51KOB, BbIMNONHSIOLLMX pa3Hble yHKLMN) 1 6apbep-
HYIO (3aLLMLLIAIOT KNETKY U OTAEeNbHbIe KOMMAapTaMeHTbl OT
MPOHUKHOBEHUS! HEXENATENbHbIX YaCTULL).

MNOTHOCTb MOTOKA 3TUX 3JIEKTPOHOB C YYETOM KX
3HaKoB paBHa:

J=dy, +de +J,, -

B cTauMoHapHOM COCTOSIHUM CyMMapHasi MioTHOCTb
MOTOKa PaBHa HyJIO, T. €. YACIIO Pa3HbIX MOHOB, MPOXOAsi-
LLIMX B €IUHVLY BPEMEHM Yepe3 MeMOpaHy BHYTPb KNeTKM,
PaBHO YMCIY BbIXOASLLMX U3 KNETKW YEPE3 MEMOpPaHy:

YpaBHeHue lonbamaHa-XogxkuHa-Katua

(6e3pasmepHblii NOTEHLMAN BO3BPALLAETCS K 3NEKTPU-
4eckoMmy):

PT . Pu(Na") P (K™) +Py (CI7),

@, =—in 2
F R, (Na) +P (K*) +Ps (CI7)

PasanuyHble KOHUEHTpaumMm NOHOB BHYTPU N BHE KJIETKN
CO3[aHbl MOHHLIMM HACOCAMU — CUCTEMaMK aKTUBHOrO
TpaHcnopta.OCHOBOM BKNag, B NOTEHUMAN NOKOsi BHOCAT
TOJNLKO MOHbI K+ 1 Cl-.

MoTeHuman nencTBMA 1 ero pacnpoCTPaHeHNs

Mpy BO36YXAEHUN Pa3HOCTb MOTEHLMANOB MEXAY
KNETKON 1 OKpYXaloLel Cpefoin U3MeHseTCs, BO3HUKaeT
noTeHunan AencTeus.

B HepBHbIX BONOKHAX MPOUCXOAUT PacnpocTpaHeHvie
noTeHuMana AencTeus. PacnpocTpaHeHve noTeHuuana
[EeNCTBUSA NO HEPBHOMY BOJIOKHY Npoucxoaut B dopme
aBTOBOJIHbI. AKTUBHOW Cpeaoi sBNsOTCS BO3GyAUMble
KNEeTKU: CKOPOCTb PacnpocTpaHeHus Bo30yXaeHus no
MNagkUM HEMUENMHU3NPOBAHHBIM HEPBHLIM BOJIOKHAM
NPUMEPHO NPOonopuUuoHanbHa KBaapaTHOMY KOPHIO 13 nX

paanyca (u = J?)
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33. dnekrTpuyeckuii puNonb
U MynbTUNONb

DneKkTpUYecKUM AMMNoNeM Ha3biBaIOT CUCTEMY, COCTOSI-
LLLYIO U3 ABYX PABHbIX, HO MPOTWUBOMONOXHBIX MO 3HAKY TO-
YeYHbIX 3NIEKTPUHECKMX 3aPSLO0B, PACMONIOXEHHDBIX HA He-
KOTOPOM pPacCTOsiHUWM Apyr OT Apyra (nneyo Avnons).
OCHOBHOI XapaKTEPUCTUKON AMNONS ABNAETCS ero anek-
TPUYECKUIA (AN AUMONbHBIA) MOMEHT — BEKTOP, PaBHbI
Npoun3BeAeHUNIo 3apsaaa Ha NIeyo AVMNOoNs, HanpaBieHHbIN
OT OTPULIATENIHOIO 3apsaa K NOJIOXUTENEHOMY:

p=dl.

EJ:LI/IHVILLGVI BNIEKTPUYECKOro MOMeHTa aAunonsa aBnseTcsa
KynoH-MeTp.

Ha punonb B O4HOPOAHOM 3N1EKTPUYECKOM Mone Aen-
cTByeT BpaLLLalOLLI.VIVI MOMEHT, SHBMCRU.LMVI OT anekTpunye-
CKOro MOMeHTa, OpueHTauuu Aunosa B nojsie n Hanps-
XeHHOCTM nons. Ha avnonb aencteyeT cuna, 3asucaas
OT €ero 9NeKTpu4eckoro MomMeHTa Wu CTeneHum He-

0HOPOJHOCTU Mons %

Ecnn aunosnb OpUeHTMPOBaH B HEOAHOPOLHOM 3Jek-
TPWYECKOM rofie He BAOJIb CUIOBOW JIMHWUM, TO Ha Hero
[LOMOJHATENBHO AEVCTBYET eLle 1 BPaLLAoLii MOMEHT.
CBO6GOAHbIN AMNONb NPaKTUYECKN BCErna BTArMBaeTcs
B 06/1aCTb 60/bLUMX 3HAYEHW HANPSAXKEHHOCTU NONS.

Jvnonb SIBRSIETCH YaCTHBIM CJy4aeM CUCTEMbl 3MeK-
TpUYeckux 3apsaoB, 061aaalowmx ONPeaeneHHoN Cum-
meTpuein. Obuiee HasBaHve NOQOOHLIX pacnpeseneHnn
3apsaoB — anekTpudeckue mynstunons (1=0, 1,21 T A4.), 4m-
CO 3apsiA0B MYSILTUMNONS! ONPeaensieTcs BoipaxeHuem 2.

35. dnekTpuyeckuii Tok

nOA BNIeKTPU4Y€CKMM TOKOM 06bIYHO MOHUMAIOT Ha-
npaeBneHHoe ABUXEHNE INEKTPU4ECKNX 3apsanos. Paznu-
4aloT TOK NPOBOAMMOCTU U KOHBeKLlMOHHbIIﬁ TOK. TOK npo-
BOAMMOCTU — 3TO HanpaBneHHOEe ABUXEeHWe 3apsnoB
B MPOBOAALUMX Tenax: 3/IEKTPOHOB — B MeTasnnax, anek-
TPOHOB W AbIPOK — B MONYNPOBOAHMKAX, MOHOB — B 3/1€K-
TPONUTax, MOHOB N 3NEKTPOHOB — B ra3ax. KOHBEKLIMOHHbI
TOK — 3TO ABUXEHUE 3aps>KEeHHbIX TeN 1 NOTOK 3/1IEKTPO-
HOB WM OPYruxX 3aps>XXeHHbIX YacTuL, B Bakyyme.

MNOTHOCTb TOKA — BEKTOPHAsi XapaKTepucTmka anek-
TPNYECKOro ToKa, YNCNEeHHO paBHad OTHOLUEHUIO CUbl
TOKa, NpoxXoAaswero CKBO3b Manblil aNeMeHT NOBEPXHO-
cTH, HOpMaJ‘IbeIVI K HanpaB/IeHIO ABMXXEHNS 3aPAXXEHHbIX
YacTuL, 06pasytoLLMX TOK, K NIOLWAAN 3TOro aieMeHTa:

. dl
I*E-
Ecnun a1y hopMyny YMHOXUTb Ha 3apsf, g HOCUTenNs To-
Ka, TO NONY4VM MJIOTHOCTb TOKa:
j=qj=qnv.
B BekTOpHOI popme:
j=qnv.
BekTop j HanpaeneH no KacaTenbHOW K JIMHWSAM TOKa.
Jnsa cunbl Toka 3anuvilemM CneayoLee BblpaxeHue:
._dg
/*E-
Cuna Toka ecTb NPOM3BOJHAsA MO BPEMEHM OT 3apsiaa,
NpOXoAsLLEro CKBO3b HEKOTOPOE CEYEHWe WKW NoBEepPX-

34. dusunyeckne oCHOBbI
aneKkTpokapauorpadpumn

XKuBble TKaHW SBASIOTCS UCTOYHUKOM 3MEKTPUHECKUX
noteHumnanos (6MONOTeHLMaNoB).

Perncrpauus 61onoTeHLManos TkaHe 1 OpraHoB C Av-
arHOCTMYECKON Liefbio Mosyyuna Has3BaHue a/ekTporpa-
bun. Takow 06LM TEPMUH YNOTPEBASETCA CPABHUTENBHO
penko, 6onee pacrnpocTpaHeHbl KOHKPETHbIE Ha3BaHWS
COOTBETCTBYIOLLMX ANArHOCTUYECKMX METOLOB: 3NEKTPO-
kapavorpacdus (9KIN) — perncrpaumns 6G1onoTeHuManos,
BO3HMKAIOLLMX B CEPAEYHON MblLlLEe Npu ee Bo30yxae-
HUK, anekTpomuorpadpus (IMIN) — meTon perucTpauum
6103NEKTPUYECKOIN aKTUBHOCTU MbILLLL, SNEKTPO3HLEDA-
norpacdus (93) — meToa, peructpauum 6G1uoanekTpuye-
CKOW aKTUBHOCTY FOSIOBHOMO MO3ra 1 Ap.

B 6onblunHCTBE Cny4aeB 6MONOTEHUMANbI CHUMAIOTCS
9/1eKTPOAAMM HE HEMOCPEeACTBEHHO C opraHa (cepaua,
rOfIOBHOIO MO3ra), a C ApYyrnx, CoOCeaHuX TKaHewn, B KOTO-
PbIX 3NEKTpuyeckne noss 3TMumM opraHomM co34akTCs.

B K/IMHWYECKOM OTHOLLEHUW 3TO CYLLECTBEHHO YMpo-
LaeT caMmy nNpoueaypy perncrpaumu, aenasi ee 6esonac-
HOW 1 HECNOXHOM. DPU3NHECKUiA NOAXOA, K anekTporpacdumn
3aK/I04AETCst B CO3aHUM (BbiGOpe) MOAeny anekTpuye-
CKOro reHepaTtopa, KOTOpasi COOTBETCTBYET KapTuHe
«CHUMAaTEIbHbIX» NOTEHUWANO0B.

Bce cepaue B aneKTPUYECKOM OTHOLLEHWW MpEeacTa-
B/IIETCS Kak HEKOTOPbIN 31EKTPUYECKMI FeHepaTop B BU-
[ie peanbHOro YCTPOCTBA U Kak COBOKYMHOCTb 3N1eKTpu-
YeCKMX WMCTOYHMKOB B MPOBOAHMKE, UMeloLieM $hopmy
4yenoBeyeckoro Tena. Ha NoBEpXHOCTY NPOBOAHMKA NpK
DYHKUMOHNPOBAHNN SKBMBANIEHTHOIO 3/1€KTPUHECKOro
reHepaTtopa OyeT aNeKTpU4Yeckoe HamnpsbkeHue, KoTo-
poe B Npouecce cepagyHol AeaTeNbHOCTV BO3HMKAET Ha

36. AnekTpoNpoBOAUMOCTb
GUONOrMYEecKuX TKaHei U XXNaKocTen
npun NnOCTOAHHOM TOKe.
AneKkTprUYecKuin paspsaa B rasax

Buonorunyeckue TkaHu u OpraHbl ABMAOTCSH AO0BOJSIbHO
Pa3HOPOAHBIMU 06PA30BAHUAMU C PA3NINYHBIMU JNIEKTPU-
4eCKUMU CONPOTUBIEHUAMM, KOTOPbIE MOTYT N3MEHSATLCS
npu AeicTBuM 31eKTpuyeckoro Toka. 1o obycnoenusa-
eT TPYAHOCTV U3MEPEHVs ANIEKTPUHECKOro ConpoTuBe-
HUS XMBbIX BUONOMMYECKNX CUCTEM.

ANeKTpPonpoBOAMMOCTb OTAE/bHbIX Y4aCTKOB opra-
HU3Ma, HAXOSLLMXCS MEX/LY 3NIEKTPOAAMM, HASIOXKEHHbI-
MU HEMOCPEACTBEHHO Ha NOBEPXHOCTL TeNa, CyLLEeCTBEH-
HO 3aBUCUT OT CONPOTUBJIEHUSA KOXW U MOAKOXHbIX CITOEB.
BHYTpW opraHu3ma TOK pacrnpoCTPaHSieTCH B OCHOBHOM
Nno KPOBEHOCHLIM M NMMdATUYECKUM COCyAaMm, MbiLl-
uam, 060104kaM HEPBHbIX CTBOIOB. CONPOTMBNEHMNE KO-
XV B CBOIO O4epe/ip ONpPeAesSieTCs ee COCTOSIHEM: TOJI-
LLIMHOW, BO3PACTOM, BIQXHOCTBIO U T. M.

DNeKTPONpPOBOAVMOCTb TKAHE! U OPraHoOB 3aBVICUT OT
X GYHKUMOHAJIBHOTO COCTOSIHUSI U, CNIEA0BATESIbHO, MOXET
BbITb MCMOMb30BaHa Kak AMarHOCTUYECKUIA NMoKa3aTesb.

Tak, HanpvmMep, Npy BOCNaneHnu, Koraa KneTku Habyxa-
10T, YMEHbLLIAETCS CeYEHNEe MEXKIETOUYHbIX COEANHEHWI
M YBENVYMBAETCA 3IEKTPUHECKOE COMPOTUBIEHUE; Pu-
3nonorn4yeckmne aBneHus, Bbi3biBatoLwme noTanBoCTb, CO-
NPOBOXAAIOTCH BO3PACTaHUEM 3J1EKTPOMPOBOANMOCTY
KOXU U T. O.

[a3, COCTOALMI TONBKO U3 HEATPaNbHbIX YacTuUL, ABAS-
eTcsi M30nTopoM. Ecnm ero noHnamposaTtk, TO OH CTaHo-
BUTCS 3N1EKTPONPOBOAHLIM. JTi060€e yCTPOWCTBO, SBNEHME,
dakTop, CNOCOGHbLIE BbI3BATb MOHU3ALMIO MOSIEKYN 1 aTO-

MOB rasa, Ha3blBaloT MOHU3ATOPOM. VIM MOryT GbiTh CBET, I



NOBEPXHOCTU Tesla Yenoseka. MO,ELEJ'IVIpOBaTb ANeKT-

pVHECKYI0 [eATeNIbHOCTb Cep/La BroJsiHe AomnycTu-
MO, €CnV MCMONb30BaTb AUMOJIbHbIV 3KBUBANEHTHbIV
anekTpuyeckuii reHepatop. AunonbHoe npeacTtaBneHne
O CepALe NexunT B OCHOBE TEOPUN OTBEAEHUIA DIHTXOBE-
Ha. CornacHo e cepaue ecTb TakOBOM AUMNOSb C ANMNOSb-
HbIM MOMEHTOM, KOTOprVI noBoOpaymMBaeTCs, N3MeHdaeT
CBOE MOJIOXEHWE 1 TOUKY NMPUIOXKEHUS 33 BPEMS CepAey-
HOro umkna. B. DHTXOBEH NPeasioXun CHUMaTb pa3Ho-
CTn 61MONOTEHLUMANOB CepALIAa MeXAy BepLUMHAMU PaBHO-
CTOPOHHEro TPEeyro/lbHNKa, KOTOpble MNPUBANXEHHO
pacrnonoxeHbl B NpaBoWi 1 NIEBOI PyKe 1 IEBOW HOTe.

Mo TepmuHonorum Gu3nonoros, PasHoCTb BUONOTEH-
LVanoB, PErmcTpupyemyio Mexay AByMsi Toukamu Tena,
HasblBalOT 0TBeAeHMeM. PasnuyaioT | oTBefeHve (npasas
pyka — nesas pyka), Il otBeaeHve (npaeas pyka — nesas
Hora) u |l oTBeaeHne (neBasi pyka — nesasi Hora).

Mo B. SiHTXOBEHY, CepAue PacrnonoXeHO B LEHTpe
TpeyrosibHuka. Tak kak 91eKTPUYeCcKuii MOMEHT AMNons —
cepaua — U3MEHSIETCA CO BPEMEHEM, TO B OTBEEHUSIX
6yayT NOAyYeHbl BDEMEHHbIE HAMPSKEHWS, KOTOPbIE U Ha-
3bIBAIOT 3siekKTpokapanorpammamMu. dnekTpokapamo-
rpaMmMa He AaeT NpPeACcTaBfieHNst O MPOCTPAHCTBEHHOW
opuveHTaummn. OfHaKo Ans AMarHOCTUYECKMX Lienei Takas
VHpOPMaLVMs BaxHa. B CBA3N C 3TUM NPUMEHSIOT METOS,
NPOCTPAHCTBEHHOrO UCCNEA0BaHNS 3NIEKTPUHECKOro Mo-
Nna cepaua, HasblBaemblli BEKTOP-kapauorpadueit. Bek-
Top-KapAvorpaMma — reoMeTpuHeckoe MecTo To4eK, Co-
OTBETCTBYIOLLVX KOHLY BEKTOpa, MOJSIOKEeHUe KOTOPOro
N3MEHSIETCS 3a BPEMSi CEPAEHHOr0 LmKna.

PEHTITEHOBCKOE W3/ydeHue, Mnamsl, MOHWU3UPYIO-
Liee u3nyyeHve n np.

OnekTpuyeckuii 3apsia B BO34yxe MOXeT 06pasoBbl-
BaTbCS U MNPV PACMbIIEHNN B HEM MOMSIPHBIX XUAKOCTE
(6annoanekTpuyecknin apdeKT), T. €. TaKUX KNOKOCTER, MO-
JIeKyJsibl KOTOPbIX UMEIOT MOCTOSIHHBIV 3NeKTPUHecKnin an-
NOSbHbIN MOMEHT. Tak, HanpyUmep, Npu APOGNEHN B BO3AY-
Xe BOAA pacrnafaeTcs Ha 3apsKeHHble Kanesnbku. 3Hak
3apana KpynHbIx Kanesb (MONOXUTENbHbIA ANS XECTKON
BOZbl) NPOTUBOMOJIOXEH MO 3HAKy 3apsiay Mefbyannmx
Kanenb. bonee KpynHble Kanau CpaBHUTENbHO GbICTPO
0CepaloT, 1 B BO3/yXe OCTAIOTCS OTPULIATESIbHO 3apsikeH-
HblE YaCTULLbI BOAbI. Takoe siBNeHVe HabnoaaeTcs y poH-
TaHa.

3neKTponpoBOAVMMOCTb rasa 3aB/CUT TakKe 1 OT BTO-
PVYHON MOHM3aLUMN. VOHWM3MPOBaHHbIV MOTEHLMan BHY-
TPEHHUX 3NEeKTPOHOB 3HAYNTEJIbHO BbiLLE.

B 3eMHbIX yCNOBMSIX BO3[yX MpakTW4ecku BCerga co-
AEP>XWT HEKOTOPOE KONIMYECTBO MOHOB Grnarofaps npu-
POAHBLIM MOHM3ATOPaM, MaBHbLIM 06Pa30M PaaVoaKkTUB-
HbIM BellecTBam B MOYBE W rasax M KOCMUYECKOMY
N3y4eHnto. MoHbl 1 3N1eKTPOHbBI, HAXOAALWMECS B BO3AY-
Xe, MOryT, NpucoegunHSsACh K HEVITpaﬂbeIM mMoJsiekynam un
B3BELUEHHbIM YacTuuam, obpasoBatb Gonee CHoXHble
MOHbI. DTV MOHBI B aTMOCGhEPE Ha3biBAOT a3pPONOHAMMU.
OHM pasnnyaloTcst He TONbKO 3HAKOM, HO Y MAcCoW, MX
YCNOBHO JeNnsiT Ha nerkve (ra3oBble VIOHbI) U TsXesble
(B3BELLEHHbIE 3aPSKEHHBIE YACTMLIbl — MbIIMHKM, 4aCTU-
ubl AbIMa ¥ BRaru).

Taxenble NOHbI BPeOHO AECTBYIOT HA OPraHuam, ner-
KV€ 1 B OCHOBHOM OTpULaTE IbHble a9POMOHbI OKa3blBaOT
6J'IaFOI'IpVIﬂTHoe BAunsiHne. Ux NCNONb3YKT ANs nevyeHus
(aspovnoHoTepanus).

Tak, MynsTUnonem Hyneeoro nopsigka (20 = 1) sens-

€TCSl OAVHOYHbBIA TOYEYHbI 3apsf, MyNbTUMONeM
nepsoro nopsiaka (21 = 2) — gunonb, MyNLTUNONEM BTO-
poro nopsigka (22 = 4) — KkBappynosib, MynbTUNONEmM
TpeTbero nopsiaka (23 = 8) — okTynonb U T. 4. MoTteHuman
nosisi MyNLTUMONS yObIBAET HA 3HAYMTESIbHBIX PACCTOSI-
Huax ot Hero (R > d, rae d — pasmepbl MynsTUNONS)

NpONOPLMOHANLHO Ecnu 3apag pacnpeneneH

i
B HEKOTOPOI 0651acT NPOCTPAHCTBA, TO MOTeHuuan
3NIEKTPUYECKOro nonsd BHE CUCTEeMbl 3apAaoB MOXHO
npeacTtasnTb B BUOE HEKOTOPOro I'IpVI6J'IVI)KeHHOr0 psapga:

f, f, f,
@:E“+R—22+R—33+.m

3pecb R — paccTosiHue OT cUCTEMbI 3apsifloB A0 TOHKU
A c noteHumanom @d;

fy, fp f3.... — HEKoTOpbIE ByHKUMK, 3aBUCALLME OT BUAA
MyJLTUMNOSIS, €r0 3apsiAa 1 OT HaNpaBfeHUs Ha TOuKy A.

MepBoe cnaraemoe COOTBETCTBYET MOHOMOJIIO, BTOPOE —
AMnonio, TpeTbe — KBaapynosio 1 T. 4. B cnyyae HelTpanb-
HOWi CUCTEMbI 3aPSI0B NEPBOE CIAaraeMoe PaBHO HyJHO.

JAVNONbHLIN 3NEKTPUYECKUIA reHepaTop (TOKOBLIN An-
nonb) B Bakyyme unu B naeanbHOM M30NSTOPE 3NeKTpu-
4ECKMI UMOMb MOXET COXPAHATLCS CKOJb YrOAHO A0NO.
OpHako B peasnbHOW cuTyauun (3NeKTponpoBOAHON cpe-
[ie) nop, AeCcTBrEM ANIEKTPUYECKOTO MOJISt JUMOIIS BO3HU-
KaeT ABUXeHMe CBOOOAHbIX 3apsfioB, U AWMOSb HerTpa-
nuayeTcs.Cvna Toka BO BHeLLHen uenn 6yaet octaBaTbes
MOYTV MOCTOSHHOW, OHA MOYTW He 3aBWUCUT OT CBOWCTB
cpenbl. Takasi ABYXMOMIOCHAs cUCTema, COCTosias u3
MCTOKa M CTOKa TOKa, Ha3blBaeTCs OANMNOJIbHbIM 3N1EKTPpU-
4ECKVM reHepaTopOoM, UV TOKOBbLIM AWMONEM.

@ Ana Toro 4TOObI MOCTOSIHHBIN TOK npoTekas no npo-

BOJIHNKY, HEOBXOOMMO Ha ero KoHLUax nojaaepXxvisaTb
Pa3HOCTb MOTEHLMANOB. STO OCYLLECTBSETCA UCTOYHMKA-
MU TOKa. DNEKTPOABUXYLLEN CUNON UCTOYHMKA HA3bIBAIOT
BEJIVHVIHY, YNCNIEHHO PaBHyl0 paboTe CTOPOHHWX CU Npu
nepeMeLLEHNN eAVHVNYHOTO MOJIOXUTENBHOMO 3apsaa Mo
BCEn uenu.

MpakTtnyeckn pabota CTOPOHHUX CUN OTAMYHA OT Hy”Nst
TOMbKO BHYTPU WCTOYHMKA TOKa. OTHOLUEHWE CTOPOHHEN
CUIibl K €AVHUYHOMY MOSIOXWUTENbHOMY 3apsily PaBHO Ha-
NPSHKEHHOCTY NOJISt CTOPOHHUX CU:

£, For
cT
q

ONeKTPOABMXYLLAsi Cuna COOTBETCTBYET CKaykooOpas-
HOMY M3MEHEHMIO MOTEeHLMaa B UCTO4HUKE ToKa.

ANeKTPoNnpoBOAUMOCTbL 3/1IeKTPONMUTOB. Buonoruye-
CKUe XNOKOCTU ABNSKOTCH 31EKTPOUTaMu, 3/1eKTPONpoBo-
VIMOCTb KOTOPbIX MMEET CXOLCTBO C 3/1eKTPONPOBOAVIMO-
CTblO MeTa/IoB: B 06eux cpefax B OTAMYME OT rasos
HOCUTEeNN TOKa CYLEeCTBYIOT HEe3aBUCUMO OT JJieKTpuye-
CKOro nonsi.

HanpaBneHune OBVXEHVWE UOHOB B 3NIEKTPUYECKOM Mosne
MOXHO I'Ipl/l6ﬂVI)KEHHO CyMTaTb pPaBHOMEPHbLIM, NPV 3TOM
cuna qE, nencreyloLas Ha NOH CO CTOPOHbI 3NEKTPUYECKO-
O M0JIsl, PaBHa CUNe TPEHWUS IV:

oTKyAa nonyyaem:

KoaddurumeHT nponopumoHansHocTM b HasbiBaloT Mno-
ABMXHOCTbIO MOHOB.
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37. MaruuTtHoe none

MarHuTHbIM NoNeM Ha3ablBalOT BCIO MaTepuio, nocpes-
CTBOM KOTOPOW OCYLLECTBSAETCS CUNOBOE BO3AENCTBUS
Ha IBUXYLLIMECS ANEKTPUYECKME 3apsifibl, NOMELLEHHbIEe B
none, n apyrve Tena, obnagatoLime MarHUTHbIM MOMEH-
TOM. [INsi MarHUTHOrO MOJS, Kak U 4ist 3nekTpocTaTuye-
CKOro, MMEeTCsl KONMYECTBEHHAsi XapakTepuctnka —
MarHUTHbI MOMEHT (BEKTOPHAs BEMYNHA).

MarHnTHas VHAYKUUS B HEKOTOPOW TOYKE MONs paBHa
OTHOLLEHMIO MaKCUMasbHOrO BPALLAIOLLEro MOMEHTa,
[EeNCTBYIOLLIErO Ha paMKy C TOKOM B OAHOPOAHOM Mar-
HUTHOM Mone, K MarHNTHOMY MOMEHTY 3TOI pamku. Ean-
HULIe MarHUTHOro NoToka siensieTcs Bebep (B6):

1B6 = 1Tnm2.

Tn — eonHMLA MarHUTHOM nHaykumm (Tecna). N3 dop-
Mynbl BUOHO, 4TO MOTOK MOXET OblTb KaK MONOXWTENb-
HbIM, TaK 1 OTpULATESIbHbIM.

3akoH AmMnepa. QHeprus KOHTypa ¢ TOKOM B MarHuT-
HOM nosnie. OfHVM 13 FMaBHbIX MPOSIBNEHUI MarHUTHOrO
nonsa ABNAEeTCH ero cunoBoe ﬂeVICTBMe Ha ABuxylimecs
anekTpuyeckve 3apagbl U Toku. A. M. Amnepom Gbin
YCTaHOBMEH 3aKOH, ONPEeAEensiowmini 3T CUNOBOE BO3-
nevicteme.

B npoBoaHuKe, HaXosILLEMCS B MarHUTHOM Mofe, Bbliae-
JIM JOCTaTO4HO Manbiii yqacTok dl, KOTOpbI paccMaTpmsa-
€TCA Kak BEKTOP, HanpasfeHHbI B CTOPOHY Toka. [Mponsse-
neHve |dl HasbIBalOT anemMeHToM Toka. Cuna, AencTaeyioLasn
CO CTOPOHbI MarHWTHOrO MOJIS HA ANEMEHT TOKa, paBHa:

dF =kIB sinb x dI,

roe kK — koadpdULMEHT NPonopLMOHaNBHOCTU; UK B BEK-
TopHoI dopme dF = Idl XB.

EEE 39. CeoiicTBa marHeTUkoB u MaruuTHsle
CBOMCTBA TKaHel yenoseka

Monekynbl napamarHeTMKOB VMEIOT OTIMYHBIE OT Hyns
MarHUTHble MOMEHTbI. Mpy OTCYTCTBUM MarHUTHOMO Nonst
3TV MOMEHTbI PACMOSIOXKEHBI XAOTUYECKU 1 MX HAMarHu-
YEHHOCTb paBHa Hymio. CTeneHb ynopsAo4EeHHOCTU Mar-
HUTHBIX MOMEHTOB 3aBUCUT OT ABYX MPOTUBOMOMOXHbIX
$aKTOPOB — MarHWTHOIO MOJIS Y MOJIEKYISIPHO-Xa0THYe-
CKOTO ABUXEHWS, MO3TOMY HaMarHU4eHHOCTb 3aBUCUT
Kak OT MarHUTHOM MHAYKLMU, Tak 1 OT TeMnepaTypbil.

B HEOOHOPOAHOM MarH1THOM MOJE B BaKyyMeE HacTuLibl
napaMarHMTHOro BELeCTBa MEPEMELLAIOTCS B CTOPOHY
6GonbLUero 3Ha4eHUs: MarHUTHOM MHAYKLUW, KaK roBOPSIT,
BTArvBatoTcsa B none. K napamarHeTvikam OTHOCST anio-
MWHUI, KUCIOPOA, MONMBAEH U T. A.

JAvamarHeTnam npucyLl, BCem BeluecTsam. B napa-
MarHeTVKax avamarHeTuam nepekpbisaeTcs 6onee cuib-
HbIM NapaMarHeT3MoMm.

Ecnun MarHUTHbI MOMEHT MOJIEKYJT PABEH HYJIIO MW Ha-
CTONLKO Mas, 4TO AvamarHeTusm npeobnagaer Hag na-
pamarHeT3aMOM, TO BELLECTBA, COCTOALLME U3 TaKuUX MO-
NeKys, OTHOCHT K AMaMarHetukam. HamarHM4eHHOCTb
[VaMarHeTykoB HampasieHa MPOTUBOMONOXHO MarHWT-
HOW UHAYKLMW, €€ 3HAYEHWE PACTET C BO3PACTAHUEM UH-
Aykumn. Yactuupbl anamarHeTvka B Bakyyme B HEOAHO-
POAHOM MarHUTHOM nose GyayT BbITANKUBATLCS U3 NONS.

®deppomarHeTmkm, nofoGHO mapamarHeTukam, cos-
AAl0T HAMarHU4EHHOCTb, HAaNPaBNEHHYIO HA UHAYKLMIO MO~
N, VX OTHOCUTESIbHAsi MarHUTHas NMPOHWULIAEMOCTb MHOTO
6onblue eanHULEl. DeppoMarHUTHLIE CBOMCTBA NPUCYLLM
He OTAEe/bHBIM aTOMamu UK MOJIEKYSaMm, a JinLlib HEKOTO-
PbiM BELLECTBAM, HaXOASALLWMMCS B KPUCTANIIMHECKOM CO-
crosHun. K deppomarHeTmkam OTHOCST KpuCTanauye-

W ppyrue ero cBomMcTBa

HanpsikeHHOCTb MarHUTHOrO MoNs 3aBUCUT OT CBOW-
CTBa cpefbl, @ OnpeaenseTcs TONAbLKO CUIOoi Toka, NpoTe-
KaloLLero no KOHTypy. Hanps>keHHOCTb MarHUTHOrO NOJs,
CO3[aHHOr0 MOCTOSIHHBIM TOKOM, ClaraeTcsi U3 Harnps-
>KEHHOCTW TMOJieil, CO3[aBaeMbIX €ro OTAESbHbIMU 3i-
emeHTamun (3akoH Bruo-Casapa-Jlannaca):

dH =k Idi sln o
r

(dH — HanpsxeHHoCTb, k — k03dduuUMeHT nponop-
uMoHanbHoCTH, di n r — BekTopbl). UHTErpmpys, Haxoaum
Hanps>KeHHOCTb MAarHUTHOrO MOJISi, CO3AAHHOrO KOHTY-
POM C TOKOM M1 H4ACTbIO 3TOr0 KOHTypa:

_ 1 edixr
4t

KpyroBbIM Ha3blBaeTCS TOK, MPOTEKAIOLLMIA MO NPOBOA-
HUKY B $HOPME OKPYXHOCTU. STOMY TOKYy COOTBETCTBYET
Takxe BPALLAIOLIMICA MO OKPYXHOCTU 3NEKTPUYECKUI
3apsid. 3Has HaNPsXXeHHOCTb MarHUTHOTO MOt U OTHO-
CUTESNIbHYIO MArHWTHYIO MPOHULIAEMOCTb CPefbl, MOXHO
HaMTVN MarHUTHYIO UHAYKLWIO:

B =M + MOH = mtNf(2r).

MaruuTHbie cBOWCTBa BellecTsa

Het Takux BELWEeCTB, COCTOAHNE KOTOPbIX HE N3MEHA-
nocb 6bl npun noMeuweHnn nx B MarHMTHoe nosne. Bonee
TOro, HaxoAsiCb B MarHMTHOM Mone, BewecTsa camu cTa-
HOBATCS MCTOYHMKAMM Takoro nonsi. B aTom cmeicne Bce
BelwecTBa NPUHATO Ha3blBaTb MarHeTukKamu. Tak kak Mak-
pOCKOMMuyeckne pas3nmying MarHeTukKoB 06yCJ’IOBﬂeHbI nx

w 40. dneKTpoOMarHUTHas MHAYKLUMS.
SHeprus MarHUTHOro nons

CyTb SJ'IeKTpOMaI'HVITHOVI WHOYKUUKN — nepemMeHHoe
MarHuTHOe none nopoxzaaeT anekTpuyeckoe none (oT-
kpbiTo M. Papageem B 1831 ).

OCHOBHOW 3aKOH 371EKTPOMArHUTHOM MHAYKLUN

I'Ip|/| BCAKOM WU3MEHEeHUN MarHUTHOro noTokKa B HEM
BO3HMKAIOT 3N1EKTPOABMXYLLNE CUbI C-)J'IeKTpOMaI'HVITHOI7I
VHAYKUMN. _do

€= ,
dt

rae e — 9eKTPoaBUXYLLME CUbI;
dt — npomexyToK BpemeHu;
d® — n3meHeHvie MarHUTHOro NoToKa.
OTO OCHOBHOW 3aKOH 3MEKTPOMArHWUTHON WHAYKUMM,
wnu 3akoH Papages.
I'Ip|/| WU3MEHEHNN MarHMTHOIo NOTOKa, NMPOHU3bIBaAKOLLE-
ro KOHTYp (I/I3MeHeHVII/I MarHUTHOro noss Co BpemMeHem,
I'Ipl/l6!1I/I)KeHVIVI wnn yoaneHnun marHmta, "SMeHeHuu1 cuinbl
TOKa B COCEAHEM MW JaJIbHEM KOHTYPE W T. M.), B KOHTY-
pe Bceraa BO3HWKaET 3NeKTPOABMXKYLLAA Cuna SneKkTpo-
MarHuTHOM MHOYKUMW, NMPOonopunoHanbHass CKOPOCTHN 13-
MEHEHUS MArHUTHOrO MOTOKA. M3MeHEeHMe MarHUTHOro
NnoNnsi BbI3bIBAET 3N1EKTPUYECKOE Mose. Tak kak TOK eCTb
npou3BoaHas OT 3apsa Nno BpEMEHU, TO MOXHO 3anucaTb:

d 1d! do
dg_1do dg=-22.
at R dt R

OTciofia cneayeT, 4To 3apsf, NPOTEKaIoLyii B MPOBOA-
HUKE BCNEACTBME 3NIEKTPOMArHUTHOW MHAYKUMMW, 3aBU-
CUT OT NBMEHEHNSA MarHNTHOIrO NOTOKA, MPOHU3bIBAKOLLE-

P Sl e L



CTpOeHMeM, TO LienecoobpasHo paccMOTpeTh mar-

HUTHbIE XapaKTepUCTVIKM 3NEKTPOHOB, SAep, aTto-
MOB 1 MOJIEKYSI, @ Takxke MoBeAeHne 3TUX 4acTuL, B Mar-
HWTHOM rone.

OTHOLIEHVE MAarHUTHOrO MOMEHTA HacTULbl K MOMEHTY
ee MMNy/bCa Ha3blBAIOT MarHUToMexaHn4eckum. CooTHO-
LLUEHMSI NOKa3bIBAIOT, YTO MEXAY MarHUTHbIM U MexaHuue-
CKUM (MOMEHT MMMNYJIbCa) MOMEHTaMM CYLLLEECTBYET BMOJIHE
onpeaeneHHas «kectkas» CBA3b; aTa CBA3b NPOSBNSETCS
B MarHUTOMeXaHU4eckux siBneHusx. MarHutomexaHuue-
CKMe SIBIeHUS MO3BONAIOT ONPEefensaTb MarHMTOMexaHu-
Yeckne OTHOLLEHMS U HAa OCHOBaHUW 3TOTO AenaTb BbiBO-
Abl O ponn OpGUTaNbHLIX WAN CMVHOBBLIX MAarHUTHbIX
MOMEHTOB B MPOLECcCcax HaMarHmyimeaHus. Tak, Hanpvmep,
OMbITbl DMHLITENHA MOKa3anu, Y4TO 3a HaMarHW4eHHOCTb
deppomMarHnTHbIX (Kenes3omarHUTHbLIX) maTepuanos OT-
BETCTBEHHbI CMNMHOBbLIE MarHUTHbIE MOMEHTbI 3/TEKTPOHOB.

flopa, aTombl 1 MONEKYJbI TAKXKE UMEIOT MarHUTHbINA MO-
MeHT. MarHUTHLIN MOMEHT MOJIEKYSIbl SBASETCH BEKTOPHOM
CYMMOW MarHUTHbIX MOMEHTOB aTOMOB, 13 KOTOPbIX OHa CO-
CTOUT. MarHMTHoe none Bo3AEeVCTBYET Ha OPUEHTALMIO Ya-
CTUL, UMEIOLLIMX MArHUTHbIE MOMEHTbLI, B peaysibTaTe Yero
BELLIECTBO HamarHuumsaetcs. CTeneHb HamarHn4nsaHus
BELLECTBa XapaKTepu3yeTcs HamarHu4yeHHoCTbio. CpepHee
3HayeHVie BeKTopa HaMarHW4YEHHOCTU PaBHO OTHOLUEHWIO
CYMMapHOro MarHMTHOro MOMeHTa Spmi BCex YacTuL, pac-
NOJIOXEHHBIX B 06beme MarHeTuka, k aTomy obbemy:

P
v

Takvm 06pa3om, HamMarHM4EHHOCTb SIBNSETCS CPEAHVM
MarHUTHbIM MOMEHTOM eIHULb 0O6bemMa MarHeTuka. Egn-
HULEM HaMarHU4EHHOCTU CYXUT amnep Ha MeTp (A/m).

rO KOHTYP, 1 €ro CONPOTUBNEHUS. DTy 3aBUCUMOCTb

NCNONb3YKT ONS U3MEepPEeHUss MarHUMTHOro noToka
npu6opamu, perncTpupyloLWVMN 3NeKTPUYECKNiA 3apsa,
VHAYLMPYEMBIA B KOHTYPE.

OaHVUM 13 NPOSIBNEHWI SNEKTPOMArHUTHOW UHAYKUMK
SIBNISIETCS BO3HMKHOBEHNE 3aMKHYTbIX UHAYKLIMOHHBIX TO-
KOB (BMXPEBbIX TOKOB, VM TOKOB PyKO) B CMIOLLHbBIX MPO-
BOOAWNMX Tenax, Takux Kak metannmyeckne getanu, pa-
CTBOPbI 3NIEKTPONNTOB, GMONOrMYeckMe opraHbl U T. M.
BuixpeBble Tokv 06pa3yloTcs nNpy nepemeLLeHn NpoBo-
asauiero Tena B MarHUTHOM none, npu U3MeHeHun co
BPEMEHEM WHIYKUVU MONs, a Takke Npu COBOKYMHOM
[encteun 06omx PakTopoB. VIHTEHCUMBHOCTb BUXPEBbLIX
TOKOB 3aBUCUT OT 3JIEKTPUYECKOro CONpPOTUBIIEHNSA Tena
1, CNeaoBaTesibHO, OT YAENbHOrO CONPOTUBEHNS U pas-
MEpOB, a TaKXe OT CKOPOCTU M3MEHEHNS MarHUTHOrO No-
TOKa.B dunanotepanum pasorpesaHue OTAENbHbIX YacTen
Tena YyesoBeKka BUXPEBbIMU TOKAMM Ha3HAYaeTCst Kak e-
yebHas npoueaypa, Ha3blBaemasi IHOYKTOTEPMUEN.

aﬂeKTDOMarHMTHbIMVI koneGaHnaMn HasbiBaloT nepvo-
[Avdeckue B3aMMOCBSI3aHHble M3MEHeHUs! 3apsiaoB, TO-
KOB, Hamnps>XeHHOCTEN 3NeKTPUYECKOro U MarHWTHOro
nonei. PacnpocTpaHeHvne 3aneKkTPoOMarHUTHbIX koneba-
HWA B NPOCTPAHCTBE MPOUCXOAWT B BUE 3JIeKTpoMar-
HUTHBbIX BOSH. Cpeaun pasnunyHbix GU3NYECKUX SBIEHWUI
BNeKTPOMarH1UTHble KonebaHusi 1 BOJIHbI 3aHUMAIOT 0CO-
60e mecTo.

MepemeHHbIi TOK — oGO TOK, U3MEHSIOLLMINCS CO
BpeMeHeM. OfHako Yawe TEPMUH «MepPeMeHHbIVi TOK»
NPUMEHSIIOT K KBA3WCTaLMOHAPHBIM TOKaM, 3aBUCSILLM
OT BPEMEHM MO rapMOHNHECKOMY 3aKOHY.

3TN COOTHOLLIEHUS BbIPAXAIOT 3aKOH AMnepa.

Cwuna, nencTayloLas CornacHo 3akoHy AMnepa Ha
MPOBOAHMK C TOKOM B MarHUTHOM MoJie, eCTb pe3ysbtar
ero BO34EeNCTBUS Ha ABUXYLLMECS SNEKTPUYecKne 3aps-
Abl, cospaowme aToT Tok. Cuna, AeicTeylowas Ha oT-
[enbHbIN ABVXYLLMIACS 3apsifl, ONPeAessieTCst OTHOLLEHU-
eM cuibl F, NpuaoxeHHON K NPOBOAHUKY C TOKOM, K
o6wemy yncny N Hocutenei Toka B HEM:

Cuna Toka paBHa:

F=jSBL sinb,

rge j — nNNoTHOCTL Toka. Monyyaem:

F =jSBL sin b = qnvSBL sinb2,

roe — KOHLIEHTpaLWs 4acTuLl.

"SI
MopacTaBnas nocnegHee BbiPaXeHne K NepBoMmy, nony-
YaeM BbIpaXeHue AN CUnbl, AEUCTBYIOLLEN CO CTOPOHbI
MarHUTHOrO MOJSt Ha OTAESNbHbIV ABVMXYLLMIACS 9NEeKTPU-
Yeckuit 3apsia, 1 Ha3biBaeMow cunoi JlopeHua:
_gN,SIBsin B

f,
SIN

=qvBsin .

HanpasneHune cunbl JlopeHua MOXHO Onpenenntb 13
BEKTOPHOV 3an1cy ypaBHEHUs!

f,=qvB.

CKO€ Xeneso, HUKesb, KoOanbT, MHOrMe CriaBbl AT-

VX 3NEMEHTOB MexAay coboi 1 ¢ apyrummn Hedeppo-
MarHUTHbIMW COEAVHEHWSIMU, a TaKkke CrJiaBbl U Coeam-
HEHMS XpoMa W MapraHua ¢ HedeppOMarHUTHbIMU
anemeHTamn. HamarHMyeHHoCTb peppomMarHeTUKoB 3a-
BUCUT HE TOJNIbKO OT MAarHUTHON WHAYKLMW, HO U OT UX
npeabiayLWwero COCTOSHNS, OT BPEMEHW HaxoXaeHns 06-
pasua B MarHUTHOM none. XoTts GpeppomMarHeTukos 1 He
0O4YeHb MHOTO B MPMPOJE, B OCHOBHOM UMEHHO VX NCMOJb-
3YI0T Kak MarHUTHbIe MaTepuasbl B TEXHUKE.

TkaHn opraHn3ma B 3HAYNTENBHOW CTENEHN anamarHuTt-
Hbl, N0A06HO BoAe. OgHAKo B OpraHMamMe UMeIoTCs U na-
pamMarHuTHble BELLLECTBA, MOEKYJTbl U MOHbI. DeppomMarHuT-
HbIX 4YaCTuUL, B OpraHn3me Her. EVIOTOKVI, BO3HUKawwme
B OpraHun3me, SIBJISIOTCS UCTOYHNKOM CJ1abbiX MarHUTHbIX
nonei. B HeKOTOPbIX Clydasx MHAOYKUMIO Takux nonew
yAaeTca namepuTb. Tak, Hanpumep, Ha OCHOBaHWUN pern-
CTpaLV BPEMEHHO 3aBUCUMOCTW MHAYKLMN MarHUTHO-
ro nons cepaua (61MoTokoB cepAua) co3paH AMarHocTu-
Yeckuit mMeTon, — MarHuTokapauorpadusa. Tak Kak
MarHUTHast MHOYKLUVSi IPOMOPLMOHasbHA CUe TOKa, a Cu-
na Toka (61oToK) cornacHo 3akoHy Oma nponopumoHanb-
Ha HanpsXkeHuto (6uonoTexHuman), To B 06WEM MarHUTO-
Kapavorpamma aHaaornyHa anekTpokapanorpamme.
OpHako marHutokapavorpadus B OTAINYME OT 3NEKTPO-
kapaviorpadpum ssnsietcs 6eCKOHTaKTHbIM METOA0M, NGO
MarHUTHOE NoJie MOXeT PEerMcTPUPOBATLCS U HA HEKOTO-
POM pPaccTosiHUM OT BMONOrM4ecKoro obbekTa — UCTOY-
HUKa nons.
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41. NMonHoe conpoTuBneHne
(umnepaHc) TkaHen opraHnama. |
dusnyeckue oCHOBbI peorpacdumn

TkaH1 OpraHy3amMa NPOBOJSIT HE TOJILKO MOCTOSIHHBIN, HO U Ne- |
PEeMEHHbI TOK. B opraH/ame HeT Takux CUCTEM, KOTOpbIE Obi-
m 6bl NOJOGHBI KaTyLUKaM WUHAYKTUBHOCTY, MO3TOMY VIH,lJ,yK-|
TUBHOCTb €ro 671M3Kka K HyJlio.

Buonornyeckmne membpansl (1, CnefoBaTesnibHo, BECb op—|
raHnam) 061a4al0T eMKOCTHbIMU CBOVWCTBAMM, B CBSA3U C 9T-
VM MOJIHOE COMPOTUB/EHVE TKaHei opraHmama onpeuem-|
€TCs1 TOJIbKO OMUYECKUM 1 eMKOCTHBIM COMPOTUBNEHUSIMU.
Hanuune B 61MONOrNYECKMNX CUCTEMAX EMKOCTHBIX anemeH-|
TOB MOATBEPXAAETCA TEM, YTO CUia ToKa ornepexaet no
dase npunoxeHHoe HanpsxeHne. YactoTHas 3aswcmmocm‘
MMnegaHca no3BONSeT OLEHUTb XM3HECNOCOOHOCTb Tka-
Hel opraHnama, 9T0 BaXHO 3HaTb A5 nepecankv (Tpch—|
nnaHTaummn) TkaHei n opraHos. ViMneaaHc TkaHen u opra-
HOB 3aBVCUT TaKXe 1 OT UX PU3NONOTNYECKOrO COCTOSIHMS.
Tak, Npy KPOBEHAMOHEHUM COCYA0B UMMENAHC M3MeHHeT-|
CSl B 3aBMICUMOCTV OT COCTOSIHUS CepheyqHO-COCYAVNCTON
[esTeNbHOCTY. |

JlnarHoctTnyeckmii MeTon, OCHOBaHHbIN Ha perncTpaumm
NPUMEHEHNs1 MMMNeJaHca TkaHei B npouecce Cepl:l.e‘-lHOVI|
LesiTenbHOCTN, Ha3biBalOT peorpaduert (MumnenaHc-nne-
Tnamorpadueit). C nOMOLLbIO 3TOro MeEToAa NosyHatoT pe0-|
rpaMmbl rONOBHOMO MO3ra (peoaHuedanorpammsl), cepaua
(peokapavorpamMmmbl), MarucTpanbHbIX COCYAOB, nerkmx,|
NeyYeHn N KOHeYyHocTen. MamepeHns 0BblYHO MPOBOAAT Ha
yactote 30 kI,

AneKTpUYecKuii UMNYJIbC U UMNYJIbCHBINA TOK |

ONeKTPMYECKUM UMMYNIbCOM Ha3biBAETCS KPAaTKOBPEMEH-
HOE V3MEHeHUe 3/IeKTPUHECKOro HanpsikeHus unm Cl/lﬂbl|
ToKa. B TexHMKe nMny/bCbl NOAPa3AeNsioTCs Ha ABe 60b-
e rpynnbl: BUAEO- U PaguoUMIybChl. |
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43.Knaccudukaumsa 4acTOTHbIX
WHTEpPBaNIOB, NPUHATas B MeAuLMnHe

| M3 Teopyn MakcBesina BbITEKAET, YTO PasnnyHbIe aek-
TPOMarHWUTHbIE BOJIHbI, B TOM 41C/IEe U CBETOBbIE, UMEIOT
| o6Lwyto npupoay. B cBaA3n ¢ aTuM LenecoobpasHo npen-
CTaBWTb BCEBO3MOXHbIE 3/IEKTPOMArHUTHbIE BOJIHbI B BU-
| e eAVHON LwKanbl.

Bcsikas wwkasnia yCnoBHO NnopasaensieTcs Ha WecTb An-
| ana3oHOB: PaAMOBOJHbI (AJIMHHbIE, CPEAHUE W KOPOT-
Kue), uHbpakpacHble, BUAUMbIE, YIbTPADUONETOBbIE,
| PEHTreHOBCKME U raMma-uanyyeHus. 9ta knaccuduka-
una onpegensietcs M6o MexaHU3MOM 06pPa30BaHUS
| BOJIH, IMGO BO3MOXHOCTbIO 3PUTESILHOrO BOCMIPUATUS UX
YyenosekoM. PanoBosHbI 06YCNOBMEHbI NEPEeMEHHbIMU
| TOKaMu B MPOBOAHMKAX W 3NEKTPOHHBIMK MOTOKaMu
(mMakpouanyyaTenm).
| WHdpakpacHoe, Buaumoe 1 ynstpadroneToBoe nany-

YEHWs1 UCXOAST U3 aToOMOB, MOJIEKY U ObICTPbIX 3aps-

KEHHbIX HYacTul, (Mukpouanyyatenein). PeHTreHoBCckoe
| n3nyyeHne BO3HMKAET NPU BHYTPUATOMHBIX MpoLieccax.

FfamMma-unsnydeHne NMeeT siepHOe NPOUCXOXAEHME.
| HekoTopble Arana3oHbl NepekpbIBAOTCS, Tak Kak BOJHbI

O[IHOI W TO Xe AJINHBI MOTYT 06Pa30BbLIBATLCS B Pa3HbIX
| npoueccax. Tak, Haubonee KOPOTKOBOIHOBOE YNbTpaduo-

NIETOBOE U3/ly4eHNEe NEepeKpbIBAeTCst AJIMHHOBOIHOBBLIM
| PEHTreHOBCKMM. B 3TOM OTHOLLEHMM O4YeHb xapakTepHa

norpaHnyHasi 061acTb MHGPAKPACHBIX BOJIH U PAAVIOBOJTH.
| Jlo 1922 r. mexay aTmMun aranasoHamu 6610 npoben. Hauv-

6onee KOPOTKOBOJIHOBOE U3Jly4eHUe 3TOro He3anosHeH-
| HOro NMpPOMeXyTka UMeJo MOJIEKYJSIIPHOE aTOMHO€ Mpo-

MCXOXAEHVEe (M3NyyeHne HarpeToro Tena), a Hambonee
| LJIVHHOBOJTHOBOE M3J1y4asioCb MakpOCKOMUYECKUMUN BU-

6patopamu lepua. Jaxe MUNIMMETPOBbLIE BOJIHbI MOTYT

Tok cmeLeHns

Jx. Makcsenn co3gan B pamkax Knaccu4eckon puanku
TEOopU IO 3NeKTPOMarHUTHOro nons. B ocHose Teopun Jx.
MakcBesnna nexar [ABa NoJIoXeHUs.

1. Bcakoe nepemMelleHHoe 3neKTpuyeckoe none no-
poXzaaeT BUXpeBOe MarHnTHoe none. NepemeHHoe anek-
Tpydeckoe none 6bi10 Ha3BaHO MakcBennom, Tak kak
OHO, NOA06HO 0OLIYHOMY TOKY, Bbl3bIBAET MarHMTHOE Mo-
ne. BuxpeBoe MarHMTHoe rnose nopoxaaeTcs kak Tokamm
NPOBOAUMOCTY NP (ABUXYLLIMMUCS 3N1EKTPUYECKUMM 3a-
psiaaMu), Tak U TOKaMU CMeLLEeHUst (MepemeLLeHHbIM
anekTpuyeckum nonem E).

MepBoe ypaBHeHne Makcsenna

oo dE
oM dl=1,, ErE,

2. Bcakoe nepemMelleHHOe MarHUTHOE none nopoxaa-
eT BUXPEBOE INEKTPUYECKOE (OCHOBHOW 3aKOH 3JIEKTPO-
MarHUTHOM NHAYKUMK).

Btopoe ypaBHeHve Makcsenna:

¢E,dl:@.
dt

OHo cBsi3bIBaET CKOPOCTb UBMEHEHUS MarHUTHOro no-
TOKa CKBO3b /II06YI0 NOBEPXHOCTb U LIMPKYSLMIO BEKTOPA
Hanps>KeHHOCTW 3NeKTPUYECKOro Nonsl, BO3HUKAIOLLEro
npu atoM. Linpkynsauusa 6epetcs no KOHTYpY, Ha KOTOpbIi
OnVpaeTcs NOBEPXHOCTb.

M3 nonoxeHuit Teopun Makcesenna cneayert, 4TO BO3-
HVWKHOBEHVE KaKoro-inbo nons (31eKTpu4eckoro unm
MarHuTHOro) B HEKOTOPOW TOYKE MPOCTPAHCTBA BReyeT

EEE] 44. dusnueckue npoueccei B TKaHsX,
BO3HMKaIOLME NPy BO3AENCTBUN TOKOM
1 31€eKTPOMArHUTHLIMYU NOASIMU

Bce BellecTBa COCTOAT M3 MOEKYN, Kaxaas U3 HUX SB-
nAeTcs cMcTemon 3apsaos. MNosaToMy CoCTosHME Ten cy-
LLECTBEHHO 3aBUCUT OT MPOTEKAIOLWMX Yepe3 HUX TOKOB
1 OT BO3/1EMCTBYIOLLLEr0 3NeKTPOMArHUTHOr o nonst. Anek-
TpUYeckne CBOMCTBa B1MONOrnieckux Ten 6onee CroxH.l,
4YeM CBOWMCTBA HEXMBbIX 0OBEKTOB, NGO OPraHM3m — aTo
ele 1 COBOKYMHOCTb MOHOB C MEPEMEHHOI KOHLEHTpa-
umeli B NpOCTpaHCcTBe.

MepBUYHbI MEXxaHN3M BO34ENCTBUS TOKOB 1 3N1EKTPO-
MarHUTHbIX NONIEV Ha OPraHN3m — GU3NYECKUIA.

MepBuyHoe peiicTBME NOCTOSIHHOrO TOKa Ha TKaHu
opr I AnekTpodopes nekap-
CTBEHHbIX BELLECTB

Yenoseyeckuin OpraHn3m B 3HAYUTENILHOW CTENEHU CO-
CTOUT 13 BUONOTMYECKMX XUAKOCTEN, cogepXalLmnx 60sb-
LLIOE KONNYECTBO MOHOB, KOTOPbIE Y4aCTBYIOT B Pa3/INHHbIX
0B6MeHHbIX npoueccax. Mof BAnSHMEM 3NEKTPUHECKOrO
M0J151 IOHbI ABVXYTCS C PA3HOM CKOPOCTBIO U CKanvMBatoT-
CS1 OKONO KJIETO4HbIX MeMOpaH, 06pa3ysi BCTPEYHOE anek-
TpU4ECKoe Nosne, Ha3biBaeMOe MoNSIPU3ALLMOHHbLIM. Takum
06pa3om, NepBrYHOE AeNCTBYE MOCTOSIHHOIO TOKA CBsi3a-
HO C ABMXXEHMEM MOHOB B Pa3HbIX 3IEMEHTax TKaHew.

BosgencTere NOCTOSHHOIO TOKa Ha OPraHn3M 3aBUCUT
OT CUJIbl TOKA, MO3TOMY BECbMa CYLLIECTBEHHOE 3HA4YEHVe
VMeeT aNeKTPUYECKoe COMPOTUBNIEHNE TKAHEN, npexae
BCEro KoXwu. Bnara, noT 3Ha4MTeNbHO yMEHbLLIAIOT CONPO-
TUBMEHVE, YTO AaXKE NPV HEGOJBLLIOM HaNPSXKEHUN MOXET
BbI3BaTb MPOXOX/EHNE TOKa Yepe3 opraHnamM. Henpepbis-
HbIiA NOCTOSIHHBIV TOK HanpsbkeHnem 60—80 B ncnonbay-
10T KaK sie4ebHbIli MeTop, duanoTepanun (ranbBaHn3a-

X EZE] 42. MonsTue o Teopumn Makceenna. _I



3a Cco6OW Lenyio uenb B3avMHbIX NPEeBpPaLLEHUit:

NepeMeHHOE 3NEKTPUYECKOE MOJE NOPOXAAET Mar-
HUTHOE, NSMEHEeHNEe MarHUTHOro NoJid NOPOXAaeT ek~
Tpuyeckoe.

BsavmMHoe 06pasoBaHNe 3NEKTPUYECKUX Y MArHUTHbIX
nonemn NpUBOAUT K 3NIEKTPOMArHNTHOMY NOJIKO — pacnpo-
CTPaHEHUI0 edVHOro 3N1eKTPOMarHMTHOro nonsi B npo-
cTpaHcTBe. CKOPOCTb PacnpoCTpaHeHWsi anekTpomar-
HUTHbIX BOJIH paBHa CKOPOCTW CBeTa. 910 nocnyxwuno
OCHOBaHVeM ansa co3aaHuns Makcsennom BNEeKTpOMarHuT-
HOW Teopuu ceeTa. [JaHHas Teopusi cTana OYeHb BaXHbIM
aTanom B ,D,aﬂbHeVILLIeM passnnn Me,ELMLlVIHCKOVI Cl)I/ISI/IKVI.

mum). VICTOYHMKOM TOKa CyXMUT ABYXMONynepuoa-
HbIX BbINPAMUTENIb — annapar rajibBaHn3auun.

MPUMEHSIOT AJ151 3TOrO 3NEKTPOABI U3 NICTOBOMO CBUH-
ua TonwmHoi 0,3—0,5 mm. Tak kak NPoAYKTbl ANEKTPOSMU-
3a pacTBOpa NOBAPEHHON CONM, COAEPXKALLNECS B TKAHSIX,
BbI3bIBAIOT NMPUXWIraH1e, TO MeX/y 3N1eKTpoAaMu 1 KOXeln
NoMeLLaloT rMMAPOPUIbHbIE NMPOKIAAKMA, CMOYEHHbIE Te-
naow BOAOW.

MOCTOSAHHBI TOK MCMOMbL3YIOT B ne4ebHOM npakTuke
TaKxke 1 AN BBEAEHUS NIeKapCTBEHHbIX BELLECTB Yepes
KOXY win Cln3ncTtble o6onoykn. AToT MeToA, nony4un
Ha3BaHue anekTpodopesa NekapCTBEHHbIX BeLeCTB. [na
3TON LieNn NOCTyNaloT TaK Xe, Kak U Npu ranbBaHn3aLmm,
HO NPOK/IaZKy aKTVBHOrO 3N1eKTPOAA CMaYMBalOT PacTBO-
POM COOTBETCTBYIOLLEIO JIEKAPCTBEHHOO BellecTsa. Jle-
KapcTBO BBOAAT C TOrO NOMOCA, 3apsA0M KOTOPOro OHO
o6nafaeT: aHMOHbI BBOAAT C KaToaa, KaTMOHbl — C aHoda.

lanbBaHM3aumio 1 3nekTpodopes NIeKaPCTBEHHBLIX BE-
LLEECTB MOXHO OCYLLECTBASTE C MOMOLLBIO XMAKOCTHBIX
QNEKTPOAO0B B BUAE BaHH, B KOTOPbLIE MOrpyXatoT KOHeY-
HOCTU MauvieHTa.

BVIJZLeOVIMI'IyﬂbeI — 9TO Takue 3neKTpunyeckne
VIMMY/bChl TOKA WM HAMNPsKEHWs, KOTOPbIE UMEIoT
MOCTOSIHHYIO COCTaBNSIOLLYIO, OTJIMYHYIO OT Hynisi. Takum
06pasom, BUAEOVMMYSLC UMEET NPENMYLLECTBEHHO Of-
HY MonspHOCTb. Mo ¢opme BUOeOUMNYNbCHI ObiBalOT
NPSIMOYrOJibHBIMU, MI006Pa3HLIMK, TpaneLenaabHbl-
MW, 3KCNOHEHUMANbHBIMU, KOTOKON006pasHbIMU 1 Ap.

PagyionmnynbCbl — 3TO MOZYIMPOBAHHbIE 3NIEKTPO-
MarHuTHble konebaHus.

B $u3nonorum TepMmnHOM «3NeKTPUHECKUin UMNYbC»
(MNN «aNEKTPUYECKUIA CUTHAN») 0603HAYAI0T UMEHHO BU-
[eonMnynbChl. MOBTOPSIOLLIMECS UMMY/bChl HA3bIBAIOT
MMMYAbCHbIM TOKOM. OH XapakTepuadyeTcs nepvoaom
(nepnofomM NOBTOPEHUs UMNYNbLCOB) T — cpeaHum Bpe-
MEHeM MexXay Hauanamu COCEAHUX UMMYIbCOB 1 4acTo-
TOI (4aCTOTOWN NOBTOPEHNS UMMNYNLCOB):

1
=

CKBaXHOCTbIO ClefoBaHus nMnNynbCOB Ha3blBaeTCHA
OTHOLWEeHne:

e=T-1
f!H

BenuunHa, obpatHas CKBaXHOCTU, eCTb KOIPDULMEHT
3anoJIHeHUs:

mreHepMpOBaTbCH HEe TONbKO paavoTexXHUYeCKUmMu
cpeacrteamMu, HO M MOJIEKYNISIPHbIMK Nepexoaamu.
MosBunca paspen «PagnmocnekTpockonus», KOTOpbli
n3y4aeT nornouieHne v nanyvyeHne paauoBOJIH pasnmy-
HbIMW BELLECTBaAMW.
B MeamumHe NpuHSTO cneaytoLlee yCrioBHOE pasaene-
HVE 3NEeKTPOMarHUTHbIX KonebaHun Ha 4acTOTHble an-
anasoHbl (Tabn. 1).

Tabmmua 1
YcnoBHOe pa3aeneHuve
9NeKTPOMarHUTHbIX KoneGaHuin
Ha YaCcTOTHbIE ANana3oHbl

Huskune (HY) 0o 20y

3BykoBble (34) n020—30 Iy,

YnbTpa3BykoBble UK

HagToKanbHble (Y34) 20—200 kT

Beicokue (BY) 200 kMny—30 mry,

YnbTpasbicokue (YBY) 30—300 mly,

Ceepxablcokme (CBY) cBbiwe 300 My,

Yacto dusnoTepaneBTUHECKYIO 9NEKTPOHHYIO annapa-
TYPY HU3KOW M 3BYKOBOW 4aCTOThbl HA3blBAlOT HU3KOYa-
CTOTHOW. SNEKTPOHHYIO annapaTypy BCex ApYrux 4acToT
Ha3blBaloT 0606LLAIOLLIMM MOHATUEM — «BbICOKOYACTOT-
Hasi annapatypa».
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45. BoaaencTene nepemMeHHbIMU
(MMNyNbCHbIMU) TOKAMM

JleicTBMe NepemMeHHOro Toka Ha OpraHu3m cyue-
CTBEHHO 3aBMCUT OT €ro 4acToThl. [PU HU3KKX, 3BYKOBbIX
1 yNbTPa3BYKOBbIX YACTOTAX MEPEMEHHbI TOK, KaK 1 Mno-
CTOSIHHbIN, OKa3bIBAET pas3apaxaroLlee AeicTeue Ha 61o-
noruyeckue TkaHn. 1o 06YCNOBNEHO CMeLLeHeM NOHOB
PacTBOPOB ANEKTPONINTOB, UX PA3AENIEHNEM, U3MEHEHU-
€M UX KOHLEHTPaLUM B Pa3HbIX YacTsX KNETKN U MexKie-
TOYHOrO NPOCTPAHCTBA.

PasppaxeHue TKaHel 3aBUCUT Takxke U 0T GOpPMbl M-
NyNbCHOrO TOKA, AJITENbHOCTU UMMYNbCa U €ro amrnaun-
Tyapl. Tak, HaNpUMep, yBesMyeHne KpyTr3Hbl GpoHTa M-
nynbca yMeHbLUaeT MOPOroBYID CUJIy TOKa, KOTOPbIiA
BbI3bIBAET COKPALLEHNe Mbilil,. 3TO CBUAETENbCTBYET
0 TOM, YTO MbILWLbI NPUCNOCABMBAIOTCS K N3MEHEHUIO
CWJIbl TOKA, HACTYMAIOT MOHHbIE KOMMEHCALWMOHHbIE MPO-
uecchl. Tak kak cneumgpuyeckoe Gpusmnonornyeckoe aen-
CTBUWE 3NEKTPUHECKOro ToKa 3aBUCUT OT HOPMbI UMMYIb-
COB, TO B MeAMUMHE ANs CTUMYJSLMWU LEHTPanbHON
HEPBHOW CUCTEMbI (3NEKTPOCHA, dNEKTPOHAPKO3a), Hep-
BHO-MbILLEYHOV CUCTEMBI, CEPAEYHO-COCYANCTON CuCTe-
Mbl (KapAMOCTUMYNISITOPbI, AebUBPUNIATOPbI) U UHOMO
MCMNOMb3YIOT TOKU C Pas/IMYHOV BPEMEHHOIN 3aBUCKMO-
CTblO.

Bo3peicTBys Ha cepaLe, TOK MOXET Bbi3BaTb hbrbpun-
NIALMIO XeNyA04KoB, KOTopas NpuBoauT K rmbenu yeno-
Beka. Moporosasi cuna Toka, Bbi3biBatoLero Gpudpunns-
LMo, 3aBMUCUT OT MJIOTHOCTM TOKA, NPOTEKAIOLLEro Yepes
cepALe, 4acToTbl M ANINTENBHOCTY ero AencTBus. Tok unmn
ANeKTPoOMarHuTHas BonHa o6nafaioT TennosbiM adpdek-
ToM. JleyebHOe MpOorpeBaHne BbICOKOYACTOTHLIMM 3J1eK-
TPOMarHUTHbIMK KonebaHusamy obnagaeT psaom npeu-

47. dneKTpoHuKa

DNeKTPOHUKA — 3TO MOHSITUE, LUMPOKO PacnpocTpa-
HEeHHOE B HACTOsILLEE BPEMS. DNIEKTPOHMKA OCHOBbLIBAET-
CS Npexze BCcero Ha gocTmxeHunsax dpusmkun. CeroaHs 6e3
3NEKTPOHHOM annapaTypbl HEBO3MOXHbI HU AVArHOCTMKA
3ab0neBaHni, HU 9GPEKTUBHOE UX NIEYEHNE.

TepMUH «3NEKTPOHUKA» B 3HAYUTENbHOW CTEneHu
YCNOBHbIN. [paBunbHeEe BCEro nog, an1ekTPOHMKON NOHW-
MaTb 06/1aCTb HAYKW 1 TEXHWKM, B KOTOPOIA paccmaTpuea-
10TCS paboTa 1 NPYIMEHEHNE 3N1IEKTPOBAKYYMHbIX, MOHHBIX
1 NONYNPOBOJHMKOBLIX YCTPOWUCTB (Npnbopos). Buinens-
10T GUBNYECKYIO SNEKTPOHUKY, UMes B BUAY pa3aen ¢pu-
3MKK, paccMaTpUBalOLLMIA 31EKTPONPOBOAUMOCTbL Ter,
KOHTaKTHbIE U TEPMO3/IEKTPOHHbIE SBNIEHMS. [0, TeXHU-
4eCKOI 3NEKTPOHMKOM NOHMMAIOT TE ee pa3faesbl, B KOTO-
PbIX OMMCBIBAIOTCS YCTPOMCTBA NPUGOPOB U annapaTos v
CXEMbI VX BKNIO4eHUs. [101yNpOBOAHVKOBOM 9N1EKTPOHM-
KO Ha3bIBAIOT TO, YTO OTHOCUTCS K MPUMEHEHMIO MOJTy-
NPOBOAHWKOBBLIX NPUGOPOB, 1 T. M.

MHorpa BClo 3NeKTPOHWKY MOApasaensioT Ha TPy Kpy-
nHble 06n1acTu: BakyymMHasi aNEeKTPOHMKa, KoTopasi oxea-
TbIBAET BOMPOCHI CO3AHNS 1 MPYMEHEHNS 3N1eKTPOBaKy-
YMHbIX NPMBOPOB (TakMX Kak 3NEKTPOHHbIE Namibl,
(OTOSBNEKTPOHHbIE YCTPONCTBA, PEHTTEHOBCKUE TPYOKM,
rasopaspsiaHble NpuGopbl); TBEPAOTENbHAs NEKTPOHMKA,
KOTOpasi OXBATLIBAET BOMPOCHI CO34aHUS U NMPUMEHEHUS
NoNyNpPOBOAHMNKOBbLIX MPUGOPOB, B TOM YMCAE U WHTE-
rpasibHbIX CXEM; KBAHTOBAst 3NIeKTPOHMKA — crieumduye-
CKUiA pasfen aneKTPOHUKU, UMEIOLLMIA OTHOLLEHME K na-
3epam.

OneKTpoHuka — AMHaMu4eckas oTpacib HayKu v Tex-
HUKW. Ha 6a3e HOBbIX 3PGHEKTOB (ABMEHWIA) cO3aal0TCA
3NEKTPOHHbIE YCTPOMCTBA, B TOM YMC/E U Takue, KOTopblie
HaxOAAT NPUMEHeHVe B 61ONorum 1 MeauuyHe.

MarHUTHbIM nonem

B MaccuBHbIX NPOBOASALLVX TeNax, HaXoAsLLVXCS B ne-
PEMEHHOM MoJe, BO3HMKAIOT BUXPEBbIE TOKW. 3TN TOKM
MOIYT MCMONb30BaTbCs AN NporpesaHvs Guonoruye-
CKWUX TKaHEeW 1 opraHoB. Takoil neYebHblii MeToL — WH-
[YKTOTEPMUSt — UMEET Psif, NPEeUMYLLECTB nepes MeTo-
Aom avatepmumn. Mpu MHAYKTOTEPMUM KOSMHECTBO
TEnnoTbl, BbIAENSAIOWENCA B TKaHsX, NPOMOPLMOHANLHO
KBagpaTam 4acToTbl U MHAYKLUMN NEePEMEHHOIO MarHuT-
HOrO MoAs 1 06PaTHO NMPOMOPLIMOHALHO YAENBHOMY CO-
npotuenexuio. Moatomy cunbHee GyayT HarpeBaTbCs
TKaHW, GoraTble cocyaamu (HanPUMep, MbiLLLbl), 4EM XK-
poBble. JleueHne BUXPEBLIMM TOKAMW BO3MOXHO Takxe
npwv obLei napcoHBanusaumm. B aTom cnyyae naumeHTa
MOMELLAIOT B KNIETKY-COJIEHOWA, MO BUTKaM KOTOPOI NMpo-
NycKaloT UMMYNbCHbIN TOK BLICOKOM 4aCTOTbl.

BospeiicTBUE NnepeMeHHbIM 351IEKTPUHECKUM NOJIEM.
B TKaHsIX, HAXOASALLUMXCSI B MEPEMEHHOM 3N1EKTPUHECKOM
nose, BO3HMKAIOT TOKU CMELLEHUS 1 TOKW MPOBOAMMOCTY.
OBbIYHO [15 ATON LieN UCMONL3YIOT 3NeKTpuYeckne nons
YALTPaBbICOKON 4aCTOThbl, MO3TOMY COOTBETCTBYIOLLWIA
dunanoTepanesTUHECKMIA METOA, NONy4nn Ha3saHve YBY-
Tepanun. NMpUHATO ncnonb3oBaTh B annapartax YBY va-
cToTy 40,58 MI'L, NPV TOKax Takow 4acTOTbl ANBNEKTpUYe-
CKMe TKaHW OopraHnuaMa HarpeBaloTCs WHTEHCUBHee
NPOBOJSILLVIX.

BospeiicTBME 3N1EKTPOMarHMTHbIMKU BonHaMmu. du-
31oTepaneBTUYeckue MeToAbl, OCHOBaHHbIE Ha npumMe-
HEHUWN 3NEeKTPOMarHUTHbIX BonH CBY-ananasoHa, B 3a-
BMCVIMOCTU OT [AJIVHbl BOJHbI MOJYYWIN [1BA HA3BaHWS:
«MWKPOBOJIHOBas Tepanusi» n «[1LIB-Tepanus». B HacTos-
uiee BpemMsa Havbonee paspaboTaHa Teopus O Tenno-

48. MepuumHcKas 3N1eKTPOHUKA.

OfHO 13 pacnpOCTPAHEHHbIX MPUMEHEHWI BNEKTPOHHBIX
YCTPOWCTB CBSI3aHO C AVNArHOCTVKOW 1 NieveHnemM 3abone-
BaHWiA. Paspenbl 9N1eKTPOHUKN, B KOTOPbIX paccmartpuea-
I0TCS OCOBEHHOCTU MPUMEHEHVSI 3JIEKTPOHHBIX CUCTEM
AN pelleHnsl MeuKo-OMOoNornyeckux 3afad, a Takke
YCTPOWMCTBaA COOTBETCTBYIOLLEN annapaTypbl, Noay4nnm
Ha3BaHWe MeAVLIMHCKOW 3N1eKTPOHNKN.

MepauumHcKas 9NeKTPOHMKA OCHOBLIBAETCS Ha CBe-
[EHUAX 13 PU3NKK, MaTemMaTUKW, TEXHWUKW, MEeAVLMHbI,
61onorumn, GrU3MoNOrvM 1 APYrvX HayK, OHa BKIIOYAET B Ce-
69 6G1ONOrNYECKyIo 1 GUSMOSTOTUHECKYIO SNEKTPOHUKY.

B HacTosilee BpemMsa MHOrme TpaguuuoHHO «Heanek-
TpUYeckme» XxapakTepucTvku (TemnepaTypy, CMeLleHne
Tena, GuoxvmMuYeckme rnokasatesnn u ap.) npu usmepe-
HUSIX CTPEMSATCA Npeobpa3oBaTh B 31EKTPUHECKUIA CUr-
Han. MiHdopmaumio, npeactaBneHHYo 31eKTPUYeckum
curHanom, yaoobHo nepegasaTh HA PAaCCTOSIHUE U HAAeX-
HO perncTpupoBaTb. MOXHO BblIENUTb Cheaylolme oc-
HOBHbIE TPYMMbl 3NEKTPOHHBIX NMPYOOPOB 1 annaparos,
MCNOb3YEMbIX ANt MEANKO-BNONOrMYECKnX Lenen.

1. YcTpoicTtea ana nonyyeHuns (cxema), nepejaqv v pe-
rucTpauvn Meauko-6monoruyeckoi uHpopmaummn. Takas
MHbOPMaLMsS MOXET BbITb He TOJIbKO O NPOLEeccax, Npo-
NCXOOALLMX B OPraHn3me (B 6MONOrMYecKon TkaHu, opra-
Hax, CUcTemax), HO 1 O COCTOSIHUM OKPYXaloLlein cpenbl
(CaHUTapHO-TUrMEHNYECKOe Ha3HaYeHre), O npoLeccax,
npoucxogsiwmx B npotesax, u T. A. Cioga oTHocuTtcs
6Gonbluas 4acTb AuarHoCTUHeckolr annapatypbl: Gannm-
cTokapauorpadbl, boHokapanorpadsl n ap.

2. OneKTPOHHbIE YCTPOiCTBa, 06ecneyvBaloLwme Ao3n-
pyiolLiee BO3AECTBME HA OPraHn3M pasnnyHbiMU Gr3n-

YecknMu akTopamm (TakuMm Kak ynbTpassyk, aN1eKTpu- I



@BOM Bo3gericteum CBY-nonen Ha Gronormyeckme
06BEKTHI.

3neKTpoMarHMTHasl BosiHa NonsipudyeT MOSEKybl Be-
LectTsa M Nepuoanyeckn fnepeopueHTUpyeT ux Kak
anekTpudeckne gunonu. Kpome Toro, anekTpoMarHuT-
Hasi BONIHA BO3AENCTBYET Ha MOHbI BMONOrMYECKUX CU-
CTEM U BbI3blBAET NEPEMEHHbIN TOK NPOBOAMMOCTU. Bece
3TO NPUBOAMT K HArpeBaHMIO BeLLecTsa.

3neKTpOMarHUTHbLIE BOJHbI MOTYT BAMSITL Ha Guonorun-
Yeckue NpoLLEeCcChl, paspbiBasi BOAOPOAHbIE CBS3U 1 BAUSS
Ha opueHTaumnio makpomonekyn AHK n PHK.

Mpu nonagaHuy aneKTPOMarHUTHOM BOJTHbI HA Y4aCTOK
Tena NpPouCXoauT ee YacTUHHOe OTPaXeHWe OT MoBepX-
HOCTU KOXW. CTeneHb OTPaXeHUsi 3aBUCUT OT Pasnnynst
[AV3NIEKTPUYECKUX MPOHULLI@EMOCTEN Bo3ayxa 1 6uonorn-
Yeckux TkaHew. [MybuHa NPOHWUKHOBEHWUSI anekTpomar-
HUTHBIX BOJIH B GMON0OrMyeckme TkaHu 3aBUCKT OT Cro-
COBGHOCTM 3TVX TKaHel NOroLLATh SHEP IO BOJIH, KOTOPast
B CBOIO O4Yepelb OMpenensieTcsi kak CTPOEHWEM TKaHew
(rnaBHbIM 06Pa30M CoaepXaHMEM BOAbI), Tak U 4aCTOTOM
3N1eKTPOMArHUTHbIX BOJH. Tak, CAHTUMETPOBbIE ANIEKTPO-
MarHMTHbl€ BOJIHbl, UCMOJIb3yEMble B qJVISVIOTepaI'IVIVI,
MPOHMKAIOT B MbILLLbI, KOXY, Buonornyeckune Xuakoctu
Ha rny6uHY 0KOJI0 2 CM, @ B XMP 1 KOCTN — 0kosio 10 cm.

YunTbiBasi CAOXHbIN COCTaB TKAHEW, YCNOBHO CYMTAIOT,
YTO NPY MMKPOBOJIHOBO Tepanum rnybrHa NPOHUKHOBE-
HWSI 9N1EeKTPOMArHUTHbIX BOJIH paBHa 3—5 cM OT noBepx-
HocTu Tena, a npu ALUB-Tepanun — go 9 cm.

v:¥:{3] Heckunin TOK, 3NeKTPOMAarHUTHbIE Mons U Ap.) C ue-

N0 NedeHns: annapatbl MUKPOBOMHOBOW Tepanuu,

annaparbl 47151 3IEKTPOXMPYPIW, KapAOCTUMYJISITOPbI 11 Ap.
3. KnbepHeTnyeckne aneKTpoHHbIE YCTPOCTBa:

1) BNIEKTPOHHbIE BblHNCAUTENIbHbIE MaLUWHbI A5 nepepa-
60TKM, XPaHEHVsi U aBTOMATUYECKOro aHann3a Meau-
KO-6uonoruyeckor nHbopmaumu;

2) ycTpoiicTBa ANs ynpasneHus npoLeccaMu XunsHenes-
TENbHOCTV U aBTOMATVNHECKOro PEryiMpoBaHus okpy-
XatoLein yenoseka cpefbl;

3) 3neKTPoHHbIe MOAENM BUONOrMYECKMX NPOLLECCOB U Ap.

OfHVIM 13 BaXKHbIX BOMPOCOB, CBS3aHHbIX C YCTPOVCTBOM

ANEKTPOHHON MEAMLMHCKON annapatypbl, SBAseTCs ee

3neKkTpo6e30nacHOCTL Kak Ans NaunMeHToB, Tak U Ans Me-

[MLIMHCKOro nepcoHana. B anekTpmnyeckoi cetn u B Tex-

HMYECKUX YCTPOMCTBax 0ObIYHO 3a[aloT 3neKTpudeckoe

HanpskeHne, HO AeCTBNE HA OPraHnU3M UK OpraHbl OKa-

3bIBAET ANEKTPUYECKUI TOK, T. €. 3apsf, NpoTekaloLmii

Yepes 6ronormyecknii 06bEKT B €ANHNULLY BPEMEHN.

COI'IpOTI/IBJ'IeHVIe Tena 4yenoBeka mMexay ABymMsda Kaca-
HUSIMU (3N1eKTPOAAMM) CKI1a[IbIBAETCS U3 COMPOTUBNEHNS
BHYTPEHHMX TKaHeW 1 OpraHoB 1 CONMPOTUBNEHNS KOXU.

OcHoBHoOe 1 raBHoe TpeGoBaHne — caenaTb HeJoCTy-

MHBIM KacaHvie annapaTypbl, HaxoAsiLLencs nog, Hanps-

XeHveM. [lns 3TOro npexae BCEro M30AMpyIoT 4acTu

npnbopoB 1 annapaToB, HAXOAALMXCS NOA, HAMNPSXKEHN-

ewm, Ipyr OT Apyra 1 oT Kopryca annapartypbl.

MYLLECTB rnepes TPaavLNOHHBIM U MPOCTLIM CMNOCO-
60M — rpeskoi.

MporpeBaHune rpenkoii BHyTPEHHNX OPraHoOB OCYLLECT-
B/IIETCS 3a CYET TensIonpoBOAHOCTU HAPYXHbIX TKaHen —
KOXM 1 NOAKOXHOW XMPOBOW KneTyaTku. BbicokoyacToT-
HOE MpOorpeBaHne NPOMCXOAUT 3a CHET 06pa3oBaHus Te-
MAOTbl BO BHYTPEHHUX YaCcTaX OpraHn3ma, T. €. ero MOXHo
co3paThb TaM, e OHO HyXHO. [porpesaHve BbICOKOYa-
CTOTHbIMM KONIEGaHUSIMU YAOGHO 1 TeM, 4TO, PErynnpys
MOLLHOCTb reHeparopa, MOXHO YNpasfiaiTb MOLYHOCTbIO
TEN/OBbIAENEHNS BO BHYTPEHHKX OpraHax, a npy HekoTo-
PbIX MpoLelypax BO3MOXHO ¥ [103UpoBaHve Harpesa. s
HarpesaHus TKaHelr Tokammn NCNONb3YKTCA TOKN BbICOKOW
yactoTbl. lNponyckaHne Toka BbLICOKOW 4acTOTbl Yyepes
TKaHb WCMOMb3YIOT B (HU3MOTEPANEBTUHECKMX MpoLeay-
pax, HadblBaeMbIx AnarepMuen 1 MecTHOW AapCcoHBann-
3aumei.

Mpw gratepMmmn NPUMEHSIIOT TOK YacTOTOM okoso 1 mIL,
co cnabo3aTtyxalWmmMmn KoneGaHsamMu, Hanpsi>keHnem
100—150 B; cuna TOoKa COCTaBASET HECKOJIbKO amnep.
Tak Kak HanbOoNbLIMM YAEesbHbIM CONPOTUBAEHNEM 06na-
[AI0T KOXa, XWUP, KOCTWU, MbILLLbl, TO OHW 1 HarpesBaloTCs
cunbHee. HammeHbLLee HarpeBaHue y opraHos, 6oraTbix
KPOBbIO UAN NMMPOW, 3TO Nerkve, nevyeHb, numaoarmye-
cKue y3nbl.

HepoctaTok anatepmun — 60blIOE KONMYECTBO Te-
MAOTbl HENMPOAYKTUBHO BLIAENSIETCS B COE KOXM U NofA-
KOXHOM KneTyaTke. B nocneaHee Bpems guatepmus yxo-
OWT U3 TepaneBTUHECKOW MPakTUKW W 3aMeHsieTcs
ApYruMu METOamu BbICOKOYaCTOTHOrO BO3AENCTBUS.

ToKv BbICOKOI 4aCTOTbI UCMONbL3YIOTCS TAKXKE U AJ1S X1~
pyprudeckux uenei (anekrpoxupyprimsi). OHn no3sonsiioT
npuXuUraTb, «CBapyBaTb» TKaHU (AMATEPMOKOArynsiLms)
VN paccekaTtb Ux (auatepmMoTomMus).

Jio6oe TexHW4eckoe (PagnoTexHM4eckoe unu

3NEKTPOHHOE) YCTPOMCTBO CTPEMSTCS MOAEPHU3N-
poBartb, caenatb 6osiee ManiorabapuTHeiM 1 T. n. OgHaKo
MpuY 3TOM BO3HMKAIOT TPYAHOCTU. Tak, Hanprumep, yMeHb-
weHve ra6ap|/|TOB n3nennsa MOXeT yMeHbllaTb ero Ha-
[EeXHOCTb N T. [,

CyLUeCTBEHHbIM CABUMOM B MUHMATIOPU3ALMK 3M1eK-
TPOHHbIX YCTPONCTB ObIN0 BHEAPEHWE NONYNPOBOAHUKOBbIX
[VOL0B U TPUOZOB, HYTO MO3BONWIIO [AOBECTU MIIOTHOCT
3NEKTPOHHBIX YCTPONCTB A0 2—3 3neMeHToB B 1 cmd.

Crenyowmm 3TanoM MUHMATIOPU3aLLIMN 3NEKTPOHUKN,
KOTOpbIVi PAa3BMBAETCS U B HACTOSILLEE BPEMSI, SIBNISIETCS
CO3[aH1e UHTerpabHbIX CXeM. ATO MUHMATIOPHOE a/eK-
TPOHHOE YCTPOWCTBO, Y KOTOPOr0 BCE 3NEMEHTbI (MAN 1X
4acTb) HEPa3aesibHO CBS3aHbl KOHCTPYKTUBHO U coeav-
HeHbl Mexay coboi anekTpuyecku. Pasnuyaiot asa oc-
HOBHbIX TUMNa MHTErpasbHbIX CXeM: NoayrnpoBOAHNKOBbIE
VI NIeHOYHbIE.

MonynpoBOAHVKOBbLIE MHTErpasibHble CXEMbl M3roTO-
BNSIOT 13 0COB0 YNCTLIX NONYNPOBOAHNKOB. MyTeM Tep-
Muyeckom, aAndodysHol U MHOM 06paboTKN NU3MEHSIIOT
KPUCTANINIMHECKYIO PELLETKY MONyNpoBOAHMKA TaK, YTO
oTAeNbHble ero obnactn cTtaHoBATCH pPa3nnyHbIMnN 35~
eMeHTamu CXeMbl. MIEHOYHbIE MHTErpasibHbIE CXeMbI U3-
FOTOB/ISIOT NMYTEM OCAXAEHUS PA3NINYHbLIX MaTEPVANOB B
Bakyyme Ha COOTBETCTBYIOLLME NOANOXKN. MCnonb3yioT
TaKke rmépuaHble MHTerpasibHble CXeMbl — COYETaHue
MOJYNPOBOAHMKOBBIX U MIEHOYHBIX CXEM.
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| MUYECKMM NOTEPSAM, HO 1 K rmbenn naumeHToB. Cnoco6-

| EEE] 49. Kak o6ecneunsaetcs HaeXHOCTb XEE

MeAULUHCKOW annapartypbl

Mpv NnpoBeneHnn npoueayp C UCNOb30BaHNEM 3NeK-
TPOAOB, HANOXEHHbIX HA NauveHTa, TPyaHO npenycmMo-
TPEeTb MHOXEeCTBO BapuaHTOB CO34aHnA SﬂeKTpOOI'laCHOﬁ
cuUTyaummn, NOSTOMY CrefyeT 4eTKO CnefoBaTb UHCTPYK-
LMW MO NPOBEAEHNIO AAHHOW Npoueaypel, He Aenas kKa-
KUX-M60o OTCTyI'II'IeHI/Iﬁ OT Hee.

HapexHocTb MeauuuMHCKOW annapartypbl. Meau-
UMHCKasa annapartypa AoJiKHa HOpMasibHO beHKLLVIOHVIpO-
BaTb. CNoco6HOCTb n3gennsa He oTkasbiBaTb B pa60Te
B 3a4aHHbIX YC/IOBUAX 3KCMyaTaunm U COXpPaHsAaTb CBOIO
pa60TOCI‘IOCO6HOCTb B Te4YeHue 3a4aHHOro uHtepsana
BPEMEHV XapakTepuaytoT 06006LLAILLMM TEPMUHOM — «Ha-
LEXHOCTb». ONa MeauuUMHCKOM annapaTypbl npobnema
HaOeXHOoCTn 0C0o6eHHO aKTyasibHa, TaK Kak BbIXon4, I'IpVI60pOB
v annapartoB U3 CTPOSA MOXET NPUBECTU HE TOJIbKO K 3KOHO-

HOCTb annapartypbl K 6e30TKasHoM paﬁoTe 3aBuCUT OT
MHOIUX NPU4UH, y4eCTb nenctene KOTOPbIX NPaKTN4eCckn
HEBO3MOXHO, NO3TOMY KONIMYECTBEHHAA OLLEHKa Haaex-
HOCTU MMEET BEPOATHOCTHBIN xapakTep. Tak, Hanpumep,
BaXHbIM NapamMeTpoM ABNAETCH BEPOATHOCTb 6e30Tkas-
HOW paboTbl. OHA OLEHMBAETCA IKCNEPUMEHTANbHO OT-
HOLUEHWEM Yucna paboTalowmx (He MCNOPTUBLUMNXCA) 3a
onpegeneHHoe BpemMsa n3nenni K oﬁmemy 4yucny mcnbl-
TbIBaBLUMNXCSH VI3,D.EJ'IVI[7I. Ora XapakTepucTunka oueHuBaeT
BO3MOXHOCTb COXpPaHeHus nagenmem pa60Tocnoc06Hocm
B 3a4aHHOM UHTepBasie BpPpEMEHWU. D,perM KOnn4yecTBeH-
HbIM MOKa3aTesieM HageXHOCTU ABISETCA MHTEHCUBHOCTb
0TKa30B. B 3aBMCUMOCTU OT BO3MOXHbIX I'IOC}'IB,D.CTBMVI
oTkasa B npouecce aKcnayatauuy MeavLMHCKue naae-
nna nogpasnenstoTcs Ha YeTblipe Knacca.

< Y

YeunutensaMu anekTpu4eckux CUrHanos, WM anek-
TPOHHBIMU YCUNIUTENSIMU, Ha3bIBAIOT YCTPOWCTBA, KOTO-
pble NpeobpasyioT SHEepPruio UCTOYHWMKOB MOCTOSIHHOMO
HanpsHKeHUst B 3HEPruio aN1eKTPOMarHUTHbIX KonebaHui
pas3nuyHon GopMbl.

Mo npuHUMNy paboTkl Pa3NnYaloT reHepaTopbl C CaMo-
BO30YX/AEHVEM N reHepaTopbl C BHELHUM BO30YXAEeHW-
€M, KOTOpbIe MO CYLLECTBY SIBASIOTCSH YCUIUTENSMU MOLL-
HOCTU BbICOKOI 4aCTOTb.

leHepaTopBbI NOAPA3AENSIOTCS MO YACTOTE U MOLLHO-
cTu konebanuii. B MeavuvHe 3NeKTPOHHbIE FreHepaTopbl
HaxoAsT TPV OCHOBHbIX NPUMEHeHUs: B ¢pu3noTepanes-
TUYECKOI BNIEKTPOHHOI annapaType; B AIEKTPOHHbIX CTU-
MyNISITOpax; B OTAENbHbIX AMArHOCTUYECKMX npubopax,
HanpumMep B peorpade.

Bce reHepaTopbl N0ApasfaensioTcs Ha HU3KOYACTOTHbIE
1 BbICOKOYACTOTHbIE. MeanuMHCKMe annapartsl — reHe-
paTopbl rAPMOHUYECKMX U VMMYJIbCHBIX HA3KOYACTOTHbIX
BNEeKTPOMArHUTHLIX KonebaHuin o6beauHsIioT ase 6onb-
LuMe rpynrbl YCTPOWMCTB, KOTOPbIE TPYAHO YETKO pasrpaHn-
YUTb: ANIEKTPOHHBIE CTUMYNISITOPbI (3NEKTPOCTUMYNISITOPbI)
v annapatel puanoTtepanun. Mpu HEGOMbLUMX YacToTax
Havbonee cyllecTBeHHO cneundunyeckoe, a He TenioBoe
LeincTBme Toka. JleueHne TOKOM UMEET xapakTep CTUMYy-
NIMPOBaHMS Kakoro-nnbo acdodekTa, N03TOMy UMEET Me-
CTO Kak Obl CMeLLeHne NOHATUIM «nevebHblit annapaT»
N «3NEKTPOCTUMYNSATOP>.

BNeKTPOCTUMYNATOPbI NOAPA3AENSIOTCA HA CTaLMO-
HapHble, HOCUMbIE Y UMMIAHTUPYEMBIE (BXUB/SEMbIE).

Hocumbim 1 yacto MMMNAHTUPYEMbIM KapanoCTUMYyns-
TOPOM SIBASIETCA WMMIAHTUPYEMbI PafMO4aCTOTHbIN

51. Ycunurenu-reHepatopbl

50. Cuctema nony4yeHus
mMeauko-6uonornyeckon uHoopmauum

Jlio6oe meauKo-6ronornieckoe NCCnenoBaHNe CBS3a-
HO C MONyY4EeHUEM W PerucTpaumert OTCYTCTBYIOLLEN WH-
dopmauun. [ns Toro 4Tobbl NOAY4UTL 1 3adrKCMpPoBaTb
MHbOPMaLMIO O COCTOSIHAM 1 NapaMeTpax Meamko-61o-
JIOTMHECKON CUCTEMbI, HEOBXOAUMO UMETb LIeNyl0 COBO-
KYMHOCTb YCTPOWCTB. MepBUYHbIA 3NEMEHT 3TOM COBOKYIM-
HOCTV — YYBCTBUTEJSIbHbIV 3IEMEHT CPEACTBA M3MEPEHWA,
Ha3bIBAEMbI YCTPOMNCTBOM CbEMA, — HEMPEMEHHO KOH-
TakTUPyeT UIn B3aUMOAENCTBYET C CAMOW CUCTEMOA.

B ycTpoicTBax MeauLMHCKON 3NEKTPOHUKU YYBCTBU-
TenbHbI 31EMEHT NGO NPSMO BbIAET ANIEKTPUYECKNI
curHan, nMbo M3MEHsIeT TakOBOW CUIHaM Mof, BO3AEi-
CTBMEM OMOMOrMYECKO CUCTEMBI. YCTPOMCTBO Cbema
npeobpasyeT uHdpopmaumio Meanko-br1onormMieckoro u
PU3NONOTNHECKOrO COAEPXKAHNS B CUrHAM 371EKTPOHHOTO
YCTpOMCTBa. B MeANLIMHCKOM 3NEKTPOHMKE UCMONb3YIOT-
Csl 1Ba B1AA YCTPOMCTB CbeMa: aN1eKTPOAbI U AATHVKM.

3nekTpoAbl — 3TO MPOBOAHMKM CrELManbHON GopMbl,
CcoeAVHSIOLLME N3MEPUTENIbHYIO Lierb ¢ B1ONornyeckoi
cuctemoit. Mpy AnarHoCT1Ke 3NeKTPoAbl UCMOSb3YIOTCS
He TOJbKO 1St CbeMa AJIEKTPUHECKOro CUrHasa, HO 1 4Jist
noABeAeHNs BHELLHEro 3EeKTPOMarHMTHOro BO3AENCTBIS
(Hanpumep, B peorpadumn). B meamumHe anekTpoabl uc-
Nnonb3yloTCs Takke A8 OKa3aHUsi 3NEKTPOMAarHUTHOro
BO3/ENCTBUS C LIeNbIO NIEYEHUS! V1 MPU 3NIEKTPOCTUMY SN

MHorve Mmeanko-61MonorMyecknue  xapakTepucTuku
HeJlb3s1 «CHATb» ANIEKTPOAAMM, TaK Kak OHU HE OTPaXaroT-
cs1 61MO3NEKTPNYECKUM CUTHANIOM: AaB/EHNE KPOBU, TEM-
nepartypa, 3Byku cepLua v MHorve gpyrue. B HekoTopbix
cnyyasx Meavko-6Guonornyeckas nHdopmaumus cessaHa
C 9NIEKTPUYECKMM CUTHAJIOM, B 9TUX CJTyHasix UCTOSb3YIOT
Aatyivkn (n3meputenbHble npeobpasosatenu). Jatum-

52. OnTuka

onTtuka — pasgen Gusnku, B KOTOPOM paccmaTpusa-
IOTCS 3aKOHOMEPHOCTN U3Ny4eHus, NornoweHns n pac-
NPOCTPaHEeHWs CBETA.

3aKOoH NPAMOJIMHEHOIO pacnpPoCTPaHEeHUs CBeTa.
CgeT B Npo3payHOit OAHOPOAHON Cpeae PacnpoCTpaHs-
eTCst NPSIMOJIMHEHO.

CBeTOBOM Ny4 — 3T0 GHECKOHEYHO TOHKMIA NMY4OK CBE-
Ta, PacnpoCTPaHSIOWMICA NPSAMONVHENHO, 3TO JINHUS,
yKasblBaloLL@si HarnpasfieHne pacrpoCTPaHeHusi CBETO-
BOW 3HEprum.

Mnockoe 3epkano. Ecnv nagawolwime napannensHble
JIy4n Nocine OTPaxeHUs OT MIOCKON NOBEPXHOCTM ocTa-
I0TCSl NapasnnesibHbIMU, TO TaKOe OTPaXeHUe Ha3blBaeTCs
3epkasibHbiM, @ OTpaxatloliasi NOBEPXHOCTb SIBASETCS
NI0CKMM 3epKasnoMm.

3akoHbl NpenomneHus ceeTta. [agaowmii n npeno-
MJIEHHBIN NlyYn M HOpMasnb K rpaHuLe pasgena cpeg, B
TOYKe NafeHUst Jiexar B OJHOW MI0CKOCTU.

sina _

sinf

rae a— yron Mexzay nagaioLym Jiy4oM v HOPMasbio;
b — yron mexay npenomMneHHbIM N1y4OM 1 HOPMasbIo.
AGCOSIOTHBIA N OTHOCUTESbHBIN MOKa3aTenn npeno-
mneHuss. OTHOCUTENbHLIM MokasaTenb npenomneHna
ceeTa

rae n, un, — abcomioTHbIE NokasaTeny NPenomIeHns
[BYX Cpef, paBHble OTHOLLEHWIO CKOPOCTM pacmnpo-

]



KOM HasblBaIOT YCTPOWCTBO, Npeobpasyiollee n3-

MEPSIEMYIO UM KOHTPONIMPYEMYIO BEINUMNHY B CUr-
Han, yaoO6Hbln ana nepenayn, ganbHenwero npeobpaso-
BaHWS UAWN permcTpaumnn. Jatunkv nopapasaensiorcs Ha
reHepaTopHble 1 NapameTpuyeckue.

[eHepaTopHble — 3TO AATYMKU, KOTOPbIE MOJ BO3AEN-
CTBVYEM U3MEPSIEMOro CUrHana HermoCpPeaCcTBEHHO reHe-
PVIPYIOT Hanpsixenne unm Tok. K Takum Tunam gaTuvkos
oTHOCSTCS:

1) nbesoanekTpuyeckune;
2) TEPMO3NEeKTPUYECKUE;
3) VHOYKUMOHHBIE;

4) dboToanekTpunyeckme.

MapameTpuryeckme — 37O AaT4KKKM, B KOTOPbIX NM0J, BO3-
[EeliCTBMEM M3MEPSIEMOro CUrHana M3MEHsIeTCst Kakoi-
nmbo napametp.

K Takum gatyvkam oTHocATCS:

1) emMKoCTHbIE;
2) peocTaTtHble;
3) MHAOYKTMBHbBIE.

B 3aBMCMMOCTU OT 3HEPruu, sIBASIOLLENCS HOCUTENEM
VHbOPMaLMK, Pas3nHaloT MexaHn4eckne, akyctnyeckmne
(3BYKOBbIE), TEMMEpPATYPHbIE, 3NEKTPUYECKNE, ONTUYe-
cKue 1 apyrue Aatiuku.

EVIOSJ'IEKTDVIHSCKVIE noTeHumanbl ABNAIOTCA Cylle-
CTBEHHbIM AVArHOCTUYECKMM NokasaTenem MHOrmx 3a6o-
neBaHuii. Mo3aTOMy O4eHb BaXHO MPaBUILHO PErMCTpU-
poBaTb 3TU MNMOTeHUWasnbl U U3BJiEKaTb HEO6XOJILVIMYIO
MeAVLIHCKYIO MHbOopMaLmIo.

i CTpaHeHvs CBeTa B BaKyyMe K CKOPOCTU pacnpo-
CTpaHeHws CBEeTa B Cpeae:
c c
n=—, n,=—.
V\ VZ

Xop, nyyeii B npuame. 3akoH NpesioMIeHNs cBeTa no-
3BOJSINIET PACCHUTATb X0/, JYHEN B PA3ANYHBLIX ONTUHECKNX
YCTPOWCTBAX, B 4aCTHOCTU B TPEYrObHOM MpU3Me.

MonHoe OTKIOHeHNe Nyya

d=a, +b, xw,
w=b,+a,.
Ecnu w man, T10:
d=(n-7) X w,

roe n — nokasaTtesb NnpesioMaeHns sewecTsa Npu3mobl.

SIBNEHNsi NONHOro BHYTPEHHEro OTpaxeHus. Ecnun nyy
naeT 3 cpenbl, ONTMHecku Gonee NNOTHOW (¢ GonbwM
nokasartenem npenomneva), B cpeny, onTn4eckn meHee
NNOTHYH, TO:

sina _n,
sinf n,
oa<f

Flpvl onpeneneHHoM 3Ha4yeHunn yrna nageHnsa a0 npeno-
MIEHHbIN Jly4 CKONb3UT BAOJIb rpaHUUbl pasaena cpenpl

n,

n )
" [3:5, Torga sino, =—2.

A— n3nenns, 0Tka3 KOTOpPbIX NPpeacTaBnseT He-

MOCPECTBEHHYIO OMAacHOCTb AJ151 XU3HW MaLveHTa

vnm nepcoHana. K nsgenvsm aToro knacca OTHOCATCS

npubopsbl 415 HABNIOAEHUS 32 KUBHEHHO BaXHLIMU PYHK-

uMsiMn 60/1IbHOMO, annapaTbl UCKYCCTBEHHOTO [bIXaHWs
1 KpoBOOGPALLEHUS.

B — n3genns, 0Tkad KOTOPbIX Bbi3bIBAET MUCKaXeHne
VHGOPMALIMK O COCTOSIHAM OPraHn3ma Wian OKpyXaio-
Lieit cpefbl, He MPUBOASLLEE K HEMOCPEACTBEHHOW
OMacHOCTU Ansl XWU3HW NaumneHTa nnan nepcoHana, nmbo
BbI3blBAET HEOOXOANMOCTb HEME/IEHHOIO VCMONb30Ba-
HVSI @HANIOMMYHOMO MO (PYHKLIMOHATBHOMY Ha3HAYEHIO
n3nenus, HaxoasLWerocs B pexvme oxunaanuns. K takum
V3[ennsiM OTHOCSITCA CUCTEeMbI, cnefsiye 3a 60/bHbIM,
annapatbl CTUMYNSLMN CEPAEYHON AeATENbHOCTY.

B — un3penua, oTka3d KOTOpbIX CHMXaeT addekTus-
HOCTb WM 3agepXuBaeT fevyebHO-ANarHOCTUHECKUiA
MPOLIECC B HEKPUTUYECKUX CUTyaLusiX, M6O NoBbILLAET
Harpysky Ha MeAVLMHCKNIA nnv 06CnyxusatoLLmii nepco-
HaJl, 16O NPUBOAUT TOJILKO K MaTepranbHOMYy yLiepoy.
K aToMy knaccy oTHocuTCst 6oMbLLAst YacTb AUArHOCTMYE-
cKol 1 $u3noTepanesTUHECKO annapaTtypsbl, WUHCTPY-
MeHTapuii n ap.

[ — n3genus, He coaepxallye 0TKa30CMnoCOOHbIX Ya-
cTeli. nekTpoMeanLMHCKas annapaTtypa K 3ToMy Knaccy
He OTHOCUTCS.

meT pajvocurHansl OT BHELLHEro nepeaatynka. 3tm

CurHanbl BOCNPUHNMAIOTCHA BHYTPU Tena 60/1bHOIO
VIMMIQHTUPYEMOI 4acTbio U B BUAE WUMIMYIbCOB Yepe3
9NeKTpoAbl NoAaloTcs Ha cepaue. K TeXHUYeckuM ycTpoit-
CTBaM 3/IEKTPOCTUMYNISLMN OTHOCATCA TakXe 3/1eKTpoabl
N5 NOABEAEHVISt AIEKTPUYECKOro curHasna k Gruonoruye-
cKolt cucteme. Bo MHOMMX cryyasix anekTpoCcTMyamMpo-
BaHMe OCyLleCcTBAdeTCs nnacTUH4YaTbiMU 3N1EKTPoaaMMN,
KOTOpble HaKJIaAbIBAIOTCS Ha TENo 4esioBeka Mojo6HO
9N1eKTPOAAM AN dNeKTpoKapavorpapum.

Bonbluas rpynna MeauumHCKUX annapaToB — reHepa-
TOPOB 31EKTPOMArHUTHbIX KonebaHuii 1 BonH — paboTa-
€T B Mana3oHe YNsTPa3ByKOBbIX, BLICOKUX, YIETPABbLICO-
KMX 4acTOT M Ha3blBaeTca 0606LaloWmMM TEPMUHOM
«BbICOKOYACTOTHAS BNIEKTPOHHAs annaparypa».

Mpwn YBY-Tepanum nporpesaemyto 4acTb Tena rnometla-
10T MexXay ANCKOOBPa3HbLIMU METaNIMYECKUMU 3NEKTPO-
[amu, NMOKpbITbIMU CNoemM msonsitopa. Mpu Bo3pencTanm
971eKTPOMArHUTHBIMU BOJIHAMU K TSy MPUOAKaloT 13Jy-
yaTesb 3TUX BOJIH.

K npyrum ¢wusmnotepaneBTUHeCkMM annaparam OTHO-
cAaTcs:

1) annapat «Mckpa-1» — BbICOKOYACTOTHBIV reHepaTop,
paboTaloWwmnii B UMMYSIbCHOM PeXUMe 1 UCMob3ye-
MbIli ANt MECTHOM JapCoHBann3aunu;

annapat UKB-4 gns nHpykrotepmum, paboTtatowwmii Ha
yactoTe 13,56 mly;

3) nepeHocHol annapart ans YBY-tepanun — YBY-66;

4) annapat A/ MUKPOBOJIHOBOW Tepanuu «Jlyy-58».

K BbICOKOHACTOTHOW 3NEKTPOHHO MEOULMHCKOW anna-
paType OTHOCSIT 1 annapaTtbl 371eKTPOXMPYPrm (BbICOKO-
4YaCTOTHOM XMpypruu).

2
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| TPOAVHAMUNYECKOWN MOCTOSIHHOW:

53. BonHoBas onTuka

BonHoBble cBoiicTBa cBeTa. CBeT — 370 anekTpomar-
HUTHbIE BOJIHBI B MHTEpBane 4actotoin 13 X 1014—8 x
X 1014 'y, BOCNPUYHUMAEMbIE YEJIOBEHECKUM [11a30M, T. €.
AnvHa BonH 380 x 770 HM. CBeTy NnpucyLLm BCe CBOMCTBa
3NIEKTPOMArHUTHBIX BOJIH: OTPaXxeHue, MnpesnomsieHve,
MHTEphEpeHLVs, AMdbpakLms, Nonspusaums.

AneKkTpoMarHuTHas npupopa ceeta. [lo cepeuHbl
XIX B BONPOC O Npuvpoae CBeTa OCTaBasICsl NPakTUYECKnN
HepelleHHbIM. OTBET Ha Hero 6bin HaaeH k. Makceen-
oM, 060CHOBaBLUMM 0BLLME 3aKOHbI 3NEKTPOMArHUTHOrO
nons. N3 Teopun Ix. Makceenna cnenosan BbIBOL, O TOM,
YTO CBET — 3TO 3NIEKTPOMArHUTHbLIE BOJIHbI OMPEAENEH-
HOro AnanasoHa. CKopoCTh CBETa B OAHOPOAHOI cpefe.
CKOpOCTh CBETa OMNpeAessieTcst ANeKTPUHeCKUMM 1 mar-
HUTHBIMW CBOMCTBaMM cpefpl. [oATBEPXAEHNEM 3TOrO
CNYXWT COBNajeHne CKOpoCTU CBETA B BaKyymMe C anek-

1

VEokHo

(6o — neKTpuyeckas NoCTOsIHHAs, M, — MarHTHas no-
cTosiHHas). CKOpOCTb CBeTa B OAHOPOAHON cpene, Kak
W3BECTHO, OMPEeAenseTcs nokasartenem npenomaeHus
cpefibl . CKOPOCTb CBETA B BELLECTBE:

c

vV=—,
n

roe C — CKOpOCTb CBETA B BaKyyMe.
3 Teopun Makceenna cnepyer:

v=4Jeu,

e

55a] 55. OnTuueckas cuctema rnasa
N HEKOTOpbLIE ee 0C00EHHOCTUN

Ma3 yenoBeka SBASIETCA CBOEOOPA3HLIM OMTUHECKUM
npubopom, 3aHnmaloWwmm B onTuke ocoboe mecto. [ns
MEeAMKOB a3 He TONIbKO OpraH, CroCoBHbIN K PyHKLMO-
HaJIbHbIM HapPYLIEHWSIM 1 3a60N1E€BaHNSIM, HO U UCTOYHUK
nHbOPMaLMM O HEKOTOPbIX HernasHbix 6onesHsx. Octa-
HOBMMCS KPaTKO Ha CTPOEHUM rN1a3a YesioBeka.

CoBCTBEHHO IMa30M SIBASIETCS [M1a3Hoe s16J10K0, Meto-
LLLee He COBCEM MPaBWIIbHYIO WAPOBUAHYIO GopmMy. CTeH-
KV r1a3a COCTOSIT U3 TPeX KOHLLEHTPUHYECKN PaCTOJIOXEH-
HbIX OBONIOYEK: HAPYXHON, CpPedHEeW W BHYTPEHHEN.
HapyxHas 6enkoBas 0605104ka — cknepa — B nepenHem
4acTy rMasa NpeBpaLLlaeTcs B MPO3payHyio BbIMYKITYIO pO-
roBylo 060siouky — porosuly. [0 ONTU4ECKMM CBOWA-
cTBaMm porosuua — HavbBonee CuiibHO npenomnsiolas
YyacTb rnasa. OHa saBnseTcs kak 6bl OKHOM, 4epes KoTopoe
B 7123 MPOXOAST y4n cBeTa. HapyxHbii MOKPOB POroBu-
Libl NEPEXOANT B KOHBIOHKTUBY, MPUKPENIEHHYIO K BEKaM.

K cknepe npuneraet cocyauctas 060104Ka, BHYTPEH-
Hssl MOBEPXHOCTb KOTOPOM BbICT/IAaHA CNIOEM TEMHbIX MUr-
MEHTHbIX K/IETOK, MPENSTCTBYIOLNX BHYTPEHHEMY And-
dy3HOMY paccesiHuiO cBeTa B rnady. B nepenHen vactu
rnasa cocyavcTtast 060/104Ka NEPEXOAUT B Pafy>XHYIO, B KO-
TOPOI MMeeTCsi Kpyrnoe oTBepcTMe — 3padok. Hemo-
CPEACTBEHHO K 3payKy C BHYTPEHHE CTOPOHbI ra3a npu-
MblkaeT XpyCTalMK — Mpo3payHoe W ynpyroe Teno,
nopo6Hoe ABOSIKOBbLINYKIOM NMH3eE. [nameTp xpycTtanu-
ka 8—10 MM, paanyc KpMBU3HbI NEPeaHel MOBEPXHOCTH
B cpeaHeM 10 MM, 3agHelt — 6 mMm. lMNokasartens npeno-
MJIEHVSI BELLECTBa XpycTanunka HeCcKonbko Gosblue —
11,4. CTpoeHue xpycTanuka HarnoMWHaeT CHOUCTYIO
CTPYKTYpY JiyKa, MpU4eM rnokasaresib NPenoMIIeHNs CIo-

54. Nonspusaumnsa ceeta

CeeT npencTaensieT coboli nonepeyHble anekTpomar-
HUTHBIE BOJHbI. Monsipusaums cBeTa — ynopsigoyeHne
B OPMEHTALMV BEKTOPOB HAMpsXEeHHOCTEN anekTpuye-
CKOrO U MarHUTHOrO MOJIEN CBETOBOW BOJIHbI B MIOCKO-
CTW, NepneHANKYNSIPHON CBETOBOMY Ny4y. ECTeCTBEHHbIN
CBET (COMHEYHbIV, laMMNbl HaKaNMBaHUS) HENONAPU3OBAH,
T. €. BCe HanpaBs/ieHusi konebaHwun JNIeKTPUYeCcKoro 1 mar-
HWTHOrO BEKTOPOB NEPNEHAVKYNSIPHbIE CBETOBLIM Jly4aM,
paBHonpasHbl. CyLECTBYIOT NPMCNOcoBneHsi, Ha3biBa-
emble nonspusaropamu, KoTopble 061a4alT Crnoco6HO-
CTblO MpomnyckaTb Yepe3 cebsi CBETOBbIE Ny4u C OAHUM
HanpasnieHnem konebaHuii anekTpuyeckoro sektopa E,
TaK Y4TO Ha BbIXOAE NOJNIiPM3aTopa CBET CTAHOBUTCS M10-
CKO (NMHEHO) nonapu3oBaHHbIM.  py NPOM3BOSILHOM
yrJie a Mexay HarnpasJIEHVsIMW aHaIM3aTopa 1 nonsipraa-
TOopa aMnaMTyJa CBETOBbIX KosnebGaHWi, BbIXOASALMX U3
aHanusaTopa, paBHa:

Ea=Encosa,

rae  En— amnanTyaa koneGaHuii Ha BbIXOAE U3 Nonsipy-
3aTopa.

B 9NeKTPOMArHUTHOM BOHE MIOTHOCTb SHEPTUM (UH-
TEHCMBHOCTb) NPOMOPLMOHaNbHA KBaapary amnauTyasl
koneGaHui E, . e. I, —EZ v |, —E?

Ha ocHoBaHMM 3TOro Nosy4aem:

la =1Incos2 a.

3T0 COOTHOLLEHME Ha3biBaeTCcsl 3akoHoM Manioca.

CreneHb nonapu3aunn ceeta (MaKCI/IMaJ'IbHaﬂ n MUHU-
MaﬂbHaﬂ) paBHa WHTEHCMBHOCTU YaCTWU4YHO MNONSAPU30-
BaHHOro CBeTa, NponyckaemMoro aHaan3aTtopoMm.

I'Ionﬂpmaau,ma nponcCxoanT U Ha rpaHnue AByx n3oTpo-
MHbIX ON3NEKTPUKOB. Ecnun napatowwmini cBeT ecTecTBeH-

56. Tennoebie nsny4yeHus Ten

M3 BCcero MHOroo6pasuvst 3NeKTPOMAarHUTHbIX U3nyye-
HI/II;'I, BUOUMbBIX NN HEBUOUMBIX 4enoBe4eCKUM rna3om,
MOXHO BblAEe/INTb OQHO, KOTOPOE NpuUCyLLe BCEM TeslaMm.
910 n3ny4eHne HarpeTbiX Ten, Unm TenaoBoe n3nyvyeHune.
I'Ipm TEenJ0BOM U3JTy4EHNN IHEPrmsa NepeHocnTca OT o4~
HOro Tena Kk apyromy 6narogaps UCMyckaHuio 1 nornoLue-
HUIO 3N1EKTPOMArHUTHbIX BOJIH. Tennosoe nany4yeHue Ha-
rpeTbiX Ten BO3HWUKAeT npun NoBbIX Temnepartypax,
NO3TOMY UCMYCKaEeTCH BCEMU TenamMu.

PaBHOBecHoe (YepHoe) uanyyeHme — 370 U3nyye-
Hue, Haxogsauleecs B TepMoanHaMn4eCckoMm paBHOBECUMN
C Tenamu, UMeloLLIMMY onpeaeneHHylo Temnepatypy. A6-
COJIIOTHO YEPHOE TENIo — 3TO TENOo, KOTOPOE MOJIHOCTHLIO
nornowgaet noboe najarouiee Ha ero NnoBepXxHOCTb 3ekK-
TpOMarHUuTHoe n3ny4yeHne He3aBMCcMMO OT TemMnepaTtypbl
Tena.

ﬂ,ﬂﬂ abCconoTHO 4epHOoro Tena nornouwaresbHasa cno-
COBHOCTb (OTHOLLEHWE NOMNOLLEHHON 3HEPTrUn K dHeprum
nagaloLLero n3nyyeHunst) paBHa eamHuLe.

Mo cBoum XapakTepucTukam Takoe n3ny4yeHne nogyu-
HAETCHA 3aKOHY N3ny4yeHus |-|J'IaHKa, onpegensowemy nc-
nyckaTesibHyl0 CNOCOBHOCTL U SHEPTrETUHECKYIO SPKOCTb
abconioTHO 4YepHoro Tena. OH BbIcKazan rmnoTeay, U3 Ko-
TOpPOW CneaoBaso, YTO YEepHOoe Teno uanyyaeT u Norno-
LLaeT 3HEePruio He HernpPepbIBHO, @ OnNpeaeNeHHbIMY Mop-
unsMun, KBaHTamMmn.

3akoH Kmpxropa yCTaHaB/iMBaeT KOJIMYECTBEHHYIO
CBA3b MeXAy N3Ny4eHnem 1 nornoweHnem — npu oanHa-
KOBOW NIOTHOCTH SHepI'eTVI‘-IeCKOI;'I CBETUMOCTU K MOHOX-
pomMaTnieckomy ko3 ULUMEHTY NOroLweHns ceeta ans
NOBLIX TEN, B TOM YMCNE W ANs YepHbIX. 3akoH Knpxropa
yCTaHaB/NMBAET, 4TO OTHOLWIEHWne MCnyCKaTeanOIZ cno-



HbllA, TO MPENIOMAEHHBIA U OTPAXEHHbIA Ny4n Ya-

CTUYHO MOJISIPVU30BaHbl, NPUYEM MPEVMYLLECTBEH-
HOe HanpaBsfieHue konebaHuii aNeKTPUYEcKoro BekTopa
NPENOMNIEHHOM BOJIHbI NEXUT B MJIOCKOCTWU NageHusi, a
OTPaxXeHHbIVi — NepneHanKynsapHo ein. CTeneHb nonspu-
3auuMn 3aBUCMT OT nokasaTtens NPenoMEeHVs BTOPOW
cpeabl OTHOCUTENBHO NEPBOA:

1 OT yr/a nafeHus a, npu4eM npu yrne nagexuns ab, ans
KOTOPOro tg ag = n,, (3akoH BprocTepa), OTPaXeHHbIN ny4
nosisipU30BaH NPaKTUYECKN NOSTHOCTbIO, @ CTerneHb Nossi-
pv3aLmny NPENOMIIEHHOTO Jly4ya MakCMMarbHa.

JBOViHbIM ny4yenpenomMieHnemM HasblBaeTcsi Crnoco6-
HOCTb HEKOTOpPbIX BELLEeCTB, B YaCTHOCTW KPWUCTaoB,
pacLlenisTb NafalolWwyii CBETOBOW Nyd Ha ABa ay4a —
006bIKHOBEHHbIN (O) M HeobblkHOBEHHbIV (E), koTopble
PacnpoCTPaHSIOTCS B Pa3/MyHbIX HaNpaBieHNsX C pas-
JIN4HOV Ha30BOW CKOPOCTBIO 1 NMOJISIPU30BaHbI BO B3aVM-
HO MepneHaVKYNSIPHbIX MIOCKOCTSIX.

Mpu NpoxoxaeHnn cBeTa Yepes HeKoTopble BeLLecTBa,
Ha3blBaeMble ONTUYECKM aKTUBHBIMU, MJIOCKOCTb MONSPYU-
3auum cBeTa NOBOPAYMBAETCS BOKPYr HaNpaBieHus fiyya.
Yron nosopoTa f n1ockocTn nonsipusaumm NponopLMoHa-
JIeH Nyt |, NpoiAeHHOMY CBETOM B ONTUYECKM AKTUBHOM
BellecTee:

f=al,
rae a— MOCTOSIHHAas BPALLEHMS, 3aBUCSLLAs OT CBOWCTB

o 1
BewecTsa U AJIMHbl CBETOBOMW BOJIHbI (aiz}

COBHOCTU I Tena K ero nornoTUTENbHOW CNocoBHO-
cTn abconioTHo YepHoro Tena f(w, T) npu Tex xe
3HaYEHVIsIX TEMMEPATypPbl 1 4acTOThI:
roT
——=f(al),
awTl

roe W — 4acToTa BOSHbI.

3akoH CredaHna-BonbumaHa: aHepreTuyeckas MHTe-
rpanbHas ceeTumocTb R (T) aBCconioTHO YepHoro Tena
nponopunoHanbHa 4YeTBEpTON cTeneHu abGCosIOTHOM
Temnepatypbi:

R(T)=QT,.

YucnoBoe 3HaYeHME MOCTOSIHHOM Q, Ha3blBAEMOW Mo-
cTosiHHO CTedana-bonbumana, pasHa:

Bm

wK

Q=57x10"°

3akoH cmeleHus Buna — gnvHa Im |, Ha KoTOpylo
NPUXOJUTCH MaKCUMYM 3HEPrum u3ny4eHnst abComnoTHO
4YepHOro Tena, 06paTHO NPOMNOPLUVOHaNbHa abCoNOTHO
Temnepatype T. 3HayeHne nocTosiHHOW Buna 2,898 X
% 1073 uK.

1K — noctosiHHasi Buna. SToT 3aKOH BbINONHSETCS U ANs
cepbIX Te.

MposBneHne 3akoHa Brvna n3secTHO 13 06blAEHHbIX Ha-
6noaeHnii. Npy KOMHATHOIM TemnepaType TennoBoe 13-
Jly4€HMEe Tesl B OCHOBHOM MPUXOAUTCS HA UHPPaKpacHyo
061acTb 1 4eNoBEYECKUM [11a30M He BOCMPUHUMAETCS.
Ecnu TemnepaTypa noBbILLAETCS, TO TeNa Ha4vHaloT CBe-
TUTBCS TEMHO-KPACHbIM CBETOM, @ MPU OYEeHb BbICOKOM
Temnepatype — 6efbiM C rosly6oBaTbiM OTTEHKOM, BO3pa-
CTaeT oLlyLLeH1e HarpeTocTy Tena.

T. €. NokasaTesib NpesioMNeHns, a cnegosartesb-
HO, V1 CKOPOCTb B CPEAE OMNPEAENSIOTCS ANINEKTPU-
YECKOW U MarHUTHOMN NPOHNLL@EMOCTbIO Cpeabl:

WNHTepdepeHumeli Ha3biBaeTCS CIIOXKEHNE BOSH OT ABYX
VI HECKOJIbKMX MCTOYHMKOB, KOTZ1a B pe3ysibTate Cloxe-
HWUS HapyLIaeTcs NPUHLMN Cynepno3vuun UHTEHCUBHO-
cTen.

MNOTHOCTL BHEPrUM B 3N1EKTPOMArHUTHOM BOJSIHE NPO-
nopuvoHanbHa ksagpaTy aMnanTy bl BOJHbI 1 Onpeaens-
€T MHTEHCVBHOCTb CBETOBOW BOJIHbI, KOTOPYIO YesioBeye-
CKWUIN a3 OLEHMBAET KaK OCBELLeHHOCTb. Judpakuus
cBeTa — SIBNEHUS OTK/IOHEHUS CBEeTa OT NPSIMONNHENHO-
ro HanpasfieHVs NPV NPOXOXAEHUN Y Kpasi nperpagb.

JAundpakums BONH — COBOKYNHOCTb SiBNEHUIA, Habnoaa-
eMbIX NPYU NPOXOXAEHUW BONH B HEOAHOPOAHbIX Cpeaax,
NPUBOASLLMX K OTK/IOHEHWIO BOJIH OT NepBOHAaYabHOro
NPSIMOJIMHENHOTO PAcNPOCTPAHEHUS.

MpuHumn MoireHca—®peHens. Kaxpas Touka nosepx-
HOCTW, KOTOPOIA AOCTUIMA B AAHHBIN MOMEHT BOJIHA, Cy-
XUT TOYEYHBIM WMCTOYHUKOM BTOPWYHBIX CHeprHeckmnx
BOJIH, KOTOPbIE SIBSIOTCSH KOrePEeHTHbIMU: BOJIHOBAs Mo-
BEPXHOCTb B 1060 MOMEHT BPeMeHW NpeAcTaBseT co-
6001 He MPOCTO OrnGaIOLLYI0 BTOPUYHBIX BOJTH, @ Pe3yJib-
TaT ux nHTepdepeHumn.

MeTop 30H PpeHens. [na TO4e4YHOro UCTOYHMKA B OA-
HOPOJHOW 1 U3OTPOMHOI Cpefe BOJIHOBbIE MOBEPXHOCT
nmeloT chepudeckyto popmy. PpeHens Npeanoxun pas-
61BaTb BOMHOBYIO MOBEPXHOCTb Ha OTAENIbHbIE YHaCTKW,
HasbiBaemble 30Hamy dpeHens, Tak, 4Tobbl KonebaHus,
npvxoasLume OT ABYX COCEAHMX 30H B TOUKY HAGMoaeHNs,
MNPV CNOXEHUM racunv apyr gpyra.

©B HeoAVHaKoB. Mexay poroBuLen 1 XpycTannkom
pacronoxeHa nepeHsis kamepa rnasa, oHa 3anon-
HeHa BJlaroll — XWOKOCTbIO, GJIM3KOM MO ONTUHECKUM
CBOWCTBaM K BoAe. Bcsi BHYTPEHHSIS YacTb masa oT Xpy-
cTanuka Ao 3agHei CTeHKN 3aHATa NPo3payHol CTYAEHN-
CTOV MacCoM, Ha3biBAEMOW CTEKI0BUAHLIM Tenom. Moka-
3aTesb NPENOMIEHNs CTEKNIOBUAHOIO Tesla Takom xe, Kak
Y BOASIHUCTOW Bnaru.
PaccMOTpeHHbIe BbilLe 3JIEMEHTHI 171a3a B OCHOBHOM
OTHOCSTCS K €ro CBETONPOBOASALLEMY annapary.
3puTenbHbIN HepB BXOAUT B rna3Hoe si6noko Yyepes 3a-
[HIOIO CTEHKY; Pa3BETBNSASCb, OH NMEpexoauT B Camblil
BHYTPEHHWIA CNOI a3a — CeTyaTKy, Unm peTuHy, siBnsio-
LLYIOCS CBETOBOCMPUHMMAIOLMM (PeLenTopHbLIM) anna-
patom masa. CeTyaTtka COCTOWUT W3 HECKOJIbKMX CJIOEB
1 HEOZIMHAKOBA MO CBOEN TOMLLMHE U YYBCTBUTELHOCTU
K CBeTy, B Hel HaxogsTCs CBETOYYBCTBUTEJNIbHbIE 3pU-
TeNbHbIE KNETKU, Nepudepuyeckme KoHLbl KOTOPbIX UMEIoT
pasnuyHyto popmy. B MecTe BXOXAEHUS 3pUTENBLHOTO HEp-
Ba HaXoAUTCH He YyBCTBUTEJIbHOE K CBETY C/ienoe NATHO.
Ma3 moxeT GbiTb MPeACTaBieH KaK LieHTPUPOBaHHAs
onTuyeckas cuctema, 0b6pasosaHHas POroBuLIEN, XNaKo-
CTbIO NepeaHen Kamepbl N XPYCTaNIKOM (Y4ETbIPbMS Npe-
JIOMJISIOLLMMUCS! MOBEPXHOCTSIMU) U OrPaHnyYeHHast cne-
peou BO3OYLIHOW Cpefoi, c3agn — CTEKNOBWUAHbIM
Tenom. MaeHas onTuyeckas oCb NPOXOAUT Yepea reomMe-
TpUYeckue LeHTPbl POroBULibl, 3padka 1 XpycTanvika.
Kpome Toro, BbIAENsIOT eLle 3pUTesbHYI0 OCb 1a3a,
KOTOpas onpeaensieT HanpasneHne HanbonbLueli CBeTo-
4YYBCTBUTENILHOCTU U NPOXOAUT Yepes LIEHTPbI XPYCTan-
Ka 1 XeNToro nsiTHa.
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