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Conclusion

Flywheel 3D model which meets qualifying standards has been designed. As the 3D model of a flywheel is
parametrical, the model completely reconstructs while flywheel changing of external radius. At once there is a
recalculation of the parameters depending on the geometrical dimensions of a flywheel, in particular, of internal
radius [2]. Application of modern computer design aids allows to project quickly and effectively elements of
spacecrafts designs. Parametrization helps to carry out search of a flywheel optimum design with the best strength

characteristics.
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Cardiovascular disease can appear even absolutely healthy people. Particularly at risk are the
cosmonauts, as a long stay in space has a negative effect on the heart. To prevent the occurrence of cardiovascular
disease need to detect disease in the early stages, for which require constant monitoring. The article is devoted to
the study of devices for the diagnosis of heart disease during the period of cosmonauts on the space station. Were
studied devices that use American astronauts during training on Earth and in space. Research has shown that such
devices are popular abroad, particularly in the US, but in Russia these analogues are used only in earthly
conditions. On the basis of the information received has been offered the idea of a portable cardiograph, which can
be used regularly in weightlessness.

Cepoeuno-cocyoucmvie 3a001e6aHUs MOV BOZHUKAMb Oadice Y abCOIOMHO 300posbix atodei. Ocobomy
PDUCKY NOOBEPICEHBL KOCMOHABMbL, MAK KAK 00J20€ NpebbléaHue 8 KOCMUYeCKoM NPOCMpPAHcmee OmpuyameibHo
ckasvigaemcs Ha cepoye. Ymobvl npedomepamums GOZHUKHOBEHUE CEPOEUHO-COCYOUCHIBIX 3aD0NE6AHUT HYICHO
omcnedums 60Ne3HU HA PAHHUX CMAOUsix, 01 4e2o0 mpebyemcs nocmosiHHll moHumoputne. Cmamvs nocssuwena
UBYYEHUIO YCMPOUCmS, 018 OUACHOCMUKU CepPOeyHbIX 3a007e6anull KOCMOHAGMOE 8 Nepuo0d HAXONCOeHUs Hd
Kocmuyeckou cmanyuu. By usyuenst ycmpoiicmea, Komopwvle UCnOIb3yI0m AMepUKAHCKUE KOCMOHABMbL 60 8PeMs
mpenuposox Ha 3emie, a makdce yice HenocpeOCmeeHHo 8 Kocmoce. Hccrnedosanue noxaszano, umo nooodHvie
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yempoticmea  pacnpocmpanenst 3a  pybesxcom, 6 uyacmuocmu 6 CLIA, no 6 Poccuu nodobnvie ananoeu
UCNOTL3VIOMCS TMOTLKO 6 3eMHbIX ycaosusx. Ha ocnose nonyuennoii ungopmayuu 0Ovil npeonoxicer 6apuarm
CO30anUsl NOPMAMUBHO20 KAPOUOPADA, KOMOPITE MONCHO UCTIONB308AMb PESYIAPHO 8 YCIOBUAX HEBECOMOCHI.

Everyone has seen on TV cosmonauts on the space station, as they live in weightlessness. Most cosmonauts
feel well while being on orbit, but only because they receive extensive training before they are sent into space.
Cosmonauts can become human beings who have good health, without any diseases and pathologies. But disease
can be raised on the board. Due to long-term living in weightlessness the mass of circulating blood is decreasing and
blood pressure in the head is keeping constantly high at the same time. All these can cause heart disease.
Cosmonauts can have serious health problems after arrival to Earth. For example, one of the crew members of
«Soyuz-9" after returning to Earth suffered from two heart attacks [1].

There is the necessary medical equipment on the station. But what if health problems arise during sleep, or
when a cosmonaut is in open space. One of the problem solving is the constant monitoring of some health indicators
of cosmonauts, such as: pressure monitoring, heart rate and ECG. These indicators are sufficient for detecting early
heart disease.

NASA (National Aeronautics and Space Administration) uses such devices for many years. That’s look at
Keeping the Beat (Figure 1) [2]. This is a special monitor to track heart rate, developed by NASA research center.
Continuous monitoring allows doctors to find out the effect of weightlessness on the heart over time. Device

technology is quite simple; it is an advanced portable electrocardiograph, which uses ordinary medical electrodes.

Fig. 1. Keeping the Beat

On the space station there is the mini server, which records electrocardiogram in real time over the Internet
and transmits to Earth, where a cardiologist views all data. Experiments have shown that the device works well in
low gravity and can be used both on Earth and in space.

Another positive feature of this device is that doctors can carry out continuous monitoring of cosmonauts
before sending to the orbit, so long as the cosmonauts are training, doctors will be able to determine whether the
long-term mission will affect the heart or not.

Similar development of NASA's is 12-channel ECG monitor in the form of a vest (Figure 2) — NimbleHeart
[3, 4].

290



I/IHcheHepu}z OJI51 0CBOEHUSL KOCMOCA

Fig. 2. Nimble Heart

This design allows cosmonauts to carry the device daily. The device is based on dry electrodes [5], which
are devoid of the disadvantages, which have ordinary medical electrodes. There is no need prepare the skin,
lubricate the electrodes, hair, body temperature or humidity, too, does not prevent to take readings.

Nimble Heart prototype was tested, patients feel comfortable and safe throughout the test. Electrodes
cannot prevent a person to make active actions, and it does not affect the readings.

Most portable cardiographs can be used not only on Earth, but in space too. Such a portable cardiograph
developed a small innovative company «Potential» (Fig.3) [6]. Design features of the device and algorithms of
signal reading allow using the device in weightlessness [7]. But for correctly working need to improve the reliability
and fail-safety of the device.

This problem is solving, it requires duplicate the functions of the software, if by any chance the device will

be damaged.

Fig. 3 Portable cardiograph by «Potentialy

The addition of these modifications allows using a portable electrocardiograph in space. Nevertheless, this
device is not a class of continuous monitoring devices. Therefore, the best solution would be the development of
devices for continuous ECG monitoring. A distinctive feature of the device is that the capacitive electrodes are used
instead of conventional medical electrodes [8]. Such electrodes are less susceptible to external influences and
interferences. The devices planned to carry on the shoulder; it is look as a heart rate monitor, which to carry on the
shoulder. The signal from the shoulder better than the wrist. Also, if the installed in device a pulse oximeters, it is

possible besides the ECG and a pulse to receive data about the blood pressure. It will be recorded all the necessary
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information about the heart health of cosmonauts. Data from the device will be transmitted wirelessly and doctors
can see the indications of health of cosmonauts. The use of lithium-polymer batteries allow to use the device for

several days without recharging.
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The humanity seeks for conquering a galaxy. Colonization of other planet will be one of the biggest step to
space exploration. The humanity have managed a lot of achievements in the space exploration sphere in short
period of time. Many researches of space have been realized. Many planets have been explored for determination of
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