JlaGoparopnasi padora Nel. IIporonHasi nymka — npuueJbHbIA BbICTPEJI B OIYX0JIb

(aagpecHasi Tepanusi B OHKOJIOTHH)

JlabopaTopHblii npakTUKyM. BupryanbHas MOAEIb MNPOTOHHOW NYIIKU U
HAaBBIKM €€ TPUMEHEHUsS I aJpEeCHOr0 BO3JCHCTBUS HA OMYyXOJIb W (U3UYECKUI
HKCMEPUMEHT: 3aKOHOMEPHOCTH B3aWMOJEUCTBUS AJIEKTPOMArHUTHOTO M3JIy4EHUS
BUJIMMOTO Juana3zoHa ¢ Ouosjorndeckum BemiectBoM (bB).

Heab 1a60paTOPHOro NPAKTHKYMA

HUcxons w3 3HaHUW O (QyHIaMEHTANbHBIX (U3HUECKHMX 3aKOHOMEPHOCTSIX
B3aUMOJIeHicTBUSL noHU3upytotiero nanydenust (M) u 6uonoruueckoro Bemecta (bB),
NOJIy4uTh 0a30Bbie yMeHUsA. [[pUMEHATh JaHHBIE 3aKOHOMEPHOCTH B TaKOW aKTyaJlbHOMN
npo0aeMHON 00JIaCTH MPAKTUYECKOM MEIULMHBI KaK OHKOJIOTHSl (TOYHee, B JIy4eBOM
TEpanmuu — JICUEHWW OIYXOJICBBIX 3a00JICBaHUN C TIOMOINBIO PA3IUYHBIX BHUJOB

MOHU3UPYIOIINX U3ITyYEHUH ).

3amaun Ja00paTOPHOIro NMPAKTUKYyMA

®Ouznveckuii npakTukym Nel (moMamHuii 3SKCIEPUMEHT):  BBINOJHEHHE
SKCIEPUMEHTOB 10 B3aUMOJICUCTBUIO BJIECKTPOMATHUTHOTO W3IY4YEHUSI  CBETOBOTO
nuanazona ¢ bB (memmono3oi) u HaOMIOACHHWE 32 3aKOHOMEPHOCTSMH OCJIa0JICHUS
CBETOBOT'O MyYyKa B Cpelax C pazIMyHbIM cBeTopaccessHueM. Habmomaemblit 3¢ ekt —

U3MeHEeHHE (YyMEHBIIIEHHE WHTEHCUBHOCTH) CBETa B 3aBHCHMOCTH OT K02uuyuenma

ocnaonenus K (Boipaxenue I1.1).

dusnyeckas ONTUKA:

I=1,e™* (IL1) e

Iy — MHTEHCUBHOCTH UCXOJHOIO CBETOBOIO My4Ka (MaJarolIero CBeTa); B 001IeM ciayJae -
AJIEKTPOMATHUTHOTO M3Ty4CHUS
I — unTeHcuBHOCTH cBeTa (~ E-aHeprun) mpoieaiiero yepes ciaou ToauHoN X
X — qyivHa yTH CBeTa B cpejie (rryOrnHa npoHukHOBeHMs B bB)
K — ko3 unment ocnabnenus (morameHus) cBeTa.

K ~ f (n - ko3 duiueHT npeaomMiIeHus; MoriomeHNue)



IosicHenne. B 0011emM cirydae npu NpoXoKJI€HUU CBETA Yepe3 BEIIeCTBO HAOIIOAAI0TCS
cieayronme oCHOBHbIE A (PEKTHI, TPUBOIAIINE K €T0 0CIa0JICHUIO:
1. Ilornoumenue cBera, HAMPUMEP, OKPAILIEHHBIM BEIIECTBOM
2. OtpaxkeHue cBeTa OT MOBEPXHOCTH TeJia
3. Ilpenomiienue
B cnydyae MHOTOKpaTHBIX OTpaKE€HUM CBETa OT TPAHMI] pa3jesia Cped C pa3In4YHbIMU
K03 puieHTaMu MPEIOMIIEHUS ATO SIBJICHUE MPUHSITO Ha3bIBaTh CBETOpaccesHuem. B
TOM chydae, eciu 3(deKkTamMu  OTpaKeHHs W CBETOPACCESHHs MPEHEOperarwT, TO
BBIIICTIPUBEICHHBIA 3aKOH B 00IIel (hu3MKe Ha3bIBaeTCs 3aKOH MOIJIOIIEHHUSI CBeTa
(3J1IEKTPOMATHUTHOI'0 U3JIyYEeHMST).
HNuTepnperanus. (TonkoBanue (byHIaMEeHTaIbHBIX buznyeckux
3aKOHOMEPHOCTEH NPUMEHHUTENIbHO K KOHKPETHBIM 3a/lauyaM MPaKTUYECKOW METUIMHBI;

JAaHHOC OIIPCACIICHUC COOTBETCTBYCT INOHATHIO MPAHCIAYUOHHAA MeduuuHa.)

Kak wu3BecTHO M3 3aKOHOB OITUKH, 4YeM OoJibllie pasauuue KOodPHUIMEeHTOB
MpeJIOMIICHHUSI, TEM BBIIIIE CTENEHb CBeTOpaccesHus. Hampumep, BbICOKass CTEIEHb
cBeTopaccessHusl Oymaru oOyciaBiIMBaeTCs cleAyromuMu npuunHamu. Koadduimenrt
IPENOMIICHHS] BOJOKOH LEIUIIOJIO03bl -OCHOBHOM KOMIIOHEHTBI Oymarn n, = 1,3-14, a
KOA(OPUITMEHT TpeNOMIICHUST BO3/yXa, 3arOJHSIONIETO IyCTOTHl MEXIY BOJOKHAMHU
LICJUTIOJIO3BI n, =1. IlosTomy, BBICOKas CTENEHb pacCesHHWs  JHMCTa Oymaru
00yClaBIMBAETCS MHOTOKPATHOCTBIO TpoIiecca MPEJIOMJICHUS] U OTPaKEHHUS OT TPaHHUII
paszena Bo3dyXa W IEIUTIoNo3bl. SICHO, 4To ecnu Obl, TpaHWIl pas3jena He ObuIo
(omHOpOMHAs cpena), TO TaKoW JIMCT ObLT Obl mpo3padyHbiM. Hudke MBI MOKa)kem, 4To
kodpdunment npenomienuss bB nns moHu3Mpyromero usnydeHus (PEeHTIEHOBCKHUX
Jy4eH) Mpeyrr = 1, 4TO M 00yCIIABIMBAET MPO3PAYHOCTh MATKUX TKaHEH JUI 3TOTO BHJA

QJICKTPOMArduTHOI'O U3J1y4YCHUS.

3ananue Ne2. IlpuoOperenne HaBbikOB (cM. pasaen II.3 Hmke) dpu3mueckoi
MOCTAHOBKH 3aJa4 pacueTa MapaMeTpOB MNPOTOHHOW MymIKH (CKOPOCTh BBUIETA

3apsDKEHHBIX YacTHI] U3 YCKOpUTENs -V M UX 3apsija) i aJpeCcHOro MOpaXeHUs



OIYXOJIM, HaXOAsIIecs Ha TIyOuHe A OT MOBEPXHOCTH KOXH. [IpakTHKyM peanusyercs

Ha BUPTYaJIbHOUN MOJIEIN MPOTOHHOU MYIIIKH.

Texnuyeckue cpeacrsa: BUpPTyaJbHas MOJENIb NPOTOHHOM  ITyLIKH,
BKJIFOYAIOIIAS:
IIAHEJIb  YNPABJICHUSA OPOTOHHOM  MYIIKH; OTOOpa)XeHHE CpEeACTBAMU

CUMYTAYUOHHOU MeOUyUHbl _ TIPOLECCAa MPOXOKIACHUS 3apsSHKEHHBIX YACTHI[ YEpe3

OMOJOTUYECKHE TKAaHU H BOSHCﬁCTBHH HX Ha 30HY OIIyXOJH (TepaHCBTI/I‘{CCKYIO
MI/II]_IeHB); a TaKK€, UBMCHCHUC COCTOSAHUA TepaHeBTquCKOﬁ MHIIICHHU (‘-IaCTI/I‘-IHOe 1501041

IMOJIHOC YHHUYTOXKCHUC OITYXOJICBBIX KHCTOK).

Iosicuenue. Ilpeamernass oOnacTb (yHAAMEHTAJIbHBIX 3aKOHOMEPHOCTE,
peanu3yomas JaHHYI0 CHMYJSLMOHHYIO MOJENb MEIUIMHBI — HWHpOpMATHUKA

(TexHOJNIOTUU BUpmMyanbHou _peanvHocmu). CreayeT 0co00 IOJYEepPKHYTh, 4TO, B

COYETaHUM C TMPEAMETHOW 007acThl0 (CM. BbINIE, (PUIMYECKUM HKCIIEPUMEHTOM,
peaTn3yonM B3auMOIEUCTBUE SJIEKTPOMArHUTHOTO U3TyYEHHUsI CBETOBOIO JTUANa30Ha ¢
bB (uemntono30it)), npoBeaeHue 3KcIepuMeHTOB B 3amadax Nel u No2 cooTBeTCTBYET

OIPCACICHHUIO IIOHATUA COBMEULEHHAA PeaibHOCHLb (,Z[aJIBHCﬁHICC Pa3BUTHC TEXHOJIOTUH

BUPTYAJIbHOU U JAOTIOJHEHHOW PEaIbHOCTH).

JoMamHui IKCIIEPUMEHT
[ToaroroBka sKkCiepuMeHTa

1. 4 momocku Genoit obucHoM Gymars (IWOTHOCTBIO 80rp/M°) pasMepOM MPHMEPHO

10x15 cm

2. OcBetuTenb, HAIPUMEP CBETOIUO/IHAS JIAMIIA, )KEJIATEIbHO C OHUM

3. XKunkoe padhmHUpOBAHHOE MOJCOJHEYHOE OECIIBETHOE MACIIO

4. HaGnromaemblii 00bEKT: YepHbIN MIPUQPT pazmepom 12-14 kerus (3,5Mm)

[ToaroToBKa pa3iaMYHBIX CBETOPACCEUBAIOIIMX CPEJl, COOTBETCTBYIOIIUX Pa3HOMY

ko3 dunmenty ocnadnenus ceeta — K (Beipakenue I1.1):

e [IpuMepHO MOJOBUHY KaXI0M MOJIOCHI OymMaru MpoOMaciHTh.

e [IpOMOKHYTH C ABYX CTOPOH ca(peTKO, 4TOObI YOpaTh U3IUIIKU Macia.



e [lpocymuTes B MOJBEIIEHHOM COCTOSHUM (HA MpPHIIENKAaX) B TEYEHHE CYTOK [0

ITOJIHOT'O BBICBIXaHHA MacJia.

BbinosiHeHHe IKCIIEPMMEHTA U €ro TeopeTudeckoe 000CHOBaHMeE.

Kak wu3BecTHO, OCHOBHas KOMIIOHEHTa OyMarm — OpPraHUYECKOe BEIIECTBO
(buomornueckoe BemectBo (bB)) - meperuieTeHHBIE BOJIOKHA IIEJUTHOJ03bI. BojokHa
IPEACTABISIIOT COOOW CBEPHYTHI B CNIMpajib OMONOJIMMEp, COCTOSIIMM U3 MOJIeKyT [l-
rimoKo3sl. Juamerp crupany npuMepHo 30-40 um (3*¥10° - 4*%10° M). Kospdumment
npenomieHus Owuomomumepa  n, =1,4. IlycToTel MekAy BOJOKHAMH IIOJIMMEpa
3amoJIHEHBI BO3AyX0oM (n, =1).

3amaya Nel. OnpenenuTs TOJIIMHY OJTHOTO JIUCTAa OyMaru, ecjau uMeeTcs JuHenKa
C MUHUMAJIBHBIM I1aroM 1 MM.

3apaua Ne2. Jlokasarh, 4TO MEXIY CIIUPATSIMU OHOTIOTUMEpPA TEJUTIONIO3BI TYCTOTHI
3a0JIHEHBI BO3IYXOM.

OTBeTbI U peLIeHNS.

Pemenne 3agauu Nel. C10XUTH JTUCTHI OPUCHON OyMaroi CTONKON, 4YTOOBI BBICOTA
ctonku coorBercTBoBajia 1 mMMm. Tommumaa 1 mucta = 1MM / KOJIWUYECTBO JIMCTOB B
cronke. Uto mpumepHo coctapiseT 1/10 mm.

Pemenne 3amaum Ne2. bymara mnpu [IUTENbHOM HAaMOKaHMHM B BOJE TOHET,
CJE0BATEIbHO, MPU BBHITECHEHUU BO3AyXa W3 MPOMEXYTKOB MEXKIY UEIUTIOI03HBIMU

BOJIOKHAMU BOJIOH TJIOTHOCTH HAMOKIIeH Oymaru 6osbiie 1.

IIpouenypa 1 s3kcnepumenTa. [IpuiaoXuTh HEe MPOMACIEHHBIM y4yacTOK Oymaru
BILUIOTHYIO K 4epHOMY HIpudTy pazmepom 12-14 kerneit (3,5mMM). YOeauThcs B TOM, 4TO
mpudT He yntaeM. [Ipunoxuts Kk mpudTy NpoMacieHHbI ydyacTok Oymaru. Y O0eauTbes

B TOM, UTO MIPUQT CTaT YNTACM.




He NPOMAC/NEHHbIN
y4acToK bymaru

NpPOMacneHHbIN
y4yacToK bymaru

IIpouenypa 2 3xcnepuMeHTa. BKIIIOYHTH CBETOIUOIHBIA OCBETUTEIb, YaCTHYHO
O] YTJIOM TMEPEKPBITh €ro JUCTOM Oymaru. OIEHUTh BU3YaJIbHO KOJHYECTBO CBETA,
npolIeniee 4epe3 He NPOMACIEHHBIH ydacTokK. llepemMecTHTh Ha TNpOMAaclICHHBIN
y4acToK. Y O€AUThCS, YTO CBETA CTaJI0 OOJIbIIIE.

IIpouenypa 3 s3xcnepumenTta. HakinaneiBas mosocku Oymaru mocieoBaTeIbHO

OJIHY Ha JIPYTYI0 YOEIUTCS, YTO SIPKOCTh (MHTEHCUBHOCTD) CBETa YMEHBIITUTCS.

ToJikOBaHME IKCIIEPUMEHTA

N3 Teopernyeckoro 000CHOBaHUS AKCIIEPUMEHTA CIIEIyeT, YTO CBET, IPOXOs yepe3
Oymary, OyJIeT MHOTOKpPaTHO OTPa)KaThCsl HA TPaHUILIE pasjiena IeJI0I03a - BO3AYX, T.€.
paccenBaThcsi. OLIEHUM, CKOJIBKO IPUMEPHO TPaHUI] pa3/iesia MOXKET HaXOUThCS Ha My TH
cBeToBOro myuka. Kak BeIlie OBLJIO yKa3aHO, JUAMETP CHUPAIU MOJIEKYJbI LEUTI0I03bI
npumepro 3*10° - 4*¥10° M Tommmna nucra 6ymarn 1/10 MM - 1*¥107*M. Ouesnano,
YTO Ha MyTH My4YKa CBETa OYAYT THICAYU U ACCITKU THICSY TPAHUI] CBETOOTPAXKCHHUS C
pasHbIMU KO3 uuueHTaMu npenomiaeHud (n, =1,4 nng nemmonossl U n, =1 a4
BO3/yxa). MHOTOKPAaTHOCTh MIPETOMIICHUSI U OTPAKCHHS B ()EHOMEHE CBETOPACCESHUS U
OPUBOJUT K TOMY, YTO TEKCT, Ha KOTOPBIA OBLI HAJIOKEH y4acTOK HE MPOMAClIEHHOU
Oymaru, Oynet He yntaeM. M, Ha060poT, B TOM cilydae, eciau Oymara IponuTaHa MacjioM
U KOd(DPUIIMEHTHI TPEIOMIICHUS Macja M OyMaru JoCTaTo4HO Onu3ku (n, = 1,4),
CBETOpACCESTHUE HAMHOTO YMEHBIIIAETCS, YTO MPUBOAUT K YMEHBIICHUIO KO3(PPHUIHEHTa
K (Boipaxenue II.1), © TEKCT CTaHOBHUTCS YUTaeM. A 3aBUCUMOCTb OT JUIMHBI ITYTH

MPOSIBIISIETCS] B YMEHBIIIEHUH MHTEHCUBHOCTH CBETA, MPOILIEIIEr0 Yepe3 CTONKY OyMaru.



Hoaymaiite. Jluteparypusiii npumep. B ¢antactuueckoit mosectu ['.Vamica
«YenoBek — HeBUAUMKA» u3o0Opetatens [puddurc npuayman pacTBOp, KOTOPHIM
OpOMUTAl CBOE TEJNO W caenan ero HeBuauMbiM. OH 00OCHOBal 3TO TE€M, YTO
KO3 PUIIMEHT MpeIOMIICHHsI €r0 pacTBOpa paBeH KOdDPUIMEHTY MPETOMIICHUS KIETOK
€ro Tena.

Bomnpoc: a mor i1 Takoi yenosek BuaeTs? Eciin HE MOT, TO oueMy?

HNuTepnperanuss JaHHOTO (PU3UYECKOTO 3KCIEPUMEHTa C TOYKU 3pPEHHUS €ro
NPUKIAAHOTO 3HAa4Y€HUs B MeauuuHe (repeHoc (yHAaMEHTANIbHBIX (PU3NYECKUX
3aKOHOMEPHOCTEHN B IPAKTUYECKYIO MEJIULIUHY).

Kak u3BectHo, X-imyun, otkpbiTeie W.I1ITynroem B 1894r. u xotopeie B 1895r. no
OPEJIOKEHUI0  HEMEIIKOT0 ~ MHUKpOaHaToMa P .Komnukepa ObUIM  Ha3BaHBI
PEHTT€HOBCKUMH, MUMEIOT KOAD(UIIMEHT MPETOMIICHUS B MSATKUX TKAHAX YEJOBEKa ~
1.00001, T.e. MsITKHE TKaHU JJISI PEHTT€HOBCKOTO M3JTyYEHUSI MPAKTUYECKU MPO3PAYHbBI.
A paccesitHu€ pEHTT€HOBCKHX JIy4eil Ha MOHAX KaJIbLIMs WJIM aTOMaX METaIOB B KOCTSX
YyelloBeKa BO MHOTO pa3 OoJipllle, 4YTO W TMO3BOJSET WX BU3YaJIM3UPOBAaTh Ha
PEHTIC€HOBCKUX CHUMKax. Takum o0pa3oMm, NpPUMEHEHHE PEHTIEHOBCKHUX JIy4yei
MO3BOJIAET, 00PA3HO BBIPAXKASCh, «3ATISTHYTH» IMOJ KOXY YEJIOBEKa, YTO M 00ECHEeUUIIo
X IIUPOKOE MPUMEHEHHWE B MeAuluMHe. HalmMm y4eHbIM, MpPUMEHSSI HOBBIE METOJIbI
nudpoBoil 00paOOTKM  PEHTTC€HOBCKUX CHUMKOB, YIAJIOCh <GarjIiHYTh» W TOJ
HAJKOCTHUILY, T.€. MOJ| O0OJIOUKH KOCTEH M «YyBUAETH» UX BHYTpeHHee cTpoeHue. Ha
OCHOBE 3TOro MeToja Oblia pazpaboTaHa HOBasl TMArHOCTUYECKAsl TEXHOJIOTUA. DTa TemMa

OyJeT pacKkpbITa B OCIEIYIOIINX YpOKaXx.

Ucxons u3 Beipaxenus II.1 ciaemgyer, yTto, yeM MeHbIIe Ii1yOMHA MPOHUKHOBEHMS,
TeM Oonbinie 3Heprun E BoigenseTcs B qJaHHOM ciioe (cMm. dur 2.2.1.)
Y - KOJIMYECTBO YHEPTHUH, MOTTOMIEHHOE EAUHULIEH TTYTH

(muddepeHaTbHbIC HOHU3AIMOHHBIE TIOTEPH SHEPTHH,
BbIICTsIIONIEHCA Ha enuHuy ytyu dE/dX)



Differential ionization energy loss

1 (uepHBIi) - 3aKOH U3MEHEHHS SIEKTPOMATHUTHOTO
X | raMMa-Hu3JIy9eHHs B 3aBUCHMOCTH OT PACCTOSHHUS
e g : (TryOUHBI TPOHUKHOBEHUS) X CM

e : j

4 (kpacHBIN) - siApa aTOMOB yriiepoaa: 3apsj -6, macca -12

3 (cuHwMiN) - iApa aTOMOB Tenus: 3apsa - 2 Mmacca - 4

. : ,': X .
,-_5 oy i:_'-; A X :rt T uh
N2 (3esieHbIi) - MPOTOHBL: 3apsn -1, macca - 1

T

X (c™m) - myTh
(rmyOuHa MPOHUKHOBEHUS B TKAHH)

dur. 2.2.1.

N3 nanHoro rpaduka (kpuBas 1) ciemyeTr, 4To, €CIM OMYyXOJb HaXOJUTCS Ha
ryOuHe 4cM, TO JI0 OIYXOJIM JIOMJET B 4 pa3a MEHBIIIE SHEPTHH, YeM Ha MTOBEPXHOCTH
koxku. CnegoBareinbHO, OAWH M3  NOOOYHBIX  3(PPEKTOB  MPUMEHEHUS
AJIEKTPOMArHUTHOTO MOHU3HUPYIOLIEro (HAampuMep, Y- WM PEHTTeH-) W3Iy4YeHHs,
3aKJIFOYAETCsl B TOM, YTO OOJIbIIIE BCEro MOCTPaNaloT BhINIEIeKalue Tkanu. Mimenno

IMO2TOMY HOHHU3UPYIOINNC U3JTYUCHHA HA3bIBAIOTCA NPOHUKAIOWUM U3TYHUEHUEM.

He octanaBnuBasicb moapoOHO Ha KpUBBIX 2,3,4, cienyeT OTMETUTh, uto eciiu U
MPECTABISIET CO0OM 3apsOKeHHBIE YacTHUIlhl (KpuBbie 2,3,4), TO MOXHO JOOUTHCS
MaKCHMyMa W3JIy4yeHHUs] Ha riIyOuHe onyxoyu (cM. Huxke: JIJabopaTopHBIM MPakTUKYM

No2. IIpoToHHas mymika).



